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This  paper surveys  problems en countered  in  s tudy ing  the l o g i c o - s e m a n t i c  
form and d i s c o u r s e  problems o f  F in n is h  query s e n t e n c e s .  We c a l l  the 
l o g i c o - s e m a n t i c  form a p r e d i c a t i o n  graph.  The b a s i c  framework we use to  
r e p r e se n t  the l o g i c a l  form o f  F in n is h  query se n te n c e s  i s  an annotated  
l o g i c a l  t r e e  tr ans form ed from the dependency parse t r e e  u s in g  graph 
t r a n s fo r m a t io n s  o f  the AWARE-system. Examples o f  a n a l y s i n g  e l l i p t i c  and 
anaphor ic  e x p r e s s i o n s  are g iv e n .  F i n a l l y ,  some c r i t i c a l  p o i n t s  o f  
c om puta ti onal  semantics  are d i s c u s s e d .

Keywords: se m a n t i c s ,  p r e d i c a t i o n ,  d i s c o u r s e  a n a l y s i s

1 CANONICAL STRUCTURE

One o f  the main o b j e c t i v e s  o f  the l o g i c o - s e m a n t i c  l e v e l  i s  t o  g i v e  th o se  

u t t e r a n c e s  that  d i f f e r  on ly  s y n t a c t i c a l l y  a uniform r e p r e s e n t a t i o n .  This  

r e p r e s e n t a t i o n  i s  a p r e d i c a t i o n  s t r u c t u r e  with  p r e d i c a t e s  and t h e i r  

arguments.  For example,  the e x p r e s s i o n s  " v a l t i o t ,  i o tk a  t u o t t a v a t  

l a i v o j a "  ( c o u n t r i e s  that  produce v e s s e l s )  and " l a i v o l a  t u o t t a v a t  v a l t i o t "  

( c o u n t r i e s  prod u c in g  v e s s e l s )  would lead  i n t o  a s i n g l e  l o g i c o - s e m a n t i c  

form something l i k e  as f o l l o w s :

PRODUCE

COUNTRY
PL

VESSEL
PL

The arguments are kind o f  typed v a r i a b l e s .  The e x p r e s s i o n  c o u ld  a l s o  be 

s t a t e d :  prod u ce (X ,Y )  and c o u n try (X )  and v e s s e l ( Y ) .  An argument may

f u r t h e r  be anoth er  p r e d i c a t i o n .  I f  the word ' c o u n t r i e s '  were r e p l a c e d  by 

'n o r d i c  c o u n t r i e s '  then the  r e s u l t i n g  s t r u c t u r e  would be :

PRODUCE
j

+------ -f*---

SITUATION
I

4----- +---- +
I I

COUNTRY NORDIC 
PL

----------- -I-
I

VESSEL
PL
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T h i 3 c o u ld  be a l s o  e x p r e ss e d  with  a c l a u s e :  produce (X ,Y )  and c o u n tr y 'X ;

and s i t u a t i o n ( X . n o r d i c ) and v e s s e l ( Y ) .  Our r e p r e s e n t a t i o n a l  form makes 

the v a r i a b l e s  in the l o g i c a l  form i m p l i c i t  thus making i t  more readab le .  

The c h o i s e  o f  the v a r i a b l e  to  be passed to  an upper p r e d i c a t i o n  i s  demand 

d r i v e n .  The s o l u t i o n  i s  based on the ideas  o f  polymorphism.

2 CHOICE OF PREDICATES

There are two e s s e n t i a l  d e c i s i o n s  t o  be made when the p r e d i c a t e s  f o r  

l o g i c o - s e m a n t i c  form are  s e l e c t e d .  F i r s t l y ,  does the system i n t e r p r e t  the 

semantic  co n t e n t  o f  u t t e r a n c e s  s t r o n g l y  thus making p o s s i b l y  a l s o  s tr ong  

r e d u c t i o n  or  does  the system r e l y  on the o r i g i n a l  form by us ing  the verbs  

with  t h e i r  v a l e n c e s  as p r e d i c a t e s  with  arguments? Se co n d ly ,  one must 

d e c i d e  whether the p r e d i c a t e s  are g e n e r a l ,  s p e c i f i c  or  bo th .
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2 .1  GENERAL PREDICATIONS IN NLI FOR DATABASES

The s e l e c t i o n  o f  p r e d i c a t i o n s  i s  not  de termined by the f e a t u r e s  o f  the 

AWARE-system. General  p r e d i c a t e s  as w e l l  as s p e c i f i c  ones may be used.  

The deg ree  o f  c a n o n i z a t i o n  depends on the p e r s o n (s )  who makes the semantic 

m o de l in g ,  t o o .  In the n a tu r a l  language i n t e r f a c e  f o r  d a t a b a s e s ,  SUOMEX 

(JAppinen & a l .  1988) we use g e n e r a l  p r e d i c a t e s .  At c o n c e p t u a l  l e v e l  

th e se  p r e d i c a t e s  r e f l e c t  the e n t i t y - a t t r i b u t e - r e l a t i o n s h i p  (EAR) approach 

f o r  c o n c e p t u a l  m ode l in g .  This  i s  m ot iva ted  by the f a c t  that  these 

p r e d i c a t e s  r e f l e c t  the c o n c e p t u a l  models o f  the d a t a b a s e s .

L e t ' s  assume that  we have companies w ith  a branch o f  b u s in e s s  and c e r t a i n  

p r o p e r t i e s  ( o r  a t t r i b u t e s ) .  Here we have an example o f  using  AWARE 

t r a n s f o r m a t i o n  r u l e s  t o  c r e a t e  p r e d i c a t i o n  s t r u c t u r e  f o r  e x p r e s s io n s  l i k e  

"Anna metScLalan y h t i d i d e n  l i i k e v a i h t o I " (Give the tu rnover  o f  the 

companies in  f o r e s t r y ) .
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The f i r s t  r u le  i n s t a n c e  matches to  dependency s t r u c t u r e s  ( f o r  more about 

dependency p a r s in g  see Le h to la  et  a l w l 9 8 5  or  Valkonen et  a l . . l 9 8 7 )  where 

the dependent i s  r e s t r i c t e d  to  be a p a r t i c u l a r  branch and the regent i s  

any synonym f o r  company. This  very  s imple r u le  c o n t a i n s  on ly  semantic  

c o n d i t i o n s  in a d d i t i o n  to  the dependency s t r u c t u r e  s p e c i f i e d .  Further 

s y n t a c t i c  checks c o u ld  be added to  a v o id  o v e r g e n e r a t i o n .

X2
(EQUALTO: company)
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I
XI

(A K O : branch)

= >

'HAVE-PROPERTY
I

^ ----------- ^ -------^
I I

ROOT-ONLY XI
X2

The second example i s  an in s t a n c e  o f  a r u l e  f o r  c o v e r i n g  e x p r e s s i o n s  

s t a t i n g  an e n t i t y  t o  have a c e r t a i n  p r o p e r t y .  The e n t i t y  here  c o u l d  be a 

company, companies,  companies in  c e r t a i n  branch e t c .  The e x p r e s s i o n  i s  

a l low ed  to  have an s p e c i f i c a t i o n  o f  p o i n t  or  i n t e r v a l  o f  t ime.

X2
(AKO: a t t r i b u t e )

ANYORDER
ANYOPTS

(REST (AKO: t i m e _ e x p r e s s i o n ))
I

I
XI

(AKO: e n t i t y )  
GenAttr 
ANYDEPS

= >
'HAVE-PROPERTY

-h-
I

XI
I I

ROOT-ONLY REST 
X2

The p r e d i c a t i o n  s t r u c t u r e  o f  the e x p r e s s i o n  "Naytd metsaalan y r i t y s t e n  

l i i k e v a i h t o  v u o d e l t a  19831" (Show the turnover  o f  the companies in 

f o r e s t r y  in 1983) i s  shown be low.

HAVE-PROPERTY

-h-----
I

HAVE-PROPERTY
I

-----------+----------

I
--h-

COMPANY
PL

------ ^
I

BRANCH
f o r e s t r y

------- ^ --------------^
I I

TURNOVER YEAR
I

---K
I

1 9 8 3
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To emphasize the g e n e r a l i t y  o f  AWARE, one must s t a t e  that  the c h o i c e  of  

p r e d i c a t e s  such as ' HAVE-PROPERTY' f o l l o w s  from i t s  use as a part  of  a 

database  i n t e r f a c e .

2.2 CONCEPTUAL HIERARCHY

Nodes in graph t r a n s f o r m a t i o n  r u le s  may c o n ta in  semantic r e s t r i c t i o n s .  

For each r e s t r i c t i o n  a proper l e v e l  o f  g e n e r a l i t y  i s  needed.  In format ion  

about c o n c e p t u a l  c l a s s e s  i s  in a form o f  h i e r a r c h y  (compare to  Grozs et 

a l .  1987 ) .  The use o f  semantic  r e s t r i c t i o n s  and t h e i r  r e l a t i o n  to  the 

c o n c e p t u a l  h i e r a r c h y  c o u ld  be e x e m p l i f i e d  wi th  p a i r  o f  e x p r e s s i o n s  l i k e  

(1)  " P e t e r ' s  ca r "  v ersus  (2)  " P e t e r ' s  w i f e " .  The f i r s t  e x p r e s s i o n  cou ld  

be t rans form ed  i n t o  p r e d i c a t i o n  'OWN' but the l a t t e r  one presumably not .  

The c l a s s i f i c a t i o n  i n t o  l i v i n g  and n o n - l i v i n g  o b j e c t s  can be used to  

r e f i n e  the t r a n s f o r m a t i o n  to  match a p p r o p r i a t e l y .

3 DISCOURSE ANALYSIS WITH GRAPH TRANSFORMATIONS

In many c a s e s  i t  i s  not  p o s s i b l e  t o  i n t e r p r e t  a se n te n ce  w ithout  s o l v i n g  

r e f e r e n c e s  t o  the o t h e r  se n te n ce s  o f  the d i s c o u r s e .  The AWARE-system 

makes i t  p o s s i b l e  t o  an a ly ze  a l s o  the c o n t e x t  o f  an u t t e r a n c e  ra ther  than 

on ly  a s i n g l e  dependency s t r u c t u r e .  The e x p r e s s i o n s  o f  the d i s c o u r s e  are 

g a th e r e d  under a s i n g l e  node c a l l e d  ' D i s c o u r s e  Node' (DN).

D is c o u r se _ n o d e
I

4------------^------------- 4-
I I I
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. . .  s e r i e s  o f  e x p r e s s i o n s  . . .

'The t r a n s f o r m a t i o n s  may r e f e r  to  DN g i v i n g  a co n v e n ie n t  p o s s i b i l i t y  to  

handle a n a p h o r i c  and e l l i p t i c  u t t e r a n c e s .

3.1  SOLVING ANAPHORA

In a se n te n c e  a word may r e f e r  backwards t o  anoth er  word,  group o f  words 

or  a whole s e n te n c e  r e p l a c i n g  i t .  Pronouns are the most t y p i c a l  case .  

Here we g i v e  some examples o f  dependency s t r u c t u r e s  w i th  anaphor ic  

r e f e r e n c e .
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(1)  " L u e t t e l e  y r i t y k s e t ,  j o i l l a  on y i i  1000 t y o n t e k i j a i !"
(Give a l i s t  o f  the companies that  have over  1000 e m p lo y e e s ! )

L u e t t e l e - +
P r e d i c a t e !

I
-♦■--yritykset--»- 

O b je c t
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I

j o i l l a - - +  
1 A d v e r b ia l

Comma

R e lA t t r

-H-yli
I QuantorAdvAttr

+ 1000--H 
lA t tr

-» - -- työnteki  jää+ 
S u b je c t

In the example a r e l a t i v e  pronoun r e f e r s  t o  an an te c e d e n t  i n s i d e  the same

s e n t e n c e . 

sentence .

A pronoun may a l s o  r e f e r  t o  an an t e c e d e n t  in  a p r e v io u s

(2)  " M i l lä  y r i t y k s i l l ä  on y l i  1000 t y ö n t e k i j ä ä ? "  
(Which companies have over  1000 employees)  
"Mikä on n i id e n  v u o s i t t a i n e n  l i i k e v a i h t o ? "  
(What i s  t h e i r  annual  t u r n o v e r? )

+M il la  
1 A t t r  
IPreQP
I

+ - - - y r i t y k s i l l ä - i -  
A d v e r b ia l  
SimpleSP

on-----------
P r e d i c a t e  
CopVP

+ - y l i
! QuantorAdvAttr

-H1000- +
! A t tr

-» - - - työnteki  j ä ä - -  + 
S u b je c t

-»•--Mikä 
S u b je c t  
PreQP

o n------
Predicate 
C o p VP

-i-niiden
IGenAttr
IPreQP

-♦---l i i k e v a i h t o - --♦■ 
Complement 
SimpleSP
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A p a ir  o f  e x p r e s s i o n s  g iv e n  here and e s p e c i a l l y  the anaphor ic  r e f e r e n c e  

can be an a ly se d  w i th  the r u le  g iv e n  be low.

-  74 -

D is c o u r se  node

y.3
■'HAVE-PROPERTY

X5
'H A V E - P R O P E R T Y

(EQUALTO: c o m p a n y ;  A N Y D E P S  
Pf

A N Y D E P S

= >

I
X3

3E
}enAtt r 

PL

D iscou rse_n ode
I

----------- -j.-------------

I
X3

y.4
(A K O : attribute: 

A N Y D E P S

I
ROOT-ONLY

X5
I

------- ^ ------------ -I-
I

X4

The node w i th  “ n i id e n "  ( p l u r a l  and g e n e t i v e  o f  " s e " )  i s  r e p l a c e d  with  

r e f e r e n c e  to  the s t r u c t u r e  bound to  v a r i a b l e  X3.

3 .2  ELLIPSIS

Often an e l l i p t i c a l  s en ten ce  i s  preceeded  by a complete  s e n t e n c e ,  which 

c o n t a i n s  the l e x i c a l  e n t i t i e s  l e f t  out  from the e l l i p t i c a l  s en ten ce .

The f i r s t  prob lem i s  t o  v e r i f y  whether an e x p r e s s i o n  i s  e l l i p t i c a l  or not .  

Some h e u r i s t i c  r u l e s  e x i s t  but g e n e r a l l y  the d e c i s i o n  cannot be made 

d e t e r m i n i s t i c a l l y  by a n a l y s i n g  the se n ten ce  i t s e l f .  Those h e u r i s t i c s  

might i n c l u d e :

-  a c e r t a i n  e x p r e s s i o n  i s  used t o g e t h e r  w ith  e l l i p t i c a l  u t t e r a n c e .
( "Enta.s . . . " ,  "What about . . . " )

-  the case  o f  nominal  phrase i s  o th e r  than n om inat iv e .
( "A n n e n ? " ,  " A n n ' s ? " )

- nominal  phrase i s  in  comparative
( "Enemman kuin H e l s in g i s s M . ? " , "More than in H e l s i n k i ? " )

- t r a n s i t i v e  verb  has no o b j e c t
( "Myyty vuonna 1 9 8 3 ? " , "So ld  year 1983? ")
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The e x p r e s s i o n  (1)  "Turnover o f  Nokia?"  c o u ld  be u nders tood  as 'Give me 

turnover o f  N o k i a l " .  I f  the p re v io u s  e x p r e s s i o n  were (2)  " I s  the number 

o f  employees o f  Huhtamaki g r e a t e r  than the average  in f o r e s t r y "  i t  would 

most prop ahly  be u nders tood  as e l l i p t i c .

Our t r a n fo r m a t io n  r u l e  example f o r  a n a l y s i s  o f  anaphora had the d i s c o u r s e  

h i s t o r y  as se t  o f  l o g i c o - s e m a n t i c  forms.  AWARE-system may a l s o  be used to  

match p ar ts  o f  c u r r e n t  e x p r e s s i o n  towards the dependency s t r u c t u r e  o f  

p r e v io u s  u t t e r a n c e s .

The d i s c o u r s e  s t r u c t u r e  o f  e x p r e s s i o n s  (1 & 2) i s  shown be lo w ;

' D i s c o u r s e  node
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'OLLA
' P r e d i c a t e

'LIIKEVAIHTO 
' Head

' TYoNTEKIJAMXa Ra ' SUURI 
'S u b l e c t  'Complement

'NOKIA 
' GenAtt r

'HUHTAMæi 
' GenAt tr

K U I M  ' M E T S a A L A
Ad iCon iAtt r 'A d I F o s t A t  t r

'KESKIMAARIN 
' A d v e r b ia l

L e t ' s  c o n s i d e r  a r u le  f o r  handl ing  an e l l i p s i s  l i k e  t h i s .  The r i g h t  hand 

s id e  o f  the r u l e  would c o n t a in  a r e f e r e n c e  from the node 'LIIKEVAIHTO' 

( i e .  tu r n o v e r )  t o  the node ' TYbNTEKIJAMAARA' ( i e .  number o f  employees)  

thus pr o d u c in g  a d i r e c t e d  a c y c l i c  graph (DAG). DAGs are  u s u a l l y  formed 

when e l l i p t i c a l  and anaphor ic  e x p r e s s i o n s  are  a n a ly ze d .

4 SEMANTIC MODELING 

4 .1  TRUTHCONDITIONS

The view a p p l i e d  in t h i s  r e p r e s e n t a t i o n  i s  that  the sense o f  an u t t e r a n c e  

depends on i t s  t r u t h c o n d i t i o n s . 'This assumption i s  to  be seen as a b a s i s  

f o r  the way how we handle the l o g i c a l  a s p e c t s  o f  n a t u r a l  language.  Though 

we are aware about the l i m i t a t i o n s  o f  t h i s  approach in a c c o r d a n c e  to  o th er
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a s p e c t s  o f  n a t u r a l  language .

4 .2  DEPTH OF SEMANTIC ANALYSIS

The c o n c e p t u a l  s i z e  o f  the domain a NLU system i s  de v e lo p e d  f o r  l a r g e l y  

dete rmines  the semant ic  model ing  needed.  This  c o u ld  t r i v i a l l y  be

u n ders t ood  as an l i n e a r  r e l a t i o n  between the s i z e  o f  domain and the 

semantic  model .  A c t u a l l y ,  i f  new domain areas  are in t r o d u c e d  part  o f  the 

p r e c e e d in g  semanti c  model ing  has to  be c o r r e c t e d .

L e t ' s  c o n s i d e r  aga in  d i f f e r e n t  ways o f  e x p r e s s i n g  ' p o s s e s s i o n ' .  In most 

o f  the c a se s  ' t o  own' and ' t o  b e l o n g  t o '  c o u ld  be can on ized .  Compare 

examples be low :

"This  car  b e l o n g s  to  my f a t h e r "
"My f a t h e r  owns t h i s  car "

This  g e n e r a l  r u l e  does  not  h o ld  in a l l  o f  the c a s e s ,  though.  Consider  f o r

example the f o l l o w i n g  s e n t e n c e s :

"My h e a r t  b e l o n g s  t o  my daddy"
"My daddy owns my h e a r t "

Such examples are  not  ju s t  p e c u l i a r i t i e s  but show the inherent c h a r a c t e r  

o f  n a t u r a l  language .  One important consequence  from t h i s  i s  that  the 

methods and t o o l s  f o r  semantic  a n a l y s i s  should  take i n t o  account th ese  

f e a t u r e s  ( s e e  e . g .  M i c h a l s k i ,  1987) i n c l u d i n g  i n d u c t i o n  and ana logy .  As 

a human b e in g  i n d u c t i v e l y  i n f e r s  g e n e r a l  " r u l e s "  f o r  her own use she a l s o  

n o tes  the e x c e p t i o n s  f o r  t h e i r  usage .

The phenomenon known as ' t h e  knowledge p r i n c i p l e '  in the f i e l d  of 

a r t i f i c i a l  i n t e l l i g e n c e  i s  a n a l o g i c a l  to  the need o f  la r ge  amount semantic  

m o d e l l in g  f o r  NLU systems .  To get  r e s u l t s  in p r a c t i c a l  work one must have 

e f f i c i e n t  t o o l s  f o r  knowledge a c q u i s i t i o n .  'The AWARE-system takes in to  

accou n t  th e se  needs w i th  i t s  g r a p h i c a l  r e p r e s e n t a t i o n ,  r u le  g e n e r a t o r  and 

pow er fu l  r u l e b a s e  maintenance t o o l s .  Further  plans f o r  r e s e a r c h  in c lu d e  

development o f  near match a n a l y s i s  and use o f  machine l e a r n i n g  methods.
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