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c
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c
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c
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o
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S
t
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c
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:
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p

(
T

&
i
t
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m
)
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o
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S
t
a
c
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:
:
U
n
d
e
r
f
l
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)
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i
f

(
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_
e
m
p
t
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(
)
)

t
h
r
o
w

S
t
a
c
k
:
:
U
n
d
e
r
f
l
o
w

(
)
;

i
t
e
m

=
s
t
a
c
k
_
[
-
-
t
o
p
_
]
;

}
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c
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c
k

(
c
o
n
s
t

S
t
a
c
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.
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i
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s
t
a
c
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s
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o
p
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c
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f
o
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;
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e
_
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+
+
i
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t
e
m
p
_
s
t
a
c
k
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=
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.
s
t
a
c
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]
;
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p
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t
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c
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p
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c
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c
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S
t
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c
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&
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i
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t
h
i
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=
=

&
s
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r
e
t
u
r
n
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/
/

C
h
e
c
k

f
o
r

s
e
l
f
-
a
s
s
i
g
n
m
e
n
t

s
c
o
p
e
d
_
a
r
r
a
y
<
T
>

t
e
m
p
_
s
t
a
c
k
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n
e
w

T
[
s
.
s
i
z
e
_
]
)
;

f
o
r

(
s
i
z
e
_
t

i
=
0
;

i
<
s
.
s
i
z
e
_
;

+
+
i
)

t
e
m
p
_
s
t
a
c
k
[
i
]

=
s
.
s
t
a
c
k
_
[
i
]
;

t
o
p
_

=
s
.
t
o
p
_
;

s
i
z
e
_

=
s
.
s
i
z
e
_
;

t
e
m
p
_
s
t
a
c
k
.
s
w
a
p

(
s
t
a
c
k
_
)
;

}
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p
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p
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e
x
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l
i
c
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s
c
o
p
e
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r
r
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(
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p
t
r
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{
}

~
s
c
o
p
e
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_
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r
r
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)

{
d
e
l
e
t
e
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]

p
t
r
_
;

}

T
&
o
p
e
r
a
t
o
r
[
]
(
s
t
d
:
:
p
t
r
d
i
f
f
_
t

i
)

c
o
n
s
t

{
r
e
t
u
r
n

p
t
r
_
[
i
]
;

}

T
*
g
e
t
(
)

c
o
n
s
t

{
r
e
t
u
r
n

p
t
r
_
;

}

v
o
i
d

s
w
a
p

(
T

*
&
b
)

{
T
*
t
m
p

=
b
;

b
=

p
t
r
_
;

p
t
r
_

=
t
m
p
;

}

v
o
i
d

s
w
a
p

(
s
c
o
p
e
d
_
a
r
r
a
y
<
T
>

&
b
)

{
T
*
t
m
p

=
b
.
p
t
r
_
;

b
.
p
t
r
_

=
t
h
i
s
-
>
p
t
r
_
;

t
h
i
s
-
>
p
t
r
_

=
t
m
p
;

}

p
r
i
v
a
t
e
:

T
*
p
t
r
_
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s
c
o
p
e
d
_
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r
r
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(
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o
n
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t

s
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o
p
e
d
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r
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T
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&
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s
c
o
p
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r
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o
p
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r
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(
c
o
n
s
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s
c
o
p
e
d
_
a
r
r
a
y
<
T
>

&
)
;

}
;
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=
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c
k

f
o
r

s
e
l
f
-
a
s
s
i
g
n
m
e
n
t

S
t
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c
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s
t
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c
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c
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c
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c
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=
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c
k
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r
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s
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c
o
p
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<
T
>
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e
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c
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f
o
r
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t
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=
0
;

i
<
s
.
s
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z
e
_
;

+
+
i
)

t
e
m
p
_
s
t
a
c
k
[
i
]

=
s
.
s
t
a
c
k
_
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i
]
;

t
o
p
_

=
s
.
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o
p
_
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s
i
z
e
_

=
s
.
s
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e
_
;

t
e
m
p
_
s
t
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c
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s
w
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p
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t
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c
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_
)
;

}
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c
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S
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c
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{
/
/

.
.
.

p
r
i
v
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t
e
:

/
/

.
.
.

s
c
o
p
e
d
_
a
r
r
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y
<
T
>

s
t
a
c
k
_
;

v
o
i
d

s
w
a
p

(
S
t
a
c
k

&
)
;

}
;

/
/

.
.
.

S
t
a
c
k
:
:
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c
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t

S
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c
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)
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_
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c
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e
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T
[
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.
s
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e
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)

{

f
o
r

(
s
i
z
e
_
t

i
=

0
;

i
<

s
.
s
i
z
e
_
;

+
+
i
)

s
t
a
c
k
_
[
i
]

=
s
.
s
t
a
c
k
_
[
i
]
;

}S
t
a
c
k
:
:
~
S
t
a
c
k
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)

{
/
*
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*
/

}
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S
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S
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c
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t
h
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=
=

&
s
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r
e
t
u
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n
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/
/

C
h
e
c
k

f
o
r

s
e
l
f
-
a
s
s
i
g
n
m
e
n
t

S
t
a
c
k

t
e
m
p
_
s
t
a
c
k

(
s
)
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s
w
a
p

(
t
e
m
p
_
s
t
a
c
k
)
;

}v
o
i
d

S
t
a
c
k
:
:
s
w
a
p

(
S
t
a
c
k

&
t
)

{

s
t
d
:
:
s
w
a
p

(
t
.
t
o
p
_
,

t
o
p
_
)
;

s
t
d
:
:
s
w
a
p

(
t
.
s
i
z
e
_
,

s
i
z
e
_
)
;

t
.
s
t
a
c
k
_
.
s
w
a
p

(
s
t
a
c
k
_
)
;

}

•
T

h
is

solu
tion

is
easy

to
gen

eralize!
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"
S
t
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c
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h
"

v
o
i
d

f
o
o

(
v
o
i
d
)

{

S
t
a
c
k

s
1

(
1
)
,

s
2

(
1
0
0
)
;

t
r
y

{

T
i
t
e
m
;

s
1
.
p
u
s
h

(
4
7
3
)
;

s
1
.
p
u
s
h

(
4
2
)
;

/
/

E
x
c
e
p
t
i
o
n
,

p
u
s
h
’
d

f
u
l
l

s
t
a
c
k
!

s
2
.
p
o
p

(
i
t
e
m
)
;

/
/

E
x
c
e
p
t
i
o
n
,

p
o
p
’
d

e
m
p
t
y

s
t
a
c
k
!

s
2
.
t
o
p
_

=
1
0
;

/
/

A
c
c
e
s
s

v
i
o
l
a
t
i
o
n

c
a
u
g
h
t
!

}
c
a
t
c
h

(
S
t
a
c
k
:
:
U
n
d
e
r
f
l
o
w
)

{
/
*

H
a
n
d
l
e

u
n
d
e
r
f
l
o
w
.
.
.

*
/

}

c
a
t
c
h

(
S
t
a
c
k
:
:
O
v
e
r
f
l
o
w
)

{
/
*

H
a
n
d
l
e

o
v
e
r
f
l
o
w
.
.
.

*
/

}

c
a
t
c
h

(
.
.
.
)

{
/
*

C
a
t
c
h

a
n
y
t
h
i
n
g

e
l
s
e
.
.
.

*
/

t
h
r
o
w
;

}

}
/
/

T
e
r
m
i
n
a
t
i
o
n

i
s

h
a
n
d
l
e
d

a
u
t
o
m
a
t
i
c
a
l
l
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p
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p
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c
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p
u
b
l
i
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S
t
a
c
k

(
s
i
z
e
_
t

s
i
z
e
)
;

S
t
a
c
k

(
c
o
n
s
t

S
t
a
c
k
<
T
>

&
r
h
s
)
;

v
o
i
d

o
p
e
r
a
t
o
r
=

(
c
o
n
s
t

S
t
a
c
k
<
T
>

&
r
h
s
)
;

~
S
t
a
c
k

(
v
o
i
d
)

v
o
i
d

p
u
s
h

(
c
o
n
s
t

T
&
i
t
e
m
)
;

v
o
i
d

p
o
p

(
T

&
i
t
e
m
)
;

b
o
o
l

i
s
_
e
m
p
t
y

(
v
o
i
d
)

c
o
n
s
t
;

b
o
o
l

i
s
_
f
u
l
l

(
v
o
i
d
)

c
o
n
s
t
;

p
r
i
v
a
t
e
:

s
i
z
e
_
t

t
o
p
_
,

s
i
z
e
_
;

s
c
o
p
e
d
_
a
r
r
a
y
<
T
>

s
t
a
c
k
_
;

v
o
i
d

s
w
a
p

(
s
c
o
p
e
d
_
a
r
r
a
y
<
T
>

&
t
)
;

}
;
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c
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e
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p
l
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e
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p
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e

T
>

i
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e

S
t
a
c
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c
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/
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e
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p
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>

i
n
l
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c
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c
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;
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p
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c
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c
k
_
[
-
-
t
o
p
_
]
;

}
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c
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1

(
1
0
0
0
)
;

S
t
a
c
k
<
f
l
o
a
t
>

s
2
;

S
t
a
c
k
<

S
t
a
c
k

<
A
c
t
i
v
a
t
i
o
n
_
R
e
c
o
r
d
>

*
>

s
3
;

s
1
.
p
u
s
h

(
-
2
9
1
)
;

s
2
.
t
o
p
_

=
3
.
1
4
1
6
;

/
/

A
c
c
e
s
s

v
i
o
l
a
t
i
o
n

c
a
u
g
h
t
!

s
3
.
p
u
s
h

(
n
e
w

S
t
a
c
k
<
A
c
t
i
v
a
t
i
o
n
_
R
e
c
o
r
d
>
)
;

S
t
a
c
k

<
A
c
t
i
v
a
t
i
o
n
_
R
e
c
o
r
d
>

*
s
a
r
;

s
3
.
p
o
p

(
s
a
r
)
;

d
e
l
e
t
e

s
a
r
;

/
/

T
e
r
m
i
n
a
t
i
o
n

o
f

s
1
,

s
2
,

&
s
3

h
a
n
d
l
e
d

a
u
t
o
m
a
t
i
c
a
l
l
y

}
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C
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S
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t

T
e
m

p
la

te
Im

p
le

m
e
n
ta

tio
n

in
C
+

+
(co

n
t’d

)
•

A
n
oth

er
p
aram

eterized
typ

e
S
tack

class

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
,

s
i
z
e
_
t

S
I
Z
E
>

c
l
a
s
s

S
t
a
c
k

{

p
u
b
l
i
c
:

S
t
a
c
k

(
v
o
i
d
)
;

~
S
t
a
c
k

(
v
o
i
d
)

v
o
i
d

p
u
s
h

(
c
o
n
s
t

T
&
i
t
e
m
)
;

v
o
i
d

p
o
p

(
T

&
i
t
e
m
)
;

p
r
i
v
a
t
e
:

s
i
z
e
_
t

t
o
p
_
,

s
i
z
e
_
;

T
s
t
a
c
k
_
[
S
I
Z
E
]
;

}
;

•
N

o
n
eed

for
d
yn

am
ic

m
em

ory,
th

ou
gh

S
IZ

E
m

u
st

b
e

con
st,

e.g.,

S
t
a
c
k
<
i
n
t
,

2
0
0
>

s
1
;
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m
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t

O
b
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n
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d
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p
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m
e
n
ta

tio
n
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C
+

+

•
P
rob

lem
s

w
ith

previou
s

exam
p
les:

–
C
h
an

ges
to

th
e

im
p
lem

en
tation

w
ill

req
u
ire

recom
p
ilation

&
relin

kin
g

of
clien

ts
–

E
xten

sion
s

w
ill

req
u
ire

access
to

th
e

sou
rce

co
d
e

•
S
olu

tion
s

–
C
om

b
in

e
in

h
eritan

ce
w

ith
d
yn

am
ic

b
in

d
in

g
to

com
p
letely

d
ecou

p
le

in
terface

from
im

p
lem

en
tation

&
b
in

d
in

g
tim

e
–

T
h
is

req
u
ires

th
e

u
se

of
C
+

+
ab

stract
b
ase

classes
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m
id

t

O
b
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ct-O
rie

n
te

d
Im

p
le

m
e
n
ta

tio
n

in
C
+

+
(co

n
t’d

)

•
D

efi
n
in

g
an

ab
stract

b
ase

class
in

C
+

+

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

c
l
a
s
s

S
t
a
c
k

{

p
u
b
l
i
c
:

v
i
r
t
u
a
l

~
S
t
a
c
k

(
v
o
i
d
)

=
0
;

/
/

N
e
e
d

i
m
p
l
e
m
e
n
t
a
t
i
o
n
!

v
i
r
t
u
a
l

v
o
i
d

p
u
s
h

(
c
o
n
s
t

T
&
i
t
e
m
)

=
0
;

v
i
r
t
u
a
l

v
o
i
d

p
o
p

(
T

&
i
t
e
m
)

=
0
;

v
i
r
t
u
a
l

b
o
o
l

i
s
_
e
m
p
t
y

(
v
o
i
d
)

c
o
n
s
t

=
0
;

v
i
r
t
u
a
l

b
o
o
l

i
s
_
f
u
l
l

(
v
o
i
d
)

c
o
n
s
t

=
0
;

v
o
i
d

t
o
p

(
T

&
i
t
e
m
)

{
/
*

T
e
m
p
l
a
t
e

M
e
t
h
o
d

*
/

p
o
p

(
i
t
e
m
)
;

p
u
s
h

(
i
t
e
m
)
;

}

}
;

•
B

y
u
sin

g
“p

u
re

virtu
al

m
eth

o
d
s,”

w
e

can
gu

aran
tee

th
at

th
e

com
p
iler

w
on

’t
allow

in
stan

tiation
!
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n
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verview

o
f
C
+

+
D

o
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t

O
b
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rie

n
te

d
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p
le

m
e
n
ta

tio
n
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C
+

+
(co

n
t’d

)
•

In
h
erit

to
create

a
sp

ecialized
stack

im
p
lem

en
ted

via
an

S
T

L
vector:

#
i
n
c
l
u
d
e

"
S
t
a
c
k
.
h
"

#
i
n
c
l
u
d
e

<
v
e
c
t
o
r
>

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

c
l
a
s
s

V
_
S
t
a
c
k

:
p
u
b
l
i
c

S
t
a
c
k
<
T
>

{

p
u
b
l
i
c
:

e
n
u
m

{
D
E
F
A
U
L
T
_
S
I
Z
E

=
1
0
0

}
;

V
_
S
t
a
c
k

(
s
i
z
e
_
t

s
i
z
e

=
D
E
F
A
U
L
T
_
S
I
Z
E
)
;

V
_
S
t
a
c
k

(
c
o
n
s
t

V
_
S
t
a
c
k

&
r
h
s
)
;

v
i
r
t
u
a
l

v
o
i
d

p
u
s
h

(
c
o
n
s
t

T
&
i
t
e
m
)
;

v
i
r
t
u
a
l

v
o
i
d

p
o
p

(
T

&
i
t
e
m
)
;

v
i
r
t
u
a
l

b
o
o
l

i
s
_
e
m
p
t
y

(
v
o
i
d
)

c
o
n
s
t
;

v
i
r
t
u
a
l

b
o
o
l

i
s
_
f
u
l
l

(
v
o
i
d
)

c
o
n
s
t
;

p
r
i
v
a
t
e
:

s
i
z
e
_
t

t
o
p
_
;

s
t
d
:
:
v
e
c
t
o
r
<
T
>

s
t
a
c
k
_
;

}
;
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n
te

d
Im

p
le

m
e
n
ta

tio
n

in
C
+

+
(co

n
t’d

)

•
class

V
S
t
a
c
k

im
p
lem

en
tation

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

V
_
S
t
a
c
k
<
T
>
:
:
V
_
S
t
a
c
k

(
s
i
z
e
_
t

s
i
z
e
)
:

t
o
p
_

(
0
)
,

s
t
a
c
k
_

(
s
i
z
e
)

{
}

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

V
_
S
t
a
c
k
<
T
>
:
:
V
_
S
t
a
c
k

(
c
o
n
s
t

V
_
S
t
a
c
k

&
r
h
s
)
:

t
o
p
_

(
r
h
s
.
t
o
p
_
)
,

s
t
a
c
k
_

(
r
h
s
.
s
t
a
c
k
_
)

{
}

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

v
o
i
d

V
_
S
t
a
c
k
<
T
>
:
:
p
u
s
h

(
c
o
n
s
t

T
&
i
t
e
m
)

{
s
t
a
c
k
_
[
t
o
p
_
+
+
]

=
i
t
e
m
;

}

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

v
o
i
d

V
_
S
t
a
c
k
<
T
>
:
:
p
o
p

(
T

&
i
t
e
m
)

{
i
t
e
m

=
s
t
a
c
k
_
[
-
-
t
o
p
_
]
;

}

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

i
n
t

V
_
S
t
a
c
k
<
T
>
:
:
i
s
_
f
u
l
l

(
v
o
i
d
)

c
o
n
s
t

{
r
e
t
u
r
n

t
o
p
_

>
=

s
t
a
c
k
_
.
s
i
z
e

(
)
;

}
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A
n

O
verview

o
f
C
+

+
D

o
u
g
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C
.
S
ch

m
id

t

O
b
je

ct-O
rie

n
te

d
Im

p
le

m
e
n
ta

tio
n

in
C
+

+
(co

n
t’d

)
•

In
h
eritan

ce
can

also
create

an
lin

ked
list

stack:

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

c
l
a
s
s

N
o
d
e
;

/
/

f
o
r
w
a
r
d

d
e
c
l
a
r
a
t
i
o
n
.

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

c
l
a
s
s

L
_
S
t
a
c
k

:
p
u
b
l
i
c

S
t
a
c
k
<
T
>

{

p
u
b
l
i
c
:

e
n
u
m

{
D
E
F
A
U
L
T
_
S
I
Z
E

=
1
0
0

}
;

L
_
S
t
a
c
k

(
s
i
z
e
_
t

h
i
n
t

=
D
E
F
A
U
L
T
_
S
I
Z
E
)
;

~
L
_
S
t
a
c
k

(
v
o
i
d
)
;

v
i
r
t
u
a
l

v
o
i
d

p
u
s
h

(
c
o
n
s
t

T
&
n
e
w
_
i
t
e
m
)
;

v
i
r
t
u
a
l

v
o
i
d

p
o
p

(
T

&
t
o
p
_
i
t
e
m
)
;

v
i
r
t
u
a
l

b
o
o
l

i
s
_
e
m
p
t
y

(
v
o
i
d
)

c
o
n
s
t

{
r
e
t
u
r
n

h
e
a
d
_

=
=

0
;

}

v
i
r
t
u
a
l

b
o
o
l

i
s
_
f
u
l
l

(
v
o
i
d
)

c
o
n
s
t

{
r
e
t
u
r
n

0
;

}

p
r
i
v
a
t
e
:

/
/

H
e
a
d

o
f

l
i
n
k
e
d

l
i
s
t

o
f

N
o
d
e
<
T
>
’
s
.

N
o
d
e
<
T
>

*
h
e
a
d
_
;

}
;

V
an

d
erb

ilt
U

n
iversity

4
0

A
n

O
verview

o
f
C
+

+
D

o
u
g
las

C
.
S
ch

m
id

t

O
b
je

ct-O
rie

n
te

d
Im

p
le

m
e
n
ta

tio
n

in
C
+

+
(co

n
t’d

)

•
class

N
o
d
e

im
p
lem

en
tation

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

c
l
a
s
s

N
o
d
e

{

f
r
i
e
n
d

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

c
l
a
s
s

L
_
S
t
a
c
k
;

p
u
b
l
i
c
:

N
o
d
e

(
T

i
,

N
o
d
e
<
T
>

*
n

=
0
)
:

i
t
e
m
_

(
i
)
,

n
e
x
t
_

(
n
)

{
}

p
r
i
v
a
t
e
:

T
i
t
e
m
_
;

N
o
d
e
<
T
>

*
n
e
x
t
_
;

}
;

•
N

ote
th

at
th

e
u
se

of
th

e
“C

h
esh

ire
cat”

id
iom

allow
s

th
e

library
w

riter
to

com
p
letely

h
id

e
th

e
represen

tation
of

class
V
S
t
a
c
k
...
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rie

n
te

d
Im

p
le

m
e
n
ta

tio
n

in
C
+

+
(co

n
t’d

)

•
class

L
S
t
a
c
k

im
p
lem

en
tation

:

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

L
_
S
t
a
c
k
<
T
>
:
:
L
_
S
t
a
c
k

(
s
i
z
e
_
t
)
:

h
e
a
d
_

(
0
)

{
}

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

v
o
i
d

L
_
S
t
a
c
k
<
T
>
:
:
p
u
s
h

(
c
o
n
s
t

T
&
i
t
e
m
)

{

N
o
d
e
<
T
>

*
t

=
n
e
w

N
o
d
e
<
T
>

(
i
t
e
m
,

h
e
a
d
_
)
;

h
e
a
d
_

=
t
;

}t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

v
o
i
d

L
_
S
t
a
c
k
<
T
>
:
:
p
o
p

(
T

&
t
o
p
_
i
t
e
m
)

{

t
o
p
_
i
t
e
m

=
h
e
a
d
_
-
>
i
t
e
m
_
;

N
o
d
e
<
T
>

*
t

=
h
e
a
d
_
;

h
e
a
d
_

=
h
e
a
d
_
-
>
n
e
x
t
_
;

d
e
l
e
t
e

t
;

}t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

T
>

L
_
S
t
a
c
k
<
T
>
:
:
~
L
_
S
t
a
c
k

(
v
o
i
d
)

{
f
o
r

(
T

t
;

h
e
a
d
_

!
=

0
;

p
o
p

(
t
)
)

c
o
n
t
i
n
u
e
;

}
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)

•
U

sin
g

ou
r

ab
stract

b
ase

class,
it

is
p
ossib

le
to

w
rite

co
d
e

th
at

d
o
es

n
ot

d
ep

en
d

on
th

e
stack

im
p
lem

en
tation

,
e.g.,

S
t
a
c
k
<
i
n
t
>

*
m
a
k
e
_
s
t
a
c
k

(
b
o
o
l

u
s
e
_
V
_
S
t
a
c
k
)

{
r
e
t
u
r
n

u
s
e
_
V
_
S
t
a
c
k

?
n
e
w

V
_
S
t
a
c
k
<
i
n
t
>

:
n
e
w

L
_
S
t
a
c
k
<
i
n
t
>
;

}

v
o
i
d

p
r
i
n
t
_
t
o
p

(
S
t
a
c
k
<
i
n
t
>

*
s
t
a
c
k
)

{

s
t
d
:
:
c
o
u
t

<
<

"
t
o
p

=
"
<
<

s
t
a
c
k
-
>
t
o
p

(
)

<
<
s
t
d
:
:
e
n
d
l
;

}i
n
t

m
a
i
n

(
i
n
t

a
r
g
c
,

c
h
a
r

*
*
)

{

s
t
d
:
:
a
u
t
o
_
p
t
r

<
S
t
a
c
k
<
i
n
t
>
>

s
p

(
m
a
k
e
_
s
t
a
c
k

(
a
r
g
c

>
1
)
)
;

s
p
-
>
p
u
s
h

(
1
0
)
;

p
r
i
n
t
_
t
o
p

(
s
p
.
g
e
t

(
)
)
;

}
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rie

n
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d
Im

p
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m
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ta

tio
n

in
C
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(co
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•
M

oreover,
w
e

can
m

ake
ch

an
ges

at
ru

n
-tim

e
w

ith
ou

t
m

o
d
ifyin

g,
recom

p
ilin
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