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Abstract: Workflow management systems manage business processes within an organization. In order to be successful, the systems must have ability for efficient management of resources which are used in processes. One of the shortcomings that have been noticed in the most of the workflow management systems is weak support for resource management. In this paper it is shown how to manage resources in MD system, which is developed on the Faculty of Mechanical Engineering Nis. This system tries to exceed shortcomings of the existing systems.
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1. INTRODUCTION

From the aspect of the workflow management system, resource is an entity related to a specific activity and required at the time of execution for the activity to be done. Model of resources should contain definition of human and technical resources that will be used during the execution of the activity. Division into a process model on the one hand and a resource model on the other hand, enables separated evolution for both models. The process life cycle is usually different from the resources life cycle. If those two models are separated, the workflow management system designer can create process models which are independent of changes in the organization structure. Besides, if the resource model is separated, its division is allowed within the company and it simplifies managing of the model and avoids its redundancy.

If the model is given by WfMC coalition, managing information about resources is the task of the workflow system. Consequently, some workflow management software vendors add appropriate routines for resource management into their products. Those routines can be part of process molding environment (IBM MQSeries, Carnot) or special applications (Organization and Resource Manager – Siemens-Nixdorf). This way of implementation in which more than one workflow management system participates in the execution of complex processes might cause problems in large organizations. Namely, such systems cannot share information about resources which leads to redundancy of data. In addition, information such as occupation of resources can be marked out only if data from separate component for handling resources is integrated. Access to the data might be difficult, in which case resources can be managed only at the local level.
2. RESOURCES IN XPDL SPECIFICATION
In MD system, the model is consistent with XPDL specification [3]. In the domain of resources, this model is not complete and it is necessary to expand it with new constructions. XPDL model recognizes only human resources performing certain activities. There are processes and activities performed by participants with pre-defined roles.

Connecting a given defined role and specific participant in the process is done at the time of the process execution by the execution engine. It is possible that there is no participant with the role required, or that there is more than one appropriate participant. Both these cases are resolved in the specific implementation of the execution engine.

XPDL specification observes resources only from the aspect of the performer of a certain activity, which is inadequate for the production business system, as well as for most other systems. Availability of other resources is also very important for the execution. For example, the mere presence of a worker is insufficient for cutting, the machine must function properly, and there must be necessary tools. Even the electricity, which is necessary for the machine, can be considered as resource.

In accordance with the necessity to express the possible complexity of resources required for the execution of a certain activity, the basic XPDL scheme is expanded to include some additional elements.

The attribute MdResources describing all resources that are used during the execution of activity, is added to the element Activity which describes everything that refers to some process activity. The part of the activity definition, with the added element MdResources looks like this:

<xsd:element name="Activity">

 <xsd:complexType>

<xsd:sequence>

...

<xsd:element ref="xpdl:MdResources" minOccurs="0"/>

</xsd:sequence>


... 


</xsd:complexType>

</xsd:element>

The MdResources element is the list of all resources used in the activity and it should enable grouping of all the resources so as to facilitate approaching and manipulating them. It is the set of MdResource type elements which describe specific resources. XPDL definition of this element is:

<xsd:element name="MdResource">

 <xsd:complexType>

   <xsd:sequence>

    <xsd:element ref="xpdl:Description" minOccurs="0"/>

 <xsd:element ref="xpdl:MdResourceAttributes" minOccurs="0"/>  

</xsd:sequence>

  <xsd:attribute name="Id" type="xsd:NMTOKEN" use="required"/>

  <xsd:attribute name="Name" type="xsd:string"/>

 </xsd:complexType>

</xsd:element>

The element has two attributes and two sub elements. The attributes are Id, which is used for unique identifying of resources, and Name, which defines the name of the resource which is used for virtual display of the resource. Sub elements that closely describe resource are called Description used for defining textual description of the resource and MdResourceAttributes.

The workflow management system can be used for different processes in various domains. As the activities in those processes can be very different, the resources necessary for their execution can be manifold. In accordance with possible and expected diversity of resources, the describing is done by indefinite number of attributes. The list of the attributes that describes certain resource is defined by the resource itself and it can be arbitrary in size. Attributes themselves can also be various, either by name or content.

The element MdResourceAttributes represents a list of all attributes describing one resource. There can be one or more elements of MdResourceAttribute type. The basic purpose of this element is to enable grouping of all resource attributes and thus facilitate approaching and manipulating them.

Resource attributes make one resource different from another. There are no mandatory attributes, and it is up to the person describing a certain resource to choose attributes that will describe the resource in question best. XML definition of this element looks like this:

<xsd:element name="MdResourceAttribute">

<xsd:complexType>

  <xsd:sequence>

  <xsd:element ref="xpdl:Description" minOccurs="0"/>

  <xsd:element ref="xpdl:RangeOfValue" minOccurs="0"/>

    <xsd:element ref="xpdl:Value" minOccurs="0"/>

  </xsd:sequence>

 <xsd:attribute name="Id" type="xsd:NMTOKEN" use="required"/>

  <xsd:attribute name="Name" type="xsd:string"/>

  <xsd:attribute name="Required" type="xsd:string"/>

  <xsd:attribute name="ValueType" type="xsd:string"/>

 </xsd:complexType>

</xsd:element>

The resource attribute is described by a few elements and a few attributes. Two common attributes are Id, which is used for exact identifying of the attribute, and Name, which defines the name of the attribute that is used for its visual display.

Apart from Id and Name elements, there are two more attributes: required and value type. The attribute Required may have two values – YES and NO. This attribute is used for managing resources in order to highlight the importance of a resource. Some attributes are of great importance and they have to be satisfied, while others which are less important, can be satisfied (which is better), but if they are not, it does not entail that the resource is useless. This can be exemplified by the processing part on the lathe. 

One of required resources is a turning tool. This tool is described by a line of attributes that defines its geometry and required characteristics. From the aspect of mandatory and required attributes, the tool type can be observed. It is better if the tool has hard metal plates for the process itself, but in the lack of such a tool, it is possible to use the high-speed steel blade. That means that the tool with hard metal plates is desirable but not also a necessary attribute. It will be used later on in the algorithm for selection of a particular resource.

On the other hand, if it is turning, then the attribute which defines the tool for turning has to be satisfied. If the attribute is not satisfied, the tool is not a possible resource for that activity.

The final attribute of the MdResourceAttribute element is the Value Type attribute. This attribute defines the value type that is given as the attribute value. Generally, the value can be numerical or it can be a string. Testing and regulation of required and given values are possible only if the values are of the same type and if this type is known. If values are numerical, comparisons operators can be used, while sets of characters can be compared only by the equivalence. 

The XPDL specification may contain a description of resources. The resource description can be specific, which means that it is precisely indicated which resource is to be used, or the description can be schematic, in which case the list of required characteristics the resource should satisfy is given in order to use the resource for the activity.

Data about the existing resources in a company are placed in an independent database. Resources from a database are described by their characteristics. For every resource, there is information in database whether it is inoperative or whether it is engaged in a business.

Resources are characterized by their features which qualify the resource to perform certain activities.
3. HANDLING RESOURCES IN THE MD SYSTEM

3.1 Module for resource defining
The workflow management system, among other things, should monitor and assign the existing resources and assign to them some activities in the process. To make this possible, the resources ought to be represented in an adequate way.

Resources which system has available are described in the database that is mentioned before. Data in this database could come in two ways. The first one is entering them directly with appropriate interface.

The other way for filling the database could be used if there is already another system for handling resources. In that case, it would be necessary to create an interface for connecting that system and the MD system with appropriate protocols for data transfer. This interface should be made in accordance with the specific case because its appearance and functions depend on the system which is used.

Currently, a separate module for resource managing is used in the MD system.  The module is part of the system, so not only the system administrator can manage resources, but also a person that is not connected to the workflow management system. By system of permissions, it is regulated that the other person cannot access options provided only for the administrator.

This system enables entering new resources, updating the existing ones, defining new attributes, connecting attributes with resources, connecting resources with each other, defining occupancy and availability of resources.

3.2 Distribution of work in the MD system

Precondition for resource managing is an adequate resource description. As stated above, there is a database which contains resource data. Due to this database, it was possible to build a system that will manage resources within the business processes in a more sophisticated way.

Most authors who deal with workflow management systems regard those systems as a way for a complete automation of the processes. That means that most activities should be done by a computer program. That is the reason why so little attention is paid to manual activities done by people using appropriate tools. In the production environment is not often possible to have a completely automated process. There always remain some islands which are impossible to automate. As it often happens, those islands represent the major part of the process.

In processes based on manual activities, the first task is to distribute the work. In the existing systems, an activity is sent to all participants in the process which have defined ability to do it, so that it appears in the worklists of each appropriate participant. When it is taken over by one participant, it is removed from others worklists. In real terms it is not so simple to distribute the work which is received for execution.

Resources data contained in the database are precondition for improving the work distribution and resource managing. In the MD system, work distribution is done by an algorithm which takes into account the occupancy of resources and competence for execution of some works and priorities in executions of activities. 

The algorithm starts when there is a new activity for the execution. Before the activity is assigned to a process participant, it is examining whether the participant can perform the activity, analyzing several options.

If resources and their attributes are not defined in XPDL definition, the work distribution is done in accordance with recommendations of the WfMC coalition. The roles are used most commonly, when the work is assigned to everyone in the organization with that role.

In the MD system, the activity is not put in the worklist of all participants that have the same role or belong to the same organizational units. Before putting an activity to a worklist, it is has to be checked whether that person has already taken up some activity. If no priorities have been defined, the activity is assigned only to those participants who are currently not occupied by any other activity. Thus, the more equal distribution of work is provided and each participant has a task to perform. If all the participants are occupied, the activity is put on each of the worklists.

Even if a participant in a process is unoccupied (the participant is not doing any activity at the moment), that does not mean that the participant is available. The participant might not have come to work or it might not be working hours, etc. The activity is not assigned to such participants unless there are not other participants that can perform the activity.

If the resource definitions for certain activities are given in the XPDL process definition, those definitions have the highest priority. In the previous text, the elements added to XPDL definition are described.

The moment the activity starts, it has to be checked whether the resources for the activity are available. This testing should only determine if there is a worker able to do the activity, as now it is only a matter of work distribution at this point. If there is more than one, the algorithm should decide which one is the most appropriate. If it is determined that there is no participant that can perform the activity, it is up to the exception handling system to take over solving the problem.

The process of determining the best participant is done in the following way:

After finding the resource which describes the participant that should do the activity, the set of attributes which the participant should satisfy is loaded. The set of attributes is loaded from XPDL process definition and it is defined by the process manager during creating the process definition.

XPDL definition contains a description of required resources. On the other hand, there is set of available resources, which are described in the database. In addition to their characteristics, in the database the information about the availability of the resources is given as well. Characteristics of all available resources are compared to required characteristics. The mandatory characteristics are checked first. If a resource (a person in this case) satisfies all mandatory characteristics, it becomes one of possible executors. If there is more than one member in the group of possible executors, a procedure for choosing the best one is started. The choice is based on desirable attribute values. All desirable attributes are being tested and the one with most of them becomes the executor. If there is more than one equally good executor, the activity will appear in worklist of all of them.

By choosing the best executor from the group, the work distribution is finished. The described procedure is used in case executors are not connected in any other way with other resources required for the activity. Cases when other resources are connected with executors, best illustrated by examples, also have to be taken into consideration.

For the processing part on the lathe a worker whose task is to do it (a turner) is required. On the other hand, there has to be a lathe with certain characteristics. For example, if the part has a large diameter, the lathe where is possible to process large diameters is required. Workers in facility usually have machines that they are working on. That means that a certain machine, which is a resource, is tied with the worker who is also a resource. In such cases, it is necessary to consider the whole connection, which means the worker and the machine should be observed together. Thus the procedure of work distribution is a bit different. 

The connection between the resources is implemented and is situated in the database. 

The procedure of finding the work executor in the MD system is run by finding all the resources which satisfy conditions given in the XPDL process definition. Those resources represent the set of possible resources (resources which could be used for the activity). When the set of possible resources is formed, the connections between the subparts of the group are tested. In the final ranking, the best ranked will be a set of connected resources (if such exists). The group of connected resources will be chosen rather than single resources. For the previous example with a worker and a machine, it means that if the specifications of obliged attributes are satisfied, the priorities in choosing a resource are the worker and the machine which both satisfy the conditions. Although it may happen that other workers or machines are better, the priority is the connection between them.

After the work executor is chosen in one of those mentioned ways, the activity is assigned to the executor’s worklist. The work executor’s task is to take it over. If that does not happen in a pre-defined period, it may lead to an exception. In such cases, the exception handling mechanism is started. If the executor takes over the activity, his status is immediately changed to busy in the database. When the activity is finished, the executor signalizes that and in the resource database his status is changed to available.

4. DETECTION OF EXCEPTIONS RELATED TO RESOURCES

During the execution of a process, different exceptions may occur. In the manufacturing business processes, the most common exception is lack of resources for a certain activity. It is mentioned earlier that a resource may be defined within the definition of a process. In order to make that possible, the XPDL scheme is expanded with elements for defining resources. These elements are, as it was said, part of a definition of an activity.

Defining resources for every activity of every process might be hard. According to that, the engineer who creates processes should define only the resources that might be critical. For example, if there are ten lathes with similar characteristics, in defining activities of turning (which is done on one of those lathes), it is not necessary to define that for the activity of turning is required a lathe with those characteristics. On the other hand, if a lathe with special characteristics is required, such as carousel with numerical control, intended for processing of parts with large dimensions, which can be done only on that machine, then it is required to define that machine as a necessary resource. It is considered here that there is only one such machine in a factory (which is the usual case because those machines are very expensive, and they are supplied individually. 

If the resources are not defined for an activity, the resource exceptions cannot occur. In that case, there is no need to monitor the activity from the aspect of availability of required resources.

The other possibility is defining required resources for an activity. As it was mentioned earlier, the resources can be defined descriptively or specifically. Descriptive resource defining is done by defining attributes that should be satisfied. There are mandatory and desirable attributes as already described earlier. Specifically resource defining is done by giving a specific resource. For example, it has to be specified that for the activity to be performed the carousel with precisely defined mark is needed. 

All activities for monitoring resources in the MD system are separated into a special module. The task of this module is to detect any exception, based on monitoring of resources. Information connected with a specific exception is sent to the expert system that tries to solve the problem.

Collecting information by the mentioned module for monitoring resources can be done in two ways. The information can be reached at the initiative of the modules for monitoring or they may originate from a system for resources handling. The first way is used during the execution of regular activities of the workflow management system. Because resources are defined in the activity itself, it is natural to check whether the appropriate resources are available before the activity starts. This check is done just in case that the resources for the activity are defined. If that is not the case, the process goes without any influence of the module for monitoring. However, if it finds that a resource for execution of the activity is missing, that information is sent to the expert system [2 ] the task of which is to do appropriate, corrective actions. 

The process of checking availability of necessary resources is done in two ways. Which method is used depends on how the connection between resources and activities is defined. If the resource is defined specifically, the definition of the activity should clearly state that this specific resource is required (for example, the machine labeled SK-22). In this case, it is checked in the database if the adequate resource is available and if it is not busy. If a specific resource is unavailable, other data are downloaded from the database and with the process definition they are sent to the expert system. The other data here means a time when the resources will be available (if they will be available at all). For example, if the machine is out of order, there should be the time when it was broken in the database and also assessment when it will be fixed. Another option in checking availability of resources is that the resource is defined descriptively within the activity. The procedure of finding an appropriate resource in this case is conducted in the same manner as determined which participant will perform the activity. If an adequate resource is not found, the expert system takes over solving the problem. 

The other way for detecting possible exceptions is that the resource handling system, which is external system in regard to the workflow management system, sends the other one information that some resource is not available. In the resource handling system, there is an option to indicate that a certain resource will not be available in specific time interval.

The moment when it is specified that a resource is not available is the time to check whether the resource is necessary to carry out an activity. This is done by the message about unavailability of resources which is sent to the workflow management system. After that, the module for resource handling checks if the resource will be used anywhere.

At first, the module for monitoring resources checks activities of the processes which are already initiated. The check starts from the current activity onwards. If it is found that for some of the activities to be carried out in the future needed resource is not available, it is tried to determine the moment when the activity will be carried out. The resulting execution time is compared with the moment when the resource will be available (if that moment is defined). If the activity’s execution time is after provided resource’s repair, nothing will happen in the system. If that time is shorter, or it is not known when and if the resource will be available again, that is considered as an exception and all data are sent to the expert system to take corrective actions. A resource which is not available could be used in instances of processes that are yet to start. To enable the examination of the process, information about unavailability of resources is stored in a separate table in the database. This table contains information about unavailable resources. It is used to check the resources for new processes which are just starting. When a new instance of a process is being started, all unavailable resources are moved out from this table and it is checked if they are necessary for the process. If they are, the previously described procedure for time determination will be started. If they are not, the process runs its usual course.
5. CONCLUSION

The problem of WfMS resources management is an issue which has not been adequately solved. This paper has shown how resources are managed in MD system developed at the Faculty of Mechanical Engineering in Nis. 

To define a process model in MD system XPDL specification is used. As this particular specification is not directly concerned with resources, it has been expended to include novel elements which make possible proper defining of resources required for the performance of an activity.

Defining resources within XPDL specification and the advanced module for resources management make it possible to evade some of the problems which may occur in the course of the workflow execution.  Distribution of activities is more efficient (if manual activities are in question), and the activities themselves are performed using the most adequate resources. 

Should any resources-related problems occur during the execution of activities, they are to be solved by the expert system, which has been described in detail in [2].
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