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Abstract 

Since 2003 the enterprises have accelerated research in this approach through development of 

methods, tools and other technologies in support of the artifact-centric approach. The artifact-

centric approach is expected to become a promising trend for business communities and 

practitioners, as well as for people working in information technology, to use in business 

process modelling. Our research provides an approach or method that can help business 

stakeholders to understand the artifact-centric approach. 

The artifact-centric modelling is based on business rules and focuses on how business data is 

changed or updated by certain actions or services throughout the business process. Business 

rules can create an inter dependency between each artifact in the artifact centric model which 

makes it necessary to synchronize artifacts in order to maintain a harmony in the business 

processes.  The issue is that the synchronised artifacts become complex and difficult to 

understand by business users. Therefore, in order to improve the understandability of the 

artifact-centric model, we propose a model transformation from synchronised artifact-centric 

process model to an activity-centric process model. In this thesis, we use business process 

modelling notation (BPMN) with an extension as our activity-centric model. This is because 

BPMN is the most widely-accepted process modeling standard. 

To evaluate the proposed approach, we use a case study which demonstrates how a business 

process can be defined using artifact-centric approach and how to transform it into a BPMN 

with extensions. The outcome of this research can be used for business communities as they 

can easily comprehend an artifact-centric model and business requirements/functions during 

the business process modelling.  Better understanding of the artifact-centric approach will help 

the business communities to respond and communicate more efficiently with the system 

analysts or information technology experts at the time of modelling business process.   

 

Key words: Process Modelling, Activity-centric model, Artifact-centric model, Artifact Life 

Cycle, Model Transformation, Business Process Modelling Notation. 
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Chapter 1 – Introduction 

 

This chapter includes seven sections.  Section 1.1 is depicts the business enterprise architecture 

overview. Section 1.2 describes the business processes modelling. Section 1.3 describes the 

background overview of the Activity-Centric Approach (ACA) and Artifact-Centric Approach 

(ArCA) to modelling business processes. Section 1.4 describes the background overview of 

key issues to support ArCA. Section 1.5 provides outcomes of the research. Section 1.6 

describes rational of the research. Finally, Section 1.7 outlines the thesis organisation.  

1.1 Enterprise business architecture 

The enterprise business architecture (EBA) consists of three layers, i.e., first layer is business; 

second layer is information and application, and the third layer is technology. These layers are 

further decompressed into models that depict the information held in each architecture layer as 

demonstrated in Figure 1. 

 

 

Figure 1:   Layers of enterprise architecture (RAP, 2003) 
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Business architecture defines how work is performed within an organization as the work is 

aligned with the deliberate goals and objectives of the business organization. Information 

architecture identifies the data required to accomplish what the business needs. Application 

architecture covers all the applications that support the business organisations. Technology 

architecture covers the information technology (IT) infrastructure of the organization and the 

application layer supports business processes with the help of this. Information Architecture is 

the structural design of shared information environments. Information architecture is the area 

where tenterprise architects look at business requirements during a business process update or 

while introducing a new process.   

Information architecture is a hub for Activity-Centric Business Process Model (AC-BPM) and 

the business architecture is the hub for Artifact-Centric Business Process Model (ArC-BPM).  

The business stakeholders are also involved in this process.  Figure 1 illustrates the movement 

from business architecture into information architecture. This new modelling supports an 

information-centric approach, or ArCA where it derives the relation between ACA and ArCA 

( Kumaran, Liu, & Wu, 2008) 

There are many modelling standards that exist.  Each one of these is useful and has its own 

purpose and audience. Our literature review is based on the commonly used models and 

standards mentioned below: 

 Activity-Centric Business Process Modelling 

 Artifact-Centric Business Process Modelling  

 

The AC-BPM has been adopted as the industry standard due to its effectiveness and the ArC-

BPM is under research and development. The following section illustrates how these models 

can be used to support software interoperability. 

1.2 Business process modelling 

The most important tool used in business organisations these days is the Business Process 

Model (BPM), which is essential for businesses. The BPMs help business stakeholders to 

communicate amongst the business users to achieve the desired business goals. The BPM 

provides a graphic representation of how the activities are executing the organizational 
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resources such as humans or automated systems to achieve the business goals. A BPM is a 

framework for creating economic, social, and/or other forms of value. The term 'business 

model' is thus used for a broad range of informal and formal descriptions to represent core 

aspects of a business, including purpose, offerings, strategies, infrastructure, organizational 

structures, trading practices, and operational processes and policies. 

In the most basic sense, a business model is the method of doing business by which a company 

can sustain itself, that is to generate revenue. The business model spells-out how a company 

makes money by specifying where it is positioned in the value chain.  Although Levitt first 

noted the importance of business processes in the 1960s, it has only been over the last decade 

that these processes have aquired real importance in enterprise design. (Harrington, 1997); 

(Levitt, 1960). As such, there has been an extreme change in business organisations, due to 

globalisation, economic constraints and competitive business environment, which have 

changed the modelling processes. These innovative modelling methods help businesses to 

respond quickly in order to overtake their competitors.  BPM in the current business 

environment have two areas: the AC and ArC which are described below. 

1.2.1 Activity-centric modelling 

Good designs reduce the number of potential problems over the lifetime of a process. 

Irrespective of the consideration of the existing processes, business processes have 

demonstrated a precious role in reusing enterprise needs, designing and coding service 

applications, and implementing  the design and development of business process management 

(BPM) environment (W. M. P. van der Aalst, 2003).  BPM adapts practical industrial case 

scenarios and extrapolates internal and external process Business-to-Business (B2B). This 

extrapolation involves conceptual, analytical and designing levels. 

Additionally, industries are practicing Business Process Modelling Notation (BPMN) (OMG, 

BPMN VER 2.0, 2014) OMG standards as well.  The BPMN is a representation of service 

interactions between parties. It provides the graphic representation at an abstract level of 

services. Business process execution language (BPEL) BPEL 2.0 and BPMN 2.0 are most 

important standards for BPM today (Bruce Silver, 2011).The business rules are an existing, 

well-documented business rule notation developed by Business Rule Solutions, LLC (BRS) 

that has been used by business people in actual practice in large-scale projects since the second 
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half of the 1990s (Documents associated with Semantics of Business Vocabulary and Business 

Rules (SBVR), Version 1.0, 2008).  

 

There are numerous philosophies for guiding design as the design values and its accompanying 

aspects within modern design vary, both between different schools of thought and among 

practicing designers. Generally the design philosophies are focused on design goals that are 

task centred and not data or information centred.  Design goals are useful for guiding designs.  

However, conflicts over immediate and minor goals may lead to questions about the purpose 

of a designin, perhaps in order to set better long term or ultimate goals.  These workflow models 

are procedural and graph based.  Most traditional workflow models are based on procedural 

and/or graph-based paradigms for specifying how a business process or workflow is supposed 

to operate. Methodologies to design workflows in those models are typically found when a 

process-centric perspective is adopted. 

1.2.2 Artifact-centric modelling 

Artifact-centric business process models represents an operational model of business processes 

in which the changes and evolutions of business data, or business entities, are considered the 

main drivers of the processes. Business artifacts were introduced by Nigam and Cashels in 

2003 in IBM organization (Nigam & Caswell, 2003). Intuitively, business artifacts (or simply 

artifacts) are data objects whose manipulations define the underlying processes in a business 

model. Recent engineering and development efforts have adopted the artifact approach for 

design and analysis of business models. 

During the last few years, ArC modelling of business processes gained more and more attention 

(E & Su, 2007) (Bhattacharya, Gerede, Hull, Liu, & Su, 2007)(David & Richard, Business 

artifacts A data-centric approach to modelling business operations and processes, 2009). Due 

to globalization, workflow modelling has become a key component in business organizations. 

These artifacts depict the interactions and coordinate with the use of the data to generate more 

efficient business workflows. Examples include sales invoices, shipments, travel booking 

system, and customers. These artifacts can be thought of as ‘business entities’ and introduce 

the business view data (Prabir Nandi, Dieter König, Simon Moser, Richard Hull, Vlad Klicnik, 

Shane Claussen, Matthias Kloppmann and John Vergo, 2010) by IBM. A business artifact 

includes both business-relevant data about the business entity along with the workflow cycles 
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that the data entity moves.  The second key step is to develop a comprehensive natural business 

language, which can use the data of each class of artifacts, the workflow services (tasks) that 

will use on the artifacts, and the associations between the workflow services and the artifacts. 

In divergence with most workflow service models used today, introducing the business artifact 

method into current businesses would require essential changes in the conceptualisation, 

design, and implementation of operations. The business artifact method can be extended to 

solve the problem of designing a global standard for a difficult, end-to-end process, while 

associating and integrating local geographic variations (Tian Chao, 2009). 

1.3 The approach of activity-centric and artifact-centric in modelling business 

process 

In general, an AC model describes activities conducted in order to achieve business goals, 

informational structures, and organizational resources. Workflows, as a business process 

modelling approach, often emphasize a set of structured activities (i.e., control flows), but 

ignore the informational perspective or treat it only within the context of single activities. 

Without a complete view of the informational context, business actors often focus on ‘what 

should be done’ instead of ‘what can be done’, hindering operational innovations. As such, the 

informational context of the business process has covered in ArC modeling by business 

artifacts. The ArC methodology focuses and demonstrates how business data is altered or 

updated by a particular deed or task throughout the process. Rather than focusing on the AC 

flows of a business process, the ArCA focuses on key business-relevant data that evolve as 

they progress through the operations of the process. 

 

The ArC modelling is an area of growing interest (Nigam & Caswell, 2003). Further studies 

on ArC business processes detailed by Bhattacharyaare are described as successful business 

engagements applying business artifact techniques to industrialise discovery processes in 

pharmaceutical research. Kumaran (2008) presented the formalised information-centric 

approach to discovering business entities from AC process models and transforming such 

models into ArC business process models. An algorithm was provided to achieve this 

transformation automatically (Kuster, Ryndina, & Gall, 2007). 
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Currently, two major business process modelling practices are commonly used, viz. ACA and 

ArCA process modelling.  The advantage of the ACA modelling is that the business and IT 

communities can understand the process flow.  The drawback of ACA modelling is its limited 

presentation of business data such as invoice or sales data and its flow. In the case of ArCA, it 

demonstrates the business data and its control flow in detail.  The drawback of ArCA is that it 

is a complex model and is difficult to understand for the business community.  In business 

organisations, a business process includes a chain of events starting from business requirements 

which further lead to business rules.  Further based on the business rules, the artifacts are 

created. So the link here is transparent. But in case of the ACA such as BPMN, these changes 

take place directly on the BPMN with artifact extensions ( Lohmann & Nyolt, Artifact-Centric 

Modeling Using BPMN, 2011). In these extensions, the activity-centric process flow cannot be 

seen. Therefore, in order to see the flow, this thesis proposes an approach to transform an ArC-

BP model to an AC-BP model.  This study is an attempt to understand how the ACA can help 

a workflow modelling and business process-modelling notation based on ArC-BPMs. 

Activity-centric process modelling uses activities and control structures (gateways) as first 

class modelling constructs and regards data objects in specific data states as pre- and post-

conditions for activity enablement or as main decision indicators at exclusive gateways. The 

main representative and industry standard is the Business Process Model Notation (BPMN) 

(OMG, 2011). 

1.4 Key issues to support the modelling of artifact-centric business process 

Artifact modelling is initially generated from the business rules. The business rules are created 

by the Business Analyst (BA) based on the business requirements. Any organisation starting a 

new business needs to create and understand business’s requirements. Therefore the business 

requirements and the business rules should be easily understood by both business people and 

technical people, because these are written in natural languages.  For further understanding by 

technical people, these rules are needed to be transformed into graphic representations called 

as artifacts. To a certain extent, these artifacts can be hard to understand for business people.  

Understanding business processes is very necessary for the business people because they have 

to create the business requirements initially.  Based on the business requirements, business 

rules are created.  Finally based on the business rules, artifacts are created.  In the current era 

of globalization and technology, the distributed enterprise environment has become very 
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progressive and the changing or updating of businesses is a common scenario. At present these 

changes are directly updated in the BPMN and also to extended artifacts (Lohmann & Nyolt, 

Artifact-Centric Modeling Using BPMN, 2011). Therefore, the changes are directly made into 

the BPMN and do not essentially reflect changes in the business rules.  This creates difficulties 

in follow up for business people.  On the other hand, if the artifacts are based on the business 

requirement and business rules, then that helps the business people and stakeholders or experts 

to develop business process models that are reliable and progressive. However, the ArC-BPM 

can be complex and so business people cannot comprehend the model easily.Therefore, this 

thesis sets out the following question. How the business people can understand workflow using 

ACA? This thesis will explore approaches to analysing business requirements to build the ArC- 

BPM and transform that into AC-BPM such as an AC model in the extended BPMN format 

which is easier to business people to understand. 

1.5 Research outcomes 

This research report is intended to produce: 

 A synchronised artifact-centric process model based on given business rules and 

requirements. 

 A transformation from the artifact-centric process model to a BPMN activity-centric 

model with extensions. 

The research presented is based on real-world case studies in which we show how our research 

methodology has been applied. This research provides more guidance to the business people 

or practitioners and therefore makes their work easier. For example, whenever business people 

add new requirements, then business rules are created by business analysts on this basis. Using 

business rules as essential criteria allows artifacts to emerge which provide a vision for further 

action. With the knowledge of the artifacts, it is easy to understand and compose the right 

services, and to adapt services according to the business processes requirements.  

The first step of our research was to collect information from relevant sources such as journals, 

conferences, and case summaries of business requirement, business rules, business artifacts, 

workflow patterns, service interaction patterns, and process change patterns. The methodology 

used in the research was qualitative. 
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The research has produced a newly refined way that will help business people to understand 

the complex business rules beneath the activity centric model.  This will boost the modelling 

and the Service Oriented Architecture. Apparently, this can help achieve/improve the 

flexibility, customisability, adaptability and scalability of BPM. 

1.6 Rationale of this research 

1.6.1 Purpose of this research 

The research aims to provide the ArCA in a more efficient way in the form of an activity-

centric paradigm. The reason for this is that the complex ArC-BPMs are very hard to 

understand for business people. The main motivation behind this research is to fill the gap 

between ArCA and ACA. Lohmann & Nyolt (2011) have generated artifact based on using a 

BPMN model. They did not utilize the business rules initially.  As the business rules were 

included later, they were difficult to understand at that point of time by the business 

stakeholders.  Our research depicts the business artifacts based on the business rules. It will 

provide a reliable support to artifacts. It has been claimed that an artifact-centric perspective is 

more beneficial for designing business processes in the modern era. Therefore both the business 

communities and the IT experts can depend on it.  Lohmann & Nyolt (2011) transformed 

BPMN notations as an extention to business artifacts and the business artifacts are part of 

BPMN. The BPMN artifacts are derived from AC-BPM.  Therefore if anything has to be 

changed, it has to start from scratch as the transformation of the artifacts has been done based 

on ACA. We observed that when the changes take place in the AC process model it is too hard 

to understand for the business people.  Additionally, the change has to start from a business 

requirement, business rules then approaching into modelling necessary. If generating the 

artifact is based on the business rules then there will be a lot of clarity for the artifact that will 

make business people to follow the change. Eventually, to transition to BPMN would be 

comprehendable to business and non-business people. 

The existing AC business patterns in the commercial industries are used in different areas and 

for different purposes. Workflow patterns are not used for communication purposes between 

parties, they are only used for business. Service interaction patterns are not for internal structure 

but are important for communication services. Change patterns only illustrate the structural 

change in business process, and are not indicative of internal structure or communication 
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services. To support this, the business organisation needs a reliable business data or business 

artifact.  This research is intended to provide business rules based on artifacts that can be used 

to provide reliable BPMN models to business people. It is clear that at all times traditional 

business modelling and workflow are based on activity flow support of documents placed in 

the distributed computing environment. This involves three behaviours: creation, collaboration, 

and evolution, which are represented as composite workflow patterns, service interaction 

patterns and process change patterns respectively. These behaviours have influence on the 

business process.  The existing patterns are complex with regard to modelling and therefore 

have some limitations from a data centric point of view. Therefore only business artifacts 

provide a graphic expression based on business rules. The aim of the research is to transform 

business rules into artifacts and compose them into artifact life cycles. The existing artifacts 

life cycles are synchronised into ArC models and transformed into BPMN.  This provides a 

new method that can boost the data centric modelling and AC modelling.  This can help 

business people, IT professionals, and business modellers. 

1.6.2 Significance and relevance of this study 

1.6.2.1 The rationale and relevance of this study 

Business artifacts are an instrument to record the changing of data from the beginning to the 

end of a process.This information exists in identifiable, self-describing, and inseparable units. 

These business artifacts are generated based on business rules. Business rules are hard to 

understand for business people, hence the appearance of artifacts.Artifacts visually represent 

information to help business people understand them to a better extent. These artifacts hold 

only the data state and business data records. This is very vital for business people because 

every new or updated business function in the organization is initiated by them and business 

requirements are created. Based on that business people generate the business rules and then 

the artifacts are built. In the current era globalization and technology is making the distributed 

enterprise environment very progressive in terms of changes or updates to businesses. 

Therefore, when business functions are updated or introduced to business communities and IT 

experts are participating in the design, the artifacts are coming into picture. Based on the 

business goals the synchronised complex artifact models are formed. It is hard to understand 

for the business people these complex artifact models. Our research has identified this area as 

problematic. If we transform these synchronised artifacts into BPMN with our extensions, that 
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will make them easier for business people to understand. Therefore, if the artifacts are properly 

based there could be enormous development and reliable progress for business people, 

stakeholders and technology people. 

1.6.2.2 Possible solutions to existing problems 

In the current business environment artifact process modelling is increasingly popular and is 

being rapidly adopted by those involved with process modelling (Meyer & Weske, 2014). 

Because it has only existed for the past decade there is still a learning curve, and a lot of 

research is taking place in this area. The existing artifacts are not yet made to public standards. 

Hence, it is very hard to implement ArC process modelling in real time scenarios due to lack 

of existing modelling languages for artifacts. The BPMN is the standard modelling approach 

with the support of process modelling languages. We found that if we could translate an ArC 

process model into a BPMN model which possesses better business perception and acceptance 

as an industry standard, then the business community would be more appreciative of the ArC 

modelling approach. Our research will also help and guide IT community to extend the existing 

BPMN standard to support ArC modelling. 

1.6.2.3 Intended benefits 

Based on an artifact representation and a set of available services, a business model is 

articulated by “business rules”. Roughly, business rules can specify what services are to be 

performed on which artifacts and at what time (Bhattacharya, Gerede, Hull, Liu, & Su, 2007).  

This method is a great initiative entreaty to business managers, and could bring considerable 

new insights to business stakeholders, and can greatly simplify communication about business 

processes between different divisions or regions of an enterprise. If the artifacts are properly 

based on business rules, and synchronised and transformed into a BPMN activity centric model 

with some extensions, then these process models can help business people, stakeholders, 

technology people progress.  We assume that by renovating ArC into ACA, the organisation 

will be able to save on money and time. Additionally, such transformations will help business 

stakeholders understand the data centric point of view in a better way and can help bridge the 

gap business communities and IT experts. There would be reliable progression in business 

processes using artifact-centric models. Therefore, stakeholders and IT experts can rely on 

changes because both follow the artifact models. 
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1.6.2.4 Possible contribution of the new knowledge 

This research helps to find a virtuous method in the data centric modelling and how it can be 

understood and applied in the context of existing ArC modelling approach. 

1.6.2.5 Possible implications 

At this stage, the proposed research needs to represent business artifacts in the modelling 

environment. If business people want to make some changes then they are providing the 

business requirement. Based on the business requirement the business rules are formulated. 

This research discusses the existing classical business patterns, workflow patterns, service 

interaction patterns, process change patterns, and different vulnerability classifications (Aalst, 

Hofstede, Kiepuszewski, & Barros, 2003)( Russell & Hofstede, 2009). The scope of the 

workflow service patterns development is also discussed.This research further proposes using 

the .Net foundation application in the future to synchronise artifacts and generate a BPMN 

model guideline for the development of secure business models.. This is the main role of the 

artifacts in the commercial enterprise environment. Therefore, the research can provide more 

guidance for business people, designers, or commercial industry practitioners in order to make 

their work easier. 

1.7 Thesis organization 

This research will be carried out by means of waterfall methodology which is shown in Figure 

2 below.  The waterfall model is preferred in this research due to its linear nature.  The research 

follows a qualitative method.  The power of qualitative research lies in its ability to adapt to 

natural settings such as exploration of motivations, reasoning, decision-making, participants 

services and their management. The results of this research are expected to introduce a method 

and guidelines that will help other researchers to see the effectiveness of our proposed approach 

as well as enriching the business process management field with new understandings and 

informed practice. 
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Figure 2: Overall structure of the thesis 

In this section we describe the overall structure of the thesis as of follows: 

Chapter 2:  A literature review feasibility study will be conducted on artifacts and typical 

workflow structures as shown by Nigam & Caswell (2003). In addition, existing related 

information approaches and methods that have been collected from the publications and case 

scenarios for this research will be processed and analysed. The study of elements and 

components for this research include business requirements, business processes, AC-BPM, 

ArC-BPM, business rules (e.g. ECA), BPMN, workflow based service interaction patterns, 

process change patterns, and analysis and discussion of the research problem. 

Chapter 3:  Methodology and research framework.  In response to the research problem, the 

framework develops by analysing the nature and the structure of AC-BPM, ArC-BPM and 

developing a method for transformation from an ArC process model to an AC process model. 

In this thesis, we take BPMN to be used as an AC model. 

Chapter 4:  Based on the above phases, a case study is presented and evaluated with the 

proposed method. Here, we show how to analyse business requirements, model a business 

process using ArC approach, and transform the ArC model to BPMN with extensions. 

 

Chapter 5: Summarises and documents research outcomes. 

Chapter 2: 1:  Literature review of study on busienss 
modeling, activity-ceentric and artifact-centric, workflow 

sturctures

Chapter 3: Methodology and Research framework. 

Develop an visual and procedural frame work and 

summarise the context in respose to the research problem.

Chapter 4: case study has been presented 

and evaluated

Chapter  5: Conclusion 
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Chapter 2 – Literature review 

 

Section 2.1 discusses business process modelling, followed by ACA BPM in section 2.2. 

Section 2.3 talks about ArCA BPM, while Section 2.4 deals with various transformations of 

BPM and section 2.5 explains the rationale for this research followed by the chapter summary 

in section 2.6. 

The prime focus of this research is business artifacts, which are an integral part of business 

process modelling. Primary data for this study is available in the form of business models, 

traditional patterns (Aalst, Hofstede, Kiepuszewski, & Barros, 2003) and a second level of data 

is available as industrial case scenarios. The existing patterns from ACA and business artifacts 

from ArCA will be analysed and incorporated into the research process.  Eventually this 

becomes the secondary data.  Most of the data will be gathered from current publications.  

This research investigates the current BPM paradigm and the next task would be to identify the 

gap between the existing artifacts and the method of compliance with workflow, which can 

help business people to understand and communicate with IT people while modelling the 

business process.  

2.1 Business process modelling 

According to Davenport, business processes are defined as ‘‘structured, measured sets of 

activities designed to produce a specified output for a particular customer or market.’’ 

(Davenport , 1993).  In a business process, the inputs are transformed into outputs using 

activities. Business Process Model is the key modelling method used in business organisations 

these days to represent any business process. BPM provides a graphic representation of how 

various activities are executed using organizational resources such as humans or automated 

systems to achieve specific business goals. Furthermore, BPM is also a framework for creating 

economic, social, and other forms of value. The term 'business model' is thus used for a broad 
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range of informal and formal descriptions to represent core aspects of a business, including 

purpose, offerings, strategies, infrastructure, organizational structures, trading practices, and 

operational processes and policies. In other words, business models are representations of 

methods of doing business by which any company can sustain itself, i.e., generate revenue. The 

business model spells out how a company makes money by specifying where it is positioned 

in the value chain. 

Significance of business processes was mentioned by Levitt in 1960. But it was not until late 

1990s that business processes have acquired real importance in enterprise design (Levitt, 1960). 

BPM is a key factor for enterprise businesses that assists in further analysis of existing and 

future business functions (Saven & Olhager, 2002). BPM as a part of EBA helps business 

stakeholders to achieve desired business goals with the help of regular dialogue between 

business users.  

Key objectives of BPM include improving the business quality, speeding up the business 

functions, and reduce the time taken to model the life cycle of business processes. A business 

process is a set of interrelated activities or tasks which deliver services or products that can 

contribute to achieving the business goal.  Usually these activities are presented as process flow 

diagrams which graphically present workflows of activities and actions.  For example, Figure 

3 depicts a business process on how a purchase order is processed from the beginning until the 

goods are delivered. 

 

Figure 3: Business process model 
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In BPM, one or more logical interlinked business processes are organised at an operational 

phase to achieve the business goal.  BPM or the operational modelling represents a workflow 

structure for coordination and integration between the business processes.  A workflow is a 

well-documented sequence of business operations that are either dependent on human 

interactions or fully automated, or a combination of both.  There are many business process 

models that have been suggested over the last few decades.  Among them, the two most popular 

and well accepted models are activity-centric and artifact-centric models. 

BPM is prominently used either by business stakeholders or by information technology (IT) 

experts to understand about business processes or to further develop them in improving 

business functions.  BPM is organized on a large scale to assist the development of software 

supporting business processes, thus permitting analysis and improvement of business 

processes.  In 1993, Macintosh provided five levels of processes in BPM which he named as 

“initial processes, repeatable processes, defined process patterns, managed processes, and 

optimised processes” (V. Gandhewar & P. Wadegaonkar, 2012).  All these processes come into 

the picture when business requirements are provided by the business stakeholders to improve 

or start a new function in an organisation.  Generally BPM is designed by business analysts 

(BA) who have expertise in process analysis and modelling. They interact with the business 

community and IT experts during the process of design. Activity-Centric models were a 

popular form of BPM until the adoption of Artifact-Centric models. The below Figure depicts 

the categorization of BPM into Activity-Centric modelling and Artifact-Centric modelling.  



16 
 

 

Figure 4: Activity-centric and artifact-centric workflow 

In Figure 4, common components for artifact centric approch and activity centric approaches 

are shown as per the business requirement and the workflow. According to the available 

literature, a business process model with a combination of artifact and activity modelling 

approaches together on one page cannot be presented. But these approaches can be transformed 

either way from one approach to the other as a round trip (Meyer & Weske, 2014).  The 

selection of modelling approach depends on the organisational requirement and user 

expectations. Both the modelling approaches have their own set of advantages and 

disadvantages.   

 

This research focuses on the transformation phase from an artifact-centric model to an activity-

centric model (e.g. BPMN). 

2.2 Activity-centric business process modelling (AC-BPM) 

Section 2.2.1 discusses Activity-centric Approach (ACA) in BPM and section 2.2.2 discusses 

Business Process Modelling Notation (BPMN). 
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2.2.1 Activity-centric approach in business process modelling 

Alast and Hofstede explored the features of the workflow management systems and their 

flexibility at different levels in commercial industry (Aalst, Hofstede, Kiepuszewski, & Barros, 

2003). The workflow requirements were systematically addressed from basic to complex in 

order to identify useful routing constructs to establish to what extent these requirements were 

addressed.  The workflow requirements provided information about the current usage of the 

modelling languages and their uncertainty with existing patterns. Researchers formulated a 

number of workflow patterns and identified comprehensive workflow functions. Most 

workflow patterns are demonstrated as mapping the process activities at a high level. In some 

cases, the workflow patterns are demonstrated at implementation level using a suitable 

workflow engine. 

 

Rosa et al. (2011) recommended solutions and described how to assume a set of basic business 

functionalities that require a desired behaviour in the organisation.  During the process of 

modelling, in case of more complex routing constructs, it is easy for the BA and designers to 

pick up the respective existing standard patterns and simplify them. Important solutions can be 

derived for practical problems encountered while using current workflow activities with 

technologies.  These patterns need to be presented based on the existing in-depth case scenarios 

of commercial workflow management system. 

In Business to Business (B2B) interactions, web services and human interactions are utilized.  

Alistair Barros et al. (2005) introduced a collection of process service interaction patterns for 

the adaptation of the emerging web service functions and validation of the choreography and 

orchestration of business rules and policies. These patterns are implemented by using business 

process execution language (BPEL). They also try to put together the information at abstract 

level based on business to business transactions.  The industrial case scenarios are gathered 

with the help of standardization committees.  In their research, Alistair et al. (2005) found that 

the proposed patterns were not fully loaded for the current computing services.  Therefore, the 

researchers consolidated repeated industrial business practices and abstracted them in a way to 

contribute to reusable knowledge.  In the end, they proposed that service interaction patterns 

were covered for bilateral and multilateral interactions.  The researchers were able to 

investigate the BPEL’s capabilities up to a certain extent using service interaction patterns.  
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Alistair et al. (2005) suggested future extended work as well as exploration of developing 

service oriented computing technologies. 

Service interaction patterns are part of the ACA which are used in business process modelling. 

When two parties exchange information, they follow interaction patterns at the time of 

designing. In the ArC-BPM, the data, which is involved in the interaction, is not explicitly 

modelled. Each business artifact is updated or interacted with by services in BPM. As the above 

mentioned patterns are all part of conceptual process modelling, BPMN is proposed to be used 

to visually model the workflow patterns. The existing workflow patterns are based on the 

activity-centric modelling approach.  In this workflow patterns the activities are part of high 

level structures.  However in the ACA, the abstract level business data is not represented in the 

BPM and so the business stakeholders cannot see the changes of business data in ACA. This 

problem has been addressed by some researchers like Wil van der Aalst and Rosa et al., (2011) 

and we are also trying to address this in our research. 

2.2.2 Business process modelling notation 

BPMN (OMG, 2013) is a standard notation modelling approach for business process modelling 

that provides a graphic notation for specifying business processes in a Business Process 

Diagram (BPD)(Simpson, 2004) based on a flow chart technique very similar to the activity 

diagrams from Unified Modelling Language (UML)(White, 2006).  The objective of BPMN is 

to support business process management, for both technical users and business users, by 

providing a notation that is intuitive to business users, yet able to represent complex process 

semantics.  The BPMN specification also provides a mapping between the graphics of the 

notation and the underlying constructs of execution languages, particularly BPEL (White , 

Stephen A, 2004). BPMN is one of the modelling methods in ACA. Business Process 

Management Initiative (BPMI) developed BPMN, which has been maintained by the Object 

Management Group since the two organizations merged in 2005. BPMN provides a standard 

notation readily understandable by all business stakeholders. These include the business 

analysts who create and refine the processes, the technical developers responsible for 

implementing them, and the business managers who monitor and manage them. Consequently, 

BPMN serves as a common language, bridging the communication gap that frequently occurs 

between business process design and implementation SOAs (Niele, 2012). 
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The objective of BPMN is to support business process management, for both technical users 

and business users, by providing a notation that is intuitive to business users, yet able to 

represent complex process semantics. The BPMN specification also provides a mapping 

between the graphics of the notation and the underlying constructs of execution languages, 

particularly Business Process Execution Language (BPEL). 

However, it is necessary to discuss the disadvantages or limitations of the ACA.  Because 

business data is integrated at a limited level in the ACA, it is difficult to get a comprehensive 

overview of the possible effects of the order of processing steps on the main business 

components (Bhattacharya, Hull, & Su, 2009). Additionally experiences of business 

practitioners and subject matter experts indicate that the ACA does not allow the bird’s eye 

view of the total operations in the business process.  Some of these limitations can be linked to 

inability to change the business processes due to absence of the control flows.  Additionally, 

data is not presented in the ACA meaning it is missing which could be the reason that a bird’s 

eye view of the total business operations is not possible.  Again because business rules are 

missing in the approach, the changes made by technical experts are hard to understand by the 

business stakeholders.  Lastly, the ACA is not modularised and lacks the loose coupling of 

business processes.  This leads to restricted flexibility of the ACA. 

2.3 Artifact-centric business processes modelling (ArC-BPM) 

In this section, existing work related to artifacts in BPM using ArCA will be discussed.  Firstly 

section 2.3.1 discusses business artifacts and business process modelling and how they are used 

in business communities. Section 2.3.2 describes business requirements and business rules 

which are part of artifact-centric approach. Section 2.3.3 reviews the concept of Artifact-Life 

Cycles (ALC) and discusses how it takes part in our research. Section 2.3.3 discusses process 

change in ArCA and section 2.3.5 discusses the implementation and advantages of ArCA BPM 

in business communities. 

2.3.1 Artifact-centric approach in business process modelling 

In the last decade, there have been efforts to develop business process modelling from business 

artifacts and their lifecycles.  Nigam & Caswell (2003) were the first to introduce the concept 

of modelling business processes from business artifacts and their life cycles.  A business 
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artifact (or artifact for short) is described as “a concrete, identifiable, self-describing chunk of 

information that can be used by a business person to actually run a business” (Nigam & 

Caswell, 2003).  Artifacts are referred to as business records which have to be recognizable.  

For example, the artifacts should include information in one place only, and are taken to be the 

only unequivocal information present in the business, i.e., a set of business data records 

representing the content of the business. Business artifacts constitute concrete information 

chunks that the business creates and maintains.  In other words, business artifacts provide the 

mechanism for information localization (Nigam and Caswell, 2003). 

An example of key business artifacts in a purchasing process is a purchase order (PO) which 

is used to specify which goods a buyer wants to buy from a seller.  The PO may contain several 

specific items that can be ordered in a specific quantity. The total cost of the goods purchased, 

purchasing time, and other information may be recorded in separate fields in the PO if they are 

used in the business. The PO should be assigned with a unique identification number (UIN) for 

the reference and its connection with other related artifacts, .e.g., invoice, payment, shipping 

order, delivery, etc. 

The constructive modelling framework and methodology for addressing the business 

communities, the key component for this BPM methodology is fundamentally centred on the 

business data rather than activity flows, that is based on the business artifacts. Artifacts are 

used at the time of design to capture the information models and the key business entities. The 

ArCA has been successfully applied in process and workflow designs. 

The design methodology presented in (Bhattacharya, Gerede, Hull, Liu, & Su , 2007) is based 

on the IBM real time business process modelling active databases, ECA systems and semantics 

web services. Bhattacharya et al. (2009) elaborated the concept of the business artifacts using 

business process and workflows and investigated how to design workflow with artifacts from 

a data centric prospective. The authors of this study proposed that a data-centric perspective 

would be useful in designing BPM in the operational mode. Thus there is a need to derive a 

BPM from data centric perspective, where business people will be able to see in the form of 

BPMN and adapted artifact extension form. 

The design methodology for the business processes and workflows are based on the business 

artifacts which represents the artifact-centric driven methodology. This is for business people 

and includes the business data and its lifecycle. The main thing is the business data getting in 
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to the action with micro life cycles. The individual workflow services are supporting the related 

artifacts and forming in to artifact lifecycles.  The resulting output of the semantic set of life 

cycles becomes the form of ArC workflow model. The report illustrates how the business 

requirement specification, artifact-centric workflows specification can be plotted and enhanced 

into a real time business realization. 

Introducing the artifact into the business process, the workflow design phase provides more 

efficient methodology to understand business data and act proactively towards business goals.  

One of the key challenges of BPM is to enable the business managers to understand, design 

and easily make changes to their business operations based on business data. 

2.3.2 Artifact-centric business process requirement, business rules and relations 

Business requirements are provided by the business stakeholders when organisations are 

implementing new business functions or reengineering the existing business process. These 

business requirements, when applied by IT, should deliver the expected business benefits of 

the renovation of business process (Stergiou, 1998).  The business requirements are based on 

common sense, and the understanding of rules based on policies. These rules always tend to 

remove some degree of freedom. The degree of freedom removed by a rule might concern the 

behaviour of people (in the case of an operative business rule), or their understanding of 

concepts (in the case of a structural rule). In the latter case, the restricting of freedom is built-

in (i.e., “structural” or “by definition”). In the former case, people can still potentially violate 

or ignore the rule - that is a matter of free will, appropriate enforcement, and sometimes 

discretion (for example if the rule is offered simply as a guideline or suggestion). The semantics 

of Business Vocabulary and Business Rules (SBVR) are intended to follow the standard 

resources for formal and detailed natural language, adapted by OMG in 2005.  So business 

organizations list the business requirements and on this basis, BA needs to create the rules, 

which are operational rules for an enterprise, security policy, standard compliance and 

circulatory compliance rules. 

Based on the business requirement, rules are defined. These rules address two kinds of users, 

one is business communities and the second one is IT professionals (Tian Chao D. C., 2009). 

Before applying to IT, the requirements are transformed into business rules in a standard text 

and graphic format by business analysts. The text format is Event Condition Action (ECA) 
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rules and the graphic format representation of these business rules is called business artifacts. 

In our research paper the business rules play an important role.  

In our research paper, these business rules (Object Management Group inc, 2008) are used to 

generate the business artifact.  

An artifact is an existing, identifiable, and self-describing chunk of data that is used inthe 

business organizations by business users while modelling business process. 

 

The business artifact represents the data and process prospective in modelling (Yongchareon, 

2012). The key characteristics of business artifacts are as below. 

 Artifacts are projecting in two ways, distinctive identity throughout enterprise 

environment and self-describing content. 

 The identity of artifacts cannot be changed.  

 Depending on the business requirements the artifact’s content can be modified 

subjectively. 

 The contents of the artifacts can be copied, one artifact to another. A new data and 

external data can be added from other sources. 

The paper (A & Caswell, 2003) has analysed and identified the business people’s ideologies 

and constructed the artifacts based on the existing and evaluated business requirements. An 

identified artifact in a business represents the piece of business covering a particular process. 

For example, if we considered a Sales Order area in the business then the key artifact is the 

“placing order record”, so all the other artifacts within the sales order are devoted to support 

the processing of the order record. 

 

“Business artifacts constitute concrete information chunks that the business creates and 

maintains. In other words, business artifacts provide the mechanism for information 

localization” (A & Caswell, 2003). 

The Nigan et al. (2003) report has demonstrated operational specification that has transformed 

into artifacts with life cycles in a simple way at the conceptual level.  

 

Artifacts play a key role between the business operational specification and modelling, which 

gives a good understand of the initial stage of the artifact. (A & Caswell, 2003). The Extensible 
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Mark-up Language (XML) has adapted one of the standard syntax for the artifacts. Therefore 

the business rules and artifacts can be written in the XMLformat (Yongchareon, 2012). 

2.3.3 Artifact life cycle 

ArCA illustrates how business data and its objects participate and change the artifact’s life 

cycle. The artifact’s status is played by the process agents such as buyer or shipper and the 

artifacts are order, debit, cargo etc.  

The life cycle of each business artifact is holding a small unit of business process with a start, 

transition, and end (archive) state.  Lohmann et al. (2011) have given four BPMN extensions 

for artifact-centric modelling; the components for these are as below. 

 Artifacts: the basic block for the BPM. 

 Artifact life cycles: the description of the artifact’s states. 

 Location information: How artifacts changes their locations by services agents. 

 Access control: Specification of remote accessibility of artifacts. 

 Goal states: The final state in the artifact. 

 Policies: remove the unwanted behaviour. 

The appearance of an artifact is illustrated below, in Figure 5. It has a tag name at the top left 

corner in Figure 5 (a). The artifacts are the key blocks for the ArC process model. The life 

cycle has been shown in Figure 5 (b), and how a data artifact can start its role from a starting 

state to an end state. In Figure 5(b) the single data object represents the three states such as 

start, transition and end. 

 

Figure 5:   (a) Artifact placing name  (b) Artifact life cycle (Lohmann % Nyolt, Artifact-

centric modelling using BPMN, 2012) 

Business Artifact

Name
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Figure 5(b) shows an artifact life cycle that has been modelled using the activity symbols such 

as process, event, and gateways. These states are triggered by the process agents such as seller, 

buyer and shipper. For example the life cycle of an "order" artifact has more than one symbol, 

each of these symbols has states such as unpaid, payment, and paid. Therefore, this detailed 

state of data in the artifact life cycle is very descriptive and self-explanatory, comparing 

favourably to BPMN data notations. Location information of an artifact may be a logical or 

physical object that needs to be exchanged between the agents to perform state changes.  

For example, in the case of the order payment received, it will logically and physically trigger 

the message exchange or will access remotely.  As shown in Figure 6 below the exchange of 

artifacts between agents will lead to the change of locations.  

In Figure 6 (a), the data objects exchange physically between two parties such as the debit 

information between the buyer and the shipper. In addition to this, the order artifact is accessed 

remotely.   

 

Figure 6: (a) debit artifact; (b) order artifact (Lohmann & Nyolt, 2011) 

Figure 6(b) shows the location information that has to be executed in a sequence of business 

goal status and policies. This can be done by access controls.  To give goal states a BPMN 

illustration, connect the desired end events of the artifacts with a parallel gateway. Figure 6 (b) 
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is connecting “beer ordered”, “beer loaded” and “wine ordered”, “wine loaded” respectively. 

Considering all artifacts, this yields the two final valid states of the overall process: 

 

Figure 7: desired end events of artifacts with a parallel gateway (Lohmann & Nyolt, 2011) 

The authors Lohmann and Noyold et al. (2011) provide the BPMN modelling which is focused 

on the data objects and their limited range. This can influence the understanding of the flow. 

How the data notations are owned by the participants, processors and their change of locations 

between the participants in the business process is elaborated. They investigated taking a small 

business process model of a shipping case study and demonstrated on certain data notations, 

which are not authentically supported by the current BPMN standards. These data notations 

are limited and self-explanatory. Proposed the BPMN extensions are explored to the ArCA for 

further modelling support of business data aspects. The artifact centric models are logically 

segregated into lesser entities, such as Figure 7 which shows artifacts, policies, and goal states. 

With proper synchronization, they enable a gradual modelling methodology.   

Lohmann & Nyolt (2011) provide the artifact-centric modelling based on BPMN data notation 

extensions.  All the work presented in their research was done in the context of the artifact of 

the BPMN extensions. The artifacts are further extended internally within the BPMN model.  

They depict the scalability and flexibility in their approach. So the changes made in the process 

can be depicted in the artifacts. However, our research provides the link from the business 

requirement. When artifacts are extending based on the BPMN in the case of huge complex 

systems, it would be difficult for the business stakeholders to understand. Our research provides 

the connection when the changes have been done, as our artifacts are based on the business 

rules. Therefore business people can understand the scenario. 
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2.3.4 Process change with support of artifacts 

Modern businesses and IT systems are distributed in a global environment in which things 

constantly change. Changes are compulsory in any organization for its survival in the 

competitive marketplace. Due to this continuous change, there is often a failure to manage the 

huge systems created. To manage these kinds of failures many Requirement Change 

Management (RCM) models have appeared (S & Naveed, 2006). RCM models are activities, 

artifacts and roles. If business people want to make changes or update their business policies 

then routine operations lead to unavoidable restrictions.  Therefore, this change has to be 

acknowledged widely and that can provide flexibility in the process model at both model level 

as well as instance level. Models based on ArCA is comprehensible for both business and the 

technical people. 
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Table 1: process change involvement in artifact-centric modelling 

One thing we have to notice in the above table 1 is that the first column represents the business 

requirement, placing an order entry form and providing email ID is mandatory. The business 

rules say that the customer must supply the email ID. Based on these requirements, the business 

rules, ECA, and artifacts follow. After that, the artifacts are transformed into artifact centric 

modelling to make it more meaningful.  That made it possible for business people to later revise 

the email requirement as a valid email ID. That will effect each and every phase of the 

modelling .For instance, the valid email ID has to have @ rate and should be followed by the 

company extension (such as xxxxc@abc.co.nz).  Hence this revised change will effect on the 

web service application and artifacts, which can guide the business and the IT people. 

 Business rules are lists of statements that tell you whether you may or may not do 

something or that gives you the criteria and conditions for making a decision. 

 Business requirements are what you need to do to enable the implementation and 

compliance with business rules. 

 There can be many different alternative business requirements to implement/enforce a 

set of business rules. 

 Business rules are what they are.  They should not change to fit the business 

requirements. 

A change in a rule can mean different or additional requirements. 

2.3.5 Implementation and advantages of artifact-centric business process modelling 

with respect to communities 

 In the past few years, the ArCA in BPM has been presented as an encouraging paradigm that 

lends itself well to current online services such as SOA and middleware technology.  As 

discussed before, the ARA in BPM has a great impact on businesses.  The ArCA in BPM has 

been demonstrated to be useful in both academic and industrial research. It has been observed 

that the ArCA in BPM delivers higher level of flexibility of workflow enactment and 

development. Additionally, it enables the process of business renovation along with 

communicating the business intent for associating business operations between the business 

communities and information technologies across the organizations (Ngamakeur, 

Yongchareon, & Liu, 2012). Recent business process models have raised data depiction to the 

mailto:xxxxc@abc.co.nz
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same level as control flows. For instance, the artifact-centric business process models permit 

the life cycle properties of artifacts (data objects), to be stated and examined. Gerede & Su 

(2007) studied a small process model of a transport scenario and presented that certain data-

flow phases were not faithfully supported by the existing BPMN standard. To model artifact-

centric processes, they projected several BPMN additions to represent the parts of the artifact-

centric approach. In this way, Gerede & Su (2007) tried to reprocess existing graphical 

notations more conceivable and focused on following the best modelling practices.  They 

expressed different visions of business process to help the BA and modellers to work more 

efficiently while designing BPM. 

The current BPMN standard has a limited modelling provision with respect to artifact-centric 

approach. Particularly in the case of modelling the life cycle of artifacts, there is a possibility 

of a disorder due to ACA in the aspects of tasks, events, and gateways. Thus it is necessary to 

make few adjustments in the BPMN to make the artifacts and their life cycle into a more 

effective way in the business process modelling. Since the ArC models are segregated into 

small units (i.e., artifacts, policies, and goal states), they help to improve flexibility. If changes 

affect major parts of the model (e.g., if a policy or an artifact changes), there will be a creation 

of a wide-ranging process. The changes in the business process are evident in several services 

and compositions. Research by Gerede & Su (2007) was a first step toward BPMN support for 

artifact-centric modelling. The business and IT communities thus can direct themselves 

towards future work with the incorporation of the proposed additions into a BPMN modelling 

tool such as Oryx. For getting more perfection, further research has to be done based on a 

model enactment with more case studies and pragmatic experiments. Gerede & Su (2007) 

provided BPMN extension into different phases of artifact-centric processes similar to that of 

Lohmann & Nyolt (2011). Such BPMN extensions have led to some increase in understanding 

of the business data. However, this approach is new and needs more research in the future. 

Constant changes are taking place in the modern business environment due to adaptations in 

the IT to execute day to day operations. If the change requirement has been analysed and 

identified by the business communities but is not taken into consideration during the modelling 

process by the practitioners, this may lead to the failure of the system. To manage and support 

the process modelling, various process elements such as activities, artifacts, and roles are in 

use. The research in Saffena & Ikram (2006) did not find proper common patterns or models 

that can represent or capture the relation between the activity-centric and artifact-centric roles. 
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What can be understood is that there is no way to present these two types of process models on 

one page. Each process model type has its own specialities. In the case of artifact-centric 

modelling approaches, the business community can take advantage of understanding and 

interacting with others during development. In the case of activity-centric and role/actors 

modelling, IT experts can get more understanding. Saffena & Ikram (2006) have attempted to 

provide solutions to the gaps existing in these processing models as well as suggested future 

work.  One of their suggestions includes transforming and presenting process elements onto 

one page which can help the practitioners in designing the business processes.  This thesis is 

based on these suggestions which can help to minimise the gaps in understanding and 

communication between business and IT people. 

It is very difficult to measure the performance of the business in a consistent way.  This happens 

when the deviations in IBM Global Financing’s (IGF) business operations occur in different 

countries (Chao , et al., 2009).  This led to two undesired outcomes. First, it was hard to 

compare the operational efficiency of Artifact-Based Transformation of IBM Global financing 

from one to another. In addition, it was difficult to roll up metrics from across the entire 

business (i.e. all countries) and produce a coherent and consistent view of how the whole IGF 

business was performing over time. Further complicating the challenge were the typical 

organizational change factors. The individual goals had operated autonomously for many years. 

They were reluctant to change their operations to achieve global integration. Giving up control 

of their processes and depending on other goals to provide critical functions carries risk and 

requires trust that the end-to-end, globally integrated operation design is achievable. It is 

important to note that IGF had significant process modelling efforts under way at the time they 

started considering the artifact-centric approach. 

It was too multifaceted with the modelling effort. Thus the key business stakeholders think 

about efficient design methodology for standard business operations. It also affected the IGF’s 

ability to identify the key business operations and challenges. Most important are the input and 

output business data across the end-to-end business processes. In the language of one of their 

stakeholders, the artifact method gave them a tangible model to work with. It was at the right 

level of granularity to support effective collaboration among the stakeholders to re-design the 

business operation. Tian Chao et al. (2009) is intended to express the artifact method, which is 

a business transformation method developed at IBM. This method is providing the right size 

of tasks be accomplished by focusing on affecting a meaningful change to the artifact. ACA 
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tends to produce models that capture the details of how an activity is performed. By contrast, 

we focus on results that are produced and recorded on the artifact. Therefore, in our research 

these artifacts can be borrowed in our case scenario. IBM has been providing the data centric 

microlife cycles in their Global Financing system to come out from many business challenges 

which are cropping up while transforming global business operation models. Artifacts are one 

of the modelling techniques used to provide a clear vision of business process data. Artifacts 

are depicting the data behind the business process operations. Chao et al. (2009) is using the 

six-sigma standards and depicts three artifacts such as dealer, supplier invoice, and assets.  

They focused on an activity-centric way with the support of these three artifacts. In business 

operation modelling, the key elements include the business rules, performance indicators, and 

vocabulary captured under neat business operational modelling (BOM). The artifacts are based 

on BOM, therefore, the business stakeholders comprehend it. Therefore, this will give business 

stakeholders a better vision on business data up to a scertain range in BPM. In our research, 

the artifacts based on the business requirement and rules are depicted. The synchronized 

artifacts are transformed in to BPMN extensions, so that the business people can understand 

better. 

2.4 Transformation between business process models 

This section 2.5 describes in general the key components that help in the transformation process 

of the AC BPM. Section 2.5.1 provides ArC BPM the review of Lohmann & Nyolt (2011) and 

section 2.5.2 describes Kuster et al. (2007).   

In process modelling currently two major types of BPM’s exist. They are ArC BPM and AC 

BPM. Both the process modelling methods are used for different scenarios based on their 

topographies and competences in modelling the business process. They have the user demand 

due to their importance and ability against each other. Users can use them in modelling activity 

or artifact centric methods. It is not possible to combine both in modelling, but both are 

compatible with each other. Based on that, the AC-BPM can be extracted from ArC-BPM or   

vice versa. In the current modelling practices, BPMN (OMG, Documents Associated with 

BPMN Version 2.0.2, 2014) is the popular standard approach for activity-centric process 

modelling. The next one is ArC process modelling (A & Caswell, 2003)(Cohn & Hull, 2009). 

The synchronization sets off artifact-life-cycles to achieve business goals in modelling and is 

called ArC process modelling. When we are talking about the artifact life cycle, it has three 
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states in the process flow, such as initiation, transition and goal. They vary at different states 

with the combination of multiple event triggers defined in the ArC process model. 

 

Figure 8: State of object varies at different stats with combination of multiple activities 

For example in case of purchase order there are two ALCs, sent payment and received payment. 

As in Figure 8, send payment is the initial state (not sent), the transition is sending payment 

and the final state as sent Payment concurrently change the state in not received payment, 

receiving payment, received payment of receive payment ALCs respectively. One thing we 

need to notice here is that the order of event triggers are not modelled explicitly, rather, the 

ALC can be analysed and extracted from the artifact-centric process model. Both ArCM and 

ACM are competing in the current design practices. But due to globalization and in the current 

enterprise environment with user specific requirements, business people are showing more 

interest and preferring ArCA (D, M, & I, 2007) over ACA. The current researchers and the 

business industry are proving more follow up of process flow from the artifact-centric 

approach. 

2.4.1 Transformation from an activity-centric BPM to artifact-centric BPM 

The BPMN is a method of illustrating business processes in the form of a diagram similar to a 

flowchart.  The BPMN was originally conceived and developed by BPMI. It is currently 

maintained by OMG. The core elements in the BPMN are categorised into three groups called 

flow objects, connecting objects and swim lines. Flow objects (circles, rectangles etc.) 

represent activities or events, connecting objects link the flow objects and the swim lines  

represent the flow objects as diverse and categorise them visually as the below Figure 9  BPMN 

http://whatis.techtarget.com/definition/flowchart
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diagram buyer and shipper. In this below BPMN Figure 9 the pink boxes depict the data used 

in the operations. This data is not detailed as it is giving limited information. 

 

Figure 9: BPMN order shipping (Lohmann & Nyolt, 2011) 

Lohmann & Nyolt (2011) has presented the BPMN extensions for ArC modeling. In below 

Figure 10 the extensions of the data message note such as Debit, Order, Cargo has been 

presented in a detailed manner using the business artifacts. The artifacts visually represent in 

the right corner as a tip fold rectangle box. It has a name which represents its data and 

functionality. It has three stages, namely thin circle represents  start state, rounded rectangle as 
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transition state, double bordered circle represents intermediate state and the last one is thick 

bordered circle which represents the end or archive state. 

 

Figure 10: Business artifact life cycle (Lohmann & Nyolt, 2011) 

 The artifacts demonstrate the business data (or database entity) in BPM,.The artifact data helps 

to achieve and assess business process goals.  The data depicts artifacts and includes the input, 

process, output data and data that are recorded and the decisions taken in their execution.  

Lohmann & Nyolt (2011) scrutinise the extent to which BPMN is appropriate to model ArC 

processes and the required extensions in a modelling approach. The BPM depicts in three areas, 

such as execution of tasks (control flow), data flow, and message flow between branches in a 

distributed environment. Therefore, the BPMN is a modelling part of the business process. The 

current BPMN is depicted in two ways.The first one is the collaboration model (activity centric) 

and the second one is choreographing paradigms such as the interaction model, which covers 

the business data and the message part. The collaboration paradigm is more ACA and the 

choreograph paradigms follow the message-flow centric view such as the ArC approach. 

Message flow centric depicts the business data artifacts. This area covers a very limited part in 

the BPMN (Kan, 2013). In the recent modelling era these messages are depicted as business 

artifacts (data objects point of view). In a way, these artifacts are providing a complete life to 

the business data, which is participating in the process. It is well understood by technical 

people, but hard for business communities. Lohmann (2010) recently showed that the ArC 

model could be automatically transformed into choreographies and collaborations. Therefore, 
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it is easy for the business communities to comprehend. This guarantees compliance to business 

rules to a certain extent. Currently there is no standard modelling language for ArCA. Lohmann 

& Nyolt, (2011) investigated whether BPMN is suitable to express business data aspects, and to 

what extent BPMN needs to be extended and used in an ArCA setting. The choice to study 

BPMN is motivated by its flexibility, comprehensibility, and its popularity among domain 

experts. 

Lohmann & Nyolt (2011) have demonstrated the shipping scenario where they have shown the 

limited capabilities of business artifacts in BPMN. Several adjustments were made to improve 

the ArCA in BPMN.  The main components included the business goals, policies and actors.  

The following Figure 11 shows three artifacts (viz. debit, cargo, and order) with their ALC and 

the location information.  These artifacts are more detailed compared to the BPMN model as 

shown in Figure 9.  Additionally the below Figure 11 contains four policies and two goal stats. 

 

Figure 11: Complete artifact-centric BPMN model of the shipping scenario (Lohmann & Nyolt, 2011). 
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The BPMN model Figure 9 has been transformed into an ArC process model.  In this 

transformation Lohmann & Wolf (2010) used the synthesis approach. The synthesis analysis 

composes the ALCs based on the business policies and goals. In the above case study four 

policies are used for the composition of debit, cargo and order ALCs.using the two business 

goals. Once the ALC’s are composed, using two business goals they are transformed into an 

artifact-centric process model. The results of this research indicated that certain artifact flow 

was not supported by the current BPMN standards. Because of this, the authors suggested 

multiple extensions to the BPMN representing the ArCA and reused the existing graphic 

notations and shapes. Furthermore the authors extracted the area of artifact-centric flow from 

activity-centric, i.e. BPMN, modules. The main components for the artifact-centric model 

included object life cycles, location information of the artifacts, changes in artifact’s state (state 

transition), access control, goal states (final state), and policies. Using the above-mentioned 

components, the authors extracted the artifacts-centric modelling. 

Thus the existing research suggests that comparisons between the ArCA and AC process model 

are not possible at the present time due to lack of research in this area. Our study is a further 

step towards contributing to the differentiation of these two approaches. Like the research by 

Lohmann & Nyolt (2011), we too think that extensions to the existing BPMN standards will 

help the IT experts and business people to understand the overall business functions at the time 

of designing and modelling. Our research is generating the artifacts from business rules and 

driving towards the ACA (BPMN) with exetension. 

2.4.2 Artifact-centric BPM to activity-centric BPM 

Business artifacts are new to the research communities and business industry. Business artifacts 

and business data objects are similar, “The basic building blocks of the ArCA areartifacts which 

are represented as data objects in BPMN” (Lohmann & Nyolt, Artifact-Centric Modeling 

Using BPMN, 2011). The research communities and business communities are using these 

terms in the business process modelling according to their experience.   

Artifacts are business related objects that are initiated, evolved, and archived as they pass 

through a business process.  The artifact types are holding both an information model and the 

activity invoked time during ALC. The possible ways and timings of these activities can be 

raised on business objects (David & Hull., Business Artifacts: A Data-centric Approach to 

Modeling Business Operations and Processes, 2009). Another work (Meyer & Weske, 2014) 
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also describes that the data objects concept have the major connection between the artifact-

centric model and the activity-centric modelling paradigm. “Technically in the (object-

oriented) database area, artifacts correspond to complex objects having structured data entities 

and their relations” (Yongchareon, 2012). 

Kuster et al. (2007) described that the business process models generally seize and utilize 

business data interchanged between activities in terms of business data objects.  The business 

data objects which are usually standardized using reference data models demonstrate among 

other things allowed-object states.  Allowed state transitions can be modelled as object life 

cycles that need compliance with the business processes. An example of the allowed state 

transition is creating data object for university students’ such as ‘semester’.  In this particular 

example, a student’s status can be understood via different states (State 1 to State 4) such as 

‘start’ (State 1), ‘studying’ (State 2), ‘test’ (State 3), and ‘finish’ (State 4). Moving   one state 

to another is called the transition state of the object. 

Objects with allowed-state transactions are based on business process models.  The object life 

cycles should comply with business process models. Kuster et al (2007) have attempted to 

describe the transfer of data between two business process models based on reference data 

models. Every object does have multiple states and transfer from one to other state is referred 

as state of transition. A combination of multiple state transitions is termed as object life cycle.  

It is necessary that every business object has an object life cycle (i.e. a starting point, a transition 

state, and an ending point).  Each of these states has to follow certain allowed object states. 

These allowed state standards are chosen based on the referential data models (ACORD, 2014). 

The state of process is represented in the object life cycle. This allowed state should comply 

based on the business processes according to the business process models. The authors in this 

paper have taken one object life cycle to represent the activity-centric process model and then 

they have taken multiple object-life-cycles proposing a compressive activity-centric business 

process model based on a given set of referential data objects. This part was done in the 

transition state in the artifact. Therefore, the interaction has to be shown while synchronizing 

the artifact life cycles (Barros, Dumas , & Hofst, 2005) 

Object life cycles show the transition of the object based on the reference object life cycle. The 

state of transition is controlled by the reference objects. These are holding the regulations, 

polices etc. 
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Figure 12: Object life cycles (a) claim; (b) payment (kuster, Ryadina, & Gall, 2007) 

Figure 12 shows claim and payment object life cycles. In the claim object life cycle, initially 

the system receives the register from the customer, then it will follow either grant or rejected 

based on the data provided. Grant claims are established and then closed. Rejected claims are 

directly closed. In the case of a payment life cycle the payment object receives the input from 

claim as grant. Based on that, it has the privilege to pay the amount in instalments or full.   

 

In Figure 12(a) the claims are registered, granted and settled or rejected. Then they have close 

state transition. In the case of payment object life cycle the state of transitions are authorisation, 

payment, stop and close.  This state of transition is provided by the reference object life cycles. 

The next one is when the object life cycles are captured in business process modelling and the 

synchronisation states are identified. This business process model first captures the 

coordination events of individual tasks with respective events.  

 

Between the object life-cycles of claim and payment, the actions are identified on both object 

life cycles respectively. One action output becomes an input for the other object life cycle’s 

action. This is the dependency state based on the input output state between object life cycles 

(Kuster, Ryndina, & Gall, 2007). 
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Figure 13: Composition of the Claim and Payment object life cycles (Kuster, Ryndina, & Gall, 2007) 

To generate a process model from single or multiple object life cycles you must first identify 

the event points on each object life cycle. Using an automatic algorithms technique, the 

composition has gone between these object life cycles to generate the business process model. 

Thus, the first step synchronisation has been done to identify the transitions in a given object’s 

life cycle. This should be projected at the same time which effects both objects transiting into 

new states.  

Once synchronization events are identified, the composition of object life cycles is computed.  

In above Figure 13 the object life cycles have the super letters C as claim and P as payment. 

Once the synchronisation is done between two object life cycles then the final phase of the 

composition has to be completed. 

In Figure 13 register C, reject C and close C trans of transition states are taken in the same 

object life cycle claim. The composition between claim and payment OLC’s is registerC, 

grantC | createP, refuse P and register C, grant C, create P, authorise P, settle P, pay all P, close 

P. The composition of object life cycles provides the reachability of the state transition of one 

object to other object from initial state to final state. So identifying the synchronisation events 

and transition states in object life cycles is playing a key role for the generation of the process 

modelling. 

The authors Kuster, Ryndina, and Gall (2007) feel that although their experiment has 

demonstrated the viability of the approach for sizeable reference models, there is a need for 

further validation of the approach with more extensive case study. The authors also mentioned 
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that it will be interesting to see how an increase in the number of object life cycles affects the 

size of the generated process model. 

Artifacts were brought into use in business process modelling by IBM (A & Caswell, 2003).  

Since then, their use has been increasing due to their usefulness in the business.  However, 

there is a lack of standardisation in the ArCA process modelling and different businesses are 

using different styles of artifacts. In their work, Kuster, Ryndina, and Gall (2007) have 

synchronised the object life cycle into activity-centric process models. However, their approach 

does not use any industry standard model language. In fact, current activity-centric modelling 

has some standards such as BPMN. We believe that if an artifact-centric process model can be 

transformed to some similar form of a BPMN process model then it would help business people 

and IT people understand the process better. In this thesis, therefore we propose BPMN model 

with extensions for the transformation. 

2.5 Key issues, research question and contributions 

It is important to discuss some of the disadvantages of the ArC approach.  When a number of 

artifacts are combined together, they become complex to understand for business people. 

Currently, the ACA is more accepted by the business communities due to its long time usage 

and existence, but the ArCA is also less used due to lack of major evidence of applicability in 

the industry (Meyer & Weske, 2014). Additionally the flow of business process is absent in 

ArCA which causes difficulties for the business community and technical experts in 

understanding the process flow in BPM.  As artifacts-modelling has no standard modelling 

notation, it creates difficulties in customisation and communication between businesses.  

Therefore there is a clear need for the standardisation of artifact modelling.  We observed that 

such standardisation will limit the problems faced by businesses in the modelling.  Therefore,   

ArC-BPM should transform into an ACC-BPM that is BPMN with additional extensions. One 

thing we have to notice here is that the BPMN is widely used according to industry standards 

and is more ACA and less ArCA.  

Artifact modelling is initially generated from the business rules. Business rules are created by 

business analysts based on the business requirements. When new business functionalities are 

introduced the business requirements follow on.The business requirements and the business 

rules are easily understood by the business and technical people, because these are written in 
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natural languages. For the further comprehension by technical people these rules are 

transformed in to graphic representations such as artifacts. To a certain extent it is hard for 

business people to understand. 

 

In the current era of globalization and technology distributed enterprise environments are very 

progressive and there are several changes in business functions. These changes are directly 

updating in BPMN extended artifacts (Lohmann & Nyolt, Artifact-Centric Modeling Using 

BPMN, 2011). Here the issue is they are directly changing in BPMN, not based on business 

rules. This would be hard to follow up by the business users.  So, if the artifacts are properly 

based on business requirement and business rules, then business people and stakeholders or 

technology people can reliably progress and develop.  

In this thesis, we formulate our main research question below. 

How can an artifact-centric model be analysed and converted to BPMN, which is an activity-

centric model, so that business people can better understand workflow? 

In order to respond to the question, we proposed a method that can be used to understand 

artifact-centric business process models and to transform it to BPMN modelling with 

extensions. We use a Sales/Order entry case study which can be used to demonstrate different 

phases of business requirement and business rule definition, artifact-centric process modelling 

and a transformation of an artifact model to BPMN model. 

2.6 Summary 

We know that activity-centric and artifact-centric models exist in today’s business 

communities.  Although both the models have their own merits, they cannot be applied 

universally in all businesses and in all situations.  On one hand this is because of the complex 

nature of their structure, on the other hand some of the areas are not standardized.  Many 

researchers and experts have attempted to simplify these models by transforming them from 

one model to another to reflect their properties. To some extent, these efforts have helped the 

business community but their benefits of saving money and time are not clear.  So there is a 

need to create a model that not only answers usability but also addresses the time and money 

concerns of the business stakeholders. We assume that by transforming ArCA into ACA, the 

businesses will be able to save on money and time. Our assumption is based on the fact that 
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such transformation of artifact-centric into activity-centricwill bridge the gap between IT and 

business people. This will further lead to earlier development of the product.  Additionally such 

transformation will help the business stakeholders understand the artifact-centric point of view 

in a better way. Our study aims to address limitations, such as understandability of process 

models and the gap between IT and business requirements, by transforming an artifact-centric 

model into an activity-centric model (BPMN) with extended components which we think will 

have a pioneering effect on further research in this area. Currently, the ACA is more in use by 

the business community due to its long-time use and existence.  On the other hand, the ArCA 

is less frequently used due to lack of evidence of its applicability in the industry (Meyer & 

Weske, 2014). 
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Chapter 3 - Methodology 

 

 

This chapter begins with section 3.1 and an overview of our proposed methodology and the 

framework that is used in this thesis. This framework consists of four phases each of which is 

discussed in Section 3.2, 3.3, 3.4, and 3.5 respectively. Finally, Section 3.6 summarises this 

chapter. 

 

3.1 Overview of Research Methodology and Framework 

This section provides an overview of a framework for achieving an activity-centric process 

model from an artifact-centric process model. The framework shown in Figure 14 consists of 

four phases as follows. Phase one: analysing the business requirements and transforming them 

into business rules (ECA). Phase two: creating an artifact-centric model by synchronizing the 

business rules into artifacts. Phase three: transforming from the artifact-centric process model 

into BPMN standard with extensions such as artifacts. Phase four: evaluating the approach 

based on a case study. 
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Figure 14: Research frame work 
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3.2 Phase 1: Analysing business requirements and transforming them to business 

rules 

Identifying business needs and generating the business requirements by business people, 

stockholders, and shares with IT groups. In business modelling the business requirements are 

created by business for the new business applications. 

Business Requirements 

The business requirements are instructions that describe functions the system should provide 

and the characteristics of the solution they have. Thus the business requirements answer the 

question: “What does the business want to do?” In general the business requirements include 

three phases which are collection, analysis, and documentation of business data.  Figure 15 

shows a five-step incremental model providing a handy set of instructions for gathering 

business requirements. 

 

Figure 15: Gathering Business Requirement (Enterprise Connect, 2011) 

In Figure 15, step one involves identifying the people who will use the new solution, product 

or service. For example the order entry, customer, buyer etc. Step two is the process of 

gathering the requirements. Various resources can be used to capture the requirement such as 

computer, internet for online service, phone etc. Step three involves organising and 

categorising captured requirements into subsections such as functional or non-functional.  Step 

four involves analysing the requirements and determining their priority.  On review it will be 

decided that some requirements are out of scope or not feasible.  The final step is the validation 

of the draft requirements with the stakeholders. 

In business modelling the business requirements are created by business people for the new 

business applications. A BRS (business requirement specification) is designed to capture the 

requirements that a business, government, or sector has for an e-commerce solution in a 
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particular area of business (i.e. domain), and to achieve it in such a way that it provides a basis 

for a subsequent standards development process within UN/CEFACT. Version 2 of the BRS 

documentation template requires that the business requirements are first specified in business 

terms and are expressed formally as UML diagrams or worksheets. This aide’s standardisation 

and IT practitioners are provided with the required artifacts to develop formal specifications. 

Number Business Requirement Statement Business Transaction 

Name for this 

Requirement 

A.1 
When the Purchase Order is issued then PO delivery 

has to be created 

createPOdelivery 

A.2 Once the PO is confirmed then confirmation for 

delivery has to be created 

ConfirmedDelivery 

A.3 Once the delivery is completed then the PO invoice 

has to be created and sent to customer 

SendingInvoice 

A.4 When the Order is shipped to customer Then close 

the PO  

 

Table 2: Business Requirement example 

In the above Table 2, step one; the business requirements are made by the business people or 

business analyst to upgrade or introduce any business functionality. In above Table 2 providing 

the terms and conditions. 

Business Rules and ECA 

In enterprise organization, the business is run by decisions, which aid evaluation of business 

policies, government laws, and regulations which altogether form business rules. Therefore, 

when business people assess any new requirement or updates then IT people implement these 

rules into IT system. Based on business requirements, business rules are created using ECA 

language by the technical analysts. This natural language is difficult to comprehend by business 

people and therefore artifact-centric models have come in to picture. 
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Figure 16: process of business rule generation (Bajwa, Lee, & Bordbar, 2011) 

Figure 16 describes how the business analyst receives the business requirement. On the second 

level the business rules are transformed in plain English by the business analyst. On the next 

level the business rules are stored in a repository in a standard SBVR format (OMG, 2013) 

where they can be used for the implementation. Once the business rules are defined and formed 

in a business rules repository, the architects and program developers convert these into machine 

understandable code such as ECA standard format using certain tools such as SBVR.(I, M, & 

B, 2011). The business process is a flow of decision-coordinated services that are conducted 

between two or more parties based on data, information, and knowledge to reach the business 

goal. So here, the business rules are a step that can be used to evaluate the decision outcome in 

the business process. Generally, all these rules have some business repository like a truth table 

(logic support). In the case of designing business modelling the standard business rules are 

often involved. The rules are identified separately in business process modelling, for a good 

designer’s flexibility. The approach of business rules in general is categorised as classify, 

compute, compare, and control. In our case scenario classify depicts customer, order-amount,  

compute is the total amount on that  order the customer had, "compare" is to determine the 

order approval by regional manager. The last one is control, that is when the customer orders 

more than $10000; then control will send an email to the regional manager and accounts 

manager. This is pretty much a standard approach by many different industries. In business, 

modelling the role of the business rules is to control the behaviours of the business process. 

Below Table 3 shows the business rules in the form of natural language.  

 

B1 If a Purchase Order issued then create a delivery 



47 
 

B2 If PO Delivery confirmed then create/ send confirmation of delivery 

B3 If delivery is completed then send Invoice to customer 

B4 IF PO shipped Then PO closed 

Table 3: Business rules in plain English 

These business rules are not machine processed, to enable the business rules in a machine 

language people are following  ECA language  (F, J.J, & A, 2006) standard by  OMG (OMG, 

2008). Event Condition Action (ECA) languages are an intuitive and powerful paradigm for 

programming reactive systems. An ECA language based on, and prolonging the outline of logic 

programs updates that, composed with these features, also demonstrates the capabilities to 

integrate external updates and accomplish self-updates to its knowledge (data and classical 

rules) and behaviour (reactive rules). The fundamental construct of ECA languages are re-

active rules of the form On Event. Below Table 4 is the ECA language format. 

IF  

      Condition 

Do 

    Action 

Table 4: Format of ECA 

This means when Event occurs, if Condition is verified then an action is executed. In the 

below Table 5 depicts the framework of ECA systems. This system receives inputs (mainly in 

the form of events) from the external environment and reacts by performing actions that 

change the stored information (internal actions) or influence the environment itself (external 

actions). There are many potential and existing areas of applications for ECA languages such 

as active and distributed database systems (S, P, & S, 1996), Semantic Web applications, 

distributed systems, Real-Time Enterprise and Business Activity Management and agents. An 

ECA rule has the form (the clauses RULE and CONDITION are optional) (J. J. , F, & Brogi, 

2006). 
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RULE: <name> Label for the rule 

EVENT: <event> When an event occurs(i.e. receives inputs which are 

participating in condition 

CONDITION<condition> The condition is verified 

ACTION: <action> Based on condition the actions are executed 

Table 5: Frame work of the ECA system 

3.3 Phase 2: Creating an artifact-centric model by synchronizing the business 

rules into artifacts 

To model business data (artifacts), business rules, and a process, business analysts need to 

analyse these rules and somehow express them in business artifacts. The above Figure 14 step 

two describes this concept.  Parallel to the ECA rules corresponding artifacts are created. To 

bring them into natural workflow order, the artifact-centric models are created by 

synchronizing the related artifacts. We thereby represent that the artifact-centric approach is 

modular and the artifacts can be specified independently from one another. Hence, each artifact 

can be refined locally, and later synchronization can be done e.g., in (Lohmann & Nyolt, 

Artifact-Centric Modeling Using BPMN, 2011) 

Business Artifacts 

Business artifacts are guiding operations of the business. For example, purchase orders, 

invoices, and shipping. In general what we are seeing is the process centric approach and data 

centric (artifact centric) approach. Throughout the process of designing, the ArCA focuses on 

describing how business data are changed or updated because of a particular action/task. 
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An artifact visually represents in the Figure 17 (a) below with a nametag. The nametag is self-

explanatory. 

 

Figure 17: (a) Artifact place Holder, (b) An Order Artifact (Lohmann & Nyolt, Artifact-Centric 

Modeling Using BPMN, 2011) 

In the artifact-centric modelling, the basic building blocks are the artifacts, these are nothing 

but the data objects in the BPMN. In the Figure 17(a), the upper left corner has the artifact’s 

name, which is also the placeholder. This appears like an empty data pool in the collaboration 

model, where the data details hide behind the process. For instance, when the business rules 

are modelled, the emphasis is on the dependencies between artifacts. 

The ALC of an artifact Figure 17(b) shows an order artifact using symbols as tasks, events, and 

gateways. Artifacts are passive objects and have no action by themselves, but the changes are 

triggered by the agent or business parties like buyer, shipper etc. Each service is represented 

by an agent and event is represented as the current state of the artifact, which is empty or filled. 

The initial and final states of artifact are represented as start and end events (light circle and 

thick circle respectively) in standard BPMN symbols.  As an example for this, the Figure 17(b) 

shows the order artifact keeping a tract of the payment status of the purchase order. This has 

the initial state, which is unpaid, and the final state, which is paid. This object life cycle of an 

artifact has a more detailed version. Initially the artifacts are individual blocks. Each block has 

an individual business rule that is transformed into artifacts. Later the group of artifacts can be 

synchronised to form an artifact centric model as per the business goal. These artifacts are on 

a strong foundation as they are produced based on business requirement, which gives a better 

understanding to the BPMN modellers and business people. Business artifacts in the process 

modelling are self-explained. They contain attributes to hold the data for the workflow 

execution. The attributes and data can be deleted, added, or updated by the services (tasks) in 

the workflow (Bhattacharya, Hull, Su, Watson, & Barbara, 2009). 
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Irrespective of the type of business, any business relies on business records. It needs to record 

details of what it produces in terms of concrete information. Business artifacts are a mechanism 

to record this information in units that are concrete, identifiable, self-describing, and 

indivisible. A & Caswell (2003) developed a technique to express a data-centric approach 

before implementing a business process. The approach demonstrated at high level called yet 

operational description of a business function or Operational Specification (OpS). The 

approach was developed over the course of many business-transformations and business-

process-integration engagements for IBM's internal processes as well as customers. Business 

artifacts (or business records) are the basis for the factorization of knowledge that enables the 

OpS technique. Further authors have presented a comprehensive discussion of business 

artifacts--what they are, how they are represented, and the role they play in operational business 

modelling. Unlike the more familiar and popular concept of business objects, business artifacts 

are pure instances rather than instances of a taxonomy of types. Consequently, the key 

operation of business artifacts is recognition rather than classification (A & Caswell, 2003). 

Artifact lifecycle 

Business people provide the requirements in the form of stages.  The artifacts have initial and 

final disposition (archive) state. In addition, each state is a key ingredient to the individual 

artifacts. The synchronization of the artifact has been done in a data centric modelling way to 

achieve the business goals. The macro-level lifecycle of a given class of artifacts is represented 

using a variant of finite state machines, where each state of the machine corresponds to a 

possible state in the life cycle. In this variant of state machines, little or nothing is indicated 

about why or how an artifact might move from one state to another, although conditions may 

be attached to transitions in the machine (Bhattacharya, Gerede, Hull, Liu, & Su, 2007). The 

basic key components like business artifacts combine the data entities along with artifact micro 

life cycles. The three states of artifact life cycles are initial, transition and archive (end) state 

of the machine. The data plays a key role in the business process management and workflows. 

So the data awareness in the form of artifact in the workflow modelling is demonstrated by 

both the business logic and the process execution states of running workflow. The formulated 

lifecycle has the set of all possible paths an artifact can navigate through a workflow. 

 

For example, the payment artifact life cycle has start state represented by a single circle, and 

this state resembles business-relevant conditions. In addition, the transition represents the 



51 
 

events where the data is processed with rounded rectangle. Based on the state the services move 

along the transitions.  The end state is represented with a thick circle.  

 

 

Figure 18: Artifact Life Cycle 

In above Figure 18, the payment artifact life cycle depicts initial payment state of the buyer 

shown as “unpaid” and then comes the transition state. The final payment state is shown as 

“received”. 

Services  

The term “service” can be human services, IT services or a combination of both. In the case of 

IT services, there is a close correspondence between the services used, the Services Oriented 

Architecture (SOA), and web services. When the changes or innovations take place by service 

in a division of business process, the service is able to accommodate IT infrastructures, 

administrative organization structures, and customer visible status. These services trigger and 

are controlled by business rules. That means whenever a change takes place in business 

requirement, it effects the concerned business rules that in turn influences the services in the 

business process. 
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Figure 19: Services are using to change the state of Artifacts 

In the above Figure 19 the data objects, which are participating in the business process are 

known as the business artifacts. These artifacts are characterised by business related data 

objects, their life cycles and related services. In the artifact life cycle, the business data is 

transformed from one state to another state. This has to be done by services. In general, the 

services can be human, technology or a combination of both. In Figure 19 the service of 

payment being done by human or online web services is demonstrated. In this business 

scenario, the arrow followed by the transition denotes a service that will correspond to a 

payment. We can see that the service is either online payment or payment by human interaction 

between two states of transition in the payment artifact life cycle. 

Service Interactions/Co-ordination  

The interaction and co-ordination is part of the business rules, the rules actually synchronise or 

detach the artifacts. The business rules associate services and artifacts together, make the 

synchronisation, and allow interaction between respective agents or parties in the business 

organizations. Business artifacts are delimited by the business process. The business artifacts 

capture the process data and its current state. The business rules are directing the move from 

one state to another state of an artifact. The business rules also prompt a service request, which 

will take the responsibility to update the data of the related artifacts. In this section, we are 

demonstrating the service interaction and co-ordination of business process with respective role 

based requirements. Here we are taking a part of our case scenario, which involves four 

business processes like product ordering, shipping, invoice, and payment. In Figure 20 the 

order artifact is filling the form and sending it to the seller. This order artifact is opened by the 
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buyer and when the invoice is paid, it is closed by the seller. In between there are certain 

interactions and co-ordination’s taking place amongst the agents and locations involved with 

the services. These interactions and coordination’s are directed by business rules (ECA). The 

business rules put these interactions and co-ordination on the right track, like which situation 

should lead to the interaction between the artifacts, and why such interaction or coordination 

is needed between the artifacts. In our example the business rules in the order artifact are that 

the order must have number starting with five 0’s followed by a six digit number xxxxxx i.e. 

00000123456, and a customer must have an email address in his order entry. In case of order 

approval request artifact the business rule is when the order is under $10,000, send a note via 

email to the regional manager for approval and send an additional e-mail to accounts manager, 

so he knows the order is pending for approval. Here we can notify that the service interaction 

is dealing with validating the order number, valid email ID and order approval on order entry. 

We can see the co-ordination between accounts manager and regional manager with 

communication regarding order approval status. One thing we have to observe here is that the 

business rules are administrating the whole process. 

 

Service Business Requirement ECA rules  Artifact Agent 

CreatePurchase

OrderService 

Capability to enter order 

number with five 0’s by a 

six digits and valid email 

address for a customer. 

IF Order No starts 

with five 0’s by a six 

digit number 

xxxxxx i.e. 

00000123456 Then 

send order 

 

Order Buyer 

SendingInvoice

Service 

before sending the invoice 

check the product 

delivery note is signed by 

the customer, check that 

the item entries on the 

invoice match the entries 

on the delivery note send 

the invoice to the 

customer 

IF product delivery 

note is signed by 

the customer 

 IF Product 

Delivery Item list 

match  

invoice_Item_list 

Then  

 Send the 

invoice to the 

customer 

Invoice Seller 

Table 6: Service interacts and coordination with ECA 
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Table 6 above depicts how the agents are interacting and coordination with artifacts using the 

services based on ECA rules. 

 

 

Figure 20:   Business Artifact life Cycles verses Service Interactions/Coordination (Hull, Damaggio, R, & 

E, 2011) 

Figure 20 shows the artifacts centric modelling interacting and co-ordinating with different 

actors. The business process service changes the artifacts by following certain constraints, 

which can be activity centric specification or data centric specification. These can be 

procedural or a set of rules and logical properties. 

The service interaction takes different arrangements in the three levels of BPM. In step one, 

two, and three of the research framework Figure 20 the service interactions are expressed in a 

largely declarative manner, using ECA rules and artifacts. In step four, the service interaction 

is enhanced into global choreography in order to give more procedural specification about the 

data distribution across containers and help in the occurrence of service execution. 
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3.4 Phase 3: Transforming an artifact-centric process model to BPMN with 

artifact extensions 

Phase three depicts the method to transform an artifact-centric model into BPMN with 

extensions. Here the artifacts are synchronised and transformed into a BPMN model. This part 

can be done in manually, automatically or with a combination of both based on the following 

four steps. In this thesis, manual transformation is used, as per the below steps. 

Step 1: Composing Artifact life cycles to generate a set of actions for the process model 

The artifact life cycles have a set of states such as initial, final, and transition state. Initially the 

events are identified between the artifact life cycles based on actions. These actions belong to 

the transition state of ALC’s. 

Step 2: Determining the order in which these actions should appear in the process 

model 

Once the actions are identified the relation between the transition and order of the execution of 

the action as determined and the composition has to be done between the ALC’s. 

 Once the set of actions are created, a relationship is defined or computed on these 

transitions by investigating the above actions in step 2. 

 Based on the algorithm 10 (Kuster, Ryndina, & Gall, 2007) the order in which these 

actions should appear in the process model is generated in the model. 

Step 3: Combining actions into process fragments, where they are additionally 

connected to decision and merge nodes 

Once the order of actions is determined between the artifacts then the processes fragments are 

determined. A process fragment is where the actions are collective into process fragments, 

where they are furthermore connected to decision and merge nodes. 

 Once the actions are identified based on composition of artifact life cycles, in this step, 

the business process fragments are determined. 

 Figure 21 shows the in the artifact’s life cycle each action contains input pins called 

predecessors |pred(a) and the output pin which depicts as the action successor |succ(a) 

where “a” stands as action. Based on these, a suitable process fragment is produced. 

 If an action has more than one predecessor then it will be advanced by a merge node in 

the business process modelling note fragment. 
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 If the action is generating more than one successor then it is followed by the decision 

node in the business process modelling note fragment. Therefore, this will become a 

condition. This business rules are based on conditions, which are connected to any as 

successor. 

 Minimum one rule is applied to one action. 

 

Figure 21: Generating process fragments in step 3 (Kuster, Ryndina, & Gall, 2007) 

In above Figure 21 the conditions provided for rules 3.1 to 3.4 are mutually exclusive, which 

means that exactly one rule applied for each action. The rule 3.5 and 3.6 are applied to generate 

process fragments containing the start and final flow. 
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Step 4: Connecting the process fragments to produce the resultant AC-BPM from ArC 

BPM 

Process fragments are connected according to the business rules.  Once again, we restate the 

actions in ALC actions and use the ALC’s state relation to determine how the generated 

fragments should be connected. Finally, the process fragments are associated to produce the 

subsequent BPMN with extensions. After the process fragments are generated, the relationship 

between the different fragments is established based on the object state.  The connections are 

established based on the rules mentioned below: 

 Connect start fragment 

 Connect flow final fragment 

 Connect successor fragments 

Connect start fragment: Decide if there is minimum one predecessor then the process 

fragment and the action nodes have started with one or more predecessors. 

Connect flow final fragment: If there are no successors of an action fragment or the out states 

of action of an artifact not interacting with other object initial states then that fragment node 

has become the flow final fragment. 

Connect successor fragments:  Decide where action and flow final fragments are connected. 

3.5 Phase 4: Evaluating the approach based on a case study 

In this evaluation section the report describes the accomplishments of the research and the 

methodology, which is of importance in the case study. At the time of design and modelling of 

business processes, the business people or analysts try to either capture the existing process or 

introduce a new business function or both together. Eventually on the other side of the page, 

data, which is beneath the process, is also captured. Therefore, it is not possible to keep this 

process centric and data-centric model on the same page. This leads to a gap between these two 

approaches. Thus, the business and IT finds it difficult. 
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Figure 22: Evaluation based on case study 

This study is trying to provide a method to minimise this gap and increase the trust in this area.  

This report is comparing two methods. In Figure 22 the first method of this research is the 

purchase order scenario case study that demonstrates the transforming of the synchronised 

artifact model into BPMN model (Kuster, Ryndina, & Gall, 2007), this paper has similar 

approach compared with ours. The second method is BPMN model to Artifact-centric model 

(Lohmann & Nyolt, 2012), this is opposite of our research approach. The comparison has been 

done between these two methods and is evaluated. Considering these two methods, we are 

comparing, analysing, and evaluating for a resourceful report generation. Evaluation reports 

are useful for the industry and business communities as well.  The detail of the case study 

evaluation is discussed in Chapter 4. 

3.6 Summary 

This chapter explains the research framework used in this thesis. The framework is based on 

four phases. Phase 1 is analysing business requirements and transforming them into business 

rules. Phase 2 is creating an ArC model by synchronizing the business rules into artifacts. Phase 

3 is transforming an artifact-centric process model to BPMN with Artifact extensions. Lastly, 

Phase 4 is evaluating the approach based on a case study which will be presented in Chapter 4. 
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Chapter 4 – Case study 

 

In this chapter, the proposed methodology is applied to a case study in four phases. The order 

entry and sales in the business processes are explored in the distributed business environment.  

We will begin with the background of the case study in Section 4.1.  Phase 1 discusses the 

business requirements and rules which are covered in Section 4.2. Section 4.3, discusses 

creation and synchronisation of ArC-BPM based on the business rules, which is Phase 2. Phase 

3 covers transforming the ArC-BPM into AC-BPM which is covered in Section 4.4, this phase 

is the main research area of this study.  Finally Phase 4, which covers evaluation of this  this 

approach in the case study in Section 4.5. 

4.1 Background of case study 

In this section, we describe how business process specialization approach can be reused for the 

already existing “order entry and sales process” as proposed by Lohmann & Nyolt (2011).  The 

following Figure 23 shows a workflow service architecture of the Order Entry/Sales case 

(OE/S) study.  Based on this case study, we apply our research methodology and evaluate its 

application. 
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Figure 23: Order entry workflow service architecture 

Based on the analysis of the above case study in Figure 23, five artifacts can be identified and 

are shown in Figure 24.  The artifacts includes presale activities, two is sales order processing, 

third is pick and pack, forth is shipping, fifth is billing and sixth is payment.  This is done at 

the design stage and development of the business functionality to minimise the risk and 

improve the performance.  Areas involved in this case study is business-modelling level using 

the business artifacts in the artifact-centric model.  Initially the supplier and the buyer identify 

the order, shipper, payment, and invoice business artifacts that are involved in the OE/S 

business process.  They also identify the initial business requirements and business rules. Using 

the business rules, artifact life-cycles comes into picture.  The behaviour of the OE/S business 

functions as below: 

OE/S process includes necessary parties, activities, and documents like- 

1. Customer places an order 

2. Sales order department requests credit approval from credit department 

3. Credit department informs sales order department of disposition of credit request 

4. Sales order department acknowledges order to the customer and notifies the warehouse 

shipping, the billing, account receivables and credit process of the sales order  
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5. Warehouse sends completed picking ticket to shipping 

6. Shipping department informs carries billing, account receivables and credit received 

process, the general ledger process, the sales order department of the shipment. 

4.2 Applying Phase 1: Analysing business requirements and 
transforming them to business rules 

4.2.1 Business requirements 

Below is the requirements analysed based on the case study. 

Customer places an order 

 Ability to place order by the order number. 

 Ability to enter order number with five 0’s and six digits. 

 Valid email address for a customer is needed.  This can be implemented by providing 

a GUI to enter an email address. 

Sales order department requests credit approval from credit department 

 The regional manager has the ability to approve a transaction below $10000 and keep 

the accounts manager informed about the pending orders. 

Shipping cargo to customer 

 Ability to check if the cargo has the mailing address before shipping. 

Accounts department sends an invoice 

 Before sending the invoice the process should have ability to check the product delivery 

note is signed by the customer. 

 Check that the item entries on the invoice match the entries on the delivery note before 

sending the invoice to the customer. 

4.2.2 Business rules based on business requirement 

After creation of the business requirements by business stakeholders, these are sent to the BAs 

who create the business rules.  Conversion of the business requirements into business rules 

provide detailed guidance about how a strategy can be translated to action by the IT experts. 
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Customer places an order 

 Order must have number starting with five 0’s and six digit number XXXXXX, for 

example, 00000123456. 

 The customer must have an email address in his order entry. 

 A customer must have mailing address. 

Order approval request 

 When the order is under $10,000, send a note via email to regional manager for 

approval and send an additional e-mail to account manager so they know that the order 

is pending for the regional manager's approval. 

Shipping department ship the cargo to customer 

 Make sure the package contains the right address label on packing box before shipping. 

Accounts department generates the invoice 

 Check if the product delivery note is signed by the customer. 

 Check if the item entries on the invoice match the entries on the delivery note. 

 Send the invoice to the customer. 

4.3 Applying Phase 2: Creating an artifact-centric model by 
synchronizing the business rules into artifacts 

In this section, the technique for generating a synchronization and composition of artifact life 

cycles are depicted.  Here the main criteria is evolution and changes of business data and 

updating of data entities by a particular action or service throughout the business process. 

4.3.1 Creating artifact-centric life cycles 

The artifacts help as blocks to build the business artifact-centric models.  The artifacts are 

similar to data notations in BPMN.  The data object life cycle of a business artifact Figure 

24(a)-24(d)) is modelled using the symbols such as tasks, events, and gateways.  One thing that 

is observed here is that the artifacts have no activities by themselves, but the modification of 

the states are triggered by actors such as “Buyer” or “Shipper”.  Therefore, each activity on 

these artifacts is interpreted by an actor who executes it. 

Additional to these events, the artifacts elaborate on the different possible states of the business 

process.  The artifacts “start and end event” can be represented using the standard BPMN 
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symbols.  It is important to notice that some of the event symbols (like start and end) may have 

more than one time in the life cycle of an artifact.  For example in this case study, the order 

artifact in Figure24 (a) keep tracking the valid order entries of order number, email ID and the 

customer mailing address.  Each of these artifacts has an individual state of object such as 

initial state, transition state and archive state. 

In Figure 24(a), the order entry, email ID and the customer mailing address are all initially 

unfilled. The control flow is the gateway symbols regarding the sending of message to regional 

manager and order pending message to accounts manager, which illustrates the modelling flow 

in the artifact-centric approach. This has been depicted in case of Figure 24(b)-24(d). An 

approach to AC-BPM through the transformation of the ArC-BPM has been deliberated by 

Kuster and Rynadina (2007). The AC BPM transformation is based on certain algorithms. 

Based on these algorithms an ACA of BPM has been adapted from ArCA to define the work 

in this thesis. 
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Figure 24: Sale/Order artifacts and object life cycles 
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4.3.2 Artifact-centric modelling based on Synchronization and Composition of Artifact 

Life Cycles 

When the compiling of more than one artifact life cycle is required to create a process model, 

we first compute a composition of order artifact life cycles where the transitions incorporate 

joint behaviour of these artifacts. In order to keep these objects in a process, some artifacts-life 

cycles requires synchronization. As per the Algorithm 8 presented in Kuster, Ryndina, and Gall 

(2007), the synchronization guarantees that invalid composite states cannot be grasped in the 

composite of an ALC. Identification of transitions in the given artifact life cycles is necessary. 

The points to be synchronised in the artifact life cycles are when the state of objects are changed 

at the same time by triggering a transition between artifact life cycles.  Synchronization will 

not take place with invalid composite states in the composite artifact life cycle.  Hence 

computing the composition as per algorithm (M. Kuster, 2007) of the given two or more artifact 

life cycles is done in order to comply with more artifact life cycles. 
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Figure 25: Composition of Artifact Life Cycles into Artifact Process Model 

In above Figure 25 the wine order has four artifact life cycles that are used for synchronizing 

and composing with each other. The synchronization is based on the events taking place 

between two or more artifact life cycles.  The synchronization of placing an order event is 

changing its state at the same time between two respective artifact life cycles. Here the artifact 
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life cycles are Order, Shipper, Invoice, and Payment. In case of the Order artifact, the buyer is 

filling the order form and sending it to the seller. Therefore, the synchronization event between 

seller and buyer is placing an order. Then the second synchronization event the order approval 

note from the seller to the shipper. The third synchronization event is the shipper packing the 

ordered wine and shipping the cargo to buyer. The fourth synchronization event between buyer 

and seller artifact life cycles is sending the product received note event.  The fifth event takes 

place at the point after cross checking the invoice item list with the signed buyer’s delivery 

note. Here the synchronization event is sending the Invoice to the buyer by the seller. That is 

getting the wine order payment. Therefore, the final synchronization event is sending the 

payment by the buyer and receiving it by the seller. 

4.4 Applying Phase 3: Transforming an artifact-centric process model to 
BPMN with artifact extensions 

For generating a business process model from an object life cycle or a composition of several 

object life cycles, a technique is being proposed that comprises four steps, and the approach is 

based on the algorithms by Kuster and Rynadina (2007). This is the key support for the 

research.  In below subsection 4.4.1, a description of ALC is used to generate a set of actions 

for the process model. Subsection 4.4.2 describes the order in which these actions should 

appear in the process model is determined, and in subsection 4.4.3 describes how actions are 

combined into process fragments, where they are additionally connected to decision and merge 

nodes in section 4.4.4 which shows how the process fragments are connected to produce the 

resultant business process-modelling notation. These four steps are considered in detail below: 

4.4.1 Step 1: Artifact life cycle (composition) is used to generate a set of actions for the 

process model 

We follow the step mentioned in the methodology Section 3.4 Step 1.  In our case study 

scenario, the actions are identified in the artifact life cycle.  The composition of an artifact life 

cycle has types, such as order, payment, shipping, and invoice. A set of actions are identified 

based on events between artifacts life cycles, such as the sending an order entry and order 

approval artifact life cycle.  These events have transitions.  Each of the identified actions have 

input and output values for respective artifact life cycles. Figure 26 illustrates how the transition 

of two artifact life cycles, order entry and order approval are processed. 
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Figure 26: Generating an action based on transition state 

Similarly, composition of an artifact life cycle in artifact process model between shipper, 

payment, and invoice approval is described in Figure 25 (b), (c), (d). 

 Using the composition of order entry, order approval artifact, shipper, payment, and 

invoice artifact life cycles in Figure 25. 

 Respective artifacts of these transitions from order entry, order approval, shipping, and 

payment generated an action sending approval note. 

 Send invoice, shipping the goods received note, sending invoice and sending payment 

actions with input and output pins of respected artifacts.  

The state of transition is depicted with the involvement of set of actions.  Figure 26 explains 

the initial state order entry/creates order approval to final state valid order entry, order approval 

that would generate order entry and order approval action.  These actions are governed by the 

input type as in order entry and output type as in order approval. 

4.4.2 Step 2: The order in which these actions should appear in the process model is 

determined. 

We follow the step mentioned in the methodology Section 3.4 Step 2. Based on business rules, 

once the set of actions is created, a relationship is defined or computed on these transitions by 

investigating the above actions in step 2. Based on the algorithm 10 (M. Kuster  2007) the order 

in which these actions should appear in the process model is generated in the model. For 

example in Figure 27, using the composition of Order (O) and Shipper (S) object life cycles, 

transition approved O | label_un_exhibitedS from Order.Approved action to 
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with input and output pins of type Order and another output pin of type Shipper.  Once the set 

of actions is generated, we compute a relation on this set by examining the input and output 

state sets of the actions. 

 

Figure 27: Order in which these actions should appear in the process model 

4.4.3 Step 3: Actions are combined into process fragments, where they are additionally 

connected to decision and merge   nodes 

We follow the step mentioned in the methodology Section 3.4 Step 3. Figure 28 shows  the 

order entry artifact life cycle each action contains input pins as order number, email ID and 

address called as predecessors |pred(a) become as input for send order to seller action and the 

output pin as depicts as the action successor |succ(a) where “a” stands as action. Based on these, 

a suitable process fragment is produced. If the send order to seller action has more than one 

predecessor then it will be advanced by merge node in the business process modelling note 

fragment.  If the send order to seller action is generating more than one successor then it is 

followed by the decision node in the business process modelling note fragment.  Therefore, 

this will become a condition. These business rules are based on conditions, which are connected 

to any as a successor.  A minimum of one rule is applied to one action. For example in the case 
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address is viewed as predecessors and the order approval as a successor (Kuster, Ryndina, & 

Gall, 2007). 

4.4.4 Step 4: The process fragments are connected to produce the resultant AC-BPM 

from ArC BPM 

After the process fragments are generated, the relationship between different fragments is 

established based on the object state. The connections are established based on the rules 

mentioned in the methodology Section 3.4 Step 4. 

Connect start fragment: In this scenario of the action being sending an order form to the 

seller, the predecessors are order number, valid email ID and customer address. 

Figure 28: Connect flow start fragment 

In Figure 28 the predecessors of order entry action fragment is order number, email ID, 

customer address are nil, these are depicted as the start fragment node. 

Connect flow final fragment: As in the case of the buyer the sent payment action fragment 

has no successors after sending the payment. Therefore, it becomes the flow final fragment. As 

of the rule if (succe(a) = 0) or (outstate of an object action not intersect  with next follow-up 

object initial state ) then it is depicting as connect flow final fragment. 

Figure 29: Connect final fragment 
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In above Figure 29 the payment action fragment has no successors; once the payment is been 

done; there is no successor with the follow up object.   

 

Figure 30: Connect successor fragment 

Connect successor fragments:  Figure 30 depicts when action and flow final fragments of 

order entry action is connected to order approval action.  Next, we gather the artifact life cycles, 

which are related sales order supply change, and then composing. Computing and composing 

the artifact life cycles mean we are identifying the transitions in an artifact life cycle and 

extracting the actions, then synchronizing these actions and tracing out the events between the 

nodes, such as events between the order entry artifact and order approval artifacts.  Then 

determining the process fragments once the process fragments conform then connecting these 

process fragments.  The elements that are participating in this ALC is state of artifact, such as 

initial state, final state, transition and function of transition. The artifact life cycles are 

transforming in to AC-BPM while satisfying the theorem 1 and 7(Kuster, Ryndina, & Gall, 

2007). The components to transform an artifact life cycles to BPMN is node, event, object state 

of artifact, branch condition, and data-store. Using these components we have extracted the 

process model. The process fragments are connected using definition 6 and 7 (Kuster, Ryndina, 

& Gall, 2007).  
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Figure 31: A generated BPMN model with extensions from Artifact Life cycles 

Figure 31 depicts the transformation of artifact life cycles models into business process 

modelling notation. All the artifact life cycles conformance and coverage conditions (business 

rules) (M. K¨uster, 2007) are satisfied when one artifact life cycle is participating in 

synchronization of artifact life cycle modelling. Figure 31 shows the composition of reference 
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artifact life cycles for order entry, order approval, invoice, payment, and shipping from Figure 

31 has transformed into business process modelling notation. The process model satisfies the 

transition of the artifact and state of conformance with respect between artifact life cycles. The 

Figure 31 depicting the sales order transformed business process modelling notation paradigm. 

Basically the artifacts are depicted according to the BPMN stream lines.  They are categorised 

into a three-stream line as buyer, shipping, and sealer. These stream lines are connected based 

on the events. So the relations between the stream lines are set based on events.  Between these 

stream lines, the events are recognised are as below:  

 Sending order entry form  event 

 Send order approval to shipper event  

 Send the cargo to buyer 

 Receive goods note 

 Send receive cargo note to seller event 

 Send the invoice to buyer event 

 Send the payment to seller event 

The transitions of artifact life cycles are become the actions or processer in the BPMN 

paradigm. And these actions are having the predecessors and successors. 

 4.5 Applying Phase 4: Evaluating the approach based on a case study 

This report is provided to minimise the gap in communication between business stakeholders 

and technology people at modelling level. Here the BPMN with extension artifacts, which are 

coming from business rules and synchronised artifact process model. Figure 30 provides the 

better appearance of OE/S paradigm. This is beneficial to both the parties. The key findings 

are the methods which can help the both the parties to get on one page. The recommendations 

are that if the theoretical above procedure moves into automation, which would have a more 

dynamic outcome. If the business model notation is an outcome of the artifact centric approach, 

this will lead to a good projection and has a hold on control flow and data by business and IT 

stakeholders. In the case of complex synchronise artifact-centric process modelling it is 

difficult to understand by the business workflow. When the artifact centric model is 
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transformed into process centric approach, i.e. BPMN it then presents better understanding to 

the stakeholders and IT experts at large. 

At this point, a comparison between the artifact-centric model and process-centric model is 

difficult and impulsive, because without experiential studies, it is difficult to decide which 

model is easier to understand or which model can make the modelling less time consuming or 

easy to primary stakeholders, i.e. business people and IT workers. In particular, such demands 

heavily rely on the instruction of the modellers and appropriate tool backing. In addition, it is 

not possible to bring and demonstrate the data-centric and activity-centric approach on one 

page.  However, this methodology tries to minimise the gap between these two approaches, 

which can help both parties communicate in a better way.  That can lead the projects outcome 

to be more efficient and in good shape. 

We can say if there is a change in the business requirement this leads to business rules change. 

These business rules may not be reliable. This is the gap between business people and IT 

people.  In the case presented in this thesis, the gap is minimised so business people can use 

this approach, which leads to building good rapport between business and IT stakeholders.  

This ECA consists of the Business and IT people. ECA is bridging the gap between Business 

analysts & IT people. 

Table 7 below describes how the research method helps business people in BPM. The table has 

four columns. The first column represents two areas, the first one is BPM area such as workflow 

model, business artifact, micro-level ALC’s and services. The second area is the modelling 

area where the second, the third and the fourth columns are business stakeholders, business 

analysts and IT experts respectively. The research method helps different communities which 

is depicted in the below Table 7. 

     Modelling area 

Business 
Practitioners 

Business 
stakeholders 

Modellers/BA/Designers IT communities 

AC-BPM/workflow 
models 

Little or no support 
understanding the 
structure of data-
centric flow under the 
workflows. Approach 
of visualization and 
manipulations 
developed as 
themselves 

Easy to followed by them  Depicts towards 
the business 
operations, the 
runtime state of 
business process  
is transforming in 
to snap shot of all 
artifacts, so the IT 
people can 
understand very 
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easily the activity 
centric/workflow 
model 

Business Artifacts Artifacts are 
discovered by subject 
matter experts 

Easy to follow by them Easy to follow by 
them 

 

 

 

Macro Level ALC Business people use 
the micro life cycles. 
Artifacts are using 
finite state machine, 
It means the business 
people can able to 
understand how and 
when each state of 
machine corresponds 
to possible stage in a 
life cycle of artifact.     

BA and business 
practitioners can walk 
through each of this state 
and its respective business 
goals. 

For IT people it is 
help them as a 
guide, such as in 
case of the test 
case specifications 

Services Business people or 
customer visibility. 
Services  are non-
deterministic, but 
here in artifact-
centric the services 
are help to visualise 
the business process  
proactively, he can 
see how services can 
change business 
artifacts at every stat   

They can understand 
business stakeholders’ point 
of view and IT expert’s 
point of view. 

Allow them to 
understand and to 
measure the steps 
towards business 
goals. Help to 
choose the IT 
infrastructure 
(SOA), customer 
visibility, either 
auto, semi, or 
manual. 

Associations Here we can see how 
the set of rules and 
policies  are control 
the organization 
externally and 
internally 

Designers can able to 
understands this part 

Same situations  

Table 7: Perspectives from different groups of interest 

The below table 8 describes two approaches how they are helping the modelling areas 

different groups  
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     Modelling     approach/ 
Research papers 

Generation of Business 
Process Models for Object 
Life Cycle Compliance by 
Kuster et al. (2007) 

Transformation from BPMN 
to AC BPM 

Artifact-Centric Modeling 
Using BPMNby Lohmann & 
Nyolt (2011) 

Business requirement  

 

The artifact-centric approach 
has started from business 
requirements   

In this method the artifact 
centric approach has initiated  
from activity–centric BPMN   

Business Rules 
Business rules are creating 
based on business requirement, 
so the follow up is there 

Easy is to understand by 
business people, BA and IT 
guys 

In this paper they have 
extracted  the business rules as 
policies  from the BPMN 

Up to some extent easy to 
understand by IT people and 
BA but not by business people 

 
Business process artifacts  

Complex artifact centric model 
in case of volume very big 
once it is transforming it is 
easy to understand by business 
people  IT people 

Complex artifact-centric model 
volumes are compatible   easy 
to understand by business 
people, BA, IT people  

BPMN 
Easy to understand business 
process by all 

Easy to understand business 
process by all 

Process Change -Any change in business 
process, then easy to involve 
re-engineering the model  

-All phases exist such as 
business requirement, business 
rules, artifact-centric model 
etc. So  it is easy to follow-up 
and implement the change in 
model from initial phase 
(business requirement) to final 
activity-centric model(BPMN), 
so everyone can follow  

-it is easy and quick to follow-
up or to do the change by BA 
or IT people but not by 
business people. However, it is 
not reliable, due to lack of 
business requirement, business 
rules and based on it composed 
artifact-centric models.  These 
are very valuable components 
for business people to 
participate more efficiently 
with BA and IT people. 

In case of change or update 
they have to create the 
requirement, business rules, 
artifact-centric model than 
transform to activity-centric 
model(BPMN) 

Services Followed by business people, 
BA and IT people 

Followed by business people, 
BA and IT people 

Table 8:  Comparison between two approaches 
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4.6 Summary 

In this chapter, described synchronised ArCA process models are transformed into the ACA 

process models and that can help the business stakeholders to understand and use BPM easily. 

The OE/S provided four artifacts based on the business requirements so they can construct and 

reuse the existing business processes. Our approach is considered from Kuster et al. (2007) 

algorithms identifying the key components in the ALC such as state of transitions identify and 

creating the synchronising artifact-centric process models. Then use this event fragments 

transforming into BPMN with extensions. Our approach introduces the business data in ACP 

models that is BPMN with our extensions. So the research attempted to provide the business 

data (artifacts) in standard BPMN with extensions. This should increase the degree of level 

understand business data in BPM and further expand the area of research on how the business 

artifact can be realized and applied to ACA. 

 

 

 

 

 

 

 

 

 

  



78 
 

Chapter 5 – Conclusion 

 

This chapter provides a summary of contribution in Section 5.1, research limitations in 

Section 5.2, and future work in Section 5.3. 

5.1 Summary of contribution 

The proposed methodology in this thesis demonstrates a method or a way that can make the 

ACA, such as BPMN with extensions, reliable based on the artifact-centric business process 

modelling. The artifact-centric model transformation to BPMN approach is offering the 

advantages of clarity which has been documented in a number of case studies. Getting the 

business and technical people on one page is a challenging task, as the real time business rules 

are always complex.  This thesis proposes a new way of artifact-centric modelling approach 

for business and information technology people to minimise the communication gap.  The 

proposed approach has been deliberated with a “sales order entry” case study.  This case study 

shows how the business rules can be written as artifact-life-cycles and synchronised to artifact-

centric models and then transformed into BPMN. 

 

The thesis formally defines the notion of a business entity, provide a methodology to transform 

an artifact-centric business process model to an activity-centric business process model with 

BPMN extension, and demonstrate the link between these two models.  Further, this research 

shows the value of transforming from the artifact-centric paradigm to the activity-centric 

paradigm with BPMN extension in business process componentization and service-oriented 

architecture.   

5.2 Research Limitations 

This approach was evaluated on a case study using algorithms, designing an abstract model, 

building artifact-centric metadata, and transforming into process centric meta-data. This might 

have brought in more automation.  Hence, the approach demonstrated in this thesis requires 

additional empirical evaluation so that it can be successfully implemented on a large scale and 



79 
 

in complex ALCs and business processes. In addition, the model of the activity-centric 

approach used in the thesis is limited to BPMN.  

5.3 Future work 

In future, the artifact-centric modelling approach and its extensions will remain to grow in 

usage and influence the high-level business requirements.  On the research side, the artifact-

centric approach has the potential to provide well-designed and pragmatic resolutions.  For the 

emerging necessities on business process models, the artifact-centric approach will benefit the 

business and IT communities.  Further significant research will be desired along with several 

factors at the reflective level, which can minimise the gap between ACA and ArCA processes 

modelling.  This will facilitate a useful basis for the progress of the fundamental understanding 

of the relationship of the ACA and ArCA in industry. 

BPMN in organizations are all the time introducing new or updating business processes 

because of competition and the pressure of globalisation.  Therefore the business requirements 

constantly change and influence business modelling.  The key challenges are to bring the 

transparency between the artifact-centric and activity-centric approaches, which will be helpful 

for the business stakeholders, business practitioners and IT personnel.  The area of artifact-

centric business process modelling is still in its early stages.  This area becomes a hot topic for 

the major companies that are showing interest and fund the research on business modelling.  

Areas are listed below as future work in this regard: 

1. The method has not focussed on what exactly the modelling approach can minimise the 

gap between artifact-centric and activity-centric modelling.  However, this method can 

help to incorporate the right algorithms and modelling techniques, introduce meta-

modelling with the right tools, and be implemented in real time environments.  The 

helpfulness of the proposed method has to be evaluated in real time business process 

and information system environments, where more complex artifacts and processes are 

involved in designing and modelling.  This will be more productive for business and IT 

communities. 

2. Focus can be on further validation of the approach with a more extensive case study. 

3. The research intent can be to investigate how significantly the size of the generated 

process model is affected by an increase in the number of artifact life cycles taken as 
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inputs.  These inputs are based on algorithms which provide a particular tool to read 

and create an ALC Meta data. By doing so, fusion and the combination of artifact-

centric and process centric approaches may be possible to some extent which can 

minimise the communication gap between business and IT people at the business 

modelling and designing stage. 

4. Further research on the transformation to BPEL can be done. 

Lohmann & Nyolt (2011) have depicted the artifact-centric approach based on the process-

centric approach so that the business analysts and practitioners can easily follow up.  The 

priority has been provided for the designers or modellers.  In case of this study’s methodology, 

the business stakeholders are facilitated.  Kuster (2007) has gathered the claim artifact life 

cycles, generated the process-centric model, and implemented them on tool IBM WEBSpear 

business modellers.  This process compromises several topographies for handling compliance 

of business process models with artifact life cycles that should have been done in our paper.  

This could be achieved in the future work. 

The next phase can be an automated tool that can generate the synchronised artifact-centric 

models and can support and produce a BPMN model finally.  The aim is to establish a support 

for compliance-preserving customization of generated process models. In the proposed 

methodology, we could implement a model by using couple of tools such as java and/or office 

tools.  Therefore, this study provides the basic method of the transformation of artifact-centric 

modelling into BPMN.  As this method is a transformation concept model, a method to the 

artifact life cycle and BPMN Meta model has not been specified at this point. 
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