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P ro g ram m i n g  w i th  Asp e cts
• Limitation of OO
• S e p a r a t i o n  o f  C o n c e r n s
• A s p e c t  O r i e n t e d  p r o g r a m m i n g
• A s p e c t J
• P o i n t C u t
• A d v i c e
• P i t f a l l s
• C o n c l u s i o n
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Software Development
• V a r i o u s  m e t h o d o l o g i e s  h a v e  e v o l v e d

• O b j e c t -O r i e n t e d  P a r a d i g m  i s  t h e  m o s t  
p o p u l a r  a n d  p r a c t i c a l  i n  e f f e c t  c u r r e n t l y

• S y s t e m  c o m p o s e d  o f  o b j e c t s /  e n t i t i e s

• U s e d  i n  a l l  k i n d s  o f  a p p l i c a t i o n  
d e v e l o p m e n t
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R eas ons  to u s e O O
• H e l p s  u s  m a n a g e  c o m p l e x i t y

• I f  d o n e  w e l l ,  e a s i e r  t o  m a k e  c h a n g e

• C o m p o n e n t  b a s e d  a p p r o a c h  t o  
d e v e l o p i n g  s y s t e m s

• B u t ,  w h a t  a r e  t h e  l i m i t a t i o n s  o f  O O ?
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L i mi tati ons  of O O
• O O  a d v o c a t e s  d e c o m p o s i n g  a  s y s t e m  i n t o  
e n t i t i e s

• A s  c o m p l e x i t y  i n c r e a s e s ,  t h e  l i m i t a t i o n s  s u r f a c e
• B r e a k i n g  s y s t e m  i n t o  o b j e c t s  h e l p s  m a n a g e  
c o m p l e x i t y

• H o w e v e r ,  c a n  a l l  t h e  s y s t e m  c o n c e r n s  b e  
d e c o m p o s e d  i n t o  a n  o b j e c t ?
– N o t  r e a l l y
– M o v e  c o m m o n a l i t y  i n t o  a  b a s e  c l a s s ?
– H o w  a b o u t  s p r e a d i n g  t h e m  a c r o s s  s e v e r a l  o b j e c t s ?
– M a k e s  i t  h a r d e r  t o  k e e p  u p  w i t h  t h e  c h a n g e
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P rog rammi ng  wi th  A s pec ts
• L i m i t a t i o n  o f  O O
• S e p ar ation of C onc e r ns
• A s p e c t  O r i e n t e d  p r o g r a m m i n g
• A s p e c t J
• P o i n t C u t
• A d v i c e
• P i t f a l l s
• C o n c l u s i o n
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Separati on of C onc erns
• W e  h a v e  h e a r d  t h i s  i n  O O P

• W e  w a n t  t o  s e p a r a t e  t h e  c o n c e r n s  i n  o u r  
s y s t e m  i n t o  m a n a g e a b l e  p i e c e s

• O O  d o e s  t h i s  t o  a  c e r t a i n  e x t e n t

• B u t  w h a t  a b o u t  c o n c e r n s  a t  g l o b a l  l e v e l
• C o n c e r n s  l i k e  s e c u r i t y ,  t r a n s a c t i o n ,  
t r a c i n g ,  l o g g i n g ,  e r r o r  h a n d l i n g ,  e t c .
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C ros s c u tti ng  C onc erns
• S o m e  c o n c e r n s  a r e  f a i r l y  l o c a l i z e d  w i t h i n  
e n t i t i e s

• O t h e r  c o n c e r n s  c u t  a c r o s s  m u l t i p l e  
e l e m e n t s  i n  t h e  s y s t e m

• H o w  a b o u t  k e e p i n g  t h e s e  c r o s s  c u t t i n g  
c o n c e r n s  s e p a r a t e l y  a n d  w e a v i n g  t h e m  
h o r i z o n t a l l y  i n t o  t h e  s y s t e m ?
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W eavi ng  th e s y s tem

Tactical Concerns

Crosscutting Global Concerns

Global Concerns
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A d vantag es• C o u l d  w e  n o t  w r i t e  t h e s e  a s  f u n c t i o n s  &  c a l l ?
– R e s u l t s  i n  c o d e  p e r m e a t i n g  t h o u g h  t h e  s y s t e m  a t  
v a r i o u s  p l a c e s  – h a r d  t o  m a i n t a i n

– H a r d e r  t o  e x p r e s s  c o n c e r n s  t h i s  w a y
– i n t r u s i v e  – y o u  m o d i f y  y o u r  c o d e  t o  i n v o k e  t h e s e  
c o n c e r n s
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• I n  t h i s  a p p r o a c h
– Y o u  c a n  f o c u s  o n  t h e  c o n c e r n s  a t  o n e  p l a c e
– E a s i e r  t o  a d d  a n d  r e m o v e  c o n c e r n s
– E a s i e r  t o  m o d i f y  o r  f i n e  t u n e  c o n c e r n s
– E a s i e r  t o  u n d e r s t a n d
– E f f i c i e n t  t o  i m p l e m e n t
– M o r e  e f f i c i e n t
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P rog rammi ng  wi th  A s pec ts
• L i m i t a t i o n  o f  O O
• S e p a r a t i o n  o f  C o n c e r n s
• A s p e c t Or ie nte d  p r og r amming
• A s p e c t J
• P o i n t C u t
• A d v i c e
• P i t f a l l s
• C o n c l u s i o n
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W h at i s  an A s pec t?
• A s p e c t s  a r e

– C o l l e c t i o n  o f c r o s s c u t t i n g  c o n c e r n s i n  a  
s y s t e m
• t h e  c r o s s c u t t i n g  i m p l e m e n t a t i o n s  

– T h e s e  a r e  g e n e r a l l y  p r e s e n t  a m o n g  s e v e r a l  
l a y e r s  o r  l e v e l s  o f  c l a s s  h i e r a r c h y  i n  a  O O  
s y s t e m

– C o n c e r n s  t h a t  a r e  o r t h o g o n a l  t o  t h e  s y s t e m
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A O P  vs .  O O P

• A O P  d o e s  n o t  r e p l a c e  O O P
• I t  h a n d l e s  s e p a r a t i o n  o f  c o n c e r n s  b e t t e r  
t h a n  O O P

• M u c h  l i k e  h o w  O O P  s t i l l  u s e s  c o n c e p t s  
t h a t  a r e  p r o c e d u r a l ,  A O P  u s e s  c o n c e p t s  
t h a t  a r e  O O P

• I t  e x t e n d s  O O P
• A O P  h a s

– F u n c t i o n s ,  C l a s s e s  a n d  A s p e c t s

Procedural
OOP

AOP
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G oals  of A O P
• T o  

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

– m a k e  d e s i g n  a n d  c o d e  m o r e  m o d u l a r
• n o t  s c a t t e r  t h e  c o n c e r n s  t h o u g h  o u t  y o u r  c o d e

– i s o l a t e  t h e  c o n c e r n s  f o r  s e p a r a t e  
d e v e l o p m e n t  a n d

– b e  a b l e  t o  p l u g  a n d  u n p l u g  t h e s e  c o n c e r n s  a t  
w i l l  
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P rog rammi ng  wi th  A s pec ts
• L i m i t a t i o n  o f  O O
• S e p a r a t i o n  o f  C o n c e r n s
• A s p e c t  O r i e n t e d  p r o g r a m m i n g
• A s p e c tJ
• P o i n t C u t
• A d v i c e
• P i t f a l l s
• C o n c l u s i o n
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W h at d oes  A s pec tJ d o?

Code

Aspect

weave

• G e n e r a l  p u r p o s e  a s p e c t  o r i e n t e d  e x t e n s i o n  t o  
J a v a
– D e v e l o p e d  a t  X e r o x  P A R C
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A s pec tJ C onc epts  &  C ons tru c ts
• J o i n  P o i n t

– w e l l  d e f i n e d  p o i n t s  i n  t h e  e x e c u t i o n  f l o w  o f  
t h e  c o d e
• m e t h o d  c a l l s
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• f i e l d  a c c e s s
• P o i n t C u t

– s e l e c t s  c e r t a i n  j o i n  p o i n t s  a n d  v a l u e s  a t  t h o s e  p o i n t s
• A d v i c e

– d e f i n e s  c o d e  t h a t  i s  e x e c u t e d  w h e n  a  
p o i n t c u t i s  r e a c h e d

• I n t r o d u c t i o n
– m o d i f i e s  s t a t i c  s t r u c t u r e  –c l a s s e s  r e l a t i o n s h i p
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A s pec t i n A s pec tJ• M o d u l e  o f  c r o s s c u t t i n g  c o n c e r n s

Aspect

PointCut

Advice

Introduction

public aspect MenuEnabling {
pointcut CreationOfMenuI tem() : call(JMenuI tem.new(..));

after() returning(JMenuI tem item) :  CreationOfMenuI tem()  {
// advice definition code goes here

}

after() returning(JMenuI tem item) : CreationOfMenuI tem() {…}
}
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P rog rammi ng  wi th  A s pec ts
• L i m i t a t i o n  o f  O O
• S e p a r a t i o n  o f  C o n c e r n s
• A s p e c t  O r i e n t e d  p r o g r a m m i n g
• A s p e c t J
• P ointC u t
• A d v i c e
• P i t f a l l s
• C o n c l u s i o n
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P oi ntc u ts
• D e f i n e s  a r b i t r a r y  n u m b e r  o f  p o i n t s  i n  a  
p r o g r a m

• H o w e v e r ,  d e f i n e s  f i n i t e  n u m b e r  o f  k i n d s  
o f  p o i n t s
– m e t h o d  i n v o c a t i o n
– m e t h o d  e x e c u t i o n
– e x c e p t i o n  h a n d l i n g
– o b j e c t  i n s t a n t i a t i o n
– c o n s t r u c t o r  e x e c u t i o n
– f i e l d  r e f e r e n c e
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P oi ntC u t Des i g nators
• e x e c u t i o n
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• c a l l
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• t h i s
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• w i t h i n
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• t a r g e t
� ������� ����%�&� � ��� ������� �
�.' ��� � 	 � �$� �%�
"����
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P oi ntC u t E x amples• n a m e -b a s e d  c r o s s c u t t i n g
– c a l l  ( v o i d  M y C l a s s . f o o ( i n t ))

• a n y  c a l l  t o  f o o ( i n t )  o n  a n y  o b j e c t  o f  M y C l a s s
– c a l l  ( v o i d  M y C l a s s 1 . f 1 ( i n t )) | |  

c a l l  ( v o i d  M y C l a s s 2 . f 2 ( d o u b l e ))
• a n y  c a l l  t o  e i t h e r  f 1  o n  o b j e c t  o f  M y C l a s s 1  o r  f 2  o n  
o b j e c t  o f  M y C l a s s 2

– p o i n t c u t p c 1 ( ) :  c a l l  ( v o i d  M y C l a s s . f o o ( i n t ))
• n a m e d  p o i n t c u t w i t h  n a m e  p c 1

• p r o p e r t y -b a s e d  c r o s s c u t t i n g  (  ��� ���"�"��� ��
� � )
– c a l l  ( v o i d  M y C l a s s . f * ( . . )) | |  c a l l  ( *  
M y C l a s s 2 . * ( . . ))
• v o i d  m e t h o d s  o f  M y C l a s s s t a r t i n g  w i t h  f  o r  a n y  
m e t h o d  o f  M y C l a s s 2
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P oi ntC u t E x amples …
• p o i n t c u t p c 3 ( X  r e f ) :  t a r g e t ( r e f ) & &  
c a l l ( p u b l i c *  * ( . . ))
– c a l l s  t o  a n y  m e t h o d s ,  o n  a n  o b j e c t  o f  X ,  w i t h  
a n y  a r g s

• I  w a n t  t o  f i n d  w h i c h  m e t h o d s  o f  m y  c l a s s  
a r e  i n v o k e d  d u r i n g  a  c e r t a i n  e x e c u t i o n  o f  
m y  p r o g r a m
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Q u i z  T i me
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E c li ps e P lu g i n Su pport
• Y o u  c a n  f i n d  o u t  c r o s s c u t t i n g  v i s u a l l y
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E c li ps e P lu g i n Su pport…

Programming with Aspects - 28

c all vs .  ex ec u ti on
• I n  t h e  c a s e  o f  a  c a l l ,  t h e  c o n t e x t  i s  i n  t h e  
c a l l e r  o f  t h e  m e t h o d

• I n  t h e  c a s e  o f  e x e c u t i o n ,  t h e  c o n t e x t  i s  
w i t h i n  t h e  m e t h o d  o f  i n t e r e s t

• c a l l  w i l l  n o t  c a p t u r e  s u p e r  c a l l s  t o  n o n -
s t a t i c  m e t h o d s  o f  t h e  b a s e ,  e x e c u t i o n  w i l l

• U s e  c a l l  i f  y o u  w a n t  a n  a d v i c e  t o  r u n  
w h e n  t h e  c a l l  i s  m a d e .  U s e  e x e c u t i o n  i f  
y o u  w a n t  a n  a d v i c e  t o  r u n  w h e n  e v e r  a  
c o d e  i s  e x e c u t e d
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P oi ntc u t C ontex t
• E x e c u t i o n  c o n t e x t  a t  t h e  j o i n  p o i n t
• a d v i c e  d e c l a r a t i o n s  m a y  u s e  t h e s e  v a l u e s
• p o i n t c u t p c 2 ( M y C l a s s  o b j ,  i n t a ) :

c a l l  ( v o i d  M y C l a s s . f o o ( i n t )) & &  t a r g e t ( o b j )
& &  a r g s ( a );

• a f t e r ( M y C l a s s o b j ,  i n t a ) :  p c 2 ( o b j ,  a ) 
{

S y s t e m . o u t . p r i n t l n ( “m e t h o d f o o c a l l e d  o n  “+ o b j +
“ w i t h  a r g “ + a );

}
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P rog rammi ng  wi th  A s pec ts
• L i m i t a t i o n  o f  O O
• S e p a r a t i o n  o f  C o n c e r n s
• A s p e c t  O r i e n t e d  p r o g r a m m i n g
• A s p e c t J
• P o i n t C u t
• A d v ic e
• P i t f a l l s
• C o n c l u s i o n
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A d vi c e• D e f i n e s  c o d e  t h a t  s h o u l d  r u n  a t  j o i n  p o i n t s
• T y p e s  o f  A d v i c e s :

– B e f o r e
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– A f t e r
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– A r o u n d
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• E x a m p l e
– b e f o r e ( )  :  p c 1 ( )
{
t h e  c o d e  t o  r u n

}
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Advice and call execution
• a f t e r ( )  :  c a l l ( i n t X . f o o ( i n t )  { …}

– e x e c u t e s  a f t e r  t h e  c a l l  t o  X . f o o ( i n t ),  
i r r e s p e c t i v e  o f  s u c c e s s f u l  c o m p l e t i o n  o r  n o t

• a f t e r ( )  r e t u r n i n g ( i n t r e s u l t )  :  c a l l ( i n t
X . f o o ( i n t ) { …}
– e x e c u t e s  a f t e r  t h e  s u c c e s s f u l  c o m p l e t i o n  o f  
t h e  c a l l .  T h e  r e t u r n e d  r e s u l t  m a y  b e  a c c e s s e d  
b y  a d v i c e  d e f i n i t i o n

• a f t e r ( )  t h r o w i n g ( E x c e p t i o n e )  :  c a l l ( i n t
X . f o o ( i n t ) )
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Bypassing calls
• U s i n g  a r o u n d  y o u  m a y  b y p a s s  c a l l s  t o  m e t h o d s

• Y o u  m a y  c h e c k  f o r  c o n d i t i o n s  a n d  l e t  t h e  c a l l  g o  
t h o u g h  o r  s i m p l y  r e f u s e  t o  a l l o w  t h e  c a l l  a s  w e l l

• i n t a r o u n d ( X r e f ,  i n t a ) :  c a l l ( i n t X . f o o ( i n t ) & &  
a r g s ( a ) & &  t a r g e t ( r e f )
{

i f  ( a  >  2 ) r e t u r n  p r o c e e d ( r e f ,  a );
r e t u r n  4 ;

}
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P r o gr am m ing w it h  A spe ct s
• L i m i t a t i o n  o f  O O
• S e p a r a t i o n  o f  C o n c e r n s
• A s p e c t  O r i e n t e d  p r o g r a m m i n g
• A s p e c t J
• P o i n t C u t
• A d v i c e
• Pitfalls
• C o n c l u s i o n
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P it f alls
• W h i l e  c o n c e p t  i s  v e r y  s i m p l e ,  s y n t a x  i s  
c o n f u s i n g

• H a s  s o m e  l e a r n i n g  c u r v e ,  e s p e c i a l l y  t o  
i m p l e m e n t  s o m e  c o m p l e x  c r o s s  c u t t i n g s

• E a s y  t o  w r i t e  a  p o i n t c u t t h a t  p u t s  y o u r  
c o d e  i n  r e c u r s i v e  c a l l s  –
S t a c k O v e r f l o w E x c e p t i o n

• D i f f e r e n t  t o o l s  f o r  d i f f e r e n t  l a n g u a g e s
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Q u iz  T im e
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P r o gr am m ing w it h  A spe ct s
• L i m i t a t i o n  o f  O O
• S e p a r a t i o n  o f  C o n c e r n s
• A s p e c t  O r i e n t e d  p r o g r a m m i n g
• A s p e c t J
• P o i n t C u t
• A d v i c e
• P i t f a l l s
• C o n c lu sio n
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C o nclu sio n
• A O P  s e e m s  t o  b e  t h e  n e x t  l o g i c a l  s t e p  i n  
h a n d l i n g
– c o m p l e x i t y
– s e p a r a t i o n  o f  c o n c e r n s  

• H a s  a  l o t  o f  p r o m i s e

• T h i s  i s  a  b e g i n n i n g  a n d  n o t  t h e  e n d  t o  t h e  
n e x t  p h a s e  o f  r e f i n e m e n t
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Thanks!
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