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Abstract: The aim of this study 1s to examine the potential of Soft Systems Methodology (SSM) m the
development of environment-aware Case-Based Reasoning (CBR) system. Having awareness of the computing
system’s environment is useful either for providing information or factor that can affect the system or effected
by the events occur in the environment. The CBR system with environment awareness is able to employ real-
time contextual information available in the environment. This information or knowledge will contribute to
improve the problem descriptions as well as the solutions, in which the system not only depend on information
given by user and historical cases. However, resources available in the environment need to be identified prior
to the implementation of environment-aware CBR system. This requires an appropriate analysis methodology
to build an explicit model of the system’s environment to capture relevant environment knowledge for the
system. This study presents the SSM analysis in the development of environment-aware CBR system. The
discussion is illustrated with reference to the partial analysis of an environment-aware CBR system
development. The deliverable of this imtial analysis 15 an explicit model of the system’s environment for

environment-aware CBR system.
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INTRODUCTION

Today’s computing systems are situated in mobile
distributed computing environment. The current situation
has offered a wide range of information. Therefore, 1t 1s
beneficial for computing systems 1f aware of the available
information in the environment. For example, by utilizing
contextual information available in the environment to
provide suggestions of relevant services or to generate
recommendations to the user (Zimmermann, 2003; Lee and
Lee, 2007). In contrast, if the information is based only on
local sources, the ability for the computer systems to
make appropriate decisions or suggestions may be limited.

Case-Based Reasomng (CBR) 15 an approach to
problem solving in which previous problems and their
solutions are stored in a case base and retrieved in
response to a query describmg a target problem
(Lopez de Mantaras et al., 2005). Recently, CBR has been
utilized as a method for identifying situation in a dynamic
environment. CBR system with environment-awareness is
able to provide information about context available in the
environment m real-time basis. This information or
knowledge will contribute to the problem descriptions and
solutions, wherein the traditional CBR system only
depends on mformation given by user and historical
cases.
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Developing system that has environment
awareness requires a deeper analysis of the system as
well as its relationships with its environment. Especially,
to model environment-aware computing system that relies
on context mmformation as the primary souwrce of
knowledge. The analysis approach should be able to
yields a collection of collaborating elements in a
computing system and its links to the environment
{(Bustard et al, 2005). The model produced from the
analysis should alse be able to grasp the human
understanding about the system as well as of the
diversity of the information available in the environment.

Soft Systems Methodology (SSM) (Checkland, 1981,
Checkland and Scholes, 1990) 15 a well-established
approach to understanding the ill-defined problem
situation. The potential role of SSM has been discussed
in the development of today’s computing system
(1.e., autonomic computing) (Bustard et al., 2005, 2006,
Bustard and Steritt, 2006). In which the SSM’s models
help to clarify the role of an autonomic system and to
identify opportunities for mmprovement in the wider
business context. Such models have also been shown to
be beneficial for identifying where computing support is
desirable in a human activity system and determining
business  objectives m computing system design
(Bustard et ai., 2005). The SSMis also used to build an
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remedial action and possible recovery strategies are also
based on information obtained from other systems or
applications related to the printing service.

Case-based reasoning: The CBR 15 an approach to
problem solving based on previous experiences or cases
(Leake, 1996) a concept inspired by the way that humans
solve problems by remembering previous similar
problems. ITn much the same way, a CBR system solves
problems by remembering a previous similar problem and
reusing its solution. CBR systems solve new problems
by utilizing specific knowledge from past experiences
(Lépez de Mantaras et al., 2005).

In a CBR system, descriptions of previous problems
and their solutions are stored in a case base. In the first
step of the CBR cycle, one or more similar cases are
retrieved from the case base m response to a query
describing the target problem (L.opez de Mantaras et al.,
2003). The solution from the most similar case is then
reused after bemng adapted, if necessary, to account for
any differences between the target problem and the
revised case. Following evaluation of the proposed
solution and revision of the solution, if necessary, the
problem and its solution may be used to create a new case
to be retained for futwre use. The retention of newly
identified problems and thewr solutions as new cases
which can be used to solve future problems
enables a CBR system to learn from experience
(Lopez de Mantaras et al., 2005). As the system learns to
solve new problems, the case base continues to grow.

Research interest in employing CBR as a method for
dentifying situations in a dynamic enviromment to the
development of context-aware systems is apparently
increased. For example, Zimmermann (2003) demonstrated
how CBR could be used to generate recommendations for
users in a mobile environment. The recommendations
were used to augment a museum exhibition with audio
mformation.  Kofod-Petersen and Aamodt (2003)
incorporated context information as cases in CBR for user
situation assessment in a mobile context-aware system.
Kumar et al. (2005) proposed a context enabled Multi-CBR
approach for aiding the recommendation engine in
retrieving appropriate information for e-commerce
applications. In addition, Leake (1996) and Leake et al.
(2006) has presented three potential areas in which the
use of CBR may provide benefits for context-aware
applications, especially in smart homes. Lee and Lee
(2007) have developed a context-aware music
recommendation system using case-based reasoning,
which is called C* Music. Their system utilizes user’s
demographics, behavioral patterns as well as user’s
context at the time of making recommendation. The
system 1s able to retrieve the similar contexts and similar
users.
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Moreover, the conversational CBR m SHRIEK
(Hassan et al., 2006b, McSherry et al., 2008) improving
the solution by providing recovery strategies for the
suggested solution in which the remedial actions and fault
recovery strategies are informed by environment
knowledge. A part from that, the conversational CBR in
SHRIEK uses contextual information of the computer
devices and services for the problem descriptions.

Soft systems methodology: Soft Systems Methodology
(35M) (Checkland, 1981; Checkland and Scholes, 1990)
15 a systemic approach to clanfying objectives in complex
and dynamic problem situations. The SSM models
produced are called holons (Checkland, 1995) (ie.,
constructed abstract wholes) that can be used to explore
actual and future needs. A conceptual distinction 13 made
between what a system is and what it does and a practical
distinction 1s made between defining the system and
modeling its activities as an integrated entity. The four
main activities in SSM (Checkland and Scholes, 1990) are:

Analyzing a problem situation

Building purposeful activity models by formulating
relevant descriptions of activity as root definitions
and conceptual models. The elements of the root
defimtion, as defined below, are often referred to by
the mnemonic CATWOE:

Customer: A beneficiary of the system or anyone
who 15 affected by the system

Actor: Person who performs the transformation
Transformation: The conversion of mput to
output activity carried out by the system
Weltanschauung: The world view which makes
the transformation meaningful

Owner: The person or group with the authority to
modify the system

Environment: Elements outside the system that
influence or constrain its activities

Using the models for debating the situation and
seeking from that debate both changes for
improvements and action-to-improve to be taken
Taking action to unprove the situation

Understanding the environment is part of the process
of determining the requirements of any computing system
prior to its creation (Jackson, 1995). In addition to
activities such as analyzing, designing, implementing and
validating, a systems development approach should also
be concerned with the system’s interactions to its
env rormment (Sommerville, 2004). In particular for today’s
computing systems where it should be able to sense and
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recognize relevant information i  the operating
environment to determine what actions should be taken.

The physical world of computing systems must be
maodeled so that computer systems can have direct and
intimate knowledge of their environment, ultimately using
that knowledge to effect change (Intel, 2005). The
potential benefits of SSM as a basis for developing an
environment model for an autonomic computing system
has been mentioned in previous work (1.e., Iassan ef al.,
2006a). Similar to environment-aware CBR, related
resources available in the environment need to be
identified prior to the implementation of environment-
aware CBR system. This requires an appropriate analysis
methodology to support the creation of model of the
system and its environment. The analysis model should
also take account of the dynamic context when dealing
with ubiquitous and heterogencous resources in the

computing environment (Mainsah, 2002).

ENVIRONMENT AWARENESS CBR SYSTEM
ANALYSIS USING 8SM: A CASE STUDY

The development of environment-aware CBR system
must begin with an appropriate analysis methodology to
identify the knowledge about resources available in the
environment that can be used to improve the services of
computing system. The analysis is essential to effectively
modelled and create understanding of the role of the
system environment. Iere, it 1s described how Soft
Systems Methodology 1s used in the analysis stage of
environment-aware CBR  systems development. The
discussion is illustrated with a case study of IT service
system.

Analyzing the problem situation: The first step in SSM is
to analyse the current problematical sitwation of the
system. A rich picture diagram (SSM) (Checkland. 1981;
Checkland and Scholes. 1990) is often useful for depicting
a shared understanding of the problem under
investigation and identifying  significant
dependencies, issues and possible innovations.

This initial analysis provides an understanding of the
computing environment and insights into how systems
can interact with their changing environment. The first
two activities of SSM are involved in this initial analysis.
The results of the initial analysis, the rich picture and
conceptual model of SSM, are used to provide an
understanding of the processes, working scenarios and
potentially relationships of the major information likely to
aflect the system.

An IT service system is used to demonstrate the use
of SSM analysis to model the system and its environment.

external
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Fig. 2: A rich picture for computing service system

Figure 2 shows a rich picture developed to illustrate the
problem situation in the computing service system. A
computing service involves a variely of elements that are
usetul as sources of environment knowledge, for example,
network printers, technicians, users, inventory systems
and personnel information systems. In common situation,
an inventory system (e.g., printer toner cartridges and
paper) and Il staff are involved in maintaining the
compuling services.

The IT service system is meant to provide a
continuous computing service to users. However, users
may sometimes experience difficultics with the service, for
example when an urgent or critical job is stuck in a long
queue or the paper is jammed in a network printer.
Typically, the solutions available to the user include
sending her job to another printer or seeking help from a
technician to resolve the problem. However, the situation
becomes more difficult if the technician is not available or
busy. Such disruptions may sometimes prevent the user
from completing an urgent task on time, thus causing her
to feel dissatisfied and frustrated with the service.
Sometimes, it is quicker for the user to sce it she can
troubleshoot the problem herself. Or clse, it is more
efficient i the problem can be detected earlier and
preventive action taken before a service failure
acecurs.

Building purposeful activity models: The rich picture
shown in Fig. 2 helps to identify possible viewpoints. One
of the possible viewpoints revealed is a system to provide
a continuous compuling service for users. A root
definition based on CATWOE elements can be identified
from this viewpoint. The CATWOE elements for the
viewpoint are:
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C : Users

A o IT staff (e.g., technician)

T : response and handle computing service failures

W : Provide a continuous computing service

O : IT department

E : Available resowces and information in the

computing system environment

The root definition is formulated from the CATWOE
analysis and combined in a simple statement, namely:

An IT department owned system to provide a
continuous computing service for users by using IT staff
to response and handle computing service failures while
taking account of available resources and information in
the computing system environment.

The transformation (T) of the system 1s to ‘response
and handle computing service failures, which implies the
need for a system that is capable of avoiding faults that
may result in service failures and able to transform an
erroneous system state into one in which the system can
continue its normal operation. Accompanying this
transformation is a weltanschauung (W) or world view,
provide a continuous computing service, which defines
the purpose of the transformation. The environment (E)
consists of elements that can affect the service. The
diagram in Fig. 3 is a conceptual model of the system
created from the root definition The conceptual model
demonstrates an 1deal view of the activities and their
logical dependencies as described by the root definition.

The activities identified in the conceptual model
become a source of ideas for change and enquuy for
umprovement i the problem situation. The activities of 2,

Fig. 3: A conceptual model of computing service system

3 and 4 are normally performed by the devices themselves
as smart devices. Other activities are performed by
technicians and users of the IT service. Activities in the
area enclosed by the dotted line are those involved in the
transformation (T). The purpose of Activity 10 1s to
monitor the service to ensure that the defined
weltanshauung (W) is achieved, Taking Control Action
(TCA) if necessary.

Analysis for environment knowledge in conceptual
model: In the light of S5M, all relevant parties and their
roles can be clearly identified. The connectivity of human
resources and computing resowrces (e.g., software tools
and hardware devices) indicates the information flow and
operation sequence among different system activities or
components.

The conceptual model provides a useful framework
for analyzing the system and its activities in order to
identify opportunities for improvement. All the activities
in the conceptual model were analyzed to discover
contextual information and environment knowledge
required to accomplish its activity. Each activity is queried
and its interaction with other activities 1s examined to
identify environment knowledge required to accomplish
its task.

The focus of this study 1s n the development of
environment-aware CBR system. Therefore, based on the
activities in the conceptual model, the Activity 6
{(troubleshoot the problem) 1s the most relevant activity
for CBR system. In addition, the dependencies between
activities in the conceptual model can be used to trace
ripple effects of change. For example, if problem occur,
then it can be seen by examining the activities that follow
is activity 5 (inform IT staff) in the conceptual model.

The activities in the conceptual model were analyzed
to discover the contextual information and environment
knowledge required to accomplish its task (Table 1). For
example, to troubleshoot a problem (activity 6), the system
needs to know the device details and status. It also needs
to know which person in charge is responsible for the

Table 1: Related knowledge in conceptual model

Activity Contextual information Related knowledge
Tnfomm a + User details

problem » Device details

oceur » Device status

Inform IT staff e Staffresponsibilities « Available staff who

» Device details can be contacted
» Device status
» Device details » Available staff who
+ Device status can be contacted
+ Staff responsibilities « Available devices
and availability
+ Device details + Available devices in
+ Device status local network
+ Staff responsibilities » Relevant databases in local

network (e.g., inventory, staff)

Troubleshoot
a problem

Take accownt of
available
resources
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Fig. 4: Environment-aware CBR system architecture

device and whether he or she is available or not at that
moment. This information is also important for the user if
the diagnosed problem (e.g., out of toner) requires the
attention of the technician to repair the fault (e.g., install
a new cartridge). Knowledge about what alternatives are
available is also required, for example in SHRIEK
(Hassan et al., 2006b, McSherry et al., 2008) for
identifying recovery strategies.

Conceptual architecture of environment-aware CBR
system: The architecture of environment aware CBR
system is shown in Fig. 4 in order to get an overview of
how the environment-aware CBR system will operate.

As shown in Fig. 4, the computer system’s
environment will provide contextual information to CBR
system. The CBR system diagnoses failure based on
problem description given by the user as well as obtained
from the contextual information. The solution from the
most similar case of the target problem is then retrieved
from the case base. The solution is then improved by the
system with related knowledge generated from the
contextual information obtained from the environment. If
possible, the system can also suggest altemnative
solutions to the user.

The CBR system utilized the information from the
computing system environment to help users to be able to
use computing services in the occurrence of failures when
possible (e.g., information of the contact person who is
responsible  for maintaining the printing service,
information of nearby printers).

DISCUSSION

Identifying users® requirements of any computing
system is crucial in the system development. Particularly
for an environment-aware system in which it is not only
expected to meeting the needs of users but also to be
closely aligned to its environment that it dealing with.
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This study has shown the practicability of SSM for
environment-aware CBR systems development in which,
environment awareness is properly reviewed at the
analysis level. The SSM analysis model produced is
concerned about the system’s interactions to its
environment.

Applying the SSM on environment-aware CBR
development can be useful wav of thinking about the
overall situation of the development of the CBR system.
It provides a model for visualizing not only internal
factors of the system, but also external factors as an
integrated entity. Through the SSM analysis, the
environment awareness that need to be considered in the
activities can be encountered from the analysis model.

The preceding section has also presented the
conceptual architecture of environment aware CBR
system. It elaborates how the environment awareness can
be applied to improve in diagnosing problem and
generating solution based on the information of available
resources in environment.

Nevertheless, a few limited efforts to cover in details
in designing and implementing the enviromment-aware
CBR system. Issue such as to ensure the validity of
knowledge due to dynamic changes in the environment
and to ensure that the knowledge base is continually
updated are some of the issues needed to be considered
in future work. Moreover, the representation of
environment knowledge should be in the form that
enables the knowledge base to accommodate changes in
the environment. This issues need to be investigated
further for evaluating the effectiveness of the model.

CONCLUSION

Research work on applving environment awareness
in case-based reasoning svstems are emerging. However,
very little attention has been given at the development
process, particularly in analysis stage. This study has
taken this opportunity to introduce soft systems concept
in the analysis of environment-aware CBR system
development. The analysis approach introduced in this
study can be regarded as a strategic analysis approach to
the development of the environment-aware CBR system.
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