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L
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etprojectcluster
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•
H

istory
ofgenerics

in
program

m
ing

languages

•
W

hy
generic

types
and

m
ethods?

•
U

sing
generic

classes
and

interfaces

•
D

eclaring
generic

classes,interfaces,structs,delegates
and

m
ethods

•
Type

param
eter

constraints

•
D

ifferences
betw

een
Java

5.0
and

C
#

generics

•
S

tandard
C

#/.N
etgeneric

collection
classes

•
T

he
C

5
com

prehensive
collection

class
library
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H
istory

ofgenerics
in

program
m

ing
languages

T
he

theory
ofgeneric

types
(param

etric
polym

orphism
)

is
by

H
indley

(1968)
and

M
ilner

(1977).

F
irstprogram

m
ing

language
w

ith
param

etric
polym

orphism
is

M
L

(1979);then
M

iranda,H
askell,C

lean,...

F
irstobject-oriented

language
w

ith
generics

is
E

iffel(1991).

G
enerics

in
Java

•
P

olyJ
(M

yers,B
ank,Liskov;1997):

Type
param

eters
can

be
instantiated

by
reference

types
and

prim
itive

types;requires
an

extended
JV

M
.

•
G

eneric
Java

(B
racha,O

dersky,S
toutam

ire,W
adler

1998):

B
ecam

e
Java

5.0
generics

(plus
w

ildcards,due
to

researchers
atA

arhus
U

niversity);runs
on

standard
JV

M
.

•
N

extG
en

(C
artw

right,S
teele;1998):

Type
param

eters
can

be
instantiated

by
reference

types,notprim
itive

types;runs
on

standard
JV

M
.

G
enerics

in
C

#

•
G

eneric
C

#
and

new
G

eneric
C

om
m

on
Language

R
untim

e
(K

ennedy
and

S
ym

e,M
icrosoftR

esearch

C
am

bridge
U

K
,2001).

•
In

N
ovem

ber
2002,M

icrosoftannounced
generics

for
nextversion

ofC
#;R

edm
ond

had
been

convinced
...

•
In

A
ugust2003,firstalpha

version
of.N

etC
om

m
on

Language
Infrastructure

w
ith

generics
released.
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W
hy

generic
types

and
m

ethods?

B
ecause

the
old

collection
classes

are
dynam

ically
typed:

C
ode

m
ay

com
pile

O
K

,then
failatrun-tim

e:

A
r
r
a
y
L
i
s
t
c
o
o
l
=

n
e
w
A
r
r
a
y
L
i
s
t
(
)
;

c
o
o
l
.
A
d
d
(
n
e
w
P
e
r
s
o
n
(
"
K
r
i
s
t
e
n
"
)
)
;

c
o
o
l
.
A
d
d
(
n
e
w
P
e
r
s
o
n
(
"
B
j
a
r
n
e
"
)
)
;

c
o
o
l
.
A
d
d
(
n
e
w
E
x
c
e
p
t
i
o
n
(
"
L
a
r
r
y
"
)
)
;

/
/
W
r
o
n
g
,
b
u
t
n
o
c
o
m
p
i
l
e
-
t
i
m
e
c
h
e
c
k

c
o
o
l
.
A
d
d
(
n
e
w
P
e
r
s
o
n
(
"
A
n
d
e
r
s
"
)
)
;

P
e
r
s
o
n
p

=
(
P
e
r
s
o
n
)
c
o
o
l
[
2
]
;

/
/
C
o
m
p
i
l
e
s
O
K
,
b
u
t
f
a
i
l
s
a
t
r
u
n
-
t
i
m
e

W
ith

generic
types,collections

can
be

statically
typed:

errors
are

detected
atcom

pile-tim
e:

L
i
s
t
<
P
e
r
s
o
n
>
c
o
o
l
=
n
e
w
L
i
s
t
<
P
e
r
s
o
n
>
(
)
;

c
o
o
l
.
A
d
d
(
n
e
w
P
e
r
s
o
n
(
"
K
r
i
s
t
e
n
"
)
)
;

c
o
o
l
.
A
d
d
(
n
e
w
P
e
r
s
o
n
(
"
B
j
a
r
n
e
"
)
)
;

c
o
o
l
.
A
d
d
(
n
e
w
E
x
c
e
p
t
i
o
n
(
"
L
a
r
r
y
"
)
)
;

/
/
W
r
o
n
g
,
d
e
t
e
c
t
e
d
a
t
c
o
m
p
i
l
e
-
t
i
m
e

c
o
o
l
.
A
d
d
(
n
e
w
P
e
r
s
o
n
(
"
A
n
d
e
r
s
"
)
)
;

P
e
r
s
o
n
p

=
c
o
o
l
[
2
]
;

/
/
N
o
r
u
n
-
t
i
m
e
c
h
e
c
k
n
e
e
d
e
d

IT
U

C
#/.N

etP
rojectC

luster,M
ay

2005
C

#
G

enerics-4

U
sing

a
generic

class
or

interface

T
his

w
orks

justas
in

Java
5.0:

I
M
y
L
i
s
t
<
S
t
r
i
n
g
>
c
i
t
i
e
s
=
n
e
w
L
i
n
k
e
d
L
i
s
t
<
S
t
r
i
n
g
>
(
"
O
s
l
o
"
,
"
S
e
a
t
t
l
e
"
)
;

S
t
r
i
n
g
w
a
=
c
i
t
i
e
s
[
1
]
;

U
nlike

in
Java,type

argum
ents

can
be

value
types,notonly

reference
types:

P
a
i
r
<
S
t
r
i
n
g
,
i
n
t
>
p
=

n
e
w
P
a
i
r
<
S
t
r
i
n
g
,
i
n
t
>
(
"
C
a
r
s
t
e
n
"
,
1
9
6
4
)
;

i
n
t
y
e
a
r
=
p
.
S
n
d
;

N
o

boxing
or

unboxing
is

needed
for

value
type

argum
ents;hence

better
perform

ance
and

less
m

em
ory

usage.
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E
xam

ple:
E

num
erators

and
enum

erables

A
C

#
enum

erator
is

sim
ilar

to
a

Java
iterator,and

an
enum

erable
is

sim
ilar

to
a

Java
5.0

iterable.

A
n

enum
erator

over
type

T
has

a
currentelem

ent,can
getthe

nextone,and
can

release
resources:

i
n
t
e
r
f
a
c
e
I
E
n
u
m
e
r
a
t
o
r
<
T
>
{

T
C
u
r
r
e
n
t
{

g
e
t
;
}
;

b
o
o
l
M
o
v
e
N
e
x
t
(
)
;

v
o
i
d
D
i
s
p
o
s
e
(
)
;

}

A
n

enum
erable

over
type

T
can

produce
an

enum
erator

overT
:

i
n
t
e
r
f
a
c
e
I
E
n
u
m
e
r
a
b
l
e
<
T
>
{

I
E
n
u
m
e
r
a
t
o
r
<
T
>
G
e
t
E
n
u
m
e
r
a
t
o
r
(
)
;

}

IT
U

C
#/.N

etP
rojectC

luster,M
ay

2005
C

#
G

enerics-6

E
xam

ple:
C

om
parables

and
com

parers

A
n

com
parable

for
type

T
can

com
pare

itselfto
another

value
oftype

T
(like

a
Java

com
parable):

i
n
t
e
r
f
a
c
e
I
C
o
m
p
a
r
a
b
l
e
<
T
>
{

i
n
t
C
o
m
p
a
r
e
T
o
(
T
t
h
a
t
)
;

/
/
b
o
o
l
E
q
u
a
l
s
(
T
t
h
a
t
)
;

}

A
com

parer
for

type
T

can
com

pare
tw

o
values

oftype
T

(like
a

Java
com

parator):

i
n
t
e
r
f
a
c
e
I
C
o
m
p
a
r
e
r
<
T
>
{

i
n
t
C
o
m
p
a
r
e
(
T
v
1
,
T

v
2
)
;

/
/
b
o
o
l
E
q
u
a
l
s
(
T
v
1
,
T
v
2
)
;

/
/
i
n
t
G
e
t
H
a
s
h
C
o
d
e
(
T
v
)
;

}

(T
he

M
icrosoftdesign

m
istake

ofincluding
E
q
u
a
l
s

and
G
e
t
H
a
s
h
C
o
d
e

has
been

corrected
in

beta
2.)

E
xam

ple:
A

tim
e

ofday
(
h
h
,
m
m
)

can
be

com
pared

to
another

a
tim

e
ofday:

p
u
b
l
i
c
c
l
a
s
s
T
i
m
e
:
I
C
o
m
p
a
r
a
b
l
e
<
T
i
m
e
>
{

p
r
i
v
a
t
e
r
e
a
d
o
n
l
y
i
n
t
h
h
,
m
m
;

/
/
2
4
-
h
o
u
r
c
l
o
c
k

p
u
b
l
i
c
T
i
m
e
(
i
n
t
h
h
,
i
n
t
m
m
)
{
t
h
i
s
.
h
h
=
h
h
;
t
h
i
s
.
m
m
=

m
m
;
}

p
u
b
l
i
c
i
n
t
C
o
m
p
a
r
e
T
o
(
T
i
m
e
t
h
a
t
)
{

r
e
t
u
r
n
h
h
!
=
t
h
a
t
.
h
h
?

h
h
-
t
h
a
t
.
h
h
:
m
m
-
t
h
a
t
.
m
m
;

}p
u
b
l
i
c
b
o
o
l
E
q
u
a
l
s
(
T
i
m
e
t
h
a
t
)
{
r
e
t
u
r
n
h
h
=
t
h
a
t
.
h
h
&
&
m
m
=
=
t
h
a
t
.
m
m
;
}

}
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D
eclaring

a
generic

class

A
n

objectofclass
L
i
n
k
e
d
L
i
s
t
<
T
>

is
a

linked
listw

ith
elem

ents
oftype

T
:

p
u
b
l
i
c
c
l
a
s
s
L
i
n
k
e
d
L
i
s
t
<
T
>
:
I
M
y
L
i
s
t
<
T
>
{

p
r
o
t
e
c
t
e
d
N
o
d
e
f
i
r
s
t
,
l
a
s
t
;

p
r
o
t
e
c
t
e
d
c
l
a
s
s
N
o
d
e
{

p
u
b
l
i
c
N
o
d
e
p
r
e
v
,
n
e
x
t
;

/
/
S
t
a
t
i
c
m
e
m
b
e
r
c
l
a
s
s

p
u
b
l
i
c
T
i
t
e
m
;

/
/
T
u
s
e
d
i
n
s
t
a
t
i
c
m
e
m
b
e
r

}p
u
b
l
i
c
L
i
n
k
e
d
L
i
s
t
(
p
a
r
a
m
s
T
[
]
a
r
r
)
:
t
h
i
s
(
)
{

/
/
V
a
r
i
a
b
l
e
-
a
r
i
t
y
a
r
g
u
m
e
n
t

f
o
r
e
a
c
h
(
T
x

i
n
a
r
r
)

/
/
I
t
e
r
a
t
e
o
v
e
r
a
r
r
a
y
a
r
r

A
d
d
(
x
)
;

}p
u
b
l
i
c
i
n
t
C
o
u
n
t
{
g
e
t
{

r
e
t
u
r
n
s
i
z
e
;
}
}

/
/
P
r
o
p
e
r
t
y

p
u
b
l
i
c
T
t
h
i
s
[
i
n
t
i
]
{
.
.
.
}

/
/
I
n
d
e
x
e
r

p
u
b
l
i
c
o
v
e
r
r
i
d
e
b
o
o
l
E
q
u
a
l
s
(
O
b
j
e
c
t
t
h
a
t
)
{

/
/
E
q
u
a
l
i
t
y
;
e
x
a
c
t
t
y
p
e
t
e
s
t

i
f
(
t
h
a
t
!
=
n
u
l
l
&
&
G
e
t
T
y
p
e
(
)
=
=
t
h
a
t
.
G
e
t
T
y
p
e
(
)
&
&
.
.
.
)
{
.
.
.
}

}p
u
b
l
i
c
I
M
y
L
i
s
t
<
U
>
M
a
p
<
U
>
(
M
a
p
p
e
r
<
T
,
U
>
f
)
{
.
.
.
}

.
.
.
m
o
r
e
.
.
.

}

Type
param

eters
can

be
used

also
in

static
m

em
bers.

E
ach

type
instance

has
its

ow
n

copy
ofthe

static
fields.

T
here

is
a

type
objectatrun-tim

e
for

every
type,even

for
generic

type
instances

(this
is

used
in
G
e
t
T
y
p
e

).

Types
are

overloaded
on

the
num

ber
oftype

param
eters,so

classes
C

and
C
<
T
>

and
C
<
T
,
U
>

can
co-exist.
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D
eclaring

a
generic

interface
—

very
sim

ilar
to

Java

Interface
I
M
y
L
i
s
t
<
T
>

describes
lists

w
ith

elem
ents

oftype
T

:

p
u
b
l
i
c
i
n
t
e
r
f
a
c
e
I
M
y
L
i
s
t
<
T
>
:

I
E
n
u
m
e
r
a
b
l
e
<
T
>
{

i
n
t
C
o
u
n
t
{

g
e
t
;
}

/
/
N
u
m
b
e
r
o
f
e
l
e
m
e
n
t
s

T
t
h
i
s
[
i
n
t
i
]
{
g
e
t
;
s
e
t
;
}

/
/
G
e
t
o
r
s
e
t
e
l
e
m
e
n
t
a
t
i
n
d
e
x
i

v
o
i
d
A
d
d
(
T
i
t
e
m
)
;

/
/
A
d
d
e
l
e
m
e
n
t
a
t
e
n
d

v
o
i
d
I
n
s
e
r
t
(
i
n
t
i
,
T
i
t
e
m
)
;

/
/
I
n
s
e
r
t
e
l
e
m
e
n
t
a
t
i
n
d
e
x
i

v
o
i
d
R
e
m
o
v
e
A
t
(
i
n
t
i
)
;

/
/
R
e
m
o
v
e
e
l
e
m
e
n
t
a
t
i
n
d
e
x
i

I
M
y
L
i
s
t
<
U
>
M
a
p
<
U
>
(
M
a
p
p
e
r
<
T
,
U
>
f
)
;

/
/
M
a
p
f
o
v
e
r
a
l
l
e
l
e
m
e
n
t
s

}

A
s

in
Java,generic

types
are

invariantin
the

type
param

eters.

S
o
I
M
y
L
i
s
t
<
S
t
r
i
n
g
>

is
nota

subtype
ofI

M
y
L
i
s
t
<
O
b
j
e
c
t
>

,

although
S
t
r
i
n
g

is
a

subclass
ofO

b
j
e
c
t

.

O
nly

the
declared

subtype
relations

hold:I
M
y
L
i
s
t
<
T
>

is
a

subtype
ofI

E
n
u
m
e
r
a
b
l
e
<
T
>

,and

L
i
n
k
e
d
L
i
s
t
<
T
>

is
a

subtype
ofI

M
y
L
i
s
t
<
T
>

.
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D
eclaring

a
generic

structtype
—

very
sim

ilar
to

a
generic

cl
ass

S
tructtype

P
a
i
r
<
T
,
U
>

is
the

type
ofpairs

ofa
T

and
a
U

:

p
u
b
l
i
c
s
t
r
u
c
t
P
a
i
r
<
T
,
U
>
{

p
u
b
l
i
c
r
e
a
d
o
n
l
y
T
F
s
t
;

p
u
b
l
i
c
r
e
a
d
o
n
l
y
U
S
n
d
;

p
u
b
l
i
c
P
a
i
r
(
T
f
s
t
,
U
s
n
d
)
{

t
h
i
s
.
F
s
t
=
f
s
t
;

t
h
i
s
.
S
n
d
=
s
n
d
;

}
}

U
sing

a
generic

structtype

D
eclaring

a
p
p
o
i
n
t
m
e
n
t
s

to
be

an
array

ofpairs
ofT

i
m
e

and
S
t
r
i
n
g

:

P
a
i
r
<
T
i
m
e
,
S
t
r
i
n
g
>
[
]
a
p
p
o
i
n
t
m
e
n
t
s
;

In
contrastto

Java,one
can

use
generic

type
instances

justlike
any

other
types.

T
hus

one
m

ay
create

an
array

w
hose

elem
enttype

is
a

generic
type

instance:

a
p
p
o
i
n
t
m
e
n
t
s
=
n
e
w
P
a
i
r
<
T
i
m
e
,
S
t
r
i
n
g
>
[
1
0
0
]
;
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D
eclaring

a
generic

delegate
type

A
delegate

ofgeneric
delegate

type
M
a
p
p
e
r
<
A
,
R
>

takes
an

argum
entoftype

A
and

returns
a

resultoftype
R

:

p
u
b
l
i
c
d
e
l
e
g
a
t
e
R
M
a
p
p
e
r
<
A
,
R
>
(
A
x
)
;

T
he

type
param

eters
are

given
after

the
delegate

type’s
nam

e,as
for

classes,interfaces,structs
and

m
ethods.

U
sing

a
generic

delegate
type

M
ethod

i
n
t
S
i
g
n
(
d
o
u
b
l
e
)

from
class

M
a
t
h

can
be

turned
into

a
delegate:

M
a
p
p
e
r
<
d
o
u
b
l
e
,
i
n
t
>
s
i
g
n
=
n
e
w
M
a
p
p
e
r
<
d
o
u
b
l
e
,
i
n
t
>
(
M
a
t
h
.
S
i
g
n
)
;
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D
eclaring

a
generic

m
ethod

A
s

in
Java,a

m
ethod

can
take

type
param

eters.

E
xam

ple:M
a
p
<
U
>

in
L
i
n
k
e
d
L
i
s
t
<
T
>

creates
a

new
listby

applying
f

to
every

elem
entofthe

given
list:

p
u
b
l
i
c
c
l
a
s
s
L
i
n
k
e
d
L
i
s
t
<
T
>
:
I
M
y
L
i
s
t
<
T
>
{

p
u
b
l
i
c
I
M
y
L
i
s
t
<
U
>
M
a
p
<
U
>
(
M
a
p
p
e
r
<
T
,
U
>
f
)
{

/
/
M
a
p
f
o
v
e
r
a
l
l
e
l
e
m
e
n
t
s

L
i
n
k
e
d
L
i
s
t
<
U
>
r
e
s
=
n
e
w
L
i
n
k
e
d
L
i
s
t
<
U
>
(
)
;

f
o
r
e
a
c
h
(
T
x

i
n
t
h
i
s
)

r
e
s
.
A
d
d
(
f
(
x
)
)
;

r
e
t
u
r
n
r
e
s
;

}.
.
.

}

C
alling

a
generic

m
ethod

T
he

type
param

eters
ofa

generic
m

ethod
m

ay
be

given
explicitly,butoften

they
can

be
inferred

autom
atically:

l
i
s
t
.
M
a
p
<
i
n
t
>
(
.
.
.
)
;

l
i
s
t
.
M
a
p
(
.
.
.
)
;
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Type
param

eter
constraints

A
s

in
Java,the

type
param

eters
ofa

class
(or

structtype
or

interface
or

m
ethod)

can
be

constrained.

E
xam

ple:
A

printable
linked

listis
a

linked
listw

hose
elem

ents
are

printable:

c
l
a
s
s
P
r
i
n
t
a
b
l
e
L
i
n
k
e
d
L
i
s
t
<
T
>
:
L
i
n
k
e
d
L
i
s
t
<
T
>
,
I
P
r
i
n
t
a
b
l
e

w
h
e
r
e
T
:
I
P
r
i
n
t
a
b
l
e

{
p
u
b
l
i
c
v
o
i
d
P
r
i
n
t
(
T
e
x
t
W
r
i
t
e
r
f
s
)
{

f
o
r
e
a
c
h
(
T
x

i
n
t
h
i
s
)

x
.
P
r
i
n
t
(
f
s
)
;

}
}i
n
t
e
r
f
a
c
e
I
P
r
i
n
t
a
b
l
e
{
v
o
i
d
P
r
i
n
t
(
T
e
x
t
W
r
i
t
e
r
f
s
)
;
}

A
s

in
Java,a

type
param

eter
constraintm

ay
involve

the
type

param
eter

itself.

E
xam

ple:
A

n
array

ofT
can

be
sorted

ifT
-values

are
com

parable
to
T

-values:

p
r
i
v
a
t
e
s
t
a
t
i
c
v
o
i
d
Q
s
o
r
t
<
T
>
(
T
[
]
a
r
r
,
i
n
t
a
,
i
n
t
b
)

w
h
e
r
e
T
:
I
C
o
m
p
a
r
a
b
l
e
<
T
>

{
.
.
.
}
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M
ultiple

type
param

eter
constraints

S
tructtype

C
o
m
p
a
r
a
b
l
e
P
a
i
r
<
T
,
U
>

is
the

type
ofpairs

ofcom
parable

T
and

com
parable

U
:

s
t
r
u
c
t
C
o
m
p
a
r
a
b
l
e
P
a
i
r
<
T
,
U
>
:
I
C
o
m
p
a
r
a
b
l
e
<
C
o
m
p
a
r
a
b
l
e
P
a
i
r
<
T
,
U
>
>

w
h
e
r
e
T
:

I
C
o
m
p
a
r
a
b
l
e
<
T
>

w
h
e
r
e
U
:

I
C
o
m
p
a
r
a
b
l
e
<
U
>

{
p
u
b
l
i
c
r
e
a
d
o
n
l
y
T

F
s
t
;

p
u
b
l
i
c
r
e
a
d
o
n
l
y
U

S
n
d
;

p
u
b
l
i
c
i
n
t
C
o
m
p
a
r
e
T
o
(
C
o
m
p
a
r
a
b
l
e
P
a
i
r
<
T
,
U
>
t
h
a
t
)
{

/
/
L
e
x
i
c
o
g
r
a
p
h
i
c
o
r
d
e
r
i
n
g

i
n
t
f
i
r
s
t
C
m
p
=
t
h
i
s
.
F
s
t
.
C
o
m
p
a
r
e
T
o
(
t
h
a
t
.
F
s
t
)
;

r
e
t
u
r
n
f
i
r
s
t
C
m
p
!
=
0

?
f
i
r
s
t
C
m
p
:

t
h
i
s
.
S
n
d
.
C
o
m
p
a
r
e
T
o
(
t
h
a
t
.
S
n
d
)
;

}p
u
b
l
i
c
b
o
o
l
E
q
u
a
l
s
(
C
o
m
p
a
r
a
b
l
e
P
a
i
r
<
T
,
U
>
t
h
a
t
)
{

r
e
t
u
r
n
t
h
i
s
.
F
s
t
.
E
q
u
a
l
s
(
t
h
a
t
.
F
s
t
)
&
&
t
h
i
s
.
S
n
d
.
E
q
u
a
l
s
(
t
h
a
t
.
S
n
d
)
;

}.
.
.

}
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S
pecialkinds

oftype
param

eter
constraints

C
#

perm
its

severalspecialconstraints
on

a
type

param
eterT

:

C
onstraint

M
eaning

T
:
t

W
hen

t
is

a
type:T

m
ustbe

subclass
of(class)t

or
im

plem
ent(interface)t

T
:
c
l
a
s
s

T
m

ustbe
a

reference
type

T
:
s
t
r
u
c
t

T
m

ustbe
a

(non-nullable)
value

type

T
:
n
e
w
(
)

T
m

usthave
an

argum
entless

constructor;alw
ays

holds
for

a
value

type

E
xam

ple:
A

field
oftype

T
be
n
u
l
l

ifT
is

a
reference

type:

c
l
a
s
s
C
1
<
T
>
w
h
e
r
e
T
:

c
l
a
s
s
{

T
f
=
n
u
l
l
;

/
/
L
e
g
a
l
:
T
i
s
a
r
e
f
e
r
e
n
c
e
t
y
p
e

}

E
xam

ple:
O

ne
can

calln
e
w
T
(
)

only
iftype

T
has

an
argum

entless
constructor:

c
l
a
s
s
C
1
<
T
>
w
h
e
r
e
T
:

n
e
w
(
)
{

T
f
=
n
e
w
T
(
)
;

/
/
L
e
g
a
l
:
T
(
)
e
x
i
s
t
s

}

M
ore

generally,d
e
f
a
u
l
t
(
t
)

is
n
u
l
l

for
a

reference
type

t
,and

is
n
e
w
t
(
)

for
a

structtype
t

.
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W
hatcan

type
param

eters
be

used
for

In
contrastto

Java,a
type

param
eter

can
be

used
alm

ostas
an

ordinary
type:

c
l
a
s
s
C
<
T
>
{

v
o
i
d
M
(
O
b
j
e
c
t
o
)
{

T
[
]
a
r
r
=

n
e
w
T
[
1
0
]
;

/
/
A
r
r
a
y
c
r
e
a
t
i
o
n

i
f
(
o
i
s
T
)
{

/
/
I
n
s
t
a
n
c
e
-
o
f
t
e
s
t

T
t
=
(
T
)
o
;

/
/
T
y
p
e
c
a
s
t

.
.
.

}T
d
=
d
e
f
a
u
l
t
(
T
)
:

/
/
G
e
t
d
e
f
a
u
l
t
v
a
l
u
e
f
o
r
T

T
y
p
e
t
y
=

t
y
p
e
o
f
(
T
)
;

/
/
G
e
t
t
y
p
e
o
b
j
e
c
t
(
r
e
f
l
e
c
t
i
o
n
)

}v
o
i
d
M
O
(
T
x
)
{

.
.
.
}

/
/
O
v
e
r
l
o
a
d
i
n
g
o
n
t
y
p
e
p
a
r
a
m
e
t
e
r
s

v
o
i
d
M
O
(
I
M
y
L
i
s
t
<
T
>
x
)
{
.
.
.
}

/
/
a
n
d
t
y
p
e
i
n
s
t
a
n
c
e
s

}

H
ow

ever:

O
ne

cannotcallstatic
m

em
bers

ofa
type

param
eterT

.

O
ne

can
create

an
instance

ofT
using

n
e
w
T
(
)

only
ifT

has
the

n
e
w
(
)

constraintor
the

s
t
r
u
c
t

constraint.

O
ne

can
use

n
u
l
l

as
a

variable
oftype

T
only

ifT
has

the
c
l
a
s
s

constraint.
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C
om

parison
ofgenerics

in
Java

5.0
and

C
#

2.0

P
roperty

Java
C

#

C
an

use
type

param
eters

in
static

m
em

ber
declarations

N
o

Yes

S
tatic

m
em

bers
are

shared
betw

een
type

instances
Yes

N
o

W
ildcard

type
argum

ents
perm

itted
Yes

N
o

A
lltype

instances
have

a
com

m
on

supertype
(‘raw

type’)
Yes

N
o

C
om

piler
m

ay
em

it‘unchecked’(=
Idon’tknow

)
w

arnings
Yes

N
o

Type
param

eters
can

be
instantiated

w
ith

sim
ple

types
(i
n
t

...)
N

o
Yes

C
an

overload
a

m
ethod

on
differenttype

instances
ofsam

e
generic

type
N

o
Yes

E
xacttype

argum
ents

existatrun-tim
e

N
o

Yes

C
an

perform
instance-ofcheck

againsttype
param

eter
or

type
instance

N
o

Yes

C
an

castto
type

param
eter(

T
)
e

or
type

instance
(
I
M
y
L
i
s
t
<
i
n
t
>
)
e

N
o

Yes

C
an

create
(n
e
w

)
objectw

hose
type

is
a

type
param

eter
or

type
instance

N
o

Yes

C
an

create
(n
e
w

)
array

w
hose

elem
enttype

is
a

type
param

eter
or

type
instance

N
o

Yes

C
an

declare
array

variable
w

hose
elem

enttype
is

a
type

param
eter

Yes
Yes
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W
hy

Java
cannotcreate

an
array

w
hose

elem
enttype

is
constru

cted
from

a
generic

type

Java
and

C
#

array
assignm

entrequires
runtim

e
type

checks:

s
t
a
t
i
c
v
o
i
d
m
(
O
b
j
e
c
t
[
]
a
r
r
,
O
b
j
e
c
t
x
)
{

a
r
r
[
0
]
=
x
;

/
/
R
u
n
t
i
m
e
c
h
e
c
k
n
e
e
d
e
d

}

W
hy?

O
bserve

thatS
t
r
i
n
g

is
a

subclass
ofO

b
j
e
c
t

,then
execute:

O
b
j
e
c
t
[
]
a
r
r
=
n
e
w
S
t
r
i
n
g
[
1
0
]
;

m
(
a
r
r
,
n
e
w
O
b
j
e
c
t
(
)
)
;

/
/
M
U
S
T
f
a
i
l
a
t
r
u
n
-
t
i
m
e

.
.
.
o
t
h
e
r
w
i
s
e
a
r
r
[
0
]
n
o
w
c
o
n
t
a
i
n
s
a
n
O
b
j
e
c
t
,
n
o
t
S
t
r
i
n
g
,
b
a
d
.
.
.

T
he

exactelem
enttype

(S
t
r
i
n
g

)
ofthe

array
a
r
r

is
needed

to
check

the
assignm

entin
m
(
.
.
.
)

.

Lack
ofexactruntim

e
types

(in
Java

5.0)
m

akes
runtim

e
type

c
heck

im
possible

T
his

in
turn

m
akes

itim
possible

to
create

an
array

w
hose

elem
enttype

is
a

constructed
type:

P
a
i
r
<
S
t
r
i
n
g
,
I
n
t
e
g
e
r
>
[
]
h
e
i
g
h
t
s
=
n
e
w
P
a
i
r
<
S
t
r
i
n
g
,
I
n
t
e
g
e
r
>
[
1
0
]
;

T
his

is
O

K
in

C
#

2.0
because

the
array

elem
enttype

can
be

stored
in
h
e
i
g
h
t
s

.

Itis
notO

K
in

Java
5.0,because

the
runtim

e
has

no
presentation

ofP
a
i
r
<
S
t
r
i
n
g
,
I
n
t
e
g
e
r
>

.

Java
w

orkaround:
U

se
A
r
r
a
y
L
i
s
t
<
t
>

instead
oft

[
]

.
(Q

uestion:
W

hy
does

this
w

ork?)
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S
im

ulating
the

w
ildcard

type
param

eter
(

<
?
>

)
from

Java
in

C
#

A
w

ildcard
type

(<
?
>

)
in

Java
is

sim
ilar

to
an

unnam
ed

bound
type

param
eter,notused

anyw
here

else.

W
hen

used
in

m
ethod

param
eter

declarations
itcan

som
etim

es
be

sim
ulated

in
C

#
using

extra
type

param
eters

T
:

C
ontext

Java
C

#

U
nbounded

w
ildcard

t
r
m
(
C
<
?
>
x
)

t
r
m
<
T
>
(
C
<
T
>
x
)

B
ounded

w
ildcard

t
r
m
(
C
<
?
e
x
t
e
n
d
s
t
>
x
)

t
r
m
<
T
>
(
C
<
T
>
x
)
w
h
e
r
e
T
:
t

W
ildcards

used
in

declarations
ofvariables

and
fields

can
som

etim
es

be
sim

ulated.

T
his

m
akes

som
e

things
m

ore
com

plicated
in

C
#,butitseem

s
possible

to
w

ork
around

the
lim

itations.

T
he

w
ildcard

<
?
s
u
p
e
r
t
>

can
som

etim
es

be
sim

ulated
in

C
#:

introduce
a

type
param

eter
T

fort
and

another
type

param
eter

U
for

?,and
then

constrain
T

:U
.

A
n

attem
ptto

do
this

for
Java’s

C
o
l
l
e
c
t
i
o
n
s
.
b
i
n
a
r
y
S
e
a
r
c
h

crashed
M

icrosoft’s
beta

1
com

piler:

p
u
b
l
i
c
s
t
a
t
i
c
i
n
t
B
i
n
a
r
y
S
e
a
r
c
h
<
T
,
U
,
S
>
(
L
i
s
t
<
S
>
l
s
t
,
T

k
)

w
h
e
r
e
T
:
U
,
I
C
o
m
p
a
r
a
b
l
e
<
U
>

w
h
e
r
e
S
:
T

{
.
.
.
}

IT
U

C
#/.N

etP
rojectC

luster,M
ay

2005
C

#
G

enerics-19

T
he

standard
generic

collection
classes

(C
#

P
recisely

sect
ion

24)

N
am

espace
S

ystem
.C

ollections.G
eneric

provides
som

e
generic

collection
classes:

Stack<
T

>
L

ist<
T

>

IL
ist<

T
>

Q
ueue<

T
>

IE
num

erable<
T

>
IE

num
erable<

K
eyV

aluePair<
K

,V
>

>

D
ictionary<

K
,V

>
SortedD

ictionary<
K

,V
>

IC
ollection<

K
eyV

aluePair<
K

,V
>

>

ID
ictionary<

K
,V

>

IC
ollection<

T
>

Interfaces Constrcuted
Interfaces

Classes

L
inkedL

ist<
T

>
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C
ritique

ofstandard
generic

collection
classes

•
O

nly
lists

and
hashtables;no

(sorted)
tree-based

sets
or

dictionaries.

(B
utred-black

trees
w

illbe
included

later,according
to

a
M

icrosoftC
LIteam

source.)

•
P

roliferation
ofm

ethods
and

lack
oforthogonality:

T
hree

versions
(entire

list,tailoflist,segm
entoflist)

of

each
ofC

o
p
y
T
o

,F
i
n
d
I
n
d
e
x

,F
i
n
d
L
a
s
t
I
n
d
e
x

,...;butnotso
for

other
m

ethods.

•
S

trange
interfaces:I

C
o
m
p
a
r
e
r
<
T
>

describes
C
o
m
p
a
r
e
(
T
,
T
)

butalso
G
e
t
H
a
s
h
C
o
d
e
(
T
)

and

E
q
u
a
l
s
(
T
,
T
)

—
invites

‘dishonest’im
plem

entations.

Luckily,this
has

been
changed

in
beta

2:I
E
q
u
a
l
i
t
y
C
o
m
p
a
r
e
r
<
T
>

and
I
C
o
m
p
a
r
e
r
<
T
>

.

•
A

rray-based
lists

and
linked

lists
do

nothave
a

com
m

on
interface.

•
Low

levelofabstraction:L
i
n
k
e
d
L
i
s
t
<
T
>

requires
w

orking
on

listnodes;invariants
(e.g.,every

listis

acyclic)
m

ustbe
enforced

by
run-tim

e
checks,cannotbe

checked
atcom

pile-tim
e.

•
S

om
e

m
ethods

are
virtualw

hile
others

are
non-virtual(for

efficiency);risky
and

confusing.

•
P

otentialperform
ance

traps,such
as

array-based
S
o
r
t
e
d
D
i
c
t
i
o
n
a
r
y
<
K
,
V
>

.

P
erform

ing
n

random
insertions

w
ould

take
tim

e
O

(
n

2).

Luckily,m
uch

ofthis
w

as
w

ithdraw
n

from
E

cm
a

C
LIstandardization.
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C
5:

C
openhagen

C
om

prehensive
C

ollection
C

lasses
for

C
#

ISequenced<
T

>

IC
ollection<

T
>

IE
xtensible<

T
>

IC
ollectionV

alue<
T

>
ID

irectedE
num

erable<
T

>

ID
irectedC

ollectionV
alue<

T
>

SC
G

.IE
num

erable<
T

>

IIndexed<
T

>

IPersistentSorted<
T

>

IPriorityQ
ueue<

T
>

H
ashSet<

T
>

H
ashB

ag<
T

>

T
reeSet<

T
>

T
reeB

ag<
T

>

IntervalH
eap<

T
>

SortedA
rray<

T
>

IL
ist<

T
>

H
ashedA

rrayL
ist<

T
>

A
rrayL

ist<
T

>

L
inkedL

ist<
T

>
H

ashedL
inkedL

ist<
T

>

C
ircularQ

ueue<
T

>

IQ
ueue<

T
>

IStack<
T

>

W
rappedA

rray<
T

>

IIndexedSorted<
T

> ISorted<
T

>

ID
ictionary<
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