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Division of a binary integer and a binary floating-point
mantissa by 10 can be performed with shifts and adds,
yielding a significant improvement in hardware execution
time, and in software execution time if no hardware divide
instruction is available. Several algorithms are given,
appropriate to specific machine word sizes, hardware and
hardware instructions available, and depending on
whether a remainder is required
The integer division algorithms presented here contain a
new strategy that produces the correct quotient directly,
without the need for the supplementary correction required
ofpreviously-published algorithms. The algorithms are
competitive in time with binary coded decimal (BCD)
divide by 10.
Both the integer and floating-point algorithms are an
order of magnitude faster than conventional division.
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1 INTRODUCTION
In this paper are presented new algorithms for dividing
binary integer and binary floating-point values by the
constant 10. Because the algorithms are concise, signifi
cant savings in time are afforded compared to conven
tional division.
One of the drawbacks of binary integer arithmetic
compared to binary coded decimal (BCD) is the lack of an
efficient divide by 10 instruction. Division by 10 is needed
for scaling and for conversion of binary to BCD and
ASCII, as well as for general computation. The writer is
convinced that if one of these algorithms were imple
mented in hardware, it would render binary arithmetic a
far more attractive proposition compared to BCD.
The binary integer division algorithms exhibited in this
paper employ shifts and adds, and include an elegant new
strategy, devised by the author, for producing the correct
quotient directly (and the remainder, when required). The
new strategy relies on the unusual step of adding a round
off prior to shifting, and of maintaining the minimum of
fraction bits consistent with producing a correct quotient.
Minimising the number of fraction bits is important in
minimising the number of high-order bits of intermediate
result. (For the idea of shifts and adds, acknowledgement
is given to Knuth (1969).)
Various binary integer division algorithms are given in
this paper for different machine word sizes, hardware and
hardware instructions, and depending on whether a
remainder is required. All are characterised by being rela
tively fast compared to conventional integer division. The
floating-point algorithm given in this paper is an order of
magnitude faster than a conventional floating-point
divide. (For an example of conventional division, refer
to the restoring division algorithm in Zaks (1982).)
This paper is organised as follows: it begins with an
outline of the origins of division by 10 algorithms. Next, an
explanation of the source of truncation error of earlier
implementations of integer division and how it is elimi
nated here, is given. Then, several algorithms for both
unsigned and signed integer division by 10 are provided.
Remarks on hardware implementation are included, algo
rithms for obtaining both the quotient and remainder, and
for floating-point division by 10, are shown.
2 ORIGINS
It has variously been stated that division of a positive
binary integer by 10 can be performed by a series of shifts
and adds (Knuth, 1969, 1981; Allison, 1980; Cortesi,
1981). Several algorithms on this topic have been pub
lished: those of Allison and Cortesi (ibid), however, are of
two stages, the first of which yields an interim quotient,
while the second corrects this to produce the true quotient.
Knuth gives only the first stage (ibid). A one-stage algo
rithm is a special case for quotients less than 256 (Ashley,
1981).
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Knuth and Allison observe that the interim quotient is
occasionally low by 1, and in Allison’s algorithm the defi
ciency is remedied by multiplying the interim quotient by
10, subtracting the product from the dividend, and thereby
forming an interim remainder. When the interim
remainder is more than 9, the interim quotient is corrected
by incrementing it by 1 while the interim remainder is
corrected by subtracting 10. (An outline of the correction
appears in Knuth (1969, p 283).) These additional steps
detract from what would otherwise be a compact algo
rithm. (One implementation for the Z80 and 8080 micro
processors uses 22 instructions for the first stage (includ
ing a subroutine) and a further 18 for the second (Cortesi).)
3 THE ERROR
The shifts and adds used by Knuth, Allison and Cortesi are
equivalent to multiplying the integer by a truncated form of
0.1, hence the error. This error can be eliminated by adding
a round-off of unity to the dividend prior to the division.
Adding a round-off of 1 to the dividend is equivalent to
adding a value slightly less than 0.1 to the quotient. Thus a
dividend whose least significant digit in the decimal sys
tem is 9 will not effectively be rounded up to the next 10.
The round-off will swamp the truncation error, provided
that sufficient fraction bits are maintained (usually
between 4 and 6 bits).
4 POSITIVE INTEGER DIVISION BY 10
The division of a positive binary integer A: by 10 can be
achieved by using one of Algorithm 1(a), (b) or (c) accord
ing to word size. These algorithms have been devised by
the author of this paper. (For the idea of shifts and adds,
performed in an order that minimises the number of shifts,
acknowledgement is given to Knuth (1969) and Allison
(1981).)
(a) 8-bit integer (0 <= k <= 128):
j=k+ 1
round off
m=j+j/2 .
shift of 1
n = m + m/16 shift of 4
q = n/16
shift of 4 to discard the fraction
(b) 16-bit integer (0 <= k <= 32,768):
round off
j = k+ 1
m = j + 2j
shift of 1
n = m + m/16 shift of 4
p = n + n/256 shift of 8
shift of 5 to discard the fraction
q = p/32
(c) 32-bit integer (0 <= k <= 2,147,483,648):
j = 2(k + 1)
round off and double
m = j + 2j
shift of 1
n = m + m/16 shift of 4
p = n + n/256 shift of 8
r = p + p/65536 shift of 16
q = r/64
shift of 6 to discard the fraction
Algorithm 1: Unsigned integer divide by 10.
In the first algorithm, the multiplying factor is
82
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in the

second, the factor is

, while in the third, the factor is

858993459
8589934592•

In each of these algorithms, all divisions and multiplica
tions are performed by logical shifts. Any overflow condi
tion or flag is ignored, and for 16- and 32-bit words, an
extension word is required. Any bits shifted out of the
right-hand end of the least significant word are ignored. If
the processor is endowed with arithmetic facilities on 8-bit
and 16-bit words, the only shifts required are of 1 and of
either 4, 5 or 6 bits.
As to the 16-bit algorithm, if the use of an extension
word is inconvenient, re-order the steps thus: j = k/2 + 1;
m=j + 2j;n = m + m/16;p = n + n/25 6; q = p/16. A similar
economy may be effected with the 32-bit version, as fol
lows:) = k/2 + 1; m =j + 2j; n = m + m/16;p = n + n/256;
s = p + p/65536; q = s/16. (In both these variations, the
integer k is truncated to an even value before applying a
round-off of 2, thereby retaining an effective round-off of
3/16 which would otherwise have been truncated to 1/8.)
If a word holds positive integers only, encoded in all bit
positions (e.g., a byte can hold integers in the range 0
through 255), the carry must be maintained (possibly in an
extension word). An extra add is required as the penulti
mate step, in order to sum the extension word and the
low-order word (which dispenses with a shift). In the spe
cific case of an 8-bit byte, however, a more efficient
approach is available, namely: begin with a right shift, and
finish up with a shift of 3 places instead of 4, as shown in
Algorithm 2. (Apart from the round-off, the algorithm is,
by co-incidence, attributable to Knuth (1969).)
j - k/2 + 1
m = j + j/2
n = m + m/16
q = n/8

halve and round off
shift of 1
shift of 4
shift of 3

Algorithm 2: Unsigned integer divide by 10.
For a 16-bit integer k (0 <= k <= 65535), use the
algorithm j = k/2 + 1; m = j + j/2; n = m + m/16;
p = n + n/256; q = n/8, and retain and sum one bit shifted
out in all but the first right shift steps. On many systems,
this bit is accessible via the carry bit. If the bit is not
accessible, an alternative is to add in the bit prior to the
shift, as follows: j = k/2 + 1; t = j & 1; m = j + j/2; u = m/8 +1;
n = m + u/2; t = u & 1; v = n/128 + t; p = n + v/2; q = p/8.
(The symbol & signifies a logical and operation.)
5 SIGNED DIVISION BY 10
If signed values are to be divided by 10, arithmetic shifts
must be used throughout, wherever division is indicated.
The following algorithms are required for signed binary
integer division in 8, 16 and 32-bit words respectively:
(a) 8-bit integer (—128 <= k <= 127):
j-k+ 1
if k < 0 then j = j — 2
k = k + k/2
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if k < 0 then k = k — 1
m = j + j/16
q = m/16
if q < 0 then q = q + 1
(b) 16-bit integer (—32768 <= k<= 32767):
j=k+ 1
if k < 0 then j = j — 2
j = j + 2j
if j < 0 then j = j — 1
m = j + j/16
n = m + m/256
q = n/32
if q < 0 then q = q + 1
(c) 32-bit integer (2,147,483,648 <= k <=
2,147,483,647):
j = k+ 1
if k < 0 then j = 2(k/2) to drop the least significant bit.
j = j + 2j
m =j + j/16
n = m + m/256
p = n + n/65536
q = p + p/4,294,967,296
q = q/32
if q < 0 then q = q + 1
Algorithm 3: Signed integer divide by 10.
For the 8-bit, 16-bit and 32-bit versions of Algorithm 3
respectively, an intermediate precision of 9,18 and 34 bits
must be maintained.
Each of the conditionals (e.g., if q < 0 then q = q + 1) can
be implemented by an arithmetic shift and a subtract
(e.g., q = q — q/25 6 for an 8-bit word), or by a move word,
a left shift into the carry bit, followed by an add with carry.
A conditional in the microcode is not required.
Two further possible alternatives for signed division are
given here for 32-bit words:
(a) if k < 0 then k = k + 1; j = k + 2147483648 + 3;
m = j + 2j;
n = m + m/16; p = n + n/256; q = p + p/65536;
r = q + q/4,294,967,296; s - r/64;
t = s —214748365;
if t < 0 then t = t — 1.
In this instance, each conditional can be implemented
by a shift and an add or subtract.
(b) j = k; if k < 0 then j = —j; {as for division of a posi
tive integer} if k < 0 then q ----- q.
In this instance, the conditionals are unavoidable.
6 HARDWARE DIVISION
Using one of the preceding algorithms, it should be possi
ble to produce an efficient binary integer divide-by-10 in
hardware, requiring fewer than half the cycles of a conven
tional hardware binary integer divider. In a conventional
divider, a subtract, test and a shift are performed for all the

bits of the divisor register, or 48 steps for a 16-bit divisor.
On the other hand, for the same 16-bit dividend, dividing a
positive integer by 10 (employing shifts and adds) requires
only nine steps.
The algorithm requires only m+2 log2 \ additions and
shifts, and an aggregate of approximately b+2 shift posi
tions (where m = 2 or 3 depending on the initial setup, and
b = number of bits in a word).
An example microcode program for a hardware
unsigned integer divide by 10, derived from Algorithm
1(b), is shown below. It is assumed that the processor
already has a hardware multiplier/divider and thus has a
double precision facility associated with the adder. Specif
ically, it is assumed that both the divisor and dividend are
16 bits, and that there are at least 17 bits of intermediate
storage in the scratch register temp. (acc is an
accumulator).
increment acc
temp *- acc
temp — left shift temp 1 place
temp ■— temp + acc
acc ■— right shift temp 4 places
temp — temp + acc
acc
right shift temp 8 places
temp temp + acc
acc *- right shift temp 5 places
A hardware divide instruction designed on these prin
ciples would be competitive with its BCD counterpart, and
will reduce the need to perform arithmetic using decimal
facilities. This technique can be used to enhance existing
decimal facilities. (For example, the decimal adjust
instruction AAM on the 80386 divides by 10 a one-byte
positive binary integer of value less than 82, to produce a
4-bit quotient and 4-bit remainder. The time taken for this
operation (17 clock cycles) is at least as much as (some
times more than) that for binary integer division of a
one-byte integer (14-17 clock cycles), using the DIV
instruction (Pappas, 1988).)
7 REMAINDER
The remainder can be obtained either by multiplying the
quotient by 10 (by shifts and adds) and subtracting from
the dividend, or by preserving more bits of the fraction
formed with the quotient, and then recovering that fraction
and multiplying by 10 (by shifts and adds).
In the two versions of Algorithm 4, the latter method is
used to produce both the remainder r and quotient q for a
positive dividend k:
(a) 8-bit word

(b) 32-bit word
Begin forming the
quotient:

j-k+ 1
m =j + 2j
n = m + m/16

j = 2(k + 1)
m=j + 2j
n = m + m/16
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p = n + n/256

p = n + n/256
s = p + p/65536

r = p & 31
r = 4r + r
r-r/16

r = s & 63
r = 4r + r
r = r/32

q = p/32

q = s/64

Begin forming the
remainder:
extract the fraction
multiply by 5
final shift for the
remainder
complete the
quotient

Algorithm 4: Unsigned integer division with remainder.
This method of forming the remainder requires fewer
steps than that involving multiplying the quotient by 10,
used by Allison (1980) and Cortesi (1981).
8 FLOATING-POINT
As binary mantissas are almost universally stored in
signed-magnitude form, an adaption of the algorithm for
positive integer division will suffice. Division by 10 can be
efficiently implemented in hardware; the shifts and adds
can be performed readily enough on the mantissa (as for
integer), and the final shift of 4 can be accomplished
merely by decrementing the exponent by 4 (binary expo
nent) or by 1 (hexadecimal exponent) and by checking for
exponent underflow. (Intermediate checks for underflow
are not needed.) The final result may require normalising
to take into account a carry.
Division of the mantissa of a 64-bit or 32-bit floating
point value/by 10 is depicted in Algorithm 5:
a-f + f/2
b = a + a/16
c = b + b/256
d = c + c/65536
e = d + d/4,294,967,296
e = e + roundoff {see below for notes)
e = e/16
Algorithm 5: Floating-point divide by 10.
When/resides in a 32-bit word, low-order extend it
with zeros, and use 64-bit precision for intermediate work
ing, so as to maximise accuracy. For the same reason, it is
important that the mantissa be initially in its normalised
form.
The round-off to be applied depends on the precision
required. This round-off is primarily to force the correct
result when the value is exactly divisible by 10. For a
32-bit dividend and with 64-bit intermediate working as
suggested above, roundoff is a 1-bit added into the least
significant end of the double word. (The lower word is then
discarded, obviating the need to test for zero mantissa.)
For a 64-bit dividend, as little as four additional bits at the
right-hand end of the word are required. On a machine like
the IBM System /370 which provides a guard digit in the
15 th hexadecimal digit position, roundoffis 2, added to the
84
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guard-digit position. (The guard digit is then discarded, or
is set to zero.) For a processor like the 80387 which uses
80-bit words for intermediate working (64 bits for the
mantissa), roundoff is 1, added as an integer at the leastsignificant end of the word. In this case, however, the
round-off can be added only when the mantissa is non
zero. (Note, however, that this increment, which is super
fluous for values that are not multiples of 10, may be
discarded by converting to long real or one of the other
external forms.)
Considering the relatively long time for floating-point
division (94 clocks for real division on an 80387 arith
metic co-processor (Leventhal, 1988)), the reduction in
time afforded by a divide-by-10 instruction should be even
more significant compared to integer division. Floating
point division by 10 would take 11 steps; conventional
floating-point division would take 224 steps, not counting
post-normalisation in either case. Thus, an improvement
by an order of magnitude is possible.
Incidentally, a divide by 10 instruction cannot be consi
dered a luxury: the 80387 arithmetic co-processor is pro
vided with instructions to generate special constants (e.g.,
pi) and to perform certain trigonometric functions. If there
is space for these, there is more than enough space for the
few steps of a divide by 10 instruction.
9 VERIFICATION
The integer division algorithms have been simulated on a
CDC 760 using PL/I and on a CDC Cyber 932 using
FORTRAN, while the floating-point version has been
simulated on a System /370 emulator on the latter
machine. Algorithm 1(b) for division of a 16-bit integer
was run on a Z80.
In simulating integer division, each integer in the entire
range of integers was divided by 10 using each of the
integer algorithms given here, and the result compared
with that obtained by regular binary integer division. The
results were identical. In the case of 32-bit words, only
sample ranges were investigated (because of the impracti
cably of testing all 232 combinations), but always including
values in the vicinity of the largest possible integer.
In the case of floating-point, the simulation was per
formed with sample values using double precision integer
arithmetic on the mantissa (using right shifts and adds) and
then comparing these results with those produced by ordi
nary single and double precision floating-point division.
The results obtained differed by a maximum of one bit in
the least significant position.
10 TIMINGS
Algorithm 1(b) for dividing a binary integer by 10 was
written in Z80 machine language and run on a Z80, along
with a conventional restoring division program (Zaks,
1982). For timing purposes, the former program was exe
cuted 8 X 65535 times, and the latter program was exe
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cuted 65535 times. The theoretical times and the observed
times were within 1.4%. The theoretical time for tradi
tional restoring division is 4.84 times that of the division by
10 algorithm here. It is noted that in the latter routine, the
time for performing the two 4-bit right shifts represents
50% of the run time (owing to the lack of an instruction to
shift a register right by 4 bits).
All three versions of Algorithm 1 for integer division
were written in FORTRAN and run on a CDC Cyber 850,
along with the corresponding traditional restoring div
ision, also in FORTRAN, and the execution times com
pared. In the case of the 8-bit version, traditional division
took 9.2 times that of the divide by 10; in the case of 16-bit
division, traditional division took 14.2 times; for 32-bit
division, traditional division took 20.0 times. Thus, for
integer software division, the divide by 10 algorithms are
at least nine times faster than conventional division.
Favourable comparisons between BCD divide by 10
instructions and the binary integer divide by 10 algorithms
can be drawn to illustrate that a hardware divide by 10
instruction would be comparable in performance to its
BCD equivalent.
On the Z80, a comparable BCD divide by 10 takes 31 %
of the time for the 16-bit binary integer divide in Algo
rithm 1(b). The decimal counterpart uses the specificpurpose Rotate Right Decimal instruction RRD to perform
right shifts of 4 bits.
On the System /370 model 158, the decimal divide by
10 instruction SRP would take 108% of the time for soft
ware binary integer divide by 10 (based on 32-bit words
and 6-byte BCD values) (IBM, 1978). (Not only is soft
ware divide by 10 marginally faster than BCD, it is also
marginally faster than the binary integer divide instruc
tions D and DR.)
On a CDC Cyber 850, software binary integer divide
by 10 took 23% of the time for BCD division by 10.
For the 80386, software binary integer divide by 10
would take 5 0% more than hardware binary integer divide
(Pappas). (BCD divide by 10 is not provided on this sys
tem, but the comparison is still useful.)
An improvement in speed of between 5 to 10 times
could be anticipated in a hardware implementation of
divide by 10. Therefore, a hardware binary divide by 10
would, at the very least, be comparable in time to its
decimal counterpart.
11 CONCLUSION
This paper sets out algorithms for division by 10 using
shifts and adds, and, in the case of integers, including a new
strategy incorporating rounding off and maintenance of

sufficient fraction bits, in order to produce the quotient
directly. Algorithms were presented for both unsigned and
signed integer, as well as binary floating-point divisions.
Simulation has confirmed that the algorithms are sound.
The paper proves that a software version of the integer
division algorithm would be at least four times as fast as a
software integer divide. A hardware divide by 10 instruc
tion is shown to offer a similar saving. A binary integer
divide by 10 instruction in hardware will be competitive
with BCD divide by 10. Floating-point division by 10 is an
order of magnitude faster than conventional floating-point
division.
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Techniques for the construction of quality software have
been well known for many years, and their benefits in
terms ofproduct quality and programmer productivity
have been well documented. Despite this, their use in
commercial software production remains limited. It is sug
gested that the main reasons for this are cultural and that
the current processes of computer science education act to
reinforce this culture. Some changes in emphasis in educa
tional courses are suggested which may facilitate a change
in the culture.
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1 INTRODUCTION
This paper presents a challenge to the software engineer
ing profession and more particularly to its educators. My
intention is to demonstrate that the current set of cultural
values held by software developers is at odds with the
processes needed to produce quality, and to show that the
source of these values is in large part in the educational
process. If these values are to be modified, a change is
needed in the principles and techniques for computer
science education.
2 THE SOFTWARE CRISIS - A QUALITY
PERSPECTIVE
There is a growing realisation on the part of the users of
computer software that they have allowed themselves to
be “taken for a ride” by developers. It is becoming obvious
that the current standards of quality in commercial soft
ware are unacceptable, both to the users and to practition
ers in the software industry. The evidence for this comes
from the increasing incidence of “high visibility” failures
of commercial software, as well as from industry surveys.
In the United States, cited examples (Myers, Gelperrin and
Hetzel, 1990) include:
— the AT&T long-distance lines tie up in January 1990;
— Ashton-Tate’s loss of market share due to its long delay
in releasing DBase IV;
— Bank of America’s multimillion dollar losses on a trustaccount system;
— American Airlines’ $50 million loss of sales on a reser
vation system error; and
— Pacific Bell’s multimillion dollar loss on long-distance
revenues.
Not surprisingly, this state of affairs has led to a degree
of dissatisfaction on the part of users — a survey by NCR
(1990) revealed that “between 70% and 80% of those
surveyed expressed moderate to extreme dissatisfaction”
in relation to mainframe upgrades, and most were unim
pressed with the flexibility of applications and the level of
resources required for maintenance.
In Australia, the software failure affecting the Westpac
banking terminals is probably the most visible of the soft
ware disasters, but this does not mean that it is by any
means the only one. A survey cited in Computing Australia
(1990) claims that 34% of sites suffered cost over-runs of
between 40% and 100%, while 6% of sites had over-runs
of greater than 100% of expected costs. In over 50% of
cases, quality problems (“bugs in software”) were cited as
a major reason for over-run — second only to poor estima
tion practices.
The intent of this conference, “Engineering Safe Soft
ware”, must be to address this problem. While the term
“software engineering” had its origins in concerns over
both quality and productivity (Naur and Randell, 1968),
the general perception of the “software crisis” has been
that it is a crisis of productivity. More and more, however,
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it is being seen to be a crisis of quality, a problem without a
quick technological fix (Brooks, 1989). The achievement
of quality in software requires close attention to the needs
of the user, and to the techniques by which the developer
can meet these needs. These techniques for the construc
tion of quality software have been known for some time;
the problem is in encouraging their wide-spread use by
operators in the industry. Only when the quality techniques
are second-nature to our practitioners can workers in
software development make any meaningful claim to be
truly professional engineers.
These techniques are basically those of traditional
software engineering: structured programming, some
form of structured analysis and design, and the use of
review techniques as the first step in error detection. These
processes have a long history; structured programming
began to emerge in the early 1970s, structured analysis
and design techniques were developed soon after. Wein
berg’s book, “The Psychology of Computer Program
ming” (Weinberg, 1971) provides the basis for an empha
sis on review processes as the major quality tool in
software development. The formalisation of review con
cepts led to the development of product inspection tech
niques; the landmark research in this area by Fagan
(1976) was published in the mid-1970s.
This work showed clearly that structured reviews by
groups of peers were a highly effective and productive
technique for the detection of errors in software products
at all stages in the software development lifecycle. When
“quality” is defined in terms of the extent to which the
software meets user requirements and is free from error,
these techniques have been shown to contribute positively
to product quality. Boehm (1987) lists as one of the “Top
Ten Software Metrics” the accepted fact that reviews will
identify (at least) 60% of errors in software, while studies
reported elsewhere indicate that the figure may be even
higher. The use of structured techniques is likewise gener
ally held to impact favourably on quality. The available
evidence also indicates that, contrary to popular folklore,
the use of these techniques also leads to improved produc
tivity. Boehm’s landmark study on “Software Engineering
Economics” (Boehm, 1982) demonstrated the use of
“modern programming practices” leads to an increase in
productivity, while studies on the use of inspections (Ack
erman, Buchwald and Lewski, 1989) indicate reductions
in both cost and schedule attributable to their use.
Fifteen years is a long time in the software industry;
however, surveys consistently show a relatively low utilisa
tion of structured design and coding techniques, a view
supported by anecdotal evidence. An informal survey of
software developers in Brisbane revealed little use of even
informal review techniques, and no developers using the
formal processes of inspections. The available evidence,
then, indicates that these techniques have not been used
effectively on a widespread basis in the development of

industrial software. In this paper, I want to address the
question of why this is so; why does a significant propor
tion of the profession turn its back on the techniques best
suited to constructing quality products.
3 THE CULTURE OF THE HACKER
The history of the art — or craft — of software develop
ment emphasises the creativity of the task, and the individ
uality of the programmer. The cult hero of the industry is
the archetypal hacker (and I use the term here in its origi
nal sense) (Levy, 1984). The emphasis is on the product,
the code, and the ultimate mastery is seen as the ability to
produce code without the need for any of the fancy design
aids. The programmer who insists on properly document
ing the design of his system before he builds it is seen as
vaguely “wimpish”.
This culture strongly reinforces one of the two impera
tives driving the practice of software development. Cox
(1990) distinguishes between the concrete and the
abstract, between the tangibility imperative and the intan
gibility imperative. The intangible view of software devel
opment is the dominant, code-oriented paradigm driving
much of our current practices. It sees the activity of soft
ware development as solitary, mental and abstract. Within
this imperative, two concepts of the activity of program
ming can be distinguished. One sees programming as an
activity akin to mathematics; this is exemplified in the
views of Dijkstra (1989), while Hoare, for example, is
quoted by Fetzer (1988) in the following terms: “The
construction ofcomputerprograms is a mathematical activ
ity like the solution of differential equations, that programs
can be derivedfrom their specifications through mathemati
cal insight, calculation and proof, using algebraic laws as
simple and elegant as those of elementary arithmetic”.
Here is expressed the picture that software develop
ment is an individual, intellectual activity, with the prim
ary emphasis on problem solving in a generally mathemat
ical context; above all, the emphasis is on the process of
constructing code.
Alternatively, many practitioners see programming as
an artistic endeavour. To some extent this is independent
of the mathematical view: the construction of code is seen
as representing an aesthetic choice between available
options — i.e., the production of code is equated to the
design process. The following quote gives some feeling for
this attitude: “Good computerprogrammers have individual
styles as all artists do. A programmer has as many choices in
designing a word processor or game as a painter has in
painting a still life or a writer has in writing a love story. It is
in making these choices that the programmer develops his
own style and rhythm and becomes an artist” (Zaron, 1984).
In this instance, the focus is on programming as a
creative process, rather than a strictly mathematical
problem-solving activity. The emphasis is still on individ
ual achievement and solitary work, however, and the creaTHE AUSTRALIAN COMPUTER JOURNAL, VOL. 24, No. 3, AUGUST 1992 87
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tion of code is still seen as the fundamental process of
software development.
These two attitudes are frequently seen as opposing
poles in debates on software development. In fact, both
views see programming as an isolated, individual activity
with an emphasis on personal mental effort. Thus, both
views support the same individualistic culture embodied in
the concept of the hacker. This is further reinforced by the
tradition — in the micro-computer industry, at least — of
the successful “garage programmer”. When the stories of
successful individuals are married with the long string of
disasters from the commercial or corporate area, the
values of individualism and the primacy of the “gun pro
grammer” are further reinforced. Even the humour of the
software industry supports this culture; the jokes about
“real programmers” have more than a tinge of envy about
them.
While the creativity and mathematical sophistication of
innovative designs cannot be denied, the totality of this
ethos is inimical to the routine development of quality
software. For routine industrial production, the activity of
systems development must be seen as more concrete, with
more balance between the tangible and intangible impera
tives. The prime obstacle to the use of quality practices is
the culture of programming itself; the supremacy of indi
vidual creativity is not compatible with the extensive use of
reviews, with strict adherence to standards, or with
detailed documentation of the work. The importance of
cultural issues in the effective use of formal reviews has
been further emphasised by Fagan (1989) who identifies
factors such as “evident belief in inspection process”, “con
cern for quality ”, “management interest” and (at all levels)
“education ”as being critical to successful implementation
of inspections.
The emphasis within the culture on coding as the prin
cipal activity of the programmer is also at odds with the
quality-oriented emphasis on detailed attention to analysis
and design. The culture is also at odds with new trends in
the industry, such as the use of reusable code modules; the
following quote, from one of Apple’s leading pro
grammers, cited by Cox (1990), is illustrative: “Reusing
other people’s code would prove that 1 don’t care about my
work. I would no more reuse code than Hemingway would
have reused other people’s paragraphs”.
To my mind, this attitude flows from an incorrect
focussing of attention on the code, rather than on the
design. It is rather as if an architect felt that he had made no
contribution to the work if he did not hand-make all the
bricks. The emphasis on the code rather than on the design
is a strong indication that software developers still regard
themselves as solidly craft-based, whatever they may say
about engineering and professionalism.
4 EDUCATION - REINFORCING THE CULTURE
If the source of this culture is in the history and mythology
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of the industry, it is reinforced and passed on through the
educational process. Our academic programmes focus
largely on “programming in the small” and on developing
a facility with a varied range of different languages. They
emphasise the development of individual skills and com
petencies, with too little attention to the group competen
cies needed for industrial software production. There is
also a tendency in most current courses to overlook the
issue of product and process metrics for software, or to
treat it as separate from any quality-related aspects. When
it is considered that one of the key precepts of quality
management is that “You can’t control what you can’t
measure”, the deficiency is even more apparent.
The use of assessment practices which penalise stu
dents for sensible collaboration and use of proven code
modules does little to encourage them to adopt such activi
ties in industry. While the use of group projects as an
integral part of software engineering education is becom
ing generally accepted (Mynatt, 1990), the use of such
exercises in isolation can have little impact in a course
which overwhelmingly emphasises the individual.
Equally, the scope of many of the projects is restricted to
an extent which minimises the students’ familiarity with
the full development process.
In addition, the quality focus of many common pro
gramming practices is given insufficient emphasis in most
current computer science courses. Part of the teaching
process should be to demonstrate how the practices being
taught contribute to the quality of the end product. When
the lack of a quality focus is combined with assessments
which allow students to gain acceptable grades for mate
rial which is essentially untested (other than to show that
“it works”), the reinforcement of the cultural bias against
the use of processes aimed at building quality software
continues.
Mary Shaw, in a recent article, expresses the problem
very well: “Computer science education has prepared devel
opers with a background that emphasises fresh creativity
almost exclusively. Students learn to work alone and to
develop programs from scratch. They are rarely asked to
understand software systems itiey have not written “ (Shaw,
1990).
The key defect in our education programmes is the
failure to adopt a holistic view of the software develop
ment process. There are few attempts to show how each of
the techniques included in the course fit into the overall
goal of the software engineer — that is, to build effective
systems meeting the needs of their clients. Instead the
approach is more to equip the student with a kit of approp
riate tools for constructing software, much the same as the
carpenter’s toolbox or the artist’s palette. This again rein
forces the cultural view that software development is
some form of craft or art, not an industrial process with
defined strategies for successful completion.
Thus, the way in which software developers are edu-
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cated reinforces the cultural values of the profession.
However valid these may have been in their origin, there
can be little doubt that in the contemporary environment
they run counter to effective quality practices. The empha
sis in education on the achievement of programming skills
is seen in practice as supporting a “code-oriented”
approach to software development, a view that “the code’s
the thing!”. Our students emerge unable to challenge a
culture in which the emphasis is on Lines of Code, not
quality of product, and in which a desire to specify the
problem before starting coding may be seen as somewhat
idiosyncratic, if not to be positively discouraged.
5 BUILDING A FOCUS ON QUALITY
The point of the argument so far is that our education
programmes in software engineering and computer
science do not prepare graduates for the task of building
quality software products in an industrial environment.
This occurs not because of any lack of coverage of tech
niques or tools, but because the educational programmes
act to reinforce the predominant cultural tenets in the
industry which run counter to the implementation of effec
tive quality techniques.
An education programme which will produce qualityoriented software engineers needs to be defined. Such a
programme should recognise firstly the need for public
exposure of programming products through use of reviews
and inspections. There should be a strong — though not
exclusive — focus on the dynamics of group work, an issue
which is poorly addressed in many courses. Finally, I
believe, the course should emphasise analysis and design
techniques at the expense of some of the existing concen
tration on programming skills. In particular, there should
be an emphasis on “fitness for use” attributes of software
systems, and on how these attributes can best be achieved.
The programme should provide an approach which exam
ines the whole process of software development, and
shows how each technique assists in the overall goal of the
process.
The available evidence indicates that these goals are
not being met adequately by existing educational pro
grammes. Although there has been no overall survey of the
content and format of computer science and related
courses in Australia in recent times, surveys conducted in
the United States confirm the arguments presented so far.
Leventhal and Mynatt (1987) in the most recent report
indicate that although project courses are heavily used, in
many cases they cover only “toy” projects, or focus only on
part of the development cycle. The issue of Quality Assu
rance was not identified as a specific curriculum topic.
Studies on the educational requirements for computing
offer little indication of an awareness of the cultural issues
in education. The report of the Denning Task Force of the
ACM (Denning, Comer, Gries, Mulder, Tucker, Turner
and Young, 1989) identifies the importance of design

skills for computing professionals, and correlates this with
a move from a craft-based to an engineering-based prac
tice. It does not, however, mention the importance
of group interactions in computing practice, and does
not recognise the cultural issues raised in this paper.
An earlier paper by Carver (1987) focuses specially on
software engineering; while it recognises the need for a
“whole life-cycle” approach, it again does not reflect any
consideration of cultural issues.
The awareness that some form of “paradigm-shift” is
needed to move fully into an engineering orientation for
software development has been emerging slowly. The
recent articles of Shaw (1990) and Cox (1984) referred to
earlier, make this requirement explicit. To achieve this
shift, a transformation of current educational practices is
needed.
Some progress has been made towards achieving this
transformation. The Informatics degree programme at
Griffith University addressed several of the major issues in
its initial design (Abel, Margetson and Sauer, 1985). In
particular, it places a heavy emphasis on project work, and
on building skills in group dynamics (Little and Marget
son, 1989). In the later stages of the programme, there is an
overt emphasis on product quality, with extensive use of
peer review techniques for quality assurance (Rout, 1990).
The Griffith degree carries a stream of group project work
through all three years of the programme, with the learn
ing goals of the courses changing through the degree. In
the first year of the programme, the emphasis is on group
dynamics and generalised problem solving techniques; the
second year course addresses issues of system design,
while the final year project covers issues of project man
agement, quality assurance and system and process
documentation.
Approaches at some other universities are also begin
ning to come to fruition. A degree programme at Swin
burne Institute of Technology makes extensive use of pro
ject work in an Ada-oriented software engineering
programme (Grant, 1990) while Reed’s paper at last year’s
ASWEC (Reed, 1990) presented proposals for a course at
Latrobe University. The common thread underlying all of
these approaches is an increase in the extent of group
work, together with some focus on review processes and a
“whole life-cycle” view of software development. There
are some hopes that graduates from these programmes
may be able to successfully challenge the cultural values of
the industry.
Currently, based on the successful placement of gradu
ates in industry, the education system performs very well at
imparting the craft skills of programming. What it needs to
pay more attention to are the cultural values and attitudes
needed for a profession of software engineering. The evi
dence is clear that these values need to focus on the use of
groups in system development, and need to emphasise
technical competence across the entire development pro
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cess, rather than exclusively in the field of programming.
Students should be shown ways of evaluating the qual
ity of their products, and encouraged to use these individu
ally and in groups. In this context, a move towards
“competency-based assessment”, a techpique widely used
in trade-based training programmes, may assist through
defining precise criteria required for each level of grade. A
modified form of this process is used in the Griffith project
courses, with the result that student expectations of their
grade are generally very realistic; moreover, there is a
general acceptance of the fairness and equity of the grad
ing process.
There should be a change of emphasis in assessment
away from an expectation of completely individual effort
towards the evaluation of individual contributions towards
group exercise. Assessment tasks can focus more on the
explication of the foundations underlying good design
practice, rather than strictly on competence in narrowlydefined tasks in specific languages. There should be a
change in the technical emphasis in the programme, away
from programming competence and language fluency and
towards analysis and design principles.
The impact of new influences in software construction
must be recognised. The use of reusable code, CASE tools,
and the like require a new approach to education if soft
ware practitioners are to make full use of them. The over
all effect of these tools and practices will be to push
industrial software development in the direction I am urg
ing that educators should take-away from an emphasis on
coding as the primary activity, and towards a greater
appreciation of the primacy of design. It is not hard to
envisage situations in which the majority of software engi
neers undertake little or no actual programming, rather
assembling systems which they have designed from stand
ard collections of reusable code modules. This is the prac
tice in other engineering professions; the designer does not,
in general, also wield the welding rod. The move towards
such practices will carry significant competitive advan
tage for those developers who can successfully make the
transition — not least because of the improvement in
quality of the end product.
6 CONCLUSIONS
The intention of this paper is not to propose solutions, but
rather to identify problems. It is suggested that our pro
cesses for education of software engineers are in need of
substantial review, and in particular that quality practices
deserve far greater attention. I hope to have pointed the
way for further research in this area; there is a dearth of
available information on the cultural values of software
developers, and more particularly on the origins of these
values.
The drive on the part of clients, both large and small, for
improved quality in software will further challenge the
assumptions and operations of developers. It is worth
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remembering, as Cox (1984) points out, that the
changes of the first industrial revolution came about
inspite of, not because of, the attitudes and cultures of the
craftsmen whose work was industrialised. If the modern
craft of programming is to be successfully transformed
into the profession of software engineering, and if its prac
titioners are not to suffer the fate of the Spitalfields weav
ers, the cultural values of the industry must be transformed.
The responsibility of educators must be to produce practi
tioners capable of meeting the changing challenges of the
industry.
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New Guidelines Electronic Book Review Management
and Publication
INTRODUCTION

Readers will remember the comments in the last issue regard
ing current difficulties with the Book Review Section of the
Australian Computer Journal (ACJ). At a recent editorial
meeting I suggested possible solutions based on the partial use
of electronic news on AARnet. This approach is being more
widely investigated by the ACS for other purposes, and I am
encouraged to start managing the Book Review Section with
this assistance in a somewhat experimental way. The
approach will be continuously evaluated, and input from rea
ders/users will be encouraged.
Thus the Book Review section of the Australian Computer
Journal will partially convert to electronic management in the
near future. This column is to provide details of its basic
operation and requirements. The implementation of the new
guidelines will make use of the AARNET news service and
will centre around the opening of a new newsgroup aus.acs.books. This will be a moderated newsgroup with entries in it
under the control of the Associate Editor for Book Reviews of
the ACJ.

Any books not taken up for review on this basis will then be
offered under the existing process of explicit offer by the
Associate Editor to a potential reviewer from the register.
PUBLICATION OF REVIEWS

Reviews received will be published in one of two ways. Some
reviews will continue to be published in the quarterly editions
of the ACJ. Others will be published via aus.acs.books. Thus
many more reviews will be able to be published, and publica
tion will occur more frequently and more expeditiously.
It must be firmly understood that publication via aus.acs.
books is to be viewed as an extension of the existing ACJ.
Exactly the same publication policy will apply and editorial
discretion will be exercised in the same manner over submit
ted material. Further all legal requirements applying to the
hard copy ACJ will also apply to the segments published on
aus.acs.books. Particularly, but without limiting other rights
and responsibilities, the same provisions regarding copyright
and intellectual property will pertain.
CONTACT WITH THE ASSOCIATE EDITOR

OFFERS OF BOOKS

The ACJ will continue to receive books under its present
policy guidelines. These are available on request. A register of
reviewers with their basic details will continue to be main
tained as at present.
Rather than books being offered by the Associate Editor to
potential reviewers on a selected basis, a list of currently
available books will be placed on aus.acj.books periodically.
Readers may respond by e-mail to the Associate Editor indi
cating readiness to review a particular book. The Associate
Editor in his/her absolute discretion will then forward the
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The development of any computing software system
involves considerable effort on establishing a consistent
user interface. Failure to do so will inevitably lead to low
user productivity and dissatisfied users. When in the speci
fication stage of a Software Engineering project, great
detail must be made in the area of the system’s User Inter
face. Most Software Engineering projects, by their nature,
have a complicated interface and today’s Graphical User
Interfaces allow the Software Engineer to develop sophisti
cated and innovative front-ends. By following a few basic
guidelines and suggestions, they can improve this interface
for greater user satisfaction and wider acceptance.
Keywords andphrases: User Interface Design, User Inter
face Guidelines, Software Engineering Techniques.
CR Categories: H.5.2, D.2.2.

1 INTRODUCTION
The careful design and adherence to user interface (UI)
standards has long been a reverie for software engineers
and programmers. This paper outlines a few esoteric user
interface guidelines that software engineers should follow
to provide a consistent and usable system for their end
users. Also, a commercial CAD program is examined and
a description of its user interface is analysed. Finally, the
“internationalisation” of user interfaces is discussed —
enhancements that can make your system work for the
world-wide market place. By following these design
guidelines, a “safe” user interface can be formulated.
There are generally two solutions (Good, 1984) to the
user interface problem:
— adapt the user to the system, or
— adapt the system to the user.
Adopting the former solution will involve changing the
user’s normal cognitive behaviour, extensive training and
documentation. The latter solution is what is desired, and
can be achieved by following user interface design
guidelines.
To truly understand the mental process that a typical
user has in interacting with a computer system requires the
knowledge of a Human Factors specialist (Day, 1989).
Such a person, trained in some area of behavioural science,
has a knowledge of human abilities, limits and methods to
collect analytical data on user interfaces. (Unfortunately,
this is beyond the scope of this paper.)
Software Engineering has always followed some for
mal specification or technique — but this has not been true
for the user interface — which has now become more
critical in the software systems (Jacob, 1983). Software
Engineering projects would benefit from a technique to
allow designers to describe the external behaviour of a
system without specifying the internal behaviour.
Without formal specification techniques, usability
(how easily functions are learned) and the design of a user
interface can be enhanced with iterative prototyping. This
iterative process involves developing prototypes of your
software system, demonstrating to the end-user and incor
porating any feedback from the users into the next version
of the prototype. Prototyping software which is available
for this design stage include Prototyper1 and HyperCard2
for the Macintosh2 and XBUILD3 and TeleUse4 for the
X-Windows environment. When using prototyping soft
ware, care must be taken that no more effort is wasted than
would have been if the “real” product had been developed.
2 GUIDELINES
These guidelines are not intended to be a complete set of
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rules but only a guide to some aspects of UI design. For a
complete set of guidelines, see Smith (1986) which details
over 940 considerations for the UI designer.
The main underlying theme for UI design is consistency
in three areas (Marcus, 1990):
— Internal — eg consistent design and position for dialog
boxes
— External — eg consistent icons between applications of
same nature
— Real-World — eg Traffic stop sign to represent an alert
icon
An effective UI should provide a visual communication
tool for the user to be comfortable with and should also be
innovative, by providing a beneficial and customisable
environment.
The following sections provides a list of guidelines that
should be adapted in software development. Some sections
detail a common user scenario with an appropriate solu
tion to the example.
2.1 Screen Layout
The overall layout of the screens should be the first aspect
of the design process and should include consideration for
the following:
— Functional areas (title, help text, buttons) should be
agreed on and consistently followed throughout all the
screen displays
— Try not to squeeze too much information on the one
screen, instead use lines and boxes to group similar
information components and provide an aesthetically
pleasing layout.
— Early prototyping with screen layout on paper and
experimenting with different layout configurations will
lead to a consistent and functional design.
— Keep the designs simple, clear, distinctive, with empha
sis on the critical information.
— Ensure that any textual information to be displayed on
the screen is readable by using appropriate typestyles
and is typeset consistently. For high resolution graphi
cal displays, Helvetica, Times, Garamond and Courier
are appropriate typefaces.
— Never use more than three different typefaces and point
sizes on the same screen.
— A mixture of upper and lower case characters is also
more readable than all uppercase characters.
— Liberal use of white space is an effective screen layout
tool.
2.2 Windows
Window design in the Macintosh and X-Windows envir
onment has been somewhat solved by the insistence of
standards by Apple Computer and industry leaders (such
as Open Software Foundation’s Motif and Unix Interna
tional’s OpenLook). That is, the manipulation of the win
dows (title bars, close boxes, scroll bars) has been defined
and should be followed by programmers. Only in extreme

situations should the interface to a window manager be
changed to suit highly complicated interfaces to specia
lised software systems.
Scenario: In a multi-window system, try to provide
some easy way for the user to navigate through a myriad of
windows.
Example: Provide a menu (or list) of currently open
windows which allows the user to bring any of the win
dows to the frontmost layer.
2.3 Menus
Pull-down Menu design involves the appropriate arran
gement of functions into each menu list. Similar options
should be grouped together in the menu list with separators
between each group.
The following functions should be provided in an
acceptable menu system:
— If a menu item represents some option (e.g., font size),
then some feedback is required to indicate to the user
which option is currently selected. This is normally
performed by displaying a check mark (e.g., ■/ or^) next
to the item’s name in tbe menu list.
— Keyboard shortcuts (accelerators) should be provided
on most (if not all) of the menu selections. This is useful
for experienced users who prefer to use the keyboard
instead of the mouse for menu selections. Again, dis
play the keyboard accelerators sequence next to the
item name in the menu list.
— If a menu option is unavailable, then provide feedback
to the users as to its state by disabling the menu option
(greying out the words is a common example). Do not
remove the option from the menu, as this will be incon
sistent for the user.
— Menu options that perform some drastic change to the
system, should ask the user for approval first, e.g., if the
user selects Quit and has not saved the document.
— Hierarchical menus (submenus) are an efficient way to
offer options to each menu item. Make sure there is a
clear indication that there is a submenu available to
each menu item.
Popup menus are another design tool that can be used
to enhance the interface of your system. Your design
should include clear indications where popup menus can
be accessed. This was a problem noticed by Apple in the
latest Macintosh software and a new style (by including a
downward pointing arrow) was adopted as seen in Figure
1 (Jenson, 1990).
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Figure 1. Apple’s New Popup Menu Style.
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2.4 List Selection
It is a well-known fact that “the less a user has to type into
a system, the less chance there is for errors”. This is exem
plified when the user has to fill in some type of form with
data from the real world. If the system, expects a finite
number of options, then these options should be provided
in a convenient list for the user to select from. This will
ensure that the response is always correct (no error check
ing) and provide a faster data entry method for the user.
Scenario: If the system expects an infinite number of
options, then provide both options to the user: A list to
select from and a data entry field.
Example: In Figure 2 below, the user is asked to select
how many degrees a figure should be rotated. In this case, a
popup menu of the numbers 1 to 360 is a bit excessive, so a
text field is provided as well as a menu of the more com
mon angles.
Rotate by:

Rotate by:

Figure 2. List Selection by Popup Menus.

Another example of list selection relates to X.400 Mes
sage Handling System addressing. The users of such a
system have to choose from what could be a large list of
recipients. Current UI tools such as popup menus would
have difficulty handling such large lists. In specifying a full
X.400 address, the user is faced with supplying up to
eleven qualifiers about the user, including; surname,
organisation, private domain name, and country. Again
this presents a daunting task for a user.
One solution (taken from an X.400 Message Handling
System under development (Iannella, 1990)) allows the
user to “point and drag” names from the Nickname list
into one of the Recipient lists (as seen in Figure 3). This
method is more convenient for the user (no typing) and
produces less incorrectly addressed error messages.
2.5 Icons
Icons are usually small graphic representations of some
function or object. Icons can be used to set-up an analogy
between some process and user task.
Scenario: Icons give visual clues to the user as to the
function they perform which should relate to a real world
task.
Example: A paint brush icon in a graphic program
should allow the user to freehand paint on the application
window.
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IRIS
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Nicknames
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Paul Daas
Michael Rees
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Homer
Madge
Lisa
Maggie
Gandpa

Recipients

A

OK
Cancel

Primary
Paul Daas
Michael Re..

Blind Copy
Joe Williams

Carbon Copy
Rcnato Ian..

Reply

V

Figure 3. List Selection by clicking and dragging.

The icon set should have a design theme (consistent
look throughout the system) and conform to defacto indus
try standards (e.g. trash can for deletion made popular by
the Macintosh computer).
2.6 Feedback
One of the frustrations of software is the lack of feedback
when the system is processing. The user must be informed
at all times when the system is “busy” processing some
action requested from the user.
Scenario: If some process will take longer than two
seconds, provide feedback to the user including which task
is currently being performed and some indication of the
percentage complete.
Example: A message appearing which states; “Process
ing User Totals — 85% complete”. In more graphical
terms, some type of moving bar that indicates the percen
tage complete.
One aspect to avoid in providing feedback is just a
change in cursor appearance (e.g., spinning clock or ball)
that gives no indication of how much time is left and leaves
the user immobilised as to what to do next (wait until it
finishes, if so, when? or grab a cup of coffee?). Always
keep the user informed.
Scenario: Changing the cursor to indicate a mode
change.
Example: The cursor changes to a paint brush to indi
cate you are in “paint mode”.
System Response Time (SRT) is the time required for
the system to respond to a user initiated event (Rubin,
1988). If the length is long (greater than two seconds) then
appropriate feedback is required as above. If the SRT is
short — too short — the user may feel that the operation
was not successful and try to repeat it. In these cases, some
form of feedback is needed — a simple (modeless) text
string could be displayed (on a consistent area of the
screen) to indicate this.
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2.7 Help
Online help should be provided at all times and should be
easy to find (familiar icon on the screen), and have an
extremely simple interface. It should also be easy to switch
between online help and the work environment. Don’t rely
on a “good” help system as a substitute for a “poor” user
interface design — they should both complement each
other.
Scenario: Online help should be context sensitive.
Example: If a user is currently drawing a bezier curve in
a CAD system, then display the help information about
curve drawing (with option to access the full help system
as well).
Also, don’t use the text of the User Manual for the
online help text — it must be more concise and user
oriented.
2.8 Errors
Ideally it would be better to prevent errors in a software
system than to diagnose them but unfortunately users seem
to push systems to the limit and always find some situation
where an error will occur. In the design stage, try to antici
pate as many errors as possible and provide mechanisms
for the users not to get in these types of situations.
Scenario: Error messages should be constructive and
avoid negative phrasing and obscure codes and should
offer the user some constructive help in suggesting a
remedy for the situation.
Example: Figure 4 provides a bad and good example of
an error dialog box including more user options.
Whoops, I/O Error [+69]

(C OK J

Unable to write to
Preferences File. Please
check disk for write
protection.
( Retry JfbancelJ [( OK }]

Figure 4. The bad and good error messages.

2.9 Colour
Colour, if used properly, can be an effective tool to
improve the usefulness of your UI design. If used incor
rectly, it can impair the appearance and functionality of
the system5. Some guidelines are:
— Group related items on the screen with similar colour
backgrounds.
— Use strong contrasting colours to focus attention on
critical information
— Use bright colours for danger signals and attention
getters
— Avoid placing spectrally extreme values together (e.g.,
red/green and blue/yellow).
The outer edges of the eye’s retina are not sensitive to

colours in general and have very little blue-colour recep
tors. Hence you should:
— Use reds and greens in the central area of the screen
— Use blues, black, whites and yellows near the periphery
— Use blues for large areas (screen backgrounds) not text
or thin lines.
If in doubt, stick to monochrome screen designs
(remember, some users may not have colour monitors) and
be careful not to use more than five different colours on the
one screen6.
2.10 Input Devices
Most mice today are equipped with between one and three
buttons. Try to avoid assigning different functions to these
buttons as it will require extra learning from the user if it
does not follow any industry standard.
Scenario: If your design wishes to take advantage of a
multi-button mouse, then make sure it follows some real
world consistency.
Example: In the X-Windows environment, the leftmost
button can be used for selection of text (copy) and the right
most button for pasting. In the Macintosh world, the user is
fixed with one button for selecting text only.
A common design issue is the use of modifier keys with
the mouse to perform some other (yet related) function.
This involves holding down a specialised key and pressing
the mouse button. This can be extremely convenient for
experienced users and should be made clear to the user at
all times.
3 COMPUTER-AIDED DESIGN EXAMPLE
MicroStation Mac7 is a Computer Aided Design (CAD)
program for the Macintosh which, at first glance, seems
bewildering. The system heavily uses the concept of ionic
“tool” palettes (modeless). In fact, over 285 different icons
are used throughout the software, a sample of which can be
seen in Figure 5. It goes one step further, and uses hierar
chical palettes, i.e., sub-palettes that can be “torn-off’ and
placed on the workstation screen. Some of the icons even
have “pop down information” tables. This allows for extra
information to be supplied for some of the functions (see
the Line Strings palette in Figure 5).
With all these icons, the user can quite easily get con
fused as to the function of each icon. The designers of
MicroStation Mac seem to have been quite aware of this
and added a Command Window (see bottom of Figure 6)
that serves as an excellent feedback tool. Whenever an
icon is selected, a description of the active command is
displayed in the Command Window as well as supplemen
tary information as to what is required next (eg “Enter first
point”). The current environment settings, feedback and
6
7

5

Be aware that 8% of Caucasian males have colour deficient vision.

Some of today’s computer systems can offer up to 256 colours from a
palette of 16.7 million!
MicroStation Mac (version 3.5,1) is registered trademark of Inter
graph Corporation.
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Figure 5. A sample of the icons from MicroStation Mac.

any error messages are displayed in the Command
Window.
Another helpful tool provided by the designers is the
Command Browser (top of Figure 6). If the user is unsure
of a command syntax, the Command Browser can be
popped up (by typing “?” into the Command Window) and
the “point-and-click” approach can be used to construct
the correct syntax for the desired command.
Overall, MicroStation Mac provides excellent feedback
and assistance to the users of a very complicated system.
Even Macintosh-literate but CAD-illiterate users (e.g., the
author) could master the basics of the system within a short
time. The manuals (Intergraph, 1990) and online help are
well-organised and a HyperCard version of the Reference
Manual is also provided.
4 INTERNATIONALISATION
When designing a software product that potentially could
be used on computing systems in any country, considera
tion of the internationalisation of the interface must be
included (DelGaldo, 1990). Consideration for cultural dif
ferences, language, and local conventions must be made to
ensure the success of the product in the increasing interna
tional market.
Provisions should be made in the software (with a
customisation utility for the user or distributor) to handle
differences in:
— Numeric Formats. Separators between decimal places
and thousand units could be one of; period, comma,
center-dot, space or none.
active
align
analyze
array
backup

Command Brovser
o both
create,
rafiSB.Y CM
dj
right
library
write
menu
o

□l:r
o

0:

l*
2

<>

Command Vindov - trumpet.dqn. Manual Save, Demo Version
LVL=1 ,SOUD>'T=O,lC=S0L,PRI,CO=0
Locks=SN,
Enter first point
PLACE LIME STRING (STREAM)
1

Figure 6. The Command Browser (top) and the Command Window
(bottom).
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— Date Formats. Three formats are possible; month-dayyear, day-month-year, or year-month-day. Separators
could be one of; backslash, forwardslash, period,
comma, hyphen, space or none.
— Time Formats. Use of 12 or 24 hour notation. Separa
tors could be one of; period, colon, space, or none. Full
name of the time zone (not acronym) or variation from
Greenwich Mean Time (GMT) should be supported.
— Icons and Symbols. Do not mix text with an icon since
the text is difficult to translate between languages.
— Screen Text. Avoid acronyms and abbreviations and
grammar that is overfriendly (childish). Keep text
length minimal — it is more than likely to expand once
translated.
— Menu Accelerators. Accelerators that follow a mne
monic structure will be difficult to translate in other
languages as will the different keyboard layouts used in
different countries.
— Character Sets. Support for large character sets (such as
the 4,000 Kanji characters) and different collating
sequences of characters.
An interesting example of cultural differences with
icons and colour involves the use of a mailbox icon repres
enting an electronic mail system. The problem here is
that a mailbox is not consistent throughout all countries as
being an indication of mail. There are also differences for
the colour of mailboxes: blue in USA, red in England and
yellow in Greece. In this case a more appropriate ionic
metaphor would be an envelope of some neutral colour.
One key solution is to never “hardwire” text or icons
into the system code. Make all the translatable items act as
country specific resources that can be easily modified and
distributed with the software system. For example: all text
messages that are displayed should be indexed and called
appropriately from the country-specific resource file.
Another solution is to treat the translated interface as a
new interface (Nielsen, 1990) and to re-test the interface
with the new audience. This will involve more effort but
better results.

5 CONCLUSION
The difference between a successful Software Engineering
project and an unsuccessful one is based on how satisfied
and productive the end user can be. By paying more atten
tion to the user interface, following guidelines, and by
involving users in the design process, the success of the
project can be greatly enhanced. Using prototyping tools
may aid in the rapid development of screen designs which
can be tested on users and their feedback evaluated.
Finally the ease with which the internationalisation of
software can be performed is an important factor to be
considered at all stages of design and development. Fol
lowing international standards is highly recommended as
well as de facto industry standards.
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1 INTRODUCTION
The key component of most new computer-based systems
is software. In taking this leading role, software has
become larger, more complex, and more critical. In addi
tion, customer expectations have increased dramatically.
Customers expect that, because the system is controlled by
software, modifications should be relatively easy to make
and so allow the system to accommodate changing
requirements over long periods of time. Moreover, since
software is a major investment, the customer expects that
the software should be transportable to other platforms.
No longer is it acceptable for the software to become
obsolete at the same time as hardware.
Customers are also becoming more aware of the prob
lems that can be associated with the development of soft
ware intensive systems. They hear of software “horror
stories” where delivered systems are besieged with errors,
are difficult to modify, have enormous cost and schedule
overruns, and fail to meet requirements. Customers are
rightfully becoming more suspicious of the developers’
ability to provide a quality product on time and on cost.
The old adage “trust me” is no longer acceptable and
many customers are employing independent means to
ensure that the product will be acceptable both on delivery
and after deployment.
Recently, Information Technology Division (ITD) was
approached by a defence project office to assist in assess
ing a piece of software being developed for the project
office by a contractor. The project office was concerned
that the software would not meet expectations and
required an independent evaluation to highlight possible
problem areas. In particular, their major concerns related
to portability, performance, and quality issues. Also, since
the software provided some safety-critical functions, the
project office needed details of the overall static structure
of the software as a prelude to identifying and verifying
these modules.
A total of 739 Ada source files were delivered for
evaluation. Little additional information was provided
other than that contained in the documentation (produced
in DOD-STD-2167 (US Department of Defence, 1985)
format). The software was the baselined version of the
system which was about to undergo developmental test
and so the files contained code that was complete and
would supposedly compile. Clearly, with limited man
power resources, it would have been impractical to try and
assess this amount of software without tool support.
One of the research areas at ITD has been in the area of
software measurement and analysis. The focal point of this
research is the Software Measurement and Analysis
Testbed (SMAT) (Vernik and Turner, 1990; Vernik,
Turner, Baker and Landherr, 1991) which will ultimately
provide an integrated framework environment for assess
ing large real-time software systems. Although the SMAT
system was not at a stage where it could directly be used
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for analysis, during its development ITD has gained valua
ble experience with some of the commercial tools which
will ultimately provide inputs to the SMAT system (eg.
AdaMAT, AdaMETRIC). Also, useful techniques and
components derived during the SMAT development were
available to assist the analysis task.
This paper describes our experiences in performing the
analysis. The tools that we used for the analysis are des
cribed in Section 2 of the paper. This is followed by a
discussion of the overall approach. In Section 4 we sum
marise the results of our analysis and we conclude by
providing a summary of our experiences.
2 THE TOOLS
A Sun 3/80 workstation provided the basic environment
for our analysis. Apart from the UNIX tools provided as
part of the SunOS operating system (e.g., the vi editor, grep),
a number of other commercially available and in-house
developed analysis tools were used. These are described in
more detail below. The SunView environment provided a
basic windows framework in which we could view source
code and related measurement data.
2.1 AdaMETRIC
AdaMETRIC is a library of Ada source code which can be
used for building Ada software analysis tools. The core of
the software is a recursive descent parser. An example
program (called Met_Pars) is provided to show how the
parser can be used to develop other tools. Met_Pars pro
duces the following data as output:
— Halstead Metrics
— Percentage of comment lines per file
— Details of the contents of each file (e.g., names and types
of Ada units contained).
Met_Pars was originally developed on a PC using the
R&R Janus Ada compiler. We modified the program to
run on a Sun workstation. The parser was also modified to
allow us to produce “custom” reports and to provide
reports of some additional language features not included
in the original system (eg task types, pragmas).
AdaMETRIC is a component of the US Government
Source Code Directory (1990) and is distributed by Source
Translation and Optimisation of Belmont MA.
2.2 SourceView
SourceView is an analysis tool developed by ITD for Sun
workstations. This tool is based on the UNIX grep tool and
provides an integrated method of pattern matching.
SourceView allows the user to enter file search parame
ters (including recursive searches) and interactively per
form pattern matching functions on the files. The tool
allows selection of Ada keywords as well as user defined
patterns. The highly interactive nature of the tool makes it
ideal for initial file analysis.

2.3 ADAMAT
AdaMAT (Anderson and Perkins, 1988) is an automated
quality reporting tool specifically developed to measure
and analyse Ada software. The tool provides visibility into
Ada source code by quantifying how well software engi
neers are adhering to both long-standing software engi
neering principles and the features of the Ada Language.
AdaMAT bases its scores on a hierarchial framework
of metrics. This metrics framework consists of over 200
elements. The top-level scores address maintainability,
reliability and portability. These top-level scores are built
from the scores of software engineering principles such as
modularity, system clarity, simplicity etc. These principles
are the next level of the hierarchy and are composites of
still more specific principles. For example, system clarity is
measured by expression style, naming style and others.
Descending through the lower levels, AdaMAT has further
aggregates of the lowest level which is made up of over
400 data item counts taken from Ada source.
An example of part of an AdaMAT report is shown in
Figure 1. The report shows the metric hierarchy and the
scores for each element. The total report contains 207 data
items. Reports can be customised.
AdaMAT is produced by Dynamics Research Corpora
tion, Andover MA. At the time of purchase, AdaMAT was
only available to run on VAX systems; however, we were
assured that versions for other systems were being
developed.
.
2.4 AdaMAT Scanner and AdaMAT/MD
To help manage and analyse the vast amount of data
produced (in our case 388 report files each having 207
data items) we developed a database of AdaMAT data
using the Oracle Database Management System. A tool
called AdaMAT Scanner was developed using the Oracle
Forms product to allow us to easily query the data.
AdaMAT Scanner is shown in Figure 2. The top block
allows the user to query for the metric (or set of metrics)
under investigation. The metric results for each file are
then displayed in the lower block. In this case, a level 5
count showing the number of times the predefined type
Integer is used is the subject of the query. The counts for
each file (ordered in descending order by total) are dis
played in the bottom block.
In addition to AdaMAT Scanner, we developed a tool to
provide details of the AdaMAT metric structure. This tool,
AdaMAT Metric Details (AdaMAT/MD) is shown below
AdaMAT Scanner in Figure 2. AdaMAT has a very com
prehensive level of metrics and a complex metrics frame
work. During analysis, we found that we needed a tool that
would allow us to reference certain parts of the framework
and to provide easy cross reference to the AdaMAT Refer
ence Manual which provides a discussion of each metric.
The AdaMAT/MD tool proved valuable for this purpose.
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USER:[IZT.ADAMAT.SOURCE]ALL FILES.REP;1
Score Good Total |Level------- Metric Name
0.45 6782 ***** j 1----------- RELIABILITY
0.52 * * * * * ***** | 1----------- MAINTAINABILITY
0.89 ***** ***** | 1------j---- PORTABILITY
^
ALL FACTORS
0.83 ***** ***** j 1
0.67 3616 5419 I 2---------- ANOMALY MANAGEMENT
3--------- PREVENTION
0.43
835 1930 |
4-------- APPLICATIVE DECLARAT
1192 |
0.44
519
5------- APPLICATIVE DECL SPE
0.86
171
198 I
994 |
5------ APPLICATIVE DECL BOD
348
0.35
4-------- DEFAULT INITIALIZATI
673 I
0.42
286
5-----DEFAULT INIT SPECIFI
27 |
0.70
19
5------- DEFAULT INIT BODY
267
646 |
0.41
4-------- NORMAL LOOPS
0.10
30 I
3
4-------- CONSTRAINED SUBTYPE
3
0.33
9 1
4-------- CONSTRAINED NUMERICS
1.00
24 |
24
4-------- CONSTRAINED VARIANT
0.00
0
2
I
3--------- DETECTION
0.79 2739 3446 I
4-------- SUPPRESS PRAGMA
0
0
I
5------- CONSTRAINT ERROR
0
1
5------- PROGRAM ERROR
0
1
5------- STORAGE ERROR
0
I
5------- NUMERIC ERROR
0
I
4-------- USER TYPES
0.79 2739 3446 |
5------- USER TYPES FOR PARAM
478 |
0.82
390
5------- USER TYPES SPECIFICA
0.77
535
699 I
5
------- USER TYPES BODY
1814
2269
|
0.80
3--------- RECOVERY
42
43 I
0.98
4-------- USER EXCEPTIONS RAIS
42
43 I
0.98
0.97 ***** ***** j 2---------- INDEPENDENCE
3--------- IO INDEP
0.98 ***** ***** 1
4-------- NO MISSED CLOSE
5 I
4-------- NO SYS DEP IO
*****
*****
|
0.98
4-------- IO NON MIX
0.98 ***** ***** |
3--------- TASK INDEP
0.94 8346 8910 I
4-------- NO TASK STMT
0.96 6796 7078 I
4-------- TASK STMT NON MIX
0.85 1550 1832 |
3--------- MACH INDEP
0.96 ***** ***** j
4-------- MACHARITHINDEP
12
0.04
305 I
5------- PACKAGE ARITH INDEP
0
0
1
0
1
6------ NO MAX INT
6------ NO MIN INT
0
1
6------ NO MAX DIGITS
0
1
6------ NO MAX MANTISSA
0
1
6------ NO FINE DELTA
0
1
6------ NO TICK
0
1
5------- NO INTEGER DECL
176 |
5------- NO SHORT INTEGER DEC
0
1
5------- NO LONG INTEGER DECL
0
1
5------- NO FLOAT DECL
70 I
5------- NO SHORT FLOAT DECL
0
1
5------- NO LONG FLOAT DECL
0
1
5------- NO NATURAL DECL
44 |
5------- NO POSITIVE DECL
3 I
5------- FIXED CLAUSE
1.00
12
12
|
4-------- MACHREPINDEP
972 |
0.42
409
5------- NO PRAGMA PACK
7 1
5------- NUMERIC CONSTANT DEC
325 |
62
0.19
1.00
5------- NUMERIC TYPE DECLARA
45 I
45
5------- CLAUSE REP INDEP
302
595 I
0.51
0.67
375 I
6------ NO LENGTH CLAUSE FOR
250
USER: [IZT.ADAMAT.SOURCE]ALL_FILES.REP; 1
Score Good Total | Level-------Metric Name
Figure 1. Portion of AdaMAT Report.
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rxviseS : /users/rxv
You have ial 1.
seS /users/rxv
usr/1oca|
r::vi«se8 : /users/rxv/oracTe/adamat
A OA H ATS CANNER
rxvGseS : /users/rxv
^ith Systei;
vlth Byte;
with Unchecked.Converslon;
vtth Text.Io;
package body Parallel.Card.Io 1s
prag*a Suppress.*]1;

Description

Nate:

9SSI3GQ2SQBHHHHI
ise ot preuet type
inieiiEr

F1lenaie

-- Define size variables used 1n bit positioning for clause
Bytel : constant := 8 • Byte.Bits;
Vordl
constant := 16 • Byte.Bits;

Score

Ref:

Good

Total

■HARDWARE
BSYSTMCNT
BDCYSNTRR
7DCYSNTRR
/PRIORITY
BSYSTMCNU
7SRLCRDPR
BCFCU

-- Base address of parallel card 1s FFFFB808
Parallel.Card.Base.Address : constant Integer := -16#4888#;

-- Set up addresses of tain devices

Level: 3H|

Ident:

E

I33»E1

i
j

ffatfeil

P1t_l_Address_0ffset : constant Integer := 16#180tf;
P1t_2_Addre$s_0ffset : constant Integer := 16#280#;
B1t_P1t_l_Addres$_0ffset : constant Integer := 1S#580#;

v Char Mode: Replace

Count:

Page 1

12

1

B1t_P1t_2_Address_0ffset : constant Integer := 1S#680#;
B1_Mode_Address_0ffset : constant Integer := 16#7FF#;
ADAMAT

METRIC
Lvl

— Set up address offsets of p1/t registers
constant Integer := 16#81#;
Port_General_Control_Reg_Off$et
constant Integer
16#03#;
Port.Servlce_Request_Reg_Offset
constant Integer : = 16#05#;
Port.A_Data.D1 rection_Reg_0ffset
constant Integer := 16#87#;
Port.6_Data.D1 rection_Reg_0ffset
constant Integer := 16#09#;
Port_C_Data_D1rect1on_Reg_0ffset
PQrt_Interrupt_Yector_Reg_Off$et : constant Integer := 16#0B#;
Port_A_Control_Reg_Offset : constant Integer := 1S#0D#;
Port_B_Contro1_Reg_0ffset : constant Integer := 1S#0F#;
Port_A_Data_Reg_Offset ^constant Integer := 16#il#;
Port.B.Data.Reg.Offset : constant Integer :=
Port_A_Alternate_Reg_Offset : constant Integer := 16#15#;
Port.B.Alternate.Reg.Offset : constant Integer := 16#17#;
Port_C_Data_Reg_Offset : constant Integer := 16#19#;
Port_Status_Reg_Offset : constant Integer := 16#1B#;
T1*er_Control_Reg_Qffset : constant Integer := 16#21#;
T1■er.Interrupt.Yector.Reg.Offset : constant Integer := 16#23#;
Counter.Preload.Reg.Hlgh.Qffset : constant Integer := 16#27#;
bprlllcrd.ada" 1043 lines, 44839 characters
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Figure 2. SUN screen showing text window, AdaMAT Scanner and AdaMAT/MD.

2.5 Adagen
Adagen is a Computer Aided Software Engineering tool
that provides object-oriented requirements analysis and
design support capabilities for Ada, an Ada code genera
tor, a reverse engineering capability, and a typeset docu
mentation generator. We used the reverse engineering
facilities to aid our analysis.
The reverse engineering facility produces Ada Struc
ture Chart diagrams from Ada source. The two types of
diagrams produced are: With Dependency Diagrams
(WDDs) showing with dependencies between compilation
units (refer Figure 3), and Ada Structure Diagrams (ASDs)
(refer Figure 4) showing topology and nesting (similar to
the diagrams made popular by Booch and Grady (1986).
Adagen is produced by Mark V Systems Limited,
Encino C A. The system can be hosted on several platforms
(in our case the SUN 3/80). The SUN version runs under X
Windows.

3 THE APPROACH
Our overall analysis approach was to make use of the tools
we had available to assist in the analysis. The following
paragraphs outline the approach taken.

Figure 3. AdaGEN With Dependency Diagram.
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Figure 4. Ada GEN with Ada Structure Diagram displayed.

3.1 Initial Analysis
SourceView and AdaMETRIC were used to get an overall
“feel” for the system. This is an important first step and
needs to be conducted before a more in-depth analysis can
proceed. For example, by using the tools to quickly scan
the files we found that of the 739 files delivered, only 387
related to the actual system (the others were mainly test
files). This initial analysis also helped us characterise the
system. For example, we were interested in overall charac
teristics such as the composition of each file, size of files,
general level of commenting, number of tasks, overall
number of generics and associated instantiations.
3.2 Production and Analysis of Structure Diagrams
Adagen was used to reverse engineer the source code and
produce structure diagrams for the system. These dia
grams were needed to get an overall picture of the soft
ware. From these diagrams we could assess the overall
static design structure and help those involved in the safety
critical verification to identify dependencies and
relationships.
Initially we tried to feed the complete system to Adagen
and have the tool itself provide the levelling and subdia
grams. Unfortunately, the structure was too complex for
the tool and it gave up in disgust (without appropriate error
messages). We then took the following approach:
— The code was broken up into the subsystems identified
in the design documentation.
— The overall top level package structure for each subsys
tem was fed to the reverse engineering facility to pro
duce a With Dependency Diagram.
— Lower level WDDs were produced by including subun
its and bodies for relevant sections of the subsystem.
— ASDs were produced for areas of specific interest (e.g.,
areas that exhibited complex component encapsulation
and areas that provided safety critical functions).
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3.3 Production and Analysis of Metrics
AdaMAT was used to provide metric information to assess
the quality of code and to help assess portability.
The AdaMAT metrics were produced on a VAX 8300
and transferred to the SUN for analysis. Metric reports
were produced for each of the 387 files, and a report was
produced for the entire system (a macro-level report). The
data from the individual file reports was loaded into the
Oracle database.
The macro report allowed us to gauge the general
“health” of the software and the individual file reports
helped pinpoint actual problem areas. Based on the macro
level report, we used AdaMAT Scanner to focus on areas
which had low metric scores. Using the setup in Figure 2,
we could focus on the files that were the “main offenders”
and then load the relevant source file into the edit window.
In this way we were able to quickly look for “hot spots”
where the code did not conform to recommended practice.
Quickly scanning over the metric results for the files using
AdaMAT Scanner also showed those files that were con
sistent culprits and this further narrowed down the “hot
spots”.
AdaMAT Scanner also allowed us to look at the distri
bution of metrics across the files. For example, in Figure 2
we see that the predefined type Integer is heavily used in
only a few files and that the usage across files drops off
rapidly. This is much less of a problem than if its use had
been spread throughout the code i.e., only a few files need to
be changed to improve overall portability).
AdaMAT/MD was used to help reference the metrics
framework and cross reference to the Reference Manual.
It helped set the focus and goals for a particular analysis
session.
4 RESULTS OF ANALYSIS
4.1 Structural Analysis
Analysis of the software structure (or architecture) was
performed to assess the overall design structure of the
system. The static structure of the software can have a
major effect on maintainability and portability. Moreover,
assessment of the dynamic structure can help make an
assessment of performance related aspects. Some of the
problem areas identified during the analysis of the static
structure included:
— Redundant Dependencies. There were many cases
where bodies and subunits had redundant dependen
cies. For example, subunits withed packages that had
already been withed by the specification or body of the
parent package.
— Overuse of Subunits. The software consisted of a large
number of subunits, many of which contained no more
than one line of executable code. The nesting of subunits
was also excessive. Up to six levels of subunit nesting
was detected. These practices make the software more
difficult to understand and manage.
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— Complex Dependencies. The dependencies between
modules were found to be difficult to comprehend.
There seemed to be no clear boundaries between sub
systems. The complexity of the system was made worse
by the fact that a high proportion of the dependencies
came from the nested subunits.
— Poor Correlation to Design Documents. The imple
mentation was found to have deviated considerably
from the design. These deviations ranged from different
unit names to the inclusion of another complete subsys
tem. Module dependencies were found to differ signifi
cantly in the implementation.
Since the design was said to be Object Oriented, we
expected to see more use of private types and associated
Abstract Data Types packages. A scan of the AdaMAT
data showed that of the 118 times that private types could
have been used, they were used in only seven instances.
We attempted to analyse the dynamic structure of the
system using Adagen and SourceView. We had very
limited success but managed to produce a task diagram
which mirrored a diagram provided by the design team.
Our diagram showing the actual task composition and
task names was quite different from the design. Our tools
were not able to provide a more detailed analysis of the
dynamic aspects (e.g., deadlock analysis, process
identification).
4.2 Quality Analysis
A number of quality problems were discovered through
the use of the AdaMAT data. The quality of the code was
not consistent. A major proportion of the code appeared to
be well written; however, there were areas of the code that
showed very poor practices and suggested that some of the
personnel were not appropriately trained and were inexpe
rienced. The following is a sample of the quality problems
detected during analysis:
— Various levels of Commenting. There were areas of
code that were completely uncommented and others
contained a high proportion of code to comments.
Although the general number of comments was high in
some areas, AdaMAT provided low metric scores for
commenting due to the lack of commenting of key
features. AdaMAT looks for the explicit commenting of
certain language features (e.g., raise, delay, implemention dependent pragmas, exit, representation clauses).
Indeed, on inspection of the code, we found that the use
of these features was generally not accompanied by
comments. Also, a high proportion of the comments
found were attributable to Software Development File
information that was kept in the source files rather than
actual source code comments.
— Overly Complex Routines. Some routines were overly
complex. For example, routines with up to eight levels
of nesting were observed. These overly complex rou
tines were constrained to a few files and so could be
easily rectified with minor redesign.

— Residual Code. There were a number of areas where
code had been commented out. This ranged from a few
lines of code to complete components.
— Residual Debugging Code. Code used for debugging
purposes was not removed.
— Inappropriate Use of Private Section in Package Speci
fications. The private part of package specs should be
reserved for completing declarations of private types
and deferred constants. Unnecessary dependencies
between the intended semantics and the data structures
can be created if the private section is used for other
purposes. An example of inappropriate was the use of
pragma inline in the private part.
— Null procedures. Procedures containing only a null
statement were seen in several parts of the code. These
were probably residual from the design process.
— Use of Suppress_All. Pragma Suppress_All was used
10 times in the code. This pragma suppresses all checks
yet it may have been more appropriate to have sup
pressed only some of the checks (e.g., numeric error). We
were unable to determine if this would have been case
since the reasons for suppressing checks was not pro
vided in comment form.
— Limited use of Exceptions. Using tool support we were
able to quickly assess use of exception handling. The
use of exceptions was minimal and there did not appear
to be a strategy for exception propagation and handling.
4.3 Portability Analysis
Our customer was particularly interested in the portability
attributes of the software. As a starting point, we looked at
the portability assessment provided by AdaMAT which
showed a score of 89% (portability in AdaMAT is built
from the Independence, Modularity and Self Descriptive
ness criteria). Analysis of the lower level metrics and
counts showed that in the main, good coding practices for
producing portable code had been used at the module
level. There were some practices such as the use of prede
fined types (e.g., Integer) which could have an effect on
transportability but these were generally isolated to a few
files and so could be easily rectified.
The AdaMAT results of portability could be misleading
if taken strictly at face value. Our earlier initial analysiswith AdaMETRIC and SourceView tended to suggest that
the 89% figure was not indicative of the real situation. For
example, we saw a significant dependence on implementa
tion dependent pragmas (e.g., pragma Interrupt_Handler),
low-level hardware interfacing, and delay timing. The
software is very dependent on Ada tasking for its operation
and so there are also many portability issues associated
with the type of scheduling. AdaMAT cannot factor in all
these additional, macro-level attributes (ie analysis is per
formed at the file level rather than at the system level).
The AdaMAT results were also inflated because we
had not properly tuned the tool to look for system depen
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dencies. AdaMAT provides a means of listing known sys
tem dependent modules, and then generating metrics
based on these modules (e.g., dependency on system
dependent modules). In our case we were unable to accu
rately identify all the system-dependent modules and so
our metric values for portability were probably inflated.
AdaMAT provided valuable information on coding
aspects of portability (e.g., use of predefined types, depend
ence on machine representation); however, we found that
other tools needed to be used to gain a full assessment of
portability. Our assessment of portability would have been
incorrect if we had only viewed the AdaMAT results.
5 SUMMARY OF EXPERIENCES
5.1 Tool Integration
One of the major problems that we experienced was the
lack of tool integration. Each of the tools was basically
stand alone and, although we were able to achieve some
integration by way of the SunView environment, the analy
sis would have been far more effective in an integrated
measurement and analysis environment. For example, we
produced structural diagrams with Adagen and metric
information using AdaMAT but were not able to overlay
metric results on to the system structure representation.
Ideally, it would be nice to be able to highlight areas of the
static structure which are below a particular metric thre
shold or superimpose the metric values on the static dia
grams or views.
A major aspect of the current SMAT development is to
provide a framework where structural, metric, and mea
surement information can be accessed in an integrated
way.
5.2 Lack of Support for Dynamic Analysis
Visualising and understanding the dynamic structure of
Ada software can be difficult. We found this particularly
difficult for the software under analysis due to the large
number of tasks used in the system.
Tools need to be developed which aid the understand
ing and analysis of system dynamics. We believe that there
is a need for tools that help detect deadlock conditions,
priority inversion, starvation, critical races, and failures to
provide mutual exclusion. Some work has been done in
this area by Karam and Buhr (1990) although we are
unaware of any commercially available tools that provide
this level of support.
5.3 Tool Maturity
We had a number of problems where the tools worked fine
with small bodies of code but failed with the larger, more
complex code presented during our analysis. In particular,
we found that Adagen had difficulty in handling complex
nesting of subunits. Also, we found that we needed to
break the system into smaller blocks and reverse engineer
parts at a time. In many cases the tool didn’t give error
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messages when it failed. When error messages were given,
these were not described in the documentation. Hopefully
later versions of the tool will be more robust.
5.4 Use of Metric Information
We found the metric information to be useful as a guide to
where possible problems may reside. Simply because a
particular metric score was low did not indicate that there
was indeed a problem; rather it indicated that perhaps we
should take a closer look. A number of problem areas were
detected in this manner.
The statistical spread of a metric across files was also
seen as important. For example, although some metrics
showed a low count, we found that in many cases the
problem was restricted to a few files and so the overall
effect on system quality was minor. However there were
other cases where dramatic changes would be needed to
rectify the quality problems.
5.5 Need for Additional Metrics
The metrics provided by AdaMAT focus on the file level.
Metrics for overall structure are not provided. Some met
rics that would be useful include package fan-in, fan-out,
and information flow (Henry and Kafura, 1981). One of
the major aims of the SMAT research is to study software
static and dynamic structure to help define additional
structural metrics.

6 CONCLUSION
We found that we had a reasonable amount of success in
analysing the software with the tools and techniques des
cribed in this paper. Certainly, analysis without the use of
tool support would have been difficult if not impossible. A
major problem that we found was the lack of integration of
the tools and that the commercial tools were more approp
riate for assessing small-scale software systems. We
believe that an integrated framework (based on a data
repository) is needed to effectively assess large-scale sys
tems and we are developing a Software Measurement and
Analysis Testbed (SMAT) (Vernik and Turner, 1990; Ver
nik, Turner, Baker and Landherr, 1991) to meet this need.
Metric information should be used as a tool for looking
for potential problem areas rather than an end in itself. We
found that low metric scores did not necessarily indicate
major problems in the system. We also believe that, as in
any form of measurement and analysis, the use of metric
results by personnel not trained in their use is risky. Simply
taking the figures at their face value can be misleading and
costly. We also found that current metrics are limited.
They tend to focus on the micro-level of program structure
(e.g., complexity of procedures). Metrics and tools need to
be developed that assess the macro or architectural level of
the software (e.g. package dependencies, concurrent pro
cess interaction).
Customers should not accept software at face value.

TECHNIQUES AND TOOLS

Some independent form of assessment and verification
needs to be applied to ensure that the software conforms to
quality requirements. Software systems today are longlived and constitute a major investment. The cost of devel
opment is only a proportion of the overall lifecyle cost
where maintenance results in the largest proportion. The
cost of maintenance is reduced if the software can be easily
understood, modified, and transported. Effective assess
ment by experienced personnel (armed with appropriate
analysis tools) can help prevent the acceptance of sub
standard software and the resultant increased lifecyle
costs.
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1 CONTEXT
The state of Software Engineering practice in Australia, as
in the USA, is still generally rather primitive (see Humph
rey, Kitson and Kasses, (1989) for a recent assessment
pertinent to a sector of the US market). As educators, we
believe that we have a major role to play in the transforma
tion of that practice. What is required is the development
of degree programs with a strong emphasis on Software
Engineering. Computing curricula in Australia tend to
have one of three emphases: Computer Science, Informa
tion Systems or Computer Systems Engineering. In order
to develop a Software Engineering emphasis, substantial
curriculum reform is needed. There are several interna
tional initiatives oriented towards computing curriculum
reform under way. Lidtke (1990) reports on recent devel
opments in computing curricula in higher education, in
particular referencing the work at the Software Engineer
ing Institute (SEI) in Pittsburgh, whose model graduate
curriculum in Software Engineering (Ford and Gibbs,
1989) provides a strong focus for a variety of develop
ments and in many ways has inspired the work reported
here.
There is widespread agreement (Gibbs, 1989) that we
need to be educating our future software engineers in
radically different ways to our past computer scientists,
and the view pronounced in Gibbs (1989) is that the pre
ferred way to do this is through graduate Software Engi
neering programs built upon strong undergraduate Com
puter Science foundations.
Our belief is that as with education in other engineering
disciplines, a sensible approach to a Software Engineering
degree structure involves interleaving of the Computer
Science and Software Engineering, with a preferred dura
tion of at least the normal extent of an accredited engineer
ing degree (in Australia, 4 years).
The cruel face of reality commands us to implement
such an integrated programme over the normal extent of a
science undergraduate degree (three years), and so we
have to make many compromises to the ideal. We believe
it is possible to accomplish these compromises so that the
result is clearly a degree with an engineering rather than a
science emphasis. There are now several degrees in Aus
tralia which permit a Software Engineering major as part
of a computing degree (for example at La Trobe Univer
sity (Reed, 1990) and Griffith University (Little and Margetson, 1989)). In recent years proposals for a Software
Engineering curriculum have been enunciated by Bailes
and Salzman (1989) and their co-workers, and Rosel
(1988). However, apart from the degree described here,
the authors know of only one Australian degree (at La
Trobe University) emphatic enough in its Software Engi
neering content to earn identification as a Software Engi
neering degree.
As pragmatic educators we have been forced to con
sider the variety of curriculum initiatives from the perspec

UNDERGRADUATE SOFTWARE ENGINEERING

tive of reality: at Swinburne our effective remit is to edu
cate engineers of ordinary talent, to use a description of
Shaw (1990). Aptly, Shaw suggests that “Engineering
practice enables ordinary practitioners so they can create
sophisticated systems that work . .
and ultimately it is
our goal at Swinburne to commence the enabling of such
ordinary practitioners.
Dijkstra (1989) and Parnas (1990) have recently pro
nounced on important curriculum issues that are worthy of
consideration. We are not convinced that the detail of their
proposals relates immediately to the education of the
engineer of ordinary talent. The ideals of Dijkstra
(1989) relating to formal methods of program derivation
(which we commend in the context of educating engineers
of extraordinary talent, such as no doubt populate the
undergraduate body at Dijkstra’s first rank university) are
unachievable with the majority of our students. The sug
gestions of Parnas (1990), whilst perhaps achievable in a
programme of greater length, and with mathematically
mature students, contain too much general engineering
and mathematics to permit the compromises that our stu
dent body and degree length constrain. Moreover, we
believe that the engineering thrust of Parnas’ proposal
might be achieved using Software Engineering as the
exemplar vehicle, and so disagree with the detail of his
proposal, if not with its aims.
Before leaving a consideration of ideals, it is wise to
reflect on Shaw’s assessment of where current software
practice lies on the path to a professional engineering
discipline (Shaw, 1990). Shaw argues that although in
some cases software development is still a craft, the emer
gence of software development methodologies during the
1980s has marked a partial unification of craft and pro
duction to establish a body of commercial practice.
Further, science contributes some results (algorithms, data
structures, and we might add others, such as formal pro
gram derivation methods), but there are isolated examples
only (for example compiler construction) where one can
argue that professional engineering, in the sense of “ena
bling ordinary practitioners so they can create sophisti
cated systems”, has taken place. Therefore our curriculum,
as others, must be viewed as experimental, and related to a
discipline which itself is in the process of maturation.
In this paper we outline the approach taken in our
degree to address the major imperatives that genuine
Software Engineering education implies.
The vehicle by which Computer Science oriented cur
ricula have been transformed has typically been the ‘stu
dent team project unit’. We share the concerns of Parnas
(1990) as applied to many such initiatives, but recognise
the value of a vehicle by which the focus of attention of
curricula has been transformed, so that an emphasis on
Software Engineering has become possible. Parnas’ con
cerns are best viewed as a warning of what can happen
rather than a prediction of what will happen. Influenced by

other successful implementations, such as described in
Tomayko (1987), we believe that with careful planning
and direction, projects can provide a realistic Software
Engineering experience.
At Swinburne our computing degrees have followed
this typical pattern in their evolution, whilst also being
anchored in reality through a strong historical and con
temporary commitment to cooperative education, which
Parnas (1990) favours. In fact, experience in industry as
supplied by cooperative education generally allows our
students insights into Software Engineering practice addi
tional to those provided by project work, but cannot for all
students cover all the ground demanded by curriculum
goals. We are pleased to provide both project work and
industrial experience for our students.
Thus our curriculum is focussed on educating software
engineers through a mixture of Computer Science funda
mentals, controlled Software Engineering practice in
project units, and uncontrolled commercial experience
through our cooperative programme (which incidentally
adds an extra year to the degree, which consists of three
academic years and one year of cooperative ‘industry
based learning’). Our students also encounter several pro
gramming paradigms, and several specialised types of
information system, so that the study of databases, for
example, becomes a vehicle by which methodological
approaches to systems development can be exemplified
and experienced.
The detail of this paper concentrates:on describing the
controlled project environment that we believe contributes
substantially to the overall education of our students, and
its interaction with the rest of the curriculum. In another
paper we shall deal at length with the philosophical con
siderations implicit in the education of‘software engineers
of ordinary talent’.
2 KEY GOALS
Underpinning the philosophy of our curriculum are the
following key goals for our students, who should:
— develop adequate technical competence in analysis,
design and programming
— understand key Software Engineering concepts
— develop interpersonal skills adequate for participation
in software development teams
— undergo practical work that requires the understanding
and use of these concepts and skills, thereby being
reinforced in the process of their acquisition
— appreciate through experience the benefits of methodo
logical approaches to systems development and the
costs of ad hoc approaches.
It is important that theoretical and practical technical
foundations underpin the project work around which the
degree is built. We agree that a sound education in Compu
ter Science is essential support for Software Engineering
education, although as suggested above, and in keeping
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with educational practice in other engineering disciplines,
we believe that the engineering and science should be
learned concurrently where possible.
Our observations as educators have taught us that our
students understand and accept ideas which they expe
rience as being of value. For this reason, we aim to provide
a learning environment where our students experience
failure where bereft of methodology and success when
supported by methodology. (It is a particular challenge to
achieve such an environment, and as yet we are still exper
imenting with ideas rather than claiming success.)
In degrees where there is a single, overview unit on
Software Engineering, perhaps accompanied by a project
unit, surrounded by a traditional Computer Science cur
riculum, it is too often the case that the project work does
not need the application of extensive Software Engineering
methodology to achieve ‘success’ (Parnas, 1990). Even
where a methodological approach is taken, the methodol
ogy is often seen as a hindrance rather than a help and,
being evaluated in a negative context, is dismissed as
irrelevant.
Our goal is that the practical work undertaken by our
students should require the application of Software Engi
neering methodology to succeed, and that our students
should appreciate this through experience rather than
through preaching! With this in mind, the final year project
work is technically complex, and involves a high degree of
communication and control. We trust that failure will be
guaranteed if the project is approached in an ad hoc
manner!
Our course is not for the uncommunicative. From the
outset effective verbal and written communication is
sought from our students, and its absence penalised. It is
our goal that our students learn the benefits of effective
communication and the penalties the world imposes on
those who cannot communicate in the context of their
formal education rather than in the jungle of commerce
and industry. This emphasis on communication pervades
all our computing degrees at Swinburne, and reflects
trends being followed elsewhere, for example at Griffith
University (Little and Margetson, 1989). There is consid
erable anecdotal evidence that a concentration on com
munication skills has provided the behavioural and social
transformations in computing graduates most appreciated
by employers in recent years.
3 REALISATION
Aspects of the Swinburne curriculum which contribute
towards fulfilling key objectives include:
— the use of Ada as the first and main programming
language
— a project strand in each year of the degree
— the use of standards, evolving in complexity to full
professional standards in final year
— the use of intensive short courses to cover key areas of
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Software Engineering in detail, coupled with the expe
rience of these areas in the context of project work
— the cooperative education component, which inculcates
commercial reality
— the use of contemporary software development envir
onments and tools to enable effective use of previously
learned methodologies.
In Australia, the late 1980s generally heralded a trend
away from the use of Pascal as the first programming
language, with Modula-2 a popular replacement, provid
ing natural support for programming in the large and a
modicum of concurrency. Often the rationale for the use of
Modula-2 was the existence of good cheap compilers, both
on Unix systems and on PCs. Ada was eschewed particu
larly because of the lack of availability of such compilers.
There is no longer a problem of availability of Ada
compilers, with a validated PC compiler with a neat pro
gramming environment now available at a very reason
able cost, well within the budget of the majority of stu
dents. The benefits provided by Ada for programming in
the large are considerable (Booch, 1987), and there are
now several universities using Ada as the first program
ming language in the USA, the UK and Australia. At
Swinburne in 1990 it no longer seemed reasonable to
move from Pascal to Modula 2, but rather to Ada, not
because of a desire to train Ada programmers, but rather
because Ada would best support the Software Engineering
thrust of our curriculum.
We shall report elsewhere our approach to the use of
Ada as a foundation for Software Engineering education,
but note here that we are as yet undecided in the context of
our particular student body as to the optimal sequencing of
presentation of concepts pertinent to Ada. The challenge
of presenting a complex tool such as the Ada language to
the student of ordinary talent is substantial, and requires
careful implementation.
In Section 4 we indicate the objectives and content of
the project strand in each year of the course. We believe
that in educating software engineers it is important that we
provide a Software Engineering experience for our stu
dents (albeit in controlled and reduced scope) from the
very beginning of the programme. Thus our students never
just program, but from the outset are aware of broader
software lifecycle concepts. The first year project unit
provides the foundation for this thrust.
One goal of the degree is that our students appreciate
the discipline of systems development under rigorous
standards. To achieve this end, whereby professional
standards will be used in the final year projects under
taken, our approach is to introduce the use of standards
early in the degree, and to increase the sophistication and
scope of the standards requirements as the degree pro
gresses. Thus we commence with program coding stand
ards, themselves evolving in scope, and some simple doc
umentation standards. Our goal of assisting the students to
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Table 1. Degree Structure
Semester Computer Science
1

Software Development
Methodologies

Software Practice

Math/EIect

Software Practice 1

Mathematics 1

Formal Methods

Software Practice 1 :

Mathematics 2

Data Structures and
Algorithms

Systems Analysis and
Design

Software Practice 2

Operating Systems

Database

Data Communications

Human Computer Interaction

Programming in Ada
Introduction to Computer
Systems

2

Programming in Ada
Computer Organisation

3

4

Software Practice 2

Unix Systems Programming
Artificial Intelligence
5

Industry Based Learning
(F/T)

6

Industry Based Learning
(F/T)

7

Concurrent Systems
Programming

Concurrent Systems Design

Software Practice 3

Elective 1

Object Oriented Design
.

Software Practice 3

Elective 2

Computer Graphics
Computer Architecture
8

Object Oriented
Programming (Eiffel)

,

Computing in the Human
Context
Note 1: Computer Science electives available include Cobol Programming; Declarative Programming and Translator Engineering.

learn by experience requires that students experience the
benefits of adherence to standards by suffering the conse
quences of non-adherence. We are still working on
appropriate vehicles for supplying this experience in a
controlled way.
Whilst our students take a unit which provides them
with an overview of software lifecycle concepts in the
second semester or first year, that unit is not adequate to
cover in detail important issues like project management
and control, formal specification methods, software engi
neering economics, software metrics and validation and
verification. Our approach to such detailed issues is to
develop intensive units, akin to professional short courses,
followed up by inclusion of requirements in these areas as
part of project assessment. This means of organisation
permits us to staff the units using experts from industry and
other institutions, and ensures that our students encounter
contemporary professional practice. Quite deliberately,
the focus is on education for practice. Whilst not uncritical,
the material is presented from a pragmatic perspective.
In Parnas (1990) there is a section heading entitled
“Projects versus cooperative education”. Perhaps we are
fortunate at Swinburne in that there is no conflict or com

petition. We enjoy projects and cooperative education.
The format of cooperative education historically preferred
at Swinburne is the one year thick sandwich, where stu
dents spend their entire third year in industry. The initial
design of the Computer Science degree has adhered to this
approach, but we are considering a number of possible
alternatives. Temporal economic circumstances have pre
vented the implementation of the cooperative program for
the first (1990) intake of students. However we believe
that a full achievement of the objectives of the degree is
reliant on the cooperative education component. Through
this component students will experience in a variety of
settings the commercial realities of software development,
and encounter the necessities of interpersonal communica
tion skills, organisational political and cultural constraints
and the variety of problems that are encountered by the
practising software engineer. Many of these experiences
we can simulate only poorly in our project units.
What we can hope to simulate, funds permitting, is the
technical environment available to today’s practising
software engineers. We have no problem in providing the
outdated dumb terminal, command line Unix environment
that sadly still pervades many industrial and commercial
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sites, but it is our desire also to provide a state-of-the-art
workstation based environment.
We have established a Software Engineering Labora
tory of fifteen workstations, providing a state-of-the-art
integrated project support environment (IPSE) (HewlettPackard’s Softbench), a sophisticated CASE tool (Interac
tive Development Environment’s Software Through Pic
tures), a relational database management system (Oracle),
good Ada, C, C++ and Eiffel development systems and
associated tools. Students gain initial experience in this
laboratory in their second year, and use its facilities for the
conduct of their final year project.
4 CURRICULUM
4.1 Degree Content
The components of the degree realised might be conve
niently viewed as three parallel streams: Computer
Science, Software Development Methodologies and Soft
ware Practice, together with supporting units in Mathe
matics. The curriculum continues to evolve, and consider
ation is being given to allowing students some flexibiity by
the choice of minor studies in non-computing areas whilst
retaining the Software Engineering core. For students
choosing a maximum computing content however, the
structure is as appears in Table 1.
The Computer Science stream includes the core con
tent of computer science, the study of programming
methodology and the languages Ada, C and Eiffel, the
study of data structures and algorithms, the use of operat
ing systems, data communications, computer graphics and
artificial intelligence.
The Software Development Methodologies stream
focuses on aspects of building large scale software sys
tems, examining the methods of Systems Analysis and
Design, Concurrent Systems and Object Oriented Design
and the engineering of special purpose systems (e.g.,
database).
Complementing these, the project-based Software
Practice stream has been designed to expose students to a
variety of situations (lectures, tutorials, seminars, labora
tories and problem-solving groups) which provide knowl
edge and experience in problem-solving strategies, group
dynamics, group communication, resource analysis, criti
cal evaluation and review, and management of projects,
especially in relation to large-scale software systems. As
such, it complements the in-depth treatment of technolog
ical issues presented in other streams, assisting the student
to develop the professional skills required to understand
and function in the computer industry.
According to this view of the degree, the three streams
identify with specific bodies of knowledge highlighted in
Shaw’s model of the evolution of Software Engineering
(Shaw, 1990) (see Figure 1). It is the Software Practice
stream which attempts to provide students with what Shaw
describes as an appropriate mix of short-term pragmatic,
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Figure 1. Course Structure superimposed upon Shaw’s model of the
Evolution of Software Engineering (Shaw, 1990).

possibly purely empirical approaches that help stabilise
commercial practice, whilst recognising that the migration
to an engineering discipline of software will necessarily be
technical, and will be based in computer science. This
stream, summarised in Table 2, gives substance to the
undergraduate Software Engineering thrust of the degree
programme, built upon an emphasis on project-based
learning, as now discussed in some detail.
4.2 Software Practice 1 — Semesters 1 and 2
During the first two semesters of their course students
complete four modules of lecture and associated projectbased laboratory work.
In Module 1 (The Environment: Organisational Struc
tures and Systems), students are given an understanding of
the nature of organisations in which they may find them
selves working as computer professionals, or for which
they may have to develop software. The organisation is
studied as a system, organisational design, levels of man
agement, leadership style and organisational culture are
investigated, with the implications for computer system
development being explored at each stage. The common
applications found in business (order processing, booking,
administrative and decision support) and the major cate
gories of end-user software are introduced. In parallel with
the formal material covered in the lecture and tutorial
components of this module, project-based laboratory
work gives students experience with word-processing,
spreadsheet, and business graphics software.
In Module 2 (Communications: Written and Verbal
Skills for the Computer Professional), students obtain a
grounding in the communication skills required to func
tion as a computer professional working in an environ
ment of the type studied in Module 1. Students study
personal professional writing, business writing, technical
writing, consultation and negotiation, technical presenta
tion skills, and professional lobbying. In parallel with the
formal material covered in the lecture component, projectbased laboratory work requires that students research and
prepare a variety of business and technical documents and
prepare and give a technical presentation, all cast in a
computing industry context.
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Compon Semester Site
ent

Objectives

Curriculum

Software 1 and 2
Practice 1

By the end of the unit
students should:

The Environment:
Organisational Structures
and Systems

On
Campus

Software Development Project Links
Project

Year
First
Imple
mented

3-4 person team
Ada development

1990

Programming in Ada
Information Analysis

— Understated the organi
sational environment

Communications: Written
and Verbal Skills for the
— Have developed technical Computer Professional
writing and oral presen
The Project Team: Group
tation skills
Dynamics and Strategies for
— Appreciate the principles Group Project Work
of group dynamics and
communication
— Have knowledge of
strategies for group
project work

The Conduct and Documen
tation of Small Software
Development Projects

—Have experience of small
team project work
Software 3 and 4
Practice 2

On
Campus

By the end of the unit
students should:
— Have detailed
knowledge of project
management theory, and
be able to apply that
theory to the management
of software development
projects

Project Management
(Medium to Large-Scale
Software Development
Projects)
Software Engineering
Issues: Cost Estimation;
Documentation Standards;
Engineering Environments;
Metrics; Quality Assurance

4-6 person develop
ment, possibly in C,
which will require
students to exercise
significant project
management skills

Data Structures and
Algorithms

991

Systems Analysis
Database
Human Computer
Interaction
Unix Systems
Programming

— Have experience of 4-6
person group projects, which
although technically of
only moderate complexity,
require students to exercise
significant project manage
ment skills .
— Have detailed knowledge
in a selection of specialist
topics relevant to the
software lifecycle (see
Curriculum)
Coopera- 5 and 6
tive
Education

IndusTo expose students to
trial Site practical software development problem-solving
under authentic conditions

Software 7 and 8 On
Practice 3
, Campus

By the end of the unit
students should:
— Have experience of
working on a large,
technically involved project
making full use of a
sophisticated Software
Engineering environment

Experience with Practising
Professionals

Specialist Seminars as
required to support
Large-Scale Software
Development Project
Software Engineering
Issues: Formal Methods;
Software Risk
Management

1992

Large-scale Ada soft
ware development
project, requiring
students to perform as
members of a sizable
team (possibly 18
persons in groups of
4-5)

Concurrent Systems
Design and
Programming

1993

Object Oriented Design
and Programming

— Have experience, as
practicable, of the
management of such a
project
Table 2. Software Practice Stream

Against that background, students move in Module 3
(The Project Team: Group Dynamics and Strategies for
Group Project Work) into a study of the participants in the
software development process, of the dynamics of groups
in which they may end up working, of the co-ordination of

the meetings by which groups tend to function, and of
strategies which groups can use for solving problems. In
parallel with the formal lecture material, laboratory ses
sions give students their first experience of group work,
requiring them, working in groups of two, to structure a
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problem and produce a small piece of software (typically
100-200 lines of Ada source code) which addresses that
problem.
Finally, in Module 4 (The Conduct and Documentation
of Small Software Development Projects), students gain
their first understanding of how a project team might work
on a small-scale software development. Lectures intro
duce various approaches to software development (for
example waterfall, exploratory, prototyping, system
assembly from reusable components); a first glimpse of
strategies for planning, scheduling and managing resour
ces and tasks involved is provided; the notions of fact
gathering and documentation of user requirements are
introduced; and the processes of architectural, data and
procedural software design are discussed. The lecture ser
ies concludes with an introduction to the concepts and
definitions of prescriptive testing (White-Box and BlackBox) and a discussion of typical end-user documentation.
It should be noted that the topics covered in lectures in this
module are deliberately at an introductory level only, pres
ented with the objective of providing an initial overview of
the software development process, with introduction of
structured analysis and design techniques only to the level
of detail required to support, and in the context of, the
associated project-based laboratory work discussed
below. Full treatment of methodological topics is provided
in subsequent dedicated units in the Software Develop
ment Methodologies stream.
In parallel with the formal material of Module 4,
project-based laboratory work requires students, working
in 3-4 person teams, to apply the fact-gathering techniques
covered to discover requirements, and then design, imple
ment, test and integrate modules to realise, in Ada, a
simple system. All work is documented according to sim
plified “house” standards for requirements, design and
user manuals. It should be noted that the project is essen
tially open-ended, with a base functionality which can be
realised in approximately 1000 lines of Ada source code,
although the better student teams typically deliver
enhanced functionality realised in approximately 3000
lines. Of note too, is the linking of this project work to
subject matter covered in other streams. Specifically, the
Module 4 project constrains student teams to an imple
mentation in Ada exercising data structure design and
implementation techniques covered in the Programming
in Ada and Information Analysis units.
4.3 Software Practice 2 — Semesters 3 and 4
During Semesters 3 and 4 students move into a broader
format of lectures, seminars and project based laboratory
work.
Initially students undertake a detailed nine week
module on Project Management which addresses issues
such as project planning and estimation, control, progress
measurement, project evaluation and project politics. This
112 THE AUSTRALIAN COMPUTER JOURNAL, VOL 24, No. 3, AUGUST 1992

module provides the management skill base which under
pins student team work throughout the remainder of the
course. At intervals during the remainder of Semester 3
and during Semester 4, students complete a series of short
(typically 6-12 hours) intensive modules drawn from spe
cialist topic areas including:
— Software Cost Estimation: Role in Project Planning;
Approaches; Examination of some Algorithmic Models
(eg, COCOMO, CLAIR); Validation of Models; Adap
tation of Models to the Organisational Environment
— Software Documentation Standards: An introduction to
industry/professional standards
— Software Metrics: Measuring Software; Software Plan
ning Metrics; Software Quality Metrics
— Software Quality Assurance: An SQA Approach: Tech
nical Reviews; Quality Metrics; Software Reliability.
Where the University does not have resident expertise
to service these modules, external expertise is contracted.
Where possible, practising professionals are invited to
participate.
Towards the end of Semester 4, students also complete
a laboratory-based module in Computer Aided Software
Engineering (CASE) environments, conducted in the
Software Engineering Laboratory, and providing student’s
with expertise in Software Through Pictures integrated
into the Softbench IPSE. This module provides back
ground both to environments of the type which may be
encountered during the cooperative education placement,
and to the environment which will be utilised throughout
the subsequent Software Practice 3 unit.
Throughout the year students work in teams of 4-6 on a
substantial software development project. They are
expected to accept full responsibility for the management
of time and resources, and prepare the full range of project
management and software documentation, tied to industry
standards. Selection procedures ensure that projects allow
scope for students to exercise skills developed in the Data
base and Human Computer Interaction units. Methodologi
cal approaches are tied to those covered in the Systems
Analysis and Design unit. If appropriate, student teams are
encouraged to undertake implementation in a database
management system and/or C, so reinforcing skills gained
in the other units studied in second year.
4.4 Software Practice 3 — Semesters 7 and 8
Having spent their third year in industry on their coopera
tive education placement, students return for their final
two semesters to undertake a large, technically demanding
Ada project, involving a team of around 15-18, working in
coordinated groups of 4-5 persons. Initially students
undertake a refresher module in the Softbench IPSE and
Software Through Pictures CASE tool, which provides the
sophisticated Software Engineering environment essential
to the success of an undertaking of this scale. As required
to support the software development project, additional
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specialist seminars are organised throughout the year. Pro
ject coordination is assumed by University staff assigned to
senior project management roles, but delegating where
possible to students who have demonstrated ability to
assume appropriate levels of responsibility. Full profes
sional documentation standards are enforced. As possible,
the project is chosen to reinforce skills introduced in the
parallel Concurrent System Design and Programming
and/or Object Oriented Design and Programming units.
In this segment further intensive modules are presented
on topics such as Formal Methods.
5 REVIEW OF PROGRESS
As apparent from the “Year First Implemented” entries in
Table 2, the course has been in place at the time of writing
for only two years. As such, a detailed and comprehensive
review is not yet possible. Nevertheless, some largely
anecdotal feedback can be reported:
— Student examination and assignment submissions in
Modules 1 to 4 of Software Practice 1, have been, in
over 90% of cases, of adequate to excellent standard,
confirming to staff involved that the subject matter
covered is accessible to students in the first year of their
course.
— Student panel feedback indicates a high degree of stu
dent acceptance of the relevance of material covered,
together with student assertions that the Module 4
experience in conduct and documentation of small
software development provides valuable support to the
design and implementation of programming assign
ments in the Programming in Ada unit.
— Some indicative statistical results suggest enhanced
academic performance in Computer Science stream
units by students studying also the Software Practice
material. Specifically, the Programming in Ada unit has
been taken by students from each of three degree
courses with a Computer Science major at Swinburne.
Students in each of the three degrees have comparable
entrance score profiles, however the top 3-5 students in
the Programming in Ada unit, and 7-8 of the top 10 in
each intake to date, have come from the approximate
40% of the total enrolment, who undertook also the
Software Practice unit. Further, the mean of student
performance in Ada programming for students also
undertaking the Software Practice stream, has been
some 10-15% higher than that for students not taking
that unit.
A comprehensive and on-going review programme will
be established over the next five years, monitoring aca
demic performance, student perceptions and employer
assessment of students both during cooperative education
and following graduate employment.
6 CONCLUSION
This paper has outlined the context for development of
what we argue is an innovative degree in this country in

undergraduate Software Engineering. A course built upon
adequate technical foundations, the identification of key
Software Engineering concepts, and experiential discov
ery realised through a blend of projects and cooperative
education has been established. Degree goals are oriented
towards the Software Engineering objective of enabling
ordinary practitioners to create sophisticated, possibly
unspectacular but reliable, systems that work. The degree
will be progressively evaluated over the next five years to
assess its achievement of these goals.
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The Second AUSCRYPT Conference, sponsored by the International Association for Cryptologic Research (IACR), in cooperation with the
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solution proposed, and its significance to cryptology, appropriate for a non-specialist reader. Technical developments directed to the specialist
should follow as needed.
Abstracts which have been submitted to other conferences that have proceedings are not eligible for submission to AUSCRYPT.
AUSCRYPT submissions must be anonymous. This means that names and affiliations of authors should only appear on a separate, title page of
the submission; it shoud be possible to remove this page before circulating the submission to the Program Committee members. A Latex “style
file” that produces output in this format is available by email from the Program Chair. A limit of 10 pages of 12 pt type (not counting bibliography
or title page) is placed on all submissions.
Authors will be informed of acceptance or rejection in a letter mail on or before 1 November 1992. Accepted papers may then be submitted in
extended form. A compilation of all accepted abstracts will be available at the conference. Authors of accepted papers will be given until 15
November 1992 to submit revised versions for this compilation.
Complete conference proceedings will be submitted to Springer-Verlag’s Lecture Notes in Computer Science series for publication at a later
date.
The Program Committee consists of Mike Burmester (UK), Yvo Desmedt (Milwaukee, USA), Hideki Imai (Japan), Svein Knapskog (Norway),
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the Office of Educational Services (OES) of the Queensland University of Technology.
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AUSTRALIAN COMPUTER SCIENCE CONFERENCE,
ACSC-16
The Sixteenth Australian Computer Science Conference, ACSC-16, will be hosted jointly by Griffith University
and Queensland University of Technology. It will be held at Griffith University, Nathan Campus, Brisbane, from
Wednesday 3 February to Friday 5 February 1993.
The conference is an annual opportunity for Australian researchers and educators to meet and discuss all aspects
of Computer Science. Events at the conference will include invited lectures by Australian and international experts in
particular areas of Computer Science, contributed papers on recent research results and educational initiatives, panel
sessions, the annual meeting of the Computer Science Association and social events.
In addition to the general sessions, ACSC-16 will include specialised streams on Foundations, Algorithms and
data structures, Distributed and parallel computing and Computer security.
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McDONALD, C. and YAZDANI, M (1990): Prolog Programming: A
Tutorial Introduction, Blackwell Scientific Publications, Oxford,
210 + xii pp., $34.95 (paperback).
Good ideas are simple. Brevity and directness characterise this refreshing
introduction for Computer Science undergraduates and interested com
puting practitioners, as they do the Prolog concept itself.
Students may find here a useful stimulus to a move from the theory of
unification and resolution to making the machine do things. Practition
ers, perhaps trapped in an exclusively algorithmic view of programming,
may find a liberating and empowering avenue into a different program
ming, with all the theory postponed for another day.
The firmly non-theoretical, example-driven approach appears to stem
both from the collaboration in industry of the authors (both of whom
nevertheless give academic affiliations) and from their desire to com
mend Prolog to our attention as an applications programming (or proto
typing) tool.
This message is counterpointed with the caution that Prolog can be
misused and wasted as readily as any other programming language. The
text periodically returns to examples of good and bad Prolog program
ming, with frequent reference to plain English declarations of the
problem.
Perhaps making purely declarative problem statements is an unfamil
iar discipline to us all. Perhaps indeed our instructions to each other are
more habitually algorithmic than we commonly realize. It certainly takes
a strong and brave manager to set out only the structure of a business
problem to be solved, without any procedural guidelines at all.
Is this why Prolog, revolutionary in its directness, is yet to find its
revolution? The authors suggest rather that the commercial necessity of
throughput will cause parallel architectures to bring Prolog fully into its
own.
However that may be, Prolog Programming offers a good but not
sufficient iaste-and-try approach to Prolog programming. The dust
jacket claim that ‘... there (is not) any need to know much about any other
computer language’ should be tempered with the advice that Chapter 1
will floor any one who does not already know something about how to
program. Referring to the list decomposition operator, j ’, the vertical bar,
as the “pipe operator” is a dead cultural orientation giveaway, and will
certainly confuse some of the target audience.
Occasional minor lapses of syntax betray an origin in commercialese.
The examples tend a little to the prosaic. Exercises, from Chapter 3
onwards, are provided with solutions at the back of the book (which can
constrain the reader’s solutions, but at least provides a measuring stick).
The pace is necessarily quick (“We wish you a short but hopefully
enjoyable read”, p. vii), much is left unexplained, and the reader will most
certainly, as the authors suggest, want a Prolog implementation on some
handy computer ;to make sense of the discussion. Any of the public
domain or shareware Prologs would do.
In short, if you’re interested in the question of Prolog, by all means add
the modestly-priced little book to your list, but do not attempt to rely on it
exclusively.
Iain Massey
J-Corp Pty Ltd, Perth, Western Australia
WALKER, D.W. (1989): “Computer Based Information Systems, An
Introduction", Pergamon Press, Sydney, 419 pp (paperback),
price unstated.
This book is intended as a text for an introductory computer course. It is
aimed at students of other disciplines who require some knowledge of
information systems and how they are implemented. David Walker
succeeds in teaching general principles of information systems while
avoiding unnecessary details, such as programming and binary logic.
Throughout the book a number of examples are introduced and then
built on to discuss information systems. Examples include pay-roll, book
ing systems, accounting, computer aided design, scheduling, strategic
planning and office automation. A top down approach is used, starting
with a discussion of systems and sub-systems (closely versus loosely
coupled systems are discussed), data flow diagrams, entity relationship
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diagrams then hardware and software implementation. Each topic is only
covered broadly, but with extensive references and exercises at the end of
each chapter.
The real world issues, which were left until the end of a computing
course last time I did one, are discussed up front. The importance of
identifying the people involved in a system and their different roles are
discussed. The options of custom programming and package software
are discussed. The difference between using tools such as fourth genera
tion languages and general purpose packages are addressed. I spend
much of my time advising on how to fix information systems projects
which are over budget, behind schedule and producing systems which
simply don’t work. Many of the problems would be avoided by identify
ing the people affected and the options for implementing systems, as
discussed in this book.
The operation of various types of systems, such as order entry systems
and packages, such as spreadsheets is explained. This is done as best
could be in a narrative. However an audio-visual presentation of the
operation of software, particularly interactive graphical software, is
needed for teaching.
There is no attempt to teach programming and I didn’t miss it. Pro
gramming is now a very small part of developing an information system.
Teaching introductory programming gives students a false sense of its
importance and ease. The book’s exercises in the use of personal compu
ter packages will be far more useful.
The descriptions of computer hardware are brief and somewhat dated.
This is one major flaw in the book. The book describes personal compu
ters with 64K RAM (this may be a misprint of 640K RAM) and 20 Mb
disks. Many of the distinctions drawn between personal computers and
mainframes no longer exist. LANs have increased in importance, they a
large source of problems in current information systems and need to be
discussed in more detail. The description of a “typical” network with PC
LANs interconnected via mainframe links is obsolete.
While it was only first published in 1988 the book does not mention
many of the issues with which I deal in my daily work. Some topics which
should be covered are: EDI, GUIs, the privacy commissioner, open
systems, SGML, DCA and GOSIP.
The only other major problem is that perhaps too light a style is used.
There are a number of comments, such as listing one of the tasks of
lawyers as “fiddling the trust fund”, which are unnecessary. As a compu
ter professional I would like to an expanded discussion of the ethics of
system development.
Given the above, the book is worthwhile and I learnt something from
it. The discussion of accounting systems contained an explanation of
posting to ledgers and the difference between debits and credits. This is a
subject I could never previously grasp, despite once spending several
months writing accounting software.
Tom Worthington
Headquarters Australian Defence Force
HOLLOCKER, Charles P. (1990): Software Reviews and Audits Hand
book John Wiley and Sons, New York, 240 pp, SUS89.90
(hardback).
This book is aimed primarily at quality assurance analysts or systems
developers who have the responsibility of organising and conducting
software reviews and audits. Anyone doing this for the first time will find
the book extremely useful and helpful. Others with more experience will
still find much to supplement their knowledge.
For me, the strength of this book lies in its “how to” approach. It
provides specific guidance for three classes of review and audit: project
reviews, product reviews (including technical reviews, inspections and
walkthroughs) and audits. For each of these, there are clear descriptions
and answers to the following questions:
— Specific objectives — what should a particular review be attempting
to achieve?
— Attendees and their roles — who should be involved in a particular
review and what is their role in that review?
— Guidance on scheduling — when should a particular review be held?
— Procedure descriptions — how should a particular review be
conducted?
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— Details of outputs — what should be the outcome of a particular
review?
— Implementation challenges — what are the challenges of implement
ing a programme of particular reviews?
Having established the “what, who, when and how” of reviews and
audits, the text supplies 132 pages of sample materials in five appendices.
I particularly like these samples which are in the form of editable check
lists, forms, letters and reports. They provide a starting point for develop
ing documents to meet the reader’s specific needs and assist the reader in
actually how to conduct a programme of reviews and audits. Each sample
is a template which can be adapted to a specific situation or to a specific
organisation. Finally, the book provides a comprehensive list of referen
ces for further reading of the topic.
I have one reservation about the book. Its style is rather terse, many
sections being almost point form (not unlike a standard in many ways).
The results in the book not being very readable. Add to this a rather
confusing second chapter and many readers may not persevere. This
would be a pity as the value of the book is in the later chapters and the
appendices.
In summary, I recommend this book as a reference rather than as a
book to read. It is not cheap, but, if you are involved in software quality
reviews and audits, it is well worth buying. It provides a “how to”
approach which will be as useful to those experienced in reviews and
audits as to newcomers. I shall certainly make good use of my copy.
David Wilson
School of Computing Sciences
University of Technology, Sydney
NATIONAL COMPUTING CENTRE (NCC) (1990): Data Protection
Codes of Practice, NCC Blackwell Limited, Oxford, 126 pp,
unstated price (paperback).
The necessity of protecting individual rights against the misuse of data
held about individuals in computers has resulted in data protection
legislation being considered by British Parliament. The Data Protection
Act, which is the only definitive statement of the law on this issue, came
into effect in 1985.
This book contains a set of Codes of Practice developed by the
National Computer Centre (NCC), and serves as a guide to enforcing the
Act in some particular areas. The Act contains eight principles Each
principle is to be interpreted according to the particular area addressed,
and in each case the advice and opinion of the appropriate registered
bodies is sought and finally, in most cases, endorsement by the Data
Protection Registrar, who is the supervisory authority, is to be obtained.
The book has the following chapters:
Chapter 1 — IT Security, which is aimed at enabling data users or
computer bureaux to interpret the Eighth Principles of the Act. It deals
with unauthorised access, alteration, disclosure or destruction of personal
data, and appropriate security measures for particular circumstances.
Chapter 2 — Code of Practice for Employee Data, specifies the right
of employees and other individuals about whom information is stored on
a computer and which is automatically processed. It also deals with the
obligations of the employer who holds data about employees.
Chapter 3 — Code of Practice for Computer Bureaux, ‘is intended to
highlight the implications of the Act for a Computer Bureau and to give
practical assistance on the adoption of good practice likely to ensure
compliance with the Act and the maintenance of good practice to bodies
providing commercial computer bureau services’.
Chapter 4 — Code of practice for Customer and Supplier ‘is intended
to assist those involved in the administration of customer and supplier
records, e.g. sales orders, purchase orders and accounts, to comply with
the Data Protection Act’.
Chapter 5 — Code of Practice for Pharmacists ‘is intended to assist
pharmacists, both community and hospital, to comply with the Data
Protection Act’.
Chapter 6 — Code of Practice for Property Management ‘relates to
the use of computers by estate agents and property managers and is
intended to assist them to comply with the Data Protection Act’.
The six chapters of the book can be read independently and hence
there is some overlap of information. The book can be used as a useful
reference for people dealing with one of the abovementioned areas, and it

can also provide insight into the interpretation of the Act in an area which
is not directly addressed.
Rei Safavi-Naini
The University of New England
GILOR, Dov (1991): SQL/DS Performance — Techniques for Improve
ment, John Wiley, New York, 325 pp, price not specified.
Structured Query Language/Data Systemms (SQL/DS) is IBM’s Rela
tional DBMS for a range of VM and VSE environments. The author of
this book argues that all users of SQL/DS — systems analysts, applica
tions programmers, and database administrators — can benefit from the
book. He considers also that “many of the suggestions found in this book
to improve the performance of SQL/DS may also apply to DB2 and
non-IBM SQL products”. He acknowledges that he has not tested any of
his suggestions on systems other than VSE/SP, VM/SP and VM/HPO
and “cannot, therefore, make any claims” about their effectiveness for
other systems.
While the main thrust of the book is directed at performance of the
DBMS itself, parts of the book are devoted to general material on
performance tuning, and to basic relational ideas. The treatment of
performance issues is sound. Coverage of relational databases deals with
standard topics, such as normalisation, relational operations, and integ
rity rules. The writing is clear, and the points made are important to know,
but the same material can be found in many other texts.
The book comes into its own when it tackles the issues of SQL/DS
performance. There is a very large number of quite explicit and down-toearth pieces of advice. Two examples:
Under Basic Concepts: Discarding Data: “Be aware that if the row to
be deleted contained a primary key associated in a referential relationship
with other tables where the referential constraint rule is CASCADE or
SET NULL (see Chapter 4), the deletion of just this one row could
automatically result in the modification of thousands of rows in other
tables”.
Or, under Table Design Considerations: “A good rule to follow is that
rows of data should be as small as possible but as large as needed. It is
efficient to place many small rows onto one data page so as to minimise
database I/O and maximise buffer efficiency. It ismluch more efficient,
however, to design one large row than to continually perform JOINS on
two or more tables ...”
Often, at the end of a Chapter or sub-section, a dozen or so such pieces
of advice are summarised under a heading of “RECOMMENDA
TIONS”. The book contains, in total, hundreds of individual recommen
dations. A few seem trite, unnecessary, or incomprehensible but they are,
for the most part, clear, pertinent, and worth knowing.
What makes the book particularly interesting is that each of these little
admonitions tends to be preceded or followd by an explanation of how the
system works, given to justify the piece of advice being put forward.
These explanations may be the most valuable part of the book because, in
the end, successful tuning of a system depends most of all on how well a
performane analyst understands the system.
The reviewer came to the book with a background mainly in perfor
mance measurement, but with some experience of using SQL with Ingres
on Sun workstations. If there were a companion book Ingres on Sun
Workstations — Techniquesfor Improvement, this reviewer would imme
diately order several copies. One he would keep, while others would go to
each of the programmers responsible for installation and maintenance of
our Ingres DBMS.
Gilor’s book is obviously aimed at a limited range of database man
agement systems but should, even so, be of interest to anyone concerned
with DBMS performance. Most of the recommendations, and the expla
nations, should be applicable or at least adaptable to other systems.
Unfortunately, the review copy came without a price being specified, and
books designed (as this one is) to appeal to a specialised readership tend
to be expensive. A high price could deter anyone not directly concerned
with SQL/DS. For someone trying to improve performance of SQL/DS,
the book will be a mine of valuable information, and a relatively high
price may be worth paying.
John Perry
University of Canterbury
Christchurch, New Zealand
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KERR, J.M. (1991): The IRM Imperative: Strategies for Managing Infor
mation Resources, John Wiley, 282 pp, SUS79.90.
This is an ambitious book by the Director of Data Architecture at The
Equitable, where he specialies in data management methodologies, tools
and techniques. We are presented with “a vision of the future that
includes automation factories, application globalisation, IS specialty
shops, and other organisational enhancements”*^. xv).
To equip us for this future, we are led through executive information
systems, rapid development approaches, management information cen
tres, information engineering, and CASE (computer-aided systems engi
neering) technology. There are lots of boxes and figures dealing with such
things as OODBMSs — object-oriented database management systems.
Given all this detail, it would be easy to lose sight of Kerr’s central
proposition: while IS have done a good job of automating the operational
levels of US companies, eg, accounts payable, billing and general ledger
systems, the tactical and strategic layers of most companies lack a
comparable level of automation. But does the evidence offered persuade
that this really can be done? Consider the Du Pont R&D experience. The
systems listed are for maintaining personnel and other records and ensur
ing rigid quality controls. These lie well below the apex of the strategic
planning pyramid. I think of Norbert Wiener’s words to his friends who
wished to extend to the social sciences the methods of the natural scien
ces: “From believing this necessary, they come to believe it possible!”
Admittedly Kerr identifies some of the difficulties. For example, “data
ego” must go and data must become a corporate asset. Such a change in
culture is profound. If it were a simple matter we might have been spared
the voluminous literatures on incentive structures and principal-agent
theories. As it is, we have barely begun the task of learning to design
organisations.
The brief mentions (pp 23 and 223) of costs reveal the real weakness
of this book. The advice given is to hire accountants or financial manag
ers because few IS professionals have experience with cost/benefit analy
sis. This is simply not good enough at the strategic level. Perhaps the core
problem can be traced back to definition: “information is an asset that
should be managed rigorously” (p 1). This is all very well as a starting
point and has a much longer history than Kerr realises, but the concept
has not been significantly clarified by the time we reach the last-but-one
page where Information actually appears as a balance sheet item. Its
inclusion should imply much more than information processing at the
operational level and should reflect valuation and all the other steps in the
process of strategic planning. We are left in doubt as to where this fits into
Kerr’s IS. Wiener’s reservations seem to hold and cause me to hesitate
about recommending purchase.
D. McL Lamberton
CIRCIT, Melbourne
ANDERSON, T. (ed.) (1989): Safe and Secure Computing Systems, Blackwell Scientific Publications, 250 pp, unstated price.
Next time you get into a lift (an elevator for our US readers), press 6, say,
and expect to alight in the sixth floor, you have shown your confidence in
the dependability of the lift system. Most likely that lift was controlled by
a computer (a microprocessor) and you have shown your confidence in
the dependability of the hardware and software systems that control the
lift. This is the real world of the 1990s and it is what “Safe and Secure
Computing Systems” is all about.
With a Preface, 16 Chapters (really separate papers by 17 different
authors) and an Index, this book sets out, as stated in the Preface, to
explore
. . not only what a design must do but also what it must not do
— especialy when it fails. . . some of the “not-dos” are going to be
paramount. .
In its construction, the Editor does not make it quite clear what the
background to the book really is. Reference is made to a 1986 “Safety
and Security Symposium” held in Glasgow, UK by the “Centre for
Software Reliability” or “CSR” (the book will not tell you exactly what
that is, by the way!)
The Foreword to the book states that there are two themes to it, one of
safety and the second of security. However the theme of reliability is also
mentioned while another theme of dependability is discussed in the
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preface. In actual fact, all of these get covered in various ways in the
papers plus many more topics.
On closer examination, the papers seem to fall into three classes; those
involved with software and systems evaluation and verification, those
which discuss more general aspects of information systems/technology
security, including:
— authenticity
— integrity
— privacy
— availability
— risk assessment, etc
and those that discuss the actual construction of secure systems. In
reverse order, examples of these three categories are:
Construction of Secure Systems
“Kernels for Safety”, J.M. Rushby.
“Very High Reliability Computer Systems”, J.R. Taylor.
“Dependable Computer Systems”, B. Randell.
“Safety — Critical Software Development”, N.G. Leveson.
“Guidelines, Standards, Tools and Practices for Safe Industrial Com
puter Systems”, B.K.Daniels.
Evaluation and Verification
“Aspects of the Licensing and Assessment of Highly Dependable
Computer Systems”, R.E. Bloomfield and P.K.D. Froome.
“An Engineering Approach to Security Evaluation”, D.F.C. Brewer
and M.J. Nash.
“Some Comments on Program Verification Systems”, D. Craigen.
“Errors, Faults and Failures: A Model”, B.K. Daniels.
Various Aspects of Security — Authenticity etc.
“Secure Databases and Safety: Some Unexpected Conflicts”, D.E.
Denning.
“Authentication”, R.M. Needham.
“Software Security Analysis and the Denial of Service Problem”, J.W.
Steed.
From the above it can be noted that the papers cover a number of
differing topics at various levels, from a broad analysis (overview of
requirements) to very particular (“Programming the VIPER Micropro
cessor” by J. Kershaw). This latter paper discusses the development of the
VIPER 32-bit microprocessor at the Computing Division of the Royal
Signals and Radar Establishment (RSRE) in the United Kingdom, along
with a associated programming language (New Speak) which ...
". . . while easy to use allows only constructs whose meaning can be
defined informal mathematical terms...”
This paper exemplifies the very large differences in the scope and
depth of the papers in this 250 page, hard bound volume. The book, by its
very nature of being essentially an edited conference proceedings, is quite
disjointed but is still a valuable library addition, particularly for those
libraries catering for the general areas of computer research and educa
tion in software quality, evaluation and computer professional in general
but is a valuable summary of computer security thinking in the mid-tolate 1980s.
Bill Caelli
Information Security Research Centre, QUT
PAYNE, W.H. (1990): Embedded Controller FORTHfor the 8051 Fam
ily, Academic Press, 511 pp, $US49.95.
This book describes the design and use of the FORTH software develop
ment environment in conjunction with the 8051 microprocessor. The
book includes hardware designs for embedded controllers based on the
8051 and full listings of the FORTH software. The book is aimed at
developers in the field building relatively small embedded systems and
attempts to provide all of the information necessary to build appropriate
hardware and port the FORTH system to this hardware. The book
assumes that the reader is familiar with the FORTH system and environ
ment and it would be extremely difficult to make use of this book without
an accompanying text describing FORTH itself.
The book is in general very disappointing. The author clearly has great
enthusiasm for FORTH and its developers. For example, FORTH’s origi
nator, Charles Moore, is compared with Newton (preface) and FORTH
itself is compared with calculus in terms of its contribution to computing
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(page 54). This overemphasis on the value of FORTH becomes annoying
and distracts from the text. The general style of the text also makes the
book difficult reading. For example, such statements as “FORTH likes
RAM directly above ROM” and the use of unfamiliar terminology such
as “codes” and “BASICs” are commonplace.
The book fails to take into account the use of modern software
engineering techniques and makes outrageous claims about the advan
tages of FORTH. It is claimed that FORTH produces “the most memoryefficient code of any language” (page 14) because properly coded
FORTH consists of subroutines! All modern languages support subrou
tines and many have very efficient calling sequences (e.g., C). Again the
author seems to have allowed his enthusiasm stand in the way of logical
argument. Similarly it is claimed that a major advantage of FORTH is
that inner loops may be coded in assembler; this is of course also true of
many C systems.
The book is quite large, 511 pages. However, the text is only 141
pages; the remaining 370 pages consists of source listings of the various
components of the FORTH system. It is suggested that these should be
typed in by the developer. It would have been more useful if the size of the
book had been reduced and the listings provided on a floppy disk. The
system relies on the use of an IBM-PC to bootstrap and so compatibility
is not an issue.
It is difficult for me to recommend this book for any particular
audience. Perhaps an existing user of FORTH wishing to transfer to the
8051 would find it helpful. However, such users would probably already
be familiar enough with FORTH not to require the detail provided.
John Rosenberg
University of Sydney
CLARKE, R. and CAMERON, J. (editors) (1991): Managing Informa
tion Technology’s Organisational Impact, Elsevier Science (North
Holland), Amsterdam, 436 pp, US$105.75 (hardback).
This book is the published proceedings of an international conference
held on 3-5 May 1989 at Terrigal. The collection of thirty papers is
grouped into eight sections: Emergent Technologies, Electronic Data
Interchange (EDI), Assessments of IT Impact, Opportunities for Change,
the Humanisation of IT, Issues, IT in Government, and Economic and
Social Issues. Each section is introduced by a short commentary from the
editors.
The book aims to assist managers, both functional and IT, in planning
to realise the full potential of IT in improving organisations’ efficiency,
effectiveness and flexibility. To achieve this aim, authors representing six
different countries and a variety of backgrounds have contributed papers:
some are functional managers and IT users, some are IT professionals
and managers, and others are researchers. AH in all a diversity of expe
rience which is reflected in the papers themselves. I believe that the book
is successful in meeting its aims;
The book exhibits all the usual advantages, and disadvantages, of a
collection of papers from a conference. However, the real attraction is the
Australian focus. No less than fifteen papers report experience with
information technology in Australia. As I find such reports rare, these
papers are particularly interesting to me. They are spread across seven of
the eight sections with EDI (three papers), Opportunities for Change
(three) and IT in Government (four) being strongly represented. Another
seven papers are written from an Australian perspective.
The usual ‘form’ for a review of a book of this type is to select a few
papers of special value or interest to the reviewer and comment on these.
However, I find much to please in many of the papers, too many to review
here. Instead I shall comment generally on the three sections which
contain extensive contributions on Australian experience with informa
tion technology. The section of EDI contains five papers which offer an
introduction to the nature and purposes of EDI, two case studies, and an
examination of EDI’s organisational and legal implications. The case
studies concern the use of EDI in the Australian automotive industry (by
David Hollands of Telecom Australia) and in the international banking
industry (by Ralph Chicktong of the State Bank of Victoria). Together,
they provide an insight to the current use of EDI in Australia and the
benefits to be gained from its implementation (fortunately EDI has
played no part in the State Bank of Victoria’s recent problems!). The
section on Opportunities for Change contains four papers which consider
organisations using information technology to redefine their mission,

their objectives, or their means of achieving them. The Australian expe
riences cover the impact of information technology on the planning of a
university (by Richard Tweedie of Bond University) and on marketing
(by Leyland Pitt of Curtin University of Technology and Richard Watson
then of Western Australian CAE). Finally, the section on IT in Govern
ment contains five papers dealing with applications at all levels of
government. The Australian examples cover the implications informa
tion technology for Parliament House (by Geoff Harber of the Parliamen
tary Information Systems Office in Canberra), for the Australian Taxa
tion Office (by M.J. Carmody of the Australian Taxation Office), for the
NSW State Land Information Council (by Tony Hart of the State Land
Information Council) and for local government (by Rod Learmonth of
the then Gold Coast CAE).
In summary, this book provides a wealth of interesting material for
anyone with an interest in the strategic planning of information technol
ogy. Even though it is expensive at US$105.75,1 thoroughly recommend
it.
David Wilson
School of Computing Sciences
University of Technology, Sydney
MARTIN, MERLE P. (1991): Analysis and Design ofBusiness Informa
tion Systems. Maxwell MacMillan International Publishing
Group, 754 pp, unstated price.
This is one of the most comprehensive texts on the subject of analysis and
design of Information Systems which I have had the opportunity to read.
And although the author believes that the book can be used ‘in a onesemester or two-semester undergraduate course or a concentrated onesemester graduate course’, I would hasten to add that because of its
comprehensiveness it is more applicable to a two-semester undergradu
ate course in which analysis and design are taught in two consecutive
semesters. There is a lot of good learning to be gained from this book.
The author claims that it is modular and that it seeks to introduce
students to the subject through three views: the real world, the needs of
the student, and the future, ring very true. It is essentially a book for the
serious student of Information Systems and for the instructor who is
looking for one place in which most of the educational material covering
the subject may be found. It certainly is a delight to be able to relate a lot
of the theory to the practical experience of the author.
It would be impossible to review each chapter in detail; there are 24 of
them. But to make this review more pertinent, I have (from my own
perspective), divided the book into five sections: Introduction to the
Subject (Sections I-III), System Analysis (Section IV), System Design
(Section V), Implementation (Section VI) and what I term Supportive
Topics (Section VII).
The introduction, in my setting, covers a very vast area. It quickly, but
comprehensively, provides the student with ideas which together con
tribute to a placing of the technology (in its proper perspective) in the
business enterprise. Of particular importance to this section is the chapter
on Human Factors (Chapter 7: Section III), an area which is so often
overlooked by authors on this subject, and yet an area which perhaps has
the greatest impact on the success of analysis and design of information
systems. The Systems Analysis section, like the rest of the book, covers
the subject in a manner which I believe leaves nothing out, and yet at the
same time allows students to focus on specific techniques. Much the same
could be said about the section on Systems Design although the author
rightfully acknowledges that ‘non-structured approaches still dominates
today’s workplace’. The section on implementation is equally compre
hensive and while of interest to practitioners, is written for the serious
student. However, I found the page or so on ‘post-implementation review’
somewhat tardy and not as comprehensive as it could have been in a book
of this type.
The last section — supportive topics, discusses Project Management
to a useful level; acquisition of IR, covering selection processes of hard
ware, software, vendors and all those other things one has to select to
make a success of the Information Systems process, is a useful addition to
this book and well deserves a section of its own.
In general, this is a very useful text on a subject which is still evolving
and I would have no hestitation in recommending its use to serious
students and lecturers of IS.
David Egan
Edith Cowan University
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NAGAO, M. (1990): Knowledge and Inference, Academic Press Inc, 304
pp., SUS42.50.

FRIEDMAN, D.P. and FELLEISEN, M. (1987): The Little Lisper, MIT
Press, xiv plus 186 pp, $US 12.95 (paperback).

With the title ‘Knowledge and Inference’ I must admit I was expecting to
review a study of the ‘front end’ of expert systems development — expert
knowledge acquisition and rule formulation. However, this book does not
address methods of extracting knowledge frormexperts or formulating
rules, but rather it addresses the structuring of information for informa
tion retrieval systems and expert systems, and methods of problem
solving.
The book is aimed at the undergraduate computer science student.
The cover notes claim it to be a ‘self-contained tutorial on topics in
artificial intelligence’. The structure of the book certainly indicates that
an attempt has been made to do this, although I believe the content
requires a lot more explanation on the subjects being addressed before I
would be happy to recommend it in this context.
There are seven chapters in this book. Each chapter contains an
introductory paragraph or two and concludes with a useful chapter
summary in point form and a set of exercises for the reader. Answers to
the exercises are provided at the back of the book. I found the chapter
summaries to be representative of the contents, but the exercises perhaps
a bit too simple to be of great value to the student.
The book begins with a reasonably weighty discussion of ‘What is
knowledge?’. I enjoyed this but would suggest that it is not really address
ing the same audience as the rest of the book. The discussion assumes
some knowledge of information theory and epistemology which I would
not assume the target audience to have acquired at an undergraduate
level. The chapter is meant to be a summary of the entire book, but I didn’t
find this to be the case.
Chapter two deals with information organisation and classification on
a technical level. It concentrates on methods of classification and organi
sation, particularly the use of table structures and relational algebra to
define relationships between them. Factual, inferential and heuristic
knowledge are all covered in the next two chapters. Search methods are
covered in detail with good, clear explanations of the various search
techniques. The use of search trees and blackboards as tools for problem
solving is addressed. Discussion of problem solving techniques, however,
is limiited to the breaking up of a problem into its component, simpler
problems, which is used as a convenient way of illustrating the develop
ment of a search tree.
Chapter five deals with paedicate logic and the abstraction of knowl
edge into principles. This is an interesting chapter addressing common
sense reasoning and the expression of this. Chapter six gets into the areas
of developing semantic networks, property inheritance and knowledge
representation using frames. Much of this is dealt with at a technical level,
but this is appropriate given the target audience.
It is not until the last chapter that the author attempts to bring the
previous chapters together to talk about expert systems. Here the notion
of forward and backward reasoning using search trees is described. There
are quite a lot of examples of production expert systems and a description
of the techniques used by these systems, such as table structures, search
trees, etc. However, as a concluding chapter, there seemed to me to be
something missing. I did not feel that the subject had been neatly
“wrapped up” into a complete module as I would have expected for both
a “self-contained tutorial” for students and for a more general readership.
There are quite a lot of examples throughout the book to illustrate the
technical matter being discussed. It gives a variety of techniques and tools
for information structuring and problem solving, and illustrates them
well. There is, however, little discussion of why one concept, tool or
technique may be preferable to another under various circumstances.
From my point of view, the addition of this would have added substan
tially to the information content, helped put the concepts discussed into
context for the student, and made the book far more interesting to the
general reader.
The style is dry and technical. There are some books addressing areas
of knowledge and inference which grab my interest and which I find hard
to put down. This is not one of them. As an introductory text on tech
niques for development of knowledge based systems the book is approp
riate, but would require supporting material to provide both background
information to create a context within which to relate the concepts to
each other and to real life, and also follow up information which would
critically discuss the approaches described.
Robyn Chandler
SMS Consulring Group Pty Ltd

The Little LISPer is a book whose objective is to teach Lisp and recursion.
The book is presented as sequences of questions and answers comple
mented with captions that summarise the main ideas of each topic. This
format makes the book an exercise book rather than a stand-alone
textbook. The first chapters of the book contain exhaustive traces of
recursive procedures, thereby making the book particularly suitable for
students who have no previous experience with recursion. However, such
students may find the final two chapters, in particular Chapter 9, rather
difficult to follow.
The book is written in an amusing style, accompanied by cute pictures
and little jokes. However, several aspects of the presentation leave some
thing to be desired. Firstly, up until the end of the book, it is unclear which
dialect of Lisp is being discussed. In the preface of the book, the dialect is
presented as “an idealised dialect of Lisp”, while in the epilogue, the
dialect is finally identified as Scheme. Further, there is a lack of general
definitions for concepts; rather, concepts are ‘defined’ by means of posi
tive and negative examples with annotations that explain why an exam
ple is positive or negative. In addition, in the initial chapters, a wrong
solution to a given question is presented prior to discussing the correct
solution. Although this may be helpful for novice programmers who are
likely to contemplate the erroneous solution first, more experienced
programmers are likely to get annoyed by the presentation and subsqeuent lengthy discussion of a solution which they never considered. Finally,
the presentation of footnotes at the end of the book, instead of at the
bottom of a page is rather annoying.
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The Book in Detail
Chapter 1 deals with basic concepts, namely S-expressions, car, cdr, cons,
null and eq. The novice may find some of the explanations in this chapter
less than illuminating. For the initial or the more difficult explanations, it
would be more helpful to have diagrams which illustrate how the cars and
cdrs are calculated.
Chapters 2 to 6 introduce recursion and discuss increasingly sophisti
cated uses of recursion. Chapters 2 and 3 consider in detail tail recursion
and recursion, respectively. They contain statement by statement traces
of the operation of sample functions, with explanations about the results
of the different statements. Chapter 4 discusses numbers, stressing the
analogy between recursion performed on lists and on numbers. In this
chapter, the book picks up speed, and the explanations become less
painstaking. Chapter 5 contains revision of the previous chapters and
extensions of previously seen recursive functions. Finally, Chapter 6
introduces functions that recur on the car of a list and functions which
perform some action every time they encounter a certain element in a list.
The chapter also introduces the idea of simplification, where predicates
are listed in one cond, instead of nested conds.
The rest of the book discusses other features of Lisp. Chapter 7
addresses arithmetic functions and abstract representations. Chapter 8
defines sets and set operations, and also relations, functions and one-toone relations in terms of set operations. Chapter 9 discusses abstractions
of structurally similar functions by adding a lambda layer that parameter
izes the aspects where these functions differ from each other. It also
considers recursive abstractions and functions that define recursive func
tions. The understanding of this chapter requires knowledge of sophisti
cated concepts in recursion, and the student who is not mathematically
inclined may find it frustrating. Finally, Chapter 10 defines Lisp in terms
of the functions learned in the previous chapters. This chapter has a small
oversight, namely its use of the function value as a general evaluation
function, while in Chapter 7, this function is defined for the calculation of
the values of arithmetic expressions only.
To summarise, I recommend the first eight chapters of this book as a
good source of exercises and explanations for students who are unfamil
iar or have difficulty with recursion. The last two chapters of the book are
suitable for more advanced students.
Ingrid Zukerman
Monash University
Clayton

NEWS BRIEFS
‘News Briefs’ is a regular feature which covers
local and overseas developments in the computer
industry including newproducts and other topical
events ofinterest.

AUSSIE COMPANY WINS
PRESTIGIOUS AT&T CONTRACT
Telecommunications product and service
provider, AT&T, has awarded its first Aus
tralian distribution contract to local com
pany, allNET.
The agreement is for the distribution of
AT&T’s Systimax SCS (Structured Cabling
Systems), and was won against strong bids
from overseas and other local distributors.
According to Royce McDonald, Sales
Director of Network Cabling Systems for
AT&T, the agreement with allNET is a natu
ral extension of AT&T’s existing arrange
ments with value-added resellers (VARs)
Honeywell, Austwide (Wang) and Com
Networks.
TELECOM SIGNS AUSTRALIA’S
BIGGEST ANTI-VIRUS DEAL WITH
CFM McAFEE
Australia’s largest agent for McAfee Asso
ciates, Computerware for Micros has
announced that it had signed what is believed
to be Australia’s largest anti-virus software
deal.
Computerware for Micros Manager, Mr
Priestly Hillam, said that Telecom had signed
a two year licence for the McAfee Associates
suite of anti-virus products which includes
Viruscan, V Shield, Clean Up, Netscan and
WScan.
The licence covers Telecom’s Australia
wide installation of PC’s which number more
than 25,000 machines and is valued in excess
of $125,000.
Telecom’s decision to use McAfee soft
ware follows the completion of its extensive
evaluation program of anti-virus products
lasting more than six months.
McAfee Associates anti-virus software is
used by more than eight million registered
corporate and government users around the
globe.
McAfee software currently detects more
than 1300 viruses and related strains.
THE INSTITUTION OF ENGINEERS,
AUSTRALIA, ‘COMMUNICATIONS 92’
CONFERENCE
The Institution of Engineers, Australia is host
ing ‘Communications 92’ at the Sydney Hil
ton, 20-22 October 1992. Leading interna
tional figures in the telecommunications
industry will address the most recent devel
opments in standards and technology and
their political impact. For further information
phone (06) 270 6559.
EDITH COWAN SCORES MAJOR
COMMONWEALTH RESEARCH GRANT
Edith Cowan University has been awarded a
$250,000 Commonwealth grant to continue
a joint computer research project with South
Korean university, Chung-Ang.

Edith Cowan was one of only six Austral
ian universities to receive a grant as part of the
Federal Government’s Targetted Institu
tional Links Programme (TIL), which is
designed to encourage international research
and development.
The grant will fund a major research pro
ject into computer security, particularly the
identification and eradication of computer
viruses.
The Dean of International and Commun
ity Affairs at Edith Cowan, Professor Steve
Hunter, said the grant would allow project
researchers to capitalise on their initial suc
cesses and further develop computer research
at the two universities. He said the project had
potential for industry involvement and pro
duct commercialisation.
Edith Cowan established formal links with
Chung Ang in 1988. The main focus of the
relationship has been the Australian Studies
Institute at Chung Ang which acts as a focal
point for co-operative exchanges in areas of
mutual interest.
To date, researchers from Edith Cowan
and Chung Ang have investigated computer
virus types and infection rates in government
department computer installations in South
Korea and Western Australia. The grant will
now fund the project through to 1994 allow
ing staff exchanges between the two universi
ties and the establishment of specialist com
puter security facilities.
Project leader, Associate Professor Tony
Watson, Head of Edith Cowan’s School of
Information Technology and Mathematics,
said the detection, eradication and prevention
of computer viruses was becoming increas
ingly important to industry. He said it was
estimated that a new computer virus was
created each day and that there would be
5,000 viruses worldwide by the end of 1993.
“Our research shows an increased sophis
tication in the structure of some new viruses
which suggests that there is potential for
greater industrial damage in the future,”
Associate Professor Watson said.
“On the whole, industry has been very for
tunate that the viruses detected in the work
place have been relatively simple and more
nuisance value than deliberate sabotage. It is
only a matter of time before these techniques
are used for industrial terrorism or commer
cial advantage.”
Associate Professor Watson added that
industry should be aware of the potential for
industrial unrest which could be caused by
disgruntled employees or groups who wished
to attack an organisation. A virus may be
‘seeded’ but not triggered until much later
when it would be well and truly spread
through the company and the culprit long
gone.
PASSENGERS NOW CALLING HOME
VIA SPACE
An inflight telephone service using SITA’s
Satellite Aircom service was formally intro
duced on Air France Boeing 747-400 flights
from Paris to Tokyo recently.
Air France and Lufthansa are the first air
lines to offer this service on scheduled pas

senger flights. Aircom passenger telephony
allows instant telephone communications
with anyone anywhere in the world (by using
an onboard handset, either seat-back or bulk
head mounted) and an international credit
card. The service costs $US10 per minute,
regardless of call destination.
Once an aircraft is logged on to one of six
ground earth stations (including one near
Perth, WA) operated by the Satellite Aircom
consortium, a two-way data and voice com
munications link is established via an Inmar
sat satellite. The link is totally digital, ensur
ing the best possible telephone quality,
similar to a long-distance international satel
lite phone call.
While Air France will initially test Satellite
Aircom on Tokyo flights, Lufthansa will be
evaluating Aircom on long haul (Boeing 747400) and short/medium haul (Boeing 737300) flights to assess the respective environ
ments and passenger demands.
Fourteen other airlines, including Qantas
and Air New Zealand, have already sub
scribed to Satellite Aircom. Some, such as
China Airlines, Finnair and Swissair, plan to
launch their telephone service this year on
their MD-11 trijets.
Satellite Aircom, developed by a consor
tium including France Telecom, IDA (A),
OTC Australia, Teleglobe Canada and SITA,
brings the latest in advanced space communi
cations to aircraft.
Continuously available data and voice
communications also significantly improve
flight management while rendering High
Frequency (HF) communications obsolete on
board modern airliners.^,
CHASTITY, THE NEW AUSTRALIAN
MADE COMPUTER SECURITY DEVICE
With the worldwide upsurge in computer vir
uses and the ongoing problem of data theft it
is time that a simple, cost efficient and effec
tive solution to these twin headaches be
found.
Chastity is a simple Disk Lock that you
insert into your PC just like any other disk,
then you lock it in place. Chastity then pre
vents the insertion of a foreign disk into the
secured diskdrive, thus providing complete
protection against copying the data on your
hard disk, and the introduction of viruses
from infected floppies.
A wholly Australian product, Chastity
neatly supplies the security that has to date,
been unavailable to the millions of computer
users worried about the security of their PCs
and networks. Sensitive information cannot
be copied. Files cannot be tampered with.
Viruses cannot be introduced or data
corrupted.
Chastity is available in both 5.25” and
3.5” formats and suits all IBM compatible
and Macintosh computers. Keyed-alike cor
porate packs are available with 2,000 key
combinations possible. Designed and manu
factured in Australia, Chastity has been
simultaneously released in the United States
where the product is performing very
strongly.
At a recommended retail price of $49.95,

NEWS BRIEFS (Continued) protecting your PC and the valuable data it
holds has never been simpler or more cost
effective. Trade enquiries are welcome.
Please contact the Sydney distributor, Anchor
Pad on (02) 894 5355.
IMPORTANT OSI NAMING AND
ADDRESSING SEMINARS
Standards Australia is presenting an impor
tant series of full-day seminars for communi
cations professionals on the essential naming
and addressing elements of the open systems
interconnection (OSD model.
The OSI model is becoming accepted as
the communications standard for the inter
communication of computers or networks.
The two most important areas of this model
are the communication protocol (X.400) and
the directory system (X.500).
The seminars are designed to explain, in
everyday language, how the various address
ing elements of the OSI model are built up
and how these are used within the X.400 and
X.500 protocols.
Issues to be discussed include the princi
ples of naming and addressing in OSI, net
work addressing with NSAPs, X.400 message
handling systems and object identifiers. Also
covered will be the practical benefits of instal
ling an X.400 communication system which
uses the X.500 directory, and the role of the
OSI Registration Authority, which is man
aged by Standards Australia.
Expert speakers from the communications
industry and Standards Australia will provide
a wide range of information and will encour
age questions from the audience.
The seminars are to be held in Melbourne
(22 September), Canberra (23 September),
Sydney (29 September) and Brisbane (30 Sep
tember). For more information and a registra
tion form, contact Standards Australia
Seminar Services, telephone (02) 963 4111,
fax (02) 959 3896.
NEW COMPANY FORMED FOR
EVENTS SOFTWARE
Events Computing Services at Mt Gravatt,
has been established by Mr Trevor Gardiner,
the author of the software, and is partly
owned by the Paul Morgan Group of
Companies.
Mr Gardiner was formerly technical direc
tor at Intermedia Computers and developed
Events more than four years ago in response
to a need for an integrated software program
catering
specifically
for
convention
organisers.
“It is now the most significant and com
plete convention management and marketing
software in Australia, installed in more than
60 sites throughout Australia, including three
convention bureaux around Australia and
nationally for the Australian Society of
CPA’s,” Mr Gardiner said.
SYSTEC 92 - COMPUTERS IN
MANUFACTURING
For small and medium-sized businesses, the
use of “C” technologies in development, pro
duction, logistics and quality assurance can
compensate for a number of size-related dis

advantages. At Systec 92, to be held in
Munich from 20-23 October, visitors from
small and medium-sized companies will dis
cover a greatly expanded range of highly spe
cialised sector-oriented and universal compu
ter solutions for all manufacturing-related
departments. The trend toward open userfriendly systems which can be incorporated
into networks easily and installed and main
tained without a great deal of technical effort
reduces risk when introducing new, complex
ADP environments and is particularly wellsuited to small and medium-sized businesses
with their limited personnel resources.
The range of exhibits at Systec 92 docu
ments the fact that small and medium-sized
busineses have become the most important
market for the manufacturers of ADP
systems.
CITY OF SYDNEY GOES LIVE
The final component of a unique Geographic
Information System (GIS) at the Council of
the City of Sydney has gone ‘live’, marking
the culmination of a successful three-year
conversion to a second generation system.
The ICL system — PLANES (Property
Land and Netv/ork Spatial) has the capability
of displaying both text and graphics, showing
diagrams of a block and its neighbouring
properties, as well as information about build
ing and development restrictions, rates, and a
variety of other land-related information.
It enables the council to provide over-thecounter service to people who, previously,
would have waited five to ten days for the
same information (namely, Section 149
certificates).
A unique Development and Building
Applications (DABA) system, has also been
installed as part of the Council’s new ‘spatial’
and ‘temporal’ GIS, and the system is attract
ing worldwide attention.
According to Peter Southwell, Director of
Information Systems for the City of Sydney,
the DABA system maintains a record of the
precedents — or previous development and
building applications, that apply to any piece
of land within the Council’s boundaries.
“These precedents are recovered from the
Council’s database, and are used to form the
basis of the Council’s decision on any new
development or building application,” said
Peter.
“DABA’s unique feature is that it files
precedents by the spatial co-ordinates of the
land, and is not dependent on its address or
any other conventional key, because
addresses can change — or even disappear,
particularly when major developments take
place.
“When a new development application is
received, the relevant current addresses are
converted into spatial co-ordinates, which are
able to be compared to archived spatial
co-ordinates.
“This enables the planner to find all pre
vious DA (Development Application) or BA
(Building Application) decisions which may
have a bearing on new application,” he said.
In general terms, the system overlays a
segment of the current map of the city over

every previous version of the city’s map to
check whether any previous property boun
daries had precedents that also apply to the
current property boundaries in question.
“The DABA system performs these func
tions in a transaction-driven environment,
and the process can be done over-the-counter
and takes only a few seconds,” said Peter.
“In terms of benefits to the Council and
our customers, we now have a more reliable
and faster data searching technique, which
streamlines office procedures and boosts
productivity.
“The council also intends to implement
graphics facilities on its front desks in the
near future, to give rate-payers and develop
ers immediate access to information about
properties without having to refer to large
charts or maps,” he said.
The Council’s conversion project to inte
grate many large database and information
systems into a single on-line GIS system
began in 1989, when it successfully converted
its rating system into the PLANES system.
The Council, along with other ICL users,
has worked in conjunction with ICL since
1976, to develop systems that suit the needs
of Local Government.
It continues to be a pioneer in the use of
Geographic Information Systems, which are
recognised worldwide as a powerful tool for
Local and State Governments.
Visitors to the Council’s site include repre
sentatives from the United Nations, the
Government of Singapore, the Government
of Korea, the Government of Japan, and a
delegation of members from the Moscow
City Government.
REVENUE POTENTIAL IN COUNCIL
COMPUTER TECHNOLOGY
The Brisbane City Council is poised to cash in
on computer technology it has developed to
meet internal communication needs.
The Council’s Metropolitan Area Net
work (MAN), based on industry standard
802.3/Ether technology, links the computer
facilities in the Council’s city administration
buildings and more than 100 regional depots
throughout the city.
The MAN system has been operating since
September 1991 and already overseas inter
est in the technology is strong.
Brisbane City Council Finance Commit
tee chairman Aid John Campbell said that
solving a computer communications problem
had given the Council the opportunity to sell
the software and technical expertise overseas.
The designers of the MAN system describe
it as one of the largest computer network
structures of its type in Australia.
Telecom’s Integrated Services Digital
Network (ISDN) provides the external lin
kage technology for the communications
environment, and Telecom has confirmed
that the Brisbane City Council has the largest
ISDN facility in Australia.
The marketing of the system is in the
hands of the Office of Economic Develop
ment for the City of Brisbane (OED).
Interested parties can contact OED chief
executive officer Richard Joel on (07) 225
4058.

