
Life cycle of an ob
ject

•
construction: cre

a
ting a

 ne
w
 ob

je
ct

–
im

plicitly, b
y entering th

e scope w
h
ere it is d

eclared

–
ex

plicitly, b
y calling  n

e
w

–
construction includ

es initialization

•
copy

ing: using e
x
isting ob

je
ct to m

a
ke

 a
 ne

w
 one

–
"copy constructor" m

akes a new
 ob

ject from
 ex

isting one of th
e sam

e kind

–
im

plicitly invoked
 in (som

e) d
eclarations, function argum

ents, function 
return

•
a
ssignm

e
nt: ch

a
nging a

n e
x
isting ob

je
ct

–
occurs ex

plicitly w
ith

 =

–
m

eaning
of ex

plicit and
 im

plicit copying m
ust b

e part of th
e representation

d
efault is m

em
b
er-w

ise assignm
ent and

 initialization

•
d
e
struction: d

e
stroy

ing a
n e

x
isting ob

je
ct

–
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

–
includ

es cleanup and
 resource recovery

S
trings: constructors &

 assignm
ent

•
a
noth

e
r ty

pe
 th

a
t C

 a
nd

 C
+
+
 d

on't provid
e

•
im

ple
m
e
nta

tion of a
 S

tring cla
ss com

b
ine

s 
–

constructors, d
estructors, copy constructor

–
assignm

ent, operator =

–
constant references

–
h
and

les, reference counts, garb
age collection

•
S
trings sh

ould
 b

e
h
a
ve

 like
 strings in A

w
k, Pe

rl, J
a
va

–
can assign to a string, copy a string, etc.

–
can pass th

em
 to functions, return as results, …

•
stora

ge
 m

a
na

ge
d
 a

utom
a
tica

lly
–

no ex
plicit allocation or d

eletion

–
grow

 and
 sh

rink autom
atically

–
efficient

•
ca

n cre
a
te

 S
tring from

 "..." C
 ch

a
r* string

•
ca

n pa
ss S

tring to functions e
x
pe

cting ch
a
r*



"C
opy constructor"

•
w
h
e
n a

 cla
ss ob

je
ct is pa

sse
d
 to a

 function, re
turne

d
 from

 a
 

function, or use
d
 a

s a
n initia

lize
r

in a
 d

e
cla

ra
tion, a

 copy
 is 

m
a
d
e
:

S
t
r
i
n
g
 
s
u
b
s
t
r
(
S
t
r
i
n
g
s
,
 
i
n
t
s
t
a
r
t
,
 
i
n
t
l
e
n
)

•
a
 "copy

 constructor" cre
a
te

s a
n ob

je
ct of cla

ss X
 from

 a
n 

e
x
isting ob

je
ct of cla

ss X

•
ob

vious w
a
y
 to w

rite
 it ca

use
s a

n infinite
 loop:

c
l
a
s
s
 
S
t
r
i
n
g
 
{

S
t
r
i
n
g
(
S
t
r
i
n
g
s
)
 
{
.
.
.
}
 
/
/
 
d
o
e
s
n
'
t
 
w
o
r
k

}
;

•
copy

 constructor pa
ra

m
e
te

r m
ust b

e
 a

 re
fe

re
nce

 so ob
je

ct ca
n 

b
e
 a

cce
sse

d
 w

ith
out copy

ing 
c
l
a
s
s
 
S
t
r
i
n
g
 
{

S
t
r
i
n
g
(
c
o
n
s
t
S
t
r
i
n
g
&
 
s
)
 
{
.
.
.
}

/
/
 
.
.
.

}
;

•
copy

 constructor is ne
ce

ssa
ry

 for d
e
cla

ra
tions, function 

a
rgum

e
nts, function re

turn va
lue

s

S
tring class

c
l
a
s
s
 
S
t
r
i
n
g
 
{

p
r
i
v
a
t
e
:

c
h
a
r
 
 
 
 
*
s
p
;

p
u
b
l
i
c
:

S
t
r
i
n
g
(
)
 
{
 
s
p
=
s
t
r
d
u
p
(
"
"
)
;
 
}
 
 
/
/
 
S
t
r
i
n
g
 
s
;

S
t
r
i
n
g
(
c
o
n
s
t
 
c
h
a
r
 
*
t
)
 
{
 
s
p
=
s
t
r
d
u
p
(
t
)
;
 
}
 
/
/
 
S
t
r
i
n
g
 
s
(
"
a
b
c
"
)
;

S
t
r
i
n
g
(
c
o
n
s
t
 
S
t
r
i
n
g
 
&
t
)
 
{
 
s
p
=
s
t
r
d
u
p
(
t
.
s
p
)
;
 
}
 
/
/
 
S
t
r
i
n
g
 
s
(
t
)
;

~
S
t
r
i
n
g
(
)
 
{
 
d
e
l
e
t
e
 
[
]
 
s
p
;
 
}

S
t
r
i
n
g
&
 
o
p
e
r
a
t
o
r
 
=
(
c
o
n
s
t
 
c
h
a
r
 
*
)
;
/
/
 
s
=
"
a
b
c
"

S
t
r
i
n
g
&
 
o
p
e
r
a
t
o
r
 
=
(
c
o
n
s
t
 
S
t
r
i
n
g
 
&
)
;
/
/
 
s
1
=
s
2

c
o
n
s
t
 
c
h
a
r
 
*
s
(
)
 
{
 
r
e
t
u
r
n
 
s
p
;
 
}
 
/
/
 
a
s
 
c
h
a
r
*

}
;

•
a
ssignm

e
nt is not th

e
 sa

m
e
 a

s initia
liza

tion
–

ch
anges th

e state of an ex
isting ob

ject

•
th

e
 m

e
a
ning of a

ssignm
e
nt d

e
fine

d
 b

y
 a

 m
e
m
b
e
r function na

m
e
d
 

ope
ra

tor=
x
 
=
 
y

m
eans  x

.
o
p
e
r
a
t
o
r
=
(
y
)



A
ssignm

e
nt operators

S
t
r
i
n
g
&
 
S
t
r
i
n
g
:
:
o
p
e
r
a
t
o
r
 
=
(
c
o
n
s
t
 
c
h
a
r
 
*
t
)
 
{
 
/
/
 
s
 
=
 
"
a
b
c
"

d
e
l
e
t
e
 
[
]
 
s
p
;

s
p
 
=
 
s
t
r
d
u
p
(
t
)
;

r
e
t
u
r
n
 
*
t
h
i
s
;

}S
t
r
i
n
g
&
 
S
t
r
i
n
g
:
:
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 
S
t
r
i
n
g
&
 
t
)
 
{
 
/
/
 
s
1
 
=
 
s
2

i
f
 
(
t
h
i
s
 
!
=
 
&
t
)
 
{
 
 
/
/
 
a
v
o
i
d
 
s
1
 
=
 
s
1

d
e
l
e
t
e
 
[
]
 
s
p
;

s
p
 
=
 
s
t
r
d
u
p
(
t
.
s
p
)
;

}r
e
t
u
r
n
 
*
t
h
i
s
;

}•
in a

 m
e
m
b
e
r function, t

h
i
s
 
points to curre

nt ob
je

ct, so *
t
h
i
s

is a
 re

fe
re

nce
 to th

e
 ob

je
ct

•
a
ssignm

e
nt ope

ra
tors a

lm
ost a

lw
a
y
s e

nd
 w

ith
 

r
e
t
u
r
n
 
*
t
h
i
s

w
h
ich

 re
turns a

 re
fe

re
nce

 to th
e
 L

H
S

–
perm

its m
ultiple assignm

ent  s
1
 
=
 
s
2
 
=
 
s
3

S
tring class com

plete
c
l
a
s
s
 
S
t
r
i
n
g
 
{

p
r
i
v
a
t
e
:

c
h
a
r
 
 
 
 
*
s
p
;

p
u
b
l
i
c
:

S
t
r
i
n
g
(
)
 
 
{
 
s
p
=
s
t
r
d
u
p
(
"
"
)
;
 
}
 
 
/
/
 
S
t
r
i
n
g
 
s
;

S
t
r
i
n
g
(
c
o
n
s
t

c
h
a
r
 
*
t
)
 
{
 
s
p
=
s
t
r
d
u
p
(
t
)
;
 
}
 
/
/
 
S
t
r
i
n
g
 
s
(
"
a
b
c
"
)
;

S
t
r
i
n
g
(
c
o
n
s
t

S
t
r
i
n
g
 
&
t
)
 
{
 
s
p
=
s
t
r
d
u
p
(
t
.
s
p
)
;
 
}
 
/
/
 
S
t
r
i
n
g
 
s
(
t
)
;

~
S
t
r
i
n
g
(
)
 
{
 
d
e
l
e
t
e
 
[
]
 
s
p
;
 
}

S
t
r
i
n
g
&
 
o
p
e
r
a
t
o
r
 
=
(
c
o
n
s
t
 
c
h
a
r
 
*
)
;
/
/
 
s
=
"
a
b
c
"

S
t
r
i
n
g
&
 
o
p
e
r
a
t
o
r
 
=
(
c
o
n
s
t
 
S
t
r
i
n
g
 
&
)
;
/
/
 
s
1
=
s
2

c
o
n
s
t
 
c
h
a
r
 
*
s
(
)
 
{
 
r
e
t
u
r
n
 
s
p
;
 
}
 
/
/
 
a
s
 
c
h
a
r
*

}
;

S
t
r
i
n
g
&
 
S
t
r
i
n
g
:
:
o
p
e
r
a
t
o
r

=
(
c
o
n
s
t
 
c
h
a
r
 
*
s
)
 
{

i
f
 
(
s
p
 
!
=
 
s
)
 
{

d
e
l
e
t
e
 
[
]
 
s
p
;

s
t
r
d
u
p
(
s
)
;

}r
e
t
u
r
n
 
*
t
h
i
s
;

}S
t
r
i
n
g
&
 
S
t
r
i
n
g
:
:
o
p
e
r
a
t
o
r

=
(
c
o
n
s
t
 
S
t
r
i
n
g
 
&
t
)
 
{

i
f
 
(
t
h
i
s
 
!
=
 
&
t
)
 
{

d
e
l
e
t
e
 
[
]
 
s
p
;

s
t
r
d
u
p
(
t
.
s
p
)
;

}r
e
t
u
r
n
 
*
t
h
i
s
;

}



continued

m
a
i
n
(
)

{

S
t
r
i
n
g
 
s
 
=
 
"
a
b
c
"
,
 
t
 
=
 
"
d
e
f
"
,
 
u
 
=
 
s
,
 
w
;

p
r
i
n
t
f
(
"
%
s
%
s
 
%
s
[
%
s
]
\
n
"
,
 

s
.
s
(
)
,
 
t
.
s
(
)
,
 
u
.
s
(
)
,
 
w
.
s
(
)
)
;

s
 
=
 
"
1
2
3
4
"
;

s
 
=
 
s
;

p
r
i
n
t
f
(
"
s
=
%
s
\
n
"
,
 
s
.
s
(
)
)
;

s
 
=
 
s
.
s
(
)
;

p
r
i
n
t
f
(
"
s
2
=
%
s
\
n
"
,
 
s
.
s
(
)
)
;

p
r
i
n
t
f
(
"
u
=
%
s
\
n
"
,
 
u
.
s
(
)
)
;

s
 
=
 
t
 
=
 
u
 
=
 
"
a
s
d
f
"
;

p
r
i
n
t
f
(
"
%
s
%
s
 
%
s
\
n
"
,
 
s
.
s
(
)
,
 
t
.
s
(
)
,
 
u
.
s
(
)
)
;

}

H
and

le
s and

 refe
rence counts

•
h
ow

 to a
void

 unne
ce

ssa
ry

 copy
ing for cla

sse
s like

 strings, a
rra

y
s, 

oth
e
r conta

ine
rs

•
copy

 constructor m
a
y
 a

lloca
te

 ne
w
 m

e
m
ory

 e
ve

n if unne
ce

ssa
ry

–
e.g., in f(const S

tring&
 s) string value w

ould
 b

e copied

even if it w
on't b

e ch
anged

 b
y f

•
a
 h

a
nd

le
 cla

ss m
a
na

ge
s a

 pointe
r to th

e
 re

a
l d

a
ta

•
im

ple
m
e
nta

tion cla
ss m

a
na

ge
s th

e
 re

a
l d

a
ta

–
string d

ata itself

–
counter of h

ow
 m

any S
trings refer to th

at d
ata

–
w
h
en S

tring is copied
, increm

ent th
e ref count

–
w
h
en S

tring is d
estroyed

, d
e
crem

ent th
e ref count

–
w
h
en last reference is gone, free all allocated

 m
em

ory

•
w
ith

 a
 h

a
nd

le
 cla

ss, copy
ing only

 incre
m
e
nts re

fe
re

nce
 count

–
"sh

allow
" copy instead

 of "d
eep" copy



R
e
ference/U

se counts

c
l
a
s
s
 
S
r
e
p

{
 
 
 
/
/
 
s
t
r
i
n
g
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n

c
h
a
r
 
*
s
p
;
 
 
 
/
/
 
d
a
t
a

i
n
t

n
;
 
 
 
 
/
/
 
r
e
f
 
c
o
u
n
t

S
r
e
p
(
c
o
n
s
t

c
h
a
r
 
*
)
;

f
r
i
e
n
d
 
c
l
a
s
s
 
S
t
r
i
n
g
;

}
;

S
r
e
p
:
:
S
r
e
p
(
c
o
n
s
t

c
h
a
r
 
*
s
)
 
{

i
f
 
(
s
 
=
=
 
N
U
L
L
)

s
 
=
 
"
"
;

s
p
 
=
 
s
t
r
d
u
p
(
s
)
;

n
 
=
 
1
;

}c
l
a
s
s
 
S
t
r
i
n
g
 
{

S
r
e
p

*
r
;

p
u
b
l
i
c
:

S
t
r
i
n
g
(
c
o
n
s
t

c
h
a
r
 
*
)
;

S
t
r
i
n
g
(
c
o
n
s
t

S
t
r
i
n
g
 
&
)
;

~
S
t
r
i
n
g
(
)
;

S
t
r
i
n
g
&
 
o
p
e
r
a
t
o
r
 
=
(
c
o
n
s
t
 
S
t
r
i
n
g
 
&
)
;
 
 
/
/
 
s
1
 
=
 
s
2
;

S
t
r
i
n
g
&
 
o
p
e
r
a
t
o
r
 
=
(
c
o
n
s
t
 
c
h
a
r
 
*
)
;
 
/
/
 
s
 
=
 
"
a
b
c
"
;

c
o
n
s
t
 
c
h
a
r
 
*
s
(
)
 
{
 
r
e
t
u
r
n
 
r
-
>
s
p
;
 
}

}
;

use counts, part 2
S
t
r
i
n
g
:
:
S
t
r
i
n
g
(
c
o
n
s
t
c
h
a
r
 
*
s
 
=
 
"
"
)
 
{
 
 
 

r
 
=
 
n
e
w
 
S
r
e
p
(
s
)
;
 
/
/
 
S
t
r
i
n
g
 
s
=
"
a
b
c
"
;
 
S
t
r
i
n
g
 
s
1
;

}S
t
r
i
n
g
:
:
S
t
r
i
n
g
(
c
o
n
s
t
S
t
r
i
n
g
 
&
t
)
 
{
 
/
/
 
S
t
r
i
n
g
 
s
=
t
;

t
.
r
-
>
n
+
+
;
 
 
 
/
/
 
r
e
f
 
c
o
u
n
t

r
 
=
 
t
.
r
;

}S
t
r
i
n
g
:
:
~
S
t
r
i
n
g
(
)
 
{

i
f
 
(
-
-
r
-
>
n
 
<
=
 
0
)
 
{

d
e
l
e
t
e
 
[
]
 
r
-
>
s
p
;

d
e
l
e
t
e
 
r
;

}

}S
t
r
i
n
g
&
 
S
t
r
i
n
g
:
:
o
p
e
r
a
t
o
r

=
(
c
o
n
s
t
 
c
h
a
r
 
*
s
)
 
{

i
f
 
(
r
-
>
n
 
>
 
1
)
 
{
 
 
 
 
 
 
/
/
 
d
i
s
c
o
n
n
e
c
t
 
s
e
l
f

r
-
>
n
-
-
;

r
 
=
 
n
e
w
 
S
r
e
p
(
s
)
;

}
 
e
l
s
e
 
{

d
e
l
e
t
e
 
[
]
 
r
-
>
s
p
;
 
 
 
/
/
 
f
r
e
e
 
o
l
d
 
S
t
r
i
n
g

r
-
>
s
p
 
=
 
s
t
r
d
u
p
(
s
)
;

}r
e
t
u
r
n
 
*
t
h
i
s
;

}S
t
r
i
n
g
&
 
S
t
r
i
n
g
:
:
o
p
e
r
a
t
o
r

=
(
c
o
n
s
t
 
S
t
r
i
n
g
 
&
t
)
 
{

t
.
r
-
>
n
+
+
;
 
 
 
/
/
 
p
r
o
t
e
c
t
 
a
g
a
i
n
s
t
 
s
 
=
 
s

i
f
 
(
-
-
r
-
>
n
 
<
=
 
0
)
 
{
 
 
 
/
/
 
n
o
b
o
d
y
 
e
l
s
e
 
u
s
i
n
g
 
i
t

d
e
l
e
t
e
 
[
]
 
r
-
>
s
p
;

d
e
l
e
t
e
 
r
;

}r
 
=
 
t
.
r
;

r
e
t
u
r
n
 
*
t
h
i
s
;

}



R
ules for constructors and

 assignm
e
nt operators

•
a
ll ob

je
cts h

a
ve

 to h
a
ve

 a
 constructor

–
if you d

on't specify a constructor th
e d

efault constructor copies m
em

b
ers 

b
y th

eir constructors
–

need
 a no-argum

ent constructor for arrays
–

constructors sh
ould

 initialize all m
em

b
ers

•
if constructor ca

lls ne
w
, d

e
structor m

ust ca
ll d

e
le
te

–
use d

e
le
te

 [ ]
for an array allocated

 w
ith

 ne
w
 T

[n]

•
copy

 constructor X
(const

X
&
) m

a
ke

s a
n ob

je
ct

–
from

 anoth
er one w

ith
out m

aking an ex
tra copy

•
if th

e
re

's a
 com

plica
te

d
 constructor

–
th

ere w
ill h

ave to b
e an assignm

ent operator
–

m
ake sure th

at x
 = x

 w
orks

•
a
ssignm

e
nt is N

O
T
 th

e
 sa

m
e
 a

s construction
–

constructors called
 in d

eclarations, function argum
ents and

 function 
returns, to m

ake a new
 ob

ject
–

assignm
ents called

 only in assignm
ent statem

ents
to clob

b
er an ex

isting ob
ject

Inh
eritance

•
a
 w

a
y
 to cre

a
te

 or d
e
scrib

e
 one

 cla
ss in te

rm
s of a

noth
e
r

–
"a D

 is like a B
, w

ith
 th

ese ex
tra properties..."

–
"a D

 is a B
, plus…

"

–
B
 is th

e b
a
se

class or supe
rclass

–
D
 is th

e d
e
rive

d
class or sub

class
Perl &

 C
++ use b

ase/d
e
rived

; J
ava uses super/sub

•
inh

e
rita

nce
 is use

d
 for cla

sse
s th

a
t m

od
e
l strongly

 re
la
te

d
 

conce
pts

–
ob

jects sh
are som

e com
m

on properties, b
eh

aviors, ...

–
and

 h
ave som

e properties and
 b

eh
aviors th

at are d
ifferent

•
b
a
se

 cla
ss conta

ins a
spe

cts com
m
on to a

ll

•
d
e
rive

d
 cla

sse
s conta

in a
spe

cts d
iffe

re
nt for d

iffe
re

nt kind
s



Inh
eritance and

 d
erive

d
 classes

•
consid

e
r d

iffe
re

nt kind
s of Inve

stm
e
nt V

e
h
icle

s
–

stocks, b
ond

s, com
m

od
ities, currencies, ...

•
b
a
se

 cla
ss IV

 conta
ins a

spe
cts com

m
on to a

ll
–

nam
e

–
d
escription

•
d
e
rive

d
 cla

sse
s conta

in a
spe

cts th
a
t a

re
 d

iffe
re

nt for d
iffe

re
nt

kind
s

–
stock: ticker sym

b
ol, ex

ch
ange, com

m
on/preferred

, ...

–
b
ond

: coupon, m
aturity, callab

le, call d
ate...

–
fund

: vector of IV
s

•
som

e
tim

e
s y

ou ca
re

 a
b
out th

e
 d

iffe
re

nce
–

d
ivid

end
 rate vs. interest rate

•
som

e
tim

e
s y

ou d
on't

–
closing price

D
erived

 classe
s

c
l
a
s
s
 
I
V
 
{

s
t
r
i
n
g
 
n
a
m
e
;

v
o
i
d
 
p
r
i
c
e
(
)
;

/
/
 
o
t
h
e
r
 
i
t
e
m
s
 
c
o
m
m
o
n
 
t
o
 
a
l
l
 
I
V
'
s

}
;
c
l
a
s
s
 
S
t
o
c
k
 
:
 
p
u
b
l
i
c
 
I
V
 
{

S
t
r
i
n
g
 
t
i
c
k
e
r
;

/
/
 
o
t
h
e
r
 
i
t
e
m
s
 
s
p
e
c
i
f
i
c
 
t
o
 
S
t
o
c
k
s

}
;
c
l
a
s
s
 
B
o
n
d
 
:
 
p
u
b
l
i
c
 
I
V
 
{

d
o
u
b
l
e
 
c
o
u
p
o
n
;

b
o
o
l
c
a
l
l
a
b
l
e
;

/
/
 
o
t
h
e
r
 
i
t
e
m
s
 
s
p
e
c
i
f
i
c
 
t
o
 
B
o
n
d
s

}
;

•
a
 S

tock is a
 d

e
rive

d
 cla

ss of (a
 kind

 of) IV
–

a S
tock "is a" IV

–
inh

erits all m
em

b
ers of IV

–
ad

d
s its ow

n m
em

b
ers

•
a
 B

ond
 is a

lso a
 d

e
rive

d
 cla

ss of IV

IV
IVB
ond

IV

S
tock



M
ore on d

erive
d
 classes

•
d
e
rive

d
 cla

sse
s ca

n a
d
d
 th

e
ir ow

n d
a
ta

 m
e
m
b
e
rs

•
ca

n a
d
d
 th

e
ir ow

n m
e
m
b
e
r functions

•
ca

n ove
rrid

e
 b

a
se

 cla
ss functions w

ith
 

functions of sa
m
e
 na

m
e
 a

nd
 a

rgum
e
nt ty

pe
s

c
l
a
s
s
 
S
t
o
c
k
 
:
 
p
u
b
l
i
c
 
I
V
 
{

S
t
r
i
n
g
t
i
c
k
e
r
;

p
u
b
l
i
c
:

v
o
i
d
p
r
i
c
e
(
)
 
{
.
.
.
}
 
/
/
 
o
v
e
r
r
i
d
e
s
 
I
V
:
:
p
r
i
c
e
(
)

}
;
c
l
a
s
s
 
B
o
n
d
 
:
 
p
u
b
l
i
c
 
I
V
 
{

b
o
o
l
c
a
l
l
a
b
l
e
;

p
u
b
l
i
c
:

b
o
o
l
i
s
_
c
a
l
l
a
b
l
e
(
)
 
{
.
.
.
}

v
o
i
d
p
r
i
c
e
(
)
 
{
.
.
.
}
 
 
/
/
 
o
v
e
r
r
i
d
e
s
I
V
:
:
p
r
i
c
e
(
)

}
;

S
t
o
c
k
 
g
m
;
 

B
o
n
d
 
 
i
b
m
;

g
m
.
p
r
i
c
e
(
)
;
 
 
 
/
/
 
c
a
l
l
s
 
S
t
o
c
k
:
:
p
r
i
c
e
(
)

i
b
m
.
p
r
i
c
e
(
)
;
 
 
/
/
 
c
a
l
l
s
 
B
o
n
d
:
:
p
r
i
c
e
(
)

V
irtual F

unctions

•
w
h
a
t if w

e
 h

a
ve

 b
unch

 of d
iffe

re
nt IV

s a
nd

 w
a
nt to price

 th
e
m
 

a
ll in a

 loop?
•
virtua

l function m
e
ch

a
nism

 le
ts e

a
ch

 ob
je

ct ca
rry

 inform
a
tion 

a
b
out w

h
a
t functions to a

pply

c
l
a
s
s
 
I
V
 
{

p
u
b
l
i
c
:

v
i
r
t
u
a
l
 
v
o
i
d
 
p
r
i
c
e
(
)
;

.
.
.

}
;

•
"virtua

l" m
e
a
ns th

a
t a

 d
e
rive

d
 cla

ss m
a
y
 provid

e
 its ow

n ve
rsion

of th
is function, w

h
ich

 w
ill b

e
 ca

lle
d
 a

utom
a
tica

lly
 for insta

nce
s 

of th
a
t d

e
rive

d
 cla

ss

•
b
a
se

 cla
ss ca

n provid
e
 a

 d
e
fa

ult im
ple

m
e
nta

tion

•
a
 "pure

" b
a
se

 cla
ss m

ust b
e
 d

e
rive

d
 from

–
can't ex

ist on its ow
n



Polym
orph

ism

•
w
h
e
n a

 pointe
r or re

fe
re

nce
 to a

 b
a
se

-
cla

ss ty
pe

 points to a
 

d
e
rive

d
-
cla

ss ob
je

ct

•
a
nd

 y
ou use

 th
a
t pointe

r or re
fe

re
nce

 to ca
ll a

 virtua
l function

•
th

is ca
lls th

e
 d

e
rive

d
-
cla

ss function

•
"poly

m
orph

ism
":  prope

r function to ca
ll is d

e
te

rm
ine

d
 a

t run-
tim

e

•
e
.g., pricing IV

s on a
 linke

d
 list:

p
r
i
c
e
_
a
l
l
(
I
V
*
i
p
)
 
{

f
o
r
 
(
 
;
 
i
p
!
=
 
N
U
L
L
;
 
i
p
=
 
i
p
-
>
n
e
x
t
)

i
p
-
>
p
r
i
c
e
(
)
;

}

•
virtua

l function m
e
ch

a
nism

 a
utom

a
tica

lly
 ca

lls th
e
 righ

t price
()

function for e
a
ch

 ob
je

ct

•
th

e
 loop d

oe
s not ch

a
nge

 if m
ore

 kind
s of IV

s a
re

 a
d
d
e
d

Im
plem

entation of virtual functions

•
e
a
ch

 cla
ss ob

je
ct h

a
s one

 e
x
tra

 w
ord

 th
a
t h

old
s a

 pointe
r to a

 
ta

b
le
 of virtua

l function pointe
rs ("vtb

l")   (only
 if cla

ss h
a
s virtua

l 
functions)

•
e
a
ch

 cla
ss w

ith
 virtua

l functions h
a
s one

 vtb
l

•
a
 ca

ll to a
 virtua

l function ca
lls it ind

ire
ctly

 th
rough

 th
e
 vtb

l

B
ond

 B
2

price
upd

a
te

S
tock S

1
vtb

l
for cla

ss S
tock

vtb
l
for cla

ss B
ond

B
ond

 B
1

price
upd

a
te

cod
e

cod
e

cod
e

cod
e

S
tock S

2



S
um

m
ary of inh

eritance

•
a
 w

a
y
 to d

e
scrib

e
 a

 fa
m
ily

 of ty
pe

s

•
b
y
 colle

cting sim
ila

ritie
s (b

a
se

 cla
ss)

•
a
nd

 se
pa

ra
ting d

iffe
re

nce
s (d

e
rive

d
 cla

sse
s)

•
poly

m
orph

ism
: prope

r m
e
m
b
e
r functions d

e
te

rm
ine

d
 a

t run tim
e

–
virtual functions are th

e C
++ m

ech
anism

•
not e

ve
ry

 cla
ss ne

e
d
s inh

e
rita

nce
–

m
ay com

plicate w
ith

out com
pensating b

enefit

•
use

 com
position inste

a
d
 of inh

e
rita

nce
?

–
an ob

ject contains
an (h

as) an ob
ject

rath
er th

an inh
eriting from

 it

•
"is-

a
" ve

rsus "h
a
s-

a
"

–
inh

eritance d
escrib

es "is-a" relationsh
ips

–
com

position d
escrib

es "h
as-a" relationsh

ips

T
em

plate
s (param

e
terized

 types, generics)

•
a
noth

e
r a

pproa
ch

 to poly
m
orph

ism

•
com

pile
 tim

e
, not run tim

e

•
a
 te

m
pla

te
 spe

cifie
s a

 cla
ss or a

 function th
a
t is the

sam
e

for 
se

ve
ra

l ty
pe

s
–

ex
cept for one or m

ore ty
pe

 pa
ra

m
e
te

rs

•
e
.g., a

 ve
ctor te

m
pla

te
 d

e
fine

s a
 cla

ss of ve
ctors th

a
t ca

n b
e
 

insta
ntia

te
d
 for a

ny
 pa

rticula
r ty

pe
v
e
c
t
o
r
<
i
n
t
>

v
e
c
t
o
r
<
S
t
r
i
n
g
>

v
e
c
t
o
r
<
v
e
c
t
o
r
<
i
n
t
>
 
>

•
te

m
pla

te
s ve

rsus inh
e
rita

nce
:

–
use

 inh
e
rita

nce
 w

h
e
n b

e
h
a
viors a

re
 d

iffe
re

nt for d
iffe

re
nt ty

pe
s

pricing d
iffe

re
nt I

V
s is d

iffe
re

nt

–
use

 te
m
pla

te
 w

h
e
n b

e
h
a
viors a

re
 th

e
 sa

m
e
, re

ga
rd

le
ss of ty

pe
s

a
cce

ssing th
e
 n-

th
e
le
m
e
nt of a

 ve
ctor is th

e
 sa

m
e
, 

no m
a
tte

r w
h
a
t ty

pe
 th

e
 ve

ctor is



V
ector tem

plate class

•
ve

ctor cla
ss d

e
fine

d
 a

s a
 te

m
pla

te
, to b

e
 insta

ntia
te

d
 w

ith
 

d
iffe

re
nt ty

pe
s of e

le
m
e
nts

t
e
m
p
l
a
t
e
 
<
t
y
p
e
n
a
m
e
T
>
 
c
l
a
s
s
 
v
e
c
t
o
r
 
{

T
 
*
v
;

/
/
 
p
o
i
n
t
e
r
 
t
o
 
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
:

v
e
c
t
o
r
(
i
n
t
n
=
1
)
 
{
 
v
 
=
 
n
e
w
 
T
[
s
i
z
e
 
=
 
n
]
;
 
}

T
&
 
o
p
e
r
a
t
o
r
 
[
]
(
i
n
t
n
)
 
{

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

r
e
t
u
r
n
 
v
[
n
]
;
 

}

}
;

v
e
c
t
o
r
<
i
n
t
>
 
i
v
(
1
0
0
)
;

/
/
 
v
e
c
t
o
r
 
o
f
 
i
n
t
s

v
e
c
t
o
r
<
c
o
m
p
l
e
x
>
 
c
v
(
2
0
)
;
 
 
 
 
 
 
 
/
/
 
v
e
c
t
o
r
 
o
f
 
c
o
m
p
l
e
x

v
e
c
t
o
r
<
v
e
c
t
o
r
<
i
n
t
>
 
>
 
v
v
i
(
1
0
)
;
 
/
/
 
v
e
c
t
o
r
 
o
f
 
v
e
c
t
o
r
 
o
f
 
i
n
t

v
e
c
t
o
r
<
d
o
u
b
l
e
>
 
d
;
 
 
 
 
 
 
 
 
 
 
 
 
 
/
/
 
d
e
f
a
u
l
t
 
s
i
z
e

•
com

pile
r insta

ntia
te

s w
h
a
te

ve
r is use

d

T
em

plate
 functions

•
ca

n d
e
fine

 ord
ina

ry
 functions a

s te
m
pla

te
s

–
e.g., m

a
x
(
T
,
 
T
)

t
e
m
p
l
a
t
e
 
<
t
y
p
e
n
a
m
e
T
>
 
T
 
m
a
x
(
T
 
x
,
 
T
 
y
)
 
{

r
e
t
u
r
n
 
x
 
>
 
y
 
?
 
x
 
:
 
y
;

}

•
re

quire
s ope

ra
tor>

 for ty
pe

 T
alread

y th
ere for C

's arith
m

etic types

•
d
on't ne

e
d
 a

 ty
pe

 na
m
e
 to use

 it
com

piler infers types from
 argum

ents

m
a
x
(
d
o
u
b
l
e
,
 
d
o
u
b
l
e
)

m
a
x
(
i
n
t
,
 
i
n
t
)

m
a
x
(
i
n
t
,
 
d
o
u
b
l
e
)

d
oesn't com

pile: no coercion

•
com

pile
r insta

ntia
te

s cod
e
 for e

a
ch

 d
iffe

re
nt use

 in a
 progra

m



S
coped

 pointer class

•
a
lloca

te
s spa

ce
 w

h
e
n use

d

•
fre

e
s it a

utom
a
tica

lly
 w

h
e
n pointe

r goe
s out of scope

t
e
m
p
l
a
t
e
 
<
t
y
p
e
n
a
m
e
T
>
 
c
l
a
s
s
 
S
P
 
{

T
 
*
t
p
t
r
;

p
u
b
l
i
c
:

S
P
(
T
 
*
p
)
 
{
 
t
p
t
r
=
 
p
;
 
}

~
S
P
(
)
 
{
 
p
r
i
n
t
f
(
"
S
P
d
e
s
t
r
u
c
t
o
r
 
%
s
\
n
"
,
 
t
p
t
r
-
>
f
s
)
;
 
d
e
l
e
t
e
 
t
p
t
r
;
 
}

T
*
 
o
p
e
r
a
t
o
r
 
-
>
(
)
 
{
 
p
r
i
n
t
f
(
"
o
p
-
>
%
s
\
n
"
,
 
t
p
t
r
-
>
f
s
)
;
 
r
e
t
u
r
n
 
t
p
t
r
;
 
}

}
;
c
l
a
s
s
 
p
t
r
{

p
u
b
l
i
c
:

c
h
a
r
 
*
f
s
;

p
t
r
(
c
h
a
r
*
s
)
 
{
 
p
r
i
n
t
f
(
"
c
o
n
s
t
r
u
c
t
p
t
r
(
%
s
)
\
n
"
,
 
f
s
=
s
t
r
d
u
p
(
s
)
)
;
 
}

~
p
t
r
(
)
 
{
 
p
r
i
n
t
f
(
"
d
e
s
t
r
u
c
t
p
t
r
(
%
s
)
\
n
"
,
 
f
s
)
;
 
d
e
l
e
t
e
 
f
s
;
 
}

}
;
i
n
t
m
a
i
n
(
)
 
{

p
r
i
n
t
f
(
"
s
t
a
r
t
\
n
"
)
;

S
P
<
p
t
r
>
 
p
t
r
1
p
 
=
 
n
e
w
 
p
t
r
(
"
n
e
w
p
t
r
1
"
)
;

S
P
<
p
t
r
>
 
p
t
r
2
p
 
=
 
n
e
w
 
p
t
r
(
"
n
e
w
p
t
r
2
"
)
;

p
t
r
1
p
-
>
f
s
=
 
"
c
h
a
n
g
e
 
p
t
r
1
 
v
a
l
u
e
"
;

p
r
i
n
t
f
(
"
e
n
d
\
n
"
)
;

}S
tand

ard
 T

em
plate Lib

rary (S
T
L)

A
le
x
 S

te
pa

nov

(G
E
 >

 B
e
ll L

a
b
s >

 H
P >

 S
G
I
 >

 C
om

pa
q >

 A
d
ob

e)

•
ge

ne
ra

l-
purpose

 lib
ra

ry
 of 

conta
ine

rs (ve
ctor, list, se

t, m
a
p, …

)

ge
ne

ric a
lgorith

m
s (find

, re
pla

ce
, sort, …

)

•
a
lgorith

m
s w

ritte
n in te

rm
s of ite

ra
tors

pe
rform

ing spe
cifie

d
 

a
cce

ss pa
tte

rns on conta
ine

rs
–

rules for h
ow

 iterators
w
ork, h

ow
 containers h

ave to support th
em

•
ge

ne
ric: e

ve
ry

 a
lgorith

m
 w

orks on a
 va

rie
ty

 of conta
ine

rs, 
includ

ing b
uilt-

in ty
pe

s
–

e.g., find
 elem

ents in ch
ar array, vector<int>, list<…

>

•
ite

ra
tors: ge

ne
ra

liza
tion of pointe

r for uniform
 a

cce
ss to ite

m
s in 

a
 conta

ine
r



C
ontaine

rs and
 algorith

m
s

•
S
T
L
 conta

ine
r cla

sse
s conta

in ob
je

cts of a
ny

 ty
pe

–
sequences: vector, list, slist, d

eque

–
sorted

 associative: set, m
ap, m

ultiset, m
ultim

ap
h
ash

_
set and

 h
ash

_
m

ap are non-stand
ard

•
e
a
ch

 cla
ss is a

 te
m
pla

te
 th

a
t ca

n b
e
 insta

ntia
te

d
 to conta

in a
ny

ty
pe

 of ob
je

ct

•
ge

ne
ric a

lgorith
m
s

–
find

, find
_
if, find

_
first_

of, search
, ...

–
count, m

in, m
ax

, …

–
copy, replace, fill, rem

ove, reverse, …

–
accum

ulate, inner_
prod

uct, partial_
sum

, …

–
sort

–
b
inary_

search
, m

erge, set_
union, …

•
pe

rform
a
nce

 gua
ra

nte
e
s

–
each

 com
b
ination of algorith

m
 and

 iterator
type specifies w

orst-case 
(O

(…
)) perform

ance b
ound

e.g., m
aps are O

(log
n) access, vectors are O

(1) access

Iterators
•

a
 ge

ne
ra

liza
tion of C

 pointe
rs

f
o
r
 
(
p
 
=
 
b
e
g
i
n
;
 
p
 
<
 
e
n
d
;
 
+
+
p
)

d
o
 
s
o
m
e
t
h
i
n
g
 
w
i
t
h
 
*
p

•
ra

nge
 from

 b
e
g
i
n
(
)

to just b
e
fore

 e
n
d
(
)

[b
e
gin, e

nd
)

•
+
+
i
t
e
r

a
d
va

nce
s to th

e
 ne

x
t if th

e
re

 is one

•
*
i
t
e
r

d
e
re

fe
re

nce
s (points to va

lue
)

•
use

s ope
ra

tor !
=

to te
st for e

nd
 of ra

nge
f
o
r
 
(
i
t
e
r

i
 
=
 
v
.
b
e
g
i
n
(
)
;
 
i
 
!
=
 
v
.
e
n
d
(
)
;
 
+
+
i
)
 

d
o
 
s
o
m
e
t
h
i
n
g
 
w
i
t
h
 
*
i

#
i
n
c
l
u
d
e
 
<
v
e
c
t
o
r
>

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

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

i
n
t

m
a
i
n
(
)
 
{

v
e
c
t
o
r
<
d
o
u
b
l
e
>
 
v
;

f
o
r
 
(
i
n
t

i
 
=
 
1
;
 
i
 
<
=
 
1
0
;
 
i
+
+
)

v
.
p
u
s
h
_
b
a
c
k
(
i
)
;

v
e
c
t
o
r
<
d
o
u
b
l
e
>
:
:
c
o
n
s
t
_
i
t
e
r
a
t
o
r

i
t
;

d
o
u
b
l
e
 
s
u
m
 
=
 
0
;

f
o
r
 
(
i
t
 
=
 
v
.
b
e
g
i
n
(
)
;
 
i
t
 
!
=
 
v
.
e
n
d
(
)
;
 
+
+
i
t
)

s
u
m
 
+
=
 
*
i
t
;

p
r
i
n
t
f
(
"
%
g
\
n
"
,
 
s
u
m
)
;

}
 
 
 



Iterators
(2

)

•
no ch

a
nge

 to loop if ty
pe

 or re
pre

se
nta

tion ch
a
nge

s

s
e
t
<
d
o
u
b
l
e
>
 
v
;

s
e
t
<
d
o
u
b
l
e
>
:
:
c
o
n
s
t
_
i
t
e
r
a
t
o
r
i
t
;

f
o
r
 
(
i
t
 
=
 
v
.
b
e
g
i
n
(
)
;
 
i
t
 
!
=
 
v
.
e
n
d
(
)
;
 
+
+
i
t
)

s
u
m
 
+
=
 
*
i
t
;

•
not a

ll conta
ine

rs support a
ll ite

ra
tor

ope
ra

tions

•
input ite

ra
tor

–
can only read

 item
s in ord

er, can't store into th
em

 (input from
 file)

•
output ite

ra
tor

–
can only w

rite item
s in ord

er, can't read
 th

em
 (output to a file)

•
forw

a
rd

 ite
ra

tor
–

can read
/w

rite item
s in ord

er, can't go b
ackw

ard
s (singly-linked

 list)

•
b
id
ire

ctiona
l ite

ra
tor

–
can read

/w
rite item

s in eith
er ord

er (d
oub

ly-linked
 list)

•
ra

nd
om

 a
cce

ss ite
ra

tor
–

can access item
s in any ord

er (array)

E
x
am

ple: S
T
L sort

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

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

#
i
n
c
l
u
d
e
 
<
v
e
c
t
o
r
>

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

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

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

i
n
t
m
a
i
n
(
)
 
{
 
 
/
/
 
s
o
r
t
 
s
t
d
i
n
b
y
 
l
i
n
e
s

v
e
c
t
o
r
<
s
t
r
i
n
g
>
 
v
s
;

s
t
r
i
n
g
 
t
m
p
;

w
h
i
l
e
 
(
g
e
t
l
i
n
e
(
c
i
n
,
 
t
m
p
)
)

v
s
.
p
u
s
h
_
b
a
c
k
(
t
m
p
)
;

s
o
r
t
(
v
s
.
b
e
g
i
n
(
)
,
 
v
s
.
e
n
d
(
)
)
;

c
o
p
y
(
v
s
.
b
e
g
i
n
(
)
,
 
v
s
.
e
n
d
(
)
,

o
s
t
r
e
a
m
_
i
t
e
r
a
t
o
r
<
s
t
r
i
n
g
>
(
c
o
u
t
,
 
"
\
n
"
)
)
;

}•
vs.push

_
b
a
ck(s) push

e
s s onto "b

a
ck" (e

nd
) of vs

•
3
rd

 a
rgum

e
nt of copy

 is a
 "function ob

je
ct" th

a
t ca

lls a
 function 

for e
a
ch

 ite
ra

tion
–

uses overload
ed

 operator()



F
unction ob

jects

•
a
ny

th
ing th

a
t ca

n b
e
 a

pplie
d
 to ze

ro or m
ore

 a
rgum

e
nts to ge

t a
 

va
lue

 a
nd

/or ch
a
nge

 th
e
 sta

te
 of a

 com
puta

tion

•
ca

n b
e
 a

n ord
ina

ry
 function pointe

r

•
ca

n b
e
 a

n ob
je

ct of a
 ty

pe
 d

e
fine

d
 b

y
 a

 cla
ss in w

h
ich

 th
e
 

function ca
ll ope

ra
tor o

p
e
r
a
t
o
r
(
)

is ove
rloa

d
e
d

t
e
m
p
l
a
t
e
 
<
t
y
p
e
n
a
m
e
T
>
 
c
l
a
s
s
 
b
i
g
g
e
r
 
{

p
u
b
l
i
c
:

b
o
o
l
o
p
e
r
a
t
o
r
(
)
(
T
c
o
n
s
t
&
 
x
,
 
T
 
c
o
n
s
t
&
 
y
)
 
{

r
e
t
u
r
n
 
x
 
>
 
y
;

}

}
;

•
to sort strings in d

e
cre

a
sing ord

e
r,

v
e
c
t
o
r
<
s
t
r
i
n
g
>
 
v
s
;

s
o
r
t
(
v
s
.
b
e
g
i
n
(
)
,
 
v
s
.
e
n
d
(
)
,
 
b
i
g
g
e
r
<
s
t
r
i
n
g
>
(
)
)
;

•
to sort num

b
e
rs in d

e
cre

a
sing ord

e
r,

v
e
c
t
o
r
<
d
o
u
b
l
e
>
 
v
d
;

s
o
r
t
(
v
d
.
b
e
g
i
n
(
)
,
 
v
d
.
e
n
d
(
)
,
 
b
i
g
g
e
r
<
d
o
u
b
l
e
>
(
)
)
;

T
em

plate
 m

etaprogram
m

ing

•
d
o com

puta
tion a

t com
pile

 tim
e
 to a

void
 com

puta
tion a

t run tim
e

–
evaluating constants, unrolling loops, b

uild
ing d

ata structures

/
/
 
f
r
o
m
 
e
f
f
e
c
t
i
v
e
 
c
+
+
 
3
e
,
 
b
y
 
s
c
o
t
t
m
e
y
e
r
s

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

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

t
e
m
p
l
a
t
e
<
u
n
s
i
g
n
e
d
 
n
>
 
s
t
r
u
c
t
F
a
c
t
o
r
i
a
l
 
{

e
n
u
m
{
 
v
a
l
u
e
 
=
 
n
 
*
 
F
a
c
t
o
r
i
a
l
<
n
-
1
>
:
:
v
a
l
u
e
 
}
;

}
;

t
e
m
p
l
a
t
e
<
>
 
s
t
r
u
c
t
F
a
c
t
o
r
i
a
l
<
0
>
 
{

e
n
u
m
{
 
v
a
l
u
e
 
=
 
1
 
}
;

}
;

i
n
t
m
a
i
n
(
)

{

s
t
d
:
:
c
o
u
t
<
<
 
F
a
c
t
o
r
i
a
l
<
5
>
:
:
v
a
l
u
e
 
<
<
 
"
\
n
"
;

s
t
d
:
:
c
o
u
t
<
<
 
F
a
c
t
o
r
i
a
l
<
1
0
>
:
:
v
a
l
u
e
 
<
<
 
"
\
n
"
;

}



W
ord

 frequency count: C
++ S

T
L

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

#
i
n
c
l
u
d
e
 
<
m
a
p
>

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

i
n
t
m
a
i
n
(
)
 
{

s
t
r
i
n
g
 
t
e
m
p
;

m
a
p
<
s
t
r
i
n
g
,
 
i
n
t
>
 
v
;

m
a
p
<
s
t
r
i
n
g
,
 
i
n
t
>
:
:
c
o
n
s
t
_
i
t
e
r
a
t
o
r
i
;

w
h
i
l
e
 
(
c
i
n
>
>
 
t
e
m
p
)

v
[
t
e
m
p
]
+
+
;

f
o
r
 
(
i
 
=
 
v
.
b
e
g
i
n
(
)
;
 
i
 
!
=
 
v
.
e
n
d
(
)
;
 
+
+
i
)

c
o
u
t
<
<
 
i
-
>
f
i
r
s
t
 
<
<
 
"
 
"
 

<
<
 
i
-
>
s
e
c
o
n
d
 
<
<
 
"
\
n
"
;

}

E
x
ception h

and
ling

•
ne

ce
ssa

ry
 so lib

ra
rie

s ca
n propa

ga
te

 e
rrors b

a
ck to use

rs
c
l
a
s
s
 
s
u
b
s
c
r
i
p
t
r
a
n
g
e

{
p
u
b
l
i
c
:

i
n
t

n
;

s
u
b
s
c
r
i
p
t
r
a
n
g
e
(
i
n
t

n
)
 
{
 
t
h
i
s
-
>
n
 
=
 
n
;
 
}

}
;

i
n
t
&
 
i
v
e
c
:
:
o
p
e
r
a
t
o
r

[
]
(
i
n
t

n
)
 
{

i
f
 
(
n
 
<
 
0
 
|
|
 
n
 
>
=
 
s
i
z
e
)

t
h
r
o
w
 
s
u
b
s
c
r
i
p
t
r
a
n
g
e
(
n
)
;

e
l
s
e
r
e
t
u
r
n
 
v
[
n
]
;

}i
n
t

g
(
i
v
e
c
&
 
v
)
 
{
 
r
e
t
u
r
n
 
v
[
1
0
0
0
]
;
 
}

i
n
t

f
(
)
 
{

i
v
e
c

i
v
(
1
0
0
)
;

t
r
y
 
{p
r
i
n
t
f
(
"
n
o
r
m
a
l
\
n
"
)
;

r
e
t
u
r
n
 
g
(
i
v
)
;
 
 
 
/
/
 
n
o
r
m
a
l
 
r
e
t
u
r
n
 
i
f
 
n
o
 
e
x
c
e
p
t
i
o
n
s

}
 
c
a
t
c
h
 
(
s
u
b
s
c
r
i
p
t
r
a
n
g
e

s
r
)
 
{

p
r
i
n
t
f
(
"
s
u
b
s
c
r
i
p
t
r
a
n
g
e

%
d
\
n
"
,
 
s
r
.
n
)
;

r
e
t
u
r
n
 
0
;
 
/
/
 
i
f
 
s
u
b
s
c
r
i
p
t
r
a
n
g
e

r
a
i
s
e
d
 
i
n
 
g
(
)
 
o
r
 
a
n
y
t
h
i
n
g
 
i
t
 
c
a
l
l

}
 
c
a
t
c
h
 
(
.
.
.
)
 
{
 
 
 
 
 
 
 
/
/
 
g
e
t
 
h
e
r
e
 
i
f
 
s
o
m
e
 
o
t
h
e
r

p
r
i
n
t
f
(
"
o
t
h
e
r
\
n
"
)
;

r
e
t
u
r
n
 
-
1
;
 
 
 
 
 
 
/
/
 
e
x
c
e
p
t
i
o
n
 
w
a
s
 
r
a
i
s
e
d

}
}



W
h
at to use, w

h
at not to use?

•
U
se
–

classes

–
const

–
const references

–
d
efault constructors

–
C
++ -style casts

–
b
ool

–
new

 / d
elete

–
C
++ string type

•
U
se

 spa
ringly

 / ca
utiously

–
overload

ed
 functions

–
inh

eritance

–
virtual functions

–
ex

ceptions

–
S
T
L

•
D
on't use
–

m
alloc

/ free

–
m

ultiple inh
eritance

–
run tim

e type id
entification

–
references if not const

–
overload

ed
 operators (ex

cept 
for arith

m
etic types)

–
d
efault argum

ents (overload
 

functions instead
)


