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Abstract

This thesis develops and tests a definition-oriented approach to concept analysis. In this
approach, a computerized knowledge management system called CODE ;s uscd to help the
terminologist carry out concept analysis specifically aimed at constructing intensional (Aristotelian)
definitions for a terminological kncwledge base (TKB).

The approach is developed by first exploring what the literature has to say about the
intensional terminological definition (ITD) as a process, a product, and a tool. The primary conclusion
that arises from this exploration is that ITDs for co-concepts must be consisient in content and form,

and must clearly indicate the place of their respective concepts in the concept system. Second, this
thesis looks at how a specific feature of the CODE system, the Characteristic Comparison Matrix
(CCM), can be enhanced to facilitate definition-oriented concept analysis. The result is a powerful,
flexible feature that aids the terminologist in recording consistent characteristics and selecting
characteristics for definition construction. Third, this thesis proposcs enhancements to an existing
general approach to concept analysis. These enhancements ar¢ based on definition rescarch,
knowledge of CODE, and introspection, supported by previous experience performing general concept
analysis with the COGNITERM Project. The result is an approach which ailows the terminologist to
carry out concept analysis in a methodical manner, using CODE to create goud, consistent ITDs for a
TKB.

This approach is tested by creating a TKB for the subject ficld of lasers (concentrating on 16
concepts), complete with ITDs. The approach works quite well, although it requires some minor
modifications. The definitions are consistent and contain only that information nccessary to
distinguish co-concepts from one another and to indicate their place within a concept system.
Although CODE is helpful in facilitating definition-oriented concept analysis, some enbancements to

the technology would make it even more useful.







Résumé

La présente thése a pour objet de proposer et de mettre & I'essai une approche & lanalyse
notionnelle axée sur la définition. Cette approche fait appel au systéme informatisé de gestion des
connaissances appelé CODE, qui aide le terminologue 3 cffectucr unc analyse notionnelle dans le but
de créer des définitions caractéristiques, autrement appelées aristotéliciennes, qui pourraient s'intégrer &
une base de connaissances terminologiques (BCT).

L'auteure examine en premier lieu Vétat de la recherche afin de délimiter les contours de la
définition caractéristique terminologique (DCT)  titre de processus, de produit, d'outil. Cette étude lui
permet de conclure d'emblée que les DCT des notions coordonnées doivent étre conséquentes au plan
du contenu et du contenant et qu'elles doivent indiquer clairement la place de leurs concepts respectifs
dans le systéme notionnel. En deuxiéme licu, I'auteure s¢ penche sur un atiribut précis du systtme
CODE, la Matrice des comparaisons de caractéres (MCC), dans le but de déterminer dans quelle
mesure cet outil facilite I'analyse notionnelle axée sur la définition. Enquéte faite, on y voit un outil
puissant, flexible, qui aide le terminologue a relever les caractéres conséquents ct i choisir ceux qui
servent a la création des définitions. En troisieme licu, l'auteure propose des améliorations a
l'apprache existante & I'analyse notionnelle générale. Ces améliorations s'inspirent des recherches sur
les définitions effectuées par l'auteure, sa maitrise du systéme CODE ct des connaissances qu'elle a
acquises en procédant a des analyses notionnelles générales dans le cadre du projet COGNITERM. 1)
en résulte une approche qui permet au terminologue d'effectucr méthodiquement une analysc
notionnelle en faisant appel au systéme CODE afin de mettre au point des DCT sires ct conséquentes
qui sauront s'intégrer a une BCT.

L'auteure fait ensuite I'essai de cette approche en créant une BCT pour le domaine du laser (en
se limitant & 16 notions) qui comprend toutes les DCT voulues. L'approche réussit fort bien,
quoigu'elle nécessite des modifications mineures. Les définitions sont conséquentes et nc conticanent

que les informations qu'il faut pour distinguer les notions coordonnées les uncs des autres et pour



Résumé

indiguer leur place a lintéricur d'un systéme notionnel. Quoique le systeme CODE facilite grandement
I'analyse notionnelle axée sur la définition, quelques améliorations de nature technologique le rendrait

encore plus utile.



Table of Contents

Acknowledgements . ..ottt i
ADSITACE & v v v et et i et e e e e e e iii
) e 1 T O v
List OF FIUIES . .« oo it vt e it e et xi
List OF Tables . v o v et vt ettt ba s b et et e e e xiii
Notational Convemtions . .« v v o v vttt it it ie it s taa st e XV
GIOSSAIY .+« o o vt e st e n et e e e xvii
INtroduction . ....ceeentoncovvosnsessssesasasssnas Ciesasteaasaraens P |
0.1 A Knowledge-Based Approach to Terminology .......... .o 2
0.1.1 The COGNITERM Project ..........coutinrite ey 4
0.1.2 A Definition-Oriented Approach to Concept Analysis . . .......coovnnnnvnn 4
0.2 Definitions InGeneral ... ... .. ittt e 5
0.2.1 A Brief History of the Definition .. ........ ..oy 5
0.2.2 Defining the Definition . ...... ... oo i e 6
0.2.3 Definition TYPOIOZIES . . ..o cv vttt e e e 8
0.3 The Focus of This Thesis . ... ...t ir et 10
0.3.1 The Intensional Terminological Definition (ITD) ....... ... oot 10
0.3.2 The Method of Defining ... ... ... o it 11
033 TheSubject Field ... ... .. o i 12
034 The LangUage .. ... ... uuiinnuiiueanrorraasnes oo sansiorens 12
0.3.5 The COGNITERM Framework . ....... ... iiierinnecnnronarenns 13

Part 1. General Concept Analysis:

Basic Concepts, Technology, and Approach .............. tevesaressasetasraa .- 15
Chapter 1. The Basic Concepts: Concepts, Characteristics, and Relations Ceesaneas 17
1.0 IOOUCHOM . v vttt e et e ittt e e e 17
11 The Comcept . ..o v ittt ittt e 17

1.1.1 Defining the Concept ... ... .. ...t 18

112 Types of CONCEP . ..ot vvt et 19

1.1.3 Denoting the Concept ... ...ttt 21
1.2 Conceptual Characteristics .. ... ... ... i 21

1.2.1 Characteristic COMPONENtS ... ... .ottt e it e 22

1.2.2 Characteristics a5 CONCEPES .. . ..o v i n i n i 23

1.2.3 Types of Characteristic . ......... ..o vniin e 24

1.2.3.1 Types of Characteristic in the Literature . ..........cccovvvinnnennnn 24
1.2.3.2 Characteristic Distinctions Within this Thesis ........... .o, 26

1.2.4 Inheritance of Characteristics .. .. ... i iin i iirsernnrae o 3
13 Concept SYSIEMS .« oo v vttt ittt 32

1.3.1 Representing Concept Systems . ..........cvvivtreennr e 33

1.4 Practical Uses for Concept Analysis




Table of Contents

Chapter 2. The Technology: CODE ......... Caeesaneaene i he s s et e e . 37
20 IntrOdUCHON .\ttt ot e e e e e e e e 37
21 CODE's User HUCEEACE . v vttt e e ettt e e e ea et e s 38
22 CODE FCatlICs . . o v v v v v v et et te ot ain e o o en e 38
2.2.1 Textual and Graphical Display .. ...... .. . v 39
22.1.1  Textual BrOWSEE . oo v vt it an st e e e 39
2.2.1.2 Graphical BroWSCr .. ..ottt i e 43
22.1.3  Combining BIOWSCIS ..o oo titvt ettt 46

2.2.2 Inheritance Mechanmisms . . o vttt e et et e 46
2.2.3 Flexible Mcans of Specifying Characteristics . ... ... ...t 48
Chapter 3. The Approach: General Concept Analysis .............. e ceeses 51
30 Introduction . .. ot i e e e e e e e 51
3.1  The Structure of COGNITERM ... oo i i e st e e e 51
30,1 Concepts BIOWSCT . . ..t vttt i 53
3.1.2 Conceptual Info Browser .. ... ou i 53
3.1.3 Linguistic Info Browser . ... ... oo i e 55
3.1.4 Background Info Browser ............iutintiininiioii i 57
31,5 Facets BroWSEIS . . v o vt et i ie e ittt e e 58
306 Full Graph . .ot i e 60
3.1.7 Characteristic Link Graph . ... ... o i s 60
3.2  Steps in Concept Analysis .. ... .ot e e 61
3.2.1 Sclecting an Introductory Documentation Corpus . ..... ... iy 61
3.2.2 Establishing a Preliminary Concept Graph . .......... ... . ... ity 61
3.2.3 Compiling a Bibliography . ..... .. o i 63
3.2.4 Estabiishing a Concept System . .. ... ...ttt i 64
3.2.5 Enlisting the Help of Subject-field Experts . ......... ... ... ooty 64
3.2.6 Designing a Template of Conceptual Characteristics . ........... ... . vt G5
327 SCANNMINE . . .ottt ittt et e e 69
3.2.8 Revising the Information . ..., i 70
3.2.9 Updating the information . ....... .. il 70
33 CONCIISION . ot i i ettt e e e 71

Part 2. Definition-Oriented Concept Analysis:

The ITD, The Technology, and The Approach ........... teranan crsesaaeennas 73
Chapter 4. The Intensional Terminological Definition ..... Gttt eaeartaseerennn ees 18
40 INOGUCHON . . ottt i e et e e e e 75
41 The ITD as Product . . .o v it i i it e et et e e e 76

4.1.1 The Genus: Consistent Generic—Specific Relations . . ........... ... .. ... ... 78

4.1.2 The Diffcrentia: Necessary and Sufficient Characteristics . .................... 80

4.1.2.1 Necessary Characteristics . ....... . i i 81
4,1.2.2 Sufficient Characteristics . . . . .. ... ittt i i i i et e 82
4,1.2.3 Necessary and Sufficient Characteristics .................... ... . ..., 83
42 The ITD a8 PIOCESS . & o ittt et ate s cam e e e bae s e iean e sssnes s 34

421 Sclecting the GenuUS . .. ..ottt i e e e s 85

4.2.2 Selecting N+S Characteristics .. . ... ... . i i e 89

423 Inconsistent N+S Characteristics . .. ... ... .. i i i i ey 93

viii



Takle of Contents

43 ThelTDasaTool ... ... i s 94
4.3.1 Establishing a Link Between Concept and Term .. ..o e 94
4.3.2 Situating the Concept Within the Concept System . . ... ..o 95

433 Establishing Interlingual Equivalences . ... ... .o e e 96
43.4 Contributing to Standardization . ....... .. ... it 97
435 Educating the User ... ... i i 98

43.5.1 Users of the Intensional Terminological Definition . ............covovvvn 98
43.5.2 The User's Subject-Ficld Knowledge . ......... oo 99

Bd  CONCIUSION + v v e it e e e e 102
Chapter 5. The Technology: The Characteristic Comparison Matrix ....cvereenanen 103
50  INOUCHIOI .+ o v vttt et i e 103
51 The Characteristic Comparison Matrix (CCM) . ....... ... ..ot 104
5.1.1 The Evolution of the CCM . . ... . i e 104
512 The CODE2 COM ... it i i i e i e b 106
512.1 Howthe CODE2 CCM Worked .. ... ..ot 106
5.1.2.2 Proposed Improvements for the CODE4 CCM ....... ... ... e 109

5.1.3 The Initial Development of the CODE4 CCM ....... . .oy 115
514 The CODEd COM .. .. i i i e it it e aas 115

5.1.4.1 Using the CCM for Differentiating Characteristics .. ... 116
5.1.4.2 Additional CODE4 CCM Features

................................. 118
52 CONCIUSION + v o vttt ittt it ea s s e e 122
Chapter 6: The Approach: Definition-Oriented Concept Analysis ......... I V4]
6.0 IntrodUCtiOn .. i i i e 125
6.1 Proposed Modifications and Additions to the General Approach to Concept Analysis . . ... 126
6.1.1 Carrying Out Preparatory Work (Part I) . ... ... .o en 128
6.1.2 Establishing A Characteristics Template (Part 1) . ... 131
6.1.3 Carrying Out Primary Knowlcdge Acquisition & Revision (PartII) .............. 132
6.1.4 Constructing the Draft Definition (Part IV} . ... ... .o 135
6.1.5 Testing the Draft Definition (Part V) ... ... o i 136
6.1.6 Updating Subject—ficld Information in the TKB (Postscript) . ........covonennnn 137
6.2  COMCIUSION & vt v vt ittt e e e i e 133
6.2.1 Annotating Information . ......... ... ... .. 138
6.2.2 Developing Sensitivity to Documentation Clues and Expert Opinion .. ... vvv 139
6.2.3 Relying on Experts in Matters of Judgement . ... ..o 139
6.2.4 Using the CCM to Establish a "Definition Mindset” ............ ... 139
6.2.5 Understanding the Non-sequential Nature of this Approach . ................... 140
Part 3. Testing The Approach
and Assessing The Results ............. et erras e retrareane e vee. 141
Chapter 7. Testing the Approach; Lasers .........cccrivrrerenanrranees vereaess 143
70 IntroduCtOn . .. i i e 143
701 TheFocus of the Test ... ... ... . . e 144
702 What is aLaser? . .. i it ittt i e 144
7.1 Following the Proposed Approach . ......... ...y 146
7.1.1 Part I: Carrying Out Preparatory Work (All Concepts) ...........ovovennnnnnn 147

ix




Table of Contents

7.1.2 Part II: Establishing the Characteristics Template (Kinds of Manufactured ER) .. .. .. 156
7.1.3 Part III: Carrying Out Primary Knowledge Acquisition and Revision (Kinds of

Manufactured ER) . . . oo i e e 156
7.1.4 Part IV: Constructing the Draft ITD (Laser) .......... ... ..o, 156
7.1.5 Part V: Testing the Draft ITD (Laser) ... ..ottt iiiiee e eeaneaa 158
7.1.6 Part 1I: Establishing the Characteristics Template (Kinds of Laser) . .......... ... 159
7.1.7 Part 1Il: Carrying out Primary Knowledge Acquisition and Revision (Kinds of Laser and

Kinds of Neodymium Laser) .......... ... .. . .. ittt 162

7.1.8 Part IV Constructing the Draft ITDs (Kinds of Laser and Kinds of Neodymium Laser) 171
7.1.9 Part V: Testing the Draft ITDs (Kinds of Laser and Kinds of Neodymium Laser) .... 173

Chapter 8. Assessing the Results: Some Concluding Remarks ........o0vvus N Vi
8.0  Introduchion . ... i e e e e 177
8.1 Issues That Arose From the Test . ... ... . . . . i i i i 177
8.1.1 The Sceming Complexity of the Approach .. ......... ... .. ... ... 177
8.1.2 Compound Terms Reflecting N+S Characteristics ... ....... ..o 179
82 Changes and Additions to the Approach .. ... ... ... ... .. .. i i 180
8.2.1 Changes to the Approach . .. ... . i i e 180
8.2.2 Additions to the Approach . . ... . .. . .. e 181
83  Suggestions for Improvements to CODE ............. ... ... ... iy 185
8.3.1 Full Browser Functionality forthe CCM . ... ... .. .. ity 185
8.3.2 Hypertext Links Between the ITD and TKB browsers . ... .o oo aaninnn 187
8.3.3 Warning of Modified N+S Characteristics .............. ... ... .. 187
8.4 Possible Directions for Future Research ... ...... ... .. ... i, 188
8.4.1 Syntax of Definitions .. ... .. . 188
8.4.2 Multidimensionality . ... o e e e e 188
843 CharattCrislics . . . i e e 189
8.4.4 Dcfinition Construction for Other Subject Fields . . ... ...... ... .. ... . it 189
8.4.5 Construction of Other Types of Definition ... ......... ... iy 189
8.4.6 Multilingual Definition Construction . ........... ... ... .. ... 190
8.4.7 Guidelines for Solicitation of Expert Help . .............. .. ... . i, 190
8.4.8 Concordancing Tools ... .. . e e e 190
BS  Conclusion ... ..ot et i s 191
Appendix A ........... et tesrnenna teresasnaas G eerestratiasaaraaes e 193
Appendix B ........ Ceteei ettt teasscensisesiesser o 199
Appendix C ......cociveneses Sttt e ea s car et ean e crererasanas . 245
Bibliographic References . .......ccoiiuvveennnn Gttt er e et e veeeens 247



List of Figures

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.

Figure 8.
Figure 9.
Figure 10.
Figure 11.
Figure 12.

Figure 13.
Figure 14.

Figure 15.

Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.

Figure 22.
Figure 23.

Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.

Figure 31.
Figure 32.

Characteristic Distinction 1: Relations vs. Attributes
Generic-specific relations
Partitive relations
Field diagram
Tree dIAGIAM . oo n e e e
Hierarchical list . . . . . .. . i e
CODE textual browser containing a hicrarchical list of concepts with two
collapsed SUDEICES . ...\ vt ui it i e
CODE window containing a concepts browser (left) and an attached browser
containing a hicrarchical list of characteristics (right) .. ...... ...
CODE window containing a concepts browser (left), an attached
characteristics browser (middle) and an attached facets browser (right) . .... ...
CODE graphical browser from the optical storage technology TKB
displaying generic-specific relations ... ... ... .. e e
CODE graphical browser showing concepts with isa (s), partitive (part) and
associative (device) links . ... ... ...
CODE graphical browser showing subtree of the optical storage technology
3 24 = S R
Characteristic link graph for CD-ROM . ... ... ... i
CODE window with graphical concepts sub-browser (left), and textual
characteristics sub—-browser (right) . ......... . .o v i
Conceptual characteristics arranged hierarchically for the concept CD-
ROM . e e e
The Structure of COGNITERM ... ... ... . i
Concepts browser with concepts displayed hierarchically. . ...................
Conceptual Info browser for the concept CD-ROM
Linguistic Info browser for the concept CD-Audio ..............covnvevnn
Background Info browser for the concept CD=-Audio . ... .....ccvvvevnnnn
Background facets browser with VALUE facet for classification
status:classified sclected (for optical disc) .............. ..o
Linguistic facets browser with reference facet for synl:audio compact disc
selected (concept of CD=-Audio) ........... ..o,
Preliminary concept graph for optical storage technology TKB with
“concept clusters” ... ...
Concept graph for the subfield optical storage media . .......ccvvviiinn
COGNITERM default conceptual characteristics template .. .........cvnvvn
The formal structure of the intensional terminological definition . ..............
Subgraph from COGNITERM Typesctting TKB (types of printers) .............
A multidimensional classification of vehicle
The subfield of body of water ............ ... . .. i
CODE2 CD Views for the co-concepts CD~ROM, CD-Audio, CD-

Interactive, and CD-Video, displayed on-screen for characteristic
COMPATISON + v vttt vttt ettt v a e n s s e

CODE2 CCM for the concept CD-Audio . ........ ..oy
Subwindow showing the identical characteristics of co~concepts (i.c.
characteristics not displayed in the CCM).

........................
-------------------------------------------
------------------------------------------------

-----------------------------------------------

.......................

.............................

...........................




List of Figures

Figure 33,
Figure 34.

Figure 35.
Figure 36.

Figure 37.
Figure 38.

Figure 39.

Figure 40.
Figure 41,
Figure 42.
Figurc 43.
Figurc 44.
Figure 45,

Figurc 46.
Figurc 47.
Figurc 48.
Figure 49.
Figure 50.

Figure 51.
Figurc 52.
Figure 53.
Figure 54.
Figure 55.
Figure 56.

Figurc 57.
Figurc 58.
Figure 59.
Figure 60.
Figure 61.
Figure 60.
Figurc 61.
Figurc 62.

xii

Status facct displayed for CD-Audio’s characteristic content:digital audio
(within the CODE2 Characteristic Browser) . .........................
CODE2 CCM with typical characteristics masked out and only necessary
characteristics showing (suggested view) . ....... ... ... .. ... ... ... ...,

CCM for the concept CD~Audio, as scen when first generated . ...............

CCM for CD-Audio and its co-concepts under compact disc, showing

differentiating characteristics .......... ... .. .. . . i
CCM Format dialog box . . . ... i i e
CCM for the arbitrarily selected concepts compact disc (generic concept)

and CD-ROM (specific concept), with all characteristics showing ... ........
CCM for CD-Audio and co-concepts with various concepts and

characteristics masked out . ... ... L L L e
Conceptual facets . ..o e e e e
The characteristic ITD, added to the Conceptual Info browser .. ...............
Schematic diagram of alaser . . ... ...
Graph of source of electromagnetic radiation (SER) ......................

The parts of @ Wave .. ..o i i e e e e -

Different kinds of electromagnetic radiation (ER) from longest to

L3 L) o (1 S
Incoherent ER and coherent ER . ... .. ..
Initial sketch of the laser concept system . ... ... ... . i
Characteristics template for laser . . .. ... ... . . . . . .
Subfield graph for solid-state lasers after first interview with expert ... .........
CCM of kinds of manufactured SER with differentiating characteristics

SHOWInE .
CCM for kinds of manufactured SER with n+s characteristics showing . ........
Template for kindsof laser . . ......... ... ... ............ e
Subfield graph for solid-state lasers after second interview with expert ..........
Final graph of solid-state laser subfield ...............................
CCM for kinds of laser with differentiating characteristics showing .. ...........
CCM for kinds of neodymium laser with differentiating characteristics

SHOWINg .. e e
CCM for kinds of laser with n+s characteristics showing ....................
CCM for kinds of neodymium laser with n+s characteristics showing . ..........
Final ITD for Nd:YAG laser in the Concepts/Conceptual Info browser ..........
Graphical browser and attached CCM (current) . .........................
Graphical browser and attached CCM (proposed) . ......... ... verr.n.
Graphical browser and attached CCM (current) ..........................
Graphical browser and attached CCM (proposed) . . ........................
Graph from the laser TKB .. ....... ... . . it e,



List of Tables

Table 1. Characteristics of CD-ROM: name and value. .. ... ... nn 24
Table 2. Characteristics inheriting in a generic-specific hierarchy. ......... . oooovvv vy 32
Table 3. Contexts and the characteristics derived from thera. ... ....... . v 67
Table 4. A study of generic concepts (in bold) within definitions in TERMIUM 1L ......... 79
Table 5. The characteristics of different kinds of body of water, ...................... 84
Table 6. Questions resulting from "tout le défini et rien que le défini" ......... ... .. 0 91
Table 7. A study of n+s characteristics within TERMIUM 11l definitions. ................ 94
Table 8. Comparison of features for the CODE2Z CCM and CODE4 CCM. . ............... 123
Table 9. Proposed definition—oriented approach to concept analysis: the gencral approach

with proposed modifications and additions. .. ... . .ol 127
Table 10. Draft ITDs (16 CONCEPIS). . .\t vvvvvev e e e 174
Table 11. Definitions for types of lasers, extracted from TERMIUM IIL. ................. 178

Table 12. Definitions for types of neodymium lasers, extracted from TERMIUM ML ........ 178







Notational Conventions

The following notational conventions are used throughout this thesis:

1. Terms which are defined in the glossary appear in UPFER CASE the first time they are used in the
body of the thesis:

e.g. There are two types of SUPERCONCEPT: GENERIC CONCEFTS and COMPREHENSIVE
CONCEPTS.

2. Terms denoting concepts are in beld:

e.g. The concept CD-ROM inherits the characteristics of its generic concept, compact disc.

3. Terms denoting characteristic names arc in bold and italics.

e.g. Itis interesting to note that the characteristic name error correction is also a specialized
concept.

4. Terms denoting characteristic values are italicized.

e.g. Of course, it is also possible for a characteristic value, such as layered crror correction
code, to be a specialized concept.

Italics are also used to show emphasis.

e.g. ..while a LKB tries to capture what a native speaker knows about general lexical units, a
TKB tries to capture what a native speaker who is also a subject—ficld expert knows
about specialized lexical units (terms).

5. Terms denoting characteristics arc a combination of characteristic name and characteristic value
(see 3 and 4 above), joined by a colon.

e.g. The concept CD-ROM has the characteristic error correction:LECC (layered error
correction code).

6. Terms denoting facets (used to describe characteristics) arc a combination of facet name and facet
value, joined by a colon. The facet name is in BOLD, ITALICS, AND UPPER CASE, while the facet
value is JTALICS AND UPPER CASE.

e.g. The characteristic content:audio has the facet STATUS: UC.
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NOTES:

(1) The entries in this glossary consist of definitions intended to provide the reader with a general
explanation of the important concepts discussed in this thesis.

(2) 1 would like to thank Lynne Bowker for providing several entrics from her Master's thesis glossary
[cf. Bowker 1992). These entries, which are followed by the initials [LB], have been used (sometimes
in slightly modified form) in order to provide consistent terminology for all documents derived from
the COGNITERM Project.

(3) Any term appearing in UPPER CASE within a definition has its own entry in the glossary.

(4) Any term in this glossary will be in UPPER CASE in the body of the thesis the first time it appears.

Al: sec ARTIFICIAL INTELLIGENCE (Al).

approach: a means of carrying our a given activity (¢.g. CONCEPT ANALYSIS), characterized by a
series of steps.

NOTE: 1 have used the term approach instead of other more scientific-sounding terms such
as methodology, procedure, etc. because of the non-sequential naturc of the "steps” to be
followed, and because definition construction is truly part science, part art.

artificial intelligence (AI): the SUBFIELD of computer science concerned with designing intelligent
computer systems (systems that exhibit the characteristics associated with intclligence in

human behaviour, such as understanding language, learning, reasoning, solving probiems, elc.).
[LB]

attribute: a type of CHARACTERISTIC which is inherent to the CONCEPT being described, and which
does not have a RELATION to other specialized CONCEPTS (c.g. the CONCErT fax machine
could have the ATTRIBUTES height:30 cm, width:40 cm, weight:20 kg).

characteristic: a quality that distinguishes or identifics a CONCEPT. A characteristic has two
components: a name and a value. For example, one of the characteristics of the CONCEPY
optical disc is physical form:disc. The characteristic name is physical form, while the
characteristic value is disc. (ISO 1990a uses the term ‘property’ to refer to an OBJECT, and
'characteristic' to refer to a CONCE¥Fi.) [LB] (Sce also: NECESSARY CHARACIERISTIC, N+§
CHARACTERISTIC, TYPICAL CHARACTERISTIC.)

CODE (Conceptually Oriented Description Environment): a gencric knowledge management
system developed at the Artificial Intelligence Laboratory, Department of Computer Science,
University of Ottawa.
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COGNITERM: a TERMINOLOGICAL KNOWLEDGE BASE built using CODE within the framework of
the COGNITERM Project. (The COGNITERM Project is a research project which uses
CODE to explore how terminology and knowledge engineering can benefit cach other. It is
being carried out at the Artificial Intclligence Laboratory, Department of Computer Science,
University of Ottawa.)

comprehensive concept: a SUPERCONCEPT in a PARTTTIVE RELATION with several PARTITIVE
CONCEPTS (a CONCEPT of which the whole is divided into parts). For example, the CONCEPT
bicycle is a comprehensive concept relative to the PARTITIVE CONCEPTS wheel, seat and
frame.

concept: a unit of thought constituted through abstraction on the basis of properties [see
CHARACTERISTIC] common to a set of OBJECTS [ISO 1990a:1] (See also CO~CONCEPT, GENERIC
CONCEFT, SPECIFIC CONCEPT).

concept analysis: the process of describing the CHARACTERISTICS of individual CONCEPTS and the
RELATIONS that hold within CONCEPT SYSTEMS.

concept system: a set of CONCEPTS structured according to the RELATIONS between them.

co—-concept: a CONCEPT in a hicrarchical CONCEPT SYSTEM which ranks at the same level as one or
more other CONCEPTS [ISO 1990a:2]. For example, CD~ROM and CD-Audio are CO-
CONCEPTS since they are both GENERIC CONCEPTS of compact disc; frame, wheel, and seat
are CO—-CONCEPTS since they are all PARTITIVE CONCEPIS of bicycle.

definition: a statement about a CONCEPT which provides the essence of the concept, i.e. which
distinguishes it from all other concepts.

definition-oriented approach to concept analysis: an APPROACH that allows a terminologist to carry
out DEFINITION—ORIENTED CONCEPT ANALYSIS

definition-oriented concept analysis: CONCEPT ANALYSIS specifically for the purpose of constructing
(or critiquing or modifying) definitions on the basis of CHARACTERISTICS.

differentin; TERM that denotes the set of N+S CHARACTERISTICS combined in an INTENSIONAL
DEFINITION (sce also GENUS).

NOTE: This term is also widely used with respect to definitions of general language
expressions,

extension: the range of OBIECTS to which a CONCEPT applies.
facet:

generic concept: a SUPERCONCEPT in a GENERIC-SPECIFIC RELATION (i.e. a more general version of
the SFECIFIC CONCEPT). For example, optical disc is a GENERIC CONCEPT of compact disc.

general approach to concept analysis: an APPROACH for carrying out GENERAL CONCEPT ANALYSIS
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general concept analysis: CONCEPT ANALYSIS carricd out without definition construction specifically
in mind.

generic-specific relation: a hicrarchical relation based on the partial identity of the intensions of
GENERIC CONCEPTS, SPECIFIC CONCEPTS, and CO-CONCEPTS [ISO 1990a:3].

genus: the TERM that denotes the GENERIC CONCEPT presented in an INTENSIONAL DEFINITION,

hierarchical relation: a relation between two CONCEPTS which is established by the division of a
SUPERCONCEPT into a SUBCONCEPT forming one or more levels, or by the reverse process [1SO
1990a:3]; types of HIERARCHICAL RELATION include the GENERIC RELATION and the PARITIIVE
RELATION.

inheritance: in ARTIFICIAL INTELLIGENCE, a powerful tcchnique that applies when CONCEPTS arc
arranged in a GENERIC-SPECIFIC HIERARCHY; it allows any CHARACTERISTIC of a given
CONCEPT to be implicitly true for all SPECIFIC CONCEPTS of this CONCEPT, for all SPECIFIC
CONCEPTS of those SPECIFIC CONCEPTS, etc. For cxample, if the CONCEPT alcoholic beverage
has the CHARACTERISTIC alcohol content:up to 100%, then its SPECIFIC CONCEPTS (fermented
alcoholic beverage and distilled alcoholic beverage) will inherit this CHARACIERISTIC, as will
in turn all their SPECIFIC CONCEPTS (e.g. beer, wine, vodka, rum, whiskey). [LB]

intension: the set of CHARACTERISTICS which constitutes a CONCErT [ISO 1990a:2].
intensional definition: see INTENSIONAL TERMINOLOGICAL DEFINITION

intensional terminological definition (ITD): a TERMINOLOGICAL DEFINITION in which the CONCEPFY
being defined is shown to belong to a group of CONCEFIS (represcnted by the GENERIC
CONCEPT, which is denoted by the term GENUS), and then distinguished from all other
CONCEPTS within that group (i.e. from its CO-CONCEFIS) by virtue of its N+§
CHARACTERISTICS (denoted by the term DIFFERENTIA). Also known as the Aristotelian
definition, the traditional definition, and the classical definition.

ITD: sece INTENSIONAL TERMINOLOGICAL DEFINITION (ITD).

KB: sce KNOWLEDGE BASE (KB).

knowledge base (KB): in ARTIFICIAL INTELLIGENCE, a special type of databasc that contains a highly
structured set of knowledge particular to a given SUBJECT FELD. [LB]

knowledge engineering: a subficld of ARTIFICIAL INTELLIGENCE that is primarily concerned with
acquiring, formalizing, and refining knowledge so that it can be casily used by machines and
also by the people using the machines. [LB]

n+s characteristic: a NECESSARY CHARACTERISTIC which, combined with other NECESSARY
CHARACTERISTICS, is sufficient to describe a CONCEPT. A set of CHARACTERISTICS {S} is
sufficient for a CONCEPT (X), iff S implics X (S — X); i.c. something that posscsses the given
set of n+s characteristics is necessarily the CONCEPT (X).
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necessary and sufficient characteristic: sec N+S CHARACIERISTIC

necessary characteristic: a CHARACTERISTIC possesscd by all the OBIECTS denoted by a given TERM.
A CHARACIERISTIC (C) is "nccessary" to a CONCEPT (X) iff X must have/be C. For example,
the CONCEPT river has the necessary characteristics origin:natural, motion:flowing, width:>
W, i.c. every river has these CHARACTERISTICS. Contrasts with TYPICAL CHARACTERISTIC.

object: any part of a perccivable or conceivable world. Note: objects may be material (e.g. engine)
or immatcrial (c.g. magnetism) [ISO 1990a:1].

partitive concept: a SUBCONCEPT in a partitive relation with a COMPREHENSIVE CONCEPT. For
cxample, the CONCEPT frame is a partitive concept relative to the COMPREHENSIVE CONCEPT
bicycle.

partitive relation: a HIERARCIICAL RELATION between a SUPERCONCEPT and SUBCONCEPT in which
the SUPERCONCEPT refers to each object as a whole and each SUBCONCEPT to a part of it.

relation: a CIIARACTERISTIC which provides information about other CONCEPTS that are related to a
given CONCEPT as "peers,” i.e. they are specialized CONCEPTS themselves (e.g. the CONCEPT
fax machine could have the relations produces:fax, or part:input tray, in which information is
provided about the CONCEPTS fax and input tray).

specific concept: a SUBCONCEPT in a GENERIC-SPECIFIC RELATION (i.c. it is more specialized than the
GENERIC CONCEPT). A specific concept has all the CHARACTERISTICS of its GENERIC CONCEFT,
plus at least one additional or modified CHARACTERISTIC, e€.g. compact disc is a specific
concept of optical disc. [LB)

subconcept: a CONCEFT in a hicrarchical system which can be grouped together with at least one
more CONCEPT of the same level to form a higher-ranking CONCEPT (referred to as a
SUPERCONCEFT). [ISO 1990a:2] There are two types of subconcept: SPECIFIC CONCEPT and
PARTITIVE CONCEFPT.

subfield: a portion of a SUBJECT FIELD (c.g. optical storage media is a subfield of the optical
storage technology subject ficld).

subject field: a section of human knowledge, delimted according to purpose.

subject field expert: a person who has studied the subject field intensively and who is recognized as
a reliable and well-informed source of information about the subject field.

superconcept: a CONCEPT in a hicrarchical system which can be subdivided into a number of lower—
ranking CONCEPTS (referred to as SUBCONCEPTS). [ISO 1990a:1] Superconcepts can be of two
types: GENERIC CONCEPTS and COMPREHENSIVE CONCEPTS.

template: a sct of CHARACTERISTIC NAMES considered fundamental to understanding the high-level

CONCEPTS of a given SUBIECT FIELD or SUBFIELD. The template is used to guide the
terminologist's CONCEPT ANALYSIS work.
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term: the designation of a specialized CONCEPT in a special language by a linguistic expression [1SO
1990a:5].

terminological definition: a DEFINITION in which a CONCEPT of a specialized SUBJECT FIELD is
described and differentiated from other CONCEPTS within a CONCEFT SYSTEM.

terminological knowledge base (TKB): a hybrid between a conventional term bank and a
KNOWLEDGE BASE as this is known in ARTIFICIAL INTELLIGENCE. [LB]

NOTE: This is the definition of terminological knowledge basc used by the COGNITERM
Project, as described in Meyer/Skuce/Bowker/Eck 1992a/b and Meyer/Bowker/Eck 1992a/b.

terminology: the discipline concerned with describing znd naming CONCEPTS in specialized SUBIECT
FIELDS.

TKB: sce TERMINOLOGICAL KNOWLEDGE BASE (TKB).

typical characteristic: a CHARACTERISTIC not possessed by all the OBIECTS denoted by a given TERM,
but nevertheless possessed by many of them (e.g. the CONCEPT river has the TYPICAL
CHARACTERISTIC fauna:fish: most rivers have fish, but some do not). Typical characteristics
are not usually included in definitions. Contrasts with NECESSARY CHARACTERISTIC,
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The goal of this thesis is to develop and test a DEFINITION-ORIENTED APPROACH TO CONCEPT
ANALYSIS within a knowledge-based framework. This approach, which allows the terminologist to
construct INTENSIONAL TERMINOLOGICAL DEFINITIONS (ITDs) in a TERMINOLOGICAL KNOWLEDGE BASE
(TKB), was developed in three main steps: (a) by exploring how a GENERAL APPROACH TO CONCEPT
ANALYSIS (i.c. onc that allows a terminologist to carry out CONCEPT ANALYSIS in a gencral way,
without definition construction specifically in mind) is carried out using a generic knowledge
management system called CODE (Conceptually Oriented Description Environment); (b) by gaining
insights from the TERMINOLOGY literature, both on the nature of the ITD and on strategies for its
creation;' and (¢) by examining how certain features of CODE can be used to enhance the general
approach to concept analysis so that ITDs can be constructed from the information that resuits from
concept analysis in a systematic manner. Until now, terminologists have tended to use pencil-and-
paper for much of their work; in this thesis, I argue that a knowledge-based computer tool such as
CC)DE, used to integrate knowledge representation ideas from artificial intelligence with the traditional
terminology approach, will help terminologists carry out this work in a more methodical and more
conceptually—oriented manner.

Once 1 had developed the proposed approach, I tested it by creating a small TKB on lasers (a
SUBJECT FIELD related to optical storage technology?), complete with ITDs. This test enabled me to
refinc the proposed approach, to recommend improvements to CODE, and to suggest possible

directions for future research in knowledge-based definition construction. The final result is an

! The primary goal of this approach is to conserizct definitions, since a knowledge-based approach provides the "building
blocks" for the definition (in the form of highly-structured concepiual characteristics), However, it could also be used to
critique and/or modily cxisting definitions, which could then be added to the TKB.

 The subject field of lasers is related to optical storage technology in that lasers are a component of optical storage
devices (c.p. CD-ROM drives and CD players), used to both write to and read from optical storage media (e.g. CD-
ROMs and CD-Audio discs).
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approach that terminologists can follow when carrying out DEFINITION-ORIENTED CONCEFT ANALYSIS
using CODE, in which the aim is not only to gather information about a subject ficld's CONCEPTS and
TERMS, but also to create ITDs from this information.

To understand the goal of this thesis, some cxplanation is required of both a knowledge-based
approach to terminology (including the COGNITERM Project and knowledge-based concept analysis)

and definitions in general. Each is discussed below.

0.1 A Knowledge-Based Approach to Terminology

Terminology can be described as the discipline concerned with describing and naming
concepts in specialized subject fields, which implies that terminologists gather information both about
the concept (conceptual information) and about the term(s) used to denote the concept (linguistic
information). This information is presented in various forms by various means, including dictionarics,
glossaries, and terminological databases (TDBs). Until recently, however, the focus has been more on
linguistic information than on conceptual information, with the result being that extensive information
about the concepts has not been made available to users. This deficiency has led an increasing
number of terminology researchers to explore the possibility of TDBs that are conceptually richer than
those of the previous generation [cf. Blampain/Petrussa/Van Campenhoudt 1992, Freibott/Heid 1990,
Galinski 1988a/b, Meyer/Skuce/Bowker/Eck 1992a, Pearson 1992, Talbot/O'Croinin 1992]. In the
view of some of these rescarchers, the key to such conceptual richness is a KNOWLEDGE BASE (KB) as
it is known in artificial intelligence.

ARTIFICIAL INTELLIGENCE (Al) is a ficld in which terminology rescarchers have shown
increasing interest. Of particular interest is a subficld known as KNOWLEDGE ENGINEERING, which is
concerned with methods and technologies for building (or “engineering") knowledge bases. Some of

the signs of this growing interest in a terminology—Al rapprochement include cvents such as the
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International Congresses on Terminology and Knowledge Engineering, held in Trier in 1987 and 1990
and scheduled for Cologne in 1993; the formation of the International Association for Terminology
and Knowledge Transfer; and the publication of such articles as "A la recherche d'écosystémes
terminologiques" [Blampain/Petrussa/Van Campenhoudt 1992], "Des fichiers terminologiques aux
bases de connaissances” [de Bessé 1992] and "Towards a New Generation of Terminological
Resources: An Experiment in Building a Terminological Knowledge Base" [Meyer/Skuce/Bowker/Eck
1992a}.

Over the last two decades, knowledge engineering has emerged from the need to build
computer systems which are geared towards solving problems in specialized fields of human expertise.
These systems are thus knowledge-based: they must "know" what human experts know. Similarly, a
growing number of terminology rescarchers feel that the TDBs of the future will also have to be
knowledge~based and "know" what the experts know [Meyer/Paradis 1991:3].

Essentially, a knowledge base is a collection of information about the concepts of a specialized
subjcct ficld. As well as being rich in content, the information is explicit and highly structured,
making it relatively easy for the user (human or computer) to access it and learn from it. A TDB with
this rich, explicit, highly-structured conceplual component has been called a terminclogical knowledge
base, or TKB [cf. Meyer/Skuce/Bowker/Eck 1992a, Meyer/Bowker/Eck 1992a].

This development in terminology has been somewhat paralielled in that of lexicology, where
rescarchers have been examining the usefulness of lexical knowledge bases, or LKBs [cf. Atkins 1991,
Boguraev/Levin 1990, Pustejovsky/Bergler 1991). While LKBs and TKBs have several similarities,
there is one fundamental difference of particular interest to this thesis: while a LKB tries to capture
what a native speaker knows about lexemes of general vocabulary, a TKB tries to capture what a

native speaker who is also a subject—field expert knows about specialized lexemes (terms).
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0.1.1 The COGNITERM Project

One project exploring a knowledge-based approach to terminology is the COGNITERM
Project, being carried out at the Artificial Intelligence Laboratory at the University of Ottawa under the
direction of Dr. Ingrid Meyer and Dr. Douglas Skuce. Its general objective is to investigate ways in
which knowledge engineering and terminology can benefit each other. More specific objectives arc (a)
to develop an approach for carrying out concept analysis using a knowledge management system
(CODE), and (b) to build a terminological knowledge base (COGNITERM) using the results of this
concept analysis. Along the way, certain features of CODE are being developed to make it more
suited to terminologists' needs.

I joined the COGNITERM Project at its inception in May 1991 as a rescarch assistant. In the
following months, the COGNITERM team developed a gencral approach to concept analysis,
developed concurrently with the construction of a TKB for optical storage media (a SUBFIELD of
optical storage technology).’ This approach (explored in detail in part 1, chapter 3) contributes

extensively to the definition-oriented approach to concept analysis developed in this thesis.

0.1.2 A Definition-Oriented Approach to Concept Analysis

In the past, definitions have been one of the few means® by which conceptual information has
been furnished to TDB users. As definitions arc an excellent means of providing users with a rapid
overview of the most important information about a concept, it is desirable that they continue to be
found within TKBs. For a variety of reasons, our carly COGNITERM research was dominated by

very basic methodological concerns, and constraints of time and resources preciuded any specific

* This approach is documented in detail in the technical seport "COGNITERM: Structurc and Mcthodology” [Meyer/
Skuce/Bowker/Eck 1992b]. More information about COGNITERM can be found in Meyer/Skuce 1990, Meyer 1991, Meyer
1992, Meyer/Skuce/Bowker/Eck 1992a and Meyer/Bowker/Eck 1992a,

4 Other means have included subject—field indicators and contexts,
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attention to definitions. Thus, our TKB was not designed specifically with a view to constructing
definitions.

When it came time to start thinking about including definitions in the TKB, 1 realized that the
gencral approach that we had been using would likely have to be modified to accommodate definition
construction. But what exactly did this entail? How would we go about developing a definition—-
oricnted approach? What distinguishes a definition-oricnted approach from a general one? What
steps of the gencral approach would have to be added, modified, or removed to accommodate
definition construction?

These intriguing questions secmed like the perfect starting point for a Master's thesis. By
finding the answers, 1 hoped to develop a definition—oriented approach to concept analysis, and at the
same time contribute to the development of the COGNITERM Project and to knowledge~based

terminology research in general.

0.2 Definitions In General
Before T could begin searching for any answers in particular, however, I had to find out more
about definitions in general. My initial research revealed that there was much more to definitions than

I had first suspected.

0.2.1 A Brief History of the Definition

Definitions were initially proposed for the study of philosophy nearly 2500 years ago, coming
into prominence in the dialectics of Socrates and in Plato's attempt to define justice in the first book of
The Republic [Miller 1980:38]). The concept of definitions was further developed by Aristotle, most
notably in his Topics [Robinson 1965:1]. According to Lo Piparo [1990:24):

"Le concept de définition est en effet un concept central dans Ia théorie sémantique
d'Aristote.... 11 n'y a pas d'ouvrages d'Aristote ot les problemes du langage et de la
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définition ne soient expressément discutés ou évoqués.”

The fascination with definitions did not disappear with the ancient Grecks., Marcus Aurclius,
the Roman emperor, was also acutely aware of their importance, and wrote [Borsodi 1967:3}:

Make for thysclf a definition or description of the thing which is presented to thee, so

as to see distinctly what kind of thing it is...and tell thyself its proper name, and the

names of the things of which it is compounded, and unto which it will be resolved.

For nothing is so productive of elevation of mind as to be able to examinc

methodically and truly every object which is presented to thee in life, and always to

look at things so as to see at the same time what kind of universe this is, and what

kind of use everything has with reference to the whole, and what with reference to

man.

In the seventeenth century, Thomas Hobbes, the philosopher, also stressed the need for
definitions in his Leviathan [Borsodi 1967:3], writing:

There can be nothing so absurd but may be found in the books of philosophers. And

the reason is manifest. For there is not one of them that begins his ratiocination from

the definition, or explications of the words they are to use; which is a method that hath

been used only in geometry, whose conclusions have thereby been made indisputable.

Despite thousands of years of examination, however, definitions continue to be a topic of

study. As Borsodi [1967:4] notes, "thoughtful men are still calling attention to the problem [of

representing knowledge], because obviously nothing has been done to dispose of it."

0.2.2 Defining the Definition
Many of those with an interest in the subject have attempted to answer the question "What is

the definition of definition?" Some of the most famous answers arc summarized in Robinson [1965:2]:

1. Plato (philosopher):
- () the revelation of one's thoughts by means of speech;
(b) the ability to answer someone by means of the elements of the thing, when he asks

you what a thing is;
() the ability to give some mark by which the thing asked about differs from all things
" [Theaetetus, 206C-7A, 208C].

2. Atristotle (philosopher): the account of the essence of things [Topics, 15].
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6.

10.

11,

Cicero (politician and orator): a certain brief and circumscribed account of the properties of
the thing we wish to define [De Oratore, 142, 189].

John Milton (poct and essayist): that which refines the pure essence of things from the
circumstance [Works (1851), 1V 168).

Baruch Spinoza (philosopher): the true definition of each thing involves nothing and expresses
nothing but the nature of the thing defined [Ethics, I, prop. 8, n.2].

John Locke (philosopher): the ability to make another understand by Words, what Idea the
Term defin'd stands for [Essay, I1Liii.10].

Emmanuel Kant (philosopher): the presentation of the complete, original concept of a thing
within the limits of its concept [Critique of Pure Reason, A 727, trans. N.K. Smith].

John Stuart Mill (philosopher and economist): a proposition declaratory of the meaning of a
word; namely, either the meaning which it bears in common acceptation, or that which the
speaker or writer, for the particular purposes of his discourse, intends fo annex to it.

Alfred North Whitehead and Bertrand Russell (both: mathematician, logician, philosopher): a
declaration that a certain newly introduced symbol...is to mean the same as a certain other
combination of symbols of which the meaning is already known [Principia Mathematica, 2nd
ed., 11).

Ludwig Josef Wittgenstein (logician, philosopher): rules for the translation of one language
into another [Tractatus, 3. 343].

Rudolf Carnap (logician, philosopher): a rule for mutual transformation of words in the same
language [The Unity of Science, trans. Max Black, 39).

For the purposes of this thesis, I will define definition as "a statement about a concept which

provides the cssence of the concept, thus distinguishing it from related concepts.”

The list above presents just some of the better known views on definitions; in fact, there is an

almost overwhelming amount of material available. Not only have whole chapters been written on the

subject (cf. Chapter 2: "Definition" in Miller 1980, "La définition terminologique” and "Terminological

Definitions: Characteristics and Demands" in Duquet-Picard 1982, "Definition” in Landau 1984), but

centirc books have been devoted to it (cf. Chaurand 1990, Robinson 1965, Borsodi 1967). There have
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even been conferences, including the Collogue la Définition (Paris 1988), dedicated to cxploring the
definition.
Needless to say, this abundance of information reflects the profusion of opinions on what a

definition is.

0.2.3 Definition Typologies
Along with discussing what constitutes a definition, many experts also provide some Kind of
definition typology. Predictably, there is little agreement on definition types. For example, Borsodi

[1967:18] feels that are at least 25 distinct types of definition, which he classifics as cither verbal or

| DEFINITIONS |
T

nonverbal:

Derivative Operational Quotational Ocular
"Translational Descriptive Analogic Pictorial
Recommended Historical Obsolescent Aural
Synonymic Anatomic Archaic Tactile
Antonymic Qualitative Binomial Palatal
Meronymic Quantitative Olfactory
Classificatory HMustrative

Robinson [1965:7], on the other hand, lists some of the definition types proposed over the past two
centuries:’

. Operational definition (P.W. Bridgman 1928)

. Genetic definition (J.E. Creighton)

. Implicit definition (J.D. Gergonne 1818)

. Ostensive definition (W.E. Johnson 1921)

. Analytical definition (W.E. Johnson 1921)

. Synthetic definition (W.E. Johnson 1921}

. Extensive definition (J.N. Keynes}

. Successive definition (V.F. Lenzen 1938)

. Denotative definition (A.W. Levi/AM. Frye 1941)

W oo~ thbn b e

* Further information about the author and work have been provided by Nkwenti-Azeh [1989:162), who noted that, In
the cases where no dates are given, the author andfor work referred to by Robinson could not be identified.
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10. Connotative definition (A.W. Levi/AM. Frye 1941)
11. Definition by description (C.1. Lewis 1946)

12. Equational definition (8.C. Pepper 1945)

13. Descriptive definition (S.C. Pepper 1945)

14. Co-ordinating definition (H. Reichenbach 1920)
15, Persuasive definition (C.L. Stevenson 1944)

16. Definition in use (Whitehcad/Russell 1925)

As Nkwenti-Azeh [1989:162] notes (in a Ph.D. thesis on TERMINOLOGICAL DEFINITIONS),
Robinson's list of definitions does not include the Aristotelian categories of definition (i.e. nominal vs.
real), nor does it take into account the three so—called "purposes" of definition which Robinson
himself proposes: word-word definition, word-thing definition, and thing-thing definition.

To Robinson's list can be added definitions that Nkwenti-Azeh [1989:162] has gathered from
linguistic and philosophical publications that have appeared in the last two decades:

17. Complete definition (Bierwisch/Kiefer 1969)
18. Partial definition (Bierwisch/Kiefer 1969)

19. Proper definition (Bierwisch/Kiefer 1969)

20. Redundant definition (Bierwisch/Kiefer 1969)
21. Generic definition (Dahlberg 1979)

22. Partitive definition (Dahlberg 1979)

23. Functional definition (Dahlberg 1979)

24. Definition by opposition (Dahlberg 1979)

25. Conceptual (or real) definition (Dahlberg 1979)
26. Functional definition (Dahlberg 1979)

27. Substitutive definition (Frawley 1982)

28. Reductive definition (Frawley 1982)

29. Synthetic definition (Frawley 1982)

30. Metaphorical definition (Frawley 1982)

31. Syntactic definition (Frawley 1982)

32. Pragmatic definition (Frawley 1982)

33. Definition by intension (Felber 1983)

34. Definition by extension (Felber 1983)

35. Definition by context (Felber 1983)

This rather large typology results from different authors using different criteria to classify
definitions. Although a comparison of the different types reveals some synonymy, there are still many
from which to choose. Despite all the disagreement, however, there appears to be some consensus that

the intensional definition is particularly important; it is by far the most common type of definition,
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mentioned in virtually all works discussing definitions.

0.3 The Focus of This Thesis
Given the huge body of literature on definitions, which has produced a correspondingly wide

range of definition types, I have restricted my cxploration of the definition, as noted below.

0.3.1 The Intensional Terminological Definition (ITD)

Obviously, a terminological framework presupposes that the focus is on terminological
definitions,® i.e. the definitions of concepts found in specialized subject ficlds. Ever since Eugen
Wiister founded the discipline of terminology some 60 years ago, terminologists, with their mandate to
explore and analyze the terms and concepts of specialized subject fields, have been interested in these
definitions "for practical purposes" [Dahlberg 1983:15].

While there have been varying opinions on the importance of definitions within terminology,
the current consensus appears to be that the definition is indced a uscful tool,” and indeed, one finds
them in most term banks and in many specialized dictionaries. Cole [1987:85] points out onc of the
main reasons for this view:

Although the nature of a terminologically adequate definition is still the subject of

active debate..., it has been recognized that the requircment for completeness of
information about a given concept can best be met in this way.

€ While I recognize that the differences between lexical (or general) definitions and terminological definitions have been
the subject of great debate, a comparison of them is beyond the scope of this thesis. Nonetheless, some of the basic
literature on lexical definitions was consulted, including Brustkern/Hess 1982, Hartmann 1983, and Landau 1984,

7 There appears to be agreement that definitions are useful and important; however, not all researchers consider a
definition to be the most important component of a term bank entry. For example, Harris [1983:143] contendy that
translators are primarily interested in the foreign language equivalents found in term banks, and "provided they have an entry
word and a translation, translators are prepared, if necessary, to forego anything clse." Skaikevitch/Oubine [1988:13]
surveyed translators and researchers about bilingual terminological dictionaries and reported that "..49 perdons [out of 224
persons polled) were in favour of inclusion of definitions in the dictionary entry in all cases. ‘The majority (175) think that

such inclusion is justified only in special cases.... 13 respondents were resolutcly against the inclusion of definitions in
specialized dictionaries.”
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Rousscau [1983:38] adds:

La raison d'étre de la terminologic est avant tout de savoir nommer les choses, dans

une perspective de connaissance (aspect cognitif) ct d'expression ou de communication.

Et pour pouvoir utiliser unc terminologie adéquatement, c'est—a-dire avec précision et

cfficacité, il faut définir.

I have restricted my study to the intensional terminological definition, also called the
Aristotelian or classical definition. The ITD can be described as a terminological definition in which
the CONCEPT being defined is shown as belonging to a group of concepts (represented by the GENERIC
CONCEPT) and then distinguished from all other concepts within that group by virtue of its
CHARACTERISTICS. It is the oldest and most common type of definition, devised by Aristotle. It is
well suited to terminology, as it appears to be particularly appropriate for defining nouns [Miller
1990:246}, which make up “approximately 80% of the terminology of a special field" [Baudot/Clas
1984:49, as cited in Béjoint 1988:356]. As Dubuc [1985:96] notes of the intensional definition, "Ce
mode de définition, largement utilisé en lexicographie, sert aussi abondamment en terminologie."

There are other interesting types of terminological definition, including the extensional,
partitive, and functional, each having its own features (see Picht/Draskau 1985 and Sager 1990 for
overviews). These features must be explored in detail to be fully understood, however, and such an
cxploration cannot be done within the scope of this thesis. A definition-oriented approach to concept

analysis developed for ITDs should, however, provide a useful starting point for further research on

the construction of other types of terminological definition.

0.3.2 The Method of Defining

While much of terminology literature discusses selecting definitions from contexts or
modifying contextual definitions as the method of defining, I have chosen the third option, hand-
crafting definitions. It should be noted, however, that the work carried out within this thesis has

implications for the other two methods: it could be assumed that if one knows how to hand-craft

1
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definitions, one is also qualified to select or modify them.

0.3.3 The Subject Field

This thesis is also restricted to two subject ficlds: optical storage technology for the
development of the definition-oriented approach to concept analysis, and lasers for the subscquent
testing of this approach. Both ficlds secmed appropriate for cxploration, because (a) 1 had some prior
knowledge of them as a COGNITERM researcher; (b) they are both technical (it is often said that
concepts in scientific/technical subject ficlds arc casicr to define than those in the so-called "soft
sciences"; and (c) I had access to local subject-field experts, a fact which beeame increasingly
important as the thesis advanced.

Clearly, 1 cannot claim that the approach developed will work outside the confines of these
particular subject fields or, particularly, outside scientific/technical ones. Testing them on other
subfields would make interesting material for future research, and 1 hope the present work provides a

useful starting point.

0.3.4 The Language

While COGNITERM as a whole is being developed as a bilingual (French-English) TKB, the
small TKB on lasers that I created to test the definition—oricnted approach is unilingually English, both
for simplicity and because laser technology has been developed primarily in the English-speaking
world (with the result that there is little difference between concepts in the two languages). It should
be noted, however, that bilingual issues are discussed regularly throughout this thesis. 1 would like to
see this thesis used as a springboard for future work on the bilingual aspect of ITDs created in a
knowledge-based environment, particularly for subject ficlds which show significant conceptual

differences between languages.

12




Introduction

0.3.5 The COGNITERM Framework

Since I am working within the COGNITERM framework (with concept analysis carried out
using CODE and the resulting information placed in a TKB), the definition—oriented approach to
concept analysis is proposed within that context. Therefore, this thesis makes no claims that the
proposed approach will work within other technological environments. However, it should be noted
that CODE has been designed as a generic tool, and thus can be used in many other applications,®
unlike other knowledge engineering tools that have been designed for onc application only. Since the
proposed approach has been developed for a generic environment, it may eventually be adapted for

other knowledge engineering tools as well.

0.4 The Structure and Methodology of the Thesis

This thesis is divided into three parts. Part 1 describes the general research framework being
used. This includes a discussion of (a) the shared basic concepts of knowledge engineering and
terminology, (b) the technology being used (i.e. the CODE system), and (c) the general approach to
concept analysis developed within the COGNITERM Project.

Part 2 proposes the initial definition—oriented approach to concept analysis, which is derived
from (a) an exploration of what is said in the terminology literature (and to some degree, the
lexicology literature) about intensional definitions, as a product, a process, and a tool; (b) my
participation in the development of one particular CODE feature called the Characteristic Comparison
Matrix, which facilitates the construction of definitions; and (¢) my own insight, based on practical
cxperience as a COGNITERM researcher, into how the general approach to concept analysis could be

cnhanced to accommodate the construction of definitions. The resulting approach consists of a series

* Some other applications of CODE that have been explored (besides terminclogy) include software engincering, software
documentation, and data mapagement,
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of non-sequential steps which, if followed by the terminologist, should result in good quality,
consistent ITDs.

Part 3 describes the testing of the proposed approach, with the result being a small TKB on
the subfield of lasers, complete with conceptual information, linguistic information, and ITDs. This is
followed by an assessment of the test results, including suggestions for refinements to the initial
definition—oriented approach to concept analysis, improvements in CODE, and other possible

directions for future research.

By exploring the development and testing of a definition-oricnted approach to concept
analysis within a TKB, this thesis represents an important step in the ongoing development of a
knowledge-based approach to terminology. I hope that this approach will guide terminologists in the
systematic construction of ITDs within a TKB, and provide knowledge-based terminology rescarchers
with a better understanding of the methodological and technological issucs that the age—old problem of

definition construction continues to raise.
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GENERAL CONCEPT ANALYSIS: BASIC CONCEPTS,
PART 1 TECHNOLOGY, AND APPROACH

The approach that I have developed for carrying out concept analysis specifically aimed at
constructing definitions is termed a definition-oriented approach to concept analysis. It has been
developed by enhancing the general approach to concept analysis that was developed by the
COGNITERM team. If this definition—oriented approach is to be fully understood, several things
about its forerunner must first be explained. Part 1 of this thesis, divided into three chapters, provides
the necessary background.

Chapter 1 cxplains the basic concepts behind the general approach (concepts common to both
knowledge engineering and terminology). Chapter 2 describes the technology being used to help
develop this approach (the CODE system). Chapter 3 presents the general approach that has been
developed by COGNITERM researchers to help the terminologist create a terminological knowledge

base within a knowledge-based framework.
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THE BASIC CONCEPTS:
Chapter 1 CONCEPTS, CHARACTERISTICS, AND RELATIONS

1.0 INTRODUCTION

Much of terminology work involves concept analysis, which entails describing the
characteristics of individual concepts and the RELATIONS that hold within CONCEPT SYSTEMS.
According to Skuce/Meyer {1990a:1}, who work within a knowledge—based framework:

It [concept analysis] is the central concern of terminology, essential to carrying out the

knowledge acquisition that always precedes and accompanies the linguistic work,

delimiting and partitioning subject fields, constructing definitions, distinguishing

quasi-synonyms, dealing with neology, and communicating with subject-field experts

and colleagues.

This opinion has also been espoused by more traditional terminologists, such as Dubuc [1985:20], who
writes that "...l'identification de la notion [the concept] par I'analyse contextuelle apparait comme la
méthode fondamentale de la recherche terminologique.”

It seems logical, then, before discussing any aspect of terminology (whether knowledge-based
or traditional), to examine more closely the basic concepts underlying concept analysis, namely
concepts, characteristics, and relations. These three basic concepts are closely linked: concepts are
described in terms of their characteristics, while relations are a particularly important kind of
characteristic, since they contribute to the concept network.

This chapter examines concepts, characteristics , and relations more closely. It also describes

how concept analysis can help in the practical activities of terminology outlined in the quotation

above.

11 THE CONCEPT
The concept is ranked highly within the discipline of terminology, as "all modern work on the

problems of terminology takes as its starting point the concept itself" [Wiister 1968:xii].
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Chapter 1. The Basic Concepts: Concepts, Characteristics, and Relations

1.1.1 Defining the Concept

Although there is general consensus within the terminology community that the concept is
important, there is less agrcement on what exactly a concept is. Sager [1990:23] provides a sclection
of definitions formulated over the years by various standardization commiitees, along with some
definitions of his own:

—  Concepts are mental constructs, abstractions which may be used in classifying the individual
OBIECTS of the inner and outer world [British Standard Recommendation for the selection,
formation and definition of technical terms, BS.3669:1963].

— The objects of all fields of knowledge and human activity, such as things, their propertics,
qualities, phenomena, etc., are represented by concepts [UK proposal for the revision of 1SO

document R 704].

— A concept is a mental construct for classifying individual objects of the outer and inner world
by means of a more or less arbitrary abstraction [1968 draft version of ISO Standard 704].

— A concept is a unit of thought, produced by grouping individual objects related by common
characteristics [draft of a German DIN document].

— A concept is a coherent group of judgements concerning an object whose nucleus is made up
of those judgements which reflect the inherent characteristics of the object. [Sovict Union
proposal for the revision of ISO document R 704].

— A concept is any unit of thought [Final version of the Draft International Standard 1SO/DIS
704, 1985].

— A concept [is] a unit of knowledge [Sager 1990:15].

— [A concept is a] construct of human cognition processes which assists in the classification of
objects by way of systemic or arbitrary abstraction (provisiona! definition [Sager 1990:22]).

Finally, the International Standard ISO 1087 Terminology—Vocabulary provides the following

definition, to be considered the definition of concept for this thesis:

— A concept is a "unit of thought constituted through abstraction on the basis of properties
common to a set of objects."® [ISO 1990a:1]

? 1SO [1990a:1] describes an object as "any part of the perceivable or conceivable world,” and notes that objects may be
material (e.g. engine) or immaterial (e.g. magnetism).
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There is an obvious divergence of opinion on what exactly a concept is. Sager [1990:22]
himself suggests that the "concept be considered another axiomatic primitive, like 'word' or 'sentence,’
[and] conveniently left undefined.” Picht/Draskau [1985:36] sum up the situation by noting that "if we
are looking for an answer to the question 'what is the concept? we may expect to receive very
different answers according to the branch of learning and the school,” and that it is "highly
questionable whether it will ever be possible to achieve unanimous agreement on the nature of the

concept; it docs not seem likely."

L1.2 Types of Concept
Concept typologies are found in the terminology literature; however, there is no one generally
accepted typology. Sager {1990:26-27), for example, groups concepts together on a number of levels:
— entities (derived by abstraction from material or abstract objects)
— activities (processes, operations, and actions, performed with, by, or for entities)
— qualities (properties used to differentiate entities)

— relations (established between any of the other three types of concepts)

Picht/Draskau [1985:38-39], however, divide concepts intc general concepts and individual
concepts. A general concept represents an "“indefinite" object, e.g. cathedral, and may be linguistically
realized by a term. An individual concept represents a "definite” or unique object, e.g. Cologne
Cathedral, linguistically realized by a name.

Picht/Draskau’s concept typology corresponds to one found in knowledge engineering; Skuce
[1991b:5}, for example, distinguishes two main kinds of concept: type concepts (e.g. city) and
instance concepts (e.g. Paris). It should be noted, however, that terminology concentrates on general
concepts (as does knowledge engineering).

Concepts can also be classified according to their position in a hierarchy. This classification
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is described in some detail, since the intensional definition is based on the generic-specific
HIERARCHICAL RELATION. ISO {1990a:1-2] defines several types of concept found in a hicrarchy:

1. superordinate concept (in this thesis, SUPERCONCEPT):!® concept in a hicrarchical system which
can be subdivided into a number of lower-ranking concepts

A. generic concept; superordinate concept in a generic relation (i.c. more gencral than the SPECIIC
CONCEPT)

B. COMPREHENSIVE CONCEPT: superordinate concept in a partitive relation' (i.c. a concept which,
as a whole, is divided into parts)

1. subordinate concept (in this thesis, SUBCONCEPT): concept in a hierarchical system which can be
grouped together with at least one more concept of the same level to form a higher ranking concept

A. specific concept: subordinate concept in a generic relation (i.c. a more specialized version of
the generic concept)

B. PARTTIIVE CONCEPT: subordinate concept in a partitive relation (i.c. a concept which is part of a
whole)

III.  coordinate concept (in this thesis, CO-CONCEPT): concept in a hierarchical system {whether
generic—specific or part-whole'?) which ranks at the same level as one or morc other concepts
For the purposes of this thesis, the following types of concept will be considered:
— from Sager's list: entities
—  from Picht/Draskau's list (and according to the primary thrust of terminology work): gencral
concepts
— from the I1SO list: all types, although much less cmphasis is placed on comprehensive and

partitive concepts

1 Although the I1SO 1087 Standard [ISO 1990a:1-2] uses the terms superordinate concept, subordinate concept, and
coordinate concept, I use the less unwieldy terms superconcept, subconcept, and co-concept because they are accepted terms
in the field of AI, which is contributing more and more to computational tezminology.

1 For reasons beyond the scope of this thesis, it is COGNITERM convention to use the more scientific term "meronymic
relation” rather than partitive relation. Therefore, this term will be secn on figures throughout this thesis.

12 While the ISO 1087 Standard [ISO 1990a] does not provide any terms to distinguish generic-specific coordinates [rom
part-whole ones, Cruse [1986:137] refers to "sister concepts” in a generic-specific hicrarchy (or taxonomy, in his terms) as
co—-taxonyms; in a part-whole hierarchy (which he calls 2 meronomy) they are co-meronyms [Cruse 1986:1601,
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Although there appears to be little consensus on what a concept is, or on its typology, there
docs seem to be agreement that characteristics are used to describe a concept [cf. Sager 1990:23, Picht/
Draskau 1985:40, Boutin—-Quesncl/Bélanger/Kerpan/Rousscau 1985:18, Cole 1987:78). These

conceptual "building blocks" are discussed further in section 1.2.

1.1.3  Denocting the Concept

While the concept may be considered the principal focus of terminological work, the term is
cxtremely important for denoting the concept. The 1SO 1087 Standard [1990a:5] defines a term as the
"designation of a..concept in a special language by a linguistic expression.”

1SO [1990b:3] makes a special point of noting that ferm is not synonymous with concept; term
is the "symbol" [Sager 1990:22] uscd to represent the concept. This may seem confusing to
laypersons at first, especially when the most obvious way to discuss concepts is via their terms.
However, all onc has to do is denote one concept in more than one language, and the difference
becomes clear. The "thing that you play in your CD player" is denoted by the term compact disc in
English and by disque compact in French. Regardless of the term used, however, the concept being

denoted in cach case is the same.'

1.2 CONCEPTUAL CHARACTERISTICS
As noted above, characteristics describe concepts. The ISO 1087 Standard [ISO 1990a:2]
defines a characteristic as a "mental representation of a property of an object, serving to form and

delimit its concept." Picht/Draskau [1985:40] note that the "sum of predications (=characteristics) is

" Concepts may vary from language to language; as Miller [1993:146] notes, "from the point of view of certain theorists,
concepls are tied to particular languages." However, these issues are beyond the scope of this thesis, which deals with highly
technical concepts that do not display obvious differcnces between English and French, “Fortunately, in technical domains
(i.c. languages for special purposes...), there is a greater degree of comespondence between languages because of the
international scope of most scientific activity and extensive efforts to standardize technical terminology™ Miller [1993:147)].
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equal to the sum of our knowledge about a concept.”" The greater the number of characteristics
identifigd for a given concept, the more is known about that concept.

The sum of characteristics that constitute a concept is its INTENSION, while the range of objects
to which a concept refers is its EXTENSION [Sager 1990:24, Picht/Draskau 1985:40]. A concept
identified by many characteristics is said to have a broad intension; conscquently, its extension is
narrow, as it can refer to only a limited number of objects. A concept distingunished by few
characteristics has a narrow intension; since many objects can be included in its scope of meaning, it

is said to have a broad extension.

1.2.1 Characteristic Components

Although the characteristic is often discussed as though it were a single entity, it can in fact be
considered as having two components: the characteristic name (CN) and the characteristic value (CV).
When a characteristic is mentioned in the terminology literature, it is usually its value which is being
discussed. For example, Picht/Draskau [1987:47] provide a sequence of “characteristics” for the
concept table:

(a) wooden

(b) round

(c) 70 cm high
The characteristic values are provided here, leaving the reader to infer the characteristic names
(perhaps in this case: (a) material, (b) surface shape, and (c) height). Ideaily, the characteristic should
be explicitly expressed, with both the name and value specified. This explicitness has a twofold
benefit. First, it clearly explains the characteristic to the user (i.e. it docsn't force the user to infer
what is being discussed). Second, it helps ensure that duplicate, contradictory, or improper

characteristics (i.c. values) are not included with the information gathered about a concept.
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For the purposes of this thesis, the characteristic will be always be displayed in its full form:

characteristic name:characteristic value (CN:CV).

Naturally, if two or more concepts have the same CN:CV, it can be said that they have the
same characteristic. However, if the CN is the same for two or more concepts, but the CVs are
different, then the characteristic should be discussed in terms of its value; the CV can be said to be

different, or in the case of a superconcept and subconcept, the CV can be said to have been modified.

1.2.2 Characteristics as Concepts

Picht/Draskau [1985:40] note that "characteristics are in themselves concepts," which can be
taken to mean that they consider the CV to be a specialized concept. This statement should not be
taken at face value, however: it is important to keep in mind that some characteristic values denote
specialized concepts, while others denote general ones. Specialized concepts are found within a
particular subject ficld; "unspecialized" concepts belong to general world knowledge. It is the
specialized concepts which are of interest here,

For cxample, Table 1 displays some of the characteristics found for CD-ROM, including the
characteristic error correction code:LECC (layered error correction code). According to the subject-
ficld literature, the CV of this characteristic, LECC, is a specialized concept. It has thus been included
elsewhere in the COGNITERM optical storage technology TKB. The CV of the characteristic
diameter:5.25 inches, however, is obviously not a specialized concept, and thus has not been placed in
the.TKB.

It is also possible for the characteristic name to be considered a specialized concept. The CN
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of error correction code:LECC, seen in Table 1, happens to be a specialized concept, and is included
in the optical storage technology TKB. The CN of diameter:5.25 inches, on the other hand, can be

considered an unspecialized concept; it is thus not included in the TKB.

' SOME CHARACTERISTICS OF CD-ROM

Characteristic Name Characteristic Value

| degree of writability read-only

“ encoding method digital

|| error correction code LECC (layered error correctiun code)
physical standard Yellow Book

“ diameter 5.25 inches .

Table 1. Characteristics of CD~ROM: name and value.

In this thesis, a CV's concept status (specialized or unspecialized) is important for the

classification of characteristics; this is discussed further in section 1.2.3.2.1.

12.3 Types of Characteristic
There are many different characteristic typologics, according to the literature. These
typologies, some of which are described below, have inspired the two characteristic typologies used in

this thesis. These two typologies are to be considered complementary, rather than opposing.

1.2.3.1 Types of Characteristic in the Literature
As Picht/Draskau [1987:44] note, no uniform classification of conceptual characteristics exists,
despite considerable efforts. Picht/Draskau [1987:47-48] suggest some typologics, however, including:
— dependent vs. independent characteristics: dependent characteristics must exist in the concept

system before more specialized concepts can be added, while independent characteristics do
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not. The example provided is that of the concept system agriculture machine — harvester
— combine harvester (going from generic to specific). According to Picht/Draskau, the
characteristic harvest*® must already exist in the system (i.e. describing the concept
harvester) before it is possible to proceed to the next level, where concepts such as combine
harvester, with the characteristic special type of harvest, could be found.

— ordering characteristics vs. insignificant characteristics:"® ordering characteristics are used to
classify concepts, while insignificant characteristics are not; for example, for botanists
classifying roses, shape of flower could be an ordering characteristic, while colour would be
an insignificant characleristic.

— simple characteristics (e.g. round) vs. composite characteristics (e.g. marxist-leninist).

Sager [1990:24] groups characteristics into two main categories:

—  essential, or NECESSARY AND SUFFICIENT, characteristics: those characteristics necessary to
sufficiently distinguish a given concept from any other closely related concept (e.g. for table:
flat surface, at least one leg),

— inessential characteristics: those characteristics which are observable in the individual object

(c.g. for a given table: its colour and material)

Dubuc [1985:21] discusses characteristics briefly, referring to them as "éléments significatifs,
composants de la notion." He provides a list of what he feels are the "traits sémantiques importants”

of the concept, which include its "nature, fin, fonction, matiére..." [1985:41). Characteristics that are

“ Although Picht/Draskau only provide what appears to be the characteristic value, one possible characteristic name
could be function. The whole characteristic is thus function:harvest.

¥ Picht/Draskan note that this is considered to be a variable classification, since a characteristic may change categories
through a change in point of view. For example, colour could be an ordering characteristic for horticulturists,
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specifically found in definitions are termed by Dubuc as "caractéristiques essenticlles” [1985:95].

While these various typologics differ, they do indicate that there is a "continuum of
importance" for characteristics, with what 1 will call nccessary characteristics (all instances of that
concept having the characteristic) at one end, and typical characteristics (not all instances of that
concept having the characteristic) at the other.

Within the field of artificial intelligence, therc has been prolonged discussion but little
agreement on characteristic types. However, there docs seem to be general agreement on two major
categories [cf. Skuce 1991a/b, Nirenburg et al. 1988], namely:

— relations: characteristics which provide information about other concepts related to a given
concept as "peers,” i.c. they are specialized concepts themselves (c.g. the concept fax machine
could have the relations produces:fax, or part:input tray).

— ATTRIBUTES: characteristics which are inherent to the concept being described, not involving
any relation to other specialized concepts (e.g. the concept fax machine could have the
attributes height:30 cm, width:40 cm, weight:20 kg).

Here, the typology is not based on the characteristic's "degree of importance,” but rather on the

relationship between the characteristic and the concept describes.

1.2.3.2 Characteristic Distinctions Within this Thesis

There are two complementary ways of classifying characteristics, each of which draws from
the categories discussed above. The first distinction is made between rclations and attributes; it can be
used to classify characteristics when they are initially added to a TKB. The second distinction, which

distinguishes characteristics according to importance, is used to classify them according to their

usefulness in definition construction.
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Distinction I: relations vs. attributes
According to this distinction, a characteristic can be cither a relation or an attribute, as seen

below in Figure 1.

[. CHARACTERISTIC: A unit of information which helps to describe a concept.

A. RELATION: A characieristic which links a given concept (X) with another specialized
concept (Y) (i.e. Y is the value of a characteristic of X).

1. Hierarchical relation: A relation involving a superconcept and a subconcept.

a. generic-specific relation: A hicrarchical relation involving & generic concept and
a specific concept; generic-specific relations allow characteristics to inherit from the
generic concept to the specific concept.

b. partitive relation: A hierarchical relation involving a comprehensive concept and
a partitive concept; partitive relations do not normally allow characteristics to inherit
from the comprehensive concept to the partitive concept.

2. Associative relation: A non-hierarchical relation (non-hierarchical relations do not
allow characteristics to inherft from onc concept to another).

B. ATTRIBUTE: A characteristic which is inherent to the concept being described. Iis value
does not involve any other concept.

Figure 1. Characteristic Distinction 1: Relations vs. Attributes.

It may be surprising to sce relations considered as characteristics, but if characteristics are
thought of as "units of information which describe a concept,” this conclusion is logical. A
characteristic provides information about a concept. The relation that a given concept (X) has with
another concept constitutes information about X. Therefore, a relation can be considered a

characteristic.  Each of these characteristic types is further discussed below.

A. Relations
The relations that cxist between a given concept and other concepts are important for

describing both the concept and the resulting concept systems. As Sowa [1991:179] nofes:
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None of these words [sin, carburetor, tax shelter] can be understood in isolation.... The
entry for sin, for example, might define it as a transgression against God. But that
introduces the concepts of transgression and God. A transgression is a violation of a
law, but that raises questions about how God gives laws and how they differ from
human laws or laws of physics. A few more sieps lead to the concepts of heaven and
hell and eventually all of theology.... In every field of human endcavor, from cooking
and fashion to topology and quantum mechanics, the basic concepts can only be
understood in relation to other concepts in tightly organized structurcs of thought.
Knowledge acquisition may begin with words, but it must also find the conncctions
that link those words in larger structures.
ISO [1990a:3] recognizes two main types of relation: hicrarchical relations and non-
hierarchical (or associative) relations. As hierarchical relations are more relevant to definition
construction, and have also been the object of much more research than associative relations, they will

be discussed in greater detail.

1. Hierarchical relations

A hierarchical relation is a concept relation that is marked by the progressive division of a
concept into narrower concepts called subconcepts or, conversely, by the progressive combination of
concepts intc broader concepts called supercencepts. There can be one or more levels of
subordination or superordination, depending on the number of divisions. As discussed in scection 1.1.2,
concepts at the same level of subordination or superordination are called co-concepts. It should be
noted that a subconcept in one relation may be considered a superconcept in another. Figure 1
displays the co—concepts CD-ROM, CD-Audio, :ad CD-Video in a generic-specific hicrarchy.

1SO [1990a:3), consistent with most of the terminology literature (¢.g. Picht/Draskau 1985,
Sager 1990), recognizes two main types of hierarchical relation: GENERIC-SPECIFIC RELATIONS and

PARTITIVE RELATIONS.

a, Generic—-specific relations

According to ten Pas [1991:80], the generic—specific relation "is the most commonly used to
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structure a subject ficld conceptually.” It is a particularly powerful relation, since it allows
INHERITANCE of information (captured in characteristics) from superconcept to subconcept. In a
generic-specific relation, there is a partial correspondence between the intensions of the generic
concept and the specific concept. The specific concept inherits all of the characteristics of the generic
concept, but differs from it by at least one modified or additional characteristic.

Figure 2 shows how the CODE graph designates the generic—specific relation between two

concepts with an 's'. The concept of inheritance is discussed further in section 1.2.4,

[@ Generic-specific hierarchy

al wvert hor 11,2

=
|

12} £~ |€

CD-ROM
)
] 5
optical disc ompact disc | CD-Audio
5
]

CD-Vided

Figure 2. Generic-specific relations.

The gencric—specific relation can be thought of as an "sa" or "kind of" relation, as it is
usually expressed as "X is a Y," "Xs are ¥s," "X is a kind of Y," "Xs are a type of Y." Figure 2
shows a series of generic-specific relations: CD-Audio, CD~ROM, and CD-Video arc all kinds of
compact disc, which is a kind of opticzl disc. Since the concepts CD-Audio, CD-ROM, and CD-

Video sharc the same generic concept, they are co—concepts.
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b, Partitive relations [§] Meronymic hierarchy

Al vert hor t142  +-

In partitive relations, the

comprehensive concept represents the

i

object as a whole, and partitive concepts

part,
represent parts of this whole. According -
. part
to Miller [1990:255], partitive relations oicycle] S fpedal
]
tend to occur most frequently with seat
handle bars

concepts that represent physical objects.

Richard [1977:91] concurs, noting:

"..ces rapports sont évidemment les plUS M
Figure 3. Partitive relations.

appropriés a la définition des objets du

monde concret, si nombreux en technique." An example of partitive relations can be found in

Figure 3.

2. Associative relations

Figure 1 indicated that associative relations are non-hicrarchical relations, and thus do not
allow characteristics to inherit from one concept to the other. To the best of my knowledge,
associative relations have not been studied in any kind of depth in the terminology literature; thus, no
kind of definitive classification exists. Within the literaturc, however, many diffcrent types of
associative relation are discussed. Sager [1990:24-25], for example, provides a rather lengthy list,
including:
. cause—effect (e.g. explosion—fallout)
. process—product (e.g. weaving—cloth)
. process—method (e.g. storage—frecze—-dry)
. activity—place (e.g. coalmining—coalminc)

. object—operation (e.g. drill bit—drilling)
. object—form (e.g. book—paperback)

S R LN
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B. Attributes
For the purposes of this thesis, attributes are not further classified. As was noted in Figure 1,

they refer to the concept itself without involving any other concept.

Distinction 2: more important characteristics vs. less important characteristics

According to this distinction, characteristics have varying degrees of importance for definition
construction. Once the information about a concept system has been recorded in the TKB, the
terminologist can classify the characteristics according to their degree of importance for describing
concepts.

The different types of characteristic discussed in section 1.2.3 imply that there is a "continuum
of importance" for characteristics, with NECESSARY CHARACTERISTICS at one end and TYPICAL
CHARACTERISTICS at the other. Necessary and typical characteristics play a major role in discussions

about definitions. For this reason, they are examined in greater detail in chapter 4.

1.2.4 Inheritance of Characteristics
Inheritance is a powerful artificial intelligence technique that operates when concepts are
arranged in a generic-specific hierarchy. It allows for any characteristic of a given concept to be
implicitly true for all subconcepts of this concept, for all subconcepts of these subconcepts, and so on.
As concepts become more specialized, the value of a characteristic may either remain the same
or undergo modification or specification (although the name will usually remain constant'®). New
characteristics may also be added at each new concept level.

Tablc 2 shows that the concept CD-ROM inherits certain characteristics from its

' Sometimes the characteristic name will change as it inherits from one concept to another, Miller [1993:116] provides
an example of this phenomenon.
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superconcept, compact dise, which in turn inherits characteristics from its superconcept, optical disc,
Some of the characteristic values have remained the same, while others have been modified.  For
example, the characteristic physical form:disc does not change as it inherits from one level to another
in the hierarchy. However, optical disc's characteristic encoding method:digital or analog has been
modified to encoding method:digital for compact disc. It can also be scen that an cntirely new

characteristic, that of standard:one of Red Book, Yellow Book, Green Book, Orange Book, is added at

the level of compact disc.

characteristic name

physical form:

characteristic value |

— 1

optical disc

disc

compact disc

disc

CD-ROM

disc

diameter:

3.5 472 525 8 12,
or 14 inches

5.25 inches

5.25 inches

degree of writability:

one of read—only,
write—once, erasable

one of read-only,
write—once, erasable

read-only

encoding method:

digital or analog

digital

digital

storage capacity:

varies with the type of
optical disc

varies with the type of
compact disc

up (o 600 MB

content: one or both of audio, one or both of audio, audio, data
data data
standard: nia

Table 2. Characteristics inheriting in a genaric-specific hierarchy.

13 CONCEPT SYSTEMS

one of Red Book,
Yellow Book, Green
Book, Orange Book

Yellow Book

Obviously, concepts participating in relations do not exist in isolation: they combine with

other concepts to form concept systems. A concept system is defined by 1SO [1990a:5] as a

"structured set of concepts established according to the relations between them, each concept being

determined by its position in this set."
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1.3.1 Representing Concept Systems

The Jarger and more complex a concept system is, the more uscful it is to graphically

represent this system in order to clarify the concept relations [ISO 1991:2]. Some graphical

representations of concept systems include field diagrams (Figure 4), tree diagrams (Figure 5), and

hicrarchical lists (Figure ).

0 hand saw

0.1 non pre-stressed
hand Saw

to.c.:" to be held
at one or both ends

0.2 pre-stressed hand
Saw

t.0.¢.: to be held at
ane of both ends

Figure 4. Field diagram (Source: I1SO 1988:12).

¥ t.o.c. = type of characteristics

0.1.1 carpenter's saw | 0.1.1.1 hand saw for [pictuze]
round timber

t.0.c.; cutting against | 0.1.1.2 hand saw for [pletuse]

the grain cut timber

0.1.2 cross—cutl saw 0.1.2.1 long saw for [picture]
timber

t.o.c.: blade—teeth 0.1.2.2 link-tocth [picture]

laminated or not saw

0.2.1. bow saw 0.2.1.1 uee saw [picture]

to.c.: cutting against | 0.2.1.2 bow saw for [picture]

the grains cut timber

0.2.2 uimsaw 0.2.2.1 log saw for [picture]
round timber

to.c.: culting against | 0.2.2.2 log saw for [picture]

the prains square timber
0.2.2.3 pit saw [picture]

%
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[# Concept graph §

al vert hor 1142+

tableware

?
cutier crockery] tabls linen

SO LSl o
[knife] \fork] plate] [wine glass| [lumbler] [tablecloth| jnapkin

Figure 5. Tree diagram (Source: Cruse 1986:147).

As these figures demonstrate, graphical living being 1
plant 11
representations are particularly well-suited for cryptogamous plant L11
phancrogamous plant  1.1.2
depicting and identifying hierarchical relations. gymnospenn L12.1
angiosperin 1.1.2.2
Unfortunately, as Skuce/Meyer [1990a:188-189] animal 12
protozoan 1.2.1
metazoan 1.2.2

note:

...it is still extremely rare to find in Figure 6. Hierarchical list (Source: 15O 1891:5).
terminology banks or publications any

systematic attempt to represent the

conceptual organization of a field, whether textually' or graphically. Rather, onc normally
detects only traces of conceptual structures in the definition of certain terms, "somewhat like a
puzzle that no one can put together because there are picces missing, and there is no picture of
the whole that can serve as a guide.""’

1 By "textually,” Skuce/Meyer mean in the form of what 1SO [1991) terms a hierarchical list [Ingrid Mcyer, personal
communication}.

1° Translated from Kulkuska-Holmes/Knowles [1989;382].
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14 PRACTICAL USES FOR CONCEPT ANALYSIS
Concept analysis entails describing the attributes of individual concepts and the relations that
hold within systems of concepts. Ideally, concept analysis within a given subject field results in a
collection of characteristics for each concept, fully describing both the concept and its relations to
other concepts. Many of thesc concept relations are best represented in graphical form, to help the
uscr better understand how the concept system "hangs together."
Good concept analysis helps the terminologist carry out the practical operations of
terminological work, such as
— delimiting and partitioning subject fields: by clearly understanding the concepts and concept
rclations of a given subject field, the terminologist can more easily delimit the subject field in
which these concepts are found; couceptual "noise” (where concepts are mistakenly included in
a subject ficld) and conceptual "silences" (where concepts appear to be missing from the
subject field®™®) are more casily seen and remedied
— distinguishing quasi-synonyms: by comparing a list of characteristics for the concepts
denoted by quasi-synonyms, the terminologist can verify whether or not the suggested
synonyms actually denote the same concept
— neology: by looking at the resulting concept system, the terminologist can determine which
concepts need terms created for them; she can also tell if a particular neology is unnecessary
by comparing existing concepts with the one denoted by the new term
— communicating with subject-field experts and colleagues: by using the explicit information

about a subject field's concepts and concept system, the terminologist can efficiently and

* For example, within the Typesetting TKB constructed during the pilot project at the Department of the Secretary of
State of Canada, the terminologists included a relatively new kind of typesetting called digital typesetting. What appeared
to be missing, however, was a kind of "non-digital” typesctting. By clearly understanding the subject field, the
terminologists were able to see this silence and be on the Jookout for a corresponding term (in this case, analog typesetting),
which otherwise may have gone unnoticed [Ingrid Meyer, personal communication).
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effectively discuss the subject field with experts and other terminologists

— interlingual equivalence (useful for translators): by comparing concepts denoted by terms in
different languages via their characteristics, the terminologist is able to verify equivalence
between these terms. As Cole [1987:78] notes, "it is only by ascertaining the correspondence
of concepts employed in different languages that the terminologist can cstablish the
equivalence between the terms used to designate them.”

~ constructing definitions (intensional definitions): by knowing a given concept’s gencric
concept and by having a list of characteristics from which to choose those characteristics
necessary to sufficiently describe the concept, the terminologist can feel confident that she is
working with all the information needed to construct (or adapt or cven simply criticize) a

definition for that concept and its co~concepts.

Concept analysis plays a role in all aspects of terminology work, from subject-ficld
delimitation to definition construction. While terminologists have always carricd out concept analysis,
they have been obliged to do so for the most part using what Mcyer/Paradis [1991:3] refer to as "a
combination of 'paper-and-pencil' and 'do-it-in-my-head' methods." It is only within the past few
years that computerized tools have become available to facilitate this activity. One such tool, called

CODE, is described in chapter 2.
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i I THE TECHNOLOGY:
Chapter 2 CODE

2.0 INTRODUCTION

CODE (Conceptually Oriented Description Environment) is a computerized, generic knowledge
management system, developed at the Artificial Intelligence Laboratory of the University of Ottawa
under the direction of Dr. Douglas Skucc.

The most recent version of CODE (CODE4),. has been in use since mid-1992 (although it
should be noted that certain features of CODE4 are still in the final stages of development). The
previous version, CODE2, was widely used for both research and commercial purposes.? This thesis
concentrates on CODE4, in contrast to two previous Master's theses involving the use of CODE, both
of which used version 2 [cf. Bowker 1992, Miller 1993].

As a generic system, CODE is intended for a variety of applications, such as natural language
processing, softwarc specification and design, expert systems, teaching specialized subjects such as
biology, and general terminological analysis [Skuce 1992:1].. To date, CODE2 has been used to
develop terminological knowledge bases in the fields of typesetting [cf. Meyer/Paradis 1991, Skuce/
Meyer 1990a/b], optical storage technology [cf. Meyer/Bowker/Eck 1992a/b, Meyer/Skuce/Bowker/Eck
1992a/b], and finance [cf. Miller 1993]. The optical storage technology TKB was recently converted
to operate under CODE4.%

Because the focus of this thesis is a knowledge-based approach to terminology, CODE will be
cxamined specifically from the viewpoint of how it can be used in a terminological application, ie. to

help the terminologist carry out concept analysis and build a TKB.

I CODE3 was an cxpetimental prototype and, as such, not used for any actual applications.

B For the sake of simplicity, CODE4 Is henceforth referred to as CODE,
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21 CODE'S USER INTERFACE

CODE's user interface centres around the use of browsers, which are in cffect windows which
displaying the data (in the form of concepts, characteristics, and facets®) stored in a TKB. Browsers
give the user a great deal of power and flexibility for viewing the TKB data, and are discussed in
more detail in the next section,

CODE's interface is extremely versatile and user~friendly: a hypertext-like facility, using
associative links, allows the user to navigate quickly and casily through the data. For example,
someone who wants to quickly learn about concept X can select” it from a list of concepts in the
concepts browser; X's characteristics then appear in the characteristics window. To view the
characteri_stics of concept Y, the user selects concept Y in the concepts browser, and Y's characteristics
appear in the characteristics browser. If the user then wants to see if concept Y shares characteristic A
with concept X, she can first sclect characteristic A in the characteristic browser (concept Y is still
selected). and then select concept X. If concept X also has characteristic A, A will continue appear in
the characteristics browser (although it may bave a different value).

Essentially, CODE's interface allows users to explore the TKB without having to know cxactly
what they are looking for; there is no central menu which must be referred to before data can be
accessed. For those looking for a specific item of information, CODE's "goto" (scarch) feature can

further aid their exploration.

2.2 CODE FEATURES

CODE possesses several features which can help terminologists carry out concept analysis,

 Facets provide information about a given characteristic (name and value), For example, the COGNIFERM TKB has the
facets {a) reference (to document the source of the characteristic valuc), (b) comment (io provide a gencral comment about the
characteristic, if necessary), and (c) status (1o show the degree 1o which the characteristic is "approved”).

% It should be noted that CODE is mouse—driven. To sefect something means to click on it using the mouse.
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specifically (a) a sophisticated textual and graphical display, (b) inheritance mechanisms, and (c) a

flexible means of specifying characteristics. These features are described in detail below.

2.2.1 Textual and Graphical Display

CODE's browsers allow the user to view information in two main ways: textually or
graphically. Information in a textual browser is seen in list form, while information in a graphical
browser is seen in tree structure form. Browsers can be moved around the screen, resized, or even

- collapsed® as needed.

2.2.1.1 Textual Browser

The lists of data in textual browsers may be viewed either hierarchically (with hierarchy levels
indicated by progressive indenting) or alphabetically. The user may restrict the list either by masking
out (hiding) subhierarchies found within the main list, or by indicating that only a given subhierarchy
should appear within the list. Figure 7 shows a textual browser containing a hierarchical list of
concepts, with two collapsed subtrees (indicated by —+).

Browsers may work independently, or they may be created from another browser. In the latter
case, the originating browser is said to be the driving browser and the resulting one the driven
browscr. A driven browser can either be attached to its driving browser or detached from it (i.c.
appearing as a scparate browser). If two or more browsers are attached to each other, they are
considered sub-browsers within one window.

For example, the textual browser shown in Figure 7 can act as a driving browser in the

creation of another textual browser containing conceptual characteristics (the driven browser). If a

* Depending on the environment that CODE is running in, browsers may either be collapsed into jcons (similar to those of
the Macintosh interface), or into a list itern (as seen with the X-Windows' TWM Window Manager).
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concept is selected in the driving browser, its
characteristics are then displayed in the driven

browser.

Textual Browser §

")

Al honly t1,t2 no+- al

ol cleodh s

L)

[al

= optical storage
= gptical storage media

Figure 8 shows the concepts browser from » optical disc
= compac! disc
: . . » CD-ROM
Figure 7 (left) with an attached driven browser - CD—-NOM XA
» CD-Audio

containing conceptual characteristics (right). Note

s CD=Interactive
« CD-Interaclive video

that the characteristic value (800-1000 MB} of the » CD-Video
: » Compacl Mideo Disc
- LN s « OROM
selected characteristic (storage capacity) is displayed « DatafiOM
-

in the text pane (the small subwindow at the bottom

= read -only optical disc

right). In turn, the characteristics browser in « optical videodise
s reflective optical videodisc
Figure 8 may be used to create another browser = Interactive videodisc
» @ =inch videoclisc
s inatant iump

containing facets; in this case, the characteristics
browser is the driving browser and the facets
browser is the driven browser. When a
characteristic is selected in the characteristics

browser, its facets appear in the driven facets

= tranamisaive optical videodiac
= film -kased oplical videodisc
.-+
«»CD=-ROM ...
« WORM disc
= phase change disc : WORAM
= rewrilable disc
= MO disc
»phase change disc : rewritable

Figure 7. CODE textual browser containing a
hierarchical list of concepts with two collapsed
subtrees.

browser. Figure 9 shows the window from Figure 8
with an additional attached facets browser. The
REFERENCE facet for storage capacity:800-1000 MB for the concept of videodisc has been selected;
the facet value, CHEN89B:4, can be seen in the text pane.

It is possible that facets may be used more in the future to annotate cach characteristic name
and value. For example, the terminologist could record the source of characteristic name and the
context in which it was found (e.g. a table of charactcristics or a defining context). Chapter 6

discusses how this and other kinds of information may prove useful to the terminologist at a later date,
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for cxample, to explain the selection of certain characteristics to a subject—ficld expert. Another facet

could then be usced to record the expert's approval.

| [@ Texiual Browser i

£

al hanly t1,t2 nov- aighy~

all honly 11,t2 «~ aph

-,

o

ﬁ
b2
Al

« pplica) storage 2

= opiical storage media « Relations:
a1 optical dise + Higrarchical relations:
= compact diae « Meronymic reldions:
« CO-ROM « components:
s CO-ROM XA +5 component of:
» CD-Audio « Aasoclative relations:
s CD-Interactive «5tandards;
» C D -Inferactive video aphysleal standard:
= CD-VAdeo «logieal standard: ane of: National Tele
» Compact Video Dlse «sector iyout: one of: CAV, CLV, MCA!
= DROM aerror carrection: no
« DataROM «recarding technology: aptical
“— +writing principle: one of { one of | polari
= vead -only oplical disc « Attributes:
. «¢ontent: one or more of: textual data, audi
» optical videndise aavaltable recordhg surfaces: generally two
= reflective optical videodise E '
s |nteraciive videociac -phyalcal Torm: disc
» 8-Inch videodisc « tegree of writabllity: one of ( ohe of t 1

« Conceptual Characteristics:

ejnstant ump «phyaical appearante: ohe of: opague shiny
= tranamissive optical videodise + cimensions:
» fim-based optical videodise «dlameter: 35,525, 8, 12, of 14 Inches
.ot +thicknesa:
»CO-ROM ... ¥
= WORM diac . +Engl +dslg]
«phase change disc : WORM ~1 g00 - 1000 MB
a pewritable dise
= MO dlse

= phase change iac ; rewritable

|(_—

Vs U~
Figure 8, CODE window confaining a concepts browser (lef) and an attached browser

containing a hierarchical list of characteristics (righ’).

Figure 7, Figure 8, and Figure 9 show how concepts, characteristics, and facets can all be

easily viewed in textual browsers.

How the textual browser facilitates concept analysis

Textual browsers allow the terminologist to (a) methodically gather information about concepts
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Figure 9. CODE window containing a concepts browser (left), an attached characteristics browser
(middie) and an attached facets browser {right).

and (b) maintain control over this information. Lists of characteristics ar¢ available for cach concept;
these lists explicitly display all the information that has been entared for a given concept (or inhcrilctll
from a generic concept). As noted above in section 2.2.1.1, textul lists may be alphabetical or
hierarchical. Hierarchical lists of concepts show relations? between concepts to a certain degree (the
graphical display, discussed next, is mote effective at showing these relations). Characteristics may
also be grouped into hierarchies, if desired, to display them more logically. Alphabetized lists of both

concepts and characteristics help the terminologist quickly locate data.

3 1t should be noted inat, al‘hough generic—specific relations are automatically shown in CODE, other types of relation may
also be displayes.
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2.2.1.2 Graphical Browser

The graphical browser (commonly referred to as the graph) provides a well-developed

graphical representation of all the concepts in the TKB and the relations between them. Although the

graph automatically shows generic-specific relations between concepts, partitive and associative

relations may also be displayed.

Figure 10 shows a
simple graphical browser with
generic-specific relations
showing. On the graph, links
(arrowed lincs representing the
concept relation) are used to
connect nodes (representing
concepts). These links are
labelled "s" by default,

indicating the generic-specific

[@] Graphical Browser £22 '

al vert hor t1t2 -+
o it seseted ... J
]

<

»

|2 |< L$=

x”_[CD-ROM~——=—[CD-ROM A
s [CD-Iterastive}=—a—{CD-Interastive]
S~ Eovee

CD-R

hd

£ | sm—— 'ﬂl
Figure 10. CODE graphical browser from the optical storage
technology TKB displaying generic-specific relations.

relationship between concepts. Other hierarchical and associative relations may also be represented on

the graph. Figure 11 shows a graph with generic-specific, partitive (part} and associative (here:

device) links. Although typically it is concepts which are displayed graphically, characteristics may

also be viewed in this manner.

As with textual browsers, 2 graph may display the whole TKB hierarchy or it may be

restricted to certain concepts. Subtrees may be collapsed or a particular subtree may be shown,

allowing thc user to concentrate on those particular concepts. Figure 12 shows a subtree of the optical

storage technology TKB with a coilapsed subtree and node.

One type of graph in CODE, called the characteristic link graph, automatically shows a
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(¢l Graphical Browser }

concept's associative relations,

2 wert hor tit2

showing how a given concept is

4,

linked by non-isa rclations to

det:u CD-ROM drive

CD-ROM XA

other concepts in the TKB.

Figure 13 shows a characteristic
link graph for the concept CD-
ROM, from the optical storage

technology TKB.

Figure 11. CODE graphical browser showing concepts with isa

(s), partitive (parl) and associative {device) links.
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Figure 12. CODE graphical browser showing subtree of the optical storage technology TKB,

.

with one collapsed node (indicated by small square) and one collapsed subtree (indicated by

fan shape).
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Charactaristic Unk Graph for CD-ROM
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Figure 13. Characteristic Iin gaph or CD-ROM.

The concepts linked to CD-ROM denote values for some of the associative relations (characteristics)

of CD-ROM; cach link label denotes an associative relation (characteristic) name.

How the graphical browser facilitates concept analysis

Visual representation is often the most effective and rapid method of conveying information.
For example, the graphical browser is especially useful in providing users with an overview of the
entire subject ficld. Even using the pencil-and-paper method, terminologists often find it helpful to
draw concept networks of their selected ficlds or subfields. As Skuce/Meyer [1990a:4] note:

We cannot overemphasize the importance of good graphical representations for terminology:

in our experience,” the terminologists referred to the graph constantly and wanted the graph

window open at all times, no matter what other components of the knowledge base were being
focused on.

7 Using CODE during a pilot project at the Department of the Secrctary of State of Canada.
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The graphs showing associative relations make it easy for the terminologist to sec how
different areas of the subject field are related, and to make decisions about what kind of information

should be found in the characteristics browser for each concept.

2.2.1.3 Combining Browsers
The user is not restricted to having one kind of browser per window. Onc window may in
fact contain any combination of graphical and textual browsers. Figurc 14 shows a window in which

concepts are displayed in graphically while conceptual characteristics are displayed textually.

[@] Graphical and Textual Browser #ij}

I L R o
al honly wvert hor 1142 4]y _al honly 11,t2

+~ alp
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3 ards:
$
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L
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Figure 14. CODE window with graphical concepts sub-browser (left), and textual
characteristics sub-browser (right).

222 Inheritance Mechanisms

As was explained in chapter 1 (section 1.2.4), inheritance is a powerful Al technique that can
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operatc when concepts are arranged in a generic~-specific hierarchy. It allows any characteristic of a
given concept to be implicitly true for all subconcepts of this concept, for all subconcepts of these
subconcepts, and so on. CODE allows the user to arrange concepts in inheritance hierarchies, so that

more specific concepts may inherit characteristics from more general ones.

How inheritance mechanisms facilitate concept analysis

When terminologists identify a given concept as a member of a known set of concepts, they
can automatically access this additional (inherited) knowledge about the concept. This ensures that the
information recorded for related concepts is consistent, and that all subconcepts of a concept have
similar characteristics.

CODE's inheritance mechanisms also help the terminologist reduce the amount of work needed
to input the same characteristics for many related concepts. Without these inheritance mechanisms, the
terminologist would be compelled to input the characteristic names and values for each and every
concept, a time-consuming and repetitive task, and one that increases the likelihood of an input error.

CODE's inheritance feature is complemented by other mechanisms to ensure that if the
terminologist attempts to include information which should not logically be there, the error is pointed
out (in the form of a dialog box). For example, referring to Table 2 (chapter 1, section 1.2.4), which
shows inherited characteristics of concepts, if the user were to change the characteristic encoding
method:digital or analog of optical disc, she would be signalled that this would create an
inconsistency with compact disc and CD-ROM (both of whose characteristics have been modified to
encoding method:digital). The user could then choose to have the new characteristic value inherit to
compact disc and CD-ROM (overwriting the current value) or perhaps rethink the intended value

change at optical disc.
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2.2.3 Flexible Means of Specifying Characteristics

Since CODE does not presuppose
any particular theory of concepts, the
terminologist can create any number of
characteristics and any type of characteristic,
arranged hierarchically (as in Figure 15) or
not. Concepts may have characteristics
(conceptual characteristics), as may terms
denoting concepts (linguistic characteristics}.
As noted in section 2.2, even characteristics
may have characteristics (facets).

The only characteristic which CODE
provides by default is the generic—specific
(or isa) relation, which it considers to be the
primary relation between two concepts. If
the main relation between two concepts is
not generic-specific, then CODE provides
other ways of linking these concepts

according to their main relation.
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« physical appearance.
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Figure 15. Conceptual characteristics arranged
hierarchicaily for the concept CD~-ROM,

How flexible means of specifying characteristics facilitates concept analysis

CODE's flexibility ensures that the terminologist can tailor characteristics in the TKB to bost

suit the subject field under investigation. Any number of characteristics and any type of characteristic

may be used to present the information about a given concept, its term, and their respective
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characteristics. As mentioned earlier, these characteristics may be placed in hierarchies which display
the information: more clearly, or they may be left in non-hierarchical lists.

Concept relations that are not generic—specific may be specified by the terminologist as
conceptual characteristics. These relations (whether partitive or associative)} may then be displayed on
the graph along with the regular generic-specific relations; on a graph which shows only one
particular relation, such as a partitive hierarchy; or viewed one Conce.pt at a time in a characteristic

links graph (Figurc 13).

As a generic knowledge management tool, CODE provides terminologists with a systematic
environment for carrying out concept analysis using a knowledge~based approach. It helps
terminologists gather, organize, and retricve the knowledge they acquire about concepts and their
characteristics using a variety of features, and to do so in a more systematic and explicit manner than
is possible with pencil-and-paper or 'do-it-in-my-head' methods.

To effectively use a tool such as CODE, however, terminologists need guidelines. A general
approach to concept analysis, developed by the COGNITERM team to create terminological

knowledge bases, provides such guidelines. This approach is described in the next chapter.
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Chaoter 3 THE APPROACH:
apter GENERAL CONCEPT ANALYSIS

3.0 INTRODUCTION

Chapter 2 explained how terminologists must follow: an approach of some kind if they are to
cffectively use a knowledge management tool such as CODE to carry out concept analysis. This
chapter discusses a general approach to concept analysis that helps terminologists use CODE within
the framework of a terminology research project. It was developed by a team of COGNITERM
researchers who, at the same time, created a TKB for the subject field of optical storage technology,
concentrating on the subficld of optical storage media.

One key reason why this approach may be considered general is that it does not provide any
specific guidelines for definition construction: it is restricted to the collection of information about
concepts in a particular subject field (in the form of conceptual characteristics) and their respective
terms (in the form of linguistic characteristics). It was designed generically, with the assumption that
certain steps would have to be modified or added to ensure that definition construction could be
effectively carried out once all the information about a concept had been gathered. Modifications and.
additions to this general approach, made with a view to definition-oriented concept analysis, are
discussed in part 2 of this thesis.

To lay the groundwork for part 2, this general approach is discussed in detail below, using the
extended cxample of CD-ROM to explain what steps thle terminologist should take to use CODE to
carry out general concept analysis and cre.ﬁte a COGNITERM TKB.

First, however, I describe the general structure of COGNITERM, i.e. how the browsers are

used to display the information gathered about a concept.

3.1 THE STRUCTURE OF COGNITERM

COGNITERM is conccived as a hybrid of a term bank and a knowledge base. It is most

51



Chapter 3. The Approach: General Concept Analysis

easily understood as having two main components: one linguistic (corresponding to the term bank)
and one conceptual (corresponding to the knowledge basc). There is also a third component, as scen
in Figure 16, which provides valuable information about other aspects of the concept: background
information. When a terminologist has fully researched a concept and cntered these three kinds of
information into COGNITERM, the result is a complete and thorough presentation of what the

terminologist knows about the concept.

CONCIEFPT

l l

-linguistic char. 2
-lingunistic char. 3

-conceptual char, 2
~concepiual char. 3

Linguistic Info Concepinal Info Background Info
-lingmistic char. 1 -conceptual char, 1 -related concepts info

~classification info
-administrative info

Linguietic Faceis

Copceptual Pacets Bac] Facets
~for chzaracieristic x

for characteristic x for x

Figure 16. The Structure of COGNITERM.

In COGNITERM, each component is given its own scparate "Information” browscr, in which
the information (i.e. Linguistic, Conceptual, or Background) is provided in the form of characteristics.
In turn, each Information browser has an attached facets browser; facets, as mentioned in chapter 2
(section 2.1), provide further details about a given characteristic.

As was noted in chapter 2, CODE is very flexible in the way that it allows information to be

displayed; browsers can be either textual or graphical. The following browsers were created for the

COGNITERM TKB interface.
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3.1.1 Concepts Browser CONCEPTS &
- . . v al honly_t1,t2
The Concepts browser, displayed in < DU
[*]
Figure 17, provides the terminologist with a list of 1 T
concepts in the TKB. Concepts can be viewed -3.':;2%; storage
»miac optical storage
cither alphabetically or hicrarchically (as shown in = optical storage media,
= pptical disc
Figure 17) by clicking on the alphafhiera® button : 'W
, * CD~ROM XA
located at the top right corner of the browser. » CD-Audio
s CD-Interative
Individual subtrecs can also be viewed within the » CD-Interactive video
» CD-Video
= Compact Video Disc
browser. « OROM
= DataR0OM
From this browser, the terminologist can " =misc compact clisc
*CD-R
select any concept; the name of the selected concept 'migcncl’:‘p;"::d“
] . . . sread-only aptical dise
is then displayed in the cditing area (top left corner » videodisc
s gptical viceodisc
of the browser). In Figure 17, compact disc has = reflective oplical videodisc
= interactive videodisc
been selected. As noted in section 3.1, three :i;?am E;f dise
. . . . = transtnissive optical videodise
different types of information are available for the n « fim-based optical videodisc
»

sclected concept. This information is found in the ~ Figure 17. Concepts browser with concepts
displayed hierarchically. The concept compact

Conceptual Info browser, the Linguistic Info disc is selected.

browser, and the Background Info browser, each of which is discussed below.

312 Conceptual Info Browser
For COGNITERM's conceptual component, every concept is provided with a set of
characteristics. Characteristics may be inherited (fully or partially) from more generic concepts or they

may be added to the selected concept.

* Because the alpha/hicra button {5 a toggle button, only one selection appears onscicen at a lime.
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The Conceptual Info browser is driven off the Concepts browser. It is composed of two
browsers: the conceptual characteristics browser and the conceptual facets browser.”® Figure 18
shows the conceptual characteristics browser (left) displaying a list of conceptual characteristics
(Relations and Attributes) describing the concept selected in the Concepts browser. The conceptual
facets browser (right) in turn displays the facets (e.g. VALUE and REFERENCE) that describe the

characteristic selected in the conceptual characteristics browser.

CONCEPTUAL INFO
v al honly 11,12 +- alphal ., al honly 11,12 alphal
SR learee o wrilobiil S
g H B !
& . Conceptusl Craracteriatics: ful «predicate: degree of writability
4 Relations: P
« Associative relations:  subject: concept of CD-ROM
« gtanciarcs: -referance. CHEMEO ' 5
 physical standard: Vellow acamment:
«logical standard: (High Sie «jmmeciate aource: concept of C
a sector layout: CLV « original source; concept of opti
« grror correction: {CIRC, Lay < property deacription: amedia ¢
srecording technology: optle3 s Linguistic facets:
«writing principle: abkation »acceptability info:
« Meronymic relations; + grammatical info:
4 components: apart of speech:
i3 component of; « gender:
4 Attribules: « number ;
sgonhtent: textual data, audio, g «modality:ir n
aavalable recording surfaces. o +status: EC
= storage capacity: total: 600 M| ---——~~-----
<physical Torm: dise 15 +Engl +delg]
ey ze ol rilabufily pead —ur ) e ead—-only
aphysical appearance; 14
« cimensions;
« diameter: 4,72 inches {12 ¢n
_ +thickness: 1.2 mm 1
I

Figure 18, Conceptual Info browser for the concept CD-ROM. The
characteristic degree of writability is selected (left), along with the
value facet (right).

# All of the "Info" browsers (Conceptual, Linguistic, and Background) have this dual browser format, with char;lctcrislics
in one browser and facets in another,
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The text panc (bottom right) shows the value of the selected facet. For example, as seen in Figure 18,
the selected conceptual characteristic (belonging to the concept CD-ROM) is degree of
writability:read—only. Since the VALUE facet is selected, it is the value of the character'stic that
appears in the text pane. If the REFERENCE facet had been selected, the reference of the characteristic

(here: CHEN898:5) would appear in the text pane. Facets are described in further detail in section

3.1.5.

Characteristic hierarchies

With CODE#4, it is possible to place conceptual characteristics within hierarchies. In
COGNITERM, not only are there different kinds of characteristic (i.c. Relations and Autributes), there
are more specific kinds of Relations and Attributes. As seen in Figure 18, Relations is further divided
into Associative relations and Partitive relations. For example, under Associative relations, there are
specific kinds of standards (physical standard and logical standard), while under Attributes, there are
specific kinds of dimensions (diameter and thickness). Several of the top levels of these characteristic
hierarchies are essentially "nil" characteristics: as they serve to simply "describe” the characteristic
hierarchy, they have no value. For exnmplf;, the top-level Associative relation standards has no

value, but its subcharacteristics, physical standard and logical standard, do have values.

3.1.3 Linguistic Info Browser

For COGNITERM's linguistic component, the goal has been to include, for every concept, all
the linguistic information that would normally be found in a conventional term bank,* plus some
additional information such as collocations.

This information is displayed in the Linguistic Info browser. As Figure 19 shows, the

% The term bank that the COGNITERM Project used as a guide was the Government of Canada's TERMIUM III
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linguistic characteristics browser
(left) displays characteristics which
describe the term denoting the
concept selected in the Concepts
browser. The facets browser (right}

displays facets describing the

selected linguistic characteristic (e.g.

VALUE, REFERENCE, GRAMMATICAL
INFO, ACCEPTABILITY INFO). The
characteristics are hierarchically
grouped: the two main hierarchies
are English Information and French
Information™ (although any

language could be included), with

LINGUISTIC INFO

{ooron 'T0 - Lot

v A honly t1,12
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-
2l Lnguistic information:
« Engllish Information:
« English term: CD-Audio
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+3ynS; compact dise digital
+3ynB; CD-DA (compacl dis
a 3ynT: cigital audio compact
« 3y CO-mudio
«3yn3: CD audio
43yni0: Compact Disc Audio
agynli: CD-A
«gyni2: CD Audlio

=« Phrasaciogicy cantexts:
«conti:
«gont2;
scont3:
Jconld;

Figure 19. ' Linguistic Info browsr for the concept CD-Audio.

1

«FACETS:
spradicats: synl

«aybject: concept of term ‘CD-A
areference; ELSHAMIBO : 11§
= comment:

«immediats sourca: concapt of i

«property descriplion:
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4gencer:
anumbet;
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uchio compact dise

The characteristic syn7 is selected (left}, along with the value

facet (right).

each of them further divided into Term, Synonyms, Phrascological contexts, Defining contexts, and

Derivates.

Some comments are found below about the four different types of linguistic information:

— Synonyms: COGNITERM provides for up to 12 synonyms™ per language to be displayed in

the Linguistic Info browser. The terminologist should be fully satisfied that the synonym is indced an

zlternative term used to designate the concept and not a pseudo— or quasi-synonym. On a superficial

level, this can be done through documentary evidence and expert opinion. On a more substantial

% Because of the number of characteristics in this browser, French Information is not displayed in Figure 19. CODE
provides scrolling capabilitics which allow the user o access information that is not immediately seen in the browser.

2 This is the default provision; more can be added if the user desires, The same holds for phrascological contexts,

definitions, and derivates.
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level, the terminologist can compare the concepts designated by each term (through their
characteristics) to see whether they are the same.

— Phraseological contexts: Phrascological conlexts serve to provide collocational information. (It
should be noted that collocations are not provided explicitly in TERMIUM 111, although they are
sometimes found in TERMJUM's textual supbort panc.) COGNITERM provides for 6 phraseological
contexts per language.

— Defining contexts: Any defining contexts that the terminologist finds during her initial research
are included in this subhierarchy. COGNITERM provides for 6 defining contexts per language. When
COGNITERM was initially set up, it was decided that a place for defining contexts should be included
because there was as yet no approach for constructing definitions. It was thought that these defining
contexts might help later with definition construction.

— Derivates: Derivates serve to provide the terminologist with information about non—nominal
terms that describe the concept (e.g. verbs, verb phrases, adjectives, adjective phrases). COGNITERM

provides for 3 derivates per language.

3.1.4 Background Info Browser
The Background Info browser contains other information about a selected concept, as seen in
Figure 20:
— Related concepts: the concept's generic concept(s) and specific concept(s), eic.
— Classification info: information about the concept's classification status. In COGNITERM,
" concepts may be classified or unclassified, depending on how much is known about them.
— Administrative info: "housckeeping" information such as the TKB name, the administrative
status of the concept (¢.g. complete or in progress), whether there is graphical support for the concept,

the names of people who worked on the concept (changers), etc.
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— Non-inheriting
characteristics: conceptual
characteristics which are pertinent
only to that concept (they are
placed here so as to not inherit to
other concepts); for example, as
seen in Figure 20, CD-Audio
has the non—inheriting
characteristic introduction

date:1979.

3.1.5 Facets Browsers
Facets provide

information about individual

characteristics, as mentioned

above. Each individual

Figure 20. Bckround ,lnfo browser for the concept CD-Audio.
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+ Nan~inheriting Conceptual Charad
«maderial; polycerhonmats coversd
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b P )

The characteristic classification status is selected (left}, along

with the value facet ({right}.

characteristic, whether linguistic, conceptual, or background, has a collection of information about it in

the form of facets.®® These facets are found in their own browsers attached to their respective Info
Y

browsers. Each kind of facets browser contains the same set of facets, although there are some

additional facets for linguistic characteristics. The most important facets for terminologists (seen in

Figure 21) are the following:

— NAME: the name of the characteristic

¥ Facets are in fact themselves characteristics (i.e. characteristics of characteristics), but for clarification they have been

given another name.
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— VALUE: the value of the characteristic

— REFERENCE: the source of the information about

the characteristic value (all bibliographic information is

included in a special "dummy" concept called

References)

~ COMMENT: any note that the terminologist

wishes to include about the characteristic (typically,

regarding its valuc)

— CHARACTERISTIC DESCRIPTION: a description of

the characteristic name; e.g. for the conceptual

@) UNGUISTIC FACETS SRR
al horly 112 +- 3

-
4 refarence.
s

«FACETS:
+ name; syn1
« value: audlo compact disc
relprente i B dsraligf 1
+ comment:
« characteristic description:
« subject; concept of term "CD-Audio’
» immediate source; cancept of term 'CD-A
« original source: concept of term within self
- Linguistic facets:
- acceptability info:
« grammatical Info:
- part of speech: noun
+ gender:
s humhern
- modallty:
» status:

{»

ELSHAMISO: 11

- —3 1€ 141

Figure 22. Linguistic facels browser with
reference facel for synt:audio compact disc
selected (concept of CD-Audio).

BACKGROUND FACETS §
Al honly 1112

¥
#| value,
¥

« FACETS:
+ name: classification status

« reference:
« comment:
s characteristic description: whether a co
a subject: concept of concept of optical dl
« Immed|ate source: concept of metacong
. original source: concept of metaconcep!

+ modality:

« status:
- + +¢le
5 Llasstied
Figure 21. Background facets browser with

VALUE facet for classification
status:classified selected (for optical disc),
characteristic error correction, the description
provided is 4 SYSTEM OF ONE OR MORE CODES ON THE
DISC, USED TO CORRECT MANUFACTURING ERRORS AND
READING ERRORS RESULTING FROM SCRATCHES OR
PARTICLES ON THE DISC.
— ORIGINAL SOURCE: the concept where the
characteristic was first introduced
— IMMEDIATE SOURCE: the concept where the
characteristic value was last modified
— LiNGUISTIC FACETS (for linguistic characteristics
only; shown in Figure 22)

— ACCEPTABILITY INFO: the acceptability
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code for the term (e.g. APPROVED or DO NOT USE)

— GRAMMATICAL INFO: grammatical information about the term, including PART OF SPEECH,

GENDER, and NUMBER.

3.1.6 Full Graph
The Full Graph is a graphical browser which displays the same information as the Concepts
browser. Generic-specific relations are shown by default, while other types of relation (c.g. partitive

relations and associative relations) can be made to appear as well. Figure 23 provides an example of a

full graph.

3.1.7 Characteristic Link Graph

The Characteristic Link Graph shows all non—gencric—specific relations between a given
concept and other concepts in the TKB. While it is not always in view, it can be casily made to
appear. It is useful for ascertaining how a concept is related to other concepts within the subject ficld.

Figure 13 in chapter 2 shows a characteristic link graph for the concept CD-ROM.

Together, these browsers allow the terminologist to (a) monitor the information about a
concept as it is gathered and (b) explicitly show the final results of her concept analysis, whether
through the concepts and their relations displayed in the Concepts brewser and on the Full Graph, or
through thc characteristics shown in the various Information browsers.

The steps that the terminologist should follow to carry out concept analysis within the

framework of a terminology research project are discussed in the next section.
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3.2 STEPS IN CONCEPT ANALYSIS

While no two terminology research projects are the same, given the numerous and varied
clements that are involved in cach (c.g. subject ficld chosen, number of languages involved, number of
researchers involved), some general key steps need to be followed in order to carry out concept
analysis using CODE. These steps, which are standard practice in terminology, are described below,
accompanicd by the extended example of CD-ROM in the subject field of optical storage technology,

and more specifically the subfield of optical storage media.

3.2.1 Selecting an Introductory Documentation Corpus

Once the subject field has been decided upon, as well as the number of languages that the
project will involve, the terminologist must become acquainted with the subject field. To do this, she
must compile and read an introductory corpus containing documentation that provides an overview of
the subject ficld.

For example, once optical storage technology had been selected as the subject field, and
English and French as the two languages,® the COGNITERM team chose a small corpus of

documentation on optical storage technology, including monographs and periodical articles.

3.2.2 Establishing a Preliminary Concept Graph

After some introductory reading, the terminologist should have enough information to draw a
preliminary concept graph using CODE. While information is most easily added to the TKB via the
various textual browsers, it is the graph which best represents the knowledge thus far obtained. As
Meyer [1991:14] notes, it has been shown that “terminologists place an extremely high value on
graphical representations of knowledge structures.” This initial concept graph delimits the various

subficlds that exist within the subject field.

¥ For simplicity, 1 concentrate on English only within this thesis.
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Figure 23 shows part of the preliminary concept graph drawn for the optical storage TKB (this

FULL GRAPH
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graph evolved into the full graph, showing ihe cntire hierarchical structure of the subject field).
Within the subject ficld of optical storage technology, it was scen that there were several subfields, in
the form of "concept clusters"® which warranted further attention. These subfields were optical
storage devices, software, standards, production, and media. We decided that we would initially
explore the subficld of optical storage media, since it appeared to be not only fundamental to
understanding the other subficlds but, fortunately, the most tractable as well [Meyer/Bowker/Eck
1992b:4).

The graph also helps the terminologist to establish links with related documentation for a rnore
extensive and focused documentation search, and to communicate with documentation resource
persons.  For example, we knew from our preliminary graph that we wanted to search principaily for
documentation on optical storage media, and were abie to effectively explain to librarians and subject—

field experts what we were scarching for.

3.2.3 Compiling a Bibliography

Once the principal documentation has been assembled on the basis of the introductory
documentation and suggestions from experts and documentation resource persons, the terminologist
should compile a bibliography.

The bibliographical information is entered directly into COGNITERM, specifically to the
References "dummy" concept, whose background characteristics represent individual references. The
reference code (c.g. ELSHAMI90) is represented by the characteristic name, while the full

bibliographic details (c.g. Elshami, Ahmed M. 1990. <CD-ROM Technology for Information

% Concept clusters are groups of related concepls which are somehow related, Their relations have not yet been made
explicit becausc the terminologist has lacked either the time or the knowledge to do so.
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Managers.>” Chicago: American Libraries Association, 387 pp.} make up the characteristic value.

3.2.4 Establishing a Concept System

From further reading of subfield documentation, the terminologist should be able to identify
what appear to be the most common concepts in that subfield and establish a preliminary concept
system. The graph allows the terminologist to easily explore concept relations from the beginning.
For example, as seen in Figure 24, our initial subfield graph showed that the subficld of optical
storage media was divided up hierarchically, with concepts having generic—specific relations with cach
other. In fact, we found that there were three main "kinds" of optical storage media: rcad-only,
write—once, and erasable, cach with its respective specific concepts.

Even at this early stage, CODE's graph enables the terminologist to easily view a given

concept's generic concept and any co-concepts.

3.2.5 Enlisting the Help of Subject-field Experts

Since the information gathered at this stage provides the fundamental conceptual structure of
the TKB, it is important that the initial generic—specific relations be as accuratc as possible. Although
there is no specific moment at which to bring in expert help on a terminology rescarch project, this is
often the best time.

The help of subject—field experts is essential if the information gathered for the project is to be
considered reliable and complete. While terminologists are certainly language experts, they may not
know all there is to know about a certain subject field, cspecially if it is a fairly technical one.

CODE's features, including the various browsers with their hierarchical lists of concepts and

% Angled brackets are used 10 indicate italics in COGNITERM, since CODE cannot provided such typographical
features.
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Figure 24, Concept graph for the subfield optical storage media.

characteristics, the graphs, and the Characteristic Comparison Matrix, allow the terminologist to

quickly and cffectively show potential experts the initial concept system of the selected subfield and to

ask informed questions. The subject—ficld experts may also be able to make suggestions regarding

documentation at this point.

32.6 Designing a Template of Conceptual Characteristics

The terminologist must also do some preliminary reading of the primary documentation to

begin designing a TEMPLATE of the conceptual characteristics that appear to be common to the

concepts (common in that they share the same CN). While this is not an easy task, it is an extremely

important step, since it is these characteristics which the terminologist eventually uses to distinguish

onc concept from another.
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Chapter 1 (section 1.2.3.2.1) explaincd that |

several kinds of conceptual characteristic must be

considered. COGNITERM provides a default template W o

. . . + Conceptudl Characteristics:
for the convenience of the terminologist, as seen in » Relations:

« Azsocidlive rekdions:

Figure 25. In this template, Conceptual Characteristics + Meronymi reaflons:
+ components;

+is compansnt of:

are divided up into two main categories: A#tributes and « Allributes:

4 Dimansions:

Relations, with Relations further divided into Associative ,}

relations and Partitive relations. The terminologist will |

have to decide which characteristics specific to the 1

e .
Figure 25. COGNITERM default
conceptual characteristics template,

concepts being explored should be added to this
template, and whether they are relations or attributes.

It is with this template that the terminologist can ensure that the conceptual information
remains consistent and explicit. The subfield documentation provides information in the form of
contexts, which present the conceptual information implicitly. When this information is converted into
a characteristic, it is given a characteristic name (e.g. diameter) and a characteristic value (c.g. 12
mm). Any other information is not considered useful to the terminologist (and the cnd user) is
eliminated.

Table 3 shows how contexts found for the concepts CD-Interactive and CD-ROM cach
yielded four different characteristics (even more information could have been made available for the
concept CD-I drive).

With such rich contexts, there is a danger of the terminologist becoming confused when trying
to compare and contrast concepts and determine what cxactly differentiates them. When the
information is presently explicitly in the form of characteristics, the terminologist's task of comparing

concepts is much easier.
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I Characteristic Name:  Characteristic Value ||

Compact Disc Interactive is a specific set of content; text, audio, graphics,
standards for storing multimedia information (text, video
audio, graphics, video) on a Compact Disc, It was
developed by Philips and Sony, and is defined in standard: Green Book
the Green Book, CD-I discs can only be "played"
on special CD-I drives, which Include their own drive used: CD-I drive
microprocessor (Motorola 68000 serics) and use
their own operating system (CDRTOS or Compact developers: Philips and Sony
Disc Real Time Operating Systemy).
CD-ROM is a sct of standards for storing 600 capacity: 600+ Megabytes
Megabytes and above of digital information on a
Compact Dise. It was developed by Philips and content: digital information
Sony, and s defined in the Yellow Book.
developers: Philips and Sony
standard: Yellow Book

Table 3. Coniexts and the characteristics derived from them.

Although there is no strict methodology for selecting the main characteristics for the template,

several "rules of thumb" can be followed:

M

@

G)

4

The terminologist should note characteristics that repeatedly appear in the documentation. For
cxample, we found that the contexts in Table 3 were a good starting place, given that several
of the characteristic names appeared in each context.

Characteristics which appear in "defining contexts" (i.e. contexts which appear to give a good
averview of the concept) are worth noting.

Characteristics which are inherited by each co-concept from the same generic concept, but
whose valucs change should be recorded.

Lists or tables of information are sometimes found in documentation, and these can often be
adapted by the terminologist as characteristics. For example, several documents on optical
storage media included "disc specifications”; these concise lists included such characteristic
names as diameter, storage capacity, error correction, material, and standard (along with the

appropriate values), which we added directly into our template.
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The terminologist may find it helpful to follow some simple conventions devised by the

COGNITERM tcam regarding the style and syntax of characteristic names and values:

68

— if a term already exists to express the characteristic name or value, it should be used; for
example, in the optical storage TKB, the characteristic names physical standard and logical
standard are both found in a number of documents on optical storage technology
— if no term exists to express the characteristic name or value, the terminologist should create
one that is as transparent as possible, ideally in consultation with an cxpert; for example, in the
optical storage TKB, the characteristic name degree of writability was created by the
COGNITERM terminologists to describe the valucs of read—only, write—once, and erasable,
since no documented characteristic name could be found. This name was eventually approved
by an optical storage expert.
-— characteristic names should be nouns or noun phrases as often as possible to make them
easy to refer to in discussions among terminologists, and between terminologists and experts.
For example, the terminologist might want to ask questions of the expert such as "What do
you know about the CD-ROM's error correction code?" or "Is the error correction code X or
Yo
— characteristic values should be as simple and succinct as possible (i.e. not an entire context,
but the important information contained in the context, as demonstrated in Table 3)
— a generic concept may have a characteristic value that in cffect constitutes an amalgamation
of the characteristic values of its specific concepts; if this is the case, the value should be
expressed in the following syntax:
— one of:<list>, where <list> is a list of all the characteristics present
e.g. the concept storage has the characteristic optical storage technology:onc

of:optical, magnetic, magneto~optical, cach of its specific concepts can have

[



Chapter 3. The Approach: General Concept Analysis

only one of these values
— one or more of:<list>, where <list> is a list of all the characteristics present
e.g. the concept compact disc has the characieristic content:one or more
of textual, audio, video; each of its specific concepts can have one or more of

these values

The subject~field experts should also be consulted once a preliminary template has been
constructed. Their input at this stage is invaluable, since the template influences the subsequent work
of the terminologist.

It must be remembered that this template is not carved in stone. It may well reguire
modification at later stages, and will certainly have new characteristics added at lower levels in the
hierarchy as new concepts are added. However, a top-level characteristics template that is well-
designed from the beginning will make it easier for the terminologist to begin to gather the conceptual

information she needs.

3.2.7 Scanning

The next major step in concept analysis is scz ining, which involves carcful rcading of the
primary documentation and extraction of both conceptual and linguistic information.

All of this information is added directly to the TKB via the various browsers.  As noted in
sections 3.1.2 and 3.1.3, information about the concept is added to the Conceptual Info browser as
conceptual characteristics, while information about the term is added to the Linguistic Info browser as
linguistic characteristics. All characteristics must be fully referenced, with a reference code
accompanied by a page number provided in the REFERENCE facet.

Linguistic characteristics can be added to the linguistic characteristics template in the
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Linguistic Info browser (synonyms, phrascological contexts, defining contexts, and derivates). For
conceptual information, the terminologist analyzes contexts found in the documentation and adds any
pertinent value to the appropriate characteristic, following the conceptual characteristics template
created carlicr. The template may be altered if necessary: if other characteristics are found which
appear to be crucial to understanding the concept, they should be added, ideally after consultation with

an expert.

3.2.8 Revising the Information

Before the project is completed, the collected information should be reviewed once again by
subject—ficld cxperts. The terminologist should ensure that she takes full advantage of CODE's
features to ensure that the information is accurately presented to the revisers. Well-structured, explicit

information not only speeds up the verification process, it also facilitates any necessary modifications.

3.2.9 Updating the information

Once the terminology research project is concluded, periodic updating of records should be
done where warranted, since it is possible that the information about the concepts and their terms may
evolve, especially in more modern, technical fields. Feitunately, it is always possible to revise and
update this information, since CODE allows the terminologist to keep "dynamic" records. For
cxample, although we had completed our research on cptical storage media, further information was
found on CD~ROM XA and DVI during the scanning of documentation on optical storage devices.
This information was casily added via the browsers. As well, several new concepts "appeared” during
this time (i.e. new products were introduced onto the market), including Kodak Photo-CD, CD-G,

and CD-R. They too were casily incorporated into the TKB.
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33 CONCLUSION

Chapter 2 described CODE's strength as providing the terminologist with a more methodical
way of managing the information being collected than pencil-and-paper or do-it—in-your-hcad
methods. The information is presented in a structured and explicit form, and can be casily added to
and modified.

This structure and explicitness facilitates the construction of intensional terminological
definitions. The various aspects of definition construction within a knowledge~based framework are

the discussed in part 2.

Part 1 has introduced the basic concepts, technology, and approach with which the
terminologist must be familiar in order to carry out general concept analysis using CODE, a
knowledge management tool. The main points of this introduction arc ihe following:

(a) The terminologist must have a thorough grasp of what describes a concept, i.c.
characteristics (attributes and relations), in order to be able to carry out general concept analysis.

(b) As a general knowledge management system with numerous special features, CODE
facilitates the general concept analysis process, and allows the terminologist to undertake this task in a
much more methodical way than was previously possible with pencil-and-paper and "do-it-in-your~
head" methods.

(c) By following the approach outlined in chapter 3, which in cffect comprises the basic steps
to be followed for general concept analysis, the terminologist can effectively use CODE to record and

display the results of her concept analysis.
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DEFINITION-ORIENTED CONCEPT ANALYSIS: THE ITD,
PART 2 THE TECHNOLOGY, AND THE APPROACH

Part 2 of this thesis discusses the changes proposed both to the technology and to the approach
presented in part 1 in order to support a definition—ariented approach to concept analysis.

First, Chapter 4 surveys what is found in the terminology literaturc (and, to a lesser degree,
some of the lexicography literature) about intensional definitions. The results provide the basis for the
proposed refinements and additions. The intensional terminological definition (ITD) is explored from
several points of view: (1) as a product, ie. the components of the ITD; (2) as a process, i.c. how the
terminologist should go about constructing this product; (3) and as a tool, i.c. the roles that the ITD
fulfils.

Chapter 5 then explores the design and development of the Characteristic Comparison Matrix
(CCM), a CODE feature of particular relevance to definition construction. The CCM was introduced
in the previous version of CODE (CODEZ) and underwent extensive testing and analysis by me before
being implemented in CODE4.

Finally, Chapter 6 suggests how the general approach to concept analysis {outlined in chapter
3 of this thesis) can be enhanced to allow the terminologist to construct ITDs upon the completion of
concept analysis. While the actual writing of definitions might be considered a "post-concept—
analysis" activity, the resulting definitions are obviously based on the information gathered during
concept analysis; thus the terminologist must start to prepare for the task of definition construction
long before concept analysis actually comes to an end. The proposed enhancements consist of both
refinements and additions to the existing general approach. The resulting approach is termed

definition-oriented concept analysis.
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Chapter 4 THE INTENSIONAL TERMINOLOGICAL DEFINITION

4.0 INTRODUCTION

The introduction to this thesis described how definitions have been studied for over two
thousand years. Philosophers and linguists who have shown interest in them range from Aristotle to
Thomas Hobbes to Fugen Wilster, the founder of the discipline of terminology. A survey of the
literature might give the impression that there arc almost as many kinds of definition as there are
definition scholars, as suggested by the various definition typologics noted in scction 0.2.2. For the
purposes of this thesis, however, 1 am concentrating on the intensional terminological definition {ITD).

This chapter explores the intensional termiﬁological definition from several different
perspectives: as a product (the 1TD and its components); as a process (how the ITD is constructed);
and as a tool (what the ITD can be used for). Process and product are closcly linked, since the way in
which the process is carried out influences the quality of the resulting product. As a tool, the ITD
fulfils several different roles, providing the user with information about the concept in a varicty of
ways.

What is most striking in a survey of the literature is the lack of detail on the actual process of
defining. Hints are provided on how the terminologist can carry out the process, and more specific
information is provided about the resulting product, as well as its role. But nowhere, unfortunately, is
there an easy recipe to follow which produces perfect ITDs every time. And with good reason:
despite the claim of Webster's Ninth New Collegiate Dictionary that "orismology [is] the science of
defining technical terms," the consensus of terminology rescarchers is that defining is more art than
science, with the terminologist carefully weaving together the various clements of the ITD by
combining knowledge, intuition, and creativity. If the terminologist works methodically, collects the
various components of the ITD with care, applies certain rules of thumb, and verifics her work with

subject—field experts at different stages, she stands a considerable chance of creating a good ITD.
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4.1 THE ITD AS PRODUCT
The intensional definition has always been considered an essential part of terminology work,
regardless of the technology used (i.c. pencil-and-paper or sophisticated computerized systems) or
how the ITD was gencrated {i.c. exiracted from contexts or composed by the terminologist). Because
of its origins,” it is variously described as "traditional" [Béjoint 1988:364], "age—old" [Dahlberg
1983:22], and "classical" [Picht/Draskau 1985:51). The intensional definition assembles the most
important information about the concept in order to give the user an immediate understanding of its
essential features. It expresses (a) the relationship between the concept being defined and its generic
concept and (b) the characteristics which make it more specific than its generic concept and
differcntiate it from its co—concepts, all in a clear, concise package.
As Picht/Draskau [1985:51] note, the intensional definition is like a mathematical equation, in
which the two halves are:
—_ the definiendum: the term designating the concept being defined
— the definiens: a combination of the GENUS (the term designating the generic concept of
the concept being defined) and the DIFFERENTIA (the terms designating the necessary
and sufficient (n+s) characteristics of the concept being defined).

Figure 26 shows the parts of the ITD, along with examples.

" As noted in the introduction (section 0.3.1), the intensional definition was devised by Aristotle, nearly 2500 years ago.
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definiendum = definiens
genus (+} dilferentia

I

I Il Il

4 $ 4
term designating the = term designating terms designating the n+s
concept being defined the gencric concept of the  characteristicy of the

concept being defined concept being defined
example 1 A CD-ROM isa compact disc that is read-only and can

slore up to 600 MB of
textual data.

exampie 2 A CD-Audio isa compact disc that is read-only and can
store up to 74 minutes of
audio data,

Figure 26. The formal structure of the intensional terminological definition (adapled from
Picht/Draskau 1985:51).

Three things should be noted about this structure. First, the definiendum should be
synonymous with the definiens, i.e. if the definiens is used in a sentence in place of the definiendum,
the meaning of the phrase should not change.® A comparison of two sentences, onc containing the
definiendum of the ITD of CD-Audio, the other the definiens, illustrates this.

A sentence using the definiendum would read:

I don't like any of the songs on the CD-Audio that I bought yesterday.

A sentence using the definiens would read:

1 don't like any of the songs on the compact disc that is read—only and can store up to
74 minutes of audio data that I bought yesterday.

Second, it should be noted that, in an intensional definition, the generic—specific relation
between the concept being defined and its generic concept is made explicit. For example, the concept
CD-ROM has a generic—specific relationship with the concept compact disc, where compact disc is

the generic concept: ie. a CD~ROM is a kind of compact disc. It is important that the generic—

* While the meaning of the phrase should not change, the style may become unnatural or awkward,
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specific relation be the same for all co—-concepts, a fact which is discussed further in section 4.1.1.
Third, the concept being defined is shown to be more specific than the generic concept, and

differentiated from its co—concepts, by means of its n+s characteristics. While it is not casy to decide

which characteristics differentiate a concept from its co~concepts, there arc some rules of thumb which

the terminologist can follow. These 1ules are discussed further in section 4.1.2.

4.1.1 The Genus: Consistent Generic-Specific Relations

Section 1 explained how the primary relation represented by the ITD is the generic—~specific
relation. Ten Pas [1991:79] suggests that the first step in ITD construction is the classification of
related concepts into a concept system. Such a system would show the generic—specific (and perhaps
other) rclations that exist between the concepts, and help the terminologist determine the genus for the
ITD.

For the ITD to correctly provide the user with an understanding of the relations among
concepts in a particular subject field,” it is important that the ITDs of co—concepts show that each
co—concept has the same gencric concept (denoted by the genus). While this may seem obvious, a
small study of "coordinate” ITDs shows that problems with inconsistent generic concepts occur
frequently.

The following example, combining Table 4 and Figure 27, compares a graphical display of
part of the COGNITERM Typesetting TKB with ITDs found in high quality records from the

TERMIUM III term bank.

¥ Sec section 2 for further discussion of the roles of the ITD.
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Concept

I —

COGNITERM graph

TERMIUM III definition

Comments

laser printer

laser printer
—*? non-impact printer
— printer

A nonimpact printer that
operates at well over 10,000 lines
per minute, using a low-power
Taser to produce image-forming
charges a line at a time on the
photoconductive suiface of a
drum...

thermal printer

thermal printer
—» non-impact printer —»
printer

A nonimpact printing device in
which a special, heat-sensitive
paper is passed over a dot matrix
of heating clements...

Altheugh the COGNITERM
graph shows these to be co-
concepts, TERMIUM 11T gives
them dilferent generie concepts
(i.c. nonimpact printer vy.
nopimpnct printing device;
printing device is in fact the
generic concept of printer).

—

ostscript printer

daisywheel
printer

Postscript printer — laser
printer = non=~impact

printer — printer

A printer using the PostScript
page description language.

The generic concepl provided by
TERMIUM III (i.c. printer) is
three levels too high,

daisywheel printer —
impact printer — printer

A type of serial impact printer™
in which the font is formed on the
end of spring fingers that extend
radially from a central hub.,

dot matrix
printer

dot matrix printer —
impact printer =» printer

A printer that prints characters or
images represented by dois,

These are shown to be co-
concepls on COGNITERM
graph, but this cannot be seen in
TERMIUM 11T definitions.

Table 4. A study of genetic coﬁgpts (i?l bold) within definitions in TERMIUM Il

] Objeclworks for Smalitalk-80({tm) Version 25 &8

mon-impact
printqr
/3/ !i‘ \S\
laser printer thermal Ink=jet dalsywhae! dot-matrix
printer printer printar printar
non-PostSeript PostSeript
printar printar

Figure 27. Subgraph from COGNITERM Typesetting TKB (types of printers).

¢ The arrow (—) can be read as "is a" or "is a kind of." For example, "a laser printer is a kind of non~impact

printer."

“ It may be that serial impact printer is a concept {(TERMIUM III marks "unconfirmed” in a B-quality record), and

that COGNITERM is missing a level of concepts,

(Ed
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The graph (which explicitly shows the generic—specific concept relations within the subject
ficld) is one way of demonstrating how constant reference to a clearly marked hierarchy enables the
terminologist to construct intensional definitions that have consistent generic concepts.

As the comments in Table 4 indicate, there is a lack of consistency in the TERMIUM III
definitions regarding generic concepts. This may be due to the fact that the TERMIUM III method of
definition construction is primarily context-based*: contexts hardly ever consistently provide the
same generic concept for all coordinate concepts. When ITDs are constructed using a concept system
that clearly displays the relationships between the various concepts (Figure 27), there is less danger of

such inconsistency.

4.1.2 The Differentia: Necessary and Sufficient Characteristics

Characteristics are very important to ITD construction, as all specialists note [cf. Picht/Draskau
1985, Sager 1990, Dubuc 1985]. The sum of the characteristics (i.e. the intension of a concept) is
equal to the sum of our knowledge about a concept, according to Picht/Draskau [1985:40]. While a
concept's intension may include many characteristics, only a subset of these, the n+s characteristics
discussed above, is typically included in the intensional definition. Dahlberg [1987:7] notes that
definitions "are the shortest form of a [concept's] description. They contain just those elements which
are absolutely necessary for its characterization...." While there are those who espouse the need for
"encyclopedic” definitions, which contain as much information about the concept as possible (e.g. for
non-specialists requiring "some degree of understanding of the term" [Sager 1990:49, Dahlberg

1981:17]), de Bessé [1992:183] counters that:

® According to TLS [1984:3-6), three types of definitions can be used for TERMIUM: handcrafted definitions
{constructed by a qualified terminologist, group of terminologists or committee); composite definitions (composed of bits and
picces taken from definitions fourd in other sources) and quoted definitions (taken verbatim from the source). The emphasis
appears to be on definition selection, however, not on definition construction.
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La définition terminologique n'exprime pas nécessaircment tous les traits pertinents
d'une notion. La définition peut se limiter aux ¢léments nécessaires et suffisants a la
compréhension du sens du terme par les usagers [....] 11 n'est pas indispensable qu'clic
donne une description exhaustive de la notion définie.

Two questions come to mind here, First, what are "necessary and sufficient" (n+s)

characteristics? Second, how does one decide which characteristics fall into this category? The

answers to these questions are explored below.

4.1.2.1 Necessary Characteristics

For a characteristic (C) to be necessary to a concept (X), onc must be able to say that "X must
have/be C". For example, some necessary characteristics of the concept river, whose generic concept
is body of water, are:

1. origin:natural
2.  motion:flowing
3. width:>W"
If a concept was missing one of these characteristics, it would simply not be a river., For example:
a. if it were not natural, it might be a canal;
b. if it didn't flow, it might be a lake;
c. if it had a width <W, it might be a stream.

It should be noted that what is necessary in one language may not correspond to what is
necessary in another. The well-known distinction in French between the concepts of fleuve and
riviere support this point. The principal characteristics which differentiate these concepts are the
river's width, and what it flows into, which could be represented as flows into:one of:sea or larger

river. These characteristics in fact dictate whether the English river is translated as fleuve or

rividre.¥ While it is extremely important to include these characteristics when describing fleuve (i.c.

“ W represents a certain width which the terminologist must determine.

“ Although this analysis treats the two concepls as co-concepts, some dictionazics (e.g. Petit Robert) consider fleuve to
be a kind of riviére.

a1
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width: >W, flows into:sea) or rivitre (i.c. width:<W, flows into:larger river), such is not the case for
the English river. Thus, while river has at least three necessary characteristics, both fleuve and
rivi¢re have at least four.

There arc other characteristics used to describe a concept which are nevertheless not necessary;
they are considered typical,” but not needed for a basic understanding of the concept, since not every
single instance of the concept has these characteristics (i.e. not every instance of X must have/be C).
Two examples of typical characteristics for the concept river are:

4. fauna:fish
5. application:navigation

While rivers may have fish and be used for navigating, a river without fish is still a river, as
is a river that is not uscd for navigational purposes. These characteristics are not necessary for a basic

description of the concept.

4.1.2.2 Sufficient Characteristics

Sufficient characteristics are a set of characteristics that meet a special criterion: for a set of
characteristics {S} to be sufficient for a concept (X), one must be able to say that {S} implies X; i.e.
something that has {S} is automatically represented by X. Mel'¢uk [1988:31] notes that the set of N+S
CHARACTERISTICS and the concept "doivent étre mutuellement substituables...dans tous les contextes

imaginables...." For example, the three necessary characteristics provided for river in section 4.1.2.1

arc considered to form the sufficient set.

“ In some cases, a typical characteristic is so important that it should be jncluded in a definjtion, For example, the
concept bird has the characteristic mode of transportation:flying; this is a typical characteristic, since not all birds fly (e.g.
ostrich, penguin). However, it could be consideted a candidate for inclusion in a definition, since it is one of the main
characteristics which distinguish birds from other animals.

82



Chapter 4. The Intensional Terminological Definition

4.1.2.3 Necessary and Sufficient Characteristics

The proper combination of nccessary and sufficient characteristics ensurcs that the concept
described by the characteristics is neither too generic, nor too specific. For example, the set of
characteristics (1-3) in the previous section is sufficient to describe a river, given the genus of body
of water. However, one could imagine a set of necessary characteristics that, taken together, are not
sufficient. In that case, the set of characteristics would be describing something more generic than X,
since one or more n+s characteristics have been left out. For example, the following two
characteristics are necessary to a river:

1. origin:natural
2. motion:flowing

In other words, all rivers must be natural and all rivers must flow. However, a concept with
only these two characteristics (and not the third, width:>W) could also be a breok, or a spring
runoff. Each of these concepts is natural and flows. Thus, this particular sct of characteristics is not
sufficient to define a river: a definition containing only these n+s characteristics would be too broad.

There could also be a set of characteristics thought to be sufficient to define X, but onc of the
characteristics is not necessary; this set of supposedly n+s characteristics describes a concept that is
more specific than X. For example, if the characteristic application:navigation is added to the ITD of
river, the ITD becomes too parrow, as it would exclude some bodies of water considered rivers that
are not, in fact, used for navigation.

Thus, it is the n+s characteristics (denoted by the term "differentia”) which differentiate the
concept from its generic concept, as well as from its co-concepts. While co-concepts can share some
of the same n+s characteristics, each concept has at least one n+s characteristic which differentiates it

from the others.
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Characteristic Values

o Jcow  Jswem | take

natural man-made natural natural

" flowing Jlowing flowing standing ||
|| >W >W <W >W Jl

e — e —————
Table 5. The characteristics of different kinds of body of water.

For example, as Table 5 shows, river is differcntiated from other kinds of bedy of water by
the nature of its origin, motion, and width. Thus, these characteristics are included in a possible ITD
of river:

A river is a natural, flowing body of water with a width >W.

A canal may have the same characteristics as river except for its origin (nan-made). Thus its ITD
could be:
A canal is a man-made, flowing body of water with a width >W.
A stream, however, while a co-concept of river and canal, differs from them both by being narrower.
Thus its ITD could be:

A stream is a natural, flowing body of water with a width <W.
Lastly, a lake could be defined in the following way:

A lake is a natural, standing body of water with a width >W.

42 THE ITD AS PROCESS

While it is one thing to describe the definition as a combination of genus and differentia, it is
another to actually isolate these components from the available information about a concept. Various
aspects of the genus and differentia selection are described below, with particular emphasis on the

latter.
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4.2.1 Selecting the Genus

It is not always an casy task to decide upon the genus of an intensional definition, and in fact,
Rey-Debove [1966:79] feels that "[clette recherche du genre prochain cst la difficult¢ majeure dc la
définition.” The problem lies in the fact that the concept to be defined may often have more than onc
generic concept. There appear to be three main reasons for this: (1) multidimensionality; (2) the
division of concepts according to a pre-established ontology® vs. the division of concepts according

to subject field; and (3) insufficiently classified subficlds.

Multidimensionality
Bowker 1992 explains how the concepts of a given subject ficld can be classificd more than
one way, depending on the classifying characteristic (the characteristic used to divide up the subject
field). Each classification is called a dimension, and a subject ficld can have (and vsually does have)
more than one dimension. This phenomenon is called multidimensionality.”’
For example, Bowker [1992:17] shows how the concept vehicle can be classified according to
the following dimensions:
— by medium of transportation: land vehicle, air vehicle, water vehicle
— by type of propulsion: motorized vehicle, non-motorized vehicle
— by type of load: passenger vehicle, cargo vehicle, passenger and cargo vehicle
Figure 28 shows that the specific concepts of the above concepts (c.g. land vehicle, air

v

vehicle) have more than one generic concept if all dimensions are considered. The terminologist

% An ontology can be loosely defined as the selected set of "very general semantic categories” [Skuce 1991a:3].

47 Bowker [1992:20-28] suggests several reasons why a subject field may be classified according to different dimensions,
including viewpoint, purpose of classification, opinion, scientific theory, and language and culture.
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constructing definitions within one dimension*® would have to decide whether an airplane is an air
vehicle, a motorized vehicle, or a passenger and cargo vehicle. This decision will likely have to be

bascd on an cxpert's opinion as to which dimension is the most recognized in the field.

Multidimensional graph of vehicle
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Figure 28, A multidimensional classification of vehicle (adapted from Bowker 1992:15).

Ontology vs. subject field

The generic concept of a given concept can also vary according to whether the terminologist
follows a general ontology or lets the subject field dictate general concept relations. For example,
Pearson [1992] uscs an ontology of general categories such as function, equipment, and process, so
that every concept is a kind of function, a kind of equipment, etc. However, Pearson also considers
every concept to have a generic concept that is directly "above it" in the hierarchy of a specific subject

field, so that, for example, a television signal is a signal [Pearson 1992). Thus, a given concept

s In principle, the terminologist could construct a different definition for ¢ach dimension. In this thesis, however, I will
focus on what appears to be the most important dimension so that, in the end, only one definition s constructed.
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actually has two generic concepts: one stemming from a general ontology, and the other from the
subject field hierarchy.

In the optical storage TKB, we initially chose to let the subject field dictate the main generic-
specific relations, so that, for example, CD-ROM drive is a kind of optical storage device, and
optical disc is a kind of optical storage media. It is anticipated, however, that within COGNITERM,
the TKB will eventually be linked to a general ontology, so that each concept has two generic
concepts: a general one based on an ontology, and a specialized one bascd on the subject ficld
hierarchy.®

This problem of which approach to take when selecting the genus of a concept-to-be-dcfined
appeared when I constructed a small TKB* on the performance specifications of optical storage
devices, complete with definitions. (While the definitions were essentially modified defining contexts,
an effort was made to have consistent genuses among co-concepts.) Although I felt that the genus for
the concepts in the TKB (e.g. seek time, access time, transfer rate) should be performance
specification, my project supervisor (Dr. Geneviéve Mareschal) felt that the genus of seek time and
access time should be time, and that of transfer rate should be rate. I would submit that we cach
took a different approach to genus selection: I had opted for the more specific, subject—ficld approach,
while Dr. Mareschal had chosen the more general, ontological approach. Pearson [1992] and the
COGNITERM Project indicate that perhaps both approaches should be used to show that each concept

may have more than one genus.

* The ontological generic concept will be at a much higher level and not an immediate generic concepl, as the term
"penetic” suggests. For example, the top-level concept of both CD-ROM drive and optical disc might be "physical object.”
See Miller 1993 (section 4.3.3) for more on the inclusion of high-leve! concepts in a TKB.

¥ This TKB was constructed as part of a terminology project during my Master's course work.
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Insufficiently classified subfield

§t may also be that the terminologist has insufficiently broken down a subfield, so that what
might appear to be the correct generic concept is in fact a "super” generic concept. For example, as
scen in Figure 29, the concept body of water (discussed in section 1.2) could have been further
divided into flowing body of water and standing body of water, according to the characteristic
motion:one of flowing or standing. Since only one concept with the characteristic motion:standing

was considered in the example above (i.e. lake), the importance of this characteristic was not

| [8] Kinds of body of water
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Figure 29, The subfield of body of water.

immediately noticed. However, when more concepts with the characteristic motion:standing are added
(c.g. pond or puddle), the need to further divide the concept body of water becomes more obvious.
The resulting definitions for the concepts at the lowest hierarchical level of Figure 29 should thus have
cither flowing body of water or standing body of water as their genus.

To summarize, the terminologist must take several factors into consideration when classifying
the subject field and selecting the genus for the definitions. These include dealing with

multidimensionality, choosing between a general ontology and a more specific subject—field
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classification, and ensuring that a subficld is divided up according to the n+s characteristics. In the
end, it may be the experts who decide on the best way to classify the subject ficld. What is most
important is that the genus of ITDs of co-concepts be the same, so that users understand which

concepts share the same generic concept.

422 Selecting N+S Characteristics

Along with the selection of the genus, it is the selection of the n+s characteristics upon which
the construction of the ITD rests. Obviously, the terminologist should first record a general sct of
characteristics that describe co—concepts by analyzing contexts in the subject—field documentation
[Dubuc 1985:98]. Auger/Rousseau [1978:33] note that a definition can be taken dircctly from the
documentation; however, in order to get a sound definition, it is probably beiter to obtain several
vcontextual definitions” (i.e. contexts containing characteristics which describe the concept) and then
fashion them into a single definition. This practice of modifying existing definitions for the creation
of composite definitions is also mentioned in the Terminologist's Handbook of the Department of the
Secretary of State of Canada [TLS 1984:4].

Once the terminologist has scanned the documentation and collected a general sct of
characteristics, she must then decide (a) which characteristics are necessary and (b) which of the
necessary characteristics appear to be, as a set, sufficient to describe the concept and distinguish it
from its co—concepts [Sager 1990:24]. The aim should be to formulate an intensional dcfinition that is
both clear and concise [Auger/Rousseau 1978:33], providing as much information as possible within
the confines of one sentence.

When deciding which characteristics should be included in the ITD, the terminologist must
compare and contrast the characteristics collected for the concept and its co—concepts, and decide

which characteristics appear to differentiate them. Once the potential n+s candidates have been
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identificd, the terminologist may want to use them to construct draft ITDs, and then analyze the
results. One method of analysis is the application of Rey-Debove's [1966] "tout le défini et rien que
le défini® rule (discussed below). If the results are positive, the selected n+s characteristics can be

vsed in the final ITD.

4.2.2.1 "Tout le déﬁni et rien que le défini”

For Rey-Debove [1966:72], a good definition is one that upholds the "definiendum =
definicns" equation described in section 4.1 (cf. Figure 26): "la définition est «bonne»..si cette égalité
est vérifiée, est juste." Rey-Debove recommends that the old formula "tout le défini et rien que le
défini" be used to verify this equality.

Boutayeb [1990:41], who has adapted Rey-Debove's formula, suggests using the formula

A=[B+(C],

in which - A is the definiendum
+ B is the genus
+ C is the differentia
+ D is the definiens

The terminologist should use this formula to verify whether the definition positively answers

the following questions:

(1) regarding "tout le défini": Are all Ds called A?

i.e. Are all concepts which have the generic concept (B} and the set
of characteristics (C) denoted by the term (A)?
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(2) regarding “rien que le défini": Do all As designate a D?

i.e. Do all terms (A) denote a concept which has the generic
concept (B) and the set of characteristics (C)?

If both answers are positive, then the definition can be said to be "good.” Boutaycb [1990:42]
provides the following sample definitions for which these questions can be asked:™

(a) [optical disc], : [[Disc]g [on which data], [are recorded)c, {that are rcadable by an optical
devicelxlp

(b) [digital optical disc], : [[high capacity]e, [disc]y [which allows the archiving of texts and
images]c, [via the recording and reading]e, [of digital data]c, [using a laser]es]p-

Table 6 summarizes the questions that Boutayeb [1990:42-43] asks of the above definitions, in

order to verify whether the "tout le défini" and "rien que le défini" criteria have been met.

Definition

Question (1): "tout le défini"? Question (2): "rien que le défini"?

(a) Are all [[Discs]y characterized by C1 + C2 + Do all [optical dises], designate [[discs]y
C3]; called {optical disc],? characterized by C1 + C2 + C3]y?
o) Are all [[Discs), characterized by C1 + C2 + Do all [digital optical discs], designate

C3 + C4 + C5), called [digital optical disc],?

[[discs],, characterized by C1 + C2 + C3 +
C4 + C5]p?

Table 6. Questions resulting from “tout le défini et rien que le défini."

If the answer to each question is "yes," then the equality between definiendum and definiens
has been shown within the definition. The set of characteristics denoted by the differentia is sufficient
to distinguish the concept from its co-concepts and adequately describe it; thus the definition is
"good."

In the early stages of definition construction, it is possible (and perhaps morc usual) that the

5! The following sample definitions have been translated from the original French. The order of the characteristics has
been slightly rearranged to avoid overly Gailic-sounding definitions.
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response to cither of the "tout le défini" questions may be "no." For example, the following examples

show the answers that result when Boutayeb's definitions are reformulated.

Reformulated definition (a), leaving out characteristic C3:
{optical disc], : [[Disclg [on which data]c, [are recorded]c,.

Question 1 ("tout le défini"):
Are all [[Discs]; characterized by C1 + C2];, called [optical disc],?

Answer 1:
No: maguetic disk and magueto-oplical disk (both of which are non-
optical) also fit this description. In other words, the characteristics are not
sufficient and the definition is too broad.

Reformulated definition (b), adding an extra characteristie, CS5:
[digital optical disc], : [[high capacity], [disc], [which allows the archiving
of texts, images and sounds], [via the recording and reading]c, [of digital
data], [in textual format overleaved with audio]gs [using a laser]e]y.

Question 1: "tout le défini"?
Are all {[Discs], characterized by C1 + C2 + C3 + C4 + C5 + C6];, called
[digital optical disc],?

Answer 1:
Yes. This definition is not too broad.

Question 2: "rien que le défini"?
Do all [digital optical discs], denote [[discs]; characterized by C1 + C2 +
C3 + C4 + C5 + C6),,?

Answer 2
No: only CD-ROM XA denotes [[discs], characterized by C1 + C2 + C3 +
C4 + C5 + C6],. This definition is too narrow because of C5 (i.e. in
textual format overleaved with audio); C5 should be removed because
digital optical discs do not need audio data interleaved with the other data.

As the above examples show, applying Boutayeb's two questions to each definition helps the
terminologist (a) ascertain whether the definition properly describes the concept and (b) determine the
reasons why it does not if it does not.
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Question 1 ("tout le défini") tests whether the set of characteristics is sufficient: if the sct of
characteristics is not sufficient (i.e. too few characteristics are included in the sct), the definition fails
the test. This indicates that the definition is excessively broad [Picht/Draskau 1985:55] and could be
used to define any number of concepts. If this is the case, one or morc characteristics must be added
to the set to make it sufficient,

Question 2 ("rien que le défini") tests that all characteristics arc necessary: if too many
characteristics (i.c. some unnecessary ones) are included in the set, the definition fails the test. This
indicates that the definition is too nacrow [Picht/Draskau 1985:55] and that one or more of the
characteristics should be removed.

While the formula and resulting questions presented above are helpful to the definition
process, they are by no means foolproof. Defining is rarely casy, as Rey-Debove [1966:73] cautions:

Ce n'est que par tAtonnements que le lexicographe parvient, a laide de cette double

formule, «tout le défini, rien que le défini», & trouver la meilleure des équivalences

possibles, parmi les concepts élaborés spontanément, et de valeur inégale, que sc

présentent 2 lui."

What is true for the lexicographer is also true for the terminologist. It is only by systematically
determining a concept's generic concept and deciding which characteristics differentiate it from its co-
concepts that the terminologist is able to create a good ITD. As was shown in section 4.1.1, gencric
concepts must be carefully chosen to ensure that all co-concepts share the same genus; otherwise,
definitions of co-concepts appear to have different generic concepts, and the user is misinformed
about the relations between co-concepts.'"The same. kind of problem can arise if n+s characteristics

are not methodically selected, as is discussed below.

42,3 Inconsistent N+S Characteristics
If the terminologist is not careful to systematically collect characteristics for co--concepts,

rather than indiscriminately extracting definitions from contexts, she risks having inconsistent n-+s
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characteristics within the definitions of co-concepts. A comparison of the TERMIUM I definitions
for the co-concepts daisywheel printer and dot matrix printer (Table 7) shows that the identified

n+s characteristics are quite different.

TERMIUM 11 definition n+s characteristics Comments

daisywheel A type of serial impact - font—forming component; (1) Although the graph In Figure 27
printer printer? in which the font spring fingers that extend shows that these are co-concepts,
is formed on the end of radially from a central hub the definitions do not provide any
spring fingers that extend Indication that the concepts share
radially from a central hub. any of the same n+s

characteristics (value or name).
(2) The fact that these definitions

dot matrix A printer that prints + printed form: characters or 41 L
printer characters or images images were extracle f rom existing 4
represented by dots. - type representation: dots glossaries and not consiructed may

help to explain the lack of
consistency between the n+s
characteristics,

Table 7. A study of n+s characteristics within TERMIUM |l definitions.

By methodically collecting the characteristics of co-concepts and verifying how they
differentiate these concepts, the terminologist increases the likelihood that the resulting definitions

properly express what differentiates co—concepts.

4.3 THE ITD AS A TOOL
The ITD fulfils several different roles, including establishing a link between the concept and
its term, situating the concept within the concept system, establishing interlingual equivalences,

contributing to standardization, and educating the user about the concept.

4.3.1 Establishing a Link Between Concept and Term
The definition is used to establish links between the concept and its term [cf. Picht/Draskau

1985]. Rondeau [1981:84] states that it is important that the definition "[fasse] voir le lien qui la

7 As noted carlier, it may be that serial impact printer is indeed a concept (TERMIUM I has marked it unconfirmed
in a B—quality file), and that COGNITERM Is missing a level of concepts.
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rattache & une telle dénomination.”

As noted in section 4.2, the intensional definition has two parts: the definiendum and the
definiens. The definiendum is the term designating the concept in question, while the definiens
includes its genus and differentia. Again, let us look at the definition for CD-ROM:

A compact disc that is read-only and able to store up to 600 MB of audio and
textual data.

From this definition, the user can ascertain that an object which is a kind of compact disc that is (a)

read-only and (b) able to store up to 600 MB of (c) audio and textual data is called a CD-ROM.

4.3.2 Situating the Concept Within the Concept System

The definition also helps situate the concept within the concept system [Nedobity 1983:251,
quoted in Boutaych [1990:35]]. This situating has two aspects: how the concept is similar to other,
related concepts in the concept system, and how it is different from them. The similarities and
differences among concepts are captured via their characteristics: as mentioned in chapler 1 (section
1.2.4), a given concept is similar to its generic concept because it inherits characteristics from it. On
the other hand, it is different from its co-concepts because some of its inherited characteristics have
been modified, or new characteristics have been added.

The genus of coordinate ITDs tells the user that co—concepts share certain characteristics
inherited from their common generic concept. The differentia tells the uscr how a given concept is
more specific than its generic concept and how it differs from its co~concepts.

Rey [1992:43] brings up an interesting point about concepts in still-cvolving subject fields,
noting that:

...si le domaine n'est pas déterminé et construit, ou encore s'il s'agit d'un domaine

hétérogéne, pragmatique et empirique, la définition terminologique pure est absolument

impraticable.

The terminologist should keep in mind that the intensional definition is not feasible for concepts which
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are still evolving and still "fuzzy," because the conceptual structures themselves are not fixed and
intensional definitions cannot be created without clear conceptual structures. While the terminologist
can perform concept analysis in order to attain some understanding of an evolving concept, a
definition would not be a practical way to "capture” this understanding. Term banks often include

non-defining contexts (labelled EX and CONT in TERMIUM 11, for example) for such concepts.

4.3.3 Establishing Interlingual Equivalences

Another role of the definition, which is linked both to determining the concept and to situating
the concept within the concept system, is that of helping to establish equivalence between languages,
as explained in some detail in Wright [1993]. By comparing definitions of two terms (each from a
diffcrent language) that are proposed as cquivalent, the terminologist can verify if each term designates
the same concept. For example, while the concept river was shown to have three necessary
characteristics in section 4.1.2, the concept riviere was shown to have four, showing that the two
concepts differ.

According to Dahlberg [1981:19), "with a knowledge of the characteristics it is also possible to
replace a known term for the referent [concept] in one language by a synonymous term in another
language." If these characteristics are found within the confines of a definition, the user's job is that
much easicr.

This particular definition application is of great importance to translators, as well as to
terminologists who must provide or confirm foreign language equivalents. Wiister [1968:2.14]
proposcs that "[t]erms (and especially technical terms) which are encountered in one language by no
means always carry the exact shade of meaning which is borne by their presumed equivalent in
another." For this reason, Harris [1983:152] suggests that, from a translator’s point of view, "in

bilingual records, it is often safer to provide as complete definitions as possible in both languages.”
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Each definition can describe its respective concept to the user, who can then judge whether the target

term is equivalent to the source term.

43.4 Contributing te Standardization

Since the definition is used to precisely place a concept within a certain subject ficld, i.c. to
establish (1) its most important characteristics, (2) its relations with other concepts, and (3) the term(s)
it is denoted by, it also plays an important role in standardization [cf. Picht/Draskau 1985, Dubuc
1985].

The world-wide information explosion has created an enormous need for unambiguous
communication [Roussean 1991:3). Rapid advances in the technology of various subject ficlds, as
well as the constant development of new subject fields, have produced an exponential increasc in the
number of concepts, both in the professional world and in everyday life.

These new concepts all require terms, a phenomeron which results in the ever—increasing necd
for standardized terminologies, both for intralingual and interlingual communication. As Rousscau
[1991:3] points out, "L'activité de normalisation terminologique croissante ¢st devenuce nécessaire pour
éviter le danger de la babélisation terminologique a laquelle on assiste dans plusicurs spécialités.” Ten
Pas [1991:79] concurs, explaining that "unambiguous communication bctwecn'cxpcrls is considered to
be possible only when the concepts have been clearly defined."

Standardized terminologies are created by standardizing bodies such as the International
Organization for Standardization (1SO) and national organizations such as the Canadian Standards
Association (CSA). The standards are prepared by the technical committecs of these organizations,
made up of subject~ficld and linguistic specialists [Galinski 1991:4, Michaud 1991:6]. Terminological
standards can also be created within companies and other organizations to ensurc standardized “in-

house” terminology.
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The definition, used to situate the concept within the subject field, is an integral part of the
standardized terminology: it contributes to the terminology's role as a tool for information
management and quality control in standardization [Galinski 1991:4], ensuring that communication
about concepts is as precise and unambiguous as possible,

The development and use of a standardized terminology within a subject fi=ld is in the
interests of all concerned parties. A standardized terminology means that subject-field experts,
translators, and terminologists communicate with each other more effectively, and that subject-field
learncrs study the subject field with confidence, knowing that the terminology is recognized and used
by subjcct-field experts.

Standards should not be regarded as static, never to be changed once established. Picht/
Draskau [1985:17] emphasize that "standardization does not imply linguistic petrifaction; standards are
revised at regular intervals...thus assuring a dynamic updating process.” The implication here is that
the definition must also be dynamic: it should be capable of evolving along with the concept it

describes, if necessary.,

435 Educating the User

This last role is one of the definition’s most important: the primary function of the ITD is
cducational. It serves to explain a concept designated by a given term to the users of term banks and
terminological publications [cf. Rondeau 1981, Sager 1990, Hermans 1989).

This relatively simple explanation of the ITD's principal role brings up the more complex

questions of (a) who definition users are, and (b} how much information they need from a definition.

4.3.5.1 Users of the Intensional Terminological Definition

Obviously, if the ITD is to be considered a tool, its users must be taken into account. When



Chapter 4. The Intensional Terminological Definition

formulating the definition, the terminologist may also want to consider the level of knowledge of
expected users, whether they are technicians or scientists, translators or non-cxperts [Auger/Rousscau
1978:33]. As Rousseau [1983:40] states, “la définition terminologique n'est pas un exercice isolé ct le
terminologue ne peut faire abstraction du public visé par la définition qu'il rédige."

The “traditional" users of term banks, and by cxtension, of definitions, include terminologists,
translators, subject—field experts, and non-experts [Sager 1990:49), with translators currently appearing
to be a particularly large group, in Canada at least. The number of user types is increasing, however,
A survey of several authors [cf. Sager 1990, Meyer/Paradis 1991, Pcarson 1992] suggests that uscr
types will expand to include subject-field learners, technical writers, documentation specialists, and
even computer systems. However, even this list should not be considered cxhaustive: anyone who
needs access to a subject-field terminology can be considered a potential term bank usei, and hence a

potential definition user.

4.3.5.2 The User's Subject-Field Knowledge

The main distinction among various term bank and definition users is the amount of subject-
field knowledge that they have. User knowledge may bé construed as a continuum, with the lay
person at one end with very little subject—field knowledge, the specialist at the other end with a great
deal, and other users, with varying degrees of knowledge, between these two extremes. A person with
expert knowledge of one subject field may know as little as the lay person about another field, while a
translator or terminologist who has been working in a subject field for a long time may be considercd
very close to an expert.

Thus, it is specifically the user's level of subject-field knowledge that must be considered
when definitions are being constructed [cf. Picht/Draskau 1985, de Bessé 1990], as this level of

knowledge affects the amount of information that the user expects to reccive from a definition. The
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expert user may be satisfied with a clear, concise, one-linc definition which employs specialized
terminology, while the non-expert may require more information and more general terminology in
order to clearly understand the concept. As Sager [1990:196] notes,

Terminology databases, like dictionaries, attract users with different levels of subject

specialisation. Whereas a scientist will expect a very precise definition of a concept, a

translator may prefer a less technical definition and an undergraduate student may be

looking for a definition more akin to an encyclopaedia entry.

A definition provided by Rousseau [1983:41] for agneau™ helps illustrate this point:

agneau : Ovin livré a l'abattoir, n'ayant pas d'incisive de seconde dentition.

According to Rousscau [1983:41]:

...une telle définition, qui se limite & quelques traits distinctifs, n'a visiblement pas pour

but de donner une description exhaustive de la notion d'agneau, car, a la simple lecture

de cette définition, il faudrait avoir demriére soi une longue fréquentation du

mammifére en question pour pouvoir le reconnaitre. C'est en réalité l'exemple d'une

définition destinée aux spécialistes d'un domaine dont le but est de normaliser et de

classer des animaux de boucherie.
Rousseau points out that the above definition is by no means an exhaustive description, but instead
limits itself to a few key characteristics (i.e. (1) livré a l'abattoir, (2) n‘ayant pas d'incisive de seconde
dentition) that scrve to quickly identify the concept for experts in that particular subject field. Those
with less than expert knowledge will not be satisfied with such a concise definition: they will want
more and perhaps different information. (It is unlikely that a lamb's dentition is of much significance
to the lay person.)

While the above discussion implies that several levels of definition ought to be made available
in every term bank, it should be kept in mind that there is often only one definition per term (and thus
per concept) in a term bank. Sager [1983:123] notes that it may be "difficult to satisfy both the

layman and the specialist with a single definition," and suggests that "future lexical data banks

may...be provided with several levels of specialization of definitions to meet different user needs"

® This definition is taken from an AFNOR standard [Roussean 1983:41),
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[Sager 1990:48].

Rather than creating numerous definitions, another ;.vay of solving the "onc definition/many
users" problem may be to consider one definition from different points of view. For the subject-ficld
specialists, a definition provides an immediate understanding (or reminder} of the concept. Fora
subject-ficld learner, the definition furnishes an introduction to the concept. For thosc with different
levels of knowledge, the definition gives varying degrees of reminder and introduction. For cxample,
one possible definition for CD~ROM is:

A compact disc that is read—only and able to store up to 600 MB of audio and
textual data.

A specialist would see (or be reminded) that a CD-ROM was (a) a compact disc that was (b) read-
only and (c) able to store up to 600 MB of (d) audio and textual data. Each of these four clements
holds a substantial amount of information for subject—ficld experts. For non-experts, however, they
merely represent starting points: they provide a general understanding of the concept CD-ROM, and
suggest that users who want to know more should explore the concepts found in the characteristics
(both names and values). Ideally, the term bank should provide the user with a relatively
uncomplicated way of finding out more about these other concepts, such as hypertextual links.

In fact, this is already being done in several research projects where the goal is to create term
banks to be used by computer systems [cf. Meyer/Bowker/Eck 1992a/b, Pearson 19921]. Computer
systems are quite similar to non-expert users, in that they need to be told as much as possible about a
concept in order to "understanding” it. Some researchers now refer to all the information gathered for
a given concept as the definition. Pearson [1992:19], for example, describes how "definitions" are
created primarily for use within a machine translation system; these definitions are a scries of
conceptual characteristics which a computer system can access. Interestingly enough, however, natural
language definitions are also included, no doubt to provide human users with a quick overview of the

concept.
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4.4 CONCLUSION

This chapter has discussed the ways in which the terminologist can view the ITD: as a
product, a process, and 2 tool for users. As a product, the ITD is composed of two main components:
the genus and the differentia. While the process of isolating the genus is relatively straightforward,
deciding which characteristics to include is more complicated. The termino!ogist needs to be aware
that the characteristics should meet the necessary and sufficient criteria, and that there are tests
available (such as Boutayeb's [1990] questions based on "tout le défini et rien que le défini") which
can help her confirm the selection of these characteristics.

From the user standpoint, the ITD may be regarded as a multi-purpose tool: along with
educating the user, the ITD situates the concept within the concept system, establishes a link between
the concept and its term, establishes interlingual equivalences, and contributes to standardization.
While not all users need the ITD for all these reasons, the ITD obviously plays a very important role
in providing the user with information about the concept.

ITDs are created from the information gathered during concept analysis; therefore, the
terminologist needs to ensure that a knowledge—based approach to constructing ITDs takes advantage
of the available technolog; (in this case, CODE). The general technology described in chapter 2 of

this thesis has been specifically enhanced to aid in definition construction. This enhancement, to

which I contributed as part of my thesis work, is discussed in the next chapter.
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THE CHARACTERISTIC COMPARISON MATRIX

5.0 INTRODUCTION
The introduction to part 2 of this thesis described CODE, the generic knowledge management
tool used to help carry out the definition—oriented approach to concept analysis. CODE's general
features were described in chapter 2, while its role in the general approach was discusscd in chapter 3.
Since definition construction and concept analysis overlap, certain CODE fcatﬁrcs uscd during
concept analysis are also employed for definition construction. With definition construction in mind,
the terminologist can use these features to focus on the two main components of the ITD during
concept analysis. As explained in chapter 4, the two main components of the ITD are (1) the gencric
concept of the concept being defined (denoted by the genus) and (2) the n+s characteristics of the
concept being defined (denoted by the differentia). The CODE features which can help the
terminologist determine these two components are
1. textual and graphic browsers, which can automatically display generic-specific relations can
be used by the terminologist to quickly pinpoint the generic concept™ of the concept being
defined, and ensure that definitions of co—-concepts all have the same genus (sec chapter 2,
section 2.2.1);
2. facets, which can be used to annotate characteristics, allowing the terminologist to record
important information about characteristic names and values (see chapter 3, section 3.1.5);
3. inheritance mechanisms, which help the terminologist maintain control over the quality of the
characteristic content and syntax, and avoid unnecessary work (see chapter 2, section 2.2.2);
4. the Characteristic Comparison Matrix (CCM) can be used both in collecting characteristics

and in deciding which ones should be considered n+s and thus included in the ITD.

% As was noted in chapter 4 (section 4.2.1), it is possible for a concept to have more than one generic concept. This
phenomenon les outside the scope of this thesis, however, and it is assumed that each concept to be defined has only one
generic concept.
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Since the first three features have already been discussed in detail, this chapter describes only
the Characteristic Comparison Matrix (CCM). Its evolution (from a simple feature in CODE2 to a
powerful feature in CODE4), its functionality, and its use in facilitating definition construction are all

documented here.

51 THE CHARACTERISTIC COMPARISON MATRIX (CCM)
The Characteristic Comparison Matrix was created to satisfy the need for a more effective
means of comparing characteristics than was available in CODE2. It has evolved considerably in its

relatively short lifespan.

5.1.1 The Evolution of the CCM
The CCM was not originally a feature of CODE2, which was in development from 1988 to
August 1991. Initially, it was thought that terminologists using CODE2 would be able to compare the
characteristics of co-concepts during an eventual definition construction phase® using separate on~
screen windows called Concept Descriptor (CD) Views. The general screen layout as the terminologist
would have seen it is shown in Figure 30.
Each CODE2 CD View showed all the recorded information for one concept:
- background characteristics (top panes)
— space for a definition
— conceptual characteristics (under the heading Conceptual Information)
— linguistic characteristics (under the heading Linguistic Information)

This format would make it necessary for the terminologist to "filter out" irrelevant information in order

* Because of constraints of time and resources, definition construction never became a past of the activities of
COGNITERM researchers.  This thesis thus represents the first attempt to construct definitions using the CODE system.
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JEdNama: CO-AOM

FEO!AL
super: compact disc, read-ohly | classification status: classifiad

Objactworks: for Smaltallc-80(tm) Version 2.5 |5

cdiNarne: CD-Audlo
super: compact dlsc

SPECIAL
clusification status: classified

optical disc croation date: 3 July 1891 hasPropsOf: croation data: 3 July 1991

hasPropstf: D-dditc by physical form: kinds: Dedlac by physical form:

Kinds: Dedice by writabiiity: subConcoptyt Demedia by phyical form:
TION DEFWATION

Intensional defloition:

Intencional detinftion:

poncﬂ'ruu INFORMATION

contont: taxtual data, digital audio, video, graphics

degres of writability: read-only

dimensions /olameter: 4,72 Inches {12 cm)

drive: CD-ROM drive

encoding mathod: digltal

error corraction; CIRC, Layared ECC

Introductlon date: 1983

observation: tha key 1o the use of the gnormous amount of data

CONCEPTUAL INFORMATION

content: digltal audio

degree of writablley: road-only

dimensions/dameter; 4,72 inchas (12 ¢m)

encoding methad: dlgltal

error correctlon: yes: CIRC (Cross—intariaaved RAead-8olomon Code)
Intreduction date: 1979

material: mada of polycarbonate (a vary tough, clear plastic used In
bullat-proof windows). ©n top of the polycarbonata Is an axtramaly

LINGLRSTIC INFORMATION

Engiish collocation/coll1: to pre-mastar CD-AOM discs

Engllsh synonym/syn 4t Compact Dise Raad-Only Mamory

English synonym/syn2: Compact Disc Asad Only Mamory

English synonym/gynd: CD AOM disc

English synonym/synd: CD-ROM disc

Engllsh term: CD-ROM

English textual support/contl: Compact Disc Raad Only Mamory Is
a set of standards for storing 500 Magabytas and abova of digital

cdName: CDvIntaractive
super: compact dise

SPECIAL
classification status: classiflad

LINGUISTIC INFORMATION

English synonym/syn1: audio compact dlse

Engiish synonym/eyni0: Compact Dise Audle

English synonym/syn11: CD-A

English synonym/eyn12: CD Audlo

English synonym/syn2: CD

English synonym/synd: compact disc

Engllsh synonym/eyn&: compact dlsc-audio

English synonym/syns: sompact dise digital audlo (CD-DA)

cofanna; CD-Yideo
supor: compact disc

SPECIAL
classification status; ciassified

Intensional datinition!

hasPropsOf: craation data: 3 July 1591 hasPropsOf: creation date: B July 1961
kinds: D~disc by physical form: s D=disc by physical form:
subConcepts: CD-Interactive D-media by physical form: subGoncapts; p-madia by physical form:;
DEFINITION DEFINITION

Intensional dafinition:

CONCEPTUAL INFORMATION

applications; education, tralning and consumer markets

content: textual data, digital audle, graphles, st frama vidao and
full motion video

dagres of writability: onae of: read-only, writa-once, arasabla
dirmensions/dlameter: 4.72 Inchas (12 cm}

encoding method: digltal

arror corroction; no or yes: If yes; description of the error
corraction system

CONCEPTUAL INFORMATION

content: full motion analog vldeo and audio plus digltal audio
degree of writablicy: ona ofi raad-only, write-once, erasabla
dimonsions/dlameter: 4.72 inchas (12 cm)

encoding methad: digital and analog
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introduction date: 1587

LINGLASTIC INFORMATION

English synonym/syn1: Compact Disc interactive

English synonym/oyn2: CD-|

English term: CD-Intaractiva

Englich textual support/cont1: Compact Dise Intaractiva is a
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audlo, graphics, video) on a Compact Dise, It was davaloped by
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English, synonymifeyn1: Compact Dise vidao
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English term: CO-Video
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market, CD-v¥ comblnes sight and digltal sound but Is not compatible
with CD=audlo playars, Think of CO-V a3 MTV on disc, It has
nothing to do, in tarms of applications, with CD-RAOM, CD=), or DVL,

Figure 30. CODE2 CD Views for the co-concepts CD-ROM, CD-Audlo, CD-Interactive, and
CD-Video, displayed on-screen for characteristic comparison.

to concentrate on comparing conceptual characteristics.

The CCM was devised in the summer of 1991 as the result of a suggestion from Dr.

Geunevitve Mareschal, a professor at the School of Translation and Interpretation at the University of

Ottawa. While viewing a demonstration of CODE2, Dr. Mareschal commented that, with all the

characteristics in such a well-structured format, it would be that much easier to compare them if they

105



Chapter 5. The Technology: The Characteristic Comparison Matrix

were displayed in a tabular interface, similar to that of a spreadsheet, with only the conceptual
characteristics of co—concepts visible. And thus began the Characteristic Comparison Matrix (CCM).
(See Appendix A for the specifications provided to the programmer®™ who wrote the CCM code.)
Compared to the CODE4 CCM, the CODE2 CCM is rather primitive; even so, it was
remarkably useful. It required 10 hours' programming time (very little by programming standards) and
immediately underwent testing by me to see what improvements could be made, as I was becoming
interested in definitions. The CODE2 CCM was a prototype whose main function was to enable the
COGNITERM researchers to analyze it and, from this analysis, suggest improvements for the CODE4

version,

512 The CODE2 CCM

The CODE2 CCM was the last feature to be developed for that version of CODE.
Implemented in August 1991, its primary function was to aid the terminologist in comparing
characteristics, both during concept analysis, to ensure that the conceptual information was consistent
and accurate in both content and syntax, and after concept analysis, to help with decisions on which

characteristics to include in ITDs.

5.1,2,1 How the CODE2 CCM Worked
The CODE2 CCM could be opened for any concept selected in CODE2 to immediately
display the differentiating®’ characteristics of the concept and its co-concepts. The CCM (Figure 31)

would appear in the form of a table, looking somewhat like a spreadsheet. The selected concept (in

* The programmer was Ken lisaka, at the time an undesgraduate student at the University of Ottawa's Department of
Computer Science. Mr. lisaka also wrote the code for the CODE4 CCM.

* Diiferentiating characteristics are those of which have different values for at least two of a set of CO-CONCEpS,
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this casc CD-Audio) was found in uppercase letters at the top of the second column from the left.
The generic concepts of the selected concept were listed in the top-left cell labelled "Supers"® (the
plural is used because, as mentioned previously, a selected concept may have more than one generic
concept). Since CD-Audio had only one generic concept, i.c. compact disc, only compact disc was
listed in the Supers cell.”

The co-concepts of CD-Audio, listed along the top row of the CCM, were CD-ROM, CD-
Interactive, CD-Video, Compact Video Disc, OROM, DataROM, and erasable disc. The
differentiating (in fact, the characteristic names) of these co-concepts were listed along the left side of
the CODE2 CCM, including content, degree of writability, dimensions/diameter,® and encoding
method. Those characteristics with values identical for all the co-concepts would not appear in the
CCM, as only diffcrentiating characteristics were displayed. For example, because all the concepts in
Figure 31 had the identical characteristic physical form:disc (inherited from optical disc, the generic
concept of compact disc), it did not appear in the CCM.

The remaining cells in the CCM, to the right of the characteristic name cells and below the
concept cells, were "value cells." Each value cell of the CODE2 CCM was either filled with a value,
left blank, or marked "n/a" or "BLOCKED".

— If the characteristic had been added to or inherited by a concept, and had a value, that value

was found in the appropriate cell. For example, in Figure 31, CD-Audio has the

characteristic degree of writability:read-only: the characteristic name (degree of writability)

* In keeping with Al terminology, generic concepls are called superconcepts in CODE.

* If the selected concept had more than one generic concept, the user was required to select a generic concept. This
generic concept would dictate which co-concepts would appear in the CCM. It would appear in the CCM in upper case
Ietters, while any others would be in lower case letters.

 Because it was not possible to place characteristics in hierarchies in CODE2, characteristics which were felt to belong
to a hierarchy had to be named along with the genesic characteristic to demonstrate the fact, For example, in the optical
storage ‘TKB, diameter and thickness were two characteristics that were considered to be kinds of dimension, Thus in
CODEZ2 they had to be named dimensions/diameter and dimensions/thickness.
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is in the lefti-hand column, while the value (read—only) is in the value cell under CD-Audio.
The cells were scrollable, so that if the whole value did not fit in the cell frame, the user could
easily view the rest of it.

— If the characteristic name had been entered for a concept, but had no value at the time, the
value cell would be blank. For example, since no value for storage capacity had been
recorded for either OROM or DataROM, the cell was blank.

— If a given concept had a characteristic added which the others did not have, the value cells of
the others would indicate "n/a". For example, the characteristic applications had been added
for CD-Interactive only; the value was recorded for CD-Interactive, while the value cells
for the remaining co-concepts were marked "n/a."

— If the characteristic had been blocked for a given concept, the value cell displayed the world
BLOCKED. For example, although the concept ostrich would inherit the characteristic
method of transportation:flying from its generic concept bird, this would have been blocked

(since ostriches cannot fly), and would appear as such in the CCM.

Once the prototype CCM had been developed, I began a thorough analysis of it. The resulting

suggestions as to how the CCM could be improved for CODE4 [cf. Eck 1992] arc detailed in the next

section.

5.1.2.2 Proposed Improvements for the CODE4 CCM
The CODE2 CCM was quite a remarkable feature, thought to be the only one of its kind in
terminology or Al research. Although the CODE2 CCM was helpful in presenting the

terminologist with a quick, concise view of the conceptual characteristics, it soon became obvious that

€ Timothy Lethbridge, Ingrid Meyer [petsonal communication].
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added features would make it even more useful. The additions, namely editability, the ability to
display all characteristics, the ability to distinguish necessary and typical characteristics, and masking

capabilitics, ar¢ discussed below.

Editability

The CODE2 CCM showed great promise as an interface for knowledge acquisition. One
major problem, however, was that it was not cditable.”? In CODE2, the characteristic values could
only be modificd in the Characteristic Browser. What was worse, these modifications did not appear
immediately in the CCM; rather, the CCM had to be closed and then reopened before it could display
the modified information.

This restriction limited the terminologist to using the CCM as a passive fool; it could only be
used to verify information, not to modify it. The more the CODE2 CCM was used, the more this
limitation became apparent: since it was in the CCM that the terminologist could best see the
characteristic names and values and ensure their consistency, there was a natural desire to use it to
make any necessary modifications. Thus, 1 proposed that (a) the CCM should be made editable, and
(b} any changes made to the information in the CCM should be immediately reflected in the

Characteristic Browser and graph, and vice-versa.

Ability to display all characteristics
One option which was proposed for the CCM in the "CCM Specifications" (see Appendix A),

but not implemented in the prototype, was a facility to allow the user to view identical characteristics

* For a feature to be considered editable, the user must be able to modify the concepts or characteristics viewed in the
feature and have these modifications reflected in the rest of the knowledge base. For example, the Characteristic Browser is
editable: modifications made to its concepts or characteristics are reflected in the graph and CCM and any other browser
where that information can be accessed.
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H T H —= e
as well as differentiating ones: a window ‘
entitled "Characteristics Identical in Co- Characteristics Identical in Co~concepts
concepts" would appear and list the o physical form: disc
e recording technology: optical
characteristics and values in question. Figure 32

shows what might appear in such a window for Figure 32, Subwindow showing the identical
characteristics of co-concepis (i.e. characteristics

CD-Audio and its co—concepts (i.c. those seen ot displayed in the CCM).

in Figure 31).

It soon became clear that such a window could prove to be quite useful. It is likely that, once
concept analysis has been completed, the terminologist will not fecl the nced to view characteristics in
the CCM that are identical for all concepts. However, the terminologist also nceded to be able to use
it during definition—oriented concept analysis. As such, the CCM should be able to display all the
available conceptual information at any given time. Viewing all the characteristics of co-concepts can
be an especially valuable option if the terminologist is using a "top-down" approach (i.c. working
from more general concepts to more specific ones) during concept analysis: a characteristic (name and
value) may initially inherit from a generic concept to all its specific concepts, giving the impression
that it is identical for those co-concepts. However, the characteristic value may not actually be
identical for all concepts at that level (for example, if the information has not been finalized). The
problem with a CCM that shows only differentiating characteristics is that a terminologist examining
such a CCM during concept analysis may not be aware that there are characteristics which require
further research. The result may be that incomplete or incorrect information is uscd to construct ITDs,

For example, the co-concepts CD-ROM XA and DVI initially inherit the characteristic
content:one of:textual data, audio from their generic concept CD-ROM. Assuming that concept

analysis is in progress and that the terminologist has yet to finalize characteristic values, a CCM

displayed at this point for these two concepts would not show this characteristic. If this characteristic
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does not appear on the CCM, the terminologist may neglect to look further for values in the
documentation, or may ncglect to question the expert about it. There are two possible endings to such
a scenario;  at best, the terminologist eventually discovers that more work needs to be done when
concept analysis was thought to have been complete; at worst, the characteristic values remain

identical, and inaccurate information may be used in ITD construction.

Ability to distinguish necessary characteristics from typical ones
Since only necessary characteristics are considered candidates for n+s characteristics, and thus
for inclusion in constructed 1TDs, it would be helpful to be able to distinguish necessary characteristics
from typical ones in the CCM.
1) Distinguishing
cdName: CD-Audio
-~ . super: compact disc
characteristics using the STATUS hasPropsOf:
kinds:

subConcepts:
inheritPropsTo:

facet: What was nceded was a

means of distinguishing necessary t
PropDesc: type of information that can be stored on medium, i.e.

characteristics from typical ones so textual data, digital audio, graphics, still pictures, video
References: SAFFADY88:6
that each group could be masked Status: N -

Category: Conceptual Information
Name: content

digital audio ‘

appeared to be via the STATUS Figure 33: _Status facet‘ displayed for CD-Audio's. cﬁaracteristic
content:digital audio (within the CODE2 Characteristic Browser).

out separately. The most effective

way to accomplish this in CODE2

facet. While CODE2 offered the

user several default values for the STATUS facet (SUGGESTED, PROPOSED, IN PROGRESS, UNDER REVIEW,
and ACCEPTED), the user could also add different values. A simple solution would be to give

necessary characteristics the status of », and typical characteristics that of 7. Figure 33 shows how one
of CD-Audio's characteristics, content:digital audio, could have been given the status of » in CODE2.

2) Distinguishing characteristics directly on the CCM: Since it seemed quite likely that the
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terminologist would consult the CCM often when deciding on the status of a given concept's
characteristics, it would also be useful to have some way of indicating the characteristic’s status from
the CCM itself. One possible procedure was to (a) decide on cach characteristic's status (i.e. N or 1)
while examining the CCM; (b) somehow put an & or T label on cach characteristic; and (c¢) close and
then re-open the CCM with the typical characteristics masked out. This would allow the terminologist
to focus her energies on the necessary characteristics when it came time to decide which ones to
include in the ITD. The final CCM, with masked—out typical characteristics, would look like the onc

shown in Figure 34.

Masking capabilities

The suggestions above indicate that a mask for the CCM would be extremely helpful. For
example, the terminologist may have wished to "hide" all the characteristics deemed typical (i.c. with
the facet STATUS:T). The terminologist may also have wanted to remove any concepts interfering with
the comparison of co—concepts during definition construction, such as the still-evolving characteristics
of Compact Video Disc, DataROM, and OROM (as can be seen in Figure 34, most of their
characteristics have been inherited). Unfortunately, a CCM such as the one seen in Figure 34 was not
possible because no mask feature existed for the CODE2 CCM. Thus, the terminologist had no way

of temporarily masking out characteristics or concepts either individually or as a group.
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5.1.3 The Initial Development of the CODE4 CCM

As was noted earlier, little time was spent developing the CODE2 prototype CCM. CODE4
was in progress, and the programmers were concentrating on developing and testing it. It was more
productive to invest time and effort on the new CCM; the time spent on the prototype CCM was in
the form of careful testing and analysis.

After the CCM modifications were proposed, a period of intensive discussion between the
COGNITERM team (including me) and the CODE programming team took place. It was agreed that
the CODE programmers would develop an initial version of the CODE4 CCM incorporating my
suggestiops and their own ideas for improvements. This CCM would then be reviewed by me to see
what changes were needed. This preliminary programming and analysis took place in the fall of 1992,
and allowed me to play an active role in the development of the final CCM. There were times when
the CCM programmer (Ken lisaka) and I would sit computer-by—computer, testing and analyzing the
CCM: 1would suggest a modification, and get the heart-warming response of "Give me ten
minutes...." Ten minutes later, my wish had come true, and the modification had been implemented.
Timothy Lethbridge, the head programmer for CODE4, also played a crucial role in ensuring that the
CCM interface corresponded to that of the other CODE4 features; he, Ken and I met scveral times 1o
ensure that the needs of both the COGNITERM team and the CODE tcam were being met. It was an
exciting time in the development of CODEA4, and the final result—a true tcam effort—was a carcfully

conceived CCM.

5.1.4 The CODE4 CCM
Although it has many new features, the CODE4 CCM works on the same basic principle as
the earlier version, allowing the terminologist to view and compare the characteristics of concepts in

tabular form. However, many of the modifications suggested in section 5.1.2.2, along with others
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provided by the CODE4 designers, have been incorporated into this version, making it much more
powerful and "terminologist—friendly," affording the terminologist a great deal of control over the

recorded information.

5.1.4.1 Using the CCM for Differentiating Characteristics

Once a concept has been selected in a browser (either textual or graphical), the CCM
command is given from the CODE menu. The browser in which the concept is selected is the driving
browser, while the CCM is the driven browser.® In keeping with the CODE4 “interface philosophy,”
the CCM can be consulted either (a) detached from its driving browser (i.e. in a separate window) or
(b) attached directly to its driving browser (below or to the right). Figure 35 shows a detached CCM
for the concept CD-Audio as it first appears when generated.

Unlike the CODE2 CCM, the CODE4 CCM does not immediately show the differentiating
chlaractcristics for the selected concept and its co-concepts. Instead, it initially shows only the
selected concept® and its characteristics, along with the concept's generic concepts®® and dimensions
(if any). The various elements arc shown in Figure 35:

— along the top: generic concept, e.g. compact disc (s). The 's' indicates the normal generic—
specific relation between the selected concept and its generic concept.

— below the generic concept: the selected concept. Note that the selected concept is also
reflected in the CCM label (top left of window)

— far-left column: names of the selected concept's characteristics

® Browsers are explained in more detail in chapter 2, section 2.2.1.

* It is possible to select more than one concept for display in the CCM; however, for simplicity, it is assumed
throughout this chapter that only one concept is selected unless otherwise stated.

% Remember that a concept may have more than one generic concept.
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[s] Matrix of statements of CD-Audio and coondinales

[ phwoical stantard
Clogical standard
[Eaector layout
[CJerror corraction
[3diameter

[ thickness

[ writing principle
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ed Book
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|
|
: |

polycarhonate (a tough, clear plastic)} covered wilth 2 thin layer of auminum and
A layer of tlaar resin

Sigital
Jaht reflection

Prtical

Figure 35. CCM for the concept CD-Audio, as seen when first generated.

remaining cells: values of the selected concept's characteristics

Based on this initial information, the terminologist can further specify what clse should appear

in the CCM. In other words, the CCM's content is very user-specifiable, as proposed in section
5.1.2.2. For example, if the terminologist wishes to see the differentiating values of the sclected
concept and its co-concepts, she simply clicks on the appropriate generic concept. Figure 35 shows
that CD-Audio has only one generic concept (compact disc). When the terminologist clicks on
compact disc, the CCM shows the differentiating characteristics of CD-Audio and its co-concepts.

The resulting CCM is shown in Figure 36.
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Figure 36, CCM for CD-Audio and its co-concepts under compact disc, showing differentiating
characteristics.

5.14.2 Additional CODE4 CCM Features

While the CCM shown in Figure 36 facilitates the viewing of concepts and their
characteristics, the terminologist is not obliged to work with the information as it is presented. The
new features—editability, ability to display characteristics and concepts in a variety of modes, masking
capabilities, and rearranging facilities—allow the terminologist to manipulate the information to her

advantage.

Editability

The CODE4 CCM is editable, allowing the terminologist to modify characteristic values at any
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time. As was proposed in 5.1.2.2, any modification made to a characteristic valuc in the CCM now

automatically appears in the Conceptual Info browser, and vice versa. Along with knowledge revision,

the CCM can now be used for knowledge acquisition.

Ability to display concepts and characteristics in a variety of formats

Up to this point, it has been assumed that the terminologist wishes to see only co-concepts

and differentiating characteristics. Fortunately, the CODE4 CCM does not restrict the terminologist to

viewing only this combination. The CCM Format is a featurc which was derived from the suggestion

that the user be able to view all of a concepts' characteristics. The CODE4 programmers took this

suggestion one step further: the terminologist can adjust the CCM format so that concepts and

characteristics appear in a variety of formats. This may be done before or after the CCM is opened

from the CCM Format dialog box (Figure 37).
The CCM Format lets the
terminologist control what appears in the
CCM. There are three main format
parameters, each of which can be set several
ways: (1) Subjects (i.e. Concepts); (2)
Properties (i.e. Characteristics); and (3) the
Property Computation Operator (PCO).
These three parameters are all taken into
account by the CCM when it computes what
should appear in its cells at various stages.
Of greatest interest to the

terminologist are the Subjects (Concepts)

[¢] Format for Matrix ¥

Subjects

P selected concepts only
¥ sibling concepls of selected concepts
» coordimate concepls of selected coucepts

D all properties

? non-nd values

¥ local mon-nll values

b diffarentiating velues

Property computation operator

b properties shared by more than ore subjects
> properties shared by all subjects
» all propertiea

Propettiea l

Use Defanit in All Panes

Ok I Aprly

Figure 37. CCM Format dialog box.

119



Chapter 5. The Technology: The Characteristic Comparison Matrix

paramcter and the Propertics (Characteristics) parameter. By specifying different Concepts formats,
the terminologist can view
— one or more arbitrarily selected concepts (useful for viewing a concept and its generic concept,

for example, as seen in Figure 38, where CD-ROM and its generic concept compact disc are

displaycd)
[8] Matrix of statements of (compact disc, CD-ROM )
[ compact disg co-RrROM
. pne of: Red doak, Yellow Book, Green Jellow Book
F.Iphysical standard Book. frange Book; if Vellow Book, also
pne af : Red Book , Yellow Book , Green | (High Sierra Group Standard, 150 9660 )
Filogleal stondard Book , Drange Baok  If Yellow Book ,
[-3saclor [ayout “C Lv *CLV
[T arror correction Josarno 4CIRC, Lagered ECC )
o ter A.72inches (12cm) A72inches (12 cm)
1, .
3 thickness d.:2mm J2mm
[ rotation speed - a
[ writing princyple 2bation olation
[ content pne or more of: text, audio, graphics, stid | jextudl data, audio, graphics, siill piciures,
) pictures, andl mation video and motion video
"I avalable recording surfaces e e
[T slorage capasily - Jotal: 600 MB, user data: 550 MB
[ physical form s shae
73 degires of writabiity pne of; read —only, write-once Jead-only
I3 physical appearance a a
I diata signal type Jigital or analog or both Jlslic |
[3laser type a a
[ method of rexing - a
[ recording technology Sotical Sptical

Figure 38. CCM for the arbitrarily selected conceptls compact disc (generic concept) and CD-
ROM (specific concept), with all characteristics showing,
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— sibling® concepts of the selected concept
— co~concepts of the selected concept
By specifying different characteristic formats for the CCM, the terminologist can choose, for
example, to view all the characteristics of a concept and its co-concepts, or only the differentiating
characteristics. Such a feature allows the terminologist to view all the recorded information at any
time during concept analysis in order to verify, for example, that characteristics arc consistent in

content and syntax, or to see whether further research is required for a particular concept.

Masking capabilities

The CODE4 CCM mask allows the terminologist to "hide" both concepts and characteristics,
and thus focus on the remaining information. The terminologist can mask out an individual concept or
characteristic by clicking on it; for example, to hide a concept for which little information has been
collected. Concepts and characteristics may also be masked out as a group. For example, once
the terminologist has decided which characteristics are typical, she can give their MODALITY" facet a
value of T (TYPICAL), and then mask out all the characteristics with the facet MODALITY:T.

Figure 39 shows the CCM from Figure 36 with several concepts (DataROM, OROM,
Compact Video Disc) and characteristics (sector layout, diameter, physical appearance, method of
reading) masked out.

Ability to rearrange concepls and characteristics

While it is still not possible to visibly distinguish necessary characteristics from typical ones

on the CCM, it is possible to rearrange concepts and characteristics, either alphabetically or according

% In CODE, sibling concepts are distinguished from co-concepts according to the dimension phenomenon (discussed
briefly in the introduction to this thesis). Since dimensions lic outside the scope of this thesis, I assume here that there is no
difference between co-concepts and sibling concepts.

7 In CODEA, STATUS has been tenamed MODALITY. While this term is unknown in the terminology literature, It is

accepted in the knowledge engineering world [Douglas Skuce, personal communication). It is used here to indicate whather
a characteristic is necessary, typical, or n+s.
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Matrix of statements of CD-Awdio and coordinates g
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Standard, 1S0

Cliogical stanclard 9660 )
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textudd data, audio, | graphics, atil viddeo and audio
Econtent graphice, still frame | pictures, and plus digital audio
video and motion motion video
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. adio clata: 550 MB sound per side, B0
C1storage capacity minutes of video
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g[ig‘tai Siotal Shgita) Sigital and Aoy
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Figure 39. CCM for CD-Audio and co-concepts with various concepts and characteristics
masked out. Compare with original CCM in Figure 37.

to the terminologist's wishes (i.e. to the left/right, to the bottom/top). This is one of the more
important CCM features, as it gives the terminologist the power to arrange the display for her own
purposcs. For example, the terminologist may not wish to mask out typical characteristics; she may
instead place them at the bottom of the CCM, leaving the necessary characteristics at the top where

she can concentrate on them.

52 CONCLUSION
The CODE4 CCM is an improved version of the CODE2 CCM, with a variety of features
which make it more powerful and terminologist-friendly. Table 8 provides a brief summary of the
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modifications to the CODE2 CCM proposed in section 5.1.2.2 and the CODE4 features that resulted

from both these proposals and others made by the CODE programmers.

PROPOSED MODIFICATIONS TO CODE2

Editability (ability to make modifications to
characteristics which would be reflected in the
whole TKB)

Editabitity: modifications made 1o
characteristics in the CCM are reflecied in the
other browsers and vice versa; concept
additions and deletions made in browsers are
reflected in the CCM

Ability to display all characteristics, not just

Ability to display characteristics and concepts
differentiating ones

in a varicty of modes: (a) characteristics:  all,
differentiating, ete.; (b) concepts: coordinate,
sibling, arbitrarily sclected

Masking capabilities (ability to hide concepls Masking capabiiitics (ability to hide concepts
and characteristics as individuals or in groups) and characteristics as individuals or in groups)

Ability to visibly distinguish necessary Ability 1o rearrange characteristics and concepts
characteristics from typical ones within CCM

Table 8, Comparison of features for the CODE2 CCM and CODE4 CCM.

The CODE4 CCM is a powerful tool which helps the terminologist both during and after
concept analysis. During concept analysis, it acts as an knowledge—cditing tool, allowing the

terminologist to

— sce all the currently available information, or only those characteristics which differcntiate

concepts

— identify where more work is required (e.g. where characteristic values need to be modified oz
updated) and make any necessary modifications

— present to experts the information gathered so far

Once concept analysis has been completed to some degree, the CCM can act as a knowledge-revision

tool, allowing the terminologist to
— confirm that the information is correct in both content and form

— show experts the "final product” for verification
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— manipulate the information using the masking and rearranging facilities so that eventually only

potential n+s characteristics are left to consider for definition construction

Of course, this technology alone is not cnough: along with the CCM and other CODE
features, the terminologist necds an approach to help her systematically construct definitions. While
the approach discussed in chapter 3 provided guidelines for carrying out general concept analysis using
CODE, it did not take definition construction into account per se. The following chapter describes the
modifications and additions to the general approach that were devised to ensure that the terminologist
carrying out definition-oriented concept analysis effectively utilizes the CCM and other features of

CODE.
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Chapter 6 THE APPROACH:
DEFINITION-ORIENTED CONCEPT ANALYSIS

6.0 INTRODUCTION

Once the terminologist understands the ITD (as a process, a product, and a tool) and how
CODE's features, particularly the CCM, can help her record the components of the ITD, the remaining
element needed for ITD construction is an approach.

The general approach to concept analysis outlined in chapter 3 did not take definition
construction into account. However, as noted in chapler 1 (section 1.4), definition construction is one
of several activities that may follow concept analysis. Thus it seems logical that if additions and
modifications that take definition construction into account were made to a general approach, the result
would be a definition—-oriented approach to concept analysis.

This chapter proposes such an approach, which derives from three sources. First, it is based
on a review of the literature on intensional terminological definitions, conducted to discover which
clements of the ITD the terminologist should concentrate on, and summarized in chapter 4. Sccond, it
is based on an in—depth analysis of the available technology (CODE) in light of the results of this
review, summarized in chapter 5. Third, and most importantly, this proposed approach is based on
introspection supported by my prior experience with the COGNITERM project. Simply put, 1 studicd
how we had initially carried out general concept analysis using CODE (for the subficld of optical
storage media), then tried to determine what necded to be done differently if ITDs had to be to
constructed at the end of the analysis.

The result is a definition-oriented approach to concept analysis, intended to help the

terminologist carry out concept analysis oriented towards the construction of intcnsional terminological

definitions using CODE.
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6.1 PROPOSED MODIFICATIONS AND ADDITIONS TO THE GENERAL APPROACH

TO CONCEPT ANALYSIS
The various steps of general concept analysis were described in detail in chapter 3, so they are
given only bricfly mentioned here. It is the proposed modifications and additions, summarized in

Table 1, which are discussed in detail. When no changes to the general approach arc proposed, the

right column of Table 1 is left blank.
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General Concept Analysis (¢l chapter 3)

Part ]

Proposed Modifications and Additions

Carrying Out Preparatory Werk |

(a) decide on subject ficld and languages

(b) select introductory corpus providing
overview of subject field

() create sketch of concept graph using
CODE (general "concept clusters")

(d) focus on one particular subfield (indicated
by "concept cluster") if subject field is large
{c) consult experts about (i) preliminary
concept graph and (ii) possibie documentation
() select principal documentation and compile
a bibliography (input bibliography directly into
CODE)

(g) read subfield documentation and establish
a preliminary concept system for subfield
NOTE: some generic-specific relations should
be clear at this point; confer with experts to
verify, using graph

- annotate clearly situated generic concepls
using facets

- record and annotate characteristic(s)
underlying the subclassification of a concept
« annotate concepls and characteristics which
experts consider fundamental to the concept
system

Part 11

Establishing Characteristics Template

(i) design characteristics template from
primary documentation, using top-level
template as a starting point

(j) confer with experts regarding template;
correct omissions or delete characteristics that
don't belong

- refer to annotations (facets) for guidance

- use CCM 1o show all characteristics to
experts; insert expert comments in appropriate
facet
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The Approach: Definition-Oriented Concept Analysis

“ Part 111

Carrying Out Primary Knowledge
Acquisition & Revision

(k) scan principal documentation and extract
conceptual and linguistic information

(1) revise recorded information; have it verified
by experts

- consult CCM frequently, using both
*differentiating" and “all characteristivs"
formats, to monitor information

- be sensitive 1o linguistic, conceptual, and
structural clues in documentation

- annolate characteristics using context, expert, l‘

and modality facets
- finalize modality of characteristics with help
of experts

“ Part IV

Constructing the Draft Definition

\\

possible

(o) mask out non-n+s characteristics from
CCM, leaving draft definition (genus on
graph, differentia in CCM)

Part V

(m) mask out typical characteristics on CCM
using mask (based on modality)
co-concepls on CCM and select potential n+s

Testing the Draft Definition

(p) test the draft definition using two "tout le
défini" questions to see which arc n+s, with
expert if possible

(q) rewrieve erroneously masked—out n+s
characteristics and mask out those which are
not n+s; remaining characieristics will be
included in the final [TD

(r) write natural language ITD, making any
necessary modifications for style; e.g. for
CD-Audio: ITD:a read-only compact disc
that contains 74 minutes of digital audio.

Postscript

Updating

(n) examine differentiating characteristics of
characteristics, with help of experts, if

(t) updating

- if an n+s characteristic is updated, or if a
new concept is added which may necessitate
modifying characteristics, existing definitions
should be checked to see if they need revision
(use subgraph and CCM to compare new draft
ITD with existing ITD)

Table 9. Proposed definition-oriented approach to concept analysis: the general approach
with proposed modifications and additions.
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6.1.1 Carrying Out Preparatory Work (Part I)

As Table 1 shows, the preparatory work of definition-oriented concept analysis remains
largely the sume as for general concept analysis. However, even in these early stages, the
terminologist should take care to annotate any information that is recorded about concepts and
characteristics. The annotations (explained in more detail below) will eventually help the terminologist

decide on the genus and differentia (the two components of the ITD) of each concept to be defined.

What should be annotated?

Concepts that scem to have straightforward generic-specific relations should be annotated as
such, since generic concepts will be included in the ITD later. Any characteristic which seems to
dictate the division of the selected subfield or play an important role in distinguishing concepts should
also be recorded and annotated, since it may well constitute an n+s characteristic which should be
included in the ITD.

For example, when doing our initial COGNITERM research on optical storage media, we
based our preliminary subfield graph on a hierarchical figure found in Chen [1989:5] titled "Types of
Optical Media," which divided the subfield into three main types: read-only, write—once, and erasable
media.® The figure, which displayed approximately 20 concepts, provided us with numerous
generic-specific relations, along with a characteristic which was used to subclassify the concept of
optical storage media. (Since Chen 1989 only provided the values, i.e. read-only, write—once, and
erasable, we named the characteristic degree of writability). In retrospect, each specific concept of
optical storage media could have been annotated to show (a) that it had a fairly straightfeiward
generic-specific relation and (b; where it had been found (in a hierarchical figure). As well, the

characteristic degree of writability:one of:read-only, write—once, erasable could have been recorded

 This scemed to be 2 very standard division, reflected in other documents.

128



Chapter 6. The Approach: Definition—-Oriented Concept Analysis

immediately and annotated to show that it was used in this document (and others) to subclassify a
top~level concept, and thus should be considered a necessary characteristic for that concept's specific

concepts.

How should concepts and characteristics be annotated?

Facets, which are used to record information about characteristics, are essential to the
annotation process. While some existing facets can be utilized to help the terminologist "keep notes”
on the characteristics being recorded, others must be added:

(a) for concepts: the background characteristic® superconcept should be used to keep track
of a given concept's generic concept.™ In CODE, the generic concept appears as the superconcept
value. For example, when CD-Audio is added as a specific concept of compact disc, it automatically
has the background characteristic superconcept:compact disc.

Since every piece of recorded information is given a reference in the COGNITERM
methodology, the existing REFERENCE facet can be used to record where the generic—specific relation
was documented (e.g. REFERENCE:CHENS89:5). This reference can be made more 'precisc if a
CONTEXT facet, in which the terminologist notes exactly how the relation betwceen the given concept
and the generic concept was indicated (¢.g. CONTEXT:HIERARCHICAL FIGURE OF OFPTICAL STORAGE
MEDIA SUBFIELD) is added. This way, the terminologist can explain her sclection of the generic
concept in case the experts consulted later question the recorded information.

(b) for characteristics: since the characteristic name and value are separate cntitics, they cach

need a separate set of facets. Along with a REFERENCE facet, they should each have a CONTEXT facet

¢ Background characteristics are discussed in chapter 3 (scction 1.4).

™ Jf the terminologist does not know a given concept's generic concept, the concept can be placed under a "dummy”
umbrella concept until the concept's exact place in the concept system is discovered.
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to record the actual context (c.g. list or table of characteristics, defining context™) in which the name
or value was found. Again, the terminologist can then justify why the information was recorded.

At this stage, the terminologist can concentrate on the characteristic name, since the majority
of values will be recorded later during scanning (see section 6.1.3). If values are found for
characteristics of top-level concepts, however, they could be recorded. If the terminologist has to
invent a characteristic name (as with the example of degree of writability above), the terminologist's
name can be put as a REFERENCE, and an explanatory note put in the CONTEXT facet.

The existing MODALITY facet can be used to indicate whether the whole characteristic (name
and value) is NECESSARY or simply TYPICAL, depending on the clues provided in the dozumentation
about the characteristic. Such clues include characteristics appearing frequently in the documentation,
characteristics found in defining contexts, tables, and lists.

Once the terminologist has created a preliminary concept graph and recorded the more obvious
characteristics, she should consult the experts™ and annotate any concepts or characteristics they feel
are particularly important, A third facet, EXPERT, should be added for both the characteristic name
and value; it can be filled in with the experts' names (which should be considered a special type of
reference} to show that they have verified the recorded information, or with an added comment, should
the need arise. The resulting facets browser can be seen in Figure 40,

At this point, the terminologist has a very preliminary concept system of the subfield, with
some annotated concepts and a selection of annotated characteristics. The next step is establishing a

op-level template of characteristics.

" Defining contexts should also be recorded (as Linguistic Info characteristics) in case they can eventually be used intact
or with little modification.

7 Ideally, the expest should be sitting in front of the system for this and subsequent sessions. If this is not possible,

another (although less effective) option is to use printouts of the graphs, characteristics, facets, etc. to present the information
to the expert.
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6.1.2 Establishing A Characteristics Template CONCEPTUAL FACETS &

(Part II) .
2] No item seected ..,
The terminologist can review the x
2l -Facat:
-value: sel
characteristics that have been recorded up to this -relorenca:
~context:
point and decide which ones should be included in :E:W,: b
-naime; progerly
the template, using the CONTEXT, MODALITY, and '?“ﬁw
-Context:
. - camment:
EXPERT facets to help her decide. The - expert:
-characteristic descriplion:
characteristics included in this top-level template :?tifﬂv‘
=aubijsct: concept of thing
will be the ones that describe the subfield's top- -most genery sublect of preclicate: concept of thing
- gources of vake: concept of hing
level concepts. +Eng| +delg|
As the terminologist works her way down

the subfield hierarchy, the template may have to be  Figure 40. Conceplual facets.
modified to include additional characteristics which serve to divide up subhierarchies or differentiate
concepts at those lower levels. The process of deciding on these characteristics remains the same,
however: the terminologist must take into account clues in the documentation, along with expert
opinion. Expert opinion is valuable at this point. It is often difficult for the terminologist to attain a
clear idea from the documentation what the proper dimension of the subfield (the documentation often
represents as many points of view as there are documents), and of which characteristics dictate the
division. For example, while working on the optical storage TKB, we enlisted the help of Mr. Don
Slaunwhite, an optical storage expert from Corel Systems Corporation. He was quickly able to tell us
that a particular characteristic that we had been using to divide up the optical storage media subficld
(degree of writability) was actually not so important, and that we would be better off dividing it up
according to form (as discs, cards, film)

Because of the importance of characteristics, the general approach suggests conferring with

subject-field experts again at this point to verify the validity of the characteristics template. Since this
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template is embellished for the lower-level concepts in the hierarchy, errors or omissions could end up
wasting the terminologist's time (in that she might have to go back and redo the template from the
top). A faulty template could also result in the terminologist constructing definitions from erroneous
or inadequate information. The example of degree of writability illustrates this point: had we
continued researching optical storage media without consulting a subject-field expert, our subfield
would have been inappropriately divided up, and the eventually constructed definitions would have
been erroncous,

The Characteristic browser can be used at this point to display the template in the form of a
list of characteristics for one of the top concepts. The experts may find it easier to consult the
Characteristic Comparison Matrix, however, as it displays characteristics in an easy-to-read, well-
structured format. The terminologist can exploit the ability of the CCM to show subject-field experts
all the characteristics identified for any set of concepts or, for example, to show which characteristics
have been assigned to a particular set of co~concepts. Once the experts have commented on the top—
level template, the terminologist can make any necessary modifications to the characteristics and note

the experts' opinions in the EXPERT facet.

6.1.3 Carrying Out Primary Knowiedge Acquisition & Revision (Part III)

The next step is the scanning of documentation, during which the terminologist records any
new concepts and extracts information about the concepts and their terms from the subject—fi;ald
documentation. This information is recorded in the TKB in the form of linguistic and conceptual
characteristics, as explained in chapter 3 (sections 3.1.2 and 3.1.3).

The CCM can be used at this stage for knowledge acquisition: since the CCM is editable, the
terminologist may use it rather than the Characteristic browser to directly add or modify characteristic

values. Since the terminologist is keeping definition construction in mind, in which she will compare
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the characteristics of co—concepts, she will likely want to gather information for a set of co-concepts
(i.e. treating one set of co-concepts at a time). The CCM, with its ability to display co-concepts and
their characteristics, is much better suited fdr collecting information in this manner than the
Characteristic browser. As well, the CCM characteristic format can be set to cither "differcntiating
mode" or "all mode," allowing the terminologist to monitor the progress of her knowledge acquisition
and to ensure that the content and syntax of the characteristic values arc consistent.

The terminologist should remain alert for clues in the documentation, including linguistic
clues, such as defining contexts, repeated phrases such as "the most important feature of X is Y" or
"the main difference between X and Y is..."; and structural clues, e.g. tables, lists, and coiicept system
diagrams. These clues may provide direct pointers to n+s characteristics. As stated above, the
characteristic values should be annotated whenever they are modificd using the REFERENCE, CONTEXT,
and MODALITY facets.

Along with the Characteristic browsef and the CCM, the terminologist should take advantage
of CODE's inheritance mechanisms (cf. chapter 2, section 2.2.2 and chapter 3, section 5.0) as much as
possible during the scanning process. This allows the terminologist to (a) avoid repeatedly inputting
the same information, and (b) ensure, to a certain degree, that the characteristic valucs of co-concepts
are consistent in content and syntax. As noted in chapter 4 (section 4.2.2), consistent characteristics
are crucial to the construction of good ITDs.

If the terminologist finds a characteristic which is not included in the initial template but
which now appears to be important to describing the concepts, she should add it to the template at the
appropriate level (after consulting with experts, if possible), with the appropriate annotations.
Typically, more characteristics arc added to the template as the analysis proceeds down through the
hierarchy.

Once the terminologist feels that scanning is complete, she should review the collected
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information and try to cstablish each characteristic's preliminary MODALITY (NECESSARY or TYPICAL).
Certain rules of thumb can be followed for this process:

— characteristics for which the values have been meodified or added for all co—concepts can be
considered potential necessary characteristics, since they obviously serve to differentiate the
concept from its gencric concept and from its coordinates

— characteristics found in defining contexts, lists, or tables, or consistently qualified as "the most
important” either in documents or by experts, should be considered potential necessary
characteristics; the terminologist can check the CONTEXT facet for each characteristic value to
verify the context in which it was found, along with the EXPERT facet

— characteristics added to the top-level template during scanning can be considered necessary
candidates; if the terminologist felt that the characteristic was important enough to be added to
the template, it may well be important enough to be included in the definition

— a characteristic that is clearly the basis for subclassifying any concept can be considered a
necessary candidate; e.g. the characteristic on which the subclassification of optical storage
media was eventually based was form:one of: disc, card, paper, film. Thus, this characteristic
{or rather, a more specific version of it) would likely be included in a definition of any of

optical storage media's specific concepts.

Next, the subject-field experts should be consulted and asked to verify the recorded
information and the modality of the characteristics. Using the graph, the CCM, and the Facets
browser (to view the annotations), the terminologist and experts can finalize (a) the generic—specific
relations between concepts, and (b) the modality of the characteristics (necessary or typical). For
example, CD-ROM has the characteristic container:jewe! box. While CD-ROMs typically are

packaged in jewel boxes, it is not mandatory that this be done. Thus, its MODALITY is recorded as
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TYPICAL.

The CCM is an effective tool at this point for knowledge revision, i.c. for making any

necessary final changes to the form and content of the characteristics.

6.1.4 Constructing the Draft Definition (Part IV)

Once the information has been recorded to the terminologist's satisfaction, the task of deciding
which necessary characteristics should be included in the definition can begin. As was explained in
chapter 4 (section 4.1.2), the second component of the ITD, the diffcrentia, is the set of necessary and
sufficient (n+s) characteristics. These characteristics are individually nccessary to a concept and
collectively sufficient to describe it and differentiate it from its co—concepts.

To begin the task of deciding upon the n+s characteristics, the terminologist should cxamine
the characteristics of a given set of co—concepts, ensuring that the CCM is in differcntiating mode.
Next, she masks out the typical characteristics, using the facet MODALITY:T as the masking critcrion.
The remaining characteristics displayed on the CCM are those which have been decmed necessary.
The terminologist now has to decide which set of these is sufficient to define the concept. At this
point, the terminologist must rely on a combination of subject-field knowledge and creativity: by
carefully comparing the necessary characteristics for the various co—concepts, she can establish a
tentative set of potential n+s characteristics for each co—concept. Ideally, thesc potential n+s
characteristics are then verified by the subject-field experts, as their selection requires judgement
based on expert knowledge. The terminologist can mask out the characteristics not considered n+s by
clicking on them. (Their modality should not be changed for the moment, since the n+s characteristics
must be tested as a set before they can be deemed n+s, and changes may have to be made.)

With both the generic concept and the potential n+s characteristics for the concept-to-be-

defined displayed in the CCM, the terminologist now has, for all intents and purposes, draft definitions
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for the co~concepts onscreen in one CODE browser.”™ Genus and differentia have finally been
brought together.  All that remains to be done is the testing of cach draft definition to see if it

adequately defines the concept.

6.1.5 Testing the Draft Definition (Part V)
The draft definitions can be tested using the "tout le défini" questions of Boutayeb [1990,
based on Rey-Debove [1966]), discussed in chapter 4 (section 4.2.2.1):

(1) Are all concepts which have the generic concept (B) and the set of n+s characteristics (C)
denoted by the term (A)?

(2) Do all terms (A) denote a concept which has the generic concept (B) and the n+s
characteristics (C)?

Ideally, the experts should be involved in this stage of the process, for they are the most
qualificd to answer these questions.” Chapter 4 (section 4.2.1) warned that the answers to these
questions may turn out negative, in which case the definition is either too narrow or too broad.
Constant reference to the CCM should help the terminologist and experts discover where any problems
lie, and which characteristics need to be deleted from or added to the set of n+s characteristics. Those
to be deleted can be masked out, while those to be added can be retrieved from the mask so that they
reappear in the CCM.

The subject-field experts should be consulted one last time to approve the draft definitions.
Any changes they suggest may be made directly to the CCM.

The last step in part V is the actual writing of the natural language ITD. Since the ITD

™ If it proves casier for the terminologist to view the n+s characteristics one concept at a time (rather than viewing the
n+s characteristics for all the coordinate concepts) in the CCM, she can either (a) mask out the other concepts by clicking on
them, or (b) deselect the generic concept in the CCM so that only those characteristics describing the concept selected in the
graph (the driving browser) show.

™ Because this is likely to be the most time-consuming part of the approach, it is possible that a subject—field expert
may not be able to {(or may not want to) spend as much time on the information as the terminologist might like.

136



Chapter 6. The Approach: Definition—Oriented Concept Analysis

contains important conceptual information, the
constructed ITD should be included as a special
conceptual characteristic (named ITD) in the Conceptual
Info browser, shown in Figure 41. This would be the
most logical place for the user to look; if she wants to
know more about the concept (or obtain a better
understanding of the elements of the definition), she nced
only consult the conceptual characteristics below the
ITD. For the ITD "value," the generic concept is
combined with the n+s characteristics, and the whole is
edited to form a natural langnage statement based on the
"definiens" meodel {(cf. chapter 4, Figure 26). For CD-
Audio, for example, the n+s characteristics degree of
writability:read-only, content:digital audio, and storage
capacity:up to 74 minutes can be added to the generic

concept of compact disc so that the final ITD reads

@ CONCEPTUAL INFO SISAIRIRIE I
al honky 1,62 :

r : Cunceptual Charat:terlstlcs.
- Relatlons!
- Meronymic relations:
- Assoclative relations:
« standards:
« physica! standard: Red Book
« logical standard: Red Book
« sactor layout; CLV
s grror correction: CIRC
s recording technology: optical
| « writing principle: ablation
- Attributes:
- content audio
« avallable recording surfaces: one
« starage capacity: up to 74 minutes of au
« physlcal form; disc
+ degree of writability: read-only
+ physical appearance: polycarbonate (a l‘
- dimensions:
« dlameter: 4,72 inches (12 cm)
- thicknass: 1.2 mm

+Engl sdeal
A raad-only compact disc Ihal contains up 10 74
minutas of digilal audio.

——Ty

Figure 41. Te characteristic /TD, added
to the Conceptual Info browser.

ITD:A read-only compact disc that contains up to 74 minutes of digital audio,

Note that the characteristic names may be omitted, and that some characteristics may be combined

with the genus to make the definition sound more natural.

6.1.6 Updating Subject-field Information in the TKB (Postscript)

There is one final, ongoing step which the terminologist should kecp in mind if she wishes to

maintain a "dynamic" TKB. Updating (known as "maintenance" in the software development industry)

must be carried out from time to time, especially with constantly evolving subject fields. As new
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concepts emerge, they should be recorded along with their characteristics. Characteristics for existing
concepts may have to be updated at this point as well, since the inclusion of new concepts may
necessitate changes to the description of existing concepts. If so, the terminologist should determine
whether any new or updated characteristics are also n+s, and ensure that the natural language
definitions in which they are found are also updated. The combined graphical browser and CCM can
be used once again to cither construct a draft 1TD for a new concept or compare a revised "draft” ITD

of a modified concept with its existing natural language ITD.

6.2 CONCLUSION
While the proposed definition-oriented approach to concept analysis is composed of many
individual steps, summarized in Table 1 at the beginning of this chapter, it can be reduced to a small

sct of important points, discussed below.

6.2.1 Annotating Information
It is very important for the terminologist to carefully annotate both generic concepts and
characteristics (name and value) in order to justify later decisions. These annotations include
— the reference for each element of information
— the context in which the information element is found
— the modality of characteristics (necessary vs. typical, then n+s vs. necessary), once this has
been determined by the terminologist (relying first on the documentation, then on the experts’
knowledge)

—- the experts’ opinion regarding the validity of the information
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£

6.2.2 Developing Sensitivity to Documentation Clues and Expert Opinion

The terminologist must develop a sensitivity to linguistic and structural clues in the
documentation that provide information about concept relations and characteristics (names, vilues,
degree of importance), including phrases, section headings in chapters, defining contexts, tables, lists,
and figures.

At the same time, the terminologist must develop a sensitivity to what the experts say. In the
past, using the general approach, we simply wanted to verify that our characteristic names and values
were correct; now we want to determine the most important characteristics. This change in focus may
modify how the terminologist communicates with the subject-ficld cxperts: it may change the intent

of questions, and it may change the way in which the responscs arc recorded.

623 Relying on Experts in Matters of Judgement

Following general terminology practice, it is essential to have expert help. This is espucially
important for definitional matters requiring judgement, such as deciding on the main generic—specific
relations, the characteristics responsible for the subclassification of a concept, necessary vs. typical
characteristics, and n+s vs. necessary characteristics. While the terminologist may learn a great deal
during her research of the subject field, only the extensive Inowledge of the subject-field expert can

help create the seemingly superficial description of a concept ihat is the definition.

62.4 Using the CCM to Establish a "Definition Mindset"

It is important that the terminologist make the most of the CCM as a knowledge acquisition
and editing tool: it gives her considerable control over the information, and, by displaying scts of co-
concepts with their characteristics, it helps her establish a kind of "defipition mindset" during both

concept analysis and expert help sessions. Of course, this does not mean that the CCM should be used
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to the exclusion of other CODE features such as the graphical and textual browser; they all have their

uses and should complement each other.

6.2.5 Understanding the Non-sequential Nature of this Approach

Although this approach is laid out is scquential steps, the terminologist must understand that
there is a great deal of overlap in the various activities that occur during definition-oriented concept
analysis. Some steps will not be completed until the whole project is done. For example, although
some generic-specific relations must be determined near the beginning of the project in order to
determine subficlds, the terminologist will likely find herself recording other generic—specific relations
during the scanning process as well. Characteristics may be chosen for the top—level template before
scanning is begun, but others will appear later. The terminologist must be able to adapt to tailor her

approach to the flow of information, and perform various steps simultaneously.

Part 2 of this thesis explained how the terminologist should be aware of the ITD as a process,
a product, and a tool. It discussed how several of CODE's features, particularly the CCM, can help
the terminologist record the information necessary for building ITDs. Finally, it proposed a
definition-oriented approach to concept analysis, a modified version of the general approach discussed
in chapter 3.

To discover whether this proposed approach yields good ITDs, I needed to test and analyze it
in a practical situation, i.e. in a terminology research project in which definition-oriented concept
analysis is carried out and ITDs are constructed. A description of such a project, along with an

analysis of how the proposed approach fared, are the subject of part 3 of this thesis.
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P T3 AND ASSESSING THE RESULTS

Part 3 of this thesis describes a practical test of the definition-oricnted approach to concept
analysis proposed in chapter 6, and then cxamines the results.

Chapter 7 details how the test was conducted on 16 concepts in the subject ficld of lasers. It
explains what happened as I carried ont the approach step-by-step on three different levels of the
subject ficld (laser, kinds of laser, and kinds of neodyminm laser).

Chapter 8 provides an assessment of the results of the test, including issucs that arose,

modifications to be made to the approach, suggestions for improvements to CODE, and possible

directions for future research.
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Chapter 7 TESTING THE APPROACH: LASERS

7.0 INTRODUCTION

Once the definition-oriented approach to concept analysis was developed, it nceded to be
tested in a practical situation. I chose to creatc a TKB on the subject ficld of lasers for a number of
reasons:

(1) 1 had been exposed to a number of laser concepts when warking on optical storage
technology subfields and felt that this offered an interesting opportunity to explore a rclated subject
field. Although lasers are somewhat different from the concepts investigated for the COGNITERM
Project, they are not as different as, for example, concepts from the subject fields of law or economics.

(2) Some preliminary reading showed me that lasers were classified in a gencric—specific
hierarchy, making them suitable for intensional definitions.

(3) Subject-field experts were available at both the University of Ottawa and my current
workplace, Bell-Northern Research Ltd. (BNR). Knowing how crucial the role of the cxpert is to the
approach (as well as to traditional terminology work), this factor was one of the most important to the
selection of the subject field. While many hours of reading helped me understand most of what is
described below, the help of several experts would provide me with missing details. These cxperts
were: Dr. Emory Fortin of the Physics Department of the University of Ottawa, who was Kind enough
introduce me to the subject field;” Dr. Doug Beckett, a laser specialist with the Advanced Optical
Devices group of BNR, who was especially helpful in verifying information and helping with
decisions on to include in the ITDs; and Dr. Claude Rolland, also a laser specialist with the of BNR
Advanced Optical Devices group, who verified the final, natural language ITDs.

It should be remembered that the research framework is knowledge-based, which means that

7 Dr. Fortin went away for an extended period of time during the test, and was thus consulted only for the fisst part,
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the ITD is not the only conceptual information presented to the user. If there are technical terms in
the ITDs (e.g for characteristic names or the name of the generic concept), these terms are explained
elsewhere in the TKB via characteristic descriptions ot the characteristics of the generic concept. The
ITD is a pointer to other components of a conceptually rich, well-structured TKB that includes
concept relations and attributes, and their individual facets. Thus, while the ITD is an important aid fo

the user's understanding of the subject ficld, it is also part of a much greater whole.

7.0.1 The Focus of the Test

Because of the scope of the subject field, 1 have focused on 16 concepts, most of which are
solid-state lasers. Records (including 1TDs) for these concepts are provided in Appendix B. While
most of the information is in English, French equivalents are included where possible.

I looked at several levels of the laser hierarchy during this test in order to see whether the
difference in hicrarchical levels produced different definition problems. 1 describe the application of
the proposed approach for only three levels, namely:

Level 1: laser. In order to understand the subject field, I had to understand the topmost
concept. Although laser is compared to its co~concepts during this test, they are understood to be
excluded from the concept system being explored.

Level 2: solid-state laser, liquid laser, and gas laser (specific concepts of laser).

Level 6: Nd:YAG laser, Nd:YLF laser, Nd:Cr-GSGG laser, and Nd:glass laser (specific

concepts of neodymium laser).

7.0.2 What is a Laser?
A brief introduction to lasers is necessary before the test can be examined. Although laser is

commonly knowr: ‘o be an acronym for "light amplification by stimulated emission of radiation"
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[LAURSG:5),” a laser (Figure 42) is in fact:

A device that produces a monochromatic, coherent beam of electromagnetic
radiation.”

Excitation Device
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. ;‘-.'.:-J'[-':'{xn-. N RN A

Vi LR 'tActIva Medium P N '
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Mirror Mirror
___J
——
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Figure 42. Schematic diagram of a laser [adapted from LAURBG:4].

How this ITD was constructed is explained in the next section. First, however, is an explanation of
how a laser works. As shown in Figure 42, a laser has three main components:

(a) the excitation device, acting as the source of energy;

(b) the active medium, the substance that creates and amplifies the laser light;

(c) the optical cavity, the space containing the active medium, bounded at cither ¢nd by a
mirror.

The excitation device provides energy in the form of photons. Photons can be thought of as
packets of waves, in this case, waves of energy. When the active medium absorbs these incoming
photons, its atoms become excited and produce stimulated emission. Stimulated emission results from

a special process by which a photon emitted from an atom comes into contact with another siuiilar

 In order 1o maintain consistency, the documentation codes found in the laser TKB are used here, These reference cedes
are found in the Bibliographic Reference section of this thesis before their respective references.

7 This definition resulted from the proposed approach.
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atom in an cxcited state, and then causes (stimulates) another photon identical to itself to be emitted.
The two mirrors within the laser reflect the emitted photons back into the active medium so that they
can cause more stimulated cmissions. Some photons are allowed to escape through the partially
reflecting mirror, however, It is these escaped photons which form the laser beam.

The first laser, demonstrated in 1960 by Dr. Theodore H. Maiman, was a solid-state ruby
laser [LAURBG:17] with an active medium of synthetic ruby crystal. Within three years, gas lasers
and liquid lasers had been developed. These three main types effectively provided the groundwork
for the development of all other lasers. The subject field of lasers continues to evolve today, with
scorcs of different types of laser commercially available and still more new ones under development
in rescarch labs. As PA91:603 notes about the subficld being explored here:

The physics and engineering of solid-state lasers is both a mature field and an arca

burgeoning with new activity. While there are many concepts and laser designs that

have been established, each year continues to bring remarkable discoveries that open

new avenues of research.

The concepts that were analyzed for the test all belong to one of the more "mature” areas of the

subficld: they are well documented and their attributes and relations are firmly established.

71 FOLLOWING THE PROPOSED APPROACH

The description of the test follows the same format as the description of the approach itself
(cf. chapter 6, Table 9). It is divided into the same five parts, with the individual steps described
within each part. Because of the iterative” nature of this work, there are times when the same step is
repeated for different sets of concepts. This is reflected in the parenthetical information in the section

titles.

™ lterative here means "repetitive within a confined number of steps.” Although the approach is composed of five main parts,
it is likely that the user will have to go back and repeat a given part for different sets of concepts and then continue through with
the approach.
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7.1.1 Part I: Carrying Out Preparatory Work (All Concepts)

The introductory corpus consisted of two fairly general books on lasers (TF87 and LAURSG)
which offered a good introduction to the subject field and the theory behind it. The initial challenge
was to understand exactly what made the laser different from its co-concepts. This required a great
deal of reading and note-taking, and resulted in my recording the following information.

According to the documentation, a laser is considered a kind of (a) device and (b) source of
electromagnetic radiation (SER™). The first genus, device, scems to arisc from an ontological
framework, as was discussed in chapter 4 (section 4.2.1). In that framework, a concept system can be
divided according to general catcgories such as equipment, function, and process. The second genus,
SER, arises from a subject-field framework. Taken together, these genuses imply that a laser is a
kind of manufactured SER (as opposed to a natural SER). From the documentation, 1 created a
graph to show the two categories of SER and their specific concepts (Figure 43).

From this perspective, then, some® of the co—concepts of laser arc maser (a predecessor of
the laser that produces microwaves), x-ray machine, electric lightbulb, fluorescent tub.e, and
candle. All of these devices emit one or more kinds of electromagnetic radiation (ER). In fact, it is
nature of the ER emitted by the laser that distinguishes it from other manufactured SERs. To
understand the laser and its co—-concepts, then, it is essential to understand electromagnetic radiation.

Electromagnetic radiation travels in waves; thus, the various kinds of ER are distinguished
from each other by their different wavelengths. As Figure 44 shows, a wavclength is the distance
between two wave peaks (or two wave troughs). Figure 45 shows the diffcrent types of ER: radio
waves, microwaves, infra-red, visible light (further divided into red, orange, yellow, green, blue,

indigo, and violet light), ultra-violet, x-rays, and gamma rays. This range of radiation is known as

™ This acronym was created for simplicity. The acronym ER is often used for clectromagnetic radiation.

® For reasons of time, I chose to focus on cnly a few devices that produce ER.
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Figure 43. Graph of source of electromagnetic radiation (SER),
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. . Figure 44. The parls of a wave [LAURS6:24],
typically the nanometre (nm), with

lasers producing output from the microwave region to the x—ray region.

Electromagnetic radiation is also often described as a stream of particles, called photons, where
each photon can be thought of as a small packet of waves [TF87:5].

Every SER, including lasers, produces electromagnetic radiation. However, according to the
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literature, the output of a laser

;i;t:lel differs from the output of other
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] coherence, divergence, and
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Figure 45. Different kinds of electromagnetic radiation (ER) from
longest to shortest [ASIMGVSQ:16).

Chromaticity

Chromaticity describes whether the ER emitted from the device is composed of one or morc
wavelengths. A laser beam is monochromatic, which means that all the waves in a lascr beam are
exactly the same wavelength (and thus the same "colour"). There arc lasers which produce red light,
for example, while others produce green light. All other SERs produce output which is
polychromatic. For example, the light given off by an electric lightbulb contains all the wavclengths

of visible light (appearing to the human eye as white light).

Coherence

Coherence is the relative organization of the ER waves in the output beam; as seen in
Figure 46, the waves can be cither incoherent (out of step) or coherent (in step). It helps to think of
waves as marching soldiers: incoherent soldiers all march out of step and move incffectively as a
whole, while coherent ones march in step and thus move more cffectively. Prior to the invention of

the laser, all sources of ER were incoherent, which meant that the waves were never in step.
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Divergence

Divergence describes how the beam
of ER sprcads out as it travels. Because the
ER produced by lasers is monochromatic

and coherent, the beam tends to remain very

\ . incoherent ER
narrow as it travels over long distances.

Power

All of the above three characteristics

can cause the laser's output io be very

powerful: because the output of a laser is cohorent ER

monochromatic (all the waves have the same  Figure 46, Incoherent ER and coherent ER
[ASIMOV90:28).

wavelength) and coherent (all the waves are

in step), and thus of low divergence (spreading out very little over long distances), it can produce high

concentrations of energy on very small areas. No other manufactured SER is capable of this, as

LAURS6:8 notes:

Until the invention of the laser, there was no way known to science to generate light

with these characteristics. This is why the invention of the laser was such an

important advance for science and mankind.

By this time, 1 had read enough preliminary material to understand what a laser was and what
differentiated it from its co—concepts. [ felt confident enough to sketch out a general concept system
for the subject field of lasers (using information from TF87 and LAUR86) and enter it into CODE
(Figure 47).

Being aware of clues in the documentation helped me with this process. For example, TF87

devoted a chapter each to solid-state lasers, gas lasers, and dye Jasers (the only type of liquid laser
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Figure 47. Initial sketch of the laser concept system.

discussed in the literaturc), plus a fourth to "other lasers." Naturally, the three main kinds of laser

appeared on my graph, forming some of the concept "clusters" seen in Figure 47. Since the
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documentation implicd that the "other lasers" were as important as the three main Kinds, they too were

given "cluster” status.

1 was also keeping track of potential characteristics, recording those which appeared to

motivate the subclassification of the subject ficld. During my preliminary reading, 1 found that lasers

were frequently discussed in terms of what the authors explicitly termed their “properties™ and

"chatlacteristics.” For example, LAURBG:6 included a section titled "Special properties of laser light."

While at first this made the task of recording characteristics seem almost too simple, it soon became

clear that there was an overwhelming number of characteristics, giving me an overwhelming urge to

record them all. 1 later discovered that this enthusiasm for recording characteristics could work

against me.

Because of all the work done to
understand the laser and its co-concepts, 1
had alrcady crcated a draft template for
laser based on the gathcred information. It
made more sense for me to record the
information as I did my preliminary research
than to wait for the expert to review the
SER graph. Thus, by the time I had my
first interview with the first expert, Dr.
Fortin, I had created a sketch of a small,
representative concept system of different
SERs (Figure 43), along with a larger graph
of the laser concept system (Figure 47). 1

also showed him a draft template for laser
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&| Characteristic |
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- Attribute:
- Davice Attribute:
-coat: Trom $10 o $200 milion
= efficiency: 0.01% = 30%+
Output Beam Attribute:
-wavelength: 100 nm - 100,000 nm fx-ray lo microwave)
=mock: one or bolh of: putsed, continuous wave (CY)
-« tunabiifty; one of: tunabie, not tundabie
- pawer: from fraclions of miliwalls to megawaits
- divergence: small {~ 1 milracian)
- chromaticity: manochromatic
-coherence: cobwrent
- banchwidth: narTow
~ Relation:
- Associative relation:
- product: ouiput beam
- applications: ane or more of: medicine {surgery ), spectroacopy (the b
- Partithve refation:
- active medium; one of: gas, lquid, solid
- excitation source: one of: electrical, chemical, uchear, optical (fash |
~Qptical resonatar; one or more of: plane-paralsl, confoeN, hemi
- Function: to produce A strong, coberent, monochromatic (L.e. of one spec!

A
-

Figure 48. Characteristics template for laser.
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(Figure 48) and its co-concepts,” as well as a list of characteristics gathered for the three main Kinds
of laser (solid-state laser, gas laser, and liquid laser). I presented thesc to him in paper form, as he
was unable to view my work online at the time.

The graphs, as noted in previous chapters, proved helpful in showing Dr. Fortin the work done
to that point. The CCMs helped me present the information I had gathered about Kinds of
manufactured SER and kinds of laser. It also helped us pinpoint those characteristics which were
most important to understanding the various levels of concepts. My notes ensured that I was able to
converse with the expert in an intelligent manner, and, I believe, helped me convince him that I was
taking the matter seriously and did not intend for him to do all the work. (1 had had some initial
difficulty convincing Dr. Fortin to act as myy expert, perhaps because of my non-scientific background,
and I believe I won him over at this point.)

The main points that resulted from this initial interview were the following:

— the principal characteristics that differentiate the laser from other manufactured SERs are
coherence, chromaticity, divergence, and power

— Dr. Fortin suggested 1 add the concept unmodulated radio emitter to the graph (to
represent a device that emits radio waves)

— the main compnnent;; of a laser are the active medium, the excitation device, and the
optical resonator, these could also be considered the most important characteristics for kinds of laser

— there are many ways of classifying the laser subject field; a true graphic representation
would result in "a lot of criss—crossing" [FORTIN93] between the concepts (i.c. it would be

multidimensional)

# Although only the template for laser is shown, the initial template for the co-concepts of laser will look the same.

8 It should be noted at this point that the ideal situation, with the expent by my side at the computer, never materialized
during this test: 1 was forced by circumstances tv always present my information in paper form to the expens. On the onc hand,
I am not sure that the process would have gone much faster if I had done jt "live.” On the other hand, it would have been more
interesting for the expert to have been able to browse through the TKB rather than look at the information on paper.
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8 it should be based on the active

—= if we had to restrict ourselves to one dimension.
medium, as this is the most common way of classifying the subject field; thus the main divisions were
restricted to solid~state laser, liquid laser, and gas laser, with the other concepts placed under those
three

— I would concentrate on solid-state lasers, as this was Dr. Fortin's area of expertise; he was
also able to recommend another expert who specialized in this subfield

After annotating the various characteristics and concepts according to the expert's comments, |
selected the principal documentation, including a range of books and journals on lasers (some
specifically dealing with solid-state lasers, but others more general, for the co-concepts of solid-
state laser) and an encyclopedia of lasers. The bibliographic information was entered in CODE and
the reference codes selected (these are found in the Bibliographic References of this thesis).

The final step of this first part was to read the subfield documentation and establish a
preliminary concept system for the subfield. The results of this work can be seen in Figure 49. The
first mecting with Dr. Fortin helped clarify some of the generic-specific relations (e.g. the three main
kinds of laser, and several main kinds of solid-state laser). This was annotated in the background
information of the appropriatc concepts.

At this stage, I realized that, in order to fully understand the research 1 was going to do on

solid-state lasers, it would be better to define the concept of laser as soon as possible. Thus, I set

% This strategy of adhering to one dimension brings up several issues: (1) The terminologist must strive to be faithful to
her sclected dimension. Although she may be taking a unidimensional approach (dividing each subhierarchy according to only
onc characteristic), she must keep in mind that different authors may work within different dimensions, or that they may take
a multidimensicnal approach. (2) Restricting the subject ficld to one dimension may mean that certain concepts are not
represented.  For example, some lasers are differentiated from others not by the active medium but by the excivation source.
Chemical lasers are defined thus: "The term chemical laser refers not to the state of the [active] medijum, but to the method of
creating a population inversion [exciting the atoms]. Although the chemical can be in the solid, liguid or gaseous state, most
chemical lasers use gases as the [active] medium..." [OSHEA77:142). It is possible that, within the dimension of active medium,
some chemical lasers may not be represented.
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aside the solid-state laser rescarch and moved ahead in the work on laser.

7.1.2 Part II: Establishing the Characteristics Template (Kinds of Manufactured ER)
Since the template for laser had already been created and verified with Dr. Fortin, 1 could

begin scanning.

7.1.3 Part III: Carrying Out Primary Knowledge Acquisition and Revision (Kinds of
Manufactured ER)

Since so much work had gone into the preliminary research, there was little scanning to do for

laser and its co—concepts.

7.1.4 Part IV: Constructing the Draft ITD (Laser)
I had created the template by exploring only the characteristics that appear to distinguish a
laser from its co-concepts. Upon closer inspection of the literature, however, two of the

differentiating characteristics (shown in the CCM in Figure 50) appeared typical:

[8] Matrix of laser and coomiinates REEEEERNGUEOODIIDINOEOOUREEDDDRRNDDIIIRAN -
o steved SER: (3)
O xser Cicandle T electric hoht buba Tl x—ray machine  [Junmockiated radi] fluorescent tube [T maser
Sohwrent Inechecent Jpsoherent Jeoherent Jreoherent jnooherent Froherent
|C]conerence
Jnonothromatic | polehromatic polvehromatic | polychromatic | polchromatic | polychromatic | polychromatic
JE chromaticity
low, bn bian wan b Lign D
F[’ldveromce
2kn Low v by kv low kv
[l pawer density

Figure 50, CCM of kinds of manufactured SER with differentiating characleristics showing.

(1) power:high is typical because not all lasers are in fact powerful. Although there are lasers

which can produce very powerful beams (more than 2 million watts), there are also lasers which have

156



Chapter 7. Testing the Approach: Lasers

quite feeble beams, such as those used to read supermarket bar codes. "Their power is less than a
thousandth of a watt, thousands of times weaker than the smallest nightlight" [ASIMOV90:47].

(2) divergence:low is also typical, since there arc lasers, such as the semiconductor lasers
found in CD players and CD-ROM drives, whose beams actually do sprcad out quite a bit over
distance. (This is not a problem in CD players and CD-ROM drives because their laser beams cover
very small distances and thus do not get a chance to spread out much.) While lasers can be
concentrated and made to come to a very fine point (because they are coherent), they do not all
naturally have the characteristic divergence:low.

Thus, power:high and divergence:low were masked out, with the resulting CCM shown in

Figure 51.

[EIMatmtof 0 C
Fmanofacivred 3ER: (s)

[ laser Dicandle T electele light bublC x-roy machine  [unmodulated radd uoreacent fube Clmaser
Soherent Inecherent intoherent preoherent l frecherent {ncoherant Jeahasent
[Clcohersrce
fronachromatie | polchromatic powehromatic polychramatic powerromatic polychromatic potyehrematic
Ctehromaticity

Figure 51, CCM for kinds of manufactured SER with n+s characteristics showing.

Feeling fairly confident of my knowledge at this point, I decided to select the n+s
characteristics and then have the expert review the draft ITD (using the "tout le défini" questions as

guides). From what I had learned, I felt that coherence:coherent and chromaticity:monochromatic
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were both n+s characteristics.  As ASIMOVO9(:38 noted when comparing lasers with masers, "A
maser® produces a coherent monochromatic beam of microwaves; a laser produces a coherent
monochromatic beam of light "
Thus, I constructed the draft ITD for laser from the CCM in Figure 51, which was:
A manufactured source of electromagnetic radiation which produces a monochromatic,
coherent bean.
7.1.5 Part V: Testing the Draft ITD (Laser)
Since 1 wanted to verify that the characteristics in my ITD were both necessary and sufficient,

I tested it out with the second expert (Dr. Beckett) by asking the first "tout le défini" question:

Arc all concepts which have the generic concept (B) and the set of characteristics (C) denoted
by the term (A)?

or, in other words:

Arc all manufactured SERs that produce a monochromatic, coherent beam called
laser?

The answer was yes. In other words, the expert could not imagine any manufactured SER that had
all the characteristics in the ITD that would not be called a laser.

For the sake of argument, some points that could have been considered when combining the
n+s characteristics are presented below:

— If 1 had included power:high with the other two n+s characteristics, the ITD would have
excluded some kinds of semiconductor laser which have weak beams. Thus, the ITD would have

been too narrow.

™ This question of masers was troubling at first, since masers and lasers are often represented in the literature as co-
concepts. Dr, Beckett explained that a maser was in fact a kind of laser. The maser (acronym for Microwave Amplification
by Stimulated Emission of Radiation) was invented in 1953 by Dr. Charles H., Townes—before the laser. The optical maser
followed in 1960 and quickly became known as the laser. Once this became clear, I modified my SER graph so that maser
became a speciiic concept of laser.

* Although the output of a laser is sometimes referred to as "light” in the more general literature, the comect term is
"electromagnetic radiation.”
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— If I had included the characteristic divergence:iow, the ITD would have excluded
semiconductor lasers, which have fairly a high divergence, according to Dr. Beckett, Thus, the ITD
would have been too narrow.

While writing the final, natural language ITD, I decided that the genus manufactured SER
seemed rather artificial. 1 chose to use device as the genus and imply that a laser was a "source of
ER" by specifying the type of beam it produced (many defining contexts in the litcrature had done
this; cf. Appendix B, laser, Linguistic Information). With thesc modifications, the final natural

language ITD for laser was

A device that produces a monochromatic, coherent beam of electromagnetic radiation.

7.1.6 Part II: Establishing the Characteristics Template (Kinds of Laser)

It was now time to create a template for the second level of laser concepts (gas laser, liquid
laser, and solid-state laser). Unfortunately, it was at this point that my enthusiasm for collecting
characteristics got the better of me. The draft template included the three main characteristics noted
by Dr. Fortin and me, along with others that had often appeared in the documentation:

— active medium (with its components, host material and active species)

— excitation source

— optical resonator

— commercial value

— wavelength

— mode

— applications

The set of characteristics which differentiated the output of lasers from that of other
manufactured SERs (coherence, chromaticity, divergence, and power) was also included, since they

had been inherited from laser.

159



Chapter 7. Testing the Approach: Lasers

In retrospect, the initial three characteristics that Dr. Fortin and I had agreed upon during our

first meeting would have been sufficient for a "kinds of laser” template. While many of the

characteristics above were often mentioned in the documentation, in retrospect, [ should have been

more sclective in the characteristics included in the template. 1 should have also masked out the four

laser output characteristics at this point. They had fulfilled their purpose in distinguishing lasers from

other kinds of manufactured SER and would not be needed for future knowledge acquisition.

During the second meeting with Dr. Fortin, he verified the state of the solid-state laser graph,

at which point (on reflection) we got a bit off track. Forgetting our focus on active medium as the

main "classification” characteristic, we started discussing tunable lasers.” Dr. Fortin suggested that

I include tunable solid-state lasers along with
doped-insulator lasers and semiconductor
diode lasers. Although I would still concentrate
on neodymium lasers, this new development led
to the characteristic funability being added to the
alrcady overburdened characteristics template,
Dr. Fortin also suggested commercial value as an
interesting characteristic.

Since Dr. Fortin agreed to the overall
content of the template and the general outlay of
the graph, 1 recorded his code (FORTING3) in the
appropriatc EXPERT facets. The resulting
template and graph are shown in Figure 52 and

Figure 53.

Characteristics template

v al 11,12

= o]

- Characteristic:
= Aftribute:
- Device Atlribule:
-commercial value: from $10 to $200 midlion
~ Qutput Baam Attribute:
~wavalsngth: [<-ray to microwave)

-tunahility: one of. tunable, not tunable
=chromatlcity: monochromatic
=coherance: coharent
- divergence; low
~power; high

- Relatlon:

- Associallva relation:

- prodluct: oulput beam

= Parlitive rafation:
- astive madium: ona of: gas, liguld, solld

-mede; one or both of; pulsed, continuous wave (CW)

-zpplicationy: one or mare of: medicine (surgery), spectr

-extitation source; one of: ekectrical, chemical, nuclear, o
- optical resonator; one or more of: plane-parallel, confo

+Engl_+delg|

hd

Figure 52. Template for kinds of laser.

% A tunable laser can produce beams over a number of wavelengths. Except for gas lasers and some solid-state Iasers,

most lasers can produce a beam of only one wavelength,
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In retrospect, 1did not fulfil my job as a "quality (or quantity) control” manager. I should
have kept in mind that we had agreed on a particular dimension (which would have stopped funability
from becoming an issuc), and I should have been more critical of the rather large number of

characteristics in my template,

7.1.7 Part III: Carrying out Primary Knowledge Acquisition and Revision (Kinds of Laser
and Kinds of Neodymium Laser)

With my template and preliminary concept system in place, 1 was ready to begin scanning.
Although I generally scanned using a top-down approach, I often found it more practical to record
information whenever it was found in the documentation, regardless of the level I was working on, in

order not to "lose" information.

Modifying the template

Since I was working at a variety of hierarchical levels, I knew it was possible that the initial
template would have to be modified as I moved through the hierarchy. However, rather than the
template changing, it was the focus of the template that changed. Initially it was active medium which
appearcd to be the most important characteristic (at the second and third levels). At the fourth and
fifth levels (kinds of doped-insulator laser and kinds of rare earth ion laser), it was active species,
a component of active medium, which became the most important characteristic. At the sixth level
(kinds of needymium laser), it was host material, also a component of active medium, which
appearcd to distinguish the different kinds of neodymium laser. Thus, although the template did not

have to be changed during scanning, my perception of which characteristics were important did.

Looking for clues
Knowing that I should look for "clues” in the documentation and annotating characteristics
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helped me with my scanning: key sentences, chapter and scction titles, and tables of propertics (which
were quite common in the laser literaturc) would jump out from the page. Some cxamples:

1) HECHT92:91 efficiently provides what he feels to be the two most important
characteristics: "There are many potential criteria for classifying lasers, but the two most uscful oncs
are the fype of active medium and the way in which it is excited [my emphasis)."

2) TF87:30 includes a rather extensive table called "Lascr propertics and applications," which
divides 15 different kinds of laser into the three main kinds (solid, liquid, and gas), and provides five
different properties for each (wavelength, excitation source, pulsed or cw [mode], power, and
application).

3) LUPA92:140 provides an overview of the entire concept system, noting:

Laser types can be categorized in a number of ways. In gencral, there are gas, liguid,

and solid lasers. Subclassification of neutral gas, ion, metal vapor and molecular

lasers exist in the category of gas lasers. The only liquid laser discussed here is the

dye laser. Solid lasers may be crystalline, amorphous (at least in the case of the

Nd-glass laser), or even a semiconductor.

Sometimes, however, the clues were less easy to spot, because the authors did not always spell
out the important details. For example, there were some nagging blanks in the TKB's gencric-specific
relations, even towards the end of scanning. This was especially true with the ruby laser: cveryone
referred to it as a kind of selid-state Iaser, but ignored the fact that there may be other concepts
between the ruby laser and the solid-state laser. Since I had ascertained that the two main kinds of
solid-state Iaser were doped-insulator laser and semiconductor laser, I at least knew that the ruby
laser was a kind of doped-insulator laser (since it is not made of scmiconductor material). But the
two main kinds of doped-insulator laser were rare earth ion laser and transition metal laser. Was
ruby laser one of these? Or was it off by itself with no co—concepts (something I instinctively found

bhard to belicve)?

Most authors were unhelpful in describing the exact genus of the ruby laser:
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1) PA91:603: “This first system was a solid-state laser; a ruby crystal served as the active
clement and it was pumped with a flash lamp."

2) MESS90:81: "The first laser invented ~ ruby — is also solid state."

3) SILF91:221: places ruby within a section called "Solid-state lasers" with the subsections
titled 1. Neodymium Lasers, 2. Ruby Laser, and 3. Color Center Lasers, implying that these three are
co-concepts (which I knew from my research to be untrue).

I finally found the answer when I had all but finished scanning:

4) HECHT92:96 implies that the ruby laser is a kind of selid-state laser in a general section
on solid-state lasers. Unfortunately, in a chapter devoted to the ruby laser, he does not say what
kind it is. He does, however, mention that "ruby laser rods (i.e. the active medium) are grown from
sapphire (Al,0,) doped with about 0.01 to 0.5 percent chromium from a synthetic ruby crystal, colored
red or pink with about 10" chromium atoms per cubic centimetre" [HECHT92:419]. He also provides
a small graph titled "Energy levels of Cr'* [my emphasis] in ruby, showing pump and laser
transitions" [HECHT92:420].

It was only from this series of clues, culminating in the graph title mentioning Cr*, combined
with the subficld rcpresentations of OSHEA77 (who calls "non-semiconductor solid-state lasers"
doped-insulator lasers), and PA91 (who divides solid-state lasers into rare earth ion lasers and
transition metal lasers), that I finally determined that the ruby laser was a kind of Cr** laser (see
Figure 54), itself a kind of transition metal laser. This in turn was a kind of doped-insulator laser,

which was a kind of solid-state laser.

Using the CCM
The CCM did not prove to be as useful during scanning as I thought it would be, primarily

because it cannot have a Conceptual Facets browser attached to it. Without attached facets, it was
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impractical to input information into the CCM, considering the emphasis being put on annotating the
information.

It was towards the end of scanning, during the information revision, that the CCM proved
valuable for carrying out quality control. It allowed me to quickly compare and standardize the form
and content of the characteristics of co-concepts and to see where more research was needed. It wiso
allowed me to present the information in a coherent manner to the cxpert, albeil without attached
facets.¥” However, the fact that I had been forced to monitor the information so closely via the facets
made me confident of its quality. Had I simply recorded the information without the facets acling as a
kind of "watchdog," 1 may have been less meticulous. Having to justify my decisions made me more
careful of how I arrived at those decisions.

When I was almost done scanning, I consulted Dr. Beckett about the state of my information.
Using printouts of the solid-state laser subgraph and the CCMs, 1 was able to quickly explain the
work done to that point. Dr. Beckett suggested a few changes to the subgraph, specifically the
removal of the tunable solid-state laser subfield, because it did not fit within my dimension of active
medium. 1f I had been dividing my subfield up according to tunability, or if 1 were including both
dimensions, then that particular subfield would have been appropriate. Dr. Beckett also verified the
recorded characteristics, making a few suggestions regarding characteristic values (e.g. removing
nuclear from the value of excitation source for laser and not specifying that the active medium of the
semiconductor diode laser is 2 semiconductor crystals, since it can in fact be one or more crystals).

The final graph for the solid-state laser subfield is found in Figure 54.

& While I could present the facets in a printout of the concept information, this meant switching back and forth between
two different documents, which made examining the facets rather difficult.
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At this stage, I had to finalize the modality of the various characteristics of the two levels
(kinds of laser and kinds of neodymium laser), which 1 planned to confirm with Dr. Beckett at our
next meeting. 1 put the CCM in differentiating mode, since, for definition construction, I was only
intercsted in those characteristics which differentiate co—concepts.

Kecping in mind the test for a necessary characteristic ("for a characteristic (C) to be necessary
to a concept (X), we must be able to say that 'X must have/be C'"), 1 found that the easiest way to
establish the potential modality of each characteristic was to ask myself the question: "Do ALL
instances of this concept have this characteristic?” Most of the time I could confidently answer the
question and enter a value of N(ECESSARY) for "yes" or T(YPICAL) for "no" in the characteristic's
MODALITY facet. When unsure of the answer, I recorded ?(UNDECIDED} and made a note to ask the
expert his opinion.

The answers to the modality questions for the second-level laser concepts (solid-state laser,
liquid laser, and gas laser), asked while consulting Figure 55, are found below.

A. Solid-state lasers

Necessary
1. active medium: all solid-state lasers have a solid active medium

Typical
L.  excitation source: all solid-state lasers have an electrical or optical excitation source, but only
one at a time
2. tunability: all solid-state lasers are either tunable or not
3. power: all solid-state lasers have a power within that range
4. wavelength: all solid—state lasers produce a wavelength within that range, but not with that
range

? (Undecided = Questions for expert)®
1. optical resonator:
Q: one or two documents say that some lasers don't have to have an optical resonator: which
lasers {of gas, liquid, solid) don't?
A: Gas. However, since a given solid-state Jaser has only one of these values at a time, it is
considered typical.

* The answers to these questions have been included at this point to avoid confusion.
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Matrix of stataments of soiikl-stats lasor and coordinates B

[3active medium

excitation source

Cunabilily

i optical resonalor

LI powar

Cwavelength

Hlasar: (s)
[isolid- stale laser S gas laser Ciliquid laser
suolid (pne ofimpurily-doped | gas liquid

insulaior, semivonductor}

Jbne of. electrical, oplical
(flash lamp, anoiher lasen

Jbne of: electrical, chemical,
optical (fash lamp, another
laser)

pptical (lash lamp, another
laser)

pone of: tunable, not tunable

one aof: lunable, nat tunable

Jbne or more of.
plane-parallei, confocal,
hemispherical (may be
slabie, unstable)

Jne or more of:
plane-parallel, confocal,
hemispherical (may be
stable, unstable), none

Jpne or more of.
plane-parallel, confocal,
hemispherical (may be
stahle, unstahle)

junable l

Jrom fractions of milliwatts to
1 lerawatt

Up 10 10 megawalis

Jrom fractions of milliwalts to
megawatts

Jx-ray to microwave|

Jx-ray to far infra-red]

S N

. )______
Figure 55. CCM for kinds of laser with differentiating characteristics showing.

Jgamma ray to infra-red]

2. host material:

Q: Host material has been deemed "typical" in some documents (i.c doesn't exist for
semiconductor lasers, nor for ion lasers such as argon laser and krypton laser). Is this
true?

A: Technically yes. This is where we realized that only doped-insulator lasers should really
have their active medium divided into two components (i.c. host material and active species),

thus these two characteristics had be removed from other kinds of laser and initiated at the
level of the doped-insulator laser.

3. active species:
Q: s active species then also typical? or does it equal the active medium if there is no host?
A: If there is no host, then active species and active medium can be considered the same thing
(see 2).
B. Gas laser
Necessary

1. active medium: all gas lasers have a solid active medium
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Typical
i. excitation source: all gas lasers have an cxcitation source, but it can be only one of those
values at a time
tunability: all gas lasers are cither tunable or not, but not both
optical resonator: not all gas lasers have an optical resonator
power: all gas lasers have a power within that range of power, but not with that range of
power
5. wavelength: all gas lasers have a wavelength within that range, but not with that range

el ol

C. Liquid laser

Necessary
1. active medium: all liquid lasers have a liquid active medium
2. excitation source: all liquid lasers have an optical excitation source
3. tunability: all liquid lasers are tunable

Typical
1. optical resonator: all liquid lasers have an optical resonator, but it can be only one of those
values at a time
2. power: all liquid lasers have a power within that range, but not with that range
3.  wavelength: all liquid lasers have a wavelength within that range, but not with that range

The answers to the modality questions for the sixth-level laser concepts (Nd:YAG laser, Nd:

YLF laser, Nd:glass laser, and Nd:Cr-GSGG laser), using the CCM in Figure 36, are found below.

D, Nd:YAG laser

Necessary
1.  host material: all NA:YAG lasers have yitrium aluminum garnet (YAG) as their host material
2. sensitizer: no N&:YAG lasers have any sensitizer in their active species

Typical

1. power: all Nd:YAG lasers have a power within that range, but not with that range
2. wavelength: not all Nd:YAG lasers produce beams with all three of those wavelengths

E. Nd:YLF laser

Necessary
1.  host material: all Nd:YLF lasers have yitrium lithium fluoride (YAG) as their host material
2. sensitizer: no Nd:YLF lasers have any sensitizer in their active species
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[e] Matrix of statemenis of Hd:¥AG lasar and coondinates 2§
»nendymium laser. (s)
CINd:VAG laser  [INd:Cr-GSGG laselINd:YLF laser I Nd:glass laser
Lrystal: yttdum crystal: Lrystal: yttrium Jlass (one
aluminum garnet gadolinlum lithium fluaride ofphosphate,
[Fhost materlal (part) | (vAG) scandium gallum | (vLF) slicate,
gamet nuorophosphate)
Jone Lra+ Jone Jions
rIsensiizer (part)
Jrom a few [rom fractions of | from fractions of | upto 1 lerawatt
milliwalls 1o milliwatts to 1 militwatts ta 1
[power saveral terawatt terawalt
megawatls
548 nm, 1084 nm, | 1061 nm, 1335 Jo47 nm, 1053 J 058 nm
1319 nm nm nm, 1313 nm
rIvwavelength
_____4__4 - |

Figure 56. CCM for kinds of neodymium laser with differentiating characteristics showing.

Typical

1. power: all Nd:YLF lasers have a power within that range, but not with that range
2. wavelength: not all Nd:YLF lasers produce beams of both those wavelengths

F. Nd:glass laser

Necessary

1. host material: all Nd:glass lasers have glass as their host material
2. sensitizer; no Nd:glass lasers have any sensitizer in their active species
3. wavelength: all Nd:glass lasers produce beams with that wavelength

Typical
1. power: all Nd:glass lasers have a power within that range, but not with that range

G. Nd:Cr-GSGG laser

Necessary

1. host material: all Nd:Cr-GSGG lasers have Cr—-GSGG as their host material
2. sensitizer: all Nd:Cr-GSGG lasers have Cr** acting as a sensitizer (to the active specics, Nd**)

Typical
1. power: not all Nd:Cr—GSGG lasers have a power within that range

170



Chapter 7. Testing the Approach: Lasers

2. wavelength: not all Nd:Cr-GSGG lasers produce both these wavelengths

1 was now ready to finalize the characteristics' modality with the expert; I would select the
potential n+s characteristics with his help at the same time. For the most part, the expert agreed with

my decisions, and quickly provided the few answers needed for the questions cited above.

718 Part IV: Constructing the Draft ITDs (Kinds of Laser and Kinds of Neodymium Laser}
With so few characteristics to compare, the process of constructing the draft ITDs took

relatively little time.

Kinds of laser

For the solid-state laser, gas laser, and liquid faser co—concepts, the CCM now showed only
active medium, excitation source, and tunability (since the latter two were necessary characteristics
for liquid laser). This is where art and subject-field expertise came into play. When I asked Dr.
Beckett if he felt that excitation source was essential to understanding any of the three concepts, he
said "absolutely not"* We also decided that tunability should be removed because we were not
working within that dimension. Thus, those two non-n+s characteristics were removed, leaving only
active medium. And there (shown in Figure 57), with the genus at the top of the CCM and the
differentia in the value panes, were the building blocks for the draft ITDs of solid-state laser, gas

laser, and liquid laser.

Kinds of neodymium laser

The process of selecting the n+s characteristics for the four kinds of neodymium laser was

¥ My own initial instinct had been to say "no” as well; the reason may be that there js still a selection of more than one
value, and thus it doesn't scem as though the characteristic is "ready" to be considered n+s.
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Matrx of statements of salid-state laser and coontdinates #

Hlaser: {3)

lisolid-state laser  [igas laser Cliquid laser
Solid (one bas Jiquid
ofimpurity-doped

Insulator,

semlcanductor)

1 active medium

Figure 57. C for kinds of laser with n+s characteristics swing.

similar to that used for the second level concepts, with one small difficulty. Again, with only
differentiating necessary characteristics showing, few characteristics were displayed on the CCM:  only
host material and sensitizer, in fact, as shown in Figure 58. Host material obviously differentiated
the four kinds of neodymium laser, and Dr. Beckett felt it should be included in the ITD of cach
concept. It was sensitizer which iniiially posed a problem, for while each concept esscntially has the
same active species (N&™*), the Nd:Cr-GSGG laser also has an element Cr** added to the Nd* to
improve its ability to produce stimulated emission. Initially I thought of including active species in
each ITD along with sensitizer (breaking all my carefully made rules); however, this would make the
ITDs of the four concepts redundant, since the ITD of their genus, neodymium laser, is A rare earth
ion laser whose active species is Nd**. To include active species in an ITD for Nd:YAG laser, for

example, would result in the following ITD:%

A [rare earth ion laser whose active species is Nd’*] whose host material is yttrium aluminum
garnet (YAG) and whose active species is Nd** with no sensitizer.

% The genus, neodymium laser, is replaced with its ITD in square brackets 1o better show the redundancy,
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[e] Malrix of Hd:YAG laser and coordinates &
F neodymium laser: (3)
CiNd:YAGlaser T3 Nd:Cr-GSGG ladli Nad:YLF laser T3 Neliglass faser

Lryatal: yitrium pryatal gamet Lryatal: yitrium [Dlass (one
aluminury garnat Hhium fuoricde of:phosphate,
(VAG) {YLF) silicate,
flucrophasphate}

[Tihost material (part)

Done Cr3+ Jone

[Zisenasitizer {part)

s
Figure 58. CCM for kinds of neodymium laser with n+s characteristics showing.

Not only would the ITD have been redundant, it would have described something that the
concept did not have (a sensitizer), which did not seem justified. Thus, 1 decided that while sensitizer
would be considered an n+s characteristic, it would only be included in the natural language ITD of

Nd:Cr-GSGG laser.

7.1.9 Part V: Testing the Draft ITDs (Kinds of Laser and Kinds of Neodymium Laser)

With such simple statements, asking the fout le défini questions seemed a little excessive, and I
did not subject the expert to this process for these two levels. It seemed acceptable to ask the question
"Would you feel comfortable using these ITDs to explain these concepts?" Dr. Beckett agreed that
cach of the three second—level ITDs defined the concepts perfcctly. He said that, while the sixth—level
ITDs made sense to him, he thought it would be a good idea to contact one more expert (whom he
recommciided) to verify their validity. [ decided to first write up the natural language 1TDs and then
consult Dr. Claude Rolland. Again, the subgraph and CCMs helped me explain the work that had

been done. I then presented him with a list of natural language I1TDs, found in Table 10.
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| CONCEPT

laser

gas laser

— - _

A device that produces a strong, highly parallel beam of light of a
specific wavelength.

A laser with a gascous active medium.

liquid laser

A laser with a liquid active medium.

solid-state laser A laser with a solid active medium. l

| semiconductor diode laser | A solid-state laser whose active medium is a semiconductor. I

transitior. metal ion laser

. "doped-insulator laser" A solid—state laser whose active medium is an impurity—doped I\
insulator,

A dupcd—msu]alor laser whose active species is a transition metal ion. l

erbium laser

rare earth ion laser A doped-insulator laser whose active species is a rare carth ion.

A rare earth ion laser whose aclive species is Er’* I

holmium laser

A rare earth ion laser whose active species is Ho™.

thulium laser

A rare carih ion laser whose active specics is Tm?.

neodymium laser A rare earth jon laser whosc active species is Nd™. I'
Nd:YAG laser A ncodymium laser whose host material is ytirium aluminum garnet
(YAG).

Nd:YLF laser

A neodymium laser whose host material is yitrium lithivm [luoride

(YLF).

Nd:Cr-GSGG laser

A neodymium laser whose host material is gadolinium scandium
gallium gamet (GSGG), with Cr** sensitizing the Nd*.

Nd:glass laser

Table 10. Draft {TDs (16 concepis).

Dr. Rolland authenticat

laser is shown in Figure 59.
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Chapter 8 ASSESSING THE RESULTS:
SOME CONCLUDING REMARKS

8.0 INTRODUCTION
This chapter provides an assessment of the results obtained from the test described in chapter
7, including issues that arose, changes and additions to the definition—oriented approach to concept

analysis, suggestions for improvements to CODE, and possible directions for future research.

8.1 ISSUES THAT AROSE FROM THE TEST
Two main issues arose from the test: the seeming complexity of it, and the fact that the
compound terms used to denote many of the concepts in the subject field were reflected in the final

ITD.

8.1.1 The Seeming Complexity of the Approach

When Dr. Beckett was helping me with my definition construction, he often gave the
impression of wondering why 1 was going to so much trouble to come up with such seemingly simple
ITDs. It is truc that this approach requires that the terminologist perform a fair amount of work, but
what is the alternative? As Table 11 shows (and as Table 4 and Table 7 showed in chapter 4),
working from contexts, the typical approach in TERMIUM 111, results in definitions that are often
incorsistent in genus (thercfore not providing the user with any indication of the concept system) and

inconsistent in differentia (therefore not showing the user how co-concepts differ).

177



Chapter 8. Assessing the Results: Some Concluding Remarks

(AIP-14*1964***13);

window at each end.

(LASTE*1974***606)

(LASRE*1984*20*01*08) suitable gas, vapor, or mixture

(3) A laser whose active material is gas in a
quartz or glass tube with a Brewster angle

solid-state laser (B)* gas laser (A) liquid laser (A)

—— —— —_—
lasers that use crystals as (1) an optical oscillator or amplifier cmploying as | A laser whose active
the active medium the active medium a gaseous discharge in a material is dissolved in

ransparent  cylindrieal
shell,

(2) a laser containing a gascous lasing medium in | (LASTE*1974***606)
a glass tube in which a constant flow of gas
replenishes the molecules depleted by the
electricity of chemicals used for excitation
(COLAS*1980***203)

Table 11. Definitions for types of lasers, extracted from TERMIUM IIL

The TERMIUM 1T definitions in Table 12 are fairly consistent in their genus; however, it is

interesting to note that even though these two definitions are both from the same source, they still

have inconsistent differentia. The Nd:YAG laser ITD includes information about the source of

excitation (both for Nd:YAG laser and Nd:glass laser) while thc Nd:glass laser ITD discusses

power, mode, and applications. On the other hand, the 1TDs constructed in chapter 7 () rcflect the
concept system consistently, allowing users to clearly see the reiations between the concepts, and (b)

present the differentia consistently, allowing users to see what differentiates co—concepts at cach level,

‘ Nd: YAG laser (B)

A solid—state laser of neodymium: ytrium-
aluminum-garnet, similar to the Nd: Glass laser,
Both are pumped by flashlamp.
(COLAS*1980***206)

T_Nd: glass laser (B)

—_—  — — —

(COLAS*1980***206)

A solid-state laser of ncodymium: glass offering
high power or short pulses, or both, for specific
industrial applications.

Table 12. Definitions for types of neodymium lasers, extracted from TERMIUM IIl.

a liquid contained in a

— ]

9t TERMIUM files can be one of three different types: A = single concept file (highest quality); B = main file (medjum

quality); C = working file (unconfirmed quality).
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8.1.2 Compound Terms Reflecting N+S Characteristics

It is interesting to note that the compound terms used to label the concepts in the laser subject
ficld tend to reflect the n+s characteristics used in the ITDs, Although this may appear to simplify
definition construction (i.e. simply use the term denoting the n+s characteristic in the 1TD), two points
must be made.

First, the compound term does not spell out the n+s characteristic perfectly, even in this
particular subject ficld where compound terms describe their concepts quite clearly. For example, you
cannot simply define a solid-state laser as a laser with a solid state. If the concept is to be
understood, the ITD must specify that it is the active medium which is solid, so that a solid~state
laser is a laser with a solid active medium. Similarly, a Nd:glass laser is not simply a laser made of
neodymium and glass; it is a neodymium laser whose host material is glass. By simply placing the
lexical components of the compound term into a ITD, the terminologist risks including the incorrect
genus (as was the case with the Nd:glass laser example) and misrepresenting the differentia (as”
occurrcd with the solid-state laser example).

The second point to be made is that, although I found a subject field in which the compound
terms somewhat reflect the n+s characteristics of the concepts they denote, not all compound terms
work this way. Some compounds obscure the meaning of the concept; Sager [1990:77] provides the
example of the term French drain. Transforming this compound term into a definition would result
in the rather unhelpful @ drain that is French. Perhaps French drains were originally differentiated
from their co-concepts this way, but it's unlikely that this definition would be used today. With a
compound term such as machine translation, the characteristic may lack precision: one cannot say
that machine translation is simply a kind of translation done by a machine. There are many different
machines in the world, but not all of them (e.g. washing machines, sewing machines) are qualified to

translate.
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Modifiers in compound terms cannot always be trusted to indicatc a concept's n+s

characteristic(s); I simply happened to be lucky with my chosen subject field (and cven then, did not

realize this until after all the work was completed and the ITDs constructed).

8.2 CHANGES AND ADDITIONS TO THE APPROACH

While the approach outlined in chapter 6 was successful as a whole, there arc some changes

and additions that could be made.

8.2.1 Changes to the Approach

The modifications to the approach are the following:

(1) In Part I (Carrying out Preparatory Work), the two steps (d) if subject field is large, focus
on one particular subfield (indicated by "concept cluster”) and (e) consult experts about i)
prelimfnary concept graph and (ii) possible documentation, should be combined. If it is feasible, the
terminologist should let the expert help her decide what subfield to start with. Whether the subficld is
chosen because it is the expert's area of specialization, or because the expert fecls it is fundamental to
understanding the rest of the subject field, the expert will likely influence the terminologist's decision.
For example, since I had no particular subfield preference, my expert (Dr. Fortin} suggested that I start
with solid-state lasers, since that was his area of expertise.

(2) In Part IH (Carrying Out Concentrated Knowledge Acquisition & Revision), the
terminologist should work on groups of co-concepts when revising the collected information and
having it verified by experts. As Landau [1984:252] points out, "The only way to avoid contradictory
definitions is to draw up entries for a group of related concepts as a group.”

This can be difficult at the start of a project, as the documentation does not always have the

concept system as clearly divided as the terminologist might like. For example, few documents
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provided a clcar idea of the concept system, and that concepts were grouped together according to no
particular pattern. PA91 was the one document that was very consistent; it provided me with a great
deal of insight into the various groups of co~concepts by the usc of, for example, clear section
headings. When a document docs not seem to present any sort of concept system, however, it may be
better to simply ignore the way it groups concepts in order to avoid confusion. If she is aware that a
concept is onc of several co~concepts, the terminologist is more likely to start noting which
characteristics differentiate the concepts, despite the documentation.

(3) In Part V (Testing the Draft ITD), the “tout Je défini" questions seemed rather excessive
for the three kinds of laser concepts and four kinds of neodymium laser concepts. They were useful,
however, for the concept of laser itself, when there was some doubt about whether power or
divergence should be considered n+s characteristics. Thus, while this step should remain in the
approach, I would note that it does not have to be applied when the information provided by
documents and experts is clear.

What the test showed, more than anything, is that a consistently applied approach worked at
all levels of the hierarchy. Although the solid-state laser subficld appears to get more complicated as
it gets more specific, it is really only a few necessary characteristics which dictate the division of each
level (and in the case of the various laser concepts, it was always the characteristic denoted within the
term). I also found that as I moved down through the hierarchy, I became more used to that ‘way of

working and the process got easier.

8.2.2 Additions to the Approach
What should be added to the approach is an introduction with important hints for the
terminologist. These include the following:

(1) Be sensitive to indications of the characteristics’ importance, 1If the documentation
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doesn't provide these indications (or if the terminologist suspects that the indications are

misleading®), the terminologist should consult the expert before entering large amounts of

information. It is important that the terminologist not let the technology "run away with her." While
CODE makes it fairly easy to record information about a concept, it is necessary to control the number
of characteristics recorded. Too much information is almost as bad as too little: it ends up
overwhelming the expert (who has to verify the information), the terminologist (who has to decide on
the characteristics' modality and create draft definitions), and the end-user, who will cventually have
to wade through it all.

Another crucial indication of importance, as this test clearly showed, is the indication of an
n+s characteristic in the term. Except for laser, all the concepts in this test had their n+s characteristic
somehow reflected in their term. This is worth noting for future applications of this approach,
especially in subject fields where concepts are labelled with compound terms.

(2) Be aware of your unidimensional rcstriction. Because multidimensionality is so
complicated, this approach instructs the terminologist to divide up the subject field according to the
most common dimension. However, the terminologist should be aware of two things. First, subject—
field experts are used to looking at the field from a multidimensional perspective (as 1 noted from my
experts' comments when they first saw the unidimensional graph). Second, by consulting a range of
documentation, the terminologist is going to be exposed to a variety of ways of dividing up the subject
field. Thus, she must ensure that the experts are aware of the unidimensional aspect of her approach
(and remind them from time to time, if necessary). She must also take care to keep this restriction in

mind herself when scanning documentation, While authors might not feel compelled to represent the

% One author (HECHT92), for example, felt that applications was very important, discussing it for every concept; I thus
added it to my list of characteristics. However, in retrospect, I should have paid more attention to the clues in the
documentation: HECHT92 was a guidebook about commercial lasers. For commercial purposes, applications would be very
important. For other purposes, such as simply deseribing the concept, jt would not,
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subject field according to one dimension, the terminologist must.

(3) Value your experts. The terminologist should keep in mind how important experts are fo
this process. An ITD can be described as the tip of an iceberg, showing only a small part of a large
amount of information. Only somcone who is familiar with every part of the iceberg knows how
much should be exposed to fresh air. Ten Pas (1991:78) notes that defining terms is

a task that cannot and should not be performed by the terminologist alone, but requires

the involvement of one or more other experts as well. It is the expert who guarantees

the correctness of the content, whereas the terminologist is responsible for the form of

the definition.

(4) Think of yourself as a "knowledge analyst.” Vallerga [1991:2] notes that

[1]e réle de I'analyste de la connaissance...consiste justement a établir le pont entre

I'expertise humaine, avec tout ce qu'elle implique de flou, d'insaisissable et

d'indéfinissable, et le données que l'on en veut obtenir et qui seront successivement

introduites dan le systéme a €laborer. L'analyste travaille donc d'une part en relation

avec l'expert, dont il observe et analyse le comportement et, d'autre part, en relation

avec l'application finale, souvent, ou presque toujours, par l'intermédiaire d'une

ordinateur, avec lequel il communique a travers des langages spécifiques plus ou

moins évolués,

As point (3) implies, it is the expert who provides the expert knowledge; however, the
terminologist must ensure that this knowledge is clearly presented in the TKB.” This means that she
must carcfully guide the expert through the recorded information, including the generic-specific
relations and characteristic names, values, and modalities, then elicit the necessary changes from the
expert. It is up to the terminologist to carry out quality control and ensure that the TKB presents the
subject-ficld information, including the ITDs, clearly and effectively.

(5) Remember that this approach is meant to be a guide, not a step~by-step recipe.

Definition construction is part science and part art. Hence, this approach is intended to guide the

terminologist, not force her to carry out all activities in a fixed order. It may be that some steps can

™ At one point, when I asked Dr. Beckett his opinion of the phrasing of a particular definition, he replied, "Well, it's just
English. I mean, that's your speciality, Isn't it? Unwittingly (and quite succinetly), he pointed out one of the most important
functions of the terminologist.
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be omitted for a particular project or that some can be combined. As this test showed, concept
analysis is an itcrative process, and many steps will likely have to be rcpeated throughout a project.

(6) Do not be put off by the seeming complexity of the approach. If rcaders arc given the
impression that this approach implies a great deal of work, part of this impression may be caused by
the fact that it has been described in great detail. It may scem like a lot of trouble to go to, but there
are times when such efforts are necessary. The terminologist who uses this approach will likely
construct ITDs that clearly represent the concept system and provide the user with an adequate
understanding of the concepts within that system.

The two main points to keep in mind are the following:

(1) Pa:t of the impression of quantity of work is an illusion. The technology helps that
terminologist carry out this approach quite quickly, in fact: changes are easy to do, updating between
various views is automatic, and the information can be presented in a varicty of ways. It is certainly
faster than working with pencil-and-paper, and the results are online and shareable. Finally, as 1
realized during the execution of this. test, the more you practice, the better and faster you become.

(2) Nevertheless, this approach does require some work and is based on a more éarcful,
explicit recording of conceptual characteristics than is done in a lot of terminology cnvironments.
Thus, it is suitable for those environments where such attention to detail is essential. For example:

— the creation of standards by national and international standards organizations.
Standardizing committees often spend hours in meetings, and take months, even ycars, to creatc
published standards.* An approach such as this one could make their job casier.

— the creation of in—house standards or technical definitions by companies. Many companies
have commercial products which require a high degree of standardization in the accompanying

documentation. For example, BNR, where I currently work, uses the same terminology across a large

* Ingrid Meyer, personal communication,
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number of software products. From my experience there, 1 can see that there is a need for
standardized terms and good definitions to help developers, technical writers, translators, and clients
communicate about the product with cach other and avoid what Skuce/Meyer [1990c:132] term the
"pass—my-confusion-onto—the-next-person" phenomenon.

It is difficult to say whether working this way really takes more time than the traditional do-
it-in—-my head or pencil-and-paper approaches: no one has ever "measured," for example, how long
it takes to do one term cntry and then correct the entry later because people have criticized its quality.

7) Take advantage of the technology, The terminologist should know what other
computerized tools can be used in conjunction with CODE to facilitate such an approach. These have

been summarized in Appendix C,

83 SUGGESTIONS FOR IMPROVEMENTS TO CODE
While CODE proved to be enormously helpful in carrying out this definition—oriented

approach to concept analysis, there are a few potential areas for improvement, outlined below.

83.1 Full Browser Functionality for the CCM

The CCM smust have the same functionality as the other browsers. Specifically:

(a) the CCM should be resizeable and removable when attached to another browser. At the
moment, for example, if a CCM is driven off a graphical browser (which is useful for showing a set of
co~concepts and their accompanying differentiating characteristics), the graph and the CCM take up an
equal amount of screen space (see Figure 60), and it is impossible to alter their size. Ideally, the
CCM should take up the majority of the space, since it presents the majority of the information. It

should also be possible to remove the CCM once it is created (leaving only the subgraph).
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Figure 61. Graphical browser and attached CCM (proposed).

(b) the CCM should be able to have hotkeys (two-key combinations used as shortcuts for

specific commands) set for it. This would make some tasks, such as moving characteristic names

around, much easier.
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(c) the CCM must be able to have facet browsers generated off it so that facets describing a
concept's characteristics can be viewed at the same time, This would be extremely helpful during
knowledge acquisition and verification; otherwise, the terminologist is forced to use the Conceptual
Info browser a great deal, because that is where the facets can be seen.

(d) the characteristics in the CCM should appear in a hierarchy, just as they do in the
Conceptual Info browser. It is difficult to tell what relation a given characteristic has with other
characteristics (c.g. active species and host were both parts of active medium, but it was not possible

to tell this in the CCM).

8.3.2 Hypertext Links Between the ITD and TKB browsers

It would be very useful to have hypertext links between concept names and characteristic
names in the 1TD and the other browsers in which they are displayed. This would facilitate browsing
between the ITD and the other information in the TKB, which is especially important given that the
ITD is supposed to act as a pointer to the rest of the information in the TKB. It would be helpful if
the user could simply click on a characteristic in the ITD, e.g. active medium for laser, and be shown
that characteristic in the Conceptual Info browser. The user could then look at the attached facets
which show, for example, the VALUE, CHARACTERISTIC DESCRIPTION, and REFERENCE of the active

medium.

833 Warning of Modified N+S Characteristics
It would also be quite useful to have some kind of link between the n+s characteristics in the
ITD and those in the Conceptual Info browser and the CCM, so that if a characteristic is modified in

one of these browsers, the terminologist is signalled to change the ITD as well.
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84 POSSIBLE DIRECTIONS FOR FUTURE RESEARCH
While this approach makes it much easier for the terminologist to create consistent ITDs in the
subject field on which it was tested, there are other areas of research that could be explored to sce how

the approach could be enhanced. These are discussed below.

8.4.1 Syntax of Definitions
The question of how to transform a set of n+s characteristics into a natural language definition

arose during the creation of the ITD for laser. The issue of syntax in definitions created in this way is

one that warrants more attention.

8.4.2 Multidimensionality
Multidimensionality cries out to be dealt with, Both Dr. Fortin and Dr. Beckett immediately
noticed the unidimensionality of the concept system that I showed to them, and took pains to explain
to me that, in reality, the neat lines connecting a given concept to only one generic concept should be
replaced by a network of criss-crossing lines. This would mean representing the true
multidimensionality of the field, something that was beyond the scope of my approach.® In the laser
subject field, however, it is important to realize that lasers are not described not only in terms of their
active medium (and its parts), but also in terms of
— tunability: tunable lasers can produce beams with a range of wavelengths, non-tunable
lasers produce beams with only one wavelength
— output mode: pulsed lasers produce bursts of ER, while continuous wave lasers producc one

continuous beam of ER

% To the best of my knowledge, no research has ever been done on integrating multidimensionality with the construction
of ITDs. Even a superficial familiarity with this problem makes it clear that is highly complex and would likely be too
difficult for an M.A. thesis. It could conceivably be the subject of a Ph.D. thesis, however,
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— source of excitation: c.g. chemical lasers are lasers whose excitation source is chemical
Ideally, all these dimensions should be represented in the concept system of a laser TKB and
somehow included in the ITDs. How to go about doing this would make an interesting, albeit

difficult, thesis on its own.

8.4.3 Characteristics

More research should be put into the nature of characteristics, especially the different Kinds
(atiributes and relations) and the different modalities (typical, necessary, n+s). It would be useful to
have some rules of thumb for recognizing characteristics that are less likely to be necessary (e.g.
characteristics with a range of values, such as wavelength for many of the top laser concepts, or

characteristics with more than one value, such as source of excitation for many concepts).

8.4.4 Definition Construction for Other Subject Fields

It would be interesting to see how this particular approach fares in other subject fields, such as
those within so—called "soft sciences." These subject fields would likely bring up different and more
complex problems: for example, n+s characteristics would probably not be denoted so neatly in

compound terms.

8.4.5 Construction of Other Types of Definition

This approach dealt only with the intensional terminological definition; however, there are
other types of definition which could be explored. For example, part—-whole relations are quite
common in terminology. It would be interesting to see if this approach could be adapted to

accommodaie partitive definitions.
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8.4.6 Multilingual Definition Construction

Working on a unilingual project brought up a host of interesting issues, and working with
more than one language would certainly create many more. For example, what does one do when the
conceptual structures do not match one-to~-one? They happened to match in the subject ficld under
study, perhaps because it is within the hard sciences where English predominates as the language of
communication. This is not the case in all subject fields, however (e.g. when the same technology

develops in parallel in two language groups, such as the military weapons developed during the Cold

War).

8.4.7 Guidelines for Solicitation of Expert Help

Experts are a terminologist's most important resource, and it is important that their knowledge
and time not be wasted. There is a need to develop an approach for "getting the most out of the
expert" which could advise the terminologist on how to go about sclecting experts, conducting

interviews, etc. This could make a very interesting thesis, especially if it were combined with another

specific approach such as the one developed here.

848 Concordancing Tools

Concordancing tools (e.g. TACT, WordCruncher) allow the terminologist to scan large corpora
of online information and produce contexts of specified terms. It would be worthwhile looking into
such a system for the scanning process (and even for the preliminary reading process, to verify
potentially important concepts or characteristics).” With a characteristics template, the terminologist

would find such a system especially helpful, as long as it was possible to find the appropriate

% Some preliminary work has already been done in this direction within the COGNITERM framework, ¢.g. Meyer/
Mackintosh in preparation, Meyer/McHaffie 1993.
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specialized information in electronic form.

8.5 CONCLUSION

The discussion in this chapter has shown that the proposed definition—oriented approach to
concept analysis works well (with some modifications) within a "hard science" subject field such as
lasers, which has a clear bierarchical structure and explicit characteristics describing its concepts.
CODE has proven to be a useful tool for carrying out computerized concept analysis with a large
degree of case and flexibility, allowing the terminologist to represent a clear, consistent concept
system,; record explicit, consistent characteristics; and create consistent intensional terminological
definitions that clearly reflect the system and characteristics.

Aristotle's remarks on the definition still hold true today: it is the easiest thing to criticize,
appearing so deceptively simple on the surface when well—constructed. Having analyzed ITDs as a

product, a process, and tool; developed an definition—oriented approach to concept analysis using

CODE,; and applied this approach to a practical situation, 1 now fully appreciate why people have been

studying definitions for over 2500 years and yet still not come to a consensus about what they are or

how to construct them.
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. CHARACTERISTIC COMPARISON MATRIX:"
Appendix A IDEAL VERSION

1. General

The Characteristic Comparison Matrix (CCM) can be opened for any concept selected on the
browser. It is a table, and would look a bit like a spreadsheet, as illustrated below:

CHARACTERISTIC COMPARISON MATRIX:
subconcepts of 'furniture for seating people'

—» 1-4 is standard, but some couches can seal up to 6
- —— e e ——
(living room
furniture)
furniture for
seating people
COUCH chair stool pouf bench
no. persons 1-4 is 1 1 1 1-4
standard
nave back yes yes no no yes or no
padded yes yes or no yes or no yes yes ot no ||
I
conversion sometimes nfa n/a n/a n/a
to bed
reclinable n/a sometimes n/a n/a n/a
swivels na sometimes sometimes /a /a
———e e =

couch is the concept that was selected in the browser (it should be capitalized

or somehow emphasized)

the user has said she wants to see only those co-concepts that are children of the parent furniture
for seating people; note that couch has another parent as well (living-room furniture), which is
in brackets above furniture for seating people (the co—concepts by this parent are ignored in the
display)

chair, stool, pouf, and bench are the co-concepts of couch (i.e. the concepts that share the same
super)

no, persons, have back, ctc. are the union of the characteristics of couch and its co-concepts
except for those characteristics that have identical bodies (for this reason, the characteristic solid:yes
is not here, since it has been inherited from above and is identical in all the co-concepts)

" The Characteristic Comparison Matrix (CCM) was initially called the Property Comparison View (with ‘property’ being
uscd as a synonym for 'characteristic').
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contents of cells (a cell is one clement of this matrix):

— if the characteristic exists and has a value, the value is entered in the cell (c.g. no. persons has
a value for all the co—concepts) — if the whole value does not fit in the cell, one can click on the
cell and see all of it at the arrow above (as in Excel)

— if the characteristic does not exist for the concept, the cell indicates n/a (for cxample, the
characteristic conversion to bed exists only for couch, and not for any of the co—concepts)

— if the characteristic exists, but has no value, the cell is left blank

— if the characteristic has been blocked for the concept, the cell should indicate BLOCKED (in
capital Ietters)

ideally, the view should be scrollable

What the program should do
find all the superconcepts [and dimensions] of the concept one is interested in

if there is more than one, ask the user which one she is interested in (this one is printed dircclly
above the concept name—the ones the user is not interested in are printed directly above that, but
in brackets, as on example)

find all the co—concepts for the concept one is interested in (the concept that is selected on the
browser). From this set, REMOVE:
—  any concepts whose names start with "related-to" or "other" (they are dummy concepts
that should be totally ignored in the CCM)
—  any concepts that are in a different dimension-relation to the super (for example, if your
concept is in a dimension2-relation to the selected super, climinate all concepts that are in
a dimensionl- or dimension3~relation — only retain the others that arc in a dimension2-
relation - see optical film example, below)

extract the union of all conceptual information characteristics of the concept and its co-concepts
(i.e. only the characteristics that belong to the category conceptual information - ignore all
characteristics in any other category)

from this union, eliminate all the characteristics which have identical bodies in the co-concepls

WARNING: if the concept has a characteristic, but the co-concepts DO NOT, you still want to
retain that characteristic (and mark n/a in the appropriate cells); similarly, if one or more of the
concept's co—concepts have a characteristic that the concept docs not, you still want to retain that
characteristic (and mark n/a in the appropriate cell)

NOTE:

The only characteristics that should not show up are the oncs where the bodies arc identical.

there should be an option available in the CCM that lets one view these identical characteristics if
one wishes. A scparate window should open up, entitled "Characteristics Identical in Co-
concepts." This window should list the characteristics and bodies in question, without mentioning
the concepts.
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Example:

3. A real example of what we want, taken from the optical storage TKB
NOTE: the concept-to-be-defined is optical film.

solid:yes
weight:a wejight

purpose:for sitting

Characteristics Identical in Co-concepts

location:inside a building

CHARACTERISTIC COMPARISON MATRIX

subconcepts of 'optical storage media'

— common, flexible photographic film

(read-only media)
optical storage
media

OFPTICAL FILM

optical tape

optical disc

]

optical card

content video images and | one or more of: one or more of: one or more of:
compressed audio | data, audio, data, audio, data, audio,
graphics, still graphics, still graphics, still
pictures and pictures and pictures and
motion video motion video motion video
encoding digital and/or digital and/or digital andfor digital
method analog analog analog
material common, ﬂexibie
photographic film
physical form | film tape disc card
“ storage up to 30,000 1 TB (12-inch from 2 MBs to
capacity frames in NTSC reel) 16 MBs (an
equivalent of
800 pp of text)
dimensions/ nfa n/a 35,4.72,525,8, | n/a
diameter 12, or 14 inches
dimensions/ na /a na size of a credit
area card

b —— % =
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optical film has 2 supers: optical storage media, and read-only media; herc the uscr has
indicated she is interested in the super optical storage media, so read-only media is in brackets

co-concepts by super optical storage media; optical tape, optical disc, digital paper, optical
card (dimension2)

NOTE: read-only media, WORM media, erasable media (dimensionl) arc ignored, sincc
optical film is in dimension2

co-concepts by super read—only media: optical tape, optical card-read only, ROM
disc

NOTE: optical-card read only and ROM disc are ignored, since the user has specified she
wants the co—concepts for the super optical storage media

4, Tim Lethbridge's work estimates for Ken Jisaka to do the Ideal Characteristic Browser

V2 (hrs) | Abbreviated version (hrs)
Newview
integration into existing 2 2
simple textual listing 1 1
cellular layout 8
cell selectable 4
scrolling if cell selectable | 3
identical props pop~up 3
API
basic algorithm 3 2
identical props 2
26 hrs 6 hrs
overhead 50% | 13 hrs 3 hrs
TOTALS | 39 hrs 9 hrs

5. QUESTIONS on Characteristic Comparison Matrix (to be thought about as it is used)
would it be helpful to have the superconcept included on the table?

- if a characteristic is introduced in the concept-to-be-defined, but does not exist anywhere clse, is
it at all relevant to definition construction? (example: conversion to a bed is introduced for a
couch, but does not exist for chair, stool, pouf, bench ~ it doesn't scem very relevant to the
definition, but perhaps in another concept, a similar phenomenon might be relevant - can we get
pertinent examples?)
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if this kind of characteristic is never important for the definition, then should the CCM not include
it at all?

» if a characteristic exists in onc or more co—concepts, but not in the concept-to-be—defined, is it
relevant for the definition? Example: reclines is introduced in chair, but nowhere else; swivels is
introduced in both stool and chair, but nowhere else. An extreme case of this phenomenon is
where the characteristic exists in all (or at least the majority of} co—concepts, but is blocked in the
concept-to-be-defined, for example, for pengnin — that it flies — in this case, the blocked
characteristic is very important

+ it seems as though the most critical characteristics are the ones that exist in all co-concepts, but
where the bodics are somewhat different in them - the BIG QUESTION is, from this group of
characteristics, how to decide which are the most important ones to put in the definition?

6. The following is a summary of all the inheritance possibilities that can be seen so far, and
how they appear on the Characteristic Comparison Matrix:

CASE 1t
characteristic and value inherits identically to all subconcepts — TOTALLY irrelevant for definition

- does not normally show on CCM unless one specifically asks for it

CASE 2:
characteristic inherits but values NOT the same in co~concepts - this is probably the most
important case for definitions, and shows on CCM

CASE 3;
characteristic introduced in concept-to-be-defined, but not in co—concepts (or at least, not in very
many of them) Example: conversion to bed, above - it doesn't seem terribly important, but we
need more examples to analyze (these characteristics are indicated on CCM)

CASE 4:
characteristic introduced in one or more co-concepts, but not in concept—to-be—defined. Example
reclines, swivels, above. Scems that this is not terribly important for definition, but we need more
examples (these characteristics are indicated on CCM)

CASE §:

characteristic blocked in concept~to-be-defined: indicated on CCM, and probably very important
for definitions
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i Appendix B I THE LASER TKB

The following is an output of the laser TKB. Figure 62 shows the concepts that were

examined in detail for the test of the definition—oriented approach to concept analysis.

CONCEPT NAME: LASER

Conceptual Information:

ITD: A device that produces a coherent, monochromatic beam of electromagnetic radiation.
commercial value: from $10 to $200 million

reference: LAUR86:102, TF87:18

comment: suggested by FORTIN93

modality: t

wavelength: [x-ray to microwave]
reference: LUPA92:90, LAURS86:6
comment: value should be in nanometres (nm) where documented
characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAURBG6:23)
modality: n

mode: one or both of: pulsed, continuous wave (CW)

reference: HECHT92:487

context: Table: Commercial Laser Types, Organized by Wavelength

expert: FORTIN93

reference: MESS90:34

context: Table: Characteristics of Nd-based lasers

comment: HECHT92:487 refers to this as "output type" (within Table: Commercial Laser Types,
Organized by Wavelengih)

characteristic description: Output characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.e. one pulse of
light cach time they are fired); they can emit trains of pulses, one short pulse after another; or they can
operate continuously: the terms ‘pulsed’ (also 'single pulse operation’) and 'continuous wave' (also
'continuous wave operation') are used to describe these conditions. (LAUR86:29)

modality: n

tunability: one of: tunable, not tunable
reference: TF87:16
context: description of dye lasers, and the advantage they have over other lasers

comment: FORTIN9S3 comments that most lasers are not tunable; the exceptions are dye lasers
and solid-state tunable lasers.

expert: FORTINS3
reference: TF87:16, KOE%1:66

comment: DULEY91:139 defines tunable as "having an output wavelength that can be adjusted
over a range of 1 nm or more."
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expert: FORTING3

characteristic description: Ability of lasers to change their wavelength over a wide range.
(TF87:16)

madality: n

chromaticity: monochromatic

reference: TF87:9

comment: no light source, the laser included, is capable of producing absolutely monochromatic
light (OSHEA77:12); LUPA92:91 explains that high monochromaticity means there is small
wavelength spread

characteristic description: Whether the beam is made up of one or more wavelengths;
monochromatic means onc wavelength, while polychromatic means more than one wavelength.

modality: n+s

coherence: coherent
reference: HECHT92:4
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are exactly in step with one another, i.e. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of
clectromagnetic radiation. (adapted from LAURS86:32, ZIL73:5)
modality: n+s

divergence: low

reference: OSHEA77:13

comment; OSHEA77 : 13 notes that this value is for a small laser; BECKETT93 says that some
lasers (c.g. semiconductor lasers ) have a fairly high divergence

expert: BECKETT93

characteristic description: The spreading out of a beam wtih distance, measured as an angle.
(adapted from HECHT86:347)

modality: t

power: from fractions of milliwatts to megawatts

reference: HECHT92:2

comment: Power is often found in ranges because the value depends on whether the laser is cw
or pulsed (i.e. whether the laser is in a long pulse, Q-switched or mode locked). (adapted from
TF87:30); mcasured in watts (W) (TF87:2)

expert: FORTING3

reference: TF87:2, LAURBG:6

context: Table : Laser Properties and Applications ( TF87 : 30 )

expert: FORTING3

characteristic description: The rate at which the light source radiates energy; measured in watts
(W). (TF87:2)

modality: t

product: output beam
characteristic description: The type of electromagnetic radiation emitted from the source, ie.
visible radiation, invisible radiation (gamma rays, x-rays, ultraviolet light, infrared radiation,
microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
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emitted.
modality: n

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms

and molecules by exciting them with light and observing how they absorb or reemit the light cnergy),
optical storage, industry (welding, drilling), electronics (trim, anncal and microsolder the microcircuits
in computers, televisions, radios, etc.), energy production (experimental: e.g. initiation of fusion
reactions), holography, optical communications technology, non-linear optics, research, military (c.g.
battlefield simulation systems, weapons), interferometry, etc.

reference: LAURB6:20,102

comment: literally thousands of laser applications have cvolved from scientific rescarch
(LAURS6:20)

madality: t

active medjum: one of: gas, liquid, solid
reference: FORTINS3
context: interview with expert
expert: FORTIN93
reference: HECHT86:341, TF87:10, PA91:603
context: glossary item, description, definition
comment: synonyms: lasing medium (LAURS86:3), laser medium (HECHT92:3)
expert: FORTINS3
characteristic description: The substance that originates and amplifies the laser light. Generally,

the name of the laser identifies the active medium. (adapted from LAUR8G:3, HECHT86:341-2)
modality: n

excitation source: one of: electrical, chemical, nuclear, optical (flash lamp, another laser)

reference: LAUR86:3

context: found within definition and in diagram (LAUR86G:3-4)

expert: BECKETT93

reference: TF87:30

context; Table: Some Common Lasers and their Propertics; other possible names are ‘excitation
device,' 'means of excitation' and 'pumping device' (LAUR86:3)

comment: synonyms:; power supply (HECHT92:3), means of excitation (LAUR86:3), pumping
device (LAURS86:3), source of energy (TF87:10)

expert: BECKETT93

characteristic description: The laser's source of energy, which helps it achieve population
inversion.

modality: n

optical resonator: one or more of: plane—parallel, confocal, hemispherical (may be stable, unstablc),
none

reference: LAUR8S6:50

context: Figure: Common types of optical resonators

comment; syn:optical cavity (HECHT92:3); equivalent to the tuner used to tunc a radio
(FORTINS3); BECKETT93 notes that not all lasers have to have an optical resonator (¢.g N2 laser) as
the active medium gets excited enough to produce an output beam without one.

expert: FORTIN93
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reference: LAURBG:49

context: described as one of the laser's three key elements, along with active medium and
excitation device (HECHT92:3)

comment: syn:optical cavity (HECHT92:3); equivalent to the tuner used fo tune a radio
(FORTIN93)

expert: FORTIN93

characteristic description: The set of two mirrors at each end of the lasing medium; their
function is to feed back the spontaneously emitted photons which can then oscillate and be amplified
by stimulated emission to form the laser beam.

modality: t

Function: to produce a coherent, monochromatic (i.e. of one specific wavelength} beam of ER
reference: SILF91:209
modality: t

Linguistic Information:

English term: laser
refercnce: LAURSG:3
context: definition (see defl)

synl: Light Amplification by Stimulated Emission of Radiation
reference: TF87:4

syn2: laser device
reference: LAUR8BG:66, HECHT92:2, SIEGS6:2

syn3: laser system
reference: PA91:603

defl: A laser is a device that uses a means of excitation to pump energy into the electrons of a
lasing medium, which in turn emits and amplifies a light beam formed by mirrors at each end of the
lasing medium.

reference: LAURSG:3

def2: In the simplest terms, a laser can be described as a source of light or 'radiant energy". It has,
however, many special properties which make it quite distinct from other light sources such as the sun,
a candle, an electric light bulb or a fluorescent tube.
reference: TF87:2

def3: A device that emits light rays that are in phase, travelling in the same direction and
essentially of the same wavelength (i.e. colour). A laser beam does not diverge by a significant
amount and maintains a high energy density. A laser resides in the CD-ROM reader unit, and is at
the heart of all optical technology.
reference: MITCH91:518

defd: Lasers are devices that generate or amplify coherent radiation at frequencies in the infrared,
visible, or ultraviolet regions of the electromagnetic spectrum.
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reference: SIEG86:2

defS: ...a laser can be considered as a spurce of a narrow beam of monochromatic, coherent light in
the visible, infrared or ultraviolet parts of the spectrum.

reference: HECHT92:2

def6: The laser is basically a light source. The radiation that it emits is not fundamentally different
than any form of electromagnetic radiation. The nature of the device, however, is such that some
remarkable properties of light are realized.
reference: LUPA92:90

def7: A laser is a device that amplifies, or increases, the intensity of light, producing a strong,
highly directional or parallel beam of light of a specific wavelength.
reference; SILF91:209
French term: laser
reference: EIST72:282
gender: m

Background Information:

subconcepts: (concept of solid-state laser, concept of gas laser, concept of liquid lascr)

superconcepts: concept of manufactured SER
expert: FORTIN93

classification status: classified

introduction date: 1960 (solid-state ruby laser)
reference: PA91:603

CONCEPT NAME: SOLID-STATE LASER

Conceptual Information:
ITD: A laser with a solid active medium.

commercial value: from $10 to $200 million
modality: t

wavelength: [x—ray to microwave]
expert: BECKETT93

characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAURS6:23)
modality: n
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mode: one or both of: pulsed, continuous wave (CW)
characteristic description: Output characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.e. on. pulse of
light cach time they are fired); they can emit trains of pulses, one short pulse after another; or they can
operate continuously: the terms 'pulsed’ (also 'single pulse operation’) and ‘continuous wave' (also
'continuous wave operation’) are used to describe these conditions. (LAURS86:29)
modality: n

tunability: one of: tunable, not tunable
expert: BECKETT93
characteristic description: Ability of lasers to change their wavelength over a wide range.
(TF87:16}

modality: n

chromaticity: monochromatic
characteristic description: Whether the beam is made up of one or more wavelengths,;
monochromatic means one wavelength, while polychromatic means more than one wavelength.
modality: n

coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are exactly in step with one another, ie. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of
electromagnetic radiation. (adapted from LAUR86:32, ZIL73:5)
modality: n

divergence: low
characteristic description: The spreading out of a beam wtih distance, measured as an angle.
(adapted from HECHT86:347)
modality: t

power: from fractions of milliwatts to 1 terawatt

reference: ECK

comment: range is taken from specific concept values

expert: BECKETT93

characteristic description: The rate at which the light source radiates energy; measured in watts
(W). (TF87:2)

modality: n

product: output beam
characteristic description: The type of electromagnetic radiation emitted from the source, i.e.
visible radiation, invisible radiation (gamma rays, x-rays, ultraviolet light, infrared radiation,
microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
emitted.
modality: n

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms
and molecules by exciting them with light and observing how they absorb or reemit the light energy),
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optical storage, industry (welding, drilling), clectronics (trim, anncal and microsolder the microcircuits
in computers, televisions, radios, etc.), encrgy production (cxperimental: c.g. initiation of fusion

reactions), holography, optical communications technology, non-linear optics, rescarch, military (c.g.
battlefield simulation systems, weapons), interferometry, etc.
modality: t

active medium: solid (onc of:impurity—doped insulator, semiconductor)
reference: PA91:603, 604
context: defining context
expert: BECKETT93
characteristic description: The substance that originates and amplifies the laser light. Generally,
the name of the laser identifies the active medium. (adapted from LAURS6:3, HECHT86:341-2)
modality: n+s

excitation source: one of: electrical, optical (flash lamp, another laser)
reference: ECK93
comment: based on values of specific concepts
expert: BECKETT93
characteristic description: The laser's source of energy, which helps it achieve population
inversion.
modality: n

optical resonator: one or more of: plane—parallel, confocal, hemispherical (may be stable, unstable)
reference: BECKETT93
expert: BECKETT93
characteristic description: The sct of two mirrors at each end of the lasing medium; their
function is to feed back the spontaneously emitted photons which can then oscillate and be amplified
by stimulated emission to form the laser beam.
modality: t

Function: to produce a coherent, monochromatic (i.e. of one specific wavelength) beam of ER
modality: n

Linguistic Information:

English term: solid-state laser
reference: LAUR8S6G:54

synl: solid state laser
reference: TF/87:12

syn2: solid laser
reference: LUPA92:149

defl: A solid-state laser is a device in which the active medium is based on a solid material.
reference: PA91:603

def2: A solid-state laser is one in which the active medium is a nonconductive crystal, a crystalline
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material, or glass doped with a species that can emit laser light.
reference: HECHT92:96

French term: laser a solide
reference: GRA92:30, EIST72:287
gender: m

synl: laser & cristaux

reference: JOHNS2:16

1Y
syn2: laser a plasma solide
reference: JOHNS2:17

syn3: laser a milicu solide
reference: GRA92:9

syn4: laser solide
refercnce: BTQ93

syn5: laser a corps solide
reference: NENT86:174, BTQ93

Background Information:
subconcepts: (concept of "doped-insulator laser”, concept of semiconductor diode laser)

superconcepts: concept of laser
expert: FORTIN93

classification status: classified

introduction date: 1960 (ruby laser)
reference: PA91:603

CONCEPT NAME: "DOPED-INSULATOR LASER"

Conceptual Information:
ITD: A solid-state laser whose active medium is an impurity—doped insulator.
commercial value: from $10 to $200 miilion
wavelength: [x-ray to microwave]

characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAURS86:23)

207



Appendix B, The Laser TKB

mode: one or both of: pulsed, continuous wave (CW)
characteristic description: Output characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.c. onc pulsc of
light each time they are fired); they can emit trains of pulses, one short pulse after another; or they can
operate continuously: the terms 'pulsed' (also 'single pulse operation’) and ‘continuous wave' (also
'continuous wave operation’) are used to describe these conditions. (LAUR86:29)

tunability: not tunable
expert;: FORTING3
characteristic description: Ability of Jasers to change their wavelength over a wide range.
(TF87:16)

modality: n

chromaticity: monochromatic
characteristic description: Whether the beam is made up of one or more wavelengths;
monochromatic means one wavelength, while polychromatic means more than one wavelength.
coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are exactly in step with one another, i.c. they
have the same phase, incoherent means they aren't in step). The term can apply to any form of
electromagnetic radiation. (adapted from LAURS86:32, ZIL73:5)

divergence: low

characteristic description: The spreading out of a beam wtih distance, measurcd as an angle.
(adapted from HECHT®86:347)

power: from fractions of milliwatts to 1 terawatt
characteristic description: The rate at which the light source radiates energy; measured in watts

(W). (TF87:2)

product: output beam
characteristic description: The type of clectromagnetic radiation emitted from the source, i.c.
visible radiation, invisible radiation {(gamma rays, x-rays, uitraviolet light, infrared radiation,

microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
emitted.

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms
and molecules by exciting them with light and observing how they absorb or reemit the light encrgy),
optical storage, industry (welding, drilling), electronics (trim, anneal and microsolder the microcircuits
in computers, televisions, radios, etc.), energy production (experimental: e.g. initiation of fusion
reactions), holography, optical communications technology, non-linear optics, research, military (e.g.
battlefield simulation systems, weapons), interferometry, etc.

active medium: impurity—doped insulator (one or both of: glass, crystal)
reference: PA91:604, OSHEA77:148
expert: BECKETT93
characteristic description: The substance that originates and amplifies the laser light. Generally,
the name of the laser identifies the active medium. (adapted from LAUR86:3, HECHT86:341-2)
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modality: n+s

host material (part): one or both of: glass, crystal

reference: OSHEA77:148, 151

comment: the host material is a crystalline insulator _in most cases_ (OSHEA77:148)

expert: BECKETT93

name; host material (part)

reference: LAURSG:16

comment: syn:host medium (LUPA92:92), host (PA91:604). While LUPAS2:93 says that some
laser types have no host {2.g. the semiconductor diode laser and jon lasers like argon and krypton),
BECKETT93 feels that only doped—insulator lasers should have the active medium divided up into

host material and active species. characteristic description: The material which is host to the ion
whose energy transitions make the lasing possible. (adapted from PA91:603)
modality: n

active species: laser-active impurity ion

reference: PA91:604

context: description of this type of laser

comment: syn:impurity, dopant (OSHEA77:148); it is the impurity ions that are responsible for
the Jaser action (PA91:604)

expert: BECKETT93

name: active species

reference: LAURBG:16

comment: syn:laser species (PA91:603), lasing medium (LUPAS0:92), lasant (LUPA90:92)

expert: BECKETT93

characteristic description: The atoms or molecules that actually emit the light, such as the Cr3+
ions in a ruby laser. (LUPA92:92)

modality: n

excitation source: optical (one or both of: flash lamp, another laser)
reference: ECK93
comment: based on values of specific concepts
expert: BECKETT93
characteristic description: The laser's source of energy, which helps it achieve population
inversion.
modality: n

optical resonator: one or more of: plane-parallel, confocal, hemispherical (may be stable, unstable)
characteristic description: The set of two mirrors at each end of the lasing medium,; their
function is to feed back the spontancously emitted photons which can then oscillate and bz amplified
by stimulated emission to form the laser beam.
modality: n
Function: to produce a coherent, monochromatic (i.e. of one specific wavelength) beam of ER
Linguistic Information:

English term: "doped—-insulator laser”
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reference: OSHEA77:148

comment: BECKETT93 says that, although he has never seen this term, he docs feel that the
concept is useful for dividing up the subfield; thus it has been kept as a "dummy concept”

expert: BECKETT93 says that, although he has never seen this term, he does feel that the
concept is useful for dividing up the subfield; thus it has been kept as a "dummy concept”

defl: The term 'doped-insulator laser' is used to describe a laser whose active medium is a regular
array of atoms: a crystal with impurity ions intentionally introduced into the crystal at the time of
growth (a process called _doping ).
reference: OSHEA77:148

def2: The term 'solid—state laser' is also used for these lasers. However, because the semiconductor
laser is a solid-state device, we prefer to label the lasers under discussion as doped-insulator lasers.
This term should reduce confusion and serve as a more descriptive label.
reference: OSHEA77:148

Background Information:
subconcepts: {concept of transition metal ion laser, concept of rare carth jon lascr)
superconcepts: concept of solid-state laser

reference: OSHEA77:148

comment: OSHEA77:148 says although this kind of laser is also called a solid-state lascr, this
term is used to avoid confusion; FORTIN93 concurs
expert: FORTIN93, BECKETT93

classification status: classified

CONCEPT NAME:; TRANSITION METAL ION LASER

Conceptual Information:
ITD: A doped-insulator laser whose active species is a transition metal ion.
commercial value: from $10 to $200 million

wavelength: 660 nm — 2300 nm
reference: ECK
comment: range is taken from specific concept values
characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAURS6:23)

mode: one or both of: pulsed, continuous wave (CW)
characteristic description: Output characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.c. one pulse of
light each time they are fired); they can emit trains of pulses, one short pulse after another; or they can
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operate continuously: the terms 'pulsed' (also 'single pulse operation’) and 'continuous wave' (also
‘continuous wave operation’) are used to describe these conditions. (LAUR8G:29)

tunability: not tunable
characteristic description: Ability of lasers to change their wavelength over a wide range.
(TF87:16)
modality: n

chromaticity: monochromatic
characteristic description: Whether the beam is made up of one or more wavelengths;
monochromatic means one wavelength, while polychromatic means more than one wavelength.

coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are exactly in step with onc another, i.e. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of
clectromagnetic radiation. (adapted from LAURS6:32, ZIL73:5)

divergence: low
characteristic description: The spreading out of a beam wtih distance, measured as an angle.
(adapted from HECHT8G:347)

power: from fractions of milliwatts to 1 terawatt
characteristic description: The rate at which the light source radiates energy; measured in watts

(W). (TF87:2)

product: output beam
characteristic description: The type of electromagnetic radiation emitted from the source, i.e.
visible radiation, invisible radiation (gamma rays, x-rays, ultraviolet light, infrared radiation,
microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
cmitted.

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms
and molecules by exciting them with light and observing how they absorb or reemit the light energy),
optical storage, industry (welding, drilling), clectronics (trim, anneal and microsolder the microcircuits
in computers, televisions, radios, etc.), energy production (experimental: e.g. initiation of fusion
reactions), holography, optical communications technology, non-linear optics, research, military (e.g.
battlefield simulation systems, weapons), interferometry, etc.

active medium: impurity~doped insulator (one or both of: glass, crystal)
expert: BECKETT93
characteristic description: The substance that originates and amplifies the laser light. Generally,
the name of the laser identifics the active medium. (adapted from LAURS6:3, HECHT86:341-2)
modality: n

host material (part): one or both of: glass, crystal

expert: BECKETT93
characteristic description: The material which is host to the ion whose energy transitions make
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the lasing possible. (adapted from PA91:603)
modality: n

active species: transition metal ion
reference: PA91:610
expert: BECKETT93
characteristic description: The atoms or molecules that actually emit the light, such as the Cr3+
ions in a ruby laser. (LUPA92:92)
modality: n+s

excitation source: optical (one or both of: flash lamp, another laser)

characteristic description: The laser's source of energy, which helps it achieve population
inversion.
modality: n

optical resonator: one or more of: plane—parallel, confocal, hemispherical (may be stable, unstable)
characteristic description: The set of two mirrors at each end of the lasing medium; their
function is to feed back the spontaneously emitted photons which can then oscillate and be amplificd
by stimulated emission to form the laser beam.
modality: n

Function: to produce a coherent, monochromatic (i.e. of one specific wavelength) beam of ER
Linguistic Information:

English term: transition metal ion laser
reference: PA91:910

Background Information:

subconcepts: (concept of Ti3+ laser, concept of Cr3+ laser, concept of V2+ lascr, concept of Crd+
laser, concept of Co2+ laser, concept of Ni2+ laser }

superconcepts: concept of "doped-insulator laser"
reference: PA91:910
context: subsection title
expert: BECKETT93

classification status: classified

CONCEPT NAME: RARE EARTH ION LASER

Cenceptual Information:

ITD: A doped-insulator laser whose active species is a rare earth ion.
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commercial value: from $10 to $200 million

wavclength: 160 nm - 4800 nm
reference: PA91:609
characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAUR86:23)

mode: one or both of: pulsed, continuous wave (CW)
characteristic description: Output characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.c. one pulse of
light cach time they are fired); they can emit trains of pulses, one short pulse after another; or they can
operate continuously: the terms ‘pulsed’ (also 'single pulse operation’) and ‘continuous wave' (also
'continuous wave operation’) are used to describe these conditions. (LAUR86:29)

funability: not tunable
characteristic description: Ability of lasers to change their wavelength over a wide range.
(TF87:16)

modality: n

chromaticity: monochromatic
characteristic description: Whether the beam is made up of one or more wavelengths;
monochromatic means one wavelength, while polychromatic means more than one wavelength.

coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are exactly in step with one another, i.e. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of
electromagnetic radiation. (adapted from LAUR86:32, ZIL73:5)

divergence: low ‘
characteristic description: The spreading out of a beam wtih distance, measured as an angle.
(adapted from HECHT®86:347)

power: from fractions of milliwatts to 1 terawatt
characteristic description: The rate at which the light source radiates energy; measured in watts

(W). (TF87:2)

product: output beam
characteristic description: The type of electromagnetic radiation emitted from the source, ie.
visible radiation, invisible radiation (gamma rays, x-rays, ultraviolet light, infrared radiation,
microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
emitted.

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms
and molecules by exciting them with light and observing how they absorb or reemit the light energy),
optical storage, industry (welding, drilling), electronics (trim, anneal and microsolder the microcircuits
in computers, televisions, radios, etc.), energy production (experimental: e.g. initiation of fusion
reactions), holography, optical communications technology, non-linear optics, research, military (e.g.
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battlefield simulation systems, weapons), interferometry, etc.

active medium: impurity-doped insulator (one or both of: glass, crystal)
expert: BECKETT93
characteristic description: The substance that originates and amplifics the laser light. Gen:rally,
the name of the laser identifies the active medium. (adapted from LAUR86:3, HECHT86:341-2)
modality: n

host material (part):; one or both of: glass, crystal
reference: PA91:608
context: descriptions of various kinds of rare earth ion lasers
expert: BECKETT93
characteristic description: The material which is host to the ion whosc encrgy transitions make
the lasing possible. (adapted from PA91:603)
modality: n

active species: rare earth ion
reference: PA91:607
context: description of number of RE jons that have been lased
expert: BECKETT93
characteristic description: The atoms or molecules that actually emit the light, such as the Cr3+ ions
in a ruby laser. (LUPAS2:92)
modality: n+s

excitation source: optical (one or both of: flash lamp, another laser)
characteristic description: The laser's source of energy, which helps it achieve population
inversion.
modality: n

optical resonator: one or more of: plane-parallel, confocal, hemispherical (may be stable, unstable)
characteristic description: The set of two mirrors at each end of the lasing medium,; their
function is to feed back the spontaneously emitted photons which can then oscillate and be amplified
by stimulated emission to form the laser beam.
modality: n
Function: to produce a coherent, monochromatic (i.e. of one specific wavelength) beam of ER

Linguistic Information:

English term: rare earth ion laser
reference: PA91:607

synl: RE laser
reference: PA91:607
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Background Information:

subconcepts: (concept of neodymium laser, concept of erbium laser, concept of holmium laser,
concept of thulium laser )

superconcepts: concept of "doped-insulator laser"
reference: OSHEAT77:151
comment: The ncodymium laser is said to be a very important kind of doped-insulator laser;
since neodymium laser is a kind of RE laser, then it seems logical that an RE laser is a kind of

doped-insulator laser.
expert: FORTING3

classification status: classified

CONCEPT NAME: NEODYMIUM LASER

Conceptual Information:
ITD: A rarc carth ion laser whose active species is Nd3+.
commercial value: from $10 to $200 million

wavclength: 1047 nm - 1064 nm [infrared)
reference: see context note
context: range of values is derived from values of specific concepts, [OSHEA77:151]
comment: almost all neodymium lasers operate at 1.064 um (LAUR86:83)
characteristic description: The distance between adjacent crests and troughs of a wave of -
radiation. (adapted from LAURS86:23)

mode: one or both of: pulsed, continuous wave (CW)
characteristic description: Output characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.e. one pulse of
light each time they are fired); they can emit trains of pulses, one short pulse after another; or they can
operate continuously: the terms 'pulsed' (also 'single pulse operation) and 'continuons wave' (also
'continuous wave operation’) are used to describe these conditions. (LAURSG6:29)

tunability: not tunable
characteristic description: Ability of lasers to change their wavelength over a wide range.

(TF87:16)

madality: n
chromaticity: monochromatic

characteristic description: Whether the beam is made up of one or more wavelengths;
monochromatic means one wavelength, while polychromatic means more than one wavelength.
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coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are exactly in step with onc another, i.c. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of
electromagnetic radiation. (adapted from LAURRG:32, ZIL73:5)

divergence: low

characteristic description: The spreading out of a beam wtih distance, measurcd as an angle.
(adapted from HECHT86:347)

power: from fractions of milliwatts to 1 terawatt
reference: MESS90:82, 88
characteristic description: The rate at which the light source radiates cnergy; measured in watts

(W). (TF87:2)

product: output beam
characteristic description: The type of electromagnetic radiation emitted from the source, ie.
visible radiation, invisible radiation (gamma rays, x-rays, ultraviolet light, infrared radiation,
microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
emitted.

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms
and molecules by exciting them with light and observing how they absorb or reemit the light cnergy),
optical storage, industry (welding, drilling), electronics (trim, anneal and microsolder the microcircuits
in computers, televisions, radios, etc.), energy production (experimental: e.g. initiation of fusion
reactions), holography, optical communications technology, non-lincar optics, rescarch, military (c.g.
battlefield simulation systems, weapons), interferometry, ctc.

active medium: impurity-doped insulator (one or both of: glass, crystal)
expert: BECKETT93
characteristic description: The substance that originates and amplifies the laser light. Generally,
the name of the laser identifies the active medium. (adapted from LAURS86:3, HECHTS86:341-2)
modality: n

host material (part): one or both of: glass, crystal
expert: BECKETT93

characteristic description: The material which is host to the ion whose encrgy transitions make
the lasing possible. (adapted from PA91:603)

modality: n

active species: Nd3+ ion
expert: BECKETT93

characteristic description: The atoms or molecules that actually emit the light, such as the Cr3+
ions in a ruby laser. (LUPA92:92)

modality: n+s

sensitizer (part): one or none of: Cr3+
reference: HECHT92:391
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expert: BECKETT93
modality; t

excitation source: optical (one or both of: flash lamp, another laser)
expert: BECKETT93
characteristic description: The laser's source of energy, which helps it achieve population
inversion.
modality: n

optical resonator: one or more of: plane—parallel, confocal, hemispherical (may be stable, unstable)
characteristic description: The set of two mirrors at each end of the lasing medium; their
function is to feed back the spontaneously emitted photons which can then oscillate and be amplified
by stimulated emission to form the laser beam.
modality: n

Function: to produce a coherent, monochromatic (i.e. of one specific wavelength) beam of ER
Linguistic Information:

English term: ncodymium laser
reference; LAURBG:80, HECHT92:389

synl: Nd3+ laser
reference; PA91:607

defl: The ncodymium laser consists of neodymium ions (ions are simply atoms with a few
clectrons missing) embedded in a host material. There are many hosts that have been used for
ncodymium but the most common are yttrivm aluminum gamet (YAG) and glass. The names of the
lascrs arc abbreviated as Nd:YAG and Nd:glass.
reference: LAURENCES6:81

def2: Nd3+ Jasers arc by far the most technologically important type of lasers. The three main
materials that are routinely utilized with Nd3+ are Y3Al5012 and LiYF4 (known as Nd:YAG and
Nd:YLF, respectively) and several kinds of glass.

French term: laser a ncodyme
reference: HART74:56

synl: laser au néodymium
reference: GRIFF83:8

Background Information:

subconcepts: (concept of Nd:YAG laser, concept of Nd:YLF laser, concept of Nd:Cr-GSGG laser,
concept of Nd:glass laser )

superconcepts: concept of rare earth ion laser
reference: PA91:607, KOE%1:36
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comment: MESS90:81 says it is a kind of solid-state laser
expert: FORTIN93

classification status: classificd

CONCEPT NAME: ND:YAG LASER

Conceptual Information:
ITD: A neodymium Jaser whose host material is yttrium aluminum garnct (YAG).
commercial value: from $10 to $200 million

wavelength: 946 nm, 1064 nm, 1319 nm
reference: MESS90:84
context: Table: Characteristics of Nd-based Lasers

characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAUR86:23)

mode: one or both of: pulsed, continuous wave (CW)
reference: LAUR86:81
characteristic description: Output characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lascrs can cmit single pulses (i.c. onc pulsc of
light each time they are fired); they can emit trains of pulses, one short pulse after another; or they can
operate continuously: the terms 'pulsed' (also 'single pulse operation) and 'continuous wave' (also
'continuous wave operation’) are used to describe thesc conditions. (LAUR86:29)

tunability: not tunable
characteristic description: Ability of lasers to change their wavelength over a wide range.
(TF87:16)

modality: n

chromaticity: monochromatic
characteristic description: Whether the beam is made up of one or more wavelengths;
monochromatic means one wavelength, while polychromatic means more than onc wavelength.

coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are exactly in step with onc another, i.e. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of
clectromagnetic radiation. (adapted from LAUR86:32, ZIL73:5)

divergence: low
characteristic description: The spreading out of a beam wtih distance, measured as an angle.
(adapted from HECHT86:347)
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power: from a few milliwatts to scveral megawatts
reference: SILFVAST91:221
comment; TF87:30 gives a value of 'up to 1 terawatt; 100 W average c.w.' (Table: Laser
Propertics and Applications); LFNOV88:50 cites 400 W as the maximum output power; LAURB6:82
cites a few milliwatts to 100+ watts (c.w.) and up to 5,000 megawatts (pulsed)
characteristic description: The rate at which the light source radiates encrgy; measured in watts

(W). (TF87:2)

product: output beam
characteristic description: The type of clectromagnetic radiation emitted from the source, i.c.
visible radiation, invisible radiation (gamma rays, x-rays, ultraviolet light, infrared radiation,
microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
cmitted.

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms
and molecules by exciting them with light and observing how they absorb or reemit the light energy),
optical storage, industry (welding, drilling), electronics (irim, anncal and microsolder the microcircuits
in computers, televisions, radios, etc.), energy production (experimental: ¢.g. initiation of fusion
reactions), holography, optical communications technology, non-linear optics, research, military (e.g.
battleficld simulation systems, weapons), interferometry, etc.

active medium: impurity~doped insulator (one of: glass, crystal)
expert: BECKETT93
characteristic description: The substance that originates and amplifies the laser light. Generally,
the name of the laser identifies the active medium. (adapted from LAURS86:3, HECHT86:341~2)
modality: n

host material (part): crystal: yttrium aluminum garnet (YAG)
reference: LAURSG:81
context: description of three main types of material utilized with Nd3+
comment: syn:Y3AI5012 (PA91:608)
cxpert: BECKETT93
characteristic description: The material which is host to the ion whose energy transitions make
the lasing possible. (adapted from PA91:603)
modality: n+s

active species: Nd3+ ion
expert: BECKETT93
characteristic description: The atoms or molecules that actually emit the light, such as the Cr3+
ions in a ruby lascr. (LUPA92:92)

modality: n
sensitizer (part): none

expert: BECKETT93

modality: n

excitation source: optical (one or both of: flash lamp, another laser)
expert: BECKETT93
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inversion.
modality: n

characteristic description: The laser's source of energy, which helps it achieve population

optical resonator: one or more of: plane—paralicl, confocal, hemispherical (may be stable, unstable)
characteristic description: The set of two mirrors at cach end of the lasing medium; their
function is to feed back the spontaneously emitted photons which can then oscillate and be amplified

by stimulated emission to form the laser beam.
modality: n

Function: to produce a coherent, monochromatic (i.c.
Linguistic Information:
English term: Nd:YAG laser
reference: LAURENCES6:47

context: "common solid-state laser”

synl: neodymium in yttrium aluminum garnet laser
reference: LAURENCES6:81

defl: The most popular neodymium laser is Nd:YAG
thermal stability, permits continuous operation.

reference: LAURENCES6:81

French term: laser YAG
reference; EIST72:287, BTQ93

synl: laser néodyne-YAG
reference: GRA92:14

syn2: laser au grenat d'yttrium et d'aluminium
reference: BTQ93

syn3: laser yttrium-aluminium-grenat
reference: BTQ93

Background Information:

superconcepts: concept of neodymium laser
reference: MESS90:81
expert: FORTINO3

classification status; classified
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CONCEPT NAME: ND:YLF LASER

Conceptual Information:
ITD: A ncodymium laser whose host material s yttrium lithium fluoride (YLF).
commercial value: from $10 to $200 million

wavclength: 1047 nm, 1053 nm, 1313 nm
reference: PA91:613 (first two values), MESS90:84 (third value)
context: Table: Propertics of Some Common Laser Materials, Table: Characteristics of
Nd-based Lasers
characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAURS8G:23)

mode: one or both of: pulsed, continuous wave (CW)

reference: MESS90:84

context: Table: Characteristics of Nd-based Lasers

characteristic description: Qutput characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.e. one pulse of
light each time they are fired); they can emit trains of pulses, one short pulse after another; or they can
operate continuously: the terms 'pulsed' (also 'single pulse operation’) and ‘continuous wave' (also
'continuous wave operation’) are used to describe these conditions. (LAUR86:29)

tupability: not tunable
characteristic description: Ability of lasers to change their wavelength over a wide range.
(TF87:16) '

modality: n

chromaticity: monochromatic
characteristic description: Whether the beam is made up of one or more wavelengths;
monochromatic means one wavelength, while polychromatic means more than one wavelength.

coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are exactly in step with one another, ie. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of
clectromagnetic radiation. (adapted from LAUR86:32, ZIL73:5)

divergence: low
characteristic description: The spreading out of a beam wtih distance, measured as an angle.
(adapicd from HECHT86:347)

power: from fractions of milliwatts to 1 terawatt
characteristic description: The rate at which the light source radiates energy; measured in watts

(W). (TF87:2)
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product: output beam

characteristic description: The type of clectromagnetic radiation emitted from the source, i.c. visible
radiation, invisible radiation (gamma rays, x-rays, ultraviolet light, infrarcd radiation, microwaves,
radio waves). Related to wavelength in that the wavelength dictates the type of radiation emitted.

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms
and molecules by exciting them with light and observing how they absorb or reemit the light energy),
optical storage, industry (welding, drilling), electronics (trim, anncal and microsolder the microcircuits
in computers, televisions, radios, etc.), energy production (cxperimental: ¢.g. initiation of fusion
reactions), holography, optical communications technology, non-linear optics, rescarch, military (c.g.
battlefield simulation systems, weapons), interferometry, ctc.

active medium: impurity—doped insulator (one of: glass, crysta)
expert: BECKETT93
characteristic description: The substance that originates and amplifies the laser light.  Generally,
the name of the laser identifies the active medium. (adapted from LAURS6:3, HECHT86:341-2)
modality: n

host material (part): crystal: yttrium lithivm fluoride (YLF)
reference: MESS90:84
context: description of three main types of material utilized with Nd3+
comment: syn: LiYF4 (PA91:608)
expert: BECKETT93
characteristic description: The material which is host to the ion whose energy transitions make
the lasing possible. (adapted from PA91:603)
modality: n+s

active species: Nd3+ ion
expert: BECKETT93
characteristic description: The atoms or molecules that actually emit the light, such as the Cr3+
ions in a ruby laser. (LUPA92:92)
modality: n

sensitizer (part): none
expert: BECKETT93
modality: n

excitation source: optical (one or both of: flash lamp, another laser)
expert: BECKETT93
characteristic description: The laser's source of energy, which heips it achieve population
iaversion.
modality: n

optical resonator: one or more of: plane-narallel, confocal, hemispherical (may be stable, unstable)
characteristic description: The set of two mirrors at each end of the lasing medium; their
function is to feed back the spontancously c¢miticd photons which can then oscillate and be amplificd
by stimulated emission to form the laser beam.
modality: n
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Function: to producc a coherent, monochromatic (i.e. of one specific wavelength) beam of ER
Linguistic Information:

English term: Nd&:YLF laser
teference: HECHT92:390

synl: Nd:yttrium lithium fluoride laser
reference: LFJUNES0:84

Background Information:
superconcepts: concept of ncodymium laser
reference: MESS90:81
expert: FORTING3

classification status: classified

CONCEPT NAME: ND:CR-GSGG LASER

Conceptual Information:
ITD: A neodymium laser whose host material is (GSGG), with Cr3+ sensitizing the Nd3+.
commercial value: from $10 to $200 million

wavelength: 1061 nm, 1335 nm
reference: PA91:613, MESS90:84
context: Table: Properties of Some Common Laser Materials, Table: Characteristics of
Nd-based Lasers
characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAUR86:23)

mode: onc or both of: pulsed, continuous wave (CW)

reference: LFJUNES0:84

context: Table: Characteristics of Nd-based Lasers

characteristic description: Output characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.e. one pulse of
light cach time they are fired); they can emit trains of pulses, one short pulse after another; or they can
operate continuously: the terms 'pulsed’ (also 'single pulse operation') and ‘continuous wave' (also
'continuous wave operation') are used to describe these conditions. (LAUR86:29)

tunability: not tunable
characteristic description: Ability of lasers to change their wavelength over a wide range.

(TF87:16)
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modality: n

chromaticity: monochromatic
characteristic description: Whether the beam is made up of one or more wavelengths;
monochromatic means one wavelength, while polychromatic means more than one wavelength.

coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are cxactly in step with one another, ic. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of
electromagnetic radiation. (adapted from LAURS86:32, ZIL73:5)

divergence: low

characteristic description: The spreading out of a beam wtih distance, measured as an angle.
(adapted from HECHT86:347)

power: from fractions of milliwatts to 1 terawatt
characteristic description: The rate at which the light source radiates energy; measurcd in watts

(W). (TF87:2)

product: output beam
characteristic description: The type of ¢lectromagnetic radiation emitted from the source, i.c.
visible radiation, invisible radiation (gamma rays, x-rays, ultraviolet light, infrared radiation,
microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
emitted.

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms
and molecules by exciting them with light and observing how they absorb or reemit the light encrgy),
optical storage, industry (welding, drilling), electronics (trim, anneal and microsolder the microcircuits
in computers, televisions, radios, etc.), energy production (experimental: e.g. initiation of fusion
reactions), holography, optical communications technology, non-lincar optics, rescarch, military (c.g.
battleficld simulation systems, weapons), interferometry, etc.

active medium: impurity—doped insulator (one of: glass, crystal)
expert: BECKETT93
characteristic description: The substance that originates and amplifies the laser light. Generally,
the name of the laser identifies the active medium. (adapted from LAURS6:3, HECHT86:341-2)
modality: n

host material (part): crystal: gadolinium scandium gallium garnet
reference: PA91:613
context: Table: Properties of Some Common Laser Materials
comment: syn: GSGG (PA91:613), Gd3S5c2Ga3012 (PA91:613)
expert: BECKETT93
characteristic description: The material which is host to the ion whose energy transitions make
the lasing possible. (adapted from PA91:603)
modality: n+s
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active species: Nd3+ ion
reference: PA91:613
context: Table: Propertics of Some Common Laser Materials
expert: BECKETT93
characteristic description: The atoms or molecules that actually emit the light, such as the Cr3+
ions in a ruby laser, (LUPA92:92)
modality: n

sensitizer (part): Cr3+
reference: HECHT92:391
context: description of concept
expert: BECKETT93
modality: n+s

excitation source: optical (one or both of: flash lamp, another laser)
expert: BECKETT93
characteristic description: The laser's source of energy, which helps it achieve population
inversion.
modality: n

optical resonator: one¢ or more of: plane-parallel, confocal, hemispherical (may be stable, unstable)
characteristic description: The set of two mirrors at each end of the lasing medium; their
function is to feed back the spontaneously emitted photons which can then oscillate and be amplified
by stimulated emission to form the laser beam.
modality: n
Function: to produce a coherent, monochromatic (i.e. of one specific wavelength) beam of ER

Linguistic Information:

English term: Nd:Cr-GSGG laser
reference: HECHT92:390

synl: Cr,Nd:GSGG laser
reference: PA91:613, LFJUNE90:84

syn2: Nd:Cr:GS8GG laser
reference: LENOVS8:31

syn3: Nd,Cr:GSGG
reference: MESS90:84

Background Inform.ation:
superconcepts: concept of neodymium laser

reference: MESS90:81
expert: FORTING3
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classification status: classified

CONCEPT NAME: ND:GLASS LASER

Conceptual Information:
ITD: A neodymium laser whose host material is glass.
commercial value: from $10 to $200 million

wavelength: 1059 nm
reference: MESS90:84
context: Table; Characteristics of Nd-based Lasers
characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAURS8G:23)

mode: one or both of: pulsed, continuous wave (CW)

reference: MESS90:84

context: Table: Characteristics of Nd-based Lasers

characteristic description: Output characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.c. one pulsc of
light each time they are fired); they can emit trains of pulses, one short pulse after another; or they can
operate continuously: the terms 'pulsed’ (also 'single pulse operation'} and 'continuous wave' (also
'continuous wave operation’) are used to describe these conditions. (LAUR86:29)

tunability: not tunable ,
characteristic description: Ability of lasers to change their wavelength over a wide range.
(TF87:16)

modality: n

chromaticity: monochromatic
characteristic description: Whether the beam is made up of one or morc wavelengths;
monochromatic means one wavelength, while polychromatic means more than one wavelength.

coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
{coherent means the separate light waves in the beam are exactly in step with one another, i.c. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of
electromagnetic radiation. (adapted from LAUR86:32, ZIL73:5)

divergence: low
characteristic description: The spreading out of a beam wtih distance, measured as an angle.
(adapted from HECHT86:347)

power: up to 1 terawatt
reference: MESS90:88
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characteristic description: The rate at which the light source radiates energy; measured in watts

(W). (TF87:2)

product: output beam
characteristic description: The type of electromagnetic radiation emitted from the source, i.e.
visible radiation, invisibie radiation (gamma rays, x-rays, ultraviolet light, infrared radiation,
microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
cmitted.

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms
and molecules by exciting them with light and observing how they absorb or reemit the light energy),
optical storage, industry (welding, drilling), electronics (trim, anncal and microsolder the microcircuits
in computers, televisions, radios, etc.), energy production (experimental: e.g. initiation of fusion
reactions), holography, optical communications technology, non-linear optics, research, military (e.g.
battlefield simulation systems, weapons), interferometry, efc.

active medium: impurity—doped insulator (one of: glass, crystal)
expert; BECKETT93
characteristic description: The substance that originates and amplifies the laser light. Generally,
thc name of the laser identifies the active medium. (adapted from LAURS6:3, HECHT®86:341-2)
modality: n

host material (part): glass (one of:phosphate, silicate, fluorophosphate)
reference: HECHT86:81
expert: BECKETT93
characteristic description: The material which is host to the ion whose energy transitions make
the lasing possible. (adapted from PA91:603)
modality: n+s

active species: Nd3+ ion
expert: BECKETT93
characteristic description: The atoms or molecules that actually emit the light, such as the Cr3+
ions in a ruby laser. (LUPA92:92)
modality: n

sensitizer (part): none
expert: BECKETT93
modality: n

excitation source: optical (one or both of: flash lamp, another laser)
expert: BECKETT93
characteristic description: The laser's source of energy, which helps it achieve population
inversion.
modality: n

optical resonator: one or more of: plane-parallel, confocal, hemispherical (may be stable, unstable)
characteristic description: The set of two mirrors at each end of the lasing medium; their

function is to feed back the spontaneously emitted photons which can then oscillate and be amplified
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by stimulated emission to form the laser beam.
modality: n

Function: to produce a coherent, monochromatic (i.e. of one specific wavelength) beam of ER
Linguistic Information:

English term: Nd:glass laser
reference: LAURS6:81, MESS90:84

defl: The largest laser in the world is a neodymium in glass (Nd:glass) laser.
reference: LAURB6:81

synl: Nd-glass laser
reference: HECHT92:390

syn2: neodymium in glass laser
reference: LAURS6G:81

French term: laser & verre au neodyne
reference: EIST72:285

Background Information:

subconcepts: (concept of Nd:silicate glass laser, concept of Nd:phosphate glass laser )

superconcepts: concept of neodymium laser
reference: MESS90:81

classification status: classified

CONCEPT NAME: ERBIUM LASER

Conceptual Information:
ITD: A rare earth jon laser whose active species is Er3+.
commercial value: from $10 to $200 million

wavelength: 1610 nm [infrared]
reference: TF87:13, PA91:614
context: Table: Active Element and Laser Wavelength
comment: PA91:609 says that the range is 0.18 to 5.2 um (although many of these arc not
commercial systems)
characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAURS6:23)

228



Appendix B. The Laser TKB

mode: one or both of: pulsed, continuous wave (CW)
characteristic description: Output characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.e. one pulse of
light each time they are fired); they can emit trains of pulses, one short pulse after another; or they can
operate continuously: the terms 'pulsed' (also ‘single pulse operation') and 'continuous wave' (also
'continuous wave operation') are used to describe these conditions. (LAUR86:29)

tunability: not tunable
characteristic description: Ability of lasers to change their wavelength over a wide range.

(TF87:16)

modality: n

chromaticity: monochromatic
characteristic description: Whether the beam is made up of one or more wavelengths;
monochromatic means one wavelength, while polychromatic means more than one wavelength.

coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are exactly in step with one another, i.e. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of
electromagnetic radiation. (adapted from LAUR8G:32, ZIL73:5)

divergence: low
characteristic description: The spreading out of a beam wtih distance, measured as an angle.
(adapted from HECHT86:347)

power: from fractions of milliwatts to 1 terawatt
characteristic description: The rate at which the light source radiates energy; measured in watts

(W). (TF87:2)

product: output beam
characteristic description: The type of electromagnetic radiation emitted from the source, i.e.
visible radiation, invisible radiation (gamma rays, x-rays, ultraviolet light, infrared radiation,
microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
emitted.

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms
and molecules by exciting them with light and observing how they absorb or reemit the light energy),
optical storage, industry (welding, drilling), electronics (trim, anneal and microsolder the microcircuits
in computers, televisions, radios, etc.), energy production (experimental: e.g. initiation of fusion
reactions), holography, optical communications technology, non~linear optics, research, military (e.g.
battlefield simulation systems, weapons), interferometry, etc.

active medium: impurity—-doped insulator (one of: glass, crystal)
expert: BECKETT93
characteristic description: The substance that originates and amplifies the laser light. Generally,
the name of the laser identifies the active medium. (adapted from LAURS6:3, HECHTS86:341-2)
modality: n :
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host material (part): one or both of: glass, crystal
expert: BECKETTY3

characteristic description: The material which is host to the ion whose energy transitions make
the lasing possible. (adapted from PA91:603)
modality: n

active species: Er3+ ion
reference: PA91:605
context: Table: Laser Ions and Abbreviated Listing of Host Materials
expert: BECKETT93
characteristic description: The atoms or molecules that actually emit the light, such as the Cr3+
ions in a ruby laser. (LUPA92:92)
modality: n+s

excitation source: optical (one or both of: flash lamp, another laser)

characteristic description: The laser's source of energy, which helps it achieve population
inversion.

modality: n

optical resonator: one or more of: plane-parallel, confocal, hemispherical (may be stable, unstablc)
characteristic description: The set of two mirrors at each end of the lasing medium; their

function is to feed back the spontanecously emitted photons which can then oscillate and be amplified
by stimulated emission to form the laser beam.
modality: n

Function: to produce a coherent, monochromatic (i.c. of one specific wavelength) beam of ER
Linguistic Information:

English term: erbium laser
reference: KOE91:37

synl: Er3+ laser
reference: PA91:608
context; title of subsection within Rare Earth lon Laser section
French term: laser erbium
reference: TERMIUM93
comment; B file
Background Information:
subconcepts: concept of Er:glass laser
superconcepts: concept of rare earth ion laser

reference: PA91:608, KOE91:37
expert: FORTIN93
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classitication status: classified

CONCEPT NAME: HOLMIUM LASER

Conceptual Information:
ITD: A rare carth ion laser whose active species is Ho3+.
commercial value: from $10 to $200 million

wavelength: 2050 nm
reference: TF87:13
context: Table: Active Element and Laser Wavelength
characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAURB86:23)

mode: one or both of: pulsed, continuous wave (CW)

characteristic description: Output characteristic of laser; normally refers to the intensity distribution
of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.e. one pulse of light each
time they are fired); they can emit trains of pulses, one short pulse after another; or they can operate
continuously: the terms 'pulsed' (also 'single pulse operation’) and 'continuous wave' (also 'continuous
wave operation’) are used to describe these conditions. (LAUR86:29)

tunability: not tunable
characteristic description: Ability of lasers to change their wavelength over a wide range.
(TF87:16) :

modality: n

chromaticity: monochromatic
characteristic description: Whether the beam is made up of one or more wavelengths;
monochromatic means one wavelength, while polychromatic means more than one wavelength.

coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are exactly in step with one another, ie. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of
electromagnetic radiation. (adapted from LAURSG6:32, ZIL73:5)

divergence: low
characteristic description: The spreading out of a beam wtih distance, measured as an angle.
(adapted from HECHT®86:347)

power: from fractions of milliwatts to 1 terawatt
characteristic description: The rate at which the light source radiates energy; measured in watts

(W). (TF87:2)
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product: output beam
characteristic description: The type of electromagnetic radiation emitted from the source, i.c.
visible radiation, invisible radiation (gamma rays, x-rays, ultraviolet light, infrarcd radiation,
microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
emitted.

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms
and molecules by exciting them with light and observing how they absorb or reemit the light encrgy),
optical storage, industry (welding, drilling), electronics (irim, anncal and microsolder the microcircuits
in computers, televisions, radios, etc.), energy production (experimental: e.g. initiation of fusion
reactions), holography, optical communications technology, non-linear optics, rescarch, military (c.g.
battlefield simulation systems, weapons), interferometry, etc.

active medium: impurity—doped insulator (one of: glass, crystal)
expert: BECKETT93
characteristic description: The substance that originates and amplifies the laser light. Generally,
the name of the laser identifies the active medium. (adapted from LAUR86:3, HECHT86:341-2)
modality: n

host material (part): one or both of: glass, crystal
expert: BECKETT93
characteristic description: The material which is host to the ion whose energy transitions make
the lasing possible. (adapted from PA91:603)
modality: n

active species: Ho3+ ion
reference: PA91:605
context: Table: Laser Jons and Abbreviated Listing of Host Materials
expert: BECKETT93
characteristic description: The atoms or molecules that actually emit the light, such as the Cr3+
ions in a ruby laser. (LUPA92:92)
modality: n+s

excitation source: optical {one or both of: flash lamp, another laser)
characteristic description: The laser's source of energy, which helps it achieve population
inversion.
modality: n

optical resonator: one or more of: plane—parallel, confocal, hemispherical (may be stable, unstable)
characteristic description: The set of two mirrors at each end of the lasing medium; their
function is to feed back the spontancously emitted photons which can then oscillate and be amplificd
by stimulated emission to form the laser beam.
modality: n

Function: to produce a coherent, monochromatic (i.e. of one specific wavelength) beam of ER
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Linguistic Information:

English term: holmium
reference: HECHT92:471

French term: laser holmium
reference: TERMIUM93
comment: B file
Background Information:
superconcepts: concept of rare carth jon laser
reference: KOE91:37
expert: FORTING3

classification status: classified

CONCEPT NAME: THULIUM LASER

Conceptual Information:
ITD: A rarc carth ion laser whose active species is Tm3+.
commercial value: from $10 to $200 million

wavelength: 1120 nm
reference: TF87:13
context: Table: Active Element and Laser Wavelength

characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAURS6:23)

mode: one or both of: pulsed, continuous wave (CW)
characteristic description: Output characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.e. one pulse of
light each time they are fired); they can emit trains of pulses, one short pulse after another; or they can
operate continuously: the terms 'pulsed’ (also ‘single pulse operation') and 'continuous wave' (also
‘continuous wave operation') are used to describe these conditions. (LAURS6:29)

tunability: not tunable
characteristic description: Ability of lasers to change their wavelength over a wide range.
(TF87:16)

modality: n

chromaticity: monochromatic
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characteristic description: Whether the beam is made up of onc or more wavclengths;
monochromatic means one wavelength, while polychromatic means more than onc wavelength.
coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are exactly in step with one another, i.c. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of
electromagnetic radiation. (adapted from LAURSG:32, ZIL73:5)

divergence: low

characteristic description: The spreading out of a beam wtih distance, measured as an angle.
(adapted from HECHT®86:347)

power: from fractions of milliwatts to 1 terawatt
characteristic description: The rate at which the light source radiates energy; measured in watts

(W). (TE87:2)

product: output beam
characteristic description: The type of electromagnetic radiation emitted from the source, i.c.
visible radiation, invisible radiation (gamma rays, x-rays, ultraviolet light, infrared radiation,
microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
emitted,

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms
and molecules by exciting them with light and obscrving how they absorb or reemit the light cncrgy),
optical storage, industry (welding, drilling), electronics (trim, anneal and microsolder the microcircuits
in computers, televisions, radios, etc.), energy production (experimental: e.g. initiation of fusion
reactions), holography, optical communications technology, non-lincar optics, rescarch, military (c.g,
battleficld simulation systems, weapons), interferometry, etc.

active medium: impurity-doped insulator (one of: glass, crystal)
expert: BECKETT93
characteristic description: The substance that originates and amplifics the laser light.  Generally,

the name of the laser identifies the active medium. (adapted from LAURS6G:3, HECHT86:341-2)
modality: n

host material (part): one or both of: glass, crystal
expert: BECKETT93
characteristic description: The material which is host to the ion whose energy transitions make
the lasing possible. (adapted from PA91:603)
modality: n

active species: Tm3+ ion
reference: PA91:605
context: Table: Laser Jons and Abbreviated Listing of Host Materials
expert: BECKETT93

characteristic description: The atoms or molecules that actually emit the light, such as the Cr3+
ions in a ruby laser. (LUPA92: 92)

modality: n+s
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cxcitation source: optical (one or both of: flash lamp, another laser)
characteristic description: The laser's source of energy, which helps it achieve population
inversion.
modality: n

optical resonator: one or more of: plane-parallel, confocal, hemispherical (may be stable, unstable)
characteristic description: The sct of two mirrors at cach end of the lasing medium; their
function is to feed back the spontancously emitted photons which can then oscillate and be amplified
by stimulated emission to form the laser beam.
modality: n
Function: to produce a coherent, monochromatic (i.e. of one specific wavelength) beam of ER

Linguistic Information;

English term: thulium laser
reference: HECHT92:4717

Background Information:
subconcepts: concept of Tm:YAG laser
supcrconcepts: concept of rare carth ion laser
reference: KOE91:38
expert: FORTIN93

classification status: classified

CONCEPT NAME: SEMICONDUCTOR DIODE LASER

Conceptual Information:
ITD: A solid-state laser whose active medium is a semiconductor.
commercial value: from $10 to $200 million

wavelength: 330 nm - 400 nm
reference: LUPA92:150
characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAURS6:23)

mode: one or both of: pulsed, continuous wave (CW)
reference: TF87:30

characteristic description: Qutput characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.e. one pulse of

235



Appendix B. The Laser TKB

light each time they are fired); they can emit trains of pulses, onc short pulse after another; or they can
operate continuously: the terms 'pulsed’ (also 'single pulse operation’) and 'continuous wave' (also
'continuous wave operation’) are used to describe these conditions. (LAUR8G:29)

tunability: not tunable
expert: FORTING3
characteristic description: Ability of lasers to change their wavelength over a wide range.
(TF87:16)

modality: n

chromaticity: monochromatic
characteristic description: Whether the beam is made up of onc or more wavelengths;
monochromatic means one wavelength, while polychromatic means more than onc wavelength.
coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are exactly in step with one another, i.c. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of
electromagnetic radiation. (adapted from LAUR86:32, ZIL73:5)

divergence: low

characteristic description: The spreading out of a beam wtih distance, measured as an angle.
(adapted from HECHTS86:347)

power: from fractions of microwatts to 100 watts
reference: LAURB6:95, FORTING3
comment: Although LAUR8G:95 had the top limit as 1000 watts, FORTIN93 feels that this
figure is too high, and that the top limit is probably about 100 watts.
characteristic description: The rate at which the light source radiates energy; measured in VWaiis

(W). (TF87:2)

product: output beam
reference: LAUR86:94
characteristic description: The type of electromagnetic radiziior emitted from the source, i.c.
visible radiation, invisible radiation (gamma rays, x~rays, ultraviolet light, infrarcd radiation,
microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
emitted.

applicetions: optica! storage, communications technology, military (e.g. battleficld simulation
systems, weapons)
reference: LAUR8BG:94

active medium: semiconductor
reference: HECHT92:97
comment: The number of semiconductor crystals was specified by FORTIN9S.
expert: BECKETT93
characteristic description: The substance that originates and amplifies the laser light. Generally,
the name of the laser identifies the active medium. (adapted from LAUR86:3, HECHT86:341-2)
modality: n+s
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excitation source: electrical
reference: TF87:17
cxpert: BECKETT93
characteristic description: The laser's source of energy, which helps it achieve population
inversion.
modality: n

optical resonator: one or more of: plane-parallel, confocal, hemispherical (may be stable, unstable)
characteristic description: The set of two mirrors at cach end of the lasing medium; their
function is to feed back the spontancously emitted photons which can then oscillate and be amplified
by stimulated emission to form the laser beam.
modality: n

Function: to produce a coherent, monochromatic (i.e. of one specific wavelength) beam of ER
Linguistic Information:

English term: semiconductor diode laser
reference: LAURENCES6:61
context: listed under heading "Lasers that don't work the way we just said they do"; described as
the most common type of laser in use, very simple and very inexpensive, and therefore very important

synl: semiconductor laser
reference: LAURENCES6G:19

syn2: diode laser
reference: LAURB6:19

syn3: semi-conductor laser
reference: TAYLOR/FRENCH87:17
context: listed as one of the two other most important kinds of laser (i.e. semi-conductor and
chemical) beside solid-state, gas and dye

defl: The term solid-state laser is not meant to include semiconductor lasers which, even though
solid, operate on entirely different principles
reference; LAURBG:81

def2: A solid-state laser is one in which the active medium is a nonconductive crystal, a crystalline
material, or glass doped with a species that can emit laser light. Semiconductor lasers are considered
functionally different types, even though they are made of solid-state materials, because of
fundamental differences in their operation.
reference: HECHT92:96

def3: The application of semiconductor diode lasers (themselves solid-state lasers, but normally
classified separately because of the different pumping mechanism of current injection) for pumping
other solid-state laser materials ... may have been the most important development in the process to
create compact, reliable lasers....
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reference: LEFJUNE90:90

French term: laser 4 semi—conducteur
reference: GRA92:30, NENT86:168

synl: laser semi-conducteur
reference: JOHN82:16, GRIFF83:8

syn2: laser a diode
reference: JOHN82:16

Background Infermation:

subconcepts: (concept of gallium arsenide diode laser, concept of indium phosphide laser, concept
of lead-salt diode laser )

superconcepts: concept of solid-state laser
reference: TF87:30
context: Table: Laser Properties and Applications
comment: many authors distinguish semiconductor diode lasers from solid-state lasers; however,
FORTINO3 says they definitely are a kind of solid-state laser
expert: FORTINS3, BECKETT93

classification status: classified
introduction date: 1962
reference: LAURS6:95

comment: after the semiconductor diode laser was invented, ten ycars of reascarch and
development were required to produce ones that could be operated reliability at room temperature

CONCEPT NAME: GAS LASER

Conceptual Information:
ITD: A laser with a gaseous active medium.
commercial value: from $10 to $200 million

wavelength: © 100 nm -~ 2000 nm [x~ray to far infra-red]

reference: TF87:30, OSHEAT77:126

context: Table: Laser Properties and Applications

comment: value is taken from a range of values; DULEY91:139 comments that output
wavelengths span the spectrum from the far infrared to the

expert: BECKETT93

characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAURS86:23)
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modality: n

mode: one or both of: pulsed, continuous wave (CW)

reference: TF87:30

context: Table: Laser Properties and Applications

comment: value is taken from a range of values

characteristic description: Qutput characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.e. one pulse of
light cach time they are fired); they can emit trains of pulses, one short pulse after another; or they can
operate continuously: the terms ‘pulsed’ (also 'single pulse operation’) and 'continuous wave' (also
'continuous wave operation') are used to describe these conditions. (LAUR8BG:29)

tunability: onc of: tunable, not tunable
reference: DULEY91:139
comment: DULEY91:139 comments that few gas lasers are tunable over an appreciable
wavelength range
expert: BECKETT93
characteristic description: Ability of lasers to change their wavelength over a wide range.
(TF87:16)

modality: n

chromaticity: monochromatic
characteristic description: Whether the beam is made up of one or more wavelengths;
monochromatic means one wavelength, while polychromatic means more than one wavelength.
coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are exactly in step with one another, i.e. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of
clectromagnetic radiation. (adapted from LAURS86:32, ZIL73:5)

divergence: low
characteristic description: The spreading out of a beam wtih distance, measured as an angle.
(adapted from HECHT86:347)
modality: t

power: up to 10 megawatts
reference: TF87:30
context: Table: Laser Properties and Applications
expert: BECKETT93
characteristic description: The rate at which the light source radiates energy; measured in watts
(W). (TF87:2)

modality: t

product: output beam
context: general description
characteristic description: The type of electromagnetic radiation emitted from the source, i.e.
visible radiation, invisible radiation (gamma rays, x-rays, ultraviolet light, infrared radiation,
microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
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emitied.
modality: n

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms
and molecules by ¢xciting ihem wiih light and observing how they absorb or reemit the light energy),
optical storage, industry (welding, drilling), electronics (trim, anneal and microsolder the microcircuits
in computers, televisions, radios, etc.), energy production (experimental: ¢.g. initiation of fusion
reactions), holography, optical communications technology, non-linear optics, rescarch, military (c.g.
battlefield simulation systems, weapons), interferometry, etc.
modality: t

active medium: gas
reference: TF87:2
context: explanation of three main types of laser
expert: BECKETT93
characteristic description: The substance that originates and amplifies the laser light. Generally,
the name of the laser identifies the active medium, (adapted from LAUR86:3, HECHT86:341-2)
modality: n+s

excitation source: one of: electrical, chemical, optical (flash lamp, another laser)
reference: DULEY91:139
context: description of how gas lasers are pumped (introductory paragraph)
expert: BECKETT93

characteristic description: The laser's source of energy, which helps it achicve population
inversion.

modality: n

optical resonator: one or more of: plane~parallel, confocal, hemispherical (may be stable, unstable),
none

expert: BECKETT93

characteristic description: The set of two mirrors at each end of the lasing medium; their
function is to feed back the spontaneously emitted photons which can then oscillate and be amplificd
by stimulated emission to form the laser beam.

modality: t

Function: to produce a coherent, monochromatic (i.c. of one specific wavelength) beam of ER
modality: n

Linguistic Information:
English term: gas laser

French term: laser & gaz
reference: MCKIES4:15, HART74:59

synl: laser gaz
reference: BTQ93
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Background Information:

subconcepts: (concept of excimer laser, concept of metal-vapor laser, concept of helium-neon
laser, concept of carbon dioxide laser, concept of noble gas ion laser, concept of free—clectron laser )

superconcepts: concept of laser
expert: FORTINY3

classification status: classified

CONCEPT NAME: LIQUID LASER

Conceptual Information:
ITD: A laser with a liquid active medium.
commercial value: from $10 to $200 million

wavelength: 200 nm - 1800 nm [gamma ray to infra~red]
expert: BECKETT93
characteristic description: The distance between adjacent crests and troughs of a wave of
radiation. (adapted from LAURS6:23)
modality: n

mede: one or both of: pulsed, continuous wave (CW)
characteristic description: Output characteristic of laser; normally refers to the intensity
distribution of output light intensity. (DULEY91:139) Lasers can emit single pulses (i.e. one pulse of
light cach time they are fired); they can emit trains of pulses, one short pulse after another; or they can
operate continuously: the terms ‘pulsed' (also 'single pulse operation’) and 'continuous wave' (also
‘continuous wave operation’) are used to describe these conditions. (LAURS6:29)

tunability: tunable
reference: TF87:16
expert: FORTIN93
characteristic description: Ability of lasers to change their wavelength over a wide range.
(TF87:16)

modality: n

chromaticity: monochromatic :
characteristic description: Whether the beam is made up of one or more wavelengths;
monochromatic means one wavelength, while polychromatic means more than one wavelength.
coherence: coherent
characteristic description: The relative organization of the light waves in the light signal
(coherent means the separate light waves in the beam are exactly in step with one another, ie. they
have the same phase; incoherent means they aren't in step). The term can apply to any form of

241



Appendix B. The Laser TKB

electromagnetic radiation. (adapted from LAURBG:32, ZIL73:5)

divergence: low
characteristic description: The spreading out of a becam wtih distance, measured as an angle.
(adapted from HECHT86:347)
modality: t

power: from fractions of milliwatts to megawatts
expert: BECKETT93
characteristic description: The rate at which the light source radiates encrgy; measured in watts
(W). (TF87:2)

modality: n

product: output beam
characteristic description: The type of electromagnetic radiation cmitted from the source, i.c.
visible radiation, invisible radiation (gamma rays, X-rays, ultraviolet light, infrared radiation,
microwaves, radio waves). Related to wavelength in that the wavelength dictates the type of radiation
emitted.

applications: one or more of: medicine (surgery), spectroscopy (the study of the behaviour of atoms
and molecules by exciting them with light and observing how they absorb or rcemit the light energy),
optical storage, industry (welding, drilling), electronics (trim, anneal and microsolder the microcircuits
in computers, televisions, radios, etc.), energy production (experimental: e.g. initiation of fusion
reactions), holography, optical communications technology, non-linear optics, research, military (c.g.
battlefield simulation systems, weapons), interferometry, etc.
modality: t

active medium: liquid
reference: TF87:2
context; explanation of threc main types of laser
expert: BECKETT93
characteristic description; The substance that originates and amplifics the laser light. Generally,
the name of the laser identifies the active medium. (adapted from LAURS6:3, HECHT86:341-2)
modality: n+s

excitation source: optical (flash lamp, another laser)
reference: LAURS6:87
expert: BECKETT93
characteristic description: The laser's source of energy, which helps it achicve population
inversion.
moedality: n

optical resonator: one or more of: plane~parallel, confucal, hemispherical (may be stable, unstablc)
reference: BECKETT93
characteristic description: The set of two mirrors at each end of the lasing medium; thesr
function is to feed back the spontaneously emitted photons which can then oscillate ancd be amplified
by stimulated emission to form the laser beam.
modality: n
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Function: to produce a coherent, monochromatic (i.e. of one specific wavelength) beam of ER
Linguistic Information:
English term: dye laser

French term: laser a liguide
reference: NENT86:101

synl: laser liquide
reference: GRIFF83:8, BTQ93

syn2: lascr a plasma liquide
reference: JOHN82:17

Background Information:
subconcepts: concept of dye laser

superconcepts: concept of laser
expert: FORTING3

classification status: classified
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Appendix C TECHNOLOGY TO BE USED WITH CODE

It was noted in chapter 8 that the terminologist should explore the various tools that can be
used in conjunction with CODE in order to facilitate computerized concept analysis. Some of these
tools include:

~— wordprocessing applications such as WP5.1 (on desktop or notebook computers): these
applications let the terminologist take notes at libraries or at home during preliminary reading, transfer
them to a UNIX workstation, and then cut and paste pertinent information into CODE.!

— text editors: these UNIX~based applications allow the terminologist to take notes while
working on CODE, and then print them or transfer them to a PC. For example, 1 used a text editor
called Xedit to compile lists of questions for the experts as I used CODE. I also made notes while
working on the TKB and then transferred them to a PC for inclusion in this thesis. CODE will also
convert all the TKB information to a text file. The file can then be transferred to a wordprocessing
application to be edited and presented to the expert. That is how the TKB records in Appendix B
were created.

—- workspaces: these empty windows can be opened in CODE for use as electronic notepads,
where one can type in important but temporary information, such as reminders about things to do with
the TKB (e.g. verify a certain characteristic value),

- screendumps: these are files created by "capturing” the windows that appear onscreen. They
can either be sent straight to the printer (which is useful for gathering information to be presented to
the expert), or placed in a directory. From there they can be transferred (after conversion) to, for
example, a personal computer, where they can be imported into a wordprocessing applicatiun. This is

how the CODE graphics in this thesis were created.

! CODE tuns on workstations that use the UNIX operating system.
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