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Abstract. Supplying integrated data modd with multiple structures for
addressing diverse requirements from different production lifecycles and
control levels is the natural development of automation systems. Data
processing, presentation and manipulation require well-designed computation
model that consists of interredlated groups of function components or
applications that can be redlized in the form of web services. Binding the
available web services to the designed data model becomes a challenging task if
a great amount of web services is confronted. In this paper we will use ontology
technology to address the binding problem. We will present the required
ontology model including the forma expresson of ontology, object modd,
mapping to XML representation and the corresponding system architecture for
binding web services.
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1 Introduction

Automation systems are becoming more and more complex, integrated and
multiple-functional to deal with various needs from the production lifecycles
including purchase, design, engineering, operation, etc and the different control levels
ranging from the field device layer to ERP layer. To simply the development of such
a system the design of data model is usualy decoupled from the building of
application logics. The separation of data modeling from the creation of the
computational model that provides diverse applications or components for using,
processing and viewing the data described in the data modd facilitates, on the one
hand, the development of automation systems in flexibility, extensibility and
distributed development paradigm. But on the other hand it also, a the same time,
creates problems such as heterogeneity in the implementation platform. Some
applications use Java for the implementation, and some others use COM from
Microsoft as implementation. Because of the platform- and language-neutrality web
services are gradualy showing the undoubted advantage in addressing the
heterogeneity problem. With the development of more and more web services the
binding or the association of the developed web services processing, viewing and
using data to the corresponding data described in the data model is becoming one of
new challenges. In this paper we are going to present an ontology method to address
the binding problem.



2 Indugrial IT - ABB Aspect Integrator Platform

ABB Aspect Integrator Platform (AIP) is created for the integration of different
information hierarchies — device layer, automation layer, manufacture execution and
asset management layer, enterprise management layer and collaboration layer, and it
also creates an integration platform for integrating diverse functional applicationsand
components. The information model defined in AIP provides an unified modeling
mechanism conform to |EC 61346 to organize or structure thei nformation entitiesin
an integrated automation system that contain plants, equipments, components,
devices, instruments, sensors, actuators, controller etc. The basic elements in the
model are Aspect Object and Aspect. An Aspect Object in the model is a container
that holds different parts of an object in an automation system. Examplesfor an object
can be areactor, a pump or a node (computer). An Aspect isone ‘piece’ of dataand
operations that is associated with an object. Typical aspects of an (process) aspect
object are its control program, operator faceplate, trend configuration, function
specification etc. Figure 1 shows an example for presenting the AIP architecture
concept
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A structure defined in the AIP architecture is conform to the one in IEC 61346
and defines semantic relationships among the organized objects and aso rules for
creation of the semantic relationship. In |EC 61346 a structure is separated from the
objects and represented through an additional aspect. In this way an object can be
organized in different structures at the sametime. | EC 61346 presents three examples
of information structures that are important for the design, engineering, operation and
maintenance — function-oriented structure, location-oriented structure and product-
oriented structure. Each structure is represented through a defined hierarchy.

The function-oriented structure organizes objects based on their purposes or
functions that are played in a system. The structural hierarchy is created through the
subdivision of the functions or the purposes of objects. The function-oriented
structure is the result of design and is interesting for engineering, operation and
maintenance. Thelocation-oriented structure defines the topol ogi ¢ rel ationship among



objects. The structural hierarchy of a location-oriented structure results from
definition of spatia constitution relationship, e.g. ground area, building, floor, room
etc. The location-oriented structure is useful for the engineering, operation,
maintenance and so on. The product-oriented structure shows the breakdown of
product-related information for a given product type. A product can consist of many
components and each component can be made up of further subcomponents. This
constituent relationshi p determines the product structure hierarchy. All structures are
hierarchical, i.e, the parent-child relationships among objects determine the
hierarchy. Fig. 2 shows two structures— function- and location-oriented structure.
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3 Somedefinitions

In this paper we will use some definitions that build the discussion basis of the
paper.

3.1 Ontology

“An ontology defines the terms used to describe and represent an area of
knowledge”[4]. The purpose of ontologiesisto share information in acertain context.
Ontologies include computer-usabl e definitions of basic conceptsin the context and
the relationships among them. They encode knowledge in a context and also
knowledge that spans the context. In this way, they make that knowledge reusable. In
this paper ontologies are used to establish association between the data model of a
domain on the one side and the operations in the form of web services on the other



side. In other words they create a matching and binding mechanism between data and
its operations.

3.2 Domain ontology and operation ontology

A domain ontology is an ontology for a certain domain. A domain is just a
specific subject area or area of knowledge, like medicine, tool manufacturing, rea
estate, automobile repair, financial management, etc. In our context a domain refers
directly to anindustrial process such as energy generation and the related components
such as power plant, gas turbine, boiler, steam turbine, generator etc. that take part in
an process execution. An operation ontology is an ontology for data operations. It
defines terms to describe and represent the knowledge in the data operation area, e.g.
simulation, mechanical drawing, visualization, optimization. The differentiation
between the domain ontology and the operation ontology is necessary to better deal
with the association of data operation with data.

3.3 Datamodé

A data model in the context of this paper is used to describe and represent an
industrial process with the related components and the control of the process wi th all
necessary units. Fig. 3 shows an example of the data model
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34 Computation model

A computation model defines structure, categorization and classification of data
operations that deal with the operations of data such as drawing, simulation, cost



calculation, report, visuaization etc. It contains a group of related functions for
operating data. Data operations are built in form of software applications,
components, and in this paper in the form of web services. A computation model can
use the operation ontology to describe the structure, categorization and classification
of operations.

3.5 Binding

After defining the data model and computation model we can begin with the
binding definition. A binding is a process that associates a computation model
containing a group of functions to the corresponding data model. The binding is to
find the most suitable functions that can be used to the interested data and to provide a
guideline to users for the association. What we are interested in this paper is the
binding of web services that implement functions based on the web service protocol
to the related data. Through the ontology technology we can convert the operation
binding to the ontology binding, namely binding of the operation ontology to the
domain ontology.

4  Ontology model

4.1 Expression

To give amathematic expression of an ontology we use the atomic concept term
and composite concept term defined in[6]. LetV ={Vg, W,..., V,} bethe universal set
of atomic concept terms that can be used and R ={rg, r4, ..., I} be the set of al
relationships between the terms, V' beasubset of V (V' | V,V' ={V,V1 ...,V })
and R’ be defined as subsets of R (R = {R’ | R’l RUIi=1,..., k), ={I;[i=1, ..., k}
be a piece of information, the ontology Y can be expressed by Y ={ VY, |i=1, ..., k}
where Y is an ontology element and can be expressed by atuple <v; R’;, I; S> with
vl VUR;T RU ;T I. Sin the tuple stands for the structure discussed in the
section 2 that is interesting in the context of this paper. We associate a piece of
information to each atomic concept term to give some explanatory information on it.
For example we can take an example of DC motor, such information can be
explanation of the principle, the deployment area, main features and so on. Thiswould
be agreat help for usersthat are not familiar with the meanings of the term.

4.2 Relation

Is-A Relation



Is-A relation is generalization relation. It isabinary relation and thus needs two terms
taking part in the relation. We use symbol f o (v, V) wherei, j =1,..., k to signify the
generalization relationship between v; and v, or Vv, is a generaization of y. An
example of generalization relation is DC motor and electric motor. Electric Motor isa
generalization of DC motor, expressed by f .. (Electric Motor, DC motor). Is-A
relation has properties of reflexivity and transitivity, namely

fisa (M, V) istrue
frisa (VW) U fisa (v, W) ® figa (Vi W)

Is-A relation can be used to organize the concept terms in a hierarchical structure.
Imposing hierarchical structure on the concept terms can obtain precision increase
substantialy [13]. Another benefit of that is the information reuse, because the
information associated to the generalized concept term can be used by its child. The
Is-A relation also enhances possibility of the correct binding.

For thels-A relation it is necessary to takeinto account the height of hierarchy levels.
Fig. 4 illustrate the concept

For the Fig. 4 therelationsf ;o4 (A By), Tisa (A B),fisa (B1, C1),Tisa (B1, Co), fisa
(A, C), fi1sa (A, C) hold. The difference between f o4 (A By) and foa (A, Cp) is
that B, has a direct Is-A relation to A while C; has an indirect Is-A relation to A via
B, We call fsa (A By)thels-A relation of thefirst order and f |4 (A, Cy) thels-A
relation of the second order and expressthem with f o5 (A By)" andf 4 (A, C1)% Is-
A relationisvery important in inferring some possible operations that can be bound to
certain data.

Sibling relation



The sibling relation is used to describe the siblings in the Is-A relation hierarchy. It
can be expressed by

f sbiing (M, V)| $KF 1sa (Wi, Vi)l Ufisa (W, Vj)l

The sibling relation isreflexive, transitive and symmetric.

Specific Relation

As an inverse part of the Is-A relation we use the specific relation for expressing the
speciaization of aconcept term. For example DC motor isaspecialization of electric
motor. The specific relation is also a binary relation requiring two terms. We use
symbol f gec (i, ;) Wherei, j =1,..., k to denote the specific relationship between v;
and v, or y is a specialization of y. Between the specific and Is-A relation the
following implication holds

frsa (M, V) « fapec (V, W)

Just as the Is-A relation the specific relation is also reflexive and transitive. It isto
note that f 55 (Vi V) * Of e (M, V). The specific relation defined hereisdifferent from
the definitionin [6] that also includes the synonym relation. In our definition we don’t
consider the synonym relation because i ncluding synonym could result in complexity
in the structure of the concept terms and redundancy. We can also use the specific
relation to structure the concept terms just asthe Is-A relation. The questionisif it is
necessary to include the specific relation in the ontology model.

Just like the Is-A relation we also introduce the height of hierarchy levels and express
it with

 spec (4, W)".

The expression can be read as the specific relation of the nth order

In the binding process the specific relation plays the same role in the identification of
possible operations as the I s-A relation.

Part-Wholerelation

The part-whole relation describes the composition or containment relation between
two concept terms. For exampl e the relation between room and wallsis such one. The
part-whole relation is also a binary one needing two terms. We introduce symbol f .
(v, v) to indicate that v is a part of y. The part-whole relation is reflexive and
transitive. Just as the Is-A relation the Part-Whole relation a so has order and can be
expressed by f (v, W) . Part-Whole relation can be used to infer some possible
operations that can be associated to the corresponding data. The relation can be used
to determineif it is possible to bind an operation with a data object or node when the
data object has the part-whol e rel ation to another one.



Buddy relation

The buddy relation is defined by f s, (v, Vi)| $KF pare (Vi Vi)* Uf gt (W, W)*. The
buddy relation is used to describe the relation between terms that share the same
container or are parts of same terms. For example floor and wall have the buddy
relation because they both are parts of room. The buddy relationisreflexive, transitive
and symmetric. Like the part-whole relation the relation can also be used for the
binding.

Synonym relation

A term can have synonyms that have the same meanings as the term itsdlf. In the
binding process a data object in the data model represented by a term in the domain
ontology can be associated with operations represented by a term in the operation
model if both terms have the synonym relation. The synonym relaion can be
expressed by

f Synonym (VI VJ)
The synonym relation is reflexive, transitive and symmetric.

Theorem: adata object or datanode (D) represented by aterm in the domain ontol ogy
(TD;) can be bound with an operation (Op) represented by a term in the operation
ontology (TO,) if (TO,) isboundto (TD,) and f synonym (TD4, TD,) holds.

Digjoint relation

A term has a digjoint relation with another term if both terms don’t contain shareable
semantic. The digjoint relation can be expressed by

f pigoint (Vi, Vi)
The Digoint relation is symmetric.

Theorem: adata object or datanode (D) represented by aterm in the domain ontol ogy
(TD;) cannot be bound with an operation (Op) represented by aterm in the operation
ontology (TO,) if (TO,) isboundto (TD,) and f pigeint (TD4, TD,) holds.

Binding relation

A binding relation describes that two terms are bound together in acertain way. It can
be expressed by fpigoine (Vi, V). The binding relation is reflexive, transitive and
symmetric.



4.3 Object Model of an Ontology

The object model of an ontology describes a model that provides an way of
mapping the ontology to memory for programmatic access, nhavigation and
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manipulation. For the ontology modeling we use MOF (Meta Object Facility) [7]

proposed by OMG because MOF is widely accepted in the industry and uses the
layered concept (data, model, metamodel, metametamodel) that is very suitablein our
addressed context. For the simplicity reason wejust adopt three layersfrom the MOF:
data, model and metamodel. The metamodel of an ontology consists of two parts. the
term model and the relation model. The term model describes the meanings of terms.
It isjust like a dictionary that contains explanation of vocabularies. The term model
defines four metaclasses: TermCollection, TermElement, Term, TermExplanation.
TermCollection is a collection of TermElement that contains two elements. Term

(Vocabulary, 1d) and TermExplanation. The meta-class TermCollection aso has an
attribute called Structurethat isintroduced to deal with theissue of multiple structures
in the data model discussed in Section 2 and 3.3. Instantiated from the metamodel the
model layer is created for the modeling of the domain ontology and the operation
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ontology. The created classes for the model layer and the metamodel for the domain
ontology are displayed in Fig. 5. The same instantiation can also be applied for the
operation ontology. Inthefigure accessPoint is used for referenceto adataobject or a
URL address for the web service. For the simplicity reason the instantiated relation
model for the operation ontology is omitted here.

Therelation model describes the relations among termsthat are defined in section
4.2. For the relation model two meta-classes are defined for the metamodel layer:
RelationCollection and RelationElement. The RelationCollection is a collection of
RelationElement that associatestwo terms. The RelationCollection al so defines some
operations that can be applied to the class. The operation can be classified into three
categories: retrieval, check, and change. The retrieval operations are ones that can be
used to retrieval terms that have specified relations to the specified term. The check
operations check if both specified terms have the specified relation. The change
operations are exploited to change the collection such as adding, removing, or
changing relations. The metamodel for the relation model can be instantiated to the
model layer of the relation model. In this paper the model layers for the domain
ontology, the operation ontology and the binding relation between the domain
ontology and the operation ontology are instantiated. Fig 6 shows the diagram
illustrating the metamodel layer and the model layer of the relation model. The
diagram only displays an instantiation example.

44 XML Representation
The object model discussed in 4.3 just creates a precondition for the memory

mapping of an ontology. It describes the basic elements of the model, their
relationships and semantics. But it doesn’t define the way of how the elements are

structured in the memory, how data is validated against the model layer, how the
model layer is checked against the metamodel layer, how to access and to navigate the
model. XML is already awidely accepted markup language that is neutral to different




plaform and diverse programming language. What is more important of using XML

is the semi-structura feature, i.e. XML provides not only a way of putting rule,

structure and relationship to data but also flexibility in extension of data structure.

Because of the convincing advantages of XML we will also useit for representing the
ontology object model. Fig. 7 shows an XML schema file that maps the term model
to the XML representation. The figureillustrates the concept on how we use XML to
describe the metamodel layer and the model layer of the ontology object model. In
XML schema there is no instantiation mechanism for the metamodel instantiation.

Therefore we resort to another mechanism, i.e. substitution introduced in XML

schema. First of all we defined XML elements. TermCollection, TermElement and
Term, which are abstract. That means the elements must be replaced in the instance
document with the defined substitution elements that are defined through
“substitutionGroup” . In thisway we emulated the instanti ation mechanism.

5 Web Serviceand System Architecture

In [9] Myerson presented different web service models with the so called
architecture stack model from different organizations such asWebServices.Org, IBM,
Oracle, Microsoft, Sun, W3C and so on. The architecture stack model describes the
layers such as the transport layer, the message layer, the description layer, the
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Ontology

Operation

Ontology \

discovery layer, the web service flow layer, and the negotiation layer. What are
relevant for the context of this paper are the dscovery layer described by WSDL
(Web Service Description Language) and the discovery layer that can be specified



through the UDDI specification, acommon initiative from IBM, Microsoft and so on.
UDDI provides a way to publish and discover information about web services. But
UDDI does not define mechanism to deal with ontology and how to bind web services
representing the computation model to the target data. Therefore an addition concept
or extension and the corresponding component are required. Fig. 8 shows the concept
for the extension. There are a domain ontology component that describes the term
structure of the domain side and is attached to the data model of interest and an
operation ontology component that determinestheterm structure of the operation side
and is connected to the web service component providing web services. Each web
service isidentified through an URL address. In UDDI the URL address is contained
in the accessPoint XML element whilein the WSDL it is embedded in the Port XML
element. The accessPoint and Port element uses the same URL address to reference
the same web service. Therefore they can be used to connect the UDDI and WSDL.
The relation between the data model and the web service is established by the
ontology service that is the central component in the architecture. The component
checks the potential web services based on the binding relation between the domain
ontology and the operation ontology. Once it finds a matched web service it will bind
the web service to the target data.

6 Example

For illustration purpose we take power plant as an example for the domain side
and simulation for the operation side or the web service side.

The domain ontology and the operation ontology can be expressed in XML (Fig.
10). For the space reason we don't list al elements in the example. The two




XML document will be stored in the memory as two separate document
instance. These two documents can also be seen as two thesauruses that can be
used for the binding engineering or binding process. Therelations of thedomain
ontology and the operation ontology are contained in two separate XML
documents: domain relation document and operation relation document (Fig.
11). The two documents can be used to get al related terms for the specified
terms. For example in the XML document for the operation relation model you
can find which element is child element of the “Continuous’. For the binding
purpose the binding relation is used that can be expressed in the Fig. 12. In the
XML document for the binding relation the term FossilbePowerPlant is
associated with Simulation while the term “CombinedCycle’ is attached to
“Process’. This binding relation is created in the ontology engineering, i.e.
through ontology expert. Users who want to use simulation program don't need
to know which term of the domain ontology is attached to the corresponding
operation ontology. He only needs to tell the ontology service that he needs a

simulation service. The ontology service will find the most suitable simulation
service, in our example the process simulation service.

Concluson

In this paper we presented an ontology method that can be used to deal with
the binding problem, especially for the case of a great among of web services.
The main contribution in this paper is creation of the ontology model for the
binding problem. Two kinds of ontology are identified to convert the binding
problem to the connection of the domain ontology and the operation ontology.
MOF model is used for definition of the object model. We have expressed the
relations in formal form and then created the object model and the XML
presentation. We also presented the system architecture and web service model.
Further work isrequired for the ontology engineering.
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