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(1) A member of the population, chosen by
linear rank-based selection, is duplicated

(3) The worst member of the population is deleted

increasing cost (residue)

(2) The duplicate is perturbed and 
inserted into the population in order

iteration i

iteration i+1

|

��&+*�"#!bQt��r��3��&L%Z! ����!�"��������+���
-^,���"��
%�%�!�%<����%�%���%Z�5( =��5��&�q

�'*�=��'"0�
�������+����q{x��
hY!�VL!�"�Xeh:��!��H�+,�!�"0�
�����+���6�
�0���+���5�
�0!�4~hi���'� ������!������5��&w!�%�!�( !��L���6��-«�•��"#!��'��“�!��w�5�L���

�
�����+*��L��Xo�'��!x"l!�,�"#!���!��L�'�
�����+����-†��%Z%•�3�L�����#hY�c���
��!�&��+"l�Z!��)hi���'�j"#!�&+��"#4j���d�'��!��5"A�
�0[›(d,��0�������ˆ,�!�"b-g�+"�(c������!�q

… ��!�"#!��
�k�'��!d4��5"#!����d����4M'l=L;Œ&+"l!�!�4�[‹"l!�,�"#!���!��L�'�
�����+��� �����w=u!64�!�����4�!�4Ÿ�3� S¢r T•v7���5( !�X�4�!����+4��5��&w�5�H�'��!

�5��4�!�2�;."0*�%Z!����‘�L��4¢,�"#!�,��L"#���������+���5��&¢"l!�,�"#!���!��L�'�
�����+���:"l!�š›*��5"#!��i!�2�!���*����5��&��'��!ˆ•A•¤��!�*�"#���������x�L��4��'��!�"#!m-g�+"#!

���
�¢S�r�T)%���&ŸT_vy����(d,�%�!�2+���#[�q

� + 
���������
 � �E
•� 
�� �¢����	•��� 	

� ��� � ������+,# "�� !�-,%(�0� -,+,%�-,� )��

™

��!k!�(d,��5"#�����
%J����(d,���"#�����+���)4�!�����"#�5=u!�4 ��!�"#!�X�%��5“
! �'������!k���+��4�*�����!�4f=�[•~i*�(‘%’r#s
t�tBu�v�XL�5��V�!��0����&+�
��!�4f,�"#�U;

(d��"l�Z%�[~���
h �m��!$,�!�"b-g�+"�(d�L����!��
-:�����������
���������+,����5( ��\��
�����+�ž-/�+" �j&���V�!��Ÿ�5�����'�L����!��
-‘>A@CB)D�E�F GCIJFLKCM "

KCMQP�RCMSRCTf���)�3� �•*�!�����!�4Ÿ=�[��'��!)-g��%�%Z�
hi�5��&��'��"#!�!)-Œ�
�����+"l���

sLqi�i��������!ˆ�
-���!���"#����!���&��5��!�q

—uqi�i��������!ˆ�
-e"#!�,�"#!���!��L�'�
�����+�_q

uuq

�

��!A��-<��!�!�4��5��&�q

�z!�����*���!A�
-e�'��!A4��UW6��*�%��#[��
-JV
��"#[��3��&��
%�%C�'��"#!�!)-Œ�
�����+"l�^!�2�����*�������V�!�%�[�Xu-†�
���0�+"#�yhy!�"#!:V
��"#��!�4$����!A�+"z�.hy�d�
�

� ���5( !�q

™

��!y••"#���e�#hy�)-†�������+"#�e��"#!i4�������*��0��!�46�5�c4�!��'�
��%•�L=��
V�!�q

™

��!i�'���5"#4c-†�
���0�+"�X!<0:�:,?B=@q��+X
"#!m-g!�"#�^�5� �m���Z�y,���,�!�"

���d�m��!x*���!k�
-^�'��!ˆ•A• ����%5*������+�jh:��!�"#!�VL!�"i�d�0��%5*������+��&�!���!�"0�
��!�4n=L[

&

i&qY?BfBmb=po>: ���A���+"�(d��%Z%�[j���
%�%Z!�4j-g�+"�q

�$…ˆ‡9Œ@•ŽŠ·“\‡Ž‰�Š�� "±•�£"›•Š;‘¢•†Ša¨�•†Š;‘�Ša‡�Œ�•,Œ@“•—$‡!‹l‰"Š˜–;—0‰-“\‡Ž¡ “•‘®‰�—™‡ŽŠ¦£Ž‘@“\‡Ž¡ •.ž®—0‰0“\³ŽŠ;‰¶ ±—$•†žV—™ _Œ@•+Š � �)¨�•†—0–;Š;‰0£"•†Š.Œ@•Ž•,ŒU‰�—0Š;‘•‡Ž—,Œ

•™›•§l•™œ0‘�‘�Š†›•Š;–;Œ�Œ@•ŽŠ•Œn§•—•›••™•†¡�Š;‘�Œ�‡0£+ž�¤BŠa•†‘� ±—$•_‰-“\©BŠ†•†Ša‡+–†“\‡+¡�°
�

•+Š	� #��K›•—,¡�� +�–;—,žU¨"›•Š��,“•Œnœ –˜•™‡
¤BŠ¥¤�•†—™£Ž¡™•�Œ�•$¤B—™£ŽŒ�¤�œ¦£Ž‘@“\‡Ž¡.•

‰�•,Œ�•®‘�Œ@•�£Ž–;Œ@£�•†Š¥“\‡
§••�“•– •.¤B—�Œ@•” ±Š˜Œ�– •�“\‡+¡¢—$ YŒ@•+Š��@¬ Œ@•”›••™•†¡�Š;‘�Œ�Š†›•Š;ž®Ša‡�Œ_•™‡Ž‰”“\‡+‘�Ša•†Œ@“•—$‡b—$ tŒ@•ŽŠ�‰-“\©jŠa•†Ša‡Ž–;Š®–;•$‡.¤BŠ�•,–;–˜—,ž•¨�›\“•‘@•+Š˜‰

“\‡
� #ˆ›•—,¡�� +•Œ@“•ž®Š�°

s �



™

�����y���’,��L"#������*�%5��"#%�[6���
�'*�"0�
%����ˆ4��k�5�d�'��!)���
��!��
-C�'��!:,�"#!�,���"l���������+���5��&‘�L��46�5��4�!�2L;."�*�%�!��:"#!�,�"#!���!��L�'�
�0�Z������X

h:�������d��"#!i,���"��L( !���!�"#��\�!�4�;Œ���+�����m"��
�5���y����46,���"0��( !���!�"#��\�!�4�;Œ&+"l!�!�4��3��!��0�Y!�������4��5��&���X�"#!��',u!�������V�!�%�[�qŸsA��!)( �
;

����V”�������+�k-g�+"���!������5��&A�'��!�!,cN!����e��-•��!�!�4��5��&ˆ���z���A4�!�V�!�%��+,d=u!�����!�"^��%Z&L�+"#���'��( ��-g�+"y>A@CB)D�E�FHGCIJFLKNMOKCMQP�RCMSRCTzq

L �0!����+��4CXC!�š�*��
%�%�[n�5(d,u�+"#�'�L���ˆ( �L����V”�
�����+�j���ˆ�0�¢��!�%5,f4��������5��&+*����'�~=u!��#hY!�!��f�
%���!�"0���
����V�!d��[�,��L�'��!���!��A-g�+"

�'��!ˆ"#!�%5�
�0�ZVL!x,�!�".-/�+"0(d������!A�
-e�'��!AV”�L"#���+*��]"l!�,�"#!���!��L�'�
�����+���xr˜`���v�q

L (™iBe�g-hn"#!m-g!�"#�A�����d��!��A��-:s�NBNzrts "0*������ˆ����"0"#��!�4w�+*��A*���4�!�")�Z4�!��L�������
%

� �

������4��Z�0�Z������qˆ…H!x"����j�'*����

�$=��������H�+�H�'��!d�'�L( !

�$�

s�N&N
;Œ!�%�!�( !���� �5�����'�L����!��
-ˆ>]@•B:DoE�F¤GCIJFLKCM5KCMSPJR•MQRCTž-/��"A!��
���w����(x=��5���
�0�Z���w�
-

!�������4��3��&oX_��!���"#����!���&��5��!�XC����4j��!�!�4��5��&���!�����!�4Cq®L)%�%J�5�����m������!��:��-:>]@•B:DoE�F•GCIJFLKCM5KCMSPJRCMSRCTw*��0!�4n�5�˜�+*�"

��!����0�xhy!�"#!�&�!���!�"�����!�4ž=L[w4�"��
hi�5��& ��*�( =�!�"#�k-Œ"#�+(ƒ�f*����U-/�+"0(•4������m"#�5=�*������+�~�
V�!�"�r�N�XOs,ƒ.q$�i*�"lV�!��nrg�
�k�5�

|

��&+*�"#!6–Lv)4�!�,��Z��� �'��!�,�"#��&+"#!��0�A�
-:"�*����ˆ�5�w�˜&���V�!��w=��
�����_q6ab�f!��
���f���
��!�X•�'��!d�+"l4��3������!d��� �'��!6��*�(x=u!�"

�
-y������4���4��
��!�����%5*������+���ˆ!�V
�
%5*��
��!�4Ÿ�5�w�$"�*��_X�����4f�'��!6��=��0���Z�0�'�����ˆ�m��!6( !����fV
�
%5*�!d�
-i%���&

� ���

C

�
V�!�"��
&�!�4

�
V�!�")�
%�%<"�*����A�5�j�'��!d=��
�����_Xoh:��!�"#!

�

C

�Z�A�m��!x=�!��0�ˆ"#!�����4�*�!d!������+*��L��!�"#!�4w=L[$��&���V�!��$"�*��f�
-g��!�"��'��!ˆ&L�ZVL!��

��*�(x=u!�"i��-J�'"#�5�
%���X_���+"�(d��%Z��\�!�4f�
&+�
�5�����i�m��!ˆ•A•¤����%5*������+�ŸrS�gq}!�q5X

�

CzDVC

?

C����

v�q

�

������!�"�"l�+"i=���"i"l!�,�"#!���!��L���

�'��!d�0�'����4���"#4H!�"�"#�+"7�
-i�'��!6( !����H�
-i%���&

� ���

C

XJ����(d,�*���!�4Ÿ��!�,���"��
�0!�%Z[w��=u�
V�!6����4~=�!�%��
h1�'��!d��*�"#V�!�q

|

�+"

�'�����)�3���0�'������!ˆ��-Y>A@CB:DoE�F€GCIJFLKNMOKCMQP�RCMSRCTzX

C����

� sB#•N�–

�	�

s�N W-� q

L)%��'���+*�&+�H"#!��'*�%����x�L"#!d"#!�,��+"l��!�4 �
�k�‚-i!��
���f!�%�!�( !��L���&/�1 � hy!�"#!6��"��
�0�Z�����
%^�+*�( =u!�"A�5�f�'��!6"0����&�!

N

�

�&/

�

s�X��
%�%J"�*����i!�(c,�%Z�
[�!�4$( *�%����5,�%�!m;.,�"#!��������5�+�j�5�L��!�&�!�"i��"l�Z�m��( !������ˆ���d�
V�����4����L[d4�!�,�!���4�!�����!d��-J�'��!

���
%���*�%5�
��!�4~"#!�����4�*�!

C

�+�j�'��!c�+"#4�!�"A�5�fh)���Z���Ÿ�+*�( =�!�"l�ˆhy!�"#!d�
4�4�!�4Ÿ�+")�'*�=��'"�������!�4Cq

�˜ 

™

��!6��*�(x=u!�"A�
-

4���&������ˆ��-�,�"l!����Z�0�Z���whi�
�A��������!��f�m*����f�m���
�A�'��!6,�"#��=���=���%Z���#[w�'�����A�'��! �+,����5(d�
%y"#!�����4�*�!6hy�+*�%�4 "l�+*���4w���

\�!�"#��X�hy!�"#!����x�0�n=�!�"#!�,�"#!��0!�����!�4~�5�H�5����!�&L!�"A-g�+"�(˜XJ��� %�!���� �'�����€s�N

W

�
q

™

��=�%�!

�

�'���
hi�k�'��!��+*�( =�!�"k�
-

4���&������:*���!�4��5���'��! s�NBN”;Œ!�%Z!�(‘!����i�5�����m������!ˆ����4�hi���'���'��!)���'��!�"y,�"#�+=�%�!�(k;Œ�5�����'�L����!ˆ����\�!��y-g�+"eh)���Z���$"l!��'*�%����

��"#!ˆ,�"l!���!����0!�4$�5�3`�Q�q

� ��� �5����� !�����! � �5��!
%(� ) ��+,# -,.�"

|

��&+*�"l!’–),�"#!���!��L���^,u!�"b-/��"�(d������!y��*�"#V�!���-g�+"��
%�%�-/��*�"C��!��L"#���k!���&��5��!��zhi���'�k�'��!y4��3"l!����Y"#!�,�"#!��0!����'�������+�A�
-

�)���5��&�%�!ˆs�N&N
;Œ!�%�!�( !����z�5�����'������!i��-J>]@•B:DoE�FwGCI�F�KCMOKNMSP�RCMQR•T^q•… ����%�!i�'��!�"l!:��,�,�!��L"#�e���ˆ=�!y����( !yV”��"#�5�
�0�Z���

�5�Ÿ�'��!�,�!�"b-g�+"�(d�L����!d�
-:�'��!�V”�L"#���+*�� ��!���"#���w!���&L�3��!��
Xe���x��� �5������&+���U•������L�6�5�~( ���0�ˆ���
��!�� "#!�%5�
����V�!����j�'��!

V”�L"#�5�
�����+� ��( �+��&A"�*�����hi���'� �i�0�3��&L%Z!���!���"#���A!���&��5��!�q^ab�k�'��!^!�2���!�,������+���
%����
�0!�X�9Ux)�AX��m��!Y&L!��+( !��'"#���y( !����

"#!�����4�*�!k�+=��'�
�5��!�4$�
-g��!�"®uBN�X•N&NBNA����!�"��������+���i������%�%_-Œ�
%�%��]( ��"#!:�m�������'��"#!�!A�+"l4�!�"#�y�
-<(d�
&����Z�m*�4�!ˆ�'���+"l�Y��-J�'��!

•A•€����%5*������+�_qir

™

��!��0!Y"#!��'*�%����^��%Z�0�:���+�L••"0(•-g�+"N-/�+*�"•��!���"l���7!���&��5��!��eh:���
��p��+�������+�7!��<��%/q�r#s�tLt�s�v_�+=��0!�"#V�!�4

hi���'�j���5( *�%5�
��!�4w������!��
%��5��&Y�)�5�$��*�"A"�*�����Xo%Z�����0%Z!c�3(c,�"#�
V�!�( !��L�:���A�+=���!�"lV�!�4w�
-/�0!�"As�w�X•N&NBN ����!�"��
�0�Z������XC����4

�'��!i=�!��0�e����%5*������+� !������+*��L��!�"#!�4 ���]r/�+�ˆ�
V�!�"���&�!�v_-g�+*�"•�+"#4�!�"#�e��-•(d�
&+�����'*�4�!ihy�+"l��!^�'���L�A�'��!i•A••���L%3*��0�Z���_q‚v

aS-C�+��%�[k�'��!i4��5"#!����Y"l!�,�"#!���!��L�'�
�����+�khy!�"#!y���ˆ=�!����+������4�!�"#!�4CX����ehY��*�%Z4���,�,�!���"��m���
�Urts•��!���������š›*�!��y��"#!mŽ~-g�+"

,�"��
���0�Z����%J,�*�"�,��L��!��#Ž~-Œ��"i�5�L-g!�"#���+"���� �'��!x•A•¤�
%�&���"#���'��(�q

� � 
 �5����� !�����! � �5��!
+,����+,���9��!�-,%�-,# ��!


��
•ŽŠ�‘�—™›•ŠUŠ��0–;Ša¨ŽŒ@“•—™‡
“•‘•“\‡����-‹Ž§••+Ša•†Š�•U¤+•�Œ�– •�•†Ša ±Ša•†‘�Œ�—®•®‘�Š˜ŒK—$  ) 
••�£�‡Ž‘;°

„���� ‰-“\©BŠ†•†Ša‡�ŒK•†•$‡+‰�—,ž "±‡0£Žž¥¤jŠa•U‘�Š;Š;‰�§••,‘�Š;ž•¨�›•—$œ,Š;‰.“\‡
Š;•�– •�•�£"‡5°

„�„
!•£Žž•› #&% '*'()
+K—$¤+Œ�•$“\‡+Š˜‰ ‘@“•ž•“\›••$•�•†Š;‘@£�›•Œ�‘�§•“•Œ@•.—�Œ@•+Ša• % 
 
 "nŠa›•Š;ž®Š†‡�ŒK“\‡Ž‘�Œ�•™‡Ž–;Š;‘�—™ �
������������������������! #"���"%$t°

„ ��&

—™•�Œ@•�“•‘K•†Š;•�‘�—™‡5‹+—$£"•�Š �,¨BŠa•�“•ž®Ša‡�Œ�•$›t•†Š;‘@£�›•Œ�‘�–;•$‡"‡Ž—,Œ•¤BŠ_–;—,ž•¨Ž•™•†Š˜‰.´,£+•$‡�Œ@“•Œ�•,Œ@“•š,Š†›•œ §•“•Œ@•�Œ@•+—�‘�Š�—™  �,—™•�‡+‘�—$‡
Š;Œ••™›±° #&%�'(' %5+a‹

§••"“•–�•
§•Ša•†Š�—$¤+Œ�•$“\‡+Š˜‰.§�“•Œ@•�'Ž—,•�Œ@“\‡+¡�"±¨B—™“\‡�ŒU•™•�“•Œ@•Žž®Š;Œ@“•–,‹B•$›•Œ@•+—$£+¡$•bŒ@•ŽŠ;œ�•,¡™•†Š˜Š�´,£+•$›\“•Œ�•,Œ@“•š,Š†›ˆœ,°

s�Q



T

C

Z\[

R

��&������

wBN Qt#U—

�

s�N

W

 ,�

—�s

s"NBN tt#Os

�

s�N!W

���

u��

s"wBN tt#Ut

�

s�N W

�

�

w�s

—&NBN sB#}N

�

s�N

W

�

� �Bw

—&wBN sB#}N

�

s�N!W

�

�

–BN

u&NBN tt#U–

�

s�N

W��

�

t��

u&wBN tt#

�	�

s�N­W

�™�$�

sLs�s

�

NBN –t#‚t

�

s�N

W

�; 

�

s
—��

�

wBN –t#

�	�

s�N­W

�

�

�

s

�

s

w&NBN Qt#‚t

�

s�N

W

�

�

�

s"w��

™

��=�%�!

�

�^8)*�( =�!�"��
-e4��Z&L�Z�0�:�
-^,�"#!����������+�j*���!�4$�5�j!��
����!�2›,u!�"#�5( !����
q

™

��! �+*�( =u!�"y�
-e4��Z&L�Z�0�:�
-^,�"#!����������+�

�����;4˜%Z�L&

� �

C

Z\[��

Xyh:��!�"l!

C

Z\[

�����w"#!�����4�*�!fV”��%3*�!f4�!m••��!�4•�'*����~�'����� -/��" %5��"#&�!•T�Xy�'��!f,�"#�+=���=���%����.[€�'���
�

C

[����

�

C

Z\[

���:%�!����)�'�����fs"N!W

�

rS��!�!ˆ��,�,u!���4��Z2�v�q

3

3.5

4

4.5

5

5.5

6

3

3.5

4

4.5

5

5.5

6

0 5000 10000 15000 20000 25000 30000

Lo
g 10

 ž

Iterations

RGT/direct

HC/direct

SA/direct

PHC/direct

|

��&+*�"#!A–t�e9�!�"b-g�+"�(d������!y��*�"#VL!��^-g�+"z�
%�%•�0!���"#��� !���&��5��!��ihi���'�c4��5"#!����y!������+4��5��&�q®~y!����
%�%_�'���
�y=�[d4�!m••���������+�_X

�
	 
t� �

�

C

�VNk-g�+"y�'��!ˆ•A• ����%5*������+�_q

s�–



-4

-3

-2

-1

0

1

2

3

4

5

6

-4

-3

-2

-1

0

1

2

3

4

5

6

0 5000 10000 15000 20000 25000 30000

Lo
g 10

 ž

Iterations

PHC/direct

PHC/jb-greedy

PHC/index

PHC/prepart

|

��&+*�"#!ˆtt�^9�!�".-/�+"0(d������!)��*�"#V�!���-/�+"y�
%�%C!�������4��5��&��Ahi���'��9•x:�•�0!���"#����!���&��5��!�q

�’�+(d,���"#���������6�
-d"�*�����hi���'�•����!n�0!���"#��� !���&L�3��!•rg9Ux)�iv�����4 �ŸV”��"#��!��#[ ��-‘"#!�,�"#!��0!����'�������+������!�%�%ˆ�

4��}cC!�"#!����)������"#[‹r

|

�Z&�*�"#!xt�v q^… ��!����m��!ˆ&+"#!�!�4�[L;Œ4�!�����4�!�"A"#!�,�"#!���!��L�'�
�����+�˜�
-^p��+��!��A����4;�^!�%��'"0��( �wr#s�t�t�s
v

��� !�(d,�%��”[L!�4CX^9Ux)� ••��4��x�0��%5*������+���d�'���
�
XJ���w�
V�!�"��
&�!�X����+(‘!6hi���'���5�Ÿ�#hy���+"#4�!�"#� �
-:(d��&+�����'*�4�!6��-:�'��!

•A•‡�0��%5*������+�_q …•���'�Ÿ�'��!j�5��4�!�2�;."�*�%�!���!�������4��5��&�X:9•x:�1����( !��dhi���'���5� �L�Ÿ�+"#4�!�" �
-ˆ(d�
&����Z�m*�4�!$�
-A�'��!

•A•ƒ���L%3*��0�Z��� �+�•�
V�!�"���&�!n����4CXk�
���5��4��Z������!�4 =L[•�'��!f%5��"#&�!wV
��"#�5������!�X)-Œ"#!�š�*�!����0%Z[•�'*�"0,��
����!��j�'��!w•A•

����%5*������+�‘hi���'���5�6��-g!�h~��!����e�
-_�'���+*��'����4��e��-•����!�"��
�0�Z������q�…„���'�‘�'��!i,�"#!�,���"#���������+���5��&d"#!�,�"#!��0!����'�������+�_X�9Ux)�

�5(d,�"#�
V�!�� *�,��+�f�m��!6•A••�0��%5*������+�w=L[n�#hy���+"#4�!�"#�k�
-’(d��&+�����'*�4�!6���n�
V�!�"0�
&�! hi���'���5� u&N�X•NBNBNc����!�"��
�0�Z������q

™

��*���X��'��!ˆ,�"l!�,���"#���������+���5��&�"#!�,�"#!���!��L�'�
�����+��(c��[�=�!A�'�
��4j���d=�!�{'( ��"#!A!��
����%�[���!���"#����!�4�| �'�������'��!A4��5"#!����

"#!�,�"#!��0!����'�������+�_q

|

"l�+(?�'��!���!��+=���!�"#V
�
�����+����X���� ���x��%�!���"k�'�����ˆ���w�5�LV�!�������&+�������+�f�
-:,�"#�+=�%�!�(ƒ!�������4��5��&f�Z�

��"#���������
%����d���L[¢�
�0��!�(d,��y���6��,�,�%�[•rts ����>]@•B:DoE�F€GCIJF�KCMOKCMQP�RCMSRCT^q

� ��/ �;� ��%�- # � �;# "$� ��+�-,%(! � �5��� ����%&+ �,. � ! ) # !�� %(!�� + � ��+ � ��� !�-,% -,#���!

�

���5��&$�'��! �'��(‘!¢s"NBN
;Œ!�%�!�( !��L�A�3���0�'������!d�
-A>A@CB:DoE�F£GCIJF�KCMOKCMQP�RCMSRCT^Xohy!x"��L�n��=��������j�
-y�+��!d�+*���4�"l!�4

uBN�X}NBNBN
;Œ����!�"��������+�6"0*����y-/��"y!��
�����
-<�m��!ˆ����2���!�!��•rts V”��"#�5���L���i�m���
�y�����$=u!ˆ���+�����m"�*�����!�4$=L[¢(d���������5��&��+��!

�
-_�'��!y-g�+*�"e��!��L"#���‘!���&��5��!��·~®y

™

XBx:�7XBr!LxX�����469Ux)�~h��Z�m� �+��!i�
-_�'��!y-g�+*�"e!�������4��5��&��y4��5"#!�����X"'l=L;Œ&�"#!�!�4�[�X

�5��4�!�2•Xo����4¢,�"l!�,���"#��q�~y!��'*�%����)��"#!)�'*�(d(d��"l�Z\�!�4��5�

|

��&+*�"#! s�N�X�h:�������c4�!�,��������i�'��!A=��
�����L;.�
V�!�"��
&L!iV”�
%5*�!A�
-

%���&

� �
�

C

�
-g��!�".uBN�X•N&NBN ����!�"��
�0�Z�����A-g�+")!��
��� rts V”��"#�5���L��q9r�hi���������5��&n=u!��.hy!�!��f�0!���"#���$!���&L�3��!��d�
�A4��}cC!�"#!��L�

�
�®~Ÿy

™

����4�9Ux)�€!,cC!������Y�7��������&L!:�5�‘••���
%_����%5*������+�c�������^��-N����!:�+"Š�#hY�k�+"#4�!�"#�z�
-J(d�
&+�����'*�4�!�X�h:��!�"l!��
�

� ��������&�!A�5�$"l!�,�"#!���!��L�'�
�����+��������=�"l�3��&���=u�+*��:� ��������&�!A�5��••����%J"#!�����4�*�!ˆ��-<��!�VL!����+"#4�!�"#�i��-Š(d��&+�����'*�4�!�q

�

���5��&�rts•V
��"#�5���L���^���+���0�'"�*�����!�46=L[x(c�
�������3��&7•�V�!i��!��L"#���k!���&��5��!��ˆrS�5����%5*�4��5��&6�A&�!���!��0�Z�)�
%�&��+"#���'��(dvŠhi���'�

��!��H!������+4��5��&��
XŸ~i*�(‘%7rls�t�tBu�v7�+=��'�
�5��!�4Ÿ���5( ��%5��"6"l!��'*�%�����q

™

��!$"#!��'*�%���� �'���
h:�H�5�

|

�Z&�*�"#!ns"N��'���+*�%�4 =u!

���+(d,��L"#!�4~hi���'�Ÿ�'�����0!¢,�"#!��0!�����!�4€�5�

|

�Z&�*�"#!$—BN�Xe�5� h:������� ��!�!�4��5��&„ra`�w�q•wLvx�L��4~&+"��
V+���'�������+�„r˜`���q•u�vk��"#!

s�t



*���!�4j���d�
4�V”���L�'�
&L!�q

direct jb-greedy index prepart
-3

-2

-1

0

1

2

3

4

5

Lo
g 10

ž 
af

te
r 

30
,0

00
 it

er
at

io
ns

Representation

RGT

HC

SA

PHC

|

��&+*�"#!�s�Nt�e9�!�"b-g�+"�(d������!�-g�+"i�
%�%C��!��L"#����!���&L�3��!��A����4j!������+4��5��&���q

� ��� ��� � � - ������� � ��# ! )

aŒ��,���"��L( !���!�"#��\�!�4�;Œ���+�����m"��
�5���y����46,���"0��( !���!�"#��\�!�4�;Œ&+"l!�!�4��3��!��0�:"#!�,�"#!���!��L�'�
�0�Z�����^�
-^>A@CB)D�E�FŸGCIJFLKCM5KCMSPJR#"

MSRCT$=��
�0!�4d�+� �'��!i•A• ��!�*�"l�Z�0������X+�m��!:•A••����%5*������+��(d�
[ˆ=�!)!�������4�!�4d�5�6�)���m"��
��&+�L�#-/��"#hi��"#4ˆ(d������!�" q

™

���Z�

"��
����!����'��!ˆ,����0���5=��Z%����#[$�
-®<0:�:,?B=@q��Erts¤"�*����
X��gq}!�q5X�*����5��&��'��!ˆ•A• ����%5*������+�˜h:��!�"#!�V�!�"��ˆ�0��%5*������+��&�!���!�"0�
��!�4

=L[

&

iBq ?BfBmb=po>:k���:���+"�(d��%Z%�[����
%�%�!�4�-g�+"�q�…w!)�3�LV�!����0�Z&��
��!�4��'��!)!,cC!������y�
-J��!�!�4��5��&��+�Erts¤,u!�"b-g�+"�(d������!)-g�+"

�#hy�:"#!��
��������q

|

�5"#���
X�hy!ehy!�"#!^�5�L��!�"#!����0!�4x�5�7h:��!��'��!�"���!�!�4��5��&Ahy�+*�%�4ˆ�5(d,�"#�
V�!®rts ,u!�"b-/��"�(d������!y���'��!�"N�'�����

�
�)�'��!ˆ�0�'��"#�i��-Y�6"�*��_q.r�!����+��4CX_�m��!x�0!�!�4��3��&$"l!��'*�%����ˆ��!�%5,f4��������5��&+*����'�w=u!��.hy!�!��f�
%���!�"���������V�!d��[�,����m��!���!��

-g�+"y�'��!A�'*�,u!�"#���+"#���#[��
-e��!�"#�'�
�5��"#!�,�"#!��0!����'�������+���xra`���v q

L)�ˆ4�!�(‘�+�����'"�����!�4w�5�

|

��&+*�"l!ns�sLXC��!�!�4��5��&f����&+���U•������L��%�[ �5(d,�"#�
V�!��k�'��!�,�!�"b-g�+"�(d�L����!d�
-:9Ux)�&$
�5��4�!�2

����4~9Ux)�&$�,�"#!�,��L"#��q

™

��!6!,cC!���� ��� &+"#!��
��!�"7�5�Ÿ�'��!d-g�+"�(‘!�"A���
��!B���
%��'���+*�&+�Ÿ*�����!�!�4�!�4 9•x:�&$L,�"#!�,���"#�k�Z�

����&+���U•������L��%�[ž=u!�����!�"7�'�����w*�����!�!�4�!�4 9•x:� $
�5��4�!�2•Xe�m��!d��!�!�4�!�4~=��
������!��‘�L"#! hi���'���5�Ÿ!�2›,u!�"#�5( !����m�
%y!�"�"#�+"

�
-^!��
���j���'��!�"�q �z���'�$=u!�����!�")�'��! •A• ����%5*������+�f=�[j�'��"#!�!k�+"#4�!�"#�)�
-Y(d�
&����Z�m*�4�!x���n�
V�!�"0�
&�!ˆ�
-g��!�"”uBN�X•NBN&N

����!�"��
�0�Z�����i�+�$��s�N&N
;Œ!�%�!�( !����A,�"#�+=�%�!�(‰�5�����'������!�q

� � � � � � 	K��	

™

��!)!�(d,��5"#�����
%C���+(c,���"#�����+���i,�"#!���!��L��!�4��5�M`�wx"0�
����!]� ,u����&+�����L�Yš�*�!��������+�•�Šh:���
�Y�������+*����0�^-g�+"Š�'��!:�0�'"#�+��&

4�!�,�!���4�!�����!~��-�rts ,u!�"b-/��"�(d������!w���„,�"l�+=�%�!�( "l!�,�"#!���!��L�'�
�����+��`

™

� ��!�%5, ������hy!�"��'�����$š�*�!��������+�_X)hy!

���+������4�!�"z�'��!�-/�L%Z%��
hi�5��& �����L"��
����!�"#��\��
�0�Z�����^�
-C�'��!i�0!���"#��� �',��
��!)&�!���!�"��
�0!�46=�[ !��
���c&���V�!��d"#!�,�"#!��0!����'�������+�•�

�

{'8i!���&+��=���"����+��4 ���'"�*����m*�"#!�|
Ž �'��!z��!���4�!�����[ˆ�
-��0��%5*������+���e�'���
��%��Z!)��!���"C����!Y�������m��!�"C���A���
V�!^�0�3(‘�Z%5��"

"#!�����4�*�!ˆV
�
%5*�!���q

—BN



-5

-4

-3

-2

-1

0

1

2

3

-5

-4

-3

-2

-1

0

1

2

3

0 5000 10000 15000 20000 25000 30000

Lo
g 10

 ž

Iterations

PHC/index

PHC/index (seeded)

PHC/prepart

PHC/prepart (seeded)

|

��&+*�"#!ds�s&�<9�!�".-/�+"0(d������!)��*�"#V�!��y-g�+"z��!�!�4�!�4$����4$*�����!�!�4�!�4f9Ux)�•hi���'���5��4�!�2L;."�*�%�!��ˆ����4$,�"#!�,���"#�0�Z�0�Z�����3��&

!�������4��3��&L��q

™

��!i,�!�".-/�+"0(d������!y��*�"#V�!���-g�+"•�'��!y��!�!�4�!�46"�*����^��"l! �•���C-g�+"��'��!Š••"#���is�X•N&NBNy����!�"��
�0�Z�����^=�!�����*���!�X

�
�Ahy!6���
V�! 4�!m••��!�4Ÿ��!�!�4��5��&�X���!�!�4�!�4 9Ux)� =u!�&��5���x=L[f!�2+!���*����5��&f�'��!d•A•?��!�*�"#���������nsLX•NBNBNc���5( !���qdab�w�

,�"��
���0�Z����%J�5(d,�%�!�( !��L�'�
�����+�j�
-e��!�!�4�!�4w9Ux)�£�+��!ˆhy�+*�%�4$��=�V����+*���%�[$�
V�����4$�'��!k4�*�,�%��Z������!�4w���+(d,�*��m�
�����+���
%

!,cC�+"#��q

�

L ,�"#���+"l�C4������'"#�5=�*������+�LŽ �'��! 4������'"l�3=�*��0�Z���$��-Š"#!��0�Z4�*�!kV”�
%5*�!��A&�!���!�"0�
��!�4$=L[

&

iBqY?Bf&m�=po0:�q

�

{�yˆ"��
V����'�
�����+��|
Ž �m��!6���+����!��L�'"��������+�Ÿ�
-A%Z�
hy;."l!�����4�*�!$����%5*������+������"#��*���4~�'��!�&+"#!�!�4�[Ÿ����%5*������+� �3�€�

,���"���( !��0!�"#��\�!�4�;Œ���+�����'"����3�L�i�+"�,���"���( !��0!�"#��\�!�4�;Œ&+"#!�!�4��5��!����A!�������4��3��&oq:aŒ�˜�'��!A���+�L��!�2��i�
-e�'��!ˆ�5��4�!�2L;

"�*�%�!��]����4w,�"#!�,��L"#���������+���5��&�!������+4��5��&��A��-:>]@•B:DoE�F•GCIJFLKCM5KCMSPJRCMSRCTzX�&+"��
V+���'�������+��"#!m-g!�"#�:�0�d4�!�,�!��L;

4�!�����!ˆ�
-e%���&

C

�+���'��!ˆ4������m������!x=u!��.hy!�!���� &L�ZVL!�������%5*������+�j����4��'��!ˆ•A• ����%5*������+�_q

™

��! !�����!�����! �
-¢rts �Z�A�0�6!�2�,�%������ˆ�'��!���!d����4f���m��!�"i���5( ��%5��"k,�"#�+,�!�"l����!��A�
-^�'��! ��!���"#���j�',��
��!�X_h:��!��j�'��!�[

!�2��Z�0��q

����� � � # ) .�� ��+,.������ � -,+,� � -,��+,�

L•,�"#�+,u!�"#�#[~�
-ˆ�w��!��L"#��� �',��
��!j���+(d( �+��%�[ �
�0���+���5�
�0!�4 hi���'�€!mW6����!��L�������������
�0�������+,����5( ��\��
�����+�€�����'��!

,�"#!���!�����!��
- {'��!���&+�+=u�+"������+4H���'"�*����'*�"l!�| rSp��+���������f!��ˆ�
%gq5X^s
t�t�s�v�q

™

�j�'�
�����#-g[$���+� ���������5��&f&��+��%Z�A��-Y�5���m*L;

������V�! ��%5��"#���#[�X•"#!�%�!�V
������! ���Erts 4�!�����&+�_X_����4n( !����'*�"���=���%����.[�X_hy!A!�(d,�%��
[��'��"#!�!k4��}cN!�"l!����A=�*��:�5�L��!�"�"#!�%5�
�0!�4

4�!m••���������+���A�
-^��!���&+�+=u�+"������+4j���'"�*����m*�"#!�q

sLqiaŒ�L-g�+"�(d�
%�%�[�X���!���&+��=��+"0���+��4$���m"�*����'*�"#!ˆ"#!m-g!�"#�i�0�x�m��!A��!���4�!�����[��
-J���L%3*��0�Z�����]��!���"’!��
�����L�'��!�"z�3�˜�'��!

��!���"#�����',��
��!A��������VL!A���5( ��%3�L"i������"#!���q

™

�����)4�!m••���������+�f%�!��
4��)��� �'��!ˆ!�š�*��
%�%�[��3�L-g�+"�(c�
%J���������+�˜�'���
�

—�s



rts?%Z���+“L� -g�+" &����+4~�0��%5*������+���d�5� "#!�&L�Z�����d�
-A�'��!���!���"#���Ÿ�',��
��!�h)��!�"#!����6���
� -g�+*���4~���'��!�"‘&��+��4

����%5*������+����q

—uq¢sA,�!�"��
�0�Z�����
%�%Z[�Xohy!A�'�
[6�m���
�i� ��!���"#�����',��
��!A�������'���3���)��!��Z&��+=u�+"������+4j���'"�*����'*�"l!A�‚-^!�V
�
%5*��
���5��&�,���"b;

������*�%3�L"^���L��4��Z4�����!:�0��%5*������+���y�����d�5����"#!�����!:�m��!:��( �+*��L�^��-N�5�L-g�+"�(d�������+� �'���
�z�'��!i��!��L"#���c!���&��5��!A���
�

��=��+*���h:��!�"#!A���d%����+“‘-/�+"’&��+��4�����%5*������+���
q

™

��*���X��0�'�
���5��& �'���
�:��!���&+��=���"����+��4$�0�'"�*����'*�"#!A���A��=���!��L�

�3�H����!���"#���j�',��
��! ���ˆ!�š�*��ZV
�
%�!���� �������'�����5��&��'���
�ˆ������!���"l���j!���&��5��!d�����‹4��$=�!�����!�")�m�����3~Ÿy

™

�5�

�'���
�y�',��
��!�q

uuq¢r��'�
�������������
%�%�[�X�hy!Y�m��[A�m���
�^��!���&+�+=u�+"������+4c���'"�*����'*�"l!Y���y��=���!��L�e�‚-C����4d�+��%�[ �U-•�'��!y������"#!i�
-•�)���L%3*��0�Z���

�Z�y���m�
�������������
%�%�[6�5��4�!�,u!���4�!����A�
-C�'��!A�0���+"#!��y�
-C�����i��!���"#!����i��!���&+��=��+"#�
X���!�2+�l;.��!���"#!����i��!���&+��=��+"#�
X�����4

���d-g�+"#�m�_q®L•{'��!���"l!����:��!���&+��=��+"#|���-Y�d&���V�!��j���L%3*��0�Z��� !����:4�!m••��!�4Ÿ�
�]�c����%5*������+� !�*Yrg,u�������5=�%�[f�'��!

�'��( !A���L%3*��0�Z����vy�'���
�i���L��=�!ˆ&L!���!�"��
��!�4$=L[6!�2�!���*����5��&

'

:�8,e�A!8)(�r"!+v�q

s�-A�'��!���!��'��"#!�!�Xz�+��%�[~�'��!����m�
�������������
%y4�!m••���������+�€�����~=�!f( !��
�'*�"l!�4~4��3"l!�����%�[~�3�€�f&���V�!��Ÿ��!��L"#���Ÿ�m,��
��!�q

€f�+"#!��
V�!�"�XL�+��%�[$� �'*�=���!����
-<�m��!A���+��4��������+���A������=�! ��,�,�%���!�4CX_&���V�!���%��3(‘�Z�0!�4w���+(d,�*��'�������+���
%C"#!����+*�"l��!����

�

™

hy�‹"0����4��+( V”��"#�5��=�%�!����€����4��~��"l!����'�
�������0�Z����%Z%�[€�3��4�!�,u!���4�!����j�U-x����4 �+��%�[~�U- 


‚��

r���v 
•r���vaƒ��




‚��

r���vaƒ 


‚


Jr	��vaƒ�-g�+"�iBq �������L�Z��!z�
-������
%5��"o-Œ*����������+���

�

����4�
Cq

™

��!^"#!�%5�
�0�Z���ˆ( *����C����%�4A-g�+"C���)�5�L••������!

�+*�( =�!�")��-^����������!��A�
-

�

����4 
�Ž �.[�,������
%�%�[

�

r��ov®�
���ˆX�N

��


���

œ 
Jr���v®�
���

:

X•N

��


*

���

q

…w!x"#!��0�'"#�����A�+*�"��3�LV�!����0�Z&��
�����+�j����%Z�5��!���"

�

�L��4 
n=L[$!�(d,�%��
[+�5��&��+��%�[j�'��! ���+"�"#!�%5�
�����+�j����!mW6����!����

rg9e��,���*�%Z����X s�tLtBN�v�q Lƒ���5( ��%5��"$��,�,�"l�+�
��� �0� 4�!���!����0�3��&•��!���&+�+=u�+"������+4 ���'"0*����'*�"#!fhi�
�6�m��“
!��•=�[

€‹�L��4�!�"#����“c!��:�
%gqJr#s
t�t�s�v�q

�

L•��!���"#���H�',��
��!������_Xe�5�~,�"#�5�����5,�%�!�Xi���+�L�'�
�5�Ÿ���m�
�������������
%y4�!�,�!���4�!�����!f��( �+��&f�'��!��0���+"#!�� �
-]��!�2��#;

��!���"#!����y��!��Z&��+=u�+"#�i=�*��i�����Y��!���"l!����Y��!���&+��=��+"l��q^aŒ��&L!���!�"��
%gX��'��!i!�2��Z�0��!�����!A�
-J��!���&+�+=u�+"������+4��0�'"�*��m;

�'*�"#!ˆ�5�j�d��!��L"#���˜�',��
��!k�����������A=�!d"�*�%�!�4f�+*��ihi���'���+*��)��!����0�3��&c-g�+"i�0�'�
�������������
%•4�!�,�!���4�!�����!���( �+��&

����%5*������+�~�0���+"#!��6�
���
%�%i4������'������!���q€…w!f"#!����'"#�����d��*�" �5��V�!��0����&+�
�����+� ��� ��!���"#!��0�6����4„��!�2��#;.��!���"l!����

��!��Z&��+=u�+"#��q

…H!i4�!m••��!:�m��!
qY:"= �&h ($f&8$h5f"f�?	�a<>e�8,A!g�e�A!8˜: g�f":�� g"=n:"qYe � �y�
-J�A&L�ZVL!�� !������+4��5��&d��-<>A@CB)D�E�FŸGCIJFLKCM5KCMSPJR#"

MSRCTf���d=�!A�m��!:���+"0"#!�%5�
�����+������!mW6����!����i��-J�'��!ˆ"�����4���( V
��"#�5��=�%�!��i%���&

� ���

C

�i����4�%���&

� ���

C

 
X+h)��!�"#!

C

�i����4

C

 

��"#!A"#!�����4�*�!��)�
-J�#hy�ˆ���L%3*��0�Z�����:�
����!������5=�%�! ���ˆ!����������m��!�"Y=L[ �6,u!�"#�'*�"�=��
�0�Z������q��^�
%5*�!��)�
- � �)��%����0!A��� \�!�"#�

�'*�&�&L!�����X��'���+*�&+���m��!�[�4��6�����i*�����( =���&+*��+*���%�[$4�!�(‘�+�����'"�����!�X��'��!ˆ��=���!�����!k�
-Š��!���&+��=���"����+��4$�0�'"�*����'*�"#!�q

™

��!$��!��Z&��+=u�+"������+4�;Œ���m"�*����'*�"#!f��[�,����m��!������#Ž �'��!w��[�,��L�'��!������d�'���
�c�'��!$"#!�,�"#!���!��L�'�
�0�Z�����dhi���'�Ÿh:�������

rts‰�Z��( �����k�'*�����!����#-Œ*�%i��"#!��'������!dh��Z�m�Ÿ�'��!¢(‘�����x��!���&+��=���"����+��4~���'"0*����'*�"#!mŽ ��� �3�L�'*�������V�!�%�[ �
���m"��
������V�!�q

x��”hy!�V�!�" X
-g�+"^�
%�%o-g�+*�")>]@•B:DoE�F~GCIJFLKCM5KCMSPJR•MQRCTj!�������4��5��&��i�5��VL!�������&+�
��!�4$��!�"l!�X›��!���&+��=���"����+��4����'"0*����'*�"#!

�'*�"����z�+*��e��� =�!i!����0!������5�
%�%�[���=���!��L�e!�2+��!�,��y�5�d�5"�"l!�%Z!�V
���L�’,u�+"#�����+���z�
-•�m��!i��!���"#��� �',�����!�q

|

�+"e!�2���(d,�%�!�XL%Z!��

*��i���+���0�Z4�!�"’�'��!A4��5"#!����:!�������4��5��&�qz…w!:!��0���5(d�
��!�4 � �ˆ=L[d&�!���!�"��
�0�3��&�—�X•NBNBNk��!���&+�+=u�+"),��
�5"#�ihi���'��"#!��0�Z4�*�!��

=�!�%��
h¤� &���V�!���%��5( ���

C

Z����

�

—�—



¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥ ¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥ ¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

7

8

9

10

7 8 9 10

Lo
g 10

 ž
2

Log10 ž1

r
1
 = 71.6%

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥ ¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥ ¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥ ¥

¥

¥¥

¥

¥

¥
¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥ ¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥ ¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥ ¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥ ¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥ ¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥
¥

¥

¥

¥

¥

¥

¥ ¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

5

6

7

8

5 6 7 8

Lo
g 10

 ž
2

Log10 ž1

r
1
 = 0.2%

|

��&+*�"#!�s�—t�¦€f!��
�'*�"#!�( !��L�A�
- �
�

�5�f�m��!x4��5"#!���� "#!�,�"#!���!��L�'�
�0�Z���_X_hi���'�j%Z�L&

� ���

C

Z����

�‰s�NBNfrS%�!m-/�ˆ,��L��!�%3vk����4

%���&

� �

�

C

Z����

� –jrg"#��&+�L�:,�����!�%5v�q

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥¥

¥

¥

¥ ¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

7

8

9

10

7 8 9 10

Lo
g 10

 ž
2

Log10 ž1

r
2
 = 59.1%

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥ ¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥
¥

¥

¥

¥¥¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥ ¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥ ¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥ ¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥ ¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥ ¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥ ¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

5

6

7

8

5 6 7 8

Lo
g 10

 ž
2

Log10 ž1

r
2
 = 3.3%

|

��&+*�"#!�s�ut�¦€f!��
�'*�"#!�( !��L�A�
- �" ˆ�5�f�m��!x4��5"#!���� "#!�,�"#!���!��L�'�
�0�Z���_X_hi���'�j%Z�L&

� �
�

C

Z����

�‰s�NBNfrS%�!m-/�ˆ,��L��!�%3vk����4

%���&

� ���

C

Z����

� –jrg"#��&+�L�:,�����!�%5v�q

—Bu



��,��0�

�

N

�
¦

�

¦+	��

!

�

&

iBq ?BfBmb=po>: � �

�

�Ar

C

r !Lv��

C

Z����

v

���•¦��

"#!;'#!����i�'�����i4��
�'�c,����5�L��X��gq}!�q5X��m“��5,��0�w{'*��L����%Z|

!�*

�

'

:�8,e�A!8)(
� !	�

�
¦

�

¦�	��

�b4~s

��� �f¦›�

��!

*

�

'

:�8,e�A!8)(
� !

*

�

�

�Ar

C

r !+*�v �

C

Z����

v

���_¦��

"#!;'#!����i�'�����)4��
�'� ,��L�3�L�

�

�Ar

C

r !Lv��

C

r"!

*

v0v

���•¦��

"#!;'.!����)�'�����i4��
�m�d,����5�L�

�

�0!A�'�����:4��
�m�x,u���5���drS%���&

� �

C

r"!+v0��%���&

� �

C

r"!�*Zv0v

��,����

�

��,����_6•s

� �������

��,����Ÿ�£—t��NBN&N

… ��!��

C

Z����

�?s�NBNuX��'��!�"l!x��� ����%Z!��L"A���+"�"l!�%3�������+�f=�!��#hy!�!��f�'��! �����+"#!��A��-’��!���&+��=��+"#��r

|

��&+*�"#!�s�—�X_%�!m-g�

,�����!�%5v�q

™

����� ���+"�"#!�%5�
�����+�Ÿ���d,�"#!���!��L�x=u!�����*���!��'��!�,�!�"l�'*�"�=��
�����+�H�+,u!�"��
���+"7�'���
�khY!����
V�!d!�(d,�%��
[�!�4Ÿ�5�

�'��!�4��5"#!����d!�������4��3��&Ÿ�����Ÿ=�"#�5��& ��=u�+*��d�$��������&�!��5�

C

r"!+vA�
-]���x( ���0�

�

œe�'�����d���+�����m"��
�5��� ���dV������5=�%Z!j�+�

�'��!k%Z�L&
;Œ%���&6,�%����A�
�:�d���+"0�L;Œ�'����,�!�4j!���VL!�%Z��,�!�q

™

��*���X���!���&+��=��+"0���+��4f���'"�*����'*�"l!ˆ,�%3�
[��]�c"#��%�!A�5�n"l!�4�*����3��&

C

h:��!��•�'��!w�m"#�5�
%A����%5*������+���j�3�LV���%�V�!�4¤��"#!f���€�5(x=���%3�L����!�4 �'�������'"������#-g!�"�"#�5��& ���L[ !�%�!�( !��L�j-†"l�+( �'��!

%5��"#&�!�"�,��L"#���������+�•���~�m��!w�'(d�
%�%�!�"$"l!�4�*���!��n�m��!‹"l!�����4�*�!�q¡ab�•�'��! "l!�&��5( !w%���&

� ���

C

Z����

�

–�X)�'��!�"#!H�Z�f���

���+"�"l!�%3�������+�6=u!��#hY!�!�����!���&+��=��+"#�ˆr

|

��&+*�"l!ˆs�—�X�"#��&+���i,�����!�%5v�X��5��4������
���5��&d�'�����^�5�d�m��!:4��5"#!����i"#!�,�"#!��0!����'�������+�_X

��!���&+��=��+"�������4 ���'"�*����m*�"#!n,�%5�
[+�����~����&+���U•������L�$"#��%�!f�5�„"l!m••���3��&

C

=�!�[��+��4•�'�����6%�!�V�!�%gq

�

�

�y�+"0"#!�%5�
�����+�

=�!��#hy!�!��c�'��!A�����+"#!��z�
-<��!�2��#;.��!���"#!��0�’��!���&+��=���"#��X�h:���������5��,�"#�5�����3,�%�! �����c!�2+�����y!�V�!���h)��!�� �
�

��N�XL-/��%�%��
h

���0�3(‘�Z%5��"c,��
����!�"��~r

|

��&+*�"l!ns�uLv�q

�

2+��!���4��5��&f�'�����d�����
%�[������x�0�n����&+��!�"kV”�
%5*�!��d��- �H����4w�'��!����'��!�"7�'��"#!�!

!�������4��3��&L�ˆ[��Z!�%�4��k���5( ��%3�L"ˆ,��
���0!�"����‘r

|

�Z&�*�"#!�s

�

v�qAaŒ�j!��
���j���
��!�Xo%���&

� �

�

C

Z����

���A��!��A�����'��!ˆ%��
hy!����A�5���0!�&+"��
%

V”��%3*�! ,�!�"�(‘�Z�0��!�4n=L[����+(d,�*��'�������+���
%C"#!����+*�"l��!���q

�z!�����*��0!dhy!6���
V�!d��!����0!�4w�+��%�[ ���m*�=���!�� �
-Y�'��!��5�L••������!$�+*�( =u!�"A�
-i���'���������������
%Y(‘!��
�'*�"#!��k�
-:��!��Z&��L;

=���"����+��4f���'"�*����m*�"#!�X_�'��!���!d"#!��'*�%����k4��$�����)!������5"#!�%�[w,�"#!���%5*�4�!��'��! !�2+������!�����!c�
-’��!���&+��=��+"0���+��4w���'"0*����'*�"#!

��( ����&d�'��!ˆ�0��%5*������+���:��-^�3�L��!�"#!��0��q

™

��!ˆ�����m*�!ˆ�
-Y��!���&+��=��+"0���+��4f���'"�*����'*�"l!A�Z�ˆ"l!�V+��������!�4f�5�3`���q}ud*����5��&��'��!

�+,u!�"��
�����+���
%•4�!m••���Z�0�Z���_q

����� � ��+,#���+,#���# � -,+,# ����-,# ��!

y7��V�!��w�m���
�ˆ�'��!���!���"l���f�m,��
��!�� &�!���!�"��
��!�4~=L[n�m��!¢"#!�,�"l!���!����m�
�����+��� 4�!�����"#�5=�!�4•��!�"#!���,�,�!���"k���j%5�
��“

��!���&+��=��+"�������4d���'"�*����m*�"#!�X
!�2+��!�,��^�L( �+��&)�3"0"#!�%�!�V”���L�Y����&+�L;Œ�����0�e����%5*������+����XL�Z�e���^"#!������+����=�%�!y���A�
�'“Ah)��!��'��!�"

V”�L"#�5�
�����+���ˆ�5�{rts‰,�!�"b-g�+"�(d�L����!‘����"#�����ˆ"#!�,�"l!���!����m�
�����+���A�����f=�!��
�����+*��L��!�4f-g�+"i�0��%�!�%Z[Ÿ=�[j4��•cC!�"#!�����!��k�5�

�'��!ˆ,�"#��=���=���%Z���#[$4������m"#�5=�*������+�j�
-J�'��!k����%5*������+���)�3�˜!��
������!���"#�����',��
��!�q

r†aŒ�f�'�����d����4w�m��!6��!�2+� �'*�=��0!��������+�_X�hY!�*���!6�m��! -/�L%Z%��
hi�5��&w�����'�
�0�Z���_q �_!��

�

/
r !Lvk=�!d�m��!¢,�"#��=���=���%Z���#[

4������'"#�5=�*������+�¢-†"l�+(¤h:�����������zrts "�*��c&�!���!�"�����!��i�ˆ���L��4��Z4�����!A����%5*������+�c�5���Z�0�

�

�'�c�Z�0!�"��
�����+�_q	�_!��i����!�"0�
�����+�

N�=�! �'��!x,�"l�+��!����)�
-^&�!���!�"0�
���5��&6�5�������5�
%^"��L��4��+(•&�*�!�����!���Xo�����'���
�

�

�+r"!+vy���A�'��! ,�"#�+=���=���%����.[j4������'"#�5=�*������+�

!�(d,�%��
[�!�4�=�[ �'��!

&

iBqY?&fBmb=±o0:ˆ,�"#����!�4�*�"#!)�
-C�'��!i&���V�!���"#!�,�"#!���!��L�'�
�0�Z���_q �N!����t/'r/%Z�L&

C

ve=u!:�m��!],�"#��=���=���%Z���#[

4������'"#�5=�*������+�j�
-^"#!�����4�*�!kV”�
%5*�!��)%Z�L&

C

�'���
�i"#!��'*�%�����-Œ"#�+(1*����5��&

�

/
r"!+v�qUv

ab�•�'*�,�,u�+"#�f�
-x�m���Z�w�L[›,u���'��!�������X ����������&�"���( ���
-d%���&

� ���

C

�5� �€"�����4��+( �'��(d,�%��5��&•�
-$s�N�X•N&NBNw�0��%5*L;

�����+���k&�!���!�"��
��!�4~=L[

&

iBqY?&fBmb=±o0:wr

|

��&+*�"#!$s�wLvA��"#!d�'���U-g��!�4~=�[f��!�V�!�"0�
%^�+"l4�!�"#�A�
-:(d�
&+�����'*�4�!�"#!�%5�
����V�!����

�+��!6�L�����'��!�"�q

™

��!�,�!�"b-g�+"�(c������!d�
-i�'��!�"�����4��+( &�!���!�"��
�0!m;.����4�;Œ��!�����r�~®y

™

v)��!��L"#���‹!���&��5��!�X�-/��"Ah:�������

�t/�rS%���&

C

vU��� ��rS%���&

C

vy�5��!�V�!�"#[�����!�"��
�0�Z���

�

XL-g��%�%��”h��]�k���5( ��%5��"A,��
���0!�"��wr

|

��&+*�"#!ds�NLv�q

„ ���_—,Œ�Š�Œ@•Ž•,Œ�Œ@•ŽŠ�›\“•ž•“•Œ�›•—,¡

„����

ª	�

� 
��

�U“•‘�´,£�“•Œ�Š¥›••$•†¡,Š� Y“•ŒK•�‰"žU“•Œ�‘�‘�—™›\£ŽŒ@“•—™‡Ž‘U§�“•Œ@•�•†Š;‘@“•‰0£+Š®š$•$›\£+Š;‘_Œ@•+•�Œ�•™¨�¨"•†—�•,–�• % 
"°

—

�



0 5 10 15 20
-25

0

25

50

75

100

r k 
(p

er
ce

nt
)

k

direct (100)

jb-greedy (100)

index (100)

prepart (100)

direct (8)

jb-greedy (7)

index (5)

prepart (3)

|

��&+*�"#!ds

�

� �^�
%5*�!ˆ��- � �A�
�i�7-Œ*����������+���
- �_XL-g�+"y�
%�%�-g�+*�"z!�������4��3��&L��q

™

��!ˆ,���"#!��L�'��!�����\�!�4$�+*�( =u!�"#�i�5���'��!

%�!�&�!���4n�L"#!AV”�
%5*�!��A�
-�%Z�L&

� �
�

C

Z����

q

0

2

4

6

8

10

12

14

0 1 2 3 4 5 6 7 8 9 10

N
um

be
r 

of
 s

ol
ut

io
ns

/1
00

0

Log10 ž

direct

jb-greedy

index

prepart

|

�Z&�*�"#!6s�w��

R

�}cC!�"#!�����!��)�5� � �A4������m"#�5=�*������+�f��( �+��&k-g�+*�"y!�������4��3��&L��q

—Bw



��� 
 �5+,% ��# -,%�-,# ��!

R

�}cC!�"#!�����!��i�5���'��!ˆ� ,�"#���+"l�C4������'"#�5=�*������+�˜�
-

C

V
�
%5*�!��]�������+*����’-/�+"z�'��!A�0�Z2L;Œ�+"#4�!�".;Œ�
-Q;.(c�
&+�����'*�4�!A4����',���"#���#[

�5�~,�!�"b-g�+"�(c������!6=�!��#hy!�!��)~Ÿy

™

$
4��5"#!����d����4 ~®y

™

$�,�"l!�,���"#��X�=����'�H�
-:h)���Z���H�+,�!�"�����!6�5��4�!�,u!���4�!�����%�[~�
-

���'"0*����'*�"#!ˆ�5�˜�'��!ˆ��!��L"#���˜�',��
��!�q¢x��
hY!�VL!�"�X��'*�����4��}cC!�"#!�����!��A4��������:!�2�,�%5�
�5�j�'��!A-g��%�%��”h��3��&���=���!�"#V”�������+���

���+����!�"����5��&��'��!ˆ�5��4�!�2$����4f,�"#!�,���"#�y!�������4��5��&����

�

…„���'�‹�'��!d�5��4�!�2 ����4 ,�"l!�,���"#�x"l!�,�"#!���!��L�'�
�����+����X�~®y

™

���k��%��Z&�����%�[w��*��',�!�"b-g�+"�(‘!�4„ra`�w�q

�

vA=�[w9Ux)�AX

h:�������˜�+,�!�"�����!��:=L[¢�
�0��!�(d,����5��&d��� !�2�,�%������]��!���&+��=��+"0���+��4f���'"�*����'*�"l!�q

�

…„���'�€9Ux)�&$
�5��4�!�2 ����4„9•x:� $�,�"#!�,���"#�
Xy��!�!�4��5��& hi���'�€�'��!w•A• ����%5*������+�€����&+���U•������L��%�[•�3(c,�"#�
V�!��

,�!�"b-g�+"�(d�L����!6ra`�w�q•w�v q

�z���'�k�
-_�'��!���!y�+=���!�"#V
�
�����+���y��,�,�!���"��0�A4�!�( �+�����'"0�
��!y�'���
���5� �',�����!i�
-_�'��!i��,�,���"#!��L�^��=���!�����!��
-N��!���&+��=��+".;

�����+4d�0�'"�*����'*�"#!y��( �+��&ˆ��%Z%�=�*��e�m��!Yhy�+"l���J�0��%5*������+���^�5� �'��!y�5��4�!�26����4d,�"#!�,��L"#�^"#!�,�"#!���!��L�'�
�0�Z������X �t/�rS%���&

C

v

4���!��Y4�!�,u!���4$�+�

�

/'r"!+v�q

™

�+*���X��
�y�'��!A"�*���,�"#����!�!�4���X��'��!A��!��L"#���c!���&��5��!A�����c�5(d,�"#�
V�!)�Z�0�Y��4�4��i�
-•••��4��3��&

��!���"b;Œ��,����5(d�
%��0��%5*������+���i=�[6(‘�+4��U-g[+�5��&

�

/'r"!+ve���ˆ"#!���!����y�'��!)4������'"#�5=�*������+����-•"l!�����4�*�!��i�5�d�'��!)��!���"l��� �m,��
��!�q

ab�d�m���Z�y�'*�=��0!��������+�dhy!A�
����!�(c,��e���ˆ!�2�,�%5�
�5���'��!���!��+=���!�"#V
�
�����+���i=�[c��!������5��& �'��!y-g��%�%��”h��3��&���[�,����m��!��������

�5���'��!A�5��4�!�2L;."�*�%�!��x����4$,�"l!�,���"#���������+���5��&�"#!�,�"#!���!��L�'�
�����+���
X��'��!A!�2�,�!�����!�4f"#!�����4�*�! �
-<� ���L%3*��0�Z�����5����"#!��
��!��

�
�A�'��! 4�!�����4��5��&‹,�"l�+��!�4�*�"#!�4�!�,���"#�0�)-†"#��(•�'��!c&+"#!�!�4�[n��%Z&L�+"#���'��(‡���$h)���Z���f�'��!��0!6"#!�,�"#!���!��L�'�
�0�Z�����ˆ��"#!

=��
��!�4Cq

™

�����Y�#[�,�!i��-J���+"�"#!�%5�
�0�Z���_X�h:��������hY!����
%�%Y{0&+"��
V+���'�������+�_X}|A���y4�!m••��!�4�-/�+"z"#!�,�"#!���!��L�'�
�0�Z�����Y4�!��0�Z&���!�4

=L[$,���"���( !��0!�"#��\�!�4n���������'"��
�5�L�]�L��4‹,��L"���( !���!�"l�Z\�!�4f&+"l!�!�4��3��!��0��XJ=�*��A������-/�+"�4��5"#!����ˆ"#!�,�"#!��0!����'�������+���ˆ����4

�'�����0!�4�!�����&+��!�4„=L[ž,��L"���(k��!�"#��\�!�4 ��"�=����'"0�
�����+�_œy�'��!j%3������!�"k4�� �����d�5�LV���%�V�!j&+"��
4�*��
%y4�!�,���"l�'*�"#!�-Œ"#�+(ƒ�

&+"#!�!�4�[��
%�&��+"l�Z�m��(�q

€f�+"l!:,�"#!�������!�%�[�X�hy!]�L[�,����'��!��0�Z\�!A�m���
�^�'��!

C

V”�
%5*�!A�
-<�7������4���4��
��!A���L%3*��0�Z���d�5���'��!���!A"#!�,�"#!��0!����'�������+���

���A���+"�"#!�%5�
�0!�4nh��Z�m�$�����A4������m������! -Œ"#�+(‰�'��!d•A• �0��%5*������+�_XCh:��!�"l!x�m��!‘(‘!��'"#��� �Z�A!�������4��5��&
;Œ�',u!�����•���qd…•���'�

�'��! �5��4�!�2�;."0*�%Z!���"#!�,�"#!���!��L�'�
�����+�_X_hy!d*���! 2

%

W

�

� I �

���x�
�A�'��!d( !��
�m*�"#!d�
-y4��Z�0�'������! -Œ"#�+(‰�'��!6•A•1�0��%5*������+�_q

…•���'�f�'��!6,�"l!�,���"#���������+���5��&n"l!�,�"#!���!��L�'�
�����+�_X•hY!�*���!d�'��!6(‘�3���5( *�(•��*�( =�!�"7�
-i���+�����'"����3�L���A�
-y�'��! -g�+"�(

* ��* �”�¤sˆ"l!�š›*��5"#!�4j���6,�"#��4�*���!ˆ�'��!A&L�ZVL!������+�����m"��
�5���y��!��
q

|

��&+*�"l!ns �uXJh)���Z���Ÿ4�!�( �+���0�'"��
��!��k�'���
�k�'��!¢,�"l!�,���"#���������+���5��&~"#!�,�"#!���!��L�'�
�����+�H��� ���+����������!��L� hi���'�Ÿ�'��!

�L[›,u���'��!�������X_���ˆ��,�%Z�L�A�
-^%���&

� ���

C

r"! �'v)V+�
q

�

-g�+":—&wd�5��4�!�,�!���4�!��L��%�[w&�!���!�"0�
��!�4f��!�š�*�!�����!��6r"! �B� !B���"#�#"#$� !

���

v�X

!��
���~4�!m••��!�4 �0� �'����� !
�

�Z���'��!w•A• ����%5*������+�_X�4��Z�0�”r"!
�

X !
�

W

�
vE� s�Xi����4•4������”r !

�
X !

�
vE�

�

q

|

��&+*�"#!~s�Q�X

h:�������f�'���
hi�A���j!�V�!��j���'"#�+��&L!�"i���+"0"#!�%5�
�����+�f�5�j�'��! �5��4�!�2�;."�*�%�!��6"l!�,�"#!���!��L�'�
�����+�_X_���ˆ�����5( ��%5��"ˆ,�%����)-g�+"”u

�5��4�!�,�!���4�!��L��%�[$&�!���!�"0�
��!�4���!�š›*�!�����!�� r"! �B� !B�0��#"#�#;� !

�

�����'v�qeaŒ���������+"#4�hi���'�d�m��!A�+=���!�"#V�!�4����+"�"l!�%3�������+����X��'��!

�ˆ,�"l�Z��"#�_4��Z�0�'"#�5=�*������+� � �+r/%Z�L&

� �

C

ve�'���U-g���i=�[d�0!�V�!�"��
%��+"l4�!�"#�y�
-J(d�
&+�����'*�4�!)h:��!��

&

i&qY?BfBmb=po>:)���:"#!��0�'"#������!�4

���k&�!���!�"��
��!�������4���4��
��!)����%5*������+���i�5�c�'��!i�5(d( !�4��5�
��!ˆ��!���&+��=���"����+��4��
-C�'��!:•A•£����%5*������+�wr

|

�Z&�*�"#!��:s�–k����4

s�t�v q

�

�
8i�L��!ˆ�'�����:�'��! ��!���&+�+=u�+"������+4H�
-^�'��!d•A• ����%5*������+�j�5�$h)���Z���f( �����)�
-^�'��! %��
hy;."#!�����4�*�! ����%5*������+���

"#!�����4�!�������*�,���!��¢�f��!�&�%���&��5=�%�!‹,u�+"#�����+�Ÿ��-:�'��!���!���"#���w�m,��
��!�Xe���5����!$�m��!6���L%3*��0�Z�����6��"#!��+"#&+�L���Z\�!�4~�5�L���w�

{'=�*�(d,L[c-†*�����!�%�|��
-<����&+�˜4��5( !��������+���
%����#[�q

™

��!x4������0�3�����0�Z��� =u!��.hy!�!��j&+"��
V����'�
�����+�f����4f�'��! �#[›,u! �
-’��!���&+��=��+"0���+��4w���'"0*����'*�"#! 4�������*�����!�4Ÿ�5�)`���q5s

���
�)�5(d,��+"l�'���L�A�3(c,�%Z�����
�0�Z�����A-g�+":��%Z&L�+"#���'��(?4�!�����&+�_qˆ�’�+������4�!�")�'��!ˆ��,�!�"��
�0�Z�����
%J4�!m••���������+�H�
-Y��!���&+��=��+".;

�����+4w�0�'"�*����'*�"#!c&���V�!��f�5� `��uq5s�qk… ��!��H��!��Z&��+=u�+"������+4Ÿ���'"�*����m*�"#!d���x,�"#!��0!�����X•�5�L-/�+"0(d�
�����+�w�L=��+*��kh:��!�"#!

„ ��&

“•¡$£"•†Š˜‘ %��.•$‡+‰ % '.§•Ša•†Š®¡�Ša‡ŽŠa•†•,Œ�Š;‰b£Ž‘@“\‡+¡
•”•†•™‡Ž‰�—,ž ‘�•�ž•¨�›\“\‡+¡b—$  % 
�‹ 
 
 
.‘�—$›\£+Œ@“•—$‡+‘®“\‡EŒ@•+Š®•†Š;‘�Œ@•�“•–˜Œ�Š;‰b‘�Š;•$•†– •E‘@¨Ž•,–;Š,°

�¶•ŽŠa‡�ž®•*� ‘�Œ�Ša¨�� %�“\‡
Œ@•ŽŠ¥“\‡Ž‰�Š�� "±•�£"›•Š;‘ŸŠa‡+–˜—0‰-“\‡Ž¡ #

&

“•¡™£�•†Š %�' +a‹BŒ@•+ŠU‰0“•‘�Œ@•�“\¤"£ŽŒ@“•—™‡9•Ž•,‘�•®¤�£+žU¨�œ.•™¨�¨BŠ;•™•†•$‡+–˜Š·¤jŠ;–;•™£Ž‘�Š®Œ@•ŽŠ

� �{‘�—™›\£ŽŒ@“•—™‡
•+•�‘�—™‡�›•œ"'��•‡ŽŠa“•¡™•0¤j—™•†‘;°

—��



-2

0

2

4

6

8

10

0 10 20 30 40 50 60 70 80 90 100

Lo
g 10

 ž

Distance from KK solution in prepart representation

|

��&+*�"#! s �t��yˆ"��
V��Z�m�
�����+�k�5���'��!:,�"#!�,���"l���������+���5��&d!������+4��5��&�q

™

��!]����"#��\��+���m�
%��
2��Z�y���y�'��!:"���4��3��%�4��5( !��������+�

�
-^�d=��
%�%gX���!��L��!�"#!�4$���i�'��!ˆ•A•¤�0��%5*������+�_X��m���
�y���”VL!�"#�i�'��!A!��L���5"#!ˆ�0��%5*������+���',�����!�q

���j••��4 ��!�h1%��”h’;."#!�����4�*�!$���L%3*��0�Z�����d���d&+�
�5��!�4 �
� �'"#�5�
%y���L%3*��0�Z�����6��"#!�!�V”�
%5*��
�0!�4Cqw… ��!��Ÿ�+��%�[ &�"��
V+���'�
;

�����+�H���‘,�"l!���!����
XJ�
%�%y�'*����f�5�L-/�+"0(d�
�����+�H���‘“����
h:�w�
�k�'��!d���m��"#�ˆ��-’�m��!Erts "0*��_œ^���n��!�h1�5�L-/��"�(d�
�����+�‹�Z�

�+=��'���3��!�4Ÿ=�[j!�V”�
%5*��
���5��&f�'"#�5�
%�����%5*������+���
qdaŒ�f�'*����f�����
��!�X•�+��! hY��*�%Z4H!�2›,u!����ˆ����=�!6�L=�%Z!c���$�
4+'�*����A�'��!

&

i&qY?BfBmb=po>:j( !��'����4 �
-:���H!�������4��3��&H���$!�2�,�%������d&+"��
V��Z�m�
�����+�f���f�'������~®y

™

X•h:�������H4���!��6�����x������!�(d,��

���d���L%Z%�!����A�5�L-g�+"�(d�
�0�Z���$��=u�+*��:�m��!ˆ��!���"l���˜�',��
��!x���i���:!�V
�
%5*��
��!��A������4���4��
��! ���L%3*��0�Z������X•,u!�"b-g�+"�( �A�
�ihy!�%�%

�
�ˆ,u!�"#�'*�"�=��
�0�Z���L;.=��
��!�4f-g�+"�( �)�
-Ÿrts1�m*����f�
�ˆ9•x:�AX•x)�AXC����4{r!LxX_h)��!��'��!�")��!�!�4�!�4w�+")������q

|

�Z&�*�"#!6—BN

4�!�( �+���0�'"��
��!��e�m���
�J�m���Z�z���^�5��4�!�!�4��'��!y���
��!y-g�+"��'��!i,�"#!�,��L"#���������+���5��&d����4d�5��4�!�2�;."0*�%Z!��y!�������4��5��&���qyaŒ�d=u���'�

���
��!��
X��'��!

�

�+r"!+v�4������'"#�5=�*������+�����Y*����U-g�+"�( �3�c�ˆ=��
%�%��'*�"�"l�+*���4��5��&x�m��!:•A••����%5*������+�c����4d\�!�"#�k!�%Z�0!�h:��!�"#!�œ��5�

�'��!ˆ��=��0!�����!A�
-J�5�L-/��"�(d�
�����+����=u�+*��i�'��!)���'"�*����m*�"#!:��-J�'��!A��!���"l���c�',��
��!A���m��!�"^�m�����dh)���
�y�Z�),�"#!���!��L��!�4��5�

|

��&+*�"#!��)s �A����4$s�QuX��'�����Y,�"l�+=���=���%��Z�#[d4������m"#�5=�*������+�����^�+,����5(d��%/q

�

�
r�,u!����U•����
%�%Z[�Xo�'��!

&

iBqY?&fBmb=±o0:A,�"#�+��!�4�*�"l!

�5�$=u���'�����
��!����Z�"�

„ �

�
—�¨�•†—$š,Š_Œ@•+•�Œ•Œ@•+Š_—™¨ŽŒ@“•ž®•™›5‰0“•‘�Œ@•�“\¤"£ŽŒ@“•—,‡.“•‘•£"‡�“\ ±—$•†ž “\‡.•�¤Ž•™›\›­‘@£"•�•†—$£"‡Ž‰0“\‡+¡¢Œ@•ŽŠ � �•‘�—™›\£ŽŒ@“•—™‡
•™‡Ž‰¢¯;Ša•†—UŠa›•‘�Š;§••ŽŠa•†Š�§••+Ša‡

¡™•†•$š,“•Œ�•�Œ@“•—™‡P“•‘®Œ@•ŽŠ”—$‡"›•œb•†Ša›•Š;š$•$‡�Œ¦‘�Œ@•�£Ž–;Œ@£�•†Š¦¨�•†Š;‘�Ša‡�Œ;‹l–;—™‡Ž‘@“•‰"Š†•”•”‡Ž—™‡ "±£"‡�“\ ±—$•†ž •†•�‰-“••$›�‰0“•‘�Œ@•�“\¤�£+Œ@“•—$‡t‹�–˜Ša‡�Œ�Ša•†Š;‰9•,ŒŸŒ@•+Š � �

‘�—™›\£ŽŒ@“•—™‡5‹•§••Ž—,‘�Š¢‰�Ša‡+‘@“•Œnœ9‰-•†—$¨+‘Už®—™‡Ž—,Œ�—$‡"“•–˜•™›\› œ¶§•“•Œ@•E‰0“•‘�Œ�•™‡Ž–;Š¦ ˆ•†—�ž � �®°
�

•�“•‘®‰0“•‘�Œ@•�“\¤"£ŽŒ@“•—™‡•–˜•™‡�‡+—�Œ¥¤BŠ¢—$¨+Œ@“•ž®•$›�¤BŠ;–;•$£+‘�Š

‘@•�•�“\‡"’0“\‡Ž¡zŒ@•ŽŠ”¤+•$›\›�“•‘¢¡™£Ž•™•†•™‡�Œ�Š˜Š;‰PŒ�— “•ž•¨�•†—$š,Š.Œ@•ŽŠ.ž®Š;•™‡5°
�

•+Š¢¨BŠa•� ±—$•†ž®•™‡Ž–;Š
—™ �•
•†•™‡Ž‰"—�ž —™•�‘�œ0‘�Œ�Š;ž®•�Œ@“•– ‘�Š;•$•†– •�Œ@•0£+‘

“•ž•¨�•†—$š,Š;‘¢•,‘ŸŒ@•+Š¢¤+•$›\›�‘@•�•�“\‡"’�‘;‹�•�‘•›•—™‡Ž¡b•,‘ŸŒ@•+Š¢‡0£+ž�¤BŠa•�—™  ‘�—™›\£ŽŒ@“•—™‡Ž‘¦“\‡Ž‘@“•‰"Š
Œ@•ŽŠ¦¤Ž•™›\›�Š �0–;Š;Š;‰�‘®Œ@•ŽŠ¦‡0£Žž¥¤BŠ†•”—$ �“•Œ�Ša•†•�Œ@“•—™‡Ž‘

—™‡ŽŠ®–;•$‡b•$©B—™•†‰�Œ�—¦¨BŠa•� J—™•†ž”°
�

•+ŠU¤+•$›\›•Œ@•Ž•,Œ�§•ŠŸŠ;ž•¨�›•—™œ.“\‡�—™£�•UŒ�Š;‘�Œ�‘�•+•�‘•Œ@•ŽŠU‘�ž®•™›\›•Š;‘�ŒU“\‡�Œ�Š;¡™•†•$› •†•�‰-“\£Ž‘®Œ@•Ž•,Œ�‘�•,Œ@“•‘@³ŽŠ;‘UŒ@•"“•‘

–;—$‡+‰0“•Œ@“•—™‡5°

—BQ



¥
¥¥
¥

¥¥
¥

¥¥
¥¥

¥¥¥
¥¥

¥
¥

¥¥¥¥
¥

¥

¥
¥

¥

¥¥

¥¥

¥

¥

¥¥

¥
¥

¥

¥¥¥

¥

¥

¥¥¥
¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥
¥¥
¥¥¥

¥

¥
¥¥¥

¥¥

¥¥

¥¥¥

¥
¥
¥
¥¥

¥¥¥

¥

¥
¥

¥

¥

¥¥

¥¥¥

¥

¥

¥¥¥

¥
¥¥¥
¥¥¥
¥

¥¥
¥¥
¥

¥¥

¥¥

¥

¥¥
¥¥
¥
¥¥
¥¥¥
¥¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥¥
¥¥
¥

¥

¥
¥¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥¥
¥¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥
¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥¥

¥

¥¥¥

¥

¥¥¥
¥¥

¥¥¥
¥¥¥¥¥¥¥
¥¥¥¥
¥¥

¥
¥

¥

¥¥
¥
¥

¥¥
¥

¥

¥
¥

¥
¥¥¥
¥

¥

¥

¥

¥
¥

¥¥
¥

¥¥¥¥
¥

¥¥¥

¥
¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥¥¥

¥

¥

¥
¥
¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥
¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥
¥

¥

¥
¥¥¥

¥
¥
¥
¥¥
¥¥

¥¥¥

¥

¥

¥¥¥¥¥

¥¥

¥
¥¥
¥¥
¥¥¥

¥

¥

¥

¥¥

¥¥¥

¥

¥

¥
¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥¥¥

¥

¥¥¥

¥

¥¥
¥

¥
¥
¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥¥
¥¥

¥

¥
¥¥

¥

¥
¥¥¥
¥
¥
¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥
¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥
¥

¥

¥
¥

¥
¥

¥¥
¥

¥

¥¥

¥¥¥¥

¥
¥¥¥¥
¥¥
¥

¥¥
¥
¥
¥¥¥¥
¥¥¥¥
¥¥¥
¥
¥¥

¥¥
¥
¥¥¥¥

¥¥

¥
¥¥
¥¥¥
¥
¥
¥
¥¥¥¥
¥¥¥¥¥¥¥

¥¥
¥
¥
¥¥¥¥¥¥
¥¥¥
¥¥¥

¥¥
¥
¥¥¥

¥¥¥
¥¥
¥¥
¥¥¥¥

¥¥

¥

¥¥¥
¥

¥¥¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥¥¥
¥
¥
¥¥
¥

¥

¥¥¥¥¥

¥

¥

¥¥¥

¥

¥

¥¥
¥
¥

¥
¥¥¥
¥
¥
¥¥
¥

¥

¥¥

¥
¥
¥

¥¥¥¥¥¥¥
¥¥
¥¥
¥

¥

¥¥
¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥
¥

¥¥

¥

¥

¥¥

¥
¥
¥
¥
¥

¥¥

¥¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥
¥

¥

¥
¥
¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥¥¥

¥¥

¥

¥¥

¥¥¥

¥

¥
¥¥
¥¥

¥

¥¥

¥

¥

¥

¥
¥
¥

¥
¥¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥
¥

¥

¥¥

¥¥¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥

¥¥

¥
¥
¥

¥

¥

¥

¥¥
¥
¥
¥¥

¥
¥
¥¥

¥
¥

¥¥¥
¥
¥¥¥

¥¥
¥¥

¥

¥

¥

¥
¥¥

¥
¥
¥
¥

¥¥¥

¥¥

¥¥¥
¥
¥
¥
¥
¥
¥
¥¥¥
¥¥

¥
¥
¥
¥¥¥

¥
¥¥¥¥
¥¥¥¥¥¥¥¥¥¥¥¥

¥¥¥
¥¥¥
¥
¥
¥¥¥¥¥¥¥¥¥

¥¥¥¥

¥¥
¥
¥

¥

¥¥

¥
¥¥
¥
¥
¥

¥¥
¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥¥

¥

¥
¥¥¥

¥¥

¥

¥
¥

¥¥

¥
¥
¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥¥

¥

¥
¥¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥

¥¥

¥
¥¥

¥
¥

¥

¥¥

¥

¥¥¥
¥

¥
¥¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥¥
¥
¥

¥

¥

¥

¥
¥¥

¥

¥

¥
¥

¥

¥¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥
¥

¥

¥

¥

¥

¥¥
¥¥

¥

¥
¥

¥

¥

¥¥

¥
¥

¥¥¥

¥¥

¥

¥

¥

¥¥¥¥¥
¥
¥¥¥

¥¥

¥¥¥¥¥¥¥¥
¥
¥
¥

¥¥

¥¥¥

¥
¥

¥
¥¥¥

¥¥
¥¥
¥¥¥¥¥
¥¥¥¥

¥¥
¥

¥
¥
¥¥¥¥
¥
¥

¥¥¥

¥
¥

¥¥¥
¥¥¥¥¥
¥
¥¥¥¥¥¥¥¥¥¥

¥

¥

¥¥¥

¥¥

¥

¥
¥¥¥¥¥¥
¥¥¥

¥

¥¥
¥¥

¥¥
¥¥
¥¥¥¥¥¥¥¥

¥¥
¥
¥¥

¥¥¥
¥¥¥
¥¥
¥¥
¥¥
¥¥¥

¥

¥¥
¥
¥¥

¥¥¥¥
¥¥

¥

¥
¥¥
¥
¥
¥¥¥
¥
¥¥

¥

¥¥

¥
¥
¥¥¥¥
¥¥¥

¥¥
¥
¥
¥
¥
¥¥
¥¥

¥¥¥
¥¥
¥
¥¥¥¥
¥¥

¥¥
¥

¥¥¥¥

¥¥
¥
¥¥
¥
¥¥¥

¥

¥¥
¥

¥

¥¥¥

¥¥

¥¥

¥¥

¥¥
¥

¥

¥¥

¥

¥

¥¥
¥¥
¥¥

¥

¥
¥¥
¥

¥

¥

¥

¥
¥
¥¥

¥

¥

¥¥

¥¥

¥¥¥¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥
¥¥

¥

¥

¥¥¥

¥

¥¥

¥¥

¥

¥

¥¥
¥
¥
¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥
¥¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥
¥¥
¥¥

¥¥

¥

¥

¥¥¥

¥

¥¥

¥
¥
¥
¥¥

¥
¥

¥

¥¥

¥
¥

¥¥

¥¥¥

¥

¥

¥

¥

¥¥

¥
¥

¥¥

¥

¥
¥¥

¥

¥

¥¥

¥¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥¥¥¥

¥

¥

¥
¥

¥¥
¥¥¥

¥¥

¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥
¥
¥¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥
¥¥

¥

¥
¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥
¥

¥

¥¥
¥¥

¥

¥
¥
¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥
¥
¥

¥¥¥

¥¥
¥

¥

¥
¥¥
¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥¥

¥

¥¥

¥
¥

¥
¥
¥

¥

¥

¥

¥

¥
¥

¥
¥

¥
¥¥¥
¥

¥
¥

¥¥¥¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥¥¥¥

¥¥

¥

¥

¥

¥
¥

¥

¥
¥¥

¥

¥

¥

¥

¥
¥

¥¥¥¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥¥¥¥
¥
¥

¥

¥

¥
¥

¥¥

¥¥

¥

¥¥

¥¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥
¥¥

¥¥
¥

¥
¥
¥¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥¥

¥

¥¥¥¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥
¥
¥

¥¥
¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥
¥
¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥
¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥
¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥¥

¥
¥
¥

¥

¥

¥¥

¥

¥
¥
¥

¥

¥

¥¥

¥¥
¥

¥¥

¥

¥¥

¥¥¥

¥

¥¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥

¥¥

¥¥

¥¥
¥

¥
¥

¥

¥¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥¥
¥

¥

¥

¥

¥
¥
¥

¥

¥

¥

¥

¥
¥¥
¥

¥

¥

¥

¥¥

¥
¥
¥

¥¥

¥

¥

¥

¥¥¥¥¥
¥

¥

¥
¥¥¥
¥
¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥¥

¥

¥

¥¥
¥

¥

¥

¥

¥¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥¥¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥
¥
¥

¥
¥¥

¥
¥

¥

¥
¥
¥¥¥

¥¥

¥¥¥¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥
¥¥

¥

¥

¥¥¥

¥

¥¥
¥

¥

¥

¥
¥

¥

¥

¥¥
¥

¥

¥

¥

¥¥

¥
¥

¥¥

¥

¥¥
¥
¥

¥

¥

¥¥

¥

¥

¥¥

¥
¥¥¥

¥

¥

¥

¥

¥
¥

¥
¥

¥
¥

¥

¥

¥

¥¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥
¥¥

¥

¥
¥¥

¥

¥

¥
¥

¥

¥

¥¥¥

¥

¥
¥¥

¥

¥

¥¥

¥

¥

¥¥

¥¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥
¥¥

¥¥

¥

¥
¥

¥

¥¥

¥

¥

¥¥

¥¥

¥

¥

¥
¥

¥

¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥
¥¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥¥

¥

¥

¥

¥¥

¥¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥¥

¥
¥

¥

¥

¥

¥¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥
¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥¥¥

¥¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥¥
¥¥

¥

¥

¥
¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥¥¥¥¥

¥

¥

¥¥

¥

¥

¥

¥
¥
¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥¥

¥
¥¥
¥¥
¥
¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥
¥¥

¥

¥¥

¥

¥

¥

¥¥
¥¥

¥

¥

¥¥¥

¥¥

¥¥

¥

¥

¥¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥
¥

¥¥

¥

¥
¥

¥

¥

¥¥

¥
¥¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥
¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥
¥¥

¥¥¥

¥

¥¥¥

¥

¥

¥

¥

¥¥

¥
¥¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥

¥
¥

¥

¥
¥

¥¥

¥¥

¥

¥
¥
¥¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥¥

¥

¥¥

¥
¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥
¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥
¥

¥
¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥
¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥
¥
¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥¥

¥

¥¥

¥

¥¥¥

¥

¥

¥

¥¥¥¥¥¥
¥¥¥¥¥
¥
¥
¥
¥
¥¥
¥

¥¥¥¥¥
¥¥¥¥¥
¥¥¥¥

¥¥
¥¥¥
¥

¥

¥
¥
¥¥¥¥¥¥

¥¥
¥¥¥¥

¥
¥¥
¥
¥¥¥

¥
¥¥¥
¥
¥¥¥¥¥
¥

¥

¥
¥

¥¥
¥¥¥
¥

¥

¥

¥

¥
¥¥

¥
¥¥

¥

¥¥¥

¥
¥
¥
¥

¥¥¥

¥¥¥
¥
¥¥
¥

¥
¥¥¥
¥¥¥¥
¥

¥

¥
¥
¥¥¥

¥¥¥

¥

¥

¥

¥

¥

¥
¥
¥¥¥

¥¥
¥

¥
¥

¥
¥
¥¥

¥

¥
¥
¥

¥¥¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥¥
¥¥¥

¥¥¥¥

¥¥
¥¥¥¥¥
¥¥

¥

¥¥

¥

¥¥¥¥

¥¥

¥¥

¥

¥

¥

¥¥
¥¥
¥
¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥
¥¥

¥¥

¥

¥¥

¥

¥

¥
¥¥

¥¥

¥

¥¥¥¥
¥

¥
¥¥

¥
¥
¥

¥¥
¥

¥¥
¥
¥¥¥
¥
¥¥¥¥
¥

¥

¥

¥

¥
¥

¥¥¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥¥

¥

¥¥

¥

¥

¥
¥
¥¥¥¥
¥

¥

¥
¥
¥

¥

¥
¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥
¥

¥¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥¥¥¥¥¥¥¥

¥¥¥
¥
¥

¥¥
¥¥

¥¥¥
¥¥
¥¥¥
¥

¥

¥¥
¥

¥
¥

¥

¥

¥
¥

¥
¥
¥

¥¥

¥¥

¥¥
¥¥
¥

¥
¥¥¥¥
¥¥¥¥

¥

¥¥

¥¥
¥

¥¥
¥
¥¥¥¥¥
¥¥

¥¥¥

¥¥¥¥¥¥

¥¥¥¥
¥¥
¥¥¥¥
¥¥¥
¥
¥

¥
¥
¥
¥

¥¥¥

¥
¥

¥

¥
¥
¥¥

¥

¥

¥¥
¥

¥
¥¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥
¥¥
¥

¥
¥

¥

¥¥

¥

¥¥¥

¥
¥
¥

¥¥¥¥¥
¥

¥¥
¥¥¥¥

¥

¥

¥

¥

¥¥¥
¥¥
¥
¥¥¥

¥¥¥¥¥¥
¥

¥¥¥¥¥¥

¥

¥¥

¥¥

¥

¥
¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥
¥

¥¥

¥

¥
¥

¥

¥

¥

¥¥

¥

¥
¥

¥

¥

¥

¥¥

¥¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥¥

¥
¥

¥¥

¥

¥

¥

¥

¥¥

¥
¥¥
¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥¥

¥¥

¥
¥

¥¥¥

¥¥¥

¥

¥

¥

¥
¥¥

¥
¥

¥

¥

¥
¥¥¥

¥
¥
¥
¥

¥

¥

¥

¥
¥
¥

¥

¥

¥

¥
¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥

¥

¥

¥
¥¥

¥
¥¥

¥

¥¥¥

¥

¥¥¥

¥

¥¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥
¥¥¥
¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥¥
¥

¥

¥¥

¥

¥¥

¥

¥
¥

¥

¥¥
¥

¥

¥

¥¥¥

¥¥¥

¥

¥¥

¥
¥¥¥¥
¥¥¥
¥

¥

¥¥¥¥¥¥¥¥¥

¥¥¥¥

¥¥

¥

¥

¥¥¥¥
¥
¥

¥¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥¥¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥
¥¥

¥
¥

¥

¥¥

¥
¥

¥

¥
¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥
¥
¥¥¥

¥

¥

¥
¥¥

¥

¥
¥

¥

¥¥
¥¥¥¥¥¥¥
¥¥¥

¥¥
¥
¥
¥¥¥

¥

¥

¥
¥¥

¥¥

¥

¥

¥
¥

¥
¥¥¥¥

¥¥

¥

¥
¥¥

¥¥

¥¥¥

¥¥¥¥
¥

¥

¥¥
¥¥

¥

¥

¥
¥¥¥¥
¥
¥¥
¥
¥
¥¥
¥
¥¥¥
¥

¥

¥
¥¥

¥

¥¥¥
¥

¥¥

¥
¥

¥

¥

¥¥
¥¥

¥

¥¥

¥

¥¥

¥

¥¥

¥

¥¥
¥

¥¥¥

¥

¥

¥¥

¥

¥

¥

¥
¥
¥¥

¥
¥

¥
¥

¥

¥

¥¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥¥

¥
¥
¥
¥

¥
¥¥

¥¥
¥
¥

¥¥

¥¥¥
¥¥

¥

¥¥

¥

¥

¥

¥¥
¥¥

¥

¥

¥¥¥¥
¥¥
¥
¥
¥
¥
¥¥

¥¥¥

¥
¥
¥

¥
¥¥
¥¥
¥

¥
¥¥
¥
¥
¥¥
¥¥¥¥
¥
¥
¥¥

¥¥

¥¥¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥
¥

¥
¥¥
¥

¥

¥

¥¥
¥
¥¥
¥
¥¥

¥¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥
¥
¥¥
¥

¥

¥¥

¥

¥¥
¥

¥

¥¥

¥

¥
¥

¥¥

¥

¥¥¥¥

¥
¥

¥

¥
¥¥

¥

¥

¥
¥¥¥
¥

¥

¥

¥¥¥

¥

¥
¥

¥

¥

¥
¥
¥¥¥¥

¥

¥¥
¥

¥

¥

¥
¥¥
¥¥

¥

¥

¥

¥
¥¥¥

¥¥

¥

¥¥

¥

¥¥

¥¥¥¥

¥

¥

¥

¥¥¥¥¥
¥

¥¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥
¥

¥

¥¥

¥¥

¥

¥
¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥¥

¥¥

¥

¥¥

¥¥

¥

¥¥¥

¥

¥

¥¥

¥¥¥

¥

¥

¥¥

¥

¥

¥

¥
¥

¥¥

¥¥

¥¥

¥

¥
¥

¥

¥
¥
¥

¥¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥
¥

¥

¥
¥
¥¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥

¥¥¥

¥¥¥¥

¥

¥

¥¥¥
¥¥

¥
¥¥¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥
¥
¥

¥

¥
¥¥¥

¥

¥

¥¥
¥

¥¥¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥¥¥
¥
¥

¥

¥¥
¥

¥

¥

¥

¥

¥
¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥
¥¥

¥

¥
¥¥¥¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥¥¥¥

¥¥

¥¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥¥¥¥¥

¥
¥

¥

¥¥

¥¥¥

¥

¥

¥
¥

¥¥

¥
¥

¥
¥

¥

¥

¥

¥
¥¥¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥

¥

¥
¥

¥¥¥

¥

¥

¥¥¥

¥¥
¥

¥¥¥

¥¥¥

¥

¥

¥¥

¥

¥¥

¥
¥

¥

¥
¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥
¥

¥

¥

¥¥¥¥

¥¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥

¥

¥
¥¥
¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥
¥¥

¥

¥
¥

¥

¥¥
¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥
¥
¥

¥

¥

¥

¥

¥¥

¥

¥
¥¥

¥

¥¥¥

¥¥

¥¥

¥

¥
¥

¥

¥
¥

¥¥

¥
¥

¥
¥
¥

¥¥¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥¥
¥

¥

¥

¥¥
¥

¥¥

¥¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥¥

¥

¥

¥

¥

¥

¥

¥
¥¥
¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥
¥¥

¥

¥

¥

¥
¥¥¥

¥
¥
¥¥
¥¥¥

¥¥¥¥

¥¥
¥

¥

¥
¥

¥

¥

¥
¥
¥
¥

¥

¥

¥

¥
¥
¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥¥

¥¥

¥¥¥

¥

¥
¥
¥
¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥¥
¥
¥

¥¥¥¥¥¥¥

¥

¥
¥

¥¥
¥¥

¥

¥

¥
¥¥¥

¥¥

¥

¥¥

¥

¥

¥¥¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥
¥
¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥¥¥¥

¥

¥

¥

¥
¥

¥¥

¥

¥¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥
¥

¥

¥
¥

¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥¥
¥
¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥¥¥
¥
¥
¥

¥

¥

¥¥¥¥

¥

¥¥

¥

¥
¥¥

¥¥
¥¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥
¥
¥¥
¥
¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥
¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥¥

¥

¥¥¥
¥

¥

¥¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥
¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥
¥¥

¥

¥¥¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥
¥

¥

¥

¥
¥
¥¥

¥
¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥¥

¥¥¥

¥

¥

¥

¥¥

¥
¥

¥

¥

¥¥
¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥
¥¥

¥

¥

¥

¥¥¥¥
¥

¥
¥

¥

¥¥

¥

¥¥¥

¥

¥
¥

¥¥

¥

¥
¥
¥¥
¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥¥
¥

¥
¥

¥
¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥
¥

¥

¥¥¥

¥

¥

¥

¥

¥
¥¥¥

¥
¥

¥¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥¥¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥
¥¥

¥

¥

¥¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥
¥¥

¥¥¥¥

¥

¥¥

¥

¥
¥¥

¥

¥

¥¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥
¥
¥¥¥

¥

¥

¥¥¥¥
¥

¥¥¥
¥¥
¥

¥

¥¥

¥¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥
¥
¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥
¥

¥
¥

¥¥

¥

¥¥¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥
¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥¥
¥¥
¥

¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥

¥¥

¥
¥¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥
¥

¥¥
¥
¥¥

¥
¥¥

¥

¥

¥

¥¥

¥

¥¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥¥

¥

¥

¥¥
¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥
¥

¥

¥

¥

¥

¥
¥¥

¥
¥

¥

¥
¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥
¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥
¥

¥¥

¥¥

¥

¥

¥¥

¥
¥

¥
¥

¥
¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥
¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥
¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥

¥

¥

¥

¥¥

¥

¥¥
¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥¥

¥

¥

¥

¥
¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥
¥
¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥
¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥

¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥
¥

¥

¥

¥¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥¥

¥

¥

¥¥

¥
¥

¥

¥

¥

¥¥

¥¥
¥

¥¥
¥¥¥¥
¥¥

¥

¥

¥¥
¥

¥¥

¥

¥¥

¥¥

¥¥

¥

¥

¥¥

¥
¥

¥

¥¥¥¥
¥
¥

¥

¥
¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥
¥¥
¥

¥
¥

¥

¥¥
¥
¥¥

¥¥

¥

¥¥

¥
¥¥¥

¥¥

¥¥¥

¥

¥

¥
¥

¥¥

¥

¥

¥
¥¥¥¥¥¥¥

¥
¥
¥
¥

¥

¥¥
¥
¥¥
¥
¥

¥

¥

¥
¥¥

¥

¥¥

¥
¥¥¥

¥
¥

¥

¥¥
¥

¥

¥
¥
¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥
¥
¥

¥
¥

¥

¥¥

¥

¥

¥¥¥
¥

¥
¥

¥¥¥

¥
¥

¥

¥¥¥
¥

¥¥¥¥¥
¥¥
¥¥¥¥

¥¥

¥¥
¥
¥

¥¥¥

¥

¥

¥

¥¥¥

¥
¥¥
¥

¥

¥

¥

¥¥

¥
¥

¥

¥

¥

¥¥¥
¥

¥¥¥

¥

¥

¥
¥¥

¥

¥

¥¥¥¥
¥
¥

¥

¥¥

¥

¥
¥¥
¥

¥
¥

¥¥

¥

¥
¥

¥

¥

¥

¥¥¥

¥

¥¥

¥
¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥
¥

¥
¥

¥

¥¥

¥
¥

¥

¥¥

¥¥

¥¥¥
¥

¥

¥

¥

¥¥¥
¥

¥¥¥

¥
¥

¥

¥¥

¥

¥¥

¥

¥¥
¥¥¥¥¥
¥

¥¥

¥¥

¥

¥

¥

¥¥

¥
¥

¥

¥
¥¥

¥

¥

¥

¥

¥

¥
¥¥¥

¥

¥

¥

¥
¥¥

¥¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥
¥¥

¥

¥
¥¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥

¥¥¥¥
¥¥
¥
¥¥¥
¥

¥
¥¥
¥

¥

¥

¥

¥¥

¥

¥
¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥¥
¥

¥

¥

¥

¥

¥¥

¥

¥
¥¥

¥

¥

¥

¥
¥
¥¥
¥¥

¥
¥¥

¥

¥

¥
¥

¥

¥¥

¥¥¥¥
¥¥¥
¥

¥
¥¥¥

¥¥
¥

¥

¥
¥¥¥

¥

¥¥¥¥
¥¥¥¥¥¥¥¥¥

¥
¥¥¥¥¥

¥
¥¥¥
¥¥¥
¥¥

¥¥

¥

¥¥¥¥

¥¥

¥

¥

¥

¥

¥

¥¥¥¥
¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥¥¥

¥
¥¥
¥
¥
¥¥
¥¥

¥¥¥
¥

¥

¥
¥
¥¥

¥

¥

¥
¥

¥

¥¥

¥¥¥
¥
¥¥
¥
¥

¥

¥

¥

¥
¥

¥¥¥¥¥¥¥

¥¥
¥

¥¥¥

¥¥
¥¥
¥¥
¥¥
¥
¥

¥¥

¥
¥
¥
¥

¥¥

¥¥
¥¥¥
¥¥

¥
¥

¥

¥

¥¥¥
¥

¥

¥

¥¥¥¥
¥¥¥¥¥
¥¥

¥
¥¥

¥

¥¥
¥
¥¥¥

¥

¥

¥

¥

¥¥¥

¥
¥¥¥¥

¥
¥
¥
¥¥

¥

¥
¥¥¥

¥
¥
¥¥¥

¥¥¥¥
¥¥
¥¥¥¥¥
¥¥¥
¥

¥

¥¥
¥¥¥¥¥

¥
¥
¥
¥

¥
¥
¥¥¥¥
¥

¥¥¥
¥
¥¥
¥
¥
¥¥¥
¥
¥

¥
¥¥

¥

¥¥

¥

¥

¥

¥
¥

¥

¥¥¥¥
¥

¥
¥¥

¥
¥

¥

¥

¥
¥
¥

¥¥

¥¥

¥¥¥
¥¥¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥¥
¥

¥
¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥¥
¥

¥

¥

¥

¥

¥

¥

¥
¥¥¥
¥
¥

¥
¥

¥¥
¥
¥¥
¥¥
¥
¥

¥¥¥

¥

¥
¥¥¥
¥¥¥
¥

¥¥¥¥¥
¥¥
¥¥¥

¥
¥

¥
¥
¥

¥

¥

¥¥¥¥

¥

¥

¥

¥
¥¥¥
¥¥
¥¥¥

¥¥
¥¥¥¥¥
¥¥¥¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥
¥¥

¥
¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥¥

¥¥

¥¥
¥

¥
¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥¥
¥

¥
¥

¥

¥

¥

¥¥¥
¥
¥

¥

¥¥

¥
¥

¥

¥

¥
¥¥

¥
¥¥

¥
¥

¥

¥

¥

¥

¥

¥¥
¥
¥

¥¥

¥

¥

¥¥

¥

¥
¥

¥

¥

¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥
¥

¥¥¥
¥¥

¥

¥

¥

¥

¥¥¥¥

¥

¥¥¥
¥

¥¥

¥

¥

¥
¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥
¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥¥
¥
¥¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥¥
¥

¥¥

¥

¥

¥
¥

¥¥

¥

¥

¥
¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥
¥

¥

¥

¥
¥

¥

¥¥¥

¥

¥
¥

¥

¥¥
¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥
¥¥
¥

¥

¥

¥

¥

¥¥¥

¥
¥
¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥¥¥

¥

¥¥

¥
¥

¥¥

¥

¥¥

¥¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥¥¥

¥

¥

¥¥
¥
¥

¥¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥

¥¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥

¥
¥
¥¥¥

¥

¥
¥

¥

¥

¥
¥
¥

¥

¥

¥

¥¥¥
¥

¥

¥

¥

¥¥

¥

¥

¥¥¥¥

¥

¥

¥

¥

¥

¥¥¥¥

¥

¥

¥

¥¥

¥¥

¥¥

¥¥
¥
¥
¥¥

¥
¥
¥¥

¥¥

¥

¥¥¥¥¥¥
¥

¥

¥

¥
¥¥

¥

¥

¥

¥

¥
¥

¥

¥
¥¥¥
¥
¥¥

¥

¥
¥
¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥¥

¥

¥

¥
¥¥

¥¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥¥

¥

¥
¥¥

¥

¥

¥

¥¥
¥¥¥¥¥

¥

¥¥¥¥¥¥

¥

¥
¥¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥¥

¥

¥¥

¥
¥

¥

¥
¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥
¥

¥

¥
¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥¥¥¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥¥¥¥
¥¥
¥¥¥¥
¥¥
¥¥¥

¥

¥
¥¥¥

¥

¥¥
¥
¥
¥¥¥
¥¥¥

¥

¥¥¥¥¥¥
¥¥
¥¥
¥¥¥¥¥¥

¥

¥

¥

¥

¥

¥

¥
¥¥
¥

¥¥

¥

¥

¥
¥
¥

¥
¥¥¥
¥
¥¥¥¥

¥

¥¥

¥¥¥¥¥

¥¥

¥

¥¥
¥
¥

¥¥¥

¥

¥

¥¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥
¥
¥
¥

¥

¥
¥

¥

¥

¥
¥

¥

¥

¥

¥
¥¥

¥

¥

¥
¥¥
¥

¥

¥

¥

¥
¥¥¥
¥¥
¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥¥

¥

¥¥
¥¥¥¥

¥

¥¥
¥

¥

¥¥

¥¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥
¥

¥¥
¥

¥

¥
¥¥¥

¥

¥

¥
¥

¥
¥¥¥
¥
¥¥
¥

¥
¥
¥
¥¥¥

¥

¥¥¥

¥
¥
¥¥
¥
¥¥¥
¥¥

¥

¥

¥

¥¥

¥¥
¥

¥

¥

¥
¥

¥

¥

¥
¥¥

¥

¥¥

¥
¥
¥¥¥¥¥
¥¥¥

¥
¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥
¥

¥

¥

¥

¥¥

¥
¥
¥

¥
¥
¥

¥
¥

¥

¥
¥
¥¥

¥
¥¥

¥¥¥

¥
¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥
¥
¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥
¥¥¥
¥

¥

¥

¥
¥
¥¥

¥

¥
¥¥

¥

¥

¥¥
¥¥

¥
¥
¥

¥
¥
¥
¥¥

¥

¥¥

¥
¥

¥

¥
¥
¥

¥

¥
¥¥

¥¥¥
¥
¥¥¥¥¥¥

¥
¥

¥
¥

¥

¥

¥

¥
¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥¥¥

¥
¥

¥

¥

¥
¥

¥¥

¥

¥¥

¥

¥¥

¥

¥
¥
¥

¥

¥

¥

¥¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥
¥
¥

¥

¥
¥¥

¥

¥
¥

¥
¥
¥
¥
¥¥¥
¥
¥¥¥¥¥¥

¥¥

¥¥
¥

¥
¥¥

¥
¥

¥

¥

¥

¥¥

¥
¥

¥¥¥

¥
¥
¥

¥
¥

¥

¥

¥

¥

¥¥
¥
¥
¥
¥
¥
¥

¥
¥
¥¥¥

¥

¥¥

¥

¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥
¥¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥¥

¥

¥
¥

¥
¥¥

¥
¥

¥
¥

¥
¥
¥¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥¥
¥
¥

¥

¥

¥¥

¥

¥
¥
¥¥

¥

¥

¥
¥¥

¥

¥¥¥

¥

¥
¥¥

¥

¥¥
¥

¥
¥

¥

¥¥

¥

¥¥

¥¥

¥
¥¥

¥

¥
¥¥¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥
¥¥¥¥¥¥¥¥

¥¥
¥¥

¥
¥

¥

¥

¥¥

¥
¥
¥

¥

¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥¥

¥
¥

¥

¥

¥

¥

¥¥
¥¥

¥¥¥

¥¥

¥

¥
¥¥

¥

¥

¥

¥
¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥¥¥
¥¥

¥¥

¥

¥
¥

¥

¥

¥¥¥

¥¥

¥¥

¥¥
¥¥

¥¥¥
¥¥

¥¥¥

¥

¥
¥¥¥

¥
¥

¥¥
¥¥¥

¥

¥

¥

¥¥
¥
¥¥¥¥¥
¥
¥
¥¥

¥

¥¥¥

¥

¥
¥

¥¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥
¥

¥

¥
¥

¥

¥¥

¥¥

¥

¥
¥

¥

¥¥

¥
¥¥
¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥¥¥

¥
¥¥

¥¥
¥¥

¥
¥

¥

¥

¥

¥¥

¥

¥

¥

¥
¥¥

¥

¥

¥¥¥¥

¥

¥
¥

¥

¥
¥

¥
¥

¥¥¥¥
¥
¥

¥¥

¥
¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥¥

¥

¥

¥
¥
¥

¥

¥
¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥
¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥
¥
¥¥¥

¥

¥

¥

¥
¥

¥
¥¥¥¥¥

¥
¥

¥

¥
¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥¥

¥¥

¥¥

¥

¥

¥

¥¥

¥¥

¥
¥

¥

¥
¥
¥

¥

¥¥
¥

¥¥

¥

¥

¥

¥
¥

¥¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥
¥
¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥
¥
¥

¥

¥

¥

¥

¥¥
¥

¥
¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥
¥

¥¥

¥

¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥
¥
¥

¥
¥

¥

¥

¥¥

¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥
¥

¥¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥¥

¥

¥
¥
¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥¥
¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥¥

¥
¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥
¥

¥

¥

¥

¥

¥
¥¥

¥
¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥

¥

¥
¥
¥

¥

¥

¥
¥

¥

¥¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥
¥
¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥
¥

¥¥

¥
¥¥¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥
¥

¥

¥

¥

¥
¥¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥
¥
¥

¥

¥
¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥¥¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥
¥

¥¥

¥

¥

¥

¥

¥

¥
¥
¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥
¥

¥

¥

¥¥

¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥
¥
¥

¥¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥¥

¥

¥¥

¥

¥

¥¥

¥¥

¥

¥

¥

¥

¥¥

¥

¥

¥
¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥

¥
¥

¥

¥

¥¥

¥

¥

¥

-1

0

1

2

3

4

5

6

7

8

0 500 1000 1500 2000 2500 3000 3500 4000

Lo
g 10

 ž

Distance from KK solution

|

��&+*�"#!�s�Qt�Uyk"��
V+���'�
�0�Z�����3�˜�'��!ˆ�5��4�!�2L;."�*�%�!��ˆ!�������4��5��&�q

™

��! ���+"#��\��+�L�'�
%J��2+���)�Z�)�'��! "��
4��5�
%C4��5( !��������+�j�
-

�d=��
%�%gXo��!�����!�"l!�4n�
�y�'��!ˆ•A• ����%5*������+�_Xo�'���
�y���
V�!�"#�:�
%5( �L���i�'��!A!��L���5"#!A����%5*������+�˜�',��
��!�q

!

�

•A• ����%5*������+�

�

©•�

'¢�1sA���6(d��2 ����!�,��

�

�y"�����4Jr�N���T_v�� N

���_¦ �

!

�

<0e�:;k i

�

i�� � !	�

¦��Cª

�

©_�

ab���'��!A�5��4�!�2�;."0*�%Z!�� "#!�,�"#!���!��L�'�
�0�Z���_X•<>e�: k i

�

i�� � !	�x��� �
�

�

�
�

6•sLX+h)��!�"#! �����A�����5����!�&L!�"i=�!��#hy!�!��PN

����4•T¶4 s)�5����%5*�����V�!�X•�k&���V�!���V
�
%5*�!ˆ�
- ���Z���������0!��dhi���'��,�"l�+=���=���%��Z�#[$,�"#��,��+"#�0�Z�����
%_����T¶4n—”4

�

XL�'*�=!'#!����

���k�'��!]"l!�š›*��5"#!�( !��L�i�'����� � �K6 sA=u!ˆ�A%�!�&+�
%_V”��%3*�!�qzaŒ���'��!A,�"#!�,���"#�0�Z�0�Z�����3��&�"#!�,�"#!���!��L�'�
�����+�_X <0e�:;k i

�

i�� � ! �

�
4�4����w��!�h?���+�����'"����3�L�d�
-A�'��!˜-/�+"0( * �+*��.� s�q¤rS…•���'�~=��L�'� "#!�,�"l!���!����m�
�����+����Xy�'��!$����&+�•,�"#��=���=���%Z���#[

�
-ˆ!�2�!���*����5��&V<0e�:;k i

�

i � � !	�w�Z��4�!��0�Z&���!�4 ��� (d��“�!

�

�
r"!+v6"l�+*�&+��%�[„*����U-g�+"�( �5�•�'��!f"#!�&����+�€���
V�!�"#!�4 =�[

�'��!���!���"#���_q‚v r��5( ��%3�L"#%�[�Xy�+��!6hy�+*�%�4~!�2�,�!����d�j4�!���!�"�( �5�����������j��!���"#���w�m���
�A-g�+��*��0!��d�+�H�'��!¢"l!�&����+�w��%����0!

���j�'��!¢•A•‰����%5*������+�H���f=�!����+(d,�!��0�Z�0�ZVL!�q

™

��!6,�"#��&�"#!����ˆ��-��j4�!���!�"0( �5���Z�0��������!���"#���w�5�H�'��!��3��4�!�2L;."�*�%�!��

"#!�,�"#!��0!����'�������+�����:�5�$�������+"#4�hi���'�˜�'��!ˆ,�"#!�4����������+�~r

|

��&+*�"#!ˆ—BNLv�q

�

�

x)�AXtr!L X�����4$9Ux)� ��"l!:!�2�,�!�����!�4j���d=�! ��=�%�!ˆ��� �+*��',u!�"b-g�+"�(O~®y

™

����4�4�!��0!�"�( �5����������� ��!���"#����!��i�5���

��!���"l���k�',��
��!y�'�����e!�2›���5=������i=����m�ˆ&�"��
V+���'�
�0�Z���ˆ����46��!���&+��=���"����+��4d���m"�*����'*�"#!�qeaŒ�k�'*����d�)���
�0!�X
�'��!

'

:"8�e�A!8 (

�+,u!�"��
�����+�j�'���+*�%�4w=�! 4�!�����&+��!�4CX��
�)hi���'�j�'��!

&

iBq ?BfBmb=±o0: �+,u!�"��
�����+�_X_�������+(d,u!����'�
��!k-g�+"��'��!x��!�&�%���&��5=�%�!

V���%5*�( !j�
-:�'��!$��!���&+��=���"����+��4•�
-A�'��!�&+"#!�!�4�[Ÿ����%5*������+�_q �N!��

�

*
r"!

*
œ !Lv =u!$�'��!����+��4��������+����%],�"#��=���=���%Z���#[

4������'"#�5=�*������+�c-Œ"#�+( h:�������

'

:�8,e�A58 ()4�"��
hi�z����%5*������+��� !

*

&���V�!����A�0��%5*������+� !�qJ…H!:�'*�&L&�!����^�m���
�^�'��!

�

*

r"!

*

œ !+v

„����
•ŽŠ�‘�Š;•™•†–�•�Œ�Š;‘�Œ�Š;‰¢Œ@•+Š � �M‘�—$›\£+Œ@“•—$‡!‹Ž•™›\›5‘�—™›\£ŽŒ@“•—™‡Ž‘�—$‡+Š_—™•lŒ@§•—�‘�Œ�Š†¨+‘••$§••$œ,‹>•™‡Ž‰¦•U‘�ž®•$›\›&  •†•,–;Œ@“•—$‡”—$ 5Œ@•+Š_‘�—™›\£ŽŒ@“•—™‡Ž‘�Œ@•�•†Š;Š

‘�Œ�Ša¨Ž‘�•™§l•™œ�°

—�–



0

1

2

3

4

5

6

7

8

9

10

-2 -1 0 1 2 3 4 5

N
um

be
r 

of
 s

ol
ut

io
ns

/1
00

0

Log10 ž

prepart

prepart (max_step = 10)

prepart (max_step = 2)

prepart (max_step = 1)

|

��&+*�"l!ds�–t�

�

cC!����i�+� �	�A4������'"#�5=�*������+�j�
-^"#!����'"l�Z���0�3��&��'��!A��!��L"#�����m,��
��!6rg,�"#!�,���"l���������+���5��&6!�������4��5��&+v�q

0

2

4

6

8

10

12

14

16

-2 -1 0 1 2 3 4 5 6 7 8

N
um

be
r 

of
 s

ol
ut

io
ns

/1
00

Log10 ž

index

index (max_step = 100)

index (max_step = 4)

index (max_step = 1)

|

��&+*�"#!ds�tt�

�

cN!������+� �
�

4������'"l�3=�*��0�Z���$��-Š"#!��0�'"#�������5��&6�m��!A��!���"#�����',��
��!6rS�5��4�!�2L;."�*�%�!��A!������+4��5��&+v q

—�t



-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

0 5000 10000 15000 20000 25000 30000

Lo
g 10

 ž

Iterations

RGT/index (max_step = 4)

PHC/index (max_step = 4)

PHC/index (seeded)

deterministic/index

RGT/prepart (max_step = 2)

PHC/prepart (max_step = 2)

PHC/prepart (seeded)

|

��&+*�"#! —BNt�e9�!�"b-g�+"�(d�L����!A�
- ~®y

™

�5�j"#!����'"#������!�4j��!���"#�����',��
��!��
q

4������'"#�5=�*������+�f��,�,�"l�”2��5(d�
��!�%�[��+=�!�[��m��!ˆ"#!�%5�
�����+�����

�

*

r"!

*

œ !+v

�

��r !Lv�� !«�

�

�+r !

*

v�X��gq}!�q5Xu�'���
�i�'��!A�0��!��
4�[L;Œ���'�
��!

4������'"#�5=�*������+�j�'�����Yhy�+*�%�4f=�!ˆ,�"#��4�*���!�4w=�[�"#!�,�!�����!�4�!�2+!���*��0�Z�����A�
-

'

:"8�e�A!8 ( =�!ˆ��,�,�"#�
2��5(d�
��!�%�[�!�š�*��
%C���

�

�+r"!+v�q

� �

����
 �0� 	������ 	

…w!A���
V�!:�5�LV�!�������&+����!�4��'��!)�'*����'��=���%��Z�#[��
-������������
�0�����A�+,����5( ��\��
�����+�c-g�+"z�'��!A8:9<;.����"#4��+,����5( ��\��
�0�Z����,�"#�+=L;

%�!�( >A@CB)D�E�F GCI�F�KCMOKNMSP�RCMQR•T^q
sA*�"k��,�,�"#�+�����f��-’�����
%�[�\��5��&$�'��!d�0�'�
�������������
%^,�"l�+,�!�"#�0�Z!��k�
-’�L�f!�2+�����0�3��&

�+,����5( ��\��
�0�Z���w,�"#�+=�%�!�(‡���k���+(d,�%�!�( !��L�'��"#[j���$,�"#!�V��Z��*��ˆ%��5��!��x��-’"#!��
�0�+���5��&�XC�����'��=�%�[f�'���
�)�
-i•A��*&cJ(d���

r#s�tL–�t�v�X
�5� h:�������‘�'��!i"�*�&�&�!�4���!����e��-•�'��!y��!���"l���k�',��
��!��3�‘š›*�!����0�Z��� ���^*���4�!�"e4��5"#!����^!�2�,�!�"l�3(‘!����'��%����+�L�'"#��%gq

…w!z••��4d�'�����J���0�+�����
�������y��!���"l���k!���&��5��!��Y,�"l!�V+���+*���%�[ �'���+*�&�������%Z%U;Œ�'*�����!�4�-g�+"y>A@CB)D�E�F‹GCIJF�KCMOKCMQP�RCMSRCT������

(d�
�0���f�m��!6,�!�"b-g�+"�(c������!6��-’�m��!6•A• ��!�*�"l�Z�0�������3�H�'��!d�m��( !6��(‘�+*����k�
-i���5( !�X��5(d( !�4��5�
��!�%�[~=�!�&��5�H�3(x;

,�"#�
V��3��&f*�,��+�H•A••hi���'�H�
4�4��������+���
%^�5�LV�!����'(‘!����k�
-Y���5( !�X�����4w!�V�!��L�'*��
%�%�[ =u!�����!�"ˆ•A•‰,�!�"b-g�+"�(d�L����!6=�[

��!�V�!�"0�
%��+"l4�!�"#�y�
-<(d�
&����Z�m*�4�!�qU€f�+"#!��
V�!�" X
�'��!A��!�%�!��������+������4��'*�=��0!�š›*�!��L�i�'*����5��&d�
-��'��!:�0!���"#���d!���&��5��!mŽ

�
�',u!������e�
-lrts€�+�kh:�����0!Y�
4+'�*����'( !��L��&+"#!��
�e�+*�(c���k!,cN��"#�C���e�#[›,������
%�%�[ !�2›,u!���4�!�4�Ž„��"#!�-†��"•%�!����e�5(d,���"#�'���L�

���j!,cN!����0�ZVL!6���L%3*��0�Z���w�
-ˆ>A@CB)D�E�F GCIJFLKNMOKCMQP�RCMSRCT ,�"l�+=�%�!�( � �'�����H�'��!d����������!��
-:*���4�!�"#%�[+�5��& ,�"#��=�%Z!�(

"#!�,�"#!��0!����'�������+�wra`�w�q

�

v�q

™

��!¢( �L��� !��
����%�[ ��!��L"#����!�4~!�������4��5��&����
-x>A@CB)D�E�F GCIJF�KCMOKCMQP�RCMSRCT€�'���
� hy!6��!��0��!�4ž�L"#!¢=�����!�4~�+�

,���"��L( !���!�"#��\��
�����+���y�
-�!�2+�������5��&d4�!��0!�"�( �5�����������x��!�*�"#�����0�Z���
q

™

��!ˆ,�"l�+,����0�Z�0�Z�����'���
�y�������������������:�0!���"#���d��!����L;

����š›*�!���=�!���[�=�"#��4���\�!�4 hi���'�H&+"#!�!�4�[w4�!��0!�"�( �5�����������$��!�*�"#�����������d���d�����d*������+(d( ��� r

R

�
V+����Xys�tL–Bw�œ

R

�
V+����X

s�t�tus�v�q�…w!�����VL! -/����*���!�4 ,���"l������*�%3�L"#%�[ �+�H�5���0!�&+"��
���5��&f&+"#!�!�4�[f4�!���!�"0( �5���Z�0�����n��!�*�"#�����������d�5�L���f�'��!�,�"#�
;

uBN



��!����i��-<4�!�����&+���5��&�"#!�,�"#!���!��L�'�
�0�Z������q^aŒ���������'"0�
���yhi���'��,�"#!�V����+*��:hy�+"0“�XLhY!ˆ���
V�!)!�2�,�%Z��������%�[f��!�����!�4��0!�V�!�"��
%

�L[›,u���'��!���!���-/��"^�m��!ˆ%5��"#&�!A4��}cC!�"#!�����!k�3�j,�!�"b-g�+"�(c������!x=u!��.hy!�!����'��! =�!����)����4$hy�+"#�0�Y!�������4��5��&���qk{'8�!��Z&��L;

=���"����+��4 ���'"�*����m*�"#!�X}|)�
-/�0!��ˆ=�!�%���!�V�!�4����A=�!y�'��!Y,�"l�3�����5,��
%u-†�������+"_�5� 4�!���!�"0( �5���3��&k�'��!^�m*�����!����e�
-������������
�������

�+,����5( ��\��
�0�Z���_X^���
�ˆ%�������%�!����j4��$hi���'�H�'��!�"#!�%5�
����V�!�,�!�"b-g�+"�(c������!d�
-i�'��!��5��V�!��0����&+�
��!�4Ÿ!������+4��5��&��fra`���q5s�v q

aŒ���0��!��
4CX����+( !�!������+4��5��&��:�L"#!:=�!��0��!�"e%5��"#&L!�%Z[�=�!�����*���!A�m��!�[x�������'���3�_X��+�c��VL!�"��
&�!�X
���L%3*��0�Z�����Yh��Z�m�d�'(c�
%�%Z!�"

"#!�����4�*�!��dra` ��q‚—�v�q�L)4�4��������+���
%C!,cC!�������X�,�"#!��0!����yhi���'���'��!)�5��4�!�2�;."0*�%Z!��ˆ�L��4$,�"#!�,���"#���������+���5��&d!�������4��5��&���Xo�����

=�!d�
������*�����!�4˜-/��"i�5�j��!�"�( ���
-ˆ{�&+"��
V����'�
�����+��|Y�Š�'��!ˆ!�(d,��5"#�����
%e��=���!�"#V”�������+�j�'���
��X��5�j�'��!k�3��4�!�2L;."�*�%�!��d����4

,�"#!�,���"l���������+���5��&ˆ!�������4��3��&L��X��'��!y"#!�����4�*�!i�
-•��������4���4��
��!y���L%3*��0�Z���ˆ���e���m"#�+��&�%�[A���+"�"l!�%3����!�4 hi���'�k�Z�0�J4������'�L����!

-Œ"#�+(‰�'��!d•A• �0��%5*������+�~ra`���q•u�v q

�

�����j�
-^�'��!��0!x�#hy�d!�������4��5��&��ˆ�+"l&+������\�!��A�'��! ������4���4��
��! ����%5*������+�‹�',��
��!

�5���0� �j���5��&�%�! {'=�*�(d,L[H-†*�����!�%gq}| r��5����!$�'��!�-Œ*�����!�%i���6=�*�(d,L[�Xz�/q !�q5X^�m��!¢"#!�%5�
�0�Z�����'���5,„=u!��#hY!�!��~"l!�����4�*�!

V”��%3*�!��A����4�4������'�L����!)-†"#��( �m��!ˆ•A•¤����%5*������+�����i����%Z[$�k���m�
�������������
%_�'"#!���4CX

�

�

�‘�����������
�0�����:��!��L"#���������L••��!�4

���d�m��!)-†*�����!�%C�0�3,j"#!��
4���%�[$�+*��04��+!��i�m��!ˆ•A• �
%�&��+"l�Z�m��(�q

™

��!Y,�"#�5�����5,�%�!��’=L[Ah:�������ˆ�m��!Y!�������4��5��&��ehy!�"#!^4�!��0�Z&���!�4nra`

�

q5s
vC( ��&+�L�J!��
�0�Z%�[ =�!i��,�,�%���!�4d���)���'��!�"�����"#4

�+,����5( ��\��
�0�Z���$,�"#�+=�%�!�( �’-/�+"zh:��������4�!���!�"0( �5���Z�0�����‘��!�*�"l�Z�0�������:��*�"�"l!�����%�[�!�2+�����
q

�

� s�-e�'��!A�'��"#!�!ˆ,�"#�5�����5,�%�!���X

k­i&8˜i&m�:"e�:�8,=±o0:,?
iB8 (0=@e�8;iBe�=nf&q

�

� ���^!�2�,�!�����!�4 ���A=�!:=u���'�7�'��!yhY!��L“
!����e����4 �'��!^%�!��
���eh��Z4�!�%�[d��,�,�%�������=�%�!:�0�3����!�X

=L[w�+*�"A4�!m••���������+�_Xz���d"#!m-/!�"l�x�0�$�'��!6,��L"���( !���!�"l�Z\��������+�w��-’4�!����������+�����'���
� ��"#!d�L�'��!�"#hi����!�*���4�!���!�"�( �5��!�4

�5�f�'��!d&L�ZVL!��n��!�*�"l�Z�0������q68����ˆ�
%�%^��!�*�"#����������� �5��V��L%ZVL!6*���4�!���!�"�( �5��!�4Ÿ4�!����������+����œ^����4fh:��!��‹�'��!�[$4���X•���A�Z�

=�!����L*���!ˆ�'��!A4�!����������+���)�5��VL��%�V�!�4n��"l!�{'��!�*��'"��
%�|d�5���'��!A�0!�����!ˆ�'�����Y�m��!�"#!A���:���d�+=LV+���+*��)"#!��
���+���0�x����������!

�+��!ˆ�
%���!�"0���
����V�!ˆ�
V�!�"y���L[����'��!�"�q

r��5( ��%5��"#%�[�X�k­iB8;iBmb:"e�:�8,=±o0:�? �˜g,fBqt<0e�8;iB=nq ee!�������4��3��&L�A������=�!A4�!�����&+��!�4f�+��%�[c-†"l�+( &+"#!�!�4�[���!�*�"#�����������A�'���
�

��"#!c����,���=�%�!��
-:"#!��',u!������5��& ,�"#!��',u!����‚•�!�4€���+�����'"0�
�5�����
q6… ����%�!��'�����d���+������4�!�"��������+�w��� �5�����+����!�š�*�!����0�3��%i�5�

�'��!k���
��!ˆ��-Š��!�*�"#�����0�Z���7-/��"A>A@CB:DoE�F•GCIJFLKCM5KCMSPJR•MQRCTzX����](d�
[$=u!x�c��!�"#���+*��)�+=����'�
��%�!kh:��!��f��,�,�"#�+�
�����5��&

,�"#�+=�%�!�( �y�5�ch:�������c���+�����'"0�
�5�����^�L"#!:�����z�'"#��V+�5�
%o���ˆ��,�,�%�[�q^ab� -Œ�
V��+"���=�%�!i�������'"0�
����hi���'�6,��L"���( !���!�"l�Z\�!�4���"b;

=����'"��
�0�Z���_X����”hy!�V�!�" X��'��!�"l!Y���^"#!������+�A�0�:!�2�,�!����e�'�����<�),���"���(‘!���!�"#��\�!�4�;Œ���+�����'"0�
�5���e!�������4��5��&ˆhi��%�%�&�!���!�"��
%�%�[

!�2����3=����)&+"��
V��Z�m�
�����+�•���5���'*��������c!������+4��5��&�Xo�'��!ˆ�
V�!�"��
&L!i�������i��-J����%5*������+���i�m���
�y�',�!����U-g[$�ˆ&L�ZVL!��$��*�(x=u!�"

�
-i���+�����m"��
�5���0�ˆ�'���+*�%�4~V
��"#[f&+"��
4�*���%Z%�[f-Œ"#�+( �'��!��������ˆ��-’�m��!d&+"#!�!�4�[w�0��%5*������+�„r/h:��!�� ���j���+�����'"0�
�5���k�Z�

�',u!����‚•�!�4�vc���w�jV”�
%5*�!��'�����x���d%��5“
!�%�[~���f!�2���!�!�4~�'��!$( !����H�
- �	�+r

C

v�rSh:��!��Ÿ�'��!�(d�
2��5(x*�( �+*�( =�!�"k�
-

���+�����m"��
�5���0�:��"#!A�',u!����U•�!�4�v�q

�

��%��5“
!��'��!����'��!�"k�#hy�$4�!�����&+�~,�"l�3�����5,�%�!���X·k­iB8;iBmb:�e�:"8�=po0:�? �!8;:�:,?B=@qY:0<,< �3�LV���%�V�!������w!�2�,�%������Z�
Xi�+"#4�!�"l%Z[

"#!�%5�
2��
�����+� �
-]�m��!�&+"#!�!�4�[Ÿ����������!��$(d��4�!��3� �'��!�&���V�!�� 4�!���!�"�( �5����������� ��!�*�"#�����0�Z��q

™

������Xyhy!$=�!�%���!�V�!�X��Z�

"#!��',u�+�����5=�%�!d-g�+")�'��! ���m"#�+��&�&+"��
V+���'�������+���+=��0!�"#V�!�4f�5�

|

��&+*�"#!$s�QuqA… ��!��$�0�'"#�+��&�&+"��
V��Z�m�
�����+�j���ˆ,�"#!���!��L��X

�'��!

&

iBqY?&fBmb=±o0:A,�"#�+��!�4�*�"l!]( *����^=u!:4�!�����&+��!�4�hi���'� ���L"#!:����4d���L�d=�!A*���!�4d��� �
4�V”�L���'��&�!�qC…w!)�����0�Z���5,��
�0!

�'���
� ,���"���(‘!���!�"#��\�!�4 &�"#!�!�4��5��!����dhi��%�%:*��'*��
%�%�[~=�!��'��!6!�������!���� �
-i�'��!6�m��"#!�!64�!��0�Z&��~,�"#�5�����3,�%�!������n�L,�,�%Z[�X

����4��
-g��!����'��! ( �����y!,cC!�������V�!A�5���0!�"�( �i�
-^,�!�".-/�+"0(d������!�q

„

!

…ˆ _Œ@•+Š® ˆ£�‡"‡ŽŠa›_§•Ša•†Š¢‘�ž®—0—�Œ@•!‹Y“±° Š�°}‹tŒ@•ŽŠ¦•†Š˜‘@“•‰-£ŽŠ.š$•™›\£ŽŠ”§•Ša•†Š¢•
‘@“\‡+¡$›•Š "nš$•™›\£ŽŠ;‰&‹_ž®—$‡+—�Œ�—™‡�“•–;•™›\› œ¶“\‡Ž–a•†Š;•�‘@“\‡+¡b ˆ£�‡+–˜Œ@“•—™‡P—$ _•

‘�—™›\£ŽŒ@“•—™‡5¬ ‘•‰0“•‘�Œ�•™‡Ž–;Š® ˆ•†—,ž Œ@•ŽŠ � � ‘�—™›\£ŽŒ@“•—™‡5‹tŒ@•+Š�� �)‘�—$›\£+Œ@“•—$‡9§•—$£"›•‰.¤BŠ®—$¨+Œ@“•ž®•$›Y•™‡Ž‰	
���� ��� � ��� ����� ���! #"���" $ §•—™£�›•‰ ›\“•Š

“\‡

+

°

„ ���
•ŽŠ�� !��

&

•™›•¡�—™•�“•Œ@•Žž  J—™•Ÿ¡™•†•™¨�•P–˜—™›•—™•�“\‡Ž¡ #��,—™•�‡+‘�—$‡PŠ;ŒŸ•™›±°•‹-%�'(' % +¥“•‘¢—™‡ŽŠ¦“•ž•¨B—$•†Œ�•™‡�Œ¢Š��0•�ž•¨"›•Š.—$ �•.¨+•$•†•,ž®Š˜Œ�Ša•�“•¯;Š;‰

¡™•†Š˜Š;‰"œ®•ŽŠa£�•�“•‘�Œ@“•–®Œ@•+•�Œ••+•�‘�¨�•†Š;š,“•—$£+‘@›•œ.¤BŠ;Ša‡«‰"Š˜‘�–a•�“\¤BŠ;‰B‹!Œ@•Ž—™£Ž¡™•�“•ŒK£Ž‘�Š;‘�•¥¨Ž•™•†•�ž®Š;Œ�Ša•�“•¯˜•,Œ@“•—™‡�‘�Œ@•†•,Œ�Š;¡�œ¦Œ@•Ž•,Œ�‰0“\©BŠa•†‘� ˆ•†—,ž Œ@•ŽŠ

Œ@•�•†Š;Š�‘�Œ@•†•,Œ�Š;¡$“•Š;‘�Œ@•Ž•,Œ_§•Š�‰�Š;‘�–a•�“\¤jŠ••+Š†•†Š,°

„ 
��

‡ŽŠ•“•ž•¨B—$•†Œ�•™‡�Œ�‘@¨BŠ;–a“••$›5–;•,‘�Š_—™ B¨+•$•†•,ž®Š˜Œ�Ša•�“•¯;Š;‰�•™•�¤�“•Œ@•†•,Œ@“•—™‡«ž•“•¡™•�ŒY¤BŠ�–;•$›\›•Š;‰�� .
��.
1 ��* �5���435���-� ��� * ��.	� �43 .#* � 0
�0°
�

•�“•‘•‰�Š;‘@“•¡™‡

¨�•�“\‡+–a“\¨�›•Š “•‘¢•™¨�¨�›\“•–;•™¤�›•Šb§••+Š†‡PŒ@•ŽŠ”¡™•†Š˜Š;‰"œb•ŽŠa£�•�“•‘�Œ@“•–�“\‡�´,£+Š;‘�Œ@“•—$‡P“•‘¢Œ�—�¨BŠ†•� ±—™•†žV›•—0–;•™› —™¨ŽŒ@“•ž•“•¯;•,Œ@“•—$‡M  •†—,ž ‘�—�ž®Š.‘�Œ�•™•†Œ@“\‡Ž¡

¨B—$“\‡�Œ;°
�

•ŽŠ�¨Ž•™•†•,žŸŠ;Œ�Ša•†‘�§l—™£�›•‰ ‘@¨BŠ˜–a“\ ±œ”Œ@•ŽŠ�‘�Œ�•™•†Œ@“\‡Ž¡¦¨j—™“\‡�Œ;°_…J‡�“\‡"“•Œ@“••$›•§l—™•�’.§•“•Œ@•«•™‡ �

+

"±•+•$•†‰”¨"•†—$¤"›•Š˜ž —$ Y¡™•†Š;•�ŒK¨�•†•,–;Œ@“•–;•$›

‘@“•¡™‡�“\³Ž–;•™‡Ž–;Š,‹�
����
��� �������������! #"�� " $t‹ §lŠ¦•Ž•™š�Š”‰�Š;š,Š†›•—™¨BŠ;‰P•$‡EŠa‡+–˜—0‰-“\‡Ž¡b¤+•�‘�Š;‰z—$‡¶¨Ž•™•†•�ž®Š;Œ�Ša•�“•¯˜Š;‰¶“\‡�“•Œ@“••™›•“•¯;•0Œ@“•—™‡ #��.•™•�’�‘

Š;Œ�•™›±°•‹ % '*'��
+a°

u�s



sA*�"A"l!��'*�%����A�5(d,�%�[n��!����'��!�"A�m���
�:hy! ����VL!ˆ-g�+*���4f�'��! =�!����ˆ,u�������5=�%�!d!�������4��3��&L�x��-:>]@•B:DoE�F•GCIJFLKCM "

KCMQP�RCMSRCT˜-/��"Y*��0!:hi���'�Prts X����+"z�'�����^4�!���!�"�(‘�3�������0�Z� ��!�*�"#�����������A=�!�����!�"z�'���L�6•A• 4��d�����y!�2��Z�0��q�~i�
�'��!�"�X��U-

� 4�!���!�"0( �5���Z�0�����‘��!�*�"l�Z�0�����‘=u!�����!�"��'������•A• �Z�)4�!�V�!�%��+,u!�4CX_�'��!ˆ�
-g�+"#!�( !��L�����+��!�4$4�!��0�Z&��$,�"#�5�����5,�%�!��x( ��&+�L�

=�! *���!�4$�0�x4�!m••��! !�������4��5��&��:�m���
�i�+*��',u!�"b-g�+"�( �'������!ˆ,�"l!���!����0!�4n��!�"#!�q

-150
-140
-130
-120
-110
-100
-90
-80
-70
-60
-50
-40
-30
-20
-10

0

0 50 100 150 200 250 300 350 400 450 500

Lo
g 10

u

Instance size

Log10uKK

Log10uSO

Log10uhi

Log10ulo

|

��&+*�"#!ˆ—usB�e9�!�"b-/��"�(d������!A�
-U~®y

™

$��3��4�!�2 r†(d�
2 ����!�,P�

�

vyhi���'��V”�L"#[+�5��&�,�"#�+=�%�!�(k;Œ�5�����'�L����!x�0�Z\�!��
q

R

��!��Y�L�9rts V
��"#�5���L�^�'�����^�����k••��4�����%5*������+���i=u!�����!�"z�'�����d•A• =L[x�0!�V�!�"��
%o�+"#4�!�"#�z�
-J(d�
&+�����'*�4�!)hi���'�

��s�N&N
;Œ!�%�!�( !����y�5�����'�L����!ˆ�
-i>A@CB:DoE�F~GCI�F�KCMOKNMSP�RCMQR•Tf������%�%_••��4$�m*��������L%3*��0�Z�����i�5�$� "#!��
��������=�%�!x��( ��*����

�
-i���5( !dh)��!��w*���!�4Ÿhi���'�f%5��"#&�!�"k,�"#�+=�%�!�( �5�����'������!��'`

™

�f��!�%5, �����0hY!�"7�'�����ˆš�*�!��������+�_X�hy!d���+�����m"�*�����!�4

�5�����'������!��y�
-e>A@CB:DoE�FŸGCIJFLKCM5KCMSPJRCMSRCT˜�'���
�eV”�L"#[ �3�c����\�!�-†"#��( wBN)���bwBNBN)!�%�!�( !��L����X��5� �5����"#!�( !��L���y�
-_wBN�q

|

��"e!��
�����5�����'������!)hy!]"��L�6� =��
�����c�
-_uBNk�3��4�!�,u!���4�!����.wBN�X}NBNBN
;Œ����!�"��������+�d"�*����y�
- ~®y

™

$
�5��4�!�2nrg(d��2 ����!�,

�

�

v�X��L��4‹"l!����+"#4�!�4$�m��!ˆ••����%JV
�
%5*�!x��-^%Z�L&

� �

C

q

™

��!d"#!��'*�%����A��"#! ,�%�������!�4f�5�

|

�Z&�*�"#!d—�s�X�hi���'�j!�(d,��5"#�����
%

"#!��'*�%����’-†"#��(•"�*������5��&6�m��!ˆ•A• �
%�&��+"l�Z�m��(�X�����4$*�,�,u!�":����4�%��
hy!�"i=���*���4��i-g�+"z�'��!ˆ��,����5(d�
%_����%5*������+�ŸrS��!�!

��,�,u!���4��Z2_œ �

Z\[

� ���

�

�1s�N

W

�'v q®L:%��'���+*�&����'��!k����%5*������+���)-g�+*���4n=L[��'��!x=u!����.rts ��%Z&L�+"#���'��( �)��!�����!�4f��!�"#!

��"#!)����&+���U•������L��%�[$=�!����0!�"y�'�������'���L��!:���������'"�*�����!�4$=L[d�'��!ˆ•A•¤��%Z&L�+"#���'��(�X��m��!�[6��"#!)-Œ��"Š-†"l�+(¤�'��!ˆ(‘!�4��3�L�

�+,����5( *�(•r

|

��&+*�"l!ˆ—�s�v�q

�O
 ������� ���®	 ����
 �¦�”� 	

…w! �'������“

R

�
V���4 r_q_pL�+�������+�j�
-UL

™��A™

�z!�%�% �•��=��)-/��"i&�!���!�"l�+*���%�[n����4w,�"#��(d,���%�[$�'���L"#�5��&$���Z�k��!����)�5�L;

���'�L����!���q

|

�+")�����5( *�%5�
���5��&$4�������*����0�Z�����dhy!x�m������“f( !�( =�!�"#�k�
-Y�'��!zx:��"lV”��"#4 L]���5(d�
�0�Z����$BsA,����5( ��\��
�����+�

yˆ"l�+*�,„r/!��',�!����5�
%�%�[ p����~�i��"#������!�����!���v X^�'��!����+(d,�*��0!�" ������!�����!$4�!�,���"l�'( !��L�‘���x�m��!

�

����V�!�"#�0�Z�#[Ÿ�
-]8�!�h

€f!�2+������X��'��!{r����L�'�

|

!waŒ���������'*��0!�X:����4•�'��!5�z!�"�“
!�%�!�[„�·L

R

&+"#�+*�,_q

™

��!w�����+�L[�( �+*���"#!m-/!�"l!�!��$(d�
4�!

��*�( !�"#�+*������+���0�'"�*�������V�!f�'*�&�&L!��������+����q¤…H!n�m������“ ~y!�=u!������ x)�
[�!��d-g�+"c-g!�!�4�=��
��“~���+����!�"����5��&€�+*�"c•�&
;

u�—



*�"#!���q•p

™

8?���6&+"0�
��!m-Œ*�%y-/��"d�{yˆ"0�
4�*��
��!

|

!�%Z%��
hi�'���5,€-Œ"#�+( �'��!

|

��������!w����4€p��+��� x�!�"#��\

|

�+*���4��������+�_q

™

��!ˆ"#!��0!���"#����4�!�����"#�5=�!�4w�5�˜�'�����:,���,�!�"�hi�
�y���+��4�*�����!�4w( ���0��%�[6h:����%�!ˆpL… €ƒhi�
�:���

R

��&����'��%

�

š�*��5,�( !����

�y�+"0,��+"��������+� (}�x����( =�"#��4�&�!•~y!���!���"l��� �C�L=_q

™

�����dhy�+"�“fhi�
�k�'*�,�,��+"l��!�4~�5�~,���"#�d=�[Ÿ�'��!�8:�������+���
%¢r����U;

!�����!

|

��*���4��
�����+�_X�,�"#�5�����5,��
%�%�[w*���4�!�"y&+"����L���ia†~�aS;.t�s�w&Q�t�t�� ����4$aa~iaS;.tBu&wBN�s�t�—k���9r��'*��L"#�¢r����Z!�=u!�"�X_����4$=�[

(d�
�0�����5��&d&+"0�����0�^-Œ"#�+(

R

�Z&L�Z�m�
%

�

š�*��5,�( !��L�:�y�+"�,u�+"��
�0�Z��������4��:!�"l�”2��y�+"0,��+"��������+�_q�…w!ˆ�'���L��“d�'��!

|

"#!�!

r��
-g�#h’�L"#!

|

�+*���4��
�����+�c-g�+"i(c��“��5��&d�m��!
yˆ8

�

€w*�%����5,�%�!69^"#!����������+�j,��
��“��
&�!ˆ�
V
�
��%3�L=�%Z!�q

� � � �¦��	z���

|

��"A��&���V�!�� ,�"l�+=�%�!�(k;Œ�5�����'������!�����\�!�T~�L��4 ,�"#�+=���=���%�������!�� �

Z\[��

sd�L��4�� �

���

sLX_hY!��
�5(‡����••��4w�0�+( !

C

Z\[

�L��4

C

�

�

�'*����~�'���
�k-g�+" %5��"#&L!•TJXy9^">2

C

[ ���

�

C

Z\[

7

�

�

Z\[

����4 9^">2

C

[ ���

�

C

�

�

7

�

���

�

Xzh:��!�"#!

C

[ ���

��� �'��!d�+,����5( *�(ƒ"#!�����4�*�!�q;�^�L�'�w��"#!c!��
����%�[w4�!�"#��V�!�4Ÿ-Œ"#�+(•����[›(c,����������6,�"#��=���=���%Z���#[ =u�+*���4��d4�!�"#��V�!�4~=�[

•A��"�(c��"�“��L"^!��A�
%gqJr#s
t�–���v�q

™

��!)••"#�����
-<�m��!���!ˆ=��+*���4��
X �

Z\[

X����A����*�,�,�!�"A=u�+*���4$�+���m��!ˆ,�"#�+=���=���%����.[j�'���
�

C

[����

�

C

Z\[

q:rga†�i���]�����'*�( !�4��'�����Y�m��!ˆ!�%�!�( !��L���:��- �¤��"#!ˆ*����U-g�+"�( %�[�4������'"#�5=�*���!�4f=�!��#hy!�!��•Nd�L��4ws�q‚v

�

Z\[

D

—

%

C

Z\[

�

—

�	�

T

q

™

��!����m��!�"x=u�+*���4CX	� �

�

X^���6���~*�,�,u!�"d=���*���4 �+�Ÿ�'��!$,�"l�+=���=���%��Z�#[~�'�����

C

*

[ ���

�

C

�

�

Xzh:��!�"#!

C

*

[ ���

���d�'��!

�'(d��%Z%�!����)�
���'�
�5����=�%�!ˆ"#!��0�Z4�*�!Ah)��!����'��!:�#hy�x,��L"#���������+���:��"l!:���+���0�'"��
�5��!�4���� ���+���m�
�5�d�'��!A�m��( !A�+*�( =�!�"z�
-

!�%�!�( !��L���‘r 2

%

/±I��

*0/��VN�v0�

� �

�

D

s

s•6�


X

h:��!�"#! 


D

—

%

C

�

���

s�—

�

T

q

�y%�!���"#%�[ � �

�

���]�
%���������*�,�,�!�"A=u�+*���4$�+���m��!ˆ,�"#�+=���=���%����.[j�'���
�

C

[����

�

C

�

�

X����5����!

C

[ ���

�

C

*

[ ���

q

™

� �+=��'�
�5�˜&���V�!���V
�
%5*�!��:�
- �

Z\[

����4 ���

�

X�hy!A��!��

C

Z\[

�L��4

C

�

�

�
�y-g��%�%��”h����

C

Z\[

� —

W

%

�

Z\[

�

T

—

�
�

œ

C

�

�

� —

W

%��

s¢4����

�

� �

���

�

�

T

�

s�—

�

q

�

��� �®���¦��
 � 	

R

�
V+����X �Šqˆr#s�t�–BwLv�q pL�+=€�'���+,~�0����!�4�*�%��5��& hi���'�€&�!���!��0�Z�w�
%�&���"#���'��( ��q aŒ� yˆ"#!m-g!�������!��0��!�Xyp�qyp�q5Xy!�4�������"�X

'

8;f�g,:�:,?B=@q��&<�f 
��.q���q e�:�8,qYiBe�=@fBqYi � �UfBq 
>:"8˜:"qYg,:3fBq��¢:"qY:"e�=ng�� � �5fB8,=@e@h5m < iBq ?�� h5:�=@8��·kBk �ˆ=@g�iBe�=@fBq�<�X

,��
&�!��ˆs�u � �•s

�

Nuq

R

�
V+����X �eqJr#s�tLt�s�v�q"!«iBq ? (™f�f �bf 
��¢:"qY:�e�=@g#� � �5fB8,=@e@h5m <�q �^����8������'"0����4•~y!��5������%�4CXC8i!�h�$e�+"�“oX�8%$ q

yˆ�L"#!�[�Xt€~qY~Aq��L��4$p��+�����0�+�_X

R

q r_qJr#s�tBQLt�v�q �UfBm¦klA!e�:�8™<�iBq ?���qYe�8;iBg"e�i (0= �ˆ=ne �'&(�)�¢A5=@?B:ze�fPe@h5:���h5:,fB8 �Ef 


*

'

� �UfBm¦k �ˆ:"e�:�qY:-<�<�qC…¤qtxkq

|

"#!�!�(c��������4$�y�+(c,�����[�X r����

|

"��L�����Z�0����X��®L q

yA�L%Z4�=u!�"#&�X

R

q

�

qˆrls�t�–�–�v q��¢:�q :�e�=@g+� � �!fB8�=@e@h5m <{=nq��l:,iB8;g0h',�-�k•e�=nmb=po/.Be�=@fBq0,1.Bq ?�2�.Bg0h	3@q5476849.':,q53@q��
;

<>=?=?@BA�C	DFEHGJIKA�LBIKM'NPO�IRQS=?@TD
U5NWV+<�;

X'X



�

C'LBL QFD
=PN��5;

�

;������
	
�
�K;�
��'.���� .�� 3��
��3��

*

.����	: .
�P.�����
#:�� 3 �! R3 .
�#"�$�%&� 4�'(%/;�) D
@+*'I-, A�@+. M�C0/ V�@2143
@BU	Q'D657, IKA�ARN

< D?D�<8,:9?C;,KN?V=<�;

�'C>3?D
A C	D N�? ;�@ ;TN <8,�QSU'C	D N�A#;PO#; N VB1-C IKC>143 N�D�; <�;TNPQ'D
==@;143
I4*'C	D NEA ;F�����
���-�K;8G8H;.�@JI�@+KRQL. @ C
D=9'M A�@JINMFE

L Q0.�IK=+Q'D?D
IRQ L @TD
U�O < D I4PQH0I-, @JI�IRD�. QSL�I4* Q LRM?Q0.�@BC	D�S�H?Q
,�.8<�<�NWU>,�Q
H�3T1KC'LBC>, @TD
U�Q'D
=+D;M�IN9?I-,�H?Q
,�.�@+.�@BC	D
@TD
U5;

-U� 4R: .
� 3��
�#%WV�44%K4 .':� YX	N

X

���

X

�YO

X

	
Z�[;\>]L^?;

�'C	D
IKA N�? ; O#; Q'D
=B_(IKL+.`,�Q
I C5N5V�;?<�;a���-�
�����K;b@
C'L+*
@ D
UcH?Q�,�.�@+.�@BC	D
@TD
UcH�, C>9
LBI-I�A8d%@+.`3 U'IRD
I4. @21�QSLBU'C>, @+.`3�I AR;

<HD6_(IKLBI4d N O ;�e�;5Q'D
=c_(C
C>fSI-,KN�D";�_ ;TN
IK=?@2. C>, ARN�g�:��- 94 4��'3��
h
%���i���X	4Nj��
�
:`��Xlk`�m� 4R:��5.
� 3��
�5.��En7�
�4iK4R: 4-�m 4

�
�po%4-�54�� 3� �
8� h>�':93���X>'(%/N�H?Q U'IKAq\
\>rs[>\
\>�?N;@?Q'D�V QL.�IKC5N�A�<�;?V�C>, U
Q'Dte#Q�M�/uI QFD?D ;

e#Q
,:I Q
,:fRQ�,KNqv ;�Q'D
=we#Q
,:H N%O#;�V�;W�����
Z
r
�K;wxq3
I�=?@zyPI-, IRD;1K@TD
U{I�I4.`3
C
= C0/ A�I4.|H?Q�,�.�@+.�@BC	D
@TD
U5; O�I-H?C;,�.

)WAq_~}
A•@;?€Z
r
}����

X

N�A�C;I•H�M;.�I-,c@;1K@BIRD;1KI‚?#@2*
@BA�@BC	Dƒ�u„b„bA•@��KNW) D
@+*'I-, A�@+. M C0/…A QSLB@†/ C>,�D
@TQ?N•_(I-,:f IKL IKM'N

_ I-,‡fSIKLBIKM'N�A�<�;

e#Q
,:I Q
,:fRQ�,KN�v ;TN�e#Q
,:H N O#; V�;TN�D�M
I-fSI-,KN�C ;�@ ;TNPQ'D
=ˆG =?L M;K-fSC5N < ;WV�;F�‰�-�
Z
^
� ;q5b, C>9?Q�9
@ LB@BA:.�@+1�QFD?QSLBM	A�@BA#CL/

C>H;.�@JINM�IŠH?Q
,�.�@+.�@BC	D
@TD
U5;•‹��
�	:��5.�����iW
Œ�
���B3 4��…g :��>• .>•K3��B3���$SN�r

X

O†^�r
^�[Q^L\;�?;

e#Q
,:H NPO ; V ;U���-�
	
r��K;>O�IK=�M;1K@J9
@BLB@J. M Q
I�C
D
Ut1KC>IN9
@TD?QL.�C;, @TQSLFH�, C>9
LBI-I�AR;�< D�V�@ LBLBI-,KN O#;�„%; Q'D
==xq3?QL.:143
I-,KN

�5;'G ;TNFIK=?@2. C>, ARNUnb�
'•���B4YŽ 3���$•�‰i•nb��'q���>� 4 :Nnb�
'•���;� .
� 3�����%KNQH?Q U'IKA!Z
�s[��-]

X

;
5"LBIRD>M�I•5b, IKA�ARN�v%I4dw‘�C>,‡f5N

vq‘�;

e#Q
M�yEI Q'D N�@ ;?<�;����-�
Z��
�K; < =5Q
H;. QL.�@BC	D�C
D6,:M
U'U'IK=…’�. D
IKA�A%LTQ'D
=?A‡1RQ
H?IKAR;~<HD6@;. IK@ D N#? ;QD";TN?IK=?@+.�C>,KNW6P4� -���
: 4Y%

3��“��X	4N"�  3 4��� 944%W�‰itnb�
'•���B4YŽ 3���$ N�H?QSUFIKAW�
r
	�[�^��-Z?;F<>=?=?@BA�C	DFEHGJIKA�LBIKM'NPO�IRQS=?@TD
U5NWV+<�;

e @J,:f;H?QL.`, @+14f5N�@ ;TN�C#IKLTQL.‡.RN
�>, ;TN>A#;;? ;TN'QFD
=t”�I414143
@ N?V�;>5 ;����-�
Z

X

�K;�G8H;.�@JI�@+KRQL.�@BC	D“9'M�A�@JINM
LTQL.�IK=�Q'D?D
IRQ L @TD
U5;

"� R3 4-�m 4 N>r
r�]�O†^
	��&[Q^
Z
]?;

V Q'D
=?I-, @+14f5NU_>; N =?I GJIKU'I-,KN V�;TNPQ'D
==@�H
@BIKA�A�IRD
ARNa5 ;b���-�����-�K;�xq3
I U'IRD
I4.�@+1�Q L UFC>, @+.`3�I�Q'D
=ˆ.`3
I�A:.`,‡M;14.`M�, I

CL/F.�3
I8’�. D
IKA�A LTQ'D
=?A:1RQ
H0I';8<HDc_(IKLBI4d NPO#;�e�; Q'D
=B_(C
C>fSI-,KN�D";�_ ;TNWIK=?@+.�C>, ARN•g :��� 494`�F3���h
%W��iN��X	4…j–���	:���X

k`��� 4 :`�W.
� 3����5.
�mnb�
�Yi/4 : 4��� 94q�
�“o%4-�W4-� 3� !
8� h;�': 3���X>'(%KN
H?QSU'IKAq�4\

X

[��-�
]?NL@?Q'D V QL.�IKC5N
A < ; V�C>, U	Q'DNe#Q
M�/ E

I Q'D?D ;

V Q
,:fFARN��5;TN�@�3
@BI-90I-,KNa@ ;TN Q'D
==v U'C5N��5;�x ;b���-�
�L\;�K;#<�A‡.�C>143?QSA:. @21�A�IRQ�,�1&3“.�I4143?D
@+—QM
I…/ C>, U>,�Q
H�3ˆ9
@BA�I414.�@BC	D ;

xPI4143?D
@+1RQSL O I-H?C>,�.�x%O(E˜�L\SE`��Z?N
V+@+.�A�M�9
@ A�3
@F„"L I414.�, @+1 O IKA�IRQ
,�143cDPQ�9?C>,�Q0.�C>, @BIKARN�<HD;1'; N�A%Q
IN9�, @B=?U'I'N?V�<�;

5�Q
H0C>M
LB@ A N5<�;E���-���
]
�K;™g :��>• .>•K3��B3���$�.
�m�l"�� .
� 3š%&� 3� 4%K;E57, IRD�.�@+1KI

�

QSLBL N�„ D
UFL I4d�C
C	=ˆA�LB@zy8A N�vq�W;

OqM�I�L N?G ;����-���

X

�K;�@;.�C;143?QSA:.�@+1#Q
H�H�, CLP	@JI Q0.�@BC	D�Q L UFC>, @+.`3�I�A~/ C>,(D>M�IN9?I-,•H?Q
,�.�@+.�@BC	D
@TD
U5;ax I41&3?D
@+1RQSL�O�I-H?C;,�.

x%O(E`�-	 E˜�

X

N

�

Q
,‰* Q
, =c) D
@+*'I-, A�@+. M'N�A%Q
IN9�, @B=?U'I'N
V�< ;

›

A�I-,�DFM'N~”�;W���-�
Z��
�K;œxq3
I-,:I�C
=?M?D?Q
I�@+1RQSL#Q
H�H�, C	QL143p.�C=.�3
Ic.`,�Q�*'IKLB@TD
U A QSLBIKA`I Q'D‚H�, C>9
LBI-I6O < D I�•t1K@BIRD
.

A�@JI•M
LTQL. @ C
D�Q
H�H�, C
QL1&3 ;7‹��
�
:`�W.
�E�‰i -U��� 3�'�3šž/.�� 3��
�œŸUX
4`�':�$ .
�m�•
~�����B3� 9.
� 3��
��%KN
\>�m���-�4O \m��[Q���';

X

\


