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OFFICERS 1976

President StaNLEY R. PETRICK
IBM Research

Vice-President JosepH E. GRIMES
Cornell University

Secretary-Treasurer A, Hoop RORERTS
Center for Applied Linguistices
Executive Committee TimoTHY C. DILLER
Sperry-Univac
Nominating Committéee  ARAVIND K., JOSH]

University of Pennsylvania

Continuing members of the Executive Committee are Charles J
Rieger III (through 1976) and Bonnie Nash-Webber (through 1977
Continuing members of the Nominating Committee are Robert
Barnes (1976) and William A Woods, Jr. (1977) The Editor is

a member of thé Executive Committee ex.-officio.
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EXECUTIVE COMMITTEE MEETING

Present at the meeting in Boston, Oc¢tober 30, 1975, were
President Joshi, Vice-President Petrick, Executive Committee
Member Nash-Webber, Editor Hays, Secretary-Treasurer Roberts,

Past Presidents Barnes and Woods, and Martin Kay, guest.

Current membership is

Exchange, gift, life 45
Individual, paid through 1974 187
Individual, paid through 1975 517
Institution, paid through 1974 44
Institution, paid through 1975 111

Nash-Webber reported that about 600 copies of the Proceedings
of the June Interdisciplinary Workshop have been sold; the text

is used in courses at Berkeley (0'Malley) and Wisconsin (Klein)

Edited discussions are in preparation.

The Committee decided to hold the 1976 meeting of ACL at San
Francisco in October, jointly with the ASIS meeting. Discussion
with Kay did not lead to generally satisfactory proposals for a
combination of the ACL meeting with the International Conference

at Ottawa.
MORE



Executive Committee Meeting 5

The Committee decided to establish permanently the reduction of

meeting registration fees for students, but not to introduce a

reduced membership fee

The format of the Journal was discussed; a questionnaire is to
be distributed to members, calling for their opinions about

several combinations of printed and microfiched publication.

The Committee decided to offer a limited subsidy to the news-
letter proposed by Hans Karigren of Stockholm; the proposal is
for 10 issues per year, free distribution, and a publication
limited to announcements of sighificant events and other matters

of general interest, with occasional short technical notes.
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FINANCIAL REPORT
JuLy 26, 1974 - Octorer 30, 1975

Balance as of July 26, 1974 $2,264.20
RECEIPTS

Mémbership dues '74, '75 $15,108.76

Redistribution of AFIPS surplus 1,645.00

Sales of back issues, TFS 83.00

ACL '75 meeting receipts to date ___587.00

§17,423.76

DISBURSEMENTS

Administrative costs, office
supplies, PO mailing, AJCL costs

not covered by Acc't #317 $ 3,250.78
TFS (microfiched, old {ssues bound) 115.22
Membership, ACAL 50.00
AFIPS dues 1974 50C.00
AFIPS dues 1975 500.00
Annual meeting costs, 1974 and 1975

to date 196.89

Paid out of ACL membership receipts
into CAL account #317 for AJCL: from

1974 receipts 7,968.88
1975 receipts 5,000.00
$17,581.77
Balance as of QOctober 30, 1975 § 2,108.19
SAVINGS
Certificates and accounts now worth S 6,607.55

A. Hood Roberts, Secretary-Treasurer
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PERSONAL NOTES

DILLER, TiMoTHY C, To Speech Communications Group, Sperry-
Univac, Univac Park, P. 0. Box 3525, St. Paul, Minnesota
55101. From SDC.

ROOCH, MELVIN.R., MaJor. USDAO, Box 2, American Embassy, APO
San Francisco 96262. Chinese and Jepanese characters
Artificial intelligence.

SAGER, NAoMt. NYU Linguistic String Project, Warren Weaver
Hall, 251 Mercer Street, New York 10012. (The Project has
moved to quarters in the building tne the Courant Institute
of Mathematical Sciences.)

SALTON, GeRARD. ASIS Award for best information science book of
1975: Dynamic Information and Library Processing.

SOMERVILLE, CrRAIG A. To 4 Sherry Road, Troy, New York 12180,
From Birmingham, MI.

WILKS, YOrRIck. To Department of Artificial Intelligence,
University of Edinburgh, Scotland. From Fondazione Dalle

Molle, Castagnola, Swictzerland.



American Journal of Computational Linguistics  wicrofiche 29 -

NATIONAL SCIENCE FOUNDATION
REORGANLFZATION

MSF is reorganizing itself into six directorates; the new

arrangements are intended to be complete by October 31, 1975:

Division of Mathematical, Physical, and Engineering Sciences
Dr. Edward Creutz, Assistant Director
Division of Astronomical, Earth, and Ocean Sciences
Dr. Robert E. Hughes, Assistant Di.ector
Division of Biological and Social Sciences
Dr. Richard C. Atkinson, Acting Assistant Director
Division of Science Education
Division of Research Applications
Dr. Alfred J. Eggers, Jr., Assistant Director
Division of Scientific, Technological and International Affairs
Dr. Robert E. Hughes, Assistant Director (acting)

Division of Administration

Mr. Eldon T. Taylor, Assistant Director
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LATSEC SHOWS HT IN ZURICH

A forthcoming report in the ALLC Bulletin written by Herbert
Bruderer describes a demonstration conducted by Peter P. Toma
of LATSEC, Inc., in the Institut flr Informatik of the Univer-
sity of Zurich. The report describes the systeéem as having
been proved practical by the American Air Force since 1970,
and says that the Systran system was used fer the Apollb-Soyuz
flight.

Mr. Bruderer writes that the text was furnished by the Grenoble
MT group; he describes the program as requiring a large computer.
According to his report, a Russian text of 30,000 words was

translated into English in 6 minutes on an IBM 370/155.
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XTIt INTERNATIONAL
CONGRESS OF LINGUISTS
VIENNA
AueusT 29 - SepTemBer 2., 1977

President of the Organizing Committee is Professor Wolfgang U,

Dressler; Secretary General, Dr. Oskar E. Pfeiffer; Secretary,

Eva M. Schaup.

Plenary sessions: Basic problems of semantics
Language and society
Logically-based syntax versus autonomous
generative syntax
Word formation
Diachrony: reconstruction

History of linguistics: aims and methods

Round-tables: Linguistics as an empirical science

Language and music

Sections: All plenary topics; and also
Indo-European studies: wave theory
Textlinguistics: dialogue
Linguistics and the computer
Contributions of dialectology to linguistic

theory MORE



XI1Ith International Congress of Linguists ]l

Language and literature

Contrastive linguistics

Grammar and pragmatics of deixis
Semiotics of human and animal language
The interplay between diachronic and

synchronic phonology

Working groups: Speech acts
Speech errors slips of the tongue')
Lexicography

Other topics to be arranged

Registration: Send name, address, institution, name of. any
accompanying person, etc , with the fee of AS 750 to the
Secretariat, Congress of Linguists, Postfach 35, A-1095 Wien,
Austria. (The congress account is No. 65-28715 Creditanstalt-
Bankverein Vienna, branch Schubertring.) After May 1976, the

fee is AS 900; at the Congress, AS 1000. Students half price.

Contributions: Send title and short summary of a 1l5-minute

lecture (for a section) or short statement (for a working group

The second circular will be sent in May 1976 to registered

participants.
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EMPLOYMEHRT REGISTER
A CM CompuTER SciENCE CONFERENCE

DisNEYLAND HoTEL., ANAHEIM, CALIFORNIA
FEBruArRY 10-12, 1976

Applicants and positions available wilLl be listed in books open
for consultation by any conference participant. Staff will
operate a message desk and maintain employer sign-ip sheets at

the conference to facilicate making contacts.

Applicants and employers must register in advance. The charge
is $5 for applicants (free to students; $5 additional for an

anonymous listing) and $20 for employers. Deadline for sub-

mission is January 20, 1976.

Forms can be obtained from
Orrin E. Taulbee
Computer Science Employment Register
Department of Computer Science
University of Pittsburgh

Pittsburgh, Pennsylvania 15260
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COMPCONT/®
TweLFTH TEEE CoMPUTER SoCIETY INTERNATIONAL CONFERENCE

JACK TAR HOTEL
SAN FRANCISCO, CALIFORNIA
FEBRUARY 24-26, 1976

MICROPROCESSOR TUTORIAL: FEBRUARY 23

KEYNOTE SPEAKER: EDWARD E. DAvID, JR.
HISTORICAL SPEAKER: J. PRESPER ECKERT

SESSION TITLES

The personal computer: dream or reality? - What will be the
social impact of computers? - Is 'distributed computer systems
just a buzzword? - When will .design automation come of age? -
What will microprocessor hardware evolve into? - What is the futwu
of language directed machines? - Where is the money coming from?
- What will happen with computer networks? - What can we expect
in data communications techniques? - What will win the solid
state memory race? - What's going on in the rest of the world?
Computer science: 1is it related to computing? -~ What can we
expect in microprocessor software? - Will software engineering

get us good software? - What can we expect in hardware design
techniques?

SHORT CONTRIBUTIONS: DEADLINE JANUARY 1, 1976

5-minute presentations of recent work or experience can still be
offered. A 200 to 300 word summary, with name and affiliation,

goes to Martin Graham, Department of Electrical Engineering and

Computer Science, University of California, Berkeley 94720.

FOR A PROGRAM, WRITE TO: SIDNEY FERNBACH, COMPUTER DEPARTMENT
.-61, LAWRENCE LIVERMORE LABORATORY, PO Box 808, LIVERMORE 94550.
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THIRD EUROPEAN MEETING ON

CYBERNETICS AND SYSTEMS RESEARCH

UNIVERSITY OF VIENNA

APRIL 20-23, 1976 LIST OF SYMPOSIA ON NEXT FRAME
CONTRIBUTIONS

Deadline: January 1, 1976

Form: Abstract - one A4 page, including full title of

the paper, author's name and affiliation
Full paper - 3 to 4,000 words on A4 paper

Three copies of abstract and paper required

FORMAT NOTES

Full text double-spaced; abstract may be single-spaced. Typed
aymbols only; if handwritten symbols must be used, author is to
specify precise shape and meaning on a separate sheet  Photo-
graphs to be on hard glossy paper; at least one copy of any
drawing, map, or diagram must be in India ink on hard paper.
(The ammount ement says that abstracts of papers should be re-
ceived by January l, but speaks of using full text for referee-
ing; AJCL cannot resolve the conflict.) Advancz notice of

films or slides, noting size and quantity, is needed.

ADDRESS
Osterreichische Studiengesellschaft flr Kybernetik

Schottengasse 3 A-1010 Wien 1. Austria



3rd European Meeting on Cybernetics

SYMPOSIA

General systems methodology
G. Klir, USA

Biocybernetics and theoretical neurobiology
L. Ricciardi, Italy

Cybernetics of cognition and learning
G. Pask, UK

Structure and dynamics ot socio-economic systems
K. A. Hammeed, UK

Health-care systems
J. Milsum, Canada

Cybernetics in organization and management
F. deP. Hanika, UK

Engineering systems methodology
F. Pichler, Austria

Computer simulation methods and languages
G. Chroust, Austria, and J. P, C. Kleijnen,

Computer linguistics
W. Dressler, Austria

Computer performance control and evaluation
N. Rozsenich and L. Heinrich, Austria

Fuzzy mathematics and fuzzy systems

H.-Z2. Zimmermann, BRD

FEE

AS 1500, participants; AS 750, contributors

Netherlands

15
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AsSSOCIATION FOR LITERARY AND LINGUISTIC COMPUTING
INTERNATIONAL MEETING : ANNUAL GENERAL MEETING
DecemBer 13, 1975 - UNIVERSITY OF AMSTERDAM

PROGRAM

COMPUTER CONTROLLED SAMPLING FOR BILANGUAGE DICTIONARY COMPILATION
R. D. Bathurst (United Kiggdom)

LES -ACTIVITES DU LEXIQUE INTELLECTUEL EUROPEEN--TRAITEMENT
ELECTRONIQUE DES TEXTES D AUTEURS
T Gregory (Italy)

ON LEXICOGRAPHICAL COMPUTING--SOME ASPECTS OF THE WORK FOR A
MEXICAN SPANISH DICTIONARY
M. Alinei (Netherlands)

THE RECOGNITION OF FINITE VERBS IN FRENCH TEXTS
J. 8. Pet8fi (West Germany)

ADDRESS

A. van Wijngaarden (Netherlands)

Inquiries: Mrs, J. M. Smith, 6 Sevenoaks Avenue, Heaton Moor,

Stockport, Cheshire SK4 4AW, England.
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INTERNATIONAL CONGRESS OF THE
CHARLES S. PEIRCE SOCTIETY

STUTTGART, WEST GERMANY

JUNE 16-19, 1976

PRAGMATISM AND SEMIOQOTIC

About eight invited papers in plenary sessions and

volunteered papers in concurrent sessions.

Submissions and requests for information can be addressed to
Professor Carolyn Eisele
215 East 68th Street, Apt. 27E
New York, New York 10021
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NATIONAL ASSQCIATION OF USERS OF

COMPYUTER APPLICATIONS TO LEARNING

1975 CoNFERENCE

HoLIDAY INN, OTTAWA CENTRE
OTTAWA, ONTARIO, CANADA

NOVEMBER 20-22, 1975

PROGRAM TOPICS

CURRENT EVENTS IN CAI

TEACHING A CAI AUTHOR LANGUAGE
CAL DELIVERY SYSTEM

DISTRIBUTED APPROACH TO CAL
GUIDANCH INFORMATION RETRIEVAL
TUTORIAL TECHNIQUES

USING PLATO

IMPACT OF EDUCATIONAL COMPUTING
SYSTEMS APPROACH TO INSTRUCTION
COMPUTER TECHNOLOGY FOR ELEMENTARY SCHOOLS
COMPUTER BASED TESTING

ADDRESS
NAUCAL Registration Chairman
Algonquin College
1385 Woodroffe Avenue
Ottawa, Ontario K2G 1V8
Canada
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SECOND INTERNATIONAL CONFERENCE UN

HISTORICAL LINGUISTICS

UNIVERSITY OF ARIZONA
TUCSON
JANUARY 12-16, 1976

Registration deadline:

Fees:

December 26, 1975
$112 private room
$ 77 twin bed

S 73 each of two in double bed

Fee include room, ground transport, and conference activities.

Address:

William M. Christie
Department of English
University of Arizona

Tucson 85721
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MEETING BRIEFS
SHORT ANNOUNCEMENTS AND REMINDERS

COLING /6

The 1976 International Conference on Computational Linguistics
will be held at Ottawa, June 28 - July 2, 1976. Details on
Microfiche 17; registration form on Card 63. Deadline for
abstracts of contributions: December 1.

1976 NC C

National Computer Conference, New York, June 7-10, 1976. Call
for papers on Card 62; deadline January 5. Registration $60;
write to AFIPS, 210 Summit Avenue, Montvale, New Jersey 07645.

LINGUISTIC SOCIETY OF AMERICA

Hyatt Regency, San Francisco, December 27-30, 1975. A session
on computational linguistics is in preparation.

INFORMATION THEORY

1976 International Symposium, Ronneby, Sweden, June 21-24, 1974
Information from Jack Salz, Bell Laboratories, Room 1G-509,
Holmdel, New Jersey 07733.

DIGITAL COMMUNICATION

1976 Zurich Seminar, March 9-11. Information from A. Kundig,
Technisches Zentrum PTT/V907, CH-3000 Bern 29, Switzerland.

M ORE



MEETING BRIEFS 21

APL 76

Fundamental issues and techniques in practical use pf the APL
programming language. Ottawa, September 22-24, 1976. Informa-

tion from C. A. Wogrin, University Computing Center, University
of Massachusetts, Amherst 01002.

PROGRAMMING SMALL PROCESSORS

SIGMINI and SIGPLAN. Delta Towers Hotel, New Orleans, March
4-6, 1976. Information from Lawrence J. Schutte, Room 6B-302,
Bell Telephone Laboratories, Naperville, Illinois 60540.

PATTERN RECOGNITIONR

Third International Joint Conference, Coronado, California,
November 8-11, 1976. Information from Allen Klinger, UCLA,

3531-C Boelter Hall, Los Angeles 90024. Deadline for submis-
sion: March 1, 1976.

NAT1ONAL FEDERATION OF ABSTRACTING AND INDEXING SERVICES

Information--Dilemmas, Decisions, Directions. Theme sessions

on such topics as changing patterns of primary sources, document
delivery, user education, indexing systems and current research
related to abstracting and indexing. Program Chairman is John

E. Creps, Jr., Engineering Index, Inc. Christepher Inn, Columbuys
Ohio, March 9-10, 1976.

CoMmpUTERS IN THE UNDERGRADUATE CURRICULA

Binghamton, New York, June 14-16, 1976. Papers invited on actual
experience: concrete results, specific materials, problems, pro-
grams, and measures of success or accomplishment. Deadline for

full papers: Janwary 15, 1976. Information from CCUC/7, Compu-
ter Center, SUNY, Binghamton 13901.
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AMERICAN CounciL oF LEARNED SOCIETIES - GRANTS

SOVIET STUDTIES

Grants will be offered subject to refunding, for research in the
social sciences and humanities relating to Revolutionary Russia
and the USSR; sponsored jointly by the ACLS and the Social Science
Research Council. Emphasis is placed on interdisciplinary studies
and on applications which bring to Soviet studies insights of
sociology, social psychology, cultural anthropology, economics,
law, and geography. Only in exceptional cases will grants be
made in support of travel for brief visits abroad or to relieve
scholars of the necessity of teaching beyond the conventional
academic year. Grants will rarely exceed $8,500. The Ph.D. or

its equivalent is required. /Deadline: December 31, 1975.

EAST EUROPEAN LANGUAGES

Grants will be offered subject to refunding, for scholars and
graduate students (who have completed at least one year of gradu-
ate study at the program deadline) for intensive, intermediate
level study abroad of the languages of Albania, Bulgaria, Czecho-
slovakia, Greece, Hungary, Poland, Romania, and Yugoslavia; ‘spon-
sored jointly by ACLS and SSRC. Grants are also offered for en-
rollment in language courses on all levels in the US if such
courses are not avallable in the regular program of the home

institution. $300 to $1000. Deadline: February 1, 1976.
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SPECIAL LIBRARIES ASSOCIATION
SCHOLARSHIP PROGRAM
1976/77

Three $2,500 scholarships will be awarded by Special Libraries Association for the aca-
demic year 1976/77 The awards, to be granted in May 1976, are for graduate study
leading to a master’s degree at a recognized school of library or information science n
the United States or Canada Preference will be given to those applicants interested in
pursuing a career in special librarianship. Awards are made without Legard to race, sex,
age, religion, or ethnic background.

Special Libraries provide research and information services to business, industry and
government. Special Librarians are men and women trained in the theory and practice of
library or information science as well as in the fundamentals of a particular subject field,
Speciallsts are needed in many organizations, among which are research institutes, news-
papers, insurance companies, banks, law firms, hospitals, and governmental agencies.
Subject specializations may include the social sciences, economics, the fine arts, engineer-
ing, and the physical and biological sciences.

ELIGIBILITY: College graduates or college seniors with an interest in special
librarianship. Work experience in a special library is help#!

Citizens of the United States or Canada
QUALIFICATIONS: Definite interest and aptitude for sp@cial library work
Good academic record
Financial need,
APPLICATIONS: May be requested by writing to

Special Libraries Association
Scholarship Committee
235 Park Avenue South
New York, N.Y. 10003

Applications must be completed and returned by
January 15, 1876
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ACKNOWLEDGMENT
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COMPUTER GENERATION OF SENTENCES
BY SYSTEMIC GRAMMAR

JOHN SELF
Department of Information Science-

University of Melbourne
Parkville, Victoria, Australia 3052

ABSTRACT

The paper describes a computer model of svstemic grammar,
a penerative grammar for natural language. A program is
explained which pgiven the features of an iter, determines the
structure of that item according to a svstermic grammar specifiec
as data. The program thus demonstrates the principles of
systemic grammar, a brief summarv of the mechanics of which is
also included. 3Some implications of the program for systemie
grammar itself are discussed. In particular, it is shown that
previous definitions of the omeration of structure-building

rules require modification.
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1. Introduction

This paper describes a computer model of systemic grammar, a
grammar for natural languages developed by Halliday and
colleagues at University College, London (Halliday, 1961, 197n).
Svstemi¢ grammar has recently been of interest to comnutational
grammarians, primarily as a result of the impressive work of
Winograd. (1972), who developned a natural language understanding
system one component of which was strongly influenced by the
principles of systemic grammar. More recently, Power (1974) has
also investigated how systemic grammar can be used to analvse
natural language. There have, however, been no attemnts to use a
computer to investigate systemic grammar itself. As Friedman
(1971) says, in introducing her computer model of
transformational grammar, adequate natural language grammars are
bound to be so complex that some mechanical aid in investigating

their proverties will be mandatory.

The aims, then, of developing a computer model of systemic
grammar are threefold. First, the model enables the grammar to
be tested, i.e. it enables contradictions, amhigpguities and
incompletenesses in the grammar to be found. Ffecondly, the model
enables systemic grammar itself to be improved, since the
consequences of adjusting parameters and rules can be more easily
followed. And, thirdly, the model serves as a demonstration of

how systemic grammar 'works'
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Earlier descriptions of systemic grammar were somewhat
ihcomplete, but that of Hudson (1971) seems sufficientlv precise
to encourage the feeling that a computer program could be based
upon it. The program described below generates (in the
linguistic sense) natural language sentences, i.e. "assigns
structural dsscriptions to sentences" (Chomskv, 1965). It is

not concerned directly with understanding or producing senternces,

2. The Mechanics of Svstemic Grammap

This section brieflv describes the generative apnaratus of
systemic grammar - for a fuller discussion, and for linguistic
justifications of the processes, the reader is refeéerred to
Hudson (1971), from which the example grammar and generations

given later are taken.

In systemic grammar, "structures are entirely predictable
from features: given all of an item's features, we can predict
exactly what its sfructure will be" (Hudson., pg 87). 1In

general terms, an item's features or classes are those

categories to which it belongs irresvective of the narticular
sentence to which the item belongs; an item's functions are
those categories to which it belongs as a result of its role in
a sentence. For example,

"must" has the features MODAL-VERB, FINITE-VERB (among others)

and in the sentence
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"Must it grow darker?" has the functions !PRE~SUBJECT,
!MOOD-FOCUS (among others)

(A preceding ! will be used to distinguish functions from

features.) An item's structure is defined by its immediate

constituents' functions and the sequence in which they occur.

Given all the features that an item has, tHe item's
structure may be determined, according to systemic Emammar, by

the sequential application of rules of four kinds:

(1) feature-realisation rules

In the simplest case, these rules are of the form "if item
has feature x then its structure will contain function y" - y is

said to be the realisation of x. Some rules are conditional in

that the realisition only holds if certain other features are or
are not present., Also, some rules specify that tw¢ functions

must be conflated, i.e. both functions apply to the same immediate

constituent. (Further details of these and the following rules
are given later when the program is discussed.) The application
of the feature-realisation rules provides an unordered set of

functions, some of which may be conflated.

(2) structure~building rules

These rules expand and order this set of functions to provide
the structure of the item. Structure-building rules are themselves

of four kinds, which in the simplest case are of the following form:
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(@) addition ruleg: "if function y (or some combination of

functions) is present, then so must be function z (possibly
conflated with other functions)".

{(b) conflation rules: "if some condition expressed in terms

of functions is satisfied then some function mrust be conflated
with certain other functions".

(c¢) sequence rules: "if two functiens y and z are present

then v must be conflated with, precede or not follow z".

(d) compatibility rules: "functiongs v and z must not be

conflated".

Addition and conflation rules are onlv applicable if the resultant
structure does not conflict with a sequence or compatibility rule.
Structure-building rules are not extrinsically ordered in any wav.
After applying these rules, we have a complete specification of
the item's structure, in that we have specified function-
"bundles", each of which consists of the functions of one of the

immediate constituents of the item.

(3) function-realisation rules

These rules specify which features are implied by an item's
functions. They are of the form "if a structure contains
function y the corresponding item must have feature x". Applied
to the function-bundles obtained from (2), these rules help to

determine the features possessed by the immediate ¢onstituents.
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(4) systems

System networks specify which features are implied by other
features. These networks are equivalent to rules of the form
"if feature x is present then so is one (or all) of a set of
features, and conversely", These rules expand a set of features
(possibly the result of applying (3) , not necessarily into a
complete set, since some features mav be freely selected. The
feature-realisation rules may then be recursivelv applied to

this set of features, if required.

3. The Program

The program reads in a definition of a systemic grammar
(provided as data so that it may be changed without necessitating
major modifications to the program) and generates a structure
from a specified list of features. The interested reader should
have no difficulty in relating the rules given below to the
grammar given by Hudson (pg. 53-101). The rules are shown in the
form in which they are presented to the program, and are numbered
to ease explanation and understanding of the program's execution.
In order to enable the reader to follow the computer generations

given later, an English interpretation of selected rules follows:
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(1) feature-realisation rules

Rule 13 (below) means "if an item has the feature

INTERROGATIVE then, provided it also is DEPENDENT, its structure

contains the function !QUESTION (which is thereby introduced if

not already present) conflated with !BINDER",

NO TFEATURE

(CLAUSE
(PHRASE

(WORD
(INDEPENDENT
(DEPENDENT
(DEPENDENT
(DEPENDENT
(IMPERATIVE
(INDICATIVE
(INDICATIVE
(DECLARATIVE
(INTERROGATIVE
(INTERROGATIVE

RS OO EF W
w N O

(POLAR
(NON-POLAR
(WH

el
LY

(ALTERNATIVE
(SUBJECT-FOCUS
(SUBJECT-FOCUS

2
O oo ~3

(MODAL
(NON-SUBJECT-FOCUS
(NON-MODAL
(INTRANSITIVE
(TRANSITIVE
(TRANSITIVE

NN
W N O

NN
wn F

(TRANSITIVE
(ATTRIBUTIVE
(ATTRIBUTIVE
(ATTRIBUTIVE
(NON-ATTRIBUTIVE
(NON-ATTRIBUTIVE
(ACTIVE

(PASSIVE
(PASSIVE
(ACTOR-SPECIFIED
(ACTOR-UNSPECIFIED

WNNNN
OO o~2N

W W
N =

«w W
= w

«
1~

Similarly, rule 32

REALISATION CONDITION
1PROCESS)
'HEAD)
1STEM)

-)

1BINDER)
1SUBJECT)
'FINITE)

-)

'SUBJECT)
IFINITE)

-)
1MOOD-FQCUS
(+ !'QUESTION

-)
-)
(¢ !QUESTION

INDEPENDENT)
'BINDER)
DEPENDENT)

'MOOD-FOCUS)
INDEPENDENT)

'ALTERNATIVE)

('OUESTION = !SUBJECT) WH)

(!ALTERNATIVE = !SUBJECT)

ALTERNATIVE)
!MODAL)

!GOAL)

1ACTOR (NOT ACTOR-

UNSPECIFIED))
!TRANSITIVE)

(¢ IATTRIBUANT =
{ ATTRIBUTE)
1COPULAR)
(+ TACTOR =
I1INTRANS)
(IACTOR =
(!GOAL =
'PASSIVE)
(+ !'AGENT =
~-)

ISUBJECT) )

!SUBJECT))

!SUBJECT))
!SUBJECT))

'ACTOR))
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may conflate !ACTOR and ISUBJECT, but only if both are already
present. (There are -omplications, explained later, when the

function to be conflated with, e.g. !BINDER and !SUBJECT above,

ig absent.)

(2) structure-building rules

(a) Addition rule 2 means "!MODAL and !PASSIVE, if present,
must be conflated with !POST-SUBJECT, added if necessary".
Rule 1 means "if !MOOD-FOCUS is present but not conflated with

!SUBJECT then !PRE~SUBJECT must be added if not already pre .t"

NO ADDITION RULE CONDITION

((+ !PRE-SUBJECT) (+ !MOOD-FOCUS # !SUBJECT))
((+ !POST-SUBJECT = !MODAL !PASSIVE))

((+ 'POST-VERB = !ATTRIBUTE !ACTOR !GOAL))

((+ !EN = !PROCESS) (+ !PASSI¥E))

£ WO

(b) Conflation rule 1 means "if !MOOD-FOCUS is not

conflated with !QUESTION then !PRE-SUBJECT and !MOOD-FOCUS

must be conflated, if present".

NO CONFLATION RULE CONDITION

1 ((!PRE-SUBJECT = {MOOD-FOCUS)

(1MOOD-FOCUS # !NUESTION))
2 ((!PROCESS = !COPULAR !TRANSITIVE !INTRANS))
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(c) Sequence rule 1 means "whichever of !MOOD-FOCUS or
!BINDER is present, if either, will precede or be conflated
wvith the first of !PRE-SUBJECT and !SUBJECT, if present, which,
if both are present, will be in the specified order, and
!POST-SUBJECT, if present, will follow the last of these functions,
if any, and tPROCESS, if present, will follow or be conflated with
the last of these functions if any, and !POST-VERB, if present,

will follow the last of these functions, if any".

NO SEQUENCE RULE

1 C((!MOOD-FOCUS OR !BINDER)
=» (IPRE-SUBJECT -> !SUBJECT)
-» !POST-SUBJECT
=» !PROCESS
-> 'POST-VERB)
2 (!FINITE
= (!PRE~SUBJECT
= (!MODAL -> !PASSIVE)
~-> !PROCESS))

(d) Compatibility rule 1 means " !POST-SUBJECT must not
be conflated with !PRE-SUBJECT"

NO COMPATIBILITY RULE

(IPOST-SUBJECT # !PRE-SUBJECT))
(!POST-VERB # [QUESTION))
(!POST-VERB # !BINDER))
(!POST-VERB # !SUBJECT))

£ wn -
Yty
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(3) function-realisation rules

Rule 12 means "if an item hag none of the functions

!SUBJECT, !GOAL, !ATTRIBUTE or !AGENT then if it has !BINDER,

it has the feature CONJUNCTION"

NO

O OO EF O
N O

13
1y
15

FUNCTION

( 1COPULAR
(!EN

(!FINITE

( 1INTRANS

( tMODAL
(1PASSIVE
(IPROCESS
(!TRANSITIVE
(1AGENT

( TALTERNATIVE
(!ATTRIBUTIVE
(!BINDER

(!GOAL
( !QUESTION
(_!SUBJECT

REALISATION CONDITION
COPULAR-VERB)

EN-FORM)

FINITE-VERB)
INTRANSITIVE-VERB)
MODAL-VERB)

BE)

LEXICAL-VERB)
TRANSITIVE-VERB)
PREPOSITIONAL)

DISJUNCTIVE)

(OR ADJECTIVAL NOMINAL PREPOSITIONAL))

CONJUNCTION (NOT (OR
!SUBJECT !GOAL
!ATTRIBUTE !AGENT)))
(OR NOMINAL DEPENDENT))

QUESPIONING)
(OR NOMINAL DEPENDENT))
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Rule 10* means "an item with feature INTRANSITIVE also has

one of the features ATTRIBUTIVE and NON-ATTRIBUTIVE, and also

has the features naming its supersystems, i.e. 9, 23 and 1,

i.e. CLAUSE and ITEM".

NO

1
23
2
3
25
26
27
m
5
28
6
7

8
9
10
11
12

24
13

14

15
29
16
17
18
19
20
21
22

NAME (IF ANY)

(ITEM

(CLAUSE

(-
(INDEPENDENT
(DEPENDENT
(INDICATIVE

(-

(-
(INTERROGATIVE
(NON-POLAR

(INTRANSITIVE
(TRANSITIVE
(PASSIVE

(PHRASE
(-

(-
(WORD

(VERB
(-

(NON-FINITE-VERB

(FINITE-VERB
(-

(GRAMMATICAL-VERB
(NON-MODAL-VERB

(LEXICAL-VERB

The *OR in the subsystems column indicates

SUPERSYSTEM  SUBSYSTEMS

- (*OR 23 24 18))

1 (AND 2 9))

23 (X0R 3 25))

2 (OR IMPERATIVE 26))

2 27)

3 27)

(OR 25 26)  (AND 4 8))

27 (OR DECLARATIVE 5))

y (OR POLAR 28))

5 (AND 6 7))

28 (OR WH ALTERNATIVE))

28 (OR SUBJECT-FOCUS
NON-SUBJECT-FOCUS))

27" (OR MODAL NON-MODAL))

23 (OR 10 11)) |

9 (OR ATTRIBUTIVE NON-ATTRIBUTIVE))

9 (OR ACTIVE 12))

11 (OR ACTOR-SPECIFIED
ACTOR-UNSPECIFIED))

1 (AND 13 14))

2 (OR NOMINAL ADJECTIVAL
ADVERBIAL PREPOSIT.ONAL))

24 (*OR NON-QUESTIONING

~ QUESTIONING))

1 (OR 29 CONJUNCTEON))

15 (AND 16 19))

29 (*OR 17 18))

16 (*OR FORM-0 EN-FORM ING-FORM))

16 (OR PAST-VERB PRESENT-VERB))

29 (*OR 20 22))

19 (*OR 21 MODAL-VERB))

20 (*OR DO BE HAVE))

19 (OR COPULAR-VERB

INTRANSITIVE-VERB
TRANSITIVE-VERB))

®* the systems are so numbered to correspond with Hudson's
labellings (pg. 71).



36

that the first named feature or rule is the "default" ontion,

taken unless there are environmental reasons for selecting

another.

The rules of the grammar are in fact input and stored in
the form of McCarthy lists (McCarthy, 13965), and the program

is written in a list-processing extension of BCPL (Self, 1975).

It is important to realise that the fules are not
extrinsically ordered in any way, and that the program may
(conceptually) execute the rules in any order, with the
objective of finding a structure consistent with all rules.

Hence, rules are executed recursively, with backtracking when

inconsistenices become apparent.

The generation of the structure of a sentence with the
features CLAUSE, INDEPENDENT, INDICATIVE, INTERROGATIVE,
NON-POLAR, WH, SUBJECT-FOCUS, NON-MODAL, TRANSITIVE, PASSIVE
and ACTOR-UNSPECIFIED, e.g. "Which of the tents were errected?"
(Hudson, pg. 100), is shown below. Each piece of output is
preceded by an indication of the rule that has been executed,

e.g. FR 1 indicates the first feature-realisation rule. Tn

the printout of structures,

w >

indicates that A, B, .. (which may be functions or structures)

are conflated. Similarly,
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A A A
B B B

indicate, respectively, that A precedes B, that A precedes or
is conflated with B, and that the order of A and B is undetermined.
When A, B, .. are all functions, then these appear as, e.g.

(= AB ..),

(GENERATE (CLAUSE INDEPENDENT INDICATIVE INTERROGATIVE
NON-POLAR WH SUBJECT-FOCUS
NON-MODAL TRANSITIVE PASSIVE ACTOR-UNSPECIFIED))

FR 1 (!PROCESS)

FR 9 (!SUBJECT !PROCESS)

FR 10 (!FINITE !SUBJECT !PROCESS)

FR 12 (!MOOD-FOCUS !FINITE !SUBJECT !PROCESS)

FR 16 (!FINITE !SUBJECT !PROCESS (= !QUESTION !MOOD-FOCUS))

FR 18 (!FINITE !PROCESS (= !QUESTION !MOOD-FOCUS !SUBJECT))

FR 24 (!GOAL !FINITE !PROCESS (= '!'QUESTION !MOOD-FOCUS
ISUBJECT))

FR 26 (!TRANSITIVE !GOAL !FINITE !PROCESS (= !QUESTION
IMOOD-FOCUS !SUBJECT))

FR 33 (!TRANSITIVE !FINITE !PROCESS (= !GOAL !QUESTION
!MOOD-FOCUS !SUBJECT))

FR 34 (1PASSIVE !TRANSITIVE !FINITE !PROCESS (= !GOAL
IQUESTION !MOOD-FOCUS !SUBJECT))

SQ 1

1PASSIVE
ITRANSITIVE
'FINITE
>
(= !GOAL !QUESTION !MOOD-FOCUS !SUBJECT)
1PROCESS
SQ 2

ITRANSITIVE
->
?
(= IFINITE !PASSIVE)

(= !1GOAL !QUESTION !MOOD-FOCUS !SUBJECT)
IPROCESS
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ADDN 2
?
!TRANSITIVE
->
? |
(= {POST-SUBJECT !FINITE !PASSIVE)
(= !GOAL !QUESTION !MOOD-FOCUS !SUBJECT)
'PROCESS
SQ 1
2
ITRANSITIVE
->
(= !GOAL !QUESTION !MOOD-FOCUS !SUBJECT)
(= 'POST-SUBJECT !FINITE !PASSIVE)
!PROCESS
ADDN 3
?
ITRANSITIVE
- '
(= !'POST~VERB !GOAL !QUESTION !MOOD-~-FOCUS !SUBJECT)
(= 'POST-SUBJECT !FINITE !PASSLVE)
!PROCESS
COMP 2
?
ITRANSITIVE
(= !GOAL !QUESTION !MOOD-FOCUS !SUBJECT)
(= !POST-SUBJECT !TINITE !PASSIVE)
1PROCESS
ADDN &4
?
!TRANSITIVE
->
(= !GOAL !QUESTION !MOOD-FOCUS !SUBJECT)
(= !'POST-SUBJECT !FINITE !PASSIVE)
(= 'EN !PROCESS) |
CONF 2
?
-
(= !GOAL !QUESTION !MOOD-FOCUS !SUBJECT)
(= !POST-SUBJECT !FINITE !PASSIVE)
(= !TRANSITIVE !EN !PROCESS)
ADDN 3
?
->
(= IPOST-VERB !GOAL !QUESTION !MOOD-FOCUS !SUBJECT)
(= !POST-SUBJECT !FINITE !PASSIVE)
(= ITRANSITIVE !EN !PROCESS)
coMpP 2
?
->
(= !GOAL !QUESTION !MOOD-FOCUS !SUBJECT)
(= 1POST-SUBJECT !FINITE IPASSIVE)
(= !TRANSITIVE !EN !PROCESS)
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(!GOAL !QUESTION !MOOD-FOCUS !SUBJECT)

FNR 13 ((OR NOMINAL DEPENDENT))

FNR 1% (QUESTIONING (OR NCMINAL DEPENDENT))

SY 14 (PHRASE QUESTIONING (OR NOMINAL DEPENDENT))
SY 0 (PHRASE QUESTIONING NOMINAL)

( !{POST-SUBJECT !FINITE !PASSIVE)

FNR 3 (FINITE-VERB)

FNR 6 (BE FINITE-VERB)

SY 21 (WORD VERB GRAMMATICAL-VERB NON-MODAL-VERB BE
FINITE-VERB)

(!TRANSITIVE !EN !PROCESS)

FNR 8 (TRANSITIVE-VERB)

ENR 2 (EN-FORM TRANSITIVE-VERB)

FNR 7 (LEXICAL-VERB EN-FORM TRANSITIVE-VERB)

SY 22 (WORD VERB LEXICAL-VERB EN-FORM TRANSITIVE-VERB)

SY 17 (NON-FINITE-VERE WORD VERB LEXICAL-VERB EN-FORM
TRANSITIVE-VERB)

Thus, the structure generated is

"Which of the tents were erected?"

1
[ ! l

1GOAL 'POST-SUBJECT 'TRANSITIVE
IQUESTION 'FINITE 'EN
'MOOD-FOCUS !PASSIVE 'PROCESS
!SUBJECT

"Which of the tents were ' erected?*

The progrdm may then generate the features .of the immediaté
constituents, using the function-realisation rules and systems,
and then repeat the above process to determine the structure of

the immediate congtituents. The first stage of this is indicated

above.

Of course, this is a particularly simple sentence and structure
designed to make it easy to see what the program does, and it

should be clear that considerably more complicated grammars can
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also be handled. The generative process itself will not usually

involve such straightforward intermediate structures or proceed

g0 immediately to the final structure. For example, the

generation of the structure of a sentence such as "Must it grow

darker?", requiring five 'loops' of the structure-building rules

before a structure compatible with all rules is obtained, is as

follows:

(GENERATE (CLAUSE INDEPENDENT INDICATIVE INTERROGATIVE POLAR

FR
FR
FR
FR
FR
FR

FR
FR

SQ

SQ

10
12
20
27

28
29

MODAL INTRANSITIVE ATTRIBUTIVE))

(!PROCESS)

(!SUBJECT !PROCESS)

(1FINITE !SUBJECT !PROCESS)

(!MOOD-FOCUS !FINITE !SUBJECT !PROCESS)

( {MODAL. !MOOD-FOCUS !FINITE !SUBJECT !PROCESS)

(1MODAL !MOOD~-FOCUS !FINITE !PROCESS (= !ATTRIBUANT
!SUBJECT))

(!ATTRIBUTE !MODAL !MOOD-FOCUS !FINITE !PROCESS
(= !ATTRIBUANT !SUBJECT))

(1COPULAR !ATTRIBUTE !MODAL !MOOD~FOCUS !FINITE
1PROCESS (= !ATTRIBUANT !SUBJECT))

1COPULAR
!ATTRIBUTE
IMODAL
IFINITE
=>
'MOOD-FOCUS
->
(= 'ATTRIBUANT !SUBJECT)
'PROCESS

!COPULAR
!ATTRIBUTE
-2
?
(= !FINITE !MODAL)
o>
!MOOD~FOCUS
(= 'ATTRIBUANT !SUBJECT)
IPROCESS
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ADDN 1

1 PRE-SUBJECI
1COPULAR
1 ATTRIBUTE
-=>
?
(= !FINITE !MODAL)
=->
1 MOOD-FOCUS
(= !ATTRIBUANT !SUBJECT)
1PROCESS
sQ 1

!COPULAR
!ATTRIBUTE

->
?

(

'FINITE !MODAL)

v N

(=5 !MOOD-FOCUS !PRE-SUBJECT)
(= !ATTRIBUANT !SUBJECT)
!PROCESS

SQ 2

1COPULAR
tATTRIBUTE
->
IMOOD-FOCUS
(= !FINITE !MODAL !PRE-SUBJECT)
(= 'ATTRIBUANT !SUBJECT)
'PROCESS
ADDN 2

!COPULAR
{ATTRIBUTE
->
=>
IMOOD-FOCUS
(= {POST-SUBJECT !FINITE !MODAL !PRE-SUBJECT)
(= !ATTRIBUANT !SUBJECT)
IPROCESS
COMP 1

!COPULAR
!ATTRIBUTE
->
=>
IMOOD-FOCUS
(= !FINITE !MODAL !PRE-SUBJECT)
(= !ATTRIBUANT !SUBJECT)
IPROCESS



ADDN 3

SQ 1

CONF 1

CONF 2

ADDN 2

COMP 1

! COPULAR

>

=>
IMOOD-FQCUS
(= !FINITE !MODAL !PRE-SUBJECT)
(= !ATTRIBUANT !SUBJECT)
tPROCESS
'POST~-VERB !'ATTRIBUTE)

!COPULAR

-

=>
!MOOD~-FOCUS
= IFINITE !MODAL !PRE-SUBJECT)
(= !ATTRIBUANT !SUBJECT)
!PROCESS
(= 'POST-VERB !ATTRIBUTE)

! COPULAR

->

{MOOD-FOCUS !TINITE !MODAL !PRE-SUBJECT)
!ATTRIBUANT !SUBJECT)

ROCESS
'POST-VERB !ATTRIBUTE)

P o W e W ¥

wann

IMOOD-FOCUS !TINITE !MODAL !PRE-SUBJECT)
'ATTRIBUANT !SUBJECT)

!COPULAR !PROCESS) _

!POST-VERB !ATTRIBUTE)

ouon

~
"

!POST-SUBJECT !MOOD~-FOCUS !FINITE !MODAL
!PRE-SUBJECT)

!ATTRTBUANT !SUBJECT)

!COPULAR !PROCESS)

!POST-VERB !ATTRIBUTE)

P YW o Wan
H un

IMOOD-FQCUS !FINITE !MODAL !PRE-SUBJECT)
IATTRIBUANT !SUBJECT)

! COPULAR !PROCESS)

!POST-VERB !ATTRIBUTE)

~ SN NN
W un
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4, Conclusion

The obvious cqeneclusion - that the mechanics of svystemic
grammar (as described by Hudson) are sufficiently well-defined
to form the basis of a computer model - is, for linguistic
descriptions, a significant one. However, the program also
demonstrates that some pule-descriptions require clarifieation.
For example, feature-realisation and function-realisation rules
are impIlicitly unordered (since features and functions are
unordered), or, more precisely, the rules are to be considered
to apply simultaneously. This causes problems with those rules
which prevent features being introduced (e.g. rules such as
feature-realisation rule 32, which means "if !SUBJECT is present
the realisation is as stated, otherwise the first function, i.e.
'ACTOR, must not be introduced by any other feature-realisation
rule”). The solution seems to be to reapply the rules,

recursively, unfil a structure is produced which is compatible

with all the rules.

More seriously, the expectation that the structure obtained
is independent of the order of application of structure-building
rules is not realised, at least for the grammar specified. For
example, considering the second of the above generations and
applying rules SQ 1, SQ 2, ADDN 2, SO 1, ADDN 1 (in that order)
to the set of functions obtained by the feature-realisation

rules, we generate
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TPRE-SUBJECT
$COPULAR
!ATTRIBUTE

>

>
tMOOD-FOCUS
(= !SUBJECT !ATTRIBUANT)
(= !FINITE !MODAL !POST-SUBJECT)
'PROCESS
This structure cannot satisfy both sequence rules, i.e. the
generative process is blocked. Clearly, either the grammar
requires modification or it does matter which order the
structure-building rules are applied. Hudson (personal
communication) has concluded that there, are linguistic grounds
for ordering structure-building rules, so that 'abnormal' cases
precede 'normal' ones, with the latter only applying if the

former had not already been applied. Whether it is possible to

do sc consistently requires further experimentation.

Further possible extensions to the work could involve
trying to specify a lexicon so that the generative process ends
up with a structure with words as leaves, and one could also
attempt to apply the rules in reverse, i.e. to start with a
string of words and produce a structural description. Both

problems are, of course, very difficult ones.
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INTERPRETATION & INTEGRATION
OF SENTENCES INTO A C-NET®

TH. R. HOFMANN

Groupe d'Ptudes pour la Traduction Automatique
Université Scientifique et Médicale de Grenoble

ABSTRACT

A da2tailed proposal for the representation
manipulation of C-nets (suitable for computer
programming) in interpreting pronominal reference,
It is r-shown how this theory accounts for the
Aisambiguation of proneminal reference, & the
determination of focus & comment, more complataly
than any existing semdntic or syntactic theory.

The +*heory of C-nets app

1y

ars.to b2 the most ad=quate
linguistic theory £or semantic analysis of content [y
TREES J. W2 =2xplore heres the possibility of automating this
analysis +to aid 1in @&sutomatic +translation. Translation
involves analysis of content, without which it can only be a
matching of lexical % syntactic structures betwesn lanyuag-s.
Such ‘matching has been shown inadequate by many researchers.
Besid=s beiny necessary for automatic translation, an
autormated analysis of conternt is recessary for other tasks
such as constructainy gen2rdl question-answering systems,
voice-writers, adutomatic indexing & abgtracting, propayanda

measuram-nt & explicaticn, fallacy finding, & others.
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Interpretation & Integration

In addition to being useful, & in the final analysis,
necessary for practical problems in computer understandiny or
decoding of human language, this theory [see my DESCRIPTIONS]
is shown to allow disambiquation of prornouns which are 1left
as ambiquous by contemporary theories of semantics or syntax,
but which in fact ar2 not ambiguous. As will be noted Dut
not explored, this theory also allows the consistant
determination of the focus of a sentence from 1its context,

i.e. not using positiuva or prosodic features.

The theory of C-rnets is in rapid =volution®2, The
versior described here is chosen partly— because it matches
the deep structures obtainzd by the present English grammar
of the TAUM project at the Universit& de Montr&al [TAUM], In
that system, a sentence is reduced to its deep structure by a
Q-system93 grammar. This deep structure would ther be
converted into a bP-net, a temporary C-net, which is th=n
interpreted lexically (i.e. lexical items are replaézd by
their concepts) & integrated into an oveérall C~net. This C-
nat represents the integrated m2aning of that & previous
sentences. In this theory, successful integratiom models the
comprehension of the sentence, as described in my {CEC]. The
interpretation ¢ integration of D-nets are described hers,
with a demonstration of how later sentences ars disambiquatad

in termas of the comprehension of the earlier ones,
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Interpr2tation & Integration

In continuations (a) & (b) below, the syntactic
structuress are not significantly different. Yet both
proanouns she refer unambiguously to different people; to Mary
in (a) & to Susie in (b).

Mary told John that Susie was coming,

(a) but she said it softly.

(b) but she didn't arrive for an hour.
Any non-integrative semantic theory is forced to cdaim that
these ghe's both refer to the same person, or that they are
both ambiguous. Either alternative is wrong; these pronouns
r=fer unambiguously to different people. A sentence often
picks up meaning from its 1linguistic context. The same
sentence may express different things in different contexts.

The mechanism by which this can happen is explained below.,

The only way to detsrmina the correct referents of
these pronouns is to take account ot the relationships
expressed by the verbs tgld, said, gomipyg & arrive. An

adequate way of doing this is to build a C-net for <the 15t

sentence & then 1integrate ths continuations into it, as

outlined in my [INTEGRATIVE].

A C-net is a directed, labelled graph with ordered
arcs. We can represent a C-net by a list of items, 1 for
each node. Each item then consists of: an index number for
the node, a label which indicates its meaning, & an ordered
list of the indices of the nodes it dominates. The

particular index numbers assigned to the nodes arce
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Interpretation & Integration

irrelevant, except that "i" § ®2" are reserved o desiqgnate
the speaker & addressee, respectively. Indeed, the index
numbers are not part of the C-net. They are noeded only %o
make a linear representation of a C-net, such as 1is necded

for computer manipulation. Alse it is custoaary to

capitalize labz2ls of nodes (i.e¢. semantic atoms), & f£or

simplicity, we take Mary(x) as the meaning of Mary. Thus, a

sentence;

Mary told John that Susie was coming.

has_a C—-net:

3 Mary (4) 8 Come(9)

4 P. 9 P.

5 Tell (4,6,7) 10 Susie(9)
6 P. 11 John (6)

7 Prog({8) 12 Pret (5) 05

This 1list of nodes with connections to dominated nods«s

represents the graph below. In this & following graphs,

domination is represented downward as in a dependency tree.

Pret
|

Tell
Mary / |
/ 1

\\ 7 Prog
. i
| .
John | Susie Come

i

N/

The "referential point" ("P." in the list notation &
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Interpretation & Integration

n." in the graph notaticn) is roughly equivaient to the
"individual variable" in the predicate calculus & the
"referential index" in recent transformational studies. In
denotational interpretation, points stand in correspondence

Wwith (i.e. they refer to) portions of the universe of
interpretation. In the synatx of C-nets, they 4o not

dominate any other predicate {node label).

The above representationd® is subjected to lexical
interpretation rules. These rules explicate concepts (the C-
nets of lexical items, ssze my [C&C]) in terms of their
semantic components. They -eplace single lexical items in a
C-net by a small network of unanalysable predicates (s=mantic
atoms). These rules operatzs successively on a C-net. Each
lexical interpretatiorn rule replaces the rode(s) at the leof+t
by the set of nodes at the right. i, j, k & m are variables
ranging over mnode numbers. L value 1is assigned to =ach
variable during thz operation of a rule, &-n—-1 is defined as
the highest node number in the C-net when the rule applies.
All nev nodes (n, n+1, &c) which are not dominated by that
which dominates i (the node being replaced) ATE

presuppositions97,
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Interpretation & Intagration

Lexical Ipterpretation BRulss

r 1 ¢Susieq (J)

i rSusieq (J) -——> ] tMary 4
tMary 4 | n Hume(3)
tn+1 9(J)
r 1 eHazrry, {(3j)
rHarry, (3) -——=> | tJohn 4
tjohn 4 I o Hum(3j)
tn+1 6(j)

ri @a(k,n)os

I o Say(j,m)
i Tell (j,k,m) -==> 1n+1 Anim(j)

ta+2 Hum{j)

r i Bi(n)
] & ad{n+1,J)
i Come(j) --=> {|n+1 P,

jn+2 Piace(n+1)

tn+3 A (n+1, 1
The effect of the 1st 2 rules is to add the f=atures
Hum(x) & Q{x) or 8(x) onto the points domirnated by the proper
names, Susie, Mary, Harry, Jdohn. They express the lingquistic
fact that these names are human names (unlike e.g. Fido), &
are used for females & males respectiveiy. 1In the 3rd rule,
the atoms Hum(x) & Anif(x) ate ircluded in the meaning of
Tell (x,Y,2) to restrict collocational possibilities. Thay
thus describe selectional restrictions, & will sometiazes
disambiquate an otherwise ambiqguous sentence.99 Because the
predicates on any point must be sion-contradictory, the use of
a non-human subject for tell Tell(j,k,l) causaes a
contradiction around node j. The predicate Place(x) occurs

in the #4th rule for the same reason.,

There 1is also a general set of rtules by which
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duplicate nodes are removed:

Duplicats-Reduction Rule Schema

ipPa() R i pPa)

j Pay() 4 B 4§ = 41

i Po (k) a9 === i Po(k)y

J Pao (k) J & j ==

i Pa(k,1l) v+ =---> i Pa(k,l)

3 Pa(k,l) 4 & j 3= 1
&C

where j := 1 effects the replacement of all occurrencas
of j in the C-net by i, & Pu is a variable ranging over
‘node labels,

Most generally, <the lexical interpretation rules may
be applied in any order & as many times as needed; then this
duplicate-raduction rule removes any duplicate nodes
introduced by the lexical rules. To our present knowledge,
However, it appears that the lexical rules can be constrained
to operate only once on a C-net (at all aprlicavle places
simulataneously) & +this constraint will likely require some
ordering between the rulesto, My working assumptions are
that l2xical rules can be ordered so that e¢ach can apply only

once (evervwhere) & that the duplicate-reduction riule

operates last.

By this process, the 1st graph above for Mary told
Jdohn that Susie was coming is converted into its final form
below. Since there are no previous suntences, there is no

integration to be done. This D-net is therefore also the C-
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net for the discourse up to this poi

Mary(4)

- Pa

a(6,15)

P.

Brog (8)

B(16)

Pe

Susie (9)
John {6)
Pra2t {5)
Hum (4)

the graph;

The

Hum

1st

14 Q(4)
15 Say{4,7)
16 #(17,9)
17 P.
18 Place {17)
19 #(17,1) 11
20 Hum(%)
21 ¢{9)
22 Hum (6)
23 61{6)
Pret
i
John @
Sy /
| /
\\]/ Yary Say
- 91/
H P
um\b&/ fog
B
,f
@ )]
N /]
iy /1
Place § / | Susie
{/Hum}] / Q
\\. \Jé//
continuation, (a): but she said it SOrtiy

yields the D-net below after the lexical interpretation rules

& the duplication reduc*ion rule have applied. A D-net is
analogous to a deep structure. It represents the meaning of
a single sentence prior to integration, i.e, in isolation

from the text it is

a part of.

It is integrated into the

existing C-net to form a new C-net.
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24 Soft (25) 28 Hum(27)
25 Say(27,26) 29 @ (27)
26 P. L 30 Pret (25)
27 P. L
or:
Pret Soft
\\ /
/
say
Hum / \
g i/
N ML

The points in a D-net may be annotated by an "L"’for
definite reference. This ®L" is peculiar to D-nets, &
indicates that th2 addressee should be able to find something
it refers to, either in the C-net already existing, or in the
context. When integrated, the "L" disappears bscause the L-
point is either identified with a point in the C-net, or it
refers to some extra-cognitive structure. This "L" derives

from definite expressiorns such as the, this, he, &c.

This D-net 1is integrated in the only possible way,

namely with

30 = 12

27 == 4 (i.e. she = Mary)

26 = 7 (i.2. it = that Susie is coming)
28 == 13

29 = 14

25 1= 15 (L.e. say = tell)

31 := 16

With the duplicates removed, ¢the only addition is 24
Soft (25) 12, These remaining additions thus obtained

necessarily include the focus (comment) & nw

54



Interpretation & Integration

presuppositions. The "meaning" of this continuation in a
loose sense (vhat information does it transmit which is not
already known) is simply the predicate Soft(15). 211 the
rest of the sentence is redundant in the sense that it does
not contain anything new. It was necessary, however, to

allow the listener to determine what is soft.

Pret
| Soft

@ /
John / \\\ /
Say

6\’ /
Hum _\{/ Hary /
N 9/ Prog
Ham\ 1/ ]
Y .
/
A
{ /1 i
1 / | Susilie
Place | / j/ﬂum
N/ W
The referents of the pronouns are determined as. a by-
pruduct of the integration. Because this continuation cannot
be integrated in any othei way, she must refer to Mary, a

feminine antecedent which is not the closest one.

There are several possible strategies for integrating a D-
net, D, which results from a contintuation sentence into the
C-net, C, resulting from accretions from all the previous
sentences. Basically, some of the nodes in D are found in C,
& the D-net is traced out in C. In general, the D-net will

contain some nodes not in. C, & certain typesi3 of the nodes
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in D may be missing in the C-net. The 1st D nodes to be
sought in C should have a high information content to make
this procedure more effective & for this reason wz have
chosen to start with the highest nodes in D: those nodes in
D which are not dominated by any other nodes. In the examplc
above, nodes 29, 28, 30, 24, & 31 are all without domination,
but 29, 28, & 31 are all directly predicating on points,
which leaves 24 & 30 as highest., Nodex with these 1labels,

Soft(¥) & Pret(¥), are sought in C. Arn egquivalent for 24 is

not found, but 30 matches 21. Then, following domination.

lines downward from 30 & 21, everything matches =xcept for 5
&@(6,15). @(x,¥) is one of the nodes which can be skipped in
integrationt+. If the highest nodes do not vyield an
integration, the next highest are ﬁsed un£il integration 1is
possible. Integration 1is accomplished by a set of nods
equivalences such as explained above. Once these are
effected, the duplicate reduction rule will remove all th=
nodes deriving from D which were already in C. The only

nodes of D remaining arte those which were not already in C.

The pronoun ste in this continuation - is referentially
ambiguous by any method of analysis which handles sentences
in isolation. It is rendered unamoizoous, out wrongly so, 1if
it is assumed to refer ¢¢ the nearest preceding feminin=
antecedent. No English speaker can mistake that its referent
is Mary; in reality this ghe is not ambigquous. But the only

way of obtaining the correct referent for it is to utilize
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the information contained in the verbs gsay & tell. This
cannhot he done simply by the similarity in the meanings of
these verbs. In a different continudtion,

she vouldn't be able ¢to tell him anything until
arriving,

the she no longer refers to Mary but to Susie, even though
the main verb of the continuatior is idzantical to the verb of
the initial sentence. '

In that continuation, or in the less complex one (b):

she didnt*t arrive for an hour,

the pronoun refers to Susie, & not to Mary, primarily becausse
of the verd arrive This continuation results in a C-nat;

24 Hour (25) 28 Arrive (29)
25 P, 29 P. 1

26 Durimg (25,27) 30 @(29)

27 Reg (28)

Hour Dur
\ 7 \
. Neg

]
Q Arrive

/
\.L'

This is converted into:

24 Hour (25) 27 Neg (28) 31 B(32)
25 P 28 Finish(31) 32 @(33,29)
26 Dur (25,27) 29 P. L 33 p.

30 @ (29) 34 Place (33)
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Hour Dur
\/\
o Neqg
|
Finish
}

B
|
Place o Q

N\

by the lexical conversion rules

r 1 Finish (n)
i n B{(n+1)

i Arrive () -==> |n+1 a{n+2,j)
jn+2 P.
tn+3 Place(n+2)

i a(k,m) 2+ --=> {[same as above]
m Arrive(j) 4 & n+2 := Kk

It is integrated unambiguously into the C-net asi

Pret
|

5 o
Hum | / \\ Hour Du\r
John \ 1/ /
:}. Q Say \\. Neg
Hum | / \ /
ﬂary\\l/ Prog Finish
~

£
N -
& == D
N

N
@ wme cee Oes gun Sen

Place} /

/
"<
w0
/
=
=)

/ Susie
Ve

with the equatiomns,
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29
33
30
31
32
34

(i.e. she = Susiz)

-l )

(i.e., arfive = cone)

ouononnu
|

-t -t O DO - O

o o

9e b €4 08 s 0

When the duplicatzas are removed, the additiop is *tnat Susia's

[ <2 —3 G S

coming was pot fipished for an hour, the italicized portior

being the comment.

In the more complex continuation mentioned abov:, Sp2

wouldn't be able to teil him apyihing
refers to Susie, <=ven though the subject & the 1st vezb
‘8ignificant for disambiqguationr poiut to Mary as the refzran+.
This desirable rasult follows from the fact that the subjact
of arrive is the same point as the subject of tell. With ths
integration strategy used here, both Tell(x,y,¥) & Arrive (x)
are on the same level in the D-net, but the sub-netwvork
dominated by Arrive{x) 1is, a perfect match, while the subp-
network around Tell(x,y,¥) has no match at all (because of

Tell's different 3rd actant). Hence the gshe refers

unambiguously to Susiz. Intaresting enough, if ve insert th->

vord pmore, she uouldp't be able to igll him apything mor

“
ﬁ

until she gape, the 1st she refers to Mary, & the 211 ¢to
Susie. The cause of this is that the interpretation of more

inserts an extra Tell(x,y,¥) into the D-net, which will match

the Tell(x,y,¥) in the C-net from the 1st sentence, but the

only arrival remains Susie's.
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We have given a detailed description of the proczss by
which different continuations of the sam=2 sentence have thair
subject pronouns interpret2ad us a function of their mairn
varbs. The integration process, which places intarpretations
on prorouns, also interprets definite occurrences of
unmodified £ non-specific rnouns as ra2patitions of previously
mentionad mcre specific (or mor= modified) nouns, fills in
dzleted rnomirals on the basis of prior context & interprets
gzneric or unmoditied verbs as rapetitions of more épeciflc
verbs previously menticned. It must also handle varb phras-
daletion, occurrzncas of 4o so & gapping. The theory of
which this is based is d=ascribed in my [CuvC] o
[DPSCRIPTTONS 5 its relation to other semantic theorics ic
discussed in my ([ TREES]), [PEPRESFNT™TICN], & in Paille+

[ PROBLEMES ].

The esseantial contribntion of this paper has hcrn a2
formal description of +the process of inteyration. That
process 1is central to any integrativs semantic theory, of
which the C-net theory is only 1 (se=. my- [APPRNOACH]). Th .
formalization of idtegration pres2nt<d1 here is undoubtedly
wrong in some aspects, & Tequires further research for
improvement & verification. Az stated here, it is apparently
adequate for most casss of pronouns (but se2 note 11 5

4

excluding deictic uses of pronouns & the pariphrastic it).

The inteqration of the b-net derived from a szntencn

is a model of the wuser's ;comprehepsion of the sentenc~,

60



Interpretatiop & Integration

without. of course, modelling his evaluatiofi of *the truth »f
the, sentence or thz motive behind its use. Thes: are usnally
dependent on the universe of interpretation & obsesrvation of
the speaker. Integration provides a possibie n>xt arza for
research toward fully automated transzlation becauss it
proaises to provids a comprehensive description of th-
content of the patagraph & thes contributioa zaclk sz2ntenc

makes to that conternt,

Pres2ntly conceived a3 an adjuarnct to an automa<ed
translatian system, (it provides full informatiorn as <o
deletions, anaphora of definite articles & prorouns, 5
interpretations of words), the C-net could provide the total
input into a target language rhetoric. This systea will make
"yersions", ¢tranelations wherein she content, but not

necessarily the words, syntactic constructions or aven the

order of exposition are preservad.

As opposed ¢to a tramnslation, a "version" caanot be
made with present theo:iy, bacause that raqires an: ai-juate
theory of rhetoric; Low the  material for a sentance 13
selectnsd out of a complex C~net, what constraints there are
for selection of topice, comarnts, focusase, 6c. Much of thicg
is unknown at present, thougn th- next szveral yrars may show
a great expansion of our khowledqge, (S-¢ I. Bellecrt for a

direct attac¢k -on this problenm.)

Ordinary translations is, however, a matching of
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syntactic & lexical structures as far as possible, without
modifying the nmeaning. C-nets provide a means to do this.
With an adequate representation of meaning, syntactic &
lexical matching can be done. The result can then be tested
for changes in meaning by building a C-net from the targst
language expression for comparison with the original C-net.
Modification of the target expression can then be made to

make the input & output C-nets match to any desirz2d degree of

accuracy. A simpler means for good translation is found in

my [ TRANSLATION].
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01 fThis is an extended version of an article "Interpretation
& Integration of Sentences into a C+netaork" which was
vritten at Groupe de recherche sur la traduction automatijus,
Oniversit& de Montré&al in the summer of 1971 & appear:zd ir
Kittredge { ETUDES]. The terminoiogy & rotation has also bear
revised to be consistent with more recert work on C-nets.

02 Compare, ©.g. my [ TREES] & [ JUDGING].

©3 The Q-system is @a high level programming I&nqdaje for
string manipulation. See A. Colmerauer, *Les systimes=) ou 1
formalisme pour analyser & synth&tiser des phrases sur
1'ordinateur?, in TAUM *7%t (1971) Groupe de recherche sur la
traduction auotmatigue, Universit®& de Montr#al.

0s Prog(¥) & Pret(y) are abbreviations for ths meanings of
the English formatives for the progressive aspect, & the
preterite or past tense.

06 In contrast to this, Joha toldeMary that Susi2 was coming
has a C=net,
Pret
j
Tell
/ | \\\\
John / |
\\ / Prog
. N

Susie Come
/
/

The difference inm the 1list notation is that node S is
Tell(6,4,7) instead of Tell (4,6,7).

07 See discussion in my [ JUDGING].

08 a(x,y) stands for an abstract locative atom of meaning
which is not realized exactly by any word in English. Prench
d is closer to @2(x,y). Recently discovered evidence leads to
the belief that Tell(i,j,k) has been incorrsctly analysged
here, & that this @(x,¥) does not occur at all. A bztter
analysis is "to cause him to come to know it by saying it".
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r i ==>(n,n+1)
i Tell(j,k,m) -==> 1 n Say(j,m)

In+1 B(n+t2)

tn+2 Know(k,n)

The point of this paper, & the dsmonstrations remairn
unchanred under this modificatiorn, althouqgh most of +tna C-
nets are rewised.

09 Tne TAUM syntax presently attempts this sort of
disambiguation by checking the appropriate NP for having +he
necessary features, as proposed in Chomsky [ASPECTS].
McCawley [ROLE] has arqued (p. 132f) that this cannot bz don=
g2nerally by syntactic means, be«cause %th2 critical words nmay
be indefinitely distant, c.f.:

I will eat whatever Maria bakes,
*] will eat whatever Maria believas,

I will eat whatever Maria believes Tom to have bakod.
*I will 2at whatever Maria believes Tom to have dreamed.

10 That is, that the rules can be ordered extrinsically &
applied in sequence; after 1 rule¢ has beer applisd throughout
the netwvork, it cannot be reapplied. This will likaly
require the linguistician to arrange tules in an extrensic
order as some rulas uéed the output of others in an extrensic
order to work.,

11 The point '1*' introcduced firom the analysis of come could
now ke re-interpreted as the subkbject (4) or indirect object
(6) of Say(4,7). It is =not dope here for clarity of
exposition. With the revision mentioned in note 08, there is
a simple yg2neralizatiorn to identify the points which '1' may
be re-interpreted as., There is a 1list of predicatas
(including a3y, kpow &c) whose 1st actants may replace a '1!
dominated by their 2nd actants.

12 Note that the information by which but contrasts with ard
is lost in dntegration, consistent with the principle of
integrative semantics that only the information transmit+ni,
not its order nor the speakrr's reaction to it, is
represented. Conjunctions or successive sentences are simply
integrated together: but indicates some surpriss or p2rhaps
inappropriateness. 1f it +turns out desirable or evern
necessary to include such emotive information, semantic atoms
for such may be defired & will be predicated on the element
vhich is focussed, by a slightly more sophisticated systenm,
Here, it would result in an additional node Surprise (24).
This would allow the reconstruction of the 2-clause syntactic
form & the use of but from the integra*ed network,
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13 It is not yet known which elements may be missing from a
D-net without blocking an integration. I assume that there

is a finite list of such elements, including the performative
atoms marking the type of illocutiopary act (statement,
question, &c).

14 i ?(j,k) can be substituted for by i=3j during integration.
Sce note 13,
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