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2.2.2. Approaches from Programming 
 Component-based systems achieve flexibility by clearly separating the stable parts of systems 
(i.e. the components) from the specification of their composition. In order to realize the reuse 
of components effectively, it is required to measure the reusability of components. However, 
due to the black-box nature of components where the source code of these components is not 
available, it is difficult to use conventional metrics in component-based development as those 
metrics require analysis of source codes.  Software programming is a hard design task, mainly 
due to the complexity involved in the process. This complexity is increasing to levels in 
which reuse of previous software designs is very useful to short cut the development time.  

Example 
The main idea of software reuse is to use previous software components to create new 
software programs. Some authors investigated a way to build reusable components from 
operating systems. For example, [NEK93] describes a software re-engineering technique, 
called program segmentation which supports the recovery of reusable assets from old code. 
This technique consists of a focusing step, which helps the analyst to localize, understand, and 
combine functional pieces in large programs, and provides a factoring step, which extracts the 
focused functional pieces and packages them into independent reusable modules. 

Advantages / Disadvantages 
The main advantage is re-engineering legacy systems. For example, legacy systems run on an 
outdated hardware platform and cannot be migrated easily to a new platform. But the system 
may contain critical business rules and other reusable assets that are not explicitly 
documented anywhere else. Thus, the recovery of reusable assets from old code can help in 
migrating the system to new platforms.   

Challenges 
The main problem with the extraction of reusable components from program codes is the 
localization and combination of pieces into large components. This asks for advanced static 
analysis techniques. 

Technical Difficulties 
How to abstract program codes so that static analysis techniques can be applied. 

Area of Application 
Legacy systems. 

 

2.2.3. Aspect-Oriented Programming 
Aspect-oriented programming (AOP) was introduced as a programming technique that 
addresses the problem of integrating cross-cutting concerns, e. g. logging, into applications. In 
[KLM+97] the authors stated that without this technique important design decisions “are 
scattered throughout the code, resulting in ‘tangled’ code that is excessively difficult to 
develop and maintain.” The properties, that these decisions address, are called aspects. The 
authors furthermore describe, that AOP “makes it possible to clearly express programs 
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2.2.4. Business Process Variants  
The authors of [LS06b] argue that it is often the (constrained) variance from best practice 
process templates (often also referred to as reference models, see 2.2.11), that “provide 
organizations with intellectual capital and competitive differentiation.” In [LS06b] process 
variants are described as “individually tailored process instances […], each of which represent 
the preferred work practice, but are also valid in terms of process constraints.” So from their 
point of view a variant is a process that complies with constraints defined in the process 
template, without requiring the same structure. In [HBR08] the main challenge in managing 
variants, also referred to as reference model configurations, is described as how to manage the 
relation from the reference model to the variants: “fundamental process changes (e.g. changes 
of legal regulations) often require the adjustment of all process variants derived from the same 
process.” In [ADG+05] it is even stated, that configurable process models should be the basis 
for reference modelling. In [Aal99] a family of variants of the same process is denoted as a 
generic process model, yet with the focus on dynamic change instead of reusability. 

Description 
As already noted in the introduction, there is a direct relationship of process variants and 
reference models. Basically, process variants can be seen as the result of configuring certain 
reference models. The authors of the PESOA project [BBG+05] also refer to the term 
“process family engineering”, when discussing the methodological foundations for the 
management of variant-rich processes. The significant variability mechanisms related to 
modelling variant-rich business processes investigated in [BBG+05] are summarized in the 
following: 

• Encapsulation of sub-processes: By defining an interface containing input and output 
of an activity, alternative implementations can be used in the variants. 

• Parameterization: Attributes and values can be parameterized to support “optional, 
alternative, or range variation points”, depending on the specific case and domain.  

• Inheritance: Inheritance allows modifying an “existing (default) sub-process by adding 
or removing elements regarding to specific rules. This allows for realizing alternative 
variation points.” 

• Extension Points: “Extension points use a combination of encapsulation and null sub-
processes to realize optional variation points.” 

In other research on process variants, as for example in [HBR08], the configurations are 
defined by operations on the reference model, such as INSERT, DELETE, MOVE or 
MODIFY, using a certain set of options. It is essential to point out, that the described 
approaches were not applied to BPEL (see appendix A.1), the standard language for 
orchestrating Web Services. 

Examples 
In [HBR08] several examples for this approach are brought up, for instance in the product 
creation, change management and release management in the automotive industry. In the 
following we discuss a different example presented in [HBR08], a product change request 
process. The reference process model is shown in Figure 3 (a). The process starts with a 
change request with a subsequent collection of comments coming from departments that 
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might be affected by the request. Afterward the comments are compiled to a single document 
by the project leader. Then the decision board either approves or rejects the requested change. 
If and only if the change is approved, the implementation of the change is executed by the 
development department. The process completes by documenting the change request.  

 
Figure 3 Variants of a standardized product change process [HBR08] 

The first variant adds additional quality assurance, as shown in Figure 3 (b).  For shortening 
the overall process duration the second variant Figure 3 (c) adds the implementation activity 
in parallel to the collection of comments. The former implementation step is replaced in this 
variant by an activity that takes care of undoing the implementation in case of rejection by the 
decision board.  Finally the third variant shown in Figure 3 (d) constitutes a combination of 
the previous variants, including both quality assurance and process duration speedup. 

Advantages / Disadvantages 
A significant benefit of this approach is that it provides for straightforward reusability of 
reference models by making the reference model configurable and thus more easily adaptable 
to specific requirements of the user. Yet the increased effort that is required for creating a 
configurable reference model may not be neglected, also special tooling is necessary for the 
management of configurations, their validation and also the management of changes. 

Challenges 
This approach contains several challenges, namely how to keep the relation of a variant to the 
reference model alive, which includes how to propagate changes from the reference model to 
the variant. Another challenge for when this approach shall be applied in practice is to define 
guidelines and gain experience on which parts of a process should be configurable in order to 
be flexible enough with respect to finding a balance between reusability, flexibility and 
usability. 
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Technical Difficulties 
The technical difficulties in this approach are to provide a clear syntax and semantics for the 
configurations of processes, as for example proposed in [RRA+05] for EPC. Another 
technical issue is how to manage model configurability and configurations in terms of data 
structures and an according tool support. Although, there is some work related to this issue, e. 
g. the one proposed in [HBR08], there are only few approaches dealing with variant 
management that could be employed. In [BBG+05] the technical difficulty of providing a 
more tightly coupling of a variant model and it reference model is investigated. Finally, the 
authors also recognize that there is currently no support for (semi-)automatically combining 
existing variants in order to create a new one. 

Area of Application 
The approach is basically anywhere applicable, where companies are dealing with several 
processes with a significant similarity or to put it in others words, are having several 
processes that belong to a process family. 

 

2.2.5. Constraint-Based Workflows 
When dealing with business processes, there is an objective of controlling processes and 
avoiding incorrect or undesirable situations. In general, users want flexible processes that do 
not constrain their actions. The approaches of this category make use of constraint-based 
models to support ad-hoc and dynamic changes. 

Description 
Traditional workflow languages require the designer to over-specify issues related to 
processes. For example, one can model all kinds of choices, but it is difficult or even 
impossible to state that two activities should never occur together. To do that, the designer has 
to provide a strategy to accommodate this requirement. This approach is called imperative. In 
contrast, a declarative approach brings more flexibility in workflow management. One of the 
paradigms that allow providing a declarative approach is that of constraint-based models.  

Examples 
[PSS+07] presented an approach dealing with changes in constraint-based workflow models. 
A constraint-based model is used to restrict the behaviour of workflows. The model allows to 
represent activities and constraints on activities. It also allows to specify whether constraints 
are optional or mandatory. Traces of all running instances of the corresponding process model 
are evaluated and, if necessary, the instances are transferred to the new model. Figure 4 (taken 
from [PSS+07]) displays an example. Figure 4 (a) shows four instances of which i1, i2, i3 are 
instances of constraint model cm1, i4 is an instance of cm4. Constraint model cm2 has no 
instances and cm3 is not part of the constraint workflow. There is a mapping from model 
identifiers (CMid) to constraint models in UCM. If, for example, we would like to perform a 
change on instance i3 and we want this instance to use constraint model cm2 instead of cm1 
(Figure 4 (b)), then we proceed as follows: if the trace of instance i3 does not violate the 
constraints of the new model cm2, then the instance i3 is remapped to identifier 2. 

To summarize, the approach supports both ad-hoc and evolutionary changes. Ad-hoc changes 
are needed to handle an exceptional situation. Evolutionary changes occur when there is a 
change in the process itself. 
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Figure 4 Changes for constraint workflows [PSS+07] 

 

[SOS04] investigated a set of constraints for flexible workflow specification. In this case, the 
specification consists of: (1) identifiable workflow activities and control dependencies that 
form the core process, and (2) a special workflow activity called the build activity and 
consisting of: 

• set of workflow fragments where a fragment consists of a single activity or a sub-
process, 

• set of constraints allowing to concretize the special activity with a valid composition 
of fragments 

Two main classes of constraints are proposed: structural class and containment class.  

• The constraints of the structured class impose restrictions on how fragments can be 
composed in the templates. Three constraint types are provided: serial, order and fork. 

• The constraints of the containment class identify the conditions under which fragments 
can or cannot be contained in the resulting templates. This is similar to the usage of 
integrity constraints in databases. 

Given those constraints, the paper describes a procedure for achieving a minimal and conflict-
free specification. 

Advantages / Disadvantages 
Constraints allow a declarative style of modelling ad-hoc and evolutionary changes and more 
flexibility. Doing this way, we avoid over-specification used in traditional procedural styles.  
The use of constraints also allows avoiding unnecessary changes. 
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Challenges 
Challenging issues are: 

• How to deal with heterogeneous constraints? 

• How to deal with workflows which are partly procedural and partly declarative? 

• How to accommodate, in a single framework, static (pre-defined) and dynamic 
business process requirements?   

Technical difficulties 
One of the main difficulties is how to allow individual instances to determine their own 
processes. In other words, it is difficult to perform semantic matching of two models 
(instances and models) based on underlying sets of constraints. Given an instance and a 
model, how to relate the instance to the model? 

Area of Application 
Workflows design and deployment  

 

2.2.6. Declarative Processes 
In this section, we review some approaches that complement imperative business process 
specifications with declarative specifications. A declarative specification enables designers to 
describe the actions that a business process needs to contain, but not their sequence.  
 
Description 
 
An important issue is to have business processes that comply with business strategy. This 
alignment can be made easier if an adequate level of abstraction for business process 
representation is used. A business process can be defined as a set of partially ordered 
activities aimed at accomplishing a well-defined goal. A business process may be subjected to 
many conditions in which this order cannot be identified at design time. The exact sequence 
of activities is sometimes impossible to predict. Modelling techniques, such as Business 
Process Modeling Notation (BPMN), encourage modelling details at an early stage. As a 
result, in many situations, an organization will commit to one of the execution paths. If the 
number of exceptions is important, one can face serious problems. As a consequence, the 
alignment between the strategy of the organization and its detailed business processes is not 
apparent. Also, the flexibility of the processes themselves is limited because they become 
difficult to manage and change. 
 
Examples 
 
[PA06] investigated a language, called ConDec, for modelling and enacting dynamic business 
processes. ConDec rests on temporal logic. It can be used to build a wide range of models: (1) 
‘strict’ models that define the process in detail, and (2) ‘relaxed’ models that state only what 
should be done, without specifying how to do it. A ConDec model consists of a number of 
tasks, which are the possible tasks that can be executed. Then, relations between tasks can be 
defined. They are considered as constraints. In the case of ConDec, a constraint represents a 
policy (or a business rule). At any time during the execution of the model, each constraint has 
a boolean value ‘true’ or ‘false’, and this value can change during the execution. If a 
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constraint has the value ‘true’, the referring policy is fulfilled and vice versa – if a constraint 
has the value ‘false’, the policy is violated.  
 
Figure 5 shows an example consisting of three tasks: A, B, and C. Tasks A and B are 
annotated with a constraint specifying the number of times the task should be executed. The 
arc between A and B is a constraint stating that task B is executed after task A, but not 
necessarily as the next task after A. This constraint allows that some other tasks are executed 
after task A and before task B.  

 
Figure 5 A simple example of a ConDec model [PA06] 

[KEF00] proposes a rule-based methodology to provide a uniform modelling approach at 
different abstraction levels. This approach requires transforming a rule-based description of a 
business process in one or several refinement steps into a rule-based workflow specification.  
The business rule approach can serve as an integration platform for different process 
modelling techniques and different target systems that implement the workflow or parts of 
them. To represent business rules the authors use the ECA1

Figure 6

 notation and the selection 
construct; the resulting constructs are enhanced with different constructs for representing 
static components of business processes, i.e., organizational units, roles, actors, and entity 
relationship-models. 

 shows an example of rule which is a part of a process of a special health insurance 
claim (SHIC) at the context level. 

 
Figure 6 Business rule at context level [KEF00] 

Advantages / Disadvantages 
A declarative approach avoids the specification of the control flow between the actions 
leading to process design which is independent from the constraints imposed by an 
environment in which this process will be implemented. The control flow (specific to a given 
environment) is later modelled in an imperative specification. A declarative approach includes 
verification issues. Flexibility may also be enhanced because alternative paths are modelled as 
separate business processes conforming to an overall process. 
                                                 
1 Which is based on events, conditions, actions. 
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For illustration these before mentioned steps are shown in Figure 7. 

 
Figure 7 “Find and bind” mechanism [KHC+05] 

The <find_bind> construct has been chosen to represent the mechanism in terms of a 
common process definition language and to make it explicit in a unified WS-flow meta-
model.  So the process developers and users do not have to care how the find and bind 
mechanism is performed. They only should care and know about the selection criteria and 
specify them within the <find_bind> construct. This extension element is designed to 
express the requirements towards a WS port in terms of selection policies. Therefore users 
can specify default values of selection criteria that are to be used at runtime as a substitute of 
those criteria given at deployment time of the process or as their extension and refinement. 

There are three activities standing in BPEL version 1.1 for interaction with Web Services; 
<invoke>, <receive> and <reply>. These are exactly the elements to be extended with the 
<find_bind> extension element. Note that this additional element is included into the set of 
standard elements of the activity. 

 
 
Examples 
 
Looking at Listing 2 you see, that the find and bind mechanism is mapped to a separate 
extension element of an interaction activity, including a “selection_policy” attribute.  
 
<process name=”ConvertCurrencyBP”>... 

<invoke 

   name=”ConversionRequest” 

   partnerLink=”converter” 

   portType=”CurrencyConvService” 

   operation=”usd2eur” 

   inputVariable=”C_and_Rate” 

   outputVariable=”result”> 

   <find_bind Selection_policy=”selection_policy_ID”/>  

</invoke>... 
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</process> 

Listing 2 An example representation of the <find_bind> extension in BPEL 
[KHC+05] 

The value of the <selection_policy> attribute can either directly specify the selection 
policy as a list of criteria or it can be a name of a selection policy. Thus, this name uniquely 
identifies a selection policy and can additionally be used to reference policies stored in a 
separate infrastructure component, e.g. in a repository. 

Advantages / Disadvantages 
The <find_bind> element contains no implementation-specific features – no reference to an 
implementation language, platform or discovery component to be used for look up. In  Figure 
7 an UDDI [OASIS05] registry is shown , but in general, any other discovery component 
supported in a service environment would do. While users are allowed to prescribe default 
selection policies, they depend on the availability of appropriate tools for modifying the 
selection criteria at run time.  

Challenges 
An important challenge of the approach was to gain the flexibility and reusability while 
simplicity is preserved. The detection of a failure of a WS instance in the case of 
asynchronous communication means that the previous actions must be compensated for and 
(status) data resent to the newly selected WS instance. Failure handling and compensation in 
an asynchronous interaction mode between processes and participants concerning the 
presented approach is the most important part of future work.  

Technical Difficulties 
The infrastructure must incorporate a module or component to handle policy match-making 
and WS selection. The “find” step of the mechanism requires calls to a discovery component 
to get the list of WS instances. 

Area of Application 
The area of application of the approach is neither explicitly stated nor restricted in. 
The introduction of the explicit <find_bind> language element allowing deployment-
independent service selection at runtime on a per instance basis and increasing reuse and 
flexibility of processes is independent from the application area and thus applicable in every 
domain of business processes. 

 

2.2.8. Extraction of Business Rules 
A business rule can be used in many ways. In this case the following questions come in mind: 
 

• If a computer is used to apply business rules the way business people do, is it also able 
to re-use rules, the way business people do?  

• If a computer is used to model the business and its rules, is it also able to re-use these 
models?   
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avoids the fact that the modeller should know during modelling which concrete providers 
exist at execution time of the process. In long running processes this procedure would be 
inefficient, because this decision has to be postponed until the execution of every process 
instance, so that the process is able to consider services, which are unknown at modelling 
time of the process. Another disadvantage of the approach is the assumption regarding high 
availability of alternative services.   

Challenges 
Missing semantic description standard and incomplete Quality of Services (QoS) model have 
an effect on the search and discovery of Web Service types and make the implementation of 
an adequate realisation and application of the approach presented in this section difficult.  
Compensation and fault handling in parameterized processes are one of the most important 
challenges, because the fault and compensation handlers can not be configured and 
customized completely at modelling time without knowing all the faults that can occur during 
process execution time, because the set of orchestrated Web Services possibly involved in the 
process instance in unclear. Moreover monitoring and mining of parameterized processes 
most important for retracing the actual execution of a parameterized process instance during 
and after execution time.   

Technical Difficulties 
Parameterized activities enable both the modelling of synchronous and asynchronous 
communication modes, but the asynchronous communication mode holds difficulties 
concerning expressing guaranteed delivery of functionality on behalf of the partner [KLB05]. 

Area of Application 
The area of application of the approach is neither explicitly stated in [KLB05], nor in 
[KLN+06]. The increasing of degree of freedom of WS-flows and the improvement of 
flexibility and reusability by employing parameterized processes is independent from the 
application area. 

2.2.11. Reference Models 
The term Reference Model, in present often labelled as “best practice” as depicted in [PA05], 
has in the area of process engineering already been coined in the early 90s. In [Sch94] to 
name one example, the author used the term to denote an architecture that has been proven to 
solve problems of a certain category. The Workflow Management Coalition (WfMC), an 
organization that defines standards for workflow management systems, has defined a 
Workflow Reference Model [WFMC95] that specifies a high-level architecture and a set of 
interfaces for supporting the construction of specific models. A recent project that aims at 
creating reference architecture for service based systems is NEXOF-RA [NEXOF08]. All 
those works have more or less the common understanding, that a reference model can be seen 
as a starting point for the development of specific models and implementations, that it 
represents a category of applications and that the model needs to be proven in practice. This 
does also apply to the specialization of the term into business process reference models. 

Description 
In [Tho05] a brief review of the history and the formation of the term are presented. The most 
important findings are that a reference model is basically a recommendation, a set of artefacts 
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refactoring, as described in [KKR06]: “Task contents are adapted, additional tasks and sub-
processes are introduced or removed, the hierarchical structure is reorganized and the control 
flow is adjusted.” 

Advantages / Disadvantages 
The primary advantage in contrast to other approaches presented in this deliverable is that it is 
not bound to a specific technology and can thus be applied to various areas of application. An 
advantage and also the main drawback is however that there is no common standard or format 
that has to be used to describe a reference model. Thus the people and the guidelines they 
applied to the development of the reference models are the linchpin of the quality and 
effective reusability.  

Challenges 
In [KKR06] the authors state that process merging is one of the most challenging techniques, 
in order to get the most out of business process reference models. The computer-aided 
comparison of an AS-IS model with a reference model and the derivation of an improved TO-
BE model out of this comparison are also challenging objectives. The authors also point out, 
that the tracking of changes during the refactoring and also the creation of migration plan with 
corresponding tool support needs to be elaborated.  

Technical Difficulties 
Many technical difficulties arise when this approach is applied in the area of service 
compositions and processes and hence its application in BPEL. As mentioned in [KKR06], it 
is difficult to merge different process models. Given the complex semantics of BPEL, this is a 
difficulty of its own. Another one is the relation of this approach and the service 
implementation in terms of granularity and functionality that one single service provides. If a 
company does only run five services, then also the resulting reference models are impacted by 
this circumstance. One last difficulty, which is of less technical nature, is what exactly a 
reference model for a certain category should contain in order to be “just right”, which 
languages should be used and which guidelines need to be followed for the best result, i.e. 
efficient reuse. 

Area of Application 
The approach of using reference models can basically be applied in any area touching 
business, for example in [ADG+05] the application of configurable reference models in form 
of Event-driven Process Chains (EPC) on basis of the SAP reference model is discussed. With 
respect to the effort that is necessary in order to obtain a high-quality reference model and the 
difficulties in adapting existing models with such reference models, the area of application 
seems to be limited, though. Yet the decision whether a certain process, choreography or even 
beyond is feasible for the creation of a reference model, requires again domain-specific 
knowledge and user experience. 

 

2.2.12. Sub-Processes 
The extension to WS-BPEL [OASIS07] namely BPEL-SPE outlined in [KKL+07] allows the 
definition of sub-processes, which can be reused within the same or across multiple WS-
BPEL processes. The design of large and complex business processes requires a mechanism 
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Area of Application 
The area of application of the approach is neither explicitly stated nor restricted. 
The modularization of large and complex business processes and increasing of reuse of 
processes by employing sub-processes is independent from the application area and thus 
applicable in every domain of business processes. 

2.2.13. Temporal Logic 
Temporal logic has been proposed to be one of the useful tools in workflow modelling. In the 
following sections, we will give an overview of some approaches which present different 
temporal logic based models.  

Description 
Existing languages such as Business Process Execution Language for Web Services 
(BPEL4WS) [ACD+03], Web Service Choreography Interface (WSCI) [W3C02], and 
Business Process Modeling Language (BPML) [A02]  for describing Workflow model show 
limited support for modelling and representation of time constraints associated with the 
processes. The need to give support for formal temporal constraint representation in the 
workflow model is well recognized as an important aspect. So, relevant researches on 
workflow often focus on this issue and try to introduce temporal constraints in process 
modelling.  

Examples 
Authors in [M03] propose a formal workflow model based on temporal logic (TLWS). This 
model provides a formal way to represent different properties, such as the abstraction of 
activities, the synchronization among activities, and the step-wise refinement design 
procedure of a workflow. Based on this model, authors propose an interactive workflow 
design environment based on XYZ system, which is a powerful CASE environment and 
whose kernel is based on a temporal logic language XYZ/E [TZ94]. This environment 
supports not only the specification of various objects in workflow system, but also the 
specification of the workflow service, activities, concurrent processes, and so on. As an 
extension to this work, [DM08] use the previous temporal logic based Workflow specification 
(TLWS) to design a new workflow management system. This workflow management system 
not only has some excellent features of specifying workflow service, but also provides well 
support for the flexibility of workflow, by providing a formal means for the specification of 
workflow process. In another approach [YTT+04], the concept of temporal workflow is 
proposed, through extending and modifying the Workflow Management Coalition (WfMC) 
basic process definition meta-model. Primary elements in workflow are formalized, and time 
is introduced into workflow as a dimension. [CPK03] present a temporal formalism for 
representing indeterminacy to workflow specifications, and try to show that integrating 
workflow with temporal database can enhance the workflow specification. They propose a 
new framework for representing and querying a temporal workflow schema and the evolution 
of its states over the time. Another interesting approach is presented in [AP06]. In this 
approach, authors propose a declarative language (DecSerFlow) grounded in temporal logic, 
which can be used for the enactment of processes, or the specification of a single service or a 
complete choreography. Also, they provide a graphical syntax for some typical constraints in 
service flows. Moreover, this graphical syntax can be extended by the user, who can add user-
defined constraint templates by simply selecting a graphical representation and providing 
parameterized semantics in terms of Linear Temporal Logic (LTL). 
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3.2. Analysis 
We have presented the state-of-the-art of approaches improving the reusability of processes 
and service compositions. The comparison allows us to inspect their character and essence, in 
order to arrive at conclusions of their feasibility and applicability in the field of compliance 
and in the scope of COMPAS. 

The presented tables allow distinguishing between stand-alone concepts and techniques that 
can be applied also in other approaches described in this deliverable. The techniques we refer 
to are parameterization (see 2.2.10), extraction of business rules (see 2.2.8) and aspect-
oriented programming (see 2.2.3). For example, parameterization can be applied to process 
variants to increase the reusability and simplify the configuration. Hence, it would be 
conceivable to apply these techniques in any approach for improving reusability. 

A criterion, in which the stand-alone concepts differ, is their application in practice. The 
approaches for sub-processes (see 2.2.12), reference models (see 2.2.11) and process variants 
(see 2.2.4) come from industrial requirements for reusing systems (and processes) and are 
thus near to execution with according, typically semi-automated tooling support, while many 
other approaches that are coming from research, such as temporal logic (see 2.2.13) or 
constraint-based workflows (see 2.2.5) do not provide a completely “execution-ready” 
concept and hold challenges that go beyond the scope of COMPAS, for example the 
execution of declarative processes (see 2.2.6).  

There is no ultimate approach, but some are more or less applicable, depending on the 
specific requirements. So, in COMPAS not all of the presented concepts are applicable, yet 
they are very useful for identifying common techniques in the field of reusability. One aspect, 
that most of the approaches have in common, is the relaxation of constraints. It is argued, that 
processes tend to be over-specified and that such specification is often too rigid for allowing 
efficient reuse. This aspect can be taken into account when designing new concepts for 
reusable units. 

3.2.1. Subject of reuse 
Which artefacts are actually reused in the described approaches ranges from code within the 
service implementation, whole services, policies and rules within a process, recurring 
patterns, sub-processes, over complete processes and process families, up to whole systems 
containing multiple processes and other information. Irrespective of the subjects that are 
reused in an approach, there is already some basic work in all areas available that can be built 
on, when designing a new concept for reuse in the field of processes and service 
compositions. 

3.2.2. Used techniques 
When comparing the techniques used in the presented approaches it stands out, that having 
good experience and best practice in the application domain, in addition to having experience 
with the used techniques, seems to be a typical requirement in order to be able to successfully 
apply the approach. Besides, support via automation seems to be technically possible overall, 
but also challenging. The lack of standardizations could be interpreted in many ways, for 
example that the approaches are not yet elaborated enough or that they have unsolved issues 
in their concepts or implementations. But it could also be interpreted in a positive way, which 
is that this field of research is in current flux, with many possible directions to go, but without 
an outstanding approach that satisfies all needs. 
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3.2.3. Phase in the life cycle 
Not all of the concepts cover all phases in the life cycle of a process, most notably monitoring 
is disregarded in many approaches. A continuous approach for improving reusability should 
account not only for design time, but also for run time and monitoring, this should 
consequently be taken as a requirement when designing new types of, and concepts for, 
reusable units. It can also be pointed out, that a repository (or any other component that 
provides for efficient management of the reusable artefacts) can be taken as appliance when 
designing a holistic solution concept for improving reusability.  

3.2.4. Application domain and coverage 
All of the presented approaches and techniques can be applied to processes and service 
compositions in general, each with its own advantages and shortcomings. Whether the 
concepts can successfully be applied in the field of compliance and in the context of 
COMPAS can not be concluded by this comparison. We will elaborate on this in the 
conclusions section (see Section 4) and the sub-section on the relation of these approaches to 
the COMPAS project (see 4.3).  
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4. Conclusion 

4.1. Summary 
Business processes are considered as important bricks of successful organizations. Business 
processes modelling becomes relevant because organizations need to communicate and 
transfer processes in the business world. Companies put more effort on the evaluation, 
verification and optimization of their processes.  Also, the focus is on automating most of the 
aspects of business processes in order to reduce the time and the costs of human resources. 
 
Processes reuse can be considered as a realistic way to improve service engineering 
productivity and quality. Assistance for software reuse involves the modelling, classification, 
retrieval and adaptation of processes/components. The representation and retrieval are 
important to processes reuse. Most of the proposed techniques ignore the semantic 
information about processes, so it is often difficult to retrieve the fragments that satisfy user’s 
requirements.  
 
In this report we concentrate on how processes/services reuse can be exploited in the service 
composition process for developing more rapid and efficient SOA-based applications. First, 
we identified a set of criteria that we use for the classification and analysis of the existing 
approaches. The different approaches are categorized based on some dimensions (e.g., 
declarativeness, parameterization, annotation, etc.) or concepts (e.g., patterns, business rules, 
etc.). 

4.2. Relation to Compliance 
When dealing with business applications, many issues have to be considered. Among them 
business policies: business process, business rules, etc. The challenge is then to be able to 
guarantee the compliance of internal business policies (implementation) with external 
regulations. This requires avoiding hard-coding policies and regulations directly in control-
flow based process models. One can note that flexible business applications require 
declarative formalisms to capture the semantics of policies and regulations. In the following, 
we highlight the impact, on compliance, of issues we described so far: 
 

• Parameterization: it can help in achieving compliance checking by making use of 
substitution mechanism.  

• Constraint based approach: it can be used to specify parts of policies and parts of 
regulations for example. In this case, the compliance checking problem can be seen as 
a constraint satisfaction problem. 

• Declarative approach: it enables designers to describe the actions that a business 
process needs to contain, but not their sequence. As a consequence, it becomes easy to 
perform compliance checking by reasoning on high-level description of policies rather 
than on codes associated to policies. 

• Business rules: they constitute the main component in a business application. 
Compliance to regulations is the main concern of business rules. The way business 
rules are extracted and represented will have a significant impact on compliance 
checking. 
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• Annotation: it can be considered as a means to relate artefacts. Annotations can play 
an important role in checking compliance by discovering possible mappings (through 
annotations) between considered components. This is in the line of semantic-based 
approaches to compliance checking. 

• Transformation: it happens that components involved in a compliance checking are 
described in different languages. Transformation can be considered as a pre-
processing step where checking will be performed on statements specified in a 
common language. 

• Patterns: they present solutions for recurring requirements in a specific context.  
Patterns allow bridging the gap between experts and developers. Since patterns are 
used to capture solutions at a high-level of abstraction, they can be used in the process 
of compliance checking for those issues that require abstraction.  

 

4.3. Relation to COMPAS 
COMPAS is about compliance in all components of the SOA. In this state-of-the-art we 
investigated different issues related to reusability of processes and service compositions. Most 
of the covered issues are also relevant to compliance checking: modelling, annotation, 
transformation, patterns, etc. For example, checking compliance of internal business policies 
(implementation) with external regulations requires performing checks at different levels of 
abstraction. This State-of-the-art provides a good basis for providing reference techniques for 
compliance checking at different levels, including design time, analysis time and run time. 
The focus will be on reusability of processes and service composition. 

4.3.1. Drawbacks of the existing approaches to improving reusability 
Each of the approaches presented in this deliverable has certain advantages, but also 
drawbacks in its application in practice. Sub-processes allow reuse on the level of application 
and business logic, yet this concept is rather rigid and monolithic, see Section 2.2.12. 
Reference models can even contain the reusable description and implementations of a whole 
system, which is a quite heavyweight concept for reuse. Process variants cover reusability and 
customizability for whole process models. Reusing only a part or an artefact of a process 
model may be required in some case, but this is not covered by this approach, see Section 
2.2.4.  

None of the approaches is, on its own, capable of solving the difficulty of compliance in 
COMPAS, as stated in the case studies [D6.1]. We therefore need an approach that combines 
the advantages of the presented works, and modifies and extends the given concepts with the 
goal to define a solution for reusability and compliance in the area of processes and service 
compositions. 

In the following we will outline a solution concept, that we call process fragments. The 
approach combines concepts from some of the presented approaches, such as sub-processes, 
parameterization, workflow patterns and possibly AOP as integration mechanism. 

4.3.2. Concept of process fragments 
A process fragment [ML08] is a connected sub-graph of a process graph. Applied to BPEL  
[OASIS07], it can also contain additional artefacts, such as variables, references to related 
Web Services orchestrated within the process, annotations (which are very important for 
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stating compliance) etc. Some parts of a fragment may be subject to parameterization, or 
explicitly stated as opaque, in order to mark points of variability and degree of freedom for 
reuse. Thus, in contrast to a sub-process, a process fragment is not necessarily directly 
executable. Initial work has been done by the BPEL2.0 specification [OASIS07]: abstract 
processes have been specified for templating purposes and for modelling visible behaviour of 
processes that take part in a globally coordinated choreography. Yet, a process fragment is not 
necessarily self-contained, and many customization steps are required when fragments shall 
be integrated into a process. This is a disadvantage compared to sub-processes. However, the 
usage scenarios of process fragments, that we propose, compensate this drawback. 

4.3.3. Usage scenarios for reusing process fragments 
We can distinguish three different usage scenarios for process fragments. The first one is that 
a process fragment can be employed for reuse of functionality (in the case of COMPAS 
business logic and compliance requirements in form of Web Service orchestrations). Second, 
it can be attached as a constraint to a process, for example to state that this process 
implements the functionality stated by the fragment. So, process fragments can be utilized for 
the annotation of process models and thereby describing their (required) behaviour, i.e. 
compliance constraints. This information can be reused in the third usage scenario. After 
transformation the fragment can be used during monitoring to check, if a running or finished 
process instance is compliant with the constraints described by the fragment, or not. Those 
usage scenarios are sketched below. 

Usage scenario 1: reuse of business logic 
For improving the reusability of processes the concept of process fragments means a 
fundamental advancement, as it fills a gap that none of the presented approaches for reuse 
covers. The first usage scenario is describing reuse of business logic using process fragments. 
This scenario can be divided into four distinct phases: 

1. Identification: A process fragment is a meaningful part of a process that has the 
potential to be reusable in various different process models. Note, the implementation 
of a specific compliance constraint might be such a part, which is essential for the 
usage in COMPAS. The identification can either be achieved using mining techniques 
to find often repeating execution patterns, or by a domain expert who inspects already 
implemented process models and extracts one or more process fragments from its 
parent process model. Also the creation of fragments from scratch might be 
reasonable in some cases.  

2. (Re-) Design: Certain adaptations are necessary when a process fragment has been 
extracted from a process model; activities may need to be reordered, attributes on 
such activities may need to be omitted in order to mark freedom or to hide 
confidential information. Parameterization techniques and also the extraction of 
business rules could be applied in this phase to increase the reusability of the 
fragment. 

3. Storage: In order to be able to efficiently find process fragments they need to be 
annotated with metadata that state their semantics, usage domain, functionality, 
requirements, interfaces etc. After the process fragment has been accordingly 
annotated, it is being stored in a repository that provides management functionality 
(search/query/store/…) for process fragments.  

4. Composition: The integration of a process fragment into a process model and also the 
composition of multiple fragments is a challenging task. Before the integration into a 
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Appendices 

A. Appendix A  

A.1. Related standards and technologies 
 

Standard Description 
BPMN The Business Process Modeling Notation is meant to be a higher 

level, graphical language for modelling business processes. 
Existing versions are 1.0 and 1.1, version 2.0 is in progress. 

WS-BPEL The business process execution language for web services has 
been adopted by industry as the standard for service orchestration. 
Version 1.0 and 1.1 (BPEL4WS) have been driven by companies 
such as IBM, Microsoft and SAP and it has been standardized by 
OASIS and released as version 2.0, WS-BPEL. 

WS-Policy S. Bajaj, D. Box, D. Chappell, F. Curbera, G. Daniels, P. Hallam-
Baker, M. Hondo, C. Kaler, D. Langworthy, A. Nadalin, N. 
Nagaratnam, H. Prafullchandra, C. Riegen, D. Roth, J. Schlimmer, 
C. Sharp, J. Shewchuk, A. Vedamuthu, Ü. Yalçinalp and D. 
Orchard. Web Services Policy 1.2 - Framework (WS-Policy), 
W3C Member Submission, 25 April 2006. 

XPath W3C. XML Path Language (XPath). Version 1.0, W3C 
Recommendation 16 November 1999, 
http://www.w3.org/TR/xpath  

Table 5 Related standards and technologies 

 

 


