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COMPUTERS IN INDUSTRY /APPLICATION 

THE MEANS OF PRODUCTION 

Today’ S , manufacturing methods degena ot on 
translating the precise drawings produced 
with the aid of CAD, into the motions of the 
machines that will assemble the finished 
products. In this instalment, we look at two 
techniques used to achieve this. 

In the past, engineers read the drawings mails set 
their machine tools by hand. Numerical control 
(NC) machines introduced a faster and more 
accurate process: the machine tool would set itself 
in accordance with instructions received via a 
command language. The designers would 
produce technical drawings incorporating all the 
appropriate measurements. Production engineers 
then translated the drawings into NC programs. 
The machine tool would then have all the 
necessary information to cut the part. 
NC programmers have an industry standard set 

of commands to define the types of movement a 
machine can do. The programmer picks a 
movement and then adds the precise co-ordinates. 
He will also need to define the speed at which the 
machine is spinning or turning. Complex jobs are 
often done in stages, proceeding through a 
squared-off shape to the finished part. ‘This system 
is now gradually being superseded by computer 
numerically controlled machines (CNC) in which 
the paper tape which has always fed NC machines 
is replaced by magnetic tape or floppy disks. In the 
most sophisticated of these systems, companies 
are looking at the possibility of moving directly 
from CAD to automatically-generated NC 
programs. 

Not all CAD systems are sufficiently accurate to 
do this, but where they are, full use can be made of | 
the central CAD database at all stages of design 
and production. The central CAD database, with 
full geometric description of the part, can be 
accessed by the production engineer, who has a 
library of machine tools at his disposal. He chooses 
the one needed to cut the part and, as he writes the 
program, he can see the tool moving along the 
contours of the drawing. In this way simple but 
expensive errors — such as directing the tool 
forwards instead of backwards — can be avoided. 

The use of the same database also speeds up the 
process, since any changes made by the designer 
during the course of development are instantly 
relayed to the engineer. Failures in the design 
which might make it impossible to manufacture a 
part can be referred straight back to the designer. 

Modern process control is essential to the 
smooth functioning of nearly all industry, and is 
usually carried out by means of scores of 

COURTESY OF DR. JOHANNES HEIDENHAIN, W. GERMANY 

@ =e aw ew 

eit’ 

microprocessors. A process control system is 

made up of five crucial components: 

A sensor to measure the particular 
characteristic, such as temperature, fluid flow or 
pressure. 

An actuator that can initiate an action in 
response to a signal. 

There must also be a control valve, or its 
equivalent. This will be driven by the actuator to 
effect the process. 
A controller determines what action should be 

taken, based on information received from the 
sensor. 

On The Job 
Advances in natural language 
processing have enabled 
programmers to construct front- 
end user interfaces for CNC 
machines that will accept job 
Specifications in plain English. 
Earlier NC machines were not so 
efficient, needing a complex 
series of codes to be entered by 
highly trained personnel. In 
future, blending CNC and robot 
technology could produce 
‘intelligent’ machines capable 
of performing a variety of 
different tasks in different 

locations within the factory 
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Men And Women Only 
Descending through the tree 
shown here will bring the user 
to an ‘invalid’ terminal node 
unless the questions have been 
answered by a male or female 
human. Although the design is 
similar to the example in our 
previous instalment (see page 
1527), this tree has terminal 

nodes at different levels — not 
just at level 5. Choice nodes 
have been numbered in blue, 
terminal nodes in red and black. 

_ The red numbers indicate valid 
results (i.e. male or female 

humans) 

Female o Male O" 

Invalid =A 

LEARNING 
Satan cest teases eases See ta ER EE soars se Bae BH sa 

By incorporating a decision tree into our 
adventure game program, we can provide 
ourselves with a simple way of sorting 
different conditions and arriving at final 
node ‘values’. We provide several listings 
and more accurately define the processes of 

fruitful technique. 

The problem we looked at in the last instalmen 
(see page 1526) involved testing a sequence of 
conditions and then printing a message. But 
suppose, for example, we didn’t want to respond 
to every condition, but only to some? This might 
be awkward using ON...GOTO alone, since we 
would have to juggle the different conditions in 
order to end up with a sequence of values for the 
statement to work properly. Again, decision trees 
have the answer. 

Going back to our previous example of four 
conditions — indicating human, animal, male or 
female — the following diagram shows a tree 
designed to check the different conditions and 
reject all entries by the user, except those 
confirming that the user is either a male or a female 
human being. 

assists sepscnestedstecaseaeedscesseazenisedstastzsszyscsstazsszzctes it Se EE eR se 

Level One 

Level Two 

Level Three 

Level Four 

-S 13 

between this tree and the previous one. There are 
still four levels, and (referring back to the listing in 
the last instalment) each level tests a condition 
held in the c array element corresponding to that 
level. However, the node numbers are not related 
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YOUR LINES 

as before. This is because a terminal node may not 
necessarily be at the very bottom of the tree, but 
may occur on one of the earlier levels — as is the 
case with node 9, for example. 

To integrate this new tree into our program, we 
must first number the choice nodes; in this case, 
nodes 1 to 6. This will give us a way of checking, 
when we are traversing the tree, whether we have 
reached a terminal node, since each will have a 
number greater than six. 

We can make things even easier at this stage by 
ensuring that the next set of nodes we number are 
those terminal nodes that require us to take some 
specific action — in this case, numbers seven and 
eight, each of which represents one of the 
conditions we are looking for. Finally, we number 
the terminal nodes that we are not interested in. 

The reasons for this order of numbering will 
become clear later, but meanwhile we need to 
represent this tree within our program. To do so, 
we will use a new array t(6)—t(6,2) on the 
Spectrum — which will hold the information 
about the different choice nodes and the nodes 
they jump to depending on the relevant condition. 
The table shows the different values for the tarray. 

Enter the following listing, which is built up 
from lines 10 to 80 as printed in the last instalment, 
and the low-level routines from our Dog and 
Bucket program. Spectrum, Commodore 64 and 
BBC Micro flavours for the low-level routines 
were printed on page 1506. Note that we have 
squeezed in some new lines between lines 20 and 
30, and added a line number 500. These new lines 
read the relevant data into the array t. We have also 

added a DIMension statement onto the end of line 

10, DIMt(6,1). 

1@ h¢="human “sa$="animal "“im$="male ":f 

$="female ":q¢="Are you ": DIM c(4),té, 

1> 

26 GOSUB 4856: REM clear the screen 

22 REM set up tree array 
24 c=4é: REM this is number of choice nod 

es 

26 FOR x=1i TO c: READ t¢x,1),t¢x,@2: NEX 

T x 



3@ REM set up the four variables 

4@ PRINT g$sh#3: INPUT i%: c¢1)=ABS(is=" 
y" OR if="¥") 

9@ PRINT g#;a%3: INPUT if: 
y" OR if="¥") 

c(2)=ABS(i$=" 

60 PRINT g$:#$3: INPUT i$: c(3)=ABSCig=" 
y" OR ig="¥") 
7@ PRINT q#;m$;: INPUT i$: c(4)=ABSCig=" 
y" OR i$="Y¥") 
8@ PRINT 

388 DATA 3,2,16,9,11,4,46,5,7,12,13,8 
4660 REM 

4618 REM low level system subroutines 
4626 REM 

4036 REM clear the screen 
4048 REM 
4656 CLS: RETURN 
4868 REM 
4676 REM beep 
4686 REM 
469@ PRINT CHRS(7);: 
4166 REM 

411@ REM get a character from the keyboa 
rd 

4126 
4138 i$=INKEY$: 
4146 RETURN 

Now add the following lines, which traverse the 
tree and print out an appropriate message: 

7@ GOSUB 21@: REM call 

RETURN 

REM 

IF i%="" GOTO 41384 

tree sort routine 

16@ PRINT "Press a Key to continue..." 

116 GOSUB 4136: REM get a character 
126 GOTO 46 

266 REM sort tree 
21@ n=1: K=1: REM start at node 1, level 

1 

220 n=t(n,c(kK)) sk=k+l: IF n¢<=c THEN 226 
238 ON n-c GOTO 258,248 
246 PRINT "Invalid input...Please try ag 
ain": RETURN 

258 PRINT "You’‘re a man...": RETURN 

268 PRINT "You’re a woman": RETURN 

If you now RUN this program, you will find that it 
rejects all inputs except those made by ‘truthful’ 
male and female humans. The tree is traversed in a 
similar way to our first example, but with the 
following changes. First, we don’t necessarily 
know how many levels we will descend through 
before encountering a terminal node, so we 
cannot use a simple FOR n TO number of levels loop. 
Instead, we initialise a new variable, k, in line 140 
to keep track of the level we are on. 

Having set up n to hold the start node number 
(1), we then descend through the tree in line 150, 
using the formula n=t(n,c(k)) to pick the next node 
number out of the array t. We then move down a 
level (k=k+1) and, ifthe current node number is less 
than or equal to the number of choice nodes (n=c), 
we know that we have not yet arrived at a terminal 
node, so we jump back to the beginning of the line 
and repeat the process. 

You can now see why the nodes are numbered 
as described earlier. Dividing the terminal nodes 
into two categories — those that represented the 
two final conditions (male and female human) 
that we wanted to trap followed by those which we 
wanted to reject — enables us to use an ON...GOTO 
statement to print the different messages. As we’ve 

already pointed out, the main drawback of using 
ON...GOTO is that it requires a sequence of values 
that is often awkward to arrange, but the tree 
enables us to do it without difficulty. 

So far we've concentrated on structures that 

have one thing in common — all the conditions 
tested on each level of a tree have been the same. 
This has simplified matters because we haven't 
had to find out what condition to test at each node. 
If, for example, we found ourselves at a node on 
level 3, we knew that the condition to be tested was 
held in c(3). Unfortunately, things aren’t always 
that simple. As the number of conditions to be 
tested increases, the structure of the tree needed to 
deal with them inevitably becomes more complex. 
However — and this is one of the great benefits of 
using this method of testing conditions — more ~ 
complex trees do not necessarily take up I more 
space in your program. 

Character-handlers can be as complex as you 
care to make them, and the best approach is to split 
up the problem into different modules, just as we 
have done with the main body of the program. The 
first area of character behaviour we'll look at is the 
way in which objects may be manipulated in the 
Dog and Bucket. At the very least, we need 
routines to get, drop, eat, drink, give, receive, and 
throw objects, and, of course, we need to tell the 
player (if present) what’ S going on. 

The ‘drop/throw/ give’ routines, for example, 
could be considered as a group, because they all 
depend on the character starting with an object 
and ending up without one. To determine which 
routine is the most appropriate, we obviously need 
to test such conditions as ‘Is there someone in the 
room’, and if so, ‘Is that someone able/willing to 
receive the object’. We would also need to test a 
character’s mood, to see whether or not objects are 
likely to be thrown and so on. Other complications 
include the need to introduce a random element 
into the process, and the need for other, associated 
routines — lowering a character’s energy if, for 
example, one of them has been hit by a glass of 
beer! In the next instalment, we will design a tree 
that will take all these possibilities into account. 
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by considering a number of additions that 
can be made to the listing. We look at how a 
current game can be saved to disk or tape 
and subsequently reloaded, and how the 
computer’s response time can be improved. 

There are many ways in which the programs 
presented could be improved. We'll consider a few 
of these before looking at methods used in Go 
programs on large systems, some of which could 
probably be implemented on microcomputers. 

Spectrum, Commodore 64 and Amstrad 
owners will probably have noticed that these 
programs are translations from the original BBC 
Micro version. Though in many cases they have 
already been significantly changed to allow for 
differences in commands and program structure, 
they have purposely been kept as similar as 
possible. Rewriting these, using short variable 
names and taking more advantage of the features 
available on the specific machines, could 
signficantly improve their performance. 

It is unlikely that the Spectrum and 
Commodore 64 versions will ever work as quickly 
as the BBC Micro due to their slower BAsICcs. 
However, you may like to consider converting 
some routines to machine code to speed up 
execution. The frequency with which routines are 
executed can easily be checked by placing a count 
variable at the start of each, then printing these 
out at the end of the game. Doing this you'll find 
that one of the most critical routines is PROCsearch, 
which is not only used frequently during the initial 
PROCgroup evaluation, but is also called at least once 
by each call to FNlegality. Having the board 
(board%) set up as a sequence of bytes, the 
conversion to machine code should be quite easy. 

There are many other basic tactics in the game 
of Go that would certainly improve the program’s 
play if they were included. These include such 
features as ladders, Joseki (opening play) and so 
on. One very important feature that could be 
implemented is that of ‘life and death’. The 
program already incorporates an ‘unconditional 
death’ evaluation. This merely checks whether a 
particular stone group has no remaining liberties, 
removing it from the board accordingly. Taking 
this one stage further, you could easily assess 
whether a group has ‘unconditional life’. To 
implement this we would have to: 
1. Temporarily fill as many liberties of the group as 
legally possible with stones of the opposite colour. 
2. Then use PROCsearch to count the remaining 
liberties of the group. If this value (clib%) is two or 
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greater, then the group cannot be captured — 
unless, of course, the defender is stupid enough to 
fill his own liberties. 

It should be noted that when filling liberties, 
they must all be tried to exhaustion. If they are 
tried in order, false eyes may not be filled. For 
instance, the group may have an internal liberty 
which can be filled only when all the external 
liberties are filled. Having filled one internal 
liberty, it may be possible to fill further false eyes 
and true eyes. 
Having implemented unconditional life in a one 

group, you can move on to life of a group on the 
whole board. This allows for the possibility of 
groups sharing eyes. You'll find an example of this 
if you look back to the first part of the series (see 
page 1366). To implement this, you must first 
follow the procedure above. If an internal liberty is 
found which is surrounded on at least one side by a 
different friendly group, then the routine must call 
itself recursively to check the safety of this 
adjoining group and so on. Only if the adjoining 
groups are safe from capture is the first group’s 
internal eye safe, thus affecting the safety of the 
original group. 

Though the program could be significantly 
improved in many ways, it is unlikely that it will 
ever become a world-class player. Programs 
running on large systems still only play a little 
better than a novice, even after more than twenty- 
five years of research. There are a number of 



reasons for this. : 
The board itself causes a number of problems 

due to its size. A 19 by 19 board is usually said to 
have an order of magnitude of 3°°', which is 
approximately 10'’. This figure is calculated as 
the upper limit on the number of configurations of 
vacant black or white points on the board. A 
rough estimate of the average number of potential 
moves by a player is 250. If the traditional game- 
playing technique of tree searching were applied to 
Go, then an exhaustive search only three moves 
ahead would entail generating and evaluating 
about 8,000,000 board positions. Yet videotaped 
game records have shown that advanced amateur 
players can look a staggering 30 moves ahead, and 
Go literature frequently contains still deeper look- 
ahead sequences. 

The solution to the problem of large trees is to 
use some form of ‘focusing’ function. This would 
initially perform a rough evaluation of the whole 
board, with the object of deciding which areas of 
the board are in critical situations. Having chosen 
one or two small battle areas, full-depth trees can 
be generated just for these stone patterns. The 
trees can also be severely ‘pruned’ using the alpha- 
beta algorithm, and by providing routines that can 
pick out critical points, eye positions and so on. 

Another problem with Go is the imprecision of 
its rules. For instance, the end of the game is 
judged to be when neither player can gain any 
further advantage, but Go programs have great 
difficulty in determining this rather vague 
condition. A further problem concerns special ko 
conditions. For example, the diagram shows a 
‘triple ko’ position. Black plays at ‘b’, capturing the 

white stone to the right. White than captures the 

black stone just below ‘a’, followed by Black 
capturing at ‘c’. White can now play back into the 
position of the first capture, removing the black 
stone at ‘a’. Black recaptures the white stone at ‘a’, 
and so on. During a normal game, if neither player 
is willing to give up the local fight by playing 
elsewhere, then the game is cancelled. Though 
unusual, even more complex ko situations can 
occur. In order to recognise them, a Go program 
will have to store all previous game positions so 
that they can be checked against the current 
position. 

At present, Go programs do not play well. 
Nevertheless, not many years ago, few people 
reckoned that computers would ever play a good 
game of chess. The question now is whether or not 
a computer chess program will ever attain world- 
champion status. The fact that the Japanese have 
chosen Go as a suitable problem to test their Fifth 
Generation computers seems to indicate the era of 
the Go master is not too far distant. 
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Moving Pictures 
Scrolling is a technique that has 
become widely used in arcade- 
style games, where the illusion 
of constant motion is produced 
on screen. The game shown 
here runs on the Commodore 
64, amachine that uses a 
combination of hard scrolling 
and soft scrolling in its screen 
display. Here, the screen 
memory is a ‘window’, moving 
across the main memory, which 
produces the effect of scrolling 

$-100 BUS 
Originally developed for the Altair computer 
(considered to be the first microcomputer), this 
bus system has been further developed for use by a 
wide range of micros. The S- 100 busis a 100-way 
connector which is used to connect a computer to 
its peripheral system or expansion cards. 
Although designed for use with eight-bit 
processors, it can now be used with a wide variety 
of processors, which is reflected in the variety of 
expansion boards performing different functions 
that have been developed for use with the bus. The 
boards are generally 125 by 250mm, although 250 
by 250mm boards are now beginning to appear. 

One of the features that has enabled the S-100 
bus to be adapted to such a wide range of machines 
is that it uses a power supply direct from the 
computer’s transformer. Power obtained in this 
way is said to be ‘unregulated’ (there may be 
fluctuations in the voltage). Although electronic 
components have their own built-in tolerance to 
power fluctuations, many transformers, 
particularly those on early machines, produce an 
irregular supply. Thus, cards fitted to an S-100 bus 
are required to have their own regulators — circuits 
that produce a steady supply. Because of this, the 
S-100 bus can be used with computers with 
different voltages, and all that will need to be 
altered is the ‘regulator’. 

‘SCROLLING 
This is when text or graphics are moved across a 
VDU screen either from side to side or up and 
down. As information appears on one side of the 
screen, other information will move out of view on 
the other side. The effect is rather like looking 
through a window that enables you to examine a 
small part of a large amount of information. 

Scrolling is necessary when there is more video 
data than the screen can display. The video 
memory (which is what you actually see on your 
VDU screen), is usually between eight and 16 
Kbytes. The data required to be displayed on the 
screen is held in the main memory. However, this is 
often larger than the capacity of the screen to hold 
it. Thus, the video memory can only show a small 
area or ‘window’ of memory. 

There are two basic types of scrolling technique. 

FUEL E>>>ppp>> 
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In ‘hard scrolling’, a register will contain the 
address of the start of the window, which, as the 
screen is scrolled, is incremented or decremented 
in steps corresponding to the resolution of the 
screen. ‘This has the effect of moving the area of 
main memory that refreshes the video RAM. 

With ‘soft scrolling’, the technique used is 
somewhat different. In this system the window 
does not move. Thus, in order for the memory 
data to be displayed on the screen, the information 
has to be fetched from its location by the processor 
and transferred to the memory locations set aside 
for the screen window. In order to scroll, the 
processor simply moves further along the area of 
memory where the information is held, so that new 
data can be displayed on the screen. 

SDLC | 
Known as ‘synchronous data link control’, SDLC 
is a protocol for data transfer between computers. 
The system is built around the concept of ‘frames’ 
which are used to tell the target computer when a 
message begins and ends. 

The frame consists of an eight-bit flag which is 
01111110 in binary. The protocol requires that the 
target computer knows a message is on the way 
when it receives a series of five ones consecutively 
(the sixth 1 in the flag byte is used as a check, which 
will be explained later). The next part of the frame 
to arrive is an eight-bit address which targets the 
message to one of 254 different computers that 
may be in the network. Address 0 is a dummy 
address for testing the system, while address 1 
indicates a ‘universal’ message for all machines. 

The third part of an SDLC frame is an eight-bit 
control field. These are used by computers within 
the network to transmit control information 
between each other. Once these three pieces of 
information have been transmitted, the message 
itself can be sent. This can be of any length. 

In order for the computer to ‘know’ when the 
message has finished, the other half of the ‘frame’ 
has to be sent. This consists of a 16-bit frame check 
to ensure that all the information sent nas been 
received correctly. Finally, another eight-bit flag is 
transmitted to end the frame. 

The problem with having six continuous ones as 
a transmission (or end) flag, is that often the data 
being transmitted in the information field will 
contain such a sequence. This is dealt with by a 
process known as ‘bit stuffing’. The process 
requires that when the transmitting computer 
notices that a sequence of six ones is about to be 
sent, it will insert a 0 in the stream between the fifth 
and sixth positions in the stream. 
When the target machine receives a stream of 

five one in the data, it will check for a 0 in the sixth 
position. If the sixth position contains a zero then 
the target computer ‘knows’ that the information 
is data. It then removes the zero from the pattern, 
processes the data and awaits the next piece of 
information in the stream. If, however, the sixth bit 
isa 1 and the seventh bit is a0 then the bit pattern is 
regarded as a flag and the message is ended. 
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In the wake of a financially discouraging 
year for the home microcomputer industry, 
Atari has surfaced with a package set to 
Shake the industry to its foundations. At 
£750, bundled with the GEM environment 
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1985 is likely to go down as something of a 
watershed for the home microcomputer industry, 
the year when the almost exponential growth of 
previous years began to settle down and the 
industry began to mature. This can be seen in the 
well publicised problems of a number of 
microcomputer manufacturers which, in turn, 
have engendered a definite degree of marketing 
caution — most of the newer products have been 
revamped versions of already successful 
machines, such as the BBC B+, the Commodore 
128 and the Atari 130XE. 

However, 1985 may also be noted as the year 
Atari emerged from the doldrums to re-establish 
itself as a major home micro manufacturer. This is, 
in part, due to the influence of the company’s new 
owner, Jack Tramiel, who not only brought with 
him a shrewd business acumen, but also 
generated, as one of the ‘characters’ of the 
industry, a great deal of media attention. 

On its own, this may not have been enough to 
save Atari, since its major problem was its product 
line, which was seen as essentially out of date. The 
launch of the Atari 520ST dramatically changes 
that situation. The computer is designed around 
the 16-bit Motorola 68000 processor — the same 
one used in the Apple Macintosh. This chip is 
generally regarded as the most advanced currently 
available in large numbers, with large-scale 32-bit 

and based on the Motorola 68000 — 
_ processor, the Atari 520ST might very well _ 
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internal architecture, 17 32-bit registers, a 16-bit 
data bus and a 24-bit address bus. Obviously, a 
very powerful computer could be designed 
around these specifications, which is precisely 
what Atari has done. 

Produced in the same style and livery as the 
130XE (see page 1309), the 520ST is finished in 
strong grey plastic. The keyboard is divided into 
four sections, above which are 10 programmable 
function keys — set into the casing like those on 
the 130XE. Below these is a standard keyboard, 
with the addition of an Alternate key. This is used, 
when the mouse is not attached, to control the 
screen cursor. 

To the right is a cursor cluster, together with 
other keys for the full screen editor, such as Clear 
and Insert. Just above the cursor cluster are the 
Help and Undo keys, and on the far right of the 
keyboard is a numeric keypad with keys for the 
arithmetic functions. 

As a departure from previous practice, Atari 
has adopted a number of ‘standard’ interfaces for 
the computer — previous Atari machines have had 
their own serial ports for all peripherals. The Atari 
520ST has a Centronics parallel interface to 
connect to printers and a 25-way D-type RS232 
serial port to fit to a modem or other serial device. 

Most interestingly, the computer has been 
equipped with a MIDI interface. This is fitted as a 
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Jack In The Box 
The 520ST represents Atari’s 
attempt to regain the share it 
held in the microcomputer 
market in the late 1970s. Based 
around the Motorola 68000 
processor, the computer has a 
number of advanced features — 
such as 512 Kbytes of RAM, 
MIDI ports and the GEM 
operating system. Hitherto, 
GEM has been available only on 
much more expensive machines 
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pair of DIN sockets (for MIDI IN and MIDI 
OUT), which means that the computer can 
directly control the operation of a number of 
synthesisers and other musical instruments. 
However, the MIDI ports have other uses. 
Because MIDI is a fast (31.25 Kbaud) serial 
device, it can also be used as an alternative method. 
of transmitting data between computers. Atari 
intends to take advantage of this facility to 
produce a local area network (LAN; see page 
969) system using the MIDI ports. 

Another interesting facility that has been added 
to the new computer is a ‘hard disk’ interface. 
Atari is currently hoping to be among the first to 
launch a‘CD-ROM’ player. This is a development 
of the compact disk that will enable up to 800 
Mbytes of information to be stored on a single 
disk. Of course, at present, compact disks are 
read-only devices, but their potential is 
phenomenal. 

Included in the price of the new Atari machine 
is a disk drive, which plugs into the single floppy 
disk interface. If another disk is required, it can be 
plugged into the first disk drive. No cassette port is 
provided. Atari has opted for the Sony 33in disks, 
which are becoming increasingly popular on a 
wide variety of micros. The disk drives are being 
produced in single- or double-sided versions 
which, when formatted, provide 320 Kbytes on 
each side. 

To complete the list of interfaces provided on 
the computer, there is a power socket, RGB 
monitor, and RF ports (on future versions of the 
machine), a cartridge port capable of using 128 
Kbyte ROMs, and a pair of joystick ports on the 
right-hand side; although these are not intended 
specifically for joysticks, but, rather, for mouse 
controllers. 

GEM ENVIRONMENT 
It is this last feature that indicates the real reason 
for the excitement that has been generated by this 
computer. The 520ST is the first low-cost micro to 
be introduced with the GEM environment as the 
standard front-end for the operating system. 
Developed by Digital Research, GEM (an 
acronym for Graphics Environment Manager) 
provides a WIMP (Windows, Icons, Mouse 
Program) system, like the one that has proved so 
successful on the Apple Macintosh. In fact, the 
GEM system as implemented on the new Atari 
micro bears a striking similarity to the Macintosh. 

Control of the system is provided by moving an 
arrow cursor (which converts to a ‘bee’ icon when 
the machine is ‘busy’) around the screen to a 
number of icons. Pressing the button on the mouse 
selects that icon. Also available, at the top of the 
screen, are a number of menus that can be ‘pulled 
down’ as windows. A disk drive, for example, is 
selected by choosing the ‘filing cabinet’ icon in the 
top left-hand corner of the initial screen. Then, 
various file manipulations can be performed by 
pulling down the ‘files’ menu; selecting ‘options’ 
displays the directory. 
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Two types of file are displayed by GEM. 
‘Folder’ icons denote ‘directories’, while the square 
icons represent program files. Simply moving the 
cursor to the file will LOAD and RUN the program. 
Should you wish to delete a file, you only have to 
move the relevant icon to the ‘wastepaper bin’ 
icon. The ease with which even a novice can learn 
to use GEM is remarkably evident to anyone who 
has used some of the more conventional operating 
systems, such as CP/M and MS-DOS. 

There are three graphics modes available for the 
520ST — high-, medium- and low-resolution. The 
highest mode has a resolution of 640 by 400 
pixels, but only appears in monochrome, which 
gives the machine an even more Mac-like 

appearance. The lower resolution modes 
demonstrate the machine’s colour capabilities, but 
many users may prefer the high-resolution 
monochrome mode. Atari is providing a choice of 
either a monochrome monitor or a colour model 
for the 520ST. 

The GEM ‘desktop’ environment (so called 
because you move the icons around in much the 
same way as you would move papers on a desk), 
runs under TOS — Tramiel Operating System. 
This is a custom-built version of Digital Research’s 
CP/M 68 operating system, itself a development 
of Digital Research’s popular eight-bit OS, which 
has been redesigned for 68000-based machines. 
However, unlike CP/M 68, the operating system 
allows files to be organised into ‘directories’ rather 
like MS-DOS, the de facto standard 16-bit 
operating system. 

Bundled with the 520ST are a number of 
applications programs. First, there is GEM Write, 
a word processing package, and GEM Paint, 
which, as the name suggests, is a graphics design 
package. Similar to the Macintosh equivalents 
MacPaint and MacDraw, the package provides for 
a number of ‘brush’ sizes and ‘fill’ designs, as well 
as a zoom facility that enables the user to focus on 
a small area of the screen in order to produce 
particularly fine work. While GEM Paint lacks 
some of the facilities of the Macintosh, it 1s 
nevertheless a very sophisticated program. 

ROM-BASED LANGUAGES 
Also included with the computer are the 
programming languages ST-pasic and ST-Loco, 
which, on early machines, are provided on disk but 
in later versions should appear in ROM on board. 
Like TOS, the languages are developments of 
previous Digital Research products — the BAsIc 1s 
DR’s own version of Microsoft BAsic, known as 
Personal BAsic, while the LoGo is a version of the 
popular Dr Loco, now included with a number of 
machines. The languages have been adapted to 
take advantage of the windowing capabilities of 
the GEM environment. 

The Atari 520ST is undoubtedly an important 
machine — not only for the well-being of the Atari 
Corporation itself, but also for the “budget’ 
computer market. The complete system, costing 
£750, includes a disk drive, a monochrome 
monitor and a mouse, as well as the bundled 
software. This puts it within reach of the ‘serious’ 
home user and the small business, although it is 
perhaps too expensive to generate very large sales 
in the UK. 

Together with the GEM packages and 512 
Kbytes of memory, the user obtains a 
configuration similar to the apple ‘Fat Mac’ at less 
than half the price. Should a smaller version of the 
computer appear, with, for example, 256 Kbytes 
of memory, the resultant sales would be far 
greater. However, one thing is certain: when the 
520ST becomes available in sufficient quantities 
to make an impact on the high streets, the budget 
computer market will have moved into a new era. 

ATARI ST520/ HARDWARE 

ATARI 520ST 
£749.99 inc. VAT 

470x240x60mm 

Motorola 68000 running at 8MHz 

512 Kbytes RAM 
OHS Osas 

Three resolution modes; highest is 
monochrome mode at 640x400 
pixels 

MIDI (two DIN sockets), 
Centronics parallel interface, 
RS232 serial port, floppy disk 
interface, power socket, RGB 
monitor, RF, cartridge and joystick 
ports. There is also a ‘hard disk’ 
interface for future CD-ROM 
players 

Single double-side Sony 3tin disk 
drive; each side provides 320 
Kbytes 

TOS and GEM as standard 
LANGUAGES AVAILABLE 

ST-BASIC and ST-LOGO 

84 keys plus 10 function keys 

Owner’s manual is well laid out 
with an ample number of 
diagrams and screen shots 
accompanying the concise text 

2 

The computer offers 16-bit 
technology, large user memory 
and a user-friendly operating 
system that has previously been 
available only on much more 
expensive machines 

Despite its impressive 
specifications, the system has yet 
to prove itself, and the computer is 
still perhaps too expensive to 
generate volume sales on which 
the vital software support depends 
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Notes: 

1) Maplin’s polycarbonate 

WW49D capacitor may be 
substituted (with some loss of 
performance) 
2) Ifa 9491 cannot be obtained, 
Maplin’s QHOOA may be 
substituted (with some loss of 
performance) 
3) This component can also be 
obtained from Trident — 
Microsystems Ltd, Trident 
House, 53 Ormside Way, 
Redhill, Surrey RH1 2LS. Tel: 
(0737) 65900 
4) Maplin does not supply the 
8-pin DIL socket needed by the 
timer chip. However, a second 
16-pin DIL socket can be used to 
mount this chip : 
5) Carbon or metal film 5% 
tolerance resistors should be 
used and are readily available 
from many sources 

‘SSRIS eT 8 i TRI 

The DVM module at the heart of our digital 
multimeter has a_ basic sensitivity of 
1.9999y. However, to be useful, it needs an 
input attenuator to measure voltages higher 
than 2v, plus special circuitry to measure 
amps and ohms. We now begin the meter’s 
construction by considering the layout of the 
passive components. | 
SERIES SSB ai EESEETESIS Onn SS SS SES na a 

We recommend using 0.1in matrix board rather 
than Veroboard construction of the basic module. 
This is because Veroboard commits the wiring 
layout once and for all, whereas the point-to-point 
wiring of a matrix board allows slight changes to be 
made to the positioning of the wires to optimise 
performance. 

Unlike ordinary digital circuits, an A/D 
converter has very sensitive analogue inputs (high 
input impedance). This means that stray and 
unwanted signals can leak into the analogue inputs 
unless special steps are taken. Our design keeps all 
analogue circuitry to one side of the A/D 
converter chip (pins 1 to 10), and all digital 
circuitry to the other. Even so, when building the 
prototype, we found that slight changes in the 
position of the wiring could significantly improve 
the performance of the circuit. Ideally, such a 
circuit would use a tried and tested printed circuit 
board, but making a PCB is beyond the resources 
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of the average constructor, so we have opted for 
point-to-point wiring. | 

The wiring diagram shows a top view of the 
circuit board; the interconnecting wires would be 
on the under-side of the board. The wiring layout 
is very stylised to make it clearer, with only a few 
wires shown connected directly from one point to 
another. 

This angular layout is merely for clarity, 
and need not be followed exactly. Although it 
might look neater, it is better not to wire tightly 
from point to point as some slack in the wires 
allows them to be moved later to optimise the 
overall performance. 

The prototype board was wired using wire- 
wrapping sockets and a special wire-wrapping tool 
to connect them. There is a lot to be said for this 
technique, because if you connect a wire 
incorrectly, it can be unwrapped and reconnected 
with ease. The alternative to this method is to use 
ordinary thin interconnecting wire and a soldering 
iron. 

Most semiconductor chips have pins with 0.1in 
(2.45mm) centres, so the most suitable circuit 
board is an 0.lin matrix board with each hole 
surrounded with a ring of copper for soldering 
purposes. Maplin offers a copperless version of 
this type of board (see Parts List), but the copper- 
clad type is undoubtedly easier to work with. 

To allow the components plenty of room, the 
matrix board should have about 50 rows and 45 
columns of holes. Start by inserting the three IC 
sockets — the 28-pin DIL socket for the 7135 A/D 
converter (ICI), an eight-pin socket for the 7555 
timer chip (IC2) and a 16-pin socket for the 
7447A seven-segment driver (IC3). If you are 
using a copper-clad matrix board, solder two pins 
on opposite corners of each DIP socket to the back 
of the board. If you are using the copperless type of 
matrix board, a small blob of solder on the corner 
pins will hold the sockets in place. 

Before attaching any other components, solder 
or wire-wrap the +5v lines (Vcc) to the three ICs. 
For clarity, the complete Vcc rail is not shown, but 
eventually all the +5v points (such as pin 16 on 
IC3) will be connected together and fed by the 
power supply. Only one chip, the 7135, needs a 
—Sv (Vee) supply. This goes from pin 1 of IC1 toa 
suitable point on the edge of the DVM board, 
as Shown. 

GROUND POINTS 
Two separate ground points are needed: one for 
the analogue ground (located near pin 4 of IC1) 
and one for the digital ground. As we have stressed 
before (see page 1516), it is important to wire all 
analogue grounds to a single analogue ground 
point, and all digital grounds to another single 
digital ground point. Connect the analogue 
ground of IC1 (pin 3) to the analogue ground and 
the grounds of IC2 and IC3 (pins 1 and 8 
respectively) to the digital ground. The digital 
ground of IC1 (pin 24) is also connected to the 
digital ground point. 

b 
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Digital Multimeter Layout 

TO 7-SEGMENT ENABLE SIGNALS TO 7-SEGMENT LED DISPLAYS 

TR6 TR5 TR4 TR3 TR2 TRI 

TO R7 
TO R8 
TO R2 
TO R3 
TO R4 

TO Rd 
TO R6 

DIGITAL GND 

ANALOGUE GND VR2 

Component Mounting 
The layout diagram shows the components mounted on O.1in 
matrix board. The point-to-point wiring is shown in an angular 
fashion to aid clarity. In practice, the wiring between points on 
the board should be slack enough to allow the wires to be moved 
as the position of the wiring can affect performance of the meter. 
Note that connections between analogue and digital ground 
points, D5, to digital ground and all the +5v power feeds are not 
shown explicitly. 

The connection between analogue and digital grounds 
should be made with fairly thick copper wire. The simplest 
method of providing the +5v feeds is to connect all these 
connections to a single piece of wire that runs around the edge 
of the board. As mentioned in the main text, if voltages to be 

measured are relative to ground, pin 9 on the 7135 chip should 
be tied to the analogue ground point. Solder all passive 
components in place, as shown, but do not yet mount the chips 
in their sockets as they are easily damaged. We shall deal with 
this part of the construction in the next instalment. 

22,000 pF disc capacitors should also be connected between 
the chip power supplies and ground. On IC1 connect a capacitor 
between pin 1 and the analogue ground point and another 
between pin 11 and analogue ground. On IC2 connect a capacitor 
between pin 8 and digital ground and on IC3 between pin 16 and 
digital ground. A 47 uF electrolytic capacitor should also be 
connected between pin 1 of IC1 and analogue ground. Note that 
with this type of capacitor the orientation is important. Ensure 
that you connect the negative leg of the capacitor to pin 1 of the 
chip and the positive side to ground 
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who is willing to order RS parts for you. RS 
eg | Components sell only to the trade and industry; 

Riches | they refuse to deal with the public. 

between points an alternative FE Ll Another problematic part has proved to be the 
Mayolmakingte = any | seven-segment LEDs. Maplin offers double units 
ee LLLUrmr—~— _-. ~+~=~=~=~=—SsCeither two' ‘8s’, or a ‘+/—1’ and an ‘8’), or 
ee —C— ES ———C_C CC individual “88, but no individual “+/—1s.. ‘This 
Thistechniquehasseveral =i (aiti‘(i‘isé‘~— 3 a » ~~—~—~—_ | means that, using Maplin parts, it is impossible to 

| advantages over soldering: it $.é#$s tC —_—am!!F | builda4)-digit display able to showatrueplusand 
doesnotrequieheatiioman er - ~~~-| minus sign without having a redundant digit, since 
pea a a. .. | | their double LEDs and their single ones are 
corrected and the quality a : / . / ii - . - — : _ different sizes. . f 
theconnectonisnormally = ee RS Components do have suitable LEDs (used 
ee ae ed Mets  . ; | in the prototype) but in view of the difficulty and 
and special single-core wire-  ...g |. .=—r—Lh ini i a 

_ wrap wire are required. The ==WIRE-WRAPPING | expenseat opt pee i igre uaye eit 
tool consists of a small | oO. the original circuit slightly to work with Maplin 
hollow tube withanarrowslot == Tl ee single digit, 0.5in LEDs. This uses an ordinary 
tunningdownitslength anda ~~ seven-segment LED to display a blank or a 1, and 
handle. To use the tool, strip FT | also to display a minus sign using the middle 

25cm (aboutoneinch) of | | ‘horizontal segment (segment G) when the signal 
insulation from one end of the  . | a ei a 2 a anale-oull 

/pieceofwiretobeattached #§ §§ ff | being measured is negative. Positive signals will be 
Fandpusiniotiesiot The | displayed with no sign in front of them. 
|endotthetoolisthenpushed = . VR1 should be a good quality multi-turn 

Se — | trimpot; WR2 can be any preset trimmer. D1 
i. ie madeandthetoolturned  =ssi(ai‘é‘ae”!~*é‘é ététC*di/ OO!!! Should ideally be a band gap reference diode such 

| fourorfivetimes.Finally,the = = = = | | | asatype 9491 (available from RS as part number 
loolispulledofithesocketieg = ss tw: mm sts~<‘:COCOSOCCs*C*:s*CSCCSCSCSSCOC283-283). To avoid the inconvenience of 
levmgtiewapped i sl  rmrmrsr~—~—OCOCOC | obtaining this part, a 2.7v zener diode can be 
connection in place Av ~~ ~—D - ; rr r— — | substituted (such as BZY88C2V7 — Maplin part 
— a -~ 2) WD : number QHOOA). Again, this part will work, but 

at areduced overall performance. 

TRANSISTOR TYPES 
oe The transistors (apart from TR7) are used to 
es oly oo — : || | switchonthe foe displays. Note eh transistors 1 

PIEStne! oo ol (ttle. | |. toSare NPN types and TR6isa PNP type. This is 
Oe | : | because TR6 has to switch on in response to a logic 

LO signal, while the others have to switch on in 
response to a logic HI signal. TR7 is used in the 
zero blanking circuit. D2 can be any small silicon 

Finally, connect the two ground points together diode, though the part specified here is readily 
using fairly stout wire. (For clarity, thisconnection _ available. 
is not illustrated, but don’t forget to do it!) Connect the input points to IC1 pins 9 and 10, 

Before installing any other components, use a__ using a short length of twisted wire or some thin 
voltmeter or a simple continuity tester to check for coaxial cable (braid to pin 9; core to pin 10). On 
continuity from the power supply entry point to our prototype, very much better results were 
the Vcc pins on the three ICs. Similarly, check for obtained by tying IC1 pin 9 to the analogue gound 
continuity between all the ground points. (not shown in the diagram). Making | this 

Having installed the IC sockets, the other connection is recommended if a floating point 
components can be inserted in the positions input is not required, as voltages are measured 
shown. The exact sizes shown are for the parts against ground rather than the difference between 
specified in the Parts List. Most ofthe components _ positive and negative voltages. 
can be substituted by similar items, but the Before even attempting to insert the ICs, check 
dimensions may be different and youmayhaveto your wiring thoroughly against the wiring 
alter the layout slightly. The component most diagram. Note, for example, that TR6 has no 
difficult to get is C1 — the 0.47uF integrating lug and that the collector and emitter are 
capacitor. connected in the opposite sense to those of TR1 

For best performance, this should be a and TRS. 
polypropylene type, such as Radio Spares In the next instalment, we shall deal with the 
Components’ part number 114-626. None of the wiring of the LED panel and the handling of the 
retailers we checked stock polypropylene ICs. Careless handling will destroy ICs very 
capacitors, and Maplin doesn’t list them. Either quickly, so it is recommended that you follow the 
substitute a polycarbonate capacitor (which will instructions carefully, unless you are totally 
work, but less well), or find an electronics retailer familiar with handling CMOS components. 

2 WIRE-WRAP WIRE. 
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Fortu has no standard provision for array 
structures, but you can still, because of the 
language’s extendability, define the 
customary facilities for yourself. In seeing 
how this is done, we also present a unique 
feature of FORTH that is useful for far more 
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needed to be combined to define our own arrays 
when we used CREATE in the Eratosthenes’ Sieve 
program (see page 1504); it was equivalent to: 

CREATE BITS 8192 ALLOT 

In that program, CREATE encloses a header in the 
dictionary using the name BITS from the keyboard, 
and it also encloses a code field that makes BITS, 
when you use it, leave its parameter field address, 
pfa, on the stack. However, CREATE itself does 
nothing about setting up the parameter field, and 
this is where ALLOT comes in. ALLOT takes a number 
off the stack and encloses space for the 
corresponding number of bytes in the dictionary. 
Since in this case they are enclosed immediately 
after the code field enclosed by CREATE, they 
constitute the parameter field for BITS. 

POWERS OF THREE 
Here is a simple example that defines a word, 3**, 
to calculate powers of three. To make it quick, it 
uses an array containing all the possible answers, 
and it’s set up using CREATE with the ForTH word , 
(just a comma): 

VARIABLE MAXINDEX 
- POWERS, (--) 

(encloses all powers of three that can fit in 
two bytes, and puts index of biggest power in 
MAXINDEX. ) 

~{ MAXINDEX ! 
1 ( smallest power ) 
BEGIN 

DUP , ( enclose power ) 
1) MAXINDEX +! 
3 UM* (next power, double length ) 

(replace UM* by U* in FORTH-79 and 
figFORTH ) 

UNTIL (until next power takes more than 2 
bytes ) 

DROP (least significant bytes of double length 
power ) 

CREATE 3POWERS POWERS, 
(no need for ALLOT. , does the 
enclosing ) 
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-3** (n--3**n) 
MAXINDEX @ OVER U< IF 

DROP 0 (nnot between 0 and MAXINDEX. 
Leave result 0 ) 

ELSE (want memory contents at 
3POWERS + 2*n) 

2 * 3POWERS + @ 
THEN 

SPOWERS was a one-dimensional numeric array. 
You could equally well have set it up using ALLOT 
(remember that you have to ALLOT two bytes for 
each element in the array) and !. Character arrays 
are similar, but since each character represents 
only one byte, you must use C, , C! and C@ instead 
of,,!and @. 

THE CREATE STRUCTURE 
Every time you use an array like 3POWERS, you 
need to do something like: 

2 * 3POWERS + 

This is because 3POWERS doesn’t know it’s an 
array. It just leaves its parameter field address and 
lets you sort out what to do with it. To make more 
‘intelligent words, there is a very interesting 
construction that uses CREATE (or <(BUILDS in 
figrorTH) and DOES>. These let you define new 
words that are embellished versions of CREATE, so 
they are in fact new defining words. They do 
CREATE, but you can also tell them to do other 
things at the same time as the CREATE. They can 
also tell you what the newly CREATEd word is to do 
when you use it (instead of just stacking its 
parameter field address). 

Here is an example that creates intelligent 
arrays: 

:1ARRAY (n--) 
(creates a 1-dimensional numeric array wit 1 
dimensionn) - 

CREATE  (nameis taken from after ARRAY 
when you use it ) 

DUP + (a quick way of doing 2 * ) 
HERE ( remember parameter field address 

for FILL ) 
OVER ALLOT 

(now have 2*n, pfa ) 
SWAP 0 FILL 

(zero all bytes in parameter field ) 
DOES> (subscript, pfa-—- address of 

element ) 
SWAP DUP + ( pfa, 2* subscript ) 
+ 

It falls into two parts: the define-time part, before 
DOES>, is performed when you use 1ARRAY and 
sets up the parameter field of the new word. 

Suppose you say: 

11 TARRAY RUNS 

This creates a new word, RUNS, and ALLOTs it a 22- 
byte parameter field initialised to zeros. The 

second part of 1ARRAY, after DOES> , is the run- 
time part. This is done when RUNS is used. RUNS 
still puts its parameter field address on the stack, 
but after that the run-time part of 1ARRAY applies 
its intelligence. 

In effect you now have 11 variables, called: 

0 RUNS 
1 RUNS 

10 RUNS 
You use them just like ordinary variables, for 
instance: 

99 2 RUNS! 
4 RUNS @. 

FURTHER APPLICATIONS 
That was a fairly straightforward application of 
CREATE... DOES>. But once you get the hang of 
it, you will find that it can do far cleverer things. 
For instance, if you've started writing your own 
FORTH programs, you'll no doubt have forgotten 
many times to include @ when defining variables. 
With CREATE and DOES>, you can define a kind of 
variable that doesn’t use @. Normally, it just leaves 
its value on the stack, like a constant, but a 
problem arises when you want to change its value. 
It’s best then to use a word, —>, as in: 

new value —> name ofnewstyle variable 

—> does nothing except leave a ‘note’ (by setting 
a variable) saying that it has been used, and this 
tells the ‘new-style’ variable that instead of 
stacking its current value, it must get a new value 
from the stack. 

VARIABLE —> USED 
0 —>USED! 
_—> —1—>USED!; 

We now want a replacement for the defining word 
VARIABLE. This (let’s call it VAR) is a new defining 
word, using CREATE. . .DOES>: 

: VAR (--) 
CREATE 
0, (allot2 bytes, initialised to 0) 

DOES> 
— > USED @ IF (new value, pfa—-—) 

| (set new value ) 
0 —>USED! 

ELSE (pfa-— current value) 
@ 

THEN 

I 

Here’s how to define a VAR variable x, set it to 99, 
and then print its value: 

VAR x 
99—> x 
X: 



The reason CREATE and DOES> are so useful is that 
they let you combine two properties usually kept 
separate. Most programming languages have 
data, which is ‘passive’ and requires acting upon, 
and routines, which are ‘active’ but need tc 
data. With CREATE and DOES>, you can set up 
intelligent data that will act on itself by using a 
DOES> run-time part. This idea is very fruitful, 
but to be able to use it you must forget the 
distinction between data and routines that almost 
all other languages enforce. 

Array Of Arrays 

The arrays defined with 1ARRAY are only ‘mildly’ 
intelligent. They work quite quickly, but they don't 

| check that the subscript you give them is reasonable 
| and there is a risk that you can accidentally 
| overwrite something outside the array itself. If 
1 ARRAY stored the dimension at the beginning of 
the parameter field, then the run-time part could 
check that the subscript supplied is less than the 
dimension, and complain if not. 

| Some languages, like PASCAL and BASIC, check 
| array subscripts like this, while others, like C, go for 
| speed and don’t check. FORTH forces you to work 
out what you really want and also to do it 
accordingly. 

Languages also differ in whether they use 
subscript 0 for the first element or subscript 1 — or 
indeed any other subscript. Again, in FORTH, you 

| can tailor the content of arrays to suit your own 
| taste. 
|  Multi-dimensional arrays are similar in principle, 
but more complicated. You normally imagine a 
multi-dimensional array as a rectangle or a three- 
dimensional block (or worse), but the computer 
stores it row by row ina long list. You convert your 
several subscripts into an offset into this list by a 

| process of multiplying by the dimensions. | 
| — For instance, for a three-dimensional array with 
dimensions 2, 3 and 4 (24 elements altogether), you 

0 2 

convert subscripts i, | and k into an offset: 

(i*3 + j)"4 +k 

Here is how you'd define 3ARRAY: 

: 8ARRAY (d, e, f--) 
( creates a 3-dimensional array with 
dimensions d, e and f) 

CREATE 
OVER,DUP, (encloseeandf) 
HERE (d, e, f, pfat+4 ) 
2 ROT * ROT * ROT * ( pfa+4, 2*d*e*T) 
DUP ALLOT (enclose 2*d*e*f bytes ) 
0 FILL ( initialise them to 0 ) 

DOES> (i, j, k, pfa- — address ) 
DUP @ (i, j, k, pfa, e) 
4 ROLL * (j, k, pfa, i*e ) 
3 ROLL + (k, pfa, i*e+) ) 
OVER2+@ (Kk, pfa, i*e+j, f) 
‘i (k, pfa, [i*e+j]*f) 
ROT+DUP+ (pfa, 2*[[i*e+j] *f+k] ) 
SWAP 4 ++ 

(Note that in FORTH-79, the number before ROLL’ 
must be one bigger.) 3 

Itis possible to write analogous words (4ARRAY, 
5ARRAY and so on) along similar lines. If this seems 
complicated, the best way to understand it is to see 

how C does it. Itis even possible to write a defining 
word, NARRAY, that takes a number off the stack 
telling it how many dimensions there are below 

k 
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The integral cassette deck in the Amstrad 
CPC 464 and disk drive in the CPC 664 
make file transfer very efficient on these 
machines. We look at several of the 
operating system features for accessing the 
Storage media that are available to the 

One of the major selling points of the Amstrad 
CPC 464 was its integral cassette deck, which 
allowed extremely reliable storage even at its faster 
data transfer rates. Now the CPC 664 has gone 
one stage further by replacing the cassette deck 
with a disk drive, giving even faster access times. 
Obviously, the hardware is of no use unless there is 
adequate software to support it; so what provision 
is made in the firmware for a machine code 
programmer to use these storage facilities? 
An analysis of firmware features can be divided 

into three areas: features that are general to file 
transfer, those that are exclusive to the tape system 
and those exclusive to the disk version. 

Generally, each file contains two separate 
sections of information: the first is the header 
section and the second is the data. The header 
contains all the information that the firmware 
requires to determine how the file should be 
handled — for example, the type of file it is, where 
it should be loaded and how long it 1s. The data is 
simply the contents of the file. The firmware 
provides the user with all the information about 
the file, and the facility to manipulate it in memory. 

The section of the firmware we are concerned 
with here is the cassette manager, although this 
term is a little misleading as the same entries are 
used to handle disk files as well, which we shall be 
looking at later. 

The cassette manager uses two ‘streams’, one 
for input and one for output, both of which may be 
active at the same time. This feature is not of great 
use on a tape machine, but is a very powerful 
facility when used correctly with a disk drive. The 
streams have to be initialised before they can be 
accessed. Initialisation takes the form of assigning 
a name and a workspace area (buffer) to the 
relevant stream. Only one output and one input 
file can be active at a time, so if the output stream is 
unused it may not be defined as a second input 
stream. The entries dealing with file transfer 
are listed in the Data Storage Routines table. 

Data can be transferred to or from the file in one 
of two modes: character transfer or block transfer. 
In the character transfer mode the firmware uses 
the buffer assigned to the stream to store the data 
temporarily. This means that access to or from the 

a 
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tape (or disk) can be carried out in large blocks, 
while the program deals with the data in single byte 
stages. Obviously, a program that has to access the 
disk every time a character is required would be 
very slow. The two transfer modes are mutually 
exclusive — that is to say, once a file has been 
accessed in one mode it is impossible to switch and 
access it in the other. 

In the block transfer mode (CAS IN DIRECT and 
CAS OUT DIRECT) the buffers assigned to the 
streams are not used; instead the data is directly 
read into or out of memory. The memory may be 
either in RAM or ROM. 

The routines CAS IN CLOSE and CAS OUT CLOSE 
are especially important as they inform the 
firmware that the stream is now closed and 
therefore available for a new file. If a CAS OUT 
CLOSE is not performed following character 
output, the output buffer may be incomplete and 
SO not yet written out. CAS OUT CLOSE avoids this 
problem by forcing the firmware to send any 
incomplete blocks of data. 

Our diagram illustrates the process whereby a 
block of memory is written into a file. First of all, 
the file is opened using CAS OUT OPEN, which 

| SBC8C CASOUTOPEN —_— 
| __Initialises a file to write to 

5 GAS OUT C CHAR 

merely assigns a name to the file and reserves the 
output stream for that file’s use. The data is then 
written out from memory using CAS OUT DIRECT, 
and finally the file is completed by calling CAS OUT 
CLOSE which, in this case, simply marks the output 
stream as available for use. 

The cassette manager uses a data area, known 
as the ‘header’, to store information relevant to 
each individual file. In the case of a read operation, 
this information is taken from the start of the file 
and, in the case of a write, the header is set up in 
memory and then written out at the beginning of a 
file. The general layout of a header is shown in the 
Header Format diagram. Let’s consider a few of 
the parameters involved. 

At the firmware level, the file type has no effect 
— the file can be read from or written to regardless 
of its type. The type becomes significant when the 
firmware is being used by a higher level program, 
for example BASIC. 

The data locationis defined as the location from 
which the file was originally written. Note that this 
is only significant when the file is written directly 
from memory. When character output is used this © 
represents the address of the output buffer. The 
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logical length is the total number of data bytes in 
the file. Note that this does not include any header 
information, or any ‘padding’ that may have been 
required to fill the buffer. 

The entry address is the address where machine 
code programs are started when auto-run from 
Basic. The other fields are specific to cassette file- 
handling only, and are of limited use. 

ERROR DETECTION 
Error detection is performed automatically by the 
firmware using a CRC code, although errors are 
rarely encountered thanks to the thoughtful 
system programming. Those errors that do occur 
are flagged by the firmware to allow the user to 
decide what action may be taken. 

In order to facilitate the handling of read errors, 
cassette files are not written in their entirety, but 
are divided into two-Kbyte blocks instead. Each 
block is treated as a separate unit, and therefore a 
‘bad’ block may be loaded again without having to 
reload any good blocks that may have preceeded 
it. This block approach necessarily slows down the 
speed of the file transfer, but the reliability 
achieved makes this a worthwhile sacrifice. The 
write speed to the cassette may be varied under 
software control using the CAS SET SPEED entry at 
SBC68, whereas the read speed is automatically 
selected by the firmware. 

One of the most useful features of the Amstrad 
operating system, as far as the programmer is 
concerned, is the transparent installation of the 
disk commands. That is to say, all the general file 
routines have exactly the same parameters and so 
a program written for operation on cassette should 
work automatically with the disk drive without 
modification. This has been achieved by using the 
technique of jumpblock patching described in the 
previous instalment (see page 1524). However, 
the patch technique is not straightforward and a 
few useful hints may make its use less problematic. 

Particular areas to watch are concerned with the 
use of memory. The disk system is controlled from 
an expansion ROM, although it does require a 
certain amount of RAM workspace as well. This is 
generally taken by default from the top of memory 
(but can be reassigned to other areas in RAM). 
Any program that wishes to use the disk must 
therefore be aware that this area of RAM ($504H 
bytes below HIMEM) is unavailable. 

Another aspect, which is derived from the 
implementation of CP/M filename compatability, 
is that disk file names cannot be longer than 12 
characters. It is, therefore, best to assume a length 
of eight characters to ensure that no problems arise 
when translating from tape to disk. 

Disk headers behave in a slightly different 
manner to the tape headers; references to blocks 
no longer have a significance and so these are 
ignored. The header is also checksummed, to 
allow the firmware to distinguish between CP/M 
and AMSDOS files. 

The addition of the disk system brings with it 
extra jumpblock entries, which are available to the 

1560 THE HOME COMPUTER ADVANCED COURSE 

a 

user for disk management at the operating system 
level. These are detailed in the second half of the 
table. 

Finally, we give here an example program that 
illustrates how information can be extracted from 
a file header. The file is first opened, using a call to 
CAS IN OPEN, which generates the header in RAM. 
Having extracted the relevant information, the file 
is then discarded using CAS IN ABANDON before any 
read takes place. The associated BASIC program 
serves to provide a user interface to the routine. 

10 ‘File Header Reader 
20 ‘Uses CAS IN OPEN at BC77H 
30 routine=&8800: address=&8000: ON ERROR GOTO 530 
40 MODE 1: MEMORY &5FFF 
30 WHILE -1 
60 CLS 
70 LOCATE 10,10: PRINT “Tape or disc file? *;CHRS(18) 

80 a$="" 
90 WHILE a$<{>"T° AND a$<>"D* 

100 a$=UPPER$< INKEY$) 
110 WEND 
120 IF a$="T" THEN ITAPE ELSE IF a$="D" THEN IDISC 

130 LOCATE 10,12: INPUT "Filename" ;files 
140 IF LEN(file$)=0 AND a$="D" THEN 130 

150 GOSUB 420 
160 CALL routine 
170 buffer=PEEK( address) +256*PEEK( address?) 

180 LOCATE 20,12: ¢f=0 
190 FOR name=0 TO 7-8%(t$="T") 
200 char=PEEK( butfertname) 
210 IF <char{32 OR char)126) AND char>0 THEN ff=1: 60 

TO 230 
220 PRINT CHR$(char); 

230 NEXT 
240 IF f4=1 THEN PRINT CHR$(8);"No filename’; 

200 PRINT 
260 ‘test filetype 
270 LOCATE 5,16: PRINT "Filetype: ": LOCATE 20,16 

280 type=PEEK(butfer+18) 
290 IF (type AND 1)=1 THEN PRINT "Protected °; 
300 file = type AND &FE 
310 IF file=0 THEN PRINT “Basic 
320 IF file=2 THEN PRINT “Binary* 
330 IF file=é THEN PRINT “ASCII" 
340 IF file>}é THEN PRINT “UnKnown* 
350 length=PEEK(buffer+24)+256#PEEK( buf fer+25) 

360 LOCATE 5,18: PRINT "Data length:":LOCATE 20,18: PRI 
NT HEX$(length,4) 
370 entry=PEEK( but fer+26)+256*PEEK( buffer+27) 
380 LOCATE 5,20: PRINT “Entry address:": LOCATE 20,20: 

PRINT HEX$(entry 4) 
390 LOCATE 9,25:PRINT "Press a Key to continue’ 
400 WHILE INKEY$="" :WEND 
410 WEND 
420 RESTORE 520: READ byte: off=0 
430 WHILE byte<>999 
440 POKE routinetoff byte 

450 off=off+i:READ byte 
460 WEND 
470 POKE routinet! ,LEN(file$) 
480 FOR char=1 TO LEN(file$) 

490 POKE routine+&100+char-1 ASC(MIDS<file$,char,1)) 

300 NEXT 
310 RETURN 
320 DATA &06 ,&00 ,&21 ,&00 ,&89 411 800 ,&60 acd ,&77 ,&bc ,&7 

d,&32,&0 ,&80 ,&7c &32,801 ,&80 &cd &7d &bc ,&c9 999 
330 ‘error trap 
540 IF ERL=80 THEN a$="":RESTORE 
300 STOP 
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