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S
elf-R

eferen
tial D

ata S
tru

ctu
res

 

•

 

S
tructures can hold 

 

p
o

in
ters

 

 to 

 

in
stan

ces

 

 of 

 

th
em

selves

 

s
t
r
u
c
t
 
t
r
e
e
 
{

c
h
a
r
 
*
w
o
r
d
;

i
n
t
 
c
o
u
n
t
;

 

s
t
r
u
c
t
 
t
r
e
e
 
*
l
e
f
t
,
 
*
r
i
g
h
t

 

;
}
;

 

•

 

S
tructures 

 

can
n

o
t

 

 contain 

 

in
stan

ces

 

 of 

 

th
em

selves

 

:

 

s
t
r
u
c
t
 
t
r
e
e
 
{

c
h
a
r
 
*
w
o
r
d

i
n
t
 
c
o
u
n
t
;

 

s
t
r
u
c
t
 
t
r
e
e
 
l
e
f
t
,
 
r
i
g
h
t

 

;
}
;

 

w
hat is

 

 
s
i
z
e
o
f
 
(
s
t
r
u
c
t
 
t
r
e
e
)

 

?
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D
yn

am
ic D

ata S
tru

ctu
res

 

•

 

C
 library routines

 

 
m
a
l
l
o
c
 

 

and

 

 
f
r
e
e
 

 

allocate and deallocate m
em

ory

 

e
x
t
e
r
n
 
v
o
i
d
 
*
m
a
l
l
o
c
(
u
n
s
i
g
n
e
d
 
n
b
y
t
e
s
)
;

 

allocates

 

 
n
b
y
t
e
s
 

 

of m
em

ory and returns a pointer to the 1st byte

 

e
x
t
e
r
n
 
v
o
i
d
 
f
r
e
e
(
v
o
i
d
 
*
p
)

 

deallocates the m
em

ory pointed to by

 

 
p

 

, w
hich 

 

m
u

st

 

 com
e from

 

 
m
a
l
l
o
c

 

•

 

To create a new

 

 
t
r
e
e
n
o
d
e

 

:

 

t
y
p
e
d
e
f
 
s
t
r
u
c
t
 
t
r
e
e
 
*
T
r
e
e
;

T
r
e
e
 
t
a
l
l
o
c
(
v
o
i
d
)
 
{

r
e
t
u
r
n
 

 

m
a
l
l
o
c

 

(
s
i
z
e
o
f
 
(
s
t
r
u
c
t
 
t
r
e
e
)
)
;

}

 

•

 

B
etter yet, provide argum

ents to 

 

in
itialize

 

 the new

 

 
t
r
e
e

 

:

 

T
r
e
e
 
t
a
l
l
o
c
(
c
h
a
r
 
*
w
o
r
d
,
 
i
n
t
 
c
o
u
n
t
,
 
T
r
e
e
 
l
e
f
t
,
 
T
r
e
e
 
r
i
g
h
t
)
 
{

T
r
e
e
 

 

t
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
 
*
t
)

 

;
t
-
>
w
o
r
d
 
=
 
w
o
r
d
;
 
t
-
>
c
o
u
n
t
 
=
 
c
o
u
n
t
;

t
-
>
l
e
f
t
 
=
 
l
e
f
t
;
 
t
-
>
r
i
g
h
t
 
=
 
r
i
g
h
t
;

r
e
t
u
r
n
 
t
;

}
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D
eallo

catin
g

 M
em

o
ry

 

•

 

D
elallocate a previously created

 

 
t
r
e
e

 

:

 

v
o
i
d
 
t
f
r
e
e
(
T
r
e
e
 
t
)
 
{

 
f
r
e
e
(
t
)
;

}

 

•

 

O
ther allocation functions:

 

e
x
t
e
r
n
 
v
o
i
d
 
*
c
a
l
l
o
c
(
u
n
s
i
g
n
e
d
 
n
,
 
u
n
s
i
g
n
e
d
 
n
b
y
t
e
s
)

 

allocates 

 

an
d

 clears

 

 m
em

ory for

 

 
n
 

 

copies of

 

 
n
b
y
t
e
s

 

, e.g. an array of structures

 

e
x
t
e
r
n
 
v
o
i
d
 
*
r
e
a
l
l
o
c
(
v
o
i
d
 
*
p
,
 
u
n
s
i
g
n
e
d
 
s
i
z
e
)

 

exp
an

d
s/sh

rin
ks

 

 the m
em

ory pointed by

 

 
p
 

 

to occupy

 

 
n
b
y
t
e
s
;

 

 m
ay 

 

relo
cate

 

•

 

A
ll allocation functions return

 

 
N
U
L
L
 

 

if there is 

 

n
o

 m
em

o
ry

 

 available
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E
xam

p
le: B

in
ary Trees

 

•

 

F
unction

 

 
i
n
s
e
r
t
(
T
r
e
e
 
*
p
,
 
c
h
a
r
 
*
w
o
r
d
)

 

adds

 

 
w
o
r
d
 

 

to the tree rooted at

 

 
p
 

 

if

 

 
w
o
r
d
 

 

isn’t already in the tree
otherw

ise, it increm
ents the

 

 
c
o
u
n
t
 

 

associated w
ith

 

 
w
o
r
d

 

v
o
i
d
 
i
n
s
e
r
t
(

 

T
r
e
e
 
*
p

 

,
 
c
h
a
r
 
*
w
o
r
d
)
 
{

T
r
e
e
 
q
 
=
 
*
p
;

i
f
 
(
q
)
 
{

i
n
t
 
c
o
n
d
 
=
 
s
t
r
c
m
p
(
w
o
r
d
,
 
q
-
>
w
o
r
d
)
;

i
f
 
(
c
o
n
d
 
<
 
0
)

i
n
s
e
r
t
(
&
q
-
>
l
e
f
t
,
 
w
o
r
d
)
;

e
l
s
e
 
i
f
 
(
c
o
n
d
 
>
 
0
)

i
n
s
e
r
t
(
&
q
-
>
r
i
g
h
t
,
 
w
o
r
d
)
;

e
l
s
e
q
-
>
c
o
u
n
t
+
+
;

}
 
e
l
s
e*
p
 
=
 
t
a
l
l
o
c
(
s
t
r
s
a
v
e
(
w
o
r
d
)
,
 
1
,
 
N
U
L
L
,
 
N
U
L
L
)
;

}

 

•

 

c
h
a
r
 
s
t
r
s
a
v
e
(
c
h
a
r
 
*
s
)
 

 

m
akes a copy of string

 

 
s
 

 

and returns it

 

c
h
a
r
 
*
s
t
r
s
a
v
e
(
c
h
a
r
 
*
s
)
 
{

c
h
a
r
 
*
n
e
w
 
=
 
m
a
l
l
o
c
(
s
t
r
l
e
n
(
s
)
 
+
 
1
)
;

a
s
s
e
r
t
(
n
e
w
)
;

r
e
t
u
r
n
 
s
t
r
c
p
y
(
n
e
w
,
 
s
)
;

}


