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Abstract

The ability to adapt to frequent changes has emerged as a new paradigm for successful business
operations. Hereby common information systems are mostly not able to fulfil the requirement of
adaptability for business or organisational changes. However, the ability to adapt to changes is
crucial for business organisations and the support of business processes by information systems plays
a crucial part.

In this paper a requirement model is presented that allows the identification of building blocks and
proceeding models for adaptive information system architectures. By using the example of enterprise
systems it is emphasised how the pattern approach enables the assessment of the adaptability for
information systems, and how adaptability of information systems can be linked with the current
external environmental requirements. Initially, adaptability is a fundamental concept widely known in
natural systems. The link between adaptability and information systems is outlined within this paper.
Patterns about the behaviour of natural systems are taken as a model for the design and organisation
of information systems.

Keywords: adaptability, enterprise systems, pattern-based approach

1 INTRODUCTION

Business change is one of the most outstanding and most pervasive qualities of organisational life.
There has been some consideration of business change itself, but less emphasis has been on studying
the outcomes of this change with regard to information technology (IT) and its interrelation. However,
many problems occurring in daily business are of organisational character (Aier and Schoenherr,
2004). Organisational change requires the information systems architecture of an organisation to
adjust too (Gronau, 2003). Process examples are for instance increased growth of an organisation, the
introduction of a decentralised sales and marketing division instead of a central approach or the
continuous process improvement of a manufacturing schedule.

In this contribution the necessity of adjustment for business information systems according to
organisational environment conditions will be outlined. Based on the central thesis that adaptability is
in information systems is measurable, this paper sets the main focus on the determination of the
information systems ability to adapt to organisational changes. In the next step it is shown how the
degree of IT adaptability supports IT strategic decisions.

In the following section the term adaptability is defined. Adaptability is presented in the context of
different application domains. Its main qualities are conveyed to information system. For that, the
pattern based approach is chosen. Patterns can be understood as a principle to express intrinsic
characteristics of a bounded problem space (Alexander, 1977; Hohpe and Woolf, 2004).
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Afterwards, in the 3rd section, the pattern-based approach on the measurement of adaptability is
presented. On this account some of the most popular open-source enterprise systems have been
installed and tested to demonstrate the feasibility of the research approach. Why have the enterprise
systems been chosen? Enterprise systems are usually the backbone of an organisation hence
organisational changes do affect the process model of the enterprise systems when modifications have
to be made. Applications change over time. An integration solution, such as Enterprise Resource
Planning (ERP or enterprise) systems, has to keep pace with the changes in the applications it
connects. Integration solutions can easily get caught in an avalanche effect of change — if one system
changes, all other systems may be affected. Integration solutions need to transmit information between
systems that use different programming languages, operating platforms and data formats. An
integration solution has to be able to interface with all these different solutions. Therefore it is
necessary to design for change. Business needs an infrastructure that supports change. Adaptive
systems enable the core business to cope with unforeseen circumstances.

We also believe that the pattern-based approach can be applied to any other information system
therefore enterprise systems are seen as a model for the measurement of adaptability of other
information systems.

2 ADAPTABILITY IN INFORMATION SYSTEMS

For a company being adaptable is to be capable of operating productivity in a competitive
environment of continually and unpredictable changes (Balve et. al., 2001). For an individual being
adaptable is to be capable of contributing to the bottom line of a company that is constantly
reorganising its human and technological resources in response to unpredictable market changes.

For the domain of information systems adaptability is defined as a concept which applies biologically-
inspired methods to enhance the capabilities of computer systems (Hernandez, 2002). Adaptability
enables information systems to follow changes which occur along the lifetime of a software system. In
this spirit, adaptability is a visionary concept. A vision which assumes that business support is given
almost autonomously during build and runtime of the software system.

The structure of an organisation, its management strategies and interrelations affect how information

technology helps an enterprise to sustain a competitive edge, increase its business and compete in an

internet-enabled economy (Malhorta, 96). Because the management of technology is seen as a key to

competitiveness and wealth creation, a technology perspective is an important criterion for evaluating
flexibility and competitiveness of an organisation (Khalil, 2001).

Terminology on adaptability is not consistent. The most essential terms comprise for instance
flexibility, adaptation and agility.

Historically, the study of adaptation in natural systems provides a starting point for a theory and
methodology of adaptability. The comprehension of adaptation has been heavily influenced by
Holland and is linked with artificial intelligence. Holland defines adaptive processes as optimisation
processes whereby the system typically has many alternatives to act on which where programmed
(provided from the outside) in advance (Holland, 1992).

Flexibility, agility and adaptability are often used interchangeably. The dictionary definition reveals a
broad variety of interpretations on flexibility, e.g. pliability, manipulability, but also adaptability.
Within flexibility most authors compare the range of possible states as being anticipated and pre-
installed at the point of initial investment (Upton 1994; Slack 1983; Zaeh and Mueller, 2005)

In consequence, the flexibility range (of alternatives) is fixed. Within this range the system (IT,
production and organisation) can easily adapt, whereas leaving the corridor is not within the scope. In
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contrast adaptable systems are not limited to a fixed problem space. These systems are highly self-
organised so that a solution can be created from within the system to adapt properly.

Agility is considered dynamic context-specific, aggressively change—embracing and growth-oriented.
Most authors agree that “agility’ is the ability to rapidly respond to an external and unexpected event.
The argument promoting agility is that it enables better survival in turbulent market conditions (Sun
and Zhang 2005; Kidd 1996, Nelson and Harvey 1995). Agility is mainly seen in a business or process
context emphasising fast and efficient behaviour.

From a research viewpoint adaptable systems represent the ideal final condition reflecting unlimited
problem space. Therefore it is necessary to extract the qualities which are responsible for adaptable
behaviour and to transfer these qualities on information systems.

To measure the relation of IT adaptability and its impact on the organisation, research suggests
considering two important aspects: First, the organisational dimensions (e.g. customer, partnering and
operational agility) and second, the technical system (e.g. the IT infrastructure) that supports or
hinders adaptability in these areas (Ngo-Ye and; Ahsan, 2005; Henderson and Venkatraman 1993).
Ngo-Ye and Ahsan propose a strategic alignment model of “fit” between information technology and
organisational requirements. They argue that both dimensions should be outbalanced to ensure an
“agile” overall organisation’s performance.

2.1  The Concept of Patterns

Patterns provide a way to capture and document expert knowledge to be used by non-experts. The
pattern approach provides the foundation for various pattern styles such as design and analysis pattern
for instance. The pattern itself describes a problem which occurs in similar variations within a defined
problem domain (Fowler, 2003). The description focuses on similarities within the problem space and
provides a high-level solution. Hohpe and Woolf (Hohpe and Woolf, 2004) take a different
perspective by describing a pattern as a decision which has to be made and the considerations that go
into that decision.

Patterns are often and partially unconsciously used by humans as a problem-solution scheme.
Examples for the deliberate deployment comprise architecture (Alexander et. al. 1977), strategy and
warfare (Tzu and Pin, 1996), jazz music (Coker et. al. 1970), the management of organisations (Hinton
2002), the analysis of cognitive processes (Gardener et. al. 1998), and the development of reusable
software (Coplien et. al. 1995).

Given the assumptions of organisational change presented in chapter 2 this research suggests that it is
possible to observe a number of patterns that exist specific to adaptability requirements in enterprise
systems. The detected patterns are based on iterative analyses of business process requirements and
technical features with regard to adaptability and its attributes such as efficiency and flexibility for
instance.

2.2  Patterns of Adaptability

Identified patterns for enterprise systems fall into two main categories. The first of these identifies
technological artefacts. This category is termed system-based patterns of adaptability. System-based
patterns relate to the enterprise system and its given architecture elements. Patterns of this dimension
enable the system to adapt.

The second dimension recognises patterns in the process of applying enterprise systems in real world
scenarios. Business patterns outline the business need for adaptability and permit to change scenarios.

3
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While the first oft theses dimensions identifies the structures that exist in the information systems
themselves the second recognises patterns in the process of intervention which bring about changes in
the enterprise system (as a consequence of business process changes). The classification is presented

in the next figure.
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Figurel. Identified Patterns of Adaptability

System patterns describe the immanent qualities of the information system itself. Independent from
surrounding conditions system patterns show the latent ability of the system to support adaptability.
The system is considered a closed system to measure its capacities to manage change. System-based
patterns comprise design-related patterns. The sub-category design pattern represents high-level
abstractions that describe specific design decisions.

The business dimension characterises the circumstances of usage for an information system. It is
outlined that the degree of adaptability, which can be reached by a specific information system, is
influenced by decisions referring to the deployment of the software within a business organisation. For
this reason the patterns presented below are called business use patterns.

The use patterns or the business dimension characterise the circumstances of the usage of an
information system. They reflect that adaptability enabling factors are also related to decisions
referring to the deployment of the system. In this area patterns are for instance the capabilities of
personnel (person-bound) knowledge; existing guidelines to proper deploy a software system.

3 MESURING ADAPTABILITY

To demonstrate the usage of the approach, four popular open-source enterprise systems have been
chosen, namely AVERP, Lx-Office and WebERP+.

The system-based dimension is measured by evaluating the technological realisation of the software
based on patterns. Behind each pattern a questionnaire is hidden to judge the quality of each pattern.

For instance, a technology as web services is a popular for implementing service-oriented applications.
How adaptable is a web service? Generally, web services facilitate the seamless integration of
services. Web services do allow organisations to link applications to and across enterprises.
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Organisations have the ability to add or drop services of other business partners without worrying
about the implementation details. However, the central dictionary that describes the services is a
constraint in terms of scalability (Gronau 2003b, Marx- GOmez et. al. 2004). Also, web services are
able to adapt to changes in their requirement(s), and they are self-descriptive. Some features have been
automated within web services, which make the systems that are based on web services self-
organising. The following table shows the general evaluation of web services based on a three point
scale (whereby the value “0” representing “hinders adaptability” is not assigned).

Pattern Web Service Judgement

Scalability 1 Might support adaptability
(depending on realisation)

Modularity 2 Full support

Independence 2 Full support

Interoperability 2 Full support

Self-organisation | 2 Full support

Availability 1 Might support adaptability

Self-similarity 2 Full support

Table 1: Example for Judgement of Adaptability

The evaluation of the business process dimension is accomplished by modelling process examples
into an enterprise system. The evaluation is based on the patterns knowledge and customising in the
first place. For example the assessment of customising checks possibilities to adjust a system manually
to support a given (pre-defined) process. The scale indicates the effort to adjust the system to support
the process. The range starts at zero for no possibility to customise and finishes at the stage of
completely automated indicating an implemented self-organisation of the system.

Scale | Customising

0 Customising not possible

1 Possible by re-arranging the source code

2 Supported — functions are available for integration
3 Completely automated

Table 2: Scale for degree of customising

In order to differentiate priorities of patterns, the Analytical Hierarchical Process (AHP) was applied
to express that the patterns of a layer are unequally important (Saaty and Vargas 1994). AHP is a
multi-attribute evaluation method (Saaty 1980). As a result the patterns are assigned different priorities
represented by weights used for evaluating the system-based and the business use dimension.

3.1  Merging Dimensions

The following figure shows the result of the evaluation of the enterprise systems. The business and the
system-based dimension are shown on the relevant axis.
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Figure2. Merging Dimensions.

The four areas do allow the following interpretation:

1. Area: Average values (low system-based, low in business use):

The system is not adaptable. The system architecture is not able to respond to changes and business
processes cannot be converted. As these systems merely support business process changes, they
should only be deployed in a stable environment implying stable processes.

2. Technical-advanced area: low system-based, high in business use:

System architecture does not meet the requirements of a turbulent environment. However, it is
possible to model the business processes which were chosen individually. This result is typical for
simple, standardised processes. This situation reflects a minimal requirement. The system should only
be chosen if the environment is predicted to be stable in future too.

3. Process-advanced area: high system-based, low business-based:

The system meets the requirements of adaptable system architecture. On the other hand the system is
poorly designed to support business processes. The reasons for it can be various. The extreme
perspective would reveal an adaptable system with limited functionalities of an enterprise system.
Since the system shows poor support for business process changes, the system’s purpose could be
different from an enterprise system.

4. Adaptability excellence: high system-based, high business-based:
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The system is highly adaptable. The architecture along with business features will cover the needed
degree of adaptability if the business processes are well chosen. It is therefore suitable to be deployed
in a turbulent environment.

Although there is a difference between the results, all systems fall into the same area named
“average”, providing low support for business as well as systems dimension. At the business
dimension no major differences are visible. Although the business processes were build on a simple
basis to fulfil the most essential for a re-organisational fit, the sub processes are not well supported in
any tested system. On a systems level there is much room for improvement with regard to self-
organisation. Patterns such as self-documentation and self-diagnosis are hardly realised.

3.2  Better Adaptability in LX-Office extended (LX-Office ext.)

To demonstrate the influence of patterns LX-Office was chosen to become more adaptable by
enhancing the system-based architecture. For this reason LX-Office was extended with a diagnostic
tool — a component enhancing especially self-organisation. The tool features allow that predefined
system parameters can be checked by the system automatically. On this basis an action such as
“decentralise now” can be taken automatically or arranged manually. The latter means that each step
performed by the system can be approved or neglected.

The extended version of LX-Office now utilises means to import/export data and self-diagnoses. The
implemented features help to improve interoperability along with self-organisation. As a result, the
technical system-based adaptability is improved. Since the business process (decentralisation) can be
fully modelled into the system, now the matrix values reflect a better degree here too. To sum up, LX-
Office extended is more adaptable; as a result it is now located in the process-advanced area.

4 SUMMARY

The main line of this paper contributes to the debate on the adaptability of information systems within
a changing organisational environment. To overcome the lack of methodical support, patterns
embedded in procedure models to assess and evaluate the adaptability of information systems were
outlined. To demonstrate feasibility, the focus was narrowed to enterprise systems representing core
assets in the information system’s architecture. The study suggested the consideration of two
dimensions: the general technical (system-based) and the individual process-related (business use)
dimension. The assessment in both cases is criteria-grounded. The criteria were formulated in the form
of a pattern language.

To show the feasibility of the pattern approach, open-source systems have been tested on the basis of
weighted patterns. The system-based and the business use dimension were analysed separately,
showing that both dimensions are minor developed for all analysed systems. Nonetheless, it could be
demonstrated that enhanced adaptability potential is a result of an improved pattern performance. The
enterprise system LX-office, which was manipulated to support self-diagnosis, provided an example
for this.
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