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p
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d
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d
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p
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p
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p
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ra
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p
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H
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d
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p
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d
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d
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d
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p
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p
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p
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p
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d
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p
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ra
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p
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p
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d
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d
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d
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 p
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−
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d
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;
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p
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r
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q

 =
 p

zC
h

a
rF

re
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e
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n
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d
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 p
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 p
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d

e
s 

+
n

L
o

w
e

st
 +

1
;
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;

//
 C

le
a

n
 u

p
:

fr
e

e
(p

zC
h

a
rF

re
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e
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 d
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q

;

//
 A

llo
ca

te
 m

e
m

o
ry

:
p

zC
h

a
rF

re
q

 =
 (

Z
A

R
_

C
H

A
R

_
F

R
E

Q
*)

 m
a

llo
c(

s
i
z
e
o
f

(Z
A

R
_

C
H

A
R

_
F

R
E

Q
))

;

i
f

 (
p

zC
h

a
rF

re
q

 =
=

 
N
U
L
L

)
{

za
rE

rr
o

r(
Z

A
R

_
E

R
R

_
F

A
IL

E
D

_
M

E
M

O
R

Y
_

A
L

L
O

C
, 

N
U
L
L

);
r
e
t
u
r
n

 
N
U
L
L

;
} //

 G
e

t 
th

e
 f

re
q

u
e

n
ce

 o
f 

ch
a

ra
ct

e
rs

 f
ro

m
 t

h
e

 f
ile

 h
e

a
d

e
r:

za
rI

n
itC

h
a

rF
re

q
(p

zC
h

a
rF

re
q

);
lo

a
d

H
e

a
d

e
r(

p
zC

h
a

rF
re

q
, 

p
zS

rc
);

za
rS

o
rt

C
h

a
rF

re
q

(p
zC

h
a

rF
re

q
);

p
zF

re
q

 =
 p

zC
h

a
rF

re
q

−
>

fr
e

q
;

//
 R

e
m

o
ve

 f
re

q
s 

w
ith

 a
 z

e
ro

−
co

u
n

t:
f
o
r

 (
i=

0
; 

p
zF

re
q

[i]
.c

xC
h

a
r 

!=
 0

 &
&

 i<
2

5
6

; 
i+

+
);

//
 D

o
n

´t
 n

e
e

d
 a

n
y 

b
o

d
y!

n
L

o
w

e
st

 =
 2

5
7

 −
i −

1
;

//
 C

o
n

ve
rt

 t
o

 n
o

d
e

s 
a

n
d

 s
e

tu
p

 li
st

:
m

e
m

se
t(

n
o

d
e

s,
 0

, 
6

0
0

 *
s
i
z
e
o
f

(N
O

D
E

))
;

f
o
r

 (
i=

0
; 

i<
2

5
7

; 
i+

+
)

{
//

 A
d

d
 n

o
d

e
:

n
o

d
e

s[
i].

d
w

C
o

u
n

t 
=

 p
zC

h
a

rF
re

q
−

>
fr

e
q

[2
5

6
 −

i].
cx

C
h

a
r;

n
o

d
e

s[
i].

n
C

h
a

r 
 =

 p
zC

h
a

rF
re

q
−

>
fr

e
q

[2
5

6
 −

i].
u

b
C

h
a

r;

//
 A

d
d

 t
o

 li
st

:
n

o
d

e
s[

i].
p

N
e

xt
 =

 n
o

d
e

s 
+

i +
1

;
} //

 A
d

d
 e

n
d

 o
f 

st
re

a
m

 c
o

d
e

:
n

o
d

e
s[

n
L

o
w

e
st

].
p

N
e

xt
  

 =
 n

o
d

e
s 

+
n

L
o

w
e

st
 +

1
;

n
o

d
e

s[
n

L
o

w
e

st
].

d
w

C
o

u
n

t 
=

 1
;

//
 C

le
a

n
 u

p
:

fr
e

e
(p

zC
h

a
rF

re
q

);
n

o
d

e
s[

2
5

6
].

p
N

e
xt

 =
 

N
U
L
L

;
//

 L
a

st
 n

o
d

e
 d

o
e

sn
´t

 h
a

ve
 a

 n
e

xt
 n

o
d

e
! 

//
 R

e
tu

rn
 p

o
in

te
r 

to
 lo

w
e

st
 n

o
d

e
:

r
e
t
u
r
n

 (
n

o
d

e
s 

+
n

L
o

w
e

st
);

} //
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**
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**
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**
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**

**
**

**
**

**
**

**
**
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**
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** //
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u
ild

H
u
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a
n

T
re

e
()

s
t
a
t
i
c

 N
O

D
E

* 
b

u
ild

H
u

ff
m

a
n

T
re

e
(N

O
D

E
* 

n
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d
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s,
 N

O
D

E
* 

p
S
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)
{
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in
t

  
  

 n
N

u
m

N
o

d
e

s 
=

 2
5

7
;

N
O

D
E

*
lo

w
0

 =
 p

S
ta

rt
;

N
O

D
E

*
lo

w
1

 =
 p

S
ta

rt
−

>
p

N
e

xt
;

N
O

D
E

*
tm

p
;

N
O

D
E

* 
  

ro
o

t 
=

 
N
U
L
L

;

w
h
i
l
e

 (
1

)
{

//
 A

d
d

 t
h

e
 lo

w
e

st
 e

le
m

e
n

ts
 t

o
 n

o
d

e
:

n
o

d
e

s[
n

N
u

m
N

o
d

e
s]

.p
C

h
ild

0
 =

 lo
w

0
;

n
o

d
e

s[
n

N
u

m
N

o
d

e
s]

.p
C

h
ild

1
 =

 lo
w

1
;

n
o

d
e

s[
n

N
u

m
N

o
d

e
s]

.d
w

C
o

u
n

t 
=

 lo
w

0
−

>
d

w
C

o
u

n
t 

+
 lo

w
1

−
>

d
w

C
o

u
n

t;

//
 R

e
m

o
ve

 t
h

e
 a

d
d

e
d

 n
o

d
e

s 
fo

rm
 li

st
:

lo
w

0
 =

 lo
w

1
−

>
p

N
e

xt
;

lo
w

1
 =

 lo
w

0
;

//
 T

e
st

 f
o

r 
e

n
d

 c
o

n
d

iti
o

n
:

i
f

 (
lo

w
1

 =
=

 
N
U
L
L

)
{

ro
o

t 
=

 n
o

d
e

s 
+

n
N

u
m

N
o

d
e

s;
b
r
e
a
k

;
} //

 S
h

o
u

ld
 w

e
 a

d
d

 t
h

e
 n

o
d

e
 t

o
 f

ir
st

 e
le

m
e

n
t 

in
 li

st
?

i
f

 (
lo

w
0

−
>

d
w

C
o

u
n

t 
>

 n
o

d
e

s[
n

N
u

m
N

o
d

e
s]

.d
w

C
o

u
n

t)
{

lo
w

0
 =

 n
o

d
e

s 
+

n
N

u
m

N
o

d
e

s;
lo

w
0

−
>

p
N

e
xt

 =
 lo

w
1

;
} e
l
s
e

{
//

 F
in

d
 s

p
o

t 
w

h
e

re
 t

o
 in

se
rt

 t
h

e
 c

re
a

te
d

 n
o

d
e

 in
 t

h
e

 li
s

t:
d
o

 
{

tm
p

  
=

 lo
w

1
;

lo
w

1
 =

 lo
w

1
−

>
p

N
e

xt
;

} w
h
i
l
e

 (
lo

w
1

 &
&

 lo
w

1
−

>
d

w
C

o
u

n
t 

<
 n

o
d

e
s[

n
N

u
m

N
o

d
e

s]
.d

w
C

o
u

n
t)

;

//
 I

n
se

rt
 n

e
w

 n
o

d
e

:
(t

m
p

−
>

p
N

e
xt

 =
 n

o
d

e
s 

+
n

N
u

m
N

o
d

e
s)

−
>

p
N

e
xt

 =
 lo

w
1

;
//

 s
a

m
e

 a
s 

tm
p

−
>

p
N

e
xt

−
>

p
N

e
xt

 =
 lo

w
1

, 
b

u
t 

fa
st

e
r 

o
n

 M
S

 V
C

+
+

 6
, 

b
e

ca
u

se
 lo

w
1

−
>

p
N

e
x

t 
a

lr
e

a
d

y 
lo

a
d

 in
to

 r
e

g
is

te
r!

} lo
w

1
 =

 lo
w

0
−

>
p

N
e

xt
;

n
N

u
m

N
o

d
e

s+
+

;
} r
e
t
u
r
n

 r
o

o
t;

} //
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

** //
 a

ss
ig

n
C

o
d

e
s(

)

s
t
a
t
i
c

 
vo

id
 a

ss
ig

n
C

o
d

e
s(

N
O

D
E

* 
p

P
a

re
n

t)
{

i
f

 (
p

P
a

re
n

t−
>

p
C

h
ild

0
 !

=
 

N
U
L
L

)
{

s
t
a
t
i
c

 N
O

D
E

* 
p

C
h

ild
;

//
 A

d
d

 z
e

ro
 c

o
d

e
 t

o
 c

h
ild

0
:

p
C

h
ild

 =
 p

P
a

re
n

t−
>

p
C

h
ild

0
;

p
C

h
ild

−
>

d
w

B
itC

o
d

e
 =

 p
P

a
re

n
t−

>
d

w
B

itC
o

d
e

 <
<

1
;

Ju
n 

04
, 0

1 
15

:5
4

P
ag

e 
5/

7
H

o
ff

m
an

.c
p

C
h

ild
−

>
d

w
N

u
m

B
its

 =
 p

P
a

re
n

t−
>

d
w

N
u

m
B

its
 +

1
;

//
 M

o
ve

 f
u

rt
h

e
r 

d
o

w
n

 0
 b

ra
n

ce
:

a
ss

ig
n

C
o

d
e

s(
p

C
h

ild
);

//
 A

d
d

 o
n

e
 c

o
d

e
 t

o
 c

h
ild

1
:

p
C

h
ild

 =
 p

P
a

re
n

t−
>

p
C

h
ild

1
;

p
C

h
ild

−
>

d
w

B
itC

o
d

e
 =

 (
p

P
a

re
n

t−
>

d
w

B
itC

o
d

e
 <

<
1

) 
+

1
;

p
C

h
ild

−
>

d
w

N
u

m
B

its
 =

 p
P

a
re

n
t−

>
d

w
N

u
m

B
its

 +
1

;

//
 M

o
ve

 f
u

rt
h

e
r 

d
o

w
n

 1
 b

ra
n

ce
:

a
ss

ig
n

C
o

d
e

s(
p

C
h

ild
);

}
} //
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**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
** //

 s
o

rt
N

o
d

e
s(

)

s
t
a
t
i
c

 
vo

id
 s

o
rt

N
o

d
e

s(
N

O
D

E
* 

n
o

d
e

s)
{

q
so

rt
(n

o
d

e
s,

 2
5

6
, 

s
i
z
e
o
f

(N
O

D
E

),
 n

o
d

e
sC

o
m

p
a

re
);

} //
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

** //
 n

o
d

e
sC

o
m

p
a

re
()

s
t
a
t
i
c

 
in

t
 n

o
d

e
sC

o
m

p
a

re
(

c
o
n
s
t

 
vo

id
* 

p
A

, 
c
o
n
s
t

 
vo

id
* 

p
B

)
{

r
e
t
u
r
n

 (
((

c
o
n
s
t

 N
O

D
E

*)
 p

A
)−

>
n

C
h

a
r 

−
((

c
o
n
s
t

 N
O

D
E

*)
 p

B
)−

>
n

C
h

a
r)

;
} //

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
** //

 s
a

ve
H

e
a

d
e

r(
)

s
t
a
t
i
c

 
in

t
 s

a
ve

H
e

a
d

e
r(

c
o
n
s
t

 N
O

D
E

* 
n

o
d

e
s,

 Z
A

R
_

F
IL

E
* 

p
zF

ile
)

{
in

t
j, 

i=
0

, 
n

O
k=

1
;

//
 S

ta
rt

 t
o

 w
ri
te

 t
h

e
 f

ile
 h

e
a

d
e

r:
w
h
i
l
e

 (
n

O
k)

{
//

 F
in

d
 f

ir
st

 e
n

tr
y 

to
 w

ri
te

::
w
h
i
l
e

 (
n

o
d

e
s[

i].
d

w
C

o
u

n
t 

=
=

 0
)

//
 F

in
d

 n
o

n
−

ze
ro

!
{

i
f

 (
+

+
i =

=
 2

5
5

) 
 

{
i =

 2
5

5
;

b
r
e
a
k

;
}

} //
 W

ri
te

 t
h

e
 in

d
e

x 
o

f 
th

e
 f

o
u

n
d

 e
n

tr
y:

fp
u

tc
(i
, 

p
zF

ile
−

>
p

F
ile

);

//
 F

in
d

 t
h

e
 e

n
d

 o
f 

th
e

 e
n

tr
y 

(3
 z

e
ro

s)
:

j =
 i 

+
1

;

d
o

{
i
f

 (
+

+
j >

=
 2

5
6

)
{

j  
 =

 2
5

6
;

n
O

k 
=

 0
;

//
 e

n
d

 lo
o

p
b
r
e
a
k

;
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}
} w
h
i
l
e

 (
n

o
d

e
s[

j].
d

w
C

o
u

n
t 

!=
 0

 |
| 
n

o
d

e
s[

j +
1

].
d

w
C

o
u

n
t 

!=
 0

 |
| 
n

o
d

e
s[

j +
2

].
d

w
C

o
u

n
t 

!=
 0

);

//
 S

to
re

 t
h

e
 e

n
d

in
g

 in
d

e
x:

fp
u

tc
(j
 −

1
, 

p
zF

ile
−

>
p

F
ile

);

//
 S

a
ve

 t
h

e
 v

a
lu

e
s 

b
e

tw
e

e
n

 t
h

e
 in

d
e

xs
:

i
f

 (
i !

=
 2

5
5

)
{

f
o
r

 (
; 

i<
j; 

i+
+

)
fp

u
tc

(n
o

d
e

s[
i].

d
w

C
o

u
n

t,
 p

zF
ile

−
>

p
F

ile
);

}
} r
e
t
u
r
n

 1
;

} //
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
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** //
 lo

a
d

H
e

a
d

e
r(

)

s
t
a
t
i
c

 
in

t
 lo

a
d

H
e

a
d

e
r(

Z
A

R
_

C
H

A
R

_
F

R
E

Q
* 

p
zC

h
a

rF
re

q
, 

Z
A

R
_

F
IL

E
* 

p
zF

ile
)

{
in

t
 i,

 f
ro

m
, 

to
;

Z
A

R
_

F
R

E
Q

* 
p

F
re

q
 =

 p
zC

h
a

rF
re

q
−

>
fr

e
q

;

//
 E

xt
ra

ct
 t

h
e

 f
re

q
u

e
n

ce
 f

ro
m

 t
h

e
 h

e
a

d
e

r:
w
h
i
l
e

 (
1

)
{

fr
o

m
 =

 f
g

e
tc

(p
zF

ile
−

>
p

F
ile

);
to

  
 =

 f
g

e
tc

(p
zF

ile
−

>
p

F
ile

);

i
f

 (
fr

o
m

 =
=

 2
5

5
)

b
r
e
a
k

;

//
 F

ill
 t

h
e

 r
a

n
g

e
 u

p
 t

o
 i 

w
ith

 z
e

ro
s:

f
o
r

 (
i=

fr
o

m
; 

i<
=

to
; 

i+
+

)
p

F
re

q
[i]

.c
xC

h
a

r 
=

 f
g

e
tc

(p
zF

ile
−

>
p

F
ile

);

i
f

 (
to

 =
=

 2
5

5
)

b
r
e
a
k

;
} //

 R
e

a
d

 n
e

xt
 b

yt
e

:
p

zF
ile

−
>

n
C

u
rB

yt
e

 =
 z

a
rG

e
tB

yt
e

(p
zF

ile
);

p
zF

ile
−

>
n

B
itM

a
sk

 =
 0

x8
0

;
//

 M
a

ke
 s

u
re

 n
o

t 
to

 r
e

a
d
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xt
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y
te

!

r
e
t
u
r
n

 1
;
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