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Editor's Notes 

The last issue of SACJ, a special issue on IT and Develop
ment, was sponsored by a generous grant from the Devel
opment Bank of Southern Africa. Unfortunately, confirma
tion of the sponsorship was only received after the edition 
had been printed and it was therefore not possible to for
mally acknowledge the grant at that stage. It is a pleasure 
to emphatically and gratefully do so now. The fact that the 
special issue has been very well received, both locally and 
internationally, is a testimony to the fact that it was money 
well spent. 

The next issue of SACJ will also be a sponsored special 
issue and deal with the theme of Computer $ecurity. It is 
being compiled at the initiative of Basie von Solms who 
will be acting as the edition's guest editor. 

This present edition, sandwiched between the two spe
cial editions, contains the customary fare of local research 
contributions. It also contains a guest contribution by Ed
win Blake that was initially compiled as a joint response 
by several leading academics to the recent Green Paper on 
Science and Technology. It was vitally important to give 
an IT perspective to tbi's document, and the IT community 
is indebted to those colleagues who took the initiative to 
do so. This edition of SACJ also contains the results of 
a survey taken last year by Judy Bishop on academic IT 
resources. The figures make for interesting reading. They 
will no doubt be deployed by every IT department to prove 
how much worse off they are than everyone else, thereby 
applying maximal pressure on their respective administra
tions te get more resources. 

Readers will notice that the editorial board of SACJ 
includes several new names and that three former board 

members have declined invitations to continue their mem
bership. On behalf of the readers, I would like to thank 
these former members for their encouragement and ser
vices rendered. In the early years, Gerhard Bath provided 
a delightful survey of neural networks; Steve Schach con
tinually supported the journal with articles and feedback 
at a time when there was substantial pressure on overseas 
academics to do otherwise; and Pieter Kritzinger can right
fully claim to be the prime inspirer of many improvements 
brought about by the journal over the years. 

We welcome the new members to a three year term 
<;>f office and trust that their association with SACJ will be 
mutually beneficial. SACJ is priveleged to have so many 
distinguished international names offering such visible sup
port to its efforts in building up IT research in this part of 
the world. 

The new blood in the editorial board highlights the 
need to replace SACJ's aging editor. Having done the job 
for several years now, it is clear to me that a fresh ap
proach, bringing new enthusiasm and ideas, is precisely 
what is needed at this stage. In fact, some might say that a 
change is rather overdue. The matter is in the hands of the 
SAICSIT executive committee who is currently seeking a 
suitable candidate. I will continue with the job until such 
a person is identified, and I will gladly assist in ensuring a 
smooth transition. The rest of the editorial team - Lucas 
lntrona as IS subeditor, and Riel Smit as production editor 
- will remain at their posts to continue their stirling work. 

Derrick Kourie 
Editor 

SACJ is produced with kind support from 
Mosaic Software (Pty) Ltd. 
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Guest Contribution 

The Green Paper on Science and Technology 

South Africa's Green Paper on Science and Technology 
was prepared by the Department of Arts, Culture, Science 
and Technology. It is a consultative document and forms 
the first step in preparing legislation on Science and 
Technology Policy for South Africa. It is to be followed 
by a white paper and then the submission of legislation to 
parliament. The Green Paper consists of chapters and 
sections that explains the context of issues facing the 
country: the issues themselves are phrased as questions 
with a choice of possible options being proposed. 

The Green Paper introduces the "Crisis in South 
African Science and Technology" and shows that there has 

been a decline in spending on Science, Engineering and 
Technology (SEn research and development. Research 
and development is needed to improve the quality of life 
for all, improve our international competitiveness and 
develop a well-educated population. The paper proposes a 
National System of Innovation that embraces the broad 
range of activities from high technology to the promotion 
of incremental technical changes in traditional activities 
- it covers all domains of innovative activity. 

The document itself can be consulted on the web at 
"http://wn.apc.org/technology/stgreen/". 

Information Technology and South Africa's Green Paper on Science and 
Technology 

Collected comments on South Africa's Green Paper on Science and Technology by researchers 
on the information technology related programmes of the Foundation for Research Development. 

Edwin Blake 
Department of Computer Science, University of Cape Town, Rondebosch 7700. 

edwin@cs.uct.ac.za 

Abstract 

If an effective national system of innovation is the main proposal of the green paper then information technology ( IT) has 
to play a very central role in that system. Supporting IT effectively will also mean supporting innovation in IT. 

Infomzation technology both enables, and crucially depends on, a national system of innovation. Any white paper on 
Science and Technology should devote special attention to information technology in view of its crucial and exceptional 
role in technology innovation. 

The IT industry in South Africa, particularly niche applications development, can become a major driver of the economy, 
both to provide local IT solutions to development needs and to provide export products. It can be a major force in supporting 
employment in small, medium and micro enterprises (SMME's). The information society makes great demands on human 
resources. Current deployment of IT is hampered by having far too few people with an ability for innovation in IT. Exploiting 
the numerous potential benefits of /Twill be greatly enhanced by having a more technology literate population. 

1 . Introduction 

Information Technology (In is both a leading field of re
search and development and a profound agent for radical 
change in our economy and society. It seems set to become 
the key enabler of scientific, technical and social advance 
in the coming decades. In this role it may even surpass one 
of its parent disciplines, mathematics. 

We believe that the Green Paper does not recognize the 
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very special and exceptional role that Information Tech
nology plays amongst the research disciplines. The special 
enabling role of mathematics is recognized, for example, 
but not that of information technology. (Note: the name 
information technology is used to indicate a broad range of 
converging fields encompassing, Computer Science, Infor
matics, Telematics, etc). 

Innovation plays a very central role in computer sci
ence. In IT education mere factual knowledge has a partic-
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ularly and obviously limited life span, the educational goal 
( once one goes beyond providing basic IT awareness) must 
be one that fosters independent lifelong learning. Computer 
programming is a creative activity more open to radical in
novation than other engineering disciplines. 

While South Africa was ranked very low in a recent 
World Competitiveness Report its use of the internet, by 
contrast, is ranked very highly. Although causes have not 
been investigated one can note that the use of the internet 
was pioneered by local universities and first established 
commercially by small local entrepreneurial companies 
spun off from our universities. This model of using cen
tres of expertise to nurture SMME's in IT has proven very 
valuable worldwide: it is one of the strategies proposed 
below. 

1.1 Outline of the Document 

The next section is a critical overview of the approach 
adopted towards information technology in the green pa
per. It identifies a major misunderstanding. Section 2.1 
deals with mechanisms for IT development and deals in 
more detail with the issue of intellectual property rights. A 
major limiting factor on our effective use ofIT is inadequate 
human resources (Section 2.2). 

The next major section (3) considers further comments 
on the green paper in terms of the issues and questions 
posed. Information infrastructure (Section 3.1) is followed 
by research and development in the higher education sector 
(Section 3.2). The vital role ofIT in industrial competitive
ness leads to a number of recommendations (Section 3.3), 
these topics are also related to research and development 
funding (Section 3.4). The special role of IT in education 
is next discussed (Section 3.5). The impact of IT on soci
ety with a number of illustrative examples is presented in 
Sections 3.6 and 3.7. 

A conclusion listing some policy objectives (Section 
4) is followed by appendices on sections of the green paper 
with passing references to IT and an overview of IT support 
policy in Australia. 

2 Approach to Information Technology in the 
Green Paper 

The green paper addresses itself to an effective national sys
tem of innovation (NSI) in Science, Engineering and Tech-
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nology (SET) - this is the key proposal and the essence 
of the document. It goes on to motivate the need for inno
vation: 

A coherent and adequately resourced NSI would 
form the major instrument to ensure that science, 
research and technology contribute to the national 
objectives of: 

• an improved quality of life for all 
• improved international competitiveness for 

South African economic activity 

• a well-educated population capable of par-
ticipating fully in the new South Africa 

Information Technology is mentioned in passing in a num
ber of sections and they are listed in Appendix A. The 
approach to information technology is mostly rather ac
cepting of a current snapshot of the state of the art: it is 
taken as a given fact of life. There is little questioning of 
its role, its future innovations, its future possibilities. Cur
rent commercially available advances, the ones that have so 
transformed science in the eighties and developed societies 
in the nineties (and certainly the whole world in the dawn 
of the next millennium) are very properly mentioned: the 
web, the internet, gigabyte storage on a postage stamp, etc. 
But this is not seen as a point on an exponential curve of 
development. It is recognized that IT changes, but deal
ing with its astonishing rate of change and the profound 
consequences is little emphasized. 

Actually one can say that currently IT is best char
acterized as unrealized potential. It is the key field for 
innovation! If there is one area a "NSI'' cannot ignore it is 
the innovations needed to make IT useful to our country. 
Our industrial and commercial competitiveness, our educa
tion, health care, "edutainment", public awareness, quality 
of life, will be crucially determined by our ability to take 
part in the global information society. 

A key area for spending R&D cents must be to make 
South Africa a beneficiary and not a (marketing) victim of 
an imported IT industry. 

2.1 IT Development 
As mentioned above, the green paper does not reflect a deep 
understanding of the pace of changes in the field of infor
mation technology and the consequences of that. It also 
shows little appreciation of what it will take to have IT de
velop to fulfil local needs. Section 10.2 of the green paper 
shows this very well (it is quoted in Section 3.6 below). 
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That section argues that IT will benefit automatically 
from government support for the telephone network, radio 
and television. It is a common mistake to confuse IT with 
some sort of public utility whose function is to distribute 
information. Information is not like water or electricity. 
"Information" as such does not exist. Developing IT con
tent and applications is a complex and creative engineering 
task. IT is much, much more than the "pipes" for in
formation. IT will never benefit unless there is explicit 
government support for a development of user orientated 
information technology. 

The section goes on to talk of setting up a long-term 
government plan to provide equipment countrywide over 
10 to 15 years! Could one in 1980 have set in motion any 
workable plan to provide IT services in 1995? And the rate 
of change is still accelerating. IT planning must be very 
different to other types of government planning. 

IT planning should revolve around the establishment 
of centres of excellence and innovation to guide IT devel
opments in desired and continually researched local needs. 
It should be coupled to national community access centres 
(see below in Section 3.1) coupled to the proposed Centres 
of Excellence in IT innovation (Section 3.3). 

2.1.1 Intellectual Property Rights 
A particularly pressing issue in IT development is that of 
intellectual property rights (IPR). Section 6.10.1 ( of the 
green paper) deals with "Intellectual property rights". It 
mentions that "in our haste to conform to GATT and other 
trade agreements, we [should] evolve a regulatory frame
work which assists rather than hinders local innovation." 
This is particularly relevant to IT (along with the life sci
ences). Developing countries need an intellectual property 
rights system that encourages innovation and allows fair 
rewards without stifling competition. 

The various IPR systems have an increasingly impor
tant economic exchange value beyond being a means of 
protecting the fruits of innovation. IPR's in the hands 
of large companies of the three major economic powers 
(US, Europe, Japan) are becoming a major factor in for
eign trade. IPR's allow the conquering of export markets. 
For such companies extensive holdings of IPR's are a valu- · 
able asset. Via cross-licensing agreements these IPR's can 
allow large companies to proceed with innovation while 
preventing newcomers, who are not party to such agree
ments, from entering the field. Thus there is an incentive 
for such companies and countries to extend the scope and 
lifetime of IPR systems far beyond what would be required 
to encourage innovation. 

It is possible that IPR's on software are being extended 
in just such an innovation stifling way. The recognition of 
patents on algorithms and software (as opposed to using 
the mechanism of copyright), which is apparently being 
pressed by the US, may be an attempt to curb the inherent 
competitive advantage of developing countries in the in
ternational software development market. Patents have a 
relatively long lifetime (20 years is common, and in soft
ware this covers 4-5 generations). An algorithm is more 
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an idea underlying an artefact rather than an artefact itself, 
and traditionally ideas were not considered patentable. In 
IT, with its high rate of innovation, patents are also a costly 
protection scheme unsuitable to small businesses. 

While further investigation is needed, it should be clear 
that the wishes of the developed world may not be in the in
terests of our country, nor in the interests of IT innovation. 
Legislation is needed to regulate the situation. Unfortu
nately no concrete recommendation can yet be made on 
this complex issue, except to note that it needs to be ad
dressed by a interdisciplinary team of legal and IT experts. 

2.2 Human Resources for IT 
A major issue not addressed by the green paper is the grow
ing need for increased capacity in information technology 
innovation, particularly in terms of people, but also in terms 
of research equipment. IT demands will far outstrip the 
supply of skilled people. 

Human resources are thus the essential factor. Ini
tial training must be complemented by a life-long training 
system that constantly adapts skills in the face of the on
going innovation in IT. The pace of IT change will only 
be acceptable if workers are informed and educated. So 
another implication of IT innovation is a pressing need for 
IT skills at all levels. A nationwide system of certification 
at lower levels is needed to regulate the current plethora of 
commercial IT "qualifications". At the tertiary level such 
a national qualifications framework is more problematic 
given the extremely high rate of innovation in the field -
any fixed curriculum is likely to be out of date by the time 
it is approved. 

Industry demands will draw increasing numbers of 
staff and students away from the higher education sector. 
The real danger exists that IT education will cease to be 
effective at our universities. Students will not undertake 
higher degrees and research staff will leave unless there 
is a national priority assigned to increasing IT innovation 
capacity. Without a national IT innovation programme the 
seeds of South Africa's information society will be con
sumed before they can bear fruit. 

3 Sections and Issues of Special Interest to IT 

The green paper generally deals with issues that steer clear 
of mentioning specific disciplines. However some do re
fer to IT and some depend crucially on IT. In this next 
subsections we consider these. 

3.1 Information Infrastructure 
The first section of special interest to IT is 6.9 (Information 
Infrastructure for SET Performers). It is currently seen in 
the context of libraries and the service is seen as comple
menting and perhaps replacing libraries. 

We believe, in line with the universal enabling role 
of information technology, that this section should really 
concern itself with universal access by all communities 
to information technology services. The issue is one of 
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effectively extending the (telecoms) concept of "Univer
sal Service" in the infonnation age. The "Information 
Infrastructure" links closely with telecommunications: es
sentially specifying the bandwidth, quality of service and 
other requirements of the telecommunications infrastruc
ture. IT itself stretches into all modem processes of society 
either in a self-contained role or in a network distributed 
role. 

Libraries and library-like services will be a part of that. 
IT is not an "exciting" technology: it is a vital technology. 
It is a great deal more cost effective than alternatives, once 
one stops seeing it as a single application. A Community 
Access Centre to the Global Information Society is much 
more than a "capital intensive" library! It is a training 
centre, an interactive consultation centre with centres of 
expertise, a multimedia cultural centre, a communications 
centre, a market price ticker, and so forth. 

The issue raised in Section 6.9 is the following: 

Issue 6.16: 
What are the key elements of a strategy to address 
the information infrastructure requirements of the 
SET community and the broader public? 

The key element must be a system of public access to a 
national information technology infrastructure. Such an 
infrastructure comprises the wires and other links to bring 
the information to the remotest areas. Much.more impor
tantly it comprises relevant and useful content provided by 
useable applications. The cost of providing such a "Uni
versal Service" would be enormous even if limited access 
is provided through community centres. What is required, 
is a well thought through and regularly updated plan for a 
staged deployment and updating of the Information Infras
tructure. The regular revision of any plan in the light of 
advances in the field of IT is absolutely vital. This plan 
should be drawn up transparently and also define the role 
of industry. 

Keeping track of changes in IT necessarily implies a 
system of innovation in that field. Unless such expertise 
is cultivated one cannot keep abreast of the exponential 
growth of the field and one is left at the mercy of the global 
silicon snake oil peddlers. 

Single coordinated approach to information provision 
by government and a government wide IT strategy is sup
ported - it is important to harmonize all Information In
frastructure initiatives. The role of this "single point of co
ordination" will be multi-disciplinary in that role-players 
from IT and telecommunications will be involved as well 
as other stakeholders. 

A major growth opportunity, that should not be under
estimated, is that as many as possible local SA expertise, 
industry members, etc should be used to design, build and 
maintain the Information Infrastructure. 

There should also be a "single point of co-ordination" 
for the harmonizing, stimulation, planning, monitoring, 
etc of general IT development initiatives (applications re
search and development, data content provision). This 
group should closely liaise with the "single point of co
ordination" on the Information Infrastructure but it should 
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be a different group. 
Although the "single points of co-ordination" are very 

important to optimize activities, there is a danger that they 
can become bottle-necks to new development. Therefore 
their regulatory roles should be minimized. Innovation is 
easily stifled by regulation and it should be appreciated that 
many efforts to regulate IT boil down to attempts to regulate 
research. Such attempts are recipes for obsolete technol
ogy. "Harmonizing SET information infrastructure" is not 
an easy task. 

3.2 Research and Development in the Higher Educa-
tion Sector 

Issue 8.2: 
What national objectives should determine the 
main orientationof theR&D activities of the HES? 

There are three major objectives which apply particularly 
in the case of IT: competitiveness, social upliftment and 
development and long-term growth. 

Competitiveness implies not only keeping up with 
overseas industry, but identifying areas we can be ahead 
of them. Higher education can address both, through edu
cation in the first case, and advanced research in the latter. 
However, more contact with industry to feed ideas both 
ways is needed. 

Social upliftment and development addresses the prob
lems of the RDP. R&D can support this goal both by provid
ing graduate students of disadvantaged groups with high
end career opportunities and by doing research to support 
the RDP's objectives. 

Long-term growth requires that there be advanced re
search both in theory ( which although not applicable now, 
may have application later) and in analyzing and under
standing industry trends. Understanding trends is espe
cially important where computer technology is concerned, 
since the rate of improvement in processing power for a 
given cost is a factor of two every 12 to 18 months. 

The general enabling role of IT implies that there is 
not such a dichotomy between the two options presented 
as may be expected. 

Option 1 
The national SET policy must be guided by eco
nomic projections of HRD and R&D needs to cre
ate a competitive advantage in specific key areas 
such as agriculture, information technology, and 
so on. 

The specifics noted in Option 1 apply not only directly 
to computer and related industries, but it should be noted 
that all other sectors require broad infrastructure. That in
frastructure includes computers, networks ( especially but 
not only the internet), telecommunications, transport, etc. 
For this reason, Computer Science should be seen as an 
enabling technology for all other sectors, and not only in 
narrow terms. 

Option 2 
The aim of the HES must be an overall investment 
in human capacity of a scientific and technical 
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nature, not targeted too closely at specific capabil
ities and markets, realizing that such investment 
in capacity can by itself be a driving fo~ce in the 
economy. 

A broad goal in investing in human capacity also re
quires that infrastructural technologies be available - espe
cially those which are productivity amplifiers. Computers, 
telecommunications, etc. again are important. However, 
if we are purely consumers of these technologies, without 
advanced research to find uses that suit our unique require
ments, we will not be realizing the full potential of our 
human skills in other areas. Example: computer visual
ization is an area which can vastly improve productivity 
in sectors such as geology and medicine. However, much 
original work needs to be done to suit local problems. An
other example: safety in manufacturing processes can be 
enhanced by computer methods (more accurate control of 
plant, simulation of potential problems). 

3.3 Role of IT in Industrial Competitiveness and Re-
construction 

Issue 8.7: 
What mechanisms must be introduced to promote 
better correlation between the R&D activities of 
the HES and the industrial sector? 

A first option is to create a database ofIT R&D projects that 
currently or in future may contribute to RSA international 
competitiveness. The database should contain indications 
on which projects are considered so worthwhile that indus
try would be willing to sponsor them. 

Option 1 
HES-Industry collaboration programmes, such as 
the DTI-FRD's THRIP programme, should be fur
ther developed and financially strengthened. The 
R&D statutory funding bodies should take respon
sibility for bringing tndustry and the HES into ne
gotiations on collaboration. 

General incentives, e.g. THRIP programme, tax incen
tives, and offset arrangements for foreign firms wishing 
to sell to government, should be developed to encourage 
co-operation between industry & HES. The current, re
strictive, rule governed approach evident in some of these 
programmes should be replaced by a delivery orientated 
approach which focuses more on facilitating the desired 
results. 

Option2 
The HES must establish special programmes to fa
cilitate the growth ofR&D activities in the SMME 
sector. 

A particularly effective technique for stimulating inno
vative IT SMME enterprises is to establish Centres of 
Excellence and Expertise. This should target identified 
niche applications fields in order to exploit and develop 
competencies of researchers. Developers from HES and 
industry/SMME sector can be supported in collaborative 
projects. 

IT development is a labour intensive activity of itself. 
Increasing the effectiveness and competitiveness of indus-
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try and commerce will further strengthen sustainable job 
creation prospects. 

Channels should be opened up to international, espe
cially USA, venture capital markets. Active development 
of international IT export markets will act as a stimulus for 
local IT industry and HES' R&D An environment for more 
significant co-operation with multinational companies will 
leverage local skills and further development of such skills 
and abilities. 

The recommendation is thus a combination of gov
ernment funded initiatives and co-operative projects with 
multinational companies that invest and transfer technol
ogy. Currently IT enabled advances for local industry seem 
usually induced via their international contacts. Estab
lished local companies (with certain exceptions) have a 
sorry record in IT innovation. 

At local government and community level an eco
nomic (micro level) atmosphere conducive to such activ
ities should be established. Exact details could be learnt 
from other similar countries that have succeeded in doing 
this. 

Tertiary institutions themselves do not have the re-
sources to bootstrap the process. 

Issue 8.8: 
What structures, mechanisms and programmes 
will reinforce the contribution the HES can make 
to the reconstruction challenges facing South 
Africa? 

Option 1 
The National Research and Technology Audit 
should show up deficiencies in R&D supporting 
reconstruction. This should form the basis for a 
revision of research priorities of universities and 
technikons to include projects in areas affecting 
quality of life such as water reticulation, sanita
tion, energy provision, etc. 

Option2 
Universities and technikons should be encouraged, 
via suitable funding incentives, to establish com
munity interface mechanisms aimed at developing 
effective outreach programmes 

Measures which would contribute to the inter
faces: 

• creating units to provide an interface with 
communities 

• establishing partnership programmes with 
CBOs and NGOs 

• running community-based extramural pro
grammes 

• providing central facilities to facilitate com
munity contact, for example, through an Of
fice of External Affairs or Deputy Vice Chan
cellor of Community Relations. 

As remarked above (Issue 8.7) an internationally proven 
and effective mechanism for stimulating effective SMME's 
in IT and related industry is the establishment of centres of 
excellence and expertise in targeted fields. 
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A useful measure, given the rate of advance of IT, 
would be the establishment of an IT "wake-up" think-tank 
whose brief is to identify key areas where IT technology 
can be applied for the benefit of South Africa. Such a 
unit should generate proposals and funding mechanisms 
that will steer the local IT community to adapt to produce 
these benefits. It should also identify the paradigm shifts 
needed of the people that can potentially benefit from such 
projects. Currently advanced IT resources i~ SA are very 
thinly spread - a fact that will have to temper these plans 
(see also Section 2.2). 

3.4 HES Research and Development Funding 
Issue 8.12: 
How can the funding of R&D in the HES be more 
suitably organised so as to direct R&D activities 
towards the needs of economic growth and recon
struction? 

Option 1 
The statutory funding agencies should be ratio
nalised so as to decrease overhead costs and im
prove co-ordination and coherence. A model 
could be to reduce the number of agencies to three: 

• one for engineering, the physical, biological, 
agricultural and geological sciences 

• one for the medical sciences 
• one for the human and social sciences. 

Option2 
The universities and technikons must diversify 
their research portfolios to facilitate increased 
spending by the private sector in HES .R&D. At 
the present time the private sector contributes only 
10% of the R&D funding in the HES. This is very 
low by international standards. 

Option 3 
The R&D component of the GUF1 should be 
more directed in its distribution and utilisation, 
and mechanisms should be developed to monitor 
the utilisation and outcomes. 

Option 1 appears to be unworkable: how could one agency 
with reasonable staffing and expertise handle "engineer
ing, the physical, biological, agricultural and geological 
sciences"? 

Option 2 goes to the heart of the matter: the semi
colonial and often exploitative nature of many international 
companies that do business in SA. Particularly in IT they 
appear to be only interested in selling their products. They 
offer their local staff sufficient training to sell and main
tain (where maintain is in fact replace parts) their products. 
They are not interested in developing products or technolo
gies in SA. Only government, by means of incentives, can 
oblige them to do so. In this regard, Australia forms a 
possible model for SA. 

In Appendix B some material is attached on how Aus
tralia has attracted major multinational high technology 
companies into collaborative ventures with Australian uni-

1 GUF = Government University Fund 

SACJ/SART, No 16, 1996 

Guest Contribution 

versities, and how incentives have been made available to 
Australian universities to focus their research into product
oriented activities. It also contains a critical evaluation of 
the Australian experience. 

3.5 The Role of IT in Education and its Relation to 
Mathematics 

Issue 9.1 
What mechanisms should government introduce to 
improve the teaching and learning of mathematics, 
science and technical/technological subjects at the 
pretertiary level? 

Use aggressive teacher re-training programmes in holidays. 
Distance education can play a role here. 

Issue 9.2: 
Should mathematics and science be compulsory 
subjects for all pupils for the duration of their 
pretertiary education? A motivation should be 
provided for the answer to this question. 

No. School children should not be forced but convinced of 
the importance of mathematics. There are many ways to 
do this. Although mathematics is important if you want to 
follow a SET career it is not that critical for all people. A 
working knowledge of computers is much more valuable 
to everybody. 

Issue 9.3 
Should technology education be part of the com
pulsory education curriculum? If so, how should 
it be implemented? Please provide a motivation. 

No. School children should not be forced but convinced of 
the importance of technology. A major component of tech
nology education should be· computer literacy. Hands-on 
lessons will not be possible in all schools but it is extremely 
important and industry should be encouraged to help. Ag
gressive teacher training programmes in holidays should 
be followed to create the teaching staff. A good way of 
motivating teachers to cooperate is to ensure that adequate 
facilities are provided and to pay all technology and mathe
matics teachers and additional allowance. Basic computer 
literacy can be taught as an interim measure even on ob
solete equipment, provided support for such equipment is 
available. 

Issue 9.4: 
What mechanisms should be introduced at the lo
cal, provincial and national levels to integrate in
formation and communication technologies into 
the education process to improve the utilisation of 
the education resources and the quality of learn
ing? 

The deployment of IT based 4istance learning country
wide in schools over the next decade will be limited by the 
expense. School students should be given access where 
possible but in the short run the target groups for this tech
nology should be teachers and university students. 

It is important to remember that linking education in
stitutions is a very small part of the problem. The major 
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part involves particularly the production of lesson material, 
but also end equipment, application software, trained staff 
and procedures. 

Distance learning can and will certainly play an impor
tant role in work-for~e training (they are more motivated 
and it will be paid for by industry) and in universities I 
technikons (it is cheaper to link them together). It is also 
logical to start by linking tertiary education institutions be
cause more can be gained with less investment. 

3.6 IT to Support Democracy and Society 
Refer to green paper Section 10.2 (Impact of Technology 
on Democratisation) 

While we believe that IT can help to make informa
tion available and to exchange information; it is a poten
tially powerful force to either enable or prevent democracy 
(Was IT not used by the apartheid regime to control pass 
books, keep track of exiles, etc?). Unfortunately IT is not 
a guarantee for a good government, not even a guarantee 
to democracy. 

Issue 10.3: 
How can we enhance the role of information tech
nology in making information, needed to exercise 
public policy options, readily available? 

Information technology will benefit automati
cally from ensuring the technological capacity ex
ists to maintain and extend the telephone network, 
radio and television to all parts of the country, and 
also from enhancing the capacity of the local pub
lishing industry. What else could be done? 

Option 1 
All major national issues, on which public input is 
required, be set out with the necessary supporting 
information and made available on the internet or 
w'orld-wide web servers. This facility could even
tually be extended to regional and local issues. 
Computers linked to the network could be made 
available at schools or public libraries for ready 
public access. 

The government and various political parties are 
already using this method to increase access to in
formation. A long-term plan could be put into 
place to provide the required equipment country
wide over 10 to 15 years. Innovative solutions 
should be applied such as workstation access to 
internet via low cost terminals, using the memory 
of a central server rather than having their own 
internal memory. Adopting such a plan would 
stimulate the local electronic and information in
dustry, with major economic and HRD spin-offs, 
in addition to its benefits of providing modern in
formation technology countrywide in support of 
the educational development thrust. 

The assumptions on the nature of IT development underly
ing this section are particularly problematic, it is critically 
analyzed in Section 2.1 above. 

Making policy options accessible can be vastly en
hanced if there is easy access to the internet. However 
the goal of: participatory democracy is not met if access 
is restricted to an elite. Work needs to be done in rural 
telecommunications, strategies for making internet access 
publicly available (libraries, community centres, etc.). 

Funding such development should be pursued by a 
combination of public funding to seed projects, and finding 

· ways of selling small value added services (publishing on 
the internet for example), to make development sustainable. 

Widespread access to the internet as proposed is a good 
idea - but some thought should be given to content provi
sion, not merely providing "terminals". 

Content should be set up in the form of local ency
clopaedias, on-line school text books, discussion forums, 
etc. Publishing on the internet for the school system should 
be encouraged; there should be a vast body of free infor
mation, and the best should be rewarded by payment, to 
encourage the best authors to do more. 

If a "terminal" policy is used, the terminals should be 
designed to upgrade to a run· computer, for those whose 
usage warrants it. Otherwise we will see the Beitel phe
nomenon: a technology that dates fast, with no upgrade 
path. 

Care should be taken to avoid building an assump
tion of highly centralized servers into the system. This 
should instead be seen as the initial point, from which 
growth can occur, once skills become more widespread. A 
true "information" society includes programmers, and new 
languages designed for adding functionality in small com
ponents, like Java, make entry to the programming market 
much easier2. But highly controlled centralized servers 
with no local computing power is not an environment that 
will encourage innovation. 

To speak of deployment over 10 to 15 years is not real
istic. 15 years ago, there were no windows-based personal 
computers, and a 5 Mbyte hard drive was an expensive 
luxury. Even the internet was not in wide use in 1980; the 
World Wide Web appeared less than 5 years ago. Today, a 
window-based personal computer faster than a mainframe 
of 1980 and with a 1 Gbyte disk can be had for about R5000. 

Instead, short-term goals should be identified, and a 
plan for the next 5 years adopted. Even a 5-year plan has 
to make allowance for major unexpected innovations, and 
be open-ended in the way goals are specified. 

The biggest risk in planning too far ahead is in com
mitting to country-wide infrastructures such as networks, 
without a clear vision as to what will connect to them -
and what people will eventually want to do. If we can 
decide the functionality, the technology will fall into place 
(at least to the extent that we can see far enough ahead). 
We cannot plan based on what we could buy today. The 
biggest strength of computer technology is the exponential 
improvement in what you can buy for your money (hyper
inflation in reverse); the biggest weakness is the difficulty 
of upgrading fixed infrastructure such as networks, to keep 

2To reiterate the obvious: the above is based on today's technology, the only certainty is that tomorrow's "Sumatra" will be orders of magnitude better! 
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up with general progress in other areas of computer tech
nology. 

Here are some examples of potential goals: 

• give all schools access to a community centre with 
internet access by 2001 

• aim to move from all centres in a region I province 
using the same server, to a server per resource centre 
over 5 years 

- training in server maintenance over that period 
will be required 

- at the same time, higher-level skills such as web 
page authoring and programming should become 
more widespread 

• as funds permit, ''terminals" should be gradually up
graded to full computer systems to permit local work 
such as word processing, recording lab experiments 
and programming 

- a strategy which assumes cheap internet "termi
nals" will quickly tum out to be too limiting 

- many "analysts" have proposed that there will 
be a massive market for such "terminals" but it 
seems likely that users will quickly discover that 
a fully fledged computer is still necessary 

• design the infrastructure so that it is a relatively easy 
upgrade to improve the network bandwidth to at least 
HDTV standards, with potential for further upgrades 
to at least 1 Gbit/s 

- this can be achieved by a fibre optic backbone 
linking urban resource centres, with cheaper con
nections wherever the budget doesn't permit the 
full fibre connectivity 

- the design should allow for upgrading to full fibre 
incrementally as funds become available (even
tually to all urban schools) 

- rural areas will have to use radio or satellite links; 
the expense will preclude rapid deployment, but 
a 5-year time-frame may be realistic to cover at 
least the more populated areas 

- universities should be included in the network, so 
they become resources for the school system 

By 2001, if a plan is adopted around the above goals, 
most school graduates will be very familiar with current 
technology, and we will have an infrastructure in place 
for adopting technologies of the next century. We should 
even have a base for contributing to innovation, rather than 
merely being consumers of technology. 

3. 7 Appropriate and Entrepreneurial Technology 
Section 10.5 of the Green paper addresses the appropri
ate use of technology in marginalized and disadvantaged 
communities. Urban and rural communities of develop
ing countries will clearly derive benefit from becoming 
the end users of first world technology and infrastructure, 
but, without local involvement, communities will become 
more (rather then less) reliant on foreign expertise, and less 
(rather than more) able to compete in a world technology 
market. Information Technology is an area in which a lo-
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cal content and service industry can grow up, hand-in-hand 
with the installation of new infrastructure. The costs of 
setting up small enterprises in the Information Technology 
is much lower than in most other areas of Science and 
Technology. 

Broadening the local content, and including previously 
marginalized groups, will require the working together of 
government, business, and institutions of higher education. 

· South Africa is a substantial world market for Information 
Technology (estimates currently place us somewhere be
tween 17th and 20th), and has considerable customer clout 
to avoid becoming a dumping ground for foreign technol
ogy. 

Issue 10.6: 
What should government do to motivate perform
ers of SET to help provide effective solutions 
to improving the quality of life of the poor and 
marginalized? 

Option3 
Institutional support is given specifically to the de
velopment of appropriate technology for commu
nity needs. In many cases the most useful methods 
will employ low or intermediate technology, but 
in some cases (for example, related to information 
and communication facilities), even in impover
ished areas, high technology may be appropriate. 

Collaborative ventures which combine technology trans
fer with local development require the support of political 
leaders, as well as entrepreneurs and educators. Forums 
such as the 07 ISAD conference (and others) are ideal 
platforms for taking a stand on this issue, and for encour-

. aging foreign involvement in local Information Technology 
development. 

Information Technology is an area in which high tech
nology is often appropriate, even in impoverished areas. 
Institutional support for the development of appropriate 
technology is an obvious mechanism for encouraging the 
development of specific directions. 

Section 10.6 of the Green paper addresses unemploy
ment and opportunity. Information Technology is a field 
of Science and Technology which increasingly underpins 
other branches of SET, as well as every other field of pro
fessional endeavour. Information empowers people in their 
work place and in their private lives; access to Information 
Technology is essential in a modem society. IT in any 
economy must become a "driver" of the economy. 

Issue 10.9: 
How can curriculum design and educational strate
gies be utilised to create a technology-sensitive en
trepreneurial culture and diffuse technical skills in 
the marginalized communities? 

This can largely be done through existing ed
ucational institutions, provided they develop the 
appropriate courses in collaboration with local or 
overseas groups who have expertise in these areas. 
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Option 1 
Existing secondary and tertiary educational institu
tions and NGOs are encouraged to design courses 
aimed at developing the required abilities in ur
ban and rural communities. In particular, adult 
education centres, based in existing institutions 
or developed from scratch, are set up to provide 
suitable training, with both a technological and en
trepreneurial character, for the unemployed popu
lation in the townships. 

Information Technology will diffuse naturally into less de
veloped communities if professionals working for private 
and government institutions in those communities take In
formation Technology into their work places as a natural 
means of becoming productive. This requires Information 
Technology skills to be spread far wider than traditional 
science and technology programmes, into the educational 
curricula of all professional directions. Government should 
accelerate this essential spread of Information Technol
ogy by providing incentives to educational institutions to 
tum out students with appropriate Information Technology 
skills to complement their chosen profession. At the very 
least, this would abate the number of graduates in low mar
ket related fields who are not readily absorbed into the job 
market. 

In all areas of Science and Technology, but partic
ularly in Information Technology, higher educational pro
grammes would benefit substantially from the increased in
volvement of industry. Many institutions, including South 
Africa's technikons, have adopted the cooperative educa
tion model, incorporating practical work experience with 
academic study3. This ensures the marketability of grad
uates, and has a natural market tuning effect on curricula. 
A greater commitment from industry and educational insti
tutions needs to made in this direction. Government at all 
levels would play a key role through appropriate incentive 
schemes. 

The only option mentioned in the Green paper under 
this section ( option 1) is currently unsupported by Gov
ernment. The tertiary educational sector needs to be given 
support for efforts that attempt to redress past inequali
ties, and that fall outside of their traditional roles. This is 
especially urgent for study directions in Science and Tech
nology. 

4 Conclusion 

The vision of the Green paper is one of preparing South 
Africa for the 21st century. This vision is one of meeting 
the needs of individuals and communities through new so
lutions to problems: powerful solutions that leap-frog old 
obstacles. Such solutions depend upon innovation, that is, 
new discoveries that are effectively applied. This is clearly 
as much a social and economic vision as it is a scientific 
and technological one. 

Legislation which eventually springs from the forth-

3Waterloo University in Canada has become world famous for this. 
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coming white paper must have an impact beyond the limits 
of arts, culture, science and technology if it is to be ef
fective. Information technology innovation in particular 
must impact trade and industry and form an integral part of 
the strategy for the reconstruction and development of the 
country. Otherwise the greatest weakness of our science 
and technology, namely the limited capacity to convert 
scientific and technological advances into industrial and 
commercial innovations, will remain unaddressed. 

Legislation should involve the implementation of var
ious policies: 

1. policy on support for SMMEs, this is broad but includes 
initiatives mentioned below in terms of community ac
cess centres and centres of excellence and expertise. 

2. industrial policy to support information technology 
transfer, including general IT Development Coordi
nation Point - Section 3.1. 

3. regional and local IT deployment and IT infrastruc
turepolicy (includingCommunity Access Centres, and 
Telecommunications and IT Infrastructure Coordina
tion Point)- Section 3.1. 

4. policy on the establishment of Centres of Expertise and 
Excellence in IT Innovation to support both SMME's 
and community access centres - Section 3.3. 

5. national priority programme for information technol
ogy innovation in HES to support the South African 
information society, coupled with strategic support for 
human resources in IT at HES ~ Section 2.2. 

6. coordinated certification for education and training in 
IT at non-university levels - Section 2.2. 

7. competition policy covering intellectual property 
rights and standardization - Section 2.1. 

8. HES-industry collaboration incentives (tax, offset) -
Section 3.3. 

9. HES-IT multinational cooperation - Section 3.4. 

The white paper will have to identify and formulate the 
necessary measures which will develop the capacity for 
innovation in South Africa. The 21st century will be the 
century of the global information society. A substantial 
chapter of such proposals will have to deal with infor
mation technology and South Africa's preparation for the 
information age. The objective will be to see that IT will 
be enabled to provide better living conditions for all peo
ple more efficiently. Another objective must be to avoid a 
further deterioration of South Africa's competitive position 
in the face of increasing worldwide reliance on knowledge 
and IT for market advantage. 

Appendix A Sections of the Green Paper with 
Passing References to IT 

2.3 Policy Context 
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3.1 The Changing Role of Government in Support of the 
National System of IQnovation 

3.4 Toward the 21st Century 
6.1 The International Experience 
6.9 Information Infrastructure for SET Performers 
7 .8 The Regional and International Dimensions of Inno

vation 
8.1 The ~esearch and Development Orientation 
9.3 The Appropriate Role of Technology in the Process of 

Leaming Mathematics and Science at the Pretertiary 
Level 

10.1 Technology and Public Choice: Sustainable Devel
opment and Ethical Issues 

10.2 Impact of Technology on Democratisation 
10.5 The Appropriate Use of Technology in Marginalized 

or Disadvantaged Communities 

Appendix B Information Technology (IT) 
Policy in Australia 

Anthony E Krzesinski, University of Stellenbosch 

This appendix follows on from points raised earlier in Sec
tion 3.4. 

IT products and services currently account for 20 per
cent of world trade and are growing at 10 percent per an
num. The overall growth in world trade is 6 percent per 
annum: IT is an industry that no nation can afford to ne
glect. 

The dynamic growth of the Asia/Pacific Region has 
lead many corporations to re-focus their long-term strate
gies for the Region and for Australia. The mutual benefits 
are enormous; Australian firms provide specialized skills 
and techniques to help international companies win new 
niche markets, and in return international companies pro
vide new markets for Australian products and services. 

Corporations are encouraged to benefit from Australian 
innovations and advances in IT - Australia compares very 
favourably with other countries in the Region as a source of 
specialized IT skills, products and services. International 
companies bring the markets of the world _to Australia's 
doorstep. They help Australian firms establish or expand 
their overseas markets through proven marketing and sup
port networks. They provide immediate cost effective ac
cess to new technologies, innovative product development 
and improved economies of scale. 

B.1 Partnerships for Development 
Because of its geographic isolation from IT centres of the 
world, Australia was one of the first nations to become 
aware of the need to capture future IT opportunities. The 
Federal Government operates two schemes which encour
age international companies to expand their strategic global 
activities in Australia and to seek out Australian products, 
services and skills with international prospects and mutu
ally beneficial returns. These schemes are Partnerships for 
Development (PFD) and Fixed Term Arrangement (FfA) 
Programs. 
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PFD Program Partners agree to implement within 7 
years strategic business plans to commercialize Australia's 
competitive strengths in the IT and communication indus
tries. PTA Partners agree to a 4 year program. Partners 
only undertake activities that make commercial sense. The 
activities must be strategic and should be commercially 
sustainable after the Partnership expires. 

Many of the world's leading IT companies participate 
in the programme. PFD Partners are: Alcatel, Amdahl, Ap
ple, Bull, Cincom, DEC, Ericsson, Fijitsu, HP, IBM, Mi
crosoft, NEC, Nokia, NorTel, Oracle, Pyramid, Siemens 
Nixdorf, Sun Microsystems, Tandem, Unisys and Wang. 
PTA Partners are: Acer, Canon, Compaq, Fuji Xerox, GPT, 
Hitachi Data Systems, Ingres, Oki Electric, Storage Tech
nology, Toshiba and NCR. Some 300 Australian companies 
benefit from the PFD and PTA Programmes. 

The policy is working. In 1987 Australia exported 
AU$650 million of IT products and services. In 1991 this 
figure rose to AU$ l .5 billion, and by 1995 will have ex
ceeded AU$3 billion. By the year 2000 the IT industry is to 
become Australia's biggest employment and export sector. 

B.2 Incentives to Collaboration 
International companies with annual IT sales to govern
ment of between AU$10-AU$40 million are encouraged 
to enter into a PTA program. International companies with 
annual IT sales to government in excess of AU$40 million 
are encouraged to enter into a PFD program. In practice 
this means that an international company that qualifies for 
PFD/FfA membership must allocate 15 percent of its sales 
to support the PFD/FfA program otherwise it cannot sell 
to government. 

When entering into a PFD/FfA, the company under
talces to maintain a specified level of R&D and· exports 
over a 7 /4 year time frame. A business plan is drawn up in 
collaboration with the Commonwealth Department of In
dustry, Trade and Regional Development to determine how 
the PFD/FfA strategic activities complement the parent 
company's global business strategies, to identify potential 
local partners and to specify projects, activities and annual 
milestones. 

The agreements are formalized in a Memorandum of 
Understanding between the Australian government, the in
ternational company's head office and the local subsidiary. 
Companies report annually on their progress as to how they 
have achieved the milestones specified in the business plan. 

Australian companies are encouraged to become 
PFD/FTA partners by providing products, skills and ser
vices to international IT companies. Local companies must 
identify international IT partners, identify a mutually ben
eficial area of collaboration, understand the contractual ar
rangements required by the international partner, provide a 
detailed business, financial and marketing plan and investi
gate the international company's standards, quality control, 
volume, delivery and pricing procedures. 

An external auditor provides an ongoing and consis
tent review of the effectiveness of the program. Partners 
are audited every two years at government expense and an 
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annual report is published by the auditors summarizing the 
effectiven~s of the program. 

B.3 Collaborative Research Centres 

The Federal and State Governments encourage research 
collaboration between universities and industry. Govern
ment grants are available to develop Collaborative Re
search Centres (CRC's) to facilitate collaborations. After 
an initial period (usually 3 years) of government support, 
CRC's must be self funding from revenue raised from in
dustry contracts. CRC's have ambitious goals and some of 
them already attract funding in excess of the competitive 
research funding available from the government. 

As an example, the Centre for Information Technol
ogy Research Institute (CITRI) was established in 1990 
by the Victorian State Government, the Royal Melbourne 
Institute of Technology (RMIT) and the University of Mel
bourne. CITRI hosts ±100 researchers (faculty members 
of the hosting institutions who double up as part-time asso
ciates in CITRI) and in 1993 earned AU$7.3 million from 
industry contracts. CITRI hosts research groups which are 
active in telecommunications, database design, multimedia 
and neural networks. CITRI provides applications develop
ment, strategic research, consulting and training courses to 
industry. CITRI forms strategic alliances with large corpo
rations to perform long term research in selected areas. For 
example, CITRI has an alliance with Ericsson Australia to 
develop a Software Engineering Research Centre (AU$2 
million over 5 years) focusing on performance analysis 
of Telecommunications Information Networking Architec
ture (TINA) and telecommunications software. CITRI has 
a successful track record in winning competitive research 
grants, developing generic research technologies and com
mercializing products. CITRI's education services include 
a Postgraduate Certificate in software engineering as well 
as courses designed for major engineering organizations. 
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CITRI provides facilities for postgraduate student training 
in its host departments of computer science and engin~r
ing. 

B.4 Some Critical Remarks 
Industry-university collaboration involves 3 partners: gov
ernment, local and international companies and the univer
sities. Government provides the legislative and financial 
incentives for industry and university to collaborate. This 
involves substantial expense in terms of the grants allo
cated to start up the many CRC's. On the other hand, 
university research funding has been reduced since Aus
tralian universities are expected to meet 40 percent of their 
budgets from outside sources that are facilitated by the 
CRC mechanism. Industry is collaborating: many inter
national IT companies are members of the Partnerships 
for Development Programme. However, PFD member
ship often involves equipment discounts and donations of 
previous generation equipment rather than hard currency. 
Thus government and industry have met their obligations 
in terms of the PFD programme. It is essentially up to the 
universities to provide the manpower and skills to make 
the PFD programme work. However, few new university 
staff are appointed - academics are expected to maintain 
their current levels of teaching,_ research and administra
tion and in addition to function as CRC associates. This 
may be possible: government may be of the opinion that 
Australian academics are not overworked and that they can 
become more productive. 

It can be argued that the CRC mechanism is incon
sistent with the university ethos and that the university's 
right to chose its areas of academic investigation was be
ing restricted. Universities do not necessarily have the 
managerial and financial acumen to make a success of the 
CRC. 
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Efficient Shared Memory Multiprocessing and Object-Oriented Programming 

Philip Machanick 
Computer Science Department, University of the Witwatersrand, 2050 Wits, South Africa 
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Abstract 

Object-oriented techniques are shown to hold promise for addressing the growing speed gap between memory and proces
sors on shared-memory multiprocessors. However, reducing cache misses can be at the expense of more misses from the 
translation lookaside buffer (TLB - a cache of recent page translations). This paper presents simulation results from use 
of a library called OOSH ( Object-Oriented Library for Shared Memory), in which cache behaviour is measured. Even for 
a well-optimized application, the library improves speedup by over 20% on 32 processors. On the other hand, timing on a 
real machine shows that the TLB problem can impact performance by as much as 25%. 
Keywords: Object-Oriented Programming, Parallel Programming, Cache-Based Shared-Memory Systems 
Computing Review Categories: D.1.5, C.1.2, D.2.2, B.3.2 

1 Introduction 

Shared-memory multiprocessors based on commodity mi
croprocessors are becoming the an increasingly widely 
accepted architecture for large-scale computation. How
ever, rapid improvement in processor speed is not being 
matched by improvement in memory speed. This paper 
illustrates how an object-oriented approach can aid in im
proving cache usage to work around the problem of the 
growing gap between processor and memory speed. How
ever, it also illustrates how a change to object-oriented code 
can lead to problems with the efficiency of virtual address 
translation. 

The test bed for the ideas reported on in this paper is 
a C++ library called OOSH (Object-Oriented Library for 
Shared Memory). OOSH has been used for experimenting 
with a varierty of techniques in shared-memory program
ming [3]. This paper mainly focuses on the use of OOSH 
for efficient use of memory. 

Since the mid 1980s, the improvement in speed of mi
croprocessors has typically been 50% to 100% per year, 
while DRAM (the standard component for memory) has 
increased in speed in recent years by only 7% per year [7]. 
Two major strategies have been adopted to bridge this 
processor-CPU speed gap: adoption of ever-larger caches, 
and increases in cache block size. The former reduces the 
number of cache misses (and hence references to slower 
memory) by increasing the amount of time data is likely to 
stay in the cache. The latter reduces the probability of a 
cache miss by bringing more data or code into the cache on 
each miss. 

Shared-memory multiprocessor systems are particu
larly sensitive to cache behaviour. Not only are processors 
slowed down by cache misses, but an additional factor of 
the need to avoid saturating the shared bus is introduced. 
Also, an additional programming problem is introduced: 
avoiding false sharing. False sharing occurs when unre
lated data falls in the same cache block, and unnecessary 
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cache misses are caused because a processor attempts to 
reference the block, after another processor has written to 
unrelated data in the same block. 

This paper goes on to describe memory-related issues 
for shared-memory systems in more detail. This is followed 
by a description of the major features of OOSH, followed 
by a brief description of applications that have been used 
to measure performance. The next section outlines a mea
surement strategy, using the Mint architecture simulator, 
after which results are presented. In conclusion, results 
are summarized, and areas requiring further attention are 
outlined - including problems ·with simulating effects that 
are only manifested with large data sets. 

2 Shared Memory Issues 

As the speed difference between processors and memory 
grows, it is becoming increasingly true that shared mem
ory only works if sharing is minimized. While shared 
memory offers some advantages in terms of programming 
simplicity (for example, deadlock problems of distributed 
memory systems are avoided), this simplicity may be lost 
if the programmer needs to be too aware of specifics of the 
machine to achieve efficiency. Object-oriented languages 
have mechanisms for abstraction which could avoid this 
problem. For example, C++ allows the operator new to be 
replaced, and the language's information hiding features 
can be used to hide low-level machine-specific constructs 
needed for efficiency. Inheritance makes it easier to reuse 
such code. 

Starting from relatively high-level concerns, issues for 
shared-memory systems include: 

• processor affinity - keeping the same data with a spe
cific processor for as long as possible 

• false sharing - cache misses caused by unrelated data 
in the same block 

• blocking - processing part of the data smaller than 
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th" cache size as often as possible [8] -. also of use in 
~~sor systems 

Processor affinity and blocking can be achieved by a similar 
strategy - giving each processor a queue of units of work, 
and attempting to organize the work units so they are pro
cessed as often as possible. Processor affinity is addressed 
by keeping the same work unit with the same processor. 

In previous work, blocking was defined in terms of 
array computations. Here, blocking is generalised to mean 
ensuring that each work unit does not reference more data 
than can· fit in the cache at one time - and the data it 
references is not used in any other work unit, to the extent 
that this is possible. 

False sharing complicates dealing with these issues. 
Even if a given unit of work is processed by the same pro
cessor every time (ideally blocked so all possible work on 
it is done at once), the advantage in cache miss amortiza
tion may be lost if another processor references data that 
happens to fall in a block containing part of the data for 
that work unit. 

Avoidance of false sharing depends on the underlying 
architecture. If block sizes are not too large, padding and 
alignment to block boundaries is feasible. If blocks are very 
large, as in distributed shared memory, relaxed consistency 
protocols such as release consistency may be required to 
minimize memory traffic [5]. 

After presenting general features of OOSH, the fol
lowing section illustates how memory may be allocated to 
avoid false sharing. 

3 OOSH Features 

There are two major strategies in implementation of 
reusable classes: loosely structured libraries and applica
tion frameworks. 

The Smalltalk-SO class library [6] is a good example of 
a loosely structured set of classes. The library supplies a 
wide range of abstract classes, container classes and classes 
for specific purposes such as graphics and user interfaces. 

At the opposite end of the scale, application frame
works such as those becoming widely available on plat
forms such as Microsoft Windows and the Apple Macin
tosh provide a starting point for writing an application, in 
which the major flow of control is prewritten, and derived 
classes have to be supplied to fill in application-specific 
behavior. 

OOSH falls somewhere between these two extremes. 
It has a fixed outer-level flow of control once pro

cesses are launched, but very little detail is predefined. 
The rationale for minimal detail is that a supplied high 
level order of execution makes it easier to start program
ming from scratch, whereas predefining too much detail 
makes it harder to retrofit applications to the library. 

Some terminology used in OOSH is based on early 
applications implemented using the library. For exam
ple, a unit of work that is meaningful to an application is 
called. a space unit, since initial applications implemented 
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on OOSH are simulations in which spatial decomposition 
is an important factor. For similar reasons, such units of 
work are grouped together into precincts, which are the 
smallest unit of work known to the scheduler. However, 
there is no reason that the library should only be useful for 
space-based applications. 

OOSH uses constructors and destructors extensively 
to implement primitives which involve paired operations, 

- such as setting and releasing a lock. · These operations 
are implemented by ,declaration of a variable of a class 
which holds the state of the construct ( e.g. the lock). The 
compiler ensures that the constructor is called when the 
variable comes into scope, and when it goes out of scope. 
This C++ idiom is very useful as it saves the programmer 
from having to remember to put in the second half of the 
construct whenever necessary (for example, at every return 
statement). In the event that greater control is needed, the 
programmer still has the option of deciding more explicitly 
when the constructor and destructor are called, by using 
dynamic allocation. In this case, the constructor is called 
when operator new is invoked, and the destructor when 
delete is used to deallocate the object. This use of con
structors and destructors has previously been used in the 
PRESTO threads package developed at the University of 
Washington [2]. 

OOSH classes are grouped into several logical layers, 
following the practice of Smalltalk-SO. These layers have 
no semantic significance but are a convenient abstraction 
for the programmer. 

The layers are 

• machine-dependent - classes not meant to be seen di
rectly in applications 

• kernel - low-level functionality and primitives, built 
on the machine-dependent layer 

• space -division of application space into units of work 
and per-processor data 

• environment - initialization and interpretation of 
command-line arguments 

• command - optional command interpreter 

The latter three layers are grouped together as higher-level 
classes. 

The outermost level of control is invoked by creat
ing an object of class Process, n times for a run on n 
processors. The constructor for Process launches a new 
process (for n - 1 new processes: the parent process also 
does work), which executes the static member function 
Process: :dispatch. 

The function needs to be static so it can be passed to 
an operating system process creation primitive if neces
sary, but the Process object is passed to it as a parameter. 
Process::dispatch looks up its per-processor data (in an 
object of a class derived from Proc_data) and finds its 
precinct queue. 

Once initialized, Process::dispatch goes into a loop 
in which it calls getJoad on its private data, then asks each 
of its precincts to try to work. The loop repeats until all 
precincts report that they have completed all their work. 
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One pass over all precincts may correspond to a simulation 
timestep, though this is not built into the design. 

C++-like pseudo code for the dispatch loop is given in 
Figure 1. 

Process::dispatch (Process *owner) 
Precinct *this_precinct; 
boolean more..to_do, done_work; 
Proc..data *mine= owner->get_processor...data(); 
Precinct.queue *my_precincts = mine->get_precincts (); 
do 
{ more..to...do = FALSE; 

done_work = FALSE; 
mine->getJoad (); 

} 

V precinct E my _precincts 
if (precinct->stilLworking ()) 
{ more..to_do = TRUE; 

} 

if (precinct->try..to_work (mine)) 
done_work = TRUE; 

mine-> stepJinal (more_to_do ); 
} while (more_to...do); 

Figure 1. The Dispatch Loop 

Each of try _to_work, getJoad and stepJinal have 
predefined defaults: the latter two default to doing nothing, 
and have to be defined for a specific application as needed. 
The default implementation oftry _to_work (which can also 
be replaced) is given in Figure 2. An application can be 
built on the framework if it fits it closely -·or effectively 
sidestep it, by doing all its work in only one or two of the 
geUoad, try_to_work or stepJinal phases. Variations 
in how deeply the framework is used are illustrated in the 
next section, where implementation of specific applications 
is described. 

boolean Precinct::try_to_work (Proc...data *processor...data) 
{ Space.llnit *current; 

} 

boolean work...done = FALSE; 
while (can_work ()) II application must define can_work () 
{ work...done = TRUE; 

} 

V unit E space.llnits 
unit->do_work (processor...data); 

stepJinal (); 

return work...done; 

Figure 2. Default Per-Precinct Work 

Classes should not be derived from Process, since its 
constructor is used to launch a new process. A class derived 
from Process therefore would not have its own construc
tor called, since constructors of parent (base) classes are 
called first. Consequently, the call of the constructor for 
the base class would not be seen before the new process 
was launched. 

Figure 3 presents a minimum application based on 
OOSH. This minimum application launches the number 
of processes specified in the command line, finds they have 
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#include "Space.h" 
#include "Environment.h" 
#include "Command.h" 
#include "Kernel.int" 

void main (int argc, char *argv[]) 
{ Simulation_environment min_env (argc, argv, ""); 

Command::iniLcommands (); 
const int num_procs = Environment..object::getJmm_procs (); 
Process **processes= new Process* [num_procs]; 
Proc...data **proc...data = new Proc...data* [num_procs]; 
for (int i = O; i < num_procs; i++) 

proc...data[i] = new Proc...data (num_procs, i); 
for (i = I; i < num_procs; i++) 

processes[i] = new Process (i, &min_env, proc...data[i]); 
II proc O runs on initial processor - launch last 

} 

processes[O] = new Process (0, · &min...env, proc...data[O]); 
for (i = O; i < num_procs; i++) 

delete processes[i]; 

Figure 3. Minimal OOSH Application 

no work to do, and terminates. 
Memory allocation is a key feature of OOSH. 
All classes that need to be allocated in shared memory 

use a redefined operator new, which allocates off a free 
list which is allocated statically for each class, with the 
option of using a different free list (using the C++ feature 
of optional arguments). The option of using a different free 
list is useful for example if objects are reallocated whenever 
they pass from one processor's work list to another. In such 
a case, a free list per processor can be kept instead of per 
class. The redefined operator delete similarly works by 
default on a per-class free list with th~ option of using 
another free list. 

All objects allocated using the redefined new are 
padded and aligned to cache block boundaries. For small 
objects where padding and alignment may be expensive 
in wasted memory, it is useful to group together several 
objects and allocate them as a single padded aligned unit, 
provided no false sharing will occur. 

Use of the redefined allocators is further explained in 
terms of the applications implemented to test the library. 

4 Applications 

In order to allow for comparison with other work, the 
applications implemented using OOSH are drawn from 
the Stanford SPLASH shared-memory benchmarks [11], 
which have been widely used in computer architecture re
search. The SPLASH benchmarks are written in C, using 
the Parmacs macros [9]. 

The applications chosen are MP3D (particle-based 
wind tunnel simulation), Barnes-Hut (n-body gravitation 
simulation) and Water (water molecule simulation). 

MP3D is used as an example of a poorly structured 
application which is worth rewriting from scratch. Barnes
Hut is well structured, and is used to illustrate the gains 
from the new memory allocators. Water is used as an 
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example of the overhead of object-oriented constructs on 
relatively unmodified code. 

MP3D in its original form - called MP3D-O in ear
lier published work [ 4] - is very close to an earlier vector 
machine implementation. Consequently, its data structures 
are poorly designed for shared memory. Each time step, 
each particle is moved. After the move stage, collisions 
are detected using a statistical decision function to avoid 
an O(n2}' search for collision partners [10]. In MP3D-O, 
each particle's physical properties are stored in eight sepa
rate arrays ( one each for each spatial co-ordinate, velocity, 
etc.). In any machine where a cache block is larger than a 
floating point number, there will be a high degree of false 
sharing. Particles are randomly contended for in the par
ticle arrays, so there is no processor affinity in the move 
phase. 

Collision pairing is done using an array of cells, which 
are unit cubes in space. If a cell contains the null pointer, 
a pointer to the current particle is put in the cell. If not, the 
particle pointed to by the pointer in the cell is used with the 
current particle in the collision decision function. There is 
also no processor affinity in the collision phase. 

The SPLASH version of MP3D corrects some of these 
problems. by placing all particle attributes in a single C 
struct, and allocating chunks of the particle array perma
nently to a given process. However there is still no proces
sor affinity in the collide phase. 

Figure 4 illustrates how MP3D-splash allocates parti
cles to processors. 

particle array 

chunks owned by 
processor0 II chunks owned by 

processor 1 . 

Figure 4. MP3D-splash Particle Organization 
illustrated here for 2 processors 

The OOSH version, MP3D-lib, is completely rewritten. 
The new version addresses the problem of processor affin
ity including in the collide phase. The detail of the algo
rithm [3] goes beyond the scope of this paper. What is of 
significance is that the rewritten version trades off extra 
overhead in areas such as collision pairing in exchange for 
better scalability. Improved memory allocation using ob
jects padded and aligned to cache blocks as well as better 
structure for processor affinity and to block references to 
the same particle are the major strategies used. The new 
memory allocators for particles use a single .free list per 
class. 

Barnes-Hut reduces the O(n2) time per timestep of an 
n-body gravitational computation to O(nlogn). Bodies are 
inserted into an octree. Each dimension in 3-dimensional 
space is divided in half, making eight descendants for each 
level of the tree. As gravitational forces are computed on 
each body, the tree is descended until a group of bodies 
is found to be far enough away to approximate as a single 
mass. This combined mass data is stored in each interior 
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node, which is called a cell [ 1]. 

• • • ~ 

• 
• 

• 
space quadtree: leaf=body, interior node=cell 

Figure 5. Quadtree Representation of Space 
3-dimensional space is presented in the same way using an octree 

A two-dimensional equivalent of a Barnes-Hut octree 
is illustrated in Figure 5. 

Barnes-Hut in its SPLASH form is considerably bet
ter optimized than MP3D and is therefore less of a soft 
target. Some parts of the code are already almost object
oriented in style, and required little effort to translate to 
C++. In general, the overall structure of the code is very 
similar between the SPLASH and OOSH versions, and a 
UNIX profiler shows that they spend very similar amounts 
of time in similar code, so Barnes-Hut is a good test of the 
value of the library's padded aligned allocators. An inter
esting point about the conversion from C to C++ is that 
most use of virtual functions occurs in situations where the 
SPLASH C code had to check a flag to distinguish between 
bodies (leaves of the tree) and cells (interior nods). Conse
quently, virtual function calls in the OOSH version have no 
significant impact on run time compared with the original 
code. 

In a key difference from MP3D, Barnes-Hut includes 
data structures which are frequently deleted and reallo
cated: the octree is rebuilt every timestep. Consequently, 
memory allocation is based on a free list per processor, 
which makes it possible to delete the entire tree by reini
tializing a few pointers. 

Water computes forces and potentials inside a sys
tem of water molecules. The computation is done over 
timesteps until steady state. Each time step requires setting 
up and solving Newtonian equations of motion. One phase 
of the timestep loop~ computing inter-molecular forces, is 
O(n2) and dominates execution time as the other phases are 
O(n) [12]. 

The program was written in FORTRAN and ported 
to C. Although some changes to data structures have 
been made to reduce false sharing, the code is still very 
FORTRAN-like. For example, short variable names are 
used, and most separately compiled files contain a single 
large function corresponding to a FORTRAN subroutine. 
This FORTRAN-like structure would make it difficult to 
port the code to OOSH except in a superficial way, without 
detailed knowledge of the underlying physics. However 
Water has similar cache behaviour to Barnes-Hut (as will 
be seen in the next section) so such a restructuring effort 
could be worthwhile. 

For purposes of this research, Water is implemented 
as a single call of Precint::tryJo_work (i.e., the dispatch 
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loop is effectively sidestepped); the result is a measure of 
how useful OOSH is as an alternative to using the Par
macs macros. In principle, such conversion could also be 
done with any other SPLASH application, but Water's sim
ple data structures makes it easier to convert to C++ with 
minimal effort. 

S Measurement Strategy and Results 

Measurement is done using tt e Mint MIPS architecture 
simulator [ 13], with the except, on of some virtual memory 
system measurements, which ~,re done on a real machine. 

This section is split into p1 esentation of the simulation 
results, and presentation of the virtual memory system mea
surements. The former results are for all three applications; 
only MP3D is the subject of the latter measurement. 

Simulations 
Mint has a back end which is rewritten to simulate a spe
cific memory system. For this work, a backend has been 
implemented approximating the bus of a modem shared
memory system such as a Silicon Graphics Challenge. A 
cache miss takes 100 clock cycles (which is a likely figure 
for designs of the near future), but is pipelined so that up 
to 5 misses can be handled on average in 100 cycles. 

To ensure that only parallel code is being measured, 
the simulator dumps its counters after the first new pro
cess is launched. An infinite cache is modeled, and cold 
start misses are recorded, so only misses caused by com
munication are counted. As an extra check on the cause 
of misses, writes causing invalidations are counted. The 
block size is 128 bytes, which is becoming common on 
newer architectures. 

Figure 6 concains simulation results for MP3D. It is 
interesting to note that the SPLASH version does well 
on smaller numbers of processors, but does not speed up 
more on 32 processors than on 16. MP3D-O has almost no 
speedup on any number of processors (this effect is slightly 
exaggerated by the infinite cache, which gives an advantage 
to the uniprocessor run). 

The reasons for the relative performance of the various 
versions is obvious from the miss and invalidates graphs. 
The very high number of invalidates of MP3D-O (over 
70% of all writes on 8 or more processors) reflects the 
high degree of false sharing which further results in a high 
number of misses ( over 30% of all reads and writes on 32 
processors). 

MP3D-splash does significantly better, but the false 
sharing in the collide phase still results in poor speedup. It 
should be noted that the library version's improved block
ing does not give it any advantage in an infinite cache 
simulation. 

Figure 7 contains Barnes-Hut simulation results. The 
difference is not as great, but padding and alignment still 
make a significant difference. On 32 processors, Barnes-lib 
is over 20% faster than Barnes-splash. Again, the reason 
for the improvement in the OOSH version can be seen in 
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the invalidation and miss graphs. In this case, absolute 
numbers are much smaller - but even so the difference in 
speedup is significant. 

Simulation results for Water are in Figure 8. Here the 
differences are even smaller - up to 2% less speedup in the 
library version. 

A UNIX profiler shows that most of the difference is 
due to extra memory references resulting from accessing 

· globals via an object. Clearly it would make sense to 
improve the program by using OOSH features more fully, 
rather than to try to optimize the difference away. 

Similar extra memory access costs in Barnes-Hut are 
more than offset by savings resulting from fewer misses. 

Virtual Memory Measurement 
A key difference between MP3D-lib and the earlier ver
sions is that it attempts to organize particles according to 
their spatial locality in the simulated physical model. This 
locality is mapped onto locality in work allocation. How
ever, locality in memory does not follow from allocating 
particles as objects. Even if the objects in a given region 
of space are close together at the start of the simulation, as 
the particles they represent move apart, particles processed 
at the same time are no longer close in memory. 

Random positioning of objects in memory impacts vir
tual address translation. Most current virtual addressing 
schemes rely on a translation lookaside buffer (1LB - a 
small cache of recent translation) for good performance. A 
1LB miss costs roughly as much as a cache miss (the actual 
cost depends on a number of factors, including whether the 
page table itself has an entry has an entry in the 1LB). For 
low 1LB misses, it is essential that memory references not 
be scattered randomly over memory. 

In the case of MP3D, a large run with over I-million 
particles can lose up to 25% of its potential performance 
from 1LB misses. Figure 9 shows how run time increases 
with increase in TLB misses as particles move apart. After 
about 800 time steps, the run time per time step converges 
with that of a run where the particles are initially randomly 
positioned in memory. 

The obvious way of removing the TLB miss problem 
is to change to a message-passing approach in which par
ticles are copied as they move from one part of space to 
another. An initial attempt at message passing produced no 
improvement: the extra overhead canceled out the gain [3]. 
It would be worth investigating strategies such as copying 
all particles every 100 timesteps. 

6 Conclusions 

A very poorly structured program, such as MP3D-O, cannot 
easily be rescued by simple changes to data structures. As 
is illustrated by the simulation results for the SPLASH 
version, such improvement may make a big difference to 
cache misses. However, without addressing all areas where 
cache misses are caused, speedup is still likely to be limited. 
On the other hand, as the TLB measurements show, even 
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comprehensive restructuring for good cache behaviour can 
still result in problems with other parts of the memory 
hierarchy. 

The Barnes-Hut results are more promising. Data ac
cess patterns are more controllable. As gravitational effects 
on,each particle are computed, most data referenced is cells, 
which are reallocated every time step. Cells which are in 
similar positions in the tree can be allocated contiguously 
(with padding and alignment to cache boundaries), avoid
ing the 1LB miss problem. The object-oriented approach 
does not significantly alter data access patterns, unlike with 
MP3D. 

The improvement in speedup of Barnes-Hut of over 
20% resulting from padding and alignment must be seen 
against the performance penalty of about 2% of using the 
library on Water, without attempting any optimization. 

Clearly, using OOSH without attempting to use its 
features is not worthwhile. For applications like Water 
which are not written with portability in mind, other strate
gies such as improved compiler techniques will need to be 
found. 

Writing code from scratch using clean object-oriented 
constructs offers another advantage: better maintainabil
ity. The Barnes-Hut example illustrates that clean object
oriented code does not have to result in a performance 
penalty. On the contrary, isolating low-level code such as 
the memory allocation strategy - which is facilitated by 
object-oriented ·features such as inheritance and informa
tion hiding- makes it easier to change these details later as 
better strategies become available. 

An architecture simulation is a good approach for mea
suring some properties of an application, especially cache 
misses caused by communication. However, some effects 
such as the 1LB problem and blocking are difficult to model 
using simulation, since they make the most difference with 
large data sets - which are not practical to simulate with 
current techniques. More efficient techniques for simula
tion need to be found to make simulation with more realistic 
data sets viable. 
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The prime purpose of the journal is to publish original 
research papers in the fields of Computer Science and In
formation Systems, as well as shorter technical research 
notes. However, non-refereed review and exploratory arti
cles of interest to the journal's readers will be considered for 
publication under sections marked as Communications or 
Viewpoints. While English is the preferred language of the 
journal, papers in Afrikaans will also be accepted. Typed 
manuscripts for review should be submitted in triplicate to 
the editor. 

Form of Manuscript 

Manuscripts for review should be prepared according to the 
following guidelines. 

• Use wide margins and 1 ! or double spacing. 

• The first page should include: 

- title (as brief as possible); 

- author's initials and surname; 

- author's affiliation and address; 

- an abstract of less than 200 words; 

- an appropriate keyword list; 

- a list of relevant Computing Review Categories. 

• Tables and figures should be numbered and titled. 

• References should be listed at the end of the text in 
alphabetic order of the (first) author's surname, and 
should be cited in the text in square brackets [1-3]. 
References should take the form shown at the end of 
these notes. 

Manuscripts accepted for publication should comply with 
the above guidelines ( except for the spacing requirements), 
and may be provided in one of the following formats (listed 
in order of preference): 

1. As (a) Jb.Tp{ file(s), either on a diskette, or via e
mail/ftp - a Jb.Tp{ style file is available from the pro
duction editor; 

2. As an ASCII file accompanied by a hard-copy showing 
formatting intentions: 

• Tables and figures should be original line draw
ings/printouts, (not photocopies) on s~parate 
sheets of paper, clearly numbered on the back 
and ready for' cutting and pasting. Figure titles 

, should appear in the text where the figures are to 
be placed. 

• Mathematical and other symbols may be either 
handwritten or typed. Greek letters and unusual 
symbols should be identified in the margin, if 
they are not clear in the text. 

Contact the prodt1ction editor for markup instructions. 
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Charges 

Charges per final page will be levied on papers accepted 
for publication. They will be scaled to reflect typesetting, 
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