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GENERALIZED SET COMPARISON 

A. L. Fur'tado 
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2 2 4 5 3  R i o  de  J a n e i r o  
Bras i I 

An e x t r e m e l y  s i m p l e  m e t h o d  f o r  s e t  c o m p a r i s o n  i s  P r O P o s e d .  T h e  
method de te rm ines  what r e l a t i o n s h i p  ho lds  between two s e t s .  Th is  
c o n t r a s t s  w i t h  t h e  u s u a l  s e t  c o m p a r i s o n  o p e r a t o r s ,  w h i c h  m e r e l y  
c h e c k  a ~ i v e n  r e l a t i o n s h i p .  

To c o m p a r e  t w o  s e t s  A a n d  B ,  we c o n s i d e r  t h e  f o l l o w i n s  c l a s s e s  o f  
e lemen ts :  

- c i a s s  s - e l e m e n t s  b e l o n s i n s  o n l y  t o  A 
- c ~ a s s  s - e l e m e n t s  b e l o n a i n a  o n l y  t o  B 
- c l a s s  s s  - e l e m e n t s  b e l o n s i n s  t o  b o t h  A a n d  B 

B a s e d  on t h e s e  c l a s s e s ,  we c a n  c h a r a c t e r i z e  a l l  t h e  P o s s i b l e  
o u t c o m e s  o f  t h e  c o m p a r i s o n ,  w h i c h  c o r r e s p o n d  t o  t h e  c o m b i n a t i o n s  
o f  O, 1 ,  2 o r  3 o f  t h e  c l a s s e s .  A d e c i s i o n  t r e e  [ B e ]  d i s p l a y s  
t h e  c o m b i n a t i o n s ;  an e d g e  l e a v i n s  t h e  P q ,  P a n d  q n o d e s  i s  
l a b e l l e d  " 1 "  i ~  a t  l e a s t  o n e  e l e m e n t  o c c u r s  i n  t h e  r e s p e c t i v e  
c l a s s ,  and  " 0 "  o t h e r w i s e .  

P q  

o j \ . ,  o,,\t oj\., 
c_q c'1 ~2 c_.3 c_~ c5 

T h e  8 c a s e s  cO ,  c 1 , . . . , c 7  a r e  f u r t h e r  c h a r a c t e r i z e d ,  i n  t e r m s  o f  
t h e i r  V e n n  d i a s r a m s  [ K o ] .  

case 0 case "I case 2 case 3 
no e lements q e e,q 
A,  B e m p t y  A e m p t y  B e m p t y  A ,  B d i s j o i n t  

case 4 case 5 case 6 case 7 
P q  q , P q  P r P q  P w q , P q  

A equa ls  B A inc ]uded in B A c o n t a i n s  B A, B ove r l ap  
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The  8 c a s e s  c o n s t i t u t e  an a d e q u a t e  c h o i c e  f o r  " P r i m i t i v e "  s e t  
r e l a t i o n s h i p s .  By c o n s t r u c t i o n ,  they are mutua l l y  e x c l u s i v e  and 
c o v e r  a l l  s i t u a t i o n s .  H o w e v e r ,  e x a c t l y  b e c a u s e  t h e y  h a v e  t h e s e  
P r o P e r t i ¢ 5 ,  t h e y  a r e  ~ l l  s t r i c t  a n d  t h e  " t r i v i a l "  e m p t y  s e t  c a s e s  
~ r ~  d i s t i n g u i s h e d .  S o ,  when  we w r i t e  u n d e r  c a s e  5 ~A i n c l u d e d  i n  
B " ,  we ~ s s u m e  t h a t  b o t h  s e t s  a r e  n o n - e m P t y  and  t h a t  B h a s  a t  
l e a s t  o n e  ~ l e m e n t  t h a t  i s  n o t  i n  A.  In P r a c t i c e  we may n e e d  such 
s t r i c t  and n o n - t r i v i a l  r e l a t i o n s h i P s ~  f o r  i n s tance ,  the sentence 
" J o h n  c a n  do  P a r t  o f  t h e  J o b s  t h a t  P e t e r  d o e s "  c l e a r l y  i m p l i e s  
t h a t  b o t h  s e t s  o f  J o b s  ~ r e  n o n - e m p t y  ~ n d  t h a t  P e t e r ' s  s e t  i s  
l ~ r s e r  t h a n  J o h n ' s .  

The  s e q u e n c e  o f  l a b e l s  a l o n s  e a c h  P a t h  o f  t h e  d e c i s i o n  t r e e  c a n  
be  i n t e r p r e t e d  a s  a b i n a r y  n u m b e r ,  c o r r e s P o n d i n s  c o n v e n i e n t l y  t o  
t h e  c a s e  n u m b e r .  T h i s  s u s s e s t s  t h a t  we s u b s t i t u t e  a " 1 "  o r  a " 0 "  
f o r  e a c h  member  o f  a t h r e e - d i s i t  s e q u e n c e  ( P R , P , R ) ,  d e P e n d i n s  q~t 

t h e  o c c u r r e n c e  o f  a t  l e a s t  o n e  e l e m e n t  i n  t h e  r e s p e c t i v e  c l a s s .  

A PASCAL f u n c t i o n  [ J W ]  u s i n s  t h i s  m e t h o d  i s  ~ i v e n  b e l o w .  
f u n c t i o n  r e t u r n s  a l i t e r a l  b e l o n s i n s  t o  t h e  e n u m e r a t i o n  

"[hP.. 

t y p e  c o m P c a s e  = ( e m P 1 2 , e m P q , e m P 2 , d i s J , e q , i n c l , c o n t , o v e r l )  

t o  c o n v e y  t h e  o u t c o m e  o f  t h e  c o m p a r i s o n .  A b r i e f  d e s c r i p t i o n  o f  
how t h e  f u n c t i o n  w o r k s  i s  s i r e n  a f t e r w a r d s .  

f u n c t i o n  S C O M P ( A , B :  e s e t ) :  c o m P c a s e ;  
v a t  X , Y  : o r d s e t ;  

p , q r p q  = 0..4; 
c , i  : 0 . , 7 ;  
r | c o m P c a s e ;  

b e s i n  
X == s o r t ( A ) ;  Y : =  s o r t ( B ) ;  
P == O; q : =  O; P~ : =  O;  
w h i l e  n o t  n u l l ( X )  and  n o t  n u l l ( Y )  _d_l 

i f  h e a d ( X )  = h e a d ( Y )  t h e n  
b e s i n  P~ : =  4 ;  X : =  t a i l ( X ) ;  Y : =  t a i l ( Y )  end  

e l s e  i £  h e a d ( X )  < h e a d ( Y )  t h e n  
b e s i n  P : =  4 ;  X : =  t a i l ( X )  end  

e l s e  b e ~ i n  q : =  4;  Y : =  t a i l ( Y )  e n d ~  
i f  n o t  n u l l ( X )  t h e n  P : =  1 ;  
i f  n o t  n u l l ( Y )  t h e n  q : =  4p 

C ~=  q + 2 ~ P  + ~ P R ;  

r : =  e m P 1 2 ;  
#or i := I to  c do 

r == S U C C ( r ) ;  

SCOMP : =  r 
end; 

The  two sets are first ordered (using some O(n los(n)) method 
[AHU]). Variables P, q and Pq are initialized to zero, Then, the 
sets are scanned in a mer~e-wise fashion (an O(n + m) Process) to 

detect elements in the three classes. 

As Ions as there are elements in both sets, we compare the two 
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]eadin~ elements. I~ they are equall, P~ is ~Pdated~ Otherwise we 

can conclude that the smaller e]emenA~ cannot be ~ound in the 
other set - recall that. the sets were ordered - and~ accordin~l~ 
either P or ~ is uPdated~ the same is done i~ the end o.~ one of, 

the sets i s  reached ~hile the other still has unscanned elements,. 

At the end, a decimal number is obtained ~rom <P~,P,~> ~nd ~hen 

used to ~ind the corresponding literal in the enumeration. 

The invokinm Promram can naturally use the result o¢ SCOHP in a 

c a s e  s t a t e m e n t :  

c a s e  S C O H P ( A , B )  o~ 
e m P 1 2 :  . . .  

m I N I U m ~ l ~ I I R 

e n d  

PASCAL allows 

consider the 
inclusion (set 
situations, we can write 

t o  g r o u P  t o s e t h e r  s e v e r a l  c a s e s .  I ~  we w i s h  t o  
u s u a l  " C "  c o m P a r i s o n ,  t h u s  a c c e P t i n s  n o n - s t r i c t  

e q u a l i t y )  a s  w e l l  a s  t h e  t r i v i a l  e m p t y  s e t  

c a s e  S C O M P ( A , B )  o_f. 
m m u m m u u m  a l l l  a N ~ l m W  B m m w  w Ba  

e m P ' 1 2 , e m P ' 1 , e q , i n c ] :  . . .  ; 

~ m m ~ u m m m m m l u u m m m l m m l n u m ~  

end  

o r ,  i.F a n y  o t h e r  s i t u a t  i o n s  a r e  i r r e l e v a n t  t o  o u r  a P P l  i c a t  i o n ,  

i ~  S C O H P ( A , B )  i n  [ e m P ' 1 2 , e m P ' 1 , e q , i n c l ]  t h e n  . . .  

o r ,  £ i n a l l y ,  b y  i n t r o d u c i n s  a v a r i a b l e ,  i n c l u s i o n ,  o£  a P o w e r s e t  
t y p e  s t o r i n s  t h e  a b o v e  s e t  o£  c a s e s  

i ~  S C O H P ( A , B )  i n  i n c l u s i o n  t h e n  . . .  

O t h e r  s e t  r e p r e s e n t a t i o n s  c a n  l e a d  t o  o t h e r  i m p l e m e n t a t i o n s .  F o r  
e x a m p l e ,  i £  A a n d  B a r e  r e P r e s e n t e d  b y  b i t  a r r a y s  a n d  P a i r w i s e  

b i t  o p e r a t i o n s  l i k e  AND a n d  AND_NOT a r e  a v a i l a b l e ,  t e s t i n ~  
o c c u r r e n c e  o~  e l e m e n t s  i n  t h e  t h r e e  c l a s s e s  c a n  be  d o n e  i n  a 
P a r t i c u l a r l y  e f f i c i e n t  w a y .  A l s o ,  o t h e r  k i n d s  o~ l a n s u a s e s  [ G J ]  
and  e q u i p m e n t  s u s s e s t  some i n t e r e s t i n s  P o s s i b i l i t i e s :  

- E x t e n s i b l e  ] a n ~ u a s e s ,  l i k e  A d a ,  P e r m i t t i n a  t h e  i n t r o d u c t  i o n  of" 
new o p e r a t o r s ,  n o t  s i m p l y  t h r o u s h  £ u n c t i o n  d e £ i n i t i o n ,  b u t  
ass a P r o P e r  s y n t a c t i c a l  e x t e n s i o n ,  w o u l d  a l l o w  u s  t o  wr  i t s  
s o m e t h  i n s  l i k e  

A ? B  

w h i c h  w o u l d  s t r e s s  t h e  f a c t  t h a t  t h e  o p e r a t o r  y i e l d s  t h e  
r e ] a t  i o n s h  iP b e t w e e n  A an B .  S P e c i a l  s y m b o l s  c o u l d  b e  u s e d  
i n s t e a d  o £  t h e  l i t e r a l s  e n u m e r a t e d  b e f o r e ,  b o t h  a s  r e s u l t  of '  



t h e  c o m p a r i s o n  and as  b i n a r y  c o m p a r i s o n  o p e r a t o r s ;  a P o s s i b l e  
choice is, in the same order as the literals were Presented: 
A _ B, A / B, A \ B, A t 8, A = ~, A ( B, A ) B, A # B. 

- MicrocomPuter  so£tware must s t r i v e  £or economy o~ space. Even 
i~ one decides to have several set comparison operators in a 
l a n e u a s e ,  i t  i s  c o n v e n i e n t  t o  P r a c t i c a l l y  i m p l e m e n t  a l l  o£ t hem 

through a sinsle Piece o~ code, as shown here. 

- F o r  ~ r a P h i c a l  c o m m u n i c a t i o n  w i t h  t h e  u s e r  we m i s h t  d i s p l a y  t h e  
r e s u l t  o~ set  compar ison as,  saY, P i c t u r e s  o~ Venn d i a s r a m s .  In 
t h i s  e v e n t  we w o u l d  c o u n t  in  P,  ~ and P~ t h e  numbe r  o£ 
o c c u r r e n c e s  in e a c h  c l a s s ,  t h e r e b y  b e i n s  a b l e  t o  keep  t h e  
P r o P o r t i o n s  in  t h e  d i a s r a m s .  

- D a t a  base lansuases  and a P P l i c a t i v e  l ansuases  l a r s e l y  b e n e £ i t  
~ rom t h e  i n t r o d u c t i o n  o~ s e t  P r o c e s s i n s  o p e r a t o r s .  I n  b o t h  
c a s e s  t h e  a b i l i t y  t o  h a n d l e  s e t s  r e d u c e s  P r o c e d u r a l i t y  by  

a v o i d i n s  e x p l i c i t  i t e r a t i o n .  

a c k ~ a u l e d s e m e ~ E s  - The a u t h o r  t h a n k s  S e r s i o  E.  R. de  C a r v a l h o  and 

E w e r t o n  A.  P.  V i e i r a  £o r  h e l P £ U l  s u s s e s t i o n s .  

R e £ e ~ e o c e s  

[AHU] A. V. Aho, J .  E. HoPcro£t and J.  D. Ul lman - D~£a 
s ~ u c ~ u ~ e s  aad also~R£bms - Add ison-Wesley  (q783 ) .  

[Be] A .  T .  B e r z t i s s  - D a t a  s £ ~ u c e u c e s  = £ b e o c ~  a n d  e c a c ¢ l c e  - 
A c a d e m i c  P r e s s  ( 1 7 7 1 ) .  

[G J] C. G h e z z i  and M. J a z a y e r i  - E ~ o s ~ m m L ~ s  L ~ s ~ s ¢  c o ~ c e ~ L s  
- J o h n  W i ] e y  ( 1 9 8 2 ) .  

[JW] K.  J e n s e n  and N. W i r t h  - E~SC~L = ~ s ~  m ~ L  a ~  ~ o ~ L  - 
S P r i n s e r - U e r l a s  ( 1 9 7 5 ) .  

[Ko] R. R. K o r £ h a s e  - D L s c c e L ¢  ~ o m ~ t a L £ o ~ l  s L ~ c L ~ e ~  - 
A c a d e m i c  P r e s s  ( q 9 7 4 ) ,  


