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ASSOCIATION FOR COMPUTATIONAL LINGUISTICS 

MINUTES: 16th Annual Business  Meeting 
26 J u l y  1978 
Un ive r s i t y  of  I l l i n o i s ,  Urbana, I l l i n o i s  
Jonathan Al len ,  P r e s i d e n t ,  p r e s i d i n g  

MINUTES OF THE PREVIOUS MEETING 

Allen no ted  t h a t  t h e  minu tes  o f  t h e  p rev ious  meeting had been publ ished 
i n  t h e  F i n i t e  S t r i n g ,  Volume 14 ,  Number 3-, Microfiche 65 of t h e  American 
Jou rna l  of C o m ~ u t a t i o n a l  Linauis t i c s .  

FINANCIAL STATUS 

Don Walkw, Secre ta ry-Treasure r ,  reviewed t h e  f i n a n c i a l  s t a t u s  o f  t h e  
Assoc ia t ion ,  a copy o f  which i s  a t t a c h e d  t o  these Minutes.  He p re sen ted  
income and expehses bo th  f o r  1'977 and f o r  1978 through 21 J u l y .  The 
ba lances  of $6,332.19 f o r  1977 and $7,060.63 f o r  1978 c o n s t i t u t e  ajs9et9 
of $13,39r.82. However, t h e  major c o s t s  f o r  AJCI, f o r  t h e  c u r r e n t  y e a r  
a r e  yet, t o  be i n c u r r e d ,  and dues for  AFIPS have n o t  y e t  been b i l l e d ,  A t  
t h e  same t ime ,  t h e  $1,000 advance t o  cover  c o s t s  o f  t h e  TINLAP-2 Meeting 
i s  l i k e l y  be r e t u r n e d ,  a long  w i t h  a p o r t i o n  of t h e  exces s  o f  income over 
expenses,  which w i l l  be  shared w i t h  ACM/SIGART. 

The indeb tedness  o f  t h e  Assoc ia t ion  t a  t h e  Center f o r  Applied 
L i n g u i s t i c s ,  which housed t h e  p rev ious  S e c r e t a r i a t ,  h a s  been paid o f f .  
O f  t h e  t o t a l  of $13,486:06, funds  from t h e  p rev ious  S e c r e t a r i a t  provided 
$9,913.92; $3,572.14 was taken ou t  of income f o r  1977. 

I 

Walker remarked t h a t  t h e  income item from AFIPS f o r  1977 o f  $2,365,  
which r e f l e d t e d  a disbursement  o f  s u r p l u s  funds  from the Nat iona l  
Computer Conference, was u n l i k e l y  t o  be repea ted  aga in  soon. AFIPS i s  
i n  t h e  p roces s  of  creatAfig 2 new j o u r n a l ,  ABACUS, modeled after 
S c i e n t i f i c  American, and f u t u r e  s u r p l u s e s  probably w i l l  b e  used t o  
defray o r  a t  l e a s t  t o  backup t h e  s t a r t u p  , c o s t s .  The j ou rna l  is expected 
t o  be  s e l f - s u s t a i n i n g ,  and might e v e n t u a l l y  show a p r o f i t .  

The c u r r e n t  ba lance  i n  t h e  TINLAP-1 Account is $109.41; approximately 75 
copies remain. 

MEMBERSHIP 

Walker repor ted  membership f i g u r e s  for 1977 of  500 i n d i v i d u a l  and 201 
i n s t i t u t i o n a l ,  f o r  a t o t a l  o f  701. The c u r r e n t  f i g u r e s  fo r  1978, 
through 21 J u l y ,  a r e  405 i n d i v i d u a l  and 208 i n s t i t u t i o n a l ,  f o r  a t o t a l  
of 613. A s l i g h t l y  more d e t a i l e d  breakdown is  a t t ached  to  t h e s e  
Minutes. 



EDITOR 'S REPORT 

Dave Hays, Edito-r of t h e  AJCL, announced thaG he  was r e s i g n i n g ,  
e f f e c t i v e  a t  t h e  end o f  t b  year. The n e x t  i s s u e  w i l l  i n c l u d e  t h e  
TINLAP Proceedings;  t h e  f i n a l  i s s u e  o f  t h e  c u r r e n t  y e a r  w i l l  c o n t a i n  a 
complete  index f o r  t h e  f i v e  y e a r s  o f  i t s  p u b l i c a t i o n .  The Jourrlal  wa3 
e s t a b l i s h e d  i n  1974 as  a n  NSF-sp,onaored exper iment  i n  m i c r o f i c h e  
pub1icat;ion. A n t i c i p a t i n g  t h e  i m p l i c a t i o n s  o f  George He idorn ta  su rvey  
( s e e  below),  Hays remarked t h a t  t h i s  mode o f  p u b l i c a t i o n  is l i k e l y  t o  be 
r e p l a c e d  by microprocessor  technology and might  never  r e p e i v e  a f u l l  
scale t r i a l .  

Allep e x p r e s s e d  t h e  g r a t i t u d e  o f  t,he A s s o c i a t i o n  t o  Hays f o r  h i s  
d e v o t i o n ,  h i s  c o n s t r u c t i v e n e s ~ ,  and his t ireless ef for ts  i n  e s t a b l i s h i n g  
and s u s t a i h i n g  t h e  A JCL . T h i s  t r i b u t e  was affirmed by t h e  members. 
A l l en  t h e n  announced t h a t  Heidorn,  c u r r e n t l y  A s s o c i a t e  E d i t o r ,  would 
r e p l a c e  Hays as  E d i t o r  i n  January .  

A NEW FORMAT FOR THE AJCL 

Heidorn p r e s e n t e d  t h e  r e s u l t s  o f  h i s  su rvey  o f  t h e  qembership r e g a r d i n g  
a new format  f o r  t h e  AJCL.  O f  513 q u e s t i o n n a i r e s  mai led ( t o  both  
c u r r e n t  members and t o  members ~ h o  pa id  f o r  1977 b u t  n o t  y e t  f o r  1978); 
212 were ret;'urned. The r e s p o n s e s  favored  c r e a ' t i o n  o f  a ha rd  copy 
e d i t i o n ,  similar i n  format  t o  t h e  Communications o f  t h e  ACM, w i t h  o r  
w i t h o u t  a n  acoompanying m i c r o f i c h e  v e r s i o n .  Most members f e l t  t h a t  such  
a change would encourage a wide r  r e a d e r s h i p  and an  i n c r e a s e  i n  t h e  
submiss ion o f  t e c h i c a l  a r t i c les ,  A more comprehensive r e p o r t  by Heidorn 
is  i n c l u d e d  e l sewhere  i n  t h i s  iswe. 

Allen  r e p o r t e d  that t h e  ExecubSve Committee, a f te r  rev iewing  Heidorn ' s  
f i n d i n g s ,  has dec ided  t o  i s s u e  t h e  Journa l  i n  t h e  new format  w i t h  b o t h  
hard copy and m i c r o f i c h e  v e r s i o n s  s e n t  t o  each  membep, beginning  with 
t h e  first issue o f  1979. The m i c r o f i c h e  a l s o  may c o n t a i n  appendixes  f o r  
t e c h n i c a l  a r t i c l e s ,  program l i s t i n g s ,  and o t h e r  material o f  i n t e r e s t  t o  
the membership b u t  l e ss  a p p r o p r i a t e  f o r  I n c l u s i o n  i n  hard copy form, 
l i k e  t he  l i s t  o f  members. 

NEXT MEETING 

Al len  s t a t e d  t h a t  a d e c i s i o n  about  t h e  t i m e  and p l a c e  o f  t h e  1979 
meet ing had n o t  y e t  been made. Asiloalar,  n e a r  Monterey i n  C a l i f o r n i a ,  
is  be ing  c o n s i d e r e d ,  p o s s i b l y  around t h e  t i m e  o f  t h e  n e x t  I n t e r n a t i o n a l  
J o i n t  Conference on Ar t i f i c i a l  I n t e l L l g e n c e ,  which wj-11 be  h e l d  i n  Tokyo 
from 20 t o  24 August. I n  t h e  d i s c u s s i o n ,  members expressed  concern  t h a t  
t h e  c h o i c e  should  n o t  discourage a t t e n d a n c e  by g r a d u a t e  s t u d e n t s .  

For 1980, t h e  Execut ive  Committee recommended t h a t  a t h i r d  TINLAP 
meet ing  be h e l d .  The P r e s i d e n t ,  Vice P r e s i d e n t ,  and Sec re ta ry -Treasure r  
c o n s t i t u t e  an  i n t e r i m  opmmittee t o  i n v e s t i g a t e  t h i s  p o s s i b i l i t y  and t o  
n e g o t i a t e  wi th  SIGART, a3 a p p r o p r i a t e .  A l l en  a l s o  remarked t h a t  an 
offer  a l r e a d y  had been r e c e i v e d  from Aravlnd Joshi t o  h o s t  TINLAP-3 a t  
t h e  Univers i  t y  o f  Pennsylvania .  



NOMINATIONS FOR OFFICERS FOR 1979 

Aravind J o s h i ,  r e p o r t i n g  f o r  t h e  Nominating Committee ( J o s h i ,  P e t r i c k ,  
and Chapin) ,  announced t h e  fo l lowing  nominat5ons f o r  o f f i c e r s  f o r  1979: 

Nominating Committee: Jonathan A l l e n ,  MIT, 
Execu t ive  Committee: S t a n l e y  Roaenschein, RAND 
S e c r e t a r y - T r e a s u r e r :  Donald Walker,  SRL I n t e r n a t i o n a l  
Vice P r e s i d e n t :  Bonnie Lynn Webber, U n i v e r s i t y  of Pennsylvania 
P r e s i d e n t :  Ronald Kaplan,  Xerox P a l o  A l t o  Research Center  

No a d d i t i o n a l  nominat ions  were r e c e i v e d  from t h e  f l o o r .  Al len c a l l e d  
f o r  a v o t e ,  which w a s  unanimous, and the a l a t e  was d e c l a r e d  e l e c t e d .  

NEW BUSINESS 

Carol  Lane p resen ted  a r e s o l u t i o n  s u p p o r t i n g  t h e  r a t i f i c a t i o n  o f  t h e  
Equql Rights  Amendment to t h e  U . S .  C o n s t i t u t i o n .  A f t e r  e x t e n s i v e  
d i s c u s s i o n  and af te r  motions  t o  amend and t o  t a b l e  were d e f e a t e d ,  t h e  
members a f f i rmed  t h e  f o l l o w i n g  s u b s t i t u t e  r e s o l u t i o n  by a v o t e  o f  20 to 
13: 

WHEREAS, i n c l u s i o n  i n  t h e  C o n s t i t u t i o n  of these United States 
is t h e  basic u n a l i e n a b l e  r i g h t  o f  eve ry  citizen; 

WHEREAS, t h e  A s s o c i a t i o n  for Computational  L i n g u i s t i c s  views 
as in to le rab l . ;  t h e  selective exclusion of o v e r  one-half 
t h e  p o p h a t i o n  o f  this c o u n t r y ;  

WHEREAS, t h e  Equal  R i g h t s  Amendment, w r i t i n g  women i n t o  t h e  
C o n s t i t u t i o n ,  must be r a t i f i e d  by t h r e e - f o u r t h s  o f  t h e  
s t a t e s  (38)  p r i o r  t o  its i n c o r p o r a t i o n  

THEREFORE, BE I T  RESOLVED, t h a t  a l l  f u t u r e  convent ions ,  
rneetlngs,  and c o n f e r e n c e s  of  t h e  A s s o c i a t i o n  f o r  
Computational L i n g u i s t i c s  w i l l ,  f o r  t h e  d u r a t i o n  o f  t ime 
d u r l n g  which t h e  Equal R i g h t s  Amendment i s  under 
c o n s i d e r a t i o n  by t h e  s e v e r a l  s ta tes  o f  t h e  United S t a t e s ,  
be  h e l d  o n l y  i n  t h o s e  s t a t e s  t h a t  have r a t i f i e d  t h e  Equal 
Righ t s  Amendment. 

RESOLUTIONS 

HavQng set out i n  advance t h e  syntax o f  h i s  r e p o r t  for t h e  R e s o l u t i o n s  
Committee, Ron Kaplan e x p r e s s e d  t h e  g r a t i t u d e  of t h e  AssocYation t o  Dave 
Waltz, h i s  s e s s i o n  o r g a n i z e r s ,  a n d  t h e  U n l v e r d t y  of I l l i n o i s  fo r  t h e  
o r g a n i z a t i o n  and conduct  of t h e  meet ing;  to t h e  Nat iona l  Science 
Foundat ion ,  and p a r t i c u l a r l y  t o  Caro l  Ganz Brown, f o r  i t s  f i n a n c i a l  
support; t o  t h e  c u r r e n t  o f f i c e r s  f o r  t h e i r  c o n s t r u c t i v e - e f f o r t s  during 
t h e  f i rst  par t  o f  t h e i r  e l e c t i v e  term (and w i t h  encouragement t o  
c o n t l n u e  these e f f o r t s  f o r  the rest o f  t h e  y e a r ) ;  t o  t h e  retiring 
members of t h e  AJCL E d i t o r i a l  Board--Robert Barnes ,  Fred Damerau, Gary 
M a r t i n s ,  John Olney, and Naomi Sager--for  five years of  e f f e c t i v e  
s e r v i c e ;  t o  Dave Hays f o r  his c o u n t l e s s  h o u r s  and f r u i t f u l  endeavors i n  



r e a l i z a t i o n  of t h e  AJCL; and to George Heidorn for his w i l l i n g n e s s  to  
become the new e d i t o r .  

Dave Hays c a l l e d  a t t e n t i o n  to  t h e  efforts of  Martin and Iris Kay i n  the 
preparation of  t h e  AJCL ~ i b l i o g r a p h y ,  and they  were duly  included i n  t h e  
l ist  of r e s o l u t i o n s .  

The members, affirmed t h e s e  sentjments  e n t h u s i a s t i c a l l y ,  and Al len  
d i r e c t e d  the Secretary-Treasurer t o  express  t h e  apprec ia t ion  ~f t h e  
Assoc ia t ion  formally to Dave Waltz., 

The meeting adjourned. 

Donald E .  Walker 
Secretary-Treasurer 

Attachments: Financ ia l  S t a t u s ,  Membership S t a t u s ,  Officers for 1979 



F I N A N C I A L  STATUS 

A S S O C I A T I O N  FOR COMPUTATIONAL LINGUISTICS 

Income: 
Dues 
Back Issues 
Meetings 
AFIPS 
Mail i n g  Labels 
Interest 
T I N L A P - 1  Account 

. T L  Production $ 
A J C L  Bibliography 
AJCL Editor ia l  
Neeting Expenses 
AFIPS Dues 
Secke tariat Services 
Postage 
Supplies 
P r i n t i n g  
TINLAP-1 AccounL 
Center for Appl ied  

Linguistics 

Balance : $ 6332.19 

Assets: 
Savings 
Checking 
Petty Cash 



Center for Applied L i n g u i s t i c s  Account 

Debt (as of 3-14-77) $13486.06 

Paid (out of 1976 funds) 9913 .92 
( o u t  o f  1977 funds) 3572.14 

TINLAP-1 Account 

Current Balance $109.41 

STATUS 

Individual 
US 
Foreign 

Institutional 
US 
F o r e i g n  

Special  

TOTALS 
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Robe r t s  

Kay 
P l a t h  
Walker 

I9i5 
J o s h i  
P e t r i c k  
Robe r t s  
Mart ins 
Rieger 
Nash-Webbe.r 
Hays 

S l mmons 
Barnes  
Woods 

m 
Hays 
A l t  
J o s s e l s o n  
Sebeok 
Ga rv in  
Lehmann 
R o b e r t s  
Y ng ve 
O e  t t i n g e r  
Lamb 

1968 
Malker 
Mersel 
J o s  se 1s on 
S a t  t e r t h w a i  t 
Fromkin 
Pendergraf  t 
R o b e r t s  
Yngve 
Garv in  
Kuno 
L ieberman 

1972 
S immons 
Fromkin 
R o b e r t s  
Wall 
Robinson 
Chap i n  
Robe r t s  

Kay 
P l a t h  
Friedman 

m 
P e t r i c k  
G r i m e s  
R o b e r t s  
Diller 
R iege r  
Nash-Webber 
Hays 

Joshi 
Barnes  
Woods 

ll96.5- 
Lehmann 
Garv in  
J o s s e l s o n  
Sebeok 
Hocke t t  
Kuno 
R o b e r t s  
Yngve 
Hays 
Lamb 

wi9 
Kay 
P l a t h  
Jos s e l s o n  
S a t  t e r t h w a i  t 
Fromkin 
Montgomery 
Robe r t s  
Yngve 
Garv in  
Kuno 
Walker 

XEi. 
Barnes  
Woods 
R o b e r t s  
Mart i n s  
Robinson 
Chapin 
R o b e r t s  

S i m m o  n s  
P l a t h  
Friedman 

Dxz 
ehap in  
Allen 
Walker 
Di l le r  
Hobhs 
Nash-Webber 
Ways 
Heidorn 
Jos  h i  
P e t r i c k  
Woods 

19.66 
Garv in  
O e  tt i n g e r  
J o s s e l s o n  
Sebeok 
Hocket t 
P rende rg ra f  t 
Robe r t s  
Yngve 
Hays 
Lieberman 

197_Q 
P l a t h  
Friedman 
J o s s e l s o n  
Wall 
Fromkin 
Nontgomery 
R o b e r t s  
Y ng ve 
Kay 
Kuno 
Walker 

39.39 
Woods 
Wall ' 
Rober t s  
Mart i n s  
Jos h i  
Chapin 

Hays 
Simmons 
Barnes 
Friedman 

1978 
A l l e n  
Kap l a n  
Walker 
Diller  
Hobbs 
Bruce 
Hays 
Heidorn 
Jos h i  
P e t r i c k  
Chapin 



President 
V ice-Pres 
Sec-Treas 
Executive 

C o m m i t t e e  ---- ...--...- 
E d i t o r  (AJCL) 
B ~ s o c  Editor 
Nominating 

Committee 
---".---- 

Kap lan 
Webber 
Walker 
Rosenschef n Ros ens.chein 
Hobbs 
Bruce Bruce 
Heidorn 

~ l ' e n  A l l e n  
P e t r i c k  
Chapin Chapf n 

A l l e n  

FS = T h e m -  
MTCL = Hachine ,- - - -tics 
AJCL = u w .  J-L pf ComDutational 
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N S F SUPPORT FOR COMPUTATIONAL LINGUISTICS 

Pau1 .G .  Chapin, Director of the Linguistics Program of the 

National Science Foundation, announced the follow~ng grants 

for research of obvious relevance to computational linguist,ics. 

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 amoun~) 

COMPUTATIONAL COMPLEXITY OF GRAMMAR G NL RECOGNITION PROBLE'MS 

William Rounds 

University of Michigan - $44,600 - 24 months 
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During the -Fiscal Year 1978, the Division of Science Information 

of NSF issued at least the following grants for supportof 
research relevant to computatibnal Linguistics. 

CORRELATION O F  LANGUAGE STRUCTURE WITH INFORMATION 

Zellig- S .  'Harris 

University of ~erinsyivania - $163,329 - 29 months 

INTEGRATED 'MAN/MACHINE INTERFACE F O R  NETWORK RESOURCE U T I L I Z A T I O N  

Martha E. Williams 
University of Illinois - $174,432 - 24 months 
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The Microprocessor Standards Comittee 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 Pasqal. The object foreseen was the 

iaentification and endorsement of appropriate standards. The 
first meeting was called in October by Bruce Ravenel of Language 
Resources, 1311 Lombard StrBet, San Francisco, CA 94109. 

What fields need linguists or persons with some linguistic &now- 
ledge? What are the "demands and perspectives" of present and 
possible employing institutions? Anyone with information 

relevanf to these issueb can correspond with Dr. Walther Kindt, 
~akuZ'tPt fur  Linguistik und Literaturwissenschaft, Universitat 

Bielefeld, Postfach 8640, 48'00 Bielefeld 1, Germany. 

The de-tection of orthographic errors in keyboarding* of Swedish 

text is the topic of work undertaken by Rolf. Gavare, Department 

of Computational Linguistics, GBteborgs Universitet, Norra 

Allegatan 6, S-413 01 GBteborg, Sweden, who invites correspondence. 

MTt E N G L ~ S H  A N D *  THAI V I A  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 F O R  WOMEN I N  COMPUTING, 

AWC was founded in 1978 to promote communication, professional 
development and advancement, and education.. Membership is open 
without restriction. The Corltespondent of AWC is Anita Cochran, 
58137 Bell Laboratories, Murray Hill, NJ 07974; 201-582-7817. 

A program . tu check spelling in English text has been written by 
Ralphe E. Gorin, A1 Laboratory, Computer Science Department, 
Stanford University, CA 94305, with additions by William Plurmner 
and Jerry Wolf of BBN and Richard Johnsson and Philip Xarlton 
of Carnegie Mellon University. 

ONLINE BIBLIOGRAPHY IN SIGN LANGUAGE AND  ELATED 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 pseyho- and sociolinguistic bibliography. Anyone with a 
console may inquire about access; no charge i s  levied at present. 
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Request for reprints 

A N N U A L  R E V I E W  
I N F O R M A T  E N C E  

A N D  

Volume 14 of ARIST is in preparation. Authors of chapters 
need help in finding relevant recent publications. They will 
appreciate receivirrg offprints from authors at their respec- 
tive addresses. 

If'the appropriate chapter writer is not apparent, write tb 

Martha E. Williams 
Editor, ARIST 
R.R. No. 1 
Monticello, Illinois 61856 

CHAPTER TOPICS AND W R I T E R S  

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 
School of Information Studies 
113 EucZid Avenue 
Syracuse University 
Syracuse, New York 132i0 

COST ANALYSIS OF SYSTEMS AND 
SERVXCES 

Mr. Colin Nick 
Appl i ed  Communication Research 
P.O. Box 5849 
Stanford, California 94305 

LIBRARY AUTOMATION 

Els. Mary Jane Probst Reed 
Associate Director for 
Research and Planning 

Washington State Library 
Olympia, Washington 9,8504 
Mr. Hugh Vrooman 
Illinois State Library 
Centennial Building 
Springfield, Illinois 62796  

INFORMATION SYSTEMS 
LAT@N W R I C A  

Professor Tefko Saracevis 
School of Library Science 
Case Western Reserve University 
Cleveland, Ohio 44106 

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



ARIST REQUEST F O R  REPRlNTS  

I l JFORMATION SYSTElIS I N  LATIN 
AMERICA (continued) 
Gilda Braga 
Institute Brasileiro de infor- 
macao em Ciencia e Technologia 
Av. General Justo 171; 4 O  
Rio de Janeiro, Brazil 

Alvaro Qui.jano S o l i s  
Biblioteca D a n i e l  Cosio 
Villegas 

E l  C o l e g i o  de Mexico 
Camino A1 Ajusco N o .  20 
Apartado P o s t a l  20-671 
Mexico 20, D.F. 
Mexico 

INFORMATION SYSTEMS FOR 
CONSUMER CONCERNS 

Profess-or 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 

EDUCATION AND TRAINING 
FOR ONLINE SYSTEMS 

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

DATA BASE MANAGEMENT SYSTEMS 

Dr. Ronald Wigington 
(& Michael A .  Huffenberger) 

Chemical Abstracts Servic~ 
2540 Olentangy R i v e r  Road 
Columbus, Ohio 43202 

SYSTEI4S 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 
visitbg 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. f ip ; i j -  and scope, formal vs. substan- 
tive explanation in phonology, etc. Ure in- 
vite applications from graduate students in 
linguistics and allied disciplhes 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 

IAN 380L Transformational Grammar- 
Jorge Hankamer and Ivan Sag 

LIN 381M Phonetic Theory-Peter MacNeilage 
LIN 384 Outline of Turkish Syntax-Jorge 

Hankryner (tentative) 
LIP 393 Semantics-Robert E. Wall 
IJN 393 Seminar in Phonetics and 

Phonology-Bj6m Lindblom 
&IN 393 Seminar in Syntax and Semantics- 

Emmon Bach and Barbara Partee 
LIN 394 New Directions in Historical. 

Linguistics-Robert D. King 
LIN 398 Seminar in Linguistic 

Variation- John Baugh 

In ad& tion to the above-listed faculty 
members, the following scholars will be 
available for individual consultatbu: 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 
Ps $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, pkase complete 
the detachable section and mail it to: 

Summer Linguistics Program 
Department of Linguistics 
University of Texas at Austin 
Austin, Texas 78713 

DEADLINE: May 1,1979 
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P H D  P R O G R A R S  I N  
C O n P U T A T I O N A L  L I N G U I S T I C S  

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, I L  61801 
University of California 
Irvine, CA 92717 Kansas 

(cognitive science, mathema- 
(tical linguistics 

Electrical Engineering Dept . 
University of California 
Los Angeles, CA 9 0 0 2 ~ 1  

(some work in A1 

Clara Bush 
Depqrtment of Linguistics 
Stanford University 
Stanford, CA 94305-  

(under Prof. Terry Winograd- 

Connecticut 

David Michaels 
Room 230  H . R .  Monteith Bldg. 
University of connecticut 
Storrs, CT 06268 

(analysis and synthesis of 
(speech--Haskins Laboratory 
(connect ion 

G. K. Krulee 
Department of Linguistics 

David Dinneen 
Department of Linguistics 
University of Kansas 
Lawrence, KS 66045  

Emon Bach 
Department of Lfnguistics 
University of Massachusetts 
Amherst, NA 01002 

Michigan 

Joyce Friedman 
Computer and Communication Sciences 
University of Michigan 
Ann Arbor, I41 ' 48108  

(with qualifications--ask JF 

Minnesota 

Center for Research in Human 
Learning 
University of Minnesota 
Minneapolis, MN 55455 - 

(psychologists with interest in A1 

~orthwes tern University 
Evanston, IL 60201 
(with Computer Science Dept. 



PHD PROGRAMS IN C O M P U T A T I O N A L  LINGUISTICS 

New York 

DavidLHays 
S t a t e  University of New York 
Buffalo, NY 14214 

Lewis Levine 
Department of Linguistics 
Washington Square 
New York, NY 10003 
(students can work under 
(Naomi Sager 

Simon Belasco 
Department of Linguistics 
Pennsylvania State University 
University Park, PA 16802 

ified "yes" 

Rhode Island 

J. 3. Wren 
Box E 
Brown University 
Providence, RI 

Texas 

Department of Cinguistics 
University of Texas 
Austin, TX 78712 

Department of Linguistics 
Georgetown University 
Washington, DC 20007 
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COMPUTATIONAL LINGUISTICS AND COMPUTER LANGUAGES 

EDITORS: T ,  FREY, T ,  VAMOS 

PUBLISHER: COMPUTER AND AUTOMATION INSTITUTE, BUDAPEST 
. . *. 

EDITORIAL BOARD$ €3. DOMOLKI, E. F A R K A S ,  F .  KIEFER, T .  LEGENDI. 

A .  M A K A I ,  F .  PAPP, G SZEP, D. VARGA 

CONTENTS OF NUMBER l i t  

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. ~omijlke Formal description of software components 
E. Santa-Toth: by structured abstract models 

G. Fay: 

H . Heiskanen : 
T. Legendi: 

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

Semantic theory from a systematical viewpoint 

Callprocessors in computer architecture 

Gy. Hell: Mechanical analysis of Hungarian sentences 

One double-issue or two issues per year of ca. 350 pp., 20.5  x 28.5 cm. 

1977 (numbers 12 + 13) will be published 1978/1979.  

Price per issue: H f l .  42,- + postage. 

Send orders to: 
John Benjaxning B. V. 

Amstewk 44 / P. 0. Box 52519 
1007 HA Amaterdrm / The Netherlands 
~ c l . :  (030 j 738156 I ~ d n r  15798 jw 

CaMw: BENPER /Amatdam 
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New Journal 

D I S C O U R S E  P R O C E S S E S  

A MULTID ISC IPL INARY JOURNAL 

EDITOR: ROY 0. FREEDLE ABLEX PUBLISHING CORPORATION 

Educational Testing Service 355 Chestnut Street 
Princeton, New Jersey 08540  orw wood, New Jersey 07648 
609-921-9000 ,  ext. 2651  201-767-8450 

Personal subscription. $19.50. Institutions: $ 4 5 ~ 0 0 .  

The role of culture-specific schemata in the comprehension and 
recall of stories 

Walter Kintsch and Edith Greene 

A code in the node: The use of a story schema in retrieval 

Jean M. Mandler 

An experimental investigation of contingent query schemes 

Catherine Garvey-and Mohamed BenDebba 

Inference and coherence 
Edward J. Crothers 

How to catch a fish: The memory and representation of common 
procedares 

Arthur C. Graesser 
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B O O K S :  

IGOR A. MELICUK. STUDIES IN DEPENDENCY SYNTAX. Ann Arbor: 1979 
Karoma Publishers, Inc. 
6 by 9 inches 

163 + i x p p . ,  pap 
ISBN, 

nly $ 4 . 5 0  
720-001-2 

. . . . . . . . . . . .  Foreward (by Paul T .  Roberge, e d i t o r )  v 

. . . .  Preface . . . . . . . . . . . . . . . . . . . .  xiii 

Dependency Syn-tax . . . . . . . . .  +. . . . . . . . . . . . .  1 

. . .  The Prediicative Construction i n  Dyirbal . . . . . . .  2 3  

Types of Surface-Syntactic Relations . . . . . . . . . . . .  91 

Bibliography . . . . . . . . . . . . . . . . . . . . . . .  151 
Abbreviations and Symbols . . L r -  . . . . . . . . . . . .  1 6 2  

I .  M E L ~ C U K .  R .  R A V I ~ .  AUTOMATIC TRANSLATION, 1964-1970. 

Departenlent de linguistic et Case pos t a l e  6128, Succursale IlA1! 

p h i l o g i e  Montreal ,  P.Q. N3C 3J7 
Universite de Montreal 

Ce volume qu i  e s t  une s u i t e  au guide b i  b l iograph ique ana ly t ique de 
l a  T( raduct ion)  A(utomatique), p u b l i e  a Moscou en 1967, recense 
1357 ouvrages de l a  T.A. e t  l e s  domaines vo is ins ,  parus en t re  1964 
e t  1970, aussi b ien  en U.R.S.S. qu'en Occident. Pout l a  p l u p a r t  
des ouvrages recenses, on a donne un r@sume d e t a i l l e  (en russe) q u i  
se veut une d e s c r i p t i o n  s u f f i s a n t e  du contenu. Le guide e s t  d e s t i -  
ne aux 1 ingu is tes ,  aux t raducteurs  e t  aux in fo rmat i c iens ,  chacun y 
pouvant t rouver  des rsnse i  griements u t i  Tes. P r l x  approximat i  f du 
volume: $16. 

T h i s  vo l  urn, a c o n t i  nuat ion  o f  the Ana l y t i ca l  B i  b l  iograph i  c a l  Guide 
t o  A(utomatic) T ( rans la t ion) ,  publ ished i n  Moscow i n  1967, inc ludes 
1357 works i n  and on TA, as we1 1 as neighbor ing domains, which ap- 
peared between 1964 and 1970 e i t h e r  i n  the Sov ie t  Ur-tion o r  i n  t he  
West. For most  o f  the pybl icat i -ons l i s t e d ,  a detailed abs t rac t  i s  
provided, which i s  intended t o  adequately represent the contents o f  
the corresponding item. The guide i s  addressed t o  l i n g u i s t s ,  trans- 
1 a to rs  and i n fo rma t i on  processing spec? a1 i s t s  a1 1 o f  whprn w i  11 hope- 
f u l l y  f i n d  i n  i t  use fu l  data. Approximate p r i c e  w i l l  be $161. 
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J.D. Goldstein, D.W. Lakamp, A. Pietrzyk. INFORMATION SERVICES ON 
RESEARCH I N  P R ~ G R E s S :  A WORLDWIDE INVENTORY. 

National Technical Information 
Service, US Dept. of Commerce 
5285 Port Royal Road 
$ringfield, VA 22161 

462 pp. , softcover 
PB-282 02>/AS 

$14.50 hard copy 
$3.00 microfiche 

Part I: World Trends in Information on Research in Progress* An 
Overview 

Part 11: Profiles of Information Systems and Services on Research 
in Progress 

Part 111: Indexes to o'rganization and system names, organization 
and system acronyms, persons respinsible and subject 
coverage given 

Starr Roxanne HPltz, Murray Turoff. THE NETWORK NATION*  HUMAN 
COMMUNICATION VIA COMPUTER. Addison-Wesley: 1978 

Hardbound ISBN 0-201-03140-X c. 826.50 
Paperbound ISBN 0-201-03140-8 c. $14.50 

The Nature of Computerized Conferencing 

Potential Applications and Impaces of Computerized Conferencing 

Proj ecting the Future 

F.W. Lancaster. MWARD -PAPERLESS INFORMATION SYSTEMS. Academic 1978 

179 pp., $J3.50 ISBN 0-12-436050- 6 

In this nontechnical presentation the author first describes the 
paperless inform~tion/comrrnication systems currently being developed 
for intelligence agencies. Then existing scientific and technological 
communication systems are critiqued. Finally the intelligence 
design is reform~lat~ £or the science and technology environment. 

L. Bourrelly and E. Chauraqui. THE DOCUMENTATION SYSTEM S A T I N  1.  
VOL. 1 - GENERAL DESCRIPTION AND USER'S MANUAL ( 1 9 7 4 )  398 PP. 
VOL. 2 - SYSTEM GENERATION AND S E T ~ U P  INSTRUCTTONS ( 1 9 7 8 )  397 PP. 

SATIN 1 is implemented at the "Laboratoire dlInformation pour les 
Sciences de l'Homrnel' in Marseille and is designed specifically for 
the-documentation processes in the humanities and social sciences, 
archeology, geography, history, etc., and permits the representation 
of information about artifacts of many kinds (paintings, sculputures 
etc.) in addition to standard document content. 
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Herbert E, Bruderer. SPRACME - T E C H N I K  - KYBERNETIK .  

AufsHtze zur- Sprachwissenschaft, maschinellen Sprachverarbeitung, - 

kiinstlichen ~ntelligenze und Computerkunst. ~erlag Linguistik, 
MCfnsingen/Bern 1978, 187 Seiten, 39 Schweizer Franken (Foreign orders 
must be prepaid: Surface 44 Swiss Francs, Air 50 Swiss Francs), 
ISBN 3-85784-000-5 

Herbert E. Bruderer. HANDBOOK OF MACHINE T R A N S L A T I O N  AND MACHINE- 
A I D E D  TRANSLATION.  AUTOMATIC T R A N S L A T I O N  OF NATURAL LANGUAGES AND 
M U L T I L I N G U A L  TERMINOLOGY DATA BANKS. New York 1978, 

North-Holland Publishing Company 959 Pages, ISBN 0-7204-0717-6. 

Foreward by Prof. K. Bauknecbt, Department of Computer Science, 
University of Zurich. English translation by the Commission of 
the European Communities, Brussels. c.1600 item bibliography. 

Herbert E .  Bruderer (Hg. led. ) . AUTOMATISCHE SPRACH~~BERSETZUNG.  
(in preparation) 

Wissenschaftliche Buchgesellsrhaft, Darmstadt 1979. etwa 450 
Seiten (Wege der Forschung, Band 272),. 41-45 DM. ISBN 3-534-06312-0, 
nur fur Mitglieder der Buchgesellschaft. 
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YALE A. I . PROJECT: RESEARCH KEPORTS AVAILABLE 
Send o r d e r s  t o :  M.S. Barham,  Adm. A s s t . ,  A . I .  Project, D e p a r t m e n t  of 

C o m p u t e r  Science, Y a l e  Univers~ t y , J 0 Hl l lhouse Ave . -320DL 
New Haven, CT 06520 

< > # 78 - Riesbeck,  C.K. 
& Schank, R O C =  - Comprehension by Computer: Expectation-Based 

Analysis  of Sentences In Context.  

< > # 88 --Lehnert,  W.G. - The Process o f  Question Answering 

< > #I16 - C u l l i n g f o r d ,  R.C. S c r i p t  Appl ica t ion:  Computer Understanding 
of Newspaper S t o r i e s  

< > $227 - Schank, R.C. 6 
Carbonel l ,  J.G. - Re:  The Gettysburg Address 

< > #I28 - Schank, R.C., 
Wilensky, R.,  
Carbonel l ,  J.G., 
Kolodner, J.L. & 
Hendler, J - A .  - Represent ipg  A t t i t u d e s :  Some P r i m i t i v e  S t a t e s  

< >" #I31 - Lehner t ,  WcG. - Represent ing  P h y s i c a l  Objec ts  In Memory 

< > - # 1 3 7  - Charnfak, E. - On The Use O f  Framed Knowledge In Language 
Comprehension 

< > 8139 - Riesbeck,  C.K. 
& Charniak, E. - Micro-SAM and Micro-ELI: Exercises i n  

Popular Cogni t ive  Yech-snics 

< > #140 - Wilensky, R. - Understanding Goal-Based S t o r i e s  
Ph-D. Thes is  

< > #I41 - Schank, R O C .  - I n f e r e n c e  in t h e  Copceptual Dependency 
Parad i gm:  A Personal  H i s t o r y  

< > #142 - Kolodner, J 4 L r  - Memory Organiza t ion  For Katura l  Language 
Data-Base Inqu i ry  

< > # I 4 3  - Schapk, RbC.  & 
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The concent of an evolving theory [3] is a natural 

extension of concepts in f r ee  tense l o p i c  w i t h  equality. 

In the semanticr of free tense log ic ,  an individual can 

have a property at one time M a t  tt does not ab another, 

the  domain of discourse can vary with the passage of time 

as individuals are born an8 die, an8 individual terms can 

refeq at one time but n o t  at another. understand in^ a 

t h e o r y  t o  be a s e t  of sentences i n  the languape of free 

t e n s e  logic with equality, an evolvinq theory  is an indexcd 

e e t  of theories ordered In time. Intuitively, an evolvinp 

t h e o r y  mip;htreoresent  t h e  l i f e  work of a t h i n k e r ,  where 

t h e  individual theories in the evolvinp theory  correspond 

to chapters of the  life work written at different ti&es. 

The evolving t h e o r y  reflects chan~es i n  the thinker's 

views with the passape of tfme. 

Evolvinp theories have been studied from both semantic 

and  roof theoretic ~erspectives, and various concents 

such as the semantic c o n c e ~ t  of satiafiability and the  

woof  theoretic concept of consistency have been extended 

to anply to evo lv ing  theories [3]. The semantics is given 

Ih terms of metaphor theory which stands intermediate 



between Leblanc'e truth-value semantics and moddl theory 

and translates readily into both. 'The deductive system 

far (a class of) evolving theories I s  celled the forest 

method because a tree is generated for each point in time. 

The forest method, in effect a jqeneralization o f  Kripke 

tableaux construct ions, is mechanlzable, The forest 

method is correc t  w i t h  r e s ~ e c t  to the  semantics 131. 
The forest' method can be & n ~ l l e d  whemer the1 restriction 

on the temporal order relation has the com~utable Krinke 

closure ~ r o ~ e r t y ,  a property of m roper ties of relations 

whlch has been characterized model theoretically in [?I . 
The eornput'able Krlpke closures are a subclass pf  the 

monotonic closures r7], which have closure properties much 

like transitivity (a computable Kripke and monotonic closure). 

A preservation theorem giving the syntactic form of 

axiornatizatione of the first-order monotonic cloeures [7] 

suagests a peneralizatton of the Roy-Warshall transitive 

closure algorithm. The preservation theorem might also 

be used to determine (much as an e n t r y  in an engineer in^ 

handbook) whether, given a proper ty  of r e l a t i o n s  Pr, there  

is a Pr-closure algorithm. 

Evolving: theories can be based in other  intensional 

loa les  such as as modal [4] and intuitionistic l o p i c s .  

Some (but not r?a l l )  of the loeics underlying kinds of e v o l v i n ~  

theories where the forest method i s  ap'alicable can be 

axiomatized 11, 6J* 



In certain (but  not a l l )  cases,  t h e  forest method 

(or restrictions o f )  can be used to give e f fec t ive  

proofs of me extended Jo in t  consiatencg theorem, a result 

whlch incornorates t h e  Craip and Lyndon interpolation 

lemmas and. the Robinson joint consistency theorem. 

Roughly, the theorehi n a t e s  that two theories TI an8 T2 are mutu- 

a l l y  inconsistent just- in case there is a separating sentence 

F such that F ( n o t  F) is a logica l  consequence of TI (T2) 

and F " t a l k s  about'" only individual@ and relation8 Chat 

both TI an8 T do. Effective proofs of the theorem are 2 

well-known in standaydl f i r s t - o r d e r  l og i c ,  and s jmi lar  results 

hkwe been established' In free l q ~ i c  with equality [5] 

and in a family of free modal lo,qics with. equality[4]. 

Since t h e   roof I s  effective, a ( d e ~ t h  f i r s t )  algorithm 

can be e~trlctea from it f o r  constructing, piven a closed 

forese for the union of TI and T2, a senarating sentence F. 

Evolving theordes, outfitted with additional devices 

to enhance their plausibility, appear to be a natuial for 

representinp ttemporal knowledge. When the extended j o i n t  

canal-stency theorem holgs f o r  t he  representation langulsge 

of a knowleaae base and when an effective proof has bean - 

given, the separating sentence algorithm might be a 

useful t o o l  for ~ i n ~ o i n t i n g  inconsistencies in t he  knowleifve 

base 2 .  Only very restricted versions of t h e  al~orithms 

mentioned. above have been programmed, those in LISP [2] 

and SNOBOL, 
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TAXONOMY: I N F O R M A T  I O N  S C  I E N C E S  

The following taxonomy is that used by the journal INFORMATION 

SYSTEMS. 

1 qcncrnl aspects 

analysis, m o d b l l i n q ,  dcscrl p t l o n  a n d  evaluation 
of informatlon systems 

analysis 

dcslan 

nodelling 

dcscrlption 

i m p l e m e n t a t i o n  

3 data  basc systems 

3.1 qlobal aspects, global d e s i o n  

3.2 system analysis for F B S ,  userdbmands 

3 - 3  f c a s i b l l i t y  s tud lc~ i : ,  evaluation of D R S ,  
summary o f  expcrlenccs 

3.4 formal description of data basc 
data b a s c J a n q u a q c s  

s y s t e m s  and 

3.5 data modcls, i n f o r m a t l o n  modcls 

3.5.1 hierarchic DM 
3.5.2 network DM 
3.5.3 relational DM 
3.5.4 others 

3 . 6  data def in3 t i o n  l a n g u a q c s  ( D D L )  

3 .7  data t r a n s l a t i o n  

3 . 8  procedural data manipulation l a n f i u a q c s  (DML)  

3 .9  non-p rocedura l  ( d e s c r i p t i v e )  DML, tcrmlnal lanqu-acres 
(interactive lanquaqcs),natural l a n q u a a e  i n t c r i acc s  fl 



3.10 dialog functions, computer assistance, computer 
guidance, dialog support; 110-functions 

3.11 implementation aspects 

3.12 architecture of D ~ S ,  interfaces 

3.13 distributed DBS 

3 . 1 4  f i l e  rfianagement s y s t m  

3.1 5 data . s t r u c t u r e s ,  operat2ons upon da'ba s t r u c t u r e s  

3 . 1 5 . 1  data structures 
3.15.2 operations 
3.19.3 pictorial data structures and operations, 

data bases in computer graphics p n d  CAD 

3.F6 storage structurcs, access path, access methods, 
search strategies 

3 . W  reorqanization, selforqanislng s t r u c t u r e s ,  
optirnlzation 

3.18 storage technoloqy,  speciallzcd hardware f o r  DBS 
(da ta  - base processors) 

3.19 security, integrity 

3 - 2 0  privacy 

3.21'descrlption of realizeet data base systems 

3 2 . I DBTG-based DBS 
5. ZI . z r e ~ a t l o n a l - E l m  DBS 
3.21.3.1 ADABAS 
3-21 -3.2 DMS-I1 
3..11 - 3 . 3  DMS-I100 
3.21.3-4 IDS 11 
3.21 - 3 . 5  I D M S  
3 . 2 1 - 3 , Q  IMS 
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, s y s t e m s  

4.3 description-of r e a k z e d  systems 

5 planning and decision support systems 

5.1 gorecasting systems 

5.2 pJannlng information systems 



5 . 3  decision support systcms- 

5.4 control systems 

5 .5  d e s c r i p t i o n  of realized systems 

6 question answering systems, c o q n i t i v c  methods 

I r e p r e s e n t a t i o n  of knowledge, 

6 . 2  problem s o l v i n g  

6 . 3  natural language systems 

6.4 pattern processing 

6 . 5  d e d u c t i o n  and inference 

6 . 6  a r t l f  icial intelligence methods, cogn i t . ivc  methods 

6.7 description of realized systems 

7 - document r e t r i e v a l  systems 

7.1 indexinn, c l a s s i f i c a t i o n ,  thesaurus problems 

7 . 2  qvaluation measures 

7 . 3  documentation services 

7 . 4  library automation 

7.5 description o f  realized systems 

8 dlskributed systems 

8.1 distributed p r o c e s s i n g  

8.2 distributed s t o r i n g  

8 .3  distributed control 

8 4 data c ~ m m u n i c a t i o n ,  protocols 

8.5 architecture, topoloqy 

8.6 desc r ip t  on of realized systems 

9 specla1 application orlentcd ln for rna t lon  systems 

management i n f o r m a t i o n  systems 

macro economic information systems 

information systems in public a d r n i n i s t x a t l o n  

information systems i n  medicine 

technical information systems 

information systems in jurisprudence 

ecoloqy information systems 

d e s c r i p t i o n  of realized s y s t e m s  





systems. T h i s  reflects the development of MAT a s  a more practical al-terna- 
h. 

tive t o  pure machine translation and i t s  position as one of the only areas 

of computational lingustics that has progressed to the p o i n t  of wide scale 

appl  ication. 

A few other ground rules have been followed. First ,  since the 

field continues to change so rapidly and t h i s  i s  a state-of-the-art survey, 

few references over a decade o ld  are included. Second, where a single 

MAT system is described almost identically i n  several research reports 

and/or publications i n  several languages, only a single reference i s  given, 

i n  Engl i s h  where possibTe. Th i rd ,  works deal i n g  s tr ic ' t ly w i t h  hardware 

advances such as new graphics display techno1 ogy, micropragramnabl e d i  spl ay 

fonts, o r  mu1 t i 1  ingual printers are a1 so excluded. 

T h i s  bib1 iography was compiled from a much larger one containing 

nearly 750 entries and i s  intended to\ provide a concise summary of the 

current work i n  the f ield w i t h  strong focus a s  stated above on machine 

aided t r a n s l a t i o n  systems that are presently i n  opera ti^^.* 

* ThiQ research was conducted under a subcontract t o  Analytics from 
Chase, Rosen and Wallace, Inc. w i t h  funds provided by the Office of 
Research and Development, Central Intel 1 igence Agency. 
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The comments on t h e  dus t  jacket f o r  t h e  t h i r d  ed i t ion  of Colin Cherry's 

On Human Communication come from reviews of previous ed i t ions  whf-ch appeared 

i n  such d iverse  places as t h e  Canadian Journal  of Psychology, Physics Today, 

and Romance P h l l o l o ~  ahd lndicllte that it fs a broad ranging and fasc ina t ing  

book. The range is ce r t a in ly  broad, so  broad t h a t  I have included a tab le-  

of contents  as an appendix t o  t h i s  review r a t h e r  than attempting t o  summarize 

t h e  contents  of t h e  hook. 

But i t  is no longer fascinat ing.  Students of human c~mmunication 

have thought and debated much and even learned a l i t t l e  between t h e  pub- 

l i c a t i o n  of  t h e  first ed i t ion  of On Hman Communication i n  1957 and t h e  pub- 

l i c a t i o n  of t h e  t h i r d  ed i t ion  i n  1978. But very l i t t l e  of t h a t  mater ia l  has 

become p a r t  of the  substance of Cherry's book @though some of it is c i t e d ) .  

Thus, while the  first e d i t f  on may w e l l  hkve been "A Review, a Survey, and 



a Criticism'' ( t h e  book's s u b t i t l e ) ,  t h e  t h i r d  ed i t ion  is not.  Too much is 

l e f t  unconsidered. 

The most se r ious  gap is i n  t h e  consideration of na tu ra l  languages. 

Cherry gives the  impression t h a t  i n foma t ion  theory, s t a t i s t i c s ,  Fourier  

ana lys i s ,  and perhaps a l i t t l e  l og i c  are t h e  most important fonnal t o o l s  

f o r  the analys is  of natural language. That may have been true when Cherry 

m o t e  the first ed i t ion  of t he  book, but it is cq r t a in ly  not t r u e  now, 

Cherry does make a f e w  references t o  Chomsky, but none of the  substance of 

the Chomskian revolut ion (not  t o  mention post-Chomskian developments) has 

af fec ted  Cherry's treatment of na tura l  language. The texture of  theorizing 

and model bui lding i n  l i n @ i s t i c s ,  psychol inguist ics ,  and cognit ive psychology 

has undergone considerable change since the F i f t i e s ,  but l i t t l e  of t h a t  

has become part of the substance of On Human Communication. 

Similarly,  a great deal of work: has been dove on nonverbal commur~ication 

i n  the last two decades. While cherry a l ludes  t o  some of t h i s  work, he 

midies no attempt t~ summarize any of the  major l i n e s  of inquiry. As with 

modern l i n g u i s t i c s ,  the material is too diverse t o  cover it a11 i n  t he  s o r t  

of survey which Cherry intends On Human Congmicatidn t o  be. What I find 

so disheamtening is  that so l i t t l e  of t h l s  mater ial  i s  mentioned a t  a l l ,  

especia l ly  when one r e a l i z e s  t h a t  Cherry has added a new chapter ("~uman 

Communication: Peeling,  Knowing, and Understanding") t o  , the third edi t ion  

f o r  the purpose of t a lk ing  a b ~ u t  what i s  spec i f i ca l l y  human about human 

communication. That Cherry should devote ten pages t o  Z i p f v s  l a w  while 

not even mentioning the work of Paul Ekman, Carroll Izard, aad Manfred 

CJJrnes ( t o  mention only the  work which comes mqst readily t o  my mind) on 

the  expression and cmnunication of  emotion is b i ea r r e ,  

-P inal ly ,  Cherry's treatment of semiotics is r e l a t i v e l y  insulated from 

most of the-semiotic research of t h e  last tqo de&es. Semiotics is itself 



such a d iverse  and amorphous enterprise (as diverse and amorphous as t h e  

study OF human communication is) t h a t  it is perhaps u n f s i r  t o  c r i t ic i s*  

Cherry f o r  shortchanging it. R u t  Cherry introduced t h e  t3piC of r i t u a l  

i n t o  h i s  final chapter  and t h a t  is a subjec t  on which semioticians have 

had a great deal t o  say (I  am th inking of  structural anthropologis ts  such 

as Claude Levi-Stmuss, Edmund Leach, and Victor  Turner). C,onsequently 

I a m  incl ined t o  view Cherry's neglect  of Semiotics perhaps more 

harshly than I otherwise would. 

No doubt Cherry catlld be charged with o ther  s i n s s f  oniinission, but  the  

th ree  I ' v e  mentioned are se r ious  enough, It is  equally beyond doubt t h a t  

an ed i t ion  of On Human Communication which $ncluded this mater ia l  would be 

a very d i f f e r e n t  book, no t  Colin Cherry's book a t  all. If Cherry had, 

attempted and achieved a synthes is  of h i s  material, then i ts value as a synthes is  

might w e l l  outweigh t h e  dated nature  of some of t h e  elements of t h e  synthesis .  

R u t  Cherry wasn't after a synthesis ;  he simply wanted t o  see what was ou t  

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 o r  negds 

a general in t roduct ion t o  t h e  subject  of human communication which r e f l e c t s  

t h e  current s t a t e  of t h e  a r t ( s )  w i l l  have t o  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, 

theselectional 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 sn. 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 

subordinat'ion 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 lfttle part tree is not superordinate 

to any other point then the part tree is an end complex. Every 

node is an en& complex with itself as its only member. 

Once one decides to attach words to these nodes it changes 

from a conne- the dots game to some sort of meaningful diaexam T&e 

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. Ghere 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 

a11 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 investigatiods, 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 gramatital 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 concerhed. 

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 dependency 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 arfive 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 

Gknus, 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 

reeresentation 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 (Wirknngswege) are dashed lines connecting 

two nodes dominat+ed 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 relations. 

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 

T h i s  paper tocusses on three components of- the  d ia logue system HAM-KYM, 

which converses i n  natura l  language about v i s i b l e  scenes. F ~ r s t ,  ~t i s  

demonstrated how the system's communicative competence i s  enhanced by i t s  

i m i t a t i o n  of human v isua l -search  processes. The approach taken to  noun- 

phrase r e s o l u t i o n  i s  then descr ibed ,  and an a l g o r i t h m  for  the  generation 

o f  noun phrases i s  illustrated w i t h  a s e r i e s  o f  examples: Finally, the 

s y s t e m ' s  a b i l i t y  to exp la in  i t s  own reasoning i s  d iscussed,  w i t h  emphasis 

on the novel aspects  o f  i t s  implementa t~on .  



1 ,  THE TREATMENT OF V ISUAL DATA 

The n a t u r a l  language d i a l o g u e  system HAM-RPMu converses w i t h  a  human p a r t n e r  

about scenes which e i t h e r  one o r  bo th  a r e  l o o k i n g  a t  d i r e c t l y  (o r  have a 

photograph o f ) .  A t  p resen t  t h e  system, which i s  implemented i n  FUZZY 

( ~ e F a i v r e  1977), 1 s  be ing  t e s t e d  on two domains: t h e  i n t e r i o r  o f  a l i v i n g  

room and a t r a f f i c  scene. 

Since i t  i s  assumed t h a t  b o t h  p a r t n e r s  begin the d ia l ogue  w i t h  r e l a t i v e -  

l y  l i t t l e  s p e c i f i c  knowledge about t h e  scene, most of  the s p e c i f i c  in forma- 

t i o n  used by the system d u r i n g  the conve rsa t i on  mus t  be, o b t a i n e d  by a p ro -  

cess more o r  l ess  analogous to  l o o k i n g  a t  t h e  scene. we have found i t  wor th-  

w h i l e  t o  make the  analogy q u l t e  c lose,  r e q u i r i n g  the  system t o  r e t r i e v e  i t s  

v i s u a l  da ta  by doing something l i k e  casting a s e r i e s  o f  g lances  centered on 

v a r i o u s  p o i n t s  i n  the  scene. 

F i g .  I i s  a schematic drawing o f  a s e c t i o n  o f  ou r  t r a f f i c  scene, showing 

a t r e e  w i t h  a p a r k i n g  l o t  i n  f r o n t  o f  i t .  How easy i s  i t  to  recogn ize  t h e  

va r i ous  o b j e c t s  i n  F i g .  1 when g l a n c i n g  a t  p o i n t  A? CAR9 and CAR8 w i l l  be 

about e q u a l l y  easy t o  recogn ize  as cars.  TREE4 w i l l  p robab ly  be recognized 

more e a s i l y ,  s i n c e  i t  i s  e q u a l l y  c l o s e  t o  p o i n t  A, and ve ry  l a rge ,  and s i n c e  

the re  a r e  no s imi  l a r  types o f  o b j e c t s .  On t h e  o t h e r  hand, CAR3 w i  1 1  be l ess  

e a s i l y  recogn izab le ,  s i n c e  i t  i s  f a r t h e r  away.  MAN^ i s  p robab ly  t oo  f a r  away 

t o  be recogn izab le  as a man a t  a l l  (he i s  recogn izab le  o n l y  f rom the p o i n t s  

neares t  him, as  i s  shown by t h e  f o u r  arrows p o i n t i n g  away f r o m  h~m) .  

Jus t  t h i s  i n f o r m a t i o n  i s  s t o r e d  I n  HAM-RPM i n  a separa te  a s s o c i a t i v e  

network corresponding t o  p o i n t  A. I n  a l l ,  t h e r e  a r e  about a hundred such 

smal l  networks ( represented by t h e  smal l  d o t s  i n  F i g .  I ) ,  corresponding 

t o  p o s s i b l e  g lances a t  the scene. The statements about t h e  n a t u r e  o f  t h e  

va r i ous  o b j e s t s  which a r e  recogn izab le  f r o m  the  p o i n t  i n  q u e s t i o n  a r e  o rdered ,  

i n  a way c h a r a c t e r i s t i c  o f  t h e  FUZZY p r o g r a m i n g  language, i n  terms o f  t h e i r  

r e c o g n i z a b i l i t y ,  so t h a t  they w i l l  a u t o m a t i c a l l y  be r e t r i e v e d  i n  t h a t  o rder2 .  

T.he system's o v e r a l l  s t r u c t u r e  i s  desc r i bed  in (v.  Hahn e t  a l .  1978) as 

are t h e  goa l s  and methodo log ica l  p r i n c i p l e s  wh ich  gu ide  the research  

w i  t h i n  t h e  p r o j e c t .  

2, These networks a r e  implemented as CONTEXTS i n  the  sense in t roduced by tile 

l anguage CONN I V E R .  



Fig. 1 .  "The man i n  f r o n t  ot t h e  t r e e "  

A s i m p l e  example w i l l  show how t h e  d a t a  s t o r e d  i n  t h i s  way can be used by 

t h e  sys tem.  When i n t e r p r e t i n g  the  d e f i n ~ t e  d e s c r i p t i o n  t h e  man I n  front of 

the tree, assuming %hat  TREE4 i s  t h e  one meant, t he  system e n t e r s  severa l  

CONTEXTS i n  f r o n t  o f  TREE4,  w i t h i n  each r e t r i e v i n g  the i n t e r n a l  names o f  t h e  

men recogn izab le  f r o m  t h a t  p o i n t .  I t  doesn't f l n d   MAN^ u n t i l  i t  has en te red  

the  CONTEXT co r respond ing  t o  p o i n t  0 .  I t  then enters  a coup le  more, and, fin- 

d i n g  no f u r t h e r  men, assumes t h a t  i t  has found t h e  r e f e r e n t  o f  the d e f i n i t e  

description. I n f o r m a t i o n  n o t  only about the respect ive  types of  the v a r i o u s  

o b j e c t s ,  b u t  a l s o  about  t h e i r  o t h e r  a t t r i b u t e s  is s t o r e d  i n  a s i m i l a r  way. 

Why i s  i t  w o r t h  a l l  t h i s  t r a u b l e  t o  make the systan sensitive to the 

r e c o g n i z a b i l i t y  o f  the various f a c t s  about a scene from the v a r i o u s  p o i n t s  

w i t h i n  i t ?  A f t e r  a l l ,  the f a c t s  themselves c o u l d  be s t o r e d  ve ry  s t r a i g h t -  

f o r w a r d l y .  

Our principal j u s t i f i c a t i o n  i s  t h a t ,  fo r  a dialogue sys tem which i s  

supposed t o  communicate e f f e c t i v e l y  with a hunlan par tner ,  the bare f a c t s  



about the  scene a r e  less impor tant  than t h e  way the  pa r tne r  h imse l f  would 

be l i k e l y  r o  perce ive  them. I f  o n l y  the f a c t s  thenlselves a r e  known, i n t o r -  

rnation may be l ack ing  which i s  e s s e n t i a l  f o r  t h e  p roduc t i on  o f  a connnunica- 

t i v e l y  adequate response. For example, t h e  d e f i n i t e  d e s c r i p t i o n  whose i n t e r -  

p r e t a t i o n  w a s  j u s t  sketched was, s t r i c t l y  speaking, ambiguous, as t he re  i s  

a second man i n  f r o n t  o f  t he  t r e e  whom the system would have considered t o  

be the r e f e r e n t  o f  the d e s c r i p t i o n  i f  MAN2 hadn ' t  been there. Yet the system 

d i d n ' t  even n o t i c e  t h i s  ambigu i ty ,  s i n c e  i t  stopped s h o r t l y  a f t e r  f l n d i n g  the 

f i r s t  man. 

To be s u r e ,  the r e s o l u t i o n  of  such amb igu i t i es  cou ld  a l s o  be achieved 

by g i v i n g  the sys tem general I n fo rma t i on  on the r e c o g n i z a b i l i t y  o f  o b j e c t s  

for human beings and l e t t i n g  i t  choose on t h a t  bas i s  which o f  the p o t e n t i a l  

r e f e r e n t s  o f  the d e s c r i p t i o n  was t h e  one which the  p a r t n e r  was most l l k e l y  

t o  have intended t o  r e f e r  t o .  Ins tead o f  do ing t h i s ,  we  have made t h e  system 

i t s e l f  a model o f  i t s  p a r t n e r ,  so t h a t  ins tead  o f  r e f e r r i n g  t o  a model, i t  

o n l y  has t o  'be i t s e l f '  or ' a c t  n a t u r a l l y '  i n  o rder  to comnunicate e f f e c t i v e -  

l y ' .  

I n  a d d ~ t i o n  t o  t he  i n t e r p r e t a t i o n  o f  ambiguous u t te rances ,  t he re  a r e  

other s i t u a t i o n s  i n  which t h i s  approach can be a p p l i e d  e l e g a n t l y  (F ig .  2 ) .  

S I T U A T  I O N  l N F O R M A T I  O N  

1)  I n t e r p r e t a t i o n  o f  an 

ambiguous d e f i n i t e  

d e s c r i p t i o n  

2) Generat ion o f  a  d e f i n i t e  

d e s c r i p t i o n  

3 )  D e s c r i p t i o n  o f  a p a r t  

o f  a scene 

F i g .  2 

Which o b j e c t  the speaker i s  

probably  r e f e r r i n g  t o  

Which re ference p o i n t s  w i l l  

be easy fqr the  l i stener t o  f i ad  

Which o b j e c t s  t h e  speaker m igh t  

be ~ n t e r e s t e d  i n  hear ing about 

Two o f  the r e p o r t s  (v. Hahn 1978a, 1978b) which have been issued by the  

HAM-RPM group deal w i t h  t h e  q u e s t i o n  of  t he  na tu re  o f  the r e l a t i o n  be- 

tween t h e  d ia logue  p a r t n e r  model and the human p a r t n e r  i n  some d e t a i l .  



When d e s c r i b i n g  the l o c a t i o n  o f  arl o b j e c t  w i t h  re fe rence  t o  o t h e r  o b j e c t s ,  

the s y s t e i i ~  w i  ll u s u a l l y  f i n d  a nun~bet o f  p o t e n t i a l  re fe rence  p o i n t s ;  i n  

genera l ,  i t  should ment ion those which a re  v i s u a l l y  e a s i e s t  f o r  the l i s t e n e r  

t o  f i n d .  T h i s  i s  l i k e l y  to  happen i f  i t  i t s e l f  f i n d s  these re fe rence  po in ts  

p a r t l c u l d r l y  e a s i l y .  When answering a vague ques t ion ,  such as a request  t o  

descr ibe what i s  on  the  o t h e r  s i d e  o f  the s t r e e t ,  t h e  system w i l l  have to  

s e l e c t  among t h e  many v i s i b l e  f a c t s  those which t h e  l i s t e n e r  migh t  be i n t e r -  

es ted i n  hear ing  about. I n  many cases, these w i l l  be the v i s u a l l y  most s a l i -  

en t  f a c t s .  

2 .  NOUN-PHRASE RESOLUTION 

Two of  the components o f  HAM-RPM which make use o f  the v i s u a l  data  are 

those respons ib le  f o r  noun-phrase r e s o l u t i o n ,  t h a t  i s ,  the de te rm ina t i on  

o f  the p o t e n t i a l  r e f e r e n t s  o f  a noun phrase, and noun-phrase generat ion ,  

t h a t  i s ,  the c o n s t r u c t i o n  o f  noun phrases t o  i d e n t i f y  ob jec t s  un ique ly .  

The procedures which r e s o l v e  noun phrases w o ~ k  on the sha l low s t r u c -  

t u r e  af t he  i n p u t  sentence. T h ~ s  I S  what I S  obta ined a f t e r  mu l t i p le -word  

phrases and idioms have been rep laced w i t h  canonica l  expressions,  t h e  words 

have been looked up i n  the l e x i c o n ,  and a s imple morphological  a n a l y s i s  

has been performed. 

A d e f i n i t e  noun phrase i s  recognized w i t h i n  the sha l low s t r u c t u r e  

as a s t r u c t u r e  c o n s i s t i n g  o f  a d e f i n i t e  a r t i c l e ,  p o s s i b l y  one or m o r e  

a t t r i b u t e s ,  a noun, and p o s s i b l y  a r e l a t i v e  c lause  ( R i t c h i e  1977). I n  a way 

remin iscen t  o f  Winogred's SHRDLU (Winograd 1972),  processes involviqg seman- 

t i c s  and pragmatics a r e  a c t i v a t e d  i n  HAM-RPM as soon as poss ib l e  d u r i n g  the 

a n a l y s i s  o f  the i n p u t  sentence. 

The noun-phrase i n t e r p r e t e r  t r i e s  to f i n d  a un ique r e f e r e n t  for each 

d e f i n i t e  noun-phrase by us ing  the knowledge s t o r e d  i n  t h e  conceptual and 

r e f e r e n t i a l  semant ic  networks and per fo rming  v i s u a l  search a lgo r i t hms .  For 

example, the d e f i n i t e  d e s c r i p t i o n  The p r c t u r e  hanglng to the left of the 

red chair, r e f e r r i n g  t o  F i g .  3, i s  replaced w i t h  the i n t e r n a l  object-name 

PICTURE1 i n  the sha l low s t r u c t u r e  o f  the  sentence. T h i s  s t r a tegy  can save 

a good deal  o f  unnecessary process ing:  i f  no o b j e c t  i s  found which s a t i s -  

f i e s  the d e s c r i p t i o n ,  t h e r e  i s  no f u r t h e r  pars ing ,  bu t  r a t h e r  f e d - b a c k  t o  
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the conve rsa t i ona l  p a r t n e r .  I n  t h e  .case where more than one potential r e f -  

erent I S  found, the  one mentioned most r e c e n t l y  I S  assumed to  be the r e f -  

e r e n t .  I f  none of  them has been mentioned r e c e n t l y .  the system asks the p a r t -  

ne r  fo r  f u r t h e r  d e t a i l s ,  assuming, as i t  were, t h a t  he does have some p a r t i -  

c u l a r  o b j e c t  i n  mind. These details take the form of a noun phrase, which 

may be e i t h e r  complete or  elliptical. F u r t h e r  a t t r i b u t e s  o f  the intended 

ob jec t  may be speci f ied,  it may be c h a r a c t e r i z e d  i n  terms of Its s p a t i a l  

r e l a t i o n s  to o t h e r  o b j e c t s ,  or the noun o r i g i n a l l y  used i n  the d e s c r i p t ~ o n  

may be rep laced  w i  th  a more s p e c i f i c  one. 

Not a l l  noun phrases, o f  course, can be rep laced immediately w ~ t h  a 

s p e c i f i c  r e f e r e n t .  One such case I S  e x e m p l i f i e d  by the descr ip t ion  the  chalr 

rrl front of the red cupboard. Appl led to the scene i~ F i g .  3 ,  the noun phrase 

the red cupboard cannot be replaced, because t h e r e  i s  more than one red cup- 

board, but i t  cannot be ignored, e i t h e r ,  because t h e r e  i s  more than one chai r .  



The e n t i r e  noun phrase can o n l y  be i n t e r p r e t e d  when i t  i s  recognized t h a t  

t h e r e  i s  o n l y  one p a i r  b f  o b j e c t s  wh ich  s tand i n  t h i s  re la t ion  t o  one an- 

o t h e r .  

Another case where a d e f i n i t e  noun phrase c a n ' t  s i m p l y  be repidced 

d i r e c t l y  by i t s  r e f e r e n t  i s  t he  g e n e r i c  description w i t h  d e f i n i t e  a r t i c l e ,  

as i n  the  sentence T h e  c h a ~  1s somet-hrng t o  sit on. L a t e l y  we have been 

t h i nk i ng  about what fo rmal  f ea tu res  o f  a sentence migh t  be h e l p f u l  i n  recog-  

n I z i ng such descr i p t  ions (see Grosz 1976) . 
Two c l ues  wh ich  tend t o  favour a gener ic  i n t e r p r e t a t i o n  a r e  the  absence 

o f  any r e f e r e n t i a l  a t t r i b u t e  and t h e  presence o f  an adverb such as u s u a l l y  

o r  normally. On t h e  other hand, a g e n e r i c  i n t e r p r e t a t i o n  becomes somewhat 

less plausrble i f  the noun phrase i s  the object o f  a local preposition, as 

I n  on the  c h a i r ,  i f  the  sentence i s  i n  t he  past  tense;  o r  i f  the  ve rb  can 

be g e n e r a l l y  c l a s s i f i e d  as one i n v o l v i n g  v i s u a l  percept ion  or spa t ia l  r e -  

l a t i o n s .  We assume t h a t ,  no m a t t e r  how many weak inference r u l e s  of t h i s  sor t  

a r e  i nco rpo ra ted  i n t o  t h e  system, t h e r e  w i l l  still be some a m b i g u i t i e s  which 

can o n l y  be reso l ved  b y  other  means, including in te rac t ion  wi th  the speaker. 

A genera l  goa l  i n  t h i s  connec t ion  i s  a s o r t  of  c o m p a t i b i l i t y  between 

noun-phrase r e s o l u t  i o n  and noun-phrase generat  i o n ,  i n  t h e  sense t h a t  t h e  

system should be a b l e  to  understand any k i n d  o f  noun-phrase that  i t  can gen- 

e r a t e ,  and v i c e  v e r s a .  

3 .  NOUN-PHRASE GENERATION 

The method we have developed f o r  the  inverse process ,  noun-phrdse gene ra t i on ,  

i s  distinguished from e a r l i e r  approaches ma in l y  i n  t h r e e  respec ts .  

The f ~ r s t  i s  i t s  use of what m igh t  be c a l l e d  a i w o r s t - c a s e - f i r s t i  s t r a t -  

egy. The second is t h e  way i t  takes i n t o  c o n s ~ d e r a t i o n  the  ease w i t h  w h i c h  

the l ~ s t e n e r  will be able to i n t e r p r e t  the  d e s c r i p t i o n  i t  generates,  when 

more t h a n  one uniquely identifying d e s c r i p t i o n  i s  p o s s i b l e  ( ~ e r r m a n n  G Laucht 

1976) .  The t h i r d  i s  i t s  use of  complex s p a t i a l  r e l a t i o n s  t o  deal w i t h  the 

' w o r s t  c a s e s ' ,  t h a t  i s ,  those i n  which severa l  o b j e c t s  a r e  i n d i s t i n g u i s h a b l e  

on the  b a s i s  o f  t h e i r  p r o p e r t i e s  alone. 

L e t ' s  exatnine a fewexamples  o f  the  behavior  o f  the a l g o r i t h m  F i r s t ,  

t w o  t r i v i a l  cases.  
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The s t r e e t  i n  F ig .  4 has a proper name, and i s  thus r e f e r r e d  t o  s imply as 

Schluterstrasse. The t r e e  i s  t he  o n l y  one i n  the d iscourse  wor ld ,  and hence 

i s  i d e n t i f i e d  as the tree. The number o f  i n t e r e s t i n g  p o s s i b l e  s t r a t e g i e s  be- 

comes g r e a t e r  when the o b j e c t  t o  be descr ibed i s  one o f  several  belonging 

t o  the same conceptual c lass .  Consider for example MAN1 i n  Fig. 4. The sys- 

tem looks among i t s  p r o p e r t i e s  f o r  one which d i s t i n g u i s h e s  i t  from MAN2 and 

MAN3, and descr ibes i t  as the small man. A s i m i l a r  process u n d e r l i e s  the  

genera t ion  o f  the  noun phrase t h e  blg man w i t h  the umbrella t o  r e f e r  to 

MAN3. 

Note t h a t  t h e  system uses redundant l abe ls .  Th is  i s  a consequence o f  

the sequent ia l  na tu re  o f  i t s  noun-phrase generat ion:  F i r s t ,  the  p roper t y  

' b i g '  i s  found. When the system n o t i c e s  t ha t  t h e r e  i s  another b i g  man i n  

the  scene, i t  looks f o r  a Furkher d i s t  i w * - s h i n g  proper t y  and f i n d s  the um- 

b r e l l a .  T h i s  p roper ty  would i n  f a c t  be adequate i n  i t s e l f ,  bu t  the  system 

doesn't at tempt  t o  f i n d  a minimal c h a r a c t e r i z i n g  s e t  o f  a t t r i b u t e s .  T h i s  

s o r t  o f  redundancy, which i s  o f ten  found i n  human beings, saves t ime bo th  

i n  the genera t ion  and i n  the  i n t e r p r e t a t i o n  o f  d e f i n i t e  d e s c r i p t i o n s .  

HAM-RPM f r e q u e n t l y  uses negat ive  c h a r a c t e r i z a t i o n s  o f  var ious  k inds ,  

as, f o r  example, when MAN2 i s  descr ibed as the  bry man wi thout  an umbrella. 

Now l e t ' s  t u r n  t o  some more complex problems o f  noun-phrase generat ion.  So 

t h a t  the p i c t u r e s  d o n ' t  g e t  too c l u t t e r e d ,  we w i l l  use examples from a s imple 



GREEN 

SQUARE3 
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domain o f  geometr ical  f i g u r e s  ( f i g .  5 ) .  Consider CIRCLE1 i n  F ig .  5. Note 

t h a t  there  a r e  t w o  green c i r c l e s  i n  t h e  scene. The presence o f  several ob- 

j e c t s  which a r e  i n d i s t i n g u i s h a b l e  on the basis o f  t h e i r  a t t r i b u t e s  alone 

i s  the  worst  case which can occur.  The reason why we have spoken o f  a 'wors t -  

case-f  i r s t '  s t r a t e g y  i s  t h a t  the system checks fo r  t h i s  case e a r l y ,  ra the r  

than t r y i n g  immediately t o  c o n s t r u c t  a s imp le r  c h a r a c t e r i z a t i o n  such as those 

i n  t h e  last few examples given. 

In formal  observation shows t h a t  human beings also often notice the pres- 

ence o f  i d e n t i c a l  o b j e c t s  i n  a scene immediately. The o n l y  way t o  d i s t i n g u i s h  

these t w o  circles i s  by re ference t o  s p a t i a l  r e l a t i o n s ,  f o r  example, the 

green clrcle in front  of the red square. 

We may note i n  passing t w o  ways i n  which the  form of  a d e s c r i p t i o n  may 

be cons t ra ined  by the  form o f  the ques t ion  which i s  being answered. F i r s t ,  

p r o p e r t i e s  w h ~ c h  have been presupposed i n  the ques t i on  should not be men- 

t ioned i n a descr i p t  ion. Cons i der the ques t i o n  Which square is red?. The an- 

swer The r e d  sguare  i s  c l e a r l y  unacceptable, so instead the system answers 

  he square in front of the green t r i a n g l e  (= SQUARE I i n F tg . 5) . A second 

c o n s t r a i n t  of t h i s  sort  i s  t ha t  the  system sphould not produce c i r c u l a r  
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d e s c r ~ p t i o n s .  For example, when answering the  ques t i on  Where is the  red 

t r i a n g l e ? ,  t he  system should no t  answer To the l e f t  of the green square 

whlch is to the rlght of the  r e d  triangle, a l though each ha1 f o f  th i  s de- 

s c r i p t i o n  i s  p e r f e c t l y  n a t u r a l  when considered i n  i s o l a t i o n .  

I t  sometimes happens t h a t  o b j e c t s  chosen as s p a t i a l  re fe rence  p o i n t s  

I n  a d e s c r i p t i o n  i n  t u r n  have to  be i d e n t i f i e d  w i t h  the  h e l p  o f  o t h e r  r e f -  

erence p o i n t s .  For  example, CIRCLE2 i n  F i g .  5 i s  described as the green 

circle ln f r o n t  of the green square which 1s to the l e f t  of the red t r i a n g l e .  

As t h i s  example shows, the products  o f  such r e c u r s i v e  a p p l i c a t i o n s  o f  the 

genera t ion  a l g o r ~ t h m  can soon become d i f f i c u l t  t o  understand. We have made 

the maximum a l l owab le  depth  o f  r e c u r s i o n  a parameter which can be s e t  to  

var lous  va lues  for exper imental  purposes. 

Perhaps the most d i f f i c u l t  problem i n  noun-phrase genera t ion  i s  t he  

unique i d e n t i f i c a t i o n  o f  an o b j e c t  when t he re  are  o b j e c t s  with  e x a c t l y  the  

same p r s p e r t i e s  i n  i t s  immediate neighbourhood ( f i g .  6) .  T h i s  i s  a t a s k  

which o f t e n  causes d i f f i c u l t i e s  even fo r  a  human speaker. To s e t  the stage, 

suppose t h a t  CIRCLE6 i n  F i g .  6 I S  t o  be i d e n t i f i e d .  The system f i r s t  des- 

c r i b e s  i t s  p o s i t i o n  r e l a t i v e  t o  t h e  o t h e r  c i r c l e s  i n  i t s  group: the r ~ g h t -  

hand clrcle  Then i t  i d e n t i f i e s  the  group o f  which CIRCLE6 i s  a member w i t h -  
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I n  the see-ne as a whole, d i s t i n g u i s h i n g  i t  f i r s t  f r a  CROUP2: in f t on t  

(ind to  t l ~ c *  left and then f r o~n  GROUP3 : which 1s to the l e f t  of the square. 

Thus the complete descr ~ p t i o n  i s  The right-hand czrcle in front and t o  the 

1 t j f t  w l i l  c d r  rs to  tllr l e f t  of t h ~  squnra. 

TO pu t  t he  p o i n t  more g e n e r a l l y ,  complex scenes sometimes have a h i e r -  

a r c h i c a l . s t r u c t ~ r e  i n  which groups o f  s ~ m i l a r  o b j e c t s  serve as  u n i t s  which 

have t o  be i d e n t i f i e d  i n  much the same way t h a t  objects themselves are.  The 

remarks we have made about c i r c u l a r  d e s c r i p t i o n s  and r e c u r s i o n  depth  app ly  

on  the l e v e l  o f  groups as w e l l .  

Concluding t h i s  sketch  o f  HAM-RPM's .noun-phrase i n t e r p r e t e r  and gener- 

a t o r ,  we would l i k e  t o  s t r e s s  that a l l  these a l g o r i t h m s  a r e  doma~n-independ- 

en t .  

4 .  EXPLANATION 

Al though a l l  o f  the examples d ~ s c u s s e d  up to  now have i nvo l ved  some s o r t  of 

d e s c r i p t i o n  o f  v i s i b l e  aspects o f  a  scene, HAM-RPM f r e q u e n t l y  makes use o f  

genera l  knowledge and in fe rence  r u l e s  t o  draw conc lus ions .  

For example, t h e  system m igh t  be asked Is the park3ng zone t a r r e d ? ,  

where the  pa rk i ng  zone i n  question, though p a r t  o f  the scene, i s  h idden 

from view. I t  would then t r y  t o  answer the q u e s t i o n  us ing  approximate i n f e r -  

ences based on f uzzy  knowledge ( ~ a h l s t e r  1978), conc lud ing  t h a t  the  p a r k i n g  

zone might  ve ry  w e l l  be tarred,  because a p a r k i n g  zone i s  i n  a sense a p a r t  o f  

a s t r e e t ,  and s t ree ts ,  l i k e  thoroughfares i n  general,  a r e  u s u a l l y  t a r r e d .  

In ferences which s tand  on such shaky ground as t h i s  one a r e  o f  l i m i t e d  use 

t o  the conversa t iona l  p a r t n e r  un less  the system can desc r ibe  the reasoning 

which u n d e r l i e s  them. 

Furthermore, not j u s t  any d e s c r i p t i o n  will be s a t i s f a c t o r y :  the system 

ought  to  a c t  i n  accordance w i t h  the  f o l l o w i n g  ' three maxims, as fo rmula ted 
by (Grice 1975): 

1. Hake your  c o n t r i b u t i o n  as i n f o r m a t i v e  as i s  r equ i red .  

2. Don't make your c o n t r i b u t i o n  more i n f o r m a t i v e  than  i s  r equ i red .  

3. Be r e l e v a n t .  

Thus, desc r i b ing  an i n fe rence  c h a i n  i n  every d e t a i l  w i l l  no t  i n  genera l  be 

c m u n i c a t i v e l y  adequate, i f  some o f  the in fe rences  a r e  e s s e n t i a l l y  d e f i n i -  



t I I , aild t~tbllcc c o n c c p t ~ ~ i l  I y tr i v id O n l y  whcn the d ia logue par tner  has 

rt .pcdtrhdly rccl~rcsted d e t a  i l s  about i n fe rences  w i  l l i t be s e n s i b l e  t o  ment ion 

a l l  o l  t l l c ~ i ~  

Now I ~ b t ' s  looh a t  the way we have t r i e d  t o  achieve these goa ls  i n  HAM- 

RPM, u h i ~ l g  the example j u s t  g iven.  Three processes a r e  e s s e n t i a l .  F i r s t ,  

w h i l e  the  ruasori lng i s  be ing  performed, a s o r t  o f  t r a c e  o f  the In ference 

process i s  s t o r e d  i n  a separa'te date base c a l l e d  INFERENCE-MEMORY. Second, 

a f t e r  an exp lana t ion  o f  the  conc lus ion  has been requested, t h i s  p a r t  o f  

memory i s  traversed t o  f i n d  those o f  the assumptions used which a r e  on a 

c o n r ~ ~ u o ~ c a t i v e l y  a p p r o p r i a t e  l eve l  of  d e t a i l .  F i n a l l y ,  these assumptions a r e  

expressed i n  natural language. 

An c b b e n t ~ a l  r o l e  i n  the f i r s t  two o f  these phases i s  played by the 

ineta-knowledge assoc ia ted w i t h  each i n fe rence  r u l e  which i s  ava i lab le  t o  

the systenl .  As you can see from the  t w o  i n f e r e n c e - r u l e  d e f i n i t i o n s  in F ig .  7 ,  

Apply the c o n t r o l  knowledge coded i n  TRACE-PROCEDURE-DEMON7 

Don't  use i n s t a n t i a t i o n s  of premises w ~ t h  a degree of  belief less than 0 . 3  

The degree of u n c e r t a i n t y  of  t h i s  r u l e  i s  0.5  

RULE. I f  y o u w a n t  toshow (X  I S  Y )  

show that  ( X  I SA 2 )  

and ( 2  IS Y )  

META-KNOWLEDGE : 

Apply the c o n t r o l  knowledge coded In TRACE-PROCEDURE-DEMON7 

Don' t  use in s tant ia t ions  o f  premises w i t h  a degree o f  be1 i e f  l e s s  than 0 .4  

The degree o f  u n c e r t a i n t y  o f  t h i s  r u l e  i s  0 8 

RULE. I f  you want to  show ( X  I S  Y )  

show tha t  ( X  IS-PART-OF Z )  

and (Z IS Y! 

F i g .  7 



she but 1 1  piccc oF i l~ctd-hnowludgc conccrns t h e  degree ot uncer ta in ty  asso- 

c i a t e d  w ~ t h  the r u l e .  The n ~ o s t  interesting piece  o f  meta-knowledge ifi f h ~ s  

Situc7tion is  t h ~ i  s p e c i t i c a t i o n  o f  a p a r t i c u l a r  FUZZY procedure demon. T h e ~ ~ e  

deil~ons ii lrlorcc dur ing the a p p l i c a t i o n  o f  an in ference  r u l e  g lobal  cont ro l  

r e g i ~ l l c s  spec i  t i e d  by  the  programmer ( ~ e ~ a i v r e  1977) .  In  particular, one of  

the thinqs done  by TRACE-PROCEDURE-DEMON7 i s  the storage o f  the reasoning 

bteps i n  INFERENCE-MEMORY. 

Suppose now t h a t  the assumptions a t  the top o f  F i g .  8 a r e  r e p r e s e n t e d  

i n  serilantic networks. Applying the two r u l e s  i n  F i g .  7 to  them, t h e  system 

bullds up the goal t ree1  i n  F i g .  8. The i n t e r n a l  t race  which i s  built up 

by the procedure demon i s  shown a t  the bottom of F i g .  8 .  Note that the 

( (PARK I NG-ZONE I S-PART-OF STREET) 0 7) 

( (STREET I SA THOROUGHFARE ) 1 

( (THOROUGHFARE I S TARRED) 0 . 7 )  

/ 
( (PARK1 NG-ZONE I S-PART-OF STREET) 

TARRED) . o 5 )  

( ( (PARK I NG-ZONE 1 S TARRED) 5 )  4 (PARKI NG-ZONE I S-PART-OF STREET).  7 )  ( (STREET I S TARRED ) 5) ) 0 . 8 )  

( ( (STREET I S ~ A A R E D )  5 )  (STREET I S  THOROUGFAAE) I ) ( (THOROUCHFARE 1 S TARRED) 5). 0 5 )  

F i g .  8 

e n t r i e s  i n  the inference memory a re  ordered i n  terms of  t h e  degree of  un- 

certainty o f  the  executed inference procedures. T h i s  means t h a t  the most 

uncertain entr ies  will bementioned f i r s t  i n  the explanation,  and the mst 

1) The confl i c t - r e s o l u t i o n  s t r a t e g y  which i s  used i s  one which favours more 

s p e c i f i c  ones.  



t l . i v i , , l  onuLl ~ ) ~ o b d b l y  not  r j t  c l l  I .  Ttl i 's t - r t l c c t s  our  hypo thes is  t h a t  degree 

ot uncrb l  t a i r i t y  i s  t he  irlost impor tant  f a c t o r  d e t e r i r ~ i n i n g  the  re levance o f  a 

- , t t 8 p  ill 'In i n l ' c r l v ~ c u  ~ h ; l i n ,  4 s  t a r  a s  j u s t i f i c a t i l o n  o f  the  c o n l u s i o n  i s  con- 

cer-ncd 

Our approach  t o  e x p l a n a t i o n  i s  d i s t i n g u i s h e d  f rom t h e  p rev ious  e f f o r t s  

ill' Witlograd i n  h ~ s  SHRDLU system (winograd 1972)  and o f  the MYCIN group ( ~ c o t t  

ct  dl .  1977) .  I n  SHRbLU each theorem c a l l s  the  f u h c t i o n s  MEMORY and MEMOREND 

e x p l i c i t l y ,  wh ich  man ipu la te  t h e  i n fe rence  memory. We have improved over  t h i s  

by i n t - t i n g  t he  managelsent o f  t h e  i n f e r e n c e  memory I n t o  a h i g h e r  process,  

wh ich  c o n t r o l s  a l l  reasoning processes. The s t r u c t u r e  o f  t h e  i n f e r e n c e  r u l e s  

thembelves i s  t h e r e f o r e  not obscured by the  presence o f  t r a c e  commands. Our 

dpproach g e n e r a l i z e s  the  cor respond ing f e a t u r e s  o f  M Y C I N ,  i n  wh ich  the con- 

cep tua l  c o ~ n p l e x ~ t y  o f  a r u l e  i s  a l o g a r i t h m i c  f u n c t i o n  o f  i t s  c e r t a i n t y  f a c -  

tor and the goa l  t r e e  i s  t r a v e r s e d  i n  s teps whose s i z e  i s  s p e c i f i e d  by a 

nulnerica l argument o f  the  WHY command ( ~ a v i  s e t  a1 . 1977) .  

T h i s  approach i s  a l s o  r e l a t e d  t o  r e c e n t  r esea rch  by Davis  i n  h i s  

TE I R E S  I A S  system (Davis  1977) and Eussman i n  h i s  AMORD ( ~ e  K lee r  e t  a1 . 1977) 

and EL (S ta l lman  & Sussman 1977) p r o j e c t s ,  i n  wh ich  genera l  problems o f  an  

e x p l i c i t  c o n t r o l  o f  reason ing a r e  exp lo red ,  i n  t h a t  i t  i s  based on an e x p l i c -  

i t  r e p r e s e n t a t i o n  o f  c o n t r o l  and meta-knowledge, wh ich  t y p i c a l l y  i s  ' h idden  

away'  I n  t h e  i n t e r p r e t e r  and t h e r e f o r e  i s  i n a c c e s s i b l e  t o  t h e  i n fe rence  sys- 

tem. 

The exp lanat ion  f a c i l i t y  o f  HAM-RPM i s  f a r  f rom be ing  complete. U l t i -  

ma te ly ,  the  system m u s t  understand e x a c t l y  what the d ia logue p a r t n e r  f a i l e d  

t o  comprehend, 
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SUMMARY 

We present here a formalization 
of the straiificational model of linguis- 
tics proposed by Sampson C131 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 [ l l j  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. 



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 1  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 grammaTs 



are prese'nted lend themselves to computer implementation for 

purpose$ 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 of linguistics. This theory, advanced by 

S. Lamb, H . A .  Gleason Jr. and their collaborators (C51,[61,C71),  

advocates that langdages be described in terms of several sub- 

systems, known as strata. Each stratum has its own set of units 

and a tactics specifying the tlcorrectfl ("all~wable'~) structures 

that stratum. 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 is 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 ( L 1 3 1 ) .  This model uses 

rewrite grammars G1,G2, ... 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, 



realization connects adjacent tactics G and G j + l  j 
by matching 

sentences u in the language generated by G with those sentences 
j 

v in the language of G j + l  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 llrealizates" 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 transaucers 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 linear context-free languages are mapped onto the recursively 

enumerable sets. This implies that stratificational grammars 

with non-selfembedding ta~ctics 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. 



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 Clll classiciation of stratlficational 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 systemsw, 

which form the principal novel component in our definition of 

stratificational grammars. We then return in Section 4 to examine 

the generative power of st'ratificational grammars and relate the 

results to linguistics. 



2 .  D e f i n i t i o n s  

We r e p e a t  he re  some important  d e f i n i t i o n s  from ( 1 2 1 ,  and 

assume t h a t  t he  r eade r  i s  f a m i l i a r  w i t h  the o t h e r  b a s i c  no t ions  

of formal language theory .  
+ 

A vocabulary V i s  a f i n i t e  s e t  o f  symbols, and we use V 

t o  denote the  s e t  of a l l  nbn-nul l  s t r i n g s  c o n s i s t i n g  of symbols 
* 

from V ;  us ing  e  t o  denote t h e  n u l l  s t r i n g ,  we a l s o  d e f i n e  V t o  be 

A r e w r i t e  system RW i s  a  p a i r  (V, R)  where V i s  a vocabulary 

and R i s  a  f i n i t e  s e t  of  r u l e s  (product ions)  o f  t he  form u + v ,  
+ * 

where u E V and v  E V ; u is known as t h e  l e f t  hand s l d e  of t h e  

product ion ( Ihs  .) and v i s  i t s  r i g h t  hand s i d e  ( r h s  .) . 
+ 

A word x E V i s  s a i d  t o  d i r e c t l y  d e r i v e  o r  genera te  - -  i n  R 
* 

another  word y E V (denoted by x =>R Y) i f f  t h e r e  e x i s t  words 

U , V , W , Z  such t h a t  x  = wuz, y = wvz and u  + v belongs t o  R. Let = + > R  

be t h e  t r a n s i t i v e  c l o s u r e  of =>R, and =*> i t s  t r a n s i t i v e  r e f l e x i v e  R 

c l o s u r e .  A sequence of words w 1 , w 2 , . . . , ~ ,  such t h a t  

w1 =>R w 2  => . . . => w i s  sa id  t o  be  a ( f r e e )  .R-derivat ion ( o r  R R n 

simply a d e r i v a t i o n )  of w from w n 1' * 
Given a r e w r i t e  system RW = (V ,R)  and a s u b s e t  AX of  V 

t h e  language genera ted  by R from axiom s e t  AX wi th  f r e e  d e r i v a t i o n s  

i s  def ined  t o  be the s e t  ~ ( A X , R W )  = { w l u e A x ,  u=*> w ) .  R 
Given the  r e w r i t e  system RW = (V,R) , d e f i n e  t h e  domjnance 

r e l a t i o n  < on V x V by: d<b i f f  xby + udv i s  one of  t h e  

product ions  i n  R ( f o r  some s t r i n g s  x , y , u , v )  o r  i f  t h e r e  e x i s t s  

some c  i n  V such t h a t  d<c  and c<b.  Then RW i s  def ined  t o  be 



a c y c l i c  ( a b b r e v i a t e d  a  . i f f  t h e  r e l a t i o n  < i s  an t i - symmet r i c  

and a n t i - r e f l e x i v e .  

If  u  + v i s  a  p r o d u c t i o n  i n  a f e w r i t e  sys tem,  i t  w i l l  be 

c a l l e d  a n u l l  r u l e  i f  v i s  t h e  n u l l  s t r i n g  e ,  and i t  w i l l  b e  

c a l l e d  c o n t e x t - f r e e  i f  11.11,  t h e  l e n g t h  of  u ,  i s  1. 

A r e w r i t e  grammar G i s  a quadruple  ( N , T , S , P )  where N and T 

a r e  t h e  s e t s  o f  non te rmina l s  and t e r m i n a l s  r e s p e c t i v e l y ,  

d i s t i n g u i s h e d  nonte rmina l  and f = ( N U T )  P) i s  a  r e w r i t e  system. 

I n  t h i s  c a s e ,  
if =*? w then  t h i s  is  c a l l e d  a G - d e r i v a t i o n ,  o r  

a  d e r i v a t i o n  i n  G ,  and t h e  language g e n e r a t e d  by,G,denoted by 
* 

L(G), i s  d e f i n e d  t o  be t h e  s e t  ( t l ~  =*> t i n  G ,  t 6 T  . We assume 

t h e  r e a d e r  i s  f a m i l i a r  w i t h  t h e  terminology o f  t ype  0 ( r e c u r s i v e l y  

enumerable o r  R E ) ,  t y p e  1 ( c o n t e x t  s e n s i t i v e )  , t y p e  2 ( c o n t e x t  

free) and type 3 ( r e g u l a r )  l anguages ,  and co r re spond ing  f a m i l i e s  

o f  grammars and automata.  A type  2 grammar w i l l  b e  c a l l e d  l i n e a r  

i f  a l l  i t s  p r o d u c t i o ~ l ~  a r e  o f  t h e  form A + aBb, where A , B  E N ,  

a , b  E T u { e l ,  and w i l l  b e  c a l l e d  se l fembedding i f  f o r  some A E N  

t h e r e  i s  a  G - d e r i v a t i o n  A =*> uAv where u  and v  a r e  n o t  n u l l .  

New languages can b e  o b t a i n e d  from o l d  ones through such 

s e t  o p e r a t i o n s  a s  un ion ,  i n t e r s e c t i o n  and c o n c a t e n a t i o n .  

One can a l s o  de f ine -  mappings over  s t r i n g s  and t h e n  ex tend  

them t o  sets  of s t r i n g s  i n  t h e  obvious way. One such mapping 

i s  t h e  s u b s t i t u t i o n  s which a s s o c i a t e s  w i t h  e v e r y  symbol b o f  

some a l p h a b e t  T ,  a s e t  o f  words ~ ( b )  over  a n o t h e r  a l p h a b e t  T t ;  

& f i n i n g  s (xy) = s ( x ) s  (y)  and s ( e )  = e ,  a  s u b s t i t u t i o n  can  be 

ex tended  t o  s t r i n g s .  I f  t h e  s e t s  s ( b ) , a r e  r e g u l a r ,  f i n i t e  o r  



e - f r e e  then  s i s  s a i d  t o  be r e g u l a r ,  f i n i t e  o r  e - f r e e  r e s p e c t i v e l y ;  

i f  s ( b )  c o n t a i n s  a  s i n g l e  word then s i s  c a l l e d  a  homomorphism, 

and t h e  b r ace s  f o r  s e t s  a r e  dropped. A homomorphism h can a l s o  

be e - f r e e ,  o r  i t  can b e  l e n g t h - p r e s e r v i n g ,  i f  l h ( b )  1 = 1 for  a l l  

symbols b .  I f  L i s  a f ami ly  of  languages  t hen  w e  u se  H ( L ) and 

0 H ( L )  t o  r e p r e s e n t  t h e  f a m i l i e s  of  languages  o b t a i n e d  from 

elements  of L through e - f  r e e  homomorphisms and ~omomorphisms 

r e s p e c t i v e l y .  

One f i n a l  o p e r a t i o n  on s t r l n g s  i s  r e v e r s a l  d e f i n e d  by 

&v(b)  = b  i f  lb l  ( 2 and Rev(xy) = Rev(y)Rev(x).  

Ohe can  a l s o  use  automata  t o  perform mappings between 
0 

s t r i n g s .  The a - t r a n s d u c e r  M = [K ,T  ,T  ,k F , )  i s  an  e x t e n s i o n  1 2  

of  t h e  f i n i t e  automaton, where T1 and T2 a re  t h e  i n p u t  and o u t p u t  
'dr * 

a l p h a b e t s ,  and T i s  a f i n i t e  s u b s e t  o f  K x T1 x T 2  x K ( t h e  t r a n s i -  
* * 

t i o n  s e t )  . The r e l a t i o n  I -  i s  d e f i n e d  on K x TI x T 2  by t h e  r u l e  

(k,uv,z) I- (kf,v,zx) i f  ( k , u , v , k T )  E T. The ou tpu t  of  M f o r  

inpu t -word  w i s  one of  t h e  s t r i n g s  i n  t h e  s e t  
0 * 

{ z l  (k  , b e )  I- ( k , e , z ) ,  keF) .  An a - t r a n s d u c e r  i s  s a i d  t o  be 

e - o u t p u t  f r e e  i f  f o r  an$t ( r , u , v , s )  i n  T ,  t h e  s t r i n g  v cannot  be n u l l .  

A c o l l e c t i o n  of  languages  A i s  sa id  t o  be c l o s e d  under 

t h e  o p e r a t i o n  o i f  a(L) E A whenever L E A. A ( f u l l )  t r i o  i s  a 

f a m i l y  of  languages c o n t a i n i n g  a t  l e a s t  one nun-empty s e t ,  c l o s e d  

under e- f r e e  homomorphism ( a r b i t r a r y  homomorl?hism) , i n v e r s e  

homomorphism, and i n t e r s e c t i o n  w i t h  r e g u l a r  languages .  



F l n a l l y ,  o m i t t i n g  d e t a i l e d  j u s t i f i c a t i o n  ( s e e  C 33)  , t h e  

fo l lowing  formal  d e f i n i t i o n  c a p t u r e s  t h e  e s s e n t i a l  a s p e c t s  o f  t h e  

no t ion  of s t r a t i f i c a t i o n a l  grammar, a s  p re sen ted  by Sampson C 131: 

D e f i n i t i o n  An n - s t r a t a l  r e w r i t e  grammar (n-RSTRAT) i s  a  5 -  t u p l e  

RST = (n,TCT,RLZ,V V ) ,  where VC and VE a r e  t h e  s e t  of "conten t  
C '  E 

uni ts1!  and t l express ion  u n i t s t 1  r e s p e c t i v e l y ,  TCT = (G19G2, . . ,Gn) 

i s  a  v e c t o r  of n r e w r i t e  grammars, and RLZ = (RO,R1, ..., R ) is a 
n  

vec to r  of  ~ + 1  a c y c l i c  r e w r i t e  sys tems.  The t r a n s d u c t i o n  p e r f o ~ m e d  
+ 

by such a  grammar w i l l  be de f ined  by T-RSTRAT(RST) = { (u,v) lw0=u~vC, 
* * 

W n + l  =vcVE,  t h e r e  e x i s t  w c L(G.) s u c h  t h a t  w = > w ~ + ~  
j 

v i a  R - 
J j j 

d e r i v a t i o n s  f o r  j = 0,1,. .., n l .  I t s  language i s  desc r ibed  by 

I n  t h i s  formal model, t h e  grammar i s  thought  of a s  

t ransduc ing  "meaningu i n t o  vtsound" i n  the  fo l lowing  manner : 

s t a r t i n g  w i t h  a s t r i n g  o f  "conten t  u n i t s "  ( expres s ing  t h e  meaning 

of *an u t t e r a n c e ) ,  t h e  r e a l i z a t i o n  r e w r i t e  r u l e s  a r e  r e p e a t e d l y  

app l i ed  u n t i l  a s t r i n g  o f  "express ion u n i t s "  i s  ob ta ined .  The 

r e a l i z a t i o n  d e r i v a t i o n  i s  c o n s t r a i n e d  by t h e  requirement  t h a t  f o r  

each t a c t i c s  t h e r e  e x i s t s  an i n t e r m e d i a t e  s t a g e  i n  the r e a l i z a t i o n  

d e r i v a t i o n  which conforms t o  t h e  t a c t i c s  s p e c i f i c a t i o n s  (i .e. 

belongs t b  t h e  language genera ted  by t h e  t a c t i c s )  . The above 

formalism i s  based mainly on Lamb s v e r s i o n  of  s t r a t i  E i c a t i o n a ~  

l i n g u i s t i c s  ; an a l t e r n a t e  approacki, c l o s e r  i n  s p i r i t  t o  Gleason's  

model, i s  p resen ted  i n  C31. 



3 .  Generat ive power of  a c y c l i c  r e w r i t e  systems 

To begin  w i t h ,  we remark t h a t  t h e  formal d e f i n i t i o n  o f  

s t r a t i f  i c a t i o n a l  grammars i n  C 1 3  1 allows i n  t h e  r e a l i  z a t i o n  s y s  tern 

r e w r i t e  r u l e s  w i t h  n u l l  l e f t - h a n d  s i d e s  ( i  . e m  r u l e s  of the  form 

e + u ) .  Unfor tuna te ly ,  such r u l e s  could  b e  a p p l i e d  t o  some s t r i n g  

an a r b i t r a r y  number of  t imes .  I n  o u r  s t r a t i f i c a t i o n a l  model, 

this would r e s u l t  i n  any s t r i n g  having an i n f i n i t e  number o f  

r e a l i z a t e s  . Furthermore,  r u l e s  of t h e  form e  + u can a l s o  be 

used t o  e s t a b l i s h  c o n t e x t - f r e e  dependencies i n  s t r i n g s  genera ted  

even from s i n g l e t o n  axiom s e t s .  For example, i f  R = ({c,d),{e+cd}) 
* 

then ( e l  R ) = { w ~ w E ( c , ~ }  , w has t h e  same number o f  "c" and 

"dl! symbols}, which i s  known t o  be a non- regula r  c e n t e x t - f r e e  

w a g e .  The phenomena d e s c r i b e d  above do no t  appear t o  have 

l i n g u i s t i c  e q u i v a l e n t s ,  and run  counter  t o  t h e  s t r a t i f  i c a t i o n a l  

phi losophy which envisages  only f l n i t e l y  many r e a l i z a t i o n s  f o r  

any s t r u c t u r e  . 
A s  it t u r n s  o u t ,  i n  p r a c t i c e  r u l e s  of t he  form e  + u 

a r e  only r e q u i r e d  t o  i n t r o d u c e  i n  t h e  r e a l i z a t i o n  d e r i v a t i o n  

s y n t a c t i c a l l y  determined e lements ,  such a s  "do" i n  q u e s t i o n s .  

Such i n s e r t i ~ n s  need however be performed only  once,  a t  t h e  end 

of every r e a l i z a t i o n  d e r i v a t i o n  between two t a c t i c s .  Therefore  

t h e y  can be accomplished through normal a c y c l i c  r u l e s  i f  each 

e  + u  i n  R i s  r ep laced  by r u l e s  v + uw and v -+ wu f o r  a l l  v + w i n  

R .  For t h i s  r eason ,  we w i l l  con t inue  t o  use t h e  d e f i n i t i o n  of 

r e w r i t e  systems which on ly  a l lows  produc t ions  wi th  pon-nu l l  l e f t -  

hand s i d e s .  



We n e x t  investigate t h e  e f f e c t  of  a . r .  on s imple  t y p e s  of  

axiom s e t s .  

Theorem 3.1  Let AX be a r e g u l a r  s e t  over  a l p h a b e t  T and l e t  E b e  

some a l p h a b e t  d i s j o i n t  from T .  If RW = (V,R) i s  an a . r .  t h e n  
* 

~ ( A X , R W )  n E i s  a l s o  a  r e g u l a r  s e t .  

Proof Le t  G = (N,T,S,P) be a type  3 grammar g e n e r a t i n g  A X y  and 

w i t h o u t  l o s s  of g e n e r a l i t y  assume t h a t  N n VR i s  empty. F u r t h e r -  G 
more, normal ize  R s o  t h a t  a l l  i t s  r u l e s  a r e  o f  t h e  form a+bc,  a+e 

o r  bc+d. Th i s  can be accomplished i n  a  3 - s t e p  p r o c e s s :  f i r s t ,  
* 

r e p l a c e  r u l e s  o f  t h e  form u + abv (a ,beV,  u , v d  ) by r u l e s  u + a a ,  

a -+ bv where a i s  a new symbol; r e p e a t  t h i s  until a l l  r u l e s  have 

r h s .  no l o n g e r  than  two symbols.  Next,  r e p l a c e  r u l e s  of t h e  form 
- - 

abu -+ v  by ab + a ,  a u  -+ v ,  u n t i l  a l l  l h s .  o f  r u l e s  a r e  a t  most two 

symbols.  F i n a l l y ,  e l i m i n a t e  r u l e s  of  t h e  form a  + b  by adding  t o  R 

a  r u l e  y  + zbz l  whenever y + z a z l  i s  i n  R .  

Our goa l  i s  t o  produce a t y p e  3 grammar such t h a t  R -  

d e r i v a t i o n s  a r e  Mprecomputedu i n  i t s  p r o d u c t i o n s ,  For example, 

i f  t h e  grammar G o r i g i n a l l y  had p r o d u c t i o n s  X+aY and Y+bZ, w h i l e  

R c o n t a i n e d  t h e  r u l e  ab+d, t hen  t h e  f i n a l  grammar would c o n t a i n  

p r o d u c t i o n  X+dZ. 

Fbr  t h i s  p u r p o s e ,  c o n s i d e r  the f o l l o w i n g  i t e r a t i v e  c o n s t r u o -  

t i o n :  

INITIALIZATION: Eet  GI be G ;  l e t  T 9  = T u V R .  

CONSTRUCTION 1: For  eve ry  i n t e g e r  i ,  given  grammar Gi = (Ni,Ti,SG,Pi), 

c o n s t r u c t  from l't a type  3 grammar G i + l  - - T '  9SG ,Pi+l)  a s  

f o l l o w s :  



f o r  e v e r y  aaTi,  let P(i .a)  be t h e  s e t  of  a l l  p roduc t i ons  

i n  G i  which have t h e  symbol ??a1' on t h e  r h s . ;  

t o  b e g i n  w i t h ,  l e t  Pi+l c o n t a i n  P., 1 and N i + l  c o n t a i n  N i ;  

I F  b+cd i s  a  production i n  R y  THEN f o r  eve ry  A+bB i n  P ( i , b )  , 
ADD t a  N,+l a non te rmina l  [A;B;b+cd], and ADD t o  P i+l 

p roduc t i ons  A+c[A;B;b+cd~-and [A;B;b+cd]+dB; 

I F  b+e i s  ih R ,  THEN f o r  eve ry  A+bB i n  P-(i ,b)  ADD p roduc t i on  

A+B t p  Pi+l ;  

I F  bc+d i s  i n  R ,  THEN f o r  eve ry  p a i r  of  p r o d u c t i o n s  A+bB 

i n  P ( i , b ) ,  and C+cD i n  P ( i , c ) ,  ADD t o  Pi+l t h e  new p r o d u c t i o n  

A+dD i f  B=>*c i n  Gi; 

END ; 

Suppose t h a t  we were a b l e  t o  e s t a b l i s h  t h a t  

From t h e  c o n s t r u c t i o n  it i s  e a s y  t o  s e e  t h a t  P i s  always a sub-  
i 

s e t  o f  Pi+l (and hence L(G.) c L(Gi+l ) ) ,  and i f  
1 

G = G  f o r  some index m 
m m+ 1 

( i . e .  no new p roduc t i ons  a r e  added t o  G i n  C o n s t r u c t i o n  I ) ,  t h e n  m 
G would b e  e q u a l  t o  G f o r  eve ry  j > m. 

I m 
But ,  i f  such an  m e x i s t s  t h e n  L ( L ( G ) ; R )  = U L ( G . )  = L(G ) 

i=l 1 m 
and G i s  t h e  t y p e . 3  grammar we a r e  l ook ing  f o r .  T h e r e f o r e ,  it m 

remains  t o  e s t a b l i s h  e q u a l i t i e s  (1)  and ( 2 ) .  

To,prove ( I ) ,  we first d e f i n e  a new type o f  d e r i v a t i o n  

("s ingl&,  l e f t - r i g h t  pass")  r e l a t i o n  " = o > ~  " as f o l l o w s :  



= Q = ' ~  
v  i f f  t h e r e  e x i s t s  i n t e g e r  n  such t h a t  f o r  j = l , . . . , n  

x + y .  i s  a  r u l e  i n  R and z i s  some s t r i n g  wi th  t h e  p r o p e r t y  t h a t  
J J j 

u = z x z '  ..'x z and v = z y  z . . . y  z 0 1 1' n n 0 1 1  n  n ( i f  n  = 0, t h e n  u = v ) .  

We then c la im t h a t  

L ( G i + $  = Iw(3 veL(G.) such t h a t  v  = o > ~  W) 
1 

This, equaLi t y  can be demonstrated by s t r a i g h t f o r w a r d  i n d u c t i o n s  

on, res-a,  S A ~  ~hengt-r sd d ~ & v ; n . r i c ~  3% e, i+l ' and t h e  

i n t e g e r  n  appearing i n  t h e  d e f i n i t i o n  o f  I n  both case% 

t h e  Impor tan t  p o i n t s  a r e  t h a t  i f  A => bB i n  G ( A , B € N i ,  b c T . )  i 1 
n then  e i t h e r  A => bB i n  Y ~ + ~  (by s t e p  2 i n  Cons t ruc t i on  1) o r  A => uB 

i f  b + u i s  i n  R (by s t e p s  3 o r  4 ) ;  and i f  A => bB =*> b c  => b c ~  

i n  G then  A => dD i n  G i + l  i n  case  bc -+ d is i n  R ( s t e p  5 ) .  
1 

We a r e  now i n  a  p o s i t i o n  t o  prove (1). F i r s t ,  suppose t h a t  w 

belongs t o  Z ( L ( G ) , R )  and w was o b t a i n e d  from u E L(G) = L ( G ~ )  i n  

an R-de r iva t i on  w i th  n  s t e p s :  u  = u1 => - - 
R U2 ->R ... -> R u n => W .  

I f  w e  n o t e  t h a t  f o r  any strings x , y  x =>R y i m p l i e s  x =o> y R 
t h e n b y  ( 3 )  we have f o r  i = 1 , n  t h a t u .  c L ( G . 1 .  But t hen  

1 
00 

1 

w = un must belong t o  L (G ) , and hence t o  U L ( G .  ) . Conversely ,  
00 

n  i-1 1 

if to " L(G.) then t h e r e  must e x i s t  an index m such  t h a t  
1-1 a 

w c L ( G  ) Using ( 3 )  i t  i s  then  t r i v i a l  t o  prove by induction on m m 

t h a t  t h e r e  e x i s t s  v E L(G) such t h a t  v  = vl = o > ~  v 2  =o> . .  * = o >  R R Vm = W 

f o r  some'v E L ( G . )  (1 = 1 , m .  But i n  t h a t  c a se  w E &(L(G) ,R)  i 1 

because by d e f i n i t i o n  x = o > ~  y  imp l i e s  t h a t  x  =*> y  f o r  any R 

strings x,y. This  concludes t he  proof  of  i d e n t i t y  (1). 



To p rove  (Z), one n i g h t  t r y  t o  demons t ra te  t h a t  the  

c o n s t r u c t i o n  h a l t s  a f t e r  some precomputable  number o f  s t eps .  This 

approach u n f o r t u n a t e l y  runs  into t h e  f o l l o w i n g  problem: t h e  

a d d i t i o n  o f  a  new p r o d u c t i o n  t o  G i n  s t e p  4 ,  allows new p a i r s  o f  i 

var i ab les  B ' and C ' t o  be connec ted  by a d e r i v a t i o n  B '=>*c 9 t h i s  

may aPlow new p r o d u c t i o n  A'+dD1 t o  be added t o  G i + 1 4  in s t e p  5, 

which i n  t u r n  may e v e n t u a l l y  a l l o w  s t e p  4 t o  add a new r u l e  t o  

f o r  some 

The above compels us t o  look f o r  an a l t e r n a t i v e  p r o d  o f  

( 2 ) :  e x h i b i t i n g  a grammar GO such t h a t  eve ry  Gi i s  a  subgrammar 

o f  GO. This  would mean t h a t  t h e  i n c r e a s i n g  sequence o f  grammars 

G1,GZ, - is bounded above, and hence converges t o  one o f  i t s  

e l emen t s .  

To c o n s t r u c t  G O ,  remember t h a t  by d e f i n i t i o n  o f  R t h e r e  

i s  an an t i - symmet r i c  r e l a t i o n  < on V 
R' Using t h i s ,  we a s s i g n  t o  

e v e r y  symbol i n  V and every p r o d u c t i o n  i n  R a unique index number, 

acco rd ing  t o  t h e  fo l lowing  a lgo r i thm:  

INDEXING ALGORITHM: 

1. I ( b )  :=  0 f o r  eve ry  beV such t h a t  t h e r e  i s  no daV and d > b ;  

2 ,  FOR i = O  t o  I v I  DO WHILE n o t  a l l  symbols have an index;  

I F  I ( b ) = i  6 b+cd is i n  R, THEN I ( c )  :=  I ( d )  := i+l and 

I(b+cd)  : =  i+l; 

I F  I ( b ) = i  6 I ( c ) s i  6 bc+d i s  in R THEN I ( d )  :=  i+l and 

I (bc+d)  : =  i+l; 



PF I ( b )  = i 6 I ( c ) a i  6 cb+d i s  i n  R THEN I ( d )  :=  i+l and 

I(bc+d)  := i+l; 

IF I(b) = i and b+e i s  i n  R THEN I(b+e) :=  i*l; 

END 

END 

By t h e  a c y c l i c i t y  o f  R ,  t h e  above a lgo r i t hm produces a unique  

value f o r  every  symbol and p r o d u c t i o n .  Suppose t h e  h i g h e s t  index 

value  a s s i g n e d  i s  n. Then G O  w i l l  be c ~ n s t r u c t e d  from G by r e p e a t e d  

m o d i f i c a t i o n  i n  n  p a s s e s  through t h e  fo l lowing :  

CONSTRUCTION 2: Let GO = (N',T' ,s,P') be G i n i t i a l l y ;  

FOR i=l t o q n  DO 

* i n  t h e  i - t h  p a s s ,  add t o  G O  a l l  p o s s i b l e  p roduc t ions  

r e p r e s e n t i n g  d e r i v a t i o n s  by index i r u l e s  */ 
I 

1. For every  symbol Id '  i n  VR such t h a t  I ( d )  = i, 

l e t  P(d) be  the  s e t  of a l l  p r o d u c t i o n s  c u r r e n t l y  
0 

In G , w i t h  ' d '  on the  r h s . ;  

2 .  I F  b-tdc ( o r  b+e) 1 s  in R and has index i ( i f f  

I (b) i )  , THEN a l t e r  G O  i n  e x a c t . 1 ~  the  same way as i n  

s t e p s  3 ( o r  4 )  of CONSTRUCTION 1; (except  t h a t  

PO and NO a r e  used  i n s t e a d  of Pi+l and N ) . i+l 

3 .  I F  bc+d i s  i n  R and has  index i ,  THEN f o r  eve ry  p a i r  

o f  p r o d u c t i o n s  A-tbB i.1 P(b)  and C+cD i n  P (c ) ,  ADD 

t o  PO t h e  new p roduc t ion  A+dD (whether - o r  n o t  



Note t h a t  i n  the  i - t h  pass the  only prbduc t ions  added t o  G O  

have on t h e  r h s :  a terminal  symbol of index s t r i c t l y  g r e a t e r  than 

i .  Therefore ,  i n  success ive  p a s s e s  through t h e  loop a f t e r  t h e  i - t h  

one,  P(d) remains unchanged f o r  a l l  symbols I1d" w i t h  L(d) i .  

Furthermore,  t h e  ou tpu t  G O  remains unchanged i f  passed  through 

CONSTRUCTION 2 a second t ime.  

Secondly, no te  t h a t  i f  some grammar K remains unchanged by 

CONSTRUCTION 2 then  i t  does s o  through CONSTRUCTION 1 a s  w e l l ,  

because every r u l e  i n  R i s  e v e n t u a l l y  considered i n  CONSTRUCTION 2 ,  

and i n  each case  a t  l e a s t  t hose  produc t ions  which would have been 

added by CONSTRUCTION 1 a r e  added by CONSTRUCTION 2 .  
0 

Therefore ,  s i n c e  G i s  a subgrammar of G , G i  w i l l  be  s o  f o r  

every  i g r e a t e r  than  1, and t h e  proof  i s  completed. 0 

Inc reas ing  the  range o f  s e t s  from which we choose t h e  axiam 

s e t s ,  we o b t a i n  t h e  fo l lowing:  

Theorem 3 . 2  Let  G = (N,T,S P ) be an a r b i t r a r y  type  0 grammar. G' G 
Then t h e r e  e x i s t s  a l i n e a r  c o n t e x t - f r e e  language LING+ and an a . r .  

R (which i s  dependent only on t h e  s e t  N u T) ,  such t h a t  
0 

Proof  (Nota t iona l  convention: l e t  V = N u T,  and i f  E{-,-,v) then  

use  V t o  r e p r e s e n t  t h e  s e t  { & l a ~ V } ,  and - - alw * a j  
if w = al..-.aj .) 

I t  i s  known (Cll) t h a t  t h e r e  e x i s t  two l i n e a r  c o n t e x t - f r e e  

languages L1 and L2, a s  w e l l  a s  a homomorphism h ,  such t h a t  

L(G) = h(L1 n L2) .  We have cons t ruc ted  (C3'1) p a i r s  of  new such 

laqguages:  



+ 
v  . €VG $Rev ( v  ) = v i-1 f o r  i = 1,. . . , m - 1 3  
1 m + i - 1  

and 
- - a' - - IUN N V + 

L 2  = { % w l a . .  .w % $ % w ~ + ~  %...p ln>O, w . a V  f o r  i c n ,  n 2n 1 

and Rev(w ) => w G n + i + l  f o r  i = 0 ,  ..., n-11 n - i  

I n  t h i s  c a s e ,  t h e  homomorphism h  i s  d e f i n e d  as  h(;) = x if xeT, null 

o the rwi se .  Observe t h a t  L1 i s  dependent  s o l e l y  on t h e  vocabu la ry  

V and i t  on ly  checks whether  t h e  s t r i n g s  around t h e  c e n t r a l  

.I %sG%$%'  a r e  m i r r o r  images of each  o t h e r .  But t h e  f a l l o w i n g  

r e w r i t i n g  system does e x a c t l y  t h e  same job ,  and,  i n  a d d i t i o n ,  

performs t h e  homomorphism h : 
v 

Ro = (fS B $ F e ,  % F e y  G + e  f o r  a l l  X E V ~ ,  a+a f o r  aeT) 
G 

* 
Then T n de ( L ~ , R ~ )  = h(L1 n L2) = L ( G )  and by o b s e r v a t i o n  i t  is  

0, c l e a r  t h a t  R i s  a c y c l i c .  0 

This  r e s u l t  is  s u r p r i s i n g ,  e s p e c i a l l y  from a l i n g u i s t i c  p o i n t  

of  view, and demonst ra tes  t h e  power o f  a c y c l i c  r e w r i t e  sys tems.  

S ince  i t  i s  u n d e s i r a b l e  t h a t  l i n g u i s t i c  mechanisms be s o  power fu l ,  

we w i l l  a t t e m p t  t o  p u t  bounds on them. One way t o  do s o  i s  t o  

r e s t r i c t  t h e  p l a c e s  where s t e p s  i n  d e r i v a t i o n s  can occurl. 

E s s e n t i a l l y ,  i n  a  k - l e f t m o s t  d e r i v a t i o n  t h e r e  i s  a k-symbol 

wide "windoww on t h e  d e r i v a t i o n a l  forms where r e w r i t i n g  can occu r ,  

and t h i s  window i s  on ly  al lowed t o  move t o  t he  r i g h t .  



D e f i n i t i o n  3 .1  Le t  wo => w => ... 1 => W n  be an R - d e r i v a t i o n ,  where 

f o r  i = 1, ..., n  p r o d u c t i o n s  ui+vi a r e  used  t o  o b t a i n  w = x . v . u  
i r i i  

from w ~ - ~  x .u .y . , , (x  1 1 1  i ,yi ,wicv--) ,  For any i n t e g e r  k ,  t h i s  i s  s a i d  

t o  be  a  k - J e f t m o s t  d e r i v a t i o n  i f  f o r  a l l  i = 1, . . n - 1  t h e r e  exist 
* 

s and t i n  V such t h a t  xi = t . s  w i t h  1s.l 5 k a ~ d  1t.I.s iti+l i i 1 1  1 1 
I 

Th i s  d e f i n i t i o n  of  R - d e r i v a t i o n s  g i v e s  r i s e  t o  t h e  new language 
* 

%(Ax,Rw,~-Id) = I w  ~ X E A X ,  x = > ~ w  i n  k - l e f tmoht  d e r i v a t i o n ) .  

Theorem 3 . 3  Given an  a . r .  RW = (V,R), t h e r e  e x i s t s  a n  a - t r a n s d u c e r  

OR such  t h a t  $ (AX,R,k-ld) = $$AX) . 
Proof By t h e  a c y c l i c  n a t u r e  o f  t h e  r u l e s  i n  R ,  any s t r i n g  of  

t l e n g t h  k  can be  r e w r i t t e n  i n t o  a  s t r i n g  o f  l e n g t h  a t  most  kd where 

d 5s t h e  l e n g t h  o f  t h e  l o n g e s t  r h s .  o f  a r u l e  i n  R ,  and t i s  the. 

nufiber of  symbols i n  V .  T h e r e f o r e ,  i f  we d e f i n e  a Tur ing  machine 

t r a n s d u c e r  O which s i m u l a t e s  on i t s  wofking t a p e  k - l e f t m o s t  R -  
R 

d e r i v a t i o n s ,  t h e n  i t  need have on ly  a bounded, f  i n i t e - l e n g t h  t a p e .  

B u t  t h i s  can obv ious ly  be  k e p t  i n  a f i n i t e  memory, and hence OR 

can  be  made i n t o  an  a - t r a n s d u c e r ,  0 

T h e r e f ~ r e ,  l e f t m o s t  c a r l 3 t r a i n t s  on R-de r iva t i on6  l e a d  t o  a 

much more r e s t , r i c t e d  v e r s i o n  caf r e w r i t e  ~ y s t e m s  because  a l l  t r i o s  

( i n  p a r t i c u l a r  LINEAR-CFL)  a r e  c l o s e d  under  a -  t r a n s d u c t i o n .  

A second method o f  bounding t h e  power of  a . r .  i s  t o  r e s t r i c t  

t h e  .form o f  t h e  p roduc t i ons  a l lowed  i n  R .  

Thporem 3 .4  I f  RW = (V,R) i s  an a . r .  w i t h  no n u l l  p r o d u c t i o n s ,  

then  f o r  eve ry  axiom s e t  AX,  ~ ( A X , R W )  = oe(AX,RW,k-ld) f o r  some 



Proof Suppose R has  r r u l e s  i n v o l v i n g  t symbols and l e t  c be 

t he  l e n g t h  of  t h e  l o n g e s t  l h s .  of a  p roduc t ion .  Now observe  

* t t h a t  i f  v  =>R w ,  t hen  no symbol i n  w can have more t han  k=c . ~ n c e s t o r s  

i n  v ,  a l l  of  which must be a d j a c e n t  i n  v  ( i . e .  t h e  presence  o f  a  

symbol i n  w can depend only  on t h e  p r e sence  of  a t  most k a d j a c e n t  

symbols i n  v ) .  Thi's v a l u e  of  k can  be ob ta ined  as  fo l lows :  s i n c e  

t h e  r u l e s  a r e  a c p c l l c ,  new symbols must appear a f t e r  every  a p p l i c a t i o n  

of a p roduc t i on  and hence every  symbol i n  w can be t h e  r e s u l t  of 

apply ing  ae most t . p roduc t i ons ;  s i n c e  each o f  t h e s e  uses  a t  most c 
t symbols as c o n t e x t ,  we g e t  t h e  v a l u e  o f  c  . The adjacency r e q u i r e -  

ment comes ffom t h e  c o n d i t i o n  t h a t  t h e r e  be no e-r-ules  i n  R .  
* 

Consider now some R - d e r i v a t i o n  tXv =*>  t: ( t , ? , ~ e ~  , X E V ) ,  where 

no symbol i n  t i s  r e w r i t t e n ,  b u t  X i s .  IVe w i l l  prove by i n d u c t i o n  

on t h e  l e n g t h  of  t h e  d e r i v a t i o n  t h a t  t h e r e  i s  an  e q u i v a l e n t  k -  

l e f t m d s t  d e r i v a t i o n .  

B a s i s .  I f  t h e  d e r i v a t i o n  ha s  0 6 r  1 s t e p s  then  i t  i s  

c l e a r l y  k - l e f t m o s t .  

I n h c t i o n  s t e p .  Break up t h e  d f i i v a t i o m  i n t o  s t e p s ,  t o  

s e e  where X i s  r e w r i t t e n :  

where we used r u l e  Xw A'Yz i n  s t c p  0. 
Now f i n d  t h e  1as. t  production i n  @ which produces only  

non-ances to r s  of  Y .  - 

(a) 11 t h s r e  i s  no such  p r o d u c t i o n ,  then  by wr opening 

remarks @ must be k - l e f t m o s t ,  and hence @ can be made k - l e f t m o s t  

by i n d u c t i o n .  



(b)  Otherwise ,  suppose t h a t  t h e  l a s t  such  r u l e  was a + p .  Then 

we claim t h a t  t h e  d e r i v a t i o d  i n  f u r t h e r  d e t a i l  i s  
N 

tXv =*> tXu cry => tXu p u  =*> tXh* 'pu => t Y  zu pu =*> t? 

0 2-@ 2@,e = z'@ 2 @  

The s i g n i f i t a n t  part o f  t h i s  c h i n  i s  t h a t  no p r d d u c t i o n  i n  @ 
a f f e c t s  t h e  s t r i n g  p u 2 ,  and t h i s  i s  t r u e  hy our  c h o i c e  of  a + p  

a s  t h e  l a s t  p r o d u c t i o n  g e n e r a t i n g  n o n - a n c r s t o r s  o f  Y ,  hence o f  

Yz, and t h e  n e c e s s a r y  c o n t i g u i t y  o f  a n c e s t o r s .  But now n o t e  t h a t  

s t e p  @ can b c  ~ o s t p o n e d  t o  y i e l d  t h e  f o l l o w i n g  r e o r d e r e d  

d e r i v a t i o n :  

By r e p e a t i n g  t h e  c o n s t r u c t i o n  i n  p a r t  (b)  on @ = @@ 
t h i s  t ime ( i n s t e a d  o f  @ @@ ) we w i l l  e v e n t u a l l y  (by a 

second induction, if d e s i r e d )  ach ieve  c a s e  ( a ) ,  and t h u s  

complete  t h e  p r o o f .  # 

Note t h a t  i n  t h e  above p roof  we had o n l y  exc luded  t h e  u s e  

o f  n u l l  r u l e s  ( the symbol p c o u l d  not b e  n u l l )  s o  t h a t  o t h e r  

p r o d u c t i o n s  w i t h  l e f t - h a n d  s i d e s  l o n g e r  t h a n  r i g h t - h a n d  s i d e s  

a r e  s t i l l  a l l o d  i n  R .  

F i n a l l y ,  w e  i n c l u d e  f o r  comple teness  t h e  f o l l o w i n g  r e s u l t  

whose p roof  : i s  trivial.. . 
P r o p o s i t i o r i  3 .5  Le t  RW = (V,R) be an a . r  . which h a s  only 

c o n t e x t  f r e e  r u l e s .  Then t h e r e  e x i s t s  a f i n i t e  s u b s t i t u t i o n  sR 

such t h a t  f o r  every axiom s e t  A X ,  &(AX,RW) = sR(AX). # 



4 .  S t r a t i f i c a t i o n a l  Grammars 

We now r e t u r n  t o  t h e  no t ion  o f  s t r a t i f i c a t i o n a l  grammar which 

l e d  us o r i g i n a l l y  t o  cons ider  a c y c l i c  r e w r i t e  systems.  To beg in  

wi th ,  note  t h a t  t h e  o r i g i n a l  d e f i n i t i o n  of  n-RSTRAT grammar has  

*o c o n s t r a i n t  on t h e  d e r i v a t i o n s  occur ing  on the  t a c t i c s ,  whi le  i n  

p r a c t i c e  l i n g u i s t s  appear t o  view t h e  d e r i v a t i o n s  as- be ing l e f t m o s t  

(1. e .  t he  l e f t m o s t  nonterminal  i s  t h e  one r e w r i t t e n )  . Therefore ,  

throughout t h e  fo l lowing d i s c u s s i o n  we w i l l  examine t h e  

d i f f e r e n c e s  a r i s i n g  o u t  of t h i s  v a r i a t i o n .  

F i r s t ,  we p r e s e n t  a  r e c u r s i v e  c h a r a c t e r i z a t i o n  of the 

n-RSTMT languages.  For t h i s  purpose ,  d e f i n e  the  language genera ted  

by a 0-RSTRAT grammar RST' = (0 ,  () , (R') ,VC ,VE)  as L.-RSTRAT (RST') 
* 

&($,R*) n VE.  Then t h e  fol lowing theorem i s  an  obvious conse-  

quence o f  t h e  d e f i n i t i o n  o f  L-RSTRAT: 

Theorem 4 . 1  If  RST = ( n ( G  G ) , ( R o ,  ..., n  R-) ,VC,VE) i s  an n 

n-RSTRAT gramman, and TOP (RST) i s  t h e  (n -  1) -RSTRAT grammar 

(n-l ,(G1, ..., G' ) , ( R o , . . . , R  n-  1 n- 1 ) ,.V T ) , then L-RSTRATCRST) = C 9  n  

Us ing  Theorems 4 . 1 ,  3 .1  and t h e  known c l o s u r e  p r o p e r t i e s  

of  t h e  r e g u l a r  languages,  i t  i s  easy t o  see  t h a t  i f  a l l  the  t a c t i c s  

G1: ..., GI of an n-RSTRAT grammar a rc  non-sclfcmbcdding then t h e  n, 

s t r a t iT i c - a t i ona l  grammar can gene ra t e  on ly  a  r e g u l a r  language.  

On t h c  o t h e r  hand ,  as  soon  as one o r  the  t a c t i c s  i s  a/llowed 

t o  b c  o f  type 2 and selfembcdding, t h e n  by Thaorcms 4 . 1  and 3.2 



the.RSTRAT grammar can gene ra t e  an a r b i t r a r y  RE s e t .  E v e r m o r e  

s u r p r i s i n g l y ,  t h i s  can be accomplished u s i n g  a  " u n i v e r s a l  

r e a l i z a t i o n  r e l a t i o n M ,  mea-n-ing t h a t  t o  o b t a i n  any RE s e t  we need 

on ly  vary  t h e  t a c t i c s ,  no t  t h e  r e a l i z a t i o n  r e w r i t e  system. This 

s i t u a t i o n  i s  s i m i l a r  t o  t h a t  found f o r  TG i n  C91, where t h e  

t r a n s f o r m a t i o n a l  component can b e  v a r i e d  whi le  t h e  base  grammar i s  

k e p t  f i x e d .  

Therefore ,  i n  t h i s  s t r a t i f i c a t i o n a l  model t h e r e  seems t o  

be no a l t e r n a t i v e  between t h e  i n s u f f i c i e n t  d e s c r i p t i v e  power of 

f i n i t e , a u t o r n a t a  and t h e  excess ive  poker o f  a r b i t r a r y  Turing 

machines. These r e s u l t s  ho ld  even i f  t h e  d e r i v a t i o n s  on t h e  

t a c t i c s  a r e  cons t r a i n e d  t o  b e  l e f t m o s t .  We must t h e r e f o r e  s e a r c h  

f o r  f u r t h e r  l i m i t a t i o n s  on t h e  r e a l i z a t i o n  p r o c e s s .  I n  s e c t i o n  3 

we considered s e v e r a l  p o s s i b l e  ways of d6ing t h i s ,  namely 

e l i m i n a t i n g  n u l l  o r  context -dependent  r u l e s ,  o r  making t h e  

r e a l i z a t i o n  d e r i v a t i o n  l e f t m o s t .  I n  l i n g u i s t i c  grammars t h e r e  i s  

a  c l e a r  need f o r  context -dependent  r e a l i z a t i o n  ~ u l e s ,  hence t h e s e  

cannot  be  e l i m i n a t e d .  Although i n  Sampsonts model nu11 r e a l i z a -  A> 

t i o n  r u l e s  appear t o  be needed (more on t h i s  below),  i t  i s  

p o s s i b l e  t o  envisage  a l t e r n a t i v e  models which avold  them. By 

Theorem 3 . 4 ,  t h e  absence o f  n u l l  r u l e s  i s  e q u i v a l e n t  t o  r e s t ~ i c t l % ~  

t h e  r e a l i z a t i o n  d e r i v a t i d n  t o  b e i n g  k- le f tmos  t .  Furthermore,  

based on c u r r e n t  l i n g u i s t i c  l i t e r a t u r e  t h e r e  appears  to be  no 

ob jec t io f i  t o  l i m i t i n g  t h e  r e a l i z a t i o n  t o  being k - l e f t m o s t .  

Therefore ,  we w i l l  examine t h e  g e n e r a t i v e  power of n-RSTWT 

grammars under rhi-s cans t r a i n t  . 



Theorem 4.2- I6 STR = (n,CG1,.. . ,Rn) , (RO,  . . . , R  n  ) ,VC,VE] i s  a n  

n-RSTRAT grammar w i t h  r e a l i s a t i o n  d e r i v a t i o n s  r e s t r i c t e d  t o  be  

k - l e f t m o s t  f o r  some, in tegelr  k, t h e n  t h e r e  e x i s t  homombrphism h  

and languages  L1,. . . , L such  t h a t  f o r  i = 1,. . . ,n L(G.) i s  of  t h e  n  I 

same type1  a s . L i ,  and L-RSTRAT[STR) = h(L1 n . . . n  L ) .  n  

Proof The p roo f  i s  ba sed  on a  number of  r e s u l t s  a b o u t j t r i o s ,  

which we summarize h e r e  from [4] :  

( a )  For  i =, 1 , n  t h e  f a m i l i e s  of  languages  of  t h e  same 

t y p e  as L(G.) a r e  t r i o s .  
1 

6 1 I f  L i s  a  t r i o  t h e n  H ( L )  i s  a  t r i o  and H'(L) i s  a f u l l  t r i o .  

(c) If L I P - m b , L n  a r e  t r i o s  t h e n  H ( H ( L ~  n . .  .n  )  n L n  ) i s  

a  t r i o  and i t  i s  e q u a l  t o  H (L1 n .  . . n Ln- l  n L 1; s i m i l a r l y  n 
0 

H O ( H ( L ~  n . * - n  - 1  n L n I  = H IL1 n e b e n  L,-l n L )  n i s  

a f u l l  t r i o .  

(d)  t r i o s  a r e  c l o s e d  under  i n t e r s e c t i o n  w i t h  r e g u l a r  s e t s  and 

e - o u t p u t  bounded a - t r a n s d u c ' t i o n s  , w h i l e  f u l l  t r i o s  a r e  

a l s o  cl-osed under  a r b i t r a r y  a- t r a n s d u c t i o n .  

We now T r o v e  the .  theorem by i n d u c t i o n  on n .  

B a s i s .  For n = l ,  by Theorems 4 . I  and 3 . 3  t h e r e  e x i s t  a ,  
* 

t r a n s d u c e r s  O and O such t h a t  L-RSTRAT(RST) = o ~ ( O ~ ( V E ) ~ I , ( G ~ ~ ) ~ V ~ ;  1 0 

t hen  ou r  theorcm ho lds  by n o t e s  (a)  and (d)  above w i t h  h  b e i n g  t h e  

i d e n t i t y  map. 

induction s t e p .  For t h e  . c a m  n + l ,  by T h e o r e m ~ r 4 . 1  and 3 .3  

t h e r e  e x i s  t s  a -  t r a n s d u c e r  O n v l  s uch  t h a t  L-RSTRAT(RST) is  e q u a l  t o  
* 

On+ 1 (L-RSTRAT(TOP(RST)) n L ( G  ) )  n V,. n+ 1 ( 4 )  

1 Meaning t y p e  3 ,  t y p e  2 ,  t y p e  1, type  0 ,  l i n e a r  language .  



But by i nduc t i on ,  t h e r e  e x i s t  homomorphism hM and languages 

L:, . , .  , L t t  such t h a t  L-RSTRAT(TOP(RST)) = hTt(L!i n . .  . n -  Lt \3  . n  n  

S u b s t i t u t i n g  th is  i n  ( 4 )  and appllying n o t e s  ( a ) ,  (b) and (c) we 

f i n d  a  homomarphism h  and languages LI,. .-,  L n + l  o f  t h e  same type 

as L';, ..., L t t  and L(Gn,+l) such t k a t  L RSTRAT(RST) = h(Ll fi . . . nL ) . # n  n+ 1 

Remark t h a t  by Theorems 34.4 and 3.5 t h e  same r e s u l t  ho lds  

i n  t h e  case  when t h e  r e a l i z a t i o n s  do n o t  c o n t a i n  n u l l  r u l e s ,  and by 

examining t h e  above proof i t  can  be seen  t h a t  t h e  homomoxphism h  

can be  r e s t r i c t e d  t o  be ing  e f r e e  i n  t h i s  c a s e .  

The fo l lowing  canverse  t o  Theorem 4 . 2  can be e a s i l y  

e s t a b l i s h e d :  

Theorem 4 . 3  Given homomorphism h  from T t o  T I . ,  and r e w r i t e  

grammars G . . . ,G wi th  t e rmina l  alphabets T ,  then  f o r  i = 0 ,  .. . , n  1' n  

t h e r e  e x i s t  c o n t e x t - f r e e  a c y c l i c  r e w r i t e  systems Ri such t h a t  

Proof For  j cn ,  d e f i n e  R .  t o  be {a+al aaT] , by t h e  d e f i n i t i o n  of  
3 

RSTRAT-derivations t h i s  w i l l  s i m u l a t e  t h e  i n t e r s e c t i o n  of  t he  

languages genera ted  by t h e  t a c t i c s .  F i n a l l y ,  d e f i n e  R t o  be 
n 

{a+h(a) 1 a d ) ,  t hus  p e r f ~ r m ~ n g  the  horrtomorphism on t h e  i n t e r s e c t i o n .  6 

To beg in  w i t h ,  the  above theorems p a r t i a l l y  conf i rm Sampson's 

h i t h e r t o  unproven c la im (C 13 : page 111) t h a t  s t r a t i f i c a t i o n a l  

languages a r e  t h e  ~ e s u l t  of i n t e r s e c t i n g  t h e  languages o f  t h e  

t a c t i c s .  Note however two impor t an t  q u a l i f i c a t i o n s  t o  t h i s  c la im:  



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 hornornorphic 

intersections of the CFLs .  For 1122, this is known to equal the 

RE sets if null realizations are allowed; if null realization rules 

are not allowed then for ns3 the n-RSTRAT grammars generate the 

family QUASI of sets recognized by nondeterministic Turing 

machines in real or linear time ( C  21)  . These observations 

demons t ~ a t e  that n-RSTRAT grammars can be appropriately modif ied . 

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 aro restricted. The b a s l c  problem with 

restricting null rules lies in the pronounced bias o f  this m o b 1  

towards the realization of terminal units from one tactics to the 

next. In practice, in order to describe linguistic phenomena it is 

necessary to h w c  information about the ent i - rc  derivation process 

on some tactics. Sampson accomplishes this by introducing "pseudo- 



t e r m i n a l s v v  i n t o  s t r i n g s ;  f o r  example, if t h e  a p p l i c a t i o n  o f  

p roduc t ion  x-+y i s  t o  be  no ted  f o r  l a t e r  u s e ,  t hen  e i t h e r  r u l e  x+py 

o r  xtyp would be used i n  t h e  t a c t i c s  t o  i n t r o d u c e  p a s  a  marker 

of t h e  occurrence  of x+y. The c h i e f  drawback of  t h i s  approach i s  

t h a t  t h e  npseudo- terminals"  such w p must e v e n t u a l l y  be dele te-d ,  

making n h l l  r u l e s  necessa ry .  One p o s s i b l e  s o l u t i o n  may be t o  d i s -  

cover  some bound on the  number of null r u l e  a p p l i t a t i o n s  needed, 

resembl ing t h e  "cpz l ing  func t ion t f  proposed by P e t e r s  and R i t c h i e  

(C91). Another s o l u t i o n  i s  t o  cons ide r  a new form'al model which 

a l lows  r g a l l z a t i o n  t o  access  u ~ i f o r m l y  a l l  p a r t s  of t h e  d e r i v a t i o n s  

on t a c t i c s ;  t h i s  approach i s  cons idered  i n  C31. 

Before concluding,  w e  t a k e  a  b r i e f  look a t  t h c  prablams 

r a i s e d  by one a d d i t i o n  t o  t h e  b a s i c  model d i s c u s s e d  s o  f a r ,  

namely ordered y u l e s .  I t  has o f t e n  been found u s e f u l  i n  

l i n g u i s t i c  d e s c r i p t i o n s  t o  u s e  r u l e s  af  t h e  form "A+u i f  some 

c ,ondi t ion  C h l d s ,  o the rwise  A+vv; b a s i c a l l y ,  t h e s e  types  of  

r~leS' a v ~ i d  s t a t i n g  t h e  n e g a t i o n  of ~ o n d i ~ t i o n  C ,  which may be  

cumbersome. I n  c e r t a i n  s t r a t i f i ~ a t ~ o n a l  d e s c r i p t i o n s .  t h i s  has  

l apsed  i n t o  t h e  use  of r u l e s  o f  t h e  form "A+u i f  t h i s  can l e a d  

t o  a  completed d e r i v a t i o n ,  o the rwise  A+vu. This  n o t i o n  is 

fo rma l i zed  by Sampson through t h e  assignment  o f  ' lwcightsr '  o r  

"p re fe rence  va lues"  t o  c e r t a i n  r u l e s .  Thus A+u may be g i v e n  

v a l u e  1 whi le  A+v r e c e i v e s  v a l u e  0 ,  and t h e s e  va lues  fire 

accbmulilt%d throughout  t h e  d e r i v a t i o n .  A t  t h e  end, on ly  those  

expres s ion  s t r i n g s  r e s u l t i n g  from some c o n t e n t  s t r l n g  a r e  t aken  



which have d e r i v a t i o n s  w i t h  maximal p r e f e r e n c e  v a l u e s .  The 

fundamental problem w i t h  t h i s  use  o f  f lo rde red  r u l e s v  i s  t h a t  

even i n  c o n t e x t - s e n s - i t i v e  grammars i t  i s  i n  g e n e r a l  r e c u r s i v e l y  

undecidable  whether a  c e r t a i n  d e r i v a t i o n  can be s u c c e s s f u l l y  

completed o r  n o t .  In faat, we show t h a t  u s ing  "ordered r u l e s "  

we can g e n e l a t e  even n o n - r e c u r s i v e l y  enumerable s e t s ,  an obvious ly  

u n d s i r a b l e  s i t u a t i o n .  

Theorem 4 . 4  There e x i s t s  a  c o n t e x t - s e n s i t i v e  grammar G w i t h  one 

"ordered r u l e u  which g e n e r a t e s  a  non-RE language.  

Proof The proof  r e s t s  on t h e  we11 known r e s u l t  t h a t  t h e r e  e x i s t s  

an RE language LO over  some a l p h a b e t  T ,  bhose complement - i s  - n o t  -3 RE 

and t h a t  t h e r e  i s  a type  1 grammar GO = (NO , T ~ , S ' , P ~ ) ,  where 

TO = T u { b , # ) ,  such t h a t  L(G') = {uf#b i (w)  we^', i (w) i s  some 

in tegel ;  depending on w 1 ( 1  . Consider  t h e  grammar 
N 

G' = ( N 1 , T ? , S f , P r )  where N f  *= NO u TO u {Y,Sv ,Z) ,  To' = T u T ,  

P t  c o n t a i n s  P O  and a d d i t i o n a l  p roduc t ions  a s  d e s c r i b e d  below, 

The grammar G' behaves in fo rma l ly  as fo l lows :  
* 

(a)  from S t ,  we g e n e ~ a t e  some s t r i n g  w S f  such t h a t  weT  , 
us ing  p roduc t ions  from Hf  + a s 9  I BET-) ;  

(b) t hen  wc apply  thk ordered  r u l e  " S t  -+ YSO w l t h  weight  1, 

S '  -+ ?Z with weight "0"; t h e  p l a n  i s  that t h e  new nontermlnal  Y can 

be r e w r i t t e n  I n t o  a t e r m i n a l ,  7, if and only i f  Y appears  i n  a 
L 

s t r i n g  $clanging t o  {wYwlf} { b }  (i .e .  i f f  r u l e s  of  G O  can b e  

3 uscd  t o  ~ e w r i t e  SO i n t o  somc w#b , where w i s  t h c  same a s  t h e  gues s  

0 made i n  f a ) ) .  Once some d e ~ i v a t i o n  from S i s  completed,  i t  i s  



c l e a r  t h a t  c o n t e x t - s e n s i t i v e  r u l e s  can b e b u s e d  t o  check o u t  t h e  

aoove c o n d i t i o n  f o r  Y. I n  a d d i t i o n ,  t h e  same r u l e s  can place 

t v b a r s v  over  a l l  t h e  symbols thus checked,  r e s u l t i n g ,  i f  s u c c e s s f u l ,  
- - - -  j i n  a sen tence  of  t he  form w#w#b . 

(c) Z on t h e  o t h e r  hand s imply  t r a v e l s  ac ross  t h e  s t r i n g  w 

and p l a c e s  f f d o t s v l  on t o p  of  eve ry  symbol, u s i n g  r u l e s  from 

{sZ + Z S ~ S ~ T }  
- - - c  

The r e s u l t  w i l l  be  t h a t  L ( G v )  = (w#wtbj lwcI,O) u { ~ I w ~ L ' )  . 
Suppose t h a t  L ( G f )  i s  R E ,  and l e t  h be t h e  homomorphism which 

d e l e t e s  a l l  symbols n o t  i n  T ,  and removes t h e  d o t s  from t h e  

o t h e r s .  Then h (C(G1) )  i s  a l s o  RE because  t h e  RE s e t s  a r e  c l o s e d  

under homomorphism; b u t  h ( L ( G t ) )  i s  the  complement o f  L O ,  and 

thus  n o t  i n  RE by our  cho ice  of  L O .  The re fo re  by c o n t r a d i c t i o n ,  

L ( G 1 )  i s  not RE. 

A similar pr0o.f can b e  g iven  fo'r s t r a t i f i c a t i o n a l  grammars 

w i t h  two o r  more c o n t e x t - f r e e  t a c t i c s .  These r e s u l t s  draw 

a t t e n t i o n  t o  t h e  need t o  r e d e f i n e  t h e  n o t i o n  of  "ordered yule" 

i n  s t r a t i f i c a t i o n a l  usage ,  and p o i n t  o u t  t h a t  c a r e  must be t aken  

whenever f ~ r m a l i z i n g  a s p e c t s  o f  l i n g u i s t i c  p r a c t i c e .  

I n  -conclusiofl ,  om i n v e s t i g a t i o n  of t h e  formal  p r o p e r t i e s  

o f  t h e  s t r a t i f i c a t i o n a l  model proposed by Sampson r e v e a l e d  c e r t a i n  

u n i n t u i t i v e  p r o p e r t i e s  which make i t  l e s s  d e s i r a b l e  as a t o o l  f o r  

n a t u r a l  languitge d e s c r i p t i o n .  Thus, t h e  u s e  of  r e a l i z $ t i o n  r u l c s  

wi th  n u l l  l c f tha f f td  s i d e s  was shown t o  a l low unbounded number o f  



r e a l i z a t i o n s  f o r  c e r t a i n  s t r i n g s .  More s i g n i f i c a n t l y ,  we showed 

t h a t  n-RSTRAT grammars w i t h  even one t a c t i c s  a l lowing s e l f -  

embedding could  gene ra t e  a l l  RE s e t s .  S ince  t h e r e  a r e  w e l l  known 

problems r a i g e a  by t h i s  p o s s i b i l i t y ,  most s i g n i f i c a n t  being t h e  

i n a b i l i t y  t o  decide grammat ica l i ty ,  we i d e n t i f i e d  a l i p g u i s t i c a l l y  

accep tab le  r e s t r i c t i o n  on t h e  r e a l i z a t i o n ,  namely k - l e f t m o s t  d e r i v a -  

t ions*,  which l e d  t o  improvements i n  some s i t u a t i o n s .  Under t h i s  

addi t3onal  c o n s t r a i n t  , c l a s s e s  of n-RSTRAT grammars were shown. t o  

v a r i o u s l y  gene ra t e  t h e  c o n t e x t  -f r e e  languages,  t h e  QuasA-realtime 

languages and t h e  c o n t e x t - s e n s i t i v e  languages.  Unfor tuna te ly ,  even 

i n  t h i s  case  n-RSTRAT grammars could g e n e r a t e  non- recurs ive  s e t s ,  

un le s s  n u l l  r e a l i z a t i o n s  were r e s t r i c t e d ,  and we d i scussed  t h e  

problems inhepcrrt i n  t h i s  approach. F i n a l l y ,  we examined t h e  

d e f i n i t i o ~  o f  "ordered r u l e s f f  used i n  some s t r a t i f i c a t i c h a l  

gxammars, and formal ized by Sampson, showing t h a t  i t  allowed t h e  

genera t ton  of  even non-RE s e t s  wi th  type, 1 t a c t i c s .  

The above formal r e s u l t s  about t h e  g e n e r a t i v e  power of  

s t r a t i f g c a t i o n a l  grammars hope fu l ly  answer the  r e q u e s t s  of c r i t i c s  

such as P i t t h a  ([101), and demonstrate  the  inaccuracy of 

P o s t a l ' s  c l a s s i f i c a t i o n  of s t r a t i f  i c a t i o n a l  grammars a$ simply 

van ian t s  01 c o n t e x t - f r e e  phrase  s t r u c t u r e  grammars- The ' r e s u l t s  

a l s o  i n d i c a t e  same o f  t h e  problcm a r e a s  i n  this formal model f o r  

s t r a t i f i c a t i o n ~ l  l i n g u i s t i c s .  We emphasize though t h a t  the  problems 

a rc  s p e c i f i c  t o  t h i s  p a r t i c u l a r  formalism, ahd should  n o t  bc t aken  

a% condemnations o f  s t r a t i f i c a t i b n a l  l i n g u i s t i c s  iq g e n e r a l ,  s i n c e  

the re  a r e  o t h e r  s t r a t i f i c a t i o n a l  models which avoid t h e s e  p i t f a l l s -  
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