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ABSTRACT 

The n o t i o n of * concept* based on func ­
t i o n a l i t y of ob jec ts is de f ined and made 
use o f in the context o f p a t t e r n c l u s t e r i ­
ng. An approach to p a r t i t i o n ob jec ts us ing 
a knowledge base is presented. A d i f f e r e n t 
c lass o f concepts c a l l e d conceptual t r a n s ­
formers is proposed and i t s e f f e c t s on 
c l u s t e r i n g i s looked i n t o . 

I INTRODUCTION 

C l u s t e r i n g is a process of grouping 
ob jec t s based on a s i m i l a r i t y measure. Co­
nven t i ona l s i m i l a r i t y measures are contex t 
- f r e e and g e s t a l f p roper ty - independent 
in n a t u r e . A recent development to overco­
me such problems, is the measure (Micha ls -
k i 1980): S i m i l a r i t y ( A , B ) = f ( A , B , E , C ) where 
A and B are the ob jec ts being compared and 
E and C are the environment and a set of 
p rede f ined concepts r e s p e c t i v e l y . 

Here we de f ine the term concept from 
the f u n c t i o n a l po in t of view based on the 
phys i ca l p rope r t i es which imply the f u n c t ­
i o n . A knowledge-based approach to p a r t i ­
t i o n ob jec ts i s o u t l i n e d . An i n t e r e s t i n g 
subset o f concepts c a l l e d conceptual t r a n ­
s formers , which is an a b s t r a c t i o n from r e ­
a l l i f e , i s s tud ied i n d e t a i l . The e f f e c t s 
of t h i s type of concepts on the c l u s t e r i n g 
mechanism is looked i n t o . 

II CONCEPTS AND CONCEPTUAL TRANSFORMERS 

A concept can be r e c u r s i v e l y de f ined 
as f o l l o w s : ( a ) A concept is a p a r t i a l map­
p ing f rom, e i t h e r the powerset o f the i n s ­
tances of the phys i ca l d e s c r i p t o r s o f o b j ­
e c t s , or the powerset o f use r -de f i ned f u n ­
c t i o n s , to a domain of l a b e l s , (b) A conc­
ept is a p a r t i a l mapping from the powerset 
of l a b e l s to a set of l a b e l s . 

Observe tha t the above d e f i n i t i o n is 
an ex tens ion of "concept ' g iven by Winston 
(Winston 1984). In the contex t o f c l u s t e r ­
i n g , there is a c e r t a i n category o f 
concepts which cannot be t r ea ted the same 
way in which we view a concept as de f i ned 
above. This c lass (Co) of concepts, which 
i n a d d i t i o n to s a t i s f y i n g the above d e f i n ­
i t i o n w i l l a lso s a t i s f y the t ransformer 

r e l a t i o n R on Co de f ined by the f o l l o w i n g 
f i r s t order l o g i c s ta tement : 

(3Pc) (3T) [ (Pc=0) A (T Co) A ( <Pc , T, t>R<Pc ' ,T>) I 

where Pc is a set of p r e - c o n d i t i o n s which 
should be s a t i s f i e d by a non-empty c l u s t e r 
c o n s i s t i n g of one or more o b j e c t s , ' t ' is 
the t ime requ i red to i n s t a n t i a t e the phys­
i c a l d e s c r i p t o r s o f the o b j e c t / o b j e c t s 
corresponding to the c l u s t e r s a t i s f y i n g Pc 
us ing the concept T. Pc' is the set of i n ­
s t a n t i a t e d phys i ca l d e s c r i p t o r s . 

Observe t h a t : ( i ) The concept T does 
not d i r e c t l y p a r t i c i p a t e i n the concept 
imp l i ed by the c l u s t e r , whose phys i ca l 
d e s c r i p t o r s have been i n s t a n t i a t e d by T. 
( i i ) The concept T which is a conceptual 
t ransformer w i t h respect to Pc and Pc' 
does not prevent i t from being an o rd ina ry 
concept i n another con tex t . ( i i i ) T w i l l 
not be a conceptual t ransformer i f the 
c l u s t e r does not s a t i s f y the p r e - c o n d i t i o n 
Pc. ( i v ) R only imp l i es the p o s s i b i l i t y of 
Pc' but does not say t ha t i n s t a n t i a t i o n 
w i l l occur , (v) The usage of the t r a n s f o r ­
mer is c o n t r o l l e d by the frequency of 
usage of the respec t i ve concept which the 
t ransformer has i n s t a n t i a t e d - a p r a c t i c a l 
aspect . ( v i ) A t ransformer may be used to 
improve the q u a l i t y of a concept or r e i n s -
t a n t i a t e an aber ra ted concept. ( v i i ) A 
concept need not necessa r i l y be an element 
o f a s i n g l e t r ans fo rma t i on r e l a t i o n . I t 
can a lso be an element of the composi t ion 
of severa l such r e l a t i o n s . 

Consider a k i t chen k n i f e whose c u t t i n g 
edge has become b l u n t . A g r i nde r which has 
the a b i l i t y to sharpen the b l un t edge ass­
umes the r o l e of a conceptual t rans former 
r e l a t i o n , when over a f i n i t e pe r iod of 
t ime , i t t ransforms the b l un t edge i n t o a 
sharp edge. Note t h a t , o therwise the k n i f e 
should be in good shape, which is a p a r t 
of the p r e - c o n d i t i o n Pc. Also observe t h a t 
the g r i nde r does not p a r t i c i p a t e in the 
concept of c u t t i n g , though the g r i nde r may 
p a r t i c i p a t e in some other concept. I t s 
f requency of usage is c o n t r o l l e d by the 
d e t e r i o r a t i o n in the sharpness of the edge 
of the k n i f e . The g r i nde r may be used to 
e i t h e r improve the q u a l i t y o f the c u t t i n g 
edge or r e p a i r an aber ra ted edge. 
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A Cohesion f o r e s t is de f ined as a non-
empty c o l l e c t i o n of N-trees which cons is ts 
of concepts which have to be necessa r i l y 
executed to achieve the roo t concept, and 
a c o l l e c t i o n of Q-trees which cons is t s of 
concepts which improve the q u a l i t y of the 
roo t concept . For a d e t a i l e d exp lana t ion 
of Cohesion f o r e s t r e f e r (Shekar,Murty and 
K r i s h n a ) . Consider F igure 1. The branches 
CD, CE and CF which correspond to Marking, 
C u t t i n g and Eras ing r e s p e c t i v e l y together 
represent the concept ' W r i t i n g ' . In the 
case of Shaving, Looking and La the r ing are 
q u a l i t y improvement aspects , whereas C u t t ­
i ng is a necessary concept. Hence t h i s is 
represented as a Q-t ree g iven in Figure 2. 

Consider an o b j e c t , and the f unc t i ons 
i t i s capable o f pe r fo rm ing . An ob jec t can 
be de f i ned (from the f u n c t i o n a l p o i n t of 
view) by the i n s t a n t i a t i o n s of the phys ic ­
a l d e s c r i p t o r s necessary to descr ibe the 
o b j e c t . One or more of these phys i ca l a t t ­
r i b u t e s may be e s s e n t i a l to perform the 
f u n c t i o n / f u n c t i o n s behind the c r e a t i o n o f 
t h i s o b j e c t . Genera l ly a la rge subset of 
the p h y s i c a l a t t r i b u t e s may not be r e l e v a ­
n t t o the f u n c t i o n (hencefor th r e f e r r e d to 
as pr imary f u n c t i o n ) of the o b j e c t . Conse­
q u e n t l y , depending on the imag ina t ion of 
the user , these a t t r i b u t e s can be made use 
o f i n per forming c e r t a i n other f u n c t i o n s , 
(hencefor th r e f e r r e d to as secondary f unc ­
t i ons ) which need not necessa r i l y be conn­
ected to the pr imary f u n c t i o n / f u n c t i o n s . 

We i l l u s t r a t e the above w i t h a k i t chen 
k n i f e . The pr imary f u n c t i o n being c u t t i n g 
is the r e s u l t a n t of the edge being sharp, 
un i fo rm and hard (genera l l y m e t a l l i c ) . Due 
to the usage of a heavy metal in the manu­
f a c t u r e , the ob jec t posseses a phys i ca l 
a t t r i b u t e namely heaviness. This phys i ca l 
a t t r i b u t e can, and gene ra l l y is made use 
of to support severa l secondary f unc t i ons 
i n c l u d i n g i t s usage as a paper we igh t , a 
hammer (though w i t h a reduc t i on in the 
q u a l i t y o f hammer ing) ,etc . 

A n a t u r a l ques t ion t h a t can be r a i s e d 
i s the p o s s i b i l i t y o f t e r n a r y , t e r t i a r y , . , 
f u n c t i o n s of an o b j e c t . R e i n s t a n t i a t i o n of 
the values of c e r t a i n a t t r i b u t e s may not 
a f f e c t the pr imary f u n c t i o n o f the ob jec t 
under c o n s i d e r a t i o n . If we can i d e n t i f y a 
conceptual t rans former which does t h i s r e -
i n s t a n t i a t i o n and the r e i n s t a n t i a t e d phys-
ca l a t t r i b u t e s a t i s f i e s a concept, then 
t h i s ob jec t can be sa id to s a t i s f y a t e r n ­
ary f u n c t i o n w i t h a t rans former r e l a t i o n . 
The same argument can be extended to d e f i ­
ne t e r t i a r y , . . . f u n c t i o n s based on the 
complex i ty and usage of two or more t r a n s ­
fo rmers . Consider a k i t c h e n k n i f e . The t i p 
of the k n i f e can be t ransformed i n t o a 
sc rewdr i v ing edge w i t h the he lp of a 
g r i n d e r . Thus, the pr imary f u n c t i o n i s 
c u t t i n g , secondary f unc t i ons c o n t r o l l e d by 

heaviness, and the t e rna ry f u n c t i o n is 
sc rewdr i v ing w i t h the he lp of a g r i n d e r . 

I l l FUNCTIQNAL C L U S T E R I N G 

Eventhough con junc t i on can be e f f e c t i ­
ve l y used in desc r i b i ng o b j e c t s / c l a s s e s 
(M icha lsk i 1980), most of the a p p l i c a t i o n s 
do not warrant such complete d e s c r i p t i o n s , 
as f u n c t i o n a l i t y of ob jec t s p lays a v i t a l 
r o l e in the envi ronmental semant ics. Thus, 
i m p l i c a t i o n which seems to be a b e t t e r 
choice f o r f u n c t i o n a l c l u s t e r i n g o f o b j e ­
c ts i s used to generate d e s c r i p t i o n s l i k e 
' c l u s t e r => an express ion of concepts ' 
where ' c l u s t e r ' is a group of ob jec ts and 
'an express ion of concepts ' cons i s t s of 
concepts de f ined in the knowledge base 
connected by l o g i c a l connect ives "A' (AND) 
and/or ' ® ' (EXCLUSIVE OR). There is no 
need f o r having a d d i t i o n a l connect ives in 
the d e s c r i p t i o n s o f such f u n c t i o n a l c l u s t ­
e r s . Note t h a t AND i n d i c a t e s t ha t the con­
cepts can be executed at the same t ime and 
EXCLUSIVE OR i n d i c a t e s t ha t on ly one of 
the two concepts can be done at the same 
t ime but not bo th . Fur ther d e t a i l s o f t h i s 
approach and an a l go r i t hm to perform t h i s 
c l u s t e r i n g i s g iven i n (Shekar,et a l ) . 

Let us examine the e f f e c t s of a t r a n s ­
former r e l a t i o n on a set of c l u s t e r s . The 
number of concepts at a h igher l e v e l w i t h 
respect to the Cohesion f o r e s t i nc reases . 
This can be i l l u s t r a t e d by cons ide r ing the 
f o l l o w i n g c l u s t e r s which have been genera­
ted w i t h the Cohesion f o r e s t whose simp­
l i f i e d form is g iven in F igures 1 and 2. 

Cluster l={Brush,Soap,Water sou rce ,Kn i f e , 
Penc i l ,E raser } 

D e s c r i p t i o n l : C l u s t e r l * > Shaving ® W r i t i n g 
C l u s t e r = { B l u n t k n i f e } 

The d e s c r i p t i o n o f C lus te r2 w i l l con ta in 
concepts imp l i ed by the k n i f e ' s secondary 
f u n c t i o n s , which we ignore in the present 
con tex t . The ex is tence of a g r i nde r in the 
r o l e o f a t ransformer w i l l g ive r i s e t o : 

C lus te r l '= {Brush ,Soap,Water source ,Kn i fe } 
D e s c r i p t i o n l ' : C l u s t e r l = > Shaving 
C l u s t e r 2 ' = ( K n i f e , P e n c i l , E r a s e r ! 
D e s c r i p t i o n 2 ' : C l u s t e r 2 ' « > W r i t i n g 

Note t h a t D e s c r i p t i o n 2 ' is at a h igher 
l e v e l than D e s c r i p t i o n 2 , and D e s c r i p t i o n l ' 
is at the same l e v e l as D e s c r i p t i o n l w i t h 
respect to the Cohesion f o r e s t . These 
c l u s t e r s are shown in F igure 3. Observe 
t h a t the arrow has a l a b e l corresponding 
to the t rans former and the c l u s t e r / c l u s ­
t e r s po in ted to by the arrow are bounded 
by a broken l i n e i n d i c a t i n g the f a c t t h a t 
these c l u s t e r s can be executed on ly a f t e r 
some t ime s p e c i f i e d by the t rans fo rmer . We 
c a l l such c l u s t e r s as v i r t u a l c l u s t e r s . 
Observe t h a t v i r t u a l c l u s t e r s can e x i s t a t 
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both ends of the arrow. This is shown in 
F igure 4. Note t h a t if Tr and Tr ' , the 
t rans fo rmers , are the same, then the t r a n -
former may be viewed as a b i d i r e c t i o n a l 
conceptual t rans fo rmer . A screwdr iver is 
an example of a b i d i r e c t i o n a l t rans fo rmer . 

IV CONCLUSION 

The approach suggested in t h i s paper 

i s d i f f e r e n t from convent iona l approaches, 
as i t views ob jec ts from the f u n c t i o n a l 
ang le . The r e s u l t i n g p a r t i t i o n is more in 
the abs t rac t r a t he r than in the p h y s i c a l 
sense, and such a grouping resembles our 
mental pe rcep t ion o f o b j e c t s . I t should be 
noted t ha t the above approach is p e r t i n e n t 
to man-made ob jec ts as they are created 
from a f u n c t i o n a l p o i n t of v iew. 
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A t 

Figure 1 

A = Shaving 
C = Writing 
E = Cutting 
G = Lathering 
I = Wetting 
K = Looking 

N- trees included in the 

B = Cutting 
D = Marking 
F = Erasing 
H = Brushing 
J = Soaping 

Cohesion forest 

Knife 

L = Shaving 
M = Looking 
N = Lathering 

Figure 2 Q-trees included in 
the Cohesion forest 

Figure 3 Figure A 
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We have proposed a f u n c t i o n a l d e f i n i ­
t i o n of ' Concept ' . Two ca tegor ies of conc-
epts have been i d e n t i f i e d ( p e r t i n e n t to 
c l u s t e r i n g ) : Concepts whose presence is 
permanently requ i red f o r the execut ion of 
the corresponding f u n c t i o n , and conceptual 
t r ans fo rmers , which do not d i r e c t l y p a r t i ­
c i pa te in the f u n c t i o n . A h i e r a r c h i c a l 
decomposi t ion o f f unc t i ons o f ob jec ts w i t h 
the he lp of t rans fo rmers , has been looked 
i n t o . Ce r ta in i n t e r e s t i n g p r o p e r t i e s o f 
t rans formers and t h e i r e f f e c t s on c l u s t e r 
c o n f i g u r a t i o n s lead ing t o v i r t u a l c l u s t e r s 
have been expla ined w i t h an example. 


