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1 Introduction

In this paper we discuss the challenges involved in applying Knowledge Manage-
ment and Organizational Memory (KM and OM) techniques in the domain of
mobile telecommunications. A variety of Al approaches and methods are neces-
sary to address the technological complexities associated with the rapidly evolv-
ing standard specifications of second- and third-generation mobile networks. Mo-
bile telephone technology has been characterized by successive evolutions over
the past fifteen years. Each evolution has delivered substantial improvements in
the services and functionality offered to subscribers but has been accompanied
by major increases in complexity of standards and protocols. Each iteration of
the standards has built upon the most successful aspects of the previous gener-
ation, plus innovative techniques and intellectual property aimed at providing a
superior and enriched end-user experience.

Within the context of a large organization, KM has to align itself with a
number of strategic activities and objectives if it is to deliver maximum benefit.
We describe the key drivers behind KM projects in telecomms, and emphasise
the importance of building knowledge networks to support KM activities. We
illustrate approaches for linking corporate strategy to KM using industry best
practice methodologies such as Malcolm Baldrige criteria and TL9000 certifi-
cation. A crucial consideration for any technical KM activity is the linkage to
Intellectual Property (IP) development, such that the company derives the max-
imum revenue stream from patent royalties, whilst reusing the IP assets within
the company to maximize competitive advantage. We describe how knowledge
mapping activities can assist in defining key areas for strategic patent portfolio
development, and identify gaps and weaknesses vis a vis the competition. KM
activities are characterized by the wide-ranging interpretations of their role and



purpose. For the purposes of this paper we define KM as a management disci-
pline that treats intellectual capital as a managed asset. To this end it enables
the streamlining and enhancing of Data, Information, and Knowledge, and uses
tools and techniques as necessary, including process engineering, organizational
dynamics, and appropriate knowledge-based technology. Successful KM must
embrace a wide diversity of knowledge sources, especially in organizations whose
centres of excellence are geographically widespread and in some cases virtual.
Another goal of KM is to cultivate knowledge where it exists within the enter-
prise, such that the context within which knowledge is used is also captured.
This should also lend greater meaning and ease of understanding by relating
knowledge to other information sources. These issues are addressed further in
Section 3.

2 Challenges for KM /OM in Mobile Telecommunications

The growth in use of mobile telephones over the past decade has been nothing
short of astounding, surpassing even the most optimistic analysts’ estimates. At
the end of the 1980’s, high equipment and running costs positioned the mobile as
a status symbol. Gradually the adoption by businesses increased, and commercial
users began to depend on being able to communicate from anywhere, to any-
one, at anytime. To comply with regulatory requirements the cellular operators
rapidly expanded their national coverage footprints, which had the consequence
of providing a massive increase in capacity. The predominance of daytime busi-
ness users meant that large amounts of off-peak airtime could be sold cheaply to
domestic users, and the mobile phone moved into the mass-market mainstream,
following intensive lifestyle marketing campaigns in the mid-1990s.

This model of subscriber growth and new market penetration was replicated
across Western Europe and the USA, and mobile network operators began to
challenge the traditional domestic wireline suppliers. In developing countries, the
fixed-line infrastructure was far less mature, and cellular networks offered a much
cheaper method of providing nationwide telephone availability. In addition, the
emergence of the mobile telephone as a commodity item caused manufacturing
costs to tumble, and the uptake of cellular by the youth and lower-paid commu-
nities became viable. The combination of these factors conspired to give market
penetration rates as high as 70% by the beginning of the 21st century. This is
illustrated in Figure 1.

Such rapid changes in customer demographics have put considerable strain
on handset and infrastructure suppliers as they attempt to provide differentiated
products, based on global standards, to a broad and ever-changing diversity of
network operators and subscribers. Companies have been forced to identify their
key strengths and capitalise on them, whilst outsourcing or selling off business
units that are not profitable. In the course of fifteen years, companies such as
Nokia have transformed themselves from traditional diversified manufacturing
businesses into technology suppliers with a highly-developed brand. Others, for
example Qualcomm and ARM holdings, have instead sought to build their entire
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Fig. 1. Predicted growth in mobile subscribers and desktop internet users

business model around licensing of core technology and IP assets. Transforma-
tions such as these are only possible in companies that are able to identify and
manage their tangible knowledge assets, securing IP rights and copyright as ap-
propriate, and leveraging off their internal intellectual capital with a structured
approach to KM and OM.

For network operators, the challenges have been if anything more acute. New
subscribers have demanded ever-improving quality of service, whilst competition
has forced airtime costs down. To fund network rollout and investment in new
cellular technologies such as GPRS and UMTS (3G) licences, the operators have
sought to drive down their capital and operating costs through supply chain
management.

Two major quality improvement initiatives have been adopted within Mo-
torola and elsewhere in order to meet the challenges outlined above: the Malcolm
Baldrige Award Criteria, and the TLI000 Quality System Requirements. In the
next section of this paper we briefly summarise the characteristics of these ini-
tiatives, and illustrate their importance to KM activities in our industry.

3 The Malcolm Baldrige Criteria

The Malcolm Baldrige National Quality Award [1] was established in 1987 to help
stimulate American companies to improve quality, productivity, and profitabil-
ity. Motorola was one of the first companies to be granted the Malcolm Baldrige
award, in 1988. Since that time, the company has integrated the Baldrige cri-
teria within its own internal Performance Excellence management process, by



which corporate strategies are communicated through balanced scorecards to
individual business units and ultimately individual workers’ performance goals.
The Baldrige criteria and assessment process are described in detail in [1]; the
framework for the criteria is summarised in Figure 2.
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Fig. 2. Baldrige Criteria for the Performance Excellence Framework:
A Systems Perspective.

The framework clearly encompasses all operational entities and business
units. The linkage of Leadership to Business Results is performed through Cus-
tomer Focus, Human Resources development, Process Management, and Plan-
ning. Feeding all these activities is an Information and Analysis system. Effective
KM has a crucial role to play in many areas, most obviously in the Process Man-
agement and Information and Analysis systems.

Underpinning the systems model, the Baldrige Criteria are built upon a set of
‘Core Values’ essential to high-performing businesses, one of which is Continuous
Improvement and Learning. This is characterized by the Baldrige Foundation as
follows:

“Organizational learning includes both continuous improvement of ex-
isting approaches and adaptation to change. Learning needs to be em-
bedded in the way your organization operates. This means that learning:
— is a regular part of daily work;
— is practiced at personal, work unit, and organizational levels;
— results in solving problems at their source;
— is focused on sharing knowledge throughout your organization; and
— is driven by opportunities to effect significant change and to do bet-
ter.”



The relevance of these criteria and core values to the success of any KM
activity cannot be overstated, as they encapsulate the board-level sponsorship
and commitment which is frequently identified as a fundamental attribute of
all successful KM projects. The KM practitioner is thus seen to be directly
involved in developing systems, communities of practice, processes, information
repositories and workflows which are a necessary part of any attempt to meet
the Baldrige Criteria. (Note that although the Baldrige Award is US-focussed,
the Deming Prize in Japan is very similar in conception).

The value to the company of pursuing these initiatives is clear: in 2000 the
share price performance of Baldrige Award winners outperformed the S&P 500
Index by 4.4 to 1, and has consistently outperformed the index since the com-
parative study began in 1995 [2]. We show how these criteria can be used to
frame requirements for creation of a global knowledge base in Section 5.

4 The Quest Forum and TL9000

In 1996, a number of telecommunications supply companies joined to create the
Quality Excellence for Suppliers of Telecommunications Leadership (QUEST)
Forum, whose goal was to create a consistent set of quality system requirements
for the worldwide telecommunications industry. The Forum reviewed the ISO
9000-series quality standards, and decided that supplemental requirements were
needed in the following areas:

— reliability and associated costs;

— software development and lifecycle management;

— requirements for specialized service functions such as installation and engi-
neering;

— requirements to address the unique relationship between telecommunications
service providers and suppliers (characterized by a high level of collaboration
and cooperative problem-solving demanded by the dynamic nature of the
industry).

Estimates for the cost of poor quality vary, but the QUEST forum estimated
this figure worldwide at between $10-$15 billion per annum - the potential sav-
ings are clearly enormous. In 1998 the Forum produced the TL9000 handbook
[3] which is the Telecommunication industry’s extension to ISO9000.

The benefits associated with compliance include:

Enhanced customer/supplier relationships

— Opverall cost reduction and increased competitiveness

Enhanced management and improvement of subcontractor performance
Creation of a platform for improvement initiatives.

Clearly, the benefits of TLIO00 are highly customer-oriented, and they pro-
vide excellent drivers for a KM strategy within a large organisation such as
Motorola. Some of the goals of TL9000 compliance can be achieved through
traditional management and organisation engineering; however we believe many



of the requirements can only be met through establishing a KM culture which
encompasses processes, communities of practice, and integrated KM systems to
manage the corporation’s knowledge assets. By adopting these approaches within
the context of frameworks such as TLI000 and Baldrige, the KM activity can
be directly linked back into corporate strategy.

In the remainder of this paper we describe a case study of how such tech-
niques have been successfully applied within Motorola. We then discuss how this
approach may be extended to embrace organisational learning and innovation -
exploiting KM as a means for generating new and valuable IP.

5 The Challenges of Global Knowledge Base Creation

In this section we describe our experiences with the construction and mainte-
nance of knowledge base systems and in particular we use the construction and
deployment of a global system to elucidate the challenges, processes, gains and
drawbacks of such a system.

The TSEC (Technical System Engineering Council) knowledge base is an
internal repository of system engineering knowledge: documents, FAQs, cases,
problem-solution descriptions, scripts, relevant programs etc. The knowledge
is predominantly supplied and controlled by primary and key experts in the
field of system engineering for mobile communication networks, and caters for
a user base of several thousand system engineers scattered globally throughout
Motorola’s Global Telecommunications Solutions Sector. The popularity of the
knowledge base has been in its ability to provide both a significant search and
dialogue tool, and also to allow engineers and business personnel to contribute to
the knowledge base. This then creates a more complete and holistic view of the
problem domain embodying the depth of technical knowledge juxtaposed with
the demands of business direction. The contributions to the knowledge base are
controlled via a rigorous workflow imposed on the system whereby all artefacts
submitted by authors must undergo both a technical review, for sanity, and an
administrative review, for consistency of presentation and to maintain coherency
in the overall coverage of the knowledge map of the domain.

The growth of the mobile communications networks have resulted in a dearth
of suitable skillsets and a surge in engineering requirements through operations
and maintenance and global service offerings. This, coupled with the demands
of rapidly changing technology and standards, has necessitated the introduction
of information systems that meet the demands of engineers and customers from
all levels of competency. It is no longer sufficient to provide just the standard in-
formation retrieval facets of text search and hypertext systems (which alone can
be tedious to use in the smallest of problem domains and impossible to search
in a larger, more complex problem domain). These methods generally cater ad-
equately for single layer, domain/task knowledge bases that are often used in
supporting functions. The challenge then is for a knowledge-based solution that
provides:

— a central focus for all knowledge intensive tasks;



a multi-layer, multi-faceted approach that caters for different levels of exper-

tise, different tasks and different levels of abstractions for knowledge usage;

— access to high impact /high frequency issues in greater depth and codification
than low-medium impact and frequency issues;

— support for Communities of Practise. The relation here between the commu-

nity and the system is essentially symbiotic;

rigid workflow structure but also structure that is easily and quickly adapted

to different work practises or business needs;

a non-intrusive method of enhancing and supporting daily knowledge inten-

sive activities, preventing duplication and divergent mechanisms for access-

ing and contributing material;

— a focus, centred around a problem domain and not the tasks that a particular
user community performs. Traditionally, successful knowledge systems have
primarily dealt with typical help-desk scenarios where users are essentially
performing similar tasks at similar levels of expertise and have a requirement
to provide a similar and systematic outcome for customers. A knowledge base
for experts and system engineers working at the forefront of ever-changing
technologies and standards, and providing services for customers, requires
a diverse view of knowledge in a particular domain. The goal here is to
provide a synthesis of knowledge, supporting a cohesive view for customers
(even through indirect paths) as opposed to a system that merely supports
the predefined tasks of workers.

— a mixture of artefacts such that a hierarchical view of the domain is con-

structed that is invisible to the user. Documents, cases and nuggets of infor-

mation, hyperlinks, scripts and data are treated in an identical manner as far
as the search engine is concerned. The differentiation is created by means
of a virtual ontology that serves as a conceptual framework and strategy

pointer for the creation and maintenance of the knowledge base. Figure 3

describes the typical knowledge descriptions of such an organisation as we

have discussed here.

The TSEC repository had to be globally accessible at all times for all users;
consequently it was necessary to provide both browsing and authoring capabili-
ties over a web-based interface, via common web browsers. This eliminates the
need for client maintenance and local knowledge base replication, but places ad-
ditional constraints on the product choices for implementing the solution. Most
commercial knowledge base packages provide a rich web interface for end-users
of the system, but far fewer have a fully-functional web interface for knowledge
reviewers and authors. Furthermore, additional work was found to be required
to add structure and semantic content to the user interfaces. This was done
through the creation of ‘templates’ to guide the experts through the knowledge
classification and review cycle in an intuitive manner.

The benefits which have accrued from the adoption of the TSEC repository
include:

— rapid leveraging of timely information for dealing with customer issues;
— consistency and completeness of task knowledge;
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Fig. 3. The Typical Knowledge Descriptions of an Organisation

— business- and organisation-imposed flow of knowledge;
— integration of business strategy with knowledge application and exploitation.
This provides a useful platform for identifying gaps in IP coverage.

However, these benefits may only be realised when a process for specification
and refinement of knowledge is utilised; such an approach is described in the
next section.

6 A Methodology for Knowledge Specification and
Refinement

Practitioners of knowledge management recognise the need for process applica-
tion when building an enduring and relevant knowledge base. Process, in con-
struction and subsequently in authoring provides a common framework for au-
thors, knowledge engineers and users. Consistency in use and in the knowledge
repository is a desired attribute of any knowledge base and provides the user with
a baseline for expectations of content, and speed in searching. Authors too are
provided with a method for gauging knowledge coverage in the repository. The
application of a process has proved essential in order to enforce this. The KADS
methodology is one such methodology [4]. The KADS methodology consists of
several components:

— the task, domain, expertise, and communication models that propose a
framework for modelling and analysing tasks, the domain knowledge required
to perform them, an expertise model that provides profiling of expertise
sources and the communication aspects required to perform the tasks.




— templates for knowledge modelling activities: knowledge identification, spec-
ification and refinement.

The KADS methodology forms a realistic starting point for a KM process frame-
work at the level of an organisational memory, however the method and models
have been built primarily for extensive life cycles akin to expert system engi-
neering and must be tailored for application to more rapidly changing knowledge
bases, such as the information and problem solving knowledge bases in Figure
4. In [5] we describe methods for adapting such a methodology for application
to problem solving knowledge bases.

Knowledge Bases

[ -
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A 4

Information, Problem-solving, Preemptive, Learning,
Factual, Troubleshooting, Predictive, Autonomous,
FYI Dialogue Autonomous Input-absorbing

Fig. 4. Common Knowledge Bases Forms

The processes adopted for the TSEC knowledge base have been based on the
methods and processes gained through experience of several similar projects,
and follow a refinement model that maps the creation of a suitable domain
and representation ontology which is then refined to a progressive and usable
knowledge inventory, as detailed in Table 1.

Associated with the knowledge specification is the choice of technology, soft-
ware and user interface. These influence the utility of the knowledge base inas-
much as the knowledge content itself does. The user interface delivers information
to the user and offers methods and configuration mechanisms for retrieval. The
appearance and meaning of the knowledge can be impacted by the user interface
and consequently a user interface must cater for all levels of usage that will be
demanded of it. In the case of the TSEC knowledge base, all the relationships
between experts from different functions (mentioned in Section 4) were to be
catered for, along with different user levels, different tasks and differing task
levels and all across a range of mobile communication technologies. Further in-
formation and guidelines for user interface construction for such knowledge bases



can be sought from [6]. We do not delve further in the discussion about suitable
technologies here; we have provided a discussion for the merits and application
of Case-Based Reasoning to KM projects in [7].

1 Establish user base and circumscribe domain
— Identify level of solutions to be provided
— Identify typical queries to be dealt with
— Establish level of disclosure for proprietary and sensitive material
2 Construct domain and reference ontologies based on 1.
— Frequency /Impact based knowledge identification
— Identify core knowledge
— Expertise model
— Communication model
3 Establish key tasks and contexts for user base and link to 2. to create
knowledge inventory
4 Overlay business drivers on knowledge inventory
5 Attach workflow and construction and maintenance timelines.

Table 1. Simplified Knowledge Specification for Rapid Turnover Knowledge Bases

7 Organisational Learning, Intellectual Property and
Innovation

As we have discussed above, KM within an innovative enterprise needs to ad-
dress several different disciplines. Figure 5 illustrates how KM can relate the
various knowledge-intensive activities within an organisation. Knowledge base
development helps capture the expertise of key resources and represents this in
an accessible and reusable form. The knowledge represented therein is used to
enhance the understanding and exploitation of data gathered from the field -
large volumes of statistics, measurements, and other performance information
from deployed networks. Improvements in network performance, processes, and
designs may generate opportunities for IP development, such that genuinely
novel ideas may be protected and exploited. Once defined through the patenting
process, the organisation is then well-placed to automate and codify the novel
techniques and algorithms which have been surfaced through the application of
KM, and to embed them in product. The cycle begins again as engineers ob-
serve the behaviour and performance of new products, and begin to organise
this information in the knowledge base.

The expertise modelling techniques discussed above can be very powerful
in identifying areas which are of critical customer importance and where the
performance of the suppliers’ products and services presents opportunities for
improvement. We have found the application of Altshuller’s Theory of Inventive
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Problem Solving (“TRIZ”, [8] ) to be a most useful addition to the KM practi-
tioners’ toolkit in this context. This technique, when supported with appropriate
software tools, allows the identified domain experts to model the problematic
systems under consideration, and then to identify ‘contradictions’ in the sys-
tem requirements. For example, a mobile handset may require a long battery
life, but must also be as light and small as possible. TRIZ helps the engineer
by suggesting techniques to overcome the contradiction which have been found
to be useful in other patented discoveries. In this example, TRIZ may suggest
‘segmentation’, prompting the engineer to separate the hand-held portion of the
phone from the battery, and linking the two using Bluetooth or Wireless LAN
technology. Some software packages, such as [9], also give the user the ability
to search globally for similar patents, to assess quickly the opportunity for IP
development.

Data
Exploitation

Knowledge
Bases

Intellectual
Property

Predictive
Techniques

Fig. 5. Integrating KM and Al techniques

Generating a functional model of a system for problem-solving purposes can
also identify system components where more sophisticated algorithms and Al
techniques may be called for. The TRIZ methodology encourages the systematic
reduction in design complexity by ‘trimming’ - eliminating components from
a design by transferring their function to other components. In software sys-
tems this is exemplified by the increasing use of distributed computing systems
and peer-to-peer computing, where centralised control and decision-making is
dispersed to remote components for faster local processing and action. Here,
data mining techniques can be used to autonomously generate and adapt the
algorithms in the embedded components, often eliminating the need for expert
intervention at centralised operations and maintenance centres.
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8 Summary

We believe KM and OM techniques can be successfully introduced into any
organisation when they are aligned with corporate goals and objectives. This
approach mandates a constant customer focus (which allows earned-value to
be quantified and monitored), and an integration with other strategic quality
initiatives such as TL9000 and Baldrige Criteria; this is particularly important
in a rapidly changing business such as the mobile telecommunications industry.
Knowledge base development, Communities of Practice, IP portfolio mapping,
inventing and innovation, and more advanced Al techniques should be viewed as
components of an integrated approach to KM which delivers tangible business
benefits to both customers and suppliers.
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