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�Foreword  

The preparation of this European Prestandard was undertaken by Project Team 003 of CEN/TC 251 'Medical Informatics' and covered by the European Commission order voucher BT-IT-208.  

The Draft European Prestandard was approved by CEN/TC 251 at its ...th meeting on 1995-xx-xx.

The normative elements of this European Prestandard are clauses 1 to 6 and the related Annexes C and D.

The reader should be familiar with the content of the informative elements in the Introduction and in the Annexes A and B before reading the normative elements.

0	Introduction  

Computer-based processing and interchange of medical information use various kinds of terminological systems, such as controlled vocabularies, classifications, nomenclatures, terminologies and thesauri, either including or not coding schemes ó to represent that information. 

The peculiarities in the field of medical informatics are

-†availability of a large number of specialized terminological systems;

-†a large overlap among the subject fields involved;

-†a large number of codes and rubrics, typically in the order of magnitude of 10 000 or 100 000 entries, in commonly used terminological systems;

-†increasing re-use of coded data in different health-care contexts.

The integration of computer-based medical records and administrative information systems require rationalization in the field, and a uniform way to describe the information model and the content of codes and rubrics, with the additional constraint that it is not possible to impose a rigid uniform standardized language to the health-care providers.

The organization and content of a terminological system can be synthetically described by its global 'categorial structure' as defined in this European Prestandard (a few high-level semantic categories and their organization, instead of thousands of concepts), in order to

-†facilitate maintenance of terminological systems;

-†increase regularity and coherence of each terminological system;

-†allow systematic cross-references between items of different terminological systems;

-†facilitate convergence among terminological systems;

-†provide elements for negotiation about integration of terminological systems into information systems between the respective developers.

For a faster achievement of these goals, a series of specific European Prestandards on various subject fields relevant to health-care information processing will use the present European Prestandard to describe a set of categorial structures in partially overlapping subject fields. After adequate field testing, revision and integration, these European Prestandards will provide a comprehensive basis for systematic development of computer-based terminological systems in health-care.

0.1	Role of terminological systems in the health-care information systems

Terminological systems restrict and regularize routine language for more effective information processing and transmission. One class of terminological systems used in health-care communication is the class of coding systems, although codes are not an essential component of modern computer-based terminological systems. Very many computer systems manage and transmit information as coded fields in data bases or coded entries in messages without regard for their meaning or their possible internal organization: such applications treat codes and rubrics as 'packed' information. 

Packed information is considered by such applications as indivisible. It can be presented to the user, or it can be used as a pointer to tables containing further information but it cannot be unpacked. 

This fact was recognized by the existence of data types such as 'coded entry' as distinct from other data types such as 'free text', 'date', or 'numeric' values in many information systems. Interpretation of the meaning of such packed data is left to the human users; information contained in a code can be unpacked and rearranged by specialized software. 

There is a need for such specialized applications to be able to look 'inside the codes', i.e. to deal with more of the meanings that the codes involve. Newer computer-based information systems are increasingly extending the life-time and the availability of data. One of the major consequences of this change is that there is a demand for re-use of data generated in one application by other applications. 

'Interworking' among heterogeneous applications is essential to the successful development of medical informatics. Different applications almost always need to organize information in different ways, and hence usually use specific terminological systems. To communicate, they need to code data according to various coding systems or possibly according to different views of the same coding system, i.e. different coding schemes. 

Hence one must map coded data between environments with different underlying data models and different coding systems and maintain alternative views of the same coding systems. Such mappings and alternative views are large and complex; simple one-to-one correspondence is rare. Manually constructed look-up tables are large, error-prone to construct, and costly to maintain. 

Furthermore, computer-based information systems are increasingly being extended into areas such as decision support, quality assurance, hazard warning, and intelligent user interfaces, which applications require access to the details of the information traditionally packed in 'codes'. 

Such computer applications also demand more consistency and accuracy in the organization of the terminological systems and the mappings among them than has been required of traditional terminological systems intended primarily for human interpretation. Human interpreters can often compensate for imprecision in organization or mappings through their understanding of the meaning of the rubrics and of the overall context and use of the terminological system. Computers have no such understanding. Computer interpretation is entirely dependent on the formal representation of the systems of concepts (as defined by International Organization for Standardization, ISO) ó on which the terminological systems are built. 

Since more depends on them, and since there are fewer means to compensate for imprecision, there are now greater demands than before for accuracy and consistency in the representation of systems of concepts and in mappings between them. To achieve such accuracy and consistency, a formal account of the information encapsulated and the organization of the systems of concepts is required. 

0.2	Representation of systems of concepts: concepts, terms and codes 

Concepts can be referred to by language or represented by formal symbols (concept representations). 

Concept representations about a given subject field may be organized in a coherent system, a 'concept-representation system' which reflects the 'system of concepts' and replaces it for normal purposes.

Two functions are fulfilled by concept-representation systems:

-†'how to express and delimit' a concept;

-†'how to manipulate' the concept representations (in particular, by computer).

Focusing on the first function, terms and terminological phrases are linguistic expressions which refer to concepts. A definition is an attempt to capture the essence of the concept referred to by a term or a terminological phrase in a language which is unambiguous for a human interpreter. For example, most of this European Prestandard is concerned with terms and terminological phrases to represent concepts used in medical informatics, and with their definitions.

Focusing on the second function, the formal model of a system of concepts is a symbolic model intended to be interpreted as denoting a set of concepts and some set of the relations between them, which can be manipulated according to fixed rules without regard to their meaning,†usually by computers. This manipulation includes formal classification, controlled generation, translation to and from natural language expressions. The symbols that represent concepts in such a model are often strings that human users find meaningful, but the behaviour of the model is independent of such strings. Formal models are models of concepts in the sense that, within limits, when manipulated according to the rules of the system, the symbols behave in ways that correspond to human use of the concepts represented. Typically, actual terms for the concepts represented are attached to the symbols via an 'interpretation'. Ideally, if a human user manipulates the terms guided by concepts and a computer manipulates the terms using a corresponding model, the results should be the same.

This never happens. All models provide, at best, approximations of the concepts represented. One of the tasks of this European Prestandard is to provide a framework for describing the aspects of concepts modelled by a representation and the purposes and limits of those representations. 

Codes are unique agreed symbols attached to concept representations or terms. Codes allow unambiguous compact exchange of concept representations or terms without regard to their form or meaning. A 'rubric' is the term or terminological phrase linked to a code. The details of the linkage between codes, concept representations, terms and rubrics varies between different coding systems. Often the names of the symbols in a concept representation are used for all or part of a 'coding system'. In other cases, the internal names of symbols may be completely independent of the 'codes' agreed for them. In some systems, there may be separate codes for terms and for concept representations; in other systems the term and concept representation may share the same code.

For many purposes, it is convenient to blur the distinctions between concept, concept representation, and term; most texts on object-oriented design, semantic design, and knowledge representation do so routinely. Often the distinction between concept representation and code is blurred. However the differences can lead to serious confusion and unnecessary argument. For example, sets of linguistic definitions of the concepts referred to by terms can use each other, and use commonsense knowledge so that no meaningless primitives are required, and the distinction between 'elementary' and 'composite' concept is meaningless. Formal models, by contrast, inevitably contain some undefined 'primitives', and the distinction between representation of 'elementary' and 'composite' concepts is well defined. 

More critically, the test of a set of definitions of terms is whether human users interpret them effectively and unambiguously; the test of a formal model is whether it can be manipulated by computer in ways that effectively model the relevant aspects of human use of the concepts represented. 

In medical applications, large coding and classification systems have often been used both as sets of terms and definitions of concepts for human interpretation, and as concept representations for manipulation on computer. For example, part of the function of the ICD [WHO, 1978; 1992] is to define the meaning of concepts for statistical purposes†ó e.g. "Cirrhosis without mention of alcohol"†ó which is clearly meant to be interpreted by a human coder reading a medical record. Part of the function of ICD, however, is to provide a hierarchical organization, which can be used to group diseases together for statistical purposes automati�cal�ly by computer. The structure of ICD is a weak model, i.e. it represents only a limited amount of our usual understanding of the terms it contains and can support only a limited range of formal access and manipulation of data. Furthermore, much of the structure of ICD is implicit. It may be evident to skilled human users, who can exploit the context of the rubrics, but it is unavailable to computer applications.

Modern health-care information systems, particularly clinical systems, require more functionality for which they require better models of medical concepts. Even more critically, interworking among information systems requires the formal and explicit description of the implicit organization of the systems of concepts behind present terminological systems by their categorial structures, so that software designers know what they can depend on from the concept representation systems and what obligations they take on to ensure that they are used as intended.

0.3	Describing and using the categorial structure of a system of concepts

The description of the categorial structure of a system of concepts is a catalogue of major semantic categories addressed in the system of concepts and of relations that typically hold between them. Where appropriate, it includes references to authoritative sources to support the detailed choices made.

So far as possible, the description of a categorial structure includes (see 4.1):

i)†differentiating criteria that may be used to differentiate concepts systematically, with the preferred order in which the differentiating criteria are applied in order to build hierarchical presentations;

ii)†rules for combining semantic categories and differentiating criteria, usually in the form of generative patterns for the systematic production of systematic names and of formal intensional definitions;

iii)†constraints on the use of different relations that hold between the semantic categories;

iv)†presuppositions that underlie the categorial structure and commitments by the developers about completeness and consistency of usage.

Description of the categorial structures of systems of concepts allows comparison and convergence, and consequently more coherence among the involved terminological systems; it also allows explicit allocation of responsibility between builders of terminological systems and builders of information systems that use those terminological systems. It leads to effective application of advanced computer systems to clinical problems.

Standards on the categorial structure in specific subject fields should describe the items mentioned, and need not provide the actual content of the related terminological systems, i.e. the extensional list of all the terms compliant with such structure or of all the medically sensible systematic names that it is possible to produce according to such structure.

0.3.1	Use in one subject field: convergence among systems of concepts 

A first class of uses of the categorial structures involves a particular medical speciality or a clinical sub-community, about a single subject field. 

In the past, there have been few successful attempts to merge, or make compatible, terminological systems on the same topic. Paper-based information systems did not demand the re-use of data; contacts amongst professionals were either restricted to the transmission of a minimum of highly organized information, e.g. insurance forms, or informal direct communication in natural language (e.g. discharge summaries, paper-based medical records). Each terminological system was built for a single specific purpose. Even where terminological systems addressed the same topic and used similar differentiating criteria, there were usually differences in the detailed order in which differentiating criteria were applied and the degree of detail captured. Comparing different terminological systems, therefore, requires making these differences explicit by providing a description of the categorial structure of each corresponding system of concepts. This will be a significant but not conclusive step, since no description of the categorial structure of the systems of concepts, however detailed, can cover all the subtle differences in the exact rubrics and in the definitions attached to concepts that reflect different intended usages by different target groups. 

0.3.2	Use on various overlapping subject fields: coherence among systems of concepts 

A second class of utilisation of categorial structures involves various overlapping subject fields: when a set of categorial structures ó one for each individual subject field ó are available, one can compare and eventually integrate them into a comprehensive categorial structure.

In particular, providing a means to describe the categorial structure of large concept representation systems, at least to a first approximation, allows systematic comparison of such systems, e.g. ICD [WHO, 1978; 1992], SNOMED [CÙtË, 1979, 1993], ICPC [Lamberts, 1987], CCC [NHS, 1994] so that steps can be taken towards their future convergence and towards the more systematic design of future concept representation systems.

A useful step in this direction is the production and distribution of the semantic network of Meta-1 [NLM, 1994] in the UMLS initiative of the US National Library of Medicine.

CEN/TC251 has planned a series of standards on the categorial structure of systems of concepts in different overlapping subject fields. These standards are also intended to facilitate the convergence of these systems of concepts towards a common framework, known as the Integrated System of concepts (See Work Item 2.9 ICS of the CEN/TC251 Work Plan), which involves the whole WG2 scope. This effort will eventually allow establishment of a comprehensive computer-based formal model for representation of health-care concepts.

0.3.3	Use in the design of health-care information systems: division of responsibility among designers of terminological systems and software designers 

The third class of applications of the categorial structures regards the use of terminological systems in the more general environment of a health-care information system.

The availability of categorial structures to support concept-representation systems in various subject fields is a step towards homogeneous modelling in the design of complex information systems encompassing those fields. 

In practice, there is usually a distinction between a general part of the model that is about medicine and medical practice (the categorial structure of the system of concepts), and the model that refers to the instances of these concepts about specific patients (the data model).

The categorial structure of the system of concepts contains the high-level semantic categories that need to be defined and standardized from a terminological point of view. The data model contains the items used in defining standards for data interchange or for building information systems. 

This distinction corresponds to a division of responsibility to be negotiated between those developing terminological systems, e.g. coding systems, and those developing data interchange standards and information systems that use those terminological systems.

In particular, the designers of coding systems are concerned with the contents packed in the codes. The designers of data interchange standards are concerned with how those packed codes are organized into larger messages or data bases. The designers of information systems, e.g. medical record systems, are concerned with how those packed codes are linked together to refer to the events that happen to a particular patient. The choice of which combinations of concepts should be packed together in codes and which linked explicitly in the information model is a matter for negotiation between the two groups of developers. The boundary between the explicit representation in the data model and the packing in the coding system is, to some degree, arbitrary and depends on practical considerations.

For example, most software applications consider <disease> as a relevant data element; it is correspondingly a key semantic category in most concept-representation systems used by such applications. However the <aetiology> of a disease can be treated either by recording it explicitly as an autonomous data element linked to the disease for each individual patient in the data model, or it can be packed within the definition of each disease in a set of indivisible codes. In the first case, there will be fewer codes but a more complex data model; in the second, a larger and more complex concept-representation system but a simpler data model. Analogous choices apply in many areas, for example whether or not to include the <approach> or the <instrument> as part of the definition of each procedure in a model of <surgical procedures>.

These choices are made differently by different applications. For example, the semantic category <topography> is managed systematically by some applications using a separable code in combinatorial coding systems such as ICD-O for tumours, ICPC in general practice, or ACR-NEMA for imaging. Some software applications will be able to manage the topography portion of such codes explicitly, others will consider it as packed in the data element.

0.4	A strategy about standards for terminological systems in medicine

The scope of the standardization work in CEN/TC251 'Medical Informatics' does not consider the actual production of detailed terminological systems; it focuses instead on the usability and the integration of terminological systems in health-care information systems. 

Many standards about detailed terminology work and the actual construction of thesauri and coding systems are available. They come from different communities ó terminologists, statisticians, computer scientists ó and thus from different ISO Technical Committees (ISO TC37, ISO TC46, ISO TC69, ISO/IEC JTC1). 

In the health-care field, the vocabulary and the methods used by developers of terminological systems, nosologists of governmental or professional organizations at international and national level, such as WHO, NLM, WCC, CCC, CAP, and AMA, are not always harmonized among themselves and with respect to those standards. Moreover, none of these organizations deal with the categorial structures of large systems of concepts, except the UMLS initiative of the National Library of Medicine (Bethesda, MD, USA), CCC (UK) and WCC (NL), which use them as a method for the development or rearrangement of terminological systems. 

Two series of standards are being developed by CEN / TC251 about terminological systems:

-†one series is producing a set of categorial structures of individual systems of concepts on specific subject fields (e.g. Work Items of CEN/TC251 WorkPlan on surgical procedures, quantities in laboratory medicine, drugs, medical devices); to facilitate the co-ordination of the work among them, a catalogue will be maintained, containing the high-level semantic categories used in the different standards, with references to existing lists of admitted values, and the generative patterns to combine these semantic categories to produce systematic names and systematic intensional definitions (Work Item 2.13 Metamed).

-†another series (including the present European Prestandard) deals with "technical" features, e.g.: 

-†a guide to develop and merge overlapping concept representation systems in a distributed way;

-†guidelines to produce terminologies supported by an integrated concept-representation system;

-†description of presentation formats for distribution of terminologies, coding systems and formal models;

-†an ordinal scale of flexibility and expressive power for systems of concepts.

The present European Prestandard (ENV) addresses the specific needs about categorial structures within CEN / TC251 Medical Informatics, hoping that in the meanwhile further ISO and CEN standards will set up standards for general use.

0.5	Use of the present European Prestandard 

The present European Prestandard can be applied to

-†production of further standards on the categorial structures of specific subject fields,

-†description of the categorial structure of the system of concepts behind one or more specific terminological systems.

The potential target groups may be defined in consequence. 

0.5.1	Production of a series of standards on categorial structures 

A target group is designers of these standards. Their goal is to produce requirements for categorial structures of terminological systems in a given subject field, by analysis of available systems (if any). They may consider optional extensions and provide references to lists of potential values for each semantic category. Revisions of conflicting standards on overlapping subject fields may be periodically required to reconcile them within a comprehensive framework. 

0.5.2	Description of the categorial structure for an individual terminological system

A target group is developers of terminological systems. They may apply this European Prestandard to an existing (or planned) terminological system to

-†drive its production or maintenance towards a more principled organization;

-†generate systematic names and systematic intensional definitions for its rubrics;

-†generate multiaxial codes for its rubrics;

-†establish a (multiple) hierarchy and generate the related hierarchical codes; 

-†verify its compliance to an existing standard on the categorial structure for the same subject field, and to produce tables or rules to transform its rubrics into compliant systematic names;

-†verify its compliance to requirements of a specific information system or to negotiate responsibilities with designers of software;

-†register it (if future registration rules require compliance to a standard categorial structure).

A target group is producers of services on terminological systems. They may use this European Prestandard to improve the presentation format in the computer-based version of the terminological system, allowing the user to browse the system according to different explicit differentiating criteria.

A target group is designers of software. They may use this European Prestandard to verify compliance of a terminological system to their requirements or to negotiate responsibilities with designers of terminological systems.

0.5.3	Description of the categorial structures for a set of terminological systems

A target group is developers of terminological systems.  They may use this European Prestandard to facilitate convergence of coherent and systematic terminological systems.

A target group is producers of services on terminological systems. They may use this European Prestandard to assist the production and maintenance of a systematic mapping among terminological systems.

A target group is designers of computer-based formal models. They may use this European Prestandard to facilitate the development of a comprehensive categorial structure (formal ontology) and thus to build their formal models involving this categorial structure; in particular for distributed development of fragments of the formal model and to facilitate reconciliations. They may also use this standard to communicate among themselves about different formal models, in order to make differences explicit, discuss them systematically and reach agreements on a common structure (shared ontologies).

�Medical Informatics - Categorial structures of systems of concepts - 

Model for the representation of semantics 



1	Scope  

This European Prestandard is applicable to the description of the categorial structure of systems of concepts supporting computer-based terminological systems, including coding systems, for health-care.

Categorial structures provide a mechanism to

-†outline the content of a given computer-based terminological system;

-†make its regularities explicit, for suitable computer-based exploitation;

-†coordinate the work on design and maintenance of computer-based terminological systems, and the application of these terminological systems by software developers.

This European Prestandard allows production of specific standards on categorial structures for particular subject fields and description of requirements that computer-based terminological systems shall meet to comply with those standards.

The main target groups for this European Prestandard are

-†developers of standards about categorial structures in CEN/TC251;

-†organizations in charge of production, maintenance and distribution of terminological systems and related services for health-care;

-†software developers that deal with categorial structures in the modelling of an information system for health-care.

This European Prestandard is not meant for 'end-user' health-care professionals.



2	Normative references  

This European Prestandard incorporates, by dated or undated references, provisions from other publications. These normative references are cited in the appropriate places in the text and the publications are listed hereafter. For dated references, subsequent amendments and revisions of any of these publications apply to this European Prestandard only when incorporated in it by amendment and revision. For undated references the latest edition of the publication referred to applies.



ISO 1087: 1990	Terminology ó Vocabulary (under revision, as ISO CD 1087-1)

ISO 2382-4	Information Processing Systems ó Vocabulary ó Part 04: Organization of data

ISO 2788:1986 	Documentation ó Guidelines for the establishment and development of monolingual thesauri

ISO/DIS 10241:1991 	Preparation and layout of international terminology standards

ISO/IEC TR 9789:1989 	Coding methods and principles

CEN ENV 1068: 1993	Medical Informatics ó Health-care information interchange ó Registration of coding schemes



3	Definitions  

For the purpose of this European Prestandard the following definitions apply:

3.1	concept

unit of thought constituted through abstraction on the basis of properties common to a set of one or more referents �XO "concept" \b�

NOTE: This definition is taken from the current revision of ISO CD 1087-1.

3.2	characteristic

mental representation of a property of an object or of a set of objects �XO "characteristic" \b�

3.3	intension

set of characteristics comprised by a concept �XO "intension" \b�

NOTE: This definition is taken from the current revision of ISO CD 1087-1.

3.4	extension

set of objects referred to by a concept �XO "extension" \b�

NOTE: This definition is taken from the current revision of ISO CD 1087-1.

3.5	generic relation

relation between a superordinate concept and a subordinate concept where the intension of the former is contained in the latter �XO "generic:relation" \b�

NOTE: This definition is taken from the current revision of ISO CD 1087-1.

3.6	partitive relation

relation in which a superordinate concept refers to a referent as a whole and the subordinate concept to the parts of this referent �XO "partitive:relation" \b�

NOTE 1: This definition is taken from the current revision of ISO CD 1087-1.

NOTE 2: Generic relations and partitive relations are hierarchical relations.

3.7	associative relation

relation between concepts referring to referents that have a non hierarchical proximity�XO "associative relation" \b�

3.8	superordinate concept

concept in a generic or partitive relation which is divided into lower ranking concepts  �XO "superordinate concept" \b�

NOTE: This definition is taken from the current revision of ISO CD 1087-1.

3.9	subordinate concept

concept which can be grouped together with at least one more concept of the same level to form a higher ranking concept  �XO "subordinate concept" \b�

NOTE: This definition is taken from the current revision of ISO CD 1087-1.

3.10	system of concepts

structured set of concepts established according to the relations between them  �XO "system of concepts" \b� �XO "concept system" \t "see: system of concepts" \i"�

NOTE: This definition is taken from the current revision of ISO CD 1087-1.

3.11	definition

statement that describes a concept in order to permit its differentiation from related concepts�XO "definition" \b�

3.12	intensional definition

definition based on the intension of a concept �XO "intensional definition" \b�

NOTE 1: This definition is taken from the current revision of ISO CD 1087-1.

NOTE 2: An intensional definition states the nearest superordinate concept and the essential characteristics that delimit the concept to be defined.

EXAMPLE:		granulocyte

			leucocyte  with abundant granules in the cytoplasm

3.13	extensional definition

definition based on the extension of a concept�XO "extensional definition" \b�

EXAMPLE:		granulocyte

			neutrophil, eosinophil or basophil

3.14	term

designation by a linguistic expression of a general concept in a special language�XO "term" \b�

EXAMPLES: "kidney", "cyst", "removal", "viral hepatitis"

NOTE:  A term may consist of one or more words in fixed order; it may include non-alphabetic symbols.

3.15	terminological phrase

phrase containing at least one term and a number of other lexical items the choice of which being restricted by the term in question�XO "terminological phrase" \b�

EXAMPLES: "removal of cyst from kidney", "removal of a renal cyst", "renal cystectomy"

NOTE: A terminological phrase is usually self-explanatory and may be created or modified by the user according to natural language rules.

3.16	semantic category

concept chosen to stand for a specified set of subordinate concepts, considered homogeneous�XO "semantic category" \b�

EXAMPLES: <surgical procedure>, <body part>, <extent of a surgical procedure>

NOTE: In examples within this European Prestandard, semantic categories are enclosed in angle brackets < >.

3.17	target concept

concept whose designation is intended to be used in applications �XO "target:concept" \b� �XO "concept:target" \t "see: target concept " \i"�

EXAMPLES: "removal of cyst from kidney", in a system of concepts to describe the <surgical procedure> performed on hospital patients. The concepts: "removal", "removal of cyst", or "removal from kidney" cannot be considered adequate descriptions in that context. 

3.18	target semantic category; target category

semantic category standing for a set of target concepts  �XO "target:semantic category" \b� �XO "target:category" \t "see: target semantic category" \i"� �XO "semantic category:target" \t "see: target semantic category" \i"�

NOTE:  The coded set for a terminological coding scheme is usually a target semantic category.

3.19	systematic name; identifier

terminological phrase created according to preestablished rules and used as name for a target concept�XO "systematic name" \b� �XO "identifier" \t "see: systematic name" \i"�

NOTE: In common practice, a working name can be used in place of the systematic name. The working name may be either a term or a simpler terminological phrase.

3.20	base concept

concept used systematically as superordinate concept in intensional definitions �XO "base:concept" \b� �XO "concept:base" \t "see: base concept " \i"�

EXAMPLE: "removal" can be used systematically in the intensional definitions in a system of concepts to describe the target concepts of <surgical procedure> performed on patients. 

3.21	base semantic category; base category

semantic category standing for a set of base concepts �XO "base:semantic category" \b� �XO "base:category" \t "see: base semantic category" \i"� �XO "category, semantic" \t "see: semantic category" \i"� �XO "semantic category:base" \t "see: base semantic category" \i"�

EXAMPLE: <surgical deed>, which describes the action performed on a patient, in a system of concepts on <surgical procedure>. 

3.22	semantic link

unidirectional associative relation from a base concept �XO "semantic link" \b�

EXAMPLE: 'has-aetiology:', from the base concept "inflammation" to the associated concept "virus", in a system of concepts to describe <disease>. 

NOTE: A semantic link may be also used between semantic categories (which are a particular kind of concepts).

3.23	associated concept

concept connected to a base concept by a semantic link�XO "associated:concept" \b� �XO "concept:associated" \t "see: associated concept " \i"�

EXAMPLE: "cyst ", in a system of concepts to describe the <surgical procedure> performed on hospital patients. 

NOTE: A semantic link and an associated concept make up a differentiating characteristic, which may be used with a base concept (acting as superordinate concept) to form the intensional definition of a subordinate concept. 

3.24	associated semantic category; associated category

semantic category standing for a set of associated concepts �XO "associated:semantic category" \b��XO "associated:category" \t "see: associated semantic category" \i"� �XO "semantic category:associated" \t "see: associated semantic category" \i"�

EXAMPLE: <micro-organism> may stand for a set of associated concepts causing <disease>. 

3.25	associated domain

set of associated concepts not considered as establishing a semantic category�XO "associated:domain" \b�

NOTE: In the examples within this European Prestandard, an associated domain is represented as a set, enclosed in braces {  }.

EXAMPLE: The heterogeneous set {cause-of-disease}, made of all the concepts that may cause a <disease>. 

3.26	differentiating criterion

group of characteristics used as basis for the establishment of systematic subdivisions in a system of concepts�XO "differentiating criterion" \b�

NOTE: A differentiating criterion may be expressed as a semantic link followed by an associated semantic category or an associated domain (see B.2).

3.27	generative pattern; template

expression to generate systematic names for a subset of concepts of a given target semantic category �XO "generative pattern" \b� �XO "template" \t "see: generative pattern" \i"�

NOTE:  In the examples within this European Prestandard, generative patterns are enclosed within [ ].

3.28	categorial structure

reduced system of concepts to describe the organization of the semantic categories in a particular system of concepts �XO "categorial structure" \b� �XO "structure, categorial" \t "see: categorial structure" \i"�

3.29	conversion

change in the representation of a concept within one terminological system �XO "conversion" \b�

NOTE: Conversion regards the change of the representation of the same concept, from a term or terminological phrase to one of its systematic intensional definitions or vice versa, in the same system of concepts. In particular, it includes changes from a systematic name to a trivial name.

3.30	transformation

change in the representation of a concept from one terminological system into the correspondent concept in another compatible system�XO "transformation" \b�

NOTE:  The involved terminological systems must be built on the same differentiating criteria, in order to allow exact matching of the representations.

3.31	mapping

change in the representation of a concept from one terminological system into the most similar concept in another system�XO "mapping" \b�

NOTE: Mapping is the most general term, and includes 'transformation' as a special case.





4	Describing the categorial structure of a system of concepts 

The categorial structure (3.28) of a system of concepts (3.10) is a reduced system of concepts made of semantic categories (3.16), which can point out the most significant regularities that can be exploited in the system of concepts analysed. �XO "categorial structure"�

A categorial structure may be used as the basis to prepare classifications (C.3), multihierarchical systems (C.1), combinatorial coding systems (C.4) and principled nomenclatures (C.2) with systematic names (3.19). In the presentation of a given terminological system, the categorial structure may either remain implicit, or may be described in detail (D.4.1). �XO "combinatorial coding system" \t "see: coding system, combinatorial" \i"��XO "coding system:combinatorial"� �XO "classification"��XO "nomenclature"� �XO "multihierarchical system of concepts"�

NOTE: The terms 'ontology', 'epistemology' and 'typology' are in use in different communities with various meanings. These terms appear to overlap sometimes with the term 'categorial structure', as defined by the present European Prestandard. �XO "ontology"��XO "epistemology"��XO "typology"�

4.1	General requirements

To describe a categorial structure, the following information should be provided:

a)†a list of the relevant sets of concepts (with reference sources) that will be used in the system of concepts, with their respective semantic categories (3.16), and including their modifying differentiating criteria (3.26);

b)†a list of the semantic categories that will be considered as base semantic categories (B.1.4) in that system of concepts  (3.10);

c)†for each base semantic category, a list of relevant semantic links (3.22) from it; �XO "base:semantic category"�

d)†for each base semantic category and each semantic link, a list of associated semantic categories (B.1.4) that constitute the given associated domain (B.2.1) and possibly a set of generative patterns (3.27) to generate systematic names (3.19), combinatorial codes or systematic intensional definitions (4.8); �XO "associated:semantic category"��XO "generative pattern"��XO "systematic name"��XO "combinatorial code"��XO "systematic intensional definition"�

e)†for each base semantic category, the combinatorial rules that allow generation or verification of well-formed concepts.

EXAMPLES: 

1)	item a) A set could be   {organ systems, organs, suborgans, body parts or anatomical regions}, the semantic category could be <human anatomy> and a modifying differentiating criterion could be:

		has-laterality: <side-of-the-body>.

2)	item b) In <surgical procedures>, the unique base semantic category could be <surgical deed>.

NOTE 1: The extensional definition (3.13, A.2.2) of the semantic category (required in Item a) is usually more appropriate than an intensional definition (3.12, A.2.1).The intensional definition of a semantic category would be external to the system of concepts that is being structured, because typically a semantic category does not have explicit differentiating characteristic(s) within the system of concepts itself, to differentiate it from the topmost concept.

NOTE 2: Usually a classification establishes a unique system of concepts, involving just one target semantic category (3.18, B.1.3). At its simplest, a categorial structure consists of just one base semantic category (3.21, B.1.4), one or more differentiating criteria (3.26), and the related modifiers (4.4, B.3.4). 

EXAMPLE 3: Note 2 applies to most classifications on diseases or surgical procedures.

The description may include also additional information, according to 4 levels of compliance specified in clause 5. Descriptions included in standards about categorial structures shall follow the additional requirements specified in clause 6.

The same information may be presented by suitable tables or diagrams (B.8). Diagramming conventions shall be concise, unambiguous, easy to understand and well documented. The conventions should represent the specific needs of medical semantics, highlighting the main features of terminological systems. The items represented by a drawing convention�XO "drawing convention"� shall be easily transformable into other drawing conventions.The resulting diagrams shall never replace the text: they shall be just another representation of the same set of items, to facilitate understanding of the whole set and their interrelations.

Presentation of the above items shall comply with the following detailed requirements.

4.2	Naming a semantic category

The preferred name for a semantic category should be a noun phrase. The name for a semantic category should be as independent as possible of its use in a given system of concepts. In the construction of a categorial structure, the most application-independent names should be chosen, whenever possible. In a system of concepts, the particular semantic categories used to describe differentiating criteria may be defined with reference to the associated domain (B.2.1).

EXAMPLE: <micro-organism> should be preferred to <infective agent> as the semantic category for Escherichia coli, because the latter evokes the idea of "infection" and thus a system of concepts on <diseases>. 

4.3	Naming a semantic link

The preferred name for a semantic link shall be a verbal phrase, different for direct and inverse link�XO "inverse link"�s. 

A noun should be used to build the verbal phrase, whenever appropriate (at least when using English-like expressions) according to the convention for conceptual graphs �XO "conceptual graphs"�[Sowa, 1984]: the noun 'xxx' should be readable as 'has-xxx:' in one direction, and as 'is-xxx-of:' in the other direction.

EXAMPLE 1: the label: 'location' in a diagram will be read as: 'has-location:' or 'is-location-of:' as appropriate (i.e. as specified by the text accompanying the diagram).  �XO "semantic link:naming convention"� 

If this convention is used, the names for direct and inverse links shall be based on the same noun; this noun may be used as the short name for both direct and inverse semantic links, where this distinction is not necessary, in particular in the label for the semantic link in diagrams. 

If this convention is not used, the context of the presentation ó and in particular the graphical representation ó should permit the reader to apply correctly the two different names.

EXAMPLE 2: In a graphical representation, if the relation is represented by an horizontal line, a possible convention is to put the name for the direct semantic link above that line, and the name for the inverse semantic link below that line. 

An admitted name of a semantic link may be created by referring to the involved semantic categories (A.1.3.3.).

EXAMPLE 3: Semantic links according to the above rules may be the following ones:

direct link�XO "direct link"�	inverse link�XO "inverse link"�	short name	by involved categories

has-severity:	is-severity-of:	severity	disease / degree-of-severity

has-cause:	is-cause-of:	cause	disease / aetiology

has-shape:	is-shape-of:	shape	body-part / morphology

NOTE: The appearance of a semantic link in terms or terminological phrases has not to be confused with its name(s), used for the description of a categorial structure or in a concept diagram. 

The unambiguous name(s) for a semantic link is not intended for use in common linguistic expressions of the end-users. In terms or terminological phrases, the semantic links may remain implicit: often in medicine the semantic link in a given context is self-evident and unambiguous.   �XO "semantic link:appearance in a term"�

A semantic link ó if expressed ó may appear in terms or terminological phrases in various language-dependent ways: 

a) 	as a preposition;

b)	as a verb;

c)	as an adjectival form or as morpheme of a compound word;

d)	in other context-dependent expressions.

EXAMPLES:  

4)	case a) In the terminological phrase: "removal of colon"; the word "of" is the expression for the semantic link 'has-direct-object:', from <surgical deed> to <human anatomy>.

5)	case b) In the terminological phrase: "bypass coronary artery using mammary artery", the word 'using' is the expression for the semantic link 'has-means:', from <surgical deed> to <human anatomy>.

6)	case c) In the terminological phrase: "viral hepatitis", the use of the form 'hepat-' for "liver" is the trace for the semantic link 'has-location:', from <disease> to <human anatomy>; whereas the adjectival form of "virus" is the trace for the semantic link 'has-aetiology:', from <disease> to <organism>. �XO "system of concepts:polydimensional"� 

7)	case d) In the motivated terminological phrases (A.1.1): "Chemical Viewed Functionally" and "Chemical Viewed Structurally" are two 'semantic types' used as placeholder�XO "placeholder"�s (A.1.3.1) to cluster coordinate concepts, in the polydimensional system of concepts�XO "polydimensional system of concepts"� (A.1.3.1) of the Meta-1 semantic network [National Library of Medicine, 1994b]. The word "viewed" may be interpreted as the expression for the semantic link 'has-point-of-view:', from <chemical> to a <point-of-view>, where the associated domain (3.25, B.2.1) for <point-of-view> is {function, structure}.

4.4	Use of differentiating criteria in a given system of concepts

In the context of a given system of concepts, the differentiating criteria should be arranged in 4 types:

a)†broad-use differentiating criteria, that are essential and pervasive in the whole target semantic category (B.1.3); they shall be used to build the most comprehensive generative patterns and to organize the whole presentation of the system of concepts;

b)†narrow-use differentiating criteria, that occur only in a given restriction (subcategory) of the target semantic category; they can be used to build additional generative patterns in the subcategory and to organize the related subset of concepts;

c)†modifiers that can be used to qualify a semantic category and are not critical to organize taxonomies; they should be used only in devoted generative patterns;

d)†peculiar and rare characteristics that may be applied in a non-predefined way to certain concepts, nevertheless essential to precisely identify them. They may be grouped together in a special differentiating criterion, named "specification".

EXAMPLES:  �XO "differentiating criterion:broad-use"�  �XO "differentiating criterion:narrow-use"� �XO "modifier"��XO "specification"�



type�short name�complete name  of the differentiating criterion�from the base semantic category:�in a system of concepts on:��a) broad-use �location�has-location: <anatomy>�<disease>�<disease>���direct-object�has-direct-object: <direct-object>�<surgical-deed>�<surgical-procedure>��b) narrow-use�malignancy �has-behaviour: <malignancy>�<neoplasm>�<disease> ��c) modifier �severity�has-severity: <degree-of-severity> �<disease>�<disease>���urgency�has-urgency: <urgency>�<surgical-deed>�<surgical-procedure>���side�has-laterality: <side>�<anatomy> �<anatomy> �����<surgical-anatomy> �<surgical-procedure>��d) specification �specification�has-specification: <specification>�<system>�<laboratory-quantity>��In Line d, the differentiating characteristic  has-specification: "fasting patient"  is generalized as the differentiating criterion  has-specification: <specification>.

NOTE: The status of "broad-use differentiating criterion", "narrow-use differentiating criterion", "modifier", "specification" depends on decisions taken by the designers of the given system of concepts about the focus, the granularity and the limits of the system of concepts itself.

4.5	Naming a differentiating criterion

In the description of a given categorial structure, the preferred name of a differentiating criterion should have the form of a semantic link (3.22) followed by the associated semantic category (3.24).

In current use or in diagrams, a differentiating criterion may be shortly referred to by working names:

a)†the semantic category alone, if that semantic category can be used only with that semantic link; in particular, many modifying criteria may be shortly referred by a noun, that is used both to designate the semantic category and to form the name of the semantic link;

b)†the semantic link alone, if its whole associated domain (3.25) is involved, and this associated domain does not correspond to a purpose-independent semantic category but depends on the context of the particular system of concepts (both names may involve the same noun).

EXAMPLES: �a) Assume that, in a given system of concepts on <diseases>, <body-part> may be used only as the anatomical localization of the disease; then the differentiating criterion 

	has-location: <body-part>

may be referred shortly (e.g. in diagrams) by the name of the semantic category alone: "body-part". 

b) Assume that, in a system of concepts on <laboratory-quantities>, {component} is a heterogeneous set of concepts, not corresponding to a more purpose-independent, pre-defined semantic category; then the differentiating criterion 

	has-component: {component} 

may be referred shortly by the noun: "component" (see also B.2).

NOTE 1: Naming requirements regard only the description of the categorial structure. 

NOTE 2: In the presentation of a terminological system, the differentiating criteria may remain implicit: the designers may use them just to organize the system of concepts, and the whole categorial structure may remain implicit for the health-care professional ó i.e. the end-user (see D.4.1; see also note and example 4 under 4.3). 

4.6	Presentation of a generative pattern

In the presentation of a generative pattern, short names for the semantic categories or the differentiating criteria, including appropriate symbols for semantic links, may be used.

Tabular presentation of a set of related generative patterns, each using a subset of semantic categories from a comprehensive set, may be used.

If generative patterns are intended to be used to produce systematic names or identifiers, an explicit list of mandatory, preferred and optional differentiating criteria should be provided.

EXAMPLES: The tables and lists for the definition of the drug identifiers provided by [PT2-014 on drugs].

In multiaxial systems or in large heterogeneous systems, generative patterns may be presented by chapter (or facet, or axis) and may be different from one chapter (or facet, or axis) to another. �XO "reference:coding system"�

A set of generative patterns using various semantic categories, typically consisting in devoted subcategories of more application-independent semantic categories, should be used instead of a more general generative pattern that uses an ad hoc defined general associated domain (B.3.3).

A presentation consisting of a set of explicit generative patterns should be used instead of an implicit presentation of equivalent information within combinatorial rules.

4.7	Systematic names and identifiers

If a terminological system provides working names (trivial names) for local usage, they shall be uniquely transformable into the appropriate systematic names, identifiers or complete terminological phrases; their use in communication interchange shall be discouraged. �XO "systematic name"�

In a given system of concepts, one or more systematic names may be allowed for the same concept; conversion from one to another should then be feasible and the terminological system should provide conversion rules to allow this conversion. The terminological system should also provide additional rules to select the preferred systematic name among a set of equivalent names.

The instances of generative patterns should be transformable into systematic names or identifiers, which may impose a fixed order of the items and special punctuation marks.

EXAMPLE: The following systematic name:

   (1)	Plasma(fasting patient; venous blood ) ó Glucose; substance concentration(measurement procedure No.59) 

is generated according to the following generative pattern:

   (2)	quantity-in-a-general-sense:	<quantity-in-a-general-sense>  

	has-specification:	<specification-for-particular-quantity>

	has-component:	<component>

	has-specification:	<specification-for-component>

	has-system:	<system>

	has-specification:	<specification-for-system>

and it is transformable into the following instance of generative pattern:

   (3)	quantity-in-a-general-sense:	substance concentration 

	has-specification:	measurement procedure no.59

	has-component:	glucose

	has-specification:	ó

	has-system:	plasma

	has-specification:	fasting patient; venous blood 

The presentation of the systematic name (1) is organized in a fixed order, with precise punctuation, so that the generative pattern (2) may also be presented, using the notation for the semantic categories and associated domains of the present Prestandard, as:

   (4)	<system> (<specification-for-system>) ó <component> (<specification-for-component>); <quantity-in-a-general-sense> (<specification-for-particular-quantity>)

4.8	Form of definitions 

The definitions of concepts (and of semantic categories) in a system of concepts are coordinated so that the concepts are correctly placed and adequately described. Therefore, before drafting a definition, it is necessary to identify:

a)†the nearest superordinate concept �XO "nearest superordinate concept"� �XO "superordinate concept:nearest"�

b)†the coordinate concepts�XO "coordinate concept"�;

c)†the types of relations between related concepts. 



Definitions shall be as brief as possible. Carefully written definitions�XO "definition"� should contain only information required to put the concept in position in the system of concepts. Any additional information should be put in a note. Such information may be important but non differentiating characteristics�XO "important but non differentiating characteristic"� or a list of typical referents included in the extension of the concept. 

EXAMPLE:

	granulocyte

	leucocyte  with abundant granules in the cytoplasm

 	      NOTE -  Granulocytes are divided into three groups: neutrophils, eosinophils, basophils.

The following conventions shall be used in the formulation of definitions:   �XO "definition:formulation of"�

a)†Both the term and definition shall be in the singular form.  

b)†The definition shall not begin with an expression such as 'term used to describe' or 'term denoting';  neither shall it take the form  'is..', 'means...', 'one of...' .

c)†Unless there is a specific reason, the intensional definition shall not begin with an article.  

d)†The definition, including the first letter, shall be in lower case and there is no full stop at the end.  

e)†If the definition has been taken from another normative document, a reference to it shall be added in square brackets after the definition [ISO 690].  

f)†Preferred terms defined elsewhere in the vocabulary should be indicated typographically, e.g. bold face or italic.

When taking over existing definitions, special care should be taken to avoid errors and inconsistencies. 

Definitions taken from other sources, even from normative documents, often have to be redrafted to meet the requirements of the new context. 

The general rule is that the definitions should be clear and easy to understand. 

In a system of concepts where explicit differentiating characteristics are systematically provided, various compatible intensional definitions may be produced following the process described in B.3.2, i.e. adding to one of the possible superordinate concepts in the vertical path from the definiendum to the topmost concept, at one of upper levels of the hierarchy, the respective differentiating characteristics in the given system of concepts. �XO "characteristic:along a vertical path from the definiendum"� �XO "systematic intensional definition"� �XO "intensional definition:systematic"��XO "vertical path from the definiendum to the topmost concept"�

In particular, two kinds of intensional definitions are relevant in this set:

-†the intensional definition proper, based on the nearest superordinate concept, adding just one level of differentiating characteristic(s). In multihierarchical systems, when a concept has more than one nearest superordinate concept, it depends on which immediate superordinate concept is used; �XO "intensional definition:proper, based on the nearest superordinate concept"� �XO "multihierarchical system of concepts"�

-†the 'fully exploded' intensional definition, based on topmost superordinate concep, adding the whole set of differentiating characteristics encountered along the vertical path from the definiendum to the topmost concept (see B.3.2). This definition shall be unique and independent of the path, i.e. all the possible vertical paths shall involve the same set of differentiating characteristics. t�XO "intensional definition:fully exploded, based on topmost superordinate concept"��XO "vertical path from the definiendum to the topmost concept"�

4.9	Detailed lists of rubrics and codes

The categorial structure of a system of concepts need not provide a complete terminological system, nor the set of detailed codes for all the concepts represented according to the categorial structure itself. 

Nevertheless, a categorial structure in a given subject field may include a reference system, i.e. a reduced classification or a reduced coding system, involving a limited number of high-level chapters or codes. A categorial structure in a subject field may include a list of potential facets (axes) for a thesaurus in the field, with possible subdivisions. �XO "reference:classification"��XO "thesaurus"��XO "reference:coding system"�

A useful number of entries for these reference systems may be between 20 and 200. If a standard provides rules for systematic names and one or more reference systems, it shall also provide the conversion of all the entries of each reference system into systematic names.

The categorial structure of a system of concepts may include, for each semantic category or associated domain (B.2.1), a set of potential coding systems that are suitable for that semantic category or associated domain. One of them may be described as 'preferred'.

4.10	Additional requirements

The categorial structure may specify how to define different target semantic categories (B.1.3) in the same global system of concepts, according to different users' purposes. Various compatible generative patterns (3.27), systematic names (3.19), coding systems (C.3) should be described in consequence.

EXAMPLE 1: In the subject field of drugs, the following target semantic categories may be defined:

- substance, 

- medicinal product, 

- medicinal product package. 

Each of them must have a different identifier, produced according to a specific generative pattern. The three generative patterns use three different subsets of a comprehensive set of semantic categories.

In a specific standard about categorial structures, the categorial structure proper should be limited to the essential items to set a framework for the subject field. Nevertheless, additional semantic categories, semantic links, differentiating criteria, also to produce more modifiers (4.4, B.3.4) and specifications (4.4), may be described to provide uniform names and usage of less frequent optional items. Local adaptations may introduce further items, to satisfy more specific needs.

If the associated domain (3.25) of a semantic link is not coincident with a unique relatively application-independent semantic category, or a semantic category may be taken by different semantic links, then a description of the possible cases (see B.2.1) should be provided; the use of generative patterns (3.27) is recommended. In a preliminary phase, non-exhaustive lists, covering at least the most significant items, may be provided.

The axes of a nomenclature or the facets of a thesaurus can define various independent target semantic categories (B.1.3), based on different base semantic categories (B.1.4) and thus partially independent systems of concepts. The partial categorial structures of each axis or facet should coherently overlap into a comprehensive categorial structure for the whole system.

EXAMPLE 2: The modules of SNOMED III [CÙtË, 1993] are largely independent from each other. Nevertheless, their descriptions should be compatible. The same may apply to the facets of MeSH [NLM, 1994] .





5	Compliance of a categorial structure to the present European Prestandard

Increasing levels of compliance of a description of a specific categorial structure (3.28) with respect to the present European Prestandard may be claimed as follows.



Level 1, Minimal requirements

The description of a given categorial structure claiming this level of compliance shall define essential semantic categories (3.16) and at least one of the following items: 

-†semantic links (3.22);

-†differentiating criteria (3.26);

-†associated domains (3.25).

NOTE 1: The following naming requirements apply: on semantic categories (4.2), on semantic links (4.3), on differentiating criteria (4.5). 

NOTE 2: See in particular B.3.1 (essential characteristics), B.7 (essential differentiating criteria), B.2 (semantic links and associated domains) and B.3.3 (differentiating criteria) in the informative Annex B.



Level 2, Ontological description

The description of a given categorial structure claiming this level of compliance shall include, in addition to the requirements for Level 1, at least the following items:

-†combinatorial rules among semantic categories and relevant constraints;

- †definitions of additional semantic categories and semantic links, to build narrow-use differentiating criteria ;

-†definitions of less relevant modifiers and specifications;

-†for each essential semantic category or associated domain, complete references to relevant existing terminological systems and a discussion of the feasibility of transforming the concepts they represent into systematic names, according to the categorial structure provided (with suitable examples). The description may indicate a particular classification or a particular terminology or a particular coding system as the preferred one(s) for a given semantic category. 

NOTE 1: See the requirements in 4.4 (on narrow-use differentiating criteria, modifiers, specifications) and in 4.6 (on the presentation consisting of generative patterns instead of combinatorial rules).

NOTE 2: See in particular B.3.3 (differentiating criteria), B.3.4 (modifiers), B.5 (systematic names) and B.7 (step 2.1 on systems of concepts on associated semantic categories) in the informative Annex B.



Level 3, Generative description

The description of a given categorial structure claiming this level of compliance shall include, in addition to the requirements for Level 2, at least the following items:

- generative patterns (3.27); 

- rules for systematic names (3.19) or for a reference combinatorial coding scheme.

NOTE 1: See the requirements in 4.6 (on the presentation of generative patterns), in 4.7 (on systematic names) and D.4.3 (standard combinatorial coding scheme).

NOTE 2: See in particular B.4 (generative patterns and aggregate codes), B.5 (systematic names) and B.6 (systematic definitions) in the informative Annex B.



Level 4, Organization and coherence of presentation 

The description of a given categorial structure claiming this level of compliance shall include, in addition to the requirements for Level 3, one or more of the following items:

- a description of the preferred order to be applied to differentiating criteria, in the presentations; options with different differentiating criteria or a peculiar order may be described with reference to specific purposes;

- a reduced, high-level reference classification or thesaurus, i.e. at least a set of chapters, or facets, and one or two levels of their immediate subdivisions;

- a reduced, high-level reference coding system, possibly using the reduced classification.

NOTE 1: See the requirements in 4.9 (on rubrics and codes).

NOTE 2: See in particular B.7 (step 10, reference classification and coding system; step 2, skeleton for a thesaurus) in the informative Annex B.



6	Standards on specific categorial structures

The title of a standard on a given categorial structure, which will be produced according to the present European Prestandard should be: �XO "compliance: to the present European Prestandard (of a given standard on a categorial structure)"�



		Medical informatics - Categorial structure of systems of concepts - <Subject field>



where the <subject field> is an appropriate description of the central topic of the standard.

EXAMPLE: Medical Informatics - Categorial structures of systems of concepts -  Diseases

The description of a categorial structure provided by a standard should comply at least with requirements of level 2 in clause 5.  The standard may be subdivided into parts according to a defined plan, e.g.:

-† a general part dealing at least with the minimal requirements of level 1 in Clause 5, 

-†further parts, each adding further requirements, such as the ones on systematic names, reduced reference classification or coding system, preferred classifications or coding schemes for each semantic category.

�Annex A (informative)	Concept analysis  

A.1	Theoretical basis

Reality appears as concrete objects, such as trees, body parts and drugs, or as abstract objects, such as society, mind and health. The human mind stores constituent items of information that are characteristic of such objects. These items of information reflect the properties of the objects. When we think about a particular object, concrete or abstract, we use these properties to form holistic cognitive constructs called concepts.

NOTE: In certain aspects of the work of TC 251, "object" is taken as a type of (countable) real entities.

A concept connected to a single object only is called individual concept  (e.g. "Asclepius staff", the medical history of a particular patient). As soon as we are dealing with several similar objects, properties common to all of these objects are singled out and included as characteristics for the general concept (e.g. "staff", "medical history"). In communication, concepts are specified by definitions and are normally expressed by terms and terminological phrases but also other means, such as codes, can be used to designate concepts (see figure A.1). �XO "definition"� �XO "term"� �XO "terminological phrase"�
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Figure A.1:  Relations between referent, concept, definition and term 



In this model, the elements in the base plane of the pyramid are all concrete or abstract phenomena of the real world (or so established as items of knowledge that they are considered real, e.g. "perpetuum mobile"),  or expressions in a language. These phenomena are called objects or, better, referents. Concepts situated at the top of the pyramid are mental constructs. To talk about them, we have to use established expressions, such as names, terms in special subject fields, or longer verbal definitions.

A.1.1	Characteristics

Characteristics describe properties of referents. The number of characteristics for any concept is not limited but some characteristics are considered as essential. The selection of essential characteristics depends on the context or the system of concepts in question. Essential characteristics are used for the classification of a concept or for other types of differentiation such as its definition. Other important but not necessarily differentiating characteristics  may be listed for each concept in a given system of concepts. �XO "characteristic:essential"�

Characteristics can be divided into intrinsic or extrinsic characteristics. Intrinsic characteristics, such as the ones regarding colour ("red"), shape ("round"), size ("< 9 µm" of normal red blood cells), are based on the properties of the referent itself. Extrinsic characteristics, such as the ones regarding origin (e.g. the aetiology of asbestosis is "asbestos"), function (used as "medicine"), place ("low back" pain), discoverer ("Hodgkin's" disease), are based on the relations between referents.  Both intrinsic or extrinsic characteristics can be used in definitions, or reflected in terms and terminological phrases.  

In a motivated term or terminological phrase, one or more characteristics are reflected by explicit lexical elements (words, idioms, shorter terminological phrases, punctuation, etc.). �XO "motivated term"�

A.1.2	Intension and extension

The intension of a concept is the set of characteristics that constitute a concept and its extension is the set of objects that the concept can be used to refer to. Both intension and extension can be used in the definition of concepts (A.2.1 and A.2.2). �XO "intension"� �XO "extension"�
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Figure A.2:  Example of representation of a generic system of concepts as a tree diagram.

A thick line points to subordinate concepts that use the same semantic link

A.1.3	Systems of concepts

Concepts and the relations between them form systems of concepts within a given subject field. These systems of concepts can be represented as classification systems, thesauri or coding systems. Besides, they can be used as tools in terminology work to guarantee the quality and clarity of the resulting terminology. Working with system of concepts shows how adequate and well-formed are the terms, other designations and definitions. It shows whether there are gaps in the system, what the relations are between the concepts and how motivated (A.1.1) and consistent the designations are. �XO "system of concepts"�

Systems of concepts are subdivided according to the type of relation allowed between the concepts. For practical terminology work three types of relations are relevant: generic relations, partitive relations and associative relations.

A.1.3.1	Generic relations

A generic relation exists when the subordinate concept (e.g. "sickle cells") has all the characteristics of the superordinate concept (e.g. "red blood cells") plus at least one differentiating characteristic that delimits its extension . A superordinate concept is divided into several subordinate concepts. �XO "generic:relation"��XO "generic:system of concepts"�

A generic system of concepts is based on generic relations between concepts. The generic system of concepts often consists of several levels, that is, any subordinate concepts may serve as a superordinate concept to sub-subordinate concepts and so on. Any concept can be divided in more than one way based on different semantic links, producing different subdivisions; e.g. the subdivision of a certain <disease> can be based on "location", another on "cause", or "severity". Subordinate concepts classified according to the same differentiating criterion are called coordinate concepts�XO "coordinate concept"�. 

When the subordinate concepts are classified according to more than one semantic link, the system of concepts is considered to be polydimensional (see figure A.2). In this case, motivated (A.1.1) placeholders are commonly used in listings, to cluster coordinate concepts. �XO "system of concepts:polydimensional"��XO "polydimensional system of concepts"��XO "placeholder"�

EXAMPLE: In the Meta-1 semantic network [National Library of Medicine, 1994b], the 'Semantic Types': "Chemical Viewed Functionally" and "Chemical Viewed Structurally" are used to cluster two different sets of coordinate concepts built according to two different semantic links (has-function:  and  has-structure:). 

A.1.3.2	Partitive relations 

A partitive relation exists when the superordinate concept relates to a whole, while the subordinate concepts relate to parts of that whole. As with generic system of concepts, a partitive system of concepts may consist of several levels of coordinate concepts (see figure A.3). �XO "system of concepts:partitive"��XO "partitive:system of concept"��XO "partitive:relation"�
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Figure A.3:  Example of representation of a partitive system of concepts as a rake diagram



A.1.3.3	Associative relations

Associative relations include a wide range of non-hierarchical relations; they are common e.g. between concepts concerning activities, processes, places and time. �XO "associative relation"��XO "non-hierarchical relation"�

EXAMPLES: (a possible systematic name is indicated for each example, in parenthesis)

1)	activity / actor 	surgical operation

	("surgical deed"  is-carried-out-by:  "surgeon")

2)	activity / location  	nephrectomy

	("removal"  is-carried-out-on:  "kidney")

3)	cause / effect 	viral hepatitis

	("hepatitis"  has-cause:  "virus")

4)	object / location 	pneumonia

	("inflammation"  has-location:  "lung")

5)	quantity / unit  	metre

	("unit"  is-used-in-expressing-value-of:  "length"),

Associative relations can be combined as in:

6)	object / location / cause	viral hepatitis

	("inflammation"  has-location:  "liver"  and  has-cause:  "virus" ) 

7)	activity / object / location 	renal cystectomy

	("removal"  is-carried-out-on:  "cyst"  and  is-carried-out-from:  "kidney" ) 

In special languages concepts usually are expressed by terms. In health-care, however, there is a frequent need to describe concepts that do not have terms and are expressed by terminological phrases, as:

8)	object / means 	bypass coronary artery using mammary artery

	("bypass coronary artery"  is-carried-out-using:  "mammary artery" ) 

9)	object / location 	cyst in the kidney

	("cyst"  has-location:  "kidney" ) 

In principle, the expressions within parentheses in the examples above are intensional definitions (4.8, A.2.1) built according to generative patterns and consist of a base term followed by an expression referring to one or more characteristics.  However, if the terminological phrase is well motivated, the intensional definition will be only a paraphrase of the terminological phrase itself.

A characteristic is expressed in the examples (1) to (9) by a semantic link (3.22), attached to the superordinate concept, and by an associated concept (3.23). Replacing the associated concepts within the same generative pattern yelds a set of coordinated concepts (A.1.3.1). 

EXAMPLE 10: The 'qualifiers' of the Read Codes Version3 [NHS-CCC, 1994]. They consist of an 'attribute' (semantic link) and a 'value' (associated concept). �XO "qualifier"��XO "Read Codes"��XO "value"��XO "attribute"�

In an associative system of concepts, there may be different kinds of associative relations between the concepts (see figure A.4). 
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Figure A.4:  Example of representation of an associative system of concepts 

�
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Figure A.5:  Example of representation of a mixed system of concepts 













A.1.3.4	Mixed systems of concepts

In practical terminology work, most systems of concepts use combinations of the different types of relations; the nature of the relations must always be clearly indicated. 

To present the information to users, unnecessary complexity (e.g. the graphical representation of all the associative relations) should be avoided; the explicit representation of associative relations is instead necessary for advanced computer processing.

EXAMPLE: In figure A.5, beside the difficulty to read it, just 3 concepts of a target semantic category (B.1.3) of <diseases> are represented, and only a part of the possible auxiliary concepts (B.1.4) and relations are shown.

Nevertheless, paper-based diagrams may be appropriate for the representation of categorial structures.

A.2	Defining concepts

A.2.1	Intensional definitions

An intensional definition describes the intension of a concept ( the "definiendum"). Any concept consists of many characteristics but intensional definitions use only the closest superordinate concept and the additional characteristic(s) that differentiate(s) the definiendum from the superordinate concept. All the implicit and explicit characteristics of this superordinate concept are inherited by the definiendum�XO "definiendum"�.�XO "intensional definition"�

EXAMPLE:

	granulocyte

	leucocyte  with abundant granules in the cytoplasm



A.2.2	Extensional definitions 

An extensional definition describes the extension of a concept by enumerating either �XO "extensional definition"�

a)†all the objects referred to by the concept or 

b)†all the subordinate concepts referred to by that concept. 

EXAMPLE:

	granulocyte

	neutrophil, eosinophil or basophil

A.2.3	Systems of concepts and the definition of concepts

Concepts are structured into a system of concepts so that each concept is allocated a specific place in the system. It is recommended to start with the generic relations and then proceed with partitive and associative relations.  Whenever possible, specific tables, or lists of characteristics with their combinations, should be established to check the adequacy of the systems of concepts.  

Graphic diagrams and systematic definitions are two parallel techniques to describe the system of concepts but graphic diagrams are often more helpful in the structuring of small systems of concepts. In some cases it is useful to include them even in the actual publications.

Formulation of definitions is often simultaneous to establishment of the systems of concepts. The definitions are formulated so that they describe the systems of concepts and follow the rules laid down in 4.8.  

A.3	Terms, codes and other concept-related data

The present clause provides additional references to marginal topics for the present European Standard, that nevertheless are useful for the understanding and the use of it, and will be the object of following standards.



A.3.1	Concept-related data include definitions, explanations, contexts, other representations of the concept (i.e. formula, figure), graphic representations, examples, notes [see ISO/DIS 10241]



A.3.2	The relation between concepts, terms and codes is the topic for CEN/TC251 Work Item 2.8 EUMETERM; the following terms may be found in ISO 1087 or ISO/DIS 10241 (with minor disagreements); a discussion is in ISO 704:

-†designation�XO "designation"� (any representation of a concept, including images, and sounds), 

-†symbol�XO "symbol"� (designation of a concept by letters, numerals, pictograms or any combination thereof), 

-†term�XO "term"� (stipulated designation of a defined concept in a special language by a linguistic expression), 

-†code value�XO "code value"� (letters, numerals or any combination thereof used to designate a concept or an object),

-†and also: monosemy�XO "monosemy"�, mononymy�XO "mononymy"�, synonymy�XO "synonymy"�, polysemy�XO "polysemy"�, homonymy�XO "homonymy"�, equivalence�XO "equivalence"�, variant�XO "variant"� (i.e. spelling variant�XO "spelling variant"�, morphological variant�XO "morphological variant"�, syntactic variant�XO "syntactic variant"�), abbreviated term�XO "abbreviated term"�, acronym�XO "acronym"�, terminological acceptability rating�XO "terminological acceptability rating"� (i.e. preferred term�XO "preferred term"�, admitted term�XO "admitted term"�, deprecated term�XO "deprecated term"�, obsolete term�XO "obsolete term"�).



A.3.3	Code values may be assigned to concepts or terms. They are artificially built in order to allow statistics (by representing a class) or to speed transmission and save memory space. 

A code may identify not only a concept (concept code�XO "concept code"�), but also the position of a concept in a multihierarchical system of concepts (position code�XO "position code"�), where different positions are possible for the same concept. A code may also identify the presentation variant of a term or a synonym in a terminology. 



A.3.4	A code may serve just as entry number�XO "entry number"� (internal key that identifies an entry in a system [ISO/DIS 10241]), applied to every entry in the system (concept, position, term, variant, ...).

Its use may be restricted to the maintenance of a terminological system, i.e. not intended for practical use by the users. 

'If there is no need to show relationship between concepts, the entry number shall be a simple serial number. Where relationships between concepts are to be shown, each entry number shall consist of two or more groups of digits in accordance with ISO 2145. In this case, the entry number also serves as an indication of the position of concepts within the system of concepts .' (comment from ISO/DIS 10241).

Types of code (e.g. mnemonic code, hierarchical code, combinatorial code) and features of codes (e.g. uniqueness, conciseness, stability) are discussed in ISO/IEC TR 9789.

Annex B (informative)	Systematic analysis of categorial structures

B.1	Semantic categories

B.1.1	General properties 

In formal models, semantic categories are typically primitives, i.e. they do not have a formal intensional definition that uses only symbols from the concept representation system. In categorial structures, a semantic category �XO "semantic category"�must be defined therefore by an extensional definition, and other information must be provided to delimit it in an appropriate way (e.g. reference sources with complete lists). 

EXAMPLE: The semantic category <human anatomy> could be defined extensionally by the set: {organ systems, organs, suborgans, body parts, anatomical regions}.

A concept may be subsumed into one or more semantic categories, even in the same system of concepts. 

If there are no ambiguities, the term 'semantic category' may also designate the set of concepts subsumed into the semantic category itself.

B.1.2	Use of semantic categories in a specific system of concepts

Semantic categories may have different roles in a system of concepts. For the purpose of this European Prestandard, three main uses should be distinguished: target, auxiliary and special semantic categories.

B.1.3	Use as target semantic categories

Most terms and terminological phrases in a health-care terminological system, in particular in a monoaxial coding system, in each axis of a nomenclature, or in each facet of a thesaurus, represent a relatively homogeneous set of concepts that belong to a 'target' semantic category and may be organized in a hierarchical system of concepts. Different target semantic categories may be defined in the same comprehensive system of concepts. 

Generative pattern that use the same semantic categories, but in a different order, starting from different base semantic categories (3.21, B.1.4) produce different target semantic categories (see also B.4.2 on duals).  �XO "target:semantic category"�

EXAMPLE: In a system of concepts about surgery, a target semantic category is <surgical procedure>; a valid target concept may be "removal of cyst from kidney", with a particular code. No code will be assigned usually to "removal" (considered incomplete in the given context to describe the activity performed by a surgeon); the associated concepts of "cyst" and "kidney" cannot be used as valid values for a <surgical procedure> (see below).

B.1.4	Use as auxiliary semantic categories

For construction and maintenance of a terminological system, developers use (perhaps implicitly) a comprehensive system of concepts, larger than the one about target concepts usually presented to the users, e.g. a simpler system on target concepts.

A large number of terms and terminological phrases are motivated (A.1.1), i.e. their meaning may be explained by their lexical elements (e.g. words, idioms, shorter terminological phrases, punctuation), which act as cross-reference to "simpler" concepts that belong to other more "elementary" semantic categories. 

More in general, each subdivision of a superordinate concept into subordinate concepts involves "simpler" associated concepts that are used in characteristics to differentiate the latter from the first one. 

In the computer-based version of a terminological system, it is worthwhile to represent explicitly such associated concepts; in particular, the whole system of concepts (including both target concepts and associated concepts) is preferably represented explicitly by a formal model.

EXAMPLE 1: Associated concepts for <surgical procedure> may be "cyst" and "kidney" (see example, B.1.3).

Moreover, in each system of concepts, at the top of the vertical chain from subordinate concepts to superordinate concepts, there are superordinate concepts for which no essential characteristics were worked out; such superordinate concepts are used as base concepts (3.20) for fully explicit intensional definitions (4.8, B.6). �XO "base:concept"� �XO "associated:concept"�

EXAMPLE 2: base concepts for surgical procedures may be "removal", "closure", "aspiration".

All base concepts and associated concepts belong to 'auxiliary' semantic categories or to associated domains, that can more adequately support the organization of the terminological system. They imply a more comprehensive system of concepts, although perhaps they are not listed explicitly as terms or terminological phrases in a specific axis or facet; except in multiaxial systems, they do not have their own code. �XO "associated:semantic category"��XO "auxiliary:semantic category"� �XO "semantic category:auxiliary" \t "see: auxiliary semantic category" \i"�

EXAMPLES: 

3) A concept on <surgical procedures> may refer to concepts of two kinds of 'auxiliary' semantic categories:

1. a base semantic category: <surgical-deed>

2. associated semantic categories, such as <anatomy>, <pathology>, <instrument>

4) Analogously, in a system of concepts where the target semantic category is <laboratory-quantity>, there may be:

1. a base semantic category: <quantity-in-a-general-sense>

2. associated domains: <component>, <system>

The associative relation holds between the base semantic category and each associated domain; moreover, a partitive relation holds between <component> and <system>.

B.1.5	Use as special semantic categories

The values admitted for entries of messages or fields of data bases are usually codes for well-formed expressions of the target semantic category (or the expressions themselves). 

In addition, the terminological system may provide other 'incomplete' terms and terminological phrases to organize presentation of the system, to facilitate browsing, to allow statistical queries and clustering (information about possible clusters is processable by computer only if these clusters are explicit). 

The 'incomplete' concepts may be used as superordinate concepts in intensional definitions and belong to special semantic categories.

EXAMPLES: In a terminological system on <surgical procedures> (according to defined criteria), assume that "removal of cyst from kidney" receives a code, and "removal of cyst", "removals from kidney" do not: 

-†the first is considered as part of the target semantic category, 

-†the second and the third refer to concepts that are 'incomplete' with respect to the target semantic category. 

They belong to the comprehensive system of concepts on <surgical procedures>, but fit into other special categories, because they are used just to organize the presentation. 

Consider also chapters, blocks and categories in ICD [WHO, 1978; 1993], 'non-MeSH' terms [NLM, 1994], and various levels of divisions in SNOMED [CÙtË, 1979; 1993]. They are used mainly for statistical tables or for browsing.�XO "special semantic category"� �XO "incomplete concept (with respect to a given target semantic category)"�

B.1.6	Comprehensive system of concepts

In synthesis, various kinds of semantic category should be worked out and defined into a comprehensive system of concepts:

a)†the target semantic category (B.1.3) to which the main set of code values, terms, systematic names and combinatorial rules are referred:  it is the centre of the system of concepts and it may be the target of a standard. In a monoaxial coding system, codes are assigned only to items of target semantic category;.�XO "target:semantic category"�

b)†the auxiliary semantic categories (B.1.4):  more simple concepts that are used to generate systematic intensional definitions or systematic names. In SNOMED III International and in other combinatorial systems (3M-procedures, ICD-O), they have their own code, which is chained in a (ordered or unordered) string to produce complex codes;

c)†the set of 'incomplete' concepts (B.1.5) used for presentation of the system of concepts, for queries or for tabulation of statistical data, about groups of cases. They may have a set of codes, which would be normally distinguished from the set assigned to the first set (the target semantic category).

The concepts of all the previous sets, and their mutual relations, constitute the comprehensive system of concepts.

EXAMPLE 1: The following list summarizes the application of the terms defined in the present European Prestandard to the semantic categories of a system of concepts focused on <surgical procedure>. Note that the strings made up by words linked by hyphens (e.g. is-carried-out-on:) must be intended as indivisible and invariable labels, processed as unitary elements by computers.

	represented item	example

target semantic category�XO "target:semantic category"�	<surgical-procedure>

base semantic category �XO "base:semantic category"�	<surgical-deed>

semantic link �XO "semantic link"�1	is-carried-out-on:

associated semantic category �XO "associated:semantic category"�1	<pathology>

differentiating criterion �XO "differentiating criterion"�1	is-carried-out-on:  <pathology>

semantic link 2	is carried-out-from:

associated semantic category 2	<human-anatomy>

differentiating criterion 2	is-carried-out-from:  <human-anatomy>

one of the generative patterns 	GP1 = [<surgical-deed>  that   is-carried-out-on:  <pathology>

     for <surgical procedure>	     and   is-carried-out-from:  <human-anatomy> ]

incomplete generative pattern	GP1' = [<surgical-deed>  that   is-carried-out-on:  <pathology>]

incomplete generative pattern	GP1" = [<surgical-deed>  that   is-carried-out-from:  <human-anatomy> ]

In this example, the incomplete generative patterns GP1' and GP1" generate terminological phrases that are not considered as valid values in a data field of <surgical procedure> or in a coded entry in a message about individual patients, but these phrases may be used in queries or to group patients for statistical tables. �XO "generative pattern:incomplete"��XO "incomplete generative pattern" \t "see: generative pattern, incomplete" \i"�

More generative patterns need to be produced to describe all the possible <surgical procedures>.



EXAMPLE 2: The following example applies the previous semantic links and generative patterns to a single concept; the definiendum (4.2.1) is the terminological phrase "removal of cyst from kidney", from the same target category of <surgical-procedure>. It involves the following items:

	represented item	example

definiendum �XO "definiendum"�	"removal of cyst from kidney"

base concept �XO "base:concept"�	"removal"

semantic link 1	is-carried-out-on:

associated concept �XO "associated:concept"�1	"cyst"

characteristic �XO "characteristic"�1	is-carried-out-on:  "cyst"

semantic link 2	is-carried-out-from:

associated concept 2	"kidney"

characteristic 2	is-carried-out-from:  "kidney" �XO "instance:of a generative pattern"� �XO "generative pattern:instance"�

instance of pattern (see GP1)	"removal"  that   is-carried-out-on:  "cyst"  and  is-carried-out-from:  "kidney"

systematic name �XO "systematic name"�(see GP1) ∞	{removal; cyst; kidney }  

systematic intensional definition�XO "systematic intensional definition"�	"removal that is carried out on cyst and is carried out from kidney" 

incomplete phrase �XO "incomplete phrase"�	"removal of cyst"

incomplete phrase 	"removal from kidney"

∞  in the above example of systematic name, the order and punctuation are meaningful and refer to the generative pattern GP1 of example 1.

The intensional definition may be 'systematic' as in the above list, but it may also be represented formally in the computer form (as an instance of a generative pattern), or it may remain implicit as a terminological phrase in the definiendum or, in hierarchical systems, in the set of differentiating criteria along the path from the top concept to the involved concept.

The "incompleteness" of the terminological phrases is decided according to pre-defined criteria; in the example it takes a potential coding system on surgical procedures: the two incomplete phrases can be used in the presentation of the hierarchy, to cluster the rubrics of the coding system, but typically they have no code and cannot be admitted as valid values in a data base field or message entry about a specific patient.

B.2	Semantic links and their associated domains

A semantic link is a unidirectional relation from a specified concept to an associated one. A semantic link between two concepts holds also for their semantic categories. 

An associative relation identifies two semantic links (respectively a direct and an inverse one.

EXAMPLE: a semantic link from a <disease> to a <body structure> could be  'has-location:' ; the inverse link, from the <body structure> to the <disease>, could be  'is-location-of:' . 

B.2.1	Associated domain for a semantic link

For a given concept, the set of all the concepts that can be associated to it through a specified semantic link  is called 'associated domain'. An associated domain may be considered as an ad hoc semantic category. In fact, the actual content of an associated domain depends on a specific semantic link, in the given system of concepts. �XO "semantic link"��XO "associated:domain"�

An associated domain may be a subset of a pre-defined semantic category: if a particular system of concepts involves a subcategory of a more application-independent semantic category, a motivated name (A.1.1) should be preferred, making explicit the differentiating characteristic.

EXAMPLE 1: In a system of concepts in the subject field of obstetrics, the associated domain {complication-of-delivery} (e.g. Chapter IX of ICD-9 [WHO, 1978] ) may be considered as a subcategory of <disease>.

An associated domain may be the union of several non-homogeneous semantic categories: the semantic link and the associated domain may then have the same name (see also 4.5, case b).

EXAMPLE 2: In a system of concepts on <surgical-procedures>, the associated domain {approach} could be considered as the union of a subset of the semantic category <human-anatomy> and of a subset of the semantic category <instrument>.  

EXAMPLE 3: In that system of concepts, the associated domain {direct-object} for the semantic link  has-direct-object: may include the semantic categories of <human-anatomy>, <pathology>, <interventional-equipment>.

A semantic category may fulfil different semantic links (3.22) in the same system of concepts, or it may act simultaneously as base category (3.21, B.1.4) and as associated category (3.24, B.1.4).

EXAMPLE 4: one of the generative patterns for <disease> may be 

	[ <disease> that has-cause: <disease> ].



B.2.2	Terms for 'semantic link' and 'associated domain' in different disciplines

In different disciplines interacting with medical informatics, different names are used for similar primitives; approximate mapping may be established as shown in table B.1.

No ambiguities are normally generated by the different uses of these terms in different disciplines. Confusion should be avoided, when there are contrasting meanings in some disciplines.

Harmonization of these terms cannot occur in this European Prestandard; the next revision of this European Prestandard will comply with the standards on the topic, if any. 















Table B.1.  Usual terms for 'semantic link' and 'associated domain' in different disciplines



discipline�term for �'semantic link'�term for the set of values implied by a 'semantic link'��(this standard)�semantic link�associated domain�XO "associated:domain"���functional data base description �function�XO "function"��range�XO "range"���frame-based systems�slot�XO "slot"��range��relational data base theory�attribute, column�domain�XO "attribute"��XO "column"���semantic networks�attribute, semantic link, role�domain, range, semantic type�XO "semantic type"���

B.3	Characteristics and differentiating criteria

B.3.1	Regularity and scope of characteristics

In A.1.1 a distinction was made between: 

a)†essential characteristics, i.e. the set of differentiating characteristics that are used in a given system of concepts for the classification of a concept and for its definition (A.2.1); �XO "characteristic:essential"�

b)†characteristics that are considered important within the system of concepts (e.g. mentioned in a note (4.8) or used for cross-relations) but are not used as differentiating characteristics to organize it or to produce definitions;

c)†characteristics that are not considered at all in a given system of concepts; this number is not limited; they include the accidental characteristics of the referents.

EXAMPLES: 

1)	case a)  has-power-source: "electricity"  may be used to differentiate a class of medical devices (e.g. classes of medical devices can be named after this property). 

2)	case b) the precise position in the body may be considered as an important characteristic for the thyroid in a given system of concepts, but not used to differentiate it from other glands.

3)	case c)  has colour: "red"  is a descriptive accidental characteristic, unlikely to be used for a definition (e.g. by a dictionary to define some class of medical devices).

Situations a) and b) may arise in two different circumstances:  

1)†a peculiar characteristic �XO "characteristic"�holds only for a given concept, and is difficult to generalize;

2)†a homogeneous set of characteristics may be generalized in a fully systematic way across a set of concepts, forming a diferentiating criterion.

EXAMPLES:  

4)	case 1) 'has fins' is a peculiar characteristic to distinguish fishes, useful to assign individual animals to classes 

5)	case 2)  has-location: "stomach"  is similar to characteristics like  has-location: "liver"  or  has-location: "lung"; they can easily be generalized, forming the differentiating criterion  has-location: <body-structure>, that may be used systematically to establish a hierarchy in a system of concepts about <diseases>.



B.3.2	Conversion and explicit differentiating characteristics 

In a hierarchical system of concepts, one or more differentiating characteristics are added at each subdivision from a superordinate concept to a subordinate concept. As already noted in A.1.3.1, any subordinate concepts may serve as a superordinate concept to sub-subordinate concepts and so on, producing a hierarchical chain. 

Given a concept (definiendum), the vertical path moving up along the chain will encounter a topmost concept that has no superordinate concept in the given system of concepts: in fact, in every system of concepts there are concepts that have no explicit characteristic and no systematic intensional definition (their characteristics were not made explicit, because they were not considered relevant for the use of the system of concepts). 

Along the chain, a series of subdivisions is encountered, which provides a set of differentiating characteristics (i.e. all essential characteristics for that concept in the given system of concepts). 

Making explicit and cumulating all the differentiating characteristics along the vertical path from the definiendum to the topmost concept�XO "vertical path from the definiendum to the topmost concept"�, a 'fully exploded' systematic name (3.19; see also B.5) or intensional definition (3.12 and 4.8; see also B.6) could be obtained. Given a concept, a conversion �XO "conversion"�may be performed using any of its superordinate concepts, and adding the appropriate differentiating characteristics along one of the vertical paths between them.

NOTE:  The definition of 'conversion' is adapted from ISO 2382-6 and is compatible with the ones on "data conversion" and "data transformation" in ISO 5127/1.
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Figure B.1:  Example of representation of a polydimensional system of concepts, with multiple 'vertical paths'

























EXAMPLE 1: In figure B.1 two vertical paths are possible, from 'removal" to "excision of a renal cyst", both using the differentiating criteria:

	has-direct-object: <direct-object>

	has-indirect-object: <human anatomy>

in two different orders.

According to both paths (see also 4.8), the two differentiating characteristics are:

	has-direct-object: "cyst"

	has-indirect-object: "kidney"

Note that in figure B.1 the semantic link has-location is between the two auxiliary semantic categories (B.1.4) of <pathology> and <human anatomy>. The concept of "kidney" may play three roles, as location for a pathology or as direct or indirect object of a surgical procedure.

EXAMPLE 2: Given a system of concepts, the concept "viral hepatitis" may be converted into the following instance of generative pattern (one of its superordinate concepts in that system of concepts, followed by one explicit characteristic):

   (1)	["hepatitis" which has-cause: "virus"] 

Provided that "hepatitis" was in turn represented in that system of concepts as: 

   (2)	["inflammation" which has-cause: "virus"]

The same concept "viral hepatitis" may be further converted into the following expression (a more elementary superordinate concept followed by two characteristics): 

   (3)	["inflammation" which has-cause: "virus" and is-located-in: "liver"] 

B.3.3	Differentiating criteria

A differentiating criterion �XO "differentiating criterion"�makes explicit a regularity that is present in a given system of concepts; it may be obtained as generalization of a set of differentiating characteristics, which use the same semantic link. 

It consists of a semantic link and an associated semantic category or associated domain. 

EXAMPLE 1: Differentiating criteria to establish a system of concepts on <diseases> may be: 

	has-location: <body part>, 

	has-cause: <organism>, 

	has-severity: <degree-of-severity>. 

From a given base concept (B.1.4) ) and using in turn concepts that belong to an associated semantic category, a differentiating criterion allows producion of a set of subordinate concepts, with the respective systematic intensional definitions. In turn, a suitable differentiating criterion may also be applied to an associated concept (B.1.4).

EXAMPLE 2: Given the superordinate concept of "inflammation" and using "stomach" and "oesophagus", which belong to the associated semantic category <body-part>, as associated concepts, the differentiating criterion 

	has-location: <body part> 

allows producion of the two subordinate concepts with the following systematic names: 

	"inflammation" has-location: "stomach"	(common name: "gastritis")

	"inflammation" has-location: "oesophagus"	(common name: "oesophagitis")

If the generative pattern in use is known, the systematic names could be presented, respectively, as: 

	{inflammation/stomach}

	{inflammation/oesophagus}

(The decision on the actual format and symbols to be used is taken by the designers of the terminological system).

Using a suitable paraphrase of the systematic names, their respective intensional definitions could be:

	gastritis

	inflammation of the stomach

	oesophagitis

	inflammation of the oesophagus



In turn, an associated concept of <body part> may act as the base concept for another associative relation:

	"kidney" has-laterality : "left"	(common name: "left kidney")

	"inflammation" has-location: "left-kidney"

Various differentiating criteria may be built on the same semantic link. A set of differentiating criteria based on more application-independent semantic categories should be preferred to a unique general differentiating criterion based on an ad hoc associated domain.

EXAMPLE 3: In a system of concepts on <diseases>, the semantic link  'has-cause:'  may appear in the following differentiating criteria:

	has-cause: <organism>

	has-cause: <trauma>

The semantic categories are more application-independent with respect to an ad hoc associated domain such as <aetiology>; thus a set of differentiating criteria like the two above would be preferred to a single more generic differentiating criterion such as:

	has-cause: <aetiology>

Various differentiating criteria may be built on the same semantic category, using different semantic links.

EXAMPLE 4: In a system of concepts on <diseases>, the semantic category <drug> may appear in two differentiating criteria: 

	has-cause: <drug>

	is-treated-by: <drug>





B.3.4	Modifiers

A modifier applied to a concept produces a modified concept, which can be used in the same place as the unmodified concept; the semantic category of the modified concept is the same as the one of the original concept (e.g. "left kidney" and "kidney" are both subsumed by <human anatomy>).�XO "modifier"�

The interpretation of a modifier is usually independent of the other characteristics of the concept to which the modifier applies, for all the concepts of a semantic category, i.e.:

-†the meaning of the modified concept may be derived, at least in a first approximation, by the mere juxtaposition of the meaning of the original concept and the meaning of the modifier; 

-†all the elements of the modifying criterion can be applied to all the elements of the semantic category. 

If this condition does not hold, the valid compositions should be limited by tables or validation rules and suitable definitions should be provided.

A coding scheme may exploit the presence of modifiers, by providing a mechanism to generate combinatorial codes (for example, by systematic juxtaposition of the code for the original concept with a modifier code as prefix or suffix).



B.4	Generative pattern for a specified semantic category  

The intensional definitions (3.12) or the systematic names (3.19) for the concepts of a specified target semantic category (B.1.3) may be generated systematically by using one or more generative patterns (3.27). 

In each generative pattern, a semantic category, the base semantic category (3.21, B.1.4), provides the superordinate concepts (3.8) for intensional definitions or systematic names. �XO "generative pattern"� �XO "base:semantic category"�

Each associated semantic category (3.24, B.1.4) or associated domain provides the associated concepts (3.23) used with a semantic link (3.22) to build a set of homogeneous differentiating characteristics and thus a set of coordinate concepts. �XO "associated:semantic category"�

A semantic link and an associated category (or associated domain) make up a differentiating criterion (3.26). 

A generative pattern is composed preferably of semantic categories and semantic links; they are organized in the following form: 

	a base semantic category (3.21) followed by one or more differentiating criteria (3.26).

EXAMPLE 1:  A generative pattern to generate systematic intensional definitions of concepts of the target semantic category <surgical procedures> may be:

	[<surgical deed> which is-carried-out-on: <human anatomy> ]

The base semantic category <surgical deed> provides the concepts, such as "removal", which may be used as superordinate concepts to build systematic intensional definitions according to this generative pattern, such as:

	appendectomy

	removal of appendix

where the preposition 'of' is one of the current linguistic expressions for the semantic link  'is-carried-out-on:'  (note to 4.3) and  is-carried-out-on: "appendix"  is the differentiating characteristic.

EXAMPLE 2: The 'templates' of the Read Codes Version3 [NHS-CCC, 1994]. �XO "template"��XO "Read Codes"�

A combinatorial rule may be considered as a requirement on the use of semantic categories and semantic links; it may correspond to one or more generative patterns, with additional constraints on their use. Combinatorial rules are used also to verify the compliance of a single intensional definition, or of a systematic name, or of the concept they intend to represent, with a pre-defined categorial structure in a given system of concepts.

B.4.1	Aggregate codes for a generative pattern

A generative pattern, or a part of it (see expression 5 in the example), or a partial instance of it (see expressions 6 and 7 in the example) may be given an aggregate code, according to pre-defined rules, if adequate provision for unambiguous conversion of the code is provided by the coding scheme. 

The aggregate code may be also defined by the end-user, if the coding scheme provides rules for definition and interpretation of user-defined aggregate codes. �XO "generative pattern:aggregate code"��XO "aggregate code"�

EXAMPLE: [adapted from Olesen, 1992] 

Consider a potential generative pattern in clinical chemistry. It is represented as the following set of associated domains; each name of associated domain may be identified by a code in a potential coding scheme "LA" about clinical laboratory science (to the right):

(1)	System		LA9901	

Component		LA9903	

Quantity		LA9905	

   Specification		LA9906	

Numerical-value		LA9907	

Unit		LA9909	

End-code		LA9999	

Consider also the systematic name of one quantity in clinical chemistry, generated according to the above pattern (1):

(2)	Plasma(blood)óPlasminogen activator, tissue type; arbitrary substance concentration (enzymic procedure) (calibrator IS 86/670)  = 1 international unit/litre

If this expression (2) is interpreted in accordance with the generative pattern (1), the following instance of this generative pattern will be obtained (complete codes, in an arbitrary coding system, are to the right): instance of a generative pattern �XO "instance:of a generative pattern"� �XO "generative pattern:instance"�

(3)	System	Plasma(blood)	LA9901:NH2414

Component	Plasminogen activator, tissue type 	LA9903:CC1238

Quantity	arbitrary substance concentration (enz.)	LA9905:CC0090

   Specification	calibrator IS 86/670	LA9906:CC0020

Numerical-value	=  1	LA9907:=1

Unit	international unit/litre	LA9909:CC0007

End-code	end of message	LA9999:CC07

	where 	CC	is an arbitrary coding scheme about clinical chemistry

		NH	is an arbitrary coding scheme based on Nomina Histologica

Assume that some items of the generative pattern (1) are common also to other generative patterns. The 'partial' generative pattern, including all the common items, may be: 

(4)	[ System  ó  Component;  Quantity  =  prefix  Unit  End-code ]

It is possible to assign a code to such partial generative pattern, for example:

(5)	[ System  ó  Component;  Quantity  =  prefix  Unit  End-code ]	LA9990

The items of the instance of whole generative pattern (3) that are compatible with the partial generative pattern (4) are: �XO "partial generative pattern"��XO "generative pattern:partial"�

(6)	System	Plasma(blood)	LA9901:NH2414

Component	Plasminogen activator, tissue type 	LA9903:CC1238

Quantity	arbitrary substance concentration (enz.)	LA9905:CC0090

Unit	international unit/litre	LA9909:CC0007

End-code	end of message	LA9999:CC07

It is possible to assign to this partial instance (6) a particular aggregate code (for example, CC1797), so that all the information in (6) is represented synthetically by: �XO "instance:of a generative pattern:partial"��XO "partial instance of a generative pattern"�

(7)	LA9990:CC1797

In this way expression (2) may be efficiently transmitted by postponing the two missing items to the aggregate code (7):

(8)	LA9990:CC1797, LA9906:CC0020, LA9907:=1

This 'compact' sequence (8) may be therefore expanded, if the conversion between the code (7) and the partial instance (6) is known, yielding an expression in accordance with the whole generative pattern (1).

It is a decision of the developers and of the users (if general rules are provided or there is an agreement amomg the users) if the method in (8) has to be followed, or if it is more appropriate to assign a code to the whole generative pattern (1), or to all the instances similar to expression (2), or to use always the explicit expression (3).

B.4.2	Duals

Rearranging the semantic categories of a generative pattern, using each of them in turn as the base category (3.21, B.1.4) and replacing where appropriate the direct links with their inverse, one obtains a set of meaningful permutations. The resulting generative patterns will be strictly related to the original one, although they will generate a set of concepts (duals�XO "duals"�) that are subsumed by different semantic categories. 

EXAMPLE 1: Consider the following three generative patterns

	[ <disease>  	that  has-location: 	<body-part>  	that  has-aetiology: 	<organism> ]

	[ <body-part>  	that  is-location-of: 	<disease>  	that  has-aetiology: 	<organism> ]

	[ <organism>  	that  is-aetiology-of: 	<disease>  	that  has-location: 	<body-part>]

and the respective three terminological phrases (duals):

	terminological phrase	superordinate concept 	base semantic category

	"viral hepatitis" 	"inflammation"	a <disease> 

	"liver infected by virus" 	"liver" 	a <body-part> 

	"virus of hepatitis" 	"virus" 	a <organism>. 

Although these three terminological phrases involve the same concepts, they are not synonyms. 

As a major consequence for computer-based processing of semantics, the base concept (3.20) and its semantic category should be clearly identifiable in the representation of an instance of a generative pattern within a computer application.

EXAMPLE 2: A <service> in clinical laboratory science may be the <measurement> of a quantity (which implies, among other features, a cost); it is different from the <quantity> that is measured (which implies, among other features, a unit). 

B.5	Systematic names and identifiers

Systematic names and identifiers are expressions, typically artificial, created according to precise systematic rules, according to pre-defined generative patterns. A major goal is to assure unambiguous identification of entries at national and international level, e.g. for orders or interpretation of results.

'Systematic names' are different from 'terms', which are words or pre-defined combinations of words typically used in a specialized language with an implicit or explicit conventional meaning in a given community. They are 'terminological phrases': the latters are linguistic expressions, less rigid than terms, built in a motivated way (see A.1.1) according to usual language rules. In a terminological phrase, the relevant details for unambiguous usage of the entry in a given context are provided.

An adequate paraphrase of a systematic name may play the role of an intensional definition. �XO "intensional definition"� �XO "name:systematic" \t "see: systematic name" \i"�

In common (local) usage, terminological phrases and systematic names of frequent use are replaced by a shorter name. This working name (or trivial name, common name, popular name) may be an acronym, a fantasy name, or a name obtained by dropping details that are redundant in a given situation or because of widely diffused protocols. �XO "working name "� �XO "trivial name"� �XO "popular name"� �XO "common name"� �XO "name:working"� �XO "name:trivial"� �XO "name:popular"� �XO "name:common"�

EXAMPLE: the name of manifacturer is often used in the everyday language of the ward or the laboratory for a particular medical device (and even for the particular quantity that the medical device measures), if that device is the only one present locally of such manifacturer. 

The term 'identifier' is commonly used instead of 'systematic name' when a coding scheme (C.4) is involved, based on brand names, model numbers, sequential numbers; this word is typically appended to the name of the identified semantic category, e.g. "Medicinal Product Identifier".

B.6	Systematic definitions

Intensional definitions are usually presented as expressions in common language, which use the terms defined in the involved special language. 

The generative patterns exploit the regularities of the system of concepts, and allow production of systematic intensional definitions; the paraphrase of a systematic name, or sometimes the systematic name itself, may play the role of an intensional definition. �XO "intensional definition"�

Intensional definitions may be formulated in terms of expressions (canonical forms) in a formal model. A subset of the symbols must be primitive, i.e. they cannot have an intensional definition within the formal model, serving as elementary constituents of the definitions of the other symbols. �XO "canonical form"�

Moreover, the subordinate concepts in a hierarchical system of concepts provide an extensional definition; various degrees of detail are possible, using various levels of subordination. �XO "extensional definition"�

B.7	Guidelines to build the categorial structure of a system of concepts  

Development of the categorial structure of a system of concepts in a given subject field may consist of the following steps:  �XO "categorial structure:design guidelines "�

step 1. Define the purpose of the system of concepts and potential scenarios of application of the various kinds of terminological systems (Annex C).

step 2. Analyze provisionally a small amount of terms and terminological phrases, extract the descriptors (i.e. candidates for base concepts, characteristics and associated concepts) able to identify each of them against the others, transform them into characteristics, with explicit semantic links, and cluster the systematic characteristics into differentiating criteria. 

Separate the associated concepts from the systematic characteristics and cluster them into associated semantic categories. Work out the skeleton of a thesaurus of base concepts and associated concepts, and a tentative set of generative patterns. 

Try to arrange the characteristics and the differentiating criteria in the 4 types described in 4.4 (i.e. broad-use criteria, narrow-use criteria, modifiers, specifications).  �XO "broad-use criteria"� �XO "narrow-use criteria"� �XO "modifier"� �XO "specification"�

Iterate with an adequate total amount of terms and terminological phrases, in order to achieve a reasonable coverage of the subject field and to obtain a stable set of semantic categories.

Compile a list of possible semantic categories in the subject field and produce a data model involving them and the environment (e.g. circumstances about the patient, the care provider, the health-care organizations).  Consider also existing systems of concepts in overlapping subject fields.

Design of the categorial structure will not usually start from scratch. Therefore, one can envisage an initial process of analysis of available material, organized into the following (iterative) sub-steps: 

2.1	Collect the available systems of concepts in the given subject field, considering also the systems of concepts in the subject fields of associated semantic categories (e.g. for <diseases>, consider also available systems or subsystems of concepts on <anatomy> and <organisms>);

2.2	Recognize and describe the categorial structures of collected systems of concepts; model them by suitable categorial structure diagrams; if the systems of concepts are not homogeneous, describe the categorial structure (or at least the generative patterns) for each chapter or subsystem; 

2.3	Integrate the individual categorial structures into a comprehensive, generalized categorial structure; produce an integrated diagram of the resulting categorial structure;

2.4	Reconstruct and complete the data model of the subject field, compatible with the previous comprehensive categorial structure, considering intended purposes and potential scenarios of application; �XO "data model"�

2.5	Upgrade the comprehensive categorial structure, taking into account the new data model.

step 3. Define one or more target semantic categories (3.18, B.1.3) and the boundaries of the system of concepts, i.e. which semantic categories have to be embedded into each target semantic category and deserve no autonomous 'coded field' in the software applications (in the syntax of the messages, in the fields of the data base).

step 4. Identify, for each target semantic category: the base semantic categories (3.21, B.1.4), the semantic links (3.22) and the relevant associated semantic categories (3.24, B.1.4) on which the system will be built. 

If a target semantic category is not homogeneous, analyse separately each relevant chapter or sub-category, then try to merge the results or at least to find the commonalties among them.

EXAMPLE: Working on <medical devices>, describe separately relevant chapters, such as: <medical electrical equipments>, <disinfectants>, <glasses and contact lenses>, <single-use articles>; if needed, subdivide further the analysis of <single-use articles> into <implants>, <sterile> and <non-sterile>. During the analysis, try to use common semantic categories and semantic links as far as possible.

step 5. Work out a list of candidate differentiating criteria (A.1.1) for each base semantic category and draw a diagram of this categorial structure. �XO "candidate differentiating criteria"��XO "differentiating criterion"�

NOTE: Each auxiliary semantic category (B.1.4) may involve, in turn, its own system of concepts, that may be organized by its own (internal) categorial structure  (see also CEN/TC251 Work Item 2.13 Metamed).

step 6. Select the essential differentiating criteria, that are (or are intended to be) common to most systems of concepts in the subject field and on which transformations (3.30, C.6) could be effectively implemented. �XO "essential differentiating criteria"� �XO "differentiating criterion:essential"�

step 7. Define the comprehensive categorial structure for a possible general-purpose system of concepts on the whole subject field. 

step 8. Specify the categorial structures for a family of purposive terminological systems (C.6), by specifying the target semantic categories (B.1.3) and the central differentiating criteria for each system. For each purpose, specify the preferred order which has to be used to build hierarchical systems based on the central criteria. �XO "central:differentiating criteria"� �XO "differentiating criterion:central (for a given terminological system in a family)"�

NOTE: Here "essential" refers to the comprehensive categorial structure for the systems of concepts on the whole subject field, and "central" to each specialized terminological system actually compliant with the comprehensive categorial structure. �XO "family of terminological systems"�

step 9. Point out at least a set of concept representations for each semantic category (e.g. a nomenclature, a classification, a coding system, or a subset of items from them), in order to make available an extensional definition of each semantic category, and also to allow comparison (and future convergence) among similar semantic categories in overlapping categorial structures.

step 10. Reach consensus on a limited, high-level system of concepts implementing the categorial structure; this reduced system of concepts should be used to design a preferred terminology, a reference coding system and a reference classification, as the basis to facilitate the transformation and mapping among elements from different purposive terminological systems on the same subject field. �XO "preferred terminology"��XO "reference:coding system"��XO "reference:classification"�

B.8	Diagramming techniques to represent a categorial structure

The categorial structure of a system of concepts may also be represented by diagrams, in addition to the text (4.1). The specific requirements of the modelling style are:

-†to clarify the partitioning of the categorial structure;

-†to highlight the difference between essential and other important characteristics for each concept, i.e. between those characteristics which constitute the definition of a concept and those characteristics that may be said about the concept  in a given system of concepts (A.1.1, B.3.1);  �XO "characteristic:essential"�

-†to be reasonably concise and uncluttered;

-†to provide an interpretation that can be expanded into a rigorous notation with fully defined semantics (such as conceptual graphs);

-†to make a clear distinction between

-†the general part of the model about medicine or medical practice.(i.e. which should be intended as the categorial structure of the system of concepts), and 

-†the part of the model about data on particular patients (i.e. which should be intended to form part of the model of the information or data-interchange system). 

Annex C (normative)	Representation of systems of concepts by terminological systems  

C.1	Terminological systems

A terminological system relates concepts of a particular subject field among themselves and to their linguistic designations ó terms, terminological phrases, systematic names ó; it may includes codes or definitions. �XO "terminological system"�

A terminological system shall present on the same context at least the following sub-systems:

a)†one set of concepts, either organized in a unique, comprehensive system of concepts, or organized in a coherent collection of partially independent subsystems. It is possible to present the organization of the concepts in the system of concepts to the users by one or more of the following means: definitions, single or multiple hierarchies, diagrams and cross-references. 

b)†one terminology or one coding scheme (usually both). Multiple languages may refer to the same system of concepts, or multiple coding schemes may aggregate the concepts of the same system of concepts in different ways.

EXAMPLE: the International Classification of Diseases, 9th revision [WHO, 1978]:

a) includes, among others, the following partially independent subsystems:

- a "Supplementary Classification of External Causes of Injury and Poisoning", 

- a "Supplementary Classification of Factors influencing Health Status and Contact with Health Services", 

- a "Morphology of Neoplasms".

b) uses two coding schemes ó by the dagger and asterisk mechanism ó to aggregate the concepts of the same system of concepts in different ways 

NOTE 1: A subject field is a topic, an area of human knowledge. The designers of a terminological system enumerate a certain number of concepts in that topic and organize them: in this way they build a system of concepts and limit and define explicitly the scope of the subject field for their purpose. 

In most systems of concepts in health-care the relations between concepts are usually implicit as hierarchy and cross-relations, without indication of the type of relation. This situation hampers management by computer of a large amount of the knowledge embedded in the terminological system. Computerizing a large system of concepts allows exploitation of associative links, of systematic intensional definitions, of explicit regularities; it allows dynamic subsumption and clustering, and facilitates mapping. 

In multi-axial terminological systems, each axis or facet involves a partially independent sub-system (see for example SNOMED III [CÙtË, 1993] or MeSH [NLM, 1994] ). People easily combine terms or terminological phrases from various axes into complex terminological phrases; computer cannot fully support this activity, in the absence of an explicit description of the overall structure, of combinatorial rules, and of rules to validate the meaningfulness of complex terminological phrases. The description of the categorial structure of a system of concepts is a tool to facilitate this process. 

A terminological system may be referred in practice by one or more terms from the following list: thesaurus; classification; terminology; vocabulary; glossary; coding system; nomenclature. 

NOTE 2: Most of these terms were originally used ó by different communities and ISO standards ó as typologies for independent systems. The use of these terms is not consistent in the different contexts. Moreover, after integration of functions achievable by computer, terminological systems are available that include many features; the previous terms then express functional aspects of a single multifunctional system.

A terminological system may be multihierarchical, i.e. the organization of the related system of concepts may allow for multiple vertical paths from a particular concept to the topmost concept(s). �XO "multihierarchical system of concepts"� �XO "system of concepts: multihierarchical"�

C.2	Vocabularies, terminologies and nomenclatures

In a vocabulary every term of a particular subject field  should be the result of terminological work and should be accompanied by a definition. A vocabulary should be adopted by a particular clinical linguistic community only in force of some agreement. �XO "vocabulary"�

The set of terms representing the system of concepts is referred by ISO as terminology. In a broader sense, 'terminology' may include also the concept set, becoming a synonym of 'vocabulary'. A set of codes may be provided to identify terms (may be also to distinguish preferred terms from synonyms) or concepts. �XO "terminology"�

A nomenclature should involve a system of terminological phrases elaborated according to pre-established naming rules, to produce an explicit list of systematic names.  A coding scheme (i.e. the labelling of each name by a code, see below) may be optionally provided with a nomenclature. 

If there are codes, they may be multiaxial ó reflecting the rules for constructing names ó, or hierarchical, or just sequential; in computer systems, relations should be represented formally by mechanisms that are more explicit and flexible than multiaxial or hierarchical codes, so that the use of those partially meaningful codes can become gradually less relevant. �XO "nomenclature"�

A controlled vocabulary should be a restricted set of terminological phrases used within an organization for a given purpose in a specific subject field. Designers need not to provide all the definitions, due to the homogeneity of the users and of the uses. Designers can put a terminological phrase into such a list considering only their local uses (and perhaps a specific application software) and it is not required that they search for agreement within a larger clinical community. Within a computer-based application, the controlled vocabulary can be organized in tables, one for each data base field or entry considered by the application. A set of codes ó to be managed by the application software ó may be provided, to identify each terminological phrase within each table or in the whole application.

A unique comprehensive controlled vocabulary should be built and maintained by each institution, merging all the over-specialized vocabularies of the teams or departments. The controlled vocabulary should provide unambiguous transformation tables towards relevant coding systems. �XO "controlled vocabulary"�

C.3	Thesauri and classifications

Thesauri and classifications are two other types of terminological systems. �XO "classification"�

A thesaurus should be the vocabulary of a controlled indexing language, formally organized so that a priori relationships between concepts (e.g. 'broader' and 'narrower') are made explicit [ISO 2788]. �XO "thesaurus"� 

A classification (or taxonomy) should be a terminological system whose system of concepts is structured by generic relations only. �XO "taxonomy"�

NOTE 1: Classes may consist of objects or concepts; in consequence, two kinds of activities may be performed on classes: 

- in the preparatory work to build a hierarchical system of concepts, the developers of a classification identify the essential characteristics of each concept in a class, and use them to organize classes of concepts into the taxonomy;

- in the routine application of a classification, the users assign each object to a class of objects, according to the predefined characteristics. 

Dealing with manufactured products, confusion may arise from the fact that a concept can be constituted through abstraction from the series of products (objects) produced by the same manufacturer and with the same model identifier. This concept may be assigned to a class of concepts by the manufacturer or by the responsible of a classification.

NOTE 2: 'Class' is an abused term in informatics, statistics and terminology work. Various standards define it differently.  

C.4	Coding schemes and coding systems

A coding scheme is a collection of rules to represent items of a 'coded set' (e.g. rubrics) into the elements of a 'code element set', or 'code set' (e.g. codes); it does not include the elements of the two sets (see ISO 2382-4).  The first set may be�XO "coding scheme"�

a)†a set of objects;

b)†a set of concept designations;  in particular it may be 

b1)†a set of codes.

Each coding scheme shall be registered separately under CEN ENV 1068.

EXAMPLES: 

1)	case a) A person identification number involves a set of objects; the number may be sequential (for example, day of admission + sequential number within the day) or created from the name, the date of birth, etc.

2)	case b) In ICD-9 the coded set is a set of rubrics (concept designations). 

3)	case b1) In the schemes of DRG groupers the coded set is a set of codes. �XO "coding scheme"�

A coding system shall be a combination of: a system of concepts; a terminology (rubrics); a set of code values; at least one coding scheme to relate the codes to the concepts or the terms. 

In a coding system, the system of concepts or the terminology are the coded set, and the set of code values is the set of code elements (ISO/IEC TR 9789).  �XO "coding system"�

EXAMPLE 4: In the ICD-9 coding system, two alternate coding schemes were defined to represent the same set of rubrics with the set of four-digit codes: the principal scheme deals with 'dagger' codes, the secondary scheme with 'asterisk' code. Explicit mention is required, when the secondary scheme is used. 

The set of code values may be hierarchical, combinatorial or sequential, independently from the categorial structure existing in the coded set.  �XO "coding system:hierarchical"� �XO "coding system:combinatorial"�  �XO "hierarchical coding system" \t "see: coding system, hierarchical" \i"�

C.5	Formal models

An emerging kind of concept-representation system is the formal model. It shall provide a set of symbols (usually lexical marks on paper or their equivalent in a computer system) and a set of formal rules to manipulate them. They are intended to be interpreted as denoting a set of concepts and some set of relations between them. Each concept shall be represented in a formal model by a unique canonical form, made up of symbols; non-canonical formal expressions shall be convertible to the canonical one. �XO "canonical form"� �XO "formal model"�

Symbols can be given names that human users find meaningful, but the behaviour of the model shall be independent of the names. Models are designed to manipulate these symbols in a formal way, so that the symbols behave in ways that correspond to human use of the concepts represented.

Formal models are based on a formalism.

EXAMPLES: Formalisms in use include conceptual graphs �XO "conceptual graphs"�[Sowa, 1984] and GRAIL �XO "GRAIL"�[GALEN, 1992-1994].

NOTE: The expressive power of a formal model largely depends on the formalism. In significant systems for practical applications, the complexity of the formalism �XO "formalism"�and of the manipulations goes beyond the power of human processing, and suitable computer software for manipulation and browsing is needed. 

A concept representation system ó including formal models ó never captures all of the meaning of a concept or all the relations between them. All concept representation systems provide at best approximations of the concepts represented. Adequacy of formal models may be only be evaluated by interpretation in the intended context.

C.6	Relations among concepts belonging to different terminological systems

For the purpose of this European Prestandard, the term 'conversion' (3.29) shall be used only to designate a change in the representation of a concept within the same terminological system. When two different systems are involved, one of the following terms shall be used: 'transformation' or 'mapping' (see also ISO 2382-6). �XO "conversion"�

Transformation (3.30) implies that the two terminological systems are compatible, in at least a direction; i.e. each concept of the 'source' system shall correspond to exactly one concept in the 'target' system (the reverse is not required). There may be a loss of information (due to different granularities), i.e. the resulting concept may be superordinate to the original one. �XO "transformation"�

Mapping (3.31) shall designate the change from a concept of the 'source' system into the most similar concept in the 'target' system; the result may be subjective and it may involve loss of information or a shift of meaning. �XO "mapping"�

A terminological system is 'transformable' into another terminological system only if each concept of the first system can correspond to exactly one concept in the other. Otherwise the term 'mappable' shall be used.

C.7	Families of terminological systems

From the same comprehensive system of concepts, a family of coherent terminological systems, adapted to specific purposes, can be designed. �XO "family of terminological systems"�

The terminological systems of a family shall share the same semantic categories and semantic links of a global categorial structure, but may be based on adapted generative patterns and systematic names. 

The differentiating criteria may be used differently in the various systems (4.4); in particular, a different set of differentiating criteria may be described as 'central' (note to step 8 of B.7) for each system. �XO "central"�

Transformations among concept representations from the different terminological systems of a family are possible.



Annex D (normative)	Compliance of a particular terminological system to a standard on a given categorial structure

To produce a standard on the categorial structure of a system of concepts in a given subject field, the present European Prestandard shall be used. To test the compliance of a particular terminological system against such standard, the following common rules shall then apply, unless explicitly stated by the standard itself.  �XO "compliance:to a given standard on a categorial structure (of a terminological system)"�

D.1	Use of terminological phrases and systematic names

Rubrics of the particular terminological system may be made of terms, terminological phrases, systematic names, or trivial (common, popular) names. However a reference from each rubric to a systematic name produced according to the specific standard should be provided.

Systematic intensional definitions (according to the generative patterns provided by the specific standard) may be provided.

D.2	Use of routine language and local controlled vocabularies

The claim of compliance of a particular computer-based terminological systems to a specific standard shall not be a motivation to impose a particular set of terms or terminological phrases on end-users, i.e. health-care professionals: a decision of the given community is needed, to adopt a given terminological system as preferred terminology also for current usage in routine work. �XO "routine language "�

Without this decision, the terminological system should be used only for data interchange and for uses within the computer system; provision should be made, to allow end-users to continue to use their own language in their routine work. Mapping, and possibly transformation (5.4), should be arranged from local vocabularies to the terminological system.   

�XO "controlled vocabulary"�

D.3	Use of codes

If the particular terminological system provides a coding system, the following statements shall apply.

The specific standard shall not impose a particular kind of coding scheme on the designers of coding systems in the given subject field; nevertheless, all codes of the coding system should be transformable (C.6) into systematic names (4.7; see also B.5) or into the codes of a reference coding system (4.9; see also B.7), and into the codes of the preferred coding system for a given semantic category, if the related descriptions are provided by the standard. A few purposeful exceptions is admitted, and shall be adequately marked in the presentation to end-users.

The coding scheme(s) provided by the particular terminological system may be combinatorial (multiaxial), i.e. a specified subset of the characters of the code may be devoted to each semantic category; the categorial structure, and in particular the generative patterns, described in the specific standard shall then be considered to define the semantic categories (axes); the subset of characters of the code devoted to each defined semantic category shall be transformable into the preferred coding system for that semantic category, if described by the standard categorial structure. 

The coding scheme(s) provided by the terminological system may be hierarchical, i.e. reflecting a hierarchy in the related system of concepts; the hierarchy shall then consider the categorial structure, and in particular the differentiating criteria, in the standard.

�XO "controlled vocabulary"�

D.4	Overall presentation of a terminological system

Different degrees of compliance, according to various points of view, shall be admitted for the presentation of a particular terminological system. The following points of views and degrees shall be considered, if the specific standard does not provide a different arrangement. 

In each series below, the requirements to claim compliance to each level are provided; higher degrees shall be considered as preferred. The levels A0, B0, C0 and D0 involve no requirements.

D.4.1	Explicit access to the categorial structure for the end-user

A1. 	The categorial structure shall be defined and used by the developers, but is not presented explicitly to the end-user. Nevertheless, the description of the categorial structure should be available on request to developers of information systems and for compliance tests.

A2. 	The categorial structure shall be defined and used by the developers, and the list of differentiating criteria and semantic categories shall be presented explicitly to the end-user. 

A3. 	In addition to A2., for each semantic category a reference list of admitted values shall be presented explicitly to the end-user. 

A4. 	In addition to A3., a definition shall be provided explicitly to the end-user for each admitted value;

A5.	The categorial structure shall be embedded into a formal model, and the end-user shall have friendly access to that model. 

NOTE: The free-text definition of an item is different from an instance of a generative pattern in a formal model; the latter is an explicit construct that uses only elements within the systems of concepts and is processable by computer as a structured intensional definition. The systematic name, if adequately represented by an explicit construct, may be another kind of processable intensional definition. �XO "generative pattern:instance"��XO "instance:of a generative pattern"�

A concept may also be extensionally defined, by providing all the subordinate concepts in a given system of concepts. This kind of definition is exploitable for a large number of entries in a hierarchical system, provided that subdivisions are explicitly declared as exhaustive.

The definitions of the values of the auxiliary categories, if provided, are typically expressed by free text or figures, or they refer to other existing systems of concepts.

D.4.2	Explicit access to transformations of the rubrics into standard systematic names

B1. 	The rubrics of the particular terminological system shall be verified against the categorial structure (and in particular the differentiating criteria ) described in the standard, but resulting tables and rules are not available to the end-user.

B2. 	The transformations (by tables or rules) of all the rubrics of the particular terminological system into systematic names, if provided by the categorial structure described in the standard, shall be available to the end-user.

D.4.3	Explicit access to transformations of codes into standard combinatorial codes

C1. 	The codes of the terminological system shall be verified against the categorial structure, and in particular the differentiating criteria, described in the specific standard, but resulting tables and rules are not available to the end-user.

C2. 	The transformations (by tables or rules) of all the codes of the particular terminological system into combinatorial codes, if provided by the categorial structure described in the specific standard, shall be available to the end-user.

D.4.4	Explicit acceptability of a combinatorial code

D1. 	The terminological system shall provide at least a combinatorial coding scheme (or it shall adopt the coding scheme provided by the specific standard, if any). This combinatorial coding scheme shall reflect the categorial structure (and in particular the generative patterns) described in the standard. 

D2. 	In addition to D1, the particular terminological system shall implement the combinatorial rules (if described in the specific standard) to produce well-formed combinatorial codes.

D3. 	In addition to D2, the particular terminological system shall provide an explicit list or a set of tables or rules to decide about the meaningfulness and the validity of each combinatorial code.

Annex E (informative)	Notation used in the standard  

�The following notation was used in this provisional standard, in order to clearly distinguish the nature of the various items that appear in the examples and the notes.

	"     "	concept

	<    >	semantic category

	{     }	set of concepts,  associated domain

	[    ]	generative pattern and formal intensional definition

	italics	term defined in this standard

The following typographical features are used without conventional meaning, in order to improve readability:  

	'     '

	´     ª

	bold



�Annex F (informative)	List of acronyms  

�AMA	American Medical Association (US)

CAP	College of American Pathologists (US)

CCC	NHS Centre for Coding and Classification (GB)

CEN	European Committee for Standardization

ICD	International Classification of Diseases

ICPC	International Classification for Primary Care

ISO	International Organization for Standardization

MeSH	Medical Subject Headings

NHS	National Health Service (GB)

NLM	National Library of Medicine (US)

RCC	Read Codes

SNOMED	Systematized Nomenclature of Medicine

UMLS	Unified Medical Language System

WCC	Standing Committee on Classifications and Terminology in Health (NL)

WHO	World Health Organization

�
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classification	11; 39
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conceptual graphs	13; 40
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GRAIL	40

hierarchical coding system	see: coding system, hierarchical
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incomplete concept (with respect to a given target semantic category)	27

incomplete generative pattern	see: generative pattern, incomplete

incomplete phrase	28
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intension	9; 21

intensional definition	9; 24; 35

fully exploded, based on topmost superordinate concept	16

proper, based on the nearest superordinate concept	16

systematic	16
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mapping	11; 40
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motivated term	21
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popular	35

systematic	see: systematic name

trivial	35

working	35

narrow-use criteria	36

nearest superordinate concept	16

nomenclature	11; 38

non-hierarchical relation	23

obsolete term	25

ontology	11

partial generative pattern	34

partial instance of a generative pattern	34

partitive

relation	9; 22

system of concept	22

placeholder	13; 22

polydimensional system of concepts	13; 22

polysemy	25

popular name	35

position code	25

preferred term	25

preferred terminology	37

qualifier	23

range	29

Read Codes	23; 33

reference

classification	17; 37

coding system	15; 17; 37

routine language	41

semantic category	10; 26
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auxiliary	see: auxiliary semantic category
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target	see: target semantic category
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appearance in a term	13

naming convention	13

semantic type	29
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special semantic category	27
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spelling variant	25

structure, categorial	see: categorial structure

subordinate concept	9

superordinate concept	9

nearest	16

symbol	25

synonymy	25

syntactic variant	25

system of concepts	9; 22

multihierarchical	38

partitive	22

polydimensional	13; 22

systematic intensional definition	12; 16; 28

systematic name	10; 12; 15; 28

target

category	see: target semantic category

concept	10

semantic category	10; 26; 27; 28

taxonomy	39

template	33. see: generative pattern

term	9; 20; 25

terminological acceptability rating	25

terminological phrase	10; 20

terminological system	37

terminology	38

thesaurus	17; 39

transformation	11; 40

trivial name	35

typology	11

value	23

variant	25

vertical path from the definiendum to the topmost concept	16; 30

vocabulary	38

working name	35
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