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2.
IfN

is
em

pty,then
exitand

signalfailure.

3.
S

etn
to

be
the

firstnode
in

N
,and

rem
ove

n
from

N
.

4.
Ifn

is
a

goalnode,then
exitand

signalsuccess.

5.
O

therw
ise,add

the
children

ofn
to

the
frontofN

and
return

to
step

2.

1
/55

C
S

520:
In

tro
d

u
ctio

n
to

In
tellig

en
t

S
ystem

s
S

p
rin

g
2006

S
earch

(cont)

B
read

th
-F

irst
S

earch

1.
S

etN
to

be
a

listofinitialnodes.

2.
IfN

is
em

pty,then
exitand

signalfailure.

3.
S

etn
to

be
the

firstnode
in

N
,and

rem
ove

n
from

N
.

4.
Ifn

is
a

goalnode,then
exitand

signalsuccess.

5.
O

therw
ise,add

the
children

ofn
to

the
end

ofN
and

return
to

step
2.
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u
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n
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en
t

S
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s
S
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g
2006

S
earch

(cont)

D
ep

th
L

im
ited

S
earch

1.
S

etN
to

be
a

listofinitialnodes.

2.
IfN

is
em

pty,then
exitand

signalfailure.

3.
S

etn
to

be
the

firstnode
in

N
,and

rem
ove

n
from

N
.

4.
Ifn

is
a

goalnode,then
exitand

signalsuccess.

5.
Ifthe

depth
ofn

is
equalto

M
A

X
,go

to
step

2.

6.
O

therw
ise,add

the
children

ofn
to

the
frontofN

and
return

to
step

2.
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S
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g
2006

S
earch

(cont)

Iterative-D
eep

en
in

g
S

earch

1.
S

etN
to

be
a

listofinitialnodes.
S

etM
A

X
to

1.

2.
P

erform
D

epth-Lim
ited

S
earch

3.
Ifsuccess,exitand

signalsuccess

4.
O

therw
ise,setM

A
X

to
M

A
X

+
1,and

go
to

step
2.
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S
ystem

s
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g
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G
eneralQ

ueue.java

p
u
b
l
i
c

i
n
t
e
r
f
a
c
e

G
e
n
e
r
a
l
Q
u
e
u
e

{
/
*
*

A
d
d

a
n
e
w

o
b
j
e
c
t

t
o

t
h
e

q
u
e
u
e
.
*
/

p
u
b
l
i
c

v
o
i
d

a
d
d
(
S
e
a
r
c
h
N
o
d
e

o
b
j
e
c
t
)
;

/
*
*

R
e
m
o
v
e

t
h
e

n
e
x
t

o
b
j
e
c
t

i
n

q
u
e
u
e

o
r
d
e
r
.
*
/

p
u
b
l
i
c

S
e
a
r
c
h
N
o
d
e

r
e
m
o
v
e
F
r
o
n
t
(
)
;

/
*
*

P
r
e
d
i
c
a
t
e

t
o

d
e
t
e
r
m
i
n
e

i
f

q
u
e
u
e

i
s

e
m
p
t
y
.
*
/

p
u
b
l
i
c

b
o
o
l
e
a
n

i
s
E
m
p
t
y
(
)
;

}
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S
ystem

s
S

p
rin

g
2006

LIF
O

Q
ueue.java

i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

p
u
b
l
i
c

c
l
a
s
s

L
I
F
O
Q
u
e
u
e

i
m
p
l
e
m
e
n
t
s

G
e
n
e
r
a
l
Q
u
e
u
e

{
S
t
a
c
k
<
S
e
a
r
c
h
N
o
d
e
>

s
t
a
c
k
;

p
u
b
l
i
c

L
I
F
O
Q
u
e
u
e
(
)

{
s
t
a
c
k

=
n
e
w

S
t
a
c
k
<
S
e
a
r
c
h
N
o
d
e
>
(
)
;
}

p
u
b
l
i
c

v
o
i
d

a
d
d
(
S
e
a
r
c
h
N
o
d
e

o
b
j
e
c
t
)

{
s
t
a
c
k
.
p
u
s
h
(
o
b
j
e
c
t
)
;
}

p
u
b
l
i
c

S
e
a
r
c
h
N
o
d
e

r
e
m
o
v
e
F
r
o
n
t
(
)

{
r
e
t
u
r
n

s
t
a
c
k
.
p
o
p
(
)
;

}
p
u
b
l
i
c

b
o
o
l
e
a
n

i
s
E
m
p
t
y
(
)

{
r
e
t
u
r
n

s
t
a
c
k
.
e
m
p
t
y
(
)
;
}

}
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u
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n
to

In
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en
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S
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s
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p
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g
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F
IF

O
Q

ueue.java
i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

p
u
b
l
i
c

c
l
a
s
s

F
I
F
O
Q
u
e
u
e

i
m
p
l
e
m
e
n
t
s

G
e
n
e
r
a
l
Q
u
e
u
e

{
p
r
o
t
e
c
t
e
d

A
r
r
a
y
L
i
s
t
<
S
e
a
r
c
h
N
o
d
e
>

f
i
f
o
;

p
u
b
l
i
c

F
I
F
O
Q
u
e
u
e
(
)

{
f
i
f
o

=
n
e
w

A
r
r
a
y
L
i
s
t
<
S
e
a
r
c
h
N
o
d
e
>
(
)
;
}

p
u
b
l
i
c

v
o
i
d

a
d
d
(
S
e
a
r
c
h
N
o
d
e

o
b
j
e
c
t
)

{
f
i
f
o
.
a
d
d
(
o
b
j
e
c
t
)
;
}

p
u
b
l
i
c

S
e
a
r
c
h
N
o
d
e

r
e
m
o
v
e
F
r
o
n
t
(
)

{
S
e
a
r
c
h
N
o
d
e

o
b
j
e
c
t
=

f
i
f
o
.
g
e
t
(
0
)
;

f
i
f
o
.
r
e
m
o
v
e
(
0
)
;

r
e
t
u
r
n

o
b
j
e
c
t
;
}

p
u
b
l
i
c

b
o
o
l
e
a
n

i
s
E
m
p
t
y
(
)

{
r
e
t
u
r
n

f
i
f
o
.
s
i
z
e
(
)

=
=

0
;
}

}
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S
tate.java
i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

/
*
*

I
n
t
e
r
f
a
c
e

f
o
r

a
n
y

o
b
j
e
c
t

t
h
a
t

c
a
n

b
e

m
a
n
i
p
u
l
a
t
e
d

a
s

a
s
t
a
t
e

b
y

a
n

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

o
f

S
e
a
r
c
h
M
e
t
h
o
d
.

*
/

p
u
b
l
i
c

i
n
t
e
r
f
a
c
e

S
t
a
t
e

{

/
*
*
R
e
t
u
r
n
s

w
h
e
t
h
e
r

t
h
i
s

s
t
a
t
e

i
s

a
g
o
a
l

n
o
d
e
.
*
/

p
u
b
l
i
c

b
o
o
l
e
a
n

i
s
G
o
a
l
(
)
;

/
*
*

R
e
t
u
r
n
s

a
c
o
l
l
e
c
t
i
o
n

o
f

s
u
c
c
e
s
s
o
r
s

o
f

t
h
e

s
t
a
t
e
.
*
/

p
u
b
l
i
c

A
r
r
a
y
L
i
s
t

s
u
c
c
e
s
s
o
r
s
(
)
;

}
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u
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n
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t

S
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s
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p
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g
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S
earchN

ode.java
i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

/
*
*

S
e
a
r
c
h

n
o
d
e

r
e
p

n
o
d
e

i
n

a
s
e
a
r
c
h

t
r
e
e
,

s
u
p
p
l
i
e
s

n
e
e
d
e
d

f
u
n
c
s

f
o
r

i
m
p
l
e
m
e
n
t
i
n
g

a
s
e
a
r
c
h
.
*
/

p
u
b
l
i
c

c
l
a
s
s

S
e
a
r
c
h
N
o
d
e

{
/
*
*

S
t
a
t
e

a
t

t
h
i
s

n
o
d
e

*
/

p
r
o
t
e
c
t
e
d

S
t
a
t
e

s
t
a
t
e
;

/
*
*

R
e
f
e
r
e
n
c
e

b
a
c
k

t
o

p
a
r
e
n
t

n
o
d
e
.

*
/

p
r
o
t
e
c
t
e
d

S
e
a
r
c
h
N
o
d
e

p
a
r
e
n
t
;

/
*
*

O
p
e
r
a
t
i
o
n

t
h
a
t

w
a
s

a
p
p
l
i
e
d

t
o

p
a
r
e
n
t

*
/

p
r
o
t
e
c
t
e
d

S
t
r
i
n
g

a
p
p
l
i
e
d
O
p
;

/
*
*

D
e
p
t
h

o
f

t
h
i
s

n
o
d
e

*
/

p
r
o
t
e
c
t
e
d

i
n
t

d
e
p
t
h
;

/
*
*

C
o
s
t

o
f

g
e
t
t
i
n
g

t
o

t
h
i
s

n
o
d
e

*
/

p
r
o
t
e
c
t
e
d

f
l
o
a
t
p
a
t
h
C
o
s
t
;
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g
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S
earchN
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(cont)

/
*
*

N
o
-
a
r
g
u
m
e
n
t

c
o
n
s
t
r
u
c
t
o
r

n
e
e
d
e
d

f
o
r

n
e
w
I
n
s
t
a
n
c
e
(
)

*
/

p
r
o
t
e
c
t
e
d

S
e
a
r
c
h
N
o
d
e
(
)

{
}

/
*
*

C
o
n
s
t
r
u
c
t
o
r

t
a
k
e
s

a
s
t
a
t
e

a
n
d

m
a
k
e
s

i
t

a
p
a
r
e
n
t
l
e
s
s

s
e
a
r
c
h

n
o
d
e

*
/

p
u
b
l
i
c

S
e
a
r
c
h
N
o
d
e
(
S
t
a
t
e

s
t
a
r
t
S
t
a
t
e
)

{
s
t
a
t
e

=
s
t
a
r
t
S
t
a
t
e
;

p
a
r
e
n
t

=
n
u
l
l
;

a
p
p
l
i
e
d
O
p

=
n
u
l
l
;

d
e
p
t
h

=
0
;

p
a
t
h
C
o
s
t

=
0
;
}
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u
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n
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S
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s
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p
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g
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S
earchN

ode.java
(cont)

/
*
*

R
e
t
u
r
n
s

s
t
a
t
e

o
f

t
h
i
s

n
o
d
e
.

*
/

p
u
b
l
i
c

S
t
a
t
e

g
e
t
S
t
a
t
e
(
)

{
r
e
t
u
r
n

s
t
a
t
e
;
}

/
*
*

R
e
t
u
r
n
s

p
a
r
e
n
t

o
f

t
h
i
s

n
o
d
e
.

*
/

p
u
b
l
i
c

S
e
a
r
c
h
N
o
d
e

g
e
t
P
a
r
e
n
t
(
)

{
r
e
t
u
r
n

p
a
r
e
n
t
;
}

/
*
*

R
e
t
u
r
n
s

a
p
p
l
i
e
d

o
p
e
r
a
t
i
o
n

f
o
r

t
h
i
s

n
o
d
e
.

*
/

p
u
b
l
i
c

S
t
r
i
n
g

g
e
t
A
p
p
l
i
e
d
O
p
(
)

{
r
e
t
u
r
n

a
p
p
l
i
e
d
O
p
;
}

/
*
*

R
e
t
u
r
n
s

d
e
p
t
h

o
f

t
h
i
s

n
o
d
e
.

*
/

p
u
b
l
i
c

i
n
t

g
e
t
D
e
p
t
h
(
)

{
r
e
t
u
r
n

d
e
p
t
h
;
}
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u
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n
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S
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s
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p
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g
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S
earchN

ode.java
(cont)

/
*
*

R
e
t
u
r
n
s

c
o
s
t

o
f

g
e
t
t
i
n
g

t
o

t
h
i
s

n
o
d
e

*
/

p
u
b
l
i
c

f
l
o
a
t

g
e
t
P
a
t
h
C
o
s
t
(
)

{
r
e
t
u
r
n

p
a
t
h
C
o
s
t
;

}
/
*
*

E
x
p
a
n
d
s

a
n
o
d
e

i
n
t
o

i
t
s

s
u
c
c
e
s
s
o
r
s

*
/

p
u
b
l
i
c

v
o
i
d

e
x
p
a
n
d
(
G
e
n
e
r
a
l
Q
u
e
u
e

e
x
p
a
n
d
I
n
t
o
)

{
A
r
r
a
y
L
i
s
t
<
S
u
c
c
e
s
s
o
r
>

s
u
c
c
e
s
s
o
r
L
i
s
t

=
g
e
t
S
t
a
t
e
(
)
.
s
u
c
c
e
s
s
o
r
s
(
)
;

f
o
r

(
S
u
c
c
e
s
s
o
r

n
e
x
t
:

s
u
c
c
e
s
s
o
r
L
i
s
t
)

e
x
p
a
n
d
I
n
t
o
.
a
d
d
(
m
a
k
e
N
o
d
e
(
n
e
x
t
)

)
;

}
}
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S
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In
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d

u
ctio

n
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tellig

en
t

S
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s
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p
rin

g
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S
earchN

ode.java
(cont)

/
*
*

M
a
k
e
s

a
n
e
w

n
o
d
e

o
f

t
h
e

s
a
m
e

t
y
p
e

a
s

t
h
i
s

o
n
e
,

u
s
i
n
g

a
s
u
c
c
e
s
s
o
r

*
/

p
u
b
l
i
c

S
e
a
r
c
h
N
o
d
e

m
a
k
e
N
o
d
e
(
S
u
c
c
e
s
s
o
r

s
u
c
c
e
s
s
o
r
)

{
S
e
a
r
c
h
N
o
d
e

n
e
w
N
o
d
e
;

t
r
y

{
n
e
w
N
o
d
e

=
(
S
e
a
r
c
h
N
o
d
e
)

g
e
t
C
l
a
s
s
(
)
.
n
e
w
I
n
s
t
a
n
c
e
(
)
;

n
e
w
N
o
d
e
.
s
t
a
t
e

=
s
u
c
c
e
s
s
o
r
.
g
e
t
S
t
a
t
e
(
)
;

n
e
w
N
o
d
e
.
p
a
r
e
n
t

=
t
h
i
s
;

n
e
w
N
o
d
e
.
a
p
p
l
i
e
d
O
p

=
s
u
c
c
e
s
s
o
r
.
g
e
t
O
p
e
r
a
t
o
r
N
a
m
e
(
)
;

n
e
w
N
o
d
e
.
d
e
p
t
h

=
d
e
p
t
h
+
1
;

n
e
w
N
o
d
e
.
p
a
t
h
C
o
s
t

=
p
a
t
h
C
o
s
t

+
s
u
c
c
e
s
s
o
r
.
g
e
t
C
o
s
t
(
)
;

r
e
t
u
r
n

n
e
w
N
o
d
e
;

}
c
a
t
c
h

(
I
n
s
t
a
n
t
i
a
t
i
o
n
E
x
c
e
p
t
i
o
n

e
)

{
}

c
a
t
c
h

(
I
l
l
e
g
a
l
A
c
c
e
s
s
E
x
c
e
p
t
i
o
n

e
)

{
}

r
e
t
u
r
n

n
u
l
l
;
}

}
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S
earchM

ethod.java

i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

/
*
*
I
n
t
e
r
f
a
c
e

f
o
r

a
n
y

o
b
j
e
c
t

t
h
a
t

i
m
p
l
e
m
e
n
t
s

a
s
e
a
r
c
h

a
l
g
o
r
i
t
h
m
.

*
/
p
u
b
l
i
c

i
n
t
e
r
f
a
c
e

S
e
a
r
c
h
M
e
t
h
o
d

{
/
*
*
P
e
r
f
o
r
m

t
h
e

s
e
a
r
c
h
.

*
/

p
u
b
l
i
c

S
e
a
r
c
h
N
o
d
e

s
e
a
r
c
h
(
)
;

}
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p
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g
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S
uccessor.java

i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

/
*
*
B
u
n
d
l
e
s

t
o
g
e
t
h
e
r

a
n
e
w

s
t
a
t
e
,

t
h
e

n
a
m
e

o
f

t
h
e

o
p
e
r
a
t
o
r

u
s
e
d

t
o

g
e
t

t
h
e
r
e
,

a
n
d

t
h
e

c
o
s
t

o
f

t
h
e

o
p
e
r
a
t
i
o
n
.
*
/

p
u
b
l
i
c

f
i
n
a
l

c
l
a
s
s

S
u
c
c
e
s
s
o
r

{
/
*
*

S
u
c
c
e
s
s
o
r

S
t
a
t
e

*
/

p
r
o
t
e
c
t
e
d

S
t
a
t
e

s
t
a
t
e
;

/
*
*

O
p
e
r
a
t
i
o
n

t
o

r
e
a
c
h

s
u
c
c
e
s
s
o
r

*
/

p
r
o
t
e
c
t
e
d

S
t
r
i
n
g

o
p
e
r
a
t
o
r
N
a
m
e
;

/
*
*

C
o
s
t

o
f

o
p
e
r
a
t
i
o
n

*
/

p
r
o
t
e
c
t
e
d

f
l
o
a
t

c
o
s
t
;
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S
uccessor.java

(cont)

/
*
*

C
o
n
s
t
r
u
c
t
o
r

s
e
t
s

a
l
l

v
a
l
u
e
s

o
f

s
u
c
c
e
s
s
o
r

o
b
j
e
c
t
.

*
/

p
u
b
l
i
c

S
u
c
c
e
s
s
o
r

(
S
t
a
t
e

s
t
a
t
e
,

S
t
r
i
n
g

o
p
e
r
a
t
o
r
N
a
m
e
,

f
l
o
a
t

c
o
s
t
)

{
t
h
i
s
.
s
t
a
t
e

=
s
t
a
t
e
;

t
h
i
s
.
o
p
e
r
a
t
o
r
N
a
m
e

=
o
p
e
r
a
t
o
r
N
a
m
e
;

t
h
i
s
.
c
o
s
t

=
c
o
s
t
;
}

/
*
*R
e
t
u
r
n
s

s
t
r
i
n
g

d
e
s
c
r
i
b
i
n
g

o
p
e
r
a
t
i
o
n
.

*
/

p
u
b
l
i
c

S
t
r
i
n
g

g
e
t
O
p
e
r
a
t
o
r
N
a
m
e
(
)

{
r
e
t
u
r
n

o
p
e
r
a
t
o
r
N
a
m
e
;
}
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g
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S
uccessor.java

(cont)

/
*
*R
e
t
u
r
n
s

c
o
s
t

o
f

p
e
r
f
o
r
m
i
n
g

o
p
e
r
a
t
i
o
n
.
*
/

p
u
b
l
i
c

f
l
o
a
t

g
e
t
C
o
s
t
(
)

{
r
e
t
u
r
n

c
o
s
t
;

}
/
*
*R
e
t
u
r
n
s

n
e
w

s
t
a
t
e
.

*
/
p
u
b
l
i
c

S
t
a
t
e

g
e
t
S
t
a
t
e
(
)

{
r
e
t
u
r
n

s
t
a
t
e
;

}
}
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g
2006

B
readthF

irstS
earch.java

i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

/
*
*

B
r
e
a
d
t
h
-
f
i
r
s
t

s
e
a
r
c
h
:

r
e
d
e
f
i
n
e
s

c
o
n
s
t
r
u
c
t
o
r

t
o

u
s
e

F
I
F
O

q
u
e
u
e
.

*
/
p
u
b
l
i
c

c
l
a
s
s

B
r
e
a
d
t
h
F
i
r
s
t
S
e
a
r
c
h

e
x
t
e
n
d
s

G
e
n
e
r
a
l
Q
u
e
u
e
S
e
a
r
c
h

{

p
u
b
l
i
c

B
r
e
a
d
t
h
F
i
r
s
t
S
e
a
r
c
h
(
S
t
a
t
e

s
t
a
r
t
S
t
a
t
e
)

{
s
u
p
e
r
(
n
e
w

S
e
a
r
c
h
N
o
d
e
(
s
t
a
r
t
S
t
a
t
e
)
,

n
e
w

F
I
F
O
Q
u
e
u
e
(
)
)
;

}
}
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S
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g
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D
epthF

irstS
earch.java

i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

/
*
*

D
e
p
t
h
-
f
i
r
s
t

s
e
a
r
c
h
:

r
e
d
e
f
i
n
e
s

c
o
n
s
t
r
u
c
t
o
r

t
o

u
s
e

s
t
a
c
k
.

*
/
p
u
b
l
i
c

c
l
a
s
s

D
e
p
t
h
F
i
r
s
t
S
e
a
r
c
h

e
x
t
e
n
d
s

G
e
n
e
r
a
l
Q
u
e
u
e
S
e
a
r
c
h

{
p
u
b
l
i
c

D
e
p
t
h
F
i
r
s
t
S
e
a
r
c
h
(
S
t
a
t
e

s
t
a
r
t
S
t
a
t
e
)

{
s
u
p
e
r
(
n
e
w

S
e
a
r
c
h
N
o
d
e
(
s
t
a
r
t
S
t
a
t
e
)
,

n
e
w

L
I
F
O
Q
u
e
u
e
(
)
)
;

}
}
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D
epthB

oundedS
earch.java

i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

p
u
b
l
i
c

c
l
a
s
s

D
e
p
t
h
B
o
u
n
d
e
d
S
e
a
r
c
h

i
m
p
l
e
m
e
n
t
s

S
e
a
r
c
h
M
e
t
h
o
d

{
/
*
*
S
t
a
c
k

f
o
r

d
e
p
t
h
-
f
i
r
s
t

s
e
a
r
c
h
.
*
/

p
r
o
t
e
c
t
e
d

L
I
F
O
Q
u
e
u
e

Q
;

/
*
*

B
o
u
n
d

o
n

d
e
p
t
h
.
*
/

i
n
t

m
a
x
D
e
p
t
h
;

/
*
*

C
o
n
s
t
r
u
c
t
o
r

t
a
k
e
s

i
n
i
t
i
a
l

s
t
a
t
e

&
d
e
p
t
h

b
o
u
n
d
.
*

p
u
b
l
i
c

D
e
p
t
h
B
o
u
n
d
e
d
S
e
a
r
c
h
(
S
t
a
t
e

s
t
a
r
t
S
t
a
t
e
,

i
n
t

m
a
x
D
e
p
t
h
)

{
Q

=
n
e
w

L
I
F
O
Q
u
e
u
e
(
)
;

Q
.
a
d
d
(

n
e
w

S
e
a
r
c
h
N
o
d
e
(
s
t
a
r
t
S
t
a
t
e
)

)
;

t
h
i
s
.
m
a
x
D
e
p
t
h

=
m
a
x
D
e
p
t
h
;
}
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D
epthB

oundedS
earch.java

(cont)
/
*
*

P
e
r
f
o
r
m
s

d
e
p
t
h
-
b
o
u
n
d
e
d

s
e
a
r
c
h

f
r
o
m

i
n
i
t
i
a
l

s
t
a
t
e
.
*
/

p
u
b
l
i
c

S
e
a
r
c
h
N
o
d
e

s
e
a
r
c
h
(
)

{
w
h
i
l
e

(
!
Q
.
i
s
E
m
p
t
y
(
)
)

{
S
e
a
r
c
h
N
o
d
e

e
x
p
a
n
d
N
o
d
e

=
Q
.
r
e
m
o
v
e
F
r
o
n
t
(
)
;

i
f

(
e
x
p
a
n
d
N
o
d
e
.
g
e
t
S
t
a
t
e
(
)
.
i
s
G
o
a
l
(
)
)

{
r
e
t
u
r
n

e
x
p
a
n
d
N
o
d
e
;

}
e
l
s
e

i
f

(
e
x
p
a
n
d
N
o
d
e
.
g
e
t
D
e
p
t
h
(
)

<
m
a
x
D
e
p
t
h
)

{
e
x
p
a
n
d
N
o
d
e
.
e
x
p
a
n
d
(
Q
)
;

}
}r
e
t
u
r
n

n
u
l
l
;

}
}
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IteratedD
eepeningS

earch.java
i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

/
*
*

T
h
i
s

c
l
a
s
s

i
m
p
l
e
m
e
n
t
s

a
n

i
t
e
r
a
t
i
v
e

d
e
e
p
e
n
i
n
g

s
e
a
r
c
h
.

*
/

p
u
b
l
i
c

c
l
a
s
s

I
t
e
r
a
t
e
d
D
e
e
p
e
n
i
n
g
S
e
a
r
c
h

i
m
p
l
e
m
e
n
t
s

S
e
a
r
c
h
M
e
t
h
o
d

{
/
*
*

S
t
a
r
t

s
t
a
t
e
,

w
h
i
c
h

m
u
s
t

b
e

s
t
o
r
e
d

t
o

i
m
p
l
e
m
e
n
t

r
e
p
e
a
t
e
d

s
e
a
r
c
h
e
s
.

*
/

S
t
a
t
e

s
t
a
r
t
S
t
a
t
e
;

/
*

C
o
n
s
t
r
u
c
t
o
r

t
a
k
e
s

s
t
a
r
t
i
n
g

s
t
a
t
e

*
/

p
u
b
l
i
c

I
t
e
r
a
t
e
d
D
e
e
p
e
n
i
n
g
S
e
a
r
c
h
(
S
t
a
t
e

s
t
a
r
t
S
t
a
t
e
)

{
t
h
i
s
.
s
t
a
r
t
S
t
a
t
e

=
s
t
a
r
t
S
t
a
t
e
;

}
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IteratedD
eepeningS

earch.java
(cont)

/
*

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

o
f

i
t
e
r
a
t
i
v
e

d
e
e
p
e
n
i
n
g

s
e
a
r
c
h
.

*
/

p
u
b
l
i
c

S
e
a
r
c
h
N
o
d
e

s
e
a
r
c
h
(
)

{
f
o
r

(
i
n
t

d
e
p
t
h
=
1

;
;

d
e
p
t
h
+
+
)

{
S
e
a
r
c
h
N
o
d
e

n
o
d
e

=
(
n
e
w

D
e
p
t
h
B
o
u
n
d
e
d
S
e
a
r
c
h

(
s
t
a
r
t
S
t
a
t
e
,

d
e
p
t
h
)
)
.
s
e
a
r
c
h
(
)
;

i
f

(
n
o
d
e

!
=

n
u
l
l
)

r
e
t
u
r
n

n
o
d
e
;

}
}

}

23
/55

C
S

520:
In

tro
d

u
ctio

n
to

In
tellig

en
t

S
ystem

s
S

p
rin

g
2006

C
LA

S
S

PAT
H

�
A

llS
earch

C
ode

included
in
S
e
a
r
c
h
.
j
a
r

�
M

ustinclude
in

C
lass

P
ath

�
O

n
C

S
lab,putthe

follow
ing

line
in

your
.profile

e
x
p
o
r
t

C
L
A
S
S
P
A
T
H
=
S
e
a
r
c
h
.
j
a
r
:
.
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Traversable.java

i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

/
*
*

I
n
t
e
r
f
a
c
e

f
o
r

a
s
t
a
t
e

s
p
a
c
e

t
h
a
t

c
a
n

b
e

t
r
a
v
e
r
s
e
d

b
y

a
p
p
l
y
i
n
g

o
p
e
r
a
t
o
r
s
.
*
/

p
u
b
l
i
c

i
n
t
e
r
f
a
c
e

T
r
a
v
e
r
s
a
b
l
e

{
/
*
*

R
e
t
u
r
n

s
t
a
t
e

o
b
t
a
i
n
e
d

b
y

a
p
p
l
y
i
n
g

o
p
.

n
u
l
l

i
f

o
p

i
s

n
o
t

v
a
l
i
d

h
e
r
e
.

*
/

p
u
b
l
i
c

S
t
a
t
e

a
p
p
l
y
O
p
e
r
a
t
o
r
(
S
t
r
i
n
g

o
p
)
;

/
*
*

R
e
t
u
r
n

c
o
s
t

o
f

a
p
p
l
y
i
n
g

o
p
.

*
/

p
u
b
l
i
c

f
l
o
a
t

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

o
p
)
;

/
*
*

G
e
t

a
l
l

o
p
e
r
a
t
o
r
s

v
a
l
i
d

f
r
o
m

t
h
i
s

s
t
a
t
e
.

*
/

p
u
b
l
i
c

A
r
r
a
y
L
i
s
t
<
S
t
r
i
n
g
>

v
a
l
i
d
O
p
e
r
a
t
o
r
s
(
)
;

}
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TraversableS
tate.java

i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

/
*
*

A
s
t
a
t
e

c
l
a
s
s

t
h
a
t

g
i
v
e
s

a
g
e
n
e
r
a
l

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

o
f

s
u
c
c
e
s
s
o
r
s
(
)

f
u
n
c
t
i
o
n

f
o
r

a
n
y

t
r
a
v
e
r
s
a
b
l
e

s
t
a
t
e

s
p
a
c
e
.
*
/

p
u
b
l
i
c

a
b
s
t
r
a
c
t

c
l
a
s
s

T
r
a
v
e
r
s
a
b
l
e
S
t
a
t
e

i
m
p
l
e
m
e
n
t
s

S
t
a
t
e
,

T
r
a
v
e
r
s
a
b
l
e

{
/
*
*

R
e
t
u
r
n

s
u
c
c
e
s
s
o
r
s

u
s
i
n
g

m
e
t
h
o
d
s

i
n

T
r
a
v
e
r
s
a
b
l
e

i
n
t
e
r
f
a
c
e
.
*
/

p
u
b
l
i
c

A
r
r
a
y
L
i
s
t
<
S
u
c
e
s
s
o
r
>

s
u
c
c
e
s
s
o
r
s
(
)

{
A
r
r
a
y
L
i
s
t

s
u
c
c
e
s
s
o
r
L
i
s
t

=
n
e
w

A
r
r
a
y
L
i
s
t
(
)
;

A
r
r
a
y
L
i
s
t
<
S
t
r
i
n
g
>

o
p
L
i
s
t

=
v
a
l
i
d
O
p
e
r
a
t
o
r
s
(
)
;

f
o
r

(
S
t
r
i
n
g

o
p
:

o
p
l
i
s
t
)

s
u
c
c
e
s
s
o
r
L
i
s
t
.
a
d
d
(
n
e
w

S
u
c
c
e
s
s
o
r

(
a
p
p
l
y
O
p
e
r
a
t
o
r
(
o
p
)
,

o
p
,

c
o
s
t
O
f
(
o
p
)
)

)
r
e
t
u
r
n

s
u
c
c
e
s
s
o
r
L
i
s
t
;
}
}
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Tw
oT

hreeS
tate.java

i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

p
u
b
l
i
c

c
l
a
s
s

T
w
o
T
h
r
e
e
S
t
a
t
e

e
x
t
e
n
d
s

T
r
a
v
e
r
s
a
b
l
e
S
t
a
t
e

i
m
p
l
e
m
e
n
t
s

H
e
u
r
i
s
t
i
c

{
i
n
t

s
t
a
t
e
V
a
l
u
e
;

p
u
b
l
i
c

T
w
o
T
h
r
e
e
S
t
a
t
e
(
)

{
s
t
a
t
e
V
a
l
u
e

=
0
;

}
p
u
b
l
i
c

S
t
a
t
e

a
p
p
l
y
O
p
e
r
a
t
o
r
(
S
t
r
i
n
g

o
p
)

{
T
w
o
T
h
r
e
e
S
t
a
t
e

n
e
x
t
S
t
a
t
e

=
n
e
w

T
w
o
T
h
r
e
e
S
t
a
t
e
(
)
;

i
f

(
o
p
.
e
q
u
a
l
s
(
"
a
d
d
2
"
)
)

{
n
e
x
t
S
t
a
t
e
.
s
t
a
t
e
V
a
l
u
e
=

s
t
a
t
e
V
a
l
u
e
+
2
;

}
e
l
s
e

i
f

(
o
p
.
e
q
u
a
l
s
(
"
a
d
d
3
"
)
)

{
n
e
x
t
S
t
a
t
e
.
s
t
a
t
e
V
a
l
u
e
=

s
t
a
t
e
V
a
l
u
e
+
3
;
}

r
e
t
u
r
n

n
e
x
t
S
t
a
t
e
;
}
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p
u
b
l
i
c

f
l
o
a
t

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

o
p
)

{
i
f

(
o
p
.
e
q
u
a
l
s
(
"
a
d
d
2
"
)
)

{
r
e
t
u
r
n

2
;

}
e
l
s
e

{
r
e
t
u
r
n

(
f
l
o
a
t
)

4
;

}
}
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Tw
oT

hreeS
tate.java

(cont)
p
u
b
l
i
c

C
o
l
l
e
c
t
i
o
n

v
a
l
i
d
O
p
e
r
a
t
o
r
s
(
)

{
A
r
r
a
y
L
i
s
t

o
p
L
i
s
t

=
n
e
w

A
r
r
a
y
L
i
s
t
(
)
;

o
p
L
i
s
t
.
a
d
d
(
"
a
d
d
3
"
)
;

o
p
L
i
s
t
.
a
d
d
(
"
a
d
d
2
"
)
;

r
e
t
u
r
n

o
p
L
i
s
t
;

}
p
u
b
l
i
c

b
o
o
l
e
a
n

i
s
G
o
a
l
(
)

{
r
e
t
u
r
n

(
s
t
a
t
e
V
a
l
u
e

>
0

&
&

s
t
a
t
e
V
a
l
u
e
%
2
3
=
=
0
)

;
}

p
u
b
l
i
c

f
l
o
a
t

h
(
)

{
f
l
o
a
t

h
V
a
l

=
2
3

-
s
t
a
t
e
V
a
l
u
e
;

i
f

(
h
V
a
l
<
0
)

r
e
t
u
r
n

0
;

e
l
s
e

r
e
t
u
r
n

h
V
a
l
;
}

p
u
b
l
i
c

S
t
r
i
n
g

t
o
S
t
r
i
n
g
(
)

{
r
e
t
u
r
n

"
(
"

+
s
t
a
t
e
V
a
l
u
e

+
"
)
"
;
}

}
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TestS
earch.java

p
u
b
l
i
c

c
l
a
s
s

T
e
s
t
S
e
a
r
c
h

{
p
u
b
l
i
c

s
t
a
t
i
c

v
o
i
d

m
a
i
n
(
S
t
r
i
n
g

a
r
g
v
[
]
)

{
S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n

(
"
T
r
i
v
i
a
l

s
e
a
r
c
h

s
p
a
c
e

b
a
s
e
d

o
n

a
d
d
i
n
g

2
o
r

3
"
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
D
F
S
:
"
)
;

l
i
s
t
P
a
t
h
(

(
n
e
w

D
e
p
t
h
F
i
r
s
t
S
e
a
r
c
h

(
n
e
w

T
w
o
T
h
r
e
e
S
t
a
t
e
(
)
)

)
.
s
e
a
r
c
h
(
)

)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
D
e
p
t
h

B
o
u
n
d
e
d

(
d
e
p
t
h

7
)
:
"
)
;

l
i
s
t
P
a
t
h
(

(
n
e
w

D
e
p
t
h
B
o
u
n
d
e
d
S
e
a
r
c
h

(
n
e
w

T
w
o
T
h
r
e
e
S
t
a
t
e
(
)
,
7
)

)
.
s
e
a
r
c
h
(
)

)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
B
F
S
:
"
)
;
}
}
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TestS
earch.java(cont)

p
r
o
t
e
c
t
e
d

s
t
a
t
i
c

v
o
i
d

l
i
s
t
P
a
t
h
(
S
e
a
r
c
h
N
o
d
e

n
o
d
e
)

{
i
f

(
n
o
d
e

=
=

n
u
l
l
)

{
S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
N
o

s
o
l
u
t
i
o
n
"
)
;

r
e
t
u
r
n
;
}

w
h
i
l
e

(
n
o
d
e
.
g
e
t
P
a
r
e
n
t
(
)
!
=
n
u
l
l
)

{
S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(

"
S
t
a
t
e
:

"
+

n
o
d
e
.
g
e
t
S
t
a
t
e
(
)

+
"

D
e
p
t
h
:

"
+

n
o
d
e
.
g
e
t
D
e
p
t
h
(
)

+
"

C
o
s
t
:

"
+

n
o
d
e
.
g
e
t
P
a
t
h
C
o
s
t
(
)

+
"

b
y

a
p
p
l
y
i
n
g

"
+

n
o
d
e
.
g
e
t
A
p
p
l
i
e
d
O
p
(
)

)
;

n
o
d
e

=
n
o
d
e
.
g
e
t
P
a
r
e
n
t
(
)
;

}
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TestS
earch.java(cont)

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n

(
"
S
t
a
r
t
i
n
g

a
t

s
t
a
t
e
:

"
+

n
o
d
e
.
g
e
t
S
t
a
t
e
(
)
)
;
}

}
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O
utput
S
t
a
t
e
:

(
4
6
)

D
e
p
t
h
:

2
3

C
o
s
t
:

4
6
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
4
4
)

D
e
p
t
h
:

2
2

C
o
s
t
:

4
4
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
4
2
)

D
e
p
t
h
:

2
1

C
o
s
t
:

4
2
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
4
0
)

D
e
p
t
h
:

2
0

C
o
s
t
:

4
0
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
3
8
)

D
e
p
t
h
:

1
9

C
o
s
t
:

3
8
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
3
6
)

D
e
p
t
h
:

1
8

C
o
s
t
:

3
6
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
3
4
)

D
e
p
t
h
:

1
7

C
o
s
t
:

3
4
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
3
2
)

D
e
p
t
h
:

1
6

C
o
s
t
:

3
2
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
3
0
)

D
e
p
t
h
:

1
5

C
o
s
t
:

3
0
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
2
8
)

D
e
p
t
h
:

1
4

C
o
s
t
:

2
8
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
2
6
)

D
e
p
t
h
:

1
3

C
o
s
t
:

2
6
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
2
4
)

D
e
p
t
h
:

1
2

C
o
s
t
:

2
4
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
2
2
)

D
e
p
t
h
:

1
1

C
o
s
t
:

2
2
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
2
0
)

D
e
p
t
h
:

1
0

C
o
s
t
:

2
0
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
233
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S
t
a
t
e
:

(
1
8
)

D
e
p
t
h
:

9
C
o
s
t
:

1
8
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
1
6
)

D
e
p
t
h
:

8
C
o
s
t
:

1
6
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
1
4
)

D
e
p
t
h
:

7
C
o
s
t
:

1
4
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
1
2
)

D
e
p
t
h
:

6
C
o
s
t
:

1
2
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
1
0
)

D
e
p
t
h
:

5
C
o
s
t
:

1
0
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
8
)

D
e
p
t
h
:

4
C
o
s
t
:

8
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
6
)

D
e
p
t
h
:

3
C
o
s
t
:

6
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
4
)

D
e
p
t
h
:

2
C
o
s
t
:

4
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
2
)

D
e
p
t
h
:

1
C
o
s
t
:

2
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
r
t
i
n
g

a
t

s
t
a
t
e
:

(
0
)
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D
e
p
t
h

B
o
u
n
d
e
d

(
d
e
p
t
h

7
)
:

N
o

s
o
l
u
t
i
o
n

B
F
S
:

S
t
a
t
e
:

(
2
3
)

D
e
p
t
h
:

8
C
o
s
t
:

3
0
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
2

S
t
a
t
e
:

(
2
1
)

D
e
p
t
h
:

7
C
o
s
t
:

2
8
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
3

S
t
a
t
e
:

(
1
8
)

D
e
p
t
h
:

6
C
o
s
t
:

2
4
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
3

S
t
a
t
e
:

(
1
5
)

D
e
p
t
h
:

5
C
o
s
t
:

2
0
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
3

S
t
a
t
e
:

(
1
2
)

D
e
p
t
h
:

4
C
o
s
t
:

1
6
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
3

S
t
a
t
e
:

(
9
)

D
e
p
t
h
:

3
C
o
s
t
:

1
2
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
3

S
t
a
t
e
:

(
6
)

D
e
p
t
h
:

2
C
o
s
t
:

8
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
3

S
t
a
t
e
:

(
3
)

D
e
p
t
h
:

1
C
o
s
t
:

4
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
3

S
t
a
r
t
i
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g

a
t

s
t
a
t
e
:

(
0
)
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I
t
e
r
a
t
e
d

D
e
e
p
e
n
i
n
g

S
e
a
r
c
h
:

S
t
a
t
e
:

(
2
3
)

D
e
p
t
h
:

8
C
o
s
t
:

3
0
.
0

b
y

a
p
p
l
y
i
n
g

a
d
d
3

S
t
a
t
e
:

(
2
0
)

D
e
p
t
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:
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C
o
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6
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b
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p
p
l
y
i
n
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p
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p
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(
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p
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C
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p
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p
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p
l
y
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d
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e
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(
8
)

D
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t
h
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C
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1
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a
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p
l
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n
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d
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(
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D
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%
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A
pplication

S
ch

ed
u

lin
g

A
stro

n
o

m
icalO

b
servatio

n
s

�
C

E
R

E
S

–
a

real-tim
e

scheduling
system

for
astronom

ical
observations.

�
D

eveloped
atN

A
S

A
A

m
es

R
esearch

C
enter.

�
C

E
R

E
S

com
bines

scheduling
ofrequested

observations
w

ith
the

controlofthe
telescopes

and
can

dynam
ically

respond
and

reschedule
in

the
eventthatconditions

m
ake

an
observation

im
possible.

�
R

educes
the

supportstaffand
operations

costs.
�

P
rovides

im
proved

utilization
oftelescopes

and
increased

flexibility.
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S
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S

h
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M

ain
ten
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ce

�
G

P
S

S
–

G
round

P
rocessing

S
cheduling

P
rogram

.
�

D
eveloped

atK
ennedy

S
pace

C
enter

�
P

reparing
a

S
huttle

for
a

new
flight–

a
dynam

ic
scheduling

problem
.

�
G

P
S

S
schedules

S
pace

S
huttle

m
aintenance

based
on

available
personnel,tim

e,and
resources.

�
U

ses
a

technique
called

constraintbased
iterative

repair.
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t

S
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s
S

p
rin

g
2006

S
earch

(cont)

B
est-F

irst
S

earch

1.
S

etN
to

be
a

listofinitialnodes.

2.
IfN

is
em

pty,then
exitand

signalfailure.

3.
S

etn
to

be
the

firstnode
in

N
,and

rem
ove

n
from

N
.

4.
Ifn

is
a

goalnode,then
exitand

signalsuccess.

5.
O

therw
ise,add

the
children

ofn
to

N
,sortthe

nodes
in

N
according

to
their

estim
ated

distance
from

a
goal,and

return
to

step
2.
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u
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n
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t

S
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s
S

p
rin

g
2006

B
inaryP

redicate.java

p
u
b
l
i
c

i
n
t
e
r
f
a
c
e

B
i
n
a
r
y
P
r
e
d
i
c
a
t
e

{

p
u
b
l
i
c

b
o
o
l
e
a
n

e
v
a
l
u
a
t
e
(
S
e
a
r
c
h
N
o
d
e

o
b
j
e
c
t
1
,

S
e
a
r
c
h
N
o
d
e

o
b
j
e
c
t
2
)
;

}
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u
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n
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In
tellig

en
t

S
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s
S

p
rin

g
2006

U
niform

C
ostP

redicate.java

/
*
*

C
o
m
p
a
r
i
s
o
n

f
u
n
c
t
i
o
n

f
o
r

u
n
i
f
o
r
m
-
c
o
s
t

s
e
a
r
c
h

n
o
d
e
s
.

*
/
p
u
b
l
i
c

f
i
n
a
l

c
l
a
s
s

U
n
i
f
o
r
m
C
o
s
t
P
r
e
d
i
c
a
t
e

i
m
p
l
e
m
e
n
t
s

B
i
n
a
r
y
P
r
e
d
i
c
a
t
e

{
p
u
b
l
i
c

b
o
o
l
e
a
n

e
v
a
l
u
a
t
e
(
S
e
a
r
c
h
N
o
d
e

o
b
j
e
c
t
1
,

S
e
a
r
c
h
N
o
d
e

o
b
j
e
c
t
2
)

r
e
t
u
r
n

o
b
j
e
c
t
1
.
g
e
t
P
a
t
h
C
o
s
t
(
)

>
o
b
j
e
c
t
2
.
g
e
t
P
a
t
h
C
o
s
t
(
)
;

}
}
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u
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n
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t

S
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s
S

p
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g
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P
riorityQ

ueue.java

i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

p
u
b
l
i
c

c
l
a
s
s

P
r
i
o
r
i
t
y
Q
u
e
u
e

i
m
p
l
e
m
e
n
t
s

G
e
n
e
r
a
l
Q
u
e
u
e

{
p
r
o
t
e
c
t
e
d

A
r
r
a
y
L
i
s
t
<
S
e
a
r
c
h
N
o
d
e
>

q
u
e
u
e
;

p
r
o
t
e
c
t
e
d

B
i
n
a
r
y
P
r
e
d
i
c
a
t
e

c
o
m
p
a
r
a
t
o
r
;

p
u
b
l
i
c

P
r
i
o
r
i
t
y
Q
u
e
u
e

(
B
i
n
a
r
y
P
r
e
d
i
c
a
t
e

c
o
m
p
a
r
a
t
o
r
)

{
q
u
e
u
e

=
n
e
w

A
r
r
a
y
L
i
s
t
<
S
e
a
r
c
h
N
o
d
e
>
(
)
;

t
h
i
s
.
c
o
m
p
a
r
a
t
o
r

=
c
o
m
p
a
r
a
t
o
r
;

}
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S
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p
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g
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P
riorityQ

ueue.java
(cont)

p
u
b
l
i
c

v
o
i
d

a
d
d
(
S
e
a
r
c
h
N
o
d
e

o
b
j
e
c
t
)

{
i
n
t

i
;

f
o
r

(
i
=
q
u
e
u
e
.
s
i
z
e
(
)
-
1
;

i
>
=
0
;

i
-
-
)

{
i
f

(
c
o
m
p
a
r
a
t
o
r
.
e
v
a
l
u
a
t
e

(
q
u
e
u
e
.
g
e
t
(
i
)
,

o
b
j
e
c
t
)
)

b
r
e
a
k
;
}

q
u
e
u
e
.
a
d
d
(
o
b
j
e
c
t
,

i
+
1
)
;
}

p
u
b
l
i
c

S
e
a
r
c
h
N
o
d
e

r
e
m
o
v
e
F
r
o
n
t
(
)

{
i
n
t

f
i
n
a
l

=
q
u
e
u
e
.
s
i
z
e
(
)

-
1
;

S
e
a
r
c
h
N
o
d
e

o
b
j
e
c
t
=

q
u
e
u
e
.
g
e
t
(
f
i
n
a
l
)
;

q
u
e
u
e
.
r
e
m
o
v
e
(
f
i
n
a
l
)
;

r
e
t
u
r
n

o
b
j
e
c
t
;
}

p
u
b
l
i
c

b
o
o
l
e
a
n

i
s
E
m
p
t
y
(
)

{
r
e
t
u
r
n

q
u
e
u
e
.
s
i
z
e
(
)

=
=

0
;
}
}
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S
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s
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p
rin

g
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U
niform

C
ostS

earch.java
i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

/
*
*

U
n
i
f
o
r
m
-
c
o
s
t

s
e
a
r
c
h
:

r
e
d
e
f
i
n
e
s

c
o
n
s
t
r
u
c
t
o
r

t
o

u
s
e

p
r
i
o
r
i
t
y

q
u
e
u
e

w
i
t
h

u
n
i
f
o
r
m
-
c
o
s
t

p
r
e
d
i
c
a
t
e
.

*
/
p
u
b
l
i
c

c
l
a
s
s

U
n
i
f
o
r
m
C
o
s
t
S
e
a
r
c
h

e
x
t
e
n
d
s

G
e
n
e
r
a
l
Q
u
e
u
e
S
e
a
r
c
h

{
p
u
b
l
i
c

U
n
i
f
o
r
m
C
o
s
t
S
e
a
r
c
h
(
S
t
a
t
e

s
t
a
r
t
S
t
a
t
e
)

{
s
u
p
e
r
(
n
e
w

S
e
a
r
c
h
N
o
d
e
(
s
t
a
r
t
S
t
a
t
e
)
,

n
e
w

P
r
i
o
r
i
t
y
Q
u
e
u
e
(
n
e
w

U
n
i
f
o
r
m
C
o
s
t
P
r
e
d
i
c
a
t
e
(
)
)
)
;

}
}
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S
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s
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p
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g
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H
euristicS

earchN
ode.java

i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

/
*
*

T
h
i
s

c
l
a
s
s

e
x
t
e
n
d
s

S
e
a
r
c
h
N
o
d
e

t
o

i
n
c
l
u
d
e

i
n
i
t
i
a
l

c
o
m
p
u
t
a
t
i
o
n
,

s
t
o
r
a
g
e
,

a
n
d

r
e
t
r
i
e
v
a
l

o
f

h
e
u
r
i
s
t
i
c

i
n
f
o
r
m
a
t
i
o
n
.
*
/

p
u
b
l
i
c

c
l
a
s
s

H
e
u
r
i
s
t
i
c
S
e
a
r
c
h
N
o
d
e

e
x
t
e
n
d
s

S
e
a
r
c
h
N
o
d
e

{
/
*
*

V
a
l
u
e

o
f

h
e
u
r
i
s
t
i
c

f
o
r

s
e
a
r
c
h

n
o
d
e
;
*
/

p
r
o
t
e
c
t
e
d

f
l
o
a
t

h
;

/
*
*
N
o
-
a
r
g
u
m
e
n
t

c
o
n
s
t
r
u
c
t
o
r

n
e
e
d
e
d

f
o
r

C
l
a
s
s
.
n
e
w
I
n
s
t
a
n
c
e
(
)
;
*
/

p
u
b
l
i
c

H
e
u
r
i
s
t
i
c
S
e
a
r
c
h
N
o
d
e
(
)

{
}
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g
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H
euristicS

earchN
ode.java

(cont)
/
*
*
C
o
n
s
t
r
u
c
t
o
r

m
a
k
e
s

s
e
a
r
c
h

n
o
d
e

f
o
r

s
t
a
r
t
S
t
a
t
e

a
n
d

c
o
m
p
u
t
e
s

a
n
d

s
t
o
r
e
s

h
e
u
r
i
s
t
i
c
.
*
/

p
u
b
l
i
c

H
e
u
r
i
s
t
i
c
S
e
a
r
c
h
N
o
d
e

(
S
t
a
t
e

s
t
a
r
t
S
t
a
t
e
)

{
s
u
p
e
r
(
s
t
a
r
t
S
t
a
t
e
)
;

c
o
m
p
u
t
e
H
(
)
;
n

}
/
*
*
C
o
m
p
u
t
e
s

a
n
d

s
t
o
r
e
s

h
e
u
r
i
s
t
i
c

f
u
n
c
t
i
o
n

f
o
r

s
t
a
t
e
.

*
/

p
r
o
t
e
c
t
e
d

v
o
i
d

c
o
m
p
u
t
e
H
(
)

{
h

=
(
(
H
e
u
r
i
s
t
i
c
)
s
t
a
t
e
)
.
h
(
)
;

}
/
*
*

R
e
t
u
r
n
s

v
a
l
u
e

o
f

h
e
u
r
i
s
t
i
c

f
u
n
c
t
i
o
n
.
*
/

p
u
b
l
i
c

f
l
o
a
t

g
e
t
H
(
)

{
r
e
t
u
r
n

h
;
}
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g
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H
euristicS

earchN
ode.java

(cont)
/
*
*

R
e
t
u
r
n
s

f
(
n
o
d
e
)
,

d
e
f
i
n
e
d

a
s

h
e
u
r
i
s
t
i
c

+
c
o
s
t

t
o

n
o
d
e
.
*
/

p
u
b
l
i
c

f
l
o
a
t

g
e
t
F
(
)

{
r
e
t
u
r
n

p
a
t
h
C
o
s
t
+
h
;
}

/
*
*

R
e
t
u
r
n
s

a
n
e
w

n
o
d
e

b
a
s
e
d

o
n

a
s
u
c
c
e
s
s
o
r

o
f

t
h
i
s

n
o
d
e
.
*
/

p
u
b
l
i
c

S
e
a
r
c
h
N
o
d
e

m
a
k
e
N
o
d
e
(
S
u
c
c
e
s
s
o
r

s
u
c
c
e
s
s
o
r
)

{
H
e
u
r
i
s
t
i
c
S
e
a
r
c
h
N
o
d
e

n
o
d
e

=
(
H
e
u
r
i
s
t
i
c
S
e
a
r
c
h
N
o
d
e
)

s
u
p
e
r
.
m
a
k
e
N
o
d
e
(
s
u
c
c
e
s
s
o
r
)
;

n
o
d
e
.
c
o
m
p
u
t
e
H
(
)
;

r
e
t
u
r
n

n
o
d
e
;
}

}
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g
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G
reedyP

redicate.java
/
*
*

C
o
m
p
a
r
i
s
o
n

f
u
n
c
t
i
o
n

f
o
r

g
r
e
e
d
y

s
e
a
r
c
h

n
o
d
e
s
.

*
/

p
u
b
l
i
c

f
i
n
a
l

c
l
a
s
s

G
r
e
e
d
y
P
r
e
d
i
c
a
t
e

i
m
p
l
e
m
e
n
t
s

B
i
n
a
r
y
P
r
e
d
i
c
a
t
e

{
p
u
b
l
i
c

b
o
o
l
e
a
n

e
v
a
l
u
a
t
e
(
S
e
a
r
c
h
N
o
d
e

o
b
j
e
c
t
1
,

S
e
a
r
c
h
N
o
d
e

o
b
j
e
c
t
2
)

r
e
t
u
r
n

(
(
H
e
u
r
i
s
t
i
c
S
e
a
r
c
h
N
o
d
e
)

o
b
j
e
c
t
1
)
.
g
e
t
H
(
)

>
(

(
H
e
u
r
i
s
t
i
c
S
e
a
r
c
h
N
o
d
e
)

o
b
j
e
c
t
2
)
.
g
e
t
H
(
)
;

}
}

48
/55



C
S

520:
In

tro
d

u
ctio

n
to

In
tellig

en
t

S
ystem

s
S

p
rin

g
2006

G
reedyS

earch.java

i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

/
*
*
G
r
e
e
d
y

s
e
a
r
c
h
:

r
e
d
e
f
i
n
e
s

c
o
n
s
t
r
u
c
t
o
r

t
o

u
s
e

p
r
i
o
r
i
t
y

q
u
e
u
e

w
i
t
h

G
r
e
e
d
y

p
r
e
d
i
c
a
t
e
.
*
/

p
u
b
l
i
c

c
l
a
s
s

G
r
e
e
d
y
S
e
a
r
c
h

e
x
t
e
n
d
s

G
e
n
e
r
a
l
Q
u
e
u
e
S
e
a
r
c
h

{
p
u
b
l
i
c

G
r
e
e
d
y
S
e
a
r
c
h
(
S
t
a
t
e

s
t
a
r
t
S
t
a
t
e
)

{
s
u
p
e
r
(
(
S
e
a
r
c
h
N
o
d
e
)

(
n
e
w

H
e
u
r
i
s
t
i
c
S
e
a
r
c
h
N
o
d
e
(
s
t
a
r
t
S
t
a
t
e
)
)
,

n
e
w

P
r
i
o
r
i
t
y
Q
u
e
u
e
(
n
e
w

G
r
e
e
d
y
P
r
e
d
i
c
a
t
e
(
)
)
)
;

}
}
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A
S

tarP
redicate.java

/
*
*
C
o
m
p
a
r
i
s
o
n

f
u
n
c
t
i
o
n

f
o
r

A
*

s
e
a
r
c
h

n
o
d
e
s
.

*
/
p
u
b
l
i
c

f
i
n
a
l

c
l
a
s
s

A
S
t
a
r
P
r
e
d
i
c
a
t
e

i
m
p
l
e
m
e
n
t
s

B
i
n
a
r
y
P
r
e
d
i
c
a
t
e

{

p
u
b
l
i
c

b
o
o
l
e
a
n

e
v
a
l
u
a
t
e
(
S
e
a
r
c
h
N
o
d
e

o
b
j
e
c
t
1
,

S
e
a
r
c
h
N
o
d
e

o
b
j
e
c
t
2
)

r
e
t
u
r
n

(
(
H
e
u
r
i
s
t
i
c
S
e
a
r
c
h
N
o
d
e
)

o
b
j
e
c
t
1
)
.
g
e
t
F
(
)

>(
(
H
e
u
r
i
s
t
i
c
S
e
a
r
c
h
N
o
d
e
)

o
b
j
e
c
t
2
)
.
g
e
t
F
(
)
;

}
}
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A
S

tarS
earch.java

i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
u
t
i
l
.
*
;

/
*
*

A
*

s
e
a
r
c
h
:

r
e
d
e
f
i
n
e
s

c
o
n
s
t
r
u
c
t
o
r

t
o

u
s
e

p
r
i
o
r
i
t
y

q
u
e
u
e

w
i
t
h

A
*

p
r
e
d
i
c
a
t
e
.

*
/
p
u
b
l
i
c

c
l
a
s
s

A
S
t
a
r
S
e
a
r
c
h

e
x
t
e
n
d
s

G
e
n
e
r
a
l
Q
u
e
u
e
S
e
a
r
c
h

{
p
u
b
l
i
c

A
S
t
a
r
S
e
a
r
c
h
(
S
t
a
t
e

s
t
a
r
t
S
t
a
t
e
)

{
s
u
p
e
r
(
n
e
w

H
e
u
r
i
s
t
i
c
S
e
a
r
c
h
N
o
d
e
(
s
t
a
r
t
S
t
a
t
e
)
,

n
e
w

P
r
i
o
r
i
t
y
Q
u
e
u
e
(
n
e
w

A
S
t
a
r
P
r
e
d
i
c
a
t
e
(
)
)
)
;

}
}
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)
;
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