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Abstract

An important challenge in software technology is
the construction of infrastructures for the integra-
tion of functionality provided by multiple organizations.
A promising approach is the service-oriented architec-
ture that allows the offering of services in a uniform
way and the composition of new services out of exist-
ing ones. Traditionally, this was a manual task. Recently,
the automation of service composition has developed
into an important research topic, as it promises to im-
prove the efficiency of service composition as well as the
flexibility of their enactment. In this paper we present de-
sign and implementation concepts of Plængine, a soft-
ware system that aims at supporting the planning of
service compositions as well as their flexible enact-
ment.

Categories: software architectures, processes and ser-
vice composition, automated planning.

1. Introduction

An important challenge in software technology is the
construction of infrastructures for the integration of
functionality provided by multiple organizations[1, 2].
Service-orientation is a promising approach to achieve
this goal, since functionality is provided through com-
posable services. These services are specified in a uni-
form format, and they can be orchestrated using work-
flow technology [12, 9]. While composing services has
traditionally been a manual task that requires consid-
erable resources, recently automated service composi-
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tion using planning algorithms [5, 8] became an inm-
portant research topic to improve the efficiency of ser-
vice composition as well as the flexibility of their en-
actment [19, 20]. In this paper we present the Plængine
system that integrates the automated composition and
flexible enactment of service compositions. This is
achieved through an integrated platform architecture
as well as a shared meta-model.

In recent years, Web Services technology in gen-
eral and service composition especially has been mainly
driven by industry, where the definition of a respective
XML language (WS-BPEL [15]) has gained consider-
able interest. In WS-BPEL, the set of available ser-
vices is stable and service requests are uniform, so that
static environments as well as static process structures
address production workflows [12]; tools to enact WS-
BPEL processes are available. In these settings, service
compositions can be modeled manually to comply to
service requests. While this approach is valid in pro-
duction workflow environments, it is rather problem-
atic in highly dynamic systems where service requests
and available services might vary over time. This is the
case in service-oriented environments. As a result, man-
ually modeled composed services can hardly incorpo-
rate a wide range of service requests and changes in the
available services, so that an approach based on plan-
ning of service compositions is more promising.

The remainder of this paper is organized as fol-
lows: The challenges integrating the meta-model are
elaborated in the next section. The architecture for
an integrated platform for service composition plan-
ning and enactment and its prototypical implementa-
tion in the Plængine system (http://plaengine.com)
are presented in Section 3. This paper closes with an
overview over related work in Section 4 and an out-
look on future work and a conclusion in Section 5.

http://plaengine.com
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Figure 1. Elements of Composition

2. Integrated Meta-Model

A meta-model defines the concepts and relations in
a specific domain. The meta-model for planning for
example defines concepts like plans and semantically
annotated actions. A service composer that is imple-
mented using planning algorithms actually works on
two different meta-models: the meta-model of planning
and the meta-model of service composition. The meta-
model for service compositions defines the concepts of
services and compositions of services. It makes sense
to integrate both meta-models for an automated ser-
vice composer. Additionally this integration gives the
service enactor additional information about the ser-
vice composition. As services are semantically anno-
tated and the enactor knows the original service re-
quest by the user, it is able to react sensibly to service
failures [20, 6]. It knows which service results are im-
portant to achieve the overall goal and only terminates
enactment if the goal can no longer be reached.

Planning Service Composition
Plan Composed Service
Operator (Atomic) Service
Action Service Binding
Operator variables Input- & Output-parameters

Table 1. Mapping from planning to service com-
position

The integrated meta-model provided in this paper
is based on the meta-model of automated planning
from Artificial Intelligence [8] and the meta-model of
process-based service enactment [2]. Both share a lot
of similarities. Table 1 gives an overview of the simi-
lar elements. In automated planning the composition is
called plan, in service composition it is called composed

service. The elements of composition are respectively
operators in planning and services or atomic services
in service composition. To actually invoke an operator
or service the formal parameters must be substituted
with concrete parameters called actions or service bind-
ings. During the integration of both meta-models sev-
eral challenges occured. For example, planning algo-
rithms generate partially-ordered sets of actions. Cur-
rent service composition languages like WS-BPEL [15]
on the other hand often incorporate block-structured
composition mechanisms. The main challenges and our
solutions for them are as follows:

Challenge 1: Elements of Composition The elements of
composition are the building blocks from which the
composition is built up. While they are called oper-
ators in planning, they are services in service composi-
tion. A service has a name and input and output pa-
rameters (Figure 1(b)). In order to allow automated
planning the specifications of operators are more com-
plex. It is not sufficient to specify the elements of com-
position just by their name and input and output pa-
rameters. It is necessary to specify the functionality
through semantical annotations, too. To do this oper-
ators in planning are specified with their preconditions
and effects (Figure 1(a)). The former define the con-
straints that must hold in order to execute the opera-
tor; the latter define the impact that the execution of
the operator has on the current state. Both – precondi-
tion and effect – are specified using logical expressions
from function-free first-order-logic. Together with fur-
ther restrictions this ensures decidability of planning
problems [4]. In contrast to the operators from plan-
ning that stand for abstract activities, the services sym-
bolize concrete functionality that must be executed. It
is therefore necessary to bind the services to concrete
protocols and endpoints (e.g. a concrete Web service).
This is defined by the binding attribute of the service.

To integrate both meta-models, the differences must
be merged and conflicts resolved. Figure 1(c) shows
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Figure 2. Composition Model

the result of this integration. The elements of composi-
tion areservices and they have a binding attribute. To
automate service composition the function of the ser-
vice must be specified using preconditions and effects.
Therefore, the approach from automated planning to
specify them using logical expressions is adopted. A
conflict arises from the difference between operator
variables in automated planning and input and output
parameters for services. Operator variables are used
to declare all variables that are used for defining the
operator’s precondition and effect. Hence, they incor-
porate input and output parameters. But they may
also contain additional variables that are just needed
to define preconditions and effects. To allow these ad-
ditional variables in our meta-model we could either
merge them together with input and output parameters
into variables or we could have individual attributes for
each one. The first approach is the one used in plan-
ning. The latter approach is advantageous when ser-
vices are actually enacted, because it is necessary to
separate input parameters and output parameters to
allow for a correct invocation. Performing this sepa-
ration afterwards is very difficult. It therefore makes
sense to separate input parameters, output parameters
and additional variables of services in our meta-model.

Challenge 2: Composition Model The composition
model defines the order in which the elements of com-
position are arranged. While composition is an in-
tegral part of both meta-models, their realization
differs. Classical planning only supports the composi-
tion of atomic actions into plans. Composing a plan
out of existing plans is not supported. The composi-
tion model of service composition on the other hand
supports this nesting of one composition into an-
other one. This composition model is similar to

the Composite pattern [7] from object-oriented de-
sign. The composite – here the ComposedService – in-
herits from the element of composition. Like atomic
services, composed services are elements of composi-
tion and can be used in other compositions.

The ordering of services inside a composition differs
between planning and service enactment, too. In plan-
ning the plan is a partially- or totally-ordered1 set of
actions (Figure 2(a)). The ordering is defined by or-
dering constraints between two actions. Ordering con-
straints are imposed by causal links and the protection
of causal links. An ordering constraint between two ac-
tions a1 and a2 must be inserted in the following cases:

• a1 creates a precondition of a2

• a1 destroys an effect of a2 that is protected by
causal link

• a2 destroys a precondition of a2

The first case is actually a causal link. The sec-
ond and third cases are called clobbering as one ac-
tivity threatens a causal link. Demotion or promotion
must be used to order the activity before or after the
causal link. WS-BPEL [15] is used, for the composition
of Web Services. It combines the graph-based approach
from WSFL [11] with the algebraic or block-structured
approach of XLANG [23]. The former is quite similar
to the partially-ordered set of actions from automated
planning. The latter introduces so called structured ac-
tivities. These are for example Sequence (sequential ex-
ecution of the contained services) or Flow (parallel ex-
ecution). The meta-model of WS-BPEL that combines
these two approaches is displayed in Figure 2(b). Com-
position can be performed through the nesting of struc-
tured activities. Additionally it is possible to define or-

1 Depending on the actual algorithm used.
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derings between services. This represents the ability of
WS-BPEL to model service compositions in a graph-
oriented way.

The first step towards the integrated meta-model
displayed in Figure 2(c) is to find a suitable name for
the composition. In automated planning it is the plan
and in WS-BPEL it is a structured activity. Both names
are not quite suitable. The name plan merely repre-
sents how it is composed and not what is composed.
Structured activity does not capture that we are talk-
ing about compositions of services. We therefore choose
to introduce a new name composed service. A composed
service is a composition of services that itself is a ser-
vice. It can be offered as a service and used inside other
compositions of services. The main difference of our in-
tegrated meta-model to WS-BPEL is that we extracted
the control flow that imposes the order of the services
inside a composed service into its own class. Instead
of specialized composed services we have control flow
types for each ordering type. This separates the func-
tional aspect of the process [3] into what is executed
from in which order they are executed.

Challenge 3: Case-orientation The last challenge when
integrating planning and service enactment is case-
orientation. Planning is done to fulfill concrete tasks.
The input for planning is a planning problem that de-
fines the initial state and the goal state. Both contain
concrete data. A composed service on the other hand is
an abstraction from the concrete case. This allows its
reuse. So, planning is case-oriented instead of service-
oriented. If planning is used for automated service com-
position, the result of service composition is not actu-
ally a service. Instead it is a process that describes the
order in which services must be enacted to fulfill the
goal. The advantage of this approach is that the ser-
vice composition is exactly tailored not only to the pre-
condition and effect of the case but also to its concrete
data. The drawback is that such a service composi-
tion cannot be easily reused as a composed services in

other cases.
Figure 3 shows the case-oriented approach currently

used in the Plængine system. A case in our meta-model
identifies a service request. It therefore consists of a
current state, a goal state and a set of artifacts. In the
beginning the current state describes the initial state
of the world. The goal state defines the properties a
state must have to qualify as a goal state. Both – cur-
rent and goal state – are modeled as logical expressions.
This similarity to preconditions and effects, allows easy
checking whether preconditions are fulfilled in a given
state and eases the application of effects to a state. Dur-
ing service composition the case is augmented with the
planned service composition that is able to fulfill the
goal of the case. During enactment, the Service Enac-
tor updates the current state of the case as services
are executed. After the first service of the composi-
tion is executed, the effects of this service are reflected
in the current state. This does not change the compo-
sition, but only the state of the case.

In this section the three main challenges when in-
tegrating automated planning and service composition
have been presented. They occurred at the level of the
elements of composition, at the level of composition
and through the case-orientation of planning. Figure 4
shows the integrated solution for all three presented
challenges. A complete version and in-depth discussion
of this meta-model is presented in [13] and [16]. Be-
sides these main challenges additional challenges exist
that cannot be presented in this paper. These include
for example the different data models of planning, that
is based on first-order logic, and of services that con-
sists of hierarchically structured data. In the latter a
data element Address consists of further data elements
(e.g. Street), while in the previous this is modeled as a
relation (e.g. inStreet(address, street)).



Case

Logical
Expression

Variable

Composed
Service

currentState
goalState

artifacts

parameterService
Binding

binds

Control
Flow

orderedBy

ordered
Sequence Flow

outputParameter

inputParameter
Service

binding: Binding

precondition

effect

variables

Expression
Type

parameter

instanceOf

Figure 4. Integrated Conceptual Model



3. Platform Architecture

The Plængine system described in this paper pro-
vides a platform for the service-oriented architecture.
The basic principles of the service-oriented architecture
are shown in Figure 5. Service provider and requester
are decoupled, services are published and discovered in
registries. The binding of a service is deferred, there-
fore late-binding is used. Each service request is state-
less. This design allows for maximum flexibility, as both
the providers as well as services can change at any time
and switching between them is eased as much as pos-
sible.
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Figure 5. SOA - The big picture

Starting from this general architecture, we will now
introduce the Plængine platform architecture as shown
in Figure 6. As Plængine is designed to dynamically
create and execute composed services tailored to the
service request as specified by the user (i.e. service re-

quester), it has to act as a service provider. The ser-
vices provided by Plængine are dynamically composed.
To compose such services, the Plængine system will
rely on a composer component. Once composed, the
service composition is executed by the enactor compo-
nent.

In the service-oriented architecture the enactor is a
service requester itself, as it will call other services dur-
ing execution. Compared to traditional systems, the en-
actor component is equivalent to a workflow engine. All
components require the domain registry, storing the
service specifications. These specifications need to be
semantically enriched, to allow for automatic composi-
tion. The domain registry itself will interact with ex-
ternal service registries to acquire additional services.
In the long run, the domain registry can replace the ex-
ternal service registry, if all parties agree on a common
semantic description of services.

  Plængine

Domain Registry

Composer Enactor

User Interface

Service
Provider

Service 
Registry

External 
Provider

Service 
Requester

Figure 6. Plængine architecture

The strength of the Plængine system is that the gen-
eral structure of the service-oriented architecture is not
altered, but augmented. Plængine seamlessly integrates
into an existing service-oriented architecture and helps
to produce added value by composing new services on
top the existing ones.

A typical use case of the Plængine system is a mar-
ket place. As opposed to production workflows, service
compositions are short-lived (e.g. there are only 300
seats on a plane to sell) and the requests are very spe-
cific (e.g. a journey is restricted by time, location, and
budget). Figure 7 (p. 7) shows a typical use case se-



quence of the Plængine system. The service requester
sends a request containing current state and goal state
to the Plængine’s user interface. The user interface will
create a Case containing current and goal state. This
case is sent to the composer to create a process rep-
resenting the service composition requested. To do so,
it will rely on the domain registry to provide seman-
tically enriched service specifications. If successful, the
composition is stored within the case and the user in-
terface is notified. Failed planning is caused by missing
services to reach the goal state. This is unlikely, as we
look at specific domains. Next, the user interface will
send the case to the enactor. The enactor uses the ser-
vice composition stored inside the case to locate the
individual services of the composition via the domain
registry and invoke them. On successful completion,
Plængine’s user interface is notified and can then pro-
vide a service response to the service requester. If the
invocation of services within the composition fails, the
design of the Plængine system allows for replanning by
transfering the case back to the composer. This is an-
other benefit of the integrated meta-model presented
in this paper.

In the following two subsections, we will look at the
architecture of the composer and of the enactor in more
detail, based on the example use case sequence just
given.

Service 
Requester

User Interface

Case

Composer Enactor Service ProviderDomain Registry

request()
create()

request()

compose()

setCompositon()

getService()

execute()

getComposition()

response()
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getService()

notify()

Figure 7. Example Plængine interaction

3.1. Composer Architecture

Figure 8 shows how the composer of Plængine works
internally. After the case has been created by the user
interface it is delivered to the composer. Instead of per-
forming the composition itself the composer delegates
this task to another component ComposerThread. The
ComposerThread uses a heuristic search planning al-
gorithm to perform service composition. Search takes

User Interface Composer

Composer 
Thread

compose()
create()

compose()
perform
composition

setComposition()

Case

notify()

Domain Registry

getService()

Figure 8. Decomposition of the Plængine com-
poser

place in state space [8] and is directed forward. This
means that the search starts at the current state and
tries to find a path from this state to a goal state. The
heuristic is used to guide the search by estimating the
distance of states to a goal state. The algorithm used
is an enhancement to the one presented in [14]. It sup-
ports the composition of services with parallel and al-
ternative control flows. It does so by maintaining not
one current state but a set of possible current states
and simultaneously selecting multiple services for inte-
gration in the composed service. The exact algorithm
used by the composer is introduced in [13].

3.2. Enactor Architecture

Traditionally, workflow patterns [10] have been used
to evaluate and compare workflow languages. They pro-
vide evaluation criteria as well as a means of reducing
the complexity of such an evaluation. Some systems
or languages, such as YAWL [24], are specifically de-
signed to implement as many workflow patterns as pos-
sible. Plængine takes this idea one step further, by us-
ing workflow patterns as the fundamental concept for
the design of a process enactment engine. This leads to
an explicit modeling of control flows, as shown in Fig-
ure 2(c). The scope of such an explicit control flow is lo-
cal to a composed service, i.e. it can only order the ex-
ecution within one composed service. Most workflow
patterns can directly be mapped to a control flow in-
stance, reducing the construction to pick and choose.

In the following, the architecture of the enactor is
explained in more detail. The enactor itself is com-
posed of two main components, the EnactorImpl and
the Task Scheduler. The former is responsible for en-
forcing the enactor’s contract by coordinating the vari-
ous components. The Task Scheduler is responsible for
thread management and execution of the service imple-
mentation. For Web Services, the implementation pro-
vides send-, receive-, and reply-methods for the actual
services.



As mentioned above, a composed service has an ex-
plicit control flow responsible for scheduling the con-
tained services in the correct order. When a control
flow instance schedules the execution of a service in-
stance, the EnactorImpl is notified of the new state.
It will look up the service’s specification and create a
service implementation instance. The created service
implementation is then passed to the Task Scheduler,
which will eventually cause a thread to execute.

Once executed, the service instance is set to ex-
ecuted, which will cause a notification to the Enac-
torImpl. The EnactorImpl will notify the assigned con-
trol flow and the cycle starts again.

In reality, the EnactorImpl is more fine grained, with
one specific instance for each type of notification. Thus,
the complete behavior of the enactor can be changed
by simply rewiring the notification chain. This design
provides maximum separation of concerns and flexibil-
ity.

Control Flow Service Instance EnactorImpl

ServiceImpl

Task Scheduler

schedule()
notify()

getSpecification()
create()

schedule()

execute()

executed()

notify()

continueFrom()

Figure 9. Decomposition of the Plængine enac-
tor

Yet, there are workflow patterns crossing the bound-
aries of composed services, e.g. the Milestone Pattern.
Figure 10 shows a very simple process that can not be
constructed with the meta-model outlined so far.

WS-BPEL [15] provides a solution to this problem
via Links, implementing directed edges across blocks
while observing hierarchy restrictions. Instead of just
copying this feature, we introduce a generalized con-
cept we call service life-cycle interceptors. Service life-
cyle interceptors can be attached to a service binding
(see Section 2) as listeners to life-cycle events. The fol-
lowing life-cycle events are observable:

• Readiness is the point in the service’s life-cycle,
when it’s readiness for execution is evaluated, i.e.

A

B

C

D E

Figure 10. Example control flow crossing bound-
aries

the assigned control flow has scheduled the ser-
vice’s execution. A Readiness interceptor can re-
act to the imminent execution or defer it. Thus,
the equivalent of a WS-BPEL Link Target can be
implemented.

• PostExecution is the point in the service life-cycle,
when its execution has just completed, regardless
of success. This is the foundation for the equiva-
lent to a WS-BPEL Link Source.

• Exception and Compensation. These life-cycle
events provide the necessary hooks for excep-
tion handling and compensation. Yet, their
semantics differ slightly from the former, as ex-
ception and compensation handlers are chained
hierarchically. If a handler is unable to pro-
vide a suitable handling or there is no handler
at all, the service’s parent (e.g. a nested com-
posed service) is searched for a suitable han-
dler.

Figure 11 shows how the simple example from Fig-
ure 10 is implemented by service life-cycle intercep-
tors. Only if both the control flow and the Readiness
interceptor schedule the service E to execute the enac-
tor will do so. Yet, the Readiness interceptor of E will
only schedule after notification from the PostExecu-
tion interceptor of B. This effectively implements a di-
rected edge (i.e. causal link) between the two services.
In [16] it is shown that all workflow patterns known to-
day, can be easily implemented with the given meta-
model. The availability of service life-cycle interceptors
in the meta-model provides openness to future exten-
sions, possibly advanced workflow patterns.

4. Related Work

Several approaches for automated service composi-
tion [18, 21, 25] or service enactment exist, but only
few integrate both. The Web Service Execution En-
vironment (http://www.wsmo.org/wsmx/) is the ap-
proach to develop an execution environment for Seman-

http://www.wsmo.org/wsmx/
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tic Web Services with the main focus on automated ser-
vice discovery and selection. It is based on the Web Ser-
vice Modeling Ontology and the Web Service Model-
ing Language that provide a meta-model quite similar
to the one presented in this paper. The main differ-
ence is the focus on service discovery and selection in-
stead of on automated service composition2. Like WS-
MO/L/X, OWL-S [17] does provide a meta-model sim-
iliar to the one we presented in Section 2. Meteor-S [22]
is a pragmatic approach to extend Web Service stan-
dards with semantic web technologies. WSDL-S, for ex-
ample, adds semantic annotations to web service opera-
tions specified in WSDL. Meteor-S itself provides com-
ponents to perform service composition, service discov-
ery, late service binding and service enactment.

The results of the Plængine project are currently
used and extended in the European reseach project
Adaptive Services Grid (http://asg-platform.org).
It aims at developing a platform for highly dynamic en-
vironments like market places or telematics. It will al-
low the on-demand composition and creation of ser-
vices. Quality of service constraints may be negotiated
with service providers and are monitored during service
enactment. Services are executed on a grid that forms
a homogenous execution environment from which re-
sources may be removed or to which resources may be

2 Though service composition will be supported in the future.

added.

5. Conclusion

In this paper design and implementation concepts
for Plængine, a system for integrated service composi-
tion and enactment is presented. While the overall ar-
chitecture and system components are expected stable
in future versions, the service composition algorithms
used in Plængine might change to incorporate new re-
search results.

An aspect not covered in this paper is the han-
dling of unexpected events during enactment. Plængine
does not use static exception handling mechanisms to
cope with them but uses re-planning [20, 6] instead. If
for example an error occurs because a service delivers
an unexpected result, enactment is halted and a new,
changed composition is created to handle the user re-
quest starting from the current state.

Today’s planning algorithms generate partially-
ordered sets of services. The translation of these
ordered sets into more advanced control flow struc-
tures (like those defined in workflow patterns), is
also an area of future work. Another aspect for fu-
ture work is an external (e.g. visual) representa-
tion of service compositions. Currently, a control
flow is represented within the system by a defi-
nition and an implementation. Displaying such a

http://asg-platform.org


construct in any other format requires more informa-
tion, currently not stored within the meta-model.
Acknowledgments The authors would like to thank
Jens Hündling and Hilmar Schuschel for their involve-
ment in the Plængine project and their valuable sug-
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