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The discussion of issues related to the integration and mapping of thesauri, classification schemes and other types of controlled vocabularies has a long history. This brief review aims to focus on investigations and research projects, which have emphasized the practical aspects of the job and the associated problems. Individual research projects have adopted different approaches and methods to deal with the incompatibilities and inconsistencies resulting from attempts to map or integrate different controlled vocabularies and their structure. In the following, a brief account of projects that have investigated the integration and/or mapping of controlled vocabularies in various domains is provided. 

Lancaster and Smith (1983) group the approaches used for thesaurus integration into five categories:

1) Mapping

2) Intermediate lexicon or switching language (switching interface)

3) Integrated vocabulary

4) Microthesauri and 

5) Macrovocabularies

Three levels of compatibility have been suggested in the literature and provide insight into the ways in which mapping can be carried out. (Chamis, 1991). These are as follows:

6) consistency in spelling  variants, singular and plural forms, verb tenses, and other grammatical variations (Controlled word forms)

7) equivalent and synonymous terms, cross-referenced to the preferred term, acronyms and antonyms, homographs and metaphors, multi-word and pre-coordinated terms (subject heading lists)

8) semantic and generic relationships i.e. BT,NT, RT (Thesauri)

Feasibility study of a scheme for reconciling thesauri covering a common subject (Neville, 1970)

 Neville identified a number of situations encountered in attempting to reconcile thesauri covering a single subject: 

1. Exact correspondence between terms in two thesauri

2. Synonymous terms  (His proposed solution is to enter each term in each thesaurus as cross-references)

	Thesaurus A
	Thesaurus B

	Underground structures
	Surface structures


3. No match from one thesaurus to another (his proposed solution is to adopt the unmatched term as a new term)

4. The term in one thesaurus is too specific for the other thesaurus (his proposed solution is to include under a broader term)

	Thesaurus A
	Thesaurus B

	Snowdrifts
	Snow


5. The concept in one thesaurus is subsumed in another thesaurus under  a broader keyword (e.g. Thesaurus 1. Safety factor thesaurus 2.  Safety)

	Thesaurus A
	Thesaurus B

	Safety factor
	Safety


6. Problems of antonyms and synonyms

	Thesaurus A
	Thesaurus B

	Contraction 
	Expansion and contraction


7. Term is pre-coordinated in one thesaurus and post-coordinated in another 

	Thesaurus A
	Thesaurus B

	Frost penetration
	Frost +

Penetration


8. Pre-coordinate term differs from the post-coordinate terms

	Thesaurus A
	Thesaurus B

	Stiffness Methods
	Structural analysis+ Displacement


9.  Single term in one thesaurus and semantically factored term in another (thermometer and Temperature, measurement instrument)

	Thesaurus A
	Thesaurus B

	Thermometer 
	Temperature+ measurement+

Instrument


10.  Homonyms (adding qualifiers) 

	Thesaurus A
	Thesaurus B

	Tanks (Combat vehicles)
	Tanks (Containers)


11. One thesaurus uses separate keywords to distinguish a term while other thesauri make no distinction 

	Thesaurus A
	Thesaurus B

	Aluminium Aluminium structures
	Aluminium


12.  Use of keywords that are general purpose and do not represent a clearly identifiable concept (e.g. High, methods, types)

13. One thesaurus has synonymous keywords

	Thesaurus A
	Thesaurus B

	Slope

Gradients

Pitch (inclination)
	Inclination


14.  One thesaurus uses as a keyword a code name of only local significance

	Thesaurus A
	Thesaurus B

	CLASS I

CLASS II
	--


Integrated Energy Vocabulary for subject switching (Niehoff, 1976)

Integrating 11 vocabularies through selecting energy subset from the vocabularies including DDC

Using a broad conceptual framework

Technique used: vocabulary conversion table to permit subject switching: translation of users’ query into appropriate searchable terms for each vocabulary

Problems:

Related terms were not included in the integrated vocabulary as they may or may not be energy-terms

Merging thesauri: MeSH and Computing Reviews Classification Scheme (CRCS)  (Milli and Rada, 1988)

Finding synonyms (having same word stems)

Problems:

Conflict in merging two thesauri for example pattern recognition in one thesaurus is BT for Artificial Intelligence while in the second thesaurus it is the other way round. One way is to provide RT relationships between terms of this kind.

Difference in structure and degree of detail

Mapping LCSH into thesauri: The AAT model (Whitehead, 1990)

Only LCSH topical subject headings were mapped in the AAT. 

LCSH terms were mapped at both the concept level and the status level. At concept levels terms are mapped regardless of differences in their forms. Where there is no exact match between AAT and LCSH, the closest possible LC heading was recorded. The status level means whether the AAT term is an established heading or a “see” or “Use” reference in the LCSH.

   The BT,NT and RT elements of LCSH were not mapped in the AAT as AAT provides exhaustive displays of genus-species classification for the fields it covers.

Problems

· Compatibility between LCSH and AAT: LSCH with many complex subject statements comprised of terms plus punctuations and propositions

· Different approaches to controlling synonyms, distinguishing between homographs and the relationships between headings.

· Adjectival and prepositional phrases, subdivisions, and use of qualifiers

Monuments – Preservation 

Forgery of Manuscripts
· Confusion caused by subdivisions:  Sometimes a whole/part relationship exists in the heading and sometimes a hierarchical relationship

whole/part relationship:  Bridges – Abutments
hierarchical relationships:  Architecture – Designs and plans – Working Drawings

· Use references: some of them have hierarchical relationships with their headings while some others do not. 

· Pre-coordination and use of several forms in headings for example:

“and” headings (caricatures and cartoons)

“in” headings (Ruins in art)

“of” headings (Forgery of manuscripts)

“for” headings (Access for the physically handicapped)

· Matching LCSH compound headings to terms from different AAT facets

Elements of LCSH syndetic structure(broader Term, narrower term, and related term) are not directly mapped in the AAT. This is because the AAT provides exhaustive displays of  genus/species classification for the field it covers and does not add terms selectively as in an authority file.

Operational system for subject switching between controlled vocabularies NASA thesaurus and Defense Technical Information Center (DTIC) subject terms (Silvster and Klingbiel, 1993)

The study has developed five rules to cater for subject switching between NASA thesaurus and DTIC subject terms. These are as follow:  

Rule1. Delete: For certain DTIC terms there are no conceptually equivalent NASA authorized terms  

Rule2. Identify/Equal. The input is identical or equal to the outputpr the authorised term that should be used. This is the rule of identity or an exact match between input and output. 

Rule3. Simple change: a minor change; the authorised term to be used expresses the same concept, but may, for example, be plural, while the inputs in singular. 

Headaches  
               Headache

Rule4. List: this rule is applied when a single concept is translated to multiple authorised terms that ,taken together , express the same concept.

Machmeters 
                  Match number, speed indicators 

Rule5. Table: Tables occur when the input word is context sensitive and requires another word or words to clarify the concept.

Air and high temperature 

Air Traffic controllers 

The rules in summary are as follows:  

· Exact match

· Singular and plural

· Different endings 

· Different spellings

· No match

· Single term match to multiple terms

· Compound terms 

Mapping Laborline Thesaurus Terms to LCSH  (Chaplan, 1995)

Procedure:

Finding exact matches first

Cross-references or alternative headings 

Noting cross-references and BT and NT and RTs for each match 

Problems: 

· Large number of homographs In LCSH

· Its jargon such as management by exception

· Unevenness in levels of coverage 

· Its lack of parallel construction 

for instance Bank Management  but hospitals—Management 

Suggestions:

Use of right truncation for partial matches

Spell checking or inclusion of tables of alternative spellings

Automatic removal of forms of punctuation and non-alphabetic intervening characters

Use of stemming 

This paper provides a list of 19 match codes which is based on match types suggested by previous researchers in the area of convertibility of both user and controlled vocabularies. The list shows the incompatibilities, which arise while mapping or integrating thesauri and classification schemes.

Match type1: Exact match

Industrial relations Industrial relations

Match type2: exact cross-reference match: 

Child labour use Children – Employment 

Match type 3: exact match with intervening character

Research management Research – Management 

Match type 4: singular plural match 

Disabled worker Disabled workers
Match type 5: Subordination in the form of genus-species or part/whole

Industry wide bargaining Collective bargaining 

Match type 6: superordination in the form of genus-species or part/whole

Motor vehicle industry Automobile Industry and Trade

Match type 7: part of speech difference

Employment interview Employment interviewing 

Match type 8: word-order variation inverted or otherwise

Illegal alien Aliens, illegal 

Match type 9:forms of further specification

Absenteeism Absenteeism (Labor)

Match type 10: spelling variation

Compressed work week Compressed workweek
Match type11: suffix variation 

Quality of working life Quality of work life
Match type 12: an abbreviations or acronym

Alta Alberta

Match type 13: LCSH subdivisions

Measurement

Match type 14: concept match

Performance appraisal  Employees – Rating of 

Match type 15: homographs

Millinery  Millinery Hat Trade 

Match type 16: translation

Precedent Stare Decisis
Match type 17: date or numerical variation

1935 Nineteen Thirty Five

Match type 18: No match

Match type 19: opposite or negative

Desegregation Segregation
Unified Agricultural Thesaurus (UAT)

Convergence of CAB and AGROVOC thesauri (Stella Dextre Clarke, 1996)

Procedure: 

Developing a classified structure to reorganize both thesauri based on the classification structure

The focus of this project was on the main descriptors and hierarchical relationships.

Problems:

· Finding suitable software was a main problem

· Validating the RT relationships of each pair of terms a very time-consuming process 

· Substantial differences between the NT and BT relationships at lower levels

Suggestions:

Maintain separate thesauri and schemes and develop an algorithm that can convert search statements from the one to the other

Maintain the schemes separately and focusing on converting users’ search request  to thesauri and classifications

More work on user interfaces rather than unification

Ongoing Projects

There are a number of current projects investigating the use of thesauri and classification schemes for cross-browsing and searching. 

CARMEN (2000) (Content Analysis, Retrieval and Metadata: Effective Networking) is a German project part of which (WP12) focuses on what the project calls “cross concordances of classifications and thesauri”. The aim of this project is to allow an integrated search for subject aspects of distributed data repositories with particular reference to the conceptual differences of the applied thesauri and classifications by cross concordances. The major emphasis in this project is on such areas as mathematics, physics and social sciences. The following objectives have been set for the above purpose: the examine the methods for cross concordances between thesauri and classification systems; to develop a program for the representation of cross concordances and to develop a prototype of cross concordance of special subjects and selected classifications and thesauri. 

The kind of relations between related notations and descriptors to be mapped:

Relation 1:1 (synonymous terms, parallel notations)

Broader term: narrower term

Narrower term: broader term

Related terms

Measure for matching

The target controlled vocabularies are:

DDC

Regensburger Verbundklassifikation (RVK)

The Mathematics subject Classification (MSC) developed by the American Mathematical Society 

Physics and Astronomy Classification Scheme (PACS) developed by the American Institute of Physics

Sclagwortnormdatei (SWD)

IZ Soziawissenschaften thesaurus 

MACS (2000) (Multilingual Access to Subjects) is a project funded by the Swiss National Library aims to provide multilingual subject access to library catalogues. The partners are: the Swiss National Library (SNL), project leader, the Bibliothèque nationale de France (BnF), The British Library (BL) and Die Deutsche Bibliothek (DDB). The multilingual search is catered for  through  the equivalence links created between the three indexing languages used in these libraries: SWD (for German), RAMEAU (for French) and LCSH (for English). Topics (headings) from the three lists are analysed to determine whether they are exact or partial matches, of a simple or complex nature. The end result is neither a translation nor a new thesaurus but a mapping of existing and widely used indexing languages. 

The mapping definition provided by this project is as follows: 

All subject headings lists are of equal status and there is no pivot subject heading

· Headings are only mapped to equivalence headings judged to be synonymous in meaning 

· Hierarchical structures and Thesaural relationships are not mapped or reproduced as part of the process of linking individual headings

· Where a equivalence can not be found a proposed heading should stand alone in the system to represent the concept (for possible future mapping)

· Only headings at the authority level are linked. Syntactical structures whereby headings within a subject heading list are combined in a string to describe subject content more specifically are not mapped

For the feasibility study the project has chosen Sports and Theatre subject area. 

RENARDUS(2001) is an EU-funded project whose overall aim is to establish a collaborative framework for European subject gateways that will benefit both users in terms of enhanced services, and the gateways themselves in terms of shared solutions. An important part of the Renardus service is its attempt to provide some kind of subject directory browsing service across the participating gateways.

The classification scheme chosen by the project to create a central browse structure is DDC, which is published by OCLC Forest Press.  The mapping is made from the DDC to the subject browse hierarchies used by participating gateways. However there a number of classification schemes and thesauri used by individual subject gateways. Within this project the gateways have been asked to map their classification system to DDC.

As noted by Heery (2001) the cross-browse structures that can be created using this system are relatively limited. It is not possible, for example, to link directly to resource descriptions from multiple gateways in a single browse hierarchy without a greater level of centralisation than that offered by the Renardus pilot. Instead, the Renardus browse system will link directly into the subject hierarchies of individual gateways. For example, a user looking for information on violins or violas would first browse through the DDC-based structure on the Renardus system until they find a relevant match (e.g., Stringed Instruments) with its relevance level. If a part of an individual gateway's browse structure has been mapped to this DDC term, the gateway's name is visible and this becomes a hyperlink to the relevant part of the local browse structure. Once the user follows this link, they will leave the Renardus system and join the browse interface of the local gateway. 

The project has carried out uni-directional mapping only, from DDC classification to the local classification. 

13 subject gateways have participated in the Renardus project. The CARMENx has been used for the Renardus project.

The RENARDUS mapping information format is as follows:

Local classification notation

Local Classification Caption

Relationship Code

DDC notation

DDC caption

Local browsing URL for the class

Notes

The following mapping relationships are considered for the project:

Fully equivalent 

Civil engineering=Civil engineering

Narrower equivalent

Dams= dams and reservoirs

Broader equivalent

Roads and streets=roads

Major overlap (the local class has a major overlap with three different DDC classes)

Asphalt=Bituminous materials (691.96)

Asphalt= Bituminous materials (692.85)

Asphalt=Asphalt concrete-sidewalk engineering
Minor overlap (if the local class content covers less than half of the intended subject content of DDC)

Water and Water Engineering=Hydraulic engineering
There are a number of differences between HILT and Renardus in terms of both scope and functionality. 

	HILT


	RENARDUS

	Provide a practical experimental focus within which to investigate and establish subject terminology service requirements for the JISC Information Environment, with particular reference to JISC collections and services, RDNC needs, User, Collection Level, International Compatibility, and local, regional, national and UK-wide access considerations.
	?

	A working pilot terminologies demonstrator service for the JISC IE (with limited functionality and with a full service possibly requiring a change of software).
	?

	Requirements, set up and maintenance costs, and costs against benefits, for a future service, including both user and M2M terminological and functional requirements.
	?

	UK-based 
	European

	English 
	English/ European languages

	DDC

UNESCO

LCSH

MeSH

AAT

UK versions of DDC ‘captions’
	Nederlandse Basisclassificatie (BC)

FAO/AGRIS main subject categories

EI classification system

DDC adaptation

Home-grown classifications

GOK (Göttinger Online Klassifikation) (English translation)                     
Mathematics Subject Classification (MCS)



	Deals with mapping of classification schemes and thesauri 
	Deals mainly with classification schemes mapping

	Archives, museums, electronic services and collections 
	13 Subject gateways only

	Investigate user-based and service-based requirements, including machine to machine requirements 
	Investigate service-based requirements 

	Use DDC as a spine for mapping to all other schemes and to user  terms but also investigate other mapping options – e.g. user terms to each individual scheme
	Uni-directional mapping from DDC to the local classifications



	Cater for cross-browse and search
	Cater for cross-browse and search 

	Show users a map of the subject domain, rather than just mapping terms
	

	?
	Browse option does not directly link to resource description

	Terminology mapping and user
	

	Investigate mapping user terms to terms in standard schemes
	Search option does not map users’ term to classification schemes

	Provide centralised mechanism to co-ordinate use of, and amendments to, standard subject schemes
	?

	Provide a long-term alternative to the adoption of a single scheme across museums, libraries, archives and electronic services
	?

	Compare cost benefits of various approaches
	?


Doerr (2001) has investigated the  possible semantic differences that may hinder the unambiguous mapping and transition from one thesaurus to another. He has proposed different expressions of equivalence mapping for thesauri which are as follows:

· partial equivalence" should become "broader equivalence" (is subset of) or "narrower equivalence" (is superset of) 

· "exact equivalence" is interpreted as "same set as" 

· "inexact equivalence" is interpreted as "overlaps with" 

· "single to multiple equivalence" should become "* equivalence" to "compound" where "compound" is a Boolean expression of target 

· terms with AND, OR, NOT and "*" is either "exact" or "broader" or "narrower". 

He has also defined  some rules that can be useful in mapping practices:

1. If a concept c of thesaurus A has no exact equivalence to any concept of thesaurus B then: for this concept c at least one broader equivalence and at least one narrower equivalence to some appropriate concepts in thesaurus B should be declared (see Figure 5). 

2. The above broader equivalence should be minimal, i.e. there should be no other term combination in B which is broader than concept c and narrower than the given broader equivalence. 

3. The above narrower equivalence should be maximal, i.e. there should be no other term combination in B which is narrower than concept c and broader than the given narrower equivalence. 

4. The user has the chance to specify if the transformed query is going to preserve recall or precision. 

Saeed and Chaudhury (2002) investigated the use of DDC as a basis for developing taxonomies for knowledge organisation. The aim has been to make use of a taxonomy software called MyInfo to display the taxonomic structure. The researchers have mapped the IEEE Web Thesaurus to the computer science section of DDC to provide a better browsing structure. The process of adding the IEEE terms to the DDC structures has been performed manually. Two types of mapping i.e. direct mapping and indirect mapping have been adopted to deal with exact and partial matches between DDC and the IEEE thesaurus.  
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