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EDITORIAL

The Australian Computer Journal is about to undergo a
change in management and editorial style. The superficial
reasons are painfully clear with the publication of two
issues of the ACJ together, both of them belatedly, and a
backlog of articles submitted for publication which
authors will have realised are only moving very slowly
through the ACJ’s refereeing procedures. The underlying
causes are the workload imposed on a single ACJ editor
and the pressure of paid employment taking priority over
the honorary role of editor.
I take full responsibility for the delays both in the
publication of the ACJ and in the refereeing procedures,
and I apologise to both readers and especially to authors
for the frustrations that this must have caused. Most of you
have been very patient and I am indebted to you for that.
Having got that confession off my chest, it is important
to begin to correct matters and to ensure that in future the
ACJ runs as smoothly as it did when John Lions, the former
editor, devoted so much of his time and did such an excel
lent job.
Both I and the Editorial Committee have recognised
that I cannot continue to operate as the single editor of the
ACJ and share this task with my other duties. It has
become necessary either for me to step down or to find a
way to enlist more help in the editorial processes.
We have decided to enlarge the editorial team and to
change our procedures. This will help to bring the ACJ into
line with other major academic journals who operate with
an active Editorial Board. Having a Board instead of an
individual spreads the load and ensures that each editor
only manages a relatively small part of the publication
process.
I intend to retire to the position of Managing Editor,
having responsibility for coordinating a number of Asso
ciate Editors in processing submitted articles through refe
reeing and handling the materials such as Book Reviews.
The Managing Editor will also retain responsibility for

By Rob Cook

copy editing the finished material ready for publication.
A panel of Associate Editors is being assembled who
will assist the Managing Editor in processing articles for
publication. Each editor will only have a small number of
articles to handle at any one time and will maintain closer
contact with people willing to act as referees in fields that
the Editor understands relatively well. The first task of the
new Editorial Committee will be to unjam the backlog of
articles and accelerate them towards publication. More
news about the Associate Editors who have agreed to
assist the Journal will be published in the next issue.
The Editor of the ACJ has for some time been assisted
by an Editorial Committee who have acted mainly in an
advisory capacity. This Committee will remain but be
renamed as an Editorial Advisory Committee. The Man
aging Editor will continue to report through the Governor
of the Publications Board, currently Dr John Hughes, to the
ACS Council.
These changes in the editorial management of the ACJ
will spread the workload and are intended to improve the
speed of processing of articles, the number and quality of
the articles received and the overall high-quality of the
Journal. The May issue should appear in July and by the
end of 1990, the ACJ should be back on schedule. By the
same time the backlog in article processing will have been
solved.
This year two special issues have been scheduled, one in
Social Aspects of Computing in the May issue edited by
Jennifer Goddard of the Victorian Human Interface Spe
cial Interest Group and the Bendigo campus of La Trobe
University. The other on Information Technology and the
Law in November edited by Roger Clarke of the Austral
ian National University and Professor Alan Tyree Landoner of the University of Sydney.
I look forward to a revitalised ACJ and once again
thank you for your forebearance in the past, difficult 12
months.
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An octree
algorithm
for displaying
implicitly defined
mathematical
functions
Kevin G. Suffern
School of Computing Sciences, University of
Technology, Sydney, PO Box 123, Broadway,
NSW 2007, Australia.

An octree based algorithm is presented for
displaying perspective wireframe views of implicitly
defined mathematical functions of three variables
f(x,y,z) =0. Functions of this form represent surfaces
in three dimensional space, and an adaptive bilevel
subdivision scheme is used in which the viewing
volume is subdivided into octants of uniform size to
search for the surface, and those octants that
contain the surface are further subdivided for
plotting purposes.
Keywords and phrases: Computer Graphics,
Octrees, Mathematical Functions
CR Categories: 1.3, J.2
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Editor: Rob Cook
1. INTRODUCTION
Computer graphics is of rapidly growing importance
in science, engineering, and design, and recently
much effort has gone into visualisation studies in
scientific computing (Frankel, 1988). The computer
representation and display of mathematical surfaces
is an important tool in the above areas because func
tions of two and three spatial variables can be repre
sented as surfaces, for which there exist a variety of
display methods. These methods range from simple
wireframe drawings to sophisticated shaded images
created by ray tracing techniques.
In general, surfaces can be represented mathemat
ically in two different ways: parametrically or implic
itly. In a parametric representation, the x,y, and z
coordinates of points on the surface are given explic
itly in terms of two parameters, and several algo
rithms have been developed for displaying surfaces
defined in this manner (see for example Kajiya,
1982, Rothwald and Hornung, 1984, Sederberg and
Anderson, 1984, and Toth, 1985). In addition,
Banchoff and his collaborators at Brown University
have developed sophisticated rendering and anima
tion techniques for parametric surfaces, Feiner et. al.
(1982).
Implicitly defined surfaces are expressed in the
form
f(x,y,z) =0,
and although an explicit formula is given for f(x,y,z)
in terms of x,y and z, it is not possible in general to
express x,y, and z in terms of parameters. This can
create a difficulty in algorithms for displaying these
surfaces as there may be little or no a priori infor
mation about the size or location of the surface in
space. Thus, an important part of any algorithm for
displaying such surfaces is a technique for detecting
their location in space. Algebraic surfaces are repre
sented by implicit functions where f(x,y,z) is a poly
nomial in x,y, and z, and so standard techniques
(such as Descartes’ rule of signs) can be used to
locate the position of the surface. Hanrahan (1983)
has written a package to raytrace algebraic surfaces,
but these detection techniques are not applicable to
arbitrary surfaces.
As little has been published on the display of com
pletely arbitrary implicit surfaces, there is a need for
algorithms to detect their location and display them.
Phillips and Odell (1984) developed a solution to
this problem which is based on the solution of sys
tems of differential equations. However, their
method only produces wireframe drawings, and does
not produce any data structures such as polygons
which could be utilized for other display methods
such as shaded raster images. The goal of the work
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reported here is the production of algorithms which
will display practically any implicitly defined surface
in a variety of ways: wireframe drawings with and
without hidden lines removed, dots or other markers
on the surface, and shaded images including shadow
ing and transparency. As such, this is a long term
research project and this paper concentrates on the
essential first step: detecting the position of the sur
face in space, combined with a simple rendering
technique of wireframe drawing without removing
hidden lines. This is still quite effective, particularly
for surfaces with simple shapes, is easy to code, ef
ficient, is suitable for virtually any output device,
and can also produce a polygonal tessellation of the
surface. This last property will be useful for the later
production of shaded raster images. Stereo pairs pro
vide an additional aid for depth disambiguation.
2. THE ALGORITHIM
The first task of any algorithm for displaying
implicity defined surfaces is to detect their location
in space. Some surfaces are finite while others extend
to infinity, and the algorithm user may have little or
no knowledge of the location or extent of the surface
under investigation. The algorithm described here
thus allows the user to specify a volume of space in
which the algorithm will search for the surface and
then display it if it is detected. This volume is a cube
of arbitrary size and location and is referred to as the
viewing volume. If the surface is not detected in the
chosen volume the user can either change the detec
tion depth (see below) or choose another viewing
volume to investigate.
The following simple method is used to detect the
surface in the viewing volume. Subdivide the volume
into a number of cubic cells called detection cells,
and test for the presence of the surface in each cell
with a point sampling technique which involves com
paring the values of the function f(x,y,z) at the cor
ners of the cells. If the value of the function at any
two corners have opposite signs, the surface is as
sumed to pass through the cell. The detection cells
should be small enough so that any section of the
surface larger than a certain physical extend in the
viewing volume will be detected. The physical extent
is the size of the detection cells and depends on how
finely the viewing volume is divided for detection
purposes, and the size of the viewing volume. Using
point sampling, there is no guarantee that all sec
tions of the surface larger than the detection cells
will be detected. For example, the surface may con
sist of a number of separate closed surfaces, and if
these are long and thin they can be larger than a
detection cell and still be missed by the point sam
pling. For arbitrary surfaces there is no simple way

other than further subdivision to test if sections of
the surface smaller than the detection cells have been
missed.
The second and final task of the algorithm is to
display the section of the surface in each cell in
which it has been detected. A number of display
techniques could be used, and simplest is to calculate
the intersection of the surface with each cell face and
plot the intersection curves. However, if the same
cells were used for plotting the surface as well as
detecting it they should be small enough to satisfy
the following conditions:
1. At most a single section of the surface exists in
each cell.
2. The surface intersects each edge of the cell at
most once.
3. The surface intersects each face of the cell in at
most one curve segment.
4. Intersection curve segments of the surface with
the cell faces can be approximated by straight
line segments for display purposes.
If the detection cells were small enough to satisfy
the above conditions, the result would be a very
inefficient algorithm as the viewing volume would in
most cases have to be divided into a very large
number of cells. Fortunately, the detection cells only
have to be small enough to detect sections of the
surface larger than a certain size, and any cells which
contain the surface can be further subdivided in the
neighbourhood of the surface into smaller plotting
cells which satisfy the above conditions. During this
further subdivision process, point sampling is again
used for detection purposes and thus the detection
process continues right down to the plotting cell
level.
Drawing a series of nested detection and plotting
cells in three dimensions can result in a very confus
ing diagram but the process is easy to see in two
dimensions. Figure 1 is from Suffern (1990) which
discusses the two dimensional analogue of the pre
sent algorithm. This algorithm contours functions of
two variables, and Figure 1 shows how two circles
are plotted. The outer square is the plotting area, the
dashed lines are the detection cells, and the small
squares are the plotting cells. Here, the detection
cells are much larger than the plotting cells and if the
plotting had been done at this level of subdivision by
approximating the circles in each cell by a single
straight line segment, the result would have been
very poorly drawn circles. In particular, the inner
circle would have been approximated by a square.
Thus a finer subdivision is required for plotting, but
it is not necessary to uniformly subdivide each de
tection cell that contains the contour into plotting
cells. This finer subdivision in only necessary in the
THE AUSTRALIAN COMPUTER JOURNAL, VOL 22, No 1, FEBRUARY 1990
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Figure 1 Two circles showing the detection cells (dashed lines) and
plotting cells (small squares).
(c)

neighbourhood of the contour.
For a given surface, it can be difficult to guarantee
that all of the above conditions will be satisfied in all
the plotting cells. For example, difficulties can arise
for surfaces with large curvature or large variations
in curvature, as this can necessitate the use of very
small detection and plotting cells. Figure 2 shows a
number of surface segments which violate one or
more of the above conditions. Figure 2 (a) shows
part of a surface that violates conditions 1 and 3
because there are two disconnected parts of the sur
face in the cell. Conditions 2 and 4 are violated by
the surface in Figure 2 (b) because the surface inter
sects two of the edges in more than one place and the
intersection curves on the cell faces have large cur
vature. The surface in Figure 2 (c) also violates con
dition 3. As discussed below, if conditions 1 or 3 are
not satisfied, incorrect plotting will result from the
present algorithm. If condition 2 is not satisfied, the
point sampling technique used can miss the surface,
as would happen with Figure 2(b). Finally, Figure
2(d) shows another surface that violates condition 4.
This surface would also be missed by the point sam
pling even though it is physically larger than the
plotting cell. In each of these cases, finer subdivision
is required for satisfactory results.
When the above conditions are satisfied, the plot
ting technique used consists of first calculating where
the surface intersects the cell edges. The method of
False Position is used for this and the intersection
points on each cell edge are joined by straight line
4
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(d)

Figure 2 (a) This shows part of a curved surface where two discon
nected sections (thick solid lines) exist in a plotting cell. Sections of
the surface outside the cell are drawn with dashed lines in parts (a),
(b), and (c) in this figure.
(b) This surface intersects two edges of the cell in two places and
would be missed by the point sampling technique employed here.
Also, the intersection curves of the surface and the cell faces cannot
be accurately approximated by single straight line segments.
(c) This surface intersects one of the cell faces in two curve seg
ments.
(d) This surface would be missed by the point sampling although its
longest dimension is bigger than the plotting cell.

segments in the cell faces. The method of False Pos
ition is a standard numerical technique for solving
non linear equations by iteration and guarantees the
successive approximations to the root stay within the
original search interval. This is the plotting cell edge
in the present algorithm. The technique is discussed
in most numerical analysis texts, for example Acton
(1970).
The surface is represented within a given plotting
cell by a polygon with from 3 to 6 sides as illustrated
in Figure 3. The polygons with 4,5 or 6 sides need
not be planar, and many different configurations are
possible. For example, 8 different configurations of
the triangular polygons are possible and much larger
numbers are possible for the other polygons. Fortu
nately, the algorithm does not need to consider these
separately as all it needs to do is plot the single
straight line segment that can exist in a face. This is
a two dimensional problem with only 6 possibilities
including all orientations, and the straight line seg-
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procedure octree (depth
x,y,z,size

: integer ;
treed
);

procedure subdivide ;
var
jjc.l: integer;
begin { subdivide }
for j := 0 to 1 do
for k := 0 to 1 do
for l := 0 to 1 do
octree (depth+1,
x+j*size/2,y+k*size/2,z+l*size/2jizel2)
end ; { subdivide }
begin

{ octree }
if depth < search_depth
then subdivide
else if surfacejpresent (x,y,size)
then if depth < plot_depth
then subdivide
else plot (x.y.size)
end; ( octree }

Figure 3. Four plotting cells showing polygons with 3,4,5 and 6
sides that can be used to represent the section of a surface in a
plotting cell. Only the triangular polygon need by planar.

ments will automatically join to form a closed poly
gon. The surfaces in Figure 2(a) and 2(c) would not
be plotted correctly under this technique because
two line segments exist in some cell faces. The soft
ware produces perspective views of the line seg
ments, and the technique for producing these is
discussed in most text books on computer graphics,
for example Hearn and Baker (1986).
Octrees are an ideal technique for subdividing the
viewing volume as they provide a natural way to
implement a bilevel subdivision scheme. Octrees
have many uses in three dimensional computer
graphics and image processing (see for example
Jackins and Tanimoto 1977, and Meagher 1982).
Octree algorithms work by recursively subdividing a
volume of space (usually a cube) into octants, down
to a specified level, and have been used as a space
subdivision technique in ray tracing algorithms by
Glassner (1984) and Joy and Bhetanabhotla (1986).
They are used in this paper only as a means to
adaptively and recursively subdivide the viewing
volume, a task they are ideally suited to perform.
The algorithm used in this paper appears in Figure
4 as a Pascal procedure. The parameter depth is the
depth in the tree with depth = 0 corresponding to the
root node (the viewing volume), the parameters x,y,z
are the coordinates of the octant corner in the nega
tive x,y,z directions, and size is the length of the
octant side. The procedure is called initially with
depth - 0, x,y,z equal to the coordinates of one of the
corners of the viewing volume, and size =1 where / is
the length of the viewing volume edge. The user
specifies values for search-depth and plot-depth to try

Figure 4. An octree based algorighm that subdivides the viewing
volume down to search-depth to detect the surface, and then further
subdivides those cells in which the surface has been detected down
to plot-depth>search-depth to plot the surface.

and guarantee that conditions 1 to 4 are satisfied.
The viewing volume is automatically subdivided
down to the level search-depth without testing if the
surface is present in any octant. When search-depth is
reached, the function surface-present tests for the
presence of the surface as described above, and
octants that contain the surface are further subdi
vided down to the level plot-depth. Any octants at or
below search-depth that do not contain the surface
are not further subdivided. In general
plot-depth>search-depth, which produces the effect
of providing a fine subdivision only in the
neighbourhood of the surface. The value of
plot-depth determines the maximum level of recur
sion and produces plotting cells of size //2plol-deptl\
As discussed before, there are no guarantees that con
ditions 1 to 4 will be satisfied for all the plotting cells.
The software is designed as an interactive tool for
investigating implicitly defined surfaces and the user
can try higher values of search-depth and plot-depth
if the results appear unsatisfactory. Alternatively, he
can choose a smaller (or different) viewing volume to
examine a part of the surface in more detail.
If the technique discussed above for plotting the
surface in the cells was adopted exactly as described,
the algorithm would draw most line segments twice
because all cell faces that do not belong to a face of
the viewing volume are shared between two cells. To
avoid this duplication, the procedure plot only plots
line segments on the three cell faces in the positive
THE AUSTRALIAN COMPUTER JOURNAL, VOL 22, No 1, FEBRUARY 1990
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Figure 6. The superellipsoid defined by equation (2) plotted with

search-depth=3 and plot-depth=4.
Figure 5. The hyperbolic-paraboloid defined by equation (1) plotted
with search-depth= 3 and plot-depth= 4.

x,y, and z directions, which then leaves un-drawn
those line segments on the negative x,y, and z faces of
the viewing volume. These are drawn by a modified
version of the quadtree based contouring algorithm
described by SufFern (1990). This algorithm uses
quadtrees to subdivide a region of the (x,y) plane into
plotting cells for contouring functions of two vari
ables and works in a way which is exactly analogous
in two dimensions to the three dimensional algorithm
described here. The modification involves generaliz
ing the quadtree algorithm to plot in the (x,z) and
(y,z) planes as well as the (x,y) plane. The resulting
algorithm uses the same bilevel subdivision tech
nique of the algorithm in Figure 4 with the same
values for search-depth and plot-depth.
3. RESULTS
The algorithm has been tested with a number of
surfaces, and some of the results are shown in Figures
5 - 9.
Figure 5 shows the hyperbolic paraboloid
(x/aj2 - (y/a2)2 + z/a3 =0
(1)
with a, = a2 = a3 = 10 plotted in the viewing volume
-20^x,y,zs20, with search-depth = 3 and plot-depth
= 4. For a simple open surface such as this the dis
play method is quite effective.
Figure 6 shows the superellipsoid (Barr, 1981)
{lx/a1l2/£2 + ly/a2l2/£2}

2

'+ lz/a3l2/£l-l=0

(2)

with a, = 18, a2=15, a3=10, and Si = s2 = 0.5 plotted
in the viewing volume -20.0^x,y,z^20.1, with
search-depth = 3 and plot-depth = 4 again. The
centre of the viewing volume is offset slightly from
the origin in this case so that no corners of any
6
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Figure 7. The supertoroid defined by equation (3) plotted with

search-depth=3 and plot-depth=4.

octants will be at the origin. If this occurred, ex
pression (2) could not be evaluated without special
precautions being taken.
Figure 7 is a similar view of the supertoroid
I [ix/a j|2/£2 + ly/a2l2/£2]82/2- d

Iz/a/^l -1=0

(3)

with a,=a2=a3=4.8,d=3, e,=e2=0.5. This was also
produced with search-depth =3 and plot-depth =4.
Although the shapes of the surfaces in Figures 6 and
7 are readily apparent, the lines on the front and back
parts are superimposed because the surfaces are
closed. In the absence of hidden line removal, large
numbers of superimposed line segments can be con
fusing, but fortunately a number of techniques can be
used to enhance the images’ ability to convey infor
mation about the surfaces. One technique is to
employ stereopsis by drawing two views side by side
corresponding to the left and right eye views, and
Figure 8 shows two such views of the superellipsoid

DISPLA YING IMPLICITLY DEFINED FUNCTIONS

Figure 8. Stereo pairs of the superellipsoid of Figure 6.

Figure 9. Stereo pairs of the surface defined by equation (4) plotted
with search-depth=3 and plot-depth=4.

of Figure 6. Provided there are not too many lines in
the figure, this technique has the advantage over a
single view with hidden lines removed, in that all
parts of the surface can be seen. However, if too
many lines are present, the stereo image can still be
confusing, and Figure 8 is probably near the useful
upper limit in terms of line density.
Figure 9 displays stereo views of the surface
I [lx/ail2/£2 + ly/a2l2/£2] ^ - d I 1 '+ lz/a3l2/£l - 1 = 0 (4)
with a]=a2=a3=5, d=3, e,=e2=0.5. This consists of
an open infinite surface, and a separate closed sur
face surrounding the origin.
Another useful technique is intensity depth queu
ing where the intensity of the lines varies with their
distance from the viewer. Lines closer to the viewer
are drawn brighter than those further away. This can
only be used with certain types of equipment such as
vector display devices, and raster devices with suf
ficient bits per pixel to allow shading. Some vector
display devices have hardware intensity depth queu
ing, which can be quite effective, but with vector
devices that lack this facility, the user can employ
overstriking. This produces a coarse quantised form
of depth queuing. When intensity depth queuing is
combined with stereopsis, the effects can be very
effective (Phillips and Odell, 1984).

Figure 10. A C" superellipsoid with s,= e2=3.0 plotted with

search-depth=3 and plot-depth=4.

4. LIMITATIONS OF THE PRESENT
ALGORITHM
The algorithm is best suited to plotting surfaces that
are globally C1 as these surfaces have no sharp ridges.
This is because the slope is continuous over the entire
surface. Although the algorithm is not designed to
plot C° surfaces, which can have sharp ridges because
the slope does not have to be continuous, these can
be plotted successfully when all the slope
discontinuities lie in the faces of the plotting cells.
An example of this appears in Figure 10 which shows
a superellipsoid of the form (2) with a1=a2=a3=20,
s1=s2=3.0. Superellipsoids with 8j<2 and e2<2 are
C00, and those with 8^2 or e2s2 are C° (Barr, 1981),
and the superellipsoid in Figure 10 has sharp ridges
in each of the coordinate axis planes. Since these
planes coincide with cell faces, the ridges are plotted
accurately. (This is not quite true due to the slight
displacement of the centre of the viewing volume
from the origin, but the ridges are plotted accurately
enough for display purposes). Even the sharp points
at the x,y, and z extremities of the surface are plotted
accurately because they all lie on the coordinate axes.
Figure 11 shows an enlarged view of the plotting cells
surrounding one of these points.
Of course, it is the exception rather than the rule
that lines of gradient discontinuity will lie in the cell
faces, and when they don’t, they are not plotted. This
is illustrated in Figure 12 which shows a supertoroid
of the form (3) with 8^2 and e2=l which is
rotationally symmetric about the z axis and has four
circles of slope discontinuity. Two of these lie in the
(x,y) plane and are drawn correctly in Figure 12, but
the remaining two, at the z extremes of the surface
are not drawn at all, resulting in poor rendering of
the surface in their vicinity.
The algorithm is also not designed to handle self
intersecting surfaces. Steiner’s Roman surface in
Figure 13 is an example of an algebraic surface
whose formula is
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Figure 13. Stiener’s Roman surface defined by equation (5) plotted
with search-depth=3 and plot-depth=4.
Figure 11. The plotting cells surrounding one of the sharp points in
Figure 10. The point is'plotted correctly in this case because it lies
on a cell edge.

Figure 12. A C° supertoroid with E,=2 and c2=l-

x2y2+y2z2+z2x2+xyz=0,

(5)

and this was ray traced by Hanrahan (1983). Al
though the surface is closed and continuous, it ap
pears in Figure 13 to consist of four disconnected
lobes because the surface is self intersecting along
three lines which pass through the origin. Figure
14 (a) is a three dimensional sketch of one of the
many possible configurations of the surface in a plot
ting cell which contains one of these lines, 14(b)
shows the crossing of the intersection curves on the
cell face, and 14(c) shows how the algorithm draws
these lines. This results in the appearance of dis
jointed surfaces, which will persist no matter how
large plot-depth is.
An additional limitation of the present algorithm is
highlighted in Figure 13. The Stiener surface has
extremely large curvature in certain areas and since
the algorithm cannot detect these, they are plotted in
a similar manner to lines of discontinuity on C° sur
faces. These are the jagged sections at the top and
bottom of the Figure.
8
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(b)
possible configurations of a self
intersecting surface in a plotting cell.
(b) The intersection curves with the cell faces cross where the self
intersection line pierces a cell face.
(c) The way the algorithm would draw the intersection curves in (b).

5. DIRECTIONS FOR FUTURE RESEARCH
Although the algorithm discussed here is in a pre
liminary stage of development, it is already a useful
tool for displaying certain types of implicitly defined
surfaces. The reasons are that the algorithm is simple
to code, efficient in execution, and there are many
surfaces for which it gives satisfactory images.
Future research to be carried out will improve its
usefulness by expanding the types of surface that can
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be displayed, and by extending the ways in which the
surfaces are displayed. We list below some topics that
merit further investigation.

1. Hidden line removal
A standard technique could be used for this such as
Weiler and Atherton (1977) but it may be possible to
take advantage of the octree structure to develop a
specialized algorithm which is more efficient.
Gargantini, Walsh, and Wu (1986) discuss hidden
surface removal for objects encoded as linear octrees,
but their algorithms are only applicable to parallel
projections. Perspective views of octree encoded ob
jects has received scant attention in the literature
(Ohashi, Uchiki, and Tokoro, 1985 is one exception),
and this area needs to be investigated, particularly in
relation to hidden line and surface removal.

2. Intersections of two surfaces and self intersecting
surfaces.
An effective technique for displaying a single surface
is to plot its intersection with a series of surfaces.
Phillips and Odell (1984) employed this technique by
displaying the intersection of the surface of interest
with a series of planes, and the quadtree algorithm of
Suffern (1990) could be adapted for this purpose by
modifying it to plot contours on an arbitrary plane. If
the series of surfaces were not planes, or if the inter
section of two arbitrary surfaces was desired, the
algorithm could be simply modified to achieve this.
The modification would involve using repeated sub
division of octants that contain both surfaces, and
then the calculation and plotting of their curves of
intersection in the plotting cells. This would be the
dashed line in Figure 14(a) if the two surface seg
ments there belonged to the two different surfaces.
Self intersecting surfaces could be handled in a simi
lar manner although it is more difficult to detect two
parts of the same surface in an octant with point
sampling. A difficulty arises, for example, when the
surface intersects an octant edge twice, as happens in
Figure 14(b). Since many interesting surfaces are self
intersecting, particularly those that arise in topology
(see for example Francis, 1987), it is important for
the algorithm to handle surfaces of this type.

3. C° surfaces
Additional logic would have to be incorporated into
the plotting routine to detect and plot ridges of slope
discontinuity. This would not be trival but would
increase the class of surfaces that could be displayed.

4. Curvature driven subdivision depth
The algorithm uses plotting cells of uniform size
which are determined by the size of the viewing
volume and the value of plot-depth. This works satis
factorily when the curvature of the surface does not
vary greatly within the viewing volume, but can lead
to unsatisfactory results when it does. A more sophis
ticated algorithm would allow the plotting depth to
vary over the surface and be determined by the local
curvature of the surface. This approach was adopted
by Suffern (1990) in two dimensions for plotting con
tours and resulted in step sizes that were inversely
proportional to the curvature of the contours. A simi
lar scheme could be simply incorporated into the
present algorithm.

5. Alternative display methods
Beautiful images of molecular models have been pro
duced using unions of spheres as a modelling tech
nique and then displaying a series of dots on the
spherical surfaces (Bash et.al., 1983). Such displays
are often produced on high resolution vector display
devices with intensity depth cueing, but can also be
successfully produced on simple output devices such
as dot matrix printers (Brumby, 1986). A similar
approach could be adopted here by drawing a dot (or
other marker) on or near the surface in each plotting
cell, for example at the centroid of the intersection
points of the surface and the cell edges. Although
these dots would not lie exactly on the surface, pre
liminary results indicate they would be close enough
for display purposes.
6. Raster images
The present algorithm and the extensions discussed
above are all vector oriented techniques that can use
calligraphic or raster display devices as the output
medium. However, it is important to develop algo
rithms that will produce shaded raster images with
either scan line or ray tracing techniques, as these
can produce images that convey different information
(and often more information) about the surfaces than
any other method. This is especially true for compli
cated surfaces when selected parts of the surface can
be made invisible, allowing parts of the surface which
would normally be hidden from the viewer, to be
seen. Strogatz, Prueitt, and Winfree (1984) and
Strogatz (1985) show particularly effective examples
of this technique using software developed by Melvin
Prueitt. Since the algorithm produces polygons in the
plotting cells, it could be adapted for raster display
by rendering shaded images of these polygons, com
bined with hidden surface removal and transparency.
THE AUSTRALIAN COMPUTER JOURNAL, VOL 22, No 1, FEBRUARY 1990
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1. INTRODUCTION
The Privacy Act 1988 passed by the Commonwealth
Government late in 1988 enshrines in legislative
form the principles of privacy adopted by member
nations of the Organization for Economic Cooper
ation and Development (OECD). Currently, the
eleven principles which form the privacy provisions
of the Act essentially relate to the operation of Com
monwealth entities termed “agencies”.
However, the Act also specifically addresses the
issues relating to the collection, storage, security and
usage patterns of tax file number information. It is
this latter aspect of the Act which is expected to have
the more immediate and widespread implications for
computing professionals. This is because of the large
number of financially based information systems in
which tax file numbers are required to be included.
The purpose of this article is to review the salient
features of the tax file number provisions of the legis
lation as they are likely to relate to computing prac
titioners. The article also offers some comment on the
implications of this legislation for the design, imple
mentation and management of information systems.
Further, it makes some specific recommendations for
computer professionals to consider when complying
with the Act.
2. REVIEW OF THE LEGISLATION
The Act defines “tax file number information”
(S. 6(1)) as being:
information (including information forming part of
a database), whether compiled lawfully or unlaw
fully, and whether recorded in a material form or
not, that records the tax file number of a person in a
manner connecting it with the person’s identity.
The Act also defines an entity called a (tax) file
number recipient. In general, the file number recipi
ent is the employer of a person
who is (lawfully or unlawfully) in possession or con
trol of a record that contains tax file number infor
mation. (S.ll).
A tax file number recipient is considered to have
interfered with the privacy of an individual if he/she
breaches one of the designated guidelines.
In addition the Act (S. 13(c)) also precludes an “act
or practice” which
involves an unauthorized requirement or request for
disclosure of the tax file number of the individual.
The Act provides for the establishment of a Privacy
Commissioner who is responsible for issuing guide
lines in relation to the collection, storage, use and
security of tax file number information.
The Act (S.28) empowers the Privacy Commis
sioner to investigate breaches of the aforementioned
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guidelines and instances of unauthorized requests or
requirements for the disclosure of tax file numbers.
The Act (S.28) also empowers the Privacy Commis
sioner to conduct compliance audits of tax file
number recipients and to monitor the
security and accuracy of tax file number infor
mation kept by file number recipients.
If required, the Privacy Commissioner may apply
to the Federal Court to enforce a determination made
as a result of such investigations.
If the Privacy Commissioner finds that a claim is
substantiated then provision exists for the Commis
sioner to award (unspecified) damages to the com
plainant for any loss or damage suffered. Significant
penalties (including provision for imprisonment)
exist for attempts to obstruct investigations made by
the Privacy Commissioner. An interim set of guide
lines is included in Schedule 2 of the Act.
The guidelines address the key areas of
(1) collection
(2) storage and security
(3) use and disclosure
of tax file number information. These will now be
addressed in turn.

2.1. Collection of tax file number information
Schedule 2 (at 2.2) places the onus on the tax file
number recipient to
take all reasonable steps in the circumstances to
ensure that the manner of collection takes account of
the rights ofpersons to control the accumulation and
dissemination of information relating to themselves.
In the Act such “rights” are embodied in the first
three of the set of eleven information privacy princi
ples, (see table opposite)
2.2 Storage and security of tax file number
information
The guidelines relating to the security of the tax file
number information (Schedule 2 at 3.2) again place
the onus on the tax file number recipient to
take all reasonable steps in the circumstances to
ensure that security safeguards and procedures are
in place to prevent unauthorized access to, modifica
tion or disclosure of and loss of such information,
whether that information is stored in physical or
electronic form.
Further, access to tax file number information is to
be
confined to persons who have a need for access to
such information for the purpose of carrying out
tax-related functions of the tax file number recipient.
12
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Principle 1
Manner and purpose of collection of personal information
1. Personal information shall not be collected by a collector
for inclusion in a record or in a generally available publica
tion unless:
(a) the information is collected for a purpose that is a
lawful purpose directly related to a function or ac
tivity of the collector; and
(b) the collection of the information is necessary for or
directly related to that purpose.
2. Personal information shall not be collected by a collector
by unlawful or unfair means.
Principle 2
Solicitation of personal information from individual

(a) a collector collects personal information for inclusion
in a record or in a generally available publication;
and
(b) the information is solicited by the collector from the
individual concerned;
the collector shall take such steps (if any) as are, in the
circumstances, reasonable to ensure that, before the infor
mation is collected or, if that is not practicable, as soon as
practicable after the information is collected, the individual
concerned is generally aware of:
(c) the purpose for which the information is being collec
ted;
(d) if the collection of the information is authorised or
required by or under law — the fact that the collec
tion of the information is so authorised or required;
and
(e) any person to whom, or any body or agency to which,
it is the collector’s usual practice to disclose personal
information of the kind so collected, and (if known
by the collector) any person to whom, or any body or
agency to which, it is the usual practice of that firstmentioned person, body or agency to pass on that
information.
Principle 3
Solicitation of personal information generally
Where:
(a) a collector collects personal information for inclusion
in a record or in a generally available publication;
and
(b) the information is solicited by the collector;
the collector shall take such steps (if any) as are, in the
circumstances, reasonable to ensure that, having regard to
the purpose for which the information is collected:
(c) the information collected is relevant to that purpose
and is up to date and complete; and
(d) the collection of the information does not intrude to
an unreasonable extent upon the personal affairs of
the individual concerned.

2.3 Use and disclosure of tax file number
information
The way in which tax file number information might
be used was clearly of paramount concern to the
legislators. In particular the legislation states that tax
file number information may not be used
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(1) as a national identification scheme (by whatever
means)(Schedule 2 at 1.1)
(2) in an unauthorized manner as a means of match
ing personal information about a person (Sched
ule 2 at 1.2)
(3) for other than authorised purposes (Schedule 2
at 4.2).
Schedule 2 at 4.3 contains a number of extremely
important provisions. The first two of these are:
(a) an employer or investment body shall not use a
tax file number for the purposes of building up
a database on individuals for its own purposes;
(b) an employer or investment body shall not cross
match tax file number information with other
information held about a person to carry out
activities which do not relate to obligations
under a taxation law.
The term “cross-match” is not one which is widely
used by Information Technologists. Its interpretation
in this context may ultimately have to be established
by the Privacy Commissioner or the Courts.
2.4 Discussion
In order to comply with the provisions of the Act, it
appears that a file number recipient will have to
ensure that the tax file number information is used in
an authorised way for an authorised purpose. In sim
pler terms, each recipient will have to control
(a) under what circumstances the tax file number
information can be used and
(b) how it is used.
This paper will offer some suggestions for dealing
with the control of point (b) above, ie. how the tax
file number information is used.
From an information systems view point, the Priv
acy Act contains two significant features viz:
(1) the information security provisions which seek
to restrict the way in which the tax file number
information may be collected, stored and ac
cessed; and
(2) the information processing provisions which (po
tentially) preclude certain types of database
design and certain ways in which the infor
mation may be processed.
The first of these is discussed in the following para
graph, and the second in the subsequent section.
3. INFORMATION SECURITY ASPECTS
From an information security viewpoint, the Privacy
Act clearly identifies what is to be protected:
(1) tax file number information itself (see Section
2.1 previously); and
(2) the association of that number with other identi
fying information (where such an association has

the potential to be used for purposes other than
to satisfy an obligation under the taxation act).
The Act also identifies the threats against which
the tax file number information is to be protected
viz.
(1) unauthorized access to
(2) unauthorized disclosure of
(3) unauthorized modification of
(4) unauthorized loss of
such information.
In information security literature, (1) and (2) are
typically classified as “passive” threats (ie those
which, if realized, would not result in any alteration
to the information). Conversely, (3) and (4) are
termed as “active” threats since the information state
is altered.
It should be noted that the Act draws no distinc
tion between a threat which is realized accidentally
(ie with no premeditated intent, such as system mal
functions, mistakes, software “bugs” etc) or inten
tionally (ie involving a premeditated intent such as
“hacking”).
The Act also defines the “security goal” to be
achieved viz. the prevention of the threats being real
ized. By using the phrase “... take all reasonable
steps in the circumstances .. ”, the Act also places
the onus on the tax file number recipient to
(a) undertake a comprehensive threat assessment
to identify the specific threats against which
protection is required;
(b) identify and implement a set of security mech
anisms commensurate with the perceived
value of the information being protected; and
(c) have an on-going method of checking that the
security mechanisms are being observed and
are effective.
It must be emphasized that the Act specifically
requires that the security mechanisms be capable of
preventing a threat being realized. Merely detecting
such an occurrence would appear to be insufficient
for the purposes of complying with the Act. (In fact,
the concept of detection is not explicitly mentioned
in the Act. An argument could be made, however,
that detection is a pre-condition of prevention.)
The information security provisions of the Privacy
Act essentially reflect the status quo in terms of both
the information published in security literature as
well as the type of security provisions which are typ
ically being implemented by an increasing number of
organizations. For example, the Security Architecture
Addendum (DIS 7498-2) to the OSI Reference
Model discusses:
• the types of threats which might potentially affect
information transmitted over a communications
network;
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• the type of security services (eg. authentication,
integrity, etc.) required by network
implementators; and
® the type of security mechanisms available (eg. en
cryption, digital signatures etc.) to provide those
services.
Similarly, the Australian Standards for Electronic
Funds Transfer-Requirements for Interfaces [AS
2805.1 — AS 2805.8] establish in some detail mech
anisms and procedures for securing financial infor
mation relating to EFT. On this basis, it is our
opinion that the level of security required in the Act
to protect tax file numbers is no more than that
already sought in the Australian Standards for pro
tecting sensitive information such as Personal Identi
fication Numbers (PIN).
Elowever, an important extension of the scope of
general information security provisions is that the
Act could be construed as also seeking to constrain
(a) the type of database designs which are permis
sible; and
(b) the way in which the actual information may
be processed.
These issues will now be elaborated further.
4. DATABASE DESIGN ISSUES
For the purposes of this discussion, it is convenient to
classify the personal information stored by an organi
zation as follows:
(1) the set of personal information which the organi
zation is required to maintain to satisfy an obli
gation under a taxation law; and
(2) the set of personal information which, in the
absence of any statutory requirement under a tax
ation law, an organization would reasonably
expect to collect and use in order to fulfil the
system’s purpose/function.

A generic relational database view of this infor
mation is shown in Fig. 2. It requires the use of a key
(eg. a payroll or client number) which uniquely iden
tifies each record in the table (ie. that pertaining to
an individual).
The information which an organization is required
to collect and record to satisfy its obligations under a
taxation law (eg. to produce a Group Certificate)
would comprise the columns Statutory Information
and Common Information.

Corporate
PersonIdentifier

Statutory
Information

Common
Information

Corporate
Information

Corporate Person-Identifier: a unique personal identifier (e.g. a pay
roll number)

Statutory Information: the set of information which is required to
be kept to satisfy obligations under a taxation law and which is
collected and recorded solely for that purpose (ie in the absence of
a specific statutory requirement, the organization would not collect
and/or record such information).
Corporate Information: the set of other information which is col
lected and recorded solely for the organization’s internal use (ie
does not relate to any obligation under a taxation law).
Common Information: the set of information which an organiza
tion would typically collect and record for its own use and which
also is required to be collected and recorded to meet statutory
requirements under a taxation law.
Fig. 2: Person: Table of Personal Information
Stored by an Organisation

The 1988 amendments to the Taxation Act intro
duced an additional statutory requirement for organi
zations to make provision for the inclusion of tax file
numbers within its set of statutory information and
to be capable of producing output in the general
format shown in Fig. 3.

Statutory Information
Tax-file-number

Common
Information

Other

(1) Statutory Information
(2) Corporate or Non-Statutory
Information.

Fig. 1: Non-disjoint Classes of Personal Information

Fig. 3: Taxation Law Obligation: table of information required to
satisfy an obligation under a taxation law.

Clearly these two sets of information (1) and (2)
are not disjoint (see Fig. 1). ie. there exists a subset of
information which an organization would typically
collect and/or record for its own use and which also is
required to be collected and recorded to meet statu
tory requirements under a taxation law (eg. annual
salary).

This table must include sufficient information to
enable a person to be identified in the event that the
person elects not to provide the organization with
his/her tax file number as is permitted under the
Taxation Act. The inclusion of tax file numbers into
an existing database without tax file numbers could
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be accomplished using the following database design
alternatives:
(1) directly by adding the tax file number to the row
(record) in the “Person” information table (Fig.
2) to produce a “Person + tfn” table (Fig. 4a);
(2) indirectly by creating a separate Tax-file-index
table (Fig. 4b).
A third alternative which should be discussed is a
table of personal information in which the tax file
number is used as the unique key in lieu of some
other corporate person identifier. From a database
design viewpoint, this option is precluded because it
is not mandatory for a person to provide his/her tax
file number. Hence this field may be null. A further
problem with this option is that Schedule 2 at 4.3(a)
effectively precludes using a tax file number as a key
for tables which are used for purposes other than
satisfying an obligation under a taxation law. Similar
issues in relation to the other two alternatives will be
discussed later.

Corporate
personidentifier

mation ie. [tax file number, other Statutory
information,Common information] and other per
sonal information ie. Corporate information. By
definition Corporate Information is not required
to fulfil any obligations under a taxation law.
Hence if records in this table were used for any
purpose other than satisfying obligations under a
taxation law, then the organization appears to be
in breach of Section 4.3 (b) of Schedule 2.
® In design alternative (2) (ie. Fig. 4b), the tax file
number is linked only to the corporate-personidentifier. This table is intended to operate in con
junction with “Person” table information (Fig. 2).
The “Person” table contains the remaining infor
mation required to satisfy obligations under a tax
ation law (ie., Statutory Information and
Common Information) and which has as its key
the corporate person-identifier. The processing
which must be performed to extract the infor
mation required to satisfy obligations under a tax
ation law (ie. Fig. 3) is shown in Fig. 5.

Statutory
Information
Tax-File
Number

Other

Common
Information

Corporate
Information

select tax-file-number,Statutory,Common
from personal, tax-file-index
where personal.corporate-person-identifier
= tax-file-index.corporate-peison-identifier
Fig. 4a: Person + tfn Table of personal information stored by an
organisation including tax file number.
Fig. 5: Processing of Tables: Person and Tax-file-index.
Corporate
Person-identifier

Tax-file-number

Fig. 4b: Tax-file-index: Separate table of additional statutory infor
mation (ie. tax file number).

From an information processing point of view,
both of the database designs ie. either a composite
“Person + tfn” table (Fig. 4a) or a “Tax-file-index”
table (Fig. 4b) together with Fig. 2 (ie. a table of
personal information without tax file numbers) are
acceptable. Both are capable of being manipulated to
provide the required output information. (Fig. 3).
Reviewing these database design alternatives in the
context of the requirements of the Privacy Act Sched
ule 2 (and, in particular, at 4.3):
• In design alternative (1) (ie. Fig. 4a) we have a
“cross-match” between tax file number infor

Let us now examine the impact of the processing
shown in Fig. 6a on the tables “Person” (Fig. 2) and
“Tax-file-index” (Fig. 4b). The result of this operation
(Fig. 6b) is a table containing a tax file number and
personal information which is distinct from that re
quired to satisfy an obligation under a taxation law.
As in the previous case, if records from this table
were used for any purpose other than satisfying obli
gations under a taxation law, then the organization
again appears to be in breach of Schedule 2 at 4.3(b).
At this stage it is worth noting that since the
“Person” information table (Fig. 2) does not include
a tax file number, it does not come within the defini
tion of tax file number information as given in the
Act (S.6). Conversely, the tables: “person + tfn” (Fig.
4a) and “Tax-file-index” (Fig. 4b) both explicitly con
tain a tax file number as well as information relating
it to a person’s identity. Therefore these latter two
both constitute tax file number information as de
fined in the Act.
In summary the two database design alternatives
developed in this section represent the ways in which
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computing professionals would seek to satisfy the re
quirement under the Taxation Act to allow for the
inclusion of tax file numbers. However the concomi
tant existence of the provisions of the Privacy Act
places constraints on the way in which such infor
mation can be subsequently used.

Corporate
personidentifier

Other
Statutory
Information

Common
Information

Corporate
Information

Encrypted
Tax-filenumber

Fig. 7: Person + encrypted tfn

select tax-file-number,corporate-person-identifier
Common,Corporate
from personal,tax-file-index
where personal.corporate-person-identifier
= tax-file-index.corporate-person-identifier

Fig. 6a: Extended processing of tables Person and Tax-file-index.

Tax-file-number

Corporate
PersonIdentifier

Common
Information

Corporate
Information

Fig. 6b: Table of personal information produced by the processing in
Fig. 6a on Fig. 2 and Fig. 4b.

To accommodate both the requirements of the
Privacy Act and the requirement for an organization
to process tax file numbers to satisfy an obligation
under a taxation law, two processing options suggest
themselves:
Option 1.
Store the tax file number along with other personal
information (Fig. 4a) and incorporate security at
item level to restrict access to this particular field
except for authorized processes.
Currently relatively few commercial products are
available which satisfy this requirement. One way in
which it might be achieved is to encrypt the tax file
number (Fig. 7) and to restrict access to the
decryption process to users (processes) which are au
thorized to produce output in the format required to
satisfy obligations under a taxation law (Fig. 3). Fur
ther discussion of this option is given in Appendix 1.
It must be stressed that the adoption of this strategy
introduces the attendant problems of secure encryp
tion algorithms, key management etc. as well as the
procedural problems associated with the encryption
and decryption processes.
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Option 2.
Store the tax file number in a separate (Tax-file-index)
table using a format shown in Fig. 4b. with the re
maining statutory information in a (personal infor
mation) table of the generic format shown in Fig. 2.
Information in the Tax-file-index table (Fig. 4b) must
be made secure and accessed under secure condi
tions. When it is necessary for an authorised user to
produce output to satisfy obligations under a taxation
law and which includes the tax file number (Fig. 3)
then the table containing this number can be made
available.
This approach necessitates that the table be stored
and accessed under secure conditions. One solution is
to store the database containing the tax file number
in physically secure conditions, e.g. by storing it off
line and only allowing the database to be loaded on
line when the legally required output is to be
produced. Another solution is to utilise mechanisms
which make the database logically secure. [These
mechanisms would be expected to include elements
of what are termed “access matrix” models such as
the Bell and La Padula Model (Summers 1984,
Landwehr 1981). A number of software implementa
tions of access matrix models are available.]
The making available of this database (whatever
method is used) must be done under strict controls.
In order to ensure security, access to any information
produced by the process should be denied to all other
users while the required output is being produced.
Any interim tables produced during the authorised
use should be deleted prior to granting access to
other processes.
5. SOME SECURITY ISSUES
Irrespective of which processing option in the previ
ous section is selected, the following security issues
must also be addressed:
5.1 Access Control
A mandatory requirement under the Act is to im
plement a comprehensive access control system
which restricts access to the tax file number infor
mation to authorised people. An essential part of any
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such access control system is the authentication of an
individual person.
Essentially, there are four basic methods to authen
ticate individuals:
(1) something the person knows (eg. a passwords
personal identification number [PIN])
(2) something the person has (eg. a key, a card [mag
netic stripe, “smart” card, etc.], a badge or
token, etc)
(3) something the person can do (eg. a signature)
(4) something the person is (eg. fingerprints, retinal
eye pattern, etc)
(Refer to Amsel (1988) and Lobel (1986) for more
information on these four methods.)
The banking and finance industry has sought to
enhance the overall authentication process by using a
combination of two of the above methods (ie. a PIN
in combination with a magnetic stripe card). Some
doubt still exists however as to the effectiveness of
this scheme.
5.2 Personnel screening
A problem of increasing concern is the set of people
who are granted access rights to privileged infor
mation (e.g. as part of their employment duties) and
who subsequently abuse that trust to commit fraud,
theft, etc. (Ardis et. al. 1987, p.21). Authors such as
Bassett (1989) assert that one of the most effective
(and least expensive) methods for reducing the inci
dence of such acts of malice (and, in particular, em
ployee theft) is through pre-employment screening.
Such screening could involve, for example, written
honesty tests.
It is possible that such methods may become
necessary for employees involved in the handling of
tax file number information.

5.3 Communications Network Security
One approach to communications network security is
to make all the various elements (ie. terminal de
vices, nodes, switches, transmission channels, etc.)
physically secure. Such a network should be capable
of satisfying the provisions of the Act by preventing
unauthorized modification, disclosure, destruction,
etc. of any tax file number information being trans
mitted. However, where any part of the communica
tions network used to transmit the tax file number is
in the public domain (e.g. a communications network
service provided by Telecom), no similar guarantees
on the physical security of all of the network compo
nents could be given by the network service provider.
(Indeed it would be reasonably expected that a net
work service provider would be loath to offer any

such guarantees given the legal liability it would incur
in the event that the network security is compromi
sed).
As part of the overall development of the Reference
Model for Open Systems Interconnection (OSI), the
International Standards Organisation has published a
Security Architecture addendum (DIS 7498-2) which
addresses the issue of security in (open) communica
tions networks. For networks being used to transmit
tax file number information, potentially all the prin
cipal network security services identified in the docu
ment would be required by the communicating
parties and, in particular,
• authentication;
• confidentiality;
• message integrity;
• access control; and
• non-repudiation.
Provision of such network security services would
require that the communicating parties have access
to the array of security mechanisms (including en
cryption, digital signature, authentication exchange,
etc.) identified in DIS 7498-2. At minimum, the con
fidentiality and integrity of the tax file number infor
mation should be protected by some form of
encryption mechanisms. (The Australian Standards
for Electronic Funds Transfer — Requirements for
Interfaces [AS 2805.1 — AS 2805.8] address similar
issues in the context of banking and financial trans
actions).

5.4 Operating Systems Security
The Security of an information system consisting of
programs, databases, and the like on any computer
system depends upon the correct and verifiable im
plementation and enforcement of security rules by
that computer’s operating system. For example, it is
not permissible to bypass the security features of a
database management system by using computer di
agnostic, word processing/editing, file display or any
other “lower-level” program. In order for tax-file in
formation to be protected in any computer systems it
can be argued that the associated operating system
must implement a reference monitor capable of en
forcing the access authorization relationships be
tween the subjects and objects of the system. Thus
the reference monitor enforces the authorisation
policy of an enterprise. In turn this policy must be
subject not only to the security needs of the control
ling enterprise but also to any pertinent legislation, in
this case the tax file number provisions of the Act.
The United States Department of Defense “Trusted
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Computer System Evaluation Criteria, 1983” (the socalled “Orange Book”) sets out the features of secure
systems based around the concept of such a reference
monitor. Through the definition of these features, pa
rameters for assessment of operating system security
are derived. Given the requirements outlined in the
Act for tax file number protection, it would appear
that, as a minimum, compliance with the “C2” class
in the Orange Book (“C2 : Controlled Access Protec
tion”) is necessary. This places such a computer
system in the “Discretionary Security Protection”
class which means that operating system security
controls may need to be augmented in application
programs. Protection must apply at the level of an
individual system user with an appropriate audit
trail to track the activity of the user. While minicom
puter and mainframe systems (e.g. Digital Equip
ment Corporation’s VAX system operating under the
VMS system rated at C2 level) may be readily able to
comply with this requirement, there would appear to
be a severe problem with personal computers, under
PC type operating systems such as MS/PC-DOS™
and OS/2™, or small systems, under UNIX™. Such
systems must be enhanced, usually by the addition of
security hardware and software sub-systems, in order
for any security provisions to apply. Such systems
already exist but their general acceptance, in small
private enterprises in particular, has not yet occurred.

5.5 Professional Responsibility
Throughout the Act, the phrase “... shall take all
reasonable steps in the circumstances ...” is used a
number of times. Given the widespread dissemina
tion and availability of literature (including, in par
ticular, national and international standards) it could
be reasonably argued that an information technology
professional should be familiar with the terminology,
concepts, procedures and mechanisms for achieving
the level of information security sought by the Act.
As to the tax file number information itself, the Act
(Schedule 2 at 4.1) stipulates that
tax file number recipients shall take all reasonable
steps in the circumstances to ensure that staff with
access to tax file number information are informed
of the prohibitions on the use and disclosure of such
information and of the penalties that apply to
breach of those prohibitions.
5.6 Recommendations
The existence of the Privacy Act 1988 (and, specifi
cally, the eleven privacy principles) should be used as
the catalyst for organizations to undertake a compre
hensive review of
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• the type of personal information being collected
and stored;
• the way in which the information is being used;
and
• the security of such information.
The specific recommendations from the preceding
discussion are
(1) Do not use the tax file number (even in an en
crypted form) as a primary key (or index) in any
database;
(2) Either
(a) store the tax file number in a secure field in
an existing table; or
(b) store the tax file number in a separate and
secure table;
(3) If the set of information that an organisation is
required to keep to satisfy an obligation under a
taxation law (labelled as “statutory” information
in the paper) is to be transmitted over a commu
nications network, ensure that at minimum
(a) the tax file number is securely encrypted
throughout transmission; and
(b) the entire set of statutory information (in
cluding the tax file number) is protected by a
secure message authentication code (e.g. a
cryptographic checksum);
(4) Implement a comprehensive set of
• physical
• personnel
• administrative, and
• computer system (including access control and au
thentication)
security procedures (including, in particular, at
any point(s) where the tax file number is en
crypted and decrypted.)
6. CONCLUSION
It should be a reasonable expectation on the part of
any organization’s clients that the organization with
which they are dealing already has in operation a
comprehensive and effective security policy concern
ing the design, implementation and management of
the organization’s information systems. The Privacy
Act 1988 has created a legal responsibility to do so
(with its concomitant penalties for non-compliance)
at least in respect of tax file number information. If
nothing else, the existence of this legislation should
now inject a sense of urgency into the task of creating
and implementing satisfactory procedures relating to
information systems security.
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APPENDIX 1
Considerations in the encryption of tax file numbers
Currently, tax file numbers have the following
structure:
(a) nine (9) numeric digits for individuals
(b) eight (8) numeric digits for companies, trusts,
partnerships, superannuation funds etc.

0

2

1

Byte no.
0
1-9

3

4

5

6

7

8

9

tax file number type
= 0 for nine (9) digit number
= 1 for eight (8) digit number
tax file number (left justified)

Fig. A.l: A generalized method for storing tax file numbers.

The encryption of information of the format shown
in Fig. A. 1 is essentially a “block cipher” problem.
In this type of cipher, a fixed size block of bits of
plaintext is transformed under the control of an en
cryption key into a block of ciphertext. (Fig. A.2).
The transformation is one-to-one (and onto)
(Voydock and Kent, 1983).
KEY

PLAINTEXT

------------------------- CIPHERTEXT

Fig. A.2: Encryption Process

The overall security of the above process is contin
gent upon
(a) the selection of a suitable encryption algorithm
(b) the length of the encryption key
(c) the length of the plaintext (to be encrypted).
An algorithm which is suitable for this process is
given in the Australian Standard AS2805.5-1985.
(This algorithm is the one specified in the USA’s Data
Encryption Standard ie. DES.) The particular mode
of operation of the algorithm which is required to

encrypt data in the format of Fig. A.l is termed
electronic codebook mode (ECB). The encryption key
used in this algorithm is 56 bits in length.
In ECB mode, the algorithm encrypts 64-bit blocks
of plaintext. It is essential, therefore, that the infor
mation to be encrypted (ie Fig. A.l) be expanded to
ensure that a block containing 64-bits of information
is input to the encryption algorithm. This may be
accomplished in a number of ways, for example, by
appending additional information to the information
in Fig. A.l such as a date, time stamp or merely an
arbitrary string of random numbers. Where the infor
mation to be encrypted extends beyond a single 64bit block, this may be readily accommodated by
repeated application of the ECB mode, or, alterna
tively, by using a Cipher Block Chaining (CBC)
mode.
As indicated in the text of the paper, it is not a
mandatory requirement under the Taxation Act for an
individual to divulge his/her tax file number to an
organisation. If a null entry is stored in this field for
an individual, then no further security appears to be
required e.g. encryption. This is because, in the ab
sence of a tax file number, the remaining information
is not tax file number information as defined in the
Privacy Act (S.6).
During discussion in the preparation of this paper,
an issue was raised as to whether or not a table in
which the tax file number is present in a securely
encrypted form (irrespective of what other infor
mation the database contains) is tax file information
as defined in the Act. The crux of this dilemma is
that the primary objective in using an encryption
algorithm (eg. AS2805.5 Data Encryption Algorithm)
is to transform plaintext information (eg. a tax file
number) into a form (ciphertext) which does not
allow a connection to be established between the
plaintext and the ciphertext without knowledge of the
encryption key. If, under such circumstances, no con
nection can be formed between a tax file number and
the encrypted form (ciphertext) stored in the data
base, then clearly no connection can be formed be
tween the tax file number and any other information
concurrently stored in the database. In this case, the
resultant database is not “tax file information” under
the definition of the Act.
While it is argued that such a database does not
have to satisfy the tax file information requirements
of the Privacy Act, clearly, the processes where the
encryption and decryption are performed do. (A
major facet of protection when using encryption al
gorithms such as the AS 2805.5 Data Encryption
Algorithm is that of the security and management of
the keys.)
Ultimately it is in the province of the courts to
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determine the validity of the above argument. A dis
senting view is as follows:
(a) in order to store a tax file number in a compu
ter based information system, the number
must be transformed using some form of en
coding technique (eg. ASCII, EBCDIC, etc.)
(b) any person examining the (logical) stored form
of tax file number would be presented with a
sequence of binary ‘0’s and ‘l’s. Unless (and
until) the person gains the knowledge as to the
particular transformation (encoding tech
nique) used, any such stored information is
unintelligible
(c) it is not disputed that an encryption algorithm
(together with the attendant key) is capable of
generating a more complex “encoding” of the
tax file number than that referred to in (a) and,
therefore, requires a higher level of skill and
knowledge (ie„ the algorithm and the key) to
render the subsequent information intelligible.
(d) Nonetheless, a court may take the view that
(simple) encoding transformations of the type
discussed in (a) and encryptions of the type
discussed in (c) are merely members of the set
of all such possible transformations (distin
guished by the amount of effort and skill re
quired to convert the transformed information
to an intelligible form). In this case, the infor
mation stored in a computer system as a result
of applying any one of the set of possible
transformations either is always still a tax file
number or is never a tax file number
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BOOK REVIEWS
BOYER, R.S. and MOORE, J.S.(1988): A Computational Logic
Handbook, Academic Press, San Diego, California, xvi
410pp., $US 39.95.
The boundaries between AI and theorem proving are unclear. Thus
this book and its predecessor (Boyer & Moore (1979)) can be viewed
as contributing to either. It is clear they have made a significant
contribution to AI. Their theorem prover has accomplished remark
ably different (and difficult) verifications: on the one hand, the cor
rectness of the FM8501 microprocessor and on the other, Godel’s
incompleteness theorem - the theorem that says that there is a true
but unprovable statement of arithmetic (provided arithmetic is con
sistent) (see Crossley et al. (1972)).
So what is a ‘computational logic’? It is first and foremost a
program, written in LISP. Next it is a theorem checker, rather than
a theorem prover. The program attempts to find a proof of asser
tions fed into it. In this endeavour, the assistance of the user can
help greatly. The user gives the program ‘tactics’ or hints or lemnata which simplify the program’s task.
Basic logic is incorporated in the program but not the conven
tional logic taught in philosophy or mathematics, nor that familiar
to users of PROLOG. The logic here is essentially a functional logic
bearing some relation to (part of) Boolean algebra but going much
further into predicate calculus.
This logic was developed before Boyer and Moore (1979) was
published. In the interval from them to the present book the logic
has been refined. Perhaps rather more important, the program has
been extensively used. This has led to a) the recognition of its limi
tations and b) the successful tackling of very much more sophisti
cated problems - such as those of the FM8501 and Godel’s Theo
rem mentioned above.
The present book gives the basic logical background briefly and
from that point on looks like a standard manual - which it is. Part
I gives a theoretical (and practical) overview of the system. Part il
first gives samples and instructions on how to use the system with
an installation guide. The book is completed by three appendices,
the last of which is a fascinating account of the major benchmark
problems (successfully) tackled.
How do you get the program? For free via ARPANET (see p335,
provided you have Common Lisp). The only catch is minor: a
beautiful disclaimer giving no guarantees - but on the other hand
‘Topher Cooper has the distinction of being the only person to have
ever found an unsoundness in a released version of our system’ (p.
xiv).
So the book complements a powerful theorem-checker with sur
prisingly wide application - and the program is free. Readers of the
earlier book, Boyer and Moore (1979), who may not have actually
run the system will find it hard to resist doing so with this book to
hand. Those unfamiliar with Boyer and Moore’s work but interest
ed in AI systems or theorem proving should read this book. It
shows how a functional form of logic (as opposed to the standard
relational form) can be powerful - and is easier, and in some ways
better than traditional forms - when implemented. This is a lesson
many of us are slowly learning as, following Girard, we begin to
realize that there is no significant theoretical distinction between
functional and logic programming.
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BLYTHE, J.(1979): How it Works ... The Computer, Ladybird
Books Loughborough, 53pp., $2.99 (Hardcover).
This is the sort of book which would be very useful for a high
school class working on computers. It is inexpensive, so each stu

dent could have one. It is clearly and simply written but quite ade
quately technical, and the illustrations are clear, apt and well exe
cuted. It doesn’t have the sheer beauty and pizzaz of the
Understanding Computers series, but it’s only a tenth of the price!
I read it at a sitting, which means that it is both basic and clearly
expressed. I think that if it is to be used for students, an extended
glossary would be helpful (eg. the distinction between digital and
analogue computers is not brought out, nor why both are important
and under which conditions - and I think students will run into this
confusing dichotomy early!)
There is no index, not even a list of chapters, and correcting this
would help students.
At the same time, for such an inexpensive book, the information
is fine, it is well written, well illustrated and can be recommended
as a primer for students taking up computer studies. The hard cov
er and the good quality paper makes it pleasant to handle and read.
If you are a high school teacher expecting to take a class in com
puter studies, make a point of having a look at it.
Chester Wilson
Ipswich
LONDON, K.(1986): Introduction to Computers, Faber & Faber,
London : Boston, Fifth Edition, 267pp., $23.95 (Soft cov
er).
1 should regard this as a useful book for University students of
computing, and for reading by honours school students who have
some experience of the language (eg. p 151 : Rotational delay, also
called latency, is the time which elapses between the moment that a
sector read/write instruction is given, i.e. after the arm has been
positioned, and the designated sector becoming available at the
head.)
The author (preface, pl2) hopes the book will be used as a school
text, a first guide for the interested businessman and as a general
introduction for the causally curious. I think he is a bit optimistic,
any of the above will be working pretty hard to keep up with him!
Nevertheless, his brief history (pp 13-48) is interesting and straight
forward. The Central Processor (pp49-105) is much more difficult,
as is the next The Peripheral Units (pp 106-157). Software and Pro
gramming and Basic Computer Techniques complete the technical
side of the book, after which he discusses the role of computers in
commerce and in science. There is a useful glossary, though ex
pressed in language which implies you already are used to techno
logical language, and there is a five page index, so you can find
your way round the book.
There are lots of black and white illustrations and diagrams, and
these are helpful, but 1 do miss the colour illustrations of recent
books, which make things clearer much more quickly. The book is
a good sturdy soft cover, but I find the slightly rough paper not as
attractive as I’d like. The cover of a human and a robot shaking
hands is psychologically compelling - I’d have appreciated a chapter
or two by Isaac Asimov!
Chester Wilson
Ipswich
MORGERA, S.D., KRISHNA, H.(1989): Digital Signal Processing
: Applications to Communications and Algebraic Coding
Theories, Academic Press, 233pp., $US 37.95.
The discipline of Digital Signal Processing (DSP) has undergone
both rapid development and fundamental change in recent years.
The increasing complexity and performance of general purpose DSP
integrated circuit devices combined with the increased accessibility
of custom VLSI and special purpose devices have created a massive
growth in the number of applications to which DSP methods may
be applied. Many researchers are also tracing the origins of DSP
methods back to their roots in number theory and algebra in an
effort to both understand the fundamental limitations imposed on
various DSP operations, and to develop more efficient algorithms
for their computation. This book concentrates on the intersection
between the disciplines of number theory, algebraic coding theory,
algebraic complexity and communications DSP. In particular, the
authors concentrate on the relationships between efficient algor
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ithms for the calculation of bilinear forms over a finite field of con
stants (which includes the familiar operations of periodic and aperi
odic convolution) and optimal linear codes over those fields.
The book consists of six chapters in all. After an overview and
introductory chapter, the authors introduce the concept of a
bilinear form over a field, which forms the basic algorithmic model
for all subsequent discussion. This formulation allows easy visualis
ation of bounds on the arithmetic complexity of any algorithm used
to compute the form. It also places many of the fundamental DSP
operations such as convolution (ie. linear filtering) and correlation
into a unifying framework, to allow assessment of algorithms used
to perform these operations. Chapter 3 is concerned with the devel
opment of efficient convolution algorithms over finite fields, spec
ifically GF(pm). The properties of the cyclotomic decomposition of
GF(pm) are used to derive efficient algorithms in the periodic case.
For the aperiodic case, both the Chinese Remainder Theorem
(CRT) approach (ie. prime factorisation), and the familiar approach
of embedding the problem into a higher dimensional periodic prob
lem are considered. Particular attention is given to multiplicative
and additive complexity. Chapter 4 deals with the problem of long
length periodic convolution.
Chapter 5 examines the relationships between efficient algorithms
for computing bilinear forms over finite fields, and linear codes
over those particular fields. These relationships lead to a class of
linear codes derived from bilinear periodic and aperiodic convolu
tion algorithms. The encoding and decoding procedures are exam
ined, and examples of error detection and correction circuits are
provided. Particular attention is given to GF(2) and GF(3). Chapter
6 uses these codes to construct hybrid Automatic Repeat-Request
(ARQ) schemes for digital communications, and examines the
throughput efficiency and Error probability performance for several
schemes.
In the preface to the book, the authors state that the hope to
make a statement regarding the importance of developing a multid
isciplinary outlook on research problems. This is a sentiment with
which I can strongly agree, and I believe the authors have achieved
this aim. The development in the book shows that a knowledge of
number theory and algebra is of great use to any communications
engineers, and indeed is really necessary for anyone working in the
communications DSP area directly. Furthermore, the authors have
demonstrated how these fundamentals can lead to a practical sys
tem offering performance and efficiency gains. The authors also
state that their primary goal is to write a book which felt comforta
ble in the hands of engineers, mathematicians and computer scien
tists .... Unfortunately, I do not think they have been so successful
in attaining this goal. In particular, I think most engineers not fa
miliar with fundamentals of finite field algebra, particularly
polynomial fields, will find some difficulty in reading the book.
Many concepts, results and notations are introduced without warn
ing and this makes the flow of ideas throughout each chapter some
what difficult to follow. Also, no statement of assumed back
ground, or recommended prior reading is given.
Overall, the book is a good compromise between a research
monograph and a text. The list of references included in each chap
ter provides both up to date research papers and papers of histori
cal importance. The book layout is good, with substantial technical
results included in appendices, which assists readability. The au
thors have succeeded in integrating areas of DSP, algebraic coding
and algorithm design into a coherent framework which should be of
interest to researchers in any of these fields. Unless the reader has a
good knowledge of fundamental algebraic principles, particularly
finite fields, I would recommend keeping a good text within reach
whilst reading the book! The book represents comparitively good
value at the price.
Langford. B. White
Defence Science & Technology Organisation
SRINIVASAN, B. and RANAI, K.(1989): Visual Editing on UNIX,
World Scientific, Singapore, 182pp., SUS 44.00 (Hardcov
er).
UNIX has, probably rightly, become one of the most widely used
operating systems in todays multi user market. It is not without
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criticism however, and one thing that springs to mind is the immemorability of its system program names. AWK is one example. This
criticism also extends to commands within individual programs, a
prime one being VI.
It was thus with anticipation I approached this book; an anticipa
tion which was mostly fulfilled. One certainly needs a road map to
find the way through VI commands, not only to put them into logi
cal order, but also to interpret their purposes, and to be guided by
examples. This book largely succeeds in doing this.
The book leads the reader by the hand through basic ‘getting
started’ operations and then into simple operations. It classifies
these by function, whether it is cursor movement, text modification,
window operations, file operations, cutting and pasting or string
operations. More advanced areas are described and the user also
learns to modify the VI environment. Use on slow, hardcopy and
uppercase terminals is also discussed. Advanced features such as ab
breviations and macros are also there. In all, the coverage seems
comprehensive and accurate. The advanced user could possibly
manage with the summary tables in the appendices alone but most
of us like our hands held when we are just starting out, and this
book is good for that. Later, when more experienced, the reference
tables might be all that is needed. These are usefully included in the
book and is another reason to recommend it. The book will there
fore not become redundant after a first reading.
My criticisms of the book are probably carping, but centre
around production standards and the editorial process. It is pleasing
to see that at least one of the authors is from an Australian institu
tion but one suspects that neither author is a native English speak
er. There are many circumstances of, if not frank errors in English
grammar, at least clumsiness in expression. Tense, number, person
and article usage all come in for misuse. On page 2 alone I counted
eight instances of grammatical errors. These detract from the book
only in terms of reader irritation. Further pages (eg. pp 73 & 81)
contain errors on the sample screens which have simply crept in
through carelessness. One would have hoped the editorial process
would have removed all these problems. More realistic example
screens could have been found rather than the typed equivalents
used.
1 am aware that there are later screen editors for UNIX (eg. jove)
but a word to those on the bandwagons for these : I use only VI. It
was the first screen editor I used. It did and still does all I want.
Why should I change? In very early days I would have been grate
ful to have had this book beside me. Now I will be grateful to refer
to it to clarify matters when a question arises.
Chris Andrews
The Wesley Hospital, Brisbane
MCALEESE, R.(1989): Hypertext - Theory into Practice, Intellect
Limited (Blackwell Scientific Publications), Oxford,
175pp., $64.00.
This book is described as ‘an introduction to hypertext practice
based on the papers presented at a conference in Aberdeen (Hyper
text 1)’. It is not an introduction for anyone who knows nothing
about hypertext, more a formal introduction for those who have
already made the acquaintance in a practical way. One has to read
up to page 75 before learning that hypertext is ‘non-sequential read
ing and writing ... allowing authors to link information, create
paths through a corpus of related material, annotate existing texts,
create notes and point readers to either biographical data or the
body of the referenced text’; or page 155 to find out that hypertext
is ‘in its simplest form, a set of nodes connected together by undif
ferentiated links. Each node is an unstructured piece of text or
graphics (or both) and each link is a uni-directional association be
tween the two nodes’.
Hypertext is not easy to explain to a beginner, and there are sev
eral analogies throughout the book in an attempt to interpret a very
complex, different concept in reading, writing and information
gathering. We have the main analogy of journeys, with chapter
headings such as ‘Browsing and Navigating’, ‘Lost in Hyperspace’
and ‘The Hitch Hikers Guide’.
Having established the need for some previous knowledge about
hypertext, the book becomes enjoyable and stimulating reading.
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As well as the standard table of contents and index, there is a
‘map’ of the contents of the book, set out in a two-dimensional
representation of hypertext’s non-linear format, showing possible
links, or ‘journeys’ through the book, accompanied by some ques
tions which the reader might care to ask as the book is explored. It
is suggested that the reader might care to browse or navigate a way
through the book hypertext-style, rather than
Begin at the beginning, and go on till you come to the end;
then stop (Carroll, 1912)
as we have been wont to do with books.
The book contains a good balance of theory and practice. Chap
ters on browsing and navigating use sound theories of learning to
describe how hypertext systems could be structured to provide op
portunities for learning, and to make use of ‘non-formal knowledge
domains’. There are examples of hypertext systems, such as
‘Glasgow Online’, advice on design and authoring, and an example
of collaborative writing with hypertext, which begins with a state
ment which will please my teaching colleagues who recognised the
fact some years ago: ‘In recent years there has been increasing re
cognition among system designers that human activity is basically
.interactive in nature’.
An introduction, but not a book for the raw beginner, this book
will find favour with those who would like to journey further into
the promise of hypertext and would like some sound theory to as
sist the travels.
References.
Carroll,

Lewis (1912): Alice’s
Macmillan, London
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Eve Shaw
ACT Schools Authority
SPENCER, D.(1987): Challenging Mathematical Problems with
(Basic, Pascal, Basic/Pascal), Cameiot Publishing Compa
ny, Ormand Beach, Florida.
These three books would not be of much interest to readers of this
magazine. They would be of interest to secondary school teachers
as supplementary texts; they do not contain enough theory for a
text book but are useful as a problem resource books.
A critic once said of Vivaldi that he didn’t write three hundred
violin concertos, but one violin concerto three hundred times. (Also
of Haydn symphonies - 104 times....ed.) The same could be said of
these books; the problems in each book are the same but the solu
tions are in a different language. One book has the solutions in
PASCAL, another in BASIC, and the third a combination of both.
The level of programming is very elementary; for example, in the
Pascal book none of the programs use the TYPE statement or any
of the advanced data structures such as records or pointers.
At UNENR (University of New England, Northern Rivers) some
of the problems have been set as tutorial questions for the business
students. The books would be recommended to High Schools or for
maths/computing educators as resource material.
P. Radonyi
UNENR
CHHIKARA, R.S. and FOLKS, J.L.(1989): The Inverse Gaussian
Distribution: Theory, Methodology, and Applications,
Marcel Dekker, 213pp., $US 95.50 (cloth).
The Inverse Gaussian distribution (IG) is perhaps best known as the
first passage time of a Wiener Process, or as an approximation to
the sample size distribution in a sequential probability ratio test. It
has also been the subject of a lot of interest over the last 40 years
because it admits an analysis of reciprocals that is remarkably anal
ogous to analysis of variance for the normal distribution. The au
thors follow up their review article (Folks and Chhikara (1978))
with a book, intended to summarize as completely as possible the
properties of the IG distribution and its applications. Their book is
full of enthusiasm for its subject. It is also of a friendly size, attrac

tively typeset and written in a readable (almost simple) style, and so
invites study.
Chapters 1 to 5 elaborate on and update the material in Johnson
and Kotz (1970, chapter 15), covering history and genesis, useful
properties, transformation and characterizations, sampling distribu
tions and estimation of parameters. Chapters 6 to 9 continue with
methodology: significance tests, Bayesian inference, regression anal
ysis, life testing and reliability. Chapter 10 surveys other
applications, and Chapter 11 briefly describes extensions to multi
variate and dependent processes. Throughout the book, analogies
with the normal distribution are strongly pursued and highlighted.
The emphasis is very much on exact rather than asymptotic results,
and indeed the authors argue that the availability of these exact re
sults can make the IG distribution more attractive than, say, the
gamma and Weibull distributions for modelling skew, continuous
data.
The authors’ desire to obtain exact results has often constrained
them to simple cases. For example, applied statisticians will be dis
appointed to find no examples of data analysis more complicated
than a one way analysis (since the exact analogy with analysis of
variance does not extends to two-way and higher designs).
Similarly, the section which is ambitiously entitled nonlinear regres
sion actually covers only reciprocal linear models, while the sections
on linear regression are almost entirely devoted to simple regression
with zero intercept.
It is surprising that there is no mention of generalized linear
models (McCullagh and Nelder, 1983). In fact, the IG distribution
is, with the normal and gamma, one of the three continuous distri
butions that fit nicely into the generalized linear model framework.
Generalized linear models provide a unified and tractable, albeit
nonlinear, treatment of regression models of the form g( mu sub i )
= bold x sub i sup T bold beta , where mu sub i is the mean and g
is any function, and an analysis of deviance which is closely analo
gous, albeit asymptotic, to analysis of variance for designs of arbi
trary order. This is an opportunity lost, since the IG is the only
generalized linear model distribution not dealt with in detail in
McCullagh and Nelder (1983). Of related work, Smyth (1989) was
too late to be included, but mention should have been made of
Blaesild and Jensen (1985) who show that the IG, normal and gam
ma distributions are the only reproductive families of a particular
type.
The authors do not attempt to convince us that the IG distribu
tion is better than alternatives such as the log-normal for any of the
numerical examples they give, merely that it is competitive. No
mention is made of mean-variance relationships, which might have
been used to choose between distributions (the variance of an IG
population is proportional to the cube of its mean, as compared to
the mean squared for the gamma or log-normal populations).
Of the three objectives implied in its subtitle, the book is more
successful in the first than in the other two. Despite the variety of
applications mentioned, it will not server as a practitioners’ guide.
The authors’ disdain for nonlinear or asymptotic results has caused
them to neglect a large block of methodology and applications, and
they have not provided enough direction as to when the IG distribu
tion is appropriate. On the other hand, this is the definitive book at
this time on the exact properties of the IG distribution, and within
this less ambitious ambit I found it valuable and stimulating. The
book is priced for the library market, as seems to be habit with
Marcel Dekker, so only researchers who use the IG distribution re
gularly will want a copy of their own. Many others though are rec
ommended to peruse that library copy.
References.
BLAESILD, P. and JENSEN, J.L. (1985): Saddlepoint formulae
reproductive exponential models, Scand. J. Statist., 12, pp.
193-202.
CHHIKARA, R.S. and FOLKS, J.L. (1978): The Inverse Gaussian
Distribution and its Statistical Application—A Review, J.
R. Statist. Soc. B, 40, pp. 263-289.
JOHNSON, N.L. and KOTZ, S. (1970): Continuous Univariate
Distribution-1, Wiley, New York.
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McCULLAGH, P. and NELDER, J.A. (1983): Generalised Linear
Models, Chapman and Hall, London.

chapters that cover it. For others, most of the material covered here
can be found in other books on AI, for a far lesser price!

SMYTH, G.K. (1989): Generalized linear models with varying dis
persion, J. R. Statist. Soc. B, 51, pp. 47-60.

Ashwin Srinivasan
University of New South Wales

Gordon Smyth
University of Queensland

SAVORY, S.(1988): Artificial Intelligence and Expert Systems, Ellis
Horvvood, 278pp., $107.85 (Hardcover).
This book is a translation of a (revised) German edition that ap
peared in 1986, and is intended to be a description of the industrial
research undertaken by the Nixdorf Computer Company in West
Germany. As such, it forms yet another (expensive) addition to the
plethora of books that have appeared over the last two years on the
topic of expert systems. However, in contrast to most other books,
this book has a distinctly industrial flavour to it, which will prob
ably make it unpalatable for researchers in the academic field, pri
marily because of the apparent lack of any new material. It does,
however, serve to highlight the differences between academic and
industrial approaches to AI.
The material in the book can be segregated into four broad
categories : Expert systems in Industry, the description of TWAICE
(an ES shell written at Nixdorf), Learning, and sundry chapters by
researchers in the academic field. The appendices include descrip
tions of various ESPRIT and ALVEY projects. In general, the or
ganisation of individual chapters is poor - four level section head
ings are common, with quite a few subsections not more than four
to five lines long. The overall result is a fragmented picture, in
which the contents of a subsection seem little more than a restate
ment of its heading.
The first two chapters serve as an introduction to expert systems
and their requirements in an industrial environment, which includes
the now familiar short history of expert system development, and a
section on the differences between research goals in academic and
industrial fields, this comparison is based on a European perspec
tive and seems unduly harsh on the role and directions of academic
research, which, after all, establishes the theoretical foundations for
all other developments. The lack of concordance between universi
ties and industry is probably more a result of the lack of
cooperative research programmes rather than any perversity on the
academic’s part.
The heart of the book concentrates on TWAICE, an expert sys
tem shell developed at Nixdorf based on an earlier prototypical sys
tem by the editor. TWAICE is developed along the EMYCIN style,
and supports a variety of modules in the knowledge base' These
include standard rules, access to table (database) entries and proce
dure calls. Inference is controlled by a frame structure which
establishes a form of taxonomic knowledge. For example, this
structure can help determine the attributes that the inference com
ponent must identify after instantiation of a particular object (using
a GOAL slot). The chapter includes short descriptions on several
components of the shell including the Loader, Explanatory Inter
face, a Knowledge Analyser which essentially retrieves various rules
and a knowledge acquisition tool. The second half of the section on
TWAICE is more a sketchy primer on Prolog. There is nothing new
in the frame representation or the evaluation of rule premises.
Although there is a fair amount of space devoted to learning the
ory, the contents are disappointing because of the lack of any
algorithms based on the theory developed. Further, the author does
not discuss any existing (good) theories or algorithms. The material
again suffers from the large number of subsections that present a
somewhat incoherent picture. On the positive side, the material,
along with the chapter on knowledge acquisition at least covers
various aspects of machine learning, a topic that is normally avoid
ed in books of this type.
In summary, I found the book rather poorly organised. It is
probably relevant to those who are particularly interested in
TWAICE although they will not get many details from the few
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DEBENHAM, J.K.(1989): Knowledge Systems Design, Prentice
Hall, 302pp., $36.95.
Since the late 1970s we have been observing an evolution of large
information systems moving towards knowledge-based systems
which integrate the capabilities of database technology, artificial in
telligence methods and software engineering techniques. Knowledgebased systems (KBS) provide for the efficient management of large
and distributed databases, as well as knowledge representation
schemes and reasoning methods. Despite large numbers of publica
tions and conferences on this matter, there is still a lack of compre
hensive methodologies covering all phases of knowledge-based sys
tems development, which in consequence causes a technological gap
in effective integration of database and AI systems.
Debenham’s work is one of the first books on the market in
which the whole of KBS development is incorporated, beginning
with knowledge acquisition, through information and knowledge
analysis, conceptual design and knowledge base engineering, up to
knowledge base implementation and maintenance. The book pro
vides a practical introduction to techniques for building knowledgebased systems. A pragmatic view is taken throughout and the prob
lems associated with knowledge base design are considered. To en
hance comprehension, many examples are included. The author’s
approach is very close to classical design methods for database sys
tems with Prolog-like extensions. The examples which are presented
and a case study (shown in an Appendix) illustrate clearly his idea
of KBS development. The author emphasizes the logical basis of
knowledge base design; he systematizes the terminology and intro
duces an appropriate formalism for designing knowledge systems,
which has been notably absent in the most publications in this new
domain of computing applications. The chapters, ‘Data, informa
tion and knowledge’, ‘The knowledge systems design problem’ and
‘Normal forms’ contain a lot of interesting new ideas, both theo
retical and practical.
The title of the book seems to be too general for the contents of
the book. The author should have included more about other
approaches and tools which support KBS development. Besides a
brief outline of the Japanese FGCS project, the author skips over
other known projects developed in MCC, DARPA and ECRC research
programmes and prototypes of KBS, eg., DATALOG, POSTGRES,
PROBE and SABRE. Debenham also ignores all LISP/Cbased projects and software environments for KBS prototyping and
development such as Knowledge Engineering Environment, NEXPERT OBJECT and Knowledge Craft. In my opinion, designing
large corporate knowledge systems without knowledge editors and
CASE tools is rather unrealistic. The disadvantages of ‘manual’ de
sign techniques are visible in all phases of the system development.
For instance, in Debenham’s methodology the problem of knowl
edge acquisition and learning, which is essential for KBS, is solved
by using old-fashioned and time-consuming interview techniques. In
this phase, the analyst is in charge of transformation of interview
results into the application model, defined as ‘stylized natural lan
guage’, and then into a data model. The examples given are rather
simplistic and leave out most of the problems which occur in many
processes of data modelling.
Summing up, despite these few criticisms, the book gives a good
representation of the field of knowledge systems design using logic
programming. This book can be recommended for the reader who
understands basic concepts in database modeling techniques and has
some familiarity with logic programming. The book is suitable for
advanced undergraduate or graduate level courses in AI. The book
will also be of special interest to researchers and professionals
concerned with the problems of knowledge base design who require
a rapid update in this fast-moving area.
Jerzy J. Korczak
University of Wollongong
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"News Briefs from the Computer Worlds” is a regular
feature which covers local and overseas developments in
the computer industry including new products, and other
topical events of interest.

WHICH OPERATING SYSTEM FOR
COMPUTERS IN MANUFACTURING
OPERATIONS?
The operating system market has been
undergoing radical change for approximately
the past two years. Users are demanding
increasingly powerful, hardware-independent
operating systems and need to be able to use
the same programming environments or
standard software programs for all applica
tions, from the PC to the mainframe.
Developments which started with MSDOS nearly a decade ago have now spread
like wildfire to other computer environments.
Vendors are now supplying the hardwareindependent standards long demanded by
users. This is where the Unix operating sys
tem is increasingly gaining in significance.
Originally developed for technical and scien
tific applications, UNIX has become indis
pensable in the commercial sector when it
comes to meeting the requirements of public
agencies.
But UNIX and the associations which
propagate the operating system are directing
their efforts toward the manufacturing sector
as well. While the associations UII (Unix
International Inc.), OSF (Open Software
Foundation) and the X/Open Group are con
centrating on a genuine standard in the Unix
environment, their individual visions of the
future have become quite obvious due to socalled road-maps. It is clear that this operat
ing system must be improved with variations
which have a direct influence on the envir
onment in manufacturing applications.
One of the most urgent requirements to be
satisfied by an operating system in manufac
turing is so-called real-time capability. How
ever, the number of milli — or even micro
seconds in which a computer responds to a
changing situation depends entirely on the
user and his application. As a dedicated time
sharing operating system, Unix is still not
suitable for real-time processing. Some
vendors have even dedicated themselves to
this topic by rewriting the Unix kernel. How
ever, UII and OSF also appear to be thinking
about this application area for future
versions.
The user in the factory must receive mea
sured data or information about system mal
functions within milleseconds to be able to
respond immediately. Particularly in the case
of production lines, where seconds play an
important role, the user must be notified
immediately of a robot malfuncion, for
example, and the entire operation stopped.
Defective production output would in many
cases cost more that stopping the production
line.

A universal operating system for all com
puter categories is also a user requirement.
While CAD and MRP programs already run
primarily on Unix computers, an increasing
number of production-related programs are
being ported to micros and mainframes
which run on Unix. The network protocol
MAP (Manufacturing Automation Protocol)
3.0 is now available under Unix.
The integration of a highly diverse range of
systems by various users into an overall sys
tem is the strategy behind CIM (Computer
Integrated Manufacturing). However, a uni
form data structure is also needed to make
this a reality. In other words, data must be
stored in data bases in such a way that they
can be retrieved by systems with access
authorization and, above all, understood by
these systems.
MS-DOS systems are already being used in
the factory, particularly in the PDA sector,
and a link from MS-DOS to Unix has already
been implemented.
Whereas Unix has become just as success
ful in the commercial sector as in the fields of
research, science and CAD, it appears that
the associations UII and OSF are giving Unix
an opportunity to become the operating sys
tem for the factory.
At SYSTEC 90, to be held in Munich from
22-26 October, 1990, Unix will be presented
as the operating system for the factory, the
emphasis being on solutions developed on the
basis of workstations and minicomputers.
There will also be a marked increase in
production-specific systems which support
by Unix.
LEADING FUJITSU SCIENTISTS IN
RESEARCH EXCHANGE WITH ANU
Three scientists from Fujitsu’s leading
research think-tank in Japan recently took
part in a week-long workshop (1-7 June) with
researchers from the Australian National
University’s Automated Reasoning Project.
The scientists, Mr Toshiro Minami and Ms
Kaoru Yokota, are associated with the Inter
national Institute for Advanced Study of

Social Information Science near Tokyo. The
third member of the Institute team, who also
heads it, Mr Hajime Sawamura, has been at
the ANU for the past six months working on a
joint research program with members of the
Automated Reasoning Project headed by the
Project’s Deputy Director, Dr John Slaney.
The visit by the scientists is part of a threeyear exchange agreement between Fujitsu’s
Institute and the ANU’s Centre for Informa
tion Science Research. This agreement is part
of a larger multi-million-dollar research and
development program between ANU and
Fujitsu Limited announced in Canberra last
September by the director of the Centre, Dr
Michael McRobbie. This allows for collabo
ration in three areas — pure research,
research and development on parallel pro
cessing in the information science and soft
ware applications for supercomputers.
Fujitsu’s International Institute for
Advanced Study of Social Information
Science was set up in 1972 to pioneer
research in interdisciplinary fields associated
with information science from a broad, inter
national standpoint. It promotes international
cooperative research and focuses on the five
areas of fundamental informatics, robotics
and pattern, computational mathematics,
biological informatics and intelligent infor
mation processing.
Dr Slaney said the Fujitsu Institute took a
long-term view of the needs of the new
information-oriented society, operating on a
10 to 20-year timescale for many projects.
Institute scientists, including Mr Sawamura,
were also working on Japan’s prestigious and
internationally renowned Fifth Generation
Computer Project and a visit to Australia of
such and experienced team was a boon to the
ANU’s Automated Reasoning Project. The
workshop would be a particularly valuable
contribution towards ANU’s research on the
fundamental understanding of logic systems.
It was hoped the workshop would lead to new
developments with applications in the areas
of integrated intelligent systems.
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Neural Network Architectures:
An introduction
J Dayhoff
There is a growing potential for artificial intelligence neural nets in
the defence, robotics, medical and communications industries.
This book provides a clear, step-by-step introduction to neural
networks in computing systems for professionals with little
background but with a strong interest in such networks. It addresses
the most important elements of neural net architectures and
integrates concise descriptions of the leading neural net paradigms
with their real-world applications. The author compares biological
and artificial neural nets, and provides abundant, state-of-the-art
illustrations of current, as well as potential, neural net usage,
including.machine perception, optical character recognition and
instrumentation. Covering all current neural net software, this book
will satisfy the needs'Of all potential users.
** contains step-by-step coverage of the leading neural
net paradigms
** contains illustrations of potential neural net usage

Speech and Language Processing
Edited, by C Wheddon andR Linggard, both at British Telecom
Research Laboratories, UK
c.352pp 234x156 April 1990
Hardback 0-412-37800-0 c.$119.95

Artificial Intelligence: Concepts and
applications in engineering________

** covers current neural net software
Contents: An overview of neural network technology. Neurons
and network topologies. Early paradigms. The Hopfield network:
Paradigm and examples. Competitive learning: Paradigm and
examples. Associative memory: Paradigm and examples. Adaptive
Resonance: Paradigm and examples. Biological neural systems:
Diversity of structure and origins of artificial neural systems. More
applications, emphasizing vision and speech. New directions for
neural networks.

A R Mirzai, Polytechnic of Central London, UK

Van Nostrand Reinhold Inc.
c.220pp 235x190 100 illustrations August 1990
Hardback 0-442-20744-1 c.$89.95

W Bains, PA Technology Ltd, UK and J Raggett, Freelance

Chapman and Hall Computing Series
c.328pp 234x156 April 1990
Hardback 0-412-37900-7 $74.95

Artificial Intelligence from A-Z
Technical Writer, UK
c.256pp 234x156 October 1990
Paperback 0-412-37950-3 $47.95
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Biocomputers

Neural Computing:
Theory and practice

TKaminuma and G Matsumoto
Translated by ND Cook,

Philip Wasserman

Universitatsspital, Zurich

Written for non-specialist computer scientists, this accessible
book clearly explains the major algorithms and demystifies the
rigorous mathematics involved in neural networks. This book is a
practical, step-by-step approach for implementing the most
commonly used paradigms and requires only background
programming experience.
Firstly, there are discussions on artificial neural network
fundamentals, including the biological prototype, the artificial
neuron, single and multi-layer artificial neural nets and training.
These principles are then explored in detail for each of the major
paradigms, such as perceptors, back propagation and counter
propagation. Emphasis throughout is on enhancing problem
solving capabilities through the integration of neural net research
with traditional artificial intelligence and computing methods. The
clear and logical presentation of each network type will encourage
the reader to implement and experiment with each neural network on
a general purpose computer.
Contents: Introduction. Fundamental concepts: the biological
neuron. Single artificial neuron characteristics. Non-recurrent
artificial neuron networks. Recurrent artificial neuron networks. Data
representations. Network configurations: single layer non-recurrent
networks. Multi-layer non-recurrent networks. Recurrent networks.
Learning in artificial neuron networks: supervised learning:
Peceptron-Rosenblatt. Widrow-Hoff LMS algorithm. Kolmogorov's
theorem for multi-layer networks. Back error propagation-Werbos,
Parker, Rumelhart. Momentum. Second order back propagation.
Improved algorithms. Unsupervised learning: Hebbian learning.
Kohonen learning. Counter propagation networks. Training
algorithms for recurrent networks: Hopfield networks. CohenGrossbergTheorem. BAM-bidirectional associative memory-Kosko.
ABAM-Adaptive bidirectional associative memory. CABAMContinuous adaptive bidirectional associative memory. Adaptive
resonance theory-Grossberg. Relaxation algorithms: Boltzmann
machine. Cauchy machine. Harmony theory. Optical neural
networks: optical associative memory. Optical bidirectional
associative memory. Applications of artificial neural networks:
optical character recognition. Speech recognition: Continuous
speech recognition; Speaker independence. Image analysis: X-Ray
interpretation. Military applications. Objection recognition for
automatic assembly Text-to-speech conversion. NETtalkSejnowski. Kohonen system. Signal analysis: high-speed modem
signal extraction. Sonar. Radar,
Van Nostrand Reinhold Inc.
256pp 230x153 100 illustrations June 1989
Hardback 0-442-20743-3 $92.95

This book is a new attempt to define and give birth to a new
technology, which is a fusion of two of the great sciences of the
20th Century - biotechnology and electronics or, more generally,
the life sciences and computer technology. This new discipline is
what the authors call ‘'Biocomputing” - the tangible products of
which will rise to countless possibilties - both in terms of new ideas in
computing, biotechnology and artificial intelligence, and in terms of
concrete applications.
This book explores the diverse ideas which fall under the heading of
biocomputers, from the viewpoint of the life sciences and from that of
computer technology. Arguments are presented concerning the
design and expectations of biocomputers for the 21 st Century, and
concerning their probable influences on society at large. Working
from a general overview of the computer age, it discusses in detail
current topics ranging from biodevices to so-called neural
computers. It also delves into questions concerning future
computers with sophisticated thought processes and creativity essential for the realization of artificial intelligence. The authors
include some of Japan’s most well known contributors in this field
and those involved in organizing MITI funding for a ten year project
on the Sixth Generation Computers.
Contents:
Preface.
Part I: The accelerating pace of computer technology. Progress
in computing. Tomorrow’s computers. Expectations from the
life sciences.
Part II: New developments in the life sciences. The theory of a ‘‘vital
force” and bio-devices. Information processing in biological
organisms. The development of the nervous system. The neural
circuitry of the brain. Thought and creativity.
Part III: General principles of biocomputers. Biodevice computers.
Computers modelled after brains. The creative computer.
Part IV: Plans for biocomputers and society. The road towards
realization of biocomputers. The impact of biocomputers.
Literature references.
c.288p c. 150 Ulus December 1990
Paperback 0-412-35770-4 $74.95
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Neural Computing Architectures
The design of brain-like machines
Edited by I Aleksander, Head of Department of
Electrical Engineering and Professor ofNeural
Systems Engineering, Imperial College,
London, UK
“Distilled out of experience and an infectious enthusiasm,
(this book) has a place on the shelves of anyone truly interested in
this fast developing architecture.”

Systems International
“...this book is timely and will be absolutely indispensable to
researchers and developers in the field... ” Computing
Over the past five years neural computing (otherwise known as
connectionism) has undergone a dramatic transformation; from
being a half-forgotten backwater it has suddenly become a subject
of intense Interest. To date, however, most of the excitement has
centered upon current research in the United States and this has
tended to obscure two facts; firstly, that the history of neural
computing can be traced back to the very origins of the digital
computer itself, and secondly, that it is a field in which European
researchers have made and are continuing to make a very
significant contribution.
This book remedies these misconceptions. It presents sixteen
specially commissioned papers from European researchers,
including leading theoreticians such as Tuevo Kohonen,
Eduardo Caianiello and the editor Igor Aleksander, who were
working in the field long before the current renaissance began. The
contributions are arranged in three parts: The classical perspective;
The logical perspective; and Analysis and interpretation. The book
stresses the more practically oriented approach which dominates
European work on neural computing and includes an authoritative
summary of existing PDF methodology.
** includes papers by several of the founders of the field
** emphasis on actual and potential implementations of neural
computing concepts
** describes new logical approaches to neural nets
Contents:
Preface;
Part I: The classical perspective; Why neural computing: a personal
view - / Aleksander; A theory of neural networks - E Caianiello;
Speech recognition on topology-preserving neural mapsTeuvo Kohonen; Neural map applications - G Tattershall;
Backpropagation in non-feedforward networks - Luis B Almeida;
A PDP learning approach to natural language understanding N E Sharkey; Learning capabilities of Boolean networks Stefano Patarnello and Paolo Carnevali;
Part II: The logic perspective; The logic of connectionist systems I Aleksander; A probabilistic logic neuron network for associative
learning - Wing-kay Kan and Igor Aleksander; Applications of
N-tuple sampling and genetic algorithms to speech recognition A Baii, M J Binstead, Antonia J Jones, 7 J Stonham and
Christine L Valenzuela; Dynamic behaviour of Boolean networks D Martland;
Part III: Analysis and interpretation; Statistical mechanics and neural
networks - C Campbell, D Sherrington and KYM Wong; Digital
neural networks, matched filters and optical implementationsJ E Midwinter and D R Selviah; Hetero-associative networks using
link-enabling vs link-disabling local modification rulesVernon G Dobson, Alan Johnston and Michael J Wright; Generation
of movement trajectories in primates and robots - Rolf Eckmiller;
Part IV: The PDP perspective; A review of parallel distributed
processing - / Aleksander;
Bibliography;
Index.
408pp

CHAPMAN AND HALL

234x156 April 1989

Hardback

0-946536-47-3

$104.95

Neuralsource: The bibliographic
guide to artificial neural networks
Philip Wasserman and Roberta Oetzel
This bibliography, covering more than 4,000 references, is the most
extensive collection of research information in the growing field of
artificial neural networks. This material was originally only available
on disk for computer retrieval and extensive annotations have been
added to approximately seventy-five per cent of the entries in the
print version. Periodicals, private reports and books are included.
Users will be able to take advantage of background information from
top researchers, focus on specific areas of neural networks and
obtain practical information on current neural network applications.
** a totally comprehensive work including both historical and most
current references
** annotated entries and a key word index allow the user to research
topics as well as specific papers or authors
** two paper supplements per year will be provided for subscribers
Van Nostrand Reinhold Inc.
640pp 235x190 February 1990
Hardback 0-442-23776-6 $149.95
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ANNOUNCING IMPORTANT NEW BOOKS IN

NEURAL COMPUTING
An Introduction to Neural Computing
by I Aleksander and H Morton
THE FIRST INTRODUCTORY TEXT on neural computing.
A lucid, authoritative text co-authored by one of the leading
authorities on neural computing -

IGOR ALEKSANDER
Professor of Neural Systems Engineering and Head of Department
of Electrical Engineering, Imperial College London, UK

and
HELEN MORTON
Department of Human Sciences, Brunei University, UK

Whether studying computer science,
pyschology, neurosciences, physics or
philosophy this is the book that will enable
students to grasp the essential principles of
neural computing with a full understanding of
what ‘all the fuss is about’.
Students new to the subject and unfamiliar with
the highly technical jargon will feel at ease with
this accessible account.
The first two thirds of the book trace the history of
neural computing from its origins in the early
1940s, introducing and explaining the concepts
as they developed and setting them in their
historical context.
Having brought the readers up-to-date and
outlined the research work currently underway,
the authors then devote chapters to actual and
potential applications, which include gaining a
better understanding of our own brains as well as
the design of useful machinery. Suggested
exercises are included at the end of each chapter.

Contents: Introduction. Principles and
promises. The McCulloch and Pitts legacy.
The hard learning problem. Making neurones.

CHAPMAN AND HALL

The secrets of WISARD. The Hopfield
breakthrough. The Boltzmann solution.
Learning by error propagation. Variations on
the Hopfield theme. Probalistic logical
pyramid. Talking machines. Listening
machines. Seeing machines. Learning and
survival language. Future applications and
unsolved problems. References. Index.
c. 352pp 234x156 May 1990
Paperback 0-412-37780-2 $47.95
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Systec 90
Production today. The future, live.

CALL FOR PAPERS

13-15 May 1991
The Third Nordic Conference on
Advanced Information Systems
Engineering
KEY DATES

30 November, 1990: Papers due.
25 January, 1991: Notification of acceptance/ rejection of paper.
1 March, 1991: Camera ready paper due.
Send five copies of your paper (15-20 pages, double-spaced) to:
CAiSE»91 — Programme Committee
Rudolf Anderson
Information Systems Group
Department of Electrical Engineering
and Computer Science
The Norwegian Institute of Technology
N-7034 Trondheim
Norway

Proceedings from CAiSE»91 will be published in the Springer
Lecture Notes series.
Proceedings from C AiSE*90 is published in the Springer Lecture
Notes series, and are available from SISU.
Send your order to:
CAiSE»90,
SISU,
Box 1250, S-164 28 Kista,
Sweden.
CONFERENCE OBJECTIVES AND AIMS

3rd International Trade Fair for Computer Integration
in Industry and International Congress

Munich, October 22 to 26,1990
If you want information on every aspect of advanced
production technology, then Systec 90 is the right trade fair.
From October 22 to 26, Munich will be the venue where
experts from all over the world meet to exchange ideas on
how C technologies are being applied in the processes leading
to the production systems of the future.
Systec 90 is clearly structured in sectors
covering research and experimentation,
through CAD to company-wide CIM so that
you can take your questions straight to
those best qualified to help.
With 2,000 participants, the International CIM/CAD con
gress is the leading forum for the discussion of applications
in computer-integrated production technologies.
The Systec 90 is the European focal point for these
fields-where you'll find the right contacts.

Information: German-Australian Chamber of Industry and Commerce,
P. 0. Box A980, Sydney South NSW 2000, Tel, (02) 261-4475, Fax (02) 267-3807

MESSE MGNCHEN

INTERNATIONAL

The CAiSE series of conferences provide a forum for presenta
tion and exchange of research results and practical experiences
within the Information Systems Engineering field. In particular
the CAiSE conferences are intended to serve as catalysts for the
exchange of experience, research results, ideas, and prototypes
between research and industry.
The Information Systems Engineering field may be characterised
by the two phrase ‘information systems’ and ‘engineering’.
‘Information systems’ implies that computer based systems are
designed to provide adequate and timely information to human
users in organisations. ‘Engineering’ implies the application of a
rigorous set of problem solving approaches analogous to those
found in traditional engineering disciplines, e.g., electrical, civil,
and mechanical engineering.
CONFERENCE TOPICS

We solicit papers within, but not restricted to, the following
topics;
• Knowledge acquisition
• Conceptual modelling
• Requirements engineering
• Knowledge based information systems design
• Information resourse management
• CASE tools
• CASE tools for CASE tools
• User interface design
• Software quality assurance
• Performance modelling and evaluation
• Project planning and control
• Information systems planning
Papers submitted must be original, and not submitted to, or
accepted by, any other conference or journal.
CONFERENCE ORGANISATION

The conference is organised by the Information Systems Group,
Department of Electrical Engineering and Computer Science, the
Norwegian Institute of Technology (NTH).

