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Initiation, Research question and Research approach
In the last few decades, there has been a growing tendency for organizations to outsource their secondary and lower activities, and focus on their core competencies, to adapt to the ever-changing environment. In doing so, organizations usually form complex and dynamic business networks. Even though the formation of such networks may improve overall performance of the organizations in the network, they have created a number of challenges and risks. One of the main challenges is the efficient and effective process orchestration among the partners in the business network. The reason for the increased difficulty is attributed to the following constraints: current business networks are inherently dynamic and complex, the processes involved in the orchestration generally are large in number and are related in a complex manner, organizations involved in business networks are autonomous and are reluctant to be fully transparent to their partners as this may reveal confidential resources and knowledge, and finally, the processes in organizations have to be flexible enough to adapt to changes in the environment.
Many of the various types of analytical models that have been developed in the past to address this issue do not take into account current business network characteristics such as mutual interdependence of processes, ‘closedness’ and limited visibility of partner’s processes, pluriformity, and dynamic and complex process orchestrations, and hence, are not able to address the challenge sufficiently. In this research, we use a simulation based inquiry system to address the challenges of designing and improving the efficiency and reliability process orchestration in business network. Simulation is considered to be an effective method of inquiry for organizational decision-making. It can be used to provide dynamic insight into complex process orchestration, and to provide the possibility to experiment with different alternative process orchestration scenarios without the actual implementation. Therefore, we formulated the research objective: ‘Develop a simulation based support environment that can be used to support the process of improving the efficiency and reliability of process orchestration in business networks’. The three research questions that are addressed in the research are as follows: 
• What are the current and emerging issues in orchestrating processes in business networks?
• What orchestration mechanisms can be used to orchestrate processes in current business networks?
• How can we support the process of improving process orchestration in business networks using simulation based inquiry system?
In the research, we focused on efficiency and reliability as the criteria to improve the orchestration of processes in business networks.
To address the research questions we followed the design science paradigm. We used the design science paradigm to create and evaluate a simulation-based support environment (artifact) to solve the process orchestration issues in business networks. The artifacts that were created include a method and an instantiation that prototypes a type of system solution. At the beginning of the research, we followed the behavioral science paradigm to develop a descriptive model and the requirements of the problem situation. Various research instruments were used in the design science research strategy. We used a literature search to obtain the initial starting points of our research, to compare our findings, and to sharpen emergent ideas from the case studies we conducted. At the initial phase of the research, we used an exploratory case study methodology to get a better understanding of the factors that influence process orchestration in business networks. We used a laboratory experiment to test our support environment on usability, and we used expert interviews to gain an indication of how our support environment was valued.
Contributing to a body of knowledge
A literature review was conducted to identify a number of initial theories to study the problem area under investigation, i.e. business process orchestration. The concept of business process orchestration was distinguished and explained in relation to other current methodologies such as integration, automation, collaboration, and business process reengineering. Business process orchestration is defined as a process driven method used to coordinate and manage internal and external business services. Business process orchestration addresses many of the current business process requirements, partly because it is based on the service-oriented architecture and a service-oriented way of thinking. The principles of business process orchestration and the languages that can be used to support the methodology were identified and explained.
Exploring a field
An exploratory case study was carried out to help us understand process orchestration issues in business networks. A US Department of Defense (DOD) logistics network was chosen to enrich our understanding of real business networks, to help us identify issues of inter-organizational process orchestration in business networks, and to evaluate the usefulness and usability of a simulation methodology to improve process orchestration. 
The case study revealed that process orchestration among numerous partners could become complex and dynamic to such an extent that it is difficult to maintain and improve it. Organizations in business networks are usually reluctant to share internal processes and data, even though the dependency of processes in such networks is high. The exploratory case study showed us that a support environment that is aimed at supporting process orchestration decisions need to consider these issues and constraints. A simulation based inquiry system was used to gain insight into the dynamics and variability in process orchestration.
Creating a generic understanding
Based on the exploratory case and the literature review, five requirements to be satisfied were formulated for a support environment be used to improve process orchestration in business networks. The requirements were focused on the usefulness and usability of the support environment. A support environment, which consists of a simulation based approach and a supporting software library, was developed on the basis of the requirements. The support environment prescribes a simulation based approach to model process orchestrations in business networks, and to improve them. The simulation-based approach was structured using the dimensions: ‘way of thinking’, ‘way of working’, ‘way of modeling’, and ‘way of controlling’.
Developing a contribution
Way of thinking
The philosophy behind a support environment, which is usually overshadowed by the techniques and methods embedded in it, influences the ultimate appropriateness of the support environment to the problem considered. We considered a network perspective for inter-organizational process orchestration. Improving process orchestration in business networks is considered to be the same as solving an ill-structured problem for the following reasons: many alternative solutions can be proposed to improve the overall process orchestration, and it is difficult to evaluate quantitatively the effect of these solutions because actors value these effects differently. With regard to the methodological principles of the support environment, we viewed the activity of improving process orchestration as a problem solving activity. Ill-structured business network problems can be solved from different perspectives. We considered the bounded rationality perspective to be the appropriate perspective to take for problem-solving. The reason for this is that decision makers face cognitive limitations and therefore seek a ‘satisficing’ solution instead of an optimal solution to such decision problems. The support environment should adhere to the perspective that designers face cognitive limitations when solving ill-structured business network problems. In addition to these methodological principles, the support environment was also based on a simulation based inquiry system. Simulation is considered to be an effective method of inquiry for organizational decision-making. It can be used to solve process orchestration problems in current business networks which are characterized by complexity, stochasticity, and dynamics. Many of the current simulation and modeling methodologies used for process orchestration are only applicable in situations where there is complete visibility of processes in the business networks. This white-box modeling approach assumes that all the data can be collected and all processes are given. However, one of the characteristics of current business networks is their ‘closedness’. Partners in business networks are reluctant to share internal process information with in the network. Visibility of processes across the network is limited and the collection of data might be impossible. Hence, the support environment should prescribe approaches that take into consideration the limitations of process data and information.
Way of working
In the way of working, we specify the steps that need to be taken to improve process orchestration using the simulation based support environment. Several research papers in the simulation field discuss or propose a set of general guidelines and high high-level steps that can be used to guide a simulation modeler and builder. The steps are conceptualization, specification, verification & validation, experimentation and solution finding. Conceptualization is the first step in the simulation and modeling process, after setting a clear problem formulation and objectives. This step results in a conceptual model that describes the problem and relevant variables. Specification is the next step in the simulation and modeling processes, and it results in a working simulation model. The relevant objects, processes, and variables identified in the conceptualization phase are now detailed and implemented in a simulation language. Analysis of the relevant data is also done in this step. Once there is a working simulation model, the next step is to make sure that it is coded correctly and that it represents the problem considered. This step is called verification and validation. The final step in the simulation study is experimentation and solution finding. In this step, appropriate scenarios are designed and experimented with to identify problems and solution to the problems. These processes define the steps that are needed to conduct a thorough and sound simulation study.
Way of modeling
In addition to providing a description of the way of thinking and way of working, the support environment also describe the models that have to be constructed, i.e. way of modeling; to detail the way to create, handle and use the models at an operational and managerial level. The way of modeling, which is the one of the main contributions of this research, describes the way conceptual and empirical models are constructed. Conceptual models define the structure of the problem situation to give a clear qualitative understanding of it. Empirical models enable quantitative analysis and diagnosis of a problem and possible solutions. The Business Process Execution Language for Web Service (BPEL4WS) was used as the language to develop a conceptual model of process orchestration. BPEL4WS is a rich language used to model complex business processes. It supports both business level and implementation level constructs. It is based on the concept of service orientation, which applies equally well to a business as it does to a software application.
The empirical model, which was developed using a ‘bottom up’ approach, consists of simulation code and empirical data. The simulation code was used as a model construction language for the empirical model. We developed a simulation-based generic building blocks library for the constructs of the business process orchestration language considered, i.e. BPEL4WS, to support the construction of simulation code for process orchestration. Using building blocks helps the modeler to develop the model faster, experiments are better focused and evaluating the outcome becomes easier. Using building blocks in simulation studies provides benefits in terms of better model maintainability, and automatic generation of simulation models by mapping conceptual model elements into corresponding simulation elements, reusability, extensibility, and flexibility. The simulation code must be populated with input data that define the behavior of the empirical/simulation model. Input modeling for simulation studies plays a significant role in the effectiveness of model accuracy. The input modeling process begins with the collection of sample data. This data is then analyzed to determine the appropriate input model. The type of input model can be deterministic where the average value is used as direct input to the simulation, or a stochastic distribution that best models the data. When a simulation model uses stochastic distributions, several experiments should be executed to obtain an accurate statistical distribution for the results. Stochastic modeling is often the only option when factors affecting the variation or the relationship between the factors and the output cannot be identified. Ignoring the cause of this variation can make the results of the simulation misleading, especially if this variation is due to a parameter that dynamically changes within the simulation model. Artificial intelligence (AI) can help, among other things, in modeling empirical data that are input to a simulation model. The support environment prescribes the use of black box modeling techniques to model hidden decision points of process orchestrations in simulation environments. Instead of modeling hidden decision points based on probability, we used artificial neural networks to model the relationship among the variables that influence the outcome of the decision points.
Way of controlling
The way of controlling is used to specify the guidelines and set of directives, e.g. management of time, means and quality aspects. Taking into account that the way of controlling was not the focus of the research, in chapter four we discussed that the steps defined in the way of working need to be implemented iteratively. In addition, the support environment should be implemented adaptively so that the modeler takes into account the knowledge and experience of the analysts and stakeholders of the client organization. When using the support environment in a business network setting, an incremental approach is advised so that simulation of the process orchestration is done step by step, with each sub process being validated in the orchestration.
Instantiation 
The support environment was tested in a case study based on the requirements defined for the support environment. The aim of the test case was to evaluate the usability and usefulness of the simulation based support environment. The usability study showed that it is possible to develop simulation models of process orchestration using simulation based BPEL4WS building blocks: because the building blocks have the same name and functionality as the BPEL4WS elements, it decreases the semantic gap between conceptualization and specification. In addition, it was also shown that it is possible to use artificial neural networks accurately to model hidden decision points in process orchestration, and to combine this trained model with the simulation white box model. We were also able to show that the support environment produced useful results. Using the simulation model, we were able to understand the maximum and minimum fluctuation ranges in the total processing time of the process orchestration. The simulation model showed the dynamics of the process orchestration. In addition, we were able to evaluate alternative process orchestration designs before implementing them in a Web service environment. From the laboratory case study it was possible to confirm that BPEL4WS based process orchestration designs can easily be large and complicated, and that it was quite impossible to evaluate the reliability and efficiency of the process orchestration without a support environment such as the one we proposed. The artificial neural network model provided us with an accurate estimation of the hidden decision points that exist in the process orchestration, and it enabled us to produce the correct behavior of the hidden processes or services.
Evaluation
In addition to the test case, the support environment was evaluated using expert interviews. According to the experts, the support environment is potentially useful for improving process orchestration in specific types of business networks where process orchestration are dynamic, complex, and not fully transparent with hidden decision points. In such types of business networks, the experts agree that the simulation based support environment proposed in the research can be used to assist organizations with the process of designing, evaluating, selecting, and improving process orchestration scenarios. The efficiency of process orchestration, in terms of cycle time, can be measured using the support environment. In addition, the support environment can be used to assist organizations with evaluating the reliability of process orchestration by looking into the effects and consequences of exceptions, service failures, and orchestration failures. However, as indicated in chapter six, the experts raised a few usability issues, which were not critical, but aimed at improving substantially the adoption of the support environment in practice. The experts did not find any theoretical barriers to using the support environment to improve process orchestration.
Epilogue
Based on the research we have done, it is our strong conviction that the support environment is potentially useful, and usable to improve the efficiency and reliability of process orchestration in business networks. During the research, a number of issues were addressed, and a number of other new issues arose that require further research. One possible direction for future research is to test the usability and usefulness of the support environment in a real and large business network, involving decision makers and process orchestrators drawn from industry. The second possible direction is to do research into possible black box modeling techniques that can be used to model hidden decision points in process orchestration. The third possible direction is to do research into the automatic generation of simulation models using existing business processes represented in XML based languages. The last possible direction we recommend is to do research the use of real-time simulation for improving process orchestration in business networks. 

