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MICRO ENQUIRER: COMMODORE 64

Due to an error at the printers, a few program listings in this book are
rather faint. Here are the programs which are difficult to read:

Page 45
Fig. 1. 'Ellipse’ effect:

10 B=8192 : POKES3272,29

20 POKES3265,59

30 FOR I=B TO B+799%2 : POKE 1,0 : NEXT
40 FOR I=1024 TO 2023 : POKEI,3 : NEXT
100 SIZE = 100 : RATIO = 0.5

110 FOR ANGLE=0 TO 2%y STEP /60

120 X = 160 + SIZE * SIN(ANGLE)

130 Y = 100 + SIZE * RATIO * COS (ANGLE)
140 GOSUB10000

150 NEXT

2000 GETA#: IFA$=""THENZ000

2010 POKES3272,21

2020 POKES3265,27

9999 END

10000 BY=B+320#INT(Y/8)+8%INT (X/8)+ (YAND7)
10010 POKE BY,PEEK(BY) OR 21(7-(XAND7))
10020 RETURN

Page 45
Fig. 2. Spiral:

10 B=8192 : POKES3272,29

20 POKES3265,59

30 FOR I=B TO B+7992 : POKE I,0
40 FOR I=1024 TO 2023 : POKEI,3
100 FOR ANGLE=0 TO 30 STEP 0.1
110 X = 160+3 * ANGLE * SIN (ANGLE)

120 Y = 100+ 2 * ANGLE * COS (ANGLE)

130 GOSUB10000

140 NEXT

2000 GETA#$: IFA$=""THEN?000

2010 POKES3272,21

9020 POKES3265,27

9999 END

10000 BY=B+320#INT(Y/8)+8*INT (X/8)+ (YAND7)
10010 POKE BY,PEEK(BY) OR 21(7-(XAND7))
10020 RETURN

NEXT
NEXT
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Introduction: The Commodore 64

Elbowed on by heavy marketing, the popularity of the Commodore 64 has had a snowball
effect, makingit, in the UK at least, the best selling micro inits price range. Butitisn't just big
salesthat has drawn the attention of so many of the world’s best commercial software
writers to the machine. Hardware features abound, exemplified by the VIC-ll graphics chip
andthe SID four channel sound chip that can be driven as a very fully-featured synthesiser.
You'll find a discussion about sound and about synthesisersin general under the entry on
Musicinthis book.

Its extensive hardware features make the Commodore 64 ideal for games, and for the
smaller business userthe machine’s popularity has produced a body of ‘serious’ software.
But, it has to be said, the Commodore 64 can be a discouraging machine for people who are
hoping to learn something about the fascinating subject of computing.

Firstly, if your experiments aren’t justto evaporate when you turn off the machine, you will
need some way of storing your programs. This is true of all micros, of course, but many of
them allow you to use an ordinary domestic cassette recorder (see entry on Cassettes).
Commodore 64 owners, unfortunately, will need a purpose-built cassette mechanism.
Commodore aim to supply you with this, but you may think it worthwhile to look around for
special recorders sold by other manufacturers. You'll find there are some that fitthe
Commodore but can also be used for otherrecording.

Another shortcoming of the Commodore from the (would-be) programmer’s point of view
isthe absence of any instructions in the built-in Basic to drive the graphics and sound
facilities. It’s rather like supplying a sports car with overdrive in the engine but with no
controlsto switch iton fromthe driver’s seat. In the entry on Graphics we show you some
ways round this problem, and give you a broader picture of methods used by other machines
to cope with sound and graphics, now and inthe future.

Commodore 64 owners do have the big advantage of belonging to what manufacturers
like to call alarge ‘user base’. The biggerthe user base the more software is available, and the
Commodore 64 gives you an enormous choice. There are already enough games, for
example, foryou to spend the rest of your life battling with aliens or questing for goldin
dragon infested mountains (for more about whatis available see the entry on Games). But
while this sort of software is terrific for bringing your computer to life, and is a splendid way
to startyour relationship with the new technology, itis only the beginning of what you and
your Commodore can do together. This bookis for computer owners who wantto go further
than simply learning to press buttons and get rewards.

Understanding a computer and getting itto do whatyou wantitto, rather than justrunning
afew pre-packaged games, is a fascinating adventure. This book will help you on yourtravels
into the interior of your machine, butits main purpose is rather more than that. Computers
and computing are transforming the way we live, rather as the advent of trains transformed
the landscape and lives of those who lived during the first half of the 19th century. Itisno
insultto your computer to suggest thatit represents only the beginning of along and rapidly
developing relationship you are destined to have with the new technology, as we move
towards the end of this astonishing 20th century.

‘Computer literacy’ is really quite the opposite of what people learn when they immerse
themselvesinthe idiosyncrasies of a particular micro. The entries on the Operating System
and Memory Map will help lay bare many of the intimate and mysterious PEEKs and POKEs
thatare the short cuts to your particular hardware features. But this is computing with avery
small‘c’; the PEEKer and POKEr who has, for example, missed the point of the general
principles of software design (see Programming) will, when the next generation of hardware
arrives, be left with a useless handful of dry facts, rather than a growing body of
understanding.

Like the best software, the literate computer user is machine-independent. Part of the object
ofthis bookisto help you understand the strengths and limitations of your own machinein
the much broader context of computing as awhole. Our scope ranges across all the
machines and techniques available today, reaches backinto the history of computingon
mainframes (and beyond —see Numbers), as well as forward into the future.

Your home computeris an exciting investment, a door onto a limitless future. There are
many computer books that show you how to paint the door, oil the hinges and polish the
handle. The object of this particular book is to help you open thatdoor and step through to
the world beyond.




Analogue: Squaring The Circle

To us everything is curved, chipped or in some way
irregular. We think and live in an analogue world, the
features of which tend to blend in uncountable
transitions. Digital computers, on the other hand, work in
the stark black and white underworld of binary numbers.
To them, everything is either one or zero — there’s no in
between. So to interact with the world as we see it, the
digital computer has to be given a translating device.

There are many ways of converting the analogue data
of the real world into a digital form suitable for, say, a
graphic display. Systems readily available to the micro
user take two basic forms:

Analogue-to-digital conversion using paddles, some
joysticks and mice.

Direct digital input using light pens, digitizing pads
and video digitizers.

The mouse takes control

The mouse has had a lot of publicity of late, lead by its
appearance on machines such as the Lisa and the
Macintosh. This peripheral screen driving device serves
as a kind of overdrive to the normal keyboard cursor
controls. It's known as a mouse because it fits in the
cupped hand and has a long tail curling away to the back
of the micro, this connection lead plugs into an RS-232
connector, a parallel port or, in one ingenious version, into
the same plug as the keyboard. The name ‘mouse’ has an
added ring of truth because of what the device does to
the cursor, sending it scurrying across the screen at a rate
unapproachable with ordinary cursor keys.

Its advantages in interactive graphics are self-evident.
With the proper software supporting the codes it sends,
you can use the mouse like a pencil to draw lines of all
shapes and sizes, building up pictures on the screen. Its
role in text handling and spreadsheet packages is less
obvious, particularly to keyboard users who have become
adept at finding their way around the historically quirky
world of QWERTY. But the advantages are real
nevertheless.

Word processing software often makes far too little
provision for easy cursor control when marking or moving
blocks of text, and in this respect the chief offender is
WORDSTAR, still the de facto standard for micro word
processing. Rodent aid is able to give a much needed
boost to these underdeveloped features.

Spreadsheets usually suffer from similar shortcomings,
particularly noticeable in some of the new 16-bit versions
which encourage the creation of very large layouts. It
takes appreciable time to scroll around a sheet of four
million cells when the only tools at your disposal are
cursor keys. Jumping is allowed, of course, but this tends
to fragment the user's image of the spreadsheet.

Manipulation of spreadsheets often involves inserting
data into rows at the top and chasing down to the ‘bottom
line' for the result. This is where the mouse scores,
allowing you to zip effortlessly between the two parts of
the accounts. Even where this facility is offered by the
spreadsheet software, it usually requires setting up by,
for example, giving names to cell ranges. It's nice to be

able to cut through this formality and roam through the
spreadsheet as the fancy takes you.

Because the thumb and little finger grip the mouse at
the sides, leaving the normally endowed earthling with
three fingers surplus to requirements, mice typically offer
one or more control buttons which can be used to send
additional signals to the computer. Three buttons are the
most that designers judge manageable without
subverting the essential simplicity of the system, but
there are ways of multiplexing control signals onto the
buttons to increase the range of commands.

On a mouse with only three buttons it is possible to
implement many more than three commands by
activating the buttons in combination, or by using
software which counts the number of clicks that you
send. Usually the mouse control buttons put out purely
arbitrary codes which are translated by driver software
augmenting the normal operating system.

Unfortunately for most mice, a package like WORDSTAR
uses many more control combinations than the buttons
can handle, and the user has to revert to the keyboard.
This feels unnatural and awkward: intuitively you want
the whole range of WORDSTAR commands at your finger-
tips — literally — without having to take them off the mouse.
This uncomfortable situation doesn't arise where the
mouse hardware and the application package have been
designed together, as exemplified by Microsoft's WORD.

Other analogue devices

It remains to be seen whether the mouse craze proves to
be like the bicycle, a long-lived boon and blessing to
mankind, or like the hula-hoop, a fad that graunched a
thousand hips before passing away without a trace. In the
meantime, don’t overlook other non-keyboard methods of
speeding the cursor. Touch-sensitive screens and
Tracker balls have been given less publicity, but have
their own advantages over the mouse. The tracker ball —a
sort of inverted mechanical mouse with an over-sized ball
moved or spun with the finger tips — takes up hardly any
extra desk space. None at all is required by touch-
sensitivity, the talent by which an ordinary-looking
monitor reads the precise position of the operator’s finger
when he or she touches the screen.

Digitizers

The digitizer is literally a device which collects analogue
data and turns it into digits, and in this sense there is little
to distinguish it from an analogue-to-digital converter. But
in the parlance of the computing fraternity the word has
taken on two distinct meanings:

The video digitizer accepts input from a video
camera or video tape, and converts it to machine-
readable form, often to appear subsequently on a
high-resolution screen image.

Digitizing pads, or graphics tablet digitizers, accept
input from a special pen or hand-held cursor which is
moved over a grid, and send position coordinates
back to the computer.



1. The Competition-Pro joystick works
with the Spectrum and is imported from
the USA by Kempton Micro Electronics.

Most graphics tablet digitizers operate on similar
principles to the ferrite bead core memory used in the
first computers — a closely-packed mesh of very fine
wires with a ferrite ring at every junction of two wires.
Passing a small current down the wires in a certain
direction alters the magnetic field in the ferrite ring. The
magnetic change represents one bit of information, which
could be read back later by passing the currentin a
different direction.

The graphics tablet is similar to a drawing board, with
an ‘active area’ on it. This area is typically about 30cm
(12") square, and is the portion that contains the ferrite
bead matrix. When the ferrite nib of the pen attached to
the board is placed on the active area, the tablet can read
and convert the position into a location on the grid.

Obviously, with the tablet using a grid, the position of
the pen is already digitized, and it needs only a little
further encoding to output in computer readable form.
This output might be a direct interface with your
computer, or one of the standard protocols such as
|IEEE-488 or RS-232.

There is usually a small, very low-resolution area
somewhere around the main active area of the tablet
which allows menus to be set up easily. When the pen
goes inside a menu option’s area, that option is selected.

2. The Bit Stik designed and produced by Robocom 3. The LPS Il light pen

comes complete with systems software for the
BBC, butrequires the second processortoo.

by Pete and Pam
Computers

Often the menus are drawn up on a Mylar sheet
overlaying the pad so that the options are represented
with informative colour coding.

To convert a picture to digital form for use in computer
graphics, the picture is placed on the active area and the
Draw option is selected from the menu. Tracing the
picture with the pen will usually cause it to appear on the
display from where it can normally be saved to disk for
future use.

As well as being able to draw pictures on the screen,
the digitizer’s ability to convert shapes into numbers
enables the software to compute areas and the lengths of
irregular objects when they are placed on the pad and
outlined with the stylus.

This kind of tablet can be dangerous to use around
disks, since the magnetism inside the tablet will very
effectively erase the contents of any disk placed on it.
Beware!

The light pen

A light pen is an ingenious way of interacting with the
picture on your monitor screen. A monitor display projects
an electron beam across the face of a cathode ray where




-—

they strike a very small phosphor dot on the screen,
which glows as a result. To provide a readable display the
electron beam traverses the screen at a fast and very
accurately pre-determined speed, in a pre-determined
sequence. Once the full screen has been scanned, the
beam then starts at line one again.

The 'home position’ is marked by a synchronisation
signal (the 'sync pulse’), from which all other timing is
taken. Because the beam sweeps the screen at a regular
rate, its position on the screen at any given moment can
be expressed as an elapsed time since the last sync pulse
—itis from this timing that light pen gets their bearings. At
each 'home position’ it reads the sync pulse and starts
timing. If the pen is on the screen when the dots under
the pen light up, the pen’s program stops timing. The
exact location on the screen can then be found, either by
calculation, or by a look-up table which correlates the
elapsed time and screen position.

Light pen resolutions vary from an area of about 13mm
square down to an individual dot on the screen. If you
want to recognise dot points, it's no use buying a light
pen that can only see a block the size of a character.

Joysticks and paddles

Many personal computers accept a joysick or games
paddle input. There are basically two designs. In the first,
four switches are mounted North, South, East and West
of the stick itself. When the stick is moved in one of the
four primary compass directions, just one switch is
activated. But if for instance the stick is pushed to the
North-west direction, both the North and West switches
are closed. So the stick reacts to eight different directions
altogether.

A number of commonly available joysticks use this
strategy, and also use the same pin connections to a
nine-pin miniature D connector. You can easily tell
joysticks of this type by the way the microswitches click
as the stick is moved.

The alternative design uses variable resistors instead of
switches to achieve a more accurate and continuous
response to the movement of the stick. Between the
joystick and the computer is an analogue-to-digital
converter which measures the voltage coming from the
interface for a given period, calculates its size relative to
the known maximum and minimum, and places a number
related to the current position on its output port.

The drawback in the use of joysticks is the limited
range of movement available and the accuracy of the
interface. The movement range can make the cursor
jump about all over the screen, sending it everywhere but
where you want it.

Software

The graphics software used in conjunction with these
analogue-to-digital add-ons ranges from children’s games,
to the very best in vector display technigues. The vast
maijority of the software is of the bit-mapped type, where
each point of the picture is represented as part of a byte in

computer memory. It is a very easy technique to program
and generally has adequate display characteristics.

The catch is that if you want to expand the image size
much above standard, the display takes on the
appearance of a disordered array of bricks. If you reduce
the size, the detail is liable to vanish, as the image is
packed into fewer bytes.

A few of the newer, more expensive, software
packages store the image as a list of vectors, rather than a
bitimage. These vectors tell the program the distances
and angles to draw a line relative to the rest. Using this
technique, when you expand or contract the image, the
line lengths are changed to suit the size set. Everything
else is kept in proportion since the vector data is constant,
regardless of the dimensions.

Despite these many fashionable input devices,
keyboard entry will continue as a fast and reliable way of
talking to your computer for a long time to come. For
serious computing, the mouse nibbling at your coffee cup
or the joystick by your elbow doesn’t buy you out of the
need to learn to type.

The 64 handles its analogue I/O by way of the pair of
nine-pin C-connector games ports. These can be used for
joysticks, games paddles, or even alight pen.

The digital joysticks are of the simple switch-type, and
the state of the switches is reflected in the bottom five bits
(bits 0 to 4) of the byte at 56320 (for joysticks 1) and 56321
(for joysticks 2). A bit pattern of 11111 (31 decimal)
indicates that none of the direction switches are closed,
and the fire button has not been pressed.

Bit four turns to 0 when the fire button is pressed, and
this can easily be tested by ANDing the byte with 10000
(decimal 16). If the answer is 0 the button has been fired.
The lower four bits each represent the directions NSWE
in that order, and again a zero in the bit pattern indicates
that the corresponding switch has been closed. So a
combination of switches 1 and 3, closed when the joystick
is moved South-East, would produce the pattern 0101
i (decimal 5).

! Analogue joystick and paddles affect the values at

' locations 54297 and 54298, but require machine code
routines to read them because they change too quickly for

' BASIC. But handling the light pen input is relatively simple:

| the x and y coordinates can be read with the formula:

100 X = 2*PEEK (53267): Y = PEEK (53268)




Arrays: Exploring The Dimensions

DIM, short for dimension, is an instruction that has always
been necessary to BASIC, although its exact meaning
varies between dialects. Its job is to warn the computer
how much data you are going to use so that it can set
aside an appropriate space in its memory.

Think of itin terms of a trip to the theatre. If a theatre
box-office has just sold seat number 10 and a party of 20
makes a booking, the box office would reserve a block of
20 seats and continue selling with the next free seat,
number 30. Similarly, although BASIC is quite happy for
you to create new single variables when you need them
simply by writing LET X=4 or LET A=2100 and sc on, it will
have problems if a party of 20 related numbers turns up
unannounced on its doorstep.

So DIMis used to create arrays, — block bookings, if
you like, of either numbers or words. DIMA(10) would
create a list of 10 numbers called A(1), A(2), A(3) and
soonupto A(10) — atleastin most BASICS.

Similarly for strings, 200 names could be stored in an
array of strings, once the statement DIMN$(200) has
been executed.

Arrays do more than just create masses of variables.
Any particular value in the array (an element) can be
referenced by any numerical expression in the brackets
after the array name (the subscript). So to print out the 10
numbers in array A we could write:

50 FOR P =170 10
60 PRINT A(P)
70 NEXT P

or to print out the 200 names in two columns:

50 FOR P = 1 T0O 200 STEP 2
60 PRINT N$(P), N$(P+1)
70  NEXT P

Anywhere a group of related items has to be processed,
for example sorting or searching, arrays will be used.

Multiple dimensions

So far the examples have referred only to lists — arrays
having one subscript. But arrays with more than this one
dimension are frequently used, both in computing and in
the real world. For instance, a railway timetable is a
two-dimensional array, often called a table or matrix. The
two dimensions might be station names (rows) and
departure times (columns). If we wanted to create a table
of names and sexes on the computer, we could use DIM
T$(10,2). The table could be visualised like this:

T$(R,C) name sex
entry 1 Mark boy
entry 2 Susan girl
entry 3 John boy
entry &4 Mary girl
etc.

Each row is the entry for a different person and the two
columns are for name and sex. To refer to a particular
element of the array, we need only write T$ (R, C), where

R is the row and C is the column desired. It doesn’t matter
whether the column or row comes first as long as you
stick to the same order throughout a program.

One example of what can be done with T$ is to print
out the names of all the girls. We need to look down
column 2 and whenever we find gir L, we should print
the corresponding name, found in column 1 of that row

100 PRINT "Here are the girls..."

110 FOR R = 1 70 10 120 ¢ IF T$(R,2) = "girl’
THEN PRINT T$(R,1)
130 NEXT R

In many BASICs it is possible to use more than two
dimensions. For example, DIMA(4, 4,4 ,4) creates a
four-dimensional array. The computer finds these multi-
dimensional arrays completely reasonable, although they
are extremely difficult for us to visualise.

Traps to avoid

Using arrays requires care and planning. You must ensure
that subscripts are never negative or greater than the
value given by DIM. Many BASICs allow you to use a
subscript of zero. Thus you might get one more element
than you asked for: DIMA(10) in some dialects creates
an 11-element array from A(0) to A(10). In variants of
Microsoft BASIC the command OPTION BASE lets you set
the minimum subscript to either O or 1.

One hint is not to use numbers literally in controlling
arrays. Instead of saying DIMA(20) use LET N=20,
followed by DIM (N). All your loops and tests should look
at the value of N and not at 20. This means that if you run
out of memory or decide to alter the size of the array, you
need only change the one LET statement rather than a lot
of instructions. Be aware though that if you ever use a
compiler you may find this ‘dynamic’ dimensioning
rejected and have to rewrite the DIM statements.

Once you've dimensioned an array, you can’t normally
change its size. Imagine the problems if the party of 20
theatre-goers turned out to have 30 members. Some
BASICs have an ERASE instruction which allows the
computer to forget an existing array and reset its
dimensions. If yours hasn't, the best you can do is
dimension arrays to the largest size needed and if
necessary only use part of the array for some of the time.

Odd-shaped arrays

Arrays and DIM instructions are not especially difficult to
use. With some experimenting it should become obvious
why they are such a fundamental part of computing.
You'll find you will be able to improve your programming
by using the idea to cope with awkwardly structured data,
but as you become more experienced you'll run into
problems that require storage that is not easily
accommodated into a simple array. What if you want a
triangular array or one shaped like a pyramid or a ball or a
cylinder?

The answer is to make use of the concept of a
mapping function to persuade a simple array that it's



something more exotic than a simple rectilinear shape. To
show how mapping functions work, let's take the very
simple case of creating a two-dimensional array in a
dialect of BASIC that only allows arrays to have one
dimension.

Say, for example, that the logic of your program implies
a two-dimensional array of 10 x 8 elements. There are at
least two ways of solving the problem posed by our
supposed BASIC limitation. Obviously you could declare
eight separate arrays, each of length 10. But you could
also write a mapping function to convert between the
two-dimensional array that is logically required, and the
single-dimension array that is actually possible.

The advantage of this method is that after writing the
map the rest of the program can refer to the two-
dimensional structure as if it really existed, enabling you
to simplify the logic and improve the flow of your
program. It is often said that to achieve a structured
modular program, the data structures should match the
nature of the problem. This is the real bonus of using a
mapping function.

100 WR1TE = 1 : RD=0
112 DIM ARRAY (B8@)

1000 REM MAPPING FUNCTION
1010 FSN = (ROW-1)%8 + (COL-1)
1020 IF OP=RD THEN V=ARRAY (FSN
)

1030 IF OP=WRITE THEN ARRAY (FS
N) =V

1040 RETURN

2000 REM SET ARKAY(4,6) TO 127
2010 V=127

2020 OF=WRITE : ROW=4 : COL=6

: GOSUE 1000

000 REM SE1 VARIABLE X TO ARR
AY (9, 3)

3010 OF=RD : ROW=9 : COL=3 : G
asliB 100Q

3020 x=V

L

Fig. 1.

Figure 1 shows a skeleton section of code that creates
and uses the map for our two-dimensional array. The
mapping function requires four variables:

Mapping function fora 2D array

0P telling it whether to read or write.

ROW and COL giving it the logical position in the
two-dimensional array.

VALUE, which is used to hold the value of the
element.

The function takes the value in ROW, subtracts one and
multiplies by the length of the rows, then adds the
column position and subtracts one. What it is in fact doing

is adding up the number of complete rows before the row
that the element is contained in, then adding the column
number to find the exact location. Obviously a one-
dimensional array of sufficient length must be declared at
the start of the program.

1080 WRITE = 1 : RD=0

110 DIM ARRAY (58)

1000 REM MAFFING FUNCTION

181@ FSN=(D1-1)%(5"7)+(D2~1) #{
STe)+(D3-1)* (55 +(D4-1) *(574)
1028 PSN=FSNt (DS--1) ¥ (532) + (D&~
1) (5%35) ¢+ (D7~-1) #5+(DB~-1)

1030 1IF OF=RD THEN \=ARRAY (FSN
)

10490 1F OF=WRIIE THEN ARRAY (FS
MY =y

12580 RETURN

2000 REM SE1 ARRAY (1,2,3,4,5,4
3.2 1O 127

R B IR Al B

RPN R VR ELE B M hw

2020 DIzl
DE=4: /=32 D8=2

2230 OF=WRITE @ GUSUR 1000

2000 REM SE VARIABLE X 10 ARK
AY(S,4,3,2,1,2,54)
3010 OP=RD : LEVEL=2 : ROW=8 :

CoL=7 1« GUSLIE 1102

2020 Li=5:D2=4:D2=3%:D4=2:D5=1:
030 OFP=RD @ GUSUEB 100Q
4@ X=Vv

Fig.2. Mapping function foran 8D array

Most BASICs these days will of course cope with
two-dimensional arrays, but the example above is a useful
demonstration of everything you need for setting up
mapping functions. The principle can be extended very
simply: figure 2 shows how to set up an eight-
dimensional array, all ‘sides’ of length five. The only
problem here is the amount of memory required for an
array of this size - 5 to the power of 8 is about 400,000,
which is more memory addresses (let alone memory



chips!) than most micros can cope with. But there's no
harm in looking to the future!

More interesting than massive array structures are
ones with irregular shapes. Figure 3 gives a diagrammatic
representation of a triangular array. One way of creating
this would be to declare a two-dimensional array and

1 2 3 4 5 6 7 8 9 10

9

10

Fig. 3. Atriangulararray

108 WRITE = 1 : RD=0

11@ DIM ARRAY (55}

100 REM MAFFING FUNCTLION

1310 FSN=(ROW-1) %10 +<COL-1)
RUW* (ROW-1) /2

1020 1IF UF=RD 1HEN V=ARRAY (FSN
)

1030 IF OP=WRIIE THEN ARRAY (FS
N) =V

1040 KETURN

2000 REM SE| ARRAY(3,8) 10 127
2010 V=127

2020 OP=WRI{E : ROW=3 : COL=8
: GOSUB 1000

3000 REM SET VARIABLE TO ARRAY
(9,1@)

3010 OP=RD : ROW=9 : COL =10 :

50SUB 1000
3020 X=V

Fig.4. Mapping function foratriangulararray

simply not use half of the elements. But as well as being
inelegant this is also a waste of memory space. Instead
we will extend the idea explored in the two previous
examples and declare a single-dimension array, using a
mapping function so that the program can think of it as a
triangle.

Figure 4 shows the example code. The triangle is
stored in the one-dimensional array: first row 1, then row
2, then row 3 and so on. The only tricky bit in the mapping
function is working out how much to lop off as the row
numbers get higher. The formula

n(n-1)/2

gives the following sequence of values (starting when
n=1):

013610 15 21

and so on. This is exactly what is needed, as the values
produced equal the number of ‘missing’ elements from
the straight two-dimensional array. Notice in figure 4 that
the size of the initial array contains the right number of
elements, so no space is wasted.

Now we're ready to tackle something a bit more
ambitious: a pyramid. Just suppose the problem on hand
is crying out for a pyramidal array, and nothing else will
do. For the sake of argument the pyramid has a base of 10
x 10 elements, which will make the next layer 9 x 9, the
next 8 x 8, and so on up to the top layer of one element.
There's a picture of our pyramid in figure 5.

_ N W A oo N o

Fig.5. Apyramidical array

In the previous example of the triangle the mapping
function calculated the position by lopping off a value
from a basic two-dimensional array. For the pyramid we'll
take a different approach. Rather than take something off,
the position of an element is found by totalling up the
number of elements beneath it. Figure 6 shows the
sample code.




Consider an element on the fourth level up, third row
along, fifth position. Our mapping routine begins by
counting the levels. If the element is on the fourth level
(the 7 x 7 one) then the preceding levels are 10 x 10 and 9
x 9 and 8 x 8. The first operation of the mapping function
is to total up the number of elements in these lower
levels, which is achieved within the loop between lines
1040 and 1070. Once that has been done the problem
resolves itself into the simple two- to one-dimensional
mapping of our first example.

100 WHlE =~ 1 @ RD=@

110 LIM ARKAY (388)

1OBY IrEM MAPD LG FUNUC T LON

121 FH'SN-@

1020 BASE~10

1Q30 IF BASE~11-LEVEL IHEN 110

@

1340 P'SN=FPSN ¢+ (BASE »BASE)
1050 BASE=BASE: |

iV6Y GOID 1230

1100 PSN=FSNY (ROW 1) XBASE (COL
1

1118 IF UP=RD THEN Y=ARKAY (PSN
)

1120 1F OP=WRITE THEN ARRAY (PS

M) =V

1130 REIURN

2000 KEM SET aRRAY (4,3,1) 10 1
27

L2010 V=127

L2020 OPF=WRITE : LEVEL=4 : ROW=
303 CUl=1 @ GOSUR 1000

B0 KREM SED VARLIARBRLE X 10 ARR
AY (2.8, 7

Q10 UF=RD : LEVEL=2 : ROW=8 :
cuL=7 » GUSUE 1000

A XV

Fig. 6. Mapping function forapyramid



Artificial Intelligence: Expert In The Machine

The field of artificial intelligence has had a rough time
historically. It has traditionally been looked on by the
world of ‘'legitimate’ computer science as an attempt to
make computers do the impossible, that is to say, think
for themselves. But every step of ground gained towards
that 'impossible’ goal — for example the development of
ianguages like LISP or PROLOG which deal in rules and
concepts — has been seized by the legitimate computer
world as its own property . . . as soon as the impossible
is implemented and working it no longer lies in the
domain of artificial intelligence.

Intelligence is a vague concept. The quality exhibited by
many of these systems is actually more like the

intelligence’ that people attribute to their pet dogs, and a
more appropriate description would be friendliness and
predictability.

Applied to computers, this suggests a very 'user-
friendly’ system, which doesn’t do anything nasty
unexpectedly. This seems to be quite a good objective.
Apart from being house-trained, we want the machine to
understand us. Unfortunately, we are trying to
communicate at a level a bit higher than ‘sit’ or ‘beg’, so
there is a considerable amount of work still to be done.

Much excitement has been generated by the advent of
the so-called Expert System, not least because of the
massive investments in this area reportedly planned by
the Japanese computer industry. An expert is someone
who is knowledgeable in a particular field, able to
dispense useful advice after having established the facts
relevant to a particular case. An expert computer system
fulfils the same role, though of course the dialogue will
take place through a conventional terminal — at least for
the present.

Even in a rapidly changing subject like computing, any
new developments must draw upon earlier work in the
subject. In the earliest stages of computing, most
programs were devoted to processing numeric data. The
handling of non-numeric information proved less tractable
than had at first been expected. Nonetheless progress
was made, even if at a less spectacular rate than at first
hoped for, giving rise to the development of such
languages as LISP and PROLOG.

LISP and PROLOG

Examples of LISP applications include Expert Systems and
problem solvers. These may be distinguished by the
way they interact with the user. Any Expert System, or
intelligent database, asks questions to find out what is
happening in the real world. The information is held not as
a set of discrete data items, but as a complex web of
related information.

Problem solvers know what is going on already, and
will define a problem in the form of a desirable situation.
They then work out the sequence of actions required to
achieve this solution. In practice, the boundaries are
blurred, and most systems lie between the two
extremes. Examples of applications are medical
diagnosis, chemical analysis, geological surveys, circuit
design, applied maths — all implemented in LISP.

Learning and reasoning have been modelled using LISP.
These are both just ways of manipulating knowledge:
learning is a means of combining new information with
that already known; reasoning is used to extrapolate that
knowledge. Both of these are closely tied together, and
have implications for other areas of artificial intelligence
work, because they are fundamental to the idea of
knowledge (whether it is being fed in as speech, text or
vision or being extracted as in an Expert System).

PROLOG, first developed around 1970, enables the
programmer to deal relatively easily with non-numeric
data, and breaks away from the more traditional ‘Von
Neumann' approach of setting out a step-by-step
sequence of instructions. Early computing was largely
concerned with the certainties of physical laws. To write a
program, one needed to understand the physics and
mathematics of the physical entity involved, and to
produce the programming algorithm which embodied
these. Statistical analysis could also be performed, as
could the simulation of systems with statistical properties
(for example, traffic flows), but even here the presence of
well determined underlying physical laws was generally
assumed.

But many of the problems of real life are concerned
with incomplete and unreliable information. Driven by this
need to deal with inter-relationships where estimates are
involved, the mathematics of probabilities and ‘fuzzy’
logic have now evolved to quite a useable state. These
developments in non-numeric computing and in the
mathematics of uncertainties have taken place at the
same time as the advent of cheaper and more powerful
computer hardware and the consequent spread of
interactive computing. These ingredients have been put
together by those working in the area of artificial
intelligence to develop genuinely practical Expert
Systems.

Who needs it?

Medicine provides a useful example of what can be done
with Expert Systems. In dealing with the diagnosis and
treatment of diseases we may have:

A complex combination of symptoms, identifiable
with varying levels of certainty (‘well, it does hurt a
bit here’).

A wide range of potential causes from the
commonplace to the extremely rare (and quite
possibly a combination of causes).

A range of potential treatments, some well proven,
some experimental, many with possible restrictions
according to circumstances.

Perhaps one of the best known of the pioneer Expert
Systems was MYCIN, developed at Stanford in the
mid-1970s to assist doctors in the diagnosis and
treatment of diseases.

Another area of notable pioneer work is in geological
exploration. In the search for mineral deposits, evidence
can be acquired from a whole range of disciplines,
including various scientific analyses of bore-hole samples,




seismology, gravity and magnetism. Much of this
evidence will be very expensive to obtain, making it be
desirable to obtain accurate predictions from the
minimum of data.

The role of a manager is to take executive decisions in
the light of incomplete information. Very many factors,
both internal and external to the organisation, may need
to be balanced. Expert systems applied in this area are
sometimes used to help in making decisions, and so are
known as decision support systems.

If the problems of diagnosis are considerable, those of
creative design can be even more intractable. A design
specification may include many parameters which have to
be satisfied, and there are likely to be even more design
parameters (many of them interconnected) which may be
varied to meet these specifications. As you might expect,
the application of Expert Systems in creative design is
fairly restricted at the moment. One example has been in
the configuration of complete computer systems from
standard modules to meet requirements of performance,
of cabinet and rack mounting restrictions, of power-
supply demands, and of cable length restrictions.

A human expert may need help from a system to
remember all the facts and factors to be taken into
account, particularly where many scientific or social
disciplines are involved, or where the state of knowledge
is constantly changing. Help may also be needed where
very many inter-related factors have to be balanced or
reconciled. The human expert will expect to be able to
intervene and to direct the lines of search followed by the
Expert System, in order to take short-cuts in the light of
experience.

Often the human expert will want to be able to extend
and refine the knowledge held by the Expert System as
more information comes in. It might be preferable,
however, if the Expert System, having followed the
suggestions of the human expert, is prepared to argue
back where the evidence gives stronger support to some
different interpretation.

The novice in training may use an Expert System to test
real or simulated cases. In this situation the user will need
to be able to ask the system just why it is seeking
particular information, what hypotheses it is currently
pursuing, and why, when it has finished, it has accepted
some hypotheses and rejected others.

Systems like this may be used:

Because the appropriate human experts are scarce
(for example, because of the breadth of the subject,
the time needed to gain practical experience after
training, the amount of new information being
thrown up by research).

Because the experts are in the wrong place (it may
not be possibie to keep an expert standing by on a
remote drilling rig, nor to send out experts on
disk-drive faults to every reported computer fault
simply on the off-chance that they may be needed).

Because the experts themselves need help (for
example, to keep in mind all the hundreds of rare
diseases as well as the common ones).
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Because the time of experts is expensive (they can
not reasonably be provided for long periods of
training on a one-to-one ratio with trainees, for
example).

Let's tryit out

Consider the development of a system to give advice to a
computer user on what to do when a program stops with
an error message. We will assume that there are just two
hypotheses or ‘goals’ to investigate:

There is a hardware failure, which we will assume is
unlikely unless confirmed by subsequent evidence
(the jargon for this is that its initial or prior probability
is low).

There is a programming error, which we will assume
is very likely until proven otherwise (its prior
probability is high).

To confirm or reject our hypotheses we will need the
following items of evidence:

Whether the program that has failed has run
successfully many times before (in other words it is
a production program).

Whether other production programs have also
recently failed.

Whether the hardware test programs fail when we
run them.

Whether we have isolated the exact statement
which caused the failure in the program.

Whether the isolated statement is definitely logically
correct.

Figure 1 shows how these items of evidence contribute
to decide the two hypotheses.

Next we must express these relationships or rules in
the language supported by our Expert System. As an
illustration Figure 2 uses the MICRO EXPERT package from
Isis Systems. The five items starting QUESTION relate to
our five items of evidence on which the system will
question the user. In each case the heading QUESTION is
followed by the name of the question (for example
‘hware-tprogs-fail ' online 1) and then by the actual
text of the statement as it will appear on the screen of the
terminal (‘(Hardware test programs fail? online 2).

In our very simple model, all the questions will query
the user's degree of certainty that the statement is true,
hence the use of CERT (on line 3, for example) to specify
this type of question. The system expects the answer to
be a number between +5 (signifying ‘extremely likely’)
through 0 (signifying ‘uncertain’ or ‘don’t know’) to -5
(signifying ‘extremely unlikely’). Other forms of question
expect an answer in the form Yes or No, or as a simple
numeric quantity.

On line 13 of figure 2 you will see one of our rules of
inference, relating observations (elicited from the user as
the answers to the three previous questions) to one of
our hypotheses — that there is a hardware failure. Line 13
starts with the label GOAL because this hypothesis is one
of the major points that we definitely want the system to
decide for us.



. The source
Therelsg program
hardwarefailure contains no
\ errors
Hardware test Other production Thefailing The statement Theisolated
programs fail programs fail programisa causingthe statementis
production problem has logically correct
program beenisolated
Fig.1. Howevidenceisusedto decidetwo hypotheses -

QUESTION hware-tprogs-fail
‘Hardware test programs fail’
CERT

QUESTION other-pprogs-fail
‘Other production programs also fail’
CERT

9 QUESTION production-prog

10 ‘This program has run many times successfully’
1 CERT

12

13 GOAL hardware-fail

14 ‘Thereis a hardware failure’

15 BLOCKED production-prog—1.9.5.0

16 BAYESIAN hware-tprogs-fail LS 125 LN 0.315
17 other-pprogs-fail LS63LN 0.315
18 production-prog LS12LN 1.0

19 PRIOR 0.01

20

21 QUESTION statement-isolated

22 ‘The exact statement causing the problem has
beenisolated’

23 CERT

24

25 QUESTION statement-ok

26 ‘Theisolated statement is definitely ok (no
program error atall)
27 CERT
28
29 RULE program-ok
30 ‘The source program contains no errors’
31 BLOCKED production-prog—5.01.9
32 BAYESIAN production-progLS2 LN 0.1
33 statement-isolated LS 10 LN 0.1
34 statement-ok LS900 LN 0.0001
35 PRIOR0.01
36
37 GOAL program-error
38 ‘The source programisin error’
39 NOT program-ok
40
Fig.2. Exampleexpertprogram, using

MicroExpert package

Online 16, this goal is identified as of the type
BAYESIAN. This indicates the type of mathematics by
which the calculations to decide the certainty of the goal
are to be computed. This is followed by the names of the
three observations or QUESTIONS which will be used to
decide on the certainty of the GOAL.

The first of these is ‘hware-tprogs-fail'. LS stands
for Logical Sufficiency and indicates the factor by which
the certainty of the GOAL is to be increased if the question
has received the answer 'Yes' or ‘very likely’. In this case
if the system is told that the hardware test programs do
fail, then we can be much more certain that there is a
hardware failure, and so we will apply a relatively high
Logical Sufficiency factor of 125 to reflect this.

Conversely, LN stands for Logical Necessity and
indicates the factor by which the certainty of the GOAL is
to be reduced if the question has received the answer
‘No' or ‘very unlikely’. In this case, if the system is told
that the hardware test programs do notfail, then a
hardware failure may be taken to be less likely, and a
reduction factor of 0.315 will be applied.

For this GOAL the three Logical Sufficiency factors have
been chosen so that if all three questions receive the
answer ‘Yes' or ‘very likely’ then the certainty of a
hardware failure may also be taken as ‘very likely’, while
the three Logical Necessity factors have been set so that
if all the answers are ‘No’ then the chances of a hardware
failure may be taken as ‘very unlikely’.

The figure for PRIOR in line 19 indicates that for this
GOAL the initial probability for a hardware failure in the
absence of any evidence should be taken as 0.01.

The second half of the definition of the system (from
line 21 onwards) deals similarly with the problem of
deciding if there is a program failure. In this case it was
more convenient to decide the GOAL ‘program-error’
as the logical opposite of the intermediate RULE ‘program
—ok’.

When faced in real life with the problem of a failure
during a program run, it might save us time in making
investigations if we assumed a hardware error for a
well-proved production program, whilst assuming a
programming error in the case of a newly written
program.

In a simple attempt to reflect this approach, the
BLOCKED statement on line 15 indicates that the
‘hardware — fail’ GOAL is not to be investigated unless the
certainty that it is a production program which has failed
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lies between —1.9 (‘possibly not’) and 5.0 (‘it definitely is’).

The ‘program—ok’ RULE is blocked in a similar way (using
different values) in line 31.

So much for imparting our knowledge to the system:
how does it work out when we run the system? The
output from one run is given in Figure 3. The system is as
informative as possible when running, and generates
quite a lot of console output which has been edited out
for the purposes of this illustration.

Lines 100 and 101 announce the goal the system
wishes to explore first, whilst the next line indicates that
so far the system has no information to decide on (a
‘certainty’ of 0.0). The system next asks whether it was a
proven production program which failed (lines 104, 105).
[t receives the answer "Yes' (on line 105 the user enters
4, just a little down from the highest certainty of 5). This
reply increases somewhat the certainty of the goal (line
107).

When the system next discovers that hardware test
programs fail (lines 109, 110), the certainty of the goal is
dramatically increased (line 112). The information that

other production programs are possibly still OK (lines 114,

115) does not much diminish the certainty of the final

100 Thecurrentgoalis whether or not:-

101 Thereis ahardware failure

102 Certainty Factoris 0.00 Certainty range is —4.50to + 4.99

103

104 How certain are you that This program has run many times

105 successfully [-5..0..+5]?4

106

107 Certainty Factoris 0.40 Certainty range is —0.14to+4.99

108

109 How certain are you that Hardware test programs fail

110 [-5..0..+5]?5

111

112 Certainty Factoris 4.64 Certainty range is 3.97 to 4.99

113

114 How certain are you that Other production programs also

fail

115 [5..0..+5]?-1

116

117 This goal was whetheror not

118 Thereisahardware failure

119 Certainty Factoris4.57

120

121 There are no more questions for this goal

122 Therearenomore goalsto answer

123

124 Type Qtoendthissession. Type Rto seethe Report.
(userinputis underlined)

Fig. 3. Examplerunof Fig2

conclusion (lines 117 to 121).

Because of the blocking mechanism we described
above, the system does not bother to explore the
question of a program error (line 122). At this point a
detailed printout of the results of the session can finally
be requested (line 124).

You may well object to the extreme naivety of our
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Expert System. For example:

We have not allowed for multiple causes of failure.
We have subsumed data errors within program
errors.

We have not allowed for the possibility of a system
software failure (for example of a compiler).

We have not allowed for the fact that in the end even
the most trusted of production programs may (will?)
still contain a programming bug.

These objections are, of course, perfectly valid. But we
have at least managed to draw a number of significant
points:

The actual formal or logical design of even the most
straightforward deductive process can be quite
subtle (if it were not we would not need to build the
Expert System).

But given the logical design, the actual encoding of
our system is pretty straightforward.

We shouldn’t necessarily believe the answers just
because they come out of a so-called 'Expert
System’. The answer will be reliable only if the
knowledge obtained from the expert was correct, if
that knowledge was then correctly encoded, and
finally if the user consulting the system answered
the questions accurately.

MICRC EXPERT was run on an ordinary disk-based micro,
and is capable of supporting quite complex knowledge
systems. In this particular system only the knowledge
structure (the relationship between the questions, rules
and goals) is kept in RAM, whilst the voluminous text
messages which may be presented at the terminal are all
stored on disk.

This allows maximum space for the structure without
unduly affecting response times. In principle it would be
possible to partition distinct aspects of the knowledge
structure, for example the diesel and the electric parts of
diesel-electric locomotives, and to load into RAM and
work on each part as appropriate.

In conclusion, it is now possible to model an ‘Expert
System' in a quite modest micro using subsets of the
knowledge held by experts from many different fields. It
is the formalisation of the knowledge into questions, rules
and goals which presents the real challenge. Existing
generalised Expert System packages can then help to
make it easier to encode that formalised structure, and
can provide all the built-in mechanisms necessary for
asking the questions, making appropriate inferences, and
displaying the conclusions.

Of course, this should not be taken to imply that all the
problems have been solved and that it is all plain sailing
from here, but at least things are off to a genuinely
practical start.



ASCII: The Standard For Storing Characters

In 1880 J.E.M. Baudot invented what has become known
as the Baudot Code, which by the 1950s had become the
main standard for international telegraph
communications. This is a code made up of five binary
digits which, with a system similar to that used by the
‘shift’ key on a typewriter, allows the 32 unique
combinations to represent 58 distinct characters — six are
duplicated so they can be used in either mode (see Figure
1). Unfortunately a single mistake in transmitting a shift
character was likely to produce a stream of special
symbols instead of letters, which could be very
confusing.

In the 1950s, with the computer appearing on the
horizon, came the need to represent all of the 26
lower-case characters as well as the upper-case
characters, the numerals 0-9, punctuation, and special
characters (such as */#_&'+=?) — many more symbols
than the 58 characters which had proved so adequate for
telegraph communication.

Virtually every different computer company came up
with a different way of encoding these characters into
binary numbers but, unsurprisingly, it was IBM's system
which came to be predominant. This was eventually
refined into Extended Binary Coded Decimal Interchange
Code, affectionately known as EBCDIC (see Figure 2).

EBCDIC uses eight bits to define 256 unique
characters, which is where the idea of calling eight bits a
‘byte’ comes from. This scheme not only includes all the
upper- and lower-case letters, as well as the numerals
and special symbols, but it also leaves plenty of byte
patterns over to represent special machine-dependent
codes to do things like ringing bells on terminals and
ordering a printer to move to a new line.

Figure 2 shows why it is a terrible mistake to type a
capital O instead of zero, or a capital | instead of a one.

Letters Figures
A 1000 0 1 a 10111 /
B 00110 8 R 00111 -
cC 10110 9 S 00101 .
D 11110 @ T 1.0 1 0 1 NA
E 01000 2 u 10100 4
F 0 1 1 1 0 NA vV 11 1 01 !
G 01010 7 W 01101 ?
H 11010 + X 01001 °
I 01 1 0 0 NA Y 00100 3
J 10010 6 Z 1100 1 :
K 100 1 1 ( LS 0 0 0 0 1 LS
L 11011 = FS 0 0 0 1 0 FS
M 0101 1 ) CR 11 0 0 0 CR
N 0 1 1 1 1 NA LF 1 0 0 0 1 LF
O 11100 5 ER 0 0 0 1 1 ER
P 11111 % NA 0 0 0 0 0 NA
Fig. 1. Baudotcode

They may look similar on the screen or when reproduced
on the printer, but a computer treats them as differently
as Aand Z. In EBCDIC all numbers begin with the binary
code 1111. The code for capital I is 11001001; the code
foroneis 11110001.

The emergence of ASCII

In the sixties an attempt was made by the American
National Standards Institute (ANSI) to define a national
standard for data transmissions between computers. The
protocol chosen was not EBCDIC but a new code called
ASCII — the American Standard Code for Information
Interchange.

The ASCII set uses only seven bits, to give 128
characters — 32 special codes and 96 alphabetic, numeric

0000 0001 0010 0011 | 01000101 01100111 | 1000 1001 1010 1011 | 1100 1101 1110 1111
0000 NULL HT
0001 ™ LF BS DC1 DC2DC3 STOP
0010 DS SST FDS VT FF CR SO si
0011 EM SUB ESC FS GS RS US
0100 SP £ . < + 1
0101 & I $ * ) 5=
0110 = / < ' % -0- > ?
0111 : # @ ' = "
1000 a b c d e g h i
1001 j k | n o} p q r
1010 s t u v w X y z SOH DLE CAN NAK SYN ETB
1011 STX ETX EOT ENQ ACK BELL
1100 A B © D E F G H | CAK
1101 J K L M N O P Q R DAK
1110 S T u VvV W X Y Z DOS
1111 0 1 2 3 4 5 6 7 8 9 O

Example: Code for A = 1100 + 0001

Fig.2. EBCDIC code
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COLUMN 0 1 | 2 | 3] a5 |6 | 7|
BITS |
ROW | | 4321 765 000 001 010 | 011 | 100 | 101 | 110 | 111 ‘
0 0000 NUL DLEcontrolP | SP | 0 @ | P / p ;
1 0001 | SOHcontrolA |DClcontrolQ| 1 | 1 | A | Q | a | q |
2 0010 STX control B | DC2 control R Tl 2 B | R b | r ;
3 © 0011 ETX control C | DC3 control S # 3 | C S c | s |
4 ' 0100 EOTcontrolD | DC4controlT| $ ' 4 | D | T d |t
5 0101 ENQcontrolE | NAKcontrolU | % | 5 E | U e ‘ u
. 6 - 0110 ACKcontrolF | SYNcontrolV | & 6 F oV fol v
|7 o011 BEL control G | ETBcontrol W | ' 7 G ' W g | w
| 8 . 1000 ~ BScontrolH | CAN control X i 8 H X h X
9 ‘ 1001 " HT control | EM control Y ) 9 I 1Y iy
10 . 1010 | LFcontrolJ SUB control Z * o d z i |z
1 - 1011 VTcontrol K ESC + K T
12 - 1100 FF control L FS . < | L A
13 om0 -~ CRcontrol M GS - = M ] oom Lo
| 14 1110 . SOcontrol N RS ) > | N | N~ ‘
| 15 1111 | Slcontrol O us / ? | O | - | o | DEL|
‘ bit
Example: Code for A = 7— —1
0001
LEGEND for Control Codes in Columns 0 and 1:
NUL Null VT Vertical Tabulation SYN Synchronous idle
SOH Start of Heading FF  Form Feed ETB EndofTransmission Block
STX Start of Text CR Carriage Return CAN Cancel
ETX End of Text SO Shift Out EM End of Medium
EOT End of Transmission Sl Shift In SUB Substitute
ENQ Enquiry DLE Data Link Escape ESC Escape
ACK Acknowledge DC1 Device Control 1 FS File Separator
BEL Bell [audible signal] DC2 Device Control 2 GS Group Seaparator
BS Backspace DC3 Device Control 3 RS Record Separator
HT  Horizontal Tabuiation [punched card skip]| DC4 Device Control 4 DEL Delete
LF  Line Feed NAK Negative Acknowledge»

Fig.3. ASClicode

and other printable symbols, (Figure 3). The other bit
needed to make up an eight bit byte can be used for 128
additional (often graphic) characters, as a parity bit, or
anything else you can dream up. WordStar, for example,
uses it to store formatting information while Digital
Research reserves some of the extra bits in CP/M file

names to mark files for special treatment.

IBM's EBCDIC is still used internally in almost every
mainframe and minicomputer, although ASCII rules on
the micros. The standard was designed to let computers
talk to each other, with a number of codes (such as the
ETB code shown in Figure 3) set aside to help with the

management of the flow of communication.

Things didn’t turn out quite as expected by the

a phenomenon that the
setters of standards must be used to by now — and most
developers of micros chose to use the ASCII code, if not
always in the same way. Nowadays most micros will
store text files in ASCIl code, and many will also use the

American standard setters

of text) to restart the system. Perversely, CP/M’s end of
text code is CONTROL-Z which has a completely different
meaning in ASCII . . .

Most versions of BASIC have a command to convert
decimal values into ASCII characters. For example to to
get the micro’s bell to ring while a program is running, you
might insert the statement PRINT CHR$ (7). 7 is the
decimal value of the ASCII binary code BEL. The function
ASC () also found in most standard BASICs, works the
other way round, turning ASCII characters into their
decimal values. To find out the decimal ASCII value of a
particular character, you would use the function ASC ().
Thus ASC('A') would return the value 65.

Despite this level of standardisation, ASCIl alone
doesn’t offer much hope for micro users wanting in-depth
chats with other micros. For a start, ASCII contains no
standard for the speed at which the micros would
communicate, nor for starting off the conversation (the
handshake).

ASCII codes to perform functions like ringing the bell and
backspacing (see the chapter on printers). But other ASCII
control character codes have different uses on different
machines. For example, the CP/M operating system uses
CONTROL-C (in ASCII this represents the end of a piece
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Itis only useful for exchanging text files, and for
sending instructions to machines which expect their
instructions in ASCII form. What ASCII does not provide,
in short, is a set of protocols needed in common between
two machines wanting to communicate.



- Assembler: Ground Level Programming

Getting down to the nitty gritty of assembly language
programming is an excellent way to learn about
microcomputers. Machine coding — entering the values
that form a program directly into memory as a series of
obscure hex bytes — is certainly an interesting exercise ori
along winter evening, but is an impossibly ponderous
way to develop programs of any length. On the other,
hand-high level languages like BASIC which shield the
programmer from the machine’s tedious details, also
mask its true performance by creating slow and bulky
code.

Where an assembler fits in

All useful program development depends on being able to
write ‘source code’ in a language which can achieve a
compromise between the English a human understands
and the simple ‘ons’ and ‘offs’ that the processor can
read. Yet however the program is written initially, it will
still have to end up as machine code, or ‘object’ code as it
is sometimes called. Since the computer's processor is
only able to understand a fixed number of very simple
instructions, its power comes not from the number of
elementary actions it can undertake, but from the very
high speed at which its electronics can carry them out.
This speed makes it possible for a high level instruction
from a language like BASIC to correspond to many
machine code instructions, which in turn enables the
programmer to write in relatively meaningful ‘real world’
terms like PRINT"Hello, Printer”.

But in making this translation from the high level of the
language to the low level of the processor, the compiler
or interpreter can’t help introducing redundancies and
inefficiencies. Because translation programs have to cope
with all the possible expressions that might be used in a
language, they never produce object code that is as fast
or as compact as the program would have been if it had
been written directly in machine code.

This is where the assembly languages come in.
Sandwiched between easy-to-use high-level languages
and almost impossible-to-work-with machine code,
assembly languages provide a convenient way of
producing machine code programs. Unlike a high level
language, one instruction in assembly language
corresponds directly to one particular machine code
instruction. The difference is that rather than have a
binary number for each instruction, programmers can use
a ‘'mnemonic’, a short name that serves as a human
memory-jogger to the meaning of the instruction. And
instead of being restricted to numbers which have no
meaning for humans, programmers can use whatever
names they want for the various data and addresses they
use in the program. Instead of the raw lists of numbers
that comprise a machine code program, assembly
language allows the programmer to add comments to the
program, showing what it does and how it does it.

Using an assembler

A powerful editor/assembler is the best tool yet devised

for investigating and successfully programming a micro,
particularly where memory is limited. An assembly
package usually includes an editor, assembler, linker,
debugger, monitor and disassembler. Sometimes the
monitor and disassembler will come with the computer
(stored in ROM) and sometimes as separate packages.

The editor is tailored to writing assembly programs, and
can either be line or screen based (see Text editing). A
line editor may include syntax checking just after the lire
is entered, but will usually not offer very powerful editing
features. A screen based editor makes the entry and
correction of a program much easier, with full cursor
control for modifying and inserting characters. Screen
editors are not really suited to syntax checking, but their
powerful editing features make them preferable to the
simpler line editors. A good development system will
include features such as the ability to insert files from
disk, global find and replace and copying and moving
sections of the source code.

An assembler will take the source code produced using
the editor and translate the mnemonics into machine
readable form. Assemblers can make either one or two
‘passes’ of the source file. On a two pass assembler the
first operation checks the syntax and may produce a
tokenised temporary file (often residing in RAM); then the
second pass takes this intermediate code and produces
the binary code. A tokenised file is one where single
symbols (tokens) are used to replace a string of
characters to save space and supply values for variables.
A single pass assembler tries to do both operations at
once; a full two pass system is usually preferable.

A linker allows you to develop large programs in chunks
that are easily manageable by the programmer and also
by the editor. These ‘modules’ are assembled
independently, and later combined into a single file of
code that comprises the program. One advantage of this
is that when a bug is detected in a single module, you
only need edit the source code of that module, run it
through the assembler again, and use the linker to patch it
back in the program. Otherwise you would have to
reassemble the entire program. As a linker has to have
access to special tables of global variables and addresses,
which the assembler must know how to set up, it must
be an integral part of an assembler package. A linker does
not come as a stand-alone program.

A debugger is an aid to checking a program while it is
running. It allows operations such as the setting of break
points, where the program is temporarily stopped
allowing the programmer to examine various memory
locations or registers. Sophisticated debuggers enable
the program to be stepped through, one instruction at a
time, effectively having a break point after every single
instruction.

A monitor — not to be confused with the same word used
to describe a screen display device - is a collection of
software routines, usually kept in ROM, which can be
used instead of a debugger. Generally a debugger will
present information in a more helpful manner, and will
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include more powerful commands. A monitor allows
memory contents to be examined, changed and
compared with other locations, but will almost certainly
present the information solely in lines of hex responding
to obscure single letter commands.

A disassembler is sometimes included in a debugger or a
monitor. Its role is to take the object code of a program
and try to translate it back into assembler mnemonics.
The disassembler has a difficult job, as there is no way it
can know by looking at a single byte whether the value
represented is an instruction or data. Good
disassemblers, however, are able to make intelligent
guesses, applying simple rules like 'if a previous
instruction executed a data fetch from this address the
value here is probably meant to be data’, 'if the program
counter is set to this address by a call or jump instruction
then it is almost certainly intended to be code’, and ‘if a
particular patch of bytes are never visited by the program
counter in the course of execution a reasonable
assumption is that they represent data.’

When debuggers go astray they do so disastrously,
generating reams of impossible assembler mnemonics,
sometimes sprinkled with question marks. Using a
debugger to examine other people’s code — inspecting
the inner workings of an operating system perhaps —
requires a good knowledge of the ins and outs of
assembler, and a great deal of patience.

Cassettes and disks

An editor/assembler package can come on cassette, disk
or cartridge. Cassette-based systems are perfectly
useable in the early stages of learning assembler, but for
serious development work a disk-based system is far
more convenient. Cassette-based systems do not usually
include linkers, may not include debuggers, and usually
have less powerful editors. Overcome these
disadvantages how you might, programs — which almost
certainly will have taken a long time to develop — still have
to be stored on those notoriously unreliable cassette
tapes (see Backing Store). A cartridge system usually
allows programs to be saved either to cassette or disk,
but this flexibility means that disks cannot be assumed,
so the features it offers will usuallly be similar to its
cassette equivalent.

What to look for

Probably the two most important features to investigate
in an assembler are whether and to what extent it offers
macros, and what pseudo-ops are included. A macro is
the assembly programmer’s equivalent of the rubber
stamp, allowing an identifying name to be associated with
a small chunk of code the programmer expects to use
several times in writing a main routine. Instead of having
to write out the code each time, the programmer simply
includes the name of the macro, and the assembler takes
care of the necessary expansion.

Beginners understandably confuse macros with
subroutines. A subroutine will appear only once in the
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final assembled program, although it may be called by the
running code from many different places, exactly like the
target of a GOSUB statement in BASIC. Macros on the other
hand are expanded wherever they occur in the source
code, and are executed ‘in line’, as the jargon has it.
Unlike subroutines they therefore take up space in the
final program, and the more times you use a particular
macro the more space it takes. But macros do make life
easy for the programmer, and as an added refinement can
usually take parameters, allowing each expansion to be
slightly different. The instruction sets of some
processors, the Z-80 for instance, suit the use of macros
better than others such as the 6502.

Pseudo-ops are special instructions directed to the
assembler, which obeys them directly, instead of trying to
translate them into object code. The most common
pseudo-ops are those used to initialize constants; bytes,
words, or strings. Most assemblers will allow a number of
constants to be defined by a single directive. Pseudo-ops
may also direct the assembler to switch on or off its
listing to the printer, begin new pages and add title lines.
The listing, which may be a file or a printed copy, provides
a valuable cross-check for the programmer, as it contains
both the source code and the assembled object code
expressed in hex.

LAB1 DEFB1,2,3,4
LAB2 DEFW AOOOH, BOOOH
LAB3 DEFS “this is a string"”

Fig. 1. Initializing pseudo-ops

Some packages will allow constants to be defined in
several different number bases, allowing you to use
decimal for simplicity, hex to save space, binary to
express constants whose bit patterns are more important
than their numerical values, or even — for the Americans
and old timers — octal. String constants can normally be
entered in ASCII, to be translated automatically to binary
by the assembler. Figure 1 shows a few examples. Labels
(for example, LABI) are used to address the data. The first
example sets up four consecutive bytes, holding 1, 2, 3
and 4 respectively. The second directive sets up two
16-bit, or ‘word’ addresses, and the third sets up 16
consecutive bytes holding the binary values of each
character.

LST (turn list file on)

UNL (turn list file off)

PAGE (skip to a new page)

TITLE (title at top of each page)
Fig.2. Listoutputdirectives

Figure 2 shows a number of useful list output
directives. A third set of pseudo-ops, in Figure 3 alters the
addresses assigned to the start of the program. These are
available because it is quite likely that the area in memory
where the program will be finally run is different from the
area used during its assembly.

The more sophisticated the system, the more pseudo-



ops are required. When using a linker, for example,
special operations are needed to allow variables to be
accessed by other independently assembled program
modules. Figure 4 shows the sort of pseudo-ops which
might be included to do this. Some are only to be found in
the best of the packages.

AORG 0800H (set the absolute origin
of the program to hex 0800)
RORG + 20 (set the origin 20 bytes further
upthanthecurrent location)
Fig.3. Changingprogram origins
COPY < file > (include another file
into the assembly)
END (end of program marker)
REF < name > (refer to a label not
in this source file)
DEF < name > (define a label to be used
by other source files)
DFS<n> (leave space for<n >
bytes of data)
EVEN (starton an even
byte boundary)
IF...THEN
ELSE (conditional assembly)

Fig. 4. Pseudo-opsfoundin moresophisticated
assemblers

Assembler and BASIC

Compare the two sections of program in Figures 5 and 6.
Both search through a list of 100 numbers and find the
largest one present. One is in BASIC and the other is in
assembly language for the 6502 processor. Notice that
the 6502 version needs more instructions and is less
comprehensible, even with its comments. The 6502
listing was produced by an assembler as it performed the
translation. The source program as written and entered by
the programmer appears on the right. On the left, the
assembler has output the object program by giving the
locations in memory and the values stored there opposite
each corresponding instruction in the assembly language
version.

BASIC PROGRAM
100 REMFIND LARGEST NUMBER
110 LETB=0

120 FORC=1t0100

130 IFN(C)>BTHENB=N(C)

140 NEXTC

150 REMBNOW = TO LARGEST VALUE

Fig. 5. BASICroutineto searchthrough a list of 100
numbers

ASSEMBLY LANGUAGE PROGRAM
asm
1 *Findlargestnumber
2 *
3 *Searchesalistof 100 numbers
4 *Returnsthelargestin ‘BIGST
5 *
6 *First, tell the assembler
7 *What'BIGST and ‘BASE' referto
8 *
9 BIGSTEqu 100
10 BASE Equb512
" o
12 *Theactual program starts here
13 *
7000:A900 14 Begin LDA$00 ; setbiggestto zero
7002:8564 15 STABIGST
7004:A064 16 LDY 100; setcountto 100
7006:B9 0100 17 Loop LDABASE,Y ; getnext number
7009:C564 18 CMPBIGST ;islessthan BIGST?
7008:90 02 19 BCCLessthan ;ifyes, try next
700D:8564 20 STABIGST ; else setnew value of BIGST
700F:88 21 Lessthan DEY ; take one off the counter
7010:DOF4 22 BNE LOOP ;and repeat if any more to do
23 *
24 *BIGST now containsthe
25 *Llargestvalue
26 *
Machinecode  Assembly language
objectprogram  source program

Fig. 6. AssemblyequivalentofFig5

The assembler has given the machine code values in
hex rather than binary simply to keep the listing in a
manageable form. Although the BASIC version is
apparently shorter, remember that once assembled, only
the actual machine code will be used in running the
assembled program. In contrast, BASIC will need to keep
the source program and the entire BASIC interpreter in
memory during execution. In fact the 6502 version will
run some hundreds of times faster than its BASIC
equivalent.

Overcoming the limitations

Although assembly language is not especially difficult to
learn or use, itis a very different skill to programming in a
high level language. The programmer does have to learn
how the computer works and detail every little operation
that takes place.

Apart from the simplistic nature of the instructions, the
lack of built-in aids for testing and correcting programs in
assembly language make the programmer’s job that bit
more difficult, so that a disciplined approach to
programming is absolutely essential. The programmer
must concentrate on design and advanced planning to
make programs as reliable as possible from the start. The
sensible approach to a task of starting with a general
statement and dividing it up into ever more detailed
sub-tasks is just as important here as it is in the so-called
‘structured languages'’ like PASCAL.

The experienced assembly programmer has several
tricks up his sleeve. One is to invent, learn or steal short
sequences of instructions to do the commonly needed
tasks not included in the processor's ownset of
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instructions. These can be kept in a library, perhaps in the
form of ready-to-use macros, and automatically written
out when needed in a program. Standard sub-routines can
be introduced in the same way. Adding a previously
tested subroutine to a program provides a way of
combining instructions into useful segments which can
be confidently used by the rest of the program.
Subroutines and macros are thus often used like building
blocks.

In assembly language, the programmer must be
concerned about the way the program fits into the
computer as a whole — not just how it shares memory
with the operating system, the memory-mapped screen
and ROM software, but also how it addresses ports and
peripherals. Sometimes existing routines to handle the
program’s input and output will not exploit a machine’s
potential to the full, and by using assembly language it is
sometimes possible to improve performance by adding,
for example, faster disk access and better screen
handling.

The joys of assembler

Unlike programming at a high level, assembly language
has no built-in facilities for structuring and processing data
and programmers must design and implement whatever
they need. This does mean they need to know the many
ways in which the humble binary word can be used to
store information, and that those primitive instructions
can be combined to do more useful calculations. In return
they provide themselves with whatever structures they
want, and with the maximum economy of space and
speed.

The benefits that assemblers have to offer the
programmer show up in a variety of different applications,
from system software such as compilers and operating
systems, to word processors and database managers,
and — particularly — arcade games.

The inherent speed of assembler is its main attraction
but there is a trade-off between taking a long time to
develop a fast program and using a high level language to
dash off a less efficient program quickly. Often the use of
an assembler removes problems of speed, but dramatic
improvements can also come from changing the way a
program works rather than the language it uses. As an
alternative, some compiled languages (for example c) and
some interpreted languages (for example FORTH) produce
surprisingly fast object programs. Before these were
available, assembly language was the only way of
producing programs quickly enough to communicate with
peripherals and professional typists, to provide sorts and
searches faster than people, or to give a space invader a
sporting chance of success. Even if a high level language
is used for the bulk of the program, sneaking off into a
short machine code routine to sort or update a display is a
common trick for combining the best of both worlds.
Frequently, machine code routines are used as
extensions to high level languages: routines to draw |
shapes, play music and mess about with textual data are
often added to BASICs which were originally provided
without them.
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The compactness of machine code is an obvious
benefit in any system with a limited memory space.
Writing ever shorter routines to do the same job is the
strange obsession of many programmers. Even if you
don’t want to write a mind-bending word processor or a
full spec. space invader game, machine code can come in
handy for the odd short routine — a patch to allow your
database management program to drive an unusual
printer or to add a word count facility to a word processor
package.

Finally, assembly language teaches a discipline which
will prove invaluable even when working with other
programming languages and trying to understand and
solve the inevitable problems which occur with software
and manuals. Apart from the enjoyable experience of
learning it, assembly language gives you the final say in
exactly what your computer is and does.



Backing Store: Keeping A Hold On Software

|
J

Microcomputers, unlike elephants, tend to forget things.
Switch a micro off and any information in its volatile RAM
memory will be lost — anything more than casual
computing demands a securer way of retaining data and
the general description of this long-term storage is
‘backing store’. Especially designed reel-to-reel tape
recorders, and large, rapidly rotating magnetically coated
steel drums have played an important part in the
development of backing store technology and today three
types predominate: audio cassette, floppy disks and hard
disks. However technological developments are rapidly
bringing new and exciting solutions to the problems of
backing store.

Audio cassettes

Although never originally designed to store computer
data, audio cassette (qv) technology has been pressed
into service for the purpose as a result of its relatively low
cost and its wide availability. Using a cassette machine to
store data from a computer requires a special interface —
normally built into the computer — to turn the digital data
into a series of audible tones (for recording) and back into
data when replaying. Such a system also needs a .
correctly made up cable to transfer the signal from the
computer’s cassette output to the microphone input of
the recorder, and again from the recorder’s earphone
output to the computer cassette input. There is often a
third connection which taps directly into the computer’s
power supply to turn the cassette recorder on and off so
that the computer has some, albeit limited, control over
the tape transport mechanism. With an arrangement like
this you will usually still have to rewind and fast wind the
tape manually.

Some micros use a custom-built cassette recorder
connected to the micro with a more multi-way connector
than most. This kind of integrated cassette recorder may
be completely under the control of the computer which
can wind and rewind the tape, all the time keeping track
of the tape's position — sometimes even using this as a
value in program calculations.

(See the chapter on cassettes).

Floppy disks

Because of the high-precision engineering required,
floppy

disks are a considerably more expensive way (in capita!
cost terms, although not usually in cost-per-bit terms) of
storing data than cassette machines, but for those who
can afford them there is no doubt of their superiority in
terms of speed and storage capacity. A program which
takes minutes to load from a cassette can be up and
running within seconds when loaded from a disk. With a
standard capacity of 800k for a double-sided double-
density disk, floppies are also considerably more
convenient for storing a large number of files.

The standard 8" disk pioneered by IBM is seldom used
in micros today, the norm being 54" 'mini-floppies’. A
new range of sub-4" micro-floppies (qv) pioneered by
manufacturers such as Sony are now bringing floppy
technology to small portables and desk top machines.
(See the chapter on floppy disks).

Hard disks

Hard, or Winchester (gv) disks are as much an advance on
floppies as floppies are on cassettes in respect of speed
and capacity — and the capital cost is correspondingly
greater. But they have revolutionised the mid to top-range
of the business micro market, and as sales volumes
increase and prices fall, the home micro market is bound
to reap some benefit.

(See the chapter on Winchester disks).

RAM disks

Many systems now allow disk drives to be emulated in
RAM, so that the system can read and write to something
which appears to behaves exactly like a disk, but which is,
in fact, a reserved area of the core memory. This
approach is very useful in systems doing a great deal of
disk thrashing — software development houses for
example, with their seemingly endless compiling — but it

- B B

PR Approx. speed

Media cana it‘ relative to Comments
Paclty ! standard floppy
8 inch floppy i 1.2Mb 1 Most 8 inch systems use a standard IBM format
5.25 inch floppy ! 200K/1.2Mb 1 Vary in capacity 70K-1.2Mb. No standard formats.
Some fast, others slow.
Sony 3.25 inch microfloppy 380K 2 The most popular microfloppy so far
Bats NC13 inch microfloppy 150K 1 The first microfloppy system
Hitachi-Maxwell 3 inch micro- floppy 250K 1 Double sided system
Hard disk 3-20Mb 20 Usually fixed
. Using spare RAM to simulate a disk/drive.

RAM disks 256K 100 Virtually instant access. 3 i

Table of different types of disk
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suffers from the disadvantage that all the ‘disk’ contents
are lost when the system is turned off so that initialising
and closing down can be time-consuming and tedious.

A RAM disk hardly qualifies as backing store, but there
is a closely related memory system which is beginning to
become very popular in small portables. Low power
battery-backed CMOS RAM can be used as a RAM disk to
store files and to generally emulate a disk without any of
the problems of moving parts. When the machine is
turned off, a tiny trickle of current from a rechargeable
battery is enough to retain all the data permanently — well,
at least for the several months it takes the batteries to run
down.

Bubble memory

Bubble technology is a technique for truly non-volatile
storage of data in a compact ‘solid state’ form with no
physical moving parts. The word ‘bubble’ isn't really
helpful in trying to explain how the system works, unless
you can visualise a chain of tiny magnetic ‘domains’ or
bubbles being driven around a loop in a film of magnetic
material by powerful electro-magnetic coils. In fact, under
amicroscope, these domains do look remarkably like
bubbles. although no physical material actually travels in
the process.

Bubbles drives are capable of operating roughly four
times faster than floppy disks. The high reliability of the
system, due largely to its total absence of moving parts
and lack of need for a standby power supply, has made it
a favorite for military applications, where price is a trivial
consideration. In the commercial market the relatively
high cost has held back this otherwise very promising line
of development. One of the main companies pursuing
bubble research, Texas Instruments, dropped out of the
race, although with the surge of interest in portable
computers a number of bubble-based machines are
beginning to appear on the market.

Optical disks

The very high density of data-packing has made the
technology used to develop the compact optical disk for
home audio use of considerable interest to commercial
computer manufacturers. Optical disks use a laser beam
rather than a fluctuating magnetic head to write to the
disk, creating a tiny and predictable deformity which can
be read back when amplitude or phase shift changes are
detected in a lower powered read beam scanning the
surface.

A standard disk can store 55 megabytes — about 350
times the capacity of a single-sided single-density floppy
disk. Dedicated computer peripherals based on the same
technology measure their capacity in gigabytes. This
enormous size goes a long way towards compensating
for the optical disk’s biggest snag — data, once written,
cannct be changed. To make an optical disk system look
like a read/write device means abandoning outdated
sectors and copying new data to unused tracks. This
process is repeated until the disk becomes full,
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whereupon the current data is copied to a new disk and
the old disk is discarded.



Backup: The Safety Factor

A great deal goes into the creation of software, both in
the commercial programs that you buy and the ones you
write yourself. Electronically stored data too has often
been gathered and sifted at the cost of a lot of time and
effort. Software security is about making sure that all that
effortisn’t wasted, either through piracy, unauthorised
access, or the accidental corruption of data.

Anti-piracy

Security in the first sense must be sophisticated to deter
the determined pirate. Recognising this, some software
houses don’t bother with security at all, partly because it
can prevent legitimate users from making the back-up
copies that are such an important part of security in the
second sense of the word. But recent estimates suggest
that between #30m and #50m are being lost annually
through software piracy in the UK alone, and the software
house of Visicorp, originators of Visicalc, reckons that for
every copy sold, an additional pirated copy is made.

Software on cassette is very difficult to secure against
piracy, and generally companies make their money by
producing the software cheaply and aiming for a large
initial turnover. Products like this have a fairly short life
time, so that by the time the pirates have got in on the act
the company has moved on to something else.

However, cassette software producers use a number
of safeguards to discourage prying. The most common
method is to disable methods of breaking out of the
program. This means the program has total control,
preventing you from using other features in the
machine’'s ROM which would enable you to find out the
machine’'s memory contents. This is usually done by
disabling the BREAK or ESCAPE keys, or by getting
them to corrupt the program when they're pressed.

This technigue is often used in conjunction with a
loader program. When you type in LOAD 'name' you call
up a short program called a ‘loader’, the function of which
is to pull the main program into memory and run it
automatically. The loader will usually define the start
memory address for the main program and this makes it
indispensable, because without the loader the main
program won't know where to locate itself. But because
the loader automatically runs the main program it isn't
easy to break into it to find out how it works.

Some software houses, especially those that are
connected with the manufacturers, use calls to
undocumented code in the ROM in order to obscure the
logic of the program. The disadvantage is that
undocumented code is very likely to be altered in
subsequent revisions of the ROM (which manufacturers
typically undertake something like four times in a
machine’s life span), leaving the software high and dry.

None of these measures makes a cassette program
totally secure, but they do make life very difficult for the
casual pirate.

At the business end of the micro software market,
where programs cost hundreds rather than tens of
pounds, protection from piracy becomes more important.
Software of this kind is almost certainly disk-based, and
this gives the opportunity for several ways of securing the

information. Unsurprisingly, software companies are
reluctant to disclose how they protect their software, but
we can at least examine some principles.

One is to record the information on to the disk in an
unusual way, bypassing the operating system. Operating
systems usually come with utilities to copy disks. The
copying program expects to find the information in a
certain format: one thing it may look for is address
headers which mark the beginning of a sector, and so tell
the disk operating system its position on a track.

Your copying program will need to find the address
header to make any sense of the disk, and because things
like address headers are standard codes on disks, your
program will know what to look for. Unless, of course, the
software house changes the values. This method of
protection is a popular and simple one, and is often used
in combination with other methods.

Some disks use synchronised bytes. This is where an
extra one or two bits are added to a series of bytes, to
mark the start of a track or a piece of data. Changing
these bytes confuses copy programs. A variation of this is
to add bits to other parts of the program, which will also
throw a copy program out of sync. The permutations of
this method are almost endless, and vary for different
makes of disks.

But ‘clever formatting’ only protects the software until
the user buys (or borrows!) one of the sophisticated
track/sector recognition programs like Locksmith, which
automatically work out how the disk has been tweaked
and apply the necessary correction. Companies selling
these programs claim that they are not aimed at pirates,
but at sensible users who want to make back-up copies
for their own use.

Some systems can squeeze an extra track on to the
disk after the last track. If the copy program doesn’t know
about this, it will stop after the last track, and miss the
additional information. The first thing the protected
software does when you run it is to see that this extra
track has its information intact. There are also other ways
of re-aligning the tracks to confuse the copier.

An alternative anti-piracy technique is to use the
operating system in an undocumented way, but there are
always dangers that the hardware will react
unpredictably. Another way is to use a hardware device
called a dongle. The dongle is a small gadget you plug into
your computer, either as an additional PROM or at a spare
printer interface. Software designed to be dongle-
dependent will check for the presence of the device and
read a security code from that location before proceeding.

Dongles are generally machine specific. The more
sophisticated dongles will contain a ROM or a shift
register, and actually enter into a dialogue with the
protected software before allowing it to run — a sort of
‘who goes there, friend or foe?’ When you start the
software rolling, the program sends a code to the dongle,
which then sends back a message containing the serial
number and any copyright details. If the message is the
right one, the program will continue on its way - if not, a
warning flashes up on the screen.

One professional approach, requiring cooperation from
the hardware manufacturers, is to incorporate a unique
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serial number into the ROM. When a particular software
package is run on the machine for the first time it reads
the serial number and displays a message asking the user
to ring the software vendor, who then supplies the user
with another number that ties the package into the
processor.

But as fast as software manufacturers come up with
new forms of protection, other people are devising ways
of breaking and entering secure software. And the market
for these ideas isn’t composed of pirates, but the army of
computer users, who resent being prevented from
copying their own software for back-up.

The more sophisticated experienced programmers can
often break codes themselves by examining the guts of
the program. Dongle protection can be defeated by
altering the code to jump over the checking routine, or by
adding routines that simulate the presence of the dongle.

Those prying eyes

Protecting your own information in a system, so that
other people cannot access it is becoming increasingly
vital as multi-user systems spread. A multi-user system is
where several users hook their terminals onto the same
central processing unit. As with networking, this means
that each user has access to the data held on the
computer, sharing the files and programs.

The multi-user operating system, Unix, demonstrates
what can be done to offer several levels of security. Each
user has a unique password, any combination of about a
dozen letters or figures, which is used to log in to the
system. The password is held in an encrypted form in the
machine and does not appear on the screen when typed
in. After this first level of security comes a file specific
level where each file in the system has an owner, who
assigns a nine digit security code to the file. The code is
divided into three groups of three digits. The first group
defines what the owner of the file can read write or
execute in the file. The second group defines which
members of the owner’s group can read, write or
execute, and the third group of digits defines what
anybody who taps away at the keyboard can do to the file.

For instance, the accounts manager of a company may
own a file which has details of all employee’s salaries, and
will need to be able to read, write and execute all part of
the file. Other people in the accounts department could
read everything in the file, apart from details of their
colleagues salaries, but would not be able to write to or
execute any information. The rest of the company'’s
employees could only access the file directory. They
could not read the rest of the file, nor could they write to
or execute any part of the file.

There is a facility in Unix to hide a file, so that it doesn't
even appear on the directory. There is also an encryption
algorithm, so that you can encrypt a whole file for extra
security.

On a personal business computer or a home computer
the simplest method of hiding information in a program is
just to lock away your disks or tapes, in a secure box. A
well-stocked computer shop will have secure boxes,
which are not only protection against other people
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accessing your private data, but will also protect your
disks and tapes form fire and flood.

Archives

Archiving and backing up describe the process of making
off-line copies of files for security purposes. The term
‘off-line’ means that the file is not immediately available
for machine use, but some simple process has to be gone
through before bringing it back ‘on-line’. In the traditional
mainframe world this often meant going down to the
basement to hunt for a large reel of tape, but with
business systems it is usually a matter of digging out the
appropriate floppy disk from some safe place and slotting
itinto the drive.

This makes backing up and archiving sound simple, but
in reality it is a difficult art. Firstly there is a distinction to
be made between the two terms. Archiving is the
process of building up a reference library of past work
done on the machine. You might go to such a library, for
example, for a machine readable copy of the sales data
for the first quarter of 1984. Backing up on the other hand
is more concerned with preserving the full state of the
machine, should the worst happen and a crash occur.

Archiving, then, is a continuous process of maintaining
alibrary. Backing up is a guarantee against disaster. If
they are to do their job both processes have to be
approached methodically with two main objectives:

Organising the routines for backing up or archiving so
that they are simple. If the process is complicated it
won't get done.

Avoiding the creation of an overwhelming mass of
duplicated material. Ideally you need two off-line
copies of every vital file, but often one off-line copy will
be enough.

These days mainframe machines usually have backup and
archiving working mysteriously behind the scenes
without interference from human operators. In a micro
installation the ideal is to emulate this situation as closely
as possible, which means devising end-of-the-day
security routines that are simple to carry out, but do the
job thoroughly. Sometimes this will involve using special
software, but with care the ordinary utilities supplied with
the operating system should be enough.

Archiving deals with products of the system, such as
programs created on a software development machine,
the articles written by a journalist, the financial data
accumulated and processed by the accounts department,
or whatever. The object is to transfer files that are no
longer needed on-line into a library or libraries where they
can be readily found if they have to be referred to again.
Usually this will mean saving work of different kinds onto
separate library disks, where each disk is suitably
classified and labelled.

Depending on the kind of work, you may want to keep:

only the latest edited version of a file
several different versions of the same file

This second case is more complicated than the first.



Some operating systems — Unix for example — include
exotic utilities for keeping track of multiple versions, but
in most ordinary circumstances it is enough, to give each
different version a distinct but related file name, and then
treat each file as in case one.

To isolate the problem from the specifics of the
hardware — Winchester disks, floppies, cassettes or
whatever — it is only necessary to think of two separate
areas where files will reside: the working area and the
archive area. On a dual floppy machine the work area may
be a series of floppies that are in constant use; on a hard
disk system it will usually be part of the Winchester disk,
but the principle will be the same.

Itis rarely practical to archive each file as soon as itis
finished with and, as work is done on the system, files
will tend to accumulate in the working area. It is very easy
to turn the work area into an unholy tangle of vital current
files, unnecessary files that have been already archived,
and ‘'junk’ files which have served their purpose and
ought to be deleted. The problem with cleaning up a work
area like this is that an enormous amount of investigation
is usually needed to discover which files are which.
Similar remarks apply to the archive area, which readily
becomes filled with files that have to be retained ‘just in
case.’

The archive routine should make sure the following
tasks are carried out:

Remove junk files. This is made easier if junk files are
always identified by name. Files only intended for
temporary use should always be created with a name
that reflects their status (eg TEMPFILE.$$$ under
CP/M). Software packages like WordStar create
backup files as they go along and give them a
distinctive name. At the end of the work session these
will often be wiped, particularly where disk space is at
apremium.

Copy all work files to the archive area. When running
under an operating system that doesn’t include
automatic dating it's a good idea to keep a record of
the transaction. The hard copy of the directory listing,
or output from the copying program if — like CP/M's
PIP — it produces a list of files transferred, could be
slipped into the diskette jacket or tape pack with the
date added by hand. A satisfactory alternative is to use
the editor to create a READ . ME file in the archive area
that records the date and details of the archiving.

Delete all work files no longer needed. This usually
means all the completed work files. Files that still
reflect work in progress will now exist in both the work
area and the archive area under the same name — a
potential cause of confusion. One way round this is to
give work in progress files a distinct name (under
CP/M the type extension .WIP would do the job), and
rename them when they're finished. But thisisn't
essential, as most copy programs used for archiving
will automatically delete the work in progress copy in
the archive area when the finalised file is copied to it.

Backing Up .

Backing up is concerned with preserving a working copy
of all the files that constitute the system, including the
operating system itself, its utilities, and all the application
packages currently in use. Under this heading it is also
usual to include any files used as databases, because
although they contain data they are not end products of
the system. Obviously the original distribution disks will
have been kept in a safe place, but copies of these will
have usually been configured specially for the system, a
process it would be tedious to repeat.

Essentially these system files remain unchanged, but
occasional modifications may be made, particularly to the
databases, and the backup process should reflect this.
Consequently it's usual to make an initial global backup of
all the system files, and update this with periodic
incremental backups of only those files that have changed
or been added since the last backup.

Deciding which these files are can be the hardest part
of backing up. The date-stamping feature of operating
systems like MSDOS or CP/M+ is obviously very helpful,
but it is also possible to exploit an under-documented
feature of CP/M 2.2 called the ‘archive bit'. This flag is
actually part of the file name, the highest bit on the last
character of the extent. Most CP/M implementations will
always set this bit to 0 on creation or update of the file.
The trick then is to use copying software that sets it to 1
whenever a file is backed up, and can also detect this bit
and skip files where itis not 0.

Without either of these automatic aids, incremental
backup can be rather tedious, though usually less so than
having to make continual global backups. The simplest
way is to follow a similar procedure to archiving, without
of course deleting the work files once the backup has
been made.

Archiving on cassette

Archiving and backing-up on a cassette system is not as
scientific, nor as easy as on a disk system. Firstly, piracy
protection technigues will normally prevent you from
taking back-up copies of programs you've bought on
cassette. However an intelligent precaution where two
cassette recorders are available would be to make an
audio copy of valuable programs. Be aware though that by
opening the packaging on a proprietory cassette you are
often entering into a licencing agreement to make no
copies of any kind; the cassette inlay should explain the
position exactly. In cases like this insist on a replacement
from the shop if something goes wrong.

When developing your own programs there are a
number of measures which must be observed. Before
you start writing a program, check out your tape, save a
short program and verify (or reload it if you haven't a verify
function). When you're sure the tape's properly set up,
you can begin writing your program. Have a rewound
cassette in the recorder, set the counter to zero, and save
after writing the first 50 or so lines. Continue to save at
regular intervals, noting down each time the tape counter
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setting, until you've finished the program.

Give each saved version of the program a different
name. A good idea is to have a name followed by the
number of the last line written (for example, TEST50,
TEST110, TEST160) until you have reached the end of the
first draft. At this point you should give it a name
indicating that it's the first finished version, say,
TESTFINISHED1. Never run an unsaved program. If it
causes the system to crash, and you need to reset or pull
the plug to recover, you will lose all your code. So after a
programming session, save, verify and only then run the
program.

Now you have a tape which will document the
development of your program from start to finish. With
one finished version on tape, flip over the cassette,
rewind it, set the counter and save and verify it. As you
develop the completed program, save every time you
make radical revisions — again, giving each version a
different and meaningful name. When you have finished,
save and verify the program at least twice, preferably on
separate tapes. Don't put finished programs on the same
tape as the development programs, and don't put
different programs at different stages of development on
the same tape. Always clearly label your cassettes, and
keep a book which shows what's where on which tape.
It's also good discipline to datestamp all versions of your
programs, both with a REM at the beginning, and in your
cassette log.
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Baud Rate: Speeding Bits Down The Wire

The term baud (pronounce it bode, though you'll
sometimes hear it as bored) immortalises the name of
Monsieur J.E.M. Baudot, inventor in 1880 of the Baudot
code, which by the 1950s had become the main standard
for international telegraph communications (see ASCI).

In the field of microcomputing, baud rate can be
thought of roughly as the transmission speed of serial
data, in bits per second (with complications . . .).

A stream of bits can be sent down a wire as a voltage
switching between high and low to represent the ONs
and OFFs. But digital transmission of this kind is suited
only to short distances; in wires longer than about 500
feet, capacitance and resistance effects rapidly begin to
corrupt data.

However, the telephone network, which carries
analogue signals (more or less continuous signals of
varying magnitude), can be pressed into use as a data
carrier over large distances by converting the data at each
end of the transmission line. Although received and sent
in digital form, data transmitted in this scheme rides on
the line as an analogue signal. The converter at each end
of the line that makes this possible is called a modem (qv)
— it stands for MOdulator/DEModulator. Figure 1 shows a
modem at work.

Bits and waves

In transmission, a bit has to be represented by a change
of some kind. Analogue transmission gives the
opportunity to introduce changes into the amplitude,
frequency or phase of the signal. Imagine an analogue
signal as a wave on a graph, with the vertical axis
representing amplitude of the signal, and the horizontal
axis depicting time. You can then chart the change of a
signal over a particular period. For example, in a milli-
second the signal might start at zero voltage, peak to one
volt, fall back to zero volts and then continue falling to
minus one volt before returning to zero volts again. On
our graph (figure 2) we reproduce this as a sine wave. In
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Fig. 1. A modem at work
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Fig.2. Asinewave representing ananalogue signal

all probability the wave will continue beyond this one
milli-second slice by repeating the same changes over
and over again. Our slice represents one complete cycle.

A simple transmission system might distinguish
between an ON-bit and and OFF-bit by two different
levels of amplitude. In figure 3 we demonstrate this with
a signal that peaks at two volts for ON and one volt for
OFF, but the principle would be the same for any two
distinguishable voltage peaks.

Alternatively, the bits might be distinguished by
changes in frequency. For example, ON could be
represented by one complete sine wave cycle every
millisecond, and OFF by two cycles every millisecond, as
in figure 4.

The third approach, varying the phase, is less easy to
explain. Keeping the amplitude and frequency constant,

+2 | Binary: 0 1 0 1
+1
0 \/ \_/
=
-2

Fig.3. Twolevelamplitude modulation
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Fig.4. Frequency modulation
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the signal can be shifted backwards or forwards along the
time axis, the degree of shift being used to represent the
ONness of OFFness of each transmitted bit.

In discussing this kind of change, a complete cycle of a
sine wave is thought of as passing through 360 degrees,
as if it were a rotating wheel. (For the mathematically
minded, the projection of one point on the circumference
of a rotating circle onto a surface moving along the time
axis actually defines a sine wave.) The zero voltage at the
beginning of the cycle then becomes 0°. The peak is 90°,
the second zero voltage is taken as 180°, the trough is
270° and the last zero as the cycle is completed makes

levels rather than two. The four levels could be five, four,
three, two and one volts respectively (figure 6).

With a four-level modulation, four unique states can be
represented. Instead of one bit being sent down the line
at a time, two can be sent, as there are four possible
two-bit numbers (00, 01, 11, 10). Four volts could
represent 00, three volts 01, two volts 11 and one volt 10.
Under these circumstances the baud rate does not equal
the bit rate: the bit rate will be twice the baud rate
because one change in the modulation represents two
bits.

The signal could carry even more information by

the full 360°. increasing the number of levels. This can be done by
AV VAR VRV VN
shift: 90° 270° 90°

Fig. 5. Phase modulation

Phase, or position in the cycle measured in degrees, is
varied to represent bits by shifting the signal a
preordained number of degrees either forward or
backward (270° forward for ONin figure 5 for example,
and 90° forward for OFF).

We said earlier that baud rate is more or less the same
as the bit rate, and this is certainly true for straightforward
data transmission along a short wire. But strictly speaking
the baud rate is a measure of the speed at which the
transmission line is modulated, and can be applied to any
of the above means of modulation. So a 300-baud signal
that’s changed by varying amplitude will involve 300
changes in amplitude per second. The same applies to
phase and frequency changes.

Binary: 00 01 10 "
+4
N\
+2 / \ / \
/\ 7/ \ / \
0 \ \ [ \
\ \ \
i Ny \_/ N/
\J N\
_4 \_/

Fig. 6. Fourlevelamplitude modulation

Multi-level modulation

So far we've assumed only two levels of modulation, one
volt or two volts for the amplitude, one or two cycles per
millisecond for the frequency, and 90° or 270° shifting for
the phase. In each of these cases, the number of bits per
second the line can carry approximates to the baud rate.
One modulation represents one transmitted bit (and the
system may add some extra bits as we shall see). But this
position changes radically if the modulation is multi-level.
The simple amplitude modulation represented in figure
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3 could be made to carry more information if it had four
mixing different methods of modulation, most commonly
amplitude and phase. The more levels of modulation, the
higher the bit rate will be in comparison with the baud
rate.

Timing and checking the
transmission

The extra bits added by the transmission system
introduce another complication into the simple
equivalence between baud rate and bit rate. In
asynchronous data transmission extra bits are added at
the beginning and end of each character, forming what is
called the 'frame’. A further bit may also be used as a
check against against data corruption.

Marking the beginning and end of each character with
start bits and stop bits serves as an alternative to a clock
signal to show precisely when data is to be taken to be
valid. There is usually a single start bit, and one or more
stop bits. Confusingly there can even be one and a half
stop bits — a fact that serves to remind us that the ‘bits’
aren't really part of a bit pattern at all, just periods of
known signal state (usually low to start and high to stop)
which the receiver monitors to stay in synch with the
transmitter.

The data-corruption check, called the parity bit, is
sometimes omitted. If included, parity bits are either even
or odd; in either case the principle is the same. With even
parity, an extra bit is set (made 1) or reset (made 0) in
order to make up the total number of set bits to an even
number. For example, the letter g is represented in ASCII
by the seven-bit pattern 1100111. If transmitted with
even parity an extra bit would be added to make the total
number of set bits to 6, an even number. Odd parity
applies the same rules to arrive at an odd number of set
bits.



Bulletin Boards: The Micro Connection

Everyone with a microcomputer, or even a terminal to a
remote computer, already possesses most of the
equipment needed to communicate with other
computers. With the development of dedicated modem
chips, the cost of the remaining equipment has now
started to drop to the point where even the hobbyist can
give it serious consideration.

All you need is a computer, some simple software to
make it emulate a terminal, and a matching modem — for
most machines the standard RS-232 connection will form
the interface. Micro users in the United States have
already discovered this in a big way, tapping into literally
hundreds of hobbyist and commercial networks.

The Source

Of those probably the largest, and certainly the best-
known, is The Source. It will be a number of years before
the image of the massive computer in the sky,
overflowing with data on everything under the sun
becomes a reality, but The Source is probably the closest
thing to it. It is owned by Readers Digest and runs on a
fleet of mainframes at a US-based bureau. It was based
onset the concept that there is a massive amount of
useful information sitting out there on computers; all it
needs is to be linked together and made available and
affordable to anyone with a microcomputer and a
modem.

The Source has the entire United Press news database,
together with investment support services, a whole mass
of analytical data, business research, consumer services,
home repair advice, health care information, and a
shopping system with 30,000 brand name items at up to
40% discount prices. As well as teletext-style static
information which the user can access but not change,
The Source incorporates an electronic bulletin board
system, through which users can communicate with each
other and set up special-interest databases. Users can put
up messages for each other, and scan across all the 80
boards by key words to track down messages for them
personally or of particular interest to them. It also
encourages the formation of new networks, and provides
support for the development of new specialist databases.
Two thousand new users join every month.

The cut-price night-time rates make The Source a
better proposition for the British computer owner than
might at first appear likely, since they coincide with peak
business hours UK time. That advantage helps to offset
the daunting cost of the telephone call; the disadvantage
is that you will need a special modem that conforms to
the US Bell communications standard, as well as to our
own CCITT. Alternatively you could use a networking
service like British Telecom’s PSS service (see below).

In fact The Source claims over 1,000 overseas users.
But the company has no plans to set up on this side of the
Atlantic, so would-be British subscribers must choose
between expensive telephone call charges, oran
expensive subscription fee to join British Telecom's
packet switching service to cut the cost of the long-
distance calls.

Bulletin boards

The bulletin board movement is still new to the UK, butis
extensive enough to offer a stock of 30 to 40 programs
available for anyone who wishes to download onto their
own computer. In many cases there is no charge apart
from the cost of the telephone call. Hobbyists are free to
leave or pick up messages from fellow-enthusiasts.

For the newcomer to networking, it comes as a
pleasant surprise to discover how uncomplicated it is to
log on to and use a bulletin board system. You dial up the
bulletin board system number, and the system answers
the phone automatically. Then you simply place the
telephone handset in your acoustic coupler, hit the enter
button, and a welcome message comes up on your
screen.

After entering a password, or identifying yourself in
some other way, a menu appears offering a number of
options. You can enter or retrieve messages, and if a
message is waiting for you there will be a message on the
screen to let you know. Other options are to upload or
download software (non-proprietory, of course), so that
you can exchange games and utilities you have written
yourself. One typical system, Forum-80, prompts the user
through the system step by step, offering help when
necessary.

BT and packets

British Telecom's Packet Switching Service (PSS) is a
network specifically designed to carry computer data. It
tends to be too expensive to be used for domestic calls;
you may as well use the normal telephone network. For
international calls, especially to the US, PSS is relatively
cheap for those who use it regularly, even allowing for the
annual subscription charge.

One of the main economic advantages is that you are
charged on the number of ‘packets’ of data sent or
received, rather than the time spent on line. However,
bear in mind that you also have to pay the phone charges
for connecting up to the nearest PSS 'node’. If it is more
than a local phone call away, which is quite likely if you
live outside one of the major cities, this could add
substantially to the cost.

Using PSS is simple. You ring up a local node and, with
the micro connected up through a normal modem, type in
an identity number and the password supplied when you
paid the subscription. This logs you onto the PSS
network. You then supply a string of characters and
numbers which make up a ‘network address’, and are
routed through to any computer network that is
connected up to the PSS system — including all the major
American public networks — and in turn to any computer
available on that network. Once you are connected, the
improved reliability of the line is the only reminder that
you are not using the normal telephone network.

Prestel

Prestel is a 24-hour service owned by British Telecom,
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offering two way data communciation down the
telephone line. It draws its data from hundreds of
‘information providers’, who book time on the system as
a commercial venture. As a consequence, Prestel has
many more pages than Ceefax or Oracle (see below), but
there is a charge for accessing the information. Apart
from rental charges for the installation and the local call
charges to the nearest Prestel computer, a charge for
each page viewed is displayed at the top of the screen.
For 90% of the pages this charge is Op, ie. free! But many
of these pages are directories leading onward towards
valuable information, which does incur a charge.

There are many thousands of pages of software on
Prestel, amounting to hundreds of programs, mainly
games written in BASIC. To run these on your micro you
will need a special Prestel adaptor — there's one available
for most machines with an RS232 interface. The
necessary Prestel communications software comes with
the adaptor. Your system will need to be able to receive
data at 1200 baud and send at 75 baud, the Prestel
standard.

With your adaptor you will also be able to access the
other information on Prestel and use its electronic mail
service, 'Mailbox'. Through this you can send a message
to any other Prestel user, either as a pre-formatted
greetings card or as your own message of up to 100
words. Next time the recipient connects into Prestel a
notice will tell him that a message is waiting.

There is virtually no limit to the number of messages
you can have waiting for you and once you have read
them you can store up to three ata time. Thereis a
directory of Mailbox users on Prestel, but be warned, if
you decide to be listed, you are open to junk mail from
advertisers.

Apart from access to the usual Prestel pages and
Mailbox, you can also become a member of a closed user
group (CUG), such as Micronet. A CUG is a group of
people who have access to private pages on Prestel. Tens
of thousands of private pages make up Micronet, many of
them pages of programs for education, games and
business. Some of these are free, others you will have to
pay for. The remainder of the pages are taken up with
news, a buyers guide, classified and display advertising,
and also services for user groups. Apart from lists of clubs
and events, there are also bulletin boards for user groups.

As a Micronet user you have access, through
‘Gateway’, to other databases on Prestel. Gateway, is an
extension to Prestel that allows users to access private
computers through the public Prestel service, and indulge
in a little teleliving. You may have read about
‘teleshopping’ and ‘telebanking’. The idea is that through
Prestel you can order goods and services much as you
would over a phone, or by post through a mail order
catalogue.

In Germany, the public viewdata system has been used
by a bank to give its customers their own home banking
terminal where they can access details of their accounts,
pay bills, ask for loans and order cash from their own
homes. This is now beginning to happen in Britain. The
first such service, called HOMELINK, was introduced in
1983 by the Nottingham Building Society in conjunction
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with the Bank of Scotland.

British Telecom's Prestel operates at different speeds
from the ordinary modem connections used by the
bulletin board community. Unless you buy a sophisticated
—and slightly more expensive — dual system device,
simple modems for one system will not be able to
communicate with the other. Prestel not only uses
different baud rates, but its own set of character and
graphics codes, which means you need special software
and display hardware, as well as the facility to
communicate at 1200/75 baud.

Other services, for example British Telecom’s Gold,
can be accessed with an ordinary modem driven by
general purpose comunications software. Gold uses the
same sort of system as The Source in America, and
allows access to electronic mail, a bulletin board,
computer services and databases.

With a Source-style home services network system
beginning to appear in the UK at last, the incentive to
invest in a modem will be far greater than it has been up
to now. Together with the recent arrival of dedicated
modem chips which have dramatically reduced
production costs, this new mass market is creating
modems within reach of everyone with a micro.

Ceefax and Oracle

The communications technigues we've mentioned so far
all use the telephone system. An alternative approach is
offered by Teletext, an information service transmitted by
‘borrowing’ a few extra lines from the ordinary television
broadcasts. The BBC call their teletext service Ceefax,
while the service shared between ITV and Channel 4 is
known as Oracle.

Because these services are transmitted by the ordinary
television signal they are only available during TV
broadcasting time (including TV test card transmissions).
To those with sets able to decode the signals both
services are free — or rather, are paid for by licence fees,
in the case of the BBC, and by advertisers in the case of
ITV. Many TV sets are built with a teletext capabilities, but
for those that aren’t it is possible to buy an adaptor.

Both services provide several hundred ‘pages’ of news,
weather, sports, business information, jokes and games,
all regularly updated.

The drawback of teletext is that it is a one way system
—you can only receive signals, not transmit them back.
Nevertheless, the system does hold interesting
possibilities for micro users, now that you can buy a
telesoftware adaptor to turn your micro into teletext set.
And there's a bonus: you can download telesoftware
directly.



Buying: Your Next Micro

Buying computers tends to revolve around issues like
memory size, the number of colours available in the
graphics, the quality of the sound chip and so on. At the
home computer level, what the advertisers call ‘brand
loyalty’ can often generate fanaticism for certain products
and technologies, with users holding their own machines
in quite irrational reverence and equally irrationally
decrying other makes.

The choice of hardware is an important factor — but it is
not the only one. A manufacturer might produce a
machine at a giveaway price that offers hi-res colour
graphics, a super-fast microprocessor, a sound
synthesizer, a variety of ports, a proper keyboard, all the
memory you could hope for, disk drives . . . You may find
it hard to stop yourself from buying it — but what about the
software? That often-overlooked invisible commodity
should be every bit as crucial to your choice of micro as
the hardware.

Making up your mind

To make the right decisions about buying a micro you
have to know what you want your machine to do.
Microcomputers are built to perform a single, rather
vaguely defined function — to compute. The precise
definition of what the machine does is supplied by the
software. But micros are restricted in the types of
program they can run — a limitation that brings us back to
the hardware. For example, application software
designed to turn your machine into a word processor
usually requires a proper keyboard and a facility to
connect up the sort of printer you'll need. A program that
involves a lot of speedy complicated calculations will
probably require a system with a fast processor and a lot
of internal memory.

So the easiest way of telling what the hardware is
capable of is by examining the software that runs on it.
The old division between ‘business’ and ‘home’ software
has now been eroded, and manufacturers of micros and
software producers have become a lot more be more
ambitious in the range of cheaper machines, offering
‘business’ software which appears to indicate that they
are good for anything. Readers of this book will be canny
enough to know that this can be misleading. Although
these machines might claim to run electronic
spreadsheets, they are not comparable with most
business systems, basically because of their limited
internal memory and absence of floppy disks. Many
smaller systems are expandable, but the upgrade path
can be expensive. If you know from the start that you are
going to need floppy disks, then it may be cheaper to buy
a system that incorporates them in its basic design.

The best way to begin your buying campaign is by
setting a realistic budget of the most you are prepared to
pay. It's helpful to set a minimum price too, but keep this
very flexible as it isn't always safe to assume that a
cheaper machine has less to offer. Next you have to do
some soul-searching, pondering on precisely why you are
buying a micro. Write out a list of reasons. If you haven't
included ‘just messing about’ you probably aren’t being

honest with yourself. Tear up the list and start again, this
time envisaging how much time you will be spending on
each aspect. Word processing may be at the top of your

list, but if most of your session time is going to be taken

up with Pacman, then ‘playing games’ should actually be
at the top of your list.

Find out which software will be most likely to satisfy
the requirements you've listed. Then check off the
machines in your price range offering the hardware and
software to do the job — and be prepared to compromise.

You should now have a shortlist of machines and of the
software you want to run on them. The next stage of your
campaign is to investigate suppliers. In the best of all
possible worlds, you'll be buying from a local friendly
microcomputer dealer, but if that isn’t possible, you may
have to settle for a shop that happens to sell micros along
with its hi-fi equipment, confectionery or whatever. As a
last resort settle for mail order, but only if you've had a
chance to test drive a machine of the same make.
Wherever possible the rule is not to take out your
chequebook until you've had some hands-on experience
of what you're buying.

The right micro for the job

Here are some pointers to look for if you have specific
applications in mind:

Programming can be learnt on just about any
machine, but only up to a point. A BASIC (qv) which
can handle structures like REPEAT. .. UNTIL will
broaden your outlook, and if it can understand
defined functions and procedures, so much the
better. Investigate what other languages are
available — is there a good assembler, PASCAL, LOGO
and soon?

Education in a wider sense — learning foreign
languages, mathematics or whatever — will be a
matter of available software packages. All machines
make some gesture in this direction, but the most
interesting software tends to be written for
(expensive) micros supporting hi-res graphics and
interaction by way of analogue devices such as a
mouse, a joystick or a touch-sensitive screen. The
entry in this book on Education should give you
some guidance.

Games need similar hardware support — good colour
graphics with high resolution, sockets for paddles
and joysticks, and so forth. But a great deal more
ingenuity has been spent by resourceful software
designers in overcoming the hardware limitations of
the smaller and cheaper machines. The games
market is fast moving, creating rapid obsolescence
and if the games scene is your main consideration it
might be worth buying into it as cheaply as possible.
(See the entry on Games).

Control and monitoring of processes around the
home — such as the central heating system — will
depend on analogue-to-digital converters, so it is
very useful to go for a machine that has them built in.
The presence of ports for joysticks and paddles is
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sometimes an indication of internal A/D converters.
Communications will almost certainly depend on
your machine having at least one RS-232 interface,
and the more the merrier. You'll also need a modem
(gv) and the appropriate communications software
package. Some machines come with integral
modems, but make sure that whatever you get is
suitable for use in this country — US and UK
standards are not the same.

Word processing in all but its most elementary
aspects almost certainly depends on floppy disks, or
at least the facility for connecting them up when you
can afford them. You will also need a decent
keyboard with a proper QWERTY arrangement —- the
so-called touch sensitive or rubber-capped type will
drive you up the wall in no time. Programmable
function keys can be useful in taming an otherwise
unwieldy word processing package. The provision of
a parallel port will save you some frustration and
money when it comes to connecting a printer, but an
RS232 port just might allow you a wider choice,
particularly if you are going for a heavy business-type
printer.

Your cardboard guarantee

Basically, a guarantee is a bit of cardboard with writing on
it that sets out what a customer can expect by way of
redress from a manufacturer when something goes
wrong with an item. Normally it will specify something
suggesting that if you return the item to the supplier
within a given period of time, it will be repaired or
replaced for you free of charge for labour, parts or
carriage.

There are three relevant pieces of legislation in the UK:
the Supply of Goods (Implied Terms) Act 1973, the Unfair
Contract Terms Act 1977, and the Sale of Goods Act
1979. Read together, their effect — as far as ‘consumer
transactions’ are concerned — is negative. They lay down
what manufacturers cannot do. In particular
manufacturers can’t use guarantees to deprive
customers of their ‘legal rights’. You have probably
noticed that most guarantees now incorporate a phrase
stating: ‘This guarantee is in addition to your statutory
rights’ — this isn't generosity, it's the law.

Before the 1973 Act, many unscrupulous
manufacturers used to try to deprive their customers of
these rights with guarantees (which have the same effect
in law as a contract), the terms of which more or less
implied that if you were unfortunate enough to buy a
device that turned out to be a defective heap of junk, that
was just your plain hard luck.

Thanks to changes in the law you can now no longer be
ripped off like this when you complete a guarantee card.
But that really is about as far as the law goes. Guarantees
do not give you any extra rights. For example, there are no
Office of Fair Trading regulations governing the wording
of guarantees or the length of the time for which they
must run.

And even all these 'statutory rights’, which can no
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longer be forfeited by signing a guarantee, are in fact not
much more than rather vague principles. The goods must
be fit for their usual use; with no dangerous loose
electrical connections; of a proper quality (not scratched
or faulty when you take them out of their box); and must
be as described (your 48K of RAM really must be RAM
and not 32K sitting on top of 16K of ROM).

Electrical domestic appliances like kettles, refrigerators
and blenders are supplied with 12 month guarantees, not
because of any positive intervention by the Government
or the law, but merely due to market forces. To remain
competitive manufacturers must offer terms as least as
favourable as those offered by their trade rivals.

But with microcomputers, where there are so often
shortages of suppliers and hold-ups on deliveries, it is still
very much a ‘seller's market’, and that often means
‘take-it-or-leave-it’ when it comes to the guarantees. So
although for many types of goods a 12-month guarantee
period is now the norm, don't expect it the
microcomputer market.

When you buy a micro then, the old legal principle of
caveat emptor— let the buyer beware — still holds true.
So, while you are studying technical specifications and all
the other factors you take into account before deciding to
make a purchase, take time out to check the guarantee
terms you are being offered as well.

Some machines are offered on longer terms, but a
90-day guarantee is often the most you can expect.

The second user option

To avoid any uncomfortable comparisons with second-
hand cars, mainframe computers returning to the
marketplace to seek new owners tend to be called
‘second user systems’, particularly in the higher price
range where depreciation is rapid and old-hat hardware
needs all the help it can get. This is a market where the
sellers tend to call themselves ‘vendors'.

Micro owners are more relaxed about these things. You
may feel that 'second hand'’ is a perfectly adequate, not to
say apt description of that much-prodded keyboard with
the lettering wearing away — a machine which, with much
regret, you now need to sell to make way for the new
wonder of technology on which you have set your heart.

But pause to think, if you can just take your eyes off the
glossy brochure for a moment. Upgrading to a more
powerful machine doesn’t necessarily mean buying
something newer. You are happy to sell your machine at a
knock-down price — so perhaps there is somebody else
out there with a second-hand bargain for you.

Buying a micro secondhand is not something the
complete beginner should take lightly, but if it's your
second micro you will probably know enough to proceed
wisely. In particular you know:

What your interests are, and how they are likely to
develop.

How those interests need to be supported by
hardware and software.

The range and prices on offer in the current
computer market.



First time buyers are more vulnerable, but armed with the
wisdom in this book and any advice they can muster from
fellow-enthusiasts and magazines there’s no real reason
why they shouldn’t also buy secondhand successfully.
With technological developments striding forwards faster
than most people can keep up, and perfectly good used
micros going at half list price, there are some terrific
bargains to be had. There’'s a saying in the industry that 'if
it works it's out of date’. If you don’t mind being a touch
out of date, and you do want something powerful that
works and will go on working for a long time to come —
the second hand market is not to be shunned.

However, despite the mainframe vendors, buying a
used micro should be approached like buying a used car.
Take along a checklist, and if possible a knowledgeable
friend, and above all don't be afraid to ask for a thorough
test.

Unless you are a complete novice with a set budget
looking for the best deal at a fixed price, you'll want to
narrow the field down before you start the search. All the
remarks relating to new micros also apply here. Decide
whether you want disk drives or cassettes, portability or a
large screen, and if you'd prefer a typewriter style
keyboard. You'll also need to assemble your facts about
which models have a good range of readily available
software and add-ons. Reviews in magazines like
‘Computer Answers' will help you sort the sheep from
the goats.

Draw up a shortlist. The better known names tend to
be well supported and will command the highest prices.
Obscure machines, home-built micros and machines
from defunct companies are worth little, so be ruthless
with your offer if you choose to take the risk. Always try
to buy a micro with its manual — no proper documentation
means hours and hours and hours of your time trying to
sort out the simplest problems, so don’t forget to cost
that in. Make sure too that there are the necessary mains
leads, transformer and connecting cables, and if there
aren’t then lower your price by the cost of replacing them.
These things can be bought, but it will cost you time and
money to track them down.

Once you've located a likely candidate, ask if the
machine in question is still under guarantee, since most
manufacturers will overlook a change of ownership and
honour the warranty. Buying from a dealer has the
advantage that you can take back a faulty machine and
getit repaired or even replaced. But don't omit the hidden
cost of travelling to and from the seller's address, since it
will cost you the same again to return a faulty machine.

Don’t forget to give the micro a careful look-over before
buying. The general condition can tell you a lot —is it
battered or covered in dust? This is a good point to open
an informal conversation about why the machine is being
sold, being ready to probe deeper if you are not
convinced. Ensure that the machine is being sold with its
faults openly declared, and make your regrets and leave if
these faults sound serious — there are plenty of good
micros on sale.

The first thing that experienced second-hand buyers
look at are the screws holding the casing together. Burred
screw heads could well indicate careless tampering by

the owner, so be on your guard. Give the micro a discreet
shake to see if there are any loose components inside, or
better still, try to get the owner’s permission to open up
the micro to see if anything is missing. Watch out for
damaged or bent pins on the interfaces and check that
the mains cable and any connecting leads are in good
condition.

Always see the micro working, and try to run at least
three programs, since this will give enough time for
problems such as overheating to show up. While the
micro is running, give the casing a gentle tap; loose
connections and ‘dry joints’ where the solder hasn't fused
properly will probably show up as flickers on the screen.

Itis useful to check that it performs simple
mathematics correctly, that it runs a short BASIC program
successfully, and that all the keys (especially rarely used
ones) function properly — generally itisn't easy to fix a
faulty key. Manufacturers often supply a diagnostic
program to test this sort of thing.

Often the seller will produce extra peripherals and
software, and negotiate to sell them as well. Generally
these things hold their price and are worth having,
because the new price of peripherals such as disk drives
is higher than most micros, and because they are usually
suitable for more than just a single model. But beware of
software that only runs on a single model — it can be
literally valueless.

As long as the keyboard and interfaces are still
functioning, a microcomputer will in theory last forever.
But extra care has to be exercised when buying
secondhand peripherals. The screen tubes of secondhand
or reconditioned monitors can be beginning to show
something of their limited lives, and disk drives are prone
to electromechanical faults, and have more parts to can
wear out than does a micro. With printers and typewriters
the number of possible faults is even higher.

If you enjoy the art of skilful buying (some quite
worthwhile people dont!) you might try either:

Settling on a price for the micro and buying the
extras as an afterthought — bearing in mind that
they’'re not much use to the seller without the micro.
Driving a hard bargain for the micro as a condition for
taking the extras off the seller’s hands.

The price. Private sellers tend to be very optimistic in the
prices they ask for used machines, so either expect
success in knocking them down, or go away and come
back a week later when the seller has tried the price on a
few more buyers. Don’t forget you should be working on
a percentage of the current list price, not on what the
owner paid for it new. It is particularly worth checking if
the micro you are chasing (or one very like it) is being
heavily discounted by a dealer. If so, take along the
advertisement or catalogue, and ask the seller’s advice
about whether you would be better off buying new from
the dealer. The ‘invisible hand’ that the monetarist
economists have such faith in may well intervene at this
point to tip the selling price a little more in your favour.
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CAD: Computer Aided Design

Computer-aided design is usually associated with the
design of electronic circuitry and machine tools or, on a
larger scale, cars, aeroplanes and buildings. To the
mechanical engineer, CAD is often a draughting system
that produces detailed sectional or assembly drawings. In
the construction industry CAD is used for architectural
design, heating and ventilation systems, structural
engineering, and finite element stress analysis.

Until a few years ago CAD's requirement for high
resolution, large memory and great computational power
restricted it to mainframe or minicomputers, supported
by expensive plotters, monitors and disks. However,
today many professional systems are based around
micros, and as prices fall and low-cost hardware becomes
more sophisticated, it won't be long before home
computers get a look in on this fascinating combination of
graphics and calculation.

Professional CAD

Most draughting systems allow you to create your own
symbols, shapes and parts and to store them in a disk
library, to be extracted again as necessary when putting
together a design. They will also provide automatic
shading as well as rotation and reflection of shapes. An
assembly drawing consisting solely of standard parts, and
on which the parts list must be shown, would be an ideal
application; on the other hand a small company producing
one-off sheet metal work could find a CAD system more
time-consuming than a drawing board.

The essential items are the micro, disk, keyboards, and
plotter. For a few applications, an A3 size plotter would
suffice, but most real engineering drawings need at least
an A1 plotter, able to handle paper eight times the
standard A4 size. Interestingly the one ingredient you
might think essential — sophisticated graphics - is not
regarded as very important, and some draughting
systems do not need a graphics screen at all. It is the
quality of the drawing coming out of the plotter which is
important.

Some of the standard engineering CAD software is too
large to go on a micro — programs with 30,000 to 100,000
lines of FORTRAN are commonplace — but you can often
access these programs through a computer bureau using
aterminal.

CAD among the artists

Painters, graphic designers and artists of all kinds have
discovered CAD too. With the arrival of micros, the drop
in price has coaxed several design studios to experiment
with computers, triggering a corresponding growth in
artistic CAD packages, some are even cheap enough to
tempt the well-heeled home computer user.

Computers can save the graphic artist much of the
more tedious work, such as drawing precise lines and
filling in large areas of a picture. CAD gives the artist the
luxury of changing colours on a whim, and of being able to
move graphics around the screen. With good equipment
artists can manipulate real photographs on the screen and
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record their pictures directly onto video or film. This offers
enormous opportunities to animators, and some of the
most extensive uses of computer-aided graphic design
have been in the production of company videos and in the
television industry.

The increased use of graphics on television has acted
as a catalyst for the exploitation of computers in design.
One of the best known computer art systems was
developed by the BBC research department in
conjunction with its graphic designers. It's called FLAIR
and is now marketed under licence from the BBC by
Logica. FLAIR costs about the same amount as a medium
sized house, so that there are — understandably — only
about a dozen systems in the country.

You might think that behind such a sophisticated and
expensive system there must lie at least a minicomputer.
In fact FLAIR uses a humble 8-bit micro — an Intel 8085A
CPU with 48K RAM and 16K ROM, together with half a
megabyte of display memory. Logica tends to think of
FLAIR as a graphics system that just happens to have a
micro in it. The micro is the cheap part of the system.

In 1982 FLAIR began to experience competition from
the manufacturers of low-cost graphics boards which
could be added on to ordinary micros. PLUTO, developed
by a company called I/0 Research, formed by two
ex-Logica employees, was the first high quality graphics
add-on to reach the enthusiast micro price market. The
basic PLUTO board is a hundred times cheaper than the
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Quantel’s Paintbox system uses a graphics tablet to
produce freehand images.



FLAIR system, and can be adapted to almost any
computer you care to think of. For your money you get a
pseudo 16-bit 8088 processor commanding enough
memory space to hold more than two screens, so that
you can draw on one screen while the other is being
displayed. The board gives a resolution of 640 pixels by
288, in a choice of eight colours.

Of course just adding a board like this to your micro
won't give you anything like the full capacity of FLAIR,
either in terms of hardware or software. Because the
PLUTO board has been sold mainly to manufacturers,
hobbyists and professional TV design programmers, it
doesn’t come with much built in graphics software —
users tend to write what they need for their own
particular application. But a FLAIR look-alike package called
GRAFITAS /s available commercially for a few hundred
pounds.

A combination like the GRAFITAS package and PLUTO will
need a good colour monitor, a high quality graphics tablet,
and a disk system to store the pictures. Typically you will
be offered a grid of options around the border of the
graphics tablet or screen, and you choose from them by
moving the graphics stylus, or a mouse or — on touch
sensitive screens — your finger. Options available include
colours, standard shapes for circles, arcs, rectangles and
so on, and a paint brush which lets you create you own
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Flair graphics

shape and size of drawing implement. So, for instance,
the line that appears on the screen can look as if it was
drawn using an ink pen, a paint brush, or a piece of wood.

For more realistic image processing you might turn to a
system called PAINTBOX, produced by Quantel. PAINTBOX
is a good deal more expensive than FLAIR and is really a
fine artist’s or TV producer’s tool, rather than a graphic
designers sketchpad. Using the input from a video
camera, you get an exact colour picture on the screen,
you can then alter, this using effects looking like airbrush
work, charcoal, or water colour. You can, for instance,
draw a face in what looks like pen and ink, and then cover
it with a water colour wash.

FLAIR and PAINTBOX, and to a lesser extent the
combination of PLUTO and GRAFITAS, are expensive
professional systems. But they are not entirely out of
reach of everybody. At present these systems affect all of
us in daily life: they are used in the production of the
things we watch on television, the design of the towns
and houses we live in, even the shoes and clothes we
wear and the packaging they're sold in. They also have a
more direct relevance for home micro users. The
pioneers in computer-aided design set standards for
micros, and as hardware prices continue to fall, home
computer users are waiting to reap the benefits which
time will certainly bring.
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Cassettes: Saving Serially

Loading a program from cassette can be a frustrating
experience — but one which can be avoided if you know
how to. Experienced cassette users know what to look
forin arecorder, and are armed with a few tricks for
dealing with difficult tapes.

Choosing a machine

When buying a cassette recorder it's worth making sure
the dealer is prepared to exchange if it doesn’t match
your micro. If itis sold as an audio item, and works as
such, you could be on tricky ground if it turns out to be
unsuitable only for computer use. If you are buying from a
computer dealer, ask for ademonstration of the cassette
recorder linked to your particular micro.

The good news is that the best recorder for your micro
may be the cheapest. Expensive cassette machines have
anumber of features that are either irrelevant in a data
recorder, or even downright undesirable. In an expensive
recorder you pay for the following:

Minimal wow and flutter — As their names imply,
wow is the slow fluctuation of speed that affects
pitch, and flutter is the rapid jerking of the tape
transport system that produces an unpleasant and
unwelcome tremolo effect. Both are at their most
noticeable when replaying piano music. Though
having a crucial contribution to whether music
sounds realistic or just plain ‘cassette-like’, wow and
flutter within the limits of the cheapest machine
make very little difference to the integrity of your
data.

Stereo - This adds a life-like ‘third dimension’ to
music by recording slightly different sounds on two
different channels, mimicking the way our ears
work. The effect is not helpful when recording data,
which only needs a single channel, and may actually
be deleterious, as a pair of stereo heads scan less of
the tape than a single monophonic head.

Noise elimination systems — The Dolby system is
the best known of these techniques for eliminating
hiss from tape by boosting the top frequencies when
recording, and giving them an equivalent reduction
on playback. The cassette recording techniques
developed for computers are extremely tolerant of
hiss, and straightforward, unDolbyed recording is to
be preferred.

Tone controls — Though useful in music for
compensating for the effects of the loudspeaker or
of poor recording by altering the balance of
frequencies, tone controls represent an unnecessary
variable in the cassette/computer link. If your
cassette machine has a tone control, set it at
maximum and forget it.

Good low-frequency response — This is something
not easy to achieve within the limitation of a
cassette recorder, and so it isn’t cheap. It gives
distinct ‘presence’ to music, but your computer
won't miss it in a cheap recorder, as micros don‘t
use signals below 100Hz.
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Automatic Level Control — The automatic
recording level control (ALC) found on cheaper
recorders is something of a mixed blessing. More
expensive machines have one or more VU meters,
and a control to adjust input volume, introducing one
more variable in the link. A recording level meter and
manual recording control are very useful features for
giving a quick visual check as to whether the data
signal is strong enough to work properly — a better
arrangement than a simple neon indicator which
lights when recording.

A good ALC system can be a real boon, adjusting the
machine to the correct input setting immediately,
and even making automatic compensation for poor
leads or micros with different output volumes. The
problem is that ALC circuits are designed for voice
and music, and aim to get a ‘reasonable’ output level
from a wide range of inputs. Some of them
continually fiddle with the level when computer
signals are used (technically the ALC control loop
hunts). If you are unlucky enough to obtain one with
a troublesome ALC circuit, the only sensible cure is
to change it. Of course the recording side of the
cassette system is only relevant when you are
saving your programs.

Mains or batteries?

Mains/battery operation is now almost universal on cheap
recorders, although the power pack may take the form of
a mains adaptor that feeds a smoothed, rectified low
voltage into the machine. Be wary of battery-only
machines — depleted batteries can affect recording
speed, and make saving and loading extremely difficult.
On a very few machines can you remedy this by altering
the playback speed. Some recorders with a poorly
smoothed power supply can corrupt data when used on
mains operation, but this can be detected by playing the
tape back and listening for an audible hum. If the machine
hums, change it.

Despite the caveat above about battery-only machines,
the micro-cassette players developed for dictating can
also be used, as long as you choose the kind which use a
capstan drive. Rim drive machines have no capstan and
simply pull the tape past the head by turning the take-up
spool. While perfectly adequate for speech this produces
quite large variations in tape speed, and should not be
entrusted with data recording. At least one manufacturer
produces a micro-cassette recorder specifically for use
with home computers. Its small size makes it very easy to
slip into a pocket, but of course you will not be able to play
back standard cassette software from a machine of this
kind.

Input and output sockets

Most cassette recorders intended for audio use come
with sockets suitable for computers, but itis a point
worth checking. Normal requirements are two 3.5mm




jack plug sockets, usually labelled Mic (Microphone) and
Ear. A thinner 2.5mm jack plug socket for remote control
is also handy. Some micros are supplied with a DIN
socket. If the cassette does not have one, the problem
can be overcome with a DIN-to-jack plug lead, but don't
forget to count this towards the cost of the machine.

Keeping track

If you are going to record more than one program on a
cassette a tape counter is extremely useful. It helps
locate a particular part of a program when playing back
and listening to the data signals by ear. All good recorders
allow the user to listen to the data signals on fast forward
(cue) and rewind (review). This helps the operator detect
gaps in data transmission, speeding up program location.
In fact, some machines specially tailored for computers
allow you to listen to the data signal while playing and
recording.

The best from your recorder

The ultimate in computer cassette recorders will have the
facility for adjusting playback speed in case data has been
recorded on a slower/faster machine, it will have AC bias
and erase for clearer data signals, and a long life recording
head — wear shows up earlier with computer use than
with audio use.

Most micro users can live without such refinements,
but your cassette machine has to be handled properly if
you expect it to load correctly first time — and, more
importantly, if you are going to trust it with your data. (see
Backup) Here are some points to watch out for:

Keep the tape path clean. Data recordings are far
more sensitive to oxide deposits left behind by
tapes, so the recorder should be cleaned regularly.
Proprietory cleaning cassettes are available, they
either draw slightly abrasive tape across the head, or
use the motion of the tape drive to work levers to
scrub the head, pinchwheel and capstan with pads
soaked in solvent. But if you are careful and your
machine allows easy access to the tape path —as a
good recorder should, there is no better way than to
use cotton wool buds and cleaning fluid. Methylated
spirits won't do any harm, but solvents such as
benzene and similar thinners may ruin your
pinchwheel and the plastic casing.

Tapes. Don't use the cheapest tapes, poor
frequency response isn't the reason for avoiding
cheap tapes — data recording doesn't need the
highest of hi-fidelity. But cheap tapes often use
troublesome coating material that flakes off, piling
up oxide deposit along the tape path and
prematurely wearing down your recording head.
Watch your head alignment. The recording head
has an almost invisibly small vertical gap which
enables it to magnetise the tape while recording,
and to pick up the signal on playback. An incorrectly
aligned gap, known technically as azimuth
misalignment, can cause data to fail to ioad entirely.

Some tailor-made computer cassette recorders
come with an accessible recording head adjusting
screw, so that you can set up the alignment without
having to dismantle the machine. It is easy to carry
out the adjustment while listening to a tape — the
signal sounds louder and sharper when the head is
correctly aligned.

Paradoxically this adjustment may be useful even if
your machine is perfectly aligned. A program which
has been saved and loaded successfully on a
machine with the azimuth out of alignment may not
work on a recorder with correct alignment. Matching
this degree of misalignment will enable you to load
the program — but don’t forget to readjust the
machine afterwards.

Keep your recorder away from the computer.
This may not be a problem, but the reason why the
cassette leads supplied with computers are usually
at least a couple of feet long is that there is a
possibility of interaction between components like
transformers which may interfere with loading and
saving.

Verify your saves. Nearly all computers have a
method of ensuring that a program has been saved
correctly, usually in the form of a command which
you can use after each save — but it only works if you
use it!

Write-protect your data. Important software that
you are not going to need to modify should be kept
on a cassette with the record-prevention lugs at the
rear broken out. All standard cassette machines are
able to detect if these lugs have been removed, and
will lock the record mechanism to prevent accidental
erasure.

The 64 records data on cassette in 192-byte blocks. Each
block of information read from tape is first held in a buffer
and checked for validity. An invalid block is re-read —
easily achieved without complicated rewinding because
the 64 records each block twice. If the first read fails then
the copy is read, and this should be correct. When you do
an INPUT#, you are in fact reading data from the buffer,
and when you come to the end of the buffer the cassette
motor is started up again to refill it. The same principle
applies to programs, but here the whole program is
recorded on one long block, which is repeated for error
correction. The validity check is carried out by exclusive-
ORing each byte of data to calculate a ‘checksum’ byte
whichis recorded after the data. When the data is read
back the 64 calculates a new checksum which s
compared with the one on the tape. If the two agree then
the 64 assumes that the data was read correctly,
otherwise it retries with the copy block.
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Communications: RS-232, IEEE And Centronics

The three common data communications standards are
RS232, IEEE-488, and Centronics, a system named after
the printer manufacturers who developed it. Centronics is
used only with printers, but RS-232 and |IEEE-488 can
communicate with a variety of devices. Of the three,
RS-232 is by far the least ‘structured’ — that is to say, the
RS-232 does not define the total communications
system, but only the pins and signals they carry.

Communication Principles

There are two basic ways of sending data:

Parallel transmission is the process of sending a
whole character at once, so that the bit patterns of
each byte appear simultaneously on a parallel set of 8
wires, one for each bit. Extra wires are also set aside
for managing the communication.

Serial transmission breaks up the bytes into a bit
stream, sending one bit at a time down the line. This
will require at least seven transmissions for each
single character.

Both IEEE-488 and Centronics are parallel transmission
interfaces, while RS232 is serial. The theoretical top
speed at which data can be transferred is higher for
parallel than serial transmission, but the serial
transmission is more reliable over longer distances,
being less susceptible to corruption. Parallel transmission
implies a heavy outlay in cables, and over distances
greater than a few feet risks problems like ‘skewing’ —
signals getting out of step due to varying delays on
different lines.

The means by which elements of a system
communicate are governed by sets of rules, known as
protocols. These protocols have seven functional layers,
but only three of the seven concern the stand-alone
micro. The remainder are concerned with networking
systems.

The lowest layer is the ‘physical layer'. This defines the
mechanical characteristics (pin layout, plug dimensions,
and cabling), the electrical characteristics (voltage levels,
data rates, and some circuit details), and the signal
functions (names and functions).

At the next level is the 'data-link layer’, which defines
the way in which the data is transmitted across the
previous layer. The problem with RS-232 is that as a
standard is that its definition covers only the physical
layer.

The protocol layers consist of:

The physical layer —, the plugs, pins and cables.
The Data-link layer — serial, parity and protocols.
The Network layer — switching and routing.

The Transport layer — communication between layers
above and below.

The Session layer — communicates application to
system.

The Presentation layer — conversion and formatting.
The Application layer — the application program.

36

IEEE-488

The IEEE-488 standard was approved in 1975 — the
product of around four years work on an interface
structure which could link not only peripherals, but whole
systems. One of the major forces behind this
development was Hewlett-Packard, and indeed the bus is
still sometimes referred to as the HPIB (Hewlett-Packard
Interface Bus).

Its main function was to link such esoteric gadgets as
data-loggers, spectrum analysers, and digital voltmeters.
For the user in the street, though, it was brought to
prominence by its inclusion in the Commodore range of
computers, which used the interface - somewhat
eccentrically — to communicate with printers, disks,
modems and other more conventional peripherals.

A device has one or more of the following statuses on
the bus. It may be a controller — a master of other
equipment and usually of the bus. In addition, it may be a
receiver of information — a listener. A third role is as a
provider of information — a talker.

How IEEE controls the lines. The first three lines after
the data bus (eight lines in this since it is a parallel
structure) control the data hand shaking. The remainder
manage the bus and its facilities. The handshake is
accomplished first by a talker setting DAV (Data AVailable)
high, which, because it is an inverted signal, indicates
‘data invalid’. The data is then placed on the bus. When all
listeners who have been selected to receive the data
have signified their readiness by freeing the NRFD (Not
Ready For Data) line, DAV is reset as a signal that the data
is now valid, and holds the data stable until all listeners
have acknowledged their receipt of the data by dropping
the NDAC (Not Data Accepted) line — see Figure 1.

DATA -

Fig. 1. IEEE timing :s‘equence

One of the great advantages of the IEEE-488
convention is the ease with which communications can
be established between many different devices using a
set of simple commands.



CODE
D101
D102
D103
D104
EO1
DAV
NRFD
NDAC
IFC
SRQ
ATN
SHIELD
DIOS
D106
D107
D108
REN
GND(6)
GND(7)
GND(8)
GND(9)
GND(10)
GND(11)
GND.LOGIC

MEANING
Datal/O

Datal/O

Datal/O

Datal/O

End orIdentify
Data Valid
NotReady For Data
Not Data Accepted
Interface Clear
Service Request
Attention

Cable earth Shield
Datal/O

Datal/O

Datal/O

Datal/O

Remote Enable
Earth for DAV
Earth for NRFD
Earth for NDAC
Earthfor IFC
Earth for SRQ
Earthfor ATN
Earth for REST

FUNCTION

All data and address info
All data and address info
Alldataand address info
Alldataand address info
End of transfer

Stable data

Ready indicator

False when data accepted
Interface “reset”
Devicetosignal need
Controller signal
Instrument earth

All data and address info
Alldataand address info
Alldata and address info
Alldataand address info
Remote/local toggle
Earth for controlline
Earthfor control line
Earth for control line
Earthfor control line
Earth for controlline
Earthfor controlline
Earth for control line

IEEE pin-outs

Parallel data

1.0us
(min)

1.0us
(min)

Data Strobe

Acknowledge

Busy condition

Busy

Normal data transfer

L |

|
—
|
|
|
|

1.0us (min.)

= 500us (max.

)

i — -
0.1 usec——l -—

2.5-5.0usec—

—

-— I 0.1 usec

4
/
lLinefeed: 75—105mst;|_‘

Print and return:
320msec/inch

0-1usec ——I

-

Acknowledge

2.5-5.0usec =~

L=

Fig.2. Centronicstiming sequence

Centronics

The obvious advantage of a parallel interface like the
Centronics standard lies in its speed. It's also cheaper to
implement in the hardware, which is why low cost dot
matrix printers like those made by Epson and Centronics
themselves usually have a parallel interface. Some, like
Epson, offer RS-232 communication as an extra plug-in
board.

Figure 2 shows the timing and signal relationships of
this interface. The computer places the data to be
transmitted on the pins of the printer interface connector.
It then puts an electrical pulse on a line called ‘data
strobe’, indicating that the printer interface pins have a
new, valid data word on them waiting to be loaded into
the printer. To indicate that it has successfully received
the data strobe signal and has loaded the data into itself,
the printer drives a line called ‘acknowledge low".

Data strobe and acknowledge low therefore constitute
a sort of elementary conversation about the passage of
the data: "Here we are, the next byte's ready to go’ and
‘All right, | got that one, now you can send me to the next
byte'. The printer also has a line called 'busy’, used when
it has to perform a relatively long, time-consuming task
like making a carriage return or formfeed. As can be seen
from the timing diagram, a successful interface need only
monitor one of these lines.

The signal levels on the interface are 0 to 5 volts,
known as ‘standard TTL logic levels’. The Centronics
interface uses a standard plug as well, the 36-pin
Amphenol type 57-40360. Its pin connections are shown
in Figure 3.

Personal computers for home use don't always use this
particular connector for the Centronics output, but the
documentation should still use the standard Centronics
names for the pins or connections. Two other signals on
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the interface, ‘paper out’ and 'printer not selected’ are
rarely used in personal computer interfaces and can be
safely ignored.

If your micro has a port labelled Centronics, the
chances are that you will be able to connect up a parallel
printer simply by plugging itin.

PINNO CODE FUNCTION
1 STROBE Read Data Pulse
2 DATA1 Datalines
3 DATA?2 Datalines
4 DATA3 DatalLines
5 DATA4 DatalLines
6 DATAS DatalLines
7 DATA6 DataLines
8 DATA7 DatalLines
9 DATAS DataLines
10 ACKNLG Datareceived and ready for more
" BUSY Not ready for data *
12 PE Setto high when out of paper
13 +5V
14 AUTO FEED Switch setextra line feed
15 NC No connection
16 GNDLOGIC Logicearth
17 GND CASE Caseearth
19-30 GND Signal earths (twisted pair)
31 INT Rosetand bufferclear
32 ERROR See Busy
33 GND Signal earth
34 NC No Connection
35 +5V
36 SLCTIN Optional DC1/DC3 code
* Busyissetif: 1. Dataisbeingreceived.
2. Printeris printing.
3. Theprinteris “offline” and
4. ifanerrorconditionis present.
Fig. 3. Centronics pin-outs
The RS-232 interface

Using RS-232 is unfortunately not as simple. Unless you
understand the rules that govern the interface,
connecting up computer equipment through an RS-232
so-called ‘standard’ port can be frustrating. But this is not
really fair on RS-232; paradoxically its niggling difficulties
stem from its success in being widely adopted — and
equally widely adapted.

RS-232 really constitutes a specification for two
standards: one for the modem, known as the Data
Communications Equipment, or DCE, and another for the
mainframe or terminal known as the Data Terminal
Equipment, or DTE. Serial communication between
computers or computers and printers is usually a two-way
business. Data is sent out along one wire and read in
along another in the form of rising and falling voltages
which correspond to the bit patterns they represent.
These voltages are measured with respect to a third wire,
known as the SG (Signal Ground) line.

Other lines are set aside for managing the movement
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of the data, and these are called 'flow control lines’. All
but two of the 25 pins of the full standard RS-232 ‘D’ type
connector have specified functions ranging from ‘clear to
send’ to ‘secondary data carrier detect’. Figuring out what
these are for is just one the delights of RS-232, because
computer equipment manufacturers tend to use
combinations of them selected largeley on personal
whims!

The function of each wire depends on which end you're
looking at, that is to say, whether you are DCE or DTE.
The standard lines are listed in Figure 4 along with the
numbers of the pins in a standard ‘D’ type connector. The
three already mentioned are designated for transmitting
(TxD, on pin 2), receiving (RxD, pin 3) and signal ground
(pin 7).

An immediate confusion arises: should the TxD or
transmit line be wired up to the RxD or receive line at the
other end? You would think so, but the answer should be

PINNO TYPE CODE FUNCTION
1 E - Protective case earth
2 D TxD  Transmitdata
3 D RxD  Receivedata
4 © RTS  Requesttosend
5 € CTS  Cleartosend
6 C DSR  Datasetready
7 E - Signal earth
8 C DCD  Datacarrier detect
9 - - Testing
10 - - Testing
" - - Unassigned
12 S SDCD  Secondary DCD
13 S SCTS  Secondary CTS
14 S STxD  Secondary TxD
15 T - Transmittiming (DCE source)
16 S SRxD  Secondary RxD
17 T - Receive timing
18 - - Unassigned
19 S SRTS  SecondaryRTS
20 C DTR Dataterminal ready
21 (¢ ~ Signal quality detector
22 C - Ringindicator
23 € - Data Signal rate select
24 T - Transmittiming (DTE source)
25 - - Unassigned
TYPE CODES : C=CONTROL, D=DATA, E=EARTH,
S=SECONDARY.T=TIMING

Fig.4. RS232pin-outs

no. This is where the DTE/DCE distinction first arises. The
pins are described from the terminal’s point of view,
which means that the DTE uses the TxD line to transmit
(to the DCE) and the RxD to receive (from the DCE). The
DCE transmits through RxD, and receives through TxD.

Handshaking. Once communications have started by
way of the RS-232 interface, you have to make sure that
the data goes in at one end at the same rate it is removed
at the other. Obviously the baud rate (gv) has to be the
same in both pieces of equipment. Typical baud rates are
300 or 1,200 baud for a micro connected to a modem, and



up to 9,600 baud for a micro connected to a printer.

A receiving device will usually have an area of memory
to act as a ‘buffer’ between the computer and the
communications line. Think of the buffer as a reservoir
that fills up as the rain comes down from the hills on wet
days, and drops its level on dry days as the water is drawn
off by the town below. Like a buffer, the reservoir
supplies the town with a steady pressure of water,
isolating it from fluctuations in the natural supply.

Obviously there must be taps somewhere between the
town and the reservoir if the inhabitants are not to be
drowned. An RS-232 communications line needs a similar
arrangement, so that the printer can give itself time to
print by sending back some sort of signal to the computer
to turn off the data stream. The signal will be like a
simplified tap, having an on position meaning ‘send data’
and an off position indicating 'hold back'.

RS232 two control line hardware handshaking

2 o oo Jransmit 2
S o Receive ____________.3
ATS 4.
cTss.
osws |, el 6
1l | 1
oCDg. et | s
DTR 20 20

Typical wiring of RS232 to disable hardware
handshaking

This process, called "handshaking’, can be done in one
of two ways. In so-called hard handshaking a separate
wire on one of the flow control lines is reserved for the
purpose. The receiving device changes the voltage on this
wire to let the sending device know when itis time to
pause. The sending device of course has to monitor this
wire to detect the message. Soft handshaking needs

only the Rx and Tx lines. Whichever of these is not being
used by the sending device is commandeered by the
recipient for use as the ‘tap’. But instead of the on/off
voltage used on the flow control lines, special characters
are send back, to be read as flow on and flow off codes. If
the system is using hardware handshaking the state of
the tap can be represented by any of the flow control lines
—usually RTS or DTR. The principle is identical, whichever
line is chosen.

Soft handshaking offers a choice of two distinctly
different methods:

Xon and Xoff are the names given to a pair of ASCI|
(gv) codes, transmitted in this case by the recipient.
When the sender receives Xoff it knows to stops
sending, and won't resume until it gets an Xon.
Obviously in this case it is up to the recipient to make
judgements about when its buffer is about to
overflow, and when it will need more data.

ETX/ACK is an older method of software handshaking
suitable for less intelligent terminals. The sender
effectively transmits the data in blocks calculated to fit
in the recipient’s buffer. At the end of each block the
sender introduces into the data stream the special
non-printing code ETX, which stands for End of TeXt. It
then stops sending, and waits, listening to the
recipient’s transmission line. :
Meanwhile the recipient is working its way through
the block of text. The last character it finds in the
buffer is the ETX code transmitted by the sender. This
discovery triggers the only rule it has to obey, and it
responds by sending the special ACK (for
ACKnowledge) character on its own transmission line.
On receiving this character the sender restarts
transmission, and the cycle begins again.

Checking the data —\When a message is being sent
down a serial line it is vulnerable to corruption from things
like stray magnetic fields. Various methods are used to
check for errors, in order to minimise the risk of garbled
data.

The streams of bits are sent in separate chunks, usually
thought of as bytes, but in this context preferably called
‘bit fields’. Each bit field is usually seven or eight bits long,
and is fenced at beginning and end by a number of extra
bits called ‘framing bits’, which are used for timing and
error checking. The timing bits are called start and stop
bits, and there is often a further bit, called parity bit, for
error checking.

Parity checking is a very simple concept that doesn’t

Parity bit

Character ASCII Databits odd No‘1's even No‘l’s

A 65 1000001 1 3 0 2

B 66 1000010 1 3 0 2

C 67 1000011 0 3 1 4

X 88 1011000 0O 3 1 4

Y 89 1011001 1 5 0 4

Zz 90 1011010 1 5 0 4
Parity checking
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pretend to spot all errors, but will catch most of them with
the need for very little additional calculation. The number
of set bits (ones) in any bit field will either be odd or even,
and corruption of a single bit — the most usual kind in
serial transmission — will turn an odd number of set bits to
an even number, and vice versa.

If the sender includes an extra bit reflecting the ‘parity’,
or evenness of the set bit count, the recipient can ‘parity
check’ the received bit field and make a good guess as to
whether it is corrupted. One of two parity rules are used:
‘even parity’ adjusts the parity bit to make the total
number of set bits even, and ‘odd parity’ ensures that the
number of set bits is odd. Parity checking will only
highlight errors of a single, or an odd number of bit
changes. An even number of errors will preserve the
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