
E
xperience

w
ith

G
eneric

C
#

P
eter

S
estoft(sestoft@

dina.kvl.dk)

R
oyalV

eterinary
and

A
griculturalU

niversity

and

IT
U

niversity
ofC

openhagen

D
enm

ark

R
eferences:

K
ennedy,S

ym
e:

D
esign

and
Im

plem
entation

ofG
enerics

for
the

.N
E

T
C

om
m

on
Language

R
untim

e,P
LD

I2001.

S
ym

e:
ILX

:E
xtending

the
.N

E
T

C
om

m
on

IL
for

F
unctionalLanguage

Interoperability;section
5.

P
roceedings

of

B
A

B
E

L’01.
E

lectronic
N

otes
in

T
heoreticalC

om
puter

S
cience

59,1
(2001).
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C
is

unsafe
even

at
sim

ple
types;

Ja
va

isn’t

T
he

C
program

m
ing

language
has

no
b

o
o

le
a

n
type

and
w

illnotdetectthe
m

istake
in

this
function:

d
o

u
b

le
a

ta
n

2
(d

o
u

b
le

y,
d

o
u

b
le

x)
{

if
(x

=
0

.0
)

re
tu

rn
sig

n
(y)

*
3

.1
4

1
5

9
2

6
5

3
5

8
9

7
9

3
2

3
8

4
6

/
2

;
e

lse...
a

ta
n

(y/x)
...

}

A
Java

com
piler

w
ould

reporta
type

error:if
expects

a
b

o
o

le
a

n
,butx

=
0

.0
has

type
d

o
u

b
le

.

B
ut,w

hen
w

e
use

collection
classes,Java

provides
no

com
piletim

e
type

safety:

L
in

ke
d

L
ist

n
a

m
e

s
=

n
e

w
L

in
ke

d
L

ist();
n

a
m

e
s.a

d
d

(n
e

w
P

e
rso

n
("K

riste
n

"));
n

a
m

e
s.a

d
d

(n
e

w
P

e
rso

n
("B

ja
rn

e
"));

n
a

m
e

s.a
d

d
(n

e
w

In
te

g
e

r(1
9

9
8

));
//

W
ro

n
g

,
b

u
t

n
o

co
m

p
ile

tim
e

ch
e

ck
n

a
m

e
s.a

d
d

(n
e

w
P

e
rso

n
("A

n
d

e
rs"));

...
P

e
rso

n
p

=
(P

e
rso

n
)n

a
m

e
s.g

e
t(2

);
//

C
a

st
n

e
e

d
e

d
,

m
a

y
fa

il
a

t
ru

n
tim

e

T
he

com
piletim

e
elem

enttype
is

O
b

je
ct

,notP
e

rso
n

.

T
his

is
because

collection
classes

m
ustw

ork
for

alltypes
ofelem

ents.
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Life
w

ith
object-based

collection
classes

S
ince

elem
ents

ofcollections
have

type
O

b
je

ct
:

�

they
are

dynam
ically

typed:
program

m
ing

errors
are

discovered
only

atruntim
e;

�

runtim
e

casts
are

needed,w
hich

slow
s

dow
n

the
program

;

�

prim
itive

type
values

(eg.in
t

)
m

ustbe
w

rapped
(as

In
te

g
e

r
),w

hich
takes

space
and

tim
e.

To
docum

entnon-trivialuses
ofcollections,one

m
ay

insertcom
m

ents,ignored
by

the
com

piler:

M
a

p
/*

fro
m

In
te

g
e

r
to

M
a

p
fro

m
S

trin
g

to
In

te
g

e
r

*/
n

e
w

tra
n

s
=

n
e

w
H

a
sh

M
a

p
();

G
enerics

can
m

ake
g

eneral
code

typesafe

W
ith

generic
collections

(param
etric

polym
orphism

)
one

can
w

rite
instead:

IM
a

p
<

in
t,IM

a
p

<
strin

g
,in

t>
>

n
e

w
tra

n
s

=
n

e
w

H
a

sh
M

a
p

<
in

t,IM
a

p
<

strin
g

,
in

t
>

>
(

);

A
dvantages:

�

the
program

becom
es

statically
typed,so

errors
are

discovered
atcom

pile-tim
e,notin

frontofthe
user;

�

no
runtim

e
casts

are
needed,so

the
program

is
faster;

�

prim
itive

type
values

(eg.in
t

)
need

notbe
w

rapped,so
the

program
is

faster
and

uses
less

space.
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B
ackground:

C
#

(1999)

A
n

object-im
perative

language
w

ith
features

from
Java,C

+
+

,B
orland

O
bjectP

ascal,C
LO

S
,V

isualB
asic.

�

R
oughly,C

#
is

Java

–
plus

properties,indexers,user-defined
operators,events,re

f
and

o
u

t
param

eters,...

–
plus

value
types

à
la

C
structs,enum

erations,delegates
(functions

as
values),...

–
plus

easy
integration

w
ith

V
isualB

asic,C
+

+
,JS

cript/E
C

M
A

S
cript,S

tandard
M

L,...

–
plus

conditionalcom
pilation,versioning,escape

to
unsafe

(C
-style)

code,...

–
m

in
us

inner
classes,th

ro
w

s
clauses

on
m

ethods,...

�

C
#

has
been

standardized
(13

D
ecem

ber
2001)

as
E

C
M

A
-334

by
M

icrosoft,H
ew

lett-P
ackard,Intel:

S
ee

h
ttp

://m
sd

n
.m

icro
so

ft.
co

m
/n

e
t

/e
cm

a/
�

com
pact‘executables’:

eg.5
K

B
so-called

.e
xe

files,butnot.e
xe

files
as

you
know

them

�

m
uch

faster
program

startup
than

Java

�

otherw
ise

com
parable

to
S

un
JD

K
H

otspot1.3
perform

ance

D
are

O
basanjo

has
w

ritten
a

good
com

parison
ofJava

and
C

#,at

h
ttp

://w
w

w
.p

rism
.g

a
te

ch
.e

d
u

/
˜g

te
8

5
5

q
/

C
sh

a
r

p
V

sJa
va

.h
tm

l

IT-C
19

D
ecem

ber
2001

E
xperience

w
ith

G
eneric

C
#

P
age

4



S
om

e
C

#
exam

ples

H
ello

w
orld

in
C

#:

cla
ss

M
yC

la
ss

{
sta

tic
vo

id
M

a
in

(strin
g

[]
a

rg
s)

{
S

yste
m

.C
o

n
so

le
.W

rite
L

in
e

("H
e

l
lo

,
"

+
a

rg
s[0

]);
}

}

M
ostofC

#
is

im
m

ediately
recognizable

to
a

Java
program

m
er.

S
om

e
C

#
specific

constructs:

A
property

C
o

u
n

t
oftype

in
t

corresponds
to

a
m

ethod
in

t
g

e
tC

o
u

n
t()

:

cla
ss

L
in

ke
d

L
ist

{
p

riva
te

in
t

size
;

p
u

b
lic

in
t

C
o

u
n

t
{

g
e

t
{

re
tu

rn
size

;
}

//
C

o
u

n
t

is
a

‘g
e

t’
p

ro
p

e
rty

}
}L

in
ke

d
L

ist
lst

=
...

;
if

(lst.C
o

u
n

t
>

0
)

...
//

U
sin

g
th

e
C

o
u

n
t

p
ro

p
e

rty
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M
ore

�

C
#

specific
things

A
n

indexer
w

ith
argum

entT
and

resultU
corresponds

to
m

ethods
U

g
e

t(T
)

and
vo

id
se

t(T
,

U
):

cla
ss

L
in

ke
d

L
ist

{
p

riva
te

o
b

je
ct

n
o

d
e

(in
t

i)
{

...
}

p
u

b
lic

o
b

je
ct

th
is[in

t
i]

{
//

In
d

e
xe

r:
a

rg
in

t,
re

s
o

b
je

ct
g

e
t

{
re

tu
rn

n
o

d
e

(i).ite
m

;
}

se
t

{
n

o
d

e
(i).ite

m
=

va
lu

e
;

}
}

}L
in

ke
d

L
ist

lst
=

...
;

if
(lst[2

]
=

=
n

u
ll)

//
U

se
th

e
in

d
e

xe
r’s

g
e

t
lst[2

]
=

"N
/A

";
//

U
se

th
e

in
d

e
xe

r’s
se

t

T
he

statem
ent

fo
re

a
ch

(T
x

in
C

)
S

uses
an

underlying
enum

erator
(iterator),roughly:

IE
n

u
m

e
ra

to
r

e
n

m
=

C
.G

e
tE

n
u

m
e

ra
to

r();
w

h
ile

(e
n

m
.M

o
ve

N
e

xt())
{

T
x

=
(T

)e
n

m
.C

u
rre

n
t;

S
;

}
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C
#

exam
ple:

O
bject-based

quic
ksort

of
a
r
r
[
a
.
.
b
]

p
u

b
lic

in
te

rfa
ce

IC
o

m
p

a
ra

b
le

{
in

t
C

o
m

p
a

re
T

o
(o

b
je

ct
th

a
t);

}p
riva

te
sta

tic
vo

id
q

so
rt(IC

o
m

p
a

ra
b

le
[]

a
rr,

in
t

a
,

in
t

b
)

{
if

(a
<

b
)

{
in

t
i

=
a

,
j

=
b

;
IC

o
m

p
a

ra
b

le
x

=
a

rr[(i+
j)

/
2

];
d

o
{

w
h

ile
(a

rr[i].C
o

m
p

a
re

T
o

(x)
<

0
)

i+
+

;
w

h
ile

(x.C
o

m
p

a
re

T
o

(a
rr[j])

<
0

)
j--;

if
(i

<
=

j)
{

sw
a

p
(a

rr,
i,

j);
i+

+
;

j--;
}

}
w

h
ile

(i
<

=
j);

q
so

rt(a
rr,

a
,

j);
q

so
rt(a

rr,
i,

b
);

}
}

T
he

ordering
is

fixed,determ
ined

by
the

m
ethod

C
o

m
p

a
re

T
o

belonging
to

each
array

elem
ent.
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G
eneric

C
#

(2001)

�

G
eneric

types,such
as

L
in

ke
d

L
ist<

T
>

�

G
eneric

m
ethods,such

as
Q

u
ickso

rt<
T

>
(T

[]
a

rr)

�

Instantiation
atprim

itive
types

(eg.in
t

)
and

reference
types

(eg.strin
g

)

�

E
xactruntim

e
types,cast,and

instance
check

(E
q

u
a

ls
in

L
in

ke
d

L
ist<

T
>

)

�

C
onstraints

on
type

param
eters;a

constraintm
ay

involve
the

type
param

eter
itself

�

N
o

covariance
in

the
type

param
eters

ofa
generic

type

�
Type

param
eterT

cannotbe
used

in
n

e
w

T
()

orT
.m

(...)
�

A
type

cannotim
plem

enta
generic

interface
atm

ore
than

one
instance:

cla
ss

M
a

trix
:

IE
n

u
m

e
ra

b
le

<
in

t>
,

IE
n

u
m

e
ra

b
le

<
in

t[]>

�

P
olym

orphic
recursion

possible:vo
id

m
<

T
>

(T
x)

{
...

m
<

IL
ist<

T
>

>
(...)

...
}
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G
eneric

�
C

#
exam

ple:
quic

ksort
of
a
r
r
[
a
.
.
b
]

p
u

b
lic

in
te

rfa
ce

IC
o

m
p

a
re

r<
T

>
{

in
t

C
o

m
p

a
re

(T
v1

,
T

v2
);

}p
riva

te
sta

tic
vo

id
q

so
rt<

T
>

(T
[]

a
rr,

IC
o

m
p

a
re

r<
T

>
cm

p
,

in
t

a
,

in
t

b
)

{
if

(a
<

b
)

{
in

t
i

=
a

,
j

=
b

;
T

x
=

a
rr[(i+

j)
/

2
];

d
o

{
w

h
ile

(cm
p

.C
o

m
p

a
re

(a
rr[i],

x)
<

0
)

i+
+

;
w

h
ile

(cm
p

.C
o

m
p

a
re

(x,
a

rr[j])
<

0
)

j--;
if

(i
<

=
j)

{
sw

a
p

<
T

>
(a

rr,
i,

j);
i+

+
;

j--;
}

}
w

h
ile

(i
<

=
j);

q
so

rt<
T

>
(a

rr,
cm

p
,

a
,

j);
q

so
rt<

T
>

(a
rr,

cm
p

,
i,

b
);

}
}

T
he

ordering
is

determ
ined

by
a

separate
m

ethod
cm

p
.C

o
m

p
a

re
.

M
ore

flexible
than

the
IC

o
m

p
a

ra
b

le
approach;people

m
ay

be
sorted

by
nam

e,age,birthday
(Jan–D

ec).
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G
eneric

C
#

exam
ple:

doub
ly

linked
list

im
plem

entation

p
u

b
lic

cla
ss

L
in

ke
d

L
ist<

T
>

:
IL

ist<
T

>
{

N
o

d
e

<
T

>
first,

la
st;

//
In

va
ria

n
t:

first=
=

n
u

ll
iff

la
st=

=
n

u
ll

p
riva

te
cla

ss
N

o
d

e
<

T
>

{
//

N
e

ste
d

cla
ss

p
u

b
lic

N
o

d
e

<
T

>
p

re
v,

n
e

xt;
p

u
b

lic
T

ite
m

;
}p

u
b

lic
T

G
e

t(in
t

n
)

{
...

}

p
u

b
lic

b
o

o
l

A
d

d
(T

ite
m

)
{

...
}

p
u

b
lic

o
ve

rrid
e

b
o

o
l

E
q

u
a

ls(o
b

je
ct

th
a

t)
{

//
In

h
e

rite
d

fro
m

o
b

je
ct

if
(th

a
t

is
IL

ist<
T

>
)

{
//

E
xa

ct
in

sta
n

ce
o

f
ch

e
ck

...
}

}

M
ethod

G
e

t(in
t)

returns
a

T
,notan

o
b

je
ct

.

IT-C
19

D
ecem

ber
2001

E
xperience

w
ith

G
eneric

C
#

P
age

10

G
eneric

doub
ly

linked
list,

exam
ple

use

L
in

ke
d

L
ist<

P
e

rso
n

>
n

a
m

e
s

=
n

e
w

L
in

ke
d

L
ist<

P
e

rso
n

>
();

n
a

m
e

s.A
d

d
(n

e
w

P
e

rso
n

("K
riste

n
"));

n
a

m
e

s.A
d

d
(n

e
w

P
e

rso
n

("B
ja

rn
e

"));
n

a
m

e
s.A

d
d

(n
e

w
In

te
g

e
r(1

9
9

8
));

//
W

ro
n

g
,

co
m

p
ile

tim
e

e
rro

r
n

a
m

e
s.A

d
d

(n
e

w
P

e
rso

n
("A

n
d

e
rs"));

...
P

e
rso

n
p

=
n

a
m

e
s[2

];
//

N
o

ca
st

n
e

e
d

e
d
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Type
param

eter
constraints

A
P

rintable
has

a
P

rintm
ethod;a

L
ist<

T
>

is
P

rintable
w

hen
T

is:

in
te

rfa
ce

P
rin

ta
b

le
{

vo
id

P
rin

t(T
e

xtW
rite

r
fs);

}cla
ss

L
ist<

T
:

P
rin

ta
b

le
>

:
P

rin
ta

b
le

{
p

u
b

lic
vo

id
P

rin
t(T

e
xtW

rite
r

fs)
{

fo
re

a
ch

(T
x

in
th

is)
x.P

rin
t();

}
}

A
n

IG
C

o
m

p
a

ra
b

le
<

T
>

m
ay

be
com

pared
to

values
oftype

T
:

p
u

b
lic

in
te

rfa
ce

IG
C

o
m

p
a

ra
b

le
<

T
>

{
in

t
C

o
m

p
a

re
T

o
(T

th
a

t);
}

V
alues

oftype
T

m
ay

be
sorted

ifthey
im

plem
entIG

C
o

m
p

a
ra

b
le

<
T

>
;note

T
in

constraint:

p
riva

te
sta

tic
vo

id
q

so
rt<

T
:

IG
C

o
m

p
a

ra
b

le
<

T
>

>
(T

[]
a

rr,
in

t
a

,
in

t
b

)
{

...
w

h
ile

(a
rr[i].C

o
m

p
a

re
T

o
(x)

<
0

)
i+

+
;

//
T

yp
e

sa
fe

...
}
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Im
plem

entation
of

G
eneric

C
#:

T
he

G
eneric

C
om

m
on

Langua
g

e
R

untim
e

C
om

pilation
to

G
eneric

Interm
ediate

Langua
g

e

�

IL
is

the
interm

ediate
language

ofC
LR

,sim
ilar

to
Java

bytecode
butless

C
#

or
Java

specific.

�

G
eneric

IL
is

IL
w

ith
explicittype

param
eters

and
validation

ofgeneric
code.

�

G
eneric

classes
and

m
ethods

are
typechecked

atdeclaration,notatuse
(as

in
C

+
+

)

�

A
fter

typecheck,G
eneric

C
#

is
com

piled
rather

straightforw
ardly

to
G

eneric
IL.

R
untim

e
specialization

or
sharing

of
g

eneric
code

�

S
pecialized

instances
ofa

generic
class

C
<

T
>

are
created

atruntim
e

for
relevantargum

enttypes
T

.

�

Type
instances

are
shared

am
ong

reference
types

T
,avoiding

m
ostofthe

code
bloatofC

+
+

.

�

Type
instances

are
notshared

am
ong

value
types

T
,giving

com
pactdata

representation
and

better
speed.

�

Type
instances

are
created

lazily
(this

perm
its

polym
orphic

recursion).

�

T
he

vtable
for

a
type

instance
contains

the
exactactualargum

enttypes.

�

T
hese

argum
enttypes

are
used

in
runtim

e
type

casts,and
instance

checks.
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E
fficienc

y
benefit

of
g

enerics:
quic

ksort

D
escription

G
eneral

Typesafe
G

enerics
Ints

S
trings

O
bject-based,interface

IC
om

parable
yes

no
no

4.99
3.18

O
bject-based,class

O
rderedInt

yes
no

no
3.08

2.58

G
eneric

w
ith

untyped
C

om
pareTo

yes
no

yes
3.15

2.57

G
eneric

w
ith

typed
C

om
pareTo

yes
yes

yes
2.45

2.54

G
eneric

w
ith

C
om

pare
m

ethod
yes

yes
yes

1.14
2.19

G
eneric

w
ith

C
om

pare
delegate

yes
yes

yes
1.91

2.83

H
and-specialized,inline

�

no
yes

no
0.47

2.10

H
and-specialized

w
ith

C
om

pare
m

ethod
no

yes
no

1.06
2.19

R
andom

ints
(1.000.000)

or
strings

(200.000);average
tim

e/s
of20

runs;1
G

H
z

P
-III;W

indow
s

X
P

;G
eneric

C
LR

.

�

G
enerics

is
the

only
w

ay
to

have
generality,type

safety,and
efficiency.

�

T
he

only
overhead

in
generics

(1.14
vs

0.47)
is

due
to

the
passing

ofthe
C

om
pare

m
ethod

(generality).

�

T
he

generics
w

in
is

clearly
larger

for
the

value
type

in
t

than
for

the
reference

type
strin

g
.

�

T
he

currentim
plem

entation
ofdelegates

(functions
as

values)
is

poor.

IT-C
19

D
ecem

ber
2001

E
xperience

w
ith

G
eneric

C
#

P
age

14

F
ra

gm
ents

of
a

Ja
va-style

g
eneric

collection
librar

y
(the

standard
.N

E
T

collection
librar

y
is

deficient)

p
u

b
lic

in
te

rfa
ce

IE
n

u
m

e
ra

to
r<

T
>

{
//

Ite
ra

to
r

(stre
a

m
)

o
ve

r
typ

e
T

T
C

u
rre

n
t

{
g

e
t;

}
b

o
o

l
M

o
ve

N
e

xt();
}p

u
b

lic
in

te
rfa

ce
IE

n
u

m
e

ra
b

le
<

T
>

{
//

H
a

s
a

n
ite

ra
to

r
o

ve
r

typ
e

T
IE

n
u

m
e

ra
to

r<
T

>
G

e
tE

n
u

m
e

ra
to

r();
//

S
u

p
p

o
rts

th
e

fo
re

a
ch

sta
te

m
e

n
t

}p
u

b
lic

in
te

rfa
ce

IC
o

lle
ctio

n
<

T
>

:
IE

n
u

m
e

ra
b

le
<

T
>

{
...

}

p
u

b
lic

in
te

rfa
ce

IS
e

t<
T

>
:

IC
o

lle
ctio

n
<

T
>

{
b

o
o

l
A

d
d

(T
ite

m
);

b
o

o
l

C
o

n
ta

in
s(T

ite
m

);
}p

u
b

lic
cla

ss
O

T
re

e
S

e
t<

T
:

IC
o

m
p

a
ra

b
le

>
:

IS
e

t<
T

>
{

...
}

p
u

b
lic

in
te

rfa
ce

IM
a

p
<

K
,V

>
:

IC
o

lle
ctio

n
<

M
a

p
E

n
try<

K
,V

>
>

{
b

o
o

l
A

d
d

(K
ke

y,
V

va
l);

V
th

is[K
ke

y]
{

g
e

t;
se

t;
}

b
o

o
l

C
o

n
ta

in
s(K

ke
y);

}p
u

b
lic

cla
ss

O
T

re
e

M
a

p
<

K
:

IC
o

m
p

a
ra

b
le

,
V

>
:

IM
a

p
<

K
,V

>
{

...
}
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G
C

#
exam

ple:
C

reate
a

sorted
inde

x
of

w
ord

occurrences
in

a
text

file

T
re

e
M

a
p

<
strin

g
,

T
re

e
S

e
t<

in
t>

>
in

d
e

x
=

n
e

w
O

T
re

e
M

a
p

<
strin

g
,

T
re

e
S

e
t<

in
t>

>
();

R
e

g
e

x
d

e
lim

=
n

e
w

R
e

g
e

x("[
\\t‘˜!@

#
$

%
ˆ&

*()_
+

=
;’:\\[\

\]
\\{

\\}
<

>
\\\

\\
\|\

",.
/?

-]+
")

;
T

e
xtR

e
a

d
e

r
rd

=
n

e
w

S
tre

a
m

R
e

a
d

e
r(file

n
a

m
e

);
in

t
lin

e
n

o
=

0
;

strin
g

lin
e

;
w

h
ile

(n
u

ll
!=

(lin
e

=
rd

.R
e

a
d

L
in

e
()))

{
lin

e
n

o
+

+
;

strin
g

[]
re

s
=

d
e

lim
.S

p
lit(lin

e
);

fo
re

a
ch

(strin
g

s
in

re
s)

if
(s

!=
"")

{
if

(!in
d

e
x.C

o
n

ta
in

s(s))
in

d
e

x[s]
=

n
e

w
O

T
re

e
S

e
t();

in
d

e
x[s].A

d
d

(lin
e

n
o

);
}

}rd
.C

lo
se

();
fo

re
a

ch
(M

a
p

E
n

try<
strin

g
,

T
re

e
S

e
t<

in
t>

>
w

o
rd

list
in

in
d

e
x)

{
C

o
n

so
le

.W
rite

("{0
}:

",
w

o
rd

list.K
e

y);
fo

re
a

ch
(in

t
ln

in
w

o
rd

list.V
a

lu
e

)
C

o
n

so
le

.W
rite

(ln
+

"
");

C
o

n
so

le
.W

rite
L

in
e

();
}T

his
took

m
ostofchapter

13
in

W
elsh

and
E

lder’s
P

ascaltextbook
(1980).

Java
requires

casts
and

w
hile

loops.
C

#
lacks

the
TreeS

etand
TreeM

ap
collections.
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S
am

ple
output

...
co

m
p

lica
te

:
7

8
4

co
n

clu
d

e
:

5
7

7
5

8
7

co
n

clu
sio

n
:

1
6

5
co

n
flict:

7
2

3
co

n
sid

e
ra

b
ly:

2
6

2
7

7
5

co
n

stra
in

t:
3

2
6

3
2

7
5

8
1

5
8

2
co

n
stra

in
ts:

4
4

6
5

4
8

5
7

0
5

7
2

6
3

4
6

5
4

7
2

9
7

4
6

7
4

8
co

n
stru

cte
d

:
3

7
9

3
8

3
co

n
stru

cto
r:

4
6

7
6

9
0

co
n

stru
cto

rs:
4

5
2

co
n

ta
in

in
g

:
3

8
2

co
n

ta
in

s:
3

0
0

3
0

4
3

0
6

3
1

5
C

o
n

ta
in

s:
4

2
7

co
n

tin
u

a
tio

n
:

7
4

5
co

n
ve

n
ie

n
t:

7
8

4
co

n
ve

rsio
n

:
3

2
5

6
2

8
7

6
5

...
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S
o

G
eneric

C
#

is
som

e
kind

of
glorified

G
eneric

Ja
va?

Yes:
G

eneric
C

#
is

quite
sim

ilar
to

G
eneric

Java,justas
C

#
is

quite
sim

ilar
to

Java.

A
nd

N
o:

G
eneric

C
#

is
quite

different:

�

Im
plem

ented
by

specialization,nottype
erasure,by

the
G

eneric
C

om
m

on
Language

R
untim

e.

H
ence

considerably
m

ore
efficientthan

the
currentG

eneric
Java

proposal.

�

T
he

G
eneric

C
om

m
on

Language
R

untim
e

w
illbe

outthere,on
m

illions
ofm

achines.

�

T
he

im
plem

entation
seem

s
better

engineered
than

S
un’s

Java
im

plem
entations

(m
ostly).

�

G
eneric

C
#

has
severaldesirable

features
m

issing
from

the
G

eneric
Java

proposal:

...
itw

ould
be

a
good

thing
for

the
Java

program
m

ing
language

to
add

generic
types

and
to

letthe
user

define
overloaded

operators.
[...]

W
hatis

m
ore,Iw

ould
add

a
kind

ofclass
oflightw

eight
...

G
uy

S
teele,keynote

address
atO

O
P

S
LA

’98;m
y

italics

G
J

is
an

excellentdesign
and

im
plem

entation
for

adding
generic

types
[...]

Iw
ould

hope
to

see
it

com
patibly

extended
to

carry
run-tim

e
type

param
eter

inform
ation

...

G
uy

S
teele,quoted

from
e-m

ailto
P

hilW
adler;m

y
italics
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C
om

parison
to

G
eneric

Ja
va

(1998)

B
racha,O

dersky,S
toutam

ire,W
adler

(O
O

P
S

LA
1998),and

Java
S

pecification
R

equest14,A
ugust2001.

G
eneric

classes,interfaces
and

m
ethods

as
in

G
eneric

C
#,and

static
polym

orphic
type

check.

M
ore

types
are

inferred
atm

ethod
calls

than
in

currentG
eneric

C
#,hence

less
verbose

(butunsound?)

Type
param

eters
are

seen
also

by
static

m
em

bers,nested
classes,and

inner
classes.

Instantiation
oftype

param
eters

only
atreference

types,notin
t

,d
o

u
b

le
,...

Im
plem

entation
by

type
erasure:

type
param

eters
are

replaced
by

O
b

je
ct

.

A
dvantage:

code
runs

on
standard

Java
V

irtualM
achines.

D
isadvantages:

�

N
o

efficiency
or

space
gain

atprim
itive

types.

�

Type
param

eters
cannotbe

used
atruntim

e.

�

P
olym

orphic
array

creation
n

e
w

T
[1

0
]

is
perm

itted
butnottypesafe

(com
piletim

e
w

arning),

and
(e

in
sta

n
ce

o
f

T
)

is
im

possible;see
E

q
u

a
ls

in
L

in
ke

d
L

ist<
T

>
.

G
eneric

Java
w

illprobably
be

Java
2

version
1.5

(in
2003?).

A
n

experim
entalim

plem
entation

is
available.
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O
ther

proposals
for

g
enericity

in
Ja

va

P
olyJ

(M
yers,B

ank,Liskov;P
O

P
L

1997)

G
eneric

types
can

be
instantiated

atreference
types

and
prim

itive
types

(and
array

types?).

Type
param

eters
can

be
constrained

used
w

h
e

re
-clauses

(from
C

LU
)

instead
ofinterfaces

and
classes.

Im
plem

entation
requires

an
extended

JV
M

to
handle

prim
itive

types,and
for

efficiency.

Little
chance

thatthis
w

illbecom
e

reality.

N
extG

en
(C

artw
right,S

teele;O
O

P
S

LA
1998)

A
type

param
eter

T
can

be
used

anyw
here

a
type

can,including
atn

e
w

T
()

,notpossible
in

G
C

#.

S
tatic

m
em

bers
see

the
type

param
eters;there

is
a

copy
ofeach

static
m

em
ber

ateach
type

instantiation.

O
nly

classes
and

interfaces,notbase
types,can

be
substituted

for
type

param
eters.

Im
plem

ented
by

type
erasure,w

rapper
classes

and
interfaces,and

code
snippets;runs

on
standard

JD
K

1.2
JV

M
.

Little
chance

thatthis
w

illbecom
e

reality.
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C
om

parison
to

C
++

tem
plates

(1990)
�

Tem
plates

are
checked

atinstantiation,notdeclaration.
H

ence
w

eak
com

piletim
e

typing
ofgeneric

libraries.
�

G
eneric

libraries
can

be
distribute

donly
in

source
form

.

�

Tem
plates

produce
highly

efficientinstantiations
atthe

costofserious
code

bloat.

�

Tem
plates

can
be

instantiated
attypes

and
values,and

are
m

ore
expressive

than
Java

and
C

#
generics

(V
eldhuizen:

Techniques
for

S
cientific

C
+

+
,2000).

C
om

parison
to

E
iffel

G
eneric

C
#

seem
s

to
have

allthe
desirable

features
ofE

iffelgenerics
(and

lack
an

undesirable
ones).

C
om

parison
to

M
L

(1979)

M
L

w
as

the
firstlanguage

to
have

param
etric

polym
orphic

types.

Types
are

inferred
atcom

piletim
e,and

are
m

ostly
im

plicit;hence
m

uch
less

verbose
than

G
eneric

C
#

and
Java.

M
ostM

L
im

plem
entations

representvalues
ofprim

itive
type

and
reference

type
the

sam
e

w
ay.

S
om

e
com

pilers
use

type
inform

ation
to

avoid
boxing

of(e.g.)
floating-pointnum

bers,for
speed.
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C
om

parison
to

C
yclone

(M
orrisett

et
al,

2000)

G
oal:

C
’s

efficiency
and

close
controlofm

em
ory,butsafely.

A
sim

ple
language

w
ith

a
rich

type
system

.

�

T
hree

pointer
types:

nullable
(*

,nullchecked),fat(?
,bounds

checked),never-null(@
,no

runtim
e

check).

�

S
tatically

typed,param
etric

polym
orphism

(over
w

ord-size
types):

vo
id

sw
a

p
(‘a

@
x,

‘a
@

y)
{

//
x

a
n

d
y

a
re

n
e

ve
r-n

u
ll

p
o

in
te

rs
to

‘a
le

t
tm

p
=

*x;
*x

=
*y;

*y
=

tm
p

;
}in

t
m

a
in

()
{

in
t

a
[]

=
{

fo
r

i<
1

0
:

(in
t)i

};
//

a
rra

y
o

f
1

0
in

ts
sw

a
p

(&
a

[2
],

&
a

[7
]);

in
t@

a
p

[]
=

{
fo

r
i<

1
0

:
&

a
[i]

};
//

a
rra

y
o

f
1

0
in

t
p

o
in

te
rs

sw
a

p
(&

a
p

[3
],

&
a

p
[4

]);
}

�

N
o

classes
and

objects,butstructs,structuralsubtyping,unification-based
type

inference.

�

A
llocation

in
regions

à
la

Tofte/Talpin;values
cannotbe

fre
e

’d
individually;the

heap
is

garbage
collected.

�

Im
plem

ented
by

com
pilation

to
C

;no
types

atruntim
e,no

code
specialization.

�

Leaving
types

to
be

inferred
can

change
behaviour

(because
ofim

plicitconversions).
A

w
arning

to
G

C
#.

�

T
he

type
system

is
rich,w

ith
error

m
essages

to
go

w
ith

it:

a
ctu

a
l

a
rg

u
m

e
n

t
h

a
s

typ
e

in
t

@
‘m

a
in

b
u

t
fo

rm
a

l
h

a
s

typ
e

in
t

@
‘m

a
in

@
%

(7
7

)::R
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G
enerics

by
virtual

types
(B

eta)

A
generic

class
cla

ss
C

<
T

>
{

...
}

is
notitselfa

class,buta
function

from
types

to
classes.

O
bject-oriented

hardliners
w

antto
rectify

this
w

ith
virtualtypes

instead
oftype

param
eters.

A
virtualtype

can
be

specified
in

a
class

and
‘further-bound’in

subclasses:

in
te

rfa
ce

I
{

typ
e

d
e

f
S

T
a

s
O

b
je

ct;
vo

id
m

(S
T

st)
{

...
}

}cla
ss

F
im

p
le

m
e

n
ts

I
{

typ
e

d
e

f
S

T
a

s
S

trin
g

;
//

F
u

rth
e

r-b
in

d
in

g
vo

id
m

(S
T

st)
{

...
st.le

n
g

th
()

...
}

}

B
utitrequires

runtim
e

type
checks.

A
ssum

e:

I
o

b
s;

o
b

s
=

n
e

w
F

();

S
ince

o
b

s
has

type
I

and
I.S

T
is

O
b

je
ct

,this
should

typecheck
atcom

piletim
e:

o
b

s.m
(n

e
w

In
te

g
e

r());

B
utnow

clearly
st.le

n
g

th
()

w
illfail,as

In
te

g
e

r
has

no
le

n
g

th
m

ethod.

S
o

no
com

piletim
e

safety.
O

r
I’m

m
issing

the
point,quite

probably.
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E
valuation

of
G

eneric
C

#:
good

�

N
o

co-variance:
sim

plicity
and

safety

�

E
xplicittypes

provide
com

piler
checkable

docum
entation;found

errors
in

existing
carefully

com
m

ented
code.

�

P
rogram

s
can

be
m

ore
efficientbecause

objectw
rappers

and
runtim

e
casts

are
notneeded.

�

T
he

design
appeals

to
program

m
ers

used
to

Java
and

S
M

L;few
pitfalls.

E
valuation

of
G

eneric
C

#:
som

e
pitfalls

�

N
o

co-variance:
O

T
re

e
M

a
p

<
in

t,O
T

re
e

S
e

t<
in

t>
>

nota
subtype

ofIM
a

p
<

in
t,IS

e
t<

in
t>

>

�

Types
m

ustbe
explicitand

can
getrather

unw
ieldy

(butabbreviations
and

inference
have

been
proposed):

sta
tic

IM
a

p
<

in
t,

IM
a

p
<

strin
g

,
in

t>
>

re
n

a
m

e
(IM

a
p

<
H

a
sh

S
e

t<
in

t>
,

in
t>

re
n

a
m

e
r,

IM
a

p
<

H
a

sh
S

e
t<

in
t>

,
IM

a
p

<
strin

g
,

H
a

sh
S

e
t<

in
t>

>
>

tra
n

s)
{

...
}

�

C
#

autom
atically

converts
value

types
(in

t
)

to
reference

types
(o

b
je

ct
),so

4
2

.T
o

S
trin

g
()

is
legal.

S
o

m
ixing

generic
and

object-based
code

m
ay

introduce
hard-to-predictinefficiencies.

S
toring

an
in

t
in

object-based
T

re
e

S
e

t
requires

a
single

initialconversion.

B
utusing

object-based
com

parisons
inside

T
re

e
S

e
t<

in
t>

requires
conversion

atevery
com

parison
...
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W
ill

(G
eneric)

C
#

tie
us

all
to

M
S

W
indo

w
s?

Yes:
C

urrently
C

#
is

available
only

for
W

indow
s

2000
and

X
P

(after
lengthy

installation
of.N

E
T

beta
2).

(R
untim

e
and

com
m

and-line
com

pilers
w

illbe
free.)

C
urrently

G
eneric

C
#

is
notavailable

atalloutside
M

S
.

B
utN

o:
In

the
long

run
C

LR
and

C
#

w
illbe

available
elsew

here:

�

T
here

are
open

source
projects

to
im

plem
entC

LR
and

C
#:

M
ono

(w
w

w
.go-m

ono.com
),D

otG
N

U
(w

w
w

.dotgnu.org),S
outhern

S
torm

.

T
he

M
ono

C
#

com
piler

is
developing

rapidly,m
ore

or
less

w
orking

for
Linux

as
ofD

ecem
ber

2001.

T
he

M
ono

people
are

aw
are

ofthe
G

eneric
C

LR
w

ork
and

seem
to

consider
generics

as
w

ell.

�

M
icrosofthas

a
‘shared

source’projectcalled
R

otor
for

C
LR

on
FreeB

S
D

and
W

indow
s

X
P

:

h
ttp

://w
w

w
.m

icro
so

ft.co
m

/p
a

rtn
e

r/
p

ro
d

u
c

ts/
m

ic
ro

s
o

ft
n

e
t

/S
h

a
re

d
S

o
u

r
ce

C
sh

a
rp

C
L

IF
A

Q
.a

sp

O
r

search
for

ro
to

r
fre

e
b

sd
m

icro
so

ft
on

G
oogle

and
you’llgetthere.

G
enerics

m
ay

be
in

firstshared
source

release
(2002)?

�

(A
side:

C
LR

could
becom

e
a

universalcom
puter

language
—

U
N

C
O

L
—

soughtsince
1958.)
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W
hic

h
is

best
for

teac
hing?

�

Java
is

sim
pler

(exceptfor
inner

classes),and
thus

possibly
a

better
teaching

language.

�

T
he

sim
ilarity

ofJava
and

C
#

m
akes

the
choice

quite
insignificant;easy

to
go

from
one

to
the

other.

�

T
he

discipline
ofcom

pile-tim
e

checkable
types

should
be

taught,in
G

eneric
Java

or
G

eneric
C

#.

C
onc

lusion

G
eneric

C
#

provides
som

e
expressiveness

and
com

piletim
e

type
safety

absentin
m

ostm
ainstream

languages.

G
eneric

C
#

is
a

w
ell-designed

language
w

ith
a

high-tech
im

plem
entation.

K
ennedy

and
S

ym
e

had
an

opportunity
to

push
som

e
academ

ic
w

ork
into

practice,and
exploited

itvery
w

ell.
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Infinite
code

and
type

specialization
possib

le
(in

contrived
exam

ples)

U
nbounded

code
specialization

for
structs;m

1
<

in
t>

(n
,

4
2

)
creates

a
structtype

containing

�
�

�

integers:

stru
ct

F
o

o
<

T
>

{
in

t
i;

//
ta

ke
u

p
so

m
e

sp
a

ce
T

t1
;

//
a

n
d

so
m

e
m

o
re

}sta
tic

vo
id

m
1

<
U

>
(in

t
n

,
U

s)
{

if
(n

>
0

)
m

1
<

F
o

o
<

U
>

>
(n

-1
,

n
e

w
F

o
o

<
U

>
());

}

B
ounded

code
butunboundedly

m
any

types;evaluating
n

e
w

C
<

in
t>

(n
)

creates

�

�

�

type
instances

ofC
:

cla
ss

C
<

T
>

{
p

u
b

lic
C

<
C

<
T

>
>

c;

p
u

b
lic

C
(in

t
n

)
{

if
(n

>
0

)
c

=
n

e
w

C
<

C
<

T
>

>
(n

-1
);

}
}

Type
instances

are
created

lazily,so
unboundedly

m
any

types
requires

unboundedly
m

any
objects.
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