
GHOSTS IN THE MACHINE : 
AN AI TREATMENT OF MEDIEVAL HISTORY 

Margaret King 
ISSCO, Un ive rs i t e de Geneve, 

Geneva, Switzer land 

Monique Ornato, Gian Piero Z a r r i , Lucia Z a r r i - B a l d i , Anne Zwiebel 
ERHF, Centre Nat iona l de la Recherche S c i e n t i f i q u e , 

P a r i s , France 

Abst rac t 

This paper gives a genera l ized overview of 
RESEDA, an i n t e r a c t i v e quest ion answering system 
designed p r i m a r i l y f o r use by h i s t o r i a n s . I t s data 
base cons is ts o f h i s t o r i c a l i n f o rma t i on , which a t -
temps to descr ibe the a t t i t u d e s , p o l i t i c a l , r e l i ­
gious and i n t e r p e r s o n a l , of the ch ie f characters 
of the pe r i od . Question answering is done by search 
of the data base and by in ference on the in forma­
t i o n t h e r e i n . The d i f f i c u l t i e s o f represent ing t h i s 
type of data and of f o rmu la t i ng in ference ru les 
dea l ing w i t h human mot iva t ions and a t t i t u d e s is 
also d iscussed. 

Desc r ip t i ve terms 

Question answering, data base, representat ion, 
in fe rence , b iog raph ica l da ta , mediaeval h i s t o r y . 

I n t r o d u c t i o n 

The ghosts of the t i t l e are characters of 
f renchmediaeval h i s to ry .The p ro jec t described here 
( the RESEDA* p r o j e c t ) is an attempt to design a 
quest ion answering system where the data base which 
is to provide the raw mater ia l f o r the answers con­
s i s t s of b iog raph ica l da ta , cu l l ed from a v a r i e t y 
of contemporary and modern sources, concerning the 
humanist l i t e r a r y movement in France. Questions to 
the system are input in a s t r i c t f o r m a l i z a t i o n . 
Answers, which appear in the same format , are found 
by i n t e r r o g a t i o n of the data base or by in ference 
making on the contents of the data base. The pecu­
l i a r d i f f i c u l t i e s presented by the type of data dea l t 
w i t h and by the methods of in ference needed are 
great enough to j u s t i f y neg lec t i ng , or a t l e a s t , 
postponing, the problem of na tu ra l language inpu t . 

Sect ion 1 of t h i s paper f i l l s in the back­
ground by t r y i n g to exp la in some of the p e c u l i a r i ­
t i e s of the da ta , Sect ion 11 to shew how these ha­
ve been dea l t w i t h at the represen ta t ion l e v e l by 
tak ing an example t ex t and shewing how it has been 
coded. Sect ion 111 demonstrates some of the i n f e ­
rence techniques used by f o l l o w i n g in d e t a i l the 
process of f i n d i n g an answer to a quest ion about 
a piece of t ex t presented in Sect ion 11, and the 
conclus ion sketches f u r t h e r p lanes. 

Sect ion 1 : Problems presented by the data 

The d i f f i c u l t i e s presented by the data break 
down i n t o two main c lasses. F i r s t there are those 
which are a d i r e c t consequence of dea l ing w i t h h i s ­
t o r i c a l da ta . Secondly there are problems inhe­
ren t in any attempt to deal w i t h data which expres-

* The RESEDA p r o j e c t is supported by the Centre 
Nat iona l de la Recherche S c i e n t i f i q u e and by the 
Delegat ion Generale a la Recherche S c i e n t i f i q u e 
et Technique ( con t rac t 75.7.0456 ) 

ses not only f ac t s but b e l i e f s , a t t i t u d e s and 
complex r e l a t i o n s h i p s . 

Let us f i r s t consider the problems of h i s t o ­
r i c a l da ta . Most obv ious ly , such in fo rmat ion is 
incomplete. I t i s in the nature o f th ings impossi ­
b le to know every re levan t f a c t about an h i s t o r i c a l 
period.Thus i t i s o f t e n necessary to i n f e r poss ib le 
or probable f a c t s from what we do know. This is a 
general c h a r a c t e r i s t i c of the system. In a much 
stronger sense than tha t normal in na tu ra l language 
processing, i t s in ferences are only probable i n f e ­
rences and i t s answers to quest ions, except in 
cases where some w e l l - a t t e s t e d piece of information 
is asked f o r , are on ly probable answers. 

Secondly the data is sub jec t i ve . An a u t h o r i t y 
repor ts what he be l ieves to be the case, not what 
necessar i l y is the case. Sometimes t h i s may lead 
him to repor t as f a c t something which is known, 
from other sources, to be a c t u a l l y f a l s e . And yet, 
since tha t f a l s e statement may a f f e c t other e v i d ­
ence, it must be represented in the data base. When 
t h i s happens the f a l s e asse r t i on i s e x p l i c i t l y 
marked as such. A r e l a t e d problem ar ises wi th coun­
t e r - f a c t u a l c o n d i t i o n a l s . Many pieces of evidence 
take the form ' I f such-and-such had happened ( a l ­
though i t d id n o t ) , the consequences would have 
been thus ' . Evidence l i k e t h i s c l e a r l y gives im­
por tan t i n fo rmat ion and must be represented. 

The s u b j e c t i v i t y of the data gives r i s e to the 
f u r t h e r problem o f con t rad i c to r y data. I t i s qu i te 
poss ib le to f i n d one a u t h o r i t y d i r e c t l y con t rad i c ­
t i n g another. When t h i s happens, each of the contr­
ad i c t o r y vers ions must be separate ly represented, 
and a spec ia l l i s t kept of such con t rad i c t i ons . 
Then, when f i n d i n g an answer to a quest ion involves 
using a con t rad ic ted piece of evidence, the s t r a ­
tegy which al lowed the answer to be found must be 
repeated w i t h each and a l l of the con t rad i c to ry 
vers ions of the same evidence. 

A l l t h i s can be summarized by saying tha t the 
data i s , in i t s very essence, unce r ta in , a f a c t 
which re i n fo r ces the aspect of quest ion answering 
touched on e a r l i e r . The answers found a re , o f t e n , 
p l aus ib l e answers based on p laus ib le inferences us­
ing uncer ta in da ta . This should not be i n t e rp re ted 
as an excuse f o r producing random rubb ish . The 
system is intended to provide s p e c i a l i s t s in the 
per iod w i t h an i n t e r a c t i v e a id in t h e i r research. 
I t must the re fo re perform at leas t as w e l l as 
such a s p e c i a l i s t working by hand in a mechanical 
f ash ion . This means t h a t , w h i l s t the system cannot 
be expected to have the i n t u i t i o n and general back­
ground of the h i s t o r i a n , i t must not g ive imposs i ­
b le o r s i l l y i n fo rma t i on . 
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The other d i f f e r e n c e between our basic mate­
r i a l and tha t of more normal AI systems is t h a t , 
being b i o g r a p h i c a l , i t deals p r i m a r i l y w i t h the 
a t t i t u d e s , b e l i e f s and ideology in p o l i t i c a l and 
r e l i g i o u s mat ters of the characters who are our 
concern. This means that the represen ta t ion of the 
data base must be adequate to express abs t rac t 
ideas and processes and tha t the in ference a lgo ­
r i thms a lso must take in to account p ropos i t i ona l 
a t t i t u d e s . Thus they cannot depend on a t i d y log ic 
l i k e that o f the f i r s t order ca l cu lus . To i l l u s ­
t r a t e t h i s consider the f o l l o w i n g example : 
'John d i s l i k e s apar theid and hence does not want 
South A f r i c a n rugby teams to p lay in England'. 

Most people would agree that there is some f a i r l y 
s t r i c t causal r e l a t i o n between the two halves of 
t h i s sentence, marked by 'and hence' . But whatever 
t h i s r e l a t i o n i s , i t cannot be i n te rp re ted as mate 
r i a l i m p l i c a t i o n , since the converse 
'John wants South A f r i c a n rugby teams to p lay in 
England and hence does not d i s l i k e apar the id ' 

does not necessar i l y ho ld . 

The issue becomes even more complex when it is 
considered that we are in te res ted not only in f i n d ­
ing r e l a t i o n s h i p s between people and the ideas they 
ho ld , but a lso in r e l a t i o n s h i p s between people. New 
r e l a t i o n s h i p s are estab l ished i n i t i a l l y because a 
quest ion has been asked the answer to which depends 
on i n f e r r i n g the new r e l a t i o n s h i p . But when a new 
r e l a t i o n s h i p has been found, it may be added to 
the data base by asking a 'system' ques t ion , prov i ­
d ing that i t s v a l i d i t y has f i r s t been checked by 
an h i s t o r i a n . Thus RESEDA is envisioned as a con t i ­
nua l l y growing data base which i t s e l f proposes pos­
s i b l e add i t i ons to i t s knowledge. 

i t is worth n o t i c i n g that the sor t o f problems 
j u s t discussed are not the r e s u l t of using h i s t o ­
r i c a l da ta . Anyone who t r i e d to design a system 
dea l ing w i t h modern american p o l i t i c s would be f a ­
ced w i t h exac t l y s i m i l a r problems. Thus, i f our 
examples w i t h names l i k e 'Pope Benoit X I I I ' and 
c o n t r o v e r s i a l top ics l i k e 'schism in the church' 
s t r i k e the modern ear odd ly , i t is worth remember­
ing tha t 'Beno i t X I I I ' could be replaced by 'Jimmy 
Car te r ' and 'sch ism' by ' t he middle-east ques t ion ' 
w i thout e s s e n t i a l l y a l t e r i n g the basic problems 
discussed here. 

Sect ion 11 : representa t ion of data 

I t should be said immediately that the leve l 
of 'unders tand ing ' aimed at here is not the 'deep' 
understanding of Charniak (Charniak 1977) and otheis, 
If someone takes a t r i p on a boat we are content 
to say simply t h a t , w i thout worry ing about the 
exact d e s c r i p t i o n of the boat . This is not to deni­
grate systems using such very de ta i l ed knowledge. 
Simply t h e i r purpose is d i f f e r e n t . 

On the other hand, some de ta i l ed knowledge 
which we do have is very s p e c i f i c to our data base. 
For example, ' c i v i l war' r e f e r s only to the war 
between the Armagnacs and the Bourguignons, fought 
between 1392 and 1425 w i t h the i n t e n t i o n of g a i n ­
ing c e n t r a l power in France. 

With t h i s in mind, we can now take an example 
piece of t ex t and see how it would be represented. 

Figure la g ives the f rench t e x t . F igure lb g i ­
ves a somewhat Free t r a n s l a t i o n of the same t e x t ; 
the numbers in square brackets mark a rough cor res-
pondance between par ts of the t e x t and the formal 
rep resen ta t i on which fo l l ows l a t e r i n f i g u r e 2 , 

'Les ambassadeurs de l ' U n i v e r s i t e e ta i en t por -
teurs d'une l e t t r e pour Benoit X I I I , redigee p re -
cipitamment par Clamanges, redacteur hab i t ue l 
des l e t t r e s de l ' U n i v e r s i t e depuis 1394, le j ou r 
meme du depart (14 a v r i l 1395). Cette l e t t r e con-
t e n a i t presque une approbat ion des vo ies de con-
c i l e et de convent ion. I I n 'es t pas etonnant qu' 
une l e t t r e redigee en toute hate a i t r e f l e t e les 
pos i t i ons personnel les de son auteur p l u t o t que 
c e l l e s preconisees par l ' U n i v e r s i t e . I ls avaient 
cru devoi r la garder par devers eux. Quand i l s 
f u ren t de r e t o u r , l ' U n i v e r s i t e elle-meme p r i t 
so in de c o r r i g e r ce t te e p i t r e en en re t ranchant 
tout ce qu i ne tenda i t pas a l ' e l o g e e x c l u s i f de 
la vo ie de cession -26 aout 1395 (d 'apres Va lo is 
1891-1902, I I I pp. 70 -71 , Ornato 1969, pp. 25-26) 

Figure la 

The U n i v e r s i t y ' s ambassadors [ l , 2 ] ca r r i ed 
a l e t t e r f o r Benoit X I I I [ 3 ,4 ]wh ich had been 
h a s t i l y d ra f ted by Clamanges [ 5 ] , the regu lar 
d r a f t e r of U n i v e r s i t y l e t t e r s a f t e r june 1394 
[ 6 ] on the same day as t h e i r departure (14 a v r i l 
1395) [ 5 ] . The contents of t h i s l e t t e r [ 7 ] almost 
cons t i t u t ed approval of the way of general coun­
c i l ( to reso lve the schism) and a r b i t r a t i o n (bet­
ween the popes). I t is not s u r p r i s i n g tha t a l e t ­
te r d ra f ted i n great haste r e f l e c t e d i t s author 's 
personal p o s i t i o n ra the r than that advocated by 
the U n i v e r s i t y [ 8 ] . They ( the ambassadors) b e l i e ­
ved they should keep the l e t t e r to themselves [ 9 ] . 
When they returned the U n i v e r s i t y took care to cor­
rec t the l e t t e r [ 1 0 , 1 1 ] , c u t t i n g out anyth ing 
which d id not lean towards approbat ion of abdica­
t i o n (by both popes) [ l 2 ] (26 august,1395) [ l l ] . 

F igure lb | 

General d iscuss ion of the rep resen ta t i on 

I t i s impossible to descr ibe our representa­
t i o n f u l l y in a paper of t h i s lenftht, even i f we 
r e s t r i c t ourselves to fea tures exempl i f ied in the 
rep resen ta t ion of the t e x t g iven in f i g u r e 1. How­
ever, some idea of i t s basic c h a r a c t e r i s t i c s can be 
g iven f a i r l y b r i e f l y . F igure 2 shews our represen­
t a t i o n of the tex t g iven in f i g u r e 1. The reader 
is not expected to be able to f o l l o w the represen­
t a t i o n a t f i r s t g lance; the res t o f t h i s sec t ion 
w i l l be devoted to exp lana t ion . I t should be noted 
too , tha t f o r reasons of c l a r i t y , the syntax of the 
rep resen ta t ion used here d i f f e r s from tha t used in 
p rac t i ce ( f o r a f u l l d e s c r i p t i o n of the l a t t e r , see 
Bozzolo et al 1976). There i s , of course, a s t r i c t 
correspondance between the two. 

The passage is represented by a set of ' p l anes ' 
one f o r each episode of the t e x t . (For ' p l anes ' in 
t h i s sense, see Q u i l l i a n 1968 and Scragg 1975). A 
b r i e f eng l i sh d e s c r i p t i o n of the contents of each 
episode precedes the plane represent ing i t . 
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The pred ica te is the f i r s t element of the 
p lane, fo l lowed by a l i s t o f i t s arguments (enc lo ­
sed in the f i r s t set o f b races) , da t i ng information 

( i n the second set of braces) and f i n a l l y the b i ­
b l i og raph i c source of the data . 

1. On the 14th a p r i l , 1395, an anonymous group of 
people, i n P a r i s , held an o f f i c i a l p o s i t i o n i n 
the U n i v e r s i t y , a t P a r i s . 

[soc+cons+ETRE-AFFECTE {<SUJ=Vedettes-l Paris> 
<OBJ=universite Paris>} 
{ ( 1 4 - a v r i l - 1 3 9 5 ) ( ) } 
( V a l o i s ) ] 

|2. This same group were members of a depu ta t ion . 
<REL5 Vedettes-1 ambassade+membre> 

[The r e l a t i o n s h i p (being members of a deputat ion) 
'spec i f ied in 2 is brought about by the episode 
|reported in 3 (correlator-pointer) : 

<CONFER 2 3> 

|3. The U n i v e r s i t y of Par is sent a deputa t ion to 
Benoit X I I I at Avignon which l e f t Par is on 14th 
a p r i l 1395 and re turned sometime before 25 
august 1395. 

[DEPLACER {<SUJ=ambassade Par is> 
<OBJ-ambassade Par is> 
<SOURCE«Universite-de-paris Paris> 
<DEST=Benoit-XIII Avignon>} 
{ (14-avr i1-1395)(avant-25-aout-1395)1 
( V a l o i s ) ] 

4. The deputa t ion took an o f f i c i a l l e t t e r from 
the U n i v e r s i t y o f Par is to Benoit X I I I . 

[DEPLACER {<SUJ=arabassade Par is> 
< O B J = l e t t r e - o f f i c i e l l e - l > 
<SOURCE=Universite-de-paris Par i s> 
<DEST=Benoit-XIII Avignon>} 
{ ( 1 4 - a v r i l - 1 3 9 5 ) ()} 
( V a l o i s ) ] 

|5. Shor t l y before 14 a p r i l , 1395,Clamanges, in 
P a r i s , wrote t h i s o f f i c i a l l e t t e r from the Un i ­
v e r s i t y o f Par is to Benoit X I I I a t Avignon. 

[soc+ment+PRODUIRE {<SUJ=Clamanges Paris> 
< O B J - l e t t r e - o f f i c i e l l e - l > 
<SOURCE=Universite-de-paris 
Par is> 

<DEST=Benoit-XIII Avignon>) 
{ (peu-avan t -14 -av r i l -1395) 

( 14 -av r i l - 1395 ) } 
(Ornato) ] 

6. From june 1394 onwards Clamanges, as par t of 
h i s o f f - i c i a l d u t i e s , d ra f ted many l e t t e r s on 
behal f o f the U n i v e r s i t y of P a r i s . 

[soc+mult+ment+PRODUlRE {<SUJ=Clamanges Paris> 
< O B J * l e t t r e - o f f i c i e l l e > 
< SOURCE=Univer s i t e - d e -

pa r i s Par is>} 
{ ( j u i n -1394 ) ( ) } 
(Ornato) ] 

|7. On the 14th a p r i l , 1395, Clamanges, in P a r i s , 
expressed the idea spec i f i ed in plane 8 ( i n the 
o f f i c i a l l e t t e r a l ready mentioned) to Benoit 
X I I I as being, the idea of the U n i v e r s i t y . 
[soc+ment+DEPLACER {<SUJ=Clamanges Paris> 

<0BJ=8> Figur 

<MODAL= le t t re -o f f i c i e l l e - l > 
<SOURCE-Universite-de-paris Par is> 
<DEST=Benoit-XIII>} 
{ ( 1 4 - a v r i l - 1 3 9 5 ) ( ) } 
(Ornato) ] 

* 8 . (Fa lse ) . That the U n i v e r s i t y of Par is supported 
Benoit X I I I i n h i s po l i c y o f a r b i t r a t i o n . 

[pour+AVOIR-ATTITUDE {<SUJ-Univers i te-de-par is 
Paris> 

<OBJ-Benoi t -XI I I Avignon> 
<ARG=voie-de-convention>) 
{ ( 14 -av r i l - 1395 ) ( ) } 
( V a l o i s ) ] 

9 . Benoit X I I I was not g iven the o f f i c i a l l e t t e r 
by the ambassadors. 

[neg+ETRE-AFFECTE {<SUJ=BenoTt-XIII Avignon> 
< O B J = l e t t r e - o f f i c i e l l e - l > 
<SOURCE=Vedettes-l>} 
{ ( 1 4 - a v r i l - 1 3 9 5 ) ( a v a n t - 2 6 -
aout-1395)} 

( V a l o i s ) ] 

9 - B e n o i t ' s not being g iven the l e t t e r - was the r e ­
s u l t of Clamanges having f a l s e l y represented ( i n 7) 
the p o l i c y of the U n i v e r s i t y (g iven in 11) (corre­
lator-pointer) : 

<CAUSE2 10 (C00RD2 7 11)> 

10. On The 26th august,1395, the U n i v e r s i t y re-wrote 
the o f f i c i a l l e t t e r t o Benoit X I I I . 

[rep+PRODUIRE {<SUJ=Univers i te-de-par is Paris> 
< O B J = l e t t r e - o f f i c i e l l e - l > 
<DEST=Benoit-XIII Avignon>) 
{ (26-aout-1395) ( ) } 
( V a l o i s ) ] 

The r e - w r i t i n g (10) was the r e s u l t of Clamanges 
having f a l s e l y represented ( i n 7) the views of the 
University (11) (correlator-pointer) : 

<CAUSE2 10 (C00RD2 7 11> 

11. On the 26th august, 1395, the Un i ve rs i t y of Pa­
r i s wanted to in form Benoit X I I I , i n Avignon, 
of t h e i r p o s i t i o n as expressed in 12. 

[int+ment+DEPLACER {<SUJ=Univers i te-de-par is 
Par is> 

<0BJ=I2> 
<DEST=Benoit-XIII Avignon>} 
{(26-aout-1395) ( ) } 
( V a l o i s ) ] 

12. Between 1395 and the beginning of 1408 the Uni -
v e r s i t y of Par is opposed the Avignon popes on 
the subject o f t h e i r p o l i c y o f a r b i t r a t i o n . 

[contre+AVOIR-ATTITUDE {<SUJ=Universite-de-parisj 
Paris> 

<OBJ=papes-d ' avignon 
Avignon> 

<ARG=voie-de-convention>}| 
{(1395) (debut-1408)} 
(consensus)] 

e 2 
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The planes of f i g u r e 2 make up the data base 
fo r the system. The data base is organised l o g i c a l ­
ly i n t o 'vo lumes*, w i t h each volume conta in ing r e ­
ferences to a l l the planes represent ing episodes 
concerning one p a r t i c u l a r character (a ' s t a r ' ) . 
Since any p a r t i c u l a r episode may concern more than 
one s t a r , a re ference to the same plane may appear 
in several d i f f e r e n t volumes ( c f . Scragg 1975). 

The s ta rs are the more important characters of 
the p e r i o d , but are not necessar i l y i n d i v i d u a l s . 
For example, in the t ex t g iven above, the f o l l o w ­
ing s tars appear : 

1. Benoit X I I I and Clamanges, who are both i n d i v i ­
duals and there fo re 'normal ' s t a r s . 

2. The U n i v e r s i t y of Pa r i s , which is considered to 
be a ' m o r a l ' person. That i s , i t may take d e c i ­
s ions , take par t in j u r i d i c a l ac t i ons , own p ro ­
per ty e t c , j u s t l i k e an i n d i v i d u a l person. 

3. The Popes of Avignon. These are a ' c o l l e c t i o n ' 
o f charac te rs , def ined ex tens iona l l y . 

4. The delegates from the Un i ve r s i t y to Benoit X I I L 
The REL5 ( i n plane 2) spec i f i es that t h i s group 
of people were a l l members of the same deputa­
t i o n to Benoit X I I I . By i t s na ture , the group is 
temporary. How long such a group l as t s and the 
events in which the group is involved is shewn 
by a t tach ing the REL5 plane to the plane repor t ­
ing the episode which br ings the group i n t o exis 
tence (done by the CONFER c o r r e l a t o r - p o i n t e r ) . 
In the case of REL5, any re levant plane which 
has ' d e p u t a t i o n ' as i t s SUJ, gives f u r t h e r i n ­
fo rmat ion about t h i s p a r t i c u l a r group ( fo r ex­
ample, plane 4 ) . 

5. Vedettes-1 (Stars-1) . There are several anonymous 
groups l i k e t h i s . One volume serves f o r a l l such 
groups, who are d i s t i ngu ished one from another 
by the index number a f t e r vedet tes . 

Each p lane, apart from the RELATION plane a l ­
ready mentioned, a lso conta ins da t ing i n fo rma t ion . 
The two-element l i s t towards the end of the plane 
gives the date at which the episode s t a r t s fol lowed 
by the date when it f i n i s h e s . Thus, if we take pla­
ne 3 as an example : 

{ (14 -av r i l - 1395 ) (avan t -25 -aou t -1395) } 

t e l l s us tha t the deputa t ion l e f t Par is on the 14th 
a p r i l and re turned before the 25th august, 1395. 
Dat ing is not always as simple as t h i s . I f the ac­
t i o n of the p red ica te cont inues over a per iod of 
t ime, more than one date may be g iven . For example, 
in ' i t is known tha t he was Canon at L i l l e in 1398, 
and he is addressed by the same t i t l e both in 1390 
and in 1391' i t is important to record a l l three dates. 

The l a s t i tem in each plane is the b i b l i o g r a ­
phic source from which the episode is taken. In 
plane 3 , our a u t h o r i t y is V a l o i s ' t r e a t i s e c i t e d in 
f i gu re 1. 

Place i n fo rma t ion is very impor tant , and is 
t reated by a t t ach ing to each of the ch ie f arguments 
of the pred icate a l o c a t i o n s l o t , which is f i l l e d 
when the phys ica l l o c a t i o n of the i n s t a n t i a t i o n of 
that argument is known. Thus, to use plane 3 as an 
example aga in , <SUJ=arabassade Paris> t e l l s us that 
the deputa t ion was in Par is at the beginning of the 

episode <OBJ=ambassade Par is> tha t i t was a lso in 
Par is at the end of the episode. (This i n t e r p r e t a ­
t i o n is p a r t i a l l y determined by the p red ica te used, 
as w i l l be discussed l a t e r ) . The SOURCE of the e p i ­
sode ( U n i v e r s i t y - o f - p a r i s ) is a lso in P a r i s , and 
the DESTination, B e n o i t - X I I I , i n Avignon. Not a l l 
arguments to the pred ica te may have t h e i r l o c a t i o n 
spec i f i ed : only SUJ, OBJ, SOURCE, DESTination and 
ARGument. As w i t h d a t i n g , it may be sometimes neces 
sary to spec i fy more than one l o c a t i o n f o r a g iven 
argument. 

When the d e s c r i p t i o n proper of an episode is 
considered, the most c h a r a c t e r i s t i c i s tha t i t con­
s i s t s of a p red ica te w i t h arguments. Of the a rgu­
ments ( ca l l ed by us c o r r e l a t o r ) , s i x correspond 
more or less to convent ional cases : SUBJECT,OBJECT, 
DESTINATION, MODALITY and ARGUMENT. Others, l i k e 
CAUSE2, COORD2 and CONFER in the example t e x t , are 
pecu l ia r t o t h i s r ep resen ta t i on . I n genera l , i t 
would be a mistake to i d e n t i f y any of the c o r r e l a ­
to rs too s t rong l y w i t h convent ional cases:the 'mean 
i n g ' o f a c o r r e l a t o r is g iven in the s p e c i a l i s t pro 
gram attached to the pred ica te governing the c o r r e ­
l a t o r s and which makes use of the c o r r e l a t o r s when 
doing in fe rences . Thei r names can g ive only a very 
rough i n t u i t i v e f e e l f o r what they mean. 

Not a l l c o r r e l a t o r s are o b l i g a t o r i l y present , 
even f o r the same pred ica te ( c f . planes 7 and 11, 
where the pred ica te is in both cases DEPLACER ( to 
move) modif ied essen t ia l l y in the same way, but where 
the c o r r e l a t o r s are d i f f e r e n t ) . Thus, when a p a r t i ­
cu la r c o r r e l a t o r is used, i t s name must appear. R i ­
g id ru les spec i fy the argument frames f o r each p re ­
d i c a t e , determin ing not only what c o r r e l a t o r s 
must appear in a p a r t i c u l a r argument frame f o r that 
p red ica te or i t s m o d i f i c a t i o n s , but a lso what so r t 
of e n t i t i e s can f i l l any p a r t i c u l a r argument. The 
argument frame f o r 'rep+PRODUIRE' is a f a i r l y 
simple example : 

[rep+PRODUIRE {<SUJ=Vedette> <OBJ=lexical item>}] 

spec i f i es that 'rep+PRODUIRE' (which can be roughly 
t rans la ted as ' t o r e -do ' or ' t o c o r r e c t ' ) must have 
at leas t two c o r r e l a t o r s SUJ and OBJ and tha t the 
SUJ s l o t must be f i l l e d w i t h a s t a r , the OBJ s l o t 
by a l e x i c a l i tem. 

The pred icates themselves should now be consi­
dered. There are at the moment on ly f i v e , a l though 
noth ing is f i x e d or magical about the number. A l t h ­
ough we intend to keep the number of pred icates as 
small as poss ib le , more may w e l l prove necessary. 
DEPLACER (to move), AVOIR-ATTITUDE ( to have an a t ­
t i t u d e ) , PRODUIRE ( to produce), ETRE-AFFECTE ( to be 
a f fec ted by) and ETRE-PRESENT ( to be present) are 
chosen to be mnemonic. Nonetheless they correspond 
only min imal ly to the normal use in na tu ra l language 
of the same verb . Once aga in , the r e a l meaning of 
the pred icates is g iven by the s p e c i a l i s t at tached 
to each p red i ca te . A be t t e r idea of what the p r e d i ­
cates represent w i l l be gained when we do, f i n a l l y , 
take a c loser look at the example p lanes. 

I n t u i t i v e l y , f i v e pred icates alone are not ade 
quate to represent the so r t of complex data w i t h 
which we want to d e a l , and a few minutes experimen­
t a t i o n w i t h the example tex t w i l l soundly re in fo rce 
i n t u i t i o n . A set of 'modula tors ' are the re fo re used 
to modify the sense of the p red i ca te , ( c f . Mel'chuk 
Zho lkovsk i j 1970). These modulators, in the graphic 
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rep resen ta t ion used in t h i s paper, appear in small 
l e t t e r s to the l e f t o f the p red i ca te , at tached to 
it by a + s i gn . The ' r e p ' in the argument frame a-
bove i s , in f a c t , a modulator , and adds a sense of 
'doing over aga in ' to the basic 'produce' sense of 
PRODUIRE. Another example can be found in plane 5, 
where 'ment ' adds a sense of ' i n t e l l e c t u a l ac t i v i t y ' 
to the same p red i ca te . Modulators may be combined, 
as in plane 6, where 'soc+mult+ment' at tached to 
PRODUIRE add, r e s p e c t i v e l y , the no t ion that the ac­
t i o n of the p red ica te is par t of the career of the 
SUJ (soc) ( i . e . the so r t of t h ing he might put in 
h is cu r r i cu lum v i t a e ) , tha t the a c t i o n is an action 
done be fo re , may be several t imes ( m u l t ) , and the 
same no t ion of i n t e l l e c t u a l a c t i v i t y j u s t discussed 
(ment). 

Discussion of the planes 

A f t e r t h i s ra ther lengthy general d i scuss ion , 
we now have s u f f i c i e n t background to look at the 
rep resen ta t ion of the example tex t in some d e t a i l . 

Plane 1 needs very l i t t l e comment. Vedettes-1 
has a l ready been exp la ined. The pred ica te 'soc+const 
+ETRE-AFFECTE' w i t h an ob jec t at tached does, however, 
deserve some exp lana t ion . The ' soc ' simply says that 
the be ing-a f fec ted was, in some way, par t of the of­
f i c i a l career o f the ambassadors, 'const' is a l i t t l e 
more compl icated. The pred icates are e s s e n t i a l l y 
s t a t i c in t h e i r na tu re , so there has to be some way 
of represent ing changes of s ta te ( c f . Abelson 1975). 
This is done by three modulators : incep, f i n and 
cons t , ' i n c e p ' marks the c r e a t i o n of a new s t a t e , 
' f i n ' the end of the s t a t e , ' cons t ' tha t the s ta te 
i s , a t the time s p e c i f i e d , i n f u l l f o r c e . A l l three 
r e l a t e to the f i r s t time s l o t in the plane. When 
any one of the three is present in the d e s c r i p t i v e 
part of the p lane, the second time s lo t remains emp­
t y . Thus plane 1 does not t e l l us tha t a group of 
persons were g iven a p o s i t i o n on a p r i l 14th, but 
that by that date they a l ready had the p o s i t i o n . 

The use of OBJ in plane 1 i l l u s t r a t e s one s i ­
t u a t i o n where a c o r r e l a t o r does not map in a obvious 
way onto a convent ional case w i t h the same name, 
and of how the meaning of any p a r t i c u l a r co r re la to r 
is in par t determined by the pred ica te w i t h which 
it is assoc ia ted. ETRE-AFFECTE is used when the OBJ 
can be conceived of as be ing, at l eas t temporar i l y 
or p r o v i s i o n a l l y , a c h a r a c t e r i s t i c of the SUJ. 

' u n i v e r s i t e ' ( un l i ke the 'mora l ' person Univer-
s i t e - d e - p a r i s ) is a l e x i c a l i tem, which means tha t 
i ts meaning is def ined not by a program (as is the 
case w i t h p red ica tes , c o r r e l a t o r s and modulators) 
but by r e l a t i o n s h i p w i t h other l e x i c a l items (Orna-
t o , Z a r r i 1976). 

Plane 3 is f a i r l y c l e a r . DEPLACER ( to move) is 
always t r a n s i t i v e , and always invo lves a sense of 
ac tua l d is tance covered. The modulator 'ment' is 
used when it is something expressed (by means of a 
l e t t e r or whatever) which is 'moved' from the SUJ-
j e c t to the DESTination ( c f . plane 7 ) . If a SOURCE 
c o r r e l a t o r is used w i t h DEPLACER unmodi f ied, i t is 
i n t e r p r e t e d a s ' a t the i n s t i g a t i o n o f . S i m i l a r l y , 
in plane 5, the SOURCE w i t h 'ment+PRODUIRB' can be 
i n t e rp re ted as 'on the orders o f o r 'on behal f o f . 

Plane 7 o f f e r s an example of the use of a 'com­
p l e t i v e ' p lane. The OBJect is i t s e l f descr ibed by 
an independant p lane, whose number f i l l s the OBJect 

s l o t . The complet ive plane i t s e l f , plane 8, is mar­
ked w i t h an a s t e r i s k to shew that the asse r t i on i t 
represents is f a l s e . As was said in the introduction, 
t h i s is a s i t u a t i o n common in dea l ing w i t h our type 
of da ta . The in ference rou t i nes too must take ac­
count o f f a l s e asse r t i ons . 

The <CAUSE2 10 (C00RD2 7 11)> appearing a f ­
te r plane 9 is ( l i k e the CONFER l i n e a f t e r plane 2) 
an i n d i c a t i o n of r e l a t i o n s h i p s between planes. 
C00RD2 associates two planes of the same o v e r a l l 
type which are both governed by the same c o r r e l a ­
t o r - p o i n t e r . In f a c t , C00RD2, and i t s p a r a l l e l co r ­
r e l a t o r C00RD1 which func t i ons ins ide p lanes, are 
equiva lent to f i r s t order pred ica te ca lcu lus 'and ' , 
w i t h the r e s t r i c t i o n tha t only s i m i l a r th ings may 
be con jo ined. Another pa i r of c o r r e l a t o r s , ALTERN1 
and ALTERN2, are equ iva len t to exc lus ive ' o r ' . 

CAUSE2 spec i f i es tha t i t s f i r s t argument is 
the r e s u l t of i t s second argument. A p a r a l l e l co r ­
r e l a t o r - p o i n t e r FINAL is used when the r e s u l t of 
an episode seems probable but is not yet confirmed 
by the evidence so f a r a v a i l a b l e . For example, 
'Charles VI sent the Comte de St . Pol to a r r es t 
P ie r re d ' A i l l y a t Cambrai' would g ive r i s e to 

three planes, one r e p o r t i n g that Charles VI sent 
the Count to Cambrai, another tha t the Count arres­
ted P ie r re d ' A i l l y , and the t h i r d tha t P ie r re 
d ' A i l l y was, at some time l a t e r , in p r i s o n . But the 
l a t t e r two planes would be marked as only probable 
by the use of FINAL instead of CAUSE2 to l i n k these 
three planes together . RESEDA is a very caut ious 
in ference maker. I t w i l l not make inferences based 
on probable i n fo rma t i on . On the other hand, if a 
plane marked as probable is l a t e r conf i rmed, i t 
w i l l be up-graded to c e r t a i n by changing the p o i n ­
ter and the order of the arguments. 

The remainder of the coding conta ins very l i t ­
t l e tha t has not been a l ready commented on. Plane 
11 int roduces a new modulator ' i n f which gives a 
sense of i n t e n t i o n or of 'want ing t h a t ' to the pre­
d ica te t o which i t i s a t tached. 

AVOIR-ATTITUDE in plane 12 means, rough ly , 
' f e e l s about ' or 'has an a t t i t u d e towards ' , and 
the modulator ' c o n t r e ' , used only w i t h t h i s p r e d i ­
ca te , makes i t i n t o 'opposes ' . AVOIR-ATTITUDE gives 
us a good example of how one pred icate can be used, 
w i t h appropr ia te m o d i f i c a t i o n , to represent qu i t e 
subt le no t i ons . As one might expect, i t bears most 
of the burden of represent ing r e l a t i o n s h i p s between 
people. With appropr ia te modulators and argument 
frames i t has been used to express a l l o f the f o l ­
lowing : 

Someone supports (opposes) someone ( o p t i o n a l l y , 
abou t some th i n g ) . 

Someone promises ( threatens) someone w i t h something 

Two (or more) persons are involved in l i t i g a t i o n 
( i n oppos i t i on or on the same side) concerning 
some mat te r . 

Two (or more) persons oppose each other by v i o l e n t 
means. 

Someone (not immediately i nvo l ved ) , supports or op 
poses someone in a lega l mat te r . 

Someone wants something to come about. 
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Sect ion 111 : us ing the data base 
to answer quest ions 

As was said e a r l i e r , the so r t of understanding 
we are aiming at is not the very deep d e t a i l e d un­
derstanding of some other systems. Nonetheless we 
hope to be able to answer most of the type of ques­
t i ons a h i s t o r i a n would be l i k e l y to ask about the 
people mentioned in our data base. This invo lves an 
attempt to w r i t e deduct ion programs based on human 
a t t i t u d e s and mot ives, and i s , we t h i n k , s u f f i c i e n ­
t l y d i f f i c u l t and o f s u f f i c i e n t i n t r i n s i c i n t e r e s t 
to warrant the degree of e f f o r t i n vo l v i ng in cons­
t r u c t i n g RESEDA. 

The main burden of the in fe renc ing is c a r r i e d 
by the s p e c i a l i s t s at tached to each p red i ca te . Even 
i f i t were worked out i n f u l l d e t a i l f o r a l l f i v e 
p red i ca tes , i t would be c l e a r l y impossible to g ive 
a f u l l d e s c r i p t i o n here. But i t seems wor thwhi le 
to take one s ing le ques t ion , imagining tha t the da­
ta base is as g iven e a r l i e r ( i . e . j u s t the r ep re ­
sen ta t i on of our example t e x t , w i t h some more detail 
at tached to the l e x i c a l items involved) and shewing 
how the in ference rou t ines would f i n d the answer to 
tha t ques t ion . 

Let us imagine tha t a user asks 
'Why d id Clamanges, a f t e r august 1395,completely 
g ive up h i s a c t i v i t y as o f f i c i a l secretary to the 
U n i v e r s i t y of Par is ? ' 

This would have to be coded, since na tu ra l language 
input is not a l lowed, in the same f o r m a l i z a t i o n as 
tha t used f o r the data base : 

CAUSEl is the equiva lent w i t h i n planes of 
CAUSE2 between p lanes; here i t s value is simply a 
quest ion mark, shewing tha t the in fo rmat ion r e q u i ­
red by the user is the value of tha t argument. For 
the r e s t , the rep resen ta t i on matches tha t of the 
data base, except that no b i b l i o g r a p h i c a u t h o r i t y 
is s p e c i f i e d . So the pred ica te and i t s i n s t a n t i a t e d 
arguments g ive the known i n fo rma t i on , the ? shews 
what is r e q u i r e d . 

I f a plane ex is ted in the data base which mat­
ched, i tem by i t em, the ques t ion , the answer would 
be found d i r e c t l y , and the plane or l e x i c a l i tem 
in the ? p o s i t i o n would g ive the user the information 
he wanted. D i r e c t match here is a l i t t l e more com­
p l i c a t e d than is o f t e n the case : i f one of the i t ­
ems being searched f o r is a l e x i c a l i tem def ined by 
a t ree s t r u c t u r e (see Ornato, Z a r r i 1976) the 
search is genera l ized upwards in the d e f i n i t i o n 
t r ee . No such d i r e c t l y matching plane ex i s t s in the 
present case. 

Therefore the s p e c i a l i s t at tached to PRODUIRE 
is ca l l ed upon. ( I t i s always the pred icate c o n t a i ­
ned in the quest ion which determines the s p e c i a l i s t 
to be t r i e d ) . The modulator ' f i n ' and the empty 
CAUSEl c o r r e l a t o r at tached to PRODUIRE together t e l l 
us tha t we are seeking the cause of an i n t e r r u p t i o n 
in the p red ica te a c t i v i t y . The modulator 'maent' adds 

the a d d i t i o n a l i n fo rmat ion tha t what is invo lved is 
an i n t e l l e c t u a l a c t i v i t y . This po in ts us to a sub­
par t of PRODUIRE which g ives i n fo rmat ion about 
PRODUIRE as an i n t e l l e c t u a l a c t i v i t y , i nc lud ing as­
pects l i k e poss ib le reasons f o r te rm ina t ing the 
a c t i v i t y . There we f i n d that i f 'soc' i s a lso a t ­
tached to the p red ica te and if SOURCE is present in 
the ques t ion , then we are j u s t i f i e d in assuming 
tha t the SOURCE delegates power to the SUJ. A l l 
t h i s leads to the fo rmat ion of an hypothesis 'some­
one stopping working f o r someone else - i n a s i t u a ­
t i o n i n v o l v i n g the de lega t ion o f i n t e l l e c t u a l po­
wer- may be the r e s u l t of the employee, who r e p r e ­
sents the employer, a c t i n g , in the course of h i s 
o f f i c i a l d u t i e s , in a way not consonant w i t h the 
o f f i c i a l views of h i s employer1. (Employee and em­
ployer are here used only as shorthand f o r 'some­
one represent ing an o f f i c i a l body' and ' the o f f i ­
c i a l body represented ' : no money need change hands). 

This hypothesis is tested by searching in the 
data base f o r episodes which f i t the suggest ion 
tha t Clamanges may have acted in such a way w i t h 
regard to the U n i v e r s i t y of P a r i s . 

The search is done by t r y i n g to f i n d in the 
data base planes which match the schemata g iven in 
f i g u r e 4, which represent a f o r m a l i z a t i o n w i t h i n 
RESEDA of the hypothesis g iven above. A f t e r the f o r ­
mal r ep resen ta t i on , an eng l i sh t r a n s c r i p t i o n of the 
schema is g i ven . 

VI and V2 a r e , r e s p e c t i v e l y , the SUJ and the 
SOURCE of the o r i g i n a l ques t ion , V3 and V4 are o t h ­
e r , unspec i f ied characters who may t u rn out to be 
the same person, q and r r e f e r to i n s t a n t i a t e d 
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vers ions of the schemata w i t h the same name and a 
is a v a r i a b l e . The exclamation marks before q and r 
shew tha t they are c o n t r a d i c t o r y ( i . e . i f ' pour ' 
appears in one ' con t re ' must appear in the o t h e r ) . 
Obviously the da t ing of any planes found must f i t 
w i t h the quest ion and w i t h the other p lanes. 

In our present case, where the data base is 
as shewn e a r l i e r , p and q are s a t i s f i e d by planes 
7 and 8. Plane 8, it w i l l be remembered, was marked 
as f a l s e by the use of an a s t e r i s k , and indeed pla­
ne 12, which f l a t l y con t rad i c t s 8, a lso s a t i s f i e s 
r above. The p a r t i c u l a r form of the c o n t r a d i c t i o n 
- p l a i n f a l s i t y vs . es tab l ished t r u t h - a l lows us t o 
conclude tha t i t is unnecessary to search f o r a pla­
ne to s a t i s f y s. s is there to ca ter f o r the most 
general case, where the two planes s a t i s f y i n g p 
and q are simply c o n t r a d i c t o r y but ne i the r is known 
to be downright f a l s e . In tha t case, one must f i n d 
some evidence (plane s) tha t V2, the o r i g i n a l 
SOURCE, has informed some other person of whatever 
i s repor ted in r . But i f , as in t h i s case, t h e a t t i 
tude of the employer is w e l l known, there is no 
need to search f o r other evidence. 

Even a f t e r episodes have been found which sup­
por t the hypothes is , i t is not g iven to the user as 
a d e f i n i t e answer before an attempt has been made 
to v e r i f y i t by f i n d i n g some concrete ac t i on done 
by the employer against the employee to shew that 
what Clamanges d i d , was in f a c t s u f f i c i e n t to ac­
count f o r a break in the r e l a t i o n s h i p s between him 
and the U n i v e r s i t y . In other words, we search f o r 
immediate reac t ions of the U n i v e r s i t y against C la ­
manges* a c t i o n . The in ference ru l es g ive a number 
of cond i t i ons which are grounds f o r assuming a con­
c re te man i f es ta t i on of disagreement w i t h someone. 
To remove a l i v i n g from someone, to f o r b i d the 
p u b l i c a t i o n of someone's book, to contest someone's 
a u t h o r i t y , f o r example, are a l l poss ib le grounds. 
Amongst these cond i t i ons 'rep+PRODUIRE' ( re -do ing 
something) appears as one poss ib le equ iva lent to 
'real+contre+AVOIR-ATTITUDE' ( the concrete mani fes­
t a t i o n of d isagreement) , p rov id ing that the SUJ of 
'rep+PRODUIRE' was the SOURCE in a plane where the 
OBJ was the same as tha t of the 'rep+PRODUIRE' p l a ­
ne. The SUJ of the plane con ta in ing the SOURCE is 
the OBJ of the AVOIR-ATTITUDE p lane. 

In order to make use of t h i s r u l e , we f i r s t 
look f o r any CAUSE2 po in te r which conta ins p, i . e . 
7, as i t s second argument. Th is g ives us two planes, 
both 9 and 10 are said to be caused by 7 (and by 
11, but we are on ly i n te res ted now in 7 ) . 10 has 
U n i v e r s i t e - d e - p a r i s as SUJ and t e l l s us tha t the 
U n i v e r s i t y cor rec ted the c r i t i c a l l e t t e r . This g i ­
ves us the v e r i f i c a t i o n we need. If even more con­
f i r m a t i o n had been r e q u i r e d , 9 would have provided i t . 

In the present ve r s i on of RESEDA, the spec ia­
l i s t programs f o r the pred icates use a c o l l e c t i o n 
o f f a i r l y ad-hoc r u l e s . Al though t h i s p re l im ina ry 
model desp i te i t s l i m i t e d number of r u l es a l lows 
us to make a many use fu l in ferences w i t h i n prede­
f i ned con tex ts , we hope to develop a more f l e x i b l e 
and more u n i f i e d v e r s i o n . But i t is c lear tha t any 
f u r t h e r development w i l l depend heav i l y on the em­
p i r i c a l work done in the f i r s t stage descr ibed here, 

Conclusion 

RESEDA, the system descr ibed i n f o r m a l l y here, 
is an attempt to apply we l l - es tab l i shed techniques 
from the domain o f A r t i f i c i a l I n t e l l i g e n c e w i t h i n 
a use fu l a p p l i c a t i o n , w h i l s t at the same time de­
ve lop ing new in ferences ru les to account f o r the 
p e c u l i a r i t y o f the da ta . I t i s hoped tha t the r e ­
p resen ta t ion and in ference methods developed in 
the design and implementat ion of t h i s system w i l l 
prove s u f f i c i e n t l y supple to deal w i t h any k ind of 
b iog raph ica l da ta . Ghosts are not necessar i l y o l d -
fash ioned. 
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