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Abstract order to realize this approach, we enter the realm of hu-
) ) man task management. Here we find a different portfolio

In the current paper we describe how to combine web ser- 4t 159]5, e.g., task management systems that support users
vices and task pattems in a joint infrastructure. The central ) anize and distribute work via email. From the process
intention is to make up executable business processes by in- - - o . .
cluding generic pattern based web services which establish a point of view the decisive d'ﬁer.en.ce is that & human actor
relation between the service infrastructure and task manage-  ({&Sk owner) takes the responsibility for a task and the sub-
ment. This approach significantly increases the flexibility of process that results from it, e.g., subtasks that are defined
process modeling due to the flexible definition and introduc- ~ and can be delegated to other persons.
tion of new task patterns and their incorporation in the web However, task owners often require specific support in
service framework. Semantic technologies are the common  executing particular types of tasks, e.g., if they are not fa-
ground which enables the combination of the two approaches.  miliar with the proceeding to execute the task and require
Thus gaps in service compositions can be closed and later  some guidance for this. To provide adequate support, the

completed by automated services if a demand is asserted. concept of task patterns has been introduced. Task patterns
offer context-adapted information that help a human actor to
Introduction accomplish the respective tasks at hand (Risd. 2005).

) . . The intervention of human actors breaks the paradigm of
Today one of the major challenges for enterprises is the 4ytomated service processing. To this end we refer to the
continuous competition in terms of innovation, growth, and  concept of human task as it has been introduced in (Agrawal,
competitive advantage. Keeping pace with these challenges a . Amend, M. et al 2007a) and raise the question what an
requires continuous and fast adaptation of existing and de- efficient integration of these human tasks in the infrastruc-
velopment of new business processes as well as their swift y,re of automated processes can look like. Usually human
realization in business applications. The introduction of 45ks can be realized more easily than automated services to
Service-Oriented Architecture (SOA) in enterprise software | emerging gaps (see Figure 1). Of course, in suitable cases
solutions aims at meeting such demands (Sinur & Hill yman tasks that follow a regular schema can be automated

2006). . . ) later by web services.
However, the transformation of business-driven process

descriptions into technology-based solutions is not straight-
forward. The mechanical derivation of executable business
process models from high-level, graphical business process
models is not yet achievable for most real-world processes.
Moreover, it remains questionable whether it is even rea-
sonable to completely cover all parts of the original process
model by automatic services. Most likely there will be gaps,
i.e., parts of the process model for which automated services
are not available (in principle or temporarily); or the com-
plexity goes beyond the possibilities of automation, e.g., if ovide information about
the number of process alternatives is too high; or there are P cenice requests
exotic cases for which the cost of automation does not pay
off. This is a particularly common scenario in knowledge-  Figure 1: Process realization by Automated Services and
intensive work processes (Grebmtial. 2006). Human Tasks.

In these cases an alternative approach can fill these gaps
with the aid of human actors who step into the breach. In
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For our approach of integrating automated web service
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the semantics are primarily used for service identification, in mantic Business Process Management (SBPM) (H@b.
the latter case they help to find supportive information. The 2005). In order to enable this vision, semantic information is
particular role of semantic technologies in this respect arises attached to artifacts used in BPM and specialized reasoning
from the fact that it provided a common ground for both techniques are developed to make use of it. If every (rele-
paradigms and thus decisively leverages the integration. In vant) activity, conditional control flow link, and data entity
the following we shortly describe these two roles of seman- in a process model was semantically annotated, the oppor-
tics. Afterwards we sketch a possible approach to integrate tunities would be manifold: based on this information, the
both paradigms. After giving a detailed example we discuss space of existing process models could be accessed more
the results. easily, e.g. through queries that display all processes that
have to do with meat (and thus, by semantics-enabled sub-
The role of semantics sumption reasoning, chicken, beef, pork, kangaroo, etc.);

It has been pointed out that an efficient implementation of in contrast to the status quo, the relationships between the
processes by automated services can be leveraged througionceptual business process models and the executable pro-
the support by semantic technok)gies (Hmp| 2005) In cesses would be observable from the models - aIIc_>W|ng for
the same way, task management can essentially benefit fromchanges on one of the layers to be (partially) projected to
semantic technologies (Grebretral. 2006). It is this very ~ the other; and, most relevant in the context here, finding
fact that inspires the idea of an integration of automated ser- Suitable implementation forms and configuring their usage
vices and human tasks infrastructure (Riss & Grebner 2006) Within business process contexts can be facilitated. These
based on a common semantic foundation. In particular it is tasks are currently addressed by (i) providing notations and
possible to transfer some ideas regarding the application of tools for adding semantic information to BP models, and (ii)
semantic technologies from one area to the other. To this developing suitable algorithms and methodologies for ap-
end, we have a closer look at the ways how these technolo- Plying this information successfully.

gies are applied in both cases. The latter point relates to the need for specialized rea-
soning: combining process models and semantic informa-
Semantics for enterprise services tion requires extensions to standard ontology reasoning tech-

One motivation to use semantic technologies for composing hiques in order to take the execution semantics of the process
business processes is the demand for identification of suit- model into account. While such a combined view on the
able web services to fit in given processes. Semantic service models is not necessary for all reasoning tasks of interest,
descriptions provide an appropriate means to enable suchthere are a number of examples where only the combina-
identification. The related technology is referred to as se- tion leverages the full potential of SBPM. One example is
mantic web services (SWS), where web service interfaces the validation of a semantic process model, i.e., the question
are described using Semantic Web technology to enable ma-Whether the semantic annotations and the standard parts of
chine reasoning (Cabrat al. 2004). For example, the sim-  the process model together “make sense™ an isolated view
ilarity of an available and a requested web service can be On the structure of the process or the semantic annotations
assessed in this way. This enables informed semantic web alone cannot answer this question.
service discovery - as opposed to purely syntactic techniques .
such as input/output-based match-making. Semantics for task management

While there are multiple initiatives to SWS (OWL-S, One of the central objectives of today’s task management
WSMO, and SAWSDL are the most well-known projects), is the reuse of incorporated work experience. To this end
there is a common denominator: to allow for techniques we have introduced the concept of task patterns (Bisd.
such as discovery, composition, or mediation of SWSs, the 2005) that guide users through the planning and execution
states before and after the execution of a service are de- of specific types of tasks. These task patterns can be under-
scribed through preconditions and postconditions, respec- stood as abstractions of individual task descriptions. They
tively. In addition, non-functional properties (NFPs) are a offer ways of possible task executions but leave the details
common place to describe further aspects, such as quality of to the responsible user.
service (QoS) parameters, security options and the like. In  The implementation of the task pattern approach requires
service composition and discovery, the preconditions can be the successful identification of suitable task patterns by
used to find out if a service is executable in a certain state - users. In this respect task management faces similar chal-
in other words: if the given state satisfies the preconditions. lenges as service composition and we regard semantic tech-
If so, the service can be executed, and by applying the post- nologies as a suitable means to address them.
conditions the state after the service execution can be deter- One way to support the identification of task patterns goes
mined. NFPs are mostly orthogonal: they can be used to back to goal descriptions. For example, the task with the
evaluate if a service satisfies the required QoS parameters,goal 'business travel to Paris on November, 20th 2007’ can
or to find the preferred service out of a set of functionally be assigned to the task pattern with the goal 'business travel

equivalent services. abroad'. In this way the task is not only related to the task
o ) pattern but also to all other tasks that use the same pattern.
Semantics in business process models This decisively simplifies the exchange of information be-

Facilitating Business Process Management with the benefits tween these tasks. Nevertheless, to define well distinguish-
offered by semantic technologies is the broad vision of Se- able task patterns we need clear goal descriptions. When



drawing a comparison of a formal representation of a task human tasks via a task pattern, depends on a number of fac-

and its goals with the formal description of web services, tors. Some of them are:

we see that these are similar and thus can benefit from onto-

logical descriptions in a similar way. Moreover, we see this

as the common basis that facilitates the integration of web e urgency of the task availability,

services and task management. _ o flexibility requirements of execution,
Generally, semantic technologies provide further benefits )

in the area of task management. Semantic relations estab-® complexity of the task, and

lish the connection between tasks and the information ob- e expected execution frequency.

jects that are relevant for this task. In this way they en- Itd d he ch f1h . f the busi

able users to find information directly or indirectly related to tdepends on the character of the action of the business pro-

the task. The Social Semantic Desktop (SSD) (Gretzal. cess, whether a machine or human actor is better suited. Hu-

2007) plays a decisive role for the integration of task man- man actors are often immediately available whereas the ex-

agement in this respect, enriching the work environment of ﬁﬁu}'eomn orftgtr'ocessﬂsﬁeps by W”ebt sErwce Oftffn requ&res new
users. In particular the SSD allows for a tight integration of 'MP'€mentations. 1his generatly takes more ime and 1S usu-

task and other personal information objects on the desktop. ally costlier. On the other hand, the implementation of a web

This helps the users to find work related information and at service can help save costs in the long run, for example, if

the same time increases the value of the task managementﬂex'b'“ty is not required and the task can be automated for

for them more frequent execution. This decision generally depends
' on carefully weighing the different factors.

e implementation time and costs,

Proposed approach

The central idea that we follow in our approach to provide Implementation
an efficient integration of human actors into automated busi- The central goal of the implementation of task pattern based
ness processes is to fill gaps in service compositions by task web services is to enrich the infrastructure for automated
patterns which are embedded in the service infrastructure via business process execution with semi-automatic integration
a generic web service. This web service can consume invo- of human actors. Thereby, we modify the service compo-
cations for any kind of task pattern as detailed below. In this Sition step of the business process execution infrastructure
way we can leverage an existing web service infrastructure to incorporate task patterns as descriptions of tasks executed
for dealing with task patterns and, where applicable, avoid by humans instead of web services.
the implementation of completely new web services. We see  Below we sketch the integration of task management in a
the main advantage of specifying task patterns compared to generic web service infrastructure.
implementing web services in a gain of flexibility since they The most characteristic information of a task pattern is
are described by attributes and do not require development. its goal description. It explains which activity is to be per-
Moreover, they can rely on the intelligence of a task owner formed and which results are to be achieved, e.g., which kind
so that inadequacies or ambiguities in their definition can be of document has to be written. Moreover, it describes the in-
still rectified. Of course, in contrast to web services, they formation or resources that are provided with a task that is
build on human activities as the core of service execution generated from this pattern. This can be a specification doc-
and thus can be more time consuming in some cases, e.g., ifument, a meeting room, or a customer order number. It also
high amounts of data are processed in a standardized way. contains a description how the result is to be achieved, e.g.,
Originally, task patterns have been designed to support by providing a description or specific steps to be executed.
inexperienced users in executing specific tasks (Bisa. Finally, it also provides a role description for a person that is
2005), e.g., to plan a business trip where the information able to accomplish such a task. Further details can be found
about the specific destination and period of time is provided in (Grebneret al. 2006).
by the task assigned to this pattern while the general pro- The advantage and at the same time the problem of using
ceeding is proposed by the pattern. To this end the user first task patterns is that everything is to be described in terms of
starts with the task and then selects a task pattern that pro-attributes including documents and possible subtasks. This
vides guidance during the task execution. In the present ap- makes it more difficult to deal with the service infrastructure
proach we invert the procedure since it is not a user who but, on the other hand, opens flexibility for the executors.
selects the task pattern but this is preset by the process de-To technically integrate the task pattern in the service com-
signer. The process model determines that the generic taskposition we propose a generic task pattern web service that
pattern web service is called and by the messages exchangedonnects the web service infrastructure with the task man-
during runtime this service applies a specific task pattern. agement infrastructure. This web service receives informa-
This means that we first have the task pattern to be executedtion from other web services and transfers it to the task that
but not yet the person who will execute the resulting task results from the service call. The task pattern must describe
according to this pattern. To this end we need additional how this information is finally provided to the executor of
mechanism to identify such persons and transfer the task to the task.
them. How this can be done will be discussed later. Web services can process high amounts of data at little
Whether it is preferable to implement a web service cost, giventhey are used often. For example, if we consider a
needed in a process model or process the respective step bycustomer order, in which a specific customer is involved, the



web service can directly retrieve the customer data and pro- (=)} B vl
cess them according to the given requirements. Applying a

task pattern that results in a human task only the customer ID
and a link to a system which can provide the customer data
will be provided to the task executor. This can be extended
by additional information about the further proceeding. The

actual processing, however, must then be performed by the Standard
human executor on the basis of this information. e

In this example the task pattern must be specified in a way
that the generic task pattern web service extracts the cus-
tomer order number from the customer order object that is
transferred with the web service call and stores this number
in a specific task attribute where executors find this infor-
mation that they need to work on this customer order in the
business system specified in the task pattern.

The users then execute these tasks in the usual task man
agement infrastructure (Grebnet al. 2006) such as the
SSD which allows them to organize their work in a flexible
manner and start various subtasks to support the execution,
e.g., to put on additional enquiries. O

The generic task pattern web service is not only responsi-
ble for the preparation of data for the executor but also for
the initiation of tasks triggered by web service calls. To this
end the service must first identify an appropriate executor
for the task and then send a task request to him. This is done
by a suitable role description provided by the task pattern.
Such a work distribution via roles is a usual conception in
workflow management (Kumar, van der Aalst, & Verbeek
2002) and can also be applied here.

The task pattern web service must also recognize that the
corresponding task is finished. The task management al-
ready has means to exchange messages between tasks to
transfer information about status changes. These mecha-
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Figure 2: Exemplary process for software approval in an
enterprise.

nisms can be also used for this purpose. service and used to define a suitable task.
Thus the first message part is used to identify the task
Example pattern that corresponds to the security check and has to be

In the following we want to discuss the example of an used. After the task pattern has been identified in this way
organization-internal software approval process as describedthe task pattern web service interprets the remaining mes-
in Figure 2. The figure shows a process model that controls Sage parts according to predefined rules. As a first step,
the processing of requests for new software. An increased however, a task is created that is based on the assigned task
demand for flexibility comes into play at the 'security as- pattern, i.e., it obtains a structure such as possible subtasks
sessment’ step. Here it is often difficult to decide in one and initial data such a general description for the proceeding
step whether new software can cause security problems. Thefor the human actor who works on the task (task executor).
check can involve different experts who must finally agree The data that describe the software to be approved are at-
on the issue and can become rather complicated. Thereforetached to the task as a document. Since the message parts
it might appear favorable for the process designer to enable a are already known the designer of the task pattern can de-
flexible process handling via task management at this point, cide in which form they are to be associated to the task and
which is handled by the identification of a suitable task pat- provide corresponding rules.
tern. To this end the same semantic structure for identifica-  Another message part specifies the people who are in-
tion of suitable task patterns can be used as for web services.volved in the process. They can be added to the task as col-
The process designer only has to determine in which form laborators. Other data such as customer or partner IDs are
the information from the workflow is transferred to the re- added to the task as parameter. According to a rule defined
spective task. Messages used by the web services must ben the task pattern the generic task pattern service uses this
mapped onto task attributes, related documents and so on. parameter to create a link that allows the users to access the
When an explicit security assessment is initiated by the customer or partner data in the respective enterprise system.
workflow at runtime, the set of information as defined at de- Thus the task executors get access to additional information
sign time is transferred to the corresponding service. An about these customers and partners.
example of such information is given in Figure 3. The in- Before the task can actually be performed, a task owner
dividual message parts are checked by the task pattern webmust be identified. This can be done by the task pattern ser-



Message structure Example message

1D & Position
[SW Approval Process v2.3]
@ Task[Security nent]

Process model ID and
execution cursor

Data:
Software to be approved, purpose,
environment, requesting employee,

Process instance context:
data

license model, software
documentation

Process instance context:
involved people

People:
Requestor, requestor's manager,
paralegal / license attorney

Process instance context:
involved business partners

Partners:
Vendor, business partners with
whom the requestor interacts

Figure 3: Messages to the task pattern handling service.

Left-hand: general message structure; right-hand: an exam-

ple for the 'security assessment’ task of the process in Fig.
2.

vice, which may apply rules that determine the task owner.
Alternatively the assignment of the task owner can be done
by a human dispatcher who finds a suitable person. When

the task has been transferred to the task owner the proceed
ing is independent of the predefined process related to the

task pattern. Now the task owner can create new subtasks
and delegate these to other people or involve new persons a

co-workers in the current task. The process is open and the

task owner has full responsibility for orderly task process-
ing. Even if additional rules can be introduced to restrict
the action possibilities of the task owner it is exactly this

feature that adds most flexibility to the approach and too re-
strictive limitations of the task owners’ autonomy would be

counterproductive. The task pattern service finally checks
the task state when the task owner sets ifitished. Then

the task pattern service checks whether the required post-
conditions are fulfilled, e.g., that a security assessment has
been attached and a decision by the responsible task owner

¢

has been made. If this is the case the process can procee
in the predefined way. On an abstract level we can thus rely

on certain facts after the execution of a task has been ac-

complished, namely that the postcondition applies. In the

example we can rely on the assessment being finished, but

we cannot a priori say (at process design time) whether the
assessment will finish with a positive or a negative result.
Unless the postcondition is fulfilled, the task remains active.
For example, if the task owner does not come to a clear de-
cision in the legal assessment, the task can be escalated t
the responsible manager.

Discussion

tasks and automated services. An efficient processing, how-
ever, requires that both are closely integrated, e.g., to prevent
the loss of information that is already available. Moreover,
we avoid media disruptions that might lead to transforma-
tion errors.

The current approach especially aims at the integra-
tion of knowledge intensive tasks in web service composi-
tions. This distinguishes it from other approaches such as
BPEL4People (Agrawal, A.; Amend, M. et al 2007b) and
other workflow extending initiatives of the workflow coali-
tion, which try to close the gap between web services and
tasks. These approaches see tasks as steps in a workflow
and do not achieve the required flexibility. However, such
fixed workflow tasks which have to be performed by users
could be used in our approach much in the same way as ser-
vices, given they are can be described using the same kind
of semantic annotations.

Web services are characterized by the fact that certain
specifics are taken as premise. It is théezingof specifics
of the processing that leads to increased efficiency. How-
ever, it is exactly this predefinition of services that causes
inflexibility in the web service approach. The task pattern
_approach aims at enduing knowledge workers with full flex-
ibility even at the expense of loss of system control. This
means that the task management leaves it completely open

Jo the respective user how to achieve the task goal and which

additional subtasks and deviations may be introduced to this
end. With the transition to the task management the user is
only guided by task patterns but not controlled. However,
some constraints can be checked, e.g., that some mandatory
fields are filled.

From our point of view it makes sense to align both ap-
proaches. For example, the task management that we have
developed in the Nepomuk project foresees the transfer of
task specific information between different tasks belonging
to the same pattern. This can also be realized in designed
processes. On the other hand designed processes work with
pecific dependencies between tasks. This is something that
could be included in the task pattern management, best in
a light-weight form. Also, the information related to tasks
in a modeled process should be seamlessly integrated in the
semantic network, as this is the case in the Nepomuk task
management, to make a better use of this valuable informa-
tion source.

Looking for related work we find a similar idea in the
Pockets of Flexibilityapproach (Sadig, Sadiq, & Orlowska

2001). Although this approach refers to traditional work-

flow and not to web services it also aims at breaking prede-
fined processing schemes by the introduction of ad hoc task
capabilities.

What we generally want to achieve is flexibility at run-

Web service automation based on semantic technologiestime. Such a vision has already been formulated at the level

may become as the decisive step for the transition to more

of web services, i.e., the dynamic discovery and invocation

flexible of business processes. However, automated web ser-of web services based on semantic technologies (Hatler

vices cannot provide a sufficient flexibility. There will be a
remainder of tasks for which it is preferable that persons take
care of them, especially if these tasks are complex or rarely
used.

In most business processes we find a mixture of human

al. 2005). Runtime composition and, to a lesser degree
discovery, of web services is, however, rarely applicable in
an enterprise domain today (Weber, Markovic, & Drumm
2007). Discovery and composition take place on models,
those models are by nature an abstraction of the reality, and



with abstraction comes imprecision. While the rate of errors
can probably be kept down through fine-tuning, it is highly
unlikely that it can be reduced to zero with state of the art
techniques. Therefore, any process that is important for a
company to the least degree should not rely on automatic
runtime discovery/composition of Web services. However,
this technology may be applied to nice-to-have features such
as search for latest news or the weather forecast.

Therefore under the current technological circumstances
we can only achieve dynamic composition by the inclusion
of human executors who can value the situation and decide
on a suitable processing, especially in critical and complex
situations. Domain ontologies play a decisive role in this

http://nepomuk.semanticdesktop.org/xwiki/bin/view/
Main1/D3-1. Access 10-10-2007.

Groza, T.; Handschuh, S.; Moeller, K.; Grimnes, G.; Sauer-
mann, L.; Minack, E.; Mesnage, C.; Jazayeri, M.; Reif, G.;
and Gudjonsdottir, R. 2007. The nepomuk project - on
the way to the social semantic desktop. In Pellegrini, T.,
and Schaffert, S., ed€2roceedings of I-Semantics’ 0@p.
201-211.

Haller, A.; Cimpian, E.; Mocan, A.; Oren, E.; and Bussler,
C. 2005. Wsmx - a semantic service-oriented architecture.
In Proc. IEEE International Conference on Web Services
(ICWS) 321-328.

respect. As Chandrasekaran et al. (Chandrasekaran, Joseph-Hepp, M.; Leymann, F.; Domingue, J.; Wahler, A.; and

son, & Benjamins 1999) have pointed out, ontologies can be

Fensel, D. 2005. Semantic business process management:

only hold for knowledge sharing between different persons

process management. Rroc. IEEE ICEBE 535-540.

but in the figurative sense also between persons and services. Kumar, A.; van der Aalst, W. M. P.; and Verbeek, E. M. W.
This means that in the present approach ontologies establish 2002. Dynamic work distribution in workflow management

the information transfer between different web services as
well as between web services and persons.

Domain ontologies do not only help to compose web ser-
vices in a suitable way (Hepgt al. 2005), they also help to
find suitable task patterns. Moreover, they also help users to
find information that they need for their current task, e.g.,

systems: How to balance quality and performardc&lan-
agement Information Systerh®(3):157-193.

Riss, U. V., and Grebner, O. 2006. Service-oriented
task management. In Calude, C. S.; Maurer, H.; Salo-
maa, A.; and Tochtermann, K., ed®roceedings of the
6th International Conference on Knowledge Management

experts, documents, events and others. Both aspects are (l-KNOW'06), 354—358.

closely related and task patterns provided by users in the
course of their work can also be used by those who look
for task patterns to fill gaps in service compositions. In this

respect we expect a fruitful exchange in both directions.
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