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Executive Summary

Business Activity Monitoring (BAM) aims at providing business experts with real-time information on business processes. The term BAM is mostly used by vendors from the BPM area (Business Process Management), but similar solutions are also provided by vendors in the areas Business Intelligence (BI) and Corporate Performance Management (CPM). These vendors do not generally use the term BAM but rather refer to their solutions as Management Cockpits or Business Dashboards. 

The main purpose of BAM solutions is to provide business experts responsible for business processes or parts of business processes with all information relevant for optimally executing and managing these processes. In addition to providing concise high-level information, BAM solutions also offer drill down functionality to access detailed information when needed. Thus, a simple speedometer-like tool might indicate the status of an important KPI (Key Performance Indicator) by using green and red areas. If the index of the KPI is in the red area, experts can drill down and look at more details concerning the problem’s sources. 

BAM can contribute substantially to process optimization and is thus of growing interest to companies. Although solutions similar to BAM have been available for some time already, there are a number of characteristics which distinguish BAM from these solutions: 

· Real-time character

· Integration of analytic evaluation into operative process executions

· Low development costs

· Wide range of target users

There are basically two application scenarios for SWS in BAM: 

· Semantic Information in Monitoring and Management: SWS could help to improve the current state of the art in BAM significantly, by allowing the combination of  execution data with service metadata and additional ontological information. 
· Semantic Business Rules and Policies: Current BAM solutions already offer basic functionality for modelling such rules. However, they use proprietary formats and do not support semantic information. 

In the larger sense the deliverable contributes to the DIP goal of exploitable tools, as it provides information on application areas in which tools could be successfully exploited. 

The deliverable should be read by anyone involved in exploitation of DIP results and in strategic planning of future work to be performed in DIP. 

Disclaimer: The DIP Consortium is proprietary. There is no warranty for the accuracy or completeness of the information, text, graphics, links or other items contained within this material. This document represents the common view of the consortium and does not necessarily reflect the view of the individual partners.
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1 Introduction

Work Package 12 provides the DIP consortium and in particular the technology providers in DIP with real-world background information on potential application areas for Semantic Web Services (SWS). This work was started with Section 3 in Deliverable D12.1 [1], which briefly evaluated the potential of Semantic Web Services in the application areas of business process management, content syndication, contextual ads, enterprise application integration, enterprise collaboration, product information management, single European electronic market, search/mining, and social software. Based on these initial evaluations, Section 4 of D12.1 [1], D12.3 [2], and D12.4 [3] contained an in-depth analysis of the potential of SWS in the application areas Business Process Management, Enterprise Collaboration, and Search respectively.

This deliverable analyzes the potential of Semantic Web Services in the application area of Business Activity Monitoring (BAM). Section 2 presents the concept of BAM and explains both the vision underlying BAM and its technological basis. It also describes some application scenarios in which BAM solutions are currently used. Section 3 discusses the major benefits (real-time monitoring, error recovery, exception handling, and decision automation) and challenges (explicit process models and business rules/policies). It also contains a section presenting a specific application scenario, namely Web hosting. Section 4 provides an overview over the current vendor landscape and explains the main characteristics of BAM solutions from various vendor groups. 

Based on this analysis of the current BAM market, Section 5 evaluates the potential of applying SWS in BAM. Two main application scenarios are addressed:

· Using semantic information in monitoring and management

· A semantic approach to business rules and policies

The deliverable ends with recommendations for the DIP project (Section 6). 

The approach taken in this deliverable and in WP12 in general is market or application driven rather than technology driven. The analysis thus starts with an assessment of the currently available commercial solutions in the application area. Based on these results, the potential of SWS technology is evaluated in a second step, focussing on how SWS could be integrated into existing solutions in order to enhance these solutions, make them more efficient, or provide significant value-add with respect to costs or quality. 

D12.1 distinguishes two variants of Semantic Web Services: “on the one hand, Web Services and their descriptions can be semantically enriched to enhance the potential for discovering and combining services. On the other hand, Web Services can be used to provide interfaces to existing Semantic Web technology, e.g. ontologies or logic-based reasoners” [1, p. 1]. The analysis in this deliverable takes into account both variants of SWS, although DIP focuses only on the former variant. 

2 The Concept of Business Activity Monitoring (BAM)

This section introduces the concept of Business Activity Monitoring (BAM). Section 2.1 describes the vision underlying BAM and Section 2.2 explains its technological basis. Section 2.3 describes some application scenarios in which BAM solutions are currently used. 

2.1 Vision of BAM 

Business Activity Monitoring (BAM) aims at providing business experts with real-time information on business processes. The term BAM is mostly used by vendors from the BPM area (Business Process Management), but similar solutions are also provided by vendors in the areas Business Intelligence (BI) and Corporate Performance Management (CPM). These vendors do not generally use the term BAM but rather refer to their solutions as Management Cockpits or Business Dashboards. These names indicate two important aspects of BAM: 

· Information is provided on the business level and is thus not restricted to purely technical information;

· Information is presented in a concise form, often using graphical interfaces similar to tools used in car dashboards or airplane cockpits, e.g. speedometers. 

The main purpose of BAM solutions is to provide business experts responsible for business processes or parts of business processes with all information relevant for optimally executing and managing these processes. 

In addition to providing concise high-level information, BAM solutions also offer drill down functionality to access detailed information when needed. Thus, a simple speedometer-like tool might indicate the status of an important KPI (Key Performance Indicator) by using green and red areas. If the index of the KPI is in the red area, experts can drill down and look at more details concerning the problem’s sources. 

BAM can contribute substantially to process optimization and is thus of growing interest to companies: 

· Automated monitoring of process parameters reduces the manual effort and costs; 

· Providing decision makers with relevant information in real-time reduces the time needed to react to events, exceptions and errors, thereby

· Increasing the process quality and

· Avoiding follow-up costs induced by unnoticed errors; 

· Providing comprehensive information and drill-down functionality prevents experts from making wrong decisions based on incomplete or outdated information

Although solutions similar to BAM have been available for some time already, there are a number of characteristics which distinguish BAM from these solutions: 

· Real-time character

· Integration of analytic evaluation into operative process executions

· Low development costs

· Wide range of target users

The real-time character of BAM distinguishes it from most BI solutions, which usually evaluate data in batch mode and provide input for long-term strategic decisions. BAM, on the other hand, makes information available in real-time, or more precisely, at the time when users need it to manage processes and make decisions in everyday operative work. 

In doing so, BAM also helps to establish a single point of truth, ensuring that managers and employees use the same information for their decisions and operations. To achieve this, however, all systems and applications involved in a business process have to be technically integrated. Many enterprises have established such an integration level as a result of extensive integration projects conducted within the last years. 

BAM allows the integration of analytical information into operative business execution. Evaluation of data thus helps to manage processes more efficiently and to optimize them. This is sometimes called embedded analytics or operative BI. For example, when approving a customer order, the employee responsible for the approval will be able to access extensive data concerning the creditworthiness of the customer, e.g. external credit rating, payment history, pending orders, etc. 

Since the beginning of the 90s, many companies have developed so-called enterprise information systems or management information systems. These systems were only used by the upper management, however. Not because they would not have been useful for other employees, but mainly because development costs were so high that they could only be justified for management usage. 

Compared to these traditional enterprise information systems, BAM solutions are easier to develop and less expensive. This is mainly due to two factors: 

· Advanced integration technologies

· Easy to use web interfaces

Integration technologies have advanced significantly in recent years: due to extensive EAI projects, XML, Web Services and SOAs (Service-Oriented Architectures), many enterprises are now able to exchange data between systems and applications more or less straightforwardly. 

Web interfaces, on the other hand, simplify the development and maintenance of flexible and personalized user interfaces. They eliminate the need to develop, install and maintain complex user clients and also reduce the costs for training users. Once installed by an administrator, most BAM solutions offer simple templates and choices to end-users. Business experts can thus customize visualizations according to their needs and preferences without the need to involve expensive developers or administrators. 

Due to comparatively low development costs, BAM solutions can be offered profitably to a large user base within an enterprise. At the same time, more and more employees in a company are involved in decision-making, mainly because the need for fast and efficient decisions has increased considerably over the last years. 

2.2 Technological Basis

From a technological point of view, three levels can be distinguished in the development of BAM solutions (see Figure 1). 

Figure 1: Three technical levels of BAM solutions [image: image23.png]



· Collecting and integrating data and events from various systems and application, either directly or indirectly via a central BPM/EAI solution

· Processing and evaluating the collected data. This includes, for example, target-performance comparisons, examination of thresholds, combination of data from different sources, or checks for violations of business rules or policies. 

· Forwarding the compiled information to the employees or managers requiring it and presenting it visually. This includes, for example, visualization of process states, generation of alerts and escalation options in problematic or exceptional situations, or comparison of current data with averages.

There are two major aspects in which BAM solutions differ from each other:

· Some solutions use an explicit process model, whereas others just collect and present process information without such a model;

· Some solutions are built on top of an integration solution, whereas others collect data directly from various systems and applications without using an integration solution. 

Whether a BAM solution is integrated with an integration platform and supports process models largely depends on the background of the respective vendor. Obviously, BAM solutions from BPM vendors focus on process models and platform integration. BAM solutions from BI vendors, on the other hand, tend to lack these features, emphasizing complex analytical applications instead (see Section 4).

Some BAM solutions can be deployed both as stand-alone solutions and on top of an underlying integration platform. The latter is usually easier as the integration of different data sources is already provided by the underlying platform. In stand-alone deployment this integration has to be implemented in the BAM solution itself. Some solutions provide a light-weight EAI environment for this – with adaptors for the most common applications and systems. 

2.3 Examples of BAM Applications

This section describes some application scenarios in which BAM solutions are currently used. It should be noted that usage of BAM is not restricted to these scenarios but can be used in other application context as well. The main purpose of this section is to illustrate the practical impact of BAM solutions. 

Common applications of BAM include: 

· Monitoring of IT-based business processes

· Control of Service Level Agreements (SLAs)

· Identification of best practice processes

· Automated alert generation in potentially problematic situation

· Order management and book closing

SLAs have become increasingly important over the last years, especially in the context of process outsourcing. Call centres are typical example for this outsourcing trend. SLAs for call centres stipulate maximal wait times before calls are answered, average durations for solving problems, average number of open issues (tickets), or the quota of problems solved during the first call. 

3 Benefits and Challenges

This section discusses the major benefits and challenges of BAM solutions, namely

· Real-time monitoring (Section 3.1)

· Error recovery, exception handling, and automated decision-making (Section 3.2)

· Explicit process models (Section 3.3)

· Business rules and policies (Section 3.4)

Section 3.5 then presents a specific application scenario for BAM, namely Webhosting. 

3.1 Real-Time Monitoring 

One of the key benefits of BAM solutions is that they make real-time monitoring of running business processes possible. Note that depending on the particular application context and the respective requirements, real-time can mean seconds, minutes, hours or days. Thus, a BAM solution for financial trading would require data to be updated several times per minute, whereas a BAM solution for sales forecasting would probably require only daily updates. 

Availability of real-time monitoring has several benefits: 

· Business process become transparent

· A single point of truth is available for managers and employees

· Exception handling and error recovery becomes more efficient (see Section 3.2)

· Process optimization can be based on exact figures and detailed simulations

First of all, the business processes become transparent, not on a theoretical, idealised level, but as they are actually running. Even companies that already use explicit process models gain important insights into their process reality. For companies not using process models at all it is usually the initial step to process awareness. 

BAM solutions are often developed incrementally. An initial prototype can already offer basic functionality and provide first insights into process execution. Based on this prototype, business experts can then decide which information should be included in the BAM solution and how it should be presented. In many cases, it is only through the direct experience of a prototype that business experts grasp the full potential of BAM and can then specify detailed requirements. 

Often, availability of real-time information on business processes increases employee satisfaction. The main reason seems to be the increased visibility of the processes and thus indirectly of the work performed by employees. Finally, although BAM solutions are primarily targeting employees within the enterprise they can also make information available to customers and partners. Having integrated real-time information available, allows offering new information services to customers and partners, thereby increasing process quality. 

Real-time monitoring and the process transparency resulting from it also mean that BAM solutions provide all users in an enterprise with a single point of truth. A common problem in many companies is that the various managers, employees, or departments involved in a process use different information sources. This usually leads to inefficient and possibly error-prone decision making. A single point of truth eliminates the overhead caused by synchronising available information manually and improves the quality of process execution and decision-making. 

Finally, BAM solutions provide a good basis for process optimization. Some solutions offer specific simulation tools that can be used to test process optimizations. These tools use life data recorded from actual process executions as basis for simulations. The simulation results give a first indication on what kind of effects the intended optimization will probably yield and can thus help to avoid unsuccessful optimization attempts. 

3.2 Error Recovery, Exception Handling, and Automated Decision-Making

Many BAM solutions are concerned with supporting error recovery and exception handling. The main purpose here is to detect exceptions and errors as early as possible, ideally before they begin to really affect the business processes. In a sense, error recovery and exception handling are just special cases of the general problem of reacting to internal or external events. 

Figure 2 below shows the delays involved in reacting to an event according to Richard Hackathorn [4].

Figure 2: Delays involved in reacting to an event. [image: image24..pict]
A first delay occurs between the occurrence of the event and the storage of the corresponding data in the system. The data then has to be processed within the system and an alert has to be generated, which causes a second delay. Finally, the person alerted has to decide how to react, i.e. the time needed to make this decision constitutes a third delay. Obviously, the longer it takes to react to the event the lower the benefit of the reaction. 

BAM solutions can help to reduce these delays significantly. Real-time monitoring aims at making alerts available as early as possible. To do so, information from all relevant systems and applications is integrated in real-time. Moreover, thresholds, business rules, and policies are defined to detect exceptional or critical events immediately. This also includes specifications of whom to alert about such events and how alerts should be transmitted (e.g. mail, SMS, IM). Finally, reaction patterns and escalation procedures are used to help minimize the time needed to find the appropriate reaction to an event. 

BAM can thus contribute to the automation of decision-making. This is especially useful, as decision-making has become much more important in operational day-to-day work in recent years. On the one hand, more and more employees have to make decisions on their own. Decision-making is thus no longer restricted to the executive or management level. On the other hand, decisions have to be made frequently and are an integral part of the agile and flexible enterprise: companies have to adapt as quickly as possible to a constantly changing market environment. 

In order to automate decision-making, BAM has to meet two main challenges. Since predefined escalation procedures and reaction patterns are workflows themselves they are best realized by integrating them with an explicit process model or a BPM solution. Moreover, specifying exceptions and reaction patterns can best be achieved by using formal business rules and policies. The next two section will discuss these challenges in more detail. 

3.3 Explicit Process Models 

Not all BAM solutions are based on explicit process models or integrated with a BPM solution. Some collect their data directly from the various systems and applications involved in a process. They then combine the collected data, compute KPIs (Key Performance Indicators)  and present the results to the users. 

Although this approach is feasible, it faces the same challenges as traditional EAI solutions lacking an explicit process model. The most important problems are 

· process-blindness,  

· difficulties in determining and computing KPIs, 

· lack of flexibility, and 

· high maintenance costs in case of changing business processes.

BAM solutions built on top of a BPM integration platform can use the explicit process model from the platform as a basis. This provides them with information about the process context and KPIs and makes adaptations caused by a change in the process model more or less straightforward. Without an underlying integration platform, BAM solutions cannot access the process context and are thus process-blind. Moreover, there is no basis for determining the relevant KPIs and their computation has to be implemented in the BAM solution on the basis of non-integrated, heterogeneous data. 

Finally, information on the underlying process will be contained implicitly in the BAM solution and not explicitly in a process model. Any change in the process might require changes in the BAM code, e.g. regarding the collection of data or the computation of KPIs. 

Using an explicit process model reduces these maintenance costs. Graphical visualization and management tools allow business experts to change these models themselves. The resulting changes in the BAM solution monitoring the process can then be computed automatically, at least to some extent.
 Even if a complete automation is not yet feasible, reducing development efforts significantly lowers the costs for maintaining a BAM solution when the underlying processes are modified or extended. 

BPEL (Business Process Execution Language) is the standard used by BPM vendors to export and import process models and is thus also a good basis for integrating BAM with a BPM solution [5]. However, a standard specifically addressing issues of monitoring and managing processes would simplify matters even further. The OASIS standard WSDM (Web Services Distributed Management) offers functionality in this area [6]. Its potential application in BAM will be discussed in more detail in Section 5.1.

The use of explicit process models increases flexibility as it reduces development efforts when business processes are changed. Another area, in which flexibility is a challenge, concerns the specification of business rules and policies. Again the idea is to model business rules and policies explicitly, in order to allow business experts to perform changes directly without the need to involve IT developers. This issue will be discussed in more detail in the next section. 

3.4 Business Rules and Policies

An important objective of BAM is to ensure that business rules and policies are not violated. Such rules could state, for example, that inventories should not fall under certain threshold level, that quality criteria fixed in service level agreements (SLAs) have to be met, that orders exceeding a certain amount have to be approved by authorized managers. 

Strictly speaking, BAM solutions do not ensure compliance with rules and policies directly. They rather provide an indirect help for compliance: by monitoring critical KPIs they can generate alerts early enough to avoid violations of rules and policies. With respect to the above examples, BAM solutions would thus generate alerts when inventory levels or quality criteria reach a certain threshold. The threshold used for alerting would obviously differ from the threshold fixed in the service level agreements and contain a certain buffer, thereby allowing for correctional measures to be taken in order to avoid actual violation of the SLAs. 

Despite this subtle difference, the rules on which BAM solutions operate are not really different from business rules in general and follow the common IF-THEN pattern, e.g. 

· IF inventoryLevel(engine2317) < 10 THEN setInventoryStatus(red) or 

· IF networkLoad(network4) > 75% THEN generateAlert(employee1539). 

Most BAM solutions offer more or less sophisticated GUIs that allow the modelling of such rules. Internally, the rules are then stored in a proprietary format and executed by the BAM solution during runtime. 

This approach corresponds to the general approach taken in Business Rule Management Systems (BRMS): a BRMS “allows the decision-making element of an application program to be removed from the code and replaced with a set of rules that are managed and executed” [7]. The obvious rationale for this approach is to allow changes to rules to be made without the need to re-implement any code. 

There are a couple of challenges involved here: 

· Current BAM solutions use proprietary formats for the representation of rules; 

· Whereas simple rules are easy and straightforward to implement, complex rules are more difficult to model, maintain and execute. 

Although some standardization efforts are under way for Rules
, e.g. RuleML [9] or SWRL [10], no established standard supported by a wide range of vendors is available yet. As a consequence, vendors use proprietary formats to represent and process rules. An open standard would increase interoperability and would make it straightforward to integrate a dedicated BRMS solution into a BAM solution. 

Such a BRMS solution could provide sophisticated functionality, in particular for coping with complex rules and interdependencies. In this context, semantic information would also be useful to integrate, as it would make the modelling and maintenance of complex rules much easier. Section 5.2 will address this issue in detail. 

3.5 BAM Application Scenario “Web Hosting”

This section briefly details an actual application scenario for a BAM solution. After describing the general requirements for process monitoring and the corresponding processes, a custom-built BAM solution is presented, which integrates many of the benefits and has to deal with some of the challenges described in the previous sections.

The application scenario is based on web hosting. It focuses on the internationalization of the internet platform chillydomains
. The platform is multinational and integrates and offers services of and for the new EU-members in Eastern Europe (and further countries in this region) as well as the newly developing countries in Asia, Africa and South America in the near future. The customers shall be provided with interfaces in national language and national currency and payment systems without loosing the benefit of price competitive offers. The price differential between English speaking platforms in US$ denomination and national platforms in other parts of the world differs by several 100%. 

The main development challenges of the platform are:

· Implementation of all major languages including Chinese, Turk languages, Japanese, Cyril, Hindu

· Implementation of 23 different public registration interfaces to national and international domain registries

· Implementation of about 40 different payment system including direct debit, 8 different credit cards,

· Implementation of cyber cash systems, bank transfer within several national and international regulation systems.

· Management of currencies (convertible and non convertible currencies) for 20 different countries and currency areas

· Implementation of cash management facilities for all markets and languages mentioned above.

The “Web hosting” BAM solution has been built on the top of the JBoss jBPM 2.0 execution engine
. The business rules and logic of the order and provisioning processes are directly represented by using explicit process models developed at the design time. These models can be updated and extended whenever needed. The jBPM itself utilises a  Petri net based process definition language (jPDL)
 and the execution engine is realized in Java. The main capabilities of jBPM include:

· Deployment and management of process definitions

· Management of process execution

· Persistence of process instances

· Process definitions versioning 

· Management of process execution access through the concept of actors.

Since jBPM 2.0 doesn't support visual process monitoring and error recovery (exceptions, compensation), a custom process monitoring tool has been developed on the top of jBPM and partially tailored for the support of the “Webhosting” application.

The BAM tool also includes a web front end application and is suitable for:

· Inspection of product definitions

· Monitoring of business process execution

· Providing high-level statistical information

· Alerting responsible operators about errors by sending mail notifications

· Supporting error recovery steps

This tool is designed to be independent on the process definitions, which means the business processes can differ in their number and definitions. Inside of each process instance one business document serialized as XML and built according to a concrete schema specification must exist.

3.5.1  Execution monitoring

Process execution monitoring can be done in real time through the monitoring of execution states for each of the process instances. The monitoring can be performed by searching and inspecting specified process instance lists. A more intuitive visualization of the process execution is not yet implemented but all relevant information is provided. 
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Figure 3: Business centric overview of process instances

The monitoring tool makes a difference between internal process execution states and business states. The internal process execution states are only interesting from a technical perspective and coded directly in the process definitions. Transistions between these states raise correspoding actions performed by the process execution. The business states are those relevant for the execution and product life cycle monitoring interesting for observing process managers. Whereas the technical process execution states are described only by the process definitions, the business states are predefined according to the business rules. The business states are set by the process instances at the specific point of execution as defined in the process definition file. Figure 3 shows an overview of currently running process instances from a business centric view.

Usually, the monitoring of process instances executed by jBPM is done by searching for concrete orders or examining the status information for all current orders. If some orders or products have an irregular state, the operator requests a page displaying the context of a specific process instance and reacts according to the described problem. Problem descriptions are based on the result of process operations, when the process communicates with its environment (i.e. external business partners). Figure 4 shows a number of process instances from a technical perspective, enabling an administrator to directly access a specific process’ context.
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Figure 4: Overview of process instances in the ‘hold’ state

3.5.2  Error notifications

Whenever an exception is raised during process execution, the process instance moves to one of several error states and an alert message with the problem description is sent to the administrator. After the alert has been received the administrator can inspect the affected process instance using a visual front end tool. Exceptions during the process execution can only occur when an external business partner did not return the predefined operation success notification. In the same way business states denoting errors are set for an order in a technical error state, according to the process definition and the current business state. Thus, business operators can look at the order status table and request the corresponding business document from the process context to begin a manual recovery process.

3.5.3  Error recovery

In most cases error recovery has to be performed manually, since automated recovery is a complex task without a generic solution. Usual problems during the process execution are communication errors occurring when accessing business partners’ communication interfaces. Very frequently the problem was that those interfaces where simply not accessible for a short time frame (an example would be maintenance periods of a business partners’ services). In these cases the operation request can be automatically restarted after a specified period and repeated several times. Sometimes errors can occur because the business document has corrupted data or data not allowed during process execution. In this case an administrator would first manually fix these errors in the business document before the execution could be successfully restarted. Figure 5 depicts the process context details for a process instance which is in a defined error state. The process variables can be examined and manipulated, after which the process can be manually moved to one of several available transitions. 

[image: image21.jpg]Process def,
Process search

Token details for token: root (ID: 801267215 )

Orders
CSV Products
Products def. default mdb actor handle error by domain registration delete domain from plesk and nameserver (rollback) and go to hold state

Status Report
go to hold state without rollback

JIMX Console

cebsmsg </statusInformation>
<statusInformation statuslhetion:
<status>ok</status>
<timestamp>1131920702690</ tinestanp>
<errorlisg />
<errorcode>0</errorcode>
</statusInformation>
<statusInformation stacusketio
<status>ok</status>
<timestamp>1131920708801</ tinestanp>
<errorlisg />
<errorcode>0</errorcode>
</statusInformation>
<statusInformation stacusketio
<status>ok</status>
<timestamp>1131920711539</ tinestanp>
</statusInformation>
<statusInformation stacusketio
<status>error</status>
<timestamp>1131920720346</ tinestanp>
<errorcode>316</errorCode>
<errorlisg>Error trying to get the access to the domain registration connector</errorlisg>
</statusInformation>
</productdata>
<paymentdata>
<payment 1d>746</ paynent id>
<paymentdate>2005-11-13-23:24</paymentdate>
<paymentamount>122. 61</ paynentamount>
<vatid>1</varid>
</paymentaata>
</orderdata>
</cepsmsg>

addievDomain® statusRole="provisioning>

updateDomain” statusRole="provisioning>

addzone” statusRol

"nameserver">

"ereateDomain® statusRoles"registration”>





Figure 5: Detailed process context

3.5.4  Statistic reports

Based on the technical and business states of the orders and their corresponding process instances, the BAM tool displays simple reports about the overall statistics of process executions. Furthermore, these reports are sent to managers by schedulable notification tasks.

3.5.5  Conclusions

This BAM tool, albeit a custom solution for very specific business needs, delivers a lot of the benefits described in sections 3.1 to 3.5. Specifically, it supports run-time monitoring of the business process instances, by enhancing the transparency of the underlying process model implementation, and by providing a single point of truth available for both managers and employees. In addition, it includes support for exception handling and error recovering, and reduces the delay of reacting to an event, by notifying a responsible operator.

By relying on an explicit process model, which are defined in the jBPM process model language, the BAM tool has a direct way to determine and compute KPIs. Important values of a running process instance are directly stored in a XML message, called the process token, and are thus accessible by the tool for monitoring purposes. Additionally the BAM tool stays flexible and adaptable to changing business needs, which include the alteration of business processes.

Currently this BAM tool is lacking the ability to directly evaluate and manipulate business rules and policies. These business rules are generally realised as explicit decision handlers inside the jBPM process model, and are implemented in concrete Java classes which work with the business model variables and steer the transitions of the process model’s execution. As Java classes, these business rules are not easily presentable to managers and are also not flexible enough to manipulate using the BAM tool itself. Thus, this is currently an area of need for further expansion, and an interesting area where a semantic presentation of business rules and policies could be directly integrated (as detailed in Section 5).

3.6 Summary of Benefits and Challenges

The presentation in this section can be summarized as follows: BAM solutions offer several benefits, mostly due to the functionality they provide for real-time monitoring, exception handling, error recovery, and automated decision-making. They can help to reduce maintenance costs, create process transparency, and increase the flexibility and quality of business processes. 

However, in order to fully leverage their potential, challenges concerning explicit process models and business rules have to be met. Section 5 will look into how Semantic Web Services can contribute to meeting these challenges. Before doing so, Section 4 gives an overview of the currently existing vendor landscape. This overview also shows which vendor groups focus on which technological aspects of BAM. It is thus a good basis for developing a commercialization strategy for SWS in the application area BAM (see Section 6). 

4 Vendor Landscape 

This section gives an overview of vendors currently offering BAM solutions. It does not present solutions by individual vendors in detail, however, but rather aims at explaining the main characteristics of BAM solutions from various vendor groups.

The following vendor groups are discussed in this section (see also the Figure below): 

· The four big enterprise software vendors IBM, Microsoft, Oracle, SAP (Section 4.1)

· BPM vendors (Section 4.2), which can be further subdivided into

· Former EAI vendors

· Pure BPM vendors

· BPM vendors with a focus on modelling

· BI/CPM vendors (Section 4.3)

· BAM vendors (Section 4.4)
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Figure 6: Overview of BAM vendors

4.1 The Four Big Enterprise Software Vendors

All four leading enterprise software vendors – IBM, Microsoft, Oracle, SAP – have extended their offering in the areas of Business Intelligence (BI) and Corporate Performance Management (CPM). IBM, Microsoft, and Oracle have a strong position here, as their databases already form the basis of many data warehouses. SAP, on the other hand, benefits from its reputation as application software vendor and its large installation base in Enterprise Research Planning (ERP). 

IBM offers a wide range of products for BI/CPM, such as DB2 Universal Database Warehouse Edition (DWE)
, which comprises the analytical application DB2 Alphablox, and WebSphere
, an integration platform supporting BPM and BAM. Currently, i.e. at the end of 2005, there is no deep integration yet between Alphablox and WebSphere. Such an integration is expected for future releases, however. 

Microsoft
 offers three main products for Business Intelligence: the SQL Server for back-end BI functionality, office/excel-based front-ends for the visualization of analytical data, including the MS Office Business Scorecards Accelerator, and a new product code-named Maestro which will provide pre-configured BI applications. 

Oracle
 has extended its offering of a Data Warehouse Platform with a new generation of BI tools and analytic applications: Whereas tools like OracleBI Discoverer and Oracle Balanced Scorecard provide traditional BI functionality, Oracle Daily Business Intelligence (DBI) and Oracle Reports Services provide functionality for operative BI. 

At the SAPPHIRE’05 in Copenhagen in April 2005, SAP
 presented a new BI solution called SAP Analytics. This solution will be released at the end of 2005 and comprises more than hundred analytical applications for more than 25 sectors. It is supposed to allow business experts without IT skills to set up and configure Management Cockpits. SAP Analytics is based on the NetWeaver Platform
 and SAP’s concept of an Enterprise Service Archtitecture (ESA). 

4.2 BPM Vendors 

Most EAI vendors have re-positioned themselves as platform vendors for BPM (Business Process Management) or SOA (Service-Oriented Architecture) during the last years. In addition to these established EAI vendors, there are also several new companies offering BPM platforms. These platforms offer graphical interfaces for modelling and visualizing business processes. Most also include specific BAM components providing extensive functionality for the monitoring and management of running processes. 

BPM Vendors with an EAI background include Axway (www.axway.com), BEA (www.bea.com), SeeBeyond (www.seebeyond.com)
, TIBCO (www.tibco.com) and webMethods (www.webmethods.com). BPM vendors without such a background include Fuego (www.fuego.com), Handysoft (www.handysoft.com), Metastorm (www.metastorm.com), Pegasystems (www.pegasystems.com), Savvion (www.savvion.com) and Ultimus (www.ultimus.com). Finally, there are BPM companies with a strong focus on modelling and methodology, like IDS Scheer (www.ids-scheer.com) and Pikos (www.pikos.net). 

BAM solutions provided by BPM vendors focus on process integration. Although some solutions can also be used as stand-alone versions, they are most efficient when deployed on top of the corresponding BPM platform. The underlying platform can thus provide all process-related information. Moreover, changes in the process implementation are automatically taken care of by the platform and do not lead to complicated adjustments in the BAM solution.

In addition to basic monitoring and management functionality, some BPM vendors also offer simulation functionality. This allows testing process optimizations and assessing their optimization potential before actually implementing them. 

4.3 BI/CPM Vendors 

Many BI Vendors have started to offer solutions for Corporate Performance Management (CPM). These solutions also include Management Cockpits or Business Dashboards aiming at providing complex analytical applications in a lightweight manner to business experts. The cockpits offer reporting and scorecard information, are easy to customize and configure, and can thus be used also by business experts who are not BI experts.  Although BI vendors are usually not using the term BAM, their solutions are to a certain degree similar to the BAM solutions provided by BPM vendors. 

Vendors in this area include Business Objects (www.businessobjects.com), Cognos (www.cognos.com), Hyperion (www.hyperion.com), MicroStrategy (www.microstrategy.com), and SAS (www.sas.com). 

The solutions provided by BI vendors collect data from arbitrary systems and applications, but do not integrate these data with an explicit process model. This “process blindness” is the major shortcoming of BI cockpits compared to BAM solutions. On the other hand, BI cockpits provide detailed analytical functionality, which is usually not offered in BAM solutions. It is to be expected, that BI vendors will work on integration with BPM and process models in the near-term future. 

4.4 BAM Vendors

BAM vendors focus on the visualization of business process data. The solutions extract data from BPM platforms, databases, or arbitrary systems and applications, process it and present it graphically. Their strength is the wide range of BAM functionality they offer. Some vendors also provide sector-specific solutions. 

However, these pure BAM solutions do not provide the kind of analytical applications available in BI solutions. Nor do they comprise a process integration platform as the corresponding BPM solutions do. 

BAM vendors include Celequest (www.celequest.com), Proxima Technologies (www.proxima-tech.com), and  Quantive (www.quantive.com).  

4.5 Summary of Vendor Landscape and Expected Trends 

The current vendor landscape is very heterogeneous and corresponds largely to the technological areas involved in Business Activity Monitoring. Depending on the respective (technological) background, vendors focus on different aspects of BAM. 

However, despite the considerable differences, there also is widespread agreement that BAM 

· delivers real-time information

· covers the operational level of business processes

· provides business-oriented high-level information

It is very likely that all major EAI/BPM vendors will include extensive BAM functionality into their solutions. Some will achieve this by developing the functionality themselves, others will acquire or partner with BAM companies. The resulting BAM solutions will be tightly integrated with the underlying EAI/BPM system. On the one hand, this should minimize integration and configuration efforts; on the other hand it might preclude the processing of events not included in the EAI/BPM system. 

It is also probable that some standalone BAM solutions will continue to exist in addition to the integrated EAI/BPM solutions. In order to compete with integrated solutions, the standalone solutions will have to offer one or more of the following benefits: 

· Sophisticated BAM functionality

· Independence of underlying EAI/BPM solution

· Support of specific vertical sectors

Currently, BAM functionality provided by pure BAM players is more sophisticated than BAM functionality provided by EAI/BPM solutions. This competitive edge will very likely disappear in the next two years. Standalone solutions will then have to compete by offering solutions tailored for specific sectors or by capitalizing on vendor independence. 

Solutions currently provided by BI vendors offer sophisticated analytical functionality, but lack process integration. It is very likely that BI vendors will align their solutions more deeply with BPM solutions in the future, thereby putting analytical functionality in the context of business process. 

From the BPM perspective, BAM should be tightly integrated with explicit process models. However, it is also possible to deploy a BAM solution without having such an explicit process model. The processes would then be implicitly encoded in the way the BAM solution collects and evaluates events, generates alerts, and triggers escalation processes. Such an implicit representation would be difficult to maintain and adapt to changing business processes. 

Similarly, the rules and policies underlying the evaluation of events and the generation of alerts should be represented explicitly. This can, for example, be achieved by integrating a business rule solution. Although some efforts along this line have already been undertaken, the importance of business rules will very likely increase considerably in the next two to three years. 

The next section will show how Semantic Web Services can be used to address some of the issues vendors of BAM solutions are currently facing, namely integration with process models, as well as with rules and policies. 

5 SWS Potential in BAM

This section analyzes the potential of Semantic Web Services (SWS) in Business Activity Monitoring (BAM). Two major application scenarios are discussed: 

· Semantic Information in Monitoring and Management

· Semantic Business Rules and Policies

5.1 Semantic Information in Monitoring and Management

In its simplest form, BAM provides information on process execution and thus allows monitoring of running business processes. Technically, this is achieved by storing data on the execution of process steps
, e.g. 

· Time stamps of execution’s start and end;

· Information entered and returned; 

· Errors and exceptions; 

· Information on execution context, e.g. invoker of the process step. 

This information is then presented in tabular form as illustrated in the figure below:

	Operation
	Status
	Start
	Duration
	Invoker
	Input
	Result
	Exceptions

	getPaymentHistory
	Terminated
	17/04/2005

16:45:19
	500 ms
	ID1718
	<Customer>
	<History>
	-

	checkCredit
	Running
	17/04/2005

15:03:23
	> 2h
	SAP004
	<Order>
	-
	-

	GetPaymentHistory
	Aborted
	16/04/2005

12:12:49
	2s
	ID2312
	<Customer>
	-
	<Exception>

	creditRating
	TimeOut
	16/04/2005

12:31:45
	> 30m
	ID2312
	<Customer>
	-
	-


BAM solutions offer extensive functionality for sorting and filtering these tables and for drill-down. For example, the entries in the columns “Input” and “Result” are links which can be expanded to show the full XML content passed as input argument or returned as result. Users can specify filters to restrict the displayed entries to executions having certain properties, e.g. those running longer than 30 minutes or aborted with a certain exception. 

SWS could help to improve the current state of the art significantly, by allowing the combination of execution data with service metadata and additional ontological information. This would allow semantically rich queries or filters like “show me all aborted operations owned by an employee working in department X”. Note that such a query can combine information on the type level (ownership of services, department affiliation) with instance level information about a particular execution of the service (abortion).

There are a couple of challenges involved here: 

· In order to combine execution information with generic ontological information it should be available in the same format, e.g. RDF
 or WSML.

· Ontologies containing meta data about services and related relevant information have to be available.  

In order to make execution information available in a semantic format such as RDF or WSML, two approaches are feasible: 

· The information could be stored directly in RDF or WSML. This would have the advantage that it would be immediately accessible for reasoning, it would, however, pose strong scaling requirements onto the underlying storage system;

· Alternatively, the information on executed operations could be stored in a traditional database with a mapping of RDF queries to SQL queries. This would ensure scalability but would make the development of mapping adapters necessary. 

The information stored on process execution should then be combinable with additional ontology information. This includes semantic properties or metadata of the executed service operations as well as general information about the organization structure, process ownership, and the contents that are exchanged when calling operations and receiving results. 

This information is currently not available in enterprises, at least not in a formalized ontology-style representation. It will thus be a challenge to model it and integrate it with the execution data. 

Finally, standards are needed for collecting information required for monitoring and management. Such a standard would, for example, specify service operations of a monitoring service. Such a service would provide two kinds of operations: 

· Operations allowing service execution environments to store information about executed services; 

· Operations allowing user interfaces to access information stored on service executions in order to combine it with additional information and present it to the end user. 

WSDM (Web Services Distributed Management) is a standard addressing this issue, at least in part. It is not covering semantic aspects, however. In March 2005, OASIS has approved Web Services Distributed Management (WSDM) v1.0 as an OASIS standard [11]. WSDM consists of two sets of specifications: Management Using Web Services (MUWS) and Management Of Web Services (MOWS). The latter defined the manageability model for managing Web Services as a resource and how to describe and access that manageability using MUWS.

The MOWS specification contains, for example, metrics such as NumberOfRequests, NumberOfFailedRequests, NumberOfSuccessfulRequests, ServiceTime, MaxResponseTime, or LastResponseTime, as well as operational states, such as CurrentOperationalState and LastOperationalState.

Although WSDM is thus a good foundation for a management standard, it is only addressing information on a very abstract service level, without covering information needed to monitor individual service operations. Moreover, it does not support semantic information currently. 

In DIP, work on monitoring is performed in Work Package 4a (Service Discovery and Composition) in Deliverables D4.10 [12], and D4.16 [13]. It is recommended that these deliverables discuss the relationship between the monitoring solution developed in DIP and existing BAM solutions.
5.2 Semantic Business Rules and Policies

The second area in which SWS could contribute substantially to BAM is the specification of business rules and policies. Current BAM solutions already offer basic functionality for modelling such rules. However, they use proprietary formats and do not support semantic information. 

There are a couple of ways to improve current functionality: 

· Use of an open, semantic-based standard for business rules and policies

· Automated integration of semantic business rules into process monitoring

Using an open, semantic-based standard has two main advantages: on the one hand, a semantic-based standard allows specifying business rules on a high level, without the need to specify all the minuscule details relevant on the technical level. Rules will thus be more compact and easier to maintain by business experts. 

On the other hand, using an open standard ensures interoperability and reduces vendor dependency. Policies and rules modelled for usage in a specific system or application can be re-used in other systems and applications. 

The main challenge is to systematically connect the high-level business rules with the underlying implementation of business processes. Ideally, this connection would be fully automatic, i.e. based on the business rules, code would be generated which automatically checks whether rules are respected or violated in process executions. 

Semantic information in general and SWS in particular could contribute here in several ways. First of all, ontology information could be leveraged for the terms used in premises and conclusions of business rules. This would allow using subsumption information when checking for rule applicability: instead of just matching the premise of a rule, a rule would also be applied to the instance of a concept, which is more specific than the premise. 

In general, semantic information can help to reduce the manual effort needed for specifying business rules and policies. Thus, the semantic metadata available for SWS can be made available for usage in the premises of rules. Going a step further, a set of pre-defined rules could be offered, containing parameters commonly monitored in BAM solutions. End users would then only have to specify their individual thresholds and alert targets and modes. 

Obviously, the data used in the rules should be the same data used in monitoring in general (see Section 5.1). This would ensure that the same interface can be used for connecting the monitoring and the rule modules of the BAM solution with the underlying process implementation. 

Finally, the most advanced usage of SWS in BAM would provide functionality allowing end users to specify rules and policies as simple goals. This would correspond to the general approach taken in DIP: based on the goals, a service choreography would then be automatically computed satisfying the goal. 

However, the applications sketched in this section pose several challenges. The primary challenge would be to model information relevant for business rules in an ontology and to integrate it with the data available on business process execution. This corresponds to the main challenge for realizing semantic-based monitoring in Section 5.1

The next challenge is the development of a semantic-based rule standard that could be used as a basis for specifying business rules in a BAM solution. Although standardization work is currently under way, it is still unclear when an established standard will be available in this area. 

The final challenge consists in the implementation of a BAM solution based on SWS goals and automated composition of services. Clearly, such a solution would offer significant benefit for BAM but its feasibility still remains to be proven. 

6 Recommendations for DIP

Business Activity Monitoring (BAM) has high potential for DIP. It is recommended to build some BAM functionality into the demonstrators developed for the DIP uses cases. These could then be used to showcase the SWS approach to BAM and to illustrate benefits of such an approach.

In particular, the use case work packages should make use of the monitoring prototype developed in WP4 [12, 13]. On the one hand, the use cases would have to identify the data to be used for monitoring. On the other hand, they would have to sketch scenarios for the usage of these data during monitoring, e.g. regarding thresholds, alerts, and exception handling. In order to avoid a situation, in which use case partners are being “forced” to use a technology, however, the initiative for this should come from the technology partners developing the monitoring prototype. These partners should work together with the use case partners to build BAM into the use cases where this is appropriate and beneficial.

Finally, it would be worthwhile to see how monitoring in the DIP Use Cases could benefit from the inclusion of business rules based on SWS. Efforts in this direction should be closely coordinated with ongoing standardization activities in the area of semantic rules, which are monitored in WP7 [14, 15].
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� On the business level, the process model usually abstracts over technical details. When changing the model on the business level, this might require additional changes on the technical level of the BAM solution, which cannot be computed automatically but have to be added manually. 


� The W3C Workshop on Rule Language for Interoperability, co-organized by DIP in April 2005, discussed several existing standardization approaches for rules [8].


� http://www.chillydomains .com is the international domain and web hosting platform of NIWA. NIWA is the developer and operator of this platform. The platform was launched in August 2005. The BAM solution is part of the billing system of the production system.


� http://www.jboss.com/products/jbpm.


� http://docs.jboss.org/jbpm/v3/userguide/jpdl.html.


� www-306.ibm.com/software/data/db2bi/.


� www-306.ibm.com/software/websphere/.


� www.microsoft.com/businesssolutions/analytics.mspx.


� www.oracle.com/solutions/cpm/.


� www.sap.com/solutions/analytics/index.epx.


� www.sap.com/solutions/netweaver/index.epx.


� SeeBeyond was bought by Sun Microsystems in Summer 2005.


� Often, this information is also archived for auditing purposes. 


� RDF would be a good starting point for a semantically enhanced BAM, as it is comparatively simple to use and several systems for storing and processing it are already available. Obviously, OWL would provide additional expressivity and would also be a candidate. 
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