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p
l
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.
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.
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/
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n
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.
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>
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u
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d
l
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.
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u
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.
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u
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.
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>

#
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u
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e
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t
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i
l
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G
L
h
a
n
d
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R
B
 
v
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f
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p
;

f
l
o
a
t
 
l
p
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s
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]
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.
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1
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0
}
;
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o
i
d
 
c
h
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n
g
e
S
i
z
e
(
i
n
t
 
w
,
 
i
n
t
 
h
)
 
{
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/
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r
e
v
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t
 
a
 
d
i
v
i
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e
 
b
y
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r
o
,
 
w
h
e
n
 
w
i
n
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o
w
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s
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o
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t
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(
y
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c
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n
t
 
m
a
k
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w
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o
f
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.
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(
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1
;
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.
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h
;

/
/
 
R
e
s
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o
r
d
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n
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e
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y
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b
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o
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i
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r
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R
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;
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L
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t
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)
;
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S
e
t
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h
e
 
v
i
e
w
p
o
r
t
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b
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g
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V
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0
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,
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,
 
h
)
;

/
/
 
S
e
t
 
t
h
e
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o
r
r
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t
 
p
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p
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.

g
l
u
P
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r
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p
e
c
t
i
v
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5
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r
a
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)
;
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l
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x
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L
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O
D
E
L
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E
W
)
;
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l
o
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t
 
a
 
=
 
0
;

v
o
i
d
 
r
e
n
d
e
r
S
c
e
n
e
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o
i
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)
 
{

g
l
C
l
e
a
r
(
G
L
_
C
O
L
O
R
_
B
U
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F
E
R
_
B
I
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G
L
_
D
E
P
T
H
_
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U
F
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I
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;

g
l
L
o
a
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I
d
e
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i
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(
)
;

g
l
u
L
o
o
k
A
t
(
0
.
0
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0
.
0
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5
.
0
,

 
 
 
 
 
 
0
.
0
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0
.
0
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-
1
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0
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0
.
0
f
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1
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0
f
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0
.
0
f
)
;

g
l
L
i
g
h
t
f
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G
L
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L
I
G
H
T
0
,
 
G
L
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P
O
S
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O
N
,
 
l
p
o
s
)
;

g
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R
o
t
a
t
e
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(
a
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0
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1
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1
)
;

g
l
u
t
S
o
l
i
d
T
e
a
p
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t
(
1
)
;
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1
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o
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=
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.
1
;

g
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u
t
S
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B
u
f
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r
s
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)
;
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o
i
d
 
p
r
o
c
e
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s
N
o
r
m
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l
K
e
y
s
(
u
n
s
i
g
n
e
d
 
c
h
a
r
 
k
e
y
,
 
i
n
t
 
x
,
 
i
n
t
 
y
)
 
{

i
f
 
(
k
e
y
 
=
=
 
2
7
)
 

e
x
i
t
(
0
)
;

}#
d
e
f
i
n
e
 
p
r
i
n
t
O
p
e
n
G
L
E
r
r
o
r
(
)
 
p
r
i
n
t
O
g
l
E
r
r
o
r
(
_
_
F
I
L
E
_
_
,
 
_
_
L
I
N
E
_
_
)

i
n
t
 
p
r
i
n
t
O
g
l
E
r
r
o
r
(
c
h
a
r
 
*
f
i
l
e
,
 
i
n
t
 
l
i
n
e
)

{ 
 
 
 
/
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/
/
 
R
e
t
u
r
n
s
 
1
 
i
f
 
a
n
 
O
p
e
n
G
L
 
e
r
r
o
r
 
o
c
c
u
r
r
e
d
,
 
0
 
o
t
h
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r
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i
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.
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G
L
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n
u
m
 
g
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i
n
t
 
 
 
 
r
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o
d
e
 
=
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g
l
E
r
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g
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t
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r
r
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w
h
i
l
e
 
(
g
l
E
r
r
 
!
=
 
G
L
_
N
O
_
E
R
R
O
R
)

 
 
 
 
{

 
 
 
 
 
 
 
 
p
r
i
n
t
f
(
"
g
l
E
r
r
o
r
 
i
n
 
f
i
l
e
 
%
s
 
@
 
l
i
n
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%
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,
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i
l
e
,
 
l
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n
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,
 

g
l
u
E
r
r
o
r
S
t
r
i
n
g
(
g
l
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r
e
t
C
o
d
e
 
=
 
1
;

 
 
 
 
 
 
 
 
g
l
E
r
r
 
=
 
g
l
G
e
t
E
r
r
o
r
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;
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;
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d
 
p
r
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n
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(
G
L
h
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n
d
l
e
A
R
B
 
o
b
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t
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n
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g
L
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g
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=
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i
n
t
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r
s
W
r
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c
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*
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g
l
G
e
t
O
b
j
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P
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r
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b
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G
L
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O
B
J
E
C
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_
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N
F
O
_
L
O
G
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R
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,

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
&
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;
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c
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(
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p
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=
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b
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c
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b
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c
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b
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c
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c
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;
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;
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u
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i
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u
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;

g
l
u
t
C
r
e
a
t
e
W
i
n
d
o
w
(
"
M
M
 
2
0
0
4
-
0
5
"
)
;
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p
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(
r
e
n
d
e
r
S
c
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;
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t
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F
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(
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c
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)
;

g
l
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t
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a
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u
n
c
(
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n
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;
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t
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(
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;
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)
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.
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;

g
l
e
w
I
n
i
t
(
)
;
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(
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L
E
W
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_
v
e
r
t
e
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a
d
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&
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G
L
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a
g
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;
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i
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o
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p
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/
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c
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r
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/
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c
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.
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i
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i
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;
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u
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u
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u
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L
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n
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G
L
h
a
n
d
l
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;
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l
o
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l
p
o
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o
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n
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i
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e
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c
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l
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.
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b
e
f
o
r
e
 
m
o
d
i
f
y
i
n
g

g
l
M
a
t
r
i
x
M
o
d
e
(
G
L
_
P
R
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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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,
5
.
0
,
5
.
0
,

 
 
 
 
 
 
0
.
0
,
0
.
0
,
0
.
0
,

 
 
0
.
0
f
,
1
.
0
f
,
0
.
0
f
)
;

P
a
g
e
 
1

T
o
o
n
_
S
h
a
d
e
r
_
3
.
t
x
t

g
l
L
i
g
h
t
f
v
(
G
L
_
L
I
G
H
T
0
,
 
G
L
_
P
O
S
I
T
I
O
N
,
 
l
p
o
s
)
;

g
l
R
o
t
a
t
e
f
(
a
,
0
,
1
,
0
)
;

g
l
u
t
S
o
l
i
d
T
e
a
p
o
t
(
1
)
;

a
+
=
0
.
0
1
;

g
l
u
t
S
w
a
p
B
u
f
f
e
r
s
(
)
;

}v
o
i
d
 
p
r
o
c
e
s
s
N
o
r
m
a
l
K
e
y
s
(
u
n
s
i
g
n
e
d
 
c
h
a
r
 
k
e
y
,
 
i
n
t
 
x
,
 
i
n
t
 
y
)
 
{

i
f
 
(
k
e
y
 
=
=
 
2
7
)
 

e
x
i
t
(
0
)
;

}#
d
e
f
i
n
e
 
p
r
i
n
t
O
p
e
n
G
L
E
r
r
o
r
(
)
 
p
r
i
n
t
O
g
l
E
r
r
o
r
(
_
_
F
I
L
E
_
_
,
 
_
_
L
I
N
E
_
_
)

i
n
t
 
p
r
i
n
t
O
g
l
E
r
r
o
r
(
c
h
a
r
 
*
f
i
l
e
,
 
i
n
t
 
l
i
n
e
)

{ 
 
 
 
/
/

 
 
 
 
/
/
 
R
e
t
u
r
n
s
 
1
 
i
f
 
a
n
 
O
p
e
n
G
L
 
e
r
r
o
r
 
o
c
c
u
r
r
e
d
,
 
0
 
o
t
h
e
r
w
i
s
e
.

 
 
 
 
/
/

 
 
 
 
G
L
e
n
u
m
 
g
l
E
r
r
;

 
 
 
 
i
n
t
 
 
 
 
r
e
t
C
o
d
e
 
=
 
0
;

 
 
 
 
g
l
E
r
r
 
=
 
g
l
G
e
t
E
r
r
o
r
(
)
;

 
 
 
 
w
h
i
l
e
 
(
g
l
E
r
r
 
!
=
 
G
L
_
N
O
_
E
R
R
O
R
)

 
 
 
 
{

 
 
 
 
 
 
 
 
p
r
i
n
t
f
(
"
g
l
E
r
r
o
r
 
i
n
 
f
i
l
e
 
%
s
 
@
 
l
i
n
e
 
%
d
:
 
%
s
\
n
"
,
 
f
i
l
e
,
 
l
i
n
e
,
 

g
l
u
E
r
r
o
r
S
t
r
i
n
g
(
g
l
E
r
r
)
)
;

 
 
 
 
 
 
 
 
r
e
t
C
o
d
e
 
=
 
1
;

 
 
 
 
 
 
 
 
g
l
E
r
r
 
=
 
g
l
G
e
t
E
r
r
o
r
(
)
;

 
 
 
 
}

 
 
 
 
r
e
t
u
r
n
 
r
e
t
C
o
d
e
;

}v
o
i
d
 
p
r
i
n
t
I
n
f
o
L
o
g
(
G
L
h
a
n
d
l
e
A
R
B
 
o
b
j
)

{ 
 
 
 
i
n
t
 
i
n
f
o
l
o
g
L
e
n
g
t
h
 
=
 
0
;

 
 
 
 
i
n
t
 
c
h
a
r
s
W
r
i
t
t
e
n
 
 
=
 
0
;

 
 
 
 
c
h
a
r
 
*
i
n
f
o
L
o
g
;

g
l
G
e
t
O
b
j
e
c
t
P
a
r
a
m
e
t
e
r
i
v
A
R
B
(
o
b
j
,

G
L
_
O
B
J
E
C
T
_
I
N
F
O
_
L
O
G
_
L
E
N
G
T
H
_
A
R
B
,

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
&
i
n
f
o
l
o
g
L
e
n
g
t
h
)
;

 
 
 
 
i
f
 
(
i
n
f
o
l
o
g
L
e
n
g
t
h
 
>
 
0
)

 
 
 
 
{

 
 
 
 
 
 
 
 
i
n
f
o
L
o
g
 
=
 
(
c
h
a
r
 
*
)
m
a
l
l
o
c
(
i
n
f
o
l
o
g
L
e
n
g
t
h
)
;

 
 
 
 
 
 
 
 
g
l
G
e
t
I
n
f
o
L
o
g
A
R
B
(
o
b
j
,
 
i
n
f
o
l
o
g
L
e
n
g
t
h
,
 
&
c
h
a
r
s
W
r
i
t
t
e
n
,
 

i
n
f
o
L
o
g
)
;

p
r
i
n
t
f
(
"
%
s
\
n
"
,
i
n
f
o
L
o
g
)
;

 
 
 
 
 
 
 
 
f
r
e
e
(
i
n
f
o
L
o
g
)
;

 
 
 
 
}

P
a
g
e
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T
o
o
n
_
S
h
a
d
e
r
_
3
.
t
x
t

}v
o
i
d
 
s
e
t
S
h
a
d
e
r
s
(
)
 
{

c
h
a
r
 
*
v
s
 
=
 
N
U
L
L
,
*
f
s
 
=
 
N
U
L
L
,
*
f
s
2
 
=
 
N
U
L
L
;

v
 
=
 
g
l
C
r
e
a
t
e
S
h
a
d
e
r
O
b
j
e
c
t
A
R
B
(
G
L
_
V
E
R
T
E
X
_
S
H
A
D
E
R
_
A
R
B
)
;

f
 
=
 
g
l
C
r
e
a
t
e
S
h
a
d
e
r
O
b
j
e
c
t
A
R
B
(
G
L
_
F
R
A
G
M
E
N
T
_
S
H
A
D
E
R
_
A
R
B
)
;

f
2
 
=
 
g
l
C
r
e
a
t
e
S
h
a
d
e
r
O
b
j
e
c
t
A
R
B
(
G
L
_
F
R
A
G
M
E
N
T
_
S
H
A
D
E
R
_
A
R
B
)
;

v
s
 
=
 
t
e
x
t
F
i
l
e
R
e
a
d
(
"
t
o
o
n
f
2
.
v
e
r
t
"
)
;

f
s
 
=
 
t
e
x
t
F
i
l
e
R
e
a
d
(
"
t
o
o
n
f
2
.
f
r
a
g
"
)
;

c
o
n
s
t
 
c
h
a
r
 
*
 
v
v
 
=
 
v
s
;

c
o
n
s
t
 
c
h
a
r
 
*
 
f
f
 
=
 
f
s
;

g
l
S
h
a
d
e
r
S
o
u
r
c
e
A
R
B
(
v
,
 
1
,
 
&
v
v
,
N
U
L
L
)
;

g
l
S
h
a
d
e
r
S
o
u
r
c
e
A
R
B
(
f
,
 
1
,
 
&
f
f
,
N
U
L
L
)
;

f
r
e
e
(
v
s
)
;
f
r
e
e
(
f
s
)
;

g
l
C
o
m
p
i
l
e
S
h
a
d
e
r
A
R
B
(
v
)
;

g
l
C
o
m
p
i
l
e
S
h
a
d
e
r
A
R
B
(
f
)
;

p
r
i
n
t
I
n
f
o
L
o
g
(
v
)
;

p
r
i
n
t
I
n
f
o
L
o
g
(
f
)
;

p
r
i
n
t
I
n
f
o
L
o
g
(
f
2
)
;

p
 
=
 
g
l
C
r
e
a
t
e
P
r
o
g
r
a
m
O
b
j
e
c
t
A
R
B
(
)
;

g
l
A
t
t
a
c
h
O
b
j
e
c
t
A
R
B
(
p
,
v
)
;

g
l
A
t
t
a
c
h
O
b
j
e
c
t
A
R
B
(
p
,
f
)
;

g
l
L
i
n
k
P
r
o
g
r
a
m
A
R
B
(
p
)
;

p
r
i
n
t
I
n
f
o
L
o
g
(
p
)
;

g
l
U
s
e
P
r
o
g
r
a
m
O
b
j
e
c
t
A
R
B
(
p
)
;

l
o
c
 
=
 
g
l
G
e
t
U
n
i
f
o
r
m
L
o
c
a
t
i
o
n
A
R
B
(
p
,
"
t
i
m
e
"
)
;

}i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)
 
{

g
l
u
t
I
n
i
t
(
&
a
r
g
c
,
 
a
r
g
v
)
;

g
l
u
t
I
n
i
t
D
i
s
p
l
a
y
M
o
d
e
(
G
L
U
T
_
D
E
P
T
H
 
|
 
G
L
U
T
_
D
O
U
B
L
E
 
|
 
G
L
U
T
_
R
G
B
A
)
;

g
l
u
t
I
n
i
t
W
i
n
d
o
w
P
o
s
i
t
i
o
n
(
1
0
0
,
1
0
0
)
;

g
l
u
t
I
n
i
t
W
i
n
d
o
w
S
i
z
e
(
3
2
0
,
3
2
0
)
;

g
l
u
t
C
r
e
a
t
e
W
i
n
d
o
w
(
"
L
i
g
h
t
h
o
u
s
e
 
3
D
"
)
;

g
l
u
t
D
i
s
p
l
a
y
F
u
n
c
(
r
e
n
d
e
r
S
c
e
n
e
)
;

P
a
g
e
 
3

T
o
o
n
_
S
h
a
d
e
r
_
3
.
t
x
t

g
l
u
t
I
d
l
e
F
u
n
c
(
r
e
n
d
e
r
S
c
e
n
e
)
;

g
l
u
t
R
e
s
h
a
p
e
F
u
n
c
(
c
h
a
n
g
e
S
i
z
e
)
;

g
l
u
t
K
e
y
b
o
a
r
d
F
u
n
c
(
p
r
o
c
e
s
s
N
o
r
m
a
l
K
e
y
s
)
;

g
l
E
n
a
b
l
e
(
G
L
_
D
E
P
T
H
_
T
E
S
T
)
;

g
l
C
l
e
a
r
C
o
l
o
r
(
1
.
0
,
1
.
0
,
1
.
0
,
1
.
0
)
;

/
/

g
l
E
n
a
b
l
e
(
G
L
_
C
U
L
L
_
F
A
C
E
)
;

g
l
e
w
I
n
i
t
(
)
;

i
f
 
(
G
L
E
W
_
A
R
B
_
v
e
r
t
e
x
_
s
h
a
d
e
r
 
&
&
 
G
L
E
W
_
A
R
B
_
f
r
a
g
m
e
n
t
_
s
h
a
d
e
r
)

p
r
i
n
t
f
(
"
R
e
a
d
y
 
f
o
r
 
G
L
S
L
\
n
"
)
;

e
l
s
e
 
{

p
r
i
n
t
f
(
"
N
o
 
G
L
S
L
 
s
u
p
p
o
r
t
\
n
"
)
;

e
x
i
t
(
1
)
;

}s
e
t
S
h
a
d
e
r
s
(
)
;

g
l
u
t
M
a
i
n
L
o
o
p
(
)
;

r
e
t
u
r
n
 
0
;

}/
/
 
V
e
r
t
e
x
 
s
h
a
d
e
r

v
a
r
y
i
n
g
 
v
e
c
3
 
l
i
g
h
t
D
i
r
,
n
o
r
m
a
l
;

v
o
i
d
 
m
a
i
n
(
)

{
l
i
g
h
t
D
i
r
 
=
 
n
o
r
m
a
l
i
z
e
(
v
e
c
3
(
g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
p
o
s
i
t
i
o
n
)
)
;

n
o
r
m
a
l
 
=
 
g
l
_
N
o
r
m
a
l
M
a
t
r
i
x
 
*
 
g
l
_
N
o
r
m
a
l
;

/
/
 
g
l
_
N
o
r
m
a
l
M
a
t
r
i
x
 
p
e
r
m
e
t
 
u
n
e
 
t
r
a
n
s
f
o
r
m
a
t
i
o
n
 
u
n
 
o
b
j
e
t
 
d
a
n
s

l
e
 
r
e
p
è
r
e
 
d
e
 
l
a
 
c
a
m
é
r
a
.

/
/
 
P
o
u
r
q
u
o
i
 
a
p
p
l
i
q
u
e
r
 
i
c
i
 
c
e
t
t
e
 
t
r
r
a
n
s
f
o
r
m
a
t
i
o
n
,
 
c
'
e
s
t
 

p
a
r
c
e
 
q
u
e
 
l
a
 
p
o
s
i
t
i
o
n
 
d
e
 
l
a
 
s
o
u
r
c
e

/
/
 
e
s
t
 
a
u
t
o
m
a
t
i
q
u
e
m
e
n
t
 
t
r
a
n
s
f
o
r
m
é
e
 
d
a
n
s
 
l
e
 
r
e
p
è
r
e
 
d
e
 
l
a
 

c
a
m
é
r
a
.

g
l
_
P
o
s
i
t
i
o
n
 
=
 
f
t
r
a
n
s
f
o
r
m
(
)
;

}/
/
 
F
r
a
g
 
s
h
a
d
e
r

v
a
r
y
i
n
g
 
v
e
c
3
 
l
i
g
h
t
D
i
r
,
n
o
r
m
a
l
;

v
o
i
d
 
m
a
i
n
(
)

{

f
l
o
a
t
 
i
n
t
e
n
s
i
t
y
;

v
e
c
4
 
c
o
l
o
r
;

/
/
 
n
o
r
m
a
l
i
z
i
n
g
 
t
h
e
 
l
i
g
h
t
s
 
p
o
s
i
t
i
o
n
 
t
o
 
b
e
 
o
n
 
t
h
e
 
s
a
f
e
 
s
i
d
e

P
a
g
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T
o
o
n
_
S
h
a
d
e
r
_
3
.
t
x
t

v
e
c
3
 
n
 
=
 
n
o
r
m
a
l
i
z
e
(
n
o
r
m
a
l
)
;

i
n
t
e
n
s
i
t
y
 
=
 
d
o
t
(
l
i
g
h
t
D
i
r
,
n
)
;

i
f
 
(
i
n
t
e
n
s
i
t
y
 
>
 
0
.
9
5
)

c
o
l
o
r
 
=
 
v
e
c
4
(
1
.
0
,
0
.
5
,
0
.
5
,
1
.
0
)
;

e
l
s
e
 
i
f
 
(
i
n
t
e
n
s
i
t
y
 
>
 
0
.
5
)

c
o
l
o
r
 
=
 
v
e
c
4
(
0
.
6
,
0
.
3
,
0
.
3
,
1
.
0
)
;

e
l
s
e
 
i
f
 
(
i
n
t
e
n
s
i
t
y
 
>
 
0
.
2
5
)

c
o
l
o
r
 
=
 
v
e
c
4
(
0
.
4
,
0
.
2
,
0
.
2
,
1
.
0
)
;

e
l
s
e

c
o
l
o
r
 
=
 
v
e
c
4
(
0
.
2
,
0
.
1
,
0
.
1
,
1
.
0
)
;

g
l
_
F
r
a
g
C
o
l
o
r
 
=
 
c
o
l
o
r
;

}/
/
 
t
e
x
t
f
i
l
e
.
h
:
 
i
n
t
e
r
f
a
c
e
 
f
o
r
 
r
e
a
d
i
n
g
 
a
n
d
 
w
r
i
t
i
n
g
 
t
e
x
t
 
f
i
l
e
s

/
/
 
w
w
w
.
l
i
g
h
t
h
o
u
s
e
3
d
.
c
o
m

/
/
/
/
 
Y
o
u
 
m
a
y
 
u
s
e
 
t
h
e
s
e
 
f
u
n
c
t
i
o
n
s
 
f
r
e
e
l
y
.

/
/
 
t
h
e
y
 
a
r
e
 
p
r
o
v
i
d
e
d
 
a
s
 
i
s
,
 
a
n
d
 
n
o
 
w
a
r
r
a
n
t
i
e
s
,
 
e
i
t
h
e
r
 
i
m
p
l
i
c
i
t
,

/
/
 
o
r
 
e
x
p
l
i
c
i
t
 
a
r
e
 
g
i
v
e
n

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

/
/
/
/

c
h
a
r
 
*
t
e
x
t
F
i
l
e
R
e
a
d
(
c
h
a
r
 
*
f
n
)
;

i
n
t
 
t
e
x
t
F
i
l
e
W
r
i
t
e
(
c
h
a
r
 
*
f
n
,
 
c
h
a
r
 
*
s
)
;

/
/
 
t
e
x
f
i
l
e
.
c
p
p

/
/
 
t
e
x
t
f
i
l
e
.
c
p
p

/
/
/
/
 
s
i
m
p
l
e
 
r
e
a
d
i
n
g
 
a
n
d
 
w
r
i
t
i
n
g
 
f
o
r
 
t
e
x
t
 
f
i
l
e
s

/
/
/
/
 
w
w
w
.
l
i
g
h
t
h
o
u
s
e
3
d
.
c
o
m

/
/
/
/
 
Y
o
u
 
m
a
y
 
u
s
e
 
t
h
e
s
e
 
f
u
n
c
t
i
o
n
s
 
f
r
e
e
l
y
.

/
/
 
t
h
e
y
 
a
r
e
 
p
r
o
v
i
d
e
d
 
a
s
 
i
s
,
 
a
n
d
 
n
o
 
w
a
r
r
a
n
t
i
e
s
,
 
e
i
t
h
e
r
 
i
m
p
l
i
c
i
t
,

/
/
 
o
r
 
e
x
p
l
i
c
i
t
 
a
r
e
 
g
i
v
e
n

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

/
/
/
/

#
i
n
c
l
u
d
e
 
<
s
t
d
i
o
.
h
>

#
i
n
c
l
u
d
e
 
<
s
t
d
l
i
b
.
h
>

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

c
h
a
r
 
*
t
e
x
t
F
i
l
e
R
e
a
d
(
c
h
a
r
 
*
f
n
)
 
{

F
I
L
E
 
*
f
p
;

c
h
a
r
 
*
c
o
n
t
e
n
t
 
=
 
N
U
L
L
;

P
a
g
e
 
5

T
o
o
n
_
S
h
a
d
e
r
_
3
.
t
x
t

i
n
t
 
c
o
u
n
t
=
0
;

i
f
 
(
f
n
 
!
=
 
N
U
L
L
)
 
{

f
p
 
=
 
f
o
p
e
n
(
f
n
,
"
r
t
"
)
;

i
f
 
(
f
p
 
!
=
 
N
U
L
L
)
 
{

 
 
 
 
 
 
f
s
e
e
k
(
f
p
,
 
0
,
 
S
E
E
K
_
E
N
D
)
;

 
 
 
 
 
 
c
o
u
n
t
 
=
 
f
t
e
l
l
(
f
p
)
;

 
 
 
 
 
 
r
e
w
i
n
d
(
f
p
)
;

i
f
 
(
c
o
u
n
t
 
>
 
0
)
 
{

c
o
n
t
e
n
t
 
=
 
(
c
h
a
r
 

*
)
m
a
l
l
o
c
(
s
i
z
e
o
f
(
c
h
a
r
)
 
*
 
(
c
o
u
n
t
+
1
)
)
;

c
o
u
n
t
 
=
 

f
r
e
a
d
(
c
o
n
t
e
n
t
,
s
i
z
e
o
f
(
c
h
a
r
)
,
c
o
u
n
t
,
f
p
)
;

c
o
n
t
e
n
t
[
c
o
u
n
t
]
 
=
 
'
\
0
'
;

}f
c
l
o
s
e
(
f
p
)
;

}
}r
e
t
u
r
n
 
c
o
n
t
e
n
t
;

}i
n
t
 
t
e
x
t
F
i
l
e
W
r
i
t
e
(
c
h
a
r
 
*
f
n
,
 
c
h
a
r
 
*
s
)
 
{

F
I
L
E
 
*
f
p
;

i
n
t
 
s
t
a
t
u
s
 
=
 
0
;

i
f
 
(
f
n
 
!
=
 
N
U
L
L
)
 
{

f
p
 
=
 
f
o
p
e
n
(
f
n
,
"
w
"
)
;

i
f
 
(
f
p
 
!
=
 
N
U
L
L
)
 
{

i
f
 
(
f
w
r
i
t
e
(
s
,
s
i
z
e
o
f
(
c
h
a
r
)
,
s
t
r
l
e
n
(
s
)
,
f
p
)
 
=
=

s
t
r
l
e
n
(
s
)
)

s
t
a
t
u
s
 
=
 
1
;

f
c
l
o
s
e
(
f
p
)
;

}
}r
e
t
u
r
n
(
s
t
a
t
u
s
)
;

}
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// V
ertex shader

/* -------------------------------------------------------

This shader im
plem

ents a directional light per vertex using the 
diffuse, specular, and am

bient term
s acoording to "M

athem
atics of Lighthing" 

as found in the book "O
penG

L Program
m

ing G
uide" (aka the R

ed B
ook)

A
ntónio R

am
ires Fernandes

--------------------------------------------------------- */

void m
ain()

{        vec3 norm
al, lightD

ir, view
V

ector, halfV
ector;

        vec4 diffuse, am
bient, globalA

m
bient, specular = vec4(0.0);

        float N
dotL,N

dotH
V

;

        /* first transform
 the norm

al into eye space and norm
alize the result */

        norm
al = norm

alize(gl_N
orm

alM
atrix * gl_N

orm
al);

        /* now
 norm

alize the light's direction. N
ote that according to the

        O
penG

L specification, the light is stored in eye space. A
lso since 

        w
e're talking about a directional light, the position field is actually 

        direction */
        lightD

ir = norm
alize(vec3(gl_LightSource[0].position));

        /* com
pute the cos of the angle betw

een the norm
al and lights direction. 

        The light is directional so the direction is constant for every vertex.
        Since these tw

o are norm
alized the cosine is the dot product. W

e also 
        need to clam

p the result to the [0,1] range. */

        N
dotL = m

ax(dot(norm
al, lightD

ir), 0.0);

        /* C
om

pute the diffuse, am
bient and globalA

m
bient term

s */
        diffuse = gl_FrontM

aterial.diffuse * gl_LightSource[0].diffuse;
        am

bient = gl_FrontM
aterial.am

bient * gl_LightSource[0].am
bient;

        globalA
m

bient = gl_LightM
odel.am

bient * gl_FrontM
aterial.am

bient;

        /* com
pute the specular term

 if N
dotL is  larger than zero */

        if (N
dotL

 > 0.0) {

                N
dotH

V
 = m

ax(dot(norm
al, norm

alize(gl_LightSource[0].halfV
ector.xyz)),0.0);

                specular = gl_FrontM
aterial.specular * gl_LightSource[0].specular * 

pow
(N

dotH
V

,gl_FrontM
aterial.shininess);

        }

        gl_FrontC
olor = globalA

m
bient + N

dotL * diffuse + am
bient + specular;

        gl_Position = ftransform
();

file:///C
|/A

kadi/Partition_E/C
O

U
R

S/O
penG

L/Exem
ples_G

L_SL/liste_exples_pdf/dirLightA
m

bD
iffSpec.txt[03/03/2010 16:25:42]

}// Frag shader

void m
ain()

{        gl_FragC
olor = gl_C

olor;
}
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r
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S
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c
e
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0
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h
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e
c
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x
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z
)
;

/
*
 
C
o
m
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t
e
 
t
h
e
 
d
i
f
f
u
s
e
,
 
a
m
b
i
e
n
t
 
a
n
d
 
g
l
o
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l
A
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i
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t
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e
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s
 
*
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l
_
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c
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M
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i
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c
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i
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i
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g
l
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P
o
s
i
t
i
o
n
 
=
 
f
t
r
a
n
s
f
o
r
m
(
)
;
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r
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d
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*
/

n
 
=
 
n
o
r
m
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l
i
z
e
(
n
o
r
m
a
l
)
;

/
*
 
c
o
m
p
u
t
e
 
t
h
e
 
d
o
t
 
p
r
o
d
u
c
t
 
b
e
t
w
e
e
n
 
n
o
r
m
a
l
 
a
n
d
 
l
d
i
r
 
*
/

N
d
o
t
L
 
=
 
m
a
x
(
d
o
t
(
n
,
n
o
r
m
a
l
i
z
e
(
l
i
g
h
t
D
i
r
)
)
,
0
.
0
)
;

i
f
 
(
N
d
o
t
L
 
>
 
0
.
0
)
 
{

a
t
t
 
=
 
1
.
0
 
/
 
(
g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
c
o
n
s
t
a
n
t
A
t
t
e
n
u
a
t
i
o
n

+g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
l
i
n
e
a
r
A
t
t
e
n
u
a
t
i
o
n
 
*
 
d
i
s
t
 
+

g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
q
u
a
d
r
a
t
i
c
A
t
t
e
n
u
a
t
i
o
n
 
*
 
d
i
s
t
 
*
 
d
i
s
t
)
;

c
o
l
o
r
 
+
=
 
a
t
t
 
*
 
(
d
i
f
f
u
s
e
 
*
 
N
d
o
t
L
 
+
 
a
m
b
i
e
n
t
)
;

h
a
l
f
V
 
=
 
n
o
r
m
a
l
i
z
e
(
h
a
l
f
V
e
c
t
o
r
)
;

N
d
o
t
H
V
 
=
 
m
a
x
(
d
o
t
(
n
,
h
a
l
f
V
)
,
0
.
0
)
;

c
o
l
o
r
 
+
=
 
a
t
t
 
*
 
g
l
_
F
r
o
n
t
M
a
t
e
r
i
a
l
.
s
p
e
c
u
l
a
r
 
*
 

g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
s
p
e
c
u
l
a
r
 
*
 

p
o
w
(
N
d
o
t
H
V
,
g
l
_
F
r
o
n
t
M
a
t
e
r
i
a
l
.
s
h
i
n
i
n
e
s
s
)
;
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;
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l
 
=
 
n
o
r
m
a
l
i
z
e
(
g
l
_
N
o
r
m
a
l
M
a
t
r
i
x
 
*
 
g
l
_
N
o
r
m
a
l
)
;

/
*
 
n
o
w
 
n
o
r
m
a
l
i
z
e
 
t
h
e
 
l
i
g
h
t
'
s
 
d
i
r
e
c
t
i
o
n
.
 
N
o
t
e
 
t
h
a
t
 

a
c
c
o
r
d
i
n
g
 
t
o
 
t
h
e

O
p
e
n
G
L
 
s
p
e
c
i
f
i
c
a
t
i
o
n
,
 
t
h
e
 
l
i
g
h
t
 
i
s
 
s
t
o
r
e
d
 
i
n
 
e
y
e
 
s
p
a
c
e
.
*
/

e
c
P
o
s
 
=
 
g
l
_
M
o
d
e
l
V
i
e
w
M
a
t
r
i
x
 
*
 
g
l
_
V
e
r
t
e
x
;

a
u
x
 
=
 
v
e
c
3
(
g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
p
o
s
i
t
i
o
n
-
e
c
P
o
s
)
;

l
i
g
h
t
D
i
r
 
=
 
n
o
r
m
a
l
i
z
e
(
a
u
x
)
;

/
*
 
c
o
m
p
u
t
e
 
t
h
e
 
d
i
s
t
a
n
c
e
 
t
o
 
t
h
e
 
l
i
g
h
t
 
s
o
u
r
c
e
 
t
o
 
a
 
v
a
r
y
i
n
g
 

v
a
r
i
a
b
l
e
*
/
d
i
s
t
 
=
 
l
e
n
g
t
h
(
a
u
x
)
;

/
*
 
N
o
r
m
a
l
i
z
e
 
t
h
e
 
h
a
l
f
V
e
c
t
o
r
 
t
o
 
p
a
s
s
 
i
t
 
t
o
 
t
h
e
 
f
r
a
g
m
e
n
t
 

s
h
a
d
e
r
 
*
/h
a
l
f
V
e
c
t
o
r
 
=
 
n
o
r
m
a
l
i
z
e
(
g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
h
a
l
f
V
e
c
t
o
r
.
x
y
z
)
;

/
*
 
C
o
m
p
u
t
e
 
t
h
e
 
d
i
f
f
u
s
e
,
 
a
m
b
i
e
n
t
 
a
n
d
 
g
l
o
b
a
l
A
m
b
i
e
n
t
 
t
e
r
m
s
 
*
/

d
i
f
f
u
s
e
 
=
 
g
l
_
F
r
o
n
t
M
a
t
e
r
i
a
l
.
d
i
f
f
u
s
e
 
*
 

g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
d
i
f
f
u
s
e
;

a
m
b
i
e
n
t
 
=
 
g
l
_
F
r
o
n
t
M
a
t
e
r
i
a
l
.
a
m
b
i
e
n
t
 
*
 

g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
a
m
b
i
e
n
t
;

a
m
b
i
e
n
t
G
l
o
b
a
l
 
=
 
g
l
_
L
i
g
h
t
M
o
d
e
l
.
a
m
b
i
e
n
t
 
*
 

g
l
_
F
r
o
n
t
M
a
t
e
r
i
a
l
.
a
m
b
i
e
n
t
;

g
l
_
P
o
s
i
t
i
o
n
 
=
 
f
t
r
a
n
s
f
o
r
m
(
)
;
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p
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p
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i
x
e
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n
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t
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d
i
f
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u
s
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,
 
s
p
e
c
u
l
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r
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a
n
d
 
a
m
b
i
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r
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n
g
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o
 
"
M
a
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h
e
m
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t
i
c
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f
 

L
i
g
h
t
h
i
n
g
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a
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o
u
n
d
 
i
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o
o
k
 
"
O
p
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G
L
 
P
r
o
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r
a
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g
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u
i
d
e
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(
a
k
a
 
t
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R
e
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s
 
F
e
r
n
a
n
d
e
s
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*
/

v
a
r
y
i
n
g
 
v
e
c
4
 
d
i
f
f
u
s
e
,
a
m
b
i
e
n
t
G
l
o
b
a
l
,
 
a
m
b
i
e
n
t
;

v
a
r
y
i
n
g
 
v
e
c
3
 
n
o
r
m
a
l
,
l
i
g
h
t
D
i
r
,
h
a
l
f
V
e
c
t
o
r
;

v
a
r
y
i
n
g
 
f
l
o
a
t
 
d
i
s
t
;

v
o
i
d
 
m
a
i
n
(
)

{
v
e
c
3
 
n
,
h
a
l
f
V
;

f
l
o
a
t
 
N
d
o
t
L
,
N
d
o
t
H
V
;

v
e
c
4
 
c
o
l
o
r
 
=
 
a
m
b
i
e
n
t
G
l
o
b
a
l
;

f
l
o
a
t
 
a
t
t
,
s
p
o
t
E
f
f
e
c
t
;

/
*
 
a
 
f
r
a
g
m
e
n
t
 
s
h
a
d
e
r
 
c
a
n
'
t
 
w
r
i
t
e
 
a
 
v
e
r
y
i
n
g
 
v
a
r
i
a
b
l
e
,
 
h
e
n
c
e

w
e
 
n
e
e
d

a
 
n
e
w
 
v
a
r
i
a
b
l
e
 
t
o
 
s
t
o
r
e
 
t
h
e
 
n
o
r
m
a
l
i
z
e
d
 
i
n
t
e
r
p
o
l
a
t
e
d
 
n
o
r
m
a
l

*
/

n
 
=
 
n
o
r
m
a
l
i
z
e
(
n
o
r
m
a
l
)
;

/
*
 
c
o
m
p
u
t
e
 
t
h
e
 
d
o
t
 
p
r
o
d
u
c
t
 
b
e
t
w
e
e
n
 
n
o
r
m
a
l
 
a
n
d
 
l
d
i
r
 
*
/

N
d
o
t
L
 
=
 
m
a
x
(
d
o
t
(
n
,
n
o
r
m
a
l
i
z
e
(
l
i
g
h
t
D
i
r
)
)
,
0
.
0
)
;

i
f
 
(
N
d
o
t
L
 
>
 
0
.
0
)
 
{

s
p
o
t
E
f
f
e
c
t
 
=
 

d
o
t
(
n
o
r
m
a
l
i
z
e
(
g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
s
p
o
t
D
i
r
e
c
t
i
o
n
)
,

n
o
r
m
a
l
i
z
e
(
-
l
i
g
h
t
D
i
r
)
)
;

i
f
 
(
s
p
o
t
E
f
f
e
c
t
 
>
 
g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
s
p
o
t
C
o
s
C
u
t
o
f
f
)
 

{
s
p
o
t
E
f
f
e
c
t
 
=
 
p
o
w
(
s
p
o
t
E
f
f
e
c
t
,
 

g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
s
p
o
t
E
x
p
o
n
e
n
t
)
;

a
t
t
 
=
 
s
p
o
t
E
f
f
e
c
t
 
/
 

(
g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
c
o
n
s
t
a
n
t
A
t
t
e
n
u
a
t
i
o
n
 
+

g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
l
i
n
e
a
r
A
t
t
e
n
u
a
t
i
o
n
 
*
 
d
i
s
t
 
+

g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
q
u
a
d
r
a
t
i
c
A
t
t
e
n
u
a
t
i
o
n
 
*
 
d
i
s
t
 
*
 
d
i
s
t
)
;

c
o
l
o
r
 
+
=
 
a
t
t
 
*
 
(
d
i
f
f
u
s
e
 
*
 
N
d
o
t
L
 
+
 

a
m
b
i
e
n
t
)
;
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s
p
o
t
l
i
g
h
t
.
t
x
t

h
a
l
f
V
 
=
 
n
o
r
m
a
l
i
z
e
(
h
a
l
f
V
e
c
t
o
r
)
;

N
d
o
t
H
V
 
=
 
m
a
x
(
d
o
t
(
n
,
h
a
l
f
V
)
,
0
.
0
)
;

c
o
l
o
r
 
+
=
 
a
t
t
 
*
 
g
l
_
F
r
o
n
t
M
a
t
e
r
i
a
l
.
s
p
e
c
u
l
a
r
 
*

g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
s
p
e
c
u
l
a
r
 
*
 

p
o
w
(
N
d
o
t
H
V
,
g
l
_
F
r
o
n
t
M
a
t
e
r
i
a
l
.
s
h
i
n
i
n
e
s
s
)
;

}
}g
l
_
F
r
a
g
C
o
l
o
r
 
=
 
c
o
l
o
r
;
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t
e
x
t
u
r
e
S
i
m
p
l
e
.
t
x
t

/
/
 
V
e
r
t
e
x
 
s
h
a
d
e
r

v
o
i
d
 
m
a
i
n
(
)

{

g
l
_
T
e
x
C
o
o
r
d
[
0
]
 
=
 
g
l
_
M
u
l
t
i
T
e
x
C
o
o
r
d
0
;

g
l
_
P
o
s
i
t
i
o
n
 
=
 
f
t
r
a
n
s
f
o
r
m
(
)
;

}/
/
 
F
r
a
g
 
s
h
a
d
e
r

u
n
i
f
o
r
m
 
s
a
m
p
l
e
r
2
D
 
t
e
x
;

v
o
i
d
 
m
a
i
n
(
)

{
v
e
c
4
 
c
o
l
o
r
 
=
 
t
e
x
t
u
r
e
2
D
(
t
e
x
,
g
l
_
T
e
x
C
o
o
r
d
[
0
]
.
s
t
)
;

g
l
_
F
r
a
g
C
o
l
o
r
 
=
 
c
o
l
o
r
;

}
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t
e
x
t
u
r
e
C
o
m
b
.
t
x
t

v
a
r
y
i
n
g
 
v
e
c
3
 
l
i
g
h
t
D
i
r
,
n
o
r
m
a
l
;

v
o
i
d
 
m
a
i
n
(
)

{

n
o
r
m
a
l
 
=
 
n
o
r
m
a
l
i
z
e
(
g
l
_
N
o
r
m
a
l
M
a
t
r
i
x
 
*
 
g
l
_
N
o
r
m
a
l
)
;

l
i
g
h
t
D
i
r
 
=
 
n
o
r
m
a
l
i
z
e
(
v
e
c
3
(
g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
p
o
s
i
t
i
o
n
)
)
;

g
l
_
T
e
x
C
o
o
r
d
[
0
]
 
=
 
g
l
_
M
u
l
t
i
T
e
x
C
o
o
r
d
0
;

g
l
_
P
o
s
i
t
i
o
n
 
=
 
f
t
r
a
n
s
f
o
r
m
(
)
;
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/
 
F
r
a
g
 
s
h
a
d
e
r

u
n
i
f
o
r
m
 
s
a
m
p
l
e
r
2
D
 
t
e
x
;

v
o
i
d
 
m
a
i
n
(
)

{
v
e
c
4
 
c
o
l
o
r
 
=
 
t
e
x
t
u
r
e
2
D
(
t
e
x
,
g
l
_
T
e
x
C
o
o
r
d
[
0
]
.
s
t
)
;

g
l
_
F
r
a
g
C
o
l
o
r
 
=
 
c
o
l
o
r
;
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t
e
x
t
u
r
e
M
u
l
t
i
.
t
x
t

/
/
 
V
e
r
t
e
x
 
s
h
a
d
e
r

v
a
r
y
i
n
g
 
v
e
c
3
 
l
i
g
h
t
D
i
r
,
n
o
r
m
a
l
;

v
o
i
d
 
m
a
i
n
(
)

{

n
o
r
m
a
l
 
=
 
n
o
r
m
a
l
i
z
e
(
g
l
_
N
o
r
m
a
l
M
a
t
r
i
x
 
*
 
g
l
_
N
o
r
m
a
l
)
;

l
i
g
h
t
D
i
r
 
=
 
n
o
r
m
a
l
i
z
e
(
v
e
c
3
(
g
l
_
L
i
g
h
t
S
o
u
r
c
e
[
0
]
.
p
o
s
i
t
i
o
n
)
)
;

g
l
_
T
e
x
C
o
o
r
d
[
0
]
 
=
 
g
l
_
M
u
l
t
i
T
e
x
C
o
o
r
d
0
;

g
l
_
P
o
s
i
t
i
o
n
 
=
 
f
t
r
a
n
s
f
o
r
m
(
)
;
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/
 
F
r
a
g
 
s
h
a
d
e
r

v
a
r
y
i
n
g
 
v
e
c
3
 
l
i
g
h
t
D
i
r
,
n
o
r
m
a
l
;

u
n
i
f
o
r
m
 
s
a
m
p
l
e
r
2
D
 
t
e
x
,
l
3
d
;

v
o
i
d
 
m
a
i
n
(
)

{
v
e
c
3
 
c
t
,
c
f
,
c
;

v
e
c
4
 
t
e
x
e
l
;

f
l
o
a
t
 
i
n
t
e
n
s
i
t
y
,
a
t
,
a
f
,
a
;

i
n
t
e
n
s
i
t
y
 
=
 
m
a
x
(
d
o
t
(
l
i
g
h
t
D
i
r
,
n
o
r
m
a
l
i
z
e
(
n
o
r
m
a
l
)
)
,
0
.
0
)
;

c
f
 
=
 
i
n
t
e
n
s
i
t
y
 
*
 
(
g
l
_
F
r
o
n
t
M
a
t
e
r
i
a
l
.
d
i
f
f
u
s
e
)
.
r
g
b
 
+
 

g
l
_
F
r
o
n
t
M
a
t
e
r
i
a
l
.
a
m
b
i
e
n
t
.
r
g
b
;

a
f
 
=
 
g
l
_
F
r
o
n
t
M
a
t
e
r
i
a
l
.
d
i
f
f
u
s
e
.
a
;

t
e
x
e
l
 
=
 
t
e
x
t
u
r
e
2
D
(
t
e
x
,
g
l
_
T
e
x
C
o
o
r
d
[
0
]
.
s
t
)
;

c
t
 
=
 
t
e
x
e
l
.
r
g
b
;

a
t
 
=
 
t
e
x
e
l
.
a
;

c
 
=
 
c
f
 
*
 
c
t
;

a
 
=
 
a
f
 
*
 
a
t
;

f
l
o
a
t
 
c
o
e
f
 
=
 
s
m
o
o
t
h
s
t
e
p
(
1
.
0
,
0
.
2
,
i
n
t
e
n
s
i
t
y
)
;

c
 
+
=
 
c
o
e
f
 
*
 
 
v
e
c
3
(
t
e
x
t
u
r
e
2
D
(
l
3
d
,
g
l
_
T
e
x
C
o
o
r
d
[
0
]
.
s
t
)
)
;

g
l
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F
r
a
g
C
o
l
o
r
 
=
 
v
e
c
4
(
c
,
 
a
)
;
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