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Abstract

TACITUS is a text understanding system being developed at SRI In­
ternational. One of the main components in the system is a knowledge­
base which contains commonsense and domain specific world knowledge 
encoded as axioms in a first order predicate calculus language. The prime 
function o f the knowledgebase is to provide extra-linguistic facts to be 
used in the resolution of a range of ambiguities such as compound nom­
inal constructions, definite reference, and in drawing conclusions on the 
basis of the implicatures in the text. The paper discusses the methodology 
used in building a knowledgebase for analyzing news reports about terror­
ist attacks, and demonstrates how it is used in an application extracting 
information to be stored in a simulated database.

1 Preamble

D u ring  m y term  as In ternational Fellow  at S R I International, C alifornia , this 
past w inter, I had the op p ortu n ity  to  fam iliarize m yself w ith  the T A C IT U S  
tex t understand ing  system . U nder the supervision  o f  Jerry H obbs, w h o is head 
o f  the T A C IT U S  p ro je c t , I deve lop ed  a  dom ain  specific know ledgebase fo r  the 
T A C IT U S  system . T h e  present paper is a  b r ie f and fairly  high-level and non­
tech n ica l overv iew  o f  the enterprise.

S ection  2 o f  the paper presents the m eth o d o lo g y  used in the con stru ction  o f  
the k now ledgebase for  new s reports  a b ou t terrorist attacks; a  cru de outline o f  
the T A C IT U S  system  is g iven in section  3 as necessary background inform ation  
b e fore  w e g o  on  to  look in g  in detail at an exam ple text in sections 4 and 5. W e 
con clu d e  w ith  som e final rem arks in section  6.
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2 The Methodology behind the Construction 
of the Knowledgebase

O ur goal was to  build  a  fa irly  large k now ledgebase for  a  specific  dom ain , nam ely 
terrorist attacks, to  b e  used as a  basis for  au tom ated  u nderstanding o f  texts 
falling w ithin this dom ain , and subsequent au tom atic  ex traction  o f  specific  in­
form ation . W e decided  to  w ork  on  the basis o f  a  set o f  sam ple texts , and we 
com piled  a corpu s con sistin g  o f  several news reports a b ou t terrorist events. T h is 
corpus then con stitu ted  the ba ck b on e  in ou r work.

R ather than a d op t w hat m ight b e  term ed a  strict sublanguage app roach  to  
the descriptive task (cf. H irschm an 1986, and  H ob b s 1984 fo r  m ore deta iled  dis­
cussions), we em ployed  a  m e th od o logy  o f  stepw ise refinem ent (cf. H ob b s 1984).

T h e  three steps o f  ou r w orking m eth od o logy , w hich  w ill b e  e labora ted  on  
below , consisted  in:

• A n  (in form al) analysis o f  the corpu s texts in order to  establish  a  basic 
vocabu lary, determ ine and select relevant facts for  the dom ain.

• B reaking up the dom ain  in to  self-con ta in ed  and coherent sub-dom ains.

• A xiom atizin g  the facts o f  the subdom ains.

2.1 The Analysis o f Corpus Texts

Firstly, the corpu s texts served the pu rpose  o f  establish ing the basic voca b u la ry  
in our system . Secondly, they  con stitu ted  a  p ictu re  o f  the w orld  we intended 
to  m odel in ou r know ledgebase, i.e. w hat are the settings, w hat are the typ ica l 
actions, w h o are the agents, w hat are the roles and relations betw een  the entities 
in ou r ‘ terrorist’ universe, etc. T h u s th ey  in d icated  w hat lingu istic an d  extra - 
linguistic in form ation  w ould  be  needed in ou r know ledgebase.

U sing a  fu ll-sentence con cordan ce  o f  the sam ple texts , we look ed  at each 
single lexical item  in con tex t, and n oted  dow n , in an in form al m anner, w hat 
facts were linguistically  presupposed  and  w hat general back grou nd  know ledge 
w ould be  needed in ord er to  understand a  given  occu rren ce  o f  a  lexical item  in 
its con text. (W e will n ot discuss the m eaning o f  ‘u nderstand ’ here, bu t we use it 
in a  sense sim ilar to  that o f  E c o ’s term  ‘a ctu a lisa tion ’ (E co  1979)).

T h e analysis results in  a  first breaking dow n  o f  each  item  in to  com p on en t 
parts and explicit statem ents abou t the im plicatures (G rice  1975) carried  by  the 
text.

2.2 Structuring the Domain Information

T h e  aim  o f  the second  step  was to  structure the dom ain  in form ation  by  sorting 
f2w:ts in to sub-dom ains o r  ‘ c lu sters ’ (H ayes 1985). T h e  prim e reason for  im posin g  
a  structure on  the dom ain  is to  enhance con cep tu a l clarity, attain  m odularity , 
and to  be  able to  d iscover gaps and log ica l dependencies in the know ledgebase.
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S ortin g  fa cts  in to  su b -dom ains is generally  a  straightforw ard process. T h e 
first cru de d istin ction  w hich  can  be  m ade, is that betw een facts pertaining to  
com m on sen se  know ledge and  dom ain  specific  or  specialized know ledge. T h e  for­
m er is facts a b o u t the w orld  in general and not particu larly  tied to  a  specific d o ­
m ain  (b e  it terrorist actions, in form ation  technology, or  w hat have y o u ), whereas 
the la tter characterizes the facts w hich  are qu ite often  fou n d  to  be  restricted and 
h igh ly  specia lized .

F acts perta in ing  to  for  exam ple space, tim e, and b e lie f are considered com ­
m onsense know ledge, w hereas various facts abou t terrorist organizations are 
clearly  dom ain  specific , and essential for  the understanding o f  reports abou t 
terrorist events. G eograph ica l facts a b ou t the location  o f  cities and countries 
seem  to  fall som ew here betw een  the m ore abstract com m onsen se n otion  and the 
specia lized  dom ain  know ledge.

O n  the basis o f  the results from  ou r fact-finding, i.e. step  on e above, we 
defined 30 su b-dom ains. T h e  overall con cep tu a l structure for the know ledge base, 
the su b -dom ains and the relations betw een  them , can be  schem atica lly  rendered 
b y  the illustration  in figure 1.

A p a rt from  prov id in g  con cep tu a l clarity, the advantage o f  this m odu lar ap­
p roach  is ob v iou s ly  that it perm its you  to  later enhance or  m od ify  the sub- 
dom ain s in th e  know ledgebase independently  o f  each other.

2.3 Axiom atization of the Facts

T h e  final step  in the con stru ction  o f  the know ledgebase consisted  in creating 
precise  on to log ies fo r  the in dividual sub-dom ains, i.e. w hat entities exist and 
w hat are the relations betw een  them , and axiom atizing  the facts.

T h e  m ain task here was to  decide on  w hich  pred icates to  d ecom pose , i.e. 
ch aracterize  b y  o th er  or  new  predicates, and w hich  w ere to  be  basic predicates, 
i.e. grou n d  term s for  w hich  n o  further descrip tion  is provided .

T h e  idea  beh in d  the a d op ted  approach  is neither to  fu lly  define each lexical 
item  in the sense o f  p rov id in g  necessary and sufficient con d itions, nor to  decom ­
p ose  it in to  a  predefined set prim itives in the Schankian tradition . R ath er, the 
p u rp ose  was to  ch aracterize  the pred icates used in the know ledge-base. C onsider 
as an exam ple  the fo llow in g  ax iom s from  the ‘o rgan iza tion ’ sub-dom ain .

organ ization  (o )  - >  E  s (V x . xG s - >  person  (x ) &
m em ber (x ,o ) )  &

E  p ,g  plan (p ,g ,o )

m em ber (x ,o )  - >  E  e. role (e ,x ,o )

role  (e ,x ,o )  < -  agent (x ,e ) &  in .servicejD f (e ,g ,p ) &
plan (p ,g ,o )

T h ese  ax iom s g ive the basic fa cts  a b ou t organ izations, i.e. that an organizar 
tion  has persons as m em bers, and that they  have a  plan. F urtherm ore, a  m em ber
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has a role, w hich  is be in g  the agent o f  som e action  w hich is in service o f  the plan 
o f  the organ ization .

3 The Knowledgebase and the TACITUS 
System

T o  test ou r  kn ow ledgebase, we im plem ented  a  subset (ap p . 100) o f  the axiom s we 
had  defined on  th e  system , and  ran different types o f  sentences. T h e  axiom s are 
stated  in  the ‘on to log ica l p rom iscu ou s ’ n otation  developed  b y  H obbs (cf. H obbs 
1985b).

T h is  n ota tion  is a  first order pred icate  calcu lus language w ith  the add ition  o f  
a  n om in a lization  op era tor , w ritten  ‘ ! ’ , and  an extra  argum ent, in form ally  referred 
to  as th e  ‘ s e lf ’ argum ent.

T o  b e  m ore  con cre te  and to  con vey  the basic intuition o f  the notation  to  the 
reader, let us con sider a  sim ple exam ple:

ex p lod e  (b ) w hich  is to  be  read as: b  exp lodes

e x p lo d e !(e l ’", b )  w hich  is to  b e  read as: the explosion  o f  b.

W h ere  p (x )  says that p is true o f  x , p !(e ,x ) says that e is the eventuality  or 
p ossib le  s ituation  o f  p be in g  true o f  x . Consequently, H ob b s ’ n otation  can  be 
related to  standard  first order pred icate  expressions b y  the fo llow in g  axiom :

(V x )  p (x )  < = >  (E e) p !(e ,x ) &  R exists(e )

w here R e x ists (e ) says that th e  eventuality  ‘e ’ does in fa ct really  exist.
In sum , the basic idea  o f  the n otation  is that o f  sp litting  a  sentence in to its 

p rop osition a l con ten t and  an assertion a l/ex isten tia l cla im . Furtherm ore, the self 
argum ent, i.e. the ‘e ’ , p rov ides a ‘h and le ’ for  referring to  a  pred ication , i.e. a 
p red ica te  and  its argum ent, in o th er predicates.

B efore  w e g o  on  to  d iscussing a  sam ple text, we w ill g ive a crude overview  
o f  th e  basic com p on en ts  and  their fu n ction in g  in the T A C IT U S  system . W e 
d eliberate ly  ign ore som e o f  th e  m ore advanced  features o f  T A C IT U S  in order not 
to  get b o g g e d  dow n  by  t o o  m an y  tech n ica l details. U nfortunately, this m eans that 
we d o  n ot d o  T A C IT U S  full ju stice  (b u t fo r  m ore  detailed  and com prehensive 
descrip tion s o f  th e  system , see for  exam ple  H obbs 1986c and later).

T h e  system , w hich  is im plem ented  in L IS P  and runs on  S ym bolics, com prises 
an in terpretation  com p on en t and  a  task specific  analysis com pon en t. In the 
in terpretation  com p on en t, there is a  parsing and a  pragm atics m odu le. T h e 
parsing m odu le  handles the syn tactic  and  w hat w e will call the basic sem antic 
analysis; this m od u le  is a  further developm en t o f  the D IA L O G IC  system  (G rosz 
et al. 1982) used in  T E A M  (G rosz  et al. 1987). A s ou tp u t, it p rodu ces a  logical 
form  o f  the parsed sentence in a  first-order pred icate  calculus language. T h e 
log ica l form  is e labora ted  on , or  m ore  precisely, further processed  by the second 
m od u le  o f  the in terpretation  com p on en t, the pragm atics m odu le. T h e  task o f
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the pragm atics m odu le is to  resolve referential expressions and som e syn tactic  
am biguities, to  expand m etonym ies, and to  interpret the im plicit relations in 
com pou n d  nom inals. T h e  pragm atics m odu le  w orks by  con stru ctin g  a log ica l 
expression for  the basic sem antic analysis result, and  ca lling the K A D S  th eorem  
prover (Stickel 1982) to  p rove  o r  derive it using a  schem e o f  a b d u ctiv e  in ferencing 
in w hich it is perm itted  to  assum e the existence o f  ‘n ew ’ facts. T h e  th eorem  
prover draw s on  the know ledgebase o f  com m onsen se and dom ain  kn ow ledge to  
com plete  the task.

A b d u ctiv e  in ference is, o f  course, a  log ica lly  invalid m o d e  o f  in ference, i.e. 
given p (X ) —► q (X )  and q (a ) we con clu d e  p (a ). H ow ever, we m ay argue, as 
does H obbs (cf. H obbs et al. 1988), that it is a  reasonable way o f  look in g  at text 
understanding becau se a b d u ction  is inference to  the ‘ best exp lan ation ’ in a  g iven 
con text. q (a ) can  be  thought o f  as the observerable  ev iden ce, the im p lica tion  as 
the general princip le that cou ld  explain  the occu ren ce  o f  q (a ) , and  the antecedent 
o f  the im plication  as the underlying cause or  exp lan ation  o f  q (a ).

A n  interesting feature o f  the pragm atics  m odu le  is that it uses a  schem e for 
abd u ctive  in ferencing in w hich  weights and costs are assigned to  the ax iom s (for  
further details, see e.g . Stickel 1988). T hu s i f  we can n ot p rove  an antecedent, 
we assum e its existence at som e cost. S om e basic heuristic princip les con tro llin g  
the weights and assum ability  costs are hardw ired in to  the system  (e .g . it is m ore 
expensive to  assum e a  fa ct than to  prove it, and  it is less expensive to  assum e 
an indefinite entity than a  definite o n e ), bu t the ax iom s in the know ledgebase 
m ay be  assigned costs m anually (cf. 4 .2 ). T h e  in terpretation  o f  a  tex t in this 
abdu ctive  and assum ption-based  fram ew ork , am ounts to  p rod u cin g  the m inim al 
explanation  o f  w hy the text w ould  be  true (cf. H obbs et al. 1988 for  a  deta iled  
d iscussion).

T h e  analysis com pon en t, i.e the com p on en t for  ex tractin g  task specific  in­
form ation  from  an interpreted tex t, is basica lly  a  specia lized  ca ll t o  th e  th eorem  
prover (see further be low ). T h e  enhanced  log ica l form , i.e. the result ou tp u t from  
the pragm atics m odu le, is abd u ctive ly  proved  b y  back -chain ing  over the ax iom s 
in the know ledgebase.

In the next sections, we will have a lo o k  at an exam ple text and  show  how  
the know ledgebase is used for  d isam biguation  and  com p u ta tion  o f  im plicit in for­
m ation .

4 An Example
Let us now  consider the fo llow in g  tw o sentences as an exam ple text to  be  treated  
within our fram ew ork:

(1 ) A  b om b  exp lod ed  at a  R enau lt sh ow room  in B ilb a o . A  person  cla im in g  to  
represent the E T A -M  had w arned o f  the blast in a  call to  the police .

L inguistically, the sentences present us w ith  prob lem s o f  resolving a  co m ­
pou nd  nom inal con stru ction , ‘R enau lt sh ow room ’ , and loca tin g  a possib le  an­
tecedent for ‘ the b last ’ .
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T h e  extra -lin gu istic  know ledge needed in order to  achieve som e reasonable 
level o f  u nderstanding o f  the text is am on g  oth er things; R enau lt is a  French 
firm  m anufacturing p rod u cts , i.e. cars, a  sh ow room  is a  bu ilding ow ned by  a 
firm  w here the p rod u cts  o f  that firm  are on  display, B ilb a o  is a  city  in the 
cou n try  Spain, E T A -M  is a  terrorist organ ization , and  terrorist organizations 
have m em bers, certain  plans and  goals and violent m eth ods for reaching their 
goa ls , and  an exp losion  generally  involves a  blast.

T h e  basic facts such as for  instance Spain being a  cou n try  and E T A -M  being 
a  terrorist organ ization , are en cod ed  as existential ax iom s in the knowledgebase. 
E .g :

(la) (Defaxiom COUNTRY-SPAIN-1 (terror)
‘‘Spain is a country’’

((SOME ((el* . ev) (country! el* Spain)))

(lb) (Defaxiom TERORG-ETA-M-1 (terror)
“ETA-M is a terrorist orgemization’’
((SOME ((el* . ev) (terorgi el* eta-m)))

T h e  quantified  variables in the ax iom s are m arked for their ty p e  such that 
‘e v ’ den otes event and  ‘n e v ’ non-event variables.

4.1 Axiom s for Disambiguating Compound Nomined 
Constructions

F rom  the lingu istic p o in t o f  view , the T A C IT U S  fram ew ork  offers interesting 
possib ilities for  d isam bigu atin g  com p ou n d  nom inal expressions using linguistic 
as well as extra -lin gu istic  know ledge.

T h e  in d iv idua l nouns in a  com p ou n d  n om inal con stru ction  are analyzed as 
argum ents o f  the generic ‘n n ’-p red icate . T h a t is, the expression  ‘R enault show ­
ro o m ’ , w ou ld  appear as n n ( e l ’'‘ ,R e n a u l t ,S h o w r o o m )  in the in itial log ica l form  
o f  the sentence p rod u ced  as ou tp u t from  the parsing m odule.

In form ulatin g  the ax iom s for  resolving such nn-relations, we adopted  a  strat­
egy  com bin in g  the line o f  analysis for  cou m p ou n d  nom inals p roposed  by  D ow n­
ing (1 9 7 7 ), and  that a d v oca ted  b y  L ev i (1978 ). In sum m ary. D ow ning argues 
th at the sem antic relationship  betw een  the elem ents o f  a  cou m pou n d  can not be 
ch aracterized  in term s o f  a  finite list o f  appropria te  com p ou n d in g  relationships, 
w hereas L ev i tries to  establish  such a list for  the m ost com m on  cases on  the 
basis o f  the tran sform ation a l relationship  betw een the elem ents.

O u r com bin ed  approach  can  b e  seen in  the fo llow in g  sam ple axiom s, where 
the first tw o ax iom s e n cod e  the possib le  general relationship as expressed in 
term s o f  preposition s, and  the subsequent tw o axiom s state further specific con ­
straints.
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(2a) (Defaziom NN-1 (terror)
“An nn-relation: for”
(ALL ((el* . ev) (p . nev) (s . nev))

(IMPLY (for! el* s p)
(SOME ((e2* . ev))

(nn! e2* p s)))))

(2b) (Defaziom NN-2 (terror)
“An nn-relation: of”
(ALL ((el* . ev) (f . nev) (s . nev))

(IMPLY (of! el* s f)
(SOME ((e2* . ev))

(nn! e2* f s)))))

(3a) (Defaziom FOR-1 (terror)
“A shovroom is for products’’
(ALL ((e2* . ev) (s . nev) (e3* . ev) (p . nev) (e4* . ev) (f . nev)) 

(IMPLY (AHD (shovroom! e2* s) (product! e3* p) (firm! e4* f)) 
(SOME ((el* . ev))

(for! el* s p)))))

(3b) (Defaziom OF-1 (terror)
“A shovroom is ovned by a firm’’
(ALL ((o2* . ev) (s . nev) (e3*. ev) (e4* . ev) (f . nev))

(IMPLY (AND (shovroom! e2* s) (ovn! e3* f s) (firm! e4* f))
(SOME ((el* . ev))

(of! el* s f)))))

In trying to  abdu ctive ly  p rove  a  relevant log ica l form  ou tp u t from  the parsing 
m odu le and to  m ake im plicit in form ation  exp lic it , the pragm atics m od u le  haa 
the theorem  prover back-chain  over the ax iom s in the kn ow ledgebase. T h u s an 
nn-relation  as the above is resolved against 2a and  2b , then the new goals, 
o f ! ( e l*  s f )  and fo r !(e l*  s f ) ,  are resolved against 3a  and 3b respectively , y ie ld in g  
new goals to  be  resolved.

4.2 Axiom s for Resolving Referring Expressions

A s m entioned above , on e o f  the basic heuristic assum ption  hardw ired in to  T A ­
C IT U S ’ pragm atics m od u le  is that an indefinite noun  phrase in trodu ces new 
inform ation  and a  defin ite noun  phrase refers to  a  know n entity, i.e. som ething  
which is either in the know ledgebase or  has been in trodu ced  in the previou sly  
processed text. H ence the cost o f  assum ing an indefinite noun  phrase is cheaper 
than assum ing a  defin ite noun  phrase.

In the exam ple sentences given  in (1 ), the noun phrase ‘ the b last ’ , is related 
to  the event o f  the exp losion  m entioned in the preceeding sentence. S im plify ­
ing som ew hat (cf. further b e low ), we cou ld  say that ’ the b la st ’ is in a  sense a  
nom inalization  o f  ‘a  b o m b  e x p lo d e d ’ .

In order to  establish reference con n ection s o f  this typ e , w e define th e  fo llow in g  
kind o f  ax iom  in ou r know ledgebase:

121Proceedings of NODALIDA 1989



122 Computational Linguistics — Reykjavik 1989

(4) (Defaxiom EXPLOSIOK-BLAST-1 (terror)
‘‘An explosion generates a blast'’
(ALL ((el* . ev) (x . nev) (y . nev) (z . nev))

(IMPLY (AND (ASSUMABLE (etc-expl el* x y z ) 0.3)
(explode! el* x y z))

(SOME ((e2* . ev) (b . nev))
(AND (blast! e2* b) (genn el* e2*))))))

Essentially, this ax iom  says that a  b last (e2 * ) im plies the occu rren ce  o f  som e 
exp losion  event ( e l * ) ,  and that the latter generates the form er, w hich  is stated 
by  w ay o f  the prim itive p red ica te  ‘gen n ’ . T h e  pred icate  ‘e tc -e x p l’ , which can 
be  seen as ‘a d d ition a l’ , bu t n ot spelled  ou t properties relating to  the exp lode 
p red icate , is in trod u ced  becau se  we d o  n ot want to  state fla tly  that ‘ a b last’ and 
‘an ex p lo s io n ’ is the sam e thing.

S ince an ‘e x p los ion ’ is know n (it was in trodu ced  in the previou s sentence), it 
is free o f  charge to  resolve the secon d  pred icate  in the antecedent o f  the axiom  
against this know n fact. T h e  first p red icate  in the antecedent has been assigned 
such a low  assum ability  cost (0 .3 ), that prov in g  ‘ b last’ by  use o f  the ax iom  is 
cheaper than to  assum e its existence.

5 Extracting Specific Information from 
the Texts

T h e  log ica l form  en capsulatin g  the interpretation  found for  a  text, i.e. the ou tpu t 
from  the in terpretation  com p on en t, is the input to  the task specific analysis 
com p on en t. T h e  analysis is perform ed  on  the basis o f  the log ica l form  and a 
‘ task schem a sp ecifica tion ’ g iven to  the th eorem  prover.

5.1 The Schema

L et us here con sider a  sim plified exam ple  o f  the kind o f  event related specific 
in form ation  we w ou ld  like the system  to  com p u te . F or a  given text describing a 
terrorist event, we w ou ld  like to  find answers ( i f  any) to  ‘questions’ such as the 
fo llow ing:

INCIDENT TYPE:

TARGET TYPE:

TARGET NATIONALITY:

INCIDENT CITY:
INCIDENT COUNTRY:

RESPONSIBLE ORGANIZATION:

etc.
T h e  a b ove  actu a lly  sim ulates a  database record  to  be  au tom atica lly  filled 

in. H ow ever, as the system  was not yet h ook ed  up  to  p rod u ce  actual database
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entries, the ajiswers fou n d  are printed  ou t on  the screen. T h e  slots in the ‘ re co rd ’ 
are filled b y  the values fou n d  for  variables w hen presenting the th eorem  prover 
w ith goals to  be  ab d u ctive ly  proven  b y  using the in form ation  from  the text 
interpreted and the facts in the know ledgebase.

T h e goals o f  the schem a appear as the consequent in w hat m ight in form ally  
be  called the ‘ linking a x iom s ’ in the a pp lica tion  task specific  part o f  the know l­
edgebase. L inking axiom s can  b e  th ou ght o f  as guidelines fo r  how  to  find answers 
to  the ‘qu estion s’ posed  b y  w ay o f  the schem a specification .

T h e schem a itself is a m eta log ica l L IS P  expression  in a  first-order p red icate  
calculus form  an notated  b y  n on -log ica l op era tors for  search con tro l and  resource 
bounds. T h e  tw o n on -log ica l op era tors are ‘p rov in g ’ and  ‘en u m erated -for-a ll’ . 
W ith ou t go in g  in to  technical details a b ou t these tw o op era tors  (fo r  m ore  details, 
see T yson  and  H obbs 1988), let us sim ply  present a  sm all excerp t from  the 
schem a for  the above  exam ple ‘ re co rd ’ , and  meike som e exp la n a tory  com m ents 
in order to  con vey  the basic intu itions o f  the process to  the reader:

(proving
(enumerated-for-all ((el . ev))

(proving
(some ((it . nev)) (incident-type el it)) 
(terror-limits default-time) 
print-incident)

(and
(enumerated-for-all ((it . nev))

(proving

(incident-type el it)
(terror-limits default-time) 
print-incident-type)
:true)

(enumerated-for-all ((ro . nev))
(proving

(responsible-organization el ro) 

(terror-limits default-time) 
print-responsible-organization)
:true)

(terror-limits default-time) 

print-sentence-finished)))

T h e  linking axiom  in the know ledgebase for  ‘ responsib le  organ iza tion ’ cou ld  
be the follow ing statem ent:

(5) (Defaziom RESP-ORG-1 (terror)
'‘The organization responsible for the attack’’
(ALL ((el* . ev) (e . ev) (e2* . ev) (o . nev) (e3* . ev)) 

(IMPLY (AHD (terattack! el* e) (responsible! e2* o e)
(terorg! e3* o))

(responsible-organization e o))))
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T h u s, w e find the organ ization  (o )  responsible for  an attack  (e ) by  proving 
that e is a  terrorist a ttack , that o  is a  terrorist organ ization , and that o  is 
respon sib le  fo r  e.

C on trary  to  the pragm atics m odu le , n o  assum ptions are m ade in the task 
sp ecific  analysis phase w hen try ing  to  prove the goals o f  th e  schem a; this step 
is m eant to  ex tra ct in form ation  on ly. H ow ever, the process is still back-chaining 
con tro lled  a b d u ctive  in ferencing. T h is  m eans that everyth in g  has to  be  proved 
against the k now ledge in the database in con ju n ction  w ith  the in terpretation  o f 
the text.

P rov in g  the antecedents o f  the linking axiom s m ay o f  cou rse involve resolving 
the new  goals w ith  kn ow ledge asserted in the text or  in this case, provin g  further 
ax iom s in th e  know ledgebase.

T h ere  m ay also b e  different ax iom s for  the sam e goal, in d icatin g  that a  goal 
can  b e  exp la ined , or  m ore  correctly  p roved , in different ways. A ctually , this 
is on ly  a  reflection  o f  the fa ct that a  g iven phenom ena can b e  brought abou t 
in d ifferent ways. F or exam ple, there are actually  three different axiom s for 
‘ respon sib le ’ in ou r know ledgebase.

5.2 The Information Extracted from the Interpretation 
Result

L et us now  return to  ou r  exam ple text. For illustration , we first show  an ex­
cerp t from  the result o f  the in terpretation  o f  the sentences in external form at 
(6 ) —  n ote  the resolved com p ou n d in g  relationship; and then the prin t-out o f  
the in form ation  au tom atica lly  ex tracted  by  the analyze com p on en t from  the 
in terpretation  (7 ) o f  the tw o exam ple sentences.

(6) INTERPRETATION 1 OF SENTENCE:

Cost: 34

New emd Assumed Information: 
xl: bomb!(e2, xl)

yl: explode!(e4, yl, xl)
xl2: bilbaol(el3, xl2)

x8: renault!(e9, x8)

x6: showroom!(e7, x6)
in!(ell, x6, xl2) 

e4: at!(e5, e4, x6)

past!(el5, e4)

Given or Inferred Information: 

x8: renault!(e9, x8)

nn!(elO, x8, x6) 

own!(e25, x8, x6) 

firm!(o26, x8)

x6: of!(e29, x6, x8)
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(7) INCIDENT TYPE: explosion 

TARGET TYPE: commercial 

TARGET NATIONALITY: french 

INCIDENT CITY: bilbao 

INCIDENT COUNTRY: Spain 

PROPERTY DAMAGE: <unknown>

WARNING: yes 

METHOD: phone

RESPONSIBLE ORGANIZATION: eta-m

6 Final Remarks
T A C IT U S  offers an interesting fram ew ork  for  experim enting w ith  know ledge- 
based natural language processing, and in fact it is a  qu ite soph istica ted  system . 
P reviously, the T A C IT U S  team  at S R I has been experim enting  w ith  im plem en­
tations o f  know ledgebases for  dom ains such as the break -dow n  o r  m alfu nction in g  
o f  m echanical parts in ships (H ob b s  1987). C on stru ctin g  a know ledgebase for  the 
terrorist a ttack  dom ain  was the first a ttem p t to  deal w ith  a  slightly less restrict­
ed su b ject field in the T A C IT U S  system . T h e  m ain  con clu sion  to  be  draw n from  
the experim ent w ith the terrorist tex ts  is that very  carefu l ax iom atiza tion  o f  the 
f2w;ts is necessary in order to  achieve g o o d  results, i.e. ‘nuts and b o lts ’ have to  
be  carefully  fitted  togeth er to  create ‘delusions o f  gran deu r ’ .
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