
University of Oslo
Department of Informatics

Dynamic
Modification of
Transaction
Isolation in the
Apotram
Transaction Model

Espen Sommerfelt

Siv Ing Thesis

August 2001

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NORA - Norwegian Open Research Archives

https://core.ac.uk/display/30812841?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1




���������
	��
�

�����������������������
 "!#�%$&���#$&��'��(�)$"*����� ��+*,�
���
���-�������.�+��!,�/!#�
0102'&$��)*435*����+*
*����6*7���
 ��8*7���
$��
9;:=<?>A@CB����%BD����*����#�E�+����$��
*E��'��)*7�
��9)�6FG�%�H!#����*7�
��$I�
B�B&9���!#�+*7�)�%$
 &�%0J�+��$���KHL(��BM�#!��N�
9)9)3%O�9)�%$�P+QR9N�
�S*7�)$�PT�
$� 1��$&FG�%��0J�U*7���
$/�����
����$�P"*7���
$��7�+!�*7�)�%$��
�+���V$��
*J�
 ��#WX'��U*7�#983Y��'�B�BM�%�S*7�# ZK\[]�_^%�#���
9=�_`;*7��$� ��# a*��7�
$����
!�*����%$b01�; ���9��
����^
�1�M�#��$cB����#���#$�*7�� d*7�e ��.�+9Efg�8*7�h*7�������I�����
��*7!��%0I��$�P%��K�ij�
$�3h�
F?*����#���
0I�; ��#9)�? ��/*7�&���6��3k���#9N�
`&�)$�Pl*����m�����%9N�+*����%$1B����
BD����*43%KE:�BD�
*��7�
0VO;B��������#$�*��# 
��3jn59��lo
p%��P%�#$j:q$&r�$& �����$sOZ�)�=�
$��t��'�!,�u0I�] ���9vK->R*5�+9�9���fg��*7���
$����
!�*����%$��g*7�
!�'���*��%0I��w#��*7�������x &�#P%���#�g�
Fy�����%9N�U*7���
$sKz�������H�)�(�
!,���)��^
�# I�X3l��$�*7���] &'�!#�)$�Pq*4f��
0I�#!,���
$�����01��Os{&|
}�|
~J�_�4�_}��8�U����|;�,�,�,�,��~J�#�;�,�J�
$� Y�Z�,�_�4���u��|
�R|��,|U���,�_K�:qBM�+Q
*��7�
0����#WX'������#�H*��7�
$����
!�*����%$&��*7�m�M���
�&9���*��50I�] ��8F�3m*7�������� ��#P%���#���
Fy�)���%9��+*7�)�%$
 ]3]$��
01�)!.�
9)9)3
K������)�6���?�
!,���)��^%�� e�X3��
9�9)��fg��$�PT*7���
$��7�+!�*7�)�%$��?*��20I�] ��8F�3/*7�������
�+�����;!#���+*7�� �B��
���
0I��*7�����)w#�# h�+!#!#�����m0I�] &�#�#KT�����)�q*7�&�#���)�m�
$��+9)3;w#���q*7���/!��%$]Q
���#WX'���$�!#���=�+Fs*7���)�����#WX'��)���#0I�#$�*g�+$� �BM�%��$�*7�-�%'&*�fg���#$�*����#���50I�] ��8r�!.�U*7���
$��
�)$�*7���; �'�!���!#�
$&����!_*7��K��x������*#O(B��
�7�+01�_*7�#�/0I�; ��)r�!#�+*7�)�%$c�)�/�
$��+9)3;w#�� Y�)$d*7���
!��%$�*7��`]*J�
FmB��+�7�
0I��*��#���)w#�� ��
!�!#�#����0I�] ����1�
$�9)3
O?*7����$�*7�&����$�*��#P%���+*7�)�%$b�+F
�+!#!#�����g0I�] ������
$� e$�����*��# V ��+*,�+���
���������6�)$�^%�#�S*7�)P��+*7�� sKE��'���*����#��01�
���
O&�/����*
�+FT��*7���+*7��P%�����JFG�%�1���#���%9)^;�)$�P��
$� ��.^
�%�� ��)$�Pd!��%$&���)!�*7���
�����)$�*7���; �'�!��# ��
$& 
 &����!�'������# sK

�



�



�I���������	��
���
�
���
��D�
�

�����������������! "�#�$�%���������"�#&�'��(�)�#���%*+�),.-��/ #�#�0�/1324&�165$1)1)�7�!,8��2:9� "�#�$�<;�=?>�@�ACB8D�@�*��!EF ��%�
�),	GH,I2:9� #���/�#��J%�K�/�L�#�$�NML�!-��/ #�#�7�!,8�O9/2�GP,I2Q9� #���/�#��J%�SRUTV,��)WX�! ��#�)�PY	9/2�ZL�#1�9\[:T]�?ZK^`_
���$�Na�9� #b\9�,	�#�����O�#�$�%�#���ca"���O*�9�,$�N-��/ #�#1)Yd�/�K�#�$�NMc�!-��/ #�#�7�!,��<9/2�GP,I2Q9� #���/�#��J%�
�/,$*e�),e�#�$�OJ%9�,����`fI�V9/2��#�$�Og$9� # ��%���]-� �9/h#�%J!�V�/�Li8&�,kjl��J! �9F�#YI�#���!�7�nmo�/'U9� p�/��9� #���%�
[�i8&�,$mo�/'$�C^`R$j	9�&�,��p�/�),lqV���!aORsr��/1)�62Q9� #,��0�I_

Gta�9�&�1�*.�%�#-3�%J!�0�/1)1)Y(1)�)bX�]��9K�#���/,�b(�uY���*IWv����9� SR�ZV1��]wXx� #EX�!,+yV,I5$,$*����!,72Q9� z�����
EF&���*$�/,$J%�{�/,$*|�$�!1)-}�#�� �9�&�EF�$9�&��(�#�$�.a~�$9�1��.-� �98J%�%�p�S_d�V�+�/1���9\�%�#�p�/'�1)���#�$�%*��#�$�
J%9�,��p��J!�La~�)�#�ljl��J�bewX9� �*$�/,d�/�Li8&�,$mo�/'$�La~����J��l ��%�#&�1)���%*k�),k�uY{�!�(-�1�9SYv�7�!,��O���
�#�#&$*��!,��<�),����! #,}�/�Ni8&�,$mo�/'$�N�/,$*��#�$���`fv-U�! #���!,$J%��9/2~�#�$���`f�J!�)�#�),�El�!,8W8�) �9�,��7�!,8�
9/2"i8�)1)��J%9�,lq��/1)1��!YX_LG�a�9�&�1�*d�/1���9�1)�)bX�u��9��#���/,�bkjk��JpbkwX9� �*$�/,	2Q9� ]���) #�),�E.�7���/,$*
mo�/&� ��!,���MK�%Yv,$�%���/�"i8&�,$mo�/'$��2Q9� zW��/1)&��/'�1��V*I����J!&$���#��9�,$��*I&� #�),�Eu�uY7�!�(-�1�9�Y8�7�!,8�S_

gt�),��/1)1)YXR��),I5$,��)���K�#���/,�bI�n��9(j\�/ #�0�/,�,$�c2:9� L�/1)1��$�! n1�9SWX�u�/,$*k�#&�-�-39� #�S_

�



�



� ���������	��


� 
���������������������� � �
! _ ! GH,��# �9v*I&$J!�#��9�,�_u_K_O_O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ !�!
! _#" $~��J�bvEF �9�&�,$*{�),I2Q9� #���/�#��9�, _O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ !�!

! _#"I_ ! yV,	ZVWX�! #W8���!a 9/2��o p�/,$�p��J!�#��9�,$� _O_O_K_u_K_O_K_O_O_K_O_K_u_ !�!
! _#"I_#" m��)�(�)�p�/�#��9�,$�L9/2zr�10���p�#��JS�/1o�� p�/,$�C��J!�#��9�,$�}_K_O_K_O_O_K_O_K_u_ ! "
! _#"I_ � ���$�OyV-39��# p�/� �� p�/,$�p��J!�#��9�,	jl9v*��!1	_K_u_K_O_K_O_O_K_O_K_u_ ! "
! _#"I_ � ���$�<r"9�,8�# #�)'�&��#��9�,$�L9/2��#�����n���$�%�#��� _K_u_K_O_K_O_O_K_O_K_u_ !��

! _ � ���$�<i8�# #&$J!�#&� ��<9/2t�#�$�K���$�%����� _u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ ! �

! _ � i8&��(���/ #Y _K_u_K_O_O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ ! �

% &'��()��*�(+�������,�-* �/.
"I_ ! GH,��# �9v*I&$J!�#��9�,�_u_K_O_O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ !S�
"I_#" g�&�,$*$�/�7�!,8�p�/110z �9�-3�! #�#���%�V9/2��o p�/,$�p��J!�#��9�,$� _K_u_K_O_K_O_O_K_O_K_u_ ! �

"I_#"I_ ! y���9��(��J!�)�PY _O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ !�2
"I_#"I_#" r"9�,$�#���#���!,$J!Y _K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ !�3
"I_#"I_ � G ��9�10�/�#��9�, _O_O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ !�4
"I_#"I_ � ML&� p�/'��)1)�)�PY _O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ !�4

"I_ � r"9�,$J!&� # ��!,$J!Ylr"9�,8�# �9�1l_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ !�4
"I_ � _ ! 0  �9�'�1��!�7�V�),��# �9v*I&$J%�%*{'8Y.J%9�,$J!&� # ��!,$J!Y _K_O_K_O_O_K_O_K_u_5"�6
"I_ � _#" r"9�,/7$��J!�#�),�E+ZV-U�! p�/�#��9�,$��_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_5" �

"I_ � iv�! #�0�/1)�98��/'��)1)�)�HYk���$�%9� #Yk_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_5" �
"I_ �$_ ! qL���!a iv�! #�0�/1)�98��/'��)1)�)�PY _K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_5" �

"I_ � : ,I2Q9� �J!�),�E+iv�! #�0�/1)�98��/'��)1)�)�HY _O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_5" 2
"I_ � _ ! ivJ��$�%*I&�1��! ���_O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_5" 2
"I_ � _#" ���$�O�oa�9�;<0 ��������m�9vJ�bv�),�E=0  �9���9vJ%9�1._K_u_K_O_K_O_O_K_O_K_u_5" 2

"I_ � > �%J%9SWX�! p�/'��)1)�)�PY _K_O_O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ � 6
"I_ � _ ! 0  �9�-U�! #�#���%�V9/2 �� p�/,$�C��J!�#��9�,l�V���#��9� #���%� _u_K_O_K_O_O_K_O_K_u_ � "
"I_ � _#" > �!10�/�#��9�,$�����)-$�n'U�!�Pa��%�!,	J!10�������%�n9/2������#��9� #���%� _O_O_K_O_K_u_ � �

"I_ 2 i8&��(���/ #Y _K_u_K_O_O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ � �

? &'��()��*�(+�������,�A@B���1CED�* ?GF
� _ ! GH,��# �9v*I&$J!�#��9�,�_u_K_O_O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ �H2
� _#" �o p�/,$�p��J!�#��9�,lj	98*��!1���_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ �H2

2



� _ � gt10�/�~�# p�/,$�p��J!�#��9�,$� _K_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ �H2
� _ � : fI���!,$*��%*{�� p�/,$�C��J!�#��9�,lj	98*��!1�� _K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ ��3
� _ � m�9�,�E ;Pm��)WX�%*l�� p�/,$�p��J!�#��9�,$��_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ � !
� _ � iI�/E���� _O_K_O_K_O_u_K_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ � !
� _ 2 i8-��$�! ��%�]9/2�r"9�,��# �9�1 _O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ � "
� _ 3 �L�%�#���%*e�� p�/,$�p��J!�#��9�,$� _K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ � �

� _ 3 _ ! GP,8�# �98*I&$J!�#��9�,l_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ � �

� _ 3 _#" Mc�`5$,��)�#��9�,l9/2 �#�$���V�%�#�#�),�E��#�# #&$J!�#&� �� _K_O_K_u_K_O_O_K_O_K_ � �

� _ 3 _ � 0t�/ p�/1)1��!1)����� _O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ � �

� _ 4 MLY8,��/�(��J > �%�#�# #&$J!�#&� #�),�E�9/2 �� p�/,$�C��J!�#��9�,$�n_O_O_K_O_K_u_K_O_O_K_O_K_ � 2
� _ ! 6 i8&��(���/ #Y _O_K_O_u_K_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ � 4

� ��� � ��� (�� .��
�$_ ! GH,��# �9v*I&$J!�#��9�,�_K_O_u_K_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ �/!
�$_#" 0��/ p�/�7�!���! #�98S�%*ly~J%J%�%���]jl9v*��%� _K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ � "

�$_#"I_ ! r"9�,$*I�)�#��9�,��/1�r"9�,/7$��J!�Kiv�! #�0�/1)�98��/'��)1)�)�PY|[�r~r~i > ^ _O_O_K_O_K_ ���
�$_#"I_#" r~r~i > �/,$*lr"9� # ��%J!�#,$�%�p��_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ � �

�$_#"I_ � > �!10�/�#��9�,$�#���)-d9/2nr~r~i > ��9��#�$�N�o p��*I�)�#��9�,��/1��� p�/,$�p��J!�#��9�,
r�10�������%�~_O_u_K_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ �F�

�$_#"I_ � : ,I2Q9� �J!�),�E.r~r~i > _K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ �F�
�$_#"I_ � : f$�/�(-�1��<ivJ%�!,��/ #��97_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ �H2

�$_ � �L�%�#���%*eMK�/�p�/'������%�+_K_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ �H2
�$_ � _ ! �V�%�����%*kr"9�,/7$��J!�civ�! #�0�/1)�98��/'��)1)�)�PY|[	�Kr~i > ^�_K_u_K_O_O_K_O_K_ ��4
�$_ � _#" GP�(-�1��!�7�!,8�p�/�#��9�,	9/2
�L�%�#���%*eMK�/�p�/'������%� _O_K_u_K_O_O_K_O_K_ ��4
�$_ � _ � : ,I2Q9� �J!�),�E��cr~i > _K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ � 6
�$_ � _ � : f$�/�(-�1��<ivJ%�!,��/ #��97_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ �/!

�$_ � GH,����!EF p�/�#�),�E��Kr~i > �/,$*kr~r~i >
� �Kr~r~i > _O_O_K_O_K_u_K_O_O_K_O_K_ �/!
�$_ � i8&��(���/ #Y _O_K_O_u_K_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ � "

. �����-(������ @ ���1�����H(/�����,� ��� 
�*���D (/������� �,?
� _ ! GH,��# �9v*I&$J!�#��9�,�_K_O_u_K_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ ���
� _#" MLY8,��/�(��Jujl9v*I�65�JS�/�#��9�,k9/2 GH��9�10�/�#��9�, _O_K_O_O_K_O_K_u_K_O_O_K_O_K_ ���
� _ � ivJ%9�-U�K9/2�0��/ p�/�7�!���! �� _K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ � �

� _ � MLY8,��/�(��Jujl9v*I�65�JS�/�#��9�,k9/2 0t�/ p�/�7�!���! ��V�),	r~r~i > _K_u_K_O_O_K_O_K_ � �

� _ �$_ ! jl9v*I�65�JS�/�#��9�,k9/2 > �S��* 0��/ p�/�7�!���! �� _O_K_O_K_u_K_O_O_K_O_K_ � �

� _ �$_#" jl9v*I�65�JS�/�#��9�,k9/2��d #�)��� 0��/ p�/�7�!���! ��k_O_K_O_K_u_K_O_O_K_O_K_ ��4
� _ �$_ � jl�%Jp���/,����#�7�~2Q9� nMc�S�/1)�),�E7a~�)�#� > �%�#&�1)�#�),�E.r"9�,/7$��J!��� _O_K_ 2 6
� _ �$_ � i8&��(���/ #Y _K_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ 2 3

� _ � GH,����!EF p�/�#�),�E 0��/ p�/�7�!���! #�98S�%* y~J%J%�%���+jl9v*��%�e�/,$*��L�%�#���%* MK�/�p� ;
'������%�u[	�Kr~r~i > ^	_u_K_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ 2 4
� _ � _ ! �V�%�����%*eMc�/�p�/'����p� 0t�/ p�/�7�!���! �� _K_O_O_K_O_K_u_K_O_O_K_O_K_ 2 4
� _ � _#" 0t�/ p�/�7�!���! #�98S�%*	y~J%J%�%���L�/,$*��V�%�#���%*kMc�/�p�/'����p�%�K_O_O_K_O_K_ 3/!
� _ � _ � qV���!a 9/2�-��/ p�/�7�!���! ��V'�Y. ��S��*I�),�E�Wv���#�)��9� ��]�/,$*{9�'$���! #WX�! ��\_ 3/!
� _ � _ � y],��/1)YI�#���~9/2 : fI-�1)��J!�)�Vj	98*I�65�JS�/�#��9�,k9/2 0��/ p�/�7�!���! �� _K_O_K_ 3��

3



� _ � _ � y WX9���*I�),�E.�/,$*eMc�S�/1)�),�E7a~�)�#�	r"9�,/7$��J!���V�), �cr~r~i > _O_K_u_ 3 �

� _ � _ � i8&��(���/ #Y _O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ 3 �

� _ � i8&��(���/ #Y _K_u_K_O_O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ 3H2
� � �,�-� D ��*�������* ()�-��� �����-� C�� �,��� �
	

� _ ! GH,��# �9v*I&$J!�#��9�,�_u_K_O_O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ 3�4
� _#" : WF�/1)&��/�#��9�,l9/2 > �%��&�1)���u_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ 3�4
� _ � r"9�,8�# #�)'�&��#��9�,$�L9/2��#�����n���$�%�#��� _u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ 4 6
� _ � 0t9F���#�)'�1��Og$&��#&� �� ��9� #b{_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ 4/!

� _ �$_ ! GH,����!EF p�/�#��9�,l9/2 yV-39��# p�/� �/,$*	i8-�1)�)���/wX9��),\ZV-U�! p�/�#��9�,$� _u_ 4/!
� _ �$_#" r�������i8�#&$*IY	EF�)W8�),�Ek� 0  p��J!�#��JS�/1 : f$�/�(-�1��(9/2 0��/ p�/�7�!���! 

j	98*I�65�JS�/�#��9�, _O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ 4/!

 ��* � ����� ��������C * 	 ?
� ����D � ��� ��( ��� � 	,.

4



! 6



� �������	��
 �


 ������������� ����� �

����� �����! #"%$	&(')�+*,"��
�������]J����/-����! LEF�)WX�%�L��9��7�O'� #���`2 '���J�bvEF �9�&�,$*l�),I2:9� #���/�#��9�,\9�,k�# p�/,$�p��J!�#��9�,$��R�1)�)� ;
�)�p�/�#��9�,$�V9/2 �# p��*I�)�#��9�,��/1��# p�/,$�p��J!�#��9�,$�SRU�/,$*{�#�$�<y]-U9��# p�/� �# p�/,$�p��J!�#��9�,\�79v*��!1�_~GP�
�/1���9N�`fv-�10�/�),$�~a~���/�]-� �9�'�1��!� �#�����~�#�$�%�#���]��*�*I ��%���p�%�n�/,$*+EF�)WX�%�]��-� ��%���!,��p�/�#��9�,	9/2
�#�$�K�#�# #&$J!�#&� ��u9/2��#�$�c�#�$�%�#���S_

���.- /10�'+2%34 #"�&	�($5*,�	67"� #890:�+*,"��
;=<?>@<A; �d��BDCo
X�ECGF�
$� �)H(I?�
	����#	��
�EFP�o���
�� p�/,$�p��J!�#��9�,$��JS�/,.'3�]�#�$9�&�EF����9/2 ���"�O&�,��)�"9/2o9�-U�! p�/�#��9�,$���#���/��*��`5$,$�c�/,.�/��9��(��J
��J!�#��9�,�_ky �# p�/,$�p��J!�#��9�,}JS�/,|'U�7'U�!EF&�,�R �/,$*|�#�$�!, J%9��(-�1��!���%*|'8Y|�!�)�#�$�! (�/'39� #� ;
�),�Ek9� uJ%9��(�(�)�#�#�),�Ek�)�S_.GP2"�#�$�(�# p�/,$�C��J!�#��9�,|���u�/'U9� #���%*��#�$�!,��)�u���<���K�62~�)�O,$�!WX�! 
����* �p�/bX�!,�-�10��J%�F_ �o p�/,$�p��J!�#��9�,$�.-� �9SWv��*��KJ�L�BMJONQPRP,S`BMJ7TUJ,L�B!VWPXLZYu�/,$*[PXSXJ�L�>\S]P]TF_
r"9�,$J!&� # ��!,$J!Y J%9�,��# �9�1K�����#&� ��%��J%9�,$J!&� # ��!,8�.�`f��%J!&��#��9�, 9/2K�# p�/,$�p��J!�#��9�,$��a~�)�#�$9�&��
�),��# �9v*I&$J!�),�E��),$J%9�,$�����#���!,$J!���%�S_ ��������EF�)WX�%�e�d #&�,�,��),�E��# p�/,$�p��J!�#��9�, �#�$�l�)1)1)&$�#��9�,
�#���/�n�)�~�����~�#�$�Ka~�$9�1��O��Yv�#���!� ��9N�)���p�!162 _

> �%J%9�WX�! #Yk�����#&� ��%�V�#���/�]�62��(�# p�/,$�C��J!�#��9�,	*�9v�%�n,$9��c�#&$J%J%�%�%*e2Q9� V�p9��7�O ��S����9�,
[:�F_ E$_X���/ �*Ia"�/ ��L9� ��p9/24�Ha"�/ ��]2Q�/�)1)&� ���^ �#�$�!,��#�$�]*$�/�p�/'����p�n���� ��%�#��9� ��%*7��9��KJ%9�,$�#���#� ;
�!,��n�#�p�/���KJ!1�9F���c��9N�#�$�c-U9��),��V9/2o2��/�)1)&� ��F_z����&$�SRs�<2Q�/�)1)&� ��K�#�$9�&�1�*+,$�!WX�! ]1��S�%WX�K�#�$�
*$�/�p�/'������K�),k�/,{�),$J%9�,$�#�������!,��V���p�/���F_

�� p��*I�)�#��9�,��/1)1)YXR8�# p�/,$�p��J!�#��9�,��/ ����`fI-3�%J!���%*N��9c���SWX�"2:9�&� �-� �9�-U�! #�#���%�SR�JS�/1)1��%*N�#�$�
^`_ AXa -� �9�-3�! #�#���%�	bdcL p� 3/! R�� > 3��fe _ $" #��� 7$Ye�`fv-�10�/�),$�%*�R��#�$�!Y{�/ �� �
y���9��(��J!�)�PYU_ : �)�#�$�! <�/1)1�9�-U�! p�/�#��9�,$�O9/2n�.�# p�/,$�p��J!�#��9�, �/ ��(�`f��%J!&����%*�9� K,$9�,$���/�

�/1)1�_

r"9�,$�#���#���!,$J!YU_|y �# p�/,$�p��J!�#��9�, �u&$�#�N'U�.J%9� # ��%J!�SR���_ �F_��p�/bX�.�#�$�.*$�/�p�/'����p�.24 �9��
9�,$�OJ%9�,$�#�������!,��]�#�p�/���O��97�/,$9��#�$�! S_

!�!



G ��9�10�/�#��9�,�_"y �# p�/,$�C��J!�#��9�,	�#�$9�&�1�*{,$9��]'U�u�/'�1��K��97 ��S��*{�),����! #�7�%*I�0�/���� ��%�#&�1)���]9/2
9��#�$�! n�# p�/,$�p��J!�#��9�,$�S_

ML&� p�/'��)1)�)�HY3_NZV,$J%��J%9��(-�1��!���%*�R��#�$�< ��%��&�1)���K9/2��#�$���# p�/,$�p��J!�#��9�,|�/ ���-3�! #���/,$�!,8�
�),{�#�$�O*$�/�p�/'������O�!WX�!,k�),{�#-��)���O9/2z�/,�Y.10�/���! ~2Q�/�)1)&� ��%��_

;=< >@<?> � FH� FG��	]� FP�o�����)H��+�G	��.�\F �%	�� I?�
	����#	��
� F��o���
���$� 7s�/�]�# p�/,$�p��J!�#��9�,{�79v*��!1�a"���V*��%�#�)EF,$�%*+2Q9� n�#�$9� #�n�),$*��!-U�!,$*��!,��]�# p�/,$�C��J!�#��9�,$�
�#���/�"-3�! 2Q9� #� ���)�(-�1��V�#�p�/���V�# p�/,$� 2Q9� #���/�#��9�,$�S_ �L9Sa��!WX�! SR�J%�! #�p�/�),e�/-�-�1)��JS�/�#��9�,e*�9�;
���/�),$�"���%WX�K�O'3�!���SW8��9� "a~����J��eJS�/,.,$9���'U�V��*����8&��/���!1)Y��#&�-�-U9� #���%*�'�Y 7s�/�"�# p�/,$� ;
��J!�#��9�,$�S_ : f��/�(-�1��%�V9/2���&$J��l�/-�-�1)��JS�/�#��9�,	*�9����/�),$�]�/ ��<r"yLM �Fr"yLj�R�9���J%�u�/&���9�;
���/�#��9�,�R�-�&�'�1)��JS�/�#��9�,	�!,�Wv�) �9�,��7�!,����SRU�/,$*e��9/2:�Pa��/ ��u*��!WX�!1�9�-��7�!,��c�!,�Wv�) �9�,��7�!,�����_
�o p�/,$�p��J!�#��9�,$�O�),d�#&$Jp�\�!,8W8�) �9�,��7�!,8���<JS�/,\'U��WX�! #YlJ%9��(-�1��`f�Ro��J%J%�%���L���/,�Y\*$�/�p�
�)���!�7�]�/,$*{1)�)WX�L2:9� ]��1�9�,�E(-U�! #��98*e9/2t�#�)�7��[:�F_ E$_ �$9�&� ��SR�*$�SYv��R�9� ~�79�,��#�$�C^`_�m�9�,�E
10���#�#�),�El�# p�/,$�p��J!�#��9�,$�<�/ ���9/24���!, JS�/1)1��%* Y L�B8D	� Y =4>\S�
F_.���$� 7s�/�u�# p�/,$�p��J!�#��9�,|�79v*��!1
���c,$9��O�#&��)�p�/'�1���2Q9� K�#&$J��d�# p�/,$�C��J!�#��9�,$�S_Ng �) ����#1)YXRU'3�%JS�/&$���(9/2"�#�$��1�9�,�E{*I&� p�/�#��9�,�R
1�9�,�E ;�1)�)WX�%*	�# p�/,$�p��J!�#��9�,$�K�/ ��<�79� ��uWv&�1),$�! p�/'�1��u��9�2��/�)1)&� ��%�S_nGP2��#&$J��d�N2��/�)1)&� ��<9vJ ;
J!&� ��"� 24���! ��#�$�n�# p�/,$�p��J!�#��9�,�������*�9�,$�V�K-39F�����)'�1)YN���)EF,��65�JS�/,��~�/�79�&�,���9/2Ua"9� #b3RI�/1)1
�#�����La�9� #bk�����]��9�'3�u �9�1)1��%*	'���J�b [4��_ �F_]&�,$*�9�,$��^`_Kiv�%J%9�,$*I1)YXR3��9.�!,$�#&� ��<����9�10�/�#��9�,
1�9�,�E ;�1)�)WX�%* �# p�/,$�p��J!�#��9�,$�<1�98Jpbd ��%��9�&� �J%�%�O2Q9� O1�9�,�El-3�! #��9v*��u9/2~�#�)�7���/,$*|�#�$�! ��!'�Y
2Q9� �J%�e�/,�Y J%9��(-U�!�#�),�Ed�# p�/,$�p��J!�#��9�,$�(��9	a��/�)�N2:9� ��#�$�.1�9�,�E ;�1)�)WX�%*}�# p�/,$�p��J!�#��9�,}��9
J%9��(�(�)�S_Ngt�),��/1)1)YXR ��J%J%9� �*I�),�E{��9 bdcL p� 3/!7e R��#�$�<24 ����8&$�!,$J!Y	9/2�*��S��*I1�98Jpbl�),$J! ��S���p�%�
a~�)�#�{�#�$�K2:9�&� #�#�e-U9Sa"�! V9/2��#�$�K�# p�/,$�p��J!�#��9�,k�#�98S�F_

yV,$9��#�$�! c1)�)�(�)�p�/�#��9�,d9/2z�#�$� 7s�/�L�# p�/,$�p��J!�#��9�,	�798*��!1t���]�#���/�L�#�$��*��!���/,$*k2Q9� 
����9�10�/�#��9�,d-� ��!WX�!,8���OJ%9v9�-3�! p�/�#��9�,d'U�!�Pa"�%�!,��# p�/,$�p��J!�#��9�,$�S_��������c-39F�p�%�K*I����J!&�1)�#���%�
�),{J%9�1)10�/'U9� p�/�#�)WX�O�!,�Wv�) �9�,��7�!,�����_��� p�/,$�C��J!�#��9�,$�V�/ ��L,$9��]�/'�1��c��9(���%�K�/,�Y+9�,�EX9��),�E
a"9� #b�-U�! 2Q9� #�7�%* '�Y 9��#�$�! {�# p�/,$�p��J!�#��9�,$��_ GH���/EF�),$�FRL2:9� {�`f$�/�(-�1��|�}��9/2:�Pa��/ ��
*��!WX�!1�9�-��7�!,8���!,�Wv�) �9�,��7�!,���a~�$�! ��n�V���S�/� 9/23*��!WX�!1�9�-U�! �� a�9� #b���9�EX�!�#�$�! z9�,7��9��7�
�79v*I&�1��F_ : ��J��d�# p�/,$�p��J!�#��9�,� ��!-� ��%�p�!,����K�#�$�Na"9� #b	9/2~��*��!WX�!1�9�-U�! S_�GP,I2Q9� #���/�#��9�,
,$�%�%*��~��9N'U�K�#���/ ��%*+'U�!�Pa"�%�!,{�#�$�K*��!WX�!1�9�-3�! ��]��9N-� �9�-3�! #1)Y.�),����!EF p�/���u�#�$�!�) ~a�9� #bU_
TV,$*��! O�#�$� 7s�/�O�# p�/,$�C��J!�#��9�,|�79v*��!1��#�$�7�#���/ #�),�Eka�9�&�1�*�,$9��u'3���/1)1�9�a��%* *I&$�7��9
�#�$�O*��!���/,$*e2:9� ~����9�10�/�#��9�,�_

�������V�#&�EFEX�%�#���~�#���/�~�#�$�! ��O���]��,$�%�%*e��9( ��!10� f+����9�10�/�#��9�,{��97��&�-�-39� #�nJ%9�1)10�/'U9� ;
�/�#��9�,l'3�!�Ha��%�!,k�# p�/,$�C��J!�#��9�,$�L�/,$*e���/,8Ye9/2��#�$�O-�&� #-39F���%*k�`fv���!,$*��%*e�# p�/,$�C��J!�#��9�,
�79v*��!1��z*��S�/1�a~�)�#�(�#�$�~�#�$9� #��J%9��(�),�EX��9/2 7s�/� �# p�/,$�p��J!�#��9�,$��'�YN*�9��),�EO�`f���J!�#1)Y��#���/�S_
�L9Sa"�!WX�! SR��#�$�! ��.���N�#�#�)1)1~�k,$�%�%*���9	-� ��%���! #WX�.����9�10�/�#��9�, �),}��9��7�.�#�)�#&��/�#��9�,$�7�/,$*
�#�$�! ��`2Q9� ��7�)�<a�9�&�1�*�'U�7'U�!,$�`5�J!�0�/1��62~�#�$��*��!EF ��%��9/2~����9�10�/�#��9�, J%9�&�1�*|'3��J!&$�#��9�� ;
�98S�%*�_eyV-39��# p�/�{R '� #��� 7$Y��#&��(���/ #�98S�%* �),|�#�$��,$�`fv�u�p�%J!�#��9�,�R ���<9�,$���#&$Jp�|�79v*��!1
�#���/�V�/1)1�9�an�n�# p�/,$�p��J!�#��9�,$�]��97J!&$�#��9��(�98S�K�#�$�!�) ]1��!WX�!1o9/2t���p9�10�/�#��9�,�_
;=< >@<�
 I���
����~�y�.�U	U� I��U	U���#	��
� FP�o��� � �z
��
���$�.y]-U9��# p�/� �# p�/,$�C��J!�#��9�,��79v*��!1"a"����*��`5$,$�%* �), b y],I2 4H2 e '8Y�ZV1��.w$_oyV,I5$,$* ;
���!,�_<y]-U9��# p�/� ���O�/,���J! �9�,�Yv� 2:9� ������+Y = J��EV:= L�B LEPC= S`B!VAS�
�VWP���B���� J7V:=WLFB�� L 
 S]Y6_uGH�

! "



*��S�/1��Ka~�)�#���#�$�7�#�$9� #��J%9��(�),�EX�<9/2�J!10���p�#��JS�/1z�# p�/,$�p��J!�#��9�,$�u'�Y	�),��# �9v*I&$J!�),�ElJ%9�,$*I� ;
�#��9�,��/1�����9�10�/�#��9�,{'U�!�Pa��%�!,l�# p�/,$�p��J!�#��9�,$�S_z�������V�/1)1�9San�~�# p�/,$�p��J!�#��9�,$�]��9(J!&$�#��9��(�98S�
�#�$�"*��!EF ��%�~9/23����9�10�/�#��9�,�_zZV,�1)Y< ��S��* ;�a~ #�)���V�/,$*<a~ #�)��� ;� ��S��*�J%9�,/7$��J!���zJS�/,('3�"����*��
J%9�,$*I�)�#��9�,��/1�RXa~ #�)��� ;�a~ #�)���~J%9�,/7$��J!��� �#�#�)1)1�J%9�,/7$��J!� &�,$J%9�,$*I�)�#��9�,��/1)1)YX_z�������t ��%�#&�1)�����),
�u,$�!a J%9� # ��%J!�#,$�%�p�nJ! #�)���! #��9�,{JS�/1)1��%*�J,L�B 
�= V:= L�B �EY=J�L�B � =WJ7V �7S]P`= �ZY =�� ���`=?Y =WVWTl[�r~r~i > ^
9/2$a~����J��(�#�$���# p��*I�)�#��9�,��/1$J%9� # ��%J!�#,$�%��� J! #�)���! #��9�,�RXJ%9�,/7$��J!� ���! #�0�/1)�98��/'��)1)�)�PYe[�r~i > ^`R/���
�K�#-U�%J!�0�/1sJS�����F_����$�]J! #�)���! #��9�,.���z�)�(-�1��!�7�!,8���%*.'�Y(-��/ p�/�7�!���! #�98S�%*e��J%J%�%���z�79v*��%�S_
y �# p�/,$�p��J!�#��9�, &$���%�(-��/ p�/�7�!���! #�98S�%* ��J%J%�%���(�79v*��%�7��9d�#-U�%J!�62:Y a~���/��*��!EF ��%�l9/2
����9�10�/�#��9�,\�)�Va��/,����S_Ky �# p�/,$�C��J!�#��9�,\JS�/,\ ��S��*	&�,$J%9��(�(�)�#���%*d*$�/�p��24 �9�� �/,$9��#�$�! 
�# p�/,$�p��J!�#��9�,\�62z�#�$�!�) c��J%J%�%���V-��/ p�/�7�!���! ��O�/ ���J%9��(-��/�#�)'�1��F_L���8&$�SR3-��/ p�/�7�!���! #�98S�%*
��J%J%�%��� �79v*��%�  ��S�/1)�98S�%��J%9�1)10�/'U9� p�/�#��9�,�'8YN�/1)1�9�a~�),�Eu�# p�/,$�p��J!�#��9�,$����9O�#���/ ���&�,$J%9�� ;
�(�)�#���%*{*$�/�p�I_

y],$9��#�$�! zJ%9�,$J%�!-����),��# �9v*I&$J%�%*7'�YNyV-39��# p�/� ���~B#S��]VAS�
 
�� V ������� S��`_ ���������/1)1�9�an�
�# p�/,$�p��J!�#��9�,$�O��9+ ��%J!&� ��#�)WX�!1)YdJ! ��S�/���7*$�/�p�/'����p�%�S_(���$�7J! ��S�/�#�),�E{�# p�/,$�p��J!�#��9�, 9/2~�
,$�%�#���%*}*$�/�p�/'������eJS�/,}�79SWX�k*$�/�p�	�)���!�7�(�),���9\�#�$�e*$�/�p�/'������l�/,$*}*��`5$,$�+a~����J��
�# p�/,$�p��J!�#��9�,$�.�#���/�+�/ ��\�/1)1�9Sa"�%* ��9|�`f��%J!&����ka~�)�#���), �)�S_ �o p�/,$�p��J!�#��9�,$�+ #&�,�,��),�E
a~�)�#���), �|,$�%�#���%*�*$�/�p�/'������\JS�/, ��J%J%�%�����)���+9�'Ih �%J!����_ ���$�!, �#�$�!Y J%9��(�(�)��[:9� 
�/'39� #�C^��#�$�!YcJ%9��(�(�)�~[:9� t�/'U9� #�C^U��9]�#�$��9�a~,$�! t9/2��#�$�z,$�%�����%*<*$�/�p�/'������FR/a~����Jp��JS�/,
��J%J%�!-��SR�*��!,�YXR�9� c �� h#�%J!�L�#�$�N ����8&$�%�#�S_ �L�%�#���%*	*$�/�p�/'������%�O*��S�/1�a~�)�#�da~ #�)��� ;�a~ #�)���
J%9�,/7$��J!���o'8Y<�/1)1�9Sa~�),�ELW8�����)�#�),�E]�# p�/,$�p��J!�#��9�,$�t��9c�/1)���! #,��/�����#�$�!�) a~ #�)���"��J%J%�%���p�%�o&�,/;
*��! ��#�$�LJ%9�,��# �9�1�9/2o�#�$�V�# p�/,$�p��J!�#��9�,e9Sa~,��),�E(�#�$�V,$�%�#���%*.*$�/�p�/'������F_z��������J%9�,$J%�!-��
 ��%�#&�1)���~�),e�#�$�(B+S �]VAS�
 J,L�B � = J7V �7S]P`= �ZY =�� ���`=?Y =WVWTl[	�cr~i > ^"J%9� # ��%J!�#,$�%���LJ! #�)���! #��9�,�_

$"Y|J%9��u'��),��),�E��#�$�{r~r~i > �/,$* �Kr~i > J! #�)���! #�0�	a��+EX�!�.B+S��]VAS�
�J,L�B 
�= V:= L�B �EY
J,L�B � =WJ V �7S]P`= �ZY =�� ���`=?Y =WVWT [	�cr~r~i > ^�a~����J�� ���/bX�%�e�#�$�\���/,$*I1)�),�E 9/2N ��S��* ;�a~ #�)���FR
a~ #�)��� ;� ��S��*�Rs�/,$*+a~ #�)��� ;�a~ #�)����J%9�,/7$��J!���n-U9F���#�)'�1��F_

;=<?>@<�� I �z
 ���o�D��� FG�	� � F�� ���.�)Hg��� F �DI �z
;�ZF �
ZV,$�u9/2 �#�$�O ����8&��) ��!�7�!,����c9/2zy]-U9��# p�/� ���]�#�$�O-U9F���#�)'��)1)�)�PYe��9��798*I�62:Y+�#�$�O*��!EF ��%�
9/2 ����9�10�/�#��9�,k9/2��# p�/,$�p��J!�#��9�,$�V*IY8,��/�(��JS�/1)1)YX_��������~���n*�9�,$�c'�Y{�/1)1�9�a~�),�E7�#�$�K�# p�/,$� ;
��J!�#��9�,$�O��9e�79v*I�624Y\�#�$�!�) < ��S��*|�/,$*�a~ #�)����-��/ p�/�7�!���! uWF�/1)&$�%�u*I&� #�),�El�`f��%J!&��#��9�,�_
�V9�a��!WX�! SRt�#�$�%���7�79v*I�65�JS�/�#��9�,$��JS�/,|�),��# �9v*I&$J%��J%9�,/7$��J!����_eZV,$��9/2~�#�$�( ��%�#&�1)�#�),�E
-� �9�'�1��!�7�n���~-U9��),����%*{9�&��]�), b y],I2 4H2 RI-��/EX� ! 6 3fe �

GP2���*$�/�p���)���!� 1�98JpbX�%*O�), � [ $n^s�798*�� ���� ��S��*K'�YO�/,$9��#�$�! o�# p�/,$�C��J!�#��9�,
�), > [:yc^~�798*��FRsa~���/�c�#�$9�&�1�*k�#�$�!,	���/-�-U�!,l�62z�#�$�O5$ ��#�V�# p�/,$�C��J!�#��9�,
�/�#���!�(-�������9NJ����/,�EX�c1�9vJ�b7�79v*��V24 �9�� � [ $~^���9
� [�r~^�
<i8�$9�&�1�*.�#�����
'U�c-� ��!WX�!,����%*�
\GP2 ,$9��SR$���$9�&�1�*e�#�$�K ��S��*��! n'U�c,$9��#�65��%*�
dZV n-U�! #���/-$�
�#�$�k9�&���J%9��7�	�#�$9�&�1�* *��!-3�!,$* 9�, a~�$�!�#�$�! �9� �,$9��

C ⊆ A

 y],$*

�#�$9�&�1�*(�#�$�! ��]'3�n #&�1��%�z1)�)�(�)�#�),�Eu�$9�a 1�9vJ�bN-��/ p�/�7�!���! ��"JS�/,�J����/,�EX�V�),
EX�!,$�! p�/1



GP,.EX�!,$�! p�/1�R$�<J%9�,/7$��J!�nJS�/,. ��%��&�1)�"�S��Jp�e�#�)�7�V�#�$�c*��!EF ��%�c9/2o����9�10�/�#��9�,e���"����*��
�79� ��O�#�# #��J!�S_

!��



���������#�$�%�����z�/,��/1)Yv���%���#�$��J%9�,$J%�!-��z9/2s*IYv,��/�(��J�-��/ p�/�7�!���! �79v*I�65�JS�/�#��9�,�_ MVYE;
,��/�(��J -��/ p�/�7�!���! �798*I�65�JS�/�#��9�,<���U5$ ��#���),8WX�%�#�#�)E��/���%*u&�,$*��! o-�&� ���r~r~i > [4��_ �F_ ,$�%� ;
���%*+*$�/�p�/'������%�~�/ ��L,$9��n�/1)1�9Sa��%*�_ ^`Rs�/,$*��#�$�!,.�#�$�L�79� ��cJ%9��(-�1��`f.JS�����L9/2 �Kr~r~i >
�����/,��/1)YE8S�%*�_+���$�7�#�$�%�����O�),�WX�%���#�)E��/���%�<a~�$�!,�J%9�,/7$��J!���u ��%��&�1)�SRt��&�EFEX�%�#���OWF�/ #��9�&$�
�#�# p�/���!EF���%�n��9< ��%�p9�1)WX�c�/,$*e�SWX9���*e�#�$�%���cJ%9�,/7$��J!���SR$�/,$*.EF�)WX�%�n��*I����J!&$���#��9�,e9/2t�S��Jp�
�#�# p�/���!EFYX_

����� ���������M +&(')�+&  	� "�6��
���������
�!*��
���$�(-��/ #�<9/2"�#�$�N�#�$�%�#���<J%9�,$�#���#�#�),�E{9/2~J����/-����! �� ".�#�� �9�&�EF� �eEF�)WX�%�<��9��7�N'���J�bE;
EF �9�&�,$*ebv,$9Sa~1��%*IEX�u �����&��) ��%*{��9N2:9�1)1�9�a �#�$�O*I����J!&$�p�#��9�,$�n9/2��#�����~�#�$�%�#���S_

r����/-����! "]EF�)WX�%���/,79SWX�! #Wv���!a 9/2 VWP���B���� J7V:=WLFB��`_�GH���`fI-�10�/�),$��a~��YNJ%9�,$J!&� # ��!,$J!Y
J%9�,8�# �9�1u�/,$*  ��%J%9�WX�! #Y ����,$�%�%*��%* �/,$* �$9�a �#�$�!Y �/ ��l�!,$��&� ��%* '8Y �#�$�	��*��S�|9/2
�# p�/,$�p��J!�#��9�,$��_]r"9�,$J%�!-����L��&$J��	���]�#�$�uy]r"G M -� �9�-U�! #�#���%�SRsJ%9�,/7$��J!�L���! #�0�/1)�98��/'��)1)�)�PYXR
�#�$���Pa"9�;�-��������"1�98Jpb8�),�EL-� �9���98J%9�1�RX�/,$*<�# p�/,$�p��J!�#��9�,N�����#��9� #���%���/,$*u�#�$�!�) t-� �9�-U�! #�#���%�
�/ ��O�`fI-�10�/�),$�%*�_

GH,|Jp���/-����! � �#�$�7J%9�,$J%�!-���9/2 VWP���B���� J7V:= L�B � L 
 S]Y �����K-� ��%���!,8���%*�_�gt�) ��#�SRo�#�$�
J!10��������JS�/1 7s�/�{�# p�/,$�p��J!�#��9�, �79v*��!1<�/,$* �)���k1)�)�(�)�p�/�#��9�,$�	�/ �� *I����J!&$�����%*�_ ���$�!,�R
WF�/ #��9�&$�O�`fI���!,$*��%*\�# p�/,$�p��J!�#��9�,��79v*��!1��K�#&$J��|���<iI�/E���� bdcKj\i 3H2fe RU,$�%�����%*\�# p�/,$� ;
��J!�#��9�,$� b jl9F� 3/!]e Rt�/,$* *IY8,��/�(��J� ��%�#�# #&$J!�#&� #�),�E\9/2��# p�/,$�C��J!�#��9�,$� b�� 0 4 " e �/ ����`f ;
-�10�/�),$�%*�_

y -� ��%���!,��p�/�#��9�,�9/2��#�$� ^ � LEVWP � � VWP �FB���� J V:=WL�B � L 
 S]Y b y],I2 4H2 e �/,$*\�)���c-� �9�-/;
�! #�#���%�c�#&$Jp�\���L-��/ p�/�7�!���! #�98S�%*���J%J%�%���V�798*��%�K�/,$*l,$�%�#���%*	*$�/�p�/'������%�L���]EF�)WX�!,\�),
Jp���/-����! �$_

r����/-����! � �����#�$�n���/�),.J%9�,��# #�)'�&��#��9�,e9/2��#�����z�#�$�%�#���S_�GH���/,��/1)YI���%���#�$�VJ%9�,$J%�!-��
9/2V*IYv,��/�(��J��798*I�65�JS�/�#��9�, 9/2n-��/ p�/�7�!���! ��7�/,$* �#&�EFEX�%�#�N�#�# p�/���!EF���%�<2Q9� N�SWX9���*I�),�E
�/,$*e ��%�p9�1)W8�),�E�J%9�,/7$��J!���]�#���/�]JS�/,e ��%�#&�1)�na~�$�!,	�/-�-�1)Y8�),�E7�#�����]J%9�,$J%�!-��S_

gt�),��/1)1)YXR�Jp���/-����! � *I����J!&$�����%�L�#�$�N ��%�#&�1)���K9/2"�#�����c�#�$�%�#���SRU1)���#���L�#�$�(J%9�,8�# #�)'�&/;
�#��9�,$�]����*��FR��/,$*eEF�)WX�%�n��9��7�<�/ ��S����2:9� �2:&� #�#�$�! na"9� #b3_

����� �%&(8 890� 
�
�������7Jp���/-����! 7�����(EF�)WX�!, '���Jpb8EF �9�&�,$* �),I2:9� #���/�#��9�, �/,$* �	�79��#�)WF�/�#��9�,}2Q9� (�#�����
�#�$�%�#����_

! �



� �������	��
 �

� ����� 
�� � ������� 


- ��� �����! #"%$	&(')�+*,"��
����()��*�(+�������,� � �# ��", p 8��"b ∫ ,��KB � b T e ∼ ����*�� � �#�$��J%9�,$*I&$J!�#�),�E
9/2I'�&$�#�),$�%��� � V	��S VWP���B���� J7V:= L�B L�
 L��UJ%= �ZY 
MPXLZN�V:=?B+S�
ID L�>\SOPCB � S`BMV�
��MN �]Y = J
�]N �C=4B+S����`_ % b r e �u-����%J%�c9/2�'�&$�#�),$�%����*�9�,$� � J���S��ON S�
#JOP,S�
�=WV�
#J������
VWP���B���� J7V:=WLFB��%Y SQD �ZY 
=J,L	� � S]P J%= �ZY 
��MPXL�� SOP]VWT VWP���B���� J7V:= L�B��!_

����� 
7LZP�
�� � ^ 
�> �FBMJ�S�
�� S��ZP`B+S]P�� � aO= J7V:=WLFB �ZP]T
���$� �# p�/,$�p��J!�#��9�,<��� ��WX�! #YK9�1�*OJ%9�,$J%�!-��S_����$��i8&��7�! #�0�/,$� �),�WX�!,8���%*ua~ #�)�#�),�E]2:9� 

�# p�/,$�p��J!�#��9�,\-� �98J%�%�����),�E.�#�6fl�#�$9�&$�p�/,$*	YX�S�/ ��c�/EX9 bdc > 4��fe _L���$�N�S�/ #1)���%�#�La~ #�)�#�),�E
�#���/�L�����O'3�%�!,	2Q9�&�,$*\���K9�,\J!10�SYl�p�/'�1��!���O�#���/�K ��%J%9� �*��%*\�#�$�N �9SY��/1 �),�WX�!,8��9� #Y�9/2
�p� fI�%�SR�10�/,$*�R$EF p�/�),�R3JS�/�#�#1��FRs��10�%WX�%�K�/,$*{EX9�1�*�_~�������Va"�SYXR3�pJ! #�)'3�%�]bX�!-��] ��%J%9� �*��c9/2
�S��J��{�# p�/,$�p��J!�#��9�,�_�ZV,$�OJS�/,{�p�SY.�#���/�~�#�����V�#YI�#���!� a"���]�(�# p�/,$�p��J!�#��9�,��/1 �#YI�#���!� �

� (/��( �-(+*�C�� y],7�/'$�#�# p��J!�z�#YI�#���!� �#�p�/���FRF ��!-� ��%�p�!,����%*���� ���/ #bI� 9�,7J!10�%Y��p�/'�1��!���SR
a"���]���/�),��p�/�),$�%*�_

&'��()��*�(+�������,�-* � ivJ! #�)'3�%�� ��%J%9� �*��%*e�#�p�/���LJ����/,�EX�%�na~�)�#�.,$�!a  ��%J%9� �*��u[:J!10�SY��p�/'/;
1��!���C^"�),l�#�$�u*$�/�p�/'������F_�� 98*$�SYXR�a"�Oa�9�&�1�*	JS�/1)1o�#�$�%�p�O�#�p�/���uJp���/,�EX�%�	VWP���B�� �
� J7V:= L�B��!_

�"! P��ZT$#&%�S]N�VAS]P(' )*)*+ bdc > 4��fe
���$�lJ!10�SY �p�/'�1��!���+ ��!-� ��%���!,8���%* �#�$�l ��S�/1La�9� #1�* �/,$*�����*��k�)�+�S���#Y 2Q9� ��#�$�

��J! #�)'3�%����9��/,$�#a��! �8&$�%�#�#��9�,$�L�/'39�&��~�#�$�OJ!&� # ��!,8�L�/,$*e-������n�#�p�/���F_
���$�.���%J���,$9�1�9�EFY�&$���%*|��9	 ��%J%9� �*��#�$�+*$�/�p�	�!WX9�1)WX�%*}9SWX�! (���!WX�! p�/1��#�$9�&$�p�/,$*

YX�S�/ ��(�#�� �9�&�EF� -��/-8Y8 #&$�SR�-��/ �J����7�!,8�+�/,$* �#�$�!, -��/-3�! S_ ���$�!, �),}�#�$�e�#�$�e10�/���
!�3 6�6��SR��V�! #���/,l�V9�1)1��! #�)�#�{'�&��)1)�L��-�&�,$J��/;PJS�/ �*	J%9��(-�&����! V�#YI�#���!� ��9( ��%J%9� �*k�/,$*
 ��!-39� #�n�#�$� !�3�4 67TV,��)���%*li8�p�/���%�]J%�!,$�#&$��_�ML&� #�),�E��#�$�c5$ ����n���/162z9/2t�#�$�K�Ha��!,8�#���!�#�
J%�!,��#&� #Y(�#�$�n-�&�,$Jp�/;PJS�/ �*.EF �9Sa~�#�e�/,$*��!WX9�1)&��#��9�,�a������$�S�SW8�)1)YN2:&$�!1��%*7'8Y(�#�$�n,$�%�%*

!S�



2Q9� u�# p�/,$�p��J!�#��9�,�-� �9vJ%�%���#�),�E$_+���$���#YI�#���!�7�ua��! ���-� #�)���/ #�)1)Y�&$���%*\2Q9� u�),8WX�!,���9� #Y
J%9�,8�# �9�1t�/,$*k��J%J%9�&�,8�#�),�E$_

���$�!,e�),.�#�$�c���%J%9�,$*.���/162t9/2o�#�$�L�Ha��!,��#���!�#�lJ%�!,��#&� #YXR$*I&$�L��9<�#�$�V�),8WX�!,��#��9�,k9/2
���/EF,$�!�#��Jn����9� p�/EX�FRF'��/��J��7�# p�/,$�C��J!�#��9�,(-� �98J%�%�����),�EKa"��� -U9F���#�)'�1��F_t���$�"5$ ��#� 9�,�1)�),$�
�# p�/,$�p��J!�#��9�, -� �9vJ%�%���#�),�E 2:9�1)1�9�a��%* '��/��Jp���# p�/,$�C��J!�#��9�,�-� �9vJ%�%���#�),�E}���.�!1��%J!�# �9�,���J
�#��9� p�/EX�7�/,$*\J%9��(-�&����! O,$�!�Ha�9� #bI�S_uyV,d9�,/;�1)�),$�N�# p�/,$�p��J!�#��9�,d���c�#�$�N�`fI�%J!&��#��9�,�9/2
��-� �9�EF p�/� �#���/�n-3�! 2Q9� #�7�]�<2:&�,$J!�#��9�,�R$&$�#&��/1)1)Y+9�,{'U�!���/162�9/2z�/,{9�,�1)�),$�O&$�p�! S_

���$�~5$ ��#�z9�,/;�1)�),$�n�# p�/,$�p��J!�#��9�,�-� �98J%�%�����),�E<�/-�-�1)��JS�/�#��9�,���9c ��%J%�!�)WX�]a~��*��%�#-� ��S��*
&$����a����O�/,|�/�) #1)�),$�N ��%���! #W��/�#��9�,$�K��Yv�#���!� � �#�$��ivy $ > : �#Yv�����!� b $ � 4H2 e _uGH�Va����
*��!WX�!1�9�-U�%*('�Y�y]�7�! #��JS�/,�y]�) #1)�),$�%���),(�#�$���S�/ #1)Y !�4 � 6������z��h 9��),8� WX�!,��#&� ��~'U�!�Pa"�%�!,
G $�j �/,$*�yV�7�! #��JS�/, yV�) #1)�),$�%�S_ GH�7a"���.9�,$�l9/2K�#�$�l'��)EFEX�%�#��J%9��(-�&����! +�#YI�#���!�
����9� #���7&�,$*��! #�p�/bX�!, '�Y �/,8YX9�,$�	�/���#���/���#�)�7�FR~�/,$* �#�#�)1)1V����9�,$�{9/2O�#�$�{10�/ #EX�%�#�
�# p�/,$�p��J!�#��9�,l-� �98J%�%�p�#�),�E7�#YI�#���!�7�~�),e�#�$�Ka"9� #1�*�_

�t�/'�1�� ! �#�$9�an�"�p9��7�]�# p�/,$�p��J!�#��9�,��/1��/-�-�1)��JS�/�#��9�,$��a~�)�#�+��9��7�]�`f$�/�(-�1��V�# p�/,$� ;
��J!�#��9�,$�S_
��� ��D ���H(/�����,� ��� (�� �1D�C & ��()��*�(+�H��� ����*
$~�/,�bv�),�E ML�!-U9F�#�)�]9� ~a~�)�#�$*I p�Sa �79�,$�!Y.2: �9�� �/,k��J%J%9�&�,��
iv�%J!&� #�)�#���%�]�# p��*I�),�E 0 &� �J�������� ! 6�6(�#���/ ��%�n9/2 �#��9vJ�b
GH,$�#&� p�/,$J%� 0t�SYk�/,e�),$�#&� p�/,$J%�O-� ��!�(�)&��
GH,�WX�!,8��9� #Y{J%9�,��# �9�1 > �%J%9� �*e�#�$�u�/ # #�)WF�/1�9/2z�(�#���)-��7�!,��
j\�/,�&I2���J!�#&� #�),�E m�9�E��(�#���!-{9/2z�/,l�����p�!�u'�1)Y.-� �98J%�%���
> �!�p�/�)1 > �%J%9� �*k�N�p�/1��
cc9�WX�! #,��7�!,�� > �!EF���#���! V�/,k�/&���9��79�'��)1��
GH,����! #,$�!� 0 10��J%�<�/,{9� �*��! n&$���),�E��/,{9�,/;�1)�),$�uJS�/�p�/1�9�E
� �!1��%J%9��(�u&�,���JS�/�#��9�,$� r"9�,�,$�%J!�L�����!1��!-��$9�,$�uJS�/1)1
jl�)1)�)�p�/ #YeJ%9��(���/,$*k�/,$*{J%9�,��# �9�1 g �) ��<���(�����#�)1��
j	�%*I�0� ML9�a~,�1�9X��*l�NWv��*��%9(J!1)�)-

�t�/'�1�� "I_ ! ��: f$�/�(-�1��%�e9/2<�# p�/,$�C��J!�#��9�, -� �98J%�%�����),�E �/-�-�1)��JS�/�#��9�,$�S_ � �/bX�!, 2: �9��
$��! #,$�#���!�),�R��L�!a�J%9��7�! (b $ � 4H2 e

GH,u�#�$���S�/ #1)YcYX�S�/ ��SR/�#�$�z�# p�/,$�p��J!�#��9�,�-� �98J%�%�p�#�),�E]���/ #bX�!� a"��� -� #�)���/ #�)1)Yu*I #�)WX�!,
'8Y�10�/ #EX�KJ%9��(-��/,����%�],$�%�%*I�),�E(��9(�#&�-�-39� #�~'�&$���),$�%���"24&�,$J!�#��9�,$�~2:9� �10�/ #EX�K,8&��u'U�! ��
9/2 J!&$�#��9��7�! ��S_zm �/ #EX�u� 0 �#YI�#���!�7�]�/ ��O,$9Sa 'U�%J%9��(�),�E��!WX�!,{�79� ��K�)�(-U9� #�p�/,��c���
9�,�1)�),$�����! #Wv��J%�%�o'U�%J%9��7��-39�-�&�10�/ 9�,u�#�$�"GH,����! #,$�!�S_ $"&��SR��#���/1)1��! t� 0d��Yv�#���!�7�oa~�)1)1
EF �9�a ���O�#�$��GP,8���! #,$�!�<���/bX�%�u�)�O-39F�p�#�)'�1����/1���9+2Q9� u�#���/1)1�'�&$�#�),$�%�����%�K��9k-� �9SWv��*��
9�,�1)�),$�O�p�! #W8��J%�%� b $ � 4H2fe _

- � - �	&	�($	0�8 � � �+0��	�K +"�
 �@ !�+* �
� "�6 �  #0�� �M0�' �M*,"����
y �# p�/,$�p��J!�#��9�,{���]�N�p�!�n9/2�9�-U�! p�/�#��9�,$�na~����Jp�e2:9� #�7�V�N1�9�EF��JS�/1�&�,��)�n9/2�a�9� #bU_z���$�
�# p�/,$�p��J!�#��9�,$�L9�-U�! p�/���u9�,l���#���/ ��%*{*$�/�p�/'������F_����$�u9�-U�! p�/�#��9�,$�]9/2��N�# p�/,$�C��J!�#��9�,
2��/1)1��),{�Pa"97EF �9�&�-$� �

! �



! _n�� p�/,$�C��J!�#��9�,l9�-U�! p�/�#��9�,$� � i8�p�/ #�SRsr"9��(�(�)�c�/,$*{y]'U9� #�]���# p�/,$�p��J!�#��9�,�_
"I_nMK�/�p�(9�-U�! p�/�#��9�,$� � > �S��*I�),�E.�/,$*��d #�)�#�),�E�*$�/�p�N�)���!�7�S_

y �# p�/,$�p��J!�#��9�, ���75$ ����+���p�/ #���%*�R~�#�$�!, *$�/�p� 9�-U�! p�/�#��9�,$�{�/ ��l-3�! 2Q9� #�7�%*��), �#�$�
J%9�,����`fI�t9/2$�#�$�"�#�p�/ #���%*<�# p�/,$�p��J!�#��9�,�R�5$,��/1)1)YO�#�$���# p�/,$�p��J!�#��9�,N���o���! #�(�),��/���%*N�!�)�#�$�! 
'�Yl�.J%9��(�(�)�O9� K�/'39� #�K9�-U�! p�/�#��9�,�_ �V9+*$�/�p�.9�-U�! p�/�#��9�,$�KJS�/,l2Q9�1)1�9Sa J%9��(�(�)�O9� 
�/'39� #�S_tML&� #�),�EV�#�$�"�`fI�%J!&��#��9�,(9/2s�/,(�/'39� #� �/1)18Jp���/,�EX�%������*��"'�YK�#�$���# p�/,$�p��J!�#��9�,$�
�/ ��c&�,$*�9�,$� �  �9�1)1��%*k'���Jpb3_

ML&� #�),�E��`fI�%J!&��#��9�,	���# p�/,$�p��J!�#��9�,lJS�/,{EX9N�#�� �9�&�EF�l�#�$�c2Q9�1)1�9Sa~�),�E��#�p�/���%� �
� �������,C�� �������n�����#�$�V�),��)�#�0�/1 �#�p�/���F_ y �# p�/,$�p��J!�#��9�,k���n��J!�#�)WX�ca~���)1��c�)�~���~�`fI�%J!&�� ;

�),�E$_
� (+� ����()D�D�� � � � ��� � ��CE� � y]24���! ~�#�$�OJ%9��(�(�)�V�#�p�/���!�7�!,��V�����~'3�%�!,l�`fI�%J!&����%*�_
��()� D CE� � �������V�#�p�/���c���~ ��S��Jp�$�%*{a~�$�!,{,$9� #���/1o�`f��%J!&��#��9�,lJS�/,e,$9��]-� �98J%�%�%*�_
� � �,����CE� � yn2:���! +�#�$�dJ%9��(-�1��!�#��9�, 9/27�| �9�1)1)'���Jpb 9/2<�#�$�\�# p�/,$�p��J!�#��9�,�_ ���$�

�# p�/,$�p��J!�#��9�,d�����K�!�)�#�$�! u�/'U9� #���%*\�)�����!162L[:�#&���J!��*���^L9� c�����c'U�%�!,��/'39� #���%*\'8Y
�#�$�O�#YI�#���!� [4�u&� �*��! C^`_

� � � ��� � ��C � � �������<�#�p�/�������< ��S��J��$�%*�a~�$�!, �#�$�.J����/,�EX�%�N9/2n�#�$���# p�/,$�p��J!�#��9�,
���%WX�O'3�%�!,{����*��u*I&� p�/'�1��F_

�� p�/,$�p��J!�#��9�,$�N�#�$9�&�1�*|-39F�p���%���u�p�!WX�! p�/1z2:&�,$*$�/�7�!,��p�/1�-� �9�-3�! #�#���%��_e���$�%�����/ ��
&$�#&��/1)1)Y.JS�/1)1��%*{�#�$�Oy]r"GHM -� �9�-U�! #�#���%� b � > 3��fe _
• � ��9��(��J!�)�HY

• � 9�,$�#���#���!,$J!Y

• 
 ��9�10�/�#��9�,

• � &� p�/'��)1)�)�PY
���$�<��J! �9�,�Yv� y]r"G M a����n5$ ��#�]-� ��%���!,����%*l'�Y{���/ �*��! �� > �!&����! n�),l�#�$�!�) L�/ #�#��J!1��
� 0  #�),$J!�)-�1��%�O9/2��o p�/,$�p��J!�#��9�,/; ZV #���!,����%* Mc�/�p�/'����p� > �%J%9SWX�! #Y	�u2: �9�� !�4�3�� b � > 3��fe _
���$�L2:9�1)1�9�a~�),�E����%J!�#��9�,$�]a~�)1)1�*��%��J! #�)'3�O�#�$�Oy]r"GHM -� �9�-U�! #�#���%�S_

>@<?>@<A; �/�F�o� F � F���

�� p�/,$�p��J!�#��9�,$�"�#���/��J%9��(-�1)Y�a~�)�#���#������-� �9�-3�! #�HY7�u&$�#�"�!�)�#�$�! "�`f��%J!&����]J%9��(-�1��!���!1)Y
9� �,$9��t�/���/1)1�_ GH�o�#�$9�&�1�*u&�,$*��! ,$9VJ!�) �J!&��7�#�p�/,$J%�%��9�,�1)Yc�`f��%J!&����z-��/ #�#�0�/1)1)YX_�� 9]EF�)WX�
�/,<�`f$�/�(-�1���9/2�a~��YO�#�����o-� �9�-3�! #�HYO����,$�%J%�%�p�p�/ #YK�)���/EF�),$�"�n�# p�/,$�p��J!�#��9�,��#���/�o�p�/bX�%�
� ! 6�6V24 �9�� ��J%J%9�&�,8��y �/,$*7�#�$�!,���*�*�� �)� ��9O�/,���J%J%9�&�,�� $L_F�������z�# p�/,$�p��J!�#��9�,7�����
��9V'U�~�/��9��(��JF_ : �)�#�$�! 'U9��#�(&�-3*$�/���%�����SWX�~��9L'3��*�9�,$�~9� ,$9�,$�n�/�z�/1)1�_����$�~9Sa~,$�! 
9/2 ��J%J%9�&�,8�Vy a�9�&�1�*{'U�cWX�! #Y+*I�����p�/�#��� 5��%*e�62 9�,�1)Y+�#�$�ca~�)�#�$*I p�%a��/1�9/2z��J%J%9�&�,��Ly
a�9�&�1�*e'U�K�`fI�%J!&����%*�_����$� � ! 6�6Na"9�&�1�*e'3�c1�9F���S_

!�2



Partially
Committed

Active

Committed

AbortedFailed

g �)EF&� �� "I_ ! � i8�p�/���O*I�0�/EF p�/� 9/2z���# p�/,$�p��J!�#��9�,

���$�!, �p9��7�!�#���),�EkEX9v�%�Ka~ �9�,�E	�/,$*d�#�$���# p�/,$�p��J!�#��9�,|�����u��9e'U���/'39� #���%*�R �)�
���u�#�$�7 ��%�#-U9�,$�#�)'��)1)�)�PY�9/2n�#�$�� ��%J%9SWX�! #Yd�7�!�#�$9v*���9l�!,$�#&� ����/��9��(��J!�)�HYX_{y]1)1"�#�p�/���
Jp���/,�EX�%�o�<&$�#�o'U� &�,$*�9�,$�FRF�/,$*K�62��/,�YO9��#�$�! ��# p�/,$�C��J!�#��9�,$�o���SWX�z ��S��*u*$�/�p�na~ #�)�#���!,
'8Y��#�$�O�/'U9� #�#�),�E(�# p�/,$�p��J!�#��9�,�R��#�$�!Y.��989N���SWX�c��9N'3�K�/'U9� #���%*|[:JS����JS��*I�),�E��/'U9� #�C^`_
iv�%J!�#��9�, "I_ � a~�)1)1�1�989�b�2:&� #�#�$�! n�),���9( ��%J%9�WX�! #YX_

>@< >@<?> ���o���\F ����
s��� 

y �# p�/,$�p��J!�#��9�, �#�$9�&�1�* ���/�),��p�/�), �#�$�kJ%9�,$�����#���!,$J!Y 9/2K�#�$�l*$�/�p�/'����p�F_ � �$�!, �
�# p�/,$�p��J!�#��9�,{�`f��%J!&����%�~9�,{�/,+�),��)�#�0�/1)1)Y�J%9�,$�#���#���!,8�~*$�/�p�/'������c�#�$�c*$�/�p�/'������c�#�$9�&�1�*
�/1���9.'U�NJ%9�,$�#���#���!,���� 24���! c�#�$�(�`f��%J!&��#��9�,�_<TV,�1)�)bX�7�/��9��(��J!�)�PYXRo����9�10�/�#��9�,|�/,$*d*I&� ;
�/'��)1)�)�HYXR�J%9�,$�#���#���!,$J!Y(�����O ��%�#-U9�,$�#�)'��)1)�)�HY7�#���/�����"�#���/ ��%*�'3�!�Ha��%�!,+�#�$�n�# p�/,$�C��J!�#��9�,
-� �9�EF p�/�7���/,$*N�#�$�"�# p�/,$�p��J!�#��9�,(-� �9vJ%�%���#�),�EK�#YI�#���!� �#���/� �`fI�%J!&����%�z�#�$9F���"�# p�/,$�p��J ;
�#��9�,.-� �9�EF p�/�7�S_ ���$�! ��`2Q9� ��]�#�$�]-� �9�EF p�/�(�7�! �9/2��#�$�]�# p�/,$�p��J!�#��9�,�-� �9�EF p�/�7�"�<&$�#�
�/,��/1)Y 8S�V�/,$*����%�#�z�����z-� �9�EF p�/�7��WX�! #Y(JS�/ ��`24&�1)1)Y(��9O���/bX�]�#&� ��~�#���/���#�$�!YN-� ��%���! #WX�
J%9�,$�#�������!,$J!YX_ MV&� #�),�Eu�#�$�n�`fI�%J!&��#��9�,.9/2��K�# p�/,$�p��J!�#��9�,��#�$�n*$�/�p�/'����p�nJS�/,7'U�~�),��/,
�),$J%9�,$�#�������!,��~�#�p�/���c�K,�&��<'3�! n9/2��#�)�7�%��_ �������z2���J!�"*�9v�%��,$9��"JS�/&$���c�/,�Y�-� �9�'�1��!�7�
'U�%JS�/&$�����#�$�%���<�),$J%9�,$�#���#���!,$J!���%�u�/ ��<,$9��K���%�!,\'�Yk9��#�$�! K�# p�/,$�p��J!�#��9�,$�K*I&$����9��#�$�
������&� p�/,$J%�O9/2t���p9�10�/�#��9�,l�/,$*k�/��9��(��J!�)�PYX_

!�3



>@<?>@<�
 � �/�o� 	&�EFP�o�
iv�!WX�! p�/1"�# p�/,$�C��J!�#��9�,$�N���%Y| #&�, J%9�,$J!&� # ��!,��#1)Y 9�,}�l��Yv�#���!�{_	GP2n�#�$�.9�-U�! p�/�#��9�,$�
9/2U�#�$�VJ%9�,$J!&� # ��!,��~�# p�/,$�p��J!�#��9�,$�"JS�/,.�),����! #1��S�%WX�K�/ #'��)�# p�/ #�)1)Y7�#�$�!,.�#�$�!�) ��`f��%J!&��#��9�,
JS�/,} ��%�#&�1)�7�), �/,}�),$J%9�,$�#�������!,���*$�/�p�/'����p�F_ ���$�e����9�10�/�#��9�, -� �9�-U�! #�PY}EF�)WX�%���S��J��
�# p�/,$�p��J!�#��9�, �#�$�e�)1)1)&$����9�, 9/2K���%Wv�),�E|�#�$�{��Yv�#���!� �!,��#�) ��!1)Y}��9d�)�����!162#_ : �U�%J!���.9/2
9��#�$�! ]J%9�,$J!&� # ��!,��L�# p�/,$�p��J!�#��9�,$�V�/ ��O����*�*��!,{2: �9�� �#�$�K�# p�/,$�p��J!�#��9�,$�S_�iv�%J!�#��9�, "I_ �
a~�)1)1n�p�/bX�k�\1�9v9�b �/��a~����J�� -� �9�'�1��!�7���#���/��JS�/, 9vJ%J!&� 7a~�$�!, �# p�/,$�C��J!�#��9�,$�.�/ ��
�/1)1�9Sa��%*k��9(�),����! #1��S�SWX�<�/ #'��)�# p�/ #�)1)YX_

>@<?>@<�� � ���
	�� FP� F���

MV&� p�/'��)1)�)�HYK �����&��) ��%� �#���/�t�/1)18&�-3*$�/���%� �#���/�o���SWX�z'U�%�!,<*�9�,$��*I&� #�),�E]�#�$���`f��%J!&��#��9�,
9/2�� �# p�/,$�p��J!�#��9�, �u&$�#�+,$9��e'U�{2Q9� #EX9��#���!, '�Y �#�$�\�#Yv�����!�{_ �������+�����HY8-���JS�/1)1)Y
*�9�,$�('�Yd�#��9� #�),�El�#�$�(&�-3*$�/���%�<9�,|��9��7�(,$9�,/;�WX9�10�/�#�)1��.*��!Wv��J%�k[:�F_ E$_o�e*I���#b$^L�#���/�
�#&� #W8�)WX�%�n�#�$�c2Q�/�)1)&� ��K9/2��#�$�O�#YI�#���!�{_ �������]EF&��/ p�/,����%�%�V�#���/�n�62��p9��7�!�#���),�E�JS�/&$���%�
�#�$�u�#YI�#���!� ��972Q�/�)1�� 24���! c�7J%9��(�(�)�SR3�#�$��J����/,�EX�%�L����*��u'8Ye�#�$�u�# p�/,$�C��J!�#��9�,\�/ ��
,$9��V1�9F�#�S_c�������K�/1���9��)�(-�1)���%�L�#���/�L�#�$�! ������V,$9e�/&���9����/�#��Ju2:&�,$J!�#��9�,\��9�&�,$*�9.�#�$�
J����/,�EX�%��9/2~�eJ%9��(�(�)�#���%*|�# p�/,$�p��J!�#��9�,�_.���$�79�,�1)Y\a"�%Yd�#�����<JS�/,�'U�(*�9�,$�7���K'8Y
�),�WX9�bv�),�E�� J,L	� � S!B����EV:=4B8D VWP���B���� J7V:=WLFB�_

ML&� p�/'��)1)�)�PYe���V�(�)�(-39� #�p�/,8�V-� �9�-U�! #�PYe'U�%JS�/&$���K�# p�/,$�p��J!�#��9�,$�V&$�#&��/1)1)Y+-� �9SWv��*��
�{���! #Wv��J%���#���/�7��J!���(���N�kJ%9�,8�# p��J!��'U�!�Pa"�%�!,}�#�$��&$�p�! ���9/2n�#�$�.�#YI�#���!� �/,$*|�#�$�
���! #W8��J%�"-� �9�W8��*��! S_�� �/bX�FRv�/E��/�),�RF�#�$�~�`f$�/�(-�1��~9/23�V'��/,�b8�),�EO�#YI�#���!� �#���/��-� �9SWv��*��%�
*��!'��)���/J! ��%*I�)� �# p�/,$�p��J!�#��9�,$�S_ � �$�!,N��9��7�~�/�79�&�,�� 9/2��79�,$�!Y<���ta~�)�#�$*I p�%a~,N2: �9�� �
J!&$�#��9��7�! �� ����J%J%9�&�,��SR8�#�$�~'��/,�b�a�9�&�1�*(,$9�� 'U��WX�! #Y�-�1��S�����%*(�62s�#�$�]�#Yv�����!� 2Q9� #EX�!���
�#�$�c&�-3*$�/���%�V9/2t�#�����~�# p�/,$�C��J!�#��9�,�_

ML&� p�/'��)1)�)�PY}���7&$��&��/1)1)Y��)�(-�1��!�7�!,8���%* �),�*$�/�p�/'������{�#YI�#���!�7��'�Y 1�9�EFEF�),�E|�#�$�
J����/,�EX�%�N����*��.'�Y �)���<�# p�/,$�C��J!�#��9�,$�S_����$�.1�9�EFEF�),�E\����*�9�,$�+a~���)1��.�#�$�.�# p�/,$�p��J ;
�#��9�,$���/ ��" #&�,�,��),�E$_����$�!,7�n�# p�/,$�p��J!�#��9�,(��� �/'U9�&�����9LJ%9��(�(�)�SRX�#�$�"��Yv�#���!� ���/bX�%�
�#&� ��]�#���/�"�#�$�V�# p�/,$�p��J!�#��9�,�� ��1�9�E��!,8�# #���%�n�/ ��V*I&� p�/'�1��([:�F_ E$_va~ #�)�#���!,+��9<�p9��7�],$9�,/;
WX9�10�/�#�)1����#��9� p�/EX��^`_eGP2~�#�����O���O�#�$��JS�����FR �#�$�!,|�#�$�7�# p�/,$�C��J!�#��9�, �����u�),$*��%�%* J%9�� ;
�(�)�#���%*{�/,$*e�#�$�c ��%�#&�1)���n�/ ��K*I&� p�/'�1��F_ �L9SaORI�#�$�KJp���/,�EX�%�]9/2��#�$�c�# p�/,$�p��J!�#��9�,l�/ ��
 ��%J%9� �*��%*+�),.�#�$�c1�9�E$RI'�&����#�$�!Y.,$�%�%*.,$9��~'3�La~ #�)�#���!,e��9��#�$�K*$�/�p�/'������F_�iv9�RIa~���/�
a�9�&�1�*+���/-�-U�!,e�62 �#�$�K�#YI�#���!� 2Q�/�)1��n�/���#������-U9��),�� 
l���$�K*$�/�p�/'������ca"9�&�1�*e���%WX�c��9
'3�K ��!-��/�) ��%*l&$�#�),�E7�#�$�u1�9�E$_~���$�u�#YI�#���!� Jp�$�%J�bI�V�S��Jp�	�!,8�# #Ye�),k�#�$�u1�9�E���97���%�u�62
�)�������"'3�%�!,.a~ #�)�#���!,.��9u�#�$�L*$�/�p�/'������F_zg$9� "�#�$�V1�9�E��!,8�# #���%��a~�$�! ��]�#�����"����,$9����#�$�
JS�����FRv�#�$�KJ����/,�EX�O9/2t�#�$�L�!,8�# #Y����n�/-�-�1)���%*{��9<�#�$�K*$�/�p�/'����p�F_
� �$�!,+�#�����~-� �9vJ%�%���SR
JS�/1)1��%*e ��%J%9SWX�! #YXR����nJ%9��(-�1��!���%*�R$�#�$�O��Yv�#���!�  ��%�#&��7�%�],$9� #���/1o9�-U�! p�/�#��9�,�_

- ��� �U" �	' &  + 	� �	' ���U"����! #"��
r"9�,$J!&� # ��!,$J!Y7J%9�,��# �9�1s*��S�/1���a~�)�#�7�#�$�nJ%9v9� �*I�),��/�#��9�,�9/2�-� �9vJ%�%�����%� �#���/���`f��%J!&����~�),
-��/ p�/1)1��!1�_O���$�%����-� �98J%�%�p���%�L���%Y	��J%J%�%�p�K�#���/ ��%*\*$�/�p���),��/,\�),����! #1��S�SWX�%*d���/,�,$�! 
a~����J��}���%Y 1��S��*��#�$�.��Yv�#���!� �),���9��/,��),$J%9�,$�#���#���!,8�7�#�p�/���F_��������N�),$J%9�,$�#�������!,$J!Y

!�4



���c�!,��#�) ��!1)Yl�#�$�u ��%��&�1)�c9/2z�#�$��a��%Yk�#�$�<-� �9vJ%�%�����%�La��! ��N��Jp�$�%*I&�1��%*\�/,$*	�#�$�! ��`2Q9� ��
9vJ%J!&� ��n�!WX�!,{�62 �!WX�! #Y+-� �98J%�%���n���nJ%98*��%*eJ%9� # ��%J!�#1)YX_

r"9�,$J!&� # ��!,$J!Y}-� �9�'�1��!�7�.�/ #�����+�), *��%�#�)EF, 9/2c���/ �*Ia"�/ ��FR~9�-U�! p�/�#�),�E��#YI�#���!�7�SR
J%9��(�<&�,���JS�/�#��9�, �#YI�#���!�7�SR~ ��S�/1c�#�)�7�\�#YI�#���!�{RV�/,$* *$�/�p�/'������d��Yv�#���!�7��R]�/�79�,�E
9��#�$�! ��	b $"�%c 3H2 e _

GH,7*$�/�p�/'������n��Yv�#���!�7���#�$�]J%9�,$J!&� # ��!,���-� �9vJ%�%�����%�z�/ ��n ��!-� ��%���!,����%*�'�Y��# p�/,$�p��J ;
�#��9�,$�S_����$�L2:9�1)1�9�a~�),�E7���%J!�#��9�,ea~�)1)1�1�989�b+�/�~a~���/�~b8�),$*e9/2t-� �9�'�1��!�7�nJ%9�,$J!&� # ��!,$J!Y
�),8�# �98*I&$J%�%�S_k���$�%���7-� �9�'�1��!�7�(�/ ����SWX9���*��%*��62�a"��*�9k,$9����/1)1�9�a J%9�,$J!&� # ��!,8�N�`f ;
�%J!&��#��9�,$�S_+���$���# p�/,$�p��J!�#��9�,$�ua~�)1)1��#�$�!,|'U�7�`f��%J!&����%*|���! #�0�/1)1)YX_+yV,|�`fI�%J!&��#��9�, ���
���! #�0�/1U�62#RX2Q9� ��!WX�! #Y�-��/�) ~9/2o�# p�/,$�p��J!�#��9�,$�SR$�/1)13�#�$�c9�-3�! p�/�#��9�,$�~9/2t9�,$�V�# p�/,$�C��J!�#��9�,$�
�`f��%J!&�����'3�`2Q9� ��~�/,�YN9�-3�! p�/�#��9�,$��9/2��#�$�~9��#�$�! S_�y ���! #�0�/1��`f��%J!&��#��9�,7����J%9� # ��%J!���#�),$J%�
�!WX�! #Y7�# p�/,$�C��J!�#��9�,��),8WX9�1)WX�%*����"J%9� # ��%J!�K[4'�Y�������&��(-��#��9�,s^`RI�/,$*����! #�0�/1)1)Y��`f��%J!&��#�),�E
�# p�/,$�p��J!�#��9�,$�cJS�/,	,$9��V�),8���! 2:�! ���a~�)�#�	�S��J��d9��#�$�! S_]���$�! ��N�/ ��u�Ha�9.EX9v98*k ��S����9�,$�
2Q9� ]�/1)1�9Sa~�),�E.J%9�,$J!&� # ��!,$J!Y b i �ui 4H2fe �

! _~���� �9�&�EF��-�&��S_ �� p�/,$�C��J!�#��9�,$�{-U�! 2:9� #� *I� �U�! ��!,8�eb8�),$*��+9/2(��J!�#��9�,$�S_ ZV,$�
-��/ #�79/2]�#�$�.�# p�/,$�p��J!�#��9�,}���%Y�&$�����#�$�kr 0zT �/,$*��#�$�+9��#�$�! (-��/ #�7��J%J%�%���
G �FZ *��!W8��J%�%� [:�F_ E$_s*I���#bUR$,$�!�Ha�9� #bURUbX�!Y8'U9X�/ �*�^`_]���$�Nr 0zT �/,$*	*I���#beJS�/,l'U�
��J%J%�%�����%*.�),+-��/ p�/1)1��!1�'�Y7�#�$�cJ%9��(-�&����! n�#YI�#���!�{_ $"Y��/1)1�9Sa~�),�E(�# p�/,$�C��J!�#��9�,$�
��9K�`fI�%J!&����~J%9�,$J!&� # ��!,8�#1)Y(�#�$��-��/ p�/1)1��!1)���#� 9/2s�#�$�~J%9��(-�&����! ��#Yv�����!� ���SY<'U�
�`fv-�1�9��)���%*�_7GH,$�#���S��*\9/2�1��!�#�#�),�E{�#�$�(*I���#b	'3����*I1��(*I&� #�),�El�{r 0zT �),����!,$���)WX�
-��/ #�N9/2V�k�# p�/,$�p��J!�#��9�,�R��/,$9��#�$�! N�# p�/,$�p��J!�#��9�, a~����Jp�},$�%�%*��<��9\��J%J%�%���<�#�$�
*I���#b\���%Yd�`fI�%J!&�����J%9�,$J!&� # ��!,��#1)YX_.�������O�),$J! ��S�����%�u�#�$�(�#�� �9�&�EF��-�&��<9/2��#�$�
�#Yv�����!�{_

"I_~yoWX�! p�/EX�K ��%��-39�,$���c�#�)�7�F_����$�O�#YI�#���!� ���%Y. #&�,{�# p�/,$�p��J!�#��9�,$�]a~����J��l*I� ���! 
EF ��S�/�#1)Y<�),N1��!,�EF�#��_ziv9��7�����%Y<'3���#�$9� #��a~���)1��~9��#�$�! ��z�/ ���1�9�,�E�[:�F_ E$_X� ��&$�! #Y
a~����J��������L��9.�# p�%WX�! ����N10�/ #EX�N-U9� #�#��9�,$�K9/2��#�$�N*$�/�p�/'�������^`_<G�2��# p�/,$�C��J!�#��9�,$�
�/ ��V #&�,e���! #�0�/1)1)YXR����$9� #���# p�/,$�p��J!�#��9�,$�n���%WX�c��9<a"�/�)��2Q9� �1�9�,�E(9�,$�%����9u5$,����#��_
����&$�SR��),$J! ��S���#�),�E7�#�$�u�SWX�! p�/EX�O ��%�#-U9�,$���c�#�)�7�F_

���$�]�79��#�)W��/�#��9�,�2Q9� ��/1)1�9Sa~�),�ENJ%9�,$J!&� # ��!,$J!Y7�����%�p���!,��#�0�/1)1)Y(�#�$�n�C�/�7�~2Q9� �*$�/�p� ;
'��������#YI�#���!�7�V���]2Q9� ]&$�#�),�E.�u&�1)�#�)-� �9�EF p�/�(�(�),�E{�),\9�-U�! p�/�#�),�E.�#YI�#���!�7�	b i �ui 4H2\e _
r"9�,$J!&� # ��!,$J!Y �)�(-� �9�WX�%�{-U�! 2:9� #���/,$J%�d'�&��+2Q9� �J%�%�e�)�(-�1��!�7�!,8�p�/�#��9�, 9/2(J%9�,$J!&� ;
 ��!,$J!YKJ%9�,��# �9�1v��J��$�!�7�%����9]�%WX9���*K�),8�# �98*I&$J!�),�EL�),$J%9�,$�#���#���!,$J!YX_ ZV,�1)YL�),O�#�$� �#�)�(-�1��%�#�
�#YI�#���!�7�~���]���! #�0�/1��`fI�%J!&��#��9�,$�L��-� p��J!�#��JS�/1oa��%Y+��9��%WX9���*{�),����! 2Q�! ��!,$J%� b $��%c 3H2 e _

>@< 
@<A; � �X�M����
s�c� FH�M���X� � ���I
���� 
��I�o��� �z�
��
���� 


�������N���%J!�#��9�,�a~�)1)1��p�/bX�.�k1�989�b|�/�<2Q9�&� <-� �9�'�1��!�7��a~����J�� �/ ��.�),��# �9v*I&$J%�%*�a~�$�!,
�# p�/,$�p��J!�#��9�,$�L�/ ��u�/1)1�9Sa"�%*k��9N�),8���! #1��S�%WX�<�),{J%�! #�p�/�),ka��%YI�S_

"�6



& �-C 
 �,* ����� �1(/��C � ���
��D�C �

������� -� �9�'�1��!� 9vJ%J!&� �� a~�$�!,(�Pa"9uJ%9�,$J!&� # ��!,����# p�/,$�p��J!�#��9�,$����J%J%�%�p� �#�$�~�p�/�7�~�#�p�/���
�),|��a��%Y\�#���/�OJS�/&$���%�O�p9��7�N&�-3*$�/���N��9+'U��1�9F�#�S_NGP���/EF�),$�N�Ha�9e�# p�/,$�p��J!�#��9�,$�

T1�/,$*
T2

�#���/�n'U9��#�ea~�)�#�$*I p�%a ��9��7�c�79�,$�!Y.2: �9�� �/,l��J%J%9�&�,��
A
_

ZV,$�uJS�/,k�p�%�O�#�$�O9vJ%J!&� # ��!,$J%�<9/2 �#�$�u1�9F�#�n&�-U*$�/���O-� �9�'�1��!� �62 �#�$�u�Pa�9��# p�/,$� ;
��J!�#��9�,$�

T1
�/,$*

T2
�),����! #1��S�SWX�u�),e�#�$�c���/,�,$�! ]���$9Sa~,{�),+5$EF&� �� "I_#"I_ ���$�O&�-3*$�/���

9/2t�# p�/,$�p��J!�#��9�,
T1
RI���n9�WX�! #a~ #�)�#���!,l'8Y

T2
RI�$�!,$J%�K1�9F�#�S_

T1 T2�������
	���
����
����������	������
�������
	���
����
����������	�� ���

��������!#"$�
��������!�%��

& �('*)
	����
�������(��	��+�,���
& �('*)
	����
����������	��+���-�

g �)EF&� �� "I_#" � ���$�K1�9F�#�~&�-U*$�/���K-� �9�'�1��!�

& �-C & C � �'� ��(+� �.��� �1(/��C0/ � � � � �.1 C (+� � ���
��D C �
�������<-� �9�'�1��!� ���/-�-U�!,$�Na~�$�!,}9�,$�.�# p�/,$�p��J!�#��9�,

T1
&�-U*$�/���%�7�l���p�/���+�/,$*��#�$�!,

2Q�/�)1���2:9� ���9��7�V ��S����9�,�_ GP2o��9��7�V9��#�$�! ~J%9�,$J!&� # ��!,8�~�# p�/,$�p��J!�#��9�,
T2

 ��S��*��#�$�L�#�p�/���
'3�`2Q9� ��N�)�Oa"���<J����/,�EX�%*|'���J�b\��9e�)���K�),��)�#�0�/1zWF�/1)&$�FR �/,|�),$J%9� # ��%J!�<�#�p�/���(�����O'3�%�!,
 ��S��*�_����$�OJS�/1�J!&�10�/�#��9�,$�c�/,$*{J����/,�EX�%�V����*��K'8Y

T2
�/ ��K'������%*k9�,{�#���/�n�),$J%9� # ��%J!�

W��/1)&$�F_�iv�%�Ogt�)EF&� �� "I_ � _

T1 T2�������
	���
����
����������	������
��������!#"$�
& �('*)
	����
�������(��	��+�,���

�������
	���
����
����������	�� ���
��������!�%��
& �('*)
	����
����������	��+���-�

T1
2Q�/�)1�� �/,$* �u&$��� &�,$*�9 �)���

J����/,�EX�%�SR�'�&��
T2

�����L�/1) ��S��*IY� ��S��*
�#�$�K�),$J%9�,$�#���#���!,8�nW��/1)&$�F_

gt�)EF&� �� "I_ � � ���$�K���!�(-U9� p�/ #Y+&�-3*$�/��� �/*I�) #�HYe ��S��*e-� �9�'�1��!�

" !



& ��C 
��-�H�,� ��C ����� � � � (+� � �1���
��D C �
GP2�9�,$�N�# p�/,$�C��J!�#��9�,�R

T2
R����OJS�/1�J!&�10�/�#�),�E\�/, �/EFEF ��!E��/���7�#&��(���/ #Y	2:&�,$J!�#��9�,�a~���)1��

9��#�$�! K�# p�/,$�p��J!�#��9�,$�<�/ ��<&�-U*$�/�#�),�E{��9��7�N9/2��#�$��WF�/1)&$�%�
T2

���c&$�#�),�E$RU�#�$�!,\�)�KJS�/,
���/-�-U�!,l�#���/�

T2
 ��S��*��c��9��7�<W��/1)&$�%�V'U�`2:9� ��<�#�$�!Yl�/ ��<&�-3*$�/���%*\�/,$*\��9��7�<� 2:���! S_

�������]a~�)1)1�JS�/&$���
T2

��9N ��%�#&�1)�na~�)�#�l�/,e�),$J%9� # ��%J!�L�#&��(���/ #YX_�iv�%�c5$EF&� �� "I_ �$_

T1 T2
����� ����� �
�
	���
��0'#)0	 � �
	��-�
����� ��� ������� 	 �

�0	���

�
'*)
	 � �+�,���
�������,!�%��
& �('#)0	��0'#)
	 � � �����

�
	���
��0'#)0	 � � ���-�
����� ��� ������� � � ←− �V�! ��

T2
 ��S��*�� � � 24���! %

�����u'3�%�!, �#&�'��# p��J!���%*|'8Y
T1'�&���'3�`2Q9� �� % �����('U�%�!, ��* ;

*��%*7��9�
sR�a~����J���EF�)WX�%���/,(�),/;
J%9� # ��%J!�L�#&��(���/ #Y.�),

T2
_

�
	���
��0'#)0	 � � 
 �-�
����� ��� ������� 
 �

�0	���

�
'*)
	 � � 
 ���

 ��� 
 � %��
& �('#)0	��0'#)
	 � � 
 ���

g �)EF&� �� "I_ � � ���$�K�),$J%9� # ��%J!�V��&��(���/ #Y�-� �9�'�1��!�

& ��C � ��()����� � � ���
��D�C �
iv9|2Q�/ �a��l���%WX�	9�,�1)Y J%9�,$J%�! #,$�%* 9�&� ����!1)WX�%��a~�)�#�  ��S��* �/,$* a~ #�)���	9�-U�! p�/�#��9�,$�S_
iv9��7���# p�/,$�p��J!�#��9�,$�u�<&$�#�<�/1���9{'3���/'�1��7��9d=?B �7S]POVc*$�/�p�e�),���9k�#�$�7*$�/�p�/'������FR ,$9��
9�,�1)Y��79v*I�62:Y|�`fv�����#�),�E	*$�/�p�I_ �L9SaOR��)���/EF�),$�.�#���/�(9�,$���# p�/,$�p��J!�#��9�,�R

T1
R�����JS�/1 ;

J!&�10�/�#�),�Ed�#�$�+�#&�� 9/2L�/1)1n��J%J%9�&�,������/,$* �/,$9��#�$�! N�# p�/,$�p��J!�#��9�,�R
T2

�����),$���! #�#�),�E|�
,$�!a ��J%J%9�&�,��S_ � �)�#�	�Pa"9+�# p�/,$�p��J!�#��9�,$�K9�,�1)Y{�Pa"9e���! #�0�/1���J��$�%*I&�1��%�O�/ ���-U9F���#�)'�1��FR
�!�)�#�$�! 

T1 → T2
9� 
T2 → T1

_�GP,d�#�$�N5$ ����u��J��$�%*I&�1��FR
T1

*�98�%�K,$9��u�),$J!1)&$*��(�#�$�
,$�!a ��J%J%9�&�,8�n�),+�#�$�L��&��{RI'�&��~�),.�#�$�c���%J%9�,$*+�)�������),$J!1)&$*��%*�_ 0z1��S�����c,$9��#��J%�c�#���/�
�),���J��$�%*I&�1�� ! R

T1
�/,$*

T2
*�9{,$9�����J%J%�%���<�/,8Y�*$�/�p�e�),|J%9��(�79�,�R���9{9�,$��J%9�&�1�*

a~ �9�,�EF1)Y.�#���),�b��#���/�~�#�$�!�) n9�-U�! p�/�#��9�,$�nJ%9�&�1�*e'U�K�/ #'��)�# p�/ #�)1)Y��),8���! #1��S�%WX�%*la~�)�#�$9�&��
�),8�# �98*I&$J!�),�E<�cJ%9�,/7$��J!�S_�$"&��SRF�#�$�!Y 
 LKJ%9�,/7$��J!��9�,7� ��� �FB!V L	�(R�,��/�7�!1)Y<�#�$�",$�!a~1)Y
J! ��S�/���%*k��J%J%9�&�,8�S_�iv9N�#�$�K9� �*��! #�),�E.9/2t�#�$�K9�-U�! p�/�#��9�,$�V� ���%J!���~�#�$�K ��%��&�1)�SR$�/,$*k���
a"�Ka~�)1)1o���%�c�),{�#�$�c,$�`fI�]���%J!�#��9�,�R$�#�����~�7�S�/,$�n�#���/�n�#�$�K9�-U�! p�/�#��9�,$�]J%9�,/7$��J!�S_

"�"



>@<�
@<?> ���o��� F �
�EFH�z
 B �~
;�
	&�EFP�o���
���$�7 ��S����9�, a~��Yd�#�$�%����-� �9�'�1��!�7�<9vJ%J!&� u���<*I&$�7��9{�#�$��9� �*��! #�),�E	9/2 J,LFB � = J7V:=4B8D
L�� S]P��EV:= L�B��`_���a�9k9�-3�! p�/�#��9�,$���/ ��7�p�/��*\��9eJ%9�,/7$��J!�u�62"�#�$�!�) u9� �*��! #�),�E	� ���%J!���K�#�$�
 ��%�#&�1)�S_ �����������/-�-U�!,$���62c�#�$�!Y 9�-U�! p�/���k9�, �#�$�k�p�/�7�l*$�/�p� �/,$* 9�,$�k9/2O�#�$�!�
���7�ka~ #�)���F_�y

read(x)
9�-U�! p�/�#��9�, J%9�,/7$��J!���(a~�)�#� �

write(x)
�/,$* �

write(x)9�-3�! p�/�#��9�,eJ%9�,/7$��J!����a~�)�#�.'39��#�
read(x)

�/,$*
write(x)

_ g$9� ~�`f$�/�(-�1��FRI�#�$�] ��%��&�1)�
9/2c�

read(x)
*��!-3�!,$*���9�,}a~�$�!�#�$�! 7�#�$�+ ��S��*}-� ��%J%�%*��%�79� N2Q9�1)1�9San���

write(x)9�-3�! p�/�#��9�,�_N���$�( ��%�#&�1)�O9/2"�Pa"9ea~ #�)���%�u*��!-U�!,$*��O9�,da~����J��|a~ #�)���Na"���K-� �9vJ%�%�����%*
10���#�S_

- � � � �@ #*,0��,*�� 0��`* �,* � � ����� "4 �
�o9K�)�(-�1��!�7�!,8������9�10�/�#��9�,.�/,$*(���/b8�),�E<�#&� ��~�#���/�z ��%�#&�1)�#�),�Eu�# p�/,$�p��J!�#��9�,���Jp�$�%*I&�1��%�
*�9e,$9��O1��S�%WX�7�#�$�7*$�/�p�/'������7�),��/,��),$J%9�,$�#���#���!,8�<�#�p�/���FR 9�,$�(�����O��9ebv,$9Sa a~����J��
��J��$�%*I&�1��%�La~�)1)1t-� ��%���! #WX�<J%9�,$�����#���!,$J!YX_O;=S]PC= �ZY = � ���`= Y =WVWT V	� SXLZP]T{���L�7���/�#�$�!���/�#��JS�/1
��989�1��#���/���/1)1�9�an�z&$� ��9O-� �9SWX�n�62��c��Jp�$�%*I&�1��n-� ��%���! #WX�%��J%9�,$�#���#���!,$J!YX_�y J%9�,$J!&� # ��!,8�
�`fI�%J!&��#��9�, 9/2u�# p�/,$�p��J!�#��9�,$�+ ��%�#&�1)�����), ���# p�/,$�p��J!�#��9�, �����#��9� #YX_ ���$�l�����#��9� #Y ���
�p�/��* ��9d'U�e���! #�0�/1)�98��/'�1��e�62c�)�7 ��!-� ��%���!,����.�d���! #�0�/1)�98��/'�1��{�`f��%J!&��#��9�,�_ GH,I2Q9� #���/1)1)Y
�/, �`f��%J!&��#��9�, ���e���! #�0�/1)�98��/'�1��\�62u�)�+�����+�#�$�\�p�/�7�\���U�%J!���e9�, �#�$�\*$�/�p�/'����������
�d���! #�0�/1V�`f��%J!&��#��9�,�_ $��%JS�/&$���	�d���! #�0�/1V�`f��%J!&��#��9�, �����#&� ��%��J%9�,$�����#���!,$J!Y}'�Y},$9��
���%Wv�),�EL�/,�Yc�),8���! #1��S�%Wv�),�Ec9/2��# p�/,$�p��J!�#��9�,$��R��n���! #�0�/1)�98��/'�1����`f��%J!&��#��9�,��/1��p9~-� ��%���! #WX�%�
J%9�,$�#���#���!,$J!YX_+GP,|�#�����u���%J!�#��9�,����! #�0�/1)�98��/'��)1)�)�PY�a~�)1)1�'3��*��`5$,$�%* �/,$*��Ha�9l�PYv-3�%�<9/2
���! #�0�/1)�98��/'��)1)�)�PYea~�)1)1�'U�K�`fv-�10�/�),$�%*�_
&'��()��*�(+�������,��� � *���� � � CE* y �����#��9� #Yl���K�7�79v*��!1 9/2��#�$�N�`fI�%J!&��#��9�,d9/2"�����!�K9/2
�# p�/,$�p��J!�#��9�,$�S_����$�O�����#��9� #YeJ%9�,$�#�������]9/2 �#�$�O9�-U�! p�/�#��9�,$�V9/2 �#�$�O�# p�/,$�C��J!�#��9�,$�L�/,$*
�$9Sa �#�$�!Y{�/ ��u9� �*��! ��%*�_~i8�),$J%�O��9��7�u9/2��#�$�u9�-3�! p�/�#��9�,$�]���%Y{�`f��%J!&����K�),{-��/ p�/1)1��!1
�#�$�<9� �*��! #�),�E+���K�7-��/ #�#�0�/1 9� �*��! S_OZV,�1)Y{,$9�,/;PJ%9�,/7$��J!�#�),�Ek9�-U�! p�/�#��9�,$�L���%Yl'3�<�`fE;
�%J!&����%*��),�-��/ p�/1)1��!1�_ $��%JS�/&$���]�#�$�L9� �*��! #�),�EN9/2oJ%9�,/7$��J!�#�),�EN9�-U�! p�/�#��9�,$��*��!���! #�(�),$�%�
�#�$�V ��%��&�1)��9/2 �#�$�c�����#��9� #YXRI9�,$�V��������9�bv,$9Sa �),+a~���/�~9� �*��! ~�#�$�!Y7a��! ��K�`f��%J!&����%*�_
: ��J����# p�/,$�C��J!�#��9�,d���%Y\�!�)�#�$�! O���%WX�7�/,|�/'U9� #�O9� KJ%9��(�(�)�u9�-3�! p�/�#��9�,�_Ny]24���! O�/,
�/'39� #�"9� �J%9��(�(�)��,$9u9�-U�! p�/�#��9�,$��JS�/,�-U�! 2:9� #� 9�,�'U�!���/162o9/2��#���/���# p�/,$�C��J!�#��9�,�_zy
�����#��9� #Y+a~�$�! ��u�/1)1o�),$J!1)&$*��%*k�# p�/,$�p��J!�#��9�,$�V�!�)�#�$�! ]���%WX�uJ%9��(�(�)�#���%*	9� V�/'U9� #���%*{���
JS�/1)1��%*{� J�L	� �MY S7VAS �8= �OV LZPRT�b $"�%c 3H2 e _ y J%9��(-�1��!���K�����#��9� #Y���� � S]P`= �ZY �62 R82Q9� ~�!WX�! #Y
-��/�) �9/23�# p�/,$�p��J!�#��9�,$�SR��/1)1��#�$��9�-U�! p�/�#��9�,$�z9/239�,$�"�# p�/,$�p��J!�#��9�,$���`fI�%J!&�����'U�`2:9� ��~�/,8Y
9�-3�! p�/�#��9�,$�n9/2��#�$�K9��#�$�! S_z���$�! ��u�/ ��

n!
-U9F���#�)'�1��K���! #�0�/1���������9� #���%�n9SWX�! V�N�p�!�n9/2

n�# p�/,$�p��J!�#��9�,$�S_

�	� �1���/()D�C ���HC ��� �-��* ���,����CE* �o9('U�u�/'�1��K��9�*��`5$,$�u���! #�0�/1)�98��/'�1��<�`fI�%J!&��#��9�,$�Va��
a~�)1)1����%WX�O��9(*��`5$,$�ua~���/�n�)�~�7�S�/,$�n�#���/�]�Pa�97�����#��9� #���%�V�/ ��O���8&��/1�_

� C � �-� �����,� ��
 _ L�B � =WJ7V S �ONv=?> �EY S`B+J�S L�
 ��=��]V LEPC= S��
����� L ��=��]V LZP`= S �
H

��B 

H ′

�ZP,S

 S��zB+S�
 �	��J%9�,/7$��J!�]���8&��)W��/1��!,8�N= 
 
���� !���� �

" �



'X@ ����S]T J,LFB��C=��]V L 
 V	��S ���	� S � SOV L�
 VWP���B���� J7V:= L�B�� ��B 
 � ��>\S V	��S ���	� S	L�� S]P��	�
V:=WL�B �%@

� @ ����S]T�LZP 
 S]P J�L�B � =WJ7V:=4B8D�L�� S]P � V:=WL�B � L�
{B+L�B � ���XLZPOVAS�
 VWP���B���� J7V:= L�B��{=4B V	� S
���	� S � �ZT�@ ��� � V�=���#"= 


p
��B 


q
�ZP,S J,L�B � = J7V:=?BvD L�� S]P��EV:= L�B�����B 


p
L J,J7N P��

�MPC= LZP V L
q
=4B
H
V	��S!B

p
� ��� V L L J,JONQP �+PC= LZP V L

q
=4B
H ′

��� � S]Y Y�@
GH,��#�$�n2:9�1)1�9�a~�),�E��`f$�/�(-�1��

T1
JS�/,�'3�~�#�$9�&�EF�8�"9/2 ���"�K�# p�/,$� 2Q�! 2: �9�� ��J%J%9�&�,8�

x
��9
y
�/,$*

T2
���]�(*��!-U9F�#�)�~�),8��9���J%J%9�&�,��

x
�

! _
T1 = r1[x]r1[y]w1[x]w1[y]c1

"I_
T2 = r2[x]w2[x]c2

�L�! ��  b f e �/,$*Ka b f e �7�S�/,u�#���/���#�$� �# p�/,$�p��J!�#��9�,O ��%��-3�%J!�#�)WX�!1)Yc ��S��*�� �/,$*Oa~ #�)���%���#�$�
*$�/�p�u�)���!� f�_����$�VJS�/1�J!&�10�/�#��9�,$�~9�,��#�$�V*$�/�p�u�)���!�7�~�/ ��n,$9����#�$9Sa~,.'U�%JS�/&$���]�#�$�!Y
*�9L,$9��z� �U�%J!���#�$��J%9�,$�#���#���!,$J!Y�9/2��#�$���`fI�%J!&��#��9�,79/2s�#�$���# p�/,$�p��J!�#��9�,$�S_ ���~�����#&��7�
�#���/�n�#�$�u9�-3�! p�/�#��9�,$�~�#���/�VJS�/,{'3�c-U�! 2Q9� #�7�%*e'�Y.�#�$�K�# p�/,$�p��J!�#��9�,$�V*�9N,$9��n���/bX�
�#�$���# p�/,$�p��J!�#��9�, �/'�1�����9{J%9��(�u&�,���JS�/���.'8Y�9��#�$�! u�7�S�/,$�<�#���/,|'�Yd ��S��*I�),�E\�/,$*
a~ #�)�#�),�EO*$�/�p�V�)���!�7�S_�GP2s�#&$J��(J%9��(�<&�,���JS�/�#��9�,�a"���z�/1)1�9�a��%*(�#�$�!,N�#�$��J%9�,$J!&� # ��!,$J!Y
���/,��/EX�! ]J%9�&�1�*+,$9��n*��!���! #�(�),$�O�#�$�L*��!-U�!,$*��!,$J!���%�n'U�!�Pa"�%�!,{�#�$�KJ%9��(�u&�,���JS�/�#�),�E
�# p�/,$�p��J!�#��9�,$��_

r"9�,$����*��! ��#�$�n2:9�1)1�9�a~�),�E��#�� ��%�]-39F�p�#�)'�1��n�����#��9� #���%���),$J!1)&$*I�),�E��#�$�]�Ha�9<�# p�/,$�p��J ;
�#��9�,$� �

! _
H1 = r1[x]r1[y]w1[x]w1[y]c1r2[x]w2[x]c2

"I_
H2 = r1[x]r1[y]w1[x]r2[x]w1[y]w2[x]c1c2

� _
H3 = r1[x]r1[y]r2[x]w2[x]w1[x]w1[y]c1c2

�L9������#���/�
H1

�����#�$�~���! #�0�/1$�`f��%J!&��#��9�,
T1 → T2

_����$��-��/�) ��z9/2UJ%9�,/7$��J!�#�),�Eu9�-/;
�! p�/�#��9�,$�o'3�!�Ha��%�!,u�#�$�z�Pa�9]�# p�/,$�p��J!�#��9�,$� �/ ��

(r1[x], w2[x]), (w1[x], r2[x]), (w1[x], w2[x])
_

���$�O9� �*��! V9/2t�#�$�%���uJ%9�,/7$��J!���n�),e�#�$�K�#�� ��%�O�`f$�/�(-�1��K�����#��9� #���%�V�/ �� �
! _
H1 : (r1[x], w2[x]), (w1[x], r2[x]), (w1[x], w2[x])

"I_
H2 : (r1[x], w2[x]), (w1[x], r2[x]), (w1[x], w2[x])

� _
H3 : (r1[x], w2[x]), (w2[x], r1[x]), (w1[x], w2[x])

GH,
H1

�/,$*
H2

�#�$��J%9�,/7$��J!���N�/ ��79� �*��! ��%*��), �#�$�7�p�/�7�(a��%Y|�/,$*�'8Yd*��`5$,��)�#��9�,
9/2�����&��)WF�/1��!,$J%�79/2���������9� #���%�SR

H1
�/,$*

H2
�/ ��(����&��)WF�/1��!,��S_NGH,

H3
R��$9Sa��!WX�! SRo�#�$�

���%J%9�,$* -��/�) +9/2uJ%9�,/7$��J!�������.9� �*��! ��%* *I� �U�! ��!,8�#1)YX_ �L�!,$J%�FR
H3

����,$9��+����&��/1L��9
,$�!�)�#�$�! 

H1
,$9� 

H2
_
H3

���"�),+2Q��J!�n�/,e�`f��/�(-�1��K9/2t�#�$�L1�9F�#��&�-3*$�/���c-� �9�'�1��!�{_
T29�WX�! #a~ #�)���%�]�#�$�K ��%��&�1)���n9/2

T1
9�,

x
_

�������e*��`5$,��)�#��9�, 9/2�����&��)WF�/1��!,$J%�d9/2u�����#��9� #���%�+���.'������%* 9�,��#�$�	9� �*��! #�),�E 9/2
J%9�,/7$��J!�#�),�E(9�-U�! p�/�#��9�,$���),$J!1)&$*��%*��),��#�$�V�����#��9� #YX_�mo�/���! SRv�),��p�%J!�#��9�, "I_ �$_ ! R8a��Va~�)1)1
1�9v9�b+�/�L�N*I� �U�! ��!,8�]*��`5$,��)�#��9�,l9/2 ����&��)WF�/1��!,$J%�OJS�/1)1��%*kW8���!a ���8&��)W��/1��!,$J%�F_

" �



�GCE����()D ���H( �1D�C �1��* ��� � ��C * �L9Sa|�#���/��a���b8,$9�a�a~���/�t�����! #�0�/1������#��9� #Yc���o�/,$*Oa~���/�
�)�"�7�S�/,$�]�#���/�~�Pa"9(�����#��9� #���%�]�/ ��K���8&��)W��/1��!,8�SR�a��uJS�/,e&�,$*��! ��#�p�/,$*e�#�$�K*��`5$,��)�#��9�,
9/2����! #�0�/1)�98��/'��)1)�)�HY �
� C � �-� �����,� %�� �GCE����()D ���H( ����D � � ��� ^ �8= �OV LZPRT

H
=�� � S]P`= �ZY =�� ���]Y Su= 
 ��B 
 L�B Y T7= 
c= V

= � S �ONv=?>��ZY S!B!V4V L��7L	� S �7S]P`= �EY ��= �OV LZP]T
HS

@

yV���7�!,��#��9�,$�%*e�S�/ #1)���! "�#�$�! ��L�����79� ��V�#���/,e9�,$�]a��%Y���9u*��`5$,$�c����&��)WF�/1��!,$J%�c9/2
�����#��9� #���%���XJ%9�,/7$��J!�z���8&��)W��/1��!,$J%�~�/,$*�Wv���!a ���8&��)WF�/1��!,$J%�c[:�p�%�"�p�%J!�#��9�, "I_ �$_ ! ^`_�$~�����%*
9�,la~�$�!�#�$�! OJ%9�,/7$��J!�O9� LW8���!a ���8&��)W��/1��!,$J%�����c&$���%*�R3�Ha�9.2Q9� #�7�L9/2����! #�0�/1)�98��/'��)1)�)�PY
�/ ��l-U9F���#�)'�1��FR(J,L�B � = J7V �7S]P`= �ZY =�� ���`=?Y =WVWT	� _ ; %�
��/,$* >�= S � � S]P`= �ZY =�� ���`= Y = VWT���
�; %�
/R
 ��%�#-3�%J!�#�)WX�!1)YX_ GH,(�#�$�n ��%����9/2��#�����z�#�$�%�#����Goa~�)1)1s1��!������&��)WF�/1��!,$J%�V�/,$*����! #�0�/1)�98��/'��)1)�)�PY
�7�S�/,7J%9�,/7$��J!������&��)WF�/1��!,$J%�n�/,$*(J%9�,/7$��J!�����! #�0�/1)�98��/'��)1)�)�HYXR�&�,�1��%�p� 9��#�$�! #a~�����n�#�p�/���%*�_

GP,l�#�$�u�`f$�/�(-�1����/'U9SWX�<a����p�Sa �#���/�
H2

���L����&��)WF�/1��!,��L��97�#�$�����! #�0�/1o��������9� #Y
H1

_ $�Y.�#�$�K*��`5$,��)�#��9�,l9/2 ���! #�0�/1)�98��/'��)1)�)�HYea��K,$9�a bv,$9Sa �#���/�
H2

���]���! #�0�/1)�98��/'�1��F_
> �!�7�!�<'3�! "�#���/���#�$�! ��L�/ ��

n!
-U9F���#�)'�1��L���! #�0�/1s��������9� #���%��a~�$�!,

n
�# p�/,$�p��J!�#��9�,$�

�/ ��K�),�WX9�1)WX�%*�_nGH�nEX�!���V p�/�#�$�! ]�),$� ��J!���!,8�L��9(5$,$*l�/,l���8&��)WF�/1��!,��c���! #�0�/1o�����#��9� #Y+��9
�\�#-3�%J!�65�J+,$9�,/;P�p�! #�0�/1n�����#��9� #Y�a~�$�!,

n
���(�79v*��! p�/���!1)Y 10�/ #EX�F_}y],$9��#�$�! (a��%Y ��9

���%�#�O�62]�e�����#��9� #Y
H

���u�p�! #�0�/1)�98��/'�1������<��9{*��! #�)WX�+�/,$* �/,��/1)Y 8S�7�#�$� � S]P`= �ZY =�� �EV:= L�B
DZP � ����[�i cu^�2:9� 

H
RI*��!,$9����%*ki c([

H
^`_ ��������EF p�/-��e����*��! #�)WX�%*+'�Y.J! ��S�/�#�),�E��u,$9v*��

2:9� "�!WX�! #Y�J%9��(�(�)�#���%*.�# p�/,$�p��J!�#��9�,+�),�WX9�1)WX�%*.�),
H
�/,$*.J! ��S�/�#�),�E7�/,��%*IEX�V24 �9��

Ti��9
Tj
R
i 6= j

R��62t�#�$�! ��u���]�/,k9�-U�! p�/�#��9�,k�),
Ti
a~����Jp�k-� ��%J%�%*��%�V�/,$*kJ%9�,/7$��J!���]a~�)�#�

9�,$�(9/2
Tj
� �K9�-U�! p�/�#��9�,$�S_Ny],��%*IEX�N�),d�#�$�NEF p�/-���JS�/,d ��!-� ��%���!,8�O�79� ��(�#���/,�9�,$�

-��/�) n9/2�J%9�,/7$��J!�#�),�E.9�-3�! p�/�#��9�,$�S_
���$�n���! #�0�/1)�98��/�#��9�,.EF p�/-��$� 2Q9� z�#�$�~�����#��9� #���%�"9/2U�#�$�]�`f$�/�(-�1��]�/'39�WX�V�/ ��n���$9Sa~,

�),+5$EF&� �� "I_ � _

H1

T2T1

H2

T2T1

H3

T2T1

gt�)EF&� �� "I_ � � iv�! #�0�/1)�98��/�#��9�,lEF p�/-��$��2Q9� 
H1

R
H2

�/,$*
H3

���$�O�#�),�EF1��<�%*IEX�
T1 → T2

�),{�#�$�O��������9� #���%�
H1

�/,$*
H2

 ��!-� ��%���!,����c�/1)1o�#�� ��%�
J%9�,/7$��J!���+'3�!�Ha��%�!, �#�$�l�Pa�9 �# p�/,$�C��J!�#��9�,$�S_ ���$�\�%*IEX�

T2 → T1
�),
H3

�`fI���#���
'3�%JS�/&$���K9/2��#�$�

(w2[x], r1[x])
J%9�,/7$��J!�]9� �*��! #�),�E$_

: ��J��l�%*IEX�K�),	i c([
H
^��7�S�/,$�n�#���/�V�/�~1��S���#�V9�,$�K9/2

Ti
� �n9�-U�! p�/�#��9�,$�~-� ��%J%�%*��%�

�/,$*�J%9�,/7$��J!���Na~�)�#� 9�,$�+9/2
Tj
� ��_dg� �9�� �#�$�+*��`5$,��)�#��9�, 9/2LJ%9�,/7$��J!�(����&��)WF�/1��!,$J%�

�#�����O�#&�EFEX�%�#���K�#���/�u�62��/,|���8&��)W��/1��!,8�u���! #�0�/1 �����#��9� #Yd�`fI���#���
Ti

�<&$�#�K-� ��%J%�%*��
Tj
_

G�2"�.J!YIJ!1������c-� ��%���!,��K�),d�#�$��EF p�/-���Ro�/,����8&��)W��/1��!,8�O���! #�0�/1������#��9� #YlJS�/,�,$9��O�`fI���#�S_
m��!�~&$�~�p�%Y��#���/�~�#�$�! ��K�`fv�������n�<J!YIJ!1��c�),

H
J%9�,8�p�/�),��),�E7�#�$�c,$98*��%�

Ti
�/,$*

Tj
_ GP,

" �



�/,d���8&��)W��/1��!,8�O���! #�0�/1������#��9� #Y
Ti

-� ��%J%�%*��%�
Tj

a~����J��d�),\�#&� #,d-� ��%J%�%*��%�
Ti
_O�������

���~�)�(-U9F���#�)'�1��F_
�������t�/ #EF&��7�!,�� ���U2:9� #���/1)�98S�%*O�),O�#�$�t24&�,$*$�/�7�!,8�p�/1v�p�! #�0�/1)�98��/'��)1)�)�PYK�#�$�%9� ��!��b $��%c 3H2 e

& ��CE� ��C � � � & �-C ��C � ��()D����H( ��� D � � � & �-C � ��C � � ^ ��=��]V LZP]T
H

=����7S]P`= �ZY =�� ���]Y S
= ��� ; ! � H 
N= � � J7TEJ7Y = J�@

���$�O�����#��9� #Y
H3

J%9�,��p�/�),$�V�7J!YvJ!1��FR$�/,$*e�#�$�! ��`2Q9� ��K���~,$9��V���! #�0�/1)�98��/'�1��F_
cc�)WX�!,N�/,(��J!YvJ!1)��J"���! #�0�/1)�98��/�#��9�,NEF p�/-���R�i c([

H
^`RX�/1)1v���8&��)W��/1��!,8� ���! #�0�/1������#��9� #���%�

JS�/, '3�7*��! #�)WX�%*|'�Yd��9�-U9�1�9�EF��JS�/1)1)Y���9� #�#�),�E\i c7[
H
^`_{ZV&� u�`f$�/�(-�1��7�����#��9� #���%�

H1�/,$*
H2

���SWX�O9�,�1)Ye9�,$�O���8&��)W��/1��!,8�]���! #�0�/1o��Jp�$�%*I&�1�� �
T1 → T2

_

>@< �G<A; � F�
����t
X� FG	��AF���	&� FP� F���

yV,$9��#�$�! �*��`5$,��)�#��9�, 9/2K�����#��9� #Y ����&��)WF�/1��!,$J%�{����JS�/1)1��%* >S= S � S �ONv=?>��ZY S!BMJ�S!_ �������
*��`5$,��)�#��9�,	9/2����8&��)W��/1��!,$J%�O���~1��%���~ ��%�#�# #��J!�#�)WX�O�#���/,kJ%9�,/7$��J!�V���8&��)W��/1��!,$J%�F_
� C ���1� ��� ��� ? �
	 ��C�� � � �1� �+()D�CE�-�HC � ��� L ��=��]V LEPC= S��

H
��B 


H ′
�ZP,S�>�= S �KS �ONv=��

> �EY S`BMV�= 
 V	��S 
OLEY?Y L � =4B8D J,LFB 
�=WV:=WL�B � ��LZY�
�

'X@ ����S]T J,LFB��C=��]V L 
 V	��S ���	� S � SOV L�
 VWP���B���� J7V:= L�B�� ��B 
 � ��>\S V	��S ���	� S	L�� S]P��	�
V:=WL�B �%@

� @��)LZP���B T J,L	� �N= V V:=4B8D � ��= P L�
	VWP���B���� J7V:= L�B��
Ti

��B 

Tj

#�= 

Tj

PXS�� 
�� � 
 �EV �
= VAS �

x

]PXL	�

Ti
=4B
H
V	��S`B

Tj
�(N �]V �ZY �OL PXS���
 
RPXL	�

Ti
=4B
H ′
@

+8@LA 

Ti

=�� V	��S Y��	�]V VWP ��B ��� J7V:= L�B V L � PC=WVAS ��
�� V ��=WVAS �
x
=4B
H
# V	��S`B

Ti
�`N �]V

�ZY �7L �,S	V	��S Y����OV VWP���B���� J7V:= L�B V L � P`= VAS
x
=?B
H ′
@

g$ �9�� �#�����n*��`5$,��)�#��9�,	9/2t�����#��9� #Y+���8&��)W��/1��!,$J%�Ka"�KEX�!�O>S= S � �7S]P`= �ZY =�� ���`=?Y =WVWT�_
� C ���1� ��� ��� �	�
	 ��C�� ��C � ��()D � � ( �1� D � � ��� ^ ��=��]V LEPRT

H
=���Wv���!a ���! #�0�/1)�98��/'�1��	= �

=WVz=��K>S= S � S �7N8=4> �ZY S`B!V:V L �OL	� S �7S]P`= �ZY ��=��]V LZP]T�@
���$�k*��`5$,��)�#��9�, 9/2cW8���!a ���! #�0�/1)�98��/'��)1)�)�HY}���(1��%���( ��%���# #��J!�#�)WX�ea~�$�!, �\WF�/1)&$�+���

a~ #�)�#���!,l�#���/�]���n�),$*��!-U�!,$*��!,��c9/2��/1)1�-� ��!Wv��9�&$�n ��S��*��L9/2��#���/�]�# p�/,$�p��J!�#��9�,�_����$�%���
a~ #�)���%���/ ��nJS�/1)1��%* �]Y =4B 
�� P`= VAS��(b : � 4 � e _t�V���#��9� #���%���#���/�"�/ ��~Wv���!a ���! #�0�/1)�98��/'�1��]'�&��
,$9��]J%9�,/7$��J!�V���! #�0�/1)�98��/'�1��<�/1)a��%YI�]J%9�,��p�/�),l'�1)�),$*ea~ #�)���%� b i �ui 4H2\e _

yV1)�#�$9�&�EF�7Wv���!a ���! #�0�/1)�98��/'��)1)�)�PY(����1��%�p�  ��%�#�# #��J!�#�)WX�~�#���/,7J%9�,/7$��J!���p�! #�0�/1)�98��/'��)1)�)�PY
�)�t���o,$9��t&$���%*<�),�J%9��(�7�! �J!�0�/1�*$�/�p�/'��������#YI�#���!�7�S_ �o�%�#�#�),�EL2Q9� oWv���!a��p�! #�0�/1)�98��/'��)1)�)�PY
�����N'U�%�!,}�#�$9Sa~, ��9	'3��� 0��8J%9��(-�1��!���FRza~����Jp�}�7�S�/,$�N�#���/�(�)�<���N���)EF��1)Y &�,�1)�)bX�
�#���/�.� ��J!���!,��e�/1)EX9� #�)�#���7�72Q9� 7�#�����7a~�)1)1V'3�e2:9�&�,$*�_�g$9� ��79� ��k�),I2:9� #���/�#��9�, 9�,
qOi > -�1��S�����KJ%9�,$����*��! 	b $�� c 3H2 RI-��/EX� ��3fe _

�������������! "�$#%�'&(�*)�&,+�-*��#/.

" �



- ��� ���	67"4 #' *,�	3 � �@ #*,0��,* � 0��`* �,*X� �
�����������%J!�#��9�,Oa~�)1)1X1�9v9�bL�/�o�#�$� �79F�#��J%9��(�79�,�1)Yc&$���%*OJ%9�,$J!&� # ��!,$J!YKJ%9�,��# �9�1v��J��$�!�7�FR
V	��S V � L � ��� �	�7S	Y L J���=4B8D �MPXLEV L J,LZY6_~iv�!WX�! p�/1o9��#�$�! ]��Jp�$�!�7�%�]�`fI���#� �
• ���)�7�%�#�p�/�(-	ZV �*��! #�),�E\[:�]ZK^`_

• iv�! #�0�/1)�98��/�#��9�, cL p�/-��l�o�%�#�#�),�E\[�i cc�]^`_
���)�7�%�#�p�/�(-l9� �*��! #�),�E+�/,$*k���! #�0�/1)�98��/�#��9�,lEF p�/-��k���%�#�#�),�E+�/ ��K�#�$�%9� ��!�#��JS�/1)1)Y{�),/;

���! ��%�#�#�),�E$R�'�&��"���/ �*I1)Y7&$���%*��),�J%9��(�7�! �J!�0�/1��#YI�#���!�7�S_�g$9� ��u*��!�p�/�)1��%*.*��%��J! #�)-��#��9�,
9/2t�#�$�%���KJ%9�,$J!&� # ��!,$J!Y{J%9�,8�# �9�1 ��Jp�$�!�7�%�]���%� b $��%c 3H2 R�J����/-����! � e _
>@<��@<A; �s� �z
�� ���P
X�U�
���$�VJ%9�,$J!&� # ��!,$J!Y�J%9�,8�# �9�1���J��$�!�7�V���"�!,I2:9� �J%�%*�'�Y7�#�$�L��Jp�$�%*I&�1��! S_z���$�V�pJ��$�%*I&�1��! 
 ��%J%�!�)WX�%�e9�-3�! p�/�#��9�,$�+2: �9�� �#�$�	�# p�/,$�p��J!�#��9�, ���/,��/EX�! S_ GP�+JS�/,  ��%�#-U9�,$* ��9}�/,
9�-3�! p�/�#��9�,{�),e�#�� ��%�Oa"�%YI� �

! _nGH�(�7�%*I�0�/���!1)Y+�pJ��$�%*I&�1��O�)�S_
"I_nMc�!10�%Y+�)�S_
� _ > � h#�%J!���)�S_ �������.JS�/&$���%���#�$�k�# p�/,$�C��J!�#��9�, �#���/�.�����#&$�%* �#�$�k9�-U�! p�/�#��9�, ��9

�/'U9� #�S_

$~�����%*N9�,(�$9Sa ��Jp�$�%*I&�1��! ��  ��S��J!� ��9K9�-U�! p�/�#��9�,$� �#�$�!Y�JS�/,7J%9X�/ ��p�!1)Yu'U�~*I�)W8��*��%*
�),���9 �Pa"9}JS�/���!EX9� #���%� � J,L�B�� S]P`> �EV:=4>\S��/,$*���DSDZP,S�� �`=?>\S%_ r"9�,$�p�! #W��/�#�)WX�d��Jp�$�%*I&�1��%�
���!,$*l��9.*��!10�%Y\9�-U�! p�/�#��9�,$�S_K�������cEF�)WX�%�L�#�$���pJ��$�%*I&�1��! KEF ��S�/���! c2: ��%�%*�9�� ��9.10�/���! 
 ��S�/ # p�/,�EX�<�#�$��9�-U�! p�/�#��9�,$�V��9.�!,$�#&� ��N���! #�0�/1)�98��/'��)1)�)�HYX_Ky]EFEF ��%�����)WX�<��Jp�$�%*I&�1��! ��L�# #Y
��9k�%WX9���* *��!10�%Yv�),�El9�-U�! p�/�#��9�,$�O'�Yd��Jp�$�%*I&�1)�),�Ek�#�$�!� ���O�S�/ #1)Y����K-39F�p�#�)'�1��F_����$�
��J��$�%*I&�1��! 7 ��%*I&$J%�%���#�$�k�/'��)1)�)�PY ��9\ ��S�/ # p�/,�EX�lJ%9�,/7$��J!�#�),�E 9�-U�! p�/�#��9�,$�710�/���! ��/,$*
���%Y�9�,�1)Y�'3�K�/'�1��c��9N�!,$�#&� ��O�����! #�0�/1)�98��/'�1��K�`f��%J!&��#��9�,e'�Ye�/'39� #�#�),�E79�,$�c9� ~�79� ��
�# p�/,$�p��J!�#��9�,$�S_

���$�7-U�! 2:9� #���/,$J%��9/2~�#�$����Jp�$�%*I&�1��! <�HY8-U��*��!-U�!,$*��<9�,|�#�$���!,�Wv�) �9�,��7�!,��N�),
a~����J��e�)�����"&$���%*�_ y]EFEF ��%�p�#�)WX�c��J��$�%*I&�1��! ��~���SY�-U�! 2Q9� #� 'U�!�#���! �&�,$*��! n�#�)�#&��/�#��9�,$�
a~�$�! ��kJ%9�,$J!&� # ��!,��.�# p�/,$�p��J!�#��9�,$�. p�/ ��!1)Y}J%9�,/7$��J!�S_ ���$�kJ%9�,$���! #WF�/�#�)WX�k�pJ��$�%*I&�1��! 
�(�)EF���O&�,�,$�%J%�%���C�/ #�)1)Y	*��!10�SY\9�-U�! p�/�#��9�,$�K&�,$*��! O�#�����u�#�)�#&��/�#��9�,�_(G�2#R�9�,d�#�$�79��#�$�! 
���/,$*�R�J%9�,$J!&� # ��!,��n�# p�/,$�p��J!�#��9�,$�]9/24���!,{*�9NJ%9�,/7$��J!�n�#�$�!,k�/,{�/EFEF ��%���#�)WX�K�pJ��$�%*I&�1��! 
a�9�&�1�*e9/2:���!,e���%WX�c��97�/'U9� #�"�# p�/,$�C��J!�#��9�,$�~��9(�!,$�#&� ��K���! #�0�/1)�98��/'��)1)�)�HYX_����$�KJ%9�,$���! ;
W��/�#�)WX�<��J��$�%*I&�1��! La�9�&�1�*l�79� ��<9/2:���!,k'U�u�/'�1��u��9���J������!WX�N���! #�0�/1)�98��/'��)1)�)�HY{a~�)�#�$9�&��
�/'39� #�#�),�E7�# p�/,$�C��J!�#��9�,$�S_

>@<��@<?> I �z
�IV�.��� � ��	��/
 � � �X� FH�z
 � �X���F� �I�o�
���$�|9�1�*��%�#�\�/,$* �79F�#�{a~��*��!1)Y &$���%* J%9�,$J!&� # ��!,$J!Y J%9�,8�# �9�1N�/1)EX9� #�)�#��� ����Y L J�� �
=?B8D b �t�/, 4 " e _7���$�7J%9�,$J%�!-��<���O�#�)�(-�1��F_ : ��J���*$�/�p�+�)���!� �����<�e1�98Jpb\�����p98J!�0�/���%*

" 2



a~�)�#�.�)�S_�y �# p�/,$�p��J!�#��9�,.JS�/,.�!�)�#�$�! ���J��8&��) ��V�O1�98Jpb79� � ��!1��S�����c�K1�9vJ�b(�)�������/1) ��S��*IY
�$9�1�*I�),�E$_zGP2��<�# p�/,$�p��J!�#��9�,

Ti
a��/,����]��9<&$�p�c�< ��%��9�&� �J%�

x
�)��5$ ����"��������9(�	�8&��) ��O�

1�9vJ�b+9�,
x
_ GP2

x
���~,$9��V�/1) ��S��*IY+1�98JpbX�%*

Ti
'U�%J%9��7�%�n�#�$�K9�a~,$�! V9/2��#�$�c1�98Jpb.9�,

x
_

GP2 RU9�,d�#�$�N9��#�$�! K���/,$*�R
x
���c1�9vJ�bX�%*�R�,$9+9��#�$�! K�# p�/,$�p��J!�#��9�,d���SY	��J%J%�%���c�)�S_<G�2

xa����n�/1) ��S��*IY71�98JpbX�%*.'�Y���9��7�V�# p�/,$�p��J!�#��9�,
Tj

�#�$�!,��)�"���"&�-���9<�#�$�L1�98Jpb(���/,��/EX�! 
��9c*��S�/1Ia~�)�#�(�#������J%9�,/7$��J!�S_ ���$��1�9vJ�b<���/,��/EX�! zJ%9�&�1�*NJ��$9v9F���"��9L*��!,8Y<�#�$�" ����8&$�%�#�
[:�F_ E$_�'8Yk�#�� �9�a~�),�E	�/,��`f�J%�!-��#��9�,s^c9� K'�1�98Jpbl�#�$�N ����8&$�%�#�#�),�Ee�# p�/,$�p��J!�#��9�,

Ti
�/,$*

��*�* �)�N��9�� ��&$�!&$�F_ ���$�!,��#�$�e9�a~,$�! �9/2]�#�$�+1�9vJ�b�9�,
x
 ��!1��S�����%�N�#�$�+1�98Jpb3R"�

�# p�/,$�p��J!�#��9�,
Ti
����-���J�bX�%*{24 �9�� �#�$� �8&$�!&$�K'8Y�&$�#�),�E7�p9��7�O��J��$�%*I&�1)�),�E.�/1)EX9� #�)�#���

[:�F_ E$_� �9�&�,$*{ �9�'��),s^~�/,$*
Ti
���]���!�~��9N�#�$�O9Sa~,$�! L9/2t�#�$�c1�9vJ�b{�/,$*+ ��!Wv�)WX�%*�_

��������1�98Jpb8�),�Eu-� �9���98J%9�1s���  ��%�#�# #��J!�#�)WX�n'U�%JS�/&$���n*$�/�p�K�)���!�7��9�,�1)Y(JS�/,7'U�~1�98JpbX�%*
�`f�J!1)&$�#�)WX�!1)YX_���a"9c�# p�/,$�p��J!�#��9�,$� JS�/,<,$9�� �#�)�<&�1)�p�/,$�%9�&$�#1)Yu ��S��*(�V*$�/�p�V�)���!�{_tj	9� ��
7��`fI�)'��)1)�)�PY}JS�/,}'U�+��Jp�����!WX�%*}'�Y�1��!�#�#�),�Ed�#�$�{��J��8&��) #�),�E��# p�/,$�p��J!�#��9�,$�7�#-U�%J!�62:Y|�),
a~���/�(�79v*��+�#�$�!Y|a��/,��7��9	1�9vJ�b��#�$���)���!�{_��� p�/,$�C��J!�#��9�,$��JS�/,} ��S��*}�/,$* a~ #�)���
*$�/�p�N�)���!�7��R$��9N�Pa"971�9vJ�b.�798*��%�]J%9��7�K,��/�#&� p�/1)1)YXR$ ��S��* ;"�/,$*{a~ #�)���K1�98Jpbv��_

���$���/1)EX9� #�)�#��� 2Q9� K1�98Jpb\��J��8&����#�)�#��9�,�a~�)1)1z,$9�a ���%WX�7��9{J%9�,$�#��*��! Oa~���/�O1�9vJ�b
�79v*��O���V �����&$�%�����%*�_ny  �����&$�%�#�V��9�1�9vJ�b{*$�/�p�7�)���!�

x
�),l1�9vJ�be�79v*��

m
JS�/,	9�,�1)Y

'U��EF p�/,����%*\�62�,$9+9��#�$�! K�# p�/,$�p��J!�#��9�,$�c�$9�1�*���1�9vJ�bl�),	�79v*����#���/�KJ%9�,/7$��J!���Ka~�)�#�
m
_ziv�%J!�#��9�, "I_ � _#"u*��%��J! #�)'3�%*�J%9�,/7$��J!�#�),�E�9�-U�! p�/�#��9�,$�S_ ��a"9u1�9vJ�bN�79v*��%��9�,��O*$�/�p�

�)���!�
x
J%9�,/7$��J!�z�62U9�,$�]9/23�#�$�!� �����La~ #�)���F_t���������# p��*I�)�#��9�,��/1sJ%9�,$J!&� # ��!,$J!Y(J%9�,��# �9�1

��Jp�$�!�7�<�/1)1�9�an�n�u&�1)�#�)-�1��<�#�)�u&�1)�p�/,$�%9�&$�V ��S��*��! ��SR�'�&��n9�,�1)Y{�N�#�),�EF1��Oa~ #�)���! S_
TV,� ��%�#�# #��J!���%* ��J��8&����#�)�#��9�, �/,$*  ��!1��S�����	9/2O1�98Jpbv��'�Y �# p�/,$�p��J!�#��9�,$�+*�98�%��,$9��

�!,$�#&� ��(�p�! #�0�/1)�98��/'��)1)�)�PYX_7r�YvJ!1��%�KJS�/,d�#�#�)1)1�'U�NJ! ��S�/���%*\�),d�#�$���p�! #�0�/1)�98��/�#��9�,�EF p�/-���_
gt�)EF&� �� "I_ � �#�$9�an���#�$�l98J%J!&� # ��!,$J%�	9/2K�#�$�{1�9F�#��&�-3*$�/���k-� �9�'�1��!� �!WX�!,��#�$9�&�EF�
1�9vJ�bv�),�E7���~&$���%*�_

T1 T2�0�������
�������
� �������

�
�	�����
�
�����
� �	�����

& �������
& �����
� �������

& �	�����
& �����
� �	�����

gt�)EF&� ��="I_ � � ���$�(1�9F���K&�-3*$�/���N-� �9�'�1��!� a~�$�!,|1�98Jpb8�),�E{���c&$�p�%*�_(���$�(&�-3*$�/���(9/2
T1

���n9SWX�! #a~ #�)�#���!,l'�Y
T2

�/,$*+�#�$�! ��`2:9� ��u1�9F�#�S_

���$�DV � L � ��� �	�7S Y L J ��=?BvD��+P LEV L J,LZYn�/-�-�1)���%�O��9��7�7��*�*I�)�#��9�,��/1z ��%���# #��J!�#��9�,$�u�/,$*
" 3



EF&��/ p�/,����%�%�{J%9�,/7$��J!�e���! #�0�/1)�98��/'��)1)�)�HYX_ yL���),$*I��JS�/���%* '8Y �)���+,��/�7�	�#�$�	-� �9���98J%9�1
 �����&��) ��%���#���/�z�# p�/,$�p��J!�#��9�,$�������#&$���#�$�!�) �1�9vJ�b7�/,$*(&�,�1�9vJ�bN ����8&$�%�#���z�),��Pa�9u-��������%�S_

! _ ! PXL � =?BvD ��� ���7S!_����$�(�# p�/,$�p��J!�#��9�, JS�/,��	��&��) ��(1�9vJ�bI�SR�'�&��u���K,$9��<�/1)1�9Sa"�%*
��9N ��!1��S�����u�/,8Y+1�98Jpb3_

"I_c;�� P`=4B ��=4B8D ��� ��� S!_ ���$�	�# p�/,$�p��J!�#��9�, JS�/,�9�,�1)Y  ��!1��S�����l1�98Jpbv�S_ GH�����.,$9��
�/1)1�9Sa"�%*{��9��	�8&��) ��u�/,8Y�,$�!a 1�9vJ�bI�S_

���$�z�# p�/,$�p��J!�#��9�,��#�p�/ #��� a~�)�#�u�)����EF �9�a~�),�EV-������p�F_�ZV,$J%�"��1�98JpbK���� ��!1��S�����%*�R/�#�$�
�#�� #�),�b8�),�E�-��������<���V�!,8���! ��%*�_LZV,$J%�<�),l�)���L�#�� #�),�bv�),�E�-��������<�#�$�O�# p�/,$�p��J!�#��9�,dJS�/,
,$9��L��J��8&��) ����/,8Ye,$�!a 1�9vJ�bI�n�),	�)���n ��!���/�),��),�Ee�`f��%J!&��#��9�,�_]gt�)EF&� �� "I_ 2 �)1)1)&$�#�# p�/���%�
�#�$�c�Pa�9�;�-������p�u1�9vJ�bv�),�E7-� �9���9vJ%9�1�_

Lock
point

Growing
phase

Shrinking
phase

N
um

be
r 

of
 lo

ck
s

Time

g �)EF&� �� "I_ 2 � ���$��'�������J��Ha�9�;�-��������e1�9vJ�bv�),�E\-� �9���98J%9�1O[ $~���#��J " 0zm ^`_ ���$��5$EF&� ��
�����~'3�%�!,k��*�9�-����%*{24 �9�� b �t�/, 4 " e _

m��!�u&$�<EF�)WX���/, �),��#&��)�#�)WX�+�`fI-�10�/,��/�#��9�,�9/2~a~��Y�" 0�m��!,$��&� ��%�<���! #�0�/1)�98��/'��)1)�)�HYX_
> �%JS�/1)1K�#���/�k�������#��9� #Y����e���! #�0�/1)�98��/'�1��d�627�/,$* 9�,�1)Y �62��)���li c ���{��J!YIJ!1)��JF_ y],
�),$J%9��(�),�E{�%*IEX�(��9e�.�# p�/,$�p��J!�#��9�,�� �K,$9v*��N�),	�#�$��i > ���%Y	'3�NJ! ��S�/���%*da~�$�!,d�#�$�
�# p�/,$�p��J!�#��9�,���J��8&��) ��%�.�d1�98Jpb3_�y],�9�&��#EX9��),�E �%*IEX�{24 �9�� ���# p�/,$�p��J!�#��9�,�� ��,$98*��
JS�/, 9�,�1)Yd'U��J! ��S�/���%* �62��#���/���# p�/,$�p��J!�#��9�,������u ��!1��S���p�%*|�#���/�N�e1�9vJ�bU_{����&$�SRt��9
J! ��S�/���c�<J!YIJ!1��]�),+�#�$�Ki cNR8�p9��7�V�# p�/,$�C��J!�#��9�,.�<&$�#�"5$ ��#�" ��!1��S�����K�O1�9vJ�b��/,$*.�#�$�!,
10�/���! c��J��8&��) ��(�71�9vJ�bU_c�������V���L�`fI-�1)��J!�)�#1)Yk-� �9����)'��)���%*\'�Yk�#�$� " 0zm -� �9���9vJ%9�1�_Kg$9� 
�{�79� ��.�#�$9� �9�&�EF� �`fI-�10�/,��/�#��9�, �/,$*|-� �9v9/2]�#�$�. ��S��*��! (���� ��`2:�! # ��%*���9 b $"�%c 3H2 R
-��/EX�%� � 4 � � �fe _

���$�O'����#��Ju�Pa"9�;�-��������u1�9vJ�bv�),�E�-� �9���9vJ%9�1t���]�#&�'Ih#�%J!�]��97JS���pJS��*I�),�E� �9�1)1)'���Jpbk9/2
�# p�/,$�p��J!�#��9�,$�S_ r�����JS��*I�),�E| �9�1)1)'���Jpb JS�/, 'U�{�%WX9���*��%* '�Y  �����&��) #�),�E �#���/�7a~ #�)��� ;
1�98Jpbv�K�/ ��N�$�!1�*\&�,��#�)1 �#�$���# p�/,$�p��J!�#��9�, J%9��(�(�)���S_u�������cWX�! ��#��9�,�9/2 " 0zm}���cJS�/1)1��%*

" 4



�OVWPC= J7V V � L	� ��� ��� SDY L J�� =?B8D}�/,$* ���p�#&� ��%�N�#���/�7,$9\�# p�/,$�p��J!�#��9�,$�7JS�/,} ��S��*  ��%�#&�1)���
a~ #�)�#���!,l'�Y.&�,$J%9��(�(�)�#���%*k�# p�/,$�p��J!�#��9�,$��_

yV,$9��#�$�! �W��/ #�0�/�#��9�,79/2G" 0zm+���t�#�$��P`=)D LZPXLZN ��V � L	� ��� ��� S4Y L J�� =?B8D �MPXLEV L J�LZY�a~����Jp�
 ����8&��) ��%�u�#���/�(�/1)1�1�9vJ�bI�N�/ ��7�$�!1�*�&�,8�#�)1��#�$���# p�/,$�p��J!�#��9�, J%9��(�(�)���S_liv�%�����%J!�#��9�,
"I_ � _ ! 2Q9� ~�79� ��K�),I2Q9� #���/�#��9�,l9�,e #�)EX9� �9�&$�V�����#��9� #���%�S_

yV1)1s9/2��#�$�%���]�Pa"9�;�-��������]-� �9���9vJ%9�1��~�/ ��~Wv&�1),$�! p�/'�1��]��9<*��S��*I1�98Jpbv�S_ y *��S��*I1�9vJ�b
9vJ%J!&� ���a~�$�!,+�Pa�9(9� ��79� ��L�# p�/,$�p��J!�#��9�,$�~'�1�9vJ�b.�S��J��{9��#�$�! ��),{�<a"�%Y��#���/�����/bX�%�
�)���)�(-U9F���#�)'�1��L��9NJ%9�,��#�),�&$�F_�gt�)EF&� �� "I_ 3 �#�$9�an�n�/,e�`f��/�(-�1��c9/2��<J!10�����#��Jc*��S��*I1�9vJ�b
�#�)�#&��/�#��9�,�_

T1 T2�0�������
�
�	�����

& �������
& �	�����

gt�)EF&� �� "I_ 3 � : f$�/�(-�1��u9/2��7*��S��*I1�98Jpb3_
T1

a"�/�)���V2Q9� 
T2

��97 ��!1��S�����u�#�$�O1�9vJ�be9�,
ya~���)1��

T2
a"�/�)���n2:9� 

T1
��9N ��!1��S�����K�#�$�O1�98Jpb.9�,

x
_

���$�! ��<�/ ��KW��/ #��9�&$�na"�%YI�]9/2 J%9�-��),�E�a~�)�#�l*��S��*I1�98Jpbv�S_
! _ � =�� S � LZNQVQ_�y �# p�/,$�p��J!�#��9�,7�#���/�z�����za"�/�)���%*(��9v9c1�9�,�Ec2:9� ��L1�9vJ�b������/'U9� #���%*�_
"I_�� ��=WV � 
7LZPzDZP������ ��� � ! 
/_�y EF p�/-��(9�WX�! ta~����Jp�(�# p�/,$�p��J!�#��9�,$��a"�/�)�t2Q9� oa~����Jp�
9��#�$�! ��n���n���/�),8�p�/�),$�%*�_�y J!YIJ!1��c�),{�#�$�KEF p�/-��l ��!-� ��%���!,����L�(*��S��*I1�98Jpb{�#�)�#&/;
�/�#��9�,�_�y �# p�/,$�p��J!�#��9�,{-��/ #�#��J!�)-��/�#�),�E.�),e�#�$�OJ!YvJ!1��c���]���!1��%J!���%*|[4�#�$�KWv��J!�#�)��^
�/,$*k�/'39� #���%*{��9( ��%��9�1)WX�K�#�$�K*��S��*I1�9vJ�bU_

GH�n���L�/1���9(-U9F���#�)'�1��O��97�798*I�62:Y+�#�$� " 0zm -� �9���98J%9�1��V��9��SWX9���*l*��S��*I1�9vJ�bI�S_��������
JS�/,.'3�L*�9�,$�L'�Y7���/bv�),�E��#�$�V�# p�/,$�C��J!�#��9�,$��-� ��%*��%J!10�/ ��c�#�$�!�) " ��S��*����!���n�/,$*�a~ #�)��� ;
���!����_O�������KWF�/ #�0�/,��K���cJS�/1)1��%*�V � L	� � � ���7S Y L J���=4B8D � = V	���+PXS�
 SXJOY �ZPC=4B8DF_(y -� �9�'�1��!�
a~�)�#���#�����.�/-�-� �9X��Jp� �����#���/�.�#�$�k�# p�/,$�C��J!�#��9�,�*�9v�%��,$9��e�/1)a"�SYv�.bv,$9Sa �`f���J!�#1)Y
a~����Jp�.�)���!�7���)������EX9��),�E���9<��J%J%�%���S_�yL���<��9�1)&��#��9�,���9<�#������-� �9�'�1��!�{R8�# p�/,$�C��J!�#��9�,$�
9/2:���!,{���%WX�u��9(9SWX�! ��#�p�/���u�#�$�!�) ] ��S��* ;"�/,$*{a~ #�)���%���!���S_�g�9� V�N�#�$9� �9�&�EF�l*I���pJ!&$���#��9�,
9/2 *��S��*I1�98Jpbv�L�/,$* " 0zm|a~�)�#�{-� ��%*��%J!10�/ #�),�E����%� b $��%c 3H2 RI-��/EX�%� � � � ��4fe _

- ��� � � ' "
	 �@ +0 �(* ��* � �
���$�d ��%J%9�WX�! #Y �#Yv�����!� 9/2��#�$�d*$�/�p�/'��������u&$�#�{���/bX�|�#&� ��\�#���/�k��9/2:�Pa��/ ��|�/,$*
���/ �*Ia��/ ��.2Q�/�)1)&� ��%�N*�9	,$9���J%9� # #&�-��N-U�! ��#���#���!,8�N*$�/�p�I_\������������&$�#&��/1)1)Y|*�9�,$�.'�Y
 ��%�#��9� #�),�El�#�$��*$�/�p�/'������7��9l�+-� ��!Wv��9�&$�uJ%9�,$�#�������!,��<�C�/���F_�yV1)1������%J!���u9/2~&�,$J%9�� ;
�(�)�#���%* �# p�/,$�p��J!�#��9�,$�N�#�$9�&�1�*�'U�7 ��!�79�WX�%*�_kyV, �`f��%J!&��#�),�El�# p�/,$�C��J!�#��9�,������u�#�$�
2Q9�1)1�9Sa~�),�E.���U�%J!��� �

! _ : �U�%J!���V9�,k*$�/�p���#�$�K�# p�/,$�p��J!�#��9�,la~ #�)���%�S_

� 6



"I_ : ���%J!���n9�,k9��#�$�! n�# p�/,$�C��J!�#��9�,$�n�#���/�n ��S��*+2: �9�� �#�$�c�# p�/,$�p��J!�#��9�,�_

���$�%���K���U�%J!���]���%WX�K��9N'U�K&�,$*�9�,$�Ka~�$�!,k�#�$�K�# p�/,$�p��J!�#��9�,{���]�/'U9� #���%*�_
y �# p�/,$�p��J!�#��9�, �����.��9|'U�{ �9�1)1��%* '���J�b �62u9�,$�l9/2u�#�$�k2Q9�1)1�9Sa~�),�E}�#�)�#&��/�#��9�,$�

98J%J!&� S_

• ���$�K�# p�/,$�p��J!�#��9�,l�/'U9� #���n�)���p�!162#[ �]N8= J!= 
 S ^`_

• ���$�K�# p�/,$�p��J!�#��9�,{���V�/'39� #���%*�[ �`NQP 
 SOPF^ �

�

�c�/ �*Ia"�/ �� �Fiv9/2:�Pa"�/ ��NJ! p���#��_

�

���$�z�# p�/,$�C��J!�#��9�,<-��/ #�#��J!�)-��/���%�t�),��]*��S��*I1�98Jpb<�/,$*O��� J��$9F���!,(��� W8��J!�#�)�{_

�

���$�K�# p�/,$�p��J!�#��9�,l���n��Jp�$�%*I&�1��%*{'�Y{�/,l�/EFEF ��%�p�#�)WX�O��Jp�$�%*I&�1��! ]�#���/�]JS�/,
,$9��L1��!�V�#�$�<�# p�/,$�p��J!�#��9�,dJ%9�,��#�),8&$�N'3�%JS�/&$���u�#�����La�9�&�1�*	'� ��S�/bk���! #�0�/1 ;
�98��/'��)1)�)�PYX_

GP������,$9����/1)a"�SYv���S���#Y(��9<&�,$*�9��/1)13���U�%J!���"9/2 �/,e�/'39� #�#�),�E��# p�/,$�p��J!�#��9�,�_�iv9��7�
�# p�/,$�p��J!�#��9�,$�N*I���#-�10�%Y�9�&��#-�&��<��9l�#�$��&$�p�! �*I&� #�),�E\�`fI�%J!&��#��9�,�_\���$��&$���! ��(�)EF���
&$���N�#�����O9�&��#-�&��<���K�),�-�&��u��9k�/,$9��#�$�! O�# p�/,$�p��J!�#��9�,�_����$�(*$�/�p�/'��������#YI�#���!� �����
,$9 -39F�����)'��)1)�)�PY���9}*I����J%9SWX�! {�#�����k*��!-3�!,$*��!,$J!Y�'3�!�Ha��%�!, �#�$�\�Pa�9 �# p�/,$�p��J!�#��9�,$�SR
�/,$*e�#�$�K�`fI�%J!&��#��9�,	9/2t�#�$�u���%J%9�,$*+�# p�/,$�p��J!�#��9�,k�(�)EF�8�]'� #�),�E7�#�$�u�#Yv�����!� �),���9��/,
�),$J%9�,$�#���#���!,��V�#�p�/���F_ �������~a"�SY+�#�$�c����9�10�/�#��9�,e-� �9�-3�! #�HY+�����~'3�%�!,eWv��9�10�/���%*�_�iv9��7�
�#Yv�����!�7�~��9�1)WX�c�#�����~'�Y.,$9��]*I���#-�10�SY8�),�E.�/,�Y+9�&��#-�&��n&�,��#�)1��#�$�O�# p�/,$�p��J!�#��9�,{�����~�),
2Q��J!�cJ%9��(�(�)�#���%*d�/1)1 �)���La�9� #bU_ $"&��SRs�#�����cJS�/,d�/1���9�1��S��*l��9+��-� �9�'�1��!�{_KGP���/EF�),$�
�#���/�]�#�$�O�# p�/,$�C��J!�#��9�,	J%9��(�(�)���L�#&$J%J%�%��� 2:&�1)1)Y{�/,$*{���c�/'39�&��V��97�#�$9�a �#�$�u&$���! n�)���
 ��%�#&�1)���S_z���$�!,�R$2:9� n��9��7�O ��S����9�,�R$�#�$�O��Yv�#���!� J! p�����$�%�V�/,$*e�#�$�K&$�p�! ]*I��*e,$9��nEX�!�
��9����%�<�#�$�u ��%��&�1)�S_]y J%9�,$J! ��!���N�`f��/�(-�1���a"9�&�1�*k'U�u�#�$�<a~�)�#�$*I p�%a��/1 �# p�/,$�p��J!�#��9�,
9/2n�/,�y �~j [:y]&���9����/�#��J.�o�!1)1��! Nj\��J����),$��^`_k���$��'��/,�b�*�98�%�u,$9��ua��/,��N��9{EF�)WX�
�#�$�~J!&$�#��9��7�! ������� �$�! �79�,$�!Y�&�,��#�)1$�#�$���# p�/,$�p��J!�#��9�,������ J%9��(�(�)�#���%*�_ $"&��SRF�62s�#�$�
�#Yv�����!� J! p���#�$�%�K'U�!�Pa��%�!, �#�$�7*��!1)�)WX�! #Yd9/2"�#�$�7�79�,$�!Yd�/,$*��#�$�7J%9��(�(�)�#�7�!,��N9/2
�#�$�u�# p�/,$�p��J!�#��9�,�RU�#�$��J!&$�#��9��7�! ca~�)1)1t,$9��V ��%J%�!�)WX�������L�79�,$�!YXR3'�&��L�#�$�<'��/,�b{a~�)1)1
�#���),�b��$�O*I��*�_

���$�%����-� �9�'�1��!�7�u�/ ��N ��%�#&�1)���K9/2",$9�,/;� ��%J%9SWX�! p�/'�1�����J!�#��9�,$��_u���$�7��J!�#��9�,$�OJS�/,
,$9��]'U�K&�,$*�9�,$�u�62 �#�$�u�# p�/,$�p��J!�#��9�,l�#���/�L�`fI�%J!&����%�V�#�$�!� �/'U9� #���S_����$�u*I� ���! ��!,$J%�
'3�!�Ha��%�!,k�#�$�K�����%J!�]9/2z��J!�#��9�,$�V�/ ��KJS�/���!EX9� #�98S�%*\��� bdcL p� 3/!]e �
� � �1� � ��C ����CE� � ���$����J!�#��9�,\*�9v�%�V,$9��L���%WX����9�'3�<J%9�,$�#��*��! ��%*	a~�$�!,\�/'U9� #�#�),�E

���# p�/,$�p��J!�#��9�,�_

� � � ��C ����CE� � ���$�<��J!�#��9�,{�����~��9('U�c&�,$*�9�,$�Ka~�$�!,l�N�# p�/,$�C��J!�#��9�,{���]�/'U9� #���%*
1 CE()D � ���$�\��J!�#��9�, JS�/, ,$9��.'3�k&�,$*�9�,$�F_ �������.JS�/���!EX9� #Y 9/2<��J!�#��9�,$�����+�/1���9

bv,$9Sa~,l���~,$9�,/;� ��%J%9�WX�! p�/'�1��(��J!�#��9�,$�S_

�/!



>@<��@<A; � �X� �~
X��� F�
;�+� H I?�
	����#	��
�EFP�o����F �����M� F�
;�
iv�! #�0�/1)�98��/'��)1)�)�HYk���V,$9��V�!,$9�&�EF�	��9��!,$�#&� ��<�`fI�%J!&��#��9�,$�L�#���/�V-� ��%���! #WX�<J%9�,$�����#���!,$J!YX_
m��!��&$� �p�/bX�"�]1�9v9�bu�/���]�# p�/,$�p��J!�#��9�,N�����#��9� #YO�),�a~����J��N�#�$�"*I�) #�PYO ��S��*�J%9�,$�#���#���!,$J!Y
-� �9�'�1��!� 98J%J!&� �� �

• H4 = r1[x]w1[x]r2[x]w2[y]c2a1

�L�! ��
T1

&�-U*$�/���%�
x
�/,$*\'U�`2:9� ��

T1
Ro�/'U9� #���K�)���cWF�/1)&$�(9/2

x
���K ��S��*\'8Y

T2
_����$�

���! #�0�/1)�98��/�#��9�,	EF p�/-��k9/2
H4

���]EF�)WX�!,{�),{5$EF&� �� "I_ 4 _ ���$�!,	�/,��/1)Y 8%�),�E+i c([
H4

^"a"�
5$,$*��#���/�

H4
�),72���J!�"�������! #�0�/1)�98��/'�1��([4�)��J%9�,��p�/�),$��,$9<J!YvJ!1��%�C^��!WX�!,.�#�$9�&�EF�.�)�"J%9�,/;

�p�/�),$�L�(J%9�,$�#���#���!,$J!Y+-� �9�'�1��!�{_��������]�#�$9�an�n�#���/�]�p�! #�0�/1)�98��/�#��9�,l*�9v�%�n,$9��n-� ��!WX�!,8�
�#�$�n*I�) #�HY< ��S��*7-� �9�'�1��!�{_
�V9�aORF'3�%JS�/&$�p�

T2
 ��S��*�2: �9�� �#�$�n�/'U9� #���%*

T1
�)� ��9v9c�����

��9<'3�L�/'39� #���%*�R��uJS����JS��*I�),�E7�/'39� #�S_ > �!�7�!�u'U�! ��#���/�"�#�$�V*I&� p�/'��)1)�)�HY�-� �9�-U�! #�PY�9/2
y]r"G M EF&��/ p�/,����%�%*��#���/�uJ%9��(�(�)�#���%* �# p�/,$�p��J!�#��9�,$�N�/ ���*I&� p�/'�1��F_+���$�! ��`2:9� ����#�$�
*I&� p�/'��)1)�)�HY -� �9�-U�! #�PY}2Q9� #'���*����#�$�k �9�1)1)'���J�b 9/2O�#�$�lJ%9��(�(�)�#���%*

T1
�# p�/,$�C��J!�#��9�,�_

���8&$�SR��#�$�K�����#��9� #Y
H4

���~,$9��n ��%J%9�WX�! p�/'�1��F_

T1 T2

(w [x], r [x])1 2

gt�)EF&� �� "I_ 4 � ���$�O�p�! #�0�/1)�98��/�#��9�,kEF p�/-��k9/2z�������#��9� #Y.�#���/�]J%9�,��p�/�),$�c�N*I�) #�PY+ ��S��*
y �����#��9� #Y

H
��� ��C �H� ��C ��( �1D�C [ > r~^ �62U,$9c�# p�/,$�p��J!�#��9�,

T
�),
H
J%9��(�(�)���z&�,��#�)1

�/1)1I�# p�/,$�p��J!�#��9�,$���)�� ��S��*u24 �9�� ���%WX��J%9��(�(�)�#���%*�_ y}�# p�/,$�C��J!�#��9�,
Ti
�����p�/��*���9V ��S��*

2: �9��
Tj

�),l�������#��9� #Y
H
�62

! _
wj [x]

-� ��%J%�%*��%�
ri[x]

"I_
Tj

*�98�%�~,$9��L�/'39� #�~'U�`2:9� ��
ri[x]

� _~G�2u�/,$9��#�$�! ��# p�/,$�C��J!�#��9�,
Tk

a~ #�)���%�
x
� 2:���! 

Tj
�#�$�!, �)���/'U9� #����'U�`2Q9� ��

Ti ��S��*��
x
_

g� �9�� �#����� *��`5$,��)�#��9�,�9/2s ��%J%9�WX�! p�/'�1��n�����#��9� #���%�za��~���%���#���/�
H4

����,$9��  ��%J%9SWX�! p�/'�1��
�#�),$J%�

T2
 ��S��*��~2: �9��

T1
�/,$*

T2
J%9��(�(�)���]'3�`2Q9� ��

T1
_

GH,  ��%J%9SWX�! p�/'�1��e��������9� #���%�N,$9	J%9��(�(�)�#���%* �# p�/,$�C��J!�#��9�,}a~�)1)1��!WX�! N���SWX�+��9l'U�
 �9�1)1��%*l'���J�bU_ �V9��#��J%�u�#���/�V�62��7�# p�/,$�p��J!�#��9�,

Ti
�/'U9� #���]�#�$�!,\�/1)1o�# p�/,$�p��J!�#��9�,	�#���/�

���SWX�� ��S��*u2: �9��
Ti
�u&$�#��'U�"�/'U9� #���%*(��� a"�!1)1�_�����&$�SR��V�#�),�EF1��"�# p�/,$�p��J!�#��9�,�� ���/'U9� #�

���SYd1��S��*d��9e�#�$���/'U9� #�#��9�,|9/2n���!WX�! p�/1z�# p�/,$�C��J!�#��9�,$�u�#���/�<���%Y\���%WX��-3�! 2Q9� #�7�%*
�N�#�)EF,��65�JS�/,8�V�/�79�&�,��V9/2 a�9� #bU_z��������-��$�!,$9��7�!,$9�,l���~JS�/1)1��%* J����OJ ��
�=4B8D P LEY?Y���� J��/_
yL�]�/,e�)1)1)&$�#�# p�/�#��9�,�RsJ%9�,$�#��*��! n�#�$�c2Q9�1)1�9Sa~�),�E��`f$�/�(-�1�� �

• H5 = r1[x]w1[x]r2[x]w2[y]r3[y]a1

� "



T3
 ��S��*��u2: �9��

T2
a~����J����),|�#&� #,� ��S��*��O2: �9��

T1
_ $��%JS�/&$���

T1
�/'U9� #�����/,$*

T2 ��S��*��u2: �9��
T1
R
T2

��������9l'3�+�/'39� #���%*�_
T3

�<&$�#�7�/1���9k'U���/'U9� #���%*�'3�%JS�/&$�p���)�
 ��S��*���24 �9��

T2
_

r�����JS��*I�),�E<�/'U9� #�����/ ���,$9���*��%�#�) p�/'�1���'U�%JS�/&$���~�#�$�!Y� ����8&��) ��~�#�)EF,��65�JS�/,���'39v9�b ;
bX�%�!-��),�E���9|b8,$9�a a~����J�� �# p�/,$�p��J!�#��9�,$�+ ��S��* 24 �9�� a~����J�� 9��#�$�! ��e�/,$* 'U�%JS�/&$���
�#�$�<�/'U9� #�#��9�,l9/2��(�#�),�EF1��u�# p�/,$�p��J!�#��9�,\JS�/,k ��%�#&�1)�V�),k�#�$�<�/'U9� #�#��9�,\9/2�&�,$J%9�,8�# �9�1 ;
10�/'�1)Y ���/,8Y}�# p�/,$�p��J!�#��9�,$�7�#���/�7���SY ���%WX�{-U�! 2Q9� #�7�%* �dJ%9�,$�#��*��! p�/'�1��	�/�79�&�,��
9/27a�9� #bU_ MK�/�p�/'��������#YI�#���!�7�	�/ �� �), -� p��J!�#��J%� *��%�#�)EF,$�%* ��9��%WX9���* JS����JS��*I�),�E
�/'39� #��� b $��%c 3H2 e _

y �����#��9� #Y
H

( ���,���1* �H(+*��H(+�1� � � ( � � � ��* [:y]r"yK^ �62 �u�# p�/,$�p��J!�#��9�,e9�,�1)Y7���%Y
 ��S��*+24 �9�� J%9��(�(�)�#���%*k�# p�/,$�p��J!�#��9�,$�]9� ]�)�����!162 _

�]������9� #���%�N�#���/�(�/ ��+y]r"y �/ ��+,$9��(�/1)a��%YI�7�!,$9�&�EF��_|���$�+-� �9�'�1��!� �),8WX9�1)WX�%�
&�,$*�9��),�E<�#�$�Va~ #�)���%��9/2 �/'39� #���%*��# p�/,$�p��J!�#��9�,$�S_
���c�����#&��7�]�#���/��,$9u�# p�/,$�p��J!�#��9�,$�
 ��S��*|2: �9�� 9��#�$�! (&�,$J%9��(�(�)�#���%*}�# p�/,$�p��J!�#��9�,$�k[:y]r"yK^`_�r"9�,$�#��*��! N�#�$�.2Q9�1)1�9Sa~�),�E
�`fI�%J!&��#��9�, �

• H6 = w1[x, 3]w2[x, 1]c1a2

���$�n,$9��p�/�#��9�,
wi[x, val]

�7�S�/,$�"�#���/���#�$�]�# p�/,$�p��J!�#��9�,
Ti
a~ #�)���%�

val
�),���9

x
_����$�

a~ #�)���O��J!�#��9�,{9/2
T2

��������9N'U�L&�,$*�9�,$�F_z�������~JS�/,e'3�c*�9�,$�c'8Y�&$�#�),�E(�#�$�cJ%9�,$J%�!-��
9/2 �,S	
7LZP,S�=����SD S��`_(���$�N'U�`2:9� ��N�)���/EX��9/2~�

wi[x, val]
9�-U�! p�/�#��9�,����K�#�$�NWF�/1)&$�

x����*7h &$�#�]'U�`2Q9� ��u�#�$���`fI�%J!&��#��9�,d9/2z�#�����La~ #�)���F_L�o9.&�,$*�9.��a~ #�)����9�-3�! p�/�#��9�,�RU�#�$�
a~ #�)���cW��/1)&$�L���� ��!-�10��J%�%*+'�Y.�#�$�L'3�`2Q9� ��L�)���/EX�K9/2 �#�$�ca~ #�)���F_zGH,+9�&� n�`f��/�(-�1��c�#�$�
W��/1)&$�(9/2

x
�#�$9�&�1�*\'U���p�!�K��9

3
a~����J���a����K�#�$�N'3�`2Q9� ��N�)���/EX�(9/2

w2[x, 1]
_(�������

�#�)�(-�1��]-� �9vJ%�%*I&� ��c9/2�&�,$*�9��),�E7�/'39� #���%*.a~ #�)���%�"'�Y7&$���),�E<'U�`2:9� ��V�)���/EX�%��*�98�%�",$9��
�/1)a"�%YI�"a�9� #bU_�r"9�,$�#��*��! "�#�$�n2Q9�1)1�9Sa~�),�E7�`f��%J!&��#��9�,.a~�$�! ��V�#�$�V�),��)�#�0�/1UW��/1)&$�L9/2�f����
! �
• H7 = w1[x, 2]w2[x, 3]a1

���$�('3�`2Q9� ��7�)���/EX��9/2
w1[x, 2]

���
1
R '�&��u�#�$�7WF�/1)&$�(�#���/���#�$9�&�1�*�'U�( ��%�#��9� ��%*|���

�#�$�VWF�/1)&$�
3
a~ #�)�#���!,{'�Y

T2
_ ���$�O�/'39� #�#��9�,{9/2

T1
�#�$9�&�1�*+,$9��~���SWX�O�/,�Y+���U�%J!�n9�,

x
'3�%JS�/&$�p�

x
�����n'U�%�!,{9SWX�! #a~ #�)�#���!,d� 2:���! 

T1
a~ �9����O�)�S_

�V9�a J%9�,$�#��*��! n�#���/�
T2

�/1���9��/'U9� #��� �

• H8 = w1[x, 2]w2[x, 3]a1a2

���$�k'U�`2Q9� ��{�)���/EX�\9/2
w2[x, 3]

���
2
R~�#�$�lW��/1)&$�la~ #�)�#���!, '8Y

T1
_ ���$�lJ%9� ;

 ��%J!�]WF�/1)&$�O�#�$9�&�1�*{'U�
1
R��#�$�O�),��)�#�0�/1oWF�/1)&$�u9/2

x
R�'3�%JS�/&$�p�

T1
�/1���9.�/'39� #���%*�_��������

-� �9�'�1��!� 98J%J!&� ���a~�$�!,(�#�$��'U�`2:9� ��"�)���/EX��������'U�%�!,Na~ #�)�#���!,('�Y(�/,(�/'U9� #���%*N�# p�/,$� ;
��J!�#��9�,�_

���$�%���V-� �9�'�1��!�7�"JS�/,.'U�V�%WX9���*��%*+�62�,$9<�# p�/,$�p��J!�#��9�,+JS�/,�a~ #�)���K�u*$�/�p�O�)���!�
x'3�`2Q9� ���9��#�$�! �# p�/,$�p��J!�#��9�,$� �#���/� ���%WX�na~ #�)�#���!,

x
���%WX�~�!�)�#�$�! ��/'U9� #���%*(9� zJ%9��(�(�)� ;

���%*�_L�V���#��9� #���%�La~����J����/ ��Ny]r"y �/,$*	�p�/�#��� 2:Y{�#�$�N�/'39�WX�< ����8&��) ��!�7�!,��u�/ ���JS�/1)1��%*
* ��������� b $��%c 3H2 e _

y � ���,� ���,�-* [ > cO^z�����#��9� #Y7���~���#�# #��J!�"�����#��9� #Y7a~�)�#�+�#�$�K��*�*I�)�#��9�,��/13-� �9�-U�! #�PY
9/2V,$9����/1)1�9Sa~�),�E �/,�Y��# p�/,$�p��J!�#��9�, ��9\a~ #�)���+�)���!�7�( ��S��* '�Y 9��#�$�! (�# p�/,$�p��J!�#��9�,$�

���



&�,8�#�)1c�/1)1L ��S��*I�),�E �# p�/,$�C��J!�#��9�,$�����SWX�l�!�)�#�$�! +J%9��(�(�)�#���%*�9� .�/'U9� #���%*�_ y �Pa"9 �
-��������	1�9vJ�bv�),�E -� �9���98J%9�1ca~�$�! ��d�/1)1c1�98Jpbv�e�/ ��	�$�!1�*�&�,��#�)1c�#�$�	�# p�/,$�p��J!�#��9�, �����
���! #�(�),��/���%*<-� �98*I&$J%�%�o #�)EX9� �9�&$�o��������9� #���%�S_ > �)EX9� �9�&$�o��Jp�$�%*I&�1��! ��o���SWX��'U�%�!,u�#�$9�a~,
��9('U�c&$���`2:&�1���9(�!,$�#&� ��KEF1�9�'��/1o�p�! #�0�/1)�98��/'��)1)�)�PYe�),{�<&�1)�#� ;P*$�/�p�/'������%�	b yV,I2 4H2 e _
>@<��@<?> � 
��G	&� F��o���	� F �x�l�~
��S�+
$
��a���G	��.�/
;�e�)H � F �_�F�y� F�
;�
���$�eJ!10�������65�JS�/�#��9�,$�(9/2V�����#��9� #���%�NEF�)WX�!,}�), �#�$�+-� ��!Wv��9�&$�(���%J!�#��9�, -�10��J%�+�),$J! ��S��� ;
�),�EF1)Y+�79� ��K ��%�#�# #��J!�#��9�,$�L9�,{�����#��9� #���%��_z�������n���~�)1)1)&$���# p�/���%*{'�Y+�#�$�c2Q9�1)1�9Sa~�),�E��#�$� ;
9� ��!� b yV,I2 4H2 e _
& ��CE� ��C � % % ! ⊂ ; � ⊂ ^`_)^ ⊂ % _

gt�)EF&� �� "I_ ! 6��#�$9�an���#�$�k ��!10�/�#��9�,$�#���)-$��'U�!�Pa"�%�!, �#�$�k ��%J%9SWX�! #Y �/,$* J%9�,$J!&� ;
 ��!,$J!Y|J%9�,8�# �9�1�-� �9�-U�! #�#���%�N9/2n�# p�/,$�p��J!�#��9�, �����#��9� #���%�S_ �L9��#��J%���#���/�u�#�$�� ��!10�/�#��9�,$�
�/ ��<-� �9�-3�! c�),$J!1)&$�#��9�,$��_V�������cJS�/,\�S���#�)1)Y{'U�u-� �9�WX�!,	'8Y{EF�)Wv�),�E.�`f$�/�(-�1��%�c9/2������ ;
��9� #���%�]a~����J��e2��/1)1��),���9�9�,$�O���!�~'�&��n,$9��~�),8��97�#�$�K�#&�'$���!�S_

yV1)�79F�#� �/1)1vJ%9��(�7�! �J!�0�/1�*$�/�p�/'��������#YI�#���!�7� �)�(-�1��!�7�!,��z��Jp�$�%*I&�1��! ��ta~����J��(J! �� ;
�/���������#��9� #���%�t�#���/���/ ��"J%9�,/7$��J!� ���! #�0�/1)�98��/'�1��~�/,$*<���# #��J!�"[�r~i > ∩ iv�]^ b : � 4 � e _t�������
���L*I&$�O��9��#�$�K2���J!�]�#���/�VJ%9�,/7$��J!�c���! #�0�/1)�98��/'��)1)�)�HYlJS�/,k'U�u� ��J!���!,8�#1)Y{�)�(-�1��!�7�!,����%*
'8Y+�F_ E$_$&$�#�),�E7�#�# #��J!�n�Ha�9 ��-��������<1�98Jpb8�),�E��O�/,$*{�#���/�n ��%J%9SWX�! #Y{JS�/,{'U�K�#�)�(-�1)Y.�)� ;
-�1��!�7�!,8���%*d'�Y	�#�$��&$���N9/2�'U�`2:9� �� ;��)���/EX�%�Ka~�$�!,d�#�$�������#��9� #���%�<�/ ������# #��J!�S_ $��!�),�E
�#�# #��J!�K�/1���9��)�(-�1)���%�SR3*I&$�u��9��#�$���/'U9SWX�<�#�$�%9� ��!�{RU�#���/�L�����#��9� #���%�K�/ ��O ��%J%9SWX�! p�/'�1��
�/,$*k�SWX9���*{JS����JS��*I�),�E+�/'39� #���S_

- ��� �%&(8 890� 
�
�������7Jp���/-����! (�����(EF�)WX�!, �/,}�`fv-�10�/,��/�#��9�, 9/2V�#�$�eJ%9�,$J%�!-��79/2V�# p�/,$�C��J!�#��9�,$���/,$*
-� ��%���!,8���%*}'����#��J+���! #�(�),$9�1�9�EFY �/,$*�2Q9� #���/1)���#�{_ �� p�/,$�p��J!�#��9�,$��-� �9SWv��*��{J%9�,$J!&� ;
 ��!,$J!Y�J%9�,8�# �9�1��/,$*| ��%J%9SWX�! #YX_ $�9��#�|�#�$�%�p�����#-U�%J!���Oa~�$�! ��.�`fv-�10�/�),$�%* �/,$*����%Jp�/;
,�� �8&$�%�~��97�!,$�#&� ��O�#�$�!� a��! ��K-� ��%�p�!,����%*�_

���  	������
�����
 )������,�  �� +$)�
�� � &��  �
��,� ���,+$�
��
"�$+ +%��
����(�'+ +�-��!��) ����

��� �  	��)'���$�   ���(�!� � ���  	������
����
�
���(�'&� 	������
��#" � & #%$�&('��(�����*)+)�, .

� �



RG
ST

ACA

RC

Serial
histories

CSR

VSR

All histories

g �)EF&� �� "I_ ! 6 ��> �!10�/�#��9�,$�����)-$��'3�!�Ha��%�!,e�����#��9� #���%���#���/�~�/ ��Or~i > R8qKi > R > rLRvy]r"y<R
iv�KR$�/,$* > c

�F�



� �



� �������	��
 �

� ����� 
�� � ������� ��� ��� 


� ��� �����! #"%$	&(')�+*,"��
�������~J����/-����! n�`fI-�10�/�),$���#�$�LJ%9�,$J%�!-��n9/2t�# p�/,$�p��J!�#��9�,e�79v*��!1��n�/,$*�EF�)WX�%�~�`f$�/�(-�1��%�
9/2c�#&$Jp� �79v*��!1��S_ GH���(�#�p�/ #���7a~�)�#� *I���pJ!&$���#�),�Ed�#�$�e�# p��*I�)�#��9�,��/1 7s�/�7�# p�/,$�p��J!�#��9�,
�798*��!1L�),��p�%J!�#��9�, � _ � _ iv�%J!�#��9�, � _ ���79��#�)W��/���%�+�#�$�l,$�%�%* 2:9� .�79� ��	��*IWF�/,$J%�%*
�# p�/,$�p��J!�#��9�,��79v*��!1����/,$*��#�$9San���#���/� 7s�/�z�# p�/,$�p��J!�#��9�,$��EF�)WX�n�),���*����8&��/���]��&�-�-39� #�
2:9� ��O p�/,�EX�V9/2 �/-�-�1)��JS�/�#��9�,+*�9����/�),$�S_�ZV,$�V�PYv-3�V9/2��# p�/,$�p��J!�#��9�,$�"�#���/���/ ��]-39v9� #1)Y
�#&�-�-39� #���%*|'�Y\�#�$� 7s�/�<�# p�/,$�p��J!�#��9�,��798*��!1��/ ���1�9�,�E ;�1)�)WX�%*|�# p�/,$�C��J!�#��9�,$�SRta~����J��
�/ ��7*I����J!&$�����%*��),|���%J!�#��9�, � _ � _.���$�.iI�/E��e�# p�/,$�p��J!�#��9�, �79v*��!1za����u-� �9�-U9F���%*d��9
���/,$*I1���1�9�,�E ;�1)�)WX�%*��# p�/,$�p��J!�#��9�,$�7�/,$*|���<-� ��%�p�!,����%* �),����%J!�#��9�, � _ � _	iv�%J!�#��9�, � _ 3
�),��# �9v*I&$J%�%�~�#�$�c,$�%�#���%*.�# p�/,$�p��J!�#��9�,{�79v*��!1�RIa~����J��{�����#�$�V2:&�,$*$�/�7�!,��p�/1�'��������"2:9� 
�/1)�79F�#���/1)1��`fI���!,$*��%*��# p�/,$�p��J!�#��9�,(�798*��!1���_-$�9��#���#�$�'7s�/�z�/,$*<,$�%�#���%*��# p�/,$�p��J!�#��9�,
�798*��!1��z�/ ��"�),$�#-��) ��%*N'8Yu�#�$�"�#�$�%9� ��!�#��JS�/1�J%9�,$J%�!-��z9/23��-��$�! ��%� 9/2sJ%9�,��# �9�1$-� ��%�p�!,����%*
�),{���%J!�#��9�, � _ 2 _

� �.- �  #0����!0�' �M*," ��� "%$�� � �
y �# p�/,$�C��J!�#��9�,k�79v*��!1 �#-U�%J!�65��%�na~���/�LJ%9��(-39�,$�!,8���V�)�]���n����*���9/2 R��$9�a �#�$�!Yk�/ ��
�#�# #&$J!�#&� ��%*�R��/,$*��$9Sa �#�$�!Y JS�/, �/,$* �u&$�#�N'U�!���%WX�F_�g�9� N�`f$�/�(-�1��FR �#�$�.,$�%�#���%*
�# p�/,$�p��J!�#��9�,}�798*��!1n�/1)1�9�an���l�����! p�/ �J�����JS�/1V���# #&$J!�#&� ��e9/2]�# p�/,$�p��J!�#��9�,$���/,$*}J%9�,/;
�#�# p�/�),$�c'3�!���SW8��9� u'�Yk ����8&��) #�),�E{�#���/�u�.-��/ ��!,8�O�# p�/,$�p��J!�#��9�,�9�,�1)Y\JS�/,�J%9��(�(�)�O�62
�/1)1��)���nJ����)1�*I ��!,l���%WX�uJ%9��(�(�)�#���%*�[:���%�K���%J!�#��9�, � _ 3 ^`_

���$�c2Q9�1)1�9Sa~�),�E����%J!�#��9�,$�]a~�)1)1o*I����J!&$����WF�/ #��9�&$�n�# p�/,$�C��J!�#��9�,{�798*��!1���_

� ��� � �,0:� �M +0����!0 ')�M*�"�� �
���$� 7s�/� �# p�/,$�p��J!�#��9�,7�79v*��!1������#�$���# p��*I�)�#��9�,��/1s�/,$*(�#�)�(-�1��%�#� �# p�/,$�p��J!�#��9�,��798*��!1�_
y]1)�79F�#���/1)1s�`fI���#�#�),�E<��Yv�#���!�7����98*$�SY79�,�1)Y7�#&�-�-U9� #���#�����z�79v*��!1�_ ���$�]�`f$�/�(-�1��%��9/2
�# p�/,$�p��J!�#��9�,$�nEF�)WX�!,{�),e�#�$�O-� ��!W8��9�&$�VJ����/-����! ]a~�$�! ��<�/1)1�9/2-7s�/�n�# p�/,$�C��J!�#��9�,$�S_

�H2



y �# p�/,$�p��J!�#��9�, ���p�/ #���+a~�)�#� ��'3�!EF�), �/,$* �!,$*��{a~�)�#� �!�)�#�$�! l� J%9��(�(�)�k9� 
�/'U9� #��[:���%� "I_ ! ^`_<y �# p�/,$�p��J!�#��9�,����KJS�/1)1��%* 7s�/�K'U�%JS�/&$�����#�$�! ��N���K9�,�1)Y	9�,$�N10�SYX�! 
9/2oJ%9�,8�# �9�1�_ : WX�! #Yv�#���),�E�'U�!�Pa"�%�!,+'3�!EF�),+�/,$*�J%9��(�(�)�����/'U9� #�~98J%J!&� ��"9�,��#�$�L�p�/�7�
1��!WX�!1�_7�������u�7�S�/,$�O�#���/�u�!�)�#�$�! ��/1)1 �#�$����J!�#��9�,$�u9/2n�+�# p�/,$�p��J!�#��9�,$�ua~�)1)1�J%9��(�(�)�
9� V�/'U9� #�S_ GH�~���~,$9��n-U9F���#�)'�1��c��9N �9�1)1)'���J�b{9� VJ%9��(�(�)�n-��/ #���n9/2z�N�# p�/,$�p��J!�#��9�,�_�yL�
a"�Na~�)1)1��p�%�<10�/���! SR��#�$�! ��(�`fv���#���K��,$�%�%*	2Q9� K���79� ��NJ%9�,��# �9�1�9/2��#�$�N�`fI�%J!&��#��9�,�9/2
�# p�/,$�p��J!�#��9�,$��_V�������L,$�%�%*l�����]1��S��*l��9��p�!WX�! p�/1t�#&�EFEX�%���#��9�,$�L9/2��`fI���!,$�#��9�,$�L9/2z�#�$�
7s�/�n�# p�/,$�C��J!�#��9�,k�79v*��!1�_

gt�)EF&� �� � _ ! �#�$9�an��9�,$�]9/2��#�$�~�79F����J%9��(�79�,�1)Y7&$���%*7�`f$�/�(-�1��]9/2o� 7s�/���# p�/,$� ;
��J!�#��9�, � �#�$�+*��!'��)���/J! ��%*I�)�(�# p�/,$�p��J!�#��9�,�_|���$� 7s�/�N�# p�/,$�p��J!�#��9�,}�79v*��!1"a�����5$ ��#�
J! ��S�/���%*�2Q9� '��/,�bv�),�Eu�/-�-�1)��JS�/�#��9�,$�SRFa~����Jp�(���/bX�%���)��WX�! #Yu�#&��)�p�/'�1��"2Q9� �#�$�%���"bv�),$*��
9/2��# p�/,$�p��J!�#��9�,$�S_

� ���
��	�
 � �
	��0	��('*)����
	�
('#) 	(����� � ��) � 	(����� � ��) �0����� � ��)
	����
����) � � � � ��) �
�

�0	��('#�
�����0��� � �
�*)('���� � ���

�0����� � ��)����
����������	 ��� �
����� � ��)�� �0�������(��	 � � � � � ��)$�
'�� � �
����� � ��)�� �0�������(��	�� � �
�
	�������)
�����
��� � �
�#)�'���� ���-�

�
	�� � 	
�
��� � � '#)0�����0��� � �
�*)('���� � ���

�
�

gt�)EF&� �� � _ ! � : f��/�(-�1��<9/2 � 7s�/�n�# p�/,$�C��J!�#��9�, � �#�$�O*��!'��)���/J! ��%*I�)�]�# p�/,$�C��J!�#��9�,

� ��� ��� �
� �($�� $ �  #0�� �M0�' �M*,"�� � "%$ � ���
���$� 7s�/�]�# p�/,$�p��J!�#��9�,{�79v*��!1����~���)EF��1)Ye�#&��)�p�/'�1��c2Q9� n�#�$9� #�n�),$*��!-U�!,$*��!,��V�# p�/,$�p��J ;
�#��9�,$�K�#���/�K-U�! 2Q9� #� ���)�(-�1��(�#�p�/���N�# p�/,$� 2Q9� #���/�#��9�,$�S_NGP�ca"���u*��%�#�)EF,$�%*\a~�)�#�d�#�����
'U�!���%Wv��9� K�),d�(�),$*�_<�L9Sa"�!WX�! SR��#�$�(J%9��(-�1��`fI�)�PYd9/2"J%�! #�p�/�),|�/-�-�1)��JS�/�#��9�, *�9����/�),$�
 ��%�#&�1)���c�),	'U�!���%Wv��9� L�#���/�c�#�$� 7s�/�c�# p�/,$�p��J!�#��9�,d�79v*��!1t���L&�,$�#&��)�p�/'�1��<2Q9� S_K���$�! ��
���.�	'� �9X��* J%9�,$���!,$�#&$�72:9� (�#������J!10�/�)� �), �#�$�{ ��%���S�/ �J���J%9��(�u&�,��)�PY��/,$*}���/,�Y
�`fI���!,$�#��9�,$�N9/2]�#�$� 7s�/�<�# p�/,$�C��J!�#��9�,}�798*��!1"���%WX�.'U�%�!, ��&�EFEX�%�#���%*|��9\*��S�/1"a~�)�#�
�#�$�\ ����8&��) ��!�7�!,����l9/2<�#�$�%������*IWF�/,$J%�%*�[4,$9�,/;��# p��*I�)�#��9�,��/1?^k�/-�-�1)��JS�/�#��9�, *�9����/�),$�S_
r"yLM �Fr"yVj�Rvr"yKi : RvJ%989�-U�! p�/�#�)WX�L�/-�-�1)��JS�/�#��9�,$�~�/ ��L�`f��/�(-�1��%�"9/2o�#&$Jp�+��*IWF�/,$J%�%*
�/-�-�1)��JS�/�#��9�,	*�9����/�),$�S_

���$�"2Q9�1)1�9Sa~�),�E<�`f��/�(-�1��%���#�$9Sa ��J!�#�)Wv�)�#���%� �#���/���/ ���,$9��z�#&�-�-U9� #���%*N'�Y��#�$� 7s�/�

��3



�# p�/,$�p��J!�#��9�,$�n�79v*��!1 �

&'� � � ��D�()�-�1� � ��� GP���/EF�),$������Yv�#���!� 2Q9� O�.�# p�%WX�!1��/EX�!,$J!Y\�#���/�O�#&�-�-U9� #���K�# #�)-
-�10�/,�,��),�E$_zML&� #�),�Eu�#�$�V�# #�)-.-�10�/,�,��),�E<�#�$�L�/EX�!,$J!Y�JS�/,�'U9v9�b�WF�/ #��9�&$����J!�#�)W ;
�)�#���%�SRo1)�)bX� 7$�)EF�����SR �$9����!1��SR  ��!,��p�/1"JS�/ ��<�/,$*���9e9�,�_��V9�aORo1��!��� �u�p�%Y\�#���/�<�
2��/�) ]�/�79�&�,��]9/2�'39v9�bv�),�E(�����~'3�%�!,{*�9�,$�ca~�$�!,k�#�$�c�# p�%WX�!1t�/EX�!,8�~5$,$*��n9�&��
�#���/���#�$�]10���#��'U9v9�b8�),�EO��������9O'U�nJS�/,$J%�!1��%*�2:9� "��9��7�n ��S����9�,�_����$�V��J%9�-3�V9/2
 �9�1)1)'���J�b��),��#�$� 7s�/�"�# p�/,$�p��J!�#��9�,+�798*��!13�����#�$�Va~�$9�1��L�# p�/,$�p��J!�#��9�,�_ yV1)1s�#�$�
a�9� #bd�#���/�<�����u'U�%�!,|*�9�,$��a~�)1)1�&�,�,$�%J%�%���p�/ #�)1)Y|'3�( �9�1)1��%*|'���J�bU_eGP�ua�9�&�1�*
'U�e&$���`2:&�1n��9d'U�k�/'�1��{��9 *�9|� �7SOY SXJ V:=?>\Sd �9�1)1)'���J�bU_ GP,$�#���S��* 9/2K�/'U9� #�#�),�E
�#�$�.a~�$9�1��.�# p�/,$�p��J!�#��9�,}�)�(�#�$9�&�1�*�'3�.-U9F���#�)'�1�����9l �9�1)1)'���Jpb ��9d�	���!1��%J!���%*
-U9F�#�)�#��9�,�_OGH,	���%J!�#��9�, � _ 3 a"�<1�9v9�b	�/�c�$9�a �#�$�N,$�%�����%*l�# p�/,$�C��J!�#��9�,d�798*��!1
�#&�-�-U9� #����5$,$� ;��#&�,��),�E�9/2��#�$�O��J%9�-U�K9/2� �9�1)1)'���J�bU_

� �1D�� � � �1(/��C�� y����#�$���!,$*O9/2��"�79�,8�#����'��/,�bL��������9~&�-U*$�/��� �#�$����J%J!&��<&�10�/���%*
�),����! ��%���k9/2��)���k9�,$�d�(�)1)1)��9�, ��J%J%9�&�,8���S_ �������{10�/ #EX� �/�79�&�,��l9/2Na�9� #b ���
-U�! 2:9� #�7�%*l'�Yk���# p�/,$�p��J!�#��9�,

T
_ �V9�aOR��)���/EF�),$���#���/�L�#�$�u�#YI�#���!� J! p���#�$�%�

2Q9� ���9��7�~ ��S����9�,.�/,$*7�#���/�
T
����*�*�9�,$�~�#�$�]���)EF,��65�JS�/,��~�/�79�&�,���9/2�a"9� #b79/2

&�-U*$�/�#�),�E 4 � 6IR#6�6�6���J%J%9�&�,����S_ ���$�]WX�! #Y(&�,$*��%�#�) p�/'�1��]�����%J!��9/2��#�$�]J! p������R����
�#���/�

T
,$9�a �����n��97'3�K �9�1)1��%*{'���J�bU_�yV1)1��#�$� 4 � 6IR#6�6�67&�-3*$�/���%�]���%WX�O��97'3�

&�,$*�9�,$�FRI�/1)�#�$9�&�EF���#�$�!Y7�/ ��~,$9��z�),8W��/1)��*�_ ���$�] �9�1)1)'���J�b(a~�)1)1$-� �9�'��/'�1)Y(�p�/bX�
�#�$�n�p�/�7�V�/�79�&�,���9/2��#�)�7�]���z�#�$�na�9� #b7�/1) ��S��*IY(*�9�,$�F_ y �79� ��V��J%J%�!-��p�/'�1��
'U�!���%Wv��9� "a"9�&�1�*+'3�V2Q9� ��#�$�L�# p�/,$�p��J!�#��9�,e��9<'U�c�/'�1��L��9�-���J�b�&�-{�/���#�$�L10���#�
��J%J%9�&�,��L�#&$J%J%�%��� 2:&�1)1)Y.&�-3*$�/���%*k�/,$*eJ%9�,8�#�),�&$�<&�-3*$�/�#�),�E724 �9�� �#�$�! ��F_

� � �1� CE�1������( ��D�C �-C �,CED�� � ��CE����* � � �/bX�\�d��9/2:�Pa"�/ ��l*��!WX�!1�9�-��7�!,��e�!,�Wv�) �9�,/;
�7�!,��]a~�$�! ��O*��!WX�!1�9�-3�! ��VJS�/,{1�9vJ�b�5$1��%�]�/,$*ea�9� #b+9�,{�#�$�!�{_zGH���/EF�),$�K�#���/�
�L*��!WX�!1�9�-3�! $"9�'N,$�%�%*�� �Ha�9c5$1��%����9c-U�! 2Q9� #� ����� *��!WX�!1�9�-��7�!,8�"�������)EF,��7�!,��
�/,$*<a~ #�)��� ;�1�98Jpbv�t'U9��#��9/2$�#�$�!�{_�$�9�'u5$,������$�%� ����� a�9� #b<9�,�y �/,$*�J%9�,��#�),8&$�%�
�����na"9� #be9�, $c_ � ���)1��u*�9��),�E7�����]Jp���/,�EX�%�]��9 $cR$�/,$9��#�$�! L*��!WX�!1�9�-3�! Ly]1)��J%�
���#bI�z���)� �62o�#�$�]JS�/,.EX�!�~��J%J%�%������9<y<_E$�9�'.*�9v�%��,$9���,$�%�%*�y �/,8Y8�79� ��K�/,$*
a"�/,8������9{'U���/'�1�����9{ ��!1��S������y<_ G�2~�����<�# p�/,$�p��J!�#��9�, ��*I�$�! ��%����9k�#�$���Ha�9�;
-��������c1�9vJ�bv�),�E(-� �9���98J%9�1�R$ ��!1��S���#�),�E7y a"9�&�1�*+2:9� �J%� $�9�'�� ���# p�/,$�p��J!�#��9�,k�),���9
�#�$�7�#�� #�),�bv�),�Ek-������p�F_=$�9�'|a"9�&�1�*�,$9��O'U���/'�1��7��9l�	��&��) ����/,8Yd,$�!a 5$1��%�S_
GH,|��*�*I�)�#��9�,�Ro�62~�#�$�(�#YI�#���!� �SWX9���*��uJS����JS��*I�),�El�/'U9� #���SR-$"9�'�� �u�# p�/,$�p��J!�#��9�,
a�9�&�1�* ,$9��7'3�e�/1)1�9�a��%* ��9\ ��!1��S���p�k�/,�Y 5$1��%�(&�,��#�)1]�#�$�+�# p�/,$�p��J!�#��9�, J%9�� ;
�(�)���S_7���8&$�SRo2:9� �J!�),�EkyV1)��J%�(��9ea��/�)�K2Q9� $�9�'���9.5$,����#�������u-39F�����)'�1)Yl10�/ #EX�
�/�79�&�,���9/2"a"9� #b�9�,�$c_�GP�Ka"9�&�1�*�'U�7*��%�#�) p�/'�1��N2Q9� $�9�'���9e9�,�1)YdJ%9��(�(�)�
�#�$��a�9� #b(9�,�y 9� z��9c'U�n�/'�1�����9u�/��9��(��JS�/1)1)YN�# p�/,$� 2:�! zy ��9KyV1)��J%� � �z�# p�/,$�p��J ;
�#��9�,�_]���$���/��9��(��Ju�# p�/,$�#2:�! c��9�1)&��#��9�,	a�9�&�1�*l'3���/�#�# p��J!�#�)WX�<�62'$�9�'	*I��*k,$9��
a"�/,8�K�#�$�N9�&����#��*��Na�9� #1�*\��9+���%�<�����KJ����/,�EX�%�O9�, $ '3�`2Q9� ��Ny]1)��J%�NJ%9��(�(�)���
�$�! �a"9� #b3_����$�%���]�Pa"9<�/1)���! #,��/�#�)WX�%��JS�/,�'U�~ ��S�/1)�98S�%*7'8YN&$�#�),�Eu�#�$�n*IYv,��/�(��J
 ��%�#�# #&$J!�#&� #�),�E(9/2o�# p�/,$�p��J!�#��9�,$���#&�EFEX�%�����%*�'8Y cK�/�)1 �O�/�����! n�/,$*+r��/ #1)��9�, 0 &
�), b�� 0 4 " e _

��4



�������"�`f$�/�(-�1��L*��!�79�,$�#�# p�/���%�"�#���/�"��9��7�L�!,�Wv�) �9�,��7�!,�����a~�$�! ��V�#�$�c��J!�#��9�,$�
9/2��N�# p�/,$�p��J!�#��9�,d�/ ��O,$9��n2Q9� ��%���%�S�/'�1��<JS�/,k,$9��]'U�K-� �9�-U�! #1)Y{�#&�-�-U9� #���%*{'�Y
�# p��*I�)�#��9�,��/1o�# p�/,$�p��J!�#��9�,l���/,��/EX�!�7�!,��S_

� ��� �-CE*����,� � y ,8&��u'U�! +9/2u�!,�EF�),$�%�! #�),�E ���S�/�7��a�9� #b �), -��/ p�/1)1��!1L9�, �#�$�
*��%�#�)EF,d9/2"�7,$�!a JS�/ S_K� �S�/� y a�9� #bI�L9�,\�#�$�N�!,�EF�),$�(�/,$*k���S�/�	$ a�9� #bI�
9�, �#�$�e�# p�/,$�#�(���p�#��9�,�_ : ��J�� ���S�/� � ��a"9� #b}���7*�9�,$�{�), �#�$�lJ%9�,����`fI��9/2u�
�# p�/,$�p��J!�#��9�,�R

TA
�/,$*

TB
_�ML&� #�),�Eu�#�$�]J%9�&� ��p�n9/2��#�$�~a�9� #b(�#�$�]���S�/�7�����SWX�

��97J%9�1)10�/'39� p�/���u��9(���/bX�O�#&� ��O�#���/�n�#�$�O�!,�EF�),$�u�/,$*e�# p�/,$���(�����#��9�,l��J!�#&��/1)1)Y
5$�~��9�EX�!�#�$�! ~a~�$�!,e�#�$�ca�9� #b.���~J%9��(-�1��!���%*�_ $"&��SRI'3�%JS�/&$���c9/2t�#�$�c����9�10�/�#��9�,
-� �9�-3�! #�HY�9/2�y]r"G MNR�9�,$�(�# p�/,$�p��J!�#��9�, JS�/,|,$9��u���%�N�#�$�7�����%J!���O9/2]�/,$9��#�$�! 
&�,��#�)1o�)�~�����VJ%9��(�(�)�#���%*�_
�������7�`f��/�(-�1��k�#�$9San�(�#���/�(�), �p9��7�e�#�)�#&��/�#��9�,$�(�)�(���N ����8&��) ��%*}�#���/�7J%9�,/;
J!&� # ��!,��.&�,$J%9��(�(�)�#���%* �# p�/,$�C��J!�#��9�,$��JS�/,����%�{�S��J�� 9��#�$�! ���&�,$J%9��(�(�)�#���%*
 ��%�#&�1)���SR��/,$*e�),e�#���/�]a"�%Y+'U�O�/'�1��K��97J%9v9�-3�! p�/���F_

���$�%�p���`f$�/�(-�1��%�K�#�$9�a ��,�&��<'3�! O9/2"�#�)�#&��/�#��9�,$�ca~�$�! ����# p��*I�)�#��9�,��/1 �# p�/,$�p��J ;
�#��9�, ���/,��/EX�!�7�!,��(*�98�%�u,$9��<9 ���! <��*����8&��/�����#&�-�-U9� #�S_.���$��J%9� ��7 ����8&��) ��!�7�!,����
JS�/,{'U�K�#&��(���/ #�98S�%*	��� �
� L�B8D	� Y =4>\S�
KVWP���B���� J7V:= L�B��S@�m�9�,�E ;�1)�)WX�%* �# p�/,$�C��J!�#��9�,$�.�/ ��l*I����J!&$�����%*}�), ���%J!�#��9�,

� _ � _
ACB�B+S]P � �]VWP]N J7VWN P`=4B8D L�
 VWP���B���� J7V:= L�B��%@{GP,$�����S��*|9/2n ����8&��) #�),�Ek�# p�/,$�p��J!�#��9�,$����9{'U�

7s�/�SRs��9��7����9� #�L9/2��),�,$�! c�#�# #&$J!�#&� #�),�E+�#�$9�&�1�*l'3�O��&�-�-39� #���%*l'�Ye�#�$�u�# p�/,$� ;
��J!�#��9�,��798*��!1�_N�������O���# #&$J!�#&� #�),�EkJS�/,d'3�N&$�p�%*l��9.5$,$� ;��#&�,$�7�#�$�7��J%9�-U��9/2
 �9�1)1)'���J�b 9� N�`fI-�1�9��)�<�),�,$�! N�# p�/,$�p��J!�#��9�, -��/ p�/1)1��!1)���#�{_	���$�+iI�/E��\�/,$* ,$�%� ;
���%* �# p�/,$�p��J!�#��9�, �79v*��!1��(*I����J!&$�����%*��), ���%J!�#��9�, � _ � �/,$* � _ 3  ��%�#-U�%J!�#�)WX�!1)YXR
-� �9SWv��*��u�#�# #&$J!�#&� #�),�E�9/2��# p�/,$�p��J!�#��9�,$�S_

_ L L�� S]P��EV:=4>\S VWP���B���� J7V:=WLFB��%@k�o9	�/1)1�9Sa �# p�/,$�p��J!�#��9�,$����9kJ%9�1)10�/'U9� p�/�����#�$�!Yd�<&$�#�
'3�u�/'�1��O��97�#���/ ��O�),I2Q9� #���/�#��9�,�_"�������n���]�`fI-�1)��J!�)�#1)Y+-� �9����)'��)���%*{'8Y.�#�$�u����9�1 ;
�/�#��9�,}-� �9�-3�! #�HYXRza~����J��}���/bX�%�N�)�7�/-�-U�S�/ N��9l�# p�/,$�C��J!�#��9�,$�N�#���/�(�#�$�!Y �/ ��
�`fI�%J!&��#�),�Ek�/1�9�,$�F_c�������c�#&�EFEX�%�#���L�#���/�c����9�10�/�#��9�,\�����L��9�'U�<J%9��(-� �9��(���p�%*�_
���$��yV-39��# p�/� �# p�/,$�p��J!�#��9�,|�79v*��!1�-� ��%���!,8���%*��),|Jp���/-����! �l�#&�-�-39� #���<J%9�;
9�-3�! p�/�#��9�,�_

iv�! #�0�/1)�98��/'��)1)�)�HY\���c����9v9.���# �9�,�E.J%9� # ��%J!�#,$�%���KJ! #�)���! #��9�,d��9+�#&�-�-U9� #�L1�9�,�E ;�1)�)WX�%*
�/,$*}J%9v9�-3�! p�/�#�)WX�+�# p�/,$�C��J!�#��9�,$�S_ j	�/,8Y �`fI���!,$*��%*}�# p�/,$�p��J!�#��9�,}�79v*��!1��(-� �9SWv��*��
�#&�-�-U9� #� 2:9� �#�$�%�����# p�/,$�C��J!�#��9�,$� '8YO�),��# �9v*I&$J!�),�EKJ%9� # ��%J!�#,$�%����J! #�)���! #�0�V�#���/�  ��!10� f��%�
����9�10�/�#��9�,��/�p�! #�0�/1)�98��/'��)1)�)�PYX_

���$�L'����#��JV��*��S�u�����#���/�n�/,.��*��!,��#�65��%*eJ%9�,/7$��J!��a~�)�#�� ��%��-3�%J!�"��9<�p�! #�0�/1)�98��/'��)1)�)�PY
���N,$9��N,$�%J%�%���p�/ #�)1)Y  ��S�/1)1)Y �	J%9�,/7$��J!�(EF�)WX�!, �	�#-U�%J!�65�Je�/-�-�1)��JS�/�#��9�,�� �����!���/,8�#��J%�S_
�t�/bX���#�$���`f��/�(-�1��.9/2V�{J%9�1)10�/'U9� p�/�#�)WX��*�9vJ!&��7�!,��N�%*I�)�#�),�Ed�/-�-�1)��JS�/�#��9�, � ���%Wv�),�E
9�,$���# p�/,$�p��J!�#��9�,\ ��S��*I�),�E{��*�9vJ!&��7�!,��ca~���)1��(�/,$9��#�$�! c���L�798*I�62:Y8�),�E.�)�c*�98�%�V,$9��
,$�%J%�%���C�/ #�)1)Y. ��!-� ��%�p�!,��V�(J%9�,/7$��J!�]�),{�#�$�K�!YX�%�]9/2��#�$�O�/-�-�1)��JS�/�#��9�,�_

� 6



TV���),�E~�#�$�z�/-�-�1)��JS�/�#��9�,�� � ���!���/,8�#��J%�o��9~*��`5$,$�z�#�$�zJ%9�,$J!&� # ��!,$J!YOJ%9�,��# �9�1��pJ��$�!�7�
 ��%�#&�1)���L�),l�79�W8�),�E{��9��7�< ��%�#-U9�,$�#�)'��)1)�)�PYk2:9� L�#�$���),����!EF #�)�HY	9/2��#�$�N*$�/�p�724 �9�� �#�$�
*$�/�p�/'����������/,��/EX�!�7�!,��"�#Yv�����!� ��9c�#�$�n�/-�-�1)��JS�/�#��9�,�_ �������������#�$��-� #��J%�~9�,$����������9
-��%Y7a~�$�!,. ��!10� fv�),�EN����9�10�/�#��9�,�_ �������"bv�),$*�9/2tJ%9�,$J!&� # ��!,$J!Y�J%9�,��# �9�1U���"9/24���!,+JS�/1)1��%*
���!���/,��#��JOJ%9�,$J!&� # ��!,$J!Y{J%9�,8�# �9�1�_

� ��� � "��(3���� * 	 � $ �  #0����!0�' �M*," � �
m�9�,�E ;�1)�)WX�%* �# p�/,$�p��J!�#��9�,$�	�/ ��\�# p�/,$�p��J!�#��9�,$�{�#���/�e10���#�.2Q9� k� �#�)EF,��65�JS�/,��#1)Y 1�9�,�E
-3�! #��9v*{9/2z�#�)�7�X[:�F_ E$_3*$�%YI�SR$a"�%�!bv�L9� n�79�,��#�$�`^`_ny 1�9�,�E ;�1)�)WX�%*l�# p�/,$�C��J!�#��9�,�[:m�mv�]^
�����N�l1�9�,�Ed*I&� p�/�#��9�,}'U�%JS�/&$�����)�7��J%J%�%���p�%�<���/,8Y 9�'Ih#�%J!���SR -U�! 2:9� #�7�N�#�)�7�+J%9�,/;
�#&��(�),�E.J%9��(-�&��p�/�#��9�,$��R�a"�/�)���L2Q9� ]�),8���! p��J!�#��9�,�a~�)�#�l�8&����/,$�SR�9� O��J%9��<'��),��/�#��9�,
9/2��#�$�%���V2Q��J!��9� ��S_ yL���/1) ��S��*IY��#�$9�a~,.�),.�#�$�c���%J!�#��9�, � _ �$R8�#�$�%�p�Vbv�),$*���9/2o�# p�/,$�p��J ;
�#��9�,$�V�/ ��K,$9��V-� �9�-3�! #1)Ye�#&�-�-U9� #���%*{'8Y.�#�$�u�# p��*I�)�#��9�,��/1o�# p�/,$�p��J!�#��9�,	�79v*��!1�_����$�
'�&�1)bk&�-U*$�/���(�`f��/�(-�1��(�#�$9�a��%*d�$9�a Wv&�1),$�! p�/'�1��N1�9�,�E ;�1)�)WX�%*d�# p�/,$�p��J!�#��9�,$�u�/ ��N��9
2Q�/�)1)&� ��%�S_�GP�K���K,$9��u��J%J%�!-��p�/'�1�����9{J%9��(-�1��!���!1)Yd �9�1)1)'���J�b��+�# p�/,$�C��J!�#��9�,��#���/�O�����
-3�! 2Q9� #�7�%*�RU�p�%YXR���a��%�!b � �c�/�79�&�,8�K9/2�a�9� #bU_Vmom8� �u�/1���9����%WX�(�(���)EF�$�! c-� �9�'��/'/;
�)1)�)�PYd9/2��!,$J%9�&�,8���! #�),�E\�+��Yv�#���!� 2��/�)1)&� ��7*I&$�(��9+�#�$�!�) <*I&� p�/�#��9�,�_�GH,|��*�*I�)�#��9�,�Rt�
1�9�,�Ek1)�)WX�%*��# p�/,$�C��J!�#��9�, �$9�1�*��<1�98Jpbv�<9�,| ��%��9�&� �J%�%�N�/,$*��#�$�! ��!'8Y�-� ��!WX�!,����N9��#�$�! 
J%9�,$J!&� # ��!,����# p�/,$�C��J!�#��9�,$�(2: �9�� ��J%J%�%���#�),�Ed�#�$�%���{ ��%��9�&� �J%�%�7*I&� #�),�E��)���(1)�62Q�!�#�)�7�F_
���$�O9��#�$�! ]�# p�/,$�p��J!�#��9�,$�V���%Y+���SWX�u��9(a��/�)�]a"�%�!bv�V9� V�!WX�!,{�79�,8�#�$�]'U�`2:9� ��O�#�$�!Y
�/ ����/'�1��7��9k��J%J%�%�p�O�#�$�(1�9vJ�bX�%*| ��%��9�&� �J%�%�SR �#��&$�O�$�S�SW8�)1)Yd ��%*I&$J!�),�E	J%9�,$J!&� # ��!,$J!YX_
�������~���]�NJ%9�,$�����8&$�!,$J%�u9/2 �!,I2:9� �J!�),�E�����9�10�/�#��9�,�_

: fI���!,$*��%*e�# p�/,$�p��J!�#��9�,k�79v*��!1��n9/2:���!,e-� �9SWv��*��u�#&�-�-U9� #��2Q9� ~1�9�,�E71)�)WX�%*e�# p�/,$� ;
��J!�#��9�,$��'�Y. ��!10� fv�),�E(����9�10�/�#��9�,�_����$�!Y�JS�/,e���/bX�c�)�~-U9F���#�)'�1��L��9� ��!1��S�����c ��%��9�&� �J%�%�
�S�/ #1)Y�'8Y+J%9��(�(�)�#�#�),�E�-��/ #���n9/2z���# p�/,$�p��J!�#��9�,l9� ~��97�/1)1�9�a J%9�1)10�/'U9� p�/�#�)WX�u�#���/ #�),�E
9/2t ��%��9�&� �J%�%�n'3�!�Ha��%�!,k�# p�/,$�C��J!�#��9�,$�S_

� � � �%0�3�0 �
iI�/E�����a~�$�! ����),��# �9v*I&$J%�%*u'8Y	cK�/ �J!�0� ;Pjl9�1)�),��L�/,$*�iI�/1��!� �), bdccjdi 3H2 e ��9V*��S�/1�a~�)�#�
�#�$��-� �9�'�1��!�7��9/2]1�9�,�Ed1)�)WX�%*��# p�/,$�p��J!�#��9�,$�S_�r"9��(-��/ ��%* ��9l�# p��*I�)�#��9�,��/1~�79v*��!1��SR
iI�/E����< ��!10� f �#�$��-� �9�-U�! #�PY|9/2V����9�10�/�#��9�, '8Y �/1)1�9Sa~�),�E|�\iI�/E��k��9k ��!1��S������-��/ #�#�0�/1
 ��%�#&�1)���~'U�`2:9� ��c�)�]J%9��(-�1��!���%��_

y iI�/E��K�����um�mv� �#���/��JS�/,7'3�]'� �9�bX�!,�&�-��),���9<�u���!��9/2��#&�'��# p�/,$�p��J!�#��9�,$�"�#���/�
JS�/, 'U�7�),8���! #1��S�%WX�%* a~�)�#�}9��#�$�! <�# p�/,$�C��J!�#��9�,$�S_ly �#&�'��# p�/,$�p��J!�#��9�,  ��!-� ��%���!,����(�
-��/ #��9/2��#�$�na"9� #b7*�9�,$�n'�Y(�#�$�VJ%9��(-�1��!���]�# p�/,$�C��J!�#��9�,�_ : ��J��+�#&�'��# p�/,$�p��J!�#��9�,.�����
�# p�/,$�p��J!�#��9�,{�),{�)���V9Sa~,{ #�)EF�8�S_����$�O�����%J!���]9/2z�(J%9��(�(�)�#���%*k��&�'��# p�/,$�p��J!�#��9�,ka~�)1)1
'3�"EF1�9�'��/1)1)YNW8�����)'�1��~�!WX�!,(�#�$9�&�EF�7�#�$�n�!,��#�) ��LiI�/E��c���%Y�,$9��z'U�"J%9��(-�1��!���%*�_ ���8&$�SR
�#�$�7�`fI�%J!&��#��9�,�9/2"�#�$�.iI�/E��e���K,$9��<����9�10�/���%*�_����$��J%9��(-39�&�,$* �`fI�%J!&��#��9�,|9/2~�#�$�
�#&�'��# p�/,$�p��J!�#��9�,$�~9/2 �NiI�/E��u�#�$9�&�1�*.'U�V�/��9��(��JF_zGP2 �/,�Y��#&�'��# p�/,$�p��J!�#��9�,.2Q�/�)1��"�#�$�!,
�/1)1�J%9��(-�1��!���%*��#&�'��# p�/,$�p��J!�#��9�,$���#�$9�&�1�*�'U��J%9��(-U�!,$�p�/���%*d2Q9� S_e���$��J%9��(-U�!,$�p� ;
�#��9�,.��������*��c-U9F���#�)'�1��V'�Y.-� �9SWv��*I�),�E7�S��J��{��&�'��# p�/,$�p��J!�#��9�,{a~�)�#�{� J,L	� � S`B����EV:=4B8D

� !



VWP���B���� J7V:= L�B�_	���$��J%9��(-U�!,$�p�/�#�),�E\�# p�/,$�p��J!�#��9�, &�,$*�98�%�<�#�$�.���!���/,��#��J+�����%J!����9/2
�)���n��&�'��# p�/,$�p��J!�#��9�,�_'$��%JS�/&$���FR��#�$�K�`f��%J!&��#��9�,k9/2��#�$�<iI�/E��N����,$9��n���p9�10�/���%*�R$9��#�$�! 
�# p�/,$�p��J!�#��9�,$�uJ%9�&�1�*\���%WX�( ��S��*\�#�$�� ��%�#&�1)���O9/2"�#�$�N�#&�'��# p�/,$�p��J!�#��9�,$�O'U�`2Q9� ��<�#�$�!Y
a"�! ���&�,$*�9�,$��'�Y|�)���<J%9��(-U�!,$�p�/�#�),�E\�# p�/,$�p��J!�#��9�,�_	GP�<���u�#�$�! ��`2Q9� ���,$�%J%�%�p�p�/ #Y���9
������&� ��c�#���/�n�#�$�K ��%*I&$J%�%*e����9�10�/�#��9�,	*�98�%��,$9��]�),��# �9v*I&$J%�O�),$J%9�,$�#���#���!,$J!���%��_

GH,����%J!�#��9�,�"I_ � a"�7�p�Sa �#���/�O�),d ��S�/1z1)�62Q�(��9��7�7��J!�#��9�,$�SRoJS�/1)1��%*� ��S�/1���J!�#��9�,$�SR
JS�/, ,$9��.'3�	J%9��(-3�!,$�C�/���%* [:�F_ E$_�*I #�)1)1)�),�E �|�$9�1���^`_ GH,��#�$�%���lJS���p�%�SRViI�/E����e�/ ��
�),��/-�-�1)��JS�/'�1��F_

���$����*��S�L9/2��),$J%9� #-U9� p�/�#�),�EuJ%9��(-U�!,$�p�/�#�),�EK�# p�/,$�p��J!�#��9�,$� �),8��9L�#�$���# p�/,$�C��J!�#��9�,
�79v*��!1����~�#�$�c���/�),kJ%9�,8�# #�)'�&��#��9�,	9/2�iI�/E���� b : m�j $ 4 " e _

� ��� � 
����@ 	�
� "�6 �U"����! +"��
�������N���%J!�#��9�,�a~�)1)1"*��%�pJ! #�)'3�+�kJ%9�,$J%�!-��Na~����Jp��a������#�$���),$�#-��) p�/�#��9�,�2Q9� u�#�$�=7s�/�
�/,$*e,$�%�����%*e�# p�/,$�p��J!�#��9�,{�79v*��!1�� � i8-��$�! ��%�V9/2zr"9�,8�# �9�1�_

���$�N,$9��#��9�, 9/2"�#-��$�! ��%�O9/2"a"���K-� ��%�p�!,����%*d�),�b MK�%W 2 3\e _����$�N��*��S�+���cEX�!,$�! p�/1
�/,$* -U9Sa"�! 24&�1�Rc'�&��e�����e,$�!WX�! e'U�%�!, 2:&�1)1)Y 2Q9� #���/1)�98S�%*�_ y �#YI�#���!� �#���/�+24&�1)1)Y
�#&�-�-U9� #���"�#-��$�! ��%��9/2oJ%9�,8�# �9�1sa"9�&�1�*�-� �9�'��/'�1)Y('U�n���/ �*���9O�)�(-�1��!�7�!,���*I&$�V��9K�#�$�
EX�!,$�! p�/1)�)�HYX_

g�9� ��e�#YI�#���!� ��9e'U���/'�1��(��9{&$���(�#�$�7J%9�,$J%�!-���9/2~��-��$�! ��%�u9/2~J%9�,��# �9�1"�)�O�����
��9k'3�7���# #&$J!�#&� ��%*������e�����! p�/ �J��8Y 9/2]�/'$�#�# p��J!��*$�/�p�{�HY8-U�%�S_+���$���/'$�#�# p��J!��*$�/�p�
�HY8-U�FR�9� uyVMc�KRo����*��%�u�)���u�),����! #,��/1~���U�%J!���O24 �9�� �#�$���#&� # �9�&�,$*I�),�E\�!,�Wv�) �9�,��7�!,��
�),eJS�����L�)�������"��9< ��!WX9�bX�c�#�$�L ��%�#&�1)�"2Q9� ��),����! #,��/1� ��S����9�,$�S_ ���$�K9�-U�! p�/�#��9�,+���"5$ ��#�
�`fI���! #,��/1)�98S�%*da~�$�!,d�#�$�(yLML�  ��!�#&� #,$�K�#�$�� ��%�#&�1)�K�#�� �9�&�EF�d�)���c�),8���! 2Q��J%�F_N���8&$�SR
�S��Jp�7�),�WX9vJS�/�#��9�,79/2U�/,7yLMc� ���z�/,7�/��9��(��J]��J!�#��9�,N2: �9�� �#�$�~JS�/1)1��! �� -U9��),��z9/2sWv���!aO_

���$�!,�yLML� �O�/ ��(9� #E��/,��98S�%*d�),d�����! p�/ �J������%��R�1�9Sa"�! O1��!WX�!1zyLML� �O�/ ��N&$���%*\��9
J%9��(-U9F���l���)EF�$�! .1��!WX�!1cJ%9��(-�1��`f yLMc�o�S_ GP������,$9��e�/1)a"�SYv�e*��%���) p�/'�1��k��9 ���/bX�
�#�$�N ��%�#&�1)���u9/2��#�$�(1�9�a��! O1��!WX�!1zyLMc�o�KEF1�9�'��/1)1)Y��%WF�/�)10�/'�1��F_�r"9�,$�#��*��! K�#�$�(9�-U�! p� ;
�#��9�,{ ��!-� ��%�p�!,��#�),�Ee���# p�/,$� 2:�! n24 �9�� 9�,$�O'��/,�be��J%J%9�&�,8�]��9��/,$9��#�$�! S_��������]JS�/,{'U�
&$���%*l'�Yk ��!-� ��%���!,��#�),�Ee�Ha�9+yVMc�]i � �#�$� $~�/,�bl�/,$*	�#�$��y~J%J%9�&�,��KyLML�K_3yL���#&��7�
�#���/�N�#�$�+��J%J%9�&�,��(yVMc� �������Pa�9d�/��9��(��J+9�-U�! p�/�#��9�,$� � *��!-U9F�#�)�N�/,$*�a~�)�#�$*I p�SaO_
���$���# p�/,$� 2Q�! <9/2 � ! 6�6+2: �9�� �/,}��J%J%9�&�,��Ny ��9l�/,$9��#�$�! 7��J%J%9�&�,8� $ JS�/,�'U�(�)� ;
-�1��!�7�!,8���%*\'�Ye5$ ��#�V�����#&��),�Ee�/,ka~�)�#�$*I p�Sau[ � ! 6�6X^�2: �9�� ��J%J%9�&�,8�Ky<R$2:9�1)1�9�a��%*\'�Y
�/,d*��!-U9F�#�)��[ � ! 6�6X^L9�,���J%J%9�&�,�� $c_U���$��J%9��(-�1��!���N�# p�/,$�#2:�! c9�-3�! p�/�#��9�,����$9�&�1�*l'U�
�/��9��(��JF_ G�2O�S��Jp� 9�-U�! p�/�#��9�, 9�, �#�$�	��J%J%9�&�,��eyVMc� �����`fI���! #,��/1)�98S�%*�R~�#�$�!,��#�$�
9�&����#��*��la�9� #1�* a�9�&�1�* 'U�l�/'�1��{��9 ���%�{�#�$�l ��%�#&�1)����9/2u�S��J�� 9/2O�#�$�k9�-U�! p�/�#��9�,$�S_
GH���/EF�),$�N,$9Sa �#���/�c�#�$�(*��!-U9F�#�)�K9�-3�! p�/�#��9�,	2��/�)1��K*I&$�<��9e�p9��7���! # �9� S_<y -� �9vJ%�%���
�#���/��&$���%*(�#�$�n�`fI���! #,��/1)�98S�%*� ��%��&�1)����9/2��#�$�~a~�)�#�$*I p�%a 9�-U�! p�/�#��9�,�a�9�&�1�*�,$9Sa '������
�)���<9�-3�! p�/�#��9�,$�<9�,|�! # �9�,$�%9�&$�<*$�/�p�I_��o9	�%WX9���*d�#�����u-� �9�'�1��!� �/,$*|������&� ����/��9�� ;
��J!�)�HYXRI�)������-39F�p�#�)'�1��n��9�*IY8,��/�(��JS�/1)1)Y.J! ��S�/���L,$�!a��#-��$�! ��%��9/2oJ%9�,8�# �9�1��#���/�"J%9�,8�p�/�),
�#�$�lJ%9��(�(�)�#�7�!,��e9/2O*$�/�p�I_�y 
ZT�B � ��= J � ��� S]PXS L 
 J,L�B!VWPXLZYKa�9�&�1�* 'U�{J! ��S�/���%*
a~����Jp� J%9�,8�p�/�),$�(�#�$�.���U�%J!���N9/2n�#�$�.*��!-39F�#�)�(�/,$*�a~�)�#�$*I p�%a 9�-U�! p�/�#��9�,$�S_	���$�%���
*IYv,��/�(��J��#-��$�! ��%�<�/ ��7*��!���! #�(�),$�%*|'8YdJ%9�,$�#���#���!,$J!YdJ%9�,$�#�# p�/�),����N�/,$*�*��!-U�!,$*��!,/;

� "



J!���%�n9�,{�#���/ ��%*{*$�/�p�IR��7�%�p�p�/EX�%�n9� ]9��#�$�! ]9�'Ih#�%J!���S_
�������~ ��%�#&�1)���~�),k�Pa�9�W��/ #���!�#���%�]9/2��#-��$�! ��%�V9/2�J%9�,8�# �9�1�_
! _c;MV �EV:= J];+L _ �S@t���$�%���Viv9�r"���/ ��]J! ��S�/���%*7'�YN�#�$�n���# #&$J!�#&� #�),�E<9/2U�#�$�V�/'$�#�# p��J!�
*$�/�p�N�HY8-U�%�S_

"I_�a T/B �	�N=WJ.;#L _ �%@|���$�%���{iv9�r"�7�/ ��+*IY8,��/�(��JS�/1)1)Y J! ��S�/���%* ��9\J%9�,��p�/�), �#�$�
J%9��(�(�)�#�7�!,��c9/2 �#���/ ��%*e*$�/�p�I_

B1
C1

C2

B2
A1

B3

B4

B5

A2

S

D

Dynamically created for controlling the committment of A1
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�����������.�!,I2:9� �J%�%* '�Y}���/bv�),�E�-��/ p�/�7�!���! .�79v*I�65�JS�/�#��9�,�2:9�1)1�9�a �#�$�l #&�1��%��24 �9��
�#�$�%9� ��!� ���/,$* � �

! _VZV,�1)Ye�/1)1�9Sa �`fI-��/,$�#��9�,k9/2��#�$�c ��S��*e-��/ p�/�7�!���! L���!� �
R(A)→ R(A′) iff A ⊆ A′

"I_VZV,�1)Ye�/1)1�9Sa  ��%���# #��J!�#��9�,k9/2t�#�$�Oa~ #�)���K-��/ p�/�7�!���! V���!� �
W (A)→W (A′) iff A′ ⊆ A

m��!�O&$�c�#&� #,�'���Jpb\��9+�#�$�7�`f��/�(-�1��7�/'U9SWX�7a~�$�! ��(-��/ p�/�7�!���! ��ua"�! ��(&$���%*\��9
�),$*I��JS�/���7*$�/�p�+�)���!�  ��!1)�0�/'��)1)�)�HYX_+r"9�,$�#��*��! <9�,$J%�(�79� ��(�#�$�(a"9� #b $"�)1)1�*�9v�%�O9�,|�
,$�!a ��9�&� �J%�+5$1��F_ �V�e�#�p�/ #����a~�)�#� �#�$�

low
-��/ p�/�7�!���! .�/,$* -� �98J%�%�%*����#�� �9�&�EF�

medium
��9
high

���<�#�$�� ��!1)�0�/'��)1)�)�HY|�),$J! ��S�����%�(��J%J%9� �*I�),�EF1)YX_\yV�p�#&��7���#���/���#�$�
�# p�/,$�p��J!�#��9�, ���/,��/EX�! N�!,I2Q9� �J%�%���#�$�.�/'U9SWX�.*��%��J! #�)'U�%*|-U9�1)��J!YX_	�V9�a ���$9�&�1�*|�#�$�
-��/ p�/�7�!���! ��('3�+���!�N&�- �), �#�����(�`f��/�(-�1�� 
 GH�N���N,��/�#&� p�/1~��9	'3�!1)���!WX�+�#���/�(�79� ��
�/,$* �79� ��	�# p�/,$�p��J!�#��9�,$�{�/ ��la~�)1)1)�),�E ��9| ��S��* *I�) #�PY *$�/�p�����.�#�$�l ��!1)�0�/'��)1)�)�PY 9/2
�#�$�e*$�/�p�\�),$J! ��S�����%�S_ ��������a�9� #bI�(a��!1)1Va~�)�#�  #&�1�� "d�/'U9SWX�FR"a~����J����#�p�/���%�(�#���/�
�#�$�ua~ #�)����-��/ p�/�7�!���! O���!�cJS�/,d9�,�1)Y{'3�< ��%�#�# #��J!���%*�_K���8&$�SRU-39F�p�#�)'�1)YeEF�)W8�),�E+�79� ��
�# p�/,$�p��J!�#��9�,$�V��J%J%�%���n��9(�#�$�K*$�/�p�I_

GP, 9� �*��! \��9 ��J%J%9��(-�1)���#� �#�����	a~�)�#� �#�$� yV-39��# p�/� -��/ p�/�7�!���! ��SRN�#�$�
low

R
medium

R �/,$*
high

JS�/���!EX9� #���%�uJS�/,d'U�N���/-�-3�%*\��9+-��/ p�/�7�!���! u���!���c�),d�#�$��2Q9�1 ;
1�9Sa~�),�E7a��%Y �

! _
high→ {a}

"I_
medium→ {a, b}

� _
low → {a, b, c}

yV�"9�,$�cJS�/,.�p�%�FR��#�$�L1�9Sa"�! ~�#�$�]1��!WX�!1�9/2� ��!1)�0�/'��)1)�)�HYXR��#�$�]a~��*��! ��#�$�L-��/ p�/�7�!���! 
���!�S_�G�2 $"�)1)1o&$���%�]�#�$�Oa~ #�)���u-��/ p�/�7�!���! ��

W (medium)
R3�/,$*	�/,$9��#�$�! V&$���! SRsw��/,$�FR

 ��S��*7-��/ p�/�7�!���! ��
R(high)

RI�#�$�!,.�#�$�n�Ha�9(��J%J%�%�����%��a~�)1)13J%9�,/7$��J!�"a~�)�#���S��Jp�+9��#�$�! 
'3�%JS�/&$���

W (medium) = {a, b} 6⊆ {a} = R(high)
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$"&��SR��62 w��/,$�K&$�p�%�
R(low)

R��#�$�<��J%J%�%���~���]�/1)1�9�a��%* �

W (medium) = {a, b} ⊆ {a, b, c} = R(low)

> 9�&�,$*I�),�El&�-�R �{�# p�/,$�p��J!�#��9�,}JS�/, 9�,�1)Yd&�-�EF p��*��.�#�$�71��!WX�!1�9/2~ ��!1)�0�/'��)1)�)�PY 9/2
�#�$�O*$�/�p�(�)�~a~ #�)���%�V�/,$*e ��S��*{*$�/�p�N9/2��),$J! ��S���#�),�EF1)Ye1�9�a��! ]1��!WX�!1��]9/2t ��!1)�0�/'��)1)�)�HYX_

�������7�/-�-� �9X��Jp� -�&����(�#�)EF,��65�JS�/,8�7 ��%�#�# #��J!�#��9�,$�79�, �#�$�.�798*I�65�JS�/�#��9�, 9/2] ��S��*
�/,$*�a~ #�)���+-��/ p�/�7�!���! ��S_ ZV, �#�$�+9��#�$�! (���/,$*�R��/, �)�(-�1��!�7�!,��p�/�#��9�,�9/2]�#�����(�/-/;
-� �9X��Jp�	a"9�&�1�*k'U�O�#�# p�/�)EF�8� 2:9� #a��/ �*��/,$*{-U�! 2:9� #���/,$J%��� ��J!���!,��S_V���$�<9�,�1)Ye����9� #�
,$�%�%*��%* ��9��#&�-�-U9� #�.-��/ p�/�7�!���! e�79v*I�65�JS�/�#��9�, a�9�&�1�* 'U�\�|���%�����#���/�+�#�$�	,$�!a
 ��S��*	-��/ p�/�7�!���! O���!�L���K���#&�-U�! ����!�c9/2��#�$�NJ!&� # ��!,��K9�,$�(�/,$*	�#���/�L�#�$�<,$�!a a~ #�)���
-��/ p�/�7�!���! L���!�~���]�N�#&�'$���!�V9/2t�#�$�KJ!&� # ��!,8�V9�,$�F_

� �-D�� � D�D�� � � �������1� (/��� ��� � � �-(+��(�� C ��C ��*=� � �-���H����� ������* � CE*��1D �
���$����*��S�+�$�! ��7���u��9k�/1)1�9Sa -��/ p�/�7�!���! <�79v*I�65�JS�/�#��9�, 9�,�1)Yd�62��)�u*�9v�%�O,$9��O�),8�# �9�;
*I&$J%�+J%9�,/7$��J!���S_ : WX�! #Y �#�)�7�e�{�# p�/,$�p��J!�#��9�,} ����8&$�%�#���(�k-��/ p�/�7�!���! 7J����/,�EX�.�#�$�
�# p�/,$�p��J!�#��9�, ���/,��/EX�! (�<&$�#�<���%���<�62n�#�$�+J����/,�EX�.���(�/1)1�9Sa"�%*�_d���$��-$�p�!&$*�9	J%9v*��
2Q9� z�)�(-�1��!�7�!,��#�),�E��K���%�#�z��9u*��!���! #�(�),$�V�62o�c ��S��*7-��/ p�/�7�!���! ��79v*I�65�JS�/�#��9�,�a"9�&�1�*
�),8�# �98*I&$J%�<J%9�,/7$��J!���]J%9�&�1�*e'U� �
� � �(�*)('���� )
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�L�! ��FR$�#�$�u�# p�/,$�p��J!�#��9�,	���/,��/EX�! V�����]��97�# p�%WX�! ��p�u�#�$�FR�-39F�����)'�1)Y.10�/ #EX�FR3���!�]9/2
 ��S��* ;�1�9vJ�bX�%*+*$�/�p�K�)���!�7����9u*��!���! #�(�),$�V�62 �c ��S��*�-��/ p�/�7�!���! ��79v*I�65�JS�/�#��9�,+�#�$9�&�1�*
'U�e�/1)1�9Sa��%*�_����$�.�)�(-�1��!�7�!,��p�/�#��9�, �����<��9	���/bX�e�#&� ��.�#���/�N�#�$�<h 9��),$�%* 9�-U�! p� ;
�#��9�,e9/2o���%�#�#�),�E7�/,$*�-��/ p�/�7�!���! ~�798*I�65�JS�/�#��9�,e���~�/��9��(��JF_ �L9<�# p�/,$�p��J!�#��9�,e�#�$9�&�1�*
*I&� #�),�El�#�$�(���%�#�K'U���/'�1��(��9{Jp���/,�EX�7�#�$�7�#�p�/���7�), �.a"�SYd�#���/�Oa�9�&�1�*|�),��# �9v*I&$J%�
�kJ%9�,/7$��J!�S_kGH���/EF�),$�7�#���/�N*I&� #�),�E\�/,��`fI�%J!&��#��9�, 9/2~�#�����u���%�#�<�#�$��*$�/�p�k�)���!�

o1���.J!1��S�/ ��%* �/,$* �#�$�l���%�#��J%9�,8�#�),�&$�%�e��9|�)���! p�/���l�#�� �9�&�EF���#�$�l ��%�#��9/2O�#�$�l ��S��* ;
1�9vJ�bX�%* 9�'Ih �%J!���S_�GH���/EF�),$�e2:&� #�#�$�! 7�#���/�.�/,$9��#�$�! ��# p�/,$�p��J!�#��9�, a~�)�#��J%9�,/7$��J!�#�),�E
a~ #�)���c-��/ p�/�7�!���! ��~Jp�$989F���%����9�a~ #�)��� ;�1�9vJ�b

o1
*I&� #�),�EN�#�$�L ��!���/�),��),�E7�`fI�%J!&��#��9�,{9/2

�#�$�����%�#���/,$*N�#���/���#�$�� ��!���/�),��),�EO���%�#� ��� �#&$J%J%�%���#24&�1�_t���$�~���%�#��a�9�&�1�*� ��!�#&� #,(�# #&$�
�!WX�!,l�#�$9�&�EF�l�#�$�K-��/ p�/�7�!���! cJ����/,�EX�<a�9�&�1�*l ��%�#&�1)�V�),	�(J%9�,/7$��J!�S_~�������V-� �9�'�1��!�
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�����/,��/1�9�EX9�&$�N��9k�#�$���),$J%9� # ��%J!�(�#&��(���/ #Y�-� �9�'�1��!� *��%��J! #�)'U�%* �),����%J!�#��9�, "I_ � _ ! R
-��/EX� "�"I_

���$��J%9� # ��%�#-U9�,$*I�),�Ek���%���K2:9� u�798*I�62:Y8�),�Ela~ #�)���7-��/ p�/�7�!���! ��<���u�#�)�(�)10�/ SRta~�)�#�
�#�$���`f�J%�!-��#��9�,N�#���/�t�S��Jp��a~ #�)��� ;�1�9vJ�bX�%*(*$�/�p�]�)���!� JS�/,<'U�� ��S��*<'�Yu�u&�1)�#�)-�1����# p�/,$� ;
��J!�#��9�,$�SR�,$9��~h &$�#�K9�,$�F_N�������Ka�9�&�1�*���*�*��/,d�),�,$�! O1�989�-\��9e�#�$�7�/'U9SWX�

foreach1�989�-�RI�# p�SWX�! ��#�),�E7�#�$�K���!�n9/2t ��S��*��! ��n9/2t�#�$�KJ!&� # ��!,8�#1)Y+�# ��S�/���%*ea~ #�)��� ;�1�98JpbX�%*k*$�/�p�
�)���!�

o
_����8&$�SR��#�$�]a~ #�)���~���%�#����� -3�! 2Q9� #���/,$J%�n�),8���!,$�#�)WX�V'3�%JS�/&$���n�)���zEF �9Sa~�#�. p�/���

������&���*I p�/�#��JFR
O(N2)

� R�*I&$�+��9\�#�$�+,$�%�#���%*
for

1�9v9�-�_ ���$�+ ��S��* ���%�#�SR�9�,}�#�$�
9��#�$�! n���/,$*�R������]��1)�),$�S�/ SR

O(N)
RIEF �9�a~�#�k p�/���F_

� � �,����� � � �H� � � C ����� � ����()��*�(+�������,�-*
���������/-�-� �9X��Jp� �%WX9���*���-39����!,8�#�0�/1~J%9�,/7$��J!���N'�Y �/'U9� #�#�),�El�#�$���# p�/,$�p��J!�#��9�,$�N�#���/�
J%9�,/7$��J!��a~�)�#�.�#�$�],$�!a -��/ p�/�7�!���! ~���!�S_�jl9v*I�624Yv�),�Eu ��S��*�-��/ p�/�7�!���! ��n�/'U9� #����J%9�,/;
7$��J!�#�),�ELa~ #�)���! ��n[Q�/���79F�#� 9�,$��a~ #�)���! -3�! �*$�/�p�V�)���!��^`R��/,$*��798*I�62:Yv�),�EVa~ #�)����-��/ p� ;
�7�!���! ��c�/'U9� #���LJ%9�,/7$��J!�#�),�E. ��S��*��! ��([4-U9F���#�)'�1)Ye�<&�1)�#�)-�1��N ��S��*��! ��V-U�! V*$�/�p���)���!��^`_
���$�L2:9�1)1�9�a~�),�E����]���79� ��c2Q9� #���/1o*��%��J! #�)-��#��9�,	9/2t�#�����]�#�# p�/���!EFY �

• T : R(A)→ R(A′)⇒ abort(ReadConflictingTxns(T,A′))

• T : W (B)→ W (B ′)⇒ abort(WriteConflictingTxns(T,B ′))

�������(���7�	WX�! #Y}�/EFEF ��%���#�)WX�{�/-�-� �9X��J�� �),}�#���/�(�#�$�{��J%J!&��u&�10�/���%* a�9� #b}9/2c�
-39F�����)'�1)Y�10�/ #EX�L���!��9/2��# p�/,$�C��J!�#��9�,$��a"9�&�1�*�'U�n �9�1)1��%* ;�'���Jpb�'U�%JS�/&$���V�O�# p�/,$�p��J!�#��9�,
*��%J!��*��%�n��9N�79v*I�624Y.�)���~-��/ p�/�7�!���! ��S_

m��!�]&$�V�p�/bX�<�71�989�b{�/�V�#�����V�#�# p�/���!EFYe�),k�#�$�<J%9�,8���`fv�L9/2z�#�$�u�`f$�/�(-�1��<�/'U9SWX�F_
�O�/���+���79�'$���! #Wv�),�Ed�#�$�+a�9� #b '3�!�),�E�*�9�,$�+'8Y $"�)1)1n�),$*I��JS�/�#�),�E

medium
 ��!1)�0�/'/;

�)1)�)�PYX_ �O�/�����#�$�!, *��%J!��*��%�u�#���/�N�#�$�7���<,$9���a~�)1)1)�),�El��9l���%�7a"9� #b�a~�)�#� 1��%�p�u�#���/,
high

 ��!1)�0�/'��)1)�)�PY��/,$*7�#�$�! ��`2:9� ��]�798*I�65��%���$�! z ��S��*7-��/ p�/�7�!���! �����9
R(high)

_z�������
�798*I�65�JS�/�#��9�,	�),��# �9v*I&$J%�%�K�7J%9�,/7$��J!�La~�)�#� $"�)1)1 � �

W (medium)
��J%J%�%�p�]�79v*��<�/,$*

'�Y7�/-�-�1)Y8�),�E<�#�$�n*��%��J! #�)'U�%*��/-�-� �9X��J��e�/1)1,$"�)1)1 � ��a�9� #bNa~�)1)1�'U�n�/'39� #���%*.�/,$*( �9�1)1��%*
'���J�bU_ ������������J!1��S�/ #1)Y7,$9��n��J%J%�!-��p�/'�1��L'U�!���%Wv��9� "�),.�#�$�cJ%9�,����`fI�~9/2��#�����"�`f$�/�(-�1��F_

ML&$�7��9l�#�$��J%9�,$�����8&$�!,$J%�%�N9/2n�#�������/-�-� �9X��Jp� �)�<���<1)�)bX�!1)Y���9{'U�!1)���!WX���#���/�<�)�
a�9�&�1�*e'U�c&$���`2:&�1��),{9�,�1)Y+�N2:�!a �#-U�%J!�0�/1�JS�����%�S_

1 C D CE(+*�C �H�,� ��������� � ��D�������*
> �%JS�/1)1��#���/�~�u-��/ p�/�7�!���! "�79v*I�65�JS�/�#��9�,+ ��%�#&�1)�����),+�uJ%9�,/7$��J!�"�62 �/��1��S���#��9�,$�V*$�/�p�
�)���!� ����1�98JpbX�%*�'�Y �/,$9��#�$�! +�# p�/,$�p��J!�#��9�, a~�)�#��-��/ p�/�7�!���! ��+�#���/�+J%9�,/7$��J!�+a~�)�#�
�#�$�7 ����8&$�%�#���%*|-��/ p�/�7�!���! ���_l���$��-� ��!W8��9�&$�(�/-�-� �9X��J��  ��%��9�1)WX�%* �#�$�.J%9�,/7$��J!�<'8Y
� �U�%J!�#�),�E��#�$�<9��#�$�! V�# p�/,$�p��J!�#��9�,$�S_]�������c�/-�-� �9X��J��d9�,�1)Yk� ���%J!���]�#�$�u�# p�/,$�p��J!�#��9�,
�#���/�K �����&$�%�#���O�#�$�N-��/ p�/�7�!���! O�798*I�65�JS�/�#��9�,�_�GP�K ��%��9�1)WX�%�uJ%9�,/7$��J!���K'�Y	 ��!1��S���#�),�E
�/1)1s1�9vJ�bI��9/2 �#�$�] ����8&$�%�#�#�),�EN�# p�/,$�p��J!�#��9�,e9�,.*$�/�p�u�)���!�7���#���/�~�/ ��]�),8WX9�1)WX�%*+�),��#�$�
J%9�,/7$��J!�S_ jl9v*I�624Yv�),�EO ��S��*�-��/ p�/�7�!���! ��"1��S��*�����9u ��!1��S���#�),�E�J%9�,/7$��J!�#�),�E� ��S��*71�9vJ�bI�S_

��� �,�$ "&,)��������$)�& �$ 
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• T : R(A)→ R(A′)⇒ release(ReadConflictingItems(T,A′))

• T : W (B)→W (B ′)⇒ release(WriteConflictingItems(T,B ′))
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Split− Transaction(
T : (rls(T ) \ReadConflictingItems(T,A′), wls(T )),
T ′ : (ReadConflictingItems(T,A′), ∅));

� � � ��C �1(+� (���CH��C ��� �������1� (/��� ��� � �

Split− Transaction(
T : (rls(T ), wls(T ) \WriteConflictingItems(T,B ′)),
T ′ : (∅,WriteConflictingItems(T,B ′)));
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a~�$�!,.�798*I�62:Yv�),�Eu,$�%�#���%*�*$�/�p�/'������]-��/ p�/�7�!���! ��"�#�$�%���%�����%J���,�� �8&$�%��*�9u,$9����/-�-�1)YX_
���$�!Y.9�,�1)Y�*��S�/1Ua~�)�#�e�# p�/,$�p��J!�#��9�,$�SRI,$9���,$�%�#���%*e*$�/�p�/'������%��_�ZV,$�Va��%Y.��9� ��%��9�1)WX�
�#�$�cJ%9�,/7$��J!��a�9�&�1�*+'U�]��9<&$���L9�,$�c9/2o�#�$�L���%J���,�� �8&$�%�~9�,.�#�$�L9�'$���! #WX�! ����),8WX9�1)WX�%*�_
���$�79�'$�p�! #WX�! ��OJ%9�&�1�*d'U�u2Q9� �J%�%*d��9e�#& ��J!���!,8�#1)Yd�`fv-��/,$*\�#�$�!�) O ��S��*�-��/ p�/�7�!���! ��
9� n���SY8'U�u��-�1)�)�n�#�$�!�) ]�# p�/,$�p��J!�#��9�,�_�yL�~a~�)�#�{�79v*I�65�JS�/�#��9�,	9/2 a~ #�)���K-��/ p�/�7�!���! ���R
J%9�,/7$��J!���] ��%�#&�1)�#�),�EN24 �9�� �79v*I�65�JS�/�#��9�,k9/2� ��S��*+-��/ p�/�7�!���! ��]J%9�&�1�*+'U�K*��S�/1)�~a~�)�#�
'8Y.�#�$�K���# p�/���!EF���%�~2: �9�� r~r~i > _
�G��� (/��C ��� � � ����( ���	����� � � � �<��C C �1� � ��� �1(+� (���CH��CE� �-*�( � C
�������N�#�# p�/���!EFY�EF�)WX�%���#�$����� fv�)�<&�� �/�79�&�,��(9/2n2: ��%�%*�9�� '8Y�,$9��<�)�(-U9F�#�),�E	 �� ;
�#�# #��J!�#��9�,$� 9�,N-��/ p�/�7�!���! &$�p�/EX�F_����$��*I���p��*IWF�/,��p�/EX�����t�#���/���#�$�"�# p�/,$�p��J!�#��9�,$�z�/,$*
,$�%�#���%*\*$�/�p�/'������%�O���%WX�N��9. ��%��9�1)WX�(�/,�Y\J%9�,/7$��J!���c�),��# �9v*I&$J%�%*d'�Yl�#�$�!�) OJ%9��(�(�)� ;
�7�!,8�S_ > �%JS�/1)1��#���/�c�#�$���# p�/,$�p��J!�#��9�,$�K-� ��!WX�!,8�#�),�E{�#�$�NJ%9��(�(�)�u�/ ��<�# p�/,$�C��J!�#��9�,$�
 ��S��*I�),�E	*$�/�p�.�)���!�7�Oa~�)�#�� ��S��*d-��/ p�/�7�!���! ��u�#���/�Oa�9�&�1�*|'3�N�),$J%9��(-��/�#�)'�1���a~�)�#�
�#�$�La~ #�)���V-��/ p�/�7�!���! ��~9/2o�#�$�]�)���!�7�n� 2:���! "�#�$�VJ%9��(�(�)�S_�ZV,$�LJ%9�&�1�*. ��%��9�1)WX�L�#�$�%���
J%9�,/7$��J!���"'�YN2Q9� �J!�),�Eu�#�$�] ��S��*��! ��"��9uJ����/,�EX�V�#�$�!�) " ��S��*7-��/ p�/�7�!���! ���9�,��#�$�V�)���!�7�
'8Y.&$���),�E79�,$�O9/2t�#�$�u�#�# p�/���!EF���%�~-� ��%���!,8���%*{�),k���%J!�#��9�, � _ �$_ � _

�@< �@< � � �����c	�� 

�������%WX���/,��/1)Y 8S�%*<�#�$�zJ%9�,$�����8&$�!,$J%�%�o�#���/� �#�$�z�),����!EF p�/�#��9�,(9/2sr~r~i > a~�)�#�
�Kr~i >
�����V9�,k*IY8,��/�(��JO-��/ p�/�7�!���! V�79v*I�65�JS�/�#��9�,�_ ���u�p�%a �#���/�n�),l��*�*I�)�#��9�,k��97�#�$�K��� ;
�#&$�%��9/2��`fI-�1)��J!�)�� �����&$�%�#���%*<-��/ p�/�7�!���! �79v*I�65�JS�/�#��9�,� ����8&$�%�#�SR��#�� ��%��9��#�$�! ��J!�#��9�,$�
 ��%�#&�1)���%*.�),.�)�(-�1)��J!�)��-��/ p�/�7�!���! "�79v*I�65�JS�/�#��9�,�_z���$�V-��/ p�/�7�!���! ��~9/2o,$�%�#���%*.*$�/�p� ;
'������La"�! ��O*��`5$,$�%*+��97�/-�-�1)Y���97�/1)1�*$�/�p���)���!�7�~J%9�,��p�/�),$�%*k'�Y��#�$�K*$�/�p�/'������FR$�/,$*
9�'$���! #Wv�),�E\�# p�/,$�p��J!�#��9�,$�(���%���#�$���VM $ -��/ p�/�7�!���! ���9/2n�#�$�.*$�/�p�/'����p�%�N�#�$�!Y �/ ��
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9�'$���! #W8�),�E �/,$* ,$9��+�#�$9F���\9/2��/,�Y W8���#�)�#�),�E��# p�/,$�p��J!�#��9�,$�+a~�)�#���), �#�$�	9�'$���! #WX�%*
*$�/�p�/'������F_

���� ��%�e�#�# p�/���!EF���%�7a~�$�! ��+�),8�# �98*I&$J%�%* ��9�Rz�),}WF�/ #Y8�),�E�*��!EF ��%�FR��(�),��)�(�98S�e�#�$�
�/-�-3�S�/ p�/,$J%�L9/2�J%9�,/7$��J!���"*I&$�]��9u�)�(-�1)��J!�)�~�/,$*��`fI-�1)��J!�)�"-��/ p�/�7�!���! ��79v*I�65�JS�/�#��9�,$�S_
ML�!-U�!,$*I�),�E�9�,{�$9�a *I� ���! ��!,��c�/-�-�1)��JS�/�#��9�,l*�9����/�),$�na"9�&�1�*{&$���O�# p�/,$�p��J!�#��9�,	�/,$*
,$�%�#���%*|*$�/�p�/'������%��-��/ p�/�7�!���! ��(�/,$* �), a~���/�<a"�%Y �#�$�!Yda�9�&�1�* '3��*IY8,��/�(��JS�/1)1)Y
�798*I�65��%*�R�9�,$�(9/2��#�$�N�#&�EFEX�%�����%*d�#�# p�/���!EF���%�KJ%9�&�1�*\'3�<&$���%*�_O���$��2Q9�1)1�9Sa~�),�Ee���K�
'� #���`2��`f��/�(-�1���9/2 �cr~r~i > -��/ p�/�7�!���! c&$�p�/EX�O�),l�#�$�u*�9����/�),\9/2���9/2:�Pa"�/ ����!,�EF�),/;
�%�! #�),�E$_

��� (�� �1D�C�� m��!� &$�z ��!�#&� #,7��9Km��),$*$�O�/,$* $"�)1)1�RF�#�$�n�p9/24�Ha"�/ ��n�!,�EF�),$�%�! ��S_�$"�)1)1������
'3�%�!,�a�9� #bv�),�E�9�,.��9��7�]��9�&� �J%�n5$1��%���),$����*��]�#�$�],$�%�#���%*�*$�/�p�/'������L9/2om��),$*$�I_ �L�n���
EF�)WX�!,<�#�$�" ��%�#-U9�,$�#�)'��)1)�)�PY<9/2��),����!EF p�/�#�),�EO��9��7��5$1��%�t�),���9�RX�C�%YXRX�] ��!&$�p�/'�1���J%9��(-U9�,/;
�!,��S_c���$���# p�/,$�p��J!�#��9�,\�$�<J!&� # ��!,8�#1)Yl���L #&�,�,��),�E+&$���%�

W (medium)
_K�V��J! ��S�/���%�

�u,$�%�����%*{*$�/�p�/'������FR
NDBBill

RI&$�#�),�E
low

2:9� ��#�$� �LM $ -��/ p�/�7�!���! ��]��9N�),$*I��JS�/���
�#�$�u ��!1)�0�/'��)1)�)�HYl9/2z�#�$��J%9��(-39�,$�!,8�S_K���$�!,�Rs�$�<�79SWX�%�L�#�$���),�WX9�1)WX�%*l5$1��%�L�),���9������
,$�%�#���%*<*$�/�p�/'����p�F_t�������t ��!-� ��%���!,8���z�/,<�)�(-�1)��J!�)��-��/ p�/�7�!���! ��79v*I�65�JS�/�#��9�,��/,$*��/,8Y
 ��%�#&�1)�#�),�EeJ%9�,/7$��J!���c���%WX����9.'3�< ��%��9�1)WX�%*�_KGH,l�#�����K�/-�-�1)��JS�/�#��9�,�*�9����/�),d�)�La�9�&�1�*
'3�� ��S����9�,��/'�1��(��9+�`fI-3�%J!�K�#�$�N ��S��*��! ��O�),�WX9�1)WX�%*d�),d�#�$�(J%9�,/7$��J!�O��9+Yv���!1�*�_����$�!Y
J%9�&�1�*e'3�c ����8&$�%�#���%*e��9�J����/,�EX�O�#�$�!�) V ��S��*e-��/ p�/�7�!���! ��V'�Y+9�,$�u9/2��#�$�O�#�# p�/���!EF���%�
9/2 ���%J!�#��9�, � _ �$_ � _ $"�)1)1U,$9Sa EF�)WX�%�n��J%J%�%����-� #�)Wv�)1��!EX�%����9��#�$�c�7�!�u'U�! ��n9/2o�#�$�c���S�/�
�#���/�Va~�)1)1�'U�ua"9� #b8�),�E{9�,	�#�$���p���#b3_L���$�!Yl���p�/ #�Va"9� #b8�),�E{9�,	�#�$�<5$1��%�Va~�)�#�

low-��/ p�/�7�!���! ��O�/,$*k&�-�EF p��*����#�$��-��/ p�/�7�!���! ��O���]�#�$�� ��!1)�0�/'��)1)�)�HYk�),$J! ��S�����%�S_ $"Ye&$� ;
�),�E7�#�$�K-��/ p�/�7�!���! L���/-�-��),�EX�]9/2z���%J!�#��9�, � _ �$_ � �S��J��k&�-�EF p��*��ua�9�&�1�*k ��%�#&�1)�n�),l�
 ��%�#�# #��J!�#��9�,l9/2��#�$�Ka~ #�)���O-��/ p�/�7�!���! ���_ $"�)1)1�R$J%9�&�1�*{Jp���/,�EX�u�#�$���VM $�-��/ p�/�7�!���! ��
���K�#�$�7J%9��u'��),$�%*| ��!1)�0�/'��)1)�)�PY�9/2��#�$�(�p���#b	�),$J! ��S�����%�S_�g �),��/1)1)YXRoa~�$�!,|�#�$�(�p����bl���
J%9��(-�1��!���%*�R��$��J%9��(�(�)���

NDBBill
�/,$*|m��),$*$�	��J%J%�!-����SRt �� h �%J!����R 9� �*��!,����%�u�#�$�

J%9��(�(�)�S_z���$�c-��/ p�/�7�!���! ��]9/2t�#�$�K*$�/�p���)���!�7�]�/ ��c,$9Sa J%9�,8WX�! #���%*e'���J�b.��9N�#�$9F���
9/2 $"�)1)1 � �O�# p�/,$�C��J!�#��9�,�_ > �%JS�/1)1�R��#���/�O�����u�# p�/,$�p��J!�#��9�,|&$���%*

W (medium)
�/�O�#�$�

�#�)�7�u9/2�J! ��S�/�#��9�,�_ �V9����FRs�#���/�]�#�$��*$�/�p�7�)���!�7� ��J%9� # ��%J!�c ��!1)�0�/'��)1)�)�PY	�#�p�/���O���
high��9\�)�(a�9�&�1�*},$9���'3�+ #�)EF�8�7��9�J%9�,�WX�! #���#�$�!� ��9

medium
_ $"�)1)1]J%9�&�1�*}-� ��!WX�!,��

�#�����('�Y�&�-�EF p��*I�),�E������(a~ #�)���e-��/ p�/�7�!���! �����9
high

'3�`2Q9� ��+�#�$�eJ%9��(�(�)��9/2c�#�$�
NDBBill

9� ��#�$�L�#YI�#���!� J%9�&�1�*�-� ��!WX�!,����#�$�L�#�)�#&��/�#��9�,.24 �9�� 98J%J!&� # #�),�E�'�Y��!,I2:9� ;
J!�),�E7�#�$�K #&�1��O9/2 �#�$�O�#�# p�/���!EFY+-� ��!WX�!,8�#�),�E.*��!,��0�/1o9/2zJ%9��(�(�)�V�/'U9SWX�FR�a~����J��	9�,�1)Y
�/1)1�9San�

NDBBill
��9V&$����-��/ p�/�7�!���! �� �#���/�z�/ ������8&��/1I��9V9� z�V�#&�-3�! ��p�!�t9/2��#�$�"a~ #�)���

-��/ p�/�7�!���! ��u9/2 $��)1)1 � �O�# p�/,$�p��J!�#��9�,�_7�o9e2:9�1)1�9�a �#�$�N #&�1�� $"�)1)1 a�9�&�1�*d���SWX�7��9+&�-/;
EF p��*��u�����L�# p�/,$�p��J!�#��9�,�� �ca~ #�)����-��/ p�/�7�!���! ��K�S��J��\�#�)�7���$�<&�-�EF p��*��%*

NDBBill
� �

-��/ p�/�7�!���! ��S_

� � � �%&`8 8904 
�
��������Jp���/-����! .�����+�/,��/1)Y 8S�%* �#�$�l�����#&$�%��J%9�,$J%�! #,��),�E}*IYv,��/�(��Jk�79v*I�65�JS�/�#��9�, 9/2
����9�10�/�#��9�,l�),	�#�$��J%9�,����`fI���L9/2z'U9��#��r~r~i > �/,$* �Kr~r~i > _����O5$ ��#�K�/,��/1)Y 8S�%*k�#�$�
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1��%���NJ%9��(-�1��`f r~r~i > JS�����.�/,$* �#&�EFEX�%�����%*��l,�&��<'3�! (9/2V���# p�/���!EF���%��2:9� N*��S�/1)�),�E
a~�)�#�{J%9�,/7$��J!���~�),8�# �98*I&$J%�%*{'�Y. ��S��*{�/,$*+a~ #�)���c-��/ p�/�7�!���! n�798*I�65�JS�/�#��9�,$��_z���$�!,�R
a"�~�),����!EF p�/���%*er~r~i > a~�)�#���Kr~i > �/,$*7�/,��/1)Y 8S�%*(�#�$�nJ%9�,$�p����&$�!,$J%�%���),( ��!E��/ �*7��9
 ��S��*�R�a~ #�)���FR �/,$* �VM $ -��/ p�/�7�!���! u�798*I�65�JS�/�#��9�,$�S_�gt�),��/1)1)YXR��#�� ��%�N�#�# p�/���!EF���%�O9/2
�),$J! ��S���#�),�Ec*��!EF ��%��9/2�-��/ p�/�7�!���! t&$�C�/EX�z2: ��%�%*�9�� a~�$�! ��"�#&�EFEX�%�#���%*N�/,$*<*I���pJ!&$�����%*�_
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� ��� �����! #"%$	&(')�+*,"��
�������"Jp���/-����! �EF�)WX�%���/,+�!WF�/1)&��/�#��9�,+9/2 �#�$�] ��%�#&�1)���~�/,$*+�u��&��(���/ #Y�9/2o�#�$�LJ%9�,��# #� ;
'�&��#��9�,$�]9/2��#�����~�#�$�%�#���S_ GH�]�/1���9N-� ��%���!,8���n�Pa"9��/ ��S���n2:9� �2:&��#&� ��Ka�9� #bU_

� �.- � 	 0��,&(0:�M*�"�� " 6 � �
�!& � �
�
���$�7-� ��!Wv��9�&$�uJ����/-����! N�#�$9�a��%* �$9Sa �+-��/ p�/�7�!���! <�79v*I�65�JS�/�#��9�, JS�/,|�),��# �9v*I&$J%�
J%9�,/7$��J!����a~�)�#� �# p�/,$�p��J!�#��9�,$�+�#���/��&$�p�lJ%9�,/7$��J!�#�),�E�-��/ p�/�7�!���! ��S_ y ,�&��u'U�! e9/2
�#�# p�/���!EF���%�K��9+*��S�/1 a~�)�#�d�#�$�%���(J%9�,/7$��J!���Ka"�%�! ��7�#&�EFEX�%�#���%*�_����$�(�#�# p�/���!EF���%�K�#���/�
�/�)� �/�K ��%�p9�1)W8�),�EeJ%9�,/7$��J!���OJS�/,d'U��&$���%*	�),	�Ha�9ea��%YI�S_����$�!YlJS�/,d'U�<&$�p�%*l�),��
a"�%Y(�#���/�"9�,�1)Y�� �U�%J!�����#�$�~�# p�/,$�p��J!�#��9�,. ����8&$�%�#�#�),�E<�#�$�n-��/ p�/�7�!���! "�79v*I�65�JS�/�#��9�,�R
�/,$*7�#�$�!Y(JS�/,�'U�~&$���%*��),��Ka��%Y(�#���/�"� ���%J!�����#�$�n9��#�$�! ��# p�/,$�C��J!�#��9�,$���),8WX9�1)WX�%*��),
�#�$�nJ%9�,/7$��J!�S_ y],7�`f$�/�(-�1��]9/2U�#�$�~10�/�#���! �a"���zEF�)WX�!,�9�,7-��/EX� 2 3 a~�$�! �� $��)1)1s*�9Sa~,/;
EF p��*��%*|�#�$�� ��!1)�0�/'��)1)�)�PY 9/2n�����<a�9� #b|��9

low
�/,$*|�#�$�! ��!'�Y�2Q9� �J%�%*��#�$�.9�'$���! #Wv�),�E

�# p�/,$�p��J!�#��9�,e9/2 �O�/���L��J%J%�!-��#�),�E(9�,�1)Y
medium

 ��!1)�0�/'��)1)�)�PY���9< ��%��9�1)WX�V�#�$�VJ! ��S�/���%*
J%9�,/7$��J!�S_<�������K1��S��*��c��9e*I���pJ!&$���#��9�,d9/2��#�$�(���!���/,8�#��J%�O9/2��.-��/ p�/�7�!���! #�98S�%*�1�98Jpb3_
G�2���-��/ p�/�7�!���! #�98S�%*l ��S��* ;�1�9vJ�bl���]�$�!1�*	9�,d�7*$�/�p���)���!� &$�#�),�E+�F_ E$_

R{medium} R�#�$9�&�1�*{�#�����V�7�S�/,l�#���/�L�#�$�O�# p�/,$�C��J!�#��9�,	���VEF p�/,����%*l�#�$�< #�)EF���L��97 ��S��*l�#�$�<*$�/�p�
�)���!� &$�#�),�E

R{medium} �#�)1)1��)�u*��%J!��*��%�O��9k ��!1��S�����(�#�$�71�9vJ�b 
 cL�)WX�!,|�#�$�%���7��� ;
���/,��#��J%�SRH$"�)1)1va�9�&�1�*N���SWX��,$9L #�)EF�8�t��9]2Q9� �J%� �O�/���"��9V ��%��9�1)WX�"�#�$��J%9�,/7$��J!�t'U�%JS�/&$���
�#�$�z�����t'U�%�!,uEF p�/,����%*N�#�$�� #�)EF���t��9V ��S��*u�#�$�"*$�/�p�V&$�#�),�E]�#�$�

medium
-��/ p�/�7�!���! S_

y],$9��#�$�! �a��%Yc��9n*��`5$,$� �#�$�����!���/,��#��J%� 9/2���-��/ p�/�7�!���! #�98S�%*u1�98Jpbca�9�&�1�*K'U� ��9~�#�p�/���
�#���/�K�62����# p�/,$�p��J!�#��9�,��$9�1�*��u�� ��S��* ;�1�9vJ�b\&$�#�),�E{��9��7��-��/ p�/�7�!���! ��u�)�K���cEF p�/,����%*
 ��S��*���J%J%�%���c��9+�#�$�N1�98JpbX�%*d*$�/�p�I_N�V9�a��!WX�! SR��)�O*�9v�%�c,$9��K���%WX�71�98JpbX�%*\�#�$�N #�)EF���
��9<&$�p�c�#�$�O������9vJ!�0�/���%*�-��/ p�/�7�!���! ���_����������7�S�/,$�~�#���/�~�#�$�c�# p�/,$�p��J!�#��9�,lJ%9�&�1�*e'3�
 �����&$�%�#���%*<��9L�798*I�62:YO�)���t-��/ p�/�7�!���! �����9K�%WX9���*NJ%9�,/7$��J!����a~�)�#�(9��#�$�! ��# p�/,$�p��J!�#��9�,$�S_
���$�%���K���!���/,��#��J%�Va�9�&�1�*l�/1)1�9Sa �#�$�O��J!�#��9�,$�]�),{�#�$�O�`f$�/�(-�1��u�/'U9SWX�F_

$�9��#�	�#�$���7�!,8�#��9�,$�%*����!���/,��#��J%�<�/ ��<&$�p�`24&�1�_O���$�<5$ ��#�K*��`5$,��)�#��9�,da"9�&�1�*d'3�
&$���`24&�1 ��9��# p�/,$�C��J!�#��9�,$�Va~�$9F�p�<�`f��%J!&��#��9�,d*��!-3�!,$*��L9�,l�#�$�N�/'��)1)�)�PYl��9���J%J%�%���L�#�$�

3�4



1�9vJ�bX�%*\*$�/�p��&$�#�),�E��#�$�N������9vJ!�0�/���%*l-��/ p�/�7�!���! ��S_cG�2z�#�$�!Yea"�! ��u2Q9� �J%�%*l��9�Jp���/,�EX�
�#�$�!�) K-��/ p�/�7�!���! ��SRo�#�$�!Yka"9�&�1�*d,$9��K'3�(�/'�1��N��9eJ%9�,8�#�),�&$���/,$*\a"9�&�1�*d�#��&$�K���SWX�
��9e�/'U9� #�S_K���$���p�%J%9�,$*	*��`5$,��)�#��9�,d���L&$���`2:&�1��),d�F_ E$_3J%9�1)10�/'U9� p�/�#�)WX�(�!,�Wv�) �9�,��7�!,����
a~�$�! ����#�$�! ��~�`fI���#���# p�/,$�p��J!�#��9�,$� �#���/�z9�'$���! #WX�~�p9��7��&�,$J%9��(�(�)�#���%*�*$�/�p�Lb8,$9�a~�),�E
�#���/�n�#�$�O1��!WX�!1o9/2t ��!1)�0�/'��)1)�)�HY{9/2 �#�$�K*$�/�p�7J%9�&�1�*{Jp���/,�EX�O��97�/,{&�,$*��%�#�) p�/'�1��u1��!WX�!1�_
�L�! ��.�)���#�$9�&�1�*�,$9���'3�.�#�$��a~ #�)���! ��N-� �9�'�1��!� �62V��9��7�� ��S��*��! (*�98�%��,$9��7��J%J%�!-��
�#�$�u,$�!a -��/ p�/�7�!���! ��S_]�������]���]�#�$�u�#�)�#&��/�#��9�,\9/2z�79F�#�VJ%9�1)10�/'U9� p�/�#�)WX�N�/-�-�1)��JS�/�#��9�,
*�9����/�),$�SR�'U�%JS�/&$���{J%9�1)10�/'U9� p�/�#��9�,����79/24���!, �!,��/'�1��%* '8Y� ��!10� fI�),�E�����9�10�/�#��9�, �/,$*
�#�8&$�n1��!�#�#�),�E7�# p�/,$�p��J!�#��9�,$�V ��S��*+&�,$J%9��(�(�)�#���%*	*$�/�p�I_

ML&$�(��9{�#�$�(W��/1)&$��9/2��#�$�7�Pa�9l���!���/,��#��J%��9/2�-��/ p�/�7�!���! #�98S��1�9vJ�bI�O*��%��J! #�)'U�%*�R
�)�La�9�&�1�*l'3�<*��%�#�) p�/'�1��<�62���r~r~i > �# p�/,$�p��J!�#��9�,	���/,��/EX�! K�#&�-�-39� #���%*l'U9��#��_VZV,$�
J%9�&�1�*l�)���/EF�),$�u�#�$�<�)�(-�1��!�7�!,��p�/�#��9�,�9/2z�Ha�9��PYv-3�%�L9/2z1�9vJ�bI�S_~���$�O5$ ����V�#&�-�-U9� #���
1�9vJ�bX�%*d-��/ p�/�7�!���! #�98S�%* ��J%J%�%����[4�#�$�(5$ ��#�u*��%��J! #�)'U�%*\1�98Jpbd���!���/,��#��J%���/'39�WX��^K�/,$*
�#�$�����%J%9�,$*kJ%9�&�1�*\�/1)1�9Sa �7J%9�,I5$EF&� p�/'�1���-U9�1)��J!Yea~����J��\*I��J!�p�/���%�L�$9Sa �#�$�<������9vJ!� ;
�/���%*e-��/ p�/�7�!���! ��c�/ ��O�/1)1�9Sa"�%*k��9N'U�c�79v*I�65��%*e'�Ye9��#�$�! n�# p�/,$�p��J!�#��9�,$��_

yV1)1�9Sa~�),�E.*IY8,��/�(��JO�798*I�65�JS�/�#��9�,	9/2t-��/ p�/�7�!���! ��V�),��# �9v*I&$J%�%�VJ%9�,/7$��J!���]&�,$*��! 
J!�) �J!&��7�#�p�/,$J%�%�{-39��),8���%* 9�&��+�),��#�$�\-� ��!Wv��9�&$�eJ����/-����! S_ ���$�%���dJ%9�,/7$��J!���e���SWX�
��9	'U�+�SWX9���*��%* 9� N ��%��9�1)WX�%*�_ ������J��}�7�!�#�$9v*��(�#���/�(J%9�&�1�* 'U��&$�p�%* ��9d��Jp�����!WX�
�#�����<*��!-3�!,$*��O9�,|�$9Sa �#�$���/-�-�1)��JS�/�#��9�,|&$���%�K-��/ p�/�7�!���! #�98S�%* ��J%J%�%���u�/,$*�,$�%�#���%*
*$�/�p�/'������%�]-� �9SWv��*��%*{'8Y.yV-39��# p�/�{_

� ��� �U"����! #* �`& �+*,"���� "�6��
�(* � �����
�!*��
ZV,$�l9/2L�#�$�k �����&��) ��!�7�!,8����9/2K�#�$�{yV-39��# p�/� �# p�/,$�p��J!�#��9�, �79v*��!1n���(�#�$�	�/'��)1)�)�PY
��9\*IYv,��/�(��JS�/1)1)Y �79v*I�624Y �l�# p�/,$�p��J!�#��9�,�� �7J%9�,$J!&� # ��!,$J!Y�1��!WX�!1 b y],I2 4H2 R -��/EX� �F�fe _
�������L���L ��S�/1)�98S�%*\'�Yl�/1)1�9�a~�),�Ee�# p�/,$�p��J!�#��9�,$�c��9.*IY8,��/�(��JS�/1)1)Y	�798*I�62:Ye�#�$�!�) c-��/ p� ;
�7�!���! #�98S�%*���J%J%�%���L�79v*��%�S_L���$�N�/,��/1)YI�#���L9/2�J%9�,$�����8&$�!,$J%�%�K9/2��/1)1�9Sa~�),�E{*IYv,��/�(��J
�79v*I�65�JS�/�#��9�, a"���N,$9��(a~�)�#���),}�#�$�+��J%9�-U�+9/2KZ�_ w$_ yV,I5$,$*����!,�� �N�#�$�%�#���7�/,$*�a����
�#�$�! ��`2Q9� ��"1��`24�t��9~2:&� #�#�$�! � ��%���S�/ �J���_��������t�#�$�%�#��� �������/,��/1)Y 8S�%*��#�$���)�(-�1)��JS�/�#��9�,$� 9/2
*IYv,��/�(��J]-��/ p�/�7�!���! "�79v*I�65�JS�/�#��9�,�_zgt�) ��#�SR8*IYv,��/�(��JS�/13�798*I�65�JS�/�#��9�,+9/2�-��/ p�/�7�!� ;
�! ���a"�����/,��/1)YE8S�%*��),7�#�$�]J%9�,8���`fv�"9/2GJ�L�B 
�=WV:=WLFB �ZYMJ,LFB � = J7V � S]PC= �ZY = � ���`= Y =WVWT.[�r~r~i > ^
9�,�1)Y\�/,$*l�#�$�!,\�#�$�u2:9vJ!&$�La"���K�#���62:���%*l��9��#�$���79� ��NJ%9��(-�1��`f	J%9�,8���`fv�O9/2VB+S��]VAS�

J,LFB 
�=WV:=WL�B �ZY!J,L�B � = J7V � S]PC= �ZY = � ���`= Y =WVWT�[	�Kr~r~i > ^`_�GP,N'U9��#�(JS�����%�t�)�ta�����-39��),8���%*(9�&��
&�,$*��! za~���/��J!�) �J!&��7�#�p�/,$J%�%��-��/ p�/�7�!���! ��798*I�65�JS�/�#��9�,$�� ��%�#&�1)� �),�J%9�,/7$��J!���S_�GH,���* ;
*I�)�#��9�,�R$��,8&��u'U�! n9/2t�#�# p�/���!EF���%����9(*��S�/1Ua~�)�#�{*I����J%9�WX�! ��%*e�����#&$�%�"a��! ��K��&�EFEX�%�#���%*�_
���$�%���~���# p�/���!EF���%�zJS�/,('3�~J!10���p�#�65��%*N�),���9K�Ha�9OJS�/���!EX9� #���%��RX�#�$9F�����#���/� -� ��!WX�!,8��J%9�,/;
7$��J!���n24 �9�� 'U�!�),�E7�),8�# �98*I&$J%�%*	�/,$*e�#�$9F���K�#���/�n-� �9�W8��*����N�7�%J����/,������ ��9( ��!�79�WX�
�),8�# �98*I&$J%�%*lJ%9�,/7$��J!���S_

���$�<�/'39�WX�O�#�p�/���%*{J%9�,8�# #�)'�&��#��9�,$�L�/ ��O��&��(���/ #�98S�%*{'U�!1�9SaO_

• yV,��/1)YI�#���V9/2�*IYv,��/�(��J<-��/ p�/�7�!���! L�79v*I�65�JS�/�#��9�,$�c&�,$*��! Or~r~i > �/,$*l��*I��� ;
J!&$���#��9�,k9/2��#�$�KJ%9�,$�����8&$�!,$J%�%�S_

4 6



• y],��/1)YI�#��� 9/2�*IY8,��/�(��J�-��/ p�/�7�!���! ��798*I�65�JS�/�#��9�,$��&�,$*��! �cr~r~i > �/,$*7�c*I��� ;
J!&$���#��9�,{9/2��#�$�OJ%9�,$�����8&$�!,$J%�%�S_

• i8&�EFEX�%�#���%*{�#�# p�/���!EF���%�n2:9� ]�SWX9���*I�),�E.�/,$*e ��%�p9�1)W8�),�E�J%9�,/7$��J!���]&�,$*��! Lr~r~i > _

• i8&�EFEX�%�#���%*��#�# p�/���!EF���%� 2:9� ��%WX9���*I�),�EO�/,$*u ��%�p9�1)W8�),�ELJ%9�,/7$��J!��� &�,$*��! ��Kr~r~i > _
���$�%���nJ%9�,8�# #�)'�&��#��9�,$�"�/ ��~WF�/1)&��/'�1��~a~�$�!,7�)�(-�1��!�7�!,8�#�),�EN�/,$*7&$�#�),�EuyV-39��# p�/�

a~�)�#�k�#&�-�-U9� #��2:9� n*IYv,��/�(��JK-��/ p�/�7�!���! ]�79v*I�65�JS�/�#��9�,�_

� � � ��" � �M* � ��� �	& �+&  	��� "4 M2
�@<��G<A; � �D�F
$
y�U	]� FP�o� � H����~�����
	�� 	���� � ��� F������t� FP��B �~
;�
	&�EFP�o���
y �)�(-U9� #�p�/,��<J%9�,8�# #�)'�&��#��9�,|��9+�# p�/,$�p��J!�#��9�, �798*��!1��O���c�#�$�7J%9�,$J%�!-��u9/2"*IYv,��/�(��J
 ��%�#�# #&$J!�#&� #�),�E�9/2O�),/;�-� �9�EF ��%�p���# p�/,$�p��J!�#��9�,$�+�#&�EFEX�%�����%* �),[b��O�/� 4F�Ee [Q�/,$* '� #��� 7$Y
�#&��(���/ #�98S�%*	�),	�#�����L�#�$�%�#���c9�,\-��/EX� � 2 ^`_uiv9��7�N9/2��#�$�<���# p�/���!EF���%�c��9.*��S�/1�a~�)�#�
*IY8,��/�(��Jc-��/ p�/�7�!���! n�79v*I�65�JS�/�#��9�,{-� ��%���!,8���%*+�),e�#�$�c-� ��!W8��9�&$�~Jp���/-����! n&$���%*+�#�$�
�#-�1)�)���/,$*7�#-�1)�)� ;PJ%9��(�(�)�"9�-3�! p�/�#��9�,$����9c ��%��9�1)WX�]J%9�,/7$��J!����_t� 9O&$�����#�$�%�p�n�#�# p�/���!EF���%�
�)�	���	�#�$�! ��`2Q9� �� ,$�%J%�%���p�/ #Y ��9��),8���!EF p�/��� y]-U9��# p�/� a~�)�#� �#�$��9�-U�! p�/�#��9�,$�d�#���/�
-� �9SWv��*��c ��%�#�# #&$J!�#&� #�),�E�9/2 �# p�/,$�C��J!�#��9�,$�S_z���$�O��*�*I�)�#��9�,��/1�2:&�,$J!�#��9�,��/1)�)�PY+-� �9SWv��*��%*
��9dy]-U9��# p�/� J%9�&�1�*}�!,����/,$J%�{yV-39��# p�/� �), 9��#�$�! (a��%YI���/,$* �����N��9\'U�.24&� #�#�$�! 
�),�WX�%�#�#�)E��/���%*�R3���n�#�p�/���%*e�), b yV,I2 4H2 R$-��/EX� ! 6 3fe _
�@<��G<?> �t	��/
 �D� ��� 
 
 F CGFH�z
�	 � �
	��
� F �%	�� ��� 	�� ���P
 �)H � 	��
	���
��F
X�

� � � F �x�%	&� F��o�
GP,��)�#�0�/1)1)Y��#����� �#�$�%�#����a����z�#&�-�-U9F���%*N��9c�),$J!1)&$*��]�cJ����/-����! �EF�)W8�),�E<�LJS�����~���#&$*IY�*�� ;
��J! #�)'��),�E<�$9�a �OJ%9�,$J! ��!���K�/-�-�1)��JS�/�#��9�,{*�9����/�),+�#���/�� ����8&��) ��%���#&�-�-39� #��2Q9� �J%9�1)10�/'/;
9� p�/�#��9�,��/,$*N1�9�,�E ;�1)�)WX�%*7�# p�/,$�p��J!�#��9�,$��J%9�&�1�*('U���)�(-�1��!�7�!,����%*7&$���),�Euy]-U9��# p�/�{_�GP�
a�9�&�1�*7'U���),�WX�%���#�)E��/���%*7�$9Sa �#�$�~ ����8&��) ��!�7�!,����"J%9�&�1�*7'U���7�!�z'�YN�#�$�~&$���~9/2�yV-39�;
�# p�/� �/,$*d*IYv,��/�(��J�-��/ p�/�7�!���! O�79v*I�65�JS�/�#��9�,�_u�������KJS�����N�#�#&$*IYla�9�&�1�*\-� �9SWv��*��
�uJ%9�,$J! ��!���c�`f$�/�(-�1��L9/2 -� p��J!�#��JS�/13&$�p�V9/2 yV-U9��# p�/� �/,$*��)�����#&�-�-U9� #��2Q9� �*IY8,��/�(��J
�798*I�65�JS�/�#��9�,{9/2o-��/ p�/�7�!���! ���_zT],I2Q9� #�#&�,��/���!1)YXRI�)��a"����,$9���-U9F���#�)'�1��V��9<J%9�,$*I&$J!�~�)�
a~�)�#���),{�#�$�K�#�)�7� ;Q2: p�/�7�O9/2t�#�$�O�����#���! n�#�$�%�#���S_

i8&$J��+�KJS�����n�#�#&$*IYNa"9�&�1�*7'U�]�cWF�/1)&��/'�1��]J%9�,��# #�)'�&��#��9�,.'�Y(�#�$9�a~�),�E<�$9�a  ��S�/1 ;
a�9� #1�*{�/-�-�1)��JS�/�#��9�,$�]J%9�&�1�*+&$�p�O�/,$*+'3�!,$�`5$��2: �9�� *IY8,��/�(��Jc-��/ p�/�7�!���! n�79v*I�65�JS� ;
�#��9�,�_

4/!



4 "



� � 
 � ��� � ���9� ����


"I_ ! i8�p�/���O*I�0�/EF p�/� 9/2 ���# p�/,$�C��J!�#��9�,{_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ !�3
"I_#" ���$�K1�9F���~&�-3*$�/���K-� �9�'�1��!� _O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_5" !
"I_ � ���$�K���!�(-U9� p�/ #Y+&�-3*$�/��� �/*I�) #�HYe ��S��*e-� �9�'�1��!� _u_K_O_K_O_O_K_O_K_u_5" !
"I_ � ���$�K�),$J%9� # ��%J!�L�#&��(���/ #Y.-� �9�'�1��!� _K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_5"�"
"I_ � iv�! #�0�/1)�98��/�#��9�,lEF p�/-��$�u_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_5" �
"I_ � ���$�K1�9F���~&�-3*$�/���K-� �9�'�1��!� a~�$�!,{1�9vJ�bv�),�E(���~&$���%* _O_K_O_O_K_O_K_u_5" 3
"I_ 2 ���$�K'�������Jc�Pa�9�;�-������p�u1�9vJ�bv�),�E7-� �9���9vJ%9�1�_O_O_K_u_K_O_K_O_O_K_O_K_u_5" 4
"I_ 3 : f$�/�(-�1��u9/2 �(*��S��*I1�9vJ�b _K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ � 6
"I_ 4 ���$�O�p�! #�0�/1)�98��/�#��9�,kEF p�/-��k9/2z�������#��9� #Y+�#���/�nJ%9�,��p�/�),$�c�N*I�) #�PY+ ��S��* � "
"I_ ! 6 > �!10�/�#��9�,$�#���)-$�n'U�!�Pa"�%�!,k�PYv-U�%�n9/2t�# p�/,$�C��J!�#��9�,k�����#��9� #���%�c_O_K_O_K_u_ �F�

� _ ! : f$�/�(-�1��u9/2 � 7s�/�n�# p�/,$�p��J!�#��9�, _O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ ��3
� _#" i8-��$�! ��%�V9/2�J%9�,8�# �9�1�_O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ � �
� _ � �L�%�#���%*+�# p�/,$�p��J!�#��9�,l���! #�(�),$9�1�9�EFY _K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ � �
� _ � MLYv,��/�(��JK ��%�#�# #&$J!�#&� #�),�E�9/2��# p�/,$�p��J!�#��9�,$� _O_K_u_K_O_K_O_O_K_O_K_u_ � 3
� _ � y���9��(��JK�# p�/,$�#2:�! ]9/2� ��%��9�&� �J%�%� _u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ � 4

�$_ ! �o p��*I�)�#��9�,��/1tJ%9��(-��/�#�)'��)1)�)�HYe���/�# #�6f _O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ � "
�$_#" r~r~i > J%9��(-��/�#�)'��)1)�)�PYe���/�# #�6f _u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ � "
�$_ � : f$�/�(-�1��%�]9/2�-��/ p�/�7�!���! #�98S�%*\��J%J%�%�����%�K_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ ���
�$_ � > �!10�/�#��9�,$�#���)-k9/2�r~r~i > ��9N�# p��*I�)�#��9�,��/1 �# p�/,$�p��J!�#��9�,lJ!10�����p�%�V_O_K_u_ � �

�$_ � : f$�/�(-�1��%�]9/2�-��/ p�/�7�!���! #�98S�%*l1�98Jpb� ����8&$�%�#���|_K_u_K_O_K_O_O_K_O_K_u_ �H2
�$_ � �L�%�#���%*e*$�/�p�/'������u #&�1��%� _K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ ��4
�$_ 2 �L�%�#���%*e*$�/�p�/'������%� _O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ � 6
� _ ! r~r~i > J%9��(-��/�#�)'��)1)�)�PYe���/�# #�6f _u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ � �

� _#" �o p�/,$�p��J!�#��9�,k-��/ p�/�7�!���! L��J%9�-3�c-� �9�'�1��!� _O_K_u_K_O_K_O_O_K_O_K_u_ �F�
� _ � �o p�/,$�p��J!�#��9�,k���! #�(�),$9�1�9�EFY _O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ ��3
� _ � j	98*I�65�JS�/�#��9�,l9/2t ��S��*e-��/ p�/�7�!���! ��V'�Y+�#-�1)�)�#�#�),�E _K_O_K_O_O_K_O_K_u_ 2��
� _ � j	98*I�65�JS�/�#��9�,l9/2ta~ #�)���K-��/ p�/�7�!���! ��V'�Ye�#-�1)�)�#�#�),�E _O_K_O_O_K_O_K_u_ 2 �

� _ � j	98*I�65�JS�/�#��9�,(9/2� ��S��*�-��/ p�/�7�!���! �� '8YuJ%9��(�(�)�#�#�),�EOJ%9�,/7$��J!�#�),�EK�)���!�7� 2 �

� _ 2 j	98*I�65�JS�/�#��9�, 9/2Oa~ #�)���l-��/ p�/�7�!���! ��+'�Y J%9��(�(�)�#�#�),�E}J%9�,/7$��J!�#�),�E
�)���!�7�N_O_K_O_K_u_K_O_O_K_O_K_O_K_u_O_K_O_K_O_O_K_u_K_O_K_O_O_K_O_K_u_ 2�2

� _ 3 qL���#�)�#�),�E��/,$*e9�'$���! #Wv�),�E7 ��S��*k��J%J%�%�p���%� _O_O_K_u_K_O_K_O_O_K_O_K_u_ 3 6

4��



� _ 4 0��/ p�/�7�!���! #�98S�%*k,$�%�#���%*k*$�/�p�/'������%�l_u_K_O_K_O_O_K_O_K_u_K_O_O_K_O_K_ 3 "

4 �



� ��� � ��� � ��� ��� �

b yVy 4 " e MN_�yVEF p�%a"�/1��/,$*�y<_ : 18yV'�'���*I��_ � P���B���� J7V:=WLFB � ��B �SD S � S`B!V�=4B	a � V �	�
����� S+;!T��OVAS � �`R"J����/-����! ! R�-��/EX�%� ! � �/! _ GH, : 1)���/E��/ #�(��* b : 1)� 4 " e R
!�4�4 "I_

b y],I2 4H2 e ZV1���w�x� #EX�!,NyV,I5$,$*����!,�_ ^ � LEVWP � � � �FB ^ ���+Y = J��EV:= L�B � � P`= S`B!VAS�
 � P���B�� �
� J7V:= L�B � L 
 S]Y6_ 0z�$M �#�$�%�#���SR�Mc�!-��/ #�#�7�!,8��9/2{GH,I2:9� #���/�#��J%�SR�T],�� ;
WX�! ��#�)�PY 9/2}ZL�#1�9�R �V9� #a��%YXR�j	�/ �Jp� !�4�4H2 _ y W��/�)10�/'�1�� 9�,�1)�),$� �/�
���#�#- � � � a~a~aO_ �/-U9��# p�/�{_ J%9��d_

b y],I2 6�6F� e ZV1��]wXx� #EX�!,.y],I5$,$*��p�!,�_�y]-U9��# p�/� �(�~�%J���,���JS�/1��#&��(���/ #YX_�y W��/�)10�/'�1��
9�,�1)�),$�u�/�~���#�#- � � � a~a~aO_ �/-U9��# p�/�{_ J%9���R)"�6�6�6I_

b y],I2 6�6/' e ZV1��7wXx� #EX�!,�y],I5$,$*����!,�_er"9�1)10�/'U9� p�/�#�)WX�7�# p�/,$�p��J!�#��9�,$�S_.�o�!1��!,$9� > � ;
���S�/ �J�� �/,$* Mc�!WX�!1�9�-��7�!,8��� yV-39��# p�/� yci3R<yoWF�/�)10�/'�1���9�,�1)�),$���/�
���#�#- � � � a~a~aO_ �/-U9��# p�/�{_ J%9��dR�wF&�1)Y "�6�6�6I_

b $"�%c 3H2 e 0 ���)1)�)-|y�_ $��! #,$�#���!�),�R q�������9F�O�c��*/8%�)10��J%9F�SR��/,$* �c�/�#���/, cc9v98*I���/,�_
_ L�BMJONQP]PXS`B+JOT _ LFB!VWP LEY ��B 
 %�S,J,L�>\S]P]TK=4B a �EV �������7S�;MT �OVAS � �`_�y~*�*I����9�,
���%�#1��!YXR !�4�3H2 _

b $ � 4H2 e 0 ���)1)�)-\y<_�$��! #,$�#���!�),\�/,$* :  #��J �L�!a�J%9��7�! S_ � P`=?B+J!= �+Y S�� L�
 � P���B���� J��
V:=WLFB � PXL J�S����C=4B8DF_"jl9� #E��/, �O�/&I2:���/,�, 0z&�'�1)���#�$�! ��SR !�4�4H2 _

b Mny 6�6F� e mo�/&� ��!,���MK�%Yv,$�%���/,$* ZV1�� wXx� #EX�!, yV,I5$,$*����!,�_ GP�(-�1��!�7�!,8�p�/�#��9�,
9/2VyV-39��# p�/� �L�%�#���%* MK�/�p�/'������%�N&$�#�),�Edgt1��`fv�)'�1��em�9vJ�bv�),�E�j	�%J����/,/;
���#�7�S_OMc9vJ!&��7�!,���ivj	mG; "�6�6�6 ; 6�"�6 � R�i8&�,�jk��J! �9F�#YI�#���!�7�Kmo�/'U9� p�/��9� ;
���%�SR�j	9�&�,��p�/�),kqL���!aOR�r��/1)�62Q9� #,��0�IR�TKi3R�wF&�1)Y "�6�6�6I_

b Mny 6�6/' e mo�/&� ��!,��(MK�%Yv,$�%�N�/,$* ZV1��.wXx� #EX�!, y],I5$,$*����!,�_lGP�(-�1��!�7�!,8�p�/�#��9�, 9/2
0t�/ p�/�7�!���! #�98S�%*�m�9vJ�b\jl9v*��%�c&$�#�),�EkGHEF,$9� �� ; r"9�,/7$��J!� > �!10�/�#��9�,$�#���)-$�S_
Mc98J!&��7�!,8��ivjlmG; 4�4 ; 6 � 6�"IRIi8&�,7jk��J! �9F��Yv�#���!�7��mo�/'U9� p�/��9� #���%�SR8jl9�&�,/;
�p�/�),eqV���!aOR3r��/1)�62:9� #,��0�IR$TKi3R$wF&�1)Y "�6�6�6I_

b Mc�SW 2 3fe rL_%�K_SMK�%Wv���%�SR�wX S_FMc�/�p�"-� �9vJ%�%���#�),�EV�#-��$�! ��%��9/2�J%9�,��# �9�1�_8A � � ;!T��]VAS � �
� LZNQP`B �ZY6R !�2 [ "X^ �9!�2 4 � !�4�3 R !�4H2 3 _

b : 1)� 4 " e y]���7�%* �(_ : 1)���/E��/ #�(��*�RI�%*I�)��9� S_#a �EV �������7S � P���B���� J7V:=WLFB � L 
 S]Y ��
7LZP
^ 
�>���BMJ�S�
 ^ ���MY =WJ �EV:=WLFB��`_zj	9� #E��/, �O�/&I2:���/,�,�R !�4�4 "I_

4F�



b : moj $ 4 " e yV���7�%* �(_ : 1)���/E��/ #�(��*�R �z&�,�EF�$9 m��!&�R�w��/�7�%� cN_Ljk&�1)1��!,�R��/,$*
ZV�( p�/, $"&�bv�� ��%�S_�ACBMVWP L 
EN�J7V:= L�B V L ^ 
F> ��BMJ�S�
 � P���B���� J7V:=WLFB � L 
 S]Y �!R
Jp���/-����! "IRI-��/EX�%� ��� � � "I_zGP, : 1)���/E��/ #�(��*�b : 1)� 4 " e R !�4�4 "I_

b : � 4 � e > �/�7��8 : 1)������ #�N�/,$* i8���/�(b��/,8� $L_ �L�SW��/�#�$�F_ �#NvB 
��	� S`B!V �EY ��L�

a �EV �������7Su;!T��OVAS � �`_ y~*�*I����9�, ���%��1��!YXR$���%J%9�,$*e�%*I�)�#��9�,�R !�4�4 �$_

b : WF��6�6 e �V&�a : W��/,$��_�yV-39��# p�/�	;]GH���OyV-�-�1)��JS�/'��)1)�)�PY���9 > &�,/;��#�)�7��iv9/2:�Pa��/ ��
: WX9�1)&��#��9�,�_LMc�!-��/ #�#�7�!,8�O9/2"r"9��(-�&����! OivJ!���!,$J%�FR����$��TV,��)WX�! ��#�)�PYk9/2
cc10���#EX9SaOR$T �(R$g$�!'� #&��/ #Y "�6�6�6I_

bdccjdi 3H2 e �L�%J!��9� cK�/ �J!�0� ;Pj	9�1)�),��e�/,$* �K�!,�,$�!�#�|iI�/1��!�{_<ivy cKyci3_KGH, �:P L JRS�
	�
=4B8D���L 
 ^`_ � ;IA ! � � a ACBMVAS]PCB �EV:=WLFB �ZY _ L�B�
7S]P,S`BMJRS!R�-��/EX�%� " � 4 � " ��4 R
!�4�3H2 _

bdc > 4��fe wX�)� cc p�%Y��/,$*+yV,$*I ��S��� > �!&����! S_ � P���B���� J7V:=WLFB �MPXL J�S����C=4B8D 
 J,L�B+J�S �+V �
�FB 
 VAS,J���B$= �ON S��`_"jl9� #E��/, �O�/&I2:���/,�,�R !�4�4�� _

bdcL p� 3/!]e wX�)� cL p�SYX_ ���$���# p�/,$�p��J!�#��9�, J%9�,$J%�!-�� � qV�) #�#&$�%�\�/,$* 1)�)�(�)�p�/�#��9�,$�
[4�),8W8�)���%* -��/-3�! C^`_ GH, ACBMVAS]PCB �EV:=WLFB �ZY _ LFB 
7SOPXS`B+J�S � B 
 SOPRT � �EP:D S
a �EV � � ��� S�� � 
 � a � � � ' 
�R�-��/EX�%� ! � �,� !S� �$RIm�9F��y],�EX�!1��%��RIr��I_)RvTcivy�R
iv�!-����!�<'3�! !�4�3/! _$G : : : r"9��(-�&����! Kiv98J!���!�HY 0  ��%���S_

bdcL #� 4 � e > �/1)-�� 0 _ cL #�)���/1�*I��_MaO=��OJOP,SOVAS ��B 
 J�L	� �`=?B �EV LZP`= �ZY����EV	� S ���EV:=WJ�� � ^ B
� ���MY = S�
�=4B!VWPXL 
ZN J7V:=WLFB�_zy~*�*I����9�, ���%��1��!YXR �  �*{�%*I�)�#��9�,�R !�4�4 �$_

b � > 3��fe ���$�%9\�c���! �*��! ��/,$* y],$*I ��S��� > �!&����! S_ 0  #�),$J!�)-�1��%�79/2V�� p�/,$�C��J!�#��9�,/;
ZV #���!,8���%* MK�/�p�/'������ > �%J%9SWX�! #YX_ ^`_ � _ L	� �MN�V:=?BvD ;!NQPC>\SOT �!R
!S� [ �8^ � " 3H2 � �/!�2 R3*��%J !�4�3�� _

b w � 4H2 e i8&$�����)1zw�� h 9v*I�0�e�/,$*dmo�/ # #Y �K�! ���J��8'3�! #E$Rt�%*I�)��9� ��S_ ^ 
F> ��BMJ�S�
 � P���B�� �
� J7V:=WLFB � L 
 S]Y � ��B 
 ^ P J ��= VAS,J7VWN P,S��!_ �c1)&8a��! SR !�4�4H2 _

b w8i c $ 6�6 e $"�)1)1 wX9�YXR cL&�Y i8���%�!1��FR w��/�7�%�9cc9F�#1)�),�E$R �/,$* cL�)10��* $" p��Jp���I_
��� S � ��> � � ��BvDZN ��D S�; � SXJ!= � J��EV:= L�B�_ ���$��w8�%WF� iv�! #���%�S_cy~*�*I����9�,/;
���%��1��!YXR �p�%J%9�,$* �%*I�)�#��9�,�R wF&�,$� "�6�6�6I_ y WF�/�)10�/'�1�� 9�,�1)�),$� �/�
�8�#�#- � � �ph#�SW��I_ ��&�,�_ J%9�� �/*�98J%��� 'U9v9�bv���ph 1��/_

b��O�/� 4F�fe cO�/�)1 : _ �O�/���p�! S_ _ L L�� S]P��EV:=4>\S � P���B���� J7V:= L�B��&
OLZP � NQY V:=?N �7S]P��"B�>S=?PXL�B �
� S`BMV �`R�J����/-����! "�6IR�-��/EX�%� � 6 4 � � ��� _�GP, �c�)� b��c�)� 4F�Ze R !�4�4F� _

b��c�)� 4F�fe ��9�, �c�)�{R��%*I�)��9� S_ � L 
 S]P`B�a � V ������� S�;!T��]VAS � �`_.y~*�*I����9�, ���%�#1��!YXR
!�4�4F� _

b�� 0 4 " e cO�/�)1 : _ �O�/�����! ��/,$*�r��/ #1)��9�, 0 &�_#a%T�B �	�N= J %�S �]VWP]N�J7VWNQP`=?B8D L 
�� P���B�� �
� J7V:=WLFB��`RXJp���/-����! 3 R�-��/EX�%� " � � � " 4F� _3GP, : 1)���/E��/ #�(��* b : 1)� 4 " e R !�4�4 "I_

4 �



b jl9F� 3/!]e w$_ : 1)��9�� $L_�jl9F����_ � S��OVAS�
 � P ��B ��� J7V:= L�B�� 
 ^ B ^ ���MPXL � J�� V L %�SOY = ���]Y S
aK=��]VWP`= �]NQVAS�
 _ L � �+NQV:=4B8DF_)0z�$M �#�$�%�����SRXj	GH�}Mc�!-��S_F9/2 : 1��%JF_ : ,�E$_��/,$*
r"9��(-�_sivJ!��_)R$yV-� #�)1 !�4�3/! _

b jl9F� 3F�fe w$_ : 1)��9�� $L_�jl9F����_ � S��OVAS�
 � P ��B ��� J7V:= L�B�� 
 ^ B ^ ���MPXL � J�� V L %�SOY = ���]Y S
aK=��]VWP`= �]NQVAS�
 _ L � �+NQV:=4B8DF_ j	GH� 0z ��%���SR !�4�3F� _

b i �ui 4H2 e y]'� p�/���/� i8�)1)'U�! ���Jp���/� 8XR8�L�!,� #Y�g�_ �]9� #�#��RI�/,$*�i3_�i8&$*$�/ ��#���/,�_=a � V �	�
����� SK;MT �OVAS � _ L�B+J�S �+V �!_zjlJ cc p�%a ;P�V�)1)1�R��#���) �*{�%*I�)�#��9�,�R !�4�4H2 _

b � �/, 4 " e y],$*I ��!a i3_��t�/,$�!,�'��/&��{_ � L 
 S]PCB � � SOP �EV:=4B8D�;MT �OVAS � �`_ 0  ��!,8�#��J%�
�L�/1)1�R !�4�4 "I_

b Tci 4 " e > �/�),$�! dTV,�10�/,$* �/,$* cL&�,8���! ivJ���10�/EX�!���! S_ ^ � P ��B ��� J7V:= L�B ����B �
�SD S]P`a	S`>ZS]Y L � � S`B!V � � J%=?Y = VWT 
OLZP � L�B ;MV ��B 
��EP 
 a � V ������� S�;!T��]VAS � �`R
J����/-����! !�! R$-��/EX�%� ��4�4 � � � � _zGH, : 1)���/E��/ #�(��* b : 1)� 4 " e R !�4�4 "I_

4H2


