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1 Introduction

1.1 Problem statement

Semantic Search applies to any inquiry API function of the form find_xxx with the goal of Semantic Search facilitating the retrieval of entities, such as services or businesses, in UDDI through the use of OWL ontologies  [OWL].  Semantic Search takes advantage of two aspects of OWL: first the terms used in the search have a precise shared meaning and therefore the search does not depend on the ambiguities and vagueness of the natural language that hinders keyword searches; second, the Semantic Search exploits the OWL subclass relation to find entities that are similar to what requested.  For example, a find_service inqury may request for services that produce Ventilation Equipment on the bases of the UNSPSC  taxonomy [UNSPSC], through specialization the search may report instead services that produce Vents, because, following the UNSPSC taxonomy, Vents are a type of Ventilation Equipment.
This proposal is compiled in response to the UDDI requirement [Req_029].
1.2 Terminology 






The key words must, must not, required, shall, shall not, should, should not, recommended, may, and optional in this document are to be interpreted as described in [RFC2119].

The term ontology is used to refer to an OWL ontology.
The terms class and subclass are used to indicate an OWL class.

The term superclass is used meaning the inverse of the term subclass.
The term value set is used to refer to an internal representation of the valid values derived from the ontology.
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3 Proposal in Detail
Semantic Search supports three different types of search:



1. Exact Search to locate those services that match exactly the requirements specified in the inquiry.

2. Specialization Search to locate those services whose specification is more specific than the inquiry.
3. Generalization Search to locate those services whose specification is more specific than the inquiry.
The specialization and generalization search allow the registry to expand the search to look for UDDI entities such as business, services and bindings that approximate the requirements of the inquiry.  
The approach proposed here is based on the OWL superclass/subclass relation that is formally specified as follows: 
Any class C is a subclass of a class K, which is formally expressed as C ( K if and only if any entity belonging to C also belong to K, or more formally x(C( x(K.  A superclass relation is the inverse of subclass, therefore if C is a subclass of K, then K is a superclass of C.
Exploiting the OWL definition of superclass and subclass the specialization search will find services among the subclasses of the category specified in the inqury, while the generalization search would search for services among the superclasses of the category specified in the inquiry






.

To prevent searching the whole tree of sub(super)classes,  the find_xxx API may specify boundaries that limit the search.   Specifically, two boundaries may be specified: 

1. Maximum depth (or height) of the search

2. Maximum number of entities to retrieve.

The search will stop if either one of the boundaries will be reached. Note that exact search is equivalent to specifying a maximum depth (or height) equal to 0.
3.1 Exact Search

Exact search limits the search to those entities that match the request exactly, no other entity should be returned.  The exact search mechanism mimics with current keyword search mechanism employed by UDDI, with the only difference that in this case the keywords are the URIs of OWL classes and that no partial match is allowed.

3.2 Specialization Search

Specialization search attempts to retrieve all the entities that are classified as specialization of the category specified in the inquiry.  The result of a specialization search is equivalent to performing one exact search for each type of concept in the subclasses of the OWL ontology. Specifically, depth 0 corresponds to the concept itself, and it would be equivalent to exact search; depth 1, would look at all the services related with the subclass relation (direct children) of the concept; dept 2, would look at all the subclasses and their subclasses (grandchildren); etc.  The search continues until either the maximum depth is reached, or all the subclasses are analyzed, or the maximum number or results is reached.

If no maximum depth is specified the search is extended to the whole subtree; in turn this means that an unbounded search from the top concept owl:Thing would return the whole set of entities registered with the UDDI server.
3.3 Generalization Search

Generalization search follows the opposite direction of specialization search,  it searches among the superclasses looking for generalizations of the service.  As in the case of specialization search, this type of search is equivalent to a series of exact search requests, one for each superclass of the category specified in the inquiry. Specifically, depth 0 corresponds to the concept itself, and it would be equivalent to exact search; height 1, would look for all the enties related with the superclasses (direct parents) of the inquiry classification; height 2, would look at all the superclasses and their superclasseslasses (grandparents); etc.  The search continues until either the maximum high is reached, or all the superclasses are analyzed, or the maximum number or results is reached.

If no maximum height is specified the search is extended to the whole set of anchestors;  in turn this means that an unbounded search from the bottom concept owl:Nothing would return the whole set of entities registered with the UDDI server.
3.4 

3.5 Extending to Equivalency and Similarity
3.5.1 Searching among Equivalent concepts

OWL allows to specify equivalence between concepts through the owl:equivalentClass construct.   The semantics of owl:equivalentClass expresses equality of concepts.  Therefore, any type of search should follow equivalent class relations and extend the search to equivalent classes.  Specifically, exact searches should include the concept referred by the request, plus all equivalent concepts; while generalization and specialization searches should explore concepts in an owl:equivalentClass relation without increasing the depth or distance measure.
For example the concept Washington_DC and the concept US_Capital may be declared equivalent, therefore searching for a business in the first should be equivalent to searching for a business in the latter.
3.5.2 Concept Similarity

The last requirement from [Req_029] is to support similarity between concepts.  This requirement is cannot be supported by ontologies based on OWL because OWL does not provide any measure of similarity between concepts.  Furthermore, such a similarity is very difficult to derive and in general it is very context dependent.  For example, IBM may be more similar to Microsoft than Dell if IBM is considered as software producer; on the other side IBM is more similar to Dell than Microsoft as computer seller.  
3.6 Expressing Semantic Searches in UDDI

The use of semantic search can be enforced in UDDI by defining three TModels that specify the three types of searches: Exact, Generalization and Specialization.  When these TModels are used in a search request the key-reference should specify the boundaries of the search, i.e. the depth or height of the search and the maximum size of the expected results. 
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5 Satisfaction of Requirements
The requirement document [Req_029] on which this TN is based listed the following set of requirements:

1. Extend the value set schema to allow expression of:

a. Similarity relationships within a taxonomy (2)

b. Equivalence relationships between values in different taxonomies (3)

2. Update the inquiry API to allow:

a. Searching below a specified node in the taxonomy

i. One level (1)

ii. A specified number of levels (2)

iii. Until a certain number of results are obtained (3)

b. Searching above a specified node in the taxonomy

i. One level (1)

ii. A specified number of levels (3)

iii. Until a certain number of results are obtained (3)

c. Combining an up-level search with a down-level search (3)

d. Searching using similar values within a taxonomy (2)

e. Searching using equivalent values across taxonomies (3)
In this TN we concentrated on the requirements 2.a to 2.e; all these requirements are met with the exclusion of 2.d, searching for similar values, for the reasons listed in section 2.4.2.  Requirement 1.a and 1.b will require further discussion as part of the development of section 2.5.
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7 Backwards Compatibility


No backward compatibility issues are identified at this time.
8 Alternatives Considered (optional)

No alternatives were considered as part of this proposal, but see proposal PROP-028a for an alternative approach.
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Appendix C. Notices

OASIS takes no position regarding the validity or scope of any intellectual property or other rights that might be claimed to pertain to the implementation or use of the technology described in this document or the extent to which any license under such rights might or might not be available; neither does it represent that it has made any effort to identify any such rights. Information on OASIS's procedures with respect to rights in OASIS specifications can be found at the OASIS website. Copies of claims of rights made available for publication and any assurances of licenses to be made available, or the result of an attempt made to obtain a general license or permission for the use of such proprietary rights by implementors or users of this specification, can be obtained from the OASIS Executive Director.

OASIS invites any interested party to bring to its attention any copyrights, patents or patent applications, or other proprietary rights which may cover technology that may be required to implement this specification. Please address the information to the OASIS Executive Director.

Copyright  © OASIS Open 2004. All Rights Reserved.
This document and translations of it may be copied and furnished to others, and derivative works that comment on or otherwise explain it or assist in its implementation may be prepared, copied, published and distributed, in whole or in part, without restriction of any kind, provided that the above copyright notice and this paragraph are included on all such copies and derivative works. However, this document itself may not be modified in any way, such as by removing the copyright notice or references to OASIS, except as needed for the purpose of developing OASIS specifications, in which case the procedures for copyrights defined in the OASIS Intellectual Property Rights document must be followed, or as required to translate it into languages other than English.

The limited permissions granted above are perpetual and will not be revoked by OASIS or its successors or assigns.

This document and the information contained herein is provided on an “AS IS” basis and OASIS DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY WARRANTY THAT THE USE OF THE INFORMATION HEREIN WILL NOT INFRINGE ANY RIGHTS OR ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

�Should we say that only one tModel can represent an ontology and its name must be the absolute URI reference of the ontology itself? This would probably work OK for most ontologies but rdf:about can contain an absolute URI reference that is not related to the URI of the parent ontology so in this case we would have to require that the absolute URI reference be used in the keyValue field.
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