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Abstract. Most of the work in modeling business processes is activity-centric. 
Recently, an information-centric approach to business process modeling has 
emerged, where a business process is modeled as the interacting life cycles of 
information entities. The benefits of this approach are documented in a number 
of case studies. The goal of this paper is to formalize the information-centric 
approach and derive the relationships between the two approaches. We do this 
by formally defining the notion of a business entity from first principles and us-
ing this definition to derive an algorithm that generates an information-centric 
process model from an activity-centric model. We illustrate the two models us-
ing a real-world business process and provide an analysis of the respective 
strengths and weaknesses of the two modeling approaches. 

1   Introduction 

The role of information technology (IT) in the enterprise is to support the business 
operations of the enterprise. Subject Matter Experts (SMEs) document business op-
erations using business process models which prescribe the activities that need to be 
performed as part of a business operation, the sequencing of these activities, and the 
input and output data of these activities. While business process models are good for 
documenting business operations, creating computer programs that support these op-
erations has always been a challenge. Existing approaches to IT-enabling a business 
process take one of the following two paths:  

(1) Business process models are used merely as requirement documents. From these, 
IT solutions are manually designed and implemented by writing new custom 
code, or by customizing and integrating legacy applications and packaged soft-
ware; or  

(2) Business process models are automatically converted into workflow definitions 
which are deployed on workflow engines and augmented with custom code [26].  

The first approach leads to a gap between the business process models and IT solu-
tions resulting in poor quality of the IT solutions with respect to their ability to  
support business processes, poor responsiveness of IT to business process changes, 
and inefficiency in the overall development processes. The second approach faces a 
number of difficulties as well, as enumerated below. 
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As business processes become complex and large, the workflow approach turns out 
to be increasingly difficult to implement, as the overall performance of the system de-
grades substantially and the maintenance of the resulting solution becomes extremely 
hard.  The primary reason for this is that the workflow approach does not lend itself to 
componentization in a natural way [3].  

Advanced features such as backward navigation, event-driven behavior, and con-
versational client interaction are very difficult to support in workflow models [28]. 
The cost of supporting these features adds more complexity, which further compli-
cates the first issue. IT solutions often need sophisticated, user-friendly human inter-
faces which are not readily supported by the workflow approach. Expensive manual 
tweaking of the code is often needed to integrate function-rich user interfaces with 
workflow-based backend systems.  

In response to this situation, another process modeling paradigm, which models 
business processes as intersecting life cycles of information entities, has been pro-
posed. Appropriately, this approach is called information-centric process modeling. 
The information entities that are used to describe business processes in this manner 
have been called various names, including adaptive documents (ADoc) [17], adaptive 
business objects (ABO) [21], business artifacts [22], and lately business entities. In 
this paper, we will refer to them as business entities.  

This new paradigm has been successfully tested through customer engagements. 
However, several problems remain. First, the concept of business entities is informal 
with no theoretical underpinnings. Second, in this paradigm, the key is to discover the 
right information entities that describe the business process. The current practice iden-
tifies these entities through intense consulting sessions. Those sessions are time con-
suming and demand consulting skills that typically are not common. Third, there is a 
lack of understanding of the relationship between this new paradigm and traditional 
activity-centric process modeling used in workflow management systems [26]. 

The goal of this paper is to formalize the information-centric approach and present 
an algorithm for transforming activity-centric process models into information-centric 
models. We formally define the concept of business entities and use this definition to 
derive an algorithm for the transformation. We use a real-world example to illustrate 
this transformation and analyze the respective strengths and weaknesses of the dual 
representations of a business process.  

The remainder of the paper is organized as follows. Section 2 introduces the formal 
definition of business entities and gives the transformation algorithm for creating in-
formation-centric process models from activity-centric process models. A complete 
example is provided in Section 3 to illustrate this algorithm. Section 4 presents an 
analysis of the two modeling paradigms. In Section 5, we compare our work with re-
lated work. Section 6 concludes with a brief description of future work. 

2   Information-Centric Process Modeling 

In this section, we give formal definitions of several key notions, including process 
scope, domination, business entity, and activity-centric and information-centric proc-
ess models. We start with a brief review of basic concepts of process modeling. 



34 S. Kumaran, R. Liu, and F.Y. Wu 

A business activity is a logical description of a piece of work that consists of hu-
man and/or automated operations and is often realized in conjunction with informa-
tion processing. A business process links business activities by transforming inputs 
into outputs to achieve a business goal. A set of business processes constitutes a busi-
ness function, provisioning a set of business services that defines the external view of 
the business function. All of the data used by the business function, including the in-
put and output of the business services, form the information domain of the business 
function. The atomic elements that make up the information domain are called infor-
mation entities (or entities for simplicity). 

Fig. 1 shows a simple business process. This process clearly describes business ac-
tivities and their execution sequence for handling a claim. In addition, activities in this 
process use a set of information entities, for example, claim and loss event, as the dot-
ted lines indicate. We call Fig. 1 an activity-centric process model, as defined below. 

Definition 1 (Activity-Centric Process Models). An activity-centric process model 
consists of business activities, connectors as control flows describing the execution 
sequences of these activities, and optional information entities as inputs or outputs of 
the activities. 
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Fig. 1. Activity-Centric Business Process Model – Claim Management 

Definition 2 (Process Scopes). A process scope s is a group of business processes, 
together providing a well defined end-to-end function to map input I to output O, i.e. 

} ..., , ,{ }, ..., , ,{ }, ..., , ,{ ,: 212121 OyOOIxIIn eeeOeeeIpppsOIs ===→ , where each p is a 

process and each e is an information entity.  

For example, an end-to-end claim management function involves several business ac-
tivities such as record claim and validate claim (see Fig. 1). The input to this process 
scope may be a loss event and outputs are a set of information entities including a 
closed claim, outgoing payments, and communication documents with the claimant. 

Within a process scope, information entities are created or modified through busi-
ness activities to produce the desired outputs as defined in the end-to-end function. 
From an information-centric point of view, information entities influence business  
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activities in the sense that the execution of an activity is predicated on the availability 
of the right information entities in the right state [1]. For a set of business activities, 
there is a corresponding set of information entities that influence the execution of 
these activities. But there are differences in the degree to which a specific information 
entity influences the execution of the activities in the set. For example, considering 
the process shown in Fig. 1, claim information entity influences most business activi-
ties in the process. On the other hand, the influence of claim line is limited to only a 
subset of activities that are also influenced by claim. Therefore, we say claim domi-
nates claim line, as formally defined below. 

Definition 3 (Domination). Information entity e1 dominates information entity e2 in a 
process scope s, denoted as 21 ee , iff:  

(1) aeaesa •∈•∈∈∀ 12   then,  if ,   
(2) •∈•∈∈∀ aeaesa 12   then,  if ,  
(3) •∪•∉•∪•∈∈∃ aaeaaesa 21 but  ,  s.t. , , where ●a (a●) denotes the input (out-

put) information entities of activity a. 

In other words, e1 dominates e2, if (1) for every activity that uses e2 as an input, e1 is 
also used as an input, (2) for every activity that uses e2 as an output, e1 is used as an 
output, and (3) e1 is used by at least one activity that does not use e2. 

If e2 is only used as an input in the process scope, this domination is called referen-
tial domination. With inclusive domination, e2 is used as an output in at least one 
business activity. A dominant entity is one that is not dominated by any other entity in 
a process scope. Accordingly, a dominated entity is an entity dominated by any other 
entity. The domination relationship is transitive, i.e. 313221    then  ,  if eeeeee .  

Fig. 2 shows sample domination relationships in an insurance process scope. Claim 
entity referentially dominates policy because policy is only a necessary input for the 
processing of claim but policy itself is not changed within the process scope. Claim 
inclusively dominates claim line, dispute, and communication entities. Some entities, 
for example, loss event and payment, are not involved in any domination relationship 
in this figure.  Fig. 2 is referred to as an entity domination graph, which describes the 
domination relationships between entities within a process scope.  

From a domination graph, a data model for dominant entities can be derived using 
containment data modeling [27].  Each dominant entity can be treated as a  
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"container", each inclusively dominated entity is a "contained member", and each ref-
erentially dominated entity becomes a reference member. A complete example will be 
provided shortly to illustrate how to derive data models for entities from domination 
relationships. 

Definition 4 (Business Entities). A business entity is a dominant information entity 
with an associated data model and an associated behavior model in the context of a 
process scope.  The data model describes the data dependencies between the dominant 
entity and the dominated entities as the dominant entity logically containing the domi-
nated entities. The behavior of the business entity is modeled as a state machine 
where state transitions are caused by activities acting on the dominant entity. 

Fig. 3 shows three business entities in the claim management process scope. Each 
business entity has a behavior model shown as a state machine. Business entities can 
be thought of as an abstraction that componentizes the information domain of a busi-
ness such that the behavior models associated with these components fully capture the 
business process functionality. Moreover, business entities provide the information 
context for business activities and processes. Typically, within a process scope, the 
provided business functions require customer inputs. The customer inputs may initiate 
an instance of a business entity. The outputs of the processes may be represented as 
the final state of the business entity and perhaps other business entities created during 
the processes. Therefore, the business processes are also the process of business enti-
ties walking through their lifecycles, from their initial states to their final states. 
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Fig. 3. Business Entities in Claim Management Process Scope 

Definition 5 (Information-Centric Business Process Models). An information-
centric business process model of a process scope is a set of connected business enti-
ties. Two business entities are connected if their behavior models share at least one 
business activity. 

An information-centric process model of a process scope may contain multiple busi-
ness entities. The lifecycles of these entities are linked through an instance creation 
pattern or a synchronization pattern [15]. In the creation pattern, an existing business 
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entity creates a new instance of another business entity as part of a business activity. 
For example, in Fig. 3, when notify claim activity is performed on loss event, it cre-
ates a new instance of the claim entity (i.e., the state of claim is changed from start to 
created). In the synchronization pattern, two existing business entities exchange in-
formation as part of performing a business activity. The example in Fig. 3 shows loss 
event and claim exchanging information as part of the record claim activity. 

Using the concept of domination, we can transform an activity-centric process model 
into an information-centric process model through the algorithm shown in Fig. 4. The al-
gorithm contains four main steps: (1) Discovering business entities and constructing an 
entity domination graph purely based on the definitions of domination and business enti-
ties; (2) Finding input (I) and output (O) business entities of each business activity; (3) 
Creating an output state for each output business entity of an activity; and (4) Connecting 
an activity to its output business entity states and connecting each output state to the next 
activity touched by the business entity to  construct a state machine preserving the se-
quence between activities as in the original activity-centric business process model. Note 
that an activity-centric process model may include control nodes, such as an OR-SPLIT 
node for alternative decisions, in addition to the activities. However, we disregard such 
nodes since control flow semantics is implicit in the state machine definition. 

This transformation algorithm is very generic. It can be applied to any activity-
centric process model that meets two conditions: (1) each activity has input and output 
information entities, and (2) the process model is connected such that each activity is in 
at least one path from the start node to the end node. There are no constraints on the 
format and content of an information entity. However, with respect to the complete and 
correct definition of an information-centric model of a business process, the informa-
tion entities should exhibit the following properties.  

• Self-describing: An information entity is self-describing if it contains metadata 
that describes its data content. The metadata of a business entity is composed from 
the metadata of its constituent information entities. 

• Non-overlapping: Information entities partition data in the information domain of 
a process scope into disjoint sets.  

• Decoupled: An entity is decoupled from others in the sense that it can evolve in-
dependently of others through business activities. Each information entity is used 
distinguishably by some business activities. The granularity of information enti-
ties requires that any pair of entities should not always be used by the same busi-
ness activities. If so, these two entities should be merged into one. In other words, 
the granularity of information entities is determined by business activities.  

If the information entities in a process scope possess these three properties, they are 
normalized, formally defined as follows. 

Definition 6 (Normalized Information Entities). Let A be the activity set, 
}{  21 n,...,a,aaA = . Let D denote the information domain of a set of processes, 

},...,,{  21 meeeD = .  ei is a normalized information entity for mi ≤≤1 , if: 

(1) ) ,(  VSei = , where V is a set of values over attribute set S             (self-describing) 

(2) For any pair of ) ,(   ), ,(  jjjiii VSeVSe == , =∩ ji SS  Ø                  (non-overlapping) 

(3) ji ee ≠  and •∪•∉•∪•∈∈∃ aaeaaetsAa ji   ,  .. ,                                  (decoupled) 
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where , ,1 , mjiji ≤≤≠  )( •• aa  denotes the input (output) of activity a, and 

Da ⊂• , Da ⊂•  

If the original set of information entities does not possess these properties, the result-
ing business entities may have degraded modularity as their behavior models could be 
connected at many shared activities. Therefore, it may be necessary to normalize the 
information entities by clearly defining their data schema and removing data overlap 
and coupling between them (By Definition 6). In addition, incomplete input and out-
put information entities in the original activity-centric model may result in a  
poor-quality information-centric process model, characterized by a large number of 
business entities with interwoven behavior models. 
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Fig. 4. Transformation Algorithm 

3   Example – An Insurance Process Model 

In this section, we use a real example to illustrate the transformation of business proc-
esses based on the notion of business entities. As an experiment, we examine the process 
models in IBM Insurance Application Architecture (IAA) [13]. IAA is a comprehensive 
set of best practice process models for the insurance industry. In general, these process 
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models are used for analytical purposes, and thus are called analysis models. In practice, 
system analysts manually customize these analysis models case-by-case in order to im-
plement them. This customization involves the redesign of business activities and data 
models. We propose to use the transformation algorithm to automatically generate infor-
mation-centric process models which may then be used to implement service-oriented 
business process management solutions. Fig. 5 gives an example process for administer-
ing property damage claims. In this process, a claim information entity is created when a 
loss event is reported. This claim is validated and analyzed which could lead to one of 
three outcomes: rejection of the claim, acceptance of the claim, or postponement of a de-
cision pending additional information. If the claim is accepted, the benefit in this claim is 
determined and then a payment is issued. If the claim is pended, arrival of additional in-
formation leads to another round of processing. In addition to activities and entities, this 
process contains control nodes (AND-SPLIT, AND-JOIN, OR-SPLIT, OR-JOIN, 
START and END) and connectors. 

In general, an activity-centric process model can contain both data flows and con-
trol flows. Wang and Kumar [25] classified two types of constraints in process activi-
ties, hard constraints that arise from data dependencies, and soft constraints caused by 
business rules or policies. In the absence of hard constraints, control flows become 
necessary to sequence activities. The process model shown in Fig. 5 contains both 
types of flows, but some of the control flow links are redundant. For example, infor-
mation entity claim is an output of activity notify claim, and it becomes an input of ac-
tivity record claim, implying that record claim has to be executed after notify claim.  

We consider this single process as a process scope. This process scope provides an 
end-to-end function from creating a claim after a loss event is notified to closing the 
claim and managing payment. Also, our investigation shows that information entities 
in this process model are self-describing, non-overlapping and decoupled. 
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Fig. 5. Administering Property Damage Claim 
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Based on the concept of domination, we discover three dominant entities involved 
in this process: claim, loss event, and payment. Claim and payment business entities 
have several dominated entities, as shown in the entity domination graph of Fig. 6.  

Next, based on the entity domination graph, we can create containment data mod-
els [27] for each business entity. Fig. 7 shows the data models. In each data model, 
the root container is a business entity. The claim business entity contains claim line, 
dispute, dispute communication, reserve, and benefit in claim, which, in turn, contains 
discharge communication and benefit communication. The loss event does not contain 
any entity, but it may have attributes and child items. In this paper, for simplicity, we 
omit the detailed attributes of each entity. In addition, there may be data relationships 
between business entities. For example, in Fig. 8, claim is created by loss event 
through activity Record Claim.  
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Fig. 6. Business entities – Administer Property Damage Claim 

Claim

Dispute 

Reserve

Benefit in Claim

Dispute Communication

Claim Line

Discharge Communication

Benefit Communication

Payment

Check

Payment Communication

Account

Containment (by reference)
Containment (inclusion)

Loss Event

 

Fig. 7. Data Model of Administering Property Damage Claim 

With the discovered dominant entities, we can easily construct the behavior model of 
each dominant entity and then convert the activity-centric model into an information-
centric model using the algorithm shown in Fig. 4. Fig. 8 shows the information-centric 
process model consisting of three connected state machines. The state machine of claim 
describes the lifecycle of the claim business entity and it interacts with the other busi-
ness entities, loss event and payment. For example, during claim's state transition from 
created to recorded, the loss event business entity also changes its state from notified to 
the final state recorded. Similarly, record benefit payment changes the state of the claim 
business entity from discharged to closed, while creating a new instance of payment 
business entity.  
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The business entity behavior models provide a new perspective from which to reason 
about business activities. Ideally, a business activity should produce some meaningful 
change to a business entity, resulting in a new milestone in the lifecycle of that entity, 
which should be monitored and tracked for performance management. If a business ac-
tivity does not bring such changes, that activity can either be removed or combined with 
others. Therefore, business entities actually provide guidelines for determining the right 
granularity of activities. For example, in Fig. 8, activity offer benefit is likely to notify a 
claimant without providing any actual changes to the claim business entity. This activity 
may be merged with the activity prepare claim discharge. Also, if there is a significant 
overlap between two behavior models, we may need to re-design the activities to de-
couple the business entities. Note that the algorithm in Fig. 5 does not give any state 
naming convention. One can name business entity states based on results produced by 
activities, as exemplified by Fig. 8. 
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Fig. 8. Information-centric process – Administering Property Damage Claim 

Compared with the original model in Fig. 5, the model in Fig. 8 has the following 
features. First, this information-centric process model provides better understandability 
because the introduced business entities highlight the focus of the process. Obviously, 
the process mainly deals with claim, tracking its behavior through its end-to-end life-
cycle from creation to closure. Understandability is further improved by the decompo-
sition of the process into three streamlined state machines each with fewer activity 
nodes. Empirical evidence shows that model size and average connector degree sig-
nificantly affect the understandability of process models [19].  

Second, the information-centric model hides IT implementation details and only 
describes the business entities that each business activity acts on. In Fig. 5, each busi-
ness activity has detailed input and output entities. However, the information-centric 
model only specifies the business entities that each activity reads, updates or creates. 
Through the data model, an activity is able to retrieve information of the dominated 
entities. In practice, data access can be defined as data views by user roles and by 
business activities. By adding data access details for each activity, we can convert the 
information-centric process back to the activity-centric model. However, data access 
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details are an IT implementation issue. We prefer to delay the definition of data ac-
cess until implementation for two reasons. First, during implementation, precise data 
access may be defined at the attribute level instead of the entity level. Therefore, the 
input and output specifications in terms of entities in Fig. 5 are not sufficient. Second, 
in reality, data access varies with each implementation. Without data access details, 
an information-centric process model can be easily adapted into different process 
scopes. As evidence, IBM Insurance Application Architecture [13] contains seven 
process models, each describing a particular type of insurance claim, such as medical 
expense claim, life claim, and auto claim. Our analysis shows that these models can 
be transformed into the same information-centric process as in Fig. 8, with slightly 
different data graphs. For example, in the process administering auto claim, benefit in 
claim by insurer is one of the final output entities, instead of payment. 

Finally, using the Model Driven Business Transformation Toolkit [17], we can 
generate business applications automatically from the information-centric business 
process models. The development and implementation time can be greatly reduced. 
Also, this direct transformation from business process models to IT solutions reduces 
the gap between business and IT. 

4   Analysis and Discussion 

The domination concept reveals the deep structure of the information domain of a 
business function. This deep structure is represented as entity domination graphs in 
the form of directed acyclic graphs (DAG), with the dominant information entities at 
the source nodes of the DAGs serving as the driving force for the process flows that 
constitute the business function. The dominated information entities form the non-
source nodes of the DAGs and play a subsidiary role in the execution of business  
activities. Usually, the dominated entities are created during the processing of the 
dominant entity and their existence depends on the dominant entity. But the domi-
nated entities do play an important role in the lifecycle of the dominant entity. It is 
analogous to the growth of a tree in nature, with new branches being added as the tree 
progresses through its lifecycle. For example, in the insurance claim process dis-
cussed earlier, dispute, claim line and benefit in claim are created during the process-
ing of the claim entity and their existence depends on the claim entity. And when a 
claim is accepted, one can expect to see benefit in claim added to the data graph asso-
ciated with claim.  

An intuitive explanation of the domination concept can be derived from the Pareto 
principle which states that, for many events, 80% of the effects come from 20% of the 
causes. When applied to business process analysis, we observe that a few information 
entities serve as key drivers of the flow of most activities. Using our algorithm, we are 
able to select the dominant entities and model their behaviors, thus leading to signifi-
cant reduction in model complexity and better understanding of business operations. 
For example, we have observed that among 320 information entities used in IBM In-
surance Application Architecture [13], only 90 qualify as dominant entities. We can 
also view domination as a special association rule mining [2] for discovering antece-
dent and consequent information entities and establishing associations between them. 
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The algorithm presented in this paper leverages the domination concept to trans-
form an activity-centric business process model into an information-centric model. 
There are several advantages to be gained from creating such an information-centric 
model as discussed below. 

As we have seen above, an activity-centric model of a business process enumerates 
all the activities in the process and defines a control flow and a data flow over these 
activities. As the processes grow in size and complexity, it becomes increasingly dif-
ficult to understand the business behavior using these models [3]. The traditional ap-
proach to dealing with this complexity is to resort to a hierarchical representation of 
business processes. It has been shown that static, hierarchical representations of busi-
ness processes are not conducive to in-depth analysis and prediction of the behavior 
of the system under dynamic conditions [20].  The information-centric modeling ap-
proach presents an attractive alternative as it helps to analyze and predict system be-
havior using the lifecycle models of a few business entities in a flat structure.  

Designing user-friendly human interfaces from activity-centric models to drive 
business process execution has been known to be a challenge [28]. Business users are 
knowledge workers who need contextual information to make the decisions needed in 
performing a business activity. This contextual information is not part of the activity-
centric models of business processes and thus it becomes hard to design effective  
human-interfaces from such models to drive process execution. Information-centric 
models help in this regard since the deep structure of the information domain repre-
sented as a DAG holds this contextual information. The lack of contextual informa-
tion in activity-centric process models has business-level implications as well. Since 
such models emphasize control flows and look at information usage only within the 
context of a single activity, business actors tend to focus on “what should be done in-
stead of what can be done”, hindering operational innovations [1,12]. 

The issue with interface design to business process execution systems gets more 
complex when conversational interfaces are involved. In a conversational interface, 
the input to a process has to be defined and refined incrementally as part of the proc-
ess execution [28]. The unpredictability of the input makes it hard to precisely deter-
mine the execution order of activities during the modeling phase. For example, 
Zimmermann et al. [28] reported difficulties in designing conversational interfaces in 
a large order management process using BPEL [9]. However, an information-centric 
model of a process naturally supports such constraints because it models the business 
process as business entity lifecycles, and the set of client interactions that move a 
business entity though its lifecycle becomes a conversation.  

Information-centric models of business processes have important implications with 
respect to implementations of business process management systems. Activity-centric 
models such as BPEL [9] and Event-driven Process Chains (EPC) [24] are executed 
by flow-driven workflow systems. In such systems, the process execution complexity 
can be classified into three types: control-flow complexity, data-flow complexity, and 
resource complexity [10]. Typically, the complexity increases rapidly as the number 
of control nodes (e.g. Pick, Flow and Switch nodes in BPEL) increases [10], thus se-
verely impacting the scalability of this approach. In contrast, information-centric 
models enable the execution of the process as a set of communicating finite state ma-
chines, which significantly improves process execution efficiency [21].  
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The advantages of a modular design in building complex systems are well known 
[4], but the challenge lies in identifying the right modules.  Business entities provide a 
natural way to modularize a business process management system. Each module  
implements the behavior of a business entity as a state machine and manages the in-
formation entities associated with that business entity. This approach to modulariza-
tion leads to a new way to decompose business processes and implement them using 
service oriented architecture (SOA) [11]. With increasing industrialization of services, 
companies tend to decompose their business processes for selective outsourcing, se-
lective automation, or restructuring to create decoupled composite business services 
which may be flexibly integrated to support end-to-end business processes [16]. 
Therefore, there is a need for a systematic way for companies to analyze and decouple 
their processes. Our algorithm does precisely this analysis and decoupling. Intuitively, 
each business entity along with its state machine defines a decoupled, composite 
business service [11]. In addition, service interfaces can be derived from the connec-
tions between business entities and the communication between these entities can be 
implemented as service invocations. For example, in Fig. 8, a company can define the 
claim portion as the core process which drives customer value, but outsource the 
payment portion. Both claim and payment may now be implemented using business 
entities as composite business services and the end-to-end claim business process can 
be realized via service invocations on these entities. The details about implementing 
information-centric business processes using SOA principles can be found in [8]. 

5   Related Work 

Recently, information-centric modeling has become an area of growing interest. Nigam 
and Caswell [22] introduced the concept of business artifacts and information-centric 
processing of artifact lifecycles. Kumaran et al. [17] developed adaptive business 
documents as the programming model for information-centric business processes and 
this model later evolved into adaptive business objects [21]. Further studies on busi-
ness artifacts and information-centric processes can be found in [6, 7, 8, 15]. [6] de-
scribes a successful business engagement which applies business artifact techniques to 
industrialize discovery processes in pharmaceutical research. More engagements using 
information-centric modeling can be found in [8]. Liu et al. [15] formulated nine com-
monly used patterns in information-centric business operation models and developed a 
computational model based on Petri Nets. [7] provides a formal model for artifact-
centric business processes with complexity results concerning static analysis of the se-
mantics of such processes. While previous work mainly focuses on completing the 
framework of information-centric process modeling from theoretical development to 
practical engagements, our work bridges the gap between activity-centric and informa-
tion-centric models and shows the duality between them.  

Other approaches related to information centric modeling can be found in [1, 25]. 
[1] provides a case-handling approach where a process is driven by the presence of 
data objects instead of control flows. A case is similar to the business entity concept 
in many respects. In [25], document-driven workflow systems are designed based on 
data dependencies without the need for explicit control flows. In this paper, in addi-
tion to tracking the behavior of data objects, we are interested in their deep structure. 
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Another related thread of work is the use of state machines to model object lifecy-
cles. Industries often define data objects and standardize their lifecycles as state  
machines to facilitate interoperability between industry partners and enforce legal 
regulations [23]. [18] gives a technique to generate business processes which are 
compliant with predefined object lifecycles. Instead of assuming predefined business 
objects, our approach discovers business entities from process models and then de-
fines their lifecycles as an alternative representation of process models. In addition, 
event-driven process modeling, for example, Event-driven Process Chains (EPC) 
[24], also describes object lifecycles glued by events, such as “material in stock”. Our 
approach in this regard is also event-driven, as each business entity state can be 
viewed as an event. However, EPC is still an activity-centric approach as objects are 
added to functions as inputs or outputs and an event can be defined concerning a 
group of objects.  

Some other notable studies that are related to our work are in the area of process 
decomposition and service oriented architecture. Basu and Blanning [5] presented a 
formal analysis of process synthesis and decomposition using a mathematical struc-
ture called metagraph. This study gives three useful criteria: full connectivity, inde-
pendence, and redundancy, for examining process synthesis and decomposition. 
However, the metagraph approach is not applicable to process models, such as the one 
shown in Fig. 6, which contains many cycles when formulated as a metagraph. 

6   Conclusion and Future Work 

In this paper, we have presented an approach to discovering business entities from ac-
tivity-centric process models and transforming such models into information-centric 
business process models. An algorithm was provided to achieve this transformation 
automatically. We illustrated this approach with a comprehensive example and tested 
it using reference processes from the insurance industry. 

Our approach provides an alternative way to implement activity-centric process 
models. Instead of transforming them into BPEL processes or workflows, our approach 
generates information-centric models from them and implements these models using the 
Model-Driven Business Transformation Toolkit [21], thereby improving both the un-
derstandability of process models and their execution efficiency. Additionally, this ap-
proach provides a new way to decompose business processes into connected business 
entities, each of which can be implemented as a business service using SOA principles.  

We are currently developing a tool based on this algorithm and applying this ap-
proach to best practice processes in the IT service delivery industry. We expect our 
future work to extend this algorithm to other types of process models, including 
BPEL and EPC models. Another research direction is to relax the concept of domina-
tion so that business entities can be discovered from models with incomplete or incor-
rect specifications of input or output information entities. 
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