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SUMMARY

The enactment of eBusiness processes requires the effective usage of the existing legacy applications in
the eBusiness initiatives. Technical issues are not enough to drive the evolution of the existing legacy
applications, but problems concerning the perspectives, strategies, and business of the enterprises have
to be considered. In particular, there is a strict relationship between the evolution of the legacy systems and
the evolution of the eBusiness processes.

This paper proposes a strategy to extract the requirements for a legacy system evolution from the
requirements of the eBusiness evolution. The proposed strategy aims at characterizing the software system
within the whole environment in which its evolution will be performed. It provides a useful set of attributes
addressing technical, process, and organizational issues. Moreover, a set of assessment activities is proposed
affecting the order in which the attributes are assessed. Copyright c© 2004 John Wiley & Sons, Ltd.
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business rules; eBusiness; business process re-engineering

1. INTRODUCTION

The diffusion of the Internet requires the evolution of traditional business models in order to
include eBusiness capabilities, defined as any Internet initiative that transforms business relationships,
whatever those relationships might be: business-to-consumer, business-to-business, intrabusiness, or
even consumer-to-consumer [1].

In this context, since information systems are determinant in supporting the execution of the
business processes, the analysis of the assets of the existing software systems is a significant need.
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Therefore, before assessing a business process, it is necessary to address problems concerning the role
of the supporting legacy software systems. The aim is to integrate the enterprise’s systems with those
of the trading partners for facilitating business-to-business exchanges [2] or involving the customers
with an active role in the enterprise’s business processes.

Conceptually, evolving business processes [3,4] should entail discarding the existing legacy systems
to develop new software systems that meet the new business needs. However, legacy systems cannot be
simply discarded because they are important for the business they support and encapsulate a great deal
of knowledge and expertise regarding the application domain. Thus, in order to help an enterprise to
react more effectively to changing business requirements and technological innovations, it is necessary
to focus even on the legacy system evolution strategy. Dually, the system evolution also has to be driven
by the analysis of the organization hosting the process to be evolved [4,5].

Many approaches consider the legacy system evolution as a stand-alone problem. In reality, a legacy
software system is embedded in the process using it and it can only evolve with the changes enacted
by the process evolution. In reality, the motivation for requiring the process evolution is similar
to that for interventions of adaptive and perfective maintenance. In fact, the evolution can be due
to modifications in business processes and software products to keep them usable in a changed or
changing environment and to improve their performance and/or maintainability. This paper proposes a
strategy for supporting the assessment of a legacy system and defining its evolution requirements from
the eBusiness requirements. The strategy aims at characterizing the legacy system within the whole
environment in which the system evolution will be performed and analyses some attributes addressing
technical, process, and organizational issues.

The strategy proposed in this paper represents an evolution of the approach proposed by the authors
in [6], in which the research context was described and the whole requirements identification process
was presented. Moreover, in [6], some of the attributes to be evaluated were identified, relating to
organizations that want to achieve some improvement goals, technologies to be adopted and processes
and supporting software systems to be evolved. On the basis of the experience acquired in the
meantime, this paper refines the attributes previously introduced and adds new ones. In addition, the
strategy proposed provides a systematic means describing the order in which the attributes have to be
evaluated and how they interact with each other.

The challenge of the research is to identify the business knowledge captured in the legacy systems
and to enhance it with the requirements of the eBusiness process evolution. Moreover, the strategy
identifies the evolution requirements and opportunities by focusing on the enterprise mission and
future vision. In fact, different enterprises consider the market requirements and the opportunities
offered by the emerging technologies in different ways. Therefore, an enterprise moving to eBusiness
has to identify which market needs are significant for its own mission, which internal processes are
involved in the improvement, which emerging technologies will result in significant benefits, and which
existing legacy applications are impacted by the process improvement and are, therefore, candidates
for evolution toward the identified innovative technologies.

The strategy considers the legacy system evolution process in the wider context of the eBusiness
process improvement and aims at addressing issues regarding the definition of a systematic
approach that faces problems concerning: the legacy system evolution within the eBusiness process
improvement; the planning of the evolution of large legacy systems according to the planning of
the business process evolution; the identification of the most critical factors of success for evolving
the legacy systems within the eBusiness context; the evaluation of the appropriateness of the chosen
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migration strategy to the eBusiness context; and the possibility of evolving the legacy systems without
impacting the processes in which they are used.

The strategy constitutes a methodological component within a research project called Legacy
to e-Legacy (L2-eL), which aims to support the managers to move business toward eBusiness.
The following section describes the aims of the project, its context and the reference framework.
Section 3 presents some related work. Section 4 introduces the strategy proposed to support the
evolution of legacy toward eLegacy, while Section 5 describes the assessment activities discussing
the attribute measurements. The subsequent section outlines a case study to illustrate the applicability
of the proposed strategy. Final remarks and directions for future work are given in the concluding
section.

2. THE CONTEXT: THE L2e-L PROJECT

L2e-L is a research project aiming at developing a framework of methodologies, techniques and tools to
transform traditional software infrastructures into new ones, successfully exploiting the opportunities
introduced by the Information and Communication Technologies (ICT). The acronym L2e-L represents
the methodological framework to reach this goal. In particular, the two expressions ‘L’ and ‘e-L’
indicate the two views of an Enterprise Information System: one refers to the traditional legacy systems
and the other the eLegacy systems exploiting the potentiality of the ICT.

The cited framework has to support the:

• analysis and assessment of the legacy information systems by using innovative approaches;
• specific re-engineering processes for the traditional Enterprise Information System in order to

move toward systems exploiting the advantages offered by the ICT;
• realization of an advanced technological platform to support the defined re-engineering process.

The framework aims to prove the following:

(a) an analysis methodology that, on the basis of the current legacy system needs and taking into
account the impact of eBusiness on systems and processes, represents a support for identifying
the evolution strategy;

(b) a software environment aiming to support the development of new software components;
(c) a software tool for estimating the performances of the renovated legacy systems resulting from

the re-engineering process.

The L2e-L framework, depicted in Figure 1, will be supported by a software environment enabling
the implementation of the re-engineering process from L to e-L, in a cooperative virtual environment
distributed on the Internet.

The framework considers the process innovation and the legacy system evolution activities integrated
into continuous monitoring of both the external innovation drivers and the status of the internal
processes. All the involved activities are overviewed by the Change Management component which
organizes the changes and improves the performance within and beyond the boundaries of the
organizations.

The component in the framework named Innovation Strategy Planning aims to plan a strategy to
fulfil the business needs. The definition of an innovation strategy depends on the enterprise size and
scope. It is also influenced by the explicit role in the business of the knowledge coming from both the
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Figure 1. The L2e-L reference framework.

internal measures of the organization and the external environment. For this reason, Innovation Strategy
Planning considers the input received from the External Environment Scanning, which observes the
external innovation drivers and formalizes them in terms of strategy requirements.

The Internal Environmental Scanning framework aims to analyse the internal business processes of
the enterprise and, with the support of the innovation strategy plans, guides the process innovation.
In this context, the software applications embedded in the business processes are assessed by the
Software Application Assessment component, in order to be renovated and integrated into the new
process view.

The measurement and evaluation activities of the Environmental Scanning block represent critical
aspects of a successful re-engineering process. They aim at collecting both quantitative and qualitative
data needed to define the process design changes. Only when the customers’ requirements are
understood can an enterprise begin to define process performance and how to measure it. Both external
and internal measures are critical in assessing processes and products/services. The external perspective
keeps the organization customer focused. The internal measures help to discover the potential and
actual sources of problems. The data to be collected are identified and gathered through interviews,
observations and questionnaires.

The Process Innovation is the framework component entailing the application of the re-engineering
process in order to guide the evolution of business toward eBusiness on the basis of the improvement
goals derived from the Innovation Strategy Planning. It interacts with the Legacy System Evolution
in order to define the business requirements and conduct the identification of the legacy system
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evolution requirements. On the basis of the identified evolution requirements, the Legacy System
Evolution is the component of the framework that provides methodological support during the
evolution of the existing legacy applications by involving activities of migration, re-engineering,
network integration, remodularization, etc. [7,8]. Figure 1 encapsulates the Process Innovation and
Legacy System Evolution components in the same box to highlight that they have to proceed together
and cooperate with each other in order to achieve the innovation goals.

3. RELATED WORK

Some research activities have been focused on the relationships between the business processes and
embedded software systems when the organization exploiting them is evolving.

In [10], the authors underline the role of information technology in the move towards a process-
oriented view of the management. They argue that, besides other factors influencing the outcome
of Business Process Re-engineering (BPR) projects, such as top management support and project
management, legacy software systems have a critical impact. Moreover, they present a framework
for understanding BPR, which is based on a study of 12 European organizations from a cross section
of industries dealing with BPR projects. From their study they evidenced that the outcomes of BPR
strategies are influenced by the state of legacy software systems.

In [11], the authors suggest an integral view of business process re-engineering, based on both
strategic and technological needs at the operational level. The software re-engineering activity aims
to use existing corporate resources in a more economic way, i.e. reusing application knowledge
to maximum extent, while software engineering approaches concentrate on handling software
development according to the end-user requirements within a given amount of time and with limited
cost.

Existing systems are the result of large investments and represent a patrimony to be salvaged [12].
In addition, developing a replacement system from scratch often requires excessive resources and
entails unaffordable costs and risks. Even though these resources are available, it would take years
before the functions provided by a legacy system could be taken up by new reliable components.
Thus, legacy system migration strategies are often preferred to replacement [13]. Therefore, to satisfy
the goals of the enterprise evolution requirements, it is necessary to work intensely to find a trade-off
between the constraints of the legacy systems and the opportune strategy to be adopted.

A relevant problem is how to make a decision about the legacy systems. There are a number of
options available. Typical solutions include discarding the legacy system and building a replacement
system; freezing the system and using it as a component of a new larger system; modifying the
system to give it another lease of life. Modifications may range from a simplification of the system
(reduction of size and complexity) to preventive maintenance (redocumentation, restructuring, and
re-engineering), or even extraordinary processes of adaptive maintenance (interface modification,
wrapping, and migration) [14–16]. These alternatives are not mutually exclusive and the decision on
which approach, or combination of approaches, is the most suitable for any particular legacy system
should be assumed on the basis of an assessment of its technical and business value.

It is widely documented in the literature [8,17] that migrating a legacy system towards a
new networked platform entails costs and risks that depend on the characteristics of both the
architecture of the source system and the target platform. In addition, to perform a BPR project, it is
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necessary to take into account the possible impact of the process redesign on the existing legacy
systems. It is important to evaluate the costs of the different available options and, in particular,
replacement with standardized packages, when available, possibly after a reverse engineering stage,
or migration.

Several authors have identified possible alternatives for dealing with legacy systems and have
proposed decision frameworks to choose between the alternatives. Bennett et al. [7] identify six
strategies to deal with a legacy system: discard, wrap, outsource, freeze, carry on with maintenance and
support, and reverse engineer. They stress the need to model the business strategy of an organization
from a top-down perspective, including many stakeholders, to make informed decisions about legacy
systems. They introduce a two-phase model, called SABA (Software As a Business Asset) that uses
an organizational scenario tool to generate scenarios for the organization’s future and a technology
scenario tool to produce a prioritized set of solutions for the legacy system. Prioritization of solutions
is achieved by comparing the available legacy systems with the systems required by each scenario
generated by the organizational scenario tool.

Sneed [8] suggests that five steps should be considered when planning a re-engineering project:
project justification, which entails determining the degree to which the business value of the system
will be enhanced; portfolio analysis, which aims to prioritize the applications to be re-engineered based
on their technical quality and business value; cost estimation, regarding the estimation of the costs of
the project; cost–benefit analysis, in which costs and expected returns are compared; and contracting,
which entails the identification of tasks and the distribution of effort.

In general, decision frameworks are required to assess a legacy system from two points of view: a
business dimension and a technical dimension [7–9].

In [15], a typical decision framework is proposed for the management of legacy systems based
on the following four main alternatives: ordinary maintenance, replacement, evolution and re-
engineering/migration. The ordinary maintenance decision is generally adopted in the case of a system
with a good technical and business value; this alternative entails only ordinary interventions on the
system, aiming to add new functionality or resolve specific problems. By contrast, elimination of the
system and replacing it with a new one, developed ad hoc or acquired from the market, is generally
forced by the low technical and business value of the existing system. The evolution alternative aims
to elaborate the system by providing it with new functionalities or adapting the existing ones in order
to improve the business value of the system, while maintaining the high technical value. The last
option is the re-engineering/migration alternative, whose goal is more complex. It entails moving
the legacy system toward a new and more flexible environment, while retaining the original system’s
data and functionalities. Typically reverse engineering, restructuring, and architecture transformation
interventions are suggested to improve software technical attributes in a system with high business
value.

The relationships among the organizational and process aspects, and the software systems have
already been considered with reference to the development of new software systems [18–22].
These studies focus on capturing the organizational requirements for defining how the system fulfils the
organization’s goals, why it is necessary, what are the possible alternatives, etc. A developed technique,
referred to as i* [21,22], represents these aspects. i* offers two models to represent organizational
requirements: the Strategic Dependency Model and the Rationale Dependency Model. The former
focuses on the intentional relationships among organizational actors, while the latter permits one to
model the reasons associated with each actor and their dependencies.
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Figure 2. High-level view of the evolution legacy towards eLegacy.

Besides i* [20–22], a family of goal-oriented requirements analysis (GORA) methods, such as
KAOS [19] and GRL [18], have been proposed as top-down approaches for refining and decomposing
the customers’ needs into more concrete goals that should be achieved for satisfying the customers’
needs. However, all these methods concern the definition of the requirements for the development of
software systems.

This paper aims to exploit the experience gained from goal-oriented requirements analysis with
reference to the development of new software systems and applying it to the evolution of existing
software systems.

4. THE ASSESSMENT ATTRIBUTES FOR EVOLVING LEGACY TOWARD eLEGACY

The assessment strategy proposed in this paper focuses on the problems concerning why/which/how
legacy systems are impacted and need to be evolved during a project of process re-engineering.

The strategy refers to the environmental scanning block of the framework depicted in Figure 1.
It provides guidelines on how to evaluate a set of quality attributes with reference to the evolution
of legacy systems. Figure 2 depicts the high-level representation of the strategy and identifies the
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basic aspects that managers need to consider before evolving legacy applications. In particular, the
Environmental Scanning block of the figure corresponds to the homonymous blocks in Figure 1
and includes the four aspects to be analysed during the definition of the evolution strategy, namely
technologies, organization, processes and legacy systems. The technologies aspect has to be considered
as the change requirements often derive from the perspectives offered by the new technologies.
In fact, the technologies permit one to satisfy new missions and business process needs, overcome
the technological obsolescence, and decrease the maintenance costs. The role of the organization
and processes aspects is very relevant because the current barriers to success are frequently aspects
that are not technical, but mainly related to management and innovation issues. The technologies,
organization and processes aspects permit one to define the eBusiness requirements of the business
toward eBusiness evolution, and to identify the target technologies. This information, together with
the characteristics of the legacy systems to be evolved, is used in the Evolving Legacy System block
of Figure 2, which provides the Legacy System Evolution block given in Figure 1 in greater detail.
In summary, the gained information is translated in terms of Evolution Strategy, which includes the
definition of the Legacy System Evolution Requirements, specifying the functionalities of the legacy
system that need to be added and/or evolved and the Renovation Methodologies to be adopted in the
evolution process. The Legacy System Evolution Requirements are classified as external or internal on
the basis of the interaction level with the actors external to the enterprise. In particular:

• external requirements are referred to as the actions to be performed on the legacy functionalities
in order to improve the business processes from the external actors’ point of view;

• internal requirements are referred to as the actions to be performed on the legacy functionalities
in order to improve the business processes from the internal actors’ point of view.

The following sub-sections describe in greater detail the set of attributes considered for each
aspect and the relevant technical and management issues for enacting the evolution legacy toward
eLegacy. They have a general interpretation, and are consequently useful for any kind of business
categories. Therefore, full specifications and definitions are required with reference to the workplace
and application domain of the improvement intervention. In particular, the specification of the existing
attributes and/or the insertion of new ones can customize the approach on the basis of the specific
context and gained experience.

4.1. Organization

The term organization is used with reference to a quantitative significant set of people, groups, policies,
activities, resources and relations unified by a common goal. In this context, the organization has to be
process oriented and take into account the employees’ needs and enterprise mission. A set of attributes
has been identified to characterize the organization, with the aim of tracking the impact of its status on
the requirements for the process evolution and, consequently, the legacy system evolution in order to
achieve the improvement goals. Some of the identified attributes are as follows:

• Vision—to describe the business objectives of the enterprise and identify if criteria are used for
verifying and, eventually, describing them.

• Structure—to identify a set of details regarding the kind of organizational model adopted;
how stable the structure is with reference to the chosen model; the document status of the
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model structure; who is responsible for making decisions; which are the roles involved in the
processes; which is the skill required; and which is the distribution of roles among the employees.

• Management strategy—to define the balancing policy used between processes and organization
and describe the distribution of business processes among the enterprise’s components.

• Organization procedures—to point out the standard procedures used by the enterprise with
reference to its organization and processes.

• Documentation—to identify the documentation status over the whole organization.
• Organization to process—to determine how the processes are distributed over the organization

structure.
• Technological dependencies—to identify the technological trends of the organization.
• Technological coverage degree—to establish the degree of diffusion of the innovation technology

over the organization.

4.2. Processes

The processes aspect has a central role in the proposed approach, because it establishes the connections
between the more abstract organization layer and the more practical legacy system and technology
layers.

The following attributes have been identified for evaluating the enterprise’s processes.

• Process management—to identify the way the processes are managed, the distribution of the
resources among them and how closely they are related. The analysed properties are roles and
responsibilities of each actor participating to the process; resource and time management, to
identify the resources and time spent for the management activities; and effort scheduling, to
relieve the existence of mechanisms used to establish the effort required to perform the process
activities.

• Procedures—to determine the existence and usage of reference standards and guidelines for the
process enactment and the related formalization level.

• Process to activity—to identify the relationships existing among the activities within a process.
This attribute involves the analysis of the dependences among the tasks of the processes
in order to define their interaction level and the relative formalization degree; the activity
decomposability, representing the granularity existing in the actual decomposition of a process
in activities; and the flexibility for changing the process decomposition.

• Internal and external process interfaces—to investigate the interactions and related interfaces of
the process with the internal and external actors it involves.

• Automation level—to determine how the information technologies are used to support the actors
of the process while performing the activities of the process.

• Process efficiency—to identify an overall view of the performance of the process analysed from
the point of view of the manager. It is evaluated in terms of the results the activities produce and
the resources they require. The resources are measured in terms of time, costs, and productivity.

• Quality of the process technological covering—to verify how many process activities are
supported by the existing software systems and how adequate the technological solution is in
terms of products that are electronically produced with respect to the required products.

Copyright c© 2004 John Wiley & Sons, Ltd. J. Softw. Maint. Evol.: Res. Pract. 2004; 16:255–276



264 L. AVERSANO AND M. TORTORELLA

4.3. Technologies

The technologies aspect has a significant impact on the methodologies for the management of the
legacy systems. The possibility to evolve legacy systems derives directly from the potentiality of
the target technologies. However, to provide adequate guidelines, a detailed characterization of the
technologies is also required. Indeed, to effectively exploit their potentiality, it is relevant to evaluate
them with respect to the contribution and improvement they can introduce in a business process.

Some of the most important attributes concerning the technologies are listed below:

• Portability—to identify the effective usability of the technologies in different hardware/software
configurations and operating environments. The attribute identifies properties such as
being multi-platform, when the technology can be used with different operating systems; being
multi-language, when it can be used with different languages; being multi-enterprise, when it
can be used by different enterprises with adequate customization; being multimedia, when it can
manage different types of information (documents, video, sound, etc.).

• Reliability—to identify the existence of important security properties and a security layer for the
business processes.

• Maturity—to analyse the effective usage of methodologies to improve the technology
performance on the basis of the experience and the consequent investment in new innovative
versions.

• Diffusion—to identify the use of a technology in different working environments and its
integration into different kinds of business processes.

• Interoperability—to evaluate the capability of a technology to be integrated and supported by
other technologies using standard protocols.

4.4. Legacy systems

A legacy system can be described in terms of the attributes evaluated by analysing technical
perspectives in a wider context that considers the business processes. This is particularly relevant when
the evolution from business toward eBusiness is considered.

A list of attributes, characterizing the legacy system aspect, is as follows:

• Adequacy—to identify how adequate the system is for supporting the current activities of the
process to be evolved and, possibly, the evolved processes. Also, how suitable it is for satisfying
the involved users’ needs.

• Configuration—referring to the software/hardware configuration of the environment hosting the
legacy system to be evolved.

• Documentation status—to determine the existence of the design documentation, its reliability,
completeness and rigorousness with reference to the current version of the system. Likewise, the
attribute analyses if the available documentation has been updated during previous maintenance
interventions.

• Architecture—to identify the decomposability of the legacy system and its integration level with
the external software components.

• User interface—to describe the status and kind of system user interface.
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• Software components interfaces—to consider the interaction level of the internal legacy
components and the type of interfaces existing between each pair and among them and eventual
external components, and the availability of the relative formal description.

• Performance—to consider the efficiency related to the use of the legacy system within the
business process to be evolved.

• Source code—to indicate if the source code is available in order to determine the possibility
of analysing and evolving the legacy system. In addition, the existence of the source code and
the knowledge it provides in terms of programming language used, environments and paradigm,
permits to establish the possibility of evolving the software system.

• Data dependencies—to evaluate the dependence level of the legacy system from the data it
accesses, the data quality and exportability, and the relevance of the data within the business
process to be evolved. Information about the data is important as it represents a relevant part of
the organization’s knowledge, and the decision to evolve a software system is also influenced by
the possibility of recovering the managed data.

5. EVOLUTION ASSESSMENT ACTIVITIES

Figure 3 shows the evolution process. Each activity considers the evaluation of some attributes
concerning the four aspects described above. Figure 3 depicts in greater detail the information
presented in Figures 1 and 2; the order in which the activities are executed is also given. The execution
order is worth noting as it affects the order in which the attributes are considered, so that an impact
relationship among them is established. In fact, some measures have to be gathered before others.
Table I describes how the measures of the attributes flow among the activities and integrates Figure 3.
In particular, the table refers to the four aspects described above. The headings of the columns list
the activities given in Figure 3, while the headings of the rows refer to the attributes that have to be
evaluated. In the table, the attributes are grouped in terms of aspects. Each row highlights an attribute
and indicates the activities considering it and those using it.

A description of each activity is given in the following subsections, with emphasis on the measured
attributes. The following description does not consider all the attributes, but cites just some examples,
with further considerations given in the table.

5.1. Analysis of the organization

It aims to characterize the organization with reference to those attributes that have to be considered
to perform the next activities, that regard the identification of the process to be evolved and the
formulation of the evolution requirements. In particular, Table I highlights that the attributes the activity
considers concern the organization aspect. For example, the activity analyses the vision impacting on
the choice of the process to be re-engineered and the selection of the technologies to be adopted in the
evolving business processes. In addition, the vision will also be considered to identify the requirements
for the process evolution. Furthermore, if a process view of the organization activities exists, the
attribute organization to process is considered, together with all the other attributes in the table, to
support the identification of the processes. The organization attributes referring to the technology have
a relevant role in the identification of what to evolve and how, as the technologies are assumed to be
the driving force behind the changes.
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Table I. Activity–attributes relationship.
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5.2. Process reconstruction

If a process view of the organization does not exist, it is necessary to construct it by analysing the
organization attributes and by conducting interviews with managers and employees. An important role
is played by the availability of the documentation describing the organization. The main output is the
defined process view.

5.3. Process identification and analysis

The process to be analysed for re-engineering is selected on the basis of the information received
from the analysis of the organization activity. This represents the internal organization’s components
that are potentially impacted by the change that will be introduced by achieving the future vision of
the organization and by the adoption of the chosen technologies. Table I details the attributes this
activity considers. They belong to the processes aspect and are used for designing the change and
translating it in terms of evolution requirements. In particular, some process attributes are considered
for identifying the process to be evolved and supporting software systems. For example, all the
information about the process management and process efficiency is necessary to identify the quality
of a process and to guide the future process evolution. By analysing the process internal and external
interfaces, it is possible to identify the level of interaction with external actors; in fact, a process with
an intense interaction with external factors is a good candidate for evolution. It is very important to
identify the process tasks requiring the actors’ interaction and the quality of the process technological
covering in order to understand if supporting software systems exist and if they need to be evolved or
developed from scratch. The listed attributes are also considered for the definition of the software
system evolution requirements activity, while the other attributes are considered for guiding the
evolution process. For example, the process to activities attribute is considered in order to establish
if the relationship existing among the process activities allows the implementation of the evolution
requirements. The automation level attribute is necessary for identifying the software systems to be
assessed and their evolution requirements. Clearly, the values of these processes attributes will evolve
after the re-engineering of the process.

5.4. Technology identification

On the basis of the vision and technological dependencies attributes of the organization aspect, the
emerging technologies to be considered in the evolution process are identified and evaluated by
analysing the attributes of the technologies aspect. Figure 1 shows that this choice influences the
definition of the requirements for evolving both business processes and supporting software systems.
In particular, as already cited, the interoperability and portability attributes have to be considered when
a business process has to be evolved toward an eBusiness process.

5.5. Formulation of the process evolution requirements

On the basis of the organization vision attribute and evaluating the technologies to be adopted and
the process to be evolved, the evolution requirements can be formulated. In particular, as already
described, the process management, process efficiency, and process internal and external interfaces
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are attributes impacting on the definition of the evolution requirements. For example, if the process
interfaces external actors, the interaction can be made easier and more flexible by introducing Web
technologies, which can also facilitate the activity distribution and cooperation among the internal
actors. Moreover, before proceeding to formulate the process evolution requirements, it is necessary to
analyse the quality of the process technological covering and consider which benefits the introduction
of the new technologies can bring and how suitable the evolution of the automatic solution supporting
the process is to the Vision requests. Figure 3 and Table I indicate that the output of this phase is
represented by the process evolution requirements.

5.6. Software system assessment

The identification of the process to be evolved affects the decision on which software system should
be considered for the evolution. In fact, if a software system is embedded in the business process to be
evolved, it has to be evolved too in order to satisfy the evolution requirements. To fulfil this purpose,
this activity analyses an identified software system for evaluating its adequacy to the evolving process
and establishes if it efficiently supports the business requirements, and then takes a decision about
its future. Based on this analysis, two alternative decisions can be assumed: substitute the software
system with a new one or evolve it congruently with the process evolution. Once decided, the system
has to be assessed. With this in mind, the attributes of the legacy systems aspects can be considered.
Some attributes, such as the availability of the software system documentation and source code, help
one to understand if software system evolution is possible. In fact, these items have to be evolved
together with the software system. Likely, the data dependencies attribute can influence the adoption
of an evolution strategy.

5.7. Definition of the software system evolution requirements

The requirements to be satisfied from the evolution of a software system are defined on the basis of
the process evolution requirements and many of the attributes considered in the previous activities.
In fact, the above information indicates the activities impacted by the evolution and, if the process
to activities and process internal and external interfaces attributes are well defined, it is possible
to identify the software system components that may be affected by the software system evolution.
Additional considerations, analogous to those formulated for the formulation of the process evolution
requirements, can be made. Considering the quality of the process technological covering attribute
and the characteristics of the technologies aspect helps one to recognize whether the software system
components, affected by the change, are adequate to satisfy the evolution requests or if they require
a re-engineering intervention. At the legacy systems aspect level, the architecture attribute, indicating
the software system decomposability, the way the composing software sub-systems interface with each
other and/or with the users, and the availability of good quality documentation and source code, permits
one to state the possibility of evolving the software system.

5.8. Process re-engineering

This consists of two main tasks: new business model definition and new business model
implementation. The former considers the process redesign from two different points of view: the
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process and the social. The process redesign seeks to leverage technology in order to improve process
performance by considering the introduction of the chosen innovative technologies. The social redesign
seeks to leverage human potential to the same end. The following implementation of the new business
model is focused on developing and implementing plans to transform the process from its current state
to the future state. The strategies to implement the new process and its associated technological and
human resource systems must be executed, and the re-engineered process must be performed company-
wide. Once the re-engineering activity has been completed, the obtained results, the assumptions made
and the attributes previously considered have to be reviewed, challenged, and changed in order to
establish the future state of the process.

5.9. Software system evolution

On the basis of the software system evolution requirements and the results of the software system
assessment, it is possible to proceed with implementation of the evolution. Some of the evolution
strategies that can be applied are listed in Figure 2. The choice of the strategy depends on the values
assumed by the legacy systems attributes and the quality of the available software system items.
For example, if the software system documentation and source code are not available or the software
system adequacy to the process evolution requirements is very low, the re-development of a new system
may be the chosen strategy. Conversely, if the system is not decomposable, it is necessary to re-
modularize it [23] before executing migration activities [13]. The new evolved system may require
activities concerning the data conversion [24,25] in order to allow continuation of the informative
system management. In any case, the aim is to identify the software system components impacted by
the evolution requirements. To achieve this, the authors are analysing the possibility of considering the
user interface behaviour for identifying those components interacting with the end-users when they are
involved in the process activities to be evolved.

Table I shows that the output of some phases does not consist of attribute values but of information
about the processes and systems to be evolved and the evolution requirements. It is clear that the
processing of this information may require a review of the obtained results and the re-execution of
the activities that produced them. For example, the process evolution requirements may need to be
formulated again if they cannot be achieved as no technological solution can be adopted for supporting
them. This requires rework of the formulation of the process evolution requirements.

6. A CASE STUDY: A PROCESS OF A LOCAL PUBLIC ADMINISTRATION

In order to evaluate the effectiveness of the strategy proposed in this paper, a case study with pilot
users has been conducted. In particular, a peripheral department of the Public Administration, the
Town Govern of Maddaloni (a town in the district of Caserta in Italy) agreed to participate in the case
study as a customer. Particular attention was paid to the process analysis and re-engineering activities
of the process innovation and legacy system evolution blocks of Figure 1.

All the activities performed involved process analysts, known BPR methodologies and technologies,
and the personnel of the Town Govern of Maddaloni, who knew the application domain.
The improvement needs of the evolution were identified by interviewing the department managers.
The managers highlighted that the mission of a public administration body is to provide services to
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the citizen, and the future vision includes increasing the citizen’s satisfaction, as well as improving
the effectiveness of the employees’ tasks. The citizen’s satisfaction could decrease with increasing
time between putting forward a request and receiving the related answer. However, the length of time
necessary to find an answer may be caused by the manual execution of the needed tasks and the
time taken to receive information from external organizations.

Then, two goals emerged from the vision analysis concerning the reduction of the citizen’s waiting
time and the increasing of the tasks’ effectiveness. The next evaluation concerned the choice of the
pilot process to be analysed, evaluated and re-engineered. A discussion among all the participants led
to the identification of the tax payment process as the first candidate to be re-engineered, as it involved
the citizen, employees and external organizations. It was considered as a critical process as it required
the amount of taxes the citizen had to pay to be checked. In order to analyse the identified process,
the administrative manager was interviewed and, at a first level of abstraction, three sub-processes
were identified: payment of the land taxation; payment of taxes on cities’ solid waste; and payment
for occupation of public ground. In particular, the first sub-process was considered. In the following,
it is indicated with the acronym ICI—Imposta Comunale sugli Immobili. From the analysis of the
information provided, the first model, describing the different activities, involved actors, produced
objects, and used technologies, was elaborated.

The Unified Modelling Language (UML) [26,27] and its business modelling extension [27] was
chosen as the process modelling language. Different diagrams were used to model different aspects.
As Figure 4(a) shows, activity diagrams were used to model the flow of the process activities, including
decisions and synchronizations. Figure 5(a) highlights that use-case diagrams have been adopted to
model environmental aspects, namely which actors (roles) participate in which use-cases (activity or
group of activities). The ICI process was partly automated by two legacy applications: one supporting
the protocol activity, and one supporting the payment form predisposition and data comparison with
land register activities. The two legacy applications were single-user applications, not accessible
through the Internet, and requiring manual insertion of data in their databases. In addition, the two
applications accessed two different databases containing the same information about the citizen,
resulting in duplication of the data and repeating the operations to insert the data.

The technologies identified for reaching the improvement goals and evolving the ICI process
involved using the Internet. From the analysis of the process model and by considering the attributes
previously described, the high-level goals of the organization were refined in requirements impacting
the process and supporting legacy systems. In particular, the requirements for the process improvement
were defined from two different perspectives:

• An external perspective, in which the improvement goal concerning the citizen was considered
and eBusiness requirements were identified from the citizen’s point of view. The new eBusiness
process would permit the user to interact directly with the system, check the status of
his registration, pay the tax on-line and receive on-line communications from the public
administration body.

• An internal perspective, in which the improvement goal concerning the employees participating
in the process was taken into consideration for identifying other business requirements. The aim
was to improve the process by increasing its automation level and decreasing the manual
operations.

The first columns of Tables II and III list some of the external and internal requirements of
the process evolution to move toward eBusiness. Satisfaction of the identified requirements of the
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Figure 4. Activity diagrams modelling the process before and after re-engineering.

re-engineering of the ICI process was achieved by considering the impact of the evolution of the legacy
applications and the implementation of new functionalities.

For example, on analysing the process efficiency attribute of the ICI process it emerged that the most
expensive activities were those involving extensive use of human resources, such as the payment form
predisposition. This allowed the identification of the evolution requirement ‘to give the possibility to
the citizen to perform the on-line payment’, resulting in a decrease in the employees’ workload and
an increase in the process productivity. Moreover, analysing the quality of the process technological
covering has highlighted that the software system supporting the payment form predisposition activity
was not adequate to sustain the improvement requirement and its evolution was required. The related
software system evolution requirements are listed in Table II. The chosen evolution strategy was
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Figure 5. Use-case diagrams of the ICI process before and after re-engineering.

Table II. External eBusiness and legacy system requirements.

eBusiness requirement Legacy system evolution requirement

To allow the citizen to register himself by accessing • To migrate the legacy user interface to the Web
the Internet • To migrate the legacy system from a single-user

version to a multi-user version

To allow the citizen to monitor the current status of • To migrate the data component of the system
his registration • To implement new functionalities supporting

the management of the user profiles

To give the possibility to the citizen to perform • To evolve the existing user interfaces in
on-line payments order to collect and/or show new data to the user

• To integrate the legacy system with external
components responsible to manage the payment

migration, made possible by the availability of documentation and source code and the decomposability
of the system.

Figures 4(b) and 5(b) depict the model of the evolved ICI process. Figure 4(a) highlights the
more impacted activities that are grouped as new activities in Figure 4(b), with a reduction in
the process complexity. The grouping was possible thanks to the evolution of the legacy system and
the introduction of new functionalities. The second columns of Tables II and III list for each eBusiness
requirement the set of requirements for evolving the legacy system. The tables show that most of the
requirements concern the migration of the legacy aspects to Web technologies, or the implementation of
new functionalities that are characteristic of Web applications, such as security and user authentication.
In particular, by evolving the legacy systems towards eLegacy, the introduction of the Web technologies
favours the active participation of the citizen (tax payer actor) in the eBusiness process. Figure 5(b)
shows the impact of the process evolution on the interaction of both external and internal actors with
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Table III. Internal eBusiness legacy system requirements.

Process re-engineering requirements Legacy system evolution requirements

To check automatically the amount to be paid • To implement new functionalities that automatically
by the citizen and the performed payment check the correctness of the payment

To update the tax percentage • To implement new functionalities for changing the tax
percentage and integrate them into the existing data model

To optimize the tasks’ effectiveness in terms • To implement new functionalities that automatically
of resources and time spent cross-check the internal data with those obtained from

other public administration departments

the process components. The interactions of external and internal actors are highlighted in the figure
by solid and dashed circles, respectively.

Other requirements shown in Tables II and III relate to data migration aimed at facilitating the
interaction among the evolved modules of the eLegacy system through a unified database.

7. CONCLUSIONS

The research described in this paper addresses the need for evolving legacy systems in the eBusiness
context. The current trend towards eBusiness calls for changes in the fundamental concepts of
business process innovation and re-engineering. Indeed, traditional views of process innovation and
re-engineering have focused on the internal components of an enterprise with the aim of redesigning
the business processes in order to for increase efficiency. However, nowadays it is important to react
to the central role that the Internet is playing in the definition of new business relationships within and
among enterprises. The emergence of virtual and distributed organizational models and the richness of
the communication channels between customers and enterprises have resulted in a wider view of the
re-engineering methodology, which overcomes the border of the enterprise to involve both customers
and business partners.

Therefore, process innovation cannot be performed without a careful evaluation of the impact of
process changes on the legacy systems and the introduction of new technologies. The adoption of new
software systems to satisfy the new eBusiness requirements is not a practical solution. Economic and
technical constraints in most cases force the evolution of the legacy systems as opposed to development
of new systems from scratch. This means that a balance must be achieved between the constraints
imposed by the legacy systems and the opportunities offered by the re-engineering of the business
processes. In other words, the requirements for legacy system evolution must be extracted from the
requirements of the evolution of business toward eBusiness.

In this paper, a strategy has been proposed to support the identification of the legacy system
evolution requirements in the context of business process innovation. The strategy considers the
continuous monitoring of the external and internal changes that drive, respectively, the innovation of
the enterprise’s organization and processes.
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The strategy presented has been developed within a collaborative project with a large enterprise and
is now being tested in two different application domains: a bank and public administration.

The first stages of the experimentation, described in the case study section, aimed to investigate the
practical applicability of the strategy and to verify the effectiveness of the support provided by
the proposed parameters for extracting the requirements of the evolution of the legacy systems. Indeed,
the process innovation in the peripheral public administration department is characterized by the fact
that there are few critical legacy systems, but the rules governing the processes tend to be very rigid,
and the redesign of the processes must be coherent with the current laws.

Because a strategy is applicable, it has to be formalized in a rigorous manner, and it must also
be supported by an integrated software environment that helps to apply the proposed assessment
strategy and collect quantitative and objective information about the analysed business processes at
organizational, process and technological levels [28]. In addition, the software environment should
support the identification of the strategies to be applied during the evolution process [29]. The authors
are actually involved in the implementation of such an environment [5]. It is based on Web technologies
and is used to support the cooperation among the actors involved in the assessment and evolution
processes.
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