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1 Executive Summary 

This deliverable presents approaches to business process querying and process fragment 

identification. We first motivate the current problems in business process modeling. Further, we 

present an analysis of related work in the area and argue why additional investigations are necessary. 

Based on a number of usage scenarios in business process modeling, we derive a list of requirements 

that the framework for support in process modeling should meet. Following the requirements we 

present how we chose the formal foundations for the process querying framework. Further, we provide 

a formal definition of process fragments, the unit of reuse in our framework. Afterwards, we present the 

designed approaches to process querying and fragment identification in detail. The approaches serve 

as a theoretical basis for the framework design and prototypical implementation. In the end, we give an 

outlook on future work. 
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2 Introduction 

In the modern world, businesses constantly strive to reinvent and differentiate themselves under 

continuous pressures of regulatory and technological change. The most prominent issue is the lack of 

automation when trying to incorporate new business requirements into existing information systems - 

adding new components and adapting existing ones as priorities and perspectives change. This brings 

companies to a state of everlasting search for new technologies that help them reduce time to market 

of new or improved products and services. 

We want to address this problem and facilitate the design of flexible and agile business systems by 

structuring the business knowledge into reusable business knowledge components. These 

components can be seen as a complement to traditional software engineering components. Software 

component engineering focuses on the back end in the process engineering chain. Software 

components have evolved from concepts such as common subroutines and general purpose 

application packages to reusable data services objects based on standards such as CORBA   and 

Web services based on XML and WSDL standards. The main concern here is program code and 

interfaces for communicating data. In contrast to this, the economic impact is far larger at the front end 

of the process engineering chain - on reusing business knowledge to configure and innovate business 

processes, products and services.  

The sources of business knowledge that describe the processes of an organization are diverse and 

scattered in IT-supported processes, business documents, presentations and the heads of business 

people. Business knowledge is independent of the technology that implements it. It is embedded in 

processes supported by diverse technologies, depending on the organization’s legacy and 

infrastructure. This knowledge can only be accessed and reused if it is extracted and stored as a 

single piece of information inside a knowledge repository. Ontologies provide appropriate means to 

formally describe the concepts and relations in a particular domain of discourse. “An ontology is an 

explicit specification of a conceptualization” [G93]. Making the business knowledge explicit in terms of 

an ontology would enable systems to manipulate meanings rather than program code. Following this 

idea we create a formal model for describing business processes, which integrates different workflow 

perspectives and allows for expressive querying and reasoning on business process models.  

Business process (BP) modeling has become a crucial phase in the development of enterprise 

information systems. Business process models are created by business users with an objective to 

capture business requirements, enable a better understanding of business processes, facilitate 

communication between business analysts and IT experts, identify process improvement options and 

serve as a basis for derivation of executable business processes. 

Designing a new process model is a highly complex, time consuming and error prone task. To 

overcome this problem, we present a framework for supporting business users in the modeling task. 

The users are supported through possibility to query for processes in the repository to facilitate 

management decisions, through reuse of existing business process artifacts during modeling and 

possibility to query for modeling guidelines after completing the model. This facilitates the task of 
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modeling business processes in the following ways: i) it provides easy access to the process space of 

an organization, ii) it improves the quality of the models through reuse of established and optimized 

artifacts; iii) it reduces the process modeling time by avoiding modeling the same business process or 

part of it multiple times.  

 

2.1 Alignment with SUPER 

2.1.1 SUPER Architecture 

The SUPER Reference Architecture, as depicted in the figure below, consists of four building blocks 

communicating via the Semantic Service Bus, namely components related to: execution, SUPER 

services, tools and repositories. The detailed description of the SUPER architecture is provided in the 

deliverable D.7.2.  

 

 

Figure 1. SUPER Reference Architecture (Source: D.7.2 Deliverable)  
 
The discovery component, between such services as Transformation, Composition, Process Mediation 

and Data Mediation, is one of the core services provided by the SUPER project. It offers the following 

functionalities: 

�x process fragments detection  – dealing with identification of reusable process fragments 

within the BPMO process description that are to be approved by the Business Analyst,  

�x process fragments discovery  – covering the goal based matchmaking when the user 

formulates his request consisting of a set of criteria using a query template. The user will be 

able to specify constraints both on static as well as behavioural aspects of the process 
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fragment description. This request is then matched to descriptions of process fragments from 

the library and a ranked list of fragments matching the specified goal is presented to the user. 

�x autocompletion  – supporting modelling of processes. After a user modelled a part of the 

process, he may launch the autocompletion functionality asking for process models or 

fragments that complete what he started to model. The modelled part of the process is 

matched against the descriptions of process fragments from BP library and the user can select 

the most suitable process fragment/model from the list of results to include it in his design. 

�x process fragment substitution  supporting replacement of a selected process fragment with 

another one that e.g. corresponds to the new process redesign goals.  

In order to assure provision of the above mentioned functionalities the Discovery component 

collaborates closely with the repository of process descriptions as well as with the modelling tool. 

2.1.2 SUPER Methodology 

The Semantic Business Process Management Methodology developed in SUPER and presented in 

the figure below consists of four phases, namely: 

�x Semantic Business Process Modelling (SBP Modelling), encompassing creation of 

semantically enriched business process models; 

�x Semantic Business Process Configuration (SBP Configuration) - where based on the outputs 

from the SBP Modelling phase, the executable description of the process is being prepared; 

�x Semantic Business Process Execution, during which the run-time discovery and composition 

of SWS, and thus the highly automated execution of business processes, takes place;  

�x Semantic Business Process Analysis – used in order to monitor business processes and KPIs 

and provide feedback on their execution for the needs of continuous process improvement. 
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Figure 2. SUPER Methodology (Source: D.2.2. deliverable) 

Functionalities provided by the Discovery component support Business Analysts when modelling 

processes and therefore all of them are a part of the Semantic Business Process Modelling phase. 

This deliverable demonstrates how to support modelling of processes by providing autocompletion, 

substitution or discovery of process fragments as well as support this functionality by process 

fragments detection that enables uncovering fragments in processes.  

2.1.3 Modeling Stack Alignment 

The SUPER Modelling Stack, as depicted in Figure 3, is structured in five layers from business 

analysis towards implementation of artefacts. Within this deliverable we utilize the organizational 

ontologies to describe static aspects of business process models. 
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Figure 3. SUPER Modeling Stack 

2.1.4 Use Case Alignment 

All of the components developed in SUPER are built bearing in mind requirements elicited by business 

partners and therefore are tested on the examples provided by them. That is also the issue with the 

discovery component that is to support the modelling scenario. Therefore, the discovery component 

was tested on the example provided by the TID, namely Digital Asset Management. Processes 

described in this scenario are used for illustrating the techniques that are proposed in Section 8. 
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3 Related work 

This deliverable comprises two sets of actions:  

�x Semantic business process modeling and querying  

�x Identification (discovery) of reusable process fragments within modeled processes.  

In this section a comprehensive overview of the related work in the two abovementioned areas will be 

given.  

3.1 Semantic Business Process Modeling 

An interesting line of research investigates formal foundations for Business Process Management 

(BPM). The paper [P06] revealed the strengths of the pi-calculus for modeling workflows as well as 

service choreographies making it a good candidate to formally ground the dynamic nature of modern 

BPM. Further work [PW06] by the author focuses on exploring process verification. We extend this 

approach by integrating other workflow perspectives in the formalized process description, thus 

opening the doors for other types of reasoning on process models.  

Finally, in [HR07], a set of ontologies for Semantic Business Process Management [HLDW+05] is 

proposed. This work gives a rather high-level overview of the ontologies in question based on the 

ARIS [S98] methodology. In addition, the need for a framework for querying in business process 

modeling is not addressed in this work. 

3.2 Business Process Querying 

3.2.1 Process querying approaches 

The significance of querying business processes has been acknowledged by BPMI1  who launched a 

Business Process Query Language (BPQL) initiative [BPQL]. However, no standard specification has 

been published yet. 

In [BEKM06], the authors present a query language for querying business processes, BP-QL. The 

query language is designed based on the BPEL2  standard and thus focuses on querying executable 

processes. Our work focuses on the reuse of higher level business knowledge, i.e. BP knowledge 

artifacts. In addition, the query specification language needs to be more expressive in that apart from 

constraints on data and control flow, the user should be able to describe the context of the process 

models he wants to retrieve.  

The approach presented in [MCZ04] discusses a process component model for process knowledge 

reuse. Here, the process component model is characterized only using static information (domain, 

function, performance, life-cycle). In our opinion, a more refined notion of BP knowledge artifacts is 

needed, as they can be reused in different stages of the presented modeling lifecycle. In addition, with 

                                                      
1Business Process Management Initiative, http://www.bpmi.org/ 
2Business Process Execution Language, 
http://www.ibm.com/developerworks/library/specification/ws-bpel/ 
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this approach the user is not able to pose behavioral queries which is a more intuitive way of 

specifying his requests. 

3.2.2 Semantic Web services discovery 

Web services play a crucial role in SUPER being the executable realisations of business tasks. 

However, before a Web service may be assigned to the task or used within the composition process, 

first it needs to be discovered. Discovery of SWSs is in fact a search for semantically annotated 

artifacts (in this case - Web services), and thus relevant work in this area was investigated.  

There are a number of different (syntactic as well as semantics based) approaches to Web service 

discovery. To make the discovery of services possible, their proper representation expressed using an 

adequate formalism is required. The first, most basic approach to Web service discovery was to use a 

UDDI repository [CHRR+04] where service providers were able to publish their service description, 

assign their offer to a particular category and add some textual information. Consequently, a user 

could browse through the UDDI repository and perform a keyword-based search. However, this kind of 

service discovery proved to be insufficient and the need for more expressive description along with 

more sophisticated mechanism was recognized. Taking into account the Semantic Web paradigm, 

several approaches to the semantic description of Web services were proposed. The most popular 

ones are OWL-S [MBHL+04] and WSMO [RKLB+05] ontologies, along with SAWSDL [FL07] gaining in 

importance. OWL-S and WSMO distinguish functional and non-functional properties of a service and 

provide far more complex description of the service than the SAWSDL does (as stated in [MPW07] no 

concrete semantic framework to describe the semantics of Web services is specified in SAWSDL). In a 

nutshell, in OWL-S and WSMO, a functional part is divided into IOPEs - inputs, outputs, preconditions 

and effects or pre- and postconditions along with assumptions which may be semantically described 

using concepts from an ontology. Therefore, it is feasible to reason on these descriptions and to 

determine the level of semantic match between compared services. It used to be achieved by taking 

the IOPEs from requested and candidate Web services and determining the semantic similarity 

measures. If a certain threshold of overall similarity was achieved, then the candidate service was 

considered as a satisfactory one. This way of tackling the problem of Semantic Web services 

discovery [PKPS02] was very basic and was further replaced by more sophisticated methods. 

In order to match two semantically annotated Web services several aspects need to be taken into 

account. First of all, an appropriate reasoner operating on the selected logical formalism of services 

must exist. The choice of the formalism depends heavily on the preferences between expressiveness 

of the language and the computational complexity as well as the decidability of the reasoning. 

Description Logic (DL) is the most popular within OWL-S and a couple of reasoners supporting DL, like 

Pellet, Racer or KAON2 [GHT06], may be used in this case. On the other hand, in WSMO, where the 

Web Services Modelling Language (WSML) formalism having several Datalog-based dialects (e.g. 

WSML-Full, WSML-Lite or WSML-Flight) is used, dedicated reasoners depending on the language 

complexity should be used [S07]. The second important aspect that needs to be considered regarding 
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the efficient discovery process is a matching algorithm itself. Of course, the details of algorithms vary 

due to implementation. These differences may relate to for example: 

�x gradation of similarity between concepts describing the functionality of service (subsumption 

relations are the most popular method used); 

�x categorisation of services; 

�x non-functional properties handling, and the number of QoS characteristics considered; 

�x methods of ranking applied for the set of discovered services.  

One of the approaches that extends the basic solution presented in [PKPS02] is the method of service 

discovery called Web services filtering presented in [AGGK+05]. This method is intended to consider 

service quality and its non-functional properties as important factors differentiating functionally 

equivalent services.  Authors divide the discovery process into two steps: in the first phase the degree 

of semantic similarity concerning provided functionality between services is calculated. Afterwards, the 

level of quality satisfaction is estimated based on the extended description of OWL-S ServiceProfile 

class. This approach allows for tackling the QoS issues during the discovery process.  

Another interesting discovery mechanism was applied by Sriharee [S06]. Similarly to [AGGK+05] they 

extend the ServiceProfile class from OWL-S in order to allow for rating of services. These ratings are 

based on scores assigned by trusted third parties and they are represented as ontological values. With 

these ratings the service discovery can enable service consumers to accurately locate, with 

confidence, quality services that meet their requirements.  

There are also algorithms used in the service discovery that cover also behavioural aspects of Web 

services and not only the semantics of IOPEs is taken into account in the discovery process, but also 

e.g. control and data flow. Hao and Zhang [HZ07] proposed a schema matching algorithm for 

supporting Web service operations matching. This algorithm takes into account also the semantic 

information staying behind service operations. They also implemented a ranking method to provide a 

user with services’ rankings in order to satisfy his requirements towards the particular service 

properties. 

In [SMW07], an approach to model Web services composition for business process model 

implementation is presented. The user is supported in modeling by filtering out the services that can be 

used in the next modeling step based on matching the pre- and postconditions. Main difference to our 

approach is that we abstract from the technical representation and focus on reusing modeling artifacts. 

In addition, the underlying formalism needs to be more expressive so that it can capture also the 

behavioral aspect of the process description. 

The approach in [AS06] presents matchmaking of Web services based on pi-calculus and description 

logics. The ontology is used for modeling input/output data exchanged between service operations. In 

our case, we capture additional business knowledge in the ontology. Furthermore, we reuse modeling 

entities which enables the design of truly flexible and agile systems, as argued in Section 2.1. 
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A discovery method dedicated neither to OWL-S, not to WSMO was implemented in DIANE system 

[KKSK07] and was done with use of different service description ontology. Authors created ontology 

language called DSD (DIANE Service Descriptions), which may be processed efficiently and is 

specialized for the characteristics of services. They proposed matching algorithms both for single and 

multiple effects of Web services. An evaluation shows that the efficiency and precision of their 

algorithms is better than for algorithms used in OWL-S based solutions. However, they admitted that 

their mechanisms give similar results as the WSMO-based implementations.  

However, in the SUPER project, as the WSMO ontology is used to describe a service,  it was decided 

to exploit some of the latest versions of WSMX [HCMO+05] discovery component, namely Lightweight 

WSMX, which is a tool based on the WSMO ontology and uses WSML language as a formalism to 

describe service capabilities. In this method controlled vocabularies that have an explicit semantics are 

used in the matching process. Only the desired state from the goal and the state of the services after 

execution are considered and modelled as a set of objects. Logics based on a set theory (e.g. 

Description Logics) are used to determine whether a goal description matches with services 

descriptions. Other approaches to the WSMO-based discovery were presented in [LCC06] or 

[SHLK07]. The solution presented in the first paper is customizable in the meaning that it is possible to 

adjust the final level of efficiency and duration of the whole process. The authors also take into 

consideration different expertise of the users of the discovery process. Second referred work proposes 

goal templates as generic objective descriptions and goal instances that denote concrete requests as 

an instantiation of a goal template. The authors come with an idea of formally described requested and 

provided functionalities on the level of state transitions that denote executions of Web services. 

Matchmaking algorithm is expressed using Abstract Space State model. 

3.3 Process Fragments identification 

As Semantic Web services discovery in SUPER will be done using established mechanisms and tools, 

the majority of the research work in the Business Process Discoverer component is now devoted to the 

provision of methods to identify reusable parts of business process for their further reuse. Several 

initiatives exist in the area of business process discovery, but semantic business process discovery is 

still almost unexplored area. Due to the usage of semantics for the description of process fragments 

the research becomes even more challenging. 

Traditional approach to business process discovery is presented in [CW98]. According to authors, it is 

feasible to analyse execution data such as process logs or workflow events and later to determine the 

structure of an original process. This kind of inference of process models from execution data is typical 

with a usage of workflow mining methods. Such an analysis is not in the scope of SUPER discovery 

component, but will be addressed within the WP6. An interesting approach to the business processes 

discovery has been presented by Xu et al. [XLW07]. They come with a three-layered method of 

process discovery, extended with a verification of refined process models. This verification is being 

done against the desired business requirements from analysts. However, the implementation has been 

checked only in one domain (furniture manufacturing). The solution is not flexible, because it must be 
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extended in order to be verified in another use case. Moreover, authors do not consider reusing parts 

of business processes, as their algorithm does not cover process fragments detection that is crucial for 

the SUPER research work. We consider process fragments as reusable parts of business processes. 

The idea behind process fragments and its definition may be found in [WMFK+07]. 

An algorithm, which is an entry point for our research, was proposed in a paper of Vanhatalo et al. 

[VVL07]. They present an algorithm that decomposes in a linear time a graph-based business process 

model into smaller pieces. These fragments have always one entry and one exit point. Moreover, a 

heuristic to identify such process fragments is provided. It was based also on work of Johnson et al. 

[JPP94], who proposed an efficient algorithm that finds SESE (single entry single exit) regions and 

builds the program structure tree of arbitrary control flow. The concept of SESE region is quite similar 

to the concept of process fragment, whereas a program structure tree is a kind of graph based 

representation of a flow. Ananian [A99] presented a promising solution of how to analyse data flows. 

Static Single Information (SSI) representation is efficient for both forward and backward data flow 

analyses. In the context of SUPER it may be helpful in identifying well grained process fragments. 
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4 Query-based Approach to Process Modeling 

 

Figure 4. Query-based Business Process Modeling 

The querying component supports the business expert in the first phase of the process engineering 

chain. It achieves this by providing querying functionality which can be used for different purposes. 

First, we support the business expert to quickly access the process artifact repository of an 

organization. In this case, he is not designing a new or redesigning an existing process model but 

rather wants to query the existing processes as a support in decision making [HLDW+05]. Another 

example situation is when a certain regulation changes, thus affecting all processes that must adhere 

to this regulation. The business expert can easily query for all such processes in the organization in 

order to make the necessary changes. Currently, these kinds of queries are answered by business 

analysts who have to manually analyze processes and create an inventory of such processes. Our 

approach enables managers to directly pose the queries against the repository and get the answers 

without human effort involved. The FMC3  diagram in Figure 4 shows the interaction between the 

business expert, system functionality and repository component. 

In order to simplify BP modeling, models must be highly reusable, favoring process flexibility and 

minimizing designs made from scratch. Reusing implies querying the process repository to find 

suitable previous work that can be the base for a new design. Therefore, the second way of supporting 

the business users is through reuse of existing process artifacts from the repository during modeling. 

Reuse in modeling can take place when designing a new process model as well as when redesigning 

an existing one. In the first case, the analysts can reuse previous designs, business process patterns. 

BP patterns are abstract BPs, which are not fully defined in terms of concrete tasks and services, and 

thus can not be executed. These patterns capture how the business analyst defines a first draft of a 

process, making emphasis on the business goals, and leaving the concrete definition of processes to a 

further step. They represent a solution to a well known problem, and a base to enable the extension to 

                                                      
3http://www.f-m-c.org 
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a concrete problem (as software design patterns [GHJV95] do), providing best modeling practices. The 

analysts can query for patterns by using a query template where they can specify the desired business 

function, business domain and other constraints to direct the search. The user can use the same 

template for querying for existing process models or fragments. More details on different querying 

scenarios are provided in the next section. For processing the queries, the static querying component 

of the framework is used (cf. Figure 4). Another type of facilitation to process modeling is offered by 

the dynamic querying component which supports the user in automatic completion of the model or 

substitution of the selected part of the model. To achieve this goal, this component operates on the 

behavioral description of the process model in addition to the static characteristics. After the reuse 

process is finished, a final editing of the model is performed to adapt it to the context of reuse (cf. 

Figure 4).    

Any BP model has to comply with a set of modeling guidelines defined by business managers within a 

company. Guidelines are concrete policies which orthogonally apply to all business processes of the 

company, derived from the general strategies of the company such as getting as many customers as 

possible or reducing costs no matter if the quality of the service decreases. The third stage of our 

approach offers the user the possibility to retrieve the relevant modeling guidelines. When the user 

completes the modeling of a process, he can query for guidelines that should be applied to his model 

based on the context (business function, domain). For this purpose, also the static querying 

component is used [cf. Figure 4]. 
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5 Requirements analysis  

As a first step in the analysis of requirements we describe a number of sample usage scenarios for our 

framework. Based on the proposed usage scenarios we derive a set of requirements for the designed 

framework. 

5.1 Scenarios 

In Figure 4 we presented an overview of all usage scenarios. In this section we will discuss the 

scenarios in detail. 

Scenario 1: Goal-based process artifact search 

This scenario covers the goal-based search where the user formulates his request (goal) consisting of 

a set of criteria using a query template. It is covered by the Static Querying Component shown in 

Figure 4. The user can specify constraints on static (function, domain, role, resource) aspects of the 

BP artifact description. This request is then matched to the BP artifact descriptions from the repository 

and a ranked list of artifacts matching the specified goal is presented to the user. Described scenario 

allows business experts to quickly and expressively query the process artifact repository of an 

organization. Some example user queries include: “Give me all billing processes” or “Do we have a 

cost approval process for items below €300? ” [HLDW+05]. We distinguish between three cases for 

this scenario:  

�x Case 1: Design-level search Here the user queries the repository for existing high-level 

generic process designs – business process patterns. Patterns are queried based on their 

context information (business function, domain). Using these patterns as a starting point, the 

user can refine them to his specific needs.  

�x Case 2: Process model/fragment search In this case, the user queries for existing process 

models and fragments which he can reuse as-is or modify. This case occurs when the final 

model is very similar to the existing models/fragments, therefore the level of reuse is more 

fine-grained.  

�x Case 3: Process model refinement This scenario enables the users to create underspecified 

process models and let the framework suggest a refinement of these models for them. We see 

this as a significant improvement comparing to current modeling techniques where users need 

to model everything in detail.  

After performing static queries, we can use the Dynamic Querying Component (cf. Figure 4) to specify 

graphical queries. We consider this way of querying to be more intuitive to the user. There are two 

scenarios which we consider for graphical querying, process model autocompletion and process 

fragment substitution. 

Scenario 2: Process model autocompletion 

We distinguish between two cases of autocompletion for this scenario:  
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�x Case 1: Here we assume that the user has already modeled a part of the process and wants 

to find process fragments that can complete what he started to model. The modeled part of the 

process is matched against the process fragment descriptions from the repository and the user 

can select the most suitable fragment from the resulting list to include it in his design.  

�x Case 2: After the user selects process fragments that refine the underspecified parts of their 

model (Scenario 1), the system can suggest how to connect them to form the end to end 

process model. The input and output documents of process fragments and their context 

information (business domain, business function) can be used as criteria for suggesting their 

inter-connections.  

Scenario 3: Process fragment substitution 

This scenario supports the replacement of a selected process fragment with the one that e.g. 

corresponds to the new process redesign goals. The newly discovered fragment has to be equivalent 

to the old one in terms of behavior so that the remaining process parts can stay unchanged. This 

functionality enables the user to easily find relevant process fragment candidates for substitution. 

Scenario 4: Querying modeling guidelines 

This scenario covers the final validation of a BP model against the business guidelines defined 

according to the company strategy. It is done after the process model is designed, as shown in Figure 

4. Queries involved in this scenario retrieve all modeling guidelines (both mandatory and conditional) 

which match context annotations of the model being checked. Information retrieved includes a textual 

explanation of the modeling guideline as well as a control definition (subprocess) which explains how 

this guideline should be included or taken into account in the model being checked. 

Scenario 5: Business Process Composition (D3.2). 

Business processes, process fragments are composed of existing business processes 

(subprocesses), process fragments and tasks (services). As SESE process fragments behave like 

subprocesses and tasks (they all have a single-entry and a single-exit and they are annotated with 

goals, pre-conditions and post-conditions) the composition algorithm can use them all as a building 

blocks for a new composed process. 

5.2 Requirements 

In this section we provide a list of requirements that a framework designed to support the business 

experts in process modeling should meet.  

Req. 1: Rich process description The process model needs to be formally described to enable 

automatic matchmaking of user requests (goals) against process descriptions. In order to support the 

user to expressively search the process repository, we need a rich process description. We distinguish 

two main aspects of a process description: dynamic and static aspect. Within the dynamic aspect we 

want to capture the behavior of the process, i.e. process control flow. This will give the user a 

possibility to impose behavioral constraints on the process fragments he wants to retrieve. Within the 
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static aspect of the process description we want to describe other workflow perspectives, e.g. 

organizational and informational. We want to describe processes in terms of their input/output data, 

business function, business domain, organizational roles which perform certain process parts, etc. In 

this way, the user will be able to specify this type of information in his request and use it to express 

additional constraints in his query. 

Req. 2: Intuitive user request specification The user must be provided with a user-friendly query 

interface for specifying his requests. The user must be able to query for processes both on the static 

and dynamic aspects of their description. 

Req. 3: Query language There needs to be a query language with expressive power that is sufficient to 

formally describe the user requests. Note that the user request can be in the form of a query template, 

but it can also be a part of a process for autocompletion or a process fragment for substitution. 

Req. 4: Querying mechanism There needs to be a mechanism that will perform expressive 

matchmaking of user requests against process descriptions. The algorithm should take a user request 

as an input and return a ranked list of BP knowledge artifacts that match the request. 

Req. 5: Flexibility The designed framework must provide support for relaxation and refinement of user 

queries. In the case that we get not enough results matching the query, we can relax the query, i.e. 

incrementally abstract elements of the query, e.g. by using subsumption hierarchy. Similarly, if we get 

too many results, the user needs to be provided with a possibility to refine his request.   

Req. 6: Ranking To increase the usability of process fragment matching results, the resulting list of 

fragments should be ordered w.r.t. the level of match. Similarity measures need to be defined for 

process fragments to support the ranking of results based on multiple criteria. 

Req. 7: Computational efficiency The underlying matchmaking mechanism must be computationally 

tractable and efficient to provide the required design-time user support. 
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6 Foundations 

Based on the derived requirements we chose corresponding formal foundations to serve as a basis for  

describing business processes used in querying. For representing the dynamic aspects of a process 

description we use the �S-calculus, a process algebra which elegantly captures the dynamic nature of 

modern BPM systems [P06]. In process querying, we utilize the properties of �S- reasoning to perform 

dynamic queries. In the following subsections, we give a short overview of the chosen formalisms used 

in process querying. Process fragment detection and the definition of process fragments are based on 

the work in [VVL07] and the background theory is provided in the document appendix.  

6.1 �S-calculus 

The mathematical foundation which we use to describe the behavior of business processes was 

created by Milner, Parrow and Walker, published in [MPW89]. �S-calculus a is formal language for 

specifying mobile processes, which uses communication channels (names) interaction. Basically, the 

�S-calculus consists of processes  and names . In the following, we summarize the notation used in 

this work: 

�S-calculus Syntax 

::P M P P zP P� � _ � _ � _ � Q � _� � (1) 

:: 0 .M P M M�S� � _ � _ � �  (2) 

:: x y x z x y�S � W � S�  � ¢ � ² � _ � � � � � _ � _ � > �  � @� �  (3) 

Equation 1 is the definition of a process  and it defines the following: P|P is a composition where 

processes P and P run in parallel – concurrent  execution. �QzP represents a restriction , which 

ensures that the name z is fresh. !P is the notation for a replication , where multiple instances of P run 

in parallel. The replication operator also satisfies the equation: !P=P | !P. 

Equation 2 gives the summations behind M: 0 is the inaction , a process that can do nothing. M+M is 

the exclusive choice  between M and M. The �S is a prefix. 

Equation 3, finally, defines the prefix  �S: x y�¢ �² is the output  prefix, which sends the name y over the 

name x and then continues as P. On the other hand, x(z) is the input  prefix receiving any name over x, 

and then continues as P with z replaced by the received name.  is an unobservable internal action  of 

the process. The last symbol, the match  prefix [x=y] �S.P behaves as �S.P, if x is equal to y. 

The syntax of �S-calculus is used as a basis for creating the grammar of the Business Process 

Definition Ontology explained in Section 8. 
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6.2 WSMO and OWL-S 

The Web Services Modeling Ontology (WSMO) [RKLB+05] provides a conceptual framework and a 

formal language for semantically describing all relevant aspects of Web services in order to facilitate 

the automation of discovering, combining and invoking electronic services over the Web. Actually, 

WSMO is more than just describing Web services, as it identifies four top level elements as the main 

concepts which have to be characterized: ontologies, goals, web services and mediators. 

The Web Service Modeling Language (WSML) [WSML06] provides a formal syntax and semantics for 

WSMO. WSML is based on different logical formalisms, namely, Description Logics, First-Order Logic 

and Logic Programming, which are useful for modeling of Semantic Web services (SWS). WSML 

Grammar can be obtained from [WSML06]. 

OWL-S [MBHL+04] is an OWL-based upper ontology for describing the properties and capabilities of 

Web services, which enables automatic Web service discovery, invocation, composition and 

interoperation.  

WSMO and OWL-S are two major initiatives that try to achieve the same goal: both aim to provide 

appropriate description means that enable effective exploitation of semantic annotations w.r.t. 

discovery, composition, execution and interoperability of Web services. However, WSMO provides 

several advantages when compared to OWL-S: it’s conceptual model has a better separation of the 

requester and provider point of view, it provides better language layering and it describes user 

requirements in a more natural fashion [Lara05]. 

In this work, we use WSML as a representation language for the ontologies that capture static aspects 

of the process model description, see Section 8. 

  



IP- Project / Programme SUPER SUPER-Project-No 026850 

 Business Process Discoverer   

Document Deliverable 3.3  Date 04.10.07 
 
 

071004_SUPER_D3.3_V1_MS.doc  PUBLIC Page 19 
 

7 Process fragments 

7.1 Identifying and Utilizing Process Fragments 

After the requirement analysis, we consider how business users can identify meaningful and reusable 

process fragments and how the added value introduced by process fragments can be exploited during 

process modeling. 

The identification of process fragments is decisive for the reusability of process fragments. In this 

document we distinguish three approaches for identifying reusable process fragments: model-for-

reuse, manual detection and (semi-)automatic detection of process fragments. The first approach can 

be used in any situation. But it is especially interesting for the situation that takes place before the as-is 

modelling of business processes in a company. In this case, there are no existing process models, 

from which business users could cut out reusable process fragments. Therefore, business users could 

model process fragments from scratch while keeping “model for reuse” in mind, which means that 

process fragments should be modelled in a way that they bear high reusability for future process 

modelling. The resulted process fragments can then be immediately used in the as-is modelling by 

stitching them together to build a complete process model. The second approach can be applied if 

there are pre-existing process models. Business users can identify reusable process fragments based 

on the result of studies on these process models or the comparison of these process models to find 

out overlaps or differences between them. However, with the growth of the numbers and complexity of 

process models, it becomes difficult and cumbersome for human being to compare process models. 

The third approach helps business users out by providing (semi-)automatic detection of process 

fragments out of existing process models. 

Independent on which approach is applied for identifying process fragments, the identification process 

must follow certain criteria to evaluate the reusability of process fragments. Business processes are 

designed to achieve business goals. Each business goal can be achieved by realizing the necessary 

business functions through a group of activities. Therefore, we consider the functional view as a main 

criterion for identifying reusable process fragments. The functional view focuses on the semantic 

coherence of business functions that the activities in a business process model implement. Activities 

that collectively realize the same business function can form a reusable business process fragment. 

Apparently, the definition of the granularity of the business function affects directly the granularity of 

the process fragment.  

 

Additional User
ValidationInitial User Validation  
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Figure 5. Identify Process Fragments through the Functional View 
 

Figure 5 shows the initial part of a process model to demonstrate how business users can identify 

process fragment based on the functional view. A business user may identify the activities that are 

framed with yellow background as one process fragment, which implement “initial user validation” as 

showed in Figure 5. Further activities, which are not showed completely in Figure 5, may be identified 

as the second process fragment, which implement “additional user validation”.  

After identifying a process fragment, it can be extracted from the original process model and stored in 

a business process repository. Business users can later query against the business process repository 

for required process fragments. If any process fragments are found, they are provided to business 

users, who then choose the best suitable one for process modelling. The process fragment chosen 

can be loaded onto the modelling canvas of a process modelling tool. Business users can then stitch 

the pre-modelled elements on the modelling canvas and the loaded process fragment together. The 

process modelling tool and the business process repository must provide corresponding functionalities 

to support these features. The requirements analysis for the process modelling tool and business 

process repository is out of the scope of this document.   

7.2 Formal Definition 

The term “process fragment” has been already used in many scientific publications in the area 

workflow management and business process management. However, a consistent and well-

understood definition of process fragment is still missing. In this section we present a formal definition 

of process model and process fragment based on graph theory. A process model is defined in this 

document as a process model graph (PMG), which is similar to workflow graphs that defined in [SO00, 

LK05]. 

Definition 1: Process Model Graph (PMG) 

A process model graph (PMG) is a connected, directed and labelled graph with G = (V, E, T, P, �3V, �3E, 

PG) where: 

1. V is a finite set of nodes of types defined in T and V�•Ø. 

2. E �ŽV×V is a finite set of edges representing the transitions between the nodes. 

3. T is a finite set of types for the nodes in V with T = {start, end, choice, merge, fork, join, activity}.  

4. P is a finite set of properties that can be applied for the nodes and edges in G.  

5. �3V: V�: 2P is a labelling function describing the properties of the nodes. 

6. �3E: E�: 2P is a labelling function describing the properties of the edges. 

7. PG is a finite set of properties that applies for the whole graph G. 

8. In-degree d�8 (v) and out-degree d�: (v) indicate the number of the edges entering and leaving a 

node v�• V respectively.  

9. For each edge e�• E, �Œ1(e) indicates the start node of the edge e and �Œ2(e) indicates the end 

node of the edge e.  

10. �2(v)�• T represents the type of the node v�• V. 

In Definition 1 the elements in a process model have been abstracted and reduced to 7 types: start, 
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end, choice, merge, fork, join and activity. The start node signals the beginning and the end node the 

finish of a process model. Choice nodes (aka or-split or XOR-split) are used to model mutually 

exclusive alternative paths in a process model, while merge (aka or-join) nodes combine two or more 

alternative paths. Fork (aka and-split) nodes represent spawned paths that can be taken in parallel. 

The parallel paths are synchronized by join (aka and-join) nodes. In this document, we call these four 

types of nodes operators. Activity nodes represent abstraction of work that has to be performed within 

the process. Properties of each node and each edge can be assigned by using the labelling functions. 

The properties of nodes and edges in the process model could be the name of an activity, transition 

conditions etc. All the possible properties are defined in the finite set P. The finite set PG is defined to 

keep properties that are valid for the whole process model, e.g. the name of the process model. 

However, Definition 1 specifies only the syntax of a PMG. To ensure that a PMG is syntactical 

correctly modelled, we introduce the syntactical correctness of a PMG. 

Definition 2: Syntactical Correctness of a PMG 

A PMG is syntactically correct, if the PMG satisfies the following constraints.  

1. There is exactly one start node and one end node in the PMG.  

�� v1, v2�• V, if 

i. �2(v1) = start and �2(v2) = start �Ÿ  v1 = v2 

ii. �2(v1) = end and �2(v2) = end �Ÿ  v1 = v2 

2. The start node has no incoming edges and the end node has on outgoing edges. 

�2(v) = start �Ÿ  d�8 (v) = 0 and �2(v) = end �Ÿ  d�: (v) = 0, v�• V. 

3. Every node of type activity in PMG has only one incoming and only one outgoing edge. 

�2(v) = activity �Ÿ  d�8 (v) = d�: (v) = 1, v�• V.  

4. Every node of type choice or of type fork has exactly one incoming edge and at least two 

outgoing edges.  

�2(v) = choice or �2(v) = fork �Ÿ  d�8 (v) = 1 and d�: (v) �• 2, v�• V. 

5. Every node of type merge or of type join has at least two incoming edges and exactly one 

outgoing edge. 

�2(v) = merge or �2(v) = join �Ÿ  d�8 (v) �• 2 and d�: (v) = 1, v�• V. 

6. Every node in PMG is in at least one path from the start node to the end node.  

�� v�• V, �� (e1, …, ei, ej, …, en), with �2(�Œ1(e1)) = start,  �2(�Œ2(en)) = end, �Œ2(ei) = v and 

�Œ1(ej) = v, 1 �” i �” j �” n �1�•   

In Section 7.1, we discussed three approaches to identify process fragments. For manual and (semi-) 

automatic detection of process fragments, a detected process fragment can be considered as a sub-

graph of the original process model graph. In the contrary, process fragments are modelled from 

scratch in the model-for-reuse approach. There could be no existing process models that contain the 

modelled process fragment as a sub-graph of the original process model graphs. In this case, a 

process fragment cannot be defined as a sub-graph of an existing process model. For that reason, we 

introduce process fragment graph (PFG) in Definition 3 not as a sub-graph of a process model graph 

(PMG), but independently.  
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Definition 3: Process Fragment Graph (PFG) 

A process fragment graph (PFG) is a connected, directed and labelled graph GF = (V’, E’, T’, P’, �%V’, 

�%E’, PF) where: 

1. V’ is a finite set of nodes of types defined in T’ and V’�•Ø. 

2. E’ �ŽV’×V’ is a finite set of edges representing the transitions between the nodes. 

3. T’ is a finite set of types for the nodes in V’ with T’ = {choice, merge, fork, join, activity, opaque}.  

4. P’ is a finite set of properties that can be applied for the nodes and edges in GF.  

5. �%V’: V’�: 2P’ is a labelling function describing the properties of the nodes. 

6. �%E’: E’�: 2P’ is a labelling function describing the properties of the edges. 

7. PF is a finite set of properties that applies for the whole graph GF. 

8. In-degree d�8 (v) and out-degree d�: (v) indicate the number of the edges entering and leaving a 

node v�• V’ respectively.  

9. For each edge e�• E’, �Œ1(e) indicates the start node of the edge e and �Œ2(e) indicates the end 

node of the edge e.  

10. �2(v)�• T’ represents the type of the node v�• V’. 

As for process model graph, we define also constraints for the syntactical correctness for process 

fragment graph. For the definition we present each constraint in a textual description followed by a 

mathematical formulation of the constraints. We use the predicate start(GF) to indicate the start node of 

graph GF and the predicate end(GF) the end node of the graph GF. 

Definition 4: Syntactical Correctness of a PFG 

A PFG is syntactically correct, if the PFG satisfies the following constraints.  

1. The start node has no incoming edges and the end node has on outgoing edges. The type of 

the start node must be one of the following types: choice, fork, or activity. The type of the end 

node must be one of the following types: merge, join, or activity. 

For start(GF), end(GF) �• V’ with  

i. d�8 (start(GF),) = 0, �2(start(GF),)�• {choice, fork, activity} and 

ii. d�: (end(GF)) = 0, �2(end(GF))�• {merge, join, activity} 

2. There is exactly one start node and one end node in the PFG.  

�� v�•  V’, if 

iii. d�8 (v) = 0 and �2(v)�• {choice, fork, activity} �Ÿ  v = start(GF) 

iv. d�: (v) = 0 and �2(v)�• {merge, join, activity} �Ÿ  v = end(GF) 

3. Every node of type activity or of type opaque in V’\{vstart, vend} has only one incoming and only 

one outgoing edge. 

�2(v) = activity or  �2(v) = opaque �Ÿ  d�8 (v) = d�: (v) = 1, v�• V’\{ start(GF), end(GF)}.  

4. Every node of type choice or of type fork in V’\{start(GF), end(GF)} has exactly one incoming 

edge and at least two outgoing edges.  

�2(v) = choice or �2(v) = fork �Ÿ  d�8 (v) = 1 and d�: (v) �• 2, v�•  V’\{start(GF), end(GF)}. 

5. Every node of type merge or of type join in V’\{start(GF), end(GF)} has at least two incoming 

edges and exactly one outgoing edge. 














































































































