
� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

���
� �
� "!
#
$&%
'
( % �
 
')

* �
%
+ 
'%

M
od

el

M
od

el

M
od

el

(M
C

S)

T
ra

ns
fo

rm
at

io
ns

M
od

el
in

g 3D
 W

or
ld

Sc
en

e
3D

 V
ie

w

V
ie

w
in

g
T

ra
ns

fo
rm

at
io

ns

Sc
en

e

(W
C

S)
(V

C
S)

2D
 D

ev
ic

e
Sc

en
e

R
as

te
ri

za
tio

n

an
d 

V
ie

w
po

rt
M

ap
pi

ng
(N

D
C

S)
(D

C
S 

or
 S

C
S)

2D
 I

m
ag

e

Pr
oj

ec
tio

n

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

2



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
����
�� �
��
	 

�
�
�	 

��

�
��
�
�
� �
� 
� �
��
����
�� �
��
	 

�
�
�	 

�

�
��
�
�
� �
���
����
�� �
��
	 

�
�
�	 

�

�
��
�
�
� � 

�

�
����
�� �
��
	 

�
�
�	 

�

�
��
��
�
� �
�
��
� ���


��

 �
���


����
�� �
��
	 

�
�
�	 

�

��
��
�
�
� �
�
��

 �
���


����
�� �
��
	 

�
�
�	 

��
� �
!
"� �
�� 

�	� �
�

� �
�


�
����
�� �
��
	 

�
�
�	 

�

# 

 $
�
��
	% 

��
�
�� �
��
	 

� �
�	 

��
�	 �
�� �
% 	�
�
� �
�
�$
�
�	
� �
	
& 
 �
	 �
"�
� 

��
	 �
�� �
��
� �

�� 

��
��

� �
�	 

� '

�
( � $

� �
�

�	
� �

� �
)*

+ �

	% 

��


�

�	 
 $

, �
�	 
 $
�

�
���
� �


�	 $
��
�� 	� �


��
�
	% 

��
� 	 �
$
��
�� 	� �


��
�
	% 

�
�� '

�
-�
�
� 

�� �


� �
�. �
�
��
	� �
� �
�%
�� �
�� �
	 
 /
	 "
�
 �
�%
�� �
�� '

�
)*

�� �


�
� �
� ��
,� 
 $
��
�� 	� �


� '

�
���
� �


�	 $
��
�� 	� �


��
�
	% 

�
��
	 �
01�2
34*5
�
�
� 6
75
8 3 6
1:9
7 ;
3 '

�
< ��
��
. �
�
��
	� �
�� �
����
�� �
��
	 

� �
�	 

��
�
� �


��� �
���
� �
, 

�
 $
�

�

�	 

�
�� 	
%
��
	 �� /
=�

�
	 �
�

� "
� 	� $
� ���
�	� �
�� '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

>



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

$&%
'
( % �
 
')

* �
 
� �

 ��%
#

� �
� 
�
�
� �

	 �$
���
��� �
��
�$
�
�

� �
. �
� �
��

� "
�, 

��
. ;
3� 9
38 6
1��
06
1:9
1 81��
35 '
<% 

� 	
4�

�

�� 

��
��

$
��
�� 	� �


�	 �$
���
��� �
� "$$
�
�	 

� �
�
% �
��
��
�

� �


�
( ��
�	
��
��
��
� 
 $
� /

�
�


�
� �
�

�
 �
�

�	
�

�
( ��
��
�
��

� "
� "
��� �
�

�	 ����
	 

�
	 �
�� 	
�
3 2
0�
4�
;
� 	
5
 '

� �
� 
� �
��$
��
�� 	� �


��
��
� "
� 

	% 

�
 �
, "
	
�� ��

�
( � 
�


�� �

$
��
�
��
��
��

� � $
� �
�



 �
"� �


�

�
( � 
�


�� �

$
��
�
��
��
��

� � $
� �
�




� "
�.
��


�

�
�
�$
� ����
	
� "
�.
��


�� !
"�
� ����
� �
,� �
,, �


� �

	 �



�
� 	
% 

� '''

- ��
. 	
��
�

�

�� 

�

�
�� �
� "$$
�
�	
	% 

�

��
� 
� �
��$
��
�� 	� �


�
� � �

�
	� � �
�
�	
% 
 �
�� �
, 
�
�
� �


�	 

�

�
�	 �
$
��
��
�
��
� �
�� �
�

� �
� $$
�� /
�
��
	� �
��
. �
�
% �
��
��
�

�

�� 

��
�� '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�+ )
� �
 �
�
�#

-
� "
�, 

��
.
, �
����
����
�
�� 	
%
��
� �

�


� 

� �

�
< ��
��
. �
�
��
	� �
� �
��
� �


�	
�
 $
�

�

�	
�	� �
��
�
. $
��
�� 	� �


�
. ��
��
�

��
�
�� �
��
	 

� �
�	 

�
	 �

� ��
	% 

� '

�
� � � $$
�
��

� �
�
�� 

�
� "
�.
��


)*

�� �
�� �
)*

�� �

 $
��
�� 	� �


�
� �
� $
� �
	 ��
. $
��
�� 	� �


�	
% �
	
� �

��
	

�
� ��
,� 

�
�
	% 

� � � $
� � �
'

�
) �
�	 

����
�	� �
� �
���
� �


�	
� $
��

� 
�
	 

�
��
�


� =
� $
��

 $
��
�� 	� �


	 �
�
�

	 �
. $
� /

�
� '

� �
	 

� �
�

����
� ��
&
�	
��
�

��
�

�� �
� ��


�
����
�
�� 	
%
�� �

�
( ���
& �
�� �
� 
� 

�
	
�

��
�
, � 
�
	
, ��
� ���
& �
��
� �
�
�$
"	
� 
 �
���


� �


�
� $
� /

�
� ��
�	� �
� '

�
� %
�� �
��
� �
��
��
"
��
��
	� �
� �
� �
� "
� �
	 

	% 

�
�	 

���
	� �
��
. � � �
% 	
�� 	
%
�
��


�
 '

�
< 
 /
	 "
��
��
� �
�
� � �
� ��
�
�

�	
� � $$
�
�� �

� �
% �
���
��
	% 

�

�� �
�
�

�
- ��
��
	� �
� �
��
� "
� �
	 

�� �


�

�	
, �
�

�� 

��
��
�
�
 !
"

��


�
..
��
�

� '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

� �
�
+ "!
��
 

�
'
* �

� )�
�
�
� 
')

�
'� %
�

�
�!%
#

�
- $$
� ���
�	� �
�
( ��
�
��
�
��
��
� �
	 

�.
��


��
-(
� �

 $
�� �
�
� 

���


��
	 �
�

�� 

��
��
% �
��
��
�
 �

�
�� �
, �
��
��
�	 

����
�	� �
� '

�
( �
�	
� �
�� $
	 �
��
	 �
� �
�. �
�
��
	� �
�� �
��
��
�	 

����
�	� �
�

�
(% �
�
�
� �
�
� �
� $


��
� �

�� $
� $

� �
�


�
-(
� �
% �
� 

�% ���
% $
� �
	 ��
. 	
% 

�

�� 

��
��
� �

��
	 "
��� �
�
�$
� 

�

�	 

� �
�
% �
��
��
�

, �
��
� "
� �
	�
��

	% 

�� �
��
��$
� 
�


��
�
��
. 	
��
�
 �
"�
"�
�� �
�	
�� �
���
�$


�. �
�
��
��

 '

�
� �
�

��
�
�	 

���
	� �


� $$
� ���
�	� �
�� �
�

�� �
% 	
��
� �. �
	% 

��


�

�
�
�
��
� 
�
� � �

�
	� �
�
�� "
�	
	% 


�
� 

��
��
�
�. �
�
��
	� �
� '

�
-. 	 

�

��
%
��
� �
+ �
�	� �
� �
"�
"�
�� �
	% 

�
�� �


�
�


� �
	 �
, 

�
 �


�

��
	 

� '

�
� 

�


�
	 ��
�
���
� 

�
% �
�
	 �
�
�	 

�.
��


	 �
�
�$
"	
� 
 �
���


��
�
� �
�� �
��
% ��
��
"�
� �
�
� 
 �
���



�
�� 
 $


�� 

�	
. �
�% �
�
� '
-(
� �
% � �


�� ��
, 


�
� 

+ �

�
. �
�
	% �
�
	 �
�&��
�

����
, 

"��
��
� 	
	

	%
��
"�
%
� �
"	 �

� $


��
� � $
	�
����


� �

�
< ��
���

	 �

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�






� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

� % �
 "!%
�
'
( % �
%
'
( %
'!%

� �
	% �
�
��
� "
� 
 �
�


�
���
���
� 

�
� � � $
� � �
� 
 �
���


�. �
��
�
�$
"	 

��
�� $
% ���
� �

��
��� � �
�� $
% ���
� 
 �
���


�

�
��
�	 

�
� 
 �
���


�

�
� )
< �

�
� � �

�
	 �
� '$
�

"� �
��
� �
�.
��
�

, "

� 

��

��
� ��
"�
�	
% 
 $
��
,� 

��
.
� 
 �
���


�
�� 
 $


�� 

��

 �

�
��
�� �
� =	 �
=�

� 

�$
�
�	
�� $$
�
��

�
��
�
��
� ���


�
� 
 �
���

�
��
�� �
��
	 

�

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
�++
 )�
� �
� "!

�
'
(
$ �
#� %
�

� % �
 "!%
#

�
� ��
� � �
�� $
% ���
� � � $
� � �
� 
 �
���


�
� �
�
�$
��
��
�
�
� �
�� �
�

�
 �
�

�	
�
� � �

�
	� ��

�$
� �
		 

��

�
� � �

�
	
, 

�
��
�
�	
���
� )
< �

�
� �
�

�� �
�
% 	 $
��

� 
�
	� �
�
� �
�	 

��

�
) �
�	 

�
� � � $
� � �
� 
 �
���


� �
 $
�

�

�	
� �
�
�� �


��
�
�
 �
"�
� ��
��
� �
. 5
7 9
04 3
5 '

�
� ��
%
��
�$
� 

� �
"�
"�
�� �
�
��� 

�
�
01�2
34 �
� �
� 

���
�
�
��
�� � �
�
03
4 '

�
� �
	%
� �

�% �
�	
. �
�
01��
8 �6
3
34 3
9
3 	
8 '

�
)*

�� 

��
��

�
 !
"� �

� 6
75
8 3 6
1��
781 � 	

74 ;
� 6
1 8
� 9
5
	 �
!
"���
&� �

� 

	 

�
��
�


�
��
�$
� 

�

�
 $
�

�

�	
�	� �
��
. �

�
�

	 ����
$
��
�� 	� �


� '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

� � �
�

� �
' �

� �

� � �
� #

�
) �
�	 

�
� �
	% �
� 

) � �
< "
, 

��
� )
< �


� �

	% 

��
�	 �
�
�
��
�
� � � $
� � �
� 
 �
���


	 �
� � �
'

��
� $
�,
� 

�
.
% � �
%
�

���
"	� �
�

��
��
� �
�
� �
�
+ � 

� � 	 �

�
% � �
% �
�
�	
��
�	

� 	��
�	




�
% � �
%
"$
� �
	 

��
	 

�

- �

� 

�
	 ��
�
, 

�
��
��
�
�	�
� "
��� �
��
� �
�

� �
�
�
�
 �
"�
� �$
�	
	 

��
�
.
% �
�����
�	
��
5�
7 	
4 1 	
35 '

�
� 75
8 3 6
1:9
7 ;
35
� �

�	 �
�

� �
�
�

� 6
7 9
3

� �
	 3 6 '

�

 6
7 9
3

� �
	 3 65
� �

��
�$
�
�

� �
. �
��

� �
�
� 
�
)-
�
 '

�
�)
-
� �
�
� "
�� =$
�
�	 

�
�

��
� ��
� $
�,
� 

�
.

�
) �
�� �
�
���


�� '

�
� �
� "
� 	
� �

�
"�
% � �
% =
� $



�
�

��
�� �
"	 $
"	 �
-
, "�
� 	
=�
�5
3 6
1 7
4 5
� 1

� 8 6
3 ;
1�5
8 3 6
�
� �
�
"	 $
"	
� �



�	�
�

��
� �
� �
�

�	
�
% � �
%
��
	 

� �
��
% ��
����


�
	 �
�
01�2
34 �
4 ��
� '

- 	 

��
% $
� /

�
� ��
�	� �
��
�
�
��
� �
� �
�
 �
	% 

�
�	 

���
	 �
�
. 	
% 


� 

�
	 ��
�
, 

�
��
�
��
� �
+ 

�
, �
	% 


$
� /

� �
��
"

, 
�
��
�% �
. 	 

�
� �
��
% ��
��
"�� �
�
"	
�
. 	
% 

�)
-
� '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
����
�
�
� )
< �
% � �


	%
�


� �

� 

�

�	 �
��
�
���
. $
% �
� $
% �
�
� �
�
	%
�


�
�� 
 $


�� 

�	

� 

�
	 ��
��
"�
� '

�
�
�
7� �

�9
75

� 5�
�� �
��� �
�

��
% �
"�
	 �
� �
��
� �
�	 

�
�
�
��
�
��
. $
% �
� $
% �
� '

G R BG R BG R BG R BG R BG R B G

G BR

Sh
ad

ow
M

as
k

�
���
� �
��
�
� $

�
�
+ 

� 

� 	
% 

�

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
� � �

�
	� � �
"��
��
	%
�


�
�� 
 $


�� 

�	�
�	 

���
	 ��
% �
��

� � �
�
�

��
�� �
�
�
	� � �
"��
��
��
�
4 � 6
4 ��
� �
0
8 7

�4 3
� �

�
<
 '

� �
	% 

� �
		 

��
��

�

��
�
4 � 6
1 	

�
3 2�
�
�	 �
�

� �
�
	% 

. ��
�

, "

� 

� '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

2�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

� 
'
(

� �
�

�
� "%

��
� ��

� � �
�

 
')

�
� 	
� �
	
�� 	
%

��
��


�
 �
, "
	 
 �


�	
"�
�� �$
��

� 
�
		 �
��
��


�
 '

�
��
��


�

� �
�
�+
�� 	 

$
� �
�
 '
�

 �
���


% �
�
�
+ ��
	 
 �
� ��
,� 

�
�
	 �
��
� 
 '
�%
�	
� �
�

� �

�

�
- �
� �

� �
�� $
�
�
	 �
��
"�
� �
�
 �
� �
��
.
��
� 
 �
���


��


�

	 �
� 
 �
���

 '

�
� �
�� �
��
�
�
	 �
��
"�
� �
�
 �
� �
��
. �
�	 

�

�	�
�
��


�
 '

�
� � 

�$
�
�	 �
�
�
	 �
��
"�
� �
�
 �
� �
��
�
� 
 �
���

 '

�
�
� "
��� �
�

, �
	%
�
�
	 �
��
� 

�
� �

�� � �
�

�
�� 	
%
	% 

��
�
�� �
��
	 

� /


� '

xv
, y

v

xv
r,

yv
t

V
ie

w
po

rt

xw
l,y

w
b

xw
,y

w

xw
r,

yw
t

W
in

do
w

xv
l,y

vb

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

22



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
� �
�� �
�$
��
�	
� ���
�

� �
�
�� $
�	 �
�
� 

�$
�
�	 $
��
�	
� ���
�� �

� '

�
� �
�� �
�
% �
��
�
��

��
� �	�

 �
� �
��
� �
�
� �	�
� �
� �

� �

� � 

�$
�
�	
% �
��
�
��

��
� �	�

 �
� ��
� �
��
� �	�
� �
� �

� �

�
� 

��
	%
� �
�
% 
� �
% 	
�
. 	
% 

��
�� �
�
� �

���
� �
�
� �

� 

��
	%
� �
�
% 
� �
% 	
�
. 	
% 
 �
� 

�$
�
�	
� �

���
� �
�
� �

�
( �� $
�
�	� �
��
�� �
�� $


��
% �
. 	
% 
�
��
�� �
��
	 

�
���
�
�� �
��
	 � �

� ��� ���

�

� ��� ���

� � � � �

�

� � � � �

�
< �
�� $

���
	 �
����

�	�
��	�



���

�
�	�
��	�



���

�
�	�

�
��� ���
� �	�
��	�

� �
�	�


� �
�
��
���
� �� �
. �
�
� � '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

2>



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
�.
� �

�

���
� �
� �

�

���
	% 

�
�� �


����
, 

� � �
	 �
�	 

� '

<% 

�
 !
"�
�	�
	� 

�
� �

�
��� 

�
	% 

75
03�
8 6
781 �
5�
. 	
% 

��
�� �
�
� �
� �
� 

�$
�
�	 '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

2�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
� �
��
+ ��
%
(
� % �
 "!%

�
�
� �
( 
'��
%
#

�
�% 

�

� �
�

� $

�
�. �
�
"� �
� 

�$
�
�	

�

�
���
"�
�
� $

�
�. �
� 	
�
�
� 
 �
���

�
��
�� �
��
	 

� �
�
�
< �
� "$$
�
�

�

��
�	
	 �
� "
��
"�$
�� �
��
��
�

�
 �


���
� �

� 

�

�	
% �
��
��
�
 $
� �
	. �
�
��
�
��
�
� �

� 

�

�	 �
�� $
% ���
� 
 �
���


� '

�
< ��
��
�
��
��
�
� �


�	� �
��
. �
��
��
�

�
� �� �
�
��
�
	% 

� �
�

�� 

. 	 �
�
��

� �
�� 	
%
�	 �
	% 

�� �
% 	
� �
�
�"$
��
�� '

�
� �� �
�
��
�
	% 

	 � $
� 

. 	 �
�
��

� �
�� 	
%
�	 �
	% 

�� �
% 	
� �
�
�� �
��
��
�� '

�
� �
� �
� �

� 

�

�	
�

���
"	� �
��
. �
��
�� $
% ���
�
� � � $
� � �
� 
 �
���


� �

�
� �
�&
�	
�	� �
���
�
�
��
�� �
% � �


	
���
�	�
� �
. ��
�

, "

� 

�� '

�
-
( �
�	
� �
�� $
	 $
� �

� �
�	
�

�
��
� $
��
�	
� �
, "
	
� 		�
�

����
$
� /

�
�
�	

���
� $
� '

�
- �
�
��
�
� '''

�
- � $

�
	 �
�	� �
�
�� �
�
� � � '
''

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

2 �



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
�.
�

�� $
� � �

�
	� �
. ��
�
��
�
	 �
��
�� �
	% 

��
% �
���
��
�
"�
� 
 �
���


�
 !
"� �

� �

���
	�
��
	% �
�

�� $$
�
��

� �
��
��
�
	% 

��
% �
��

�
 '

�
� �
�	 

�� �
"�

� �
�
��
� ���


��

 �
���


����
�� �
��
	 

��
��
�

��
� �
�
�	 

�
�

� �
�	 

��
�
�� �
��
	 

� �
�	 

�

	%
�	 �


	 �
�� $$


�
	 �
	% 

� 
 �
���


� � �


� '

�
� ���
��
���
� 

�
"��
��
�
�� �
�
� !
"�
�
 $
�
�	� �
��
. 	
% 

� 
 �
���

 '

� �
�� �
���
�
��
�
����
, 

�� $$


�
	 � �
� 

�$
�
�	
�	
% �
	
� �

� $

�
�
+ 

�
�� 	
% �
�
�
"��
	
� !
"�
�

�
�

��
�
� $
��

 '

�
� � $
�
� 

�$
�
�	
�.
��
�
��
� �
��
�� �
��
	 

�	 �
	% 

��
�


� '

V
ie

w
po

rt

W
in

do
w

"V
ie

w
po

rt
"

0,
0

1,
1

W
or

ld
 S

pa
ce

N
D

C
 S

pa
ce

Sc
re

en
 S

pa
ce

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

2 




� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

* 
�%

+ #

�
� 1�2
34��
� �
	 

���
	 �
�
��
��
�
��
�
�$
� 
 '

�
� 75
8 3 6
� 9
7 ;
3 �
)*
�
	 �
��
"�
� ��
��
� �
. $
� /

�
� '

�
� 75
8 3 6
1��
781 � 	
�

���
� �


��� �
��
. � $
��
�� 	� �

�
� �

�
�

	 ����
�
 $
�

�

�	
�	� �
��
�	 �

�
-
�

	 �
. $
� /

�
� '

�
- �
�
�	 

���
	 �
�
��
��
�
�. �
�

��
% $
� /

�

� 5
�
7� 1 	
;��
7 	
81 7
4 1 7
51 	
;


 '

�
� �
�
��
� �
�

����
��
� "
�

	%
�	
	% 

, ��
& �
��
"�
� �
�
�% �
	 

� �
�
�

�


� �
�� �
�
% �
��

	% 

��
� �
�

�
. �

� 
�
	 

� $
� /

�
�	 �
,� ��
& '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

2�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

* 
�%

+
���
 
( #

�
� 1�2
34
� 3 	
8 3 6
5 �
-�
� �

�� $
� /

�
�
, �
�
�	 

�

��
��
�� �
��
	 

�� �
��




�
� 1�2
34
� 3 	
8 3 6

� 6
1���
� 

	 �
. � �
�

� $
��
��
��
	%
��
"�
% $
� /

�
�


�	 

�� '

�
� 1�2
34
� � 9
71 	
5 �
)*
�
	 �
��
"�
� �
�

�� =� $


�
� �

��
� "
���
"�
� �
��


��
% $
� /

�
�


�	 

� �

���	�


�� �
��

� �
�� �

�
� �
�
�
� �
��

� �
�� �

�
� �
�

�
� 1�2
34
� � 9
71 	

� 6
1���
� 

	 �
. � �
�

�. �
�
�

�
, �
� �
���
�
, �
"�
� �
�� 

� '

1
2

3
1

2
3

2 13

2 13 0
0

0
0

Pi
xe

l c
en

te
r 

gr
id

Pi
xe

l d
om

ai
n 

gr
id

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

2 �



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

� �%
!
 
� !
��
 

�
'#
�
'
(
$&%�
�%
#%
'�
��
 

�
'#

� ��
%
�

�� 

��
��$
��
�� 	� �



� $
��
�	 �
� �
�

�
 �
�

�	 �$
��
��
�
� �

	 � '


�


� �
, �
	%

�
- �

�
�

	 ����
� $

�
�
+ �
�	� �
� �
"�
"�
�� �
� �
��� � �
�� $
% ��� '
�

�
- $
� /

�

� �
��
	 

����


�

�
 $
�

�

�	
�	� �
� '

� 	
� �
� �
��
� 
 �
���


=� 
 �

�
�

�
�

	 ����
� $

�
�
+ �
�	� �
���
��
� "
� 
 �

� �
1 	
8 �
�
��
� � �
� �
�
�
))� '

� 1 	
3

�
3 ;9
3 	
8 �
	�
� 

� � $

�
�
+ 

�
�� 	
%
	 ��
$
��
�	
� �
� �
��


'

<% 

� �
�

�
 �
�

�	
	�
� 

� �
�	
% 


�

	 �
. �
�� �
��
� �
�

� �$
��
�	
�
, 

	 �



�$
��
�	
� �
�� $
��
�	


'

� �
4�
;
� 	
�

( ��
��
�
�
��
�
�
� ���
��

���
� � $

�
�
+ 

�
�� 	
%
� �
�
�� 

�

�� �
�	
�
. $
��
�	
�
�
�
� ���
��

��� '

- $
��
��
�
��
�
�
�
 �
� �
��
. 	
% 
 $
� �
�

�� 	
%
� $
� 
�


�� �

� �
�

� �
, �
"�
� �
� ��
�
�
�
��

�
	
���
	 �
��� '

�� 1�5
�4 1�5
8 �

� 0�
1 	
8 5
� 5
03�
1� �
781 � 	
1�5
� 7

�
3�����
7 9
� 6
3
06
3�
1�5
3

�
3� 	
1 81 � 	

�144
� 3 ;
1��
3 	
4 7
8 3 6
�

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

2�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

� 
'%

� % )
�%
'�
#

�
� 

	
	�
� 

�
��
�
�
))� �
�
��
�
���
� �

�

��

�� �
��

��

�
( ��
,� 

� �
� � �


�
�� �
�

�
 �
�

�	
	�
� 

� � $

�
�
+ 

�
, �
	 ��
$
��
�	
�
� �
��


�

��

�
�
� 
 �
�% ���
% $
� /

�
�	 �
���
"
��
��
	 

	 �
�
 $
�

�

�	
	�
� 

� '

��


�� �

� $
�� $


�	� 

� �
) �
�	 

����
�	� �
��
. � �
�

�
 �
�

�	
�% �
"�
�

	
'

- $$


� �
��
�	 �
�� �
% 	
�� $
�
���
,� 
 �

� '
� ��
� "
� 
 $
� /

�
�
�% �
�

� �
���
���
�
�	
��
�
� �
��


�

� '
�
� �


�
�
�	� �

� �
��
��
	 �
�	�
�	 

���
	 �
� � '

'�

��� $
� �
	 �
�% �
"�
�
, 

	% 

��
�

, �� �
% 	
�

��


 �

� '
�
� �


� �
�
�	 

���
	 �$


�
"��
	� 

��
	%
	%
�	�
��
�� 
 $


�� 

�	
�
. �
� � $

 �

	 '
� 

� �
�
�

	 ����
�

� '
� 

�

�

��
	 

� 


� ��


�	� �
'

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

2�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

� 
'%

� % )
�%
'�

$&%�
�%
#%
'�
��
 

�
'#

	
'

� � �


�
� 

��

% ��
�

�
�

	 �
. $
� /

�
�
� ��
� 

� �� �


�
, �

� ��
� 

�
��� �
��

�
�

��
� �
	�
� 

�

�

� �	�

�

1
2

3

2 13 0

0
4

5
6

7
8

�
�. �
�	
"�
�	 

� � �
	% �
� �

� "�
	 ��
�
� �


� �
,� �
	 �
% � �
"�
 �


�� �
�
& �
��
� �
�
 '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

>�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

� '
� � �


�
� 

��

% ��
�

�
�

	 �
. $
� /

�
�
� ��
� 

� �� �


�
, �

� ��
� 

�
�

����������������� ����������������
� �
�� �

�

��
� �
�� �

�

�
	

�� �
��

�
�

��
� �
� � �
��
�� �
��
��� �� � �
��
�
	�
� 

� ��
�
))�


��
� �� ��
� ���

�

�
� �� ��
� ��� �

�
� �
�� �

�

��
� �
�� �

�

�
	

�� �
��

�
�

��
� �
� � �
��
��

�
�� ��
� �� �
��

� ��
	�
� 

� ��
�
))�


��
� �� ��
� ���

�

�
� �� ��
� ��� �

�% 

�


�
��
�� �
�
�

� �
� �
� �
�
�
�
� �
�	
% 

�
�

�	 

�	�
�	 

�

�� 

��
	%
� �
�
�
 !
"�
�
	 �
� '

1
2

3

2 13 0

0
4

5
6

7
8

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

>2



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

� 
'%

���
���

 
�
'

�+ )
� �
 �
�
�

�
��

� �
�
	% 

� �
�


 !
"�
	� �
�
�
�
���
� �
�
�
� �
� 

�� �

 �

��	�

�
� �
��
�
� �
� �	�
� �
���
�����
� �
��

�

� � �
��
� �
�	�

�	�
� �
� �
� �
�

�  

� �
��!

��
�"
� �
� !
�
�� �

�  

�� !

�# �
� �

��
�$�
��!
�
� %

&
�
�'

 �
� �  
( �


�*)


� �
 
!

( �

� � +
�
�  
�
�
� � �
� )
� 
 ,
� �

� �

�  

�# �
� -

�	�

. +
� �

/
� �

�
� �
� �
0 �
1
� �


 �
�� � +

( ��
,� 

�� �

�
� �

$
� /

� $


��
��
"
��
��
� �
�

��
. �
� � $


2	
% � �


�
� $
�

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

>>



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
� 

�	���
��
� �
�

��
� "
�

� � �
�
� 

, ��


��

< �
+ /
	% 

�
 $
��
,� 

�� �
�

�


�
	 �
"�

�
�
���
� �
��

�
�% 

�
�
2
� '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

>�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

� 
#! �
%�
%

� 
� % �
%
'�

 �
+
�
'�
+���
% �

� � 5
3 6
�
781 � 	
�

) ��


��
.
��
��
��
�

� �
�
�

	 ����
'''

�
� %
� ��


���


��
.
��
��
��
.�
� �
�� �

�

2�
� �
�� �

�

� � 5
3 6
�
781 � 	
�

� "
� 	� $
� ���
�	� �
��
.
��
���
� 

� �� $
'''

�
<% 

�
��
"

�
.
��
��
�
��
	 �
�	
. �
�
���
� 	 

��
	� �
�� '

�
� �
�
�

� "�

�
�
�$
"	
�	� �
���
���
� 

� �� $
�

� � ��
� �
�
, 
�
�
�$
"	 

� �
��
�

�

�	
��� �
. ��
�
� �

� � ��
�
��
� ��
�� �
�
��
��

�

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

> �



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
�
�
� �	�
� �
���
�����
� �
��

�

�	�
��

 �
�
�' �
� �
�

� � �
� �

� � �
�� �
�

� ��
�	�

� �
��	�

� �

� �
 
�
��!
�
� �

� �  

���!

�� �

�

 �
�
�'  

�� �

�
�

� �
� %
�

� �
�

� �

�
�	�

�  

� �
" �

 �
�
�' �

�


�
�'

 +
�
�	�

�
� +

��	�
�

� )
!

( � +

(

��	�
�  

� �"
�

 �
�
�' �

�
 
�
� �
�  

�� �

� � +

�  
&
� �
�

 �
�
�'
� �

. +
� �

/
� �

�
�
0 �
1 �
0 �
1
� �

�
-  
�
�	�

� �

�-  

��	�
� �


 �
�� � +

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

> 




� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

� �%
#%
'
� �
��
#

�+ )
� �
 �
�
�

�
���
�$
� 

	 
� �
�
�	 

�

� �

�
� ���
��
� "
�


� �
	
+ �
�	

	%
�	
� � �
� � �
� �
��
��
�

�� ��
�
�	 

�

� '

�
� �
� �
��
� � 	�
�
� �
� "
, 	
���
	� �
� �
� �
�
�% �
. 	�
��
��

�� �
� $
'

�
� �� �
�
��
�� �
. �
�
� $


�$
� �
		 

� '

�
�� $
	�
��
�� �
�
	%
�	�
	 $
���
& � $
� /

�
��
� �
�

�	
	 �
� �
�
 �
� '

'�

� ��
� 

� '

�
- �
� "
�

��

�
� �
�
�� �

�
�
� �
�
�� �

�
�

�
� � '

'�

�� � $


�
, 

	 �



��
� �
� 	

 '

�
�
�

�


� 
�
	� �
��
� �
� 

�� $
��
�	
�
 �


��
��
	 �
�

	 �
	% 

��
� � $


� �
�
�
��

� '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

>�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

A

N
E

[i
]

D M
[i

]
E

[i
]

P[
i-

1]

B

C

M
[i

+
1]

�
� "$$
�
�

�

& ��
�
�	
�	 
 $
�

��
	%
�	 $
� /

�
� � �
��
�

�
�
���

��
��
��
% �
�

� '

<%
"� �
	% 

� �
�
 $
��
�

�
, 

	 �



�$
��
�	
�
� �
��


'

�
� � � $


, 

	 �



��
� �
� 	

�

� �
�

� "
�	 $
��
�
, 

	 �



�$
��
�	
�

�
� �
�
�
�	
�
 /
	
�	 
 $

�

� �

��
� ��
� �
� ��
� �
�
�
� �

��
� ��
� �
� ��
��
� �

�
�� �
�
% ����


�. �
�
�
 /
	 $
� /

� '

�
�.
� �
�, � �


� �
�
 �
�
% ��
�


� ��

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

> �



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
�.
� �
, 
� �
�� �
�
 �
�
% ��
�


�
� � '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

>�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
�
�$
� ����
	 �
 $
�

�

�	
�	� �
��
. �
�� �
�
 �

�
�

��� ���
��
�

��
� �
��
�� �
� �
�

�
��

�

	

��
� ��
� �
�

�

��

�




��
�

� �
�

�
��

�
�

��

�% 

�


� �
�
� �
�� �

� �
�
� �
�� �

�

�
� �
�

� � � �
� �
�
�
��
� �
� �
��

� �
� �

� �
	 

	%
�	

	
'

��
� �
��
��
��
� �
��
7� � �
3� �
�
 '

� '
��
� �
��
2�

��
� �
��

� 34 �
�
� �
�
 '

� '

 �
� �
�
� �

���
�
�	 

�

�� '

�
<% 

� �
�	 

� �
. ��
	 �
��
.
�

����
, 


 /$
� ��
�

��
�	 

� '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

>�



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
� ��
&
�	

��
� �
� '
)*

�

�, 

� �

��
��
�.
	% 

$
��
�	�
��
�
	% 

� �
�
 �

�
��
� �
�
��
�

� �
7� � �
3� �
�


� �
% ��
�

� �

�
� � '

�
��
� �
�
2�

�
� �
� 34 �

�
� �
�


� �
% ��
�

���

�
�
� � '

�
��
� �
�
��

� �
�, �
	 �
� � �
�
% ����

 �
��
���
� 

��
% ����


�
. $
� /

�
� �
���
�� ''
'

�
� 
�
��
"�


� �

�
��
� �
� �
�
� �

�
3�
1�51 � 	
�
7 6
1 7

�4 3 '

�
� �
��
�
�$
"	 


� �
�
��
�

�

�	
��� �
�� 	
% �
�	 

�

�
� ��
	%
�

	��� '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

��



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
- 	 

��
%
�	 
 $
�
. �
����
�� 	
%
� �
�


� 	
�

�

���
��

� �
�
� � ''
'

�
� �
�	
	 �
�
� ��
5
3
���
� �
� �
� 9
0 �
8 3

� � �
�

�
� �
	 

	%
�	

� �

�
��
� �
�
�

��
� � ���
� �
� � ���
�

� �
�

�



�

� � �
���

�� �
�

�

� � �
���

�
� �
� �
�

�
�.

� �
� �
�
% �
�

�
	% 

�

� � �
�

�
��
� � ���
�
��
�

���
�

� �
�

�



�

� � �
���

�
� �
�

�

� � �
���

�
� �
� �
�

�
� ��



�
�.
�
� �
� �
�
% �
�

�
	% 

�

� � �
�

�
��
� � ���
�
��
�

���
�

� �
�
��

�



�

� � �
���

�
� �
�

�

� � �
���

�
� �
�
�� �
�

�
� ��

 �
�

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

�2



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
� ��
	�
��� �
�
�

% � �



� �

�
��
� ��
� �
� ��
�

� �
�

�

 � �
�
� � �
�
� �

 �
�

� �

�
��
� � �
� �
� �

 �
�

� �

�

 �
�

� �

�
� �
	 

	%
�	

��
� � �
� �
�
��

��
��


� � �
�� �

�
�
	�
� 

� '

�
�% �
	% 

� �
�	 

�� �
"�
. ��
	 �
��
.
�

�

� 	
��
& 

�
 �


� �
	% �
��
�
�	 

�

� '

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

�>



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

� +

)

 �
' �
�
� �	�
� �
���
�����
� �
��

�

�	�
�
� �
� �
�

� � �
�
� �
��

�	�
�
�	�

�
� �
�	�

�
�
�

� �
 
�
��!
�
�

� �  

���!

��

�	�
�
�  

� �
�
�
(

"
#

�

#"

�	�
�

�
�  

�	�
�
� !

� �
�
�
( �

"
#

� -

�

#"

�  

�	�
�
� !

� �

"
#

� -

�"
�

#"

�
�  
�
� �
��  

��

. +
� �

/
� �

�
� �
� �
��

�

�
'� �


�$�
�

� �
�
�

�
� -- ��

�
�

�

&
�
�'

 �
"
#

�
' ��)


�
#"

� -  

�	�
�
�


�*)

"
#

�
' ��)



�
�
#"

� -  

�	�
�

�
�

�� --


 �
��
�

, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

��



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

. +
� �

/
� �

�
� �
� �
��

�


 �
� �
'� �



, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

� �



� �
�� �
���
� �
� 	

 �
���
���
� 
 ��
�
 �
�

� �
� ��
�

� �
� � �
�
���
�
� � �


���
�
��

�
� �
�

�� �
�
�

	 �� 

�� �
% ����


�% 

�

�
�
 '

��
�
�
�

�


	 �
"��
�
�� �

�

	
'

� 	
��� �
% 	
�� $
�
���
,� 
 �
�

� �
, "
	
� 
 $


��
��
�
�

	 ����
'

� '
���
��
�
		 

�
��
��
	� �
� '

� '
� �


�
� � �
	 ��
, "
	� �
��
. �
�	 

���
	 ��
�

� �
��
�

�
�� 

�� �
, "
	 �

� '
� �
	 

���
	 ��
� �� 

�
��
. "
��
	� �
��
. �
� � $

 '

�
� �
�� 	
� �
, 

		 

�
�� 	
% �
"	 �
�� �
��
�� 
 '

�
� �
��
	 �
��

�
� �
� ��
��
� �
�
�$
� �

�
	 �
% �
�����
�	
��

� �
�
�

� "
�, 

��
. $
� /

�
� �
, "
	

� �

� �
��

�� �
�



 '

	 '
� �
�

. "�
��
� �
��
�
 !
"� �

�
	 �
��
% � 
 �


��
�

. �
�
��
. � �
�
�

	 � � '

� '
�
��
	�
� �.
�
�	 

�

�
��
	%
. �
�	 '
''




�
� �
	 

���
	� �
�
�� 	
% �
� � $$
�
��

�

�
� "
, $
� /

� $
�
�� 	�
�
��
��
�
. 

�� $
��
�	
��

�
� �
��
�	� �
��
	%
�	
� ��
&
�% 

��
��
�

	%
� �
�
�
 $
� /

�
�	
�
��

 ''
'

�
� �
��
�	� �
��
	%
�	 �
�
�$
"	 

. ��
�
, �
	%


��
�
. 	
% 

� �
�

�	
�
��

 ''
'

�
� �
���
� �
����
�
�� 	
%
��
. �
���
��
� 

� �

�� � $
�

� �'
''

� �
. ��
�
� �
�
�

	 � �
. �
���
��
� 

�


, ��
- ��.
��
� � �
/
� 	
, �0
� �
� �
1 �
� ��
�

� 



