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Knowledge Markets: More than
Providers and Users
Simard, Albert

Similarly, to remain relevant, governments must
be able to create, use, and disseminate
information and knowledge in social domains
such as health care, education, and national
security [9,10].
Thus, creating and using
knowledge will be central to continuing success
in the 21st century, in both the private and public
sector.
The Government of Canada attaches a high
importance to the knowledge economy [11].
Further, the amount of science conducted by the
Government of Canada is substantial. In 2003–
2004, the Federal Government spent $4.6 billion
on its science and technology activities [12]. This
sum represents the cost of generating
knowledge.
Realizing a return on this
considerable investment requires that the
knowledge be used to benefit the government,
the society, and the citizens it serves.

Abstract— This paper describes a knowledgemarket model intended to facilitate transforming
science-based
departments
to
a
service
perspective. Existing provider / user models mask
the true complexity of knowledge services. The
proposed model comprises nine stages that
embed, advance, or extract value. Model design
criteria include independence from content, an
organizational focus, scalability, two drivers, and
two levels of resolution. A task group, combining
190 years of scientific experience and tacit
knowledge, explored the nature of knowledge
services and discovered patterns to understand
underlying processes. The paper concludes that a
cyclic value-chain-based knowledge-market model
is richer than existing models, it supports both
supply and demand approaches to knowledge
markets, and it describes knowledge services
adequately to enable eventual measurement and
management.
Index
Terms—
knowledge
organization,
knowledge
services,
knowledge
markets,
knowledge transfer, value chains, providers, users

2. PROBLEM
Science and technology departments are being
increasingly mandated to create and disseminate
knowledge within the context of Federal
Government priorities. This is reflected in the
Next Generation Public Services Vision [13], in
which the intent is to transform government
services from a provider to a user perspective.
Central to our purpose, the vision states that
there are “no generally accepted definitions or
descriptions of public sector information and
knowledge services.”
It continues with “To
identify and act on opportunities...the government
must first establish a shared understanding of the
attributes of public sector information and
knowledge
services.”
Clearly
we
must
understand the nature of such services in a
government context if we are to maximize their
efficiency and effectiveness.
The central hypothesis of this research is that it
is possible to develop a qualitative model of
knowledge services by eliciting tacit knowledge
through dialogue among a group of experienced
science managers. The purpose of this paper is
to describe the qualitative model developed
through this process.

1. INTRODUCTION
Centuries of knowledge creation by scientists
and science organizations have culminated in a
high present-day standard of living in
industrialized societies. When examined at a
scale of social and technical progress, it can be
said that knowledge flows from science to
society. When examined at the scale of S&T
organizations, however, the reality is that some
knowledge flows to some people, somehow,
somewhere, sometime.
The importance of the knowledge economy is
well documented. The economic dimensions of
the knowledge industry in the United States have
been described [1] as has the nature of
knowledge work and knowledge workers [2].
More recently, the impacts of the emerging digital
economy on business, industry, and society have
been summarized [3].
Finally, attributes of
knowledge have been described from a market
perspective [4].
In a knowledge economy, long-term success
depends on an ability to create and use
knowledge faster than competitors [5, 6, 7, 8].
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3. LITERATURE REVIEW

4. METHODS

Simple models for creating and using
knowledge in a government context have been
proposed. A national workshop on priorities for
S&T integration described a knowledge cycle
framework for integrated S&T [14]. The cycle
comprised research, value, receptors, and
benefits. It illustrates that science must look
beyond the search for knowledge to how that
knowledge benefits Canada and Canadians. A
knowledge cycle was proposed, comprising
research, knowledge synthesis, distribution and
application, and evaluation of uptake [15]. This
strategy focuses on a complex system of
interactions among researchers and users. A
public-service value chain, comprising employee
engagement, citizen satisfaction, and trust and
confidence in public institutions was used to
describe the most important priorities of public
sector reform [16].
Although seemingly clear and understandable,
these approaches conceal more than they reveal
about knowledge services and markets. Only by
drilling down into the details of such models can
we understand how they work, verify the
correctness of our logic, and assure the
completeness of our models.
Attributes of information and knowledge
markets, have been described by a number of
authors [4, 8, 17, 18, 19]. The purpose of such
markets was variously described as enabling,
supporting, and facilitating the mobilization,
sharing, or exchange of information and
knowledge among individuals or groups who had
it and those who needed it. These models
focused on the transactional aspects of such
markets – that is the processes through which
content is transferred from providers to users.
They can be viewed as passive delivery models:
“if you build it, they will come.”
Detailed service-oriented architectures have
recently been developed for the private sector
[20, 21]. The focus of this work was to transform
traditional retail businesses or businesses with
web-enabled
front
ends
by
developing
enterprise-wide platforms that support customer
services. Although these models go beyond
simply transferring content by incorporating
customer wants and needs into content
development, their primary purpose is to deliver
profit-generating services.
Existing models are either too simplistic or do
not consider the entire process, starting with how
content comes into being, how it becomes
available for transfer, how it is transferred, and
how it is used to achieve sector outcomes or
societal benefits. Such proactive processes are
central to S&T agencies, in particular, and
government, in general.

Natural Resources Canada established a
Knowledge Services Task Group to “Examine the
nature of the work of science and science-related
programs in Natural Resources Canada,
describe appropriate elements in the context of
Government of Canada Service Transformation,
and submit a report.” In establishing the task
group, it was assumed that knowledge services
could be described and defined well enough and
measured with sufficient accuracy and resolution
to manage the process [22]. The Task Group
Report provides considerable detail on
knowledge services and the knowledge services
system that provides the basis for the
knowledge-market model described in this paper.
From a management perspective, the work
was explicitly positioned as the first step of the
sequence:
“Effective strategy = Describe strategy +
Measure strategy + Manage strategy” [23]
In essence, to manage a strategy, it must first
be measured and to measure it, it must first be
described.
From a knowledge perspective, a framework
comprising four orders of knowledge [24] was
used to position the work (Fig. 1).
Quadrant 1 represents routine knowledge.
This is the world of bureaucrats and
administrators, whose primary task is to classify
work and then use rules and standards to
process it.
Quadrant 2 represents the
specialized professional knowledge of experts
and consultants. Here, the objective is to design
and develop systems and processes, using
existing technical specifications and explicit
knowledge.
Quadrant 3 represents complex knowledge,
where the challenge is to discover patterns and
understand processes, using experience and
tacit knowledge. Quadrant 4 represents chaos,
where there are no discernable patterns. Here,
we are limited to sensing, responding, and
adapting to changes. As indicated by the arrows,
it is possible to move between quadrants, except
between chaos and routine. The Task Group
worked in quadrants 3 (understanding) and 1
(classification), while measurement (quadrant 2)
was left for subsequent analysis.
From an analytical perspective, a systems
approach was used to develop a logic model.
The model is less rigorous than one based on
scientific proof (which is impossible) or empirical
data (which does not exist). Conversely, it is
more rigorous than one based on personal
opinion or belief.
The model represents a
consensus among a group with considerable
experience, lending further credibility to the final
result. The final test of the model will not be its
scientific rigor, but rather its adequacy for
managing knowledge services.
Collectively, Task Group members combined
4

190 years of science, science-related and
science-management experience. Members had
an ability and willingness to think outside the box,
and a capacity to adapt to a complex, unknown,
and constantly evolving structure. The challenge
was to discover patterns and understand
processes in a system that has not heretofore
been described as an identifiable entity in the
real world. To understand knowledge services,
the group integrated many processes across the
organization, the sector, and society that
collectively transform the outputs of science into
benefits for Canadians.
The objective was not simply to achieve
consensus, but also to understand by eliciting
tacit knowledge from participants. Thus, when a
sense of discomfort was expressed with a term,
definition, or structure, the dialogue continued,
even though the individual could not explain the
problem. Ideas built on each another, taking
twists and turns, exploring new approaches.
Sometimes a solution revealed itself during the
discussion and sometimes it was left as an open
question, with a solution surfacing days or even
weeks latter. In many cases, it was found that
unexplainable problems resulted from incorrect
or incomplete logic, descriptions, or definitions.
The dialogue took place during a 16-month
period in weekly sessions of 1-1/2 hours each.
This kept the discussions fresh and incorporated
“soak time” which frequently yielded new
insights. Discussions proceeded in a hierarchical
sequence from the system and its sub-systems,
through stages and components, to detailed subcomponents and individual elements. The next
two sections describe the knowledge-service
model at its highest level – knowledge markets.

clear example of moving up a value chain by
communicating directly with those citizens who
are connected to the Internet.
A content value chain (Fig. 2) is defined as the
flow of content through a sequence of stages in
which its form is changed and its value or utility to
users are notably increased at each stage. In
the content value chain, objects are measured to
yield data, the signal carried by data is
interpreted as information (meaning), which is
synthesized to yield knowledge (understanding),
and finally, experience and judgment (wisdom)
enable the correct application of knowledge.
In general, as content moves “downstream”
along the value chain, its value and utility are
increased.
Moving downstream involves
knowledge work and associated costs, which
presumably increases the value of the content at
each stage. Thus, the further “upstream” one
has to move to solve a problem, the greater the
cost. Science is an exception to this linear flow,
in that scientific knowledge arises from analyzing
data and the knowledge is then transformed into
information, in the form of publications.
A knowledge services value chain (Fig. 3) can
be defined as the flow of knowledge services
through the knowledge services system in which
value is embedded, advanced, or extracted by
the organization, sectors, and society.
The
knowledge services value chain includes nine
stages: generate, transform, enable, use
internally, transfer, add value, use professionally,
use personally, and evaluate.
As with the
content value chain, downstream services
generally have higher embedded value than
upstream services.
The following statements explain each stage of
the knowledge services value chain.
1. Generate – Content with intrinsic value and
potential utility must be generated as the first
stage of the knowledge services value chain.
2. Transform – Content is transformed into
products and/or services to increase its utility or
value to users.
3. Enable – The flow of knowledge services
must be enabled to permit their use or transfer to
clients or Canadians.
4. Use Internally – Knowledge services are
used internally to accomplish organizational
objectives.
5. Transfer – Knowledge services must be
transferred to clients and Canadians to enable
external use.
6. Add Value – Work is done by intermediaries
to increase the availability, utility, or value of
knowledge services.
7. Use Professionally – Knowledge services
are used by clients with sector-related knowledge
to benefit an identifiable sector.
8. Use Personally – Knowledge services are
used by Canadians to realize personal benefits.
9. Evaluate – The system is evaluated to

5. VALUE CHAINS
Value chains are well understood in the private
sector as production or distribution channels.
They describe a sequence of steps in which
inputs are transformed into increasingly refined
and higher-value outputs and eventually sold to
consumers. For example, a tree is cut into logs,
which are transported to a mill, where they are
sawn into rough lumber, which is milled into
finished lumber, which is transported to a
distributor and then to a retailer, where it is sold
to a consumer. Each step in the chain adds
value through production or distribution, some of
which can be extracted as profit.
Business strategies often focus on moving up
a value chain to be closer to the consumer. For
example,
a
manufacturer
may
bypass
wholesalers or retailers by selling products
directly to consumers on line.
For the
government, a value chain represents a series of
steps in which knowledge services are produced,
provided and used, resulting in a sequence of
intermediate changes that ultimately yield results
for Canadians. Government-On-Line [25] is a
5

improve its performance in supplying or fulfilling
demands of knowledge markets.
Transfer (stage 5) primarily involves intellectual
rather than physical property (even though it may
be in the form of a publication or CD-ROM). It is
useful to consider how intellectual property rights
to organizational outputs (content, products,
services, and solutions) are transferred from an
organization to the sector and society.
Three types of work are involved.
1. Transact: Conduct or carry out business to
enable the transfer of rights and limits to use,
reuse, or redistribute outputs from the
organization to intermediaries, clients, or
Canadians. (e.g., give, license, sell)
2. Interact: Enhance the ability, readiness, or
willingness of intermediaries, clients, or
Canadians to understand and apply outputs to
solve their problems. (e.g., provide, explain,
support).
3. Transfer: Deliver, distribute, or disseminate
outputs to intermediaries, clients, or Canadians
(e.g., publish, disseminate, send). Transfer may
be via any or all of several electronic or physical
channels: on-site, off-site, kiosk, mail, on-line, email, or telephony.
A value-chain approach to knowledge services
demonstrates a number of key principles.
1. Knowledge services are much richer and
more
complex
than
simply
transferring
knowledge from providers to users.
2. Content flows through a sequence of stages
in which its form is changed and its value or utility
to users are increased at each stage.
3. A knowledge value chain comprises nine
stages in which value is embedded, advanced
or extracted at each stage.
4.
Transfer primarily involves intellectual
property rights rather than physical property.

between them. Rather, providers and users
interact at multiple points along a knowledgeservice value chain within specific sectors, such
as energy or forestry.
Viewing knowledge services as a higher-order
form of communication allows the use of
communication theory to clearly distinguish
between existing models and the knowledge
market model described here. Three levels of
communication
have
been
identified:
transmission, semantics, and effectiveness [26].
They are reformatted here in a service context.
A. How efficiently can services be delivered?
This relates to the engineering problem of
transmission or dissemination. It is comparable
to provider / user service models in which the
objective is simply to deliver information or
services (stage 5, transfer).
B. How adequately does the delivered service
satisfy the wants and needs of recipients? This
relates to the semantic problem of identifying
clients and tailoring services to their wants and
needs (stage 5, interact).
C. How effectively does the received service
affect outcomes?
This relates to the
effectiveness problem of affecting sector
outcomes or societal benefits (stages 7, 8).
Rather than “providers supply” and “users
demand,” three basic market processes are
proposed: embedding value into knowledge
services, advancing that value along a value
chain, and extracting the embedded value to
eventually yield results for Canadians. It is
further proposed that a knowledge-services
market is circular in nature. There is neither a
beginning nor an end, but rather a continuous
cycle, with knowledge services being produced
and used at multiple points.
First, bend Fig. 3 so that it closes upon itself as
a circular value chain. Then, add a number of
related value chains in the form of a “bundle,”
similar to a set of wires twisted into a cable (Fig.
4). Related value chains may interact with each
other, as partners to jointly embed, advance, or
extract value. For the prototype model, we used
sectors of Natural Resources Canada. From
this, a knowledge market is defined as a group of
related knowledge-services value chains that
function collectively to embed, advance, and
extract value driven by organizational capacity to
supply and user demand for knowledge services.
Figure 4 yields a number of insights
concerning knowledge markets.
First, such
markets have no beginning or end. Rather,
many “agents” embed, advance, or extract value
in a continuous cycle of knowledge, as happens
in the real world. Each extraction of value
through the transfer and use of intellectual
property rights to organizational outputs
represents a “transaction” in a traditional market
sense.
The shift from a linear view of value chains with

6. KNOWLEDGE MARKETS
Information markets are generally described with
a provider / interface / user approach. Such a
model is applicable in situations with autonomous
providers and users. That is, in markets with little
or no control or influence over the production and
availability of content and little or no interest in
how or why it is used. Examples include: the
Global Disaster Information Network [18], the
Global Forestry Information Service [19] and the
Government (of Canada) ON-Line Initiative [25].
In these cases, the primary purpose is to develop
an infrastructure that facilitates access to
content.
A provider / user model is inadequate in
situations where a provider controls the
production and distribution of knowledge and is
mandated to promote and facilitate sector
outcomes and benefits for citizens. In such
cases, providers and users are not simply facing
each other with connecting infrastructure
6

a beginning and end, to a cyclic view of
continuously flowing knowledge markets can be
partially related to program planning cycles in
that the end of one planning cycle is the
beginning of the next. However, in knowledge
markets, different organizations are on different
planning cycles. Further, within organizations,
different branches, programs, and projects are at
different stages of the knowledge market cycle.
Thus, although all parts of an organization might
use the same planning cycle, they begin and end
their plans at different stages along the
knowledge market cycle. Finally, organizations
have partners or clients and these, in turn also
have partners or clients. Put differently, one
organization’s knowledge output (stage 5) might
be the next organization’s knowledge input
(stage 1). As with electrons circling the nucleus
of an atom, a program’s place in the cycle is both
relative and difficult to determine precisely.
Second, the evaluation stage is deliberately
unnumbered, as befits a “chicken-and-egg”
situation. In a supply-driven market, evaluating
performance is the last step of the value chain.
Governments tend to emphasize this form of
evaluation.
Further, the vast majority of
government programs have been around for
decades, so there is much that can be evaluated
from a performance perspective. In a demanddriven market, market analysis is the first step of
the value chain. Businesses must understand
their markets to know what to produce in order to
survive.
Although evaluation should be a
continuous, iterative process, the nature of the
evaluation
establishes
an
organization’s
approach to a knowledge market. Ideally, market
evaluation should involve both post-production
performance measurement and pre-production
market analysis.
Third, this is not a “free” market. Although the
market is influenced by user wants and needs,
production and distribution are controlled by the
organization.
The organization’s mandate
determines what is produced while its budget and
organizational capacity limit how much is
produced. Shifting from a supply- to a demanddriven perspective will not change this.
Fourth, the market model can be scaled down
to an individual sector. For example, in forestry
we can consider forest ecosystems, forest fire,
forest inventory, etc. At this level, the market is
approaching the scale of a community of practice
and might be managed as such.
Looking
upwards, the model should be scalable to
multiple science and technology departments,
and ultimately, the Government of Canada. The
latter could be viewed as a “sphere” of
interrelated cyclic sector-based markets, such as
Natural Resources, Environment, Agriculture,
Health, Fisheries and Oceans, and other
departments.
Fifth, by incorporating internal, professional,

and personal use under the rubric of extracting
value, the model resolves the confusion of
provider / user models resulting from the fact that
those who provide knowledge services also use
them.
IMPLEMENTATION
As noted previously, this work represents the
first phase of a describe / measure / manage
approach to knowledge services. Understanding
the process enables measurement of system
performance. The Task Group identified those
high-priority interactions in the knowledge
services system that would most likely yield the
greatest return of information from initial
measurement. They are listed in order of priority.
1. Add value to enhance outputs.
2. Use professionally for societal benefits.
3. How do users use internally; distribution of
output flows; interaction with clients.
4. Transform content into services.
A survey project is currently underway to begin
measuring these high-priority interactions.
CONCLUSIONS
This paper describes a knowledge-services
market model developed by Natural Resources
Canada.
The purpose of this model is to
increase the level of understanding of knowledge
services and to facilitate participation of S&T
departments in the Government of Canada 2005
Service Vision.
Although based on Natural
Resources Canada, the model is believed to be
applicable to knowledge services provided by a
broad range of organizations.
The knowledge market model presented here
provides a high-level strategic framework for
understanding the complex relations between a
public-sector knowledge organization and the
surrounding socioeconomic environment that it
must interact with.
It traces the flow of
knowledge services from their original creation
through their final use in providing benefits for
citizens.
Overall, the qualitative model is an adequate
framework to support measurement and
subsequent management of knowledge services
as a system. It also provides a number of
insights about knowledge markets.
1. Knowledge markets are richer and more
complex than is described by provider / user
models.
2. Knowledge markets have neither beginning
nor end. Many agents embed, advance, or
extract value in a continuous cycle of knowledge
(intellectual property) transactions.
3. Knowledge markets comprise groups of
related knowledge-service value chains.
4. Knowledge-service value chains model the
flow of knowledge services through nine stages:
7
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generate, transform, enable, use internally,
transfer, add value, use professionally, use
personally, and evaluate.
5. Evaluating both post-production system
performance and pre-production market needs is
necessary for both supply and demand
approaches to knowledge markets.
6.
Organizations that provide knowledge
services also use them.
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Supporting Indigenous Sexual and
Reproductive Health via the Internet
Soar, Jeffrey and Yuginovich, Trudy
Abstract - The challenge of remoteness is
an issue for both patients and clinicians in
regional, rural and remote areas of
Australia with limited attention having been
paid
to
the
needs
for
currency
maintenance
and
enhancement
of
competency of practice nurses (PNs) in
providing sexual and reproductive health
(S&RH) education following initial formal
preparation for these roles. This paper
presents research-in-progress that is
identifying needs, analysing issues and
developing a model for Internet-based
training and support to assist Australian
practice nurses in their roles as S&RH
providers.

Telecommunication technologies such as
satellite communications, distribution of
training videos, video-link, tele-health and
teleconference
education
services
are
available in some rural and remote centres.
These services are currently supplied mostly
to hospitals but there is a lower penetration
and adoption of technology-based information
services in GP practices. This limits the
options for practice nurses to obtain needed
education in their own workplaces/ towns.
Time constraints of GP consultations and the
limited availability of women GPs in rural and
remote areas suggests that PNs may be
better suited to providing sexual and
reproductive health (S&RH) education and
support for clients. This research aims to
develop and evaluate support for PNs in this
role through Internet technologies.

Index Terms – education, Information
Systems, nursing, rural and remote, sexual
and reproductive health

3. LITERATURE REVIEW
1. INTRODUCTION
There is little literature available which
specifically focuses on the needs of practice
nurses or consumer expectations relating to
S&RH education provision by practice nurses,
highlighting the need for a project such as this.
A lack of exploration into patients’ concerns
and their awareness of choices leads to poor
contraceptive compliance (Family Planning
Australia 2003). PNs provide a less-rushed
consultation allowing patients to more fully
share their concerns. In addition, PNs are
mostly women and may be preferred providers
of services in rural and remote settings and for
Indigenous women, especially in localities
where there are no women GPs or where
there is less access to women GPs than in
metropolitan areas (Family planning Australia
2004). In a 2003 needs analysis conducted by
the Wide Bay (Australia) Division of General
Practice (WBDGP) identified that across the
732 GP practices in Queensland there are 586
Practice nurses. Only two of these nurses
have qualifications in women’s health

The challenge of remoteness is an issue for
both patients and clinicians in rural and
regional areas. This research in progress aims
to identify needs and models of solutions that
are expected to enable the provision of online
professional development and information
access for practice nurses in rural and remote
settings.
2. PROBLEM STATEMENT
Practice nurses work collaboratively with
general practitioners (GPs) providing a range
of services including patient counseling,
education and support. In the short time of a
GP consultation there is often not the
opportunity for detailed explanations or for
patients to ask multiple questions, or to ask
more sensitive questions that patients might
only ask after a period of time and once they
felt comfortable.
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provision. Nationally in Australia there are
5091 GP practices employing 2349 Practice
nurses and only twelve of these have
qualifications in women’s health. In the Wide
Bay Division of General Practice (WBDGP)
there are no nurses with women’s health
qualifications in general practice (Wide Bay
Division of General Practice, 2003, p.420).

of skills and knowledge for both specialist
S&RH nurses as well as for general practice
nurses who are likely to be called upon to
provide effective and culturally appropriate
S&RH in primary health care settings.
The
need
for
improved
educational
opportunities for practice nurses has been
recognized. This is especially the case in
remote areas (Newsome et al., 2001).
Research indicates that consumers are
receptive to practice nurses having a
significant role to play in providing support and
health information, and a need has been
recognised for practice nurses to adopt a
more active and advocative role in patient
education (Deitsch, Gibb & Francis, 2003).
Brender (1997) and Soar (2005) suggest that
to be effective, the development and
implementation of information management
services must allow for the involvement of
users. No research has been conducted to
date to establish how such training can be
best provided to support rural and remote
nursing in providing S&RH services including
patient education.

In 1998, the then Australian Minister for Health
and Aged Care noted that ’the delivery of
public health strategies depends on primary
health care infrastructure as such are usually
the first points of contact in rural and remote
Australia’ (Wooldridge 1998). This is
especially the case in sensitive issues such as
sexual and reproductive healthcare and
information services in rural and remote
Australia where the primary health care
infrastructure is poor compared with
metropolitan Australia (ADGP Practice Nurse
Survey, 2003). Analysis of FPQ (Family
Planning Queensland) data comparing clinics
in Brisbane and Toowoomba (Australia)
indicates that the ratio of planned to
unplanned pregnancies as diagnosis was
almost 4.8:1 for metropolitan Brisbane and
2.6:1 for rural and regional Toowoomba;
almost twice the ratio of unplanned to planned
pregnancies in rural compared to the
metropolitan region. The data shows a wide
variation in the use of contraceptive methods
suggesting there may be inequalities in
access to contraceptive advice and methods
for rural women in comparison to metropolitan
women (Family Planning Australia 2004).

4. SIGNIFICANCE
The research is guided by the vision,
objectives and architecture of the national
strategy for health information (BCG, 2004)
and the Australian national health information
integration project, HealthConnect (Health
Connect Office, 2004). It is anticipated that
practice nurses will provide better S&RH
provision to consumers leading to improved
healthcare seeking behaviours by consumers,
reduced
complications
of
unwanted
pregnancies and levels of post-natal
complications in this geographical area.

A major gap is evident in the process of
adequate preparation of practice nurses to
manage women’s S&RH health needs (Gore,
2005).
In
2003/04,
Family
Planning
Queensland (FPQ) specialist training courses
in S&RH services were attended by 476
nurses (Family Planning Queensland, 2004).
These courses included face-to-face training
workshops followed by placement in clinical
settings or update seminars. The training
“equipped nurses as specialists in S&RH
services” (Family Planning Queensland,
2004). Whilst this is a beginning, in order to
compliment these training programs there is
still a need for a mechanism for the on-going
development, maintenance and enhancement

5. METHOD
The research question driving this study asks:
What are the needs, and what is an
effective delivery model, for appropriate,
ongoing professional development to
support rural and remote practice nurses
in providing sexual and reproductive
health education to patients in their
communities?
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To answer the research question, this study
uses a four-phase process. The first phase is
researching the needs of practice nurses for
S&RH training. The second phase involves
the development of a model for delivery of
training. The third phase involves research
into the integration of the findings into practice
nurses’ work-practices. The fourth phase will
evaluate the effectiveness of the overall model
including design issues. These four stages will
test the hypothesis: The need for ongoing
professional development to support rural
and remote practice nurses in the
provision of sexual and reproductive
health education to patients can be
addressed through an internet delivery
system based on a model derived from
research.

objective of this exercise is to explore
perceived gaps in knowledge, needs for the
delivery styles of training and information
about S&RH and preferred delivery modes.
The instrument will focus on educational
aspects of contraceptive methods for PNs in
rural Southern Queensland.
(ii) Determinants
(Exploratory)

of

the

training

model

This stage involves the investigation of the
determinants of the training model, in order to
realise a framework for development and
adoption of electronic-based training models
and associated resources in appropriate
delivery modalities. For example, this stage
will explore issues raised by participants about
the Internet, videoconference, teleconference;
e-newsletters;
searchable
information
databases and clearinghouses, forums and
newsgroups to ensure sustainability of the
training tool. This stage will also seek to
identify determinants that dictate the direct
delivery of training to the GP Practices where
the nurses are employed. The delivery
methods selected will be determined by the
needs identified by participants in the previous
phase. Behavioural outcomes to be explored
during this phase include willingness of
Practice nurses to access learning, the
opportunity to access the same in the
workplace, recognition by GPs of the value of
this service to their practices, teaching
sessions provided by Practice nurses and
willingness to seek out health information from
Practice nurses by consumers.

(i) Hypothesis testing (Confirmatory)
The hypothesis testing utilises action research
in a triangular format. This represents a form
of collective, developmental, self-reflective
inquiry undertaken by participants in order to
bring together practical solutions to issues of
pressing concern to people (Stringer, 2004).
Key concepts of action research relevant to
this research include the need for change,
reflection,
participation,
inclusion,
communication,
practice,
community,
evaluation (reflection) as outlined by Street
(2004). Investigation of specific issues such as
in this research often reveal multiple
dimensions of the situation requiring attention
revealing further possibilities for action
(Stringer 2004, p10). A particular strength of
action research is that participants and
stakeholders can be involved in one or more
levels of the research and implementation of
findings enhancing relevance of outcomes
(Street 2004, p227).

Rogers’ (1995) innovation diffusion theory will
be used to structure the determinants using
five perceived attributes of an innovation,
namely relative advantage, compatibility,
complexity, trial-ability, and observability.
Relative advantage is “the degree to which an
innovation is perceived as better” (Rogers,
1995, p15) and measures both explicit and
implicit advantages. Compatibility is defined
as “the degree to which an innovation is
perceived as being consistent with the existing
values, past experiences, and needs of
potential adopters” (Rogers 1995, p15) and
measures how compatible an innovation is
structure,
with
the
existing
culture,

Exploratory investigations have been carried
out to understand the various aspects
influencing educational products specific to
practice nurses. This phase of the project is
aimed at understanding the needs of practice
nurses in training for S&RH. Once this is
accomplished, a survey tool will be
administered to PNs in the designated
geographical area. Data collection includes
both mail and phone techniques. The specific
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infrastructure, and previously adopted ideas.
Complexity is defined as “the degree to which
an innovation is perceived as difficult” (Rogers
1995, p16) and measures how difficult an
innovation is to understand, learn, and use.
Trial-ability is “the degree to which an
innovation may be experimented with on a
limited basis” (Rogers 1995, p16) and
describes how easy an innovation is to try out
or test. Observability is “the degree to which
the results of an innovation are visible to
others” (Rogers 1995, p16) and reflects how
explicit are the results and outcomes of an
innovation.
(iii)
‘User
(confirmatory)

acceptance’

of the assumption that human beings are
usually quite rational and make systematic
use of the information available to them (Ajzen
& Fishbein, 1980). Further, a person’s beliefs
or perceptions about the characteristics of the
target system such as the onsite education
model are antecedents to behaviour intent to
adopt and use the system (Agarwal & Prasad,
1997). Whilst it is possible that intention can
change with the passage of time, the previous
research has shown that they are good
predictors of actual future use (Davis, Bagozzi
& Warshaw, 1989).
(iv) Evaluation of effectiveness of the onsite
tool (confirmatory)

evaluation

This phase will evaluate the effectiveness and
sustainability of onsite educational program for
practice nurses through focus groups followed
by in-depth interviews to ascertain relevance,
user-friendliness and transferability of learning
by patients (consumers). As identified earlier
this forms one of the important stages of this
research as it enables all participants to own
the outcomes of the research whilst ensuring
that such outcomes are valid and relevant to
their needs.

This phase involves the development and
installation of a pilot training program based
on the factors of phases one and two. While
the development includes the choice of
appropriate instructional strategies and
learning approaches, the installation involves
consideration of technical capabilities at
practices. The evaluation of user acceptance
will be conducted as follows: Development of
a model of onsite education tool based on the
determinants of phase (ii) and is confirmatory
in nature. “Theory of Reasoned Action (TRA)”
will be used for this purpose. Ajzen and
Fishbein’s (1980) theory of reasoned action
(TRA) is “an especially well-researched
intention model that has proven successful in
predicting and explaining behaviour across a
wide variety of domains” (Davis, Bagozzi &
Warshaw 1989). TRA is “designed to explain
virtually any human behaviour” (Ajzen &
Fishbein 1980). Therefore, it should be
appropriate to model the adoption of an onsite
education solution. The TRA has broad
applicability in diverse disciplines and has
gone through rigorous testing that has proved
its robustness in predicting intentions and
behaviour (Davis, Bagozzi & Warshaw, 1989;
Manstead, Proffitt & Smart, 1983; Bagozzi,
1981, Bagozzi, Baumgartner and Youjae,
1992; Sheppard, Hartwick & Warshaw, 1988).

6.

PRELIMINARY RESULTS

The first phase of the research has involved
literature review and initial consultations with
S&RH specialists. This has found that in rural
and remote settings of Australia, Practice
nurses (PNs) are a primary source, and
sometimes the only source, of sexual and
reproductive health education for patients and
communities. There are few resources
available and these practitioners often operate
in isolation and with limited resources.
Initial consultations with S&RH specialists
indicate that no programs currently exist to
provide real-time sexual and reproductive
health information services to assist
community-based rural and remote health
workers in Australia.

Most people consider the implications of their
actions before they decide to engage or not to
engage in a given behaviour (Ajzen &
Fishbein 1980). The TRA is built on the basis

Consultations with FPQ staff support the
findings of Harvey (2005) that women visiting
GP services feel they have not always been
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[6]

well informed in S&RH matters. Particular
gaps in patient knowledge that are not always
adequately addressed in include some of the
timing issues related to contraception, such as
information about inserting devices at a time in
a cycle when pregnancy can be excluded with
total confidence. Tailored accurate advice
prior to the visit of the GP in remote areas
could be provided by educated practice
nurses to streamline and enhance the GP
services. It would also assist patients in
preparing to optimise the value of the GP
consultation through preparing questions and
ensuring patients understood the comments of
the GP.

[7]

[8]

[9]

[10]

[11]
[12]
[13]

7.

CONCLUSION
[14]

This research will be a significant contribution
to theory and practice of nursing and health
education for registered nurses throughout
Australia. The likely beneficiaries from this
research
include
rural
and
remote
communities, Indigenous peoples, and the
communities
in
developing
countries
particularly those coping with the HIV/AIDS
pandemic and other sexually transmitted
infections. It will also benefit communities in
their family planning efforts. This is seen as
the first building block to an ongoing program
of research to enhance the quality and
delivery of S&RH services across Australia
and extending out to the Asia-Pacific region.

[15]

[16]
[17]

[18]

[19]
[20]
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A Brain Programmer for Increasing Human
Information Processing Capacity
Songhai Chai
Abstract—Brain programming has been used to
increase human working memory capacity, also called
processing resources, a major determinant of
information processing efficiency. Previously only
methods for decreasing working memory capacity
existed. Brain programming increased the amount of
information that could be handled by a person
simultaneously or within a certain period of time, and
resulted in improved accuracy or speed in processing of
images (pattern recognition), words and math problems.
Analyses of variance of error rate and response time
revealed a significant effect of the brain programmer, as
compared with music used as a control. The pattern of
the effects of the brain programmer on error rate and
response time was consistent with an increase in the
capacity of working memory. This research shows that
the capacity of working memory, acting as information
processing resources, plays an important part in
ordinary cognitive performances, and can be improved
by brain programming.
Index Terms—pattern recognition, images, letters,
words, math, accuracy, response time, improvement,
human cognitive performances, brain programming,
working memory capacity, information processing
resources

two tasks simultaneously, the processing resources for each
task are reduced compared with single task performance.
Increased age is often associated with poorer performance
on certain commonly used tests of cognitive functioning. This
has been attributed to decreased processing resources, or
working memory capacity.
2. APPROACH AND PROCEDURES

The goal of increasing information processing capacity
and improving human cognitive performance has been
pursued by the author with a new approach, brain
programming,
a
groundbreaking
invention.
Brain
programming is based on two properties of human cognition:
universality and associability. Universality means all types of
cognitive activities involve common structures and functions
in the central nervous system. There is an innate
equivalency among different types of perceived information,
be it visual, auditory, lingual, mathematical, etc.
Consequently one type of stimulus can stand for, or
represent, another type, just as in algebra a letter A can
stand for different numbers, and represent them in a formula
of math calculation, and can be supplanted by these real
numbers when calculation actually begins. Associability
means a link can be established between two stimuli by
repeated pairing. If we repeat a sequence of stimuli in the
order A→B→C→D for a number of times, next time when A
1. INTRODUCTION
occurs B, C and D will be likely to follow in the same order,
Processing resources have been variously referred to and we say A is a signal for B, C, D. If we repeat them in a
as attentional capacity, working-memory capacity, speed of different order, for example A→D→C→B, for a number of
processing, and so on. Salthouse (1985, 1988) concluded times, next time when A occurs, D, C, B will be likely to
that the bulk of the references to the concept of processing follow, and A is a signal for D, C, B.
Using these principles, a brain programmer has been
resources could be encompassed within three categories
organized around the metaphors of space, energy, and time. designed to increase the processing resources. Its major
The space metaphor is based on the idea that there is a component is a brain program. The brain program increases
finite working-memory capacity that determines the amount the capacity of working memory by timely modifying certain
of short-term storage or computation that is simultaneously aspects of the working memory that are common to all types
possible. The metaphor of resources as energy is reflected of cognitive activity, that is, by making proper, periodical
in references characterizing processing resources as some changes in chunking properties and patterns of activities. If
type of attentional capacity that functions as a general- the working memory handles a piece of information as a
purpose
“fuel”
for
information
processing.
The single chunk, it can handle it reliably and efficiently; but if the
conceptualization of time as a processing resource is based working memory can handle a multitude of pieces of
on the idea that the quicker or faster cognitive operations are information as so many chunks, it will have a large capacity.
executed the more likely it is that other operations can be These two contradictory demands on the working memory
initiated, and that processing dependent upon multiple are optimally met with periodical changes in the chunking
properties of the working memory. First the working memory
operations will be accurately completed.
Methods have been suggested in the past for is made to hold all its information as one chunk, and then
decreasing processing resources. They include a double- multiple chunks are repeatedly combined together so that
stimulation, psychological refractory period (PRP) method the working memory is made to hold a large number of
proposed by Pashler (Pashler & Johnston, 1989; Welford, chunks at the next moment. Then next the working memory
1952). In this method, two stimuli were presented in quick should hold all the information it has received as one chunk
succession, so that the second one falls in the refractory again, and the whole process repeats itself. So the chunking
period of the first, then processing resources are reduced property, or compartmentalization, of the working memory
and neural noise levels are increased. Dual task (Logan & should ideally change periodically, or cyclically. But the
Burkell, 1986) is another method. When a subject is doing presence of multiple chunks, or compartments, does not
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necessarily mean every one of them is actively holding a
piece of information, or is turned on. As the periodical
changes of chunking properties goes from cycle to cycle,
new information gradually fills up, or turns on, larger and
larger proportion of the multitude of available compartments,
giving rise to a gradually changing “pattern of activities” in
the working memory. When most of the compartments are
filled up, they should be emptied out, or turned off again, to
make room for new information. So the proportion of active
compartments of successive patterns of activities in the
working memory should increase gradually and then drop
abruptly in a periodical manner. And this period is longer
than the period in the cyclic changes in chunking property, or
compartmentalization, since it takes a number of cycles in
the periodical changes in compartmentalization to fill up a
multitude of compartments and complete one cycle in the
periodical changes in the pattern of activities.
To properly guide the two periodical changes, computergenerated sound signals (or stimuli) are arranged in a brain
program, recorded on an audio-recording device, played
back and heard by a person, and thus stored in his/her longterm memory (LTM). Later, the memorized stimuli of the
brain program are recalled subliminally from LTM. The
process of memorizing and recalling the brain program is
automatic without the person knowing it or making any effort.
Some stimuli in the brain program are surrogates for pieces
of information to be processed and, when recalled during
cognitive performance, will be supplanted by these pieces of
information to be processed. Other stimuli are put in such
places in the brain program, for example just before a
surrogate stimulus, that, when recalled, they will be
associated with these pieces of information to be processed
through conditioning, and thus become signals, or “carriers”,
for these information being processed. The stimuli in the
brain program are arranged in such a way as to enable
pieces of information being processed, when they have
supplanted their surrogates and become inserted in the brain
program, to interact with each other, thus achieving the
periodical changes in chunking property and in patterns of
activities in the working memory. These sound signals are
short music tones generated by a computer, are identified by
their pitch (frequencies), and are the main part of a brain
program that is called a computerized auditory brain
program (CABP), which also includes verbal signals.
The memory of CABP has to be recalled subconsciously
at a faster speed than the speed at which it was presented to
a person. That is, the recalled CABP has to be instantiated,
as all the steps in a cycle of CABP have to be recalled into a
person’s mind in an instant, if they are to have any effects on
the ongoing information processing. Instantiation of recalled
CABP is facilitated by a trick in the way CABP is presented
and stored in the long-term memory. During CABP
presentation, two identical sequences of sound signals are
presented, the first at a lower speed and the second at a
higher speed. The difference in speed is small enough to
make the two sequences sound like the same so that the
long-term memory will hold a single copy of the sequence,
but big enough to make the time taken by the two sequences
indefinite in the long-term memory. That is, the two
sequences are fused into one sequence in the long-term
memory (LTM) that keeps the characteristics, such as pitch
of a sound signal and sound-duration-to-interval ratio, that
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are the same in the original two sequences and thus
strengthen each other in the LTM, but loses characteristics,
such as speed and time taken, that are different for the two
original sequences and thus cancel each other out in the
LTM. Then the time taken by the recalled brain program will
have to be determined anew. In the two sequences, the
information about the time taken by a cycle is loaded onto a
very short time period that is embodied in intervals between
repeating signals. As a result the brain program is recalled at
a speed much higher than the speed of either of the two
original sequences. Thus instantiation is achieved, and a
cycle of different steps takes only an instant to complete. As
a result, a large amount of processing resources is always
available to receive and process new information. So CABP
actually contains two sequences of sound signals, but they
result in one brain program.
Besides the brain program CABP, the other major
component of the brain programmer is a reinforcement
system. The reinforcement system uses single brief vibratory
signals to refresh the memory of CABP over time. Actually it
is the lengths of intervals between discrete vibratory pulses
that are being used as signals which are associated with
CABP through conditioning and therefore subsequently
arouse the memory of CABP. The intervals between discrete
vibratory pulses are stronger signals than the pulses
themselves. These intervals are easy to manipulate. A time
interval T can be halved to another interval T/2, or give rise
to T/3 or T/4. These slightly changed versions, when
presented, will resonate with the memory of the original T,
and therefore can be used in place of T, which has been
associated with CABP, thus avoiding undesirable repetition
of a single time interval as a signal, which would weaken the
association between the signal and the event it evokes. In
the reinforcement system these modified versions of a time
interval T are incorporated into a sequence of single brief
vibratory pulses whose intervals range from under 20
seconds to over a minute. When used in conjunction with
CABP, the reinforcement system first gives a single vibratory
pulse at both the beginning and end of a time interval T in
the CABP that contains a number of repetitions of a verbal
signal, “now start”, which has been associated with the main
part of CABP during its playback. After CABP playback has
ended and the person is performing cognitive tasks with
increased processing resources, the reinforcement system
continues to give this person a sequence of vibratory pulses
whose intervals are related to interval T in different ways
(T/3, T/4, etc) as mentioned above. The recalled memory of
the interval T elicits the memory of those repetitions of the
verbal signal, each of which in turn contributes a
strengthening effect to the memory of the brain program
CABP. Thus the memory of CABP is constantly refreshed
and its effectiveness maintained over time.
Since the brain programmer has its effects on the most
basic properties of cognitive functioning, it can be used to
improve all kinds of cognitive performances.
3. PRELIMINARY STUDIES:
Predictions based on metaphors of processing
resources as space, time, and energy:
1. Letter match with short exposure time.
The visual elements of the image of a letter are called
pixels. The minimal number of independent pixels necessary

for recognition of a letter depends on the complexity of the
visual features of the letter. The “white” or “black” color of
each pixel, or its “on” or “off” state, must cause a
corresponding change in the functioning of an independent
unit in the working memory. In other words, each pixel must
be represented by a functional unit in the working memory.
When the exposure time is as short as 50 ms per letter, the
number of pixels representing the visual features of each
letter must be caught by a working memory at once, or they
will be lost. There is no time for sequential processing by the
working memory. As a result, even before treatment the
response time is expected to be short after a number of
trials. But some visual features of the letters are lost
because of the limited capacity of the working memory,
resulting in higher error rate. After treatment with the brain
programmer, the error rate should be reduced with no
appreciable change in response time.
2. Word recognition with exposure-until-response.
A load of information contained in a trial with a word or
non-word can be put sequentially through a working memory
with a limited capacity, so the response time should be
longer before treatment. Following treatment with the brain
programmer, the capacity of the working memory will be
increased, and will allow for parallel processing of some
information. An increase in speed is therefore expected in an
experimental group treated with the brain programmer, but
only after a number of trials in which the processing of
certain information can be reorganized from a sequential to a
parallel mode of operation. Because there is no time
limitation on a response, the information will be processed to
the same extent before and after the increase in processing
speed. Hence no significant change in error rate is expected.
3. Multiplication verification in younger and older adults.
In multiplication verification, the limited capacity of a
working memory will be a bottleneck in information
processing, especially for older adults and difficult trials (e.g.
zero problems), forcing the information to be processed
sequentially in a longer response time before treatment. By
increasing the capacity of the working memory and switching
to a parallel mode of processing for some information, the
brain programmer is expected to reduce the response time
after a number of trials, without change in error rate, and its
effects should be stronger for older adults and difficult trials
(e.g. zero problems).

permutations from picking two different letters out of this set
of five letters (i.e. 60 “different” trials). The two letters
appeared at adjacent places at the center of a computer
screen for 50 ms each, separated by 50 ms, the one on the
left preceding the one on the right. All subjects received a
10-minute music break between Test 1 and Test 2. In a 31minute period between Test 2 and Test 3, subjects in the
control group listened to music, whereas subjects in the
experimental group received treatment with computerized
auditory brain program (CABP), followed by a sequence of
single brief pulses of vibration at both wrists.
There were no statistically significant differences in
response times or error rates between the experimental and
control groups in the two pretreatment test sessions.
The effect of the brain programmer on error rate (ER) in
the experimental group was shown as a significant
difference between the two groups in the change in ER after
treatment, but not as a difference in absolute ER values of
Test 3 between the two treatment type groups (Fig. 1). There
was no effect on response time.
An analysis of variance of net changes of error rates
from Test 2 to Test 3, DFER, revealed a significant main
effect for treatment type (F(1,76)=9.46, p<.01, MSe=9.9).
The mean net change in percent error rate was –1.33% in
the experimental group, and was 0.83% in the control group.
There was no significant main effect for problem type
(F(1,76)=2.74, p>.1), or interaction between treatment type
and problem type (F(1,76)=0.90, p>.1).
3.2
Experiment 2 Word Recognition with ExposureUntil-Response (Fig. 2)

A total of 24 undergraduate students (average age
22.75 years) participated, 12 in an experimental group and
12 in a control group). Six test sessions were given to each
subject, with a 10-minute music break between Tests 2 and
3 and 31 minutes of music or CABP between Tests 4 and 5
in the control or experimental group, respectively. Each test
session consisted of four blocks of trials in the order: 1)
lower case, non-spaced; 2) mixed case, non-spaced; 3)
lower case spaced; 4) mixed case spaced. Each block
contained 50 trials, 25 words and 25 non-words, in a random
order. A word or non-word appeared at the center of a
computer screen until a response key was pressed.
There were no statistically significant differences in
Test Procedures
The only thing a subject was response times or error rates between the experimental and
instructed to do during testing was to perceive a stimulus on control groups in the four pretreatment test sessions.
Note in Fig. 2 that in the experimental group, the
a computer screen and push a response key as accurately
and quickly as possible. During playback of music or CABP reduction in mean RT following CABP was apparent only
a subject did nothing except listening. Subjects were briefed after a delay, so it showed up not in the first block of trials
after treatment (block 17 in Test 5, compared with its
on the experimental objectives only after testing.
counterpart, block 13 in Test 4 used as a pretreatment
3.1
Experiment 1 Letter Match with Short (50 MS) baseline), but in all seven subsequent blocks
For Test 5, the first test session after treatment, a 2 X 2
Exposure Time (Fig. 1)
X 2 X 2 (treatment type by case by space-no-space by wordForty undergraduate students (average age 22.9 years) non-word) analysis of variance revealed a main effect for
were divided randomly into an experimental group and a treatment type (F(1,176)=6.81, p<.01, MSe=6,141) on the
control group. Each subject received three test sessions of mean response time, which was 564 ms for the experimental
trials for a total of 360 experimental trials. Each test session group and 593 for the control group; and a significant main
contained 120 trials, including 12 sets of repetitions of each effect of treatment type (F(1,176)=4.97, p<.05, MSe=2,127)
of the five target letters F, G, J, K, and L (i.e., 60 “same” on the mean net change D1RT from baseline RT of Test 4,
trials) and three instances each of the 20 possible which was –17 ms in the experimental group and –2 ms in
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was larger among older adults than among younger adults.
In older adults, the mean D2RT was -154 ms (from 1379 to
1225 ms) for experimental group and -45 ms (from 1339 to
1294 ms) for control group; in younger adults, the mean
D2RT was -87 ms (from 879 to 792 ms) for experimental
group and -72 ms (from 962 to 890 ms) in control group.
Therefore, overall the effects of treatment with the brain
programmer were mostly seen in older adults. There was a
treatment type by age by zero-nonzero interaction
(F(1,302)=6.9, p<.01), that was a result of the fact that in
older adults the difference in RT reduction between
experimental and control groups was larger for zero
problems than for non-zero problems. For zero problems the
mean D2RT was -197 ms (from 1466 to 1269 ms) in
3. 3
Experiment 3 Multiplication Verification in experimental group and -17 ms (from 1407 to 1390 ms) in
control group; for non-zero problems the mean D2RT was Younger and Older Adults (Fig. 3)
112 ms (from 1294 to 1182 ms) in experimental group and A total of 80 subjects participated in the experiment, 20 72 ms (from 1271 to 1199 ms) in control group (Fig. 3). In
in each of four groups: younger control, younger younger adults, the opposite was true, the difference in D2RT
experimental, older control, and older experimental. The 40 between experimental and control groups was larger for
younger adults (mean age=20.6 years, range 17-43 years) nonzero problems than for zero problems. For nonzero
were undergraduate students and the 40 older adults (mean problems the mean D2RT was -93 ms (from 893 to 800 ms)
in experimental group and -52 ms (from 944 to 892 ms) in
age=70.9 years, range 62-83 years) were local residents.
The 100 basic multiplication facts and one set of their control group; for zero problems the mean D2RT was -79 ms
false counterparts made up a total of 200 different problems. (from 864 to 785 ms) in the experimental group and -92 ms
These 200 problems were divided into two parts of 100 (from 981 to 889 ms) in the control group (Fig. 3).
problems each, which were used in Tests 1 and 2,
4. RECENT DEVELOPMENTS OF THE TECHNOLOGY
respectively. Test 3 used the same problems as those used
in Test 1. The 100 basic multiplication facts and another set
The two playbacks of the Computerized Auditory Brain
of their false counterparts constituted a second set of 200 Program (CABP) at different speeds have been re-recorded
problems, and were used in Tests 4 and 5, each of which on the two stereo sound channels (tracks) of a new version
contained 100 trials. A problem appeared at the center of a of CABP. When played back, the two playbacks of CABP at
computer screen for 500 ms.
different speeds are heard through a set of stereo earphones
There were no statistically significant differences in by the two ears respectively at the same time.
response times or error rates between the experimental and
At the same time that the subject is listening to the brain
control groups in the three pretreatment test sessions. In all program (CABP), visual and vibratory pulses compiled in a
tests sessions, older adults had longer response times, reinforcing program are given in a time-dependent manner to
especially for zero problems (Fig. 3). This finding is different areas of the visual field (central and peripheral) or
corroborated by observations on patients with brain damage, different areas of body surface (hands, wrists, arms, thighs,
who showed selective impairment of multiplication on zero feet) to stimulate different areas of the brain (Berne and
problems (Sokol et al. 1991; McCloskey, Aliminosa, & Sokol, Levy, 1983, Penfield and Rasmussen, 1950). At each pair of
1991).
symmetric locations of the visual field or body surface,
For Test 4, the first test after treatment, analyses of pulses are given to the two sides in a pattern, for example
variance of RT and ER and their net changes did not show Both-Left-Right—Both-Right-Left-----Both-Left-Right. And the
any significant main effects or interactions for treatment type. patterns are followed by all kinds of reinforcing pulses. This
For Test 5, the second test after treatment, RT was reinforcing program is stored in long-term memory, along
significantly different between the two treatment groups, a 2 with the brain program (CABP). Later on, when information
X 2 X 2 X 2 (treatment type by age by zero-nonzero by true- processing begins, a sequence of discrete reinforcing
false) analysis of variance revealed a main effect of vibratory pulses is given to the person at the two sides of the
treatment type (F(1,303)=7.12, p<.01, MSe=80,695). The waist. These reinforcing vibratory pulses refresh and
mean response time was 1007 ms for experimental group reinforce the memory of the brain program (CABP) through
and 1092 ms for the control group.
the reinforcing program that has also been stored in the
For the mean net change in RT from Test 3 to Test 5, long-term memory and recalled, and their reinforcing effects
D2RT, a 2 X 2 X 2 X 2 (treatment type by age by zero- are mediated through different areas of the cerebral cortex
nonzero by true-false) analysis of variance revealed a main representing the different locations in the visual field or body
effect of treatment type (F(1,302)=10.69, p<.01, surface in a time-dependent manner. In this way the memory
MSe=28,948). On average response time decreased by 120 of CABP is reinforced more efficiently, and fatigue and
ms between Test 3 and Test 5 (from 1127 to 1007 ms) for headache that could result from intense mental activities are
the experimental group, and by 58 ms for control group (from prevented.
1150 to 1092 ms). There was a treatment type by age
interaction (F(1,302)=6.51, p<.05), the difference in mean
net change D2RT between experimental and control groups
the control group (Fig.2).. Treatment type did not have any
effect on error rate or net change in error rate.
For Test 6, the second test session after treatment, a 2
X 2 X 2 X 2 (treatment type by case by space-no-space by
word-non-word) analysis of variance revealed a main effect
for treatment type (F(1,176)=12.26, p<.001, MSe=4,720) on
the mean response time, which was 550 ms for the
experimental group and 584 ms for the control group; and a
significant main effect of treatment type (F(1,176)=9.09,
p<.01, MSe=2,124) on the mean net change D2RT in
response time, which was –31 ms in the experimental group
and –11 ms in the control group (Fig.2). Treatment type did
not have any effect on error rate or net change in error rate.
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[4]

5. CONCLUSION
The brain programmer can increase human information
processing resources, or working memory capacity, and can
be used to improve all kinds of human cognitive
performances. Its use is very simple and convenient, with no
danger or side effects. It uses ordinary stimulus with
currently available technology, involving no high-cost
equipment.
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FIGURE LEGENDS
Figure 1
Mean percent error rates (ER) for control (left panel) and experimental (right panel) groups in letter match
experiment. Group mean is calculated over 20 subjects in each group. Mean net change in ER from pretreatment baseline
Test 2 to Test 3 is significantly different between control and experimental groups.
Figure 2 Mean response times (RT) for control (left panel) and experimental (right panel) groups in word recognition
experiment. The following 50 very high frequency words (VHF, range=240–1,016 occurrences in the Kucera & Francis, 1967, norms)
and 50 non-words, obtained by changing the last letter of each word, were used:
take
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come
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know
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turned
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Non-words
knop
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Figure 3
Mean response times (RT) for zero (zr) and nonzero (nz) problems in each test session in younger (Yg) and
older (Od) subjects. The data points are mean RTs calculated over true and false problems for the 20 subjects in each
group. Note the longer RT, especially for zero problems, in older subjects. Compared to control group treated with music
(left panel), the reduction in mean RT from Test 3 to Test 5 after the brain program CABP in the experimental group (right
panel) was larger for older subjects than for younger subjects. For older subjects, the reduction in mean RT was larger for
zero problems, whereas for younger subjects the reduction was mainly in nonzero problems.
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An Internet-based Approach for
Administration of Business School
Internships
Hedin, R. Scott; Terpening, Willbann D.; and Shrader, Mark J.

Gonzaga University’s School of Business
Administration, along with many other business
schools, provides business students the
opportunity to participate in an internship during
their junior or senior year. According to Coco,
the number of business students participating in
an internship increased dramatically in recent
years [1]. At Gonzaga, participation rates have
doubled from 2000 to 2005. Because employers
are placing higher value on experiential learning,
we expect that internship participation rates will
continue to increase. Whereas internships were
once viewed as a useful enhancement to one's
résumé, they now are perceived by many
recruiters as an essential stepping stone to
career success.

Abstract - This paper describes the application of
IT and operations management techniques to the
administration of a student internship program,
within the School of Business. A comparison of
the new and old systems demonstrates the
benefits of utilizing these methods in the design
of a system that has allowed expansion of the
program without the need for additional
resources, and has greatly enhanced the
internship experience for all constituents
involved.
Index
Terms
e-education,
internships,
information technology, internet-based

1. INTRODUCTION
The majority of U.S. business schools offer
internships that provide students experiential
learning opportunities that link academic theory
to practice [1]. This paper reports on the use of
Internet based tools to enhance the
effectiveness and efficiency of administering a
business school internship program.
A broad range of definitions for the term
“internship” is available in the literature [1, 3, 4,
7, 11]. We define an internship as supervised
experiential learning with specific course
requirements that the student satisfies to earn
academic credit. If it is a business internship
then, the experiential learning occurs in one or
more business fields, e.g. marketing, finance,
economics, operations, accounting, MIS or
human resource management.
The course
requirements typically call for evidence that the
experiential learning resulted in professional
development, a contribution to the hosting firm,
and an understanding of the firm’s business
model.

Prior to the year 2000, Gonzaga employed
paper-based internship systems incorporating a
variety of forms to facilitate the flow of
information.
The information and related
communication
needs
associated
with
administering a paper-based internship program
were burdensome. And while the number of
internships increased, the resources allocated to
the administration of the program did not
increase, further increasing the challenges
associated with using a paper-based system.
The solution implemented at our business
school was to reengineer the internship program
utilizing Internet based information technologies
(IT) and operations management (OM)
methodologies to achieve improved efficiency
and effectiveness of the program. The Internetbased solution reported in this paper reflects a
“lean philosophy” of eliminating non-value
adding activities, minimizing the resources
required to support value-adding activities and
enhancing customer satisfaction. A review of
the literature revealed little prior research
examining the role of IT and OM methodologies
in the design and administration of a business
internship program. While one paper reports
examples of firms utilizing IT to improve
efficiency [11], we found no other papers in the
academic literature applying either IT or OM
principles to improve the efficiency of internship
programs.
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A more effective system of information sharing
between parties would be expected to reduce
the problems mentioned above by facilitating a
clearer discussion and negotiation of each
party’s roles and responsibilities.
However,
information transfer is costly. Aside from the
direct costs involving the resources of the
university intern director, it is important to
consider the indirect costs of failing to have
enough information.
This could result in
disappointment and unmet expectations for the
intern, the business, and/or the business school.
This discussion highlights the importance of the
efficiency of the information sharing process.

2. INTERNSHIP LITERATURE
Internships benefit the intern, the hosting
business, and the business school. It is widely
believed that an internship enhances a student’s
education by providing an opportunity to apply
theoretical classroom concepts in practical, low
risk situations [2, 11]. An internship benefits the
student’s search for full-time employment in that
they receive first job offers more quickly than
non-interns [7] they receive a higher number of
job offers [10] and they receive higher monetary
compensation and obtain a higher degree of job
satisfaction [1]. Hazelwood [5] suggests that 5065% of internship positions are converted to fulltime positions.
The hosting organization
benefits as well. Having a qualified pool of
quality potential employees cuts recruitment
costs ([1,11] and prior interns generally are
found to be more loyal employees [10].
Business schools with well-developed internship
programs benefit through the establishment of
closer ties with the business community [1,11]
Successful internship programs must provide
for the effective and timely flow of information
and communication between the school, the
business, and the intern [6, 8]. Each of the three
parties needs to be aware, to the extent
possible, of the necessary components that are
critical to the success of an internship program.
Some believe that the school is primarily
responsible for advising potential interns about
placement opportunities (including the quality of
those opportunities) and for monitoring the
progression of the internship [4]. Clearly, this
requires an effective communication flow
between all parties involved. As an example, the
best internships are those that provide relevant
work experience by challenging the student to
apply academic theories in practical problem
situations.
Internship directors at business
schools must be able to both evaluate the quality
of the position prior to the internship and also
monitor the experiential learning for the duration
of the internship. Internship programs must
specify clear program goals, prepare interns for
positions, develop prospective internships of
appropriate quality, monitor the effectiveness of
the internship in terms of student learning, and
monitor and evaluate the effectiveness of the
internship program as a whole [3]. An efficient
flow of information among all parties is critical to
the success of the program.
Several barriers to the implementation of a
successful internship program have been
identified [12]. Among the problems mentioned
are that interns may perceive that their role is to
act as a “gopher” or that they are doing
meaningless, dead-end work.
Also, some
employers
don’t
fully
understand
their
responsibilities in ensuring a successful
internship and, more generally, that there are
unequal commitments and expectations among
the involved students, schools, and businesses.

3. INTERNSHIP PROGRAM ADMINISTRATION
At many business schools, a member of the
faculty typically administers the internship
program. As an incentive to serve as the
internship director, the faculty member may
receive
a
course
release,
additional
compensation, or both [1]. At Gonzaga, the
director solicits internship opportunities from
hosting
organizations,
shares
these
opportunities with interested and qualified
students,
approves
student
internship
applications, and registers students for
academic credit.
Upon approval of the
internship, the director disseminates information
to the intern, the supervisor at the hosting
organization, the registrar’s office, the student’s
academic advisor and, for students that are not
U.S. citizens, the office of international student
affairs. During the internship, the director works
with both the intern and the supervisor to ensure
that the requirements for academic credit are
satisfied. Upon completion of the internship, the
director collects and evaluates all related course
materials and submits the final grade to the
registrar. At the end of the academic year, the
director reports participation data on both
students and hosting organizations to the dean’s
office.
4. PAPER BASED SYSTEM
Prior to implementing the current system, the
internship program was loosely structured. The
primary role of the internship director was to
serve as a clearinghouse between student
interns and participating firms. There was no
system in place to provide ongoing promotional
efforts or information about the program outside
the business school. While efforts to contact
specific businesses to establish internship
opportunities were occasionally undertaken,
these instances were limited in scope and
generally of an ad hoc nature. As such, only a
small percentage of internships were developed
in this manner. More frequently, businesses in
need of interns contacted the school on
somewhat of a random basis to inquire if student
interns were available. Internships initiated by
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internship posting board to learn of these new
opportunities.
Because of the number of
approvals required on the Internship Approval
Form (internship director, student advisor,
faculty member in major field) and associated
delays in getting these signatures, there often
were significant lags between the time the firm
and student agreed on the internship terms and
the time until the student was guaranteed that
the internship credit would be granted. This
frequently created problems as firms were
anxious for the student to begin the internship,
yet the student was not ready because of the
uncertainty regarding registration for academic
credit.
Also, in the evaluation process
necessary to complete the internship, it was a
common occurrence for the student and or the
employing supervisor to lose the Internship
Evaluation Form, either before or after the form
was completed. In general, the lack of control of
the internship director and the inefficient
information
flow
throughout
the
entire
clearinghouse process was problematic.

either of these approaches accounted for
approximately half of all internships.
The
remaining half resulted from students contacting
businesses directly to establish internships.
Students interested in obtaining an internship
with the help of the internship director provided
information concerning their internship interests,
major or concentration area, GPA, etc.
Therefore, at any particular time, there was a
pool of student applicants available to fill
potential internships. Businesses that contacted
the internship director were provided with a
Request for Interns form as well as the
Requirements for Internships.
With the
completed Request for Interns form, the
internship director could then search the pool for
potential applicants. Whether or not a potential
intern was identified, the completed Request for
Interns form was then posted on an internship
bulletin board in the School of Business until the
internship was filled.
Students who were
interested in a particular internship were
instructed to contact the business directly.
Once a student and the hosting business
reached agreement on the terms of the
internship, the process of approving the
internship for academic credit began.
The
internship director and the student jointly
completed the Internship Approval Form. The
student’s academic advisor (and a faculty
member in the student’s major, assuming the
internship was for credit in the student’s major
field) then had to approve the internship and
sign the Approval Form.
Upon completion of the minimum number of
work hours, students were required to submit a
paper detailing their internship experience and
have their supervisor complete the Intern
Evaluation form and return it to the internship
director.
Based on these documents, the
internship director would assign a grade for the
internship.
A variety of problems or inefficiencies were
prevalent with the paper-based system. The
internship posting process, while necessary from
a practical perspective, resulted in a loss of
control for the internship director. Because of
the time lag involved with the hiring process, the
intern director generally did not have information
regarding the number and/or quality of intern
applicants for a particular position. Further, the
intern director was not always notified on a
timely basis once the internship was filled.
Interested students were frequently directed to
firms with internship positions only to find that
the positions had already been filled. It became
difficult to maintain the currency of the applicant
pool because of information lags concerning
students who had taken positions as well as
information regarding students who were no
longer interested in an internship. Information
regarding new internship opportunities also did
not always reach interested students on a timely
basis since the students had to monitor the

5. FOCAL POINT
As a result of the significance of the problems
associated with the paper-based system, the
internship director at Gonzaga began to consider
how to improve the system by integrating IT into
the process. Kalakota and Robinson report on
several recent case studies of firms that have
been successful in integrating IT into their
existing organizations [9]. Two themes underlie
these examples: a focus on customer-oriented
service and the need for continuous
improvement. According to the authors, the key
to the successful integration of IT with the
business processes in an organization is the
presence of a key focal point to guide the
digitization efforts. The focal point is a strategic
emphasis related to the core mission of the
organization. At Gonzaga, we chose Kalakota
and Robinson’s first focal point, “Easy to Do
Business With,” to guide the design of the new
internship system. We viewed the ease of use
of the internship system as the most critical
aspect in terms of contributing to timely,
complete, and efficient information sharing.
6. INTERNET BASED SYSTEM
In fall 2000, growth in the internship
program, coupled with problems processing
paperwork for the old system, led to the
reengineering of the program. The new system
evolved over the next five years and yielded an
Internet based system we now refer to as our
“eInternship eXchange”.
The site may be
viewed
at
www.gonzaga.edu/businessinternships. Goals
for the new Internet-based system included
improving:
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• the efficiency and effectiveness of
information
sharing
among
all
constituents,
• the efficiency and effectiveness of
administration of the internship program,
• the quality of student experiential
learning outcomes directly associated with
completing an internship, and
• the relationship between the business
school and the business community,
One challenge associated with reengineering
the system was a lack of funding or other
resources. Our approach was to utilize existing
Internet related capabilities: the University web
site, Blackboard.com, the course management
system, and Microsoft Outlook. Utilizing these
three existing capabilities, the Internet-based
system disseminates, receives and stores
information from all the constituents.
The
university website uses the Cascade Server
content management system. Blackboard.com
is a university wide course management system.
All faculty and staff use Microsoft Outlook for email.
The university website hosts the eInternship
eXchange. This web site satisfies the general
information needs of our student interns and
business partners. The site has two sections or
folders: students and employers. The student
section has three areas:
¾ Finding an internship – provides a list of
available internships and an on-line
student interest form.
¾ Applying for an internship - – provides
an on-line evaluation form completed by
the student.
¾ Completing an internship – provides
information
on
completing
the
requirements for receiving academic
credit and provides an on-line evaluation
form completed by the student intern.
The employer section also has three main areas:
¾ Finding an intern – provides a list of
students currently looking for an
internship.
¾ Posting an internship opportunity –
provides an on-line form completed by
the organization hosting the internship.
¾ Evaluating an intern – provides an online evaluation form completed by the
intern’s supervisor.
The biggest benefit of moving from a paperbased to an Internet-based system is creating an
eXchange that brings together students looking
for an internship and employers looking for an
intern. With the old paper-based system the
dissemination of internship proposals involved
posting them on a bulletin board.
Providing
employers a list of students looking for an
internship was not feasible. When an employer
completes and submits the internship proposal
form on the eInternship eXchange an email
containing all the completed sections of the form
is sent to the director. The director then posts

this information on the “Available Internships”
page on www.gonzaga.edu/businessinternships.
Likewise, when a student completes and
submits the internship interest form on the
eInternship eXchange an email containing all the
completed sections of the form is sent to the
director who then manually posts this
information on the “Available Interns” page on
the web site.
The eInternship eXchange makes it possible
for either the student or the employer to make
the initial contact to determine if a fit exists. If
there is a good fit the employer offers the
internship to the student. The student then
applies to earn academic credit though the
internship program by completing the on-line
application and registration form. When the
student completes and submits the form, an
email containing all the completed sections of
the form is sent to the director.
The director then approves or denies the
application. If approved, the director adds an
approval memo to the email application and
forwards the approval email to the student, the
student’s academic advisor, the internship
supervisor, the registrar’s office and to the
business internship email address (a sample
email, as well as a detailed flowchart of the
entire internet based internship process, is
available from the authors)
Upon registration for the internship, the
student is added to a Blackboard.com web class
and a folder is created in the business internship
mailbox. The student is directed to review the
requirements for completing an internship which
are posted on the web site. The requirements
are:
1. All students completing a for-credit
internship are expected to accumulate
60 hours of on the job experience for
each academic credit, e.g. a 3-credit
internship requires a minimum of 180
hours.
2. Upon completion of the internship
interns submit the student internship
evaluation form on the eInternship
eXchange.
3. Upon completion of the internship your
supervisor submits an evaluation of your
performance
on
the
eInternship
eXchange.
4. Students must also submit three
internship
papers
that
address
professional development, contribution
to the firm, and firm/industry analysis.
These reports are attached to an email
sent to the internship director. The
length of the reports is one page per
credit per paper, e.g. a two credit
internship requires three two-page
reports.
The eInternship exchange
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provides instructions for writing the
papers in addition to an outline.

8. CONCLUSION

The folder created in the business internship
inbox on MS Outlook for each registered intern
becomes the repository for all documents as well
as all correspondence. The folders have a
hierarchal structure. The highest level is the
academic term, the next level the specific
internship course and the lowest level is the
student folder.
The Blackboard.com web class facilitates
sending emails, sharing announcements and
helping the student keep track of which course
requirements (discussed previously) have been
satisfied and which have not. Each course
requirement has a separate area for grade entry.
Security issues for the entire process would
seem to be of little concern. Blackboard.com is
password protected.
Although password
protection for the internship site is neither
feasible nor desired, information that is entered
by either prospective interns or employers can
not be altered.

By developing an internet based internship
program, schools can be expected to increase
both the quality of the internship program and
the efficiency with which the program is
administered.
In our business school’s
internship program, information is now freely
available to all parties involved. The lengthy
delays in the old system that arose from the
mailing of documents back and forth between
constituents have been totally eliminated. The
number of internships undertaken each year has
increased dramatically under the new system
without a corresponding increase in resources
allocated to the program. Such an increase
would not have been possible in the old paper
based system without a substantial increase in
resources. User satisfaction, both with students
and with businesses, appears to be much higher
with the eInternship eXchange system. As
Kalakota and Robinson postulated, a key to the
successful integration of IT is the presence of a
key focal point to guide the design of the new
system [9]. In this case, the “Easy to Do
Business With” focal point was the guiding
principle. Everything in the design of the new
system was guided by this principle.
While many schools are now using the internet
to initiate internships, a much smaller number
appear to be fully utilizing this resource.
Significant gains in both the quality of the
program and the efficiency of the process are
available at little additional cost. By allowing
information to flow more easily and more
efficiently, a better understanding of each party’s
role and responsibilities can be developed,
enhancing the internship experience for all
involved. Record-keeping and control aspects
also are enhanced.
Schools might elect to develop the process
more fully than we have. For example, it would
be a simple matter to have optional or required
interim evaluation reports to ensure that the
internship is progressing as expected. And for
companies that offer internships on a relatively
continuous basis, evaluations from prior interns
could be posted to allow potential interns an
opportunity to more fully assess the potential
position.
More opportunities for further
refinements and benefits certainly exist.

7. CURRENT USE OF INTERNET
BASED SYSTEMS
As part of an AACSB reaccreditation
process at Gonzaga, the School of Business
identified 17 U.S. universities for comparison
and evaluative purposes (Notre Dame, Santa
Clara, University of Southern California, Boston
College, Villanova, Case Western Reserve,
Seattle University, University of Portland,
University of Idaho, Washington State University,
Western Washington University, John Carroll
University,
University of Richmond, Loyola
Marymount, University of the Pacific, University
of San Diego, and Loyola College of Maryland).
In evaluating our internship program, we
surveyed these schools to determine their use of
the internet in administering internship programs
in business schools. While not a large sample,
we believe that the results provide at least a
rough measure of the use of internet based
internship programs at American universities.
The results indicate that while many schools
utilize the internet to some extent, very few
schools have a comprehensive internet based
internship program. About 76% of the schools
used the internet to recruit internship
opportunities online. A smaller 58% used the
internet
to
complete
the
registration
requirements for the internship. Only 17% of the
schools tracked the completion of the course
requirements online, another 17% used the
internet to complete the student evaluation of the
internship experience, and only 11% used the
internet to complete the employer evaluation of
the intern.
So while many schools have
recognized the value of IT in soliciting internship
opportunities and student interns, they generally
have not been able to incorporate the benefits of
IT into other aspects of the program.
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A Hybrid DCT-SVD Video Compression
Technique (HDCTSVD)
Tong, Lin; Rao, K.R.

cost that occurs by using only SVD and also
improve the image quality when only using DCT.

Abstract—A new hybrid DCT-SVD (HDCTSVD)
video compression technique is proposed in this
paper. Discrete cosine transform (DCT) is widely
used in video coding due to its high energy
compaction and efficient computation complexity,
singular value decomposition (SVD) is a transform
that provides optimal energy compaction for any
data. DCT and SVD are combined to achieve
optimal performance of the transform part in the
proposed video compression technique. SVD is
used only for the blocks for which DCT cannot
provide good compression. The decision criterion
is set in the DCT domain. By dropping a certain
number of coefficients in the DCT domain, the
energy loss is calculated. Whether or not sending
the block to SVD domain is based on the energy
loss. The simulation shows that the proposed
Hybrid
DCT-SVD
system
provides
good
performance for both intra frame coding and inter
frame coding.

Based on the characteristics of video data, we
propose a hybrid DCT-SVD (HDCTSVD)
technique for video coding. It will take
advantages of DCT first, and use SVD only for
the blocks that DCT does not compact energy
well. Adaptive vector quantization (AVQ)
technique is used to code the eigenvectors so
that higher compression of SVD can be achieved
[7].
This paper is organized as follows: Section 2
introduces SVD coding techniques. Section 3
briefly reviews the most popular video coding
technique and explains the motivation of the
proposed HDCTSVD technique based on the
characteristics of data extracted from video
compression. In Section 4, after a short review of
the existing HDCTSVD algorithms in image
coding, we propose our new video coding
system. Section 5 shows the simulation results.
Conclusions are presented in Section 6.

Index Terms—adaptive vector quantization, DCT,
inter frame, intra frame, SVD, video coding.

1. INTRODUCTION
Transform coding is one of the core algorithms
in video coding. By applying different linear
transforms, the original data are decomposed
into a set of coefficients in the corresponding
transform domain. In the existing video coding
standards such as H.264/AVC, H.263, MPEG,
etc., discrete cosine transform (DCT) plays the
role of transform coding due to its high energy
compaction and efficient computation complexity
[1]. Singular value decomposition (SVD) is a
transform that provides
optimal energy
compaction for any data [2][4]. However, the high
computational complexity associated with
computing the eigenvectors and eigenvalues has
limited its application. Besides, only modest
compression can be achieved by using SVD
because when eigenvalues are transmitted, the
corresponding eigenvectors must also be
transmitted [9]. Dapena and Ahalt proposed a
hybrid DCTSVD algorithm for image compression
[6]. This algorithm can reduce a lot computational

2. SVD CODING
SVD provides optimal energy compaction for
any input data [8]. By taking only a few largest
eigenvalues and corresponding eigenvectors will
give good representation of the input data.
A(m × n) has a singular value
Matrix
decomposition, which can be represented by
1

A = UΛ 2 V T
(1)
where U is a m × m orthogonal matrix, V is a
1

n × n orthogonal matrix, Λ2 is a m × n matrix
whose off-diagonal entries are all zeros. The
1

diagonal

elements

of

Λ2

must

satisfy

λ1 ≥ λ 2 ≥ ... ≥ λr ≥ λ r +1 ≥ ... ≥ λn ≥ 0
, where r is the rank of A .
The columns of V can be calculated by solving

( A′ − λ (n) I )v(n) = 0
n = 1,..., r
(2)
T
where A′ = A A . The columns of U are:
1
u ( n) =
Av(n)
n = 1,..., r
(3)
λ (n)
If
q eigenvalues and corresponding
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eigenvectors are chosen to represent the original
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block, the reconstructed block is:
q

Aˆ = ∑ λ (n)u (n)v T (n)

q≤r

Video data are highly correlated data. In the
most popular video coding techniques [3][13], the
idea to compress video is to reduce both spatial
correlation and temporal correlation of the
original data. In the existing video coding
standards (like H.263, H.264, MPEG2, MPEG4,
etc), 2-dimentional DCT has been adopted to
reduce spatial redundancy and inter-frame
prediction is used to reduce temporal
redundancy. When temporal prediction is
applied, we call the coding mode INTER, as the
compression techniques are applied to predict
errors between adjacent frames; while if no
temporal prediction is applied, the coding mode
is called INTRA, as the redundancy reduction is
applied to a single frame [3]. Fig.1 shows the
block diagram of a typical video coding system.

(4)

n =1

The square error is equal to the sum of the
discarded eigenvalues:
r

r

∑∑

2

A(m, n) − Aˆ (m, n) =

m =1 n =1

r

∑ λ ( n)

(5)

n = q +1

A(m, n) is the original pixel of the
ˆ (m, n) is the reconstructed pixel
subblock and A
where

of the subblock.
Thus, the energy of the
reconstructed subblock is the energy in the
q retained eigenvalues:
q

Energy = ∑ λ (n)

(6)

n =1

The standard deviation of a block describes
the pixel activity for an INTRA block or movement
level for an INTER block. High standard deviation
indicates many abrupt changes in intensity in an
INTRA block or heavy motion occurrence in an
INTER block, while low standard deviation
means nearly uniform intensity in an INTRA block
or slight motion occurrence in an INTER block
[11]. Applying DCT and SVD to blocks with
different standard deviations will give us different
results. DCT has the similar performance as SVD
when the standard deviation of the block is low,
but when the standard deviation is high, SVD
performs much better than DCT [5].

In conclusion, SVD decomposes the original
T

data into two orthogonal matrices U and V ,
representing the eigenvectors, and a diagonal
1

matrix Λ 2
representing the eigenvalues.
Eigenvectors are usually encoded by vector
quantization techniques, while eigenvalues are
encoded by scalar quantization techniques.

3.INTRODUCTION OF VIDEO CODING AND
CHARACTERISTICS OF VIDEO DATA
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Fig.1. Block diagram of a video coding system.
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INTER differential data can benefit from the
HDCTSVD technique.
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Fig.2. Motivation analysis. (a),(b),(c),
performance comparison between DCT and SVD
by taking the same ratio of coefficients.
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Fig.3. Distribution of INTRA data and INTER
differential data at different standard derivations.

A series of tests have been done to illustrate
this property. We take 45 frames from three
different video sequences, Container, Foreman,
and News [6]. They are QCIF sequences, with
frame size 176x144, and 8 bpp. Each frame has
been divided into 8x8 blocks. 17820 blocks are
used in this testing, and the standard derivation
of the testing blocks is concentrated in the range
[0,80]. We applied DCT and SVD on these
blocks. DCT coefficients are arranged in zigzag
scan order, while SVD eigenvalues are arranged
in descending order. In the three experiments,
we dropped 50%, 25% and 12.5% of the lowest
frequency coefficients in DCT or smallest
eigenvalues in SVD domain respectively. There
is no quantization and coding involved.
Comparing the reconstructed block with the
original block, we get the MSE for each block.
Fig.2 shows the results in terms of mean square
error versus standard deviation of the block,
when different number of DCT coefficients or
eigenvalues /eigenvectors retained in the
reconstruction. It can be easily seen that for
blocks with standard derivation less than 60, both
transforms can achieve small MSE; while for the
blocks with standard derivation greater than 60,
the MSE caused by both transforms become
high. Comparatively speaking, SVD performs
better than DCT for high standard derivation
blocks. Therefore, it can be concluded that SVD
can be a compensating technique when DCT
cannot provide good compression quality.

4. HDCTSVD VIDEO CODING SYSTEM
There are several approaches to combine DCT
and SVD in image compression [6][12]. In these
approaches, standard derivation is used to
choose between SVD and DCT. Wongsawat
extended the HDCTSVD [6] into color images
and modified eigenvector quantization method by
applying adaptive multistage vector quantization.
To design the HDCTSVD system for video
compression, the approaches need to match the
characteristics of video data well. The overall
block diagram of the proposed HDCTSVD video
coding system is shown in Fig 4. At the encoder
side, both the INTRA data and the INTER
differential data go through the HDCTSVD coder,
either DCT or SVD coefficients will be
transmitted. A HDCTSVD decoder is designed
for the purpose of reconstruction. And the
difference data between an inter frame and the
previous reconstructed frame is processed by the
HDCTSVD coder. The motion data and header
information are transmitted directly. The decoder
side is just the inverse process of the encoder
side.
HDCTSVD
Encoder

DCT or SVD Coefficients

HDCTSVD
Decoder

To achieve high compression, motion
compensation technique with the search window
15x15 is applied. Generally speaking, INTER
differential data will have relatively small standard
deviation. While for the blocks with heavy motion,
the standard deviation can be very high. Fig.3
shows the histogram of data in INTRA mode and
differential data in temporal prediction INTER
mode. By observing this distribution, it can be
seen that both of them have high standard
deviation blocks. Therefore both INTRA data and

0
Motion
Compensated
Predictor
Motion

Data

Fig.4. HDCTSVD encoder overview
The details of the proposed HDCTSVD
encoder and decoder are illustrated in Fig.5.
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The system will nominally divide a video frame
into 16x16 macro blocks. In each macro block,
the data is organized as four luminance 8x8
blocks and two 8x8 chrominance blocks. 4:2:0
sampling pattern is used. The decision of
whether DCT or SVD is chosen for a particular
block is made in the DCT domain. We compare
the DCT coefficients after quantization and
energy dropping with the original DCT
coefficients. If the MSE is smaller than our
threshold, it means applying DCT gives good
result at the given bit rate. In this case, the
quantized DCT coefficients are transmitted. The
first quantized DCT coefficient is coded using 8
bits, and the remaining quantized DCT
coefficients are coded using 6 bits, each. If the
MSE is greater than the threshold, the original
block will go through the SVD branch. In the SVD
branch, the mean of the block is subtracted and
uniformly quantized using 8 bits. We calculate
the eigenvalues and select a certain percentage
of energy that is the same as the energy retained
in the DCT domain. Then only a reduced number
of eigenvectors are calculated. This decreases
the computation cost. Scalar quantization is
applied to the eigenvalues and adaptive vector
quantization is applied to eigenvectors to achieve
more compression [10].
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Fig.6. Performance comparison of HDCTSVD
and pure DCT for video sequence Carphone. (a)
for INTER coding (b) for INTRA coding
Two sets of simulations have been performed.
One is for INTRA frame coding, the other one is
for INTER frame coding. The HDCTSVD video
coding system is compared with a pure DCT
video coding system, according to the ratedistortion performance. The formula to calculate
distortion is:

PSNR = 10 log10

MSE =

1
NM

N

255 2
dB
MSE

(7)

M

∑∑ [ x( j, i) − xˆ ( j, i)]

2

(8)

j =1 i =1

where x( j , i ) is the original value, and xˆ ( j , i )
is the reconstructed value.
Figure 6 shows the results for INTRA frame
coding and INTER frame coding respectively for
Carphone sequence. The bit rate in DCT part is
controlled by adjusting the percentage of energy
that has been dropped. 8 bits are used to
represent the first DCT coefficient in each block,
while 6 bits are used for the rest of the

At the decoder side, for each block, the first bit
indicates which transform is used. If SVD is used,
the eigenvalues will be recovered by inverse SQ.
And matrices U and

0

V T are recovered by the
30

[10] Goldberg, M., Boucher, P.R., and Shlien, S., “Image
Compression Using Adaptive Vector Quantization”, IEEE
Trans. on Communications, 1986, pp.180-187.
[11] Richardson, I.E.G., Video Codec Design, Chichester, West
Sussex: Wiley, 2002.
[12] Wongsawat, Y, Ochoa,H, Rao, K.R., Oraintara, S., “A
modified hybrid DCT-SVD image-coding system for color
image”, ISCIT, 2004, pp.766-769.
[13] Kwon, S., Tamhankar, A., Rao, K.R., “Overview of
H.264/MPEG-4 Part 10”, J. Visual Communication and Image
Representation, vol. 17, pp.183-552, April 2006

transmitted DCT coefficients. The bit rate in the
HDCTSVD system is controlled by applying SVD
for a different number of blocks in a frame. Using
8x8 SVD requires high bit rate but provides good
quality, while using 8x8 DCT requires lower bit
rate but provides degraded quality. The
computational cost varies at different bit rate
since different percentage of blocks is processed
by SVD. At very low bit rate, the computational
cost is as low as a pure DCT system; while
higher computational cost is needed when bit
rate
becomes
higher
as
more
SVD
decomposition are applied. It can be seen that
HDCTSVD system has better rate distortion
performance than the pure DCT system for both
intra frame coding and inter frame coding.
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6. CONCLUSIONS
This paper proposes a new HDCTSVD video
coding system. If DCT can compact the energy of
the block well, DCT will be used; otherwise, SVD
is applied. Adaptive VQ has been used to
improve the compression in the SVD branch.
Simulation results show that the proposed
technique provides better performance than a
pure DCT system for both INTRA frame coding
and INTER frame coding. However, there is
limitation using SVD for data compression
because when eigenvalues are transmitted, the
corresponding eigenvectors must also be
transmitted. Although the proposed technique
can outperform a pure DCT video coding system,
it has limitation to outperform a more complicated
DCT based video coding system. However, all
the widely used video coding standards H.263,
MPEG, H.264/AVC [13] integrate many efficient
compression tools together with transform coding
and entropy coding, the proposed HDCTSVD
technique does not seem to have the potential to
outperform those state of art video coding
standards.
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Building Secure Network
Infrastructure For LANs
Yeung, K., Hau; and Leung, T., Chuen

Authentication, Authorization and Auditing (AAA).
The main function of network infrastructure is to
provide connectivity between end computers. At
the same time the infrastructure should be
manageable, highly available, secure, and
reliable.

Abstract— This paper discusses the building of
secure network infrastructure for local area
networks. It first gives the main reason why by
nature today’s network infrastructure is insecure.
A new kind of Ethernet switches, called Network
Infrastructure Switches (NI-Switches), is then
proposed
for
building
secure
network
infrastructure for LANs. NI-Switches effectively
isolate important network signaling from being
accessed by unauthorized end computers of a
network. To study the feasibility of the proposed
techniques, a prototype of NI-Switch was
developed by using a Linksys broadband router.
Experiments on the NI-Switch were carried out
under different networking situations. The results
show that without disturbing the normal network
operations, the NI-Switch can effectively filter out
network infrastructure signals. The results also
show that although most signaling protocols (like
Hot Standby Router Protocol) were designed with
the inband assumption, NI-Switches can still
effectively isolate them from being access by end
computers.

The authors of this paper believe that one major
security problem of today’s network infrastructure
is the easy access of network infrastructure
signaling (NI signaling) by end computers. NI
signaling is the signaling between NI devices. Its
main function is to maintain a smooth operation
of the network infrastructure. Routing protocols
are examples of NI signaling – they provide layer
3 signaling between routers in order to make
packet forwarding possible. Another example on
NI signaling is Spanning Tree Protocol (STP). It
is a layer 2 signaling protocol between switches
for maintaining a loop-free frame transmission. In
an earlier work of the first author of this paper [2],
we discuss that the access of NI signaling by
hackers is the key security hole of today’s
network infrastructure. In this paper, we try to
solve this problem by introducing a new kind of
Ethernet switches called Network Infrastructure
Switches (NI-Switches). NI-Switches will be
discussed later in section 3 of this paper.

Index Terms—Network Infrastructure, Network
Security, Ethernet Switches

1. PROBLEM STATEMENT: UNAUTHORIZED ACCESS
OF NETWORK INFRASTRUCTURE SIGNALING

C

omputer networks have traditionally been
defined as a group of computers connecting
together for resource sharing. In [1], a network is
defined as “a group of computers and other
peripheral devices connected together so that
they can communicate with each other.” A
network therefore includes both the computers
and the communication system. However, the
term “Network Infrastructure” becomes more and
more popular in the literature recently. The term
clearly distinguishes the communication part of a
network from the computers being connected.
The network infrastructure of a network can be
thought as the network infrastructure devices (NI
devices) plus the physical connections of a
network. NI devices include routers, switches,
and network infrastructure servers like Domain
Name
Systems
(DNS),
Dynamic
Host
Configuration
Protocol
(DHCP)
and

2. RELATED WORKS
Due to the growing attention on network
infrastructure,
researchers
and
network
administrators become aware of the importance
of network infrastructure security. In [3], a
taxonomy of security attacks on Internet
infrastructure is given. The attacks can broadly
be classified into four categories, namely DNS
hacking, routing table poisoning, packet
mistreatment, and denial of service. A good list of
references on Internet infrastructure security is
also provided. Currently, researchers are still
working on how to detect various kinds of
malicious attacks to network infrastructure.
Examples include packet dropping [4] and
malicious routing [5-7]. At the practical side, a
guide on securing the network infrastructure is
given in [8].
The research discussed above focuses mainly
on the security of network infrastructure at layer
3. In fact, layer 2 is considered as the weakest
link of a network by some vendors [9]. In [10], the
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NI-Switches are Ethernet switches. They are,
however, different from ordinary Ethernet
switches in one major aspect: two types of ports
are defined. The first type is called Network
Infrastructure Ports, or NI-Ports. These ports are
used to connect NI devices including routers and
other NI-Switches. The second type of ports is
called Non-Network Infrastructure Ports, or NNIPorts. These ports are used to connect
computers other than the NI devices. These ports
are the interfacing ports of the NI network to the
outside world. At these ports, layer 2 filtering
based on the MAC addresses is performed.
Figure 2 shows a NI-Switch. As shown, no matter
which type of port it is (either NI-Port or NNIPort), every port can either be a trunk port
(multiple VLANs) or an access port (single
VLAN). Note also in the figure that layer 2 filtering
is performed at NNI-Ports only, not at NI-Ports.

author challenges the traditional belief that
infrastructure at layer 2 can be trusted. He also
studies how layer 2 attacks can be launched.
There are many known methods of layer 2
attacks. Examples are MAC flooding and the
attacks to various kinds of layer 2 protocols
including STP, VLAN, VLAN Trunking Protocol
(VTP), Cisco Discovery Protocol (CDP), Address
Resolution Protocol (ARP), DHCP and HSRP. All
these only show that both layer 2 and layer 3
should be considered in building a secure
network infrastructure1. As discussed above, the
access of these NI signaling by unauthorized
computers is one of the key security problems of
network infrastructure.
There exist techniques that indirectly address the
problem as discussed above. The first is the use
of VLANs to isolate network devices (like routers)
from some of the end computers. Since all
network devices use inband signaling, this
method cannot isolate all network devices from
all end computers. The second one is to use
layer 3 switches to filter out the NI signaling.
Although this method is effective, it requires
tedious configuration on the switches. The
method is also not scalable because any change
on the network topology requires reconfiguration
on the layer 3 switches. The third method is to
use encryption techniques or VPN tunnels to
protect the NI signaling. However, this method
requires changes in all routers, switches and the
signaling protocols, and is therefore not feasible.

Figure 1 – The partitioning on a layer 2 LAN.

The first reported work that directly addresses
the problem as stated above is given in [2].
Recommendation on how to solve the problem is
given and is repeated here: “NI signaling should
be protected for the sole access by NI devices
only. If possible, it is more secure to transmit NI
signaling through a separated NI network.” In the
reference, a layer 2 switching network is
suggested to be partitioned into two parts: a
network for data traffic and a network for NI
signaling. This is illustrated in Figure 1. The
interconnection of these two partitioned switching
networks is made possible by means of a new
kind of Ethernet switches. In this paper, this kind
of new switches, called NI-Switches, will be
discussed. NI-Switches perform efficient layer 2
filtering based on MAC addresses. This filtering
will protect the NI signaling from being access
from the network for data traffic.

Figure 2 – A NI-Switch
The reason why layer 2 filtering is performed at
NNI-Ports is both to prevent NI signaling from
leaking out to the outside network, and to prevent
outside computers from sending NI signaling to
the NI network. At will be discussed later, the
filtering is purely based on the MAC addresses of
the frames. The frame filters can also be
implemented by hardware.

3. NI-SWITCHES: DEVICES THAT SECURE THE
NETWORK INFRASTRUCTURE
3.1 NI-Switches

To facilitate frame filtering, two kinds of MAC
addresses are defined. They are called NonNetwork Infrastructure MAC addresses (NNIMAC) and Network Infrastructure MAC
addresses (NI-MAC). NNI-MAC addresses are

1
Although upper layers are also important in network security in
general, layers 2 and 3 are particularly important for network
infrastructure security.
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ordinary Burn-In Ethernet addresses of network
interface cards of end computers and servers.
Each of them consists of a 24-bit Organizational
Unique Identifier (OUI) and a 24-bit vendor
assigned part. NI-MAC addresses, however, are
the MAC addresses of NI devices like routers or
switches. The OUIs of these NI-MAC addresses
must be configured at the NI-Switches for MAC
filtering. For example there are totally 10 routers
plus switches in an NI network. Then at most
there are 10 NI-MAC OUIs need to be configured
at the NI-Switches. The actual number, however,
depends on the vendors of these NI devices.
Since the devices from the same vendor may
share the same OUI, it is possible that only one
NI-MAC OUI is needed for these 10 devices.
Note that this is the key difference from the
design discussed in [2]. With this new design, all
existing NI devices can work with the NISwitches without any firmware modification2.

Unicast Traffic
There are two type of unicast traffic: Unicast-NI
and Unicast-NNI. Unicast-NI traffic is traffic sent
between two NI devices. Examples include
Border Gateway Protocol (BGP) messages, AAA
messages, and SNMP packets sent from an
agent to a SNMP monitor. As shown in Figure 3,
this kind of traffic will be blocked by all NNI3
Ports . On the other hand, unicast-NNI traffic (like
a packet sent from a workstation to a web server)
will not be filtered out at NNI-Ports.
Broadcast Traffic
Figure 4 shows two kinds of broadcast traffic:
Broadcast-NI and Broadcast-NNI. Both of them
have a destination address of all F’s. However,
they can be differentiated by the source address
of a frame. As shown in the figure a Broadcast-NI
frame (like a Routing Information Protocol
version 1 (RIPv1) broadcast) will be filtered at all
NNI-Ports. Even with the sniffer program,
hackers outside the NI network cannot access to
this sensitive NI information. This explains why
we can use NI-Switches to build a secure NI
network. Figure 4 also illustrates the operation of
NI-Switches for Broadcast-NNI traffic. Like
ordinary Ethernet switches a broadcast frame of
this kind is flooded to all ports of a NI-Switch.

After specifying the NI-MAC addresses in a
network, frame filtering will then be made at the
NNI-Ports of the NI-Switches. Table 1 shows how
frame filtering is performed for different kinds of
traffic. The detail operations of NI-Switches are
discussed in follow.

Unicast

Inbound
traffic to
a NISwitch
Drop all
frames
with
source
MAC
address
= NIMAC

Outbound traffic from a
NI-Switch

Drop all frames with
destination MAC
address = NI-MAC

Drop all Drop all frames with
source MAC address =
frames
NI-MAC, except ARP
with
requests
source
MAC
address
= NIMAC
Multicast Drop all Drop all frames with
source MAC address =
frames
NI-MAC
with
source
MAC
address
= NIMAC
Table 1 – Frame filtering at NNI-Ports.

Broadcast

Figure 3 – Transmission of unicast traffic by NISwitches.

3.2 Operations of NI-Switches
3
Note that an ordinary switch will forward unicast packets to all
ports when the destination MAC address is unknown to it. A switch
will also operate like a hub if it is attacked by attacks like MAC
flooding.

2

In our earlier design as discussed in [2], a unique OUI is used
for all NI devices. Existing routers and switches may need to change
their MAC addresses by firmware upgrade.
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Figure 4 – Transmission of broadcast traffic by
NI-Switches

perform NI-MAC filtering as described in Table 1.
Figure 6 shows the experimental setup being
used. As shown, three Cisco routers and one
Linksys switch are connected together to form a
network
with
4
subnets.
The
subnet
192.168.3.0/24 is further partitioned into two layer
2 network by the Linksys switch. The OUI of the
two routers connected to this subnet, namely
“00:30:94”, is configured in the Linksys switch as
the prefix of NI-MAC addresses. On R3, a web
server application is run. The PC will access this
web server during the experiments. Table 2
shows the experiments being carried out and
their corresponding purposes. Due to the
limitation on the length of this paper, we only
present the results on the third experiment.

Multicast Traffic
Many NI signaling protocols use multicast for
delivery. These include routing protocols (e.g.
RIPv2 and Open Shortest Path First (OSPF)),
multicast protocols, layer 2 protocols (VTP, CDP
and STP) and others (HSRP). When a NI device
uses its NI-MAC address to send out these
signaling messages, these messages will not be
leaked to the outside network through the NNIPorts.
Figure 5 shows how multicast traffic is sent
through NI-Switches. An example on HSRP is
used. As shown routers 1 and 2 will exchange
HSRP messages. These messages are sent in
multicast address 224.0.0.2. The exchange in
these messages results in the election of an
active router and a standby router, and the
appearance of a virtual router. The virtual router
doesn’t really exist. It simply represents a
consistently available router with a consistent IP
address and MAC address to the workstations on
a network. Packets from workstations will be sent
to the virtual router (via the virtual router’s IP
address and MAC address). The active router will
be the actual router to receive these packets (i.e.
the active router will have two receiving MAC
addresses: its own MAC address or the NI-MAC
address in Figure 5; and the virtual router’s MAC
address). When the active router downs, the
standby router will take up the role as the active
router of the network. As shown in Figure 5,
HSRP messages will not be leaked outside
through an NNI-Port. This is because the routers
will use their NI-MAC addresses to send out the
HSRP messages. The normal data packets sent
to the virtual router, however, are not affected.
The reason is the virtual router uses a MAC
address that is always not an NI-MAC one.

Figure 6 – Equipment setup for carrying out the
experiments described in this paper.
Exp.

1

Protocols
used by the
Cisco
routers
RIP version
1

Purpose of this
experiment

The purpose of the
experiment is to show
that broadcast type NI
signaling can
effectively be filtered
by the NI-Switch.
2
RIP version The purpose of the
2
experiment is to show
that multicast type NI
signaling can also be
effectively filtered by
the NI-Switch.
3
RIP version The purpose of the
2, HSRP
experiment is to show
that the NI-Switch
proposed in the paper
can on one hand
effectively filter out NI
signaling (like HSRP),
and on the other hand
does not affect normal
network operations as
seen by user
workstations.
Table 2 – Experiments being run.

Figure 5 – Transmission of multicast-NNI traffic
by NI-Switches.

4. EXPERIMENTS
In order to demonstrate the feasibility of the
proposed techniques, a prototype NI-Switch was
developed by modifying the firmware of a Linksys
WRT54GS broadband router. The NI-Switch can
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secure network infrastructure. Although we have
already shown that the use of NI-Switches can
effectively secure the network infrastructure in
LANs, more works are actually needed. The first
is on the WAN connections. A network will
usually consist of WAN side besides the LAN
side. Therefore, NI signaling across WAN links
should also be considered in the design of a
secure network infrastructure. To follow the
recommendations as suggested in [2], a separate
WAN for NI signaling may be the most secured
design. However, this is very costly and may not
be feasible in most situations. It is also not
necessary in most cases because the WAN links
are usually private to an organization. We
recommend the following in WAN design instead.
Firstly, minimum bandwidth on WAN links should
be reserved for NI signaling – the minimum
bandwidth that can keep the network
infrastructure running. Secondly, a separate VPN
may be set up to carry NI signaling in each WAN
link. Thirdly, NI signaling traffic should be treated
differently from data traffic in encryption (e.g.
different passwords or encryption methods).

In the third experiment RIPv2 was run on the
routers. HSRP was also run on routers R1 and
R2 based on the instructions as described in [11].
After the NI-Switch is up, a sniffer program was
run on the PC. This was followed by three
actions on the PC: i) sent a ping to the virtual
router (192.168.3.10); ii) waited for a while to see
whether HSRP or RIPv2 messages can be
captured; and iii) used a browser to access the
web server of R3. After these actions we first
checked on the routers’ consoles, and found that
the routing protocol and HSRP were running
properly. Next, we inspected on the packets
captured by the sniffer program and the result is
shown in Figure 7.
From Figure 7, several important observations
can be made. First, as expected, the sniffer
program could not capture any NI signaling
including RIPv2 and HSRP messages. This
verifies that the NI-Switch can effectively filter out
the NI signaling. Second, the PC can
successfully
ping
the
virtual
router
(192.168.3.10). This proves that the NI-Switch
will not block normal traffic like ICMP and ARP.
Third, from the captured packets carrying HTTP
messages we can conclude that the network was
running properly.

The second thing that needed to be done is on
the design and development of new NI security
devices like NI Intrusion Detection Systems
(IDS). Unlike ordinary IDS, NI IDS mainly detects

Figure 7 – Packets captured by sniffer after
running HSRP in the experimental network.

all possible attacks to the NI network. The
attacks include DNS hacking, routing table
poisoning, packet mistreatment, and denial of
service. Although these attacks cannot be
launched outside the NI network, they can be
launched if a machine inside the NI network is
compromised (even though this is less likely than

5. DISCUSSIONS ON BUILDING A ROBUST AND
SECURE NETWORK INFRASTRUCTURE
Before the end of the paper we would like to
make some discussions on building a robust and
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the case which a machine outside the NI network
is compromised). In order to achieve the
detection function, NI IDS has to monitor all NI
signaling messages passing through the NI
network. Alarms will be set when attacks are
detected, with malicious devices being identified.
Since there remain open problems in the
detection of some network infrastructure attacks,
research efforts in this area is needed in order to
build an effective NI IDS. Currently the authors of
this paper are working on the design of this new
security device.
6. CONCLUSION
In conclusion, NI-Switches discussed in this
paper can effectively filter out NI signaling. This
in turn secures the network infrastructure as NISwitches protect the signaling from being
accessed by unauthorized end computers. The
implementation on the proposed method based
on Linksys broadband routers also show that it is
cost effective to produce NI-Switches for
production networks.
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The Impact of the increasing use of Instant
Messaging (IM) on user’s real social
communication and Integration
Hameed, Shafqat; Badii, Atta; and Mellor, John
Keywords: Communication, Internet, Integration,
Messaging, pattern, Trends, user.

Abstract—The aim of the study was to establish
whether instant messaging displaced some of the
students’ normal amount of traditional social
communication thus negatively impacting the
students’ social integration.
There have been some conflicting findings
regarding the positive and negative impacts of
Internet
Messaging
on
the
quality
of
communication and relationships as attained, and,
the pattern of deployment of communication
channels as maintained by the users of Internet
Messaging and CMCs generally.

1. INTRODUCTION
As the Internet is expanding the realms of
communication for all its users, many researchers
are exploring the impact of it on people. We have
seen the recent expansion of computer–mediated
communication (CMC) both in popularity and
features.
But how has this new form of
communication impacted on those that use it?
Since the emergence of the Internet, many
researchers have delved into the impact of such a
huge technology. Some researchers believe it is
a godsend, allowing Internet users to
communicate with one another, viewing the
massive amounts of information for research
purposes, for personal entertainment and online
shopping.
Norman Nie (2004) explored the
patterns of activities Americans take part in
online. He found that 70 – 75 percent of his 4,839
sample had an email address and that the
average user spent close to 3 hours online per
day compared to a mere 1.7 hours per day
watching television. Of this time spent online, 57
percent of it was spent communicating through
email, IM and chat rooms. The remaining 47
percent of the users’ time was spent playing
games, surfing, shopping amongst other things.
Although this is a completely American study,
these figures are difficult to ignore. It is evident
that communication on the Internet is increasing.

Previous research had resulted in somewhat
fragmented and contrasting sets of findings
relating to the above research question; this
motivated an in-depth study as was performed in
this research with several insights arising.
Following the analysis of previous research in this
area and the research methods they had deployed,
a survey-based instrument was adopted together
with a supplementary structured interview to elicit
explanations responses to the completed
questionnaires as returned by 82% out of the
sample frame size of 250 comprising equal
number of males and females university students.
These findings verified that although students
preferred face-to-face or phone communication,
their use of IM reduced the amount of time they
spent communicating in this way without
detracting from their engagement in social
communication overall; rather some students
maintained that they experienced a greater sense
of connectedness with their family and friends as
facilitated, not hindered, by their online
messaging. It was suggested that the reasons
were rooted in the convenience, flexibility and
economy offered by IM and that IM in this sense
contributed as inexpensive social amplification
rather than detracting from the feeling of being
connected.
The findings also revealed that IM
use by subjects in this study did not detract from
the amount of time they spent in social
environments. This could imply that there are
specific underlying needs uniquely met by each
distinct social interaction modality e.g. face-toface versus IM and this essentially protects each
modality from having its normal usage
significantly eroded such that for each individual a
framework of complementary and mutually
amplifying communication modalities largely coexist.

However, whether the Internet has a positive or
negative impact depends upon the quality of
users’ online activity, i.e. essentially this is
decided by considering what the users are giving
up in order to pursue their activities online. For
instance, Nie and Erbring (2002) suggested that
Internet users spend more time on the Internet
than they did on the telephone, an estimated 25
percent less time. This implies that Internet
communication is rising at the expense of old
technologies, this is called displacement. Nie
(2004) also compared the impact of the Internet
on users socialising, sleeping and television
habits. He found that the average respondent
who reported spending 55 minutes a day on the
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work may now lack some validity due to recent
developments in this area as there has been a
transformation in new CMC technology. Users
can now mimic these physical cues through the
use of ‘emoticons’ such as ☺ to indicate a smile
and
to indicate a frown. As well as this, user
can also take part in audio and visual (through a
webcam) communications that are used in many
IM and chat room atmospheres.

Internet encounters a 22minute reduction with
face–to–face time spent with family, a 10minute
reduction in time spent watching television and an
8minute a day less sleep.
But why are people spending more time
communicating on the Internet than on the
telephone? Its popularity could be due to the fact
that users can experience a vast array of
communication forms on the Internet.
The
Internet
allows
users
to
communicate
asynchronously through electronic mail (email)
and bulletin boards, as well as synchronously
through Instant Messaging (IM) and chat rooms.
So why do researchers appear to regard this as
an unwelcome trend? Some researchers believe
that this vast technology is affecting Internet
users’ social relationships and psychological well–
being. Katz and Aspden (1997) investigated the
effect of involvement in social networks. They
failed to find a correlation between Internet usage
and poor social involvement, even although their
study was conducted through a large nationwide
survey.

Despite these negative impacts, users are still
logging on to the Internet, and using it to
communicate.
Fischer (1992) believes the
Internet increases people’s social involvement in
the same way that the telephone did. Being
connected to the Internet can give users the
opportunity to meet millions of people as well as
keep in touch with people existing in social circles
that they may otherwise not see, consequently
expanding the number of people that they can
communicate with. Although this communication
is perceived as impersonal, one study conducted
by Walters and Burgoon (1992) suggests that
online relationships simply take longer to develop
than face–to–face ones and could be just as rich.

Kraut et al (1998) through the original findings of
the Home Net Project of Carnegie Mellon
University suggested that Internet use is linked
with poor social relationships.
The study
revealed that increased Internet use was
associated with less family communication, a
smaller social network and an increase in
loneliness and depression.
Kraut et al’s
longitudinal research allowed the direction of
potential causality to be established even
although their sample may have been
unrepresentative. However, the follow-up study
revealed that the negative effects had
disappeared. It was now perceived that Internet
use had a positive impact on face–to–face
communication, although this was dependent on
whether the user was an introvert or extrovert.

As you can see, there are many theories
regarding the impact of the Internet as a
communication tool, some believe the use of it is
a result in time displacement and simply a ‘new’
way to do an ‘old’ thing. Others believe that it
could lead to poor social involvement, and that
online relationships are less personal than those
that are face–to–face.
This study is aimed at considering the Instant
Messaging usage patterns amongst students and
whether their offline communicational patterns are
affected. This will be determined through primary
research in the form of questionnaires using a
survey based approach. The sample will include
all personality types (introvert and extrovert) to
gain a perspective on the overall impact of Instant
Messaging on students.

Other researchers are also beginning to agree
with the notion that communication on the Internet
is limited compared to face–to–face interaction.
Researchers believe that Computer Mediated
Communication
Systems
(CMCs)
lack
communicative cues such as facial expressions,
voice tone and physical bearings. This theory is
called the cues – filtered out (Culnan et al 1987).
Kiesler et al. (1991) agrees with this perspective.
She and her colleagues believe that these forms
of CMCs are only text – based and therefore lack
any physical and social cues; for instance, a smile
to indicate attraction or happiness, or a frown to
indicate anger or unhappiness. Because of the
limited use of CMCs, it is thought that
communicating via the Internet becomes formal,
task orientated and impersonal thus making it
difficult to form close relationships with others
using the Internet. Kiesler and her colleague’s

A hypothesis will be based on the following
research questions:
What are the impacts of the Internet on students?
What are the impacts of computer – mediated
communication on students?
How
do
these
affect
student
offline
communications?
How have previous technologies impacted
students?
2. THE SIGNIFICANCE OF THIS STUDY
Much of the research done on the Internet is
predominantly American, based on the holistic
impact of the Internet. Although the Internet is
regarded as a predominant communicational tool,
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developed. Although in order for this type of real
– time communication to succeed, users must be
online at the same time to correspond with one
another in real-time.

there are growing concerns for the quality of
these relationships compared to face–to–face,
and, the communication modality displacement
issues etc as described above. The fundamental
limitation of prior research is the assumption that
all kinds of people respond to the Internet in the
same way. For instance those who have limited
access to the Internet will utilise it in a different
way than those who have unlimited access.
Much of the research available on the use of
CMCs is fairly new therefore the area needs to be
explored fully in order to understand its
consequences.

As the popularity of this new communication
channel grew, various new software products
were developed for this market. However, it was
Mirabilis, a company founded by four Engineers
from Israel that created the first standalone
instant messaging client in November of 1996
called ICQ. This was a free instant messaging
(IM) service that was accessible to anyone
connected to the Internet. ICQ, an abbreviation
meaning “I Seek You”, was the first to develop
many of the standard features of IM services
currently available. This extraordinary service
was then bought by AOL to add to their Internet
services. Soon after the phenomenal success of
this, AOL developed its own instant messaging
service AOL Instant Messenger (AIM).
Its
popularity soared due to the fact that users could
communicate with up 200 million users of regular
America Online. Since the introduction of ICQ
and AIM, many other IM services have been
created, such as Microsoft’s Instant Messenger
(MSN Messenger) and Yahoo Instant Messenger.

3. REVIEW OF PREVIOUS RESEARCH
It was in 1973 that the first Internet-like
connection was made by University College
London. It had previously been used as a
communication tool within the US military. Now, it
is integrated into the lives of 190 million
Europeans according to Stats Compiler Nua
(December 2004), and in 2004 – 5 saw an
estimated 840 millions people worldwide (Global
Reach Research Agency) joining the Internet; so
it has become a very important part of our lives.
It allows people to stay connected with their
friends and families through email, instant
messaging and webcam technology as well as
allowing access to newspaper articles, check
stocks and shares, online game participation and
gambling (Coget et al 2002 Levy and Strombeck
2002).

4.1 Attraction of IM
The most obvious attraction of IM is that it allows
people to stay in touch with their friends and
family. This sense of availability is of great
importance to students as it enables them to feel
connected
and
supported
by
allowing
instantaneous contact with their friends and family
irrespective of the convenience value of
exchanging messages to make arrangements etc.
Sending a message over an IM link has become
so simple that many people are using it as their
primary form of communication. IM also allows
users to interact in one–to–one conversations as
well as group conversations and facilitate
interaction between everyone.
IM also has
integrated tools to allow file transfer between
friends, video messaging, and, online gaming
which increases the users’ entertainment and
communication online. One reason for the ever
increasing popularity of IM may be due to the fact
that IM communication is relatively cheap
compared to other forms of communication such
as the telephone (Grinter and Eldridge 2001).
This may be true for users communicating with
one another over different continents; however, it
is uncertain if this is the case with national calls
as these may be variable depending on special
tariffs, free phone call allowances, as compared
with Internet service charges. Another reason for
the increased popularity of IM suggested by Nardi
et al (2000) is that as IM is almost synchronous
and text based, allowing group communication as
well as one–to–one, it virtually combines the

With this technology now becoming increasingly
accessible worldwide, many researchers have
developed arguments concerning the impact of
the Internet as a modern communicational tool.
4. BACKGROUND TO INSTANT MESSAGING
(IM)
Computer Mediated Communication (CMC) is the
term used to describe all communications that
take place through computers.
Before the
Internet was as well established and powerful as
it is today, people would communicate through
simplistic bulletin boards. Users would need to
dial up to the computer housing the bulletin board
and then navigate through the board using text
based commands (HowStuffWorks?). This soon
became a popular means of communication
amongst Internet users leading to large computer
firms catching onto the idea. The online services
such as America Online (AOL) and CompuServe
began integrating these bulletin boards into their
software packages. These became immensely
popular as they created online communities for
the users. This resulted in the key features of real
– time instant messaging and chat rooms being
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letters, meetings and e-mail. The researchers
then compared these values with those taken
from the General Social Survey (GSS) of 1974
and found that there was a decline in frequency of
contacts with neighbours and at bars. Contrary to
these findings, they discovered that the contact
with relatives had not changed, and frequency of
contact with friends had shown an increase.
However, since no questions had been asked in
the 1974 survey to distinguish channel-specific
components of the total social contact time, any
comparisons between the two results had to
remain at the aggregates level i.e. could not take
into
account
any
computer-mediated
communication. Neustadtl and Robinson did
however notice a “Newtonian correlation”, in that
as the respondents who had reported that they
communicated more via e-mail, tended to have
more contacts also through other channels i.e. via
phone, in person etc. Neustadtl and Robinson
concluded that more gregarious people will have
contact with more people through all the
communication channels. Such a correlation may
however no longer apply, as further development
of CMCs has resulted in different patterns of
communication emerging.

features of the telephone, e–mail and chat rooms
into one.
Another important impact of IM on students’ social
lives is that IM allows users to express
themselves in many ways. For instance MSN
messenger service allows users to talk to one
another through text based conversations.
However, if one wanted to express a smile, they
could do so using a feature called ‘emoticons’.
These are small cartoon like pictures that may
express how the user is feeling at that point in the
conversation. They also allow away of creating
profiles, which can be customised to the users’
desire and can be used to express their thoughts
and feelings.

4.2 The Previously Reported IM Usage Patterns
and Trends
In 2000, Neustadtl and Robinson conducted a
study in America into the usage of the Internet.
The researchers posed a question: “do Internet
users report more extensive social contacts, or do
they report fewer contacts than non-users?” They
based their study by questioning users’ social
interactions with relatives, neighbours, friends,
and, at bars. Neustadtl and Robinson used a
frequency scale based on a rating ranging from of
1 (almost everyday) to 7 (never) to characterise a
respondents’ contacts through each type of
interaction channel. The weighting scheme used
for this ranking was as indicated below:

On the quality side, researchers such as Kiesler
et al 2001 states clearly that the quality of the
online relationships are found to be lower than
those of face-to-face and over the telephone.
This suggests that the level of intimacy normally
attained through such online relationships is fairly
low. Hu et al (2004) examined the relationship
between IM and intimacy.
Their study was
administered on 138 university students in NorthEastern United States. They found that IM tends
to promote rather than hinder intimacy, and that
frequent
communication
via
IM
actually
encourages the desire to meet face-to-face.
According to this result online communication reenforces
and
promotes
face-to-face
communication. However, Mallen et al (2003)
examined the relational and discourse variables in
face-to-face and online communication. They
found that more people who communicated faceto-face felt satisfied with their experiences and
had attained a greater level of closeness or interconnectedness than those who communicated
online. In their findings they stated that users,
communicating within online groups, who had
more online friends in their daily life, reported a
greater degree of closeness during conversations.

Table1: weighting scheme used
Category

Weight

Almost every day
Once or twice a week
Several times a month
About once a month
Several times a year
About once a year
Never

350
75
40
12
5
1
0

Of the total 2353 respondents who were
surveyed, some 2278 reported using the email
and the Internet. The weights produced an
estimated annual average of traditional social
interaction as 84 evenings with relatives, 50
evenings with neighbours, 53 evenings with
friends and 20 evenings in bars. In order to
identify the preferred method of contact, the
respondents were asked how many people they
kept in contact with through the different
communication channels in person, by telephone,

They theorised that online interaction could be
dependant upon the users familiarity with
technology. Previous research has shown (find
research) that the demographics of Internet users
have shifted to a younger and less technicallyskilled population. This could be due to the fact
that younger users have developed a familiarity
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with computers than was the case with the
majority of people born in 1981.

6. DISCUSSION OF RESULTS
6.1 Demographic Data

Some researchers believe that CMCs are just a
new means to communicate with old friends and
family. Herring 2004 suggests that CMC on the
Internet is slouching towards the ordinary. She
maintains that as CMCs provide a medium to
communicate peer-to-peer, this is typically
secondary and is a sub-ordinate of another
purpose, such as exchanging files between users
and participating in online games. This viewpoint
contrasts with the views of earlier researchers, as
described above, who regarded CMCs as, in the
main, a means of communication to form new
relationships.

The age group of the respondents ranged from
18 to 45 years old; mostly students with the 1830 age range constituting the majority (90%)
which was to be expected given that the primary
constituency addressed in this research was to
be student as heavy users of CMCs.
The
majority of students (44%) tended to spend
between 1 and 3 hours a week on instant
messaging
services.
Gender difference and instant messaging use

10
9
8
7
6
Number of
5
respondents 4
3
2
1
0
19+

Males
16-18 hrs

10-12 hrs

13-15 hrs

4-6 hrs

Males
Females
7-9 hrs

None

Further research was motivated to seek to clarify
any dominant correlations re the above
parameters of usage of CMCs and this motivated
the research as described in the rest of this
paper. It was decided that whilst the previous
research typically had surveyed perhaps what
had been missing had been the lack of in-depth
interviews with users to elicit the underlying facts
that could explain the personal preference of
users for particular communication channels as
reflected in their patterns of usage. Accordingly
the sample frame for this research comprised
250 people, consisting of 50% male and 50%
female users, which permitted in-depth surveys
to be conducted including both questionnaire and
semi-structured interviews. The users mainly
belonged to student community at university.

1-3 hrs

5. RESEARCH IMPLEMENTATION

Time spent on IM

Fig1.
Gender
messaging use

difference

and

instant

The number of their online correspondents
ranged from 5 to 185.
On average they
communicated with around 35 people using
instant messaging. The scatter graph below
displays the relationship between the number of
people that the respondents socialised with
online and offline.

The questionnaire was divided into two sections.
The first section included the participant’s
demographic information related to their use of
instant messaging. The second section allowed
the participant to express their attitudes to their
use of IM. This section was designed using the
Likert 5 point scale to elicit a range of qualitative
information regarding the users’ patterns of usage
etc. However the Likert scale does not allow for
more than ordinal levels of data. This was
acceptable as the purpose here was to establish
the relative interval-based value in the answer
rather than expect the respondents to give
absolute measures in their responses which
would have been an unreasonable expectation as
their answers would in any case be no more than
a best estimate best elicited by a Likert scale and
treated as qualitative ranges of values. Followon semi-structured interviews were carried out
with selected users to disambiguate issues arising
from their responses and to pose contingent open
questions so as to discover the root explanations
for some of the issues raised by their responses.

The relationship between online and offline
friends

Num ber of offline friends

160
140
120
100
80
60
40
20
0
0

50

100

150

200

Number of online friends

Fig2. The Relationship between online and
offline friends
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6.3 IM Versus Face-To-Face Communication
Their time spent socialising offline was
distributed fairly equally as can be seen below.

Only 15% of respondents admitted that they
preferred talking to people using IM, whereas
56% preferred talking face–to–face. Daft and
Lengel (1984) contention that CMC is a less rich
media to communicate through, is supported
here. As respondents preferred talking face-toface rather than using IM. This also seems to
support the theory offered by Kiesler et al (1991)
who suggested that CMC becomes more
impersonal than face–to–face communication.
This is also demonstrated in the responses to
the statement that ‘online relationships were
more fulfilling than offline relationships’. 59% of
respondents disagreed with this statement,
suggesting that their online relationships may be
more impersonal than their offline relationships.
These findings therefore do not support
Walther’s (1992) liberated perspective of CMC
whereby he maintained that CMC is friendlier
and more social than face–to–face.

Time spent socialising Offline

2%
17%

10%
1-3 hrs
12%

4-6 hrs
7-9 hrs
10-12 hrs

17%

13-15 hrs
16-18 hrs
20%

19+

22%

Fig3. Time spent socialising offline
6.4 IM Versus Telephone Communication
The chart below compares time spent socialising
offline vs. online by the respondents. The
majority used telephones/mobiles for 1-3
hrs/day.

N one
1 -3 h rs
4 -6 h rs
7 -9 h rs
1 0 -1 2 h rs
1 3 -1 5 h rs
1 6 -1 8 h rs
19+

18
16
14
12
Number of 10
respondents 8
6
4
2
0

Here the findings were similar to those for faceto-face communication; 61% of respondents
agreed that they had spent less time on
telephones/mobiles since the emergence of IM.
Although the findings initially did not specify why
users spent less time on the phone, following the
semi-structured interviews, it was found that that
the relatively cheap cost IM which virtually
combines the features of telephone, email and
chat rooms into one was indeed the main factor
here as also suggested by Grinter & Eldridge
(2001) as well as Nardi et al (2000).

Time spent offline with
friends/family
Time spent online with
friends/family

7. CONCLUSION
An analysis of the results of previous research
indicated that although there was a widely
shared view in terms of the negative impact of
the Internet generally on the amount of usage of
other communication modalities; the extent of
the influence of
Instant Messaging in this
respect remained mixed as reported in some
research papers but these previous results taken
overall led to the conclusion that IM had a
negative impact on students’ social lives and the
objective of this research was to confirm and
quantify this impact of IM.

Amount of time

Fig4. Time spent socialising offline vs. online
6.2 IM Usage Patterns and Trends
The more time spent by the user on IM services,
the more of an impact this will have on the users’
social life. Based on the findings of the study, the
average student would spend less than half an
hour a day on IM services, thus this was
expected to impact their lives minimally.

The results that were obtained did not support
the hypothesis that the use of Instant Messaging
negatively impacted the extent of respondents’
offline social communications overall.
The majority of respondents believed that they
were able to keep track of time when online
using IM. They mainly used IM for
communication with friends and family although
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(2001), cited in Kraut, R., Patterson, M., Lundmark, V.,
Kiesler, S., Mukophadhyay, T., Scherlis, W., (1998)
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1998;
available
at
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[22] Hiltz, S., R., Turoff, M., cited in Coget, J., F., Yamauchi,
Y., Suman, M., “The Internet, Social Networks and
Loneliness”, IT & Society, Vol. 1, Issue 1, summer 2002.
[23] Kerr, E., B., Hiltz, S., R., cited in Coget, J., F.,
Yamauchi, Y., Suman, M., “The Internet, Social
Networks and Loneliness”, IT & Society, Vol. 1, Issue 1,
summer 2002.
[24] Utz, S.,, “Social information processing in MUDs: The
development of friendships in virtual worlds, Journal of
Online Behaviour, Vol. 1, and Issue 1, 2000.
[25] Parks, M., R., Roberts, L., D., ‘Making MOOsic’ “The
development of personal relationships online and a
comparison of their offline counterparts”, Journal of
Social and Personal Relationships, Vol. 15, Issue 4,
2000.
[26] Harrington, J., “Getting to know you via email”;1995,
available
at:
http://www.nwu.edu/univrelations/media/observer/199495/observer/miscellaneous/getmai-misc.html;
[27] Black, P., Doing Quantitative Research in Social
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they agreed that IM could also be a way for
meeting new people whom they would otherwise
not meet and allowed them to have
simultaneous conversations with several people.
However the users did not deploy IM specifically
as a tool for finding new friends as they were
reluctant to form relationships with people
encountered over IM links and chat rooms. They
expressed no preference over IM compared to
face-to-face chat with their friends and did not
feel that they had ended up spending less time
in physical social environments due to their IM
activity.
Overall they believed that Instant
Messaging had not had a negative impact on
their offline relationships although it had helped
them reduce the time spent on the phone.
References
[1]

[2]

[3]

[4]
[5]

[6]

[7]

[8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

Stats Compiler Nua on Internet Users statistics, 2004;
available
at:
http://www.nua.ie/surveys/how_many_online/index.html;
Global Reach Research Agency on Global Internet
Statistics,
2004,
;
available
at:
http://www.glreach.com/globstats/;
Coget, J., Yamauchi, Y., Suman, M., “The Internet,
Social Networks and Loneliness”, IT & Society, Vol. 1,
Issue 1, Summer 2002.
Levy and Strombeck (2002)
How Stuff Works, on Instant Messaging; available at:
th
http://www.howstuffworks.com/; accessed on: 27
November 2005.
Grinter, R., E., & Eldridge, M., A., cited in Prinz, W.,
Jarke, M., Rogers, Y., Schmidt, K., Wulf, V.,
Proceedings of the Seventh European Conference on
Computer Supported Cooperative Work,2001; available
at: http://www.grinter.org/ecscw01.pdf;
Nardi, B., A., Whittaker, S., Bradner, E., Interaction &
Outeraction: Instant messaging in action, Proceedings
of the ACM Conference on Computer – Supported
Cooperative
Work,
2000
available
at:
http://www.research.att.com/stevew/outeraction_cscw2000.pdf;
Neustadtl, A., Robinson, J., P., “Social Contact
Difference between Internet Users and Nonusers in the
General Social Survey”, IT & Society, Vol. 1, Issue 1,
summer 2002.
Nie, N., Erbring, L., “Internet and Society: a Preliminary
Report”, IT & Society, Vol. 1, Issue 1, Summer 2002.
Putnam, R., D., cited in Nie, N., Erbring, L., , “Internet
and Society: a Preliminary Report”, IT & Society, Vol. 1,
Issue 1, Summer 2002.
Kraut, R., Patterson, M., Lundmark, V., Kiesler, S.,
Mukophadhyay, T., Scherlis, W., cited in Kiesler, S.,
Kraut, R., Cummings, J., Boneva, B., Helgeson, V.,
Crawford, A., (2002) “Internet Evolution and Social
Impact”, IT & Society, Vol. 1, Issue 1, summer 2002.
Katz, J., E., Aspden, P., A., (1997) cited in Kiesler, S.,
Kraut, R., Cummings, J., Boneva, B., Helgeson, V.,
Crawford, A., “Internet Evolution and Social Impact”, IT
& Society, Vol. 1, Issue 1, Summer 2002.
Fischer, C., S., (1992) cited in Kiesler, S., Kraut, R.,
Cummings, J., Boneva, B., Helgeson, V., Crawford, A.,
“Internet Evolution and Social Impact”, IT & Society, Vol.
1, Issue 1, summer 2002.
Wellman, B., cited in Kiesler, S., Kraut, R., Cummings,
J., Boneva, B., Helgeson, V., Crawford, A., (2002)
“Internet Evolution and Social Impact”, IT & Society, Vol.
1, Issue 1, Summer 2002.
Walther, J., B., Burgoon, J., K.,” Relational
Communication in Computer Mediated Interaction”,
Human Communication Research, Vol. 19, Issue 1.

44

Development of Methodology for
E-materials Making and Integration
as Support to E-education
Despotovic, S., Marijana; Savic, M., Ana
organization and strategy of the education
process.
For the needs of the remote education, the
Learning Management Systems - LMS have
been developed, which makes planning,
implementation and management of course and
observation and analysis of the results of the
course participants much easier.
Also, a very important element of the remote
education is the making of education materials.
There are various methodologies for education
materials making, one of which will be
represented in this paper.
This paper deals with the development of the
methodology for making of e-materials and the
analysis of the processes included in e-education
and integration of software components for their
realization.

Abstract — This paper deals with the problems
related to process of preparation and making of ematerials for needs of remote education and
integration
of
educational
processes
and
appropriate
software
applications,
through
organization of studies, realization of educational
and research processes and content management.
The paper describes the process of preparation
and development of e-materials for needs of
remote education, as well as the e-materials
distribution management system, that is, the
system for management of the entire learning
process. Information technology development
enables
more
efficient
teaching
through
orientation on knowledge transfer instead of
presentation, and more efficient studying using
students’ services subsystem and LMS. Paper
considers an example of implementing this
concept through the realization of faculty intranet
and using LMS. An example of e-education
process analysis and software components
integration at the Faculty of Organizational
Sciences, University of Belgrade, is given, too.

2. E-EDUCATION PROCESS
E-education is the educational process with
more than one participant – teacher and students
– who use the information technology for one or
more purposes: communication, transfer of
contents, or knowledge testing. The teacher and
students can be distant in space from each other
and do not have to be active at the same time. In
order to have a common education become eeducation, it is not necessary to have all the
things carried out via Internet. There is possibility
of combination with the teaching in a classic
classroom or in a computer classroom.
The predictions say that e-education will be
used in all forms of education in various ways.
Under these conditions, term ’e-education’ will
soon disappear, because every form of education
will be supported by the technology. The terms
’e-education’ and ’remote education’ are often
used in the media, at the specialist meetings and
in the literature as the synonims, which is not
completely true. E-education implies use of the
information technology no matter whether the
teacher and students are distant in space or not,
while the teacher and students in the remote
education are distant in space and, in the
educational process, they use information
technologies or some other forms of exchange of
information, such as paper, audio or video
casettes, etc. Term ’remote learning’ is best
depicted by the following definition: "The process
of extending learning, or delivering instructional

Index
Terms
—
E-Education,
Learning
Management System, Integrating technology.

1. INTRODUCTION
Education is today considered to be the
condition for survival and development of the
modern societies. The significance of education
in field of Information Technologies is
proportional to the technological development of
the society. With the expansion of technologies
and innovations in field of remote education, the
availability of such method of education grows
dramatically. Many traditional schools conceive
some of their programs in form of remote
education, whereas many schools developed
focusing exclusively on remote education.
The distance education cannot be examined
separately from the information-communication
technologies, multimedia and Internet. This
correlation can be noticed in the teaching
preparation processes, presentation of the
teaching material, communication and the
learning processes. Application of information
technologies depends on type of content,
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resource-sharing opportunities, to locations away
from a classroom, building or site, to another
classroom, building or site by using video, audio,
computer, multimedia communications, or some
combination of these with other traditional
delivery methods."[6].

taken into consideration:
• Lectures at the agreed time;
• Completely individualized studying;
• Studying at arbitrary time;
• Studying at any place;
• Studying with help of appropriate device.
As far as the expenses, technology and
necessary resources are concerned, it can be
concluded that the main characteristics of the
distance education, in regard to the classical
education, are as follows:
• Lower expenses of the education
realization;
• Higher expenses of textbook
development;
• Faster learning;
• New knowledges and skills required;
• Developed backup section required;
• Cheaper hardware and software;
• No travels and absence from work;
• Possibility of complex use of knowledge.
Conversion of traditional into electronic
textbook is carried out gradually, expanding the
level of application of e-materials in each
iteration, as well as the interaction between the
participants in the education process:
Level 1. Replication of materials without
interactivity.
Level 2. Audio and video support.
Level 3. Interaction through evaluation of
answers to asked questions.
Level 4. Interaction through evaluation of the
learned, limitation of further access until the task
is completed, making of decisions in the
simulation of real situation.
Level 5. Complete interaction and guided
learning through support in doing concrete tasks
– simulations, scenarios, practical excercises,
evaluation of solutions and decisions.

2.1 Developing education materials
Education materials are the most important
element of the distance education. When we talk
about classical education, they represent only
backup to the teaching process in which the
teacher has the main role. As far as the distance
education is concerned, the education materials
represent the main source of new knowledge and
skills. They are also the controllers of the
teaching process course because they lead all
students through the instruction process and
direct them to the desired goal. Their role is very
complex and the influence they have on the
quality and result of the distance education is
crucial.
The process of preparing and developing ematerials for needs of the distance education is a
four-phase cycle: analysis, design, development
and evaluation (Figure 1.) [4].

2.3 Preparation of teaching content
Ways of communication between participants
in the e-education process are shown in the
Figure 2:

Figure 1. Process of preparing and developing
materials

For the sake of standardization of development
of education materials it is recommended that
suitable automated didactic forms (templates) be
used. Use of templates provides required level of
coordination of different teaching approaches. If
there are quality contrived templates for design of
education materials, the teachers can completely
dedicate to the creation of teaching contents of
the course and their fitting into the forms and
structure determined by templates.

Figure 2: Communication in e-education process

Communication in the e-education process can
be realized by use of various synchronous or
asynchronous interaction forms, such as e-mail,
network news, forums, chats, electronic board,
teleconference, etc.
Exchange of messages encompasses various

2.2 Preparation of teaching content
In the process of transition from the traditional
to e-textbook, as well as during the design of
electronic materials, the following characteristics
of electronic teaching and learning should be
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types of communication, such as mail, voice mail,
e-mail, fax, etc. Efficient message exchange
system is necessary for good coomunication and
collaboration between the participants in the
distance education process.
Collaboration in the distance education implies
interaction not only between the teacher and the
students, but also between the students
themselves. Although the students can be
geographically dislocated, studying in groups and
through mutual interaction most often leads to
better results.

recording of marks – online.
Key processes for the functioning of Moodle
LMS are:
• administration of users and user groups;
• assignment of roles and activities;
• creation of courses and teaching groups;
• addition of contents (text and web
pages, links, audio-video recordings);
• defining of the activities for teaching
groups by teaching units;
• communication between participants in
the education process;
• observation and evaluation of work of
students.
In the scope of the system of post-graduate
studies at the Faculty of Organizational Sciences
(FON), Moodle is used as the system for
realization
of
the
distance
education
(http://elab.fon.bg.ac.yu).

3. LEARNING MANAGEMENT SYSTEMS
Learning Management Systems (LMS) is the
standardized tool that is used in e-education. We
can say that LMS in e-education is what the
school building is in the classical education – the
infrastructure that supports learning.
The task of LMS is to manage all elements of
the knowledge distribution, to note all parameters
of that process and to make it possible for the
management to perform the quality supervision of
the process and the analysis of the results. On
the basis of these parameters, it is possible to
have the insight into the progress of individual
users, groups, organization units or the entire
organization at any moment and, on the basis of
the objective results, it is possible to measure
and analyze the efficiency and make appropriate
decisions. On the other hand, LMS makes it
possible for the course starters to have the
access to all resources required for studying at
one place, while the authors of the educational
materials and the teachers can plan, implement
and manage the course much easier.
These systems are oriented towards creation
and composing of various teaching objects
(teaching materials). LMS offer possibility of
different forms of collaboration during the
learning process. One of the basic tendencies of
these systems is to provide varied use of the
teaching objects, which can be provided by
preparing teaching materials using tools that
support SCORM (Sharable Content Object
Reference Model) standard.

3.2 Methodological solutions for development of
didactic systems
Methodological solutions for development of
didactic systems (based on the ADDIE model:
Analysis, Design, Development, Implementation
and Evaluation), in the framework of which the
modern education for performing concrete tasks
is carried out, are brought into accord with:
modern access to synthesis of complex dynamic
systems; “e-learning” technology, as well as
pedagogical and the adult education attitudes
toward learning (acquisition of knowledge, skills
and habits) and didactic rules for organization
and realization of education [7].
Modern education can be realized in the
didactic system that functions in strong
interaction with its environment and whose
structure is made of:
• participants in the teaching process;
• education technology, and education
contents.
3.3 Browsing knowledge
In the electronic education process, knowledge
is presented in various sources and forms.
Content management systems make it possible
for users to set, find and use various contents in
quick and easy way.
Digital libraries are distinguished as the
important knowledge sources. Digital libraries
represent
collection
of
the
documents,
information and other artefacts, some of which
can be presented in the written form. The aim of
the digital libraries is to systematically improve
methods for collecting, keeping and organization
of information in digital form, as well as to provide
quick and easy access to these information.

3.1 Moodle
Moodle
(Modular
Object
Oriented
Developmental Learning Environment) is an
open-source learning management system,
which supports SCORM standard. They are used
by universities, schools and individual instructors,
first of all, for the sake of the advancement of
education by means of Web technologies [10].
Installed Course Management System - CMS
provides tools for professors, which they use to
create the web sites with courses, as well as the
access control for students. Basic tools are:
uploading and exchange of materials, forums,
chat, online quizzes and tests, wiki, workshops,
collecting and checking of allotted tasks,

4. PORTAL FOR ELECTRONIC EDUCATION AS AN
INTEGRATION FRAMEWORK
Success of the distance education depends on
application of LMS, tools for creation and
47

distribution of contents and integration with the
existing information systems in the educational
institution [9]. Following the introduction of LMS
"Moodle" to postgraduate studies at the Faculty
of Organizational Sciences, the real need
appeared for its integration with the group of
Internet services in the computer network of the
faculty and the existing IS of postgraduate
studies.
Integration of the components of e-education
system and business information system in the
framework of e-education portal is shown in the
Figure 3.

components[1]:
• Registration
Process:
the
unique
identification number must be created for
each user (i.e. for all students, teachers and
education administrators). Thanks to this, all
activities inside the system can be filed and
observed.
• Security Control Mechanism: the users
should have access to the functions and
resources that respond to their roles in the
education process. In this way, the control of
activities is provided.
• Enrolment Process: students who enroll must
be able to access the course.
• Education Supporting Environment: students
should be able to communicate between
themselves, take part in the classes and ask
questions to their instructors.
• Testing and assesment: it is necessary to
provide
appropriate
mechanisms
for
measuring of results;
• Teaching program and course management
database.
• Education Process Observation: it is
necessary to observe all students' activities
related to education and to enable obtaining
various reports. The system should contain
the education management database.
The basic integration problem in such
heterogenous environment is finding of unique
method for identification and authorization of the
system users, professors, students and
administrative workers. This group of tasks is
done by means of LDAP protocol (Lightweight
Directory Access Protocol). The first integration
level is realized in such a way that all
components of the Internet service of the faculty,
information system and LMS Moodle must carry
out authentication and authorization of all their
users and processes on the centralized LDAP
server of the faculty. The existing Internet
services at the Faculty of Organization Sciences
that use LDAP server for authentification and
authorization are shown in the Figure 4. and
described in details in [3].

Figure 3: E-education portal as an integration
framework

•

•

•

•

People integration - students, teachers and
other participants in the education process
can access system or communicate between
themselves from any location.
Information integration - the system
enables collecting of various, non-structured
data, whereas the users can access the
structured information through portal. This is
achieved
by
use
of
the
"content
management" service. Also, the users can
obtain various kinds of reports, analyses,
data interpretation, etc.
Process integration - existing processes in
the computer network of the faculty are
integrated with the distance education
system by use of XML Web service.
Application Platform - applications of the eeducation system are realized by use of
various technologies, so that the integration
must be carried out at the application level,
as well.

Figure 4. LDAP server in e-education system network
infrastructure

4.1 Authorization and identification in
e-education portal
Successful use of electronic education requires
online equivalent to the infrastructure that is used
for management and administration of classical
education. Such infrastructure requires following

4.2 Process integration in e-education
Information system of postgraduate studies is
developed and divided into five main modules:
Basic data, Education (curriculum, exams,
specialist's, MA and PhD papers), Students
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(students' transactions, payments for taking of
exams and tuition), Financial data (teachers'
transactions, salaries and fees, paid and issued
invoices) and Reports. The business model of
the distance education obtained through
integration of business information system, LMS
Moodle and Microsoft Collaboration Servers is
shown in the Figure 5. [8].

Sciences in both traditional way, in a classroom,
and, at the same time, as a distance instruction.
The instruction is based on the weekly structure
and it lasts for thirteen weeks. The activities and
obligations of students are known in advance and
they include: learning of lessons (in various
forms: text, audio, video, ...) planned for the
current week, engagement in the collaborative
discussion forum on the topics from the lessons,
solving of tasks with the use of chat, dictionary of
terms, wiki, as well as taking of quizzes following
the adoption of the matter. The defined goals of
studying for students were to learn the basics of
electronic operations, to critically contemplate
their own studying and to learn in collaboration.
During the instruction, the poll was conducted
among 131 students of postgraduate and basic
studies, who also took two tests.

Figure 5. Process Integration in e-education

The poll was made of series of questions of
general type (sex; average mark; use of
comunication systems: forum, chat), questions of
social character (motivation; success; selfcriticism; ambitions), questions related to use of
Moodle, questions that concerns communication
in the team environment. The contents, activities
and resources of the web site were included in
the analysis, as well as online participation of
students and support from tutors, acceptability of
the program in the opinion of students, efficiency
of acquirement of knowledge.

4.3 Integration of applications in e-education
Technical realization of the integration from the
aspect of infrastructure and Internet services is
shown in the Figure 6.

On the basis of the poll results, it can be
concluded that the successful realization of the
distance instruction requires knowledge of the
predispositions of the students concerning use of
Internet, electronic mail, various forms of online
communication, as well as knowledge of the
culture to which students belong, studying style,
etc. On the basis of the poll results, it can be
concluded that Moodle stimulated students’ team
work, use of various forms of communication, as
well as collaboration between students and
teachers.

Figure 6. Integration of business information system,
Moodle LMS and Microsoft collaboration servers

E-education system is realized through
applications that use systems like Linux, PHP,
MySQL, whereas, on the other hand, some of the
realized applications are based on .NET
technology. Integration of these applications,
which are based on two esentially different
technologies, is carried out by use of XML Web
service.
The base of the system is operative system
Windows Server 2003 which provides core
infrastructure and usual services in the following
categories: security infrastructure; core services,
operations
and
management;
application
infrastructure and collaboration infrastructure.

During the instruction, the students took two
tests in field of electronic operations, one after
the class held in traditional way, the other after
the distance instruction. Comparative analysis of
the results the students had on these test is
shown in the picture 7. It can be concluded that
the application of the distance education method
increases learning efficiency and quality of
acquired knowledge.

5. EVALUATION OF REMOTE EDUCATION
SYSTEM

Electronic Operations instruction, as a part of
the postgraduate and basic studies, has been
organized at the Faculty of Organizational
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Power Loading in MIMO Multicarrier
Transmission Systems for Multi-Pair Cables
Lange, Christoph; Ahrens, Andreas

OFDM (orthogonal frequency division multiplex)
is a widely accepted multicarrier transmission
scheme in both, wireline and wireless transmission. Examples of it’s application include digital
subscriber line techniques (DSL) [4], [5], digital
video broadcast (DVB), digital audio broadcast
(DAB) and wireless local area networks (WLAN)
such as 802.11a and HIPERLAN/2. A lot of articles have been published in the literature where
the resilience of multicarrier transmission systems
against typical channel distortions in wireline and
wireless transmission is highlighted [5], [6].
In local cable networks, crosstalk is one of
the most limiting disturbances, whereby near-end
crosstalk (NEXT) and far-end crosstalk (FEXT)
occur in bidirectional driven cables [7]. Since the
NEXT is a very strong impairment several techniques have been developed in order to avoid or
suppress it [8]. In this case only the FEXT remains
as crosstalk influence. Often optical fibre transmission is used up to a building’s entrance and the
last few hundred metres within the building are
bridged by copper cables. For such short cables
used in high-data rate systems in the local cable
area, the FEXT is particularly strong [7] and as
a result heavy FEXT interferences between the
signals on neighbouring wire pairs arise [4], [5].
In different publications, e. g, in [9], it was theoretically shown, that gains are possible by FEXT
exploitation. In this contribution an interesting approach for the practical exploitation of the FEXT
signal parts is presented: On each wire pair the
multicarrier technique OFDM [10] is used and in
addition the mutual impact of the wire pairs in
a cable binder via far-end crosstalk is taken into
account. Therefore the n-pair cable is modelled as
a (n, n) MIMO transmission system and the combination of singular-value decomposition (SVD)
and optimal power allocation using the Lagrange
Multiplier method is considered with the aim of
a bit-error rate minimization at a given data rate.
Contrary to other publications considering a similar topic, here the focus lies on the combination

Abstract— Crosstalk between neighbouring wire
pairs is one of the major impairments in digital transmission via multi-pair copper cables. For
high-rate transmission, often the strong near-end
crosstalk (NEXT) disturbance is avoided or suppressed and only the far-end crosstalk (FEXT) remains as crosstalk influence. If FEXT is present,
signal parts are transmitted via the FEXT paths from
the transmitter to the receiver in addition to the
direct transmission paths. Therefore transmission
schemes are of great practical interest, which take
advantage of the signal parts transmitted via the
FEXT paths. Here a SVD (singular-value decomposition) equalized MIMO (multiple-input multipleoutput) multicarrier system is investigated. Based
on the Lagrange multiplier method an optimal
power allocation scheme is considered in order
to reduce the overall bit-error rate at a fixed data
rate and fixed QAM constellation sizes. For high
FEXT couplings between neighbouring wire pairs
considerable gains are possible and the importance
of FEXT exploitation becomes obvious.
Index Terms— Twisted-Pair Cable, OFDM, Power
Allocation, Multiple-Input Multiple-Output System,
Lagrange Multiplier Method, Singular-Value Decomposition.

1. Introduction

T

HE local cable network substantially ensures
the fixed subscriber access to telephone and
data services. For most parts, this local cable
network consists of multi-pair symmetric copper
cables. Originally, these copper cables were installed for analogue telephone services in the
lower frequency range. In addition, nowadays
these copper-based local exchange networks are
widely used for digital transmission, too.

Manuscript received March 31, 2006; received in revised
form July 19, 2006. Parts of this paper are published in the conference records of the International Conference on Advances
in the Internet, Processing, Systems, and Interdisciplinary Research (IPSI) [1] and of the IASTED International Conference
on Wireless Networks and Emerging Technologies (WNET) [2]
as well as of the International Conference on Signal Processing and Multimedia Applications (SIGMAP) [3]. The authors are
with the Institute of Communications Engineering, University of
Rostock, Richard-Wagner-Str. 31, 18119 Rostock, Germany
(email: {christoph.lange}{andreas.ahrens}@uni-rostock.de).
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Fig. 1. Model of transmitter and cable with FEXT (example:
N = 2)
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of singular-value decomposition and power allocation. Thereby the optimal power allocation solution
is presented for given boundary conditions (fixed
QAM constellation size and limited total transmit
power).
The remaining part of this contribution is organized as follows: In section 2 the cable characteristics are given. Section 3 introduces the considered system model including the MIMO-OFDM
transmission system with SVD-based equalization. In section 4 possible optimization objectives
for MIMO transmission systems are discussed
and the underlying optimization criteria are briefly
reviewed. In section 5 the transmit power allocation scheme is explained and in section 6 the
obtained results are presented and discussed.
Finally, section 7 provides some concluding remarks.
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|Gk (f) · GF (f)|
8

10

Fig. 2. Cable and FEXT coupling transfer functions for a cable
length of l = 0.1 km with KF = 2.6248 · 10−17 (Hz2 · km)−1

influence is characterized by the overall FEXT
transfer function Gk (f ) · GF (f ). This transfer function attenuates the FEXT coupled signal much
more in longer cables than in shorter ones, which
becomes obvious by comparing Fig. 2 and Fig. 3.
Therefore it can be stated, that the FEXT impact
is much stronger in short cables than in longer
cables [7].
0

−20

−40

2. Cable characteristics
The distorting influence of the cable on the
replacements
wanted signal is modelled by the PSfrag
cable transfer
function
q
−l j ff
0 ,
Gk (f ) = e
(1)
where l denotes the cable length (in km) and f0
represents the characteristic cable frequency (in
MHz · km2 ) [11]. The far-end crosstalk coupling is
covered by the transfer function GF (f ) with
|GF (f )|2 = KF · l · f 2 ,
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Fig. 3. Cable and FEXT coupling transfer functions for a cable
length of l = 1.0 km with KF = 2.6248 · 10−17 (Hz2 · km)−1

(2)

whereby KF is a coupling constant of the far-end
crosstalk, which depends on the cable properties
such as the type of isolation, the number of wire
pairs and the kind of combination of the wire pairs
within the binders [7].
The far-end crosstalk signal uk 21 (t) arises,
when the transmit signal at the output of the
transmit filter Gs (f ) of the disturbing transmitter
passes through the cascade of FEXT coupling
transfer function and cable transfer function Gk (f )·
GF (f ) (see Fig. 1). Therefore the effective FEXT

3. System model
The considered cable binder consists of n wire
pairs and therefore a (n, n) MIMO transmission
system arises. The mapping of the transmit signals us µ (t) onto the received signals uk µ (t) (with
µ = 1, . . . , n) can be described accordingly to
Fig. 4. On each wire pair of the cable binder
OFDM (orthogonal frequency division multiplexing) is used as multicarrier transmission technique
to combat the effects of the frequency-selective
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Fig. 5. Resulting block oriented MIMO-OFDM transmission
system for one subcarrier

Gs 1 (f)
Gs 2 (f)
us 2 (t)

fκ
W

e
bκ

GF (f)
Gk (f)

uk 2 (t)

justified by the rectangular shape of the receive
filter functions in the time domain.
The remaining interferences on each subcarrier
can now be eliminated by an efficient equalization
strategy. A popular strategy is represented by the
singular value decomposition (SVD), which can be
done on each subcarrier separately [3]. The SVD
of the matrix Rκ can be written as

Fig. 4. MIMO cable transmission model system with FEXT
(n = 2)

channel [5], [12]. Altogether a multicarrier system
with N subchannels is considered. In combination
with a sufficient guard interval length, a subcarrier
specific description can be obtained in the following form as shown in [2] and [3]:
e κ = Rκ · a
e κ + nκ .
u

eκ · V
eκ · W
fH ,
Rκ = U
κ

e κ is
e κ and W
f H are unitary matrices and V
where U
κ
e κ (5)
a real diagonal matrix [13]. The data vector a
f κ and results in the
is multiplied by the matrix W
eκ =
transmit data vector e
bκ . The received vector u
e H . Thereby
Rκ · e
bκ +nκ is multiplied by the matrix U
κ
neither the transmit power nor the noise power
is enhanced. The overall transmission relationship
for the subcarrier κ (with κ = 1, . . . , N ) is defined
as (see Fig. 5)


fκ · a
e H · Rκ · W
eH · u
e
e
eκ = U
+
n
=
U
y
κ
κ
κ
κ
κ

(3)

The matrices Rκ (with κ = 1, . . . , N ) describe the
subcarrier specific distortions and can be defined
according to

 (κ)
(κ)
r1 1 · · · r 1 n
 .
.. 
..

(4)
Rκ = 
.
.  ,
 ..
(κ)
(κ)
rn 1 · · · r n n

with the matrix elements describing the couplings
between the data symbols on the subchannel κ.
Based on the symmetry of the considered trans(κ)
mission system rν µ (for ν = µ) can be determined
by taking the FFT of gk (t) = F −1 {Gk (f )} into ac(κ)
count. The elements rν µ (for ν 6= µ) consider the
coupling between neighbouring wire pairs and can
be ascertained calculating the FFT of gk fn (t) =
F −1 {GF (f ) · Gk (f )}. The κth value of this vector
(κ)
(κ)
represents rν µ . The elements rν µ (for ν 6= µ) are
assumed to be identical for each κ, although in
practical systems the coupling between the wire
pairs is slightly different and it depends on their
eκ
arrangement in the binder [7]. The data vector a
contains now the data symbols that are transmitted via the same subcarrier and results in
e κ = (aκ 1 , . . . , aκ µ , . . . , aκ n )T .
a

=

T

.

eκ · a
e H · nκ .
eκ + U
V
κ

(8)

The SVD is done per subchannel, because due to
a sufficient guard interval length the subchannels
are assumed to be independent from each other.
A global system matrix can be constituted of the
subchannel system matrices (4) according to [1]–
[3]: Then the SVD can also be applied to the
global system matrix as shown e. g. in [14].
4. Optimization objectives and quality criteria
The optimization strategies for MIMO systems
typically fall into two categories: data throughput
maximization at a given bit-error rate or bit-error
rate minimization at a fixed data rate [15], [16]. In
this contribution we have restricted ourselves to
the BER minimization at a fixed data rate.
The bit-error probability in the general case of
M -ary quadrature amplitude modulation (QAM) is
given by




2
UA
1
Pf =
erfc √
, (9)
1− √
ld(M )
2UR
M
where UA denotes the half vertical eye opening and UR2 is the noise disturbance power per
quadrature component, respectively [17], [18].

(5)

Additionally a white Gaussian noise with power
spectral density Ψ0 is assumed, which results
after receive filtering in the vector nκ and can be
defined similar to (5) as
nκ = (nκ 1 , . . . , nκ µ , . . . , nκ n )

(7)

(6)

Thereby it is assumed that the noise components
are independently from each other, which can be
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5. Transmit power allocation

Q

Power allocation has been widely investigated in
the literature. Thereby optimal but highly complex
or suboptimal solutions with reduced complexity
PSfrag replacements
can be found, e. g. [14]–[16], [19]–[21].
The SVD-based equalization on each subcarrier leads to a different half vertical eye opening
p
(µ)
U A = ξµ · U s
(10)
for each data symbol. Here, Us denotes the halfp
level transmit amplitude (see Fig. 6) and ξµ are
the positive square roots of the eigenvalues of
the matrix RH
κ Rκ , describing the distortions on
each subcarrier. Therefore all eye openings are
in general different from each other. Assuming an
identical noise power for all symbol positions, the
symbol positions with the smallest half vertical
eye openings dominate the bit-error rate. Here
a transmit power partitioning scheme would be
necessary in order to minimize the overall bit-error
rate under the constraint of a limited total transmit
power. In the following all Nb symbols which are

√
− p µ Us

√

p µ Us

I

√
− p µ Us

noise disturbance per quadrature
BER per symbol and block can be


r
2 1 − √1M
pµ ξµ
Pf µ =
erfc
ld(M )
2

component a
calculated:
!
Us
·
. (12)
UR

The aggregate bit-error probability per block


!
r
b −1
2 1 − √1M NX
pµ ξµ U s
erfc
·
Pf =
ld(M ) Nb µ=0
2
UR
(13)
is obtained by averaging over the error probabilities of all Nb symbols of the data block, which are
simultaneously transmitted over the n wire pairs
of the binder.
In the subchannels of the multicarrier system investigated in this contribution M -ary square QAM
with transmit power [18]
2
Ps QAM = Us2 (M − 1)
(14)
3
is used [18]. Using a parallel transmission over N
subchannels the overall mean transmit power per
wire pair yields to
2
Ps = N · Ps QAM = N Us2 (M − 1) ,
(15)
3
and results in a total transmit power of n Ps by
taking n wire pairs per binder into account.
Considering now generally different half-level
√
amplitudes Us pµ after power allocation on the
symbol layers, it follows
2
√ 2 2 2
Ps µ =
pµ · Us (M −1) = pµ Us2 (M −1) (16)
3
3
for the µth symbol position.
If now a block of Nb data symbols, transmitted
over N parallel subchannels and n wire pairs,
is analyzed with these generally different half√
level amplitudes Us pµ after power allocation, the
mean transmit power of the block becomes

Us
PSfrag replacements
Us

p µ Us

Fig. 7. QPSK constellation of the µth symbol after power
allocation

Q

−Us

√

I

−Us
Fig. 6. Definition of the half-level transmit amplitude Us for
QPSK (M = 4)

simultaneously transmitted over the n wire pairs of
the binder are taken into account by the power allocation. The power allocation evaluates the halflevel amplitude Us of the µth symbol by the factor
√
pµ . This causes in general a modified transmit
√
amplitude Us pµ for each symbol of the transmit
data vector and the signal constellation is modified
according to Fig. 7; the half vertical eye opening
changes to
p
√
(µ)
UA,PA = pµ · ξµ · Us
(11)
per symbol after power allocation. Furthermore,
each symbol is disturbed by a noise with identical
disturbance power in the quadrature components,
which is assumed to be uncorrelated with power
UR2 each. Using (9) and (11), together with the

Ps,PA = n N
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Nb −1
1 X
2 2
√ 2
pµ
. (17)
Us (M − 1)
3
Nb µ=0

From the requirement

1

Ps,PA − n Ps = 0

(18)

0.8

B Nb =

NX
b −1

W(x) →

that the overall mean transmit power for the whole
binder consisting of n wire pairs is limited to n Ps
it follows, that the auxiliary condition

0.6
0.4

pµ − N b = 0

(19)

µ=0
0.2
PSfrag replacements
has to be maintained [3].
√
0
In order to find the optimal pµ the Lagrange
0
1
2
3
multiplier method is used. Contrary to other publix→
cations (e. g. [15]), here the power allocation has
Fig. 8. Lambert W function for positive argument values
not been carried out on each subcarrier independently from each other, although this might be
possible. To consider the subcarrier specific distortions in a best possible way, here all subcarrier
6. Results
singular values are combined in one vector, in order to smooth out the distortions. The Lagrangian
The FEXT impact is in particular strong for
cost function J(p0 , · · · , pNb −1 ) may be expressed
short
cables [7]. Therefore for numerical analysis
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with the Lagrange multiplier λ [15] and
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mean FEXT coupling constant of
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it to zero, leads to the optimal set of power allocaThe average transmit power on each wire pair is
tion coefficients. As solution for the pµ (a computer
supposed to be Ps = 1 V2 and as an external
algebra system such as M APLE or M ATLAB may
disturbance a white Gaussian noise with power
come in handy)
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symbol duration Ts = 2 µs, M -ary QAM, a block
length of nb = 10 and a guard interval length of
is obtained, where W(x) describes the Lambert
Tg = Ts /2). Furthermore, the baseband channel
W function [22]. The parameter λ can be calof the multicarrier system is excluded from the
culated by insertion of (22) in (19) and numeric
transmission in order to provide this frequency
analysis. With calculated λ the optimal pµ can
range for analogue telephone transmission.
be determined using (22). Figure 8 shows the
Lambert W function for positive arguments. From
For a fair comparison the ratio of symbol energy
Fig. 8 it becomes obvious, that very small pµ are
to noise power spectral density at the cable output
possible. Therefore it can be stated that optimal
is defined for the MIMO case (n > 1) according
power allocation could behave like a waterfilling,
to
since more power is spent to the less attenuated
Es
Pk + (n − 1)Pk fn
data symbols.
= (Ts + Tg )
,
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Power allocation with lower complexity can be
Ψ0
Ψ0
achieved by suboptimal methods, which can on
with Pk as mean power of the signal on the direct
the one hand rely on an approximation for the
paths at the cable output and Pk fn as mean FEXT
erfc(x) function or which ensure on the other hand
signal power at the cable output [3].
equal signal-to-noise ratios per symbol [16].
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and without PA for different QAM constellation sizes

A. Cooperative versus non-cooperative design
The power allocation to the wire pairs of the
binder can be done for each subchannel separately (non-cooperative) or jointly for all subchannels of all wire pairs (cooperative). The performance of the investigated power allocation
schemes is depicted in Fig. 9 in order to show
the efficiency of the proposed carrier-cooperative
setup (combined power allocation for all subchannels of all wire pairs) against the non-cooperative
one (power allocation for the subchannels on all
wire pairs individually). The performance gains are
clearly recognizable if all subcarriers are jointly
taken into account. The analysis of the subcarrier
specific bit-error rates under the boundary condition of fixed QAM constellation sizes leads to an
increased bit-error rate with increasing subcarrier
number: The cable attenuation increases with increasing frequency and is linearly equalized; this
leads to an enhanced noise power with increasing
frequency. The overall bit-error characteristic will
be mainly determined by the largest subcarrier
bit-error rate. Therefore based on an increasing
cable attenuation with increasing frequency under
the restriction of fixed QAM constellation sizes
a cooperative system design seems to be very
advantageous in cable transmission systems.

reasonable in the example considered here, since
short cables do not have very strong frequencyselective characteristics. For general cable transmission the optimization of combined power and
bit loading with low complexity in the MIMO context remains open for further investigations. Furthermore it seems to be worth mentioning that
in case of different QAM constellation sizes M
also different overall bit rates can be achieved.
This could be used to adapt the bit rate to the
user’s needs. In case of MIMO-OFDM the signal
parts, which are transmitted via the FEXT paths
are no longer disturbance: Now they are exploited
as useful signal parts. Therefore the transmission quality is improved compared to the SISOOFDM case (OFDM transmission over a (fictive)
perfectly shielded single wire pair). Similar results
are known from MIMO radio transmission with
multiple transmit and/or receive antennas, where
multiple transmission paths are exploited, too [24],
[25].

B. Results for different QAM constellation sizes

The results show that under severe FEXT influence it is worth taking the FEXT signal paths
into account (Fig. 10). At smaller FEXT couplings
no significant gains are possible by MIMO-OFDM
without power allocation compared to a perfectly
shielded wire pair (SISO-OFDM), because the
FEXT coupled signal parts are very small [2].

In Fig. 10 numerical BER results are presented
with the QAM constellation sizes M as parameter. For purposes of simplicity and in order to
obtain meaningful results, the QAM constellation
sizes are chosen to be equal in all subchannels
of the multicarrier systems. This seems to be

The results in Fig. 10 further show the potential
of appropriate power allocation strategies. The
absolut achievable gains depend on the actual
cable type, on the isolation of the wire pairs and
on the arrangement of the wire pairs inside the
cable binder.
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In this contribution, the practical exploitation of
the FEXT paths for improving the signal transmission quality is investigated in terms of an exemplary SVD-equalized multicarrier transmission
system on a symmetric copper cable. It is shown,
that the MIMO-OFDM cable transmission enables
gains in the BER performance especially under
severe FEXT influence. Thereby it could be shown
that power allocation is necessary to achieve a
minimum bit-error rate. In the exemplary system considered here some restrictions are made,
which directly lead to some open points for further
investigations: In order to use MIMO-OFDM for
cables of any length the most important open point
is the optimization of bit loading in combination
with the power allocation in the MIMO-OFDM
context.
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A Large Scale, Distributed, Iterated Prisoner’s
Dilemma Simulation
Michael Townsley, Michael Weeks, Rammohan Ragade, and Anup Kumar

model cooperation in open-source software development
[2]. In this game, two players meet and either cooperate
with each other, defect against each other, or have a mixed
outcome where one defects while the other cooperates.
Each player makes his choice at the same time. The
name comes from the story of two prisoners, each asked
separately to testify against the other. If they both refuse
to talk (and thus cooperate with each other), then both are
released. If they both agree to testify (defect) against the
other, they both will be convicted. One could testify against
the other, winning his freedom at the expense of the other
(cooperating) player.

Abstract— The Iterated Prisoner’s Dilemma (IPD) is a classic construct, used to explain the nature of cooperative/noncooperative behavior in society. One way to simulate the
iterated prisoner’s dilemma is with a genetic algorithm to
evolve the population of prisoner’s dilemma players to their
maximum potential. However, the limitations of computational
power are a large factor in the ability to run very large
simulations, and gather accurate and useful statistics. This
simulation is an obvious candidate for addressing problems
in parallel and distributed computing.
This paper will first demonstrate that a population of IPD
players will develop cooperation over successive generations.
This work is concerned with implementing a large simulation
of mobile IPD players, across a network of machines. We
present implementation considerations for such simulations
and the resulting impacts of parallelizing on the simulation.

Scoring is based on the outcome; a defecting player
scores five points against a cooperating player. Two players
who cooperate both do fairly well, scoring three points
each, while two defecting players both do poorly, scoring only one point each. A player who cooperates with
a defecting player scores the worst, zero points in our
simulations. An extension of this is the iterated prisoner’s
dilemma (IPD), in which the game is played repeatedly [3],
over an entire population of individuals in a cellular space.
Each individual has a certain way of playing the game.
For example, one strategy is to defect every time. Another
player may cooperate all the time. Others may alternate
cooperation and defection, according to history. There are
thousands of possible strategies for a player. As can be
expected, the number of points that a player amasses will
vary greatly depending upon how successful the strategy
is.

Index Terms — distributed computing, genetic algorithm, iterated prisoner’s dilemma
1. INTRODUCTION
The Iterated Prisoner’s Dilemma (IPD) game has been
used by computer scientists, biologists, and evolutionary
theorists to study evolution and cooperation theory. We
see examples of the prisoner’s dilemma in everyday life;
whenever we interact with someone else, we choose to
either act according to the “common good”, or selfishly.
On the highway, do we let the car in the right lane merge
in front of us, or do we speed up to prevent it? Allowing
the car to merge may make our trip slightly longer (or at
least it may seem this way). But what if, a short time later,
we find that we need to get in the next lane where that other
car presently is. The other driver is likely to think, “there’s
the car that let me merge onto the highway, so I’ll let him
in front of me”. Or perhaps, “there’s the car that sped up
to prevent me from merging”. The other driver is likely to
act accordingly. This is the basic concept of the iterated
prisoner’s dilemma. In fact, the strategy of “I’ll treat him
like he treated me last time” is a very successful one called
“tit-for-tat”. This paper focuses on simulating this game for
a large number of players, across a network of computers.

Each member of the population plays another member at
random. After a certain number of individual games have
been played, the ones with high scores are allowed to breed
to make new players. These new players will have strategies
similar to those of the earlier players, with some possible
genetic mutations along the way, using the popular Genetic
Algorithm approach. The individuals with lower scores are
eliminated from the population, based on the concept of
survival of the fittest. A metric called the fitness ratio is
measured in how well a player plays the game. That is, we
rank the players according to their scores. This paradigm
gives a social scientist new insights into the dynamics of a
population over a region, since the players are mobile like
a group of people, or animals in the wild. A simulation
model was developed to enable studies into these insights
[4]. The simulation allows parameters to be changed, such
as the payoffs for each outcome.

1.1. The Iterated Prisoner’s Dilemma
In game theory, the Prisoner’s Dilemma [1] is a classic
construct, used to explain the nature of cooperative/noncooperative behavior in society. It has even been used to
Manuscript submitted March 16, 2006.
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1.2. Problem Statement

will do when it runs into an opponent for which it has no
play history. This is randomly assigned, as is all of the
data, when the simulation begins. Every state requires the
path out of the state, along with what decision to make
(cooperate or defect). Since the amount of information is
small, the unique data used to represent the FSM is only
132 bits long. In genetic algorithm literature, we call this
a chromosome, since it defines our player much like DNA
defines an organism. Figure 2 depicts an example player’s
FSM. We see that the default for this particular player is to
cooperate, then move to state 5. From state 5, this player
will next move to state 1, 2 or 7, depending on the input
(two of the inputs lead to state 1).

This paper has several goals. First, we plan to demonstrate that a population of IPD players, much like a group
of organisms, will develop cooperative behavior over successive generations. In other words, cooperation with each
other will evolve. When populations are very large, the
demands are too much for a single machine to handle,
so using several networked machines becomes a necessity.
We discuss architectural and simulation issues in addressing large scale Iterated Prisoner’s Dilemma simulation
via distributed and parallel computing [5]. Additionally,
this paper looks at the issues of data-handling and other
resource utilization issues for these very large simulations,
for example, a population of 250,000 IPD players over 500
generations.
The next section will discuss the iterated prisoner’s
dilemma, followed by algorithmic issues with the genetic
algorithm. Section 3 explains the proposed solution, with
parallelization and communication issues. Section 4 analyzes our simulation, and section 5 presents our conclusions.
2. BACKGROUND
In the IPD, one of the first challenges of creating a
simulation is how to represent a player’s way of playing the
game. For example, a player may always defect or always
cooperate. A player may choose to cooperate after someone
else cooperates. A player may cooperate only a set number
of times and defect the rest of the time. Or a player might
cooperate initially, then copy whatever move the opponent
made the previous time. These are but a few of the many
possible strategies that a player might have.

Fig. 1.

Single FSM State

Fig. 2.

Player FSM Diagram

2.1. Finite State Machine and the Genetic Algorithm
In this simulation, we chose to represent a player’s
playing style (strategy) by using an eight state Finite
State Machine (FSM) [4]. The IPD allows each player
to remember the result of the last game played with any
other player in the simulation. Using this last outcome as
an input to the state machine, each state has four possible
outputs, according to the (Defect, Cooperate) moves made
by the two players: DD, DC, CD, and CC. That is, if the
player defects while opponent cooperates, then the input
is “DC” (see Figure 1). For each of these outputs, there
is a set response. For example, if a player were in state S
from Figure 1, and the previous outcome with the opponent
was “DC”, then this player would cooperate (“C”), and the
state would change to whatever state the bottom right arrow
points to. Meanwhile, the opponent follows his own state
machine to determine whether to cooperate or defect. Our
players are not adaptive agents like others have studied [6],
but they do evolve over time [7].
Each of the eight states in the FSM has four paths
out, one for DD, DC, CD, and CC (respectively defectdefect, defect-cooperate, cooperate-defect, and cooperatecooperate). Each FSM has a default action, what a player

The simulation uses the genetic algorithm (GA) in an
attempt to breed the best IPD player. Each simulation
can have any number of generations. We stop gathering
information after a set number of generations (500 in
this study). During each generation, players are allowed
to wander randomly in the game space, a simulated area
where the players are randomly distributed. Each time they
encounter another player, they play the prisoner’s dilemma.
This mobility has been shown to be an interesting problem
when the players are sophisticated [4], [8]. At the end of
the generation, the scores are added up and averaged. The
lower than average players are destroyed. The better than
average players then become parents of new players.
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A random bit of the FSM is chosen as the crossover
point. Genes (or bits) from one parent are taken from one
side of the chosen crossover point. Genes from the other
parent are taken from the other side. The result is a new
FSM that is part one parent and part another. Once the
new FSM is created, a second process called mutation is
performed. Mutation goes through the new player’s FSM
and randomly toggles a gene (normally, about one out of
every twenty genes). This mutation process creates new
and interesting players. New players that mutate into higher
scoring players will be given the opportunity to reproduce
and create the next generation of players with similar
qualities. This is the crux of the GA. Mutation rates can
also serve as a variable in the simulation study, but are not
particularly addressed in this paper.

bytes at the very least to represent one game history. This
means that at worst case for the same population, there
could be 95.4MB of just game history storage.
To be efficient and practical, a hash table was designed
for each player. The table has eight entries, where an entry
is a bucket of play histories. For example, player 25 needs
to know if it has played player 21 before and if so, what
the result was. The history list module would go to player
25’s hash table, take player 21’s ID modulo 8 (21 % 8
= 5) and go to bucket #5. The bucket is a simple linked
list. In the worst case, the bucket would have 50 players
in it. However, the average case would have only about 7
players, which is much better.
All development and the platform for this work was done
under Linux on an eight-node Beowulf cluster, connected
by a 100Mb-switched Ethernet hub. The nodes in this
cluster have Pentium II class processors running at 400MHz
and 128MB of RAM. On the software side, all the tools
used in the development, debugging, and testing phases
were GNU open source development tools.

2.2. Overview of the Game
Our players will occupy simulated space, and move about
randomly. Whenever two players meet, they will play a
round of the prisoner’s dilemma. But they also remember
their previous encounters, requiring some memory issues
to be resolved. We simulate the space as an array, to make
things efficient.
The finite state machine works like a simple brain; each
player uses it to decide what to do. In fact, this state
machine provides the main differences between players
(aside from factors like location). When the time expires for
the current generation, the players pass along their FSMs
much like organisms pass along their DNA. Successful
players are more likely to pass along their winning genes
to the new generation, just like successful organisms.
The next section will discuss implementation issues in
more detail.

3.2. Overview of the Simulation Software Suite
The simulation software was written completely using
standard ANSI C. For communication between process
nodes, standard Berkeley sockets and TCP/IP were used
[10]. Even though there are several architectures available
that facilitate doing distributed processing like Parallel Virtual Machine (PVM) and Message Passing Interface (MPI),
we decided that the most straight forward and simplest
approach was to do all the data passing using sockets. This
was an attempt to cut down on any overhead that a library
like PVM or MPI might introduce. We recognize that using
MPI might have been a much easier solution to implement.
However, by implementing this using a standard such as
sockets, portability and functionality does not depend on
the existence of another library to operate properly.

3. PROPOSED SOLUTION
One of the most complex data structures in the program
is the player list, basically a list of players that are on a
node. By node we mean one of the computers used in our
simulation, where players randomly occupy a virtual space.
There are many limitations to the design of a data structure
for holding all the players on a node. First of all, storing
the players in any kind of linear array or list is inefficient.
For example, when the node searches for players occupying
the same simulate space, it looks for two players with the
same coordinates. If the node has to find all pairs of these
players, this process would have O(N 2 ) comparisons. For
efficiency, we implemented a dual-entry structure that keeps
both an array and a grid of player pointers [9].

3.3. Communication Implementation
To run a large scale application like this, we use parallel
and distributed computing [11]. Communication between
all processes in this simulation is done with UNIX sockets,
the standard way of sending data over the internet from
one machine to another. They are very portable, which
means that the simulation software can be compiled and run
on computers with different operating systems (i.e., BeOS,
FreeBSD, WIN32, and other various Intel based operating
systems).
Each program in the simulation suite uses a module
called the transceiver, the lowest level of communication.
This prevents actual system level network code from cluttering up other portions of the software. The transceiver
implements a standard set of functions. All data in the simulation is passed as a series of “messages”. Messages have a
message identifier (MID) and a parameter identifier (PID).
If a program wants to know when it has received a certain

3.1. Game History Data
Keeping track of a population on a node is only a small
portion of the storage requirements for a process node. The
bulk of the memory is used for storage of game outcomes.
Every player in the population is given 50 chances per
generation to play a new opponent. Knowing that it takes 4
bytes to represent a player ID (as an integer), it will take 8
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Level
1
2
4
8

message through the network from another computer, it
registers a callback for the MID it wants information about.
Messages are packed into a buffer before they are sent
across the network. The buffer has a header which contains
how many different messages are in the buffer and how long
(in bytes) the buffer is. For times when bulk data has to be
sent from one process to another, this feature is good for
keeping down the overhead of making kernel calls to the
network under-layer.
The transceiver always keeps its own copy of any data
passed. This allows calls to the transceiver referencing stack
data to be made without concern that part of the stack will
go out of scope and lose that data. The advantage of this
approach is that the rest of the program never has to be
concerned with the actual IP address or port number that a
given simulation element is using for communication. This
is all taken care of in the transceiver.

N
5
5
5
5

Mean
103.00
97.00
112.80
104.20

StDev
10.27
7.14
11.32
5.17

TABLE I
ANOVA FOR D ISTRIBUTION A NALYSIS - O NE - WAY A NALYSIS OF
VARIANCE

4. SIMULATION ANALYSIS
The software developed was able to distribute a largescale iterated prisoner’s dilemma simulation. This section
will discuss the validity of the simulation, the overall
efficiency and architectural limitations.
4.1. Validity of the Distributed Simulation
To make sure that the distribution worked, we ran 20
simulations with 50,000 players each. We varied the number of processors, using 1, 2, 4, or 8 nodes. Our hypothesis
is that this simulation will produce the same outcome no
matter how many nodes contribute. This establishes that the
software accurately distributes the IPD.
To test this hypothesis, the “simulation outcome” was
defined as the generation at which the population reached
an average fitness value of 2.75 on the standard 0-5 scale,
25% away from complete mutual cooperation. Once these
statistics were gathered, a statistical package (Minitab) was
used to run an ANOVA (analysis of variance in Table I) to
test the hypothesis. It shows that for the number of nodes
in the study, for 5 runs each, that the mean generation to
achieve cooperation is consistent, regardless of the number
of nodes.

3.4. Parallelized Simulation Flow
Each running program (process) is aware of where it is in
the simulation and who its neighboring process nodes are.
Anytime that a player randomly leaves a process node’s
area, that node will send the player and its play history to
the node in charge of the player’s new region. We use a
server to synchronize the simulation.
After one iteration of the game is finished, each player
is given the random chance to move one square in any
direction (i.e. alter their location coordinates), or to remain
in the present location. When a node receives a message
to immigrate, it searches its current list of its controlled
players and checks to see if any player moved outside of
its boundaries during the movement phase. If players are
found to be outside the boundaries, they are sent to the
appropriate node for handling.
The server needs to calculate the overall population
average for the purpose of killing off the lower than
average players. The server sends a request to update the
fitness of each node. Each node reports back with its
current average fitness and its total population size. The
server then calculates the overall fitness average taking into
consideration the weight of a more populated node. Next,
the server sends to all nodes the entire population’s fitness
average. Each node first goes through its population and
flags each player that is lower than average as “dead”. Then
each node randomly selects (node population / number
of process nodes) eligible parents, packages them into a
network message, and sends them to each process node.
This way, each process node now has a list of eligible
parents, which includes parents from every point in the
world. Then each process node goes through its list of
players and for every “dead” one, randomly selects two
eligible parents (from the top-scoring players) and creates
a new player. This is done using the crossover and mutation
algorithms (of the genetic algorithm) described earlier.

4.2. Performance of the Distributed Simulation
The overall performance of the distributed simulation
was gauged by how long it took to complete the calculations required for one generation. The size of the
population being simulated and the number of contributing
processors in the simulation were the two main variables in
this performance measurement. The outcome of different
simulation sizes and different numbers of process nodes
was analyzed. The following graph (Figure 3) summarizes the performance of the simulation for populations of
50,000, 200,000 and 300,000 players. There is no data for a
simulation with a population of 300,000 for only two or one
processors, since we found it to be too memory intensive
to work on less than three machines.
Figure 3 gives an overall performance for different
population sizes. As the number of computation nodes
increases, the generation time decreases. It is clear that
when reading the graph from right to left that at about four
processors, the addition of any more is not necessary. This
all has to do with the overhead involved in data movement
and simulation synchronization. Every extra node in the
simulation represents another process that the server has to
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communicate with every generation. This directly translates
into more overhead.

there were significantly more games resulting in DD than
any other. This trend goes on for a while until almost
every game results in DD. Suddenly, the population starts
to cooperate and almost every game starts to result in CC.
An analysis of the phenomena is relatively straight forward. During the first generation, each player is relying on
its randomly generated FSM to make decisions. At the end
of the first generation, the GA starts looking for the players
that have the highest fitness. In a random population with
no prior play history, the players with the highest fitness
will be the one that defects the most frequently, earning 5
points. The cooperating players are only making 3 points
at best, 0 at worst. This trend continues until the GA has
produced a population full of defectors.
Once the population is full of defectors, every cooperator
to evolve from a GA mutation will probably die. If a
cooperator just evolves next to a group of several defectors,
it will have no chance to score any points. Therefore, for
the overall trend to change from mutual defection to mutual
cooperation, a group of cooperators must form in proximity
of each other. A group of cooperators will start making
3 points per game whereas the rest of the population,
which is still defecting is only making 1. At the end of
that generation, those cooperators’ FSMs will be added
to the gene-pool for reproduction hopefully to make new
cooperators.
Figure 5 shows the overall trend of game decisions as
the generations progress. The y-axis shows the number of
games played, in millions. The overall sum of the four
trends in the graph would be a smooth line across the
top and would represent the total number of games played
in each generation. Right around the 100th generation is
the breaking point where mutual cooperation evolves. The
trends for CD and DC are almost identical whereas the
trends for CC and DD are opposites.

Fig. 3. Overall Performance Plot. Colors represent the population size:
dark blue = 50,000; pink = 100,000; yellow = 150,000; light blue =
200,000; purple = 250,000; and brown = 300,000

4.4. Issues Encountered While Parallelizing the IPD

Fig. 4.

Transmitting data is very time consuming and therefore
added a lot of overhead to the simulation. We minimized
sending data as much as possible. For distributed simulations of small population sizes, there was little to no
performance gain. In some cases, a performance penalty
was taken because of this.
Keeping process nodes busy is key. If a process node
spends all of its time waiting for another process node to
finish, there are a lot of wasted CPU cycles. Currently, the
simulation runs in a lab of homogeneous computers, which
all but eliminates the need to balance the simulation load.
There are some very rudimentary methods of benchmarking
a process node before it logs in. Upon login, the server
is given a number by a process node. This number is
calculated by each node, to determine how long it took to
perform a certain set of tasks. The server uses that number
compared to all the other nodes’ numbers and divides the
simulation accordingly.

Overall Performance Surface Plot

Figure 4 is a plot of the same data from Figure 3. This
representation shows the generation time as the z-axis of
a surface. The higher the surface elevation, the longer the
time it takes to calculate a generation. The y-axis shows
the population sizes, in thousands.
4.3. Implementation Analysis
There were almost 100 complete simulations run during
the testing phase. Each of these simulations exhibited the
same general behavior. First, each population would start
out in the first generation by randomly making one of
the two decisions, creating an even distribution of games
resulting in DD, DC, CD, and CC. After the first generation,
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the distribution overhead.
The software has proven to be very stable and capable of
simulating large populations of IPD players without failure.
We demonstrated the evolution of cooperation among a
population of IPD players. That is, given a group of iterated
prisoner’s dilemma players with random (but possible very
complex) strategies, the genetic algorithm will adapt these
strategies over successive generations, until the majority of
interactions are mutual cooperations. This is much like a
population of organisms that develop behavior over time
that benefit the population as a whole, not just the individuals. For large populations, there comes a point where
running the simulation on a single computer is not feasible.
We showed that this simulation can be distributed on a
network.
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Fig. 5. Player Decision (Fitness) Trends. Pink shows defect/defect, yellow
shows defect/cooperate, black shows cooperate/cooperate, and light blue
shows cooperate/defect. The light blue line is almost completely covered
by the yellow line.
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5. CONCLUSIONS
Overall, this experiment confirms that evolution of cooperation occurs in a simulation of mobile iterated prisoner’s
dilemma players, when the players are sufficiently complex
(as they are with an 8-stage finite state machine). As figure
5 shows, the randomly-initialized players tend to defect
against each other at the beginning. However, players who
evolve to cooperate with each other tend to dominate the
population after a certain time (about generation 100). The
players who defect against one-another do not completely
disappear, but represent less than 15% of the population.
This experiment was successful in achieving its main
objective, which was to distribute the IPD. After running a
series of tests on both simulation outcome and performance,
we conclude that the simulation is not altered by being
distributed. Interestingly, we found that there is no significant performance increase for large IPD population sizes
by adding more than three process nodes to the simulation
system. For simulations with smaller populations, there is
almost no performance gain whatsoever in the addition
of more than one process node to the simulation system.
This reflects the communications overhead, primarily due
to the process of opening and closing sockets. The communications layer provided by the transceiver opens a new
system socket whenever data needs to be sent. Any future
implementation should use a more efficient transceiver, e.g.
using a call to select() to provide updates. Fortunately,
any changes to the internals of the transceiver will be
transparent to the rest of the modules in the experiment.
Therefore, the communications bottleneck that we encountered can be greatly reduced. This simulation would be best
implemented on a multi-processor shared memory system.
In this environment, almost all communication between
processes would be eliminated, cutting down on most of
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Business Oriented OSS for NGN
Akhgar, B.;Muñoz, M., G., Juan; López, A., L., José; Siddiqi, J.; Shah, H.,Nazaraf

Creating
service
orchestration
frameworks for support of customisable
and dynamic business processes in the
organisational value chain and value
networks.
• Technological
convergence
and
associated issues in terms of resources,
business
functionality
and
new
capabilities (e.g. introduction of new
technology and / or components).
• Satisfying ever increasing demands for
cost reduction and value proposition
through utilisation of service based
process automation.
• Industry consolidation and potential
network services integration (e.g. in case
of merger and acquisition).
It is, therefore, important to create a roadmap
of understanding for NG-OSS within Telco
network value systems.
This paper is organised as follows. Section 2
discusses NGN. Section 3 discusses the need for
services loose coupling and their operational
convergence. Section 4 briefly discusses
functional grouping.
Section 5 provides the
discussion of dynamic issues of OSS. Section 6
presents various standards and end to end vision
of the system. Finally section 7 provides the
conclusion of the paper and outlines some points
for future research, which includes the proposed
use of intelligent technology for modelling and
implementing of NG-OSS.
•

Abstract— The Operations Support Systems
(OSS) of Telco service providers have proven to be
a critical success factor for businesses as well as
a key differentiator between competitive systems
providers. Currently, several standards bodies,
initiatives and projects attempt to deal with OSS
issues concerning Next Generation Network
(NGN). Unfortunately there is no coordinated view
and actions in the Telco community that can
influence these players in terms of participation,
liaisons or partnerships issues- Moreover no
common understanding exists amongst the Telco
service providers of technological issues involved
in
NGN-OSS.
This
paper
provides
a
comprehensive discussion and reports on the
analysis of key topics that are crucial to meet the
OSS requirements in order to address the
challenges offered by NGN. These challenges
include the use of Commercial off the Shelf
components for process automation and systems
development and a business view of operational
issues.
Index Terms— Next Generation of Network, Operation
Support System,

1. INTRODUCTION

T

he Operations Support Systems of Telco
service providers have proven to be a critical
success factor for individual businesses as well
as a key differentiator between competitive OSS
providers. OSS provides support for managing
network infrastructure, billing systems, quality
assurance, customer care, troubleshooting and
provisioning system [1, 2].
A crucial challenge for establishment of NGNs
is to build an appropriate service based
architecture for their operation, administration and
maintenance. The realisation of such a service
based architecture involves a large number of
different network elements. Currently, several
bodies, initiatives and projects propose standards
and technologies to deal with OSS issues in NGN
[3, 4, 5, 6, and 15]. It is clearly stated in The
Eurescom study P1445 [7] that there are no
coordinated views and actions in the Telco
community to influence standards bodies in terms
of participation, liaisons or partnerships issues.
The technical issues and critical operational
factors of NG-OSS can be explained in terms of:

2. Next Generation Network
There is no universally accepted definition of
NGN. However in context of our discussion; NextGeneration-Network is defined by ITU-T as “a
packet-based
network
able
to
provide
telecommunication services through the use of
multiple broadband quality of service (QoS)
enabled transport technologies” [3]. The servicerelated functions of NGN are independent of
underlying transport-related technologies. This
separation of service related functions enables
unfettered users’ access to networks and to the
services of their choice. It supports generalised
mobility which allows consistent and ubiquitous
provision of services to users.
NGN is a new service and network architecture
that allows network and services operators to
address some of the main business requirements
in Information and Communication Technologies
(ICT) area.
It intends to incorporate the flexibility and
dynamics of the Internet service creation model in
an operator business model. This model makes it
easier to improve the number of telecom services

B. Akhgar. Author is with the Sheffield Hallam University (e-mail:
b.akhgar@shu.ac.uk).
J. Siddiqi. Author is with the Sheffield Hallam University (e-mail:
j.i.siddiqi@shu.ac.uk)
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and the user experience, while keeping their
OPEX under control. Figure 1 shows a four layer
generic architecture of an NGN. These layers are
known
as
access,
transport,
control,
service/application layer.

•

Infraestructure
Provider

Generic server
Application

IP/MPLS

Sede
Sede
1 2 Red MSC

NetLan

Access Layer

ADSL 1,65 M.

Figure 1: NGN Generic Architecture
NGN is an emerging industry capability that
encompasses a number of operational and
technical characteristics:
•
Customer centric in terms of self service and
customer definition of services;
•
Service based (e.g. supports multimedia)
services such as voice, video and
unified/instant messaging;
•
Agile in changing services offered to
customers;
•
Ability to add in new networking and
communications applications;
•
Predominately packet based with intelligence
at the edge;
•
Networking technology can be plugged and
played;
• Radical reduction in CAPEX and OPEX
costs.
3

Service
Provider

Content
Provider

Customer

Due to high cost of deployment and
maintenance of infrastructure, incoming actors
usually play the service provider role whereas the
telecom operator may act both as the network
provider as well as the service provider.
The network provider is responsible for
providing network services to the service
provider. The operation and management of
these services is made via the OSSs. Due to the
re-configured value chain operation it is
mandatory to deliver not only network services
but also operation services to third party
providers.
From an architectural point of view, one of the
main characteristics of the NGN is to decouple
network and services functionalities. NGN tries to
make services independent of underlying
technologies and also make it available through
different networks. This fact makes NGN suitable
to provide fixed-mobile convergence (FMC).
Furthermore, FMC is one of the main drivers
behind NGN standardisation and adoption from
networks manufacturers and service providers.
Operators that do not embrace convergence to
enable the delivery of third party content will
reduce the value of their network.
The goal of NGN is to provide the capabilities
to enable the creation, deployment, and
management of all kinds of services. In order to
achieve this goal, service creation/deployment
infrastructure must be decoupled from transport
infrastructure. Such decoupling is reflected in
NGN architecture as separation of transport and
service strata as shown in Figure 3.
This horizontal approach implies to formalise
the separation (e.g. through standard protocols or
APIs) between:
• Transport layer: various access networks
(UTRAN, WLAN, xDSL) connected to a
single backbone.
• Control layer: control functions designed to
be common to these various
access
networks (e.g. network attachment control,
resource and admission control, session
establishment control, service triggering
control)
• Application
layer:
access-independent
session-based services (i.e. that are
triggered during a session)
NGN
operations
should
facilitate
this
decoupling or separation.
Importantly, OSS
should offer operational services taking into
account the layers defined by NGN.
Legacy management systems for NGN
infrastructure should also accomplish the same
NGN layer separation as shown in Figure 4.

Control Layer

Sede Central

Network
Provider

Figure 2: Value Chain Corresponding Roles

Application/service Layer

Transport
Sede nLayer

Content Provider

Loose Coupled Sernices

An effective OSS is critical in order to address the
emerging NGN business challenges. An OSS
should help to accommodate flexible service
integration framework, introduction of new
technologies at a faster pace and lower cost; and
reduction in cost base through process
automation. One of the main trends in industry is
the adoption of loose coupling of traditional
services towards horizontally layered structures.
The use of commercial off the shelf
components enables seamless integration of
systems. In the past telecom operators were used
to cover all the roles from network resources to
customers. Recently, this model has changed
considerably, and the value chain has been
broken into parts corresponding to the following
roles as shown in Figure 2:
• Infrastructure Provider
• Network Provider
• Service Provider
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3rd Party Application Providers

ANI
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Application Functions
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Figure 3: Transport and Service Stratum View of NGN Architecture [7]
Both views are necessary. OSS are best
analysed and developed starting from an
operational point of view. TMN FCAPS will stay
supporting this operational view from the services
and network layers.
A great level of loose coupling enables the use of
COTS modules, thereby reducing OSS development
costs. Eventually, the operators should only be
concerned with business process and customisation of
different items. Figure 5 depicts the process involved
in implementation of OSS using COTS components.
Decoupling network management functions from the
OSS itself would facilitate the use of modules or
components such as APIs of OSS through Java
(OSS/J).

Legacy management systems are called NGN
EMS. At the NGN OSS stratum operation
services are decoupled to allow seamless
integration of Commercial Off the Shelf
Systems(COTS). OSS/J [9] may be used for this
purpose.
The service decoupling as described above
follows the business process model of a generic
telecom operator, called enhanced Telecom
Operation Map (eTOM) [10]. This functional
grouping will be further analysed taking into
account an operational point of view as well as
networking point of view like Telecommunication
Management Network, fault configuration,
accounting, performance, and security (TMN
FCAPS).
NGN OSS

PORTAL

3rd Party Application Providers
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Application Functions
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Control Functions
Control Functions
Transport Control Functions

Other Networks

Provisioning
Manager
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Manager
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Order Manager BPM

Media Handling
Functions
Access Network
Functions
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Edge
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Core Transport
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F
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Figure 4: NGN EMS Model
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Figure 5: Implementation of OSS Using COTS
Such decoupling helps in building OSS systems
in a modular way. TeleManagement Forum
initiative known as CO-OP [11] is working to
standardise NMS. The goal of this decoupling is
to improve OSS interoperability and to reduce
the complexity of integrating network equipments
and managements systems from multiple
vendors.
In order to achieve this goal, telco operators
will build their OSSs by combining and
customising COTS components, and most
importantly by focusing on business needs and
their orchestration. A business framework should
be used in order to standardize OSSs. It also
provides basic mappings between business
processes and management function sets. One
of the main reasons for this large diversity of
activities is lack of a universally agreed set of
management requirements for NGN. To date
only a few high-level requirements have been
expressed by the newly established ITU-T
NGN[12] focus group. The structuring of general
management requirements will eventually be
done on the basis of management functional
areas of the eTOM’s Fulfillment, Assurance and
Billing (FABs) instead of TMN’s Fault,
Configuration,
Accounting,
Performance,
Security (FCAPS).

4. Functional Coupling
We believe that the interaction between actors,
information objects, business services and their
orchestration needs to be well elaborated for the
NGN from the business requirements viewpoint.
These information objects and business services
derive from the multilevel descriptions in
Enhanced Telecom Operations Map (eTOM).
Therefore, the business services have to be
organised according to eTOM guideline.
The eTOM organises business processes, in
form of a multi-level matrix, such as; a process
areas, a horizontal (functional) process
In order to allow service providers to deliver,
control, and monitor and bill services in a timely
and accurate manner it is necessary to take into
account the following areas. These areas are
further described in the eTOM framework for
successful operation of the system.
Provisioning: Each customer’s subscription to a
service requires its translation into network data
and their provisioning on appropriate network
functionalities.

Customer
Strategy, Infrastructure & Product
Strategy &
Commit

Infrastructure
Lifecycle
Management

Operations
Product
Lifecycle
Management

Operations
Support &
Readiness

Fulfillment

Assurance

Marketing & Offer Management

Customer Relationship Management

Service Development & Management

Service Management & Operations

Resource Development & Management

Resource Management & Operations
(Application, Computing and Network)

(Application, Computing and Network)

Supply Chain Development & Management

Billing

Supplier/Partner Relationship Management

Enterprise Management
Strategic & Enterprise
Planning

Enterprise Risk
Management

Financial & Asset
Management

Enterprise Effectiveness
Management

Stakeholder & External
Relations Management

Human Resources
Management

Figure 6: Overview of eTOM
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Knowledge & Research
Management

This framework is a part of service delivery
mechanism used by service providers to deliver
services to customers. Moreover, the data that is
provisioned can also be used in other
mechanisms such as monitoring and billing, etc.
Provisioning
frameworks
must
provide
specifications that define the management
information and interfaces between subscription
activation, subscription to network information,
and network information to network configuration.
Maintenance: This framework is responsible for
managing incidents, identifying problems and
investigating underlying causes of these
problems. The core OSS system for this purpose
is Trouble Ticketing system, Commercial off the
Shelf modules, may be used. However a precise
definition of the interfaces and information is
essential. As stated in the eTOM framework the
objective is to maintain the service-timely
response and resolution of customer or network
triggered problems, tracking, reporting, managing
and taking actions to improve performance of all
aspects of a service.

Data Model
Contract

Semantics

Discovery, Presence,
Availability

Data Model: It is the abstract paradigm used in
invocation and consumption of a service. A data
model manifests itself within a concrete
architecture as a set of concrete messages.

Policy
Service Description
Service
Figure 7: SOA Model

In the subsequent subsection we describe the
cross cutting concepts of semantics and
discovery within the object model.

QoS: Network data management is core
information in relation to QoS. Due to the nature
of this data it can be separated between Fault
and Performance Management. For each of this
management disciplines, TMN FCAPS defines its
scope. This information should be analysed in
order to consider QoS from a customer’s
perspective.

5.1 Semantics
Semantic agreement on what entities mean
with respect to their roles in a system is
necessary for realisation of service oriented
architecture. Many of the components (Service
Descriptions, Policies, Contracts and Data
Models) need to be available for discovery by
potential service consumers to determine both
the suitability of a service and their ability to
invoke and/or consume the service.
A service represents an action boundary
between the infrastructure that the service is
deployed over and the business context in which
it is deployed. In principle, the semantics of a
service reflects many of its aspects, from the
format and structure of any data communicated
between participants of a service interaction to
the expected effects of successful interactions.

Billing: Billing is concerned with timely and
accurate bills, knowledgeable and responsive
billing inquiry support, including timely adjustment
handling and payment collections.
5. NGN-M: DYNAMIC OSS
The main characteristic of NGN architecture is
that of being a Service Oriented Architecture
(SOA). Figure 7 shows the generic SOA
architectural model [13, 14]. This model is
decomposed into four distinct aspects and two
cross cutting concerns. The four distinct aspects
are briefly discussed below:

5.2 Discovery

Service Description: Metadata that articulates
the interface of a service in order for a service
consumer to understand service’s externally
accessible functionality.

The concept of discovery is to provide
awareness of the presence of a service.
Moreover auto discovery is an act of self
detecting,
identifying,
understanding
and
selecting a service within the constraints and
boundary conditions specified within SOA model.
An SOA follows the “find, bind and execute”
paradigm as depicted in Figure 8. The service
consumer queries a registry for a service that
matches its criteria. Once such a service is
discovered, the consumer will bind to the
provided SOA.
OSS
following
SOA
architecture
are
intrinsically dynamic, and services have
mechanisms for self-provisioning, registering its
capabilities, availability and status.

Policy: A set of assertions that must be adhered
to when a service is invoked. A policy represents
some form of constraints or conditions on the
use, deployment or description of an owned
entity. Policies may apply to many aspects of
SOAs, such as security, privacy, manageability,
quality of service and so on.
Contract: It is implied when a service consumer
makes an invocation request to a service, in
accordance with the policy declaration. A contract
can refer to everything from detailed description
of a service interface to a legal contract entered
into when two or more parties agree to use a
given service.
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Solution Set (SS) is an unambiguous
syntactical technology specific definition of
a CO-OP Interface.
• Reference Implementation (RI) is a
prototype
or
"proof
of
concept"
implementation of the respective IS and SS
that exercises all aspects of the CO-OP
interface but may be limited in reliability,
scalability, and availability.
The major difference between standardised
network elements and standardised management
systems is that management systems depend on
an operator’s business process a highly dynamic
environment. However, this does not mean that
standards for OSS interconnection are not
needed. In fact, their requirements imply a
dynamic factor that business models help to
achieve.
To standardise an NGN management system,
it is necessary to identify which standards would
be necessary to realise end-to-end vision. It is
rather difficult to find end-to-end services in a
complex NGN environment as shown in Figure
10.
•

Service
Consumer
(OSS)

find

bind &
execute

Service
Providerer
(OSF)

Registry

register

Figure 8: Find, Bind and Invoke Model of SOA
6. Standardisation of an End to End Vision
We believe that a standardisation framework is
of paramount important in order to realise the end
to end vision. Figure 9 depicts how this vision can
be accomplished at several levels.
Level of
standardisation

Customer
equipment

Access
network

Network
services

Users
services

Service
control

Core
network

Figure 9: Standardisation Levels

At the lowest level standards play a main role in
the service automation as they allow network
equipment interconnection. At this level specified
standards are PDH, SONET, IP, etc.
Towards this direction, telecommunication
industry has also made a great effort to
standardise the interconnection between NE’s
and the OSS that manages them. This effort has
been conducted by operators with a varying
degree of success.
Currently a number of initiatives exit in this
area. For example, the CO-OP project defines a
common
peer-to-peer
architecture,
and
introduces
horizontal
interfaces
between
operation support systems.
Its technical specification consists of interface
specification, solution set and reference
implementation as discussed below [9]:
• Interface
Specification
(IS)
is
an
unambiguous
syntactical
technology
independent definition of a CO-OP
Interface.

Figure 10: NGN Environment
The
responsibility
of
standardisation
organisations is to define standards. However,
the existing literature shows that none of them
provide standards to realise this end to end vision
that allows operators to build more efficient
management system.
ITU-T has created a group known as NGNMFG
whose role is to act as a coordinator and as an
information broker among various bodies
concerned
with
specification
of
NGN
Management.
Figure11 presents the areas where various
bodies’ specifications have been agreed within
the NGNMFG. It is divided into four categories
depending on the origin of the standards. The
categories are discussed below.
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Figure 11: Specifications Areas of NGN
management. The TMF mTOP Interface as
shown in Figure 12 describes specification for the
implementation through NGOSS compliant OSS
products.

Specification for NGN Management: The
specifications listed under this category are
written specifically for NGN management and
their scope is NGN as a whole, i.e. they are not
related to a specific functional entity in the NGN.
Within this category, specifications are grouped
according to their role in specification
architecture. (e.g. ETSI TS 188 003 OSS
Requirements)

7. CONCLUSION AND FUTURE WORK
In this paper, we have discussed NGN OSS, a
contract driven SOA for operational systems. This
integrates
business,
services,
resource
management and more importantly the necessary
orchestration required to deliver measurable
business advantage.
We emphasise that the SOA environment is
essential to help service provider to accomplish
the key objectives in NGN, which include policybased dynamic QoS provisioning. SOA supports
dynamic infrastructure paradigm that is able to
adapt its capabilities and services to the
customer’s demands. We have also elaborated
that
common
information,
relationship,
abstraction, interface models and reference
architecture that is needed to provide a roadmap
for the realisation of an adaptive dynamic
infrastructure.
We believe that business goals of OSS can
better be achieved by employing a Multi-Agent
System (MAS) [16, 17]. A MAS has the ability to
cope with dynamics of telecom environment by
making intelligent decision in real time and
reacting to their environment changes. Therefore,
we intend to realise OSS functionality in a set of
intelligent agents in our future work.
The
collection of intelligent agents will achieve OSS
business goals by interacting and negotiating with
each other and system operators. The use of
agent technology meets the SOA requirements
discussed in section 5. MAS approach also helps
in adding new service in a modular way in order

Generic Telecommunications Management
Specifications:
Specifications
within
this
category are identified as generic or according to
their relation with FCAPS and other functional
areas (e.g. ITU-T M.3050 eTOM; TMF GB922
SID; IETF STD 62 SNMPv3).
Specifications for the management of NGN
functions: This category includes specifications
which have been written specifically for the
management of NGN functions. It also includes
specifications which have been written for the
management of non-NGN functional entities
which are reused in the NGN (e.g. TMF 513
MTNM Business Agreement, 3GPP TS
32.311.314 Generic IRP).
Other relevant specifications: It contains
specifications considered relevant to the
management of the NGN, which do not belong to
another category (e.g. IETF RFC 3444 “On the
difference between Information models and Data
models”).
In a complex environment where management
standards arise, it is important to have well
defined interfaces. It is worth noting that a group
created by the TMF is committed to the
development of a single and modular NGOSSbased interface specification for managing next
generation networks and services, including
element,
inventory
and
control
plane
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to enhance systems capability at faster pace and
efficiently.
Industry
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mTOP project provides NGOSS
compliant interface definitions
Figure 12: TMF mTOP Interface
Currently, we are working on several telecom
projects
in
collaboration
with
various
telecommunication organisations. We shall apply
MAS approach for modelling and implementation
of OSS to our ongoing projects. The proposed
ITU-T standards for OSS stress the use of
service oriented architecture. In fact, MAS is
based on SOA and therefore, it is the most
suitable candidate to be applied in such an
environment.
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A hybrid DWTSVD image-coding system
Humberto Ochoa(a), K.R. Rao(b) , José Mireles(a), and Victor Hinostroza(a)
multi frequency capabilities of the discrete
wavelet transform (DWT). Various adaptive
features such as selection of DWT or singular
value decomposition (SVD), discarding low
magnitude eigenvalues and corresponding
eigenvectors, VQ and/or SQ of eigenvectors
including different codebooks sizes, SQ of
eigenvalues, etc, with the principal objective of
optimizing image quality at low bit rates are
introduced. SVD provides optimal energy
compaction but is computationally intensive [2],
its selection is limited to a few tiles of an image to
help the compression. SVD or DWT is applied
adaptively to non-overlapping tiles each of size
(64x64) pixels. Subbands resulting from DWT of
tiles are coded by a modified set partitioning in
hierarchical trees (SPIHT) [3] called the
homogeneous
connected-region
interested
ordered transmission (HC-RIOT) [4].
This
system is applied to color images, which are
processed as YCbCr format and 4:2:0 resolution.
The number of subbands decomposition of the
downsampled chrominances is one less than the
corresponding luminance component for each
color tile. Using standard test images,
performance of HDWTSVD is compared with

Abstract— A system that combines techniques of
DWT and SVD to encode images is presented. A
successive approximations quantizer is used to
encode
the
subbands
and
vector
quantization/scalar quantization to encode the SVD
eigenvectors/eigenvalues respectively. For coding
color images, the RGB components are
transformed into YCbCr before encoding in 4:2:0
format. Results show that the proposed system
outperforms the JPEG and approaches JPEG2000.
Index Terms— Wavelet Transform, Singular Value
Decomposition,
HC-RIOT,
SPIHT,
Scalar
Quantization, Vector Quantization, Image Coding,
HDCTSVD.

1. INTRODUCTION
A hybrid DCT-SVD (HDCTSVD) image coding
algorithm was developed earlier by Dapena and
Ahalt [1]. They have shown that the hybrid
technique performs well on low spatially
correlated images. In this paper another hybrid
approach called HDWTSVD is proposed. This
method takes advantage of the multi resolution –
1
HDCTSVD, JPEG and JPEG2000 [5], [6].
Details of the proposed algorithm are described
below.
2.

different monochrome images to compare the
SVD and the DWT. Figure 1 shows the plot of the
ASTD vs the mean squared error (MSE) of the
encoded tiles using DWT and SVD. The
encoding process consisted of decomposing
each tile into 3 levels of wavelet decomposition
(see Fig. 2). The high-high subband of the first
level or level zero (HH0) was discarded (all the
coefficients are set to zero). The HH0 subband
consists of 32x32 coefficients, which means that
one quarter of the total number of coefficients
were discarded. The tiles were recovered by
applying inverse DWT and the MSE was
calculated. Then, each original tile is subdivided
into subblocks (A) of 8x8 pixels and the SVD is
applied. Assuming the block A is full rank (r),
each subblock is decomposed into two (8x8)
orthogonal matrices containing the eigenvectors
(U and VT) and one (8x8) diagonal matrix
containing the eigenvalues (W) as follows [2], [7]:
(1)
A = U W VT

SELECTION OF DWT OR SVD

The decision criterion as to which transform to
use is based on two simple parameters, the
average standard deviation (ASTD) of 8x8
subblocks of the (64x64) size tile to encode,
which is nothing but the standard deviation of 8x8
subblocks of a tile averaged over all subblocks of
the tile, and the standard deviation of standard
deviations (SSTD) of the same 8x8 subblocks of
a tile. Subblock size of (8x8) pixels is selected
after evaluation of various subblock sizes
including the (64x64) tile. Selection of DWT or
SVD, for color tiles, is based on the ASTD and
SSTD of the luminance tile only and their cut off
values are shown in figure 4.
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3. INITIAL TEST
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Figure 1. Plot of average standard deviation (ASTD) vs MSE.

After rearranging the eigenvalues in decreasing
order, the seventh and eighth eigenvalues were
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containing a sharp edge can produce high ASTD.
Therefore, the ASTD of a sharp edge would be a
wrong indication and may be understood by the
system as a high pixel activity tile. However, if
one calculates the standard deviation of the
already calculated standard deviations (SSTD) of
8x8 subblocks we see that the sharp edges result
in much higher SSTD than low or a high pixel
activity tiles. The threshold for the ASTD can be
calculated by taking the ASTD of tiles containing
a combination of sharp edges and smooth areas.
Tiles to calculate this threshold were taken from
Baboon, Tiffany, Boat, and Elaine images in the
database [11]. Table 1 shows the average
standard deviation of tiles containing a
combination of sharp edges and low pixel activity
areas only. From this table, we can set a
threshold of 20 for the ASTD.

discarded. This means that one quarter of the
total number of eigenvalues of a tile (64
subblocks) were discarded, followed by inverse
SVD (ISVD). Figure 1 shows that the MSE
increases as the ASTD does, which means that
the DWT introduces more error for tiles with high
ASTD.
LL2 HL2
HL1
LH2 HH2
HL0
LH1

HH1

LH0

HH0

Figure 2. Three levels of wavelet decomposition.

ASTD

The filter bank used to implement the DWT was
the Daubechies 9/7 [8], factored into lifting steps
to help reduce computational complexity [9].
Symmetric periodic extension was used on each
tile compressed using the DWT, to help reduce
the block artifacts of the reconstructed tile and
the coefficient expansion at the output of the
analysis bank [10]. The DWT and the SVD are
computationally expensive but SVD is even more
expensive because of the computation of the
basis vectors is time consuming [2], [7]. This
imposes the following restrictions on the
HDWTSVD system.
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Table
1.
ASTD
of tiles
containi
ng
sharp

edges and low pixel activity.

1. There are tiles that exhibit low and high pixel
activities. Low pixel activities are low ASTD tiles
and high pixel activities are high ASTD tiles.
2. Tiles with low pixel activity are usually low
frequency blocks with high correlation.
3. Tiles with high pixel activity contain edges, high
frequencies, edges and high frequencies or
edges and low frequencies (these can be sharp
edges).
4. Edges are high frequency regions, which have
more masking effects and require large
codebooks to be encoded in order to reduce the
distortion.
5. Combination of edges and high pixel activity
tiles will increase the distortion in the recovered
tiles but visually will be less noticeable.
6. Tiles with high pixel activity or combination of
low pixel activity and smooth edges will be
compressed using SVD.
7. The decision taken on whether DWT or SVD to
use must be simple.

The SSTD indicates how the standard deviations
are deviated from the mean. If this value is very
high then we are dealing with a sharp edge as
long as the ASTD is also high. The SSTD can be
calculated after calculating the standard
deviations of the 64 subblocks of a tile and the
ASTD.
Pixel activity

SSTD

Sharp edge

23.01

Low

3.46

High

7.46

High and low

11.16

Table 2. SSTD of tiles containing (a) sharp edges, (b) low
pixel activity, (c) high pixel activity, and (d) combination of
high and low pixel activity.

Table 2 shows the typical SSTD value for tiles
containing sharp edges, low pixel activity, and
high pixel activity, and combination of high and
low pixel activity.

Restriction 7 imposes us to look for a fast
decision. From Fig. 1 we can see that the ASTD
could be a good indicator of the pixel activity.
High pixel activity tiles result in high ASTD. It
seems that from this figure we can select a
threshold of ASTD but that is false because the
test set contains any type of tiles as mentioned in
restriction 3. Sharp edges should not be encoded
by using SVD because of restriction 4. A tile

The selected threshold for SSTD is 12. Below
this value we include tiles with low and high pixel
activity but not sharp edges. The images used to
calculate this threshold are the same as the
images used to find the ASTD [11].
73

perceptual optimization. The bit stream is initially
transmitted using three layers. A base layer with
a fixed bit rate always gives a decodable image,
an enhancement layer with progressive
transmission containing critical bits necessary to
keep the encoder and decoder synchronized in
image reconstruction and enable picture quality
improvements, and another enhancement layer
that only contains information necessary to
improve the image quality. HC-RIOT encodes
well the tiles with sharp edges.
45

47

4. ENCODER
Figure 5 shows the diagram of the encoder/
decoder. The input image is divided into blocks
or tiles of 64x64 pixels. The tile size was decided
based on the number of SVD subblocks per tile
to calculate and the number of subband
decomposition levels. That means that we
selected a tile size, which could be well
decorrelated by the DWT and the computational
complexity of the SVD could not be exacerbated.
The ASTD and the SSTD are calculated. If the
ASTD of the tile is equal to or greater than 20
and the SSTD is equal to or less than 12, the tile
is subdivided into subblocks of 8x8 pixels and
then compressed independently by using SVD.
First, the mean of the subblock is subtracted and
encoded using 8 bits. Then SVD is applied to
each subblock to calculate matrices U, VT and W.
In the adaptive reconstruction and comparison
stage, the eigenvalues are rearranged in
decreasing order (from the highest to the lowest)
and discarded progressively, by setting them to
zero, from the lowest to the highest until a MSE
for the subblock is met (after exhaustive tests the
MSE set for this unit was 5). The total MSE of the
subblock is calculated each time an eigenvalue is
discarded by using equation (2).

Figure 3. Barbara image divided into tiles showing tiles 45
and 47.

Figure 3 shows the 512x512 Barbara image
divided into tiles of 64x64 pixels. The image
shows the tiles 45 and 47, both of them are high
ASTD tiles but tile 47 contains two edges but one
of them is a sharp edge, which produces high
distortion.
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Figure 4. Plot showing the area of candidate tiles to be
compressed using SVD.

MSE=

Figure 4 shows the plot of ASTD vs SSTD. The
tiles which are good candidates to be
compressed using SVD for this image, are
enclosed in the area engulfed by a SSTD less or
equal to 12 and an ASTD greater or equal to 20.
This is a selective area that contains the tiles 31,
33, 45, 48, and 54. Tile 47 has a SSTD of about
16 and an ASTD of about 30 which means that
the tile is not a good candidate for SVD because
of the sharp edge. With an ASTD as the only
threshold, this tile was one of the candidates for
SVD.

where

σn

1
N×N

r

∑σ

n = q +1

2
n

(2)

is the nth largest eigenvalue, NxN is

the block size (8x8), r is the rank, q is the number
of eigenvalues retained.
After meeting the MSE requirement for a
subblock, the resulting eigenvalues are coded
using uniform scalar quantizers of 8,8,7,7,6,6,
and 4 bits respectively and their corresponding
eigenvectors are sent to the decision stage. The
eighth eigenvalues/eigenvectors are discarded.
The adaptive reconstruction and comparison
stage helps us to discard adaptively the
eigenvalues and eigenvectors that do not
introduce a significant visual error.
The decision stage consists of three uniform
scalar quantizers of 7, 7 and 5 bits respectively,
and seven codebooks of lengths 256, 128, 32,
32, 32, 16, and 8. The scalar quantizers and the
codebooks are the same for the eigenvectors of
matrices U and VT. After quantization of one
eigenvector of matrix U, the process is repeated
for the eigenvector in matrix VT.

The HC-RIOT [4] is a modified SPIHT [3] that
considers scalability, perceptual optimization,
error resilience, and spatial segmentation
strategies. HC-RIOT takes advantage of the
DWT to exploit multiresolution, self-similarity in
subbands, and spatial localization properties.
This approach is combined with two stages of
zero tree encoding (ZTE) and SPIHT algorithm
for entropy coding of the image that considers
progressive
transmission,
scalability,
and
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maximum of three-levels; the level two or last
decomposition level is an 8x8 block. The
subband coefficients are non-integer. Therefore
they are rounded to the nearest integer, which
causes a minimal loss in PSNR. The resulting
subbands, after three levels of decomposition,
are encoded using HC-RIOT [4].

In the decision stage, the best matches of the
1st, 2nd, and 3rd eigenvectors are searched in
their respective codebooks. The MSE of the
original eigenvectors with respect to their best
matches in the codebooks is calculated. If the
MSE is above 0.01, 0.1, and 0.4 respectively, the
first two original eigenvectors’ components are
scalar quantized using 7-bit uniform quantizers
and the third original eigenvector is scalar
quantized using 5-bit uniform quantizer. The rest
of the eigenvectors are encoded using vector
quantization only. For the first three eigenvectors
one extra bit is included to indicate to the
decoder if they are coded by VQ or SQ. Then the
next subblock is processed until the tile is
encoded. The decoder has to know how many
eigenvalues per subblock were encoded. Three
extra bits are used to inform this parameter to the
decoder. Matrices U and VT are encoded using
the same codebooks
In previous tests, with low and high pixel activity
images, it was observed that the first
eigenvalue/eigenvector plays the most important
role in reducing the subblock MSE. Therefore,
the MSE allowed for this eigenvalue has to be
very small as compared to the other thresholds.
In preliminary tests, for high pixel activity tiles
(high ASTD), taken from some textures and not
containing sharp edges, the average number of
eigenvectors/eigenvalues per tile was 6.82. The
total number of tiles used was 128 taken from
different images [11]. This means that the last
two eigenvalues/eigenvectors are less probable
to exert a noticeable effect in a subblock. This
allows us to have a codebook of reduced size for
the 7th eigenvector and to discard the 8th
eigenvector.
The codebooks sizes were
determined after exhaustive tests. The LBG
algorithm was used [12] to train the codebooks
and the training images are taken from [11].

5. DECODER
Figure 6 shows the diagram of the decoder. The
first bit of the encoded tile is read and if the tile
belongs to SVD, it is recovered in 8x8 subblocks.
After reading the number of eigenvalues encoded
for a specific subblock, another bit is read. This
bit informs the decoder if the information for the
first eigenvector belongs to an entry index (8 bits)
or if the following 56 bits (7 bits x 8 eigenvectors’
components) are the quantized eigenvector’s
component. The process is repeated to recover
the first quantized eigenvector of the matrix VT
and the second eigenvectors of U and VT. The
third eigenvectors of U and VT are recovered in
the same way except that if the information
belongs to the component’s eigenvector then the
eigenvector will be retrieved in a packet of 40 bits
(5 bits x 8 eigenvectors’ components). The 4th,
5th,6th ,and 7th eigenvectors of matrices U and
VT are retrieved by reading the indices of their
respective codebooks. The eigenvalues are
retrieved by reading and applying inverse
quantization to the quantized values.
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Figure 6. The HDWTSVD decoder

After applying inverse SQ/VQ, the eigenvalues
and eigenvectors are decoded and an
approximation of each subblock is recovered as
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Rec.
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Â =U W VT. Then the process to recover another
8x8 subblock is repeated until the tile is
reconstructed.

Recovered image

OR
Original image
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of 64x64 pixels

Q

Encoder

SQ-1
SQ

Reconstruction stage

6. CODING OF COLOR IMAGES

Decoder

The HDWTSVD system to encode color images
is shown in figure 7. The input image is a 512 x
512 8-bit-PCM RGB components. These
components are transformed into YCbCr format
and the chrominance components (Cb, Cr) are
downsampled by a factor of 2 before encoding.
The luminance component is divided into tiles of
64x64 samples and the chrominances into tiles of
32x32 samples. Each tile contains one luminance
component
(Y)
and
two
chrominance
components with one quarter the resolution of
the luminance component. Selection of DWT and

Figure 5. The HDWTSVD encoder / decoder.

If the ASTD of the tile is less than 20 and/or the
SSTD greater than 12, the tile is compressed
using Daubechies 9/7 filter bank factored into
lifting steps. The tile mean is subtracted before
filtering and quantized to 8 bits, then the tile, or
subband, is extended using symmetric periodic
extension to help reduce the block artifacts effect
in the reconstructed tile and to avoid coefficients
expansion. Each 64x64 tile is decomposed into a
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SVD depends on the ASTD and SSTD of the Y
component. If the tile is inside the area shown in
figure 4, the Y component and the downsampled
Cb and Cr are encoded using SVD otherwise
DWT. If DWT is used three levels of subband
decomposition to Y and two levels of subband
decomposition to Cb and Cr are applied.

bit rate (1.05 bpp). The areas compressed by
SVD (corner of the table and some parts of the
pants of Barbara) show a constant error because
the encoding scheme is fixed and calculated to
give the best quality of a tile for low bit rates.
Figure 9 shows the comparison of this image with
JPEG2000 [6], JPEG baseline [5] and the
HDCTSVD [1] using threshold coding. In this
figure we can see that the HDWTSVD follows
close to JPEG2000 for low bit rates. For high bit
rates the algorithm does not perform as well.
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Figure 7. The HDWTSVD system for color images.
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After decoding each component and each tile,
the resulting Cb and Cr are upsam-pled by a
factor of 2 both horizontally and vertically; color
transformed to RGB, and each color component
clipped in the interval from 0 to 255.
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Figure 9. Comparison of the HDWTSVD with JPEG2000,
JPEG baseline, and HDCTSVD using threshold coding for
Barbara image.

Figure 10 shows the color Lena image
compressed at (a) 0.5 bpp with PSNR of 33.68
dB and (b) error image of the R component, (c)
error image of the G component and (d) error
image of the B component.

7. RESULTS
Figure 8 shows the Barbara image compressed
at (a) 0.5 bpp with PSNR of 30.30 dB, and (c)
1.05 bpp with PSNR of 35.26 dB. The error
images are shown in figure 7 (b) and (d)
respectively.

(a)

(a)

0.8

(b)

(b)

(c)

(d)

Figure 10 (a) Lena at 0.5 bpp and PSNR of 33.68 dB, (b) error
image of the R component, (c) error image of the G
component and (d) error image of the B component.
(c)

(d)

Figure 8. Barbara image compressed at (a) 0.5 bpp, PSNR =
30.30 dB, (b) the error image, and (c) 1.05 bpp PSNR =
35.26, (d) the error image.

Figure 11 shows the color Lena image
compressed at (a) 0.99 bpp with PSNR of 36.01
dB and (b) error image of the R component, (c)
error image of the G component and (d) error
image of the B component.

We can see from the error images of 8 (b) and 8
(d) that the smooth areas compressed using
DWT are changing. From low bit rate (0.5 bpp)
we can see more perceptual error than for high
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(a)

stage of the hybrid system. The advantages of
the proposed system are that by tiling an image
one can take advantage of the local correlation.
The decision on what transform to use is fast and
based on the simple criterion of the ASTD and
the SSTD only. The introduction of the adaptive
reconstruction stage helps us to save bits in tiles
compressed using SVD by reducing the number
of eigenvectors and eigenvalues encoded. The
decision stage helps us to increase the image
quality adaptively. The periodic symmetric
extension of the tiles is simple and helps to
remove the block artifacts of the reconstructed
images. No filter to reduce block artifacts, at low
bit rates, was used as in JPEG or JPEG2000.
Tiles are small and codebook sizes are short.
Therefore, the algorithm can be well
implemented in small memory systems. The
encoding of the eigenvectors and the
eigenvalues is simple. Results show that the
recovered images are of very good quality and
Figs. 8 and 11 show that the system outperforms
the HDCTSVD and JPEG baseline and
approaches JPEG2000.

(b)

(c)

(d)

Figure 11 (a) Lena image at 0.99 bpp and PSNR of 36.01 dB,
(b) error image of the R component, (c) error image of the G
component and (d) error image of the B component

Figure 12 shows the comparison with JPEG2000
and JPEG baseline for Lena image. The plot
shows that the color HDWTSVD outperforms the
JPEG baseline and for low bit rates it follows
close to JPEG2000. For high bit rates the
system does not improve much in terms of PSNR
but the image quality is good. There are two main
reasons for this behavior. The first reason is,
since HC-RIOT is a low bit rate encoder it
performs well in this region. Another reason is
that the tiles compressed by using SVD will be
always recovered with the same quality for low
and high bit rates. The codebook sizes used for
this part were the same as the codebooks used
for monochromatic images. These sizes, as well
as the uniform quantizers in the decision stage,
were selected to get a trade off between quality
and bit rate for low bit rates.
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