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Core requirements for automation of analytico-synthetic classifications 


Abstract: The paper analyses the importance of data presentation and modelling and its role in improving the management, use and exchange of analytico-synthetic classifications in automated systems. Inefficiencies, in this respect, hinder the automation of classification systems that offer the possibility of building compound index/search terms. The lack of machine readable data expressing the semantics and structure of a classification vocabulary has negative effects on information management and retrieval, thus restricting the potential of both automated systems and classifications themselves. The authors analysed the data representation structure of three general analytico-synthetic classification systems (BC2-Bliss Bibliographic Classification; BSO-Broad System of Ordering; UDC-Universal Decimal Classification) and put forward some core requirements for classification data representation. 


1 Introduction
The potential of bibliographic classifications in information retrieval (IR) has been defended in literature for decades and is currently recognized beyond the traditional library field, e.g. in relation to Internet search and retrieval services, especially in the case of faceted classifications (Ellis & Vasconselos, 2000; Devadason et al., 2002). Many portals and gateways are now looking for different interactive IR techniques, notably browsing, beyond the usual query-type IR functions. Browsing facilities and in-context post-coordinate searching are functions for which fully automated classification structures can be useful. 
Classification systems that can best fulfil these objectives are known as analytico-synthetic classifications. Instead of simply listing ready-made subject classes in a purely enumerative way, analytico-synthetic classifications offer concept representations as building blocks that can be freely combined in indexing and consequently freely combined in searching. 
In classifications, this concept based approach was first used in the UDC in 1905. It gained full recognition when reinforced with the postulates of facet analysis, by Ranganathan in the 1930s, and was further developed by the UK Classification Research Group (UK CRG). Currently, there are a number of universal and special faceted classifications that function as analytico-synthetic systems. In library and information science the term faceted classification is usually used in a very strict sense, associated with classifications built on theoretical postulates such as Ranganathan's personality-matter-energy-space-time (PMEST) or based on CRG postulates thing-kind-part-property-material-process-operation-patient-product-byproduct-agent-place-time, as in BC2. In IR, however, the organization of vocabulary into mutually exclusive vocabulary facets becomes an especially useful technique even when it does not involve the fundamental postulates mentioned above. 

2  Issues in automation of classification data
Automation of classification systems spans three major areas: i) automation of schedules for vocabulary management and distribution; ii) automation of the classification system for indexing and retrieval and information exchange; and iii) automation of the classification process including tools for machine assisted or automatic classification. Each of these areas relies on the availability of classification data in a properly structured and machine-readable format. In practice, however, the automation of classification schemes has largely been motivated by the production of printed schedules, thus not providing all of the above functions.
Subsequently, the automation of classification in bibliographic systems has been very limited, both in management functions and in the exploitation of classifications in OPACs for retrieval purposes. The functionalities needed to fully exploit the features of classifications in IR have been insufficiently developed, in general. This is especially the case with analytico-synthetic classifications, because their structure requires a level of formality in data representation that is more demanding than that of purely enumerative schemes. 
There are three levels of formality that should be considered for classification management through automated means. The first is the formalization of intellectual requirements: the clear statement of principles, rules and methods applied to develop the classification scheme. Appropriate documentation on this level provides the basis for consistency checking and validation throughout the scheme. Notably, this will facilitate a data model design that fits established principles and rules. The second level of formality is data model requirements. This level defines the type of entities, properties and relationships that need to be considered. The third level is that of data representation, i.e., the data structure within which the classification data will be handled. The features of the data structure, usually referred to as the format are crucial in meeting the necessary functionalities. 
Many of the problems we encounter on the level of data structure are a direct consequence of the higher levels – intellectual requirements and data model – being ignored or poorly addressed. It is out of the scope of this paper to analyse the reason behind this. It is important, however, not to lose sight of the larger context when discussing data structure problems. One major problem in analytico-synthetic classifications at this level is the lack of formality to explicitly declare all their features. As a consequence, there have been severe limitations to their exploitation, especially for IR. 
Since the 1980s, several authors have pointed out a lack of sufficiently detailed component representation in complex notations, thus not allowing retrieval and management at the level of each component. In fact, it has often been emphasised that providing facet indicators (i.e. symbols to identify facets to which the concepts belong) is paramount for automation of the classification and for IR (Goedert, 1991; Pollitt & Tinker, 2000). It has been said that classifications such as UDC and Colon Classification (CC) have many advantages, because they have declared syntax marks upon which to base tools for automated functions (Buxton, 1990; Gopinath, Prasad, 1994; Madalli, Prasad, 2002). However, in spite of these advantages, data structures adopted for automation do not make use of such syntax marks, rather treating classification notations as simple text strings. This is the case, for example, of the data structures provided for classification data in MARC bibliographic formats, to mention the most relevant domain where classifications have been used. 
One strategy to overcome the limitations of the text string approach has been the decomposition of complex notations on the basis of notation syntax (Liu, 1996; Riesthuis, 1997). An alternative strategy that we defend as a more sound approach is an enhanced encoding of classification data at its source, advocated since the 1980s (Wayenberg, 1983; Goedert, 1991; Buxton, 1990; Pollitt & Tinker, 2000). While recognized as a vital aspect of classification automation, this approach has not been explored in practical terms and the theoretical basis of such enriched encoding requires further discussion (Cordeiro & Slavic, 2002). Such a basis has to be found, initially, in the representational characteristics of classification systems themselves.


3  Representation in synthesised classification numbers 
In classification systems, notations usually bring together semantic content and syntax. This is the main source of structured classification data. Representation of concepts is the ultimate formalisation of the content and its expressiveness, i.e., the level of explicit declaration of units influences the rules and attainability of a complete automation. In this section we analyse the characteristics of three classification schemes with respect to the forms of representation they use for synthesised classmarks. 
Typically, analytico-synthetic classifications will allow the following levels of synthesis: i) combination of concepts from main schedules with general concepts in auxiliary schedules (common facets in BSO, and common auxiliary schedules in BC2 and UDC); ii) building composite classmarks from two subfacets of common auxiliary facets; iii) building composite classmarks from facets and subfacets within main schedules; iv) building composite classmarks with external subjects. In any of these cases, the resulting notations may show different patterns of component representation, either in morphological, syntactical or semantic terms. 
It is important to understand such patterns in order to foresee and address data structure issues. We tried to categorize the different compositional types of synthesized classmarks, inspired by the structural patterns of classification notation devised by Vickery: i) aggregates, when components can be separated into two or more parts each of which has constant meaning; ii) agglutinates, when two or more components have constant meaning but cannot be used independently; and iii) amalgamates, when the meaning of some components is not constant but is dependent of the pattern of the whole (Vickery, 1952:17-18). 
Our framework of analysis is depicted in Fig 1 which shows, for each representation pattern, the level of suitability for straightforward automation in terms of the following desirable component attributes: independence/reusability; expressiveness/completeness of semantic value; and syntax declaration: 
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Fig.1 Categorization of synthesized representation forms

With respect to modelling of classification data, aggregates are the representation form most suitable for automation as they exhibit all the required attributes in an explicit manner. Aggregates usually assure persistency and consistency throughout the system, as they are ‘visible’ and understandable by both producers and users of the system. Agglutinates and, especially, amalgamates, pose problems to automation in that their patterns are essentially implicit, thus requiring the help of documentation that states system rules in order to turn component attributes explicit for automated processing tasks. In these cases, the result will depend on the consistency and formality (predictability) of notations throughout the system. In fact, agglutinates and amalgamates are more prone to inconsistencies as the applied rules may not be ‘visible’ to the human eye through the notation itself. 
Classification systems differ in the way they express their semantics and syntax within notation.  Additionally, classification systems often deploy a combination of approaches. This is the case with the three classifications analysed here: BC2, BSO and UDC. From an overall perspective, however, these systems show clearly distinct characteristics in the light of the above framework. It is not the intent of this paper to describe and explain all features of these classification systems, and even less so, to elaborate on the justification or usefulness of each feature. Rather, our objective is just to identify the predominant patterns in each case and illustrate the issues with some examples. Fig. 2 shows a broad comparison; the darker the shade of grey indicating a stronger predominance of given representation forms. 
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Fig. 2 Comparison of predominant forms of synthesized representations

One example, BC2 and UDC, helps to see some practical differences where in the first case the subject is represented as an amalgamate and in the second case as an agglutinate:
BC2 SYNTHESIS
UDC SYNTHESIS
PB
PBK		Sacred books
…
PIJ		Vedic religion
PIJ BK			Sacred books 
PIJ C 				Samhitas 
PIJ D					Trayi Vidya
2-2 [spec. auxiliary table]
2-24		Sacred books 
…
231		Vedism
231-24			Sacred books 
231-242				Samhitas 
231-242.2					Trayi Vidya

The class hierarchy: Sacred books - Samhitas - Trayi Vidya is not explicit in BC2 notation but is fully recorded in UDC. In BC2, two classmarks (from two facets) are synthesized by omitting two letters BK in front of C and D, to make the notation shorter (the general rule is to omit only the first letter when two classes are combined). Also, there is no indicator that the BC2 classmark is a combination. In UDC, Sacred books is listed in the facet: Evidences of religion which is formalised as a special auxiliary table in class 2 Religion that starts with indicator -2. The indicator of combination is “–“ (hyphen) which precedes every combination with facets from special auxiliary tables, and this rule is applicable to the entire system. 
In BC2 the primary requirement for notation is to have an "ordinal value" as its only purpose is to "maintain the order of classes in mechanical fashion" while it seems appropriate "to allocate notation purely with a view to its maximum effectiveness in visual scanning and to assume that any problem that this raises for machine use are best left to the programmers to resolve" (Mills & Broughton, 1977: 46). BSO shares the same thinking behind its notational representation but its compilers have admitted that this approach is meant for "human use only" and may not be suitable for automation: "For computer search all these matters must be explicit in notation. Such a fully expressive notation would be far too long and complex for direct use by human beings." (Coates & Lloyd & Simandl, 1979: 49). UDC, on the other hand, has highly expressive notation. It is often said to be too long and complicated as it records semantic and syntax indicators (similar to CC), a feature that may be cumbersome for shelf ordering but is ideal for machine processing and the automation of number building.




4  Summary of core requirements
From the compositional characteristics of classification systems it is clear that all data required for automation is not always present in notation and that some forms of representation are more amenable to translation to a machine-readable format than others. In order to specify core requirements for data formats, it is important to identify the compositional elements irrespective of whether or not they are explicitly contained in notation. For instance, the facet synthesis that in BC2 and BSO is an amalgamate representation for the user - should become at least an aggregate in terms of internal system representation. This means that the additional data has to be collected and recorded, and only from this basis may intelligent functionality be developed. 
So far we have tackled the central, and most obvious, requirement for the automation of analytico-synthetic classifications: the need to fully declare and encode each compositional element of a synthesized notation. This requirement translates a fundamental principle underpinning automation: the independence and integrity of data elements. Based on our experience with UDC automation and of the Facet Analytical Theory in Managing Knowledge Structure project (http://www.ucl.ac.uk/fatks/), other requirements go along with this line of thought. These are: i) clear encoding of facet types and their rules, to support IR and sorting functions; ii) consistency of facet data identification and content, to support verification and validation procedures; iii) encoding of semantic relationships, to support procedures based on semantic inheritance (i.e. notation independent encoding of the class hierarchy). 
All these requirements imply sophisticated data structures that are far from being adopted practice, especially if we recall the most common approach – treating notations as text strings – as mentioned at the beginning. MARC formats for classification data, for instance, are quite recent and in many respects do not comply with stated requirements. This is also the case with the UNIMARC Classification Format, for which there is yet no provision for encoding discrete elements of synthesized notations, which is essential for post-coordinate searching for meaningful individual elements (Concise UNIMARC Classification Format, 2000). Common understanding and a statement of the above requirements would enable the construction of a conceptual model against which a standard data structure for analytico-synthetic classifications could be defined. Such a standard would, in turn, help to distribute, share, manage and exploit classification data to its full potential in a normalized way. 
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