American Journal of Computational Linguistics xicroricre 77

==¢ THE FINITE STRING >

NEWSLETTER OF THE ASSOCIATION FOR COMPUTATIONAL LINGUISTICS

VoLuME 15 - NUMBER DeEcemBer 1978

George E Heidorn has accepted appointment as Editor.of
AJCL His term begins with the first.issue fpr 1979

The experiment with a microfiche journal is over. The

next issue of the journal will be on paper, with possible
microfiche supplement.

The reti?ing Editor apologizes to the membership for the
long delay in releage of the present material for publica-
tion. Grave personal difficulties interfered with all of
Hays''s routine activities during the period, and voluntary
activities necessarily suffered most
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ASSOCIATION FOR COMPUTATIONAL LINGUISTICS

MINUTES: 16th Annual Business Meeting
26 July 1978

University of Illinois, Urbana, Illinois
Jonathan Allen, President, presiding

MINUTES OF THE PREVIOUS MEETING

Allen noted that the minutes of the previous meeting had been published
in the Finite String, Volume 14, Number 3, Microfiche 65 of the American
Journal of Computational Linguistics.

FINANCIAL STATUS

Don Walker, Secretary-Treasurer, reviewed the financial status of the
Association, a copy of which is attached to these Minutes. He presented
income and expenses both for 1977 and for 1978 through 21 July. The
balances of $6,332.19 for 1977 and $7,060.63 for 1978 constitute asgets
of $13,392.82. However, the major costs for AJCL for the current year
are yet, to be incurred, and dues for AFIPS have not yet been billed. At
the same time, the $1,000 advance to cover costs of the TINLAP-2 Meeting
is likely be returned, along with a portion of the excess of income over
expenses, which will be shared with ACM/SIGART.

The 1indebtedness of the Association to the Center for Applied
Linguistics, which housed the previous Secretariat, has been paid off.
0f the total of $13,486.06, funds from the previous Secretariat provided
$9,913.92; $3,572.14 was taken out of income for 1977.

Walker remarked that the income item from AFIPS for 1977 of $2,365,
which reflected a disbursement of surplus funds from the National
Computer Conference, was unlikely to be repeated again soon. AFIPS is
in the process of creating a new journal, ABACUS, modeled after
Scientific American, and future surpluses probably will be wused to
defray or at least to backup the startup costs. The journal is expected
to be self-sustaining, and might eventually show a profit.

The current balance in the TINLAP-1 Account is $109.41; approximately 75
copies remain.

MEMBERSHIP

Walker reported membership figures for 1977 of 500 individual and 201
institutional, for a total of 701. The current figures for 1978,
through 21 July, are 405 individual and 208 institutional, for a total

of 613. A slightly more detailed breakdown is attached to these
Minutes.



EDITOR'S REPORT

Dave Hays, Editor of the AJCL, announced that he was resigning,
effective at the end of the year. The next issue will include the
TINLAP Proceedings; the final issue of the current year will contain a
complete index for the five years of its publication. The Journal was
established in 1974 as an NSF-sponsored experiment in microfiche
publication. Anticipating the implications of George Heidorn's survey
(see below), Hays remarked that this mode of publication is likely to be

replaced by microprocessor technoleogy and might never regceive a full
scale trial.

Allen expressed the gratitude of the Association to Hays for his
devotion, his constructiveness, and his tireless efforts in establishing
and sustaining the AJCL. This tribute was affirmed by the members.
Allen then announced that Heidorn, currently Associate Editor, would
replace Hays as Editor in January.

A NEW FORMAT FOR THE AJCL

Heidorn presented the results of his survey of the membership regarding
a new format for the AJCL. Of 513 questionnaires mailed (to both
current members and to members who paid for 1977 but not yet for 1978);
212 were returned. The responses favored creation of a hard copy
edition, similar in format to the Communications of the ACM, with or
without an aceompanying microfiche version. Most members felt that such
a change would encourage a wider readership and an increase in the

submission of techical articles. A more comprehensive report by Heidorn
is included elsewhere in this issue.

Allen reported that the Executive Committee, after reviewing Heidorn's
findings, has decided to issue the Journal in the new format with both
hard copy and microfiche versions sent to each membery, beginning with
the first issue of 1979. The microfiche also may contain appendixes for
technical articles, program listings, and other material of interest to

the membership but 1less appropriate for inclusion in hard copy fornm,
like the list of members.

NEXT MEETING

Allen stated that a decision about the time and place of the 1979
meeting had not yet been made. Asilomar, near Monterey in California,
is being considered, possibly around the time of the next International
Joint Conference on Artificial Intelligence, which will be held in Tokyo
from 20 to 24 August. In the discussion, members expréssed concern that
the choice should not discourage attendance by graduate students.

For 1980, the Executive Committee recommended that a third TINLAP
meeting be held. The President, Vice President, and Secretary-Treasurer
constitute an interim committee to investigate this possibility and to
negotiate with SIGART, as appropriate. Allen also remarked that an

offer already had been received from Aravind Joshi to host TINLAP-3 at
the University of Pennsylvania.



NOMINATIONS FOR OFFICERS FOR 1979

Aravind Joshi, reporting Yor the Nominating Committee (Joshi, Petrick,
and Chapin), announced the following nominations for officers for 1979:

Nominating Committee: Jonathan Allen, MIT,

Executive Committee: Stanley Rosenschein, RAND
Secretary-Treasurer: Donald Walker, SRL International

Vice President: Bonnie Lynn Webber, University of Pennsylvania
President: Ronald Kaplan, Xerox Palo Alto Research Center

No additional nominations were received from the floor. Allen called
for a vote, which was unanimous, and the slate was declared elected.

NEW BUSINESS

Carol Lane presented a resolution supporting the ratification of the
Equal Rights Amendment to the U.S. Constitution. After extensive
discussion and after motions to amend and to table were defeated, the

members affirmed the following substitute resolution by a vote of 20 to
13:

WHEREAS, inclusion in the Constitution of these United States
is the basic unalienable right of every citizen;

WHEREAS, the Association for Computational Linguistics views

as intplerable the selective exclusion of over one-half
the population of this country;

WHEREAS, the Equal Rights Amendment, writing women into the
Constitution, must be ratified by three-fourths of the
states (38) prior to its incorporation

THEREFORE, BE IT RESOLVED, that all future conventions,
meetings, and conferences of the Association for
Computational Linguistics will, for the duration of time
during which the Equal Rights Amendment is under
consideration by the several states of the United States,

be held only in those states that have ratified the Equal
Rights Amendment.

RESOLUTIONS

Having set out in advance the syntax of his report for the Resolutions

Committee, Ron Kaplan expressed the gratitude of the Association to Dave
Waltz, his session organizers, and the University of Illinois for the
organization and conduct of the meeting; to the National Science
Foundation, and particularly to Carol Ganz Brown, for its financial
support; to the current officers for their constructive-efforts during
the first part of their elective term (and with encouragement to
continue these efforts for the rest of the year); to the retiring
members of the AJCL Editorial Board--Robert Barnes, Fred Damerau, Gary
Martins, John Olney, and Naomi Sager--for five years of effective
service; to Dave Hays for his countless hours and fruitful endeavors in



€

realization of the AJCL; and to George Heidorn for his willingness to
become the new editor.

Dave Hays called attention to the efforts of Martin and Iris Kay in the

preparation of the AJCL Bibliography, and they were duly included in the
list of resolutions.

The members affirmed these sentiments enthusiastically, and Allen

directed the Secretary-Treasurer to express the appreciation aof the
Association formally to Dave Waltz.

The meeting adjourned.

Donald E. Walker
Secretary-Treasurer

Attachments: Financial Status, Membership Status, Officers for 1979



ASSOCIATION FOR COMPUTATIONAL LINGUISTICS

Secretary-Tr *'s Report
tas of 21 July 1978)

FINANCIAL STATUS 19717 1978
income:
Dues $13285.74 $11337.7%
Back Issues 1790.00 825.00
Meetings 1395.00
AFIPS 2365.00
Mailing Labels 62.40 107.75
Interest 352.13 246.58
TINLAP-1 Account 435.00 52.50
$19685.27 $12569.16
Expenses:
iJCL Production $ 4125.20 $ 1110.76
AJCL Bibliography 1412.50 1084.67
AJCL Editorial 208.61 385.33
Meeting Expenses 390. 65 1000.00
AFIPS Dues 500.00
Secretariat Services 1538.26 1046.00
Postage 839.60 675.62
Supplies 370.02 55.27
Printing 83.60 143.28
TINLAP-1 Account 312.50 T.50
Center for Applied
Linguistics 3572.14
$13353.08 $ 5508.53
Balance: $ 6332.19 $ 7060,63
Assets:
Savings $11207.54
Checking 2153.25
Petty Cash 32.03
$13392.82



Center for Applied Linguistics Account

Debt (as of 3-14-77) $13486.06
Paid (out of 1976 funds) 9913 .92
(out of 1977 funds) 3572.14

0.00

TINLAP-1 Account

Current Balance $109. 41
MEMBERSHIP STATUS 1977 19178
Individual 500 405
us 364 300
Foreign 136 105
Institutional 201 208
Us 92 109
Foreign 109 110
Special 19 19

TOTALS 701 613
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Officers for 1979

Dr. Ronald M. Kaplan

Xerox Palo Alto Research Center

3333 Coyote Hill Road
Palo Alto, CA 94304

Professor Bonnie Lynn Webber
Computer and Information Science

The Moore School
University of Pennsylvania
Philadelphia, PA. 19104

Dr. Donald E. Walker

Artificial Intelligence Center

SRI International
Menlo Park, CA QU025

Dr. Jerry R. Hobbs

Artificial Intalligence Center

SRI International
Menlo Park, CA 9L4025

Dr. Bertram C. Bruce
Bolt Beranek and Newman
10 Moulton Street
Cambridge, MA 02138

Dr. Stanley J. Rosenschein
Rand Corporation

1700 Main Street

Santa Monica, CA 90406

Dr. Stanley R. Petrick

IBM Watson Research Center
P.O. Box 218

Yorktown Heights, NY 10598

Dr. Paul G. Chapin
Linguistics Program
National Science Foundation
Washington, DC 20550

Professor Jonathan Allen
Electrical Engineering
MIT, 36-575

Cambridge, MA 02139

Dr. George E. Heidorn
IBM Watson Research Center
P.0O. Box 218

Yorktown Heights, NY 10598

President
L15: 494844416

Vice President
215:243-8540

Secretary-Treasurer
415:326-6200x3071

Executive Committee

(1977 - 1979)
415:326-6200x2229

Executive Committee
(1978 - 1980)
617:491-1850

Executive Committee
(1979 - 1981)
213:393 -0411

Nominating Committee
(1977 - 1979)
gil4:945-2175

Nominating Committee
(1978 - 1980)
202:254-6326

Nominating Committee
(1979 - 1981)
617:253-2509

Editor, AJCL
914:9U45-2776
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ASSOCIATION FOR MACHINE TRANSLATION AND COMPUTATIONAL LINGUISTICS (1963-1968)
ASSOCIATION FOR COMPUTATIONAL LINGUISTICS (1968-1979)

President
Vice~Pres
Sec=-Treas
Executive
Committee
Editor (FS)
Nominating
Committee

President
Vice~Pres
Sec~-Treas
Executive
Committee

Editor (MTCL)
Nominating
Committee

President
Vice~Pres
Sec~Treas
Executive
Committee

Editor (FS)

Editor (AJCL)

Nominating
Committee
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President
Vice-Pres
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Executive
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Assoc Editor
Nominating
Committee

1963
Yngve
Hays
Josselson
Rhodes
Garvin
Lehmann
Roberts
See
Oettinger
Lamb

1967

Kuno
Walker
Josselson
Satterthwait
Hockett
Pendergraft
Roberts
Yngve
Garvin

Hays
Lieberman

971

Friedman
Simmons
Josselson
Wall
Robinson
Montgomery
Roberts

Kay
Plath
Walker

1975
Joshi

Petrick
Roberts
Martins
Rieger
Nash-Webber
Hays

Simmons
Barnes
Woods

964
Hays

Alt
Josselson
Sebeok
Garvin
Lehmann
Roberts
Yngve
Oettinger
Lamb

1968
Walker

Mersel
Josselson
Satterthwait
Fromkin
Pendergraft
Roberts
Yngve

Garvin

Kuno
Lieberman

1972
Simmons
Fromkin
Roberts
Wall
Robinson
Chapin
Roberts

Kay
Plath
Friedman

1976
Petrick
Grimes
Roberts
Diller
Rieger
Nash-Webber
Hays

Joshi
Barnes
Woods

1965
Lehmann
Garvin
Josselson
Sebeok
Hockett
Kuno
Roberts
Yngve
Hays
Lamb

1969

Kay

Plath
Josselson
Satterthwait
Fromkin
Montgomery
Roberts
Yngve
Garvin
Kuno
Walker

1973
Barnes
Woods
Roberts
Martins
Robinson
Chapin
Roberts

Simmons
Plath
Friedman

1977
€hapin
Allen
Walker
Diller
Hobbs
Nash-Webber
Hays
Heidorn
Joshi
Petrick
Woods

1966

Garvin
Oettinger
Josselson
Sebeock
Hockett
Prendergraft
Roberts
Yngve

Hays
Lieberman

1970
Plath

Friedman
Josselson
Wall
Fromkin
Montgomery
Roberts
Yngve

Kay

Kuno
Walker

1974

Woods
Wall®
Roberts
Martins
Joshi
Chapin

Hays
Simmons
Barnes
Friedman

1978
Allen

Kaplan
Walker
Diller
Hobbs
Bruce
Hays
Heidorn
Joshi
Petrick
Chapin
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NSF SupporT FOR COMPUTATIONAL LINGUISTICS

Paul ' G. Chapin, Director of the Linguistics Program of the
National Science Foundation, announced the following grants

for research of obvious relevance to computational linguistics.

LANGUAGE UNIVERSALS ARCHIVING PROJECT
Charles A. Ferguson and Joseph Greenberg
Stanford University - $49,200 - 13 months

COMPUTER STUDIES IN FORMAL LINGUISTICS

Joyce Friedman

University of Michigan - $40,000 - 24 months

(The Intelligent Systems Program of NSF awarded the same amount)

COMPUTATIONAL COMPLEXITY OF GRAMMAR & NL RECOGNITION PROBLEMS
William Rounds

University of Michigan - $44,600 - 24 months
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N SF SupporT ForR COMPUTATIONAL LINGUISTICS

During the Fiscal Year 1978, the Division of Science Information
of NSF issued at least the following grants for support of
research relevant to computatibnal linguistics.

CORRELATION OF LANGUAGE STRUCTURE WITH INFORMATION
Zellig 5. Harris

University of Pernsylvania - $163,329 - 29 months

INTEGRATED MAN/MACHINE INTERFACE FOR NETWORK RESOURCE UTILIZATION
Martha E. Williams
University of Illinois - $174,432 - 24 months
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HIGH-LEVEL LANGUAGE SUBCOMMITTEE

The Microprocessor Standards Committee of the IEEE formed a
subcommittee to work on standsrds for the five high-level
languages widely used in microprocessor applications: Basic,
Fortran, Cobol, PL/M, and Pas@Qal. The object foreseen was the
identification and endorsement of appropriate standards. The
first meeting was called in October by Bruce Ravenel of Language
Resources, 1311 Lombard Stréeet, San Francisco, CA 94109.

MANPOWER SURVEY IN LINGUISTICS

What fields need linguists or persons with some linguistic know-
ledge? What are the ''demands and perspectives' of present and
possible employing institutions? Anyone with information
relevant to these issues can correspond with Dr. Walther Kindt,
Fakultdt fUr Linguistik und Literaturwissenschaft, Universitat
Bielefeld, Postfach 8640, 4800 Bielefeld 1, Germany.

COMPUTATIONAL PROOFREADING

The detection of orthographic errors in keyboarding' of Swedish
text is the topic of work undertaken by Rolf. Gavare, Department

of Computational Linguistics, GUteborgs Universitet, Norra
Allegatan 6, S-413 01 GBteborg, Sweden, who invites correspondence.

MT: ENGLISH AND- THAI VIA MONTAGUE GRAMMAR

The work of Joyce Friedman is being applied in work on transla-
tion. Kurt Godden, 1408 E. 27, Lawrence, KS 66044, invites
contact.
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ASSOCIATION FOR WOMEN IN COMPUTING.

AWC was founded in 1978 to promote communication, professional
development and advancement, and education. Membership is open
without restriction. The Correspondent of AWC is Anita Cochran,
5A137 Bell Laboratories, Murray Hill, NJ 07974; 201-582-7817.

SPELLING CORRECTION

A program to check spelling in English text has been written by
Ralphe E. Gorin, AI Laboratory, Computer Science Department,
Stanford University, CA 94305, with additions by William Plummer
and Jerry Wolf of BBN and Richard Johnsson and Philip Karlton

of Carnegie Mellon University.

ONLINE BIBLIOGRAPHY IN SIGN LANGUAGE AND RELATED AREAS

The Syracuse Information Retrieval Experiment system has been
adapted by Jim Bourg of the Gallaudet College Library and is
being used by William C. Stokoe, Linguistics Research Lab,
Gallaudet College, Kendall Green, Washington, DC 20002, for

a pscyho- and sociolinguistic bibliography. Anyone with a
console may inquire about access; no charge is levied at present.
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Request for reprints

ANNUAL

INFORMATION
AND

TECHNOLNGY

Volume 14 of ARIST is in preparation.
need help in finding relevant recent publications.

REVIEW OF
SCITENCE

Authors of chapters
They will

appreciate receiving offprints from authors at their respec-

tive addresses.

I1f ‘the appropriate chapter writer is not apparent, write to

Martha E. Williams

Editor, ARIST
R.R. No. 1

Monticello, Illinois 61856

CHAPTER TOPICS AND WRITERS

COMPUTER. ARCHITECTURE FOR
NATURAL LANGUAGE AND IR
APPLICATIONS

Professor P. Bruce Berra
(& Ellen Oliver)

Syracuse University

Syracuse, New York 13210

RETRIEVAL TECHNIQUES

Professor Michael McGill
Schooel of Information Studies
113 Euclid Avenue

Syracuse University

Syracuse, New York 13210

COST ANALYSIS OF SYSTEMS AND
SERVICES

Mr. Colin Nick

Applied Communication Research
P.0O. Box 5849

Stanford, California 94305

LIBRARY AUTOMATION

Ms. Mary Jane Probst Reed
Associate Director for
Research and Planning
Washington State Library
Olympia, Washington 98504

Mr. Hugh Vrooman

Illinois State Library
Centennial Building
Springfield, Illinois 62706

INFORMATION SYSTEMS IN
LATEN AMERICA

Professor Tefko Saraceviec
School of Library Science

Case Western Reserve University
Cleveland, Ohio 44106

(Additional authors for this
and following chapters on
next frame.)



ARIST REQUEST FOR REPRINTS

INFORMATION SYSTEMS IN LATIN
AMERICA (continued)

Gilda Braga

Instituto Brasileiro de infor-
macao em Ciencia e Technologia
Av. General Justo 171; 49

Rio de Janeiro, Brazil

Alvaro Quijano Solis
Biblioteca DPaniel Cosio
Villegas

El Colegio de Mexico
Camino Al Ajusco No. 20
Apartado Postal 20-671
Mexico 20, D.F.

Mexico

INFORMATION SYSTEMS FOR
CONSUMER CONCERNS

Professor Vivian Sessions
School of Library Science
McGill University

3459 McTavish Street
Montreal, Quebec H3A 1Y1
Canada

COMPUTERS AND PUBLISHING

Mr. David Staiger

American Institute for Aero-
nautics & Astronautics

1290 Avenue of the Americas
New York, New York 10019

17

EDUCATION AND TRAINING
FOR ONLINE SYSTEMS

Ms. Judy Wanger
1523 Sixth Street, Suite 12
Santa Monica, California 90401

DATA BASE MANAGEMENT SYSTEMS

Dr. Ronald Wigingtcn

(& Michael A. Huffenberger)
Chemical Abstracts Service
2540 Olentangy River Road
Columbus, Ohio 43202

SYSTEMS DESIGN--PRINCIPLES
AND TECHNIQUES

Dr. Ronald Wyllys
Graduate School of Library
Science

University of Texas
Austin, Texas 78712

FUNDAMENTAL PRINCIPLES AND
THEORIES OF INFORMATION SCIENCE

Dr. Pranas Zunde

School of Information and
Computer Science

Georgia Institute of Technology

Atlanta, Georgia 30332
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Summer Linguistics at Texas

The University of Texas at Austin announces
a special Summer Linguistics Program
which will consist of a substantial offering
of graduate courses given by our own
faculty members and a distinguished list of
visiting scholars. In addition to these
courses, workshops and seminars (for
credit as conference courses by arrange-
ment with individual faculty members)
will be available on topics such as syntac-
tic universals, conditions on rule applica-
tion. rpaciiy and scope, formal vs. substan-
tive explanation in phonology, etc. We in-
vite applications from graduate students in
linguistics and allied disciplines such as
education, English, foreign languages, psy-
chology, philosophy, anthropology, and
others.

The list of courses and instructors will in-

clude the following:

LIN 380K Generative Phonology—Robert
T. Harms

LIN 380L Transformational Grammar—
Jorge Hankamer and Ivan Sag

LIN 381M Phonetic Theory—Peter MacNeilage

LIN 384 Outline of Turkish Syntax—Jorge
Hankamer (tentative)

LIN 393 Semantics—Robert E. Wall

LIN 393 Seminar in Phonetics and
Phonology—Bjorn Lindblom

LIN 393 Seminar in Syntax and Semantics—

Emmon Bach and Barbara Partee
LIN 394 New Directions in Historical
Linguistics—Robert D. King
LIN 386 Seminar in Linguistic
Variation—John Baugh

In addition to the above-listed faculty
members, the following scholars will be
available for individual consultation: Lee
Baker, Peter Cole, David DeCamp, Polly
Jacobson, Lauri Karttunen, W. P. Leh-
mann, Fritz Newmeyer, Susan Schmerling,
and others. Several intensive Oriental and
European language courses will also be

taught as a part of the regular UT summer
session.

Low cost accommodations will be availa-
ble in housing cooperatives. Classes will
begin June 13 and exams will end July 20;
the Program will thus not conflict with the
LSA Linguistic Institute in Salzburg,

Tuition and fees: For Texas residents, the
price of summer courses is $64.70 for one
three-hour course, $89.90 for two three-
hour courses. For out-of-state residents, it
1s $159.70 for one three-hour course,
$304.90 for two three-hour courses. In ad-
dition, there is a $10.00 property fee,
refundable at the end of the course.

For application materials, please complete
the detachable section and mail it to:

Summer Linguistics Program
Department of Linguistics
University of Texas at Austin
Austin, Texas 78712

DEADLINE: May 1, 1979
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PuD PROGRAMS IN
COMPUTATIONAL LINGUISTICS

During the summer of 1978, Alan K. Melby wrote to many
American universities, asking about the graduate work

in computational linguistics. He has supplied a copy

of his list of affirmative answers, presented here in

the casual format of its compilation. Melby points out
that MIT and Yale did not respond but would be considered
by a student planning work on computers and language.

California C. C. Cheng
Linguistics

Ken Wexler University of Illinois
School of Social Sciences Urbana, IL 61801
University of California
Irvine, CA 92717 Kansas

(cognitive science, mathema- . .

(ti%al linguistics David Dinneen

Department of Linguistics
University of Kansas

Electrical Engineering Dept. Lawrence, KS 66045

University of California
Los Angeles, CA 90024

(some work in AI

Massachusetts

Emmon Bach

Clara Bush Department of Linguistics
Department of Linguistics University of Massachusetts
Stanford University Amherst, MA 01002
Stanford, CA 94305
(under Prof. Terry Winograd Michigan
. Joyce Friedman
Connecticut Computer and Communication Sciences
. . University of Michigan
David Michaels .
Room 230 H.R. Monteith Bldg. Ann Arbor, MI 48108
University of Connecticut (with qualifications--ask JF

Storrs, CT 06268

(analysis and synthesis of
(speech--Haskins Laboratory
(connection

Minnesota

Center for Research in Human
Learning

University of Minnesota

Minneapolis, MN 55455

(psychologists with interest in AI

Illinois

G. K. Krulee

Department of Linguistics
Northwestern University
Evanston, IL 60201

(with Computer Science Dept.




PHD PROGRAMS IN COMPUTATIONAL LINGUISTICS

New York

David:.Hays
State University of New York
Buffalo, NY 14214

Lewis Levine

Department of Linguistics
Washington Square

New York, NY 10003

(students can work under
(Naomi Sager

Pennsylvania

Simon Belasco
Department of Linguistics

Pennsylvania State University

University Park, PA 16802
(qualified '"yes"

Rhode Island

J. J. Wren

Box E

Brown University
Providence, RI

Texas

Department of Linguistics
University of Texas
Austin, TX 78712

Washington, D.C.

Department of Linguistics
Georgetown University
Washington, DC 20007

20
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JourNnaL: CL & CL
CoMpuTATIONAL LiNeuisTICcS AND CoMPUTER LANGUAGES
EDITORS: T. FREY, T. VAMOS

PUBLISHER: COMPUTER AND AUTOMATION INSTITUTE, BUDAPEST

EDITORIAL BOARD: B. DBMBLKI, E. FARKAS, F. KIEFER, T. LEGENDI.
A. Makal, F. PapPpP, G Szerp, D. VARGA

CONTENTS oF NUMBER 11:

I. Nemeti: On a property of the category of partial algebras

Gy. Revesz: A note on the relation of turing machines to
phrase structure grammars

P.B. Schneck: A new program optimization

B. Domdlke Formal description of software components

E. Santa-Toth: by structured abstract models

G. Fay: Cellular design principles, a case study of
maximum selection in codd-icra cellular space /I/

H. Heiskanen: Semantic theory from a systematical viewpoint

T. Legendi: Callprocessors in computer architecture

Gy. Hell: Mechanical analysis of Hungarian sentences
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SUMMARY OF RESEARCH ON COMPUTATIONAL ASPECTS OF
BVOLVING THEORIES

Raymond D, Gumb

Temple University

The concepnt of an evolving theory [j] is a natural
extension of concepts in free tense logic with equality.
in the semantics of free tense logic, an 1lndividual can
have & property at one time that it does not at another,
the domain of discoursge can vary with the passage of tlme
as individuals are born and die, and individual terms can
refer, a¥ one time but not at another. Understanding a
theory to be a set of sentences in the language of free

tense logic with equality, an evolving theory is an indexed

set of theories ordered in time. Intuitively, an evolvinp
theory might revresent the life work of a thinker, where
the individual theories in the evolving theory correspond
to chapters of the life work written at different tiﬁes.
The evolving theory reflects changes in the thinker's
views with the passage of time.

Evolving theories have been studied from both semantic
and proof theoretic perspectives, and various concepts
such as the semantic conceot of satigfiability and the
oroof theoretic concept of consistency have been extended
to avply to evolving theories [3]. The semantics is given

in terms of metephor theory which stands intermediate

27
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be&ween Leblanc's truth-value semantics and model theory
and translates readlly into both. ‘The deductive system
for (a class of) evolving theories is called the forest
method because a tree is generated for each point in time.
The forest method, in effect a generalization of Kripke
tableaux constructions, is mechanizable. The forest
method is correct with resvect to the semantics [3].

The forest method can be applied wheraver the restriction

on the temporal order relation has the computable Kripke

¢closure property, a property of vroperties of relations

which has been characterized model theoretically in {7].
The computable Kripke closures are a subclass of the

monotonic closures [ﬁ], which have closure properties much

like transitivity (a computable Kripke and monotonic closure).
A preservation theorem giving the syntactic form of
axiomatizations of the first-order monotonic closures [7]
suggests a generalization of the Roy-Warshall transitive
closure algorithm. The preservation theorem might also
be used to determine (much as an entry in an engineering
handbook) whether, given a property of relations Pr, there
is a Pr-closure algorithm,

Evolving theories can be based in other intensional
logics such as as modal [&] and intuitionistic logics.
Some (but notrall) of the logics underlying kinds of evolving
theories where the forest method is apwlicable can be

axiomatized [1, 6].
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In certain (but not all) cases, the forest method
(or restrictions of It) can be used to give effective

proofs of the extended joint consistency theorem, a result

which incorvorates the Cralg and Lyndon interpolation
lemmas and. the Robinson Jjoint conslsténcy theorem,
Roughly, the theorem scates that two theoriles T1 and T2 are mutu-

ally inconsistent Jjust in case there is a separating sentence

F such that F (not F) is a logical consequence of Ty (Tz)

and F "talks about" only individuals and relations that

both T1 and T2 do. Effective proofs of the theorem are

well-known in standard first-order logic, and similar results

haxe been established in free logic with equality [5]

and in a family of free modal logics with»equ&lity[@].

Since the proof is effective, a (depoth first) algorithm

can be extracted from it for constructing, eiven a closed

forest for the union of T1 and TZ’ a separating sentence F,
Evolving theories, outfitted with additional devices

to enhance their plausibility, appear to be a natural for

representing ttemporal knowledge. When the extended Jjoint

congistency theorem holds for the representation language

of a knowledege base and when an effective proof has been

glven, the separating sentence algorithm might be a
useful tool for pinvointing inconsistencies in the knowledye
base [2]. Only very restricted versions of the algorithms

mentioned above have been programmed, those in LISP [g]

and SNOBOL.,



[1]

2]

El

[5]

[e]

[7]
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TAXONOMY: I NFORMATION SCIENCES

The following taxonomy is that used by the journal INFORMATION

SYSTEMS.
1 general aspects ]
2 analysis, modelling, description and evaluation

of information systems
analysais
desian

modecllaing

2.1

2.2

2.3

2.4 descraption
2.5 implementation
2.6 evaluatidn

2.7

Lescription of realized systems

3 data basc¢ systems

3.1 gaglobal aspects, global desian
3.2 system analysis for DBS, uscrdemands

3.3 feasibility studics. cvaluation of DBS,
summary of expecriences

3.4 formal description of data basc systems and
data basc._lanquagces

data models, information models

hicrarchic DM
network DM
relational DM
others

[ ]
W N =

data definition languages (DDL)
data translation

prxocedural data manipulation lancuaqges (DML)

W W w w wwww w

W 0 N Lt in

non-procedural (descriptive) DML, terminal languages
(interactive languaqges) ,natural languaace interfaces

0 0O000O00d0 O DOO0O poooobdo



3.10 dialog functions, computer assistance, computer
guidance, dialog support, I/O-functions

3.117 implementation aspects

3.12 architecture of DBS, interfaces
3.13 distributed DBS

3.14 file management systems

3.15 data structures, operations upon data structures

3.15.1 data structures

3.15.2 operations

3.13.3 pictorial data structures and operations,
data bases in computer graphics and CAD

3.76 storage structures, access path, access methods,
search strateagies

3.%7 reorganization, selforganising structures,
optimization

3.18 storage technoloay, specialized hardware far DBS
(data base processors)

3.19 security, integrity

3.20 privacy

3.21 description of realize& data base systems

3.21.1 DBTG-based DBS
3.21.2 relational-based DBS

3.21.3.1 ADABAS

3.21.3.2 DMS-IT

3.21.3.3 DMS-1100

3.21.3.4 1IDS II

3.21.3.5 1IDMS

3.21.3.4& 1IMS

3.21.3.7 SYSTEM 2000

3.21.3.8 TOTAL

3.21.3.9 others

4 method and model base systems

4.1 method base systems
4.2 model base, systems
4.3

description ©f realazzed systems

5 planning and decision support systems

5.1 forecasting systems

5.2 planning information systems
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decision support systems.

control systems

description of realized systems

question answering systems, cognitive methods

representation of knowlecdge,

problem solwving

natural language systems

pattern processing

deduction and infercnce

artificial intelligence methods, cognitive methods
description of realized systems

document retrieval systems

indexinag, classification, thesaurus problems
evaluation measures

documentation services

library automation

description of realized systems

disiributed systems

distributed processing
distributed storing
distributed control

data communication, protocols
architecture, topology

descript on of realized systems

special application oriented information systems

management information systems

macro economic information systems
information systems in public administration
information systems in medicine

technical information systems

information systems in jurisprudence

ecology information systems

description of realized systems
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MACHINE AIDS TO TRANSLATION
A CONCISE STATE OF THE ART BIBLIOGRAPHY

WAYNE ZACHARY

Analytics
Willow Grove, Pennsylvania

Machine aids to translation, or MAT, is a loosely defined field
whose boundaries shade gradually into such areas as computer sciepce,
informatien science, computational linguistics, and theoretical linguistics.
It is therefore difficult to decide precisely what material belongs in a MAT
bibliography. Oné can cast the net broadly and include a great deal of
material that considers MAT only tanfentially, or be more restrictive and
include only the (much smaller body of) work which clearly concerns MAT.
The-Jatter course is taken here in order to avoid burying the essential
lTiterature under a mountain of peripheral references. Thus, the enormous
body of work on fully automatic machine translation is not inciuded- (F1though
Young (1978) centains an extensive survey of this literature). A few exceptions
to this principle of inclusion (e.g., ALPAC, 1966) provide important con-
textual information concerning the history, current status, or future develop-

ment of MAT.

While the history and current theoretical concerns of MAT are

covered in the bibliography, the emphasis is on applications. and operational
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systems. This reflects the development of MAT as a more practical alterna-
tive to pure machine translation and its position as one of the only areas
of computational Tingustics that has progressed to the point of wide scale

application.

A few other ground rules have been followed. First, since the
field continues to change so rapidly and this is a state-of-the-art survey,
few references over a decade old are included. Second, where a single
MAT system is described almost identically in several research reports
and/or publications in several languages, only a single reference is given,
in English where possibTe. Third, works dealing strictly with hardware
advances such as new graphics display technology, micropragrammable display

fonts, or multilingual printers are also excluded.

This bibliography was compiled from a much larger one containing
nearly 750 entries and is intended to provide a concise summary of the
current work in the field with strong focus as stated above on machine

aided translation systems that are presently in operation.*

* Th#s research was conducted under a subcontract to Analytics from
Chase, Rosen and Wallace, Inc. with funds provided by the Office of
Research and Development, Gentral Intelligence Agency.
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The comments on the dust jacket for the third edition of Colin Cherry's

On Human Communication come from reviews of previous editions which appeared

in such diverse places as the Canadian Journal of Psychology, Physics Today,

and Romance Philology, and indlcate that it is a broad ranging and fascinating

book. The range is certainly broad, so broad that I have included a table-—
of contents as an appendix to this review rather than attempting to summarize
the contents of the hook.

But it is no lounger fascinating. Students of human communication
have thought and debated much and even learned a little between the pub-

lication of the first edition of On Human Communication in 1957 and the pub-

lication of the third edition in 1978. But very little of that material has
become part of the substance of Cherry's book (although some of it is cited).

Thus, while the first edition may well have been "A Review, a Survey, and
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a Criticism” (the book's subtitle), the third edition is not. Too much is
left unconsidered.

The most serlous gap is in the consideration of natural languages.
Cherry gives the impression that informatlon theory, statistics, Fourler
analysis, and perhaps a little logic are the most important formal tools
for the analysls of natural language. That may have been true when Cherry
wrote the first edition of the book, but it 1s certalnly not true now,
Cherry does make a few references to Chomsky, but none of the substance of
the Chomskian revolution (not to mention post-Chomskian developments) has
affected Cherry's treatment of natural language. The texture of theorizing

and model building in 1linguistics, psycholinguistics, and cognitive psychclogy

has undergone considerahle change since the Fiftles, but little of that

has become part of the substance of On Human Communication.

Similarly, a great deal of work has been done on nonverbal communication
in the lasl two decades. While Cherry alludes to some of this work, he
makes no attempt ta, summarize any of the major lines of inquiry. As with
modern linguistics, the material is too diverse to cover it all in the sort

of survey which Cherry intends On Human Communication to be. What I find

so disheavtening is that so little of this material 1s mentloned at all,
especially when one realizes that Cherry has added a new chapter ("Human
Communication: Feeling, Knowing, and Understanding”) to the third edition
for the purpose of talking abgut what is specifically human about human
communication. That Cherry should devote ten pages to Zipf's law while
not even mentioning the work of Paul Ekman, Carroll Izard, and Manfred
Clynes (to mention only the work which comes mqst readily to my mind) on
the expression and communication of emotion is bizarre.

-¥inally, Cherry's treatment of semiotics is relatively insulated from

most of the_semiotic research of the last two deeades. Semiotics is itself
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such a diverse and amorphous enterprise (as diverse and amorphous as the
study of human communication is) that it is perhaps unfair to criticise
Cherry for shortchanging it. But Cherry introduced the topi¢ of ritual
into his final chapter and that 1s a subject on which semlotliclans have
had a great deal to say (I am thinking of structural anthropologists such
as Claude Levi-Strauss, Edmund Leach, and Victor Turner). Consequently
I am inclined to view Cherry's neglect of sSemiotics perhaps more
harshly than I otherwise would.

No doubt Cherry could be charged with other sins .of onmmission, but the
three 1've mentioned are serious enough. It is equally beyond doubt that

an edition of On Human Communication which lincluded this material would be

a very different book, not Colin Cherry's book at all. If Cherry had,

attempted and achieved a synthesls of his material, then its value as a synthesls
might well outweigh the dated nature of some of the elements of the synthesis.
But Cherry wasn't after a synthesis; he simply wanted to see what was out

there. There is now much out there which Cherry hasn't seen. Consequently

On Human Communication is not a good guide. The person who wants or needs

a general introduction to the subject of human communication which reflects

the current state of the art(s) will have to look elsewhere.
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JUrgen Kunze establishes his dependency grammar with
four components. The syntactic is the most important. The
three non-syntactic components are the paradigmatic component,
the selectional component, and the assigning component. In the
first chapter of his book ABHANGIGKEITSGRAMMATIK (Dependency
Grammar) the reader gets introduced to some of the basic concepts
useful in understanding the notions explicated later an. Sub-
ordination or dependency is introduced by way of a diagram, known
as a tree, consisting of several connected points. A point or
node that is connected to one closer to the top of the page is
subordinate to it. This is called direct dependency. Indirect
subordination is when two nodes are connected with one or more

points in between them. These three nodes comprise a part tree.
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Obviously there are several part trees which combine to make a tree.
If the bottom-most node of our little part tree is not superordinate
to any other point then the part tree is an end complex. Every
node is an end complex with itself as its only member.

Once one decides to attach words to these nodes it changes
from a connect the dots game to some sort of meaningful diagram  The
first step in this change is to bring order to the diagram. Since
language is the object of study here and the language the book was
written in procedes from left to right, the author has ordered his
tree from left to right. This type of tree is known as a W tree,
i.e. Wwhere each node is attached to a word. The book deals with
M trees. These are trees in which the nodes are connected to signal
combinations (Merkmalkombinationen). A marked tree is one in which
all the connections are subordinate relations on one kind or another
from a set containing all the kinds of subordinate relations pos-
sible.

In making his investigatiorls, Kunze has limited his field
of study to modern day written German. This suffices as for in any
pure theoretical investigation it is acceptable to assume the ob-
served language is a set of given sentences. The practicability
of his theory depends on finding a standard of correctness. In
this case tapping the knowledge of a native speaker is of no help
Four ways are suggested as possibilities for this standard of cor-
rectness. The first is grammatical correctness in which all sen-
tences are acceptable as long as they function as members of their
classes, i.e. nouns as nouns, verbs as verbs. Second is a more
refined grammatieal correctness taking the meaning of the verb

into account. Third is the suggestion of a very strict grammar
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bordering on grammar and semantics including semantic categories
such as ABSTRACT or CONCRETE. The fourth consideration is a
semantic grammatical correctness. Though this standard of correct-
ness is needed to make the theory work, measuring correctness is
not a major factor.

There is, says Kunze, a base language and base structures
that can express semantic and syntactic ambiguities. It is important
when studying these structures to consider which categories and
qualities are contained in it. A category is a variable with set
value ranges, for example, in German, case, Qualities are restrictions
imposed for ordering, appearance or non appearance of sentence frag-
ments. Plainly not all categories and qualities are in every
sentence of a language. An expansion of the base language leads to
a simplification of the descriptive system but also costs quite a
bit as far as analysis is concerned.

On starting into the meat of the matter tha author writes
that in no way can one expect such a simple tool as dependency
trees to encompass the linguistic relations within the sentence
that are conditioned through language. This inadequacy is evidenced
by the following situation. Every grammatical structure has an or-
dered demrendency tree. It is however possible to have two different
structures represented by the same tree. This is one of the
principles for the representation of sentence structures using
dependency trees. Reduction is another principle by which we get
sentences like 'My friend will bring the book' from sentences
like 'My friend will bring you the book tomorrow.' An additional
principle removes those nodes which were dropped from the latter

sentence to ar¥ive at the former This procedure is only permis-
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sible when the middle steps are somewhat acceptable.

An interesting concept is introduced by the author. He
calles it the configuration criterion. It ways that one element
is substitutable for another it it has all the same grammatical
properties. This concept is used frequently in deciding what is
dependent on what.

The fourth chapter deals with the non-syntactic components.
Paradigmatic categories are established. The categories are
Genus, commonly called gender, Person, and Number. Each of these
three categories is established on the basis of data similar to

the following example. I saw him. We saw him. These two sen-

tences are syntactically equal but paradigmatically quite different.
This illustrates the category of number, the first person singular
changes to the first person plural. The author splits these
categories again to account for the phenomenon of endings in
German. It is possible to have a possessive pronoun with a mas-
culine ending referring to a female person. Quasi categories are
also established. These are tempus, modus, and case, and they
are only quasi categories because they affect other parts of
speech in a sentence. Kunze constructs a list which enumerates
the category responsible for their relations, e.g. a noun is
paradigmatically related to its apposite through case.

The separation of the paradigmatic from the selectional
is due to the ease with which the former are presentable. Selec-
tional relations are more narrowly defined in this case than in
generative grammar. As with the paradigmatic relations there

are nine selectional relations, five of which belong to the in-
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ventory and the other four don't.

There are demands made on a system of subordinate relations.
The first of these is that the marked tree should be an adequate
representation of the syntactic structure of the sentence. Secondly,
the subordination relations must allow all categories, qualities,
and relations in the base structure to represent and differentiate
the paradigmatic and selectional relations that can't be expressed
through assigning.

Affectation ways (Wirkongswege) are dashed lines connecting

two nodes dominated by a third node (see diagram). They represent

other relations that exist between nodes aside from subordination.
That these affection ways of both the paradigmatic and selectional
relations must be represented through subordination relations is
another demand made on the system. The last demand made is that
the conditions for the paradigmatic and selective points (Vorgaben)
must also be represented.

The principle called the differentiation principle proves
these last two are met. The system makes this determination by
using a a knowledge of dependency trees, a fixed inventory of para-
digmatic and selectional relations, and a fixed language base in

a way which yields the required relatiomns.

The last concept developed by the author is that of bundles.
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There are four types of bundles - a simple bundle, an elementary
bundle, a complex bundle, and a complex implication bundle. A
bundle is a tree used to represent not a sentence but a set of

sentences, i.e. trees. In a complex bundle the paradigmatic and

selective properties need only be given once.

Chapter 8 is a discussion of some questions that were

brought out as a result of this theory.
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SUMMARY

This paper tocusses on three components ot the dialogue system HAM-RPM,
which converses in natural language about visible scenes. First, 1t is
demonstrated how the system's communicative competence is enhanced by its
imitation of human visual-search processes. The approach taken to noun-
phrase resolution is then described, and an algorithm for the generation
of noun phrases is illustrated with a series of examples: Finally, the
system's ability to explain its own reasoning is discussed, with emphasis

on the novel aspects of its implementation.
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1. THE TREATMENT OF VISUAL DATA

The natural language dialogue system HAM-RPM'Y converses with a human partner
about scenes which either one or both are looking at directly (or have a
photograph of). At present the system, which is Iimplemented in FUZZY
(LeFaivre 1977), is being tested on two domains: the Interior of a living
room and a traffic scene.

Since it is assumed that both partners begin the dialogue with relative-
ly little specific knowledge about the scene, most of the specific informa-
tion used by the system during the conversation must be obtained by a pro-
cess more or less analogous to looking at the scene. we have found it worth-
while to make the analogy quite close, requiring the system to retrieve its
visual data by doing something like casting a series of glances centered on
various points in the scene.

Fig. 1 is a schematic drawing of a section of our traffic scene, showing
a tree with a parking lot in front of it. How easy is it to recognize the
various objects in Fig. 1 when glancing at point A? CAR9 and CAR8 will be
about equally easy to recognize as cars. TREEL4 will probably be recognized
more easily, since it is equally close to point A, and very large, and since
there are no similar types of objects. On the other hand, CAR3 will be less
easily recognizable, since it is farther away. MANL is probably too far away
to be recognizable as a man at all (he is recognizable only from the points
nearest him, as is shown by the four arrows pointing away from him),

Just this information is stored 1n HAM-RPM in a separate associative
network corresponding to point A. In all, there are about a hundred such
small networks (represented by the small dots in Fig. 1), corresponding
to possible glances at the scene. The statements about the nature of the
various objects which are recognizable from the point in question are ordered,
in a way characteristic of the FUZZY programming language, in terms of their

recognizability, so that they will automatically be retrieved in that order?2.

1) The system's overall structure is described in (v. Hahn et al. 1978) as
are the goals and methodological principles which guide the research
within the project.

2)

These networks are implemented as CONTEXTs in the sense introduced by the
language CONNIVER.
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Fig. 1. '""The man in front of the tree'
A simple example will show how the data stored in this way can be used by

the system. When interpreting the definite description the man in front of
the tree, assuming that TREE4 is the one meant, the system enters several
CONTEXTs in front of TREE4, within each retrieving the internal names of the
men recognizable from that point. 1t doesn't find MANL until it has entered
the CONTEXT corresponding to point B. It then enters a couple more, and, fin-
ding no further men, assumes that it has found the referent of the definite
description. Information not only about the respective types of the various
objects, but also about their other attributes is stored in a similar way.

Why is it worth all this trouble to make the system sensitive to the
recognizability of the various facts about a scene from the various points
within it? After all, the facts themselves could be stored very straight-
forwardly.

Our principal justification is that, for a dialogue system which is

supposed to communicate effectively with a human partner, the bare facts
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about the scene are less important than the way the partner himself would
be Tikely to perceive them. If only the facts themselves are known, infor-
mation may be lacking which is essential for the production of a communica-
tively adequate response. For example, the definite description whose inter-
pretation was just sketched was, strictly speaking, ambiguous, as there is
a second man in front of the tree whom the system would have considered to
be the referent of the description if MAN2 hadn't been there. Yet the system
didn't even notice this ambiguity, since it stopped shortly after finding the
first man.

To be sure, the resolution of such ambiguities could also be achieved
by giving the system general Information on the recognizability of objects

for human beings and letting it choose on that basis which of the potential

referents of the description was the one which the partner was most likely
to have intended to refer to. Instead of doing this, we have made the system
itself a model of its partner, so that instead of referring to a model, it
only has to 'be itself' or 'act naturally' in order to communicate effective-
ly?.

In addition to the interpretation of ambiguous utterances, there are

other situations in which this approach can be applied elegantly (Fig. 2).

SITUATION I NFORMATION
1) Interpretation of an Which object the speaker is
ambiguous definite probably referring to

description

2) Generation of a definite Which reference points will
description be easy for the listener to find
3) Description of a part Which objects the speaker might
of a scene be interested in hearing about
Fig. 2

1 Two of the reports (v. Hahn 1978a, 1978b) which have been issued by the
HAM-RPM group deal with the question of the nature of the relation be-

tween the dialogue partner model and the human partner in some detail.
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When describing the location of an object with reference to other objects,
the system will usually find a numbet of potential reference points; in
general, it should mention those which are visually easiest for the listener
to find. This is likely to happen if it itself finds these reference points
particularly easily. When answering a vague question, such as a request to
describe what is on the other side of the street, the system will have to
select among the many visible facts those which the listener might be inter-

ested In hearing about. In many cases, these will be the visually most sali-
ent facts.

2. NOUN-PHRASE RESOLUTION

Two of the components of HAM-RPM which make use of the visual data are
those responsible for noun-phrase resolution, that is, the determination
of the potential referents of a noun phrase, and noun-phrase generation,
that is, the construction of noun phrases to identify objects uniquely.

The procedures which resolve noun phrases work on the shallow struc-
ture of the input sentence. This 1s what 1s obtained after multiple-word
phrases and idioms have been replaced with canonical expressions, the words
have been looked up in the lexicon, and a simple morphological analysis
has been performed.

A definite noun phrase is recognized within the shallow structure
as a structure consisting of a definite article, possibly one or more
attributes, a noun, and possibly a relative clause (Ritchie 1977). 1n a way
reminiscent of Winograd's SHRDLU (Winograd 1972), processes involving seman-
tics and pragmatics are activated in HAM~RPM as soon as possible during the
analysis of the input sentence.

The noun-phrase interpreter tries to find a unique referent for each
definite noun-phrase by using the knowledge stored in the conceptual and
referential semantic networks and performing visual search algorithms. For
example, the definite description The picture hanging to the left of the
red chair, referring to Fig. 3, is replaced with the internal object~-name
PICTURET in the shallow structure of the sentence. This strategy can save
a good deal of unnecessary processing: if no object is found which satis-

fies the description, there is no further parsing, but rather feed-back to
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the conversational partner. In the ctase where more than one potential ref-
erent 1s found, the one mentioned most recently i1s assumed to be the ref-
erent. If none of them has been mentioned recently, the system asks the part-
ner for further details, assuming, as it were, that he does have some parti-
cular object 1n mind. These details take the form of a noun phrase, which
may be either complete or elliptical. Further attributes of the intended
object may be specified, it may be characterized in terms of its spatial
relations to other objects, or the noun originally used in the description
may be replaced with a more specific one.

Not all noun phrases, of course, can be replaced immediately with a
specific referent. One such case 1s exemplified by the description the chair
in front of the red cupboard. Applied to the scene in Fig. 3, the noun phrase
the red cupboard cannot be replaced, because there is more than one red cup-

board, but it cannot be ignored, either, because there is more than one chair.
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The entire noun phrase can only be interpreted when it is recognized that
there is only one pair of objects which stand in this relation to one an-
other.

Another case where a definite noun phrase can't simply be replaced
directly by its referent is the generic description with definite article,
as in the sentence The chair 1s something to sit on. Lately we have been
thinking about what formal features of a sentence might be helpful in recog-
nizing such descriptions (see Grosz 1976).

Two clues which tend to favour a generic interpretation are the absence
of any referential attribute and the presence of an adverb such as usually
or normally. On the other hand, a generic interpretation becomes somewhat
less plausible if the noun phrase is the object of a local preposition, as
in on the chair, if the sentence is In the past tense; or if the verb can
be generally classified as one involving visual perception or spatial re-
lations. We assume that, no matter how many weak inference rules of this sort
are incorporated into the system, there will still be some ambiguities which
can only be resolved by other means, including interaction with the speaker.

A general goal in this connection is a sort of compatibility between
noun-phrase resolution and noun-phrase generation, in the sense that the

system should be able to understand any kind of noun-phrase that it can gen-

erate, and vice versa.

3. NOUN-PHRASE GENERATION

The method we have developed for the inverse process, noun-phrase generation,
is distinguished from earlier approaches mainly in three respects.

The first is its use of what might be called a 'worst-case-first' strat-
egy. The second is the way it takes into consideration the ease with which
the listener will be able to interpret the description it generates, when
more than one uniquely identifying description is possible (Herrmann & Laucht
1976). The third is i1ts use of complex spatial relations to deal with the
'worst cases', that is, those in which several objects are indistinguishable

on the basis of their properties alone.

Let's examine a few examples of the behavior of the algorithm First,

two trivial cases.
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Fig. 4

The street in Fig. 4 has a proper name, and is thus referred ta simply as
Schluterstrasse. The free is the only one in the discourse world, and hence
is identified as the tree. The number of interesting possible strategies be-
comes greater when the object to be described is one of several belonging
to the same conceptual class. Consider for example MAN1 in Fig. 4. The sys-
tem looks among its properties for one which distinguishes it from MAN2 and
MAN3, and describes it as the small man. A similar process underlies the
generation of the noun phrase the big man with the umbrella to refer to
MAN3.

Note that the system uses redundant labels. This is a consequence of
the sequential nature of its noun-phrase generation: First, the property
'big' is found. When the system notices that there is another big man in
the scene, it looks for a further distinguishing property and finds the um-
brella. This property would in fact be adequate in itself, but the system
doesn't attempt to find a minimal characterizing set of attributes. This
sort of redundancy, which is often found in human beings, saves time both
in the generation and in the interpretation of definite descriptions.

HAM-RPM frequently uses negative characterizations of various kinds,
as, for example, when MAN2 is described as the big man without an umbrella.
Now let's turn to some more complex problems of noun-phrase generation. So

that the pictures don't get too cluttered, we will use examples from a simple
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domain of geometrical figures (Fig. 5). Consider CIRCLE! in Fig. 5. Note

that there are two green circles In the scene. The presence of several ob-
jects which are indistinguishable on the basis of their attributes alone

is the worst case which can occur. The reason why we have spoken of a 'worst-
case-first' strategy is that the system checks for this case early, rather
than trying immediately to construct a simpler characterization such as those
in the last few examples given,

Informal observation shows that human beings also often notice the pres-
ence of identical objects in a scene immediately. The only way to distinguish
these two circles is by reference to spatial relations, for example, the
green circle in front of the red square.

We may note in passing two ways in which the form of a description may
be constrained by the form of the question which is being answered. First,
properties which have been presupposed in the question should not be men-
tioned in a description. Consider the question Which square is red?. The an-
swer The red square is clearly unacceptable, so instead the system answers
The square in front of the green triangle (= SQUARE! in Fig. 5). A second

constraint of this sort is that the system should not produce circular
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descriptions. For example, when answering the question Where is the red
triangle?, the system should not answer To the left of the green square
which 1s to the right of the red triangle, although each half of this de-
scription is perfectly natural when considered in isolation.

It sometimes happens that objects chosen as spatial reference points
in a description in turn have to be identified with the help of other ref-
erence points. For example, CIRCLE2 In Fig. 5 is described as the green
circle 1n front of the green square which 1s to the left of the red triangle.
As this example shows, the products of such recursive applications of the
generation algorithm can soon become difficult to understand. We have made
the maximum allowable depth of recursion a parameter which can be set to
various values for experimental purposes.

Perhaps the most difficult problem in noun-phrase generation is the
unique identification of an object when there are objects with exactly the
same preperties in its immediate neighbourhood (Fig. 6). This is a task
which often causes difficulties even for a human speaker. To set the stage,
suppose that CIRCLE6 in Fig. 6 1s to be identified. The system first des-
cribes its position relative to the other circles in its group: the right-

hand circle Then it identifies the group of which CIRCLE6 is a member with-
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in the scene as a whole, distinguishing 1t first from GROUP2: in front

and to the left and then from GROUP3: which i1s to the left of the square.
Thus the complete description is The right-hand circle in front and to the
loft which 1s to the left of the square.

To put the point more generally, complex scenes sometimes have a hier-
archical .structure in which groups of similar objects serve as units which
have to be identified in much the same way that objects themselves are. The
remarks we have made about circular descriptions and recursion depth apply
on the level of groups as well.

Concluding this sketch of HAM-RPM's soun-phrase interpreter and gener-

ator, we would like to stress that all these algorithms are domain-independ-
ent.

L., EXPLANATION

Although all of the examples discussed up to now have involved some sort of
description of visible aspects of a scene, HAM-RPM frequently makes use of
general knowledge and inference rules to draw conclusions.

For example, the system might be asked Is the parking zone tarred?,
where the parking zone in question, though part of the scene, is hidden
from view. It would then try to answer the question using approximate infer-
ences based on fuzzy knowledge (Wahlster 1978), concluding that the parking
zone might very well be tarred, because a parking zone is in a sense a part of
a street, and streets, like thoroughfares in general, are usually tarred.
Inferences which stand on such shaky ground as this one are of limited use
to the conversational partner unless the system can describe the reasoning
which underlies them.

Furthermore, not just any description will be satisfactory: the system
ought to act in accordance with the following three maxims, as formulated
by (Grice 1975):

1. Make your contribution as informative as is required.

2. Don't make your contribution more informative than is required.
3. Be relevant.

Thus, describing an inference chain in every detail will not in general be

communicatively adequate, if some of the inferences are essentially defini-
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tional, and hence conceptually trivial Only when the dialogue partner has
repeatedly requested details about inferences will it be sensible to mention
all of them,

Now let's lpok at the way we have tried to achieve these goals in HAM-
RPM, using the example just given. Three processes are essential. First,
while the reasoning is being performed, a sort of trace of the Inference
process is stored in a separate data base called INFERENCE-MEMORY. Second,
after an explanation of the conclusion has been requested, this part of
memory is traversed to find those of the assumptions used which are on a
communicatively appropriate level of detail. Finally, these assumptions are
expressed in natural language.

An essential role in the first two of these phases is played by the
meta-knowledge associated with each inference rule which is available to

the system. As you can see from the two inference-rule definitions in Fig. 7,

META-KNOWLEDGE .

e Apply the control knowledge coded in TRACE-PROCEDURE-DEMON7
® Don't use instantiations of premises with a degree of belief less than 0.3

® The degree of uncertainty of this rule is 0.5

RULE. If you want to show (X 1S Y)
show that (X 1SA 2)
and (Z 1S Y)

META-KNOWLEDGE :

* Apply the control knowledge coded i1n TRACE-PROCEDURE-DEMQON7

® Don't use instantiations of premises with a degree of belief less than 0.4

¢ The degree of uncertainty of this rule is 0 8

RULE. If you want to show (X IS Y)
show that (X 1S-PART-OF Z)
and (Z 1S Y)

Fig. 7
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she such picce oF meta-knowledge concerns the degree of uncertainty asso-
ciated with the rule. The most interesting piece of meta-knowledge in this
situation is the specitication of a particular FUZZY procedure demon. The-e
demons entorce during the application of an inference rule global control
reqimes speciftied by the programmer (LeFaivre 1977). In particular, one of
the things done by TRACE-PROGEDURE-DEMON7 is the storage of the reasoning
steps in INFERENCE-MEMORY.

Suppose now that the assumptions at the top of Fig. 8 are represented
in semantic networks. Applying the two rules in Fig. 7 to them, the system
builds up the goal tree! in Fig. 8. The internal trace which is built up

by the procedure demon is shown at the bottom of Fig. 8. Note that the

((PARKING-ZONE 1S~PART-OF STREET) 0 7)
{((STREET ISA THOROUGHFARE) 1)
( (THOROUGHFARE S TARRED) 0.7)

( (PARKING-ZONE 1S-PART-OF STREET) 0 7) {(STREET 1S TARRED). 0.5)

({(STREET 1SA THOROUGHFARE) 1) ( (THOROUGHFARE 1S TARRED). 0 5)

( ((PARKING-2ONE 1S TARRED) 5){{PARKING-ZONE [S-PART-OF STREET).7) ((STREET 1S TARRED) 5)) 0.8)
(({STREET IS TARRED) S) ((STREET IS THOROUGFARE) 1) ( (THOROUGHFARE 1S TARRED) 5). 0 §)

Fig. 8

entries in the inference meémory are ordered in terms of the degree of un-
certainty of the executed inference procedures. This means that the most

uncertain entries will be.mentioned first im the explanation, and the most

Y The conflict-resolution strategy which is used is one which favours more

specific ones.
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trivial ones probably not at all. This retlects our hypothesis that degree
of uncertainty is the most important factor determining the relevance of a
step o an inference chain, as far as justification of the conlusion is con-
cerned

Our approach to explanation is distinguished from the previous efforts
of Winograd i1n his SHRDLU system (Winograd 1972) and of the MYCIN group (Scott
et al. 1977). In SHRDLU each theorem calls the functions MEMORY and MEMOREND
explicitly, which manipulate the inference memory. We have improved over this
by intaerating the management of the inference memory into a higher process,
which controls all reasoning processes. The structure of the inference rules
themselves is therefore not obscured by the presence of trace commands. Our
approach generalizes the corresponding features of MYCIN, in which the con-
ceptual complexity of a rule is a logarithmic function of its certainty fac-
tor and the goal tree is traversed in steps whose size is specified by a
numerical argument of the WHY command (Davis et al. 1977).

This approach is also related to recent research by Davis in his
TEIRESIAS system (Davis 1977) and Sussman in his AMORD (De Kleer et al. 1977)
and EL (Stalliman & Sussman 1977) projects, in which general problems of an
explicit control of reasoning are explored, in that it is based on an explic-
It representation of control and meta-knowledge, which typically is 'hidden
away' 1n the interpreter and therefore is inaccessible to the inference sys-
tem.

The explanation facility of HAM~RPM is far from being complete. Ulti-

mately, the system must understand exactly what the dialogue partner failed

to comprehend.
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A CRITICAL LOOK AT A FORMAL MODEL
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SUMMARY

We present here a formalization
of the stratificational model of linguis-
tics proposed by Sampson [13] and inves-
tigate its generative power. In addition
to uncovering a number of counter-
intuitive properties, the results present-
ed here bear on meta-theoretic claims
found in the linguistic literature. For
example, Postal [113 claimed that strati-
ficational theory was equivalent to
context-free phrase-structure grammar,
and hence not worthy of further interest.
We show, however, that Sampson's model,
and several of its restricted versions,
allow a far wider range of generative
powers. In the cases where the model
appears to be too powerful, we suggest
possible alterations which may make it
more acceptable.
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1. Introduction

Linguistic theories are at least partially interested
in presenting the regularities found in natural languages. Given
the current dominance of the Transformational Generative (TG)
school in the field of linguistics, it seems necessary for
theories competing for attention to possess a formal model. In
addition to the advantages normally derived from presenting
results through a formalism, such as precision, succinctness and
verifiability, one can also comment on the veracity of meta-
theoretic claims. It was using such formal arguments that
Chomsky and his collaborators demonstrated the inability of
finite automata and of context-free grammars to describe all
natural language constructs. Similarly, the formal work of Peters
and Ritchie [8,9] was important in uncovering inadequacies of two
notions of TG theory namely, the "recoverability of deletions
condition" and the "universal base hypothesis",

Finally, since many generative linguists want grammatical
theories which characterize natural languages, they fault any
theory which is ™too powerful" in the sense of being able to describe
languages which clearly cannot be natural languages, such as non-
recursive sets, Furthermore, computer scientists working on
natural languages will have to give in the future more considera-
tion to the work of linguists, especially on "exotic'" languages,
in order to be able to observe a wider range of phenomena. Such

access will be facilitated if the formalismsin which the grammars
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are presented lend themselves to computer implementation for
purposes such as parsing, testing, etc. This entails, among other
things, that linguists should avoid as much as possible features
which make their grammars generate non-recursive sets, and hence
it is one of the purposes of the present paper to point out such
features and discuss possible ways of avoiding them.

In this paper we will discuss one model proposed for the
stratificational theory cf linguistics. This theory, advanced by
S. Lamb, H.A. Gleason Jr. and their collaborators ([51,[61,[7]),
advocates that languages be described in terms of several sub-
systems, known as strata. Each stratum has its own set of units
and a tactics specifying the "correct" ("allowable") structures
on that stratum. A specific grammar might for example have strata
corresponding roughly to semantics, syntax-morphology and phonology,
although this is by no means standard. Furthermore, the strata

are linearly ordered as levels, and there 1s a realization relation

which connects adjacent strata by attaching to every well-formed
structure on one stratum, zero or more accompanying structures
on the adjacent strata. Note therefore that a particular
utterance has simultaneous expression on each stratum.

In this paper we examine the formal model for stratifi-
cational linguistics proposed by Sampson ([13]). This model uses
rewrite grammars Gl’GZ"" to describe the tactics, while the

realization relation is essentially a rewrite system R acting as a

transducer between the languages of the tactics. More specifically,
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realization connects adjacent tactics Gj and Gj+1 by matching
sentences u in the language generated by Gj with those sentences

v in the language of Gj+1 which can be derived from u by using
rules from R. An important property of the linguistic realization
relation is the fact that every structure on some stratum can

have only a finite number of "realizates' on the next stratum.
This means that the rewrite system R must be constrained so that
it has no recursive symbols. Such a rewrite system will be called
acyclic.

We investigate here the effect of acyclic rewrite systems
acting as transducers on axiom sets, varying the type of the
derivations and rules allowed.

We prove in this paper that regular languages are
closed under transduction by acyclic rewrite systems, but that
the linéar context-free languages are mapped onto the recursively
enumerable sets. This implies that stratificational grammars
with non-selfembedding tactics would be too weak while those with
even one context-free tactics would be too strong. If the
realization derivation is restricted to be in some sense '"left-
most", then we show that the transduction can be performed by
a finite,state device known as an a transducer. Furthermore, if
productions with null right-hand sides are not allowed in an
acyclic rewrite system then all the derivations can be made left-
most. This provides one possible method of restricting the genera-

tive power of acyclic rewrite systems.
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By deriving a recursive characterization of the languages
generated with n-strata in terms of (n-1)-stratal languages, we
can show that if the realization is restricted to being leftmost,
then the languages described are homomorphic images of the inter-
sections of the languages generated by the tactics. In particular,
this means that we can find natural families of stratificational
grammars which generate far example the sets recognized in real
time by nondeterministic multitape Turing machines. This result
partially confirms a hitherto unproven claim by Sampson, and
discredits Postal's [11] classiciation of stratificational grammars
as just another variant of context-free phrase-structure grammars.

Finally, we investigate the use of ordered rules in

linguistic grammars and prove that in several models they allow
the generation of sets which are not even recursively enumerable
a clearly unsatisfactory situation.
The remainder of the paper is structured as follows,
In Section 2, we present the formal definitions and notation to
be used, including the formal model for stratificational grammars.
In Section 3, we examine the properties of "acyclic rewrite systems",
which form the principal novel component in our definition of
stratificational grammars. We then return in Sectiom 4 to examine

the generative power of stratificational grammars and relate the

results to linguistics.
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2. Definitions

We repeat here some important definitions from [127], and
assume that the reader is familiar with the other basic notions
of formal language theory.

A vocabulary V is a finite set of symbols, and we use v
to denote the set of all non-null strings comsisting of symbols
from V; using e to denote the null string, we also define V* to be

v' oy {e}.

A rewrite system RW is a pair (V,R) where V is a vocabulary

and R is a finite set of rules (productions) of the form u -+ v,
%

where u € V+ and v € V ; u 1s known as the left hand side of the

production (lhs.) and v is its right hand side (rhs.).

+ . i i .
A word x ¢ V is said to directly derive or generate in R

another word y e V* (denoted by x =>p y) iff there exist words
u,v,w,z such that x = wuz, y = wvz and u + v belongs to R, Let =+>p
be the transitive closure of =>p> and =*>R its transitive reflexive
closure. A sequence of words WisWos oo e W such that

Wy =>p W, =>p - =>R W is said to be a (free) R-derivation (or

simply a derivation) of W from Wy
3
Given a rewrite system RW = (V,R) and a subset AX of V ,

the language generated by R from axiom set AX with free derivations

is defined to be the set L (AX,RW) = {w|ueAX, u=*>_w}.

R
Given the rewrite system RW = (V,R), define the dominance

relation < on V x V by: d<b iff xby - udv is one of the

productions in R (for some strings x,y,u,v) or if there exists

some ¢ in V such that d<c and c<b. Then RW is defined to be
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acyclic (abbreviated a.r.) iff the relation < is anti-symmetric

and anti-reflexive.

If u» v is a production in a rewrite system, it will be

called a null rule if v is the null string e, and it will be

called context-free if |u|, the length of u, is 1.

A rewrite grammar G is a quadruple (N,T,S,P) where N and T

are the sets of nonterminals and terminals respectively, S is a
distinguished nonterminal and.Aﬁ = (NuTy P) is a rewrite system.
In this case, if u =*>, w then this is called a G-derivation, or

a derivation in G, and the language generated by ,G,denoted by
L(G), is defined to be the set {t|S =%*> t in G, teT*}. We assume
the reader is familiar with the terminology of type 0 (recursively
enumerable or RE), type 1 (context sensitive), type 2 (context
free) and type 3 (regular) languages, and corresponding families
of grammars and automata. A type 2 grammar will be called linear
if all its productions are of the form A - aBb, where A,B ¢ N,

a,b e Tu {e}, and will be called selfembedding if for some AeN

there is a G-derivation A =*> uAv where u and v are not null,
New languages can be obtained from old ones through such
set operations as union, intersection and concatenation,
One can also define. mappings over strings and then extend
them to sets of strings in the obvious way. One such mapping

is the substitution s which associates with every symbol b of

some alphabet T, a set of words s(b) over another alphabet T';
defining s(xy) = s(x)s(y) and s(e) = e, a substitution can be

extended to strings. If the sets s(b),are regular, finite or
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e-free then s is said to be regular, finite or e-free respectively;

if s(b) contains a single word then s is called a homomorphism,

and the braces for sets are dropped. A homomorphism h can also

be e-free, or it can be length-preserving, if |h(b)| = 1 for all

symbols b. If | is a family of languages then we use H () and
HO(I_) to represent the families of languages obtained from
elements of | through e-free homomorphisms and homomorphisms

respectively.

One final operation on strings is reversal defined by

Rev(b) = b if |b| < 2 and Rev(xy) = Rev(y)Rev(x).

Ohe can also use automata to perform mappings between

strings. The a-transducer M = (K,Tl,TZ,kO,F,T) is an extension

of the finite automaton, where T1 and T2 are the input and output
w

alphabets, and 7 is a finite subset of K x T1 X T; x K (the transi-
tion set). The relation |- is defined on K X T: X T; by the rule
(k,uv,z) |- (k',v,zx) if (k,u,v,k') ¢ 7. The output of M for
input . word w is one of the strings in the set

{zl(ko,w,e) I—* (k,e,z}, keF}. An a-transducer is said to be

e-output free if for any (r,u,v,s) in t, the string v cannot be null.

A collection of languages A is said to be closed under

the operation o if o(L) ¢ A whenever L ¢ A. A (full) trio is a

family of languages containing at least one non-empty set, closed
under e-free homomorphism (arbitrary homomorphism), inverse

homomorphism, and intersection with regular languages.
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Finally, omitting detailed justification (see [3]), the

following formal definition captures the essential aspects of the

notion of stratificational grammar, as presented by Sampson [13]:

Definition An n-stratal rewrite grammar (n-RSTRAT) 1s a 5-tuple

RST = (n,TCT,RLZ,V

C,VE), where VC and VB are the set of '"content

units'" and "expression units'" respectively, TCT = (Gl,Gz,...,Gn)

is a vector of n rewrite grammars, and RLZ = (R ,R.,...,R_ ) is a
n’ 1 n

vector of n+l acyclic rewrite systems. The transduction performed

by such a grammar will be defined by T-RSTRAT(RST) = {(u,v)|w0=ueVE,

% . K. ) i
Wn+l-VEVE, there exist wj € L(Gj) such that w.= >wj+1 via Rj

derivations for j = 0,1,...,n}. Its language is described by

L-RSTRAT(RST) = {v]|(u,v) € T-RSTRAT(RST)}.

In this formal model, the grammar is thought of as
transducing "meaning" into '"sound" in the following manner:
starting with a string of '"content units" (expressing the meaning
of an utterance), the realization rewrite rules are repeatedly
applied until a string of "expression units" is obtained. The
realization derivation is constrained by the requirement that for
each tactics there existsan intermediate stage in the realization
derivation which conforms to the tactics specifications (i.e.
belongs tv the language generated by the tactics). The above
formalism 1s based mainly on Lamb's version of stratificational

linguistics; an alternate approack, closer in spirit to Gleason's

model, is presented in [3].
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3. Generative power of acyclic rewrite systems

To begin with, we remark that the formal definition of
stratificational grammars in [13] allows in the realization system
rewrite rules with null left-hand sides (i.e. rules of the form
e - u). Unfortunately, such rules could be applied to some string
an arbitrary number of times. In our stratificational model,
this would result in any string having an infinite number of
realizates. Furthermore, rules of the form e » u can also be
used to establish context-free dependencies in strings generated
even from singleton axiom sets. For example, if R = ({c,d},{e+cd})
then XL({e},R ) = {wIWE{C,d}*, w has the same number of '"c" and
"d" symbolsl}l, which is known to be a non-regular centext-free
Jlanguage. The phenomena described above do not appear to have
linguistic equivalents, and run counter to the stratificational
philosophy which envisages only finitely many realizations for
any structure.

As 1t turns out, 1in practice rules of the form e + u
are only required to introduce in the realization derivation
syntactically determined elements, such as '"do" in questions.

Such insertians need however be performed only once, at the end

of every realization derivation between two tactics. Therefore
they can be accomplished through normal acyclic rules if each

e -+ u in R is replaced by rules v + uw and v + wu for all v =+ w in
R. For this reason, we will continue to use the definition of

rewrite systems which only allows productions with non-null left-

hand sides.
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We next investigate the effect of a.r. on simple types of

axiom sets.

Theorem 3.1 Let AX be a regular set over alphabet T and let E be

some alphabet disjoint from T. If RW = (V,R) is an a.r. then

*
&f(AX,RW) n E is also a regular set.

Proof Let G = (N,T,S,P) be a type 3 grammar generating AX, and

without loss of generality assume that NG n VR is empty. Further-
more, normalize R so that all its rules are of the form a+bc, a-+e
or bc+d. This can be accomplished in a 3-step process: first,
replace rules of the form u » abv (a,beV, u,VeV*) by rules u + aa,
a » bv where a is a new symbol; repeat this until all rules have
rhs. no longer than two symbols. Next, replace rules of the form
abu + v by ab + a, au » v, until all lhs. of rules are at most two
symbols. Finally, eliminate rules of the form a - b by adding to R

a rule y + zbz' whenever y =+ zaz' is in R,

Our goal is to produce a type 3 grammar such that R-
derivations are "precomputed" in its productions, For example,
if the grammar G originally had productions X+aY and Y-bZ, while

R contained the rule ab+d, then the final grammar would contain

production X-+dZ.

For this purpose, consider the following iterative construc-

tion:

INITIALTZATION: Eet G1 be G; let T' = T v VR'

CONSTRUCTION 1: For every integer i, given grammar Gi = (Ni,Ti,SG,Pi),

construct from 1t a type 3 grammar Gi+1 = (Ni+1,T',SG,Pi+1) as

follows:
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1. for every aeTi, let P(i.a) be the set of all productions
in Gi which have the symbol "a" on the rhs.;

2. to begin with, let P:i1 contain Pi’ and Ni+1 contain Ni;

3. IF b+cd 1s a production in R, THEN for every A+bB in P(i,b),

ADD to N1+1 a nonterminal [A;B;b>cd], and ADD to Pi+1

productions A+c[A;B;b+cd].and [A;B;b+cd]+dB;
4, IF b+e is in R, THEN for every A-»bB in P{(i,b) ADD production

A+B tp Pi+1;
5. IF bec+d is in R, THEN for every pair of productions A-+bB

in P(i,b), and C+cD in P(i,c), ADD to Pi+ the new production

1
A+dD if B=>"C in G ;

END;

Suppose that we were able to establish that

Z(L(6),R) = U L(G,) (1)

i=1
From the construction it is easy to see that Pi is always a sub-

set of Pi+1 (and hence L(Gi) c L(Gi+1))’ and if

Gm = Gm+1 for some index m (2)

(i.e. no new productions are added to Gm in Construction 1), then

GJ would be equal to Gm for every j > m.

But, if such an m exists then & (L(G)IR) = U L(Gi) = L(Gm)
i=1
and Gm is the type:3 grammar we are looking for. Therefore, it

remains to establish equalities (1) and (2).

To,prove (1), we first define a new type of derivation

("singles, left-right pass") relation "=0>R" as follows:
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u =Q>R v iff there exists integer n such that for j = 1,...,n

xJ > yj is a rule in R and zj is some string with the property that
u = zoxlzi...knzn and v = 20Y127+Yp2q (if n = 0, then u = v).
We then claim that

L(G,

i+1) = {w]|3 veL(G;) such that v =o>

R wl (3)

This. equality can be demonstrated by straightforward inductions
on, respeetiviiy, fmne Jengths:eof JdJewivatisns im Gi+1, and the
integer n appearing in the definition of =0>p- In both cas€s

the important points are that if A => bB in Gi (A,BeNi, beTi)

then either A => bB in 3541 (by step 2 in Construction 1) or A => uB
if b > uis 1n R (by steps 3 or 4); and if A => bB =*> bC => bcD
in G1 then A => dD in Gi+1 in case bc » d is in R (step 5).

We are now in a position to prove (l). First, suppose that w
belongs to L (L(G),R) and w was obtained from u ¢ L(G) = L(G,) in
an R-derivation with n steps: u = Uy => p Uy =>p ... =>pu =>w,
If we note that for any strings X,y x =>n Y implies x =0>p Y
then by (3) we have for i = 1,...,n that u, e L(Gi). But then
wo=u, must beloni to L(Gn), and hence to i§1 L(Gi). Conversely,

if w belongs to U

1=lL(Gi) then there must exist an index m such that

W € L(Gm). Using (3) it is then trivial to prove by induction on m
that there exists v ¢ L(G) such that v = Vq S0>p V, S0>p...=0>p V. =W
for some'v, ¢ L(G;) (1 = 1,...,m). But in that case w ¢ L(L(G),R)

because by definition x =0>p ¥ implies that x =*>R y for any

strings x,y. This concludes the proof of identity (1).
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To prove (2), one might try to demonstrate that the
construction halts after some precomputable number of steps. This
approach unfortunately runs into the following problem: the
addition of a new production to Gi in step 4, allows new pairs of
variables B' and C' to be connected by a derivation B'=>*C'; this
may allow new production A'+dD' to be added to Gi+l~in step 5,
which in turn may eventually allow step 4 to add a new rule to
Gj for some j>i, etc.

The above compels us to look for an alternative proof of
(2): exhibiting a grammar G° such that every Gi is a subgrammar
of G°. This would mean that the increasing sequence of grammars
Gl’GZ"" is bounded above, and hence converges to one of its

elements.

To construct G°, remember that by definition of R there
is an anti-symmetric relation < on VR' Using this, we assign to
every symbol in V and every production in R a unique index number,

according to the following algorithm:

INDEXING ALGORITHM:
1. I(b) := 0 for every beV such that there is no deV and dsb;
2. FOR i=0 to |V| DO WHILE not all symbols have an index;
IF I(b)=1i § b+cd is in R, THEN I(c) := I(d) := i+l and
I(b>cd) := i+1;
IF I(b)=i & I(c)<i § bc*d is in R THEN I(d) := i+1 and
I(bc+d) := 1i+1;
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IF I(b)

=1 § I(c)<i & cb>d is in R THEN I(d) := i+1 and
I(bc+d) := i+l;
IF I(b) = i1 and b»e is in R THEN I(b»e) := i+l;
END

END
By the acyclicity of R, the above algorithm produces a unique
value for every symbol and production. Suppose the highest index
value assigned is n. Then G° will be constructed from G by repeated
modification in n passes through the following:
CONSTRUCTION 2: Let 6° = (N°,T',S,P°) be G initially;
FOR i=1 to'n DO
* in the i-th pass, add to G° all possible productions
representing derivations by index i rules #*/
1. For every symbol 'd' in VR such that I(dj =1,
let P(d) be the set of all productions currently
in Go, with 'd' on the rhs.;
2, IF b»dc (or b»e) 1s in R and has index i (iff
I(b)=1i), THEN alter ¢° in exactly the same way as in

steps 3 (or 4) of CONSTRUCTION 1; (except that

PO

0 .

and N~ are used instead of Pi+1 and Ni+1)'

3. IF bc»d is in R and has index i, THEN for every pair
of productions A>bB ia P(b) and C-»>cD in P(c), ADD

to P° the new production A»dD (whether or not

B=>*C in G°).
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Note that in the i-th pass the only productions added to G°
have on the rhs: a terminal symbol of index strictly greater than
i. Therefore, in successive passes through the loop after the i-th
one, P(d) remains unchanged for all symbols "d" with L(d) < i.
Furthermore, the output G° remains unchanged if passed through
CONSTRUCTION 2 a second time.

Secondly, note that if some grammar K remains unchanged by
CONSTRUCTION 2 then it does so through CONSTRUCTION 1 as well,
because every rule in R is eventually considered in CONSTRUCTION 2,
and in each case at least those productions which would have been
added by CONSTRUCTION 1 are added by CONSTRUCTION 2.

Therefore, since G is a subgrammar of Go, Gi will be so for

every i greater than 1, and the proof is completed. O

Increasing the range of sets from which we choose the axiom

sets, we obtain the following:

Theorem 3.2 Let G = (N,T,SG,PG) be an arbitrary type 0 grammar.

Then there exists a linear context-free language LING, and an a.r.
RO (which is dependent only on the set N u T), such that
%
L(G) = &L(LING,Ry) n T

Proof  (Notational convention: let V = N v T, and if e{-,~,v} then

use V to represent the set {d]aeV}, and w = él...é. if w = al..:aj.)
It is known ([1]) that there exist two linear context-free

languages L1 and LZ’ as well as a homomorphism h, such that

L(G) = h(L1 n Lz). We have constructed ([L37) pairs of new such
languages:
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- - - ~ - - - - "~ ~ o~ ~ W *
= % ) 9 % %S %! % ;
Ly = ({554%8%) u {%vy...%v  (3S.%8%v ... %v, . %zim>0, 2T,
+ .
vieVG,Rev(vi_l) = Voi-1 for i =1,...,mn-1}
and
- - - Y .Y ~ v -+ .
L2 = {%wl%...wn%$%wn+l%...M2n|n>0, wieV for i<n,

and Rev(wn_i) => for i = 0,...,n-1}

G "n+i+l
In this case, the homomorphism h is defined as h(x) = x 1f xeT, null
otherwise. Qbserve that Ly is dependent solely on the vocabulary

V and 1t only checks whether the strings around the central

“%éG%$§' are mirror images of each other. But the following
rewriting system does exactly the same job, and, in addition,

performs the homomorphism h:

R, = {%S

0 asa for aeT}

G§$%+e, 5%+e, xx»e for all xeV,

Then T* n <Z(L2,R0) = h(L1 n Lz) = L(G) and by observation it is
clear that Ro'is acyclic. 0
This result 1is surprising, especially from a linguistic point
of view, and demonstrates the power of acyclic rewrite systems.
Since it is undesirable that linguistic mechanisms be so powerful,
we will attempt to put bounds on them. One way to do so is to
restrict the places where steps in derivations can occur.
Essentially, in a k-leftmost derivation there is a k-symbol
wide "window" on the derivational forms where rewriting can occur,

and this window is only allowed to move to the right.
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Definition 3.1 Let w, = w, => ,,. => W be an R-derivation, where

0 1
for i = 1,...,n productions ui+vi are used to obtain w. = X.v.u,
*
= (XL ,Y. W, . i his i aid
from We g xiuiyi(xl,yl,wlev ) For any integer k, this is s
to be a k-leftmost derivation if for all i = 1,...,n-1 there exist

*
S and ti in V such that x.

1 < n < .
; tis1 with Isil < k and |ti| < |t

1+1l
This definition of R-derivations gives rise to the new language
L(AX,RW,k-1d) = {w]|xeAX, x=>§w in k-leftmost derivation}.

Theorem 3.3 Given an a.r. RW = (V,R), there exists an a-transducer

0, such that L (AX,R,k-1d) = @R(AX).

Proof By the acyclic nature of the rules in R, any string of
length k can be rewritten into a string of length at most kdt where
d is the length of the longest rhs. of a rule in R, and t is the.
nunber of symbols in V. Therefore, if we define a Turing machine
transducer OR which simulates on its wotrking tape k-leftmost R-
derivations, then 1t need have only a bounded, finite-length tape.
But this can obviously be kept in a finite memory, and hence ©

R
can be made into an a-transducer. 0

Therefore, leftmost constraints on R-derivations lead to a
much more restricted version af rewrite systems becduse all trios
(in particular LINEAR-CFL) are closed under a-transduction.

A second method of bounding the power of a.r. is to restrict

the sform of the productions allowed in R.

Theorem 3.4 If RW = (V,R) is an a.r. with no null productions,
then for every axiom set AX, L(AX,RW) = Z£(AX,RW,k-1d) for some

constant k.
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Proof Suppose R has r rules involving t symbols and let c be
the length of the longest lhs. of a production. Now observe

. t
that if v =>; w, then no symbol i1n w can have more than k=c  ancestors

in v, all of which must be adjacent in v (i.e. the presence of a

symbol in w can depend only on the presence of at most k adjacent
symbols in v). This value of k can be obtained as follows: since

the rules are acyclic, new symbols must appear after every application
of a production and hence every symbol in w can be the result of
applying at most t.productions; since each of these uses at most c
symbols as context, we get the value of ct. The adjacency require-
ment comes from the condition that there be no e-rules in R.

Consider new some R-derivation tXv =%» tt (t,%,VEV*, XeV), where

no symbol in t is rewritten, but X is. We will prove by induction

on the length of the dervivation that there is an equivalent k-

leftmost derivation.

Basis. If the derxivation has 0 ©r 1 steps then it jis

clearly k-leftmost.

Induction step. Break up the dérivatiom into steps, to

seeé where X 1s rewritten:

tXv 6*> tXwy => tizv ="> tt
1

where we used rule Xw " Yz in step (:).

Now find the last production in (:) which produces only

non-ancestors of Y.

(a) If there is no such production, then by our oapening

remarks (:) must be k-leftmost, and hence (:) can be made k-leftmost

by induction.
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(b) Otherwise, suppose that the last such rule was a+p. Then
we claim that the derivation in further detail is

* - _* oy - _*
tXv ="> txulag2<f; tXu,pu, ="> tqulpuz, > thulpu2 > tt

£
The signifitant part of this claim is that no prdduction in (:)
affects the string pu,, and this is true by our choice of a—+p

as the last production generating non-ancestors of Y, hence of

Yz, and the necessary contiguity of ancestors. But now note that

step (:) can be postponed to yield the following reordered

derivation:

=__,* =:"~ ~ —_ ~ . ~ _=* ~
tXv > tXulocu2 > tqulocu2 thulauz(:; thulpu2 > tt

By repeating the construction in part (b) on (:) = (:)(:)
this time (instead of (:)(:)(:)) we will eventually (by a
second induction, if desired) achieve case (a), and thus
complete the proof. #

Note that in the above proof we had only excluded the use
of null rules (the symbol p could not be null) so that other
productions with left-hand sides longer than right-hand sides
are still allowed in R.

Finally, we include for completeness the following result
whose proof is trivial.

Proposition 3.5 Let RW = (V,R) be an a.r. which has only

context free rules. Then there exists a finite substitution Sp

such that for every axiom set AX, L (AX,RW) = sR(AX). #
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4, Stratificational Grammars

We now réturn to the notion of stratificational grammar which
led us originally to consider acyclic rewrite systems. To begin
with, note that the original definition of n-RSTRAT grammar has
®o constraint on the derivations occuring on the tactics, while in
practice linguists appear to view the derivations as being leftmost
(1.e. the leftmost nonterminal is the one rewritten). Therefore,
throughout the following discussion we will examine the
differences arising out of this variation.

First, we present a recursive characterization of the
n-RSTRAT languages. For this purpose, define the language generated
by a 0-RSTRAT grammar RST® = (0,(),(RO),VC,VE) as L-RSTRAT (RST?)
;ﬁ(Vé;Ro) n V;. Then the following theorem is an obvious conse-

quence of the definition of L-RSTRAT:

Theorem 4.1 If RST = (n’(Gl""’Gn)’(RO""’Rﬁ)’VC’VE) is an
n-RSTRAT grammar, and TOP(RST) is the (n-1)-RSTRAT grammar
(n'l’(Gl""’Gﬁ—l)’(RO""’Rn—l)’VC’Tn)’ then L-RSTRAT(RST) =

*
L (L~RSTRAT(TOP{RST)) n L(G),R) n V.

Using Theéorems 4.1, 3.1 and the known closure properties
of the reguldr languages, it is casy to see that if all the tactics
Gli"”Gh,Of an n-RSTRAT grammar arc non-sclfcmbedding then the
stratificational grammar can generate only a regular language.

On the other hand, as soon as one of the tactics is allowed

to be of type 2 and sclfembedding, then by Theorems 4.1 and 3.2
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the. RSTRAT grammar can geherate an arbitrary RE set. Even.more
surprisingly, this can be accomplished using a '"universal
realization relation", meaning that to obtain any RE set we need
only vary the tactics, not the realization rewrite system. This
situation is similar to that found for TG in [9], where the
transformational component can be varied while the base grammar is
kept fixed.

Therefore, in this stratificational model there seems to
be no alternative between the insufficient descriptive power of
finite.automata and the excessive power of arbitrary Turing
machines. These results hold even if the derivations on the
tactics are constrained to be leftmost. We must therefore search
for further limitations on the realization process. In section 3
we considered several possible ways of doing this, namely
eliminating null or context-dependent rules, or making the
realization derivation leftmost. In linguistic grammars there is
a clear need for context-dependent realization rules, hence these
cannot be eliminated. Although in Sampson's model null realiza-
tion rules appear to be needed (more on this below), it is
possible to envisage alternative models which avoid them. By
Theorem 3.4, the absence of null rules is equivalent to restllctfzg
the realization derivatign to being k-leftmost. Furthermore,
based on current linguistic literature there appears to be no
objection to limiting the redlization to being k-leftmost.
Therefore, we will examine the gemerative power of n-RSTRAT

grammars under this constraint.
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Theorem 4.2° I£ STR = (n,CGl,...,Rn),(RO,...,Rn),VC,VE) is an
n-RSTRAT grammar with realization derivations restricted to be
k-leftmost for some integer k, then there exist homomdbrphism h
and languages Ll""’Ln such that for i = 1,...,n L(Gi) is of the

same type' as.L., and L-RSTRAT(STR) = h(L; n...n L ).

Proof The proof is based on a number of results about:trios,

which we summarize here from [4]:

(a) For i = 1,...,n the families of languages of the same
type as L(Gi) are trios.
(b) If || is a trio then H(L) is a trio and HO(L) is a full trio.
(c) If Ll""’Ln are trios then H(H(L1 Neeon Ln-l) n Ln) is
a trio and it is equal to H(I_1 Ne..n Ln-l n Ln); similarly
'HO(H(L1 Neven Ln-l) nLn) = HO(I_1 Neeoh Ln—l n Ln) is
a full trio.
(d) trios are closed under intersection with regular sets and
e-output bounded a-transductions, while full trios are
also closed under arbitrary a-transduction.

.We now prove the. theorem by induction on n.

Basis. For n=1, by Theorems 4.1 and 3.3 there exist a

— * Y * -
transducers Gl and OO such that L-RSTRAT(RST) = @l;GO(VC)nL(Gl))nVE,

then our theorem holds by notes (a) and (d) above with h being the

identity map.

Induction step. For the,case n+l, by Theoremsad.l and 3.3

there exiksts a-transducer ®n¥1 such that L-RSTRAT(RST) is equal to

%
0, ,1 (L-RSTRAT(TOP(RST)) n L(G_,,)) n Vg. (4)

! Meaning type 3, type 2, type 1, type 0, linear language.
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But by induction, there exist homomorphism h'" and languages

"
Ll"

Substituting this in (4) and applying notes (a), (b) and (c) we

.,,L; such that L-RSTRAT(TOP(RST)) = h"(L; n...n~L;Q.

find a homomarphism h and languages Lr,...,L of the same type

n+l

asILH,;..,LH and L(anl) such that L RSTRAT(RST) = h(L1 ﬂ...nLn+1).

Remark that by Theorems 3.4 and 3.5 the same result holds
in the case when the realizations do not contain null rules, and by
examining the above proof it can be seen that the homomoxrphism h

can be restricted to being e free in this case.

The following converse to Theorem 4.2 can be easily

established:

Theorem 4.3 Given homomorphism h from T to T', and rewrite

grammars Gl""’Gn with terminal alphabets T, then for i = 0,...,n

there exist context-free acyclic rewrite systems Ri such that

L-RSTRAT((n, (G, .- +,6.), (Ry,-++,R ), T,T") = h(L(G )n...aL(C,)).

Proof For j<n, define Rj to be {a+a|aeT}, by the definition of
RSTRAT-derivations this will simulate the intersection of the
languages generated by the tactics. Finally, define R, to be

{a+h(a)|aeT}, thus performing the homomorphism on the intersection. #

To begin with, the above theorems partially confirm Sampson's
hitherto unproven claim ([13: page 111) that stratificational
languages are the Tesult of intersecting the languages of the

tactics. Note however two important qualifications to this claim:
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the realization derivation must be k-leftmost and a homomorphism
must be applied to the intersection of the languages.

Theorems 4.2 and 4.3 show that with k-leftmost realization
derivations, the type i languages (i = 1,2) can be obtained by
using a type i grammar on one of the tactics, and making the
other ones non-selfembedding. If all the tactics generate
context-free languages (as in the case when tactic-derivations
are leftmost) then n-RSTRAT grammar can generate the homomorphic
intersections of the CFLs. For n=2, this is known to equdl the
RE sets if null realizations are allowed; if null realization rules
are not allowéd then for n>3 the n-RSTRAT grammars generate the
family QUASI of sets recognized by nondeterministic Turing
machines in real or linear time ([2]). These observations
demonstrate that n-RSTRAT grammars can be appropriately modified
so that they generate various language families intermediate
between the-regular and RE sets., Unfortunately, even when the
realization derivation is restricted to being k-leftmost, 1-RSTRAT
grammars with context-sensitive tactics and 2-RSTRAT grammars
with context-free tactics can generate the RE sets, unless
null realizations are restricted. The basic problem with
restricting null rules lies in the pronounced bias of this model

towards the realization of terminal units from one tactics to the

next. In practice, in order to describe linguistic phenomena it is
necessary to hawve information about the entirc derivation process

on some tactics. Sampson accomplishes this by introducing '"pseudo-
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termihals" into strings; for example, if the application of
production x+y is to be noted for later use, then either rule x-py
or x+yp would be used in the tactics to introduce p as a marker

of the occurrence of x+y. The chief drawback of this approach is
thét the "pseudo-terminals" such &5 p must eventually be deleted,
making null rules necessary. One possible solution may be to dis-
cover some bound on the number of null rule applications needed,
resembling the "cycling function™ proposed by Peters and Ritchie
([91). Another solution is to consider a new formal model which

allows realization to access umniformly all parts of the derivations

on tactics; this approach is considered in [3].

Before concluding, we take a brief look at thc problems

raised by one addition to the basic model discussed so far,

ndmely ordered rules. It has often been found useful in

linguistic descriptions to use rules of the form "A+u if some
condition C holds, otherwise A>v'; basically, these types of
rule§ avoid stating the negation of condiition C, which may be
cumbersome. In certain stratificational descriptions, this has
lapsed into the use of rules of the form "A+u if this can lead
to a completed derivation, otherwise A»v'". This notion is
formalized by Sampsoa through the assignment of "weights" or
"preference values" to certain rules. Thus A+u may be given
value 1 while A»v receives value 0, and these values are

accumulated throughout the derivation, At the end, only those

expression strings resulting from some content string are taken
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which have derivations with maximal preference values. The
fundamental problem with this use of "ordered rules'" is that

even in context-sensitive grammars it is in general recursively

undecidable whether a certain derivation can be successfully

completed or not. In fact, we show that using "ordered rules'

we tan geneTate even non-recursively enumerable sets, an obviously

undsirable situation.

Theorem 4.4 There exists a context-sensitive grammar G with one

"ordered rule" which generates a non-RE language.

Proof The proof rests on the well known result that there exists

an RE language L° over some alphabet T, whose complement is not RE,

and that there is a type 1 grammar c° = (NQ,TO,SO,PO), where
° = Ty {b,#}, such that L(GO) = {W#bi(WQIWeLO, i(w) 1s some
integer, depending on w } ([127). Consider the grammar

G' = (N',T',S',P') where N' = N° vy T° y {V,8',Z}, &' =T y T,
P' contains P° and additional productions as described below.
The grammar G' behaves informally as follows:

(a) from S', we generate some string wS' such that WeT*,
using productions from £S' + aS'|aeT};

(b) then we apply the ordered rule " S' = Ys® with weight 1,
S' + 7 with weight 0"; the plan is that the new nonterminal Y can
be rewritten into a terminal, ¥, 1f and only 1f Y appears 1n a
string belonging to {wYw#} {b}* (i.e. 1ff rules of G° can be

used to rewrite S° into some w#bJ, where w is thc same as the guess

made in ({a)). Once some derivation from s° 1s completed, it is
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clear that context-sensitive rules can be,used to check out the
apove condition for Y. In addition, the same rules can place
"bars" over all the symbols thus checked, resulting, if successful,
in a sentence of the form whwib.

(c) Z on the other hand simply travels across the string w
and places 'dots" on top of every symbol, using rules from
{sZ » Z&|seT}

The result will be that L(G') = {ﬁ#ﬁﬁbjlweLo} u {W|w¢L0}.

Suppaose that L(G') 1is RE, and let h be the homomorphism which
deletes all symbols not in T, and removes the dots from the
others. Then h(E(G')) is also RE because the RE sets are closed

under homomorphism; but h(L(G')) is the complement of Lo, and

thus not in RE by our choice of L°. Therefore by contradiction,

L(G') is not RE,

A similar proof can be given for stratificatienal grammars
with two or more context-free tactics. These results draw
attention to the need to redefine the notion of "ordered rule"
in stratificational usage, and point out that care must be taken
whenever fqormalizing aspects of linguistic practice.

In conclusion, our investigation of the formal properties
of the stratificational model proposed by Sampson revealed certain
unintuitive properties which make it less desirable as a tool for
natural language description. Thus, the use¢ of realization rules

with null lcft hafd sides was shown to allow unbounded number of
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realizations for certain strings. More significantly, we showed
that n-RSTRAT grammars with even one tactics allowing self-
embedding could generate all RE sets. Since there are well known
problems raised by this possibility, most significant being the
inability to decide grammaticality, we identified a linguistically
acceptable restriction on the realization, namely k-leftmost deriva-
tions’, which led to improvements in some situations. Under this
additifonal constraint, classes of n-RSTRAT grammars were shown.to
variously generate the context-free languages, the Quasi-realtime
languages and the context-sensitive languages. Unfortunately, even
in this case n-RSTRAT grammars could generate non-recursive sets,
unless null realizations were restricted, and we discussed the
problems inhepent in this approach. Finally, we examined the
definition of "ordered rules'" used in some stratificatidnal
grammars, and formalized by Sampson, showing that it allowed the
generation of even non-RE sets with type.1l tactics.

The above formal results about the generative power of
stratificational grammars hopefully answer the requests of critics
such as Pit'ha ([101), and demonstrate the inaccuracy of
Postal's classification of stratificational grammars as$ simply
variants of context-free phrase structure grammars. The Tesults
also indicate some of the problem arecas in this formal model for
stratificational linguistics. We emphasize though that the problems
are specific to this particular formalism, and should not be taken
ags condemnations of stratifica‘tional linguistics in gencral, since

there are other stratificational medels which aveid these pitfalls-.



97

Acknowledgements

I would 1like to thank Professor Ray Perrault for his

much appreciated advice and help both during my graduate student

career and after it. I am also grateful to Teresa Miao for typing

this paper and to Peter Schneider for proof reading it.

References

(1] Baker, B. and R. Book (1974). "Reversal Bounded.Multi-pushdown
Machines'", J. Computer Systems Science - 8, 1974, 315-332.,

[2] Book, R.V. and S.A. Greibach (1970). "Quasi-realtime Languages",
Math. Systems Theory - 4, 1970, '97-111,

[3] Borgida, A.T. (1977). “Formal Studies of Stratificational
Grammars', Ph.D. Dissertation, University of Toronto, also
Technical Report No.ll1l2.

[4] Ginsburg, S. (1975). Algebraic and Automata-Theoretic
Properties of Formal Languages, North-Holland Publishing Co.

[51 Gleason, H.A. Jr. (1964). "The organization of language: a
stratificational view'", Monograph Series on Language and-
Linguistics - 17, p.75-95, Georgetown University.

m
(@)Y
=i

Lamb, S. (1966). Outline of Stratificational Grammar,
Georgetown University Press, Washington. g

[7] Lockwood, D.G. (1972). Introduction to Stratificatienal
L1ngu15t1cd, Harcourt Brace Jovanovich,.Inc.

[8] Peters, P.S. and R,W. Ritchie (1971). "On restricting the

base component of Transformational Grammars", Information and
Control - 18.

[9]1 Peters, P.S. and R.W. Ritchie.(1973). "On tlie generative

power of Transformational Grammars" Information Sciences - 6,
£9-83, -

(107 'Pit'ha, P. (1974). "On a new form of Lamb's stratificational
grammar', "Siovo a Slovesnost - 35, p.208-218; translated from
the original Czech by D.G. Tockiwood.




98

[11] Postal, P. (1964). Constituent Structure: A Study of
Contemporary Models of Syntactic Description, Indiana

University, Bloomington, Ind. First appeared in Int. J. Amer.
Linguistics - 30.1, part 3.

{121 Salﬁmaa, A. (1973). Formal Languages, Academic Press,,New
York.

[13] Sampson, G. (1970). Stratificational grammar: Definition

a
and an Example, Janua Linguarum, Series Minor: 88, The Hague
Mouton.




	Computational_Linguistics_Vol_15_Number_04_December_1978
	ACL Minutes Of the 16 Annual Business Meeting'
	ACL Secretary-Treasurer's Report
	ACL Officers For 1979
	ACL Officers 1963-1979
	NSF Support For Computational Linguistics
	News Short Notes
	NEWS Arist Reprint Request
	NEWS Summer Linguistics at Texas
	Ph D Programmes in Computational Linguistics
	Journal CL And CL
	Journal Discourse Processes
	Book Notices
	Yale AI Projects Research Reports Available
	Summary of Research on Computational Aspects of Evolution Theories
	Taxonomy Information Sciences
	Machine Aids to Translations a Concise  State of the Art Bibliography 
	Reviews On Human Communications Jo Ed 
	Abhamgigkeitsgrammatik 
	Glancing Referring and Explaining in the Dialogue System
	A Critical Look at a formal Model for Stratificational Linguistics



