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DP OPPORTUNITIES The variety of jobs 
available in data processing ranges from 181 0 
keyboard operation to systems analysis 

INTUITION AND IMAGINATION Is the 
anticipation surrounding the Commodore 1801 
ame iusviee by its Spee 

ee 

PARENTAL INFLUENCE Based on a 
system of hierarchical directories, Unix 
provides a powerful user environment 
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using MS-DOS that you are constantly | | what other operating system is  AmigaDOS 
aware of the current sub-directory | bee 
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POINTING THE Ww AY Penick: are = 1) In order to use the PCW 8256 with a different ote the user 
__| will have to obtain the necessary interface, ae print the files” 

special c variable type from CP/M rather than from LocoScript. 
_ | 2)The types of variables pale by C are: automatic, external, 
| register and static. | 

3) TOPs, an acronym for Training oe Programmes. 
are government schemes intended to retrain workers. 

FROM TRUTH TABLE TO TWO’S 
COMPLEMENT A weekly glossary of 
computing terms —_—_—— 

: Coming Up 
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INTUITION AN 
IMAGINATION 
It’s rare that the arrival of a new machine is 
preceded with enormous anticipation by the 
microcomputer industry. But ‘leaks’ from 
various quarters ensured that the 
Commodore Amiga created a great deal of 
excitement because of its innovative design 
and exceptional performance. 

The Amiga was originally developed by the 
Amiga Corporation in the USA and was later 
acquired by Commodore. Although the machine 
has appeared in the USA under the Commodore 
umbrella, none of its badges mention the company 
name. Because the computer is aimed at the 
business market or the serious user, and 
Commodore is perceived in the USA as a small 
games machine manufacturer (based largely on 
the success of the Commodore 64), the company 
decided to market the machine with a completely 
fresh image. 

Housed in a single casing with a built-in disk 
drive, the Commodore Amiga looks very 
business-like. The keyboard, which is separate 
from the computer and connected by a generous 
length of cable, has legs on the bottom that can be 
raised to angle the keys for more comfortable 
typing. Although the feel of the Amiga keyboard 
is not the very best around, it is certainly adequate 
for most applications. To the bottom-right of the 
typewriter keys is a cursor cluster that can be used 
to replicate the functions of the hand-held mouse. 

The Amiga comes fitted with one double-sided 
34in disk drive, into which the manufacturers have 
managed to cram up to 880 Kbytes of data. This 
gives the Amiga access to more data on a single 
drive than many computers have on twin drives. 

The front panel to the left of the drive reveals an 
expansion slot when removed. Fitted with 256 
Kbytes of memory as standard, the Amiga can 
accommodate an additional memory module that 
simply slots into the front panel, upgrading the 
machine to 512 Kbytes. To expand the Amiga 
further towards the maximum configuration of 
eight Mbytes, there is a second slot provided on 
the right-hand side of the computer casing 
through which the additional memory can be 
interfaced. Also provided on this side of the 
machine are a pair of nine-pin D connectors 
provided for joysticks or, more relevantly, the 
mouse controller. 

_ The rear of the computer houses the peripheral 
interface connections. From the left these are the 
keyboard port, Centronics printer port, and an 
interface for a second disk drive. The Amiga also 
possesses an RS232C connection for modem and 

SMITH 

MARCUS WILSON- - 
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other serial peripherals and a pair of phono 
sockets. These can be plugged directly into the 
dedicated monitor provided for the Amiga or, 
more profitably, into a hi-fi system where the 
quality of the computer’s sound can be fully 
appreciated. 

The remaining three ports are reserved for 
video functions, including a 23-way connector for 
RGB monitors and a socket for composite video. 
Also available is a ‘video in’ socket that allows the 
Amiga to input video pictures from a VCR and 
display computer—generated images on top of the 
pictures — rather like the Pioneer PX-7 system 
(see page 1589). Future hardware add-ons for the 
Amiga are likely to include a ‘frame grabber’ that 
digitises a frame from a video source, which can 
then be reflected, rotated or otherwise 
manipulated under software control. 

At the heart of the Amiga is Motorola’s 68000 
processor (found in the Apple Macintosh and 
Atari 520ST), but the feature that gives the Amiga 
its outstanding performance is the interplay of 
three custom chips with each other and with the 
68000. Named Agnus, Daphne and Portia, the 
chips can control video display, sprites and disk 
I/O more or less autonomously, freeing the 68000 
to perform processing applications at full speed. 
Agnus, for example, has its own co-processor and 
‘bit image manipulator’ (blitter) that allows it to 
move a million pixels per second. Line-drawing 

Evolutionary Leap 
The Commodore Amiga 
represents a dramatic new 
development in the evolution of 
the microcomputer. The 
extensive use of custom-built 
chips, utilising ‘blitter’ 
technology, greatly enhances 
the sound and graphics 
Capaoilities of the machine, 

while freeing the CPU to 
manage other processes 
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and shape-filling logic also form part of Agnus’s 
circuitry. All of this means that the Amiga has the 
capability to move, alter and fill shapes so fast that 
it creates the illusion of being instantaneous. In 
addition, the blitter is used to transfer disk data 
between the disk buffers and memory. 

‘Two types of sprites are available. The first, 
known as ‘Vsprites’, are controlled from hardware, 
allowing them to move around the screen at high 
speed. The second type of sprite is software 
controlled using the blitter. These “blitter objects’ 
(bobs) allow more complex shapes and colouring 
than Vsprites can achieve. The sum of all these 
features is that the Amiga can produce graphics of 
a speed and quality previously available only on 
dedicated arcade machines. 

The sound capabilities. are also extremely 
impressive — matching the quality of many 
commercial synthesisers. The Amiga is able to 
reproduce digitally sampled real sounds that can 
then be manipulated to any given pitch, complete 
with stereo imaging. Also included as standard is 
speech synthesis, which can talk to you in male or 
female voices, add inflections and process written 
text. Word processors that read your work back to 
you or read messages from your electronic 
mailbox are just two applications that spring to 
mind. The BAsic provided with the system — 
AmigaBasic — supports all these features and 
enables impressive graphics to be produced from a 
few lines of program. (Speech synthesis is 
supported by BAsic commands that translate a text 
string into a string of phonemes, which are then 
‘spoken’.) = 

The Amiga presents a friendly WIMP-type 
environment to the user, called Workbench, in the 
style of the Macintosh and GEM-based machines. 
Files can be loaded by pointing to appropriate 
icons and clicking a button on the mouse. Beneath 
this is the operating system proper, known as 
AmigaDOS, which makes the machine truly 
multi-tasking. AmigaDOS, in turn, makes calls to 
Intuition, the part of the firmware that looks after 
window and mouse control. 

In practice, the Amiga’ multi-tasking 
capabilities allow you to have several applications 
running simultaneously yet independently. This is 
likely to be a major selling point to the business 
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Backwards And Forwards 
The file system used by AmigaDOS is unusual. 
Traditional disk-filing structures have a directory 
track that contains the names of all the files on the 
disk and pointers to the first data blocks. 
AmigaDOS’s filing system is based on a tree 
structure with a complex set of forward and 
backward pointers linking the blocks on the disk. 
There is no directory track as such, but a ‘root’ block 
with pointers to file headers or other directories. 

The file header contains a series of pointers to 
each data block in the file and other information 
about the file — such as its size in bytes and the 
time it was last accessed. The data blocks in the file 
are also chained together by a series of forward 
pointers and each data block also points back to the 
file header to which it belongs. 

This complex system of pointers has one very 
important implication. If a disk is corrupted then, 
given only a single ‘good’ block on the disk, the 
entire disk filing structure can be recreated by 
following and remaking pointer links between 
blocks. The integrity of data is of great importance, 
particularly to business users, and the Amiga’s 
ability to salvage corrupted disks is likely to add to 
its appeal | 

sector since it is the first micro in its price bracket to 
provide such facilities. Because the processing 
capabilities of the machine are shared out on a 
‘time-slice’ basis (each application receiving short 
intervals of attention in turn) there is a 
commensurate loss of speed as more applications 
are multi-tasked together. 

IBM COMPATIBILITY 
A major problem for all computer manufacturers 
aiming at the business market in the USA is the 
dominance of IBM and the reluctance of business 
computer users to try new machines (hence the 
plethora of IBM clones). Although the Amiga 
easily outperforms the IBM PC at about half the 
price, Commodore has further tried to ensure the 
success of the Amiga by producing a 5zin disk 
drive and emulation software option that 
configures the machine to an IBM-compatible. 
Commodore claims that this enables the Amiga to 
run packages such as Lotus 1-2-3. The emulation 
technique, in essence, translates 8088 op-codes to ~ 
68000 op-codes. Obviously, this translation 
process is bound to slow the Amiga down, but 
there are plans to produce a hardware emulation 
board that should alleviate this problem. 

The Amiga sets new standards in terms of 
speed, graphics and sound, and the company’s 
claim that its innovative approach will win it 
completely new markets may well be justified. A 
new computer, however, ultimately stands or falls 
by the amount of high-quality software available 
for it. On its launch in the USA, the Amiga had 
only eight major software packages written for it. 
There are signs, however, that a number of 
software houses are producing programs for the 
machine, including adaptations of some of the 
most popular Macintosh packages. 

The Amiga could be classified as an extremely 
impressive but expensive games machine, or a 
cheap and powerful business machine. Thus in 
some ways the machine might suffer from an 
identity crisis that can only be resolved by the 
market response. 

" MEMORY 

SCREEN 

IN TERFACES | 

MARCUS WILSON-SMITH 
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We conclude our pontoon programming 
roject by adding betting routines to the 
ame and including a title screen. The 
etting routines allow you to place the initial 
ets, and double a bet on a promising hand. 

etting on the turn of the cards is an integral part 
of the game of pontoon. The program gives you an 
initial stake of £10,000. The player’s remaining 
capital is held throughout the game in the variable 
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SK. Various methods of betting in pontoon exist. 
Our version of the program will adopt the 
following system: 

@ The player must bet £50 at the start of each 
round to enter the game. 
@ This initial bet is made automatically by the 
program. 

Having been dealt one card, the player can then 
‘buy’ a second card by making an additional bet of 
up to £1,000. A shrewd player will recognise that 
some cards (for example, an ace) are more 
promising than others and bet accordingly. 

Additional cards can then be dealt to the player 
until he sticks or busts. If the player thinks that he 
has an extremely promising hand, or if he 
underbets on his first card, then he can opt to 
double his bet and be dealt one more card. 

The player wins the round if he has the highest 
score after the computer (the ‘banker’) has played 
out its hand. In this case his bet is returned to him 
and an additional amount equal to his bet is added 
to ‘his capital. Otherwise, he loses the money 
staked. 

THE BETTING BOX 
Throughout the game, the current bet and 
remaining stake levels are displayed on the screen. 
Headings for this box are printed by the routine at 
line 4200, which is called from the ‘initialise game’ 
routine at line 625. This line also resets a variable, 
BT, which is used to keep track of the bet made 
during the current round. 

The ‘print stake’ routine, which starts at line 
4300, is a general-purpose routine that can be 
called from several points of the main program. 
Additional bets are made by setting the variable SB 
before calling the routine. Under normal 
circumstances, SB is added to the cumulative bet, 
BT, and subtracted from the remaining stake, SK. 
However, as the routine is general it needs to make 
several checks on the validity of the bet to be 
made. If the player has less than £50 remaining, 
and the initial automatic bet is made (indicated by 
the flag BG=1) the routine will print a message 
stating that insufficient funds remain and give the 
player the option of restarting the game from the 
beginning. 

If the player wishes to double his stake, but does 
not have sufficient capital, then a message must be 
printed and the bet disallowed. This test is made 
by subtracting the projected bet and seeing if a 
negative remaining stake, SK, 1s left. If so, then the 
bet is added back and the routine is exited. 

The third unusual circumstance is if the player 
attempts to buy a second card by betting more 
money than he possesses. In this case, the routine 
will print an appropriate message and reduce the 
additional bet to the amount of capital left to the 
player. 

The routine then goes on to erase the previously 
printed bet and remaining stake values by 
overprinting a number of space characters, before 
printing the new values. 







TRUTH TABLE 
A truth table shows ali the possible states of the 
inputs to a combinational logic circuit, together 
with their results, after a particular Boolean 
operation has been performed. These results will 
be shown as being either true or false. 

The simplest form of truth table is one 
containing a pair of inputs which can be either on 
or off. When they are combined together, the 
output result is placed in the table thus: 

AND 

The truth table shown describes an AND gate. A 
true result (1) is output along line C when both 
input A and B are true. If either of the inputs is 
false (0), then the output will also be false. 

It is, however, possible to produce truth tables 
for more complex logic circuits. Indeed, it is here 
that truth tables are more often used, as it is 
necessary to ensure that all combinations of the 
inputs that occur produce the correct output for 
the application for which the circuit has been 
designed. 

TTL 
An abbreviation for transistor-transistor logic, 
TTL refers to a type of circuit that operates 
through bipolar transistors, used most commonly 
in mini and mainframe computers and in 
microprocessors. Such circuits are used in 
computers for their high speed and reliability. TTL 
logic uses +5v and Ov to represent logical 1 and 0 
respectively. 

TURING MACHINE 
In reality the Turing Machine is not a machine at 
all but a theoretical model developed by the 
mathematician Alan Turing in the 1930s. The 
purpose of the Turing Machine is to discover 
whether a problem can be solved by a computer or 
not — whether, in present-day parlance, it is 
“Turing computable’ or not. 

The Turing Machine may be thought of as an 
infinite length of tape on either side of a read/ 
write head. This tape holds the data as discrete 
symbols along the length of the tape, grouped in 
units of five, known as ‘quintuples’. By assembling 
a number of quintuples, an algorithm program can 
be constructed. 

The first symbol in the quintuple indicates 
which ‘state’ the machine is currently in, while the 
second should match the symbol under the read 
head of the data tape. If the symbols do not 
correspond then the machine will ‘fall through’ to 
the next quintuple. The third position of the 
quintuple indicates the symbol that should be 

written to the data.tape. If the symbols do not 
correspond then the machine will ‘fall through’ to 
the next quintuple. The third position of the 
quintuple indicates the symbol that should be 
written to the data tape. The fourth position 
indicates the state to which the machine should 
move if the tape symbol and that in the second 
position produces a match. Finally, the last 
position tells the machine whether the tape should 
move to the right, the left or remain where it is. 
Any “Turing computable’ problem (one that 

can be solved by a computer) can be broken down 
into these steps. Note that each of the quintuples 
forms a simple binary problem: ‘If there is a match 
then perform an action’. If the problem cannot be 
reduced to these simple algorithms then it is 
unsolvable by a computer. 

TURNAROUND TIME 
This is the time required between the 
commencement of a job to be carried out on a 
computer system and its completion, including the 
output of any files. The turnaround time can also 
refer to the time it takes to reverse the transmission 
of a data signal. 

TWO’S COMPLEMENT 
Two’s complement is a system devised to 
overcome the problem of addition and subtraction 
of signed binary numbers. To indicate that a binary 
number is negative it is conventional to set bit 
seven (the most significant bit or MSB) to 1. The 
problem with this convention is illustrated by the 
following calculation: 

00011000 24 
+ 10000110 -6 
= 10011110 -30 

To include the sign bit within the calculation yields 
an incorrect result. An improvement in the 
calculation is achieved by using the one’s 
complement (see page 1168) method of addition. 
Here we reverse all the digits in the second number 
but retain the value of the MSB. Thus the binary 
version of -6 becomes 11111001. When we perform 
the addition now: 

00011000 24 
- 11111001 -6 
= (1)00010001 17 

the highest bit ‘falls off’ the end of the byte and we 
are left with a result of 17 — still incorrect, but 
closer to the real answer. Using the one’s 
complement system we will always obtain a result 
one below the correct answer. ‘The solution, then, 
is to perform a one’s complement addition but 
with one added hence the name ‘two’s 
complement’. The calculation using the two’s 
complement system is thus: 

00011000 24 
“ 11111010 -6 

(1)00010010 18 

which is the correct answer. 

(one’s complement) 

(two’s complement) 

Front Runner 
Alan Turing (1912-1954) was - 
responsible for much of the 

theoretical work that laid the 
foundations for the 
development of the 
microcomputer. He was a 
solitary man who found 
inspiration and relaxation in 

long-distance running. In 1952, 
he was convicted on charges 
relating to his homosexuality, 
and he committed suicide two 
years later by eating an apple he 
had injected with poison. The 
Enigma of Intelligence (ISBN 
004-5100-608, £5.95), a 
biography of Turing by Andrew 
Hodges, has been one of the 
biggest selling computer- 
related books of recent years 

THE HOME COMPUTER ADVANCED COURSE 1807 



Sr RIEU EIGHOAOHUNOnanmenenunanenerenenerernettannrtnrarmrtnrtrtncantttt iene REESE eet 

sSSSLEDESebnEscabetsenscasen testes est S ESS SESS SE ESE SESE SST SSUES STASI IDOI CT SSDS ATS IET STRESSES SERGE 

CAROLINE CLAYTON 

a ae 
Hee: 

a 

BH He HE 
Ba ee 

fiitiiee ii 

PARENTAL 
NFLUENCE 

On a multi-user operating system such as 
Unix, facilities for handling files and 
directories must be efficiently designed and 
implemented. The tree structure, on which 
the Unix directory is based, is examined 
here, along with several of the more 
important commands. 

vestecneestitsetae 

In the previous instalment (see page 1784) we saw 
how every user on a multi-user operating system, 
such as Unix, has their own special area of disk 
storage, known as a directory, in which they can 
keep their own programs and data protected from 
interference from other users by a password 
system. Additionally, it’s also necessary to have the 
following: ‘public directories’ containing system 
programs available to everyone; ‘system 
directories, which keep, among other things, 

: information on users and their directories; and the 
ability to present more than one directory so that 
users can keep different aspects of their work 
separate. 

This means that there could be a very large 
number of directories with users having varying 
degrees of access to them. For example, all users 
will want to move freely about among their own 
directories while being able to run programs on 
public directories, but only some will have the 
freedom to make changes to these programs. 

It’s a good idea to know what other directories 
there are, and even what files are on them. It must 
also be possible to move or copy files between 
directories, although not necessarily to be able to 
make any changes to them. Unix has a rather 
complicated directory structure, enabling users to 
create new directories and delete those that they 
have created. It also includes commands for 

Root And Branch 

Unix’s directory structure 
enables users to concentrate 

their own activities within 

limited subtrees without 

distraction from a host of other, 

irrelevant files. A file is referred 

to by its pathname through the 
tree, from the root node. Thus, 
user Jane’s directory is referred 
to as /usr/dept1/Jane 

{Usr /Deptl 

{jane 

/Usr {/Deptl 

/jonn 
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moving around to different directories and 
transferring files. 

The directory structure used by Unix is the tree 
structure, used throughout computer science for 
organising sets of data with complex 
interrelationships. Each directory can contain a 
number of files and a number of sub-directories, 
all of which are given names so that they can be 
referred to. Although in many situations Unix will 
treat sub-directories and files alike, it nevertheless 
keeps track of which is which. Such a sub-directory 
is a descendant, or child, directory of the parent 
directory that holds its name. Each directory will 
therefore have one parent and an unspecified 
number of descendants. 

If we follow the chain upwards looking at the 
parent directory each time, we must come to a halt 
eventually at a directory with no parent. This 
directory is known as the rootand is referred to by 
ihe name /. Any other directory can be referred to 
by its pathname, which is a list of directories 
starting at the root, separating each directory 
name with /. 

The diagram shows a simplified Unix directory 
system. The full name for the directory of user 
John is /usr/dept1/John. A file also has a full name, 
which consists of the pathname to the directory 
that contains it, followed by /filename. It’s not 
normally necessary to use a full pathname to 
specify a particular file — not only can it often be 
abbreviated, but it can be omitted entirely when 
working solely within the user’s own directory. 

If you need to find out the full pathname of the 
directory you are in, the command pwd (print 
working directory) will provide it for you. 

FREEDOM OF CHOICE 
Unix has more freedom than nearly every other 
operating system in the names that can be used for 
files and directories. Up to 14 characters can be 
used, and it is possible to use any characters 
including spaces — but it is advisable to avoid 
certain special characters that Unix reserves for 
particular purposes. These are: 

VP SOT Ss 

a 

ac nn A 

gy ——— 



When referring to file and directory names, Unix 
has a wild card system for abbreviating sets of 
names. The following wild card characters can be 
used: 

®? is used to match any single characters. 
@* will match any group of characters, excluding a 
full stop as the first character in a name. This is to 
protect system files such as .login or .cshrc from 
accidental erasure. 
®(] (with a list or range of characters inside the 
brackets) will match any single character with one 
of the characters inside the brackets; such as 
[a,e,f], [A-Z] and so on. 

To see how these work, let’s consider some of the 
commands available for file manipulation. 
The ls command is used to list the files and sub- 
directories within a directory, and like many Unix 
commands, Is can take a number of options (the 
complete set is shown in the box). There are two 
commands that allow you to list the contents of a 

file; cat, which can also be used to concatenate 
files, and more, which allows you to view only a 
screenful of information at atime. 

Users can create and remove their own sub- 
directories at will. The command mkdir will create 
a new sub-directory of the current directory, and 
rmdir will delete it, provided it has no files or sub- 
directories left in it. 

The current working directory can be changed 
using the cd command. If the new working 
directory is a sub-directory of the old one, the 
directory name is given; but if the new directory is 
somewhere else, a full pathname must be given. 
The use of cd without a directory name always 
takes you back to the home directory (the one to 
which you originally logged in). 

We give an example Unix session using some of 
these commands. Comments have been inserted 
(enclosed in braces {}) to explain what is 
happening — they do not occur in the actual 
dialogue. 
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DP OPPORTUNITIES 

Ladder To Success 
DP offers a number of differing 
job opportunities, ranging from 
the managerial role of the 
department manager to the 
intellectual challenge of 
systems programming. Our 
diagram shows the different 
career paths available, together 
with an indication of the salary 
range for each job 

CAROLINE CLAYTON 

Over the last 30 years, data processing has 
grown into a large, powerful and well-paid 
industry, with a seemingly never ending 
demand for new workers. As a consequence, 
this expanding sector of the job market 
offers a wide variety of career opportunities, 
many of which we look at in this instalment. 
Eee i st a ay Se age 

Operations Manager 
£8-13,000 

DP Manager 
£12-20,000 

Systems 
programmer 
£10-15,000 

analysis 
£9-15,000 

Programmer 
: £8- 14,000 

Operator 
£5-9,000 

Data control/Preparation / 

Entry clerk 
£3,500- 

£6,000 
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Each week, Computing and Computer Weekly 
carry over 100 pages of job advertisements 
offering careers in data processing with salaries 
ranging from £10,000 to £15,000 and upwards. 
Let’s look at the opportunities this field really 
offers, what the career paths are and how the 
novice can enter the industry. 

We should first ask what data processing 
actually consists of. Essentially, DP involves the 
manipulation, retrieval and storage of information 
relevant to an application. Much of DP revolves 
around routine records — dealing with a> 
company’s accounts or payroll, for example. 
A career in DP doesn’t mean you will 

automatically get your hands onto the latest piece 
of microcomputing hardware. On most DP sites, 
the micro is still seen as a toy and 90 per cent of the 
work is carried out on minicomputers or 
mainframes, provided by manufacturers like IBM, 
ICL and Burroughs. 

The Careers Ladder table shows the major job 
areas and ‘rungs’ in the DP sector. These are not, 
however, hard and fast categories. In some sites, 
for instance, one person will combine the role of 
analyst and programmer, in others that of operator 
and programmer. In general, however, these are 
the job categories into which you could sift 90 per 
cent of the people in the industry. 

At the bottom of the ladder are the ‘data 
preparation’, ‘data entry’ or “data control’ clerks. 
These jobs involve little or no real computing 
knowledge and, as the salary levels show, are 
carried out by unskilled workers. The work 
effectively involves ‘keying’ data into a machine 
via the keyboard onto a disk or tape. It also 
involves decollating paper and dispatching it. On 
smaller sites, this area of work will be carried out 
by secretarial staff with help from operators and 
programmers. It’s debatable whether a data 
preparation clerk can really be considered as one 
of the DP staff. On many sites, data preparation is 
seen as an unskilled and dead-end job that doesn’t 
lead to a career as a programmer or operator. 

THE OPERATOR’S JOB : 
The operator, the next step up from the data 
preparation clerk, is responsible for the running of 
the computer itself. The operator’s job can 
therefore be likened to that of a driver of a car 
while the programmer can be seen as a navigator. 
The operator is responsible for physically 
initiating jobs on the machine, loading tapes and 
disk packs, loading paper into printers and starting 
machines up and switching them off. 

Traditionally, it was relatively easy to transfer 
from the ops side to programming. But with the 
‘de-skilling’ of the operations role and the 
increasing number of graduate trainee 
programmers, this tradition is fading fast. In fact, 
there is now a glut of people in operations trying to 
get out of the field. How easy it is to transfer from — 
ops to programming depends very much on the 
attitude of the managers on the site. While being — 
an operator for a short time shouldn’t be ruled out, 



it is important to ascertain attitudes to promotion 
before taking it on. 

Most people looking to have a long-term career 
in DP will try to step on the ladder at the next 
highest rung — the programmer. Compared to 
programming on a micro, however, programming 
in a DP environment tends to be a much more 
specialised activity. 
AS a novice programmer, you will probably 

learn either COBOL Or FORTRAN (or possibly PASCAL) 
enabling you to write applications software. On 
many sites, however, depending on the hardware 
used, there is another programming layer — that of 
systems programmer. Systems software sits 
between the computer’s operating system and the 
applications software being run, and is almost 
always written in a machine-specific low-level 
language, most likely assembler. However, c is 
becoming quite popular in this field because of its 
speed and portability. 

_ Many programmers will go on to become 
systems analysts, the newest of the main job roies 
in DP. Essentially, the systems analyst is in charge 
of deciding with users what kind of information 
they require or could benefit from. The job calls 

for the ability to talk to managers who may have 
no understanding of computing, and to explain to 
them what is and isn’t possible. Many people 
distrust and fear computers, regarding them as a 
threat to their livelihoods. The systems analyst has 
to be able to chip away at this distrust and get an 
accurate picture of exactly what a particular job 
involves. For this reason, analysis calls for 
considerable communications skills (and a 
considerable amount of patience and diplomacy). 

As a programmer, you have a choice of two 
career paths — become a software specialist or a 
systems analyst. Which route you choose to follow 
depends very much on your character and outlook 
on life. If you are a loner who doesn’t really need a 
lot of human contact in your working life, then you 
may be happy to stay in programming. Indeed, 
programming, if you find the night area to 
specialise in, can be extremely lucrative and very 
intellectually rewarding. If, on the other hand, you 
like working with others and the idea of staring at a 
screen for the rest of your life sounds worse than 
dismal, systems analysis may be the answer. 

The DP manager carries out three functions. 
With the aid of systems analysts and senior 

Action Stations 
Our illustration shows the 
interior of a typical DP 
department in a large company. 
The position of such 
departments has been 
significantly eroded over the 
years aS more departmental 
heads get access to their own 
desk-top micros. Nevertheless, 
DP remains a major source of 
employment and offers 
significant career opportunities 
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Courtesy of Saville and Holdsworth Occupational Psychologists. 81 High Street, Esher - 

Testing Testing... 

Employers are often unwilling to 
rely solely on selection by 
interview and will require job 
candidates to complete one or 
more tests to determine their 
Suitability. These tests, usually 
designed by occupational 
psychologists, are in some ways 
similar to 1Q tests but go further 
in their assessment of job- 
related skills. Our illustration 
shows a stylised representation 
of some of the problems that 
might be faced by an applicant 
for a technical apprenticeship. 
From top left: spatial reasoning, 
mechanical comprehension, 
visual estimation, spatial 
recognition, verbal reasoning 
and numerical computation 

programmers, the manager chooses and evaluates 
new hardware and software for the site. Secondly, 
he is responsible for managing those working in 
the DP department and for ensuring that they 
receive adequate training. Finally, he represents 
the department to the outside world, reporting 
either to the board or to the management services 
manager. 

There are four main ways of becoming a 
programmer: you can progress from being an 
operator (not a route we would particularly 
recommend), you can enter the field from a TOPs 
course, aS a computer science graduate, or as a 
graduate trainee with a degree but one which is not 
directly relevant (or as someone who has relevant 
business experience but no previous computing 
experience). Let’s consider each of these options 
in turn. 

The government-run TOPs courses offer a 
good basic training in one of the main DP 
languages — normally coBo_. Entry to the course 
is based on test results, with graduates generally 
being slightly favoured. But that’s only the 
beginning. In 1982, almost everyone on a TOPs 
course got jobs on leaving — today that simply isn’t 
the case, and many TOPs graduates are 
unemployed for months after leaving. There is 
also evidence of occasional discrimination against 
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TOPs graduates — some job advertisements 
specifically ask TOPs people not to apply. That 
doesn’t means that ‘TOPs courses aren't worth 
doing, though. Tens of thousands have got jobs 
because of them. But before doing one, try to 
assess the success rate that the college has achieved 
in the past. 

Unquestionably, programming (and DP in 
general) is rapidly becoming a_ graduate 
profession. Computer science graduates can really 
pick and choose, and even graduates in English or 
a social science should be able to get a traineeship 
providing they can pass the all important test. 
Maths or science graduates with some experience 
on a university mainframe are off to a flying start. 

DP isn’t a closed field to those who are slightly 
older and who have useful industry experience. 
Ford, and a number of other automobile 
companies, have trained line managers with a 
good knowledge of the motor industry in 
programming. A number of companies team 
experienced programmers with managers in the 
hope that a closer reflection of user needs will 
result. 

IN-SERVICE TRAINING 
Progress in a DP career depends very much on the 
amount of training you can get. ‘Training in some 
arcane branch of systems software, for instance, 
could provide you with skills worth $4,000 to 
S7,000 a month in the USA. Even in an 
apparently tight economy, do try to find out what 
your potential employer’s record is on training 
before committing yourself. Some companies give 
their staff minimum training, or expect them to 
learn on the job in the general belief that a well- 
trained employee is a footloose employee. In 
general, the larger the company the better the 
training — BA and BT have particularly good 
records. 

Apart from training, the other main factor 
affecting salary levels is your machine experience. 
In general, it is quite hard to skip from one 
manufacturer’s machine to another — if you have 
been working on ICL machines it is difficult to get 
ajob on an IBM site. This reflects the fact that each 
manufacturer has developed different systems 
software and.that these can differ considerably. It 
would be dangerous to get a job working on an 
aged machine from an unsuccessful manufacturer, 
since your skills would obviously be in negligible 
demand elsewhere. It would be best then to work 
on an IBM site (over 80 per cent of all mainframes 
worldwide are IBM). But Honeywell and 
Burroughs both have large user bases as well. ICL 
is possibly in danger of losing its grip on the UK 
mainframe market and would not be a good bet if 
you wanted to work overseas. You should think 
carefully before embarking upon a career 
involving specialisation on Univac, NAS or 
Kienzle hardware. | 

In the next instalment, we'll be looking at the 
retail and marketing opportunities associated with 
computer sales. | 

v 
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A logical organisation of software and data 
can be maintained in MS-DOS by placing 
system utilities, applications and data files in 
a hierarchical tree of sub-directories. We 
look here at some of the ramifications of this 
— namely, that users must be constantly 
aware of both the sub-directory in which 
they are working and the local branches. 

The Unix utilities pwd (print working directory) 
and tree (display the directory structure) are not 
always provided by OEMs supplying MS-DOS, 
but other alternatives are available. By. including 
the characters Sp in the prompt command, the full 
pathname (from the root of the current drive) will 
be displayed as part of the DOS prompt after 
every command terminates execution. 

Supposing, however, that we are working in a 
sub-directory called, say, WP (for word 
processing), and we wish to format a disk and 
make a copy of a new document. Giving the 
command format b: is of no use because the 
transient utility FORMAT.EXE is in a sub-directory 
called system. We must say \system \format b:, using 
the full pathname. If another program, called 
WCOUNT.EXE (word count) was on drive Cin a sub- 
directory several levels down, we would again 
have to give the complete pathname for it to be 
found and executed. So counting the number of 
words in a document called report!7.doc might 
mean typing 

C:\text\tools \weount report 17.doc 

Fortunately, there is a very easy way round this 
problem. The resident command path will display 
or create a list of default paths that will be searched 
by MS-DOS whenever an_ unrecognised 
command is not located in the current directory. 
On its own, path will display the message No path 
before any defaults have been specified. If the 
most frequently used programs and utilities were 
all to be found in the directories just given, we 
could give the command: 

path=A: \system:C: \text\tools 

Now, whichever disk or directory is the current 
one, the command processor will find any 
program in the current directory or either of the 
other two just specified. The search is conducted in 
the same order as the paths are listed; so, for 
example, if a program name was to be duplicated, 
the first match would be executed. 

One word of warning: spaces must not be 
inserted in the argument list, since they are 
regarded as terminators. The command: 
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path C:\system; A:\mylib; C:\text\tools 

would subsequently fail to find anything that 
wasn’t either in the current directory or on drive C 
in the system directory. 

REDIRECTION 
The Unix-inspired versions of MS-DOS (versions 
2.0 onwards) have the ability to ‘redirect’ I/O 
from and to both system devices and disk files. ‘The 
standard system devices such as CON (the console) 
and PRN (the printer) are handled in exactly the 
same way as a text file on disk would be. Using the 
resident command type will normally display the 
contents of a text file on the screen, but the output 
may be redirected, with the chevron symbol (> ), 
to any device or file we wish. For instance: 

typereportl/.doc > prn 

will initiate the printer and produce hard copy of 
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the file. The command: 

dira: > c:nov22.dir 

would list the directory contents — not to the 
VDU as usual, but to a file on drive C with the 
name nov22.dir. By using redirection of output in 
this manner, any program or utility can be made to 
send its output to any file or device on the system. 

The double chevron, >>, causes the same 
output redirection but without overwriting the 
previous contents ofa file. So after: 

cir p= = ¢:nov22. cit 

the file nov22.dir will contain a list of the files and 

any sub-directories in the current directories of 
drives A and B. 

When used in isolation, this is merely 
convenient but, if combined with a few simple 
‘software tools’, the use of I/O redirection can 
almost transform MS-DOS into an effective 
interactive programming language. 

Some of the most effective software tools are 
simple programs that make some change to the 
data read from standard input before passing it on 
to standard output. These are called ‘filters’, from 
the obvious analogy with electronics. Filters can be 
written very easily even by a novice programmer, 
with the proviso that they must be written in a 
compiled language so the machine code produced 
is ‘stand alone’, and that they may be executed just 
like any system utility without the need for an 
interpreter or the source code to be present. 

Unix and MS-DOS versions 2/3 have the 
ability to connect files with either of the character 
handling routines for the standard system input 
and output devices. To redirect input, < is used. 
In this case, any program that expects input data 
from the keyboard may be instructed to obtain it 
from a file. This includes both transient and 
resident commands. For example: 

date < date.now 

will accept a string representation of a date from a 
file called date.now — the normal output message 
produced by the command appearing on the 
screen as usual. This can be very useful if only a 
software clock is available, which is reset every 
time the system is rebooted. Including the previous 
line in the autoexec.bat file saves having to retype 
the date continually. 

There are some useful filters supplied as MS- 
DOS transient utilities. One of them (MORE.COM) 
takes any input text and simply copies it to the 
standard output. After every 23 lines, however, 
MORE displays the message: 

——oie = 

and waits for a key to be pressed, thus enabling a 
screenful of text at a time to be viewed at leisure — 

for instance: 

more < report.doc 

Naturally, output redirection is not especially 
useful with MORE. 
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One of the most useful MS-DOS transient 
utilities is SORT.EXE. This is a filter that reads lines 
of text and, before copying them unaltered to the 
standard output, sorts them into alphabetical 
order. If we wanted a sorted directory listing of all 
text files, for example, this could be achieved with: 

dir *.txt > temp.dir 
sort < temp.dir 
del temp. dir 

MS-DOS, like Unix, allows these processes to be 
performed in one operation by means of a ‘pipe’ 
or ‘pipeline’. The | symbol is used to indicate that 
the output of one process should be redirected to a 



Floor Pian 
The hierarchical file structure of 
MS-DOS can be thought of as a 
series of interconnecting 
rooms. Entry to certain rooms 
can only be made through 
others, reflecting the tree 
structure of the directory 
system. ‘End’ rooms represent 
actual files or programs, rather 
than directories, and are 
coloured blue on the diagram. 
Let’s say that we were working 
within the sub-directory called 
‘mylib’ (coloured red) on a text 
file called ‘report17.doe’. Utility 
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programs such as word 
counters (wcount) and disk 

formatters reside in other 
‘rooms’. To avoid having to 
specify the complete path from 
the root each time we wished to 
use a utility, MS-DOS provides a 
path command which defines 
default paths. To allow us direct 
access to the utility directories 
we could issue the command: 
path \system; \text\tools, 
which would specify two 
alternative search paths for the 
utility we required 

channel or stream that is to act as the input source 
for a subsequent process. In the case just 
illustrated, therefore, we need only sav: 

dir *.txt! sort 

Any required temporary files are handled invisibly 
by MS-DOS, and are directed automatically when 
a pipeline terminates. 

The command sort may take options including 
/r (to sort in reverse order) and /+n (where n is any 
number), indicating the character position on each 
line at which comparisons for sorting should start. 
The MS-DOS directory details include the file 
sizes in bytes (starting at the 15th character 
position) and also the time and date of creation. 
We could therefore produce a hard copy listing of 
the directory sorted with the largest files listed first: 

dir|sort /r /+15 > prn 

Another powerful DOS filter (FIND.EXE) can be 
used, for example, to find strings in any given text 
files, which can be performed simply with: 

find “sort ” C:\articles\MSDOS4_.txt 

Each line of the file containing the string “sort” is 
listed to the output (once only, even for multiple 
occurrences on the same line). Notice that the 
space following “sort means that sorted and sorting 
are not found. Nor, because find is case-sensitive, 
would Sort be located. 

This deficiency can easily be overcome by 
writing our own simple filter (LOWER.EXE) to 
convert all input to lower case. Piping it ‘in series’ 
before other piped commands instantly cures all 
the other tools of their case sensitivity: 

lower < meeting.doc| find “metal” | more 

would list every line in the document (meeting.doc) 
that made reference to metal, metallic or 
metallurgy (whether capitalised or not) and pause 
after every 23 such lines had been displayed. 

The power of pipes and redirection is well 
illustrated with commands such as: 

dir *.pas | find “-08-85" | sort > ptn 

which prints all PASCAL source (.pas) files created in 
August in alphabetical order. The output of find 
may be listed with the line numbers prefixed (the 
/n option) or the display of lines can be suppressed 
and just a total count of the number of occurrences 
obtained with /c. The /v option finds all lines not 
containing the string. 

Suppose we have a text file (company.dat) 
containing some names and other details, 
including salaries, starting in column 25: 

lower < company.dat! find “smith”/v | sort/+25 | more 

would produce a list of everyone not called Smith 
or Smithers and so on, sorted in order of 
decreasing salary. 

By using pipes and redirection, we have 
effectively created a new program on the 
command line by building it on the spot from 
simple filtering software tools. 
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POINTING 

The pointer, a special variable type provided 
by c, may be used to reference absolute 
memory addresses. We examine here the 
declaration procedure and the use of this 
powerful facility before taking a closer look 
at string handling. 

Designed as a replacement for assembly language, 
c has a range of features that other high-level 
languages do not possess. One of these is the 
facility to refer directly to machine addresses. 
PascAL has ‘pointer’ types, but the 
correspondence between these and machine 
addresses is not at all clear. In c, the pomter type 
does refer to actual addresses, though it must be 
remembered that on a multi-tasking machine, 
particularly one that uses virtual memory, actual 
knowledge of the numerical address of a variable 
is not normally particularly useful. 

Nevertheless, c has the capability to refer to 
absolute addresses and so can be used for driving 
hardware devices directly. Every variable, of 
whatever type, has an address that can be assigned 
to a pointer. It is often more convenient, 
particularly with strings (arrays of characters), to 
use pointer arithmetic to access elements of the 
string rather than to use the normal array 
subscripting. 

The * character is used to declare a pointer 
variable, so: 

int *p ; 

would declare-a pointer variable p. Note the int 
declaration — pointers can only point to a 
particular variable type (the ‘base’ type), so if we 
wanted a pointer to access variables of type char, 
we would need to enter: 

char “p ; 

and so on. The * character, when used in this 
fashion, simply means ‘create a pointer’, so at this 
stage the pointer itself does not actually point 
anywhere at all. 

To initialise a pointer to the required value, we 
use the ampersand character — & — which, when 
placed in front of a variable, has the effect of 
returning the address of the variable rather than its 
value. So: 

p= &i; 

would set up p as a pointer to i. At this point, you 
should note that the * character can also be used to 

indicate the value pointed toby a pointer variable. 
In this case: 

i=“p; 
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would store the value pointed to by p ini, whereas: 

Tei; 
would store the address pointed to by p. You will, 
of course, need a ‘cast’ to avoid compiler error 
messages when handling absolute addresses, as in: 

p = (int*) 1000; 

The increment and decrement operators ++ and -- 
can be used with pointer variables, and they 
increment or decrement by the appropriate 
amount for the type of value being pointed at. On 
a system that uses four-byte integers, therefore, if p 
is a pointer to the first element of an array of 
integers, then p++ willincrement the address in p by 
four to point to the next element. The same thing 
would happen if we used p=p+1: it would add on 
the size of the appropriate data item rather than 
just one. This emphasises the fact that pointers are 
not the same thing as integers, even if the values 
stored therein are actually integer numbers. 

Pointers can be passed as parameters in 
function calls. This gives the facility to pass by 
reference — that is, the value of the pointer will be 
passed to a local variable in the function, but this 
value will still point to the same item as it did in the 
calling program. Thus, changes made to the stored 
value will still be there when control is returned. 

There is a very close correspondence between 
pointers and arrays. When an array is declared, the 
unsubscripted array name is, in fact, a pointer to 
the first element in the array. In other words, given 
int a[100], *p, then p =a; and p = &a[0]; are entirely 
equivalent. This means that access to elements in 
the array (or to sub-arrays) can often be done 
more efficiently by arithmetic on pointers rather 
than by subscripts. 

USING STRINGS 
Strings are simply one-dimensional arrays of char. 
Since their use is fundamental to many 
applications, however, c provides a few special 
facilities and library functions to carry out the 
normal types of string processing. In c, a string 
consists of an array of char in which the actual 
characters that make up the string are followed 
immediately by the null character \o (ASCII 
zero). This may occur at any point in the array, so 
we have at least the illusion of dynamic strings of 
varying lengths even if the underlying arrays must 
be of fixed length. Remember that the \o character 
will take up one character position in the array, so 
it must be defined with at least one more element 
than the maximum number of characters. 

String constants may be used, if they are 
enclosed in double quotes, and may be assigned to 
an array of char of adequate length — the \o 
terminator will be added automatically. The 
variable to which they are assigned can be either an 
array or a pointer to char: 

chars: 

“$= abe; 

causes the four characters a, b, cand \oto be stored 

| 



ae ee i es 

He 

i i i L L _ 
i L a i |. 

When first declared, the pointer 
does not actually point 

aq anywhere at all. Only after a 
value has been assigned to it 
can it be put into action 

Three stages in the use of a 
theoretical pointer CharPtr — 
used to reference different 
elements of the string array 
STRING[] — are shown here. 

Note that after initialisation, 

CharPtr returns an address, 
whereas *CharPtr returns the 

value held at that address. 
Pointers can be incremented 
and decremented to point to 
different elements of an array — 
the pointer value will be 

* indicates, ina 

declaration, that the 

variable is a pointer 

BASE TYPE — Each 
pointer needs a type 

declaration indicating 
the data type pointed 
to 

CharPtr now holds the AIA NAN ARENT RISO 

adjusted according to the ‘base CharPtr = ADDRESS of the zero element of 
data type’ given in the cr the array STRING[] - 

declaration statement. For The & symbol, when placed 
example, a base type of char in front of a variable, returns 

will result in adjustments in the ADDRESS of the variable, 
single-byte steps, and int would rather than its value 
(on most systems) result in 
double-byte adjustments 

Prefixing CharPtr with a * 
AVariable = enables us to access the value 

... held at the address pointed to. 
The * symbol, causes the | 
pointer to return the CONTENTS 
of the location it points to, 
rather than the address 

address in s, which starts off pointing to the 
character a. After ++s, s would then point to the b, 
and so on. 

Pointers are variables like any others so that 
they occupy storage space that has an address. It’s 
therefore quite possible to have pointers to 
pointers and so on. This can make things rather 
difficult, but there are quite a few uses of arrays of 
pointers. One in particular is in recognising 
command line arguments — that is, characters that 
are typed on the same line as the call to the 
program. 

There are two special parameters that can be 
passed to the main function, which provide access 
to these. They are argc, which gives a count of the 
number of command line arguments (arguments 
being separated by at least one space), and argv, 

which is an array of pointers to strings with argc 
elements. Each element in argv will point to the 
first character in that number string on the 
command line. The following short program 
illustrates this by simply printing out the command 
line arguments one per line: 

main(argc,argv) 
int argc; 
char “argv[]; 
/* note thatthis declaration gives an array of pointers */ 

int i; 
for (i= 1; i < argc; i++) 

printf(“%s\n’ ,argv[i]); 
/* notethatthe ‘%s’ format requires a pointer toa 
string */ 
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GETTING INTO 
THE SUBROUTINE 
cA eee — cme 

Structuring your programs sto include calls to 
self-contained subroutines is an extremely 
handy way of ensuring that they are 
economical, adaptable and easily debugged. 
We discuss the 68000’s JSR (‘ump to 
subroutine’) instruction, and illustrate its 
usefulness with a coded example. 

To Show the | TiO to subroutine’ ection Gi in 
action, let’s begin with a simple program to 
transform an array of 10 words length using the 
formula: 

TARRAY|[I] := ARRAY[I] “2 +20*ARRAY[I] 

and produce a sum of all the TARRAY items in a 
location called SUM. The formula looks a bit 
forbidding but really all it says is ‘take each array 
element, square it, add on 20 times the array 
element, and then store the result in the 
corresponding element of the new array, TARRAY’. 

The 68000 implementation of _ this 
transformation is shown in Listing One. To check 
the correctness of the program we must check the 
values of TARRAY for the test data (1 to 10) stored in 
ARRAY. If you run the program, the values stored 
will, of course, be 21, 44, 69, 96, and so on. Note 
that the problem did not specify the range of 
numbers that would be used in ARRAY. If our 
answers are to be correct then the result of the 
transformation (and the sum) should fit in a word 
length — that is, 16 bits. 

This is, of course, by no means a unique solution 
to the problem, and there are other ways of 
achieving the same result. This obviously relates to 
the problem of program design and it is at this 
stage of the coding process that the importance of 
the subroutine — particularly in assembly 
language — becomes evident. 

There are many methods of program design, 
but one way in which we can achieve what we 
might call a ‘tidy’ program (and one that will be 
easily comprehensible when we return to it later) is 
called functional decomposition. This is a method 
where the aim is to arrive at well-defined sections 
of programs that perform certain functions on 
data. The functions are described by verbs such as 
‘calculate’, ‘transpose’ or ‘check’, and these 
sections of code, in a high-level language, are 
called procedures, with the data being passed via 
parameters. 

At the level of assembler coding, the only 
convenient modular construction available to us is 
the subroutine, which on the 68000 is called by: 

JSR SUBR 
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This alters the program flow by causing a jump to 
the code section labelled SUBR. The code at SUBR 
will be executed until the instruction RTS is 
encountered, where the flow of program control 
then returns to the instruction following the calling 
JSR instruction (the mnemonic JSR stands for 
‘jump to subroutine’, and RTS stands for ‘return 
from subroutine’). 

Let’s go back to our sample program. Suppose 
that instead of performing the calculation of 
squaring, multiplying and adding ‘in one line’, we 
wished to ‘decompose’ this into a subroutine call to 
achieve a better design. We would end up with 
something like the program shown in Listing Two. 
All that has changed is that on line 6 we have a 
subroutine call to CALC, and that what was in lines 6 
to 9 is now contained in lines 12 to 15 — with an 
RTS placed at the end of this. 

The advantage is that we now have a well- 
defined section of code (lines 12 to 16), 
performing a clearly defined operation on data 
passed to it via D1 (a parameter). Not only is this 
good design but also we can call this code — CALC 
— as many times as we like from wherever we like, 
in order to repeat the same calculation on any 
other data passed in D1 (and returned in D2)! 

One further point to note when implementing 
subroutines, particularly in a multi-user 
environment, is that it is generally considered 
good practice for a subroutine to have only one 
entrance and one exit. This means that calls to 
other routines from within a subroutine should be 
avoided. It is also unwise to implement a large 
number of conditional ‘returns’, which can make 
debugging particularly difficult. 

ADVANTAGES OF SUBROUTINES 
The subroutine not only promotes good 
program design, but can also be thought of as a 
means whereby we can achieve an economical 
program (in terms of memory storage). This 1s 
because we would not now have to repeat the code 
for CALC each time we used it. It certainly is 
adaptable — both in terms of the ability to call 
CALC at many points in the program, and also 
because if we want to modify the transformation in 
some way we only have to look in one place in the 
program to do this. 

For example, suppose the transformation 
should have been: 

D2 :=D1°2-20*D1 

the new CALC subroutine has line 15 changed to: 

UB Dae 

in order to achieve this. Furthermore, not only is 



the program more adaptable but it’s also easier to 
debug. For example, we can test CALC with all sorts 
of values passed to it in D1 and evaluate the results 
in D2 without any additional complications of 
‘embedded’ programs or irrelevant data. There 
must only be one entry to the subroutine (at the 
subroutine address label), and only one exit (at the 
RTS instruction). ‘Thus we can say that structuring 
our programs with subroutines will indeed make 
testing and debugging easier. 

Overall, we seem to have satisfied our criteria 
for ‘good programs’ — at least in terms of 
economy, adaptability and reliability. Using 
subroutines does, however, entail a few 
drawbacks. In order to explore these — and also to 
examine the parameter passing — we need to look 
at the stack mechanism on the 68000. 

THE STACK MECHANISM 
When we execute a JSR instruction we need to 
remember the address of the next instruction in 
the calling sequence (the subroutine ‘linkage’). 
The JSR instruction causes the address of the next 
instruction to be pushed onto the stack (using four 
bytes for the full long word address), and the 
program counter (PC) to be loaded with the 
address of the subroutine. When the RIS is 
executed in the subroutine, then the PC will be 
loaded with the address popped off the stack, and 
so execution continues after the subroutine call. 
All this address manipulation is transparent to the 

user because the 68000 takes care of everything. 
But there are side effects that the programmer 
should be wary of. 

First of all, we must make sure that the stack 
pointer, SP, (or A7 on the 68000) is correctly set, 
otherwise we will overwrite code or data, or even 
violate hardware addresses! The usual way to do 
this 1s to use: 

STACK EQU $1000  “setstack to 1000 hex — 
BEGIN LEA STACK,SP  “*initialise the stack 

pointer 

and our stack will grow from 1000 down to zero 
(because each ‘push’ is a pre-decrement). 

Secondly, we must make sure that the stack does 
not get too big! Here we have to estimate how 
much of the stack we are going to use — which can 
be very difficult. For relatively simple programs 
with simple subroutine calls and use of the stack, 
an examination of the code with a safety factor will 
give an accurate answer. For programs that are 

‘nested’ (that is, where one subroutine calls 
another) or ‘recursive’ (where a subroutine calls 
itself), then the problem of stack sizing can be too 
difficult to evaluate, and other trial and error 
techniques have to be used. 

In the next instalment, we will give more 
detailed examples of subroutine calls and, in 
particular, concentrate on methods of passing 
data to and from the subroutine, in some cases 
using some unique 68000 instructions. 
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youn pee 
§ g2%ors 

Walk This Way 
Although Shadow of the 
Unicorn has a number of arcade 
elements included in its design, 
the basis of the game is that of a 
traditional adventure. The player 
controls a number of characters 
who search the various 
locations for clues and 
assistance in helping them 
defeat the powers of evil 

Value Added Packs 
The Mikro-Plus ‘dongle’, which 

is supplied with the Shadow of 
the Unicorn adventure, provides 
the player with an additional 16 
Kbytes of usable memory, thus 
improving the extent and quality 
of the game. Also provided with 
the Mikro-Plus is a joystick 
interface, since Interface 2 . 

cannot be fitted with the dongle 

ARE BEAST 

Besides being 
software from one cassette to another cheats 

the authors and manufacturers out of 
thousands of pounds annually. Mikro-Gen’s 

illegal, copying games 

Shadow of the Unicorn incorporates 
‘dongle’ technology, which the industry 
hopes will thwart the software pirates who 
have so far gone almost unchecked. 

Dealing with tape piracy has become something a 
an obsession with software houses. The companies 
reckon they're losing thousands of pounds a year. 
to pirates. The problem is that the most popular 
medium for computer games remains the cassette 
tape, which is, unfortunately for the software 
houses, the easiest to copy. 

The idea of the ‘dongle’, a hardware device that 
plugs into the computer, has been around for some 
time. The dongle contains part of a program, and 
without it the rest of the program (held on cassette 
or disk) will not run. The problem with dongles is 
that they are more expensive to manufacture than 
standard cassettes. This means that software 
houses adopting the system must convince the 
public that dongles are in their own best interests 
and not just to benefit the manufacturer. 

Mikro-Gen is the first of the games houses to 
adopt the dongle as a method of preventing 
software piracy. The first game to be launched 
under the new format is Shadow of the Unicorn, 
which is divided between a program held on a 
normal cassette tape and a dongle device that 
plugs into the Spectrum’s expansion port. 

The dongle itself consists of a 16-Kbyte 
EPROM, a joystick port and a joystick decoder 
chip. The EPROM contains the loading facilities 
for the cassette and a number of the graphics 
routines used throughout the game. On power up, 
the EPROM is banked into the areas of memory 
normally occupied by the BAsic ROM, allowing 
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additional room for the remainder of the program. 
An arcade-style adventure — rather in the style 

of Lords of Midnight (see page 495) — the game 1S 
played out in the kingdoms of Oronfal and 
Falforn, and the object is to defeat the forces of evil 
that now inhabit the land. Initially, the player 
controls three characters: Mithulin (the king of 
Oronfal), Ulin-Gail (a satyr) and Avarath (a 
wizard). There are, however, a number of other 
characters throughout the game who can be 
controlled by the player once they've been 
encountered. The first of these is Holdin, the 
captain of Falforn, who begins the game in the 
same position as the wizard and so immediately 
comes under player control. 

As in other arcade adventures, there are not 
only a number of locations to explore, but also 
enemies to defeat and objects to collect that could 
help the character later in the game. In the early 
stages, the most common enemies are menacing 
and aggressive dwarf-like creatures, who can be 
easily destroyed by some of the characters, such as 
the wizard. Other characters can kill them only 
with great difficulty, while the remainder, who 
have no weapons at all, can only flee from a 
dwarf’s attack. 

While you are controlling a particular character, 
your ‘Energy’ and ‘Injury’ factors are displayed as 
bars at the top of the screen. Obviously, a dwart’s 
attack will diminish the character’s energy and if 
the dwarf is allowed to reach the character, the 
injury factor will rise. Energy can be replaced by 
feeding from one of the bushes distributed around 
the kingdom. Injuries, however, can generally be 
healed only with time. 

As the characters move around the kingdom, 
they will come across a number of buildings that 
they might experience difficulty in entering. 
Attempting to move in the direction of the door 
will only cause the scene to change, leaving the 
character on the other side of the building. As you 
might expect, there are ways and means to enter 
the buildings, but only if they are approached in 
the right way. 

In common with a number of other adventures, 
Shadow of the Unicorn is packaged with a book 
detailing the background to the game and 
providing the player with assorted hints on how to 
complete the adventure. 

Shadow of the Unicorn is undoubtedly a 
gamble on the part of Mikro-Gen. But the 

company has clearly made an effort to present the 
game as attractively as possible to the customer. 
Whether it succeeds in redefining the market and 
finally eliminating piracy remains to be seen. 






