
E
volution of Program

m
ing L

anguage
s

•
4
0
's  m

a
ch

ine
 le

ve
l

–
raw

 b
inary

•
5
0
's  a

sse
m
b
ly
 la

ngua
ge

–
nam

es for instructions and
 ad

d
resses

–
very specific to each

 m
ach

ine

•
6
0
's  h

igh
-
le
ve
l la

ngua
ge

s: F
ortra

n, C
ob

ol, A
lgol, B

a
sic

•
7
0
's

sy
ste

m
 progra

m
m
ing la

ngua
ge

s: C
, PL

/1
, A

lgol
6
8
, Pa

sca
l

•
8
0
's

ob
je
ct-

orie
nte

d
 la

ngua
ge

s: C
+
+
, A

d
a
, S

m
a
llta

lk, O
b
je
ctive

 C
, …

strongly typed
 (to varying d

egre
es)

b
etter control of large program

s (at least in th
eory)

b
etter internal ch

ecks, organization, safety

•
9
0
's

scripting, W
e
b
, com

pone
nt-

b
a
se
d
, …

: Pe
rl, J

a
va
, V

isua
l B

a
sic, …

glue

•
0
0
's  W

e
b
 se

rve
r a

nd
 clie

nt: Py
th
on, PH

P, R
ub

y
, J

a
va
script, ...

focus on interfaces, com
ponents; fram

ew
orks 

Program
 structure issues

•
h
ow

 to cope
 w

ith
 e
ve
r b

igge
r progra

m
s?

•
ob

je
cts

–
user-d

efined
 d
ata types

•
com

pone
nts

–
related

 ob
jects

•
fra

m
e
w
orks

–
autom

atic generation of routine cod
e

•
inte

rfa
ce

s

–
b
ound

aries b
etw

een cod
e th

at provid
es a service and

 cod
e th

at uses it

•
inform

a
tion h

id
ing

–
w
h
at parts of an im

plem
entation are visib

le

•
re
source

 m
a
na

ge
m
e
nt

–
creation and

 initialization of entities
–
m
aintaining state

–
ow

nersh
ip: sh

aring and
 copying

–
m
em

ory m
anagem

ent
–
cleanup

•
e
rror h

a
nd

ling; e
x
ce

ptions



C
om

plicated
 d
ata type

s in C

•
re
pre

se
nta

tion is visib
le
, ca

n't b
e
 prote

cte
d

–
opaque types are sort of an ex

ception

•
cre

a
tion a

nd
 copy

ing m
ust b

e
 d
one

 ve
ry
 ca

re
fully

–
and

 you d
on't get any h

elp w
ith

 th
em

•
no initia

liza
tion

–
you h

ave to rem
em

b
er to d

o it

•
no h

e
lp w

ith
 d
e
le
tion

–
you h

ave to recover th
e allocated

 m
em

ory w
h
en no longer in use

•
w
e
a
k a

rgum
e
nt ch

e
cking b

e
tw

e
e
n d

e
cla

ra
tion a

nd
 ca

ll
–
easy to get inconsistencies

•
th
e
 re

a
l prob

le
m
: no a

b
stra

ction m
e
ch

a
nism

s
–
com

plicated
 d
ata structures can b

e b
uilt,

b
ut access to th

e representation can't b
e controlled

–
you can't ch

ange your m
ind

 once th
e first im

plem
entation h

as b
een d

one

•
a
b
stra

ction a
nd

 inform
a
tion h

id
ing a

re
 

nice
 for sm

a
ll progra

m
s,a

b
solute

ly
ne

ce
ssa

ry
 for b

ig progra
m
s 

C
++

•
d
e
signe

d
 &

 im
ple

m
e
nte

d
 b
y
 B
ja
rne

S
troustrup

–
b
egan ~

 19
8
0
; IS

O
 stand

ard
 in 19

9
8
; still evolving (C

++0
x
 in 2

0
11?)

•
a
 b
e
tte

r C
–
alm

ost com
pletely upw

ard
s com

patib
le w

ith
 C

–
m
ore ch

ecking of interfaces (e.g., function prototypes, ad
d
ed

 to
A
N
S
I C

)
–
oth

er features for easier program
m
ing

•
d
a
ta
 a
b
stra

ction
–
m
eth

od
s reveal only W

H
A
T
 is d

one
–
classes h

id
e H

O
W
 som

eth
ing is d

one in a program
, can b

e ch
anged

 as 
program

 evolves

•
ob

je
ct-

orie
nte

d
 progra

m
m
ing

–
inheritance

--
d
efine new

 types th
at inh

erit properties from
 previous types

–
polym

orphism
or d

ynam
ic b

ind
ing --

function to b
e called

 is d
eterm

ined
 b
y 

d
ata type of specific ob

ject at run tim
e

•
te
m
pla

te
s or "ge

ne
ric" progra

m
m
ing

–
com

pile-tim
e param

eterized
 types

–
d
efine fam

ilies of related
 types, w

h
ere th

e type is a param
eter

•
a
 "m

ulti-
pa

ra
d
igm

" la
ngua

ge
–
lots of w

ays to w
rite cod

e



C
++ classes

•
d
a
ta
 a
b
stra

ction a
nd

 prote
ction m

e
ch

a
nism

 d
e
rive

d
 from

 S
im
ula

6
7
  

(K
riste

n N
y
ga

a
rd
, N

orw
a
y
)

c
l
a
s
s
 
T
h
i
n
g
 
{

p
u
b
l
i
c
:

m
eth

od
s --

functions for operations th
at can b

e d
one on th

is kind
 of ob

ject

p
r
i
v
a
t
e
:

variab
les and

 functions th
at  im

plem
ent th

e operations

}
;

•
d
e
fine

s a
 d
a
ta
 ty

pe
 'T

h
ing'

–
can d

eclare variab
les and

 arrays of th
is type, create pointers to th

em
, pass 

th
em

 to functions, return th
em

, etc.

•
ob

je
ct:  a

n insta
nce

 of a
 cla

ss va
ria

b
le

•
m
e
th
od

: a
 function d

e
fine

d
 w

ith
in th

e
 cla

ss 

•
priva

te
 va

ria
b
le
s &

 functions not a
cce

ssib
le
 from

 outsid
e
 th

e
 cla

ss

•
it is not possib

le
 to d

e
te
rm

ine
 H

O
W
 th

e
 ope

ra
tions a

re
 

im
ple

m
e
nte

d
, only

 W
H
A
T
 th

e
y
 d
o.

C
++ synopsis

•
d
a
ta
 a
b
stra

ction w
ith

 cla
sse

s
–
a class d

efines a type th
at can b

e used
 to

d
eclare variab

le
s of th

at type, control access to representation

•
ope

ra
tor a

nd
 function na

m
e
 ove

rloa
d
ing

–
all C

 operators (includ
ing =, +=..., ( ), [ ], -

>
, argum

ent passing and
 function 

return b
ut not . and

 ?:) can b
e overload

e
d
 to apply to user-d

efined
 types

•
control of cre

a
tion a

nd
 d
e
struction of ob

je
cts 

–
initialization of class ob

jects, recovery of resources on d
estruction

•
inh

e
rita

nce
: d

e
rive

d
 cla

sse
s b

uilt on b
a
se
 cla

sse
s

–
virtual functions overrid

e b
ase functions

–
m
ultiple inh

eritance: inh
erit from

 m
ore th

an one class

•
e
x
ce

ption h
a
nd

ling

•
na

m
e
spa

ce
s for se

pa
ra
te
 lib

ra
rie

s

•
te
m
pla

te
s (ge

ne
ric ty

pe
s)

–
S
tand

ard
 T
em

plate L
ib
rary: generic algorith

m
s on generic containers

–
tem

plate m
etaprogram

m
ing: ex

ecution of C
++ cod

e d
uring com

pila
tion

•
com

pa
tib

le
 (a

lm
ost) w

ith
 C
 e
x
ce

pt for ne
w
 ke

y
w
ord

s



T
opics

•
b
a
sics

•
m
e
m
ory

 m
a
na

ge
m
e
nt, ne

w
/d

e
le
te

•
ope

ra
tor ove

rloa
d
ing

•
re
fe
re
nce

s
–
controlled

 b
eh

ind
-th

e-scenes pointers

•
constructors, d

e
structors, a

ssignm
e
nt

–
control of creation, copying and

 d
eletion of ob

jects

•
inh

e
rita

nce
–
class h

ierarch
ies

–
d
ynam

ic types (polym
orph

ism
)

•
te
m
pla

te
s

–
com

pile-tim
e param

eterized
 types

•
S
ta
nd

a
rd
 T

e
m
pla

te
 L
ib
ra
ry

–
container classes, generic algorith

m
s, iterators, function ob

jects

•
pe

rform
a
nce

S
tack class in C

++

/
/
 
s
t
k
1
.
c
:
 
 
 
s
i
m
p
l
e
-
m
i
n
d
e
d
 
s
t
a
c
k
 
c
l
a
s
s

c
l
a
s
s
 
s
t
a
c
k
 
{

p
r
i
v
a
t
e
:

/
/
 
d
e
f
a
u
l
t
 
v
i
s
i
b
i
l
i
t
y

i
n
t

s
t
k
[
1
0
0
]
;

i
n
t

*
s
p
;

p
u
b
l
i
c
:

i
n
t

p
u
s
h
(
i
n
t
)
;

i
n
t

p
o
p
(
)
;

s
t
a
c
k
(
)
;
 
 
 
 
 
/
/
 
c
o
n
s
t
r
u
c
t
o
r
 
d
e
c
l

}
;

i
n
t

s
t
a
c
k
:
:
p
u
s
h
(
i
n
t

n
)
 
{

r
e
t
u
r
n
 
*
s
p
+
+
 
=
 
n
;

}i
n
t

s
t
a
c
k
:
:
p
o
p
(
)
 
{

r
e
t
u
r
n
 
*
-
-
s
p
;

}s
t
a
c
k
:
:
s
t
a
c
k
(
)
 
{
 
/
/
 
c
o
n
s
t
r
u
c
t
o
r
 
i
m
p
l
e
m
e
n
t
a
t
i
o
n

s
p
 
=
 
s
t
k
;

}
 

s
t
a
c
k
 
s
1
,
 
s
2
;
 
 
 
/
/
 
c
a
l
l
s
 
c
o
n
s
t
r
u
c
t
o
r
s

s
1
.
p
u
s
h
(
1
)
;
 
 
 
 
 
/
/
 
m
e
t
h
o
d
 
c
a
l
l
s

s
2
.
p
u
s
h
(
s
1
.
p
o
p
(
)
)
;



Inline d
e
finitions

•
m
e
m
b
e
r function b

od
y
 ca

n b
e
 w

ritte
n insid

e
 th

e
 cla

ss 
d
e
finition

•
th
is norm

a
lly

 ca
use

s it to b
e
 im

ple
m
e
nte

d
 inline

–
no function call overh

e
ad

/
/
 
s
t
k
2
.
c
:
 
 
 
i
n
l
i
n
e
 
m
e
m
b
e
r
 
f
u
n
c
t
i
o
n
s

c
l
a
s
s
 
s
t
a
c
k
 
{

i
n
t
s
t
k
[
1
0
0
]
;

i
n
t
*
s
p
;

p
u
b
l
i
c
:

i
n
t
p
u
s
h
(
i
n
t
n
)
 
 
{
 
r
e
t
u
r
n
 
*
s
p
+
+
 
=
 
n
;
 
}

i
n
t
p
o
p
(
)
 
 
 
 
 
 
 
 
{
 
r
e
t
u
r
n
 
*
-
-
s
p
;
 
}

s
t
a
c
k
(
)
 
 
 
 
 
 
 
 
 
 
{
 
s
p
 
=
 
s
t
k
;
 
}

}
;

M
em

ory allocation: new
and

 d
elete

•
n
e
w
is a

 ty
pe

-
sa
fe
 a
lte

rna
tive

 to m
a
lloc

–
d
e
l
e
t
e
is th

e m
atch

ing alternative to free

•
n
e
w
 
T
a
lloca

te
s a

n ob
je
ct of ty

pe
 T

, re
turns pointe

r to it
s
t
a
c
k
 
*
s
p
 
=
 
n
e
w
 
s
t
a
c
k
;

•
n
e
w
 
T
[
n
]
a
lloca

te
s a

rra
y
 of T

's, re
turns pointe

r to first
i
n
t
*
s
t
k
=
 
n
e
w
 
i
n
t
[
1
0
0
]
;

–
b
y d

efault, th
row

s ex
ception if no m

em
ory

•
d
e
l
e
t
e
 
p
fre

e
s th

e
 single

 ite
m
 pointe

d
 to b

y
 p

d
e
l
e
t
e
 
s
p
;

•
d
e
l
e
t
e
 
[
]
 
p
fre

e
s th

e
 a
rra

y
 b
e
ginning a

t p
d
e
l
e
t
e
 
[
]
 
s
t
k
;

•
n
e
w
use

s T
's constructor for ob

je
cts of ty

pe
 T

–
need

 a d
efault constructor for array allocation

•
d
e
l
e
t
e
use

s T
's d

e
structor ~

T
(
)

•
use

 n
e
w
/
d
e
l
e
t
e
inste

a
d
 of m

a
l
l
o
c
/
f
r
e
e

–
m
alloc/free provid

e raw
 m

em
ory b

ut no sem
antics

–
th
is is inad

equate for ob
jects w

ith
 state

–
ne

ve
r
m
ix
 new

/d
elete and

 m
alloc/free



D
ynam

ic stack w
ith

 new
, d

elete

/
/
 
s
t
k
3
.
c
:
 
n
e
w
,
 
d
e
s
t
r
u
c
t
o
r
s
,
 
d
e
l
e
t
e

c
l
a
s
s
 
s
t
a
c
k
 
{

p
r
i
v
a
t
e
:
i
n
t
*
s
t
k
;
 
 
 
 
 
/
/
 
a
l
l
o
c
a
t
e
d
 
d
y
n
a
m
i
c
a
l
l
y

i
n
t
*
s
p
;
 
 
 
 
 
 
/
/
 
n
e
x
t
 
f
r
e
e
 
p
l
a
c
e

p
u
b
l
i
c
:i
n
t
p
u
s
h
(
i
n
t
)
;

i
n
t
p
o
p
(
)
;

s
t
a
c
k
(
)
;

/
/
 
c
o
n
s
t
r
u
c
t
o
r

s
t
a
c
k
(
i
n
t
n
)
;
 
/
/
 
c
o
n
s
t
r
u
c
t
o
r

~
s
t
a
c
k
(
)
;
 
 
 
 
 
/
/
 
d
e
s
t
r
u
c
t
o
r

}
;

s
t
a
c
k
:
:
s
t
a
c
k
(
)
 
{

s
t
k
=
 
n
e
w
 
i
n
t
[
1
0
0
]
;
 
 
s
p
 
=
 
s
t
k
;

}s
t
a
c
k
:
:
s
t
a
c
k
(
i
n
t
n
)
 
{

s
t
k
=
 
n
e
w
 
i
n
t
[
n
]
;
 
 
s
p
 
=
 
s
t
k
;

}s
t
a
c
k
:
:
~
s
t
a
c
k
(
)
 
{
 

d
e
l
e
t
e
 
[
 
]
 
s
t
k
;
 

}

C
onstructors and

 d
estructors

•
constructor: 

cre
a
ting a

 ne
w
 ob

je
ct (includ

ing initia
liza

tion)

–
im
plicitly, b

y entering th
e scope w

h
ere it is d

eclared

–
ex

plicitly, b
y calling  n

e
w

•
d
e
structor:

d
e
stroy

ing a
n e

x
isting ob

je
ct (includ

ing cle
a
nup)

–
im
plicitly, b

y leaving th
e scope w

h
ere it is d

eclared

–
ex

plicitly, b
y calling d

e
l
e
t
e
on an ob

ject created
 b
y n

e
w

•
construction includ

e
s initia

liza
tion, so it m

a
y
 b
e
 pa

ra
m
e
te
rize

d
–
b
y m

ultiple constructor functions w
ith

 d
ifferent args

–
an ex

am
ple of function overload

ing

•
n
e
w
ca

n b
e
 use

d
 to cre

a
te
 a
n a

rra
y
 of ob

je
cts

–
in w

h
ich

 case d
e
l
e
t
e
can d

elete th
e entire array



Im
plicit and

 ex
plicit allocation and

 d
eallocation

•
im
plicit:

f
(
)
 
{i
n
t
i
;

s
t
a
c
k
 
s
;
 
 
 
 
 
 
/
/
 
c
a
l
l
s
 
c
o
n
s
t
r
u
c
t
o
r
 
s
t
a
c
k
:
:
s
t
a
c
k
(
)

.
.
.

/
/
 
c
a
l
l
s
 
s
.
~
s
t
a
c
k
(
)
 
i
m
p
l
i
c
i
t
l
y

}

•
e
x
plicit:

f
(
)
 
{i
n
t
*
i
p
=
 
n
e
w
 
i
n
t
;

s
t
a
c
k
 
*
s
p
 
=
 
n
e
w
 
s
t
a
c
k
;
 
 
 
 
/
/
 
c
a
l
l
s
 
s
t
a
c
k
:
:
s
t
a
c
k
(
)

.
.
.

d
e
l
e
t
e
 
s
p
;
 
/
/
 
c
a
l
l
s
 
s
p
-
>
~
s
t
a
c
k
(
)

d
e
l
e
t
e
 
i
p
;

.
.
.

}

C
onstructors; ove

rload
e
d
 functions 

•
tw

o or m
ore

 functions ca
n h

a
ve
 th

e
 sa

m
e
 na

m
e
 if th

e
 num

b
e
r 

a
nd

/or ty
pe

s of a
rgum

e
nts a

re
 d
iffe

re
nt

a
b
s
(
i
n
t
)
;
 
 
 
a
b
s
(
d
o
u
b
l
e
)
;
 
 
 
a
b
s
(
c
o
m
p
l
e
x
)

a
t
a
n
(
d
o
u
b
l
e
x
)
;
 
 
 
 
a
t
a
n
(
d
o
u
b
l
e
y
,
 
d
o
u
b
l
e
 
x
)
;

i
n
t
a
b
s
(
i
n
t
x
)
 
{
 
r
e
t
u
r
n
 
x
 
>
=
 
0
 
?
 
x
 
:
 
-
x
;
 
}

d
o
u
b
l
e
 
a
b
s
(
d
o
u
b
l
e
 
x
)
 
{
 
r
e
t
u
r
n
 
x
 
>
=
 
0
 
?
 
x
 
:
 
-
x
;
 
}

…

•
m
ultiple

 constructors for a
 cla

ss a
re
 a
 com

m
on insta

nce

s
t
a
c
k
:
:
s
t
a
c
k
(
 
)
;

s
t
a
c
k
:
:
s
t
a
c
k
(
i
n
t
s
t
a
c
k
s
i
z
e
)
;

s
t
a
c
k
 
s
;

/
/
 
d
e
f
a
u
l
t
 
s
t
a
c
k
:
:
s
t
a
c
k
(
)

s
t
a
c
k
 
s
1
(
)
;

/
/
 
s
a
m
e

s
t
a
c
k
 
s
2
(
1
0
0
)
;

/
/
 
s
t
a
c
k
:
:
s
t
a
c
k
(
1
0
0
)

s
t
a
c
k
 
s
3
 
=
 
1
0
0
;

/
/
 
a
l
s
o
 
s
t
a
c
k
:
:
s
t
a
c
k
(
1
0
0
)



O
ve
rload

ed
 functions; d

efault args

•
d
e
fa
ult a

rgum
e
nts: sy

nta
ctic suga

r for a
 single

 function

s
t
a
c
k
:
:
s
t
a
c
k
(
i
n
t
n
 
=
 
1
0
0
)
;

•
d
e
cla

ra
tion ca

n b
e
 re

pe
a
te
d
 if th

e
 sa

m
e

•
e
x
plicit size

 in ca
ll

s
t
a
c
k
 
s
(
5
0
0
)
;

•
om

itte
d
 size

 use
s d

e
fa
ult va

lue

s
t
a
c
k
 
s
;

•
ove

rloa
d
e
d
 functions: d

iffe
re
nt functions, d

istinguish
e
d
 b
y
 

a
rgum

e
nt ty

pe
s

•
th
e
se
 a
re
 tw

o d
iffe

re
nt functions:

s
t
a
c
k
:
:
s
t
a
c
k
(
i
n
t
n
)
;

s
t
a
c
k
:
:
s
t
a
c
k
(
)
;

O
perator overload

ing

•
a
lm
ost a

ll C
 ope

ra
tors ca

n b
e
 ove

rloa
d
e
d

–
a new

 m
eaning can b

e d
efined

 w
h
en one operand

 of an operator is a user-
d
efined

 (class) type

–
d
efine ope

ra
tor +

for ob
ject of type T

T
 
T
:
:
o
p
e
r
a
t
o
r
+
(
i
n
t

n
)
 
{
.
.
.
}

T
 
T
:
:
o
p
e
r
a
t
o
r
+
(
d
o
u
b
l
e

d
)
 
{
.
.
.
}

–
d
efine regular +

for ob
ject(s) of type T

T
 
o
p
e
r
a
t
o
r
 
+
(
T
 
f
,
 
i
n
t

n
)
 
{
.
.
.
}

–
can't red

efine operators for b
uilt-in types

i
n
t

o
p
e
r
a
t
o
r
 
+
(
i
n
t
,
 
i
n
t
)
 
is ILL

E
G
A
L

–
can't d

efine new
 operators

–
can't ch

ange preced
ence and

 associativity
e.g., ^

 is low
 preced

ence even if used
 for ex

ponentiation

•
3
 sh

ort e
x
a
m
ple

s
–
com

plex
 num

b
ers:  overload

ing arith
m
etic operators

–
IO

 stream
s:  overload

ing << and
 >> for input and

 output

–
sub

scripting:  overload
ing [ ]

•
la
te
r:  ove

rloa
d
ing a

ssignm
e
nt a

nd
 function ca

lls



C
om

plex
 num

b
ers

•
a
 com

ple
x
 num

b
e
r is a

 pa
ir of d

oub
le
s: (re

a
l pa

rt, im
a
gina

ry
 pa

rt)

•
supports a

rith
m
e
tic ope

ra
tions like

 +
, -

•
a
n a

rith
m
e
tic ty

pe
 for w

h
ich

 ope
ra
tor ove

rloa
d
ing m

a
ke

s se
nse

–
c
o
m
p
l
e
x
ad

d
ed

 as ex
plicit type in 19

9
9
 C
 stand

ard

–
in C

++, can create it as need
ed

use ex
tension m

ech
anism

 instead
 of ex

tend
ing language

•
a
lso illustra

te
s...

•
f
r
i
e
n
d
d
e
cla

ra
tion

–
m
ech

anism
 for controlled

 ex
posure of representation

–
classes can sh

are representation

•
d
e
fa
ult constructors

–
use of d

efault argum
ents to sim

plify d
eclarations

•
im
plicit coe

rcions
–
generalization of C

 prom
otion rules, b

ased
 on constructors

A
n im

ple
m
entation of com

plex
 class

c
l
a
s
s
 
c
o
m
p
l
e
x
 
{

d
o
u
b
l
e
 
r
e
,
 
i
m
;

p
u
b
l
i
c
:

c
o
m
p
l
e
x
(
d
o
u
b
l
e
r
 
=
 
0
,
 
d
o
u
b
l
e
 
i
 
=
 
0
)
 
 
 
 

{
 
r
e
 
=
 
r
;
 
i
m
=
 
i
;
 
}
 
 
/
/
 
c
o
n
s
t
r
u
c
t
o
r

f
r
i
e
n
d
 
c
o
m
p
l
e
x
 
o
p
e
r
a
t
o
r
 
+
(
c
o
m
p
l
e
x
,
c
o
m
p
l
e
x
)
;

f
r
i
e
n
d
 
c
o
m
p
l
e
x
 
o
p
e
r
a
t
o
r
 
*
(
c
o
m
p
l
e
x
,
c
o
m
p
l
e
x
)
;

}
;

c
o
m
p
l
e
x
 
o
p
e
r
a
t
o
r
 
+
(
c
o
m
p
l
e
x
 
c
1
,
 
c
o
m
p
l
e
x
 
c
2
)
 
{

r
e
t
u
r
n
 
c
o
m
p
l
e
x
(
c
1
.
r
e
+
c
2
.
r
e
,
 
c
1
.
i
m
+
c
2
.
i
m
)
;

}•
com

ple
x
 d
e
cla

ra
tions a

nd
 e
x
pre

ssions

c
o
m
p
l
e
x
 
a
(
1
.
1
,
 
2
.
2
)
,
 
b
(
3
.
3
)
,
 
c
(
4
)
,
 
d
;

d
 
=
 
2
 
*
 
a
;

2
 coerced

 to 2
.0
 (C

 prom
otion rule)

th
en constructor invoked

 to m
ake com

plex
(2
.0
, 0

.0
)

•
ope

ra
tor ove

rloa
d
ing w

orks w
e
ll for a

rith
m
e
tic ty

pe
s



N
otes on operator overload

ing

•
a
pplie

s to a
ll ope

ra
tors e

x
ce

pt . a
nd

 ?
:

–
operator ( )

left-sid
e function calls

–
operator ,

sim
ulates lists

–
operator ->

sm
art pointers

•
w
orks w

e
ll for a

lge
b
ra
ic a

nd
 a
rith

m
e
tic d

om
a
ins

–
com

plex
, b

ignum
s, vectors &

 m
atrices, ...

•
B
U
T
 D

O
N
'T

 G
E
T
 C
A
R
R
IE

D
 A

W
A
Y
:

•
y
ou ca

n't ch
a
nge

 pre
ce

d
e
nce

 or a
ssocia

tivity
of e

x
isting ope

ra
tors

–
e.g., if use ^

 for ex
ponentiation, preced

ence is still low

•
y
ou ca

n't d
e
fine

 ne
w
 ope

ra
tors

•
m
e
a
nings sh

ould
 m

a
ke

 se
nse

 in te
rm

s of e
x
isting ope

ra
tors

–
e.g., d

on't overload
 -
to m

ean + and
 vice versa

R
e
ferences: controlled

 pointers

•
ne

e
d
 a
 w

a
y
 to a

cce
ss ob

je
ct, not a

 copy
 of it

•
in C

, use
 pointe

rs

v
o
i
d
 
s
w
a
p
(
i
n
t
*
x
,
 
i
n
t
*
y
)
 
{

i
n
t
t
e
m
p
;

t
e
m
p
 
=
 
*
x
;
 
*
x
 
=
 
*
y
;
 
*
y
 
=
 
t
e
m
p
;

}s
w
a
p
(
&
a
,
 
&
b
)
;

•
in C

+
+
, re

fe
re
nce

s a
tta

ch
 a
 na

m
e
 to a

n ob
je
ct

•
a
 w

a
y
 to ge

t "ca
ll b

y
 re

fe
re
nce

" (va
r ) pa

ra
m
e
te
rs w

ith
out using 

e
x
plicit pointe

rs

v
o
i
d
 
s
w
a
p
(
i
n
t
&
x
,
 
i
n
t
&
y
)
 
{

i
n
t
t
e
m
p
;

t
e
m
p
 
=
 
x
;
 
x
 
=
 
y
;
 
y
 
=
 
t
e
m
p
;

}s
w
a
p
(
a
,
 
b
)
;
 
 
 
/
/
 
p
o
i
n
t
e
r
s
 
a
r
e
 
i
m
p
l
i
c
i
t

•
b
e
ca
use

 it's re
a
lly

 a
 pointe

r, a
 re

fe
re
nce

 provid
e
s a

 w
a
y
 to 

a
cce

ss a
n ob

je
ct w

ith
out copy

ing it



A
 vector class: overload

ing [ ]

c
l
a
s
s
 
i
v
e
c
{
 
 
/
/
 
v
e
c
t
o
r
 
o
f
 
i
n
t
s

i
n
t
*
v
;
 
 
 
 
 
 
 
 
 
/
/
 
p
o
i
n
t
e
r
 
t
o
 
a
n
 
a
r
r
a
y

i
n
t
s
i
z
e
;
 
 
 
 
 
 
 
/
/
 
n
u
m
b
e
r
 
o
f
 
e
l
e
m
e
n
t
s

p
u
b
l
i
c
:

i
v
e
c
(
i
n
t
n
)
 
{
 
v
 
=
 
n
e
w
 
i
n
t
[
s
i
z
e
=
 
n
]
;
 
}

i
n
t
&
 
o
p
e
r
a
t
o
r
 
[
]
(
i
n
t
n
)
 
{
 
 
/
/
 
c
h
e
c
k
e
d

a
s
s
e
r
t
(
n
>
=
 
0
 
&
&
 
n
 
<
 
s
i
z
e
)
;

r
e
t
u
r
n
 
v
[
n
]
;
 

}

}
;

i
v
e
c
i
v
(
1
0
)
;
 
 
 
/
/
 
d
e
c
l
a
r
a
t
i
o
n

i
v
[
1
0
]
 
=
 
1
;
 
 
 
 
/
/
 
c
h
e
c
k
e
d
 
a
c
c
e
s
s
 
o
n
 
l
e
f
t
 
s
i
d
e
 
o
f
 
=

•
ope

ra
tor[ ] re

turns a
 re

fe
re
nce

•
a
 re

fe
re
nce

 give
s a

cce
ss to th

e
 ob

je
ct so it ca

n b
e
 ch

a
nge

d

•
ne

ce
ssa

ry
 so w

e
 ca

n use
 [ ] on le

ft sid
e
 of a

ssignm
e
nt

Iostream
s: overload

ing >> and
 <<

•
I/O

 of use
r-

d
e
fine

d
 ty

pe
s w

ith
out 

function-
ca
ll sy

nta
x

•
C
 printf

a
nd

 sca
nf

ca
n b

e
 use

d
 in C

+
+

–
no type ch

ecking

–
no m

ech
anism

 for I/O
 of user-d

e
fined

 types

•
J
a
va
 S

y
ste

m
.out.printf(a

rglist)
–
d
oes som

e type ch
ecking

–
b
asically just calls toS

tring
m
eth

od
 for each

 item

•
Iostre

a
m

lib
ra
ry

–
overload

s << for output, >> for input

–
perm

its I/O
 of sequence of ex

pressions

–
natural integration of I/O

 for user-d
efined

 types
sam

e syntax
 and

 sem
antics as for b

uilt-in types

–
type safety for b

uilt-in and
 user-d

efined
 types



O
utput w

ith
 iostream

s

•
ove

rloa
d
 ope

ra
tor <

<
 for output

–
very low

 preced
ence

–
left-associative, so 
c
o
u
t
<
<
 
e
1
 
<
<
 
e
2
 
<
<
 
e
3

–
is parsed

 as

(
(
(
c
o
u
t
<
<
 
e
1
)
 
<
<
 
e
2
)
 
<
<
 
e
3
)

#
i
n
c
l
u
d
e
 
<
i
o
s
t
r
e
a
m
>

o
s
t
r
e
a
m
&
 
o
p
e
r
a
t
o
r
<
<
(
o
s
t
r
e
a
m
&
 
o
s
,
 
c
o
n
s
t
 
c
o
m
p
l
e
x
&
 
c
)
 
{

o
s
<
<
 
"
(
"
 
<
<
 
c
.
r
e
a
l
(
)
 
<
<
 
"
,
 
"
 
<
<
 
c
.
i
m
a
g
(
)
 
<
<
 
"
)
"
;

r
e
t
u
r
n
 
o
s
;

}

•
ta
ke

s a
 re

fe
re
nce

 to iostre
a
m

a
nd

 d
a
ta
 ite

m

•
re
turns th

e
 re

fe
re
nce

 so ca
n use

 sa
m
e
 iostre

a
m

for ne
x
t e

x
pre

ssion

•
e
a
ch

 ite
m
 is conve

rte
d
 into th

e
 prope

r ty
pe

 

•
iostre

a
m
s

cin, cout, ce
rr

a
lre

a
d
y
 ope

n
–
correspond

ing to std
in, std

out, std
err

Input w
ith

 iostre
am

s

•
ove

rloa
d
 ope

ra
tor >

>
 for input

–
very low

 preced
ence

–
left-associative, so 
c
i
n
>
>
 
e
1
 
>
>
e
2
 
>
>
e
3

–
is parsed

 as

(
(
(
c
i
n
>
>
e
1
)
 
>
>
e
2
)
 
>
>
e
3
)

c
h
a
r
 
n
a
m
e
[
1
0
0
]
;

d
o
u
b
l
e
 
v
a
l
;

w
h
i
l
e
 
(
c
i
n
>
>
 
n
a
m
e
 
>
>
 
v
a
l
)
 
{

c
o
u
t
<
<
 
n
a
m
e
 
<
<
 
"
 
=
 
"
 

<
<
 
v
a
l
<
<
 
"
\
n
"
;

}

•
ta
ke

s a
 re

fe
re
nce

 to iostre
a
m

a
nd

 re
fe
re
nce

 to d
a
ta
 ite

m

•
re
turns th

e
 re

fe
re
nce

 so ca
n use

 sa
m
e
 iostre

a
m

for ne
x
t e

x
pre

ssion

•
e
a
ch

 ite
m
 is conve

rte
d
 into th

e
 prope

r ty
pe

c
i
n
>
>
 
n
a
m
e

calls  i
s
t
r
e
a
m
&
 
o
p
e
r
a
t
o
r
 
>
>
(
i
s
t
r
e
a
m
&
,
 
c
h
a
r
*
)



F
orm

atter in C
++

#
i
n
c
l
u
d
e
 
<
i
o
s
t
r
e
a
m
>

#
i
n
c
l
u
d
e
 
<
s
t
r
i
n
g
>

u
s
i
n
g
 
n
a
m
e
s
p
a
c
e
 
s
t
d
;

c
o
n
s
t
 
i
n
t

m
a
x
l
e
n

=
 
6
0
;

s
t
r
i
n
g
 
l
i
n
e
;

v
o
i
d
 
a
d
d
w
o
r
d
(
c
o
n
s
t

s
t
r
i
n
g
&
)
;

v
o
i
d
 
p
r
i
n
t
l
i
n
e
(
)
;

m
a
i
n
(
i
n
t

a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)
 
{

s
t
r
i
n
g
 
w
o
r
d
;

w
h
i
l
e
 
(
c
i
n

>
>
 
w
o
r
d
)

a
d
d
w
o
r
d
(
w
o
r
d
)
;

p
r
i
n
t
l
i
n
e
(
)
;

}v
o
i
d
 
a
d
d
w
o
r
d
(
c
o
n
s
t

s
t
r
i
n
g
&
 
w
)
 
{

i
f
 
(
l
i
n
e
.
l
e
n
g
t
h
(
)
 
+
 
w
.
l
e
n
g
t
h
(
)
 
>
 
m
a
x
l
e
n
)

p
r
i
n
t
l
i
n
e
(
)
;

i
f
 
(
l
i
n
e
.
l
e
n
g
t
h
(
)
 
>
 
0
)

l
i
n
e
 
+
=
 
"
 
"
;

l
i
n
e
 
+
=
 
w
;

}v
o
i
d
 
p
r
i
n
t
l
i
n
e
(
)
 
{

i
f
 
(
l
i
n
e
.
l
e
n
g
t
h
(
)
 
>
 
0
)
 
{

c
o
u
t

<
<
 
l
i
n
e
 
<
<
 
e
n
d
l
;

l
i
n
e
 
=
 
"
"
;

}
}


