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A b s t r a c t :  

A s e l f - t u n i n g  a d a p t i v e  i n f o r m a t i o n  r e t r i e v a l  sys tem as an e x t e n s i o n  o f  
t h e  c o n c e p t  o f  a " c l a s s i c a l "  document  r e t r i e v a l  s y s t e m ,  i s  o u t l i n e d .  
T h i s  sys tem a c c e p t s  documents  and s e a r c h  r e q u e s t s  i n  n a t u r a l  l a n g u a g e ,  
as w e l l  as t h e  s y s t e m - p r o p o s a l s  p r e v i o u s l y  p r o d u c e d  by t h e  sys tem i t -  
s e l f  o r  p r e p a r e d  by t h e  sys tem o p e r a t o r .  I t  P r o d u c e s  a s y s t e m - p r o p o s a l  
that  cons is ts  of a l i s t  of documents ranked according to t h e i r  
relevance to the query. 
Incorporated i n to  the system is  a system va lua t i on  subsystem that  uses 
weighted relevance judgements. This subsystem gives as output an 
e f fec t i veness  value and an e f f i c i e n c y  value: both together  measure the 
q u a l i t y  of an in fo rmat ion  r e t r i e v a l  system. 
The computation of the q u a l i t y  values and the values themselves are i n -  
dependent of a s p e c i f i c  implementat ion.  The r e t r i e v a l  process in t h i s  
system consists of two parts, namely a query-document match and a 
query-query match. 
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1 . M o t i v a t i o n  

Most e x i s t i n g  document r e t r i e v a l  systems employ matching procedures tha t  are based on ly  on 
s y n t a c t i c  r e l a t i o n s  between documents and q u e r i e s ,  as indexed by d e s c r i p t o r s  or keywords 
and phrases /SaLt71/,/DoyL75/,/Mare74/. The f requent  user of an i n f o r m a t i o n  r e t r i e v a l  sys- 
tem should have the o p p o r t u n i t y  to  i n f l uence  a system w i th  the knowledge tha t  he has 
acqui red about the s to red  i n f o r m a t i o n .  An improvement in t h i s  d i r e c t i o n  is  the ex tens ion  
of the r e t r i e v a l  process by procedures f o r  query feedback or f o r  document feedback, as 
mentioned in / S a l t 7 2 / .  This kind of an i n f o r m a t i o n  r e t r i e v a l  system enr ichment Leads to 
more acceptab le  r e s u l t s  from a r e t r i e v a l  process i f  i t  is  p o s s i b l e  to combine query feed-  
back and document feedback in the search process,  as o u t l i n e d  by /Kon r71 /  and aS r e a l i z e d  
in the FAKYR system /BockTS/. 
Never the less ,  t h i s  kind of improvement is  not power fu l  enough to g ive the user an oppor -  
t u n i t y  t o  d i r e c t  the r e t r i e v a l  process w i th  h is  own "Language". To c l a r i f y  what t h i s  
means, Let us concen t ra te  f o r  a moment on the problems concerned w i t h  q u e r y - i n d e x i n g .  A 
query in a system Like the ones mentioned above is  mapped onto the system by va r ious  t e x t -  
process ing techniques (e .g .  t r i v i a l  word e l i m i n a t i o n ,  synonym and homonym r e c o g n i t i o n ,  
word stem a n a l y s i s ) .  The query-mapping in these systems is  done by means of a document- 
term thesaurus,  i . e .  a L is t  of terms which occur in the documents. This thesaurus i s ,  
rough ly  speaking,  the Language of the system but but the Language of i t s  user. 
I f  one wants to p rov ide  mope support  to the user in h is  work w i t h  an i n f o r m a t i o n  r e t r i e v a l  
system, one should adapt the system to the use r ' s  needs ins tead of c o n s t r a i n i n g  the user 
by system dependent v i e w p o i n t s .  A p o s s i b i l i t y  of doing t h i s  is  f o r  the s y s t e m  to Learn 
through i n t e r a c t i o n  w i t h  the user h is  view on the s to red  i n f o r m a t i o n .  The u s e r ' s  view can 
then be e x t r a c t e d  from the quer ies  fo rmu la ted  in h is  own Language, and from such p roposa ls  
which are accepted by the user ( i n  sho r t :  u s e r - s a t i s f y i n g  p r o p o s a l s ) .  In doing t h i s  a 
query- te rm thesaurus ( i . e .  a L i s t  of terms used in the q u e r i e s ) ,  a set of system proposa ls  
p r e v i o u s l y  produced, and a document-term thesaurus are i n c o r p o r a t e d  i n t o  the r e t r i e v a l  
process.  
The search process now cons i s t s  of two p a r t s ,  namely the " c l a s s i c a l "  r e t r i e v a l  process as 
in SMART / S a l t 6 8 /  or FAKYR /BockTS/,  and the new process of matching a query aga ins t  the 
p r e v i o u s l y  produced proposa l  and the u s e r - s a t i s f y i n g  proposa ls  of the system. The r e s u l t  
of both processes is  a set of  two p a r t i a l  p roposa l s ,  each c o n s i s t i n g  of a L i s t  of docu- 
ments and t h e i r  c o r r e l a t i o n  w i t h  the query cons idered .  The complete proposa l  of the system 
is b u i l t  up then aS a paramete r i zed  compos i t ion  of the two p a r t - p r o p o s a l s .  
In such an i n f o r m a t i o n  r e t r i e v a l  system the use r ' s  po in t  of view comes i n t o  the system v ia  
the c o l l e c t i v e  p roposa ls  accepted as an answer to a c e r t a i n  query. The user of an i n f o r -  
mation r e t r i e v a l  system now Looks at the i n f o r m a t i o n  s to red  in the system v i a ,  again 
rough ly  speaking,  the document-term Language, which is  c lose to the system, and the query -  
term language, which is  very c lose to the use r ' s  language i f  the system prov ides  a 
n a t u r a l - l a n g u a g e - l i k e  query language as in FAKYR. 
In the i n t r o d u c t i o n  or i n s t a l l a t i o n  phase of such a dynamic s e l f - t u n i n g  adap t i ve  i n f o r -  
mation r e t r i e v a l  system, tha t  i s  the pe r i od  before  the system has produced enough 
s a t i s f a c t o r y  sys tem-proposa ls ,  the system e i t h e r  operates l i k e  a " c l a s s i c a l "  system, or 
e lse  uses prepared answers to c h a r a c t e r i s t i c  quer ies  in o rder  to c rea te  a set of i n i t i a l  
p roposa ls .  A c h a r a c t e r i s t i c  query in the sense of such a DYSTAIR system is  a query which 
covers one pa r t  of the documents (e .g .  a c l u s t e r  of documents). 

2 .  The Model of the System 

The model of the DYSTAIR system is  an ex tens ion  of the system model of FAKYR as descr ibed  
in /Bock76/. Most of the components of the DYSTAIR system are we l l  known in document 
r e t r i e v a l  systems /Mare74/, /Doy t7S/ .  The s torage of the processed quer ies  t oge the r  w i t h  
p roposa ls  accepted by the user is  a new idea.  The improvement p rov ided  by the DYSTAIR sys- 
tem is  the o p p o r t u n i t y  of c o l l e c t i n g  i n f o r m a t i o n  from the search process and thereby 
c o l l e c t i n g  user v i e w p o i n t s ,  which may be usefu l  f o r  an i t e r a t i o n  of a search process or 
f o r  process ing quer ies  s i m i l a r  to each o t h e r .  A new component w i t h i n  a r e t r i e v a l  system is  
the query -documen t -ma t r i x ,  where the documents r e l e v a n t  to an c e r t a i n  query are s to red .  
The main d i f f e r e n c e  between FAKYR or o the r  SMART-Like systems and the DYSTAIR system is  in 
the r e t r i e v a l  process.  
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I t  is  assumed t h a t  documents, q u e r i e s  and sys tem-p roposa l s  are r e p r e s e n t e d  and handled as 
m u l t i d i m e n s i o n a l  v e c t o r s  in an a b s t r a c t  space. The DYSTAIR system may then be desc r i bed  by 
the f o l l o w i n g  components: 

a: A set DT of  nl terms used f o r  document i n d e x i n g ,  i . e .  the document- term thesau rus .  

b: A set QT of  n2 terms used f o r  query i n d e x i n g ,  i . e .  the q u e r y - t e r m  thesau rus .  

c: A set DO of  n3 documents in n a t u r a l  language.  

d: A set QO of n4 q u e r i e s  in  n a t u r a l  language.  

e: A set BT of  n5 t r i v i a l  words, i . e .  the bana l -wo rd  t hesau rus .  

f :  A t r a n s f o r m a t i o n  FD on the set o f  documents DO mapping each document onto  the  
a b s t r a c t  v e c t o r  space D spanned by the terms of  the document- term thesaurus  DT. 

g: A t r a n s f o r m a t i o n  FQQ on the set o f  q u e r i e s  eO mapping each query  onto  the a b s t r a c t  
v e c t o r  space QQ spanned by the terms of  the q u e r y - t e r m  thesaurus  QT. 

h: A t r a n s f o r m a t i o n  FQD on the set of  q u e r i e s  QO mapping each query on to  the a b s t r a c t  
v e c t o r  space QD spanned by the terms of  the document- term thesaurus  DT. 

i : A set P of  p r e v i o u s l y  produced or  p repared  sys tem-p roposa l s  p, where each p e P is  a 
subset of  D. 

j : A search f u n c t i o n  FSD on the C a r t e s i a n  p roduc t  of  D and QD which induces a p a r t i a l  
o r d e r i n g  on the set D. FSD takes  a query q and produces the p a r t i a l  p r o p o s a l s  
ppd e PPD, depending on the c o r r e l a t i o n  of  the query and the documents in  D. PPO i s  
the set of p roposa l s  produced by FSD. 

k: A search f u n c t i o n  FSQ on QQ, which takes q and produces the p a r t i a l  p r o p o s a l s  
ppq c PpQ, depending on the c o r r e l a t i o n  of  the query and the q u e r i e s  p r e v i o u s l y  posed 
or p repared  s t o r i n g  i n  QQ. PPQ is  the set o f  p r o p o s a l s  produced by FSQ. 

t :  A t r a n s f o r m a t i o n  FP on the C a r t e s i a n  p roduc t  o f  the PPQ and PPD which c r e a t e s  the 
complete sys tem-p roposa l  PP, which is  a p a r t i a l  o r d e r i n g  on DO. The model of  the 

c l a s s i c a l  i n f o r m a t i o n  r e t r i e v a l  system does not  c o n t a i n  s tep g, k and I .  In t h i s  
system step j produces d i r e c t l y  the comple te  system p r o p o s a l .  

m: A t r a n s f o r m a t i o n  FC on the comple te  p roposa l  PP t h a t  gene ra tes  a subset PPC of  PP 
depending on a s e l e c t i o n  pa rame te r ,  i . e .  the c u t - o f f  v a l u e .  PPC is  the p roposa l  the 
system p resen ts  to  the user as the answer to  the query c o n s i d e r e d .  

n: A set o f  v a r i o u s  c l a s s i f i c a t i o n  f u n c t i o n s  SFC which can be a p p l i e d  f o r  c l u s t e r i n g  BT, 
DT, QT, QQ, QD or P. 

o: A t r a n s f o r m a t i o n  FFQ on the C a r t e s i a n  p roduc t  o f  P, QD and the r e l e v a n c e  s ta temen ts  
RS i n t o  QD, t h i s  led to  query feedback.  

p: A t r a n s f o r m a t i o n  FFD on t h e  C a r t e s i a n  p r o d u c t  o f  P, QD, D, and  t h e  r e l e v a n c e  s t a t e -  
ments  RS i n t o  D, t h i s  led to  document feedback.  
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Model of a ctassical information retrieval system 
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Using the d e f i n e d  components o f  a dynamic s e l f - a d a p t i v e  i n f o r m a t i o n  system the r e t r i e v a l  
process c o n s i s t s  of  the f o l l o w i n g  s teps :  

A: The user poses a query qo in natural language to the system. 

B: The query qo i s  t r a n s l a t e d  by the f u n c t i o n  FQD i n t o  a v e c t o r  
qd = ( q d l , q d 2 , . . . , q d , 1 ) ,  

where qd, i s  the we ight  of  term n of  the document- term thesaurus  DT 
query qd. 

in the indexed 

C: The query qo i s  t r a n s l a t e d  by the f u n c t i o n  FQQ i n t o  a v e c t o r  
qq = ( q q l , q q 2 , . - - , q q . 2 ) ,  

whereby qqn is  the we ight  of  term n of  the q u e r y - t e r m  thesaurus  QT in  the indexed 
query qq. 

D: The q u e r y  v e c t o r  qd i s  m a t c h e d  a g a i n s t  t h e  d o c u m e n t  v e c t o r s  
d = ( d l , d 2 , . . . , d n z )  

o f  t h e  a b s t r a c t  v e c t o r  s p a c e  D. T h e r e b y  a c o r r e l a t i o n  c o e f f i c i e n t  x .  i s  c o m p u t e d  f o r  
e a c h  q u e r y - d o c u m e n t  p a i r  ( q d , d ) .  T h i s  i s  an a p p l i c a t i o n  o f  FSD and  

cd  = (XIpXz,...,Xn3) 
is the result of this step. A d n in the document vector d represents the weight of 
term n of the document-term thesaurus DT within the document considered. 

E: The query v e c t o r  qq i s  matched aga ins t  the query  v e c t o r s  
q = ( q l , q 2 , - - - , q . 2 )  

o f  the a b s t r a c t  v e c t o r  space QQ. Thereby a c o r r e l a t i o n  c o e f f i c i e n t  y .  is  computed f o r  
each q u e r y - q u e r y  p a i r  ( q q , q ) ,  

cq = ( y ~ , y a , . . . , y . ~ )  
i s  the r e s u l t  of  t h i s  s tep .  A q. in the query v e c t o r  q r e p r e s e n t s  the we igh t  of  term 
n of  the q u e r y - t e r m  thesaurus  QT w i t h i n  the query cons i de red .  

F: Based on the c o r r e l a t i o n  c o e f f i c i e n t s  cd, cq and a query-document c o r r e l a t i o n  m a t r i x  
cQ, t h a t  c o n t a i n s  the c o r r e l a t i o n  of  q u e r i e s  and documents r e s u l t i n g  from p r e v i o u s  
search processes,  a sys tem-p roposa l  is  computed. This p roposa l  i s  r e p r e s e n t e d  by a 
l i s t  of  c o r r e l a t i o n  c o e f f i c i e n t s  

CV = ( C l , C z p C 3 , . . . p C n 3 )  , 
w h e r e  a c n d e n o t e s  t h e  r e l e v a n c e  o f  d o c u m e n t  n t o  t h e  q u e r y  p o s e d .  

G- The d o c u m e n t s  a r e  r a n k e d  i n  an  d e c r e a s i n g  o r d e r  a c c o r d i n g  t o  t h e  c o r r e l a t i o n  
c o e f f i c i e n t s  cn i n  t h e  v e c t o r  c v  o f  s t e p  F.  The h i g h e s t  r a n k e d  d o c u m e n t s  a r e  b r o u g h t  
to  the u s e r ' s  a t t e n t i o n  depending on the s e l e c t i o n  parameter  ( i . e .  the cut va lue )  
chosen. 

H: The u s e r  d e c i d e s  w h e t h e r  a d o c u m e n t  p r e s e n t e d  b y  t h e  s y s t e m  i s  r e l e v a n t  o r  n o t .  N e x t ,  
t h e  a c t u a l  q u e r y ,  t h e  r e l e v a n c e  j u d g e m e n t  and  r e f e r e n c e s  t o  t h e  r e l e v a n t  d o c u m e n t s  
a r e  p u t  t o g e t h e r  i n t o  t h e  p r o p o s a l  s t o r e  P. 
In t h i s  step the system d y n a m i c a l l y  per forms s e l f - a d a p t i o n ,  in t h a t  the u s e r ' s  v iew 
on the s t o red  documents i s  r e p o r t e d  and w i l l  be usab le  in the f o l l o w i n g  r e t r i e v a l  
processes of  t h i s  user .  I f  he or she poses a query s i m i l a r  to  the a c t u a l  query 
a f t e r w a r d s  to  the system, the system uses the r e p o r t e d  v iew to  produce the answer to  
the new but s i m i l a r  que ry .  
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The classical retrieval process 
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3. The C a l c u l a t i o n  of  a System-Proposa l  

As ment ioned in S e c t i o n  2 ,  c o r r e l a t i o n  c o e f f i c i e n t s  o f  two d i f f e r e n t  t ypes  are produced in  
a DYSTAIR r e t r i e v a l  p rocess ,  nF~mely query-document and ' q u e r y - q u e r y ' - d o c u m e n t  c o r -  
r e l a t i o n s .  The l a t t e r  c o r r e l a t i j n  c o e f f i c i e n t s  are computed from the q u e r y - q u e r y  c o r r e -  
l a t i o n  c o e f f i c i e n t s  cq and the query-document c o r r e l a t i o n  c o e f f i c i e n t s  cQ of  the p roposa l s  
p r e v i o u s l y  produced.  The q u e s t i o n  now is  how to  compute a complete p roposa l  p f o r  a query 
q based on these c o e f f i c i e n t s .  
For a c u r r e n t  query q the c a l c u l a t i o n  of  the c o r r e l a t i o n  va lues  works as f o l l o w s :  In the 
f i r s t  s tep ,  q is  c o r r e l a t e d  w i t h  a l l  the documents, r e s u l t i n g  in a set of  d i r e c t  que ry -  
document c o r r e l a t i o n s .  In t h i s  process the query and the documents are compared accord ing  
to t h e i r  r e p r e s e n t a t i o n s  b i ven  by the document- term thesaurus .  In the next  step the c o r r e -  
l a t i o n  va lues  of  q and the p r e v i o u s l y  posed que r i es  q'cQ are computed, p roduc ing  a set of  
q u e r y - q u e r y  c o r r e l a t i o n s .  Both sets  may be w r i t t e n  as v e c t o r s  to  make computa t ions  e a s i e r .  
From these q u e r y - q u e r y  c o r r e l a t i o n s  and the c o r r e l a t i o n s  a l r e a d y  computed between the 
p r e v i o u s l y  posed q u e r i e s  and the documents, i n d i r e c t  c o r r e l a t i o n s  between q and the docu- 
ments are c a l c u l a t e d .  In t h i s  step we get f o r  each document a set of  va lues  deno t i ng  the 
i n d i r e c t  c o r r e l a t i o n  between t h a t  document and the c u r r e n t  query .  The d i r e c t  c o r r e l a t i o n  
v a l u e s ,  computed from q and D w i t h o u t  q ' ,  and the i n d i r e c t  c o r r e l a t i o n  v a l u e s ,  computed 
from q q '  c o r r e l a t i o n s ,  t o g e t h e r  d e f i n e  the set of  c o r r e l a t i o n  va lues  between q and d. 
We s e l e c t  (or  compute) o n l y  one from t h i s  set of  c o r r e l a t i o n  v a l u e s .  I f  we do t h i s  f o r  
each document we get a set (or  v e c t o r )  of  c o r r e l a t i o n  v a l u e s ,  where each va lue  i n d i c a t e s  
the composi te  c o r r e l a t i o n  between one document and the c u r r e n t  query .  The l i s t  of  docu- 
ments used as the system p roposa l  i s  then c o n s t r u c t e d  based on these c o r r e l a t i o n  v a l u e s .  
To make t h i s  more p r e c i s e  and f o r m a l ,  the f o l l o w i n g  d e f i n i t i o n s  are used: 

query-document c o r r e l a t i o n  : 

cd = ( x ~ p X t , o . . , x , 3 )  

q u e r y - q u e r y  c o r r e l a t i o n  : 

cq  = ( Y z , Y z , . - - , Y . 4 )  

q u e r y - d o c u m e n t  c o r r e l a t i o n  o f  p r o p o s a l s  p r e v i o u s l y  p r o d u c e d  : 

z l  1 m Z 1 2  , - - - s Z l ( n 3 )  

Z 2 1  , Z 2 2  , - - - # Z 2 ( n 3 )  

C Q  = ° 

Z (n  ~ )  1 I Z  ( n ( ~ )  2 , "  • • I Z  (n  4 )  ( n 3 )  

where: 
x. : query-document c o r r e l a t i o n  of  query q and document n 
y ,  : q u e r y - q u e r y  c o r r e l a t i o n  of  query q and query  n 
z ( n ~  (n~) : query-document c o r r e l a t i o n  of  query n4 and document n3 

sys tem-p roposa ls  P 
cQ : m a t r i x  of  query-document c o r r e l a t i o n s  of  accepted p roposa l s  

in the set of  
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correlation vector of query q : 

cv = (cz,c2,...,cn3) 

c. : correlation of document n and query q 

cv  = (s ( e ~ x z . , y z  ~zz z .,Yz ~z= z . * - - , Y n 4 I t Z  ( n 4 )  ]. ) • 

s ( e } ~ x 2 , y l  }~zz z ,Yz~Z==  .='- • - / ' Y n  4 } ~ Z  ( .  4 )  Z ) , 

s (e~x3,yx~zz3 ,Y2 ~zz:3 ,'-',Yn41~Z (n4) 3 ) , 

"i ° 

. * .  

. *. 

s(e~x.3,yz~zzc.3),Yz~Z2(.~), ---,Y.4~z(.4) (.s))) 

where:  
e : e x p e r i m e n t a l l y  s e l e c t e d  f a c t o r  

: c o m p o s i t i o n  o p e r a t o r  f o r  two c o r r e l a t i o n  c o e f f i c i e n t s  ( e . g .  m u l t i p l i c a t i o n )  
s : s e l e c t i o n  f u n c t i o n  ( e . g .  maximum, a v e r a g e )  
x , y , z  : as above 

P r o p o s a l  o f  t he  system 

The c o m p l e t e  p r o p o s a l  t o  a q u e r y  q i n c l u d e s :  

• System p r o p o s a l  sequence (documents i n  t he  o r d e r  i n  wh ich  t h e y  a re  r e t r i e v e d )  

sps = ( d z , d z , d 3 , . . . , d . 3 )  

where d. : document r e t r i e v e d  at  s t ep  n 

• S y s t e m  p r o p o s a l  ( d o c u m e n t s  i n  t h e  o r d e r  i n  w h i c h  t h e y  a r e  r a n k e d )  

Sp = (pdz,pdz,pd3,...,Pd.3) 

where pd. : document ranked at position n 

• System p r o p o s a l  c o r r e l a t i o n  v e c t o r  ( c o r r e l a t i o n  v a l u e s  a c c o r d i n g  t o  t h e  s y s t e m  proposal) 

s p c v  = (c  
pdz 

where c 
pd. 

and 

,C ,...,C ) 
Pd2 P d , 3  

correlation of document ranked at position n 

C < C < C < . . .  < C 
pdz Pdz Pd3 P d . 3  
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4. E f f e c t i v e n e s s  and e f f i c i e n c y  of  an i n f o r m a t i o n  r e t r i e v a l  system 

As e x t e n s i o n s  of  s tandard  e v a l u a t i o n  measures ( r e c a l l ,  p r e c i s i o n ,  f a l l o u t ,  g e n e r a l -  
i t y , . . . ) ,  see / S a l t 7 1 /  and /Robe76 / ,  two e s t i m a t i o n  procedures  are i n t r o d u c e d  by the 
DYSTAIR system. Both procedures  are based on r e l e v a n c e  v e c t o r s  and sys tem-p roposa l  
v e c t o r s .  T h e r e f o r e ,  the r e l e v a n c e  judgement i s  mapped onto a v e c t o r  s i m i l a r  to  the system- 
p roposa l  v e c t o r .  On the bas is  of  these two v e c t o r s ,  the e f f e c t i v e n e s s  and e f f i c i e n c y  of  an 
i n f o r m a t i o n  r e t r i e v a l  system are d e f i n e d  in an imp lemen ta t i on  independent  manner. 

4.1 E f f e c t i v e n e s s  of  an i n f o r m a t i o n  r e t r i e v a l  system 

Idea : 

The d i f f e r e n c e  between the i d e a l  and the r e a l  e f f e c t i v i t y  of  a system, r e p r e s e n t e d  by the 
i d e a l  and the r e a l  e f f e c t i v e n e s s  v e c t o r s  o f  a system, can be taken to  measure the 
e f f e c t i v e n e s s .  Components of  the i d e a l  e f f e c t i v e n e s s  v e c t o r  are va lues  d e s c r i b i n g  the 
b e h a v i o r  of an i d e a l  system which ranks the r e t r i e v e d  documents as the user does in making 
the r e l e v a n c e  judgement .  
The r e a l  e f f e c t i v e n e s s  v e c t o r  r e p r e s e n t s ,  in i t s  components, va lues  measuring the d i f -  
fe rence between the system p roposa l  and the r e l e v a n c e  judgement f o r  each query .  The c o r r e -  
l a t i o n  of both of  these v e c t o r s  is  a measure of  the e f f e c t i v e n e s s .  

D e f i n i t i o n s  : 

a .  r e l e v a n c e  j u d g e m e n t  p e r  q u e r y  

rj(q) = (rl,rz,r3,...,rn3) 
where r. : relevance value of document n for query q, 

relevance scale example : 0 ~ r. ~ 1 , 
r. = 0 : document n is irrelevant to query q, 
0 < r. < I : document n is relevant to query q but not satisfactory 

user ,  
rn = I : document n i s  r e l e v a n t  to  query q and s a t i s f a c t o r y  to  the user 

to  the 

b. c o r r e l a t i o n  v e c t o r  per  query 

c v ( q )  = ( C 1 , C 2 , C 3 , * * . , C n 3 )  
w h e r e  c .  : c o r r e l a t i o n  v a l u e  o f  d o c u m e n t  n and  q u e r y  q 

c .  s y s t e m  e f f e c t i v e n e s s  v e c t o r  

s e s v  = ( s e s z , s e s z , s e s 3 , . . . , s e s ,  4)  

ses. = c ( r j ( n ) , s p ( n ) )  
where ses. : c o r r e l a t i o n  of  c o r r e l a t i o n  v e c t o r  and r e l e v a n c e  judgement f o r  query n, 

c : c o r r e l a t i o n  f u n c t i o n  on two v e c t o r s  

d .  i d e a l  s y s t e m  e f f e c t i v e n e s s  v e c t o r  

i s e s v  = ( i s e s ~ , i s e s = , i s e s 3 , . . . , i s e s n 4 )  

ises. = c(rj(n),rj(n)) 
where ises. : correlation of the relevance judgement for query n to itself , 

c : correlation function on two vectors 

S y s t e m  E f f e c t i v e n e s s  .: s e s  = c ( s e s v ,  i s e s v )  
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4.2 E f f i c i e n c y  of  an i n f o r a m t i o n  r e t r i e v a l  system 

Idea : 

The most e f f i c i e n t  i n f o r m a t i o n  r e t r i e v a l  systems are those which r e t r i e v e  the  h i g h e s t  
ranked ( i . e .  the most r e l e v a n t )  documents f i r s t .  In l i n e  w i t h  t h i s  i dea ,  the d i f f e r e n c e  
between the ou tpu t  o f  the r e a l  and the i d e a l  r e t r i e v a l  p rocesses ,  as r e p r e s e n t e d  by the 
d i f f e r e n c e  between the r e a l  e f f i c i e n c y  v e c t o r  and an i d e a l  e f f i c i e n c y  v e c t o r ,  may be taken 
as a measure of the e f f i c i e n c y  of  an i n f o r m a t i o n  r e t r i e v a l  system. An i d e a l  e f f i c i e n c y  
v e c t o r  r e p r e s e n t s ,  in i t s  components, va lues  d e s c r i b i n g  the e f f i c i e n c y  of  an i d e a l  system 
which r e t r i e v e s  the documents in the same o rde r  of r e l e v a n c e  in which the user has ranked 
them. The r e a l  e f f i c i e n c y  v e c t o r  d e s c r i b e s ,  in component n, the c o r r e l a t i o n  between the 
r e l e v a n c e  judgement sequence, i . e .  the v e c t o r  d e n o t i n g  the documents in the o r d e r  of  
dec reas ing  r e l e v a n c e ,  and the r e a l  system p roposa l  sequence, i . e .  the v e c t o r  d e n o t i n g  the 
documents in the o rde r  they  are r e t r i e v e d .  

D e f i n i t i o n s  : 

a. r e l e v a n c e  judgement sequence per query 

r j s ( q )  = (rdl,rd2,rd3,...,rdn3) 

where: r e l e v a n c e  of  document r d .  > r e l e v a n c e  of  document r d , , ~  

b. system proposal sequence per query 

sps(q) = (d~,d2,d3,...d.3) 

d. : n-th retrieved document 

c. system e f f i c i e n c y  v e c t o r  

seyv = ( s e y l , s e y 2 , s e y 3 , . . . , s e y ,  4) 

sey. = c ( s p s ( q ) , r j s ( q ) )  
where sey. : c o r r e l a t i o n  of  system p roposa l  sequence and r e l e v a n c e  judgement sequence 

f o r  query n, 
c : c o r r e l a t i o n  f u n c t i o n  on two v e c t o r s  

d. i d e a l  system e f f i c i e n c y  v e c t o r  

i seyv  = ( i s e y x , i s e y 2 , i s e y 3 , . . . , i s e y ,  4) 

i s e y .  = c ( r j s ( n ) , r j s ( n ) )  
where sey,  : c o r r e l a t i o n  of  the r e l e v a n c e  judgement sequence f o r  query  n to  i t s e l f ,  

c : c o r r e l a t i o n  f u n c t i o n  on two v e c t o r s  

System E f f i c i e n c y  : sey : c ( s e y v ,  i seyv )  

Both the measurement of  the e f f e c t i v e n e s s  and the measurement o f  the e f f i c i e n c y  of  the 
system are t o t a l l y  independent  of  the i m p l e m e n t a t i o n .  The m o t i v a t i o n  f o r  us ing these 
measures is  to  have o n l y  two e s t i m a t i o n  va lues  of  an i n f o r m a t i o n  r e t r i e v a l  system. Our 
i m p l e m e n t a t i o n - i n d e p e n d e n t  measures a l l o w  the compar ison of  the  b e h a v i o r  o f  such systems 
on the bas is  of  u s e r - g i v e n  r e l e v a n c e  judgements.  
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S. Adap t ion  of  the system 

A DYSTAIR system is  d y n a m i c a l l y  s e l f - a d a p t i v e  w i t h  respec t  to  the i n d i v i d u a l  user .  A user ,  
work ing  every  day on an i n f o r m a t i o n  r e t r i e v a l  system f o r  a s p e c i a l  set of  documents, 
should have the o p p o r t u n i t y  to  use h i s  own "Language" ( i . e .  h i s  d i a l e c t )  in word ing the 
que r i es  he wants to pose to  the system. The d i a l e c t  r e p r e s e n t s  the u s e r ' s  knowledge and 
v iew of the t o p i c s  cons i de red ,  whereas the set of a l l  q u e r i e s  posed p r e v i o u s l y  to  the 
c u r r e n t  query r e f l e c t  t h i s  knowledge, as does the set of accepted p r o p o s a l s .  
In the DYSTAIR system, both the p r e v i o u s l y  posed q u e r i e s  and the accepted documents are 
used to  b r i n g  the system c l o s e r  to  the user .  Both are s t o red  t o g e t h e r  in the system to 
a s s i s t  the r e t r i e v a l  process in f i n d i n g  the r e l e v a n t  documents. In an a c t u a l  r e t r i e v a l  
p rocess ,  the c u r r e n t  query and the p r e v i o u s l y  posed q u e r i e s  are taken to  produce a system 
p roposa l  t h a t  accords w i t h  the the u s e r ' s  d i a l e c t .  The c u r r e n t  query and the p reced ing  
q u e r i e s ,  a l l  worded in terms of  t h a t  d i a l e c t ,  are c o r r e l a t e d ,  and documents r e l e v a n t  to  
que r i es  s i m i l a r  to  the c u r r e n t  query are i n d i c a t e d  by t h i s  process.  This k ind of  an i n f o r -  
mat ion r e t r i e v a l  process i s  based upon the word ings taken by the i n d i v i d u a l  user~ wheras 
c l a s s i c a l  r e t r i e v a l  processes work on l y  on sentences worded in terms of the system 
t h e s a u r i ,  which in gene ra l  do not r ep resen t  knowledge or v iews of  an i n d i v i d u a l  user .  
DYSTAIR cap tu res  the u s e r ' s  v iews a lso  at a second l e v e l .  A f t e r  a complete r e t r i e v a l  
process the user of the DYSTAIR system dec ides whether  the proposed documents are r e l e v a n t  
or  not to  the c u r r e n t  query .  This judgement r e p r e s e n t s  a l so  the knowledge and v iews of  the 
i n d i v i d u a l  user .  T h e r e f o r e ,  o n l y  documents judged as r e l e v a n t  are put i n t o  the p roposa l  
s t o r e ,  to be r e t r i e v a b l e  by subsequent search processes.  
This has led to  an i n f o r m a t i o n  r e t r i e v a l  p rocess ,  where in two d i f f e r e n t  s i t u a t i o n s  the 
knowledge and v iews of  an i n d i v i d u a l  user are taken i n t o  account ,  namely at the que ry -  
inpu t  and at the p r o p o s a l - o u t p u t  s tage .  A f t e r  an i n t r o d u c t o r y  phase, q u e r i e s  posed to the 
DYSTAIR system are more or less s i m i l a r  to  each o t h e r ,  and the user has gained an ove rv i ew  
of  the s t o red  i n f o r m a t i o n ,  and an unde rs tand ing  of  a c t i o n s  of  the system in terms of h i s  
own d i a l e c t .  
The adap t i on  process may be improved by a set of  r e t r i e v a l  processes work ing  on q u e r i e s  
c o v e r i n g  c l u s t e r s  of  documents. This r e q u i r e s  c l u s t e r i n g  of  documents depending on user 
v iews ,  which i s  to  be done by procedures work ing  e i t h e r  as user suppor t  or  a u t o m a t i c a l l y .  
In c l a s s i c a l  r e t r i e v a l  systems such as SMART, these procedures are at a h i g h l y  e l a b o r a t e d  
s tage.  The DYSTAIR system t h e r e f o r e  w i l l  adopt these p rocedures .  
Based on the second l e v e l  user knowledge i n p u t ,  the r e l e v a n c e  judgement ,  document and 
query feedback is  per fo rmed.  In the case of  document feedback the document space is  t r a n s -  
formed in such a way t h a t  r e l e v a n t  documents are moved towards the query v e c t o r  in t h a t  
space, w h i l e  the i r r e l e v a n t  documents are moved in the o p p o s i t e  d i r e c t i o n .  A f t e r  s e v e r a l  
document feedback processes the document space is  t rans fo rmed  toward an user o r i e n t e d  
r e p r e s e n t a t i o n  of the documents. 
I f  query feedback is  done, the query i s  moved i n t o  the area of  r e l e v a n t  documents. Here 
the word ing and the reword ing  of  a query are d i r e c t e d  bydocuments judged as r e l e v a n t  or  
i r r e l e v a n t .  Hybr id  feedback s t r a t e g i e s ,  c o n s i s t i n g  of  a l t e r n a t i n g  document and query feed -  
back, are most e f f e c t i v e ,  as exper imen ts  have shown. A d e t a i l e d  d e s c r i p t i o n  of  both s i n g l e  
and h y b r i d  feedback p rocedures ,  as w e l l  as of  the exper imen ts  per formed on them is  to  be 
found in /BockT5/. 
The q u e r y - p r o p o s a l  adap t i on  and the feedback a d a p t i o n  are to  be done e i t h e r  s e p a r a t e l y  or  
j o i n t l y .  The q u e s t i o n  of  how they  should be combined to  ach ieve  e f f e c t i v e  r e t r i e v a l  
processes should be answered by the i n d i v i d u a l  user depending on h i s  own expe r i ences  w i t h  
these procedures. I t  is  assumed t h a t  q u e r y - p r o p o s a l  adap t i on  is  a l so  use fu l  in fuzzy  
r e t r i e v a l  systems. 

6. Conc lud ing remarks 

The o b j e c t  of  des i gn i ng  a DYSTAIR i n f o r m a t i o n  r e t r i e v a l  system is  to  ex tend the c l a s s i c a l  
i n f o r m a t i o n  r e t r i e v a l  model as in SMART in such a way t h a t  the s tepwise  a d a p t i o n  of  an i n -  
f o r m a t i o n  r e t r i e v a l  sytembecomes p o s s i b l e .  To ach ieve  t h i s  e x t e n s i o n  s imple  t r a n s -  
f o r m a t i o n s  and f u n c t i o n s ,  as w e l l  as uncompl i ca ted  v a l u a t i o n  f u n c t i o n s ,  are added. The 
idea behind the DYSTAIR system model is  t h a t ,  in the l i f e - t i m e  of  an i n f o r m a t i o n  r e t r i e v a l  
system, the most r e c e n t l y  posed q u e r i e s  are q u i t e  s i m i l a r  to  the p r e v i o u s l y  posed q u e r i e s .  
One can t h e r e f o r e  use the sys tem-p roposa l s  r e l a t e d  to  s i m i l a r  q u e r i e s  to  improve the 
a c t u a l  r e t r i e v a l  process as w e l l  as to  f i t  the r e s u l t i n g  s y s t e m - p r o p o s a l .  
A q u e s t i o n e r  us ing a DYSTAIR system more than once does not  need to  l ea rn  the v i e w p o i n t s  
of  the d e v e l o p e r  of  such a system. On the c o n t r a r y  the systems ga ins  the knowledge and the 
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v i e w s  o f  t he  system use r  i n  each r e t r i e v a l  s t a g e  and t h r o u g h o u t  i t s  e n t i r e  a p p l i c a t i o n  
p a s t .  I n f o r m a t i o n  and documents  new l y  s t o r e d  i n  t h e  system a re  p r o c e s s e d  a l s o  on t h a t  
know ledge  base and,  i f  a f f e c t e d  by r e t r i e v a l  p r o c e s s e s ,  t h e y  a re  a l s o  s u b j e c t  t o  u s e r -  
o r i e n t e d  adapt ion  of the system. 
The imp lementa t ion  of the DYSTAIR system is  planed and i t  w i l l  be done in two s teps .  In 
step one an a l g e b r a i c  s p e c i f i c a t i o n  w i l l  be made which may then be t rans formed i n t o  
programms by a comp i le r  f o r  abs ta rac t  a l g o r i t h m s  and a b s t r a c t  data types .  This w i l l  lead 
to a p r o t o t y p e  of DYSTAIR. The f u l l  DYSTAIR may then be implented as an enr ichment of an 
' c l a s s i c a l '  i n f o r m a t i o n  r e t r i e v a l  system, e .g .  FAKYR. 
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