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Ŷ

X̂
X X

Y Y

� Ô �l¥mÊ�ÎGÊÁË8��� *
���4?4& �(& �(&B ��9C*+ �21��&�9G��*42C21�B".�B&�9�D
¡ ��!��6F��D�"����!�� �D
"C	Í ����CD� � 
 � � ���6���"��� 
 �É
"#&�	F�� � ��¬"#�
 � ��< �"<�* < !���#�� 
 � X 
"# Y ÎU��CD��� � $0G�CD��


Ê�ÎGÊÁË B ��! � ��� ��
"!�#�
º��
 �ºÊÁÌ �Á� � � �����6FGED��
 � � ��CD�¯��
 � � �N�D
"� 
"# �D� � ���D
"� ��
"����! ��
 �S�"# � #�� �D
 �
FG!¢#�
"�6�6C � #�
"CD��� S1

B
S2

B
S3


"# S4
�D� �6F G�!�� � �;� ����
 � C � �	�6C � ��
 S1S2S3S4

Î���F(�3� FG!�#�
"�6�6C � #�
"CD��
 �6#
��CD£o
"�6# B ��
 �����ÉEQ����
 Si

B
i = 1, 2, 3, 4

B � 
"� � � ���6FG!���! �~Ê�ÎFEm
W# � ED��
 � C Ê�ÎGÊ � ��� ��
"!�#��¯� � !��
� �3>b��
�� B ��� ��CD�u
���
 �W#6«�� ����¬"�u
 � �D
 ����
 � F � !	�?> ��� C � ���6��
 � � ��!�� � !¢#�� � � « ��� CD!b�D
 � ÊÁÌ �Á� �ÁÎ
E\� FG!�#�
"�6�6C � #�
"CD� Si = ÍSFG!��	F � C�
 � Cm� FG�U
 ��# � �����6FGED��
&��� � £o��FG���D
"C	Í��"# � #��L�Q��CD£o
"�6#ª��C C�
"�6�u� I��
��CbÊ MÇÎ(èA! � ����� � F � #6F���! � £o
 � ��
 # � ED��
 � CbÊ�ÎGÊ B � � $0G�CD��
ºÊ�ÎGÊÁ
×FG�G�GC���#6��
 ��
 � ��� G�F���!��u�D
¯�D�"EDFG#��
�LFG!DFG��CD�u� � �	�LF����6FGED��
 � R ��CDFG£ � !�#ª�3���"# � #��D
 ��FG!¢#�
"�6�6C � #�
"CD��� Si

B
i = 1, 2, 3, 4 
"#ª�D��!D!�
 ��
 �

�GFG�LFG#�
 �L#6«�� ���6F � C�
 �L�D
 � #6«�� ����¬"�u
 �i�D
 ����
 � F � !	�?> ��� C6Î*��CD� � 
"#6#�
 $0G�CD��
 � 
"�6# � FG!�
 �L�GF G�!�
 �u
"#



�����:� ����� �
	���� ����� � �(����� � �	� Ë	J
� 
"�6# � FG!�� � ��FG!¢#�������!�#�� � � � C�� � � £o
 � ��
 �l!����u���D
 �l#6«�� ����¬"�u
 �7�	C # � ED��
 � C Ê�ÎGÊ�Î;E^
 ���"# � #����D
 �
FG!¢#�
"�6�6C � #�
"CD��� � ���6��
 � � ��!�� � !¢#��l����!�# ���D� ����� �ÁÎ��^£o
 � ��
 �\#6«�� ����¬"�u
 � Cm
"#3GÉ�	C # � ED��
 � C�Ê�ÎGÊ B � 
 �� ��FG!�#��ª
"# � 
 ���GF G�!�
 � � 
"CD£o
"!¢# 
"#6��
&
"� � ��� �o� � � ��CD���D�"#�
"�6�LFG!�
"�ª� � Cp����!¢#6F�¬"��
 �D
&� � ��� G�F���! R� ��CD�,!m� FG� � ���6#�
 � C�
"� �Á� � IJ��
 ��ÊÁÌ �Á� �$MÇÎ


 Û��U¥^Ê�ÎGÊ ��
 �$# *�� ������#(� ���0���5/;�5# �.*	�5��#�#��"� � �$#4#K��� -���� � ����� -���������* ���7� � �!�"�������5-�� �

S1S2S3S4
ÖÚ��FG!�#³�D
�����C��"��
"! � 
 ���"EDFG#���#6«�� ���6F � C�
 � � #6#�
"F G�! � ED��
 �

� 
"����! � � $0G�CD��
iÊ�ÎGÊÁË ��
"����! � � $0G�CD��
uÊ�ÎGÊÁ

FG�m
 �6#�!�� � 
 � � � FG��
 � C�


�1Í�ÍNÍ � RX ≥ H(X|Y )ÍD�1ÍNÍ á RY ≥ H(Y |X)Í�Í��1Í ¡
RY ≥ H(Y )Í�ÍNÍD� � RX ≥ H(X)ÍNÍ�ÍNÍ è RX + RY ≥ H(X,Y )FG�m
 �6#7��C �i� � !¢# � C�


ÊÇÍ�Í�Ê � RX = 0 RY = H(X,Y ) + ξxyÍ:Ê�ÊÇÍ E RX = H(X,Y ) + ξxy RY = 0Í�Í�ÊÇÍ � RX = H(X) + ξx RY = H(Y |X) + ξyÍ�ÍNÍ:Ê � RX = H(X|Y ) + ξx RY = H(Y ) + ξyÍNÍ�ÍNÍ 
 RX = H(X) + ξx RY = H(Y ) + ξy

ξx, ξy, ξxy > 0EDFG#,�D
�E:��CD�6� � Go

ÍNÍ�ÍNÍ C (RX , RY ) ∈ R ⇒ (RX + δx, RY + δy) ∈ R

δx, δy ≥ 0�;� �6# � Go
��	CS#�
"� � �
ÍNÍ�ÍNÍ G (RX , RY ) ∈ R B

(R′
X , R′

Y ) ∈ R 
"#
RX + RY = H(X,Y ) 
"# R′

X + R′
Y = H(X,Y )�D��! � (R′′

X , R′′
Y ) ∈ R B

R′′
X = λRX + (1 − λ)R′

X

B
R′′

Y = λRY + (1 − λ)R′
Y

B
0 ≤ λ ≤ 1

ÖU��CD�Y��
 �Á� �`�	C � C � �	�6C � ��
&ÊÁ�	Ê�Ê,
"#Y�6CDFG£ � !¢#Y��
 �`�"# � #��Y�	Ci# � ED��
 � C Ê�ÎGÊ B ��
 �`#6«�� ����¬"�u
 �Yádè�&� �W
 � 
"CD£o
"!�# 
"#6��
 ���D� �GF � C�� �ÁÎ	�Ú£o
 � á 
"#�è B � � ��� G�F���!¯�D
 ���D�"EDFG#��l�LFG!DFG��CD�u� � �	�LF�����FGED��
 �
R !�
 � 
"CD# �;� �lFG! � �GCD��
���
 � �Á��!�
 � � C	� �D
 ��� ��C����D
 �l�GF G�!�
 �l� � � � C�� 
 � �;� ��át
"#�è¸�6CD�l� � $0G�CD��

Ê�ÎGÊÁ
	Î:Em
 � � C � #6��
 � ��FG!�#�� � B � B �¯
"#�
�����!¢#�� � !��l� � ��� G�F���! R Î'Em
 #6«�� ����¬"�u
 CÚ�u��!¢#6��
 � C�
 ��
 �� ��FG!�#�� � C	� �D
 � �6C��`�D
 � �6CD�\�3� � ÍD
 RY

����!�#*� � !��`� � ��� G�F���! R Î.>UFG! � ��
"�u
"!¢# B ��
"����!i��
�#6«�� ����¬"�u

G B ��
&��
 G��u
"!�#�� � � �(�D
�� � �GF G�!�
É��
"�GF�� 
 �;� �³��
 � � ��FG!�#�� � 
"# � C � FG# �;� �6#6F�
 �D
�� � ��� G�F���! R Î!E �
$0G�CD��
uÊ�ÎGÊ"�uFG�G�GC��6#6��
�� � ��� G�F���! R � ���6��
 � � ��!�� � !¢#�
 � C �Á� ��ÊÁ�	Ê�Ê�Î¡ ��!��6F��D�"� � !�#7� � FG!¢#�
"! � !�# B ��
 �Á� �7���	Ê�Ê � CDF � ���6��
 � � ��!�� � C¯���N��#�¬"�u
³���¯��
 �l�D
"C	ÍW� ��CD� � 
 �
����!¢# � ���D� 
 �mFG!��D� � 
"!�� � �L�u
"!�#U� � F��Ú�D� � ���D� 
 � � ��! �<��FG!�#�
"�u
"!¢#?IJ��
 �m�D
"C	Í�����CD� � 
 � X 
"# Y ����!�#




�� ��� ��� � �������

0

A(0xxx)

C(xx0x)

B(x0xx)

D(xxx0)

d(xxx1) e(xxxx)

c(xx1x)

E(xxxx)

b(x11x)

a(1xx1)

RX

RY

H(X)

H(Y )

H(Y |X)

H(X|Y )

H(X, Y )

H(X, Y )

� Ô
�l¥^Ê�ÎGÊÁ
8��� &B9 21�B?+$%*+!(9 ��&�9G�(��7($%/19 �,$%!($.�- ��,9 9C �$%@+�0!:/ ".& /��07�"%& �0 ��+D��+D

0 RX

RY

H(X)

H(Y )

H(Y |X)

H(X|Y )

H(X, Y )

H(X, Y )

R

� Ô �l¥mÊ�ÎGÊ"� � �G��?4$.*4! �(&B9 ����7�$ /19 �,$%!�$%�  (�,9 �� ;� �09��������+D



�����:� ����� �
	���� ����� � �(����� � �	� 
	Ê

�	F�� � ��!DFGED��
 � � C	Í��D
"C	Í×�D� � �N�D
"CD���$MÇÎ:ÖÚ��CD�ª��
 � ��!���#6�6CDFG��
 X 
"# Y � £o
 � CD!×# � C	Í×����
"�6��
"CD� �;� �
EDFG# � C � �6F§�3!�CD� B ��
 #6«�� ����¬"�u
��D
ª����
 � F � !	�?> ��� CÚ�u��!¢#6��
 � C�
³��
,# � C	Íi�LFG!DFG� � �&I R = RX +RY

M� ��CD� � ��� � ��
 ����
"�7��
 �7�D
"C	Í¯����CD� � 
 �³
 �6#��3��
"!¢#6��� � F�
 � ��! �<��FG!�#�
 H(X,Y ) � £o
 � �

RX ≥ H(X|Y ) I<Ê�Î 
	Ê M
RY ≥ H(Y |X) I<Ê�Î 
�Ë.M

RX + RY ≥ H(X,Y ) I<Ê�Î 
�
.M

0 RX

RY

H(X)

H(Y )

H(Y |X)

H(X|Y )

H(X, Y )

H(X, Y )

R

� Ô �l¥mÊ�ÎGÊKL8� �G��?4$.*4! �(&B9 �(��7($%/19 �,$%!�$%�- ��,9 �� ���49 � �����+D
E � ��� G�F���!d�D
 �i�D�"EDFG#��i�LFG!DFG��CD�u� � �	�LF����6FGED��
 � R �	C �Á� � ���	Ê�Ê � 
"CD# 
"#6��
 �D�"#�
"�6�LFG!�� 


��
"����!¸��
W# � ED��
 � C/Ê�ÎGÊ �;� �L��
 � #6«�� ����¬"�u
 �u� á è � ��
�Î(Ö � � � ��!�� � � C�
"!�# B � � ��� G�F���! R !�
� 
"CD# �;� � � ��!¢#�
"!DFG� ��
 � �Á��!�
 �&�,G � C � «�
S�D
¯� � �GF G�!�
S� !DF � 
"�G��
 � � C	� �D
 ������C��u�D
 �i�GF G�!�
 �iá

"#&è �6CD�É� � $0G�CD��
×Ê�ÎGÊÁ
	Î�Em
 � � ��FG!¢#�� � B �¼
"#É
W����!¢#ÉFG! � �GC�� � � !�� R Î(�N
"����!¼��
 #6«�� ����¬"�u
+G B
��
i��
 G��u
"!�# � � � �Y�D
i� � $0G�CD��
×Ê�ÎGÊÁ
9C � FG# �;� �6#6F�
W�D
u� � ��� G�F���! R Î)E � $0G�CD��
×Ê�ÎGÊKLS�u��!¢#6��
 � �
��� G�F���!t�D
 �W�D�"EDFG#��W�LFG!DFG��CD�u� � �	�LF����6FGED��
 � R � ��CD�W� � � C�
"�G��
��D
"C	Íd����CD� � 
 � X 
"# Y ����!¢#� ���D� 
 ��� � �;� ���"�u
"!¢#,
"#��D� � �N�D� 
 � � ��! �<��FG!�#�
"�u
"!¢#ÁÎ7E^
 �l�GF G�!�
 �l����C:Go
 �l£o
"�6#6F �Á� ��
 � B «����6F �Á��!¢# � ��
 �

"#��	F � Go��! � ��
 � � ���6��
 � � ��!��D
"!¢#É��
 � � 
 � #6FG£o
"�u
"!�# B � C	Í×� � C � #6F���!���I<Ê�Î 
	Ê M B I<Ê�Î 
�Ë.M�
"# I<Ê�Î 
�
.M � CDF
��
 � ��� ��
"!¢#�
"!�#³��
 �7�GFG�LFG#�
 �7FG!'C��"�6F�
"CD��
 �,�D
 �7�D�"EDFG#��,�LFG!DFG��CD�u� � �	�LF����6FGED��
 � RX


"# RY
Î

ÖA��
"!���!��,�3���"# � # S1 = 0
B
S2 = 0

B
S3 = 0 
"# S4 = 1 I � ��
 �6#<� �1� �	FG��
���
 � C � �	�6C � ��
������	Ê M � CDF

��
 � ��� ��
"!¢#�
���
 � �N�6#�¬"�u
��D
 � �N� � Go
ª�	F��6#6�6FGEDC�� � £o
 � FG!'C����6� � #6F���! �D
�EQ����� ��� ��
 ���D
"C	ÍW� ��CD� � 
 �
����!¢# � �N�D� 
 ����� �;� ���"�u
"!�#&� � F��&�D� � �N�D� 
 � � ��! �6��FG!¢#�
"�u
"!�# I Y 
 ��# � ��!D!¢C�
 ��
"CD��
"�u
"!�# �;� �É��

�D� � ���D
"CD� �(MÇÎmÖÚ��CD�&CD!w# � C	Íw����
"�6��
"CD� �;� ��EDFG# � C � �6F§�3!�CD� B ��
i#6«�� ����¬"�u
i�¼�D
W����
 � F � !	�?> ��� C




�Ë ��� ��� � �������

� ��� ��
"!�#�� � Cu# � ED��
 � C Ê�ÎGÊ $DÍD
7��
�# � C	ÍL�LFG!DFG� � � R = RX +RY ≥ H(X,Y ) � ��CD� � ��� � ��
 ����
"�
��� CD!�
 C � 
 ��!S�	F��6#6�6FGEDC�� 
ª��
 �,�D
"C	Í¯� ��CD� � 
 � X 
"# Y � £o
 � �

� X �D��FG# 
"#6��
 � ��� � ��
 ����� � C # � C	ÍS#6«�� ���6F � C�
L�D
 ����!º
"!¢#6��� � F�
 � ��!��	FG#6F���!D!�
"�G��
 B � ��
 ��#<� �1�
�	FG��
 RX = H(X|Y ) + ξX

�t
"# B Y �D��FG# 
"#6��
ª#6� � !��6�LF���� RY = H(Y ) + ξY��� ξX

"# ξY

����!�#,�D
"C	ÍW£ � ��
"CD���7��� 
"�G��
 � � ����FG#6FG£o
 �ÁÎ;��CDFG£ � !�#,��
�# � ED��
 � C~Ê�ÎGÊ B ��
 ��#6«�� ����¬"�u
 �,�
á ¡ èr�¯
ª�D�"#�
"�6�LFG!�
"!¢#³� � ��� G�F���!S�D
 �7�D�"EDFG#����LFG!DFG�ÉCD�u� � #6#�
"F G�! � ED��
 � R �	C �Á� �,�����	Ê�Î0E^
 �
�Á��!�
 � � G � C � «�
,�D
l� � �GF G�!�
�� 
"# � C	� �D
 ������C��\�D
Y� � �GF G�!�
 ¡ �D
l� � $0G�CD��
ªÊ�ÎGÊÁ
 !m� ���D�;� �6#6F�
"!D!�
"!¢#�;� � �7� � ��� G�F���! R ÎDEm
 � ��FG!�#(� � ���6��
 � � ��!�� � !¢# �,� � �GFG�LFG#�
Y#6«�� ���6F � C�
l�	C&# � C	Í&�D
 � ��� � ��
 ����F���!� �	�LF����6FGED��
,
 �6#\� � !�� R Î��Ú£o
 � ��
�#6«�� ����¬"�u
 C B #���C��A��
 � � ��FG!¢#�� � CDF�����!�# � C	� �D
 ������C��*�D
l� � �GF G�!�
¡ 
"# �7�	����FG#�
`�D
A� � �GF G�!�
`� ���D�;� �6#6F�
"!D!�
"!�#
��� � ��� G�F���! R Î E � $0G�CD��
,Ê�ÎGÊÁÌ�FG�G�GC��6#6��
A� � ��� G�F���!&�D
 �
�D�"EDFG#��ª�LFG!DFG�ÉCD�u� � #6#�
"F G�! � ED��
 � R �	C ���	�6#�¬"�u
 � ���6��
 � � ��!�� � !¢# � C � C � �	�6C � ��
i�����	Ê�I � ��
 �6#<�
�1� �	FG��
 ��
 ���D
"C	Í ����CD� � 
 ������!�# � ���D� 
 �YFG!��D� � 
"!�� � �L�u
"!¢#7� � F����D� � �N�D� 
 � � ��! �<��FG!�#�
"�u
"!¢# � £o
 �
��
"CD��
"�u
"!�# Y �	F�� � ��!DFGED��
 � C	Í¯�D
"C	Í �D� � ���D
"CD����MÇÎ

0 RX

H(X)

H(Y )

H(Y |X)

H(X|Y )

H(X, Y )

H(X, Y )

RY

R

� Ô �l¥mÊ�ÎGÊÁÌA� �G��?4$.*4! �(&B9 ����7�$ /19 �,$%!�$%�  (�,9 �� ;� �09 � � � �+D

B�� � ���&=���8�� # %?$&% � �ª+&%(8 ���i56'

Em
�#6«�� ����¬"�u
�� �D
 ����
 � F � !	�?> ��� C I �Á� �³�	C � C � �	�6C � ��
&�����	Ê M � �"#���Go�"!��"� � �GF���� � C �Á� �³�D
 �
����CD� � 
 � � ���6���"��� 
 ��� £ � ��
"CD��� � ��!¢#6FG!�C�
 � �;� � > �N!�
"�<�DC�FG£ � > C���Ì � Î ¡ ��!��6F��D�"����!�� X 
"# Y �D
"C	Í
����CD� � 
 � � ���6���"��� 
 � �ª£ � ��
"CD��� � ��!¢#6FG!¢C�
 �ÕÎ;E � ����CD� � 
 Y 
 �6# ���D� 
"��� 
³FG!'Cp���6� � #6F���!¯�D
³EQ������ÎD�N��FG#
d(X, X̂) � � �u
 �6CD��
L�D
 �	F��6#������6F���! 
"!�#6��
 X 
"#ª� � £o
"���6F���! ��
 � ��!��6#6FG#6C�� 
 X̂ IJ�3��
 ��#6FG� � #6F���!w�D




�����:� ����� �
	�� ��� � ��� ��� ��� 
�


X MÇÎA�³������� B � C�
"�7
 �6# ��
 �D�"EDFG#L�LFG!DFG� � �7!�� � 
 ��� � FG��
 � ��CD� � �N�D
"� X ����C�� � � � ��!¢#6� � FG!�#�
 � C�

� � �	F��6#������6F���!×�u� �o
"!D!�
 d(X, X̂) �D
 X 
 �6# D 
"# � C�
��3� FG!'C����6� � #6F���!º�D
&EQ����� Y 
 �6# £ � � � ED��

��
"CD��
"�u
"!¢# � C��D� � �N�D
"CD���9E � ��� � ��!�� 
 � � 
"#6#�
 � C�
 �6#6F���! � �"#���C���CD�6!DF�
 �;� � > �N!�
"�<�DC�FG£w
"!
ÊKJo��Ì � > C���Ì�� Î¡ ��!��6F��D�"����!�� � � $0G�CD��
 Ê�ÎGÊÕ� � CDF � ��� ��
"!¢#�
¯
��	F =:�"��
"!�#�� �Á� �&�D
 � �N� � Go
 �D
W� � ����CD� � 
 X� £o
 � CD!�
�FG!'Cp���6� � #6F���! �D
�EQ����� Y �6CDFG£ � !�# �3���"# � # �D
 �WFG!¢#�
"�6�6C � #�
"CD���¯� 
"# á�Î Em
 �Á� �W���
�3� FG!¢#�
"�6�6C � #�
"CD���@
 ��# Cp
"�6�u��
"# � 
"�GCDFÚ���Sá©
 �6#7��CD£o
"�6#,!m��
 �6# �;� � � ��!��6F��D�"����Î

X
ENCODER DECODER

X

B

X

Y
A

X̂R
∗
X|Y (D)

RX(D) ou
RX|Y (D) ouDébit RX ≥
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Y1 Ŷ1
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* Coset 2: {010,101}        Syndrome s=10 
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=

∫ b

a
t
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CSD−TCQ: 1.66 bits/symbole
CSD−QU: 1.66 bits/symbole
CSD−TCQ: 1.5 bits/symbole
CSD−QU: 1.5 bits/symbole
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Borne théorique de Wyner−Ziv pour 1.66 bits/symbole
CSD−TCQ: Distorsion mesurée pour 1.66 bits/symbole
CSD−QU: Distorsion mesurée pour 1.66 bits/symbole
Borne théorique de Wyner−Ziv pour 1.5 bits/symbole
CSD−TCQ: Distorsion mesurée pour 1.5 bits/symbole
CSD−QU: Distorsion mesurée pour 1.5 bits/symbole
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Û

RW ≥ RV (DW )

T̂

2L niveaux

RT ≥ R
∗
T |V (DT )

� Ô
�l¥�
	ÎGÊKL � ����9	/����,& �(&���*
�(�4?+& �($%9	/C21$%7� (� ��& ��&� � 9C*+ �21��&�9 �: ��4!:/1$�� ��&�9  (/1$%"%$%91�4!:/  (! ��*
�(& /1 (217>* <>*4$.!���*+!(!��+D

� � !�� � 
"#6#�
É��
 � #6F���! B !���C�� � �G����!��,�"#6C��	F�
"�³
"# � ! � � �N��
"�,��
 � ����ED��¬"�u
É�	C � ��� � Go
��	F���#6�6FGEDC��
�D
 �D
"C	Í�����CD� � 
 � � � C�����F�
"!D!�
 � � ���6���"��� 
 � T 
"# W

� C � !¢#6F $;� 
 � �;� �ª�D
"C	Í � C � !¢#6F $ �Á� #�
"CD�����D

E���� �	�N� � � Íi�	F =:�"��
"!�#�� � ���L�u
,�3� FG!��	F � C�
�� � $0G�CD��
³
	ÎGÊKL	Î ¡ 
 � ����ED��¬"�u
 � ���6��
 � � ��!�� � C � �N� � Go

�D
G> �N!�
"�<�DC�FG£ � £o
 � CD!�
iFG!'C����6� � #6F���!��D
uE:����� �;� �6#6F�
"�G��
W�D��!¢#&��
 ��E:���6!�
 �É�D�"EDFG#<� �	F��6#�������F���!
��!¢#Y�"#��7�D�"�6FG£o� 
 � �;� � @ ��« � � � � � !�� � @ ��«7Jo��� Î � ��#6��
 � ��!¢#6�6FGEDCD#6F���! 
 �6#\��� CD!�
 �;� �6#`�D
,�D�"�6FG£o
"�
��� CD!�
 � CD#6��
*� � !DF�¬"��
 � 
 �^E:���6!�
 �Ú#6«�� ���6F � C�
 �(
"#Ú��� � CD#6��
 �;� �6#U�D
 � ��� � ����
"�^CD!�
*�LF���
Y
"! ��CD£N��

��� CD!S� � «��"� � �D
 � �N� � Go
��D
B> ��!�
"�<�DC�FG£ � £o
 � CD!�
ªFG!'C����6� � #6F���!S�D
ªE:����� �;� �6#6F�
"�G��
�Î

E � �6#6�6C � #6CD��
 �D
W�3��
"! � �N�D
"CD�����D� � ���D
"CD� #6CD�6EQ� 
 �6#&� � � 
"�u
 � C�
 � 
"�G��
WCD#6FG�GF���� 
 � � !�� � ��;� �6#6F�
ª
	Î Ë	Î;E � ����CD� � 
 W 
 �6# � C � !¢#6F $;� 
ª
"!WCD#6FG�GF�� � !¢#lCD! � C � !�#6F $ �Á� #�
"CD�,�D
 Em��� �	�N� � � Í � 2L

!DFG£o
 � C	Í:ÎD�Ú��C��l��
 �YEDFG#�� ��� � �����6#6F�
��	C � C � !�#6F $ �Á� #�
"CD�,����!�#Y#6� � !����LF���� � !�� � ��� � ��
 ���6F���!mÎ	Ö � �� ��!���� � C�
"!¢# B ��
,�D�"EDFG#l�D
,#6� � !����LF����6F���! �D
 W 
 �6# L EDFG#������ ���ÉEQ����
�ÎN� � !�� � 
 �Á� � B � � ��� � C�
"! � 

�D
,���N��E:����
 � V IJ� � £o
"���6F���! � C � !¢#6F $;� 
 �D
 W M\
 �6# � ��!��6F��D�"��� 
 � ���L�u
,�3� FG!'C����6� � #6F���! �D
7E:������;� �6#6F�
"�G��
 � CDF(
 ��#��	F =��"��
"!¢#�
L�D
 W Î E � ����CD� � 
 T 
 �6# � C � !�#6F $;� 
 � £o
 � CD! � C � !¢#6F $ �Á� #�
"CD�É�D

E���� �	�N� � � Í � 2M !DFG£o
 � C	Í�Î�Ö � �,� � �6CDFG#�
 B ��
 �³���N��E:����
 � � C � !¢#6F $;� � U IJ� � £o
"���6F���! � C � !¢#6F $;� 

�D
 T MY����!¢# � �N�D� � � £o
 � CD! � ���D
"CD�,#6CD�6EQ�L
"#7��
"CD��
"�u
"!�#7��
 ��EDFG#��7�D
 �;� �6FG#�������!¢#�#6� � !��6�LF�� � C
�D� � ���D
"CD�ÁÎ^�,Cº�D� � �N�D
"CD�ª#6CD�6EQ� B � � ��� � C�
"! � 
L�D
 �ª���N��E:����
 � Û 
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p(Û |t)p(t|v)
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"# Z 
 �6#��
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p(X̂Q|Ŷ , z)
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 Ŷ
B
Z 
"# XQ

ÎÕèA# � !¢#^�D��!D!�� � C�
 E[(X−X̂)Ŷ ] =
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 Ẑ Î
ÖU��CD�,��
 �Á� �7�D
�#6����F��7����CD� � 
 � B � � C���! � #6F���!S�D�"EDFG#<� �	F��6#�������F���!��D
ª� � ����CD� � 
 X �Á��� � �6FG#��

R∗
X|Ŷ ,Ẑ
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"# E[(X − X̂)XQ] = 0

B � �������*��! � CD� � �

a =
2DZ + σ2

1

DZ + σ2
1

(1 − c) IJ��Î �¢Ì.M

b =
σ2

1

DZ + σ2
1

(1 − c) IJ��Î ���	M

c =
1

1 +
(DZ+σ2

1)σ2
QX

(DZ+σ2
1)(4DZ+σ2

1+σ2)−b0(2DZ+σ2
1)2

IJ��Î ��@.M

E � �	F���#������6F���! DX
� 
"CD# 
"#6��
��D�"#�
"�6�LFG!�� 
É�D
ª� � C � 
 ��!S�6CDFG£ � !¢#�
u�

DX = E[(X − X̂)2] = cσ2
QX

IJ��Î � J.M
Ö � �,� � �6CDFG#�
 B �D
+IJ��Î � L.Ml
"#�IJ��Î � J.M B !���C�� � £o��!����

σ2
QX

=
(σ2 + DY + DZ)

2
2R∗

X|Ŷ ,Ẑ
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X|Ŷ ,Ẑ
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CSD−2: taux 3:1 pour T
CSD−3: taux 3:1 pour X et 2:1 pour Y
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CSD−2: taux  6:1 pour T
CSD−3: taux 6:1 pour X et 2:1 pour Y
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CSD−2: 1 bit/s pour T 
CSD−3: 1 bit/s pour X et 2/3 bit/s pour Y

6.6 6.8 7 7.2 7.4 7.6 7.8 8 8.2
−15

−10

−5

CSNR(T,W) ou CSNR(X,Y,Z) (dB)
(b)

D
is

to
rs

io
ns

 m
oy

en
ne

s 
m

es
ur

ée
s 

de
 X

 e
t T

 e
n 

dB

 

 

Distorsion théorique: CSD−2 avec 1 bit/s pour T
Distorsion mesurée: CSD−2 avec 1 bit/s pour T 
Distorsion théorique: DSC−3 avec 1 bit/s pour X et 2/3 bit/s pour Y
Distosion mesurée: DSC−3 1 avec bit/s pour X et 2/3 bit/s pour Y 
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CSD−2: 2/3 bit/s pour T
CSD−3: 2/3 bit/s pour X et Y
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Distorsion théorique: CSD−2 avec 2/3 bit/s pour T
Distorsion mesurée: CSD−2 avec 2/3 bit/s pour T
Distorsion théorique: DSC−3 avec 2/3 bit/s pour X et Y
Distorsion mesurée: DSC−3 2/3 avec bit/s pour X et Y
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CSD−2: 1 bit/s pour T et 4 bits/s pour W
CSD−3: 1 bit/s pour X, 2/3 bit/s pour Y et 5 bit/s pour Z
CSD−2: 2/3 bit/s pour T et 4 bits/s pour W
CSD−3: 2/3 bit/s pour X et Y et 5 bit/s pour Z
CSD−2: 0.5 bit/s pour T et 4 bits/s pour W
CSD−3: 0.5 bit/s pour X, 2/3 bit/s pour Y et 5 bit/s pour Z
CSD−2: 0.4 bit/s pour T et 4 bits/s pour W
CSD−3: 0.4 bit/s pour X, 2/3 bit/s pour Y et 5 bit/s pour Z
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CSD−2: 1 bit/s pour T et 4 bits/s pour W
CSD−3: 1 bit/s pour X, 2/3 bit/s pour Y et 5 bit/s pour Z
CSD−2: 2/3 bit/s pour T et 4 bits/s pour W
CSD−3: 2/3 bit/s pour X et Y et 5 bit/s pour Z
CSD−2: 0.5 bit/s pour T et 4 bits/s pour W
CSD−3: 0.5 bit/s pour X, 2/3 bit/s pour Y et 5 bit/s pour Z
CSD−2: 0.4 bit/s pour T et 4 bits/s pour W
CSD−3: 0.4 bit/s pour X, 2/3 bit/s pour Y et 5 bit/s pour Z
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Î
Ë	Î�CD!�
�C���F�� � C�
u� � ��
 � ��!���#6�6C � #6F���!��D
 Wt

I Ŵt
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"# Kt+2

� ��CD�

 ��#6FG�u
"�7�3� FG� � Go
 > �N!�
"�<�DC�FG£ Ŵt+1
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CVD−2: TCQ & QU
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Domaine Transformé, Foreman QCIF @ 15 Hz, Y, GOP=4, Band 1
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Domaine Transformé, Soccer QCIF @ 15 Hz, Y, GOP=2
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Domaine Transformé, Hall Monitor QCIF @ 15 Hz, Y, GOP=2
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Domaine Transformé, Foreman QCIF @ 15 Hz, Y, GOP=2

 

 
CVD−MC: 1 bit/period
CVD−MC: 2 bits/period

� Ô���� hc^������ �(���'�+� �/ 2��� 

� �'�#$8�+�# 2������!������
������� 

� �  (�'���"�+��!
���3�+������$0 2!���������� � � � �	 4 ��� �+! GOP = 2�����%�+� ��� ��� ���#��
��<
������3��!����3!+!+ �1��8�����<�+� ����� ����������
��<
���������!�����!+!* 213�36
	 ���/ ���&�
)( � �'�����
�@���5�@���5����$&���+ 2�(�# 
$&���'������

� ���3!'+* �!
���

4 ) V %W� T ` T$!LV � %X� [ n [ ! #.["g � Y � ��-�Ye[ T � #	Ye[ Q ) ` ��Y � bcT #9-,� V ��- Q )\� � V % n\T ��-R)�� T �&#&% T Z V -�j V�! �
� ��` [ ! � � � � �cjc� ) V ��Y V �0� � Z T #9�W� � �4["% T #9-,� V ����Y�- ` � ! #.[ T % � �2�4["%0�h-�% T )\� � � � �6) T$!!0 ) !�! ["g �
� � V #DC�#&% �a� !qnqT � ["g�- � ^ $ � � � ! � [ ! #_j � [ T % �aQR� #&# � � ��` [ ! � � �]' V�! �D` [ !�T� % �DQ ) ! �9#.[ ! # � k Q ' � �&#1f d�f
� T % � � ��` [ ! � � % Y �N` C ` � ! ) ` Z�% � � � Z T #9�l� � �4["% T #9-W[+��� T # T ) !�! � Y�� �h) V %B#9) V �lY � � ��Ye[ ! �l� � Z T #9�
� ��Q9S [ UqV � Z4[ ! � � i o � ! #&%.[�� ! � V�! � g�%.[ ! � � � � %&# ��� ! ��-�Z T #0� V Q )q� � V % n\T ��-R)@� T �&#&% T Z V -�^!4 ) V %
Ye[<�9- UqV � ! QR� � )+% ��` [ ! jcY � � f g V % � � hc^ ,m, � # hc^ , � ` ) ! #&% � ! #0Ye[<��-�g�%.[+� ["# T ) ! � � � � � % � )+% ` [ ! QR� �
� ! # � % ` � � � ��-�Z T #W["��%  �0� � �	� ��` [ ! � � �W% � �&� �RQ # T$n � �	� � � � #	� � ��Z T #9�P�4["%	%.["���6)+%&#Wd QR� Y$Y � �
)+Z�# � !LV � �N[ n �RQ V�! � � ��` [ ! � � � � �NZ T #B�4["%B�6-�% T )q� � ^ 4 ) V %lY �P` C ` � PSNR k*[ V #9) V % � � � �c^���o
�BA o � # V�! � T$! � � b ��� �cjL) ! � � V # )+Z � � % n � % � [ ! �lY � �Bf g V % � �'hc^ ,m, � #2hc^ , ��� � �l� � %&# � � � � ��-�Z T #9�
� � �_�c^ � � � #2� � ��lc^ �q� ? Z�� �0�6) V %2� � �X� ��` [ ! � � �X% � �&� �RQ # T$n � �X� � � � #2� � � Z T #9�W�4["%2�h-�% T )\� �
� � �h) T$!!0 ) !�! ["g � ^M$ � � n ["Y � V %9���.) ! #���%9) Q9S � �,� � ��� � %&# � � � �&# T ` - � ���4["%�Y(' - UqV ["# T ) ! kihc^
� o ^]i !
�65]� #_j �6) V % V�! � T$! � � b ��� � k #planBits = 63 � [ ! �skihc^
� o&o j Y � �D� � %&# � � ∆R �.) ! #@-�gL["Y � �@d
��oc^joml k Eb = (0 + 1 + 2)/3 � [ ! �Dkihc^
� o&o � # , �c^ � ��k Eb = (0 + 1 + 2 + 3)/4 o ? Z�� �0�6) V %0� � �
� ��` [ ! � � �0% � �9� �RQ # T$n � �2� � � � #0� � ��Z T #9�	�4["%0�6-�% T )\� � � � �h) T$!!0 ) !�! ["g � ^

O � #.["Z�Y � [ V hc^ , ` ) ! #&% � Y � �P# ��` � �	g�Y�)+Z4[ Vcb � V ��- Q )q� ["g � � � Ye[<�9- UqV � ! QR� � )+% ��` [ ! [ n �RQ
� T 5 -�% � ! # � � n ["Y � V %9�X� V�! ) ` Z�% � � � Z T #9�X� � �4["% T #9-<� ��` [ ! ��-R�X�4["%W�6-�% T )q� � � � �6) T$!!0 ) !�! ["g � ^O � �J� V % Q )���#9� � ! ��-�Z T # �]' V�! $87 / [ n �RQ � � � � ��` [ ! � � �J� � , j �	) V �0Z T #9� � � �4["% T #9-B�4["% %.["���6)+%&#



����� ���������
	���	���
������ � � � 	������
	���	�� � 	�����������
��
� ���+l

50 100 150 200 250 300 350 400 450 500 550
28

29

30

31

32

33

34

35

36

37

Débit en kbps

P
S

N
R

 d
e 

Y
 e

n 
dB

Domaine Transformé, Coast Guard QCIF @ 15 Hz, Y, GOP=2
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Domaine Transformé, Soccer QCIF @ 15 Hz, Y, GOP=2

 

 
CVD−MC: 1 bit/period
CVD−MC: 2 bits/period
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Domaine Transformé, Hall Monitor QCIF @ 15 Hz, Y, GOP=2

 

 
CVD−MC: 1 bit/period
CVD−MC: 2 bits/period
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Domaine Transformé, Foreman QCIF @ 15 Hz, Y, GOP=2

 

 
CVD−MC: 1 bit/period
CVD−MC: 3 bits/period
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Domaine Transformé, Foreman QCIF @ 15 Hz, Y, GOP=2

 

 
CVD−MC: 1 bit/period
CVD−MC: 4 bits/period
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Domaine Transformé, Foreman QCIF @ 15 Hz, Y, GOP=2
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Domaine Transformé, Foreman QCIF @ 15 Hz, Y, GOP=2, 2 bits/period
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Domaine Transformé, 101 images de Foreman QCIF @ 30 Hz, Y
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Domaine Transformé, 101 images de Hall Monitor QCIF @ 15 Hz, Y
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Domaine Transformé, 101 images de Salesman QCIF @ 30 Hz, Y
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Domaine Transformé, 101 images de Mother and Daughter QCIF @ 30 Hz, Y
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Domaine Transformé, 101 images de Akiyo QCIF @ 30 Hz, Y
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Domaine Transformé, 101 images de Carphone QCIF @ 30 Hz, Y
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Domaine Transformé, 15 images de Hall Monitor CIF @ 30 Hz, Y
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Domaine Transformé, 101 images de Flower CIF @ 30 Hz, Y
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Domaine Transformé, 149 images de Foreman QCIF @ 15 Hz, Y, GOP=2
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.

P r(Sn = s|un = i, Sn−1 = s′)Pr(un = i)

= Pr(xn|un = i, Sn = s, Sn−1 = s′)

×Pr(yn|un = i, Sn = s, Sn−1 = s′)

×Pr(Λ̃n|un = i, Sn = s, Sn−1 = s′)

×Pr(Sn = s|un = i, Sn−1 = s′)Pr(un = i)

= Pr(xn|un = i)Pr(yn|un = i, Sn−1 = s′)

×Pr(Λ̃n|un = i)Pr(un = i)

×Pr(Sn = s|un = i, Sn−1 = s′)

= Pr(xn|un = i)Pr(yn|un = i, Sn−1 = s′)

×Pr(un = i|Λ̃n)Pr(Λ̃n)

×Pr(Sn = s|un = i, Sn−1 = s′) > *?2+E�o B
4 �M= " � :!� % A ( / " > % ? : @ =!�5� A % @ ? P H @ :DA ( =!% @ =!% H ( �&A C A = ( � @ � H @ : �R( ? A = @ % :7A ( =!� ( : g

Λn = ln

∑

s′
∑

s α̃n−1(s
′)γ̃1

n(Rn, s′, s)β̃n(s)
∑

s′
∑

s α̃n−1(s′)γ̃0
n(Rn, s′, s)β̃n(s)

= ln

∑

s′
∑

s α̃n−1(s
′)Pr(xn|un = 1)Pr(yn|un = 1, Sn−1 = s′)

∑

s′
∑

s α̃n−1(s′)Pr(xn|un = 0)Pr(yn|un = 0, Sn−1 = s′)

×Pr(un = 1|Λ̃n)Pr(Λ̃n)Pr(Sn = s|un = 1, Sn−1 = s′)β̃n(s)

Pr(un = 0|Λ̃n)Pr(Λ̃n)Pr(Sn = s|un = 0, Sn−1 = s′)β̃n(s)

= ln
Pr(xn|un = 1)Pr(un = 1|Λ̃n)

∑

s′
∑

s α̃n−1(s
′)

Pr(xn|un = 0)Pr(un = 0|Λ̃n)
∑

s′
∑

s α̃n−1(s′)

×Pr(yn|un = 1, Sn−1 = s′)Pr(Sn = s|un = 1, Sn−1 = s′)β̃n(s)

Pr(yn|un = 0, Sn−1 = s′)Pr(Sn = s|un = 0, Sn−1 = s′)β̃n(s)

= ln
Pr(xn|un = 1)

Pr(xn|un = 0)
+ ln

Pr(un = 1|Λ̃n)

Pr(un = 0|Λ̃n)

+ ln

∑

s′
∑

s α̃n−1(s
′)Pr(yn|un = 1, Sn−1 = s′)Pr(Sn = s|un = 1, Sn−1 = s′)β̃n(s)

∑

s′
∑

s α̃n−1(s′)Pr(yn|un = 0, Sn−1 = s′)Pr(Sn = s|un = 0, Sn−1 = s′)β̃n(s)> *72+E�h B
3 ( A ( =!� ( ln Pr(un=1|Λ̃n)

Pr(un=0|Λ̃n)

( :BA � H&H ( " � % ? : @ =!�5� A % @ ? � H =!% @ =!% 2 3 @ = : *&( *�� � @I* ��� ( A!� = 1'@4( A
P � $ �*& � ( % A � =�� A % @ ? / � >J( :DAA" (�*&( = ? % ( = A ( =!� (8*&( " > � & � � A % @ ? > *?2+E�h B *�� : %+� ? � H �M=K% ? : @ =!�5� A % @ ?
( � A =!% ?�: 6Q& � ( & � % ( :DA � � $ � ? � �5( ?KA = ( " ( : *�� � @I*&( � = : @ ( @ ) 2



� ��������� �

� ���	����� � � ��� ��� ������� �	�	��
	�
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@ @ % ( ?FA g
� N1 = N(0, σ2

1) / Z ∼ N (0, σ2
Z =

1−σ2
1

4 ) ( A N = N(0, σ2) A = @ % :K, �M=!% � 1 " ( : � " � � A @ %C= ( :�<� ��:B: % ( ?&? ( : ( A % ? *�� H ( ? * � ?FA ( : /
� Y = Z + N1 ∼ N (0, σ2

Z + σ2
1)

�&? ( , �M=!% � 1 " ( � " � � A @ %C= ( �<� ��:B: % ( ?&? (�( A % ? *�� H ( ? * � ?FA (
*&( N / ( A

� X = Y + Z + N ∼ N (0, 1 + σ2) �&? ( � �&A = ( , �M=!% � 1 " ( �<� ��:B: % ( ?&? ( 2� ? � $ ( =)� $ ( P *�� A ( =!��% ? ( = " � H = @*1 � 1 % " % A � p(ŷ, z|xq) 2 @ @ % A xq ∈ [a, b] 2�4 @ � = �&? ( & � � ?FA % fL �9� A % @ ?�: �9� " ��%C= ( " � & � � ?KA % A � p(x|xq)
( :DA ?<�#"+" (R( ? *&( $ @ = : *&( " > % ?FA ( = , � "+" ( [a, b] 2

p(ŷ, z|xq) =
p(xq, ŷ, z)

p(xq)
=

∫

x p(xq, x, ŷ, z)dx

p(xq)

=

∫

x p(x, xq)p(ŷ, z|x, xq)dx

p(xq)

=

∫ b

a
p(x|xq)p(ŷ, z|x)dx

=

∫ b

a
p(x|xq)

p(x, ŷ, z)

p(x)
dx > AK2+E B

@ =

p(x|xq) =
p(xq|x)p(x)

p(xq)
=

p(x)
∫ b
a p(x)dx

> AK2�� B

3 � H = @*1 � 1 % " % A � p(xq|x) ( :DA � �<� " ( P E6H �M=)� ( & � ( " � � @ ?&? ��% :B: � ? � ( *&( " �2= � � " % : � A % @ ? x H ( =!� ( A
*&(R*�� A ( =!��% ? ( = " � , � " ( � =4& � � ?FA %=L �0( xq

2
E�� E
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3 > � & � � A % @ ? > AK2+E B *&( , % ( ?FA g

p(ŷ, z|xq) =
1

∫ b
a p(x)dx

∫ b

a
p(x, ŷ, z)dx > AK2�� B

3 � , � " ( � = P *�� A ( =!��% ? ( = ( :DA
" � H = @*1 � 1 % " % A � p(x, ŷ, z) 2<@ @ % A Ŷ = Y +NY = Z+N1+NY
/

� , ( � NY
�&? 1 = � % A�= � ��:B: % ( ? �KO2�KOJ� *&( � @�� ( ?&? ( ?H�#"+" ( ( A *&( , �M=!% � ? � ( DY =

σ2
1

2
R∗

Y |Z
(DY )

2 � ?
:!� H&H @ : ( & � ( NY

( :BA % ? *�� H ( ? * � ?KA *&( Z / *&( N1
( A *&( N 2

@ @ % A?" ( , ( � A ( � =�� @ " @ ?&? ( �
= (x, ŷ, z) 2
@ @ % A � ��:B: % " � �5� A =!%'� ( *&( � @ , �M=!% � ? � ( D A ( "+" (& � ( g

M =





1 + σ2 µxŷ µxz

µxŷ σ2
Z + σ2

1 + DY µŷz

µxz µŷz σ2
Z





> AK2 NHB

� , ( �
� µxŷ = E((2Z + N1 + N)(Z + N1 + NY )) = E(2Z2) + E(N2

1 ) = 2σ2
Z + σ2

1� µxz = E((2Z + N1 + N)Z) = E(2Z2) = 2σ2
Zσ2

1� µŷz = E((Z + N1 + NY )Z) = E(Z2) = σ2
Z3 � H = @*1 � 1 % " % A � p(x, ŷ, z) H ( �&A7: >J( � H =!%+� ( = H �M= g

p(x, ŷ, z) =
1

(2π)3/2[det(M)]1/2
exp[−1

2
(m′ M−1 m)] > AK2jo B

� , ( � M−1 " �?�5� A =!%'� ( % ?H, ( = : (2*&( M / det(M) " (2*�� A ( =!��% ? � ?FA *&( M ( A m′ " ( A =�� ?�: H @ : �2*&(
m 2B; @ �&A �9� " � �#" : ��% A @ ? � � =�� g

det(M) = σ2
Z(σ2

1σ
2 + DY (σ2

1 + σ2)) > AK2jh B
( A

M−1 =
1

det(M)









σ2
Z(σ2

1 + DY ) −σ2
Zσ2

1 −σ2
Z(σ2

1 + 2DY )
−σ2

Zσ2
1 σ2

Z(σ2
1 + σ2) σ2

Z(σ2
1 − σ2)

−σ2
Z(σ2

1 + 2DY ) σ2
Z(σ2

1 − σ2) σ2
Z(σ2

1 + σ2) + σ2
1σ

2

+DY (4σ2
Z + σ2

1 + σ2)









> AK2 �NB

� @ : @ ?�: / w = σ2
Z(σ2

1 + σ2) + σ2
1σ

2 + DY (4σ2
Z + σ2

1 + σ2) 2�� >J@ / > AK2jo B *&( , % ( ?KA g

p(x, ŷ, z) =
1

(2π)3/2
√

σ2
Z(σ2

1σ
2 + DY (σ2

1 + σ2))

exp[− 1/2

σ2
1σ

2 + DY (σ2
1 + σ2)

((σ2
1 + DY )x2 − 2((ŷ + z)σ2

1 + 2zDY )x

+(σ2
1 + σ2)ŷ2 + 2(σ2

1 − σ2)zŷ +
w

σ2
Z

z2] > AK2 � B
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� " H ( �&A C A = ( , � =!%=L � & � ( p(x, ŷ, z) : >J( � H =!%+� ( H �M= g

p(x, ŷ, z) =
1

2π

√

σ2
1 + DY

σ2
1σ

2 + DY (σ2
1 + σ2)

exp[− σ2
1 + DY

2(σ2
1σ2 + DY (σ2

1 + σ2))
(x − (ŷ + z)σ2

1 + 2zDY

σ2
1 + DY

)2]

×p(ŷ, z) > AK2jl B
� , ( � p(ŷ, z) " � H = @*1 � 1 % " % A � � @ ?�� @ % ?FA ( ( ?FA = ( Ŷ ( A Z *�� L ? % ( H �M= g

p(ŷ, z) =
1

√

2πσ2
Z(σ2

1 + DY )
exp[− 1

2(σ2
1 + DY )

(ŷ2 − 2ŷz + z2 σ2
Z + σ2

1 + DY

σ2
Z

)] > AK2+E � B

� @ ? � / > AK2�� BLH ( �&A7: > � �E=!%C= ( g

p(ŷ, z|xq) =
1

∫ b
a p(x)dx

∫ b

a
p(x, ŷ, z)dx

=
p(ŷ, z)

∫ b
a p(x)dx

∫ b

a

1

2π

√

σ2
1 + DY

σ2
1σ

2 + DY (σ2
1 + σ2)

exp[− σ2
1 + DY

2(σ2
1σ

2 + DY (σ2
1 + σ2))

(x − (ŷ + z)σ2
1 + 2zDY

σ2
1 + DY

)2] > AK2+ENE B
� ?��&A % " % : � ?FA4" �7: @ ? � A % @ ? erf *�� L ? % ( H �M= g

erf(t) =
2√
π

∫ t

0
exp(−v2)dv > AA2+E � B

" > � & � � A % @ ? > AK2+ENE BLH ( �&A C A = ( : %+� H " %=L �0( H �M= g

p(ŷ, z|xq) =
p(ŷ, z)

2
√

(2π)
∫ b
a p(x)dx

[erf((b − (ŷ + z)σ2
1 + 2zDY

σ2
1 + DY

)

√

σ2
1 + DY

σ2
1σ

2 + DY (σ2
1 + σ2)

)

erf((a − (ŷ + z)σ2
1 + 2zDY

σ2
1 + DY

)

√

σ2
1 + DY

σ2
1σ

2 + DY (σ2
1 + σ2)

)] > AK2+E � B



E��MN � � �5��� ��� 	 � � � � ��� � � � � ��� � p(ŷ, z|xq) � � � � � 	����"� � � � � 	 � � ����� � 	��
	 � � � � 	�	
� � ��	�	 � 	 ��� 	�	



� �
��
�
 ���
� �

������� 1 ,.�����$��,:�;�=E #�34�&�9���-, 2
�����	����
 	 ��,.�����@	��&� 
 ��	=7+��7��;1L�:,
�N2
����������� � ���:,:��/������=�;,.���F��3=�%���:�����<	����!�Q2
� ���
���� �!�=1#" �
	H#%$��&"('���1 ���N�%$)" ���$�+*C��/H��/ 2
�+, ���� �:, � ���+	��-*C��,.�Q2
� ��. � �
���$��1  �;�$���;�+��/0���8*�,:��� 	�3��O2
�21435� �
	H����34�76 � 	��=E�3?��34� � ���&�@��7�1 �O2
� ����� �8��#!1L�@#-* �+��34�$� ���$#9���:���9#%$ 2
� � . � �
	���/0	�1 3�,:�:	��-�N��1;*F*9#�3=�&�&�  </0� ��,.*��"��,:� 	!3?�O2
� . �=� �
	A� �HE��'����/N	�34��#&�&� � �J��,:�&�K7�3�*9�&� 2
� .?> � �
	A� �AE=�'���@/ 	�3=�+#%�2A 3=1 ,:�;,.���&�'�;�$��1=2
� . ���B� �
	����+��12��,:�@	�� � /-� E��$��1 ,K	+�<	����!�@*C� ,:�:	N2
��3 �5� �
	A���AE�� � �@��*+	 � �J��,:�&�K7�3�*9�O2
C � � � *9#��@7%��1 2
�D��� � �;�+�9#!, ��34���+���$, 2
�D�2E	� � �J�!#��+�!,.� �
	 �&�;�N��F��+���?�� !	�����2
��G . �IH�3 , ��� �KJ /$,:���K7�34,.�9� �MLC�����=E  !	�� � �@���+	8� � *F/H�:#%��� 2
��G . ��N . � �-J ��,:���K7�34,.�9�O/ 	�3=�+#%� �
	A�����=EQP �&�;�=EI/R� �N����	��"��� 2
, 9 > � � �&�9��34�OS>3�������� ,:� 	�3��2A 	T� �����N�O2
UK.?> � �������:,.� � /$,K��,.��A � #%�=���N�Q2
��HI�	� �>��	�3H
VL  
 �@#!,:3=�9�&�O2
W � �YX �Z� �(	����"�I���5#9	���
$�9�&�&�&�@	���/A�:�=*+	N2
G �D�2E	� J ��/ ���&�!� � �J�!#��9��,.� �
	 �&�;�N��F?�+���?�; �	�����2
G9[;\)]_^`� �"	A�=�I�=�I#%	A� �AE��"��/ �+#53�,:��1 ������,:�@	�� �=�>
N�+*+���:#!,:�@	��G,.����
�	��+��1;1 �O2
G9[;\)^bac� �"	A���5���5#9	A���AE��I�!���?��34,:�;1 �J�!��,:�:	�� ���C
$�9*+���@#!,:�@	�� ,.����
�	��9��1�1 �O2
G � ��� J �&�9�@E�341 ���@*F�.
��+��, � #%#�3=�'341 � ,.�O2
�d� , � �YeRe0ef� '=	��;�-, 
 �4	�,K	%E�����
0���@# �hg 
�����,;�D�>��	�3H
 28i @ =!� ( *&( � @ � H = ( :B: % @ ? *1> %+�5��� ( H �M=
@ ? *&( " ( ADA ( : 2
1 ���+��� � 	kj � ���?���;,
� 
 ���&�:,
� �:���9#%$ 2
1l1 ��� � 	%E �����;,m��� � �n$���1 �o��	A	A�O*C��,:�@	N2
> ����� A � g ���'34� �p
 	 ��,.���&�@	���� 2
>q>r.d, � A �;���;�'3=� 	� @A �+���D/ 	�3?���9� � �&�+	�� 2
> � , �=� A�	�,:�:	�� 
 �@#!,:34�+� �sg 
?����,@�>��	�3H
 2
>t. � � A 	 ��,s/-�2E���� ��#9���-,  �:, 2

E��Tu



E���� � � � 	�	 � � � 	

� ��G .?> � 
 	kj���� � ��� #!�@���$,m"@*C	�7�3=��,m"<� J E!�4#9	���
$�9�&�&�&�@	�� "�/0���$����	��8� � 7+� �A�+� A 3=1 ,:�;�"�9���:��#9	 �
���;�=EN2
� . � �B��
 �9�!$I/-�2E��$��1 ,K	+�<	����!�@*C� ,:�:	N2
9���G U � S>3?����,.��� �
	��'�"	�� J �-,.���&�8�+���@��,.� � 	��&�"��, : @ = %+�5��� ( : 2
9I�	� S 3?���-,:���A� ,:�:	�� 
 ���+���8��,.���O29IN � S>3?���-,:� ��#9��,.��34�<�!#9��12���;�+�`P ���  !	����8�O2
. G . H � /N	+ �, J ��
$3�,h/N	� �, L>3�,L
$34, 2
. � �B� /-�2E��$��1 ,K	+�<	��J�A�-*F��,:�:	 2
E+� > � F?�9��1;1L���8�
	A���+��A�	A��341 ��,:�@	�� 2
E+�+9 � F?�9��1;1L���8�
	A���+�`S>3?���-,:���A��,:�@	�� 2
3�1���� � �����:��7�12� �
	A�=� � ���=E�,m� 2
� 3 >pU � �'���2E!�=,.�9� � �+#!,K	���A��+���@��� ����1 ,.���&� 2



� �
� �	�	� � 
 �
����


� ��# �
����#���� � ��� �
�	� ��
�� �	� #��

G+E3I < 2 3 � � ? ( : / I 2 =A� % "+" ( � @ A � ? * � 2 @ % @ $ � ?
� � % :DA =!% 1 �&A (0* I @I* % ? � @ : ; $ = (0( A % ? �M= � � ? * = � ��:B: % � ? I @ =D= ( " � A (0* @ @ � =)� ( : ��: % ? � � �&? � A!� = (0*
; � = 1 @ I @I*&( : / �

� P?* � / J 
 /-�2E��$��1 
 �+	A#%�&�&�&�;�=E '4	�34�&�$��1#"(/�
?�+#��@��1 J �%��3?�'	�� � ����,:���@7�34,.�+��/N	�34��#&� �
	A���;�=EN/ 7 @ " 2
��� / � :B:!� ( ENEN/&H&HJ2 � E � E
��� EEN�� /Ri @ , 2 � ��� � 2

� � ����� ���"��������� � ��� �
��� ��
�� �	�������

G��
I < 2 3 � � ? ( : / I 2 =A� % "+" ( � @ A � ? * � 2 @ % @ $ � ?
� � % :DA =!% 1 �&A (0* I @I* % ? � @ : ; $ = (0( : @ � =)� ( : ��: % ? � � �&? � A!� = (0* ; � = 1'@ I @I*&( : / �

J � � � J �-,:1 O�j�	�� $H� �4	&
 	��`A 341 ,:�;�8�+���@��/-� E��$��1 
 �+	A#%�&�&�&�;�=E!"(A A / 
�� � �M/ @ ( H A 2 � ��� NM2

G��
I < 2 3 � � ? ( : / I 2 =A� % "+" ( � @ A � ? * � 2 @ % @ $ � ?
� � � ? ( =�� � % , I @I* % ? � @ : ; $ = (0( I @ =D= ( " � A (0* = � ��: : % � ? @ @ � =)� ( : �O: % ? � � �&? � A!� = (0* ; � = 1 @
I @K*&( : / �

J � � � /0��� 
?	 �&�;3=� 	���/$� E��N��1 
 ��	A#&�&�%�����=E ���$� J �A �	��&�"��,:�@	��QFN�+#%���$	�1 	9ET�b" J /Y/ 
 J F � �!�#" / � ( � 2
� ��� u 2

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

G N*I < 2 3 � � ? ( : / I 2 =A� % "+" ( � @ A � ? * � 2 @ % @ $ � ?
� I @K* ��� (5*&( : @ � =)� ( : * % :DA =!% 1 � �0( :�' � ? � " � : (2*&( H ( = : @ =!�5� ? � ( : ( A ( � A ( ?�: % @ ? P�A = @ % :7: @ � =)� ( : / �

�MLl* � / � /)( � � � ��� NM2
G u
I < 2 3 � � ? ( : / I 2 =A� % "+" ( � @ A � ? * � 2 @ % @ $ � ?

� I @ � H = ( :B: % @ ?+* % *��0@ � % :DA =!% 1 � �0( �&A % " % : � ?FA " � ; I � ( A �&? ; � = 1 @ I @I*&( / �

�MLl* � / � / i @ , 2 � ��� � 2
E����



E�� � � � � � ��� � � ����� 	

� � 	�	 � � ���

� A!� *&(+( A � H&H " %'�9� A % @ ? * � � @I* ��� (�*&( : @ � =)� ( : * % :DA =!% 1 � �0( : � � � � @ ��� �&? %'�9� A % @ ?�: , % *��0@ 23 � *���� A 3 � E '�� � H&H @ = A *&( = ( � $ ( =)� $ ( :!� = " ( : * %	� � = ( ?FA ( :�A ( � $&? %'& � ( : *&( I @ � P � @ � �
: @ � =)� ( : 2l��3=�8*��+	6��3 ��* ��

��� " � � � / � � % ? � ��� u 2



� � � �	�
� 	�� ��� ���
�

G � A�A I ���
I 3 2 �(" H �M= @ ? ( /!( 2�A �M= ? % / � 2�A �M= A @ " % ? % / � ? * * 2 I � H&H ( "+" % ? % 2 � * � H A % , ( " � �L( %+� $ �
A (0* , ( � A @ =�� � (0* % � ? L "CA ( = : : @ =(� @ A % @ ? L ( " * :,: � @I@ A!$ % ? � 2 
 �+	A#HO J � � �ZJ �$,.��� �
�$��,:�@	��$��1 �
	��H !���9���$#&� 	�� � #9	�3=��,:�@#%"d/�
��9�+#%�8���$�@/-� E��$��1 
 ��	H#%�&�%�����4E�� J � � /Y/ 
�� /
* @ " 2&NM/#H&HJ2 � ����� � � ��� � /�� (0@ =!�N% � / � @ � /)( � � E �#��� 2

� �	� � � u�
 -M2 �O: � ( ?�: @ / I 2 � =!% A ( : / � ? * � 2 � ( = ( %C=�� 2 � � H = @ , % ? �7: =���� ( % ?FA ( = H @ " � A % @ ? � % A!$
: H � A % � " � @ A % @ ? : � @K@ A!$ % ? ��: @ = H % �#( " *&@ �5��% ? * % :DA =!% 1 �&A (0* , % *&(0@ � @K* % ? � 2 " ,m�
� Pd* � / J 
 �
	��A A���9���$#%� 	���/�
��9�+#%� ���$� J �"�AE=� 
 ��	A#&�&�%�����=Ek"�A 341 ,:�;�8�+���@� �
	�� �
�'3=�-�:#9� ,:�:	����<���$�I/ ���&/H�:#%��� / @ " @ , �
� � ( H � 1 " %'� /M- �#" 2 � ��� u 2

� �	� � � ��
 -M2 � : � ( ?�: @ / I 2 � =!% A ( : / � ? * � 2 � ( = ( %C=�� 2 I @ ?KA ( ?FA � * � H A % , ( � � ? ( =�� � % ,5, % *&(0@� @I* % ? � * =!% , ( ? 1�� � @ A % @ ? �*� A % , % A � 2 
 ��	A#0O J � � �fJ �-,:1 O�#9	��A A���9���$#%� 	�� J �"�AE=�

 �+	A#%�&�&�&�;�=E�� J � J 
�� / �QA!" � ?FA � / � @ � / �A� A 2 � ��� � 2

� � � � ��
 � 2 � �M= @ ? � ? * � 2�� %C= @K* 2 I @ � H = ( :B: % @ ? � % A!$G: % *&( % ? : @ =!�5� A % @ ?���: % ? � A!� = 1 @� @I*&( : 2 
 �+	A#HO J � � � � ��,K� �
	���
$�9�&�&�&�@	�� �
	��A A���+���$#%��� � �C� � /1H&HJ2 �Tu � � ��� EN/
- � ? 2 � ��� � 2

� � � � N�
 � 2 � �M= @ ? � ? * � 2�� %C= @K* 2 � � ? ( =�� � % , , % *&(0@ � @K* % ? � � % A!$ " @�� � ( ? � @I*&( = � @ � �
H " ( � % A � 2 
 ��	A#0O 
 �@#!,:3=�9�5�
	A���;�=E�/0��� 
?	 �&�;3=��� 
 �:/ � / � ?<, % A (0* H � H ( = /<@ � ? ��=�� ? ��O% : � @ / I � / � ( � 2 � ��� NM2

� ��� � � N�
 � 2 � �M= @ ? / @ 2 � � ? ( / � ? * � 2�� %C= @I* 2 � � ? ( =�� � % ,�, % *&(0@ � @I* % ? � � % A!$ $ � :!$ �
1 � : (0* � @ A % @ ? � @ � H ( ?�: � A % @ ? � A�A!$ ( = ( � ( % , ( = 2 
 �+	A#HO J � � � J �-,.�����$��,:�@	��$��1
�
	��A A���9���$#%� 	�� J �"�AE=� 
 ��	A#&�&�%�����=E / * @ " 28u /1H&HJ2 � � ��� � � E ��� /
@ % ? �<� H @ = ( / �A� A 2
� ��� NM2

� ����� (�� � ��
 � 2 � �M= @ ? /#@ 2 � � ? ( / � 2 � (O1'@ "+" @ � ( @ ? (0*&( = @ / � ? * � 2�� %C= @I* 2�@ � :BA ( �5� A %'� " @ :B: �: @ = � �M= * ( =D= @ = H = @ A ( � A % @ ? : @ = , % *&(0@ � � , ( : @ =!� : 2 
 ��	H#HO J � � ��J �-,.�����$��,:�@	��$��1
�
	��A A���9���$#%� 	�� J �"�AE�� 
 �+	A#%���%�&�;�=EN/ * @ " 2.EN/�H&HJ2 � � � � � E � / � �M=)� ( " @ ? � / @KH ��% ? /
@ ( H A 2 � ��� � 2

� ��� @�� � N�
 � 2 � �M= @ ? / @ 2 � � ? ( / � 2 @ ( ADA @ ? / � ? * � 2�� %C= @I* 2�� =�� ?�: : @ =!� � *&@ �5��% ? � � ? ( =��
� % , � @I*&( ��: @ = , % *&(0@ 2 
 �+	A#HO / 
 J � �
	��A !���+���N#%� 	�� � ���&3?��1 �
	��5�'34���@#9��,:�@	��
���$� J �"�AE�� 
 �+	A#%�&�&�&�;�=EN/ @ � ? - @ : ( / I � " %=: @ = ? % � / � @ � / - � ? 2 � ��� NM2

� ��� ��� � ��
 � 2 � �M= @ ? /
@ 2 � � ? ( / � 2�� $ � ? � / � ? * � 2�� %C= @K* 2 � � ? ( =�� � % , � @I* % ? � : @ = , % �
*&(0@ ' � H&H " %'�9� A % @ ?�:OA @ � @ � H = ( :B: % @ ? � ? *�( =D= @ = = ( : % " % ( ? � ( 2 
 ��	H#HO J � � � � � ,K�
�
	���
$�9�&�%���:	�� �
	��H !���9���$#&��� � �C� � /IH&HJ2 ��� � E � � / @ ? @�� 1 %C= * / � @ � /)( �M= 2 � ��� � 2

E��#�



E � � �
� � � ��� � � � � � � 	

� � @�� � ��
 � 2 � �M= @ ? / � 2 @ ( ADA @ ? / � ? * � 2 � %C= @I* 2�� @�� �M= * : H =��*� A %'�9� " � � ? ( =�� � % , � @I* % ? �
@ : , % *&(0@ 2 
 �+	A#HO J � � � J �-,.�����$��,:�@	��$��1M�
	��H !���9���$#&�(	�� J �"�AE�� 
 ��	H#%�&�%�����4EN/ * @ " 2
� /#H&HJ2 ���#� � ��� � / � �M=)� ( " @ ? � / @KH ��% ? / @ ( H A 2 � ��� � 2

� � ��� � ��
 � 2 � �M= @ ? / � 2 � $ � ? � / � ? * � 2�� %C= @I* 2 � � ? ( =�� � % , � @I* % ? � @ : � @ A % @ ? , % *&(0@ 2

 �+	A#HO�� ��,m� � ����12	��"���6�
	��A A���+���$#%�"	�� /-�2E��$��1L� "(/0� ��,.���5�5���N�G�
	���
$3�,.��� / � � ��O%=L � � = @ , ( / � @ � / i @ , 2 � ��� � 2

� � � � � � � 
 I 2 � =!% A ( : / - 2 �O: � ( ?�: @ / � ? * � 2 � ( = ( %C=�� 2�@ A!� * � % ? � A ( � H @ =�� " � @ =D= ( " � A % @ ? ? @ % : (� @I*&( " % ? � : @ = H % �#( " 1 � : (0* � � ? ( =�� � % , , % *&(0@ � @I* % ? � 2 
 ��	A#0O J � � �cJ �-,:1 O #9	��H !� �
�9���$#%�'	�� J �"�AE�� 
 �+	A#%���%�&�;�=E�� J � J 
�� / �QA!" � ?FA � / � @ � / �A� A 2 � ��� � 2

� � � � � � 1 
 I 2 � =!% A ( : / -M2 � : � ( ?�: @ / � ? * � 2 � ( = ( %C=�� 2 ( @K*&( " % ? � � @ =D= ( " � A % @ ? ? @ % : ( :DA � A % : �
A %'� : � A *&( � @K*&( = : @ = H % �&( " 1 � : (0* � � ? ( =�� � % , , % *&(0@ � @K* % ? � 2 
 �:#A,:3=�9� �
	A���;�=E
/0����
�	 ����34� � 
 �:/ � / � ( % � % ? � / I;$ % ? � / � H = 2 � ��� � 2

� � � � � � � 
 I 2 � =!% A ( : / -M2 � : � ( ?�: @ / � ? * � 2 � ( = ( %C=�� 2 � � H = @ , % ? � A =�� ?�: : @ =!� *&@ �5��% ? � � ? ( =��
� % , , % *&(0@ � @I* % ? � H ( = : @ =!�5� ? � ( 2 
 ��	H#HO J � � ��J �-,.�����$��,:�@	��$��1C�
	��A !���+���N#%� 	��
� #9	�3=��,:�@#%"K/ 
?�9�+#%� ���$��/-�2E��$��1 
 �+	A#%�&�&�&�;�=E � J � � /Y/ 
�� /1H&HJ2GEEN � E � /�� @ �#" @ ��: ( /
�&=�� ? � ( / ( � � � ��� � 2� � I - � � N�
 3 2 � � $#" / -M2 I @ � � ( / � 2 - ( " % ? ( � / � ? * - 2 � � , % , 2 � H A %+�5� " *&( � @K* % ? � @ : " % ? ( �M=� @I*&( : : @ =8��% ? %+��% � % ? � : � � 1 @ " ( =D= @ =�=�� A ( 2 J � � � F?�+���?�AO J �A �	��&�8O F����+	��%�N/ , @ " 2
� � /#H&HJ2 � �MN � � ��� /�( �M= 2 E ��� NM2

� � ( = ����
 � 2 � ( =!� ( = 2 ( �#"CA % A ( =!��% ? � "O: @ � =)� ( � @K* % ? � 2rF���� J �A !	����B� ,:�:	��pF����+	��%� � 
 �

$�+	A� # � ,K	 �
	��'�534���@#9��,:�@	��?�O/���2 3 @ ? � @ / � * 2 * @ " 2 � �#� @ : I � @ ( I @ � = : ( : � ? *3 ( � A!� = ( : /&H&HJ2JE � E
� ��� EN/ @KH =!% ? � ( =�� * ( = " ��� / E ����� 2

� � � ����
 I 2 � ( =D= @ � � ? * � 2�� " � , % ( � � 2�i ( �M= @ H A %+� � � ( =D= @ =7� @ =D= ( � A % ? � � @I* % ? � � ? *
*&( � @I* % ? � ' � � = 1'@ � @I*&( : 2 J � � � F��������!O
�
	��'�'34���:#%��,:�:	��?� / , @ " 2 N NM/ H&HJ2ME ��� E
�
E ��� EN/ �A� A 2�E �#��� 2

� � � ������
 I 2 � ( =D= @ � / � 2�� " � , % ( � � / � ? * � 2�� $ % A %+�5� �D:!$ %+�5� 28i ( �M= @ $ � ?&? @ ? " %+��% A ( =D= @ =� @ =D= ( � A % ? � � @I* % ? � � ? *�*&( � @I* % ? � ' � � = 1'@ � @I*&( : 2 
 �+	A#%�9�9�����4E"	� J �C�
/�� ( ? ( , � /
@ � % A � ( = " � ? * / H&HJ2JE � �MN � E � � � / ( � � E �#��� 2

� � ( � E 
 -M2 � �*� �D: � � ? * � 2�( % A =�� ? 2 I @I* % ? � : @ = A!$ ( @ " ( H % � ? � � @ " : H = @*1 " ( � � % A!$.A!� = 1 @� @I*&( : 2<�>12	�7+��1��
	��5�'34���@#9��,:�@	���/R� ��
�	��&�;3=��/IH&HJ2JEEN ��� � EEN � NM/0i @ , 2 � ��� EN2� � � * ����
 � 2 � ( =!� ( = / � 2 � $ � ? � / � ? *�� 2 * % : � � ? � A!$ � ? 2 � $ ( I � � H = @*1 " ( � 2 J � � �
F������?�!O J �A !	����"O�F����9	��&�N/ , @ " 2�N � / ? @ 2 � /&H&HJ2 � ��� � � � � / ( � � E �#��� 2

� I � � � � E 
 @ 2 I;$<�&? � / � 2 �?2 � @ = ? ( � /�� 2 � %'� $ �M= * : @ ? / � ? * � 2 � = 1 � ? � ( 2 � ?�A!$ (�*&( : %+� ?
@ : " @�� � *&( ?�: % A � H �M=!% A � �0� $ ( � � � @K*&( : � % A!$ % ? � 2 ��� N_u * 1 @ : A!$ ( @ $ � ?&? @ ? " %+��% A 2
J � � � �
	��'�'34���:#%��,:�:	��?� � ��,@,.���&� / , @ " 2Yu /&H&HJ20u � � � � / � (O1 2 � ��� EN2� I � � � ��
 -M2 I;$ @ � / @ 2
@ 2 � =�� * $ � ? / � ? * < 2 � ��� � $ � ? * =�� ? 2 � � = 1 @ � ? * A = ( "+" % : � 1 � : (0*� @ ?�:DA = � � A % @ ?�: : @ = : @ � =)� ( � @K* % ? � � % A!$ : % *&( % ? : @ =!�5� A % @ ? 2 
 �+	A#HO J � � � � ��,K�
�
	���
$�9�&�&�&�@	����
	��H !���9���$#&� � � �C� � /M@ ? @�� 1 %C= * / � � /)( �M= 2 � ��� � 2� I @ � ��
 -M2 � 2 I @ ? � � � � ? * i72 -M2 � 2J@ " @ � ? ( 2 � " @��L( = 1'@ �&? *G@ ?GA!$ ( � , ( =���� ()( =D= @ =
@ : , ( � A @ = & � � ?FA % � ( = : 2 J � � � F?�+���?�AO J �A !	����8O F����+	��&�N/ , @ " 2 � � / H&HJ2 � ��� � ��� � /
E � � � 2



�
� � � ��� � � � � � � 	 E � E
� I @ ����
 -M2 � 2 I @ ? � � � � ? * i72 -M2�@ " @ � ? ( 2�/�
R�����9� 
 � #%$H�;�=E �&" � ��,@,:�@#%�&� "����$� �>�+	�3H
-� "

� �$� �+��O��(�%j���	��&$ 2;@KH =!% ? � ( =�� * ( = " ��� / E �#��� 2
� I ��� E 
 � 2 (�2 I @ , ( = � ? * - 2 � 2�� $ @ �5� : 2 � 1 ���8���-,;�"	� J �A !	��&�"��,:�@	�� F����9	��&�N2 - @ $&?

� % " ( ��� @ @ ?�: / � ? � 2+/Yi ( ����@ = � / E �#� EN2
� I�� � N�
 @ 2 I;$ ( ? � � ? * � 2 � % @ ? � 2 @ � �Q� ( :B: % , ( = ( L ? ( � ( ?FA : @ = A!$ ( � � ? ( =�� � % , H = @ �

1 " ( � � ? * " � � ( = (0* � @K*&( *&( : %+� ? 2 
 ��	A#0O J � � � � ��,K� �
	���
$�9�&�&�&�@	�� �
	��A A���9���$#%�
� � �C� � /M@ ? @ � 1 %C= * / � � / ( �M= 2 � ��� NM2

� � < -��#��
 ( 2 � � ? / @ 2 I 2 < � � A =�� / � ? * < 2 - �&? � $ � � ? 2 �O? � " � : % : @ : H �&? � A!� =!% ? � H � ADA ( = ?: @ = $ %+� $ =�� A ( A!� = 1 @ � @K*&( : 2 J � � �	� ��1 �:,K���&� �
	��"O / E �#�#� 2
� � ( � � E 
 � 2 � 2 � % : � $ ( = /�( 2 � 2�( �M=)� ( "+" % ? / � ? * (�2 � � ? � 2 � = ( "+" % : �0� @I*&(0* , ( � A @ =.& � � ? �

A % � � A % @ ? 2 J � � � F?�+���?�AO J �A !	����8OsF����+	��%�N/ , @ " 2���� /FH&HJ2 E)uTu E
� E)u���� / i @ , 2 E �#� EN2
� � @ = � ��
 � 2�� 2 � @ = ? ( � 2 � $ ( * % A ( = 1 %(� " � @ =!% A!$ � 2 J � � � 
 �+	A#%�9�9�����4E � / * @ " 2 � EN/�H&HJ2

��� � � ����� / ( �M= 2 E ��� � 2
� � � " � ��
 � 2 � 2 � � "+" ��� ( = 2 3 @�� *&( ?�: % A � H �M=!% A � � $ ( � � � @I*&( : 2�F��������!O J * � 
 ��	+ !OM�>�+	�3H


	�� J �A !	��&�8O�F����+	��&�N/ , @ " 2 � /&H&HJ2�� " � � � / - � ? 2JE ��� � 2
� � � " ����
 � 2 � 2 � � "+" ��� ( = 2 3 @ � *&( ?�: % A � H �M=!% A � � $ ( � � � @K*&( : 2 �$	�O
� � �;� *F���!�+���+#%�

� 	��N	9E��+�&
0��/ �����K�&� / I ��� 1 =!% * � ( /�( � ' ( � � � = ( :B: / E ����� 2
� � � " �#��
 � 2�� 2�� � "+" ��� ( = 2 J �A !	����B� ,:�:	�� F��?�+	��%�6���$��*F��1 �@��7�1 � �
	��'�'34���:#%��,:�:	�� 2(- @ $&?

� % " ( ��� @ @ ?�: / � ? � 2+/Yi ( ����@ = � /#- � ? 2�E ���#� 2
� � ��� � ( � u�
 � 2�� %C= @I* / � 2 � �M= @ ? /(@ 2 � � ? ( / � ? * � 2 � (O1 @ "+" @ � ( @ ? (0*&( = @ 2 � % :BA =!% 1 �&A (0*

, % *&(0@ � @I* % ? � 2 
 ��	A#0O J � � � "s/�
?�9#��:��1 ���%��3?�'	��G� ��/0���$#%���I�;� /H�:���9	 #9	A���;�=E ���$�
����1 �;/ ���%�*/ , @ " 2 ��� /Yi @ 2 EN/#H&HJ2 � E
����� / � ?<, % A (0* H � H ( = / - � ? 2 � ��� u 2

� � � � E 
 -M2�� �M=)�O% � � �&=!% � : 2A- @ % ?FA,: @ � =)� ( �0� $ � ?&? ( " *&( � @K* % ? � @ : � @ =D= ( " � A (0* : @ � =)� ( : @ , ( =
? @ % : � � $ � ?&? ( ";: 2 
 �+	A#HO J � � � � � ,K� �
	���
$�9�&�%���:	�� �
	��A A���9���$#%� � � �C� � /�H&HJ2
� ��� � �#� � / ( �M= 2 � ��� EN2

� � � � � E � 
 -M2 � �M=)�O% � � �&=!% � : � ? *
� 2 � $ � @ 2 � � A �R� @ � H = ( :B: % @ ? @ : �&? � ? @�� ?�: % ? � " ( � ? *� @ =D= ( " � A (0*R1 % ? �M= � : @ � =)� ( : ��: % ? � H �&? � A!� = (0* A!� = 1 @ � @K*&( : 2 
 �+	A#HO�	� (,m��� ����,m�
� 1;12����,K	�� �
	��A A���9���$#%� 	�� �
	��'�534���@#9��,:�@	�� "5�
	��-,:��	�1����$� �
	���
$3�,:���4EN/ �("+" ( =��
A @ ? / � "+" % ? @ % : / �A� A 2 � ��� EN2

� � � � � E 1 
 -M2 � �M=)�O% � � �&=!% � : � ? *
� 2�� $ � @ 2 I @ � H = ( :B: % @ ? @ :4� @ =D= ( " � A (0* 1 % ? �M= � : @ � =)� ( :
��: % ? � A!� = 1'@ � @K*&( : 2 J � � � �
	��'�'34���:#%��,:�:	��?� � ��,@,.���%�O/ H&HJ2 NME � �FNME � / �A� A 2 � ��� EN2

� � � � ��
 � 2�� ( = : � $ @ � ? * � 2 ( 2�� =�� � 2 � �+#!,K	��<S>3?���-,:���A��,:�@	�� ���$�@/-�2E��$��1 �
	���
$�9�&�&�&�@	�� 2
<K"+� �L( = � �9� *&( ��%'� � � 1 " % :!$ ( = /�E �#� � 2

� �@i � ��
 � 2 ( 2�� =�� � � ? * � 2 3 2 i ( �#$ @ � 2 � � � ?KA % � � A % @ ? 2 J � � � F?�+���?�AO J �A !	����8O
F����+	��&�N/ , @ " 2#N NM/&H&HJ2 ��� �Tu � ��� �MNM/ �A� A 2 E �#� � 2

� � =�� �MN�
 � 2 ( 2 � =�� � 2 * ( � A @ =(& � � ?KA % � � A % @ ? 2 J � � � � /0/ 
 � �AE � �!���N�Q/#H&HJ2#N � �#� / ��, =!% " /
E � �MNM2

� � � �#��
 � 2 � �*�Q� @ �&? � ? * � 2 � ( �N% ? 2 � %+� $ ��=�� A ( H �&? � A!� = (0* � @ ?H, @ "+�&A % @ ? � " � @I*&( : : @ =
, % A ( = 1 % � ? * : ( & � ( ?FA % � " *&( � @K* % ? � 2 J � � � F?�+���?�AO
�
	��'�8O'/ , @ " 2 ��� / i @ 2 ENEN/ H&HJ2
ENENE � � ENE �Tu /0i @ , 2 E � �#� 2



E � � �
� � � ��� � � � � � � 	

� � 3 @ ��� 
 � 2 � @K( $ ( = / � 2 3 � ? * / � ? * � 2<@ @ =!� ( = 2 3 @ � � " % � ( " % $ @K@I* , � "+� ( : � ? * ( @ ?KA ( I �M= " @
: %+� �#" � A % @ ? � : @ � ( : �&? * ��� ( ?FA � " = ( :!�#"CAB: 2 
 ��	H#HO ���$� J �-,.�����$��,:�@	��$��1h/R� ��
�	 �
����34� 	��cF�34�!7+	 �
	A�����<���$�7* ��1 � ,.�+� F-	&
N�:#��O/ � = ( :BA / �&=�� ? � ( /#H&HJ2#N � �FN � / @ ( H A 2
� ����� 2

� � � i ��� 
 � 2 � � : � ( "+" / � 2 � � =!% / � ? * � 2 i ( A =�� , � " % 2 � � E��:,K��1 � �:���9	 
 � � J �-,:�+	A��3?#!,:�@	�� ,K	
� 
 � � � �<2 I;$ � H �5� ? & � � "+" / i ( �	��@ = � / � @ � / E �#��� 2

� � � : u ��
 � 2 � 2 � � � �5� ? 2 � � ( A!$ @I* : @ = A!$ ( � @ ?�:DA = � � A % @ ? @ : ��% ? %+� � � = (0* �&? * � ? � �� @I*&( : 2 
 �+	A#HO J * � /#N � /&H&HJ2JE � � � � ENE � EN/ E �Tu � 2
� - � � ��� 
 � 2 <K$ 2 �(" - � 1 =!% � ? * @ 2 �(" � � :B: � 2 � ( =D= @ � ( =D= @ = � @I*&( : : @ =�� @ =D= ( " � A (0* % ? : @ =!�5� A % @ ?

: @ � =)� ( : 2 
 ��	H#HOM	� 8���%�&
N,K	9E��+�&
0� �*/�H&HJ2 E � � � � / � ( � 2 E �#��� 2
� - ��� @ � � � 
 ( 2 - ( � ?&? ( / � 2 � $ � ? � / � 2�� %C= @K* / � ? * � 2
@ % @ $ � ? 2 I @I* ��� ()*&( : @ � =)� ( : * % : �

A =!% 1 � �0( :�' � @ � H �M=���% : @ ? *&( � : � :DA 6O� ( : � H&H = @ � $ � ?FA(" � 1'@ = ? (2*&( � � ? ( =�� � % , 2
� #!,.�&�I��� �MLl* � / � /#- � ? 2 � ��� � 2� - ��� @ � � 1 
 ( 2 - ( � ?&? ( / � 2 � $ � ? � / � 2�� %C= @I* / � ? * � 2*@ % @ $ � ? 2 � % :DA =!% 1 �&A (0* : @ � =)� ( � @K* % ? � '� @ � H �M=���% : @ ? @ : A �L@ � ( A!$ @I* : � " @ : ( A @ A!$ ( � � ? ( =�� � % , 1 @ �&? * 2 
 ��	H#HO J � � �
J �-,.���&�$� ,:�:	��N��1�/0����
�	 ����34� 	�� J �A !	����B� ,:�:	�� F��?�+	��%��� J / J F � / ��@ � @ $ ���5� / - � �
H � ? /#- �&? 2 P�- �#" 2 � ��� � 2� 3 � � � E 
 < 2 3 � � ? ( : 2 � A!� *&(5*&( : H ( = : @ =!�5� ? � ( : *&( : � @I*&( :6A!� = 1 @ 2 � #%	�12� 
 	�1 ��,.�+# ����� 	�3?�
��� � 	��$,:�+*+��1 /�( � :DA ( = = ( H @ = A /M- �&? 2 � ��� EN2� 3 I 3 � � N�
 � 2 3 % � / @ 2 I;$ ( ? � / � 2 3 % , ( =!% : / � ? * � 2 � % @ ? � 2�@ " ( H % � ? � � @ " :A� @I*&(0* ? ( :DA (0*& � � ?FA % � � A % @ ? > @ � I � i � B : @ = � � ? ( =�� � % , � @I* % ? � ' � ( = : @ =!�5� ? � ( � ? � " � : % : � ? *� @I*&(�*&( : %+� ? 2 
 �+	A#HO J � � � � ��,K�"�
	���
$�9�&�&�&�@	�� �
	��A A���9���$#%� � � �C� � / @ ? @ � 1 %C= * /
� � /)( �M= 2 � ��� NM2� 3J3 i + � ��
 � 2�� 2 3 % , ( =!% : / I 2 3 � ? / < 2 � 2Ti �M=�� � � ? � ? / � 2 � % @ ? � / � ? * I 2 i72 � (0@ =!� $ % � *&( : 2
@ " ( H % � ? � � @ " : � @I* % ? � @ : A!$ = (0(41 % ? �M= � : @ � =)� ( :.��: % ? � 3 � � I � @I*&( : 2 
 ��	A#0O J � �
,.�����$��,:�@	��$��1 /0����
�	 �&�;34� 	�� F�3=�A7+	 �
	A�=�&�����$�5�9��12��,.�+��F$	&
$�@#�� "  �9�&��,m" � �+���$#&�O/
H&HJ2 ��� � ��� / @ ( H A 2 � ��� � 2� 3 " @ � ��
 @ 2 3 " @��I* 2 3 ( � :DA : & � �M= ( : & � � ?FA % � � A % @ ? % ? � I ( 2 J � � � F?�+���?�AO J �H �	����8O
F����9	��&�N/ * @ " 2 � � /�H&HJ2 E �#� � E ��� /�E � � � 2

� 3 � � � � � 
 � 2 3 % , ( =!% : / � 2 � % @ ? � / � ? * I 2 � (0@ =!� $ % � *&( : 2 - @ % ?FA.: @ � =)� ( �0� $ � ?&? ( " � @I* % ? �
@ : 1 % ? �M= � : @ � =)� ( : � % A!$ : % *&( % ? : @ =!�5� A % @ ? � A,A!$ (8*&( � @K*&( = ��: % ? � � � � � @I*&( : 2

 �+	A#%�%�+���;�=E � 	� J � � � � 341 ,:�;�8�+���@��/-�2E��$��1 
 ��	A#&�&�%�����=E �'	��&$A� �4	�
 / H&HJ2�u�� � u�� /
@ A 2�� $ @ �5� : / � @ * %C=!�N% ? � :!" � ? * : / � ( � 2 � ��� � 2� 3 � � � � 1 
 � 2 �?2 3 % , ( =!% : / � 2 � % @ ? � / � ? * I 2di?2 � (0@ =!� $ % � *&( : 2 I @ � H = ( :B: % @ ? @ : 1 % ? �M= �
: @ � =)� ( : � % A!$ : % *&( % ? : @ =!�5� A % @ ? � A A!$ ( *&( � @I*&( = ��: % ? � 3 � � I � @K*&( : 2 J � � �
�
	��'�'34���:#%��,:�:	��?� � ��,@,.���&� / , @ " 2 � /#H&HJ2&N N � �FN N � / �A� A 2 � ��� � 2� ( � � � � 
 -M2 ( � � 2 � � � ?KA % � % ? ��: @ =G��% ? %+� � � * % :BA @ = A % @ ? 2 J * � F?�+���?�AO J �A !	����8OlF����+	��&�N/
, @ " 2 � /&H&HJ2 � � E � /JE ��� � 2� ( � � � 
 ( 2�( �M=)� ( "+" % ? � ? * � 2 � % : � $ ( = 2�� = ( "+" % : � @I*&(0* & � � ?KA % � � A % @ ? @ :4� ( � @ = � " ( :B:� ? * � � ��:B: � ( �M= � @ , : @ � =)� ( : 2 J � � � F��+���?�!O �
	��5�'34�NO / , @ " 2 � � /1H&HJ2�� � � ��� /
E �#� � 2



�
� � � ��� � � � � � � 	 E ���
� (�� ( � ��
 ( 2#( ��% A = ( / I 2 � � % "+" ( � @ A / � ? * 3 2!( @ =!% ? 2 � * : � ( ? ( � @K*&( " % ? � : @ = * % :BA =!% 1 �&A (0*

, % *&(0@ � @I* % ? � 2 
 �+	A#HO J � � �pJ �-,:1 O>#9	��H !���9���$#&�6	�� J �"�AE�� 
 �+	A#%�&�&�&�;�=E � J � J 
�� /
�QA!" � ?FA � / � @ � /#H&HJ2 � � ENEN/ �A� A 2 � ��� � 2

� (`i ����
 � 2 - 2 I 2 ( �*� < � � � ? * � 2 (�2:i ( � " 2Di ( �M= @ $ � ?&? @ ? " %+��% A H ( = : @ =!�5� ? � (�@ :
" @�� *&( ?�: % A � H �M=!% A � � $ ( � ��� @I*&( : 2 � 1 �+#!,:�+	����@#�� � ��,@,.���%�O/ , @ " 2 � � / ? @ 2;E�� /�H&HJ2
E �MN_u � E �MN � / �(� � 2 E �#��� 2

� � @ $ ��� 
 � 2 � @ $ ���5� 2�� � ��:B: % � ? � �#"CA % A ( =!��% ? � "P: @ � =)� ( � @I* % ? � 2 J � � � F?�+���?�AO J �A !	����8O
F����+	��&�N/ , @ " 2#N � /Yi @ 2 � /&H&HJ2 E � E � � E � ��� /Ri @ , 2JE �#��� 2

� � @ $ � ��
 � 2 � @ $ ���5� 2 � $ ( =�� A ( � * % :DA @ = A % @ ? : �&? � A % @ ? : @ = A!$ ( & � � * =�� A %'�(�<� ��:B: % � ? I � �
H = @*1 " ( � 2 J � � � F��������!O J �A �	��&�8OsF����9	��&�N/ , @ " 2FN NM/ ? @ 2�� / H&HJ2 E � u�� � E � � � / ( � �
E �#� � 2

� � � : � ��
 � 2 I 2 � � : � @ 2M/N	�34��#%� �
	A�����=E � 1 E�	��&�:,m���5�  !	�� � ����, � ��,K� �
	�� 
N�+�&�&�&�@	�� 2 � $ �
A!$ ( : % : / @ A � ? : @ = * �O? % , ( = : % A � / I � /)( � � E ��� � 2

� � I � � ��
 @ 2 @ 2 � =�� * $ � ? / - 2 I;$ @ � / � ? * < 2 � ��� � $ � ? * =�� ? 2 � � � " % A � 1'( A �"(0( ? : @ � =)� (� @I* % ? �R� ? * � $ � ?&? ( " � @K* % ? � � % A!$ : % *&( % ? : @ =!�5� A % @ ? 2 J � � � F������?�!O J �A !	����8O
F����+	��&�N/ , @ " 2#N�� / ? @ 2 � /#H&HJ2JENE�� E
� E � � � / ( � � � ��� � 2� � � 
 � 2 � � =!%4� ? * < 2 � ��� � $ � ? * =�� ? 2 � � � @ ( ' � , % *&(0@ � @I* % ? � H �M=�� * %+�N� 1 � �
: (0* @ ? � @ A % @ ? �0� @ � H ( ?�: � A (0* H = (0* %'� A % @ ? � A5A!$ (�*&( � @I*&( = 2G��3?7��'�:,@,.�+� J � � �
F���������� #!,:�@	��?�(	�� J �"�AE�� 
 �+	A#%�&�&�&�;�=EN2

� � � �#��
 @ 2 @ 2 � =�� * $ � ? � ? * < 2 � ��� � $ � ? * =�� ? 2 � % :BA =!% 1 �&A (0* @ @ � =)� ( I @I* % ? � � : % ? �
@ � ? * = @ � ( : > � � @ I � @#B ' � ( : %+� ? � ? * � @ ?�:DA = � � A % @ ? 2 
 ��	A#0O J � � � � ��,K� �
	�� �

$�9�&�%���:	�� �
	��H !���9���$#&� � � �C� � /IH&HJ2JE)u � � E ��� / ( �M= 2 E �#�#� 2

� � � ��� 
 @ 2 @ 2 � =�� * $ � ? � ? * < 2 � ��� � $ � ? * =�� ? 2 � % :DA =!% 1 �&A (0* : @ � =)� ( � @K* % ? � ' @ � � �� ( A =!%'� =�� A ( : � ? * � H&H " %'�9� A % @ ?�:6A @ : ( ?�: @ = ? ( A �"@ = � : 2 
 ��	H#HO J � � � � ��,K� �
	�� �

$�9�&�%���:	�� �
	��H !���9���$#&� � � �C� � /M@ ? @�� 1 %C= * / � � /#H&HJ2 ����� ����� � / ( �M= 2 � ����� 2� � � � ��
 � 2 � � =!% � ? * < 2 � ��� � $ � ? * =�� ? 2 � � � @ ( ' � ? ( � = @*1 ��:DAG, % *&(0@ � @I* % ? �?�M=)� $ % �
A ( � A!� = (?1 � : (0* @ ? * % :BA =!% 1 �&A (0* � @ � H = ( : : % @ ? H =!% ? �O% H " ( : 2 
 �+	A#HO � � ,m� � 1�1 ����,K	��
�
	��A A���9���$#%��	����
	��'�534���@#9��,:�@	�� "
�
	��-,:�+	�1����$�"�
	���
$3�,:�;�=EN/ �4"+" ( = A @ ? / � "+" % ? @ % : /
� @ � / �A� A 2 � ��� � 2

� � � � � � 
 @ 2 @ 2 � =�� * $ � ? � ? * < 2 � ��� � $ � ? * =�� ? 2 � % :BA =!% 1 �&A (0* @ @ � =)� ( I @I* % ? � � : % ? �
@ � ? * = @ � ( : > � � @ I � @#B ' � ( : %+� ? � ? * � @ ?�:DA = � � A % @ ? 2 J � � � F��+���?�!O J �A AO
F����+	��&�N/ , @ " 2#N�� / ? @ 2 � /#H&HJ2 � ��� � �MN � / ( �M= 2 � ��� � 2� � � � � 1 
 � 2 � � =!%J� ? * < 2 � ��� � $ � ? * =�� ? 2 � � � @ ( ' � ? ( � � = ( , ( = : (0* � � �#"CA %+� (0* % � � @ �
* % ? � H �M=�� * %+�N� 2 
 �+	A#HO J � � � J �-,:1 O #%	��A A���+���$#%�'	�� J �B�HE�� 
 �+	A#%���%�&�;�=E � J � J 
�� /
@ ( H A 2 � ��� � 2� � � � � � 
 � 2 � � =!%M� ? * < 2 � ��� � $ � ? * =�� ? 2 � � � @ ( ' � , % *&(0@ � @K* % ? � �M=)� $ % A ( � A!� = ( 1 � : (0*
@ ? * % :BA =!% 1 �&A (0* � @ � H = ( :B: % @ ? H =!% ? �O% H " ( : 2 � * � FN�+#%�����@#9��1�*F�.
?	���, / �O? % , ( = : % A �
@ : I � " %=: @ = ? % � / � ( = � ( " ( � / � @ � /)( �M= 2 � ��� � 2� � � � � N�
 * 2 � =�� 1 $ �
�*�M=�� ? / � 2�� : ( / � ? * < 2 � ��� � $ � ? * =�� ? 2 � � A ( = ( �N% @ ? @ : A!$ ( & � � �
* =�� A %'���<� ��:B: % � ? I � � H = @*1 " ( � 2 
 �+	A#HO J � � � J �$,:12O(/R� ��
 OF	�� J �A AO�F����+	��%�N/
- �&? 2 � ��� NM2



E �MN �
� � � ��� � � � � � � 	

� � � = � ��
 � 2 � � =!% 2�*F	�7�3=��, � 341 ,:�;�8�+���@���
	H�����4E 
hJ �H �	����"��,:�@	�� F����9	��&�����$� 
 �+� #!,:�@#9��1
� �+#%���:,.�+#!,:34�+��� 2 � $ � A!$ ( : % : / �O? % , ( = : % A � @ : I � " %=: @ = ? % � / � ( = � ( " ( � / � � "+" � ��� � 2

� � � � � N�
 @ 2 � � ? ( / � 2 � �M= @ ? / � ? * � 2 � %C= @I* 2 @ � :DA ( �5� A %'� " @ :B: � : @ = � �M= *�( =D= @ = H = @ �
A ( � A % @ ? : @ = ( =D= @ =���= ( : % " % ( ?FA * %+�N% A � "., % *&(0@ 1 = @ � * �9� :DA % ? � 2 
 �+	A#HO / 
 J � � �J��3���1
�
	��'�'34���:#%��,:�:	��?�(���$� J �"�AE�� 
 �+	A#%�&�&�&�;�=EG�
	��A A���9���$#%�Q/ @ � ? - @ : ( / I � " %=: @ = ? % � /
� @ � /#- � ? 2 � ��� NM2

� � % : � ��
 -M2<-M2 � % :B: � ? ( ? 2�� ( ? ( =�� " % � (0* < =�� : A % ? ( & � � " % A � � ? * �M=!% A!$ � ( A %'�(� @I* % ? � 2�� ( � $ �
? %'�9� " = ( H @ = A / � � ( -M2 � ( : 2 � ( , ( " @ HJ2+/ , @ " 2 � � /#H&HJ2JE � � � � � � / E ��� � 2

� � 3 � ��
 -M2
-M2 � % :B: � ? ( ? � ? * � 2 3 � ? � *&@ � 2 � =!% A!$ � ( A %'� � @I* % ? � 2 � ( � $&? %'�9� " = ( H @ = A /
� � ( -M2 � ( : 2 � ( , ( " @ HJ2+/ , @ " 2 ��� /#H&HJ2JEEN�� � E � � / E ��� � 2

� � ( ��� � ��
 � 2 � (O1'@ "+" @ � ( @ ? (0*&( = @ / � 2�� $ � ? � / � ? * � 2 � %C= @I* 2 � ( : %+� ? @ : @ H A %+�5� " & � � ?KA % �
� ( = : : @ = * % :DA =!% 1 �&A (0* : @ � =)� ( � @I* % ? � 2 
 �+	A#HO J � � � � ��,K� �
	�� 
N�+�&�&�&�@	����
	��A !� �
�9���$#%� � � �C� � /IH&HJ2JE � � � � / ( �M= 2 � ��� � 2

� � @*1 �MN�
 � 2 � @*1 ( = AB: @ ? 2 � � H = @ , % ? � *&( � @I*&( = � ? * � @I*&( :DA = � � A!� = (4@ : H �M=�� "+" ( " � @ ? �9� �
A ( ? � A (0* = ( � � = : % , ( : � :BA ( �5� A %'� > A!� = 1 @ B � @I*&( : 2 J � � � J �-, �
	��A AO�P ���;/ ���&����1

 ���%�!	��$��1��
	��'�'34�NO'/ @ � ? � % ( � @ / � @ � /#H&HJ2JE���� � E���� /�E �#�MNM2

� @ � � ��
 � 2
@ ( $ �<� " � ? * i?2 �($<��� � 2 � @*1 ��:BA H = (0* %'� A % , ( � @I* % ? � � ? * A!$ ( � � ? ( =�� � % ,
H = @*1 " ( � 2 
 ��	H#HO J � � � � ��,K� �
	���
$�9�&�%���:	�� �
	��A A���+���$#%��� � �C� � / H&HJ2 E � � � ENE � /
( �M= 2 � ��� � 2

� @ ( = ��� 
 @ 2 @ ( = , ( ADA @ 2 3 � ADA %'� ( & � � ?KA % � � A % @ ? � % A!$ : % *&( % ? : @ =!�5� A % @ ? 2 
 ��	H#HO J � � � � ��,K�
�
	���
$�9�&�&�&�@	����
	��H !���9���$#&� � � �C� � /M@ ? @�� 1 %C= * / � � /)( �M= 2 � ����� 2

� @ $ � N���
 I 2 � 2�@ $ � ?&? @ ? 2 � �5� A!$ ( �5� A %'�9� "�A!$ (0@ = � @ : � @ ��� �&? %'�9� A % @ ? 2  ��1;1h/0� ��,.���
FN�+#%���-�:#9��1�'=	�34���$��1=/ , @ " 2���� /&H&HJ2 ��� � �FN ��� � ? * � ��� � �Tu�� /M- �#" 2 � ? * �A� A 2JE �MN�� 2

� @ � � ��
 � 2;@ " ( H % � ? � ? * - 2 < 2 � @ " : 2Zi @ % : ( " ( :B: � @I* % ? � @ : � @ =D= ( " � A (0* % ? : @ =!�5� A % @ ?
: @ � =)� ( : 2 J � � � F��������!O J �A !	����"O F����9	��&�N/ , @ " 2 � � � E � / H&HJ2�N � E
�FN�� � /!( �M= 2#E ��� � 2

� ��� � � � ��
 � 2 � % � ? /�-M2�� �M=)�O% � � �&=!% � : / � ? * � 2�� $ @ ? � 2 I @ � H = ( :B: % @ ? @ :M� @ =D= ( " � A (0* : @ � =)� ( :
��: % ? � 3 � � I � @I*&( : 2 
 �+	A#HO J � � � � ��,K� �
	�� 
N�+�&�&�&�@	�� �
	��A A���9���$#%� � � �C� � /
@ ? @ � 1 %C= * / �OA � $ / ( �M= 2 � ��� � 2

� � �&? ����
 @ 2 � 2 � �&? � 2�( �#"CA % A ( =!��% ? � "�: @ � =)� ( � @K* % ? � 2 
 ��O � O-F����&���J�&"(/ #%�4	A	�1M	� � 1 �+# �
,:���:#%��1 � �=E����N�%���&�;�=EN/ I @ = ? ( "+" �7? % , ( = : % A � / � A!$ �*�9� /Yi � / ( � � E ����� 2

� �O? � � ��
 � 2 �O? � ( = 1'@I( � � 2 I;$ � ?&? ( " � @I* % ? � � % A!$ � �#"CA % " ( , ( " P H $ � : ( : %+� ? � ";: 2 J � � �
F������?�!O J �A !	����"O�F����9	��&�N/ , @ " 2 � � � � � /#H&HJ20uTu � ��� / - � ? 2JE � � � 2

� * � ��� 
 � 2 * % : � � ? � A!$ � ? � ? * � 2 � ( =!� ( = 2 � $ ( & � � * =�� A %'�5�<� ��:B: % � ? I � � H = @*1 " ( � 2
J � � � F������?�!O J �A !	����8OMF��?�+	��%�*/ , @ " 2�N � / ? @ 20u /#H&HJ2JE)uMN�� � E)uTu#� / @ ( H A 2JE �#��� 2

� * % A ��� 
 � 2*-M2 * % A ( = 1 % 2 � =D= @ = 1 @ �&? * : : @ =8� @ ?<, @ "+�&A % @ ? � " � @K*&( : � ? * � ? � : � � H A @ A %'�9� "+" �
@ H A %+� � � *&( � @I* % ? �R� " � @ =!% A!$ � 2 J � � � F������?�!O J �A !	����"O-F����+	��&�N/ * @ " 2 � � � E � /
H&HJ2 ��� � � ���#� / � H = 2 E ����� 2

� * � ��� 
 � 2 *8� � ( A %'�D� ? * - 2 � � � ? 2 F?34�!79	8�
	A����� 
 
 �&�;�$#�� 
$1 �&�>���N�<�&
 
$1 �@#9��,:�@	��?� 2 <K"+� �L( =
� �9� *&( ��%'� � � 1 " % :!$ ( = : / � @ :DA @ ? /)( � � � ����� 2



�
� � � ��� � � � � � � 	 E �Tu
� � ( � ��
 � 2G@ 2 � � ? � � ? * i?2�( @ � � ( =!% 2 � = ( "+" % : � @K*&(0* , ( � A @ =5& � � ?KA % � � A % @ ? 2 J � � �

F��������!O 	�� �
	��'�'3=�NO / , @ " 2&N � /#H&HJ2JE ��� � � E ��� � / �4� � 2 E �#� � 2
� � i I ��� 
 � 2 � 2 � % ADA ( ? / � 2 (�2?i ( � " / � ? * -M2 � 2 I;" ( �M= � 2 � =!% A!$ � ( A %'�5� @K* % ? � : @ = * � A �� @ � H = ( :B: % @ ? 2I�
	��'�534���@#9��,:�@	��?�(	� <,m��� � � � / , @ " 2 � � / ? @ 2 � /#- �&? 2�E � ��� 2
� � i I � ��
 � 2 � 2 � % ADA ( ? / � 2 ( 2Yi ( � " / � ? * -M2 � 2 I;" ( �M= � 2 � =!% A!$ � ( A %'�?� @I* % ? �.= ( , % : % A (0* 2

� � � F��+���?�!O 	�� J �A !	����B� ,:�:	��V/0� ��,.���5�O/ , @ " 2 E � / ? @ 2 � /�H&HJ2 �Tu�� � �#�MNM/.- �#" 2
E �#� � 2

� � � * � u�
 � 2 � 2 � ��� ? ( = /�@ 2 � � , % " * �M= / � ? * � 2 * % : � � ? � A!$ 2 � $ ( =�� A ( = ( �N% @ ? @ :
A!$ ( & � � * =�� A %'� �<� ��:B: % � ? A �L@ � A ( =!��% ? � " : @ � =)� ( �0� @K* % ? � H = @*1 " ( � 2 �.
N�&�;�-,
�������;/ 
 #���� �#" � �!� � " / �A� A 2 � ��� u 2

� � � � ��
 � 2 �?2 � � ? ( =7� ? * - 2 � % , 2 � $ ( =�� A ( � * % :DA @ = A % @ ? : �&? � A % @ ? : @ = : @ � =)� ( � @I* % ? �
� % A!$G: % *&( % ? : @ =!�5� A % @ ? � A A!$ (8*&( � @K*&( = 2 J � � � F?�+���?�AO J �H �	����8O F����+	��&�N/ , @ " 2
� � /&H&HJ2 E
� E � /M- � ? 2JE ��� � 2

� � 3 I 3 � ��
 � 2 � % @ ? � / � 2 3 % , ( =!% : /4@ 2 I;$ ( ? � / � ? * � 2 3 % � 2 i ( :BA (0* & � � ?KA % � � A % @ ? � ? *
@ " ( H % � ? � � @ " : � @K* % ? � ' � � � ? ( =�� � % , � @K* % ? � H �M=�� * %+�N� : @ = �KO2�KO���O : @ � =)� ( : 2

 �+	A#HO J � � � �'	��&$A� ��	&
 	��Z/N,K��,:�J��,:�:#%��1 /-�2E��$��1 
 �+	A#%�&�&�&�;�=EN/4@ A 2 3 @ � % : / ( � /
@ ( H A 2 � ��� � 2

� � I�� � � ��
 � 2 � � ? � / @ 2 I;$ ( ? � / � 2 � % @ ? � / � ? * � 2�� $ � @ 2 � � ? ( =�� � % , � @I* % ? � 1 � : (0*�@ ?
� I � � ? * 3 � � I � @I*&( : 2 
 ��	A#0O � �&�;12	��"��� �
	��A A���+���$#%� 	�� /-�2E��$��1 �&"(/0� ��,.���5�
���$� �
	���
$3�,.���O/ � �*�O%=L � � = @ , ( / I � / i @ , 2 � ��� � 2

� � @ � � � N�
 � 2 � � ? � / * 2 @ A � ? � @ , %'� /�� 2 � % @ ? � / � ? * � 2 � $ � @ 2 � : � ��� ( A =!%'� � @I*&(2*&( : %+� ?: @ =R= ( � @ A ( � �#"CA % A ( =!��% ? � " : @ � =)� ( � @I* % ? � 2 
 ��	H#HO J � � � � ��,K� �
	���
$�9�&�&�&�@	��
�
	��A A���9���$#%� � � �C� � /M@ ? @�� 1 %C= * / � � / ( �M= 2 � ��� NM2

� � @ � � � u�
 � 2 � � ? � / * 2 @ A � ? � @ , %'� /�� 2 � % @ ? � / � ? * � 2 � $ � @ 2 � ? � �#"CA % A ( =!��% ? � "�: @ � =)� (� @I*&(�*&( : %+� ? 2 
 ��	H#HO J � � � � ��,K�B�
	���
$�9�&�%���:	�� �
	��A A���9���$#%� � � �C� � / @ ? @�� 1 %C= * /
� � /)( �M= 2 � ��� u 2

� � � � � ��
 � 2 � $<� / � 2 � �M= @ ? / � ? * � 2 � %C= @K* 2 � % :DA =!% 1 �&A (0* � @ � H = ( :B: % @ ? : @ = " �M=!� ( �9��� ( =���M=D=�� � : 2 J � � � �5	��&$A�&�4	&
 	�� /$,K��,:����,:�@#9��1M/-�2E��$��1 
 �+	A#%���%�&�;�=EN/�H&HJ2 � � � ��� /G@ A 23 @ � % : / ( % :B: @ � =!% / � @ � / @ ( H A 2 � ��� � 2
� � � � E 
 � 2 � $ � @ � ? * (�2 � � = @ : 2 � H A %+�5� " � @I*&(,*&( : %+� ? : @ = " @ :B:)" ( :B: � ? * ? ( �M= " @ :B:)" ( :B:

: @ � =)� ( � @K* % ? �7% ? � �#"CA % H " ( �*�Q� ( :B:"? ( A �"@ = � : 2 
 �+	A#HO J � � � � ��,K�6�
	���
$�9�&�&�&�@	��
�
	��A A���9���$#%� � � �C� � /IH&HJ2 ����� � ��� � / ( �M= 2 � ��� EN2

� � @ � ��
 � 2 � ����%C= � ? * @ 2M@ $ ���5��% 2�i ( :DA (0* " % ? ( �M= P " � ADA %'� ( � @K*&( : : @ = � � ? ( =�� � % , ( ? � @ �
* % ? � 2 
 ��	H#HO J � � �qJ �A �	��&�"��,:�@	�� F����9	��&� �'	��&$A� ��	&
 / < % "+" �M= ? ( � / � = ( " � ? * / H&HJ2
� � � ��� /M- �&? 2�E �#� � 2

� � @ � � ��
 � 2�� ����%C= / @ 2 @ $ ���5��% / � ? * � 2 � = ( � 2 i ( :DA (0* " % ? ( �M= P " � ADA %'� ( � @I*&( : : @ = :DA = � � �
A!� = (0* � �#"CA % A ( =!��% ? � " 1 % ?&? % ? � 2 J � � � F?�+���?�AO J �A !	��&�8O<F����9	��&�N/ , @ " 2PN�� /�H&HJ2
E �Tu � � E ��� � / - �&? 2 � ��� � 2



E ��� �
� � � ����� � � � � � 	



� ��� �
� � � 
 � 	�� � � 


E @ � $ � �5� *1> �&? " % ( ? *&( � @ ��� �&? %'�9� A % @ ? =�� * % @ � � @*1 % " ( �&A % " % : � ?KA " ( H =!% ? �O% H (2*&(� @K* ��� ( , % *��0@+* % :DA =!% 1 � � 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 �

EN2+E � ( " � A % @ ?�: ( ?KA = (5( ?FA = @ H % ( ( A % ? : @ =!�5� A % @ ? � �&A!� ( "+" ( 2�2 2 2 2 2 2 2 2 2 2 2 2 2 EEN
EN2�� @ � :DA 6O� (2*&( � @ � H = ( :B: % @ ? *&( : *&@ ?&? �0( :O: � ?�: H ( = A ( 2�2 2 2 2 2 2 2 2 2 2 2 2 2 2 E)u
EN2�� @ � :DA 6O� (2*&( � @ � H = ( :B: % @ ? *&( : *&@ ?&? �0( : � , ( � H ( = A ( 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E �
EN2 N 3 � " � ADA %'� ( $ ( � ��� @ ? � " ( 252 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � �EN2 u � =�� H $ ( G 2G2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � �
EN2 � � = ( % "+" % : *&( : � $ ( ��% ?�: *&( " >J( ?�: ( � 1 " ( P 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � �
EN2 � � @ % * : ( ?-A ( =!� (R*&(2* % :DA � ? � (R( � � " % * % ( ?&? ( *&( A @ ��: " ( : � $ ( ��% ?�: *&( P 2�2 2 2 2 ���
EN2 � 3 ( � ( % "+" ( � =4� $ ( ��% ? *&( " >J( ?�: ( � 1 " ( P * � ?�: " ( A = ( % "+" % : 2�2 2 2 2 2 2 2 2 2 2 2 2 ���
EN2 � � � �N% @ ? * � � @ � H " (R*��O1 % A � * % :BA @ = : % @ ? > R / D B � * ��% :B: % 1 " ( 2 2 2 2 2 2 2 2 2 2 2 2 �Tu
EN2+E � @ � $ � �5� *1> �&?�: � :BA 6O� (2*&( � @ ��� �&? %'�9� A % @ ? 2.2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 �Tu
EN2+ENE I @K*&( 3 � � I > � /�� B ' > � B �5� A =!%'� (R*&( H �M=!% A � H / > 1 B � =�� H $ ( � 1 % H �M= A % A ( � 2;2 2 2 ���
EN2+E � I @K* ��� (R*&(2*&( � � : @ � =)� ( : � @ =D= � " �0( : 2G2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � �
EN2+E � 3 ( : = � �N% @ ?�: *&( : *��O1 % AB: ��% ? %+� � � : :!� % , � ?FA " ( A � 1 " ( � � EN2+EN2 2 2 2 2 2 2 2 2 2 � �EN2+EEN � � �N% @ ? *&( : *��O1 % AB: ��% ? %+� � � : * � �9� : E � ENEN2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � �EN2+E)u � � �N% @ ? *&( : *��O1 % AB: ��% ? %+� � � : * � �9� : ��� ENEN2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � E
EN2+E � � � �N% @ ? *&( : *��O1 % AB: ��% ? %+� � � : * � �9� : ����� EN2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � �
EN2+E � I @K*&( � =(� , ( � % ? : @ =!�5� A % @ ? *&(K1 @ = *-*1> �&? ( : @ � =)� ( P?, � " ( � = : � @ ?KA % ?<� ( : 2 2 2 2 ���
EN2+E�� I @K* ��� (R*&( : @ � =)� ( � �#"CA % A ( =!��% ? � " � %C= ( � A ( A � ? * %C= ( � A 2�2 2 2 2 2 2 2 2 2 2 2 2 �Tu

� 2+E @ A = � � A!� = (5*&( " � A ( � $&? %'& � (R*&( � @K* ��� (R* % :BA =!% 1 � �R*&( �4" - � 1 =!% ( A �(" � � @#@ � 2 2 2 � �
� 2�� � � �N% @ ? *&( : *��O1 % AB: � * ��% :B: % 1 " ( : H @ � = " >J( �&( � H " ( H = � : ( ?FA � � , ( � m = 1 :!� % , � ?FA" � A ( � $&? %'& � (5*1> �(" - � 1 =!% ( A �(" � � @#@ � 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 N �� 2�� > � B � = 1 = (8*&( H �M= A % A % @ ? T (P) / > 1 B � A %'& � ( ADA (+*&( T (P) / > � B I @I*&( � : : @ �O% � P

T (P) 2�2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 N �
� 2 N � �#( � H " (2*1> �&? � @I*&( � = *&(,*&( � � : @ � =)� ( : * % :BA =!% 1 � �0( :D�&A % " % : � ?FA " ( H =!% ? �O% H (2*&(

� @ I � @ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 N N
� 2 u � = ( % "+" % : *1> �&? � @K*&( � =�� @ ( � , ( � k = 2 ( A n = 1 2?2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 N_u
� 2 � @ � $ � �5� * � � @I*&( � = P *�� � @K*&( � = H @ � = *&( � � : @ � =)� ( : 1 % ? ��%C= ( : ( A * % :DA =!% 1 � �0( :

�&A % " % : �R* � ?�: " ( : A =�� , � � �-*&( � �M= @ ? ( A � %C= @I* 2
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 N �
� 2 � I @K*&( � = H =�� A %'& � (R*&( � � ? ( =�� � % , 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 N��
� 2 � � � � ?FA %=L �9� A % @ ? : �9� " ��%C= (R*&( 3 " @��I* � ( � � P � ? % , ( � � � 2
2 2 2 2 2 2 2 2 2 2 2 2 2 N��

E ���



E � � � � � � 	 � 	�	�� ��� � 	�	

� 2 � � = ( % "+" % : * � � @K*&( � = �&A % " % : � ' > � B A = ( % "+" % : H =!% ? �O% H � " / > 1 B A = ( % "+" % : � @ � H " � � ( ?FA ��%C= ( 2+u �� 2+E � � �#( � H " ( *&(2*�� A ( =!��% ? � A % @ ? *&( : � ? * = @ � ( P H �M= A %C= *&( " �?LM� � = ( � 2 � 2#2 2 2 2 2 u �
� 2+ENE @ � $ � �5� * � � @I*&( � = P *�� � @K*&( � = H @ � = *&( :�: @ � =)� ( : � @ ?KA % ?<� ( : ( A * % :BA =!% 1 � �0( :

�&A % " % : �R* � ?�: � � � � ��
02 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 u��
� 2+E � 3 �,= � H �M= A % A % @ ? *&( : q

= � �N% @ ?�: Rq
* � & � � ?FA %=L �9� A ( � = *&( 3 " @ �#* � ( � � � � ? � =�� " % : � 2�uMN

� 2+E � @ � $ � �5� *&( H =!% ? �O% H (R*&( :6A =�� , � � � *&( - ( � ?&? ( ��,>��1=2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 u��

� 2+E @ � :DA 6O� (5*1> �&? � @I*&( � = * % :DA =!% 1 � � H @ � = � : @ � =)� ( : 1 % ? ��%C= ( : � @ =D= � " �0( : ( ?��&A % " % �
: � ?FA �&? � @K*&( A!� = 1 @ H @ % ?�� @ ?&? � 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � �

� 2�� I @K*&( � = � @ ?H, @ "+�&A % @ ?&? ( " = � � � = : %=: : � :BA � �5� A %'& � (�> I � @#B *&( = ( ? *&( � ( ?KA � P � /
*&( " @ ? � � ( � = *&( � @ ?FA =���% ?KA ( = ( : H ( � A % , ( � ( ?FA K = 5 ( A *&( H @ " � ?�� � ( : � � ? � �
=�� A ( � = : (h0 = 33, h1 = 23, h2 = 35) 2�2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ���

� 2�� � ( = : @ =!�5� ? � ( : * � � @K*&( � = * % :DA =!% 1 � �7*&(6*&( � � : @ � =)� ( : 1 % ? ��%C= ( : @*1 A ( ?H� ( : � , ( �
�&? � @K*&( A!� = 1 @ H @ % ?�� @ ?&? � 1 � : � :!� = *&( : � @I*&( � = : I � @ *&( A � � � EHP � ( A � P �� , ( � = ( : H ( � A % , ( � ( ?KA *&( :4" @ ? � � ( � = : *&( � @ ?FA =���% ?FA ( K = 3 ( A u 2 3 ( A � � � *&(� @ � H = ( :B: % @ ? ( :DA 3 : 1 2 3 ( : = � :!�#"CA � AB:O: @ ?FA @*1 A ( ?H��: � , ( � �&? ( A ��% "+" (�*1>J( ?FA = ( �
" �*� ( � = *&( 105 ( A � H =)6 : E�� % A � =�� A % @ ?�: * � *�� � @I*&( � = A!� = 1 @)*&( 100 : � & � ( ? � ( :
1 % ? ��%C= ( : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ���

� 2 N � ( = : @ =!�5� ? � ( : ( ? A ( =!� ( * � A � � ��*1>J( =D= ( � = 1 % ? ��%C= ( > � � � B * � � @I* ��� ( *&( :
: @ � =)� ( : * % :DA =!% 1 � �0( : > X / Y B @ / Y ( :DAQ? @ ? � @ � H = ( :B: �0(2( A X ( :DA � @ � H = ( :B: �0(
P 2 : 1

� , ( � �&? � @K*&( A!� = 1 @ H @ % ?�� @ ?&? �+*&@ ?KA " ( � @I*&( � = � " � � ( ?FA ��%C= ( ( :DA *&(
A � � � � P � / *&( " @ ? � � ( � = *&( � @ ?FA =���% ?KA ( K = 5 ( A *&( A ��% "+" (4*1>J( ?FA = ( " �*� ( � = '
105 2 �4� A @ A � " 107 1 % AB:6: @ ?KA7: %+� �#" � : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 �MN

� 2 u I @K*&( � = *&( � � ? ( =�� � % , *&(,*&( � � : @ � =)� ( : � � ��:B: % ( ?&? ( :D�&A % " % : � ?KA �&? & � � ?KA %=L)��9� A ( � = : �9� " ��%C= (R( A �&? � @K*&( A!� = 1 @ H @ % ?�� @ ?&? � 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 �Tu
� 2 � � � � � *1>J( =D= ( � = : � � 1 @ " (�*&( " � : @ � =)� ( T * � ?�:��&? : � :BA 6O� ( *&( � @K* ��� (�*&(

� � ? ( =�� � % ,?�&A % " % : � ?FA
�&? � @I*&( A!� = 1 @ H @ % ?�� @ ?&? � 2 �O? ( ?KA = ( " �*� ( � =;� " � � A @ %C= (Q*&(
" @ ? � � ( � = ∼ 105 ( A �&? � @I*&( � = I � @ *&( A � � � � P � / *&( " @ ? � � ( � = *&( � @ ?FA =���% ?FA (
K = 5 ( A��&? H @ " � ?�� � ( � � ? � =�� A ( � = (h0 = 27, h1 = 23, h2 = 35) : @ ?FA
�&A % " % : � : 2 3 � : @ � =)� ( T ( :DA & � � ?FA %=L �0( � , ( � �&? & � � ?FA %=L �9� A ( � = *&( 3 " @��I* � ( � �
P N ? % , ( � � � 2 �4� A @ A � " 107 : � � 1'@ " ( :7: @ ?FA7: %+� �#" � : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ���

� 2 � � % :BA @ = : % @ ? � @ � ( ?&? ( � ( :!� = �0( H @ � = " � : @ � =)� ( T * � ?�:8�&?): � :DA 6O� ( *&( � @I* ��� (
*&( � � ? ( =�� � % , �&A % " % : � ?KA �&? � @I*&( A!� = 1'@ H @ % ?�� @ ?&? � 2 �O? ( ?FA = ( " �*� ( � = � " � � �
A @ %C= (+*&( " @ ? � � ( � = ∼ 105 ( AK�&? � @K*&( � = I � @ *&( A � � � � P � / *&( " @ ? � � ( � = *&(� @ ?FA =���% ?FA ( K = 5 ( A;�&? H @ " � ?�� � ( � � ? � =�� A ( � = (h0 = 27, h1 = 23, h2 = 35): @ ?FA �&A % " % : � : 2 3 � : @ � =)� ( T ( :DA & � � ?FA %=L �0( � , ( � �&? & � � ?FA %=L �9� A ( � = *&( 3 " @��I* �
( � � P N ? % , ( � � � 2 �4� A @ A � " 107 : � � 1 @ " ( :6: @ ?FAO: %+� �#" � : 2 2 2 2 2 2 2 2 2 2 2 � �

� 2 � � �#( � H " ( *&( H �M= A % A % @ ? H @ � = �&? ( � I � P � 1 % AB: P : � � 1'@ " ( 252 2 2 2 2 2 2 2 2 2 � �
� 2 � � = ( % "+" % : *1> �&? � @I*&( � @ ?<, @ "+�&A %=: *&( = ( ? *&( � ( ?KA EHP � � :B: @ �O% � P " � H �M= A % A % @ ? *&(

" �?LM� � = ( � 2 � 282 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 �#�
� 2+E � � � � ?FA %=L �9� A % @ ? ( A *�� & � � ?KA %=L �9� A % @ ? *1> �&? ( : @ � =)� ( X ( ?��&A % " % : � ?FA4" � � I � 2 2 � �
� 2+ENE @ � $ � �5� *1> �&? � @K*&( � = *&( � � ? ( =�� � % , �&A % " % : � ?FA " � � I � ( A " ( � @I*&( A!� = 1 @

H @ % ?�� @ ?&? � 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � E



� � � � 	
� 	�	 � ��� � 	�	 E �#�

� 2+E � 3 ( : H = @*1 � 1 % " % A � : Pr(T |TQ = mj
i )

@*1 A ( ?<� ( : � H =)6 : & � � ?FA %=L �9� A % @ ? *1> �&? (
: @ � =)� ( � � ��:B: % ( ?&? ( T

� , ( � � � 1 % AB: � I � �&A % " % : � ?KA " ( A = ( % "+" % : *1> �&? � @I*&( � @ ?<, @ �
"+�&A %=: *&( = ( ? *&( � ( ?FA EHP � ( A *&( " @ ? � � ( � = *&( � @ ?KA =���% ?FA ( K = 9 2 3 � , �M=!% � ? � (
*&( T ( :DA σ2

T = 0.28 2;2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � �
� 2+E � � � � �)*1>J( =D= ( � = : � � 1 @ " (6@*1 A ( ?H� ( ?.: @ = A % (7* � � @K*&( � = *&( � � ? ( =�� � % , 1 � : � :!� =

" � � I � ( AG" ( � @K*&( A!� = 1'@ H @ % ?�� @ ?&? � 2 �O? ( ?FA = ( " �*� ( � =4� " � � A @ %C= ( *&( " @ ? � � ( � =
∼ 105 ( AA�&? � @I*&( � = I � @ *&( A � � � � P � / *&( " @ ? � � ( � = *&( � @ ?KA =���% ?FA ( K = 5( A(�&? H @ " � ?�� � ( � � ? � =�� A ( � = (h0 = 27, h1 = 23, h2 = 35) : @ ?FAA�&A % " % : � : 2 3 �
: @ � =)� ( T ( :BA & � � ?FA %=L �0( � , ( � �&? & � � ?FA %=L �9� A ( � = � � 1 % AB: � I � 2 �(�4A @ A � " 107

: � � 1'@ " ( :7: @ ?FA7: %+� �#" � : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � �
� 2+EEN � % :BA @ = : % @ ? � @�� ( ?&? ( � ( :!� = �0(,*1> �&? � @I*&( � = *&( � � ? ( =�� � % , 1 � : � :!� = " � � I �

( AA" ( � @I*&( A!� = 1'@ H @ % ?�� @ ?&? � 2 �7? ( ?FA = ( " �*� ( � = � " � � A @ %C= (+*&( " @ ? � � ( � = ∼ 105

( A��&? � @K*&( � = I � @ *&( A � � � � P � / *&( " @ ? � � ( � = *&( � @ ?FA =���% ?KA ( K = 5 ( A
�&? H @ " � ?�� � ( � � ? � =�� A ( � = (h0 = 27, h1 = 23, h2 = 35) : @ ?KA��&A % " % : � : 2 3 �
: @ � =)� ( T ( :BA & � � ?FA %=L �0( � , ( � �&? & � � ?FA %=L �9� A ( � = � � 1 % AB: � I � 2 �(�4A @ A � " 107

: � � 1'@ " ( :7: @ ?FA7: %+� �#" � : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � N
� 2+E)u @ � :DA 6O� (Q*&( � @I* ��� ( * % :DA =!% 1 � � *&(Q*&( � � : @ � =)� ( : & � � ?FA %=L �0( : �&A % " % : � ?FA8�&? � @I*&(

A!� = 1'@ H @ % ?�� @ ?&? � 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 �ku
� 2+E � @ � $ � �5� * � � @I* ��� (�*&( : @ � =)� ( * % :DA =!% 1 � �0( � , ( � �&? ( % ? : @ =!�5� A % @ ? *&(�1 @ = *

H �M= A % ( "+" ( 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � �
� 2+E � � � � � *1>J( =D= ( � = : � � 1 @ " (�*&( " � : @ � =)� ( T * � ?�: �&? : � :DA 6O� (�*&( � @I* ��� ( *&(

� � ? ( =�� � % , � , ( � �&? ( % ? : @ =!�5� A % @ ? *&( 1 @ = * H �M= A % ( "+" ( V �&A % " % : � ?KA �&? � @I*&(
A!� = 1'@ H @ % ?�� @ ?&? � 2 �O? ( ?FA = ( " �*� ( � =G� " � � A @ %C= (Q*&( " @ ? � � ( � = ∼ 105 ( A �&? � @I*&( � =
I � @ *&( A � � � � P � / *&( " @ ? � � ( � = *&( � @ ?KA =���% ?FA ( K = 5 ( A��&? H @ " � ?�� � (� � ? � =�� A ( � = (h0 = 27, h1 = 23, h2 = 35) : @ ?FA �&A % " % : � : 2 3 ( : *��O1 % AB:6: @ ?KA *&( 2

31 % A P : � � 1'@ " ( H @ � = T ( A *&( L 1 % A P : � � 1'@ " ( H @ � = W 2 �(�.A @ A � " 107 : � � 1 @ " ( :
: @ ?FA7: %+� �#" � : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ���

� 2+E�� � % :BA @ = : % @ ? � @ � ( ?&? ( � ( :!� = �0( H @ � = " � : @ � =)� ( T * � ?�:8�&?.: � :DA 6O� (Q*&( � @K* ��� (
*&( � � ? ( =�� � % , � , ( � �&? ( �&? ( % ? : @ =!�5� A % @ ? *&( 1 @ = * H �M= A % ( "+" ( V �&A % " % : � ?FAA�&?� @K*&( A!� = 1'@ H @ % ?�� @ ?&? � 2 �7? ( ?FA = ( " �*� ( � = � " � � A @ %C= ( *&( " @ ? � � ( � = ∼ 105 ( A
�&? � @K*&( � = I � @ *&( A � � � � P � / *&( " @ ? � � ( � = *&( � @ ?KA =���% ?FA ( K = 5 ( A5�&?
H @ " � ?�� � ( � � ? � =�� A ( � = (h0 = 27, h1 = 23, h2 = 35) : @ ?FA.�&A % " % : � : 2 3 ( : *��O1 % AB:
: @ ?FA *&( � P � 1 % A P : � � 1 @ " ( H @ � = T ( A *&( L 1 % A P : � � 1'@ " ( H @ � = W 2 �(� A @ A � "
107 : � � 1'@ " ( :O: @ ?FA6: %+� �#" � : 2A2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � �

� 2+E � : � $ � �5� *&( � @I* ��� ( � @ ?�� @ % ?FA7: @ � =)� ( �0�9� ? � " *&(2*&( � � : @ � =)� ( : 1 % ? ��%C= ( : � @ =D= � " �0( : 2 � �
� 2�� � � ( = : @ =!�5� ? � ( : ( ?5A ( =!� (�* �2A � � �R*1>J( =D= ( � = 1 % ? ��%C= ((> � � � B * � � @K*&( � = � @ ?�� @ % ?KA

: @ � =)� ( �0�9� ? � " *&( : @ � =)� ( : * % :DA =!% 1 � �0( : > X / Y B @ / Y ( :DA"? @ ? � @ � H = ( : : �0(O( A X( :DA � @ � H = ( : : �0( P 2 : 1
� , ( � �&? � @K*&( A!� = 1'@ H @ % ?�� @ ?&? � *&@ ?FA " ( � @K*&( � =

� " � � ( ?FA ��%C= (G( :DA *&( A � � � � P � / *&( " @ ? � � ( � = *&( � @ ?FA =���% ?KA ( K = 5 ( A �&?
H @ " � ?�� � ( � � ? � =�� A ( � = (h0 = 33, h1 = 23, h2 = 35) 2 3 � A ��% "+" (R*1>J( ?KA = ( " �*� ( � =( :DA 105 2 3 ( : 1 % AB: *&( H �M=!% A � H � :B: ( ?KA * � ?�: �&? �9� ? � "#I � @ � , ( � �&? ( H = @*1 � 1 % " % A �
*&( A =�� ?�: % A % @ ? q = 0.03 ( A *&( �9� H �*�O% A � C(q) = 0.805 2 3 ( : = � :!�#"CA � AB: *&( " �LM� � = ( � 2 N *1> �&? � @I*&( � = I @ � : � ?�: 1 = � % A > C(q = 0) = 1 B : @ ?FA % "+"+��:BA = � : 2
2 2 2 � E



� ��� � � � � 	 � 	�	�� ��� � 	�	

� 2�� E : � $ � �5� *&( � @I* ��� ( � @ ?�� @ % ?KA�: @ � =)� ( �0�9� ? � " *&( *&( � � : @ � =)� ( : � � ��: : % ( ?&? ( : � @ =��
= � " �0( : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � �

� 2�� � � � � � *1>J( =D= ( � = : � � 1 @ " (.@*1 A ( ?<� � , ( � �&? � @I*&( � =7� @ ?�� @ % ?FA8: @ � =)� ( �0�9� ? � " *&(
*&( � � : @ � =)� ( : * % :DA =!% 1 � �0( : > T / W B ( ? �&A % " % : � ?FA5�&? � @I*&( A!� = 1 @ H @ % ?�� @ ?&? � 2
�7? ( ?FA = ( " �*� ( � = � " � � A @ %C= ( *&( " @ ? � � ( � = ∼ 105 ( A7�&? � @I*&( � = I � @ *&( A � � �
� P � / *&( " @ ? � � ( � = *&( � @ ?FA =���% ?FA ( K = 5 ( A(�&? H @ " � ?�� � ( � � ? � =�� A ( � = (h0 =
27, h1 = 23, h2 = 35) : @ ?KA �&A % " % : � : 2 �4��A @ A � " 107 : � � 1 @ " ( :�: @ ?FA�: %+� �#" � : 2 3 �
: @ � =)� ( T ( :DA & � � ?FA %=L �0( � , ( � �&? & � � ?FA %=L �9� A ( � = *&( 3 " @ �#* � ( � � P N ? % , ( � � � 23 ( : 1 % AB: *&( H �M=!% A � H � :B: ( ?KA * � ?�:��&? �9� ? � "(I � @ � , ( � �&? ( H = @*1 � 1 % " % A �-*&(
A =�� ?�: % A % @ ? q 2 W ( :DA " > % ? : @ =!�5� A % @ ? *&(K1'@ = * * % : H @ ? % 1 " ( � � *�� � @K* ��� ( 2�2 2 2 2 ���

� 2���� � % :BA @ = : % @ ? � @ � ( ?&? ( � ( :)� = �0(+*1> �&? � @I*&( � = � @ ?�� @ % ?FAR: @ � =)� ( �0�9� ? � " *&(8*&( � �
: @ � =)� ( : * % :BA =!% 1 � �0( : > T / W B ( ?��&A % " % : � ?FAA�&? � @K*&( A!� = 1'@ H @ % ?�� @ ?&? � 2 �7? ( ? �
A = ( " �*� ( � =K� " � � A @ %C= ( *&( " @ ? � � ( � = ∼ 105 ( A �&? � @I*&( � = I � @ *&( A � � � � P � / *&(
" @ ? � � ( � = *&( � @ ?FA =���% ?FA ( K = 5 ( AD�&? H @ " � ?�� � ( � � ? � =�� A ( � = (h0 = 27, h1 =
23, h2 = 35) : @ ?FA �&A % " % : � : 2 �4� A @ A � " 107 : � � 1'@ " ( : : @ ?FA�: %+� �#" � : 2 3 � : @ � =)� ( T( :DA & � � ?KA %=L �0( � , ( � �&? & � � ?KA %=L �9� A ( � = *&( 3 " @��I* � ( � � P N ? % , ( � � � 2 3 ( : 1 % AB:
*&( H �M=!% A � H � :B: ( ?FA * � ?�:K�&? �9� ? � "GI � @ � , ( � �&? ( H = @*1 � 1 % " % A �+*&( A =�� ?�: % A % @ ?
q 2 W ( :DA " > % ? : @ =!�5� A % @ ? *&( 1 @ = * * % : H @ ? % 1 " ( � � *�� � @I* ��� ( 2;2 2 2 2 2 2 2 2 2 2 �MN

NM2+E @ � $ � �5� * � H =!% ? �O% H (5*&( � @I* ��� ( P *�� � @K* ��� ( H @ � = A = @ % :7: @ � =)� ( : 1 % ? ��%C= ( : * % : �
A =!% 1 � �0( : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � �

NM2�� I � ? � " 1 % ? ��%C= ( : � � � A =!%'& � ( H @ � = A = @ % :7: @ � =)� ( : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 �#�
NM2�� @ � $ � �5� * � � @K*&( � = P *�� � @I*&( � = H @ � = A = @ % :�: @ � =)� ( : 1 % ? ��%C= ( : � @ =D= � " �0( : X / Y( A Z 2K2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � E
NM2 N @ � $ � �5� * � � @I*&( � =�� *�� � @I*&( � = H @ � = A = @ % :6: @ � =)� ( : � � ��: : % ( ?&? ( : � @ =D= � " �0( : X /

Y ( A Z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � �
NM2 u @ � $ � �5� *1> �&? � @I*&( � = * % :DA =!% 1 � � *&( A = @ % :5: @ � =)� ( : � � ��: : % ( ?&? ( : � @ =D= � " �0( : ( A& � � ?KA %=L �0( : X / Y ( A Z 2�2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 �Tu
NM2 � � � � � *1>J( =D= ( � = 1 % ? ��%C= ( > � � � B *&( :�: � :BA 6O� ( : *&( � @I* ��� (.*&( : @ � =)� ( : * % :DA =!% �

1 � �0( :4I @ � � � ( A I @ � � � 'H" ( A � � � *&( � @ � H = ( :B: % @ ? ( :DA *&( 2 : 1 H @ � = X ( A Y* � ?�:7I @ � � � ( A * � ?�: I @ � � � " ( A � � � ( :DA *&( 2 : 1 H @ � = T 2 �O? � @I*&( A!� = 1'@
H @ % ?�� @ ?&? �-*&@ ?KA " ( � @K*&( � = � " � � ( ?KA ��%C= ( ( :DA *&( A � � � � P � / *&( " @ ? � � ( � = *&(� @ ?FA =���% ?FA ( K = 5 ( A,A ��% "+" (8*1>J( ?FA = ( " �*� ( � = ' 105 � � A � �&A % " % : � 2 �4� A @ A � " 107

1 % AB:7: @ ?KA7: %+� �#" � : 2R2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 �#�
NM2 � � � � � *1>J( =D= ( � = 1 % ? ��%C= ( > � � � B *&( :�: � :BA 6O� ( : *&( � @I* ��� (.*&( : @ � =)� ( : * % :DA =!% �

1 � �0( :7I @ � � � ( A7I @ � � � ' " ( A � � � *&( � @ � H = ( :B: % @ ? ( :DA *&( 3 : 1 H @ � = X ( A
2 : 1 H @ � = Y * � ?�: I @ � � � ( A * � ?�:5I @ � � � " ( A � � � ( :BA *&( 3 : 1 H @ � = T 2
�7? � @I*&( A!� = 1'@ H @ % ?�� @ ?&? �2*&@ ?FA " ( � @I*&( � = � " � � ( ?FA ��%C= (R( :BA *&( A � � � � P � / *&(
" @ ? � � ( � = *&( � @ ?KA =���% ?FA ( K = 5 ( ARA ��% "+" (.*1>J( ?KA = ( " �*� ( � = ' 105 � � A � �&A % " % : � 2
�4�-A @ A � " 107 1 % AB:6: @ ?FAO: %+� �#" � : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E ���



� � � � 	
� 	�	 � ��� � 	�	 � � E

NM2 � � � � � *1>J( =D= ( � = 1 % ? ��%C= ( > � � � B *&( :5: � :DA 6O� ( : *&( � @I* ��� ( *&( : @ � =)� ( : * % :BA =!% �
1 � �0( :7I @ � � � ( A I @ � � � ' " ( A � � �G*&( � @ � H = ( : : % @ ? ( :DA *&( 6 : 1 H @ � = X ( A
2 : 1 H @ � = Y * � ?�: I @ � � � ( A * � ?�: I @ � � � " ( A � � � ( :DA *&( 6 : 1 H @ � = T 2
�7? � @I*&( A!� = 1 @ H @ % ?�� @ ?&? �2*&@ ?FA " ( � @I*&( � = � " � � ( ?FA ��%C= (5( :BA *&( A � � � � P � / *&(
" @ ? � � ( � = *&( � @ ?KA =���% ?FA ( K = 5 ( A5A ��% "+" (.*1>J( ?FA = ( " �*� ( � = ' 105 � � A � �&A % " % : � 2
�4� A @ A � " 107 1 % AB:O: @ ?FAO: %+� �#" � : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E ���

NM2 � � � � � *1>J( =D= ( � = 1 % ? ��%C= ( > � � � B *&( :5: � :DA 6O� ( : *&( � @I* ��� ( *&( : @ � =)� ( : * % :BA =!% �
1 � �0( : I @ � � � ( A4I @ � � � ' " ( A � � � *&( � @ � H = ( :B: % @ ? ( :DA *&( 3 : 1 H @ � = X ( A Y* � ?�: I @ � � � ( A * � ?�:?I @ � � � " ( A � � �G( :DA *&( 3 : 1 H @ � = T 2 �7? � @I*&( A!� = 1'@
H @ % ?�� @ ?&? � *&@ ?KA " ( � @K*&( � = � " � � ( ?KA ��%C= (-( :DA *&( A � � � � P � / *&( " @ ? � � ( � = *&(� @ ?FA =���% ?FA ( K = 5 ( A,A ��% "+" (8*1>J( ?FA = ( " �*� ( � = ' 105 � � A � �&A % " % : � 2 �4� A @ A � " 107

1 % AB:6: @ ?FAO: %+� �#" � : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E � E
NM2+E � � � � � *1>J( =D= ( � = 1 % ? ��%C= ( > � � � B *&( :5: � :DA 6O� ( : *&( � @I* ��� ( *&( : @ � =)� ( : * % :BA =!% �

1 � �0( : I @ � � � ( A4I @ � � � ' " ( A � � � *&( � @ � H = ( :B: % @ ? ( :DA *&( 6 : 1 H @ � = X ( A Y* � ?�: I @ � � � ( A * � ?�:?I @ � � � " ( A � � �G( :DA *&( 6 : 1 H @ � = T 2 �7? � @I*&( A!� = 1'@
H @ % ?�� @ ?&? � *&@ ?KA " ( � @K*&( � = � " � � ( ?KA ��%C= (-( :DA *&( A � � � � P � / *&( " @ ? � � ( � = *&(� @ ?FA =���% ?FA ( K = 5 ( A,A ��% "+" (8*1>J( ?FA = ( " �*� ( � = ' 105 � � A � �&A % " % : � 2 �4� A @ A � " 107

1 % AB:6: @ ?FAO: %+� �#" � : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E � E
NM2+ENE � � � �+*1>J( =D= ( � = : � � 1 @ " (6*&( :�: � :DA 6O� ( : *&( � @I* ��� ( * % :DA =!% 1 � � I @ � � � ( A;I @ � � �� , ( � *&( :R: @ � =)� ( : � � ��:B: % ( ?&? ( : H @ � = �&? *��O1 % A *&( E 1 % A P : > " ( : *��O1 % AB: *&( T( A W * � ?�:�I @ � � � : @ ?FA = ( : H ( � A % , ( � ( ?KA E 1 % A P : ( A N 1 % AB: P : ( A?" ( : *��O1 % AB:

*&( X ( A Y * � ?�: I @ � � � : @ ?KA = ( : H ( � A % , ( � ( ?KA *&( E 1 % A P : ( A *&( 2
3

1 % A P : B 2
D′

Y = D′
W = 0.0095 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E � �

NM2+E � � % :BA @ = : % @ ? � @ � ( ?&? ( � ( :!� = �0(R*&( :O: � :DA 6O� ( : *&( � @I* ��� (R* % :DA =!% 1 � � I @ � � � ( A
I @ � � � � , ( � *&( :6: @ � =)� ( : � � ��: : % ( ?&? ( : H @ � = �&? *��O1 % A *&( E 1 % A P : > " ( : *��O1 % AB:
*&( T ( A W * � ?�: I @ � � � : @ ?KA = ( : H ( � A % , ( � ( ?FA E 1 % A P : ( A N 1 % AB: P : ( A " ( :
*��O1 % AB: *&( X ( A Y * � ?�: I @ � � � : @ ?FA = ( : H ( � A % , ( � ( ?FA *&( E 1 % A P : ( A *&( 2

31 % A P : B 2 D′
Y = D′

W = 0.0095 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E � �
NM2+E � � � � �+*1>J( =D= ( � = : � � 1 @ " (6*&( :�: � :DA 6O� ( : *&( � @I* ��� ( * % :DA =!% 1 � � I @ � � � ( A;I @ � � �� , ( � *&( :�: @ � =)� ( : � � ��:B: % ( ?&? ( : 'J" ( : *��O1 % AB: *&( Y * � ?�:�I @ � � � ( A W * � ?�:

I @ � � � : @ ?FA = ( : H ( � A % , ( � ( ?KA 2
3
1 % A P : ( A N 1 % AB: P : / D′

Y = D′
W = 0.0095 2 2 2 2 E � N

NM2+EEN � % :BA @ = : % @ ? � @ � ( ?&? ( � ( :!� = �0(R*&( :O: � :DA 6O� ( : *&( � @I* ��� (R* % :DA =!% 1 � � I @ � � � ( A
I @ � � � � , ( � *&( :7: @ � =)� ( : � � ��: : % ( ?&? ( :�'#" ( : *��O1 % AB: *&( Y * � ?�:KI @ � � � ( A W* � ?�:(I @ � � � : @ ?FA = ( : H ( � A % , ( � ( ?KA 2

3
1 % A P : ( A N 1 % AB: P : / D′

Y = D′
W = 0.0095 2 E � N

NM2+E)u � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? *&( :�: � :DA 6O� ( : *&( � @I* ��� (6* % :DA =!% 1 � � I @ � � � ( A;I @ � �
� � , ( � *&( :,: @ � =)� ( : � � ��:B: % ( ?&? ( : � " ( : *��O1 % AB: *&( T ( A W * � ?�: I @ � � � : @ ?FA= ( : H ( � A % , ( � ( ?KA E 1 % A P : ( A N 1 % AB: P : / " ( : *��O1 % AB: *&( X ( A Y * � ?�:4I @ � � � : @ ?FA= ( : H ( � A % , ( � ( ?KA *&( E 1 % A P : ( A 2

3
1 % A P :+' > � B � � � � *1>J( =D= ( � = : � � 1'@ " ( / > 1 B

� % :BA @ = : % @ ? � @ � ( ?&? ( � ( :!� = �0( 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E � u
NM2+E � � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? *&( :�: � :DA 6O� ( : *&( � @I* ��� (6* % :DA =!% 1 � � I @ � � � ( A;I @ � �

� � , ( � *&( :,: @ � =)� ( : � � ��:B: % ( ?&? ( : � " ( : *��O1 % AB: *&( T ( A W * � ?�: I @ � � � : @ ?FA= ( : H ( � A % , ( � ( ?KA 2
3
1 % A P : ( A N 1 % AB: P : / " ( : *��O1 % AB: *&( X ( A Y * � ?�:DI @ � � � : @ ?FA

*&( 2
3

1 % A P :�' > � B � � � � *1>J( =D= ( � = : � � 1 @ " ( / > 1 B � % :DA @ = : % @ ? � @�� ( ?&? ( � ( :!� = �0( 2�E � u



� � � � � � � 	 � 	�	�� ��� � 	�	

NM2+E � � � � �)*1>J( =D= ( � = : � � 1 @ " ( *&( :�: � :DA 6O� ( : *&( � @I* ��� (6* % :DA =!% 1 � � I @ � � � ( A;I @ � � �� , ( � *&( : : @ � =)� ( : � � ��: : % ( ?&? ( : ' " ( : *��O1 % AB: *&( Y ( A *&( Z * � ?�: I @ � � � ( A
*&( W * � ?�:�I @ � � � : @ ?KA = ( : H ( � A % , ( � ( ?KA � P � 1 % A P : /su 1 % AB: P : ( A N 1 % AB: P : /
D′

Y = D′
W = 0.0095 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E � �

NM2+E�� � % :BA @ = : % @ ? � @�� ( ?&? ( � ( :!� = �0( *&( :7: � :DA 6O� ( : *&( � @I* ��� (R* % :DA =!% 1 � � I @ � � � ( A
I @ � � � � , ( � *&( :�: @ � =)� ( : � � ��:B: % ( ?&? ( : ' " ( : *��O1 % AB: *&( Y ( A *&( Z * � ?�:GI @ � � �
( A *&( W * � ?�:AI @ � � � : @ ?KA = ( : H ( � A % , ( � ( ?FA � P � 1 % A P : /0u 1 % AB: P : ( A N 1 % AB: P : /
D′

Y = D′
W = 0.0095 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E � �

u 2+E @ � $ � �5� *&( � @K* ��� (R* �-: � :DA 6O� ( � � � @ ( � � � 
02 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ENEEN
u 2�� @ � " ( � A % @ ? *&( : � @K(�� �O% ( ?KAB: � I � & � % : ( = @ ?FA � @I*�� : � , ( � �&? � @I*&( � = *&( � � ? ( =��

� % , * � ?�: � � � @ (�2 3 ( : � @I(�� �O% ( ?FAB: = ( :BA � ?FAB:,: @ ?FA � @I*�� : � , ( � �&? � @K*&( � = *&(
: @ � =)� ( � " � :B: %'& � ( � � � 
02 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ENE)u

u 2�� I @ ?FA ( ?<� * � 1 % AB:DA = ( ����� H =)6 : � @I* ��� ( , % *��0@ �&A % " % : � ?FA " � : @ "+�&A % @ ? � � � @ ( � � � 
02 ENE �
u 2 N @ � $ � �5� *&(5*�� � @K* ��� (R* ��: � :BA 6O� ( � � � @ ( � � � 
02J2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ENE��
u 2 u @ � $ � �5� *&( � @K* ��� ( P *�� � @I* ��� (�*&( " � : @ "+�&A % @ ? *1> �&? � @K*&( � = , % *��0@�* % :DA =!% 1 � �

* � ?�: " (2*&@ �5��% ? ( H % �&( ";: *&( " > �&? % , ( = : % A �R*&( @ A � ? : @ = * 2 2 2 2 2 2 2 2 2 2 2 2 2 ENE �
u 2 � @ � $ � �5� *&( � @K* ��� ( P *�� � @I* ��� (�*&( " � : @ "+�&A % @ ? *1> �&? � @K*&( � = , % *��0@�* % :DA =!% 1 � �

* � ?�: " (2*&@ �5��% ? ( A =�� ?�: : @ =!� �R*&( " > �&? % , ( = : % A �5*&( @ A � ? : @ = * 2 2 2 2 2 2 2 2 2 2 2 E � E
u 2 � @ � $ � �5� *&( " > % ?FA ( = H @ " � A % @ ? *1> %+�5��� ( : H = @ H @ : �2* � ?�: � �	� � � u�
02?2 2 2 2 2 2 2 2 E �Tu
u 2 � @ � " ( � A % @ ? * ��, ( � A ( � = *&( � @ �#, ( � ( ?FA H = @ H @ : �R* � ?�: � �	� � � u

02 2 2 2 2 2 2 2 E ���
u 2 � � :DA %+�5� A % @ ? *&( � @ �#, ( � ( ?FA 1 % � * %C= ( � A % @ ?&? ( "+" ( H = @ H @ : �R* � ?�: � � � � � u

02 2 2 2 E ���
� 2+E @ � $ � �5� *&( � @I* ��� ( P *�� � @I* ��� (+* � � @I*&( � = , % *��0@.* % :BA =!% 1 � ��* � ?�:A" ( *&@ �5��% ? (

A =�� ?�: : @ =!� � 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E � �
� 2�� 3 >J@ = * = (5*&( : H @ : % A % @ ?�: * � ?�: �&? 1 " @ � *&( � @K(�� �O% ( ?KAB: � I � *&( A ��% "+" ( 4 × 4 2 2 E ���
� 2�� 3 ( : � �5� A =!%'� ( : 4×4

% ? * %'& � � ?FA." ( : * %	� � = ( ?FA ( :., � " ( � = : *&( ? % , ( � � �.*&( & � � ? �
A %=L �9� A % @ ? �&A % " % : �0( : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E �MN

� 2 N � � � ?FA %=L �9� A ( � = : �9� " ��%C= ( �&? %=: @ =!� ( �&A % " % : � H @ � = " � 1 � ? *&( EN2 2 2 2 2 2 2 2 2 2 E �MN
� 2 u � � � ?FA %=L �9� A ( � = : �9� " ��%C= ( �&? %=: @ =!� ( �&A % " % : � H @ � = " ( : 1 � ? *&( : i

� , ( � i 6= 1 2 2 2 E �Tu
� 2 � � � ? � =�� A % @ ? *&(.*&( � � % ? : @ =!�5� A % @ ?�: *&( 1'@ = * P H �M= A %C= *&()*&( � � %+�5��� ( : < ( �

�&=���� ( : H @ � = �&? GOP = 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E ���
� 2 � � ( = : @ =!�5� ? � ( : * � � @I*&( � = , % *��0@�* % :BA =!% 1 � � �&A % " % : � ?FA E @ � � % ? : @ =!�5� A % @ ?�:

*&( 1 @ = * � , ( � �&? ( : � & � ( ? � ( � @ = ( �5� ? � I � � / � � � � / �&? GOP = 3 ( A �&?
QP = 06 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E ���

� 2 � @ � $ � �5� *1> �&? � @I*&( � = , % *��0@ * % :DA =!% 1 � � �&A % " % : � ?KA�" � � I � ( A?" ( � @K*&( A!� = 1 @
H @ % ?�� @ ?&? � 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E � �

� 2 � � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � @ = ( �5� ? � I � � / E)u � �� , ( � �&? GOP = 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 EEN �
� 2+E � � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � @ = ( �5� ? � I � � / E)u � �� , ( � �&? GOP = 4 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 EEN �
� 2+ENE � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � @ = ( �5� ? � I � � / E)u � �� , ( � �&? GOP = 8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 EENME



� � � � 	
� 	�	 � ��� � 	�	 � � �

� 2+E � � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � @ = ( �5� ? � I � � / E)u � �� , ( � �&? GOP = 4 '&: ( �#" ( " � 1 � ? *&( E ( :DA � @I*��0(2( A *�� � @K*��0( 2 2 2 2 2 2 2 2 2 EEN �
� 2+E � I @K*&( � = P *�� � @I*&( � = A!� = 1'@ �&A % " % : � ?KA " �7� ( :!� = (,*&( � @ ? L � ? � (2* � ?�:D�&? : � $ � �5�

*&( � @K* ��� ( , % *��0@)* % :DA =!% 1 � � 2�2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 EEN N
� 2+EEN � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � @ = ( �5� ? � I � � / E)u

��� � , ( � �&? GOP = 2 2 � � ?�:?I * � � ( I / " ( A � � � *1>J( =D= ( � = ( :DA ( :DA %+� � H �M=� ( :!� = (R*&( � @ ? L � ? � ( 2 I * � � � � �&A % " % : ( " ( , =���% A � � � *1>J( =D= ( � = 2 2 2 2 2 2 2 2 2 EEN_u
� 2+E)u � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( I @ � :DA � � �M= * � I � � /

E)u � � � , ( � �&? GOP = 2 2�� � ?�: I * � � ( I / " ( A � � �.*1>J( =D= ( � = ( :DA ( :BA %+� � H �M=� ( :!� = (R*&( � @ ? L � ? � ( 2 I * � � � � �&A % " % : ( " ( , =���% A � � � *1>J( =D= ( � = 2 2 2 2 2 2 2 2 2 EEN_u
� 2+E � � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( @ @ �Q� ( = � I � � /8E)u � �� , ( � �&? GOP = 2 2 � � ?�:8I * � � ( I / " ( A � � �5*1>J( =D= ( � = ( :DA ( :BA %+� � H �M= � ( :!� = (

*&( � @ ? L � ? � ( 2 I * � � � � �&A % " % : ( " ( , =���% A � � � *1>J( =D= ( � = 2 2 2 2 2 2 2 2 2 2 2 2 2 EEN �
� 2+E � � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � � "+" ( @ ? % A @ = � I � � /

E)u � � � , ( � �&? GOP = 2 2�� � ?�: I * � � ( I / " ( A � � �.*1>J( =D= ( � = ( :DA ( :BA %+� � H �M=� ( :!� = (R*&( � @ ? L � ? � ( 2 I * � � � � �&A % " % : ( " ( , =���% A � � � *1>J( =D= ( � = 2 2 2 2 2 2 2 2 2 EEN �
� 2+E�� � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � @ = ( �5� ? � I � � / E)u � �� , ( � �&? GOP = 2 ( A E 1 % A P H � =!% @K*&( *&( H @ % ?�� @ ?&? ��� (5@ � � 1 % AB: P H � =!% @I*&(5*&(

H @ % ?�� @ ?&? ��� ( 2 3 ( A � � � *1>J( =D= ( � = ( :DA ( :DA %+� � H �M=4� ( :!� = (R*&( � @ ? L � ? � ( 2 2 2 2 EEN��
� 2+E � � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( I @ � :DA � � �M= * � I � � /#E)u

��� � , ( � �&? GOP = 2 ( A E 1 % A P H � =!% @I*&(2*&( H @ % ?�� @ ?&? ��� (R@ � � 1 % AB: P H � =!% @I*&(
*&( H @ % ?�� @ ?&? ��� ( 2 3 ( A � � � *1>J( =D= ( � = ( :DA ( :DA %+� � H �M= " �?� ( :!� = (R*&( � @ ? L � ? � ( 2 EEN��

� 2�� � � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( @ @ �Q� ( = � I � � /8E)u � �� , ( � �&? GOP = 2 ( A E 1 % A P H � =!% @K*&( *&( H @ % ?�� @ ?&? ��� (5@ � � 1 % AB: P H � =!% @I*&(5*&(
H @ % ?�� @ ?&? ��� ( 2 3 ( A � � � *1>J( =D= ( � = ( :DA ( :DA %+� � H �M= " � � ( :!� = (2*&( � @ ? L � ? � ( 2 2 2 EEN��

� 2�� E � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � � "+" ( @ ? % A @ = � I � � /#E)u
��� � , ( � �&? GOP = 2 ( A E 1 % A P H � =!% @I*&(2*&( H @ % ?�� @ ?&? ��� (R@ � � 1 % AB: P H � =!% @I*&(
*&( H @ % ?�� @ ?&? ��� ( 2 3 ( A � � � *1>J( =D= ( � = ( :DA ( :DA %+� � H �M= " �?� ( :!� = (R*&( � @ ? L � ? � ( 2 E)u �

� 2�� � � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � @ = ( �5� ? � I � � / E)u � �� , ( � �&? GOP = 2 ( A E 1 % A P H � =!% @K*&( *&( H @ % ?�� @ ?&? ��� (5@ � � 1 % AB: P H � =!% @I*&(5*&(
H @ % ?�� @ ?&? ��� ( 2 3 ( A � � � *1>J( =D= ( � = ( :DA ( :DA %+� � H �M= " � � ( :!� = (2*&( � @ ? L � ? � ( 2 2 2 E)u �

� 2���� � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � @ = ( �5� ? � I � � / E)u � �� , ( � �&? GOP = 2 ( A E 1 % A P H � =!% @K*&( *&( H @ % ?�� @ ?&? ��� (5@ � N 1 % AB: P H � =!% @I*&(5*&(
H @ % ?�� @ ?&? ��� ( 2 3 ( A � � � *1>J( =D= ( � = ( :DA ( :DA %+� � H �M=4� ( :!� = (R*&( � @ ? L � ? � ( 2M2 2 2 2 E)u E

� 2��MN � � � ?FA %=L �9� A ( � = : �9� " ��%C= ( �&? %=: @ =!� ( �&A % " % : � � , ( � � ? % , ( � � �-*&( & � � ?KA %=L �9� A % @ ? 2 E)u��
� 2��Tu � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � @ = ( �5� ? � I � � / E)u � �� , ( � �&? GOP = 2 /GE 1 % A P H � =!% @I*&(�*&( H @ % ?�� @ ?&? ��� (�@ � � 1 % AB: P H � =!% @I*&( *&(

H @ % ?�� @ ?&? ��� ( ( A �&? � @ ?FA = �*" ( *&(2*��O1 % A � � � @I* ��� (R@ � � � *�� � @I* ��� ( 2�2 2 2 2 2 E)u �
� 2���� � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( I @ � :DA � � �M= * � I � � /

E)u ��� � , ( � �&? GOP = 2 /ME 1 % A P H � =!% @I*&(7*&( H @ % ?�� @ ?&? ��� (7@ � � 1 % AB: P H � =!% @I*&(
*&( H @ % ?�� @ ?&? ��� ( ( A �&? � @ ?FA = �*" ( *&(R*��O1 % A � � � @I* ��� (R@ � � � *�� � @I* ��� ( 2�2 2 2 E)u#�

� 2���� � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( @ @ �Q� ( = � I � � /8E)u � �� , ( � �&? GOP = 2 /GE 1 % A P H � =!% @I*&(�*&( H @ % ?�� @ ?&? ��� (�@ � � 1 % AB: P H � =!% @I*&( *&(
H @ % ?�� @ ?&? ��� ( ( A �&? � @ ?FA = �*" ( *&(2*��O1 % A � � � @I* ��� (R@ � � � *�� � @I* ��� ( 2�2 2 2 2 2 E)u#�



� � N � � � � 	 � 	�	�� ��� � 	�	

� 2�� � � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � � "+" ( @ ? % A @ = � I � � /
E)u � � � , ( � �&? GOP = 2 /ME 1 % A P H � =!% @I*&(7*&( H @ % ?�� @ ?&? ��� (7@ � � 1 % AB: P H � =!% @K*&(
*&( H @ % ?�� @ ?&? ��� ( ( A �&? � @ ?FA = �*" ( *&(2*��O1 % A � � � @I* ��� (R@ � � � *�� � @I* ��� ( 2 2 2 2 E � �

� 2��#� � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � @ = ( �5� ? � I � � / E)u � �� , ( � �&? GOP = 2 / � 1 % AB: P H � =!% @K*&(O*&( H @ % ?�� @ ?&? ��� (O( A;�&? � @ ?FA = �*" ( *&(7*��O1 % A� � � @K* ��� ( 2;2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E � E
� 2�� � * � " ( � = : *&( :7? % , ( � � � *&( & � � ?KA %=L �9� A % @ ? *&( " � : � & � ( ? � ( � @ = ( �5� ? � I � � /JE)u

��� / @*1 A ( ?<� ( : � , ( � * %	� � = ( ?FA ( :., � " ( � = : *&( QP ( A *&( :;, �M=!% � ? � ( : σ2
i

�9� " � �#" �0( :� � � @K* ��� (5( A � � *�� � @K* ��� ( 2�2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E � �
� 2�� E � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � @ = ( �5� ? � I � � / E)u � �� , ( � �&? GOP = 2 / � 1 % AB: P H � =!% @K*&(O*&( H @ % ?�� @ ?&? ��� (O( A;�&? � @ ?FA = �*" ( *&(7*��O1 % A� � � @I* ��� ( 2 3 � , �M=!% � ? � ( σ2

i
�&A % " % : �0( � � *�� � @I*&( � = A!� = 1'@�( :DA *�� A ( =!��% ? �0(+( ?

$ @ = : � " %+� ? ( 2�2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E ���
� 2�� � � � :!�#"CA � AB: *&( : %+� �#" � A % @ ? H @ � = I * � *&( " � : � & � ( ? � ( � @ = ( �5� ? � I � � / E)u � �� , ( � �&? GOP = 2 / � 1 % AB: P H � =!% @K*&(O*&( H @ % ?�� @ ?&? ��� (O( A;�&? � @ ?FA = �*" ( *&(7*��O1 % A� � � @I* ��� ( 2 3 � , �M=!% � ? � ( σ2

i
�&A % " % : �0( � � *�� � @I*&( � = A!� = 1'@�( :DA *�� A ( =!��% ? �0(+( ?

" %+� ? ( 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E �MN
� 2���� � ( = : @ =!� ? � ( : *��O1 % A � * % :DA @ = : % @ ? *&( I * � � , ( � GOP = 2 ( A *&( : � @K*&( � = � ���MN

( ? � @I*&( � ?FA =�� ( A � ?KA ( = > � � � / GOP = 16 B ' > � B : � & � ( ? � ( � @ = ( �5� ? � I � �
E)u ��� / > 1 B : � & � ( ? � ( � @ = ( �5� ? � I � � � � � � / > � B : � & � ( ? � ( � � "+" ( @ ? % A @ =
� I � � E)u � �R( A > * B : � & � ( ? � ( � � "+" ( @ ? % A @ = � I � � � � � � 2 2 2 2 2 2 2 2 2 2 E �Tu

� 2��MN � ( = : @ =!� ? � ( : *��O1 % A � * % :DA @ = : % @ ? *&( I * � � , ( � GOP = 2 ( A *&( : � @K*&( � = � ���MN
( ? � @K*&( � ?FA =�� ( A � ?FA ( = > � � � / GOP = 16 B ' > � B : � & � ( ? � ( @ � " ( : �5� ? � I � �
� � ��� / > 1 B : � & � ( ? � ( ( @ A!$ ( =5� ? * � � � � $FA ( = � I � � / � � ��� / > � B : � & � ( ? � (
� � % � @ � I � � � � � �5( A > * B : � & � ( ? � ( I �M= H $ @ ? ( � I � � � � � � 2J2 2 2 2 2 2 2 2 E ���

� 2��Tu � ( = : @ =!� ? � ( : *��O1 % A � * % :DA @ = : % @ ? *&( I * � � , ( � GOP = 2 ( A *&( : � @K*&( � = � ���MN
( ? � @I*&( � ?FA =�� ( A � ?KA ( = > � � � / GOP = 16 B ' > � B : � & � ( ? � ( � � "+" ( @ ? % A @ =
I � � � � � � / > 1 B : � & � ( ? � ( � " @��L( = I � � / � � � � 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E ���

� 2���� � ( = : @ =!�5� ? � ( : * � � @I*&( � = , % *��0@4* % :DA =!% 1 � �+*&( " � : � & � ( ? � ( � @ = ( �5� ? � I � � /
E)u � � � , ( � �&? GOP = 2 ( ? H = � : ( ? � (L*1> �&? 1 = � % A 2 3 ( : 1 % AB: *&( H �M=!% A � = ( A ( ?H��:
H � :B: ( ?FA * � ?�: �&? �9� ? � " I � @ � , ( � �&? ( H = @*1 � 1 % " % A �5*&( A =�� ?�: % A % @ ? q 2 2 2 2 2 E � �

� 2+E � �#( � H " ( *1> �&? � @I*&( � = � @ ?H, @ "+�&A % @ ?&? ( " = � � � = : %=: : � :BA � �5� A %'& � ( R = 1/2 / K = 3 2 E �ku
� 2�� � % ��� =������ ( ( ?-A = ( % "+" % : *&( " � LM� � = ( � 2+EN2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 E ���





� ����#$� �

3 ( � @I* ��� ( *&( : @ � =)� ( : * % :DA =!% 1 � �0( : � @ ? � ( = ? ( " ( �9� : *&( : %+� ? � � � : @ = A ( � ( ?KA � @ =D= � " � : & � (
" >J@ ? � @I*&( : � H �M= � � ( ?KA ( A *�� � @K*&( � @ ?�� @ % ?KA ( � ( ?FA 2 I ( � ( ? = (5*&( A ( � $&? %'& � ( H ( �&A7: > � H&H " %'& � ( =
P *&( : = � : ( � � ��*&( �9� H A ( � = : �5��% : � �<� " ( � ( ?FA � � � @K* ��� ( , % *��0@ 2 � ? H �M= A %'� �#" % ( = / " ( � @I* ��� (
*&( : @ � =)� ( : * % :BA =!% 1 � �0( : � � A � = � � ( ��� ( ?FA � A!� * % � � @ ��� ( : @ "+�&A % @ ? H @ A ( ?FA % ( "+" ( H @ � = " �?� @ � �
H = ( :B: % @ ? *&( " > % ? : @ =!�5� A % @ ? * � ?�: *&( : � H&H " %'�9� A % @ ?�: ( � %+� ( � ?FA *&( : ( ? � @K*&( � = :8: %+� H " ( : 2 � > �&?
H @ % ?FA *&( ,H� ( A!$ �0@ =!%'& � ( / " ( � @I* ��� (R*&( : @ � =)� ( : * % :DA =!% 1 � �0( : : > � H&H � % ( H =!% ? �O% H � " ( � ( ?KAR:!� = " (
A!$ �0@ =)6O� (5*&( @ " ( H % � ? � � @ " : � A � 1 " % ( ? E ��� � 2

� � ?�: � ( ADA ( A!$ 6 : ( / ? @ ��: ? @ ��: % ?KA � = ( :B: @ ?�: � � : � $ � �5� *&( � @I* ��� (G*&( : @ � =)� ( : * % :DA =!% �
1 � �0( :?�&A % " % : � ?FA?" ( : � @K*&( : A!� = 1'@ H @ % ?�� @ ?&? � : 2 � � ?�: � ( � @ ?KA ( � A ( / H @ � =?��� � " % @ = ( = " ( : H ( =��: @ =!�5� ? � ( : *��O1 % A � * % :DA @ = : % @ ? / ? @ ��: H = @ H @ : @ ?�: *1> �&A % " % : ( = " � & � � ?KA %=L �9� A % @ ? � @I*��0( H �M= A = ( % "+" % : 2
i @ ��: � @ ?�: % *�� = @ ?�: � �<� " ( � ( ?KA " ( : H = @*1 " 6O� ( : *&( � @I* ��� ( � , ( �K% ? : @ =!�5� A % @ ? *&(K1 @ = * *&( A = @ % :
: @ � =)� ( : 1 % ? ��%C= ( : @ � � � ��:B: % ( ?&? ( : 2 3 ( :4" %+��% A ( :6A!$ �0@ =!%'& � ( : *&( � ( : H = @*1 " 6O� ( :O: @ ?FA *�� =!% , �0( : 2
� ( :R: � $ � �5� : *&( ��% : ()( ? 3K�#, = ( : @ ?FA H = @ H @ : � : ( A *&( : = � :!�#"CA � AB: *&( : %+� �#" � A % @ ? : @ ?KA H = � �
: ( ?KA � : ( A � ? � " � : � : H @ � = * %	� � = ( ?FA ( : , � " ( � = : *&( � @ =D= � " � A % @ ? 2 � ? L ? / ? @ ��: *�� , ( " @ H&H @ ?�: ( A%+� H " � � ( ?FA @ ?�:��&? : � $ � �5� *&( � @I* ��� ( , % *��0@ * % :DA =!% 1 � �-* � ?�:�" (-*&@ �5��% ? ( A =�� ?�: : @ =!� � 2 � ?
H �M= A %'� �#" % ( = / �&? ( � H&H = @ � $ (5*1>J@ H A %+��% : � A % @ ? *��O1 % A � * % :DA @ = : % @ ? ( :BA H = @ H @ : �0( 2
� �	� ��� � � �

� % :DA =!% 1 �&A (0* : @ � =)� ( � @I* % ? �?% : �7� ( ? ( =�� " : =���� ( �L@ = � � $ %'� $ � H&H " % ( :QA @ $ %+� $#" � � @ =D= ( " � A (0*
: %+� ? � ";:LA!$ � A �M= ( � @I*&(0* : ( H �M=�� A ( " � � ? * *&( � @I*&(0* � @ % ?KA!" � 2 � $ % : : =���� ( �"@ = ��� H&H " % ( :LA @ : ( ?�: @ =
? ( A �L@ = � : 1 �&A � ";: @ A @ , % *&(0@ � @ � H = ( :B: % @ ? 2 � ? A!$ ( " � ADA ( = � H&H " %'�9� A % @ ? / A!$ ( � @ A % , � A % @ ? % :OA @
= (0* � � ( A!$ ( � @ � H " ( � % A �.@ : A!$ (7( ? � @I*&( = / � A�A!$ (O( � H ( ?�: (6@ :�� ? % ? �E= ( � : (7@ :J� @ � H " ( � % A �.@ : A!$ (
*&( � @I*&( = 2 �&= @ ��� A!$ (0@ = ( A %'�9� " H @ % ?FA @ : , % ( � / * % :DA =!% 1 �&A (0* : @ � =)� ( � @K* % ? �(L ? * : % AB: : @ �&? * � A % @ ?�:
H =!% ? �O% H � "+" � % ? A!$ ( @ " ( H % � ? ��� @ " : A!$ (0@ = ( � ( :BA � 1 " % :!$ (0* % ? E ��� � 2

� ? A!$ % : A!$ ( : % : / �L( : @ � ��: @ ? A!$ (G*&( : %+� ? @ : * % :BA =!% 1 �&A (0* : @ � =)� ( � @I* % ? � : ( A � � H ��: % ? �
H �&? � A!� = (0* A!� = 1'@ � @K*&( : 2 � ? A!$ % : � @ ?FA ( � A / A @ %+� H = @ , ( A!$ ( =�� A ( � * % :DA @ = A % @ ? H ( = : @ =!�5� ? � ( /
�"( H = @ H @ : ( A @ ��: ( A!$ ( A = ( "+" % : �0� @K*&(0* & � � ?FA % � � A % @ ? 2 � ( � ";: @ � @ ?�: % *&( = A!$ ( H = @*1 " ( � : @ :� @I* % ? � � % A!$ : % *&( % ? : @ =!�5� A % @ ? @ : A!$ = (0( 1 % ? �M= �-@ = � � ��: : % � ? : @ � =)� ( : 2 � $ ( =�� A ( 1 @ �&? * : : @ =
A!$ ( : ( H = @*1 " ( � : �M= (5*&( =!% , (0* 2 � =��*� A %'�9� "�: @ "+�&A % @ ?�: �M= ( H = @ , % *&(0* � ? * : %+� �#" � A % @ ? = ( :)�#"CAB: �M= (
H = ( : ( ?KA (0* � ? * � ? � " � � (0* : @ = * %	� ( = ( ?KA ��� @ �&?FAB: @ :A� @ =D= ( " � A % @ ? 2 � % ? � "+" � / �L( *&( , ( " @ H � ? *%+� H " ( � ( ?FA * % :DA =!% 1 �&A (0* , % *&(0@ � @K* % ? � : @ "+�&A % @ ?�: % ?�A!$ ( A =�� ?�: : @ =!� *&@ �5��% ? 2 � ? H �M= A %'� �#" �M= / �=�� A ( � * % :DA @ = A % @ ? @ H A %+��% � � A % @ ? � H&H = @ �*� $ % : H = @ H @ : (0* 2


