
	�����16)41%6-21%/��21*)4)1')�21��1*240%6-21�%1(��20071-'%6-215�")',12/2+:��������"��622.�3/%')�
��
�%4',�	����-1�$2+:%.%46%���1(21)5-%�

�����'%6%/2+�170&)4� �������
�� "
�!��� �������
�
�������

�23:4-+,6 %1(  )34-16 �)40-55-21� �&564%'6-1+ -5 3)40-66)( 9-6, '4)(-6 62 6,) 5274')� �-&4%4-)5 %4) 3)40-66)( 62 3,262'23: &):21( 6,) /-0-6 2* #�!� '23:4-+,6
/%9 *24 34-8%6) 75) 2* 3%64215 6,25) %46-'/)5 -1 6,-5 82/70) 6,%6 '%44: % '2() %6 6,) &26620 2* 6,) *-456 3%+)� 3428-()( 6,) 3)4�'23: *)) -1(-'%6)( -1 6,) '2()
-5 3%-( 6,427+, �23:4-+,6 �/)%4%1') �)16)4� 			  25)922( �4-8)� �%18)45� �� ���	
� �24 26,)4 '23:-1+� 4)34-16 24 4)37&/-'%6-21 3)40-55-21� 94-6) 62
������23:4-+,65��%1%+)4��������3)4%6-215��)16)4�������2)5��%1)���-5'%6%9%:�������������//�4-+,65�4)5)48)(���23:4-+,6�;�	����&:������

1



�
����
������
�������	���
�����

�&#�#*#/%#+!#�,$��+1#))'%#+1��601#*0��#!&+,),%6��0���2 '.2'1,20�-)�1$,/*�$,/�'++,3�1',+0�&�0�)�'"�1&#�$,2+"�1',+�$,/�1&#
/�-'"�%/,41&�,$�1&#��+$,/*�1',+�'+�1&#�$212/#�'++,3�1',+���&#�-2/-,0#�,$�1&#�
01����������	
��'0�1,�-/,*,1#�"'0!200',+
�+"�'+1#/�!1',+��*,+%��!�"#*'!0��/#0#�/!&#/0���+"�-/,$#00',+�)0�'+�1&#�$'#)"�,$�'+$,/*�1',+��+"�1#!&+,),%'#0���+�1&'0
!,+$#/#+!#��1&#��21&,/�16-#0�1&�1�4#�%,1�!�*#�$/,*���012"#+1���!�"#*'����+"�%,3#/+*#+1���#�"##-)6�1&�+(�1&#��21&,/0
$,/�1&#'/�-�/1'!'-�1',+��+"�&'%&�!,+1/' 21',+�'+�1&'0�!,+$#/#+!#�

�&#�1&#*#�,$��&#�
01����������	
����--,/12+'1'#0��+"��&�))#+%#0�,+��+1#))'%#+1��601#*0��212/#��++,3�1',+�

�&#�
01����������	
������������	
���&#)"�,+���
���/!&��	
��'+��/�+"��2/'���,%6�(�/1����+",+#0'��

�&'0�!,+$#/#+!#�-/,3'"#0��+�'+1#/+�1',+�)�$,/2*�$,/�1&#�-/#0#+1�1',+��+"�0&,4!�0#�,$�/#!#+1��"3�+!#0�,+�3�/',20
�0-#!10�,$�2 '.2'1,20�1#!&+,),%6���1�4'))�/#$)#!1�1&#�01�1#�,$�1&#��/1�,$�1&#�*#1&,"0��'+3,)3'+%�1&#,/6���)%,/'1&*��+2*#/'!�)
0'*2)�1',+��#//,/��+"�2+!#/1�'+16��+�)60'0��+"�,/�+,3#)��--)'!�1',+�,$�+#4�-/,!#00'+%�1#!&+'.2#0�'+�#+%'+##/'+%��0!'#+!#�
�+"�,1&#/�"'0!'-)'+#0�/#)�1#"�1,�2 '.2'1,20�!,*-21'+%���+�1&'0�!,+$#/#+!#��0#3#/�)�1,-'!0�,+�1&#�0-#!'$'!�1&#*#0�$,/
'+1#+0'3#�"'0!200',+0��/#��)0,�-)�++#"��!!,/"'+%�1,�1&#��/#�0�,$�'+1#/#01�

�#�4,2)"�)'(#�1,�#51#+"�,2/�%/�1'12"#�1,�1&#��#!&+'!�)��/,%/�*��,**'11##�1&�1�&�0� ##+�/#3'#4#"�1&#�-�-#/0��+"
!,+"2!1#"�3#/6�'+1#/#01'+%�!,+$#/#+!#�-/,%/�*��0�4#))��0�1&#�'+3'1#"��+"�-)#+�/6�0-#�(#/0�

�'+�))6��4#�4,2)"�)'(#�1,�1&�+(�1&#�01##/'+%�!,**'11##�*#* #/0��1&#�!,+$#/#+!#�!&�'/*�+��1&#�,/%�+'7'+%�!,**'11##��1&#
������12"#+1��/�+!&�,$��+'3#/0'1�0��*'(,*��,%6�(�/1����+"�1&#�$'+�+!'�)�02--,/1�$/,*�1&#�!,+$#/#+!#�0-,+0,/0�1&�1
!,+"2!1#"�1&#�02!!#00�,$��&#�
01����������	
��

�&#��"'1,/�,$��&#�
01����������	
�

�#//6���&62��' ,4,���+'3#/0'1�0��*'(,*��,%6�(�/1��

2



����������
���

��
��

�$������&*� &!��� �(�$%�&�%���	
����!�*���$&���	 �! �%���

����
���
��
�

������������ ��� �(�$%�&�%�����!���!�*���$&���	 �! �%���


��
�	����������
�
��

�����


�����'%"�&�%�$���� �(�$%�&�%���	
����!�*���$&���	 �! �%���

�'��$ �������� �(�$%�&*�!������!���!�*���$&���	 �! �%���

'%$� ��
'%$� �����	
����!�*���$&��� �(�$%�&*��	 �! �%���
�������'��#��'&������ �(�$%�&�%���	
����!�*���$&���	 �! �%���

��$$*����*'����!)!��� �(�$%�&�%���	
����!�*���$&���	 �! �%���

30



���	

����������������
����

�28%2��61%,%2-�����%0-0 �2-:)67-8-��)/2-/%0��%0%=7-% �%0%=7-%
�3,(���%(0))�����%7-( �2-:)67-8-��986%��%0%=7-% �%0%=7-%
�%6,%2��%(-0 
��������278-898)�3*��2*361%8-32��)',2303+= �%/-78%2
�3,(��)01=��&(�!%,%& �2-:)67-8-��92��977)-2��22��%0%=7-% �%0%=7-%
�370-2%��&(90��%1-( �2-:)67-8-��%0%=7-%��%,%2+ �%0%=7-%
�3,%2-��&9��%/%6 �2-:)67-8-��%0%=7-%��%,%2+ �%0%=7-%
�%43(,-6��',%6.)) �77%1��2-:)67-8=���-0',%6 �2(-%
�91%62-��(- �2-:)67-8=�3*��1-/31�#3+=%/%68% �2(32)7-%
�-8)2(6%��+6%;%0 �%.-:��%2(,-��639(=3+-/-� -7,;%:-(=%0%=%���,34%0 �2(-%
�%:-(��+9786-%;%2 �7-%��2-:)67-8= �%-;%2
�3,(��,%-690��/,;%2��,1%( �2-:)67-8-��92��977)-2��22��%0%=7-% �%0%=7-%
�%:),��,1%(- �2-:)67-8=�3*��30)(3 ���
�%27336��,1)( 
��������278-898)�3*��2*361%8-32��)',2303+= �%/-78%2
�(��,1)( �2-:)67-8-��%0%=7-%��%,%2+ �%0%=7-%

�-',)0)��0&%23 
�����	����
���
���������30=8)',2-'��278-898)�3*
�3683 �3689+%0

�%&%��0,%.- �-+)6-%2��)*)2')��'%()1= �-+)6
�,%.-8,��0- ����
300)+)�3*��2+-2))6-2+��
,)22%- �2(-%
�&(90�%,1%2��07);%6- �2-:)67-8-��%0%=7-%��%,%2+ �%0%=7-%
�2%7��073&), #%6139/��2-:)67-8= �36(%2
�,%2-��6-%81%283 �2-:)67-8%7��1-/31�#3+=%/%68% �2(32)7-%
�%/9=%��7%/% �3/=3��)863430-8%2��2-:)67-8= �%4%2
�3-',-��7%8%2- �%2/%-��2-:)67-8= �%4%2
�,1%(��7,%6- �%(.%,��%(%��2-:)67-8= �2(32)7-%
�)(-%��=9 �%143)62%��2-:)67-8= �2(32)7-%
�>->90��>->%2 �2-:)67-8-��)/2303+-��%0%=7-%������ �%0%=7-%
�>6))2��>1%2 �2-:)67-8-��986%��%0%=7-% �%0%=7-%
�3,%1%(��%(6% $%=)(��2-:)67-8= �2-8)(��6%&��1-6%8)7
�70-2%��%,%691 �2-:)67-8-��%0%=7-%��%&%, �%0%=7-%
 -2%=%/��%-6%+- �2-:)67-8=�3*��92) �2(-%
���989��+92+��%=94%8- �(%=%2%��2-:)67-8= �2(32)7-%
�3&)68��-9/��+,%- �2-:)67-8=�3*��%'%9 �%'%3
�%.)2(6%��344%2% �2-:)67-8=�3*��)<%7�%8��%2��2832-3 ���
�2(6%��9(- 
31498)6��'-)2') �2(32)7-%

�-2�
%3 �%6&-2��278-898)�3*��)',2303+=��,)2>,)2��6%(9%8)
�',330 �����
,-2%

�0)77%2(63�
%66)+% 
��� �8%0=
�%6-%�
,-%6%�
%7',)6% 
�� �8%0=
�9��32+�
,)2 �0)'86-'%0��2+-2))6-2+���%�#),��2-:)67-8= �%-;%2
�%-�
,)2�
,)2 ��"�����)',2303+= �%-;%2

�,31%7�
,)2 
-8=��2-:)67-8=��32(32 �2-8)(��-2+(31���6)%8
�6-8%-2�

�)-��)2�
,)2 �7-94-2+��2-:)67-8=�3*��'-)2')�%2(��)',2303+= �%-;%2
!-',-%2�
,98-1%7/90 �-2+��32+/98�7��2-:)67-8=�3*��)',2303+=��,32&96- �,%-0%2(

�31)2-'3�
-932>3 �)8;36/��)%796)1)28�%2(��32-836-2+����
����%40)7�
�� �8%0=

�)28,-0/91%6�
� �9&962��2-:)67-8= ���
�/,1%(��%,0%2 �2-:)67-8%7��1-/31�#3+=%/%68% �2(32)7-%
�6-78%��%1%=%28- �2-:)67-8%7��1-/31�#3+=%/%68% �2(32)7-%
�2(6)%7��);%0( ���!��)7)%6',��1&� �)61%2=
�,1)(��39-/ 
%0-*362-%��278-898)�3*��)',2303+= ���

21



�0&%2��9:)6(-)6 
)286)��%8-32%0����89()7��4%8-%0)7��
���� �6%2')
�3,%1)(��0;)/)-0 �%'908=�3*��0)'8632-'��2+-2))6-2+���)239*-%��2-:)67-8= �+=48
�)6(%��62%;%2 �2-:)67-8-��%0%=7-%��%,%2+ �%0%=7-%
�36-/3��8%2- �)%',��:-%8-32��-1-8)( �%4%2
�,1%(��%.%6 �-2%��97%28%6%��2-:)67-8= �2(32)7-%
�3(6-+3��%0'@3 �)',2-7',)��2-:)67-8?8��%-7)670%98)62 �)61%2=
�-%209-+-��)66%6- �2-:)67-8=�3*��%61% �8%0=
�,31%7��%88%��9(,30- �2-:)67-8%7��70%1��2(32)7-% �2(32)7-%
�0-6)>%��,%7)14396 �2-:)67-8=�3*��440-)(��'-)2')�%2(��)',2303+= �6%2
�%>:%2��2(6)-��,)36+,-9 �30-8),2-'%��2-:)67-8=�3*��9',%6)78 �31%2-%
�%:-)6��3>%0:)> �2-:)67-(%(��-+9)0��)62%2()>�()��0',) �4%-2
�378%1��**)2(-��%1>%, �2-:)67-8-��)/2-/%0��%0%=7-%��)0%/% �%0%=7-%
�=)32+�.92��%2 �36)%��2-:)67-8= �36)%
�-,9-��%2 �2-:)67-8=�3*��-',-+%2 ���
�)2+��%2792 �2-:)67-8%7��908-1)(-%��97%28%6% �2(32)7-%
�%2-/��%47%6% �2-:)67-8=�3*��);��398,�!%0)7�%8����� �9786%0-%
���%6-&%&9 ������-0%2- �2(-%
�7;%(-��%7=-1��371% �2-:)67-8%7��-%9 �2(32)7-%
�9�
,)2+��%; ��� �%0%=7-%
�%1%28=3��)2(6%28363 �278-898��)/2303+-��)4909,��34)1&)6 �2(32)7-%
�3&)683�
%6037��)66)6%��%6% �%8-32%0��30=8)',2-'��',330 �'9%(36
�322=��-(%=%8 �2-:)67-8%7��������#3+=%/%68% �2(32)7-%
�%2-%0��337,=%6 �36)%��2-:)67-8= �36)%
�-%2+��9%2+ $,).-%2+��2-:)67-8=�3*��)',2303+= �����
,-2%
�9690��>>%88=��71%-0 �2-:)67-8-��92��977)-2��22��%0%=7-%������� �%0%=7-%
�9690-71%��71%-0 �2-:)67-8-��%0%=7-%��)60-7 �%0%=7-%
�%1/91%6��%+%2%8,%2  ����%2%/-%11%0�
300)+)�3*��687�%2(��'-)2') �2(-%
�6-,%28��%-2 �%-496��2+-2))6-2+�
300)+)����)7)%6',�
)286) �2(-%
�9,%11%(��)61%2
�%1%09((-2 �2-:)67-8-��)/2-/%0��%0%=7-%��)0%/% �%0%=7-%

�692��%2% 
)286)�*36��):)0341)28��(:%2')(�
31498-2+ �2(-%
�-%3��-%2+ �,)�
-8=��2-:)67-8=�3*��);�#36/ ���
�%7%2��%,8%2 �2-:)67-8-��%0%=7-%��%,%2+ �%0%=7-%
�-8)7,��%00) ����
�� �2(-%
�-637,-��%1%&) �-*9��2-:)67-8= �%4%2
�3/6%8-7��%87-/%7 �36;)+-%2��2-:)67-8=�3*��'-)2')�%2(��)',2303+= �36;%=
�3,%11%(��,%0-0=��)61%2= �70%1-'��>%(��2-:)67-8=���,31)-2��6%2', �6%2
$%,))6��,%2 �)'896)6���,%2%����336��2-:)67-8= �*+,%2-78%2
�%7%2��0-��,%88%/ 
��������278-898)�3*��2*361%8-32��)',2303+= �%/-78%2
�6%:))2��,)8,%:%8, �%�9%6(-%�
31192-8=�
300)+) ���
�9/963��37,-.- �3/=3��30=8)',2-'��2-:)67-8= �%4%2
�-1-86-37��39/3439037 �2-:)67-8=�3*��%86%7 �6))')
�6-72%;%8-��6-72%;%8- �������������#3+=%/%68% �2(32)7-%

�%/)7,��91%6 �%8-32%0��278-898)�3*��)',2-'%0��)%',)67��6%-2-2+��
�)7)%6', �2(-%

�972%;-��972%;- ��������2-:)67-8= �2(32)7-%
�976-2-��976-2- �������#3+=%/%68%��2-:)67-8= �2(32)7-%
�9&%+97��%90%2%��9791% �92%(%61%��2-:)67-8= �2(32)7-%
�61-2��%;- �%7%29((-2��2-:)67-8= �2(32)7-%
!)2�
,)/��)32+ �2-:)67-8=�3*��%0%=% �%0%=7-%
�96=%(-4986%��-%;%8-1)2% �-2%��97%28%6%��2-:)67-8= �2(32)7-%
�-2%;%8-��-2%;%8- �2-:)67-8%7��(%=%2% �2(32)7-%
�37-4��36-2'> �2-:)67-8=�3*��40-8 
63%8-%

22



�%:)0��37/38 �;%27)%��2-:)67-8= �2-8)(��-2+(31���6)%8
�6-8%-2�

�1,%��%9*-5��98,*- �2-:)67-8%7��������#3+=%/%68% �2(32)7-%
#37-��%(79 !-(=%8%1%��2-:)67-8= �2(32)7-%
�%,(-2��%,&33& �832=��633/��2-:)67-8= ���
�962-��%,19( �28)62%8-32%0��70%1-'��2-:)67-8=��%0%=7-% �%0%=7-%
�0-��%5397- �2-:)67-8=�3*��)86% �36(%2
���%6-1-2 �3+36��+6-'90896%0��2-:)67-8= �2(32)7-%
�6-8%��);-��%6-=%1 �2-:)67-8%7��2(32)7-% �2(32)7-%
�%:-(��%68-2��31)> 
%6037������2-:)67-8=�3*��%(6-( �4%-2
 -8%0-=��)>,9=): �2-:)67-8-��%0%=7-%��%,%2+ �2(32)7-%
�-*8%,9((-2��-*8%,9((-2 �=-%,��9%0%��2-:)67-8= �2(32)7-%
#37,-,-63��->3+9',- �=97,9��2-:)67-8= �%4%2
�,1)(��3&%7,7,)6 �,)��2-:)67-8=�3*��9))270%2( �9786%0-%
�%1%09(-2��3,%1%(�#973* �2-:)67-8-��)/2303+-��%0%=7-% �%0%=7-%
�3>0-2%��3,%1)( �2-:)67-8-��%0%=7-%��%,%2+ �%0%=7-%
�)=)(��%,%2(��3,%11%(-
$-%&%6-  6-.)��2-:)67-8=�3*��178)6(%1 �,)��)8,)60%2(7

�3,%1)(��3,%6%1 �-76��2-:)67-8=��36��'-)2')�%2(��)',230+= �+=48
�3,(��%*->��3,(��%77-2 �2-:)67-8-��%0%=7-%��%,%2+ �%0%=7-%
�3,(��%2-*��3,(��%10- �2-:)67-8-��)/2303+-����� �%0%=7-%
�3,(��->%1��3,1%(��%,%6 �2-:)67-8-��%0%=7-%��%,%2+ �%0%=7-%
�=%2��32(%0 �2(-%2��278-898)�3*��)',2303+=���,%6%+496 �2(-%
�0��%,-1��9&%6%/��0- �2-:)67-8-��%0%=7-%��%,%2+ �%0%=7-%
�16-8��9/,)6.)) �',330�3*��0)'8632-'��2+-2))6-2+ �2(-%
�=-&6%,��%-1 �2-:)67-8-��%-27��%0%=7-% �%0%=7-%
���%7-19((-2 �278-898)�*36��2*3'311��)7)%6', �-2+%436)
�763��%7-6- �2-:)67-8=�3*��1-/31�#3+=%/%68% �2(32)7-%
�,%,��%>-6 �2-:)67-8=�3*��)7,%;%6 �%/-78%2
�3269())��)8-734%/90 �-2+��32+/98�7��278-898)�3*��)',2303+=��%(/6%&%2+ �,%-0%2(
�9��+ �908-1)(-%��2-:)67-8= �%0%=7-%
�3/�!,=��+ �908-1)(-%��2-:)67-8= �%0%=7-%
�(��76-��+%(- �2-:)67-8-��)/2303+-��%0%=7-% �%0%=7-%
�9>)0-8%��+%(-6%2 �2-:)67-8-��%0%=7-%��)60-7 �%0%=7-%
�8797,-��9231) �=383��278-898)�3*��)',2303+= �%4%2
�-8-7,��.,% 
,%2(-+%6,��2-:)67-8=���3,%0-���92.%& �2(-%
�0/)6��0-��>/%2 �)0'9/��2-:)67-8= �96/)=
�)26=��%0-8 �)86%�
,6-78-%2��2-:)67-8= �2(32)7-%
�%)��=92��%6/ 
,92+��2+��2-:)67-8= �36)%
�,%,6-0��%6913 �2-:)67-8-��)/2-/%0��%0%=7-%��)0%/% �2(32)7-%
�3%2��)6(%2% �)0/31��2-:)67-8= �2(32)7-%
�-6%2��6))��3//9096- �,6-� -7,29��2+-2))6-2+�
300)+)�*36�!31)2 �2(-%
����6%&%,%6%2 �%(%2%4%00)��278-898)�3*��)',2303+=�%2(��'-)2') �2(-%
�)()��6%19(=%��2%28% �2-:)67-8-��)/2-/%0��%0%=7-%��)0%/% �%0%=7-%
�2%2(��6%7%( ��
�
36436%8-32 �%4%2
���6%7%22%:)2/%8)7%2 �(,-=%1%%2�
300)+)�3*��2+-2))6-2+���3796 �2(-%
�6-��6-=%1&3(3 �2-:)67-8%7��%(.%,��%(% �2(32)7-%
�)>%��9092+%2 �2-:)67-8%7��%(.%,��%(% �2(32)7-%
�%96-(,-��962313 �278-898�3*��)',2303+=��)4909,��34)1&)6 �2(32)7-%
�-0%��974-8%7%6- �2-:)67-8%7��������#3+=%/%68% �2(32)7-%
#9%2732+��-%3 �8,032)��278-898)�3*��)',2303+= �6)0%2(

�%7-8��96)7,- �2-:)67-8=�3*��6%(*36( �2-8)(��-2+(31���6)%8
�6-8%-2�

23



�0-��%*-)- �2-:)67-8=�3*��)',2303+=��=(2)= �9786%0-%
�%62-��%,-1 �2-:)67-8-��)/2-/%0��%0%=7-%��)0%/% �%0%=7-%
�)1%28��91%6��%8, �%8%�
327908%2'=��)6:-')7 �2(-%
�.-8��)((= �3/-% ���
�6-'��)2%908 �278-898��-2)7��)0)'31�����)0)'31��9(�%6-7 �6%2')
�%+97��-28=%62% �)4909,��34)1&)6��278-898)�3*��)',2303+= �2(32)7-%
�-132��-)863��31%23 �2-:)67-8=�3*��%430-��)()6-'3��� �8%0=
#%28-��971%;%8- �)0/31��2-:)67-8= �2(32)7-%
�39%6-��%&-6-2 ������)7)%6',���2'� �%4%2
�%-=%2��%-=3( �,32��%)2��2-:)67-8= �,%-0%2(
�1-��%0%1%, �)&)0%7��%6)8��2-:)67-8= �2(32)7-%
�%=%28%1��%6/%6  -.%=%� -88%0%��278-898)�3*��)',2303+= �2(-%
�-=%2%683��%623 �278-898��)/2303+-��)4909,��34)1&)6 �2(32)7-%

�-8,-0)=7,��%8,-=%2%6%=%2%2 
-8=���2-:)67-8=�3*��32(32 �2-8)(��-2+(31���6)%8
�6-8%-2�

�-%2��%;-86- ������ �2(32)7-%
�391=%��)2 �2-:)67-8=�3*�
%0'988%���30/%8% �2(-%
�2-2(-8%��)48-%6-2- �2-:)6-78%7��90%;%61%2 �2(32)7-%
�1)0��)66%8 ������� �0+)6-%
!%;%2��)8-%;%2 �2-:)67-8%7��)2(-(-/%2��2(32)7-% �2(32)7-%
�6-)*��)8=%283 �2-:)67-8%7��������#3+=%/%68% �2(32)7-%
�;%2��)8=%;%2 �%8=%�!%'%2%�
,6-78-%2��2-:)67-8= �2(32)7-%
�=%6-*%,��%>0-2��)=)(��%(>-6 �2-:)67-8-��)/2303+-��%0%=7-% �%0%=7-%
�*)26-%283��*)26-%283 �-297��2-:)67-8= �2(32)7-%
�(-8-��,%61% �����2+-2))6-2+�
300)+)��3(,496 �2(-%
�9/90��,%61% �%.%78,%2��)',2-'%0��2-:)67-8= �2(-%
 )7,��%.��,%61%��%2.%() �28)0�
36436%8-32 ���
�%2++=9��,-2 �(:%2')(��278-898)�3*��2(9786-%0��)',2303+= �%4%2
�1%1��,3*- �2-:)67-8%7��70%1��)+)6-��=%6-*��-(%=%8900%,��%/%68% �2(32)7-%
�,%2%2.%=��-2+, �%2/9/��2-:)67-8=�3*��36)-+2��89(-)7 �36)%
�)6-��-71363 �2-:)67-8%7��1-/31�#3+=%/%68% �2(32)7-%

,-2%��32%+-6- �������������=()6%&%( �2(-%
�39&-2+��32+ �1&6=��-((0)��)632%98-'%0��2-:)67-8= ���
�-'/,3��32+ �36)%��(:%2')(��278-898)�3*��'-)2')�%2(��)',2303+= �36)%
#-��)2��9 �,9��)��2-:)67-8= �%-;%2
�3)=��9&% �2-:)67-8=�3*�8,)��779148-32 �,-0-44-2)7
�9(%61%;%2��9(%61%;%2 �������#3+=%/%68%��2-:)67-8= �2(32)7-%
�&&%��9+%2(%��-67%2+ �-2%��97%28%6%��2-:)67-8= �2(32)7-%
�%61%2��9/%623 �)0/31��2-:)67-8= �2(32)7-%
�2(-��92=383 �2-:)67-8%7��������#3+=%/%68% �2(32)7-%
�-'3��96%28,% �-2%��97%28%6%��2-:)67-8= �2(32)7-%
�3:-2(��96=%;%27,- �2-:)67-8=�3*��92)��92) �2(-%
�6-)7��97%283��� �����=%6-*��-(%=%8900%,��%/%68% �2(32)7-%
�9=%283��9=%283 �)0/31��2-:)67-8= �2(32)7-%
�-63236-��9>9/- �-4432��278-898)�3*��)',2303+= �%4%2
�%/9.-��%',-&%2% �2-:)67-8=�3*��9/9- �%4%2

�6-2-:%7909��%(-7)88= �%/%8-=%��2-:)67-8=�
300)+)�3*��2+-2))6-2+�%2(
�)',2303+= �2(-%

�-632%3��%/%,%7,- �����9**)6��2-:)67-8= �%4%2
�97,-0��,%0) �6��
���3(6-+9)7��278-898)�3*��)',2303+= �2(-%
�:%22%��-138-97 �%8=%�!%'%2%�
,6-78-%2��2-:)67-8= �2(32)7-%
�%(-%28%��6-%81%(.% �2-:)67-8%7��%(.%,��%(% �2(32)7-%

24



�-,%-0��=%+923: �%8-32%0��)7)%6',��2-:)67-8=��37'3;��3;)6
�2+-2))6-2+ �977-%

�9,%1%(��(%,%1��1%6��2+ �2-:)67-8-��%0%=7-%��%,%2+ �%0%=7-%
�7%/3��6%/- �)-3��2-:)67-8= �%4%2
�((=�!%,=9(-) �����2-:)67-8= �2-8)(��6%&��1-6%8)7
�92'363�!%789;-&3;3 �)0/31��2(32)7-% �2(32)7-%
�90-%2�!)&&)6 �7%/%��2-:)67-8= �%4%2
�)66=�!%,=9�!-&3;3 �2-:)67-8%7��������#3+=%/%68% �2(32)7-%
�/-�!-'%/7323 �2-:)67-8%7��%(.%,��%(% �2(32)7-%
�)(=�!-.%=% �)0/31��2-:)67-8= �2(32)7-%
�-2+�2�"9) �7-2+,9%��2-:)67-8= �����
,-2%
!%697-%�#%77-2 �2-:)67-8-��)/2-/%0��%0%=7-%��)0%/% �%0%=7-%
�),1)8��/-*�#%>-'- �78%2&90��)',2-'%0��2-:)67-8= �96/)=
�,%;))7%/�#-2+8,%;36279/ �-2+��32+/98�7��2-:)67-8=�3*��)',2303+=��,32&96- �,%-0%2(
#9=%�#3/3=%1% �=383��6)*)'896%0��2-:)67-8= �%4%2

,%9�#9)2 �-2+%436)��2-:)67-8=�3*��)',2303+=�%2(��)7-+2 �-2+%436)
�3�#92��� �)6-38�!%88��2-:)67-8=��%0%=7-% �%0%=7-%
�%9>-%,�$%-29((-2 �2-:)67-8-��%0%=7-%��%,%2+ �%0%=7-%
�/6%1�$)/- �28)62%8-32%0��70%1-'��2-:)67-8=��%0%=7-% �%0%=7-%
!)-;)2�$,%2+ �278-898)�3*��-+,��)6*361%2')�
31498-2+ �-2+%436)
�6-�$90-%2% �����92%2��%0-.%+% �2(32)7-%

25



	�����%*�(%�*!&%�#��&%��(�%���&%��%�&($�*!&%��%���&$$+%!��*!&%)
��� %&#&�,����������

��(�##�#���))!&%����������

��(�##�#���))!&%����

��#?F5<��<53DB931<<I�)E>12<5��"(!�%81C5�(896D5B��1C54�?>�!��6?B�-�21>4�"93B?G1F5
�@@<931D9?>C
!0-5����$-4119���->.5:��:?@5@A@1�;2�&1/4:;8;3E��"�$���45:-����5-�A5��A���->.5:��:?@5@A@1�;2
&1/4:;8;3E��"�$���45:-� 


��#5G��<53DB931<<I�)E>12<5��B5AE5>3I�6?B���(81@54�"93B?CDB9@�%1D38��BB1I�21C54�?>�#�!�
�51DEB9>7��E1<��1>4��E1<��51=
!0-5����$-4119���->.5:��:?@5@A@1�;2�&1/4:;8;3E��"�$���45:-����5-�A5��A���->.5:��:?@5@A@1�;2
&1/4:;8;3E��"�$���45:-� �

"1>175=5>D�?6�61E<D�D?<5B1>35�1>4�DB16693�3?>75CD9?>�9>�3<?E4�41D1�35>D5B
�A9<4>1E��91?;CA9��':5B1>?5@E�;2�";>@?9;A@4��':5@10��5:30;9���>1-@��>5@-5:�� 
	

�5C97>�1>4�1>1<IC9C�?6�6554213;�3?>DB?<�CICD5=
%45.85� 5?->�� '��%���%&��� '��%���%&��"-75?@-:� 
�

'53?==5>41D9?>�(ICD5=�6?B�%B?@5BDI�(51B38�*C9>7��?>D5>D��1C54��9<D5B9>7�"5D8?4
&1??E��-0>5E-4���81/@>;:5/��:35:11>5:3�";8E@1/4:5/��:?@5@A@1�;2�%A>-.-E-���:0;:1?5-����C-:
%E->52��";85@17:57��817@>;:57-� 131>5�%A>-.-E-��"� %����:0;:1?5-���)5>-@9;7;�+AC;:;
�";85@17:57��817@>;:57-� 131>5�%A>-.-E-���:0;:1?5-���%12>E-:��FBE��";85@17:57��817@>;:57-
 131>5�%A>-.-E-��"� %����:0;:1?5-� ��

&E5BI��<7?B9D8=�$@D9=9J1D9?>�G9D8�)5=@)12<5�?>��=@<?I55�%175C�"?4E<5� >?G<5475
"1>175=5>D�(ICD5=
�->@;��?7-:0->���� �� '%� &�$��':5B1>?5@E���:0;:1?5-� �	

�?=29>54��3?>?=93��=9CC9?>��9C@1D38�G9D8��E293��B9D5B9?>��E>3D9?>��?>C945B9>7�+1B9?EC
%B935�%5>1<DI��13D?B�*C9>7��E3;??�(51B38��<7?B9D8=
�A4-99-0��4-858���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$;:E�%1@;�)5.;C;
��:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���!:@;?1:;�"1:-:3?-:3���:?@5@A@�&17:;8;35
%1<A8A4� ;<19.1>�%A>-.-E-���:0;:1?5-� ��

"51CEB9>7�)85�&E1<9DI�?6�+1B9?EC�+5BC9?>�1>�$2:53D�$B95>D54�(?6DG1B5�*D9<9J9>7�� �"5DB93C
�C-:��5:-:@;��%-:-@-��4->9-�':5B1>?5@E���:0;:1?5-� 



3



��(�##�#���))!&%����

�'�%!%����(�$&%,�����,��&*���'��"�()

��(�##�#���))!&%�	��

�<1CC96931D9?>�?6��5<<�)I@5C��>��3ED5�"I5<?94�!5E;5=91���"!��?6�"���"��1>4�"��(E2DI@5C
,9D8�(E@@?BD�+53D?B�"1389>5��<1CC9695B
�:057-�%1@5-C-:��':5B1>?5@-?��-06-4��-0-���:0;:1?5-����3A?��->6;7;��':5B1>?5@-?��-06-4
�-0-���:0;:1?5-���&>5�$-@:-:5:3?54��':5B1>?5@-?��-06-4��-0-���:0;:1?5-�����%A>E-:5
�':5B1>?5@E�;2�%1.18-?��->1@���:0;:1?5-���)54->@;�)54->@;��':5B1>?5@-?�%1.18-?��->1@�
�:0;:1?5-���%->:3-05�"-83A:-05��%1.18-?��->1@�':5B1>?5@E���:0;:1?5-� 
�

�>4?>5C91>�)B16693�(97>��5D53D9?>�1>4�'53?7>9D9?>�*C9>7��?<?B�1>4�)5HDEB5��51DEB5��HDB13D9?>
1>4�(+"��<1CC9695B
�?:-��-AF5-�$-49-4���-8-:3�%@-@1�";8E@1/4:5/���:0;:1?5-����-4E-�$-49-0��%@-@1
";8E@1/4:5/�;2��-8-:3���:0;:1?5-���$;?-��?9->-��%@-@1�";8E@1/4:5/�;2��-8-:3���:0;:1?5-� �	

!516�"?B@8?<?7931<��51DEB5��HDB13D9?>��1C54�?>� �#51B5CD�#59782?B
�A4-9-0��->05��':5B1>?5@-?��5-:� A?C-:@;>;���:0;:1?5-����A4-99-0� AA>��5>0-A?
�':5B1>?5@-?��5-:� A?C-:@;>;���:0;:1?5-����-EA�"A@>-�"-9A:37-?��':5B1>?5@-?��5-:
 A?C-:@;>;���:0;:1?5-���'?9-:�%A05.E;��':5B1>?5@-?��5-:� A?C-:@;>;���:0;:1?5-����4>5?@E
�@57-�%->5���5-:� A?C-:@;>;�':5B1>?5@E���:0;:1?5-���+-:5�"->@5��?@A@5���5-:� A?C-:@;>;
':5B1>?5@E���:0;:1?5-����7;�$-/49-C-:@;��':5B1>?5@-?��5-:� A?C-:@;>;���:0;:1?5-� ��

�1C�'5<956��=175��>81>35=5>D
�->5:-��A85-?->5�� -@5;:-8��:?@5@A@1�;2�&1/4:;8;3E���& ��-8-:3����:0;:1?5-����5>-�!>5?-
� -@5;:-8��:?@5@A@1�;2�&1/4:;8;3E���& ��-8-:3����:0;:1?5-� ��

�>81>39>7��5>5B1<9DI�?6�"5D1��5EB9CD93��<7?B9D8=C�D8B?E78��41@D9F5�(5<53D9?>�1>4
�I2B949J1D9?>
�-9-8�,�,-985��':5B1>?5@5��-8-E?5-�"-4-:3���-8-E?5-� ��

�>9=1D9?>�$@@?BDE>9D95C�?6��>D5<<975>D�"E<D9=5491�(ICD5=C�9>��5F5<?@9>7�1��B51D9F5��3?>?=I
%1B;
�;4-99-0�%AE-:@;��':5B1>?5@-?�����!��+;3E-7->@-���:0;:1?5-����1>>E�)-4EA�)5.;C;
�':5B1>?5@-?�����!��+;3E-7->@-���:0;:1?5-� ��

,9B5<5CC�(5BF935�1D�%E2<93�*>9F5BC9DI����(EBF5I�?6�*C5BC�%5B35@D9?>�?>�(53EB9DI��C@53DC
�>52�$504;��A.5?��";85@17:57� 131>5��10-:���:0;:1?5-����1>>E��-4>5F-8��";85@17:57� 131>5
�10-:���:0;:1?5-����A4->9-:��A.5?��&187;9�':5B1>?5@E���:0;:1?5-����-@59��;4-9-0&-45>
�':5B1>?5@5�'@->-��-8-E?5-���%/4;;8�;2��;9<A@5:3���-8-E?5-� ��

�5?<?31D9?>�%B5493D9?>�9>�(?391<�"5491��1D1�*C9>7�)5HD��>1<IC9C����'5F95G
�A4-99-0� A>�+-?5>�'@;9;��':5B1>?5@-?��-06-4��-0-���:0;:1?5-���&13A4��4->-@-��065
�':5B1>?5@-?��-06-4��-0-���:0;:1?5-����35��>05E-:@;��':5B1>?5@-?��-06-4��-0-����-/A8@E�;2
�:35:11>5:3���:0;:1?5-� �


4



��(�##�#���))!&%�	��

�?>D5HD��1C54��G1B5>5CC�9>�!?31D9?>�'53?==5>41D9?>�(ICD5=�D?��>81>35
'53?==5>41D9?>�&E1<9DI����'5F95G
%A85?�%1@5;C-@5��':5B1>?5@E�;2��-06-4��-0-���:0;:1?5-���&13A4��4->-@-��065��':5B1>?5@-?
�-06-4��-0-���:0;:1?5-����35��>05E-:@;��':5B1>?5@-?��-06-4��-0-����-/A8@E�;2��:35:11>5:3�
�:0;:1?5-� �	

��(DE4I�$>�)85�'?14��33945>DC�*C9>7��1D1��>F5CD971D9?>��>4�+9CE1<9J1D9?>��>�!?C��1K?C�
!17E>1��%89<9@@9>5C
�;:->0;��?;>��&1/4:;8;35/-8��:?@5@A@1�;2�@41�"4585<<5:1?��"4585<<5:1?����1:1��->/7��-@10>588-
�&1/4:;8;35/-8��:?@5@A@1�;2�@41�"4585<<5:1?��"4585<<5:1?����41-:18��?@>-0-��&1/4:;8;35/-8
�:?@5@A@1�;2�@41�"4585<<5:1?��"4585<<5:1?� ��

(DE4I�?>�$4?=5DBI�(5>C?B��<D5B>1D9F5�EC9>7�
��!9��'�6?B�*B21>��B51��@@<931D9?>
�.0A>-49-:��C56;@;9;��':5B1>?5@5�&17:;8;35��-8-E?5-���-8-E?5-����-@@-��>522��':5B1>?5@5
&17:;8;35��-8-E?5-���-8-E?5-� 
	�

�?=@1B9C?>�%5B6?B=1>35��5DG55>�'1B5��F5>D�,5978D54�!?79CD93�'57B5CC9?>��>4�)BE>31D54
'57E<1B9J54�%B9?B��?BB53D9?>�$>�"?45<<9>7��=21<1>354�,5<61B5��<1CC96931D9?>��>��1<9
%;:E�"A65�&>5-?9;>;���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>����-0-:�"A?-@�%@-@5?@57�
�:0;:1?5-���(5@-�$-@:-?->5���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>�%A>-.-E-���:0;:1?5-����3:1?
$A95-@5���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-� 
	�

�>��>1<IC9C�1>4�1��?=@1B1D9F5�(DE4I�?6��BI@D?7B1@893��<7?B9D8=C�*C54�?>�D85��>D5B>5D�?6
)89>7C���?)���1C54�?>��F1<1>385��6653D
�4A9.18;��5221>1:/1��A@4-B45:1��':5B1>?5@E�;2�%;A@4��2>5/-��%;A@4��2>5/-���%A9.C-:E-9.1
�.AEA��':5B1>?5@E�;2�%;A@4��2>5/-��%;A@4��2>5/-� 




�>1<IC9C�?6��F1<E1D9?>�&E1<9DI�,52C9D5��B?=��5F5<?@5BC�%5BC@53D9F5��?B��E9<4�,52C9D5
�C5�$-4-EA��':5B1>?5@-?��957;9���:0;:1?5-����99-�'@-95��%&��������!��+;3E-7->@-�
�:0;:1?5-����94-�&-A25=��A@425��':5B1>?5@-?�����!��+;3E-7->@-���:0;:1?5-� 
�	


�
��57B55�+95G�?6��=@<?I55�45C97>�D?�75D�D?� >?G�.?EB��=@<?I55�6B?=�5F5BI�1>75<�?>
�<??4�)B1>C6EC9?>�*>9D�%"��)1>75B1>7��9CDB93D
!814�%;814��%&����$-4->6-���:0;:1?5-����-:5��>51??-:@5��"1>3A>A-:�&5:335�$-4->6-�
�:0;:1?5-����:0>5-:5:3>A9� 5:3>A9��%&����$-4->6-���:0;:1?5-���+A85-C-:�)-C-:��':5B>?5@?-
�A05��A4A>���:0;:1?5-� 
��

�@@<931D9?>�?6��1I5C91>�#5DG?B;�"?45<�9>��5D5B=9>9>7�D85�'9C;�?6��E9<49>7��1=175��1EC54
2I��1BD8AE1;5C
�1B:5�"�%->5��':5B1>?5@-?��-06-4��-0-���':5B1>?5@-?� 131>5�"-0-:3���:0;:1?5-� 
�


,52��1C54��5?7B1@893��>6?B=1D9?>�(ICD5=�6?B�(38??<�"1@@9>7�1>4��9C1CD5B�"9D971D9?>
+A85-:-��>5E-:@5��':5B1>?5@-?�%1.18-?��->1@���:0;:1?5-���$;?54-:�+A-:-��%1.18-?��->1@
':5B1>?5@E���:0;:1?5-����>5?��A05-:@;��':5B1>?5@-?�%1.18-?��->1@���:0;:1?5-� 
��

�=@B?F9>7��33EB13I�?6�������<7?B9D8=�*C9>7�(@<9D��51DEB5�'54E3D9?>�"?45<�1>4��1779>7
�>C5=2<5�6?B��B549D��1B4�'9C;�%B5493D9?>
�A/4��F5F��A?859��':5B1>?5@-?� 131>5�%19->-:3���:0;:1?5-����805� A>F-4<A@>-��':5B1>?5@-?
 131>5�%19->-:3���:0;:1?5-����A05�">-?1@5E;��':5B1>?5@-?� 131>5�%19->-:3���:0;:1?5-� 




5



��(�##�#���))!&%�	��

�1=96954�"?29<5�"93B?�<51B>9>7��B1=5G?B;�����1C5�(DE4I�?6��9F9<�(5BF935�"1>175=5>D
!51B>9>7
�1:;� ;>?-:@;���:?@5@A@�&17:;8;35��-:0A:3���:0;:1?5-���+A?1<�$;?9-:?E-4���-:0A:3
�:?@5@A@1�;2�&1/4:;8;3E���:0;:1?5-� 

�

"?45<��5F5<?@=5>D�$6�(DE45>DC��(38?<1BC89@�(D1DEC��D��9BCD��C91��>CD9DED5�$6�)538>?<?7I��>4
�E=1>9D95C�����)��
�;:-8E:��;E��-.-E:1��&1/4:;8;35/-8��:?@5@A@1�;2�@41�"4585<<5:1?��"4585<<5:1?����41-:18��?@>-0-
�&1/4:;8;35/-8��:?@5@A@1�;2�@41�"4585<<5:1?��"4585<<5:1?����1?@1>��-:@;��1>/-0;��&1/4:;8;35/-8
�:?@5@A@1�;2�@41�"4585<<5:1?��"4585<<5:1?� 
��

��,��),����#5G�)9=5�(5B95C�"?45<��?B�)5HD�"9>9>7
�A-:�;:3�,4-:3��':5B1>?5@E�;2�)1?@1>:�!:@->5;���-:-0-����-;�+A��':5B1>?5@E�;2�)1?@1>:
!:@->5;���-:-0-����A�*5-;��%E>-/A?1�':5B1>?5@E��'%�� 
��

�>DB?4E39>7�)�"�H�"?45<�6?B��F19<129<9DI�?6����H1=�9>�,9B5<5CC��>F9B?>=5>D
�101�%A7-0->957-��':5B1>?5@E�;2�'0-E-:-���:0;:1?5-����5:-C-@5��5:-C-@5��':5B1>?5@-?
'0-E-:-���:0;:1?5-��� E;9-:�"A@>-�%-?@>-���81/@>5/-8��:35::1>5:3�':5B1>?5@-?�'0-E-:-�
�:0;:1?5-� 
��

�5C97>�1>4��=@<5=5>D1D9?>�?6�1>��H@5B9=5>D1<�*�+�#5DG?B;
">-.4A��E;@�%5:34���1:@>-8�#A11:?8-:0�':5B1>?5@E��%E0:1E���A?@>-85-���$;4-:�01�%58B-
��#':5B1>?5@E�%E0:1E���A?@>-85-� 
��

�>DBEC9?>��5D53D9?>��719>CD�*>1ED8?B9J54��9<5�"?496931D9?>�2I��>D57B9DI��853;9>7�1>4�'53?F5BI
G9D8��,	(,�%<1D6?B=C�*C9>7�%B?7B1==12<5�(ICD5=�$>��89@��(?��
�;/4-9-0��A85-:@;�%���:?@5@A@�&17:;8;35��-:0A:3���:0;:1?5-���$5:-805��A:5>���:?@5@A@�&17:;8;35
�-:0A:3���:0;:1?5-� 
�


'5<912<5��5?7B1@893�'?ED9>7�%B?D?3?<�6?B�+5893E<1B��4�8?3�#5DG?B;C�E>45B�(814?G9>7�1>4
"E<D9@1D8��>F9B?>=5>DC
$11:-��-?-:-���-C-4->8-8� 14>A�':5B1>?5@E���:05-���%A?458��A9->���-C-4->8-8� 14>A
':5B1>?5@E�� 1C��1845���:05-� 
�	

�>��=@B?F54�"5CC175��1@139DI�1>4�(53EB9DI�EC9>7��9F945�1>4�"?4E<EC��E>3D9?>�9>�(@1D91<
�?=19>�(D571>?7B1@8I
�1�$;?-8��3:-@5A?��;?1?�%1@5-05���5-:� A?C-:@;>;�':5B1>?5@E���:0;:1?5-����1>A��3A?�%-:@;?;
��5-:� A?C-:@;>;�':5B1>?5@E���:0;:1?5-����7;��->5�$-/49-C-:@;���5-:� A?C-:@;>;
':5B1>?5@E���:0;:1?5-����4>5?@E��@57-�%->5���5-:� A?C-:@;>;�':5B1>?5@E���:0;:1?5-� 
��

(9=@<5�1>4�(53EB5��=175�(D571>?7B1@8I�EC9>7�!(��1>4�)B9@<5�-$'�$@5B1D9?>�?>�"(�
+-:5�"->@5��?@A@5���5-:� A?C-:@;>;�':5B1>?5@E���:0;:1?5-����1�$;?-8��3:-@5A?��;?1?�%1@5-05
��5-:� A?C-:@;>;�':5B1>?5@E���:0;:1?5-����7;��->5�$-/49-C-:@;���5-:� A?C-:@;>;
':5B1>?5@E���:0;:1?5-����4>5?@E��@57-�%->5���5-:� A?C-:@;>;�':5B1>?5@E���:0;:1?5-� 
�


%B?D53D9?>��??B49>1D9?>�*C9>7�/?>5�(5<53D9F5��>D5B<?3;9>7�1>4�#5EB1<�#5DG?B;�"5D8?4�9>�%<1>
��������EC
$-/49-0�"A65-:@->-���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>����:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� 
��

6



��(�##�#���))!&%�	��

��(�##�#���))!&%�
��

%?G5B��<?G��?>DB?<�?6��1DD5BI��>5B7I�(D?B175�(ICD5=�*C9>7��B??@�+?<D175�'57E<1D9?>
)538>9AE5��>D57B1D54�G9D8��I2B94�%+	,9>4��5>5B1D9?>�(ICD5=
�:0>5�">-05<@-���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����101@�$5-C-:���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���%;105.E;�%;105.E;���:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� �	�

�?=@<5H�+1<E54�(E@@?BD�+53D?B�"1389>5C��1C54�?>�"E<D9�+1<E54�#5EB?>C
�;@;:;.A��-@@;>5��':5B1>?5@E�;2�+-9-:-?45����:@1>05?/5<85:->E��>-0A-@1�%/4;;8�;2��105/5:1�
�:35:11>5:3�-:0��3>5/A8@A>1���-<-:� �	�

'54E3D9?>�?6��1D1CDB?@893��?B75DD9>7�6?B�"E<D9<1I5B�#5EB1<�#5DG?B;C�)B19>54�2I�#?�%B?@
�<7?B9D8=
�;@;:;.A��-@@;>5��':5B1>?5@E�;2�+-9-:-?45����:@1>05?/5<85:->E��>-0A-@1�%/4;;8�;2��105/5:1�
�:35:11>5:3�-:0��3>5/A8@A>1���-<-:� �



�5C97>�1>4��5F5<?@=5>D�(=1BD��>4ECDB91<�)B19>9>7�"1>175=5>D�(?6DG1B5�G9D8��BD969391<�#5EB1<
#5DG?B;���##��?>��1F1
�2-:� @E;���-6-4�&A:33-8�";8E@1/4:5/���:0;:1?5-����A4-99-0�$50C-:��>52��-4E;:;���-6-4
&A:33-8�";8E@1/4:5/���:0;:1?5-� ��	

�55@�'59>6?B35=5>D�!51B>9>7�6?B�'53?==5>45B�(ICD5=C
�??4A��A:19-?-���1565�':5B1>?5@E���-<-:���+A@-�&;9;9-@?A���1565�':5B1>?5@E���-<-:����A:5;75
�-E-?45���1?53:!:1��-<-:���:/����-<-:���&;9;45>;�&-7-35���1565�':5B1>?5@E���-<-:� ���

�@@<931D9?>�?6��>1<ID93��95B1B38I�%B?35CC����%��1>4�(9=@<5��449D9F5�,5978D9>7��(�,��"5D8?4
�>�(9>75B�(5<53D9?>�%B?35CC
�2>5-:0-��-4E-<>-@-9-���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5E-:->@;�%->:;
��:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-� ��


�13;�%B?@171D9?>�#5EB1<�#5DG?B;��H@5B9=5>D�?>�)51=�"1D38=1;9>7�"$���71=5
�B-C-@E�&-:A->���5:-� A?-:@->-�':5B1>?5@E���:0;:1?5-� �
	

$@D9=9J9>7�)9=5�1>4��?CD�EC9>7��?1<�%B?7B1==9>7�1>4��"(�(3854E<9>7
%4;225�%-.588-���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5E-:->@;�%->:;���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���+A@57-��9185-��221:05���:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� �



�<1CC96931D9?>��<7?B9D8=�6?B��492<5�"EC8B??=��45>D96931D9?>
�3A:3�)5.;C;��%&���� A?-��-:05>5�%A7-.A95���:0;:1?5-� ��	

&?(�1>4�'"��%5B6?B=1>35��>1<IC9C�6?B�,9B5<5CC�"5C8�#5DG?B;��=@<5=5>D1D9?>
�49-0��-AF-:��65��':5B1>?5@-?�%1.18-?��->1@���:0;:1?5-���"A?<-:0-��-@@-��':5B1>?5@-?
%1.18-?��->1@���:0;:1?5-����:0->�)5450-E-@��%1.18-?��->1@�':5B1>?5@E���:0;:1?5-� ��


7



��(�##�#���))!&%�
��

�?=@1B9C?>�?6��9C3B5D5��F5>D�(9=E<1D9?>�1>4��75>D��1C54�(9=E<1D9?>�6?B��F1<E1D9>7�D85
%5B6?B=1>35�?6�%?BD��?>D19>5B�)5B=9>1<
�F5F��-6->���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5E-:->@;�%->:;���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����.0���4->5?��-AF-:���:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� ���

�F1<E1D9?>�?6�D85�%5B6?B=1>35�?6�1�"1389>5�!51B>9>7��<7?B9D8=C�9>�(G189<9��>7<9C8��=19<C
�9<D5B9>7�(ICD5=�'5<1D9F5�D?��=19<��<1CC9695B
$-?450��.0A88-�!9->���:?@5@A@1�&17:;8;35�%1<A8A4� ;<19.-����&%���:0;:1?5-����>���>5?
&6-4E-:@;���:?@5@A@1�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-� ���

�=@B?F9>7�D85�&E1<9DI�?6��>D5B@B9C5��)��?1<C�EC9>7��$��)���%B9?B9D9C1D9?>��@@B?138
�5>9-:��:5:0>-��':5B1>?5@-?� -?5;:-8����� '%�':5B1>?5@E���:0;:1?5-� ��	

"5DB93C��>1<IC9C�?6�'9C;�%B?69<5����%5BC@53D9F5�?>��EC9>5CC��C@53DC
">-6:-��1?4-:@-��.:A3>-4-��&187;9�':5B1>?5@E���':5B1>?5@-?��-06-4��-0-���:0;:1?5-����A75@;
�05� A3>;4;��':5B1>?5@-?��-06-4��-0-���:0;:1?5-���"-A8A?��:?-<�%-:@;?-��':5B1>?5@-?��-06-4
�-0-���:0;:1?5-� ���

�9F9<�(5BF1>D��581F9?BC�%5B6?B=1>35��F1<E1D9?>���?=29>9>7�����%�1>4�
�
�457B55
�554213;
�>2-:5�,A4>A2588-4��':5B1>?5@E�;2��5<;:13;>;���:0;:1?5-����->5745:��->575:���5<;:13;>;�':5B1>?5@E�
�:0;:1?5-���$�$5F-8��?:-:@;���5<;:13;>;�':5B1>?5@E���:0;:1?5-� ��	

�F1<E1D9?>�?6��?>D19>5B��?B531CD9>7�"5D8?4C�6?B��>1<IJ9>7�%?BD��?>D19>5B�)5B=9>1<
%5B6?B=1>35�*C9>7��75>D��1C54�(9=E<1D9?>
$E-:�%1@5-C-:���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5E-:->@;�%->:;���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-� ���

'9C;�1>4��?E>D5B=51CEB5��>1<IC9C�?6�#5DG?B;�21C54��<?21<��9B@<1>5�)B13;9>7�(ICD5=
,456A:�)A���5B58��B5-@5;:�':5B1>?5@E�;2��45:-��"�$���45:-���*A-:��5A���5B58��B5-@5;:�':5B1>?5@E�;2
�45:-��"�$���45:-����749-0��-48-:��':5B1>?5@-?��957;9�+;3E-7->@-���:0;:1?5-� ���

)1H@1I5B��?=@<91>35��<1CC96931D9?>�*C9>7�������(+"�� ##��#19F5��1I5C�1>4�"!%
����A<>5���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5E-:->@;�%->:;���:?@5@A@�&17:;8;35
%1<A8A4� ;<19.1>���:0;:1?5-� ���

�<1CC96931D9?>�?>�%1CC9?>��BE9D�C�'9@5>5CC�EC9>7� �"51>C��<ECD5B9>7�1>4��BD969391<�#5EB1<
#5DG?B;
%5@@5�)1@1:>5-61:3�%5014-.5��";85@17:57��&���-7-??->���:0;:1?5-����:?->�%AEA@5���-?-:A005:�;2
':5B1>?5@E���:0;:1?5-����:@-:�%->5��>1:5���-?-:A005:�':5B1>?5@E���:0;:1?5-����:3>50� A>@-:5;
��-?-:A005:�':5B1>?5@E���:0;:1?5-� �	


�1D1�!5F5<��@@B?138�6?B��=21<1>354��<1CC��1>4<9>7�?>��4E31D9?>1<��1D1�"9>9>7�"E<D93<1CC
�<1CC96931D9?>
+;3-�">5?@E-:@;��':5B1>?5@-?��-06-4��-0-���:0;:1?5-����>2-:�">-@-9-��':5B1>?5@-?��-06-4
�-0-���:0;:1?5-����:335@��1>05@-� A3>-4-��':5B1>?5@-?��-06-4��-0-���:0;:1?5-� �
	

"1389>5�!51B>9>7���9C85B��E>4��<1CC96931D9?>�EC9>7�#5EB1<�#5DG?B;�1>4�%1BD93<5�(G1B=
$@D9=9J1D9?>
�>525:�&5:05��':5B1>?5@-?��5<;:13;>;���:0;:1?5-� �
�

8



��(�##�#���))!&%�
��

'?2ECD>5CC�?6��<1CC931<��EJJI���"51>C����"�
�-4>A8��895� -?A@5;:��%17;8-4�&5:335��89A�%@-@5?@57���:0;:1?5-���$;.1>@��A>:5-C-:��%17;8-4
&5:335��89A�%@-@5?@57���:0;:1?5-� ��


�449D9F5�(EBF9F1<�!51CD�(AE1B5�(E@@?BD�+53D?B�"1389>5C�1>4��51DEB5�(5<53D9?>�?>��51<D8
�1D1�9>��>4?>5C91
����4;@59-4���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>����"�"���:0;:1?5-���%-:@5�)A8-:�"A>:-95
�%1<A8A4� ;<19.1>��:?@5@A@1�;2�&1/4:;8;3E���:0;:1?5-����10E��C5�">-?@E;���:?@5@A@�&17:;8;35
%1<A8A4� ;<19.1>���:0;:1?5-� ���

$@D9=9J1D9?>�?6��?B531CD54�%?BD��?>D19>5B�)5B=9>1<�%5B6?B=1>35�*C9>7��?1<�%B?7B1==9>7
%4-.>5:-��4;5>A::5?-���:?@5@A@1�;2�&1/4:;8;3E�%1<A8A4� ;<19.1>���:0;:1?5-���$5E-:->@;
%->:;���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����.0���4->5?��-AF-:���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-� ���

'9F5B��?4I��HDB13D9?>��>4��<1CC96931D9?>�*C9>7��>81>354�"?45<C�?6�"?496954�#?B=1<9J54
,1D5B��9665B5>35��>45H��D�.58�*>41�'9F5B��1<9
"A@A�(5>3-� -:@-� A3>-4-���-06-4��-0-�':5B1>?5@E����-06-4��-0-�':5B1>?5@E���:0;:1?5-��
%A:A�)5.5>-9-��':5B1>?5@-?��-06-4��-0-���:0;:1?5-���$5?-:A>5��50-E-@���-06-4��-0-
':5B1>?5@E��'������:0;:1?5-� ���

'51<�D9=5�=?D9?>�DB13;9>7�6?B�41>35�F9CE1<9J1D9?>�EC9>7� 1<=1>�69<D5BC
�->5:-��.>-9;B-���&�':5B1>?5@E�;2��;<1:4-31:���1:9->7����:0>1-��;>>-05:5���;<1:4-31:
%/4;;8�;2��1?53:�-:0�&1/4:;8;3E���1:9->7����:0>1-��;>>-05:5���;<1:4-31:�%/4;;8�;2
�1?53:�-:0�&1/4:;8;3E���1:9->7� �
�

�<?21<��51DEB5C�(5<53D9?>�6?B��I>1=93�(97>1DEB5�+5B96931D9?>
�:;�$-4->057-��%1<A8A4� ;<19.1>��:?@5@A@1�;2�&1/4:;8;3E���:0;:1?5-����>5?�&6-4E-:@;
�%1<A8A4� ;<19.1>��:?@5@A@1�;2�&1/4:;8;3E���:0;:1?5-� �
�


���E=1>��135�'53?>CDBE3D9?>�*C9>7��5@D8�(5>C?B�?6� 9>53D��
$-@4-�%5B��':5B1>?5@-?��-06-4��-0-���'�����:0;:1?5-����35��>05E-:@;��':5B1>?5@-?��-06-4
�-0-����-/A8@E�;2��:35:11>5:3���:0;:1?5-���$A0E��->@-:@;���-06-4��-0-�':5B1>?5@E��
�81/@>5/-8��:35:11>5:3�-:0��:2;>9-@5;:�&1/4:;8;3E��1<->@91:���-/A8@E�;2��:35:11>5:3��-06-4
�-0-�':5B1>?5@E���:0;:1?5-� ���

!51F5C��=175�(I>D85C9C�*C9>7��5>5B1D9F5��4F5BC1B91<�#5DG?B;C�,9D8�'57E<1B9J1D9?>
�=@B?F5=5>D
�A4-99-0��7-�"A>.-E-��':5B1>?5@E�;2��-06-4��-0-���:0;:1?5-��� ;;>��749-0�%1@5-C-:
�':5B1>?5@-?��-06-4��-0-���:0;:1?5-���&13A4��4->-@-��065��':5B1>?5@-?��-06-4��-0-�
�:0;:1?5-� ��	

�CD9=1D9>7��9C8�,5978D��1C54�?>�+9CE1<��1@DEB54
$-54-:��?8-9-05:-��':5B1>?5@E�;2�%1>-9.5��177-4���:0;:1?5-� ���

'9C;��>1<IC9C�$6��)��@@<931D9?>C�*C9>7��"���1>4���%�(�,�"5D8?4�,9D8��$��)��
�9>5:-��<>585-:-���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5E-:->@;�%->:;���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���+A@57-��9185-��221:05���:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� ���

9



��(�##�#���))!&%�
��

�=@B?F5=5>D�?6�"�����51DEB5��HDB13D9?>��33EB13I�*C9>7�%���9>��>4?>5C91>�(@5538
'53?7>9D9?>
�:33A:�)5:A>?5@;��':5B1>?5@-?��-06-4��-0-���:0;:1?5-���$5?-:A>5��50-E-@���-06-4��-0-
':5B1>?5@E��'������:0;:1?5-����3A?��16;��':5B1>?5@-?��-06-4��-0-���:0;:1?5-� ���

$@D9=9J1D9?>�?6�!978D�)B13;5B�"?F5=5>D�*C9>7��EJJI�!?793��?>DB?<
�A@25��-4->057-��':5B1>?5@-?� 131>5��-8-:3���:0;:1?5-� ��


�5C97>�?6�(5BF5B�'??=�)5=@5B1DEB5�1>4��E=949DI��?>DB?<�(ICD5=�EC9>7��EJJI�!?793�21C54
?>�"93B?3?>DB?<<5B
�1.>E-:��->5�"A>C-:@;��':5B1>?5@-?��957;9���:0;:1?5-����9-�'@-95��':5B1>?5@-?��957;9
+;3E-7->@-���:0;:1?5-����7;�">-9;:;��':5B1>?5@-?��957;9�+;3E-7->@-���:0;:1?5-� ��	

�5C97>�?6�(=1BD�!?3;�(ICD5=�6?B��??BC�G9D8�(@5391<��51DEB5C�*C9>7��<E5D??D8�)538>?<?7I
�A4-99-0�%-.5>5:��-05?��':5B1>?5@-?��-?-:A005:���:0;:1?5-����8E-?�"-8-:@15��':5B1>?5@-?
�-?-:A005:���:0;:1?5-����958��49-0��84-9��':5B1>?5@-?��-?-:A005:���:0;:1?5-����7.->
�1:0>-��':5B1>?5@-?��-?-:A005:���:0;:1?5-� ���

�5C97>�?6�'?2?D��?>DB?<�(ICD5=�,9D8�D85�*C5�?6��1>4��5CDEB5��1C54�,9B5<5CC
�7-�%A?-:@5�&17-?-:@5���% ���1<->@91:@�;2�";8@E@41/:5/�%>5C56-E-���";8@E@41/:5/��;9<-:E�
�:0;:1?5-���$;?5@-��1.>5-:5�$2@:��$� ���1<->@91:@�;2�";8E@1/4:5/�%>5C56-E-���%>5C56-E-
�;9<-:E���:0;:1?5-���%4;8545:��5:��%� ��%@-@1�;2�";8E@1/4:5/�%>5C56-E-���%@-@1�;2�";8E@1/4:5/
%>5C56-E-���:0;:1?5-���$����-859-4�&A??-0E-4�$5@24?��$@4���1<->@91:@�;2�";8@E@41/:5/
%>5C56-E-���%>5C56-E-��;9<-:E���:0;:1?5-� 
	


)85��5F5<?@=5>D�?6�&E19<��77C�(=1BD��>3E21D?B�6?B��1D389>7�(ICD5=�21C54�?>
"93B?3?>DB?<<5B�1>4��>D5B>5D�?6�)89>7C���?)�
�E-4��:33>-1:5��'� �%A:-:��A:A:3��6-@5����;8-.;@�&1/4:;�$;.;@5/��:?@5@A@1���:0;:1?5-���)�
%���-0-�%-:6-E-��'� �%A:-:��A:A:3��6-@5��-:0A:3���:0;:1?5-� 
	�

�5C97>�?6�$<613D?BI�"?29<5�'?2?D�6?B��5D53D9>7�D85�!51;�?6��1C�(?EB35C�2I�9=@<5=5>D9>7��?D�
,9B5��>5=?=5D5B
�-99-�$-4->05���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����A4-99-0�$5B-5���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����6;7;�"A>C-:@;���:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� 

�

(@?9<54�"51D�!5F5<��<1CC96931D9?>�*C9>7�(5=93?>4E3D?B��1C�(5>C?B���=175�%B?35CC9>7�1>4
#5EB1<�#5DG?B;
(5:0-��->@57-���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����A4-99-0�$5B-5���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����6;7;�"A>C-:@;���:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� 

�

(31<5�E@�?6�"9H9>7�%B?35CC��1C54�?>��?>CD1>D�%?G5B	+?<E=5�1>4��AE1<��<5>4�)9=5�*C9>7
+9C9=9H�(9=E<1D9?>
)-85EA005:�%-99-057A:��':5B1>?5@-?� 131>5�%19->-:3���:0;:1?5-� 
�


10



��(�##�#���))!&%����

!�#�$��1C54�?>�'?2ECD��?E>D5B@1BD�$@5>��1@139D1D54�+5893<5�'?ED9>7�%B?2<5=
�'�$�+'%��"?45<�?6�,1CD5�)B1>C@?BD1D9?>�9>�%1<5=21>7
�5@>5��-E-�"A?<5@-��':5B1>?5@E�;2�%>5C56-E-���:0;:1?5-���+A?A2��->@;:;��':5B1>?5@-?�%>5C56-E-�
�:0;:1?5-����1?5��:0-4�"1>9-@-?->5��%>5C56-E-�':5B1>?5@E���:0;:1?5-����188-��>5?4-��%>5C56-E-
':5B1>?5@E���:0;:1?5-� 
��

!�#�$��1C54�$@D9=9J1D9?>�%B?2<5=�?6��<?E4��?=@ED9>7�?6��1>4G94D8��?>CE=@D9?>�9>�D85
�>D5B>5D
�5@>5��-E-�"A?<5@-��':5B1>?5@E�;2�%>5C56-E-���:0;:1?5-����:0>-C-@5��:0>-C-@5��%>5C56-E-
':5B1>?5@E���:0;:1?5-����:;?1:?5A?� -01-7��%>5C56-E-�':5B1>?5@E���:0;:1?5-���%>5��>85@-��%>5C56-E-
':5B1>?5@E���:0;:1?5-����188-��>5?4-��%>5C56-E-�':5B1>?5@E���:0;:1?5-� 
��

�I2B94��?B531CD9>7�"?45<�)?�%B5493D��9B�%1CC5>75B�1>4��1B7?��>��>4?>5C91
$-@:-�%A85?@E;C-@5���:?@5@A@1�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���%A4->@;:;�%A4->@;:;
��:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����1>5��A?C-:@;���:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� 

�

%B5493D9>7�(DE45>D�C�%CI38?=?D?B��?=19>�?>�)85�+?31D9?>1<��978�(38??<�*C9>7�!9>51B
'57B5CC9?>
+A:5�+-9-?->5���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5:-��->59A>@5��':5B1>?5@-?
 131>5�%A>-.-E-���:0;:1?5-����7;4->5-05��7;4->5-05��':5B1>?5@-?� 131>5�%A>-.-E-���:0;:1?5-��
�A:;@;��A:;@;��':5B1>?5@-?� 131>5�%A>-.-E-���:0;:1?5-���������"���?@;��A05@6-46-:@;
�':5B1>?5@-?� 131>5�%A>-.-E-���:0;:1?5-� 

�

�<1CC96I9>7��5>569391B95C�?6��C<1=93��?1B49>7�(38??<�'58129<9D1D9?>��94��1C54�?>�#5EB1<
#5DG?B;��@@B?1385C
�49-0��:05��79-8��89-2-8A@5���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>�%A>-.-E-���:0;:1?5-��
%A<1:;�%A?575��%1<A8A4� ;<19.1>��:?@5@A@1�!2�&1/4:;8;3E���:0;:1?5-����-A>5045��1>E
"A>:;9;���:?@5@A@�;2�&1/4:;8;3E�%1<A8A4� ;<19.1>���:0;:1?5-� 
�


�=@B?F9>7�D85��<ECD5B�+1<949DI�?>�(DE45>D��C�%CI38?=?D?B��?=19>�*C9>7��51DEB5�(5<53D9?>
+A:5�+-9-?->5���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���%A<1:;��->05�%A?575
 A3>;4;���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5:-��->59A>@5��':5B1>?5@-?� 131>5
%A>-.-E-���:0;:1?5-����-A>5045��1>E�"A>:;9;���:?@5@A@�;2�&1/4:;8;3E�%1<A8A4� ;<19.1>�
�:0;:1?5-� 
�	

�5D5B=9>9>7�!9>51B�)5=@?B1<�!?793��?B=E<1�6?B��53?=@?C54�%B?35CC�"?45<
�->E-9-4��->E-9-4���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5E-:->@;�%->:;
��:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����25:-� A>8-585���:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� 
��

)9=5�1>4��?CD�$@D9=9J1D9?>�EC9>7��EJJI��?1<�%B?7B1==9>7
�-01��3A?�"A@>-�%A.-85���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5E-:->@;�%->:;
��:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���+A@57-��9185-��221:05���:?@5@A@�&17:;8;35
%1<A8A4� ;<19.1>���:0;:1?5-� 
�


11



��(�##�#���))!&%����

��(�##�#���))!&%����

�5D53D9?>�?6�$B71>93�(?<F5>D��?=@?E>4C�*C9>7�$@D931<��925B��>D5B65B?=5D5B��BB1I�1>4�#5EB1<
#5DG?B;�%1DD5B>�'53?7>9D9?>
�C5�%-?95@-��65�"-9.A05���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����A4-99-0�$5B-5
��:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����/49-0��>525:��%1<A8A4� ;<19.1>��:?@5@A@1
;2�&1/4:;8;3E���:0;:1?5-� 
��

(?<F9>7��>F5BC5� 9>5=1D93C�)B1:53D?BI�)B13;9>7�?6�%<1>1B�"1>9@E<1D?B�EC9>7�#5EB1<�#5DG?B;
 A>-:5��-@452-4��%@-@1�':5B1>?5@E�;2��-8-:3���:0;:1?5-� 
��

%B?D?DI@5�?6��9B5�(I=@D?=��5D53D9?>�(ICD5=
!D?E��5-:05���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>����&%���:0;:1?5-���$5E-:->@;�%->:;���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-� 
��

�ED?=1D93�'1>;9>7�(ICD5=�?6�*>9F5BC9DI�21C54�?>�)538>?<?7I�'5149>5CC�!5F5<�*C9>7�!���
�412??CD�"�
�-3A?�$5:@E->:-��%1<A8A4� ;<19.1>��:?@5@A@1�;2�&1/4:;8;3E����A4-99-05E-4�':5B1>?5@E�;2
�19.1>���:0;:1?5-���$5E-:->@;�%->:;���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����>3-
+A-:-:0-���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���&%��%A>-.-E-�%A>-.-E-���:0;:1?5-� 
��

�5F5<?@9>7�(D1D9CD931<��EC9>5CC�'579CD5B�(5BF935�(ICD5=��1C54�?>�"93B?C5BF935��B389D53DEB5
%A4->05�%A4->05���-:0A:3��:?@5@A@1�;2�&1/4:;8;3E���:0;:1?5-����CE��-3A?��-4E;:;���:?@5@A@
&17:;8;35��-:0A:3����-0-:�"A?-@�%@-@5?@57���:0;:1?5-��� ;B5-:@;��A05��A>:5-C-:���:?@5@A@
&17:;8;35��-:0A:3���:0;:1?5-� �		

�6653DC�?6��5@D8��EB91<�?>��EBB5>D��1BBI9>7��1@139DI�?6�-!%����	��
����
��;+�*>45B7B?E>4
�12<5
�EA04-� -:05�">-05<@-��':5B1>?5@-?��:0;:1?5-���:0;:1?5-����4-5>A8��A0-E-��':5B1>?5@-?
�:0;:1?5-���:0;:1?5-� �	�

,1B49>7�?66�D85�@<1791B9C=�G9D8�D85�1@@<931D9?>C���1C5�CDE4I�1D��9>1�#EC1>D1B1�*>9F5BC9DI
CDE45>D�1>4�613E<DI�=5=25B�
%A>6-:0E�%A>6-:0E���5:-� A?-:@->-�':5B1>?5@E���:0;:1?5-� �



��)5HD��<1CC96931D9?>�?>�)85��?G>CDB51=9>7�%?D5>D91<�?6��9?=54939>5�%E2<931D9?>C�9>
�>4?>5C91
�1?:-:�%58-8-45���:0;:1?5-:��:?@5@A@1�;2�%/51:/1?���:0;:1?5-���$5-��->05E-@5���:0;:1?5-:
�:?@5@A@1�;2�%/51:/1?���:0;:1?5-���&>5��-:0-E-:5���:0;:1?5-:��:?@5@A@1�;2�%/51:/1?���:0;:1?5-��
�>1:1� -045>;4���:0;:1?5-:��:?@5@A@1�;2�%/51:/1���:0;:1?5-����5-��9185-���:0;:1?5-:��:?@5@A@1�;2
%/51:/1?���:0;:1?5-���$5F7-�$-49-50-���:0;:1?5-:��:?@5@A@1�;2�%/51:/1?���:0;:1?5-� �
�

"E<D9��?3E=5>D�(E==1B9J1D9?>�6?B�D85��>4?>5C91>�!1>7E175��1C54�?>�!1D5>D��9B938<5D
1<<?31D9?>�1>4�(97>96931>35�C5>D5>35
�3A?�)506-:->7;���5<;:13;>;�':5B1>?5@E���:0;:1?5-���$1@:;��A?A9-:5:3>A9���5<;:13;>;
':5B1>?5@E���:0;:1?5-� ��	

)G9DD5B��1D1�)B1>C6?B=1D9?>�6?B�#5DG?B;�+9CE1<9J1D9?>��1C54��?>D5HD��>1<IC9C
�-:5� A>>-495��&187;9�':5B1>?5@E���:0;:1?5-���$5:5�)56-E-:@5���:0;:1?5-:��:?@5@A@1�;2�%/51:/1?�
�:0;:1?5-����:0>5��-/4>A>�$;F51���:0;:1?5-:��:?@5@A@1�;2�%/51:/1?���:0;:1?5-����:0>5-��>5?-8
��:0;:1?5-:��:?@5@A@1�;2�%/51:/1?���:0;:1?5-� ���

12



��(�##�#���))!&%����

#?>�6?B=1<��669H54�,?B4�(D5==9>7�9>��>4?>5C91>�!1>7E175
$-4->0E-:��5?9-�%1@E-�"A@>-��':5B1>?5@-?��957;9�+;3E-7->@-���:0;:1?5-����9-�'@-95
�':5B1>?5@-?��957;9�+;3E-7->@-���:0;:1?5-� ��


)5HD�"9>9>7��1C54�?>�)1H��?==5>DC�1C��97��1D1��>1<IC9C�*C9>7�(+"�1>4��51DEB5�(5<53D9?>
�54A-:0-E-:5��54A-:0-E-:5��':5B1>?5@-?��957;9�+;3E-7->@-���"&��&591��D/185:0;�
�:0;:1?5-����99-�'@-95��%&��������!��+;3E-7->@-���:0;:1?5-����94-�&-A25=��A@425
�':5B1>?5@-?�����!��+;3E-7->@-���:0;:1?5-� ���

�>4?>5C91>�)G9DD5B��I25B2E<<I9>7��5D53D9?>�EC9>7�)5HD��<1CC96931D9?>�1>4�*C5B��B54929<9DI
�-:5� A>>-495��&187;9�':5B1>?5@E���:0;:1?5-����-01� A>6-:-4��&187;9�':5B1>?5@E���:0;:1?5-� �
�

�??4�)B5>4��1C54�?>�(?391<�"5491�6?B��97��1D1��>1<IC9C�*C9>7� �"51>��<ECD5B9>7�1>4�(�,
�54A-:0-E-:5��54A-:0-E-:5��':5B1>?5@-?��957;9�+;3E-7->@-���"&��&591��D/185:0;�
�:0;:1?5-����1>0-�$-9-:05@-��':5B1>?5@-?��957;9�+;3E-7->@-���:0;:1?5-����>512�%1@E-:@;
�':5B1>?5@-?�����!��+;3E-7->@-���:0;:1?5-����74C-:�%A9-2@-���-35?@1>�;2��:2;>9-@5;:
�:35:11>5:3���:0;:1?5-� �
�

)9=5�1>4��?CD�$@D9=9J1D9?>�*C9>7�(3854E<9>7��?2�(8?@�1>4�!9>51B��?1<�%B?7B1==9>7�"?45<
�5-:05:-��150E-:5���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5E-:->@;�%->:;���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����25:-� A>8-585���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>�
�:0;:1?5-� ���

�6653D�?6�(D1D?B�(<?D��5?=5DBI�?>��978�(@554�(@9>4<5�"?D?B�%5B6?B=1>35
)-C-:�"A>C-:@;��)"��':5B1>?5@-?� 131>5�"-0-:3���' "���:0;:1?5-� ��


�>1<IC9C�?6�!?14��6653DC�1>4�*>21<1>35�+?<D175�?>��9B��1@��335>DB939DI�9>��>4931D9?>
%5B6?B=135�?6�)8B55�%81C5��>4E3D9?>�"?D?BC
 A>��84-9���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����59-?��?2-:5��� %&�&'&
&�� !�!���%�"'�'�� !"����$���:0;:1?5-������-01�+A85?@E-� 13->-���&%���:0;:1?5-��
�188E�+-:��1C-:@->-���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-� ���

$@D9=9J1D9?>�?6��B?E>49>7�'5C9CD1>35�D?�"9>9=9J5�)B1>C95>D��EBB5>DC�1D���
�;+�(E<C5<B121B
(ICD5=
�;/4-99-0��<>5E-05��-05�%5>-0��':5B1>?5@E�"-@>5-��>@4-���:0;:1?5-����A4-99-0��6-8-8��%@-@1
";8E@1/4:5/�;2�'6A:3�"-:0-:3���:0;:1?5-����A4-99-0�$-5?�$-5?��':5B1>?5@E�"-@>5-��>@4-�
�:0;:1?5-����:05� A>�"A@>5��':5B1>?5@E�"-@>5-��>@4-���:0;:1?5-� ���

�41@D9F5��$�'��??B49>1D9?>�9>�!??@��9CDB92ED9?>�(ICD5=�,9D8��9CDB92ED54��5>5B1D9?>�*C9>7
�9B56<I��<7?B9D8=��BD969391<�#5EB1<�#5DG?B;
�1?@5:-��1?@->5���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����-A>5045��1>E�"A>:;9;
��:?@5@A@�;2�&1/4:;8;3E�%1<A8A4� ;<19.1>���:0;:1?5-����->3;�"A65-:@->-���:?@5@A@�&17:;8;35
%1<A8A4� ;<19.1>���:0;:1?5-����-1:3�$-49-@A88-4���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>�
�:0;:1?5-� ���

�<9>4��?=@B5CC9F5�(5>C9>7�6?B��?7>9D9F5�'149?�#5DG?B;C�EC9>7�<��"9>9=9J1D9?>�'53?F5BI�1>4
(@53DBE=�(57=5>D1D9?>
�4910��.5-:���5:�%4-9?�':5B1>?5@E���&181/;9��3E<@���3E<@���%-8C-��8�$-98E���5:�%4-9?
':5B1>?5@E���3E<@����-??-:@��.0184-950���-/A8@E�;2��:35:11>5:3��5:�%4-9?�':5B1>?5@E���3E<@� ���

13



��(�##�#���))!&%����

�19<?F5B�"5381>9C=��EB9>7�*@7B149>7�%B?35CC�6?B�(?6DG1B5��569>54�#5DG?B;9>7
%51C��;;:��59��':5B1>?5@5�%-5:?��-8-E?5-���-8-E?5-���+A:3�)1E��4;:3��':5B1>?5@5�%-5:?
�-8-E?5-���-8-E?5-���#5��A-:� 3��':5B1>?5@5�%-5:?��-8-E?5-���-8-E?5-����4;:3��59�+-<
�':5B1>?5@5�%-5:?��-8-E?5-���-8-E?5-� ��


�E49?��51=�(D55B9>7�,9D8��BB1I�%81C54�"5D8?4
�9->;��-�%58B-��-B5;8-���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����A4-99-0�$5B-5
��:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����1:0>-��A?A9-���:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� ���

�?BB5<1D54��?E2<5�'9>7��81>>5<�"?45<�1D��978�(@554��>F9B?>=5>D�9>�+5893<5�D?�+5893<5
�?==E>931D9?>C
)-4EA�"-9A:37-?���:?@5@A@�&17:;8;35�&187;9�"A>C;71>@;����1<->@191:�&17:57��817@>;�
�:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���&%��%A>-.-E-���:0;:1?5-���&5@517�%A>E-:5���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����C-:�)5>-C-:���&%���:0;:1?5-� �	


"?F9>7�$2:53D�)B13;9>7�*C9>7��I2B94�"5D8?4
�-8-:0->A�%C-8-3-:-@-���:?@5@A@��3-9-��?8-9� 131>5�&A8A:3-3A:3���:0;:1?5-����A:5>5��A:5>5
��:?@5@A@��3-9-��?8-9� 131>5�&A8A:3-3A:3���:0;:1?5-���+1??5��22>5E1::5���-06-4��-0-
':5B1>?5@E���:0;:1?5-� �	�

�5B21<�!516��<1CC96931D9?>�*C9>7��=175C�9>�#1DEB1<��13;7B?E>4
�225D��->1@-��':5B1>?5@-?��-06-4��-0-���:0;:1?5-����:0-4�%;1?-:@5��':5B1>?5@-?��-06-4��-0-�
�:0;:1?5-���!E-?�)-4EA:33;>;��'�����:0;:1?5-� �
�

�B1>E<?=1��=175��5D53D9?>�)8B?E78�%5B91@931<�'149?7B1@8�2I�*C9>7��12?B�,1F5<5D�"5D8?4
1>4�(E@@?BD�+53D?B�"1389>5��<1CC96931D9?>
�A4-99-0��-0458�,A-:05��&187;9�':5B1>?5@E���:0;:1?5-����-9.-:3��50-E-@��&187;9
':5B1>?5@E���:0;:1?5-���%A4->06;�%5@-9��"-06-6->-:�':5B1>?5@E���:0;:1?5-� �
�

#?>��<9>4�'����=175�,1D5B=1B;9>7�)538>9AE5�EC9>7���!5F5<��9C3B5D5�,1F5<5D�)B1>C6?B=
1>4�(9>7E<1B�+1<E5��53?=@?C9D9?>
+A05@��>A9��17->?->5���5-:� A?C-:@;>;�':5B1>?5@E���:0;:1?5-����1�$;?-8��3:-@5A?��;?1?
%1@5-05���5-:� A?C-:@;>;�':5B1>?5@E���:0;:1?5-����4>5?@E��@57-�%->5���5-:� A?C-:@;>;
':5B1>?5@E���:0;:1?5-����7;��->5�$-/49-C-:@;���5-:� A?C-:@;>;�':5B1>?5@E���:0;:1?5-��
�A86;:;��A86;:;���5-:� A?C-:@;>;�':5B1>?5@E���:0;:1?5-� ���

(<949>7�,9>4?G�"5D8?4�6?B��I5�"?F5=5>D��5D53D9?>�21C54�?>��<53DB??3E<?7B1=�(97>1<
�-@A>��@9-65��':5B1>?5@-?��-06-4��-0-���:0;:1?5-����325-:@;��7;�"A@>-��':5B1>?5@-?��-06-4
�-0-���:0;:1?5-����>>56-8��-:52���81/@>;:5/?�-:0��:?@>A91:@-@5;:���:0;:1?5-� ���

"?45<9>7�?6��514�"?F5=5>DC�)?G1B4C�!1D5B1<��335<5B1D9?>��9B53D9?>�F91�(ICD5=��45>D96931D9?>
6?B�"?D9?>�(93;>5CC�(DE4I
%->-4��-@52-4��5:@5�?->A/45��':5B1>?5@5�&17:;8;35��-8-E?5-���-8-E?5-����-@@-��>522��':5B1>?5@5
&17:;8;35��-8-E?5-���-8-E?5-� ���

(9=9<1B9DI�"51CEB5C�?6�$2:53D�(5<53D9?>�9>��>D5B13D9F5��@@<931D9?>C�21C54�?>�(=??D8�%EBCE9D
�I5�"?F5=5>DC
�1>85:-��1>85:-��':5B1>?5@-?��-06-4��-0-���:0;:1?5-����35��>05E-:@;��':5B1>?5@-?��-06-4��-0-
���-/A8@E�;2��:35:11>5:3���:0;:1?5-���%A:A�)5.5>-9-��':5B1>?5@-?��-06-4��-0-���:0;:1?5-� ���

14



��(�##�#���))!&%����

�<1CC96931D9?>�?6��B12931�1>4�'?2ECD1��?6655�*C9>7��<53DB?>93�#?C5
�571��-325>-���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5E-:->@;�%->:;���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-� �
�

-255�%B?�"?4E<5��@@<931D9?>�9>�D?�$B71>9J5�1>4�"?>9D?B9>7��1BD8AE1;5��9C1CD5B�!?31D9?>C
G9D8�D85�'?2?D��?>DB?<�(ICD5=
�01�)-?@5��)���C���1<->@91:@�;2�";8@E@41/:5/�%>5C56-E-���%>5C56-E-��;9<-:E���:0;:1?5-��
$;?5@-��1.>5-:5�$2@:��$� ���1<->@91:@�;2�";8E@1/4:5/�%>5C56-E-���%>5C56-E-��;9<-:E�
�:0;:1?5-���%4;8545:��5:��%� ��%@-@1�;2�";8E@1/4:5/�%>5C56-E-���%@-@1�;2�";8E@1/4:5/�%>5C56-E-�
�:0;:1?5-����7-�%A?-:@5�&17-?-:@5���% ���1<->@91:@�;2�";8@E@41/:5/�%>5C56-E-���";8@E@41/:5/
�;9<-:E���:0;:1?5-����9585-��1?@5��98���4:���1<->@91:@�;2�";8@E@41/:5/�%>5C56-E-���%>5C56-E-
�;9<-:E���:0;:1?5-� ��


�5C97>�?6��B13D9?>1<�$B45B�%B?@?BD9?>1<��>D57B1<��5B9F1D9F5��?>DB?<<5B���1B4G1B5�'51<9J1D9?>
�.:A��-?:3A@��':5B1>?5@-?��-06-4��-0-���:0;:1?5-����58-:3� A3>-4-�"A@A�">-@-9-
�':5B1>?5@-?��-06-4��-0-���:0;:1?5-����04-��9-9��-4E-05��':5B1>?5@-?��-06-4��-0-�
�:0;:1?5-���%-95-065��1>06A:-:@;��':5B1>?5@-?��-06-4��-0-���:0;:1?5-����;4:��5?41>
�1221>?;:�"-7<-4-:��':5B1>?5@-?��-06-4��-0-���:0;:1?5-� ���

��'5=54I��5C97>�?6�%���?>DB?<<5B�6?B�!9AE94�!5F5<��?>DB?<
&>5��?@A@5�$-49-C-@5��':5B1>?5@-?��-06-4��-0-���:0;:1?5-��� 5�9-@A8���.0-4��045E-��-74>5E
�':5B1>?5@-?��-06-4��-0-���:0;:1?5-����58-:3� A3>-4-�"A@A�">-@-9-��':5B1>?5@-?��-06-4
�-0-���:0;:1?5-����04-��9-9��-4E-05��':5B1>?5@-?��-06-4��-0-���:0;:1?5-���%-95-065
�1>06A:-:@;��':5B1>?5@-?��-06-4��-0-���:0;:1?5-� ��


�??B��ED?=1D9?>�(ICD5=��1C54�?>�(@5538��?==1>4�1>4�%�#�*C9>7��>4B?94�(=1BD@8?>5
$1@4-��>525:���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5E-:->@;�%->:;���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-� ���

�9CDEB21>35��?=@5>C1D9?>�*C9>7��)��G9D8�#�$��6?B��?B=1D9?>��?>DB?<�?6�"?29<5�'?2?DC
�>E-��A?A9-C->0-:-���&%���:0;:1?5-� ���

�?>DB?<�(ICD5=��1C54�$>��EJJI�!?793��>�#ED=57�$9<��9CD9<<1D9?>�%B?35CC��?B��>5B7I
$@D9=9J1D9?>
%E-9?A8�%E-9?A8��";85@17:57� 131>5��4;7?1A9-C1���:0;:1?5-���$A05�%E-4<A@>-���1/@A>1>�
�:0;:1?5-���%A41>9-:�%A41>9-:���1/@A>1>���:0;:1?5-� ���

��"?496954��<7?B9D8=�6?B��E<<��EJJI�)B1>C@?BD1D9?>�%B?2<5=�G9D8�(9=@<5��449D9F5�,5978D9>7
�A4-99-0�%-9�-:���5<;:13;>;�':5B1>?5@E���:0;:1?5-����->5745:��->575:���-/A8@E�;2�%/51:/1
-:0��-@419-@5/?���5<;:13;>;�':5B1>?5@E���:0;:1?5-���:0;:1?5-����-EA�%A>->?;���-/A8@E�;2
%/51:/1�-:0��-@419-@5/?���5<;:13;>;�':5B1>?5@E���:0;:1?5-���%;85/45:�,-75���-/A8@E�;2
%/51:/1�-:0��-@419-@5/?���5<;:13;>;�':5B1>?5@E���:0;:1?5-� ��


15



��(�##�#���))!&%����

��(�##�#���))!&%����

$>�D85�"?45<9>7�?6�)85��F5B175�+1<E5�?6��978�(38??<�#1D9?>1<��H1=9>1D9?>�9>�,5CD��1F1
*C9>7��1I5C91>��95B1B38931<�"9HDEB5�#?B=1<��@@B?138
�-<5-4��-<5-4���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-��� A>��>5-C-:���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����->@57-��5@4>5-?->5���:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� ���

)B1>C@?BD1D9?>��8?935�"?45<9>7�?>��?==ED5B�9>��12?45D125;�*C9>7��1I5C91>�#5DG?B;�1>4
%?<ID?=?EC�!?79CD93�'57B5CC9?>
$-@54��A?A9-��1C5���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-��� A>��>5-C-:���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����>4-9-4��>4-9-4���:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� ���

)85��6653D9F5>5CC�?6�%5B9@85B1<��>D5B13D9?>��?>35@D�6?B�"?29<5�%8?>5�*C175�G89<5��B9F9>7
�>5?@5-:� A3>-4-���A@-�)-/-:-��4>5?@5-:�':5B1>?5@E���:0;:1?5-� �	


%5B6?B=1>35��>1<IC9C�?6�F�5C;D?@�EC9>7�%�?�%��335<5B1D?B�+(�F(����1C54�?>�+"G1B5
�>F9B?>=5>D������1C5�(DE4I�1D�* '����*>9F5BC9DI
�->/18�+-<���>50-�)-/-:-��4>5?@5-:�':5B1>?5@E���:0;:1?5-� �	�

�>D5B13D9?>��5DG55>��<E94�1>4�(?<94��?4I�(EB6135C�9>��<E94�(9=E<1D9?>�EC9>7�"1D5B91<�%?9>D
"5D8?4
&5@;��1?A9;�%5>13->���:?@5@A@�&17:;8;35��-:0A:3���:0;:1?5-���$5:-805��A:5>���-:0A:3��:?@5@A@1
;2�&1/4:;8;3E���:0;:1?5-����;0E��4->9-���:?@5@A@�&17:;8;35��-:0A:3���:0;:1?5-� �	�

�=@<5=5>D1D9?>�?6�#E=5B931<�1DDB92ED5��9C3B5D9J1D9?>�6?B�$ED<95B��5D53D9?>�?>�"9H54��DDB92ED5
�1D1C5D
�C5��->E;:;��':5B1>?5@-?�%1.18-?��->1@���:0;:1?5-� �
�

,1F5<5D��1C54��>1<IC9C�?6��<@81�'8ID8=�?>�����(97>1<
�1>-��1?@->5���:?@5@A@�&17:;8;35�%1<A8A4� ;B19.1>���:0;:1?5-� �
�

�=@<5=5>D1D9?>�?6�'51<�)9=5�(31>>5B��1F1�!1>7E175�)5HD�G9D8�"?29<5�+9C9?>��>4B?94��1C54
�->5F��FA825=->� A>F-9������!��':5B1>?5@E���:0;:1?5-����94-�&-A25=��A@425��':5B1>?5@-?
����!��+;3E-7->@-���:0;:1?5-� ��


"?45<<9>7�?6��B9F5B0C�(D55B9>7��581F9?B��?>DB?<�9>��=5B75>3I��?<<9C9?>��F?941>35�2I�EC9>7
�?3EC�)9=5��5<1I�#5EB1<�#5DG?B;
 A>4-225F-4��-??-:��':5B1>?5@5�&17:;8;35��-8-E?5-���-8-E?5-����-@@-��>522��':5B1>?5@5�&17:;8;35
�-8-E?5-���-8-E?5-� ��	

�5D53D9?>�?6�*>CD12<5��@@B?1385C�9>��<978D�)B13;�G9D8�'53EBB5>D�#5EB1<�#5DG?B;
�5:5��-:52-���:?@5@A@�&17:;8;35��-:0A:3���:0;:1?5-���%-52A8��7.->���:?@5@A@�&17:;8;35��-:0A:3�
�:0;:1?5-� ���

�=@<5=5>D1D9?>�?6�D85�(5=1>D93�,52�9>��EC9>5CC�%B?35CC�"?45<9>7�*C9>7�%5DB9�#5DC
+A@57-��9185-��221:05���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5E-:->@;�%->:;
��:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-� �



16



��(�##�#���))!&%�
��

%B?2<5=�)B1>C6?B=1D9?>�"5D8?4C��?B�%B5493D9?>�?6�$@9>9?>�1>4��H35@D9?>C��>��9>1>391<
(D1D5=5>DC��E49D�'5@?BDC���1C5��?B��9>1>391<�(D1D5=5>DC��E49D��>��5>DB1<� 1<9=1>D1>
%B?F9>35
�88-:@A@>-��A?8-C-���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-������:0>;E;:;���&%��
�:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���%A<1:;��->05�%A?575� A3>;4;���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-� �
�

"?45<9>7�)85��?EC58?<4�"9<;��?>CE=@D9?>��1D1�2I��>4?75>?EC��1I5C91>�)?29D�&E1>D9<5
��)&��'57B5CC9?>�9>�(94?1B:?
%->@57-��EA�)A8-:0->5���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����?9-5:5�,-5:���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���%-:@5�"�$-4-EA���:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� ���

(@1D91<�%B?29D�'57B5CC9?>�"?45<��'53EBC9F5��=@?BD1>35�(1=@<9>7��@@B?138
&-A25=��1C-:@;���:?@5@A@5�&17:;8;3�%1<A8A4� ;<19.1>���:0;:1?5-���(5@-�$-@:-?->5���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>�%A>-.-E-���:0;:1?5-���"A>4-05�"A>4-05��%1<A8A4� ;<19.1>
�:?@5@A@1�;2�&1/4:;8;3E���:0;:1?5-� ���

)85��=@<5=5>D1D9?>�?6����?F5B>=5>D�)8B?E78�(?391<�"5491�*C5��>�!?31<��?F5B>=5>D�?6�(?<?
'1I1
�:0>1� ��$-49-:@;��%1.18-?��->1@�':5B1>?5@E���:0;:1?5-����4-5>A8��A0-��@9-��5>3-@-9-
�%1.18-?��->1@�':5B1>?5@E���:0;:1?5-� ���

�I>1=931<�381B13D5B9CD93C�?6�D85��($�DB1>C=9CC9?>�31@139DI�9>�D85�@B5C5>35�?6�'9391>
DEB2E<5>35
%@12-:�"-:5H��':5B1>?5@E�;2� 5G���':5B1>?5@E�;2�">5G@5:-��%1>.5-����>-:5?8-B��58;?1B5/���-/A8@E�;2
 -@A>-8�%/51:/1?�-:0��-@419-@5/?��':5B1>?5@E�;2�">5?@5:-��%1>.5-���(8-01@-��581:7;B5/���-/A8@E
;2��81/@>5/-8��:35:11>5:3��%1>.5-���%181:-�(-?5H���-/A8@E�;2��:2;>9-@5;:�&1/::;8;3E��':5B1>?5@E
;2��1@>;<;85@-:���183>-01��%1>.5-� ���

�>��>9D91<�'5C51B38�?>��1<CD514�C�)538>9AE5��?B�%B?7B1==9>7�%1DD5B>�(DE4I
+A85A?��1::E�">-.;C;���-8.5?��:?@5@A@1���:0;:1?5-� ���

$@D9=1<�31@139D?B�@<135=5>D�1>4�53?>?=93�1>1<IC9C�6?B�B513D9F5�@?G5B�3?=@5>C1D9?>�D?
9=@B?F5�CICD5=�C�5669395>3I�1D��?C?G1��5=5>D��>4ECDBI��"1B?C
%E-4>A8��A?@-2-��':5B1>?5@-?��-?-:A005:���:0;:1?5-� ���

"?45<�%B5493D9F5��?>DB?<�?>��E1<��H9C�(?<1B�)B13;5B�EC9>7�"1D<12	(9=E<9>;�(9=E<1D9?>
�A4-99-0��74C-:��%1<A8A4� ;<19.1>��:?@5@A@1�;2�&1/4:;8;3E���:0;:1?5-����->0856-4
�->0856-4���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����4-5>A8��9>;:���:?@5@A@�&17:;8;35
%1<A84� ;<19.1>�%A>-.-E-���&%����:0;:1?5-� ��


*C9>7��+'%�"?45<�9>��5C97>9>7��539C9?>�(E@@?BD�(ICD5=�6?B�$@D9=9J9>7��9CDB92ED9?>�'?ED5
1>4��=?E>DC�?6�*D9<9J54�+5893<5C
�-�!01��;4-9-0�,A825=->��':5B1>?5@-?��5<;:13;>;���:0;:1?5-� ���

$@D9=1<�2?>49>7�1BB1>75=5>D�6?B�@B?D53D9?>�?6�3?==E>931D9?>�C97>1<C�9>�D85�?9<�1>4�71C
9>4ECDBI
�1..E�"A>:-9-��-0>5:���������%!�'&�! %�"�&���-8-E?5-����A4-99-0��79-8��E;.
�':5B1>?5@5�&17:;8;35��-8-E?5-���-8-E?5-����;?@-2-�%-E-4�->-6E��'&����-8-E?5-����-F>A8
�FC-:��A??51:��"1@>;:-?��8;.-8�&1/4:5/-8�%;8A@5;:�%0:��40���-8-E?5-����;4-99-0��79-8
�.A�&-5.��"1@>;:-?��8;.-8�&1/4:5/-8�%;8A@5;:�%0:��40���-8-E?5-����;4-9-0��-A0F5��"1@>;:-?
�8;.-8�&1/4:5/-8�%;8A@5;:�%0:��40���-8-E?5-����7;�%A<>5E-:@;��'&����-8-E?5-� ���

17



��(�##�#���))!&%�
��

��(�##�#���))!&%�
��

�5C97>�?6�)B1>C=9CC9F5��EI75>C�"5D1CEB6135�*C9>7�"?496954��B?CC�1>4�%1D38�(DBE3DEB5
�?452��95:A88;4��-@4:-:���:0;:1?5-:��:?@5@A@1�;2�%/51:/1���:0;:1?5-� ���

�E1<�(D175��<I213;��>F5BD5B��?>DB?<<54�2I�(5>C?B<5CC��EBB5>D�6?B�"93B?9>F5BD5B
�52@-74A8��A0-��%@-@1�";8E@1/4:5/�;2��-8-:3���:0;:1?5-� �	�

���?E2<5�(D175�"93B?��>F5BD5B�6?B�$@D9=1<�%?G5B��<?G��?>DB?<�9>��B94��?>>53D54�%+�(ICD5=
����4-.5.��%@-@1�";8E@1/4:5/�;2��-8-:3���:0;:1?5-� �	�

�5D5B=9>5�)85��5CD�$@D9?>�6?B�#51B5CD�"54931<�(5BF935C�*C9>7��??7<5�"1@C��%����1F5BC9>5
1>4�)$%(�(��<7?B9D8=
+A0-��->6-���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���$5E-:->@;�%->:;���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-� �



�??<9>7�!?14��1<3E<1D9?>�?6��?<4�(D?B175��?>D19>5B�6?B�+575D12<5C���1C5�(DE4I����1=@EC�
*�(���#79@9;
%4-:@5�%->5��':5B1>?5@-?��:@1>:-?5;:-8�%191:��:0;:1?5-���:0;:1?5-��� 571:�">-@-95
�':5B1>?5@-?��:@1>:-?5;:-8�%191:��:0;:1?5-���:0;:1?5-� ��	

�>��45>D96931D9?>�?6�(E335CC�?6��3145=93�(ICD5=��@@<931D9?>�*C9>7��5<?>5�1>4�"3!51>
�5C97>
%-8-4A05:�$;.;��':5B1>?5@-?��@9-6-E-�+;3E-7->@-���:0;:1?5-����6;7;��A05E-:@;�%1@E;4-05
�':5B1>?5@-?��@9-��-E-�+;3E-7->@-���:0;:1?5-����8.1>@A?��;7;�%-:@;?;��':5B1>?5@-?��@9-��-E-
+;3E-7->@-���:0;:1?5-� ���

�B51;4?G>�+?<D175�6?B�"9H54���
���<��#���1C5C�1C��1C��>CE<1D9?>��@@<931D9?>
&10E��A85-:04E���-06-4��-0-�':5B1>?5@E���:0;:1?5-� ���

!965��I3<5�"1>175=5>D�?>�D85�$@5B1D9?>�?6��

�",�%?G5B��5>5B1D9?>
�85�+A?:5��+A?��� %&�&'&�&�� !�!����� �' ����:0;:1?5-� ���

�>F5>D?BI��?>DB?<�(ICD5=�G9D8�(165DI�(D?3;�1>4�'5?B45B�%?9>D��@@B?138
�1B5��2>585-:0-��':5B1>?5@-?��5<;:13;>;���:0;:1?5-����A?@-250��A?@-250���5<;:13;>;�':5B1>?5@E�
�:0;:1?5-���$�$5F-8��?:-:@;���5<;:13;>;�':5B1>?5@E���:0;:1?5-� �



'19>��5D53D9?>�(ICD5=�6?B��CD9=1D5�,51D85B�!5F5<�*C9>7�"1=41>9��EJJI��>65B5>35�(ICD5=
�49-0�+A?A2��>05-:?E-4���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>����:0;:1?5-���:0;:1?5-��
$5E-:->@;�%->:;���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���!D?E��5-:05���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>����&%���:0;:1?5-� �
�

�669395>D�(;I<9>5�21C54�,52�(5BF935��?=@?C9D9?>�G9D8�&?(�1G1B5>5CC�1>4��E475D��?>CDB19>D
(E:?7-��9-85-�"1>9-05��%1<A8A4� ;<19.1>��:?@5@A@1�;2�&1/4:;8;3E���:0;:1?5-� ���

��)+�)B16693�3?>75CD9?>�1>1<IC9C�1D�%5:?=@?>71>�EC9>7�31C5�21C54�B51C?>9>7
%A>6-:0E�%A>6-:0E���5:-� A?-:@->-�':5B1>?5@E���:0;:1?5-����5>9-:��:5:0>-��':5B1>?5@-?
 -?5;:-8����� '%�':5B1>?5@E���:0;:1?5-� ��


18



��(�##�#���))!&%�
��

�?1<�%B?7B1==9>7�D?�$@D9=9J5�)9=5�1>4��?CD�6?B�5138��3D9F9DI�9>�%?BD��?>D19>5B��1>4<9>7
�A85-�&13->�$-49-:���:?@5@A@�;2�&1/4:;8;3E�%1<A8A4� ;B19.1>���:0;:1?5-���$5E-:->@;�%->:;
��:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���+A@57-��9185-��221:05���:?@5@A@�&17:;8;35
%1<A8A4� ;<19.1>���:0;:1?5-� ���

�5F5<?@=5>D�?6�(=1BD�%E2<93�)B1>C@?BD1D9?>�(ICD5=�9>��1;1BD1��9DI�21C54�?>��>D57B1D54��?)
%<1D6?B=
�5:-��5@>5-��A>-0��������5:-� A?-:@->-�':5B1>?5@E���:0;:1?5-� ���

�1D1�%1BD9D9?>�1>4��9445>�#5EB?>�+1<E5��?B=E<1D9?>��?=29>1D9?>�9>�#5EB1<�#5DG?B;
%B5493D9?>�"?45<��1C5�(DE4I��#?>�)1H�'5F5>E5�%B5493D9?>�6?B��>4?>5C91>��?F5B>=5>D�*>9D
�-08E��:?4;>5��A.5?���:?@5@A@�&17:;8;35��-:0A:3���:0;:1?5-����8.->0-��8.->0-���:?@5@A@
&17:;8;35��-:0A:3���:0;:1?5-� ���

�1D1�"9>9>7�)538>9AE5�,9D8��<ECD5B��>1<IC9C�*C5� �"51>C��<7?B9D8=��?B�!&����>45H�$>
�>4?>5C91�(D?3;��H381>75
�:0>1-?�$��;:0>;.59;���5:-� A?-:@->-�':5B1>?5@E���:0;:1?5-� ���

�I2B94�(9>7E<1B�(@53DBE=��>1<IC9C��'�"��"?45<<9>7�6?B��9B53D�1>4��>49B53D��?B531CD9>7�?6
�1B=5B�C�)5B=�?6�)B145�9>��1CD��1F1
�E-4�$1:5��>9-C-@5���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����;4-9-0��@;7���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-���%A4->@;:;�%A4->@;:;���:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� ���

�>��BD969391<�#5EB1<�#5DG?B;�G9D8��1779>7�D?��44B5CC��=21<1>35��1D1C5DC�?>��<9>931<�%B5493D9?>
�F4-:��-74>AF5���->9->-�':5B1>?5@E��&A>71E� ���

�?@@<5B��6653D�9>�+�#�)�)538>?<?7I�?>��978�*C5B�C�"?29<9DI
)-4EA�"-9A:37-?���:?@5@A@�&17:;8;35�&187;9�"A>C;71>@;����1<->@191:�&17:57��817@>;�
�:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���&%��%A>-.-E-���:0;:1?5-���&5@517�%A>E-:5���:?@5@A@
&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-� ���

%1D8<?CC�"?45<9>7��1C54�$>�"51CEB5=5>D��D�
��8J�6?B�$>�2?4I��B51�#5DG?B;��@@<931D9?>
�A>:5-��->@57-���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-� �	�

(@1D91<�$@D9=9J1D9?>�?>�%<135=5>D��)(�1>4�"�%�2I�*D9<9J9>7��1D1��??B49>1D5C��H9CD9>7�)?G5B
">-?1@E;�+A85-:@;>;���:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-������:0>;E;:;���&%��
�:?@5@A@�&17:;8;35�%1<A8A4� ;<19.1>���:0;:1?5-����/49-0��22-:05���:?@5@A@�&17:;8;35�%1<A8A4
 ;<19.1>���:0;:1?5-� �



�5C97>�?6�!1>4�$@D931<��925B��13;2?>5��?==E>931D9?>�#5DG?B;�9>�#?BD8�(E=1D5B1
+A05-:?E-4�+A05-:?E-4��':5B1>?5@E�;2��:0;:1?5-���:0;:1?5-���">5@-��1C5��->5E-9��':5B1>?5@-?
�:0;:1?5-���:0;:1?5-����>51�"-:31?@5��65��':5B1>?5@-?��:0;:1?5-���:0;:1?5-��� ;B51@-?->5
�45?:->5-:05:5��':5B1>?5@E�;2��:0;:1?5-���:0;:1?5-����-@A>��<>5;:;��':5B1>?5@-?��:0;:1?5-�
�:0;:1?5-� �
�

'57E<1D?BI��81<<5>75C�?6��B?1421>4��?==E>931D9?>�(5BF935C�6B?=��978��<D9DE45�%<1D6?B=C
���%C�
�5-4�+A:5->@5���5:5?@>E�;2��:2;>9-@5;:�-:0��;99A:5/-@5;:�&1/4:;8;3E���:0;:1?5-� �
�

!?G��?CD�%?BD12<5�(@53DB?=5D5B�6?B�!1B4��5D53D9?>�21C54�?>�(+"�"5D8?4
�E-4��:33>-1:5��'� �%A:-:��A:A:3��6-@5����;8-.;@�&1/4:;�$;.;@5/��:?@5@A@1���:0;:1?5-���)�
%���-0-�%-:6-E-��'� �%A:-:��A:A:3��6-@5��-:0A:3���:0;:1?5-� ���

19



(57=5>D1D9?>�?6�"'���=175C�6?B��B19>��1>35B��5D53D9?>
)-??59��8��-66��414-01���15>A@��>-.�':5B1>?5@E���1.-:;:� ���

"1;8B1:�'53?7>9D9?>�?6��9:19I18�!5DD5B�6?B��89<4B5>��1C54�?>�"5<��B5AE5>3I��5@CDBE=
�?5669395>DC��"�����1>4�(E@@?BD�+53D?B�"1389>5C��(+"��"5D8?4
�E-4��:33>-1:5��'� �%A:-:��A:A:3��6-@5����;8-.;@�&1/4:;�$;.;@5/��:?@5@A@1���:0;:1?5-���)�
%���-0-�%-:6-E-��'� �%A:-:��A:A:3��6-@5��-:0A:3���:0;:1?5-� ���

20



Measuring the Quality of Various Version an 
Object-Oriented Software Utilizing CK Metrics 

1,2Iwan Binanto 
1Informatics Department,  

Faculty of Scence and Engineering 
Sanata Dharma University 

Yogyakarta, Indonesia 55002 
iwan@usd.ac.id 

2Harco Leslie Hendric Spits WarnarsA, 2Ford Lumban 
GaolB, 2Edi AbdurachmanC, 2Benfano SoewitoD 

2Computer Science Department,  
BINUS Graduate Program – Doctor Computer Science 

Bina Nusantara University 
Jakarta, Indonesia 11480 

spits.hendric@binus.ac.idA,  fgaol@binus.eduB,  
edia@binus.eduC,  bsoewito@binus.eduD

 
 

Abstract—There are many object-oriented software quality 
measurement techniques. One of them is CK metric. This paper 
utilizes CK metrics to measure qualities per version of an open 
source software namely Statcato. Measurements are done in each 
class, each version of the software. The measurement is used to 
analyze the quality of the software. This paper concludes that the 
quality of software has improved during its lifecycle, although its 
features increase. 

Keywords— object-oriented software metric; chidamber-
kemerer metric; software quality; Software measurement; Software 
Size 

I.�  INTRODUCTION 
In software engineering, there are at least two concepts of 

developing software, which are traditional and object-oriented. 
Software development using Object Oriented concept has 
become popular. It facilitated the developers to build and 
maintain their software products easily since it is reusable, 
secure, and efficient as it decreases the size of system and 
number of logical constructs [1].  

The more complex the software is developed, the harder it 
becomes to measure the quality. Software metrics are required 
to measure the quality of the developed software and also to 
estimate the cost and effort of software projects [2]. 
Radjenović, et. al. concluded that object-oriented metrics 49% 
were used, compared to traditional source code metrics in 27% 
or process metrics in 24% [3]. There are many existing object-
oriented software metrics [4]. One of measurement metrics 
was developed by Chidamber and Kemerer [5], which is often 
called as CK metrics suite [6]. This is called as metric because 
it is an indicator of system performance [7].  

CK metrics suite were most widely referred and used by 
researchers [1], [3]. It was used in half of the 106 studies that 
Radjenović, et. al. did [3]. CK metrics has been recognized by 
numerous studies in which said that these metrics were 
effective at measuring the concepts they represent [6], [7], [8], 
[9] and as the backbone for object-oriented design metric [10].  

Today, open source software becomes popular and 
important in many applications, such as scientific and 
business. Many companies use this software in their own 

work. Open source software was developed with different 
management style than the industrial, the quality and 
reliability of the code have to investigated [11].  

One of open source software is Statcato, an open source 
and Java-based application which is naturally an Object-
Oriented Software. It requires Java Runtime Environment 
(JRE) 1.6 or higher. Once any machine has Java installed, 
whether the computer runs Windows, Mac, Linux, or UNIX, it 
can be run [12]. The aim of this study is to evaluate Statcato to 
investigate the quality of this software during its lifecycle. The 
calculated metric values for various releases are used as a 
basis to evaluate the software quality of Statcato. We use 
Spinellis’s tool namely CKJM to calculate CK metrics [13]. It 
is a great tool for this purpose. 

II.� RELATED WORKS 
Gupta, et. al. in [7] reviewed some of metrics for 

measuring Object Oriented software and gave conclusion that 
software metrics always was always needed to the 
performance of the system. Malhotra & Khanna in [14], 
studied the relationship between Object Oriented metrics and 
the vulnerability of open source software classes based on 
Java. Fereira, et. al. in [4] provided a threshold definition for a 
set of object-oriented software metrics. They argued that the 
use of metrics for software quality measurement was less 
effective because many studies did not specifically investigate 
the threshold for object-oriented software metrics. This 
threshold can be applied to other metric software. Benlarbi, et. 
al. in [15] provided a threshold on the CK metric to make it 
easier to interpret the measurements. They had experiment on 
object-oriented in C++. Malhotra & Bansal in [9] built 
predictive models to identify software parts which have a high 
probability of generating errors. They calculated the threshold 
values of CK metrics by using a statistical model derived from 
logistic regression. Shaik, et. al. in [1] did assessment in 
Object Oriented design and found that there were many 
metrics to measure software quality, but CK metrics was the 
most widely used. Subramanyam & Khisnan in [16] provided 
empirical evidence that supported the role of Object-Oriented 
complexity metrics in determining software defects, 
particularly CK metrics. Yadav, et. al. [17] did analyze CK 
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metrics and their impact on object-oriented software. Suresh, 
et. al. in [6] argued that CK metrics were used to compute the 
system reliability, also gave an idea for future study about 
applying neural network to predict system reliability using CK 
metrics. Shawky & Abd-El-Hafiz in [8] utilized CK metric as 
one of their metrics to study some metrics that related to the 
quality of the generated code affected by development 
methodology, especially in agile approach. Suri and Singhal in 
[10] experimentally analyzed the influence of CK metric in 
object-oriented classes. Singh in [18] used CK metrics as one 
of metrics to measure the quality per version of open-source 
software namely JFreeChart. Some study utilized CKJM tool 
to calculate the CK metrics of the classes are in [9], [10], [13], 
[19], [20], [21]. 

III.� CHIDAMBER & KEMERER METRICS 
Chidamber and Kemerer (CK) metrics used to measure 

object oriented software. It consist of 6 metrics which are 
calculated for each class in Object-Oriented software, which 
are: WMC, DIT, NOC, CBO, RFC and LCOM. 

A.� WMC (Weighted Method per Class) 
The more methods in class, the more specific the class 

becomes. It also affects the derived class because it will inherit 
all of those methods. Keep WMC value low. It is because 
when WMC value is high, the class is harder to reuse and 
maintain [6], [7], [11], [18], [20]. WMC value must be less 
than 25 although it is still acceptable if it is more than 25 (but 
less than 40) [22]. 

B.� DIT (Depth of Inheritance Tree) 
 The deeper the class hierarchy, the greater the number of 
methods inherited so that the class becomes more complex. 
However, it also becomes increasingly potential for inherited 
reuse methods. It affects the quality of the software directly as 
it increases reusability and the complexity at the same time 
[6], [7], [11], [18], [20]. The value 0 of DIT shows "root". If 
the DIT value is 2 or 3, it indicates higher usage. The DIT 
value of less than 2 can be said to be less good, in terms of 
advantage using object-oriented design and inheritance. On 
the other hand, a DIT value that is greater than 5 will provide 
high complexity, but it is expected from object-oriented design 
[22]. Suri & Singhal, however, in [10] said that all classes 
must inherit from existing class, so the DIT value, at least,  is 
1. 

C.� NOC (Number Of Children) 
Increasing children classes means increasing reuse classes, 

which means the greater of abstraction of the parent class. 
Therefore, more testing is required [6], [7], [11], [18], [20]. 
There is no "good" or "bad" value for the NOC. The value 
becomes important if the class has a high value for other 
metrics. The complexity of the class will be passed to all child 
classes and the entire system [22]. 

D.� CBO (Coupling Between Object Classes) 
An increase of CBO indicates decreasing of class 

reusability, so this values should be kept as low as possible 

[6], [7], [11], [18], [20]. CBO values should be less than 5. 
High values of CBO indicate that classes are difficult to 
understand, reuse or maintain. The higher value of CBO 
indicates that classes are more sensitive to change in other 
sections of design. Therefore, this makes maintenance more 
difficult. Low CBO values make the class easier to 
understand, less prone to spawning errors, encourage 
encapsulation and increase modularity [22]. 

E.� RFC (Response For a Class) 
RFC measures the number of methods that are invoked to 

respond messages received by an object. It shows how many 
classes communicate with other classes. The greater the 
number of classes giving the method, the greater the 
complexity of the class [6], [7], [11], [18], [20]. RFC value 
should be less than 50. If the RFC is high, the complexity 
increases and class becomes elusive [22]. 

F.� LCOM (Lack of Cohession in Method) 
Cohesion is the extent to which methods are 

interconnected with one another. High LCOM values imply 
that classes are better divided into two or more separate 
classes, so it will keep LCOM value low [6], [7], [11], [18], 
[20]. 

IV.� ANALYSIS METRICS 
CKJM tools are used to collect data from all classes in 

Statcato software and we calculate the mean of it as show in 
Table 1. By calculating the mean of data, we intend to show 
the movement of software development from version to 
version. 

TABLE I. � MEAN VALUES OF METRICS FOR VARIOUS RELEASES OF 
STATCATO 

 

A.� WMC (Weighted Method per Class) 
Fig. 1 shows that WMC is starting stable on version 0.95 

upwards. In a negative view, the software does not have 
significant development. Positively, the software is close to 
stable for further development. In [23], it does seem that not 
many new features are developed. 
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B.� DIT (Depth of Inheritance Tree) 
In the data that has been collected in Table 1, mean values 

of DIT are close to 1, in fact if mode and median are 
calculated and rounded then value of both of them is 1. 
Therefore, it can be concluded that DIT in this case is 1 and 
satisfies [10]. Fig. 2 shows the changes internal software for 
DIT. It appears that the trend is decreasing which indicates the 
class is less complex. Less complex class means easier to 
maintenance but less reusable. 

 
Fig. 1.� Graphic of WMC 

 
Fig. 2.� Graphic of DIT 

 
Fig. 3.� Graphic of NOC 

C.� NOC (Number Of Children) 
Fig. 3 shows that NOC is starting stable on version 0.93 

upwards. Referring to WMC metric above, in negative view, 
the software does not have significant development, or in 

positive view, the software is close to stable for further 
development. 

D.� CBO (Coupling Between Object Classes) 
Fig. 4 shows that CBO is starting stable on version 0.95 

upwards. The highest value of CBO is less than 4. It satisfies 
[22], so classes easy to understand and easy to maintain. 
 

 

Fig. 4.� Graphic of CBO 

 

Fig. 5.� Graphic of RFC 

 

Fig. 6.� Graphic of NOC 

E.� RFC (Response For a Class) 
Fig. 5 shows that CBO is starting stable on version 0.94 

upwards. Referring to WMC and NOC metric above, in 
negative view, the software have not significant development, 
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but positively, the software is close to stable for further 
development. 

F.� LCOM (Lack of Cohession in Method) 
Fig. 6 shows that LCOM value is decreased since version 

0.912. It means that developers care about the cohession for a 
better development. 

 

V.� CONCLUSION 
We can say that the quality of the latest version of Statcato 

is better than the predecessor, although the feature is 
increasing. It can be summarized that in positive view, the 
value of WMC, NOC, and RFC metrics is stable, which is a 
good condition. While DIT and CBO metrics show ease to 
maintain and LCOM metric indicates developer concerns. 
Therefore, it can be concluded that Statcato has good quality 
and has a good development to continue improving during its 
lifecycle, although its feature is increasing. For future works, 
we recommend to calculate the threshold per metric to better 
clarify the assessment of the metrics. 
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