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T h e  G o o d ,  B ad  &  U g l y  
o f  J av a G e n e ri cs

• Need for Generics
• G e n e r i c s  i n  J a v a
• B o u n d e d  P a r a m e t e r s
• W i l d c a r d
• R e s t r i c t i o n s
• G e n e r i c s  I m p l e m e n t a t i o n
• E f f e c t  o f  E r a s u r e
• J a v a  l i b r a r i e s  c h a n g e s
• C o n c l u s i o n
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Generics• R e m e m b e r  t h e  g o o d  o l d  T e m p l a t e s  i n  
C + + ?

• J a v a  w e n t  t h e  r o u t e  o f  u s i n g  O b j e c t  a s  
g e n e r i c  t y p e
– P r o b l e m  i s  w h e n  y o u  p u l l  s o m e  t h i n g  o u t  o f  a  
c o l l e c t i o n ,  h o w  d o  y o u  c a l l  m e t h o d s  o n  i t ?

– O n l y  a f t e r  c a s t i n g  i t  t o  t h e  c o r r e c t  t y p e  r i g h t
– M u c h  w o r s t  i f  y o u  a r e  d e a l i n g  w i t h  p r i m i t i v e  
t y p e s
• T h e s e  h a v e  t o  b e  b o x e d  a n d  u n b o x e d

• H a v i n g  c o l l e c t i o n s  t h a t  a r e  t y p e  s a f e  w i l l  
e l i m i n a t e  t h i s  i s s u e
– B a c k  t o  w h a t  C + +  o r i g i n a l l y  p r o v i d e d  ☺
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N eed ? !
• T h i s  i s  h i g h l y  d e b a t a b l e
• F i r s t  q u e s t i o n  i s  d o  w e  r e a l l y  n e e d  a  t y p e  
s a f e  l a n g u a g e
– W h a t  a b o u t  d y n a m i c a l l y  t y p e d  l a n g u a g e s

• I f  w e  u s e d  d y n a m i c a l l y  t y p e d  l a n g u a g e s ,  
t h e n  w e  d o  n o t  r e a l l y  c a r e  a b o u t  
g e n e r i c s !

• B u t  t h e n ,  w e  a r e  t a l k i n g  a b o u t  J a v a  h e r e
• S o ,  h o w  d o  w e  s o l v e  t h e  i s s u e s  w i t h  s u c h  
a  s t r o n g l y  t y p e d  l a n g u a g e
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T h e Go o d ,  B a d  &  U g l y  
o f  J a v a  Generics

• N e e d  f o r  G e n e r i c s
• Generics in J a v a
• B o u n d e d  P a r a m e t e r s
• W i l d c a r d
• R e s t r i c t i o n s
• G e n e r i c s  I m p l e m e n t a t i o n
• E f f e c t  o f  E r a s u r e
• J a v a  l i b r a r i e s  c h a n g e s
• C o n c l u s i o n
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Generics T y p e S a f et y
• S t a r t e d  a s  a n  e x p e r i m e n t a l  l a n g u a g e  – G J

– h t t p : / / h o m e p a g e s . i n f . e d . a c . u k / w a d l e r / g j
– T h e i r  s l o g a n :  
“M a k i n g  J a v a  e a s i e r  t o  t y p e  a n d  e a s i e r  t o  t y p e ”

• J a v a  1 . 5  ( J a v a  5 )  p r o v i d e s  s u p p o r t  f o r  G e n e r i c s
– I  d i d n ’t  s a y  J V M  s u p p o r t s  G e n e r i c s  �

• C o l l e c t i o n s  h a v e  b e e n  p a r a m e t e r i z e d
• S i m p l y  c r e a t e  a n  i n s t a n c e  o f  a  G e n e r i c  
C o l l e c t i o n  c l a s s  a n d  u s e  i t  l i k e  y o u  w o u l d  a n y  
o t h e r  c l a s s
– A r r a y L i s t < I n t e g e r >  l s t =  

n e w  A r r a y L i s t < I n t e g e r > ( );  …
f o r ( I n t e g e r v a l :  l s t )
{  t o t a l  + =  v a l ;  }
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N a m ing  C o nv ent io n
• U s e  s i n g l e  l e t t e r  v a r i a b l e s  f o r  t y p e s
– A s s u m i n g  y o u  f o l l o w  g o o d  c o d i n g  p r a c t i c e ,  
t h i s  w i l l  e l i m i n a t e  a n y  c o n f u s i o n  w i t h  y o u r  
r e a l  c l a s s e s  ☺

• U s e  E  f o r  c o l l e c t i o n  E l e m e n t s
• T  o r  o t h e r  u p p e r  c a s e  s i n g l e  l e t t e r s  f o r  
g e n e r a l  t y p e s
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Generics C l a sses
• T h e r e  i s  n o  i n s t a n t i a t i o n  o f  a  c l a s s  f o r  
e a c h  G e n e r i c s  p a r a m e t e r

• V e c t o r < I n t e g e r >  a n d  V e c t o r < D o u b l e >  
u s e  t h e  s a m e  c l a s s  u n d e r  t h e  h o o d

• W h a t  i s  t h e  c o n s e q u e n c e  o f  t h i s ?

• D o n ’t  b e  f o o l e d  b y  static v a r i a b l e s
– y o u  a r e  n o t  r e a l l y  d e a l i n g  w i t h  d i f f e r e n t  t y p e s  
u n d e r  t h e  h o o d
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L isk o v ’s S u b st it u t io n P rincip l e 
H o no red

• A r r a y L i s t < B a s e >  l s t
=  n e w  A r r a y L i s t < D e r i v e d > ( ) ;
/ / E R R O R

• C o l l e c t i o n  o f  d e r i v e d  is-n o t a  c o l l e c t i o n  o f  
b a s e

• T h a t  i s  g o o d ,  b u t  w h y ?
• I f  a l l o w e d ,  y o u  m a y  d o  t h e  f o l l o w i n g
• l s t . a d d ( n e w B a s e ( ) ) ;  i n t o  t h e  
A r r a y L i s t < D e r i v e d >
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Generic M et h o d s
• M e t h o d s  m a y  b e  p a r a m e t e r i z e d  a s  w e l l
• U s e f u l  t o  e x p r e s s  d e p e n d e n c y  a m o n g  d i f f e r e n t  
p a r a m e t e r s  a n d  t h e  r e t u r n  t y p e  a s  w e l l

• U s e  c a u t i o n  w h e n  m i x i n g  t y p e s ,  h o w e v e r
• B e n d s  o v e r  b a c k  t o  a c c o m m o d a t e  t o  l e a s t  
c o m m o n  t y p e ,  i f  p o s s i b l e
p u b l i c  s t a t i c  < T >  v o i d  f i l t e r (

C o l l e c t i o n < T >  i n ,  C o l l e c t i o n < T >  o u t )

W h a t  i f  y o u  s e n d  n o n -g e n e r i c  A r r a y L i s t a s  f i r s t  
a r g u m e n t ?
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T h e Go o d ,  B a d  &  U g l y  
o f  J a v a  Generics

• N e e d  f o r  G e n e r i c s
• G e n e r i c s  i n  J a v a
• B ou nded P a ra m et ers
• W i l d c a r d
• R e s t r i c t i o n s
• G e n e r i c s  I m p l e m e n t a t i o n
• E f f e c t  o f  E r a s u r e
• J a v a  l i b r a r i e s  c h a n g e s
• C o n c l u s i o n
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U nb o u nd ed  T y p e P a ra m et ers
• I f  y o u  w r i t e  a  G e n e r i c  l i k e  M y C l a s s < T > ,  
t h e r e  i s  n o  r e s t r i c t i o n  o n  w h a t  t y p e  
a r g u m e n t  m a y  b e  u s e d  t o  i n s t a n t i a t e  i t

• W e l l ,  a l m o s t .  J a v a  G e n e r i c s  d o  n o t  a l l o w  
i n s t a n t i a t i o n  w i t h  p r i m i t i v e  t y p e s
– V e c t o r < i n t >  i s  n o t  a l l o w e d
– W e  w i l l  l e a r n  why? later

• W h a t  i f  y o u  w a n t  t o  e x p e c t  a  s p e c i f i c  
m e t h o d  t o  b e  a v a i l a b l e  o n  t h e  t y p e ?
– Y o u  c an  c o n s trai n t o r b o u n d  th e ty p e y o u r 
g en eri c  w i ll ac c ep t
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Constraints on Generics
• A s  a n  a u t h o r  o f  a  G e n e r i c  t y p e , y o u  c a n  
p l a c e  r e s t r i c t i o n s  o n  i t s  u s a g e

• F o r  i n s t a n c e , y o u  c a n  a s k  t h e  t y p e  t o  b e  
o f  c e r t a i n  c l a s s  o r  i t s  s u b  c l a s s , o r  i t s  
s u p e r  c l a s s .

• T h i s  i s  d o n e  u s i n g  u p p e r  b o u n d  o r  l o w e r  
b o u n d  c o n s t r a i n t
p u b l i c  s t a t i c < T  e x t e n d s C o m p a r a b l e >  

T  m a x ( T  o b j 1 , T  o b j 2 )
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T y p es of  Constraints
• U p p e r  b o u n d
– T  ex ten d s T y p eN am e
– E x p ec ts  th e ty p e s p ec i f i ed  to  i n s tan ti ate 
G en eri c s  i s  o f  g i v en  ty p e n am e o r i ts  s u b  
c las s

• L o w e r  b o u n d
–? s u p er T y p eN am e
– E x p ec ts  th e ty p e s p ec i f i ed  to  i n s tan ti ate 
G en eri c s  i s  o f  g i v en  ty p e n am e o r i ts  s u p er 
c las s c o p y (li s tO f D eri v ed ,  li s tO f B as e) ;

• M u l t i -b o u n d
– T  ex ten d s  C las s T y p eN am e1  

&  I n terf ac eT y p e2  &  I n terf ac eT y p e3
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T h e Good ,  B ad  &  U g l y  
of  J av a Generics

• N eed  f o r G en eri c s
• G en eri c s  i n  J av a
• B o u n d ed  P aram eters
• Wildcard
• R es tri c ti o n s
• G en eri c s  I m p lem en tati o n
• E f f ec t o f  E ras u re
• J av a li b rari es  c h an g es
• C o n c lu s i o n
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T reating  d if f erent Generics
• E a c h  G e n e r i c  t y p e  i s  s e p a r a t e d  f r o m  e a c h  
o t h e r  b y  t h e  c o m p i l e r

• W h a t  i f  y o u  w a n t  t o  w r i t e  a  c o m m o n  
m e t h o d  t o  w o r k  w i t h  d i f f e r e n t  
i n s t a n t i a t i o n  o f  a  G e n e r i c  c l a s s ?

• F o r  e x a m p l e , y o u  w a n t  a  m e t h o d  t o  u s e  
e i t h e r  a  V e c t o r < I n t e g e r >  o r  a  
V e c t o r < D o u b l e >
– T h i s  i s  w h ere a w i ld c ard  c o m es  i n
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W il d card
• W i ld c ard  (?)  g i v es  y o u  th e c ap ab i li ty  to  s p ec i f y  
an  unknown ty p e

• T h i s  i s  a d o u b le ed g e s w o rd
• I t c an  h elp  y o u  treat d i f f eren t G en eri c s  
i n s tan ti ati o n  as  o n e
– b u t  m a y  a l s o  l e a d  t o  t y p e  s a f e t y  i s s u e s

• O n e res tri c ti o n  – y o u  c an ’t w ri te i n to  a 
c o llec ti o n

ab s trac t c las s  A n i m al {
p u b li c  v o i d  p lay W i th (
C o llec ti o n < A n i m al>  p lay G ro u p )  …

H o w  to  allo w  aD o g . p lay W i th (d o g s ) ;  ???
b u t av o i d  aD o g . p lay W i th (b o o k s ) ;  ???
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W il d card  cap tu re
• Y o u  a r e  n o t  a l l o w e d  t o  a s s i g n  a  u n k n o w n  
t y p e  t o  a  s p e c i f i c  t y p e

• H o w e v e r , t h e r e  a r e  t i m e s  w h e n  t h i s  m a y  
b e  u s e f u l

• C o m p i l e r  m a k e s  a n  e x c e p t i o n  i n  t h e s e  
c a s e s

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

p u b l i c  s t a t i c < T  e x t e n d s C o m p a r a b l e >  
v o i d p r i n t ( C o l l e c t i o n < T >  c o l l )
…c a l l i n g p r i n t w i t h C o l l e c t i o n < ? >
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U nch eck ed  W arning
• T h i s  w a r n i n g  s a y s  t h a t  t h e  c o m p i l e r  i s  n o t  
a b l e  t o  v e r i f y  t y p e  s a f e t y

• T y p i c a l l y  y o u  w o u l d  s e e  t h i s  w h e n  y o u  
m i x  g e n e r i c  w i t h  n o n -g e n e r i c  c o d e
– M i x i n g  G en eri c s  an d  n o n -g en eri c s  c o d e i s  
d an g ero u s

• P a y  c l o s e  a t t e n t i o n  t o  t h e s e  w a r n i n g s
• B e s t  t o  t r e a t  w a r n i n g s  a s  e r r o r s
– B etter s af e th an  s o rry

A s s i g n i n g  g e n e r i c  t o  n o n -g e n e r i c
A s s i g n i n g  n o n -g e n e r i c  t o  g e n e r i c
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T h e Good ,  B ad  &  U g l y  
of  J av a Generics

• N eed  f o r G en eri c s
• G en eri c s  i n  J av a
• B o u n d ed  P aram eters
• W i ld c ard
• R e s t rict io n s
• G en eri c s  I m p lem en tati o n
• E f f ec t o f  E ras u re
• J av a li b rari es  c h an g es
• C o n c lu s i o n
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R estrictions
• A r r a y  o f  c o l l e c t i o n  o f  g e n e r i c s  n o t  a l l o w e d

• A r r a y  o f  c o l l e c t i o n  o f  w i l d c a r d  i s  a l l o w e d ,  b u t  u n s a f e

• C a n ’t  u s e  g e n e r i c  o f  p r i m i t i v e  t y p e s
• P a r a m e t e r i z e d  t y p e s  n o t  a l l o w e d  f o r  
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• W i t h i n  a  g e n e r i c s  c o d e  y o u  c a n ’t  i n s t a n t i a t e  o b j e c t s  o f  
t h a t  t y p e  u s i n g  n e w  a s  i n  n e w  T [ 1 0 0 ] ;  o r  n e w  T ( ) ;
�)( � �+*

�-, 
��/. ��0+1��2
$#%�����$1��3�����546
+1�
+#7� 	8�9�$#%
:�;�<��� 
+��
+1���
��=�'�>��
�
���� �=�����
�
#%
�����#7�
	����
�$1�
"?��
�@�'�



… Java Generics - 23

R estrictions…
• E x c e p t i o n s  c a n ’t  b e  g e n e r i c  ( t h o u g h  y o u  
m a y  t h r o w  g e n e r i c  e x c e p t i o n s )

• Y o u  c a n ’t  i n h e r i t  f r o m  a  P a r a m e t r i c  t y p e  
t h o u g h  y o u  m a y  i n h e r i t  f r o m  a  G e n e r i c  
t y p e

• Y o u  c a n ’t  i n h e r i t  f r o m  t w o  i n s t a n t i a t i o n s  
o f  t h e  s a m e  g e n e r i c  t y p e

… Java Generics - 24

T h e Good ,  B ad  &  U g l y  
of  J av a Generics

• N eed  f o r G en eri c s
• G en eri c s  i n  J av a
• B o u n d ed  P aram eters
• W i ld c ard
• R es tri c ti o n s
• G e n e rics  I m p le m e n t at io n
• E f f ec t o f  E ras u re
• J av a li b rari es  c h an g es
• C o n c lu s i o n
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I m p l em entation• G en eri c s  are J av a f eatu res
• N o  c h an g e to  J V M  w as  m ad e f o r th i s

– A d v a n t a g e :  F o r m a t  o f  c l a s s  f i l e  ( b y t e  c o d e )  n o t  a f f e c t e d
– D i s a d v a n t a g e :  N o t  r e a l l y  t h a t  t y p e  s a f e !

• W h at d o es  th at m ean ?
• W h y  d o  w e c are?

– L e t ’s  a n s w e r  t h i s  f i r s t
– O t h e r  l a n g u a g e s  a r e  ( s l o w l y )  c o m i n g  t o  J V M
– G r o o v y ,  f o r  i n s t a n c e
– B u t ,  o f  c o u r s e ,  G r o o v y  i s  a  d y n a m i c  l a n g u a g e ,  s o  i t  s h o u l d  n o t  b e  a n  i s s u e
– W h a t  i f  w e  b r i n g  a n o t h e r  t y p e  s a f e  l a n g u a g e  t o  J V M ?
– S e c o n d ,  t h e  t y p e  s a f e t y  i s  o n l y  a t  t h e  c o m p i l e r  l e v e l

��� � �
��� � � �+0��'�>� ��� ��� �2�+0+#%�8
+� � �;1�����
�� ����� ��� #'0+1���� ��
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ty p e erasu re
• V e r y  f a n c y  n a m e
– tran s lated  to  E n g li s h :  G e n e rics  are  M acro s

• G e n e r i c s  i n f o r m a t i o n  i s  p r e s e n t  o n l y  a t  
c o m p i l e  t i m e
– C o m p i le an d  i ts  f o rg o tten !  (eras ed  th at i s )
– P o s i ti v e:  N o  c o d e b lo at
– N eg ati v e:  O n ly  c o m p i le ti m e ty p e s af ety

• W h a t  i s  e r a s u r e ?
– T h e g en eri c  ty p e i s  rep lac ed  b y  a n o n -g en eri c  
ty p e d u ri n g  c o m p i lati o n  ti m e

– M o s tly  w i th  O b j ec t,  b u t c o u ld  b e s o m eth i n g  
els e

Lacks type safety when treated as non-generic
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ty p e erasu re…
• A c c o rd i n g  to  J av a d o c :  ”T h e m ai n  ad v an tag e o f  
th i s  ap p ro ac h  i s  th at i t p ro v i d es  to tal 
i n tero p erab i li ty  b etw een  g en eri c  c o d e an d  
leg ac y  c o d e th at u s es  n o n -p aram eteri z ed  ty p es  
(w h i c h  are tec h n i c ally  k n o w n  as  r a w ty p es ) .
T h e m ai n  d i s ad v an tag es  are th at p aram eter 
ty p e i n f o rm ati o n  i s  n o t av ai lab le at ru n  ti m e,  
an d  th at au to m ati c ally  g en erated  c as ts  m ay  f ai l 
w h en  i n tero p erati n g  w i th  i ll-b eh av ed  leg ac y  
c o d e. T h ere i s ,  h o w ev er,  a w ay  to  ac h i ev e 
g u aran teed  ru n -ti m e ty p e s af ety  f o r g en eri c  
c o llec ti o n s  ev en  w h en  i n tero p erati n g  w i th  i ll-
b eh av ed  leg ac y  c o d e. ”
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Col l ections W rap p er Cl asses
• C o l l e c t i o n s  o u t f i t t e d  w i t h  c h e c k e d  
c o l l e c t i o n  W r a p p e r  c l a s s e s

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

C o l l e c t i o n s . c h e c k e d C o l l e c t i o n ( c o l ,
I n t e g e r . c l a s s )

• R e t u r n s  a  C o l l e c t i o n  t h a t  w i l l  i m m e d i a t e l y  
t h r o w  a n  e x c e p t i o n  i f  a  w r o n g  t y p e  i s  
a d d e d
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T h e Good ,  B ad  &  U g l y  
of  J av a Generics

• N eed  f o r G en eri c s
• G en eri c s  i n  J av a
• B o u n d ed  P aram eters
• W i ld c ard
• R es tri c ti o n s
• G en eri c s  I m p lem en tati o n
• E f f e ct  o f  E ras u re
• J av a li b rari es  c h an g es
• C o n c lu s i o n
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Effect of erasure
• W h a t  i s  t h e  t y p e  i n  t h e  b y t e c o d e f o r :

• c l a s s  M y L i s t <T >
– O b j e c t

• c l a s s  M y L i s t <T  e x t e n d s  V e h i c l e >
– V e h i c l e

• c l a s s  M y L i s t <T  e x t e n d s  C o m p a r a b l e >
– C o m p a r a b l e

• c l a s s  M y L i s t <T  e x t e n d s  O b j e c t  &  C o m p a r a b l e >
– O b j e c t
– T h i s  i s  o n e  r e a s o n  t o  u s e  M u l t i -b o u n d  c o n s t r a i n t s

Use javap –c to see what erasure actually did
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Effect of Erasure
• P r e -e r a s u r e
A r r a y L i s t <I n t e g e r >  l s t

=  n e w  A r r a y L i s t <I n t e g e r > ( ) ;

l s t . a d d ( n e w I n t e g e r ( 1 ) ) ;
I n t e g e r  v a l =  l s t . g e t ( 0 ) ;

• E r a s u r e  s a y s
A r r a y L i s t l s t =  n e w  A r r a y L i s t ( ) ;
l s t . a d d ( n e w I n t e g e r ( 1 ) ) ;
I n t e g e r  v a l =  ( I n t e g e r )  l s t . g e t ( 0 ) ;
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T y p e com p ari son ?
• L i s t  l s t =  n e w  A r r a y L i s t <I n t e g e r > ( ) ;
• l s t i n s t a n c e  o f  L i s t

– t r u e
• l s t i n s t a n c e o f A r r a y L i s t

– t r u e
• l s t i n s t a n c e  o f  A r r a y L i s t <I n t e g e r >

– C o m p i l a t i o n  E r r o r
• l s t i n s t a n c e o f A r r a y L i s t <D o u b l e >

– C o m p i l a t i o n  E r r o r
• n e w  A r r a y L i s t <I n t e g e r ( ) . g e t C l a s s ( )  = =  n e w  
A r r a y L i s t <D o u b l e > . g e t C l a s s ( )
– t r u e
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T y p e safety  or l ack  of i t
• A r r a y L i s t < I n t e g e r >  a L s t =  

n e w  A r r a y L i s t < I n t e g e r > ( ) ;
L i s t  l s t =  a L s t ;

• a L s t . a d d ( n e w D o u b l e ( ) ) ; / /  E R R O R

• l s t . a d d ( n e w D o u b l e ( ) ) ; / /  O o p s !
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C on v erti n g  to G en eri cs
• W h a t  i f  y o u  w a n t  t o  c o n v e r t  l e g a c y  c o d e  
t o  G e n e r i c s

• M a k e  s u r e  t h e  c o d e  a f t e r  e r a s u r e  i s  
e q u i v a l e n t  t o  n o n -g e n e r i c s

• M e r e l y  p l a c i n g  a  < T >  i s  n o t  e n o u g h !
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T h e G ood ,  B ad  &  U g l y  
of J av a G en eri cs

• N e e d  f o r  G e n e r i c s
• G e n e r i c s  i n  J a v a
• B o u n d e d  P a r a m e t e r s
• W i l d c a r d
• R e s t r i c t i o n s
• G e n e r i c s  I m p l e m e n t a t i o n
• E f f e c t  o f  E r a s u r e
• Java libraries changes
• C o n c l u s i o n
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J av a L i b rari es C h an g es
• J a v a  l i b r a r i e s  h a v e  b e e n  c h a n g e d  t o  
a c c o m m o d a t e  G e n e r i c s

• C o l l e c t i o n s
• R e f l e c t i o n
– j a v a . l a n g . r e f . W e a k R e f e r e n c e

• L a n g
– j a v a . l a n g . T h r e a d L o c a l
– j a v a . l a n g . C l a s s
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Q ui z  T i m e
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The Good, Bad & Ugly 
of  J av a Gen er i c s

• N e e d  f o r  G e n e r i c s
• G e n e r i c s  i n  J a v a
• B o u n d e d  P a r a m e t e r s
• W i l d c a r d
• R e s t r i c t i o n s
• G e n e r i c s  I m p l e m e n t a t i o n
• E f f e c t  o f  E r a s u r e
• J a v a  l i b r a r i e s  c h a n g e s
• Conclusion
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C on c lu s i on
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R ef er en c es
1 . h t t p : / / j a v a . s u n . c o m / j 2 s e / 1 . 5 . 0 / d o w n l o a d . j s p

2 . J S R  1 4  http://jcp.org/en/jsr/detail?id=14

3 . G J  h t t p : / / h o m e p a g e s . i n f . e d . a c . u k / w a d l e r / g j

4. Examples, slides are for your download 
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