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Abstract. This paper presents an approach to dynamic public service
mediation. It is based on a conceptual model and the use of search and ranking
algorithms. The conceptual model is based on Abstract State Machine theory.
Requirements for dynamic service mediation were derived from a real-world
case. The conceptual model and the algorithms are developed and implemented
by a proof of concept for this case. This model is build on existing means for
sharing public services, which would enable migration of existing applications
to our proposed approach. The conceptual model is compared to other models
for service mediation to illustrate differences and identify similarities.
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1. Introduction
Over the past decades, services have become important [1]. The service economy
refers to the services sector, but it is also applicable to governments. Many
government organizations have defined and published their services on the Internet.
Interoperability of these public services is of importance to the EU (European Union)
market [2]. Standards are being set, both at European [3] and national level [4] and
have been developed in EU funded projects [5]. Earlier research indicated that
discovery of these public services does not satisfy citizens and organizations
requirements [6], and therefore it requires new strategies.
One of the strategies is ‘life events’ for service discovery (see for instance [7]). A
complicating factor is that life events are containers, e.g. ‘birth’, ‘marriage’, and
‘decease’, whereas the relevant services for a specific event may be provided by
different government organizations. In addition, it is impossible to capture each realworld event by a life event. Furthermore, each organization still offers its particular
services without taking into account the relations with services of other organizations.
Thus, it is difficult for a citizen to discover the complete set of services that matches
with his requirement.
This paper investigates the issue of public service discovery and mediation. The
main objective of our solution is dynamic mediation of a user his goal with public
services. First, the conceptual model is introduced. Thereafter, the service discovery
algorithms are discussed. These are based on natural language and search technology.
Subsequently, a dynamic interaction model is introduced to support interactive
mediation of requirements and services. A realistic case is used to validate this model.
Based on the model and the use-case a proof of concept has been constructed.
Furthermore, the proposed conceptual model is compared with existing approaches.
Finally, conclusions are drawn, and recommendations for further research are made.

2. The conceptual service model
This section introduces a model for service discovery to create the public service
experience. This solution is part of a larger model for enterprise interoperability [8].
First, the overall model is introduced. Thereafter, the different concepts of the model
are given.
2.1.

The model

Figure 1 shows the model and its concepts for public service discovery. It allows a
user to formulate in natural language his goal, which is a real world event. Processing
of this event leads to a dynamic interaction model that flexibly composes a selection
of services that are required to achieve a user’s goal.
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Figure 1. The overall model

‘Event, ‘activity’ and ‘reference data’ are the basic concepts of our model. These
concepts are presented hereafter. The ‘dynamic interaction model’ is part of the
mediation process, and therefore it is discussed in the next section.
In general, a public service should not only specify what a government
organization does, but also how this can be achieved, e.g. the interaction
choreography, durations, and other process characteristics [18]. These aspects of a
‘service’ are not within the scope of this paper. It focuses on the concept ‘activity’ to
represent the behavior of a service.

2.2.

Event

There are many definitions of ‘event’, e.g. from different perspectives. We will use a
philosophic approach: ‘an event is an operation on an object with given properties at a
specific time or within a time interval’ [20]. Events can be intentional, e.g. taking a
holiday, or not, e.g. a tornado. Not all real world events are of interest to government
organizations. In the context of this paper, an event can be a trigger to a user to
initiate an activity with one or more government authorities with a specific goal: the
event has already happened in the real world and needs to be administrated by a
government authority, e.g. ‘birth’ and ‘unemployment’, or a user intends to execute
an event for which permission of a government authority is required, e.g. ‘building a
house’ or ‘transportation of livestock to another country’. Intentional events that need
registration or permission can also take place without permission in which case we
call it fraud, theft or another form of crime. Each event could result in related
services, e.g. ‘birth’ and ‘unemployment’ lead to financial support by a government
(‘child benefit’ and ‘unemployment benefit’ respectively). Events requiring
permission can be performed as soon as permission has been given. Note, that it is
never sure that they also are actually executed (e.g. it is never sure that a house will
also be built based on the granted permission). For this reason, government
organizations have inspections that ensure that these events are executed according to
the granted permission.
2.3.

Activity

Like ‘event’, there are many definitions of ‘activity’, e.g. ‘the intentional behavior of
and actor to achieve a certain goal’ [21]. An activity can be initiated by a user based
on an event that has occurred or is to occur. In the context of this paper an activity can
be performed by a government authority to handle the (intended) real world events
triggered by a user. Activities are provided by government organizations and have to
be matched with a user’s representation of ‘event’. Activities have the same properties
as a state transition [9]:
• Pre-condition: (complex) predicates that must all be true before an activity can
be executed.
• Post-conditions: the actual result of the execution of an activity. This result is
defined as the state in case of an activity that is executed successfully.
• Firing rules: the (ordered) set of rules that are executed when the pre-condition
is met and results in a post-condition. In an administration of an authority a
firing rule actually changes the state of the representation of the operation.
From a service mediation viewpoint, a firing rule is not of interest. It is the
objective to retrieve the complete set of services to achieve the user his goal. This set
is determined by chaining activities using the pre- and post-conditions.
Pre- and post-conditions are expressed as the state space represented by the
reference data. These abstract specifications are determined by means of logical
expressions. These activities are specified by civil servants who do not understand the
formalization of the pre- and post-conditions. An abstract specifications is also not
sufficient for service mediation, which requires user interaction (e.g. ‘Do you have a
parking permit?’ in case parking is only allowed with a permit in a particular area).

An important issue is activity chaining to discover related services during
mediation. Chaining means the discovery of activities with a post-condition that met
unsatisfied pre-conditions. This paper shows a practical case to obtain a parking place
for a physically disabled person. This example requires a parking permit, which is
another activity that results in granting this permission. That latter activity has
‘granting parking permission’ as a post-condition.
A method should be developed to establish links based on a formal specification of
pre- and post-conditions that could be defined by civil servants. This method is left
for further research, while this paper shows the result that is achieved if this method
would be defined. The model is tested using the following specification of an activity
(Figure 2 shows the representation of ‘activity’):
• An activity has a name, a description, one or more pre-conditions, and a
post-condition.
• A pre-condition, which is repeatable and represents a predicate, has a
description, a question, an input state, and potential a validation service
(which is not required from a conceptual point of view). The input state is
used for linking and the validation service calls a web service in case the
input state is not specified.
• A post-condition has a description and a resulting state that could be
linked to an input state.

Figure 2. The structured representation of an ‘activity’

The representation of an ‘activity’ (Figure 2) is an extension of the XML structure
of the shared public services [4]. The XML element ‘productType’ is defined in [4].
The figure also shows that an activity can identify more than one product, which
reflects the situation that (Dutch) governments have defined products for individual
events [8]. The figure shows the XML elements ‘input state’ and ‘validation service’,

which are obsolete in case formal expressions are used for modelling pre- and postconditions. Each question has to be answered by a user during interaction to select a
proper (set of) activity. However, the answers to these questions have to be validated
by the pre-condition of an activity based on the actual data provided by a user after
selecting that activity. Data provision and validation is outside the scope of this paper.
2.4.

Reference data

This section presents a brief outline of reference data as contained by government
organizations. It actually contains the administrative description of real world state as
perceived by government organizations. The complete set with reference data is
complex and large. Examples of reference data are ‘natural persons’, ‘buildings’,
‘organizations’ and associations between these concepts like ‘person’ to ‘address’,
and ‘address’ to ‘building’. Figure 3 shows a draft of the reference data modelled
using a UML (Universal Modelling Language, [19]) class diagram. It shows the
complexity of the state determined by government organizations.
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Figure 3. Overview of reference data

3. Service Mediation
This section presents functionalities to determine the service mediation process. It is
determined by a self-learning search algorithm and the construction of dynamic
interaction model based on activity chaining.
3.1.

Self-learning search technology

In general, a user is perfectly able to formulate his/hers particular goal using natural
language. The objective is to match this goal to the correct service. This process is
called mediation [10]. The match can be performed in a variety of ways. The field of
text analytics provides solutions like language model-based text retrieval (e.g. [13]),

syntactic analysis (e.g. [12]), and information ranking approaches that learn how to
rank candidate answers to questions (e.g. [11]).
Our solution to query-answer matching consists of a mixture of language
modelling and ranking techniques. First, a document index is constructed for a set of
activities using commonly available index engines like Lucene ([14]) or Lemur
(http://www.lemurproject.org/). Using such an engine, the formulated query is
matched with candidate activities. If the description of a query is too short, character
n-gram indexing can be of use to generate sufficient textual material for matching.
Under this type of representation, words in both user events and indexed documents
are split into overlapping sequences of characters, e.g. {cha, har,ara,rac,act,cte,ter}.
The benefits of character n-grams in retrieval are well-known (e.g. [15]).
The candidate activities are subsequently presented to a user. If a user selects one
of the answers, then it is assumed that this is the correct activity for his event. This
selection is used to derive an improved ranking (see e.g. [16]). A Ranking Support
Vector Machine (R-SVM) is trained using this feedback, which is used for re-ranking
the results of the retrieval engine in subsequent passes. The R-SVM can be supplied
with specific kernels geared towards bag-of-word representations, such as geodesic
kernels (e.g. [17]). Using this approach, the performance of service mediation
improves using the user feedback during its usage (the latter is tested with limited
interaction tests).
3.2.

Dynamic interaction model for service mediation

A dynamic interaction model supports user interaction based on selections made by a
user, instead of having predefined interaction models that serve as a navigation
structure, e.g. life event based navigation. Both a dynamic interaction model and its
predefined version are decision trees. A dynamic interaction model meets all possible
user requirements supported by government services, which is not feasible by a static,
predefined model. Dynamic interaction models are constructed by chaining activities
based on an activity selected by a user with the self-learning search techniques.
There are two important aspects for the construction of dynamic interaction models.
First, the application of AND and OR operators as pre-conditions:
• AND indicates that two or more pre-conditions can be satisfied by two or
more post conditions of other activities, e.g. a ‘drivers licence’ and a
‘parking permit’ is required.
• OR indicates that if one or more pre-conditions are not satisfied, then the
activity can not be executed. The OR construction is also used to select
one of the options of a set given using a pre-condition.
Second, identical pre-conditions of relevant activities should appear once in the
interaction model. By backward chaining from pre-conditions of an activity selected
by a user, a complete list of activities is constructed and identical pre-conditions
should be mentioned once. We will illustrate this mechanism using in our practical
case.

4. Model validation with a practical case
The case, which is a view of reality for the sake of our proof of concept, considers a
physically disabled citizen who wants a reserved parking place near his or her door. In
that particular area, a parking permit is required. Furthermore, a special card for
parking on parking places for handicapped persons is required. In this particular case,
parking permits are issued by the parking authority, handicap parking cards by a
municipal social security authority, and an handicap parking place by a third
department. Thus, there are at least three authorities involved. The legal aspects for
arriving at a collaborated decision by these authorities are not discussed even as the
orchestration of selected services. This paper focuses on service discovery and
mediation. First, this section describes chaining of the relevant activities. Second, it
presents the dynamic interaction model. Finally, some screenshots of the proof of
concept are shown.
4.1.

Activities

The case considers chaining of the following activities:
 a parking place reserved for handicapped drivers,
 a handicap parking card,
 a parking permit.
4.1.1. Backward chaining of relevant activities
Activity chaining includes the complete set of activities to achieve a user his goal.
The complete chain of activities is constructed dynamically based on linked pre- and
post-conditions. Since, pre-conditions are linked to post-conditions, it could be
considered as a step backwards. For this reason, this chaining approach is called
backward chaining. Figure 4 visualizes this process to obtain a parking place for a
physically disabled citizen.
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Figure 4. Backward activity chaining for user requirement ‘handicapped parking place’

This figure shows that authentication by DigiD is used for a number of activities.
Second, it shows that having a car and a driver’s licence are required for a parking

permit. These are obtained using different activities. Furthermore, it shows additional
activities like ‘driver’s license registration’, ‘examination’, ‘person registration’ and
‘car registration’. Thus, a network of activities is obtained to describe this ‘simple’
case. As ‘car registration’ and ‘examination’ require an activity performed outside the
scope of the government, the pre-condition of these two activities cannot be satisfied
during user interaction. Thus, these activities are not considered for this case. As
stated before, the questions are used for user interaction and the answers will be
validated by actual data offered by a user to execute an activity.
4.1.2. Parking place for disabled persons
A parking place for disabled persons can only be used by persons with a handicap
parking card. To be able to request such a parking place, several pre-conditions need
to be met. These pre-conditions are given by:
1. The person needs to have valid identification means of the set {drivers
license, passport, digital authentication mechanism}. In our proof of
concept, we use the Dutch digital authentication mechanism: DigiD. The
address of the person should be equal to the one retrieved by DigiD.
2. There should be sufficient parking space in the neighborhood to reserve a
handicapped parking place. The related question is: ‘Is there sufficient
parking space near the place you live?’
3. The person should have a valid driver’s license. The question is: ‘Do you
have a valid driver’s license?’
4. The person should have a car. The question is: ‘Do you have a registered
car?’
5. The person should have a handicap parking card. The question is: ‘Do you
have a handicap parking card?’
6. The person should have a parking permit. The question is: ‘Do you have a
parking permit?’
An interesting extension on this model is the following. If web services are
available that connect to public registers, then a number of questions in the interaction
model could be answered automatically. For example, a check could be performed,
whether the authenticated person has a driver’s license.
4.1.3. Handicap parking card
A handicap parking card is required to park a vehicle on a parking place reserved for
disabled persons in the Netherlands. It is recognized as a valid document by all
parking authorities in the Netherlands. To request this card, the following preconditions should be satisfied:
1. The person should have a DigiD authentication.
2. The person should have a valid driver’s license. The question is: ‘Do you
have a valid driver’s license?’
3. The person should have a car. The question is: ‘Do you have a registered
car?’

4.1.4. Parking permit
A parking permit issued by the relevant authority for a particular area. It is only used
to park a vehicle in that particular area and cannot be used in other areas. To request a
parking permit, the following pre-conditions should be satisfied:
1. The person should have a DigiD authentication.
2. The persons should live in the municipality for which a parking permit is
requested. A validation for this address could be identified using DigiD.
3. The person should have a valid driver’s license. The question is: ‘Do you
have a valid driver’s license?’
4. The person should have a car. The question is: ‘Do you have a registered
car?’
4.2.

Constructing the dynamic interaction model

A dynamic interaction model is based on backward chaining of activities. First of
all, a user should select the activity that fulfills his goal. A dynamic interaction model
is constructed using this choice as figure 5 presents. The interaction model shows that
although the three activities described before have identical questions, these questions
appear once. Furthermore, the questions that can not be satisfied by another activity to
achieve a user his goal appear first.

Figure 5. The dynamic interaction model that is constructed after selection of ‘parking place
for disabled persons’

4.3.

Proof-of-concept

The Proof-of-Concept visualizes service discovery and mediation using the proposed
techniques, e.g. the XML structure of activities and the shared product catalogue. It
starts with the formulation of an event using natural language. Thereafter, a user
receives a list with activities that could possibly satisfy the goal of a user with respect

to the event. By improving the ranking, it is the aim to have the most suiting activity
for a particular goal at rank one. It is possible to select multiple activities. The state of
the user is determined by exploiting the scope of the selected activities based on a
dynamic interaction model of selected activities. Finally, a set of one or more services
is presented that should be executed to achieve the user his goal.

5. Discussion on alternative methodologies to model public services
Our conceptual model is based on the theory of Abstract Service Machines (ASM,
[9]). A similar approach is taken by Web Service Modeling Ontology (WSMO, [10]),
that is also based on ASM. WSMO defines ‘capability’, which is identical to our
concept of ‘activity’. WSMO defines service discovery and mediation as matching a
customer requirement expressed as a goal with one or more capabilities offered by a
service provider. However, both ‘capability’ and ‘goal’ should be expressed formally
with identical pre- and post-conditions. It cannot serve as the basis for dynamic
service mediation. Furthermore, capability chaining is not specified in WSMO [10].
Public services are formally specified in for instance WSMO-PA (WSMO for
Public Administration, [5]). WSMO-PA specifies data requirements for public
services, e.g. the requirement of identification with a valid document, like passport or
driver’s license, or another digital means. We have shown that these requirements
depend on pre-conditions of activities, such that they could be derived from these preconditions. This topic is left for further research.

6. Conclusions and further research
This paper presented a conceptual model for public service discovery and mediation.
The case, presented in section 4, showed that our conceptual model can be practically
deployed. This is further illustrated using our proof of concept. Our conceptual model
and software that supports this model has several advantages:
1. It is not required to construct decision trees manually to achieve a user his
goal using public services. These are generated dynamically.
2. Our ranking algorithm learns from users with similar goals to show the best
matching activities first. Learning from user feedback improves the system.
3. The conceptual model is build upon existing standards used by Dutch
government organizations, which makes migration easier.
We are convinced that our approach leads to systems that are adaptive to changes
in laws and regulations with lower costs for specification and maintenance, while it is
provides a simple and accessible interface to end-users. However, the approach still
needs further research in the following areas:
• A business case needs to be constructed to show the advantages of the
proposed approach compared with existing approaches. Such a business
case should be based on improved user experience. This improvement
needs to be tested for more cases, also to validate and possibly refine the
model.
• Research questions regarding the conceptual model are:
o Dynamic backward chaining of activities on a formal description of
pre- and post-conditions to support scalability.

•

o The ranking algorithm may be extended by creating so-called
personae: users that have similar traits e.g. shared customer.
Operational questions are:
o Tooling that can be used by civil servants with limited knowledge of
formal specification technologies like ASM.
o Efficiency improvement by derivation of semantic models out of
existing data models.
o A methodological aspect is integration of distributed development of
these semantic models by various government organizations
responsible for particular laws and regulations.
o We have only given a partly model of reference data. It needs to be
refined and extended to include all relevant data maintained by
government organizations, e.g. educational data and patient data.
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