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Abstract

For a wide variety of semantic theories we shall present a common 
method of calculating the semantic representation when starting from the 
input text and a grammar covering the syntactic description of the text. It 
appears that the so-called data-flow trees play a huge and central role in 
this kind of analysis and translation into a semimtic representation. The 
method here seems particularly well fit for the analysis of natural language 
queries to database systems. The considerations here are rather tentative 
and reflect research in progress.

Introduction

T h is paper investigates m eth ods and  too ls  for  develop in g  a specific  kind o f  m od el 
o f  hum an language learning capability , by  presenting a  perform ative  sim ulation  
m odel (here term ed a  com pu tation a l log ico -sem an tic  in du ction  system  [16, 18]).

T h e  s£tme m eth ods and too ls  m ay be  applied  for  the pu rpose  o f  im plem enting 
a  w ide variety o f  com pu tation a l system s including certain  kinds o f  ru le-based  
expert system s and certain  kinds o f  m odern  gram m ars (in  particu lar the so - 
called unification  gram m ars) [17].

T h e  advantage o f  log ico-sem an tic in du ction  is its app licab ility  in th e  con tex t 
o f  con stru cting  natural language interfaces as well as a  variety o f  o th er user- 
friendly types o f  interfaces to  expert system s and oth er com p u ter  system s.

W e are stu dyin g  the p rob lem  o f  con stru ctin g  language acqu isition  m odels  
from  specific data . T h a t is, w e cou ld  be  cla im ed to  be  m od ellin g  an extrem ely  
advanced typ e  o f  in form ation  processin g  system s, v iz. hum an beings in the role 
o f  acquiring language capabilities. H ow ever, we are m odellin g  the perform ative  
aspects only. N o cla im  w h atsoever is m ade as to  the possib le  descrip tive  pow er 
o f  the resulting m odels from  a p sych olog ica l po in t o f  v iew  (so  we m ight ca ll it 
purely an tropom orph ic  in form ation  tech n ology ).

T h e  focu s  o f  this paper is on  log ico -sem an tic  in d u ction  w hich  is a  m eth od  for  
the system atic pattern  identification  and  extraction  in lingu istic d a ta  sequences.
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in particulax at a  sem antic and a  com bin ed  syn tactic and log ica l level o f  inter­
pretation . It prov ides a m eans for  the au tom ated  analysis o f  verbal p rotoco ls , 
and  it con stitu tes a  m eth od  for  the au tom ated  con stru ction  o f  a  logico-sem antic 
parser.

L og ico -S em a n tic  In du ction  and its au tom ated  variant C om putation a l L og- 
ico -S em an tic  In d u ction  designate a  com p lete ly  new m eth od  from  the area o f  
log ic  p rogram m in g  and  natural language processing. In contrast to  the m ajority  
o f  o th er  in d u ctive  approaches th e  m eth od  here does n ot deal w ith in duction  in 
a  sp ace  o f  p ossib le  assertions but instead  w ith  in duction  in a  space o f  possible 
log ico -sem a n tic  representations. H ere is given  a  short in trodu ction  to  the con ­
cep ts. A  m ore  com preh en sive discussion  b y  this author m ay b e  fou n d  elsewhere.

T h e  particu lar kind o f  in du ctive  in ference that we have in m ind m ay be illus­
tra ted  b y  m eans o f  a  d iagram . A lo n g  the first axis we shall m ap  all the possible 
assertions o r  utterances (in  som e su itable en cod in g ), and a lon g  the second  axis 
w e shall m ap all possib le  representations w ithin the fram ew ork o f  a  particular 
representational n ota tion  (an d  sim ilarly in a suitable en cod in g ). A  sem antic the­
ory  w ill then  o ccu r  in th e  shape o f  a  m appin g  from  the axis o f  utter£inces into 
th e  axis o f  representations (as lon g  as we presuppose unam biguity, otherw ise it 
w ill be  generalised to  a  re la tion ).

F or exam ple , we m ight & om  the fo llow in g  facts

crow  num ber 1 is black  
crow  num ber 2 is black  
crow  n um ber 3 is b lack  
etc.

m ake the a ttem p t to  in du ce  the fo llow in g  m ore general assertion ; [2] 

all crow s axe black.

T h e  ty p e  o f  in d u ction  a d v oca ted  here is o f  a  different k ind: F rom  the follow ing 
con vention s

text E l  has the log ico -sem an tic  representation  F I  
text E 2 has th e  log ico -sem an tic  representation  F2 
text E 3  has the log ico -sem an tic  representation  F3 
etc.

we sh ou ld  like to  find a  (p oss ib ly  very  lim ited ) linguistic universe L  and a  (log i­
ca l) program  P  such that for  e2u:h text e  in L  its correspon d in g  log ico-sem an tic 
representation  f  is th e  result (o u tp u t) o f  execu tin g  the program  P  w ith  the given 
e  as in pu t. H ere the exam ple  texts  E l ,  E 2, E 3 etc. are all included in the linguistic 
universe L .

C om p u ta tion a l L og ico -S em an tic  In du ction  m ay be  considered  a  generalisa­
tion  o f  th e  o ld  co n ce p t g ram m atica l in ference that m ay be  characterised as a 
k ind  o f  com p u ta tion a l syn tactic  in d u ction  [11].

T h e  possib ility  o f  a u tom ation  is d iscussed  in con siderab le  detail. T h e  im ple­
m en tation  o f  com p u ta tion a l sem antic in du ction  has to  d o  w ith  the con stru ction
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o f  a  kind o f  bleickbox to  a ccep t a  trad ition al syn tactic  descrip tion  o f  a  linguistic 
universe. Besides the b la ck b ox  m ust ciccept as input a  finite set o f  pairs <ek,fk  >  
where ek is a  text from  the lingu istic universe, and fk is the in tended  sem antic 
representation corresp on d in g  to  the input ek- For instance, the fk m ay b e  in the 
form  o f  a  log ica l form ula  o r  a  log ica l cod e . O u tp u t from  th e  b la ck b ox  shou ld  b e  a 
program  that translates linguistic input e in to  log ica l ou tp u t f  w here especia lly  
the input ek gives the ou tp u t fk. H ere is required a  com p lete  m atch  w ith  the 
given exam ples.

Som e possib le  principles fo r  such a  b la ck b ox  are d iscussed. T hese  principles 
are clarified b y  app lication  to  a  few  sm all sam ple texts . W e con clu d e  that th is new  
con cep t o f  com pu tation a l log ico -sem an tic  in d u ction  is extraord in arily  prom ising.

T h is paper contains a b r ie f discussion  and sketches a  solu tion . A  m ore  co m ­
prehensive discussion is in p reparation  [13, 14, 16].

H ere we are con cern ed  exclusively  w ith  parsing o r  textu a l analysis. A n a logou s 
considerations can  be  m ade con cern in g  textu a l synthesis o r  generation .

T h is w ork on  com pu tation a l log ico -sem an tic  in du ction  was perform ed  under 
heavy influence by  som e o f  the leading approaches w ith in  log ic  gram m ars like 
those o f  A . C olm erauer [3, 4], V . D ah l [7, 8 , 9], F . P ereira  [23, 24, 25], P. Saint- 
D izier [27, 28], and M . M cC o rd  [21, 22].

It m ay really be  seen as an a ttem pt to  unify  som e rather d iverg ing  tendencies 
in the ph ilosophy o f  language, nam ely C resw ell’s la m b d a-ca lcu la toric  th eory  [5, 
6] and som e m on tagovian  ones [19, 10], and  on  the o th er hand, the first order 
logical theories from  log ic  gram m ars [12, 16]. T h e  con trib u tion  here seem s to  
su pport any o f  these theories.

A s an exam ple we m ay investigate the fo llow in g  E nglish  sentence

(1 ) M ary  believes that P eter loved  a  w om an

W ith in  the lim its o f  a  m odestly  exten ded  first ord er p red icate  ca lcu lus we 
m ay assign to  the sentence the fo llow in g  tw o in terpretations or  log ico -sem an tic 
representations, respectively :

(2 ) 3 y [w om a n (y ) k  be lieve(pres,m ary ,love(p ast,peter,y ))]

(3 ) believe(pres,m axy,3y[w om an (y) k  lov e (p a st,p e ter ,y )])

A n  absolu tely  central p rob lem  o f  sem antics (here ca lled  the log ico -sem an tic 
prob lem ) is to  assign to  each  input text from  the appropria te  lingu istic universe 
on e or  several form alized  sem antic representations. A s form alization s we will 
here consider on ly  log ica l form ulae belon g in g  to  som e particu lar log ica l calculus 
(like definite clauses or  H orn  clauses, first order p red icate  log ic , som e exten ded  
first order predicate  log ics, the lam bda  calcu li, and M on tagu e ’s intensional log ic  
[19]).

T h e  principles o f  im plem entation  are qu ite clear and  fairly  well develop ed , 
as m ay be  seen by  stu dy in g  the exam ple  b e low  (an oth er exam p le  m ay b e  fou n d  
in [16]). B ut as far as an actu al im plem entation  is con cern ed , w e are w ork ing on  
it a lbeit in a  rather slow  pace  (du e  to  lack  o f  resources).
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A  Small Example
N ow  tim e is p ro b a b ly  ripe to  investigate the exam ple m entioned above. T h is m ay 
b e  seen as a  further developm en t o f  the ideas discussed in [16]. I f  the syntactic 
d escrip tion  is th e  fo llow in g  little  gr<immar

(4 ) Sent —► N p V p
N p  —► D et N ou n  | P ro p  
V p  —> T v  N p I V p -s  that S

(in  th e  last p rod u ction  rule we have used a  categorial grsim m ar n ota tion ) then we 
m ay lo o k  fo r  a  representative, also called  an exhaustive text. Such an exhaustive 
sam ple tex t m ay b e  the fo llow ing:

M ary  believes that P eter loved  a  w om an

W ith in  th e  chosen  sem antic representational notation  (a  p red icate  calculus o f  
a rb itrary  high order, PC^^) w e m ay prefer to  use a  kind o f  generalised quantifiers 
for  representing som e (tw o ) possib le  interpretations o f  the sam ple text in the 
fo llow in g  w ay:

(5 ) a (y ,w om a n (y ),b e liev e (p res ,m a ry ,lov e (p a st,p eter ,y )))

(6 ) b e liev e (p res ,m a ry ,a (y ,w om a n (y ),lov e (p a st,p eter ,y )))

T h e  tw o  in terpretation s dev iate  b y  on e  having as a  presupposition  the exis­
ten ce  o f  such a  fem ale and the o th er n ot having that presu pposition . M ontague 
gram m ars like P T Q  w ou ld  ob ta in  the sam e distinction .

I f  w e ch oose  to  con sider the first form ula  (5 ) to  b e  th e  intended represen­
ta tion , the m eth od  here w ill lead in a  m echanical fash ion  to  the log ic  program  
show n b elow  (7 ) , w ritten  in the form  o f  a  log ic  gram m ar.

T h e  program  con stitu tes ju st a  syn tactica l descrip tion  augm ented w ith at­
tributes o r  decora tion s  as m ay b e  seen b y  ignoring  the fu nctional argum ents 
(th en  qu ite  s im p ly  the gram m ar o f  (4 ) o ccu rs ).

L et us see w hat happens m ore  precisely  in  ou r m eth od . T h e  intended resulting 
form ula  (5 ) sh ou ld  b e  represented as a  tree structure like that in figure 1. T hen  
the fo llow in g  steps sh ou ld  b e  perform ed :

Step 1: E num erate the boxes  in the intended result structure. (In  ou r  exam ple
th is m eans that the boxes  w ill get the num bers from  1 to  7, as in figure

1).

Step 2: C on stru ct th e  syn tactic  structure (b y  perform in g parsing o r  syntactic
analysis).

Step 3: C rea te  a  m atch  betw een  the result structure and the syn tactic  struc­
ture. M ore  precisely, m ake a  con n ection  from  a  num bered b o x  in the 
result stru ctu re to  the lex ica l ca tegory  in the syn tax  structure to  which 
the w ord  (lex ica l or  syn categorem atic) belongs. T h is  is an in dication  o f  
the vertex  in the syn tax  tree w here that fraction  o f  the result structure
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Figure 1:
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Figure 2:
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Figure 3:

having  th e  relevant w ord  as its top  vertex, is be in g  con stru cted  as the 
result a ttribu te  o f  the vertex.

Step 4: C on stru ct the flow  from  the so-ca lled  focu s  variables (form  a new vari­
ab le  fo r  each  N p  phrase, as in flgure 2 ).

Step 5: C on stru ct the flow  in the lex ica l rules.

S tep  6: C on n ect each  pair o f  num bers correspon d in g  to  an edge in the result
stru ctu re (here the tree stru ctu re  shou ld  b e  respected , as in flgure 3 
w here the fo llow in g  pairs are con n ected : 7 -6 , 5 -4 , 6 -4 , 3 -2 , 4 -2 , 2 -1 ) .

S tep  7: C heck  the con sisten cy  con cern in g  arity  and loca l flow.

In  ou r  exam ple  the augm ented  syn tactic  structure w ill be  like figure 3.

T h e  resu lting log ic  gram m ar w ill b e  the follow ing:

(7 ) S (V ,W ,U ) N p (X ,Y ,Z ) ,V p (X ,W ,V ,U )
N p (X ,Y ,Z )  P r o p (X )
N p (X ,Z ,W ) ^  D (X ,Y ,Z ,W ) ,N (X ,Y )
V p ( Y ,X l ,Y l ,V )  ^  V p -s (X ,Y ,Z ,W ),[th a t ] ,S (W ,Z ,V )
V p (Y ,W ,V ,U )  ^  T v (X ,Y ,Z ,W ) ,N p (Z ,V ,U )
D (X ,Y ,Z ,a (X ,Y ,Z ) )  ^  [a]
D (X ,Y ,Z ,e v e r y (X ,Y ,Z ) )  [every]
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Concluding Remarks and Perspectives

A s to  w hich  representation  languages are a ccep tab le  w ith  respect t o  this m eth od , 
there seem s to  be  a high degree o f  freedom  so that we seem  to  b e  near th e  im ­
plem entation  o f  a  general in form ation  th eoretica l or  com p u ter  scien ce parad igm  
like this:

Anyw ay, there exists a  requirem ent that a  kind o f  h om om orp h y  property , 
a  kind o f  com position a lity  shou ld  b e  available in the relationship  betw een  in­
put and ou tpu t. O ne or another variant o f  F rege ’s princip le o f  com p osition a lity  
should be  obta ined :

T o  the extent that ou r rules axe o f  the form

P o (G (y i, . . . ,y n )) -> p i(y i ) ,. . . ,P n (y n ) 

we know  abou t the sem antic representation  fu n ction  Sem that 

S e m (P o )= G (S e m (P i) ,. .. ,S e m (P n )) 

w here P o = P i ^ P 2 ^  Pn

provided  that P^ is the fragm ent o f  the input tex t be lon g in g  to  the syntax 
ca tegory  pk for  all k e { 0 , l , . . ,n } .

A n d  this p roperty  is precisely on e w ay o f  expressing Pregean com position a lity .
O ne perspective o f  this approach  is that it a llow s a  generalisation  in to  w hat 

we tend to  ca ll com pu tation a l log ico-sem an tic a bstraction  [18]. In this con text 
it is profitab le  to  m ake use o f  certain  results from  the m odern  com p u ter science 
disciplines o f  log ic  program m ing, attribu te  gram m ars, and den otationa l sem antic 
theories.

A n oth er perspective  concerns au tom ated  learning. C om p u tation a l log ico - 
sem antic in du ction  has the property  that the system  will be  able to  im prove  
its linguistic perform an ce (i.e ., handling new  in form ation  o f  a  sem antic nature) 
by  a doption  from  a  single occu rren ce  o f  a  gram m atica l rule. T h a t m ust b e  effec­
tive autom ated  learning par excellence!

So, besides con clu d in g  that the m eth od  o f  log ico-sem an tic in d u ction  is not 
on ly  new bu t also prom ising we are able to  discuss A l-p rob lem s related to  in­
du ctive  learning from  the fo llow ing  perspective: in du ctive reasoning as a  w ay o f  
m anaging linguistic in form ation  in log ica l system s. H ence in this case it is not 
really a  question  o f  em pirical in form ation , and o f  course its relationsh ip  to  A I 
is always arguable (w hat is the precise con ten t o f  A I? ), but a  surprisingly  high 
degree o f  au tom ated  learning is actu a lly  obta inab le .
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