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ABSTRACT

Enterprise Resource Planning (ERP) as business system integration evolves in the
postimplementation phase due to the change in basinequirements cae by
competitive environmentsuncontrolled or poorly managed changes may lead to low
quality, chaotic systems and data that are difficult to use and maintain. Constructivist
approaches to effectively manage piosplementation changa ERP systems from the
designrelated standpoint are currently lacking. Research in this field mostly focuses on
CSF (Critical Success Factors) of the paogplementation phase rather than providing a
well-structured approach for managing the changess,Tthis thesis is designed to close
this gap by devising methods and tools for controlled ERP-ipggeémentation change
management to support stakeholders, such as business analysts and developers, in assessing
the impact of the modification.

Our methalology draws a parallel approach between ERP-ipgsiementation
change management and traditional engineering change management in product design and
proposes a framework for impact analysis of ERP-poptementation modifications. The
framework defines metamodel of the dependencies among ERP entities such as business
processes, functions, and data. Based on the identified dependencies, the framework allows
to automaticallyanaly® the impact of a proposed change through a set of impact analysis
mechaisms. Then, evaluate the scope and depth of a proposed change through a set of
impact assessment metrics.

As part of the evaluation process, our framework has been embedded in a software
tool i.e. decision support system to demonstrate the feasibiligur approachThen,
providesan empirical study to validate the research method and the tool through a panel of
ERP experts and end users. The result confirms that our framework provides scientifically
grounded method to manage ERP pogilementation modification in a controlled
manner. The application of our approach improved change impact analysis and reduced the
risk associated with peginplementation change management in future.
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CHAPTER 1 INTRODUCTION

1.1 Introduction

This chapterprovides an overview othe context of this thesiexplairing the
research goal and desan what this thesis contributes tihe research on ERP pest
implementation and change impact analysis. Moreover, the structure of thisglvegised

to guidethe reader.

1.2 Background and Motivation
The academic literature defines ERP (Enterprise Resource Planning) systems as
EXVLQHVV DSSOLFDWLRQV FDSDEOH RI DXWRPDWLQJ DQG
processes and data in a unified system (Klaus, Rosemann, and Gabldr2@@0)ast three
decades, ERP systems became a solution for most enterprises to manage their data and
business processes. The development of custom ERP applications is expensive; therefore,
ERP systems are mostly selected agtufshelf software packaggKlaus, Rosemann, and
Gable 2000). ERP systems are designed as software packages matching the general needs of
organisations (Luo and Strong 2004). However, there is often a gap between enterprise
requirements and the business functions of the ERP packdgch creates a negative
impact on the organisation (van Beijsterveld 2006).
Consequently, frequent changes are vital for ERP systems that are deployed in an ever
changing context. A study indicates that companies spent most of their budgetntsd¥ee
up to 70%, on the maintenance of their software systems (Bennett 1990). This is due to the
complexity of enterprise systems and the gap between the system and the organisational
needs.
In order to take full advantage of ERP systems, implemengatiequire drastic structural
and cultural changes within the organisation including business proeegsluation and re
engineering. These changes are difficult to accomplish, and organisations continue to

struggle with change management of ERP systems.
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Over the years, many different strategies have been developed to support
requirementsanalysis and managemedtring postimplementationphases in enterprise
systems In the postimplementation phasdhe misfit between the ERP system and the
organisabnfV UHTXLUHPHQWY FDQ EH WDFNOHG LQ WKUHH ZD\
through either package configuration orfaat customization(ii) organisatioal adaptation
or (iii) a combination bboth (Zach and Erik Munkvold 2012)

ERP systems are modified mainly because of three factors. The adaptive factor
applieswhen theorganisationrequires improving an ERP system to address new business
requirements. The corrective factor concerns modifications to address weaknesses or correct
errors identified during system usage. Finally, the perfective factor involvesgheeaht of
the organisationrequirements with the ERP system capabilExamplesof some of the
above reas@ran be as follow

x Changing ERP user needs demand for the addition of new functionality and

features

x Fixing bugs and security issyes

X The requiementto supportnew hardware devisdby ERP systemse.g. adding

touchbased user interaction as a way of paymefihgerprintfor authorization.

X Business performance improvemerie demanding for optimasion of ERP

application

The maintenance effohas been estimated to be frequently more than 50% of the
total life cycle cost (Lee 1998). By identifying potential impacts before making a change, the
risks associated with embarking on the effort can be reduced. However, apart, from adding
new featurs, fixing bugs, etc., the change can also have adverse effects on ERP systems.
Changes are often accompanied by unintended side effects. These side effects typically result
in new bugs or impose new authorization and security problems. Also, the side effiec
decrease the maintainability of an ERP system.

Side effects result from changes that were implemented in an inconsistent or incorrect
manner, which is mostly caused by unseen dependencies that exist among the components of

an ERP system.
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Change impact analysis is a strategic approactanalysingthe side effect&n large
software systems. Early research contributed by Bohner and AiiBdtiner 1996)
investigated the foundation of software sba impact analysis and providdte following
definition of the term impact analysis that has beggpted by most researchers today:

3 GHQWLI\LQJ WKH SRWHQWLDO FRQVHTXtQFH RI FKDQ.
modilLHG WR DFFRPSO (Bohtet GOIBPERDQJIH 3

A number of techniques for analysis of thgact of change in the source code (Chan
et al. 2009), workflow systems (Oliva et al. 2013), business processes (Weber, Rinderle, and
Reichert 2007a) and serviceiented systems (Wang, Yang, and Zhao 2010) have been
discussed in the literature (Sun ¢t2010). These different types of analysis are typically
associated with a certain view and perspective of software, such as an architectural view or
source code view. Moreover, the views are related to different stakeholders, such as
programmers, requineent engineers or system support who are responsible for maintaining
the software artefact. While these techniques provide an excellent example of how to apply
ripple effect analysis in specific domains, they can be difficult to employ to assess the
modification of ERP systems, which are not only complex software systems, but that also
KDYH D GLUHFW LPSDFW RQ DQ RUJAdn@aRoRM@IIGIB®XVLQHVYV
Pg.3D ULSSOH HIIHKtcaused/bywhidkihg®addrhadl change to a systemhvdifects
PDQ\ RWKHU S D UWSihce thakeKsHho\kheWhit ekisting method of Change Impact
Analysis specifically for ERP systems, this research becomes imperative.

Additionally, most impact analysis approaches do not distinguish between ths effec
of different types of changes at designe and rudime. The majority of the works related
to impact analysis are focused on the impact of modifications at d&giglPH L H - WKH 3EXL
WLPH" RI VRIWZDUH DUWHIDFWV (53 témMy/dpddrtvig DusiHesSRP SO H |
operations that may be long lasting. This means that change impact analysis should not only
focus on the desigime structure of the system but should also address the impact of
changes in ongoing business operations, such asrloming instances of business
processes that are not yet completed during the assessment of ERP change.

As a summary, ERP peshplementation changes bear an impact on both the static

designtime structure of ERP systems and the-tiore instances cuently executing.



Technique and tools for controlled change management in this context should concern both
the desigrtime and rurtime domains and support the business analyst in implementing the
change in the smoothest way possible for the ERP systemcamsequently, for the
organisation.

This thesis proposes a framework, i.e., methods and tools, to support change
management in the ERP pastplementation phase. The proposed framework can
adequately address different types of changes in ERP sydteassist business analysts to
understand and retrace the ripple effects of a proposed change in an ERP system and support

in determining the most efficient plan for implementation of the modification.

1.3 Research Question and Qjectives
The main goal of tis thesis with the problem statement of the previous section is to
develop technigues for controlling change management of modifications of the ERP system
in the postmplementation phase.
The main research question addressed by this work is:
How is it possible to design a framework to support the management, i.e.,
specification, analysis, and assessment, of ERRpd3S OHPHQWDWLRQ FKDQJH\
More specifically, our approach aims at the following four objectives
1. Develop a generic conceptualetamodel of ERP systems to determine the
dependencies among the different components constituting the sydiam;
metamodel could then be instantiated ird@pecific model of dependencies
among components in specific ERP installations;
2. Introduce a taxonomy of pdbe postimplementation modifications of ERP
systemsbased on the dependencies defined by the conceptuahmdt
3. Define a methodology to assess the impact of different types of change, by
consideringin particular the ripple effects implied by spéic dependencies;
4. Define metrics to estimate the depth die impact of ERP post
implementation change, possibly based on the strategy selected to implement

the identified change.
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a. As a part of impact assessmeatthering from ERP expert abaiiie
relative cost of alternative strategiesor implementation of
modification using an AHPased method.

5. Implement a software tool, i.e., a decision support system, embodying the
identified models, methods and metrics assistbusiness analysts in the
controlled maagement of ERP pogiplementation change.

1.4 Research Methodology

In general, IS research follows one of two main research strategies: Constructivist or
behaviouralresearch. Thebehaviouralresearch is to understand and predict-veaid
phenomena whileconstructivist research aims at solving practical and theoretical
organisatioal problems by developing and evaluating IT artefacts (Winter 2008). By
analysing the characteristics associated with qualitative, quantitative, inductive, and
deductive researchmethods and mapping them against the attributes of this research, the
appropriate research approach for this work is, determined.

This research need driven by the difficulties encountered bgrganisatios in
managing ERP posinplementation change,sahighlighted in Section 1.2. Thus, it is
considered a problemmriented approach such as what is propose@Hbyner et al. 2004)

According to(Hevner et al. 2004Pg. 783GHVLJQ VFLHQFH FUHDWHY DQG HYL
aimed at solving identifiedrganisatorDO SUREOHPV™ W LV LQYROYHG ZLWI
research and driving it thugh from empirical studies of developing the introduction of

novel methods and tools to support the improvement of the design process. Design science
research is, in particular, effective for formulation and validation of techniques and tools

since it ircorporates clearly defined criteria of success measurement.

In this thesis applying the design science research methodology as a framework
provides the researcher to validate knowledge systematically, and at the same time to ensure
that the research isientific and delivers valid results.

The (Hevner et al. 2004jnethodology suggests that design research should draw
design problems from both existing literature andigfegractice. The process model

consists of six constructs representing activities that should be carried out during a Design
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Science research. The activities include problem identification and motivation; define the
objectives for a solution; design aride development; demonstration; evaluation; and
communication. Chapter 3 explains each these activities in detail.

As described in Figure-1, design science is tied to the environment as a source for
relevance and the existing knowledge base as a sfmurogor. The design science artefact
is developed and evaluated in the design science cycle. The environment contributes the
application domain of the design artefact. Within the application domain, people,
organisatioal systems, and technical systemevide the context for the research. Also,
problems and opportunities originate from the application domain and can be translated into
requirements for the design science artefact.

Environment Design Science Research Knowledge Base

Application Domain Foundations

* Scientific Theories
& Methods

Build Design
Artifacts &
Processes

® People
*® Organizational
Systems

® Technical
Systems

® Experience
Expertise

Relevance Cycle Rigor Cycle

Design ® Grounding

® Additions to KB

® Requirements
® Field Testing

Cycle

* Problems

& Opportunities * Meta-Artifacts

(Design Products &
Design Processes)

Figure 1-1 DSR framework (Hevner et al. 2004)

As mentioned before this thesis focused on the design of a framework for impact
analysis of modifications of ERP systems during fiogtlementatiorto assess and evaluate
the change. In order to provide the solution for managing ERFPimpktmentation change
to achieve our objectives delineated in Section 1.3, this research work develops and evaluates
the following artefacts:
X A methodology to identy the different phases of controlled ERP post
implementation change management;
x A dependency metmodel of ERP system components that can be applicable for

mapping dependency relations;
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x A taxonomy of possible ERP peistplementation changes;

X A set of mechnisms (algorithms) to evaluate the ripple effectthefproposed ERP
changes, based on the dependencies identified by the dependenayadeka

x A set of business intelligence metrics to assess the impact of the proposed
modification;

X A software tool (deision support system) embedding all the conceptual artefacts
defined above, to assist business analysts in change management.

In addition, the proebf-concept implemention of the software tool caie
considered as the evaluation to demonstrate thebddyp of implementation of our proposed
methods. During development of the tool, an agile methodology and a -drodsi
approach were chosen as the foundation of our implementation. Following the design and
implementation of a software tool, this tresekplores the viability of the discussed concepts
and approach and plays a formative role for further development. Further, this research is
designed to provide empirical evidence to validate the achievement of our objectives. The
main purpose of evaluat is to show that our design solution has certain properties that
work under certain condition and behave in a particular way that can be useful for the ERP
specialist and facilitates a solution during the change process. We evaluated our approach,
with a panel of ERP experts, i.e., business analysts and solution designers from large
consulting companies. Also, we ran controlled experiments in simplified scenarios using
former ERP students and ERP professional as participants to evaluate the usability of o
designed software tool.

1.5 Thesis Structure

The remainder of the thesis at hand is organized as follows.

Chapter 2(Literature Review) This chapter describes the concepts used in the thesis
and explores the state of the art of current research on ERfnspsisimplementation,
ERP customization, change management and various techniques and approaches that have
been proposed for managing the change at theippémentation phase of ERP system.
Furthermore, the chapter presents and discusses the reauiysfematic literature review

and taxonomy of impact analysis that was driven from existing approach used in software
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systens. Lastly, the chaptediscusssin detail the existing approaches used for assessing
modificatiors in enterprise systems and ess process managemetd underlinethe
identified gap in the literature

Chapter 3 (Research Methodologyin this chapter, the design science approach is
introducedthen, presented the structure of the proposed methodology and adaptation to the
researb problem. In the subection of this chapter, the research roadmap is defined which
explains phases of the research approach and iterations of the research. The chapter ended by
describing a brief summary of research evaluation and analysis method darches
validation.

Chapter 4 (Framework Design Part 1process and conceptual dependengiels
this chapterwe present ouframeworkto support the assessment and evaluation of change
impact analysisof ERP systemsThis chapterreports the overall changerocess of our
framework and presents a comprehensive analysis of ERP dependency relationships and ERP
change requiremestanalysis. First, a standardchange processdor ERP systems
modifications is presented’hen we presentan overview ofthe artefactinvolved in the
change procesginally, this chapter presents in detail a first subset ottefactadefined in
our framework, namelythe ERP dependency metaodel artefact for mapping the
dependency relationshipgf ERP componenighe taxonomy of ERP adifications and the
ERP change request template

Chapter 5 (Framework Design Part 2impact analysis and assessmgnfThis
chaptercompletes the description of our framework, by focusing on the issues of change
impact analysis andsaessmentzirst, it describes the impact analysmechanisms, which
capture the ripple effects of ERP modifications on the exisfiegjgntime and rurtime
structure of the ERP systeriihen we present of metrics for assessing the impact of a
proposed ERP change. These metags at enhancinghe decision making to plan the
implementation of the modification efficiently.

Chapter 6 Cost Implication of ERP Maodification) This chapterfocuseson the
issue of evaluating the relative cost of different strategieshirimplemention of ERP
modificatiors. In particular, it provides more detail on th&ameterizatiomf functions to

estimate the implementation effort of ERP changes. The results presented in this chapter
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have been used to improve the impact assessment metricseinsaftware tool
implementaton 7KH HVWLPDWLRQ RI HIITRUW IXQFWLREQ@ tUHOLHV RQ
built on the AHP (Analytic Hierarchical Process) mudtiributedecisionmakingtechniques

Chapter 7 Proof of Concepts implementation)his chapter gives more insight into
the design and implementation of the impact analysis tool as proof of concept. First, it
provides a description of the software development methodologies and explains the reasons
for choosing an agile methodology for implensitn of impact analysis. Then it provides a
detail description of the features and functionality of impact analysis and discusses the
design and implementation of the artefact development through adaptation ofdnoelel
approach. The chapter concludag providing an example of a case in order to test and
demonstrate the functionality and feasibility of tool implementation.

Chapter 8 (Framework Evaluation and Discussion) This chapter provides
empirical evidence to validate our approach and impactysisatool. It explains the
evaluations goal, evaluation criteria, and the evaluation method in order to achieve our
objective. In this chapter two ERP case studies demonstrate and present the result for
perceiving the feasibility of applying impact anal/stool. Then we evaluate the
applicability and functionality of our approach and tools through the study with ERP expert.
Finally, we assess the usability of our tool by conducting an experimental study in two
groups of ERP experts and rerperts (studdn) in order to evaluate the usefulness, ease of

use and satisfaction of the application of impact analysis tool.
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CHAPTER 2 LITERATURE REVIEW

2.1 Introduction

This chapter investigates the state of the art of current research on ERP system post
implementation andhe change impact analysis field based on the objectives of this thesis.
We report on the finding of a comprehensive literature study and analyse various techniques
and approaches that have been proposed for managing the change atithplposntation
phase of the ERP system. The chapter outlines a detailed overview of ERP system concepts
and architecture in Section 2.2 then explains the issue of ERP customization during-the post
implementation in Section 2.3. As change management is often identifeeduadamental
critical success factor of ERP péstplementation, Section 2.4 explores this principle and
presents the change management terminology and procedures in, Section 2.5, which uses a
strategic approach for handling the change. Then Sectiotdistésses the impact analysis
concepts for a software system and explores the existing methods and techniques that used as
activities during the change management process. This section also outlines the strength and
weaknesses of the proposed approadgiegards to ERP system modification. Moreover, this
chapter summarises open research problems and prepares the ground for refining the
research goal of this thesis.

2.2 ERP Systems Concepts and Features

From the perspective of (livari 1991), an Information 8ystis a combination of
subsystems defined by either functional or organisational parameters to support decision
making and control the organisational requirements. In the last two decades, businesses
organisations around the world have employed confideralystems that attempt the
integration of business processes and accommodatgmeatlata sharing (Vernadat, 2003).
These systems are often known as Enterprise Resource Planning (ERP) systems and
represent a solution that integrates business procassgedata into a unique system to be
shared across the various departments of the enterprise (Davenport 1998). According to

Davenport, ERP definition emphasises the integration, between different division within the
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organisation like production, procuremersales and distribution, finance, and human
resources.

The ERP application improves organisational performance and enhances competitive
advantages among so many organisations (Davenport 1998\Magklari, AFMudimigh,
and Zairi 2003) Argued that ERP sys1s have been recognised as one of the most common
IT solutions in organisations, and the functionality they offer can serve a large variety of
organisations. Lucas (Lucas Jr, Walton, and Ginzberg 1987) stresses that information
technology such as ERP $§s1s concept is utilised to capture, retrieve, transmit, manipulate,
display or store information, by one application.

An ERP system can help business organisations in many ways. Acctr@ihgble,

Haft, and Umble 2003, Holland and Light 1999), (Sun2@00) one of the most important
features of ERP system is to automate the organisation's operations and supportetbthe end
end business processes from best practices to maintain greater managerial control and fast
decisionmaking. Another feature is thatl information becomes centralised in a single
relational database accessible to all departments, which eliminate the need for entries of the
same data multiple times during the procedure (Muscatello and Chen 2008)

Typical ERP systems have been develogedinclude multimodules in one
application software such as sales and order management, marketing, purchasing that assists
an organisation to execute its business functions (Tarn, Yen, and Beaumont 2002). These
modules can interact with each other digebly updating a central database.

A business organisation has some choices to make in order to implement the best
ERP system that matches their needs by selecting among various modules. According to
(Rashid, Hossain, and Patrick 2002), ERP modules cak agstanehlone units, or can be
combined to provide an integrated system. For example, they can choose and install only the
modules they need from one or more ERP vendors, and they can combine their existing
legacy systems and new ERP modules, ortieyx FRQILJXUH D VA\VWHP IRXQGHG
special strengths. Sometimes, organisations can add or customise the functionality offered by

an ERP vendor with additional modules or function from another ERP vendor (Light 2005)
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2.2.1 ERP Systems Benefits

ERPs arebecoming the largest and fastest growing systems in the software industry
(Tarn, Yen, and Beaumont 2002-KMashari, AtMudimigh, and Zairi 2003, Hillman Willis
and Hillary Willis-Brown 2002). Year by year, it has been observed that the number of
organisabns using ERP systems is increasing around the world. The goal of ERP systems is
WR VXSSRUW WKH HQWHUSULVHYY RSHUDWLRQ DW DOO OHY
welFSODQQHG DQG PDQDJHG (53 LPSOHPHQWDW&Rapc&é DQ LQFU
extensively across various departments. Markus & Tanis (Markus and Tanis 2000)
summarized the benefits of ERP implementation, which describes the sources of the business
benefits that ERP adaptation may bring.

Every large company has huge quaedit of data, which are kept, in many
repositories and, the information is distributed across many separate computer systems rather
than just one system. Despite that, some organisations want to reduce redundancy and
variation in data during transferringzaycling and reformatting the form of data from one
system to another. Therefore, such organisations require implementation of ERP systems as a
solution to support the integration of different business units through a central database of
corporate informaon.

From the operational perspective, ERP systems give organisations an opportunity to
increase sales and revenue; reduce -bagt structures; improve responsiveness to
customers; face tough competition in the market;, expand business globally; improve
insufficient business performance; support new business strategies; simplify ineffective and
complex business processes; and standardize business processes of an organisation
(Davenport 1998) (Bingi, Sharma, and Godla 1999), (Sumner 2000jMdgsthari, Al
Mudimigh, and Zairi 2003).

Despite the benefits of having an ERP system, the implementation of an ERP project
is lengthy and costly. The cost factor depends mainly on the size of the enterprise and the
number of modules that organisations are willingnbplement. ERP implementations can
be either companwide or limited to one major division. So a large number of ERP system

applications have been implemented on a broad range of business organisations



2.2.2 ERP Systems Architecture

According to(Shang and Seddon 2002n ERP system pinpoints the importance of
centralized management planning that utilizes resources effectively to achieve the
communicationbetween internal and external business. The ERP architecture aim for
expediting the flow of information and communication between entire business functions and
roles within theorganisationand manage the relationships with external stakeholders
(Rashid, Hossain, and Patrick 200Zhis section introduces the system architecture that
ERP systems are based upon. Undexding ERP system architecture and the functionality
will provide a thorough inside of ERP technology and how it works within the enterprises.

Most current ERP system is designed based on Client/Server processing which the
processed work will be sharedtlween two computers Client and Server. The client is the
presentation logic for users while Server is the processing and storage logic. In a
Client/Server system, a number of client devices determined by end users such as desktop
PCs request services fraapplication servers, which in turn get the requested sergiaged
information from the database servers. The requests may be data values, simple data files,
service, communication, master file updates or transaction processing.

Threetier ERP architecte was proposed as a solutidanuel and AlIGhamdi 2003)
that supports the connection between databases, the business logics, and the end users
interface. Thus, the thraeer ERP architecture consists oftBlhase layer, Application layer,
and Presentation layer (Graphical User Interface). The presentation layer is the most visible
layer of an ERP software product while the application and database layers are typically

developed and configured with ERP vendpecific standar@Selmeci et al. 2012)

Database layer

In the database layer, numerous programs within the system process thedddia
result are presented to the end user. This layer serves to manage and maintain the
RUJDQLVDWLRQTYY RSHUDWLRQDO DQG WUDQVDFWLRQDO GD
and the entire repository are stored. ERP systems use a relational el&bedmee data about
their products, customer, employees, and vendors through various tables $8hapés and
De Carvalho 2003). In ERP system, this data is referred to as master data. Once the ERP
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system goes into production, every activity is saveithéodatabase (i.e. the execution of the
procedure for purchasing activity such as buying products from suppliers will create or
updates one or more data in a database. This data is classified as transactional data (Chen
2001). In ERP system, master dataroypes slowly while the transactional that describes the

business events changes rapidly.

Application Logic

The logic or processing layer is a second tier in such architecture. This layer
represents controlling and process application business rulesofynoigic and programs
acting on data received/transferred from/to databases servers. This layer executes the
instruction from the end user by transferring and receiving data from a database, validates the
data and applies the business rules (Rashid, hpssad Patrick 2002). In application logic,

a fully adopted ERP system involves in various business processes each of which poses a
sequence of procedures within a functional department (Wang and Xu 2009). -f;esrtt
business process begins with itarghg function, proceeds one by one function or-sub
process, and ends with its finishing function (Johannesson and Perjons 2001).

As functions and associated business process are interrelated, the business
transactions reference each other resulting gigaificant complexity interrelationship. A
typical process integration model of ERP consists of sales, production planning, quality
assurance, payment, purchasing, outsourcing, and production process each of which in turn
carries a set of functions. Faxample, the sales process starts with order entry function and
finishes with invoicing function. It is associated with three other business processes such as

production planning, quality assurance (QA), and payment process

Presentation Layer

In ERP archiecture the presentation layer forms a third layer. It offers the ussat
interface and provides a relevant physical layout of the application on a multitude of devices
ranging from workstatiomito mobile device. This layer plays the front end omser for
data entry to accesg/stem functionality. As ERP end users interact with the presentation

layer, data is transmitted, read, written, deleted or updated in the data layer. The presentation
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layer here handles the execution of process and represeritsittiens data input/output,
with a graphical user interfa¢®Illinger and Stahovich, 2004)

Having defined the EPR system architecture model and how it interacts with end
users, then the next section looks into the impletation process of this system and
addresses some issue related to the adaptatibie BRP system with businessganisation

requirements.

2.2.3 ERP Systems Implementation Lifecycle

Implementation of an ERP system is a complex process and, requires not just
changing the technology but also variarganisatioal adaptations to be able to make the
best use of the system. To develop such a system requires planning, requirements analysis,
design, detailed design, implementation and maintenance support iriahdere successful
ERP system(Somers and Nelson 200#he implementation contains a procedure of
configuring of the ERP package and adjusting it based on the businessmeauis of the
organisaton 3SaDMN ,QGLKDU &aWHPEHUJHUeredr®, Ghe. RYUDdmeiits
analysis is a critical phasef ¢the implementation life cycle, because of the significant
investment in such a system for theganisation In such a case the requirements analysis
and the design phase play an important role to improve a successful implementation of an
ERP system. Atite design phase, the ERP developer determines the best practice, which the
system supports. This integration pushes a company towards generic bpsitesses;
RIWHQ UHIHU WR 3SEHVW SUDFWLFHV" E\ HQWHUSULVH VRIWZ]

In many cases, the system h@hable the company tiperatemore efficiently than it
was before. Because this puslmeganisatios towards centralization and generic business
processes, that the businesses must often modify their procedure to fit with the ERP system
(Davenport 1998)This is known as rengneering ofthe organisatior business process in
order to implement the proper application.-&waineering of business process activities
focuses th@rganisatioron identifying and improving the efficiency of critical procedures in
the process, removingefficient operations and restructuring necessary procedures into
standard fornfMuscatello and Chen 2008)
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Preparation

Preparation  Go Live &
Business Realizatiory’ ! Support

Blueprint

Figure 2-1 ASAP Roadmap (Gulledge and Simon 2005, Miller 1998)

Implementing a suitable ERP system is an important development requires a significant
level of resources, commitment, and adjustments acrossrgfamistion and has certain
basic phase@Jmble, Haft, and Umble 20037 he following section destes an example of
an implementation methodology that is based on a process model used for implementing
SAP ERP systems. According to ASABulledge and Simon 2005, Miller 1998¢scribed
the implementation roadmap, in the follogiphases (see Figurelp

1. Project preparation: the planning stage for the pRfect, where crucial strategic
decisions about project goals, implementation scope, schedule, budget, implementation
sequence need to be made, and the projgeiisatiorand relevant committees established

2. Business Blueprint: This phase in ERPliementation refers to documentation of
WKH FRPSDQ\YV UHTXL U étgarisatival strictui@, buBiness\Vfkketion, and
processess expressed in the ERP system.

3. Realiation: This phase in ERP implementation configures the requirements
confained in the blueprint into the system. The configuration of the scope can be afmanged
up to four cycles, starting with the major scope and reaching further levels of detail in later
cycles. Integration testing and end user documentation are thetkatyesan this phase.

4. Final preparation: This phase is completing the preparation work, testing, end user
training, system management and remove unnecessary activities. All issues (i.e. such as gaps
in business requirements, configuration, usestasce, end user training and support) must
be resolved, and the requirements for thdigm need to be fulfilled, before proceeding to
the next phase.
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5. Go live and support: denotes the move from a configured environment to the system
operation. Thanost critical activities are setting up system support function, monitoring the
system transactions, and optimising overall system performance

As (Hillman Willis and Hillary WillisBrown 2002, FuiHoon Nah, LeeShang Lau,
and Kuang 2001, Davenport 1998pgued against the prevailing assumption of treating ERP
as a project that has a termination date. Besides, the successful implementation is not the
end of the ERP journey, as the pwsplementation phase is where the real challenges begin.
The postimplementation phase includes critical processes such as testing the system for
HITHFWLYHQHVY L H LWV DFWXDO YHUVXV SURMHFWHG F
processes), data integrity, checking the reliability, system utilization and mosttamiby,
assessing and evaluating the benefits of implementation of the system (Holland and Light
1999) (FuiHoon Nah, LeeShang Lau, and Kuang 2001).

During postimplementation phase organisations often face a broad range of issues
like technical pittaOV XQH[SHFWHG EXVLQHVV UHTXLUHPHQWYV LQL
deficient system design. In order to address such challenge ERP system requires some
adjustment to overcome this problem (Daneva and Wieringa 2008). Compared to the
research in ERP impteentation, the study in ERP pestplementation has long been
considered under investigated but not given a proper recognition especially when the
organisations face with the inevitable change in requirements that lead the modification of
the ERP system.The following section argues this issue in further detail and attempts to
define and classify the alternative solutions on how to overcome this problem during the

postimplementation phase

2.3 ERP Postimplementation
To date, change in requirement at ERP {ioglementation has received relatively little
attention in the literature (Law, Chen, and Wu 2010), (Grabski, Leech, and Schmidt 2011)
(Zhu et al. 2010, Ifinedo et al. 2010), (Yu 2005). Besides, the literature tends to focus on
CSF (Critical Success Fac) of the postmplementation phase and, in particular, how
these differ from CSFs of the implementation phase (Ram, Corkindale, and Wu 2013), (Ram,
Corkindale, and Wu 2013), (Moalagh and Ravasan 2013). The quality of the implemented

4C



system and the datd uses are frequently identified as technical CSF of ERP- Post
implementation (Zhu et al. 2010, Ifinedo et al. 2010). Poorly managed to post
implementation modifications reduce the ERP system and data quality, leading to chaotic
systems that are difficuto control (Zhu et al. 2010, Ifinedo et al. 2010). Therefore, there is a

need to support stakeholders, such as business analysts and developers, to assess the impact
of ERP posimplementation changes to guide them during the implementation of the
proposednodifications.

Like traditional software system, ERP systems require maintenance (Ng, Gable, and
Chan 2002). Posiplementation modification concern changes to align the ERP system to
the business requirements (Ha and Ahn 2014). These changes usnabyncthe static
design structure of an ERP system. The ERP-iAgdementation activity represents the
longest and the most expensive phase in an ERP system lifecycle (Libke and Gomez 2010).
Despite the importance of ERP pasiplementation being recogeis by prior studies, there
has been little research exploring on how to control and access the modification of an ERP
system from a design point of view other than the management aspect. Thus it is important to
know this issue and consider how they majuirice the ERP poghplementation success.

As such, the rest of this section attempts to answer these two questions
X What are the reasons for ERP system modification after post implementation?

X And, how does the post implementation modificatpplyto the ERP system?

2.3.1 Reason forERP SystemsChange

ERP systems face with inevitable changes during-ipggiementation phase to align
the ERP functionality to the business requirements (Oseni et al. 2014, Themistocleous et al.
2001). Because ERP systems congfsfunctionality intended to meet the needs of a wide
variety of customers (Kumar and van Hillegersberg 2000), there are always gaps between the
delivered functionality of the product and the current business practice of the implementing
organisation (Orkowski 2002) (Dong 2000). Gap or misfit in the ERP system and
organisations requirements is fundamentally caused by the initial design of the ERP system
which supports the standard procedures in a certain field. While each organisation has its

unigue wayof working, which is formed as a combination of compapgcific, sector
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specific and country/culture specific factor (Soh, Kien, and-Yay 2000) which makes it
different from ERP system procedures. Understanding of what creates misfit and how to
explorethe misfit issue throughout the life cycle of an ERP system remains unclear. Four
types of misfits identified in the literature by (Hong and Kim 2002, Soh, Kien, and/'aay
2000) as follows

x Data misfit refers to incompatibilities between organisatigeglirements and
ERP package in terms of the data format and the relationships in the data model.

x Functional misfits can be divided into access, control, and operational misfit.
Access misfits occur when the necessary access to perform certain tasks is no
present, control misfits refer to missing validation procedures or checking
routines and operational misfits refer to missing operational steps or the presence
of certain steps, which are inappropriate.

x Output misfit refers to incompatibilities betwesquirements and ERP package
in terms of the information content and presentation format of the output

x Interface misfit occurs when there is a gap between the way the graphical user
interface (look and feel) of the ERP package is designed and what theatese
expected to work with.

Misfits in requirements that cannot be determined by configuration are often resolved
in one of two ways: rengineering of organisation procedures or ERP system modification
(Brehm, Heinzl, and Markus 2001). As for the fiafiernative, change in procedure requires
significant organisational change, resulting in high upfront costs (O'Brien and Marakas
2006). Therefore, customizations/ERP system modification may be initially seen as the most
efficient solution. However, ERBystem providers discourage a modification to any portion
of their system and typically not supporting anything that has been customised (Brehm,
Heinzl, and Markus 2001). Many studies advocate that the change in ERP systems should be
implemented with miniral modification to the application (Somers and Nelson 2004);
(Upadhyay, Jahanyan, and Dan 2011) as the modification of ERP system is problematic and
may increase costs and limit maintainability (Alawattage et al. 2007). Each time a vendor
patch or upgradeeeds to be applied to an ERP, all customizations must be reviewed,

reapplied and retested in thgstem Yakovlev 2002).
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While the misfit between ERP packages and organisational need is widely addressed
in the literature (Light 2005), (Luo and StroBQ04 theimplication for resolving the misfit
by customising the ERP packages and its impact on the efficiency of such package have not
yet been investigated. (Light 2005) introduces the top problem from various organisations
that result in the customizatiand maintenance of the ERP system. {foon Nah, Lee
Shang Lau, and Kuang 2001) Identified maintenance activities concerning at ERP post
implementation phase. The activities include adaptive maintenance (transfer, testing,
modification and enhancement)rpective maintenance (troubleshooting, and updating data
model), perfective maintenance (version upgrades). As described missing or incorrect
functionality, a complexity of using the system (GUI issue), structural and procedural
problems are the most recogable issue within the ERP project.

Despite the complexity of ERP system during implementation and- post
implementation, the problem of flexibility in ERP system is recognised as the biggest
challenges in ERP adoption and becomes more important thar befaddress the above
problems (Wei, Wang, and Ju 2005). According to (Arteta and Giachetti 2004) that defines
WKH IOH[LELOLW\ LQ DQ\ V\VWHP DV WKH :DELOLW\ WR PDQ
that an organisation has the potential to thriva icontinuously changing and unexpected
EXVLQHVYV HQYLURQPHQW  )OH[LELOLW\ LPSOLHV QRW RQ
modification but also to act proactively with respect to applying with the minimum cost and
effort (Arteta and Giachetti 2004)

2.3.2 Sdutions for Change inRequirements

Many organisation experience various challenges when going live with ERP
application, (Markus, Petrie, and Axline 2003). A research work by (Keil and Tiwana 2005)
indicates; that the functionality of ERP system is thetmportant features of the standard
business application to predict perceived usefulness of the system. Given the scope of ERP
systems, the insight about the issue of the misfit from (Lucas Jr, Walton, and Ginzberg 1987)
WKDW 3(LWKHU W Ktél cliabigd iQproé¢ €iuvds Re@mptddnise on processing needs
VDWLVILHG RU PRGLI\ WKH (53 SDFNDJH” DSSOLHV WR (53 \

and TayYap 2000) address this issue at the operational level that developed a framework for
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misfit in requrement during ERP implementation (Soh, Kien, and-Yag 2000). (Somers

and Nelson 2003) suggests a number of integration mechanisms ensure the fit between ERP
system and organisation needs as; project organisation, a business driven implementation,
organsational and package adoption.

In the literature, various papers such as (Salmeron and Lopez 2012) propose models
to support ERP modification and enhance the flexibility issue such as servned
architecture (Lechesa, Seymour, and Schuler 2012héssprocess management techniques
(Kilpinen 2008) configurable process model (La Rosa et al. 2011) (Gottschalk, van der Aalst,
and Janseiullers 2007) or by extending ERP system with a third application to support the
organisation requirement and apphaage in ERP system. Another alternative solution such
as modification of the ERP system through customization of ERP source code is suggested
by (Luo and Strong 2004) however these approaches brought the highest risk and cost for
most of the organisation.

The ERP packaged modification could potentially meet the user requirements.
Numerous research and industrial studies of the critical success factors for ERP
implementation success perceived that the preferable approach to implementing ERP
systems withoumodification of the ERP package (Nah, Zuckweiler, and-&kang Lau
2003). However, sometimes due to strategic alignment, and competitive market in the
business environment, modifications of an ERP system is necessary. According to (Scott and
Kaindl 2000)outline that 20% of the processes in an organisation cannot be represented in
the ERP systems without performing customization. The modifications are essential for the
ERP system to meet the requirements of the organisation; however, the issues associated

with customization are far reaching to adjust the requirements.

2.3.3 ERP Package Modification

The customization/modification ERP system classifies into two models known as
internal change and external change. The internal modification refers to the chdhge in
system such as configuration and code modification whereas the external modification
relates to the improvement of the system by using an external entity or adaptation of another

system without changing the current ERP system. (Glass 1998) CatedfiRBeadaptation
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types into ERP customization, extension, and configuration. ERP customization refers to the
modification where the organisation requests to change the system through code
modification. Extension refers to the modification where the orgammsasks from a third

party vendor to use some particular functionality in parallel when they are running the ERP
system.

Lastly, the configuration is the type of modification that only requires adjusting some
parameters setting without changing the éxgssystem. Follow description starts from the
most expensive and high risk to the least and easier form of modification perspective. ERP
system customization is appropriate for those companies that believe their business processes
are better than those plemented in an ERP system and do not twian lose their
FRPSHWLWLYH DGYDQWDJH AWHPEHUJHU DQG .RYDpLPp
modification strategies in case that the solution could not support the ERP system.

There are so many tailoring solutions available to resolve the @dtgap between
ERP and organisational requirements studied by (Brehm, Heinzl, and Markus 2001). The
business analyst must make a choice among these solutions. However, empirical insights into
how these common tailoring options or strategies relate tore&Rtenance efforts remain
unavailable. In Chapter 6 of this thesis describe a preliminary effort to quantify the relative
importance and effort of different tailoring strategies through the study with ERP expert.

2.3.3.1ERP Modification Strategies

Table 21 provdes a summary of ERP tailoring strategies following an example
(Brehm, Heinzl, and Markus 2001). In addition, in the next sections, we explain the detalil

description for each customization strategies in order to analyse these options in more detail.

Configuration

Configuration is the tailoring type with the lowest possible impact values. ERP
configuration involves selecting from the reference model and setting the parameters that
allow the organisation to adjust and modify the system within the boundariesflect
requirements without changing the ERP source code (Brehm, Heinzl, and Markus 2001).

Parameterizations play a significant role in the customization of a reference model. It enables



WKH SDUDPHWHUV RU YDULDQWYV Raspraddsdes fuhc@dénls, ddte)GHO TV |
WR EH VHW DFFRUGLQJ WR DQ HQWHUSULVHYV UHTXLUHPHQ'

(Leyh 2011)

Type of modification
strategies

Table 2-1 ERP Customization Option

Description

Example

Configuration

Bolt-on

Workflow Programming

User Exits

ERP Programming

Interface development

Package Code
Modification

Modifying the setting of parameters of tt
ERP system;

Extended ah packaged functionalit
developed to function with the EF
system created by a third party supplier.
Allows modifying the ERP standar
workflows;

Places in the ERP package code where tal
made code an be placed to extend tt
functionality

Adding applications developed in the

ERP system programing language with¢
changing existing code of the EPR system

Implementing the change using exten
functionality that is accessed through t
implementation of standard interfaces
Implementation of change, whereby the El
package source code is modifiedtsat

Define organisationl units; create
standard reports; formulate availabl
to-promise logic; use of a standa
interface to an archive system

Develop a statistical function for
calculating particular metrics

Create a prgram that calculates th
phases of the moon for use in
production scheduling

Interface with custorbuild shopfloor-
system or with a CRM package

Change error message in warning;
Modifying production planning
operation

The various options are run through tegstem parameters, whose values are

determined during the enterprise system implementation. The configuration of an ERP

system requires some consulting work, but without custom code development. If a gap can

be filled through configuration, the costs ansks are much minimised (Yen, Idrus, and

Yusof 2011). However, sometimes this option requires more time and effort for configuring

complex cases or business process in the system. In this situation, it is better to acknowledge

understanding of the impact additional customization strategies.

According to (Uppstrom et al. 2015), recently with the help of technology,

configuration enables changes not only by setting parameters but also changes in the User

Interface or databases, through drag and drop. X¥&@@e of parameterization is a Boolean
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parameter indicating either the functionality performs in the system or not by setting the
value to true or false. Such that by enabling warehouse location control functionality all the
warehouse location related pesses, like warehouse locations management and receiving

purchased goods to locations, are also enabled (Soffer, Golany, and Dori 2003)

Bolt-on

The placement, of third party solutions, also called-bolor addon solutions (Pajk
and Kovacic 2013). If th ERP system could not meet the business need, it is possible to
deploy a thirdparty vendor known as an independent software vendor solution. Although the
different vendor can provide a vertical or industry solution, that supports organisations
particularneeds. Typically, some functions are not included in the scope of the ERP system,
but this can be enhanced through other business information systems like Product Lifecycle
Management Systems, Data Warehouses, and Advanced Planning Systems.

These systemsre typically interacting with the ERP system through business
processes and interfaces (Munkelt 2013). In order to guarantee the successful execution of
business processes across system boundaries, the collaboration and communication layer of
these systas with the ERP system has to be carefully monitored, and maintain through
some interfaces.

Alternatively, organisations can implement specific third party packages that are
designed to work with the ERP package and extend functionality (Rothenbergeritand S
2009). However, implementation and upgrades of these systems are managed separately
(Munkelt 2013). The thirgbarty solution introduces new complexity in order to integrate
with the ERP system. Despite that these solutions may not be compatibléheviERP
system, in that case, this requires some adjustment to the ERP systems. Besides for solving
this problem, the misalignment between the ERP system andrbekrsion can also be an
issue when upgrading the ERP system to a new version (Brehm, H@id2Varkus 2001).

According to (Hsu, Sylvestre, and Sayed 2006), if-baltis designed by the same
ERP vendor or built for specific ERP systems, the flexibility could be higher due to it is
based on an external fragment of the ERP system. Howeverisifdesigned by another
vendor(s) to work together with any ERP system, then the compatibility problems may cause
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more risks because ERP system needs to develop interfaces to communicate woith bolt
solution. For example, an ERP system is selected fré&f® $endor for one business
organisation and runs a couple of modules in their systems. The business organisations also
believe that the financial accounting module of a third party ERP vendor is more match with
their requirement than the existing ERP syst®espite that, the SAP is not supporting the
addon of third party ERP vendor. Therefore, this requires of developing a new interface
with the existing ERP system through ABAP Programming so that the business organisation

can take advantagof using thid party module.

Workflow Programming

Workflows in the ERP system are used to model business processes, e.g. define steps
for handling of procurement and data that produced. Workflow programming will be
required if the ERP standard workflow is not sufficn WR FRPSO\ ZLWK WKH DGRS
If a new function or process is programmed, or the implementation of the existing process is
changed the workflow programming will be involved, and the impact of tailoring categories
will be possibly higher compared@ave. According to (Luo and Strong 2004) typology
sometimes to write industry workflows, may also require source code modification that
known as a separate category.

Some other example for workflow programming could be

X Mapping workflow states to taskstine enterprise

x Changing the rules, that control if a transition gets activated or

X Adding intermediate workflow states to support more complex decision processes

of an adoptingrganisation

User Exits

In computer software, a user exit is a form of sofemarogram where organisations
can arrange for their tailonade program to be utilised. This is limited to some range of
functions, process, documents that have beenlgiieed by the ERP vendor to be able to
adoptthe new requirements. Typically, not alistomization requirements can be satisfied

through parameter setting. In many cases, in particular, when the extension of ERP system
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standard functionality is involved, company specific programs suggest being written and

embedded (Kurbel 2013). For thisason, ERP provides a large number otqened user

exits. The exit allows the organisation to extend a system with their requirements such as
master data, functionality or a different method of calculation which all defines through an

open interface.

Sometimes when a modification in requirements is needed to provide specific
functionality, through the development of alRIQ PRGXOHV WKDW DUH SOXJJHG
user exits. Besides, subsequent versions of the ERP software may not retain the same user
exits during the upgrade (Soh, Kien, and-Fap 2000).

ERP Programming

To address different customization needs, organisations can also develop custom
features on top of their ERP platforms by applying through the ERP system language or
standard programing languages (Rothenberger and Srite 2009). This type of customization
is also known as enhancements refer to improve the functionality of the ERP package
through the language provided by the vendor, although it does not require modification of
existingsystem code. Both user exits and ERP programming a new function with a different
document type can be designed in ERP in a way that is closed to configuration than to

programming

Interface Development

Interface development does not mean to change #phigal user interface, layout or
re-positioning of interfaces of the ERP system. This type of customization evolves with
communication or bridging the gaps between two different systems to become consistent
such as the third party system.

The term integation implies on all relevant data for a particular bounded and closed
set of business processes from a Hpiadty or external system that is performed with ERP by
enhancing the system through interface development (Gulledge 2006). The integration of

external system with the ERP system could classify into following forms
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X The Pointto-point integration is the expensive one due to developing pairwise
interface among system.

x Databasdo-database integration that only requires sharing data at the database
level. Although enterprise applications publish application program interface that
allow interfacing at the application level that prevent integrity problem when
updating a database.

x Data Warehouse integration is used to mapping data from any databases with
different models or schema.

x Enterprise application integration is sharing business Process logic and data
across via solution offered by thighrty vendor that connect multiple systems at
the application or database level.

Interface development is anmeasive solution and requires a significant portion of
the cost for any enterprise system implementation. In addition, there are a few issues
concerns as the complexity and managing the scope of integrity through multiple data source
(Gulledge 2006). Furgrmore, any modification or upgrade to one system can be expected to
result in complex and costly assessment bteséing, redesigning agvent coding of the

interface.

Code Modification

Unlike Vanilla ERP implementation that does not have any custowrzaiption,
offers modification option which means the organisation can adopt the ERP system to
specified requirements without modifying their legacy system. ERP system source code can
EH FKDQJHG WR ILW DQ RUJDQLVDWLRQfipmedtteto@ ¥nddD QG UHT.
specialised expertise (Rothenberger and Srite 2009). This type of customization is
problematic since the code modification may need to tpemented and tested when the
system is migrated to an upgrade version. Package code cusitomstatuld theoretically
not happen in an ERP implementation process. ERP design philosophy is intended to make
the package code general enough to accomplish adaption to different business needs by
employing lighter tailoring types than code modificatioAlthough this form of

customization is not recommended by ERP vendors and consultant in the end completely
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satisfies the organisation's requirement. This is because of every time that the ERP vendor
releases a new version of the ERP system, and theseicabdifs also require to apply to
the upgraded version as well which again needs substantial development effort and cost for

the organisation. The following sections argue this issue in further.detail

2.4 ERP Systems Modificationand Change Management

There is a fair amount of recent research regarding the challenges of ERP
implementations (Akkermans and van Helden 2002), (Akkermans et al. 2003), (Sun,
Yazdani, and Overend 2005), (Ifinedo and Nahar 2007), (Palomino Murcia and Whitley
2007), (Soja 2009) howey research addressing the issues associated with the requirement
modification after ERP implementation is lacking (Ifinedo and Nahar 2006). Furthermore,
ERP modification poses a significant risk to the project success (Parr and Shanks 2000);
(Finney and Corbett 2007) and threatens the return on investment by increased
implementation and maintenance costs (Beatty and Williams 2006). Many organisations still
lack experience and expertise in this area, and there are no proper guidelines or standards for
ERP modification and upgrade preparation or shgpstep procedure to assist practitioners.
Uncontrolled or poorly managed ERP posplementation changes may lead to low quality,
chaotic systems and data that are difficult to use and maintain. These gréoliledult in a
bad decision making and business process performance, which ultimately minimise an
RUJDQLVDWLRQYV SURILWDELOLW\ DQG SURGXFWLYLW\ |ILQC
understand the change management process and its activiliieaeXt sections introduce a
brief description of change management terminology and change management processes

reported in the literature.

2.5 Change Managemenitl erminology

Phrase change management is very common in the management field. Change
management, anof the earliest approaches by (Harked, Eason, and Dobson 1993) classifies
requirements into stable/permanent requirements that originate from the core activity of the
organisation relate directly to the domain of the system (e.g. flying airlines oingreat
patients) and the other is changing/unpredictable requirements as the requirements that are

likely to change during the system development process or after the system become
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operational.  This type of requirement is also known as emergent requirements,
consequential requirements, adaptive requirement, anl@mand requirement. For instance,

in the ERP posimplementation phase, a change in requirement may be driven by internal
reason, e.g., a new and more efficient warehouse management policy sudyesied
management team that must be reflected in the ERP system. The cause of change in
requirements can be classified as the correction of error, the improvement of components or
addition of functionality to the software system. It is important to ifietite type of change

as it helps to identify different approached in order to deal with them.

According to (Finney and Corbett 2007) (Umble, Haft, and Umble 2003), the
business organisation should be adequately prepared for unexpected change with proper
change management techniques. Change management is the process by which the business
organisation can accommodate their new requirements. Change management encompasses
the effective strategies and program. Huang (Huang, Yee, and Mak 2001) focused their
reearch on the management of change processes and the solution for improvement of
software tools to support modification.

Change management has two objectives the first is to provide support for processing
of changes and the second is to track and morlitaictive and implemented modification.

As the first objective, the process involves the identification of change, assessment and
analysis of the impact, prioritisation, and planning for change implementation, and finally
decision for the rejection or pipenement of the requested modification. The second
objective is more about the traceability of change. Companies approach change management
quite differently due to the specific requirements, but they have a similar process (Pikosz and
Malmqvist 1998). Tk terminology may differ from enterprise to enterprise, but the purpose

of the stages is similar. The next section explains the process of change management that

applies to the most of the change management terminologies

2.5.1 Change Management Rocess
Over tre years, several software system modification framework and models have
been proposed, with common activities in order to apply the change into their system.

Formal processes and routines should govern these change management process so that
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modificationsto the configured system are handled in a consistent. The change management
process discussed here is first taken from (Leon 2000) (Jonsson 2007) that involve the
following phases:

x Change initiation and determination and

x Change classification,

x Change angkis,

x Change acceptance or rejection, and

x Change implementation and verification.

In Change process model, a modification of the requirement is usually identified by a
change request. When a change is initiated, a change request is created to tracigthe cha
until it is resolved and closed (Crnkovic, Asklund, and Dahlqvist 2003). The change request
is seen as the initiating entity, which means that one change request can prescribe changes to
many items. Thus it is essential to classify the type of chaagedbon the taxonomy that
allows different change to be dealt with and analysis differently.

Throughout the literature, authors have been using slightly different terms for
modifications or changes to a software product. Terms that have been used include
engineering design change (Leech and Turner 1985) product change (Inness 1994) design
change (Guenov and Barker 2005) product design change (Huang and Mak 1998) redesign
(Ollinger and Stahovich 2001) engineering change (Jarratt et al. 2011). Althougtethese
refer to the same phenomenon, often have different interpretations.

Despite to what mention before, the change management is also important in the field
of manufacturing and particularly in product lifecycle management that is confronted with
many tanges. Engineering Change Management as an approach by (Terwiesch and Loch
1999) which draws a clear line between design iterations and engineering change by
restricting the latter to the peshplementation phase. Engineering change management
deals with3sWKH RUJDQLVDWLRQ DQG FRQWURO RI WKH SURFHVYV

-DUUDWW W VKRXOG QRW EH FRQIXVHG ZLWK pFKDQ
business and management literature. (Wright 1997) Restricts the meaning of an engineering
FKDQJH WR 3D PRGLILFDWLRQ WR D FRPSRQHQW RI D SUR
SURGXFWLRQ~ 7KLV IROORZV D FRPPRQ FRQFHSWLRQ WK
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associated processes occur after the design has been completed and hence the praduction ha
been started

2.5.2 Engineering Change Management

The discipline of engineering change management has gained increased popularity
within system engineering (Hamraz, Caldwell, and Clarkson 2012). Early research on
engineering changes was focused mainly on awgments in project management
techniques and optimisation of design processes (Wright 1997). The author (Wright 1997,
Jarratt 2004) published an extensive review of this early research into engineering change
management. He also proposed apiased engieering change request process (ECR) (see
Figure 22): (i) identification of change request, (ii)) determination of possible solution(s),
(i) impact assessment of ECR solution(s), approval of a solution by change committees, (v)

implementation of solutigrand (vi) review the particular change element.
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Figure 2-2- Engineering change procesglarratt 2004)

The example of Engineering change process begins with establishing the user
requirements (Eckert, Clarkson, and Zanker 2004). This follows a process where experts will
make the major design decisions. Subsequenttypposal is presented to the analysts who
assess the requirement and priorities the modification task. This also talks about the

beginning of change processes for the emergent changes. In the next stage, the analyst and
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the change engineers investigate timpact of the change in detail will raise a formal
engineering change request. Then, individuals or teams are chosen for each system involved
that will further assess the change and will propose solutions to their cost and
implementation planning. The sions are later discussed in a joint meeting of all involved
teams and individual where the preferred solution is agreed. Each of the involved teams can
then continue with the implementation of their part of the change.

Change management process in safavsystem topic has gained considerable
attention to amend the modification. In recent years, the focus of research has shifted from
methods to manage the change process to methods and models that aim to predict the effort
estimate of applying the chand&fort estimate is crucial activity in managing requirements
change, particularly in analysing the change impacts. In the change process (Bohner 1996)
(Bohner 2002) (see Figure3 describes the Impact Analysis as a critical phase of new

product developent and software maintenance.
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Given that Impact Analysis (IA) can be applied in these different cases, both of these
contexts a@ considered in this research. (Bohner 1996) also, indicates that designers perform

IA in response to a change request (also known as an engineering change or engineering



change request) to scope the modification that is approved bygeraaat or change ntrol

board.

2.6 Impact Analysis Approach

The motivation behind the impact analysis process is to capture the software
components that are likely to be affected by the modification (Kama 2013). According to
(Rajlich and Gosavi 2004) running impact analysia sgnificant step during modification
and maintenance of software application. It enables to predict the amount of effort that is
required in order to implement a change in a software system (Bohner 1996).

(Bohner 1996) studied the foundations of intpaoalysis, and contributed the
following definition which has been cited by most researchers in this field:

", GHQWLI\LQJ WKH SRWHQWLDO FRQVHTXHQFHV RI D FKI
PRGLILHG WR DFFR BlgnerL89apgRBKD QJH "

Impact anajsis is recognised as the lifecycle of any software system that is
accompanied by frequent changes, which are commonly referred to, as Software Evolution
(Lehnert 2011b). During impact analysis, in two main questions needed to ask to perform the
modification.

X First which element in the software system need be changed?

x Second which other elements are impacted by this modification?

According to (Queille et al. 1994), the goal of impact analysis is to minimise the
unexpected side effect of change. Considetiregwork by (Bohner 1996), further research
hasoffered and explored a wide range of techniques and methods for change impact analysis
and extended this area from program code to other types of software artefacts such as
requirements (Von Knethen 2002gsiign model (Bengtsson et al. 2004), or test cases (Kung
et al. 1994). More extensively, the input of impact analysis is the change set (i.e. can be
either at the design specification level or source code) while the output is the affected item
set (Sun eal. 2010). (Lehnert 2011b) reviewed impact analysis research and classified into
three fields based on the criteria of the taxonomy of modification as source code, architecture

or design model, and miscellaneous artefacts.
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The impact analysis approachtlaé source code level can be either performed in the
form of static or dynamic (Rohatgi, Hamabhadj, and Rilling 2008). Static analysis is
practised and suitable for defining structural properties and performs at the design level to
evaluate the consequan of modification in an abstracted model of the software system.
Dynamic analysis is described in the behavioural properties such as component interactions
that analysis can test the correct-titme behaviour of the component in the system (Ernst
2003). In particular, static analysis is limited to defining all possible executions, whereas
dynamic analysis can involve the execution phenomena of a particular activity.

Recently other approaches such as mddekn techniques offer change impact on a
represatation of the software system at a higher level of abstraction than the source code
(Lehnert and Riebisch 2012, Amjad Alam, Binti Ahmad, and Akhtar 2014). These models
are further divided into architectural (Zhao et al. 2002) and requirements modeld.{,Yan,
and Sun 2012), to represent the earlier stage of software development, i.e. requirements
capturing and structural reasoning. Other approaches can be used to analyse the range of
documents and data sources, such as configuration files, bug trackdmcantntation.

From the classification by (Lehnert 2011b, a) exposed that 65% of all studied
literature is conducted with analysing source code changes and the impact of the
modification of code. Only 11% analyse modifications and their implicationsofiwease
architectures, and another 7% investigate the change on requirements. However, the current
impact analysis techniques require source code or architectural representations so that it can
predict changes. Despite that, such information is not alaifab all software systems or
for the user who runs the impact analysis (e.g. a requirements engineer may find it difficult
to analyse source code.) Therefore, it should be an approach to predict the impact so that the
information is understandable to dbmain users.

Research from (Aryani et al. 2009) introduces a method to determine the propagation
of software change based on the information that is understandable and visible to domain
users. The method runs without demanding access to developnteriehisr source code,
as it receives information from user manuals, and expert experience and stores them in a

weighted dependency graph to facilitate the purpose of the change propagation
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The work of (Briand 2007) presents an impact analysis approacardbitectural
models, which drive from UML models and support the specification of the model. In this
method, (Briand 2007) discussed the effect of modifications to indirectly related items and
provided the estimate through a distance measurement. Titeaap applies to either
remove the change propagation or to impact weight paths according to the depth of the
modification.

Understanding software architecture model could facilitate impact of change analysis
for two main purposes according to (Lehne@tLl2a) first it allows to extract information
from the architecture model to see where the modifications will appear, and second to
determine the impact on the other parts of the model. For an enterprise system, however, this
means that an architecturalsdeption language (de Boer et al. 2005) or BPMN (Business

Process Modelling Notation), has to offer an integrated view of the entire application.

2.6.1 Impact analysis of Enterprise System

The main characteristic of impact analysis is to define entities,hwduie either
directly, or indirectly affected by the change. Impact analysis has been considered a useful
tool for planning changes, making changes, and tracing through the effects of changes
(Rohatgi, HamotLhadj, and Rilling 2009). The use of impact as# could be
implemented before or after the change implementation phase.

Change impact analysis can be executed by a single software system, but also on an
enterprise level for full application landscape (Langermeier, Saad, and Bauer 2014). Impact
analyss for an enterprise system is involved in assessing the impact of a change in any part
of an enterprise across the business organisation. For example, modification of an
HQWHUSULVHYV VWUDWHJ\ FDQ KDYH PXOWL@@i€HNode&lJQLILFDQ
including business processes, data management, organisation structure and technological
infrastructure (Sunkle, Kulkarni, and Roychoudhury 2013).

A simple modification in the system can potentially influence many different layers
and domain ofenterprise architectures. Enterprise architectures incorporate business
processes, organisational structures, and the actual software architecture that are likely to be

changed. (De Boer, Harink, and Heijboer 2002, de Boer et al. 2005) Analyse andeevaluat
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propagation of change on the enterprise level, and introduced an analytic method by
conducting an enterprise architecture modelling language as ArchiMate. The method
involves the business modelling language and UML concepts at a very high level and
maintins a business layer, an application layer, and a technology layer. Design entities and
dependencies for each layer are stored as a dependency graph to allow the execution of
impact analysis, which is based on structural layers carried by ArchiMate.

Undeastanding and assessing the static structure of the components of software
architectures is an essential task during impact analysis. In addition to that (Feng and
Maletic 2006) proposed an approach to maintain both static and dynamic impact analysis at
the architectural level. Their approach determines the architecture elements causing the
change and affected by the change. Feng and maletic are first introduced the taxonomy of
modification and then define a set of impact rules to capture the impact pattieular
modification. Moreover, this approach explains interaction item tracks from component and
sequence diagrams, which are divided by impact rules to obtain the set of affected items.

2.6.2 Impact Analysis of Business Processes

In enterprise system bugiss processes experience a lot of modification; that must be
reflected in the source code of the current application. Representing such a modification to
the source code is not small. (Xiao, Quo, and Zou 2007) studied impact analysis in the area
of busines processes in the servogented applications. Their approach involves the
analysis of requirements encoded in BPEL, and source code via dependency graphs. Several
methods and paradigms by (Biswas et al. 2011) (Weske),1@@a&sati et al. 1998 (Zhao
and Liu 2013, (Reichert and Dadam 1998 (Weber, Sadiq, and Reichert 2009
(Kherbouche et al. 20)3(Mafazi et al. 2013) deal with the evolution of the business process
of enterprise application and propose different strategies during the executiensystém
on how to treat process instance when there is migration. (Weske 1998) offers a flexible
Modelling for workflow activities based on a metedel of business that handles dynamic
modifications. Another approach proposed (Zhao and Liu 2013) suggessson
management for business process schema evolution by explaining different business process

schema evolutions and the dependencies. Furthermore, the work Afle&Rly (Reichert
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and Dadam 1998) represent a graph based workflow model to suppontebsation of
dynamic changes. In the same way, (Sun and Jiang 2009) to calculate the minimum region
affected by the modification.

Even small modifications can negatively affect other parts of the system, based on
(Brehm, Heinzl, and Markus 2001) the effef customizations is often not realized until
significant resource consumption has already occurred. Each time an ERP organisation patch
or upgrade needs all modifications and changes must be reviewed, reapplied and retested
(Yakovlev 2002). Impact angdis is an important task in the ERP pwsplementation and
evolution. It identifies the set of entities that need to be modified and transformed to enhance
an existing system with a new feature.

One of the most important kinds of analysis of an enterpsishe assessment of the
impact of changes (de Boer et al. 2005). (Every single part of an enterprise is subject to
change, and each change may have significant consequences within all domains of the
enterprise. A lot of effort is therefore devoted tamteining the integrity of an architectural
description.

A recent software system like ERP is developed in a more complex way by
incorporating with more features and newer technology that the needs for emerging impact
analysis become an important issudeTapproach helps the ERP system to be able to
identify the scope of the change and the complexity of the change

2.7 Summary

This chapter addresses the concepts used throughout the thesis and explores the state
of the artfor the current research. As mentidnbefore, ERPsystem is a largscale
application that integrates business processes and data of the business organisations. Once
implemented is completed, the organisation faced with inevitable change during the post
implementation phase to align the ERctionality based on business requirements. To
date, ERP posmplementation changes have received relatively little attention in the
literature. The literature particularly tends to focus on CSF (Critical Success Factors) of the
postimplementation pha&sand, how these differ from CSFs of the implementation phase.

Uncontrolled or poorly managed ERP posplementation changes may lead to low quality,
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chaotic systems, and data that is hard to use and maintain in future. However, the literature
lacks consuctivist approaches to change management to support ERP stakeholders during
the postimplementation phaséhis thesis argues for the needs to provide ERP stakeholders,
such as users, business analysts, and developers, with scientifically groundedeprincip
methods and tools to facilitate the assessment, and implementation of the ERP changes.

The software systems change impact analysis as a discipline in software engineering
focusing on understanding, predicting and possibly quantifying the impact afesoode
modifications (Bohner 2002), (Hassan and Holt 2004). Various techniques for analysing the
impact have been discussed in the literature, while these techniques provide an excellent
example of how to apply the impact analysis in specific domaioanibe hard to implement
them to assess the modification of the ERP system.

For instance, a change in the process of purchiaker may affect all the open order
cases with suppliers. Hence, the impact of this change on the ERP system should be carefully
analysed. Furthermore, the associated running instances affected by a change should be
allowed in such a way to terminate safely before an implementation of the change in the
system.

Thus this chapter presented the result of a systematic literatures i@vietaxonomy
of impact analysis that was conducted on existing approach used in software systems and
addressed in detail the existing methods used for assessing modifications in enterprise
systems and business praeesanagement in generdlhis literatue highlights three main
limitations of the current approach as follows:

X There is ncevidenceindicating the method for change management to monitor the
modification of ERP system during the post implementation phase. All the approach
and technique that stussed in the literature is for a change management during the
implementation phase of the ERP systems.

X A number of techniques for analysing the impact have been discussed in the literature
while these techniques provide an excellent example of howply apthe specific
domains, it can be difficult to implement them to assess the roatitih of ERP

system withcomplexintegration
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X The current change impact analysis approaches not able to address the
implications of change for egoing transactiongn the system. Which means that
during the modification, the system may face with hundred instances operating in the
system and during the implementation a business analyst require a technique to
monitor thesanstancesn such a way to terminate the oagons safely with less
impact.

So our approach tends to focus on the impact of proposed changes at the operational
level, in order to close these gaps. The method draws a parallel between ERR post
implementation change management and engineering chaargggement in product design
and manufacturing. As in the case of engineering change management in product design,
ERP changes should be carefully assessed before being implemented, to evaluate their
impact on the current structure of the system, and lplgspredict effort and plan the
implementation phase.
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CHAPTER 3 RESEARCH METHODOLOGY

3.1 Overview of Design Science Research

A pragmatic approach to scientific research involves the use of a method that appears
to be best suited to the research problem. Quantifatjualitative and natural science
research method is commonly adopted in scientific research, the one approach that
specifically addresses gaps that exist in many academic types of research, particularly in the
managements and information system disciglinee the design science research method.
The design science research is an enhanced complementary methodology of the more
common behavioural science research paradigm as it produces clear contributions to
knowledgebased in the form of contracts, modekthod and instantiations.

According to (Wieringa 2014), the two major components in a design science
research project are the design activity and the research activity. The design activity builds
on the understanding of the context to develop innovatibas support a specific need
whereas the research activity seeks to understand the interaction between the artefact and the
context, e.g., to investigate the needs of stakeholders, or to evaluate a deployed artefact.
Design science is an iterative procemsd Hevner refers to the interplay between the design
activity and the research activity as the evaluation loop (Hevner et al. 2004) The two
activities alternate during repeated iterations in the loop until the results are satisfactory.

The research adopthe Design Science Research (DSR) paradigm (Hevner et al.
2004). DSR has emerged in the last 15 years as a legitimate approach to management
information systems and industrial engineering research. It is based on the implementation of
a widerange of sodtechnical artefacts, e.g., modelling tools or decision support systems, to
address issues clearly recognised by practitioners using and possibly extending well
established scientific theory and principles. The DSR for an Information System (IS)
incorporaes principles, practices, and procedures required to carry out Information System

research and meets objectives (Peffers et al. 2007). Design research is inherently a problem
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solving process that creates and evaluates IT artefacts intended to meet mesdsssnd
solves the identified organisational problems (Hevner et al. 2004).

In DSR (see Figure-3 WKH UHVHDUFK LV LQIOXHQFHG E\ WKH

organisation, technology), which defines the relevance of the research work for pradtice an

DFDGHPLD DQG E\ WKH 3.QRZOHGJHEDVH  IRXQGDWLRQ DC
ULJRURXV WKHRULHV DQG SULQFLSOHV IRU WKH UHVHDUFK

development of theories and building of artefacts, justification and evaluafibesesearch
eventually gives something back to both Environment (e.g. a solution) and thieeé&gew

based (e.g. new insights

Environment Design Science Research Knowledge Base
Application Domain Foundations
* People Build Design * Scientific Theories
. L Artifacts & & Methods
SOrgamzatlonal Processes
ystems o _
E
* Technical /Relevance Cycle Rigor Cycle E))((E‘Z:.Iuesn:e
Systems ) Design oG i
* Requirements Cycle . fOlffl ing
® Field Testing Additions to KB
* Problems
& Opportunities Evaluate * Meta-Artifacts
(Design Products &
Design Processes)

Figure 3-1 DSR framework (Hevner et al. 2004)

3.2 Adaption of Design Science Research

Figure 32 provides a graphic interpretation of the DSR framework developed by
(Hevner et al. 2004) customised to the context of this project. The research neeshiby
the difficulties encountered by organisations in managing ERPipp&tmentation change,
as highlighted in Chapter 1 Section 1.2. To solve this issue and to achieve the objectives
delineated in Chapter 1 Section 1.3, this research work deveidpsvaluates the following
artefacts:

1. A methodology to identify the different phases of controlled ERP- post
implementation change management;

2. A dependency metaodel of ERP system components that can be applicable for

mapping dependency relatis;
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3. A taxonomy of possible ERP pastplementation changes;

4. A set of mechanisms (algorithms) to evaluate the ripple effects of the proposed
ERP changes, based on the dependencies identified by the dependentydetta

5. A set of businesmtelligence metrics to assess the impact of the proposed
modification;

6. A software tool (decision support system) embedding all the conceptual artefacts
defined above, to assist business analysts in change management.

x Engineering Chan

x Business Need to management

assesscontrol,

improve ERP
x Software Impact
Analysis
x Change
management in th
Post X Business
implementation Intelligence

Phase
(See Tabld-1)

A

ARTIFACTS

x Change management methodology

x ERP Dependency Meta Model

x Ripple Effect Impact Mechanisms

x Change Assessment Metrics

x Software toolDecision Support Systgm

Figure 3-2 DSR framework contextualized to this researct{Hevner et al. 2004)

The design and implementation of the artefdisted below will draw from a vast
knowledge base, as shown in Tabl&.IKnowledgebased provides the raw materials from
and is composed of foundations and methodologies. Methodologies provide guidelines used
in justifying and evaluating phases. Rigosarachieved by appropriately applying existing
methodologies and foundation listed below.



Table 3-1 Knowledge base of the research

Applicable knowledge

Application area (Brereton et al. 2007)

Engineering change management

Software  impact analysis,  workflow
evolution, serviceriented architecture
evolution.

Busines analytics

Modelkdriven software engineering

Change management metiology specific to
ERP postimplementation

Principles to analyse ripple effects of
modification in large software system

(workflow-based and serviegriented)
Design of a set of assessment metrics

Design and implementation of a software tool
(decision support system)

3.3 Research Road Map and Phases

The process model consists of six constructs representing actitigieshould be

carried out during a Design Science research. The activities include problem identification

and motivation; define the objectives for a solution; design and the development;

demonstration; evaluation; and communication.

The activities we fothw in this research are as follows:

1) Problem identification and motivation: We identify the target domain for our

research the ERP system change management during Post implementation phase, the specific

research problem, the main requirements, challeagéshe value of the proposed solution.

Section 1.3 in Chapter 1 stated the importance and relevance of the problem that this thesis

pursues to solve.

2) Define the objectives for a solution through the study of Literature Review:

Systematic literatureeviews are important for different reasons (Brereton et al. 2007): (i) to

summarize existing evidence concerning a practice or technology, (ii) to identify where there

are gaps in current research, (iii) to help position new research activities; ardefantine

how far a given approach is supported or contradicted by the available empirical evidence.

We explain how the new artefacts (i.e. framework) is expected to help and provide a solution

for the problem. We analyse some of the existing researchaimge management for ERP

postimplementation and the methods for impact analysis of modifications in enterprise

66



systems. Then references the findings to specify our design strategy for developing the ERP
change management framework

3) Conceptualization rel formalisation: We develop the new framework, which
involves determining the artefacts desired functionality and architecture to develop actual
artefacts. During this phase, we develop a generic conceptuahmdt of ERP system to
determine the depeadcy among ERP system components. Then we define mechanisms in
order to assess the impact of the different type of change, and lastly, we identify a set of
metrics to estimate the depth of impact during ERP system modification. The resulting

artefacts fronour researclare described in Chapters4

Knowledge flow Methodology Seps Iteration Phases Research Outcomes
Problem identification X Research Proposal and
J, objectives
2 Literature review
Analysi; and l x ERP Dependency Meta-Model
Comparisons Conceptualization P x Framework for BRP Change management
and formalization Modification _
Design X Rpple Bfect Impact Mechanisms
l X Change Assessment Metrics
—— Development 9 x Software tool (Decision Support System)
l Modelling and
Validating
Evalution _ x Validating of our approach by using
J, Software Tool
Knowledge Contribution and Andings
Acquisitions

Figure 3-3 Researchiteration Phases

4) Development of Software tool and demonstration of case study: we implement a
software tool, e. a decision support system embodying the identified models, method and
metrics. We use prototyping to prove our concept and apply the proposed framework in the
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context of ERP change management where the process of change implemented for two case
studiesof ERP system.

5) Evaluation: we observe how the artefacts support a solution to the problem we
examine the proposed framework and tool by looking at its capabilities and evaluating the
fitness of our ERP change management framework. We compare the wébulour
objectives by using the context in the demonstration. We use standard design science
research evaluation method presented in (Hevner et al. 2004) where we follow the
descriptive approach by conducting specific scenarios around the developeddriarte
demonstrate its utility. Furthermore, we use qualitative analysis for the evaluation. Chapter 8
provides empirical evidence that validates the achievement of the objectives of this thesis by
evaluating the resulting artefacts.

6) Communication: Baxl on the result and contribution of this research the
application of our approach should improve change impact analysis and reduce the risk
associated with ERP peshplementation change management. We communicate the
findings and contribution of this rearch with our peers in the forms of conferences and

journal publication. A list of publications is provided in Chapter 9 "conclusions

3.4 Research Validation and Analysis Method

The author (Shaw 2002) identified types of research validation in software
engneering: analysis, experience, example, evaluation and persuasion. The most common
kind of validation is evaluation through empirical research methods: observational methods
(e.g. case studies or field studies) or experimental methods (e.g. contsgkthents or
simulation).

Evaluation methods are based on a set of criteria to validate the claims about artefacts
to be evaluated (Hevner et al. 2004). He lists artefact criteria, which can be applied to assess
the quality of design science artefaciese criteria, which also coincide by March/Smith,
are the functionality completeness, consistency, accuracy, performance, reliability, usability,
and fit with the organisation. The criteria the researcher use depend on the reason that they

developed theartefacts in the first place. They will be related to the original research
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guestions. The evaluation can lead to conclusions about the design process as well as the
design product and may suggest that further modifications to either or both are needed.

As far as the evaluation of the artefacts developed in this thesis is concerned, to
increase the external validity of the results, this thesis will adopt a combination of different
assessment methods. The probtoncept implementation of the software tamn be
considered as the evaluation of the feasibility/implementability of the proposed methods and
tools.

2WKHU DVSHFWV VXFK DV W Kadt-panpdsel bX D& ptdpesed L H w
framework to solve the problem for which it has been devised VdiiH SHDVH RI XVH ™ RI
framework are evaluated with case studies (usefulness), expert opinion (usefulness and ease
RI XVH DQG FRQWUROOHG H[SHULPHQWY HDVH RI XVH 7K
artefact supports a solution to the problem"

Our methodology has been devalued in the individual session with ERP expert from
different organisation and discipline. For evaluation, we create case studies of ERP post
implementation change using the simulated teaching organisations of two larggeohcka
ERP systems, namely SAP and Microsoft Dynamics NAV. SAP is the worldwide market
OHDGHU LQ (53 WHFKQRORJ\ ZKLOH OLFURVRIW "\QDPLFV Sl
particularly for medium enterprises in the US and European markets. We have abogiss to
systems in this project through their respective academic alliance programs.

We evaluated the framework, through the software tool and case studies, with a panel
of ERP experts, i.e., business analysts and solution designers from large consulting
companies. We provide two different types of evaluation of our tool. First, to show its
feasibility in practice, we evaluate to what extent our tool can handle standard functionality
provided by commercial ERP package. This evaluation activity has involyeshel of 7
ERP professionals with average 10 years above experience of the ERP system in the
different industry. Then we presented the result of an experiment with ERP users to assess
the fit for purposes and usability of our tool in practice. This etialuaas involved the
panel of 7 ERP professional and 12 master students in the business system who recently

completed an introductory course on business process management and enterprise systems.
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The expert has been chosen because of their experiengangeof different ERP
software package in various industries. Finally, to evaluate the usability of the methodology
and the software tool, we ran controlled experiments in simplified scenarios using students
with a background in business process managearal enterprise systems as participants.

The research methodology chapter presents research processes that are employed
towards answering the research questions posed in Chapter one. These include the analysis
procedures used for conducting the litarat review, constructing and evaluating the

artefacts (the tool for the impact analysis framework of EPR modification).

3.5 Summary

In this thesis applying the design science research methodology as a framework
provides the researcher to validate informatigatematically, and at the same time to ensure
that the research is scientific and delivers valid results. This chapter explained the design
science approach and presented the procedure of the proposed methodology and adaptation
to our research problem. &Iprocedure in this method consists of six constructs representing
activities that should be carried out during a Design Science Research. In-gectoib of
this chapter, the research roadmap is introduced which explains the phases of the approach
anditerations. The chapter ended by describing a brief summary of research evaluation and
analysis method to increase the external validity of the approach and the designed artefact.
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CHAPTER 4 FRAMEWORK DESIGN PAR T 1 (PROCESS AND
CONCEPTUAL DEPENDENCIES)

4.1 Introducti on

ERP systems are likely to be changed because of both external and internal purposes.
A particular change of an ERP system could make various levels of impacts, which mainly
depend on the types of dependencies among the different elements of the t€RP Ags
discussed in Chapter 3, a significant amount of research on change management has been
done in the context of organisational change and ERP system adaptation, suggesting that the
modification of the ERP system should be regulated and monitoreagthie procedure in
order to verify the impact of any change in the system. Numerous techniques have been
conducted to support the impact of modification on software systems, but there is no known
technique supporting the evolution in the specific caseRI® Eystems. In this chapter, we
present our approach to support the assessment and evaluation of change impact in the
specific case of ERP systems. Existing approaches to change management of software
systems served as a guide to building a frameworkhisrresearch. The change process
considered in our framework, in fact, incorporates the impact analysis taken from two
traditional approaches, i.e., Structured Analysis and Design Technique (SADT) of (Bohner
1996) and the Engineering Change Request adumtolifecycle management from (Wright
1997).

The description of the framework is divided into two chapters to facilitate readability.
This chapter (Chapter 4) reports the overall change process of our framework and presents a
comprehensive analysis of ERkependency relationships and ERP change requirement
analysis. The next chapter (Chapter 5) focuses on the impact analysis mechanisms and
impact assessment of the estimated effort for ERP modification.

This chapter is organised as follows; we first preskatproposed change process
framework of generic ERP system modification in Section 4.1 followed by an overview of

each phase in a stgection during this procedure. From Section 4.2 of this chapter, we
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provide a complete definition of each artefact that been designed to be used in our
framework. Section 4.2 explains the ERP dependency-metke| artefact for defining the
dependency relationship between ERP components. Finally, Section 4.3 concludes this
chapter by discussing the taxonomy of ERP modifon and the use of change template for
analysis of the requirement. To conclude this chapter, we provide an example of a new
requirement to show the deployment of each artefact related to the phase 1 and 2

4.2 ERP Change Process

The design and utilisatioof the ERP product, as previously discussed, is subject to
change in the posinplementation phase, due to changing business requirements, availability
of new technology, or bug fixes. Therefore, modification of existing features in the ERP
system or chargyinto the organisation's requirements is the most common maintenance
activities after, posimplementation of ERP systems. An ERP, in fact, can be seen as a
complex product in use by the entire organisation. When a modification is made in particular
compaents of the ERP system, it is hard to determine the impact on the rest of enterprise
components due to the complexity of the design. For example, changing a data object, such
DV 3SXUFKDVH UHTXLVLWLRQ" PD\ UHTXLUH kiHasgJLQJ WKI
requisition object and can propagate to all functions that use the data object as an input
parameter. Besides, at the same time, many business cases of a different type of purchasing
may be orgoing in an ERP system as a reflection of organisdtioparation. To what
extent these business cases are affected by the proposed change and whether their execution
can terminate safely after implementation of modification is also a concern that has to be
managed. Business analysts and developers have ckte tthe problem of change
propagation and to trace the entities in order to change the ERP system.

A number of methodologies and techniques for analysis of the impact of the change
in source code, workflow system, business processes, and saneicedsystem have been
discussed in the literature (Lehnert 2011a). While all provide an excellent example of how to
apply impact analysis in a specific domain, it can be difficult to implement them to assess the
modification of ERP system, which are complegtsyns encompassing an intertwined set of

process, functions, data and so many running instances.
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Our methodology draws a parallel between change management and traditional
engineering change management. To start analysing the impact of modificatioa in t
system, we first need to understand the process of ch@wgght 1997) (Jarratt 2004)
Figure 41 shows a model of generic engineering change process based on (Jarratt 2004). On
the same process, we show that our methodology for change managemeRtfot&ses on
WKH ODWH *EHIRUH DSSURYDO" VWDJHV L H LPSDFW DVVH'
provides decisionPDNLQJ VXSSRUW LQ WKH.3GXULQJ DSSURYDO~ ™ SKELC

Phases covered by

ESchange
Change trigger management
! methodology
)
1. Engineering Change Request raised| |
-
Before 2. Identification of possible solution(s)
Approval to change request
] <4 L
3. Risk/Impact assessment of .
A 4 solution(s)
H 0 0
During 4. Selection and approval of solution | —
.~ Approval | by cf@ue board
After 5. Implementation of solution
Approval ) ==
L ) 6. Review of particular change process

Figure 4-1 A model of a genericchange process fronfJarratt 2004)

Our frameworkalso simpifies the steps identified byBohner 1996)in software
systemand employed other methodology in change management as mentioned inSxbove
to assess the impact of modificatidaring ERP system poeshplementationtie framework
in Figure 42 is presentedThis frameworkcomprises four phases. Each phase exylmite
or more artefacts, which is used to evaluate the ERP modification. FigBrelgo
demonstrates the sequence and interaction of each phase following the related artefact for
each activity. These four phases jointly form the change process of anysem ghat
contains as:

X Phase 1: Understanding ERP system dependencies

x Phase 2: Requirements elicitation and analysis;

X Phase 3: Impact analysis and assessment;
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X Phase 4: Modification implementation.

The main feature of our framework is to analyse andsassethe effect of
modification through system dependencies so that the process of change can be run faster
and more efficient. After the ERP has gone live, we first need to understand and map the
dependencies among ERP components asegn@sition stepsn order to manage change
and their impacts. So, when the need for change occurs (i.e. the organisation recognises that
a modification is necessary), the change process starts by applying phase 2, 3 and 4 to
complete the change process. Essentially, #ygendency relationship should be updated

each time the ERP system has agreed to change.

Figure 4-2 Framework for ERP modification

The following subsections explain in more detdiiese activities during the process
for each phase separately. Note that this thesis focuses only on the analysis and assessment
of the ERP modification, that is, it does not focus on the actual implementation of the change
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in the system. In other worde last phase of Figure24(Change implementation) gt of
the scope of this thesis

4.2.1 Phase One: Understanding ERP System Dependencies

Software development naturally produces a blueprint of the product structure such as
design drawings schemata or nmatespecification, which are used to assess the impact of
the requested changes, in terms for instance of design feasibility and cost (Hamraz, Caldwell,
and Clarkson 2012). Normally, the implementation of ERP systdmesnot necessarily
produce a similablueprint if the dependencies among ERP system components, which an
analyst can use to assess the impact of changes durirgnpéstentation. Hence, mapping
the conceptual components of the ERP system and their dependencies is the first step
towards assssing the impact of future pastplementation changes.

A modification can start from any of the components (Business process, Business
function or data object) and propagate to other elements according to the dependencies.
During the modification procede capturing and analysing the affected components are
time-consuming and costly if handled manually. This is due to the various dependency
relationships across the ERP system components at different levels of ERP enterprise model.
Therefore, as noted ihé previoussection, the initial phase of the modification process is to
specify the dependencies between ERP system components.

There are two advantages of specifying a model of ERP entities dependencies. First,
it enables the change identification aadalysis procedure to be automated and faster,
therefore, it is more efficient than the manual. Second, we can define a more accurate result
because of the wetlefined dependency representation while manual identification may lead
to some affected entiseremaining unidentified because of errors, or missing relationships.

Dependency relationship between ERP system components is captured based on the
ERP dependency metaodel that contains all set of components at the enterprise level such
as business peesses, business functions, business data, etc. The dependenpyoddtaf
ERP system is designed in the form of a UML class diagram in which usually each ERP
component denotes as an entity and each association lines as a dependency relationship

betweenentities. Dependency relationships are usually represented in the form of graphs or



tables that assist the business analyst in understanding the system specifications (Dai et al.
2009). Every time that the change agreed for implementation this dependetatiesship
must be updated according to the new requirements and their dependencies so that the new
change request can capture the impact propagation correctly and accurately based on updated
dependencies.

A design of our metanodel follows from consideng a traditional 3ier architecture
of ERP system (Manuel and AlGhamdi 2003, Srsxtanes and De Carvalho 2003) the
GUI, application and data layer. The ERP architecture model allows to understand the ERP
system components at different layer and tangehow the ERP system operates. Later in
this chapter, Section 4.3 provides a detailed description of the ERP dependennyoaheita

4.2.2 Phase Two: Requirement Elicitation and Analysis

As in the case of traditional engineering change management (Wright digge
requirements have to be documented in a way suitable to undergo the implementation review
phase. Systematic development and redesign of products, systems, or software start with
requirements elicitation and analysis.

Requirement elicitation conaes the discovery of change requirements, which
involve the user when the change is triggered by a change in customer requirements. The
elicitation is supported by change taxonomy that identifies the possible type of changes.
When business analysts wansfmecify the proposed change request to the ERP system, they
need to determine which parts of the system they are asking to change. For this reason, the
taxonomy of possible changes of an ERP system is developed to help in classifying the
3VFRSH™ Rdng# ketluebtKThis change request can be described by a set of change
criteria (Lee 1998). According to the taxonomy of change (Lehnert and Riebisch 2012), the
new requirement transfers to the set of change primitives that the impact analysis mechanism
canunderstand. As a rule of thumb, change type can be derived from the Create, Update, and
Delete primitive operation.

Requirements analysis is the activity by which a new requirement is described as a
change request. A change request is a documenitmogta proposal for an improvement of

an ERP system; it is of primary concern in the change management and change process. A
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request is declarative, i.e. it states what needs to be accomplished, but leaves out how the
change should be carried out (Laudom Laudon 2000). A particular change request may
translate into a combination of changes to the ERP components applied in a certain order or
can only one component. This critical phase should clarify the modification task, which
allows to understand thebgctives and goals and to determine the particular needs and
conditions of developing a proposed modification in the ERP system.

During the change process, a change request must be made through the standard
template, described in Section 4.4. In engimgechange (Eckert, Clarkson, and Zanker
2004), this step is usually captured by a change request template that is a standard template
to capture change requirements in a suitable way for the review team. The change template
defines the core requirementstbe ERP modification request. The business analyst creates
the change requests that involve understanding the needs of tbheegagthe contexts where

to-be-developed; modelling, and documenting the need for change

4.2.3 Phase Three: Modification Analysis

This phase is concerned with the analysis of the requested change, in order to decide
whether it is worth implementing. According to (Bohner 1996), Impact analysis evaluated
the ripple effect of the proposed change. In engineering change managementctiierexe
of this phase is highly unstructured and involved a change committee in charge of reviewing
the effects of the proposed change (Hamraz, Caldwell, and Clarkson 2012). In our
methodology, given the dependency raetadel, this phase can be largely anéded. This
is part of the main methodological differences between the ERRnppl&imentation change
management and traditional change management. The modification analysis involves two

subphases, i.e. impaealysis and impact assessment

4.2.3.1lmpact Analyss

Impact analysis determines the scope of the modification and what other components
are needed to be modified for applying the change. This shows the complexity of the change
component to other associated components in the system, i.e., if the chaws aff
sufficiently large part of the static structure of the ERP system or a large portion of ongoing

operations. One of the most important areas in an enterprise systems environment is the
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capability to predict where and how new requirements impactxiséng system (Lindvall
1998). Identification and analysis of dependencies became more challenging in such
environments compared to traditional monolithic software systems. This is because
enterprise systems such as ERP system are perceived as compexresqiroducts
embedded in the complex organisational environment and to define the impact of
modification requires a systemic and structured analysis.

One of the core processes in redesigning a system is to capture undesirable side
effects, which affect ther components apart from the targeted one (e.g. change in function
may impact on the business processes using this function). The effects can cross different
layers of the enterprise model. Besides, the modifications do not just affect the design
structue but also concerns the active instances (i.e. business cases) during the system
execution. For example, a modification of a data object in the ERP system can potentially
impact the design elements like functions that are associated with the data idbjalstoait
may impact the instances of data objects that are created due to the execution of the related
function.

Here in this phase, impact analysis concerns the automatic detection of dependencies
by developing a set of algorithms through the utilmatf dependency model and taxonomy
of change from phase one and two. This phase is accompanied by definition of a set of
change impact mechanisms, i.e., algorithms that can be run automatically to calculate the
impact of the different type of change idéetl by the change taxonomy. The mechanisms
operate when an ERP component is modified or added to the system that results in a list of
items to be redesigned.

The methodology draws a distinction between impact analysis list at dasgand
run-time:

x Impact analysis at desigime concerns identifying the ripple effects (i.e. impact)

of change on the static structure of an ERP system determined by the dependency
model. This part of the analysis is important for all ERP systems.

X Impact analysis for rutime concerns identifying the effects of the change in the

ongoing operations of an organisation that the ERP is supporting at the moment
the change becomes operational. This part of the impact analysis is applicable for
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ERP systems supporting lomngnningoperations of an organisation. In this case,
changes may affect running instances of famgning business processes. Note
the runtime impact analysis should also propose a solution to safely terminate the
running instances affected by the change in tasé implemented.

The impact of a new requirement is analysed and predicted through the execution of
the impact algorithms by impact committee during a change process. The predicted
impact is expressed regarding the changed of enterprise system catspanéusiness
process, functions, and data object. The explanation of how this mechanism operates is

detailed in Chapter 5 of this thesis.

4.2.3.2lmpact Assessment

Impact assessment is concerned with estimating the magnitude of the change and,
possibly, theeffort required for its implementation and its potential costs for the
organisation. The quantitative effects of that change on other ERP impact items are the major
concerns of the study of impact analysis. To understand the software concerning the
modification, we must determine parts of the ERP system that may affect the change and
review them for possible further impacts (Bohner and Arnold 1991). Our methodology
supports the impact assessment-ghases by providing a set of impact assessment metrics
to quantify the desigitime and rurtime impact of a proposed change. These can be used to
apply traditional decisiomaking techniques to support business analysts in their decision
about accepting the change. Once the impact was predicted and the eiffuateglstthe
changing community extensively used the results for impact propagation, cost estimation,
and project planning (Lindvall 1998).

In engineering change management, the planning phase provides how the
modification goal will be achieved. During th&anning stages, the business analyst and ERP
developer suggest a set of feasible implementation strategies taken from the study of ERP
customization. At desigtime, this concerns estimating the cost and effort of different
options for implementing therpposed change, e.g.-muse code modification versus bolt

on to a service of an external provider (Rothenberger and Srite 2009).-éinryrplanning

7S



concerns identifying policies for safely completing the execution of alitinn@ running
instances décted by the change.
A choice of overall modification strategies is important because it can have a
significant impact on the outcomé BRP systems changes. Poocid®ns at this stage can
have enormous cost implications for implementation of the ficatlon. For example, there
is a significant difference between boh strategies and ERP code modification strategies
for implementing new functionality in the system. Chapter 6 presents a research study that
highlights these differences between implatagon strategies based on the opinion of ERP
experts and Chapter 5 presents how to use this result to plan the modification effectively.
Once the change has been approved, the change needs to be implemented. As
discussed before, the implementation ofaruie does not simply mean to modify the
enterprise systems as requested but also concerns the management of active transactions in
the ERP to terminate in a safe state. That is a state in which execution of the enterprise can
smoothly continue after the ahge has been implemented. Instruction on how to implement
change is defined in this phase so that the next step knows where and what is require to

implement the change.

4.2.4 Phase Four: Modification Implementation

The change implementation phase takes thal thange operations and executes
them in the ERP system. This phase concerns the actual implementation of modification on
the impacted items in the ERP system were identified in phase three, which can be applied
according to the selected strategies myirihe planning activities. This needs to be done
EDVHG RQ WKH XVHUfV SUHIHUHQFH DIWHU WKH LPSDFWYV R
approved (Abgaz 2013).

The implementation modification can be achieved by a different method like
configurationas a simple strategy that entails on choosing appropriate components of ERP
system and settings the parameters according to the ERP reference model, or more advanced
approach such as customization of existing component through code modification of ERP
sysem. An adhoc extensions or modifications of the ERP package also are concerned as an

external solution as another alternative to support the ERP systems modification, such as
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bolt-on features, or ERP programming. Various ERP vendors are purchasingahyd p
solutions by tailoring their ERP system with an extra module or functionality. In some cases,
the thirdparty solution may require additional programming code to interact with the ERP
package like interface development solution. Alternatively, if @inyhe above solutions are

not appropriate, the exact requirements of the organisation implementing ERP can be met
through direct modification of the ERP package source code. This option usually implies a
significant amount of effort and specialised exigerand remains code modification an issue
when the system is upgraded to a new version, as the modified code parts may not update

correctly.

Figure 4-3 Change Process as Phase 1

As mention in Section.2, a set ofirtefacs needs to be created in supporting change
process of our framework. Thetefacs here are the products of each phase that emerges

when a change management team engages in running the analysis of modikoiibaring
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sections describe thesetefacs in more detail and explain the relevant use of eatgfact
during the change process (See Figuis3).

4.3 ERP Dependency MetaViodel

Identifying dependencies in ERP systems is essential to ensure adequate change
management process. Poor understanding of such dependencies may lead to higher
maintenance costs and catastrophic effects on business operations. On the other hand,
dependency analysis in the ERP system is challenging, as dependency relationshipa exist in
distributed and heterogeneous environment. Therefore, we require -anoeihto identify
the dependency relationship. Numerous ERP systems have been introduced in the market
based on the concept of modular structuresemarchitecture, and centrads databases. A
typical ERP system hastier model consists of at least three layers of database, application
layer and, the interface layer (Sm&slanes and De Carvalho 2003, Manuel and AlGhamdi
2003).

In Databasedyer, data connections are used t@ia data from a different data
source based on adapters. In application layer, the external and internal resources are located
and invocated togethéCai, Bu, and Jiang 2012)he controller in application layer refers to
BPM engine that could execute BPEL, BPMN, EPC or other business process execution
language.In application layer, a fully adopted ERP system involves in variouséssi
processes each of which poses a sequence of procedures within a functional department
(Wang and Xu 2009)An endto-end business process begins with its starting function,
proceeds one by one function or suiecess, and ends with its finishing function
(Johannesson and Perjons 2000he next layer is the user interface that can be either a
custom program or a web browser by which the end user interacts with the system. On the
user interface layer, the user could use services to personalize their work environments so as
to meet the siness requirements.

Further to what discussed before about thei3abstraction of ERP architecture, we
consider the typical architecture of ERP systems into four levels as defined in Fgure 4
The user interface level where the end users inteviiiostthe system, the business process

level that contains a set of etmtend business process. The business function level contains
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a set of functionalities and feature that operate during business process execution. This tier
serves as an example of sees from servic@riented architecture in the application logic
layer that interact with business processes (Winter and Fischer 2006). The example of
business functions is order processing, order planning. Furthermore, the business functions
use businesdata to complete the task. Also, lastly, the business data level where the input
and output of each functionality maintain and store in the database layer.

In the representation of Figured4 each level uses only the level directly below it, for
instance business functions using the business data as input and output but not the other way

around, or business function cannot use the business process but business processes using the

business functions to operate.

Level 4- End-User (GUI) Presentation Layer

Level 3- Business Process

< > Ordering Ordering Order
Processing Planning Prediction

Order
Handling

Application Layer

Level 2- Business Function

Order

Ordering
Processing Prediction

Ordering
Planning

Level 1- Business Data

D ﬁ ﬁ patcbese Lyes

Client Order Material

Figure 4-4 Four Tier of ERP Enterprise Model

The requirement for the utilisation of dependencies for change impact analysis is the
need for expressing dependencies. Based on the architecture of Fdureedcan now

define the ERP dependency met@del as one of the main artefacts that underpin our
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impact analysis framework. In Figure54 the ERP dependency metedel shows the
representation of the entities and interactions of the ERP components to define the
dependeneis relationship. The description of ERP system entities and relationship is

explained as follows:
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Figure 4-5 ERP Dependency Metaviodel

Business Dataa business object is a collection of attributes stanetie centralised
database. Business data may refer to master data, such as customers, materials, vendors or
transactional data, like purchase order, sales orders, etc. During the ERP systems execution,
a business data is manipulated by standard CRUDaté&reead, update and delete)

functionality to maintain and store data in the system.
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Business Functiam function is an operation that manipulates one or more business
data. A function retrieves information from one or multiple business data as aneigpub
create a sales order information is captured from the customer requisition and possibly
creates/updates one or more business data as an output, e.g. sales order are modified by
different functions along the sales process. To be more preciseiofisnconstitute the
smallest unit of work, which usually requires human or machine resources for their
execution. Functions may be automated, e.g. updating inventory during material shipment,
or can be performed manually, which requires the ERP end ausetér data value. This
performs through GUI element (i.e. desktop browser or mobile device). Functions can be
internal, i.e. implemented within the ERP package, or they can be available in an external
system in the form of addiR Q R U- RBR O X\Q BMithHRa@dnpatible interface.

Module: ERP systems are composed of various modules. Each module specialises in
a particular business area of an organisation. Modules are individually purchased based on
organisational needs and are typically responsible dggregating and processing
information for a separate business function or departments or a group thereof.

Business Proces€ERP systems implement a collection of business processes. A
process orchestrates different functions from one or more modulles gystem. A Process
model can be composed; i.e., business function, as well agrecdss, exposing another
business process model (Aldin and de Cesare 2011). Processes often run through the cross
departments, which provide a coordination mechanisithénbusiness. For example, the
sales order process is to be incorporated into the payment process and the production process
to fulfil an order from the customer.

ERP systems are information systems that support the integration of business
processes of eatprises. In ERP system, the integration of business process occurs when the
business process calls another business processes during the execution. The execution of the
process model is dependent on other processes is known-psosabs, which repressna
step in a process model. Every time a-puiicess enables during process execution, it
corresponds to the execution of another process model. -fireabss has input and output
data containers to pass data between it and the subordinate processrdhirefousiness

processes dependency in the ERP system is described as two types:



x Called by: The execution of the business process is triggered by the execution
of another business process.
x Calls: The completion of the execution business processes depanthe
completion of other business processes.
Runtime: The dependency matedel of Figure 31 also comprises entities needed
to capture the status of an ERP system attirog, i.e., while business processes are
executing. Once an executable processlehbas been deployed on a process engine, new
process instances can be created and executed according to this model (Reichert and Weber
2012). Several instances of the same process model may exist representing different business
cases. The process engaraploys a state model to control the concurrent execution of these
process instances; i.e., each process instance presents an internal state representing its
progress toward completion and its status with its functions and data objects. When the
preconditons for executing a particular function are met duringtinme, a new instance of
this function is created (Reichert and Weber 2012). Hence, a function instance represents a
single invocation of an action during the execution of a particular processicesta
Furthermore, function instance utilises data related to its corresponding process instance, and
itself produces data used by succeeding functions. When executing data object (an electronic
form) attributes of the corresponding object instance magdod written, or updated

4.3.1 Run-time and Designtime

As depicted in Figure -8, a distinction is made between the design time and the
runtime environment. Design environment allows the business analyst and developer to
verify and configure different perspae of an executable process model in the ERP system.
As far as the rutime is concerned, process instances represent the individual execution of
the business process, e.g., the processing of a specific purchase order. Several business
transitions knowras the instance of the same process type may exist exposing different cases
in the system (Choudhury, de Cesare, and Di Florido 2008) (e.g., purchase order process of
different material). Each process instance exhibits an internal state representiragthespr
toward completion. A newly created process instance is described as active or enables, which

then all the functions of the process model become enable as well.
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Process instances create instances of individual functions, which may require the
instan WLDWLRQ RI VSHFLILF GDWD REMHFWYVY RU 3GRFXPHQW)
preconditions for executing a particular function are met duringinu®, a new instance of
the function is created (Reichert and Weber 2012). A function instance reprassingle
invocation of an action during the execution of a particular process instance. Further,
function instance utilises data related to its corresponding process instance, and itself
produces data used by succeeding functions. When executing, busatagan electronic
form) attributes of the corresponding data instance may be read, written, or updated.

Once the new process instance starts the execution, the status will change from active
to running state, which indicates the progress of the prat&ssice according to the state of
function instances in the process model. When the status of all function instances turns into
completed, the process instance transfers from running to completed.

Figure 46 shows the example of a process instanceesepiting purchasing process
of different orders. The example demonstrates three different cases of process instance state
of inactive, active and completed. Instance |1 indicate as inactive where all functions and
data objects instances become inactivbainitial stage to create a new purchase order.

Then the instance 12 shows the active state of a process, which demonstrates a
combination of all functions instance state. The state of functions indicates the progress of
business process instances dgrihe execution such that instance 2 shows the function
related to the maintaining quotation has been completed and the next function creates a
purchase order is enabled. The last instance of the example shows that allcwedfiren
and postconditionof all function instances are accomplished so that the process instance can
transfer to the completed state.

Moreover, Figure 4 demonstrates the relationships between the function instance
and process instance. When a process instance is inactive pletaan the state for all
function instance associated with process instance also becomes inactive or completed
respectfully. However, when the process instance is active, there is always a case in which
one of the function instances is in the active sthite rest of the function instances can be in

the state of inactive or completed.
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Figure 4-6 Example of Running instances

4.4 Taxonomy of Change in ERP Systems

As (Wright 1997) indicated that in the enginegrichange management change
request have to be documented in a suitable way to undergo for reviewing the impact
analysis and implementation. Understanding the new requirement is an essential part of the
change process to translate them into a set of chamgéive for determining the impacts.
The change taxonomy result from the application of the primitive create, delete, and update

to the design time components of the dependency meta model (Lehnert and Riebisch 2012).
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This section investigates how chargmerations can be modelled and classified to allow for
automated change impact analysis (Lehnert and Riebisch 2012). A change operation, in
short, " a change", transforms the system or one of its constituents from version n to version
n + 1. In order to @scribe and model changes, the following information is required: the
component that is going to be changed, and then the description of the change activity on a
particular component. Taxonomy of ERP maodification in this section represents as an

artefactwhich supports the Phase 2 in our framework depicted in Figidre 4

Figure 4-7 Change Process at Phase 2

The following discussions are based on a literature survey on the limgdahd
classification of changes in the fields of impact analysis. This classification also is derived
from the study of ERP misfit literature that defines the gap between an organisation
requirement and ERP system capability into the business progestiof and input and out

misfit. There are different types of change that have been studied in the enterprise systems
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and business process management literature (Reichert and Weber 2012). We classify ERP
modifications along three dimensions, i.e. the letyge of change and the granularity of

change operation.

4.4.1 Granularity: Atomic and Composition Change

To describe granularity of change activities, (Fluri and Gall 2006) introduced the
concept of basic (or atomic) changes. As the name suggests, atonge<hdascribe change
operations that cannot be further refined or broken down into other changes. (Fluri and Gall
2006) List adds, delete, and update as a set of basic change operations. This concept was
extended by (Lehnert and Riebisch 2012) who introdulce notion of composite operations
that are comprised of sequences of other atomic operations. The definition of granularity of
change in the context of ERP modification change process is represented as follows:

X Atomic Change: a change activity that isngorised of exactly one nen
interruptible operation. Each atomic operation can only involve a maximum of an
entity in the ERP system from dependency rmetalel.

x Composite Change: a change activity that is comprised of at least two atomic or
composite chargoperations. A composite operation may involve at least two or
more of the entity in the ERP system from dependency-mettel.

The concept of atomic and composite operations is most suitable for serving as a solid
base for the modelling of change opeyasi for impact analysis tasks. In our approach,
composite operations may consist of sequences of either atomic or other composite change

operations.

4.4.2 Level and Type of ERP Modification

The level of change is determined from the dependency-meda! entityon which
the change occurs. The approach, therefore, distinguishes ERP modification at the level of
business objects, functions, and business processes. Ffuseembodying the taxonomy
of change artefact for defining and classifying the change redodhkis illustration, change
taxonomy of ERP posmplementation results from the application of the primitives creates,
delete, update the design elements business data, function and process identified by the

dependency meta model in the previous eectNote that a module in an ERP system is
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simply a homogenous collection of functions and business processes related to one specific
SDUW RI DQ RUIJDQLVDWLRQYY YDOXH FKDLQ DQG -WKHUHIRL
implementation changes. Notlso that in our instantiation we do not consider changes to
GUI elements. GUI elements are usually modified to address issues of usability (Lucas and
Babaian 2012). Since our work focuses on {jiogiiementation changes to address changing
business requements, we consider these changes out of scope.

The type of change specifies how the change occurs. It is important to identify the
type of change (Kherbouche et al. 2013) that our change process can support between adding
(creating), deleting or upgradjnan entity in the ERP system, e.g. updating a function or
deleting a business object

Level of Change Type of Change
—| Create |
.S - Business Data ——| Update |
é —| Delete |
-28 —| Create |
% — Business Function ——| Update |
g —| Delete |
g —| Create |
&
= — Business Process ——| Update |
4| Delete |

Figure 4-8 Taxonomy of ERP Maodification

To exemplify the above classification, suppose a scenario in which an ofigenisa
requests to upgrade the function when creating a purchase requisition document. The
upgraded function should enable users to be informed about the latest price supplied by the
vendor when making a purchase requisition. This type of modification ssdssad to be the
update (type) of a function (level) that known as the atomic change request. In our taxonomy

of change, we consider the updating of the busipescess as a change operation
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4.4.2.1Updating Business Processes

Change operations in a businessgess model can be described as addition, delete, update,
and move/replace of the business function or modification of the execution sequence
business process. The example of ERP Business Process modification refers to the research
of impact analysis ofusiness process section from a literature review by (Weber, Rinderle,
and Reichert 2007b) in order to monitor business process modification. In this research
(Reichert and Dadam 1998, Weber, Sadiq, and Reichert 2009) they address the taxonomy of
change andhe impact of modification on the business process in the information system.
Table 41 presents an overview of these 14 types modification scenario taking to account
ZKHQ XSGDWLQJ D EXVLQHVY SURFHVYV IURP S YHhiteV LRQ WR \
a name and a brief description that include the change in business function or the change i
the execution of the process

Table 4-1 Taxonomy of Business Process Modificatio(Reichert and Weber 2012)

Change -
Pattern Name Description

P-1 InsertBusiness Function An existing Function is added to the process

P-2 Delete Business Function A function is deleted from process

P.3 Move Business Eunction _Functlon move from current position to anoth
in process

P-4 Replace Business Function A functionis replaced by another function

P.5 Swap Business Function Two existing function are swapped in t
process

P-6 Copy Business Function Using same function in the process twice

p.7 Extend Sub Process Business Euncuon are extracted and replace
corresponding sub process

P.g Inline Sub Process A Sub process is dissolved and direg
embedded in the parent process

P-9 Embed Business Function in loc Add a loop construct to a process
The functions which have beemrdined to be

P-10 Parallelize Business Functions executed in sequence are parallelized in
process

P11 Embed Condition An existing .fL.mCtIOH shall be only executed
certain conditions are met

P12 Add Control Dependency An addmonal control edge for synchronizing t
execution order fatwo parallel

P-13 Remove Control Dependency  Remove Control edge in the process

P-14 Update Condition A transition condition in the process is update
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4.5 Change Request Template

This section explains the artefact related to the requirement analysidyaat
described in Figure-9. After the classification of change in ERP system is defined the
requirements of end user need to be translated according to the taxonomy of change and

dependency model.

Figure 4-9 Change Process at Phase 2 (Requirement Elicitation)

The template in Table-2 captures the basic requirement to proceed with the
changing scenario before applying the modification in ERP systems. Each change scenario
has aunigue code following by date, title and a brief description of the end user requirement.

The change request template is passed on to the business analysts as submitter who is
completing the form by analysing the requirements. The business analyst has a
comprehensive understanding of ERP system capability and compares the request with ERP

system specifications. Then, translate the changing scenario into a set of change requests.



Change request operates on single components of the ERP model (e.g., to add o
remove a business function, or to modify the workflow of a business process) that can be run
in the impact analysis tool to identify the effects. Next, change requests are prioritised
according to the dependencies identified by our dependencymoekal of ERP systems.

For instance, if the change concerns implementing a new functionality, then it is essential to
make sure the input(s) and output(s) of the function, so that the function can execute without
any problem. Otherwise, if current business dag r@ot suited for the new function,
additional change requests then added to the list as@pdiion for the function. So, the
impact analysis first checks the data as thecpredition and then run the impact mechanism

for the function

Table 4-2 Change Request Template

Change Request Guideline
Element Description
CR-Code The exclusive Cod&/henChange Request was create
Date Reported | The date the Change Request was created
Requested by Assigned bytie ERP endiser (Consultant)

Title A brief description of the change request

Submitter Name of the person completing the CR Form and
can answer questions regarding the suggested chan

Description Description of the desired change and how the chg

Should works
Atomic Change $ OLVW RI EDVLF UHTXLUHPHQ
order to implement the change request

Priority A code that provides a recommended categorizatio
the urgency of the Primitive Chandem Extremely
important to Less imprtant

Status - Approved

- Pending for Approval

- Pending for Impact Analysis

- Rejected

Impact Summary| A list of number of components that impacted as re
of change request

The change request template is passed on to the business analysts thsr subonis
completing the form by analysing the requirements. The business analyst has a
comprehensive understanding of ERP system capability and compares the request with ERP
system specifications. Then, translate the changing scenario into a setge dguests.

Change request operates on single components of the ERP model (e.g., to add or
remove a business function, or to modify the workflow of a business process) that can be run

in the impact analysis tool to identify the effects. Next, change stsjwse prioritised
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according to the dependencies identified by our dependencymaoekal of ERP systems.

For instance, if the change concerns implementing a new functionality, then it is essential to
make sure the input(s) and output(s) of the functiorthat the function can execute without

any problem. Otherwise, if current business data are not suited to the new function,
additional change requests then added to the list as@pdgion for the function. So, the
impact analysis first checks the dats the preondition and then run the impact mechanism

for the function.

After the business analyst defines and prioritises the change requests, the impact
analysis tool is used to identify the effect of the proposed modifications. The output of the
impDFW DQDO\VLV LV WKHQ XVHG WR FRPSOHWH WKH 3, PSDF
Each change request form has a statue that represents the stage of change request procedure.
Approved, rejected, and pending for approval is the stage where the recuugshited for
approval according to the impact analysis results. At this point, the request form presents the
summary of impact components as a consequence of the modification that is aggregated from

analysis of atomic change

4.6 Example of Change Scenario

In order to show the application of the phases and artefacts of our framework
presented so far, this section discusses an example of a possible change scenario involving
the modification of an ERP system. As far as stakeholders are concerned, four different
groups of stakeholders are involved, i.e. the business analyst, impact committee, ERP end
user, and ERP developers. Figurd @ matches the activities of the change process as
discussed in our framework to the stakeholders.

ERP eneuser usually trigger theeed for change due to an error detected during the
execution or a need for new functionality. This new requirement can be issued from one
person (e.g., a purchasing consultant) or an organisational group (e.g., a purchasing group).
Then the new requiremes of the ERP user, (i.e., system administrator, operation staff, or
ERP eneusers) are captured in the form of a request for impact analysis.

The Business Analyst, as an individual or a group of individuals that are familiar with

the ERP system specifiton and organisation requirements, evaluates the change request



and translate the new requirements into a set of change primitives identified by our
framework (i.e., the taxonomy of change of Section 4.4). They are in charge to propose a
plan for implematation of the modification according to the system configuration and

appropriate implementation strategies
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Figure 4-10 Change Process of ERP Modification

An impact committee is a group of people whoalye the impact of ERP
modification and are familiar with on how to operate the impact analysis. In addition, this
committee also in charge of decision making based on the result of impact analysis on
whether to accept or reject the change request.

Upon the acceptance of the change request the committee asks the business analyst to
evaluate the impact and provide the planning strategies for implementation. Then the
committee estimates the cost implication of implementation strategies and makes a decision
on the implementation. They also allow rejecting the change request if the cost impact of

implementation is considered as high risk and expensive to perform. Once the request agreed
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for implementation, the ERP developer applies the change according to dpesqut
implementation plans and adjusts the ERP system.

In the remainder of this section, to exemplify the overall process and the activities
explained in this chapter an example of change scenarios is provided. The example involves
a manufacturing compamgquesting to improve the purchasing process by enhancing the
purchase requisition functionality. Purchasing is the typical process of buying materials or
services from suppliers (vendors), as represented in FHglite Usually, the process starts

with creating a requisition that defines the requirements for the material or service.

Figure 4-11 Example of Purchasing Process

The request for quotation based on the requisitiorumeat is then sent to the
suppliers to be able to provide the material or service. Suppliers post their quotations in
response to the request. Then, the purchasing group has to review the quotations and select
the best offer based on the price, availahildelivery and quality of the offer. Normally
companies purchase the same material from various suppliers, so they have a history of
purchasing materials, commonly known as purchase records.

In our scenario, the company requests to develop the functiondtile creating the
requisition, to determine and calculate an alternative price based on the purchase history.

This functionality requires an enhancement of the purchase requisition document (business
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data) with an extra field showing an approximategea of the price that is automatically
obtained from purchasing history. This information allows the purchasing group to
understand the approximate price of purchasing material and also to inform the suppliers to
submit the relevant proposal within the garirange price suggested in the requisition
document

Table 4-3 Example of Change Request

Change Request Guideline
Element Description
CR-Code CR-001
Date Reported| 10-October2015
Requested by

Purchasing Gnsultant E. Willamg

Title Improving  Functionality of Creating Purcha
Requisition

J. Andersor{ERPBusiness Analyst)

Submitter

Description The Motorbike Manufacturing Company requested t
improve the functionality of creating purcha;
requisition. he functionality should be extended

provide an estimate of alternative prices of

product/service to be purchased by searching
purchase history of the company. This informat
enables the purchasing group to understand
approximate price ofnie purchase and also defines {
range of price for their suppliers.

Primitive Update Business Function (Creating Purch
Change requisition)

Update Business Data (Purchase Requisition)
Priority CR-001-1: Update Business Data (Purchase Requisiti

CR-001-2: Update Business Function (Creati
Purchase requisition)

Status - Pending for Impact analysis

In the change process, it is fundamental to define the type of change to begin the
evaluation of modification requests. Table8 4hows an example @& change scenario
expressed using this template in the case of updating a specific function (Creating Purchase
Requisition) in the ERP system.

To do so, the business analyst first translates the above scenario in a set of change
requests. The next step t® prioritise the change requests based on the order of
implementation that is driven by the dependency mudel. In our case, to perform
modification at the function level, it is important to ensure that the required business data
exist in the system dbat the function can run without any problems. Otherwise, if there is a

need to modify business data, it is first required to analyse the feasibility of change at that
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level and then proceed to the functional level (see the priority assigned in Tablafter

prioritisation and classification of change requests, the impact analysis can start.running

4.7 Summary

As outlined before this the framework specification of our work is split into two
chapters for readability purposed. This chapter focused covérall change process of our
framework and presented a comprehensive analysis of ERP dependency relationship and
ERP change requirement analysis. First, a standard change process for ERP systems
modifications was given. Then, provided an overview ofatiefactinvolved in the change
process. Finally, this chapter demonstrated in detail a first subset aftéfigcs defined in
our framework, namely the ERP dependency matdel artefact for mapping the
dependency relationship of ERP components, thentaxy of ERP modifications and the
ERP change request template. Furthermore, the chapter concluded by demonstrating an
example of a new requirement to show the deployment ofaéetactrelated to the phase 1
and 2. The next chapter focuses on the impaeatysis mechanisms and impact assessment

of the estimated effort for ERP modification.

9¢



10C



CHAPTER 5 FRAMEWORK DESIGN PAR T 2 (IMPACT
ANALYSIS AND ASSESSMENT)

5.1 Introduction

Impact analysis determines the scope of the modification and the complexity of the
change. Th impact assessment has the capability to predict where and how modification
affects the existing components in the sysigmdvall 1998) As mentioned the impact
analysis concerns automatlietection by capturing thenpacted items through the utdison
of dependencies. The mechanisms operate when an ERP component is modified, deleted or
added to the system that results in a classification of items to be affected by the change (i.e.
data djects, functions, processes, instances, etc.). Once the impact is predicted and the effort
estimated, the result extensively is used for defining the impact propagation, cost astimatio

and implementation planning.
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Figure 5-1 Change Process at Phase 3

This chapter deals with the second part of our framework, refers to impact analysis
and assessment (Phase three in Figuit¢. The chapter is divided into two sections that
explainthe artefacts (i.e. impact analysis and impact assessment). The initial part describes
the impact analysis and how the mechanism is performed to capture the affected item in our
context. In the second part of the impact assessment will be discussedmphet i
assessment enhances decisitaking to plan the implementation of the modification
efficiently.

This chapter is organised into six sections as follows: Section 5.2 Provides an
overview of the impact assessment by specifying the requirement for piegeinpact
mechanisms. As for Section 5.3 defines what compatibility entails in our context compared
WR WKH YDULRXV XVH DQG RYHUORDGLQJ RI WKH WHUP 3FRI
Section 5.4 describes the techniques for managing modiiicdtiring the execution time of
the ERP system. In Section 5.5, we present mechanism artefacts to analyse the impact set of
proposed changes. Section 5.6 presents the impact analysis metrics that we developed as a

guideline for decision making

5.2 Preliminari es to Design Impact Analysis Mechanisms

ERP system evolution requires a comprehensive approach to be able to manage the
new requirements that result from upgrading, deleting or creating an ERP component during
the postimplementation lifecycle. Two fundam®&l concepts need our attention before
formulating the impact analysis mechanisms:

1) The notion of compatibility: The definition of compatibility is used for
evaluating whether a new version of an ERP component, as specified in the change template,
can substitute an existing one or not. Compatibility is important to assess the-ti@sign
feasibility of the proposed change.

The ERP system consists of several interconnected entities, as mentioned in Chapter
4. When the change process requires updateobithe components of an ERP system to a
newer version or replacing it with an-adc solution (e.g. by a third party application). So it

is important that the proposed changes be compatible with the other existing components of
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the ERP system, to prevethte risk of interrupting the operation of the ERP system during
and after the change process. Incompatible modification might affect groups of components
in ERP systems differently, according to the dependency relationship with other entities.
Thereforethe primary goal of this chapter is to introduce the activities of impact analysis for
assessing the impact of modification on the ERP system.

2) The notion of Critical Point (for running instances affected by the change): The
critical point, provides avay to handle and regulate the proposed change in the instances of
the process (es) affected by the change that is still running in the system.

As far as the runtime is concerned when a modification is requested, different actions
can be made to handleetlthanges at runtime based on the execution state of the process
instances. In particular, a notion of a critical point is required in a process instance during
impact analysis. Our impact analysis suggests one strategy for each process instance that is
more appropriate to implement a change according to the execution state. The following next
sections 5.3 and 5.4 explain each concept in a comprehensive form

5.3 Compatibility Among ERP Systems @mponents

This section discusses the notion of compatibility amBRd system components in
the context of our research. First, it explains the reasons for focusing on the notion of
compatibility during the modification process. Then it describes existing techniques to assess
the compatibility among components of the ERfsStem. Note that the analysis of
compatibility assessment and measuring the compatibility value is out of the scope of this
thesis and this section aims only at giving an overview of the techniques that must be
employed during the activity of ERP modditon to assess compatibility.

*LYHQ WKH GLYHUVH XVH DQG RYHUORDGLQJ RI WKH WHI
literature, we define what compatibility entails in our context. Typically, compatibility
addresses the evolution of ERP system by consigléhie zero impact on the applications
components when implementing changes in the ERP system. Meaning that, a new ERP
system is compatible with an existing one if the use of the new component has no (zero)
effects on the rest of the ERP system as comptoethe utilisation of the existing

component.
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The notion of compatibility is used to compare two ERP components based on the
GHVFULSWLRQ RI WKH FRPSRQHQWYTYV LQWHUIDFH DQG EHKD
one component can be substituted fosther or not. For instance, referring to the example in
Chapter 4 by applying the modification to the function in the ERP system, it is essential to
first measure the similarity of the new function against the old one and to ensure that the
execution camperform without problem.

For assessing the compatibility, we introduce different notion of compatibility for each
level of change based on the study of various literature (Bellahsene, Bonifati, and Rahm
2011) (Yan, Dijkman, and Grefen 2010) (Dijkman, Duyrersd GarcidBafiuelos 2009) (see
Figure 52):

x Compatibility Assessment for Business Data
x Compatibility Assessment for Business Function

x Compatibility Assessment for Business Process
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When an ERP ComponembecomeQ 1

s

Compatibility Assessment

Data Level Function Level: Process Level

X  Structure Variant

X  Semantic Variant Interface

Behaviour input and output
S6FKHPD 0DWHKLQJ Smilarity

syntactic and semantic
similarity

Results of Compatibility]

Assessment
Casel: Yes Case2: No

Conditior If
F Compatible Iﬁ

Zero Impact Impact Propogation

Figure 5-2 Compatibility assessments

As mentioned above, when upgrading an ERP component, such as a function, process
RU GDWD REMHFW IURP DQ ROG YHUVLRQ Q WR D QHZ
compatibility of the new version against th&l @ne. This comparison requires a set of
similarity metrics for measuring the compatibility value. The value of the metrics presents
the compatibility degree, which determines whether the new component can substitute the
old version, or not. The highenis value, the more likely the new component is compatible,
while a low value means that the modified component is not compatible with existing ERP
system (so, the impact of its implementation will have to be assessed by our impact
mechanisms).

Let us revsit the example of Chapter 4, where the proposed change required updating
a business function (i.e. creating purchase requisition) to provide additional information
about the price range of purchasing a product or service, according to the history of the
purchasing order. This change to the function requires retrieving additional information as an

input from the purchasing history, in order to estimate a suitable price and display this
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information in the purchase requisition document. Comparing this &umetith the old

version, the new version has a different interface when compared to the old one, since it
requires more data in input (i.e., the history of the purchase order) and gives more data as
output (i.e., the suitable price estimate). Thus, th@gsed change is not compatible with

WKH H[LVWLQJ (53 V\VWHP WKDW LV WKH QHZ IXQFWLRQ FD
one. As such, the impact of this proposed change will have to be assessed.

Sometimes modifications of the ERP components lmmonsidered as compatible
with the ERP system configuration. The case is associated with the change in the format of
the attribute of a data object from the string to an integer type that only requires an
adjustment of the parameter settings in thefigaration. Therefore, the modification
performs with zero impact on the rest of ERP components since as a data value the integer
type is a subset of the string type as a member therefore in this case the modification is
compatible (e.g. a data value wdtring is also can be read by the same functionalities if it is
changed from string type i.e. ABC12345 to an integer type, i.e.,1234.

In the remainder of this section, we review the requirements of compatibility for
different levels of change in ERP systeme. business data, functions and processes, to give
the reader an understanding of those cases in which the impact analysis mechanisms
described later in this section should or should not be run. The purpose of this investigation
is not to provide a fonal description of compatibility metrics, but rather and to provide the

theoretical underpinnings of the notion of compatibility in different contexts

5.3.1 Compatibility Assessment Business Data

Change at the data level is not always guaranteed without Eemprokuch that the
modifications of any attribute or data column can potentially interrupt the operation of a
database system (i.e. all values stored in that column for all rows in that table are deleted).
Data incompatibility exists when different and @imting versions of the same data object
appear in various places. From the literature survey, (Da Silva et al. 2007) compatibility at
the data level is outlined in two forms, i.e. structure and semantic compatibility. The
structure refers to the matchimg the interface and the format of data, and the semantics

refers to the behavioural change of the data model.
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The compatibility evaluates the similarities of two data objects by analysing the
common properties (Zhao and Zou 2011). We examine thesedgatudata object through
the utilisation of schema matching by describing similarity from work defined by (Kang and
Naughton 2003). A schema is a set of related elements from a data object, such as tables,
columns, and attributes. Data modification mefer to any change in data schema such that
create, remove or rename tables, columns, indexes and foreign keys that represent as a data
field in the data object.

Schema matching is the process of determining semantic correspondences or matches
between twodata object schema. A schema matching result or mapping consists of all
possible matches between the elements of both schemes. First, one logical approach is to
compare attribute names across the tables. Some of the attribute names will be clear
candidats for matching, due to generic names or common parts of names (Bellahsene,
Bonifati, and Rahm 2011). The second approach is to compare the attribute value in a case of
attribute name mismatching.

Note that missing data might cause severe problems durirtgme; e.g., an invoked
function might crash or produce wrong outputs. Compared to the missing data, the problem
of unnecessary data is less severe since it usually does not prevent a process model from
being correctly executed. Nevertheless, unnecess@ogymation in data objects should be
avoided as they are not used anywhere in the system thus decrease model comprehensibility



Purchase Requsition Requeistion Number: 01234
Request Request Request Request Delivery
Date Delivery Date Name Extension Location
07102116 26/02/16 D. Bloomburg 3984 Warehouse
Material Material Description Quantity Unit Type
ENSB3000 |Entry Level Skateboard 50 Each
HLMT5000 |Helmet 10 Each
SHRT4000 |T-Shirt 10 Each
FAIDS000 | Skateboard First-Aid 20 Each
Requisioned by: Name David Bloomburg
Signiture David Bloomburg
Date 07/02116

a) As-is Purchase Requisition

Purchase Requsitiun Requeistion Number: 01234
Request Request Request Request Delivery
Date Delivery Date Name Extension Lecation
070216 2610216 D. Bloomburg 39684 Warehouse
. - " Allernative Itern Total Data of last
Material Matesial Description Quantity Unit Type Unit Price/$ ALPricelS Purchase
ENSB3000 |Entry Level 50 PC 34-40 1700-2000 Jan-16
HLMTS000 |Helmet 10 PC 20-25 200-250 May-14
SHRT4000 | T-Shirt 10 Each 1317 130-170 Feb-16
FAIDGO00 | Skateboard First-Aid 2 Box 202 400440 Jan-13
Requisioned by: Name David Bloomburg
Signiture David Bloomburg
Date 070216

b) To-be Purchase Requisition

Figure 5-3 Example of updating purchase requisition

The example in Figure-3 demonstrates two data objects for purchase requisition
document. Figure -3-a) presents, the current version of the purchase request in the ERP
system while Figure -8-b) extends this document by upgrading the current version with
extra information. The ampatibility between the two types of data objects begins with the
similarity analysis of the attributes (label), attribute values and the relationship with other
data (foreign key). The procedure for the comparison is as follows

x First labels for both datobjects are compared, including the table column name.
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X Second check the similarity of the data objects attributes. The data object in
Figure 5-3-b) has three extra attributes (i.e. Alternative Unit Price, Total Item
Price and Date of last purchase)ttieapture this information through the new
association with another data object (i.e. purchase info record known a repository
of purchase history).

x Third, check the similarity of the attribute values. The attribute value of the unit
type for new purchaseequisition shows more option compares to the previous
one by extending the enumeration type of attribute value.

From the above comparison confirms that the new data object in the Bigtvas

not compatible with the existing one (i.e-iaspurchase iguisition). Consequently, it is
necessary to continue the modification assessment by running impact analysis to define the

ERP components that are associated with this data object.

5.3.2 Compatibility Assessment Business Function

To assess the compatibility otisiness functions, we use the same concept as used
for service compatibility. Three levels of compatibility for service modification have been
previously reported by (Pianwattanaphon and Senivongse 2007), i.e. interface, behaviour and
input and output (dat type) compatibility. The same levels are considered by (Yan,
Dijkman, and Grefen 2010) in the context of compatibility for business functions

The first type of similarity (function interface) considers a set of common properties
of functions such as th&nction name, and function description (Wu and Wu 2005).
Properties of this category describes common information of function in string. So to
measure the similarity of string, WordNet measure is employed to calculate the minimal
distance between two was (Wu and Wu 2005). The second similarity metric (behaviour)
concerns the special properties that contain a set of unique properties of the function like the
attributes of functionality. For instance, the attributes of function can be the module and
bushess processes that the function has associated with them. The similarity of these
properties can be measured through the calculation of the attributes of the function. Finally,
the third type of similarity (input and output) refers to the input and autpb@tthe
operation(s) of a function (Wu and Wu 2005). The interface of the function contains a set of



operations, and each operation has various input and output parameter. For these parameters,
the similarity is measured based on the parameter nameasathgter data type. Therefore,
interface similarity assessment relies on the comparison of the operation input and output
parameters (Wu and Wu 2005). This interface similarity checks for function f that is replaced
E\IXQFWLRQ 17 DV IROORZV
X For each opation in business function there is an operation ih{vith the same
name.
X There is at least one input for each operation that taken plaadéninput should
be the same as the operation in functidh
X The output for each operation in functiorghould be the same as output for the

operationof function 1.

The semantic aspects are related to the goal of the function and correspond to the name
used for the whole function, the operations, and the input and outputs, whereas the syntactic
aspect carstate the compliance between the input and output structure and adapted data
types.

Let us consider the case of upgrading a function (see FigdyeThe change is applied
to the existing function (i.e. create purchase order) by adding an extra featuctitle the
tax when calculating the total cost of the purchase.

Clearly, this function requires no further data object to associate with it, besides there is
no further change impact concerning a new attribute to the data object (i.e. purchase order)
ard the business process can continue without any errors during the execution. Therefore,
this proposed change is compatible with the existing system and only requires a minimal
adjustment in the configuration settings to encompass the tax during the radditadl
purchase prices. The above example satisfies the compatibility regarding the following
similarity assessment

x Based on the interface similarity: the properties of the function remain the same
(i.e., function name and function description)
x Based onthe Behavioursimilarity: the function still in operates in the same

business process and same module
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X Based on the input and output similarity: no extra data are required as input and

no additional data create as an output and the operations are théosdiath

functions.
Update the Business function with extra feature to
include Tax in Purchase Price
Replace
Create PO
Quotations Shipiment
: Document
Réad _ Réad -
— Create f Create Supphers f Create Invoice
I | Purchase : Request for Quotation : Create PO Shipment e Post Payment
- quujsitlon ; Quutatum Pmc&;smg 5 Recemt 5 :
\’o, rite : ‘\\ rite Write : ‘»'\ rite Read ‘w\ Tite RE d Write . Write
Purchase Request for Bid Purchase Good Supplier Accounting
Requisition Quotation Document Order Receipt Invoice Document

Figure 5-4 Example of Updating Function (Create Purchase Order)

5.3.3 Compatibility Check Business Process
According to the (Dijkman, Dumas, and GarBiafuelos 2009), research that
identifies the notion of compatibility for business process level based on the representation of
the process model. Such that compatibility is used for process model components in EPC,
BPMN or Petri Net Process model. Different compatibility types are presengethaasure
to check the degree of similarity between two process components in ERP system
environments. This similarity check shows how these compatibility measures can be verified.
In the context of similarity, we define threesndamental similarity metrg
x Label similarity which is based on a comparison of the labels that appear in the
two process modslusing syntactic and semantic metrics i.e. function label,
process label.
x Structural similarity is measured based on graph representation matching,

possilly taking into account text similarity as well.
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X Behavioual similarity is measured according to the execution sensaofic

process models.

According to (Dijkman et al. 2011), the first compatibility mechanism exploits the
fact that process models are corsgw of labelled nodes. These metrics start by calculating
an optimal matching between the nodes in the process models by comparing their labels.
Based on this matching, a similarity score is computed taking into account the overall size of
the models. Thesecond class of metrics is structural. It is built on the observation that
includes nodes in process models with their relations through a mathematical graph. This
technique is used for graph comparison based on graph edit distance, which is commonly
usedin information retrieval. The third class of metrics is Behavioural, in the sense that it
take into account the causal relations between tasks in a process model. These causal
relations are presented in the form of a causal footprint, which provides &actbs
representation of the behaviour of a business process model.

Besides the work by (Dijkman, Dumas, and GaR&fiuelos 2009) addressed the
concept of causality graph or causal footprint as a set of activities and conditions that are
used to check thbehaviour of a business process. A causality graph represents behaviour
between a set of activities using two relationships, nhamelytback and lookahead links.

For instance a lockhead link from activity to a (neempty) set of activities, we say tithe
execution that activity leads to the execution of at least one of the activities in the set.
Furthermore, for a locgkack link from a (norempty) set of activities to an activity, we say
that the execution of the activity is preceded by the execafiam least one of the activities

in the set.

Figure 45 shows an example of business process similarity. It constitutes a simple
process of a product query based on BPMN notation. The similarity techniques should return
the value that indicates the extémivhich these two processes are similar to each other.

In order to assess the similarity first, we start by comparing the labels for each node
in the process model (i.e. functions). As such the assessment shows there are some
differences between the furans, for instance, buying goods in process 1 and buy special
goods online in process 2 and the same scenario for the functions Receive goods and goods

receipt. The similarity measures the distance between the two labels for each function.
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Therefore, it$ critical to consider the similarity of these functions to ensure they provide the
same result as the functions in the process 1. The additional assessment concerning similarity
at the process level is the structural representation of the two businessse This
considers the graphical representation of each process that includes the comparison of the

process features (i.e. start, end, sequence, split, joint) for each function

a——

Buy Goods }—» 4 'x\_‘_—» Good Receipt }—»

Buy Special Receive
Goods online Goods

Figure 5-5 Example of Updating Business Process

Fa

W

lmon:e }_’O Process 1

lmmce }—;O Process 2 ( Update Process)

Suppose that the two functions of goods receipt and receive goods both produce the
same result, based on the structural representation one has the sequence relation and the other
has the join which makes these two process to bedessesimilar to each other. So the
above case shows the result of incompatibility when upgrading the business process;
therefore, it is important during the change process to understand the impatifocation

in the ERP system

5.4 Critical Point for Ru nning Instances Affected by Change

This section describes some key aspects of the impact analysis assessment related to
how to manage running instances upon the modification of any ERP components. First, this
section explains the migration policies for ragimg the change during the runtime. Then,
demonstrates a technique referred to as the critical point on how to apply migration policies

for those instances affected by a proposed changeiisfigeld by our impact analysis

5.4.1 Migration Policies for Running Instances Affected by Change

The impact of modification at the design time allows the developer to reconfigure, or
redesign the components while the runtime refers to the instances, which require an action
for managing and controlling the modification meféciently. Note that in this thesis when

we refer to the impact of instances of any process, function or data, there is always a case
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where the effect of a modification results in changing the business process model of the ERP
system as well. For insta@, updating the purchase requisition also impacts all the running
instances of the purchase process.

There are two fundamental principles apply to manage the running instance during

the migration of the modified component.

1. The first principle implies © anticipating change and migrating the instance
where the instances are in a safe state. This means that it is not safe to migrate
instance to the new process for which the process or data object that is changing
still has to be executed. A safe statevizen the change can be applied without
causing any errors during the remainder of the execution of the process instance.

2. The next principle is referred to remove the old version of the process as soon as
all process instances are transferred in the stagzesthe execution can continue
based on the modified component. In this context, techniques are introduced for
dealing with running process instances and the policies to the migration of
instances, without violating any correctness and soundness prepertie

The work from(Casati et al. 1998)efines four types of migration policies during

runtime to manage running instances, nanegyflush, abort, migrate, aag-hoc:

X Flush: This strategy means that the current instances will continue execution until
completed using the old process model.

x Abort: All the active instances are terminated when the process model is changed,
and new instances will start accordingtie new process model. This is advisable
when there are few instances running in the system and mostly at the initial stage
of execution. This policy only applicabte the case when modification is related
to the delete operation;

X Migration: The runningnstances are migrated to the new process model based
on certain conditions that explain the next section (e.g. when the instance is
passed the critical point).

X Ad-hoc This strategy is only recogmd as an unforeseen exception, for which
the modificdion only applies to some running instances; however, the main

business process model may remain as unchanged.
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Consider the purchasing process and assume that due to newly emerging
requirements, a modification is requested. Suppose this process hasusumstances of
business transactions, which are still active in the system. Therefore, applying migration
policies manually to each active instances of this process is hardly a realistic option.
Similarly, stopping all the active process instances, afgpttiem or restarting them could
not be a viable option. Therefore, different actions can be made to handle on applying
migration policies during the execution of process instances. This requires a technique to
assign migration of instances during the g®process. We exploit the work frqi@asati
et al. 1998)nto our impact analysis that suggests one of the above strategies that are more
appropriate during tnimplementation of the change according to the execution state and the
number of instancesf a given process.

The next section explains the notion of critical point to define a migration rule for
each impact instances in a controlled and correct maAnemdamental challenge for the
ERP system is the ability to respond adequately to process change when a thousand
transactions are running in the system. The easiest way to correctly complete these running
process instances is to continue their executi@set on the original process model until
reaching a certain point in a process model that the modification has no impact on the

process instances.

5.4.2 Ciritical Point in Running Instances Affected by Change
The notion of critical point in a running instanceeated by changédulfils the
requirement to take a decision on when to migrate the process instance from the old version
p to the new versiop'.
The critical point is described as a specific point in the process model. A running
instance can be migrateadl the new process model if its execution has passed this point. In a
nutshell, let us consider a simple process P constituted by 5 activities A, B, C, D, E, as
shown in Figure % and let us assume that the proposed change occurs in C (the change may
refer WR LOQWURGXFLQJ D QHZ YHUYVLR@mpatiblX QdeWcatiRrQof& L H &
the input/output data object of C, or a process change that does not involve D or E). The

function C will be the critical point of all the running instances of proedsastances that
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have passed C in their execution will be safe, that is, they can continue their execution
according to the old or new process model, since the part of the process still to be executed
(D and E) is not affected by the proposed changearnost that have not passed C are not
safe to be migrated to the new process model, because they still have to go through the last

point (activity C) where the proposed change occurs.

Update Business Process:
. Active (Update Business Function C)

v Completed
I | L
) ) L o "
Process Model w A H B H [ H D H E
I I

}Crirical Point

Instance X
+ It’s Not Safe to Migrate the instance
Process Instances v _ v v ) _.
@+ c v x| Q
Instance Y

It’s now Safe to Migrate the instance
Figure 5-6 Example of Critical Point

Based on the notion of critical point, we can decide whether a particular change is
correctly applicable to a process instance in the current state of analysis or not. Thus, it is
important in order to identify the stage of executadreachprocess instance to be able to
apply migration policies. Through the identification of the function instances state, the
impact analysis can verify the transition states of the process instance. When instances pass
the modification point, then it is apgmoate to migrate process instance without any
difficulty to continue the execution. Based on the state of the execution at a critical point,

different actions can be made to handle the changes.
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The calculation of critical point is not as simple as in ¢hse of the example of
Figure 46. Our impact analysis considers two cases of how to compute the critical point of
business process instances to apply the migration:
x Simple Case: refers to the situation when there is no integration of the process
affectedby the change with other business processes.
x Complex Case: refers to the more complex situation when the process affected by
thechange is integrated thi other business processes in fibien of subprocess
that the migration policies are treated difféhgfior process instances that include
the execution of another process instance as a result of integration.
For each of the above cases, the critical fpisimefined differently. Firstwe discuss on
how to assess the migration policies for the busipessess without integration asSimple
case. The critical point plays a significant role in our impact analygigrticular,it defines
the procedures for active instance in the ERP system. As soon as this determination of
critical points achievedhe proposed action can be made. This provides an efficient way for
identifying the migration rule for process instances. Note that the aim of applying the
migration policies to the instances is not used for changing the instances based on
modification butalso to define the impact for handling the instances during the change
process. This is one aspectloé modification process for change monitoring.
The case in Figuré-7 illustrates the process model at design time with three
examples of the process iasce. Consider the scenaisshown in Figures-7 the change is
applied to procesB1 and results in proces8 fin which the functiorA2 is removed from
the process model. So to handle the running instance the correctness notion is necessary for
decidng when the process instances can migrate firimo new proces®¥1Y 7KXV WR
transfer the active process instances to the new process model, the state of process instances
is required to pass the point (i.e. in the above example is fukBomwhere thanodification
of a process model is relevant to the active process instance. This point is known as the

critical point where the transition can apply to the process instancéPftdoP1 q
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Figure 5-7 Notion of Critical Point for Simple Case

In the above example, the critical point is defined when the process instances have
completed the execution of functigk2, and then all the active instances can migrate and
continue the exedion according to the new process JAccording to section 8.1 that
classifies the migration policies, when the critical point is in the state inactive or active the
flush policies apply until passing this point. Flush policies for the above example mea
letting the process instances proceed according to the initial specification before passing the
critical point. Once the state of the critical point transfers to complete, then it is possible to
transmit the process instance according to the modifiesiorer

As for this case, when the critical point defines as completed the migration policies
can apply to the instance. We now discuss the notion of critical point in the complex case
(see Figuré-8).
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Figure 5-8 Notion of Critical Point for Complex Case

As far as integration concerns, the notion of a critical point is specified differently
compare to the above scenario. Figbh@ distinguishes the analysis of the critical point for
process instances witimtegration. The example shows the prode&ss integrated with
processP1 as a suprocess. Suppose the modification applies to the préteby replacing
the function with another that concludes as updating the pr&&3¥hen the execution of
proces$1 is started presumably, the instancéafcreates the instance for the procegsas
well as a result of integration. Therefore, to evaluate and apply the migration policies it is
essential to identify the critical point for both business procda2esd P1. However, there



is a different method we conduct for the identification of the critical point for each business
processes to apply migration policies.

Technically proces®2 is considered as a business function of pro&dsky which
any modificaton in P2 considers as an update the function block in proPdssin order to
apply the migration policies for instances of process P2 the critical point considers as the
point whereP2 is integrated with process P1. This is entirely different compaveithet
previous case.

The critical point in the previous case defined as the point where modification is
applied in the process model (i.e. proc&3 whereas in this case to define where the
processs called or is in used as a pubcess of another bugss process (e. Procd3y).

The migrationperforms when all instance of proce&d are completed or already passed at
the point where proced’32 is integrated. Otherwiseéhe Flush policies arearried outto
continue the execution until the instanceges this point and then migrate.

This also involves all the instances of prode&sTherefore, the migration policies of
processP2 depend on the state of the proc®isand how far is the instance away from
completion. The example of the above case li®wthere isa change in the purchasing
process and the process is integrated with the manufacturing process to supply the raw
material. In practice, it is not feasible to migrate the process instance until the process
instances are considered in thetestahere the modification is not violating the execution.
For instance, in ERP system first create a production order to anyaiaeluct that includes
purchasing of the raw material during the manufacturing process. So any changes in
purchasing also impatte instance of production. Therefore, it is important to check first the
state of the manufacturing process and then apply migration for those instances that already
passed the purchasing.

The next section applies all concepts defined thus far in thégpteh in the

specification of the impact analysis mechanisms.

5.5 Propagation Mechanism
In Section 43 we have reviewed different types of change in ERP system, however, all

rely on the analysis of dependency relations for estimating the propagation of changes
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Consequently, to specify the algorithms, we first need -#hsetetic representation of ERP

components and their dependencies (see TFab)e This is based on ERPmendency meta

model of Section 2.

Table 5-1 Set theoretic representation of ERP components

Set

Notation

Predicates

ERP system

Module

Business Data

Business Function

Business Processes

Process instance

Function Instance

Data Instance

ERP =< M,PRO,F,D =

M ={mu}p=13..n

D ={dp}k=12.x

F={fli=12.1

PRO = {proy}y=12,..p

INS, = {insp}j=12,..
FINS; = {ins;4}s=12...0

DINS;. = {insyz}z=12,..2

Interact (f;, dy. type) , type{l,0}input and output
Include (m,, f;) Module include functions

Uses (proy, f;)
Call (proy, pro,) ,a #b
Called by (pro,, proy).a # b

Create(pro,, ins, ;)
Create(insy,;, ins;4)

Create(ins; gz insy ;)

The settheoretic representation is required to give an explicit specification of the

algorithms for the preservation of the change analysis of the ERP s{Stenuzzi, Vonk,

and Grefen 2012)Classes in the metaodel inChapter 4 Figure-% are represented here as

sets, e.g. business data or business processes, wherdmstgsecapture the relations

between the classes. Predicates take as arguments elements of the corresponding sets

(Comuzzi, Vank, and Grefen 2012Predicates can be thought of as an operator or function

that may return a value either true or false.

Table 5-1 specifies a list of set elemsrif an ERP system with the set notion and

related predicates. The predicate in thisdat#@fines as the statement that shthesrelations

with the other member of a sewhich hasto be true. Tablé&-1 explains the following

definitions:
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ERP system is represented as a tuple<Mf Pro, F, D> where M is the set of
modules,Pro the set of proessesF the set of business functions, addhe set of
data objects currently in the ERP system

There are N modules,, in the ERP system and K data objeatis

There are 1 functions f; in the ERP system. The radicate
Interact (f;, d,, type) signifies that the functioff; uses the data objed}, as either
input (type=I) or output (type=0O). The predicaténclude (m,, f;) implies that the
function f; is part of the modulen,,.

Thereare P processepro, in the ERP system. Each process model uses function
from setF. The predicateUses (pro,, f;) indicates that the procegso, uses
function f;, and the predicat€alled by (pro,, pro,) specifies that the procepso,

is called by the processro, as a suiprocess. The predicat€all (prog, pro,) ,
indicate that the proceggo, calls as a suprocess the procegso,,

There are J Process instanue$, ; of procesgro, in the ERP system. The predicate
Create (proy, insy ;) signifies that the procegs o, creates a new process instance
ins, ;. Each process instanceldfS,, representing different case.

There are Q Function instanies; , that belonggdo each process instances in ERP
system. The predicaféreate(insp, I insi,q) signifies that the process instanits,
during the execution create an instance of funatisn,,.

There are Z data instandes, , that belongs to each processtances in ERP
system. The predicatéreate(insi,q, insk,z) signifies that the function instanées; ,

during the execution create an instance of datg,.
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One important aspect of impact analysis is how to specify a change that could be
understoodoy the algorithmgLee 1998) After defining the ERP system components and
dependency relations of ERP entities in the form of set theory, then it is required to establish
criteria todeploy change mechanism through the set of algorithms. As explained in Section
3.4 when business analysts want to assess the proposed modification, they need to analysis
the enduser requirement and define which parts of the ERP system are going tocbedaffe
through some criterigdlLee 1998) The following listing summares the criteria for
classifying change operations that cover in adphomy in section.4:

x Composition Type: Atone, Composite.

X Type of Operation: Add, Delete, Update

x Level/Scope of Change: Function, Data Object, and Process

After the change criteria have been defined, our algorithms start computing the
change impacts. The algorithms will find all members in thetiegi€ERP system that could
be impacted. According to the specified change criteria, the algorithms first assess the
compatibility at each change level (i.e., data, function, and process) then based on the
characteristics change level, inheritance, and mdgrecy relationship with other components

of ERP system computes the impacted items in the system.

5.5.1 Impact Analysis Algorithm: Update Algorithm

Based on the change taxonomy defined in Chapter 4, our framework defines an
impact analysis algorithm for eachlype of change, i.e., add/delete/update of data
object/function/process. In this section, we focus on the impact analysis algorithm for the
38SGDWH 'DWD 2EMHFW”™ W\SH RI FKDQJH 7KLV LV WKH PRVW
changing a data object mégar an impact on all the functions that are using it and all the
business processes that are using such functions (and the related runtime instances). As such,
the algorithm involving a change at the data object level is discussed in this chapter as

exempar cases. The other algorithms are reported in Appendix A
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5.5.1.1Business Data

To facilitate the reader, we provide a higlvel representation of the algorithm using
natural languagbased constructs (Algorithm 1) and, after having expththe algorithm,
we also providedetailed representation exploiting the -Betoretic representation given
before (Algorithm 2).

Algorithm 1: Updating Business Data:
1: Input: Update Data object d;, to d;.’
2: begin
3 Run Compatibility Check for the Data objects (d,,, d;.);
4 if Data object d;, Compatible with dj, then
5: Implement New Data object d;,’;
6: Retrieve all Functions using d;
rE
8

Retrieve all Process using Functions Found;
: for each Process Found do;
9: Retrieve all Process Instances;

10: Migrate all Process Instances to New Data Object d,,";

11: end for

12: Delete Data object dy;

13: else

14: Implement New Data object d,,’;

15: Retrieve all Functions using d;

16: Retrieve all Processes using Functions Found;

17: for each Process Found do;

18: Check Integration with other Processes;

19: for each Integrated Processes Found;

20: Run INTGPRD;

21: end for

22: Retrieve all Process Instances;

23: Create set for Process Instances without Process integration;
24: Create set for Process Instances with Process integration;
25: for each set do;

26: Compute the critical point;

27: if Process Instances Passed the Critical Point then;
28: Migrate all Process Instances to d;,';

29: else

30: Continue the execution for all instances till passes the Critical Point
31: Migrate Instances to New Data Object d,.”;

32: end if

33: end for

34: end for

35: Delete Data object d;;

36: end if

37:end

Algorithm 1 is triggered when a business analyst attempts to assess the modification
of existing data object in the system such as adding aa fe&ld or changing the attribute

type. Line 1 begins with the specification of the modification (i.e., change level and change
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type) that in this algorithm refers to updating the existing data object by replacing the old

versiond,, with the nev data object!, ' in the system.

As explained before it is always required to check the compatibility in a case of
replacing the existing entity with a newer versibime 3 then checks the compatibility of the

new data objectl,' aganst the previous versiog, (see Section .8.1). If the two data

objects are compatible, then the impact analysis concludes as the change has zero effect on
the existing ERP system and the new data object can simply substitute the old ot For
runtime, all the instances affected by the change can be migrated to new process models
involving the new data object. Therefore, Line 6 and Line 7sstath finding all the

functions and business processes in which the current data dpjescused. The main

reason for this assessment is to maintain the consistency throughout the system, in particular
for those instances that are still active in the system and using the old version of the data

object. Once the migration is completed &tiractive instances, the old data objégctnheeds

to be removed to eliminate the creation of the same data object twice in the system.

The other case is the one in which the two data objdgtand d, ' are not

compatible. Inthis caseijt is essential to compute the ERP components that are affected by
the change based on the dependency relationships identified by the ERP dependency meta
model in our framework. From line 13, the actual impact propagation rule applies, that
potentially returns a list of impact items. Firgthe algorithm starts retrieving all the business

functions thatthe data objectd, is created as the output or is in used as the input. Then

retrieves all the business processes where the busimeg®mhs found from the previous
step. Line 17 checks process integration for all business process obtained from the previous
section. If there is any integration with other business processes, then impact analysis calls

the algorithmINTGpg( for further checking the integration of process found and to monitor

and control the running instances that result from process integration. The process will be

completed when the algorithiNTGpg, is finished finding all possible process integration

and insances. Then at line 22 the algorithm represents the migration policies by retrieving
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the process instance of all process found at line 16. Since some of the process instances are
created as a result of process integration, then it is essential thegibtess instances into
two sets. One set refers to the process instandagegration, whereas the other is used for
the case without integration.

The reason for defining two sets is explained by the notion of critical point that
discussed in # prevous Section 2.2. Based on this definition, the critical point is specified
for both cases accordingly. Then for each process instance if the execution passes the critical
point then the instance can migrate to the new process model. While if the pnatasse
has not passed the critical point, it is recommended by impact analysis to continue the
execution until the state is transferred to complete at the critical point, then the instance can
migrate to the new process model. Once all processes iaestaare completed the
assessment, then impact analysis allows to remove the old version of the data object from the
system, as it is not advised to be used during the executianef transaction in the
system.
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Algorithm 2: Updating Business Data:
1: Input: UpdateData (d, d.")
2: begin

3 COMPATIBLE ¢« CompatibilityCheck (dy, d,")
4 if COMPATIBLE = TRUE then
5: CREATE d;' //Change can be implemented
6: FUNC C F « {f;: Interact (f,,d;)}
7: for each f; € FUNC Do
8 PROC C PRO « {prop: Uses (prowfl-}}
9: for each pro, € PROCDo
10: INST C INS « {ins, ;: Create (pro,, ins, ;)}
11: Migrate all ins € INSTp, to d,"
12: Delete d;,
13: end for
14: end for
15: else
16: CREATE d;’' // COMPATIBLE = FALSE
17: FUNC C F « {f;: Interact (f,,d;)}
18: for each f; € FUNC do
19: PROC C PRO « {pro,: Uses (pro,, f)}
20: for each pro, € PROC do
21: INTGprg S PRO < {pro,: Called by (proy, prog)}
22: for each pro € INTGpgg do
22: Call INTGpgro
23: end for
24 INS € INS, « {ins: Create (prog, ins)}
25: INS, ieh sare S INS « {ins: Create (ins,; ,ins, . )}
26: for each ins € INS do
27: if ins € INS, ;4 ;w7 then
28: CP « calculateCriticalPoint (pro,, pro,)
29: else
30: CP « calculateCriticalPoint (ko p‘mp}
31: end if
32: PASSED_CP + checkCriticalPoint (ins, CP)
33: if PASSED_CP then
34 Migrate
35: else
36: Flush then Migrate
37: end if
38: end for
39: end for
40: end for
41: Delete d;,
42: end if
43: end

Algorithm 2 provides the detailed repsntation exploiting the s#teoretic that
explains the same concept and mechanism as algorith@mrhone formal description.
To have a better understanding of the above algorithms let us revisit the simple

example explained in&stion 53 of a changecenario for updating the business data (i.e.



purchase requisition). In this example, as illustrated in figoh@® the compatibility

assessment first defines the modifications as incompatible, according testesraent

explained in section.8. Thereforethe algorithm starts analysing the impact items, which

cover the second part of the algorithm for updating the business data.
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Figure 5-9 Example of Update Purchase Requisition

The impact mechanism firsinfls the functions that this particular data object has
been used during the execution time form of input and output (i.e. Create Purchase
Requisition and Create Request for Quotation). Then the algorithm retrieves the business
processes, which the aboftenctions are used during the execution (i.e. purchase process).
Suppose that the business process has some active business transactions running in the
system that results from of various purchase requests of different products. Therefore, the
impact analsis has to capture these transactions to manage the migration of modification
appropriately.

As explained in section.% the transactions of the business process can be migrated
to the new process model if the execution has passed the critical pothis lcase, the
function (Create Request for Quotation) will be the critical point of all the transactions of the
purchasing process. Transactions that already passed the function (Create Request for
Quotation) will be safe; this means that they can coatiteir execution according to the
old or new process model since the other part of the process is not affected by changing the

purchase requisition document.
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For those transactions that have not passed the function (Create Request for
Quotation) are natafe to be migrated to the new process model because they still using this
data object during the execution.

Therefore, the impact analysis suggests continuing the execution until the transaction
passes this point in order to migrate the process accdalthg new process model. As soon
as the migration for all transactions is finished, the impact analysis allows deleting the older
version of the purchase requisition document so that the system can only perform based on

the new version of a data object.

5.5.1.2Process Integration

Algorithm 3INTG,,, is triggered when there is process integration found during the

analysis of another business process. Line 1 begins with checking process integration, which

first checls and retrieves all the business processalls business process,. If there is no
process found, then the algorithm proceeds by retrieving all the process instanegshait

are created during the execution. Same as the previous algorithm the instances are divided
into two sets where there is integration with other business process and without integration.
Then for each set defines the critical point. According to the notidheo€ritical point in

section 4.2 for each process instance impact analysis specifies tloaitiexe state of
instances, such that if the instance is in the active or waiting (i.e. inactive) state then it is
recommended to continue the execution until the execution passes the critical point. It is
reasonable to migrate the modification within thesihess process to the new version
without any interruption on running instances.

However, if the execution has been passed the critical point, then the migration can
be performed without any problems. The above scenario is developed for the case where
there is no further integration of a business process. In line 5 explains the scenario when the
algorithm found more integration to the business process. Therefore, the analysis continues
as recursive functionality until there is no further process integrétiand in the system (i.e.

called by other business processes).



Algorithm 3: INTGpg,
1: Input: Check Process Integration of pro,
2: begin

3 Retrieve all Process calling Process prog;

4 for each Process Found do;

5 Call INTGpgo

6 end for

7 Retrieve all Process Instances pro,;

8 Create set for Process Instances without Process integration;
9 Create set for Process Instances with Process integration;

10 for each set do;

11 Compute the Critical Point;

12: if Process Instances Passed the Critical Point then;

13 Migrate all Process Instances

14 else

15 Continue the execution for all instances till passes the Critical Point
16 Migrate Instances to new the modifciation

17 end if

18: end for

19: end

5.5.1.3Business Function

Algorithm 4 specified the case where the modification is associated with updating the
function. Same principle in Algorithm 1 also applies for this type of change. Tieeedce
is at the function level the impact mechanism only concerns the business process and
instance active impact.

At both cases of the algorithms related to the modification of function, and the
process does not involve the effects at the lower lewdich is data and function
respectfully. At the initial stage difie change process where the business analyst defines the
fundamental requirement for function or the process, the change in the lower level has to be
identified andanaly®d separately. Fonstance, if the modification is referred to the change
in the function, then it is essential first to satisfy the requirement regarding the data input and
output and ensure that these two types of data are available for the function to proceed. So as
for this the algorithm 4 and 5 (i.e., updating function and process) we assume that the
modification at the lower level is accomplished.

In this algorithm, we assume that the data for functions exist in the system. During

the function modification, the impaanalysis first checks the notion of compatibility. In a
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case of incompatibility retrieves, all the business processes that the fyfictiamcluded,

and then check for the process integration. Finally, the same principle applies toriing ru
instances as explained in the previous algorithm to manage the migration of process

instances.

Algorithm 4: Updating Business Function:

1: Input: Update Busienss object f; to f;'

2: begin

3 Run Compatibility Check for Business Functions ( f; , f;");
4 if Business Function f; Compatible with f; ' then

5: Implement New Business Function f; ;

6: Retrieve all Process using Functions f;;
7

8

9

for each Process Found do
Retrieve all Process Instances;
: Migrate all Process Instances to New Business Function f;’;
10: end for

11: Delete Business Function f;;

12: else

13: Implement New Business Function f; ’;

14: Retrieve all Process using Functions f;;

15: for each Process Found do;

16: Check Integration with other Processes;

17: for each Integrated Processes Found;

18: Run INTGggg;

19: end for

20: Retrieve all Process Instances;

21: Create set for Process Instances without Process integration;
22: Create set for Process Instances with Process integration;
23: for each set do;

24 Compute the critical point;

25: if Process Instances Passed the Critical Point then;
26: Migrate all Process Instances;

27: else

28: Continue the execution for all instances till passes the Critical Point
29: Migrate all Process Instances;

30: end if

31: end for

32: end for

33: Delete Business Function f;;

34: end if

35: end
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5.5.1.4Business Process

Algorithm 5 Updating Business Process
1: Input: Update Busienss Process pro,, to pro,’

2:begin
3: Run Compatibility Check for Business Processes (pro, ,pro,");
4: if Business Process pro, Compatible with pro, ' then
5: Implement New Business Process pro, ' ;
6: Retrieve all Process calling Process pro,;
7: Retrieve all Process Instances;
8: Migrate all Process Instances to New Process pro,’;
9: end for
10: Delete Business Process pro,;
11: else
12: Implement New Business Process pro,’;
13: Check Integration with other Processes;
14: for each Integrated Processes Found;
15: Run INTGpgg;
16: end for
17: Retrieve all Process Instances;
18: Create set for Process Instances without Process integration;
19: Create set for Process Instances with Process integration;
20: for each set do;
21: Compute the critical point;
22: if Process Instances Passed the Critical Point then;
23: Migrate all Process Instances;
24: else
25: Continue the execution for all instances till passes the Critical Point
26: Migrate all Process Instances ;
27: end if
28: end for
29; Delete Business Process Pro,,;
30: end if
31: end

Algorithm 5 in Appendix A specified the case where the modification is associated
with updating the business process. Same pimo1 Algorithm 1, 3, 4 also applie® this
type of modification. The main difference is at the function level; the algorithm checks the
impact on business processes and instances. While here, the algorithm concerns the active

instance and the impaceih of process integration if there is any.
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5.5.2 Impact analysis algorithm: Delete Algorithm

5.5.2.1Business Data

Algorithm 6 explains the case where modification is related to delete the data object
from the system. The algorithm first checks if the data object @ ligeother functions in
the system or not. If the algorithm captures function, then for each of the functiontéound
check the business processes. If the algorithm found any business process, then it is not
possible to delete the data object. This cadg applicable if there is no business process
included. Then after the algorithm only allows dielg the data object by authang on

deleting the function.

Algorithm 6: Deleting Business Data:
1: Input: Delete data object d;, from data object list

3 Retrieve all Functions using d;

4 if No Functions found then;

5: Delete Data Object d;

6: else

VE Retrieve all Process using Functions Found; // functions from previous step
8 if No Process found then

9: Check Delete Functions
10: else
11: Print Process as Impact
12: end if
13: end if
14: end

5.5.2.2Business Function

Algorithm 7 explains the modification related to deleting the businesgifm. The
first step is to check if the function is not used with other business processes. Then if that is
the casethe next step is to check thatoome of the function if data object is generated
from the function then it is essential to check tihat outcomesrenot used as the inpof
another function. Otherwise deleting the function is not applicable since it is violating the

system execution.
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Algorithm 7: Deleting Business Function:

1: Input: Delete Busienss Function f; from Function list

2: begin
3: Retrieve all Process using Functions f;;
44 if NO Process found then
5: Retrieve all Data objects that function f; creating as output;
6: if No Data Object found then
7: Delete Functions f;
8: else
9: Retrieve all Functions that using data object
10: if No Functions found then
11: Check Delete Data objects;
12: else
13: Print Functions Found as impact;
15: Print Data Object Found as impact;
14: end if
16: end if
17: else
18: Print Processes Found;
19: end if
20: end

5.5.2.3Business Process

Algorithm 8 explains the scenario where the modification applies by deleting the
business process. First checks the process integration in which the business process does not
serve the subprocess of another business process, otherwise it is not recommended since it
creates interruption during the execution of another business prd¢ess.if there is no

integration through calling another business process, then the analyst can delete the business

process by first managing the active process instance.

Algorithm 8: Deleting Business Function:

1: Input: Delete Busienss process pro, from Process list

2: begin

oxoasw

10:
11: end

Retrieve all Process that call process pro,;
if NO Process found then
Retrieve Process Istances;
Flush
else
Print Processes Found;
end if

Otherwise, if the instance number is more than the assigned threshold, theralgorith

suggests continuing the execution until all instances are completed. The algorithm allows the
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active instances to continue the execution before deleting the process. Once all the state of
process instances terminated to complete then it allows the priacég deleted from the
system. Note that by deleting the process we are not deleting any components in the ERP
system as the functions and data objects remain in the system.

There is also another strategy that can be applied in this modification foasgke
when there are some active instances exist in the system. Then the business analyst, can
make a decision through defining a threshold where the algorithm starts counting the number
of instances and then if the number is less than the proposed tHretienl the impact

analysis mechanism then allows the instances to terminate by applying the abort policies.

5.5.3 Impact analysis algorithm: Add item
Table 5-2 shows the preand post conditions for addition evaluation type that is
expressed as the sets cansing the ERP in the current state in which the evaluation has not
yet been applied (i.e. the-assituation type) with the one in which the modification has been
implemented (i.e. the tbe situation).
Table 5-2 Addition Modification

Evaluation type  Pre-condition Post-condition
dis1 €D
Add-Data Only if triggers from D" =D U {dys+1}
ADD-function
] new _ ]
Add-Function firs E F ) o F FU{fi+1}
Only if data objects are exist in the system Alnteract (fiyq,dy)
propy, & PRO PRO™ = PRO U {prop1}

Add-Process ) . .
Only if there functions are exist in the system AU ses(propﬂ. fE)

The precondition for the introduction of new components ensure that the item to be
added does not exist yet in the ERP system. In addition, the new process can only be
introduced if all the required function available retsystem and the same condition also is

applied to the function in which by adding the function the required data as input and output
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type must exist in the ERP system. The fmmstditions also contain the predicates becoming
true after the implementatiasf the component in the system (e.g. the new function should
interact with any data object from the Bein the ERP system).

From the point of view of impact analysis, introducing new components, as
modification type into the ERP system does not coneem effect on the current ERP
components apart from the implementation of the components. Therefore, only specific
action has to be taken to preserve the effort of implementation new components in the system

during the change process.

5.6 Impact Metrics
A metric is a standard of measurement. It is used to judge the attributes of something
being measured, such as quality or complexity, in an objective manner. A measurement
determines the value of a metric for a particular ol{jemtenz and Kidd 1994)

In the context of impact analysis, metrics have been primarily used for two purposes:
() the prediction of propagatioof the change in the system afi@) the prediction of effort
required to implement the change. In our case, these predictions are based on the simple
notion that the more complex a piecetlod ERP system is, the more likely to contain higher
risk if modified.

In our framework, we define two types of metrics:

X Measure (predict/assess) of the change propagation: to quantify the impact of the
entities modified at design/run time and, based on teine a risk level for the
proposed change;

X Measure (predict) of the effort: to estimate the effort of change implementation
based on the cosf proposed strategies to implement the modification.

The impact metrics developed in this research provimieenic views of the effect of
change, which allows the business analyst to evaluate the effect of alternative changes
quantitatively.

Figure5-10 depicts the process of defining impact metrics. It is based on three levels.
Given a proposed change, thetiadi level (Level 0) computes the number of ERP

components (business data objects, functions, and processes) and the number of running
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instances (data, function and process instances) affected by the change. Then (in Level 1) the
metrics of level O are ceerted into relative values, i.e. scaled against the total number of
itemin each category. Finally, (at Level 2) the relative impact metrics of level 1 are adjusted
according to the subjective importance of each category of impact, which is captured by a
weight factor. In other words, business analysts may consider that, in a given corgast,

on business functions ¢ine runtime is more/less important that impact in other areas, e.g.,

business processes, by assigning a higher weight factor to #tegertes in level 2.



Data Item Function Item Process Item
_—v Impacts Impacts Impacts
Design time
The Result from
Propagation Mechanism H
. I I I 4 .
Run time i | | i Level 0
Instances Instances Instances H
l '
Convert each Impact set to a Number Percantag_e of impact I.tem for each
ttem categories Overall percentage
Run of impact
@) ) @ “Propagation Metric” x% ECH z% a%. Level 1
Data Item Function Ttem || Process Ttem of data object of data object  of data object Design Time
@ [63)] ) I g % % ) w % B%
Data object Function Item Process Item of data of function of process Run Ti.me
Instances Instances Instances instances instances instances
Impact Weight
ms: wg: mg: wit 'f
Data Item FunctionItem || Process Item Design Time
* Impact Percentage = Total impact of Change Level 2
wf wf* @y’ Wt
Data Function Process Run Time
Instances Instances Instances 1o e

Figure 5-10 Metrics Level

5.6.1 Level 1: Impact Propagation (Relative Fraction of Impacted Items)
This section describes the metrics to measure the propagation of modification. Below
the deinitions of the terminology that is used in this section are given:

- DT Denotes Design Time
- RT Denotes Run Time

- nDenote the process (n=p), function (n=f) and data object (n=d) as ERP components

- DT,—u a4y Denotes the relative fedion of impacted items at each level of change at

the design time (process, function and data object)
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- RT,_g 54y Denotes the relative fraction of impacted items for each level of change at

the runtime (process instance, function instance, data oinjstaince)

- TPI Denotes the total relative fraction of impacted items (including both the design

and runtime).

The relative fraction of impacted items is calculated according to the number of
impacted entities for each level of change such asaigeat, business function and business
process in the system divided by the total number of entiti¢ke same categories. For
example, the percentage of impacted processes is calculated based on the number of all
affected business process divided bg tbtal number of business processes in the ERP
system that is:

A) Calculate the impact propagation at Design Time

Total Impact at Process Level o
= 0

P Total Number of Process

Total Impact at Function Level
DTf = 0,

Total Number of Function

_ Total Impact at Data Level

T, = 0
d Total Number of Data o

Possibly any of impacted items at design time could have sorgeing items at the
run time. Therefore, it is essential to calculdte percentage of impact at the run time for
each of the ites from the pervious section. Samprinciple and technique apply to
calculatingthe percentage of affected instances to compute the degree of change during the

execution time of the ERP system.

B) Calculate the impact propagation at Run Time

_ Total Impact at Process Instance Level "
P Total Number of Process °




Total Impact at Function Instance Level

RT; = 0
f Total Number of Function %

_ Total Impact at Data Inatace Level

= %
Total Number of Data

Finally, we can calculate the total percentage of impact including both design time
and run time. This informs us to what degree the impact pavgsthe entire ERP system.

C) Calculate the Total impa percentage
Total Impact of Item

Total Impact propagation (T1P) = Total Number of Item at System

5.6.2 Level 2: Relative Weight Assigned to Different Impact Categories

For ERP systems, changing a data object is likely to have a greater impact effect than
changes in the function of the business process level. In fact, both functions eesseso
use the data object. Therefore, the ripple effects of their modification are liable to be higher.
This simple consideration demonstrates that the relative importance of the impact of different
types of changes is not equal. So, in our frameworkjntreduce weights to adjust the
relative importance of the impact of different categories. In the case discussed before, the
weight associated with the data object level will be much greater than the weight assigned to

change the impact at the businessfiom or process level

5.6.3 Impact Weight Factor
Impact Weight Factor is a numeric value used to express the relative importance of
impacs at different levels of an ERP system (i.e., data, function, processes) and at different
stages where the impact appl{es., design time and runtime).

Weight factors (see Table-d w; lie in the rangd < w; <1, wheren is the ERP

components level (data, function, object) ans the stage where the impact propagates (i.e.
design time or runtime). Wdsa assume that the relative importance of modifications within

a specific level of ERP systems (i.e., process, function and data object) are the same,
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meaning that relative importance of the impact of all data object or function or processes is
consideredhe same.

The sum of all weightv;; defined in our framework equals to 1, so that a global impact

metric comprised between 0 and 1 can be defined.

The business analyst normally assigns values to these weights and weights can be
adjusted toit individual requirements of specific business contexts. Values can be assigned
based on common sense or personal experiencthey can be derived from surveys of
domain experts and previous pasiplementation maification projects. In Chapter, Gve
describe a preliminary effort to collect empirical data from different ERP experts to calculate
objectively the values of these weights using the Analytical Hierarchical Process (AHP)
method.

Based on the above rationale we introduce a measure call Img2caofie agMC;

that defines the impacif each level of change at each stage of runtime and design time and
the overall impacon the system. We compute this ratio by applying AHP method and score
and compare each type of impact set with another.

In definition 1 shows thahe weight ratio for each levef change first and illustration
on how to calculate the change impact by using the percentagesarbiekplained in the

previous section.

A. Calculate the Impact of change at Design Time

Process Function Data Total
d
Weight @p' wft w%t wft + of +wit =1
Process — IMC}t = wd* x DT,
Impact of change Function — IMCH* = wf* x DTy

Data objects — IMCS* = wi" x DT,
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To define the Total Impact of Change at the design all the impact change for each
impact set added together as follow:

IMC 9t = Z w3t x DT,
ne{P.f,d}

The same terminology also applige the items that impact algorithm captures as
instancs in the ERP system. Firstompares and define the weight based on the effort of to
migrate the instances. Applying modification to ERP system when the systesome
running instances of data type as an impact then it is more crucial to apply migcditooes
compare to the function and processes.

Process Function Data Total
Weight @5’ wr* wyt wpt + it + ot =1
Process — IMC;t = a);t X RT,
Impact of change Function — IMC;® = wi® X RT;

Data objects — IMC)* = w}f X RT,

Same as the design time the Total Impact of Change cosifoutéhe runtime by
adding all the impacts together as follow:

IMC™ = Z wrt X RT,
ne{P,f,d}
Finally, in order to define #h total impact ofthe change in the system including
design time and run time we compare the effort of modification for both stages. We assume
that the effort to migrate the ERP system at deign time is much easier to handle compare to

the runtime since wemight havea thousand instanserunning in the system and the
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migration policies need to apply for each instance. Thius,same principle applieso
computing the total impact of particular modificationtire system agrevious parts. The
total impact fo each stage of design time and runtime is calculated by the assigned weight

and added together.

Design Time RunTime Total

Weight ~ @“ W' 0¥+ o™ =1
Total Impact of Change = (IMC %) - w% + (IMC™) - @™

The methodology defines an impact metric that is directly related to the effort
predicted to implement a chanmethe ERP system. The next metrics compare and provide
the estimate in order to define the cost implication of the following impact in the system.

5.6.4 Metrics for Estimating the Cost/Effort Implications for Modification
Implementation

Impact analysis resuttan be used as a measure of the cost/effort of a modification in
the ERP system. The association between the metric and the effort is required to modify the
system and lethe business analyst to understand the effort of implementing a particular
change eenario. This metric allowsdetermine the cost implication of alternative
implementation strategies that enables maintenance team to monitor their actions during ERP
implementation of modification. Cost implication function is constructed in this section
from the quantitative analysis of ERP expert opinion about the estiretitet required by
each implementation strategy identified section 6. Such a gantitative analysis is
supportedoy the AHP method as a techniquer filve decisiormaking. Chapte6 providesa
more comprehensive explanation on how we obtain the cost estimate for each
implementation strategies.

The analysis for defining the cost implication for implementation of modification in

an ERP system is calculated based on the result otirapalysis algorithm in the previous
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section. By first identifying the number of impact item for each modification level such that
two data objects impacted, four business processes, and three business functions. Since the
change, committees have a bragadge of understanding of how to implement the change,
then they can propose the alternative implementation strategy for each of the modification
level. After identifying the proposed solution for implementation of change in ERP system,
the impact analysi starts to evaluate the cost estimate. Usually, there is more than one
implementation solution that can solve the same problem or satisfy the same requirement
(Lee 1998). Business analysis is then computing the cost implication to measure the cost and
theeffort needed to implement change in their ERP system

As a result, the more the change causes other modifications of ERP system items, the
higher the cost is. Carrying out this analysis before a modification is implemented allows an
assessment of the ¢axf the change and assists management to decide the best strategies for
applying the change into the system. This technique allows managers and engineers to
evaluate the appropriateness of proposed modification. If a change that is proposed has the
possbility of impacting a significant number of the item, the request might need to- be re
examined to determine possible and feasible way to implement the modification in the
system.

The calculation of cost implication of modification is distinguished in stages of
design time and run time where the impact analysis detects impact items. To quantify the
impact of the cost of implication for implementation of change at the design time, it is
essential to go through each item category and calculate the foosseparately.

The metrics be based on generated propagation results and attempts to capture the
overall effort for implementation in the ERP system. Some definitions of the terminology
that are used in the calculation of cost implication metricsisnséction are:

- ws= Denote the weight for implementation strategies at each level of modification
- a5; = Number of suggested strategies

- b, =Total number of impact at each level, wharsignifies on as any type ofeh

process, function or dafa, f, d}
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- EC;= Denote as the estimate cost of implementation whergdt, rt} as the stage
which is design time or runtime amd= {p, f, d} where n is process, function or data

object.

A) Cost at Process Level

ERP Workflow Interface
Process Bolt-on _ _
) _ Programming Programming Development
Configuration
Strategies Ws, Ws, Wy, Ws, Wsg

l. a5, = Number of process for suggested strategy

.  Xas =b,

as.
Si

wg,

lll.  Cost of Process Migration = EC,;” = Zsie (51055} "
14

In this formula first capture the number of proposed implantation by business analyst

for each strateg denote asis; wheres; signifies as the implementation strategies. The
) a;s;, = b, indicates that the sum of all proposed change should be equal to the total impact

at each level (e.g. if at the process levgldenote a the total number of item impaittan

the sum of all proposeimplementation strategies 6(551 +a,, .. asn) should be equal tb,,.

Qg. . . .
In the above formula& Cy* = Yg.e (s, f ws,, measures the cost implication of

modification as‘iC,‘ft indicate as the tal effort estimate of implementation at the design

time for business process. In this formula first calculate the cost of implementation for each

strategybased on the number of proposed implementation qi.ethat s; refer to the
implementation strategies) divide by the total number of impactb(jjeat process level.

Then multiple the results with assigned weighjdenotes as the cost weight that assigned to
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each implementation strategies. As shown in the alﬁonnulaEC{ft is the sum of all cost

for the proposed implementation solution.

A same technique also applies for the impact at function level, and data level. The
only difference is the implementation strategies, which for eatRl lis differen from
another.

B. Cost at Function Level

Function Bolt- ERP Code Interface  User

Configuration on  Programming Modification Development exits

Strategies W, Ws, Wy, Ws, Wy Wy

l. a5, = Number of function for suggested strategy

. Ya;, =bf

QAjg.
0,5

. Cost of Function Migration = ECfdt = ZSiE{sl.---,sS}b_' W,
f

C. Cost at Data Level

Data Query Interface
Configuration Modification Development

ws, W ws,

Strategies s2

l.as, = Number of Data for suggested strategy
. X ays; = by

Il Cost of Data Migration: EC}* = ¥

i€ {s1,s Ss}b_dl' Ws;
IV. Total Estimate Cost at Design Level: EC* = ¥, c(p ray ECE*

Once all the cost implication for all item at the design time are calculated then add
them together to define the cost impact at the design level. sldgmsfies that the cost

estimate that requires to implement the change according to the system specification.
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D. Cost at Running Instance Level

The calculation of cost implication at the run time refers to the migration policies that
are applied during thenipactanalysis mechanism in section 5.5. As noted in sectibthat
explains 4 migration policies of Migrate, Flush, Abort, and Flush and migrate, at the critical
point for process instances detected by impact analysis. We also add another policy as
manuwally checking the instances when modification applies. This policy is in used when the
impact analysis unable to define the critical point for process instances due to the complexity

of integration in business processes.

Manually _ Flush &
_ Migrate Flush _ Abort
Checking Migrate
Strategies Wsy Ws, Wy Ws, Wy
l.as, = Number of process instances assigned to each Policies
Il. Z ai'si = blp
IIl. Cost of Instance Migration: EC™ = Zsie {51,._”55}(;1—':. wg,

E. Total Estimate Cost of Impact

The total cost estimate of effort for implantation of modification is calculated by adding

both the cost at the design time and run timettogr as we demonstrate in the above.

Total Estimate Cost at Design Level: EC = EC™ + EC%

The example of cost calculation is depicted in FightEl. For instance, in this
example if number of data item impact is 5 and if we assume that 3 of the data object can be
modified through implementation and 2rdbgh the interface development. The cost
estimate is calculated the number of suggested implementation by the assign weight for each
strategy at each level of modification. After adds on all calculated cost for each level to

obtain the total cost of impleentation.



Impact set Implementatior Number of suggested
Weight Implementation
Configuration = w = 0.11 3
Number of Data Interface Development — @ = 0.43 2
mmpact
(e.g. 3) Query Modification =  w = 046 0

Configuration = @ = 0.03

Bolt-on - w =0.07

User Exit = w = 0.08
Number of Function

impact .
EERP Programming - w = 0.17

Interface Development - w = 0.24

Cost

Implication Code Modification - w = 0.41

Configuration = w = 0.04

Bolt-on—» w = 0.13

Number of Process

impact ERP Programming - w = 0.24

Interface Development - w = 0.46

Workflow Programming - w = 0.13

Mamually Checking - w = 0.48

Number of Process

3 ; Migrate » @ = 0.19
instances impact

ANZANNZANN

Flush and Migrate = w = 0.31

Cost estimate Total Cost estimate

(weight X number of suggested implementation)

Cost estimate for

3=0.11=0.33 Data modification
2 =0.43=0.86 (0.33+0.86+0.0=1.19)
0=0.46=0.00
+
n =0.03

Cost estimate_for
Function modification

Cast estimate for
Process modification

Cost estimate for
Instance migration

Figure 5-11 Cost Calculation

5.7 Summary

This chapter dealt with the second part of our framework, which refers to impact

analysis and impact assessment of ERP modification. The initial part eésstird impact

analysis requisition and how the mechanism is performed in order to capture the affected

item in our context. Second defines what compatibility entails in our context compared to the

GLYHUVH XVH DQG RYHUORDGLQ JoRwand/ systervlittthiree HRP SDWLE L

chapter discussed the notion of compatibility among ERP system components that we used

during the impact analysis mechanism. The compatibility notion is used to compare two ERP

components based on the description of the pmmants interface anBehaviour Then

described some essential aspect of impact analysis assessment related to how to manage
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running instances upon modification of any ERP components. Furthermore, described the
impact analysis mechanisms, which captuee ripple effects of ERP modifications on the
existing desigrtime and rurtime structure of the ERP system. Finally, presented of metrics

for assessing the effects of a proposed ERP change. These metrics aim at enhancing the

decision making to plan the ingmentation of the modification efficiently.
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CHAPTER 6 COST IMPLICATION OF ERP MODIFICATION

6.1 Introduction

ERP customization is a broad term which refers to the modifications made to the ERP
V\VWHP WR PHHW WKH RUJDQLVDWLRQ Y YelERA YehdbHaBBI QW YV WK
standard feature (Brehm, Heinzl, and Markus 2001) (Light 2001). However, many studies
(Somers and Nelson 2001); (Upadhyay, Jahanyan, and Dan 2011); (Alawattage et al. 2007)
indicated that the modification of ERP system is problematit raay increase costs and
limit maintainability thus it is essential to plan ahead and select the most efficient
implementation solution to eliminate the additional cost. As part of the impact assessment
phase, our methodology also includes the planning immpact of modification
implementation. At desigtime, this concern estimating the cost and effort of different
options for implementing the proposed change, e.ghpuse code modification versus bolt
on to a service of an external provider (RothenbeagerSrite 2009). At rutime, planning
concerns identifying policies for safely completing the execution of alitinn@ running
instances affected by the change. The cost metric during the impact assessment allows
determining the cost implication of altative implementation strategies, which enable
maintenance team to monitor their actions during ERP implementation of modification.
(Brehm, Heinzl, and Markus 2001) Present a typology of various ERP implementation
solution explained in Chapter 2 and usedhapter 5, but despite the benefits of having this
classification, there is no evidence that defines the cost difference between these solutions.
As a result, this chapter describes a preliminary effort to quantify the relative importance and
effort of different types of modification strategies at the desigre to hae a concrete
impact assessment

As discussed in the previous chapter while presenting the impact metrics of our
framework, the implementation changes at different levels and stages dé#fetent. For

instance, implementing change throughhad¢ modification of the source code of an ERP
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system implies much more effort than implementing the same functionality through simple
bolt-on to an external functionality provided by a third party. i/hihere is research
focusing on the classification and impact of different ERP modification strategies, research
addressing the cost implication of ERP modifications is still lacking. In this chapter, we
focus on the issue of evaluating the relative obslifferent strategies for ERP modification.

We gather the opinion of ERP experts in ERP implementations about the relative cost of
alternative strategies using an AfBsed online questionnaire. Based on the results of the
data collection, we build cofiinctions to compare the relative cost of alternative strategies.
Our approach represents a first step in quantifying the relative cost of different ERP
implementation strategies, and we deployed the result of measuring the impact metrics in
Chapter 5. Fithermore, the result can be exploited in decisi@aking problems related to

ERP change and evolution of selecting the appropriate strategies for implementation of the
new requirement in the ERP system.

This chapter is structured as follows. Section &tPoduces the research background
and related work about ERP modifications and provides a classification of different
strategies for ERP modification. Furthermore, Section 6.3 presents an overview of the AHP
decisionmaking technique. In Section 6.4, wesiig our AHRbased technique to construct
a cost estimate of ERP modification. In Section 6.5, we discuss and analyse the result of our

study whereas Section 6.6 summarises our contribution and outlines the future work

6.2 Classification of Different Strategies for ERP Modification

In most cases, organisations are going through the modification of ERP systems
without fully understanding and comparing the cost implications of the selected solution
(Rothenberger and Srite 2009). Estimating the cost of diffetteaitegies for implementing
ERP modifications is an open research problem. In this paper, we present a preliminary
empirical investigation of the cost of different ERP modification implementation strategies
based on the Analytical Hierarchical Process (Aaaty and Vargas 2012). In particular,
we first classify the type of changes that can occur in ERP systems and then develop an AHP
based technique that facilitates decismaking to identify the relative cost of different ERP

modification strategies. @ approach is based on the design of a questionnaire answered by
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ERP experts to compare and rate the modification options according to the cost of
implementation for each level of change.

As far as ERP modifications are concerned, (Luo and Strong 2004t that, if
approaches and frameworks for evaluation of customization choices are employed, then these
would help organisations to take decisions about customization during ERP implementation.
In the past decade, research effort has gone towards undergtathe reasons for
customization (Rothenberger and Srite 2009) (Zach and Erik Munkvold 2012) (van
Beijsterveld 2006). (Luo and Strong 2004) Were the first to propose a framework that unites
the business processes of the enterprise with their ERP sy$terpurpose of this framework
is to allow organisations to understand and identify the most efficient customization solutions,
according to the availability and feasibility of adaptation. More specifically, (Brehm, Heinzl,
and Markus 2001) develops a tégyy of technical customization categories that reflects
essential aspects of ERP tailoring (on the application, communication and database layer).

Work (Akkiraju and van Geel 2010) analyses ERP customization from a cost
estimation perspective by combiniran artefactentric approach and linguistic analysis
approach. Later the author (Ng 2012) develops a model for predicting the benefits and cost of
subsequent maintenance and upgrades to the system. Particularly about cost implications,
research such as (idng et al. 2004) (Ng 2012) (Akkiraju and van Geel 2010) (Parthasarathy
and Daneva 2014) evaluates the risks associated with customization decisions during ERP
implementation. All the studies mentioned above do not provide an empirical validation of the
proposed model and, most importantly, do not consider different implementation strategies for
ERP modifications.

There are different types of change that have been studied in the enterprise systems
and business process management literature (Kherbouche2€&1d) (Mento, Jones, and
Dirndorfer 2002). According to (Soh, Kien, and Tégp 2000) (Shiangyen, Idrus, and
Wong 2013), there are three types of modification that may occur within ERP systems to
handle misfit issues, such as the change in data outplbipsiness processes, and functional
change. Modification of business data arises when there is an incompatibility in the data
format and relationship in the data model (Soh, Kien, andYEgy2000). Functional change

may result from incapability in thexecution of the business data (Yen, Idrus, and Yusof
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2011). Finally, modification of business processes is devoted to the improvement in the
execution of business activities in ERP systems to model the workflow of the organisation.

For each proposed changhere are different implementation strategies available. In
the literature, the work of Bream address strategies on how to implement ERP modifications
(Brehm, Heinzl, and Markus 2001). Based on the description addressed in Chapter 2 about the
ERP custonzation strategy, not all strategies applied to the types of changes. Fable 6
explains the relevant appropriateness of the identified strategies for each type of change
(Parhizkar and Comuzzi 2015)

Table 6-1 Implementation Strategies for each type of Change

Type of Change Change type Data Function Process
Configuration Add-UpdateRemove 6 6 6
Bolt-on (addon) Add 6 6
UserExits Update 6

ERP Programming Add 6 6
Code Madification Add-UpdateRemove 6

Workflow Programming Add-UpdateRemove 6
Query Modification Add-UpdateRemove 6

Interface Development | Add 6 6 6

The next semn provides an overview of a technique namely as AHP in order to
compare these strategies according to the cost/effort of implementation during the
modification of ERP systems. A variety of research has employed the AHP method for
assisting decisiomaking in the area of ERP selection, ERP maintenance risk assessment,
and requirementbased ERP customizatiofParthasarathy and Daneva 20X%garfaraz,
Jenab, and D'Souza 201@juang et al. 2004however no evidence found that shows the

comparison between theestrategies based on the cost of implementation.

6.3 AHP Methodology for DecisionMaking
Analytic Hierarchy Process (AHP) (Saaty 2003) is multiple criteria decisi@king
(MCDM) methods, widely applied by practitioners and researchers to prioritise altesna

based on a set of evaluation criteria. The method allows estimating the relative importance of
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the evaluation criteria first, and then to prioritise the alternatives. AHP calculates priorities
based on the elicitation of pairwise comparisons fromedgp on both criteria and
alternatives, under the assumption that experts are more reliable when asked to compare only
two alternatives or criteria, as compared to three or more.

The AHP method comprises the following steps: first a complex decisidtepras
decomposed in a hierarchical model of goals (criteria) and alternatives (See Fijyure 6
second, pairwise comparisons of alternatives at each level of the hierarchy are performed,;
finally, after having checked the consistency of the resultsuttgnjents are synthesized to

support decision making (Saaty 2003).

Alternative 1

Criteria /

Alternative 2

Alternative 3

Criteria 2
Alternative 4

4

Figure 6-1 Representation of Hierarchical Model

6.4 Design Empirical Study

When faced with the implementation of a change in an ERP systeimessianalysts
are required to understand and estimate the cost of the proposed modification to plan the
implementation more efficiently. As we discussed before, researchers have tackled the
problem of the cost of ERP customization, but none is focusinth@rcost comparison
among alternative modification strategies. The AHP method could resolve this problem, by
allowing business analysts to prioritise the ERP customization strategies (indicated in Table
6-1) based on their cost implications.

Three stepsonstitute our study

x Development of the hierarchies and alternatives, i.e. ERP modification

implementation strategies;
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x Empirical survey of ERP experts to assess the relative importance of identified
alternatives, based on AHP;
x Creation of empirical cosufctions of alternatives of ERP cost modifications to

support decisioimaking based on the priorities resulting from the application of

AHP.
ERP Modification
C M
ERP Configuration (C) ERP Code Modification (M)
C-BP M-B C-B M-BO
C-BF M-BF
Business Process (BP) Business Data (BO)
Business Function (BF)
x C: ERP Configuration X BP: Business Process x BD: Business Data
X M: ERP Code Modification X BF: Business Function

Figure 6-2 Hierarchy Model based on onfiguration and code modification

The first step toward the design of this research study is to structure the problem in the
form of a hierarchy. We developed two hierarchical models as illustrated in Figuaed
Figure 63. The first one evaluatedee comparison of configuration and customization in
ERP systems, according tiee different level of change (i.e. Business Process, Function, and
data). The second hierarchical model considers the different types of strategy that can apply

to each level bDERP modification.
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ERP Modification

Business Object Business Function Business Process
Data
—  Configuration Function | Process
Configuration Configuration
Interface .
| development —  UserExits — Bolt-on
L Query — Bolt-on
Modification — ERP Programming
— ERP Programming | Workflow
Programming
Interface
Development Interface
Development
'— Code Modification

Figure 6-3 Hierarchy Model of overall strategies

In the second step, we developed surveys in the form of an online questionnaire to
allow ERP experts to compare the criteria and alteremtidentified by the hierarchies of
Figure 6-2 and Figure6-3 (see Appendix B). A total number of 100 experts, i.e. IT
Managers, senior ERP consultant, and ERP developeesimgted from the ERP Change
Management group in LinkedIn to fill in the sur8ee Figuré-4). A total of 28 responses
were eventually considered for analysis.

In our comparison, following the AHP best practices, respondents can capture the
relative importance of alternatives in a hierarchy assigning numbers between 1 and 9 in
pairrwise comparisons. The assigned value 1 corresponds to the case where two modification
strategies are considered equally expensive to implement a certain modification. The number
3,5,7,9 correspond to the case in which one of the two modification steategiensidered
more expensive in terms of implementatiamd the even number represeimtermediate
values (See Table®). An example of the possible comparison is provided in Figlhra$a

sample as we used in our questionnaire (See Appendix B)



ERP Specilist Distribution

B Number of participant

Business system analysis [N 7
ERP Developer [N 6
ERP Consultant [N s

Project Manager NG 7

0 2 4 6 8 10

Figure 6-4 Distribution of ERP Expert

Table 6-2 Pairwise comparison Scale

Verbal judgment Numerical Rating

Equally Expensive
Slightly Expensive/Cheaper
Moderately Expensive/Cheaper

1
3
5
Extremely Expensive/ Cheaper 7
Very Extremely Expensive / Cheaper 9

2,

Intermediate Value 46,8

The questionnaire was structured in three sections: the first section ascertained the
participant experience in ERP change ngmmaent. The semd part concerned the
prioritisation of the alternatives in the hierarchy of Figure.6The last part asked
participants to rate the relative cost of alternatives of the same type of strategies, i.e.
configuration and code modification, ang three levels of change in ERP systems in the
hierarchy of Figure €3. This is to scale the magnitude of cost for different levels of change
while building our cost functions (see next section for more details).

The analysis of the results collectedotingh the survey and the development of cost

functions is discussed in the next section.
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Q1) Please Compare Rows with Columnn for each Type of Modifications at Functional Level.

For example:
"Boit-on type of modification for ERP functions is Moderately more expensive than
Configuration”

«r than Configuration Scale From 1-9
Expensive Cheaper
The Belt-on is L O 5 |z|
The User-Exits is L ] [e] 4 |Z|
The ERP-Programming is L ] o] 6 |E|
The Interface Development is L] o 7 [=]
The Code modification is L O 9 |z|
than Bolt-on Scale From 1-&
Expensive Cheaper
User-Exit is o] ® 1 |z|
ERP-Programming is [ ] Q 4 |Z|
Interface Development is [ ] Q & |Z|
Code modification is [ ] C 8 |Z|
than User-Exits Scale From 1-9
Expensive Cheaper
ERP Programming is [ ] O |Z|
Interface development is [ ] C |z|
Code Modification is [ ] e} [=]

Figure 6-5 Example of Questionnaire

6.5 Analysis of the Results
In this sectionwe present the data collected througi survey and we discuss how,
startingwith those results. W created cost functions to compare different ERP modification

implementation strategies.

6.5.1 Normalization

$FFRUGLQJ WR $+3 SUDFWLFH SDUWLFLSDQWVYT UHV
comparison maites (one matrix for each evaluated hierarchy). Then, for each matrix, the
priorities were calculated as the principal eigenve(Eaaty 2003) Figure 66 shows an
example of the matrix resulrom one of the participant judgment that compares the
implementation strategies for ERP function modification. The figuéeshows the weight

using the principle of eigenvector on the right side.



5 2 5 ¢
Matrix g £ E ,E 3
< E ¥ o B % » €  normalized
§ § % =2 2E Zg  principal
1 2 3 4 5 6 Eigenvector
Configuration 17 119
260%\
Bolt-on 5 539%
User-exits 741%
ERP
Programming 14.78%
Interface
Development 21.84%
Code
Modification 47.85%

Figure 6-6 Sample of Matrix result for one

6.5.2 Consistency Check
The important constraint in this process is the consistency of pairwise judgment

provided by the decision makefSaaty 2003) The consigncy ratio is designed in such a

way that a value greater than 0.10 indicates an inconsistency in pairwise judgment. Thus, if
the consistency ratio is equal to 0.10 or less, then the consistency of the pairwise comparison
is reasonable. Otherwise, the po®d comparison can be adjusted to restore the consistency.
Then in Figureb-7 present the example of inconsistencyhiea pairwise compason, which

is required to beexcluded from analysisSuch an adjustment, however, should not

completely reverse thepmion of the decision maker.
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Table Criterion Comment Weights | Rk
1 Configuration 2.6% 6
2 Bolt-on 5.5% 5
3 User-exits 7.4% 4
4 ERP Programming 14.8% 3
5 Interface Developmsg 21.8% 2
6 Code Modification 47.8% 1
7
8
9 for 8810 unprotect the input sheets and expand the

10 question section ("+" in row 66)
Result Eigenvalue lambda: 6.442
Consistency Ratio 037 oot 026 | cr 7.0%

Figure 6-7 Consistency Check

6.5.3 Aggregate the Responses

There are several possible ways, introduced by (Escobar and Morémez 2007),
to aggregate the responses given Wfeddnt experts in AHP: (IS®126) aggregating the
individual judgments (AlJ) for each set of pairwise comparisons into an aggregate hierarchy;
(ISO- VIQWKHVL]LQJ HDFK RI WKH LQGLYLGXDOfV KLHUDUTF
priorities (AIP +taggUHJDWLQJ LQGLYLGXDO SULRULWLHYV DQG
derived priorities in each node in the hierarchy. In our work, we considered AIP, which is
more suitable for aggregate comparisons expressed by participants with heterogeneous skills.
After calculating the consistency index and adjusting for minor inconsistencies, a total
number of 20 responses were retained for analysis. A total of 8 responses, therefore, were not
considered further because they were showing great inconsistenciesofighete results
obtained using AHP and AIP method is presented in Figide 5
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a) Normalized Principle of Eigenvector of First Hiraracical Model (Figure 1)

1) Configuration:

Business Business Business
Object Function Process
38.8 37.2 24.1
2) Code Modification:
Business Business Business
Object Function Process
313 435 253

b) Normalized Principle of Eigenvector of Second Hiraracical Model (Figure 2)

3) Business Object Modification Level:

Data Interface Query
Configuration  Development  Modification
11.1 432 45.7

4) Business Function Modification Level:

Function Bolt-on User-exits ERP Interface Source Code
Configuration  Functionality Programming  Development  Modification
33 6.7 17 17.3 243 40.9

5) Business Process Modification Level:

Function Bolt-on Workflow ERP Interface
Configuration  Functionality = Programming Programming  Development
4.4 12.9 13.3 23.6 45.8

Figure 6-8 Weight Priorities

To build cost functions from the calculated priorities, we first needed to
compare the relativperceived cost of the same implementation alternative at different levels
of ERP modification. In other words, the last part of our questionnaire asked the participants
to rate the cost of the same alternative, i.e. configuration or code modificatiome at t
business object, business functions, and business process modification level. Note that such a
comparison could work only on configuration and code modification since they are the only
implementation strategies that apply to all levels. The resultabf awwomparison is given in
figure 68 (a). Based on the result of the priorities presented in Fig8rébpare rescaled to
obtain indicative cost functions for implementation strategies at the different level of the
ERP system. Results after rescaling shown in figure ®.
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ERP Business Function Modification

80 T4.02

70
60 y .
M Configuration
50 43.96
H Bolt-on
40
0 — = User-Exits
ERP Programming
20 1507 13.79
10 5.90 B Interface Development
o [— - - ™ Code Modification

Maodification Strategies

ERP Business Process Modification

99.65

a0 B Configuration
28.02 29.00 H Bolt-on

20 ! W \Workflow Programming
9.50 ERP Programming
10
- M |nterface Development
o

Modification Strategies

ERP Business Data Modification

37.30

o Configuration
10 M |nterface Development

Modification Strategies = Query Modification

Figure 6-9 Final Cost Results

6.6 Discussion

The informationis captured by our cost functions can help the business analysts to
measure and identify the difference between different alternative strategies for ERP
modification. For instance, in the case the sametion can be accessed externally (through
bolt on), implemented by extending the system (i.e. ERP programming), or develelped ad
(code modification), our results give a clear estimation of the cost implied by each of the
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three options. Our resultésa show that the perceived cost of different alternatives does not
grow linearly, but it follows a specific profile at each level of ERP modification.

The purpose of this research was to evaluate the perceived cost of different ERP
modification strategies We apply the AHP decisiemaking technique to elicit the
knowledge of ERP experts in assessing the relative cost of implementation alternatives and
we developed a set of cost functions to assist practitioners in selecting the most appropriate
implementabn strategy for a given ERP modification.

Our research approach contributes to extend the related work in the field of cost
analysis of ERP customization. The work (hyio and Strong 2004has been taken as a
foundation of ERP modification implementation options. In addition, the wor{8bghm,

Heinzl, and Markus 2004ptroduces nine types of customization solution without discussing
the cost implication of ERP systems. Our work complements such literature, by
consolidating more extensive knowledge to compare, in terms of cost implications, various
solutions in order to handtaeodification in ERP systems.

Our work is clearly in progress and can be refined by collecting more data, e.g.
involving a larger group of ERP expert with dynamic skills to, e.g. developers, consultant,
and manager, to increase the reliability of the testMost importantly, our results should be
validated in real ERP modification scenarios. At the same time, however, we argue that our
work can be helpful inany context related to decisiomaking about ERP change and
evolution.

First, we plan to use owost functions in the context of an ERP modification impact
analysis framework that we are concurrently developing. When different strategies for
implementing a given change are available, our framework will be able to rank alternatives
based on both theimpact on the ERP system as a whole and their implementation costs.

Exploring more customization option and adjusting our cost functions to different
types of ERP system, such asmmemiseand cloud ERP, will also be interesting directions

for future work.
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6.7 Summary

As discussed before while presenting the impact metrics of our framework, the
impact of a proposed change at different levels and stages can be different. For instance,
implementing change through -adc modification of the source code of BRP system
implies much more effort than implementing the same functionality through simplerbolt
to an external functionality provided by a third party. In this chapter, we described a
preliminary effort to quantify the relative importance and effortliferent types of impacts
and modify strategies. In particular, it provided more detail on the parameterization of
functions to estimate the implementation effort of ERP changes. We gathered the opinion of
experts in ERP implementations about the retatest of alternative strategies using an
AHP-based online questionnaire. The results presented in this chapter have been used to
improve the impact assessment metrics in the software tool implementation to enhance the
decisionmaking of applying a changen ERP system. Based on the results of the data
collection, we built a cost function to compare the relative cost of alternative strategies
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CHAPTER 7 PROOF OF CONCEPT IMPLEMENTATION

7.1 Introduction

This chapter gives more insight into the design and implememtaf the impact
analysis tool as proof of concept. An agile development methodology and a-cniodal
approach were chosen as the foundation of our implementation. First, we present the design
and implementation of the method for developing the impaatysis tool. Then we provide
detail about the tool implementation to support our methodology and, finally, by showing a
running example we demonstrate the feasibility and applicability of our tool.

This chapter first reviews on the software developmeathods and explains the
reasons for conducting agile methodology during the implementation of impact analysis in
Section 7.2. Then in Section 7.3 provides a detail description of the requirements including
the features and functionality that our tool capport. Section 7.4 discusses the design and
implementation specification as a modeiven approach and demonstrates the
implementation using Mendix, a modgiiven development tool. Section 7.5 provides a

walkthrough with the example to demonstrate hiog/impact analysis works in our tool

7.2 Software Development Process:

According to (Jacobson et al. 1999), software development is the set of activities that
are expected to result in software products. The software development activities must be
divided nto several different parts so that development flow is preserved. Methodologies
require a disciplined process in software development with the intention of making software
development more efficient and productive. Typical software development methedologi
are the Waterfall, Agile, RAD, Prototyping, and Spiral.

Typically, software development methodologies are divided into heavyweight and
lightweight. The heavyweight methods, considered as the traditional way to design software,
require a comprehensivelapning, detailed documentation, and expensive design.

Heavyweight methods are plan driven in which the development begins with the elicitation



and documentation of a comprehensive set of requirements, followed by architecture and
high-level design and ipection. The steps in these methods are based on a consecutive
series, such as requirements definition and analysis, design and solution development, testing
and deployment (Leau et al. 2012). Heavyweight methodologies require defining and
documenting a able set of requirements at the beginning of a software development
process.

The three most important methods of this type are Waterfall, Spiral Model, and the
Unified Process. The waterfall approach indicates a structured progression between defined
pha®s. All efforts, including modelling, are formed into workflows in the Unified Process
(Kruchten 2004) and are performed in an iterative and incremental manner. The spiral model
combines elements of both design and prototyping, to assist advantagesdofvtoand
bottomup approaches.

The lightweight methods, known as agile methodology, have gained significant
attention from the software engineering community in the last few years. Compared to the
traditional methodologies, the agile method applies tot stavative cycles and relies on an
implicit understanding within a team.

An Agile methodology is a method to software project management that contributes
to respond to the unpredictability of developing an application through incremental and
iterative work. Agile development methodology provides the opportunity to assess the
direction of our impact analysis throughout the development lifecycle based on iterative
cycle to build and test until it satisfies our objectives. (Qumer and Hendsedlens 2008)

Pg. 1900, described agile development as

3$ VRIWZDUH GHYHORSPHQW PHWKRG LV VDLG WR EH DQ
when a method flexible, (ready to adapt to expected or unexpected change at any time),
speedy (encourages rapid and iterative dgweknt of the product in small releases), lean

IRFXVHVY RQ VKRUWHQLQJ WLPHIUDPH DQG FRVW DQG RQ LP
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7.3 Requirement Specification

7.3.1 Impact Analysis Functionality and Development Iteration

An agile based method meaning, iteratimsed developmemtnd a feature driven.
Iteration can be thought as the stage during software development where the developer can
check and test the system features and get the feedbacks abBehéveour The feedback
can provide information emphasis on the operatiomswvbether the system works as it
supposes to be or not.

The previous chapters have presented an understanding of the domain problem and
the design of our framework. The framework has been embedded in a software tool (i.e., a
decisionsupportssystem) to dmonstrate the feasibility of our approach for the business
analyst during ERP poesinplementation change. The design of impact analysis tool has been
divided into three phases: the ERP dependencies model that explains the interaction between
existing ERPsystem components; the impact analysis that involves the mechanisms of
different change operation; and the impact assessment to quantify the impact of proposed
change based on the result of impact analysis. Successful development of our impact analysis
tod entails that the requirements are stated clearly for each phase, to understand how the
impact analysis tool works. Therefore, it is important to identify the main features and
functionality of the tool by defining the main requirements. According tabiltve phases,
the following list classifies the fundamental requirements that we aimed to be achieved
during the development of our Impact Analysis tool.

X The initial requirement is to create the dependency repository this should be defined
by the businesanalyst to extract the information from the ERP system and mapped
them accordingly to the impact analysis tool. Business analysts can then explore this
information about the desigime components, e.g., a list of business processes,
functions, modules @hdata objects. The tool also needs to facilitate the users to
create asnany processnstances available in the ERP system and allows them to
check and define the status of running instances. This facilitates the definition of the
ERP dependency model imged by our framework.



X For impact analysis, the process begins with performing the impact mechanisms
according to the change operations verified by the user from the change request form
to find the affected components through the analysis of dependgusjtosy.

X The last requirement is that impact analysis tool access the informatmnt ab
impacted items and synthesssinto a compact set of impact assessment metric for
decision makers. During the assessment, the impact analysis tool should be able to
give an estimate of the effort associated with different strategies for implementing the
change. The tool also needs to provide a basic dashboard to graphically compare the
impact of the different change request regarding a number of affected components
and effort estimation.
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Figure 7-1 Representation of impact analysis tool based on change process framework

To demonstrate the above requirement, we outline all activities redqaidslelop into

the impact analysis tool. Besides, Figurel 7llustrates the association between these
activities at each phase of our framework.

1) Mapping ERP components: the analysts can define and assign all ERP system
components (i.e. process, functialata, module) and creates the dependency relation
between them.

2) Composition/Integration: the analyst can design the process integration in the tool by
composing different business process together to demonstrate the complex cases for
analysis. (e.g., th@roduction process uses procurement process apreubsses
when purchasing the raw material).

3) Exploration: Allows the analyst to observe and search the ERP components
throughout the system. Furthermore, this functionality provides information about
basc requirements and dependencies with other components amedgsingthe
requirements (e.g. the tool can confirm which functions are using the data object as
input and output while searching for a particular data object).

4) Creating Process Instance: thalysts can specify a process instance for a particular
transaction in the ERP system. Process instance creation enables to create an instance
of a different kind such as functions and data that is associated with business
processes.

5) Monitoring running istance status: the business analyst can monitor and update the
state of each process instance.

6) Register change request: the business analyst can create and store various types of
change at different level and types according to the taxonomy introducéx in t
previous chapter. This is achieved through filling the change request template while
analysis the ERP end user requirement.

7) Impact Analysis: when business analyst runs the impact analysis the tool can evaluate
the dependency on different components eomoag data, functions, processes, and
instances, etc. and classifies them into a report. Also, the tool can define what actions

the analyst has to take during the migration of running instances.

171



8) Impact Assessment: Measures ttlepth of impact through thesk assessent
metrics defined in Chapter &d estimateshe effort and cost required for change
implementation.

9) Result Visualiation: the tool should provide a representation of impact assessment
for all changes requests to compare the number oftaffemomponents and effort
estimation to enhance a better decision for planning the implementation.

Figure 7-2 demonstrates the main use case of overall impact analysis tool. The
proposed toold developed in three iteratioreach explained in detail in xtethree sub

sections.
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Figure 7-2 Use Case of Impact analysis tool

7.3.1.1First lteration

The first iteration is illustrated in Figure3 and it concerns all the requirements to
preserve ERP components depemikes during the execution of the impact analysis tool.
This includes the development of ERP dependenciesmediel explained in Chapter 4. At
this stage of development, the tool allows the business analyst to map the ERP system
components to assess thepamts. The tool also facilitates the creation of instances that
represented at the business transaction in ERP system during execution time. This also
allows the user to monitor the status of the process instances and update the state of progress
until the completion. During the creation of process instance, the impact analysis creates

instances of all the components included in the process model (i.e. function and data).
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Figure 7-3 First Iteration ERP Dependency Model

7.3.1.2Second Iteration

The second iteration shown in Figure4 is concerned the implementation of the
impact analysis mechanism. In order to preserve the impact of modification, it is important to
define the characteristic of modification by dreg the change request and evaluate it based
on the level and type of modification. Then, according to the request specification, the tool
implements therelated mechanism explained in Chaptertd run impact analysis.
Furthermore, in this part of the plementation, the tool needs to apply the migration policies
on the active instances that are identified during the execution of impact mechanism.

Once all impacted item capture for both design time and run time the tool should
generate the report summangdicating the number of items impacted in the system. The
report then measures the propagation of impact according to the degree of complexity and
the importance of the adification items (See Chapten.5Then based on the result of

propagation establigls the level of modification risk.
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Figure 7-4 Second Iteration Impactanalysis

7.3.1.3Third Iteration

The third iteration described in Figures focuses on the planning of implementation
as a result of the mditiation. In this stage, the impact tool asks the business analyst to
assign the implementation strategies for predicting the cost/effort implication of the change.
Based on the number of impact items for each category from the report in the previous
iteration, the user can propose many possible solutions for a particular request and compares
them to make a dec@i about which strategies britige less costor implementation. The
visualisation compares the cost of implementation among impact items dategoch as

data, functions, processes and running instances.
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Figure 7-5 Third Iteration Cost Implication
7.4 Design and Implementation Specification

7.4.1 Model Driven Approach

One of the latest technologiesatthave been established in the past few years is the
modeldriven approach. Current trends such as Mdaxtetlen Architecture (MDA)(Soley
2000)or other modetentric approaches are positionimgpdellingunder the attention more
than ever beforéBézivin 2006) Modeldriven engineering is the development of software
based on the use ofiodels, which can develop application much faster than a classical
coding implementation. The modativen approach provides the designer with asyewvay
to abstract and visuaéighe application. This method makes use of executable code either in
a formof a highlevel programming language or by direct implementation of the model.

In order to design and implement our impact analysis tool, we selected the Mendix
platform to accomplish our objective. The next section will discuss the reasons for choosing
Mendix @vww.mendix.com a modeldriven application and further explains the features of
this application that maket easier to develop our impact analysis tool for this research

purpose.

7.4.2 Mendix: A Model-Driven Appli cation Development Tool
Mendix application was established in 2005 and started as eof§pirom the
Technical University of Delft and the Erasmus University of Rotterdamis dpplication

has been recograd as a leader compared to the other applicatioat support a visual and
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modeldriven approaclof developing a software tool. Mendix provides a medtelen
enterprise application platform that enables business analysts to develop-ceentsd
business applications that can be integrated angtediao many existing IT & business
environments. Main advantages are increased flexibility, accelerated application delivery,
and reduced complexity.

The primaryadvantage of using Mendix is that the database is maintained by itself.
Mendix provides a vde range of components and can be easily included by just a click. The
forms can be added quickly and insert new data into the database as well as update or delete
existing datgRodrigo 2012) Mendix can be appropriately used for prototyping because the
entire application can be rebuilt very quickly to matcteaolving requirement specification.

7.4.3 Mendix Features
There are three fundamental elemeimtsthe development of an application in
Mendix, i.e., the Domain mod&Vjicroflow and pages (i.e. Forms):

x Domain model: isa data model that describes the inforrmaatin the application
domain at an abstract level.

x Microflow: allows the developer to express the logic of the application using a
visual notation similar to flowcharts and Business Prodésdelling Notation
BPMN.

x Pages: define the engser interface athe end application generated by Mendix.

7.4.3.1Domain model

The domain model is a data model that represents the conceptual design of the
application. The domain model is essentially used for developing and handling the database
of the system. Similar to UML aks diagrams, the domain model consists of entities and
their relations represesd by associations (see Figure6)7 In Mendix designing and
creating, a domain model is an essential phase in developing an application, and it can be
generated effortlesslthrough drag and drop of the entities into the working area. Then
attributes of entities are determined through the click on the entity where you can specify the

entity name and add as many attributes as required by describing data types and constraints.



In the database, every entity is preserved in one separate table and has columns of attributes,
with a unique identifier for the object. If an entity has specializations, there is also a column

showing to which entity belongs.

| Operation |

Type_of_operation (En...

Cperation_Data_0Object |
1
* * -
| Function ——‘@ Data_Object |
Function_ID (String) * % | Data_ID (String) :
Function_Description (... Function_Data_Outpat I Data_Description (Stri...

Figure 7-6 Mendix Domain Model (Example of function and data object)

7.4.3.2Microflow

The unique feature psented by Mendix is the use ofidvbflow for creating and
managing the data. Microflow is the graphic representation of the cods Hyilied to the
desired actions and events. Microflow allows the developer to express the logic of the
applicaton. The graphical notation of igtoflow is based on the Business Proddsslelling
Notation (BPMN). Additionally, during the development, giking is operated through
Java code at the backend. It also provides all the essential features of a typical programming
language like looping, start/end events, data retrieve, etc.

As showedin Figure 77 a Microflow is composed foelements. Below is a
categorigd overview of all elements. The following categories are used:

X Events represent start and end points ffieroflow and special operations in
a loop.
x Flows form the connection between elements.

x Gateways deal with making choices and merging dffepaths again.
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Event Arifacts Flows Activities Gateway

Figure 7-7 Microflow Elements

X A parameter is data that serves as input for the micro flow. Parameters are
filled at the location from where the micro flow is triggered.

X Annotation provideghe micro flow with input and allows comments to be
made.

x Error handlers can be set on an activity, gateway or loop to define how to
handle an error.

X Activities are the actions that are executed in a micro flow. A looped activity
is used to iterate over lest of objects. For every objedhe flow inside the
looped activity is executed.

Figure #8 showsin the example of a simplMicroflow that we used during the

development of our impact analysis.
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Figure 7-8 Mendix Microflow (Create Business Function)

In this exampleMicroflow is created to manage the addangew function type of
change in an ERP system. The Microflow adds new functions to the component list (i.e.
function list) and checks all function the loop that if there is any input has been assigned to

that or not.

7.4.4 Mapping our Framework to Mendix

Mapping of elements between two different models is called a model transformation.
This approach helps to clarify functionality and to provide &ebetfew of the application.
Model transformations are rules that transform models or transform data from one model to
another. Modeto-model transformations convert information from one model or models to
another model or set of models, typically whdre tlow of information is across abstraction
boundariegBeydeda, Book, and Gruhn 2005)his sectia explains two types of model
transformations that we used during the development of impact analysis application, i.e. the
transformation of the dependency metadel to the Mendix domain model and the mapping
of impact analysis mechanisms to microflow ralsd O L O D Q R Y LThe first one refers
to the transformation of the UML dependency model from chapter 3 to the Mendix domain
model as a central architecture of Menapplication.

The example transformation of the ERP dependency model to Mendix domain model
is shownin Figure 79. It includes two phases: Phase one covers the ERP system at the

design time and the second part is related to the runtime compondre&BIP system.
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Note that not all the classestire UML model are mapped in the domain model such
as the types function (i.e. manual, internal, or external). Also, in the domain model, we
defined other entities in order to demonstrate the associatiorzttyre.g., using the node
entity to identify the sequence of function in the process model. Appendix D provides a

more in depth presentation of the domaiodel that presented in Figured7
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Figure 7-10 Mapping Process BPMN to Mendix Microflow (analysis of change request)

The second mapping process outlines tlamdformation of the impacts analysis
mechanisms to Mendix microflow that represents the business logic of the impact analysis
system. The impact analysis mechanisms have been first translated to intermediate BPPMN
representations, which have then beendia@ed into Mendix microflow. The transformation
is specified as a direct mapping from BPMN to Mendix microflow elements as exemplified
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in Figure 710. Figure7-11 shows the microflow of impact analysis in case a change request

requires updating a busirsegrocess (&. the sukprocess of Figure-10).

L

Change_Request
ChangeRequest

Retrieve Create ‘ Retrieve list of Retrieve listof | IteratorProcess_Instance
Ik Process by L Process_Impac P f ProcessInstanc cesslnstanc
4 sChange_Requ ot £ drocgss rem 1 g from
est/ChangeReq ({Impact_Type, RIEREDE database
iC nstance
a

Process MNewProcess_Impact Process_Call_Process Process_InstanceList
Process List of Process ist of s nce

Process_Impact

Figure 7-11 Mapping the BPMN for the algorithms 4 to Microflow

The example of process mapping is shown in Figuid.7lt explains the updating process
mechanisms of the algorithm 5 in Chapter 5. Here changes the request is used as a parameter.
The Parameter is data that serves as input for microflow. The change request defines the
process impact and the associated item. The microflow first considepsottess from the
change request as the initial object, which is affected by the modification. Then, the
microflow checks the process integration with other processes that used this process as a
subprocess during the execution. According to our impact sisatyechanism explained in
Chapter 5, the microflow retrieves all the business process instances in the system, which
requires further actions by other microflows through the loop. Further, this microflow
represents the decision making on whether the psocalled by another process during the
execution. If so, it is necessary to investigate the effects of process integration further

through the exedion of other microflow
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7.4.5 Implementation of Tool GUI

The Mendix forms are defined based on the entitias fitte domain model, such as
ERP components, modules, process, functions and data and perform the action through the
association between entities and microflow. The forms are to define the end user interface of
impact analysis application. Every page dedirelayout with widgets such as data view and
the data grid. The data view shows the content of the single object whereas the data grid
shows a list of objects from data based. The new/edit button shows a simple form that
contains labels, textbox and taris. Other buttons in a widget can associate with related
microflow to perform an action. After defining all pages and form for our impact analysis
then start testing a modification scenario of an ERP system to prove the feasibility of our

approach

7.5 Tool Demonstration: Running Example Walkthrough

This section provides a walkthroughth the example in order to demonstrate how
the impact analysis works in our tool. A generic ERP system is considered for our demo that
involves a list of business functiordata, processes, and business transactions (instances).
This information will then be used for testing the tool to define the effects of modification
for this particular scenario.

We consider a scenario of a manufacturing firm with production, purdhasivd
sales activities. A list of modules, business process, functions/activities, and documents/data
object is first specified and then mapped into our impact analysis Eglire 712 depicts

an abstract view of the processes, modules, and functiohis garticular ERP system.

7.5.1 Mapping the ERP Dependencies

This section represents the design specification and includes screenshots of some of
the feature and functionalities mapped in our impact analysis tool. FigiBeépresents the
list of items cotained in the present ERP system. During the mapping, the user creates or
edits the ERP components. This functionality is only available during the mapping time of
the ERP components and once all the ERP components added in the impact analysis tool the

edit or create an option is no longer available to the.user
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Figure 7-12 Example of ERP system

The initial part of the mapping starts with transferring all data objects of the ERP
system. Figure 713-b represent the list of data objects included in this ERP system. The
second part of the mapping process is to define a set of modules, and each module specifies
the functionalities that only belong to that specific module (Figut8-@). Every time a new
module added to the system the business analyst has to create a new set of functions for that.
As for each new function, it is essential to assign data to objects for input and output of the
function. The final process of mapping iskiéd to business processes and the transaction
(See Figure -13-e). The new business process model can include the execution of the
functions of different modules. After specifying the process elements, the impact analysis

can generate as many processanees.
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( I ,\ R !‘3 ; > A Home Page Run Time Change Request Template Change Request List Change Impact

Module
Process
Function
Data tem

Welcome To Change Impact Analysis
Tool For ERP Modification

Data Item List

FUNCTION INPUT 1D FUNCTION INPUT NAME FUNCTION OUTPUT ID  FUNCTION OUTPUT NAME

$D-004, SD-002, SDO. Create Customer Inquiry, Create Contac 50001 Create New Customer

FA-003 Display G/L Account Balance FA-004 Post Receipt of Customer Peyment
FA-006, FA-004 Display Bill Doc Cutomer Invoice, Post FA-005 Create Invoice for Customer
S$D-010, MM-004 Yic n e, Post G $0-009, SDO Create Outbaocund Delivery, Pick M.

SD-009, SD-008, SD-011  Create Outbaound Delivery, Display Sal 50006 Create Sales Order (Refering a Quotation)

Module List

EEEEIEREER

MODULE 1D MODULE NAME
SA-01 Sales and Distribution
PROD-03

MM-04 Material Manangement

EEE BT

FUNCTION 1D A FUNCTION NAME DATA INPUT

PP001

PP002 A DATA NAME

PP003 Matenal Master Oata
PP004 solay

PP-005 n p ations O ﬂ

PP000 . s . o Pr m

- 7 Re t. DATA IO A DATA NAME

0000-1.5 Routing

Figure 7-13 Example of mapping ERP System components

The process model as discussed in the previous chapter consists of sequences of
functions. Figure 714-f shows the list of processes supportedtiiy ERP system and in
detail the functions and the sequence of operating then in Figlideg.7 Once business
process model is defined for the system, then business analysis can generate and monitor the
process instances progress by defining the statedoh function instances included in the
process instance in Figurel3-h.



Process List

= List Proocess Model

el (el Rl S | wvovonocessvoon

PROCESS 1D A PROCESS NAME
PRO-MM-1 Purchasing (Stock Procurement)
PRO-PP-1 Production (Subassembly Planning)
PRO-PP-2 Production (Make to stock)
PRO-SD-1 Sale (Order to Cash)

PRO-SD-2 Sale (Make to Order)

PRO_INT_2 Process Intergation (Sales, Production, Procurement)

NODE SUB PROCESS
SEQUENCE A TYPE NODE 1D FUNCTION FUNCTION NAME MODULE NAME

o Start PP-1-000
Function PP-1-001 Review Demand Man. Production Plann...
Function PP-1-002 Run MPS With MRP Production Plann...
Function PP-1-003 Check Stock Status Material Manang...
Function PP-1-004 Convert Planning Orde... Production Plann...
Process PP-1-005 Purchasing (Stoc...
Function PP-1-006 Issue Good to Producti... Material Manang...
Function PP-1-007 Confirmation Producti... Production Plann...

Function PP-1-008 Receive Goods from P... Material Manang...

Production (Subassembly Planning)

Node Process Instance (ll)

m m # EDIT W DELETE © FUNCTION INSTANCE G CHANGE T UPDATE FUNCTION INSTANCE

PROCESS INSTANCE ID PROCESS ID A PROCESS NAME STATE

PP-800019 PRO-PP-1 Production (Subassembly Planning) Complete
PP-800021 PRO-PP-1 Production (Subassembly Planning) Active
PP-800025 PRO-PP-1 Production (Subassembly Planning) Active
INT-7800035 PRO-PP-1 Production (Subassembly Planning) Active

INT-7800040 PRO-PP-1 Production (Subassembly Planning) Complete

Figure 7-14 Example of Process Mapping of ERP system
7.5.2 Requirement Analysis

7.5.2.1Change Log List

The request indicates as the repoyitof all modifications in the ERP system with
the impacts and status, which specify the stage of the request during the modification
process. This page illustrated in Figurg% supports the following functionality: the analyst
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can create a new changejuest; then run impact analysis to define the impacts; create a

summary report of impact item types; compute the impacts according to the importance of
modification items and finally assign the implementation strategies and calculate the cost.
Once the chage request is created then it is stored in the change request log list for further

analysis.

Change Request list

Q SEARCH + NEW # EDIT 1 DELETE < IMPACT ANALYSIS T APPLY MIGRATION POLICY = GENERATE REPORT 1to 16 of 16

ol IMPACT PROPAGATION S ASSIGN STRATEGIES $ CALCULATE TOTAL COST W8 VIEW COST STRATEGIES
CHANGE v CHANGE CHANGE FUNCTIC
0 TYPE LEVEL DATA NAME DATA ID FUNCTION D PROCESSI PROCESS NAME DATE PRIORITY  STATUS
CR-UP-123 UPDATE Process PRO-M... Purchasing (Stoc... 31312016 1 Pending for Analysis
CR-UP-09 UPDATE Process PRO-PP-2  Production (Make... 2/3/2016 1 Pending for Analysis
CR-UP-08 UPDATE Process PRO-SD-1  Sale (Order to Ca... 113112016 2 Approved

CR-UP-07 UPDATE Process PRO-SD-2  Sale (Make to Ord... 3/2/2016 1 Approved

CR-UF-02 UPDATE Function Create Invoice for C... FA-005 12/3012015 3 Approved

CR-UF-01 UPDATE Function Check Stock Status MM-017 1111812015 2 Reject

CR-UD-123 UPDATE Data Purchase Requsition #00D-16 2/10/2016 1 Pending for Approval

Figure 7-15 Change Request List

7.5.2.2Change Request Template

As noted before in Chapter 4 and 5 to run the impaatyais the business analyst has to
translate the end user requirement in our tool by addressing the modification criteria into the
change request template to create the request. In this stage, the business analyst has to define
which component is going te changed and specifies the type and level of modification.
Figure 716 demonstrates the example of purchase requisition modification from the
previous chapter. In this example, the end user asked for improvement of creating a purchase
requisition. Thughe analyst identifies the type of modification (update) and level of change
(function) and then select from the list of function purchase requisition. In addition, they had

to provide the description of the request and define the priority level basdt ather
dependencies in the system (If there is modification associated watfutittion as input

and out).



New Change Request

Change ID CR-UF-123
Change type UPDATE

Change level Function

Select Function

S Create Purchase Requsition

Function ID MM-008

Date /82016
Submitter Name John Smith

Submitter Role Business Analyst ﬂ

Change Description The Motorbike manufacturing Company reguested to improve the

functionality of creating purchase requisition. The functionality should be
extended to provide an estimate of alternative prices of the product/service
to be purchased by searching the purchase history of the company. This
information enables the purchasing group to understand the approximate
price of the purchase and also defines the range of price for their suppliers.

Priority 2 H

Status .
= Pending for Analysis H

Figure 7-16 Example of Change Request
7.5.3 Modification Analysis

7.5.3.1Impact Analysis

The change requeéist the business analyst selects the new change request (update
function for purchase requisition) and runs the impact analysis by clicking on the impact
analysis bottom from the list. According to the change specification, the impact analysis
computesthe appropriate mechanism as explained in Chapter 5. Then the tool starts
assessing the dependencies and classifies the impact items into different categories.

Figure 717 shows the example of updating purchase requisition function, which
demonstrates thkst of business processes that use this function following a list of active
process instances. During the first iteration impact analysis captures all the instances

(transaction) including completed oriherefore, after the impact analysis shows theolis
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all impacts in the first place, and then the analyst has to deduct those completed instances
from the impact list and defines the migration policies for each active instEmsepart of
analysis outlines the notion of the critical point from the @&a5. Therefore, by clicking on

the green button with the impact list, the result will be then updated the instances by

removing the completed one and defines the action for thaségiinstances in the system.

CR-UF-123
UPDATE

Function

Function Detai of Request

ESECEION e Create Purchase Requsition

Function 1D MM-003

impact List Function Function Instance Process Process Instance Module

IMPACT - PROCESS
TYPE D PROCESS NAME

Process PRO-PP-1 Production (Subassembly Planning)
Process PRO_INT_2 Process Intergsation (Sales, Production, Procurement)

Process PRO-MM-1 Purchasing (Stock Procurement)

Impact List Function Function Instance Process Process Instance Module

#f SEARCH UPDATE PROCESS INSTANCE IMPACT 1to9 o019

IMPACT TYPE INTANCEID 4 ACTION ‘ STATE PROCESS

Processinsta. INT-7800035 Migrate Active Production (Subassembly Planning)
Processinsta INT-7800035 Flush then Migrate Active Process Intergation (Sales, Producti ..
Processinsta PO-45000011 Flush then Migrate Active Purchasing (Stock Procurement)
Processinsta PO-45000012 Flush then Migrate Purchasing (Stock Procurement)
Processinsta PP-001234 Flush then Migrate Production (Subassembly Pianning)
Processinsta___ PP-001234 Flush then Migrate Purchasing (Stock Procurement)
Processinsta_ .. PP-800021 Migrate Production (Subassembly Planning)
Processinsta PP-800025 Flush then Migrate A ctiv: Production (Subassembly Planning)

Processinsta.. PP_800025 Migrate Purchasing (Stock Procurement)

Figure 7-17 Example of impact analysis list

7.5.3.2lmpact Summary Report

The business analyst can view the impacts summary after impact analysis is
completed capturing affected items in the ERP system. This reports showing the number of

each impact itesicategories against the total number of item in the ERP system.
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In addition, the report distinguishes the impact item at design time and ttiengun
At the top page show the total number of items and the total number of the impacted items in
the systemThis report only gives the analyst the information about the number of items
only. Later this result will assess further to measure the impacts based on the level of
importance for impacted items. The example in Figui® Bhows the total number of items
is 1879 and the modification impacted 21 including 4 at the design time and 13 item at the
run time. The business analyst also can view the specific detail of each item category by

clicking on the impact detail that shows the impact list items

Total Number of Item in ERP system

Change Function

Total Number of Impact ltem in ERP system o,

=l CRAUF-123
Function Name Create Purchase

Function 1D MM-008

Total tems at Design Time
NUMBER OF PROCESS NUMBER OF FUNCTION NUMEBER OF DATA TOTAL NUMBER OF ITEM &

= 47 40 193

Impact at Design-Time

TOTAL NHUMBER OF IMPACT ITEM &
NUMBER OF IMPACT PROCESS NUMBER OF IMPACT FUNCTION NUMBER OF IMPACT DATA (DESIGN TIME}

3 1 o 4

Total tems at RunTime
NUMBER OF PROCESS INSTANCE NUMBER OF FUNCTION INSTANACE NUMBER OF DATA INSTANCE TOTAL NUMBER OF INSTANCES &

=1 459 174 1704

Impact at Run-Time

NUMBER OF IMPACT FUNCTION TOTAL NUMBER OF IMPACT ITEM &
NUMBER OF IMPACT PROCESS IN STANCE INSTANACE NUMBER OF IMPACT DATA N STANCE {RUNTIME}

El 4 o 13

Figure 7-18 Example of Impact Summary Report

7.5.3.3Impact Percentage

This part refers to Chapter 5 that explains the measurement of the metric. The aim
here is to demonstrate the propagation of impact and predict theofiskhange

implementation. This prediction explains that the more complex a piece of ERP components



is more risk involves applying the modification. To obtain this type of assessment, the
analyst again selects the change request from the request lishardick on impact
propagation. Then the page will pop up include two parts. The first part/tab provides the
scaling result that shows various types of scaling to present the result according to the
percentage of impact. Figurel® shows the example ofishcase for three levels of ERP

component (data, function, and process) for all change requests imenpdel in the impact

analysis

Change Propagation (Function) Change Propagation {Data)
1]

3
i

| 10 |
5
1
I L .
122 € ch-ukiz ca-uo-0z ca-uo-03 c&-up- 122 CRTST Ca-um-o9 Ea-un 22

hange Esquent

B Dasige Tims B Ron Tima

Change Propagation (Process)

¢

' I I I
CR-UD-02

CR-UD-0% CR-UD-122 CR-UF-123 CR-UP-0% cR-UP-123

Changs Gequast

I Cusige Tima Bl Bun Tims

Figure 7-19 Example of Impact AssessmenPart one (Percentage)

For eab category distinguishes the impact result at the design time and run time. For
instance, the example of updating function shows that there is no impact for the data object,

and impact at the function level is relatively small. Whereas the impact of oaddifi for
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business process shows that 50% of business process affected at the design time and 30% of

process instances at the runtime

7.5.3.4lmpact Assessment

Figure 720 explains the second part/tab of the impact assessment in which for each impact
set we asgin impact weight as explained in Chapter 5 to calculate impact propagation. The
weight signifies the importance of applying changes at each level and stage of the ERP
system (design time or run time). Then according to the result defines the risk oh@pplyi
changes to the ERP system. As such the business analyst can analyse and make a decision
based on the impact result on whether to plan the implementation or the impact result is

carrying a huge risk that the modifiaatiis not applicable to apply

RISK
CHANGE ID A LEVEL TYPE OF CHANGE IMPACT AT DESIGN TIME IMPACT AT RUNTIME TOTAL IMPACT WEIGHT ASSESSMENT STATUS

CRUD-02 Data UPDATE 4 0 o.iom  High Reject

CR-UD-05 Data UPDATE » 0.07 011 Medium Reject

-
CRUD-123 Data . 0.03 0.07 Low Pending f.

-09

CRUP-123

Change Impact

0.2

i
0.15
.
B " HA= I
-UD-05 CR-UD-1223 CR-UF-122 CR-UP-09 CR-UP-122 ©

CR-UD-02 cR

@8 Total impact Ml impact at Design Time M Impact at Run tima

Figure 7-20 Example of impact assessment part two (propagation and risk)

This result of this visualisation allows the business analyst to implement a different
solution for a particular requirement and evalude impacts by comparing two sets of
change request together. For instance, to satisfy the requirement of the end user, there are
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two possible solutions available to apply like updating the business process or update the
business function and data obgcThereforethe analyst can compare the two solutions

according to thempact result and make decision

7.5.3.5Cost Analysis

This section allows planning of implementation according to the impact result. Since
the business analyst and impact committees hawensixe knowledge about the system
configuration, then they can propose different ways of implementation for each impact set.
Such that if the impact analysis detects three business functions as a result of the
modification, then they can suggest differargtys of applying a change to these functions
through the configuration, code modification, boft or other applicable solutions. This
information can be retrieved through the discussion of with ERP developer and business
analyst to identify a possible swion for each set of impact items implementation. Then the
business analyst proposing various planning solutions like the example in Fi@lre 7
illustrates a proposed planning solution for a particular change request (update create a
purchase requisitiofunction) according to the impact analysis result. After assigning the
solution for each impact item, then the tool computes the cost based on a calculation that is

discussed in Chapter 5
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Implementation Strategies =

Strategies for Data Implementation Strategies for Function Implementation Strategies for Process Implementation Runing Instance Implementation

Number of Impact 0 Number of Impact 1 Number of Impact - Humber of Impact 5

CE N R Cr R

Configuration 0 Configuration 1 Configuration 2 Migrate Instance

Interface 5 Inferface Interface Flush then Migrate
Development Development Development Instance

Query Modification Code Modification Workflow Mannully Define
Programming

0

ERP Programming .
Total Cost ERP Programming Total Cost 027

Eolt-On Bolt-On

User-Exits.
Total Cost

Total Cost

Figure 7-21 Example of Implementation Strategies

As noted the business analyst can propose as many solutions for one particular
change request to compare and make a decision on the best strategies for implementation.
This result shows in the FigureZ2 shows a possibkolution for one change request. The
result shows that the solution PRO 1 is relatively expensive for implementation. The analyst
can also compare the solution from together to define better implementation plan like
solution PRO 2 and PRO 3 that resulPIRO 4 as the most efficient way of implementation.

The scaling of cost implication demonstrates the total number of the cost each item

categories from 0 to 1 and the total cost of modifon is measured from O to 4.
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Figure 7-22 Example of Cost implication of modification

7.6 Summary

This chapter gives more insight into the design and implementation of the impact
analysis tool as proof of concept. First, it presents an overview of the software development
methalologies and explains. Then an agile development methodology and adrigdel
approach were selected as the foundation of our implementation. After it provides a detail
description of the features and functionality of impact analysis and discussessitye ahd
implementation of thertefactdevelopment through adaptation of meddlven approach.
The chapter concludes with a demonstration of a case in order to test and address

functionality and feasibility of tool implementation.
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CHAPTER 8 FRAMEWORK EVALUATI ON AND
DISCUSSION

8.1 Introduction

This chapter is designed to provide empirical evidence to validate the achievement of
our objectives. In software engineering research, when developing artefact it is
essential to evaluate tlaetefactin order to engre that it can operate in practice. Following
the design and implementation of our impact gsialapplication from Chapters 4 andlais
chapter aims to explore the viability of the discussed concepts and approach and play a
formative role for further eévelopment. The fundamental question here is how to evaluate
our approach and the designed impact analysis application. This concerns the explanation of
the evaluation criteria, and the evaluation method in order to answer the above question. As
such, thischapter is structured as follewrirst Section, .2 presents our evaluation goal and
the method and explains the evaluationggsaof our assessment. SectioB @emonstrates
the two case studies of ERP system and provides the result to perceive ithiétyfeals
applying impact analis tool. Further, in Section8discusses the two types of experimental
design with ERP experts and nRerpert users in change procedure to assess the
applicability, functionality and usability criteria fompact analysistool. Section &
demonstrates the applicability and functionality resulthef study with ERP experts and
concludes this chapter on discussing the result of usability assessment with two groups of
ERP experts and neexperts.

8.2 Evaluation Method

8.2.1 Evaluation Goal
For evaluation, we follow the principles of DSR (Design Science Research) that
consists of building and evaluatimgtefacs, models, methods, or instantiations. March and
Smith (1995)emphasissevaluation as one of the two activities in desigersce: build and

evaluate.  This thesis focused on the design of a framework for impact analysis of
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modifications of ERP systems during posplementation and developed a tool to assess
and evaluate the change. The main purpose of evaluation is to sitoputidesign solution
has certain properties that warkder certain condition and behawea particular way.

To demonstrate the feasibility of our methodology, Hmgefacs for ERP post
implementation change management described in the previous saetionplemented into
a prootfof-concept decision support software tool. Many computing researchers do not
evaluate whether thertefactdoes work in realif e context. Their objective is to show proof
of concept only via a functioning tool. However, soimeis the implementation will need to
be compared with existing methods and approaches to demonstrate an improvement of the
designed product. In this context, our main evaluation goal is to demonstrate that the tool
and the change process were able to anmpmodification output for business analysts and
developers to mnage changes effectively in $eesystems compare tbe existing approach.

Based orn(Oates 2005, Hevner et al. 20@49prk on many criteria for evaluating an IT
artefactcan be considered during the evaluation process, such as functionality, completeness,
applicability, feasibility, consistency, accuracy and usabilfpr charactering design
science research evaluation where the deaiggfactis a productwe can use a quality
model such as ISO 9128S0-9126 2010)as inspiration. ISO 9126 is an international
standard for the evaluation of ldrtefacs. ISO 9126 specifies 6 characteristics namely
Functionality, Reliability, Usability, Eiciency, Maintainability and Portability and 21 sub
characteristics. Evaluation regards the development of criteria and the assessment of the
artefact] Yerformance in comparison to the criteria. The criteria we used depend on the
reason we developed thmpact analysisartefactwhich in this thesis is to support the
business analyst and developer in the management i.e. specification, analysis, and assessment
of ERP posimplementation change. The evaluation of our impact analysis tool should lead
to the onclusionin the design process and as well as the design tool and may suggest that
further improvemenin either the approach or tool.

Based on the studgf the above literature and with the regards to our main research
objective we select the followingriteria taken from ISO 9126 to evaluate our impact
analysisartefact

X Functionalityis the capability of software to providienctions, whichmeet the
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stated and implied needs of users under the specified conditions of usage.

X Usability is the capabilityof the software product to understand learnestd

and attractive to the useshen used under specified conditions.
Overall, our evaluation aims at answering the following questions:

1. Is the proposed change impact analysis tool feasible to apply andt ghexic
effect ofthechange in any ERBystemi.e. assessing the functionality)

2. How fit is the tool to support business analysts (EPR experts) requirements to
manage the ERP peshplementation change process and assess its impact
comparsto the existingsolution? (i.e. assessing the functionality with the ERP
expert)

3. How easy is the proposed impact analysis tool for ERP user (such as ERP
expert or norexpert in ERP change management) to operate the task and

navigate through menus? (i.e. assessing thailiigp

8.2.2 Evaluation Method
To evaluate the above criteria, we used a case study, interview and questionnaire as data
collection methodOur evaluation is based on the following two phases

X The frst phase (Phase 1) investigates the feasibility of our itrguaadysis toql
and we evaluate to what extent our tamn handle standard functionality
provided by commercial ERP packages. We decided to consider two gealido
organisatios, i.e., GBI (Global Bike International) for SAP ERP 6.0 and Cronus
for MS Dynamics NAV 2013 R2 by mapping all the functionality and feature and
run various change scenarios. The dependencies among ERP systems components
have been mapped manually based on the dependenaynoe¢! represented in
Chapter 5Note that, although mapm manually all elements of an ERP system
is very time consuming, this activity has to be executed only once after the go
live of the system and, in principle, can be partially automated using common
APIs and programmatic interfaces of the ERP software weadid not have
access to. For each system, we first have identified a set of standard features.

Then, we have evaluated whether our toah handle changes of the identified
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features. This process hassheexecuted following a custora Delphi method,
whereby the list of ERP package features and the matching with the functionality
in our framework have been identified first by the authors and then discussed with
the research supervisor and ERP professional to achieve substantial agreement.
The ®cond fhase (Phase 2) carries out the study design to evaluate the
functionality and usability of impact analysis tool and approach with ERP users.
The study is divideth two group of people o two parts as follows:

o First Part (Part I) evaluates the impactlgsia application functionality
ZLWK D SDQHO RI (53 SURIHVVLRQDOV ZLWK DYH
with different types of ERP systems (SAP, Oracle/JD Edwards, and
Microsoft Dynamics) in different industries (banking, higher education,
ERP consulting) These experts have been chosen because of their
experience on a range of different ERP software packages in different
industries. The panel of experts covers both ERP business analysts and
ERP developers who have grown into consulting roles duringagaeser.

Each session has involved a setmuctured initial mterview and a hanes

on sessionwith the tool, concluded by a followp interview. Sessions
have lasted on average 2.3 hours. The objective of the initial- semi
structured interview has been tmderstand the current practice at the

H [ S Hargarfisdtiorregarding posimplementation change management.

In the handsn session we have demonstrated our methodology using a
walkthrough our running example and asking the interviewee to run other
chang management scenarios. The purpose of the concluding foflow
interview has been to gather feedback from the expert on our methodology
and its tool implementation. Further, the study is designed to evaluate the
degree of applicability and functionality f othe prototypical
implementation, i.e., evaluate the fit for purpose in practice.

o Second Part (Part Il) this evaluation activity has involved the panel of 7
ERP professional and 12 master students in Business Systems Design who

recently completed an inwoctory course on business process
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management and enterprise systems. The objective of this evaluation is to
investigate the usability and usefulness of our impact analysis design and
implementation by asking the participant to run some change management
scenarios and gathering feedback through answertugestionnaire.
This requires the evaluation of three claims:
X The information provided by impact analysis is useful for ERP practitioner to
understand the effects of modification in ERP systems.
X The impat analysis tool and our approach can facilitate the practitioner to define
impact more easily than before

X The impact analysis tool can be useful and easy to use faeRBrexpert

8.3 Evaluation Phase 1: Case Study Evaluation
In this section, we outline how puaase &idy evaluation was conductea thoroughly
evaluate our gproach in a real world contexth& tool has been instantiated for the case of
pseudereal organisatios, for demonstration purposes by two leading commercial ERP
solutions i.e., GBI (GlodaBike International) for SAP ERP 6.(INetweaver 2009gand
Cronus for MS Dynaics NAV 2013R2 (NAV 2016). The main reason for selecting these
two instantiations is that both have evolved for several years as an example of ERP systems
for training purposes and are now sufficiently complex to be comparable with ERP
installations in real world contexts. The sadtw tools and the documentation relating to the
system specifications are freely accessible under the respective academic programs.
Before we elaborate each case study in thisie® we first briefly summares our
evaluation process in this phase, whicmsiss of the following steps:
1. Identifying the necessary components of each ERP instance asdhmampto our
impact analysis tool.
2. Designing change operation scenarios and implesndmm in our impact
analysis tool.
3. Applying the impact analysis mechams to test our impact analysis framework.
4. Checking the correctness of the impact analysis result according to the

dependency relationships.
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5. Comparing the feature of our impact analysis then defining to what extent our
tool is able to handle standardntionality provided by commercial ERP
package.

In this section, for each system, we investigated on dbERP systems and captured
the business scenarid3ependencies among ERP systems components have been mapped
manually based on the dependency mmetalel represented in ChapterThen we designed

and run modification scenarios of different type and obtained the impact result of the

affected components. At the end of the assessment, we evaluated each ERP system features

and functionality and comparetiem with our impact analysis result. The result should
indicate that which set of standard features of ERP systems the impact analysis can support.
The next two susections explain each case study and should prove the following
statements:
x The impact aalysis tool will find the same results that were determined manually
X The impact analysis tool has the capability to map the components of any ERP

systems in ordeotpresenthe dependencies

8.3.1 GBI SAP Case Study

Global Bike Inc. is a design and manufaatgrfirm of both offroad and racing bikes
(Global Bikg. Along withthis, GBI implemented SAP ERFersion 6.0(Netweaver 2009)
for the following division Material Management, Controlling, Production Planning, Sales
and Distribution, and FinancAll ERP functions are centrabd with the primary objectives
to reduce costs for thifrm. The GBI facility manufactures products for the US and
international market. The warehouse manages product distribution for the retailers and
individuals. GBI also sells accessories product line comprised of helrsbiiststand other
riding accessries. GBI operates two production facilities, has three assembly lines and can
produce around 1000 bikes per year. During the mapping process, we capture the ERP
components @ms as depicted in below Tabld 8
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Table 8-1 Total item captured in GBI case study

Stage Number of Processg Number of Functiong Number of Data Item{ Number of Modules
Designtime 6 47 40 5
Run-time
(instances) 31 499 1175
Total Item 1902

GBI has outsourced the production df-mad and touring frames and wheels. GBI
primarily assembles serfinished goods into finished goods at its production facilities.

Finished goods are either stored in the local warehouse or shipped to other regional

distribution centresto fulfil custoner orders. The graphi@igure 81) below displays the

complete process of production and presents the integration of material management with

financial accounting department (20 tasks).

* MM= Material Management
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Figure 8-1 GBI Production Process

GBI starts the purchasing process by creating a new vendor and master record for a
trading good in the system. After checking the stock (emfitg)procurement process ssart
by creatinga purchase requisition, generate a request for quotations and enter the quotations
from various vendors including a new vendor. After evaluating and accepting the quotation
of Supply GBI create a purchase order referencing the RFQ then post the goqutsaretei
verify the physical receipt in stock and finally post the payments to the vendor and review

the G/L accountsThe Figure & below displays the complete process (17 tasks).

* MM= Material Management  * CO= Controlling * FI= Production Planning

Figure 8-2 GBI Purchasing Process

GBI sells its bikes exclusively through Bicycle Dealers (IBDs). An etd&ash
process is taken on a different department of Sales and Distribution (SD), Materials
Managemenand the Financial Accounting (FI) departments. The sales order process creates
inquiry, which then processes into a quotation. Once the customer accepts, the quotation then

creates a sales order referencing the quotation. When the stock has enougihédidH,
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delivers the products sold to the customer, and create an invoice then receive the payment.
The Figure & displays the complete process (17 tasks).

After capturing all the information relating to the mapping process we started
specifying items foreach ERP components (i.e. data, function, process, and module) and
defined the dependency relation between them in our impact analysis. Fdutepscted
the example of mapping business process and functionality for production process same as

the proces in Figure 81 of GBI case study in our impact analysis

* MM= Material Management  * SD= Sales and Distribution * FlI= Production Planning

Figure 8-3 GBI Sales and Distribution Process

We implemented vaous change scenarios in impact analysis then assessed the
correctness of the results manually to make sure that the tool is captured the impact items
correctly. Figure 8 and 85 shows the result of impact analysis assessment for different
type and levebf modification. The first screen shot represents the mapping items of GBI and
the second screen presents the result of running various change scenaléfine the

impacts.
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Figure 8-4 Screenshot ®mapping items

Figure 8-5 Implementation of Change Scenario



8.3.1.1Result of Evaluation for GBI Case Study

Table 82 shovs, the results of coverage analysis for SAP ERP system. We first have

discussed at the end of this section.

identified a set oftandard features. Then, we have evaluated to what extent our tool is able
to handle changes of the identified features for SAP ERP system. The result will be

Table 8-2 Comparison of impact analysis tool vs. ERP functionality of SAP

No

Enterprise SAP Enterprise Level Features

Impact Analysis
Features and Detail

Level and Functionality Functionality
o Authonze_\tlp_n_/ Roles and N/A Out of the scope of analysis
Organisatioal/ _Responsibilities
A User Layer  Organisatioal Level (Client
Company Code, Plant, etc.) N/A Out of the scope of Analysis
Presentation  Graphical User Interface .
B Layer Transaction Data Header/ltem N/A Out of the Scope of analysis,
Impact analysis can identify which moduli
Module 3 are _affeg:ted by char_lge as a re_sult
modifications of functions constituting
module.
c B“Sifess Logic Business Processes 3 Impact analysis can identify which busine
ayer _ _ processes are affected by change and
Business Process Integration 3 hardle subprocess integration.
. . . Impact analysis can identify which busine
Business Function/Transaction 3 transactions are affected by change.
Master Data 3 Impact analysis can identify the impaot
change of master data as business objects
Organisatioal Data N/A Out of the Scope of analysis
D Application _Outl of ttt:_e sEope o; antalélsisI (540(
Layer Transaction Data N/A implementation changes do not deal with
hoc changes to running process instanc
which maniplate transaction data)
Impact analysis cannot differentiate tl
Attribute of Data Iltem N/A change impact of individual attributes of
business object.
Active Business Process 3 _Impact analysis can identify which proce
instances i@ affected by change.
Operation _ _ _ Bus_ines_s_transactior)s affected by. change
E Layer Active Business Transaction 3 be identified by the impact analysis based

the process instances affected by change.

Active Transaction Data

Transaction data affected by changgn be
3 identified by the impact analysis based on -
process instances affected by change.
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8.3.2 CRONUS Microsoft Dynamic NAV

CRONUS International Ltd (NAV 2016) is a fictitious company with business
scenarios, employees, and products. As we explored MitroBghamics NAV
documentation, the CRONUS data are used as examples to understand the implementation of
Microsoft Dynamics NAV (NAV 2016). The company develops, markets, and sells many
items to the end users and has a broad customer base. The items ¢batghry handles
fall generally into the following categories:

X Modular office furniture, for which the company produces some components and

purchases others
X Bicycles, for which the company does final assembly parts manufactured
elsewhere and #house.

x Computer hardware, which the company manufactures, distributes, and services.

Microsoft Dynamics NAV supports all typical tasks and information that CRONUS
needs to manage sales and receivables, and purchase and payables process as the two
essential businesseas. This case study introduced the basic sales and purchase concepts by
presenting the complete sales and purchase process flows and the integrations to other
application areas.

Table 83 is depicted the summary of items that we captured during theimgapp
process. The case study demonstrated theteeadd business processes and the standard
functionality of Microsoft Dynamic NAV as an ERP system. The diagrams in Fig@rartl

Figure 87 present an overview of a purchase and sales process utilibésidage study.

Table 8-3 Total items captured in CRONUS case study

Stage Number of Process¢ Number of Functiong§ Number of Data Item| Number of Modules

Designtime 3 22 22 3

Run-time
11 114 222

(instances)

Total Item 433
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Figure 8-6 CRONUS Purchase and payable process

Figure 8-7 CRONUS Sale and Receivable

After capturing all information for the mapping pess, we start configuring the
impact analysis for this particular case study. We define all the elements of data objects,

business function, and business processes and create a different sample of a busimess case
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our impact analysis. Figure-8 depictel the example of mapping business process and
functionality for purchasing process of CRONUS case study in our impact analysis.

We implemented various change scenarios of a different kind in the impact analysis
and then compared the result of the toohwite result that we assessed manually in order to
make sure that impact analysis correctly defines the impact items. Figughdws the

result of impact analysis assessment for different type and level of modification.
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Figure 8-8 Example of Mapping Business Process of CRONUS
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Figure 8-9 Example of Change to CRONUS and the Result by Impact Analysis

8.3.2.1 Result of Evolution for CRONUS Microsoft NAV

Compared to th SAP case study this study has fewer features and functionality in
order to assess the correctness of impact. Same as previous casafteudglidation of the
impact result we start comparing the functidgaand features of Microsoft yhamic NAV.
We have specified in table-8 a list of standard features of Microsoft NAV and define the
categories that our impact analysis can support as impact items. Next section discusses both
case study in further detail.

21%



Table 8-4 Comparison of impact analysis tool vs. ERP functionality of Microsoft

Dynamic

Impact Analysis

No Enterprise SAP Enterprise L.eveI. Features and Detail
Level Features and Functionality : .
Functionality
Organisatioal/ AUthOI‘IZBI.tI.O.n./ Roles and N/A Out of the scope of analysis
User Layer  Responsibilities
Presentation Graphical User Interface
B Laver Fact N/A Out of the scope of analysis
y Box/Sorting/Navigation/Field
Impact analysis can identify whic
Department 3 departnent are affected by change as
P result of modifications of function:
belonging to a Department.
C BUSIEESSrLOgIC Business Processes 3 Impact analysis can identify which busine
aye ) ) processes are affected by change and
Business Processtegration 3 handle sukprocess integration.
Business Function/Action 3 Impact analysis can identify which busine
actions are affected by change.
Master Data:
- Chart of Account
- Cards (Vendor, Customel 3 Impact analysis can identify the impact
Item) change on master data as business objec
-Orders (sales, Productior
Purchase)
D Application  Organisatioal Data N/A Out of the Scope of analysis
Layer
Journals Impact analysis cannot specify what jourr
(General, Sales, Purchase, N/A 'IFb . Y db d.f.p . fd J
item) will be impacted by rodification of data.
Impact analysis cannot differentiate tl
Attribute of Card N/A change impact of individual attributes of
EXVLQHVVY REMHFW RU 3
Active Business Process 3 _Impact analysis can identify which proce
instanes are affected by change.
Business transactions affected by char
Active Business Transaction 3 can be identified by t_he Impact analys
based on the process instances affectec
Operation change.
E Layer .
4 Transaction data affected by clyg can be
Active Transaction Data 3 identified by the impact analysis based
the process instances affected by change
Impact analysis can identify poste
Posted Documents 3 documents affected by change, sin

3SRVWHG”
business object.

LV RQO\ D SI
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8.3.3 Discusson for Phase One Evaluation:

During the analysis of the result of both case study, we first have identified a set of
standard features for both ERP systems. Then, we have evaluated whether our tool can
handle changes in the identified features for eatiqular ERP system. This process has
been executed following a customised Delphi method, whereby the list of ERP package
features and the matching with the functionality in our framework have been identified first
by the authors and then discussed whih panel of ERP professionals including the research
supervisor and the ERP change management expert to achieve substantial agreement.

From the analysis and discussion, we found out the impact analysis is not able to
address a change in the presentaliyer or at the level or roles and responsibilities in the
organisational layer. We argue that change in the presentation layer always present when the
core functionality of an ERP system. It is related to issues of usability and acceptance, but it
does no affect the running operations of an organisation. The impact of change on
organisational governance, i.e., roles and responsibilities, is subject to our ongoing work.

From the result of both case study evaluations we can outline the following
conclwsion:

The impact analysis tool can support the following statements
X The capability to map dependency of the complex ERP system
X  The applicability to configure and assess the impact of any ERP system
X The impact analysis mechanism can accurately defingngbact same as the manual
checking.
The impact analysis tool cannot support the following statement
X It is not possible to map all the components of the ERP system in our tool. Some of
the components (e.g., data artefacts) like a journal in Microsoft DgnidiV or
organisational data in SAP that only used in these particular ERP systems. This
required changing and configuring our dependency model according to their
specification to capture their impact precisely. Meaning to define the impact of these
particular features the modification of dependency meta model is required plus the

modification of impact analysis mechanism. However, these features only support a



particular ERP system, and it is not possible to run the same mechanisms for all ERP
system

x Clearly, from both case, the impact analysis cannot support which GUI and which
wizard can be impacted by modification since this was not the scope of our
implementation and analysis

X The impact analysis cannot define what part of the data object will betegp@ur
tool can only define the data object like purchase requisition document is impacted
but cannot differentiate the change impact of individual attributes of a business
object

X Organisational elements like division and responsibility in both ERESs cannot
be captured by impact analysis, as this part is not included in the scope of this
research. For the impact analysis can capture these items it is essential to extend our
dependency model to map the related item following the extension ofmmaci

mechanism to be able to capture the impact item in this category

8.4 Evaluation Phase 2: User Study

The aim of this section is to assess the applicability, functionality and usability of our
approach for defining the impact of changes in ERP systempgactice. We conducted two
empirical studies to assess our evaluation criteria with two categories of participant.

The first study involves ERP experts (i.e., business analysts) with change
management and ERP experience in the public and private sHti®istudy enables us to
assess the applicability, functionality and usability of our approach and tool.

The second study involves a group of master students without real life experience
with ERP, but with a technical background on ERP obtained by sialtgscompleting a
course of business process management and ERP systems in their master course. This second
group of users of our tool allows us to investigate the opinion of @&xpert in ERP change
management to test the impact analysis applicatsability only. This diversity among the
test groups is expected to produce a more balanced view of the usability and usefulness of
our impact analysis tool. The detail associated with each group of the study is explained in

the next two sections. The sanmgl size for both groups was calculated through the study of
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literature for usability evolution by (Faulkner 2003) (Hwang and Salvendy 2010) that both
indicate the sampling size between 5 to 10 people as experts and novices

8.4.1 ERP Expert Study (Part I)

The main purpose of this study is to investigate the applicability, functionality and
usefulness of our impact analysis tool and approach. A group of 7 participants was invited to
take part in this study. The test group consists of ERP experts with changeemantg
EDFNJURXQG H J EXVLQHVV DQDO\WW GHYHORSHU SURMt
experience with different types of ERP systems (SAP, Oracle/JD Edwards, and Microsoft
Dynamics). The participants in this group are recruited through Linkedup @a@mmunities
(i.,e. ERP and SAP community). These experts have beerrchesause of their experience
in a range of different ERP software packages in different industries.

The study consists of three stages: ssimictured interview about the current
approach and available techniques for assessing change modification in ERP system,
evaluation of our impact analysis functionality through the demonstration of the tool, and
finally evaluating the usability of our impact analysis by applyingdae#ned execises with
the tool.

Sessions have lasted on average 2.3 hours. The objective of the initial semi
VWUXFWXUHG LQWHUYLHZ KDV EHHQ WR XQ Grghbisaivd QG WKH
regarding posimplementation change management. In the \wer session, all participants
were interviewed about the experience of using an impact analysis and the approach that they
used to manage the changes in the ERP system. The reason doing the interview was to
collect as much as information from the partip to be able to form a difference and
distinguish between our approach and thestiexy one that ERP specialist used. These
interviews were schededl in advance. They were orgadsaround a set of predetermined
openended questions, with additional gtiess emerging from the dialogue (See Appendix
C-part A).

The key interview questions are as follow:

X To investigate if any of the ERP professionals have experienced using impact

analysis tool during the change management process which is particularly used



for the ERP system. We defined similar tool such as SAP solution manager or
PanayalA that both have served in practice to identify some degree of impacts.
During the interview, we asked from each participant if they experience using one
of the following tals. From this question, we can identify any new impact
analysis tool that we have not acknowledged that as an impact analysis tool and
also how useful the existing tool such as solution manager for ERP expert during
the change management process.

X To invegigate on how the ERP professional assesses the impact of the change in
ERP system when the new requirement emerges frorartfaisationand how
they evaluate andnaly® the impactof change (i.e. using a customds tool,
expert judgment or any other tetques). The purpose of raising this question is
to identify how convenient it is for the ERP specialist to determine the impact of
change.

X To investigate if the experts use a standard set of activities or process to trace the
impact of modification in thir ERP system. From the result of this question, we
compare our change management procedure capability with the existing
approaches in practice.

X To define what resources are available during the change process to assess the
impact so we asked the expettsdetermine if they were using any resources
such as dependency model, change historical data or any change documentation
during the assessment of ERP modification.

X The final question during the interview session is to define to what extent it is
important for the ERP expert to utidisa structured impact analysis approach
when evaluating the impact of a change in ERP systems.

This methodology allowed the identification BEhavious during the time, which

would be difficult to capture through informabnversations, narrowing the focus of the
discussion into more specific issues. The interviews took, on average 30 minutes and audio
recorded then transcribed later by the researcher. This method served as a source of
validation and refinement of the appches developed during the research process.
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In the next sessigin our study, we provided a demonstration of the impact analysis
tool. In this exercise, we explained the functionadihd features and the processhofv to
use the impact analysis dugithe time of ERP modification. Questionnaires were perceived
using a Likert scale and open questions to gather additional qualitative data from the
participants. In the questionnaires, we asked eight questions about the functionality that our
impact analgis offer and the impact result from the demonstration of a change scenario
example. The questionnaire items (See Appendix C part A) also are taken from the research
study of change impact analysis functionality and accufdtgaza, Javeda, and Pahla
2013. The guestionnaire items assess the accuracy of impact analygiseacapability of
the tool to capture the impact item such as identification of impact set for each ERP
components category correctly. Also, the questionnaire investigates how the impact analysis
tool enhances the decision making to identify optimaltsgies for change implementation
using the estimates related to the cost and impact. The result of the questionnaire was
evaluated, and the average responses of the individualanadyeed.

Finally, in the last session, we asked the ERP expert toatalitie usability of our
impact analysis tool by implementing change scenario and evaluate the result of their action.
In this part, there were two exercises targeted at examining the experiencing of using impact
analysis tool. The first one asked the ggrant to implement two sets of changesario
and evaluate the resulth& second exercise asked the participants to propose, and assigned
implementation strategies basedtbe assumption. Based on the result of running change
operation in impact angdis participant can propose different ways of implementing change
by selection among the implementation strategies for each level of changes. Our assumption
here is that the participant has the knowledge on how to implement the impacted items
captured bympact analysis and also all the implementation strategies are feasible to apply.

The purpose of this session is to validate our tool and our approach based on
usefulness, ease of use, ease of learning, and satisfaction. In this stage of our study, a set o
guestionnaires was perceived that associated for each part of the assessment using Likert
scaling and open questions to gather additional qualitative data from the ERP(expeért
2001) The items of thisquestionnaire relate tthe typical dimensions of technology

acceptance and succkdsevaluation, i.e., system usefulness, ease of use, ease of learning
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and satisfaction with the system. All items are evaluated on a 5 point Likert scale from
strongly disgreg(ISO-9126)to strongly agree (5) (segpendix C).

8.4.2 Non-expert Study (Part I1)

In our evaluation Wability is the degree to which our impact analysis tool can be
used by ERP business analyst to achieve quantified objectives with effectiveness, efficiency,
and satisfaction in a quantified conteddt use. To get an understanding of how well our
impact analysis tool works we also test the usability with-exqrert in ERP change
managementbut having a background in business process management and enterprise
systems. This diversity among the tesiugps between expert and none expert in ERP change
management background is expected to produce a more balanced view of the usability and
usefulness of our impact analysis tool as both groups have experienced with the ERP system.
A group of 12 participntswas invited to takeart in our study. The participants from this
group were selected former students of City University who took the ERP modules and
recently completed an introductory course on business process management and enterprise
systems. We recrigid the studentia email and LinkedIn to takpart in our study. The
reasonfor selecting among city university students is that they experiencedthm&ERP
system and business procddedelling and they understand the domain problem easily
compares t@any other endiser.

The objective of this evaluation is to investigate the usability and usefulness of our
impact analysis design and implementation by asking the participant to run some change
management scenarios and gathering feedback through anstiermgestionnaire. During
the study, we provided the user withdemonstration of the impact analysis tool and
functionality and then we asked the participant to apmplysome the tasks. The participants
of the study implemented the change scenario asxample in a tool then explored the
impact of modification in existing ERP systems. Based on the result of them actiasked
the participant to assign and plan change implementdfjorassuming that they have
sufficient knowledge in this field to prope implementation strategies. After proposing the

two ses of implantation strategies for each impact item we ask them to run the propose
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solution toimpact analysis tool so that they can observe the difference in terms of cost and
select the most efficré solution to be consided asanimplementation plan.

Same ashe last session in theguious study with expert we asked the participant to
provide feedback about the technology acceptance and usability, i.e., system usefulness, ease
of use, ease okhrning and satisfaction with the syst@ioand 2001) The study involves
asking the participant to apply a few exercises by uaiggange impact analysis tool to
evaluate the following usability criteria:

X Learnability: How easy is it for the ERP user to accomplish basic tasks the
first time they encounter the impact analysis tool?

x Satisfaction: How pleasant is it to use the impact analysis tool

x Ease of use: Once the ERP usaslearned the impact analgsinow many
mistakes do ERP usemake during preforming taskand how easily can
they recover from them.

x Usefulness: How useful impact analysis toolddiusiness analyst in order to
understand the impact problem? How quickly and easy can the business
analyst perforrs the impact of change tasks?

The items ofthe questionnaire were perceived using a Likert scale to gather
additional qualitative data from the participants. All items are evaluated on a 5 point Likert

scale from strongly disagréks0O-9126)to strongly agree (5) (see Appendix C).

8.4.3 Data analysis

The study constitutes an important part of our final evaluation of this research. Two
data collection methods we conducted in our evolution that is the questionnaire and a short
interview. The analysis process is described in two parts. Onanpalves a qualitative
analysis where the focus is on the experience of ERP specialist on the current impact analysis
approaches during the change process through the result of the interview. The other part of
the study consists of a quantitative analysfsestimating our evaluation criteria (i.e.

functionality and usability) through the use of change impact anabdis
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8.5 Results

8.5.1 ERP Experts Interview AssessmentPart I)

Interviews were transcribed and summarized in the plain text. The transcripts were
then read through andnaly®d in detail (see Appendix E). Analysis of the transcripts
focused on the identification of the methodologies, approaches, and techniques and tools that
ERP experts employed during the change process. The discussion startagoyhgmigh
each question separately aaubly®s the issues including quotes from the interview data to
illustrate our findings.

Q1: Any experience using impact analysis tool for ERP sy3téeng. regression
testing, SAP solution Manager 7.0, Panayal#,)e
All ERP expert emphassthat there is no particular impact analysis tool that they have used
so far to define the impact of modification in ERP systems. Only one of the participants has
experienced using SAP solution manager where the purposedsdamentation repository
rather than impact analysis, and he quoted that:

3:H XVH 6ROXWLRQ ODQDJHU EXW QRW IRU DVVHVVLQJ \

documentation repository to process our documentation and not using for process

mapping and linkinghe processes to define the dependencies such as roles and

IXQFWLRQDOLW\ ’

The result of interviews confirms that there is no particular software tool available for
the ERP expert tanaly® the impact of modification in order to define what ERP
componentgi.e. business process, function or data) in the ERP system will be affected. This
explains that our tool could be a solution in future for the ERP expert to cover some of their
requirements during the change management procedure. So to justify timestate need
to explore from the ERP analyst which proceduhey are using during the ERP
modification and how thewereevaluating the impacts in the entire system.

Q2: How do yowanalys change propagation in your ERP system? Do you use any
informal way(e.g. expert judgment, previous historical data, and previous experience, etc.)

or any other formal method or technique?
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The purpose of raising this question is to focus on approaches that ERP specialists are
embedded during the change that leads thefroation of the ERP system.

As most of the ERP experts outlined the strategy in determining change and their impact is
more based on expert judgment rather than using any formal mechanisms and tool. During
the change process, ERP experts identify the rexpgints and mapping both theisasand

the tebe process model into proceskdelling tools like Microsoft Visio, Bizagi, RPIW

(rapid process improvement workshop). Then by using these tools and techniques they can
define all the interaction and dependescin a higHevel form toanaly® the problem, as
expert 4 states that in his interview:

"We deal with these situations is to use process mapping tool like Visio or RPIW and

gather various employees from a different sect@mnalys the problem. "

Howeer, apart from using Visio as tool all approaches mentioned by the expert
always require consultants to investigate the problem and define the impact based on their
knowledge, as the expert 6 state that:

"We use Visio for documentation, but more evergthisrbased on our judgment

during the change process rather than using any particular tool for that."

This confirms the limitation in the change management process of not having a tool
to determine the impact of a change in ERP systems as an automapeddamtive manner.

Q3: Do you have a standard set of steps/activities or a process to trace the impact of
modification in your ERP system?

The result of this question indicates that some experts do not follow any formal
approach to assessing the changeRP system while others have a standard procedure in
which they require documenting the whole process during the modification process.
According to them first, they translate the requirements by process mapping then asking the
business analyst to locateetproblems in the process model and define the dependencies and
interactions. After that, they evaluate the impact of the new requirement, and determining if
the change in the requirement may fit into the ERP system or not. During each task expert
indicakes that they use formal documentation in order to assess the problem like expert 1

outlines this as follows:
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8:H DVVHVV WKH LPSDFW E\ LPSO\LQJ L& WKH WH
documentation which needs to go around to the various teams to evdaheat
PRGLILFDWLRQ GHHSO\ LQFOXGLQJ WKH LPSOHPHQWDWL
Furthermore, one the experts mentioned about applying a technique suckigmaix

methodologies that used as a dditiwen approach for eliminating defects in any processes.
He gated in his interview about this method:

3:H LPSOLH &GigWaK idethbdlogy to define and locate where the
problems are in the system, and then gathering people such as developer analyst to
assess if they can fit this modification with the systetWd{ LV SXUSRVH RU QRW °
In all cases, they need a team of specialisenady® the problem further, however,

often to define the impact they spend days and hours in order to clarify the problem and find
the alternative solution, as this also mentioned Xye& 3:

3'XULQJ WKH FKDQJH SURFHVYV SHRSOH VDW GRZ(
for about fiveday and then mapping the whole thing, indicating where the problems
DUH DQG FRQVLGHUHG WKH VROXWLRQ WR DSSO\ IRU DG
While others hiringhis team of consultant from change manageroegdanisatios to

find it quicker and efficient since they do not have the enough knowledge to resolve this
issue, as expert 4 outlines this:

3ZH RXWVRXUFHG FKDQJH PDQDJHPHQW BRQVXOWDC
part of our team. Once significant changes identified change management team,
have to ensure that everyone can understand the change and what the new system is
JRLQJ WR GR ’

Overall from a discussion with the experts it is useful to follow a consteuatay
during a modification process, however, this needs to be done with the judgntbet of
business analyst to locate and assess the problem in detail. Although having a team of
consultants dung the process is an advantag@s may cost a fortune dntime for an
organisatiorto analy® the problem accurately and correctly. Having a tool with a structured
change process that tbeganisatiorcan run during the change process without asking much

from an external consultant can save a lot of time astitoanaly® the problem efficiently.
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Q4: What kind of information is available in relation to impact analysis and what
information do you use during the analysis process
There are two types of documentation mentioned by expert during the change
process

X The first is process mapping documentation that mostly is designed via
Microsoft Visio to describe the ERP components dependenciesisfaasl
to-be business processes.

X The second is the change control documentation in which they stored a
change datahtough the template form with a detailed description of the
modification.

As stated by the expert 5 they do not have any dependency model, and everything is
more based on analyst experience and judgment. However, as expert 3 discussed further
by reusing tb process documentation similar as dependency document for future
changes. He quoted:
3, W LV LPSRUWDQW IRU XV WR G Ri54RIHDaNf WWdCéssZKROH S
PDSSLQJ WR UHXVH LW GXULQJ WKH PRGLILFDWLRQ SURI
Q5: Howimportantfor you to use structured impact analysis approach when assessing the
impact of modification in your ERP system?

Almost all experts outline that depending on the solution they believe the impact
analysis tool can be an effective and efficient solution for assedmngide effect of the
change in the ERP system especially for trmgmnisatios with a thousand documentation
and dependencies. Besides that, according to the Expert 4 having tool and structured
approach may reduce the personal judgment during the cheamagss, during the discussion

he quoted:

37KDW ZRXOG EH YHU\ XVHIXO ZKLFK KHOS WR WDNH WK
the impact of modification would be assessed in more mechanical, logical and
FRQVLVWHQW DSSURDFK ~



Also, the structured approachn eliminate the incorrect analysis when the business analyst

IS missing some parts to be captured during the assessment. Therefore, having a tool could

enhance the measurement more accurately and correctly.

Table 8-5 Summarized result from all ERP expert

Current position
and experience

Years of experience
with ERP

Current tools/methods used in postmplementation change

(industry) (ERP product) management
Head of ERP Expert judgment
Expert 1 Training (Large | 10years(Netweaver) Ad-hoc process version tracking
Pharma) Change control document
Operational Expert judgment
Expert 2 Excellence Lead | 16 yeargNetweaver) Ad-hoc process version tacking
EMEA (Large bank) Change control document
Finance Director Expert judgment
Expert 3 | (Medium software lé; dﬁ;&%’f‘;@? BPMN process models version tacking
house) Change contiocdocument
Senior business 25 years (SAP, Expert judgment
Expert 4 analyst Oracle) Ad-hoc process version tackin
(Higher Education) P 9
Management 20 years (SAP, MS Expert judgment
Expert5 | Consultant (Large Dynamics, JD BPMN process models version tacking
Consulting) Edwards/Oracle) Change control document
Analyst Developer Expert judgment
Expert 6 | (Large Consulting)| 7 yeargNetweaver) Ad-hoc process version tacking
Change control document
Business Analyst
Expert 7 | (SmetsSolanes ad 5 years (Custom ER Expert judgment

De Carvalho)

System)

8.5.2 Result for functionality assessmentvith ERP expert (Part Il -A)

To summaried the above findings, we created a generic model that currently is used

during the ERP change process (see Tablg). 8All members of the panel have

acknowledged the current lack of structured approaches to ERBripdstentation change

management in their respective organisations. According to our panel, change request

management involves a subjective judgment basedvriiten documentation physically

circulated among stakeholders or provided in workshops with ERP consultants. This

subjective judgment is only qualitative as there is no indication of the quantitative impact of

the change nor an established change managgmnecess through which requirements are

tracked. As far as requirements evolution tracking is concerned, some of the experts reported



the use of adhoc version tracking of process models, e.g., MS Visio files. These models,
however, have no formal assaton with the actual ERP installation and they often tend to
represent an ideal case for process execution, rather than the processes implemented in the
ERP system. In some cases, version tracking considers BPMN process models.

In this section, the ressltwill be analygd and discussed. These evaluations assess
the applicability and validity of our research approach. During the data analysis, measuring
average response to the questions can provide useful information, which gives an indication
of where thanajority of the responses acentred In the following section, wanalygd the
data from the questionnaire and dis@abe results. The table in the following sections uses
the samdabelling for measurement items as in the questionn@ee AppendibxC Part A)
The tables present the distribution of responses categories for each evolution criteria to
assess the impact analysis tool.

Frist we asked the ERP expert to answer to the following question:

4 3R \RX EHOLHYH WKDW L P $D&iténdDIQ éxire bd/cHangeP LV VL Q..

LPSDFW" ,I \HV SOHDVH LQGLFDWH ZKDW™" 3

Figure 810 present the results concerning the missing items indicating that tool could
not capture during the analysis. According to the results, more than half of the experts noted
that the impact analysis tool should involve other aspectoflif@nisatioal elements during
the change process. We asked the participant to specify the items that they expected that

impact analysis should capture during.



Figure 8-10 Result for missing item

The itemthat impact analysis is missedcording to the ERP expert opinions are listed
following categories:

- GUI impact: The Experts were expected that impact analysisctadtl cover the
screen shioor specific fields of the forms

- Organisatioal impact: The expert preferred that impact analysis result demoasstrate
the organisatioal area such gslants, division (finance, sales, etc.) in additiorthe
roles and responsibility of the person whofpens the task ithe ERP system.

- Authorization impact: Another aspect that experts were noted are the authorization
level and security during the modificationtbb ERP system.

- Financial impact: Expert indicates that the impact analysis tool shoulddpresime
financial aspect in terms of cost and expensive foothganisatioras a result ofthe
modification. Such as training cost, maintenance cost and effort of implementation
cost.

Note that the above listed items mentioned by the ERP specialist tanechuled
within the scope of this research. The tool can be extended in future to include these aspects
as a part of analysis. In addition, none of the specadressed the issues related to the
capturing of existing impact item accuracy.

Another @ncern during the evolution of impact analysis was to score the accuracy of

our impact analysigém low to high shown in table®and Figure 81 We asked:
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4 Please indicate to what extent you rate the accuracy of impact analysis
tool for definingttH FRPSRQHQWV"’
The average score for this statement was 4.14 that indicate that the tool paovides
accurate result.

Table 8-6 Frequency of Rating Accuracy of Impact Analysis

Figure 8-11 Result for rating the accuracy of impact analysis

Overall, from 6 out of 7 experts we perceived that the tool producely ligbuate
result in order to analydbe effect othechange in the ERP system. Based on thdtseswe
believe that the tool offers the functionality for business analyst in order to assess the

modification effectively.

8.5.2.1Functionality criteria

Table 87 presents the results of the measurement for functionality crilfér@aresult
sorted based on thmalculation of the mean from low to higeee Figure 82). The last

column of the table below indicates that the percentageeoéspondent that agreedth the
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statement about thieinctionality tool and accuratesult. From the resultve perceived o
disagreement by any of the expert on any of the statement. In addition, all the participant
agreedhat this method could improibe ERP customization more effectively and enhance
the decision making for planning the change.

Table 8-7 Frequency of Rating Functionality of Impact Analysis

Figure 8-12 Result of impact analysis functionality

From the above table C1, and C2, which stresses on the measurethen¢sifmate
for impact assessment and cost assessment we have received two of the respondents
answered neutrally to this statement. They both stated that the measurement should also
include the maintenance effort such as the cost of training the ER#sendnd the cost of

gathering resources for implementation like hours of hiring a developer or consultant.
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Moreover, they indicate that impact should include the assessment concerning the percentage
of the department. This implies that to what degreferdiht department will be impacted

8.5.3 Result for Usability assessmentvith both group (Part Il -B)

To evaluate the usability of the tool outlined in this thesis, a questionnaire was used
and sent to the different user groups of the tool. In total, 19 samptescollected. Seven of
the respondents were ERP experts using the tool to specify analysis frameworks, and 10 were
former students who used the ERP tool as part of their education. This section presents the
result of both studies with the ERP expert armh-expert on the usability aspect of our
impact analysis tool

8.5.3.1Usefulness

The study also asked the participant from both groups to answer the questions about
the usefulness of impact analysis tool. Figur&38shows a summary of the usefulness
criteria tirough the calculation of means for each group category and Tdbkh8ws the
frequency of the responses. The results of both groups indicate that impact analysis can be
useful for defining the modification impact. The result also shows that the pamtictan
understand and identify the impact easily and effectively. However, 4 out of 7 among the
experts indicate that they expected more functionality from impact analysis tool and all
highlight the points where they referred as missing items duringsgessment of impact
analysis functionality. Such that they were expected that impact analysis could provide them
with information about the organisational data modification like role and responsibility or
division in the organisation in addition to thatteey can have more clear view of the impact
from the various aspect in the enterprise model. Upon that the result forms the test indicate
that our impact analysis tool can also be useful for aBERR expert who has limited
knowledge of ERP system torrihe impact analysis tool. The can easily understand the
consequence of the action during the ERP maodification, and they can easily identify the

impact hrough the impact analysis tool
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Table 8-8 Perceived Ugfulness

Figure 8-13 Perceived Average Usefulness

8.5.3.2Ease of Use

The frequencies of responses for the criteria to perceive the ease of use of impact
analysis are presented in tabl®8The criteria 1 indide the complexity of impact analysis
tool. From the ERP expert point of view 4 out of 7 agreed that impact analysis is unnecessary
complex and only one of the experts has some difficulties in ordesetbe tool whereas the

others especially students falithe impact analysis tool as complex. This is because the
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students have very limited understanding of ERP system functionalities and business

processes compare to the ERP expert therefore they found it complicated.

Table 8-9 Perceived Ease of Use

Figure 8-14 Perceived average ease of use

In addition, the tool has not been designed in such way to be user friendly therefore
some of the participants mightuiod it difficult to perform their task. This also shows in our
result that only 8 out of 12 students and 4 out of 7 expert agreed that impact analysis tool is
user friendly. In addition to the complexity point some of the participants indicate that they

had to go through more than few steps in order to accomplish the impact analysis task.
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However, majority of the participants from both groups agreed that the procedure of running
impact analysis is easy to follow and the features of impact analysis taetlametegrated.

8.5.3.3Ease of learning

The responses to the criteria to perceive the ease of learning of impact analysis ar
presented in table-80. The result indicates that the procedure in order to user the tool is
easy and the user from both users didndsow to use the tool quickly. We perceived no
disagreement result from any groups. However, the result show that the student responded to
these criteria more strongly than ERP expert. This is due reason that the expert expected
more facilitation like hip functionality as a feature in order assist them during the impact
analysis task.

Table 8-10 Perceived Ease of learn
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Figure 8-15 Perceived average ease afdrn

8.5.3.4Satisfaction

In table 811 participants from both groups positively agreed that the impact analysis
tool can improve the quality of work for ERP practitioner to identify the effect of change and
understand the dependencies in the ERP system. Alsotfreraxperiment we perceived
almost all participants were satisfied with the tool and suggested this to the ERP expert to

use in the future for ERP customization.

Table 8-11 Perceived satisfaction

Figure 8-16 Perceived average satisfaction

Although some of the ERP experts had more expectation from the impact analysis
tool compares to the neexpert ERP. This is because the ERP experts have a broad view of

ERP system customization than other participants, which need them to seek for more



information from the tool. Some of these experts outline this information can be
organisational elements (i.e. role, organisational areas, division), GUI (i.e. wizard), and the

technical assessment in order to complete the analyis change in the ERP system.

8.5.3.5Discussion

Overall theresuls confirm that the users strongly agree or agree on the fitness of the
solution to change management criteria of ERP systemimpp&menation. In both cases,
the respondents agree on the occurrence of the impacts. The result from the questionnaire
explains that the change impact analysis approach identifies the impacts and the affected
entities. This helps the user to understand the coesegs of the modification they request
before they implement them permanently in the system.

The feedback obtained from both groups of participants is overall positive. The few
unsatisfactory results are found in the evaluation of ease of use. Becatsgrof of
concept nature, oupol was not developed considering usability as primary-faoctional
requirements. Therefore, lower scores for the ease of use criteria have been expected.

In general, the responsesrirdoth groups are encouragirihe participants agree
that the alternative strategy selection is helpful to understand the cost implication when a
change is going to be implemented and is useful to select the best strategy through proposing
various implementation solutions. Some of thesers; however, focused on the
presentation of the impact analysis (user interface issue) which is not the primary concern of
the evaluation.

The participants further give the following feedback on the usability of the impact
analysis tool:

f Providing a bder interface to enable the users to assign all the alternative
strategies at a different level of modification in parallel in a form of a single view
rather than for each individually.

f The impact analysis needs to be flexible and customizable in ordssign the
different weight to calculate the severity of the impacts of the system.

The student group has provided generally higher evaluations. This can be explained

by their relative lack of experience with utilizing ERP systems in the real world, \Wwh&h
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prevented them to realize tliegreesof the issues that can be encountered in ERP post
implementation change management in real world scenakidisereas the expert
participants stressed that the tool could be extended with more advanced fungtionalit
assess therganisatioal impact of ERP changes and the financial impadhefproposed

changes based on different possible implementation strategies.

8.6 Summary

This chapter provides empirical evidence to validate our approach and impact
analysis toal It explains the evaluations goal, evaluation criteria, and the evaluation method
in order to meet our objective. First two ERP case studies demonstrated from two different
systems then presented the result to that addressed the feasibility and aipypliotbil
applying impact analysis tool. However, some of the specific features (i.e. Journal for
Microsoft dynamic NAV) could not be captured by our impact analysis since this requires
further configuration and adjustment to map all the components for gaseular ERP
systems.

Then this chapter evaluated the applicability and functionality of our approach and
tool through the study with ERP expert. The interview with ERP expert indicates that there is
no tool available with the functionality to asse&® timpact of modification that the
practitioners can be used during the time of ERP customization and mostly the assessment of
modification is done through the expert judgment. Further the result of our experiment with
ERP expert for assessing the funcélity of our tool reveals that the ERP expert mostly
agreed that the tool can improttee ERP customization and enhances the decision making
for planning the change more effectively.

Finally, this chapter presented the assessment result of the usalpé&tjngant of our tool by
ERP experts and neexperts(i.e. student) The result has shown that our impact analysis
tool reaches a degree of usability in which both-arpert and expert found the tool useful

and easy to use.
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CHAPTER 9 CONCLUSIONS

9.1 Introduction

This chapter draws the conclusions of our research work. It starts with a summary
and explanation of how the research achieves each objective set earlier. This is followed by
a discussion of the main contributions of this research in response to the ghanogiess in
ERP system evolution. Then addressing some limitations in the current scope and

introducing the areas of future work conclude this chapter.

9.2 Research Summary and Achievement

This thesis presents a framework for change impact that can be apghedcontext
of enterprise system peshplementation. The presented approach supports business analyst
and developers performing péstplementation and modification task that involve frequent
changes of existing and potentially leligng ERP systemlt provides an estimate of the
impacts of a modification and provides an estimate cost for planning the implementation of
the change and decided between alternative solutions based on their impact before the
change is actually being implemented.

By using the approach and techniques developed in this thesis stakeholders can
potentially identify the impacts before implementing a change in the ERP system, which can
significantly reduce the risks of intervening the system and the cost of implementation. As a
result, our approach can help business analysts, project managers, system developers and
maintainers plan changes, make changes more accurately, accommodate certain types of
system changes, and trace through the effects of changes. They can also ppedédh &0
evaluate the appropriateness of proposed modification. If a proposed change has the
possibility of impacting a significant part of the system, then they can think of other
alternative solution to determine a safer change into the system.

The owrall framework accommodates how to handle the change and provides better

assessment approach &oralysingnew requirement in the ERP system.
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X The project managers can employ this impact analysis tool to run "what if"
analyses on different modification pmsals to assess the risk, and potentially
select the appropriate implementation strategies that is most cost effective.

X The system developers can use this technique to indicate the vulnerability of
critical components of the ERP system. For instance bifistness function that
provides critical functionality in the system is dependent on many different parts
of the system, therefore, this component is susceptible to modifications.

X The system testers can apply this technique to define which areas areedipac
the modifications and allowing them to focus only on those components and feel
confident about the quality of operating the system after implementation of
change.

X The business analyst can use this method to evaluate different ways of
accommodating red user requirements in the system by proposing several
solutions and assessing the impact.

A set of research objectives as defined in Chapter 1 represents the direction of this

thesis. Hence, these objectives are highlighted again to observe and s@mmarizach
has been implemented and achieved.

1. Develop a generic conceptual metedel of ERP systems to determine the

dependencies among the different components constituting the system;

Identifying dependencies in ERP systems is essential sareradequate change
management pcess. As described in ChapterBlependency relationships between ERP
system components are captured based on the ERP dependenayoalettshat contains all
set of components at the enterprise level such as businessggscbusiness functions, etc.

The dependency metaodel of ERP system is designed in the form of a UML class diagram
in which usually each ERP component denotes as an entity and each association lines as a
dependency relationship between entities. Thenused this metmodel by two different

ERP system case study to prove the applicability of using this model to any ERP system.
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2. Introduce taxonomy of possible pasiplementation modifications of ERP

systems;

Based on the dependencies definedh® conceptual metmodel the taxonomy of
modification is presented which allows to understand the objectives, and to determine the
particular needs of developing a proposed change in the ERP system. We classify ERP
modifications along three dimensions.ithe level, type of change and the granylasit
change operation. ChapteisAshown how change operations canmmlelledand classified

in order to provide automated change impact analysis run.

3. Define a methodology to assess the impact dérdifit types of change, by
considering, in particular, the ripple effects implied by specific dependencies;

Impact analysis determines the scope of the modification and the complexity of the
modification. Based on the chge taxonomy defined in Chaptey we describe an impact
analysis algorithm for each type of change, i.e., add/delete/update of data
object/function/process. We classified the impact items into two stages of design time, and
runtime, and we specify an action in order to manage the matidit for ongoing
transactionsat the rurtime stage. Chapter 8escribes the impact analysis mechanisms,
which capture the ripple effects of ERP modifications on the existing desigrand run
time structure of the ERP system.

4. Define metrics taestimate the depth of the impact of ERP {iogiementation
change, possibly based on the strategy selected to implement the identified change.

As Chapter 5discussed we present set of metrics for assessing the impact of a

proposed ERP change. These nestraim at enhancing the decision making to plan the

implementation of the modification efficiently. The metric estimate propagation to quantify
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the impact regarding the entities modified at design/run time and, based on that, define a risk
level for the poposed change. Also, the metrics can predict the effort for change

implementation based on the cost of proposed strategies to implement the modification.

5. Implement a software tool, i.e., a decision support system, embodying the
identified models, gthods, and metrics to support business analysts in the controlled

management of ERP pestplementation change.

We present the design and implementation of the impact analysis tool as proof of
concept to demonstrate the feasibility of our impantlyss methodology. Chapter 7
described some of the feature developed to support change impact analysis. The tool is
designed through a modeétiven approach that aimed to automate the useful information for
change impact analysis, which includes the mechanifEmsassessing the impact, the
propagation metrics and cost implication of modification.

9.3 Contribution

A methodology presented in this thesis provides business analysts and practitioners
with scientifically grounded method to manage ERP post implementataxtification in
controlled manner. The application of our approach improved change impact analysis;
reduce the risk associated to pmsplementation change management.
This project has important implications for both academic and practice.

As far as acdemic research is concerned, the results of this thesis contribute to the
research field of ERP paestplementation. While this issue has been tackled in the literature
mainly at the level of business/management consti{iRasn, Corkindale, and Wu 2013,
Oseni et al. 2014)this thesis tackled the same issue for the first time from the
design/industrial engineering standpoint. The pugpokthis research work is, in fact, to
devise concrete methods and tools to support the relevant stakeholders, such as business
analysts, strategists and IT designers, in understanding the impact of proposed ERP post
implementation and deciding to whattemt the change should be implemented. In other

words, while previous research has mainly focused on explainHpgsixhe impact of poor
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postimplementation change management in ERP implementation, this thesis focuses on the

engineering of solutions tamprove current practice in ERP pastplementation change

management. This latter perspective on ERP-jpaglementation is new in the literature and

has the potential to establish a whole new area of research.

Our approach supports the predidedelling of change operation that acts as trigger

for actual change impact analysis. We extend chahggelling by introducing and
enhanced concept that is based on atomic and composite operations. The proposed
atomic change constitutes the basic unit of changdewdomposite operatiors
comprised other atomic and compost unit of change. The prétiskelling of

change operations also allows us to model the exact type of impacts that are
determined by our impact analysis mechanisms.

Our impact analysis approach lmsed on the analysis of dependency relations
connecting ERP components. These dependencies first of all have to be elicited and
explicitty mapped. Yet current research does not provide an automated way for
mapping dependency from the ERP system. HoweiNedefines a mechanism
through a generic dependency metadel of ERP components in order to, determine

the type of dependency during mapping process.

The presented impact analysis approach is based on how the effects of change
propagates across depencien to related ERP components. The proposed approach
analyd this interaction using a set of impact mechanism that are designed to react
on certain change operations and dependencies. The impact mechanisms are triggered
by change and are able to deterihow these change affect related ERP
components. Our approach is able to predict the propagation of change across
different level of modification.

Our tool implements and supports the phases of our approach and currently allows for
change impact analyssf ERP system. With the help of our tool we conducted an
evaluation of our approach, and the comprehensive evaluation reposted in this thesis.
We assess our approach against the existing approaches and techniques used for

analysingthe impact of change &RP system. We then assess the functionality and
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applicability of our tool and approach with ERP expert in order to enhance the
performance and productivity of activity of the change during maintenance task.

This thesis provides a framework for ERP piagblementation change management
which has the capability to employ on any ERP systems. The proposed framework shares
some commonalities with other methodologies in change management. However, their
methods give a desigime snapshot and typically does motolve any rurtime concerns.

On the contrary, our framework suggests strategies on the process instances affected by the
change to terminate them safely and to plan the change implementation. As part of the proof
of concept, the artefacts defined by fnamework have beeutilized in a software tool (i.e.,

a decision support system) supporting impact analysis and assessment. The implemented tool
has been instantiated in the case of two commercial ERP systems and evaluated in practice
by ERP experts thateveal our framework provides an effective solution. The proposed
framework is the first of its kind supporting a constructive approach solving the practical
issues of posimplementation change management for complex enterprise systems.
Adopting this methd by other researcher and developer with a similar interest in change
management can enhance them to leverage this framework through supporting their design
approach or assess how well they developed their tool.

This project has also the potential to mékmge impact for practice. Most medium and
large organisatios have already gone through at least one ERP implementation cycle and
find themselves in the poeshplementation phase. Business analysts in the IT function of
medium/largeorganisatioror in corsulting companies struggle daily to address the need to
manage ERP posinplementation change. This project will provide business analysts with a
scientifically grounded method and software tools to support the management of ERP post
implementation change a controlled way.

In the longer term, the results of this project can also be extended to other classes of
enterprise systems, such as Customer Relationship Management (CRM) and Product
Lifecycle Management (PLM), and to the context of change impadysis in Enterprise
Architecture (EA).
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9.4 Research Limitation and Future Research

Despite the above contributions, the findings are also exposed to some limitations as
follow:

Limitations of Methods

Our design process has been driven entirely by rdseaci.e., the author. The
practitioners have been involved only in the evaluation phase; they could have been involved
in the design as well (e.g., to validate intermediate requirements). While such involving only
researchers in the design phases iditegte in design science research, the literature also
advocates for a more direct involvement of practitioners in the desigmtefacs. This
limitation is mitigated by the evaluation of the propoagéfacs in real world settings.

Our approach is nogntirely explicitly formalized and relies on some assumptions
that may not be valid in practice (e.g., a check for compatibility of data, function, processes
must be available; the definition critical point is not formally defined for all possible pattern
in a process); evaluation is done with pseusld companies (Cronus and GBI) and not with

actual real companies

Another limitation concerns the moedliven approach underpinning the different
phases of the methodology. The use of models essentiati)seon the one hand that all
relevant aspects of a domain must be captured in a model and, on the other hand, that any
aspects not directly captured by a model is excluded from the analysis. In the case of our
methodology, this is particularly relevanthen capturing dependencies among ERP
components. This could potentially be a very time consuming and cumbersome process and
any aspect not captured in the dependency-met#el is prevented to be considered in the
impact analysis and assessment phase®sailple solution to this issue is to reconstruct the
dependency metmodel directly from information available in the reference model or
blueprints of ERP systems, through data crawling or process mining technology. In this way,
only the actual relationsmaeong ERP components are identified as dependencies. Such an
approach, however, presents multiple challenges, such as the quality of the data available and

of the algorithms to identify dependencies.



According to the taxonomy of change explained in Chapterrequest may involve
modification of one or many ERP components through the analysis of the requirement to
define the atomic change and prioritize them in order. Our impact analysis tool is designed in
a way that can only define the effects of atorh@nge per analysis for a change request.

This is because some impact items overlap with each other for two atomic changes during
the assessment of one change request. Therefore, to address this problem the assumption is
made based on the prioritizationtbe atomic change. The business analysis investigates the
assessment of atomic change in order, and if the result of impact for each atomic change is

extensively significant, then, the analyst can sto@tia@ysingthe remaining atomic change

Limitations of the Results

The validity of the result obtained in this research has been established. Nevertheless,
further research could be conducted in this research topic doimd&®d,confidence in the
result could be improved by applying more tests to dd hgpothesis test (not only
gualitative evaluation).

Future work should focus on developing case studies of real ERP systems. In this
way the methodology can gain deeper understanding of the domain. With more time and
resourcesthe methodology should kested in other complex environment. Another aspect
of this research that has to be refined is that using the accurate constant for metrics
developed by conducting more experiment with ERP expert.

Since ERP is a large system with further complexity, threulisess of our approach
is tested and applicable to the small size of integration in the ERP system with less
complexity. Larger size integration may involve more complex scenarios and other
integrated applications of different platforms and environmeot$h as CRM (customer
relationship management), SCM (supply chain management) that requires further

investigation and analysis.

9.5 Publication

The work presented in this thesis has led to the following academic publications:
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M. Parhizkar and M. ComuzAmpact analysis of ERP peshplementation modifications:

design, tool support and evaluatioBomputers in Industry 84 (2017):-38.

M. Comuzzi and M. ParhizkafA methodology for enterprise systems pogilementation
changemanagementsubmitted for publication in Industrial Management and Data Systems

journal in April 2016.

M. Parhizkar and M. Comuzzi (2016%A framework for impact analysis of pest
implementation Enterprise Resource Planning modificationrBroc. SAlI @mputing
Conference 2016 (pp. 766.4). IEEE.

M. Parhizkar and M. Comuzzi (2015An AHP-Based analysis of the cost of ERP
Modification" Proc. 3rd International Conference on Enterprise Systems, (pp-2260
IEEE
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APPENDIX. B QUESTIONNAIRE FIRST STUDY

WELCOME PAGE
Dear Participant,

My name is Mnou Parhizkar, and | am a PhD Student with the Department of Computing at
City University London, completing my thesis on the tdpipact Analysis of ademand
ERP modifications.

| require your expertise on ERP to fill in survey that will help me iratihaysis of the
3F RV W \tdeRdndRERP modifications. This is calibrated to take no more than 8 minutes
of your time.

Structure of Survey:
The survey is organized in 4 sections. Each section focuses on a specific level at which
modifications of ERBystems may be required:

x Function level, e.g. modifying the way a purchase order is created or updated
x Business process level, e.g. modifying the way a purchase order is completed by
different departments
x Data level (and documents), e.g. modifying thakaites and/or structure of the
purchase order business object
x Overall comparison of different types of ERP modifications
,Q HDFK VHFWLRQ \RX ZLOO EH DVNHG WR FRPSDUH 3SDLUZI
modification that are applicable at a givenél.
Click on the rightbottom corner to proceed
Q1 Please specify your age:
Q2 Please select your current occupation.
%0 Project ManageflSO-9126)
%0 Senior Consulting ManagéiSO-9126)
%0 Consultant/Advisor (3)
%0 Developer (4)
%0 Business Change Manager (5)
%o Business System Analyst (7)
%o IT Specialist (8)
%0 Others(ISO-9126)

Q3 For how long do you have working experiemt&RP system?



A) FUNCTION LEVEL
Types of ERP Function Modification to compare:

1) Configuration: involves selecting from the ERP reference model and changing the
setting of parameters in order to choose between different executions of processes
and funcions in the software package.

2) Bolt-on (addon): Utilizing third party solution designed to work seamlessly with
the ERP package in order to supplement the specific functionality required

3) User Exits Type of modification that requires softwar@gramming where users

can arrange for tailor made code to extend the functionality of a given ERP package.
7KLV LV OLPLWHG® PWRL REHNGFedMilded Yy the ERP vendor (i.e.
Develop a statistical function for calculating particular msjric

4) ERP programming This type of modification involves the extension of the ERP
package using the standard language in which the ERP package is developed, e.g.
ABAP in SAP. (l.e. programming additional application without changing ERP
system code)

5) Interface Developmenf(This type of modification involves using specific

technology (e.g. Web services) to bridge the gap between the ERP package and other
systems, e.g. in the case of datakasgatabase interfacing or interfaces to legacy
systems.

6) Code modificationThis refers to modification of the ERP package source code

Scaling

3 = Slightly (Cheaper/Expensive)

5 = Moderately(CheapefExpensive)

7 = Extremely(Cheaper/Expensive)

9 = Very Extremely (CheapeEikpensive)

Thenumber2,4,6 8 used as intermediate values between above Scaling
Usel isto Capture that two types of modifications are equally expensive
Example
I \RX ZDQW WR FDSaouXtyped oW mdaificatidbo Ro® ERP  functions
is moderatelymore expensive than Configur&iQHen you should tick the radio button
SH[SHQVLYH" DQG FKRRVH WKH VFDOH LQ WKH ILUVW OLQH
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Q1) Please Compare Rows with Column for each Type of Modifications at Functional Level
For example: "Boton type of modification foERP functions isnoderatelynore expensive than

Configuration™

The Bolton is

The UsefEXxits is

The ERP-Programming is
The Interface Devefament is

The Code modification is

Expensive

.... Than Configuratio

Cheaper

Scalefrom 1-9

4

5

6

.... Than BoKon Scalefrom 1-9

The UsefExits is
The ERP-Programming is
The Interface Development

The Code modificion is

Expensive

Cheaper

1

2

3

4

5

6

7

8

9

TheERPProgramming is
The Interface Development

The Code modification is

.... ThanU
Expensive

serExits
Cheaper

Scalefrom 1-9

4

5

6

The Interface Development

The Code modification is

... ThanERP

Programming

Scalefrom 1-9

The Code modification is

.... ThanInterface

Development




The Bolton is . .
The workflow programming is
TheERPProgramnng is

The Interface Development is

B) Business Procss Level
Type of ERP Business Process modifications to compare:

1) Configuration: involves selecting from the ERP reference model and changing the setting of
parameters in order to choose between different executions of processes and functions in the
software package, e.g. configuring different policies for inventory management.

2) Bolt-on (add -on): Utilizing business processes provided by a third party and that can work
seamlessly with the ERP package in order to supplement the specific the proespssed

3) Work-flow Programming: This concerns the modification of the ERP standard workflows (e.qg.
EPC process models in SAP) in case they are not sufficient to fulfil the needs of the user
(i.e. adding intermediate workow state to support moreomplex decision processes of an
organisatio

4) ERP programming: This type of modification involves the extension of the ERP package
using the standard language in which the ERP package is developed, e.g. ABAP in SAP. (l.e.
developing a new embedded mess process without changing the ERP system code)

5) Interface Development: This type of modification involves using specific technology (e.g.
Web services) to bridge the gap between the ERP package and other systems for creating
new processes addreggthe need for change

Q1 Please Compare Rows with Column for each Type of Modifications.

.... Than Scalefrom 1-9

Configuration

.... Than BoHon

Expensive Cheape
The workflow programming is . . . . . . . . . .
TheERRProgrammingis | e e e e e e e e e . .|
The Interface Developmentis e e e e e e e L e e e
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.... Than Workflow Scalefrom 1-9

Programming

TheERPRProgramming is . . . . . . . . . . .
The Interface Developmentig o . . . . . . . . . .

.... Than ERP

Programming
Expensive Cheapern 1 2 3 4 5 6 7 8 9

The Interface Deelopment is . . . . . . . . . . .

C) Data Level

1) Configuration:involves selecting from the ERP reference model and changing the
setting of parameters in order to choose between different executions of processes and

functions in the software package, e.g. camifigg different attributes of a purchase
requisition.

2) Interface Development(This type of modification involves using specific technology (e.g.
Web services) to bridge the gap between the ERP package and other systems for accessing
data (i.e. businss objects) that are relevant for the identified change.

3) Query Modification:Direct modification of ERP database entities and relationship.

Q1 Please Compare Rows with Column for each Type of Modifications.

.... Than Scalefrom 1-9

Configuration
Expensive Cheape 3 5 6 8 9
Thelnterface Development i . . . . . . . . . . .
The Query Modification is . . . . . . . . . . .

.... Than Interface

Development
Expensive Cheaper 1
The Query Modification is . . .
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D) Overall Comparison

Please do compare Twdifferenttype ofModifications (Configuration and CodModification)
by differentlevel of Change (Data, Function, Process)

Example:

CompareConfiguration of Datawith Configuration of Function and define which one is Cheape
in your opinion

Q1 Please Compare Rows with Column for each Type of Modifications.
.... Than Scalefrom 1-9

Configuration of
Process
Expensive Cheape
TheConfiguration of Data is . . .
The Configuration of Function .

.... Than

Configuration of Dat

The Configuration of Function . . . . . . . . . . .

.... Than Query
Modification Data

The Code Modification
(Function) is

The Workflow Programming
(Process) is

.... Than Code

Modification

The Workflow Programming
(Process) is
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APPENDIX. C QUESTIONNAIRE SECOND STUDY

Part A) Study with ERP Expert

Session |. Investigation on the current approach

Please provide following information
Occupation

Field of expertise

Please provide years of experience in ERP system

Interview Current Approach
1. Do you have any experience using impact analysis tool in your ERP system? (e.g.
Regression testing, SAP Solution Manager 7.0, PanayalA, etc.)

2. How do you analyse change propagationygur ERP system? Do you use any
informal way (e.g. expert judgment, previous historical data, and previous
experience, etc.) or any other formal method or technique?

3. Do you have a standard seft steps/activities or a process to trace the impact of
modification in your ERP system?

4. What kind of information is available in relation to impact analysis and what
information do you useluring the analysis process? (l.e. traceability/dependency
model, change documentation, historical change data, etc.)
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5. How important for you to use a structured impact analysis approach wéessiag
the impact of a modification in your ERP system?
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Session |I. Demonstration of the impact analysis tool

A) Explore ERP system features and functionalities of the Case study

In this ®ssion, we are providing an overview of an ERP system case study as an instantiation of the
system. A case study is GBI a bike manufacturing company that implement SAP ERP in order to
manage and run the activities during the process of manufacturing ef BRI* Case Study
demonstrates the fundamental business processes interact with SAP ERP in the area of Sales and
Distribution, Material Management and Production Planning. We map the business process,
functions/activities, and documents/data object frbim tase study into our impact analysis tool in

order to identify the dependency model. This information will be used for testing purposes to define
the effects of change on this particular case study.

*Global Bike Inc. has a pragmatic design philosopihgt tcomes from its deep roots in both thero#d trail
racing and longdistance road racing sports. They manufacturing bike, selling to their customer and procuring
semifinished and raw material from suppliers.

B) Process of assessing the ERP modéiton

In this session, we provide you with the guidelines, before presenting the impact analysis demo. The
template in the following table captures the basic requirement to proceed with the change request
before implementing in ERP systems. This tempktesed as a guideline for assessing the changing
request by the business analyst to define and prioritizing the change request.

Please take some time to read the guidelines before running any examples

Change Request template

Change Request Guideline
Element Description
CR-Code The exclusive Cod&/henChange Request was create

Date Reported The date the Change Request was created

Requested by Assigned by the ERP endser (Consultant)

Title A brief description of the change request

Submitter Name ofthe person completing the CR Form and w
can answer questions regarding the suggested chan

Description Description of the desired change and how the cha
Should works

Primitive $ OLVW RI EDVLF UHTXLUHPHQV
order toimplement the change request

Change

Priority A code that provides a recommended categorizatio

the urgency of the Primitive Chandem Extremely
important to Less important

Status - Approved

- Pending for Approval

- Pending for Impact Analysis

- Rejected

Impact Summary| A list of number of components that impacted as re
of change request
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C) S, QVWUXFWLRQ RQ KRZ WR LPSOHPHQW &KDQJH

Example of Change Request

Change Request Guideline
Element Description

CR-Code CR-001

Date Reported | 10-Octoker2015

Requested by | pyrchasing ConsultarE(Willamg

Title Improving  Functionality of Creating Purcha;
Requisition

Submitter J. Andersor{(ERPBusiness Analyst)

Description . )
The GBI manufacturing Company requested to impr:
the functionality of creéng purchase requisition. Th
functionality should be extended to provide an estin|
of alternative prices of the product/service to
purchased by searching the purchase history of
company. This information enables the purchasing gr|
to understad the approximate price of the purchase 4§
also defines the range of price for their suppliers.

Primitive Update Business Function (Creating Purch

Change requisition)

Update Business Data (Purchase Requisition)

Priority CR-001-1: Update Business DmfPurchase Requisition
CR-001-2: Update Business Function (Creati
Purchase requisition)

Status - Pending for Impact analysis

Impact

Summary

Please follow the steps that define in bold line in order to implement change request and analyse the
impeact.

Step 1) Implementation of change request
- 6HOHFW WKH 3&KDQJH 5HTXHVW /LVW™ IURP WKH PDLQ PHQX

- Click on to create New Change Request

- Create the change request from the example and select the change element from
drop down the list

- Save the change request

Now you are store the change request in the change request list. You can always view the detail of
your change request by clicking on the edit button.

Step 2) Run Impact analysis
- From change request list > select the change requdbgat you already create > then

Click on Impact analysis to define the entities that will be affected
by this modification.
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The page will pop up indicating the change request detail on the top page and at the bottom page;
each tab represents the lisitems in each category that will be affected by the modification.

- Close the page go back to the Change Request List

- Select again the change request from the Ilist and then click on

to apply the migration policy for active instances and refine
the Impact list.
- 36DYH RU &0O0RVH WKH SDJH’

Step 3) View summary of Impact

To view the number of impacts for each ERP entity and compare them with the entire system you can
generate a report.

Create a summary report
- From the change request list select your @nge request and then click on generate

report

- To view summary of impact report.

**Skip this part if you are doing any exercise
- You can always go back and find out the details of change by clicking

on .
- Close the page

- Close all the pop uppages.
Step 4) Analysis of impact propagation and Impact metrics

The information here represents the relative importance of change for each item category based on
the entire system.
- *R EDFN 3&KDQJH 5HTXHVW /LVW™ DQG VHOHWKtPWheW KH FKDQJ

click on the

The information here explains the impact estimate and provides the risk level of modification (i.e.
High, Medium or Low)

- Close or Save the page

Step 5) Propose madification strategies for each impact set

The business analysind developer have some knowledge about the strategies for implementing
change in the ERP system such as configuration strategies or code modification strategies. At this
stage, the tool asks the user to propose implementation strategies for impact items.



- To define the implementationstrategies,go back to the Change Request list from the

menu and select the change request > then Click on >

- Four Page will pop up.

- Each page asks you to determine strategies according to the number of impacts and
save thepropose implementation.

- You can enter different number according to your preference. (There is now rule at this
stage that applies on proposing the right strategies as this functionality only provide you
with the information between implementing different strategies.Therefore, feel free to
use any strategies you prefer)

For instance, if four processes are impacted then the user can suggest two of the processes are going
to be implemented by modification of the workflow model, and two by changing thegamatfon
setting.

Step 6) Estimate the cost modification

After defining the proposed implementation strategies, the system can calculate the estimated cost of
a change request.

- Select the change request from a list and then click on

The page will pop p that shows the estimate cost for each level of modification and the
total cost of proposed implementation.

You can compare the cost of different change requests or different proposed strategies for one change
request by using the chart at this page.
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Session lll. Feedback on ImpactAnalysis Functionality :

1) Please indicate to what extent you rate the accuracy of impact analysis tool for defining
the components?

Very Low Low Average High Very High

2) Do you believe that impact analysis is missing some items to capture as change impact?
If yes, please indicate what?

Yes e NO o

3) Please indicate that to what extent you agree that our approach and tool meet the
following criteria:

a) The Change Impact Analysis tool identified all occurring impaatste

Neither Agreenor

Strongly Agree  Agree Disagree

Disagree  Strongly Disagree

b) The Change Impact Analysis tool identified all affected entity

Neither Agreenor

Strongly Agree  Agree Disagree

Disagree  Strongly Disagree

c) The Change Impact Analysis provides identification of impacts set for each Item
categories

Neither Agreenor

Strongly Agree  Agree Disagree

Disagree  Strongly Disagree

d) The Change Impact Analysis tool identified impact sets correctly

Neither Agreenor

Strongly Agree  Agree Disagree

Disagree  Strongly Disagree




4) The proposenethod could enhance the decision making to identify optimal implantation
strategies

Neither Agreenor

Disagree Disagree  Strongly Disagree

Strongly Agree Agree

5) The Impact estimate is suitable measurement to identify the impact of change

Neither Agreenor

Disagree Disagree Strongly Disagree

Strongly Agree Agree

6) The cost estimation is suitable measurement to compare different implementation
strategies.

Neither Agreenor

Disagree Disagree  Strongly Disagree

Strongly Agree Agree

7) The proposed method could improve the customization of an ERP system more
effectively
Neither Agreenor

Disagree Disagree Strongly Disagree

Strongly Agree Agree

8) The change impact Tool analyse the impact effectively
Neither Agreenor

Disagree Disagree Strongly Disagree

Strongly Agree Agree
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Session V. Implementation of change scenario

First Example of Change Scenario

Change Request Guideline

Element Description

CR-Code CIA-0002

Date Reported 10-October2015

Requestd by Purchasing ConsultanE ( Willamg

Title Improving Functionality of Creating Purchase Requisition

Submitter J. Anderso{ERPBusiness Analyst)

Description
The GBI company has certain suppliers that they need to pay a deposit or 7
the total pice upfront before proceeding the order shipméiiterefore during the
purchasing process, two types of invoice created thatrepeesentsas a pre
payment invoice, and the other is the final invoice when the shipment
inspection of material are comeped. In the standard procedure, the payn
process usually started when the shipment of material is completed.

Primitive Change Update Business Process (Purchasing Process)

Update Business Datd/pdatelnvoice Receipt for prpayment)
Update Businessunction (Create Invoice receipt for vendor)

Priority CIA-00021: Update Business Data (Update Invoice Receipt feppyenent)
CIA-00022: Update Business Function (Create Invoice receipt for vendor)
CIA-00023: Update Business Process ((Purchasing Pspces

Status - Pending for Impact analysis

Impact Summary

First Example: Example Change ImpactAnalysis Report template

Please select from an example above one type of change and implemethieitnipacts
analysis tool, then identify the propagatiompiact following by the risk level.
Please use the instruction as a manual from pervious task.

Change Request ID
Type of change

Level of Modification
Name of Change Item

Propagation of Impa set %:

Data %
Function %
Module %
Process %
Process Instance %
Function Instance %
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Data Instance %
Total Impact Change (@)
Level of Risk

Low Medium High

Risk

Session VI. Implementation of different Strategies for defining
modification cost

Please select one of the change requests ff@&rK D QidtH3 | U Riie previous task and
implement two different implementation ategies to calculate and compare the cost.

Please go back to report summary and filling the table below and then propose two different
modification strategies

Design Impact Data Function Process

\ Impact Number

First suggestion Define Cost stategies for

) . Interface Query
Configuration Development | Modification
| Data
) . Interface Code ERP .
Configuration Development | Modification Programming Bolt-On User exits
‘ Function
Configuration Interface Workflow. ERP _ Bolt-On
Development | Programming Progranming
\ Process
Total Cost
CostID
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Second suggestiarDefine Cost strategies

. . Interface Query
Configuration Development | Modification
Data
) . Interface Code ERP .
Configuration Development | Modification Progamming Bolt-On User exits
| Function
Configuration Interface Workflow. ERP _ Bolt-On
Development | Programming Programming
\ Process
Total Cost
CostID
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Session V. Questionnaire

Usefulness
1) The Change Impact Analigstool helps me to identify impacts more effectively
Neither Agreenor

Disagree Disagree  Strongly Disagree

Strongly Agree Agree

2) The Change Impact Analysis tool helps me to be more productive

Neither Agreenor

Disagree Disagree  Strongly Disagree

Strongly Agree Agree

3) The Change Impact Analysis tool gives me more control over the activity when using ERP
system
Neither Agreenor

Disagree Disagree Strongly Disagree

Strongly Agree Agree

4) The Change Impact Analysis tool saves time of identifying impact

Neither Agreenor

Disagree Disagree Strongly Disagree

Strongly Agree Agree

5) The Change Impact analysis tool meet the requirements to identify the propagation of change in
the whole system

Neither Agreenor

Disagree Disagree  Strongly Disagree

Strongly Agree Agree

6) The Change Impact Analysis tool does everything | would expect it to do

Neither Agreenor

Disagree Disagree  Strongly Disagree

Strongly Agree Agree

7) The Change Impact Analysis tdmtlps me understand the impact

Neither Agreenor

Disagree Disagree Strongly Disagree

Strongly Agree Agree

8) I understand the effect of my action during customization and evolution of ERP system

Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree
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Ease of use

1) The Procedure of running Change Impact Analysis tool is easy to follow
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

2) The Change Impact Analysis tool is user frigndl
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

3) | found the Change Impact analysis unnecessary complex
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

4) The tool requires thiewest step to accomplish what | want to do with it
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

5) | found the various functions in Change Impact Analysis tool were well integrated
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

6) | felt very confident using the Change Impact Analysis tool
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

7) The tool can recover from mistake quickly and easily
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree
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East of learning Change Impact analysis

1) Ilearned to use it quickly
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

2) | easyremember how to use the change impact tool
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

3) The Tool is easy to learn
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

Satisfaction:

1) | am satisfied with the tool
Neither Agreenor

Disagree Disagree  Strongly Disagree

Strongly Agree  Agree

2) | would recommend it to ERP Expert
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

3) It works the vay that | expected
Neither Agreenor

Disagree Disagree  Strongly Disagree

Strongly Agree  Agree

4) | believe this application could improve the quality of the work
Neither Agreenor

Disagree Disagree Strongly Disagree

Strongly Agree  Agree

Any additional comment regarding the Tool or the procedure:

28¢



Part B) Study with Non-Expert
Session |. General Information

Please provide following information:

1. Occupation: 2. Field of expertise:

3. Are you familiar with ERP systems? Yes NoO
If yes,please describe your level understanding?

Excellent Very Good * Good Fair Poor
4. Do you have any experience using ERP systems? Yes NoO
If yes,please provide the year of experience

5. Have you ever experienced using any impact analysis tool? Yes ¢ NoO

Session II. Demonstration of the impact analysis tool

A) Explore ERP system features and functionalities of the Case study

In this session, we are providing an overviéhan ERP system case study as an instantiation of the
system. A case study is GBI a bike manufacturing company that implement SAP ERP in order to
manage and run the activities during the process of manufacturing of Bike. GBI* Case Study
demonstrates the fidamental business processes interact with SAP ERP in the area of Sales and
Distribution, Material Management and Production Planning. We map the business process,
functions/activities, and documents/data object from this case study into our impactsatoallysi

order to identify the dependency model. This information will be used for testing purposes to define
the effects of change on this particular case study.

*Global Bike Inc. has a pragmatic design philosophy that comes from its deep roots thebottiroad trail
racing and longdistance road racing sports. They manufacturing bike, selling to their customer and procuring
semifinished and raw material from suppliers.

B) Process of assessing the ERP modification

In this session, we provide yeuith the guidelines, before presenting the impact analysis demo. The
template in the following table captures the basic requirement to proceed with the change request
before implementing in ERP systems. This template is used as a guideline for askessiagging
request by the business analyst to define and prioritizing the change request.

Please take some time to read the guidelines before running any examples



C) 3, QVWUXFWLRQ RQ KRZ WR LPSOHPHQW &KD

Example of Change Request

Change Rewest Guideline
Element Description

CR-Code CR-001

Date Reported | 10-October2015

Requested by | pyrchasing Consultar( Willamg

Title Improving  Functionality of Creating Purcha
Requisition

Submitter J. Anderso{ERPBusiness Analyst)

Description . .
The GBI manufacturing Company requested to impr:
the functionality of creating purchase requisition. T
functionality should be extended to provide an estin|
of alternative prices of the product/service to
purchased by searching the purchase histfrythe
company. This information enables the purchasing gr|
to understand the approximate price of the purchase
also defines the range of price for their suppliers.

Primitive Update Business Function (Creating Purch

Change requisition)
Update Risiness Data (Purchase Requisition)

Priority CR-001-1: Update Business Data (Purchase Requisiti
CR-001-2: Update Business Function (Creati
Purchase requisition)

Status - Pending for Impact analysis

Impact

Summary

Please follow the steps thatfithe in bold line in order to implement change request and analyse the
impact.

Step 1) Implementation of change request
- 6HOHFW WKH 3&KDQJH 5HTXHVW /LVW" IURP WKH PDLQ PHQX

- Click on to create New Change Request

- Create the change requesfrom the example and select the change element from
drop down the list

- Save the change request

Now you are store the change request in the change request list. You can always view the detail of
your change request by clicking on the edit button.

Step 2 Run Impact analysis
- From change request list > select the change request that you already create > then

Click on Impact analysis to define the entities that will be affected
by this modification.
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The page will pop up indicating the change requesdilden the top page and at the bottom page;
each tab represents the list of items in each category that will be affected by the modification.

- Close the page go back to the Change Request List

- Select again the change request from the list and then click no

to apply the migration policy for active instances and refine
the Impact list.
- 36DYH RU &0RVH WKH SDJH’

Step 3) View summary of Impact

To view the number of impacts for each ERP entity and compare them with the entire system you can
generate aaport.

Create a summary report
- From the change request list select your change request and then click on generate

report

- Toview summary of impact report.

**Skip this part if you are doing any exercise
- You can always go back and find out the detasl of change by clicking

on .
- Close the page

- Close all the pop up pages.
Step 4) Analysis of impact propagation and Impact metrics

The information here represents the relative importance of change for each item category based on
the entire syem.
- *R EDFN 3&KDQJH 5HTXHVW /LVW" DQG VHOHFW WKH FKDQJ

click on the

The information here explains the impact estimate and provides the risk level of modification (i.e.
High, Medium or Low)

- Close or Save the page

Step 5) Propose madification strategies for each impact set

The business analyst and developer have some knowledge about the strategies for implementing
change in the ERP system such as configuration strategies or code modification strategies. At this
stage, théool asks the user to propose implementation strategies for impact items.



- To define the implementationstrategies,go back to the Change Request list from the

menu and select the change request > then Click on >

- Four Page will pop up.

- Each page asks gu to determine strategies according to the number of impacts and
save the propose implementation.

- You can enter different number according to your preference. (There is now rule at this
stage that applies on proposing the right strategies as this functiality only provide you
with the information between implementing different strategies.Therefore, feel free to
use any strategies you prefer)

For instance, if four processes are impacted then the user can suggest two of the processes are going
to be implenented by modification of the workflow model, and two by changing the configuration
setting.

Step 6) Estimate the cost modification

After defining the proposed implementation strategies, the system can calculate the estimated cost of
a change request.

- Sekct the change request from a list and then click on

The page will pop up that shows the estimate cost for each level of modification and the
total cost of proposed implementation.

You can compare the cost of different change requests or differemspptrategies for one change
request by using the chart at this page.
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Session lll. Implementation of change scenario

First Example of Change Scenario

Change Request Guideline

Element Description

CR-Code CIA-0002

Date Reported 10-October2015

Requsted by Purchasing ConsultanE ( Willamg

Title Improving Functionality of Creating Purchase Requisition

Submitter J. Anderso{ERPBusiness Analyst)

Description
The GBI company has certain suppliers that they need to pay a deposit or 7
the totalprice upfront before proceeding the order shipméiiiterefore during the
purchasing process, two types of invoice created thatrepeesentsas a pre
payment invoice, and the other is the final invoice when the shipment
inspection of material are npleted. In the standard procedure, the payn
process usually started when the shipment of material is completed.

Primitive Change Update Business Process (Purchasing Process)

Update Business Datd/pdatelnvoice Receipt for prpayment)
Update BusinesBunction (Create Invoice receipt for vendor)

Priority CIA-00021: Update Business Data (Update Invoice Receipt feppyenent)
CIA-00022: Update Business Function (Create Invoice receipt for vendor)
CIA-00023: Update Business Process ((PurchasingeRg)c

Status - Pending for Impact analysis

Impact Summary

First Example: Example Change ImpactAnalysis Report template

Please select from an example above one type of change and implemethieitnipacts
analysis tool, then identify the propagatiorpact following by the risk level.
Please use the instruction as a manual from pervious task.

Change Request ID
Type of change

Level of Modification
Name of Change Item

Propagation of Ippact set %:

Data %
Function %
Module %
Process %
Process Instance %
Function Instance %
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Data Instance %
Total Impact Change (@)
Level of Risk

Low Medium High

Risk

Session IV. Implementation of different Strategies for defining
modification cost

Please select one of the change requests ff@&rK D QidtH3 | U Riie previous task and
implement two different implementatiotrategies to calculate and compare the cost.

Please go back to report summary and filling the table below and then propose two different
modification strategies

Design Impact Data Function Process

\ Impact Number

First suggestion Define Cost sategies for

) . Interface Query
Configuration Development | Modification
| Data
i . Interface Code ERP .
Configuration Development | Modification Programming Bolt-On User exits
‘ Function
Configuration Interface Workflow. ERP . Bolt-On
Development | Programming Progamming
\ Process
Total Cost
CostID
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Second suggestiarDefine Cost strategies

. . Interface Query
Configuration Development | Modification
Data
) . Interface Code ERP .
Configuration Development | Modification Programming Bolt-On User exits
| Function
Configuration Interface Workflow. ERP _ Bolt-On
Development | Programming Programming
\ Process
Total Cost
CostID




Session V. Questionnaire

Usefulness
9) The Change Impact Andis tool helps me to identify impacts more effectively
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree  Strongly Disagree

10) The Change Impact Analysis tool helps me to be more productive

Neither Agreenor

Strongly Agree  Agree Disagree

Disagree  Strongly Disagree

11) The Change Impact Analysis tool gives me more control over the activity when using ERP
systen
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree  Strongly Disagree

12) The Change Impact Analysis tool saves me time of identifying impact

Neither Agreenor

Strongly Agree  Agree Disagree

Disagree  Strongly Disagree

13) The Chang Impact analysis tool meet the requirements to identify the propagation of change in
the whole system

Neither Agreenor

Strongly Agree  Agree Disagree

Disagree  Strongly Disagree

14) The Change Impact Analysis tool does everything | would expexti

Neither Agreenor

Strongly Agree  Agree Disagree

Disagree  Strongly Disagree

15) The Change Impact Analysis tool helps me understand the impact

Neither Agreenor

Strongly Agree  Agree Disagree

Disagree  Strongly Disagree

16) | understandhe effect of my action during customization and evolution of ERP system

Neither Agreenor

Strongly Agree  Agree Disagree

Disagree  Strongly Disagree
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Ease of use

8) The Procedure of running Change Impact Analysis tool is easy to follow
Neither Agreenor

StronglyAgree  Agree Disagree

Disagree Strongly Disagree

9) The Change Impact Analysis tool is user friendly
Neither Agreenor

Disagree Disagree Strongly Disagree

Strongly Agree  Agree

10)1 found the Change Impact analysis uressary complex
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

11)The tool requires the fewest step to accomplish what | want to do with it
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

12)1 found the various functions in Change Impact Analysis tool were well integrated
Neither Agreenor

Disagree Disagree Strongly Disagree

Strongly Agree  Agree

13)1 felt very confident using the Change Impact Analysis tool
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

14)The tool can recover from mistake quickly and easily
Neither Agreenor

Disagree Disagree Strongly Disagree

Strongly Agree  Agree

29t



East of learning Change Impact analyis

4) |learned to use it quickly
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

5) | easy remember how to use the change impact tool
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

6) The Tool is easy to learn
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

Satisfaction:

5) | am satisfied with the tool
Neither Agreenor

Disagree Disagree  Strongly Disagree

Strongly Agree  Agree

6) | would recommend it to ERP Expert
Neither Agreenor

Strongly Agree  Agree Disagree

Disagree Strongly Disagree

7) It works the way that | expected
Neither Agreenor

Disagree Disagree  Strongly Disagree

Strongly Agree  Agree

8) I believe this applican could improve the quality of the work
Neither Agreenor

Disagree Disagree Strongly Disagree

Strongly Agree  Agree

Any additional comment regarding the Tool or the procedure:
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APPENDIX. D IMPLEMENTATION MICRO FLOW, DOMAIN



Figure A-D 1 DesignTime Domain Model & Change Impact

Figure A-D 2 Run-Time Domain Model
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Figure A-D 3Impact Report Domain Model
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Figure A-D 4 Cost Calculation Domain model

Figure A-D 5 Impact analysis mechanisms

Figure A-D 6 Update Business Procesalgorithm 5)
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Figure A-D 7 Microflow for (Process Call) Algorithm 3

Figure A-D 8 Microflow for Create Processinstance (Algorithm 3 & 5)

30¢



Figure A-D 9 Update Business Function (Algorithm 4)
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Figure A-D 10Microflow Find Node (Algorithm 4)

Figure A-D 5 Update Business Data (Algorithm 2)
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Figure A-D Microflow Find Node-2 (Algorithm 2

Figure A-D 5 Update Business Data (Algorithm 6)

Figure A-D 5 Update Business Function (Algorithm 7)
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Figure A-D 5 Update Business Process (Algorithm 8)

Figure A-D 5 Apply Migration Policies for Process Instance



Figure A-D 5 Calculate the Total Impact

Figure A-D 5 View Impact Report
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Figure A-D 5 Create Impact Reportfor Run Time Item

Figure A-D 5 Create Impact Report for DesignTime Item

Figure A-D 5 Calculate the total Cost



Figure A-D 5 Calculate the Assign Implementation

31C



APPENDIX. E RESULT OF THE STUDY

Result from AHP- Method

Business Function Level

Business Process Level

Business Data Level
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Interview transcript with ERP professional

Table 9-1 Interviewee 1

Interviewee Background

Position Head of training ERP at GSK
Field of Expertise Education and traininNetweaver)
Experience in ERP systerMore than 10 Years

Q1) Any experience using
impact analysis tool in your
ERP system

We use Solution Manager bobt for assessing the impact. We only use it fo
documentation repository to process our documentation and not using for g
mapping and linking the processes to define the dependencies such as rg
functionality. We mainly used it for docuntemanagement and process definiti
which is used for specifying our process and to attach what business blueprint
like for that particular business process, such as standard operating process
(SOPs). Also, it's not very easy to use thgplation as it is even more complicat
to understand and use than SAP application itself.

Q2) Approaches for analysi
of Impact analysis (e.g.
expert judgment, previous
historical data, and previous
experience, etc.)

We got extensive business procespecially in the field of pharmacist industry.
document our solution in a standard operating procedure where we have h
standard procedures. So they are detailed-lstegtep level (i.e. in terms ¢
activities) and role level. As well as that Wwave set of business process solui
document BPSD, which is a higével documentation, and we contain Micros
Visio within there.

Q3) Assessment through
standard set of
steps/activities or a process
to trace the impact of
modification

When we havea change request solution, it will only evaluate if it is driven by
business or SAP program. Such as we are operating in lots of countries, for in
we receive a change request from ltaly that needs customization of the SAP
due to the chamgin legal regulation of the country. So they need to come to
office (i.e. which us) and through our process team to assess the modification.
point we analysethe impact of this particular request. In term of what imj
assessment look likeby first check if the modification is in any of the categorie
legal, fiscal, or regulatory. Then we assess the impact by imply into the ter
that include thregpage documentation which needs to go around to the various
to evaluate the mofitation deeply including the implementation, cost and trainin

Q4) Related information
reuse during the assessmer
i.e. dependency model,
change documentation,
historical change data

For mapping we use business process documentation (i.e. BPSD andaWisimy
the change history we use change control documentation (i.e. Template) an
traceability metric

Q5) Importance of having
structured approach and Tqg
for assessing thiempact

It is critical particularly for the businesses like a pharmacisé Main reason is thg
when you become dependent upon SAP whenever you want one small chang
system, it may affect another part of the system and propagate extensively dy
integrated business processes and data. So it is important for uscéiryaat asses
the impact correctly so the tool as the solution can increase the accuracy of
analysis effectively.




Table 9-2 Interviewee 2

Interviewee Background

Position: Operational Excellence le&MEA (Macquarie Bank)
Field of Expertise Change management and Six sigma certified
Experience in ERBystem: More than 15 Years

Q1) Any experience using
impact analysis tool in your
ERP system

Not anything particular for assessing the modificatioBRP system.

Q2) Approaches for analysi
of Impact analysis (e.qg.
expert judgment, previous
historical data, and previou
experience, etc.)

We use Microsoft Visio for mapping the {&3$ business processes and using the

sheet (known as brown paperradothe room) to discuss the changes in detail and
defining all the interaction and dependencies of that particular business proce
very highlevel form. Then after discussion we map the new business procesbe}
and compare them togethertire hard copy. The main reason for taking this appr
is to highlight all the issues in the business processes informally before convert t
the Visio. Once all the parts and dependencies are defined and then trang
mapping for both processésm brown papers to the Visio file. Therefore, our strat
in determining change and their impacts is more based on expert judgment rath
any formal way.

Q3) Assessment through
standard set of
steps/activities or a procesy
to trace the impact of
modification

We implied the sivssigma methodology to define and locate where the problems
the system, and then gathering people such as developer analyst to assess if thq
this modification with the system for this purpose or not. If we rieeapply the ERH
customizationthen it is important to define what need to change in the system.

Q4) Related information
reuse during the assessme
i.e. dependency model,
change documentation,
historical change data

We use version control documentati¢ire., change template) and list of busin
process retrieving from Microsoft Visio

Q5) Importance of having
structured approach and
Tool for assessing the
impact

Our approach is to improve the business process. We want the user to come to
look atthe process and inform us what can we do to improve the business procesg
this means that we need to facilitate and gather the teanatgsethat. Thereforejt is
important for us to be able to assess the change more effectively through automg
solution and standard approach.
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Table 9-3 Interviewee 3

Interviewee Background

Position Finance Director at IRIS Software Group

Field of ExpertiseChange management (and implementation of the SAP, JD
Edward, MD AG, CRM)

Experience in ERP systeiMore than 15 Years

Any experience using
impact analysis tool in
your ERP system

Do not use any Impact analysis tool

Approaches for analysis ¢
Impact analysis (e.qg.
expert judgment, previoug
historical data, and

previous experience, etc.

As a business analyst, | have experience in implementation of ERP at both
sector and mukHinternational sector where tlerganisationis a part of thousan
other companies in the group. Therefore, we usually facedthétkituation wherg
there the organisatios have some requirement that needs some leve
modification in ERP system. So the way that we deal with these situations is
process mapping tool like Visio or RPIW (i.e. rapid process improve
workshop) and gather various employee from different sectoramalysethe
problem. During the session, the ERP implementation consultant has to
where the problems are in the business process and highlight them acco
During the mapping of processes wiso used the business processngineering
techniques for design the business process in Visio.

Assessment through
standard set of
steps/activities or a
process to trace the impa
of modification

We have a standard procedure during the change gwoéd the sets such ¢
process mapping for the-gsand tebe must be signed and authorized to prog
further. Then we have detailed documentation about the transition and planr]
how to apply the change that again this need to be approved aged.agre

The transition document indicates what needs to change in the process.
more based on the expert judgment and experience rather than any aut
mechanism. One example of the change process is back to the two years ag
we were in a sitation on improving the financial reporting process that requirg
to change the whole procedure. At that time, 12 people sat down and discusg
problem for about fiveday and then mapping the whole thing, indicating wherg
problems are and consiggl the solution to apply for new requirements. Then ¢
VL] PRQWKVY WLPH ZH ZHUH LQ D VLWXDWLRC(
process.

Related information reuse
during the assessment i.e
dependency model, chan
documentation, historical
change data

We first mapped the process-asthen we say what the actual requirement nee
be done. Therefore, there is the structured procedure to it and sti
documentation to use each time we end up with change in ERP systen
important forus to documenting the whole proceduressaand tebe of process
mapping in order to reuse it during the modification process.

Importance of having
structured approach and
Tool for assessing the
impact

Depending on the solution we believe that impaetysis tool can be effective an
efficient solution as long as tleeganisatiorcan run the tool without asking from
an external consultant to run it for you.

314



Table 9-4 Interviewee 4

Interviewee Background

Position: Senior business analysis City University
Field of Expertise Change management, ERP, Business Intelligent
Experience in ERP syster@5 Years

Q1) Any experience using
impact analysis tool in yout
ERP system

Do not use any Impact analysis tool

Q2) Approaches for
analysis of Impact analysis
(e.g. expert judgment,
previous historical data, an
previous experience, etc.)

In the previous project, we did -&s and tebe process mapping in order to identf
where the issues are in the process. Wd d&ierosoft Visio to document the proce
mapping of the current system and the interactions with peoples and other syste
also apply the same technique for the new system and then comparg
documentation, and identify the significant changes. Tihus more based on th
business analyst knowledge and experience rather than a formal mechanisms or

Q3) Assessment through
standard set of
steps/activities or a proces
to trace the impact of
modification

After mapping the business processes af types, we outsourced change manager,
consultant from another company as a part of our team. Once the significant g
identified change management team, have to ensure that everyone can underg
change and what new system is going to do. T goes to the authorizatig
FRPPLWWHHY WR PDNH WKH GHFLVLRQ WR HYDO
the system or change tharganisatioal procedures. However, there are lots
emphases to not make any changes in the ERP systera thesitnplementation cos
and maintaining the change during the system upgrades.

Q4) Related information
reuse during the assessme
i.e. dependency model,
change documentation,
historical change data

We identified where the changes are and measurdirttee for the execution an
compared the both process. The main source of information for us is the proceg
to analysis the change in Visio.

Q5) Importance of having
structured approach and
Tool for assessing the
impact

That would be very useful weh help to take the personal judgment out of it and
impact of modification would be assessed in more mechanical, logical and con
approach. This way can help in most of the time where the business analyst |
some part and the interactionethfore, having a tool could enhance the measure
more accurately and correctly.
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Table 9-5 Interviewee 5

Interviewee Background

Position Management Consultant (Helping to align Business and entefpyise
Field of ExpertiseChange management, ERP system implementation
Experience in ERP syste20 Years

Q1) Any experience using
impact analysis tool in
your ERP system

Not any at the moment, we only used impact analysis for change management V|
more reflects on the people antyanisatiorrather than change on ERP system.

Q2) Approaches for
analysis of Impact analysis
(e.g. expert judgment,
previous historical data,
and previous experience,
etc.)

We identify the requirements and mapping them ® blusiness process. We hg
application consultant that works within a team and then they will identify whethe
a standard configuration or some level of development. If we recognize
modification involves development effort, then we typicallpdoat some busineg
justification such that why it needs to apply this change, why not a sta
configuration and what's the benefits in term of cost of development and mainte
During the process we use procesadelling tool like Visio, or Bizagi épen source
equivalent), or more sophisticatetbdellinglike ARIS. It is important to indicate thé
SAP has the reaches set of tool and partners compare to some of the other ERP |

Q3) Assessment through
standard set of
steps/activities or a prose
to trace the impact of
modification

First it is essential to understand the requirements then you need to challenge t
good in practice or not, our approach is constructed more based on expert ju
through the comparison of different modeld experience.

We have some procedure but not in very formal and constructive standard approa
about mapping the process when the process is eliciting the requirements, ident
these requirements can be mapped with the solution and thieingean whether it is
standard configuration or development for planning the modification and assessin
sort of the solutions are suitable for that.

Q4) Related information
reuse during the
assessment i.e. dependen
model, change
documentation, hisrical
change data

So we don't use any dependency model, and it is more based on people experi¢
judgments. We certainly capture as a-standard requirement, which in most cases|
subjective. Such a financial group wants to do something inteydar way, and ther
you could only push back so many times.
After determining the requirements for the business process, then passe
information and discussed with the application consultancy in a form of work
environment. They evaluate thenclitions where the configuration is not feasible, i
they might need some customization. Based on the assessment they look at the
benefit and implementation cost of ERP customization. So over all its subj
evaluation of each change request.

Q5) Importance of having
structured approach and
Tool for assessing the
impact

It is important to have impact analysis potentially it is useful, to have a tool and str
way depending on the implementation and type of assessment. However, thida
the point where there is a need for a consultant to define and assess the chang
particular, it is much helpful to have a tool and approach that developed and ev
through the scientific approach.
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Table 9-6 Interviewee 6

Interviewee Background

Position Analyst Developer
Field of ExpertiseERP Operational process and system tester
Experience in ERP systeni Years

Q1) Any experience using
impact analysis tool in your
ERP system

Not any athe moment.

Q2) Approaches for
analysis of Impact analysis
(e.g. expert judgment,
previous historical data, an
previous experience, etc.)

We are not using any major tool for that, we use Visio for documentation, but
everything is based on our judgmeturing the change process rather than using
particular tool for that. We only use function specification for process mapping,

is used as the perception of what system has. As an analyst what we majorly
there is the problem, then we &wte it according to the input and output compar
the function specification documents. If we noticed any problem or inconsistency
system, then we report that to system developer and support tearalye it further
and assess what other pafrthe system is going to be affected.

Q3) Assessment through
standard set of
steps/activities or a proces!
to trace the impact of
modification

If the system addresses any errors or undesired output, so we first go throl
process map. Once we gat understanding of the-&sprocess changes, then we
through the functional specification documents that provide us with all the inter
to the database. This documents gives us an understanding of the dependend
other objects (i.e., inpudnd output). Then we make any assumption about the
between the new requirements andsagrocess. So my job is tmaly® the change i
more highlevel and translates them for the ERP developer to investigation furt
the lowlevel analysis (i.esuch as change at source code).

Q4) Related information
reuse during the assessme
i.e. dependency model,
change documentation,
historical change data

We have functional specification document and process documentation that w
during the changerpcess.

Q5) Importance of having
structured approach and
Tool for assessing the

impact

For us impact analysis an important task, to have automated solution can hel
identify the dependencies faster without going through 700 documents to specif
would change.




Table 9-7 Interviewee 7

Interviewee Background

Position Business Analyst
Field of ExpertiseSpecialist in ERP and information systems
Experience in ERP systerb: Years

Q1) Any experiencesing
impact analysis tool in your,
ERP system

Since we have small group people without having many dependencies in our §
also, we had some minor modifications to our ERP system, so we do not u
impact analysis tool for that.

Q2) Approaches foanalysis
of Impact analysis (e.qg.
expert judgment, previous
historical data, and previou
experience, etc.)

We do not have techniques or not following any methods during the change prog
case if there is change due to an error or change in thedanm@cmainly we discuss
with end user first and identify what need to change, and then we pass this infor
to developer from another company to provide with the exact information abo
impact on the whole system.

Q3) Assessment through
standad set of
steps/activities or a proces:
to trace the impact of
modification

As mentioned, we do not have any standard procedure to deal with the changg
system. But the steps that involve in such a situation is first to look at the budge
providea time frame for implementations. Indeed, we need approval from our ms
for implementing the change. In order to do that, we need all the information reg
on why we need to change and what is the consequence of the modificatio
information is gathered from the discussion by the -esdr and the developme
company that provide detailed information about the impact.

Q4) Related information
reuse during the assessme
i.e. dependency model,
change documentation,
historical change data

The ony document that we are using during the process of modification is a chan
that is a repository of all improvements to the system.

Q5) Importance of having
structured approach and
Tool for assessing the
impact

For us as a smalbrganisation we are ot experiencing with so many chang
Therefore, it is not much important for us to have an impact analysis tool due to ¢
group of people and departments. However, impact analysis tool can be very us
those companies with thousand documematend dependencies to assess
dependencies and impact of change.
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Experimental Study with ERP expert

Functionality assessment
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Usefulness Assessment
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Ease of Use Assessment
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Satisfaction Assessment
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Ease of Learning Assessment

32¢



Experimental Study with Non-ERP expert

Usefulness Assessment
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Ease of Use Assessment
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Satisfaction Assessment



Ease of Learning Assessment

33C



