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Workflow management systems coordinate activities, resources, and data according to the formal
representation of the process logic, the workflow model [48]. They can help realize efficiency
potentials through the elimination of transport and wait times between process activities, and
provide a detailed level of control over the assignment of work to process participants. The
importance of human involvement in workflow applications has recently been pointed out by
MOORE, who identified excessive activity automation and poor design of work assignment strategies

as critical issues in workflow projects [33].

The roots of contemporary workflow management solutions can be found in the office automation
prototypes of the 1970s (compare, e.g., [19, 51]), which were oriented towards the automation of
human-centric processes. Recent developments in the area of web services choreography have
discounted the organizational aspect of workflow solution and focus exclusively on the coordination
of control flow structures. For instance, the proposed standards WSCI (a subset of BPML) [4],
WSCL [5] and BPEL4WS [14] do not contain any notion of human activity performers. Instead, they
are focused on the technical coordination of inter-enterprise processes, with little or no human
intervention. This indicates a split in the traditionally diverse field of workflow management (for a
discussion of different technical areas related to workflow management refer to [42]). While some
vendors focus on the automation of mainly technical processes, such as the automated data exchange
between disparate applications, other vendors stress the organizational aspect of their solutions and

focus on human-centric processes [35].

The purpose of this paper is to give an overview of the organizational aspects of workflow
applications, to provide a review of existing work, and to position this work in the context of the
workflow life cycle. Based on this review we point out design guidelines that could improve the

success of workflow applications.



In the following section we introduce a workflow life cycle model, and outline which resource-
related tasks are performed during the different phases of the workflow life cycle. The rest of this
paper is structured along the phases of this life cycle model. In section 2 we present a generic meta
model for the organizational entities involved in a workflow application. In section 3 we discuss the
specification of assignment and synchronization policies, and point out the relationship between
organizational policies during build time and run time. In section 4 we present technical integration
aspects that have to be addressed in the transition from build time to run time. Section 5 focuses on
the maintenance of resource information at run time and the evaluation of workflow audit trail
information for resource management purposes. Section 6 reviews related work and section 7

concludes the paper with a brief summary and an outlook on future work.

1 Resource Management in the Workflow Life Cycle

A resonrce (also known as actor, performer, or process participant [47]) is an entity that is assigned to a
workflow activity and is requested at runtime to perform work in order to complete the objective of
the activity. In this paper we focus only on resources that can actively contribute to the goal(s) of an
activity. Passive resources, such as physical materials or information are part of the informational
perspective of a workflow application. In this sense, our understanding of resource differs from the
view of e.g. KWAN et al., who treat information used within workflow activities as a resource as well
[29]. A resource model contains the definition of human and technical resources that are involved in the
execution of a workflow model as workflow participants. While the resource model is a structured
representation of organizational entities, it should be noted that both this model as well as the
elements contained therein follow a life cycle and change over time. Therefore, a workflow
management system not only needs to provide a mechanism to represent the organizational elements
involved in the execution of workflows, but it also needs to provide mechanisms for continuous

change within these elements.



The workflow life cycle reflects the desire to continuously improve the performance of business
processes by monitoring the present, analyzing the past, and planning for the future. Procedure
models for the design of workflow applications have been discussed by KWAN and
BALASUBRAMANIAN [29], as well as WESKE et al. [46]. These models represent an extension of
system analysis and design techniques and emphasize the separation between workflow logic and
task logic. Explicit workflow life cycles have been proposed by GALLER [21] and HEILMANN [23],
among others. These models provides detailed guidelines for the build time aspect of a workflow
application, but provide little information about the system behavior at run time, especially the
maintenance of resource information. The WISDM methodology developed by KWAN and
BALASUBRAMANIAN explicitly refers to an organizational perspective that contains resource
information (comparable to the organizational aspect of the widely discussed MOBILE architecture
of JABLONSKI and BUSSLER [27]), but this perspective is mainly referenced in the initial analysis phase

of the development cycle..

The workflow life cycle shown in Figure 1 builds on these approaches and extends them to explicitly
represent the resource perspective during all phases of the workflow life cycle. The black circles in
figure 1 indicate the sections of this paper that refer to the individual life cycle phases. The cycle
starts with an initial analysis of the project goals, the environment of the future workflow application,
and the organizational structures and rules surrounding the new system. This phase is followed by a
process design phase, during which the overall process structure is engineered, the resulting workflow
model is designed, and the resources involved in the process execution are specified. This includes
the modeling of organizational structures as well as the definition of assignment policies and conflict
resolution mechanisms. The completed workflow models are input of the process implementation phase.
During this phase, the workflow solution is integrated with surrounding information systems. In

terms of resource management, access to existing resource databases and security mechanisms need



to be established. The synchronization of activity responsibilities with application access rights is of

paramount importance in this phase. If errors are made regarding this synchronization, activities

might be assicned to process participants who have insufficient access richts to execute the
g g p p p g

applications necessary for the fulfillment of the pending activity.
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During the process enactment phase, individual instances of the workflow model are created and
coordinated by the workflow enactment service. Internal process participants (which are part of the
workflow-enabled organization) are notified of pending activities through their work list and can
select and activate these activities. Upon completion of an activity, control is handed back to the
workflow enactment service. Depending on the nature of activities, process participants may be
human resources, technical resources, or a combination of both. For internal workflow participants
information about their capacity (in terms of permissible workload) and availability (in terms of
schedule) can be obtained by the workflow engine. Activities that are assigned to internal process
participants can be revoked and reassigned to other participants if their maximum processing time is
exceeded, or if other exceptions occur [44|. External process participants are not under the control of
the workflow-enabled organization. Information about the capacity and availability of these
resources is rarely available to the workflow enactment service. These resources are typically
informed about pending activities through an asynchronous medium, such as e-mail. In this case the

revocation of activities is usually more difficult than for internal workflow participants.

Parallel to the process enactment phase process monitoring takes place. On the technical side the
performance of the workflow management system itself is measured, while on the organizational side
metrics such as the length of work queues, the idle time of resources, or the wait time of pending

activities are supervised.

The process evaluation phase completes the workflow cycle. During this phase the execution of
workflow instances is analyzed from an ex-post perspective, based on the execution protocols (the
so-called audit trail). Results from this analysis can serve as the basis for the planning of resource
capacities (i.e., how many performers are required to achieve certain quality of service levels). The
capacity adjustments might be tested during an amimation and simulation phase, where performance

information from past workflow instances can be used as simulation parameters.



2 An Organizational Meta Model

In order to implement organizational control, workflow management systems maintain a model of
the surrounding organizational structure. This model is typically kept separate from the workflow
model, which focuses on the sequence of activities within a process. The division between a process
model on the one side and a resource model on the other side fosters the separate evolution of both
models, since the life-cycle of the resources within an enterprise typically varies from the life cycles
of the enterprise's processes. In addition, the separation enables workflow designers to create
workflow models that are independent of changes in the organizational structure of the enterprise,

adding to their robustness.

Within the reference model of the Workflow Management Coalition [48], the management of
resource information lies within the responsibility of the workflow enactment service. This reflects
the fact that many workflow vendors have implemented proprietary resource management facilities
for their workflow management systems, which are accessed through the workflow modeling

environment, or through an auxiliary application.

In larger organizations managing resources inside the workflow enactment service may lead to
problems if several workflow management systems are used for the implementation of a complex
process [18]. These systems cannot share common information about enterprise resources, which
leads to redundant resource specifications. In addition to this, information like the workload of single
resources can only be determined if the distributed information of the individual workflow
management systems is consolidated. If this information is not easily accessible, efficient use of the
enterprise's resources can only be realized on a local level. Within the Object Management Group
this fact has led to the discussion of a resource management facility [13], but to date no standard has

emerged in this area.



During the build time of a workflow application, the workflow application designer has to design
both the structure of the business process to be automated, and the structure of the resources that
carry out the process. These resources may be managed by the workflow management system, or an
external resource management facility. Resources and workflow activities are linked through the
construct ro/e. From a process perspective, a role represents the capabilities and privileges required
for the proper execution of an activity. CURTIS et al. go one step further and define a role as “a
coherent set of process elements to be assigned to an agent as a unit of functional responsibility” (see
[15], p. 76). For a resource perspective, a role represents the combined capabilities and privileges of a
process participant. Based on these two perspectives, the design of the resource model can follow
two different directions. Using workflow-driven resource modeling the resource model is created according
to the resources required by the workflow definition. In other words, the structure of the activities in
the workflow model determines the roles of the workflow participants. Using enterprise-driven resource
modeling the existing organizational structure of the enterprise (often captured in organizational

charts) is created in the resource management portion of the workflow application, and a mapping

between existing resources and workflow activities is performed.

In a previous study of commercial workflow management systems we have found the organizational
modeling capabilities of workflow management systems to be very limited, a fact that has a negative
impact on the adaptability of these systems to different enterprise structures found in actual
organizations [34, 38]. Figure 2 shows a meta model for resource modeling, which serves both the
workflow-oriented and the enterprise-oriented approach. It represents a hybrid meta model, which is
based on our previous analysis of organizational meta models within workflow management systems

[34].
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At the heart of this resource meta model, a resource represents a technical or human workflow
participant. The 7o/ entity is a named privilege granted to a resource, or a capability exhibited by a
resource. The recursive role structure allows the combination of capabilities and privileges into more
complex roles. Privileges and capabilities desctibe the possible actions a tresource is permitted and/or
qualified to perform. A capability is a direct property of a resource (e.g., “speaks Spanish”), and
remains associated with the resource, even if the position of the resource in the enterprise changes. A
privilege 1s a property of an organizational position, which can be occupied by one or more resources,
which then inherit the privileges associated with the position (e.g., “authority to sign expense
reimbursements over § 50.0007). Organizational positions are the building blocks of the formal
organizational structure of an enterprise, and their holders are granted the necessary authorities to
perform the activities associated with these positions. Groups of organizational positions form larger
organizational units, such as departments (permanent units) or project teams (temporary units). As long
as there exist tasks within the enterprise that are not supported by a workflow management
infrastructure, formal organizational positions and units are required to ensure accountability and

responsibility for the execution of these tasks.

It is important to note that there is no single ideal model for a workflow-enabled organization.
GALBRAITH’S contingency theory [20] states that there is no single optimal way to organize an
enterprise. Instead, external factors such as customer expectations, market conditions, and regulatory
aspects have to be considered. In workflow-based environments, the structure of the organizational
entities as well as the structure of the business processes can be adjusted to find an optimal mix of
resource and process efficiency. It should be noted that workflow technology does not resolve the
goal conflict between resource and process efficiency, but it may help realize untapped efficiency

potentials in an organization.



3 Definition of Assignment and Synchronization Policies

Assignment policies determine the strategy for work allocation among process participant candidates.
Upon the instantiation of a workflow activity, the workflow enactment service places work items on
the work lists of qualified performers who are determined using a process of role resolution (sometimes
called staff resolution). Figure 3 shows the typical steps within the work assignment process. In step
1, the workflow enactment server determines the list of candidate resources based on the assignment
policy and the available resources. A pending activity is placed on a shared worklist as a public work
item. All qualified resources have access to this shared worklist. Once a candidate chooses to
perform the pending activity (the grey arrow in Figure 3), the workflow enactment service removes
the public work item from the shared worklist and places it on the private worklist of the designated
performer. In a centralized workflow solution, this process can be implemented by manipulating the
visibility properties of work items, similar to the concepts used in role-based access control (see e.g.
[12]). This solution allows the workflow enactment service to hold a master table of all pending work
items, with access restrictions based on the roles required by the individual activities and held by the
individual performers. In a distributed environment the same effect can be achieved by sending
pointers to work items on a central worklist as notifications instead of the actual work items. In this
scenario, the work items are accessible through a web page, which is generated by the workflow

enactment service for every work item.
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3.1 Assignment Policies

For the assignment of pending activities, different strategies can be implemented. These strategies
have an impact on how the workflow enactment service prioritizes activities and notifies candidate
performers. Figure 4 shows different work allocation strategies, and is based on the research of

HOFFMANN et al. ([24], pp. 137-138).

The planning of new work items describes the behavior of the workflow enactment service, when
new activities become executable. A nef change strategy would only determine the assignment for the
new work item, while a re-planning strategy would re-allocate all work items that have not yet been
started, possibly removing work items from some performers’ worklists and placing them on other

worklists.

The workflow enactment service can notify performers about pending activities either upon the

availability of these activities, at the latest start time of the activity, or at an arbitrary time between



these two points. While human performers are typically informed upon availability of an activity, it

may be desirable to delay the assignment of activities to technical resources, if the workflow

management system is capable of optimizing the activity schedule based on the economic value or

the priority of the activities. These parameters can either be assigned to a workflow instance at the

time of instantiation, or the workflow enactment service can compute the relative importance of

activities based on application data made available to the workflow management system (i.e.,

workflow-relevant data [49]). Example for this type of information could be the (internal) rating of a

process customer or the revenue associated with a process instance.
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available work items; or a combination of the two, where resources select a collection of work items
at a time. The choice of queuing mechanism determines the degree to which the workflow
enactment service can optimize the allocation of work items. If the priority of pending activities
cannot be determined automatically, a pool-type distribution enables human performers to determine
the priority of pending activities, while a queue-type distribution is recommendable if the optimal

schedule of work items can be determined by the workflow enactment service.

The form of activity execution (individual or collaborative) prescribes, how many resources may select a
work item for execution. While many workflow systems support only activities that are assigned to
individual users, some research has been done on assigning work to teams, see e.g. [16, 17]. As a
compromise, LEYMANN and ALTENHUBER propose the concept of bundle [30]. A bundle is modeled
as a single activity in the workflow model, which may be instantiated multiple times at runtime,
depending on conditions that are evaluated at runtime (the original IBM FlowMark workflow
management system supported this concept [26], but this feature was dropped in the transition of
this product to MQSeries Workflow and later Websphere MQ Workflow). While technically each of
the bundle instances is assigned to only one resource, the parallel instantiation of bundle activities

allows the modeling of collaborative activities to a limited extent.

Finally, the decision hierarchy describes, whether an activity can be passed on from a workflow
performer to another delegate performer. This act of substitution is common during the absence of a
resource (when a deputy takes over some or all of the functions of the assignee). From a security
perspective, delegation is a potentially harmful function. If the assignee is free to choose the ultimate
recipient of an activity, this might endanger workflow constraints such as the separation of duty. For
example, if an accounting process requires two separate members of the accounting department to
authorize a purchase, the workflow enactment service would assign the second authorization activity

to a member of the department who has not performed the first activity. However, if this member is



allowed to delegate the activity, and chooses the performer of the first activity (since he or she is a
qualified member of the accounting department), the process constraint “separation of duty” is
violated. For this reason some workflow systems provide flags within their activity specification,
which allow excluding activities from being delegated to performers who are not the original
assignees. WAINER et al. have discussed the security problems of delegation and revocation in
workflow systems in a recent technical report [44]. In a related paper, AHN et al. have proposed the
use of existing role-based access control mechanisms to secure a web-based workflow management

system [2].

The substitution of performers can be implemented at different levels. If a workflow application is
deployed in a work environment where many resources share the same tasks and responsibilities, and
workflow-controlled activities cover the majority of the overall tasks to be performed, the use of
roles with multiple role-bearers creates an implicit substitute relationship, since multiple resources are
qualified for the execution of an activity. If possible, organizational measures, such as the
requirement to have an empty personal worklist at the end of the day, should limit the need for

substitution mechanisms.

In a classic substitution scenario, the deputy can be granted access to the private worklist of the
original performer, if this performer is absent. In some cases it may be desirable to limit the visibility
of work items or create substitution relationships based on different roles that a process participant
plays. For this reason, the meta model in Figure 2 contains a ternary substitution relationship
between resource (recursive) and role. In this way, a resource may serve as the proxy for another
resource, but this relationship can be restricted using one or more roles. For example, a manager
might designate one of his subordinates as a substitute for his regular activities, while another

manager is responsible for certain decision-making activities that govern the subordinates.



3.2 Synchronization Policies
Once a work item has been placed on a shared worklist, synchronization policies determine how it
can be accessed by individual workflow participants. Figure 5 shows an overview of synchronization

mechanism properties.
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Figure 5: Synchronization Mechanisms

The coordination of pending work items can either be hierarchical or market-based. In a hierarchical
scenario, either the workflow enactment service assigns work items to individual performers
(eliminating the need for a shared worklist), or in an intermediate step, a manager receives all pending
work items and manually assigns them to the individual workflow participants. While the first

strategy is useful if the workflow management system is capable of performing schedule optimization,



the latter strategy reduces the “mechanistic” assignment of activities by a technical system, which
may increase user acceptance (Action Technology’s Coordinator, one of the first workflow systems,
was criticized for its lack of flexibility, compare [40] for a discussion). If a market-based allocation
policy is implemented, workflow participants compete for the right to perform a particular activity,
either through auctions or other market mechanisms. While market-based work allocation is not a
common feature in commercial workflow systems, it has been the subject of research studies by
HARKER and UNGER [22], TAN and HARKER [43], as well as ALT et al. [3]. A very thorough
discussion of auction protocols for the scheduling of decentralized resources was presented by
WELLMANN et al. [45]. Finally, work items can be assigned according to a fixed schedule. In the most
common case, they are assigned to a shared worklist, from where they can be selected by individual
performers on a first-come-first-serve basis. However, other scheduling principles are theoretically

possible.

The allocation of work items can be fully automated by the workflow management system, i.e. the
system automatically determines the qualified performer(s) for an activity and assigns pending work
items to these resources. In a partially automated scenario, the workflow management system may
suggest qualified performers, but the ultimate assignment is performed by another decision instance,
e.g. a team leader. In a manual scenario, the workflow management system would only show pending
activities, but not perform any task allocation. It is up to the workflow-enabled organization to find
organizational measures to ensure the actual execution of pending activities, or an external resource

management application could perform the assignment.

The participant selection can be either direct (at the level of the individual performer), or indirect (using
a proxy construct like role or organizational unit as the ultimate recipient of a work item). During
direct assighment, the workflow system may check the availability of the selected resource, e.g., if the

performer is currently logged into the system. If the resource is absent, the workflow system can



determine a substitute and assign the work item to this resource, deliver the work item only to the
initially chosen resource (e.g. if the activity is marked for direct assignment only) or raise an
exception and escalate the process. Indirect selection is based on those elements of the resource
meta model which allow the grouping of individual resources. In the meta model described in section
3.1, these entities are role, organizational position, and organizational unit, although other elements

such as qualification or competency might be used as well.

The specification of the resonrce requirements can be either static or dynamic. Using the static assignment,
an activity is associated with one or more instances of one or more resource meta model entities. For
example, the activity “review customer order” could be assigned to the instance “sales manager” of
the entity type “organizational position”. This assignment is static in the sense that it does not vary
with different workflow instances. Dynamic assignments take data from the current workflow
instance into account for the selection of qualified performers. This data can either relate to the
current workflow instance (e.g. the ID of the process initiator) or to the business objects processed
in the current workflow instance (e.g. the customer number contained in an order document).
Dynamic assignment allows a very detailed specification of assignment policies (e.g., all orders from a
particular customer are handled by the same customer service agent), but require the tight integration
of the workflow management system with external data sources. In practice, this type of assignment
is found in embedded workflow solutions, where the workflow component has immediate access to

all relevant system data.

The assignment of pending activities can either be performed in a push or pull manner. Using the push
mechanism, resources signal their availability to the workflow system, which determines the next
activity this performer should work on. This may be desirable in environments, when the workflow
enactment service can optimize the scheduling of activities, the activities themselves are uniform, and

the resources are mainly technical (without user intervention). In the example of a brokerage



application, workflow participants were not given a choice between different work items, but the
workflow management system prioritized pending activities according to different economic criteria
and allowed brokers only to request the highest ranked work item [34]. Using a pull mechanism, a
resource requests the next work item at a convenient time, but not necessarily upon availability. A
combination of push and pull is possible, if a resource as assigned a number of activities, but the

sequence of execution of the individual activities is left to the performer.

Finally, participant antonomy determines, whether the workflow enactment service determines the final
recipient of a work item, or whether a workflow participant may refuse the assignment of a particular

work item and send it back to the shared worklist or the workflow enactment service for reallocation.

4 Resource Integration
Integration is regarded as one of the primary goals during information system design. Literally,
integration means to form, coordinate, or blend something into a functioning or unified whole by

ending existing segregation [31]. Two distinct types of integration can be distinguished [37]:

Integration through connection occurs if a new system is created through the creation of links between
disparate, but logically connected entities or sub-systems. Typically this is an ex-post integration of
existing systems, like the integration of enterprise applications through a workflow management
system. Integration through combination occurs if similar system elements are combined, thus leading to a
decreased number of elements and relationships within the system (in the sense of abstraction).
Typically this form of integration happens during the conceptual design phase of an information
system, for example the development of a complex application with an integrated workflow layer for

the transport of application data.

ROSEMANN names reduction of redundancy, increased system consistency and integrity, and better

decision support through timely information supply as the main goals of integration efforts [36]. The



design of a workflow application creates integration requirements, which can be differentiated into
internal and external integration requirements. Internal integration requirements concern those
systems a workflow application needs to connect to in order to ensure the functionality of the core
workflow system. External integration requirements exist with regard to systems that either invoke
the workflow system from outside (embedded usage) or systems that are invoked by the workflow

application.

4.1 Internal Integration Requirements

A workflow application coordinates activities, resources, data, and applications. Consequently, all

these elements need to be integrated to ensure the functionality of the workflow systems.

Resonrce integration 1s required by the workflow system to keep track of the participants available for
activity assignment. Since many companies maintain resource information in organizational
directories or similar applications, a fully integrated workflow application would use this information
rather than replicate resource data internally. For this reason, the organizational elements available
during the specification of the workflow need to be synchronized with the organizational entities

found in the actual enterprise.

Data integration is required to make workflow relevant data accessible to the workflow system. This
can be achieved by connecting the system to databases used by external application systems. If the
workflow system acts as an enterprise application integration hub, conversion of data types and field
values may be necessary. From a resource management perspective, data integration is required if

field values of business objects are to be used during the selection of qualified workflow performers.

Application integration describes the ability of the workflow system to invoke external application

systems during the enactment of a process. For organizational processes, applications are often called



in their entirety (e. g., a word processing application), while for software processes the granularity of

application invocation is at the method or function level.

In addition to these three integration requirements, the use of existing security infrastructures is
another important feature of workflow applications. Security integration relates to the use of existing
authentication and authorization mechanisms through the workflow system, such as single-sign-on,

role-based access control mechanisms and public key infrastructures.

4.2 External Integration Requirements

The external integration of a workflow system relates to the fact, that a workflow system is an
application system in itself. External applications may require calling the services of a workflow
engine from outside, invoking workflow instances, querying the status of activity instances, or
handling resource assignments through external scheduling mechanisms. Additionally, the workflow
system may be required to present work to outside parties, which are not direct users of the

workflow application.

External invocation of the workflow engine is used during B2B process integration, among other
scenarios. The workflow enactment service can exhibit its capabilities as services to outside parties,
allowing them to invoke a process and pass initial data to the process instance. Examples for an
external invocation are e-mail (mail daemon triggers the workflow), the web (a web server triggers
the workflow) or other applications, which embed the workflow system (a function within an

application results in the start of a workflow).

Presentation of information to outside parties is necessary, if the workflow system has to notify external
participants about the status of “their” workflow instances or if system load information is passed on
to external system management tools. Also, the use of audit trail information by external applications

(e.g. reporting or business activity monitoring tools) falls into this category.



Figure 6 summarizes the integration requirements from an internal and an external perspective.
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Figure 6: Integration Requirements

Besides the actual execution of role resolution and allocation, the workflow application has to handle
the notification of performers and process managers, as well as the management of unexpected

situations (exception handling, compare [11]).

5 Organizational Maintenance at Run Time

While the sequence of activities within a workflow definition is relatively stable, the resource model
needs to be constantly monitored at runtime to reflect the changes in the organizational population
of the enterprise. These changes can be either macro changes at the entity level, or micro changes at

the attribute level.



Changes at the macro leve/ include the arrival and departure of members of the organization, changes
of the association between resources and organizational units, and the creation of new or the
disbanding of existing groups (e.g. project teams). If the resource information is stored within the
workflow application itself, user accounts and their associated privileges need to be updated for
arriving or departing process participants. In fact, the process of hiring a new staff member can be

represented as a workflow itself, as implemented in the workflow management system CARNOT.

Changes at the wicro level relate to changes in the authorization profile of resources , e.g. the granting
of additional authorizations, or the revocation of temporary privileges, the establishment of
temporary substitute relationships, the acquisition of new capabilities by resources (e.g. through the
completion of training classes), and the change within a resource’s experience levels. If the role
resolution process takes individual attribute values of resources into account, the integrity of the

attributes provided by the resource model and used by the workflow model(s) has to be maintained.

The change of a user’s experience level can be very useful to track, in order to allow an activity
allocation at a fine level of granularity. As a simple measure, a workflow enactment service could
keep track of the number of activity executions by a particular performer, and apply the simple
formula more executions = more experience. By the time a new activity instance of the same type is
to be assigned, the workflow enactment service could rank the candidate performers according to
their experience and assign the work items in that order, taking additional constraints (such as
workload) into account. Another possibility would be to measure the activity completion time of
individual resources, ranking these resources by their efficiency. Note that if all activities are allocated
according to this schema without taking further constraints into consideration, the resulting
workload distribution will follow a power-law curve, with few performers sharing the majority of the
workload, while the majority of the performers receive significantly fewer work items [6]. Therefore,

it is useful to balance an experience-based work distribution by taking additional parameters into



account, such as the average length of the worklists and/or the current workload of individual

candidates.

In addition to activity assignment purposes, experience data is also useful during the handling of
exceptions, such as overdue activities or processes. Instead of a hard-coded exception handling
scheme, the workflow enactment service could assign an escalating activity to a more experienced

person, if experience information is maintained in the system.

6 Related Work

Resource models have been the subject of scientific study for some years, but only a few concrete
examples have been proposed. The OMM Organization and Role Model described by CHENG aims
at a separation of organization and roles in the context of of electronic commerce applications [12].
It consists of the entity types enterprise, organization, member and virtual link. While an enterprise is
a collection of a number of organizations, each organization consists of a number of members that
share common attributes. Member objects are the elementary resources that map to the actual
resources of the enterprise. Virtual links provide relationships between members of the same or

different organizations.

A generic organizational meta model has been proposed by BUSSLER, and was implemented in the
research prototype MOBILE [8-10]. The meta model is on a very high level of abstraction and
provides agent types that can be addressed directly by workflow activities, non-agent types that have
to be resolved before a workflow activity can be assigned and attributes, operations and consistency
rules on a type and an instance level. In order to depict a real-world organization the meta model has
to be instantiated, i.e. a domain-specific model has to be derived from the abstract entity types. For
example, in order to depict an organization that consists of users, groups, departments and project

teams the abstract entity type agent would be instantiated as the entity type user, the entity types



group, department and project team would be instantiated non-agent types. The maximum number
of members in a group would be an instance-level consistency rule and the process of assigning a

member to an organization would be implemented as a type-level operation.

The Organization and Resource Model (ORM) presented by RUPIETTA is an independent repository
for organizational structures that has been used by the (discontinued) workflow management system
SNI WorkParty [39]. It provides a semantically rich meta model that can be modified through the
inheritance of the existing entity types. The entity types of the ORM, such as organizational positions,
position types, tasks, and units reflect the German organizational theory. However, some of the
entity types provided cannot be used for the assignhment process, such as technical resources or the

ownership relation between users and technical resources.

The resource meta model proposed by VAN DER AALST et al. consists of a UML class diagram and a
corresponding XML rendition for the specification of workflow resources [1]. This model was
developed in the context of the XRL/Woflan project, which aims at the development of an
exchangeable workflow modeling language. The goal of XRL is the exchange of workflow
specifications between different workflow systems. For this purpose, the resources required by a

particular workflow specification can be expressed in XML.

An independent resource management facility was presented by HUANG et al. [25], and has been
implemented in the workflow management system HP Changengine. Their approach consists of an
independent resource manager that integrates existing local and site resource management systems
under a common schema. The proposed system implements an SQL-like language for the querying
and assignment of resources. The underlying schema for representation of resources differentiates

between resources that can belong to units and the managing entities of these units.



MOMOTKO and SUBIETA have stressed the importance of dynamic change within the workflow
participant assignment and have presented a modification to the Workflow Management Coalition’s
WPDL [47] that allows the specification of formal expressions used during the taks allocation phase

of workflow execution [32].

SHEN et al. went one step further by discussing and benchmarking different criteria upon which the
activity assignment process should be based [41]. In addition to the static relationship between the
capabilities required by an activity and the capabilities exposed by a resource, they propose the use of
activity relationships between pending activities and existing worklist entries, as well as social
relationships between process performers. The authors present a fuzzy-logic based approach to
measuring the three criteria, which allows a more precise formulation of properties required by and
activity and properties actually exposed by a resource. SHEN et al. propose the pair wise measurement
of social relationships between individual process participants, but do not mention, how these

measurements should be obtained [41].

ZHAO has classified the knowledge contained within a workflow solution [50]: Process knowledge
relates to the structure of processes and activities, institutional knowledge relates to the roles,
business procedures and regulations of the enterprise, and environmental knowledge such as
governmental regulations. From the perspective of resource modeling, the maintenance and
improvement of institutional knowledge is of significant importance. KLAMMA and SCHLAPHOFF
have presented a prototype that maintains and explicates organizational memory information in a

workflow context [28].

7 Summary and Outlook
In this article we have outlined the major aspects of resource management within workflow

applications, following the workflow life cycle. After a discussion of different workflow stakeholders



we presented a generic resource meta model for the initial specification of the resource structure and
its population, which combines workflow-oriented with organization-oriented modeling concepts.
Subsequently, we outlined variations in the assignment and synchronization policies for the run time
allocation of tasks to performers, and presented strategies for the actual activity assighment at run
time. In section 5 we discussed the maintenance of resource information during the operation of a
workflow application at the macro and micro level. Finally, we presented strategies for the use of

workflow audit trail data to improve resource utilization and develop new process strategies.

While the scientific community has shown some interest in the definition of resource structures, and
issues related with the actual resource assignment, the later stages of the workflow life cycle have
received significantly less attention. This includes the implementation of knowledge-based resource
allocation algorithms, as well as the continuous improvement of resource structures and the
respective allocation strategies. Only if these areas are successfully addressed by both researchers and
practitioners, the true potential of workflow-based applications will be realized, and the alignment of

process technology and organizational capabilities will be successful in the long run.

The use of workflow technology for human-centric processes presents both a technical and
organizational challenge. Consequently, it has to be addressed from both the community of
workflow vendors and the community of workflow users. Vendors can improve their products by
providing comprehensive integration mechanism with existing resource repositories, maintenance
interfaces for resource information, and support for different assignment and synchronization
strategies. Workflow users can improve their applications by aligning the resource models, work
allocation strategies, and maintenance procedures with the organizational structures and policies that
best suit their company. An evaluation and validation of the different modeling and management

approaches presented in this paper is the next step. Experimental research is needed to determine the



effects of workflow applications on organizational structures and their management, and to establish

the success factors for workflow-enabled organizations.
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