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Abstract: In a business-to-business (B2B) e-service environment, cross-organizational collaboration is important for attaining the interoperability of business processes and their proper enactment. We find that B2B collaboration can be divided into multiple layers and perspectives, which has not been adequately addressed in the literature. Besides regular e-service process enactment, robust collaboration requires enforcement, while quality collaboration involves relationship management. These problems are challenging, as they require the enactment of business processes and their monitoring in counter parties outside an organization’s boundary. This paper presents a framework for B2B process collaboration with three layers, namely, collaboration requirements layer, business rule layer, and system implementation layer. The collaboration requirements layer specifies the cross-organizational requirements of e-service processes. In the business rule layer, detailed knowledge of these three types of process collaboration requirements is defined as business rules in a unified Event-Condition-Action (ECA) form. In the system implementation layer, event collaboration interfaces are supported by contemporary Enterprise JavaBeans and Web Services. Based on this architecture, a methodology is presented for the engineering of e-service process collaboration from high-level business requirements down to system implementation details. As a result, B2B process collaboration can be seamlessly defined, enacted, and enforced. Conceptual models of various layers are given in the Unified Modeling Language (UML). We illustrate the applicability of our framework with a running example based on a supply-chain process and evaluate our approach from the perspective of three main stakeholders of e-collaboration, namely users, management, and systems developers.
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Introduction
The Internet has recently become a global common platform on which organizations and individuals communicate among each other to carry out various commercial activities and to provide value-added services. The term e-service generally refers to service provided over the Internet. Organizations that offer such services are known as e-service providers. The adoption of e-services in business-to-business (B2B) environment, however, arouses the need for a more in depth study on process collaboration across organizations. Most existing research and practice are still focusing on regular e-service process enactment, which represents only the basic knowledge (Chiu et al., 2003b). Effective collaboration requires robustness and quality. More robust B2B process collaboration requires the capturing and dissemination to business partners of the knowledge for correct and effective exception detection and handling, i.e., enforcement. Exception detection in particular has not been adequately addressed in the literature. We distinguish exception detection from exception handling (Chiu et al. 1999; 2001). The former concerns the knowledge of “what” has been deviated from an agreed collaboration process while the latter concerns “how” deviations can be controlled or compensated. Besides these mandatory actions, quality collaboration involves also optional actions that relate to business relationship management. Yet, most work on relationship management focuses on customer relationship management (Tiwana 2001) in the B2C context, instead of B2B. Thus, the problem of process collaboration is challenging because a generally accepted infrastructure for controlling or monitoring the business processes of an organization’s counter-parties is not available. 
The study in this paper is motivated by our previous work on the feasibility of modeling e-Contracts based on cross-organization workflows with workflow views (Chiu et al., 2002). We have also studied the engineering of e-Contracts for its enactment (Cheung et al. 2002) and enforcement (Chiu et al., 2003b). Based on these foundation studies together with our recent work on collaborative workflow (Chiu et al., 2009; Wong & Chiu, 2007), we identified the difficulties in modeling e-Contracts (Krishna et al., 2004) and the limitations towards quality collaboration. In particular, requirements solely based on e-Contracts are inadequate because of their incompleteness and ambiguities (Chiu et al., 2003b). Although research on e-service has been steadily progressing, requirement engineering for e-service collaboration beyond basic enactment is almost unexplored. 
In this paper, we propose a methodology to structure B2B process collaboration in multiple layers, namely, collaboration requirements layer, business rule layer, and system implementation layer, as well as from multiple perspectives of process enactment, enforcement, and relationship management. Based on our experience on event-driven process execution and exception handling from the ADvanced Object Modeling Environment (ADOME) Workflow Management System (WFMS) (Chiu et al., 1999; 2001), we further utilize event-condition-action (ECA) rules from the active database paradigm (Dayal, 1988) as a unified foundation artifact for eliciting various requirements for cross-organizational e-service process collaboration. In this paper, we do not require the use of a WFMS so that light weight collaborating systems as well as large distributed and scalable systems can be developed. Conceptual models of the three layers can be expressed in the Unified Modeling Language (UML), a widely accepted notation in object-oriented modeling (Lunn, 2002). We believe that B2B process collaboration should be subject to a life cycle similar to that of a software system, i.e., definition, analysis, and realization (Chiu et al., 2003b). This approach facilitates a more thorough understanding of B2B process collaboration from its fundamentals to system implementation, which has been demonstrated in our earlier work on basic cross-organizational process enactment (Cheung et al., 2002) and related applications (Chiu et al., 2005; 2009).
The contribution and coverage of this paper are: (i) a three-layer framework for B2B process collaboration that supports process enactment, enforcement, and relationship management, (ii) a methodology for requirement elicitation of B2B e-service process collaboration based on this multiple layered architecture, (iii) formulation of these three different types of requirement into a unified artifact of ECA rules, (iv) a feasible implementation framework for flexible B2B process collaboration with standard Web Services and Enterprise JavaBeans (EJB) (Hansen, 2007), and (v) an evaluation of our approach with respect to the perspective of the main stakeholders.
The rest of our paper is organized as follows. Section 2 introduces a motivating example. Section 3 related work. Section 4 presents our meta-model and framework for B2B process collaboration based on ECA rules. Section 5 details the elicitation and transformation of requirements specification in the collaboration requirements layer to ECA rules in the business rule layer. Section 6 outlines the system implementation layer based on Web Services and EJB. Section 7 evaluates the applicability of our methodology in response to different stakeholders’ perspective. We conclude the paper with ongoing research work in Section 8.
Motivating Case and Research Approach
In this section, we introduce our motivating case of a typical supply-chain business process to illustrate various B2B process collaboration requirements beyond basic enactment. Our case is based on the management and operation experience of the first author in Dickson Computer Systems as well as our case study in Dell (Chiu et al., 2001, 2002; 2003b).
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Figure 1. A Workflow Process of a B2B Supply Chain Application
Figure 1 depicts a motivating example of cross-organizational workflow process based on a supply chain e-commerce application (Chiu et al., 2001; 2003b) . The diagram represents the basic enactment requirements that involve three organization roles, namely, end-users, system integrators, and parts vendors. While each individual process is simple, the cross-organizational interactions are interesting and complicated as explained in the following.
Suppose an end-user undergoes a requisition process to acquire an advanced server system. First, quotation enquiries are sent to a number of system integrators. The received quotations with product information are evaluated. A purchase order is then issued to the selected system integrator. Afterwards, the server system is received and checked. Finally, payment is arranged.
A system integrator’s process starts when an enquiry is received. The first step is to check from its parts vendors the lead-time and updated price of major parts, especially for those with a large price fluctuation (say, CPU and memory).  After evaluation, a quotation is sent to the end-user. While the end-user evaluates the quotation, the system integrators may need to provide additional or updated information for the bid. After a purchase order is received, the successful system integrator then orders necessary missing parts that are not in stock, and estimates a delivery schedule. When all the parts are ready, the system integrator assembles, tests the server, and then delivers it. Finally, after receiving the payment, the workflow ends.
A parts vendor’s process also starts when an enquiry is received. It updates system integrators with revised parts information and delivers parts upon receives an order. Assuming that orders of parts are made together with payment, the workflow of parts vendor ends after the delivery of ordered parts.
Now let us consider how we can make these processes more robust beyond its basic enactment.  Enforcement requirements concern with exceptions arisen from the workflow process specified in the enactment requirements. The detection of exceptions performed by business partners in B2B collaboration involves information exchanged across organization boundaries, which indicates the occurrences of anomalous situations in the enactment workflow process. Once exceptions have been detected, actions are performed to control or compensate for the consequences of these exceptions. Some example enforcement requirements for the supply chain application are as follows.
· When there are changes in delivery requirements or payment arrangement, the end user should notify the affected system integrator so that it may react timely. 
· When a vendor changes the lead-time but the delivery schedule can still be met within the end user’s deadline, the change can be tolerated. Otherwise, another source for the part causing the problem is sought for, or an alternative part is used subject to the end user’s approval. 
· When there are changes in delivery date, the system integrator should notify the affected end user. The system integrator should present a revised delivery schedule to the end user according to the parts vendor’s reported lead-time. 
· When the price for a certain part rises to an extent that there are no more profits, the system integrator may wish to revise the product price, to use an alternate cheaper part, to postpone the delivery until price drops, or to cancel the order. If a prohibition policy of non-delivery is stated in the enforcement requirements, the end user has the rights to enforce the contract. 
· When a certain part is stopped from production, the system integrator may request the end user’s approval of using an alternative part. Further details of the process “service preparation” are available to the end user so that the user can further monitor the progress of the job and estimate the delivery date. 
· When there is a significant aggregated price change in parts during the end user’s evaluation, a revised quotation (price) is sent to the end user through an event-triggering mechanism.
It should be noted that the collaboration process could be affected by exceptions (or messages) from organizations external to the collaboration parties. An example is a message from a news channel about the damage of a major semi-conductor factory in Taiwan in an earthquake. This message is critical to the decision making of a computer manufacturer because the prices of hardware, in particular memory chips and motherboards, may shortly surge. In that case, the manufacturer may decide to abort or reject large orders based on an old price. In this paper, we limit our scope to the detection and handling of exceptions within collaboration parties.
Further, business partners often want to improve the quality of collaboration and thereby their mutual relationships. Relationship management requirements concern with these extra or optional actions. Some of them have to be carried out in response to certain situation and at appropriate time, while some others are provided as gratitude services. Such requirements, now in a B2B context, are often similar to those for business-to-customer (B2C) relationship management (Chiu et al., 2003; Kwok & Chiu, 2004; Wong & Chiu, 2007; Tiwana 2000).  Some examples are as follows:
· Any involved organization wants to be able to inquire the progress of business processes at other business partners’ side such as order processing, and payment.
· A service provider wants to relay relevant information to business partners from other sources or upon enquiry, such as technical information, drivers update, and product news.
· Effective measures for handling complaints and feedbacks from business partners are essential to help rescue threatened relationship and reduce attrition.
Traditionally, all these three types of requirements are typically supported either by “hard-coded” information systems or partially with a WFMS). Two problems arise when these systems are extended beyond individual organizational boundaries. Firstly, cross-organizational interactions (such as quotation enquiry or order placement) are not handled with full automation, which generally requires the provision of well-defined programming interfaces. Secondly, process collaboration cannot be effectively maintained without a distributed event-triggering support system.
Our research approach follows the design research approach for information systems (Hevner et al. 2004). First, our awareness of the problem is motivated by these extended requirements in enforcement and relationship management based on our business and consultation experiences. We start off our study by gathering and organizing such objectives and requirements. We notice that recent advances in information technology, especially Web service and SOA, can be deployed to facilitate their realization in information systems. Actually, we have concentrated on these advanced aspects in a number of other projects in various application domains and have some success on them (Chiu et al., 2003; Kwok & Chiu, 2004; Lau et al., 2006; Lam & Chiu, 2006; Ng et al., 2007; Cheong et al., 2007). So, our more ambitious objective is to summarize on how this can be accomplished, that is, the development methodology.
Second, our suggested model is a B2B collaboration conceptual model based on the ECA-rule mechanism, which acts a core to a three-layered conceptual architecture (requirements, rules, implementation), as presented in section 4. The essence of ECA-rules is to provide a unified artifact for capturing the requirements of enactment, enforcement, and relationship management in order to facilitate the overall B2B processes and workflows.
Third, the development (see section 5) follows our conceptual architecture by first developing a detailed methodology for eliciting these requirements into rules, discussing how to address typical problems and difficulties in such process, like ambiguities, monitorability, and timeliness. Next, we develop a design and implementation framework based on standard web service and widely adopted EJB technologies (see section 6). We show how such ECA-rules can be supported by our event support system framework as well as typical publish-and-subscribe web services can be built to facilitate the communication for B2B process collaboration. We stress on the importance of exception handling and monitoring mechanisms.
Fourth, we present the evaluation of our approach with the discussion on the benefits with major system stakeholders (see section 7).

Related Work
There are three main approaches to e-service collaboration for B2B applications. A more traditional approach is the application of WFMS across organizations. This approach based on cross-organizational workflow models, which focuses on processes and actions. The second approach is based on e-Contracts, which aims at transforming requirements from formal contracts to its realization. This approach focuses more on requirements. The third more recent approach is based on the service-oriented architecture (SOA), which focuses on service composition and collaboration. Our methodology attempts to integrate all these three approaches to achieve the multiple perspectives as required in robust and flexible cross-organizational e-service collaboration.
Although there are many web-enabled WFMS research prototypes and commercial products, few of them addresses problems in e-service process collaboration beyond normal enactment comprehensively. For example, Casati and Shan (2001) presented a framework for dynamic and adaptive composition of e-services based on the Hewlett-Packard’s eFlow system. The framework focuses on service discovery and run-time process modification but not on exception detection or handling. Casati et al. (2002) further presented a methodology for engineering the requirement for workflow applications. The methodology mainly deals with the basic process enactment and does not focus on cross-organizational collaboration. Crossflow (Grefen et al. 2000) models virtual enterprises based on a service provider-consumer paradigm, in which organizations (service consumers) can delegate tasks in their workflows to other organizations (service providers). High-level support is obtained by abstracting services and offering advanced cooperation support. Virtual organizations are dynamically formed by contract-based matchmaking between service providers and consumers. Although Crossflow presents a detailed discussion on contracts, it has not studied exceptions and other sophisticated control between workflows of different organizations. We have proposed a novel concept of workflow view for cross-organizational workflow interoperability in the E-ADOME framework, as motivated by views in object-oriented data models (Chiu et al., 2002). The architecture supporting e-Contract development with workflow views is equipped with ECA-rules mechanisms driven by cross-organizational events. However, the study on requirements engineering for event-driven asynchronous processes, especially on exception handling, has not been explored. So, most approaches based on cross-organizational workflow mainly focus on basic e-service enactment. The issues in both enforcement and relationship management have not been adequately studied.
The study of e-contracts is originated from the work of Contract Net Protocol (1980). However, the protocol only concentrates on low-level transaction aspects. The research in e-contracts revives with the wide adoption of e-business activities. For example, Grosof (1999) introduced a declarative approach to business rules in e-commerce contracts by combining Courteous Logic Program and XML. Grisler et al. (2000) presented an architecture for legal e-Contracts, but not a mechanism for modeling e-Contracts. Marjanovic and Milosevic (2001) proposed a contract model based on contract clauses including obligation, permission, and prohibition. However, the detail requirement for achieving the obligations (that is, enactment of the main business process or how) involves domain knowledge and are often mostly not covered in the contract. Krishna et al. (2004) proposed a meta-model for e-Contracts with entity-relationship diagrams, but not an overall e-Contract development process or a possible system design and implementation methodology. Our methodology presents a more detailed and general approach, not just transforming contract clauses into workflows and rules. Recently, Angelov and Grefen (2008) have reviewed principles of the e-Contracting for B2B and proposed a reference architecture with the necessary system functionalities and qualities to be addressed in the implementation of an e-contracting system. Neither are the issues of enforcement and relationship management explicitly addressed.
On the other hand, recent researches for e-service collaboration focus on the Service-Oriented Architecture (SOA) and Web services. In recognition of the need to streamline cross-organizational services or processes by creating an open and distributed system environment, a number of studies have shown increased interest in the field of Web services, which enable flexible service selection and composition for cross-organizational processes (Zhao et al., 2005; van der Aalst et al., 2007; Herrero et al., 2008). Service-Oriented Architecture (SOA) is essentially a collection of services which communicate with each other (Erl, 2006). SOA is a logical way of designing a software system to provide services to either end-user applications or other services distributed in a network through published and discoverable interfaces (Papazoglou & Georgakopoulos, 2003). 
The adoption of Web Services on SOA is mainly driven by its interoperability for Internet applications. Web Services typically offer self-contained and self-describing services that can be published, located, and invoked across the Internet. Web services perform functions that can be anything from simple requests to complicated processing of business data. Once a Web service is deployed, other applications as well as Web services can discover it via Universal Description, Discovery and Integration (UDDI) registries (Erl, 2006), and invoke the Web service based on the technologies that it supports. Web services are described through their interface definitions in the Web Service Description Language (WSDL) (Erl, 2006), which is an eXtensible Markup Language (XML) based language. Based on the SOA, the Web Services Business Process Execution Language (BPEL) is a representation system to describe both executable and abstract business processes (Weerawarana et al., 2005). Another related example is the Web Services Choreography Description Language (WS-CDL). The WS-CDL is an XML-based language that describes peer-to-peer collaborations of Web Services participants by defining, from a global viewpoint, their common and complementary observable behavior; where ordered message exchanges result in accomplishing a common business goal (Mending & Hafner, 2005). Wohed et al. (2003) present an excellent comparison between BPEL and other composition languages, which use workflow patterns and communication patterns as the evaluating criteria.
As for methodologies, Yang et al. (2002) approached service composition in three steps: planning, definition, and implementation, which is in line with ours. Kuo et al. (2006) proposed the XML interaction service as a generic Web service for use by human tasks that provides HTML form-based Web interfaces for users to interact with and update schema-compliant XML data for a workflow application. Wutke et al. (2008) proposed a model for decentralized workflow enactment based on a variant of Petri nets. The model supports the SOA and is designed for flexible and adaptable distributed processes as orchestrations of a set of self-coordinating components, without the need for central coordination. Huemer et al. (2008) introduced a three level approach for an e-Business registry meta-model, introducing the economics layers on top of the traditional the process choreography and the service implementation layers.
Facilitation of the relationship management using information systems is traditionally discussed in the context of B2C instead of B2B. Customer relationship management (CRM) is the strategy for optimizing the lifetime value of customers. Tiwana (2001) provided a detailed guide to CRM applications in e-business environment with a knowledge management approach. Romano and Fjermestad (2002) presented an extensive survey on electronic commerce customer relationship management (ECCRM), but there have been relatively few published studies on the details of building CRM systems for e-business environments, as compared with other marketing or data-mining papers. However, the work does not provide any detailed case study in system architecture or technical implementation details. We have recently proposed an event driven approach and system architecture for supporting customer relationship management in e-Brokerage environment (Chiu et al., 2003; Kwok and Chiu, 2004) as well as collaborative customer support (Wong and Chiu, 2007). We discovered that several techniques developed for B2C can be adapted for B2B collaboration with appropriate automation as discussed in later sections.
In summary, previous work address either only specific portions of B2B e-service collaboration (mainly process enactment) or just part of the supporting facilities. In particular, neither enforcement and relationship management aspects nor their requirement elicitation has been addressed adequately.
A Framework for B2B Process Collaboration
In the section, we first present a three-layer architecture for B2B process collaboration and then highlight how a meta-model of business rules can facilitate this in a unified way.
A Three-layered Conceptual Architecture for B2B Process Collaboration
To streamline the B2B process collaboration in an e-commerce environment, involved organizations should clearly define their roles and the requirements of business processes (Chiu et al., 2002b; 2003b). This definition is subjected to further analysis that aims to: (i) identify the relations between the involved data entities, (ii) the events or actions that take place in different parts of the business processes, and (iii) the exceptions that may arise. Finally, B2B process collaboration is realized and enacted using standard Internet technologies, such as Web Services and EJB (Hansen, 2007). 
Depending on their job responsibilities, users across an organization may have different perspectives on the collaboration. For example, a system implementation model that contains details of system implementation in Web Services may not provide the middle management with information at the right level of abstraction. Instead, a business rule layer with knowledge expressed in rules and actions is more appropriate. On the other hand, the system implementation model is more relevant to a system analyst who needs to refine the required B2B process collaboration into system design and implementation for subsequent enforcement. To address this issue, a three-layered architecture, as shown in Figure 2, is proposed to provide multiple perspectives of the business process. The architecture is formulated in an object-oriented model using UML to allow for reusability and extensibility.
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Figure 2: A Three-Layered Conceptual Architecture for B2B Collaboration
The collaboration requirements layer consists of three types of requirements: enactment, enforcement, and relationship management. Enactment requirements refer to the execution of an agreed collaboration workflow process, such as the one given by Figure 1 in a supply chain example. Enforcement requirement refers to the intolerable or alarming deviations from the agreed workflow process. These deviations are modeled as exceptions. Realization of enforcement requirements typically involves (i) the detection of exceptions and (ii) the subsequent actions taken to handle those exceptions.  Enforcement requirements can be represented by a set of policy clauses, which typical includes obligation, permission, or prohibition (Marjanovic and Milosevic, 2001). Relationship management requirements are optional or extra actions that facilitates quality collaboration, and are usually not covered by the above two categories.
The business rule layer elicits B2B collaboration requirements and related domain knowledge from the viewpoint of business rules. Business rules specify all three types of requirements in a unified paradigm of Event-Condition-Action rules (Dayal, 1989; Chiu et al. 1999), which originate from active databases. When a business rule is triggered by some business events under pre-specified conditions, business actions required for collaboration are carried out, which may lead to the generation of other business events. The following presents an ECA rule that raises a delivery exception should the delivery of some items has not occurred by deadline. 
Event: onDay( deadline( DELIVER ) )
Condition: NOT occurred( DELIVER ) 
Action: raise( exception( DELIVER ) )
The system implementation layer refines business rules into two parts, the exchange of events across organizations through Web Services interfaces and the realization of business actions based on Enterprise JavaBeans (EJB) technologies (Hansen, 2007). We choose business actions to be realized in EJB components because it is component based and supports high interoperability across platforms. For the cross-organizational event interface, we employ Web Services Description Language (WSDL) to define the required interactions, in which XML schemas of business entities are specified for this purpose (Erl 2006). The advantage of using Web Services is to establish cross-organizational collaboration via existing Internet standards, supporting both human web-based interactions and automatic programmed interactions. Table 1 summarizes the artifacts used in our three-layered architecture.
	Layer
	Artifacts

	Collaboration
requirements
	Meta-model for B2B Collaboration:
Enactment requirements (Workflow Processes)
Enforcement requirements (Enforcement Polices) 
Relationship management requirements (Relationship Management Polices) 
Parties and Roles

	Business rules
	Meta-model for process enactment and exception handling:
Business events, Business rules, Business actions and Business entities

	System implementation
	Task system (Enterprise JavaBeans components)
Process system (WSFL or workflow engine)
Cross-organizational interface (Web Services XML schemas)


Table 1: Artifacts of an Architecture for B2B Collaboration
A Meta-model of B2B Process Collaboration
Figure 3 presents our meta-model for B2B process collaboration in the class diagram of the UML, as explained in the following. A collaboration requirement is modeled as an aggregation of a set of enactment, enforcement, and relationship management requirements. An enforcement requirement is specified using a policy clause while an enactment requirement is specified by a workflow process. Both policy clauses and workflow processes can be realized by a set of business rules in the ECA format. In subsequent discussions, a business action refers to a workflow process that performed by a single business party. Complex actions are recursively decomposed into simpler actions. For example, an action Check System Configuration that performed by the system integrator consists of two simpler actions: (i) to receive quotation request from end user and (ii) to validate the system configuration required in the request.
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Figure 3: A Meta-model of B2B Process Collaboration in UML
An event is the happening of something interesting to the system itself or to user applications (Chiu et al., 1999). When an event occurs, it triggers some business rules and the condition parts of these rules will be evaluated. Conditions are logical expressions defined on the states of some business data, such as the status of an order. Only if the condition is satisfied, the action part, which can be itself a workflow process, is executed and may lead to other events. The semantics of ECA rules for contract enforcement can be summarized by the following: On event if condition then action. There are several types of events. For example, business events are events due to successful executions of some business actions. Examples of business events include the receipt of a request for quotation or purchase order. Temporal events are events due to the expiration of some deadlines. Exceptions are events due to violations of enforcement requirements or unsuccessful executions of business actions. Each event is published by some business party and subscribed by others. It should be noted that event subscription could be implicit. For example, the placement of an order implies a subscription to the event of change in delivery date, as this is an obligation of the supplier.
Elicitation and Transformation of Process Collaboration Requirements
We now proceed to discuss how each type of B2B process collaboration requirements can be elicited and transformed into ECA rules in the business rule layer, based on our experience in event-driven workflow management and exception handling (Chiu et al., 1999; 2001; 2003).
Enactment Requirements
Enactment requirements concern with the basic requirements of the business processes for collaboration. It should be noted that these requirements may not be covered adequately or completely in a contract or other documentary communications among the participating organizations. This is because most of these requirements may involve common sense, specific domain knowledge, experiences, laws, and regulations. The source of information for elicitation of these enactment requirements is basically similar to those of requirement engineering for standard business processes (Casati et al., 2002, Chiu et al., 1999) and is therefore not the focus of this paper. 
However, we still advocate an event driven activity execution (that is, ECA rule based) model to provide a unified approach for B2B process collaboration (Chiu et al., 1999; 2001). Moreover, this is necessary for cross-organization business processes because business partners have to trigger the corresponding start-events (say, quotation enquiry) to start B2B process collaboration. Upon a start-event, if the process is a composite one, the collaboration process enactor will raise a start-event for the first sub-process. This will continue recursively downward the composition hierarchy until a leaf sub-process or task is reached. The collaboration process enactor sends a start-event to the task to initiate it. After the task is finished successfully, the task replies to the collaboration process enactor by raising a finish-event with the results (if any). The collaboration process enactor then carries on with the next step according to the returned result. Upon failures or timeouts, an appropriate exception event will also be raised accordingly. Further details of expressing process execution in ECA rules can be found in our previous work (Chiu et al. 1999, 2001). For example, the system integrator’s process can be facilitated by the following ECA rules:
E: received (QUOTATION_ENQUIRY), C: true, A: perform (CHECK_PART_INFO)
E: finish (CHECK_PART_INFO), C: true, A: perform (PREPARE_QUOTATION)
E: finish (PREPARE_QUOTATION), C: true, A: perform (PREPARE_EXTRA_INFO)
…
As such, a collaboration process designed in the form of an UML Activity Diagram (Lunnl, 2002) or workflow specification in accordance with the Workflow Management Coalition can be transformed into ECA rules systematically (Chiu et al. 1999). 
Enforcement Requirements
Motivated by the notion of contract modeling based on deontic logic (Marjanovic and Milosevic, 2001), we focus the elicitation on the enforcement requirements of a collaboration process on the following three types of policy clauses: obligations (what a party have to do), prohibitions (what a party must not to do) and permissions (what a party can do but is not obliged to do). Though contracts and agreements may not be available or complete, we may follow this classification to analyze requirement statements in all available relevant documents. These policy clauses are used to cross check and to enforce the mutual agreement made by multiple business parties in process collaboration. In order to enforce a policy clause, various variables such as status of the delivery, including confidential information, such as  bank accounts,, have to be monitored. One approach is to launch an enforcement service checking the validity of all these variables (according to the policy clauses) constantly. However, this incurs tremendous overheads to a system, and this mechanism is not practical to extend across organizational boundaries. Alternatively, motivated by well-accepted active database paradigms (Dayal 1989), the transformation of policy clauses into ECA-rules can systematically reduce the monitoring effort. Now the monitor becomes only active when an interesting event occurs. Interesting events are to be raised by each party or some information sources. The demand of resources for enforcement is greatly reduced by using ECA-rules because the amount of surveyed variables at one time is much less and the monitoring software is not permanently active. In particular, we shall discuss how temporal events are heavily used to model various temporal constraints of these policy clauses. 
To facilitate exception detection and handling, collaboration requirements are analyzed and then transformed to a set of ECA rules formulated based on the meta-model in Figure 3. This set of ECA rules collectively formulates an operational model of the requirements of exception detection and handling. Because exception handling is specific to different situations and different application, we concentrate on discussing the analysis for exception detection across organizations in this section. Our methodology can help systematically specify ECA rules for exception detection from collaboration requirements. When an exception is detected, it will trigger, in turn, ECA rules specified for exception handling. From our experience (Chiu et al. 1999; 2001), once we can identify and specify an exception, formulating an exception-handling rule reduced to specifying the condition and action parts of the ECA-rule, and is therefore much more straightforward then exception detection.
With reference to the example depicted in Figure 1, we made a study based on a related service agreement referred to as the “Terms and Conditions of Sale, Service and Technical Support” at the official website of Dell, Hong Kong (2007), in which Dell also plays the role of system integrator and customers play the role of end user as in our motivating example. Table 2 summarizes our methodology to map different types of clauses into ECA rules for exception detection and handling, which will be detailed in the following subsections. BAO stands for an object that encapsulates a business action whose execution triggers the object creation. Our methodology helps discover some typical problems that arise from the ambiguity of natural languages in requirements specification and the autonomous nature of individual organizations. We also suggest some measures to overcome them during the discussion. 
	Enforcement rule
Clause type
	Event
	Condition
	Action

	Obligation

	 onDay( deadline( BAO ) )
	NOT occurred( BAO )
	raise
( exception( BAO ) )

	Prohibition
	onOccurred( BAO )

	prohibitionCondition 
( BAO )
	

	Permission

	
	
	

	
	
	NOT permitted( BAO )
	


Table 2: Basic Mapping of Requirements Clauses into ECA rules
After the involved parties have agreed the collaboration requirements, an analysis is conducted. The analysis is driven by a methodology mapping the three policy types of requirements clauses, namely, obligations, prohibitions, and permissions into ECA rules. Common wordings may provide an additional hint in the analysis to classify the policy type of the clauses. For example, the term “shall” tends to imply an obligation, “may” a permission, and “shall not” a prohibition or a permission (a non-obligation). Since natural language formulations (particularly in contracts) can be multifarious, further analysis in the clause structures is often necessary. 
An alternative is to map these rules into a set of logical expressions in deontic logic, a class of formal logic (Marjanovic and Milosevic, 2001). A rule of deontic logic has the following formal structure:
Rule #: <role> [is] (obligated | forbidden| permitted) [to] [do] (<action> [before <condition>] | satisfy <condition>) [, if <condition>][, where <condition>] [, otherwise see Rule <#>]
Unlike ECA rules, deontic logic was not designed to be executable and therefore not associated with a well-defined operational semantics. For instance, the triggering event for an action is often omitted, making it difficult to determine the execution of logical expressions. In addition, the deadline of an action or a task is often not stated. However, this is important for the enforcement of obligations; otherwise a party may defer the obliged action indefinitely. An obligation without stating a deadline or an event before which the obliged action must have taken place may even imply enforcement is inapplicable. Sometimes, the deadline is implied due to standard practices of the business, governmental regulation, etc., and must be added explicitly by the analyst. All these kinds of ambiguities, once found, should be clarified and confirmed by both parties to avoid confusion or later unnecessary disputes, and should not simply left in a rule.
Enforcing Obligations 
Consider an ECA rule Robl that formulates an obligation where a business action Aobl must be performed by a deadline Tobl. The obligation can be enforced using the following mechanism. Upon reaching the deadline Tobl, a temporal event is generated by the Timer. This triggers the exception detector to fire rule Robl and executes the enforcement action checking if the obliged party has performed the required business action Aobl. This checking can be achieved by, as for example, searching the log file for invoked actions or occurrence of related events. In the case of payment obligations, suitable events could be the acceptance of a payment receipt or a change in the bank account balance. If the obligation has not been fulfilled, the exception detector raises an exception. Based on this mechanism, ECA rules for obligation enforcement can be formatted using the following predicates. Here, BAO is an object encapsulating the required business action with a deadline of deadline(BAO). A temporal event is generated on the date of deadline, denoted as onDay(deadline(BAO)). The predicate occurred(BAO) holds if the business action has occurred. An exception, denoted as exception(BAO), is raised as a result of the rule execution.
	E: onDay( deadline( BAO ) )
C: NOT occurred( BAO )
A: raise( exception( BAO ) )
	   An ECA Rule for Obligation Enforcement


For example, the clause: “7.1 Dell shall deliver the Products to the place of delivery designated by Customer and agreed to by Dell as evidenced in Customer’s invoice (“Place of Delivery”)” can be formulated by the following enforcement ECA rule.
E: onDay( deadline( DELIVER ) )
C: NOT occurred( DELIVER ) 
A: raise( exception( DELIVER ) )
The customer could monitor this obligation by checking the list of products delivered before and on the delivery date, denoted as deadline( DELIVER ) in the rule. However, problems may arise if Dell has sent the products but due to certain circumstances, they have not reached the customer. In this case, Dell could prove the product delivery, as for example, by providing the tracking number of the dispatched package. In fact, this should be done as soon as the package is dispatched, in order to improve customer relationship.
As mentioned above, there are two sets of ECA rules necessary to implement B2B process collaboration - for the enforcement and for the enactment. Enactment rules are triggered to invoke necessary actions on time, while enforcement rules are triggered on deadline of obligations. Since an obliged action may need some time to complete, the action must be triggered early enough, as for example, six days before the deadline. The following enactment ECA rule for the same clause illustrates this difference:
E: onDay( before( deadline( DELIVER ), 6 ) )
C: valid( place( DELIVER ) ) & ready( DELIVER )
A: perform( DELIVER )
We conclude this subsection by discussing a general problem of the impreciseness of natural languages. Phrases like “as soon as practicable” or “as soon as possible” are imprecise, lacking a concrete deadline. The handling of such ambiguity generally requires human attentions. The analyst has to substitute these with concrete deadline in the formulation of ECA rules. For instance, consider the clause “10.7 …Dell shall respond to a request for such Emergency Service as soon as practicable after its receipt of such request. …” The corresponding enforcement ECA rule can be formulated in the following. Here, N is a chosen time allowance.
E: onDay( after( receiptDate( EMERGENCY_REQUEST ), N ) ) ) 
C: NOT responded( EMERGENCY_REQUEST ) )
A: raise( exception( EMERGENCY_REQUEST ) )
Enforcing Prohibitions
The occurrence of a prohibited action (or prohibition) should be treated as an exception by the exception detector. Our meta-model in Figure 5 supports this scenario without any extension. One problem of the observation of prohibitions is that if a party performs a prohibited action, the party will probably try to hide or distract this fact as long as possible (unless the party does this by mistake or misunderstandings). Thus, in general, it will be quite difficult to observe or to recognize a prohibited action. Should it be easy to detect such an event of a prohibited action, the party probably would not invoke this specific action. This is a problem due to the autonomous nature of different organizations rather than that of our architecture or our model. A general ECA rule for prohibition enforcement can be described as follows:
E: onOccurred( BAO )
C: prohibitionCondition( BAO )
A: raise( exception( BAO ) )
For example, the clause: “14. Each party shall treat as confidential all information obtained from the other pursuant to a Contract which as marked “confidential” or the equivalent or has the necessary quality of confidence about it and shall not divulge such information to any persons without the other party’s prior written consent provided that this clauses shall not extend to information which was rightfully in the possession of such party prior to the commencement of the negotiations leading to the Contract, …” can be formulated by the following enforcement ECA-rule.
E: onOccurred( INFO )
C: confidential( INFO )
A: raise( exception( INFO ) )
If a party really passes confidential information to a third party, this is almost impossible to detect. Thus, the event “onOccurred(INFO)” is non-monitorable. Dell encounters a similar problem. For instance, there is another clause stating that the customer warrants buying the products only for its own internal use and not for re-sale. But Dell may not easily check if the end-user buys the product for itself or for resell to a third-party.
Enforcing Permissions
A permission is a temporary allowance to perform an otherwise prohibited action, i.e., a specific action may only be carried out only within a certain allowed time period. Some actions may be permitted under specific situations (i.e., events plus conditions). Note that a party is not obliged to carry out a permitted business action. After the message of the invocation of permitted action is received, the exception detector checks whether the conditions for the permission are met. If the permission situations are not met, the exception detector raises an exception. Whether the actual action invocation will be interrupted or not depends on the exception handler. A general ECA rule for permission enforcement can be formulated as follows:
E: onOccurred( BOA )
C: NOT permitted( BOA )
A: raise( exception( BOA ) )
For example, consider the clause “2.1 … Dell shall be entitled to refuse to accept orders placed by the Customer if the Customer breaches or Dell, on reasonable grounds, suspects that the Customer will breach this warranty.” A corresponding ECA-rule can be stated as follows where REFUSE_ORDER is the action object encapsulating the business action “refuse order”.
E: onOccurred( REFUSE_ORDER )
C: NOT badlisted( customer( REFUSE_ORDER ) )
A: raise( exception( REFUSE_ORDER ) )
The event onOccurred( REFUSE_ORDER ) can be observed by the customer upon the receipt of a order cancellation message. But the customer may have problems in understanding the applicability of the condition, as the internal criteria of Dell for trustable customer is not disclosed to the public.
Consider another clause “3.1 Dell may, at its sole discretion, allow a Customer to cancel its order after acceptance at no charge, if written notice of such cancellation is received by Dell before commencement of manufacture of the Products. If Dell allows a Customer to cancel its order after manufacture but before shipment of the Product, Dell shall be entitled to levy a cancellation charge equal to 20% of the price of the Products.” The clause may be formulated by the following ECA rule. The business action “levy cancellation charge” is encapsulated by an action object LEVY.
E: onOccurred( LEVY )
C: NOT ( dateOfCancellation( order( LEVY ) ) > dateOfManufacture( order( LEVY ) ) & cancellationApproved( order( LEVY ) ) )
A: raise( exception( LEVY ) )
Relationship Management Requirements
Customer Relationship Management (CRM) solutions help an organization to streamline customer services and maximize the value of customers (Tiwana, 2001). The move to deploy CRM solutions is getting popular across industry sectors, especially as a measure to sustain the growth of e-commerce in the digital economy. While most researches on CRM concentrate on data mining and B2C e-commerce, there have been relatively few published research papers on the detailed system architectures and implementation methodologies for CRM activities enactment. To our knowledge, the study of relationship management in the context of B2B process collaboration is new.  In this context, the main objectives include: (i) provision of quality service (ii) monitoring of collaborating processes, (iii) better dissemination of information, and (iv) effective handling of complaints. As these objectives likely require appropriate actions to be carried out effectively and efficiently in response to different situations, causes, and information sources, we propose to employ also an event driven approach to address these issues. Comparing with our study on event driven approach to CRM in a B2C environment (Chiu et al. 2003; 2008), we find out that automation is even more essential for a B2B environment. This is because the desired degree of automation among business process is much higher, while human intervention is required to handle exceptions and complaints.  
We suggest the elicitation of relationship management requirements to be concentrated on business rule designs for asynchronous event driven rather than procedural knowledge of enactment. This is because an event can be used to trigger the enactment of a relevant process that has already been designed or to be designed later. Such a top-down approach facilitates the management to capture precious knowledge of relationship management and turn it into business actions. One key issue is to capture business rules are often in if-then form, which is different from the ECA-rule (on-if-then) format.  Therefore, we need to isolate the relevant events from the conditions by analyzing the if-part from these business rules (Chiu et al., 1999), as illustrated in the previous sub-section. Furthermore, during requirement elicitation, we should record the objectives of each rule in order to determine its usefulness and hence its priority of implementation in a phased approach. This also helps the management to understand and validate their functions.  
Quality of service is often not explicitly enforced in a contract, i.e., optional in this sense. However, the management may decide to do better than required or specified in consideration of relationship management. For example, though some obliged actions may have a distant deadline, the management may decide to perform it as soon as feasible after knowing that the action is necessary. The following modified ECA rule illustrates that delivery is made immediately upon order if the product is ready instead of several days before deadline:
E: received (ORDER)
C: valid( place( DELIVER ) ) & ready( DELIVER )
A: perform( DELIVER )
Monitoring of collaborating processes helps business partners to plan ahead and reduce uncertainties. Further to the example in the previous sub-section, a customer can hardly tell whether the manufacture process of the product has already commenced when the order is cancelled. It is almost non-monitorable because a customer normally does not have access to such kind of internal information. However, Dell may improve the situation by informing the customer when the manufacturing process has commenced through its enactment system. As such, the monitorability / enforceability of this specific permission would change from non-monitorable to monitorable. Active notification, when correctly employed, is even better than handling enquiries passively as this can reduce the need for human enquiries and thus operating costs. The following ECA rule illustrates that the customer is notified upon the product is dispatched:
E: start (DELIVERY)
C: true
A: notify (customer (DELIVER))
Dissemination of useful information to customers has been widely in practice for B2C relationship management. For example, financial institutions often provide market information to their customers as extra services. There is no reason why such services should not be extended to B2B environment. These value-added services facilitate the customer to make decision and in turn may help effective collaboration. For example, upon receiving technical information or software updates, etc., .the system integrator would like to notify the relevant customers to prevent problems from occurring.  This also improves the service quality and may reduce the cost of support. The following ECA rule illustrates such a deed:
E: received (INFO)
C: relevant (INFO, customer)
A: notify (customer ( INFO) )
Effective handling of complaints avoids attrition and is essential to help rescue threatened relationship and reduce attrition. Often complaints involve exception conditions and need to be handled by trained personnel or even the management manually. In addition, this should be performed as soon as possible to reduce customer grievance. The following ECA rule illustrates such arrangement:
E: received (COMPLAINT)
C: true
A: notify (handling_personnel (customer ( COMLAINT)))
A Web Services Based Implementation Framework for B2B Process Collaboration 
Web Services can be used to interface different process enactment systems, exception detectors and exception handlers within and across organizations by supporting the appropriate cross-organizational communication and collaboration. In this section, we present a system design of an event support system for B2B process collaboration together with its implementation of cross-organizational interfaces based on Web Services.
Event Support System
Figure 4 depicts the system design of an event support system for B2B process collaboration. Each collaboration party is an e-service provider, which hosts a collaboration process enactor subsystem and a requirement enforcer subsystem. The collaboration process enactor carries out the enactment requirements. The requirement enforcer detects and handles exceptions. Events involved in both subsystems are published and subscribed through an event adapter. The event adapter collects internal events from the collaboration process enactor and external events from the Web Service interface. Events collected are filtered and transformed to a structure accepted by the requirement enforcer. Temporal events are generated by a timer subsystem. In addition, each party maintains a database, which stores the ECA rules, business entities (that is, data), event repository (event log) and event subscriber lists. The advantage of this system is its support of a flexible peer-to-peer model. It does not require a central facilitator or moderator.
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Figure 4: System Design of an Event Support System for B2B Process Collaboration
Based on the functional and data requirements of the event adaptor, three Web services, namely, for publishing events, receiving events, and subscribing events, are identified as shown in Figure 5. The examples of these Web services are summarized in Table 3.
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Figure 5: Implementation of Cross-Organizational Interfaces Using Web Services 
	Publish Web Service
Input: EventReceivingAcknowledge
· EventReceivingAcknowledge
Output: EventMessage
· Date 
· Sender
· Receiver
· Event
· Event name
· Event type
· Event subject
· Event message body
· Prio

	Subscribe Web service
Input: SubscriptionRequest
· Eventprovider
· Name
· Address
· E-Mail
· SubscribedEvent
· NotificationParameter
· transmissionPort
· TransmissionParameter
(like email | fax | icq number |...) 
Output: SubscriptionResponse
· SubscriptionResult

	Receive Web Service
Input: EventNotification
· Date 
· Sender
· Receiver
· Event
· Event name
· Event type
· Event subject
· Event message body
· Prio
Output: EventReceivingResponse
· EventReceivingAcknowledge



Table 3: Sample Web Service Specifications for B2B Process Collaboration
The publish Web Service will be invoked by the event adaptor. The input parameter is the occurred event or exception. Based on this, the Web Service checks the subscribers list and the security policies, and notifies the subscribers. Notification can be performed via different kinds of protocols like e-mail, fax, ICQ message, or even an invocation of another Web Service. The subscribers have to specify how they are notified in the subscription process via the subscribe Web Service. The publish Web Service can be a composite Web Service, which uses different Web services for the various ways of transmission. 
The subscribe Web Service registers the requests for an event subscription including several parameters such as the requester, the subscribed event, and how the requester wants to receive the event notification. In a real application scenario, one non-dedicated subscribe Web Service is sufficient. However, it is also possible to provide a Web Service for each subscribable event. This is also true for the receive Web Service. A non-dedicated Web Service can parse the incoming message and invoke other Web services or components based on the message sender, event type or event name. Dedicated event receiving Web Services may be invoked directly by the event publishing party or by a message queue handler after receiving an e-mail message. 
	takeOrder Web Service
Input: OrderRequest
· Buyer
· Name
· Address
· E-Mail
· ProductList
· Product
· Product ID
· Product Name
· Quantity
· Price 
Output: OrderResponse
· OrderResult
· OrderNr
· Password
· Estimated Delivery Date
	trackOrder Web Service
Input: OrderStatusRequest
· OrderNr
· Password 
Output: OrderStatus
· Progress
· Estimated Delivery Date
· Optional: DeliveryNr



Table 4: Some Possible Web Services for B2B Process Collaboration
In addition, a system integrator can offer more specific Web Services like takeOrder or trackOrder as shown in Table 4. In order to provide a better service and to increase the trust between the involved parties, the trackOrder Web Service can be composed with another trackDelivery service, so that customers may acquire all necessary information from one provider.
External Exception Reception 
It should be noted that the Web Services listed in Table 4 involve external events from counter parties (i.e., business partners) for collaboration process enactment.  In addition, a robust business process should be able to handle various exception scenarios. External events can be due to exceptions caught from or thrown to external parties. We call them external exception events. External exception events due to the End User include Cancel Order Request, Change Order Request, Delay Payment Request and Return Unsatisfied System Request, etc. In addition, Change Order Request can be further refined to include Change Delivery Date Request and Change Delivery Location Request, etc. Example exception events issued by the Part Vendor include: Price List Update, Part Recall Notification, Part Obsolescence Notification and Driver Update, etc. Price List Update includes Price Update and New Parts Update, etc.
Besides capturing an event itself with a Web Service, it is much more convenient and efficient to capture also the data required for the process of the event handler (i.e., the condition and/or the action parts of the ECA-rules) with the same Web Service. Some researchers treat these as event parameters [39], [6]. For example, in the Change Delivery Date Request, the New Delivery Date and the reasons for change are extra parameters in the Web Service. 
Events generally form an inheritance hierarchy. Where appropriate, we can design a Web Service to capture events in a whole class hierarchy such as capturing Change Order Request as one service (as illustrated in Table 5). This is because once the event is captured to the internal system, the different ECA rules can be triggered according to the semantics of these rule, which is independent of the event detection method. 
As a catch-all precaution for unexpected events, it is generally advisable to set up a generic handler to capture all undefined events, especially if they are from important sources, such as regular business partners. An additional action to avoid receiving undefined events is to instruct these business partners (either manually or through their Web Services) that they should only send events through defined Web Services; otherwise unexpected exceptions or events should be sent by emails in a verbose manner.
	Name: ChangeOrderRequest
Input: 
· ChangeContractDataRequest
· ChangeRequestID
· Customer Id
· OrderNumber
· ToChangeContractData [which contract parameter should be changed]
· OldValue
· NewValue
· ReasonOfChange
	Output:
· ChangeContractDataResponse
· ChangeRequestID
· Approved (Yes/No)
· AuthorizedBy
· AdditionalComment
· ToChangeContractData
· NewValue


Table 5: Web Service for Change Order Request
Alternatively, we may consider a Change Order Request to be another separate workflow, especially if the handling of this business sub-process is complicated enough. We conceptually model all the data items related to a Change Order Request as contained in a “Change Order Request Form”, which is the first required item in this process (analogous to the data item enquiry in the main System Integrator’s workflow).
Sending Events to Business Partners
The main objectives of sending events to business partners include: (a) to request for partner’s services, and (b) to supply event feed as requested by the business partners (subscripted events). In addition to regular events, the same mechanism can be used to request for exception handling services and passing exception events.
If the partner has a relevant Web Service, we can simply invoke it accordingly to its specification, passing additional data items (parameters) as required. However, if a party does not support Web Service or does not have a definition for a particular Web Service, these events (together with the relevant data) can be sent by email or ICQ for notification purpose. In this case, the partner may need to manually process this event or set up a mail message automatic handler to process it.
For example, the system integrator can invoke the Web Service of a part vendor to cancel an order, if that is supported. However, without a Web Service, the cancel order request can only be sent via emails or processed with manual procedures.
Event Subscription Services
When both business partners support Web Services, a more efficient and preferred way for event passing is to use the publish-and-subscribe paradigm. Each party publishes a list of subscribe-able events at a Universal Description, Discovery, and Integration (UDDI) directory (Erl, 2006). This allows business partners subscribe to events that are relevant or interesting to them, through the event subscription service of the event-publisher. The event receiver should have a corresponding Web Service to receive and process the subscribed event; otherwise event delivery via emails or ICQ may need human intervention. 
Subscription to regular business events, such as price updates, is useful for asynchronous cross-organizational information alert, which can trigger automatic processing with ECA-rule mechanisms upon the event. Apart from regular events for normal processing, a party may subscribe to exception events (such as order cancellation, delivery delayed, etc.) in order to trigger ECA-rules for automatic exception handling. 
Event Chaining
With automated receipt and sending of events, a party can relay an event and distribute it to other business partners, together with other useful or processed information. This event chaining mechanism enables the provision efficient and effective knowledge dissemination. 
For example, the system integrator can subscribe to all the parts vendors on drive update alerts, and in turn, provide driver update alert subscription services to the end users. When the system integrator receives a drive update alert from a part vendor, it can check which end users have bought a system with such parts. Then, a driver update alert is sent to all these end users. This process can be modeled and executed automatically with an ECA-rule triggering mechanism. Similarly, a part upgrade order cancellation request from the end user may trigger a part order cancellation request to the part vendor via the system integrator’s event driven execution of an order cancellation workflow.
Process Monitoring and Directory Services
Furthermore, it is useful to provide additional information about the progress of a process of a business partner. For example, the system integrator updates the customer of the progress of the subscribed e-service or the end user provides the system integrator with information about the status of the quotation evaluation. A monitor service (cf. Table 6) provides a specific snapshot of a view of an internal workflow. Since the relationships between different business parties are different, it is useful to personalize the monitoring service. The information to be monitored for each party depends on its unique role in the business process. Additional definitions of Web Services are required for exception handling and personalized monitoring. 
	Name: GetProcessStatus 
Input: ProcessStatusRequest
· CustomerId
· OrderNumber
Output: ProcessStatusResponse
· CustomerID
· OrderNumber
· StatusReport (content depend on the customer, status, etc.)
· ContactPersonInfo (for further information)



Table 6: Partial Listing of Web Service for Process Monitoring
The BPEL (Erl, 2006) is a standard XML language for the description of Web Service compositions. The language distinguishes between two different types of compositions. In the first type, the execution order of a business process is specified by the flow of control and the flow of data between the involved Web Services. The second type has a more decentralized or distributed nature. It considers the interactions between Web Services. In contrast to the previous flow model, this model describes how Web Services interact with each other. Each link corresponds to the interaction of a Web Service with an operation of another Web Service’s interface. Basic composition operators like sequences, forks and joins can be defined in WSFL so that they may use to describe successions, parallelisms, and synchronizations in cross-organizational workflows.
Discussions
Before concluding our paper, we evaluate the applicability of our implementation framework and methodology with respect to the major stakeholders, including users, management, and system developers (as summarized in Table 7). As mentioned, our proposed methodology for e-service collaboration involves the following three dimensions: enactment, enforcement, and relationship management. We compare each of the three dimensions with respect to the stakeholders’ general concerns.
	
	General Concerns
	Enactment
	Enforcement
	Relationship Management

	User’s 
Perspective
	Assist their work
Interoperability and connectivity
System / information availability 
Convenience and ease of use
	Workflow automation
Reliability – retries, search alternatives
	Reduce tedious manual checking
Timeliness of services
	Improved  service 
call-center or web page 
More transparent business processes

	Management’s Perspective
	Cost vs. Benefit
Improve productivity
Scalability
Security
Reduction in total development cost
Communications cost
	Increase business opportunities
Convergence of disparate business functionalities

	Business process monitorability
Compliance to contracts / trade standard / regulations / laws
Exception and crisis management
Knowledge management
	Improve customer relationships
Improved services
Knowledge management

	System 
Developer’s
Perspective
	Development / Maintenance effort & cost
Requirement elicitation
Reusability
Scalability
Uncertainty in the use of new technologies
Overall system complexity
Integration with existing systems
	Phase approach that accommodate existing basic enactment information systems
	Event monitorability
Difficulties in programming captured knowledge

	Difficulties in programming captured knowledge


Table 7: Concerns of different stakeholders in E-service Collaboration
User’s Perspective
Users benefit from e-service collaboration in streamlining their work through improved inter-organizational interoperability and connectivity. The systems and information from other partner organizations once not available can now be easily accessed through Web services clients or webpage front-ends. Traditional information request through email or telephone conversion can therefore be speeded up through direct information system queries. Regular information exchange can be further automated through publish and subscribe mechanisms. 
Cross-organizational workflow enactment no longer requires manual interactions with cross-organizational e-services interfaces. This is not only eliminates waiting time for human attention but also increase reliability through automation. Furthermore, the reliability is increased through retries, search of alternatives, and the provision for enforcement mechanisms. In particular, enforcement mechanisms reduce the need for tedious regular manual checking unless exception events are raised to draw human attention. Deadlines are also observed or anticipated in this way to ensure timeliness of services.
Through improved quality of services under the rational for relationship management, users benefit from expanded and improved services. Users can convey exceptions and complaints, which are not handled with regular enactment or enforcement, through web pages, call centers, or other automated channels. Through various channels for service monitoring, more transparent business process can be archived, thereby increasing users’ confidence of the services.
Management’s Perspective  
A major concern of the management is the cost against the benefits of e-service collaboration. In particular, if any improvements to the organization’s members as discussed in the previous sub-section can significantly help to improve their productivities, the cost is justified. The e-service collaboration provides tangible benefit for organizations by allowing information sharing between partners and participants. Reducing the need for human-based communication also implies a significant reduce of traditional communication (such as phone and fax) costs.
Next, incorporation of e-service collaboration increases business opportunities. It also helps to improve relationships due to improved communications. In particular, through standardized technologies such as Web Services, the challenges in converging and interfacing different businesses across the different organizations can be tackled in a proper approach. Web services provide a standard means to support interoperable service-to-service interaction over a network in conjunction with other Web-related standards. The disparity of heterogeneous organizational applications has created inflexible boundaries for communicating and sharing information and services among different organizations. Therefore, Web services technologies provide a standardized way to share the information and services among various heterogeneous applications, and also the standardized Web services interfaces among business operations can be established to take the convergent benefits of all the organizational applications.
Problems arise from the autonomous nature of individual organizations. Events that need to be monitored often come from counter parties in other organizations, and might not be monitorable. Thus, cooperation and trust should be developed among trade partners to alleviate this problem. In general, this improves the transparency of operations, services, and in turn, customer (or partner) relationships, and is therefore vital in contemporary e-service providers with strong competitions. Moreover, such events may be made monitorable by specifying additional requirements for the provision of such events and knowledge among the parties where appropriate. As a long term solution, trade standards or e-services standards should be established accordingly to minimize such efforts and to streamline fair and effective monitoring of e-service provision in the digital economy. Such standardization also helps reduce costs of development and deployment of the required software through reusable components and systems.
In order to balance trust and security, a service provider would like to provide information on only the relevant part of its internal workflow to customers. This kind of partial workflows is known as workflow views (Chiu et al., 2002). It helps to convey the information in a fully controlled and understandable manner. In addition, by offering different views to different information requesters, the service provider only needs minor or even no modification to its own workflow, but can systematically arrive at a customized interface. The components of a workflow view include the process flow graph, input/output parameters, objects, rules, events, exceptions and exception handlers derived from the original workflow. Chiu et al. (2002) provides a detailed description of these components. We are working on providing workflow views for e-services to different types of customers via directory services, such as UDDI.
Further benefits arrive from the pre-programming of business processes and their enforcements. This helps improve the quality and consistency of decision results, as well as flexibility and adaptation. As such, costs to program the operation and even management knowledge into the enactment and enforcement of business processes as well as the relationship management are well justified. Also, expertise to handle practical problems can be incorporated into exception handling mechanisms. As for cost factors, our approach is suitable for adaptation of existing systems and extension of system functionality with a phased approach. Through software reuse, a reduction in not only the total development cost but also training and support cost can be achieved. 
System Developer’s Perspective  
System developers often concern about system development cost and subsequent maintenance efforts. These concerns can be addressed by systematic fine-grained requirement elicitation. Analysis of contract is only one of the important issues in the study, which highlights obligations, permissions, and prohibitions. Often, contracts do not specify how the collaboration should be done in details and sometimes contracts or other formal documents may not be available. Other sources of requirement for process collaboration include laws, regulations, standard trade practices, etc. However, to avoid unnecessary disputes, the parties involved should discuss and clarify the matter, and if necessary, amend existing or forthcoming collaborations accordingly. Capturing requirements from domain specific knowledge and expertise is ultimately important in designing detail business processes and asynchronous event-triggered rules for exception handling and relationship management. An event driven approach allows human intervention for handling exceptions and complaints to be integrated smoothly with automated collaboration processes. Further problems in analyzing requirements and contracts arise from ambiguity and impreciseness of natural languages. We believe our continuing research in formal analysis of contracts and other documents with semantic web technologies will further help.
Recent advances in technologies have resulted in fast evolving Web standards. The e-service collaboration systems require much greater extents of adaptations to keep up with such blooming technologies. Service based interface is more readily to be adapted to cope with new technologies and to allow for more comprehensive unit testing. Therefore, our approach further helps reduce uncertainties through adequate testing and experimentations of new technologies. This can significantly shorten the system development time, meeting management expectation in competitive edges.
Our methodology is also suitable for the phased system development. Often, many organizations already have information systems that can satisfy the enactment requirements. Our methodology help proceed to implement cross-organization collaboration, and in particular, enhancements in enforcement and relationship management, on top of existing systems. Thus, such enhancements can be incrementally implemented according to their relative importance and urgencies. Overall, this can also reduce the time to software delivery and costs incurred as well as cope with changes in requirements.
For legacy systems, developers can build wrappers around them to enable compatibility with Web Services, with our WebXcript approach (Chiu et al., 2005b). As such, the existing business process can be gradually extended to collaborate with business partners with adequate testing and streamlining the switch-over, which may otherwise cause a great impact for a major enterprise-wide system. In order to further streamline interactions among enterprises, application layer semantics (such as content taxonomy and category definitions), protocols for interaction, and service-level standards are called for. Trade unions and regulatory bodies may help in such standardizations and service grids (Gentzsch, 2002) can be formed for seamless and large-scale effective B2B process collaboration in the future.
Conclusion
This paper has presented a pragmatic three-layer architecture for B2B e-service process collaboration, supporting enactment, enforcement, and relationship management. The three layers are collaboration requirement layer, business rule layer, and system design layer.  We have also presented a meta-model for B2B collaboration based on a unified artifact of ECA rules. To demonstrate the feasibility of our architecture, we have presented a methodology for eliciting knowledge of collaboration requirements into business rules in ECA format in an e-service environment, using a supplier chain example. We have also highlighted typical problems that can be discovered by our methodology, together with some measures of overcoming them. We finish our discussion with an outline of the system design layer, which is facilitated by contemporary standard software technologies of EJB and Web Services. As such, the development of a system for B2B process collaboration can be streamlined in the context of e-service providers and consumers.
At the same time, we are working on further details e-service negotiation, methodologies for preventive measures avoiding contract breaches, and formal semantics. Relationship management in B2B context is an area that worth extensive research efforts with the emergence and acceptance of B2B process collaboration. On the other hand, we are interested in the application of B2B collaboration in various advanced real-life e-service environments, such as supply-chain, procurement, finance, stock trading and insurance.
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