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SUMMARY

This document describes D5.6 — Mediator Library prototype.

The main purpose of the mediator library is to provide functionality to store new and
provide access to existing mediators. This functionality is necessary in order to search
and reuse existing mediators in new scenarios, minimizing the need for the custom
creation of mediators.

This document describes our approach for building a Mediator Library prototype using
the WSMO conceptual Model implemented in IRS-I11 and WSMX and integrated to the
DIP API. We followed the steps below:

1) Gathered rea world mapping examples based on XML schemas of two different
communication standards.

2) Created a classification for ontology mappings which was put into a Mappings
Ontology to be used for searching the mediator library.

3) Defined extensions to the IRS-1I1 APl and WSMX API in order to search for
published mediators/mappings. The API will allow users to search the Mediator
Library via a number of description slots including mediator name, mediator
type, source, target, mediation service as well as type of mapping (defined in 2).

4) Used the examples given in 1 and lifted the segments of the XML schemas to
the ontological level so that we could define mapping rules and mediation
servicesin IRS-111 to carry out the mediation.

The API implemented in this deliverable as part of IRS-111 has been integrated into the
DIP API (D6.9).

This deliverable is related to previous deliverables in Workpackage 5: D5.3 and D5.4
(Data and Process mediation).

Disclaimer: The DIP Consortium is proprietary. There is no warranty for the accuracy
or completeness of the information, text, graphics, links or other items contained within
this material. This document represents the common view of the consortium and does
not necessarily reflect the view of the individual partners.
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1 INTRODUCTION

The main purpose of the mediator library is to provide functionality to store new and
provide access to existing mediators. This functionality is necessary in order to search
and reuse existing mediators in new scenarios, minimizing the need for the custom
creation of mediators.

This document describes our approach for building a Mediator Library prototype using
the WSMO conceptual Model implemented in IRS-111 and WSMX and integrated to the
DIP API. Wefollowed the steps below:

1) Gathered real world mapping examples based on XML schemas of two different
communication standards.

2) Created a classification for ontology mappings which was put into a Mappings
Ontology to be used for searching the mediator library.

3) Defined extensions to the IRS-111 APl and WSMX API in order to search for
published mediators/mappings. The API will allow users to search the Mediator
Library via a number of description slots including mediator name, mediator
type, source, target, mediation service as well as type of mapping (defined in 2).

4) Used the examples given in 1 and lifted the segments of the XML schemas to
the ontologica level so that we could define mapping rules and mediation
servicesin IRS-111 to carry out the mediation.

Note that Section 2 and 3 present requirements and examples of mediation needed at the
syntactic level. The approach presented in this document uses Semantic Web Service
technologies and the implemented API provides a solution at the ontological level
(mappings between ontologies as well as semantic searching).

2 BUSINESS REQUIREMENTS FOR THE MEDIATOR LIBRARY

In order to enable an effective reuse of existing mediators it is important to understand
the two main characteristics of standards based B2B communications. Firstly most of
the business communication standards are available in different versions, secondly most
(if not all) business communication standards offer a certain degree of flexibility when
implementing the standards. An example of such a flexibility would be a delivery date
element defined to be of type xsd: st ri ng. This definition allows for example the
usage of 1SO date formats as well as the usage of UK date formats.

As aresult of this observation it is not enough to access mediators based solely on their
source and target communication standard. Instead it is necessary to store smaller
mediator “building blocks” and link them to their usage context. Figure 1 depicts this
approach.

Note that each mediator is linked to its usage context and to the mediators that are its
building blocks. Furthermore only a small excerpt of the whole organisation structure is
shown. The OrderParty element of the xCBL standard would be related to the purchase
order document which in turn would be related to a specific version of the xCBL
standard. This setup allows a very fine grained reuse of mediators. In the simplest case
if a mediator for two aready known standards is needed, the system can simply select
the mediator related to these two standards. However imagine for example the rel ease of
anew version of the xCBL standard. If this new release adds a ShipToParty element to

1
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the OrderPartyType, this would add a new tree to the structure depicted above. If a
mapping is necessary between this new version and e.g. SAPXML no mediators are
currently linked to the new version of the standard. In that case an automatic mapping
component could reuse the fitting mediators of the previous version (e.g. based on
similar paths etc.) and query the user for the missing parts.

SAPXML

TradingPartners
Mediator
(XCBL SellerPart-PartyType -> SAPXML Vendor-VendorType )

ses  Mediator
(xCBL SellerPart-PartyType-NameAddress ->
O SAPXML Vendor-VendorType-Address)

uses
O VendorType
Mediator
(xCBL NameAddressType ->
AddressType)
/_O Address
s

AddressType

Figure 1. Linking mediatorsto their usage context

3 REAL WORLD MAPPING EXAMPLES

We gathered a number of examples from real world applications (Appendix A) in order
to illustrate cases of mappings needed between two segments of XML Schemas. Each
XML schema represents the message to be exchanged between the business
applications. These examples were used to create a generic classification of types of

mappings.

These examples will aso be used as the syntactic groundings of a number of WSMO
Web Service descriptions. Once these XML Schemas are lifted to the ontological level,
WSMO mediators containing declarative mapping rules can be created to represent the
mappings to be executed at runtime.

4 AN ONTOLOGY FOR MAPPINGS

Based on the mapping examples given in section 3, we created a Mappings Ontology,
which identifies the types of mappings needed when exchanging messages. A WSML
variant of this ontology is presented in Appendix B and aso publicly available at
http://kmi.open.ac.uk/proj ects/di p/workpackage-5/mappingsOntol ogy.wsml.

The Mappings Ontology (see figure 2) can be used by the Semantic Web Service broker
(IRS-111 or WSMX) for searching the Mediator Library. That is, the ontology allows us
to index the library according to the types of mappings.

The Mappings Ontology defines the following mapping types:

1) Direct Mapping — Uses arule to map one (source) concept or relation (attribute)
to another (target).

2) Conditional Mapping — Same as a Direct mapping, but is only executed if the
condition givenistrue.
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3) Concatenation — uses a mediation service (function) which concatenates the
values of one or more concepts and generates the value of atarget concept.

4) Instance Concatenation — Same as concatenation, but works over al the
instances of a source concept.

5) Conditional Concatenation - Same as a Concatenation, but it is only executed if
the condition given istrue.

6) Splitting — Inverse of Concatenation. Uses a mediation service (function) which
splits the values of one concept into the values of one or more target concepts.

7) Conditional Splitting - Same as a Splitting, but it is only executed if the
condition givenistrue.

Mapping Type

—

Direct Concatenation Conditional Splitting
Mapping Mapping Mapping Mapping

¥ ¥, ~

Instance Conditional Conditional
Concatenation Concatenation Splitting
Mapping Mapping Mapping

Figure 2. Mappings Ontology

5 IMPLEMENTATION OF THE MEDIATOR L IBRARY

We defined extensions to the IRS-1I1 APl and WSMX API in order to search for
published WSMO mediators. The API will allow users to search the Mediator Library
viaanumber of description slots including mediator name, mediator type (wg-mediator,
gg-mediator, oo-mediator, ww-mediator), source, target, mediation service as well as
type of mapping (as in the Mappings Ontology).

The extension to the DIP API (interoperable with WSMX and IRS-I11) is presented in
Appendix C. The set of additional methods are part of the Mediator ResourceManager
interface.

The extension to the IRS-111 API is presented in Appendix D. The additional methods
are part of the IRSIlIServer class. The javadoc for this implementation is publicly
available at:
http://kmi.open.ac.uk/proj ects/dip/workpackage-5/irsl1/javadocs/ .

5.1 Integration into IRS I11

As an execution environment for WSMO, IRS-1I1 implements a library of WSMO
descriptions (Goals, Web-Services and Mediators) as a core component. The IRS-II
API has access to this library. In this deliverable we extend the IRS-III APl with a
search functionality.

Currently, the IRS-I11 API alows users to edit WSMO mediators. The main extension
to this is the implementation of two new operations findMediators and
findMediator sByMappingType (see Appendix D - IRS API Extensions).




drlz':\ FP6 — 507483
p Deliverable 5.6

For implementing the search through the Mappings Ontol ogy we use the Non-functional
property ‘Type of the WSMO mediator. We use the value of this property as an URL
pointing to the mapping type in the Mappings Ontology (e.g.
“http://irs.open.ac.uk/mappingsOntol ogy#conditional M apping”).

5.1.11RS 111 Mediation

At the semantic level, IRS-111 represents four basic types of conceptual mismatches that
can occur when using Semantic Web Services. These types correspond to the WSMO
models of oo-mediator, wg-mediator, gg-mediator and ww-mediator. In general there
will be mismatches between the goa requests and available web services and between
the goals themselves. The IRS-111 mediation handler components are responsible for
resolving the conceptual mismatches which may occur by reasoning over the given
goal, web service and mediator descriptions. The mediation handler interprets each type
of mediator accordingly during selection, invocation and orchestration.

Basically, a mediator declares a source component, a target component and either a
mediation service or mapping rules. Hence, the mediator provides a semantic link
between the source component and the target component, which enables mediation
services or mapping rules to solve mismatches between the two. More detals of
mediation in IRS-111 can be found in D5.3 and D5.4.

In this model, the mediation service is just another goal. As an example, a mediation
service of a wg-mediator transforms input values coming from the source goa into an
input value used by the target web service.

Mapping rules are used between two ontologies (source and target components). These
mappings only concern to the concepts used during invocation and consist of three main
mapping primitives:

maps-to — relation created internally for every mapped instance.
def-concept-mapping — generate the mappings (maps-to relation) between the
instances of two concepts within an ontology.

def-relation-mapping — generate a mapping between two relations using a rule
definition within an ontology. As OCML represents concept attributes as
relations, this primitive can be used to map between input and output descriptions

5.2 Integration into WSM X

WSMX is an execution environment of WSMO. It implements the WSMO concepts in
the form of various components like communication manager, choreography,
orchestration, mediator etc. Each component exposes their access APl and there is a
component handler to use these components.

Whenever there is mismatch on the data or process level, a particular data or process
mediator is called and the resource manager handles the mediator descriptions
internaly. This process can be made more generic by using an ontology for mapping
within mediation library (as described in section 4). This mediation library can be used
as the implementation for storing and retrieving mediators using the resource manager.
Consequently, the resource manager interface can be extended. This extension can also
be exposed as a new entrypoint on the WSMX API which can take number of inputs (as
described above).
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Instead of calling the mediator directly we first call the search library which in turn will
search the mediators, if found will provide mediator as shown in Figure 3[2].

Search Library

Mediation
Found

Mediate Data

Meed data
% rmediation

(;Exﬂcule choraography

Figure 3. Integration of Mediation Library in WSM X

521 WSM X Mediation

For Semantic Web Services, WSMX provides two types of mediation services — Data
Mediation (DM) and Process Mediation (PM). Data mediation can be requested (need
DM) during the Discovery when the ontologies of the Goa and SWS differ. Process
mediation is invoked if there is a difference in message exchange pattern between the
two communicating entities. Data mediation involves mediating between two different
ontological instances. While the process mediation includes splitting a message,
combining messages, sending dummy messages or storing a message.

Data Mediation [4] in WSMX consists of three steps (a) the creation of mappings. (b)
the creation of appropriate mapping rules. (c) execution of mapping rules. Creation of
mapping involves browsing the ontologies, identifying the similarities and capturing the
semantic relationship in the form of mappings at design time. After this schema level
mapping between two ontologies is done, mapping rules are generated using these
mappings. Mapping rules are generally written in a reasoning language FLORA-2 [3].
The use of FLORA necessitates the grounding from WSML to FLORA-2. Once a
mapping ruleis created, it can be saved for further usage at run time.

Process mediation [1] is invoked when it receives a message and a conversation ID
(identifier generated at the start of conversation). The message consists of instances of
concept from senders. Process Mediation loads the choreography instances of the two
communicating entities on the basis of ID. After internal computations it tries to
determine if it can send a message expected by any of the partners. If possible, it sends
the message and al so updates the choreography of the receiver.

Since WSMX choreography and orchestration are based on Abstract State Machine
(ASM) model which involves the concept of sate and transition rules, mediators are
also defined in the form of mapping rules in WSMX. Therefore, mediation process is
concerned with the searching of appropriate rules and executing them. The mediator

5
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descriptions are handled by the resource manager component. In this mode, the
extended mediation library will search the mediator on the basis of these descriptions.
This givesto the user the flexibility to search on various kinds of inputs.
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APPENDIX A—MAPPING EXAMPLES
RosettaNet — 1DOC Mapping

RosettaNet is a communication standard used in different industries for the exchange of
business documents. IDOC (intermediate document) is a standard data structure for data
exchange between a SAP system and another SAP application or an external system.

Both standards are based on XML and define message guidelines. Since both data
structure guidelines were built for the same domain there are some commonalities. But
there are also significant differences between the structures and the terms due to
different assumptions and the influence of German terminology.

We present here the different mapping cases that were found in the existing RosettaNet
—1DOC mapping. The most common mappings are one to one. Additionally, there exist
more complex mappings like 1 to N, M to 1 or M to N mappings. Some mappings
include functions which transform the source data. Even conditional statements are
possible.

One-to-One mappings
Example 1: DIP Consortium Proprietary Information removed
Example 2: DIP Consortium Proprietary Information removed

M to 1 mappings

These mappings use mostly concatenation functions.

Example 3: DIP Consortium Proprietary Information removed
Example 4: DIP Consortium Proprietary Information removed
Example 5: DIP Consortium Proprietary Information removed
Example 6: DIP Consortium Proprietary Information removed
Example 7: DIP Consortium Proprietary Information removed
Example 8: DIP Consortium Proprietary Information removed

1to N mappings

Example 9: DIP Consortium Proprietary Information removed
Example 10: DIP Consortium Proprietary Information removed
Example 11: DIP Consortium Proprietary Information removed
Example 12: DIP Consortium Proprietary Information removed

M to N mappings

If an element like “@SEGMENT” is used in different functions to create different target
elements and these elements use additional source elements, we have an M to N case.
These relationships can be decomposed into 1 to N mappings or M to 1 mappings.
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APPENDIX B —MAPPING TYPESONTOLOGY

wsm Variant _"http://ww. wsno. org/wsm /wsml - synt ax/ wsnl - core”
nanespace { _"http://irs.open. ac. uk/ mappi ngsOnt ol ogy#"

}

ont ol ogy mappi ngsOnt ol ogy
nonFuncti onal Properties
_"http://purl.org/dc/elements/1. 1#title" hasVal ue " Mappi ngs
Ont ol ogy”
_"http://purl.org/dc/el ements/ 1. 1#descri ption" hasVal ue "The
Mappi ngs Ontol ogy defines the different types of mappings perforned by
Medi at or s"
_"http://purl.org/dc/el ements/1. 1#date" hasVal ue
_dat e( 2006, 6, 12)
_"http://purl.org/dc/el ements/1. 1#creator" hasVal ue
{"Liliana Cabral", "Carlos Pedrinaci"}
endNonFuncti onal Properties

concept nappi ngType

concept direct Mappi ng subConcept O mappi ngType
nonFuncti onal Properties
_"http://purl.org/dc/el ements/1. 1#description" hasVal ue
"This kind of mapping uses a rule to map one (source) concept or
relation (attribute) to another (target)"”
endNonFuncti onal Properties

concept conditional Mappi ng subConcept O mappi ngType
nonFuncti onal Properties
_"http://purl.org/dc/el ements/1. 1#description" hasVal ue
"This kind of mapping uses a rule to map one (source) concept or
relation (attribute) to another (target). It is only executed if the
condition given is true."
endNonFuncti onal Properties

concept concat enati onMappi ng subConcept O nappi ngType
nonFuncti onal Properties
_"http://purl.org/dc/el ements/1. 1#description" hasVal ue
"This kind of mapping uses a nediation service (function) which
concat enates the values of one or nore concepts and generates the
val ue of a target concept."
endNonFuncti onal Properties

concept instanceConcatenati onMappi ng subConcept O concat enati onMappi ng
nonFuncti onal Properties
_"http://purl.org/dc/el ements/1. 1#description" hasVal ue
"Condi tional mapping that works over all the instances of a source
concept."
endNonFuncti onal Properties

concept conditional Concat enati onMappi ng subConcept O {
condi ti onal Mappi ng, concat enati onMappi ng}
nonFuncti onal Properties
_"http://purl.org/dc/el ements/1. 1#description" hasVal ue
"Concat enation mapping that is only executed if the condition given is
true."”
endNonFuncti onal Properties
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concept splittingMappi ng subConcept O mappi ngType
nonFuncti onal Properties
_"http://purl.org/dc/el ements/1. 1#description" hasVal ue
"This kind of mapping uses a nediation service (function) which splits
the val ues of one concept into the values of one or nore target
concepts. "
endNonFuncti onal Properties

concept conditional Splitting subConceptOf { splittingMappi ng,
condi ti onal Mappi ng}
nonFuncti onal Properties
_"http://purl.org/dc/el ements/1. 1#description" hasVal ue
"Splitting mapping that is only executed if the condition given is
true."
endNonFuncti onal Properties
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APPENDIX C —DIPAPI EXTENSIONS

In the following we present an extension to the Mediator ResourcesManager interface
defined as part of the DIP API. These four overloaded versions of the method
findMediator provide the additiona functionality required by the Mediator Library in
order to support the use cases presented in this document.

findM ediator

public java.util. Set<org.wsno.comon. | dentifier> findMedi at or (
org. omng. ont ol ogy. Axiom filter
) throws Conponent Exception, java.l ang. UnsupportedQOperati onException

This method retrieves from the Resource Manager all the mediators that meet the
criteria specified by the filter.

Parameters:
- filter - Axiom specifying the filtering criteria.
Returns:
Set of Identifiers for the matching Mediators.

Throws:
Conponent Excepti on

j ava. |l ang. Unsupport edOper ati onExcepti on

findM ediator

java. util. Set<org.wsno. common. | denti fier> findMedi ator(
or g. wsno. common. Nanespace nanmespace,
org. omng. ont ol ogy. Axiom filter
) throws Conponent Exception, java.l ang. UnsupportedQOperati onException

This method retrieves from the Resource Manager all the mediators defined in a given
namespace that meet the criteria specified by the filter.

Parameters:
- nanmespace - The namespace to retrieve from
- filter - Axiom specifying thefiltering criteria.
Returns:
Set of Identifiers for the matching Mediators.

Throws:
Conponent Excepti on

j ava. |l ang. Unsupport edOper ati onExcepti on

findM ediator
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java. util. Set<org.wsno. common. | denti fier> findMedi at or(

org. wsno. common. | denti fi er mappi ngType,

org. omng. ont ol ogy. Axiom filter
) throws Conponent Exception, java.l ang. UnsupportedQOperati onException
This method retrieves from the Resource Manager al the mediators of a specific

mapping type that meet the criteria specified by thefilter.

Parameters:

- mappi ngType - An Identifier of a Mapping Type in the Mapping Types
taxonomy.

- filter - Axiom specifying thefiltering criteria.
Returns:
Set of Identifiers for the matching Mediators.

Throws:
Conponent Excepti on

j ava. |l ang. Unsupport edOper ati onExcepti on

findM ediator

java. util. Set<org.wsno. common. | dentifier> findMedi at or(
org. wsno. conmon. Nanespace nanespace,
org. wsno. comon. | denti fi er mappi ngType,
org. omng. ont ol ogy. Axiom filter
) throws Conponent Exception, java.l ang. UnsupportedQOperati onException

This method retrieves from the Resource Manager all the mediators of a specific
mapping type defined in a given namespace. The list is filtered with respect to a set of
criteria specified by thefilter.

Parameters:
- nanespace - The namespace to retrieve from.

- mappi ngType - An Identifier of a Mapping Type in the Mapping Types
taxonomy.

- filter - Axiom specifying thefiltering criteria.
Returns:
Set of Identifiers for the matching Mediators.

Throws:
Conponent Excepti on

j ava. |l ang. Unsupport edOper ati onExcepti on

12
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APPENDIX D - IRSAPI EXTENSIONS

We next introduce the methods that have been added to the IRS API in order to support
the discovery of Mediators. The first method, namely findMediators, is a general
purpose method for retrieving Mediators on the basis of their type and additional
OCML filters. The second method, called findMediatorsByMappingType, alows to
retrieve Mediators indexed by the Mapping Ontol ogy.

findM ediators

public java.util.HashSet<java.lang. String> findMedi at ors(
java.lang. String know edgeModel ,
java.lang. String medi at or Type,
java.util.HashSet<java.lang. String> ocm Filters

) throws kmi.irsllI.IRSIIIException

Given a Knowledge Model, a type of Mediator and a set of OCML Filters, this method
returns the identifiers of all the Mediators that meet the conditions.

Parameters:

- know edgeMvdel - A knowledge model (optional). If no knowledge moddl is
given all the models will be browsed.

- medi at or Type - Thetype of mediator (optional) ( oo-mediator, gg-mediator,
etc). If no mediator typeisgiven, all the types will be browsed.

- ocn Filters - A set of ocmlFilters. Filters are of thisform:
( component-type ocml-relation additional-arguments )

Where component-type is one of: ‘:source’, ‘:target’, ‘:service or ‘:non-
functional-properties’.

Returns:
The set of mediators that match the different criteria.

Throws:
km.irsllI.IRSIIIException

findM ediator sByM appingType

public java.util.HashSet<java.l ang. String> fi ndMedi at or sByMappi ngType(
java.lang. String know edgeModel ,
java.lang. String medi at or Type,
java.lang. String mappi ngTypeURL,
java.util.HashSet<java.lang. String> ocm Filters
) throws kmi.irsllI.IRSIIIException

13
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Given a Knowledge Model, a type of Mediator, the type of Mapping (in terms of the
Mappings Ontology) and a set of OCML Filters, this method returns the identifiers of
all the Mediators that meet the conditions.

Parameters:

know edgeModel - A knowledge model (optional). If no knowledge model is
given all the models will be browsed.

medi at or Type - Thetype of mediator (optional) (oo-mediator, gg-mediator,
etc). If no mediator typeisgiven all the types will be browsed.

mappi ngTypeURL - The type mapping performed by the mediator. See the

M appings Ontology.

ocm Fi l ters - A set of ocmlFilters. Filters are of thisform:

( component-type ocml-relation additional-arguments )

Where component-type is one of: ‘:source’, ‘:target’, ‘:service’, ‘:non-
functional-properties’.

Returns:
The set of mediators that match the different criteria.

Throws:
km.irsl11.1RSIIIException

See Also:
km .irsl1l.wsno. Medi at or Descri pti on. Mappi ngType.
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