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ABSTRACT 
 
U s e r  i n t e r e s t  p r o f i le  p r e s e n t s  i t e m s  t h a t  t h e  u s e r s  a r e  i n t e r e s t e d  i n .  T y p i c a lly  t h o s e  i t e m s  

c a n  b e  li s t e d  o r  gr o u p e d .  L i s t i n g i s  go o d  b u t  i t  d o e s  n o t  p o s s e s s  i n t e r e s t s  a t  d i f f e r e n t  a b s t r a c t i o n  
le v e ls  - t h e  h i gh e r -le v e l i n t e r e s t s  a r e  m o r e  ge n e r a l,  w h i le  t h e  lo w e r -le v e l o n e s  a r e  m o r e  s p e c i f i c .  
F u r t h e r m o r e ,  m o r e  ge n e r a l i n t e r e s t s ,  i n  s o m e  s e n s e ,  c o r r e s p o n d  t o  lo n ge r -t e r m  i n t e r e s t s ,  w h i le  
m o r e  s p e c i f i c  i n t e r e s t s  c o r r e s p o n d  t o  s h o r t e r -t e r m  i n t e r e s t s .  T h i s  h i e r a r c h i c a l u s e r  i n t e r e s t  p r o f i le  
h a s  o b v i o u s  a d v a n t a ge s :  s p e c i f y i n g u s e r ’ s  s p e c i f i c  i n t e r e s t s  a n d  ge n e r a l i n t e r e s t s  a n d  r e p r e s e n t i n g 
t h e i r  r e la t i o n s h i p s .  

C u r r e n t  u s e r  i n t e r e s t  p r o f i le  s t r u c t u r e s  m o s t ly  d o  n o t  u s e  i m p li c i t  m e t h o d ,  n o r  u s e  a n  
a p p r o p r i a t e  c lu s t e r i n g a lgo r i t h m  e s p e c i a lly  f o r  c o n c e p t u a lly  h i e r a r c h i c a l s t r u c t u r e s .  T h i s  r e s e a r c h  
s t u d i e s  b u i ld i n g a  h i e r a r c h i c a l u s e r  i n t e r e s t  p r o f i le  ( H U I P )  a n d  t h e  h i e r a r c h i c a l d i v i s i v e  a lgo r i t h m  
( H D C ) .  S e v e r a l u s e r s  v i s i t  h u n d r e d s  o f  w e b  p a ge s  a n d  e a c h  p a ge  i s  r e c o r d e d  i n  e a c h  u s e r s  p r o f i le .  
T h e s e  w e b  p a ge s  a r e  u s e d  t o  c a lc u la t e  H U I P  f o r  e a c h  u s e r .  

U s i n g t h e  w e b  p a ge s  f r o m  t h e  u s e r s ,  t h e  r e la t i o n s  b e t w e e n  w o r d s  a r e  c a lc u la t e d  a n d  
c lu s t e r s  o f  w o r d s  a r e  m a d e  h i e r a r c h i c a lly .  W e  u s e  A E M I  f u n c t i o n  t o  c a lc u la t e  t h e  s i m i la r i t y  o f  
w o r d s ,  w h i c h  m e a n s  h o w  m u c h  t h e  w o r d s  a r e  r e la t e d ,  a n d  s e v e r a l t e c h n i q u e s  t o  c a lc u la t e  
t h r e s h o ld  t o  d i v i d e  c lu s t e r s  t o  b u i ld  m o r e  a c c u r a t e  a n d  d e t a i l p r o f i le s .   

 
1 .  I N TRO D U CTI O N  
 
O n e  w a y  t h a t  a  u s e r  i n t e r e s t  p r o f i le  b u i ld e r  c a n  b e  i n t e lli ge n t  i s  t o  r e c o gn i z e  i n t e r e s t s  f o r  

a  u s e r .  T h e  h i gh  le v e l go a l i s  t o  b u i ld  lo n g t e r m  a n d  s h o r t  t e r m  i n t e r e s t s  o f  a  u s e r ;  t h e  lo w e r  le v e l 
go a l i s  t o  b u i ld  s i m p le  li s t  o f  w h a t  t h e y  a r e  i n t e r e s t e d  i n .  I n t e lli ge n t ly  u n d e r s t a n d i n g t h e  i n t e r e s t s  
o f  a  u s e r  i s  c r i t i c a l f o r  m a n y  s y s t e m s  t h a t  u s e  i n t e lli ge n t  u s e r  s e r v i c e  [ p k c ] .  

I n  o r d e r  t o  a d a p t i v e l y  r e c o gn i z e  i n t e r e s t s ,  a  s y s t e m  m u s t  k n o w  w h a t  u s e r s  a r e  i n t e r e s t e d  
i n .  T h e  m o s t  c o m m o n  a n d  o b v i o u s  s o lu t i o n  i s  f o r  t h e  u s e r  t o  li s t  i n  a n  explicit w a y ,  w h e r e  u s e r s  
t y p e  i n  t o  t h e  s y s t e m  w h a t  t h e y  a r e  i n t e r e s t e d  i n  ( e . g. ,  m u s i c ,  c o m p u t e r ,  c a r )  o r  p i e c e  o f  
i n f o r m a t i o n  ( e . g. ,  n e w s  a r t i c le ) .  E xplicit m e t h o d s  a r e  w e ll-u n d e r s t o o d ,  f a i r ly  p r e c i s e ,  a n d  a r e  
c o m m o n  t e c h n i q u e s  i n  t h e s e  d a y s .   

H o w e v e r :  
• H a v e  t o  h a v e  t h e  u s e r  m a r k  h i s / h e r  i n t e r e s t s .  
• U s e r ’ s  i n t e r e s t  c a n  k e e p  c h a n gi n g,  s o  a s k i n g a  u s e r  p e r i o d i c a lly  t o  u p gr a d e  i s  n o t  

c o n v e n i e n t .  
• S o m e t i m e s  a  u s e r  d o e s  n o t  k n o w  w h a t  t h e y  a r e  i n t e r e s t e d  i n  [ n e e d  r e f e r e n c e ] .  

 
H e n c e ,  explicit w a y ,  w h i le  c o m m o n  a n d  t r u s t e d ,  m a y  n o t  b e  a s  c o n v e n i e n t  a s  i s  o f t e n  

e x p e c t e d ,  s i n c e  t h e  s y s t e m  m a y b e  c a n  a s k  t h e  u s e r  e v e r y  w e e k  t o  m a r k  w h a t  t h e y  a r e  i n t e r e s t e d  i n .  
A s  a  s o lu t i o n  im plicit w a y  i s  t o  b u i ld  u s e r ’ s  i n t e r e s t s  b y  a  m e t h o d  o t h e r  t h a n  o b t a i n i n g t h e m  
‘ d i r e c t ly ’  f r o m  t h e  u s e r .  T h e  a d v a n t a ge s  o f  i m p li c i t  w a y  a r e :  
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• They remove t he c os t  of  t he u s er rea d i n g  a n d  ma rk i n g .  
• The s ys t em c a n  a u t oma t i c a l l y u p d a t e t he u s er’ s  c u rren t  i n t eres t s .  
• C a n  b e g a t hered  f or f ree.  
• C a n  b e c omb i n ed  w i t h ot her i mp l i c i t  met hod s  f or a  more a c c u ra t e p rof i l e.  
• C a n  b e c omb i n ed  w i t h ex p l i c i t  ra t i n g s  f or a n  en ha n c ed  u s er p rof i l e.  
 
There i s  a n ot her c on s i d era t i on .  A  p rof i l e c a n  b e l i s t ed  i n  a  f l a t  s t yl e:  l i s t i n g  a l l  of  t he 

u s er’ s  i n t eres t i n g  a rea  ( e. g . ,  c a r,  c omp u t er,  mon i t or) .  L i s t i n g  i s  c ommon  a n d  u s ed  b roa d l y a n d  i s  
ea s y t o u n d ers t a n d .   

H ow ever:  
• I t  ha s  s ome res t ri c t i on s  on  rep res en t i n g  u s er’ s  l on g -t erm a n d  s hort -t erm i n t eres t s  

[ p k c ] .  
 
E ven ,  b ook s  i n  a  l i b ra ry a re l i s t ed  i n  a  hi era rc hi c a l  w a y.  S o,  t he s ol u t i on  i s  t o b u i l d  a  u s er 

i n t eres t  p rof i l e i n  a  hi era rc hi c a l  w a y.  I t  p os s es  i n t eres t s  a t  d i f f eren t  a b s t ra c t i on  l evel s  - t he hi g her-
l evel  i n t eres t s  a re more g en era l ,  w hi l e t he l ow er-l evel  on es  a re more s p ec i f i c .  F u rt hermore,  more 
g en era l  i n t eres t s ,  i n  s ome s en s e,  c orres p on d  t o l on g er-t erm i n t eres t s ,  w hi l e more s p ec i f i c  i n t eres t s  
c orres p on d  t o s hort er-t erm i n t eres t s .  Thi s  hi era rc hi c a l  u s er i n t eres t  p rof i l e ha s  ob vi ou s  
a d va n t a g es :  i t  c a n  s p ec i f y u s er’ s  s p ec i f i c  i n t eres t s ,  g en era l  i n t eres t s  a n d  t hei r rel a t i on s .  

 
W e b el i eve t ha t  a  u s er i n t eres t  p rof i l e b u i l d er,  t he u s e of  i mp l i c i t  met hod ,  a n d  

rep res en t i n g  t hem i n  a  hi era rc hi c a l  w a y ha s  s i g n i f i c a n t  b en ef i t s  yet  p os es  s i g n i f i c a n t  c ha l l en g es  
t ha t  ha ve yet  t o b e i n ves t i g a t ed .  

The ma i n  ob j ec t i ve of  t hi s  res ea rc h i s  t o b u i l d  H U I P  i n  a n  i mp l i c i t  w a y.  W e c on c en t ra t e 
on  a  s et  of  c l u s t er f or a  s i n g l e p ers on .  To b u i l d  a  H U I P ,  w e d evel op ed  a n  a l g ori t hm,  c a l l ed  
H i era rc hi c a l  D i vi s i ve C l u s t eri n g  ( H D C )  a l g ori t hm.  W e ru n  t hi s  a l g ori t hm on  s evera l  s et s  of  d a t a  
of  d i f f eren t  u s ers .   

W e a n a l yz ed  t he ret u rn ed  c l u s t ers  a n d  mea s u red  t he q u a l i t y of  H U I P  u s i n g  s t a t i s t i c s .  The 
c omb i n a t i on  of  “ C ou n t i n g  c l u s t er”  a n d  A E M I  s i mi l a ri t y f u n c t i on  ret u rn ed  a  u s ef u l  hi era rc hi c a l  
c l u s t er t ree.  The w i n d ow  s i z e d oes  n ot  s how  s i g n i f i c a n t  d i f f eren c es ;  how ever,  w e p i c k  w i n d ow  
s i z e 1 0 0  s i n c e i t  s u p p ort s  ou r res ea rc h c on c ep t u a l l y b et t er:  on e p a g e c a n  p os s es s  mu l t i p l e t op i c s .  
S ome l ea f  c l u s t ers  t ha t  ha ve a  s i mi l a r c on c ep t  d eri va t e f rom s a me p a ren t ,  s o t ha t  w e c a n  a s s u me 
t ha t  ou r a l g ori t hm s u p p ort s  a  c on c ep t u a l l y hi era rc hi c a l  c l u s t er t ree.  M oreover,  implicit u s er 
i n t eres t  p rof i l e b u i l d er ma y b e a s  ef f ec t i ve a s  e x plicit w a y i n  t erms  of  a c c u ra t e c overa g e w hi l e 
ha vi n g  n on e of  t he u s er-c os t s  f rom ex p l i c i t l y a s k i n g  t he i n t eres t s .  

The c on t ri b u t i on s  of  t hi s  w ork  a re:  
• A l g ori t hm t ha t  b u i l d s  a  c on c ep t u a l l y hi era rc hi c a l  c l u s t er t ree.  
• N ew  d i vi s i ve c l u s t eri n g  a l g ori t hm.  
• A  s et  of  u s er i n t eres t  p rof i l e.  

 
The res t  of  t hi s  p a p er i s  a s  f ol l ow s :  S ec t i on  2  d es c ri b es  rel a t ed  w ork  i n  c l u s t eri n g  

a l g ori t hm a n d  b u i l d i n g  u s er i n t eres t  p rof i l e;  S ec t i on  3  d es c ri b es  a  g en era l  c a t eg ori z a t i on  of  u s er 
i n t eres t  p rof i l e;  S ec t i on  4  d et a i l s  ou r a p p roa c h t ow a rd s  b u i l d i n g  i mp l i c i t  u s er i n t eres t  p rof i l e;  
S ec t i on  5  d es c ri b es  ou r ex p eri men t s ;  S ec t i on  6  a n a l yz es  t he res u l t s  f rom t he ex p eri men t s ;  S ec t i on  
7  p res en t s  ou r c on c l u s i on ;  a n d  S ec t i on  8  men t i on s  s ome p os s i b l e f u t u re w ork .  



2. R E L A T E D  R E S E A R C H  
 

W e  h a v e  d i v i d e d  r e l a t e d  w o r k  i n  u s e r  i n t e r e s t  p r o f i l e  i n t o  t w o  c a t e g o r i e s :  w o r k  t h a t  
d e s c r i b e s  n e w  h i e r a r c h i c a l  d i v i s i v e  c l u s t e r i n g  a l g o r i t h m ,  a n d  w o r k  t h a t  b u i l d s  u s e r  i n t e r e s t  p r o f i l e  
r e l a t e d  t o  w e b  p e r s o n a l i z a t i o n .  
 
2.1  E x i s t i n g  C l u s t e r i n g  A l g o r i t h m s  
 

H A C  i s  a n  a g g l o m e r a t i v e  h i e r a r c h i c  c l u s t e r i n g  a l g o r i t h m ;  s u c h  a s  s i n g l e  l i n k  c l u s t e r i n g  
a l g o r i t h m s ,  c o m p l e t e  l i n k  m e t h o d ,  a n d  g r o u p  a v e r a g e  l i n k  m e t h o d  a r e  t h e  m e m b e r s  o f  i t .  T h e  
s i n g l e  l i n k  c l u s t e r i n g  a l g o r i t h m s  h a s  a  r u n n i n g  t i m e  o f  O ( N 2)  a n d  a  s p a c e  r e q u i r e m e n t  o f  O ( N ) .  I n  
t h e  s i n g l e  l i n k  m e t h o d  t h e  s i m i l a r i t y  b e t w e e n  t w o  c l u s t e r s  i s  t h e  m a x i m u m  o f  t h e  s i m i l a r i t i e s  
b e t w e e n  a l l  p a i r s  o f  w o r d s  s u c h  t h a t  o n e  w o r d  o f  t h e  p a i r  i s  i n  o n e  c l u s t e r  a n d  t h e  o t h e r  w o r d  i s  i n  
t h e  o t h e r  c l u s t e r .   

T h e  d e f i n i t i o n  o f  t h e  c o m p l e t e  l i n k  m e t h o d  i s  j u s t  t h e  o p p o s i t e  o f  s i n g l e  l i n k  c l u s t e r i n g  
a l g o r i t h m s .  T h e  s i m i l a r i t y  b e t w e e n  t w o  c l u s t e r s  i s  t h e  m i n i m u m  o f  t h e  s i m i l a r i t i e s  b e t w e e n  a l l  
p a i r s  o f  w o r d s  s u c h  t h a t  o n e  w o r d  o f  t h e  p a i r  i s  i n  o n e  c l u s t e r  a n d  t h e  o t h e r  w o r d  i s  i n  t h e  o t h e r  
c l u s t e r .  T h e  s i m i l a r i t y  b e t w e e n  t w o  c l u s t e r s  i n  t h e  g r o u p  a v e r a g e  l i n k  m e t h o d  i s  t h e  m e a n  o f  t h e  
s i m i l a r i t i e s  b e t w e e n  a l l  p a i r s  o f  w o r d s  s u c h  t h a t  o n e  w o r d  o f  t h e  p a i r  i s  i n  o n e  c l u s t e r  a n d  t h e  
o t h e r  w o r d  i s  i n  t h e  o t h e r  c l u s t e r  [ 1 ] .  

T h e  K -m e a n  a l g o r i t h m  s e l e c t s  a n  i n i t i a l  p a r t i t i o n  w i t h  K c l u s t e r s .  A n  i n i t i a l  p a r t i t i o n  c a n  
b e  f o r m e d  b y  f i r s t  s p e c i f y i n g  a  s e t  o f  K s e e d  p o i n t s  w h i c h  c a n  b e  t h e  f i r s t  K p a t t e r n s  o r  K p a t t e r n s  
c h o s e n  r a n d o m l y  f r o m  t h e  p a t t e r n  m a t r i x .  D i f f e r e n t  i n i t i a l  p a r t i t i o n s  c a n  l e a d  t o  d i f f e r e n t  f i n a l  
c l u s t e r s  b e c a u s e  a l g o r i t h m s  b a s e d  o n  s q u a r e -e r r o r  c a n  c o n v e r g e  t o  l o c a l  m i n i m u m .  T h i s  i s  
e s p e c i a l l y  t r u e  i f  t h e  c l u s t e r s  a r e  n o t  s e p a r a t e d  w e l l .  A s  a  s e c o n d  s t e p  i t  g e n e r a t e s  a  n e w  p a r t i t i o n  
b y  a s s i g n i n g  e a c h  p a t t e r n  t o  i t s  c l o s e s t  c l u s t e r  c e n t e r  a n d  c o m p u t e s  n e w  c l u s t e r  c e n t e r s  a s  t h e  
c e n t r o i d s  o f  c l u s t e r s .  A  s e t  o f  K p a t t e r n s  t h a t  a r e  w e l l  s e p a r a t e d  f o r m  e a c h  o t h e r  c a n  b e  o b t a i n e d  
b y  t a k i n g  t h e  c e n t r i o d  o f  t h e  d a t a  a s  t h e  f i r s t  s e e d  p o i n t  a n d  s e l e c t i o n  s u c c e s s i v e  s e e d  p o i n t s  
w h i c h  a r e  a t  l e a s t  a  c e r t a i n  d i s t a n c e  a w a y  f r o m  t h e  s e e d  p o i n t s  a l r e a d y  c h o s e n .  A s  a  t h i r d  s t e p ,  i t  
r e p e a t s  s e c o n d  s t e p  u n t i l  a n  o p t i m u m  v a l u e  o f  t h e  c r i t e r i o n  f u n c t i o n  i s  f o u n d .  P a r t i t i o n s  a r e  
u p d a t e d  b y  r e a s s i g n i n g  p a t t e r n s  t o  c l u s t e r s  i n  a n  a t t e m p t  t o  r e d u c e  t h e  s q u a r e -e r r o r .  T h e  
E u c l i d e a n  m e t r i c  i s  t h e  m o s t  c o m m o n  m e t r i c  f o r  c o m p u t i n g  t h e  d i s t a n c e  b e t w e e n  p a t t e r n  a n d  a  
c l u s t e r  c e n t e r s .  A s  a  f i n a l  s t e p ,  i t  a d j u s t s  t h e  n u m b e r  o f  c l u s t e r s  b y  m e r g i n g  a n d  s p l i t t i n g  e x i s t i n g  
c l u s t e r s  o r  b y  r e m o v i n g  s m a l l ,  o r  o u t l i e r ,  c l u s t e r s  [ 2 ] .   

K-m e a n  i s  f a s t ,  p o p u l a r ,  a n d  s t a t i s t i c a l  c l u s t e r i n g .  T h e  p r e v i o u s  r e s e a r c h  [ 3 ]  t e s t e d  b o t h  
a l g o r i t h m s .  I n  t h e  c a s e  o f  K-m e a n s ,  t h e y  s e t  K m u c h  l a r g e r  t h a n  t h e i r  t a r g e t ,  t e n  c l u s t e r s .  T h e y  
t u n e d  K t o  p r o d u c e  t h e  d e s i r e d  c l u s t e r  n u m b e r .  I n  t h e  c a s e  o f  H A C ,  t h e y  a l s o  s e t  a  p a r a m e t e r  K 
m u c h  l a r g e r  t h a n  t h e i r  t a r g e t  c l u s t e r  n u m b e r .  I n  t h e  p r e v i o u s  r e s e a r c h  K -m e a n s  s h o w s  b e t t e r  
r e s u l t ,  b u t  H A C  i s  n o r m a l l y  f a m o u s  f o r  i t s  h i g h  q u a l i t y .  T h e  c o m p l e t e  l i n k  h i e r a r c h y  i s  u s e f u l  f o r  
s e a r c h i n g  c l i q u e s .  T h e  g r o u p  a v e r a g e  l i n k  h i e r a r c h y  c a n  b e  a  h i e r a r c h i c a l  c l u s t e r  t r e e  b y  i t s e l f  
w h i l e  t h e  o t h e r  t w o  s i n g l e  a n d  c o m p l e t e  l i n k s  a r e  t h e  s e t  o f  c l u s t e r s  o b t a i n e d  b y  v a r y i n g  t h r e s h o l d  
o v e r  a l l  d i s t i n c t  w e i g h t s  i n  t h e  s i m i l a r i t y  m a t r i x .  I t  n e e d s  a  f u n c t i o n  t o  m e r g e  c e n t r o i d s ,  a n d  t h a t  
c a n  a f f e c t  t h e  a c c u r a c y .  S i n c e  w e  a r e  m o r e  i n t e r e s t e d  i n  t h e  c l u s t e r  t h a t  a r e  n o t  s t r i c t  a n d  c l u s t e r  
t h e  e l e m e n t s  w e l l  t h a n  s t r i c t  c l i q u e ,  w e  d i s r e g a r d  c o m p l e t e  l i n k .  K -m e a n  u s e s  c e r t a i n  K p a r a m e t e r  
t o  c l u s t e r  a n d  t u n e  t h e  K f o r  b e s t  r e s u l t s ,  s t a r t i n g  f r o m  b i g  n u m b e r  a n d  g r a d u a l l y  r e d u c i n g  t h e  
n u m b e r  [ 3 ] .   

 
2.2 H i e r a r c h i c a l  Us e r  Pr o f i l e  
 
*  A U T O C L A S S  
*  C O B W E B  



3. USER INTEREST HIEREARCHY 
 
Our research falls into a category of using implicit method and building hierarchical user 

interest profile.  T he most basic is to consider them on an I mplicit/ E x plicit dimension,  as 
described in figure 1 .  T his dimension is based on how  much information about their interest the 
user prov ides specifically.  A nother beneficial v iew  is to consider ‘ w hat the structure of the profile 
is’ .  I t can be flat or hierarchical or any other.  T his is related to the shape of a cluster.  

 
 
 
 
 
 

F igure 1 :  E x plicit/ I mplicit D imension of I nterest 
 
T he input of our method is a set of w eb pages and output is conceptual hierarchical 

clusters for a person.  W e use only the w ords in a w eb page not link  and image information.  T he 
w eb pages are stemmed and remov ed by stop lists.  Output is a set of clusters w ith hierarchical 
shape:  the top cluster k eeps all of the w ords and it’ s child clusters inherit some w ords out of the 
w ords in the parent cluster.  F or instance in table 1  w e present some artificial data set.  N umbers in 
the left represent indiv idual w eb pages stemmed and remov ed by stop list.  T hese w eb pages can 
be represented by a conceptually hierarchical cluster tree show n in figure 2 .  E ach siblings has 
conceptual relations,  for ex ample ‘ perceptron’  and ‘ back propogation’  can be categoriz ed to 
‘ N eural netw ork  algorithm’ ,  but ‘ I D 3 ’  and ‘ C 4 . 5 ’  does not;  how ev er,  they all belong to a 
‘ machine learning’  category.  

Our idea is based on that some related w ords could be connected by some k ey w ords such 
as ‘ data mining’  and ‘ machine learning’  w ould occur more freq uently w ith ‘ A N N ’ ,  ‘ perceptron’ ,  
‘ back propergation’ ,  ‘ decision tree’ ,  ‘ I D 3 ’ ,  ‘ C 4 . 5 ’ ,  and ‘ hypothesis space’ ;  how ev er,  the italic 
w ords may not occur along w ith cap s  w ords in F igure 2 .  T herefore,  the w ords,  ‘ data mining’  and 
‘ machine learning’ ,  do the role of a k ey w ords that connects italic and cap s  w ords.   
 

Explicit 
User specifies 
it em s 

I m plicit 
N o  u ser 
in t erv en t io n  



 
page C o n t en t s  
1 A i  m ac h i n e l ear n i n g an n  per c ept r o n   
2 A i  m ac h i n e l ear n i n g an n  per c ept r o n  
3 A i  m ac h i n e l ear n i n g d ec i s i o n  t r ee i d 3 c 4. 5 
4 A i  m ac h i n e l ear n i n g d ec i s i o n  t r ee i d 3 c 4. 5 
5 A i  m ac h i n e l ear n i n g d ec i s i o n  t r ee h y po t h es i s  s pac e 
6 A i  m ac h i n e l ear n i n g d ec i s i o n  t r ee h y po t h es i s  s pac e 
7 A i  s ear c h i n g al go r i t h m  B F S  
8 A i  s ear c h i n g al go r i t h m  B F S  
9 A i  s ear c h i n g al go r i t h m  f o r w ar d  c h ec k i n g c o n s t r ai n t  r eas o n i n g 
10  A i  s ear c h i n g al go r i t h m  f o r w ar d  c h ec k i n g c o n s t r ai n t  r eas o n i n g 

 
T ab l e 1:  A r t i f i c i al  d at a s et  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

F i gu r e 2:  A r t i f i c i al  c o n c ept u al  t r ee 
 
 

 

{data mining, machine learning, ANN, perceptron, 
b ack propergation, deciion tree, I D 3 , C 4 . 5 , hy pothes is  s pace, 
s earching algorithm,B F S , D F S , cons traint reas oning, f orw ard 

check ing, b ack w ard check ing} 

{data mining, machine 
learning, ANN, perceptro n , 

b a ck pro perg a ti o n , D E C I S I O N 
T R E E , I D 3 , C 4 . 5 , 

H Y P O T H E S I S  S P AC E } 

{s earching 
algorithm, 
B F S , D F S } 

{cons traint 
reas oning,  

f orw ard check ing, 
b ack w ard check ing} 

{ANN, perceptro n , 
b a ck pro perg a ti o n } 

{D E C I S I O N T R E E , 
I D 3 , C 4 . 5 , 

H Y P O T H E S I S  
S P AC E } 



4. A P P R O A C H 
 

O u r  a p p r o a c h  i s t o  e x p e r i m e n t a l l y  m e a su r e  a n d  a n a l y z e  o u r  a l g o r i t h m ,  a n d  p a r a m e t e r s 
p r e se n t e d  b e l o w ,  i n  o r d e r  t o  a sc e r t a i n  t h e i r  e f f e c t i v e n e ss.  W e  u se d  f o l l o w i n g  m e t h o d o l o g y :   

• I m p l e m e n t  a n  a l g o r i t h m  t o  c l u st e r  t h e  d a t a .  
• R u n  t h e  p r o g r a m  w i t h  se v e r a l  u se r ’ s d a t a  se t s.  
• A n a l y z e  t h e  c l u st e r s r e t u r n e d .  
 
T h i s se c t i o n  d e t a i l s t h e  a l g o r i t h m  w e  i m p l e m e n t e d ,  c a l l e d  H D C ,  t o  b u i l d  H U I P  f r o m  t h e  

r e c o r d e d  d a t a  se t s a s t h e y  b r o w se d  t h e  w e b .  T h e  H D C  a l g o r i t h m  p r o v i d e s so m e  v a r i a b l e s:  
‘ si m i l a r i t y  f u n c t i o n ’  t h a t  y o u  c a n  c h a n g e  f o r  o t h e r  o n e s,  ‘ f i n d i n g  t h r e sh o l d ’  w h e r e  y o u  c a n  a p p l y  
v a r i o u s m e t h o d s,  a n d  w i n d o w  si z e .  
 
4.1  A l g o r i t h m  

 
T h e  c o m p l e x i t y ,  e f f i c i e n c y ,  a n d  a c c u r a c y  d e p e n d  o n  h o w  a l g o r i t h m  w o r k s h e a v i l y .  T h i s 

a l g o r i t h m  g e n e r a t e s h i e r a r c h i c a l  c l u st e r .  T h e  a l g o r i t h m  o p e r a t e s b y  i t e r a t i v e l y  a d d i n g  c l u st e r s t o  
t h e  C l u st e r  L i st .  E x a m p l e s,  w e b  p a g e s c o l l e c t e d  ( w e  t r e a t  o n l y  w o r d s n o t  g r a m m a t i c a l  t o k e n s l i k e  
H T M L  o r  X M L ) ,  a r e  f i r st  r e m o v e d  b y  st o p  l i st s a n d  st e m m e d .  V o c a b u l a r y  i s a  c l u st e r  w i t h  
d i st i n c t  se t  o f  w o r d s.  O n  e a c h  i t e r a t i o n  si m i l a r i t y  v a l u e  b e t w e e n  w o r d s a r e  c a l c u l a t e d  a n d  st o r e d  
i n  a n  A e m i T a b l e  v a r i a b l e ,  n e w  t h r e sh o l d  o f  t h e  c l u st e r  i s c a l c u l a t e d  u si n g  v a r i o u s t h r e sh o l d -
f i n d i n g  m e t h o d s.  T h e n  a l l  t h e  c o n n e c t e d  w o r d s,  w h i c h  m e a n  t h e  si m i l a r i t y  v a l u e  i n  b e t w e e n  i s 
b i g g e r  t h a n  t h e  t h r e sh o l d  v a l u e ,  a r e  g r o u p e d  a n d  b u i l d  a n o t h e r  V o c a b u l a r y .  A  n e w  V o c a b u l a r y  i s 
d i v i d e d  i n t o  c h i l d  v o c a b u l a r y  r e c u r si v e l y  u si n g  d e p t h  f i r st  a l g o r i t h m .  S o m e  v o c a b u l a r y  sm a l l e r  
t h a n  t h e  m i n i m u m  c l u st e r  si z e  a r e  d i sm i sse d .  A  V o c a b u l a r y  k e e p s p a g e  i n f o r m a t i o n ,  w h i c h  m e a n s 
t h e  p a g e s n u m b e r s t h a t  a  w o r d  o c c u r  a r e  r e c o r d e d .  

C a l c u l a t e A e m i T a b l e  f u n c t i o n  g e t s S I M I L A R I T Y F U N C T I O N ,  V a c a b u l a r y ,  a n d  W i n d o w  
si z e  a s p a r a m e t e r s a n d  r e t u r n  A e m i T a b l e ,  w h e r e  t h e  W i n d o w  si z e  a f f e c t s t h e  c o n j u n c t i o n  v a l u e  o f  
w o r d s b y  m e a su r i n g  t h e  d i st a n c e  b e t w e e n  w o r d s.  C a l c u l a t e T h r e sh o l d  f u n c t i o n  g e t s 
F I N D T H R E S H O L D  a n d  A e m i T a b l e  a s p a r a m e t e r s.  W e  a p p l y  v a r i o u s t h r e sh o l d -f i n d i n g  m e t h o d s 
t o  c a l c u l a t e  b e t t e r  t h r e sh o l d .  
 
 
 
 
U I H ( E x a m p l e s,  S I M I L A R I T Y F U N C T I O N ,  F I N D T H R E S H O L D ,  W i n d o w S i z e )  
 
E x a m p l e s:  A  se t  o f  w e b  p a g e s,  w e  t r e a t  o n l y  w o r d s n o t  g r a m m a r .  
S I M I L A R I T Y F U N C T I O N :   A  si m i l a r i t y  f u n c t i o n  
F I N D T H R E S H O L D :  A  m e t h o d  t o  c u t  a  t h r e sh o l d  
W i n d o w S i z e :  W i n d o w  si z e  w h i c h  i s u se d  t o  m e a su r e  t h e  d i st a n c e  b e t w e e n  t w o  w o r d s a n d  i f  t h e y  

a r e  t o o  f a r  f r o m  e a c h  o t h e r  t h e y  a r e  n o t  c o n si d e r e d  a s b e i n g  i n  a  sa m e  p a g e  
 
1 .  R e m o v e  st o p  l i st s f r o m  e x a m p l e s 
2 .  S t e m  E x a m p l e s 
3 .  V o c a b u l a r y  ← T h e  se t  o f  a l l  d i st i n c t  w o r d s o c c u r r i n g  i n  a n y  t e x t  d o c u m e n t s f r o m  E x a m p l e s.  
4 .  C l u st e r L i st  ← HD C  ( V o c a b u l a r y  w i t h  p a g e  i n f o )  
5 .  R e t u r n  C l u st e r L i st  
 
 



HDC (Vocabulary) 
 
1 . S t op p i n g  con d i t i on :  

I f  t h e  n um be r of  Vocabulary i s  s m alle r t h an  or e q ual t o m i n i m um  clus t e r s i z e . 
I f  i t  re p e at s  w i t h out  re d uci n g  t h e  n um be r of  w ord s  i n  a Vocabulary. 

2 . A e m i T able  ← Ca l c u l a t e A e m i T a b l e  (S I M I L A R I T Y F U N CT I O N ,  Vocabulary,  W i n d ow S i z e ) 
3 . T h re s h old  ← Ca l c u l a t e T h r e s h o l d  (F I N D T H R E S H O L D ,  A e m i T able ) 
4 . W h i le  (Vocabulary ← G e t  a con n e ct e d  w ord s  by us i n g  D e p t h  F i rs t  S e arch ) 

• Clus t e rL i s t  ← Clus t e rL i s t  +  Vocabulary 
• HDC (Vocabulary) 

5 . R e t urn  Clus t e rL i s t  
 
 
Ca l c u l a t e A e m i T a b l e  (S I M I L A R I T Y F U N CT I O N ,  Vocabulary,  W i n d ow S i z e ) 
 
1 . f or e ach  w ord  a i n  a Vocabulary 
 f or e ach  w ord  b i n  a Vocabulary 

a∧b ← Calculat e  a∧b;  h ow e v e r,  i f  a an d  b are  f art h e r t h an  w i n d ow  s i z e  
t h e y are  n ot  coun t e d . 

A e m i T able  ← S I M I L A R I T Y F U N CT I O N  (a,  b,  a∧b,  ~ a∧b,  a∧~ b,  ~ a∧~ b) 
2 . R e t urn  A e m i T able  
 
 
Ca l c u l a t e T h r e s h o l d  (F I N D T H R E S H O L D ,  A e m i T able ) 
 
R e t urn  ← A p p ly F I N D T H R E S H O L D  m e t h od  t o A e m i T able  an d  calculat e  t h re s h old  
 
 

F i g ure  3 :  H D C alg ori t h m  
 
 



4.2 S i m i l a r i t y  F u n c t i o n  
 

S i m i l a r i t y  f u n c t i o n  e x p l a i n s  h o w  t w o  w o r d s  a r e  c l o s e  o r  f a r . I f  a  p r o p e r  s i m i l a r i t y  
f u n c t i o n  c a n  b e  f o u n d  i t  w i l l  h e l p  t h e  a c c u r a c y  o f  t h i s  s y s t e m . W e  a r e  f i r s t  p r o p o s i n g  f o u r  
s i m i l a r i t y  f u n c t i o n s  a n d  c o m p a r i n g  t h e  v a l i d i t y  t h e o r e t i c a l l y  a n d  e m p i r i c a l l y . T h o s e  a r e  A E M I  
( A u g m e n t e d  E x p e c t e d  M u t u a l  I n f o r m a t i o n ) ,  A E M I  × S p e c i f i c a t i o n ,  J a c c a r d  f u n c t i o n ,  a n d  M A X  
f u n c t i o n . A n d  w e  a l s o  p r e s e n t  s p e c i f i c a t i o n  f u n c t i o n  t o  w e i g h t  e a c h  s i m i l a r i t y  v a l u e . 
 
1 )  A E M I  F u n c t i o n  
 

A E M I  i s  e n h a n c e d  v e r s i o n  o f  M I  ( M u t u a l  I n f o r m a t i o n )  a n d  E M I  ( E x p e c t e d  M u t u a l  
I n f o r m a t i o n ) ,  w h i c h  a p p r o p r i a t e l y  i n c o r p o r a t e s  t h e  c o u n t e r -e v i d e n c e . T h e  p r e v i o u s  r e s e a r c h  u s e s  
A E M I  t o  s e a r c h  m u l t i -w o r d  f e a t u r e s  b y  c o -o c c u r r e n c e  o f  t h e  w o r d s ,  t h a t  i s ,  i f  t w o  w o r d s  a p p e a r  
t o g e t h e r  f r e q u e n t l y ,  t h e y  a r e  a s s u m e d  a s  a  p h r a s e  i n  t h a t  r e s e a r c h  [ 4 ] . I n  o u r  r e s e a r c h  w e  a r e  
f i n d i n g  o u t  t h e  w o r d s  t h a t  o c c u r  i n  a  s a m e  d o c u m e n t  f r e q u e n t l y  a n d  a s s u m e  t h e y  a r e  r e l a t e d  e a c h  
o t h e r . S o  w e  d e f i n e  A a s  t h e  r a t i o  o f  t h e  d o c u m e n t s  t h a t  c o n t a i n s  w o r d  a f r o m  t h e  w h o l e  
d o c u m e n t s ,  a n d  B a s  t h e  p r o b a b i l i t y  o f  s e c o n d  w o r d  o c c u r r i n g  a t  t h e  s a m e  d o c u m e n t . T h e r e f o r e  
t h e  h i g h e r  v a l u e  o f  A E M I  i n d i c a t e s  a i s  l i k e l y  o c c u r  w i t h  b i n  t h e  s a m e  d o c u m e n t  a n d  t h e  l o w e r  
o n e  i s  l e s s  l i k e l y  t o  d o  w h e n  t h e  o t h e r  i s  a b s e n t . T h e  f i n a l  f o r m u l a  i s   
 

( , ) ( , ),( , )

( , ) ( , )( , ) ( , ) l o g ( , ) l o g( ) ( ) ( ) ( )A a B b A a B b A a B b

P A B P A BAE M I A B P A B P A B
P A P B P A P B= = = = = =

= −∑ ∑ . 
 
 
2)  A E M I  × S p e c i f i c a t i o n  F u n c t i o n  
 

W e  c o m b i n e  A E M I  a n d  S p e c i f i c a t i o n  f u n c t i o n  t h a t  h a s  t h e  i n f o r m a t i o n  o f  c o m m o n  o r  
s p e c i f i c  o f  t h e  w o r d  i n  t h e  c l u s t e r . W e  p r o p o s e  s p e c i f i c a t i o n  f u n c t i o n  ( S P )  t h a t  w e i g h t s  e a c h  
s i m i l a r i t y  v a l u e . T h e  b e h i n d  i d e a  i s  t h a t  w e  w a n t  t o  a s s i g n  h i g h e r  v a l u e  t o  m o r e  s p e c i f i c  c o n c e p t  
w o r d s ,  s o  t h a t  w e  p r e f e r  t h o s e  w o r d s  t h a t  a r e  n o t  c o m m o n . W e  u s e  d e v i s e d  s i g m o i d  f u n c t i o n . T h e  
x v a l u e  i s  t h e  m a x  v a l u e  o u t  o f  t h e  t w o  p r o b a b i l i t y  v a l u e s  o f  t w o  w o r d s . W e  d r a w  t h e  g r a p h  w h e r e  
x a x i s  h a s  t h e  v a l u e  f r o m  0  t o  1 ,  a n d  t h e  r e t u r n  v a l u e  a l s o  h a s  t h e  v a l u e  b e t w e e n  0  a n d  1 . 
 

y  =  1 / ( 1  +  e x p ( 0 .6  *  x )  
 

 
3 )  J a c c a r d  F u n c t i o n  
 

T h i s  i s  a  s i m p l e  f u n c t i o n  s o  i t  i s  e a s y  t o  u n d e r s t a n d  a n d  m a k e  m e a n i n g f u l  c l u s t e r  b u t  t h e y  
w a s  n o t  h i e r a r c h i c a l  s o  w e  s t o p  u s i n g  t h i s  f u n c t i o n . W h e n  w e  c a l c u l a t e  t h e  A E M I  t a b l e  o u t  o f  t h e  
s a m p l e  d a t a ,  t h e  r e l a t e d  v a l u e  o f  ‘ a i ’  i s  s u p p o s e d  t o  b e  v e r y  s m a l l ,  s i n c e  t h e  w o r d s  a r e  v e r y  
p r e d o m i n a n t ;  h o w e v e r ,  t h o s e  v a l u e s  a r e  b i g g e r  t h a n  a v e r a g e ,  w h i c h  m a k e s  u s  h a r d  t o  m a k e  c h i l d  
c l u s t e r s ,  t h a t  m e a n s  i t  i s  n o t  p r o p e r  f o r  m a k i n g  h i e r a r c h i c a l  c l u s t e r s . 
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4) MAX Function 
 
M A X  f u n c t i o n  t a k e s  b i g g e r  v a l u e  b e t w e e n  P ( A | B )  a n d  P ( B | A ) .  T h e  b e h i n d  i d e a  i s  t h a t  i f  

w e  a s s i g n  a  s a m e  s i m i l a r i t y  v a l u e  w i t h  c o n n e c t e d  w o r d s  a n d  c o n n e c t i n g  w o r d s ,  t h e y  w o u l d  g o  
t o g e t h e r ,  s i n c e  t h e y  a r e  g o i n g  t o  b e  c h o s e .  H o w e v e r  i n  r e a l  t e s t  t h i s  d o e s  n o t  w o r k  w e l l .  
 

M A X  (  P ( a , b ) / P ( a ) ) ,  D ( P ( a , b ) / P ( b ) )  )  
 
 

 
4. 3  Find ing  Th r e s h ol d  
 

T h e  t h r e s h o l d  v a l u e  d i v i d e s  s t r o n g  e d g e s  f r o m  w e a k  e d g e s  i n  a n  A E M I  t a b l e .  I f  t h e  
t h r e s h o l d  v a l u e  w e r e  v e r y  l o w  i t  w o u l d  c o n n e c t  a l l  w o r d s ,  o n  t h e  o t h e r  h a n d  i f  t h e  t h r e s h o l d  v a l u e  
w e r e  v e r y  h i g h  i t  w o u l d  n o t  c o n n e c t  a n y  w o r d s .  G i v e n  t h e  A E M I  t a b l e  w e  t r i e d  t o  f i n d  t h e  
r e a s o n a b l e  t h r e s h o l d  v a l u e s  t h a t  c a n  c l u s t e r  t h e  d a t a  s e t  i n  b e s t  w a y .  W e  p r o p o s e  f i v e  d i f f e r e n t  
m e t h o d s :  p o s i t i v e  b i g g e s t  g a p ,  e d g e  c u t ,  a v e r a g e  +  s t a n d a r d  d e v i a t i o n ,  d e e p  v a l l e y  c u t ,  a n d  
c o u n t i n g  c l u s t e r s .  
 
• P o s i t i v e  b i g g e s t  g a p  

W e  t r i e d  t o  f i n d  o u t  b e s t  t h r e s h o l d  l e a d i n g  t o  b e s t  c l u s t e r  r e s u l t s .  T h e  f i r s t  i d e a  w a s  u s i n g  
g a p  i n f o r m a t i o n ;  i t  s e e m e d  t h a t  t h e  b i g g e s t  g a p  d i v i d e  t h e  A E M I  v a l u e  i n t o  t h e  v a l i d  o n e s  f r o m  
o t h e r s .  W e  d i s r e g a r d e d  t h e  n e g a t i v e  v a l u e  a n d  f o u n d  b i g g e s t  g a p  w i t h i n  t h e  p o s i t i v e  A E M I  v a l u e s .  
W h e n  i t  m e e t s  t h e  b i g g e s t  g a p  t o o  c l o s e  f r o m  t h e  p o s i t i v e  b i g g e s t  v a l u e  i t  l o s t  t o o  m u c h  
i n f o r m a t i o n  a n d  r e t u r n e d  v e r y  l i t t l e  c l u s t e r  t r e e .  
 
• 3 0 %  e d g e  c u t  

W e  w a n t e d  t o  s o l v e  t h e  h i g h  t h r e s h o l d  p r o b l e m  a n d  a t  f i r s t  u s e d  b r u i t  f o r c e  m e t h o d ,  
w h i c h  i s  j u s t  t o  f i n d  t h e  t h r e s h o l d  t h a t  i n c l u d e s  a r o u n d  3 0 %  o f  t h e  h i g h  t h r e s h o l d  v a l u e .  I t  g a v e  
m o r e  i n f o r m a t i o n  t h a n  a b o v e  m e t h o d  b u t  h a s  l o w  t h r e s h o l d  p r o b l e m  w h i c h  m a k e  t a l k  t h i n  t r e e .  
 
• A v e r a g e  +  s t a n d a r d  d e v i a t i o n  

T o  i n c r e a s e  t h e  t h r e s h o l d  v a l u e  w e  c a l c u l a t e d  a v e r a g e  +  s t a n d a r d  d e v i a t i o n  o f  v a l i d  
A E M I  v a l u e s .  B y  e x a m i n i n g  t h e  t e s t  d a t a  a n d  A E M I  t a b l e  w e  f o u n d  o u t  a n o t h e r  t r u t h  t h a t  w e  d o  
n o t  n e e d  t o  c l u s t e r  t h e  w o r d s  t h a t  e x i s t s  o n l y  o n e  p a g e .  I t  r e t u r n e d  r e a s o n a b l e  r e s u l t s  f r o m  b o t h  
t e s t  d a t a  s e t s ,  b u t  i t  w a s  u n s t a b l e .  
 
• D e e p  v a l l e y  c u t  

T o  d i v i d e  s t r o n g  e d g e s  f r o m  w e a k  e d g e s  w e  e x a m i n e  t h e  g r o u p  o f  e d g e s  w h e t h e r  t h e r e  
a r e  g a p s  t h a t  d i v i d e  t h e m .  O u r  t e c h n i q u e  i s  t h a t  f i r s t  w e  m a k e  h i s t o g r a m  w i t h  t h e  n u m b e r  o f  e d g e s  
a n d  t h e  u n d e r  b o u n d  a n d  u p p e r  b o u n d .  W e  f i n d  d e e p e s t  v a l l e y ;  i n  a d d i t i o n  t o  t h a t  w e  a l s o  f i n d  
b i g g e s t  g a p  w i t h i n  t h e  d e e p e s t  p o i n t .  W e  a s s u m e  t h e  e d g e s  c o u l d  b e  g r o u p e d  s t r o n g  r e l a t i o n s  a n d  
w e a k  r e l a t i o n s  b y  t h i s  m e t h o d .  
 
• C o u n t i n g  c l u s t e r s  

W e  c o u n t  t h e  c l u s t e r  n u m b e r s  w i t h  v a r i o u s  t h r e s h o l d  v a l u e s  a n d  p i c k  t h e  m o s t  d i v i s i v e  
t h r e s h o l d .  S o m e  b i g  c l u s t e r s  s t i l l  d i s a p p e a r  s u d d e n l y  w i t h  p r e v i o u s  m e t h o d .  T h e  r e a s o n  i s  t h a t  t h e  
t h r e s h o l d  i s  t o o  h i g h ,  w h i c h  m e a n s  t h e r e  i s  i n f o r m a t i o n  l o s s .  W e  c a n n o t  s a y  t h a t  t h e s e  t h r e s h o l d s  
a r e  b e s t ;  h o w e v e r ,  s i n c e  w e  c o n s i d e r  o v e r  6 0 %  o f  t h e  e d g e s  t h e s e  a r e  h i g h  e n o u g h .  F u r t h e r m o r e ,  



it guarante e s  th e  d iv is io n o nc e  th e y  c an b e  d iv id e d .  T h e  m ain id e a o f  p re f e rring l arge  num b e r o f  
c h il d  c l us te rs  is  th at it s e e m s  to  e x p l ain a h um an c o nc e p t in m o re  d e tail .  
 
4. 3  W i n d o w  Si z e  a n d  M i n i m u m  Si z e  o f  a  C l u s t e r  
 

O ne  w e b  p age  o r o ne  d o c um e nt c an inc l ud e  s e v e ral  c o nte nts .  T h e re f o re  re gard ing th e m  
as  o ne  c o nc e p t c o ul d  c aus e  c o nf us io n.  S o  w e  try  to  d iv id e  a p age  p aragrap h  b y  p aragrap h  o r 
s e nte nc e  b y  s e nte nc e .  S o  w e  v ary  th e  w ind o w  s iz e :  w ith o ut l im itatio n,  1 0 0 ,  and  30 .  T h e  num b e r 
30  is  th e  num b e r o f  w o rd s  th at a p e rs o n c an re ad  in 1 5  s e c o nd .  T h e  1 5  s e c o nd s  is  th e  tim e  a 
p e rs o n c an c o nc e ntrate  o n re ad ing in a w e b  p age  [ ne e d  re f e re nc e ] .  I n o ur e x p e rim e nt th e  w ind o w  
s iz e  d o e s  no t m ak e  s ignif ic ant d if f e re nc e s .  

T h e  m inim um  s iz e  o f  a c l us te r af f e c ts  th e  num b e r o f  c l us te rs  and  th re s h o l d .  T o o  m uc h  
c l us te rs  are  h ard  to  re ad  and  c an c aus e  c o m p utatio nal  d e l ay  w h e n th e y  are  us e d  in o th e r 
ap p l ic atio n.  S o  w e  p ic k e d  num b e r 4  th at c an re p re s e nt a c o nc e p t and  b ig e no ugh  to  m ak e  l e s s  
num b e r o f  c l us te rs .  
 

5 .  E X P E R I M E N T S 
 
E x p e rim e nts  w e re  c o nd uc te d  o n d ata o b taine d  f ro m  o ur d e p artm e ntal  w e b  s e rv e r.  B y  

anal y z ing th e  s e rv e r ac c e s s  l o g f ro m  J anuary  to  A p ril  1 9 9 9 ,  w e  id e ntif ie d  h o s ts  th at ac c e s s e d  at 
l e as t 5 0  tim e s  in th e  f irs t tw o  m o nth s  and  al s o  in th e  s e c o nd  tw o  m o nth s .  W e  f il te re d  o ut p ro x y ,  
c raw l e r,  and  o ur c o m p ute r l ab  h o s ts ,  and  id e ntif ie d  “s ingl e -us e r” h o s ts ,  w h ic h  are  at d o rm ito ry  
ro o m s  and  a l o c al  c o m p any .  W e  p ic k e d  1 3 d if f e re nt us e rs  and  c o l l e c te d  th e  w e b  p age s  th e y  
v is ite d .  T h e  m ac h ine  w h e re  w e  run th is  s y s te m  is  S un U l tra 6 0 .  T h e  auth o r v al ue d  e ac h  c l us te rs  
b y  c o unting num b e r o f  re as o nab l e  and  re l ate d  w o rd s  w ith in a c l us te r,  in o th e r w o rd s  
p e rc e p tib il ity  and  re l atio ns h ip .  

 
6 .  A N A L Y SI S 
 
T h e  im p l ic it us e r p ro f il e  m e th o d s  w e  anal y z e  in th is  s e c tio n are :  
 
1 .  M e aningf ul  l e af  c l us te rs  and  re l atio ns h ip  w ith  p are nt c l us te rs  ( S e c tio n 6 . 1 ) .  
2 .  S h ap e  o f  th e  h ie rarc h y  ( S e c tio n 6 . 2 ) .  
3.  W ind o w  s iz e  ( S e c tio n 6 . 3) .  
 
I nitial l y ,  w e  anal y z e d  ‘ D e e p  v al l e y  c ut’  v e rs us  ‘ C o unting c l us te r’  m e th o d s .  W e  f o c us  o n 

th e  ‘ go o d ’  re s ul ts  s inc e  th e  p urp o s e  o f  o ur re s e arc h  is  to  f ind  go o d  c l us te rs .  W e  m ark e d  a c l us te r 
‘ go o d ’  if  th e re  e x is t any  re l atio ns  b e tw e e n w o rd s  o r th e y  re p re s e nt s o m e  m e aning.  W e  m ark e d  a 
c l us te r ‘ b ad ’  if  it is  v e ry  h ard  to  j ud ge  a c l us te r b e c aus e  its  s iz e  is  v e ry  b ig o r o f  s o m e  o th e r 
re as o ns .  W e  d iv id e d  ‘ G o o d ’  b y  ‘ T o tal ’  and  re p re s e nt ‘ %  o f  go o d ’ .  

 
6 . 1  F i n d i n g  T h r e s h o l d  
 

W e  c o m p are d  tw o  th re s h o l d -f ind ing te c h niq ue s :  ‘ D e e p  v al l e y  c ut’  v e rs us  ‘ C o unting 
c l us te r’ .  T h e  c o m p aris o n o f  th e  %  o f  m e aningf ul  l e af  c l us te rs  turns  o ut th at C o unting c l us te r 
re turns  b e tte r re s ul ts :  to tal  av e rage  is  6 1 %  o f  ‘ go o d ’  w ith  C o unting c l us te r and  4 7 %  o f  ‘ go o d ’  
w ith  ‘ D e e p  v al l e y  c ut’  s h o w n in f igure  4 .  W e  al s o  c h e c k e d  th e  s h ap e  o f  th e  tre e .  T h e  b o th  s h ap e s  
are  s im il ar and  h ard  to  te l l  th e  d if f e re nc e s ,  b ut ge ne ral l y  th e  tre e  o f  ‘ C o unting c l us te r’  is  s h o rte r,  
w h ic h  m e ans  ‘ C o unting c l us te r’  re d uc e s  th e  num b e r o f  ite ratio ns  b y  d iv id ing th e  c l us te r in e arl y  
s tage .  A s  f o r th e  s p e e d  o f  th e  e x p e rim e nt th e  ‘ C o unting c l us te r’  is  f as te r th an ‘ D e e p  v al l e y  c ut’  
s inc e  it re d uc e s  th e  ite ratio n num b e r b y  c o unting th e  num b e r o f  c l us te r.  



 
C o u n t i n g  c l u s t e r  
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T o t a l  4 4 3 6 4 4 2 6 4 8 8 4 2 59 
G o o d  3 2 2 6 4 3 2 6 2 1 1 2 2 36 
F a i r  1 2 1   1   2 7 7 2  23 
B a d               0 
% o f  
g o o d  75% 50% 67% 100% 

100
% 75% 100% 

100
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D e e p  v a l l e y  c u t  

 U s e r
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13 T o t a l  

T o t a l  6 6 4 6 5 5 4 3 3 8 11 4 7 72 
G o o d  4 4 1 5 2 3 4 1 1 1 2 3 3 34 
F a i r  2 1 3 1 2 2  2 2 7 7 1 4 34 
B a d   1   1      2   4 
% o f  
g o o d  67% 67% 25% 83% 40% 60% 100% 33% 33% 13% 18% 75% 43% 47% 

 
F i g u r e  4 :  C o u n t i n g  c l u s t e r  v e r s u s  D e e p  v a l l e y  c u t  

 
6.2 Similarity Function 

 
W e  c o m p a r e d  t w o  s i m i l a r i t y  f u n c t i o n s :  ‘ A E M I ’  v e r s u s  ‘ A E M I  × S p e c i f i c a t i o n  f u n c t i o n ’ .  

S i m i l a r i t y  f u n c t i o n  w i t h  ‘ A E M I ’  r e t u r n s  b e t t e r  r e s u l t s  t h a n  ‘ A E M I  × S p e c i f i c a t i o n  f u n c t i o n ’ :  6 1 %  
o f  g o o d  w i t h  ‘ A E M I ’  a n d  4 7 %  o f  g o o d  w i t h  ‘ A E M I  × S p e c i f i c a t i o n  f u n c t i o n ’  s h o w n  i n  f i g u r e  5 .  
S o  t h a t  w e  s e e  t h a t  t h e  s p e c i f i c a t i o n  v a l u e  a s  a  w e i g h t  c o n f u s e s  t h e  a l g o r i t h m .   

 
 

A E M I  
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T o t a l  4 4 3 6 4 4 2 6 4 8 8 4 2 59 
G o o d  3 2 2 6 4 3 2 6 2 1 1 2 2 36 
F a i r  1 2 1   1   2 7 7 2  23 
B a d               0 
% o f  
g o o d  75% 50% 67% 100% 

100
% 75% 100% 

100
% 50% 13% 13% 50% 100% 61% 

 



 
A E M I  × S p e c i f i c a t i o n  F u n c t i o n  
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T o t a l  10 10 5 10 9 7 7 5 10 13 17 8 4 115 
G o o d  2 6 1 3 3 3 3 3 4 5 6 4 4 47 
F a i r  8 4 4 7 6 4 2 2 4 5 8 4  58 
B a d        2  2 3 3   10 
% o f  
g o o d  20% 60% 20% 30% 33% 43% 43% 60% 40% 38% 35% 50% 100% 41% 
 

F i g u r e  5 :  A E M I  v e r s u s  A E M I  × S p e c i f i c a t i o n  F u n c t i o n  
 

6.3 Window Size 
 
We  c o m p a r e d  t h e  r e s u l t s  o f  d i f f e r e n t  w i n d o w  s i z e :  ‘w i t h o u t  l i m i t a t i o n ’ v e r s u s  1 0 0 .  Wh e n  

w e  s u m m e d  t h e  n u m b e r  o f  g o o d  c l u s t e r s  a n d  c a l c u l a t e  t h e  %  o f  ‘g o o d ’ t h e  r e s u l t  f r o m  ‘w i t h o u t  
l i m i t a t i o n ’ i s  b e t t e r ,  w i t h o u t  l i m i t a t i o n  i s  6 1 %  a n d  w i n d o w  s i z e  1 0 0  i s  5 7 % .  H o w e v e r ,  g e n e r a l l y  
w i n d o w  s i z e  1 0 0  m a k e s  m o r e  b e t t e r  c l u s t e r s ,  w i t h o u t  l i m i t a t i o n  m a k e s  5  1 0 0 %  c l u s t e r s  a n d  
w i n d o w  s i z e  1 0 0  m a k e s  6  1 0 0 %  c l u s t e r s .  S o ,  i t  i s  h a r d  t o  t e l l  w h i c h  o n e  i s  b e t t e r  t h a n  t h e  o t h e r .  

 
 

Wi n d o w  s i z e  w i t h o u t  l i m i t a t i o n  
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Wi n d o w  s i z e  1 0 0  
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6.3 Su m m a r y  
 
I n  t h i s  w o r k ,  w e  d e v e l o p e d  a  n e w  a l g o r i t h m ,  H D C ,  a n d  t e s t e d  s o m e  o t h e r  p a r a m e t e r s  i n  

o r d e r  t o  b u i l d  i m p l i c i t  u s e r  i n t e r e s t  p r o f i l e .  T h i s  a l g o r i t h m  c a n  b e  c o m b i n e d  w i t h  o t h e r  a l g o r i t h m s ,  
s u c h  a s  e s t i m a t i n g  p a g e  i n t e r e s t  o r  s o m e  s p e e c h  r e c o g n i t i o n  t o o l s  t h a t  d e t e c t s  w h a t  t h e  s p e a k e r  



said. U sin g  t h is m et h o d o f  c l ien t -side im p l ic it  u ser  in t er est  p r o f il e b u il der  m ay  h el p  b u il din g  a 
u ser ’s in t er est  p r o f il e;  h o w ev er , t h e ser v er -side o n e m ay  al so  h el p  t o  b u il d in t er est  p r o f il es f o r  
eac h  v isit o r . 

W e v al idat ed t h e ef f ic ien c y  o f  t h e H D C  al g o r it h m  an d f in d so m e ef f ic ien t  p ar am et er s:  
‘C o u n t in g  c l u st er ’ m et h o d f o r  t h r esh o l d- f in din g  m et h o d, ‘A E M I ’ f o r  sim il ar it y  f u n c t io n . T h e 
c o m b in at io n  o f  ‘C o u n t in g  c l u st er ’ m et h o d an d ‘A E M I ’ f u n c t io n  y iel ds o v er  6 0 %  ac c u r at e 
h ier ar c h ic al  c l u st er s, w h ic h  w e c an  say  p r ac t ic al . T h e w in do w  siz e do es n o t  m ak e sig n if ic an t  
dif f er en c e;  h o w ev er , w e p ic k  w in do w  siz e 1 0 0 , sin c e it  is m o r e r easo n ab l e c o n c ep t u al l y :  o n e 
p ar ag r ap h  h as o n e m ean in g , an d o n e p ar ag r ap h  h as ar o u n d 1 0 0  m ean in g f u l  w o r ds w it h o u t  st o p  
l ist s. 

W e al so  m easu r ed so m e o t h er  p ar am et er s. T h e u se o f  st em m ed w o r ds r et u r n ed b et t er  
r esu l t s t h en  t h e o n e o f  u n -st em m ed w o r ds. T h e m in im u m  c l u st er  siz e af f ec t s t h e n u m b er  o f  c h il d 
c l u st er s, an d siz e 4  w as easy  t o  u se. 

W e al so  f in d t h is al g o r it h m  su p p o r t s c o n c ep t u al  u ser  in t er est  h ier ar c h y . S o m e c l u st er s 
h av e c o n c ep t u al l y  sim il ar  m ean in g , su c h  as a c l u st er  h as c l ass n am es an d t h e o t h er  sib l in g  h as t h e 
o t h er  c l ass n am es. S in c e t h ey  der iv at e f r o m  sam e p ar en t s w e assu m e t h ey  ar e c o n n ec t ed 
c o n c ep t u al l y . E v en  t h o u g h  t h is k in d o f  h ier ar c h y  o n l y  o c c u r s a f ew  t im es, w e sat isf ied w it h  
iden t if y in g  w h et h er  t h is al g o r it h m  su p p o r t s t h is c o n c ep t u al it y  o r  n o t . T o  st at ist ic al l y  p r o v e t h is 
w e m ay  n eed m o r e l ab o r at o r ial  r esear c h . 

 
7.  CO N CL U S I O N S  
 
O n e w ay  a u ser  in t er est  p r o f il e c an  b e au t o m at ed is t o  an al y ses t h e w eb  p ag es t h at  a u ser  

v isit ed. E x p l ic it  m et h o ds, su c h  as ask in g  u ser s t o  m ar k  t h eir  in t er est s, b o t h er s t h e u ser s an d t h e 
sy st em  sh o u l d c o l l ec t  t h e in f o r m at io n  p er io dic al l y . S o m et im es t h e in f o r m at io n  c o l l ec t ed m ay  b e 
n o t  c o r r ec t  as m u c h  as w e ar e ex p ec t in g  b y  t h e n eg l ig en t  m ar k in g  o f  t h e u ser s. I m p l ic it  m et h o d, 
w h il e r eq u ir in g  m o r e so p h ist ic at ed al g o r it h m , p r o m ises t o  p r o v ide u ser  in t er est  p r o f il e w it h o u t  
t h e “ c o st ”  t o  t h e u ser s r eadin g , t h in k in g , an d m ar k in g  p er io dic al l y . 

I n  t h is r esear c h  w e h av e ex p er im en t al l y  ev al u at ed t h e ef f ec t iv en ess o f  t h r esh o l d- f in din g  
m et h o ds, sim il ar it y  f u n c t io n s, an d w in do w  siz e in  b u il din g  ac c u r at e u ser  in t er est  p r o f il es. B ased 
o n  t h e dat a c o l l ec t ed f r o m  1 3  u ser s, w e f in d t h at  ‘C o u n t in g  c l u st er s’ t h r esh o l d- f in din g  m et h o d, 
‘A E M I ’ sim il ar it y  f u n c t io n  ar e g o o d m et h o ds f o r  c l u st er in g  u ser  in t er est  h ier ar c h y  an d t h e 
al g o r it h m  H D C  w it h  dep t h  f ir st  m et h o d is al so  p r o p er  f o r  t h is w o r k . 

T h e t ec h n iq u es u sed in  t h is r esear c h  p r o v ide a m ean s o f  b u il din g  im p l ic it  u ser  in t er est  
p r o f il e. T h is c o u l d b e c o m b in ed w it h  o t h er  t ec h n iq u es su c h  as a t ec h n iq u e t o  est im at e p ag e 
in t er est , b u t  al so  b e c o m b in ed v o ic e r ec o g n it io n  t ec h n iq u es t o  p r esen t  w h at  su b j ec t  a u ser  is 
in t er est ed in . T h e r esu l t s p r esen t ed p r o m ise t o  st r en g t h en  t h e ac c u r ac y  b y  t o day ’s au t o m at ic  
m et h o d b u il din g  u ser  in t er est  p r o f il e an d in t r o du c e n ew  u ser  in t er est  p r o f il e t ec h n iq u e. 

 
8 .  F U T U R E  W O R K  
 
I n  t h is w o r k , w e h av e c o n sider ed o n l y  t h e w o r d al o n e;  p h r ases m ay  p r o v ide m o r e 

ac c u r at e in f o r m at io n  t h an  w o r ds. S u c h  as “ ap p l e”  h as v ar io u s m ean in g :  “ ap p l e t r ee”  an d “ ap p l e 
c o m p u t er ” , so  p h r ases m ay  ex p l ain  so m e m o r e det ail  m ean in g s. T h e set  o f  st o p  l ist  al so  af f ec t s 
t h e ac c u r ac y  o f  t h e r esu l t s. S o  sp ec ial iz in g  t h e st o p  l ist  c an  b e a f u t u r e w o r k . 

F u t u r e w o r k  al so  su g g est s b et t er  sim il ar it y  f u n c t io n  t h at  ac c u r at el y  ex p l ain s r el at io n sh ip  
b et w een  w o r ds. A n d o t h er  b et t er  t h r esh o l d-f in din g  m et h o d o r  t h e o t h er  p ar am et er s w il l  h el p  
b u il din g  H U I P . W h il e o u r  in t en t  h er e w as t o  b u il din g  H U I P  it  w il l  b e c o m b in ed t o  a t ec h n iq u e 
t h at  est im at es p ag e in t er est .  
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