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Abstract. In Workflow Management Systems (WFMSs) safety of execution is a main need of more and more business processes and transactional workflows are real needs inside enterprizes. In previous works,
transactional models consider mainly atomicity as the main issue regarding long term transactions. It rarely consider the fact that many
processes may run concurrently and thus access and update the same
data. Usually, the main isolation item is the data on which we apply
locking approaches and this attitude don’t worry about process dimension. In this work we study more precisely what are the real isolation
needs in workflow environment. To realize these needs, we define ”Isolation Spheres” inspired from ”spheres of control” proposed by C. T.
Davies to make a separation of concerns between workflow design and
transactional properties specification.

1

Introduction

Defining the transactional requirements of business processes is still an issue in
today workflow models and systems. This is even more critical when the complexity of the process increases. It is the case for instance with cooperative process or with distributed and composed e-services. Today’s models consider the
relationship between transactional properties and processes as something very
monolithic. A process is considered as a long term atomic transaction and an activity is considered as a short term transaction. In the workflow terminology, that
means that a process is controlled by some kind of advanced transaction model
that ensure either that the process terminates or that it can be compensated. The
other assumption is that activities can be implemented as short term database
transactions. This has an impact on the way processes and activities are defined
and it requires that business process designer have some in-depth knowledge of
transactional requirements. Moreover these models consider mainly atomicity
as the main issue regarding long term transactions. It rarely considers the fact
that many processes may run concurrently and thus access and update the same
data. Some work has been done on this topic in a recent past (contracts/coo)
but it has never been generalized to process.

1
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In this paper we try to consider processes as the concurrent execution of sets
of activities that may have different requirements regarding isolation. Usually,
isolation in workflow systems is performed by the database system of WFMS.
Databases use ANSI SQL isolation levels to define isolation requirements of a
transaction on some data items. The problem is that workflow isolation requirements cannot always be satisfied by a database system. Contrary to database
transactions, workflow transactions are defined and organized throw a process.
At design time, we know exactly what are possible concurrent transactions and
we want to make it possible to allow a transaction to adopt different isolation
levels depending on concurrent transactions. This need appears when an activity requires an isolation level to access some data and many activities become
unable to access or modify this data even if some of them don’t really affect
the transaction’s correctness or the consistency of data. The way we choose to
tackle this problem consists in separating concern between the process definition
and its transactional requirements. We consider that a process must be defined
independently of the transactional properties that we need to ensure. The process definition depends on the actual user activities and should reflect the actual
company organization. Transactions reflects technical and consistency requirements and should not impact on this definition. To perform that, we inspire
ourselves from the sphere of control approach proposed by C. T. Davies in [6] in
1978. This approach has been reused in 2001 to produce atomicity spheres in [4]
to perform customizable atomicity specification in transactional workflow. We
use the same approach to define isolation spheres to allow customizable isolation
specification.
In the following sections of the paper, we study isolation needs in database
world already applied to workflow processes. Next we try to specify transactional workflow isolation requirements. Finally we develop our approach based
on isolation spheres to allow customizable isolation in transactional workflow.

2

Isolation needs in transactional workflow

Isolation is an important and difficult problem as it requires to consider access
to data during process and activities execution. It requires to study data manipulation by process, activities and/or sets of activities. It requires also to take
into account the fact that long term process execution cannot require locking of
whole set of data for all its duration. The requirements regarding these data can
be far more complex. Isolation levels in flat transactions has been recognized in
ANSI SQL specification [1] where the user can choose between 4 different isolation levels : (READ UNCOMMITTED, READ COMMITTED, REPEATABLE
READ, SERIALIZABLE) to prevent phenomena like dirty read, fuzzy read or
phantom problems as described in the table below. Dirty read problem occurs
when a transaction reads an uncommitted data rollbacked later. Non repeatable
or fuzzy read problem occurs when a transaction reads a data two time and
retrieve two different values. Phantom problem occurs when a transaction reads
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a set of data satisfying some search condition and then repeats its read with the
same search condition, it gets a different set of data items.

Table 1. SQL isolation levels defined in terms of the three phenomena

WFMS and Databases don’t refers to the same requirements. Workflow processes are based on a controlled flow of tasks but this control is not sufficient to
ensure correct execution and don’t prevent from lack of consistency. This is due
to workflow data visibility that is a paramount way to distribute access to data
in a workflow process but also a real source of concurrency access. In the next
section, we expose isolation needs in workflow processes and what is important
to do in the case of activities groups.
2.1

Isolation needs in WFMS

Data accessed during a process execution are heterogeneous. They consists in
documents, folders, cases data, local data, database system data and/or data
obtain from external sources. Access control on these data may be very different
and may have different kind of impact on the level of isolation that can be obtain. Moreover access to these data can be controlled by automatic activities or
by users themselves. The level of control differs also in these two cases. Execution of automatic programs can be anticipated. User action cannot. We need to
take all these parameters in account to study isolation requirements in workflow
processes.
Based on previous conclusions, we need to introduce new elements in the
isolation levels use performed by the transactional workflow designer. These
elements are the cohesion and the coherence on a group of activities. In the
following, we describe these new workflow isolation behaviors
One of the needs of transactional workflow is the control of the cohesion of
data used in a group of activities (collaborative work, distributed or composed
E-services, ). The solution used nowadays to ensure this cohesion of data for
groups of activities is to create only one transaction imbricating all the others.
Admittedly this approach makes it possible to ensure such a cohesion but has a
major impact on the competition of access since it calls upon bolts in writing.
A second need is that of the coherence of the data. Indeed, the fact of allowing external activities with a group of reading certain data written by activities
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of that Ci can cause certain inconsistencies outside the group. It is for that that
a control of the visibility of the data written by the activities of a group must
be assured.
Related works were made in [7] to support partial isolation in flat transactions
but it was made without a real separation of concerns. In the reality, relativity
and extension of isolation are merged to express customizable requirements.
These requirements are usually influenced by the requirements of each activity
and the pertinence of the isolation is more and more crucial depending on the
type of used data and its visibility in the workflow. In the next section, we
introduce a new approach based on ”isolation spheres” to take into account
workflow isolation needs expressed in this paper.

3

Our approach : Isolation Spheres

In the last few years, some works has been inspired from the sphere of control
proposed by Davies [6] to enhance expressivity of transactional properties, especially in [4] where the notion of atomicity sphere has been developed to allow
more customizable atomicity in transactional workflow. A sphere of atomicity
is a group of activities on which we apply the transactional property of atomicity. In our work, we inspire from this sphere of control approach and we define
”spheres of isolation”. A sphere of isolation will allow us to generalize isolation
in the context of a workflow system. An isolation sphere allows the inside group
of activities to be isolated from concurrent outside activities. The level of isolation is defined by the sphere. two kind of constraints are defined by the sphere
: Coherence and Cohesion.
An isolation sphere controls the access to some data giving some privileges
to a set of activities and some others to the rest of workflow activities depending
on the execution evolution inside the set.
An isolation sphere represents a set of activities in concurrency working on
some data. All or a part of this data represents the isolation data (data concerned
by isolation on which necessary locks need to be applied). To perform cohesion
and coherence of this data, we introduce some cohesion levels and some coherence
levels :
Read Uncommitted : if an activity of the sphere reads a data, it can read
only the last value written before the starting of the sphere or a value written by
an activity of the sphere. Thus, the group of activities constituting the sphere
starts from the same value.
Read Committed : if an activity of the sphere reads a data then it can
read only the last validated value written before the starting of the sphere or
a value written by an activity of the sphere.
Repeatable Read : As the Read Committed except that it is also concluded
that the value of the data is not modified by an external activity as long as the
sphere did not finish its execution yet. The end of the execution of a sphere
occurs when all its activities finished their execution.
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Srialisable: emulate an execution in series of the activities of the sphere with
outside ones. This level makes it possible to ensure a serialisability between the
sphere and the rest of the process but does not ensure it between the activities
of the sphere.
To ensure Coherence, some coherence levels are defined in the following :
Atomic coherence : All the values of a data written by the activities of
the sphere are visible outside of the sphere.
Selective coherence : Only the validated values written by the activities
of the sphere are visible outside of the sphere.
Total coherence : Only the last validated value written by an activity of
the sphere is visible outside of the sphere.
Imbrication of isolation spheres is possible throw imbrication of sets of activities. Imbrication is a powerful way to express more possibilities in isolation
behavior. While isolation levels can be relative to a part of the process, we can
generate isolation behavior dependent on execution progress due to isolation
relativity over sphere imbrication.
The power of isolation spheres is the simplicity of interpretation : an isolation sphere is represented as a group of activities that need to be isolated from
external activities and don’t worry about internal concurrency (concurrency between activities of the group). Internal isolation, if needed, can be performed by
imbricated isolation spheres. So the work performed by the workflow designer to
specify isolation requirements is simplified.
This isolation sphere based transactional workflow take account of more possibilities to customize isolation and introduce more flexibility in isolation behavior. But isolation levels defined in the ANSI SQL specification have been
criticized in [3] due to the lack of clarity in the interpretation of these isolation
levels and the lack of response to some phenomena other then dirty read, fuzzy
read and phantom. Since that, ANSI SQL specification has changed to be SQL
3 but without changes in isolation levels. Non SQL isolation levels have been
proposed as cursor stability isolation or snapshot isolation. We need to study
the impact of using these isolation approaches on the isolation sphere definition.

4

Conclusion and perspectives

In this paper, we have focussed on isolation in transactional workflow. Existing
approaches use techniques of isolation adapted to databases and this practise
is not really adapted to workflow context. A specific adaptation of isolation
techniques to transactional workflow increases expressivity in term of isolation
and allow process to get rid of long blocking due to database isolation methods.
Our study of the problem revealed two main isolation functionalities to make
part of the transactional workflow possibilities : Cohesion to make possible the
activities of a group to start working from the same values of data and become
unified along the sphere execution, and Coherence to make it possible to control
the delivery of data values to external activities. Our approach to make these
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two functionalities possible is based on ”Isolation Spheres” inspired from Sphere
of control introduced by C. T. Davies.
This work need to be continued referring to many aspects : the relation between isolation spheres declaration and the control flow of the workflow process,
the correctness of imbricating spheres and the flexibility criterion that we need
to find to ensure that a transaction will be performed with less blocking then
before. Also an implementation of ”isolation sphere” functionalities need to be
performed in a WFMS to validate the feasibility of this work.
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Abstract. One of the main features that makes Web services a promising technology for automating B2B interactions is the ability to dynamically combine a
set of services into a new value added composite Web services (CS). However,
a main problem that remains is how to ensure a correct and reliable execution.
This paper presents a set of techniques to improve CS transactional behavior for
a better failures handling. Basically, we propose a set of mining techniques to
discover CS model and its transactional behavior from logs. Then, based on this
mining step, we use a set of rules to improve its design. We refer to this set of
techniques as the Business Process Intelligence (BPI) techniques suite.

1

Introduction

Nowadays, enterprises are able to outsource their internal business processes as services
and make them accessible via the Web. Then, they can dynamically combine individual
services to provide new value-added composite services (CSs). However, due to the
inherent autonomy and heterogeneity of services, a fundamental problem that remains
concerns the guarantee of correct and reliable execution.
In this paper, we present a different approach that starts from a CS executions log
and uses a set of mining techniques to discover the CS model and the CS transactional
behavior. Then, based on these mined information, we use a set of rules to improve
the CS failures handling and recovery. Discovering the transactional behavior allows to
detect gaps mentioned above to improve the application reliability and interoperability.
Our approach starts from effective executions, while previous works use only specification properties (which remain ”assumptions”).
The remainder of this paper is organized as follows. Section 2 presents the notion
of composite Web service from a transactional point view. In section 3, we introduce
some distinctive concepts and needed prerequisites. After that, we detail our approach
that mainly proceeds in two steps. The first one consists in discovering the CS patterns
from an event-based log (see section 4). Then, based on this mining step, we use a set
of rules to improve the CS transactional design (see section 5). Finally, we conclude our
paper by summarizing the main contributions and presenting some future works.
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2

Transactional composite Sevices

Transactional composite services (TCS) is a CS that emphasizes transactional behavior
for failures handling and recovery. Within TCS, we distinguish between the control flow
and the transactional behavior.
2.1

Control flow

A process definition is composed of services. Services are related together to form
a control flow via transitions which can be guarded by a control flow operator. The
control flow dimension is concerned with the partial ordering of services. The services
that need to be executed are identified and the routing of cases along these services is
determined. Conditional, sequential, parallel and iterative routing elements are typical
structures specified in the control flow dimension. We use workflow patterns [1] to
express and implement the control flow dimension requirements and functionalities.
2.2

Transactional Behavior

CS transactional behavior specifies mechanisms for failures handling. It defines service
transactional properties and transactional flow (interactions).
services transactional properties : Within (TCS), services emphasizes transactional
properties for its characterization and correct usage. The main transactional properties
that we are considering are retriable, compensatable and pivot[2]. An service a is said
to be retriable (ar ) iff it is sure to complete. a is said to be compensatable (acp ) iff its
work can be semantically undone. Then, a is said to be pivot (ap ) iff its effect can not
be compensated.
Transactional flow : A transactional flow defines a set of interactions to ensure failures handling. Transactional CSs take advantage of service transactional properties to
specialize their transactional interactions.

3
3.1

Prerequisites
TCS Event log

Following a common requirement in the areas of business processes and services management, we also expect the composite services to be traceable, meaning that the system
should in one way or another keep track of ongoing and past executions. As shown in
the UML class diagram in figure 1, TCSLog is composed of a set of events streams
(see Definition 1). Each events stream traces the execution of one case (instance). It
consists of a set of events (event) which capture the services life cycle performed in
a particular TCS instance. An Event is described by the service identifier that it concerns, the current service state (aborted, failed, canceled, completed and
compensated) and the time when it occurs (TimeStamp).

8

INTEROP-ESA'05 Doctoral Symposium

Fig. 1. Structure of a TCS Log

Definition 1 TCSLog
A TCS log is considered as a set of events streams. Each events stream represents the execution of one case. More formally, an events stream is defined as a quadruplet stream:
(beginTime, endTime, sequenceLog, SOccurence) where:
X(beginTime: time) and (endTime: time) are the moment of log beginning log end,
X(sequenceLog: {event}): is an ordered events log tracing one TCS instance,
X(SOccurence : int) is the service execution instance number.
So, TCSLog: (TCSID, {ServiceStreami : stream; 0 ≤ i ≤ number of TCS instantiations}) is a TCS log where ServiceStreami is the events stream of the ith TCS
execution case.
A LogWindow (see Definition 2) defines a set of events over an EventStream.
Formally, the window beginning and ending represents an events stream interval characterizing the width of the LogWindow. A K-partition (see Definition 3) builds
a set of partially overlapping LogWindows partition over an EventStream where
the width of LogWindows is K. Each window is built by adding the next event log not
included in the previous window.
Definition 2 log window
A log window defines a set of events over an events stream S : stream (bStream, eStream,
sLog, TCSocc). Formally, we define a log window as a triplet window(wLog, bWin,
eWin), where:
X(bWin : time) and (eWin : time) are the moment of the window beginning and end
(with bStream ≤ bWin and eWin ≤ eStream)
XwLog ⊂ sLog and ∀ e: event ∈ S.sLog where bWin ≤ e.TimeStamp ≤ eWin ⇒ e
∈ wLog.
Definition 3 K-partition
A K-partition builds a set of partially overlapping windows partition over an events
stream.
K-partition : TCSLog → ({ window})*
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S : stream(sLog, TCSocc, bStream, eStream) → {wi : window; 1≤i≤n}; where:
Xw1 .bWin = bStream and wn .eWin = eStream,
X∀w : window ∈ K-partition, width(w)= K,
X∀ 0≤i<n; wi+1 .wLog - {the last e:event in wi+1 .wLog} ⊂ wi .wLog and wi+1 .wLog
6= wi .wLog.
3.2

CS Set of Termination States

The state of a TCS instance composed of n services, at a specific time, can be presented
by the tuple (x1 , x2 , ..., xn ), where xi is the state of the service instance si at this time.
A termination state of a TCS instance is the state in which this instance terminates.
Let cs a TCS, we define ST S(cs) the set of all possible termination states of all cs
instances.

4

Control Flow Mining

TCSs are case-based, many cases can be handled by following the same TCS process
definition. Routing elements are used to describe sequential, conditional, parallel, and
iterative routing thus specifying the appropriate route of a case. In this present work, we
are interested in discovering ”elementary” routing TCS patterns: Sequence, AND-split,
OR-split, XOR-split, AND-join, OR-join, and M-out-of-N Join patterns inspired from
workflow patterns[1].
The main challenge which we cope with is the discovery of the sequential, conditional and concurrent behavior of these patterns. We meet these conditional and concurrent behavior after : (i) a ”fork” point where a single thread of control splits into multiple
threads of control or before (ii) a ”join” point where multiple threads of control merge
in a single thread of control. Thus, we have three types of dependence relations between
services :
1. Exclusive relation is a activation dependency relation that captures the sequencing
of services (e.g. Sequence pattern) where the enactment of a service depends only
on the completion of one other.
2. Conditional relation is a activation dependency relation that captures selection of
one service or more from a set of services potentially following after a ”fork” point
(e.g. OR-split), or preceding before a ”join” point (e.g. OR-join), the execution of
a given service.
3. Concurrent relation is not a activation dependency relation. In fact, it captures only
concurrency or parallelism between services after a ”fork” point (e.g. AND-split
pattern) and before a ”join” point (e.g. AND-join pattern).
Our control flow mining approach proceeds in two steps [3–5]: Step (i) the construction of statistical dependency table SDT, Step (ii) the mining of TCS patterns through a
set of rules using the statistical specifications of these properties.
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Construction of the statistical dependency table SDT : We use statistical calculus
that extract control flow dependencies between services that are executed without ”exceptions” (i.e. they reached successfully their completed state). There is no need to use
others events streams relating to failure executions containing failed or aborted
or compensated or canceled states. In fact, these cases concern only TCS transactional behavior (see section 2) which tailors the mechanisms for failures handling and
recovery. For these reasons, we need to filter TCS log and take only events streams of
instances executed ”correctly”. We denote by T CSLogcompleted this TCS log projection.
Thus, the minimal condition to discover TCS patterns is to have TCS logs containing
at least the completed event states. This feature allows us to mine control flow from
”poor” logs which contain only completed event state. Any information system using
transactional systems such as ERP, CRM, or workflow management systems offer this
information in some form [6].
For each service A, we extract From T CSLogcompleted the following information
in the statistical dependency table (SDT): (i) The overall frequency of this service
(denoted #A) and (ii) The activation dependencies to previous services Bi (denoted
P (A/Bi )). The size of SDT is N*N, where N is the number of TCS services. The (m,n)
table entry (notation P(m/n)) is the frequency of the mth service immediately preceding the nth service. This SDT is a variation of the one from [7]. As it is computed, it
presents some problems to express correctly services dependencies especially relating
to concurrent or parallel behavior. In the following, we detail these issues and propose
solutions to correct them.
Undetectable dependencies : If we assume that the events stream is exactly correct
(i.e., contains no noise) and derives from a sequential (i.e no concurrent behavior) TCS,
a zero entry in SDT represents an activation independence and a non-zero entry means
an activation dependency relation (i.e. sequential or conditional relation). But, in case
of concurrent behavior, as we can see in TCS patterns (like AND-split, AND-join, ORjoin, etc) the events streams may contain interleaved events sequences from concurrent
threads. As consequence, a service might not, for some concurrency reasons, depend
on its immediate predecessor, but it might depend on another ”indirectly” preceding
service.
To unmask and correct this erroneous frequencies we calculate the frequency using a concurrent window, i.e. we consider not only the events occurring immediately
backwards but also the preceding events covered by the concurrent window. Formally,
a concurrent window defines a log slide over an events stream (see Definition 2). The
width of the concurrent window is the maximal duration that a concurrent execution
can take. It depends on the studied TCS and is estimated by the user. Based on that, we
construct an events stream partition (see Definition 3). This partition is formed by a set
of overlapping windows.
Based on this definition, we compute the new statistical service dependencies. we
scan the set K-partition windows over TCSlog, window by window, and for each
window we compute for the last service the frequencies of its preceded services and the
corresponding table is updated in consequence. The statistic servive activation depen-
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dency will be found by dividing each row entry in the previous table by the frequency
of its corresponding service.
Erroneous dependencies Some entries in SDT can indicate non-zero entries that do
not correspond to dependencies. These entries are erroneous because there is no activation dependencies between these services as suggested. Formally, two services A and B
are in concurrence iff the P(A/B) and P(B/A) entries in SDT are different to zero. Based
on this definition we propose an algorithm to detect services parallelism and then mark
the erroneous entries in SDT. Through this marking, we can eliminate the confusion
caused by the concurrence behavior which produces these erroneous non-zero entries.
This algorithm scans the initial SDT and marks the dependencies of concurrent services
by changing theirs values to (-1).
4.1

TCS patterns mining

After the compute of the statistical dependency table, the last step is the identification
of TCS patterns through a set of rules. In fact, each pattern has its own statistical features which abstract statistically its activation dependencies, and represent its unique
identifier. These rules allow, if TCS log is completed, the discovery of the whole TCS
patterns included in the mined TCS. To be complete, TCS log should cover all the possible cases (i.e. if a specific routing element can appear in the mined TCS model, the log
should contain an example of this behavior in at least one case). But, our control flow
mining rules are characterized by a ”local” TCS patterns discovery. Indeed, these rules
are context-free, they proceed through a local log analyzing that allows us to recover
partial results of mining TcS patterns. In fact, to discover a particular TCS pattern we
need only events relating to pattern’s elements. Thus, even using only complete fractions of TCS log, we can discover correctly corresponding TCS patterns (which their
events belong to these fractions). To be complete, these fraction should cover all the
possible cases of these patterns.
We divided the TCSs patterns in three categories : sequence, fork and join patterns.
In the following we present rules to discover the most interesting TCS patterns belonging to these three categories.
Sequence pattern : In this category we find only the sequence pattern, in witch the
enactment of the service B depends only on the completion of service A (c.f. table 1).
Rules
(#B = #A)

workflow patterns
Sequence pattern

(P (B/A) = 1)
Table 1. Rules of sequence workflow pattern

Fork patterns : This category (c.f. table 2) has a ”fork” point where a single thread
of control splits into multiple threads of control which can be, according to the used
pattern, executed or not.
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Rules
(#Bi )=#A)

workflow patterns
XOR-split pattern

n
(Σi=0

(∀0 ≤ i ≤ n;P (Bi /A) = 1) ∧
(∀0 ≤ i, j ≤ n; P (Bi /Bj ) = 0)

(∀0 ≤ i ≤ n; #Bi =#A)

AND-split pattern

(∀0 ≤ i ≤ n; P (Bi /A) = 1)∧
(∀0 ≤ i, j ≤ n P (Bi /Bj ) = −1)

n
(#A ≤ Σi=0
(#Bi )) ∧
(∀0 ≤ i ≤ n; #Bi ≤ #A)

OR-split pattern

(∀0 ≤ i ≤ n; P (Bi /A) = 1)∧
(∃0 ≤ i, j ≤ n; P (Bi /Bj ) = −1)
Table 2. Rules of fork workflow patterns

Join patterns : This category (c.f. table 3) has a ”join” point where multiple threads
of control merge in a single thread of control. The number of necessary branches for
the activation of the service B after the ”join” point depends on the used pattern.

5

Mining and Improving Transactional behavior

We define at this level a set of rules allowing to mine transactional behavior. These rules
allow to tailor the services transactional properties according to the discovered control
flow and set of termination states.
∀ service s :
1.
2.
3.
4.

s.f ailed ∈
/ ST S(s) =⇒ s is retriable
s.f ailed ∈ ST S(s) =⇒ s is not retriable
s.compensated ∈
/ ST S(s) =⇒ s is not compensatable
s.compensated ∈ ST S(s) =⇒ s is compensatable ∧ have to be compensated
when one of its compensation conditions occurs; We extract from the discovered
control flow and the set of terminated state the compensation condition of a denoted
cpsCond(a).

The first (respectively the second) rule says that if a never fails (respectively can
fail) then a is (respectively is not) retriable. The third and forth rules allow to deduce
when a service a is compensatable and when it will be compensated.
Mining transactional dependencies returns to mine corresponding preconditions of
services external transitions. We can extract the potential compensation conditions for
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Rules
(#Ai )=#B)

workflow patterns
XOR-join pattern

n
(Σi=0

n
(Σi=0
P(B/Ai )=1) ∧
(∀0 ≤ i, j ≤ n; P (Ai /Aj ) = 0)

(∀0 ≤ i ≤ n; #Ai =#B)

AND-join pattern

(∀0 ≤ i ≤ n; P (B/Ai ) = 1)∧
(∀0 ≤ i, j ≤ n P (Ai /Aj ) = −1)

n
(m ∗ #B ≤ Σi=0
(#Ai ))
∧ (∀0 ≤ i ≤ n; #Ai ≤ #B)

M-out-of-N Join pattern

n
(m ≤ Σi=0
P (B/Ai ) ≤ n)
∧ (∃0 ≤ i, j ≤ n; P (Ai /Aj ) = −1)

Table 3. Rules of join workflow patterns

a given service s (ptCpsCondi (s)) from the mined composite service skeleton and the
the set of termination states (STS). The idea is : a potential compensation condition of
s becomes a compensation condition if it is satisfied in a ts ∈ ST S such that the state
of s in ts is compensated. We proceed similarly to deduce alternative (ptAltCondi (s))
and cancelation conditions (ptCnlCondi (s)) of each service.
Now, we can improve a TCS, regarding its initial design, through the following two
phases : (i) omitting and correcting the wrong transactional mechanisms, (ii) and/or
adding relevant transactional mechanisms for a better failure handling and recovery.
By wrong transactional mechanisms we mean component transactional properties and
transactional dependencies initially specified and which do not coincide with the reality.
These wrong transactional mechanisms can be simply costly but also source of error.
The following rules allow to generate the appropriate suggestions according to the discovered TCS transactional behavior.
∀ component service, s, of TCS (we suppose that ♦F means F is eventually true):
1. ∀ ptCpsCondi (s) ∈VptCpsCond(s),
♦(ptCpsCondi (s)) ptCpsCondi (s) ∈
/ CpsCond(s) ⇒
(a) s must be compensatable and L
(b) CpsCond(s) = CpsCond(s)
ptCpsCondi (s).
2. ∀ ptCnlCondi (s) ∈VptCnlCond(s),
♦(ptCnlCond
ptCnlCondi (s) ∈
/ CnlCond(s) ⇒ CnlCond(s) = CnlCond(s)
i (s))
L
ptCnlCondi (s).
3. ∀ ptAltCondi (s) ∈VAltCond(s),
♦(ptAltCond
ptAltCondi (s) ∈
/ AltCond(s) ⇒ AltCond(s) = AltCond(s)
i (s))
L
ptAltCondi (s).
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AltCond(s) defines the precondition to be enforced before the service s can be
activated as an alternative of other service(s) (similarly for cancelation and abortion).
The first rule postulates that for each potential compensation condition of s, ptCpsCondi (s); if this condition is eventually true and does not belong to the discovered
compensation condition of s, then s must be compensatable and ptCpsCondi (s) becomes a compensation condition of s. That means ∀ s’ ∈ ptCpsCondi (s) add a compensation dependency from s0 to s according to ptCpsCondi (s). The second rule postulates that for each potential cancelation condition of s, ptCnlCondi (s); if this condition is eventually true and does not belong to the discovered cancelation condition
of s, then ptCnlCondi (s) becomes a cancelation condition of s. That means ∀s0 ∈
ptCnlCondi (s) add a cancelation dependency from s0 to s according to ptCnlCondi (s).
The third rule postulates that for each potential alternative condition of s, ptAltCondi (s);
if this condition is eventually true and does not belong to the discovered alternative
condition of s, then ptAltCondi (s) becomes an alternative condition of s. That means
∀s0 ∈ ptAltCondi (s) add an alternative dependency from s0 to s according to ptAltCondi (s).

6

Conclusion and Future work

In this paper we presented an original approach for ensuring reliable Web services compositions. Different from previous works, our approach starts from a TCS log. Generally, previous approaches develop, using their CS modelling formalisms, a set of techniques to analyze the composition model and check some properties [9–13]. Although
powerful, the above formal approaches may fail, in some cases, to ensure CS reliable
executions even if they formally validate the CS composition models. This is because
properties specified in the studied composition models may not coincide with the reality (i.e. effective CSs executions). Note also that a number of research efforts in the
area of workflow management have been directed for mining workflows models (a detailed survey of this research area is provided in [14]). This issue is closely to that we
propose in terms of control flow discovery. But there are practically no approaches to
transactional behavior workflow mining except in [8, 4].
Our approach uses a set of mining techniques to discover the TCS control flow and
the TCS transactional behavior. Then, based on this mining step, we use a set of rules
to improve the TCS design. The mining phase is itself divided into two steps. The first
one consists in mining TCS patterns. Then from the discovered information, we use
a set of rules to mine the TCS transactional behavior. Our approach starts from effective executions, while previous works use only specification properties (which remain
assumptions). Our control flow mining approach is original regarding other proposed
techniques. It is characterized by a ”local” discovery techniques that allows to recover
partial results. In besides, it discovers more behavioral complex features with a better
specification of ”fork” point and ”join” point.
However, the work described in this paper represents an initial investigation. In our
future works, we hope to discover more complex patterns by using more metrics (e.g.
entropy, periodicity, etc.) and by enriching the TCS log. We are also interested in the
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modeling and the discovery of more complex transactional characteristics of cooperative TCS.
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Evolution of networked organisations [4] and project organised work [2] requires
more advanced features for work process modelling than the current approaches offer. Utilisation of Semantic Web resources [6] in work process environments offers
several advantages for adaptation and adoption of information and services. The
models representing these processes should be the foundation of the real life executing processes and should be synchronised at any given time [2], even though needed
resources for the processes are located outside the organisation. The resources may
even be at an unavailable state at the time of usage. By utilising Semantic Web technologies such as RDF and OWL/OWL-S for enrichment of the information and service resources to use in work processes [7], a substitute service or information source
can be utilised automatically by employing techniques such as ontology mapping and
other criteria data for asymptotic exact mapping. Rating of services and information
can also be of great value, e.g. to filter dubious information sources and services [1].
The Web Information Service Modelling (WISEMOD) project funded by the Research Council of Norway (NRF), in which this work is part of, has as one of its objectives to come up with a new and improved approach to workflow modelling, specifically tailored for the needs of Semantic Web application engineering [5]. This
encompasses an approach for workflow modelling utilising Semantic Web applications which is to be used for both analysis and enactment of inter-organisational solutions [5]. Further, a methodology for employing the modelling approach is required
and, finally, a modelling tool prototype is to be developed and evaluated [5].
The improvement of workflow modelling tailored for the needs of Semantic Web
services, requests to be concerned with the different aspects in the nature of interorganisational processes. Introductorily, it is essential to get a thorough overview and
knowledge of the existing approaches for workflow modelling for utilising Web resources. Process modelling approaches like BPEL4WS, ebXML, BPML, BPMN, and
WSCI will be thoroughly inspected and evaluated, and lessons should be learnt concerning strengths and weaknesses of these approaches. Further, the evaluation of the
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current process model standards should lead to a solid knowledge of the state of the
art within this area of research. In addition, an investigation of the current Semantic
Web technologies, standards and research within this area will be performed. These
efforts will give a good basis for improvements and enlargement of the state of the
art. More detailed, the approach will constitute the following aspects:
− Development of a new workflow modelling language and notation as an extension
of existing languages and related technologies based on the state of the art approach and requirements elicitation/surveys in industry.
− Make a meta-model of the extended language and implement this through an existing meta-modelling, to experiment with the new modelling notation.
− Extend a current workflow enactment environment to meet the requirements of the
modelling language and notation approach.
− The semiotic framework for quality of models and modelling languages [8] will be
employed to analytically evaluate the extended workflow modelling language and
model enactment environment.
− The modelling language, notation and the tool will be empirically evaluated using
case studies in the industry utilising the new approach for workflow modelling.
The research work concerning the workflow modelling approach has currently not
been started, but some initial state of the art work has been done. However, several
contributions are anticipated in the project plan. Initially, the state of the art work
aims to yield an evaluation framework to evaluate existing modelling approaches and
tools based on current work on quality of models and modelling languages. Surveys
of existing methodologies and tools for workflow modelling, and Web services with
advanced properties will be performed by utilising the evaluation framework. The
workflow modelling approach will yield an approach for workflow modelling in
connection with Semantic Web applications utilised both for analysis and enactment
of inter-organizational solutions, a methodology for using the modelling approach,
e.g. in terms of guidelines, and, a modelling tool prototype.
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Abstract. Enterprise Application Integration (EAI) is still facing the crucial
semantic integration problem. This latter is not correctly addressed by today's
EAI solutions that focus mainly on the technical and syntactical integration.
Addressing the semantic integration level will promote EAI by providing it
more consistency and robustness. Some efforts are suggested to solve the semantic integration problem, but they are still not mature. This paper deals with
semantic problem in EAI and will present an ontology-based approach in order
to overcome some issues of the integration problem.

1. Introduction
In the last years, a new technology typically known as Enterprise Application Integration (EAI), have emerged as a field of Enterprise Integration [18]. In essence, EAI
technologies provide tools to interconnect multiple and heterogeneous Enterprise
Application Systems (EAS) such as ERP (Enterprise Resource Planning), CRM (Customer Relationship Management), SCM (Supply Chain Management), and legacy
systems. The most difficulty of the integration of these systems is that the latter were
never designed to work together.
More recently and with the advent and the evolution of the Internet, Web Services
(WS) have emerged and they provide a set of standards for EAI. Even if WSs are not
fully mature, they seem to become the linga franca of EAI. This will notably make
integration simpler and easier through using web protocols and standards.
Despite the whole range of available tools and widespread standards adoption, the
main goal of EAI, which is the semantically correct integration of EASs, is not yet
achieved. Indeed, EAI still provides technical and syntactical solutions but does not
address correctly the semantic problem, which constitutes the real integration problem. Semantic integration becomes very important in order to overcame semantic
heterogeneities within EAI, and which mainly concern both data and behavior of
EASs. Although there is some related works, which concern semantic integration, but
there has been no mature solution that deals correctly with integration problem.
In this paper, we will focus on the semantic problem in the context of EAI. Our approach is ontology-based and it can be seen as an extension of service-oriented architecture (SOA), it is called ODSOI (Ontology-Driven Service-Oriented Integration).
The rest of this paper is organized as follows. We will firstly present (section 2) the
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integration problem. Secondly, we will briefly review (section 3) the current state-ofthe-art in EAI through presenting mainly two major kinds of solutions: traditional EAI
systems and Web-Services-based EAI systems. Finally, we will describe (section 4),
before concluding, some aspects of our work which attempts to provide a solution for
the integration problem.

2. Integration Problem
In this paper we will mainly focus on Enterprise Application Systems (EAS). Typically an EAS can take many different types including batch applications, traditional
applications, client/server applications, web applications, application packages [14].
These systems are often materialized in enterprise reality in form of ERP, CRM,
SCM, and legacy systems.
An appropriate characterization of EASs in the context of EAI is that EASs are
HADI (Heterogeneous, Autonomous, Distributed and Immutable) systems [4]:
- Heterogeneous systems mean that each EAS implements its own data and
process model.
- Autonomous systems refer to the fact that each EAS runs independently of any
other EAS.
- Distributed systems mean that each EAS locally implements its data model,
which it generally do not share with other EASs.
- Immutable systems mean that each EAS is generally treated as black (unavailability of code and interfaces) and in best cases as gray (unavailability of code
but availability of interfaces) boxes in order to access it.
The consequence of the characteristics above is that EASs are generally standalone
software entities, which form what we often call islands of information or islands of
automation. In this case, any form of integration of the EASs must happen outside of
the involved EASs, by using integration systems such as EAI systems. This integration
consists then in interconnecting the interfaces of each EAS using technologies supported by the integration systems such as queuing systems, file systems, databases or
remote invocations.
The characteristics of EASs form the main reasons of the existence of the integration problem, and the more these characteristics are extremes, the more the integration
become hard and complex. Despite the importance of the problems described above,
we focus only, in this paper, on the heterogeneity problem, precisely the semantic
heterogeneity problem, which is the hard problem of enterprise integration in general,
and EAI in particular [4].
Since EASs are HADI, a semantic mediation is needed in order to achieve their integration. Its aim is to resolve all the semantic conflicts that can arise between the
exchanged data, and also between invoked behavior interfaces. Indeed, data semantic
mediation provides mechanisms to preserve the meaning of the data during the flow
exchanges between EASs, whereas behavior semantic integration provide mechanisms
to resolve semantic behavior interface heterogeneity when EASs invoke each other.
Furthermore, the integration problem is more complicated by our industrial context
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concerned by a large enterprise in the multidisciplinary and complex microelectronics
area. This particular context is mainly characterized by several and heterogeneous
business domains that needs sophisticated semantic integration in order to achieve the
semantic integration.

3. Integration solutions
In this section, we will describe the major existing EAI solutions, which will be followed by some pertinent related works about EAI.
3.1. Today's EAI Solutions
Before describing today’s main EAI solutions, let us remind that the fundamental EAI
drivers is the existence of EASs which are HADI (heterogeneous, autonomous, distributed and immutable) systems. Generally, this is the consequence of the emergence
of e-business, enterprise mergers and consolidations, and the rise of application packages and COTS (Commercial On The Shelf) [10].
In this paper, we will consider only two main existing solutions, which are the most
important ones in the context of EAI: traditional EAI systems and WSs. These solutions can fulfill major integration requirements such as data synchronization, business
process execution, reconciliation of technical and syntactic differences, fast deployment of new applications and so on.
3.1.1. Traditional EAI Systems
Currently, EAI systems are based on a lot of technologies such as: message brokers,
process brokers, message-oriented middleware, etc. Even if EAI systems may differ
from a technological point of view, the main functionalities remain the same and we
can mainly distinguish five components, which provide respectively transport services,
connectivity services, transformation services, distribution services and process management services [10].
The principle of EAI systems is based on using interfaces (connectors) to integrate
EASs. The interfaces convert all traffic to canonical formats and protocols. These
interfaces constitute the only mean to access EASs, and they can occur in different
levels: user-interface level, business logic level and data level [18].
Although EAI systems address technical and syntactical integration, nevertheless
they must address the semantic level which is more difficult and which can provide
more added value. Today, no traditional EAI system can provide mechanism that
correctly supports semantics. In best cases, data is passed between EASs by-value, and
in general no shared semantic concepts are explicitly used to define semantics through
different messages or to semantically describe the behavior that is provided.
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3.1.2. Web Services
WSs are considered as a result of convergence of Web with distributed object technologies. They are defined as an application providing data and services to other applications through the Internet [15]. WSs promote an SOA (Service-Oriented Architecture) that is based fundamentally on three roles: service provider, service requestor
and service broker; and three basic operations: publish, find and bind, and any
particular EAS can play any or all these roles [17].
WSs constitute the most important concretization of the SOA model. They can be
deployed inside (EAI) or outside (B2B) the enterprise. In all cases, WSs are published
with appropriate URLs by WS providers over the Internet or intranet. Once published,
these WSs are accessible by WS consumers via standards Web such as HTTP, SOAP,
WSDL and UDDI. In addition to this, WSs can be used for integrating EASs via standards such as BPEL, or WSFL.
WSs are very promising in solving the integration problem. Today, some new integration products based on WSs standards exist and will certainly replace in the near
future the proprietary solutions that are the traditional EAI systems [3].
Even if WSs are promising, they do not correctly address the semantic aspect that is
currently somewhat supported by UDDI registries with the help of some standard
taxonomies such as NAICS, UN/SPSC and ISO 3166 [8]. In addition, WSs do not
provide neither data nor behavior mediation [5][7][11]. These drawbacks are mainly
due to the lack of service ontology and mediation support in current WSs. This lack
penalizes the efficiency of current WS integration in the context of EAI.
3.2. Related works
Recently, the importance of WSs has been recognized and widely accepted both by
industry and academic research. This section will review some important related
works about enterprise integration, mainly those that concerns WS-based integration
and ontology-based integration.
In the context of data integration, there are many general works which use ontology-based approaches such as COIN project [12], OBSERVER project [21],
INFOSLEUTH project [34], BUSTER project [27] and so on. All these work are not
concerned about the mediation in the context of SOA.
In addition to the listed related works above, there are some other works that are
addressing the WS viewpoint such as Active XML from GEMO project [1] and
SODIA from IBHIS project [29]. Active XML extends XML language by allowing
embedding of calls to WSs. SODIA is an implementation of Federated Database System in the context of WSs. These works do not support any mediation services.
In the context of application and process integration, some important initiatives and
works exist around the semantic web service concept [8] [20] that aim to bridge the
current WS gap such as OWL-S [25] [31], BPEL [9], WSMF [11], SWSI [28],
METEOR-S [22]. OWL-S provides an ontology markup language in order to semantically describe capabilities and proprieties of WSs. BPEL is a standard providing a
language to define business processes that can be used in application integration.
WSMF and SWSI are initiatives that provide frameworks in order to support the con-
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cept of semantic web service. METEOR-S is an effort, which provide semantic web
services through the extension of WS standards (WSDL, UDDI). But, most of these
efforts do not provide mature concepts for mediation in the context of EAI.

4. Our Approach for Application Integration
This section will succinctly describe some important characteristics of our approach
called ODSOI that mainly rely on the use of ontologies and that aims to extend the
state-of-the-art in EAI in order to address the semantic problem.
4.1. Global Architecture
First of all, ODSOI approach is a solution to the information system integration
problem. This means that our approach addresses the heterogeneity problem by providing a mediation-based solution using ontology concept. Indeed, our approach is
based on service-oriented since it uses WSs for integrating EASs. The architecture
integration that we suggest is called ODSOA (ODSO Architecture). This latter extends SOA with a semantic layer that aims to enhance service mediation in the context
of EAI.
The ODSOA concept provides a unified framework in order to integrate EASs. In
this framework, three main types of services (Fundamental-Services) are defined:
Data-Services, Functional-Services and Business-Services. This different types can
respectively address data, application and process integration.

Figure 1. Global View of ODSOA Architecture
Data-Services (DS) are services that expose data sources as a service. FunctionalServices (FS) are services that expose application systems, fundamentally functional
systems (software that can perform enterprise functions such as administrative and
technical ones). Business-Services (BS) are defined as the combination of the above
services in order to expose business processes. Our service typology can be seen as an
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extension of the one proposed by [29] which distinguishes two concepts: SaaS (Software-as-a-Service) and DaaS (Data-as-a-Service).
Figure 1, which is a particular SOA, recapitulates these important types of services.
Indeed, there are of course some other important technical services that are mainly
Brokering-Services, Description-Services, Mediation-Services, Publication-Services,
Discovery-Services and Execution-Services. Some of them will be described below.
A cross section of the integration bus (also called ODESB – Ontology-Driven Enterprise Service Bus) (figure 2) shows many concentric existing standard layers such
as Transport layer, Exchange layer, Registry layer and Transversal layer.

Figure 2. Cross Section of the ODESB Bus
In addition to these standard and existing layers, we suggest to adopt in a similar
way as semantic web services, another layer, called Semantic-Layer, which includes
two sub-layers that are Domain-Layer and Integration-Layer. The Domain-Layer
aims to describe and publish the three fundamental services described above using
specific descriptions such as DSD (Data Service Description) for DSs, FSD (Functional Service Description) for FSs, and BSD (Business Service Description) for BSs.
All these descriptions exploit some specific ontologies and are the specialization of
OWL-S (Web Ontology Language-Services). Concerning the Integration-Layer, it
provides some Technical-Services in order to semantically discovery, mediate and
execute fundamental services that are described and published by the layer above. In
the next section, some important Technical-Services of the Semantic-Layer will be
developed.
4.2. Semantic Layer Services
Semantic-Layer services are the main services that address the semantic problem.
They are divided into Domain-Layer services and Integration-Layer services. The
most important technical service of each layer (which are Description-Services and
Mediation-Services) will be described below.
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4.2.1. Description Services
The principle of ODSOA is based on the use of some knowledge registries that store
some formal ontologies, which are exploited by Description-Services in order to define the semantic description of services. According to Gruber, an ontology is defined
as an explicit and formal specification of a conceptualization [13], and for our purpose, we have defined three major types of ontologies: information or data-based
ontologies, behavior or functional–based ontologies and process or business-based
ontologies.
Data-based ontologies are the most basic ones. They provide semantic description
of the data. Theses ontologies are required in all cases, no matter if we leverage functional-based or business-based ontologies.
Functional-based ontologies define semantic description around functions that are
provided by the multiple EASs (and then services) and that can be remotely invoked.
These ontologies are generally required in order to provide a better reuse of functionalities.
Business-based ontologies define semantic description around coordinating business processes. These ontologies are generally required in order to integrate business
processes.
Furthermore, Description-Services are based on the context of a service (ServiceContext), which is defined by a set of ontologies, related to the concerned service.
This service-context is also called local ontology, which means that there are several
ontology levels. Within the microelectronics area, and precisely in the case of microelectronics society, three ontology levels have been identified: local level, domain level
and global level (figure 3).

Figure 3. Excerpt of our three-Level Architecture Ontology
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In essence, local ontologies concerns services, whereas domain ontologies concern
the generalization of local ones that belong to the same domain (Production, Metrology, Packaging, etc.) and they can serve in aligning the involved local ontologies. At
last, global ontology is considered as generalization of domain ontologies, it is the
root of the ontology hierarchy, and they can serve both in aligning domain ontologies
and in B2B integration that constitutes a natural prospect of our work.
Our ontology architecture is somewhat an extension of the hybrid ontology approach mentioned in the case of information integration in [32]. This extension is
motivated by the fact that none of the approaches proposed by [32] (single ontology,
multi-independent-ontologies and hybrid-ontology approach) are appropriate to fully
capture and correctly structure semantics in our case.
This ontology clustering, which is firstly used in a general fashion in [30], is a very
important concept in order to master the ontology evolution. We call this structuring
Ontology Urbanization. It takes an important role in our integration approach and it
will be more developed in future work.
4.2.2. Mediation Services
Mediation-Services are generally invoked by Brokering-Services (technical services
that aim to provide global mechanism to integration process) in order to perform
matching or resolution of semantic heterogeneity between. They exploit the description provided by the Description-Services described above.
Since we use an hybrid ontology approach, this requires the integration (mediation)
of ontologies which are performed by Ontology-Mediation-Services (OMS) and that
are based on ontology mapping [16]. This latter is the process whereby two or more
ontologies are semantically related at conceptual level. According to the semantic
relations defined in the mappings, source ontology instances can then be transformed
(or matched with) into target ones [23].
In addition to OMS and according to the above different fundamental types of services, we can mainly distinguish three other types of mediation services: Data Mediation Service (DMS), Functional Mediation Service (FMS), Business Mediation Service (BMS). These mediation services aim to mediate respectively between DSs, FSs,
BSs and they are based on OMS that matches and mediates between different ontologies. To be performed, mediation-services can exploit two particular utility services
that are inference service and matching service. These particular services can be respectively supported by academic or commercial inference engine and matching tool.
For the initial prototype that is ongoing, we decide to use Racer engine [26] and OLA
(OWL Lite Alignment) matcher [24] that seems be appropriate to our approach.
4.3. Generic Integration Process
While the main components of our approach are enumerated, let’s give now the
generic scenario of the integration process. As shown on figure 4, it starts once the
WSs have been described (semantic description) by using description services. After
that, they are published (semantic publication) both in a specific service ontology
registries and in a private UDDI registry (by publishing services) and then they can be
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discovered (semantic discovery) by discovery services in order to carry out the realization of a given task modeled as a service query (that corresponds to a user or brokering-service query) by the integration service. The discovery service can use mediation service in order to perform the semantic matching. The invoked mediation services exploit a similarity function that calculate rapprochement between ontology
concepts and then between the involved characteristics of services. Once the desired
WSs have been discovered, they are mediated in order to resolve the semantic heterogeneity differences by other types of mediation services (DMS, FMS, BMS). Finally,
the mediated services are executed by the execution service and can invoke the integration service which can then perform another similar loop of the integration process.

Figure 4. Generic integration process synopsis
4.4. The initial Prototype
The initial prototype (also called ODSODI - Ontology-Driven Service-Oriented Data
Integration) [14], which is ongoing, aims to provide a first implementation of some
functionalities of our architecture. We have restricted this first prototype to data integration. Further versions of the prototype will address application and process integration.
The underlying architecture of this first prototype is based around a fusion of WS
concepts with the concepts of data mediation, especially the mediators concepts like
those defined by [33].
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Figure 5. Principle of the initial prototype (ODSODI)
Figure 5 illustrates the principle of the ODSODI prototype. As shown, this prototype implements a local-centric approach (aka local-as-view approach) [6]. In this
approach, the query is done over the global ontology and the mediation service access
the data sets by a series of mappings: from global to domain (which are done by
global mediation service), and then from domain to local (which are done by local
mediation services). This choice is appropriate in the context of EAI in general and in
the context of our microelectronics society in particular. It is motivated by the fact that
users and EASs are autonomous and have a limited knowledge about the data services.

5. CONCLUSION
The semantic integration of Enterprise Application Systems is a hard problem that can
concern data, applications and processes. This problem needs ontology-based semantic mediation and is best resolved in the context of service-oriented architectures.
This paper has focused on proposing a unified approach for Enterprise Application
Integration that exploits both ontology mediation and Web services. This approach
called ODSOI (Ontology-Driven Service-Oriented Integration) aims to extend the
current web services stack technology by a semantic layer offering semantic services
that can mainly define the service semantics and also perform semantic mediation in
the context of EAI. Typologies of services and also of ontologies have been suggested, and the initial prototype is described. This latter is of course limited, and its
extensions, which may increase the field of use and the usefulness of our approach,
will no doubt constitute important prospects in the future. The further coming works
will detail the implementation aspect of the proposed prototype and then extend the
latter in order to address both application and process integration in the context of
EAI.
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Measuring the quality of ontology mappings: A
multifaceted approach.
Jennifer Sampson
Department of Computer and Information Science
Norwegian University of Science and Technology
Trondheim, Norway
Jennifer.Sampson@idi.ntnu.no

Abstract. While there is considerable research towards developing solutions
and methodologies for ontology mapping, there is very little research towards
evaluating the quality of both the tools and the outputs of the mapping process.
Therefore the goal for this research is to develop a methodology and formal
quality measures for evaluating ontology mapping results. This research will
also require the definition of experimental protocols with fixed controls that
will make the results of different evaluations comparable. Initial quality goals to
be formally defined are syntactic, semantic, taxonomic and procedural quality.

1

Introduction

Ontologies are to provide a shared understanding of common domains, and provide a
means for data exchange at a syntactic and a semantic level. Recently several ontology
mapping techniques and approaches have been proposed as one step towards achieving interoperable systems. A mapping between ontologies means that for each concept (relation, property) in one ontology we try to locate a corresponding concept in
the second ontology, with the same or closest meaning.
Problems with interoperating systems stem from the fact that the developers of information systems use different vocabularies to express the information contained in
the systems even when describing the same domain. In many cases applications require information from multiple information sources. However, an application can
only use information from two systems completely and accurately if it is able to establish the precise semantic correspondences among the concepts in the two systems.
This is a very difficult problem to solve and current approaches often result in missing
correspondences – whereby both matches and mismatches can produce errors of omission [10]. The implications of using incorrectly matched information in decision making are vast. [10] comments that, “for information sources using diverse vocabularies,
an application that interoperates between the sources needs precise and complete articulations of the ontologies that contain the specification of those vocabularies”
(p.53).
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Ontology mapping is where we relate similar concepts or relations from different ontologies to each other by an equivalence relation. Ontology alignment is closely related but is where we bring together two or more ontologies into mutual agreement, with
the aim of making them consistent and coherent. There are many tools which can, to
differing degrees, achieve a matching via either term-based matching, structure-based
matching or instance-based matching.

2

Research Purpose

The research goal is to develop a methodology and formal quality measures for evaluating ontology mapping results. One sub goal is to evaluate ontology mapping tools by
determining the quality of the mapping outputs. Another research sub-goal is to define formal metrics for comparing the distance between ontologies. This work will
also require the definition of experimental protocols with fixed controls that will make
the results of different evaluations comparable.
To determine the quality of mapping results we may also need to determine the
quality of individual ontologies before the mapping/merging process occurs. Initial
quality goals to be defined are syntactic, semantic, taxonomic and procedural. In order
to evaluate the quality of an ontology within these quality goals we need to know what
kinds of things are there and can there be, in an ontology. For determining semantic
and taxonomic quality we need to be able to formally define the correctness or otherwise of the taxonomic structure. [4] have defined Ontoclean as a methodology for ontological analysis. They propose four fundamental notions of formal ontology: identity, unity, essence and dependence, and attempt to show how they can be used as foundation of a methodology for conceptual modeling and ontology modeling. However
[5] claims the formal statements of their proposals as logical schemata are flawed in
many ways. Moreover [5] argues that [4] use an inconsistent notation making the intended semantics of the logic unclear, and [4] make false claims of logical consequence, and definitions that provably result in the triviality of some of their property
features.
2.1 Research questions
The main research questions are:
“How can we measure the quality of an ontology mapping given we have diverse
tools, and diverse user requirements which impact on the degree or type of mapping?”
How do we define practical criteria (quality characteristics) for evaluating the quality
of ontologies and ontology-mappings?
2.2 Sub-questions
What is ontology-mapping and how can we classify the different approaches to mapping?
What parts of an ontology can be semantically interconnected?

36

INTEROP-ESA'05 Doctoral Symposium

Why evaluate the quality of ontology-mappings? Is it possible to evaluate the quality
of ontology-mappings? Do we need to evaluate the quality of individual ontologies as
a prerequisite for evaluating the quality of the ontology-mapping result?
What current tools are available for ontology-mapping, and what kinds of mapping
techniques are supported by the ontology-mapping tool?
How can we measure the distance between two or more ontologies?
How can we measure how similar two ontologies are? Is this a more useful indicator
than one which tells us how different two ontologies are?
2.3 Contribution
The research will define quality goals and quality metrics for evaluating ontology
mapping results. To assist with defining these quality goals we are currently undertaking an indepth analysis of the ontology mapping and merging tools Chimaera and
Prompt, to establish what are the existing problems ontology engineers face when using such tools. Once we have established an understanding of the problem we will
consider formal theoretical frameworks and approaches as candidates for defining the
quality measures and goals (e.g. psychologically motivated theories versus philosophically motivated theories e.g. BWW).
Once we have established the quality metrics we will conduct an empirical evaluation of current available tools (Chimaera [8], Prompt[12], Glue [1], OntoMerge[2],
ONION [10]). These experiments will be to compare ontology mapping results using
the proposed quality goals and metrics. The main contributions will be the development of a comprehensive methodology for ontology-mapping which describes how the
proposed quality measures can be applied. We also hope to provide recommendations
for future enhancements to existing tools and/or extension of an existing ontology tool
which provides an automated mechanism for evaluating ontology-mappings.
In addition we would like to further test the quality metrics using a prototype agentbased ontology-mapping system. While we recognise that fully automatic ontology
mapping is still impossible, we believe that software agents can assist humans in several aspects of ontology mapping for example finding useful concepts and relations
among concepts from original data sources. Parts of ontologies, such as consistent
concepts in data or concurrence of two concepts, can be discovered by software
agents. The results of such discoveries however should be subjected to review of domain experts, or possibly other software agents. Therefore we claim that, in principle,
it is possible for software agents to participate in the ontology mapping exercise. In
addition we note that the ontological approach for the semantic web forces a specific
approach namely taxonomic hierarchies, where the ontology describes what things are
and not necessarily what they are used for. We need to consider whether taxonomic
hierarchies are appropriate for meeting specialist objectives and relevant to users
goals. We may consider the use of different types of hierarchies for web services for
example – hierarchies that are more specific to application or workflow.
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2.4 Algebraic semiotics
Algebraic semiotics [3] studies sign systems and morphisms in the framework of category theory. [3] has developed a mathematically precise theory of semiotics, called
algebraic semiotics and has applied the mathematical fomalism to user interface design. In his research, [3] describes the notion of semiotic morphisms in the context of
sign systems. A semiotic morphism transforms such a sign system (the source) into
another (the target) supposed more suited to a particular use. Our claim is that ontology mapping can be seen as a semiotic morphism from one system of concepts to another. Semiotic morphisms are a way to describe the mapping, translation, interpretation and representation of concepts in one ontology to concepts in another ontology.
If we consider two ontologies Ο1 and Ο2 which are first mapped and then merged
into one ontology OG we can check the quality of the resulting merged ontology by investigating if the structure of the individual ontologies is preserved. [3] claims that “A
good semiotic morphism should preserve as much of the structure in its source sign
system as possible”, but recognises that in many real world examples, it is not possible
to preserve everything. [3] suggests that the structure that is preserved by semiotic
morphisms provides an important way to compare their quality. Obviously a semiotic
morphism M : Ο1 → ΟG need not be total, some concepts in Ο1 may have no representation in ΟG , we also know that some of the axioms, properties and relations of Ο1
could be lost. We propose the use of semiotic morphisms as a way to measure the
quality of a ontology merging process as available in the Prompt ontology merging environment [12]. Using algebraic semiotics it is possible to define and then determine a
value for expressing the quality of two semiotic morphisms M : Ο1 → ΟG and M' : Ο2
→ ΟG .

3.

Preliminary findings

This research is partly motivated by the fact that existing measures for assessing ontology pairs, for example Precision and Recall evaluation are insufficient or non existent.
[11] describe tools for mapping, aligning, and merging ontologies as “tools that help
users find similarities and differences between source ontologies”. They claim that
mapping tools either identify potential correspondences automatically or provide the
environment for the users to find and define these correspondences, or both. However
[11] point out that even though theories on how to evaluate either type of tools are not
well established, there are already several frameworks for evaluating ontology development tools. [11] also examined the aspects that these frameworks compare: interoperability with other tools and the ability to import and export ontologies in different
representation languages; expressiveness of the knowledge model; scalability and extensibility; availability and capabilities of inference services; usability of the tools. In
our research we will consider and extend these aspects to develop a more formal,
comprehensive approach.
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3.1 Understanding quality measures for ontology mapping
While we recognise the importance of evaluating ontology tools our research is to
more formally define specific quality goals for evaluating the results of an ontology
mapping. Firstly we need to establish a consensus on what the desirable characteristics
are required of an ontology-mapping. In order to create a meaningful set of evaluation
criteria it is essential to determine the purpose, or purposes, the ontology-mapping is
intended to serve. (We refer to conceptual model quality as a reference for ontology
model quality). Until the publication of Lindland et al.’s paper in 1994 [7], research
into determining quality in conceptual models had focused almost exclusively on the
quality of the end product and resulted in a number of lists of desirable features and
properties. [6] observe that previous lists of desirable properties for conceptual models have not provided a “systematic structure for evaluating them” and consequently
propose a framework that not only “identifies major quality goals but gives the means
for achieving them” (p.43).
The framework of [7] is primarily based on the linguistic concepts of syntax, semantics and pragmatics, in recognition that “modelling is essentially making statements in some language” and it is thus able to subsume all the characteristics they had
listed from previous studies. They observed several significant trends:
· Many definitions are vague, complicated, or in some cases, even lacking...
· The list [of characteristics] is unstructured and the properties are partly
overlapping...
· Specification properties are mixed with language and method properties...
· Some properties presuppose the existence of a design and even an
implementation...
· Some goals are unrealistic, even impossible to reach” (ibid. p.43).
Their framework is intended to deal with those issues as well as making a clear distinction between the goals and the means, i.e. “by separating what you are trying to
achieve...from how to achieve it” (ibid. p.42). The framework of [6] extends that of
[7] by incorporating one further concept, participant knowledge of the domain, and
two further dimensions, perceived semantics and social agreement.
In the context of ontology-mapping we have preliminary descriptions for quality assessment:
Syntactic quality: The relationship between the ontology mapping and the language
used for the ontology modeling (syntactic correctness).
Semantic quality: The relationship between the ontology mapping and the ontology
domain(s) (semantic correctness and semantic validity).
Taxonomic quality: The correctness of the semantic relations in the ontology. Due to
the way in which ontologies are constructed we must consider that all ontologies represent valid viewpoints. Nonetheless, while there is no, one notion of a “correct” classification or taxonomy, we recognise that some taxonomic structures are more correct
than others. Taxonomic quality may include the evaluation of the subtyping behaviour for each type rank (taxonomic correctness and taxonomic richness) .
[4] describe the ontological well-foundedness of the is-a partial-ordering relation.
They discuss techniques based on the philosophical notions of identity, unity,
essence, and dependence, which have been adapted to the needs of information systems design. They claim that they have demonstrated the “effectiveness of these techniques by taking real examples of poorly structured taxonomies, and revealing cases
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of invalid generalization. The result of the analysis is a cleaner taxonomy that clarifies
the modeler’s ontological commitments”[4]. However like [5], we argue that the mathematical execution of their formalisation is problematic. In our research taxonomic
quality will include determining the correctness or otherwise of 'is-a' and 'part-of' relations. We recognise that the 'is-a' construct is misused in the design of many ontologies, which potentially has large consequences for mapping ontologies based on incorrect classification systems.
Pragmatic quality: The relationship between the ontology mapping and the ontology
designer’s interpretation of the ontology mapping.
Procedural quality: The appropriateness of the approach followed to achieve the
mapping.
3.2 Transformation – information loss or gain?
We can also examine the quality of an ontology mapping from the perspective of the
information lost in the transformation or the information gained from the transformation. Missikoff [9] has defined possible interoperability clashes caused by differences
in the conceptual schemas of two applications attempting to cooperate. The possible
clashes are lossless clashes and lossy clashes:
• Lossless clashes, which can be solved with no loss of information. A lossless clash is
where there exists a transformation that, given an information input produces an information output with a different representation but with the same semantic content. [9]
comments that these clashes are quite intuitive and essentially of a syntactic nature.
Examples include naming clashes, when the same information is represented by different labels; structural clashes, when information elements are grouped in a different
way; and unit clashes, when a scalar value (typically an amount of money, or a distance) is represented with different units of measure.
• Lossy clashes, which include the clashes for which any conceivable transformations
(in either direction) will cause a loss of information. [9] comments that typical cases
are information represented at different levels of granularity, refinement, or precision.
Another case of information loss is the presence, locally, of information that is not
represented at all in the ontology [9].
3.3 Difficulties with evaluating ontology-mapping tools
Noy and Musen [11] point out that comparing and evaluating ontology development
tools is very different from the comparison and evaluation of ontology mapping tools.
While ontology-development tools have very similar inputs and desired outputs [11]
ontology-mapping tools vary with respect to the precise task that they perform. While
we can broadly say that ontology mapping tools are designed to find similarities and
differences between source ontologies, [11] have identified three obstacles we need to
consider when evaluating ontology-mapping tools. First they claim that tasks for
which the mapping tools are designed, greatly. From the user’s point of view the tools
greatly in what tasks this analysis of similarities and differences supports. Second the
different mapping tools rely on different inputs (e.g. only class hierarchies of the
sources, classes and slots and value restrictions, existence of instances in each of the
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source ontologies, instances and that the source ontologies share a set of instances.
Third, since the tasks that the mapping tools support differ considerably, the interaction between a user and a tool is very different from one tool to another [11].
4. Experimental Research Design
We will use controlled experiments to evaluate existing ontology mapping tools.
Moreover we recognise that a controlled experiment provides the most effective way
to evaluate the quality of ontology-mappings because:
It allows direct comparisons to be made between different ontology mapping results
under controlled conditions through manipulation of experimental treatments.
It enables the ontology-mapping to be evaluated using objective and quantitative data.
It enables the ontology-mapping to be evaluated using independent participants.
4.1 Identifying ontology-mapping results for comparison
The experiments will only include those ontology-mappings that can be obtained by
using ontology mapping tools which are freely accessible to researchers and practitioners alike. In addition due to the diversity of types of ontology mapping tools we
need to establish certain groups of tools which are comparable. [11] follow the OntoWeb initiative who suggest a pragmatic classification of tools based on the users
task requirements. These pragmatic selection criteria are: input requirements, level of
user interaction, type of output and content of output. Initial tools we are considering
for empirical evaluation are: Chimaera [8], Glue [1], ONION [10], Prompt (Protégé
2000 [12] plugin) and OntoMerge [2].

Conclusion
The overall research goal presented in this paper is to develop a methodology and a
formal quality measures for evaluating ontologies and ontology mapping results. In
this paper we have introduced the research project and described some of our preliminary ideas towards achieving the research goal. The aim is to empirically investigate
the problems associated with ontology mapping and evaluate the existing solutions according to a solid theoretical framework.
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1 Problem Statement
Success of large-scale, industry-wide enterprise integration efforts depends on the
enterprise application integration (EAI) standards. Examples of such EAI standards
include Open Applications Group (OAGIS) [1], RosettaNet [2], and Universal Business Languages (UBL) [3]. Currently, these standards are based on XML specifications that are syntactic formalisms. Capabilities of these standards and testability of
integration results based on these standards are significantly limited as a consequence
of the limited reasoning capabilities supported by syntactic formalisms. This follows
from the fact that syntax-based approaches to define structure of business documents
do not impose a common interpretation of the data and there is no way to achieve a
repeatable and a verifiable procedure to recognize a semantic unit from a domain of
interest [4].
Take, for example, the Schematron rules that are typically used to encode constraints for the application content of the messages exchanged among applications.
These rules, however, cannot be reasoned about and compared in a context of some
integration problem. Consequently, two rules that are perfectly valid syntactically
may be conflicting with each other within a certain integration context.
The advent of Semantic Web offers opportunities for more capable EAI standards
to capture and manipulate semantic relationships. Semantic formalisms at the foundation of these technologies allow use of computational approaches to reason about
formally expressed concepts and make inferences that are useful, yet beyond the
capabilities of the syntax-based approaches. Consequently, testability of the application integration efforts may become equally more powerful. Essentially, the reasoning methods, such as satisfiability and consistency checking, may be readily used to
perform various types of validations, such as whether two ontologies are compatible
and whether a specific business document instance has sufficient and necessary data
to belong to a specific class of documents.
In principle, the Semantic Web technologies today enable one to draw automated
inferences about relationships between conceptual structures using a subset of the
First Order Logic formalism called Description Logics. As an example, it is possible
to express constraints on existence of an element in a document schema (e.g., ‘The
access rights element will appear only if the sensitivity type element appears’) and to
reason about possible conflicts of such a rule with other document rules (e.g., ‘Either
the access right or sensitivity type element, but not both, will appear’). These types
of reasoning are not possible using purely syntactic approaches.
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2 An Approach
This effort develops an approach to evaluate capabilities of the Semantic Web technologies for EAI and, particularly, how it affects integration testing capabilities. The
specific objectives that drive this work are (1) to develop an experimental tool enabling assessment of Semantic Web technologies for EAI and (2) to design and execute a series of experiments to effectively perform such an assessment. To accomplish these objectives, the work posits Semantic Web-based integration architecture
and an integration methodology that is enabled by such architecture. In particular, we
are interested to investigate possible advances in testability of integration efforts
using the new technologies. This novel integration methodology includes a collection
of integration and validation steps that are performed both at design time and run time
of an integration process. During design time, the methodology supports development of generalized and normalized ontologies (that describe application interface
models) and allow model-based similarity analysis of these ontological models. During run time, the methodology enables semantic translation of instances of business
documents (conforming to the developed ontologies) using the previously developed
ontologies and automated reasoning tools.
Initial experimental results in testing the methodology show interesting capabilities
such as the ability to perform individual equivalence test that is content based.
Through experimental work, we have also gained a significant number of insights
into the issues of necessary and sufficient conditions for achieving interoperable data
exchange.
Our future work will focus on experimental assessment of the initial ideas for Semantic Web-based EAI standards. We expect to identify key technical issues for the
proposed approach, and through experimental demonstration show how such issue
may be addressed by extending the proposed approach. Our key contribution, we
anticipate, will be to increase significantly understanding of whether and how Semantic Web technologies may be applied in a near future to realistic industrial integration
efforts.
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Abstract. While the theory of Situational Method Engineering (SME) becomes
increasingly solid, very few engineering tools have been developed to support
the application of its research results. In this paper we analyse the requirements
for such a tool and detect the capabilities that are not yet provided by existing
tools. The paper focuses on the role of the method process enactment mechanism which is generally omitted in such kind of tools. It guides the way to use
the method in order to accomplish the development of corresponding schemas.

1 Introduction
Information Systems (IS) are increasingly used in all areas of our society. While the
use of IS in organisations grows, the complexity and the diversity of its application
domains increases as well. To address this complexity methods are used to guide
Information Systems Development (ISD). However, ISD methods are often too generic and cannot be followed literally, they need to be adapted to the specific situation
of each ISD project. Situational Method Engineering (SME) aims to resolve this
problem and to provide techniques allowing to construct project-specific methods ‘on
the fly’ [1]. It focuses of the formalization of methods in terms of reusable method
components and the definition of assembly techniques allowing to construct new
methods by reusing these components.
The aim of our work is to propose a tool supporting assembly-based SME and allowing to satisfy method requirements of each specific ISD project. In this paper we
present our first steps towards such a tool.
In the next section we present an overview of SME domain and define its basic
terms. In section 3 the requirements for method process enactment is discussed, while
different tools necessary to support SME are introduced in section 4. The interoperability perspective in SME is described in section 5 and finally section 6 closes this
paper with the discussion about our future works.
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2 Overview of Situational Methods Engineering Domain
In this section we present an overview of Situational Method Engineering (SME)
domain. We define here the main concepts of this domain such as method, situational
method, method chunk and assembly based SME. Finally, we present the different
level of the method engineering domain.
2.1 Definitions

Method. Generally speaking, a method describes a regular and systematic way how to
accomplishing something. In the domain of Information Systems engineering,
Brinkkemper defines a method as “an approach to perform a systems development
project, based on a specific way of thinking, consisting of directions and rule,
structured in a systematic way in development activities with corresponding
development product” [2]. In more structured way, a method is made up of a product
part and a process part. The product part represents the concepts that are used in the
method, relationships between these concepts as well as constraints that they have to
satisfy. The process part represents the way to accomplish the development of the
corresponding product.
Situational Method. We call situational method the method which is constructed for
a specific project in order to perfectly satisfy its specific situation.
Method Chunk. A method chunk is a cohesive, autonomous and interoperable part
of method [3]. It is a basic building block in the development of situational methods.
Method chunks are stored in a repository also called method base [2]. The notion of a
method chunk descriptor is proposed in order to support method chunks selection and
retrieval process. The descriptor allows to specify the reuse context of the method
chunks and to classify and position them in the repository.
Assembly Technique for SME. It is clear that traditional method construction
techniques cannot be applied here as they would be too expensive and time
consuming. We need techniques allowing to construct new methods in a fast and
effortless manner. One of these techniques is called assembly technique [4]. The
method engineering process following this technique consists in three steps: first of
all we have to specify the situation of the project at hand and to define its
methodological requirements. Second, we have to select method chunks satisfying
these requirements and finally, we have to assemble the selected method chunks in
order to obtain a coherent situational method.
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2.2 The Three Levels of Method Engineering
We distinguish three method knowledge levels in the domain method engineering.
The highest level represents the meta-knowledge of method engineering that is the
method meta-model. In this level the product and the process models of methods are
specified in terms of product and process meta-models. Depending of the semantic
expression capability of this level and is extensibility [5], the meta-model will be able
to specify a large or small range of method processes and products. Particularly, the
formality level of the process model will define the capability for a tool to realize the
enactment of the method. The method enactment is discussed in the next section.
The middle level, called method knowledge level, specifies the method product and
process perspectives in terms of corresponding models. By instantiating the method
meta-model, the process model of a specific method is defined, and the product model used in this method is specified. The construction of the method hold in this level,
it can be done from scratch, by assembly of method chunks or by modification of
existing methods.
Once a method is specified we can use it; this occurs in the lowest level called
method enactment level. In this level the method process model is executed and product models are instanced.

3 Enactment of the Method Process
While the product part of a method has been well defined in the literature and had a
lot of tools to express it, the process part is less developed [6]. Several languages are
available to define the product part of a method. Some of them are specific to a kind
of product like UML for object specification, ER for database specification, other are
more generic like the meta-language MetaEdit+ [7]. All these languages are supported by tools allowing to manipulate them like CASE tools (Rational rose, PowerDesigner for UML) or metaCASE tools as MetaEdit+. Unfortunately none of these
tools can express the process part of a method and support the enactment of the
method process model. By ‘express the process part of a method’ we mean the ability
to specify, with a meta-model, the tasks and procedures and their ordering in order to
achieve the method goal. By ‘enactment of the method process model’ we mean the
ability of a tool to support the development and elaboration of a corresponding product according to the method process specification. In order to achieve the enactment
of a method with a tool, the method meta-model needs to be formal and precise
enough; only textual definition of a method is not sufficient to realise the enactment
mechanism. The minimal requirements for a tool supporting method enactment are as
follows:
Product space. The product space defines all kinds of products that will be used
during the method process.
Input product parts. The input product parts represent the objects from the product
space that are used by the method in order to realize the process.
Output product parts. The output product parts are the objects from the product
space produced by the method by executing its process.
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Body of the method. The body of the method is the description of its process; it can
be a textual description, an executable action or a more complex formal or semiformal specification of a process. A textual body describes the process part of a
method in natural language. In this case, the tool supporting method enactment can
just show the textual information and offer some facilities for the manipulation of the
corresponding products. These facilities depend of the product types. It can be a
drawing capability for UML modelling, a graphical representation of data, etc. In an
executable body the process is expressed as an executable algorithm in a programming language. The method enactment tool has to be able to execute this piece of
code. Finally, a complex body is a method process that is composed of other method
processes. In this case the tool has to route the enactment in the diferent subprocesses.

4 Tools to Support Situational Method Engineering
Different kinds of tools are needed to support the engineering of situational methods.
The first tool is a methods repository also called methods base. In this tool method
chunks are stored together with their descriptors. The biggest challenge of this tool is
to provide a high level method chunks classification mechanism. Chunks have to be
well described in order to know what the method chunk is doing without the need to
look inside its specification.
The second tool is the computer-aided methods engineering tool (CAME). This
tool is based on the method meta-model and it is responsible for method chunks
specification, i.e. their product and process parts definition. Method chunks specification can be done “from scratch”, by assembly or by modification. In the first case
product and process models of the method chunk are defined by instantiating the
method meta-model used by the tool. In the second case method chunks are assembled in order to satisfy some specific situation. In the third case method chunks are
obtained by modification of other method chunks in order to better satisfy the method
goal. Depending to the method meta-model, the CAME tool should offer graphical
modelling facilities and special features.
The last tool is the method instantiation tool. This tool or this family of tools have
to be able to perform the enactment of the constructed method. In other words, the
tool has to support the development and elaboration of products according to the
method process specification. It has to guide the method user in the application of a
selected method chunk and to offer different features for the manipulation of the
products to be constructed by using this method chunk. Therefore, the instantiation
tool has to understand the process model of the method chunk and be able to execute
it. In order to support product construction, this tool has to understand the product
model of the corresponding method chunk and to support its instantiation.
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As each ISD life-cycle uses a lot of different kind of product types, like products
for the analysis phase, design, development, etc., it would be hard to have only one
tool for all kinds of products. As we said before, there are a lot of tools to manipulate
product parts of methods, but none of them integrates the method enactment facility.
One possibility to ensure the method instantiation is to add the enactment capability
to these tools. Another way is to add the enactment capability to the metaCase tools
like metaEdit+. In this case we have to define the meta-capabilities for method enactment to cover a wide range of product types and activities.

5 Interoperability and Situational Methods
In this section we briefly discuss the notion of interoperability in two perspectives:
(1) how situational methods and SME could help to resolve deferent IS interoperability problems and (2) what are the interoperability challenges in SME?
First of all, the repository of method chunks enables the possibility to store method
chunks addressing different IS interoperability issues as for example requirements
specification for interoperable systems and applications, integration of IS components, etc., These chunks can then be assembled and tuned to respond some particular
interoperability situation.
Besides, SME itself has also different kinds of interoperability challenges. To enable method chunks assembly, SME approaches have to deal with interoperable
method chunks and have to provide mechanisms to define differences or similarities
of method chunks i.e. their product and process models. Therefore, the first challenge
of SME is the method chunk definition. As we indicated before, to enable assembly
based method engineering we need to have a repository containing a large number of
method chunks. One of the possibilities to quickly fill the method repository of an
organization is to exchange method chunks between organizations or to by them. But
the question is how to ensure the compatibility between different kinds of method
chunks, i.e. their process and product models? The incompatibility can be detected in
different levels: classification parameters, modeling languages, process or product
models specification. But this interoperability challenge is not specific to method
engineering domain. It can be compared with other kind of inter-organizational exchanges such as information, data, and applications. We hope that the method chunks
for IS interoperability will help to find method solutions to resolve different IS interoperability problems.
The second challenge of SME is called the tool interoperability [2]. As mentioned
before in this article, there exist a lot of product types and tools supporting them that
cover the ISD life-cycle. Therefore, we are confronted with the integration of these
different product types and tools. This problem holds in the overall framework for
SME. Different ways exist to address this challenge based on the storage structure
like common repository, agent based communication or functional component in a
integrate architecture.
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6 Future Works
The survey of the literature shows that there are many research works made in the
field of SME. Even though the theory of SME becomes more and more solid, there
are very few tools available to support the specification of reusable method chunks,
their storage in method repositories, their assembly and especially the enactment of
methods.
In order to implement all these capabilities we have to resolve a large range of
problems such as method chunks definition and classification, assembly-based
method construction and method enactment. In our future perspective we consider to
focus on one of these challenges, the method enactment mechanism. Therefore, we
are consolidating now our method meta-model and we consider the way to implement
it in a specific programming environment.
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Abstract. Enterprise Modelling has been used successfully for years
with different purposes. Nowadays, there are a lot of languages, methodologies and tools related to Enterprise Modelling, even for modelling Virtual Enterprises. However, some of the Enterprise Modelling weaknesses
have not been solved yet. One of the most important is the lack of interoperability among enterprises that use different Enterprise Modelling
Languages (EML). Such EML are defined in proprietary formats, and
they are only implemented by proprietary and expensive tools. So that,
this problem is intensified in Small and Medium Enterprises (SMEs),
because they have limited resources.
In this context, this paper shows my Ph.D. thesis proposal describing
the problematic situation which is the origin of this research and the
objectives suggested to solve it. The thesis goal is to investigate the
possibilities of using UML 2.0 and Profiles mechanism in order to provide
a methodological approach for solving interoperability problems to Small
and Medium Virtual Enterprises in the context of Enterprise Modelling.

1

Introduction

The objective of this paper is to describe the proposal for my Ph.D. thesis. This
document intends to give a first idea about the thesis origin and objectives. It
is structured in three sections. The first one shows background and definitions
related to the thesis framework. In the second one, the problematic situation that
the thesis intends to solve is described. Finally, the main research objectives are
presented.

2

Background and definitions

Enterprise Modelling [18] is the art of ’externalizing’ enterprise knowledge, which
adds value to the enterprise or can be shared, i.e., representing enterprise in terms
of its organisation and operations (processes, behaviour, activities, information,
objects and material flows, resources and organisation units, and system infrastructure and architectures). Therefore, this art consists of obtaining enterprise
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models, that are a computational representation of the structure, activities, processes, information, resources, behaviours, etc. of an enterprise, government or
any another type of business. This model can be at the same time descriptive
and definitional, including that what is and what should be. And its role should
be to obtain a design, analysis and operation of the enterprise according to the
model, i.e., driven by the model (model-driven) [11]. In conclusion, Enterprise
Modelling is the set of activities or processes used to develop the different parts
of an enterprise model with a definite objective.
On the other hand, Unified Modeling Language (UML) is a visual language
for specifying, constructing and documenting the artifacts of systems. It is a
general-purpose modelling language that can be used with all major object and
component methods, and that can be applied to all application domains (e.g.,
health, finance, telecom, aerospace) and implementation platforms (e.g., J2EE,
.NET). UML has emerged as the software industry’s dominant modelling language. It has been successfully applied to a wide range of domains, ranging from
health and finance to aerospace to e-commerce [16]. However, UML has been
used mainly so far as a modelling language in order to produce software artifacts. Even though, some works to evaluate UML from point of view of Enterprise
Modelling have been carried out by some authors [2, 9].
Moreover, the Profiles package is defined in UML 2.0 as a mechanism that
allows metaclasses from existing metamodels to be extended to adapt them for
different purposes. This includes the ability to tailor the UML metamodel for
different platforms (such as J2EE or .NET) or domains (such as real-time or
business process modeling). UML Profiles had been already defined in the previous versions of UML, but their definition has been improved in the UML 2.0,
specifying better the relationships allowed among elements of the model and the
use of metaclasses of a metamodel inside an UML Profile [12].

3

Problem description

Nowadays, there exist a lot of languages, methodologies and tools related to
Enterprise Modelling, even for modelling Virtual or Extended Enterprises [10].
Enterprise Modelling Languages provide constructs to describe and model the
people roles, operational processes and functional contents, as well as support
information and production and management technologies. There exists great
quantity of Enterprise Modelling Languages and they are overlapped. But the
integration of the models generated with these languages is complicated, since
tools do not exist to integrate models generated with different languages. In this
sense, the objective is to achieve a common format, as UEML or POP*, which
are valid initiatives in order to enable exchange between different models and
the establishment of an environment for reusing existing models [1, 13, 14, 17].
This kind of languages are defined in proprietary formats and they are only
implemented by proprietary and expensive tools. Therefore, interoperability
problem is intensified in Small and Medium Enterprises (SME), who have limited
resources to adapt successfully innovative technologies existing in the market.
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So that, SMEs carry out few enterprise models, and moreover the exchange of
them among partners is very difficult.
On the other hand, SMEs set up Virtual Enterprises in order to establish
flexible collaborations with other partners and to take advantage of new market
opportunities. Virtual Enterprise [3] can be define as a temporary network of
independent companies, often former competitors, who come together quickly
to exploit fast-changing opportunities. The business partners are integrated using information and communication technology. So, interoperability problem at
different levels, including enterprise modelling level, can become decisive aspects
to reach business success.
Therefore, the main problem at enterprise modelling level for Small and
Medium Virtual Enterprises (SMVEs) is focused on the lack of interoperability of existing Enterprise Modelling Languages, and also on the few quantity of
enterprise models generated in this kind of enterprises. However, such enterprises
use UML to model and generate software artifacts. The idea of this proposal is
to provide a methodological approach that can help SMVEs to use successfully
UML, not only to generate software models, but also to produce enterprise models that enable them to have a holistic enterprise view and better interoperate
with other partners.

4

Research objectives

The IRIS Group of Universitat Jaume I in Castelló (Spain) has been working on
several projects related to Virtual Enterprise in different sectors (transport, tile
industry, textile, etc.) since 1999 [4–8]. This thesis proposal is motivated inside
this framework in order to improve the interoperability of this kind of enterprises
at enterprise modelling level.
Therefore, the main research goal is to provide mechanisms to reduce interoperability problems at enterprise modelling level to SMVEs. In this sense, the
objective is to investigate the possibilities of UML use for Enterprise Modelling
in order to solve this kind of interoperability problems. Besides, the mechanism
provided by UML Profiles, redefined in UML 2.0, will be analysed in order to extend and adapt UML for the specific domain of enterprise modelling in SMVEs.
The specific objectives of the research work are the following:
– To perform the state of the art in UML and UML Profiles focused on Enterprise Modelling, and in Virtual Enterprises especially in SME; taking into
account the MDA [15] framework defined by OMG and European Projects
related to interoperability.
– To obtain a set of requirements for modelling whole enterprise dimensions of
SMVEs, in order to define a framework for describing problematic situation.
– To define a methodological approach for enterprise modelling of SMVEs
based on UML, which should include the UML Profiles defined in order to
extend UML for enterprise modelling, and the guidelines to use this profiles
in order to generate interoperable enterprise models.
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– To validate the methodological approach defined in a real case of study,
applying the methodology to a Tile Virtual Enterprise.
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This paper concerns a recently started research project1 investigating methodology
issues regarding The Semantic Web (SW). The SW envisions adding structure and
semantic information to the content of webpages, enabling machines to understand
and reason about information on the Web in a generalized manner. So far several
representation languages have been specified, including RDF for resource descriptions, OWL for specifying ontologies, OWL-S for describing Semantic Web Services
and various other languages for representing business process models. Currently the
research community also focuses on issues related to automated reasoners, trust and
security for the SW. The areas of Semantic interoperability and usage of Software
Agents for utilizing Semantic Web Services are also receiving a lot of attention.
Model-driven application development is central in Web information systems and
service engineering. Many problems encountered when building applications of information systems and services involve the manipulation of models. The problem
becomes more evident when the process is distributed. Moreover, during the system
development process the heterogeneity of the fragments increases due to the highly
interactive and iterative nature of the development process and to the different, sometimes conflicting, view of the problem and solution taken by the different stakeholders. Current SW prototypes seem to be built in an ad-hoc way. There has been a
good deal of focus on representation languages for the SW, but not so much on methodology for how to use these specifications together to develop a useful solution for
the users. A cohesive methodology for developing Web information systems and
services is needed if the SW is to move from the research community into general
use.
The overall objective of the author's thesis is to contribute to the development of
methods and tools for establishing information services in the context of the SW. It is
not a goal to develop yet another representation language, but rather to utilize existing
1
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ones to look at methods for how these can be used together to develop Web information services and systems. An integrated approach for ontology and information service engineering will be developed, including techniques for information service
provision and consumption and techniques for quality management of the process and
product in Web information systems development. A cohesive methodology must be
developed to facilitate the coordination and management of the service development
process, and a methodological approach for integration and manipulation of all information produced during the project should be developed. Web information systems and service development should also be supported by providing means for semantic interoperability and management of specification fragments independently of
development phase, model perspective, view, or representation language.
Another closely related and interesting research question is adaptation and configuration of SW systems and services for non-technical users. If the SW is to attain a
global reach, the author believes that it must be simple to use for non-technical business users. This means that business users must themselves be able to semantically
enrich data-sources that are not automatically enriched, and perform work by composing SW Services into business processes and executing them. This will require a
strong user-friendly framework as a basis for work, and a robust methodology to
guide users in their work.
Existing approaches for information modeling and meta-modeling will be combined with the workflow modeling approach from the PhD-student working on Workflow Modelling (also in the WISEMOD-project) to form a comprehensive methodology for Web information service and application engineering. The result will be a
new model-based methodology for the engineering of Web information services and
applications, resulting in better SW applications than what can be achieved with current approaches.
So far, some research regarding state-of-the-art in SW technology has been performed. A study of issues for utilizing and enabling the global SW has been conducted. Various methodologies and their quality will be surveyed to examine what
types of methods may be best suited for developing SW services and systems. This
may include both methods specifically targeted to Web service development and
more general software development methods. These more general methods will be
surveyed by investigating to what extent they can be adapted to support Semantic
Web Services development. A combination of empirical and analytical approaches
will be used. A proof-of-concept prototype tool will be built to support the suggested
development process and be used as a basis for practical experimentation. The practical usefulness of the suggested approaches for information service engineering will
thus be evaluated. Experience reports from the various studies undertaken will form
the evaluation part of the thesis.
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Abstract. Enterprise-control system integration between business systems,
workflow systems, manufacturing execution systems and shop-floor processcontrol systems remains a key issue for facilitating the deployment of plantwide information-control systems. Since years, increasing flexibility and
efficiency of their systems has been the new challenge for modern
manufacturing enterprises. Business process modelling aims at specifying
objects flows and processes inside enterprise levels and among networked
enterprises. However, the increased complexity of these models does not help at
ensuring coherent relationships between its components. Moreover, when
modelling different flows could handle different views of the same objects, thus
coherence have to be maintained during the whole manufacturing process. In
this paper, we show how Holonic Process Models (HPM) could be adapted for
Business to Manufacturing (B2M) interoperability by applying the concept of
Holon. We define a Holon oriented approach and design principles for
specifying and building HPMs, in the specific domain of manufacturing
systems. This approach aims at increasing model abstraction in order to simplify
its initial comprehensiveness and ensure coherence between different views of
manipulated objects. For reusability’s sake, we propose a possible
interconnection of the proposed Holon model in existing enterprise models. This
integration enables exchanging data between the holon based models and other
existing models.
Keywords: manufacturing systems; enterprise modelling; HMS; B2M; models
integration; enterprise integration; interoperability; model mapping.

1

Introduction

In the last few years, lot of work has been done in order to ensure interoperability
between applications. Enterprise application integration and the opening of
information systems towards integrated access have been the main motivation for the
interest around systems interoperability. Enterprise Integration which consists in
connecting and making interoperable all the functional areas of an organization to
improve synergy within the enterprise to achieve its mission and vision in an effective
and efficient manner [1]. Enterprise integration occurs when enterprise data is handled
and performed in different sites, services or companies. Manipulating all this data as a
whole cannot be achieved simply by connecting computers ([2], [3]).Integration aspect
and information sharing in the enterprise lead to an organisation of the hierarchy of
enterprises applications where interoperability is a key issue (Fig. 1). This hierarchy
defines the three main levels in manufacturing enterprise:
- Process control level contains all processes that perform moves and physical
transformations on the produced goods and services;
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-

The Execution level perform the processes that manage decision flows
(Workflow) and production flows (MES);
The management system level is responsible of the management of processes
that handle all different informational aspects related to the enterprise (e.g:
ERP systems).

Fig. 1 Manufacturing enterprises structure

The integration of those different levels can be seen from two different points of view
(Fig. 2):
”Horizontal Interoperability” is the interoperability between applications
from the same level in the enterprise. This first category of interoperability
aims to synchronise models that were created in different enterprises even
those managed by different modelling systems (e.g.: enabling organisational
interoperability between two systems used in two different organisations).
”Vertical interoperability” is the interoperability between applications from
different enterprise levels. The objective of this category of interoperability is
to maintain coherence between information that is handled in two different
level of the enterprise (e.g.: ensuring coherence between organisational
models of the enterprise and the process models used at shop floor level).
Horizontal interoperability

Vertical interoperability

Enterprise B

Enterprise A

Fig. 2 Different types of enterprise interoperability
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In this paper, we define a Holon oriented approach for specifying and building
Holonic Process Models, in the specific domain of manufacturing systems. This
approach aims at increasing manufacturing model organisation in order to simplify its
comprehensiveness. We propose a modelling approach in order to handle enterprise
levels interoperability concerns.

2

Applications Interoperability in Manufacturing
Systems

The ISO/IEC 23821 Information Technology Vocabulary defines interoperability as
“the capability to communicate, execute programs, or transfer data among various
functional units in a manner that requires the user to have little or no knowledge of the
unique characteristics of those units.” The IEEE STD 610.122 standard defines
interoperability as “the ability of two or more systems or components to exchange and
use information”. In this paper, interoperability definition is adapted from the two
previous definitions as the ability to communicate, to cooperate and to exchange
models between two or more applications despite differences in the implementation
languages, the execution environments, or the models abstraction ([4], [5]).
Interoperability has been studied in different domain applications. The following
presents an overview of existing methods and technologies enabling interoperability.
2.1

Interoperability between ERP and MES Systems:

In this paragraph, we focus on interoperability between the business level and the shop
floor level. The main purpose of interoperability between Enterprise Resource
Planning (ERP) systems and Manufacturing Execution System (MES) is to improve
the synchronisation between shop floor data and business information. ERP - MES
interfacing speeds up the information flow between planning and process control
systems. This allows tighter control of process timing and improvement of the quality
of the production process. A priori detection and resolution of process disturbances
into the schedule can reduce late deliveries. Better visibility of progress information
leads to improved sales order control and follow up for the Customer Service
department. Defining this interface requires an information analysis to sort out reliable
and accurate process data for the ERP system and to define proper recipe information
for the MES. Fig. 3 shows some examples of information that could be exchanged
between the ERP level and the MES level.

1
ISO/IEC 2382 (1993). Information technology -- Vocabulary -- Part 1: Fundamental
terms
2
IEEE STD 610.12 (1990). Standard Glossary of Software Engineering Terminology,
IEEE, May, ISBN: 155937067X
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ERP
Forecasting
Production Planning
Product Definition
Process Definition
Human Resources
Inventory
Management

Product Demand
Resources
Routing/Process
Labour characteristics
Inventory Status
Order Status/ Completions
/Start-Due-End
Resource Status/Usage
Material Status/Usage
Actual Routing/ Process
Product
Genealogy/Traceability
Inventory Status

MES
Resources
Alloc./Status
Operations Scheduling
Product Dispatching
Document Control
Labour Management
Traceability
Quality Management
Performance Analysis
Process Management
Product Tracking and
Genealogy
Maintenance
Management

Fig. 3 Example of data that could be exchanged between an ERP and an MES

LinkForSap [6] is an example of interoperability solutions between ERP and MES
systems. LinkForSap is a software package that enables information unification
between the SAP R/3 ERP system and the Centum production control system. Even if
the LinkForSap resolves the problem of interconnection in a computer integrated
manufacturing system, this solution is valid for a specific ERP application, and can
not be reused for another application. In the special case of the interoperability
paradigm, point-to-point solutions that create single links between many applications
are known to be expensive in term of maintenance; indeed the interoperability solution
may become more expensive to maintain than the connected applications.
2.2

Workflows Interoperability Solutions

In manufacturing systems environment; in addition to ERP and MES, other kinds of
applications could be involved. In the enterprise management level, workflows
management systems, business process management systems can be used (Fig. 1). In
this paragraph, some examples of interoperability solutions for this kind of
applications are given.
3
The workflow management coalition (WfMC [7]) defined an interface for the
communication and the interoperation between workflow engines. A key objective of
the WfMC is to define standards that will allow workflow management systems,
henceforth called workflow product from different vendors to pass work item
seamlessly between one another. The interface defined in [8] consists of the
specification of all API calls needed to cover all cases and possibilities when two
workflows can co-operate (e.g. exchanging status, synchronising execution, sending
and answering queries). Wf-XML[9] is an interoperability standard defined by the
WfMC working group, that combines the abstract commands defined by the
interoperability interface defined by the WfMC, this standard consists in remote
control workflow instances exchanging XML messages through http protocol. The
3

www.wfmc.org
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Wf-XML defines a set of request/response messages that are exchanged between an
observer (which may or may not be a workflow management system) and a workflow
management system (WfMS) that control the execution of a remote workflow
instance. Several WfMSs incorporate the Wf-XML formalism to ensure
interoperability of their engines (e.g. AFRICA [10]).
Shepherdson et Al. [11] proposes a cross organisational co-ordination of workflow and
business process using software agents. In this proposal, a software agents is
associated to each activity in a workflow or enterprise activity in a business process;
this software agents is responsible of all communication that connect this activity to
the others. A workflow provided by the software agent layer is called an agent
enhanced workflow. This approach provides a mechanism to handle interoperability
between workflows based on the interoperability between agents.
WfMC interoperability standards and most of existing techniques that enable business
process or workflow interoperability are based on a message exchange paradigm (e.g.
Wf-XML, BizTalk, FIPA ACL etc.). These solutions resolve only the particular case
of syntactic interoperability (messages vocabulary, messages format, data types, etc.).
To handle semantic concerns in workflow interconnection, Casati et al. ([12], [13])
propose a semantic specification of workflow interoperability.
Table 1 presents the classification of the studied solutions in terms of vertical or
horizontal interoperability and also syntactic or semantic classification.
Table 1: recapitulation of the studied solutions for interoperability

Solution

Domain

Generic solution

LinkForSap[6]

ERP/MES
interconnection
Workflow
interoperability
Workflow
interconnection
Workflow
interoperability

No

Interoperability
V/ H
Vertical

Yes (WfMC)

Horizontal

Yes (WfMC)

-

Yes

Horizontal

Interoperability abstract
specification [8]
Wf-XML[9]

Software Agents for
Interoperability[11]

In order to aid at taking into account the interoperability requirements during systems
modelling phases, we introduce, in the next section, the concept of holon, in the
context of manufacturing systems. This concept plays a central role in the
specification of Holonic Process Models (HPM) as a specialisation of Business
Process Models. We will then show how these models can be mapped into the Unified
Enterprise Modelling Language (UEML [14], [15]) and the Business to Manufacturing
Markup Language (B2MML) [16], which are modelling languages used to facilitate
the interoperability of process models in the context of a Business to Manufacturing
(B2M) approach.
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3 . The Holonic Approach and Manufacturing Applications
Interoperability
In the manufacturing environment, numerousness of types of flows (data flows,
physical flows, communication flows, event flows) introduces chaos in the
organisation of flow traffic inside systems. In this context, specific problems appear,
synchronising flows that handle related objects is one of those problems. In this
section we define the concept of holon an its adaptation in manufacturing context as a
first step towards the establishment of an approach for HPM. This approach aims to
propose modelling principles for resolving information flows synchronisation in
manufacturing systems, taking into account interoperability concerns during the
modelling phase.
3.1

The Holon Concept in Manufacturing Process Modelling

The paradigm of “product + information” has been studied and defined as Holonic
worldview [17]. The term "Holon" was applied to the manufacturing world, creating
the Holonic Manufacturing Systems (HMS) community ([18], [19]). For this
community a Holonic Manufacturing “is an autonomous and co-operative building
block of a system for transforming, transporting, storing and/or validating information
and physical objects. The Holon consists of an information processing part and often a
physical processing part. A Holon can be part of another holon.” ([20], [21]). A holon
is then comprised of (Fig. 4):
a physical part containing all the physical resources that constitute the
holon.
an informational part composed of all data that describe the holon, its
knowledge and its behaviour.
<<Stereotype>>

Holon
#Id
+Holon Name

*

Composed
0..1

<<Stereotype>>

<<Stereotype>>

Informational part
#Id
+Name
+Description

{ Ordered}

0..1

Associated

0..1

Physical part
#Id
+Name
+Description

Fig. 4. The model of a Holon [22]

The previous class diagram shows a very high level abstraction of the concept of
holon adapted to manufacturing systems. In a manufacturing environment, the concept
of holon as defined above can be used to represent products that are equipped with
information about their manufacturing, their life cycle and information relevant for its
manufacturing scheduling and planning. Every processing states on the physical part
of the holon is also stored in the informational part, that way the coherence between
physical objects and their informational views is maintained along its life cycle.
Moreover, integrating information dedicated to manufacturing decisions in the holon
enables distributed decision and manufacturing systems flexibility. In the next section,
we give a detailed definition for the holon concept in the manufacturing context.
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The Holon concept adapted to manufacturing context. In [23], we have formalised
the organisational view of a HPM putting forward holons flows and their interactions
with processes. In this contribution, we focus on the structural view of holons.
We then consider that the information about a Holon is distinguished into two
categories:
- Information describing the current state of the holon, this state contains three
kinds of data handling attributes of space, attributes of form, and attributes of
time.
- Information that concerns the holon but that does not fit into the state. This
information is defined by a set of properties [19]; each property is defined by
its name, description (use and unit of measure), and value.
Holons can be classified into two categories (i) simple holons and (ii) complex holons;
Simple holons (elementary holons) are the combination of a single
informational part and a single physical part.
Complex holons (composite holons) are the result of the proceeding and
treatment of one or more other holons, this proceeding can be a transformation
of one holon to obtain a new one, or integrating a set of holons in order to
compose a new one. Each composite holon can be defined as the output of the
execution of a manufacturing process on one or more less complex holons.
In the example represented in Fig. 5, the holon H1 is directly composed of the holons
H2 and H3, those holons are also composite holons. In Fig. 5, edges represent
processes, nodes represent holons; composite are represented by continuous rings and
elementary holons are represented by non-continuous rings.
H1
P1 : composition

H2

H3

P2 : transformation

H4
P4 : transf.

H7

P3 : composition

H5

H6

P5 : transf.

H8

P6 : transf.

H9

Fig. 5. A composite holon example

The specification and the definition of such holon are formalised by a class diagram
showing how the concept of holon, together with its informational parts and physical
parts, is linked to constructs coming from manufacturing systems domain, such as
Process and Equipement (Fig. 6).
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composition

2..*

1

Holon

transformation

0..1

{Abstract}

0..1

Informational Part

*

Composite Holon

1

Elementary Holon

*

1

1

1

Property

1

Constraint (i)

state

Physica Part

{Abstract}

*

*

Composite State

0..1 0..1 Elementary state

1

Constraint (ii)

input

input
1

1

Process Instance

output
1

*

1

Process

*
*

Equipment

Fig. 6. Class diagram for the Holon model

Here is a brief description of the classes defined in the diagram represented in Fig. 6:
The Class Holon defines basic attributes for both composite and elementary holons.
An Elementary Holon is defined as a holon with no indication about his life cycle. For
example a product, produced by external manufacturing systems does not give
information about the processes needed for his manufacturing. In general, an
elementary state is observed and associated to each elementary holon. A Composite
Holon is a holon that has been processed through at least a single process during his
manufacturing. Only, processes inside the domain of the enterprise are taken into
account. A composite Holon can be obtained by two ways:
- Composing existing holons,
- Transforming an existing holon into one or more holons.
The UML interface state describes the current state of a Holon (composite or
elementary). Every manipulation of a holon through a process (Process Instance)
implies a change in the state of the holon processed. For the sake of traceability, it is
possible to create a new state instance for each change in the existence of a holon,
hence the hole life cycle of the holon can be stored. An Elementary state describes
specific data that concerns the state of an elementary holon. The Composite state class
describes specific data that concerns the state of a Composite Holon. A Physical Part
is a reference to the physical part encapsulated in an Elementary holon. The Process
instance refers to the execution of a process on a single holon, this class enables the
description with high level detail of every processing of the holon( e.g.: elapsed time,
start and end of the treatment, used equipment, needed personal). A Process describes
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an internal process, a process that is performed inside the studied domain. The
Equipment class describes the equipment needed for performing a process instance. A
Property contains all information concerning a holon, that can not be handled only
using the holon state.
In the diagram represented Fig. 6, two constraints are expressed:
constraint ( i) a composite holon cannot be at the same time a composition of other
holons and the result of a transformation;
constraint ( ii) a process instance input is a holon state, this state can be composite pr
elementary but not both, hence a process instance cannot be associated to both a
composite state and an elementary one.
Other constraints on class attributes can be expressed (example: Precedence
constraint; the time of creation a composite holon cannot be anterior to the time of
creation of the holons composing this holon.), but for the sake of simplicity those
constraints where omitted from the diagram.
The Holon integration in a manufacturing process modelling tool. To apply the
Holonic model defined above in real use cases, an implementation has been proposed.
This implementation consists on integrating this model in an enterprise process
modelling tool named MEGA Suite4, which is a business process analysis, modelling
and development environment.
MEGA Suite is based on its own meta-model which can be specialised for specific
needs. We used that facility to embed our own Holon model into that environment in
order to test the usability of our proposal on specific application test cases. This
implementation enables using Holon flows exchange when modelling processes,
specifying then a Holonic Process Model.
In the next section, we show how the holon concept and the model defined can match
with other reference models and meta-models of languages used in the area of
enterprise integration and enterprise modelling. This matching between the different
concepts enables mappings at model level, thus models using holons could be
translated and integrated into models based on other standards.
3.2

Integration and Interoperability with other Models

The main objective of this section is to show that models based on the holon concept
defined in section 3.1 could be expressed and transformed into models based on
existing data exchange standards and other unified languages. This transformation will
enable model and data exchange between applications that are based on holon models
and different enterprise applications from different levels in the enterprise. To
experiment the holon integration and interoperability with other enterprise modelling
frameworks, two standards have been chosen:

4

MEGA Suite, MEGA International, www.mega.com
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- The UEML a Unified Enterprise Modelling Language used at the organisational
level of the enterprise;
- The B2MML language is an implementation of the IEC/ISO 62264 standard [24]
used for interfacing the manufacturing control and execution systems with higher
level systems.
Mapping Holon with the Unified Enterprise Modelling Language. The Unified
Enterprise Modelling Language (UEML) is the result of the UEML project [25] which
aimed to solve the problem of numerousness of enterprise modelling (EM) languages
[26]. The project defined a Unified Enterprise Modelling Language as an Interlingua
between EM tools. The meta-model of UEML1.0 ([14], [15]) defines the set of most
relevant concepts and notions for Enterprise modelling. The UEML meta-model
defines a class Object, with two sub-types:
- Information Object: describes object that contain only data. Information objects can
be organised in "control flows" (constraint flows or trigger flows);
- Resource: can be divided into two sub-types Material resource and Human
resource. Resources are organised in Resource flows.
A trivial mapping consists in representing Informational part (resp. Physical part )
using the concept Information Object (resp. Material resource), to represent holons
we need a specific sub-type of the class Object, this specific concept must be the link
between the Material resource (Physical part) and the Information Object
(Informational Part).
In the UEML meta-model, an activity represents a generic description of a part of
enterprise behaviour that produces outputs from a set of inputs. It represents a set of
similar activities executions. The concept of “Activity” defined by the UEML
constructs can be used to express the notion of “Process” which is defined in the holon
model. Table 2 summarise the mapping between concepts defined in the holon model
into UEML constructs.
Table 2: Correspondence between Holons related concepts and UEML concepts.

Holonic Process Model
Meta-model

Holon
Informational Part
Physical Object
Process

UEML
Meta-Model

Object
Information Object
Material resource
Activity

Mapping with the B2MML language and the IEC/ISO62264 standard: Business To
Manufacturing Markup Language (B2MML) is an XML implementation of the
IEC/ISO62264, it consists in a set of XML schemas written using the World Wide
Web Consortium'
s XML Schema language (XSD) that implement the data models
defined by the IEC/ISO62264 standard. The IEC/ISO 62264 is the standard specifying
the exchange of data and models interfacing the shop floor level into the enterprise. It
is composed by six different parts designed for defining the models and interfaces
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between enterprise activities and control activities. Each model concerns a particular
view of the integration problem. Those models show increasing detail level in the
manufacturing system. They can be classified in to two categories; operational models
or resource models. To map the holon concept with the IEC/ISO 62264 models, two
views are possible:
- Genealogical view: this first view concerns the genealogy of the holon, which
describes relationships between holons (composition and transformation).
Information handled in this view corresponds to the “Product Definition
Information”, as defined in the standard;
- Process view: allows representation of the lifecycle of the holon and the different
processes involved during each step in the manufacturing cycle. This view fits
into the “Product production rules” concept of the IEC/ISO 62264 standard,
especially the “Product segment” concept, which can manage information about
assembly steps and assembly actions for discrete manufacturing.
Both the genealogical and the process view are relevant for managing holons
traceability along its lifecycle. In the IEC/ISO 62264, the material model is a resource
model that defines the actual materials, material definitions and information about
classes of material. Material information includes the inventory of raw, finished,
intermediate material and material decomposition into lots and sublots. The IEC/ISO
62264 material model is the most adequate to express and handle the information
about genealogy of holons (products), thus it should be used to represent the
genealogical view of holon. In the IEC/ISO 62264, the notion of product segment
defines the values needed to quantify a segment for a specific product, such as the
number with specific qualifications. In the holon model, the class “Process instance”
groups all information that concern the manufacturing of a specific holon. Since we
consider that a holon represents a product, we can then assume that the “Process
instance” of a specific holon describes the product segment of that holon (product).
This means that all concepts associated to the Process instance class, can match the
concepts associated to Product segment.
Table 3 shows the mapping between the genealogical aspect and the process view of

the Holon model into the material model of IEC/ISO 62264 standard.

Table 3: Correspondence between Holons related concepts and IEC/ISO 62264 concepts
Holonic Process Model

Material Model mapping

Holon
Holon Flow
Informational Part
Properties

Product Definition Model
mapping

Process Instance
Equipment

IEC/ISO 62264

Material sublot
Material lot
Material definition
Material lot property and Material lot
property definition
Product segment
Equipment specification

Mappings in action for interoperability. The previous paragraph defines mappings
between the holonic model with UEML and IEC/ISO62264 models. In order to
validate these concepts, we are currently developing an automatic translator based on
proposed mappings from our holonic model into the other models. To describe objects
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and models manipulated by each meta-model the XMI [27] (XML Metadata
Interchange) language has been chosen. XMI is a widely used interchange format for
sharing objects using XML [28]. The XMI formalism proposes a solution enabling
meta-models description in XML syntax. Moreover XMI enables also description of
objects and their instances based on those models.
The XMI interface enables generating different XML files with a specific structure for
each one using adequate translators, these structures are defined by the adequate
standards, as shown in Fig. 7. The B2MML and the UEML XML schemas are used to
generate valid and reusable documents from holonic process diagrams created in the
managed in the MEGA Case tool, those documents can the be imported in
applications compatible with UEML or B2MML standards.

….
Workflows

Holonic

UML
modelling

process

XMI interface

XML adequate translator

ISA
models

Other
models

UEML
models

Fig. 7. Transformation of models

4

Conclusion

In this paper we defined an approach for specifying Holonic Process Models. In these
models, the holon represents the key notion. This concept enables maintaining
coherence between the physical objects and their informational views, and thus
between informational flows and physical flows. This approach aims also at
increasing model abstraction in order to simplify its initial comprehensiveness and
ensure coherence between different views of manipulated objects. We gave a proposal
to map and integrate the holon concept in existing enterprise modelling frameworks
for interoperability concerns. In this proposal, we focus on ERP interconnection with
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an MES in order to exchange manufacturing and production related information. In
order to validate our approach, further work will be to develop translators from our
XMI interface to the respective B2MML and UEML XML files. Perspectives for this
work concern the interconnection with a WfMS, in order to exchange business process
modelling information and then enabling a process oriented execution of enterprise
models.
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Abstract. The distributed information system design decision has always been
taken in the implementation step. The contribution of designer for this decision
can decrease the evolutionary and the corrective maintenance. This designer’s
contribution can be realised through the specification of integrity constraints at
distribution step. In this paper, we illustrate the contribution of such an approach for the design of distributed information system and we explain how
this approach will be taken into account for the evolutionary re-engineering of
such systems. This approach relies on the knowledge maps established between
designer and developer that encapsulate the set of information and thus contribute to the distribution implementation.

1 Introduction
Increasingly today, organisations and their environment, due to their dynamic behaviour, generate new informational and structural needs that should be satisfied for their
survival. The unification of organisations and the effect of the globalisation imply an
integration of multiple data coming from various structures to coordinate them and
thus ensure their integrity. This integration is done through their different correspondent information systems. The information systems have a major role intra and inter
organisational by ensuring the collection, storage, sharing and the integrity of the
data. In addition, an operational and robust information system must provide the right
information to the right person at the good moment and with the lowest cost [7]. Information system has to be conceived as the principal actor in the decision-making
process of any organisation [5].
These information systems, therefore, must imperatively be able to evolve with the
structural and informational dynamism in order to satisfy the updated organisational
and technical requirements. Because of their conceptual nature, the traditional information systems, generally centralized, are not easily maintainable and consequently
cannot be adapted to these changes in order to reflect adequately the new require-
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ments [3]. Hence, the traditional information systems do not support the evolution of
the organisation’s conceptual diagram, i.e. the internal data and consequently the
internal database diagram, the integrity constraints and the specifications of the dynamic aspects. To contribute to the maintenance of coherence in the database, it is
necessary to specify constraints, which the database must respect to preserve the data
integrity. These constraints change and should be changed in order to meet the new
needs. In fact, the evolution of the organisational environment or/and the informational environment often implies a radical change in the thinking of these constraints,
which control these environments.
The maturation of database management system (DBMS) technology has coincided
with significant developments in distributed computing and parallel processing technologies. The result is the emergence of distributed information systems based on
distributed database management systems and distributed applications system. A
distributed information system is a collection of data, transactions, integrity constraints and sites [2]. Data is concretized by a set of multiple, logically interrelated
databases distributed over a computer network. This set is managed by a distributed
database management system, which makes the distribution transparent to the users.
Some researches on integrity constraint checking in distributed database environments addresses the problem of checking the global integrity constraints locally. [1]
proposed the demarcation protocol which relies on storing some extra information
about data on remote sites and the solution applies only to a limited class of integrity
constraint. [2] presents ways to produce sufficient integrity constraint verification
tests given a modification to the database and the entire original database. [6] describes techniques for distributing global constraints between sites in a way that reduces communication time.
Constraints of distributed information system are distributed on various levels. They
can be implemented on the different existing levels of the system. In architecture such
n-tiers levels, constraints can be implemented in graphical interfaces, application
level or the data level. It is important to make the evolution of these integrity constraints easier to ensure the survival of information system. The information system
evolution based on its integrity constraints evolution is difficult to manage because
this evolution is complex and still controlled neither by the distributed database management system nor by the design and development tools of information system. The
control of this evolution is required since it is the guarantor of the data’s quality and
the information system’s performances [7].
The specification of integrity constraints in a distributed information system can
cause problems at three different levels: transaction design, development and maintenance of integrity constraints. Firstly, the transaction design step guarantees the coherence of each transaction with respect to the integrity constraints. It has to meet the
performance requirements ensuring a minimal data flow during execution of an integrity constraint using shared data between different sites. Secondly, the development
of integrity constraints has to respect the design step and has to be executed in order
to ease the future maintenance and the reliability of the constraints. Finally, the gen-
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eral problem is to check that the integrity constraints based on distributed data among
different sites, are verified after any performed transaction.

2 Distribution framework
In order to answer the distribution problems, we needed to develop a framework and
an associated suite of methods that enable designers to have assistance for the database schema specification while considering the different parameters involved.

2.1 Overlap knowledge pattern
We define an overlap knowledge zone between designers and developers in which
they share common information and more important common distribution decisions.
The distributed information system design knowledge pattern treats the knowledge
surrounding the design step. This knowledge represents information obtained from
the analysis step and expresses the main directions of the system. The distributed
information system implementation knowledge pattern contains different generic
knowledge about the constraints imposed by the different technical platforms. It
specifies also the different performance and quality of service objectives. The distributed information system overlap knowledge pattern is essentially composed of shared
decisions that must be taken both by designers and developers. It contains information about the integrity constraint design and the way of implementation, data locations and the different site relations. The designer’s knowledge can contribute to the
specification of the distributed information system through the different information
extracted from the analysis at design step, i.e. triggering site, end-user queries, design
justification, critical data, constraint weighting, validation site, etc. The developer’s
knowledge, i.e. the technical constraints he faces, has to be taken into consideration
as well. This knowledge from both actors has to be shared in order to design and
implement a distributed information system and its integrity constraints. Considering
this common knowledge will help building evolutionary and easily maintainable
systems.

2.2 Distribution algorithms
Several algorithms are proposed FKDO: Foreign Key Dependencies Optimisation,
ICDO: Integrity Constraint Dependencies Optimisation, GIDO: Global Integrity Dependencies Optimisation are the main component of the Overlap Knowledge Pattern.
The first algorithm is based on the foreign key distribution optimisation. Its aim is to
decrease the number of the different site relations resulting from foreign key matching. The second algorithm treats the other different integrity constraints. Its result is a
set of distribution solutions. The different generated solutions minimise the number
of site connections and thus their dependencies. They also reduce the data flow and
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deliver better system performance and better answering time. Finally these algorithms
structured in a global framework, that takes in consideration the various constraints’
importance, recalculate the different solutions while matching every constraint with a
weighting value. This value evolves continuously according to the frequency of the
constraint call. Our different algorithms are the principal component of our purposed
methodology for the design of distributed information system based on integrity constraints dependencies optimisation. The first goal of this approach is to give the designer a real view of the distribution system. This is done by generating the different
distribution sets and comparing them according to their respective transaction costs.
The second goal is to underline the most advantageous solution while giving the
possibility to the designer to interact and influence this solution. This flexibility is
concretized by the ability of the designer to fix needed data on predefined site and to
order the different integrity constraints by determining the respective weighting. The
third goal is to obtain the lowest distribution cost while maximizing the system integrity and availability.

3 Future directions
From the different knowledge patterns, the focus has been brought to the overlap
knowledge pattern by defining different algorithms to allow the implementation of
the distributed database diagrams while relying on the various components of the
pattern. We will now focus on the other different components of the design and implementation knowledge pattern. We need to specify the implementation knowledge
pattern to be able to re-engineer the conceptual diagram through the use of the integrity constraints. Indeed, the proposed distribution approach weight the transaction
cost in an arbitrary way. During runtime, the system’s data flow created by an integrity constraint could lead to rethink the conceptual diagram. By this way, the weighting criteria will be adjusted according to the actual call of every constraints and the
regulation of the distribution combination will satisfy the reel system requirements.
The development of a CASE tool integrating the different distribution approaches is a
very important issue. The FKDO algorithm is now supported by our implemented
tool M7Tool. The extension of this tool to ICDO and GIDO need to be done to provide a complete tool to assist designers in the specification step of a distributed information system.
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1

Context

Current methods for information systems modelling often focus on the different
aspects of information systems (IS). The methods, for example, Merise [10], IDA[3]
and UML[4] are interested in the Static, Dynamic, Organizational, and Architecture
aspects. Each aspect may dispose one or several models, which have different
formalism and interpretation.
This paper concentrates on the Static and Dynamic aspects, which are the most
fundamental aspects at the Informational level. At this level, the Class model
represents the Static aspect; meanwhile the Dynamic aspect is represented by the
State-chart or Object life cycle model.
These two types of models are indeed deeply interrelated. However, due to the
differences between the two models, the verification of consistency of these models
becomes an interesting challenge, especially in the case of the evolution of the
models.
In the literature, many works have concerned with this challenge that can be
grouped into two categories: verifying the consistency in each model [3][5] and
verifying the consistency between different models [8][9]. Most of them used formal
methods and transformed the specifications from source models, which have different
formalisms, into a common formalism. In general, the Z formal language and Firstorder logic are used as common formalisms. When the specifications are transformed
into the common formalism, they are verified the consistency within /between the two
aspects. The method of [8] is different. The common formalism is a graph consisting
of nodes and edges with multiplicities, and then a system of linear inequalities is
derived from the graph for solving the consistency verification.
In our standpoint, the verification task can be avoided if we take into account this
challenge at the modelling phase. It is the reason why we propose in this paper a
unique model: the ISDA model that can be used to specify the Static aspect,
Dynamic aspect as well as interrelations between them. Furthermore, the formalism
of this model must not be more complicated than the formalisms of other methods so
that IS professionals from different background can easily work with it. Besides, the
proposed model should be easily implemented.
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This model can be applied in the recently research and industrial domains such as
the interoperability of information systems, components for enterprise systems, and
evolution of information systems.

2

The ISDA model

As mentioned above, the main purpose of our work is to propose such a unique model
for representing both the Static and Dynamic aspects of IS. This model is called the
Integrating Static and Dynamic Aspects model (in short the ISDA model).
The concepts in our model are inspired from the object-oriented paradigm with some
improvements to support more integration and evolution. In fact, this makes the
differences between our model with other methods and therefore expresses the
advantages of our approach.
This section presents the outline concepts of the ISDA model. Firstly, we present
concepts of the Static aspect. Secondly, we continue with the concepts of the
Dynamic aspect. Finally, we show how to present interrelations between the two
aspects in our model.
2.1 Static aspect
In our approach, the Class model, which represents the Static aspect of IS, describes
the structure of classes and relationships between them.
There is only one relationship type in the Class model in our approach: the existential
dependency relationship, it helps supporting the evolution of the specification [6][7].
There is an existential dependency relationship from the C1 class to the C2 class if,
for every object in the C1 class, the existence of this object depends on the existence
of one and only one object in the C2 class. This dependency is permanent in the life
of objects in the C1 class.
On the other hand, the well-known concept: Specialisation or Is-A in current
modelling methods have often implemented by the inheritance mechanism.
Consequently, once an object is specified in a class, it stays permanent in this class.
In our approach, we propose the Dynamic specialisation (DS), which is a particular
case of existential dependency. The main objective of the DS is to authorize an object
to change the class, to which it belonged to, in its life cycle. Consequently, the
dynamic specialisation is more flexible than the specialisation concepts in other
approaches:
- Objects can move between classes in the Dynamic Specialisation graph (DS
graph). A DS graph is defined as a set of classes linking by dynamic
specialisations;
- When objects move from a class (called the Super-class) to a sub-class of
this class (called the Sub-class), it may be active or inactive in the Super-
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class. When an object is inactive then one cannot execute any method on it,
but one can consult it;
- As mentioned above, an object may stay in several classes in a DS graph. So
it depends on the fact that in which class, one desires to access the object
then the object shows/ hides its different informations. The concept AccessView is defined to describe this situation. An Access-View of a class
consists of all properties defined on the C class and certain informations
(attributes/ methods) of super-classes of C. There is no inheritance in the
dynamic specialization [2].
- DS is not a reflexive relationship, i.e. if C1 is a super-class of a C2 class then
the C2 class cannot be a super-class of the C1 class. In some situations of
DS, an object may move from a sub-class to a super-class; it requires
keeping the trace of the object. The concept Loop is defined for specifying
this situation.
Concerning the formalism, the Class model in our approach is probably simpler
than other approaches, because it uses a minimum set of concepts. Thanks to DS, the
ISDA model can express more remarkable situations in which objects can change its
class, can hold its traces, and can return to be an object of its super-class.
2.2 Dynamic aspect
The Object Life Cycle (OLC) represents the Dynamic aspect in the ISDA model. An
OLC is presented by a bipartite graph, which is called Node-Star Net (NSN). A node
corresponds to a state, and a star corresponds to a transaction. A transaction changes
states of objects; it may be a function, a processus of systems or even a method of
class.
In fact, there are some differences compared with OLC or state-chart in other
methods [4][11]:
- We can indicate that an object holds former states when it changes from one state to
other state. This primitive is not supported by other methods;
- Designer can define pre-conditions and post-conditions on transactions, meanwhile
in the Petri net, there are only the conventions such as AND, XOR on logic
connectors.
Concerning the formalism, the Node-Star Net is as complex as the Petri net,
however it is able to express more situations above.
2.3 Integration of two aspects
We specify the correspondences of an object life cycle of a class to a DS graph with
the respect to the order of states’ change. Each state of an object life cycle of a C
class corresponds to a class in a DS graph, which has C as its root class. If S1 is a
source state and S2 is a destination state of S1 transformed by the transaction T, then
the C1 class (corresponding to S1) is a super-class of C2 (corresponding to S2).
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By this way, the dynamic specialisation concepts is used to present interrelations
between the Static aspect and the Dynamic aspect. So this concept is a corner-stone of
the integration of the Static and Dynamic aspects.

3

Conclusion and future works

We have presented the concepts of the ISDA model that aims at supporting the
consistency between the Static and Dynamic aspects of information systems at the
Informational level. This model uses the dynamic specialization to express the
interrelations between these two aspects.
We also consider that the Organizational aspect is a very important aspect of
information systems. Therefore, in the future works, we will take into account the
consistency of this aspect with two Static and Dynamic aspects.
At the time being, we are developing an environment that allows specifying the
specifications of the ISDA model and then implementing them automatically.
Accordingly, we are applying the ISDA model in several application domains such as
the interoperability of information systems, components for enterprise systems, and
workflow applications.
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1 Introduction
The information system (IS) of an enterprise(or collaborative enterprise network),
constitutes an essential support of its functional processes. For this reason, this
platform of management and pooling of enterprise data, presents a character which is
extremely specific to each enterprise(or collaborative enterprise network). The
definition of the "good information system" for a given enterprise constitutes a
difficult task.
Our objective in this PhD work, is to define a “translator” that make possible,
starting from a certain number of models, related or not to the enterprise (process
models, enterprise models, generic models of information system, ect.) and using
enterprise knowledge, business rules, company culture, current information system
modules to emerge the most precise and the most usable specification of an
information system(model) which is relevant and specific to the enterprise.
Our research work is centered on the “information system design” field. It’s based on
three axes. The first axis is about Formalisms, we mean IS architecture, IS generic
model, enterprise modeling, process modeling and exploitable process models. The
second axis concerns Knowledge, we mean ontology and structured knowledge
bases. The third axis is based on Integration Tools, we mean concepts, methods and
software for integration and interoperability.

2 Research axes and IS design approach
In the first axis we started exploring enterprise modeling methods/methodologies.
An enterprise model is a computational representation of the structure, activities,
processes, information, resources, people, behavior, goals, and constraints of a
business. So before we have to think about which kind of information system is good
for one enterprise ,we must know “every thing” about it. Methods/methodologies
like CIMOSA,GRAI and OLYMPIOS , give a complete representation of the
structure of the enterprise. a process is represented by a formal sequence of
procedures, activities and steps. However, process models in the functional view, are
not expressive enough to reflect dynamism, flexibility and the need for
interoperability of enterprise process. Some process modeling languages like BPMN
(Business Process Management Notation) which is on the way to become a standard
in process modeling , have a rich vocabulary. Moreover BPMN offer integration
capability with enterprise data and applications. In this context we aim to find one
process formalism that permit describing perfectly enterprise process and integrating
completely other enterprise views (information, organization and resources). Formal
exploitation of process models remains a delicate point.
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In the second axis we admit that (enterprise) ontology present key aspects of an
enterprise. Ontology contains business knowledge, resource structures and person
capabilities. This ontology (enterprise) is semiformal; it provides a glossary of terms
expressed in a restricted and structured form of natural language supplemented with
a few formal axioms. We started by study ontology build phases and existing
ontology types. We are interested by TOVE(Toronto Virtual Enterprise) project. It
describes an object enterprise ontology based on structure, behavior, authority,
empowerment and commitment competencies.
In the third axis, we look for workflow enactment of the resulted information
system model. For this, we must integrate different enterprise modules (or
components). Enterprise modules are implemented building blocks or systems
(products, or families of products), that can be utilized as common resources in
enterprise engineering and enterprise integration. As physical entities (systems,
subsystems, software, hardware, available human resources/professions) such
modules are accessible in the enterprise, or can be made easily available from the
market place. EAI (Enterprise Application Integration) concepts are a solution for
integrating heterogeneous applications using data exchange language like XML
(eXtensible Markup Language).

Fig. 1. Process research axes concerning the information system translation. The Formalisms
and Knowledge axes deal with specification issue while Tools axis brings implementation
notion to others axes. Indeed, Formalisms and Tools are linked by specific process or IS or
enterprise modeling (or implementation). Similarly, Knowledge and Tools are connected by
generic concepts of implementation.

The process-based approach is a strong feature of our current research, but formal
exploitation of process models remains a delicate point. This approach aims to
translating a confident process model into a pertinent IS design model. This
translation is based on “general knowledge”, which includes generic IS models, EAI
components and models of existing IS. The components of that “general knowledge”
should be used by the semi-automatic translator during the construction of the
pertinent IS model. They are guiding the translation by providing additional (and
essential) elements for the IS model design.
Technically, if BPMN seems to be the best candidate for pertinent workflow
modeling, it is difficult to find trustable ways of exploiting generated models. XML
is certainly an adequate medium for data spread but obtaining BPEL4WS files from
BPMN models is not a trivial action (BPEL4WS is Business Process Execution
Language for Web Services and is a XML language designed for business process).
Thus, if we want to use XML files to generate (using the translator) UML IS models
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(in XMI), we must be able to obtain BPEL4WS models (or such XML business
models).

3 Conclusion
the IS model generation cannot simply be a compilation of workflow models because
the single process model does not contain the whole information required for IS
model design. Indeed, the objective is not to translate a process expressed in
language A into a process expressed in language B. It is to create an IS model (thus
located on a different level) from specific data contained in process models, by using
general knowledge surrounded by reference models, existing IS models and by every
other kind of knowledge that could be useful including information provided by
actors to the translator.
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Abstract. Modern enterprise information systems are heterogeneous
environments combining resources coming from different sources. Multiple domains are involved, and as such the ability of information systems
to be interoperable, the ability to ensure persistant security as well as the
ability to reflect the dynamics of the corporate environment are mandatory. The definition and management of static access rights through access control lists dispatched accross multiple and evolving environments
is difficult and not sufficient anymore. Further, information systems are
now expected to ensure regulatory compliance. In this context, security
of information systems has to be extended and adapted to provide an
interoperable global security environment, reflecting strategical security
needs and applying them at the operational level.
This paper discusses how Digital Rights and Policy Management can
enable interoperable and dynamic policy driven security and presents the
benefits of such a global interoperable security scheme over traditional
security schemes.

1

Introduction

Nowadays, modern enterprise information systems are an interconnection of heterogeneous systems like frameworks, knowledge management systems, enterprise
resource planing, databases, datawarehouses, etc. Resources can be distributed
over multiple sites belonging to different companies. Different technologies and
approaches are used to access these resources, to communicate and provide service like web services or mobile agent systems. Involved processes have to cross
these heterogeneous systems and be able to to adapt to the different security
schemes and authentification systems that may be combined. Thus resource security and security interoperability are extremely important issues.
Further, currently, increasing emphasis is put on regulatory compliance. For
instance Sarbanes-Oxley Act (SOX [1]) auditors can demand to see auditing
records of virtually all computer access. This increases the need for adapted
security solutions to control access to enterprise sensitive ressources. SOX is a
first glance of how economical and legal environments will influence tomorrows
enterprise information systems.
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Future information systems will have to be able to reflect strategical issues
like corporate governance, compliance, liability, policies, etc. Information systems will have to be able to capture and apply these issues at an operational
level, in order to ensure valid system execution. Moreover, to constantly reflect
reality, future information systems will have to be able to evolve dynamicaly
with the environment. In this context, issues concerning persistent protection
of ressources, adaptable policy driven control of distributed ressources and interoperability are not disjoin domains. Traditional security approaches through
static control access lists are not sufficient anymore.
Nevertheless, interoperability does not only concern IT and IS related issues.
Aligning the business and enterprise strategy with IT and IS issues is where
future interoperability issues reside. Flexibility, adaptability, persistent security
and precise representation of enterprise strategical and legal environment are
needed, and have to be represented in a common global security scheme.
The goal of this paper is to show how Digital Rights and Policy Management
(DRM/DPM) driven security can be used in order to offer a global solution
tackling these issues.
This paper is structured as follows. Section 2 details how DRM/DPM can
provide interoperable security. Some other existing approaches ar discussed in
section 3. We present ongoing work in section 4 and we finaly conclude in section 5.

2

Security interoperability through DRM/DPM

This section presents how Digital Rights and Policy Management can enable
interoperable security and how their use covers security needs from both strategic
and operational point of view.
2.1

Enterprise Digital Rights and Policy Management

With modern Enterprise Information Systems, enterprise processes have to span
accross multiple corporate structures. In this context the issue of persistent content protection, rule based access to content and usage metering appear as key
requirements. In order to protect themselves, enterprises have to deal with the
recurring problem of managing, safeguarding and controlling usage of information assets wherever it resides and especially outside the corporate firewall. The
technology addressing this security issue is called Digital Rights Management
(DRM) and its strategic managerial dimension is called Digital Policy Management (DPM). As a result, any attempt to access a content protected by DRM
requires interpreting associated rules prior to granting or denying the right to do
so [2]. Enterprise DRM and Enterprise DPM, are the application of DRM/DPM
to the corporate environment in order to protect any kind of corporate informational resource.
One of the major problems that hampered broader and faster adoption of
DRM was the lack of standards and the totally incompatible proprietary solutions that were available (e.g., Microsoft, InterTrust, ContentGuard, IBM,
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etc.). Nevertheless, associations like OMA (Open Mobile Alliance) [3] or MPEG21 [4] are actively working on DRM standardization and the situation is progressively changing. Recently ISO ratified two sandards developed within MPEG-21
: MPEG-REL (ISO/IEC 21000-5:2004), a Rights Expression Language based on
XrML [5], and MPEG-RDD (ISO/IEC 21000-5:2004) which addresses the issue
of rights interoperability and semantics through RDD (Rights Data Dictionary).
Reference implementations for both MPEG-REL [6] and MPEG-RDD [7] are
currently available. Such initiatives are instrumental in this field and represent
a prerequisite for broader adoption and interoperability.
2.2

Security meeting strategical and operational needs

As specified earlier, policy management is a key strategic issue for the Enterprise.
Information is a corporate asset and is therefore bound to corporate policies.
Companies need to be able to define and control who, how, when, what, in what
context, and under which condition enterprise resources can be accessed and used
at all time. These resources can be of any type like financial statements and
reports, design documents, technical specifications, proposals, contracts, legal
documents, emails, etc. Moreover, not only documents need to be protected.
Processes, executable code, raw data, and value added information provided by
databases and application servers, dynamically generated and which do not exist
statically but are the result of specific queries are also bound to usage rights and
policies.
Basic security notions providing confidentiality, authentication, integrity and
non repudiation are still needed but not sufficient anymore. Digital Policy Management is of strategic nature and as such must be initiated and driven by
corporate managers and not IT / IS people. It has to take into consideration
three different but coexisting views : the legal environment, specific regulatory
frameworks often sector bound and internal corporate policies.
Enterprise DRM meets Enterprise DPM at this point. It requires to address
the issue in an interdisciplinary space between technology and management science, having to apply at the operational level decision taken at the strategical
level.
2.3

DRM/DPM driven interoperable and dynamic security

Regards to information systems security, following observations can be made.
First, security policies defined at a strategical level have a global validity. Regardless of the way information systems are implemented these policies have to
be respected at operational level. Second, as described before, monitoring and
tracability ability are an important part of modern information systems security needs. Further, rules defining if a resource (any kind of data or any system
functionality) should be accessible or not depend on the context in which the
ressource is accessed. As information systems are heterogenous, security interoperability is needed to provide a global view of the security context.
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In order to provide more flexible and adaptable security as well as interoperability, traditional access control lists (ACL) could be replaced by DRM/DPM.
Unlike ACLs wich are a static definition of access rights, DRM provide dynamic
interpretation of rules, granting or denying access to resources depending on the
result of a verification process. These rules can define who, how, when, for how
long, can access what resource in what context.
Credentials are emited for well defined users or processes by a certified entity,
granting access to functionalities and resources of the system. When a ressource
is accessed, the process accessing the resource has to provide a set of credentials. The system checks if these credentials match the rules associated to the
protected resource and decides to grant access to the resource or not to do it.
Credentials can also be dynamically revoked if needed, for instance in case of
abusive behavior, or refined to grant access to more resources.
Global security interoperability can be provided using sets of credentials.
These can be used to access any resource anywhere on the information system.
There is no need for the different systems to understand every credential a process provides. Once the rules mediating access to a resource are set, only relevant
credentials have to be recognized. If a credential is not known, the system has
to be able to check if this credential is equivalent to a known type of credentials. Such an interoperability of credentials can be achieved using standards like
MPEG-RDD.
As stated before, the rules are defined at the strategical level and have to
reflect strategical environement evolution. Using DRM/DPM, security can be
dynamicaly refined with no need to modify already emited credentials but only
by modifying the set of rules affected by the environmental change. Changing
the rules has a global impact, avoiding the risk to forget to modify the rights of
one given human user or process.
As each credential is affected to a particular process or user, and as the whole
security scheme is based on a dynamic verification of credentials towards rules,
tracability or even real-time monitoring tools can be easily implemented. Such
tracability can be used to capture the context and information flow that has led
to a particular access to a resource. The verification engine could then use such
information to check higher level rules covering multiple aspects of the system.

3

Other approaches

Two main approaches are in use in order to tackle issues related to the authentication on multiple interconnected enterprise systems : password synchronization
and single sign-on (SSO). None of these approaches tackle security issues in their
globality, from the strategic, operational and interoperability point of view.
Password synchronization’s goal is to ensure that when a user changes his
password on one system, this change will be propagated to all other accounts
automatically. The user still has to log into each system independently, but he
has only one password to remember. This is a simple way to have enforce users to
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have unique passwords for all parts of an information system. Such an approach
is inherently insecure and definitively not designed for providing global security.
Single sign-on is a mechanism whereby a single action of user authentication
and authorization can permit a user to access multiple applications within the
network where the user has access permission, without the need to enter multiple
passwords. Single sign-on goal is to reduce human error, a major component of
systems failure [8]. Existing SSO solutions propose features like the use of strong
authentication, such as biometrics, enforcement of password policies, definition
of enduser credentials or audit of logins. These solutions mainly focus on securing
access to ressources and monitoring actions. As SSO solutions are often used in
enterprise application integration solutions (EAI) (like Microsoft BizTalk Server)
they do not address the issue of interoperability of different SSO solutions, nor
the interoperability with systems not designed for a particular SSO solution.
Some DRM solutions make use of SSO to provide user autentication for DRM
(like Fasoo [9]), but they only use DRM to ensure the security of enterprise
documents, and not in order to globaly manage enterprise information systems
security.

4

Ongoing Work

We are currently working on the modelisation and development of a prototype
where a mobile agent platform can interact with a database using DRM (MPEGREL, MPEG-RDD) to ensure global security. We chosed databases and Mobile
Agent Systems [10] domains in order to represent an example of the heterogeneity
of modern information systems.
Agents possess a set of credentials that have been emited and signed at agent
creation time by a trusted entity. These credentials define the rights an agent
possesses as well as in which context these rights apply. Rights can evolve in
time and be refined. The ability to access to some resources or behaviours can
be dynamicaly restricted. Similarliy, new rights can be obtained and extended,
offering the ability to access previously restricted resources.
In parallel, rules are associated to resources provided by databases or by
agents. Each access to any type of resource (database entries or agent method
/ service) triggers dynamic credentials verification at runtime towards existing
rules. After verification, access is granted or denied. The scope of a rule is not
necessarily a paricular resource. A rule can involve multiple resources and even
other rules in orther to represent in which context a process tries to access a
resource. Thus, rules can be directly used to specify information flows. Moreover,
rules can be dynamically modified to continuously reflect policies defined at the
strategical level and thus restrict or widen access to resources.
The overall goal of this prototype is to provide fine grained control on the
way resources can be accessed and show how enterprise processes can be controled using DRM/DPM. Further using DRM in a global way induces security
interoperability. Indeed, in this context, from the agent perspective there is no
difference between the security scheme an agent has to use to access a resource
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located on a database or access a resource, method, provided by another agent
or any other sytem.
When accessing a resource an agent provides matching credentials. The system checks if resources can be provided depending on dynamic interpretation
of existing rules. An interesting feature provided by DRM is that there is no
need for global identification and management of passwords as such information
can be directly encapsulated into provided credentials. Knowing who emited the
credentials for whom allows to trace and monitor agent behaviour.
As every possible situation may not be anticipated by legitimate content
“right holders”, formalizing exaustive rules sets appears to be hardly possible.
An interesting approach to explore to tackle unexpected situations is DRM Exceptions Management [11]. DRM Exceptions provide the ability to entities asking
for resources to ask for a short lived Exception Licence (as a X.509 Attribute certificate) authorizing them to access needed resources. The licence being emited
if and only if the exception is recognized as valid.
Other interesting aspects that have to be considered include, for instance,
the ability to define and manage what processes are authorized to do with the
data they use, what are the rules associated to generated information, and how
and under which conditions, local (resource related) security can be delegated
to the processes using them.
Nevertheless, DPM field is currently cruelly lacking models to capture, specify, express, represent and manage policies prior to any technical DRM project
and deployment in a corporate environment. Thus, future research effort will
also consist in finding ways to fill this gap.

5

Conclusion

Enterprise Information Systems are living heterogeneous entities. They must be
able to reflect enterprise’s environement and evolve with it. Enterprise information assets are of multiple types. Any kind of document, but also raw data,
processes and value added data, taken and processed from existing databases
and any combination of existing systems have to be protected.
As such, when designing future information systems, multiple aspects and
issues have to be considered . This includes low level security, interoperability,
evolutivity, tracability and the ability of enterprise systems to answer strategic
questions as well as their ability to be aligned on enterprise’s strategic decisions.
Integrating all these views in a common viewpoint can be called global security.
This paper has presented how Digital Rights and Policy Management can
provide global interoperable security for enterprise information systems, able to
meet strategical security needs and able to implement these needs at the operational level.

References
1. Sarbanes-Oxley: Sarbanes-oxley act. http://www.sarbanes-oxley.com/ (2005)

88

INTEROP-ESA'05 Doctoral Symposium
2. Jean-Henry Morin, Michel Pawlak, M.O.: Enabling technologies for the interoperable enterprise. In: Workshop on Interoperability of Enterprse Systems (INTEREST), ECOOP 2004 - 18th European Conference on Object-Oriented Programming
(2004)
3. OMA: ”open mobile alliance”. http://www.openmobilealliance.org (2005)
4. Moving
Pictures
Experts
Group:
”mpeg-21
overview
v.5”.
http://www.chiariglione.org/mpeg/standards/mpeg-21/mpeg-21.htm (2002)
5. ”ContentGuard”: ”extensible rigths markup language (xrml), version 2.0”.
http://www.xrml.org (2005)
6. ContentGuard: ”mpeg-rel sdk”. http://www.contentguard.com (2005)
7. RightsCom: ”rights data dictionary”. http://www.rightscom.com (2005)
8. Opengroup: Single sign-on. http://www.opengroup.org/ (2005)
9. Fasoo.com: ”fasoo enterprise drm”. http://www.fasoo.com (2005)
10. Vitek, J., Tschudin, C., eds.: Mobile Object Systems: Towards The programmable
Internet. Springer Verlag, LNCS 1222 (1997)
11. Morin, J.H.: A credential based approach to managing exceptions in digital rights
management systems, CCNC/CES 2005 Workshop on Digital Rights Management
Impact on Consumer Communication (2005)

89

INTEROP-ESA'05 Doctoral Symposium

      ! " #$
% &'() % &*+,-/.0
1 24365&786249:24;=<:5=36> 3
?@BA:C'D4E FG-EIHA4J4CK@MLONQPBRS@BTUPB@
VWD XYD[Z-E'\^]I_^`baJ4cdCfe F,ghjiSiScdCkLKlIHRSTnmje CKJno p6q
rWsutuvjvIv:wMxyzOs|{}&~N:sd-Xrg}WNQs|zOs
rWs|zz?
Q Uuj4 :IQ'Q :Q:I'Ub4
,BB ¡[¢jI£ XT4@EjFCK¤U@HEjcdC¥RSHA¦EjLkCfe TQCR§T:F¨Lfe cdCkLKJUPMCKJ:LK@ck@MLK©QRSPB@BcªEjFCKEIHEjLkt
LKE'«¬ c@MTQCK@LKA4LKRSck@¥PBEIHA4J4CKRSTU®OAUi§e CkF¨EjLKHce LK@CK¤4@ck@MLK©QRSPB@BcTU@B@'¯:@'¯°F¨EjLRSTQCK@LKEIA4t
@MLfe pURSiSR±C|²+e T[e iS²:ckRSce T[¯^He T[e ®I@BH@BTCªE F,C|²:AURSTU®!¯4RSckPBRSAUiSRSTU@BcBDUs|TnH°²LK@Bck@'e LKPf¤
s«ªR§iSicdCKJ[¯:²CK¤4@Pf¤[e Lfe PMCK@MLKRScdCKRSPBcE F,pUJ4ckRSTU@Bckc¥PBEjiSi³e p¦EjLfe CKR§EjT´TU@MCu«EjLKmQc¥«ª¤URSPf¤
J4ck@!pUJ4ckR§T4@Bckcck@MLK©QRSPB@Bc°ejTU¯)CK¤4@BR±L/PBEIHA¦EjckRSCKRSEjTUcCKELK@BejPf¤R±CKc/pUJUckRST4@Bckc®IEIejiµD
¤4R§c°LK@Bck@'e LKP¤¶«ªRSiSi¥p¦@B®IRST¶«ªR±CK¤·ejT·e T[e iS²:ckRScYLK@MckJUi±CKRSTU®+RST¶CK¤UE LKEIJU®j¤JUTU¯4@MLkt
cdCfe T[¯4RST4®nEjFCK¤4@!T[e CKJ4LK@YEjF¥RSTCK@MLKEIA¦@LfejpURSiSR±C|²PBEIT:¸[RSPMCKc/RSTU¤4@MLK@BTCRSTp4JUckRSTU@Bckc
T4@MC|«-EjLKmQcBDr4LKEIH¹CK¤U@Mck@°LK@BckJ4i±CKce!C|²:AURSTU®º¯:R§ckPMR§A4iS@YF=E LpUJ4ckRSTU@BckcOck@MLK©QR§PM@BcejTU¯
T4@MC|«-EjLKmQcp[e ck@'¯EjTeF=EjLKHe i,CK¤U@BE LK@MCKRSP'eji&F¨Lfe H@M«E LKm)ck¤UejiSi&p¦@»F=E LKH»J4i³e CK@'¯D
~@BckJUi±CKRSTU®°C|²:A¦@cd²4cdCK@MH¼RScªejA4AUiSRS@'¯RSTºA4LfejPCKR§ck@ejcC|²:A¦@ªLK@BA¦EIckR±CKE Lk²ºF¨JUT4PMCKRSEIT4t
e i§R±Cu²F¨EjL«@Bp:t|V&RSi§e LKPBEjcOA4i³e CkF=E LKHnD
½ ;¨24¾<Q;=5µ¿M<À5=243°2QÁÂ´<QÃM9:> ÀB¿ ÄÅ 243¿5=Æ6> ÃB<Q¾6;=ÇY¿fÀ5=Â^86;µ<ÀM>jÆ»¾[ÇÀÈ6>Æ¦>jÉ:>j;¨24Ê6Â+> 3UÀ2:ÁËÌ1
À>jÅBÈ362:;=2:Í4ÇQÄ5=3UÀÃM2[Æ68Å >I¿36> ÎÏ9[5=3Æ6¿¥2:ÁWÆ¦>jÂ´<Q3Æ¿Á2:Ãª>j3UÀ> ÃMÊ6ÃM5µ¿f>I¿Î5=;=;=5=36ÍÀ2¿KÀB<ÇÅ 24ÂnÐ
Ê> À5¨À5=É:>:Ñ¥Ò°5µ<Q¾65=;=5¨ÀKÇ 2:Á»<:3>j3UÀ> ÃMÊ6ÃM5µ¿f>5=¿n32QÀ´Æ¦> ÀM> ÃMÂ+5=36>jÆÓ¾UÇÓ5³ÀB¿+Å 24Ã>Ã>I¿f2486ÃBÅ >j¿^24Ã
Å 2:Â+Ê> ÀM> 3Å 5=>j¿!¾68¦Àn<Q;µ¿2¾[Ç$5¨ÀM¿º<:¾65=;=5³ÀKÇ¶ÀM2·> 3Í4<QÍ4>+¾68¿5=36>j¿M¿!Î5¨ÀÈÔÉ<QÃM5=2:8¿!Ê<:ÃfÀM36> ÃB¿ Ä
Ê2U¿¿5=¾6;=Ç´5=3·Õ485³ÀM>ºÆ¦5¨ÖW> ÃM> 3UÀ/¾68¿5=36>j¿M¿°Æ¦24Â´<Q5=3¿ Ñ6×/3·5=3Å Ã>I<:¿5¨3Í^<:Â+2:863UÀ/> 3UÀM> ÃMÊ6Ã5µ¿>j¿ Ø
5¨3Å 2:Â+>5µ¿!Â´<:Æ¦>^5=3¿f5µÆ¦>^Å 24;¨;µ<:¾24ÃM<QÀ5=2:3¶36> ÀKÎO24Ã9¦¿!<Q3Æ$<:¿<Ê<:ÃfÀ2:ÁO5=3UÀ> ÃÐd> 3UÀ>jÃÊ6ÃM5µ¿f>
É<:;=86>»<:3Æ¶¿f8Ê6Ê6;=Ç´ÅBÈ<Q5=3¿ Ñ
ÌO2:Â+Ê> À5¨ÀM5¨243´È<4¿¿fÈ65¨ÁµÀM>jÆ)ÁÃ24ÂÙÃ5=É<Q;=ÃMÇn¾> ÀKÎO>j> 3¶Æ¦5µ¿KÀM5¨3Å'À> 3UÀ>jÃÊÃ5µ¿>j¿À2+Å 24Â+Ê> Ð
À5¨À5=2:3Ú¾> ÀKÎO>j> 3$¾68¿5¨3>j¿M¿Y3> ÀKÎ2:ÃM9[¿ Ñ&Û8¿f5=36>I¿¿Y36> ÀKÎO24Ã9¶5µ¿!<Å 2:;=;µ<Q¾2:ÃB<ÀM5¨243¾> ÀKÎ> >j3
> 3UÀ>jÃÊ6ÃM5µ¿f>I¿ªÎ5¨ÀÈ<Å > ÃÀM<Q5=3+¾68¿f5=36>I¿¿OÍ:2U<Q;|Ñ:Ëk3ÁÃ>j>°Â´<QÃM9:> ÀM¿¾68¿5¨3>j¿M¿36> ÀKÎO24Ã9^ÎÈ65µÅBÈ
Ê6Ã2É[5µÆ¦>I¿ªÂ+2:ÃM>°É<:;¨8<Q¾6;=>°¿> ÃMÉ[5=Å >j¿2:ÃÃ>I<:ÅBÈ6>I¿ª5¨ÀM¿Í424<Q;µ¿Î5³ÀMÈ);=2Î> ÃOÅ 24¿fÀM¿Î5=;=;2:86À;µ<:¿fÀ
ÀÈ62U¿f>Î5³ÀMÈ·;=>j¿M¿f>jÃ/É<Q;=86>24Ã°È65=Í4È6> Ã»Å 24¿fÀM¿ Ñ12)Â´<:5=34ÀB<Q5=35³ÀB¿°Å 2:Â+Ê> À>j3Å >:ÄW<´¾68¿5¨3>j¿M¿
36> ÀKÎ2:ÃM9Â8¿KÀ¥¾><:;=;¨2Î>jÆ¿86¾¦ÀM;=>ÅBÈ<Q36Í4>j¿-2:Ã¥>jÉ:2:;=8¦ÀM5=2:3!À2!ÃM> Ü>IÅ'ÀªÅBÈ<:36Í:5=36ÍY¾68¿5¨3>j¿M¿
36> >IÆ6¿<Q3Æ >j3[ÉU5=ÃM2:36Â+>j3UÀM¿ ÑÝªÉ42:;=8¦ÀM5¨243Ú2:Á¾68¿f5=36>I¿¿!36> ÀKÎO24Ã9Â+5=Í4È4À!¾>)<:¿¿5=Â+Ê6;=>^<4¿
ÅBÈ<Q36Í45=36Í/Ê6ÃM> É[5=2:8¿Ê<QÃÀ3> ÃÀ2!<°Â+24Ã>¿f865¨ÀB<Q¾6;=>ª2436>O24Ã>jÉ:>j3ÅBÈ<:36Í:5=36Í/¾8¿f5=36>I¿¿Í:2U<Q;µ¿
Æ¦86ÃM5¨3Í^<nÅ 24;=;=<:¾24ÃM<QÀ5=2:3&Ñ
Þ;=> ß[5=¾6;=><Q3Æ)Æ¦Ç[3<:Â+5=ÅÅ 2:;=;µ<Q¾2:ÃB<ÀM5¨243¿-¿fÈ<:;=;¾>Y>I¿KÀB<Q¾6;=5µ¿fÈ>jÆ^> É4> 3+Á24Ã¿È62:ÃÀfÐ|À>jÃÂ
8¿<:Í:>:ÑI1È65µ¿-¿fÈ62486;µÆ!¾>Ê24¿M¿f5=¾6;=>¥Î5¨ÀÈ6248¦À-Å 2:3¿5µÆ¦> ÃB<Q¾;¨>¥Æ¦>jÉ:>j;¨24Ê6Â+> 3UÀ&24ÃÂ´<:5¨3UÀM> 3<:3Å >
Å 24¿fÀM¿ Ñ6124Â+2:ÃMÃ2Î!Ø±¿¥>j34ÀM> ÃMÊ6ÃM5=¿>°5=3¦Á24ÃÂ´<QÀ5=2:3+¿Ç¦¿KÀM> Â´¿<Q3Æ>j¿Ê>IÅ 5µ<Q;=;=ÇÀMÈ6>¿86Ê6Ê2:ÃÀ5=36Í
5¨36ÁÃM<4¿KÀMÃ8Å À86ÃM>Â8¿KÀªÊ6ÃM2É[5µÆ¦>Â+>j<Q3¿Á2:Ãª>I¿KÀB<Q¾6;=5µ¿È6Â+> 3UÀ¥<Q3ÆnÂ´<:3<QÍ4> Â+> 3UÀ2QÁ&Å 24;=;=<:¾¦Ð
2:ÃB<À5=243´36> ÀKÎ2:ÃM9¦¿5¨3¶<Q3> 3[É[5=Ã2436Â+> 3UÀÎ5³ÀMÈ<:8¦À24362:Â+5µÅ/<:3ÆÈ6> ÀM> ÃM2:Í4> 36>j2:8¿<QÍ4> 3UÀM¿ Ñ

90

INTEROP-ESA'05 Doctoral Symposium

Ýª3UÀ> ÃMÊ6ÃM5µ¿f>I¿Â8¿fÀÈ<É4>°<Ê24¿M¿f5=¾65=;=5¨ÀKÇ!À2Â´<:5=34ÀB<Q5=3n<Q3Æ+<4Æ6<QÊ¦ÀOÀÈ6>j5=Ãª2Î3´¿f>jÃÉ[5µÅ >I¿
:< ¿36> >IÆ¦>jÆWÑ:×°3º>j34ÀM> ÃMÊ6ÃM5=¿>ªÎ<Q3UÀM¿À2»> ß¦Ê6;=245³ÀÀ>jÅBÈ362:;=2:Í45µÅ <Q;QÆ6> É:>j;=2:Ê6Â+>j34ÀB¿&<Q3ÆÃM> à36>IÆ
¾68¿5¨3>j¿M¿Ê6Ã2¦Å >j¿M¿f>I¿ÀM2+Ã> ÀM<:5¨35¨ÀM¿Å 2:Â+Ê> À5¨ÀM5¨É4>Y>IÆ¦Í:>:Ñ12´¿86Ê6Ê2:ÃÀÀÈ5=¿<:8¦À24362:Â^Ç+Î>
Å <Q3362QÀ!Ê6ÃM>j¿86Ê6Ê24¿>ÀÈ<ÀÆ¦5µ¿KÀM5¨3Å'À»¿> ÃMÉ[5µÅ >j¿°Î5=;¨;¾>n5=Â+Ê6;=> Â+>j3UÀ>jÆ8¿5=36Í¿M<QÂ+>ÀM>jÅBÈ¦Ð
362:;=2:Í45µÅ <Q;UÊ6;µ<ÀÁ2:ÃMÂ¹2:ÃªÀÈ<QÀªÀÈ6>jÇÎ2:8;=Æ^<Q;=Î<Ç¦¿¾> È<É:>ÀÈ>°¿<:Â+>QÑ:Û8¿5=36>j¿M¿¥¿f>jÃÉ[5µÅ >I¿
2QÖW> ÃM>jÆ$¾[Ç >j34ÀM> ÃMÊ6ÃM5=¿>j¿»È<É4>+5=3Æ¦> Ê> 3Æ¦> 3UÀºÆ¦>jÉ:> ;=24Ê6Â+> 3UÀÅ Ç¦Å ;=>j¿º<Q3Æ$;=5¨Á> À5=Â+>I¿ Ñ,Ýª3¦Ð
À> ÃMÊ6ÃM5µ¿f>I¿¥<QÃM>/<Q;µ¿f2<:8¦À24362:Â+5µÅ<:Æ¦Â+5=365µ¿fÀÃB<À5=243Æ¦2:Â´<:5¨3¿Î5¨ÀMÈnÀÈ6>j5¨Ã5¨3UÀM> ÃM3<Q;¦Ê2:;=5µÅ 5=>j¿ Ñ
Ëk3·ÀÈ5=¿Y9[5=3Æ¶2QÁ24Ê>jÃM<QÀ5=2:3<Q;&>j3UÉ[5=ÃM2:36Â+>j34À/¿fÀM<QÀ5µÅÉ4> ÃM5³àÅ <ÀM5=2:32QÁª5=3UÀ> ÃM2:Ê> ÃB<Q¾5¨;=5¨ÀKÇn5µ¿
5¨3¿f8¦á´Å 5¨>j3UÀ Ñ
ÌO2:;=;µ<Q¾2:ÃB<À5=243Â+2¦Æ¦>j;-Î>nÈ<É:>ºÀM<:9:> 3$5=3ÚÎ> ¾¦Ðdâª5=;µ<QÃBÅ 2U¿Ê6ÃM2QãK>jÅ À5=¿!ÕU865¨À>n¿5¨Â+5=;µ<QÃ
À2+ÀMÈ624¿>5=3É[5¨ÃÀ8<Q;&24ÃÍU<Q365µ¿M<À5=243´<Q3Æ¶Î2:ÃM9UÜ2Î¼¿Ç¦¿KÀM> Â´¿ Ä¿f8ÅBÈ·<:¿äËfå¦Ý2:ÃÌOÃ2U¿¿fÐ
Þ;=2Îçæ³è:ÄéQê|ëÅ 243UÀÃB<:Å'ÀB¿¿KÀB<ÀM5¨3ÍÀMÈ6>´ÃM>j¿Ê243¿5¨¾5¨;=5¨À5=>I¿/<Q3Æ$¾> È<É[5=2:8ÃM<:;-ÊÃ24Ê>jÃfÀM5¨>I¿»2QÁ
Ê<QÃÀ5µÅ 5=Ê<:3UÀM¿<QÃM>!8¿f>IÆ<:¿ÀMÈ6>¾<4¿f5µ¿Á24Ã/¾68¿5=36>j¿M¿36> ÀKÎO24Ã9´24Ê>jÃM<QÀ5=2:3&ÑUäì>Á24;¨;=2Îí<:3
86365¨à>jÆ·Â+2[Æ6> ;-ÎÈ6> ÃM>º>I<:ÅBÈ·Ê<:ÃfÀM5µÅ 5=Ê<Q3UÀ5=3Ú<)Å 2:;=;µ<Q¾2:ÃB<ÀM5¨243)Â´<Ç¾>^8¿5=36Í)Æ¦5¨ÖW> ÃM> 3UÀ
> ß¦>jÅ 8¦À5=2:3Ê6;µ<ÀÁ2:ÃMÂ´¿<Q3ÆÀ>IÅBÈ63624;¨24Í:5=>j¿O<:¿;=2436Í^<4¿ÀÈ> Ç¶Å 2:Â+Ê;¨ÇnÀM2nÀÈ6>ÃM>j¿fÀÃM5µÅ'ÀM5¨243¿
<Q3Æ¾>jÈ<É[5=2:86ÃB<Q;Ê<ÀÀ>jÃ3¿2:ÁÀMÈ6>Å 24;=;=<:¾24ÃM<QÀ5=2:3nÅ 243UÀÃB<:Å'ÀjÑ
ÛO8¿f5=36>I¿¿^36> ÀKÎO24Ã9ÓÆ6>j¿MÅ ÃM5¨Ê6À5=2:3¿n<:Ã>¶8¿>jÆÀM2îÆ¦> à3>ÀÈ6> ÅBÈ<QÃB<:Å À> ÃM5µ¿KÀM5µÅ ¿2:Á!<:3
5¨3UÀM> ÃÐ|>j34ÀM> ÃMÊ6ÃM5=¿>!Å 2:Â+Â^86365¨ÀKÇ:Ä¿f8ÅBÈ·<4¿ÀM2:Ê2:;=2:Í4Ç)2QÁ¥ÀMÈ6>Å 2:Â+Â^86365¨ÀKÇQÄ6ÊÃ2¦Å >I¿¿>j¿/8¿f>IÆ
¾> ÀKÎO>j> 3nÊ<QÃÀ5µÅ 5¨Ê<Q3UÀM¿<Q3Æ^Å 2:Â+Â^86365¨ÀKÇ¿fÊ>jÅ 5¨àÅOÁ863Å'ÀM5=2:3<:;<Q3Æ^36243¦Ð|Á863Å'ÀM5=2:3<:;6Å 2:36Ð
¿KÀMÃM<:5¨3UÀB¿°<Q3ÆÊ6ÃM2:Ê> ÃÀ5=>j¿ ÑÛ8¿5=36>j¿M¿/Ê6ÃM2¦Å >I¿¿>j¿Y<QÃM>º362:ÀY8¿>jÆ·Á2:Ã»> ß¦>jÅ 8¦À5=2:32:Á> 3UÀM> ÃÐ
Ê6Ã5µ¿>¿f>jÃÉ[5µÅ >I¿-<4¿5=3ÀMÃM<4Æ¦5¨À5=2:3<Q;UÎO24Ã9UÜ2ÎÓ¿Ç¦¿KÀM> Â´¿ ÄQ¾68¦ÀO<4¿¾>jÈ<É[5=2:86ÃB<Q;¦Æ¦>I¿Å Ã5=Ê¦ÀM5¨243¿
36> >IÆ¦>jÆnÁ24Ã¿fÀM<QÀ5µÅÉ4> ÃM5³àÅ <ÀM5=2:3^2QÁ¿> ÃMÉU5µÅ >5¨3UÀM> ÃM2:Ê> ÃB<Q¾65=;=5¨ÀKÇ!<:3Æ´Æ¦Ç[3<:Â+5µÅÂ+2:365¨À24Ã5=36Í
2QÁÅ 243¦Á2:ÃMÂ´<Q3Å >¾> ÀKÎO>j> 3nÀMÈ6>°¾> È<É[5=2:8ÃM<:;6Å 2:3UÀMÃM<4Å'À<Q3Æ+<:Å'ÀM8<Q;¿f>jÃÉ[5µÅ >¾> È<ÉU5=2486ÃM¿ Ñ
Ëk34ÀM> ÃM2:Ê> ÃB<Q¾65=;=5¨ÀKÇº2:Á-¾68¿f5=36>I¿¿¿> ÃMÉU5µÅ >j¿5µ¿<:3¶5=¿M¿86>»ÀÈ<QÀ/Â8¿fÀ¾>¿86Ê6Ê2:ÃÀ>IÆ¶Æ¦86ÃÐ
5¨3ÍYÆ¦>I¿f5=Í:3&Äj5=Â+Ê6;=> Â+>j34ÀB<ÀM5¨243Y<:3Æ2:Ê> ÃB<ÀM5=2:32QÁ¾68¿5¨3>j¿M¿Å 24;=;=<:¾24ÃM<QÀ5=2:3Y36> ÀKÎ2:ÃM9¦¿<:3Æ
¾68¿5¨3>j¿M¿-¿> ÃMÉ[5µÅ >j¿ Ñå[ÀM<ÀM5µÅOÉ4> ÃM5¨àÅ <QÀ5=2:3!2QÁ5=34ÀM> ÃM2:Ê> ÃB<Q¾65=;=5¨ÀKÇ°¿È62:86;µÆº¾>> 36Á2:ÃBÅ >jÆ¾[ÇÀÈ>
Â+>jÅBÈ<:365µ¿fÂ´¿/<:3ÆÚÆ65=¿MÅ 5=Ê6;=5=36>I¿8¿f>IÆ·ÀM2Æ6> É:>j;=2:Ê,ÄWÊ686¾6;=5µ¿ÈÚ<Q3ÆÚÂ´<Q3<:Í:>¾8¿f5=36>I¿¿»¿> ÃÐ
ÉU5µÅ >j¿<Q3Æ)36> ÀKÎ2:ÃM9¦¿ ÑUäÈ6> 3¶<36> Îí¿> ÃMÉ[5µÅ >/5µ¿Ê686¾6;=5µ¿È6>jÆnÀM2^<Ê686¾;¨5µÅY¿f>jÃÉ[5µÅ >ÀMÃM<4Æ¦5=36Í
¿fÇ¦¿fÀ> Âï5³ÀB¿¾>jÈ<É[5¨2486ÃB<Q;Ê6Ã24Ê>jÃfÀM5=>j¿<Q3Æ>j¿Ê>IÅ 5µ<Q;=;=Ç^5³ÀB¿Å 2:36Á2:ÃMÂ´<Q3Å >/À2^ÀMÈ6>Å ;µ<Q5=Â+>jÆ
¿f>jÃÉ[5µÅ >ºÀKÇUÊ>^Â8¿fÀ!¾>nÉ:>jÃ5¨à>IÆWÑ,1Ç[Ê>ÃM> Ê24¿5¨À2:ÃM5=>j¿/<:Ã>^8¿>jÆ·À2¶> 3¦Á24ÃMÅ >ºÀMÈ6>j¿>^É:> ÃM5¨Ð
àÅ <QÀ5=2:324¾6;=5¨ÍU<ÀM5¨243¿<Q3Æ Å 24ÃÃM>jÅ À°8¿>2:Á¥ÀKÇUÊ5¨3Í)Æ¦5µ¿Å 5=Ê6;=5¨3>j¿ Ñð°86ÃM5=36Í)Ê86¾6;=5µÅ <ÀM5=2:32QÁ
36> Îñ¾68¿5=36>j¿M¿!Å 2:;=;µ<Q¾2:ÃB<ÀM5=2:3Â+2[Æ6> ;µ¿»¾>jÈ<É[5¨2486ÃB<Q;-Ê6Ã24Ê>jÃfÀM5=>j¿»<Q3Æ$;=2:Í45=Åj<Q;5¨3UÀM> Í:ÃM5¨ÀKÇ
2QÁ-ÀÈ6>I¿f>Æ¦>I¿Å Ã5=Ê¦ÀM5¨243¿OÂ8¿fÀ¾>É4> ÃM5³à>jÆWÑ
âªÃ2¦Å >j¿M¿°<Q;=Í4> ¾6ÃB<:¿ Ä>j¿Ê>jÅ 5µ<:;¨;=Ç)Æ65³ÖW> ÃM> 3UÀ/Á24ÃÂ´¿°2QÁªÀKÇ[Ê>jÆ ÐdÅj<Q;µÅ 86;=8¿æ ò6ÄBóêÅ <:3Ú¾>
8¿f>IÆÓ<4¿ºÀMÈ6> 24Ã> À5µÅ <:;ªÁÃB<QÂ+>jÎO24Ã9ÚÁ2:ÃnÆ¦> É4> ;=2:Ê6Â+>j3UÀº2QÁ°¾8¿f5=36π>I¿¿^¿> ÃMÉU5µÅ >+ÀKÇ[Ê65=36ÍÚÆ¦5µ¿fÐ
Å 5=Ê6;=5=36><Q3Æ·5¨3UÀM> ÃM2:Ê> ÃB<Q¾65=;=5¨ÀKÇ^É4> ÃM5¨àÅ <QÀ5=2:3ÁÃM<:Â+> Î2:ÃM9Ñ12<:ÅBÈ65=> É4><+ÀKÇ[Ê65=36Í)¿Ç¦¿KÀM> Â
ÎÈ6> ÃM>< ¿f>jÃÉ[5µÅ >nÀKÇ[Ê>Å <:3î¾>8¿>jÆî5¨3ôÆ¦5¨Ö>jÃ>j34À¾68¿5¨3>j¿M¿36> ÀKÎO24Ã9¦¿ Ä5=3UÀ> ÃÁb<:Å >´Æ¦> Ð
¿Å Ã5=Ê¦ÀM5¨243¿´¿È62:8;=Æ¾>$>jÕU865=Ê6Ê>jÆõÎ5¨ÀMÈíÊ6ÃM2¦Å >j¿M¿Æ¦>j¿MÅ ÃM5=Ê¦À5=2:3¿nÀÈ<QÀ¶Æ6> à36>$¾65=;µ<ÀM> ÃB<Q;
¾>jÈ<É[5¨2486ÃB<Q;Ê<ÀfÀM> ÃM3¿ Ñ-öY36>2:ÁÀMÈ6>+Â+24¿fÀYÍ4Ã>I<À>I¿KÀÅBÈ<:;¨;=>j36Í:>I¿Î5=;¨;¾>^ÀÈ6>+Æ¦>jÉ:> ;=24Ê¦Ð
Â+> 3UÀ-2:Á<°ÀKÇ[Ê65=36Í»Æ65=¿MÅ 5=Ê6;=5=36>¥ÎÈ65µÅBÈÊ6Ã2É[5µÆ¦>I¿÷¿f8¦á´Å 5¨>j3UÀ;=ÇÅ 2:Â+Ê;¨> À> ø¥ÊÃ2[2QÁ2QÁ¿> ÃMÉ[5µÅ >
5¨3UÀM> ÃM2:Ê> ÃB<Q¾65=;=5¨ÀKÇQÄ¦Ç:> À¿86Ê6Ê2:ÃÀ5=36Í5=3Æ¦> Ê> 3Æ¦> 3UÀ¿f>jÃÉ[5µÅ ><Q3Æ ¾68¿5=36>j¿M¿°3> ÀKÎ2:ÃM9>jÉ:2:Ð
;¨86À5=2:3,Ñ
ÌO2:Â+Ê24¿5³ÀM5=2:3´2:Á¿> ÃMÉ[5=Å >»ÀKÇUÊ>j¿/5¨3UÀM2^ÃM2:;=>I¿ Ä¦ÀMÈ6>Á863Å À5=2:3<Q;,86365¨ÀB¿2QÁ¥¾68¿5=36>j¿M¿¿> ÃÐ
ÉU5µÅ >»3> ÀKÎ2:ÃM9[¿ Ä¦Â8¿KÀ¾>¿f86ÊÊ24ÃfÀM>jÆ¾UÇ)ÀÈ6>!ÀKÇ[Ê>¿fÇ¦¿fÀ>jÂï5=3<n¿8ÅBÈ¶Î<ÇnÀMÈ<À/É4> ÃM5¨à6Ð
Å <ÀM5=2:3^2QÁ,Å 2:Â+Ê24¿5¨À>¾>jÈ<É[5=2:86ÃÃM> Â´<Q5=3¿<!ÃM> ;µ<ÀM5=É:> ;=Ç»;=5¨Í4ÈUÀ-Ê6ÃM2¦Å >IÆ¦86ÃM>QÑ:×ÏÀKÇ[Ê>/> ÖW>jÅ À

91

INTEROP-ESA'05 Doctoral Symposium

¿fÇ¦¿fÀ> ÂùÂ+>IÅBÈ<Q365µ¿Âç¿5=Â+5¨;µ<:ÃÀM2Å 2:ÃMÃ>I¿fÊ2:3Æ6> 3Å ><:¿M¿f>jÃfÀM5¨243¿5=3UÀÃM2¦Æ¦8Å >IÆ¶5=3Ôæ úêÅ 2:86;µÆ
¾>8¿f>IÆ)ÀM2´¿f>jÊ<QÃB<ÀM>»ÀÈ6>º<4¿fÊ>jÅ ÀM¿2:Á¥Å 2:Â+Â^86365µÅ <QÀ5=2:3+<:3Æ¶Å 2[2:ÃBÆ¦5=3<ÀM5=2:3´5=3¾68¿5¨3>j¿M¿
¿f>jÃÉ[5µÅ >I¿/<Q3ÆÀÈ6>j5¨Ã»Å 24Â+Ê2U¿f5¨À5=243¿ Ñ6×°362QÀMÈ6> Ã»5=34ÀM> ÃM>j¿fÀ5=36ÍnÊ24¿M¿f5=¾65=;=5¨ÀKÇ´Å 2:8;=Æ¶¾>º8¿f>2QÁ
¿f24Â+>2:ÀÈ6>jÃ^;=24Í:5µÅÄ>QÑ Í6Ñ¥ÀM5¨;=>;=2:Í:5µÅæ ûê|Ä¥À2ì> ß[ÊÃ>I¿¿n<Q3Æ¿> Ê<QÃB<À>Å 2[2:ÃBÆ¦5=3<QÀ5=2:3î<:3Æ
Å 2:Â+Â^86365µÅj<À5=243^3> >jÆ¿2QÁ¥¿f>jÃÉ[5µÅ >»Å 2:Â+Ê24¿5¨À5=2:3¿ Ñ
åUÀM<QÀ5µÅÉ:>jÃ5¨àÅj<À5=243»Æ¦2436>Æ¦8Ã5=36Í/Æ¦>jÉ:>j;¨24Ê6Â+> 3UÀ&<Q3Æ!Ê686¾6;=5µÅ <QÀ5=2:3»Ê6È<4¿f>ª2:Á¦¾68¿5¨3>j¿M¿
¿f>jÃÉ[5µÅ >I¿¥5µ¿362:À¿8¦á´Å 5=>j34À5=3´2:86ÃÅ 243UÀ> ß[ÀÎ5³ÀMÈ<:8¦À24362:Â+5µÅ<:Æ6Â+5¨35=¿fÀÃB<ÀM5=2:3Æ62:Â´<Q5=3¿ Ñ
Þ62:Ã> ß6<QÂ+Ê6;=>5=34ÀM> ÃM3<Q;¦Ê2:;=5µÅ 5=>I¿362:ÀÉ[5µ¿f5=¾6;=>248¦ÀM¿5µÆ¦>/<Q3n>j34ÀM> ÃMÊ6ÃM5=¿>Â´<Ç> É42:;=É:>Æ¦86ÃM5=36Í
2:Ê> ÃB<À5=243º2QÁ&<Å 2:Â+Â^86365¨ÀKÇQÄÅ <:8¿f5=36ÍÅBÈ<:36Í:>I¿-À2!Á863Å'À5=243<Q;¦24Ãª362:36ÐuÁ863Å'À5=243<Q;¦Ê6ÃM2:Ê6Ð
> ÃÀ5=>j¿»2QÁ5¨ÀM¿!¿f>jÃÉ[5µÅ >I¿ ÑWÞ624Ã!ÀÈ65µ¿»Ã>I<:¿2:3 Ã863UÀM5¨Â+>Â+2:365¨ÀM2:ÃM5¨3Í´<Q3ÆÚÉ:> ÃM5¨àÅ <QÀ5=2:3Â^8¿fÀ
¾>> ß[>IÅ 8¦ÀM>jÆ¶Æ¦86ÃM5=36Í^2:Ê> ÃB<À5=243´2QÁ¾68¿5=36>j¿M¿36> ÀKÎ2:ÃM9¦¿ Ñ
üÇYÃM>j¿>j<:ÃMÅBÈ»Î5=;=;QÅ 2:3Å > 3UÀMÃM<QÀ>¥2:3ÃM>j¿>j<:ÃMÅBÈ»2QÁ¦5=3UÀ>jÃ24Ê>jÃM<:¾65=;¨5¨ÀKÇ¿f8Ê6Ê24ÃfÀ<:3Æ!Â´<Q36Ð
<QÍ:>jÂ+> 3UÀ´5=3íÅ 24;=;=<:¾24ÃM<QÀ5=2:3ôÅ 2:Â+Â^86365¨ÀM5¨>I¿^5¨3[É42:;=É[5¨3Í$<:8¦À24362:Â+5µÅ¾68¿5=36>j¿M¿)¿> ÃMÉ[5=Å >j¿ Ñ
Þ5=ÃB¿KÀÀM<:¿9n2QÁÂ^Ç^Ã>I¿f>I<QÃBÅBÈ^Î5=;=;¾>!<ºÅ <QÀ>jÍ:2:ÃM5µ¿<QÀ5=2:3º2:3´ÀMÈ6>°3<À8Ã>Y2QÁ5=3UÀ>jÃ24Ê>jÃM<:¾65=;³Ð
5³ÀKÇ^Å 243¦Ü5µÅ'ÀB¿ ëUÎÈ<ÀO<:Ã>/ÀÈ6>j5¨ÃOÅ <Q8¿f>I¿<Q3ÆnÈ62ÎõÅ 2:8;=ÆÀMÈ6> Çn¾>/Ê6ÃM> É:>j3UÀ>jÆn24Ã24¾¿f>jÃÉ4>jÆ
¾> Á2:ÃM>ÀÈ6>jÇÈ<QÊ6Ê> 3,Ñ¦7>I¿f86;¨ÀB¿¥2QÁ,ÀMÈ65µ¿ª<Q3<:;=Ç[¿5µ¿-Î5¨;=;6¾>/8¿>jÆn5=3nÁ24ÃÂ^86;µ<ÀM5¨2432QÁ&<!ÀKÇ[Ê¦Ð
5¨3ÍYÆ¦5µ¿MÅ 5=Ê6;=5=36>-ÀÈ<QÀ¥¿È<:;¨;4¾>8¿>jÆÁ2:Ã¥Æ¦>I¿Å Ã5=Ê¦ÀM5¨243!2QÁ¾68¿f5=36>I¿¿-¿f>jÃÉ[5µÅ >I¿<:3Æ36> ÀKÎO24Ã9¦¿ Ñ
1Ç[Ê65=36ÍÚÆ65=¿MÅ 5=Ê6;=5=36>nÂ^8¿KÀn<Q;=;=2Îý>jÉ:24;¨86À5=2:3Ô<Q3ÆîÃM> 8¿>)2:Á°¾68¿5=36>j¿M¿¿> ÃMÉ[5µÅ >j¿5¨3ô<
Ü> ß¦5=¾6;=>Â´<Q363> ÃjÑÞ624Ã´ÀMÈ65µ¿)Ê68ÃÊ24¿>·ËnÀÈ5¨395¨À5=¿)36>jÅ >j¿M¿<:ÃÇÓÀ2¿f>jÊ<QÃB<ÀM>·<:¿Ê>IÅ'ÀM¿
2QÁÅ 2:Â+Â^86365µÅj<À5=243<:3ÆìÅ 2[2:ÃBÆ¦5=3<ÀM5=2:3·¿8ÅBÈÚÀMÈ<ÀÀMÈ6>j¿>+¾2QÀÈÔ<4¿fÊ>jÅ ÀM¿Å <:3 ¾>´<Q3<Q;¨Ð
Ç[¿>jÆÓ¿f>jÊ<QÃB<ÀM> ;=ÇÚ<Q3ÆìÀÈ6>j5=ÃºÊ6ÃM2:Ê> ÃÀ5=>j¿º<Q3Æî¿fÀÃM8Å À86ÃM>j¿ÅBÈ<Q36Í4>jÆÔ<4¿5=3Æ¦>jÊ>j3Æ¦> 3UÀM;¨Ç
<:¿!Ê24¿M¿f5=¾6;=>QÑÌO24Â+Â8635=Åj<ÀM5¨243<Q3Æ$Å 2[2:ÃBÆ¦5=3<QÀ5=2:3Ú¿È62486;µÆ·¾>+ÀÃM>j<QÀ>jÆ$<:¿!24ÃfÀMÈ62:Í42:3<:;
Ê6Ã24Ê>jÃfÀM5=>j¿ Ä[<4¿Â8ÅBÈ<:¿Ê24¿M¿f5=¾6;=>QÄUÀÈ>YàÃM¿fÀ2:36>Æ¦>I¿Å Ã5=¾>jÆ´5=3)ÀÈ6>5=3UÀ>jÃfÁb<4Å >j¿O2QÁ-¾68¿5¨Ð
36>j¿M¿ª¿> ÃMÉU5µÅ >j¿¥<Q3ÆºÀMÈ6>Y¿>jÅ 2:3Æ^2436>/Æ¦>j¿MÅ ÃM5=¾>IÆ^Â´<Q5=36;=Ç!5¨3n¾68¿f5=36>I¿¿¥3> ÀKÎ2:ÃM9[¿¥<4¿÷fÍ:;=86>'ø
Å 2:Â+Ê24¿5=36ÍÆ65=¿fÀ5=3Å À¿> ÃMÉ[5µÅ >/ÀKÇ[Ê>j¿5=3UÀ2^¾68¿5=36>j¿M¿Ã24;=>j¿ Ñ
1È6>ÀÈ6>j2:ÃM> À5µÅj<Q;4ÁÃM<:Â+> Î2:ÃM9»Â^8¿fÀ-È2ÎO>jÉ:> Ã¿86Ê6Ê2:ÃÀÊÃ24Ê<QÍU<À5=2432QÁW¾>jÈ<É[5¨2486ÃB<Q;
> ÖW>jÅ'ÀB¿ÁÃM2:ÂþÀMÈ6>Å 2U24ÃMÆ65¨3<À5=243$Æ¦5=Â+>j3¿f5=243ÚÀM2·ÀÈ>Å 24Â+Â8365µÅ <ÀM5=2:3ÚÆ¦5=Â+>j3¿f5=243$<:3Æ
ÉU5µÅ >°É:>jÃM¿M<¿8ÅBÈ´ÀMÈ<ÀÅ 24ÃÃM>jÅ ÀO24Ê>jÃM<QÀ5=2:3+2:ÁÃ24;=>°Å 24Â+Ê2U¿f5¨À5=243¿ªÅ <:3´¾>»É4> ÃM5¨à>jÆWÑ[1È6> Ð
2:ÃM5¨>I¿<Q3Æ·Â+>jÅBÈ<:365µ¿fÂ´¿2QÁÀKÇ[Ê>jÆ ÐkÅ <:;=Å 86;=8¿<Q3Æ>QÑ Í6ÑÀKÇUÊ><:3Æ¶> ÖW>jÅ À»¿Ç¦¿KÀM> Â´¿/<:3Æ
Â+2[Æ6> ;,ÅBÈ6>jÅB9[5=36Íº¿È<:;¨;¾>¿fÀ8Æ65¨>IÆ+πÁ24ÃOÀMÈ65µ¿Ê86ÃÊ24¿>QÑå[>I¿¿5=2:3+ÀKÇ[Ê>j¿»æ±óê&<QÃM>°362Îí8¿f>IÆ
Á2:Ã/ÀMÈ6>Æ6>j¿MÅ ÃM5¨Ê6À5=2:32QÁª¾65=;µ<ÀM> ÃB<Q;,¿f>jÃÉ[5µÅ >!Ê6ÃM2QÀM2¦Å 2:;µ¿ Ä6¾68¦À»5³ÀB¿°<:Ê6Ê6;=5µÅ <Q¾5¨;=5¨ÀKÇ<4¿/Ê<:ÃfÀY2QÁ
¿f>jÃÉ[5µÅ >YÀKÇ[Ê65=36Í^Æ65=¿MÅ 5=Ê6;=5=36>/5µ¿Ç:> ÀÀ2n¾>Ã>I¿f>I<QÃBÅBÈ6>jÆWÑ61È6>!ÀMÈ6> 24Ã> À5µÅ <:;ÁÃM<:Â+> Î2:ÃM9^<:3Æ
ÀÈ6>Ã>I¿f86;¨ÀM5¨3ÍnÀKÇUÊ5¨3Í´Æ¦5µ¿Å 5¨Ê;¨5=36>!¿È<Q;=;¾>ÀM>j¿fÀ>IÆ5=3·Ê6ÃB<:Å'ÀM5µ¿f>Æ¦8Ã5=36Í+Â^ÇÃM>j¿>j<:ÃMÅBÈ&ë<
ÀKÇUÊ>ÃM> Ê24¿5¨À2:ÃMÇnÁ863Å À5=2:3<Q;=5¨ÀKÇ^5µ¿8¿f>IÆ<4¿Ê<:ÃfÀ/2:Á-Î> ¾¦Ðdâª5=;µ<QÃBÅ 2U¿Ê6;µ<QÀfÁ2:ÃMÂÿÀM2´> 3¿86ÃM>
¿f>jÃÉ[5µÅ >Y5¨3UÀM> ÃM2:Ê> ÃB<Q¾65=;=5¨ÀKÇQÑ
 
wjD/aYDi§EjTUckE&yYDrWRS@'¯4iS@MLGOD&gej®j@BT/D&eBP'ejT4EgYD&N:Pf¤:J4i§¯:C,e T[¯zYD¶@BRSiS@ML'DÔRSck@
Z-J4ckRSTU@BckcCKEºp4JUckRSTU@MckcO@MtbPBEjHH@MLKPB@IDs|T !#"$"&%')(+*, &-/.10"324'5(6.10879(:.;"9(:<=.)'>(:<=?A@/&BDC
, 09EFD(HGI",9"$<D !90H79,$,#J",/(LK/<=.><NM(+*'5(O"$"9'5(+*+P 79(Q-#RS<=.)')(UT:"$!90+(6=?V$*WA-YX')9.)J<=?
M(6.;";EO#'),9",#[A[ej®j@wZoD[s|}}}ìG-EjHAUJ4CK@LN:EPBRS@MCu²+wQ[[D[:D
oD}¥D6Z-EjTU@BiSiSR>°D6G-EjHA[e ®ITUEjTUR>6e T[¯n}¥DaJUTCK@ML'DªG-EjLkLK@BckA¦EjT[¯4@MTUPB@Yejckck@MLkCKRSEjTUcF¨EjLA:LKEPB@Bckc
cd²:TUPf¤4LKEjTUR\'e CKR§EjT·R§TPMEITUPMJ4LkLK@BTC°PBEIHHYJUT4R§PBe CKRSEIT4cBD+s|T^]_A`abdcbfehggij3.10"k]Jh(6%<=C
.)'>D(:, -d` %'5(6<=.)'>D(lam<(+*J<*+",n<D(6%4c6&-9.)o<D&"pbq !90h'>.;"&!.)Jh&",$©IEIiSJUH@[=rªEjFOMI?\"&!.) D(:'>!
24=.;",4')(FT0"& "Q.)'>!$<=?p`RqEOJ.;"3c6!Q';"(:!9"4A[e ®I@Bc/wsrDtuUw[=tD}iSck@B©QRS@ML:vJUi±²^ojvjvjx4D

92

INTEROP-ESA'05 Doctoral Symposium

QZ D~/D4ZLKJUT4Re T[¯ºyYDw^EITCfe T[e LKRµD&?²:TUejHRSPPBEjTUT4@BPMCKEjLKc¥F¨EjLªPBEjTUPBJ:LkLK@BTUPM²D4T0"&Qx`RqEOJ.;x
c:!Q';x1[oj_:wI`dwMt|oq#SwQZ:w9uUwsr ]ojvjvoQD
x:DYD[gEy6TU@ML[gYD¦J[¯Q«ªR§®6VWDaOLK@MF¨@BT6e T[¯n!D[Op¦@MLK@ML'DGLKEjckcd¸[E'«46RSTQCK@M®jLfe CKRST4®«-EjLKm¸[E'«
He T[ej®j@BH@BTCªe T[¯^@BiS@BPCkLKEITURSPPBEjHH@MLKPB@IDnc+7DzI"&!$R{M|!90x}¦oQ`dw q#Sw9uUw'v6ojvIvQwID
tD!D6gOEIT[¯4e{YDD{ejckPBEjTUPB@Mi§EjcQejT[¯~wDJUp¦E:D»ejT4®IJ[e ®I@!A:LKRSHRSCKRS©@McejTU¯´Cu²:A¦@!¯4RSckPBR±t
A4i§RST4@°F¨EjLcdCkLKJ4PMCKJ4LK@'¯nPMEIHH»J4TURSP'e CKR§EjT4tbp[e ck@'¯^A:LKEI®jLfe HHRSTU®4DOs|TY !#"$"&%')(=*,&- .10"N.10
MJh 9E"&<(Yc:WRE,$')JhRf( $* <DRR'5(+*[AUej®j@Bcw oIoQu[wQZI_:DNQA4LKRSTU®j@MLktb{@LKi³e ®w[D[I_:D
]QDz°DOEIpUe'²ejck¤URµDl]#RS<=? ~"Q.10%D,S<=.q.10"H` ,$,$ <=%D,P]m DRfI<D(6<=!#"&<~.>]DJ(:%=<=.)'>D(6<=?
cJsEE.):©EjiSJUH@OorDtr°E F a"&!.)J "d24=.;",')(~`DREOJ.;"Ac:!Q';"(6!#"QPf¤[ejA:CK@ML-²:A¦@N²:cdCK@BHc
F¨EjLG-EITUPMJ4LkLK@BTCV,LKEI®jLfe HcBD-N:A4LKRST4®I@MLktb{@MLKi§ej®[ojvjvZQD

93

INTEROP-ESA'05 Doctoral Symposium

    "!#%$&(')*   "#
+ ,.-0/2143056-0/
"
78:9<;>=@?*ACBEDGFIHKJMLMDONQP RHKBSJMDUTVIDOBXWZYIJ\[H ]@YIBXW^P_
`TbadcfeIg:hjikhdlfm nEYIBXofV*HKp6FqJ>H@7 HKr Ls]@YIBXW^PutCv:wsvyx4zG{\|
v}4YIDQ~UWMSHKBdS~VIJMD Yd MJ
0jj*kI4 ZIk IZ4>KZjEj¡\^ ¢X>¤£Z >^Z6jj@¥<¦¦
X§ Ejjj>Z*>¨d¡fyI¢S¢E¦j£ZMS©IE©«ªOZI¬>qZM4jE©S^®Q>¯EK°I:±«dI©¦¡
² IEdE¡s^£Z³ ´K¡«£Z2 Z©^S^M¦4I¢E¢S¦q£ZISj¡@¦µfjdI¢X^M£Zf¶k·¹¸
£>Z§S¯£Zqº¢S¢E¦q*£ZSI^¸»§E¯S>Sj>k¼K¸^  ^Zj"I¢E¢S¦q£ZEj³2
¦I£IªU>¤£Z¯S£ZEj¡£ZEs¯EZI§E¦«ªGZ£ZZjjMEq§d¨E¤½.^Zjd£¢X^Z>Ej¡
*£½.KZjd£y£Z jj¡ E¤½.^Zjd£:¦IS©I¯k©jj¡dIE¤½.^Zjd£¿¾k^¦Àj³dÁE^ ¢X¹¸
¤£Z>^Z6j¢Z©MI  ¯S¹£kqf£ZS«jI¢k§S¦¤£Â¨£Z¢Zdjj>£ZSsS^£ZKZ©K¸
Ej¯E:EªOIZ*£ZIC³Â°£ZEy¢SI¢X^y¥ªOdj¯S:£ZE¢EZI§S¦j¬Iª }°DGLZ} YIN»WM 
µ6Sq¥<¦q©4Zj¢Zj>jd£M£Z)¦ÀS©I¯kI©Ijj³yÃ6¢Xjj¤¾kq¦¦¨d¡Ä¥ Sqf4 ¢S¦j jd£Zq
£ZMSµE©4>^Z6j° SI ©^SjI¯S«µ6E*¥<¦q© Zj¢EZj>^6£M*£ZÅjE¸
6¤ZE jd£«®Q¯E>E© w°HKLKW^JMD ÆkNQD VIB7CVZID W^L ´K³ÇI>q  £ZE:^È¢X^ZjS^¥s>E*¥
b¢S¢ZfIMÉªGu qI>¯ZS© }DGLZ}4YIN»WM ÊIËSK£Z^Z©IjSjI¯S(µ6E*¥<¦q©
Zj¢Zj>jd£M£ZI(j66ZIS jd£q³
Ì ÍEÎ0ÏÐÄÑdÒÓÔ\ÕÄÖ*×>ÖØKÙKÚSÖÛ\ÖjÙdÜkÝ4ÝqÞfÝq×¹Ößà0ß"áGÝqß(â6×¹ãjÕkáQÛkÚ6à0ädÛUÙdåæÀÖjçÚSÖ"ØKÖ>è\ØKÖ*ÝÖ*ÛC×¹â6×á»Ù6Û
é

êSëìXí.î@ï°ð ñ\ì.òZîë

óô.õ(ö.÷KøEöÄù6úSùdû^üÀøEý ø6þû^ô.õ(ý.õ*ûZÿ«ø÷ôÄùOõ¶ûKø)üOý *÷^õIù MüOý.úýÄõõ¶þ ø÷4üOýSûKõ÷^øö\õ÷jù Äü Oüû
CõûZÿsõIõýôÄõ*ûKõI÷KøEúõIý.õø  Zû^õù6ý MõI÷kü*õXóô.õMõOù6ûKõZûXõEõOøö(õIýEû«üÀý .ùdûjù
ý.õ*ûZÿ«ø÷!Xøuù6üOý¼ù÷Kõý.õÿ"jôÄù #Oõý.úEõ@þ øE÷4üÀýSûKõI÷KøEöCõI÷^ù.ü#ÀüÀû)ûKõjôÄý.øOøú àUù4ùdûKûKõMûKõ
$û^ô.õûK÷^
õ (õý .ø  °ÿsøE÷ ù Cø Xû%kõuù6ýSûKü'&ºõ)(+*,-/. ødÿsõõ÷àÄüOý0Kø(õ1MüÀûÄù6ûKüOøý 
ûKô.
õ  Kõ÷«ÿ@ô.øö\ø Kõ «'
ù 2$.õI÷ (õ 3kö\õ *û 4
ù Äý.+ü 5Cõ ùý KÿsõI÷<þ ÷^ø  '
ù Zû^õ  ûKôCùdû#ü 6(ø÷^õ
ûKôÄùý(ù 7õ 98fýÄø : ùý KÿsõI<÷ ;»=ü  õ dõIüû^ô.õ÷<ûKô.>õ Zû^õ ?5Ä@ý ø .ûùý KÿsõI÷ :ûKø ùú#ü õI1
ý 2$.õI÷ 
ø÷þ»ù6#ü #A96óôÄ6õ Äý.+ü 5Cõ (ù6ý Kÿ«õ÷ÿ@ü #\õ
ù ø (öC$ø MüÀûKõù6@ý Mÿ«õB÷ C'Kõ õI÷^ù EôÄõ*ûKõI÷KøEúõIý.õø  
DMûK
õ E>ý)ûKô.ü Føý .üû^üÀøEý¿à.ÿ«G
õ ' M>û uùdû jô)û^ô.õüOýXþ ø÷ uùdûKüOøýûKôCùdû ÿù ÷KõùdûKõ HC
X+ü IUõ÷^õýSûöÄ÷KøEú÷jù J(õ
÷ à¿ù6K
û Xü I\õI÷KõIýEûûK#ü "õ à:üÀL
ý X+ü IUõ÷^õýS'
û Gù6ýÄú Äùúõ Ià¿ù6@ý Éù #<ûKôÄõ Kõ
ûKô.üOý.ú ù6÷^õ .õ *÷^ü \õ üOK
ý .+ü IUõ÷^õýSûä6Û\Ù6åæÀÖjçÚSÖØKÖ>è\Ø^ÖqÝÖÛÄ×>âd×Âá»ÙdÛu×>Ö^ãjÕkÛUÙdæÀÙ^Úá»Öq9Ý  MN3.ù "ö Àõ 
ø6þsùö.ö O#ü IùdûKüOø@ý °øþø Ä÷ÿ«ø÷ OuPù  \õMõù6÷ jô.üOý.úÅþ øEQ÷ &ºõ RMõI÷ kü *õ û^ôÄùdû ø IUõ÷4úEü Eõý
þS.ý qû^üÀøEý I@à KõIù6÷ jô.üOý.úþ ø÷ J
ù *ø (öCøEý.õýSûüOýûKô.4
õ øýSûKõ 3SûøBþ ø (ö\øý.õIýEû T-CùKõ  Xõ KüÀúEý
ù6ý U*ø (ö\øý.õIýSDû TVÄùKõ ¬öÄ÷KøEú÷jù J(üÀý.úCWà KõIù6÷ jô.üOý.úÉþ øE÷X
ù  KüÀýÄõ öCù6÷KûKý.õI÷ÿ@üÀûKô&ù
ú#ü õýºYõ 3Xö\õ÷KûKü MõE/à Àøkø SüOý.ú)þ ø÷ùý¼õ (ö ÀZø Eõõ(ÿ@ô.$ø Mõ(÷^õ *øE÷  °ùý ºYõ 3XöCõI÷Mû^#ü K
õ Kù6ûKü ZSþ ¼ù
ú#ü õý)ö\ø Küû^üÀøEýö.÷^ø 5@Àõ  #
E>ýû^ô.ü öÄù6ö\õ÷à6ÿ«õ@ô.üOú
ô OüÀúEôSûù(ßáGÝqßuâd×>ã^ÕXáQÛSÚ"ù6ö.öÄ÷KøSù jô"üÀý(ô.õûKõ÷^øúEõý.ø  õCý küO÷KøEý T
"õIýSû«ÿ@ô.õI÷Kõ ûKô.
õ CMûKõ ÷^õ ø÷ "ûKô.õüÀý.þ ø÷ (ù6ûKüOøýÅüO
ý .+ü IUõ÷^õýSû ký.ødÿ Oõ .úõ ÷^õöÄ÷Kõ MõIý T
û^ùdû^üÀøEý)ûKõ jôÄý.ø OøúEüÀõ [?KüÀúEý.+ü 5\ù6ýSû@ø÷^üOúüOýÄù Oüû uøþ:ø .÷ù6ö.öÄ÷KøSù jô÷^õ Kü Xõ üOý)ûKô.õ4û kö\õ

94

INTEROP-ESA'05 Doctoral Symposium

ø6þ0ù6ý KÿsõI÷ ÿ«õù6#ü  ù6û<ö.÷^Zø Sü XüOý.ú E>ý Xõõ 0à6ÿ@ô.õIý(ûKô.õI÷Kõ@ü ý.G
ø Äý.#ü 2$.õ õýSûKüÀûû^ø4Kù6ûKüZþS
ûKô.õJMõù6÷jô]*÷^üû^õ÷^üOùÄà.û^ô.õ1Zû^õùdûMû^õ(öXûûKøOXõ*û^õ÷(üÀý.õ"ùø(ö\ø Küû^õù6ý@Mÿ«õ÷ ûKôÄù6û
Kù6ûKü ZSþ uû^ô.4
õ *÷^üÀûKõ÷^üGù 
óô.õö.÷^õ KõýSû^ù6ûKüOøýü FMûK÷  qû .÷Kõ  ù þ ø #Àød>ÿ E>]
ý Kõ qû^üÀøE_
ý ^XàCÿsõõ3XöCø$Mõ'Kø(õ4(øT
ûK#ü fù6ûKüOøý ùý uö\ø M#ü Oõ°ù6öÄö Àü ù6ûKüOøH
ý .ø uù6üOý  E>ý Mõ qûKüOø
ý `ÿ«õ ÷^õ küÀõIÿ·ûKô.õ°þ õ .õ÷jùdûKõ 
"
õ XüGùdûKøED÷ TVÄù Mõ Åù6÷ jô.üÀûKõ *û .÷^õàXùý Kø (õ°ûKô.õIø÷ (Cø .õ à.ùý øý õöXû «ø6aþ ø (ö\ø DT
üû^õ¶ù6ý Kÿ«õ÷ "ûKø2ûKôÄ#ü ù6÷ jô.üû^õ *û .÷^õ W%kõ qû^üÀøE)
ý bX.÷KüOYõ c@ÊüOýEû^÷Kø @*õ Kø (!
õ ký.ødÿ Oõ XúEõ
÷KõIö.÷Kõ MõIýSû^ùdû^üÀøEýû^õ jô.ýÄø Oøú  [@ý uÿsõ@ö X6û øý   KüOøý <ùý (÷^õ uù6÷ ù6÷^õ@üÀH
ý Kõ *ûKüOøe
ý d
f

¼ê

gihXj

¼êhXm

k!l]j

%jô.
õ u!
ù uù6ûjô.üOý.ú üù!Où Kü#Åö.÷Kø Oõ üOýnuù6ýCR.ùdûjù Äù MõÅùý o.ù6û^ùüOýEû^õúE÷^ù6ûKüOøý
ù6ö.öOüùdû^üÀøEý p%kõEõ÷jù <ù6öÄö.÷KøSùjô.õû^ôÄùdûÿ«õ÷^õJ KõºüÀýRuù6ýC¶ùö.öOü#Iùdû^üÀøEýR.øuù6üOý Ià
D jô·
ù Jjô.õuùºüOýEû^õúE÷^ù6ûKüOøý¿àB.ùdûjùºÿ«ù÷KõIô.ø KõàõYTq*ø J"õI÷õ)ùý )Mõ(ùýSûKü 2$.õI÷
ö.÷Kø õ MüOý.úÄàXôCPù 
õ CõIõýö.÷^øö\ø Kõ üÀýû^ô.G
õ Gù MFû XõIùXõe( ^P,VE>ýöÄù6÷KûKüY Où÷IàXüY MüOøý@
ù6÷^õ úõýÄõ÷jù # oOü (üÀûKõ ¬üÀr
ý ø 'ÄüÀýÄù6ûKüOøý·ø6
þ ' û^üÀö O_
õ uù6û jô uù Eõ÷(øs
ý jô.õ (ù2ùý 
üÀý Mû^ùý *K
õ Àõ õ àCõ Oõ (õýSû ù6ý !MûK÷  qû .÷^'
õ Oõ õ àUù6@ý OOùý.ú Äùúõùý ]øý MûK÷jù6üOýS>û ÄùKõ /
[>(øý.úûKô.
õ MõûKôÄõß"áGÝqß(â6×¹ãjÕ¼#ü 4
ù *ø J(øý¶#ü DÄõø6þsüÀýSûKõI÷KøEöCõI÷^ù .ü#ÀüÀû üO0
ý ø (ö\ø Küû^õ
ù6ö.ö Oü ùdû^üÀøEý Ità  jôÊù '(#ü uùdû jôÄõ üOX
ý .ù6û^ù ÄùKH
õ jô.õ uù ø1
÷ Mõ (ùýSûKü e2$.õ÷ ¼öÄ÷Kø T
*
õ KüÀý.!
ú ( `Z,V
E>ýbû^ô._
õ Kõ uù6ýSû^#ü !2$.õI÷ ËöÄ÷Kø *õ KüOý.úºûKôÄù6ûÿsõ öÄ÷KøEöC$ø MõEàûKô.õ ÿ@ô.ø À]
õ 2$.õI÷ Eà u #ü 
X
õ *÷^ü \õvC·)
ù *øEý *õIöXo
û ; øO
÷ YGù A(ûKôCùdû #ü ÿ@÷^üûKûKõý&üOý ùÉþ øE÷ KGù O_
õ ký.ødÿ Oõ XúEõ
÷KõIö.÷Kõ MõIýSû^ùdû^üÀøE]
ý Gù6ý.ú Äù6úE4
õ wxtyPz{|)u ü KõýSûûKø)ûKôÄK
õ uùdû jô uù Eõ÷4ù SüOý.úþ ø÷4üÀ@ý X+ü T
Sü Ä
ù #t5.ûKûKõ ÿ@üÀûKô(ù úEü Eõ1
ý Mõûø@þ ùöÄù Äü Oüû^üÀõ dóô.<õ uùdû jô uù Eõ÷y÷^õ*û .÷^ý ù6ýùý KÿsõI÷
}F~/ zq{ ÿ@ô.ü jô¶ü ù MøÅ
õ 3Xö.÷Kõ Kõ üOý¼ùÅþ ø÷ 'Gù À4
õ ký.ødÿ Oõ .úõ÷^õö.÷^õ KõýSûjùdûKüOø!
ý Gù6ý T
úÄùúõà .õý.øûKõ  ù <w ~/ zq{ @¿õ*û }F~/ zq{s  }QCSPY-SD XõIý.ø6û^õ4ûKô.õþ»ù qû ûKôÄù6û ù
  }$9S#PY-S}QtY z  z Z XõIý.ø6û^õ
2 Äõ
÷ u·ü 0Sþ   #4Kù6ûKü 5Cõ 0àù6ý GOõ*û }F~/ q zq{r?
ûKô.õþ»ù qû ûKôÄù6ûe
ù 2$.õI÷ #ü °öÄù6÷Kû #^ùdû^#ü D5Äõ / }QtW9 z  z Z ü  ù(þ øE÷ KOù÷K#ü õ OXõ *÷^üÀö T
ûKüOøý ø6þ (ü Duù6û jôûKôCùdQû Xõ ÷K#ü \õe7Kÿ@ôÄùdû°#ü F"ü MüOý.ú :uûKøuû^ô.õüOý X#ü Sü Äù #°ÿ@ô.ü jô ù6÷^õ
X
õ *÷^ü \õ¼üOý }CS#D-S# àUûK!
ø ^ùdû^#ü MSþ 0u(àUû^ôÄùdG
û (õIùý °ûK!
ø Xõ*û^õ÷ (üÀý.õ(ÿ@ôÄù6û öÄù6÷Kû ø6þ
ûKô.4
õ 2$.õI÷ uü ý.ø6Fû ^ùdû^#ü D5Äõ HCuû^ô.õþ ø .ý )üOý X#ü k#ü Cù .óô.ü @öÄù÷MûàSûKøúEõ*û^ô.õ÷@ÿ@üÀûKô)ûKôÄõ
ø÷^üÀúEüÀýÄù /2 Äõ÷ à.ù6÷^õûK÷jù6ý (üûKûKõ Åû^øÅù6ý.øûKô.õI÷«üOýXþ øE÷ uùdû^üÀøEý Kõ÷ k#ü 
õ $H(ù6û jô uù õ÷ 
¿õ*t
û  ¿ý.ødÿ2õ Où CøE÷^ù6ûKBõ (ø÷^õ<øý4û^ô.Wõ *øEý *õIöXû Cù 6þ ÷jù (õIÿsøE÷ >@MüOý.úÄàù ¿ùý Yõ 3.ù (ö Oõà
ù6ý ù6öÄö Àü ù6ûKüOøý øE?
ý Ö KUÖ9Ø Iá»ãjÖ*
Ý ;KõK
õ :üOú Ä÷K
õ *PA9[2$.õ÷  uuàÄÿ@ô.ü jô ü Yõ 3Xö.÷^õ Kõ 
ù J

ù MõIýEû^õý õ°øþJ
ù 2$.õ÷ Gù6ý.ú Äù6úEFõ w xtyZzq{| àX#ü KõýSûûKøuK
ù (ù6û jô uù õ÷ Xóô.
õ uùdû jô T
(
ù õIK
÷ uPù 5Äý Êýbø I\õI÷KüOý.ú ÿ@ô.ü jôbù÷KõYõ 3Xö.÷^õ Mõ Éù JMõIýSûKõ@ý *õ ø6þù6ýbùý KÿsõI÷KüOý.ú
Oùý.
ú ÄùúG
õ w ~/q zq{\%køÅÿ«õúEõ*û°e
ù Kõ*û°ø6þ<ù6ý Kÿ«õ÷   } ~/q zq{F   } ~/q z{   àCù  
ÿ@÷KüÀûMû^õý ù
 } CSPY-S#  P} aDWY z  z Z  $    } CSPY-SD1 } tW9 z  z ZN  YE>ýûKô.ü 
ÿsøE÷ Åÿ«õ4þ ø Y  øýüOýEû^õ÷^øö\õ÷jù .ü#Oüû üÀý
ô.õûKõ÷^øúEõý.õIø  õICý SüO÷^øý (õýSû E>!
ý  jô õCý kü T
÷KøEý (õýSû Ià:]
ù 2$.õI÷ ou ù6@ý Ëù6ýËùý Mÿ«õ÷ } ~/ zq{euPù Cõ÷KõIö.÷Kõ MõIýSûKõ ºüOX
ý Xü I\õI÷KõIýSû
Oùý.
ú Äùúõ .óÿ«ø(ý.øý õ 3 @M#ü G
õ Xü I\õI÷KõIý *õ >uPù e\õ'*øEý K#ü XõI÷Kõ /Äóô.
õ 5C÷ Mû øýÄG
õ (Pù 
CõKÀõ 3kü ù tXü IUõ÷^õý õ \u ù6ý  }Q~/q zq{ XøÅý.øFû  Kõû^ô.K
õ ^ù (G
õ ø Iù Gù6÷ Cóô.K
õ Kõ YT
øý n.+ü IUõ÷^õý e
õ uPù øý õ÷^ý2ûKô.
õ Oùý.ú Cù6úõ 4ø6Qþ u ùý  }Q~/q zq{ ;Qþ ø÷Yõ 3.ù (ö OõBÔ u
#ü u
õ 3Xö.÷Kõ Kõ büO¢
ý ¡°õ *÷^üOöXûKüOør
ý ¿øEúü ù6ý  }F~/ q zq{ üOs
ý pTq¿øEúü 6à u #ü ÅYõ 3Xö.÷^õ Mõ ÊüOý

95

INTEROP-ESA'05 Doctoral Symposium

M<ý.ú ÀüMô ù6ý  }Q~/q zq{ üOýLE¹ûjù OüOùý¿àõ*û AY6£søý@*õ÷^ý.üOý.ú û^ô.õOÀõ3Xü#Iù OõõàýC(õ÷^ø@
Àõ kü ù ûK÷jù6ý GùdûKüOøýºù6ö.öÄ÷KøSù jô.õ ÿ«õ÷^õ(üÀýSûK÷^ø õ)( dZ,F( ¤ ,F( ¥P,-yóôÄõKõJMû@XüÀõ4øýºûKôÄõ
Àõ kü ù Oõ õ <ÿ@ü *øýSû^÷Kü Xû^õ(ûKø û^ô.õHXõûKõ÷(üÀýCùdûKüOøý2øþ@ùýÉù6ý KÿsõI÷4*ø "ö\ø Kõ¼þ ÷^ø
Zþ ÷jù6ú (õIýEû Åõ Xö.÷^õ Mõ üOý Xü I\õI÷KõIýSûký.ødÿOõ.úõ÷^õöÄ÷KõMõIýEûjùdû^üÀøEý]Oùý.úCù6úõ';ùG¦Ö§
Ý*ãØqá è\×Âá»Ùd]
Û ¨:ÙKÚá»ãqÝ ©Fª<Ù6Û\ãjÖ¹èU×ÜÄâ6æ«ØKâ^èÄÕkàCõ*û AY
 3  


 3    
# 6
#
7

: Y3
  0

 kCÁEF°"6Ej¦ÄIªt°(*£ZKEIµf^

¬#® P¯

yï òDµìkîíC¶·QµB¸$³yï¹µíCñ º òZì³yñ\ì.ðí³U»^îíLµëF¸ ¼R³¿í ñUîW½"¾ îW¸kò>ì.òMîë
E>ýÉø.÷ÿ«ø÷¼ùO(õXüOù6ûKøE÷DTVÄùKõ2ù÷jô.üÀûKõqû.÷Kõ(ôÄù 4\õõIýËùXøEöXûKõÉù6ý ºü'Xõ÷Kü#Cõ
üÀý_( b ,VE¹ûsü#«4
ù kýÄù "ü >Xü *Zø õI÷ ø6¿þ MõI÷ kü *õ ø6÷ ù6öCù .ü#ÀüÀûKüOõù6ýn7KõýSûKüÀû:4ø IUõ÷ E¹û«ü#
õ÷HKü (#ü Où÷ûKø(û^ô.õ ý.ø6û^üÀøEýø6þç6áGÝã^Ù fÖØqÞ)âIÚEÖÛ\ãÞüOý)ûKô.G
õ &ºõ ]Kõ÷ k#ü õ ù6÷ jô.üÀûKõqûÄ÷Kõ 
E>ýuûKô.ü ù
÷ jôÄüû^õ qû .÷^õàùo
ý 7MõýSû^üû :.$à ù  Oõ  Ö À*è.Ù6Øq×¹ÖØqàö  Àü Kô.õ ;Z×>Ö*æQæÝ AüÀû 6ùöÄù .ü#Oüû^üÀõ 
ùdû(øý.õ)øJ
÷ (ø÷^H
õ (õ .üOù6ûKø÷ 1MüÀûKõ !;Kõ
õ 5Äú .÷^õ ^ A9MýEû^üû^üÀõ Nà Iù #Àõ  áQß è.Ù6Øq×¹ÖØjÝqà MõIý 
÷Kõ 2 Äõ Mû F;Á*ÜÄÖØqá»Ö*Ý AûKøû^ô.
õ "õ XüGùdûKøE÷sù DküOý.ú þ ø÷«Yõ 3Xö\ø÷KûKõI÷ 5.ûMû^õ Åÿ@üÀûKô)ùúEü EõH
ý Kõ*û«ø6þ
ù6öCù .ü#ÀüÀûKüO
õ 
%k
õ Eõ÷jù yùö.ö.÷^øEù jôÄõ Ià.ÿ@ô.ü jô¶ù6÷^4
õ (õ XüGùdû^ø÷ T-CùKõ 0à.-ü  õ CûKô.õ  ù6÷^'
õ Xü Zû^÷K#ü Xû^õ  ùý 
üÀýSûKõ  OüOúõýSûö.÷^ø  *ûKüOø!
ý DMûKõ JIà.ôÄPù E
õ CõIõý ö.÷^øö\ø Kõ Zø õI÷sû^ô.4
õ Gù MFû Xõ Iù Xõ  [?KüÀý T
úOJ
õ Â õ XüGùdû^ø÷4#ü Xõ MüOúýÄõ ¶ûKøø IUõ÷ ù6ý2ù .õ 2$Äùdû^K
õ Oõ Eõ ø6<þ Xõ #ü KüOøý TVuù küÀýÄúüOýSûKõúE÷^ù T
ûKüOøý¼û^ù küOý.ú)üÀýSûKõIú÷jùdû^üÀøEý¿àUüû4û^ù õ°üOýSûKøù *ø ÄýEûûKôÄõuYõ IUø÷Kûý.õIõ Xõ  þ øE÷ûKô.õuüOýSûKõúE÷^ù T
ûKüOøýÉø6þô.õûKõ÷^øúEõý.õIø  Gø (ö Xû^õ'
÷ Zû^õ e( ÃZ,V:óô.
õ £søEý cÄü qK
û Äõ Kø #XûKüOøo
ý M<Cý küO÷KøEý T
"õIýSûþ øJ
÷ [>.ûKøýÄø (ø  KÂ õ .üOù6ûKüOøv
ý ;V£6Ä>MW[QÂ_A4Zû^õ  ôÄù K\õõýÊü (ö Oõ (õýSû^õ 0àüÀû
ö.÷KZø kü Xõ Hdù6÷^üÀø  e Kõ÷ú÷^ø .@ö Åÿ@üÀûKô ùý üÀýSû^õú÷jùdû^õ ¬ùý s*ø  Gù \ø÷jùdû^ü Eõþ»ù ü Oüû  û^ø
ù jô.üOõ Eõ Kõ uù6ýSû^#ü )üOýEû^õ÷^øö\õ÷jù .ü#Oüû Ëù "øEý.ú2öÄù6÷KûKü *üOöÄù6ûKüOý.ú¼ôÄõ*ûKõI÷KøEúõIý.õø  "üÀýXþ øE÷ uù T

ûKüOøR
ý Mø .÷ õ J( ÅZ,V¿óô.e
õ ÆGÄ>[FÇ
ó ;Æ4ý.ødÿ Oõ XúE1
õ Äõ  K
õ [ý R@MüOø\ý 86óy÷jù6@ý Zþ øE÷ uùdû^üÀøE@ý A
ù6÷ jô.üû^õ *û .÷^õ°öÄ÷KZø kü Xõ ùúõýÄõ÷^#ü üOýXþ ÷^ù Zû^÷ @qû Ä÷Kõ°þ ø<÷ ký.ødÿ Oõ XúEQõ uù6ýCù6úõ (õýSûùö.ö O+ü T
ùdû^üÀøEý NE¹H
û D.öÄöCøE÷Mû JSüO÷Kû Äù @ø÷^úEù6ýÄü ùdûKüOøX
ý  MüOý.R
ú (õ XüGùdû^ø÷ÅùúõýSû !(+*ÈZ,Va&¬ôÄõý¬üÀû
ÿ«ù ù6ö.ö ÀüOõ ºû^!
ø  KüÀý.õ DTÂûKø TV KüOý.õ 4õ Oõ *ûK÷^øý.ü e*ø J"õI÷ õàUû^ô.H
õ (õ .üOù6ûKø÷  ù #Oød>ÿ 
öÄù6÷KûKý.õI÷ sû^øuYõ 3jôÄù6ýÄúõ÷Kü j
ô  MüOý.õ üOýXþ ø÷ uùdû^üÀøE¿ý 
±

l²g´³

96

INTEROP-ESA'05 Doctoral Symposium

 .ÄÁSF°"qÀ*£ZI>¸»§k>qÊZMS¤£ZjK£Z¯EZ

¬#® É

E>ýþ 
õ Xõ÷jùdû^õ  (õ XüGùdû^ø÷ à.
ù økøö\õ÷jùdûKüOøýõýCküÀ÷^øý "õIýSûIà.ÿ«õGù6ý!Kõõ4û^ô.õ42$.õ÷ù 
CõIüÀý.úËù X÷^õMõÉû^ø?7ZûKôÄõ Äý.üÀøEý :ºø6þûKô.õþ õXõ÷jùdû^õL(õXüGùdû^ø÷ËNký.ødÿOõXúEõCùKõ
£søý ÷KõûKõ#àû^ô.ü#JÄý.üÀøEýbü"õY3XöOø÷^õËþ ÷Kø Ì7Mý.õù6÷ûKø2ý.õù6÷: ÿ@üÀûKô.üOýÊû^ô.õþ õ.õ÷jùdûKüOøýyà
ûKôÄù66û (õIùý þ ÷Kø  4
ù (õ XüGùdû^ø÷sûKø(ù6ýÅøûKô.õI÷%Xù6ûKüZþSküOý.úû^ô.õ2 Äõ÷þ»ù süÀýSûKøJXü I\õI÷KõIýSû

ù Kõ G( b ,¹Ô
ù Kõ *EÔ.óô.õ÷^õ4Yõ 3X#ü Mû@Yõ 3Xö\ø÷KûKõ÷ sûKôÄù6ûYõ 3.ù *û #H^ùdûKü MSþ uûKô.4
õ 2$.õI÷ 
Í £«
«
£
ù

K

õ

.
^
*
Ô

ó
.
ô

õ
^
÷

õ
õ
Y
X
3
ü

Z

y
û
õ

X
3
C
ö
E
ø
M
÷
^
û

õ
÷

\

K
û
Ä
ô
6
ù
¿
û
þ
S


#




K

6
ù
K
û
ü

Z

þ
S

K
û
.
ô
õ

2
Ä


õ
÷ Yà .û¿ûKô.õIüÀa÷ ùöÄù .ü#Oüû^üÀõ 

Í
ù6÷^õ4ÿ@#ü XõI÷ûKôÄùý)ûKô.$ø Mõ4÷^õ 2$.õ MûKõ /
ù Kõ `ÄtÔ Î
ø MüOý.ú ÀõÅõ 3XöCøE÷Mû^õ÷Sþ   #nKù6ûKü 5Cõ  û^ô.
õ 2$.õI÷ Età Xûÿ@ô.õI
ý 7*ø K.üOý.üÀýÄú :
Í £«
øF÷ ø (ö\ø KüÀý.
ú ù6öCù .ü#ÀüÀûKüOõ @þ ÷Kø ÏXü IUõ÷^õýSû°õ 3kö\ø÷KûKõI÷ IàXøýÄ'
õ ùýSþ  #!Kù6ûKü ZSþ ûKôÄõ
2$.õ
÷ 
«
£
ù

K

õ bCaÔ Î õüÀûKô.õI÷Å0

ù KüÀýÄú OõYõ 3Xö\ø÷KûKõI÷"ýÄø1
÷ 'ÀûKüOö Oõ)õ 3XöCøE÷Mû^õ÷ K^ùdû^#ü MSþ 2ûKô.!
õ 2$.õI÷ Eà
Í
Xû@û^ô.õ÷^õ Y
õ 3Xü Z>û Kø (õ4Yõ 3XöCøE÷Mû^õ÷ «ûKôÄù6û@öÄù6÷Kû #H^ùdûKü MSþ ÅûKôÄ4
õ 2 Äõ÷ \
ù Kõ d.tÔ Î
ø MüOý.ú ÀõYõ 3XöCøE÷Mû^õ÷ý.øJ
÷ Mõ õI÷^ù <Yõ 3Xö\ø÷KûKõ÷  Sþ   #Éø÷öÄù6÷Kû #oKù6ûKü ZSþ ºûKôÄõ
Í £«
2$.õ
÷ 
Ð ý.õuý.ø6û^#ü 
õ Ià¿û^ôÄùdJ
û ù Kõ '` ù6ý Rb¶ù÷Ke
õ Iù Kõ  ÿ@ôÄõ÷^õ!
ù *ø "ö\ø KüÀûKõùý Mÿ«õ÷#ü ÷Kõ T
û.÷^ý.õ ¿tE>ýÉû^ô.O
õ ù Ke
õ bCà:ÿ«õÅôÄPù EõuûK
ø Xõ*û^õ÷ "üOý.L
õ 7Mÿ@ôÄù6ûü '(ü KüÀýÄ$ú Ñ:.Qà ªÙ6ßèUæÀÖß(ÖÛÄ×
ªÙ6Û\ãjÖ>è\×ÂàEû^ø ûKôÄõ üOý X#ü Sü Ä
ù #ûKK
ø Kù6ûKü ZSþ HÒàÿ@ôÄ#ü je
ô (õù6ý <ûK'
ø XõûKõI÷ (üOý.õ ÿ@ôÄù6ûsöÄù÷Mûsø6þ
ûKô.1
õ 2 Äõ÷ ü  ýÄø6
û ^ùdû^#ü D5Äõ O$)û^ô.õþ ø .ý  üOý X#ü k#ü Cù .÷KûKôÄõ÷ "øE÷KõEà.üOý ûKô.õ M1
õ ù Mõ 
^X
à `(ù6ý  bCàXÿsõ4ý.õIõ ûKøuý.øûKü *O
õ 7Mÿ@ôCùdû@#ü FD.ö\õ÷ c .ø  Ñ: 
[ý¶ùö.ö.÷^øE
ù jô)û^
ø 5Äý ¶ø XH
û 7MûKô.K
õ CõZû :ùý Mÿ«õ÷ ÿ«ù ö.÷^øö\ø Kõ O KüOý.H
ú ¡°õ *÷^üÀöXû^üÀøEý
¿øúE#ü G(+* *Y,V.óô.4
õ XõûKõ÷ (üÀýCùdûKüOøýøþ:û^ô.4
õ *ø "ö Àõ "õIýSû#ü CùKõ )øýûKô.K
õ D@D(öXû^üÀøEý
÷Kõ Où6ûKüOøý Kô.üOö @MüOý.úÅH
ù ÓÙdØqßuâdæá ÔÖ §9ªÙ6ßèÄâdØ^Ö"ö.÷Kø õ ÄóôÄõù6#ü  øþ:û^ô.õýÄø÷ (ù À#ü Iù6ûKüOøý
#ü û^ø
ö .'
û XYõ 5ÄýÄõ *ø@ý *õö.û °ûKø Cõeø (öÄù÷Kõ 0@à Oõ*4
û ^Pù ]Õ ù6ý 0ÖÅ/à .ý .õ÷ù *øý ×.ý 9T
ûK#ü õþ ø÷ WÔ Õ  ;»ùý rÕ  ÕFØ  ÕQÙ    Õ  Auù6ý ¢Ö  ;»ùý rÖG  ÖØ  ÖQÙ    Ö  A9
Ð ý *õýÄø
÷ (ù À#ü õ 0à6ûZÿ«'
ø øý õöXû Wù
ý Cõ°õIù M#ü  J*ø (öÄù6÷^õ "û^'
ø jô.õ "ÿ«õ*ûKôÄõ÷<û^ô.Qõ T
D(öXû^üÀøEýb÷^
õ Gùdû^üÀøEý Kô.üÀöbô.ø 1\õ*ûZÿ«õõý öÄùüÀ÷ øþ û^ô.õ  øE÷(ý.ø6ûÔú#ü SüOý.R
ú Õ  ;4ùý 
 Õ  Aùý OÖ  ;ùý  Ö  ÖØ  ÖÙ 
 Ö  AqàXû^ô.õ4ûK
Õ  ÕFØ  ÕQÙ 
õ
Ze
û
7Xøk
õ «ûKôÄ4
õ *øý T
*õö.F
û ÕÚ ( õûKô.4
õ øý õöX>û Ö1Ñ:"÷^õ*û .÷K@ý J7ZûK÷ .õ :.àk üþù6@ý øEý  üpþ ÛÕ  ;»Nü ÜL*Eà  à @ý A
Ý ÖÞ;ß×4Ü)*Eà
à eAFD jô)û^ôÄùd
û ÖÞKàsÕ  \óô.õ#ü (ö Àõ (õýSû^ù6ûKüOøý øþû^ô.ü ö.÷^ø *õ  Kõ 
ù6ýù÷K÷jPù ø6pþ á«øk ø OõIù]
ý ;Iù #Àõ o7Kóù Oõ Ð þ ó:õ Mû : Sþ Ä÷Mû^ô.õ9÷ Aû^ø÷^õ *øE÷ û^ô.õ ÷^õ Àû sø6þ0ûKôÄõ
D@D(öXû^üÀøEý¶÷^
õ Gùdû^üÀøEý MôÄüÀö õ dù #Äùdû^üÀøE¿ý E>ý ûKôÄ'
õ 5Äú .÷^1
õ `Äà â   â Ø  â Ù ããã â  XõIý.ø6û^õ

ûKô.H
õ 2$.õI÷ *øEý *õIöX'
û .ý .õ÷üÀû ý.ø÷ uù þ øE÷  ù6ý Rä  ä Ø  ä Ù    ä  Xõý.øûKõ  ûKôÄõ

97

INTEROP-ESA'05 Doctoral Symposium

*øý@*õö.û7SýÄødÿ@ýþ ÷^ø:"ûKôÄõ4 (Þ õXüGùdû^ø÷àXü- õ .õEõ÷ä'Þ ôÄùû^øCõ'SüOõÿ«õ .ý@Xõ÷üÀû
ý.ø÷uù :þ ø÷åä Þ   ä Þ Ø ããã ä Þ 0óô.õIý_æFçè9é=ê ëGì æFêZíîY( ä4Þ  â  ,  îqïPð\ê1(õIùý °ûKôÄù6û

ä Þ àsâ   &¬ô.õIýûKô.4
õ dù  .õ÷Kõû .÷^ý.õ  CÅû^ô.õ þS.ý@qûKüOøý_ñNðèYíð\ò êZí$;=â  ä'ÞA@ü#7Mþ»ù Mõ:
; -ü  õ XûKô.4
õ øý õöX>û ä'Þ.øSõ ý.ø6ûSþ ##^ùdûKü MSþ uûKô.4
õ øý õöXFû â1óAqàXû^ô.õ÷^õ*þ øE÷Kõ4ÿ«õ4ý.õõÅû^ø
Xõ*û^õ
÷ "üOý.õ ùöC$ø Kü ÀFõ ø (ö Oõ (õýSûø¿þ ä4Þ÷^õ Gùdû^ü Eõ #ûK1
ø â1 ôFKüOý.ú ûKôÄõ°óù Oõ Ð þ ó:õ Mû
üûuü (õIù 2ûKø2úEõ*û"ûKô.]
õ ø {ù9(ú ö Oõ ù (û õýSû(ø6þ û^ô.!
õ *øEý *õIöXe
û ù ä4Þ÷Kõ Où6ûK#ü  õ  ºûKøºû^ô.!
õ *ø@ý *õö.û
â"@
Ô âõPòKöa;=â  ä4ÞZA  ç$÷¿ø  â æFçè9é=êZëGì\æFêZíîY( ä'Þ  â ,  ìçCé=íê .óôÄù6>û (õIù6@ý «ûKôÄù6û
ûKô.
õ *ø "ö Àõ "õIýSûsü úEü Eõ
ý C"ûKô.õ *øý ×.ý qû^üÀøEýøþyù #Äû^ô.õ°ù6ûKø (ü Føý õöXû þ ø÷«ÿ@ô.ü jô
ûKô.4
õ ø÷^÷Kõ Mö\øý .üÀý.1
ú dù #.õ üOý)ûKô.!
õ 7^ó:ù Oõ Ð þóyõ Zû :(ù6÷^õ 7Mþ»ù Mõ :


üý




ý
þ
ÿÿÿ

 

 

üNþ

 ¦>  ¦>
 ¦> ÁCZ¯S
ÿÿÿ

ÿÿÿ

 ¦>  ¦>
 ¦> ÁCZ¯S
¬#®

ÿÿÿ
ÿÿÿ
ÿÿÿ
ÿÿÿ
ÿÿÿ
ÿÿÿ


ü

ÁCZ¯E
ÁCZ¯E
ÿÿÿ
 ¦> 
  fÃ Ê dÃ
ÁCZ¯E CÁ Z¯S  ¦>

 ÄÄÁE¹ÁU§S¦  ª¿Á\j¹£

óô.õ_*ø (öCø$MüÀûKüOøý øþ4ûKô.õ¼ûK÷XûKôvfù ÄõH.õ*ûKõI÷(üOý.õûKôÄõ0ù MõÅøþ'Kù6ûKüZþ»ù qûKüOøýp
søý Kü#.õ÷(ù ûjù OõOëõZä]( * # ÷, ùëõZä]( -,  Þ ú  æ'ù ( ä'Þ  â  ,VWëõZä]( -,  îqïPð\ê
"õù6ý <ûKôÄù6ûsû^ô.õQøý õöXûâ  ü^ùdû^ü#D5ÄõJ$uù6ûWÀõùMû«ù4ä
$E¹þ0ûKôÄõøýZ×.ý@qûKüOøýø6þ0ûKôÄõ
f
ù  Äõ °ø6þ6ëõZä àUý.øûKõ_Õ]äeõ ñ@à\ü ûK÷.õ ;»ü= õ  ú  ëõZä]( =,  æ>ïPðêZAqà\üû"õù6ý 
ûKôÄù6û«ù #.û^ô.Qõ â  sù÷K>õ ^ùdû^#ü D5Äõ uùý "ûKôÄõ÷^õ*þ ø÷^õ@û^ô.õF2$.õ÷ &¬ô.õýÕ]äeõ ñºüþ»ù MõEà6ûKôÄõ
ÀøEúü ù /Xü ×.ý qû^üÀøEýø6þyû^ô.G
õ dù #.õ øNþ ëõZä àÄý.ø6û^õ Oëõ ñ@à.õýÄù Oõ «ûK
ø XõûKõI÷ (üOý.õ ù
öC$ø Kü ÀõuöÄù÷Mû^üOù W^ùdûKù ü Mþ»ù qû^üÀøEý¿Ô¿üÀFþ ëõ ñ    ú  ëõZä]( -,  æ>ïPðêSà0ü'
û (õù6ý ûKôÄù6û
ûKô.õI÷Kõ°Yõ 3X#ü M6û Kø (Qõ â û^ôÄù ùdûù6÷^Fõ ^ùdûKü D5Äõ /$E¹¿þ \ø6ûKO
ô ëõ ñÉù6ý HÕ]äeõ ñËù6÷^õ@þ»ù MõûKô.õIý
ý.ø ùdû^ø (#ü øý õöX1
û ä Þ ;oÜ * òOA^ùdû^#ü D5Äõ ]
ù â  óô.J
õ 5Äú Ä÷K
õ b]Juù6÷^ü Iõ 4û^ô.#ü 
X#ü Y@KüÀøEn
ý ; üOý ûKôÄ#ü F5Äú Ä÷KõEà à   àCùý ! ÷Kõ Mö\õ *ûK#ü õ  OXõýÄø6ûKõH
ù *øEý *õIöXûIàÄûKô.õ"ó Ð#"
*ø@
ý *õö.ûùý uû^ô.G
õ á Ð ó@ó Ð Â *ø@ý *õö.û %$O tª&ù6ý &$o«aª ÷^õ Kö\õ qû^ü Eõ #eXõýÄø6ûKõ°ûKôÄõ
Â ø MJ
û %kö\õ +ü 5\O% (üÀý.o
ú £søý õöXûuù6@ý ÉûKôÄõ Â $ø Z
û 'õý.õI÷^ù <% (õ )£søEý *õIöXû
5ÄýÄù ##uûKô.õ C
ý KCõI÷ üOý)ûKô.K
õ £6[%Mr*ø   "ý)÷^õ*þ õ÷ «ûKø(û^ô.4
õ ^ùdûKü Mþ»ù qû^üÀøE
ý Iù Kõ <O#ü MûKõ  A9
[ýÉY
õ 3Xö\õ÷^ü (õIýEûjù sö Où6ûMþ øE÷  ôÄù 'CõIõX
ý .õ õ ÀøEöCõ 2üÀ)
ý (kâ fâ¶ÿ@ô.õI÷KH
õ Kõ÷ k#ü õ I¿à Oü Eõ
ûKõ MûKüOý.ú"ûKôÄ4
õ D@Mø "ö.ûKüOøý)÷Kõ Où6ûKüOøý Kô.üOö¿à Xõ*û^õ÷ "üOý.üOý.ú"ûKô.4
õ ø (ö Oõ (õýSû@ø6þJ
ù *ø@ý *õö.û
ù6ý  *ø "ö XûKüOý.úuJ
ù *ø (ö\ø Küû^õ ù6ý KÿsõI÷IàkôÄPù EQõ \õõIý#ü (ö Oõ (õýSûKõ /Äóô.õ MG
õ Kõ÷ k#ü õ ù6÷^õ
ù õ Mõ )ûKô.÷^ø Äúô r

ù  Ö JUÖ9Ø fÖØ(üÀý¶X
ù 7Où K#ü Iù :1&¼õ 0YOüOõýS9û 8 MõI÷ Eõ÷ù6÷ jô.üÀûKõ qû Ä÷Kõ 
óô.K
õ Kõ÷ k#ü õ ù *õIöXQû ¡Xøý õöXû ÿ@÷^üûKûKõý¶üÀ_
ý ¡F[FÂ]* Ð Es(+*P^P,¹àCùý øýSûKø ÀøEú HGù6ý T
ú Äùúõ"üÀ,

ý +$¨B¿óôÄJ
õ ¡r*øEý *õIöXû 4ù÷Kõ"õý ø Xõ ¼üÀý +.$H¨bùý  û^÷^ùý "üÀûMû^õ ¶ûKø)ûKôÄõ

Ö UÖ9Ø fÖØ)ÿ@ô.ø¶üOýÉû Ä÷Ký2û^÷^ùý D(üÀû ûKô.õ  ûKø û^ô.õùö.ö.÷^øö.÷^üOù6ûK
õ (õ .üOù6ûKø1
÷ MõI÷ kü *õ 
óô.õý ù¶ý.øE÷ uù À#ü Iù6ûKüOøn
ý YGù ûK÷jù6ý Mþ ø÷ û^ô.õ  üOýSûK/
ø (kâ fâÉø ×Zõ qû "ù6@ý Êù6ýbYõ 3Xö\õ÷ T
ü (õýSûjù Fký.ødÿ Oõ .ú!
õ Äù MõEà Xõ ÷K#ü Cõ·üÀ0
ý Â]<à«ü eOøEù .õ ·ù6ý ·ýÄø÷ (ù À#ü õ  üÀýSûKøbù
ý
Â£ZS«ªO¦¦*¥<E©E¡X¥¥<¦¦\¯E>2Á 1  ¡ 354CS¹£ZqI"IªyÁU§S¦  ªGÁ\j¹6£ 1 Q7¡ 354
£

98

INTEROP-ESA'05 Doctoral Symposium

 dÃ 8
Ê fÃ u
° ÃSÃ:9 °u±@Ã;9 B
9 Ê«Ã:<
ÁÄZ¯S ÁCZ¯S =
=
>
ÁÄZ¯S ÁCZ¯S =
?
@
ÁÄZ¯S ÁCZ¯S A
?
B
ÁÄZ¯S  I¦> A
?
C
 I¦>  I¦>
A
?
D
¬W ®

FE\CÁSk¦¨¹¨<IªU£ZEZ£Z¹ªGI^£ZÅq>

G%H°Ù ÀÊø ×Zõ qûÿ@ôÄõý2ûKôÄe
õ MõI÷ kü *õuü4Zûjù6÷KûKõ/p[>#û^ô.õù OúøE÷KüÀûKô J4øþsû^ô.õe(õ.üOù6ûKø÷Ë 
MõI÷kü*õ°ù6÷^õü#(öÀõ(õýSûKõ üOý ûKôÄõ,GIH°ÙÀoOù \óôÄõ1Kõ÷kü#õËÄø.ûKöXû4ù6÷^õù KøÅõýT
*øXõ(üOýJ+$¨NKQÂ_ ü#ù MøG Kõû^øõY3jôÄùý.úõüOýXþ ø÷uùdûKüOøýuùý *øEý *õIöXûN\õ*ûZÿ«õõIý
ûKô.J
õ (õ XüGùdû^ø÷ ÿ@ô.õR
ý (õ XüGùdû^ø÷Ë/øSøEöCõI÷^ù6ûKüOøý ü4ý.õIõXõ//E>ýºûKô.õYÄ÷K÷^õýSûGZûjùdû@4ø6þ
ûKô.õ #ü (ö Àõ (õýSû^ù6ûKüOøý¿àR
ù (õ XüOù6ûKøEo
÷ 7Xü Zø õI÷ : ù6ý·øûKô.õI
÷ "õ XüGùdûKøE
÷  KüÀý.úËR
ù Mû^ù6ûKü 
"
õ XüGùdûKøE÷ù X÷^õ >O#ü Mû /Â øE÷KK
õ *ø (ö OYõ 3 ùý ]kýÄù "ü 1X#ü *Zø Eõ÷ Åû^õ jô.ý.ü 2$.õ °ÿ@#ü  B\õ
D.öÄöCøE÷Mû^
õ )üÀý)û^ô.4
õ *ø "üOý.J
ú õI÷ KüOøý Â ø÷^õZø Eõ÷àSÿ«G
õ Xõ O#ü CõI÷^ù6ûKõ #üOúýÄø÷^õ uû^ô.'
õ KõIù÷ jô
ø6þûKôÄõù *û Äù áQÛUçdá á»çdÜÄâdæÝ ;5LH Ù ÀA@û^ôÄùdQû ^ùdû^#ü MSþ  e
ù 2$.õ÷ àC=ü  õ CüÀý ûKô.1
õ Y.÷^÷KõIýSû ü (ö OYõ T
"õIýSû^ùdû^üÀøEý¿àXøý  0G%H°
Ù ÀkÖ*Ýù6÷^
õ øý Kü Xõ÷^õ /
E>ý ûKôÄ#ü GKõ
÷ k#ü õàCûKô.R
õ ª<Ùdß è\æÀÖßuÖ*ÛC'
× ª<ÙdÛUã^Ö>è\×°#ü Äý Xõ÷ ù *øEZý ×.ý *ûK#ü õþ ø÷ )¿Ô â 
 â  AYM
;Nç ÷¿øeâ   â Ø 
ù
jO
ô
â  #ü @ùý2â6×¹Ù6ßá»ã"ãjÙdÛUã^Ö>è\×«ÿ@ô.õI÷Kõ4õIù jôºâ6×¹Ù6ßá»ã(ãjÙdÛUã^Ö>è\×
#ü )ü XõýSûKü 5Ä
õ vC ù ×¹ÖØqK
ß @óô.õ·×>Ö*Øqß ü !.ö.ö\ø Kõ ¬û^øbõ 3X#ü Mû)üOý L
ù ø J(øv
ý OYõ 3Xü ù 
øýSûKø ÀøEúü ù tX#ü *ûKüOøýÄù÷ R; jô¶ù F&ºø÷ Î õ*1
û ( *` ,Âà MÄ÷Kø &¼øE÷ Î õ*K
û ( dP,SA9Â øE÷KõIZø õ÷àXÿ«õ
D.öÄöC$
ø Mõ4þ»ù *#ü ÀüÀûKüOõ þ ø÷ uù6ö.öÄüÀý.H
ú CõûZÿsõIõý)ûKõI÷ p;=%kø (õ ûKõI÷ Ç(ùö.ö.üOý.úÅù6öÄö.÷KøSù jô.õ 
üÀ4
ý OYõ 3Xü ù  Oõ Eõ Eù÷Kõ Xõ *÷^ü \õH( ¥P, AYE>ýø .÷:ÿsøE÷ UàôÄõ*ûKõI÷KøEúõIý.õø  ¿CMûKõ p*økøEöCõI÷^ù6ûKüOøý
ûKôÄùý ¿û^ø@ûKô.õ ãjÙdß è\æÀÖßuÖ*ÛCp× *øEý *õIöXû:ÿ@ô.ü jô ü p.@ý Xõ÷:ûKô.6õ M#ü (ö Oõ Mûyþ ø÷ àkãjÙ6NÛ MqÜXÛ\ã×Âá»ÙdÛ 
óô.H
õ *øEZý ×.ý *ûK#ü õ(þ øE÷  #ü ù XøEöXûKõ ¼üOo
ý (ø M'
û ký.ødÿ Oõ XúEõ"÷^õöÄ÷Kõ MõIýEûjùdû^üÀøE0
ý Gù6ý.ú Äù6úEõ Ià
Mø û^ô.õºãjÙ6ßèUæÀÖ*ßuÖÛÄ×ãjÙdÛUã^Ö>è\'
× (Pù \õH.ý .õ÷ Zû^øSø oC¼ûKô.õø6û^ô.õ÷"öÄù6÷KûKýÄõ'
÷ Zû^õ 
óô.õ KG
õ DMûKõ <uPù e\õ üÀ!
ý Xü IUõ÷^õýSûädÛUÙdåæÀÖjçÚSÖØKÖ>è\ØKÖ*ÝÖ*ÛC×¹â6×á»Ù6_
Û Gù6ý.ú Äù6úEõ 


O

P&ëît¼RQ³:ïTS³VU¢³¿¾ í³t¸ :³ ëìµì.òZîë

WÛUÙdåæÀÖjçÚSÖX°Ö¹èUØKÖ*Ý*ÖÛÄ×>âd×Âá»ÙdÛ ü«ùK MûKüÀûXû^õ þ øE÷«ûKô.õ°ûKô.üOý.ú"üûMõþZàküÀû' Mû6\õ4ù'Kõ*ûø6þ
øýSûKø ÀøEúüù @*øJ(üÀû(õýSûùý Åù û^ô.õøE÷(øþ¿üÀýSûKõ OüOúõýSû÷KõùKøý.üOý.úe( *b,-$E>ýø .÷ÿ«ø÷Uà
ÿsõ(ùXøEöXûKõ0¦"ÖqÝãØqá è\×Âá»ÙdÛ¨:Ù^Ú6á»ã*Ý];»ù .÷Oà/¡QtA1( *dZ,:û^ôÄùdû üùþ»ù (ü# ¶ø6þWký.ødÿOõXúEõ
÷KõIö.÷Kõ MõIýSû^ùdû^üÀøE
ý Gù6ýÄú Äùúõ ÿ@ôÄõ÷^õ
ù Xõ*÷^üÀö.ûKüOøý ø6þùuÿ«ø÷#ü>.ü#ÀûF KüÀý.úºã^Ù6Û\ãjÖ>è\×Ýjà
ØKÙdæÀÖ*Ý"ùý 2áQÛ\ç6á Iá»ç6ÜÄâdæ¤9Ý p[ *øEý *õIöXû°ü QKö\õ *ü 5Äõ  ûKôCù6ý @û^ø
ù Zû^÷  *û .÷^õ _Xõ *÷^üÀö.ûKüOøý
ûKôÄù6ûÅ#ü  .ü ÀûÅú#ü küÀýÄú¬ãjÙ6Û.Ýq×ØqÜÄã×>ÙdØjÝ)ûKôÄù6ûÅüÀýSûK÷^ø  õû^ô.õ ÷^ø Oõ uù KCø üOù6ûKõ Ëÿ@üÀûKô·ûKôÄõ
*ø@
ý *õö.ûù6@ý öC$ø Kü Àõ÷Kõ Zû^÷Kü qû^üÀøEý  ù Kø *üGùdûKõ )ÿ@üû^0
ô Kø (õ÷^ø Oõ  Ð ûKôÄõ÷^ÿ@#ü KõZà Y0ØKâ6ß(Ö
¨yÙ^Ú6á»n
ã ;»ù .÷Oà tT-OøúE#ü A#ü uù¼þ ø÷ uù O#ü  ûKôCùdûÅü ù6öCù Oõø6þ°÷^õöÄ÷Kõ MõIýEû^üÀýÄ0
ú küO÷Mû Äù # 
ù #ù KöCõ qû  ø6þ@ÿ@ôÄù6û#ü Gký.ødÿ@ýÉù 4ûKô.õuø ×Zõ *Dû T¹ø÷^üÀõIýSûKõ ¼öÄù÷^ù XüÀú  ( *¤Z,V>ª<ÙdÛUãjÖ¹èU×ÜÄâ6æ
««Ø^â^è.ÕkÝ ;ù .÷O
à £2'A@ù6÷^õ
ù CMûKõ  ø6Nþ ÀøEúü ÄùKõ øEýûKô.õYõ 3Xü Zû^õýSûKüGù :ú÷jù6ö.ô @ûKôÄù6û
MõI÷ Eõù @ù6ý)üÀýSûKõI÷ (
õ XüOù6ûKG
õ Gù6ý.ú Äù6úEõ þ øE÷ûK÷jù6ý GùdûKüOý.J
ú *ø "ö XûKõID÷ T¹ø÷^üÀõIýSûKõ Åþ ø÷ uù O#ü 
ûKøùý (þ ÷^ø  ýÄùdû .÷^ù  Gù6ý.ú Äù6úEõ ( *P¥P,-tªÙ6Û\ãjÖ>è\×ÂÜÄâdBæ «ØKâ^èÄ\
Õ [qÛÄ×>ÖØKã^ÕÄâdÛkÚETÖ Y:ÙdØq
ß ;»ù .÷Àà
£2'EBA"ÿ
ù "ö.÷^øö\ø Kõ ÊüÀv
ý £2' %Sû^ùý .ù6÷ L$R]øEô.)
ý 6ó%kødÿù.àûKôÄù6ûu÷KõIö.÷Kõ MõIýSû e£2'Ë

99

INTEROP-ESA'05 Doctoral Symposium

DkýSû^ù 3)ù6@
ý !Mõ(ùýSûKü@üOý!uùjô.üOý.õYT¹÷^õIùÄù OõGjôÄù6÷jù*ûKõ÷MûK÷^üÀýÄú  Ð þ*øÄ÷Kõà.ýCùdûÄ÷^ù
Oùý.úÄùúõ ù6÷^õuûKô.õH"ø$Zûü (ö\ø÷Kû^ù6ýSû'ký.ødÿOõ.úõu÷^õö.÷^õKõýSû^ù6ûKüOøýRGù6ý.ú Äù6úEõ¿á.ûüÀû
 DCù #  ü ý.ø6û4ÿsõ  TÂþ ø÷(ùà\ÿ«õK Äù #! Kõ1Kø(õ ã^Ù6ÛÄ×ÂØKÙdæQæOÖ^ç Û\âd×ÂÜXØKâ6ææOâdÛSÚÜÄâÚSÖ*Ýû^ø
SýÄødÿ Àõ Xúõ¼÷KõIö.÷Kõ MõIýSû^ùdû^üÀøEý¿<à D jô&ù Lª<Ùdß"ß(Ù6U
Û ¨yÙ^Ú6á»s
ã ª<ÙdÛÄ×ÂØKÙ6æQæÀÖjç ^«ÛSÚæáGÝKÕ ;»ù .÷Àà
£6a£6MA;SC_]EøôÄ1
ý 6 %kødÿù A*àfûKôÄù6û<#ü ù þ øE÷ uù Oùý.ú Äùúõÿ@üÀûKôuù6
ý M<ýÄú O#ü Kô TVÀ#ü õ<DkýSû^ù 3/
[C
ý øEý.õÿ@ô.
ø ùý÷^õIù 4øE÷ .üÀýÄù÷ M<ýÄú O#ü K'
ô ùý÷^õIù 'MõIýEû^õý õ :üÀ
ý £6a£6M àû^ô.6õ KõýSû^õý õ
ûKôÄù6'
û D.öÄöCøE÷Mû Sþ  W5Ä÷ Zû TÂøE÷ XõI
÷ ÀøEúü ü 4ÿ@÷^üûKûKõý2ÿ@üÀûKô.üOýÉüÀû 4kýEûjù *ûKü "ùý RMõ uù6ýSûKü 
À#ü (üûjùdûKüOø@
ý E>ý4ûKô.ü :ÿsøE÷ Uà*ÿ«Wõ X÷jùfÿÉù Où6ûMû^#ü õ<ø6þ ký.ødÿ Oõ XúEõ÷KõIö.÷^õ KõýSû^ù6ûKüOø
ý Oùý.ú Cù6úõ 
;Kõ4
õ üÀú .÷^
õ bCA9


¬#®

 `Ä b
Ê ¦£>£Zjª¿µEq¥<¦jE©Z^¢EZj>jd£M*£ZI(¦IE©¯k©j

&¼õ@ÿ@÷^üû^õ@ùKõýSû^õý õà¿7^óô.õùdûüøý(ùuùdû :.àüÀý15 Eõ6küOý øþ\ký.ødÿOõXúEõs÷^õöÄ÷KõT
MõIýEûjùdû^üÀøEýKGù6ý.ú Äù6úEõ<;Kõõ<5Cú.÷^õ¤ A9Z&ºõuùPG5Äý û^ô.õ@ûKôÄ÷KõIõsû^õ÷>;-£6[ó4àÂ_[óbùý 
Ð ÎQAüOýÅõ
ù je
ô KõýSûKõIý *õ>C.÷^ø ùGuùdû^ô.õuùdû^ü#Iù \küÀõIÿ àC£6[ó¬ù6ý@eÂ][ó¬ù6÷^õ@ûZÿ«ø'Kõ*û
ø6þyõ Àõ "õIýSûIà Ð Î ü ù÷^õ GùdûKüOøH
ý CõûZÿsõIõýÅû^ô.õ°ûZÿs1
ø Mõû E>ý)ùXüÀûKüOøýyà\ÜXÛCá fÖØjÝâdæ¿ÁÜÄâdÛÄ×Âá §
a ÖCØ ;»õ Eõ÷ àù  CøB
÷ Û¿Aù6ý  Ö ÀEáGÝq×¹ÖÛÄ×Âá»âd/æ Á*ÜÄâ6ÛÄ×Âá a Ö1
Ø ;»Yõ 3Xü Zû <ø÷ Ý ANuPù '\õþ ø .ý (üOH
ý Kø (õ
MõIýEû^õý 
õ Äóô.4
õ uù6ûKô.õ (ù6ûKü ù pÄù SúE÷Kø .ý ø6Nþ ký.ødÿ Oõ XúEõ÷^õöÄ÷Kõ MõIýEûjùdû^üÀøEýÿù @öCù6÷ T
ûKü YGù6÷^ü Iõ )üOý ( *ÃZ,V@%kõ õI÷^ù ¿ù6ö.ö.÷^øEù jô.õ ûKôCùdûû^÷^ùý DGùdû^õûKô.õ þ øE÷ KGù6÷^ü Iõ HKõýSû^õý õ
CõûZÿsõIõ
ý 5Ä÷ Mûsø÷ XõIW÷ Oøúü @ÿ@üÀûKôø6ûKôÄõ÷÷^õöÄ÷Kõ MõIýEûjùdû^üÀøE
ý Oùý.ú Äùúõ ÿsõI÷Kõ üÀýSûK÷^ø  õ uüOý


(+*ÅZ,V
E

>ý ( *ÅZ,4û^ô.õ 7ZûKõI÷:Êü#ûKôÄõ(ø$Zûü (ö\ø÷Kû^ùýEû!*ø (öCøEý.õýSûüÀýÚ(ø Mû ký.ødÿOõXúEõ
÷KõIö.÷KõMõIýSû^ùdû^üÀøEý]Gù6ý.ú Äù6úEõIàCÿ@ô.üjôºü#XõIýSûKüÀþS0Kø(õ1Kõ*û4ø6þ«õOõ(õýSûù6ý ¼÷^õGùdûKüOøý@Mô.üOö
CõûZÿsõIõO
ý Mõû CMWÀõ (õýSû^ù÷Kõ*ûûKô.õIø÷uü#6 KõûKøJXõ5Äý.õÄùKüFuùdû^ô.õuù6ûKüù ¿MûK÷ YT
û.÷^õ IàUÿ@ô.#ü jôº÷^õö.÷^õ KõýS
û ø #Àõ qû^üÀøEý  øþ«ù Zû^÷^ù qûø ×Zõ qû E>0
ý uù6ûKô.õ (ù6ûKü I/à Mõû4ù6÷^õ
 DCù # R*ø "ö\ø K
õ ºøþCý KCõI÷ ø÷ö\øüOýSû Ità Xûÿ«e
õ (ø÷^õÅø6þQû^õý2û^ù  2ù \ø.K
û Mõû ø6þ
öCõI÷ Køý IàEùý.#ü (ù #sù6ý ù #ÄüOe
ý ký.ødÿ Àõ Xúõ@÷^õöÄ÷Kõ MõIýEûjùdû^üÀøEJ
ý .ø uù6üO¿ý EûKô.õØKÖ*æOâd×Âá»ÙdÛ#ü «ù6ý T
ø6ûKôÄõ÷"ü (ö\ø÷Kû^ù6ýSJ
û *ø@ý *õö.ûüOn
ý ký.ødÿ Àõ Xúõ÷KõIö.÷Kõ MõIýSû^ùdû^üÀøEý¿àyùÊØKÖ*æOâd×Âá»ÙdÛ¬ü ùSþ Äý qû^üÀøEý

100

INTEROP-ESA'05 Doctoral Symposium

9bI9<dc:y< fK>¨j£Iu*£q³
e ZqEq*£ZbC©I7cÄ®gfihjc ükml ´«®onKp.cmq krl ´s2t¿®uh%vwpE´
9 ±«  .c ®  x1 9£Fc y«jfK>¨K4z1 °(£w4O´
{bÄ|.c ® I¦¦º®Q>I e°JÊyÁ<´-B
9 Ê:Á<´
 ¸}Cb ©I7c;B
9 Ê:Á21 ~ °JÊyÁ4
¬#®

 Ä  f£Â¨¢XjªZ@Sq¥<¦qE©I  j¢Zj>jd£M£ZI

ø6þøý.õuøE÷G"øE÷Kõuù÷Kú (õýSû4ÿ@ô.ø$Mõ(÷jù6ý.úEõ(ü#4û^ô.õeKõ*ûø6þ4×ÂØqÜX×QÕdâdæÜÄÖqÝ  û^÷Äõà0þ»ù#Kõ  
" ÷^ø 5.û<þ ÷^ø  ûKôÄQ
õ ^ù (õ>uùdû^ô.õuùdû^ü#Iù @Äùkú÷^øÄý 0àdÿ«õFuùPKXõ5Äý.õ ûKô.õªÙ6ßèUæÀÖß(ÖÛÄ×
*ø@
ý *õö.ûüO!
ý Xü I\õI÷KõIýE>û ký.ødÿ Oõ .úõ÷KõIö.÷Kõ MõIýSû^ùdû^üÀøEH
ý Gù6ý.ú Äù6úEõ 


V µ @î<í¼RµíÄï

jº>³

¼õO\õOüÀõõ)ûKôÄù6ûuô.õ*û^õ÷^øúõIý.õø  'Zû^õJuùPÉüÀýSû^õ÷^øö\õ÷jùdûKõCoSüO÷Kû.õø6þuùdûjôT
(
ù küÀý.úºù6ö.öÄ÷KøSùjô¿¿&ºõ CõÀüOõEõÅûKôCùdûû^ô.õ)ôÄù6÷2ö.÷^øOõ1Xø¶ý.øûúEø¼ùfÿùP¶õEõýÉüÀþ
ÿs'
õ Kø #G
õ Oød<ÿ TVÀõ õ 0ü D.õ > jô ù @ýCùdû Ä÷^ù pGù6ý.ú Äù6úEõ4ùýÄù #Mü Ià *ø "ö Àõ 3ûKõI÷ Ïuù6ö T
ö.üÀýÄúÄàyùý 2øýSûKø ÀøEúüOõ üOýEû^õúE÷^ù6ûKüOø¿ý ¿ .÷Mû^ô.õ÷à¿ÿ«H
õ .úúEõ Mûû^ôÄùdûûKô.õu÷^økø6'
û ù  Kõ Gùý
CõG.@ý Xõ÷ Zû^økCø \õ*ûMû^õ÷üOý)ûKõI÷ ø6þß"áGÝjßuâd×>ãjCÕ 
&¬ôÄùdH
û Iù6¢
ý Cõ0Xøý.õ ù Cø XûuûKôÄ#ü Ñ_áù Mõ ÊøEý ø .÷ÅüOý.üÀûKüGù õ 3kö\õ÷^üOõý õ øý·ô.ø (ø T
úõýÄõø @<SýÄødÿ Àõ Xúõ4÷^õö.÷^õ KõýSû^ù6ûKüOøýûKõ jô.ý.ø Oøú Åù6ý !ø J(øý uùdûKôÄõ uùdû^#ü Iù ¿Äù $T
ú÷^ø .ý øþô.õûKõ÷^øúEõý.õIø  >SýÄødÿ Àõ Xúõ÷KõIö.÷Kõ MõIýSû^ùdû^üÀøEý)ûKõ jôÄý.ø Oøú à.ûZÿ«øüOýSûKõI÷K÷^õ Gùdû^õ 
ù6ö.ö.÷^øEù jô.õ öÄù#ü bùdûMû^õýSûKüOø@ý "ûKøºø .÷(ÿ«ø÷ \óô.õ 5Ä÷ Mû"ü "ûK
ø 5Äý )Kø (õû^÷^ùý Où6ûKüOøý
ù6ö.ö.÷^øEù jô.õ CõûZÿsõIõýù$ý "ûZÿ«'
ø ký.ødÿ Oõ XúEõ÷^õö.÷^õ KõýSû^ù6ûKüOøJ
ý Gù6ý.ú Äù6úEõ Eóô.õ Mõ *ø@ý u#ü 
ûK
ø (õIù D.÷^õûKô.'
õ "ü (ù6û jô¿à.ûKô.õIO
ý .õ *÷^ü \õ üûüOý ùþ ø÷ 'Gù6÷^#ü õ Gù6ý.ú Äù6úEõà.ù6@ý H5Cý 
ûKô.õù ÀúEø÷^üû^ô  ûKøuúEõ*û
ù 7D\õMû :*ø (öC$ø MüÀûKõ ù6@ý Mÿ«õ÷ 
E>ý ûKôÄõSþ .û .÷^õà0ÿ«K
õ uPù ]øý K#ü .õ÷°ûKO
ø Xõ KüÀúEý¼ùý  #ü (ö Àõ (õýSûùö GùdûKþ ø÷ à0ÿ@ô.õ÷^õ
ô.õ*û^õ÷^øúõIý.õø  DMûKõ ÿ@#ü  øSøEöCõI÷^ù6ûKõ"üÀ
ý (ø÷^K
õ ø (ö OYõ 3_OøúE#ü Iù B*ø@ý Zû^÷  *ûKüOøý üOý
X+ü IUõ÷^õýS>
û ký.ødÿ Oõ XúEõ°÷^õöÄ÷Kõ MõIýEûjùdû^üÀøEýÅûKõ jô.ý.ø ÀøEúüOõ 
&

U)³p»³yí³yë ñ³t¸
>³2,B9 cÃjd£Z j§®o@  7Bf´d£>£Z¢c 7q¥¥¥@³ ¥8B³ IZ©7@  K>FI¹¥@³
@6³  IE(¡N<<³¡fÇ^ZS¹£Z^Ä¡ e ³ Ê ³c$Ê¼>¯EZ^¨ IªÄI¢E¢EZIMSj0£Z@¯E£Z*£Z>KEjs*£ZKEE©E³
 b@Çz ¯ZkI¦uc  ^>¨bCZ©I£M4Ç>j>¯m®o@  K>*´B7BNCNrBD 
B³ ±*Z¦IC¡°³¡Ês¦¦jC¡  ³¡  Mµf^Z§E¦dI(¡iE ³6
c ÊZMS¤£Zj^£Z¯MI¦U >*£ZKÄ¡Sq¡X¥<6¨"¤£F sk*M
£Z§S¯E¦Å¹¨¹£Zj ¯£IªKÈE¹£ZS©¢k*>£Zj³4Âc e Zdj^qES©IIª£ZE_>6q £ZÂd£Z^ZS£ZSI¦
9 IEªO^ZjS^ IuÃ6IªO£¥*Z¿< S©ISj^ZE©E¡.Ã6q£>£Z¦¡K >SS©£Z®>|77D ´2>6 F>|D
CE³Ç:¯k6¹3 ¦S6¡ ³
c Ê °"qÀ*£ZI>¸Ç>qRÊZMS¤£ZjK£Z¯EZªOI_
9 ¢kI§E¦¤£¨R°(k©j jd£q³¶Â
 I.q 6¡$°³¡SqÄ³c e Zd^jqEE©IªU£ZET £Z"d£Z^Zk*£ZIk¦I9 IEªGKZjSjIÅÃªO£Â¥ZT¿< E¸
©ISj^ZE© ISJÊs¢E¢S¦q£ZEj¡XÃKt< Ê/@  6@ ¡°"¹Á«¡9 I§ZE©I¡°JÊ&®o@N77@ ´dCrDFmD 
6D ³ e jµX¡  ³cy< ¯Zq¥IMS^£F\c Ê °¯S¦¤£Z¦E©¯SI¦:S£M§k>4¥<£Z)¦KÈEq¦:>^Id£Z4S^£¥Zµj³
¿< ¯EZN
 M:«K£s±«jS^M¦«dj¯S jd£ ®>|7 f ´

101

INTEROP-ESA'05 Doctoral Symposium

³>ÊEZjEj¡|4³¡N96¯SE©E¡qÃ.³  ³¡  ¯kS©¡69s³  ³cr9S^j¢E£Z¯SI¦d ^£M¢SSZ|c  d£Z¦I©I¨6¸»§kI>j«Zj¢E¸
Z^>jd£M£ZIS jIZ¢XM°6ZjI¢S¢ES©@¢EZEj¢S¦jj³CÂ ISÇZSEjÄ¡ÃEj¦±«¦I¹¸
§XK¨d¡/°³ yb ³¡I
 I¦¦S©I£ZIC¡¿Ê³¡Uqj³ c e Zdj^qES©Iª£ZE'Ê 9b-@N7 B)
 IZµ6>SI¢£ZE
Äb ^Èj"Ik  ©I¯EM*£ZT\b IE©¯SI©I³U®o@  7B ´8B7DFrCK>
6 ³{s¦^j¡K³¡ e jI>¡WÊ³ c¡Äb Sµ6S© ¦^ÈjE(IS2d£Z¦I©j|6c °(I¢E¢SS©¥IMEE^£"£Z£ZE
>¯E©©Ij¹£Zq¯S¢S¢XK ^Z©Iq d£Z¦I©I¨d³CÂc e Zdj^qES©IIªÄ£ZS<¢<< 6£ZKZk£ZIkI¦9 IE¸
ªO^ZjEj@(EªOIZ£ZI(ISj@ Sq¥<¦q©T¿< S©Ej^ZS©³U®o@  7B ´CK>6@FC:>|
³  ³ 4
 ³Á2£ E>S½  ³ 4
 ³¡M³<Ã6j¦ISjÄ¡<±°³ Á«³¡ e ³ Äb j¤£M:v
c Ê  qÀ*£ZI>¸»§k>qÉI¢E¢EZIM
ªOI«Ej^jd£>MI¦>q"¢EZ6¯S^£ZI(¢S¦IESS©¡k>MSq¯S¦S© k" IS¤£ZIZE©E³ e Zd^jqEE©«ª
9   e Âd£Z^ZS£ZSI¦:Ã^ S@IÂd£Zj¦¦©jd£9 I ¢S¯E£M*£Z)O°(I6¯EªGI^£Z¯ZE©¿< S©¤¸
Ej^ZS©"®o@ 7 f ´2>7>|B6> >F
³ Ã6¯kk  (¡7 ³ e ³¡  ¥S©¡ ² ³ c:9 Zq\Pc Ê¶ qE£Z¿§k>qj66¤ZS ^6£CªG 6j¦¦E©
k Ij^j>>S©@¹£>Z§E¯E£ZqEªGZ£Z£ZS:¥j§C³c6«E^£Zjjd£Z°Ç:Z¤£Z>6£ZIkI¦
9 IEªO^ZjS^ Ij@*£MI§SI>f® Ç29  T@  I@ ´K³0®o@  @ ´8D Fmm>
>|³ e Zjj^¡Ê ³W
c Ê· q£ZI>¸»§SI>q"ªOMI¹£>Z¯E^£Z¯EZªG6¤>£Z¯k¦UIZ©ISZ*£ZISj³sÂeÊ©jd£Z¹¸
@N7m>{
 IZµ6>E¢"I(Âd£Zj¦¦©jd£WÊ©jd£Z<(Çd@ Ç¤0< ¸59   ^Z^4®o@  K*> ´
> > ³9 EjS©¡i³¡j^q¡ÄÇs³c  qEKM£Zqu qÀ*£ZIZ«ªOITd¥ ¯E^>¨(jI ¢X>¤£Z°IS¹¥^Zj³@c* £Z
d£Z^Zk*£ZIk¦I9 IEªGKZjSjIy< d£Z^Z¢Z>@ÂEªOIZ*£ZIÅÃ6¨¹£Zj :¸9y< ¹Ã @   EC ¡ e I>£ZE¡
e >£Z¯S©I¦Q³  ¦¯S  EC ³C®o@   dC ´2>6N6;>67D
>F6@ ³  I>ZdMµ6j¡.K³c6Ê6°\bI¦  b.c "j>^Z¢E£ZI¦©I4ªGI@£ZE>jd£Z¥^§C³ <¢<<-@*£M
¿< S©ISj^ZE© Ç¯S¦¦^£ZHÉ)
` ®o@N7I@ ´C6m
>|B ³F°"¦¦^q¡.±°³ Ê³¡kI¦Q³c
 IMS^£ d@ ³ (
 ®o@ 7 fB ´d£>£Z¢c 7q ¥¥¥@³ ^©>^ ³ ¢ZEj^£ZIC³ qE¯ ¥<6 ³
>§EC ³  ISS¦¦@q6j¡  ³ ÃX³¡kÃK^ ¦*¤£Zj¡ e ³c¢É
 k*£ssµ6Sq¥<¦qE©I@Zj¢EZj>^6£M*£ZiH
¨ ÊsB°(I©I¸
Nj S¯rE ®>|7 fB ´2>F7 B
>F6D ³{2bÄ¸»IZ©Kcj>^Z¢E£ZI(¦©j°®o@  7fB ´d£>£Z¢i I E¦Q³ µdq³ IZ©rd ³
>| ³{@
 ¤ªO^q¡@°³¡\b I¯E>jC¡C±°³¡i)
 ¯C¡E ³cTÄb ©IjI¦0ªGI¯SkE£ZEIª:§m¹3 ^^£>¸»IZjd£ZqIk(ªÀMI ^¸
§SI>q(¦S©¯SI©Ijj³  ¯ZkI¦CIª¿£ZSFÊ>>dj£ZuªGT9 I ¢S¯E£ZE©4°(IMSSK>¨E É ®>F77D ´
6C:>©m C7B
>F6 ³9 EjC¡ °³¡S±«jS^¹£q¡m³c9 ©I¢S¢E¦j£ZE|c:É
 E^Z*Zs¥{
 ¨dqZªO£ZK£ZS<¾SZ¹£jj©¨
 ±6£ZKq¡dÇs³¡7 ³ °"EqI¯Ä¡±°³¡fqj³ cr9 Ejj¢E£Z¯SI¦kÃ6£>Z¯SK£Z¯EZj|c7Cb I©qI¦Q¡KÄb E©¯E¹£Z¡fIS
9 I ¢S¯£M£ZSI¦0Â>>¯Ejj³  ¦¯S >F 6 ³¡@Z ¹£MI£q¡Ä±«KZId¨d¡k9d9 Ãª@N776 ¡0Ã6¢EZS©I^
®o@N7 f ´2>6@7|>|B7
>| ³ Ã6q¥¡ªE ³  ³c °(*£ZSj*£ZqI¦¶§kKµ6©IZI¯SS ª2µ6Sq¥<¦qE©I&Zj¢Zj>jd£M£Z ®o@ 7 fB ´
d£>£Z¢c  * ¥¥¥@³ Â3 ªO>q¥³ jI ¦©I6*£ZC³ d£Z(³
>| ³>Ê£ZQ¡:±°³¡  ¯ESj¡yK³c¤9 ISjj¢£Z¯k¦s©MI¢SEIS¶¾SZ¹£ME^¦I©³ÊÁSJ9 I ¢S¯£Z^
I ¯EZSI¦E)®o@  7 ´{>©>6@

102

INTEROP-ESA'05 Doctoral Symposium

Information Security in a Heterogeneous
Healthcare Domain
Rose-Mharie Åhlfeldt
School of Humanities and Informatics
University of Skövde
P.O. Box 408, S-541 28 Skövde
SWEDEN
rose-mharie.ahlfeldt@his.se

1 Background
Healthcare is an information-intensive activity involving the collection,
communication and display of large amounts of information. This information is
highly sensitive and most countries have special legislation to prevent its misuse.
Hence, it is natural to use the support of computers in order to efficiently improve
such an information-intensive organization. The increased use of computers for
handling the information also gives access to information held in databases in a way
that was previously impossible [21]. Swedish healthcare has gone through an
efficiency improvement the last few years but it will also face major challenges and
changes in the years to come.
With a new holistic view on the care offer and with a totally unbroken care-chain
from the emergency treatment and primary care to rehabilitation and home healthcare
and home services of the municipalities, new ways of working and new technology
solutions are required. To decrease both time of care and waiting-time, and to
increase the quality of the care, the information must be available for the care
performers who need it, as quickly as possible, no matter where they are in the carechain. One condition is that the information is current and correct, which is not
always the case when the flood of information in the care stream is without computer
support [23].
The main thing is to achieve two important aims concerning information security in
healthcare. The first is to reach a high level of patient security, i.e. to give patients
opportunities to the best care with right information in right time. The other aim is to
reach a high level of patient privacy; i.e. to protect patients from that sensitive
information is distributed to unauthorized persons. These aims are hard to reach
together. Often this occurs at the expense of either one or the other aim. For that
reason a balance between these aims is necessary when the work of information
security within healthcare will be discussed [24].
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This paper is divided in two parts. The first will give a background to the area of
information security in healthcare and problems related to it. The second part will
discuss the research problem area and address some research questions.
1.1 The patient record
One of the most central units in care information is the patient record. The traditional
paper-based patient record used in a clinical setting generally contains the notes of
clinicians and other care providers. Dahlin and Arnesjö [5] declare that the overall
purpose of the patient record is to facilitate and support that the patient will be given
excellent and secure care. This purpose presumes that record data is reliable and
available when needed in the care and understandable for the care performers.
In the healthcare domain, there exist a large number of computerized patient records,
so called electronical medical records (EMR). Many of them are single system and do
not have the possibility to interact with each other. Just in one hospital there can exist
hundreds of different EMR systems. These systems are autonomous and they have
different purposes and functions for different kinds of businesses in healthcare. There
are problems to exchange information between these systems within the same
organization. The problems will not decrease when patient information is needed
between different healthcare organizations, as well as primary care to municipalities
or municipalities to hospitals or vice versa.
Since the EMR systems include sensitive patient information, the security aspects
concerning the managing of these systems are very important. It is not just a piece of
paper to take care of. The information is stored digitalized and is included in different
systems. From a user’s perspective, this can be hard to survey and control. New
qualifications in the healthcare domain are required to manage the information
security in a sufficient way [24].
1.2 Information Security
It is out of the scope of this paper to give an exact definition of the large number of
security terms that exist in the literature. However, since the term information
security is used in the paper, it is important do define what the term stands for.
Information security is a broad term covering security issues in all kinds of
information processing. It includes both technical and administrative security (Figure
1). According to SIS [9] information security is defined as security concerning
information assets regarding ability to maintain a desired confidentiality, integrity and
availability (also accountability and non repudiation are included). SITHS [17]
defines the term information security as the collected effect of measures to minimize
the risks addressed for the availability, confidentiality, integrity and accountability of
information. In a computerized environment it is easy to focus more on technical
measures and functions. It has still been shown that in order to get a sufficient level of
information security in the organizations, a structured way of working is required
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both in planning and implementation of the security work. Furthermore, this is also
important for the specific user in its daily work. If not the administrative security is
function properly, the technical security will fall short for the security work at whole.
Availability

Confidentiality

Integrity

Accountability

Information
Security
Technical
security

IT security

Administrative
security

Physical security

Fig. 1. Information Security Model

Information systems in healthcare are important systems for the society and
information security in healthcare is therefore an important element to take into
account. Most of the security problems are generic and concerns information systems
in general. The Swedish Emergency Management Agency (SEMA) has in their report
[16] pointed out some important conclusions concerning all important information
systems in the Swedish society.
• Lack of a comprehensive view in information security
• There is a need of a base level of security in important society systems
• Internet should be classified as a critical infrastructure
• There is a need of a political comprehensive view concerning risks, crimes
and threats related to information security
• The main threats are unintentional threats
• There is a great need of qualified education
These conclusions are generic for information security in the Swedish society, which
imply that the healthcare sector also has to be brought up against with these problems.
Healthcare has a challenging task to deal with an increasing number of citizens,
getting both older and sicker [3]. There are reports, showing that if the society is
going to succeed with the future’s need of care and with limited resources available,
there is a need of effectiveness with IT as a support. The healthcare business claims
that IT-support is necessary to preserve and improve service, availability and quality
in care they are responsible for [3]. Therefore, to keep and improve information
security in healthcare is a challenging task. According to SEMA [16] the need of
research and studies in this area is obvious.
In the following sections, a number of current problems will be described more in
detail. These problems are produced from earlier work and projects along with
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literature surveys. The describing problems are then going to be the base for the
chose of my research problem and the continuing research studies in the area.
1.3

The integration problem

When IT-systems are going to be integrated, and when different healthcare
organizations are going to share information with each other, it also makes new
demands on information security. Not only the own organization must have a
satisfying protection. Instead, the security boundaries are going to expand and the
availability to sensitive information is increased. It makes new and bigger demands
on security concerning networks, patients’ privacy, access control systems etc.
Furthermore, the administrative security gets further elements to take into
consideration. Co-operated healthcare organizations’ working processes and routines
must also be considered.
Many healthcare organizations consider that the most important healthcare processes
are the patient process [17]. This is the process that from the patient’s perspective
implies that different healthcare performers must co-operate together with the patient
to increase the patient’s quality of life. There is a need of a holistic view of
information security and cooperative infrastructure for information security but also
needs of techniques concerning strong authentication as well as the derived services
as authorization, access controls, accountability, confidentiality etc. The SITHS
project has created an infrastructure and model to meet all the demands mentioned
above. Despite that, the healthcare organizations have not yet adopted this. Instead,
they have still a long way to go. One of the reasons for the delay is limited
economical resources. The projects also show that there is a need for further studies
and research in this area [3].
The demands, mentioned above, are not unique for Swedish healthcare compared
with other countries. Even if tradition and legal aspects are different between
countries, the main problem is the same. Strong authentications, derived services as
authorisation, access controls, accountability, integrity and confidentiality are
importunate demands to provide [1], [2], [4,], [26].
When healthcare systems are going to be integrated the interest of a process oriented
approach for healthcare information systems is increased [15]. Here, not only the
technical and organizational demands on security are increased. Also, the patient
privacy is important to keep protected when the patient processes will be extended in
distributed systems including sensitive information. Louwerse [12] proclaims that
with distributed systems in healthcare we need better awareness, better procedures,
better software, and a more centralised approach or systems management.
One way for the healthcare units to be process oriented and integrated with other
units’ processes and IT systems is to introduce a process manager, which visualises
and executes the communication between different IT systems; realised by using

106

INTEROP-ESA'05 Doctoral Symposium

graphical and executable process models. The process manager also communicates
directly with the healthcare personnel via desktop computers and mobile devices.
VITA Nova [14] was a Swedish project which introduced a prototype system for
healthcare processes based on a process manager. The result shows e.g. when
introducing a process manager in healthcare it requires ways to deal with security
issues (security, ethics, and legality). The healthcare units also show large differences
in security awareness and IT maturity.
Transferring information between organizations must be done by designing solutions
that are satisfactory from the perspectives of the patient and the patient’s relatives as
well as from a legal perspective. If healthcare in the future will be able to integrate its
business processes with those of other care providers, and if transfer of patient
information will be satisfactorily performed from a security perspective, routines for
the minimum level of security have to be designed, documented and implemented
jointly by all involved units [14].
1.4

The lack of security awareness and education

Ever since IT made its entrance to the healthcare sector, the lack of education has
been more and more obvious. It’s not only lack of education in the security area. Also
education concerning teaching new information systems irrespective of their
intentions for patient information, administration or network systems has been
conspicuous by one’s absence. Earlier work has shown that the users only got a few
days to learn the system [29]. Depending on the minimum of time scheduled for
education of new IT systems, there is neither space to keep up with nor any change to
give priority to security education. This lead to users of IT systems in healthcare not
having any adequate security education and this also implies that there are lacks of
users’ security awareness [6].
In the third report the SITHS project declares that the most important element to get
the information security to work in an optimal way is education [18]. It is in the
education existing threats, risks and possibilities can be pointed out. The SITHS
proclaims that this is the way to build security awareness. Measures of security, no
matter how technically advanced they are, can never replace the knowledge of the
staff and the attitude to the security work. Furthermore, it is enormously important
that ethics and moral is kept on a high level. The healthcare process rests on an
information flow where the security solutions are needed all the time [18].
It is not only the users and workers in the healthcare sector who need education. Also
the healthcare management needs education in information security. Katsikas [11]
claim that “the most important pillar upon which any serious effort towards
introducing and enforcing security in health information systems is based, is the level
of awareness that those responsible for managing the effort have. Thus, the issue of
proper awareness, training or education of healthcare management is of paramount
importance”. Different authors claim that education in information security is an
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important element, not only for users. Also the healthcare management need
education in information security ([17], [18], [11], [29].
The lack of education is often related to the absence of established IT-security
strategies and policy issues. Established IT-strategies or information security policies
are not so common for the healthcare organisations nowadays [8], [7], [29]. This is an
on-going work in the county councils and regions in Sweden. Some have
accomplished more than others. Municipalities have the same situation but with
bigger variations. There are municipalities with established strategies and policies
whereas other municipalities just have started up with the work. According to
SWEDAC [22], accredited organizations, for instance laboratories, have been forced
to establish these documents which imply that the security work is satisfied and users’
education in security issues is an on-going process. Furthermore, this situation has
increased the users’ security awareness on the whole, not just when they work with
computerized systems. This will be in accordance to the result from the VITA Nova
project [27]. There is a variation between the different healthcare units depending on
how far the organizations have got in their establishing of security policies. The
accredited organizations which have demands on themselves to establish security
policies states that the employees have a much better security awareness than those
organizations which have not come so far yet [14].
Even if strategies and policies are established, it happens that they are inconsistent.
This is related to the own organization with different areas and different departments
but also when patient information is going to be exchanged over different
organisation boundaries. Inconsistent policies and procedures can lead to frustration,
confusion and potentially even harm to patients. This is exemplified by differences in
organisations’ policy towards transmission of patient information by, for instance,
facsimile. An organisation attempting to apply more restricted use of data
transmissions is faced with complaints from other organisations with more lenient
policies whose staff are frustrated that they can not send or receive patient
information by that means [7].
The lack of a structured way of working according to information security is obvious
in healthcare. There are just not only need for strategies and polices. Also followingup routines and routines for educational programs, evaluation of the strategies and
policies etc. are needed.
1.5

Access profile levels

The access profiles are the parts of the access control system where different actors
are defined and how they are allowed to process the information. In the existing
access control systems there are differences concerning how sophisticated profiles
they may create. To maintain a suitable level of information security for patient
information, two models are most often combined; the authority model and the
logging model.
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Depending on the intensity of administration the authority model is required, the most
system use the logging model in Swedish healthcare today. According to the SITHSgroup, it is important for this kind of method that systems and administration to
follow-up the logs exist [18]. There are differences between different care
organizations how much resources can be reserved for administration in the models
respectively. In most cases, one of the models is given priority to the expense of the
other, according to [18]. Some care organizations can have clearly prepared and
individually adapted access profiles, which take a lot of time to administrate at the
same time as the following-up routines for the log is maintained to a limited extent.
Other organizations have very “wide meshed” access profiles instead, which take less
time to administrate. Instead, the greater part of the resources is reserved for
following-up the logs [18].
Earlier work has shown that if not clear regulations exist and describing how the logs
should be managed, there is a main risk that the logs are not checked at all. This
implies that the trust for handling of patient information in healthcare can be called in
question [10], [29].
Different authors claim that healthcare organizations should emphasize the authority
model or “need to know principle” instead of the logging model or “right to know
principle”. Gaunt [6] and Smith and Eloff [20], claim that the principal aim is to
develop and implement need-to-know authority-controls that would protect patients’
healthcare data. The user would only be allowed to access information necessary to
complete his or her job.
Irrespective of what kind of levels of access profiles are used, it is essential to
examine the consequences of the choice of levels for the organizations. Since the
authority model emphasize the patient’s integrity, the logging model straight forward
the need of efficiency of the business and put one’s confidence in the user’s ethics.
According to earlier works, mentioned above [19], it is important to find a
combination between these two models since the aim is always to reach a balance
between the patient’s integrity and the efficiency of the care.
If an authority control should be worked effectively, the trust of the user’s identity
must be required. The user must be the person she/he says she/he is. Technically, this
can be an easy task to provide when users use own computers at their working places.
However, in healthcare there are limited resources also concerning computer
equipments and therefore it is common that users use the same computer to perform
their tasks. Earlier work has shown that instead of taking time for log-in and log-out
procedures, the users use each others’ passwords and perform searches of patient
information in someone else’s user’s session [30]. This can lead to crime since
secrecy is not covered, or the opposite, authorized information access gives
judgments when the logs are checked.
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2

Research plan

2.1

The research problem

The problems mentioned above are by no means the only ones in the healthcare area.
However, these problems are frequently returned in studies and interviews with
involved actors. Both the educational problem and the problem with access profile
levels are important issues separately and could be a research problem for research
investigation on their own. In my research I will concentrate on further examining
security issues related to the integration problem. However, this will not exclude
dealing with the other two problems.
The integration problem has been chosen due to the fact that both practice and
research has pointed out the necessity of finding safe and sound solutions to the
integration of patient information systems within and among the business processes in
which they are involved. Information provision in healthcare must be effective such
as to contribute to giving patients the care they need. Hence, information security
related to business and systems integration is an important issue in particular for
maintaining the citizens’ trust for healthcare.
In order to come to grips with this problem it needs first of all to be well understood,
i.e. we need to make an in-depth study of information security needs including the
current state of the art in healthcare processes, in particular where more than one
healthcare provider is involved. As a prerequisite to this we need also to find out and
analyse what kinds of statutes and regulations that may have an impact on possible
solutions. For the research to be useful one needs finally to complement existing
business and systems development methodology with useful advice and guidelines
for how to reach a satisfactory level of information security.
In accordance with this discussion, a number of research questions may be
formulated:
-

-

What are the information security problems experienced in current
heterogeneous healthcare processes?
What are the needs and requirements for information security in healthcare
when different healthcare performers integrate their business processes with
included patient information?
How do we need to complement business and systems development
methodology in order for it to provide adequate support to building
solutions with a satisfactory level of information security in healthcare?

Figure 2 shows in what way the two first questions are related to each other. They are
at the same level and are very much connected. When a problem is encountered, it
will bring up new needs and requirements, but also when new needs and requirements
are discovered, new problems will arise. It is necessary to make a number of
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iterations in order to give the survey an adequate scope. The results from the first two
questions will then be used to build solutions to complement current methodologies.
Information security
problems

Security needs
and requirements

Solutions

Fig. 2.Research process outline

2.2

Research approach

Some activities in the process can be as follow:
1.
2.
3.
4.
5.
6.

A literature survey within the areas of information security, healthcare
informatics and healthcare business process integration.
Studies of healthcare processes, their need for integration, current integration
solutions and the problems caused by these.
Observations and interviews with involved actors in the healthcare business
processes.
Structured interviews with patients involved in the healthcare integrated business
processes.
Analyze and development work in order to design advice and guidelines as a
complement to current business and systems development methodology.
Validation process of suggested solution in practice and focus groups with
related healthcare actors.

Since I am involved in some on-going research projects in the healthcare area, both in
Sweden and Europe, I will use the opportunity to perform healthcare process studies,
observations and interviews in co-operation with these projects. In particular, the
activities 2 – 3 are conducted within the research projects VITA Nova [27], VITA
Nova Hemma [28] and MobiS@ms [13]. However, also other relevant healthcare
actors than those engaged in those projects will be involved in the work.
Some work has already been done and below is a brief description of the results and
their references.
•
•

The literature survey is an on-going process and will be done in parallel to other
work.
Observations and interviews has been done in subprojects

111

INTEROP-ESA'05 Doctoral Symposium

MsC dissertation with focus on information security in home healthcare.
The result from this work has been published in [29].
o A study about information security in EMR with the user in focus. This
study was carried out from a hospital point of view and the result is
published in [30].
o Study about system and network security in different heterogeneous
healthcare performers. This is a case study in collaboration with the
VITA Nova project. The result shall be presented and published at the
Security Conference in Las Vegas, March 2005 [31].
o A study at how a process oriented systems architecture can be used in
healthcare. The result has been published in the Healthcare Informatics
Journal [25].
o An experience report about how a process manager can be introduced in
the healthcare business processes. The result has been published in [14].
The structured interviews are an on-going process in collaboration with the
MobiS@ms project and will be finished in June 2005.
o

•

The result from the activities 1-4 will form the basis for a PhLic1 dissertation
concerning state of the art and state of practice of information security in integrated
business processes in healthcare. The results from the activities 5-6 will then be
added to the PhD dissertation.

3

Conclusion

Information security has an important position in the healthcare’s information
processes. This is not a new thing and plenty of work has been done in this area both
in Sweden and other countries. There is still not so much done in the research area
about the aspects of information security when different healthcare performers would
interoperate their business processes with each other in an efficient way. A research
work like this should then be urgent both for the research community and the
healthcare domain with respect to their trustworthiness and to find a sufficient level
between patient security and patient privacy over the patient care process.
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I. T IME M ANAGEMENT
Typically, time violations increase the cost of business processes because they require some type of exception handling.
Therefore, the comprehensive treatment of time and time
constraints is crucial in designing and managing business processes. Process managers need tools that help them anticipate
time problems, pro-actively avoid time constraints violations,
and make decisions about the relative process priorities and
timing constraints when significant or unexpected delays occur. These are established problems in workflow management,
but most of the provided solutions suffer from the uncertainty
of time information in processes. This vagueness stems mainly
from two aspects: The duration of a task can vary greatly and
in a workflow different paths may be chosen with decisions
taking place during the execution. Some approaches try to
address this problem by introducing time intervals (e.g. best
and worst case), or suppose some kind of distribution (e.g.
normal distribution) of duration values. The probabilistic approach, presented in this paper, offers a new solution to these
shortcomings and enables more precise predictions about the
likelihood of the future behavior of a process execution.
II. T IME HISTOGRAMS
Activities as part of workflows are capable of hiding complex business processes with greatly varying durations. Thus
simple duration representations, as mentioned above, fall short
because they are to imprecise. They all do not take into
account that the existence of conditional structures in the
control flow may result in a non-evenly distributed duration
with multiple peaks. Thus the concept of time histograms
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(THs) was introduced in [1][2] as structure to represent a
distribution function on a time property (e.g. activity duration
or process response time). Figure 1 shows an example of the
graphical representation of a TH representing the response
time of a process. It (on the left hand side) tells us that that
the bigger part of future executions will last between 7 and 16
time units with peaks at 9 and 13 plus some additional outliers
around 21. The time unit depends on the chosen minimum
granularity, e.g. millis, seconds or minutes. According to the
associated cumulated representation (on the right hand side)
we can for example state that there is a likelihood of 88% that
the activity will last 16 time units or less, thus we are enabled
to determine the probability for a given threshold duration
or vice versa. THs are either generated by expert estimations,
the extraction of empirical information from process execution
logs or calculated, based on the the structure of an underlying
business process. THs are also used to calculate execution
intervals for each activity in the process, bounded by earliest
possible start times and latest allowed end times (in order to
hold process deadlines) for each activity in the process. This
information may be used for time constraint validation during
build time or pro-active task scheduling during run-time.
III. W ORKFLOW GRAPH AND DURATION HISTOGRAM
CALCULATION

[1][2] show how different types of time histograms are
calculated, based on workflow definitions using sequences,
conditional routing (and-splits/joins), parallel routing (x-orsplits/joins) or iterations (loops). As prerequisite for the
calculation we define a (directed acyclic) workflow graph
holding activities and the control flow dependencies between
these activities. Additionally probabilistic information about
the branching behavior of a process and the duration of its
activities, represented as THs, must be provided. Until now
we allowed only well-formed workflow graphs. A well-formed
graph has to adhere to certain constraints: a) For every splitnode there exists exactly one join-node of the same type, e.g.
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an or-split must have an associated or-join, b) every path that
originates from a split-node must merge in the associated
join-node, and c) dependencies originating from activities
between split/join-pairs must not leave their paths or connect
to activities outside of these pairs. Figure 2) shows a simple
graph containing activities (A,B,C, etc.), probabilistic duration
information (THs named HA ,HB ,HC , etc.) and two different
types of control flow structures: sequence and weighted xor, which demands that between split an join exactly one
out of many paths must be executed, depending on a given
branching condition or choice. The weight represents the
expected branching probability of each path. To calculate
for instance the TH for the workflows response time it is
necessary to traverse the graph from the first to last activity
while summing up and weighting the activity-DHs according
to control structures and branching probabilities. The result
of the calculation is a DH for the workflow consisting of
tuples for every possible overall duration with its according
probability. For further details see [1][2].
IV. M APPING THE CONCEPTS ON COMPOSITE WEB
SERVICE ENVIRONMENTS

The next step in the evolution of business process automation are composite web services (CWSs) to support business
processes within organizations as well as business processes
spanning several organizations like supply chains. Thus the
most critical need in companies will be to provide services
with a better quality than their competitors. To assess the
quality of service (QoS) it is necessary to define measures
which are significant indicators for certain quality aspects,
where e.g. expected or guaranteed process duration ranks
among the most important dimensions. Slow autonomous web
services, invoked by a CWS, can have an disastrous impact on
the overall process response time. Thus techniques are needed
predict the process duration based on the anticipated response
time of participating web services, which enables us too avoid
these services or to optimize them for faster execution. Due to
the resemblance between the concepts workflow and CWSs,
an adoption of the above presented seems reasonable. The
following subsections outlines our current and future research
projects and arising problems for a solution using executable
processes in BPEL4WS.

to cut them of by defining a threshold less than 100%. E.g.
the response time of a service with a likelihood of 98% will
not include very infrequent delays but still yield acceptable
forecasts.
B. Adapting the workflow graph for BPEL4WS definitions
The approach explained above was designed for graphs representing well-formed workflow definitions. These constraints
are too rigid for possible compositions defined with different
types of primitive activities (invoke, receive, reply, etc.) and
structured activities (sequence, link, flow, etc.) available in
BPEL4WS, which may result in non-well-formed workflows.
Therefore an extended graph-representation which allows nonwell-formed structures must be defined and the calculation
algorithms must be adapted. Future research will build upon
pattern based analysis of BPEL4WS. Another research topic
will be the implementation of a parser to extract a non-wellformed graph from a BPEL-definition.
C. Gathering data for response time histograms
In workflow systems empirical data can easily be extracted
from the workflow log. In BPEL-environments this can either
be done by the process-execution-engine or, if the engine has
no logging-feature, be implemented as part of the process
itself. However, to generate response time histograms and
branching probabilities it is necessary to log the system times
of each request and each response as well as the control flow of
all instances. This issue tends to be a major problem, especially
in flexible environments where autonomous web services,
accessed by the composition, are frequently changing. For
these cases web service response times could be stored and
administered by a trusted third party, which offers an interface
to access response time statistics, similar to or as an extension
of a Web Service Level Aggreement-architecture.
D. Possible application scenario
Equipped with the prerequisites explained above a possible
application scenario consists of: a) Web service compositions
published as web services to the outside world. b) These
web services will have additional interfaces yielding the expected service response time as TH. c) The TH can either
be generated by accessing statistical data or calculated by
applying the above mentioned algorithms on the structure of
the composition. The services invoked by the composition are
themselves equipped with these interfaces. d) Dependent on
the resulting TH the requestor is enabled to make several
decisions (like using this service or selecting an alternative one
or for providers: optimizing the process for faster execution,
etc.).

A. Response time histograms
Again the response time of a process is either detected
empirically or calculated. Workflow activities are mapped to
invoked web services and the duration is mapped to response
times of these services. The histogram concept will prove
valuable as infrequent response time outliers, caused by delays
stemming from communication problems, will be located in
the upper regions of the cumulated histogram. This enables us
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Extended abstract
Quality Management System (QMS) can be defined, according to the international
norms as “that part of organisation’s management system that focuses on the achievement of results, in relation to the quality objectives, to satisfy the needs, expectations
and requirements of interested parties, as appropriate”. [4]
Having in mind that a system is a set of heterogeneous entities interacting for achieve
a common goal, also a QMS can be seen as a set of some interacting subsystems (for
ex. management subsystem, operative subsystem, control subsystem and support
subsystem). The first one allows the organisation definition of policies and targets,
for the whole organisation, planning of each activities, including resources for their
execution and identification of procedures, ruling flows of operations and also of
guidelines for Quality Manual. The operative subsystem generally consists of design
area, industrialisation area, production area, testing area and supplier area. It allows
the operative management of an enterprise, by the definition of operative processes.
The control subsystem allows examination of the organization, as concerning quality
targets, designing and execution of periodic audit and analysis of their results. The
last subsystem consists of each activities allowing the efficient working of the other
subsystems, for example training, prevention and comparison with external enterprises.
Not all organisations, implementing a QMS, identify the previous subsystems, someone prefer having management, operative and support subsystem. That implies a
different point of view about how managing and deploying activities.
Let us assume that an organization have to collaborate with other organizations to
achieve a common goal; in this case it is necessary to take into account a new paradigm in implementing the respective QMS’s: interoperability. In general term, it consists in assuring the ability of parts of the QMS to support cooperation, under quality
assurance constraints, with one or more other parts of the cooperating organisations.
The problem turns then to be how to achieve an efficient and effective interoperation
to pursue a common goal within a defined interval of time while addressing quality
targets [2], taking into account that the identification of which part of the two organi-
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zations can interoperate could be not easy. In fact, according to the previous considerations, the cooperating organisations not necessarily have identified the same subsystems. Design criteria for an Interoperable Quality Management System (IQMS)
need to be appropriately defined to support quality targets in the cooperating processes; taking into account that the cooperating organizations, implementing a IQMS,
needs to restructure the management approach as well as the target of performances.
They have also to identify operative praxis, responsibility and tasks for each interoperating process, as well as the abilities and knowledge necessary for each involved
activity. Designing a IQMS is also an occasion for creating shared experiences (building blocks of organizational memory): the working together of organization members
creates shared understanding as well as common memories [5], and ISO documentation houses those memories for future workers. In addition, as a codebook, ISO 9000
provides a process of knowledge codification.[1] All these characteristics are essential for knowledge creation practices, then some basic principles of knowledge management have been recalled herewith to better structuring the cooperative processes,
during the design of an IQMS. New modelling methodologies for supporting the
design of an IQMS have also been applied, taking into account the impact of the
design oriented to quality for the organisation. According to this, advanced enterprise
models has been developed to support the simulation of design effects, the analysis of
their performance and the influence on management of their operations.[3]. Enterprise models have been structured for the implementation of the necessary interoperability features by including interface descriptions and infrastructure characteristics.
A case study to explain evidences related to interoperable quality management system
is also provided.

References
1. Bénézech, D., Lambert, G., Lanoux, B., Lerch, C., Loos-Baroin, J. :Completion of knowledge codification: an illustration through the ISO 9000 standards implementation process.
Research Policy, Vol.30, No. 9, pp.1395-1407 (2001)
2. Dassisti M., Scorziello F, Enterprise model interoperability: a case study of two university
laboratories, SEMINARIO CIRP ’04 SORRENTO 29 GIUNGO-2 LUGLIO, (2004)
3. Fox Mark S., Gruninger Michael, , Enterprise Modeling, AI Magazine, pp. 109-121 (1998)
4. ISO Quality Management Systems–Fundamentals and Vocabulary2001, ISO, 2nd ed., Switzerland. (2000)
5. Zuckerman, A.: Gaining added value from the year 2000 ISO 9000 revisions. World Trade,
Vol.13, No. 2, pp. 60-62 (2000)

118

INTEROP-ESA'05 Doctoral Symposium

Interoperability problems: Management of evolution of
collaborative enterprises
Séverine Blanc
LAPS/GRAI – University Bordeaux 1 / ENSEIRB / UMR CNRS 5131
351 cours de la Libération – 33405 Talence cedex – France
Tel: +33 5 4000 2409 – Fax: +33 5 4000 6644
E-mail: severine.blanc@laps.u-bordeaux1.fr

Abstract. The actual economic context forces the enterprises to collaborate together to survive against an increasingly aggressive competition. This paper
starts with several definitions. Then, it presents a method to solve some enterprise modelling interoperability problems. This method is focalizing on the
supply chain context and includes four parts about evolution management of
one or several enterprises, performance of the supply chain, how to model only
the flows that we need in this perspective and how to take into account the human aspects.

1 Introduction
In the current strong competitiveness industrial context, enterprises must react
quickly to the market changes. In order to face this problem, enterprises must collaborate together. This implies at one hand high communication between their information
systems and at the second hand the compatibility of their practices. An important
work of change must be done for the practices standardization and harmonization.
This is the concept of Interoperability.
This paper aims to present the basic definitions and concepts of interoperability and
the research developed currently within the LAPS GRAI group at University Bordeaux 1: Management of evolution toward interoperable collaborative Enterprises
using concepts of enterprise modelling.
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2 Definitions and research domains on Interoperability

2.1 Definitions
Before presenting this work, a necessary set of definitions is given, concerning Interoperability, Collaborative Enterprises and Supply Chain to understand the topic.
Generally, Interoperability is defined as the ability of two or more systems or components to exchange information and to use the information that has been exchanged1 2.
More precisely, IDEAS project defines interoperability as the ability of interaction
between enterprise software applications. The interoperability is considered achieved
if interactions can, at least, take place at three levels: data, application and business
process with the semantics defined in a business context3. This definition is supported
by the IDEAS interoperability framework as showed in Figure 1.

Figure 1. IDEAS interoperability framework
To develop interoperability in Collaborative Enterprises, which is defined as an organization to allow enterprises to collaborate on numerous common projects during a
long time, the supply chain context was chosen. The supply chain includes all the
activities associated to the transformation and circulation of goods and services, since
the extraction of the raw materials to the final customer4.
2.2 Research domains on Interoperability
According to the standard ISO, Enterprise Modelling (EM) is defined as the act of
developing an enterprise model which is a representation of what an enterprise intends to accomplish and how it operates.
More precisely, EM is the representation of the structure, the behavior and the organization of the enterprise according to different points of views:
 Functional, Informational, Physical (Business), Decisional, Processes…
 Technical, Economical, Social, Human…
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with two interconnected visions:
 Global: System Theory: The global view of the enterprise: objectives, structure, functions, evolution of the enterprise (dynamic), links with the environment;
 Local: Detailed description according to the concepts of activities and processes.
The role of enterprise modeling is to represent, understand and analyze through an
enterprise model, the running of an enterprise in order to improve its performances3.
The role of EM in Interoperability is to define interoperability requirements and to
support solution implementation. This contributes to solve interoperability problems
by increasing the shared understanding of the enterprise structure and behavior. Enterprise Modelling provides methodologies for the identification of connected roles,
objects and processes between enterprises from different perspectives.
Several problems are related to Interoperability and EM:
 The enterprise models of both parts are not exchangeable (i.e. built using
two different languages)
 The same term used by two parts does not mean the same thing (semantic
problem)
 The models of both enterprises show differences in practices which are not
aligned (output of the first does not correspond to input of the second)
 The model of both information technology (IT) systems shows incompatibility in information exchange…
Enterprise Modelling has a significant role in Interoperability, particularly in term of
analysis to target the problems which can appear in an approach of implementation of
Interoperability and to solve these problems.

3 Researches for Interoperability
The problematic of our research work is how to allow the interoperability between
several enterprises in the frame of a supply chain on the basis of enterprises which
don't collaborate.
To solve the interoperability problems, we can gather them in three distinct parts:
problems involved in the ontology, those related to architecture and platform and
those related to model of enterprise. The first allows having a common vocabulary,
the second allows the interoperability by the technical aspects (software, hardware,
net…) and the third models the supply chain to allow having interoperable practices
at the interfaces. To solve the problems related to ontology, we have two options:
either we set up a common and global ontology in all enterprises of the supply chain
but the implementation is difficult and tiresome, or we set up a common ontology
only to the boundaries of the enterprises. The problems related to architecture and
platform aren't in our domain, therefore, we consider that they are solved. To solve

121

INTEROP-ESA'05 Doctoral Symposium

the problems related to the model of enterprise, we use the GRAI Methodology. Our
start point is enterprises which don't contribute between them and we want to bring
them toward the interoperability. We start from the GRAI Evolution Method (GEM5)
to apply this work in the case of collaborative enterprise.
Therefore, to bring an answer to some of the enterprise modelling interoperability
problems, we need to develop a method which has the following functionalities:
 To manage the evolution of enterprise with the definition of different steps;
 To manage the performance of the supply chain in this entirety. The notion
of performance is very important because it allows to bring the activity and
to share the information, to promote the cooperation between the function in
the enterprises and between the members of the supply chain, and the will to
increase the vision angle inside the supply chain;
 To model only the information, the flows and the services which concern interoperability of the supply chain. We don't speak about boundaries of an enterprise toward another enterprise but we speak about boundaries of the supply chain. Indeed, two enterprises don't need to be completely interoperable,
but they need to be interoperable at the interface. For this reason, we have to
define a supply chain boundary to separate the services which collaborate
from the others;
 To take into account the human aspect i.e. the communication between different people and the human psychological aspects in the evolution of their
enterprise. Indeed, in the evolution management, people are often recalcitrant to change.
3.1 Evolution management of enterprises
This approach is based on the research work of N. Malhéné5: The GEM approach (see
Figure 2). It describes evolution process management of industrial systems. In the
frame of interoperability, it is proposed to use this method, developed to manage the
evolution management of an isolated enterprise, to manage the combined evolution of
several enterprises to obtain an interoperable supply chain. The principle of this approach is to build system evolution like continuous processes. In practice, the evolution process is made of a sequence of steps representing the evolution of the system
status.
The AS IS represents the model of existing system. The components of the system are
here described and formalised: it is possible to understand better how the system is
running and also to detect the points to improve.
The SHOULD BE corresponds to the strategic objectives of the system. In our approach it is described through the Business Plan of the enterprise.
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Figure 2. GEM Approach
The NEXT STEP is an intermediate stage between the AS IS and the SHOULD BE. It
corresponds to the future system which will be implemented.
The USER SPECIFICATIONS correspond to the comparison between the NEXT
STEP and the AS IS models. From this, the TECHNICAL SPECIFICATIONS, which
include the Organisation, the Information Technology and eventually, the Physical
part, are deduced. The Action Plan determines several evolution projects with a limited duration and investment.
To complete this approach, the human aspects will be taken into account. Indeed,
these aspects are often those which bring problems during the evolution.
To validate each step, performance indicators are established.
3.2 Evolution toward Interoperability
There are a lot of reasons of measuring performance of the supply chain. First, it is
necessary to determine the interactions between the performance of each actor and the
one of the chain as a whole. Second, it is required to share the positive and negative
effects of evolution into the supply chain. Third, it is necessary to align the activities
and to share the information.
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Figure 3. Approach of evolution management
In our approach (Figure 3), performance indicators (PI) are defined in the enterprise
before the beginning of evolution. These first indicators will be used to set up a favourable climate to the change in order to prepare the enterprise according to the
three following aspects:
 Human;
 Material;
 Knowledge management.
Then, from the beginning of evolution, other performance indicators are established
to validate each step of the method. These information will allow to determine the
new "Should Be".
Finally, after having obtained the collaboration into the supply chain, final performance indicators are defined in order to manage and control the supply chain in its
entirety.
3.3 Modelling of enterprise operational processes
The objective of this model is to describe in the same formalism the control flows, the
material flows and the information flows making up the operational processes of an
enterprise. It combines some principles which come from algebra of processes6 for
the functional and behavioural part and from statecharts for the notion of state and
reactivity of system by sending events and messages. It allows to describe as well the
transformational processing as the event processing in a unified formalism. The central concept is the processes notion. It defined many concepts, only the main ones are
described in this paper.
A processes is defined as a partially ordered set of step forming a data processing
sequence delimited by a beginning (START) and an end (FINISH). Formally, one can
specify processes P by a 5-uplet:
P = 〈Pid, αP, βP, δP, SP〉
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A step of processes is either under-processes, or an elementary step called activity. It
is defined by behaviour rules of the form:
WHEN (condition) DO (action)
The processes are started by events. An event represents a change of state in the observed system. It appears at a given moment when a condition becomes checked. It
can be carrying information in the form of a object view. One defines it by a 4-uplet
form:
E = 〈Eid, q, OV, τ〉
The object view defines an enterprise object state at a given moment. We can distinguish two types of object view: physical view describing the physical object (material flow) and the information view describing an object with the data-processing
direction (information flow).
The activity is an elementary stage in processes. One defines it by a 10-uplet form:
A = 〈Aid, FIA, FOA, CIA, COA, RIA, ROA, δA, IA, SA 〉
The functional entities represent the active resources (i.e. the agents or actors) of the
considered enterprise. They provide and carry out the necessary functional operations
by the activities. We can distinguish three fundamental types of functional entities in
an enterprise: the men, the machines (built material entities able to carry out operations on request) and the applications (systems software). In a formal and generic
way, a functional entity is defined by:
R = 〈Rid, OVR, CapR, FOR, fR〉
3.4 Weak Aliens Problem (WAP)
We can differentiate two different cases of heterogeneity: material heterogeneity
and Semantic Heterogeneity.
In the case of material heterogeneity, for a long time, the distributed systems have
been few interoperable. Today, large progress have been done and architectures of
multi-agents systems in particular have strongly contribute to reduce the question of
information transport, in an independent way of the material conditions i.e. machines
and/or subjacent operating systems.
In the case of semantic heterogeneity, we can say that the applications which interact on the basis of agent have often been defined and built by different people, in
different places at different times, with different aims, with different vocabularies...
So the agents live in a "semantically open" world7.
According to J-P Sansonnet7, three different situations of communication exist:
 NAP: Global ontology which hold all particular ontologies and there is no
problem of semantic heterogeneity;
 SAP: The agents do not have any intersection and they can't communicate;
 WAP: Ontologies are different but however they have an intersection.
Now, we wonder if we have to eradicate or confront the heterogeneity.
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Figure 4. Eradication of heterogeneity
The semantic heterogeneity by the fusion of all particular ontologies in a global
ontology can be eradicated (see Figure 4).

Figure 5. Confrontation of semantic heterogeneity
The semantic heterogeneity can be confronted by the resolution of the individual
problems. In this perspective, three strategies can be defined to confront the heterogeneity. Firstly, the concepts can be expressed within the meaning of description
logics (see Figure 6)

Figure 6. Description logic
Secondly, they can be expressed under the form of lexical concepts graph (see Figure
7)
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Figure 7. Graph of relations
Thirdly, we can express them under the form of concepts expressed in algebraic topology (see Figure 8).

Figure 8. Simplicial complex
To apply this last representation on a more concrete example in our domain, we can
use this graphs to represent the decision frame (blue arrows (Figure 9) of a GRAI
grid1 example (Figure 10).
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Figure 9. Simplicial complex representation apply to the GRAI grid example
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4 Conclusion
This paper has presented a method to manage the evolution of enterprises from heterogeneity to interoperability. This method is articulated around four parts, each one
filling a particular task:
 To manage the evolution of enterprise;
 To manage the performance of the supply chain in its entirety;
 To model only the information, the flows and the services which concerned
interoperability of the supply chain;
 To take into account the human aspect.
These research works are only beginning. In the future, we will detail each aspect to
develop the global method.
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Abstract. Today the competitive marketplaces require that the enterprises
should be more flexible, innovative and responsive to their needs. Therefore,
the enterprises and specially the small and medium sized ones, in order to gain
a competitive advantage, should get rid of their traditional business models and
adapt new ones to facilitate collaboration. This paper is a research plan aiming
at a PhD degree which concentrates on dynamic collaboration between companies and in particular on the business process layer of the business cooperation
framework.

1 Introduction
Nowadays organisations are moving or have already moved their main operations to
the Web, to take advantage of the potential of more automation, efficient business
processes, and global visibility. They form collaboration networks that value speed,
quality and have the ability to react dynamically according to individual objectives
(e.g. produce a product, provide services, outsourcing). These collaboration networks
have attracted the interest of research communities but there are still many issues that
need to be considered.
This paper is a research plan aiming at a PhD degree which concentrates on dynamic collaboration between companies and in particular on the business process
layer of the business cooperation framework. It is thus organised as follows. In Section 2 there is an introduction on the business processes and business process management. Different types of interoperability and forms of collaboration are presented
next in Section 3. In the same section, the different levels of cooperation framework
are described and some research issues that arise when different companies want to
interoperate are stated. In Sections 4 and Section 5 the Workflow Management Systems and Virtual Enterprises are briefly described and some of the corresponding
problems are mentioned accordingly. Finally Section 6 depicts the research plan and
outlines future steps that are going to be followed.

129

INTEROP-ESA'05 Doctoral Symposium

2 Business Processes and Business Process Management
Business processes are market-centred descriptions of an organisation’s activities.
That is, business processes are collections of activities that support critical organisational functions in realizing an objective or policy goal.
Depending on the type of participants, business processes can be classified in:
• Public processes (external), that are processes performed in collaboration with
others outside the borders of the organization (e.g. suppliers in a supply chain
scenario, partners in a virtual enterprise scenario and customers in a B2B scenario).
• Private processes (internal) that are performed and acknowledged only within the
enterprise.
Business Processes need to be effectively managed in order to fulfil their objectives.
Business Process Management (BPM) can be defined as follows: Supporting business processes using methods, techniques, and software to design, enact, control, and
analyze operational processes involving humans, organizations, applications, documents and other sources of information [12]. It should be noted that this definition
restricts BPM to operational processes that include processes at the strategic level.
This means, processes that cannot be made explicit are excluded. It is very important
that systems supporting BPM need to be “process aware”, i.e., without information
about the operational processes at hand little support is possible.
The enterprises that advocate Business Process Management, fully control their
implicit processes and they are usually aided by a universal process language like
BPML, BPMN and BPEL [12] that enables partners to execute on shared vision, in
order to interoperate with other enterprises, to communicate and understand each
others processes in detail, to jointly design processes and manage the entire lifecycle
of their business improvements initiatives.
BPM, in order to be effectively applied, needs to be supported by a Business Process Management System (BPMS). A BPMS enables companies to model, deploy, and
manage mission-critical business processes that span multiple enterprise applications,
corporate departments, and business partners that may be behind the firewall and over
the internet. Examples of BPMS include: Tibco Staffware Process Suite [20], WebMethods Business Process Management [21], Vitria BusinessWare [22], etc. The
BPMS is a new category of software and opens a new era of IT Infrastructure [1], [2].

3 Environmental Influences and Business Collaboration
A major part of the global economy consists of small and medium-sized enterprises.
These enterprises, in order to stay competitive and survive in a rapidly changing environment, need to be part of collaborative networks of enterprises [3].Thus they need
to focus on core competencies and mission-critical operations and outsource everything else.

130

INTEROP-ESA'05 Doctoral Symposium

Collaboration is defined in [9] as the agreement among a set of participants (e.g.
Companies, Web services) to achieve a common goal or specified outcome in a
shared process. Besides, interoperability is the ability of a system or a process to use
information and/or functionality of another system or process by adhering to common
standards [10].
As soon as different enterprises are able to interoperate or collaborate, they have
been empowered with effective capability of mutual communication of information,
proposals and commitments, requests and results. In general, interoperability covers
technical, semantic and pragmatic interoperability [4]:
• Technical interoperability means that messages can be transported from one
application to another.
• Semantic interoperability means that the message content becomes understood in
the same way by the senders and the receivers. This may require transformations
of information representation or messaging sequences.
• Finally, the pragmatic interoperability captures the willingness of partners for the
actions necessary for the collaboration. The willingness to participate involves
both capability of performing a requested action, and policies dictating whether
the potential action is preferable for the enterprise to be involved in collaboration.
The collaboration between enterprises may have different forms:
• Collaboration based on specific standards e.g. EDI. This is a unified approach to
collaboration.
• Collaboration by following an integration approach, i.e., processing platform
integration, data integration, etc.
• Collaboration by joining a virtual enterprise which is usually dynamic. This
means that the partners are loosely coupled and form short term partnerships. In
this form of interoperability a federated approach to collaboration should be applied, that establishes and maintains collaboration between autonomous local
services, each of which runs a local business process [4].
Business cooperation means that a network of companies is working together in
order to deliver products and services that no-single company is able to deliver itself.
This cooperation is multi-facet and should be examined regarding the following levels [5]:
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Fig. 1. Levels of Business Cooperation [5]

•

The connectivity level, that uses protocols (e.g TCP/IP) in order for the applications of different enterprises to “talk” to each other.
• The communication layer that uses protocols and standards for communication
between applications and people from the different enterprises. Application protocols, such as SMTP, HTTP, FTP and SOAP, ensure not only that people from
different enterprises can communicate with each other, but that applications from
different enterprises can communicate with each other as well.
• The collaboration/coordination layer that uses protocols and standards for collaboration between people and coordination of business processes. The later
represents the connection of the processes of the participating companies and is
the means for an effective business co-operation.
o For the collaboration between people, IP-based solutions and standards
are partly well established (e.g., SMTP for e-mail, NNTP for news,
WebDAV for document sharing, H.323 and T.120 series for real-time
voice and data conferencing) and are partly starting to appear (SIP for
Internet Telephony, SIMPLE for Presence and Instant Messaging).
o On the other hand, solutions and standards in the area of co-ordination
of business processes are starting to appear (e.g., ebXML Business Collaboration Protocol, Web Services Flow Language [7]), but many issues
are still unresolved.
• Finally, the top layer, called the cooperation layer, which deals with searching
and finding new partners, negotiating and closing contracts and working together
to set the boundaries of their co-operation. Infrastructural support at this level is
still very much at the research stage. Research initiatives addressing directory
services, such as UDDI and ebXML Registry, electronic contracting and virtual
and networked organisations can be classified at this level.
Therefore, achieving full interoperability among two business partners means that
they are able to collaborate at all levels of their enterprise architecture. In other
words, interoperability does not only address the ability of software components to
collaborate regardless of different languages, data formats, interfaces, execution platforms, communication protocols or message formats. A systematic approach to interoperability should also take into account interoperation issues at more abstract levels,
such as business process interoperability. Business process interoperability is characterised as the ability of business activities of one party to interact with those of another party, whether or not these business activities belong to different units of the
same business or to different businesses.
Some interesting research issues [8], [11], [17] in the area of interoperability
among different business partners are presented below:
• Process Ownership: In many interorganizational settings (such as e-government,
health care processes, educational programs, service industry) business processes
are only sparsely structured and formalized, rather loosely coupled, and/or based
on ad hoc cooperation and often there is no explicit or implicit agreement of
process ownership. More research is needed to investigate in more detail the dilemmas of distributed versus centralized ownership and bring out different mod-
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els of interorganizational process ownership to support handling the related issues in an integrated way.
Reference Model: One of the basic obstacles in interoperability is the lack of a
comprehensive model of interorganizational business processes as a basis for
contracting and standardization.
Autonomy and Privacy: an important issue for the enterprises that operate in
collaborative environments is the assurance of their local processing privacy and
autonomy.
Heterogeneity-Dynamicity: There is low interoperability among companies due
to their heterogeneity in hardware, software, and modelling. Besides, most research in this area assumes that the enterprises that are going to join in a network
are homogeneous which is not the case especially when someone refers to Virtual enterprises that have a dynamic character.
Dynamic processes: Process orchestration is starting to catch the attention of the
industry, and as a consequence many competing proposals for process specification languages have been introduced, e.g., ebXML BPSS [18], WSCL [19],
WSFL [23], XLANG [24], BPEL4WS [19], BPML [25]. However, neither of the
current proposals provides a complete solution, nor do they address the future
demand for dynamic processes. Thus, there is a great need for architectures readjusted to dynamic process enactment and execution infrastructures.
Trust: this issue is vital in dynamic environments where a company needs to
continuously establish collaboration with different enterprises and expose its
processes and know-how.
Process Modeling: during collaboration among companies business processes
have a distributed nature. Therefore there is a challenge in enforcing transaction
semantics over the entire process. In general, extending transaction models to
support business processes has attracted considerable amount of research attention [11].
Exception Handling: it is very important within an inter-enterprise collaboration
framework to find ways in order to express and support exceptions that may occur (exception handling) during the execution of a collaborative business process.
Methods and Tools: these are needed for building a library of reusable and composable common business documents and processes.
Process Monitoring: a mechanism is needed that will aid not only at the process
monitoring procedure in the distributed environment of the collaboration networks but also for the analysing the results.
Searching/matching mechanisms: efficient registration and searching/matching
mechanisms are needed in order for the enterprises to form effectively a collaboration network.
Human Interaction in Business Processes: It is important to examine the requirements of many inter-enterprise business processes that contain a significant
amount of human interactions and examine how traditional collaboration tools
that are built around intra-enterprise collaborations (i.e., within a firewall) can be
extended to an inter-enterprise environment, and how they can interoperate with
inter-enterprise collaborative process management.

133

INTEROP-ESA'05 Doctoral Symposium

During the proposed Ph.D. research, investigation will be focussed on a subset of
the issues which are more closely related to the Ph.D. topic as it will formed and
specified in the near future.

4 Workflow Management Systems
Business processes can be thought of as a combination of real world models (usually
called process models) and technology models (e.g. workflow models) [13]:
• The Process Model describes the steps that occur in the real world (e.g., the
travel agent that fulfils a reservation, the ticket availability and payment of the
ticket).
• The Workflow Model is the most popular technology for realizing process models. More specifically, a workflow model describes the technology interactions
that support, interact with, or implement a real-world Process Model (e.g., reservation system X sends a request to system Y that checks the ticket availability).
Workflow models need Workflow Management Systems for their implementation,
i.e. for the implementation of the business processes that have been enacted by business people.

Fig. 2. Business Process = Process Model + Workflow Model [13]

In order to satisfy the needs that exist in a collaborative network, for a number of
years the research on workflow management has focused also on interorganizational
issues such as [8], [16]:
• Coupling of workflows.
• Contracting of workflows.
• Expanding Petri net application to workflow technology.
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Support through XML based schema definition.
Web services for workflow.
Business Process Execution Language for Web Services.
Use of other standards (as sought by the Workflow Management Coalition).
Autonomy of local workflow processing.
Difference in levels of local workflow automation (e.g. degree of implementation
and IT support).
• Variation in workflow control policy.
• Confidentiality, which actually prevents complete view of workflow.
• Low interoperability due to heterogeneity in hardware, software, and modelling
in multiple organizations.
• Lack of cross-company access to workflow resources.
• Overload of WF servers.
Some of the above issues will be investigated in depth during the proposed Ph.D.
research.

5 Virtual Enterprises
Nowadays, enterprises are adapting their traditional business models in favour of
collaborative ones that allow them to enter into and exit from markets much faster
and at much lower cost. These collaborative business practices, facilitated by technology, are giving rise to new organisational forms that are called Virtual Enterprises
(VE). The interoperability of enterprise applications is a central issue in VEs. Although willing to co-operate and inter-operate with others to fulfil the common goals
of the VE, every enterprise has its own conditions and requirements. For instance, it
may wish to maintain its rights to local choices and solutions (e.g. proprietary enterprise applications), or it may wish to protect or restrict access to its proprietary information.
There are different Virtual enterprises categories [14]:
• Static Virtual Enterprises where partners form a static network with pre-defined
process interfaces which are tightly coupled and well integrated. This category
may be organized either by a centralized way, where one member of the network
coordinates the relationship among the partners, or a decentralized way where
business processes are deployed in a jointly, coordinated way.
• Dynamic Virtual Enterprises are also organized either in a centralized or decentralized way and characterized by inconstant business relationships which are
mediated by a virtual market place and are evolving and dissolving based on specific criteria.
Dynamic Virtual Enterprises are created by following the steps below [14]:
• A company that desires to join a collaborative network declares its requirements
to a marketplace.
• The marketplace provides matchmaking service in order to find candidate companies that are able to offer the services required.
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•

Last but not least a negotiation process takes place between enterprises which
may have a contract as an outcome.
Some of the factors that lead individual companies to form virtual enterprises are:
transaction costs, specificity of the product, flexibility, timeliness and costs [14].
Although research communities are focused in forming virtual enterprises many issues are still have not been answered especially when someone refers to dynamic
virtual enterprises:
• Finding of required resources in the open market. This relates to issues: trust
integration (cultures and systems).
• A framework where the timeframe of the collaboration is only for one project.
• Approaches where the collaboration rely on a leader or dominating broker which
caters for resource selection.
• Forms of Virtual Enterprises where all partners are equal also attract the attention.
• The way that contracts are established among the companies that form a Virtual
Enterprise.
• Data security.
• A common business process description language is required that should virtually be able to describe any task or process regardless of the industry.
• Mechanisms of change that are necessary within any partner network to allow for
rapid configuration are also not yet researched [15].
All the above issues are very important for the effective function of virtual enterprises. During my research, I will focus on the research issues which are closely related to my Ph.D. topic, as it will be specified in more detail in the upcoming months.

6 Proposed Research Plan
During my research I am planning to work on inter-organizational collaboration. In
general I am interested in dynamic environments which have specific requirements in
terms of interoperability when it comes to forming collaboration networks. More
precisely my main focus will be on two of the layers that appear in Fig. 1:
• On the business process layer (co-ordination of business processes) which is
concerned with the joint business process among an enterprise network. This
means that before the enterprises engage in a transaction they need to agree on
the procedures of their joint business process. I am going to do research on the
ways that the joint business process can be modelled while preserving the autonomy of the enterprises’ private processes. Furthermore I will try to express and
support exceptions that may occur (exception handling) during the execution of
the joint business process.
• On the upper level of the infrastructure (co-operation between enterprises). Under this framework I will concentrate on how the interactions among the enterprises can be clearly defined, so there is no ambiguity as to what a message may
mean, what actions are allowed and what responses are expected using semantics. Interoperability at this higher level is a challenging issue because it requires
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an understanding of the semantics of partner business processes [6]. Moreover I
will investigate the way contracts can be realised among enterprises in order to
enable real-time transactions.
Last but not least, I am planning to investigate the use of web services as the underline technology for implementing my proposed framework.
In the immediate future I am planning to focus on the state-of-the-art of Virtual
Enterprises, Workflow Systems and Semantics in order to have an overview of all the
research issues in these areas, while I will continue looking for standards that enable
the interoperability on the architectural layers of my interest.
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Abstract. This paper aims at presenting an overview on a methodology to develop interoperability of enterprise applications. After a presentation of the
definition of interoperability used as starting point and the main objective of
this research, approaches to develop interoperability, particularly the federated
approach, in the frame of networked enterprise will be given. A draft of interoperability general approach as well as axis of methodological frame which are
currently developed will be proposed. Conclusion will be given at the end of
the paper.

1 Context and objective to develop interoperability
According to the definition from IDEAS [1] project, interoperability can be defined
as the ability of interaction between enterprise software applications. The interoperability is considered achieved if the interaction can, at least, take place at the three
levels: data, application and business process with the semantics defined in a business context. The business level is decomposed in three sub levels: business model,
decisional model and business process. This definition is represented by the IDEAS
interoperability framework as shown figure 1.
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Fig. 1. Simplified IDEAS interoperability framework

In this context, the main objective of the research is to elaborate a methodology allowing establishing interoperability between enterprise applications in the frame of
networked enterprise (e.g. virtual enterprises) [2]. This research focuses on interoperability at the level of enterprise modelling (process, decision-making…).

2 Approach and expected research result
According to ISO 14258 [3], it exists three approaches to develop interoperability:
integrated, unified and federated. The integrated approach which requires a standard
format for all the constituents systems is considered not adapted to networked enterprises environment. The unified approach can only be used if there exists a predefined meta-model for mapping between diverse models/applications to establish
semantic equivalence. The federated approach seems most promising to networked
enterprises where models and applications need to dynamically adapt and accommodate, in particularly in the virtual enterprises environment. Indeed using federated
approach to establish interoperability allows the enterprises in question to keep their
own identity, methods of work, tools and applications; and possibly with reduced
time, limited changes and costs to establish interoperability.
This research work aims at developing a methodology that provides the guide on how
to implementing an interoperability solution in the networked enterprise through a
federated approach. More precisely the methodology allows establishing interoperability by: (1) following a structured approach in a step-by-step manner; (2) dynamically composing available interoperability solution elements according to identified
requirements; (3) identifying and involving various actors and stakeholders of the
enterprises concerned.

3
Interoperability general approach and methodological
framework
General approach to achieve interoperability is represented as shown in figure 2:
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Fig. 2. Interoperability general approach and Methodological frame

A methodological framework will be defined to structure various concerns:
¾ Actors axis: here it is question to determine the actors and stakeholders of
the interoperability analysis and design, focusing on the three sub levels. As
an example, in the decisional interoperability context it is necessary to identify all decision-markers contributing to the decision making.
¾

Approach axis: the goal is to start from the existing system in order to determine the need of interoperability, the different obstacles to establish interoperability (analysis), and to compose the solution to establish interoperability

¾

Solutions axis: this is concerned with modelling tools, concepts, principles
and partial solutions to use for each sub level (business model, decisional
model and business process). Actors/stakeholders at a given phase of the
approach can choose necessary solution elements to support the modelling,
analysis and design.

4 Conclusion
This research develops a methodology to help establishing interoperability at the
business level in the context of virtual enterprise. The federated approach is chosen.
A methodological framework will be defined to structure various concepts, approaches and solution elements. Currently we focus our research at the decisional
model level to study how to improve decisional interoperability.
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Abstract. This paper presents the original idea of Modeling Spaces and its impact on understanding various modeling domains and their interconnections.
The focus is given on The Semantic Web and Model-Driven Architecture technical spaces and modeling spaces they are built around – RDF(S) and MOF
modeling spaces. It also clarifies their mutual relations and helps to understand
what is necessary to do to bridge them and acquire their interoperability. This
work is a part of the work the author is currently doing for his PhD thesis
“Models of The Semantic Web”.

1

Introduction

Recent software engineering efforts rely on many concepts like models, metamodels,
model transformations, etc. Although most of them try to exemplify most important
benefits, they very often do not consider how software practitioners understand modeling. In fact, when talk about models, software engineers often think of a specific
kind of models – UML models. However, there are many open questions such as
whether we should assume the code we write as a model or not; what are models and
metamodels and why do we need them; what means transforming a model into a
programming language, etc.
In the past few years, two major approaches to modeling have emerged objectoriented (OO) Model-Driven Architecture (MDA) and ontology-based Semantic Web
(SW). In this paper, we show how these competitive approaches can be generalized to
the point where their mutual characteristics help us to explain how they can interoperate. Moreover, we present the original idea of Modeling Spaces (MS) [7], a formal
framework for the understanding of different modeling approaches, which we then
use to explain MDA and SW in a similar way and to identify how their connection
can be acquired.
After the introduction, we present a short overview of SW and MDA. Then, we
dedicate the third section to the definition and explanation of MSs, as they are new,
original, concept. In the fourth section, we give the details of how MS can be used to
explain the connection between RDF(S) (ontologies) and MOF (OO). The fifth chapter brings a more precise definition of technical spaces (TS) [11] with the help of MS
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and the explanation of the connection between SW and MDA TSs. Then, we bring
the conclusions and say something about the future work.

2

A short overview of The Semantic Web and Model-Driven
Architecture

The step beyond the World Wide Web is the Semantic Web [3], which enables machine-understandable data to be shared across the Net. The Semantic Web is powered
by metadata, described by ontologies that give machine-understandable meaning to
its data. Ontology is one of the most important concepts in knowledge representation.
It can be generally defined as shared formal conceptualization of particular domain
[8]. The World Wide Web and XML provide the ontologies with interoperability, and
these interoperable ontologies, in return, facilitate Web that can “know” something.
Semantic Web architecture is a functional, non-fixed architecture [2]. Barnes-Lee
defined three distinct levels that incrementally introduce expressive primitives: metadata layer, schema layer and logical layer [3]. Languages that support this architecture
and the place of OWL are shown in Figure 1.

Figure 1. OWL in the Semantic Web architecture

Common data interoperability in present applications is best achieved by using
XML. As shown in the Figure 1, XML supports syntax, while semantics is provided
by RDF, RDF Schema and mainly by OWL [9]. In order to provide capabilities for
unconstrained representation of the Web knowledge and, in the same time, to support
calculations and reasoning in finite time with tools that can be built on existing or
soon available technologies, OWL introduces three increasingly expressive sublanguages for various purposes: OWL Full (maximal expressiveness), OWL DL (guaranties computational completeness) and OWL Lite (for starters).
Model Driven Architecture (MDA) defines three viewpoints (levels of abstraction)
from which a certain system can be analyzed. Starting from a specific viewpoint, we
can define the system representation (viewpoint model). The representations/models/viewpoints are Computation Independent Model (CIM), Platform Independent Model (PIM) and Platform Specific Model (PSM) [12]. MDA is based on a
four-layer metamodeling architecture and several complementing OMG standards,
Figure 2. These standards are Meta-Object Facility (MOF) [MOF 2003], Unified
Modeling Language (UML) [14] and XML Metadata Interchange (XMI) [12], and the
layers are: meta-metamodel layer (M3), metamodel layer (M2), model layer (M1),
and the real world layer (M0).
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Figure 2 - MDA four-layer MOF-based metadata architecture

The topmost layer in this architecture (meta-metamodel, MOF) defines an abstract
language and framework for specifying, constructing and managing technologyneutral metamodels. It is the foundation for defining any modeling language, such as
UML or even MOF itself. All metamodels (both standard and custom) defined by
MOF are positioned at the M2 layer. The models of the real world, represented by
concepts defined in the corresponding metamodel at the M2 layer (e.g. UML metamodel) are at the M1 layer. Finally, at the M0 layer are things from the real world.
The purpose of the four layers with common meta-metamodel is to support multiple
metamodels and models and their scaling – to enable their extensibility, integration
and generic model and metamodel management.

3

Modeling Spaces essentials

The most fundamental definition of model is that it is the simplified abstraction of
reality [15]. This definition applies not only to models in technology, but in art or
everyday life. Having this definition in mind, we can draw two important conclusions. First, something can be taken as a model if it is an abstraction of things from
the real world, but it is simultaneously a thing from the real world. Whether we take it
as a model or as a real/world thing depends on the context, i.e. on the point of view.
Second, models can be defined using metamodelling concepts formally or implicitly.
Since implicit metamodels cannot be precisely defined using formalisms, as in the
case of art, in the rest of this discussion we analyze only formal models. Nevertheless,
much of the conclusions can also be applied to implicit metamodels.
Figure 3 shows a general modeling architecture that was inspired by MDA and is
in fact its generalization. In such a modeling architecture, the M0 layer is the real
world as in [4] and [1]. It includes all possible things that we try to represent using
the models residing at the M1 layer. That representation is more or less abstract and
simplified, depending on how rich our models are. Models are defined using concepts
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defined in metamodels, so each metamodel determines how expressive its models can
be. M2 is the layer where the metamodels are located. The metamodels are also defined using some concepts. A set of concepts used to define metamodels resides at the
separate M3 layer at the top of this architecture and is called meta-metamodel. Metametamodel is nothing more than a metamodel that is conventionally elected to be
used for other metamodels’ definition; it also defines itself. The architecture is generalized to comprise not only models and metamodels based on an object-oriented
meta-metamodel like MOF is, but also other systems, for instance: ontologies, Semantic Web technologies or non-technical representations.

Figure 3 – General four-layer modeling architecture

This is a convenient place to introduce the concept of modeling spaces. A modeling
space (MS) is a modeling architecture defined by a particular meta-metamodel. Metamodels defined by the meta-metamodel and models defined by those metamodels
represent the real world from one point of view, i.e. from the point of view of that
MS. As the meta-metamodel defines the core concepts used in defining all other
metamodeling concepts, it is defined by itself. If it was defined by some other concepts, it would not be a meta-metamodel, it would be an ordinary metamodel in some
other MS.
Figure 4 shows a few examples of well-known MSs. The most straightforward example from this picture is the MOF MS. It is defined by the MOF meta-metamodel,
which in turn is self-defined. It defines various metamodels, for instance Unified
Modeling Language [14] or Ontology Definition Metamodel [6], that are used to
describe models that represent things from the real world. The same reality is described in the context of other MSs, like RDF(S) or EBNF spaces. Many software
engineers would associate the terms like model and modeling exclusively with UML
aristocracy, taking EBNF-based models (Java, C#, C++ code) as more technical,
flattened artifacts and ignoble citizens. However, Java (or C++, or some other) code
is a model, since it represents some simplified abstraction of reality. The same is with
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XML code, databases, books, etc – they are all models, but modeled in terms of different MSs, defined by different meta-metamodels.

Figure 4 - RDF(S), MOF and EBNF modeling spaces

If we model the real world in a certain MS, we will use some models. If we model the
same reality in another MS, we will describe it with different kinds of models, highlighting other characteristics when abstracting from reality. The models from the first
MS will be a part of reality that we can model using the models from the second MS.
Figure 5 clarifies this duality by an example of the same thing being simultaneously a
model and a real-world thing. Along the vertical axis, the world is modeled in the
MOF MS. Along the horizontal axis is the EBNF space hierarchy, which is a realworld thing in the MOF space. An interesting observation here is that any MS, like
the EBNF space or even the MOF space itself, is a part of the real world from the
MOF-space point of view. In general, the way we model some business system or
another “real” domain is pretty much the same as the way we model metametamodels, metamodels or models from another MS. Of course, these models involve a certain level of abstraction, so there is a possibility of losing some information.
For many software engineers, this duality is complicated to understand at first. The
fact that M1-M3 layers are fiction and above the M0 layer does not mean that metametamodels, metamodels and models are things outside of reality. Everything is in
the real world; we just use a convention to put some things in layers, depending on
the context.
MSs can be defined in more or less abstract manner. Some MSs are focused on
conceptual (abstract or semantic) things, like models, ontologies, mathematical logics,
etc. They are not interested in techniques for representation or sharing their abstractions. We call them conceptual MSs. However, we must have some techniques to
materialize (or serialize) those MSs. We can do this using concrete MSs, which are
equipped with syntax. Examples of those materializations are some syntax or databases.
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Being able to represent bare syntax, concrete MSs need a means to express the semantics, i.e. the meaning of the data they carry. Conceptual MSs, on the other hand,
are able to represent semantics, but need a means to represent their information physically. It is obvious that they should complement each other’s representation abilities
to create models that have both semantics and syntax. One of the most interesting
examples of this symbiosis of various MSs can be found in OMG Model Driven Architecture. An example of a conceptual space is MOF MS, while an example of concrete MS is EBNF MS.

Figure 5 – MOF MS sees EBNF MS as a set of things from the real world

There are two types of usage scenarios for different MSs:
Parallel spaces – one MS models the same set of real-world things as another MS,
but in another way. In this case, the relation between these MSs is oriented towards
pure transformation, bridging from one space to another. Examples of such parallel
MSs are MOF and RDF(S) MSs.
Orthogonal spaces – some MS models concepts from another MS, taking them as
real-world things, i.e. one MS is represented in another MS. This relation is often
used in round-trip engineering to facilitate different stages of modeling some system. For example, in order to make a Java program we could first use Java UML
profile to create classes and method bodies, then transform this UML model into
Java code, and complete the Java program using a Java IDE. Orthogonal MSs are
also used when a conceptual MS is implemented using a certain concrete MS – for
example, when one develops a MOF-based repository to run in a Java virtual machine.
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4

The Touch of RDF(S) and MOF modeling spaces

Usage scenarios for parallel spaces most often pertain to conceptual MSs that model
the same reality using different concepts. Each of these MSs is implemented in some
other, more concrete MS, as a represented reality. In order to exchange models between conceptual MSs, it is necessary to provide transformations from one space to
another. These transformations are also models [5], and should be developed in a MS
that can represent both the source and the target MSs. Moreover, the transformation
also has to be represented in some concrete MS orthogonal to the source and the
target MSs, that leads the conceptual model of transformation to its implementation.

Figure 6 – Transformations between RDF(S) MS and MOF MS

Figure 6 shows two parallel conceptual MSs, RDF(S) MS and MOF MS, and the
space that represents them orthogonally, EBNF MS. MOF and RDF(S) model the real
world in parallel, using some modeling languages (UML, ODM, OWL or other) that
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are defined using different meta-meta concepts. At the conceptual level, we could
establish a transformation from one language to another, e.g. UML to ODM and vice
versa, in the same MS. An example of a transformation modeling language for such
purposes in MOF is Query-View-Transformation (QVT) [MOF QVT 2002]. RDF
and RDF Schema, and three different dialects of OWL – OWL Full, OWL DL and
OWL Lite are examples of languages at M2 layer of RDF(S) MS. Efforts to develop
query and transformation language in RDF(S) MS are underway: Triple, RQL etc.
[10].
We can also establish a transformation between MSs, a bridge that transforms
RDF(S) concepts to MOF concepts at M3 layer. Using that bridge, we can transform
any metamodel (language) defined in RDF(S) into its corresponding metamodel in
defined in MOF (both are at M2 layer). Of course, we could expect an information
loss depending on how meta-meta concepts (M3) are similar. RDF(S) concepts,
rdfs:Class and rdf:Property are similar, but not the same as MOF Class, Association
and Attribute.
Both MOF and RDF(S) spaces can be represented in other, more concrete MSs.
They can be implemented using repositories, serialized into XML etc., which involves many MSs. For the sake of simplicity, we have skipped a few steps and have
shown them as Java program codes and XML documents in the EBNF space. Models
from the MOF space are modeled in Java code according to JMI standard, and in
XML according to the MOF XMI. For languages from RDF(S), XML is the natural
way of representation. They can also be modeled using Java APIs (Jena etc.).
As the RDF(S)-MOF bridge is also a model; it can be also represented in a concrete MS representing meta-metamodels that should be bridged. Examples include an
XSLT that transforms a MOF XMI document into RDF(S) XML document and vice
versa, a set of Java classes that adapt JMI interfaces to RDF(S) API interfaces, or a
Java program that does a batch transformation from a JMI-based code to an RDF(S)
API-based one.
As Figure 6 shows explicitly, a single bridge models a transformation between two
MSs at layer M3, between RDF(S) and MOF meta-metamodels. Transformations
between metamodels situated in a single MS at M2 layer are internal to that MS.
However, they can be implemented through some concrete MSs (e.g. EBNF for
XSLT).

5

The Touch of the Semantic Web and MDA technical spaces

MS is a concept inspired by the concept of TS, which is defined as a working context with a set of additional concepts, body of knowledge, tools, required skills, and
possibilities [11]. Fortunately, we can use MS to enhance this fuzzy definition of TS.
A technical space (TS) is a working context that includes various related MSs.
Most often the TS is built around some MS, whereas the role of other MSs is supportive (e.g., implementation), or implicit (literature, know-how). For example, the MOF
MS is at the center of the MDA TS. However, the MDA TS also partially includes
other MSs: XML and EBNF in the area of XMI representation, EBNF in the area of
repository implementation (JMI), an implicit MS that includes literature, etc. Trans-
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formations, for example to plain Java, C++ or VB code, are also models belonging to
one or several MSs that are partially included in the MDA TS.
Figure 7 shows overlapping between the MDA TS and the Semantic Web TS in
some MSs (most MSs belonging to these TSs are omitted for the sake of simplicity).
The MDA TS is built around the MOF MS, which resides completely in the MDA
TS. The MDA TS also includes OWL ontologies that model MOF-based concepts or
contain some knowledge about MDA, which are parts of the RDF(S) MS. On the
other hand, SW TS includes RDF(S) MS. Additionally, it includes parts of the MOF
MS related to ODM metamodel and Ontology UML Profile, and two-way transformations from these MOF-based models to OWL. These transformations are also a part
of the MDA TS. Recall that those transformations are also modeled, so they belong to
some MSs as well. Some researches are trying to identify a way to enable transformations between different MSs at the M3 layer using just one two-way transformation
for all three layers [4].

Figure 7 – The Semantic Web and Model Driven Architecture technical spaces

It follows from the above discussion that a TS includes one or more MSs and that
each MS is a part of one or more TSs, whereas TS is a means for grouping MSs that
have something in common or simply need to interact. The bridge connecting two
MSs is also a means for connecting surrounding TSs.

6

Conclusions

We have presented here a concept of modeling spaces and used it in the definition
of technical spaces and the explanation of two significant MSs – RDF(S) (from SW
TS) and MOF (from MDA TS). We showed how models from RDF(S) MS are
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viewed in MOF MS and vice versa. The SW and MDA interoperability issues are also
shown with the explanation how it can be acquired from the point of view of MSs
using bridges between meta-meta models.
An interesting thing is that MSs are suitable to explain existing modeling architectures, even non-technical, and their implementations (MDA, Ontologies, EMF,
EBNF, XML, etc.). Being in accordance with existing efforts, it is a suitable means
for their clarification, explanation, and their conceptual connection.

References
[1] Atkinson, C., Kühne, T., “Model-Driven Development: A Metamodeling Foundation”
(Spec. issue on Model-Driven Development), IEEE Software, Vol. 20, No. 5, Sep/Oct,
2003, pp 36-41.
[2] Berners-Lee, T., “Semantic Web Road Map”, W3C Design Issues,
http://www.w3.org/DesignIssues/Semantic.html, 1998.
[3] Berners-Lee, T., Weaving the Web, Orion Business Books, London, 1999.
[4] Bezivin, J., et al “A M3-Neutral infrastructure for bridging model engineering and ontology
engineering,” 1st International Conference on Interoperability of Enterprise Software and
Applications, Geneva, Switzerland, 2005 (submitted).
[5] Bézivin, J., Dupé, G., Jouault, F., Pitette, G., Rougui, J.E., “First experiments with the ATL
model transformation language: Transforming XSLT into XQuery,” In Proceedings of the
2nd OOPSLA Workshop on Generative Techniques in the Context of Model Driven Architecture, Anaheim, CA, USA, 2003.
[6] Djuric, D., Gasevic, D., Devedzic, V., “Ontology Modeling and MDA”, in Journal of Object Technology, vol. 4, no. 1, January-February 2005, pp. 109-128.
http://www.jot.fm/issues/issue_2005_01/article3
[7] Djuric, D., Gasevic, D., Devedzic, V., “Modeling Spaces”, submitted to IEEE Software,
2005.
[8] Gruber, T. R., “A translation approach to portable ontology specifications”, Knowledge
Acquisition, Vol. 5, No. 2, 1993.
[9] Dean, M., Schrieber, G. (eds.), “OWL Web Ontology Language Reference”, W3C Recommendation 10 February 2004 http://www.w3.org/TR/2004/REC-owl-ref-20040210/
[10] Hase, P., et. al., “A comparison of RDF query language proposals”, Proc. Of The 3rd
ISWC,
Hiroshima,
Japan,
7-11
November
2004.
http://xobjects.seu.edu.cn/resource/ISWC2004/pdf/32980502.pdf
[11] Kurtev, I., Bézivin, J., Aksit, M. “Technological Spaces: An Initial Appraisal”, CoopIS,
DOA'2002
Federated
Conferences,
Industrial
track,
Irvine,
2002
http://wwwhome.cs.utwente.nl/~kurtev/files/TechnologicalSpaces.pdf
[12] Miller, J., Mukerji, J. (eds.), "MDA Guide Version 1.0.1", OMG Document:
www.omg.org/docs/omg/03-06-01.pdf, June 2003.
[13] OMG spec., “Meta Object Facility (MOF) 2.0 Core Specification version 2.0 Final
Adopted Specification” http://www.omg.org/cgi-bin/apps/doc?ptc/03-10-04.pdf, October
2003.
[14] OMG spec., “Unified Modeling Language: Superstructure, version 2.0, Final Adopted
Specification”, http://www.omg.org/cgi-bin/apps/doc?ptc/03-08-02.zip, August 2003.
[15] Hagget, P., Chorley, R. J. Models, Paradigms and New Geography, In Models in Geography, London, Methuen & Co., 1967.

152

INTEROP-ESA'05 Doctoral Symposium

Synopsis of PhD Dissertation
Modeling of Constraints in Distributed Object Oriented Environment
Chhanda Ray
R.C.C Institute of Information Technology
Canal South Road, Beliaghata, Calcutta-15, INDIA.
e-mail: chhandaray@hotmail.com

Abstract
Integrating data from many heterogeneous sources require interoperability between the data repositories. Object Oriented Data
Modeling is gaining popularity because of its elegance in representing real world situations. On the other hand, Integrity
constraints traditionally form an essential part of schema definition. In this context, Modeling of constraints in Object Oriented
Model has been the focus of attention of many researchers in recent times. We have introduced a constraint model for objectoriented data. We have formalized the constraint model by expressing it using Unified Modeling Language (UML) and ODMG’s
ODL. To increase interoperability, the constraint model is also represented by using a standard web based interoperable medium
like extensible Markup Language (XML). For efficient manipulation of data into a more manageable model that is native to the
programming language, an efficient way of storing XML data with constraint information into Java Object Oriented
Programming Language is also introduced. Finally, a Wrapper based translator has been developed to accomplish two-way
interoperability between XML and Java Source Code towards this end.

Keywords: Interoperability, Object Oriented Databases, ODL, UML, XML.

1.Introduction
Object Oriented data Modeling is gaining popularity because of its elegance in representing real world situations [2],
[4]. Methods and tools, such as UML [10], for Object Oriented Modeling are being developed. Object Oriented
Databases are also gaining focus over relational ones.
Integrity constraints traditionally form an essential part of schema definition. In addition, they are useful for query
optimization, update anomaly prevention and for information preservation in data integration. Integrity constraints
are also used to model references in relational databases, through keys and foreign keys. In this context, Modeling of
constraints in Object Oriented Data is an active research topic [1], [5], [6], [7], [9], [10], [17]. In [6], an extension of
XML DTD has been proposed that specifies both semantic structure as well as integrity constraints for XML data. A
Unified Constraint Model (UCM) is proposed in [7] using XML DTD which is both simple and expressive.
However, XML Schema Definition language is more powerful than XML DTD for semantic specifications.
Integrating data from many heterogeneous resources require interoperability between the data repositories. Due to
increasing popularity of XML as a standard interoperable medium for exchanging data between web applications,
there has been a lot of research for transformation of data from various sources including RDBMS repositories to
XML and vice versa [3], [15], [16]. An Object Oriented Model for interoperability is introduced in [18] to solve the
data and operation inconsistency problem in legacy systems.
In this work, our contribution is as follows. First, we have proposed a constraint model for Object Oriented Data in
[11]. The syntax and semantics of such modeling is extended to deal with constraints in single inheritance. The first
step of semantic modeling is to identify useful semantic concepts. The useful semantic concepts, then, are captured
in formal modeling languages such as UML or ODMG’s ODL. Therefore, we have formalized the constraint model
by expressing it using UML and ODL in [12]. To increase interoperability, in [13], the constraint model is also
represented by using a standard web based medium like extensible Markup Language (XML). For efficient
manipulation of data into a more manageable model that is native to the programming language, an efficient way of
storing XML data with constraint information into Java Object Oriented Programming Language is introduced in
[14]. Finally, a wrapper-based translator has been developed to accomplish two-way interoperability between XML
and Java Source Code.
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The layout of this paper is as follows. The next section describes the constraint model and Section 3 introduces the
formalization of the model using UML and ODL. The derivation of ODMG database design from UML class
diagram has been represented in Section 3.1. In Section 4, Representation of XML data with constraints is
introduced. An example is also illustrated in Section 4.1. Section 5 describes the interoperability between XML and
Java with constraint information and we conclude in Section 6.

2. Modeling Constraints
An integrity constraint is semantic information in an object or a relationship among objects. A constraint specifies a
condition and a proposition that must be maintained as true. We attempted to model each constraint as a Boolean
method, which returns either true value or false value. If the predicate within a method is satisfied by a model
element then the method will return true, otherwise the method returns false. These methods are clearly
distinguished from the usual methods of a class by their usage and therefore, the constraint methods are
accommodated differently in object oriented data model.
We have considered three different types of constraints present in an object oriented data model - Single attribute
constraints, Multiple attributes constraints and Class constraints. Single attribute constraints or constraint attributes
are applicable to individual attributes of a class. For example, suppose that there is a class “Employee” with usual
attributes and methods. A constraint on the attribute “age” of any “Employee” object may be described as “age of an
employee must between 20 & 60”. Multiple attributes constraints or constraint methods involve more than one
attribute of a class. For example, there could be a constraint described as “if experience of an employee is less than 5
years then the salary can not be more than $4500”. Class constraints are applicable to all objects of individual
classes of an object oriented database system. A typical example of a class constraint in the “Employee” class may
be described as “id of an employee must be unique”. To handle single and multi attribute constraints, the element
“class” is defined as a 4-tuple <A, CA, M, CM> where A & M represent attributes and methods of a class and CA,
CM represent constraint attributes and constraint methods.
To represent class constraints, we introduced a singleton collection class associated with each general user-defined
class, where the singleton collection class would always contain a collection of all objects of the user-defined class.
All constraints that need to check all objects of the user-defined class for validation become Boolean methods of the
singleton class. For example, for the class “Employee”, a collection class “Employee_Collection” may be defined.
The class “Employee_Collection” has two attributes, a pointer to the list of all existing “Employee” objects and the
total number of “Employee” objects. Whenever a new object of the class “Employee” is created, a reference to that
object is added to the list “allElements” and the integer “noOfElements” is incremented. Similarly, whenever, an
“Employee” object is deleted then the reference of that object is deleted from the list “allElements” and the integer
“noOfElements” is decremented. The collection class also contains all the boolean methods to check the class
constraint mentioned for the class “Employee”.

3.Expressing Constraint Model in UML and ODL
The Unified Modeling Language (UML) [10] is the result of an effort in developing a single standardized language
for object-oriented modeling. The UML meta model is represented by a Foundation Package that contains all of the
constructs provided by UML for modeling software systems. The UML Foundation Package is made up of three sub
packages among which the Core Package defines the basic abstract and concrete constructs needed for the
development of the object models. As the constraint model [11] enhances the definition of a Class, the UML meta
model needs to be extended to accommodate constraints. We introduced four new model elements to the core
package of UML meta model is as follows.
a)

ConstrainedAttribute – ConstrainedAttribute class is introduced as a subclass of Attribute class, which is also a
subclass of StructuralFeature class. ConstrainedAttribute class can contains a number of methods. So, this new
model element ConstrainedAttribute class is connected with the UML meta model class Method, which is a
subclass of BehaviouralFeature class. In UML meta model, Class class is a subclass of Classifier class which
describes behavioral and structural features and thus, each ConstrainedAttribute class is associated with Class
class. The ConstrainedAttribute class extends the UML meta model Attribute class. By the virtue of inheritance
all the attributes of the Attribute class, such as Changeable, frozen, addOnly, initialValue, multiplicity etc. will
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be inherited into this class. In addition, it has three new attributes name, attributeNames, methodCount, which
specifies the name of the constraint, the names of the attributes associated with the constraint and the total
number of constraints.
b) ConstraintedMethod - The ConstrainedMethod class extends the Method class of the UML meta model. In
addition to all attributes of the Method class of UML meta model, it has four extra attributes name,
attributeName, methodCount and attributeCount. Name attribute indicates the name of the constraint,
attributeName is an array of name of the attributes associated with a constraint, methodCount represent the total
number of constrained methods and attributeCount represent the number of attributes associated with a
constraint. The attributeCount attribute represents the number of elements within the attributeName array.
c)

CollectionClass – The CollectionClass class is introduced as a subclass of Classifier class of the UML meta
model. In addition to all attributes of Classifier class, it has three new attributes className, objectTotal and
constraintCount which represent the name of the user-defined class associated with the CollectionClass class,
the total number of objects within the user-defined class and the total number of constraints of the user-defined
class respectively.

d) MyClass – MyClass is introduced as a subclass of Class class in UML meta model. By the virtue of object
orientation, all the attributes of Class class will be inherited into MyClass class. In addition, it has one new
attribute cclassName, which represents the name of the CollectionClass class associated with the user-defined
(MyClass) class.
The motivation behind expressing constraint model in UML is formalization. It is expected that such formalization
would lead to the development of sound tools for analysis and synthesis.
After conceptual modeling, the model is transformed to a database design (represented by a database schema
definition), which can be implemented in an object oriented database (OODB) system. The language used to define
the specification of object types for the ODMG/OM is called Object Definition Language (ODL). Extensions to the
ODMG/OM to accommodate constraints are discussed in the following.
(i)

Single attribute constraints & multiple attribute constraints – We regard these constraints definition as a
part of class definition and extend the class declaration accordingly.
<class>:: = <class header>{<interface_body>[<cons_dcl>]}
< cons_dcl>::= <cons_spec><attributes_lists>:<action>
<cons_spec>::= constrainedattribute|constrainedmethod
<attribute_lists>::={attr1, attr2,…..attrn}
<action>::= <user_defined_procedure>

(ii)

Class constraints - To show the connection between a general purpose class and the corresponding
collection class we use a relationship with in the class definition of the general purpose class. To include
the integrity definitions in the ODMG ODL, the BNF for relationship declaration is extended accordingly.
<rel_dcl>:= relationship<collection_type><class_name><relationship_name>
inverse <inverse_class_name>
<collection_type>:= set|bag|list|array|dictionary
To declare the constrained methods in collection class the corresponding BNF is as follows.
<class>:: = <class header>{<interface_body>[<cons_dcl>]}
< cons_dcl>::= <cons_spec><subclass attributes_lists>:<action>
<cons_spec>::= constrainedmethod
<subclassattribute_lists>::={subclassname.attr1,subclassname.attr2,…., subclassname..attrn }
<action>::= <user_defined_procedure>
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3.1 ODMG Database Design from UML Class Diagram
The derivation of an ODMG schema begins from a package. Within a package, the following steps are needed to
map a UML class diagram to an ODMG-ODL schema:
For each class in UML, create a class definition in ODMG-ODL with the same class name. Then examine the UML
class specification:
(i)
(ii)
(iii)
(iv)

if the isAbstract attribute is false, then add an extent definition to the ODMG class. The name of the extent
is the plural name of the class name.
For each attribute in the UML class with cardinality of the form m..1 (m>=0), define the attribute as single
value; otherwise, define the attribute as a set.
For each operation in the UML class, make a correspondent operation definition in the ODL class.
For each constraint of the UML class:
 If the name of the constraint is constrainedattribute, then first make a correspondent attribute
definition in the ODL class and with this definition define an operation with unique name. The return
type of the operation is Boolean and the input parameters of the operation is the name of the attribute.
 If the name of the constraint is constrainedmethod, then make a correspondent operation in the ODL
class. The return type of the operation is Boolean and the input parameters are the names of the
attributes associated with the constraint.
 If the name of the constraint is class constraint, then create a correspondent relationship definition in
the ODMG-ODL class. For example,
relationship set<Employee>contained_in inverse
Employee::Employee_collection;
The related collection class would be define by using the similar class definition as general purpose class.

(v)
(vi)

For each interface in UML, create an interface definition in ODMG-ODL with the same interface name.
For each generalization between a supertype stype and one or more subtype type1, type2, …………
 If stype is a class, then add the EXTENDS relationship from type1, type2, …. to stype.
type1 extends stype
type2 extends stype
 If stype is an interface, then add the ISA relationship from type1, type2, ….. to stype.
type1: stype
type2: stype
……………

The correspondence between the extended UML meta model and a standard Object database model developed by
ODMG has been established in [12].

4. Representation of constraints using XML
Retrieval and validation techniques developed for XML documents make it a good candidate for retrieval of Object
Oriented Framework. It offers a convenient syntax for representing data from heterogeneous sources. To increase
interoperability, we have described a mapping scheme from classes and objects with constraints information to
XML Schema and XML data in [13]. A brief description of mapping of classes with constraints to XML Schema is
as follows.
(i)

For each class,
¾ Define class as complexType in XML Schema.
¾ Define attributes of “class” as Attributes of the complexType .
¾ Define Data Type of attributes as built-in or user-defined types in XML Schema.
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¾

(ii)

Introduce an additional attribute cStatus, which indicates whether the complexType represents a
general purpose class or a collection class. Set the appropriate value gClass or colClass for
representing the above.

We can handle single attribute constraints in two different ways:
a) Using built-in facilities in XML Schema.
 Create a SimpleType for each constraint.
 Derive the SimpleType from base type by restriction.
 Set the range of values for numeric SimpleType using the components minInclusive, minExclusive,
maxInclusive, maxExclusive etc.
 For nonnumeric simpleType set the pattern of values using Pattern component.
 The attribute which has a single constraint must be of the type representing the constraint.
b) Representing constraint methods as attributes
 Create a complexType for each constraint.
 Derive the complexType from base type by restriction.
 Introduce the attribute(s) of the class associated with the constraint as Attribute(s) of the
complextype.
 Enumerate with a single value, where the value is the code of the constraint method.
 Introduce an additional attribute cType, which indicates whether the constraint represents a single
attribute constraint, a multi attribute constraint or a class constraint. Set the appropriate value
cAttribute, cMethod or cClass for representing the above.

Introduce the name of the class as an additional attribute of the complexType and enumerate with
a single value where the value is the class name.

(iii)

We can represent each constraint method (multi-attribute constraint) as attribute as described in 4.(ii)b).

(iv)

For each class constraint,
¾ Introduce a constraint method into singleton collection class associated with the user-defined class.
¾ Each collection class along with attributes and constraint methods would be represented as
ComplexType in XML Schema using the same convention as described earlier for other user-defined
classes.
¾ Introduce an additional attribute cStatus, which indicates whether the complexType represents a
general purpose class or a collection class. Set the appropriate value gClass, or colClass for
representing the above.
¾ Introduce the name of the general purpose class as an additional attribute of the complexType and
enumerate with a single value where the value is the class name.
¾ The attributes and the methods of this class are adequately generic and hence can be handled in an
independent manner.

During interoperability, special care must be taken about the constraint methods represented as attributes in XML
schema.

4.1 An Example of XML Schema with Constraints
This section describes an example demonstrating the mapping scheme described in the previous section, by
translating the “Employee” Class (with Constraints) to XML Schema. For simplicity, we have taken one single
attribute constraint and one multi-attribute constraint out of those provided.
(ii)

First, we define a simple type for the Single Attribute Constraints “idC” which represents “Employee Id
must be greater than zero”.
<xs:schema xmlns:xs=“http://www.w3.org/2001/XMLSchema”>
<xs:simpleType name = “idC”> <xs:restriction base = “xs:integer”>
<xs:minExclusive value = “0”/>
</xs:restriction> </xs:simpleType>
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<xs:simpleType name = “status”> <xs:restriction base = “xs:string”>
<xs:enumeration value = “gClass”/>
</xs:restriction> </xs:simpleType>
Correspondingly, the XML Schema for the class “Employee” becomes as follows.
<xs:complexType name = “Employee”>
<xs:complexContent>
<xs: attribute name = “empId” type = “xs: idC” use = “required” />
<xs: attribute name = “eName” type = “xs:string” use=“required”/>
<xs: attribute name = “eDesig” type = “xs:string” use=“required”/>
<xs: attribute name = “empAge” type = “xs:int” use = “required”/>
<xs: attribute name = “salary” type = “xs:float” use = “required”/>
<xs:attribute name = “experienc” type =”xs:byte” use = “required”/>
<xs:attribute name = “cStatus”
type =”xs:status” use = ”required” />
</xs:complexContent> </xs:complexType>
(ii)

We introduce a multi-attribute constraint “empC1” which represents “Employee salary can not be more
than $2500 if experience of an employee is less than 5 years”. The translation of the constraint “empC1” is
shown in the following.
<xs:simpleType name = “conType”><xs:restriction base = “xs:string”>
<xs:enumeration value = “cMethod”/>
</xs:restriction> </xs:simpleType>
<xs:simpleType name = “cName”> <xs:restriction base = “xs:string”>
<xs:enumeration value = “Employee”/>
</xs:restriction> </xs:simpleType>
<xs.complextype name = “empC1”>
<xs:complexContent>
<xs:attribute name= “experienc” type = “xs:byte” use = “required”/>
<xs: attribute name = “salary” type = “xs:string” use = “required”/>
<xs:attribute name = “cType” type = “xs:conType” />
<xs:attribute name = “className” type = “xs:cName”/>
<xs:simpleType name = “value”> <xs:restriction base = “xs:string”>
<xs:enumeration value = “body Code for the constraint Boolean method ”/>
</xs:restriction> </xs:simpleType>
</xs:complexContent></xs:complexType>

The resulting XML schema for the class “Employee has one more attribute “C1” of the type “empC1” as presented
next.
<xs: complexType name = “Employee”>
<xs:complexContent>
<xs: attribute name = “empId” type = “xs:idC” use = “required” />
…………………………
<xs:attribute name = “cStatus” type=”xs:status” use =”required” />
<xs:attribute name = “C1” type=”xs:empC1”/>
</xs:complexContent> </xs:complexType>
The XML application has to identify that the attribute named “C1” is not a general attribute but “C1” denotes an
integrity constraint. This can be ensured by a proper nomenclature, possibly by having names from a pr-defined
name space.
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We can handle Class Constraints in a number of different ways. To deal with constraints representing unique-ness,
we can use the built-in facilities of XML Schema such as unique, key, keyref etc. But general class constraints
become constraint methods of the collection class associated with the user-defined class. Using the same concept as
mentioned earlier 4.1(ii), we can describe class constraints “uniqueC1” which represents “id of an employee must be
unique” in “Employee_Collection” class. As before, a new attribute “BC1” of type “uniqueC1” is added in the
schema for the class “Employee-Collection”.

5. Interoperability between XML and Java Object Model
Interoperability between XML and Java Object Model requires the tool that transform the XML data from XML
Schema representation to Java representation and vice versa. In this context, data binding is the process of mapping
the components of a given data, such as SQL table or an XML schema, into a specific representation for a given
programming language that depicts the intended meaning of the data format (such as objects, for example). XML
Data binding consists of three primary concepts – the specification of XML to Object model bindings, marshalling
and unmarshalling. Different binding frameworks will specify bindings differently and typically a data binding
framework will have more than one way to specify such bindings. A binding schema specifies details about how
classes are generated from XML schema and vice versa. A binding schema also provides facility to specify type
conversions, name transformations and specification of super classes for generated objects.
In this context, Castor [8] has three core data binding methodologies: automatic data binding using built-in
introspection, user specified data binding and XML schema based data binding with complete source code
generation. These methodologies can be used independently or together, which makes Castor a very powerful and
easy to use Data Binding Framework. The motivation behind using Castor is powerfulness, simplicity and
supporting conversion from XML Schema to Java Programming Language. During translation from XML Schema
to Java classes, the Castor Data Binding package generates an associated class definition for each class definition
created, called Class Descriptor class. The Class Descriptors are classes that hold the binding and validation
information for their associated class and used by the marshalling framework. During transformation for XML to
Java, the Class Descriptors also contains the binding and validation information regarding constraints of XML data
that are represented as attributes in XML schema.
In this section, we introduced an efficient way of storing XML data with constraint information into Java Object
Oriented Programming Language. We have described two approaches to achieve such interoperability. We proposed
an extension of the binding file of Castor Source Code Generator and the Castor XML Mapping file of Castor data
binding tool to store the appropriate binding and validation information regarding constraints into class descriptor
classes. To implement this, extension of some of the interfaces and classes of Castor data binding tool are also
identified and completely specified. In the second approach, we have developed a wrapper-based translator, which
can be used for interoperability between XML data with constraints into Java Source Code in addition with Castor
Data Binging Tool.

5.1. Extension of the Binding File of the Castor Source Code Generator
The aim of this section is to provide an extension of the binding file of the Castor Source Code Generator for taking
care about constraints during translation from XML Schema to Java Source Code. We introduced the extension of
the componentBinding element of the binding file is as follows.
<componentbinding> element
<elementBinding|attributeBinding|complexTypeBinding|groupBinding name = xsd:string>
((java-class|interface|member|constraint),elementBinding*,
attributeBinding*,
complexTypeBinding*,
groupBinding)
</elementBinding|attributeBinding|complexTypeBinding|groupBinding>
Here, the first child element (<java-class/>, <interface>, <member> or <constraint> will determine the type of
binding. The following is the brief description of newly introduced element constraint of the binding file of the
Castor Source Code Generator.
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<constraint> element
<constraint
name? = xsd:string
return-type? = xsd:Boolean
constraint-type? = xsd:string
handler? = xsd:string

ctype? = xsd:schemaType
constraint-code? = xsd:string
attribute-list? = xsd:string
validator? = xsd:string />

The detailed description of the attributes of newly introduced element constraint is as follows.
name –
the name of the constraint that will be generated.
ctype –
the SchemaType that corresponds to the java type chosen to represent the constraint
return-type–
the return type of the constraint method which is boolean.
constraint-code – the body code for the constraint method.
constraint-type – represents the type of the constraint, whether it is a constrained attribute or constrained method or
class constraint.
attribute-list –
represents the attributes associated with the constraint.
handler the fully qualified name of the constraintHandler to use.
validator the fully qualified name of the constraintValidator to use.

5.2 Extension of the Castor XML Mapping File
The objective of this section is to extend the Castor XML Mapping file, so that the Class Descriptors classes
contains the corresponding binding and validation information regarding integrity constraints during two-way
interoperability between XML and Java. Castor XML Mapping is a good way to simplify the binding of Java classes
to XML document. Castor allows one to specify some of its marshalling/unmarshalling behavior using a mapping
file outside the Castor’s default behavior.
(i)

First, we have introduced the extension of the class element of Castor XML mapping file, which contains
all the information used to map a Java class into an XML document is as below.
<class> element
<! ELEMENT class (description?, cache-type?, Map-to?, field+, constraint+)
<! ATTLIST class……………. >
where constraint represents zero or more <constraint> to describe the constraint information associated
with the Java objects.

(ii)

A new element <constraint> is introduced into Castor XML mapping file, which is as below.
<constraint> element
<! ELEMENT constraint (description?, bind-xmlconst?)>
<! ATTLIST constraint name NMTOKEN #REQUIRED
ctype NMTOKEN #IMPLIED
constraint-type( cAttribute | cMethod | cClass)
handler NMTOKEN #IMPLIED
conscreate-method NMTOKEN #IMPLIED >

return-type( boolean )
direct(true | false) “true”

The following is the brief description of the elements and the attributes of the <constraint> element.
description
bind-xmlconst

–
–

name
ctype

–
–

return-type
constraint-type

–
–

handler

-

an optional <description>.
the name of the XML element or attribute which will be mapped into java
constraint.
the java constraint name.
the SchemaType that corresponds to the java type chosen to represent the
constraint.
the return type of the constraint method which is Boolean by default.
represents the type of the constraint, whether it is a constrained attribute or
constrained method or class constraint.
the fully qualified name of the constraint handler to use.
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direct

-

conscreate-method(iii)

If true, Castor will expect a public constraint method in the object. By default,
this is true because all constraint methods should be public.
Method for the creation or instantiation of constraint.

The element <bind-xmlconst> will be used to describe how a given java constraint should appear in an
XML document. It is used both for marshalling and unmarshalling. The element is described below.
<bind-xmlconst> element
<! ELEMENT bind-xmlconst EMPTY>
<! ATTLIST
bind-xmlconst
name NMTOKEN#IMPLIED
location CDATA #IMPLIED
node
( attribute | element | text ) />

type NMTOKEN #IMPLIED
matches NMTOKENS #IMPLIED

The following is the detailed description of the attributes of the <bind-xmlconst> element.
name –
the name of the element or attribute of XML Schema.
type
the name of the XML Schema type that requires for specific handling in the Castor
Marshalling Frame Work.
location allows the user to specify the sub-path for which the value should be marshaled to and
from.
matches allows overriding the matches rules for the name of the element. It is a standard regular
expression and will be used instead of name attribute. For example, we can use the
constraint names as C* or BC*.
To implement this, the brief description of extension of some of the interfaces and classes of Castor data binding
tool are identified and completely specified in [15].

5.3. Brief Description of the Wrapper-based translator
A translator serves as an inter-mediator between different systems. The translation function is anticipated by
implemented as part of a software wrapper. In this section, we introduced a wrapper to convert the Java Source Code
produced by Castor ( suppose representation A) into our presentable Java Source Code format (suppose
representation B).
A wrapper is a piece of software used to alter the view provided by one interface to another without modifying the
underlying component code. The translator must be capable of converting instances of a class’s attributes, methods
and constraints (or both attributes, methods and constraints in the form of an object of the class) from representation
A to representation B and vice versa. Since we are only concerned about the classes with constraint information, the
operational parameters can either be attributes, constraints, methods, objects or their combinations. The wrapper
would intercept the parameters and follow the appropriate translation rule to accomplish conversion from
representation A to representation B and vice versa. A set of translation rules govern the translations that take place
in the wrapper is as follows.
Rule1. For every class definition C (either general purpose or collection class) in representation A, a corresponding
class C’ is created in representation B. Similarly, for every class definition C’ in representation B, a corresponding
class C is created in representation A.
Rule2. For every field definition F whose names are not like –C* or _BC* in representation A, a corresponding field
F’ is created and added to the corresponding class definition in representation B. Similarly, for every field definition
F’ in representation B, a corresponding field F is created and added to the corresponding class definition in
representation A.
Rule3. For every Method definition M in representation A, a corresponding method M’ is created and added to the
corresponding class definition in representation B. For every Method definition M’ in representation B, a
corresponding method M is created and added to the corresponding class definition in representation A.
Rule4. For every field definition F whose names are like –C* or _BC* in representation A, a corresponding
constraint Boolean method is created and added to the corresponding class definition in representation B. Similarly,
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for every constraint Boolean Method in representation B, a corresponding field F is created and added to the
corresponding class definition in representation A.
The wrapper would invoke the appropriate translation rule to convert the Java Source code from representation A to
representation B and also from representation B to representation A. Now, the resultant structure of the wrapper
class is as below.
Public class wrapper
{
private String className;
private String fieldname[]=new String[50];
private String methodName[]=new String[50];
private int totalNoofFields;
private int totalNoofMethods;
private int totalNoofConstraints;
public void getClassName (BufferedReader br ) throws IOException;
public void getFieldName (BufferedReader br ) throws IOException;
public void getMethodName (BufferedReader br ) throws IOException;
public void getFieldType (BufferedReader br, FileWriter fw1) throws IOException;
public void createClass (BufferedReader br, FileWriter fw) throws IOException;
public void fieldToField (FileWriter fw) throws IOException;
public void methodToMethod (FileWriter fw) throws IOException;
public void fieldToConst (BufferedReader br, FileWriter fw) throws IOException;
public void constToField (BufferedReader br, FileWriter fw) throws IOException;
}
The brief description of the methods of the wrapper classes is as follows:
public void getClassName(BufferedReader br) throws IOException - This method is used for getting the name
of the class.
public void getFieldName(BufferedReader br) throws IOException – This method is used for getting the name
of the field.
public void getMethodName(BufferedReader br) throws IOException – This method is used for getting the
name of the method.
public void getFieldType(BufferedReader br, FileWriter fw) throws IOException - This method is used for
getting the corresponding field type.
public void createClass(BufferedReader br, FileWriter fw) throws IOException – This method is used for
create a class definition from representation A to representation B and vice versa.
public void fieldToField(FileWriter fw) throws IOException – This method is used for create a field definition
from representation A to representation B and vice versa and add to the corresponding class definition.
public void methodToMethod(FileWriter fw) throws IOException – This method is used for create a method
definition from representation A to representation B and vice versa and add to the corresponding class definition.
public void fieldToConst(BufferedReader br, FileWriter fw) throws IOException - This method is used for
create a Constraint method definition in representation B from the field definition of representation A and add to the
corresponding class definition.
public void constToField(BufferedReader br, FileWriter fw) throws IOException - This method is used for
create a field definition in representation B from a constraint method definition of representation B and add to the
corresponding class definition.
For translations involving more than one class definitions, the process must be repeated to translate all the classes of
representation A to representation B and vice versa.

5.4 An Example of Java Source Code generated by Wrapper
The XML Schema “Employee” with constraint information presented in Section 4.1.(ii) will be mapped into the
following Java source code with the help of Wrapper in addition with extended Castor Data Binding Tool.
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Public Class Emp
{Public idC Idno;
Public String Name;
Public cage Age;
Public String Designation;
Public Float Salary;
Public Byte
Experience;
Public cStatus Status;
Public Boolean C1()
{If ((this.Experience <=5) && (this.Salary > 2500))
return false;
else
return true; } }

6. Conclusion
We have introduced a constraint model for Object Oriented data. We have further formalized the model by
expressing it using UML and ODL. To increase interoperability, we have described a scheme for representing XML
data with constraint information using XML Schema definition Language. In order to interact with data into a more
manageable programming language format, a wrapper based translator have been developed to accomplish two-way
interoperability between XML and Java object Model. Middle wares such as CORBA, EJB are developed to
accommodate distributed objects and to facilitate efficient manipulation of these objects. Therefore, for efficient
manipulation of distributed data and objects with constraint information, another important direction of extension of
the constraint model in objects distributed over a network maintained by a middle wares such as CORBA or EJB.
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Abstract. The biggest challenge of business process management is the provision of non-technical tools, based on implementation standards, which swing
control of business processes away from technical departments and towards the
business process owners themselves. These tools aid business users in designing high level process models using graphical notations which can then be
mapped to lower level implementation models for execution. In this paper we
propose our framework leading to a tool that aids business user in designing
Web service based process (or in other words, Web service compositions) in
BPEL4WS. We elaborate what information is required from the user in order to
model the composition and how the technological details can be hidden from
her. It is our conjecture that such tool will facilitate Web service composition
design and development by giving an upper hand to business users – the people
who actually conceptualize the processes.

1 Introduction
Used together, business process management and service-oriented architecture can
form a dynamic combination that leverages the agility and extends the capabilities of
both technologies. In this arena individual Web services are federated into composite
services with value added functionality. Organizations can encapsulate their business
functions as Web services and create virtual processes that interact with other organizations’ processes. The interaction logic is specified as an XML based business process language. One such candidate language that seems to have attracted the most
attention at the moment is the Business Process Execution Language for Web Services (BPEL4WS or BPEL in short) [1] that was originally drafted by BEA, IBM and
Microsoft and which is now being formalized by a committee at OASIS. Though the
language is still going through refinement with its new version under planning phase,
it has gained a lot of attraction and support from the industry and has become the de
facto standard [2].
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According to the BPEL specification, BPEL defines a model for describing the behavior of a business process based on interactions between the process and its partners. This statement creates a misconception that BPEL is a business process modeling language. It is rather an execution language [business process modeling and standardization]. Like other XML based languages, it is of textual form and contains
complex constructs and not so easy semantics. Business operations people are used to
flow diagrams and other graphical notations instead of textual notations. BPEL attempts to offer the best by introducing a flow construct and using links to create
‘arbitrary’ flow dependencies between the activities contained within the flow construct. However, the semantics relies on a complicated formulation which tests and
propagates the status of links. This makes it difficult for a business user, who actually
conceptualizes the process, to model the process in it. There is a need to develop a
methodology in order to assist the business analyst, who is not a technology expert, to
model process compositions. Our aim is to develop a tool that captures the explicitly
required information about a composition from the business modeler while at the
same time hiding the technological details from her.
In this paper, we have briefly describe our proposed framework that can capture
high level process composition requirements in an abstract way and then automatically transforms the high level process design model into low level process execution
model i.e. BPEL. We identify various concepts of BPEL metamodel and see how
these can be captured with abstraction from the user being a major concern.
Rest of the paper is organized as follows: First of all we present the related work in
Section 2 as it gives an idea about the significance of our work. In Section 3 we list
various concepts which are required to be captured in order to produce a Web service
composition. Then in Section 4 we briefly discuss our proposed framework and describe how it facilitates the business user in capturing the BPEL semantics. Finally we
conclude in Section 5 along with future work.

2 Related Work
BPEL as well as other process composition languages are of textual form and the
specifications written in them are difficult to understand and visualize [3]. Towards
this end various graphical specifications have been proposed to model Web service
compositions that sit on top of BPEL in the technology stack. These tend to reduce
the design complexity by provided graphical representations. Authors in [4] describe
a UML profile and transformation rules that can be used to produce UML models of
Web service compositions. The operation signatures are modeled as UML class
model and the behavior is modeled in UML activity diagram thus producing a new
service model. [5] present a similar UML profile and mapping rules to BPEL. Although these UML based modeling techniques provide a helping hand to developers
to model applications, they do not abstract away the syntactic details from the user.
The user still has to acquire sound knowledge of the underlying specifications as well
as the graphical notations along with their usage scenarios. Besides, as quoted in [6],
the gap between UML and BPEL is very large which makes the mapping quite complex.
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BPMI has recently proposed a language – Business Process Management Notation
(BPMN) [7] which provides graphical constructs with mapping to BPEL. Numerous
commercial BPEL implementations are available where the vendors provide visual
designing tools such as BPWS4J from IBM and BPEL Server from Oracle. In both
cases either the user is bound to learn a new graphical language or should have sound
knowledge of BPEL constructs. [8] present an approach to visually model Web services composition using Object-Process Diagrams (OPD). The paper describes a twoway transformation from OPD to BPEL using OPD templates. Again, the approach
assumes the user is familiar with BPEL and OPDs. In contrast to UML and other
graphical modeling based solutions, we focus on relieving the user from the syntactic
details of BPEL along with the modeling notation and providing her a user friendly
graphical interface where she can design the composition in step by step manner
without any prerequisite modeling or programming skills.
Authors in [9] have proposed a template based web service composition model for
automatic code generation of business process languages. The degree to which automatization of service composition is achieved depends on the availability of templates
(to the designer) that fit into the desired composition pattern. The availability of templates, in turn, depends on access to public registries for retrieval. Currently there is
no such provision and is in the future scope of the project. Our conjecture is that these
templates can provide automatic code generation only for a part of code that is repeatable but, cannot be used to generate the whole process flow, for that the designer
has to gain knowledge of complex design patterns. Our framework focuses on the
whole process flow design instead of partial code generation.

3 Concepts of BPEL metamodel
The full explanation of BPEL semantics is out of the scope of this paper. Here we
only discuss the concepts involved. The metamodel of BPEL incorporate the following concepts [10] that represent the operational, behavioral, informational, organizational and transactional aspects of the language:
1. Task I/O: Task refer to basic units of work or activity. The input and output (I/O)
of these tasks may be modeled using simple or XML complex types.
2. Task Address: The address specifies where or how a service can be located to perform a task. The address can be modeled directly via a URI reference of a service or
indirectly via a query that identifies a service address.
3. Control Flow: The control flow defines the temporal and logical relationships
between different tasks. Control flow can be specified via directed graphs or block
oriented nesting of control instructions.
4. Data Handling: Data handling specifies which variables are used in a process instance and how the actual values of these variables are calculated.
5. Instance Identity: This concept addresses how a process instance and related messages are identified. Correlation uses a set of message elements that are unique for a
process instance in order to route messages to process instances.
6. Roles: Roles provide for an abstraction of participants in a process.
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7. Events: Events represent real-world changes. Respective event handlers provide
the means to respond to them in a predefined way.
8. Exceptions: Exceptions or faults describe errors during the execution of a process.
In case of exceptions dedicated exception handlers undo unsuccessful tasks or terminate the process instance.
9. Transactions: Business transactions represent long-running transactions. In case of
failure the effects of a business transaction are erased by a compensation process.
Capturing these concepts of BPEL while at the same time hiding the syntactic details is not an easy task. The higher level metamodel required to do so must be business user friendly that captures information relevant to much lower level BPEL implementation model. This difficultly also implies to the automatic transformation
between the two metamodels. We advocate the use of a user friendly interactive
graphical interface instead of a graphical modeling language to capture these concepts. The information is stored in a relational model (Fig. 1) which is then transformed into the BPEL model automatically.
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Fig. 1. Relational model which stores the composition information. The marked attributes
represent the only information provided by the user

It should be noted that only basic understanding of the concepts of BPEL is required
by the user and not its syntactic details. Hiding syntactic details from the business
user is the basic theme of our research. Our goal is to provide composition modeler
the flexibility to express less than complete detail without prerequisite high specifica-
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tion knowledge. Refinement is then a natural process of adding further detail, while
still conforming to the laws of composition. The motive here is to facilitate the business user, who does not know much detail about composition language, to construct.

4 Proposed Framework
Through the Graphical User Interface (GUI), the system captures the information
required to develop the composition from the Composition Modeler and stores it in a
Relational Repository. Knowledge about the parties involved in the collaborations,
their interface description file locations, order of activities, instance creation, correlation token, etc. is captured in an incremental fashion in such a way that the modeler
remains unaware of the underlying syntax. The Inference Engine automatically infers
additional information from the user provided information using inference algorithm
(an algorithm that takes values of attributes from the relational model and deduces
other attributes). Once all information is captured, transformation rules are applied to
map from relational to BPEL metamodel/schema (the word schema is more appropriate to use here as both the relational and BPEL model use schemas as their interchange format). This is done by the Transformation Engine. Once the code is generated, it must be validated for accuracy and verified against deadlocks. This is done
using an existing BPEL Validator. The final validated and verified BPEL file and
partner interfaces are passed on to an execution engine that executes the composition.
The architectural components of our proposed framework are shown in Figure 2.
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Fig. 2. Conceptual architecture of proposed framework
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4.1 Information Capturing
This section describes briefly how our framework captures the BPEL concepts (given
in Section 3) keeping the user unaware of the syntactic detail and what information
can be inferred from the inference algorithm.
4.1.1 Task I/O. This information is deduced from WSDL Parser. It parses the
partner interface files provided by the user and deduces the port types exposed by the
collaborating parties, the operations offered, the messages involved and the parts of
the messages that correspond to basic or complex data types. Fig. 3 shows mapping
between the partner WSDL file and the relational model.
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Fig. 3. Mapping from WSDL files to relational model done by WSDL parser. The figure also
shows what information is provided by the user and what is inferred from the inference algo.

4.1.2. Task Address. The task address is a URL and is also extracted from the
WSDL files from binding element.
4.1.3. Control Flow. The modeler captures the control logic with the help of simple
control rules that identify which activity has to be executed after an activity is
completed under what conditions. Structure of a control rule is as shown below:
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ControlRule {
activity (messaging|basic|while|pick|event)
postActivity (messaging|basic|while|pick|event)
transitionCondition (Boolean expression)
}

Synchronization (interdependencies) among the activities is handled by BPEL link
semantics which mark the parent node as source activity and the child node as target
activity. If the target activity is guarded by a condition, the source activity will specify the transition condition. Based on this control link semantics of BPEL, the transformation rules synchronize the activities in a single flow. We believe that this graph
based technique allows more abstraction as compared to structured formation of
BPEL specification, in that the modeler has to explicitly define the complex structure
of composition.
Here inference algorithm is used to decide whether a messaging activities i.e. operation is associated with a receive, reply or invoke construct. The modeler just
defines the order in which the activities have to be run without knowing when to use
the BPEL messaging constructs. The use of control rules also facilitates the business
user in updating changes in the business logic without relying on the developer, providing agility against change.
4.1.4. Data Handling. The message exchange variables are deduced from the
description files of the partner interfaces. For each unique message taking part in the
collaboration, there is a unique variable. Intermediate variables used to store data
during business logic manipulation have to be defined by the user.
4.1.5. Instance Identity. Three instantiation patterns are involved during instance
creation: Single start; Multiple start with receive; and Multiple start with pick. The
modeler has to select the identified pattern according to the business logic.
Correlations are usually context-dependent and thus cannot be derived by general
rules. They have to be defined by the user. We are currently working how to abstract
the correlation constructs from the user.
4.1.6. Roles. In a business collaboration modeled by BPEL, there is a centralized
coordinating authority, the process, which interacts with other parties (i.e. partner and
client). It is important to distinguish between a partner and a client. A partner is the
party that provides services to the process. Client on the other hand gets service from
the process. It is required from the modeler only to provide the port types exposed by
the partner or client. The partnerLinkType, partnerLink, partnerRole and myRole
constructs can be deduced from the inference algorithm. The detail of the inference
algorithm is out of the scope of this paper but a snippet of the algorithm inferring the
role semantics of a partner is listed below:
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for each partner involved {
PartnerLinkType = Partner.Name + ‘LinkType’
PartnerLink = Partner.Name + ‘Link’
if (Partner.PortType != null then)
PartnerRole = Partner.Name + ‘Provider’
if (Partner.ProcessPortType != null then)
MyRole = Partner.Name + ‘Requester’
}

4.1.7. Events. Events represent real-world changes and their occurrence is captured
by the control rules. The activity which is influenced by an event is encapsulated in a
scope having an event handler attached that executes the actions to be performed. The
actions to be performed are again captured with the help of control rules. The flow
thus created will be nested inside the event activity.
4.1.8. Exceptions. Our framework automatically captures the application exceptions
from the WSDL files and attaches fault handlers with the affected activities. Handling
of system exceptions and compensation is yet to be explored.

5 Conclusions and Future Work
In this paper we have presented our idea for generating BPEL code for static composition semi-automatically. First we described various aspects of BPEL to be captured
while modeling the business process choreography. We discussed what information
can be abstracted from the user and what cannot. Then we proposed a relational
model to store the captured information which is later transformed into BPEL process
specification model. We also briefly described how the relational model is populated
with information plugged in by the modeler and information derived by inference
algorithms. It is our thesis that using this approach a business user with limited BPEL
knowledge can have the capability to design complex business to business Web service compositions.
In order to verify our concept a tool is under development. For the sake of simplicity we have abstracted from the namespace issues which are an integral part of BPEL
specification. Both relational and process models have strong formal grounds (relational and process algebra). The possibility of formally transforming the relational
model into a process model is yet to be explored. Currently our framework only generates abstract composition without considering concrete bindings with the partners,
which will be a part of our future work. For now we concentrate on static composi-
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tions where the modeler provides the service location information. Our framework
can be modified to handle dynamic compositions where the services are selected at
runtime. For this functionality we propose the use of a service broker that provides
the service URLs upon queries based on functional and non-functional requirements.
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