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Representing the structural elements of a freely faceted classification

Abstract: Freely faceted classifications allow for free combination of concepts across all knowledge domains, and for sorting of the resulting compound classmarks. Starting from work by the Classification Research Group, the Integrative Levels Classification (ILC) project has produced a first edition of a general freely faceted scheme. The system is managed as a MySQL database, and can be browsed through a Web interface. The ILC database structure provides a case for identifying and representing the structural elements of any freely faceted classification. These belong to both the notational and the verbal planes. Notational elements include: arrays, chains, deictics, facets, foci, place of definition of foci, examples of combinations, subclasses of a faceted class, groupings, related classes; verbal elements include: main caption, synonyms, descriptions, included terms, related terms, notes. Encoding of some of these elements in an international mark-up format like SKOS can be problematic, especially as this does not provide for faceted structures, although approximate SKOS equivalents are identified for most of them.
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1. Introduction

Representation and publication of knowledge organization systems (KOS) as structured digital data are crucial for their management, sharing, and application in the contemporary digital era. This point emerged from several presentations and subsequent discussion at the previous UDC Seminar (in particular Brickley, 2009).

Although the MARC bibliographic formats provide fields for subject headings and classification data, they mostly treat them as flat strings, while lacking any adequate model for synthetic KOSs, in particular faceted classifications (Slavic & Cordeiro, 2004; 2005; Slavic, 2008). In the context of networked KOSs, discussion has started about the representation of faceted structures by the Simple Knowledge Organization System (SKOS) mark-up language for the Web; however, the issue was “postponed” and no model has been produced yet (Miles, 2008). It has been suggested that some limitations identified in the use of SKOS when representing classifications can be overcome by using Web Ontology Language 2 (OWL2) instead (Zeng, Panzer & Salaba, 2010).

On the other hand, facet analysis is considered to be a basic component in any modern KOS (Broughton, 2006). One variety of faceted classification is freely faceted classification (FFC), where any subject can be represented as a combination of one or more phenomena and their attributes (facets), independently of any particular domain context. In other words, in FFC facet analysis is extended beyond the scope of any single knowledge domain, allowing both links within domains and links between different domains to be expressed by the same kinds of syntactic relationships (Austin, 1976; Gnoli & Hong, 2006; Gnoli, 2007a). A typical example is offered by a document dealing with laws governing naval operations in areas inhabited by endangered whale populations, which in a classic faceted classification could be assigned to the domain of law, military science, engineering, or ecology, while potentially relevant for each of these to different users.

FFC theory was introduced and a first scheme drafted by the Classification Research Group (CRG, 1969); an experimental system of this kind is being developed in the Integrative Levels Classification (ILC) research project, started in the Italian chapter of the International Society for Knowledge Organization and now involving researchers in several countries.

Building on various development stages and application tests in the past years, the ILC scheme currently consists of about 7,050 classes. In order to ensure some stability for interested users, a first fixed edition (ILC1) is now released on the Web <http://www.iskoi.org/ilc/>, while research continues on ILC’s development and improvement for the next edition.

The following two sections describe the structural elements recorded in the ILC1 database, as a real case for the needs of representing any freely faceted classification in order to make it exploitable for the organization, search and display of digital contents. While some structural elements are common to any knowledge classification, others are peculiar to FFC and have been identified during work on the ILC project. In the subsequent sections we discuss the display of such elements in a Web interface, as well as open problems and preliminary solutions for their representation in SKOS.
2. Elements in the notational plane

A special feature of classifications – as opposed to such other KOS types as subject headings, thesauri or taxonomies – is the coexistence with the verbal plane, that allows users to search, browse and understand concepts, of a notational plane, that allows for mechanical processing of concepts to produce systematic sorting, extraction of all occurrences of a concept in any combination, connection to broader classes, etc. (Ranganathan, 1967). Hence each structural element must be encoded in the notational plane, or in the verbal plane, or in both.

Elements encoded in the notational plane include the following:


arrays: series of coordinated classes into which the knowledge domain, or a subclass of it, is divided. For example, the array of mammals subclasses includes:



mqvtf  bats, chiroptera


mqvtg
primates



mqvtm  rodents, rodentia


mqvtn  whales, cetaceans, cetacea


[etc.]


The term array is used in this sense by Ranganathan (1967: Chapter CE), while an English tradition gives it the more restricted sense of sub-facet (Broughton, 2005). Bibliographic classifications are ordinal. That is, the notational symbol representing each class in the array (in ILC a lower case letter) is chosen in such a way as to determine its desired position in a helpful sequence. In cases where there are more available symbols than coordinated classes (in ILC 25 letters vs. 6 main “strata” of phenomena), the next degree of specificity can directly be expressed; in cases where there are more classes than available symbols, the array can be expanded indefinitely by an emptying digit (in ILC z). Thus, information on the sequence between classes is conveyed directly by notation. However, some exceptions to this may occur, like punctuation marks to be ordered in different ways than standard computer sequence (ISO/IEC 8859-1), or class spans expressed by compound notation to be filed before the corresponding simple notation (Slavic, 2008: Section 5): such cases have to be managed either by scripts at the interface level, as done for ILC, or by recording the ordinal value in an additional field of the database;


chains: hierarchies of subclasses obtained by recursive division of main classes:



m
organisms



mq

animals



mqv


chordates



mqvt



mammals


mqvtn




whales


mqvtni




dolphins


mqvtnis





Stenella

 
In expressive notations like Dewey’s decimal one, each further degree of specificity is expressed by an additional character (in ILC further letters other than z). Therefore, information on the relationship of a class with its parent broader class is contained already implicitly in the notation string, as truncated before its last character. This operation can also be done outside the database; still, even with an expressive notation, an additional field to record information on broader class is believed to be needed for the purposes of data exchange;


deictics: classes or subclasses consisting not of generic types of concepts, but of concepts like “the local one” or “yesterday” referring to actual reality, hence changing their meaning according to the current situation (Gnoli 2011). Although the term adopted for this structural element is peculiar to ILC (where it is represented by capital letters), it also covers known features in existing KO literature, like favoured classes (Ranganathan, 1967) and individual instances of a class;


facets: attributes or relationships typically occurring for a class, like “of size” or “by composer”. In expressive notations they are represented by a facet indicator, often taken from a set of indicators of general categories (in ILC digits 0 to 9). In the verbal plane, the indicators correspond to prepositions or prepositional phrases, like “by means of”. In a FFC, relationships non typical of the present class can also be used, corresponding to what are called role operators or phase relationships in disciplinary classifications. These can be represented by general categories themselves, like “from origin” or “made of element”, or by facets of more general classes in the same chain, as indicated by an appropriate facet generalizer (V, VA, VB...):


xm6   
[pY]
music by composer [relation typical of music]


pYwu

the person named Wu

xm6wu

music composed by Wu


6 

from origin [general category]


wu

automata

xmV6wu

music originated by automata


foci: the possible values taken by a facet, that is the concepts linked by the facet to its basic class. For each facet, like “in season”, an array of possible foci is usually available, like spring, summer, fall, winter;


place of definition of foci: the source from where the possible foci of a facet are drawn. This can be of three kinds (Gnoli, 2006): context-defined foci [:], that is concepts having a meaning only within the context of that facet, like organs of animals which cannot exist as separate entities; special extra-defined foci [a-z], taken from an array in another part of the system, sometimes also called parallel divisions, like the habitat of an animal taken from the array of ecosystems; or general extra-defined foci [V], consisting of any other class in the system, like the subject matter of artworks or the objects of perception. Although the typical source for the foci of a facet is defined in schedules, in some cases it may be necessary to take a focus from elsewhere, as when the region facet of a human phenomenon has Mars as its focus instead of typical terrestrial regions. The place of definition can then be neutralized by a focus generalizer (V) meaning that the following focus is taken from general classes instead of the typical source;


examples of combination: although it is a feature of faceted classification that faceted classes are obtained by combinations not all listed in schedules, some examples can be listed anyway to show how a facet works in a more intuitive way. In this case, each example combined class has to be marked as such;


subclasses of a faceted class: sometimes a concept only occurs as a subdivision of a faceted class. This Genesis problem has been identified by Broughton (2010: 274-275) in revising the UDC class for religion, and has also arisen in ILC: if js “landforms” are divided by modelling agent, like in js6i “landforms modelled by wind”, then a specific wind landform like “loess” should be a subclass of the faceted class, that has to be separated from the facet in some way. Existing classifications, however, have no notational solution for this (in ILC the separator is a colon or closing bracket: js6i:l);


groupings: in order to represent complex faceted combinations, a symbol is needed to delimit groups of facets unambiguously: various brackets are the solution adopted usually;


related classes: classes that are associated to the meaning of the present class although not part of its chain or its facets, much as related terms (RT) in thesauri. Their notation can be recorded in a separate field of the class record, allowing for their retrieval when needed. In ILC, this is the way to record the relationship of dependence on the class of a pre-existing phenomenon which logically or evolutionarily presupposes the existence of the present one, like mountains for alpinism:


xxol  alpinism, mountain climbing   «  jsm  mountains

Other kinds of related classes are theoretically possible.

3. Elements in the verbal plane

Elements encoded in the verbal plane are especially important for interaction with human users in searching, retrieving and browsing classification data. They include:


main caption: the preferred term for displaying a concept in browsable lists and in faceted combinations. It should be chosen in such a way to immediately convey the class meaning to most users, while avoiding long phrases. Captions for facets consist of prepositional phrases (see above);


synonyms: a set of one or more synonyms, also including quasi-synonyms, alternative terms used by specific communities, Latin names for biological species, expansions of acronyms used as main captions. Special kinds are alternative spellings, or even translations in the case of multilingual systems. They should all be shown in the full display of schedules, thus contributing collectively to the illustration of the meaning and scope of the class. Abundance of synonyms and quasi-synonyms will also improve search and add the features of thesauri to those of classifications, thus producing the more complete KOS type described by Bhattacharyya (1982) as a classaurus;


description: further words contributing to illustrate the definition and scope of the class. In the case of facets, this will be a general term expressing the name of the facet (in ILC in italics): e.g. “music by composer”; such a facet caption will have in turn its own description synonyms, e.g. “author, creator”;


included terms: these express concepts that are included in the class scope, but are not part of the caption, nor its synonyms, nor its subclasses within the specificity degree of the scheme, e.g. “United Arab Emirates including Abu Dhabi, Ajman, Dubai, Fujaira, Sharja”, “Baroque music including Bach, Vivaldi”;


related terms: other relevant terms not included in the above elements. In ILC, as classes are defined in terms of phenomena, the discipline typically studying that phenomenon is recorded in this way and displayed in square brackets: “birds [ornithology]”;


notes: any other information useful to explain the sense of the class, or to record references for it. It can include sources, compilers, update, etc., or separate fields may be provided for these.

4. The database and its Web interface

The above structural elements for ILC are recorded in a MySQL database hosted at the website of the Italian chapter of ISKO. Only one table is used in the database, since ILC unlike many other classifications is conceived as a one-schedule scheme: even concepts traditionally dealt with by auxiliary tables, like places, kinds of persons or document forms, are defined as classes in their own right at their appopriate integrative level. These can be used either alone (“Atlantic Ocean”, “reviews”) or connected to others as their facets (“whales, in Atlantic Ocean, treated in reviews”) while keeping the same notation so as to be retrievable by one and the same search (Gnoli, 2007b). It is indeed a feature of FFC that each class can be combined with any other.

The schedule can be browsed and navigated freely through a PHP interface <http://www.iskoi.org/ilc/ilc.php>. This allows users to display the hierarchical structures of classes and facets and the other structural elements described above. Classes can be expanded or compressed at any desired degree of specificity by what has been described as a “depth selector” (Cesanelli, pers. email), or by selecting icons beside each class.

Chains are displayed by progressive indentations, as usual for classification schedules. For each class, the different structural elements are shown in the same line by various font styles: notation is in monospaced font, to express its nature as a technical device rather than a string of natural language; the main caption and its synonyms, separated by commas, are in regular font; the description, its synonyms, and included terms are in italics; related disciplines are in square brackets; notes are only shown in the fully detailed display of a single class. While basic classes are shown in black, facets and their foci are shown in one out of ten colours, each corresponding to one of the ten general categories also expressed by the digit of the facet indicator (Gnoli, 2008). 

Other PHP interfaces have been developed for test applications, including a synthesizer of faceted verbal headings and a faceted classmark builder, that are described elsewhere (Gnoli et al., 2008).

5. Representation of ILC in SKOS

In order to make it available for use in a networked environment, ILC1 is going to be published in a standard mark-up format. The obvious choice for this seems to be the SKOS standard, specifically created to express such KOSs as thesauri and classifications in XML/RDF.

As referred in Section 1, the needs of faceted classifications have not been fully addressed in SKOS yet: hence the representation of some of the structural elements of a FFC cannot be entirely accurate. However, an approximate mapping for each field of the ILC database into SKOS classes and properties has been attempted.

The basic SKOS element corresponding to a class in a classification is a Concept. In our case, the concept can be uniquely identified by its notation. In classifications, notation expresses, among other things, the order of concepts within arrays; hence this will be encoded in the skos:notation property itself, rather than being represented explicitly. If the notation is expressive, it will also encode hierarchical chains in a similar way, although these can also be recorded explicitly by the skos:broader property. Deictics can be treated like other concepts, as their deictic nature is represented in the presence of capital letters within notation. In the verbal plane, each concept will be expressed by its main caption (prefLabel) and synonyms (altLabel). Therefore, a basic class with notation, main caption and synonyms like

mqvtn  whales, cetaceans, cetacea
can be represented in SKOS (TURTLE syntax) as follows:

ilc:mqvtn rdf:type skos:Concept;


skos:notation "mqvtn"^^ilc:ILCNotation;


skos:broader ilc:mqvt;


skos:prefLabel "whales"@en;


skos:altLabel "cetaceans"@en;


skos:altLabel "cetacea"@en.

Although no SKOS property is specific for facets, a facet can be treated as a particular kind of class, having its basic class as a broader class. For example, the above class mqvtn “whales” has the place facet

mqvtn2 [jU]  in area

that can be represented as follows:

ilc:mqvtn2 rdf:type skos:Concept;

skos:notation "mqvtn2"^^ilc:ILCNotation;


skos:prefLabel "in"@en;


skos:altLabel "area"@en;


skos:broader ilc:mqvtn;


skos:broader ilc:2;


skos:related ilc:jU.

Notice that the general category of place facets, 2, has been treated as another broader class of mqvtn2, to express the fact that it is a place facet rather than e.g. a process facet or an origin facet. That is, the facet mqvtn2 “whales, in area” is seen as both a subclass of mqvtn “whales” and a subclass of 2 “in place”. In this model, faceted classifications are represented as polyhierarchical trees, where each facet node has a parent node in the tree of basic classes, plus one additional node in the tree of categories. Also notice that the facet name, “area”, has been recorded here as an alternative label. An alternative approach for facets could be the use of skos:collection classes; however, as these are conceived for representing node labels in thesauri, they are not defined as meaningful concepts in their own right, which would not allow to link them with general categories.

Of foci, only context-defined ones need to be represented, while combinations of basic classes with foci from other classes, such as “whales, in Atlantic Ocean”, are not to be listed in the schedules nor in their SKOS representation, as a consequence of what has been said in Section 2. Context-defined foci, like


mqvtnspm5s  spermaceti organ, spermaceti case 

being an organ exclusive of mqvtnspm sperm whales, can be represented in the same way as basic classes in our first example above:

ilc:mqvtnspm5s rdf:type skos:Concept;


skos:notation "mqvtnspm5s"^^ilc:ILCNotation;


skos:broader ilc:mqvtnspm5;


skos:prefLabel "spermaceti organ"@en;


skos:altLabel "spermaceti case"@en.

Representing place of definition of foci is especially problematic in SKOS. In the second example above, foci for the facet mqvt2 are defined in the (deictic) class jU “regions of the contemporary Earth”. This has been provisionally represented as a related class, but such solution does not account specifically for the fact that foci of mqvtn2 should be looked for in that class. For this purpose, definition of some specific extension of skos:related seems to be necessary. At present, the same property has to be used both for place of definition of foci and for related classes of other kinds, like dependence relationships. The convention can be adopted that, while related classes of facets are to be interpreted as places of definition of foci, related classes of basic classes are to be interpreted as standing in dependence relationship with them.

Verbal elements other than main captions and synonyms, such as descriptions, description synonyms, included terms and related terms like discipline, all are to be represented by skos:note and its specializations skos:example, skos:definition or skos:scopeNote. We propose to use skos:scopeNote for descriptions and description synonyms, skos:example for included terms, and skos:definition for any other notes. Clearly these are but approximations of the meaning of structural elements as outlined in Section 3:

xmsb  baroque music, baroque era including Bach, Vivaldi
ilc:xmsb rdf:type skos:Concept;


skos:notation "xmsb"^^ilc:ILCNotation;


skos:broader ilc:xms;


skos:prefLabel "baroque music"@en;


skos:altLabel "baroque era"@en;


skos:example "Bach"@en;


skos:example "Vivaldi"@en.

6. Conclusions

Freely faceted classifications include a number of structural elements, both in the notational plane and in the verbal plane. Some of these, like notation, main caption and synonyms, are shared with other KOS types, and have been provided for in mark-up languages like SKOS. Other elements, however, are specific to faceted classifications, or even only to some of them. These specific elements are often difficult to represent accurately in currently available mark-up languages, and require either approximation in representation or definition of local extensions.

We have seen how some structural elements (hierarchy of chains, order within arrays, the deictic or facet nature of a class) can be expressed within the notation of a class that is represented as a single SKOS property, rather than each element being explicitly encoded in any more specific SKOS property. This means that for classifications, especially if expressive and faceted, representation will be implemented at several layers: notation itself already is a device for representing some structural information, while database structure and encoding in XML/RDF (in particular, SKOS) are needed to represent the remaining information, especially equivalences between the notational and the verbal plane and relationships with other classes. While the latter layers can be exploited by semantic Web tools such as SPARQL queries, the former layers are to be exploited by tools able to parse notational structures (e.g. to identify facet indicators, foci, deictics, etc.) such as PHP string functions, as done in the ILC project (Gnoli & Hong, 2006).

All this shows how faceted classifications are especially complex and rich systems, with additional features not present in other KOSs, that require special treatment if their potential is to be exploited fully.

Although this attempt to produce a SKOS edition of ILC can be a first solution to make the KOS available on the Web, it should be later improved in order to faithfully represent the function of each structural element of a freely faceted classification as illustrated in this paper.

References

Austin, D. (1976). The CRG research into a freely faceted scheme. In: Classification in the 1970s: a second look. Edited by A. Maltby. London: Bingley, pp. 158-194.

Bhattacharyya, G. (1982). Classaurus: its fundamentals, design and use. In: Universal classification subject analysis and ordering systems: proceedings of the 4th International Study Conference on Classification Research. Edited by I. Dahlberg. Frankfurt am Main: Indeks, pp. 139-140.

Brickley, D. (2009). Open Web standards and classification: foundations for a hybrid approach. Keynote address at: UDC Seminar 2009: Classification at a crossroads: multiple directions to usability, The Hague, 29-30 October 2009. Abstract, slides and audio recording available at: http://www.udcc.org/seminar2009/.

Broughton, V. (2006). The need for a faceted classification as the basis of all methods of information retrieval. Aslib Proceedings, 58 (1-2), pp. 49-72.

Broughton, V. (2010). Concepts and terms in the faceted classification: the case of UDC. Knowledge Organization, 37 (4), pp. 270-279.

CRG: Classification Research Group (1969). Classification and information control. London: Library Association.

Gnoli, C. (2006). The meaning of facets in nondisciplinary classifications. In: Knowledge organization for a global learning society: proceedings of the Ninth International ISKO Conference, 4-7 July 2006, Vienna. Edited by G. Budin, C. Swertz, K. Mitgutsch. Würzburg: Ergon, pp. 11-18.

Gnoli, C.; Hong M. (2006). Freely faceted classification for Web-based information retrieval. New Review of Hypermedia & Multimedia, 12 (1), pp. 63-81.

Gnoli, C. (2007a). "Classic" vs. "freely" faceted classification. Presentation at ISKO UK open meeting: Ranganathan revisited: facets for the future, London, 5 November 2007. Abstract, slides, and audio recording available at: http://www.iskouk.org/ kokonov2007.htm.

Gnoli, C. (2007b). Progress in synthetic classification: towards unique definition of concepts. Paper presented at: Information access for the global community: an international seminar on the Universal decimal classification, The Hague, 4-5 June 2007. Extensions & corrections to the UDC, 29, pp. 167-182. Available at: http://arizona.openrepository.com/arizona/handle/10150/105614.

Gnoli, C. (2008). Categories and facets in integrative levels. Axiomathes, 18 (2), pp. 177-192.

Gnoli, C. (2011). Animals belonging to the emperor: enabling viewpoint warrant in classification. In Looking at the past and preparing for the future: proceedings IFLA satellite meeting on Classification and subject indexing, Florence, 20-21 August 2009. Edited by L. Bultrini & P. Landry. Saur-de Gruyter.

Gnoli, C.; Merli, G.; Pavan, G.; Bernuzzi, E.; Priano, M. (2008). Freely faceted classification for a Web-based bibliographic archive: the BioAcoustic Reference Database. In: Wissensspeicher in digitalen Räumen: Nachhaltigkeit, Verfügbarkeit, semantische Interoperabilität: Proceedings der 11. Tagung der Deutschen Sektion der Internationalen Gesellschaft für Wissenorganisation, Konstanz, 20. bis 22. Februar 2008. Edited by J. Sieglerschmidt & H.-P. Ohly. Würzburg: Ergon, pp. 124-134. Available at: http://arizona.openrepository.com/arizona/handle/10150/106114.

Miles, A., raiser (2008). Concept coordination. W3C Semantic Web Deployment working group, issue 40. Available at: http://www.w3.org/2006/07/SWD/track/issues/40.

Ranganathan, S. R. (1967). Prolegomena to library classification. 3rd ed. Bangalore: SRELS.

Slavic, A.; Cordeiro, M. I. (2004). Core requirements for automation of analytico-synthetic classifications. In: Knowledge organization and the global society: proceedings of the Eight International ISKO Conference, 13-16 July 2004, London. Edited by I.C. McIlwaine. Würzburg: Ergon. (Advances in knowledge organization 9), pp. 187-192. Available at: http://dlist.arizona.edu/arizona/handle/10150/105814.

Slavic, A.; Cordeiro, M. I. (2005). Sharing and re-use of classification systems: the need for a common data model. Signum,, 37 (8): pp. 19-24. Available at: http://dlist.arizona.edu/arizona/handle/10150/105132.

Slavic, A. (2008). Faceted classification: management and use. Axiomathes, 18 (2): pp. 257-271.

Zeng, M. L.; Panzer, M.; Salaba, A. (2010). Expressing classification schemes with OWL2. In: Paradigms and conceptual systems for knowledge organization: proceedings of the Eleventh International ISKO Conference, 23-26 February 2010, Rome. Edited by C. Gnoli & F. Mazzocchi. Würzburg: Ergon. (Advances in knowledge organization 12), pp. 356-362.

About authors

All the authors of this paper participate in various ways in the Integrative Levels Classification research project. Claudio Gnoli and Philippe Cousson are librarians interested in classification, respectively at the University of Pavia and the Lycée Guérin in Poitiers. Tom Pullman is interested in applications of knowledge organization to research management and evalutation at the University of Cambridge, and elsewhere. Gabriele Merli is a computer scientist at the University of Pavia, dealing with ILC database management. Rick Szostak is professor of economics at the University of Alberta, and has published books and papers concerning classification theory, especially for the social sciences.

