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Abstract: The Functional Requirements for Subject Authority Data (FRSAD) conceptual model identifies entities, attributes and relationships as they relate to subject authority data. FRSAD includes two main entities, thema (any entity used as a subject of a work) and nomen (any sign or sequence of signs that a thema is known by, referred to, or addressed as). In a given controlled vocabulary and within a domain, a nomen is the appellation of only one thema. The authors consider the question, can the FRSAD conceptual model be extended beyond controlled vocabularies (its original focus) to model classification data?  Models that are developed based on the structures and functions of controlled vocabularies (such as thesauri and subject heading systems) often need to be adjusted or extended to accommodate classification systems that have been developed with different focused functions, structures and fundamental theories. The Dewey Decimal Classification (DDC) system is used as a case study to test applicability of the FRSAD model for classification data, and as a springboard for a general discussion of issues related to the use of FRSAD for the representation of classification data.
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1. Introduction
Models that are developed based on the structures and functions of controlled vocabularies (such as thesauri and subject heading systems) often need to be adjusted or extended to accommodate classification systems that have been developed with different focused functions, structures and fundamental theories. Attempts to use thesaural frameworks to model classification data have exposed incompatibilities between the models needed for the two kinds of data, starting with the early attempts to extend the MARC Format for Authority Data to classification data (Guenther, 1992), to more recent efforts related to the Dewey Decimal Classification (DDC)[footnoteRef:1] system. Researchers and editors of the DDC have been actively studying and experimenting with newly developed models and technologies that have emerged with the rise of the Semantic Web during the last five years. These efforts include exploring expressing DDC data with SKOS (Panzer, 2008; Panzer & Zeng, 2009) and OWL (Zeng, Panzer & Salaba, 2010). In studying SKOS, a well-developed Web language for encoding controlled vocabularies, it is found that certain extensions have to be made for classification systems in general and the DDC in particular. While some issues can be resolved with a Dewey-specific extension (e.g., to distinguish non-assignable from assignable concepts, to express index entries, to handle special note types), other issues touch upon the fundamentals of classification systems when, for instance, the derivation of a new ontological representation of the DDC is proposed in order to express its rich structure in the Semantic Web way (Green & Panzer, 2010).  [1:  DDC, Dewey, Dewey Decimal Classification and WebDewey are registered trademarks of OCLC Online Computer Library Center, Inc.] 

2. FRSAD model
These same issues are also found when the conceptual model of the Functional Requirements for Subject Authority Data (FRSAD) is introduced. The FRSAD model identifies entities, attributes and relationships as they relate to subject authority data (FRSAR, 2010). It includes two main entities, thema (any entity used as a subject of a work) and nomen (any sign or sequence of signs that a thema is known by, referred to or addressed as). While the “has appellation” relationship in general is many-to-many, in a given controlled vocabulary and within a domain, a nomen should be an appellation of only one thema. The FRSAD conceptual model is summarized in figure 1.
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Figure 1: FRSAD conceptual model
In the FRSAD model, there are two general attributes defined for themas, thema type and scope note. Additional attributes may be defined in a specific implementation. A wider set of attributes for nomens is defined in the model: type of nomen, scheme, reference source, representation, language, script, script conversion, form, time of validity, audience and status. Again, additional attributes may be defined in a specific implementation. The FRSAD model also provides for relationships between different types of entities and entities of the same type.
The question is, can the FRSAD conceptual model be extended beyond controlled vocabularies (its original focus) to model classification data?  We will limit our discussion to the adequacy of the FRSAD conceptual model for representing classification data, and the relationships between classification data and other subject data modeled using FRSAD. Work-thema relationships are not considered at length in this study. 
At a top level, a classification system fits the FRSAD conceptual model in that each class corresponds to a thema, and the notation associated with the class is the nomen. We can expand on that characterization by describing the thema/class as the full category description, and the nomen/notation as the symbols (or surrogates) used to represent the full category description. Any topic co-extensive with the full meaning of the class is a thema. Nomens may include the notation and/or URI for the class, the caption of the class in its full hierarchical context, or any index term that is defined as equivalent to the full category description of the class. 
There are relationships within classes and across classes that can be expressed at the nomen and thema level. A given classification system may have thema-to-thema relationships within the system; however, the question whether “thema” can also be used to represent discrete topics that may be members of classes, but are not equivalent to the whole of the class, has yet to be investigated. In our proposed implementation of the FRSAD model for classification data, we reserve “thema” for those topics/descriptions equivalent to the full class. In other words, discrete topics that are members of a class but not equivalent to the full meaning of the class might be identified individually as themas in other controlled vocabularies (including in vocabularies associated with a classification scheme but modeled separately), but they have not been considered themas in applying the FRSAD model to classification systems. 
3. DDC case study
We will use the DDC system as a case study to test applicability of the FRSAD model for classification data. The system uses an internal data representation based on the MARC 21 formats for Classification and Authority data; there is also a SKOS representation of DDC data. Currently we define any Dewey class (e.g., 340 Law) as corresponding to a thema. Nomens include class notation or surrogates, e.g., “340” (class notation), “http://dewey.info/class/340/” (URI), “Social sciences/Law” (caption in the full hierarchical context). 
For example, DDC class 025.04 Information storage and retrieval systems in figure 2 is a thema in the DDC. The main nomen for the class is 025.04. The caption in its full hierarchical context serves as an alternative nomen for the class:  Computer science, information & general works/Library & information sciences/Operations of libraries, archives, information centers/Information storage and retrieval systems.
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Figure 2: DDC class 025.04
Source: WebDewey
Nomen-thema pairs need to be contextualized in terms of edition (where edition is “edition + language”), timestamp within edition, and standard/optional class status. For example, the class 025.4 in figure 2 is a standard DDC class, and was retrieved from the English-language version of DDC 22 in WebDewey on 15 May 2011. Edition, version, and other data can be included as part of scheme attribute; timestamp can be modeled as time of validity attribute. The class status (standard/optional) can be included as an additional nomen status value or modeled as an additional implementation-specific attribute of nomen. The decision will depend on the functions that need to be supported. 
There are complex relationships within and between classes in the DDC data (Mitchell, 2001; Green & Panzer, 2010, 2011) that must be accommodated by the model. The notes are part of the full category description of the class. In the example in figure 2, the first two notes describe the relationship of topics to the thema. The first note type, the including note, contains topics that are not considered equivalent to the class. In the DDC, these topics are said to be in “standing room,” a term characterizing a topic without sufficient literature to have its own class, and considerably narrower in scope than the class at hand. In applying the FRSAD model to the DDC, we treat the including note as a scope note (one of the attributes of a thema). The topics in the including notes may be themas in other controlled vocabularies, but cannot be characterized as such in the FRSAD conceptual model of the DDC. For example, the topic “recall” in the including note associated with 025.04 is simply part of a scope note. “Recall” may be a thema in another controlled vocabulary. In the context of the thema represented by 025.04, “recall” then would be an external nomen for an external thema.
The second note type, the class-here note, contains topics that are functionally equivalent to the class. Topics identified in class-here notes may be broader or narrower than the full category description, but are said to “approximate the whole” of the class. In the FRSAD conceptual model of the DDC, topics in class-here notes are considered alternative nomens for the class/thema.
The next five notes address thema-thema relationships. The first (“Class aspects . . .”) and fifth (“See also . . .”) express an associative relationship between the class 025.04 and the other classes mentioned. The three see references (the notes beginning with “For”) express a hierarchical relationship between class 025.04 and the other classes specified. The last note, the See Manual note, is a reference to an explanatory note in the Manual that pertains to this class. In our model, we treat Manual notes as scope notes associated with the thema addressed by the note.
There are also complex relationships between index terms and DDC classes (Green, 2008) that must be accommodated by the model. In figure 3, we see the terms from the Relative Index associated with the class 025.04.
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Figure 3: Relative Index terms associated with class 025.04
Source: WebDewey
Some of the Relative Index terms are alternative nomens for the thema 025.04 Information storage and retrieval systems, because they are already defined in the category description for 025.04 as having an equivalence relationship to the class: Data bases, Databases, Databases—information science, Front-end systems, Front-end systems—information science,  and Information storage and retrieval systems. Some are topics explicitly listed in the including note, e.g., Precision (Information science). As such, they are defined as being in standing room in class 025.04 and therefore cannot be used as alternative nomens for the class because they are not equivalent to 025.04 Information storage and retrieval systems. Others have no relationship explicitly stated to the class, e.g., Full-text databases. We cannot accommodate them within the conceptual model beyond saying that they contribute to defining the scope of the thema 025.04 Information storage and retrieval systems.
Figure 3 illustrates the set of index terms associated with class 025.04 within the context of that class. The DDC uses an internal data representation based on the MARC 21 Format for Authority Data to represent each entry in the Relative Index. We can use the information in individual index authority records to make additional assertions about the relationship of some of the ambiguous Relative Index terms to the thema 025.04.  
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Figure 4. Internal record for the DDC Relative Index term “Databanks”
Figure 4 contains the record for the index term “Databanks.”  While that term is not explicitly mentioned in the caption or notes associated with class 025.04, there is a semantic relationship stated between the index term “Databanks” and the index term “Databases”; the latter is the preferred form for the former.[footnoteRef:2]  We can use the information from the Relative Index records associated with the two terms to identify “Databanks” as an alternative nomen for the thema 025.04. [2:  The DDC uses the see-also relationship in the Relative Index between index terms to lead to a synonym, broader term or related term.  The synonym relationship is represented by the 260 field (complex see reference, in this case signifying “USE” in the DDC) before “Databases” and the inclusion of the “a” (reference not displayed, in this case signifying UF in the DDC) in fourth character position of subfield $w before “Databanks” in the record for “Databases”:                       550 ##  $w |||a $a Databanks $0 (OCoLC-D)och00035978 $2 20 $9 ra=AP $9 rv=PE. 
   
   ] 

4. Conclusion and future work
The initial DDC case study provides a springboard for a general discussion of issues related to the use of FRSAD for the representation of classification data, and further testing of the model against other classification schemes. At a top level, the following statements can be applied to any classification scheme within the FRSAD model: 

· each class corresponds to a thema
· the notation associated with the class is the nomen
· the thema  is the full category description of the class
· the nomen is the symbol (or surrogate) used to represent the full category description

The DDC case study illustrates how an understanding of the semantic relationships within a classification scheme is required in order to make additional statements with respect to what can be considered equivalent to the full category description of the class (thema) and what can be considered as a surrogate to represent the full category description (nomen).

Our future work is two-fold: (1) extension of DDC modeling to investigate issues associated with translations of the DDC and mapped controlled vocabularies, and (2) experimentation with modeling other classification schemes. With respect to the latter, we plan to test the model against schemes that are more enumerative (e.g., Library of Congress Classification) or faceted (e.g., Universal Decimal Classification) than the DDC to see if additional issues emerge with respect to different structures. We also plan to investigate issues that might emerge with modeling a scheme developed outside an Anglophone viewpoint such as the Chinese Library Classification. All work is motivated by a desire to exploit the potential of general classification schemes as multilingual, multicultural hubs to facilitate information exchange on the Semantic Web.
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