
����������������� �
�

�
�������	
���
�
��
�����

�
�

���������
�������	���������������	����� � ��!���������

"#$%&'()�(*�*'+%,�-(&.�.(�,((.�/0)01�#%).')�
12.%#�3'.$�#2014/2,%�,%&')�/(5-(&'.%�

�
�
�
�
�

����
678���8�9:;8�
<=�9	:���>���?������@���	�A���B�C!D��D� �

�
�
�
�
�
�
�
�
�

�
��������EFFE�

�



���

�
������	
��
������������

�
�
�

�������	
���
�
��
�����
�
�
�

���������
�������	���������������	����� � ��!���������

�
�
�
�
�
�
� �
�

���������� � � � ��!"�#�
$%��&'���( )��*�+,*+-���� *.���� �	� �!
	�/�-�/�-)�
0%��-(!1)�23��� !�)� � *.���� �	� �!
	�/�-�/�-)�

��������������������� �%��4546758��94:4;�<4����� =7:>7��?@�A4B�4C@�D?C64B�EC�F?G5�6>�
�

�
�
�
�
�

������<�����
�G���������D��������<��7��?��C!D�G����������9<����
��<����9G��	
���
H���*�.I/J/-� !�//�K�2L/
M!������� ����"M%�N	���"�%�,*O�P��2L/+�M!�.I/#�� ��*M,2Q�

�
�
�



����

�	�	����H�D��7�
�

!�/���� /�K�P��-I�	&	O�!,#��2L/M O�!#�R# ,#�-�S"�-�/�S�/&/�&/���� ��"� �P�/�"!�/"M!�&/�/�S�
�/&/"�-�P����� N	��P�/�"!�/���"--*"�-M&#*TU"1�� VU
!�2L/./O� !�/��
�/�S�/&/"�-���� J/.	� 
��
�� N	��	"�-���� "OMJ.��"�#2-�R W/)N"O2-���T*�"*� � ������� 
M
MS(-��&�������S-�.�-N	�
����./����

M!��"M%�N	���"�%�&"�O�/���
,#�J.�"�-�/�S�/&/N	�WO� �.	XMJ/"�-�P�!�/���� /�K�


M
MS(-��&���T%#-� %�-(!1)�23��� !�)�N	��#-�%*�V�R+W��/�����*������2L/��
2-U"1���
#�
J.�"�SR�-!"�-���� �-�K!/�K��P�J.�!�/���� �P��-I�,#��2L/M O�!#�N	�,#�-�S"�- M*-�S���*�-Y/P�,2�� N(-O
J/��-��--�#�S/�/�W�+�,#��
M
MS(-��&�T��+-���- )�#-%��&/�����"�*��N	��#-%�-�W�-)#�ZM"V)+�/�
��
J.��P�2-U"1��"�
 �"� "-�S�/"�-�P����� -�*YU!"�-�
� /S����*���� �(X
M�� N(-O� /M"��"/�K������� 

M
MS(-��&�"--*"�-����-!�&��&[����2-��*�/�	!�/"�-���� /�K��
�2\#RM"��J.�,#��P�!�/���� N	�,#��	
���� ��
�2L/���*-��M�/�2L/2-�R W/)N"O��W�W�(��/+N(� )��

/M"�./XM��"����P�!�/���� � �����- )���-O�*!�/J/�����/+N(� T��+-)� *.���� �	� �
�!
	�/�-�/�-)� N	�����./��+O�!]��
,#�J.�"�-WO� �.	XM� *��O�/M O�!*�"��
�P�J.�!�/���� /�K�P��-I�,#��2L/
M O�!#�� � 
M"-�S
MS(-��&�� �&�(OM� �&�N*O� �-�� M���- )� ��
,#�MS-*��
!�M/� J.�"�-TU"1��/������� *�
��//�K,#�� 
M
MS�&���*���
�2\#RM"��J.�,#��P�!�/���� ,#��+I*��
� N	�J.��P�N/�/P���
#�J/"�-�P�!�/�

MS�&�	�"]���
�2L/"P�	�!J�J.�������� �P�!�/,#�R# *�-���U"�./I#�./X
M �

��� ��
�&#/�K� ������� .��!�2L/M O�! �
!�O�-� !�/"�-���� ^S�S/�K��*��&��O�N	�"OMJ.��"�#2-�R W/)
N"O���MO�/,#��2L/M O�!#��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



�F�

I,(J%/.�K2550,L�
�
I,(J%/.�M(#%N�OPQFRSRTUV�
>�W���������@�
�
I,(J%/.�X'.1%N�_@8?5�7C�7`�`�a?G�b756�67�G776�A4C4B�@?C6�C�Bc6?@�d�68�@c4BeAcG?�G?5�C�A7<b75�6?�
Y�Z��������N�"�- U#+�#
M!�#XM Z3/��-�*���/J J/�	M!-�"Z3/�
�
[)\%&.']0.(,N� �
>Y�Z�����	
��@�
$%�fc6846�b�g<�68<4�6G�?�Hh?4@Q� D?b4G6<?C6�7`�iG7568?6�A�D?C6�56G>j�k4AcB6>�7`�

D?C6�56G>j�iG�CA?�7`�g7Cl:B4�cC�F?G5�6>�
�&'���( )��*�+,*+-��H.��./��R�-!"�-Q��� m����W���/+"--*2-�#�1n)������/+N(� T��+-)

*.���� �	� �!
	�/�-�/�-)�
0%�o7G4b87Cl�i4C>4>7Cl�H�?C67GQ� D?b4G6<?C6�7`�iG7568?6�A�D?C6�56G>j�k4AcB6>�7`�

D?C6�56G>j�iG�CA?�7`�g7Cl:B4�cC�F?G5�6>�
�-(!1)�23��� !�)�H��
2-U"1�Q� m����W���/+"--*2-�#�1n)������/+N(� T��+-)

*.���� �	� �!
	�/�-�/�-)�
�%��4546758��94:4;�<4�H�?C67GQ� � p4G�7B7l>�4C@�qb?G46�F?�D?C6�56G>j�

=7:>7��?@�A4B�4C@�D?C64B�EC�F?G5�6>j�f4b4C�
�

�
^450'1�"##,%&&N�;c6846�b%4r%b5c%4A%68�
�
I,(J%/.�I%,'(#N��0�>?4G5�H�0�fcB>�0����s�$�fcB>�0��tQ���
>�D�D��!��������@

�
�
�
�
�



F�

����C�_�C�����:��`DC!D����	����DW�����!���W!������� Y������������	����� � �
�!���������

�


9����a��b�

!�/���� /�K�P��(X
MTU"1��O����*N
I!N-!
M!(�/u�-�.�O�!�#XM Z3/��-�*���/J N	��	M!-�"Z3/�
R#  U##�� � � � � �-V�/�M*R(��+W/�#SO*+��#�� N�!-O�*"�S2v�"�-� ���!��*�� "�-�#	M!�P�R# /P�Z3/
"-�*/�M -�"�#� ��P�/�/� $0� V�
� +�#J.��.	XMN+O�O�/-�"Z3/� N	��JW�.��"-M�P�.-�S�P��#XM Z3/�+-� *
R(-!-�"Z3/	U"� �� *�		��*+-� �+-� *����	M!-�"Z3/R# JW���- U#+�#W/�#� pB?4G`�B� gw� x7C@� ����
���
�	M!-�"Z3/�^� N�!�0����/����/P��#XM Z3/��-�*���/J �y�W/�#�XM�gC7dB�l86�k�aG?z7G� �D%=%{�l86e
i756� N	�� �p� k�a?G� i756� W/�#	�� �� M�/*�������#XM Z3/#�� ��-,V�	/N	� U#J/�	M!-�"Z3/R# 
JW��-V�/�M*R(��+W/�#SO*�M!��!� .	�!��"�"ISW�K/+��M O�!,��� 0y� W�
�R*!� /P�*�+�#+�*	P�#�S���*	U"
��"#��/S/R(-!Z3/� J.�,#�W�K/+��M O�!�P�.-�S�#�MS�O����*N
I!N-!
M!(�/u�-�#�S,*R�-�P�/�/� ��
W�K/� +OM�#XM Z3/./U
!M�/� R# NSO!�2L/�O����*N
I!N-!
M!(�/u�#��/+��Z3/N	�2	� Z3/M O�!	�� y� W�K/�
/P�
�M*�	��
,#�*��P�"�-����-��.)R# JW���u���!�Y�+�(S�O�23��� �-X
M!+P�N./O!�XM+��Z3/N	�2	� Z3/,*O*�
�	"-��S+OM�O����*N
I!N-!
M!(�/u�� �#XM Z3/��-�*���/J W/�#� k�aG?z7G� J.��O����*N
I!N-!
M!
(�/u���!�&#� J/"�-����-��.)���*	�*�.	�
M!"�-JW��#XM Z3/��-�*���/J J/�	M!-�"Z3/#�� "	�M!
�&	�--T/)M��	�+-M/�NSS�OM!"-�#(S�O���#XM Z3/��-�*���/J W/�#�k�aG?z7G�N	��D%=%{�l86ei756�*�
"�-N+"-�.�O�!����#XM Z3/N	��-V�/�M*R(��+��
JW� U#� J/
����
�#XM Z3/��-�*���/J W/�#� gC7dB�l86�
N	���p�k�a?G�i756��*�"�-N+"�"�#
UK/m� J/+��
M!�#XM Z3/�M!�

�G��G���;N����*N
I!N-!
M!(�/u���#XM Z3/��-�*���/J ��	M!-�"Z3/�
�
�
�
�
�
�
�
�
�
�
�
�



F��

P%]'()01�+()#�&.,%)].$&�0)#�*0'12,%�0)01L&'&�(*�*'+%,�-(&.�+()#%#�.(�,((.�/0)01�
�
"+&.,0/.�b�
�

=8�5� 56c@>� ?F4Bc46?@� 68?� G?l�7C4B� a7C@� 56G?Cl685� 7`� `�a?G� b7565� 67� G776� A4C4B� @?C6�C�
Bc6?@� d�68� @c4BeAcG?� G?5�C� A7<b75�6?%� =d?BF?� ?|6G4A6?@� 8c<4C� bG?<7B4G5� d?G?� @?A7G7C46?@�
4C@�b756�5b4A?5�bG?b4G?@�67�4�@?b68�7`���<<%��=8?�G776�A4C4B�@?C6�C�d45�6G?46?@�d�68�pB?4G`�B�
gw� x7C@� 4C@� B�l86eAcG?@� `7G� 0�� 5?A7C@5%� =8G??� 7`� 68?� `7BB7d�Cl� `�a?G� b7565}� gC7dB�l86j�
k�aG?z7Gj�D%=%�{�l86ei756j�4C@��p�k�a?G�i756�d?G?�5cG`4A?e6G?46?@�d�68�4�<�|6cG?�7`�i7GA?B4�C�
x7C@� _A6�F467G� 4C@� i8767a7C@� 4C@� 68?C� Bc6?@� �C67� 68?� b756� 5b4A?5� d�68� pB?4G`�B� Dp� p7G?�
_c67<�|� 4C@� B�l86eAcG?@� `7G� ��� 5?A7C@5%� _`6?G� 0y� 87cG� d46?G� 567G4l?j� ?4A8� 5b?A�<?C� d45�
5?G�4BB>�5B�A?@��C67��j��%��|��%��<<e68�A:�a?4<5�`7G�68?�<�AG76?C5�B?�a7C@�56G?Cl68�H~=xgQ�6?56%�
k4�BcG?� <7@?5� d?G?� 7a5?GF?@� c5�Cl� gw�%� ~=xg� @464� d?G?� @�F�@?@� �C67� A7G7C4B� 4C@� 4b�A4B�
G?l�7C5� 4C@� 5646�56�A4BB>� 4C4B>�?@%� =8?� 8�l8?56� a7C@� 56G?Cl685� d?G?� 7a64�C?@� `G7<� k�aG?z7G�
b7565%� � �?l�7C4B� `4A67G� 84@� C7� ?``?A6� 7C� 68?� a7C@� 56G?Cl68%� k�aG?z7G� 4C@� D%=%� {�l86ei756�
5b?A�<?C5�<756B>�`4�B?@�46�68?�b756eG?5�C�A7<b75�6?��C6?G`4A?j�d8?G?45�gC7dB�l86�4C@��p�i756�
A78?5�F?B>� `4�B?@�d�68�C� 68?� b756%�x7C@� 56G?Cl685� 7`� `�a?G� b756� 67� G776� A4C4B� @?C6�C� A7cB@� a?�
4``?A6?@�a>�A84G4A6?G�56�A5�7`� 68?� `�a?G�b756�4C@� �65�a7C@�Cl��c4B�6>%� �k4�BcG?�b466?GC5�7`� `�a?G�
b756�a7C@?@�G776�A4C4B�@?C6�C�d?G?�@?b?C@?C6�cb7C�68?�b756�5>56?<%�

�
c%L3(,#&N���AG76?C5�B?�a7C@�56G?Cl68j�k�a?G�b756j��776�A4C4B�@?C6�C�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



F���

�

6!����	`B������C���a��������	�����������	��D

�d!�e��9Y���f������B��
a��������
C���a����
Hg	�	�	��9�����B�


9����a��E�

!�/���� /�KTU"1��	
M!���*�
�*N�!N	�-� ���	�"�-^� N�!� +OM�O����*N
I!N-!
M!(�/u��^(��
+P�N./O!
M!� pB?4G`�B� Dp�x7C@� VU
!�2L/��- U#+�#-�SS�V	Z��M�W)
�K/+M/�#� �SO*+��#�� N�!-O�*"�S
2v�"�-� ���!��*��+OM�/XKMZ3/J/�	M!-�"Z3/��P�R# /P�Z3/"-�*/�M -�"�#� ��P�/�/�$��V�
�+�#J.��.	XM
N+O�O�/-�"Z3/� N	��JW�.��"-M�P�.-�S�P��#XM Z3/�+-� *R(-!-�"Z3/	U"� �� *�		��*+-� �+-� *����	M!
-�"Z3/R# JW���- U#+�#W/�#�pB?4G`�B�Dp�x7C@�����
����	M!-�"Z3/�^� N�!�2L/��	��$��0��N	�����
��/����#�� ��-X
M!^� N�!NSS��R	��/��
*����*�
�*N�!+O�!"�/��XM�qb6�Bc|���$�*����*�
�*N�!��#,#��
���� *�		���++)+OM+�-�!�V/+��*+-� N	�� h>b?GB�l86?B� *����*�
�*N�!��#,#�� $���� *�		���++)+OM+�-�!
�V/+��*+-� 2\#�	M!-�"Z3/#�� �-V�/�M*R(��+W/�#SO*+��#�� N�!-O�*"�S2v�"�-� ���!��*�� .	�!��"
�"ISW�K/+��M O�!,���0y�W�
�R*!�/P�-�"Z3/*�+�#+�*	P�#�S���*	U"��"#��/S/R(-!Z3/�J.�,#�W�K/+��M O�!
�P�.-�S�#�MS�O����*N
I!N-!
M!(�/u�-�#�S,*R�-�P�/�/� �� W�K/+OM-�"Z3/./U
!V�
� R# NSO!�2L/�O�
���*N
I!N-!
M!(�/u�#��/+��Z3/N	�2	� Z3/M O�!	�� y� W�K/� /P�
�M*�	��
,#�*��P�"�-����-��.)R# JW�
��u���!�Y�+� (S�O���
+P�N./O!-�"Z3/�O�/+�/� ,*O*����*N+"+O�!"�/
M!�O����*N
I!N-!
M!(�/u�
-�.�O�!"	&O*�#	M!� J/
����
-�"Z3/�O�/2	� � �O����*N
I!N-!
M!(�/u��(�
*
UK/�*X
M^� N�!/�/
UK/
�2L/��	�� ��� ��/����P�.-�S��-X
M!^� N�!�qb6�Bc|� ��$�N	�� 0�� N	�� ��� ��/���� �P�.-�S�h>b?GB�l86?B��
/M"��"/�K�	"�-�#	M! �!(S�O�,*O*����*N+"+O�!
M!�O����*N
I!N-!
M!(�/u�-�.�O�!�O�/+�/N	�
�O�/2	� �	M!-�"Z3/�*X
M�(�
*-�����	�"�-^� N�!J.�/�/
UK/�

�G��G���;N���- U#+�#-�SS�V	Z��M�W)����*N
I!N-!
M!(�/u��"�-^� N�!�



F����

^**%/.�(*�-$(.(/2,')]�&.,0.%]L�()�+()#')]�(*�#2014/2,%�()%4&.%-�&%1*4%./$�0#$%&'\%�.(�,((.�
/0)01�#%).')�
�
"+&.,0/.�E�

=8�5� 56c@>� ?F4Bc46?@� 68?� ?``?A6� 7`� B�l86eb7d?G� @?C5�6>� 4C@� B�l86e?|b75cG?� 6�<?� 7C�
G?l�7C4B�a7C@�56G?Cl685�7`�pB?4G`�B�Dp�x7C@�67�G776�A4C4B�@?C6�C%��i756�5b4A?5�d?G?�bG?b4G?@�
�C�?|6G4A6?@�bG?<7B4G5%��776�A4C4B�@?C6�C�d45�6G?46?@�d�68�4�@c4BeAcG?�a7C@�Cl�5>56?<j�pB?4G`�B�
Dp�x7C@j�4C@�B�l86eAcG?@�`7G�$�j�0��7G����5?A7C@5�c5�Cl�6d7�84B7l?C�B�l86eAcG�Cl�cC�65}�qb6�Bc|�
��$�H����<o�A<0Q�4C@�h>b?GB�l86?B�H$����<o�A<0Q%��_BB�b756�5b4A?5�d?G?�`�BB?@�d�68�4�@c4Be
AcG?� G?5�C� A7<b75�6?%���AG76?C5�B?� a7C@� 56G?Cl685� H~=xgQ� 46� 68?� A7G7C4B� 4C@� 4b�A4B� G?l�7C5�
d?G?�<?45cG?@�4`6?G�0ye87cG�567G4l?%�=8?�~=xg�46� 68?�A7G7C4B�G?l�7C�d45�5�<�B4G�4<7Cl�4BB�
lG7cb5%�h7d?F?Gj� 68?�a7C@�56G?Cl68�46� 68?�4b�A4B�G?l�7C� �<bG7F?@�d8?C�?|6?C@�Cl�68?�AcG�Cl�
6�<?�67����5?A7C@5�d�68�68?�qb6Bc|���$�4C@�0��7G����5?A7C@5�d�68�68?�h>b?GB�l86?B%��7G?7F?Gj�
68?� 5�lC�`�A4C6� @�``?G?CA?5� �C� ~=xg� a?6d??C� A7G7C4B� 4C@� 4b�A4B� G?l�7C5� @�54bb?4G?@� d�68�
bG7B7Cl?@�AcG�Cl�6�<?5%��

c%L3(,#&N���AG76?C5�B?�a7C@�56G?Cl68j�Dc4BeAcG?�g?B`e?6A8�_@8?5�F?j��776�A4C4B�@?C6�Cj��

�

�
�
�

�
�
�
�
�
�
�
�
�
�
�

�



�|�

�
MhiX^iX�

� � � � � � � � � � � �����I0]%�
"/j)(31%#]5%).����������������������������������������������������������������������������������������������� � '''�
I,(J%/.�K2550,L����������������������������������������������������������������������������������������������� � '\�
"+&.,0/.�b�>X$0'@���������������������������������������������������������������������������������������� � � \�
"+&.,0/.�b�>^)]1'&$@�������������������������������������������������������������������������������������������������� \'�
"+&.,0/.�E�>X$0'@������������������������������������������������������������������������������������������������������� \''�
"+&.,0/.�E�>^)]1'&$@������������������������������������������������������������������������������������������������ �� \'''�
M().%).������������������������������������������������������������������������������������������������������������������ � 'k�
P%&%0,/$�X%05������������������������������������������������������������������������������������������������������ � k'�
^k%/2.'\%�K2550,L�� � � � � � � � � k''�
�
Ml"IX^P�b�� [iXPhmnMX[hi���������������� � � � � � b������������������������
�
Ml"IX^P�E��� O^XlhmhohQp�� � � � � � � q�
�� i_�=�$�� �?l�7C4B�a7C@�56G?Cl685�4C@�`4�BcG?�4C4B>5�5�7`� � � �
� � � `�a?G�b756�a7C@?@�67�G776�A4C4B� � � � � y�

� i_�=�0�� w``?A6�7`�i8767eAcG�Cl�g6G46?l>�7C�x7C@�Cl�7`�Dc4BeAcG?��
� � � qC?e56?b�g?B`e?6A8�_@8?5�F?�67��776�p4C4B�D?C6�C� � � ��

�
Ml"IX^P�T�� P^KnoXK� � � � � � � � bb�
� i_�=�$�� �?l�7C4B�a7C@�56G?Cl685�4C@�`4�BcG?�4C4B>5�5�7`� � � �
� � � `�a?G�b756�a7C@?@�67�G776�A4C4B� � � � � $$�

� i_�=�0�� w``?A6�7`�i8767eAcG�Cl�g6G46?l>�7C�x7C@�Cl�7`�Dc4BeAcG?��
� � � qC?e56?b�g?B`e?6A8�_@8?5�F?�67��776�p4C4B�D?C6�C� � � $��

�
Ml"IX^P�q�� m[KMnKK[hi����� � � � � � � bU������
� i_�=�$�� �?l�7C4B�a7C@�56G?Cl685�4C@�`4�BcG?�4C4B>5�5�7`�
� � � `�a?G�b756�a7C@?@�67�G776�A4C4B� � � � � $��

� i_�=�0�� w``?A6�7`�i8767eAcG�Cl�g6G46?l>�7C�x7C@�Cl�7`�Dc4BeAcG?��
� � � qC?e56?b�g?B`e?6A8�_@8?5�F?�67��776�p4C4B�D?C6�C� � � 0��
� �
� Ml"IX^P�F�� MhiMonK[hiK��������������������� � � � � � ET�
�



|�

� Ml"IX^P�F�� hnXInXK� � � � � � � � Eq�
�
� Ml"IX^P�F�� P^r^P^iM^K�������������������������������������������������������������������������������������� EF����������������������

�
"II^im[s��������������������������������������������������������������������������������������������������������������������������� TE�

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



|��

���Y�Z���D6���	
�� ���������
�
��D6���	
���>P^K^"PMl�X^"O@�N��
Y�Z�W��W������������ >t�?�A9�@�N���T%#-%�(�%��&'���( )�HM�"1-�*XM!Q��*�+,*+-��

>t�?�����u?@�N�_556%�iG7`%�DG%�fc6846�b�H_:57GC<c4ClQ�g<�68<4�6G�?�����������
� � � �G�CW�a��	Y�����N����WO� T��+-���- )��

�v��9BZ�	��a��N�
� 9BZ9G����� m����W���/+"--*2-�#�1n)������/+N(� T��+-)��
�������� � � *.���� �	� �!
	�/�-�/�-)����� ��
+.�#J.�O�
�� � � MP��mM.�#J.�O���!.��#��!
	��-.��,2-1�� )�t�$$0�

�9�7�:9��� H��yQ�y0t��y���� �9������ H��yQ�y0t��y�
�� ^450'1� � ;c6846�b%4rb5c%4A%68�
� � � � �
Y�Z�����	
��9BZH��?��b�� >t�?�A9�@�N���T%�(%��-(!1)�23��� !�)�

>t�?�����u?@�N�_556%�iG7`%�o7G4b87Cl��i4C>4>7Cl�
�v��9BZ�	��a��N�
9BZ9G����� m����W���/+"--*2-�#�1n)������/+N(� T��+-)��

�������� � � *.���� �	� �!
	�/�-�/�-)����� ��
+.�#J.�O�
�� � � MP��mM.�#J.�O���!.��#��!
	��-.��,2-1�� )�t�$$0�

�9�7�:9��� H��yQ�y0t��y���� �9������ H��yQ�y0t��y�
�� ^450'1� � db4C>4>7r>4877%A7<�
�
Y�Z�����	
��9BZH��?��E�� >t�?�A9�@�N��#-%�*�V�R+W��/�����*���

>t�?�����u?@�N�DG%��4546758��94:4;�<4�
�v��9BZ�	��a��N�

� 9BZ9G����� p4G�7B7l>�4C@�qb?G46�F?�D?C6�56G>j��
� � � D?b4G6<?C6�7`��?567G46�F?�gA�?CA?j��
� � � =7:>7��?@�A4B�4C@�D?C64B�EC�F?G5�6>j�$e�ey���c58�<4j�xcC:>7e:cj��
� � � =7:>7j�f4b4Cj�$$�e��yt�

�9�7�:9��� �$e�e����e�y��� � �9������ �$e�e����e�$t��
�� ^450'1� � C4:4;�<4%7b?r6<@%4A%;b�

�
�
�



|���

W�����<H��������>^k%/2.'\%�K2550,L@�
�
b8�Y�Z����������

Hm�1�,� Q�"�- U#+�#
M!�#XM Z3/��-�*���/J J/�	M!-�"Z3/�
Hm�1�M�!"�1Q��_@8?5�7C�7`�`�a?G�b756�67�G776�A4C4B�@?C6�C�Bc6?@�d�68�@c4BeAcG?�G?5�C���

A7<b75�6?�
�
E8�Y�Z�W��W�����������W�a�����9BZ�������9BZ���a�W����!��9�7�:9���9�����C!D�%450'1�
����� Y�Z�W��W������������ /�!�&'���( )�HM�"1-�*XM!Q��*�+,*+-���
����� W�a�����9BZ������� ��������	
��

��
�����������	
���������
�

�������� � ���������	������
�
�
�
�������� �����!�"#
�� � �$�%��&�����&$� �&���!�"#�
�� � ��!.��#�������-.��,2-1�� )�t�$$0�
�� � R�-T�(�)���y�y0t��y�R�-T�(�)*XMYXM���$��t��tt����

R�-��-���y�y0t��y�
�� � � � we<4�B}�;c6846�b%4rb5c%4A%68��
�
T8������	Y�9BZ9G�����	
���D?C64B��46?G�4B5�H_@8?5�7CQ�

�
q8��
H�D���9�f���������y�0j����S���
�
F8��D�D��!��G���	�����0�2��
�
V8������G���;C!D9BZ�����H�;W���>[OIhPX"iM^�"im�OhX[w"X[hi�hr�Xl^�P^K^"PMl@���
��

�?A?C6B>j� ?568?6�A� C7Ce<?64B� `�a?G� b7565� 84F?� a??C� �CAG?45�ClB>� c5?@� 67� G?567G?�
?C@7@7C6�A4BB>� 6G?46?@� 6??68�a?A4c5?� 68?�G�<7@cBc5� 7`�?B456�A�6>�4G?�A7<b4G4aB?� 67�@?C6�C�
G?5cB6�Cl� �C�4�G?@cA6�7C�7`� G776� `G4A6cG?5%�h7d?F?Gj� `4�BcG?�7`� `�a?G�b756� G?567G?@� 6??68�56�BB�
7AAcGG?@� 68G7cl8�@?A?<?C646�7C�a?6d??C� 68?� `�a?G�b756eG?5�C�4C@�7G� 68?� G?5�CeG776�@?C6�C�
�C6?G`4A?5%��

qcG�bG?F�7c5�G?5?4GA8?5�`7cC@�6846�4bbB�A46�7C�7`�4�5�B4C?�A7cbB�Cl�a7C@�Cl�4l?C6�
67� 68?� b756� 5cG`4A?� d45� ?``?A6�F?� �C� 4A8�?F�Cl� 7b6�<4B� a7C@� 56G?Cl68� a?6d??C� @c4BeAcG?�
A7<b75�6?�G?5�C�4C@�5�B�A4ea45?@�`�a?G�b7565j�4C@�4bbB�A46�7C�7`�4�b8767eAcG?�4@8?5�F?�G?5�C�
d�68� 5c``�A�?C6� b8767� ?|b75cG?� 6�<?� d45� <756� `4F7G4aB?� <?687@� 67� 6G?46� 68?� G776� A4C4B�



|����

@?C6�C� 5cG`4A?%� � �C� 6875?� 56c@�?5j� 68?� 4@8?5�7C5� 7`� G?5�C� A7<b75�6?� 67� b756� 5cG`4A?� 4C@�
G?5�C�A7<b75�6?�67�G776�A4C4B�@?C6�C�d?G?�5?b4G46?B>�?F4Bc46?@%�h7d?F?Gj�d8?C�`�a?G�b756�
�5�Bc6?@��C67�G776�A4C4Bj�6d7��C6?G`4A?5��b756�G?5�C�A7<b75�6?�4C@�G?5�C�A7<b75�6?�G776�A4C4B�
@?C6�C�4G?�AG?46?@%��6��5�56�BB�cCA?G64�C�6846�d8�A8��C6?G`4A?�4A6c4BB>��5�4�bG7aB?<�7`�68?�`�a?G�
b756�G?567G46�7Cj�4C@�68?G?��5�F?G>�B�<�6?@�56c@>�7C�68�5��55c?%��_@@�6�7C4BB>j�d8?C�`�a?G�b756�
�5�a7C@?@�67�G776�A4C4B�@?C6�Cj�pe`4A67G�?C7G<7c5B>��CAG?45?%�=8?�G?56G�A6�7C�7`�`G??�5cG`4A?�
d8�A8� �5� 4aB?� 67� G?@cA?� 68?� 58G�C:4l?� 56G?55�<4>�4``?A6� 68?�a7C@� 56G?Cl68�45�d?BB%� � =8?�
d?4:?56� b4G6� 7`� `�a?G� b756� a7C@?@� 6??68� C??@?@� 67� a?� �C@�A46?@� �C� 7G@?G� 67� �<bG7F?� 68?�
5cAA?55�G46?�7`�?C@7@7C6�A4BB>�6G?46?@�6??68�d�68�`�a?G�b756�G?567G46�7C%�

�C�4C768?G��55c?j�68?�@?F?B7b<?C6�7`�5�ClB?�56?b�4BBe�Ce7C?�4@8?5�F?�G?5cB6?@��C�68?�
�CAG?45?�7`� 68?�G� c5�Cl� `7G�a7C@�Cl�@?C64B�84G@� 6�55c?�bG�<4G�B>� @c?� 67� 68?� 5�<bB?� AB�C�A4B�
bG7A?@cG?%� � h7d?F?Gj� 4BBe�Ce7C?� 4@8?5�F?� A7<a�C?5� 68?� 68G??� `cCA6�7C4B� A7<b75�6�7C5j�
?6A8�Clj� bG�<�Cl� 4C@� a7C@�Clj� �C67� 7C?� 4C@� A7C64�C5� �7C�A� G?5�C� <7C7<?G5� d�68� 4A�@�A�
b875b846?�7G� A4Ga7|>B�A� `cCA6�7C4B�lG7cb5j�8>@G7b87a�A�<7C7<?G5j�d46?G�4C@�4C�7Gl4C�A�
57BF?C6%� _5� 4� G?5cB6j� 68?5?� 4@8?5�F?5� 84F?� 8�l8� 8>@G7b8�B�A�6>%� g7<?� G?5?4GA8?G5� 84F?�
�C@�A46?@�6846�5�ClB?e56?b�4BBe�Ce7C?�4@8?5�F?5�a?84F?�45�5?<�eb?G<?4aB?�<?<aG4C?5�6846�
b?G<�6�@�``c5�7C�7`�d46?G�?F?C�4`6?G�b7B><?G��46�7C%��E5�Cl�4BBe�Ce7C?�4@8?5�F?��C�4�A7<bB?|�
A4F�6>�5cA8�45�4�@??b�4C@�C4GG7d�b756�5b4A?�d�68�C� G776� A4C4B�@?C6�C�b755�aB>�l?C?G46?�
<7G?�cC`4F7G4aB?�?``?A6�a?A4c5?�7`�68?�B�<�646�7C�7`�68?�a7C@�Cl�4AA?55j�4C@�AB�C�A�4C5�4G?�
C76�4aB?�67�d7G:�d�68�AB?4G�F�5�a�B�6>�d�68�C�68?�G776�A4C4B%��7G?7F?Gj�68?�57BF?C6��C�4BBe�Ce7C?�
4@8?5�F?j� d8�A8� 587cB@� a?� 6764BB>� G?<7F?@� `7G� 68?� 7b6�<4B� a7C@� 56G?Cl68j� <4>� C76� a?�
A7<bB?6?B>�?F4b7G46?@��a?A4c5?�7`�68?�@?b68�7`�68?�G776�A4C4B%�=8?G?`7G?j��6��5��<b7G64C6�67�
�CF?56�l46?�68?�?``�A�?CA>�7`�c5�Cl�4BBe�Ce7C?�4@8?5�F?�`7G�a7C@�Cl�67�G776�A4C4B�@?C6�C%��

�
U8����v<H�D�����>hxy^MX[w^K�hr�Xl^�P^K^"PMl@�

$Q =7�?F4Bc46?�68?�G?l�7C4B�<�AG76?C5�B?�a7C@�56G?Cl685�7`�`7cG�:�C@5�7`�`�a?G�b7565�
67�G776�A4C4B�@?C6�C�Bc6?@�d�68�@c4BeAcG?�G?5�C�A7<b75�6?5%��

0Q =7�7a5?GF?�68?�`4�BcG?�A84G4A6?G�56�A5��C�7G@?G�67�@?6?G<�C?�68?�b77G��c4B�6>�b4G6�
7`�`�a?G�b756�a7C@?@�G776�A4C4B�

�Q =7�?F4Bc46?�68?�?``?A6�7`�68?�B�l86eAcG�Cl�cC�6j�d8�A8�bG7F�@?5�@�``?G?C6�b7d?G�
@?C5�6�?5j�4C@�68?�?|b75cG?�6�<?�7C�G?l�7C4B�a7C@�56G?Cl685�7`�@c4BeAcG?�7C?e
56?b�5?B`e?6A8�4@8?5�F?�67�G776�A4C4B�@?C6�C�a7C@�Cl%�

�
�



|�F�

S8��D�
B�
�	`B�	
���>O%.$(#(1(]L@�
=8?�?|b?G�<?C65�d?G?�5?b4G46?@��C�6d7�b4G65�
�
I0,.�b�P%]'()01�+()#�&.,%)].$&�0)#�*0'12,%�0)01L&'&�(*�*'+%,�-(&.�+()#%#�.(�,((.�/0)01

w|6G4A6?@�8c<4C�bG?<7B4G5�d?G?�@?A7G7C46?@�4C@�b756�5b4A?5�bG?b4G?@� 67�4�@?b68�7`���
<<%��=8?�G776�A4C4B�@?C6�C�d45�6G?46?@�d�68�pB?4G`�B�gw�x7C@�4C@�B�l86eAcG?@�`7G�0��5?A7C@5%�
=8G??� 7`� 68?� `7BB7d�Cl� `�a?G� b7565}� gC7dB�l86j� k�aG?z7Gj� D%=%� {�l86ei756j� 4C@��p� k�a?G� i756�
d?G?�Ac6�67�4�B?Cl68�7`�$0�<<�4C@�5cG`4A?e6G?46?@�d�68�4�<�|6cG?�7`�i7GA?B4�C�x7C@�_A6�F467G�
4C@�i8767a7C@%�=8?�b7565�d?G?�68?C�Bc6?@��C67�68?�bG?b4G?@�b756�5b4A?5�d�68�pB?4G`�B�Dp�p7G?�
_c67<�|� 4C@� B�l86eAcG?@� `7G� ��� 5?A7C@5%� _`6?G� 0y� 87cG� d46?G� 567G4l?j� ?4A8� 5b?A�<?C� d45�
5?G�4BB>�5B�A?@��C67��j��%��|��%��<<e68�A:�a?4<5�`7G�68?�<�AG76?C5�B?�a7C@�56G?Cl68�H~=xgQ�6?56%�
k4�BcG?�<7@?5�d?G?�7a5?GF?@�c5�Cl�5A4CC�Cl�?B?A6G7C�<�AG75A7b?�Hgw�Q%�x7C@�56G?Cl68�@464�
d?G?�@�F�@?@��C67�A7G7C4B�4C@�4b�A4B�G?l�7C5�4C@�5646�56�A4BB>�4C4B>�?@%�

�
I0,.�E�^**%/.�(*�I$(.(4/2,')]�K.,0.%]L�()�x()#')]�(*�m2014/2,%�h)%4&.%-�K%1*4%./$�
"#$%&'\%�.(�P((.�M0)01�m%).')�
�

w|6G4A6?@� bG?<7B4G5� d?G?� @?A7G7C46?@� 46� 68?� A?<?C67?C4<?B� ;cCA6�7Cj� 4C@� b756�
5b4A?5�d?G?�bG?b4G?@�67�4�@?b68�7`���<<�4C@�4�@�4<?6?G�7`�$%��<<��C�68?�G7765%��_�@c4BeAcG?�
a7C@�Cl�5>56?<��pB?4G`�B�Dp�x7C@�d45�4bbB�?@�67�68?�G776�A4C4B�@?C6�C��C�b756�5b4A?�4C@�68?C�
B�l86eAcG?@� `7G� $�j� 0�� 7G� ��� 5?A7C@5� c5�Cl� 6d7� B�l86eAcG�Cl� cC�65�� qb6�Bc|� ��$� 4C@�
h>b?GB�l86?B%��_BB�b756�5b4A?5�4G?�68?C�`�BB?@�d�68�4�@c4BeAcG?�G?5�C�A7<b75�6?�HpB?4G`�B�Dp�p7G?�
4c67<�|Q� 4C@� B�l86eAcG?@� `7G� ��� 5?A7C@%�� _`6?G� 0y� 87cG� 567G4l?j� ?4A8� 5b?A�<?C�d45� 5?G�4BB>�
5B�A?@� �C67� �j� �%�� |� �%�� <<e� 68�A:� a?4<5� `7G� <�AG76?C5�B?� a7C@� 6?56%� %� k4�BcG?� <7@?5� d?G?�
7a5?GF?@�c5�Cl�gw�%�=8?�a7C@�56G?Cl68�@464�d?G?�@�F�@?@��C67�A7G7C4B�4C@�4b�A4B�G?l�7C5�4C@�
5646�56�A4BB>�4C4B>�?@%��

�
�
�
�
�
�
�
�



|F�

z8�P^K^"PMl�Io"i��
�

i845?� �%���?4G� $��?4G� $%���?4G� 0��?4G�

D?5�lC�?|b?G�<?C64B�bG7A?@cG?5�`7G�
?|b?G�<?C6�$j�A7BB?A6�<46?G�4B5j�4C@�
b?G`7G<�4�b�B76�56c@>�

� � � �

i?G`7G<�68?�?|b?G�<?C6$j�A7BB?A6�@464j�
4C@�5646�56�A4BB>�4C4B>5�5�

� � � �

D?5�lC�?|b?G�<?C64B�bG7A?@cG?5�`7G�
?|b?G�<?C6�0j�A7BB?A6�<46?G�4B5j�4C@�
b?G`7G<�4�b�B76�56c@>�

� � � �

i?G`7G<�68?�?|b?G�<?C6�0j�A7BB?A6�@464j�
4C@�5646�56�A4BB>�4C4B>5�5�

� � � �

oG�6?�G?b7G65�<4Cc5AG�b65�� � � � �

�
�

bR8�h2.-2.&N��

���_:57GC<c4Cl�fj�94:4;�<4��j�k7|67C���j�i4C>4>7Cl�oj�=4l4<��f%��?l�7C4B�a7C@�
56G?Cl685�4C@�`4�BcG?�4C4B>5�5�7`�`�a?G�b7565�a7C@?@�67�G776�A4C4B�@?C6�C%�qb?G46�F?�
D?C6�56G>j�0�������H�Q}����e�y�%�

�0%�_:57GC<c4Cl�fj�94:4;�<4��j�k7|67C���j�i4C>4>7Cl�oj�=4l4<��f%�w``?A6�7`�b8767�AcG�Cl�
56G46?l>�7C�a7C@�Cl�7`�@c4BeAcG?�7C?e56?b�5?B`e?6A8�4@8?5�F?�67�G776�A4C4B�@?C6�C%�D?C64B�
�46?G�4B5�f7cGC4Bj0��t��0�H0Q}�$��e$y$%�

��
�
�
�
�
�
�
�
�



$�

Ml"PIX^P�b� �[iXPhmnMX[hi�
�
� �?A?C6B>j� ?568?6�A� C7Ce<?64B� `�a?G� b7565� 84F?� a??C� �CAG?45�ClB>� c5?@� 67� G?567G?�
?C@7@7C6�A4BB>� 6G?46?@� 6??68� a?A4c5?� 68?�G� <7@cB�� 7`� ?B456�A�6>� 4G?� A7<b4G4aB?� 67� @?C6�Cj�
bG7@cA�Cl�4�56G?55� `�?B@� 5�<�B4G� 67� 6846�7`�4�C46cG4B� 67768�4C@� G?5cB6�Cl� �C� 4� G?@cA6�7C�7`� G776�
`G4A6cG?5� H$e�Q%� � � p7C6?<b7G4G>� 4@8?5�F?� 5>56?<5� d�68� @c4BeAcG?� A7<b75�6?� G?5�C� A7G?�
<46?G�4B5�4G?�AcGG?C6B>�c5?@�`7G�Bc6�Cl�`�a?G�b7565��C67�G776�A4C4B5�?5b?A�4BB>��C�4�d�@?�7G�`B4G?@�
A4C4B5� a?A4c5?� G?5�C� A7<b75�6?� 845� 4�<7@cBc5� 7`� ?B456�A�6>� AB75?� 67� @?C6�C� 4C@� `�a?G� b7565j�
4C@�8�l8?G� 684C� 6846�7`� G?5�C�A?<?C6� H�Q%� � �C�4@@�6�7Cj� 68?�AB�C�A�4C�A4C�5�<bB>�c5?� 68?�54<?�
A7<b75�6?�<46?G�4B�`7G�b756�bB4A?<?C6�4C@�A7G?�ac�B@ecb%����
� wF?C� 687cl8� 68?� �CA�@?CA?� 7`� G776� `G4A6cG?5� �C� ?C@7@7C6�A4BB>� 6G?46?@� 6??68� 845�
G?@cA?@�d8?C�`�a?G�b7565�84F?�a??C�c5?@j�`4�BcG?5�7`�`�a?G�b756eG?567G?@�6??68�56�BB�7AAcG�<756B>�
68G7cl8�@?A?<?C646�7C�a?6d??C�68?�`�a?G�b756eG?5�C�4C@�7G�68?�G?5�CeG776�@?C6�C� �C6?G`4A?5�H�e
$�Q%�i7B><?G��46�7C�58G�C:4l?�4C@�A7C6G4A6�7C�56G?55�7`�68?�Bc6�Cl�G?5�C�A7<b75�6?�<4>�a?�7C?�
A4c5?�7`�@?A?<?C646�7C��`�5c``�A�?C6��C6?G`4A�4B�4@8?5�7C�A7cB@�C76�a?�7a64�C?@%�k7G�4C�466?<b6�
67�57BF?�@?a7C@�Cl�bG7aB?<j�7cG�bG?F�7c5�56c@�?5�84F?�a??C�b?G`7G<?@�67�?F4Bc46?�68?�a7C@�
56G?Cl68� 7`� @c4BeAcG?� A7<b75�6?� G?5�C� A7G?�<46?G�4B5� 67� `�a?G� b756� 5cG`4A?� 4C@� 67� G776� A4C4B�
@?C6�C�H$$e$yQ��%�h7d?F?Gj�6875?�56c@�?5�5?b4G46?B>�?F4Bc46?@�68?�4@8?5�7C5�7`�G?5�C�A7<b75�6?�
67� b756� 5cG`4A?� 4C@� G?5�C� A7<b75�6?� 67� G776� A4C4B� @?C6�C� 67� @?6?G<�C?� 68?� <756� `4F7G4aB?�
<?687@�`7G�a7C@�Cl�?4A8��C6?G`4A?%��C�G?4B�6>j�d8?C�4�`�a?G�b756��5�Bc6?@��C67�68?�G776�A4C4Bj�6d7�
@�``?G?C6�6>b?5�7`�68?��C6?G`4A?5��b756eG?5�C�A7<b75�6?�4C@�G?5�C�A7<b75�6?eG776�A4C4B�@?C6�C�4G?�
AG?46?@� cC@?G� 68?� b7B><?G��46�7Ce56G?55?@� A7C@�6�7C� 7`� 68?� Bc6�Cl� G?5�C%� �7G?7F?Gj� 68?� A4F�6>�
A7C`�lcG46�7C�`4A67G�Hpe`4A67GQj�d8�A8�G?bG?5?C65�68?�G46�7�7`�a7C@?@�67�cCa7C@?@�5cG`4A?�4G?4j�
�CAG?45?5� ?C7G<7c5B>� `7G� `�a?G� b756� a7C@?@� 6??68%� �6� 845� a??C� G?b7G6?@� 6846� 68?� pe`4A67G� �C�
?C@7@7C6�A� b756� Bc6?@� A4F�6�?5� <4>� ?|A??@� 0��j� d8?G?45� 68?� pe`4A67G� 7`� 4C� �C6G4A7G7C4B�
G?567G46�7C��5��C�68?�G4Cl?�7`�7CB>�$�67���H�Q%�=8?�G?56G�A6�7C�7`�4C>�`G??�5cG`4A?5�d8�A8�<�l86�a?�
4aB?� 67� G?@cA?� 68?�58G�C:4l?�56G?55�d7cB@�84F?�4C�4@@�6�7C4B�4``?A6�7C� 68?�4@8?5�7C�7`� `�a?G�
b7565�67�G776�A4C4B�@?C6�C�H$�Q%��
� g7<?� 56c@�?5� 84F?� 5cll?56?@� 6846� bG7aB?<5� �C� 4@8?5�7C� <�l86� 7AAcG� 46� 68?� G?5�C�
A7<b75�6?�G776�A4C4B�@?C6�C��C6?G`4A?�G468?G�684C�46�68?�`�a?G�b756eG?5�C�A7<b75�6?��C6?G`4A?�HtQ%�
qC�68?�768?G�84C@j�bG?F�7c5�G?5?4GA8�845�4B57��C@�A46?@�4�bG7aB?<�46�68?�b756eG?5�C�A7<b75�6?�
�C6?G`4A?�H$��$�Q%�=8?G?`7G?j��6� �5�56�BB�cCA?G64�C�d8�A8��C6?G`4A?��5�68?�d?4:?56�b4G6�7`�68?�`�a?G�
b756� G?567G46�7C%���A8�� 4C@�768?G5� c5?@� 5A4CC�Cl� ?B?A6G7C�<�AG75A7b>� Hgw�Q� 67� ?F4Bc46?� 68?�
�C6?G`4A?5�AG?46?@� �C�4� `�a?G�b756�a7C@?@� G776�A4C4Bj�4C@� 68?>�5cll?56?@� 6846�4C�4a5?CA?�7`�
F7�@5�46�68?�`�a?G�b756eG?5�C�A?<?C6��C6?G`4A?��C@�A46?5�4�l77@�a7C@�a?6d??C�68?�b756�5cG`4A?�



0�

4C@� G?5�C� A?<?C6� H$�Q%� h7d?F?Gj� gw��?F4Bc46�7C� 4B7C?� A4CC76� a?� A7GG?B46?@� 67� �c4C6�646�F?�
a7C@�56G?Cl68�@464%���
� iG?5?C6B>j�68?G?�4G?�6d7�6?56�Cl�<?687@5�6846�<756B>�c5?@�67�?F4Bc46?�68?�G?l�7C4B�a7C@�
56G?Cl68�7`�`�a?G�b756�a7C@?@�6??68��<�AG76?C5�B?�4C@�bc58e7c6�6?56%���AG76?C5�B?�a7C@�56G?Cl68�
6?56�?C4aB?5� 68?�<?45cG?<?C6� 6G4C5F?G5?� `7GA?�7C�5<4BB� a7C@?@�4G?4� 5cA8�45� 68?� �C5�@?�7`�
G776�A4C4B�H$tQj�87d?F?Gj�7AA45�7C4BB>�bG?<46cG?�`4�BcG?�7`�5b?A�<?C5�4G�5?5�bG�7G�6?56�Cl�d8?C�
a7C@�Cl� �5� �C`?G�7G� H0�Q%� =8�Ce5B�A?�bc58e7c6� 6?56� 845�a??C�4B57�c5?`cB� `7G�?F4Bc46�Cl� G?l�7C4B�
G?6?C6�F?� 4a�B�6>� 7`� `�a?G� b756� 67� G776� A4C4B� d4BB� a>� F?G6�A4B� 7G� 58?4G� `7GA?� B74@�Cl� 4B687cl8�
`G�A6�7C4B�G?5�564CA?�<4>�a?�G?B?F4C6��C�bc58e7c6�6?56�H0$Q%��h7d?F?Gj�68�5�bc58e7c6�6?56�<4>�C76�
a?� 4aB?� 67� A7<b4G?� 68?� �c4B�6�?5� 7`� 6d7� G?5�C� �C6?G`4A?5� 7`� @?C6�C� 4C@� `�a?G� b756� d�68� 7C?�
5b?A�<?C�46�68?�54<?�6�<?%��=8?�bcGb75?�7`�68�5�56c@>�d45�67��CF?56�l46?�68?��c4B�6�?5�7`�6d7�
G?5�C� �C6?G`4A?5� 67� @?C6�C� 4C@� `�a?G� b756� 4C@� 67� �@?C6�`>� 68?� d?4:?G� b4G6� a>� ?F4Bc46�Cl� 68?�
G?l�7C4B�<�AG76?C5�B?�a7C@�56G?Cl685�7`�`7cG�:�C@5�7`�`�a?G�b7565�67�G776�A4C4B�@?C6�C�Bc6?@�d�68�
@c4BeAcG?�G?5�C�A7<b75�6?5%�_@@�6�7C4BB>j�68?�`4�BcG?�A84G4A6?G�56�A5�d?G?�?F4Bc46?@�67�@?6?G<�C?�
68?�b77G��c4B�6>�b4G6�7`�G?567G?@�6??68�d�68�`�a?G�b7565%�=8?�CcBB�8>b768?5�5�d45�6846�68?�6>b?�7`�
`�a?G�b756�@�@�C76�84F?�4C�?``?A6�7C�4@8?5�7C�67�G776�A4C4B�@?C6�C%��

=8?G?� �5�4C768?G� �C6?G?56�Cl� �55c?� G?l4G@�Cl� 68?�4@8?5�F?�5>56?<�c5?@� `7G� G776� A4C4B�
@?C6�C� a7C@�Cl%�_5� 68?� 4a7F?�<?C6�7Cj� @c4BeAcG?� G?5�C� A7G?�<46?G�4B� �C� A7<a�C46�7C�d�68� 4C�
4@8?5�F?� 5>56?<� �5� l?C?G4BB>� c5?@� 67� a7C@� 68?� `�a?G� b756� 67� 68?� G776� A4C4B�d4BB� H����$0�00Q%�
o�68� 4� C7F?B6>� �C� @?C6�C� 4@8?5�F?5j� 57<?� <4Cc`4A6cG?G5� 84F?� ;c56� @?F?B7b?@� 4� @c4BeAcG?�
F?G5�7C�7`�68?�7C?e56?b�5?B`e?6A8�4@8?5�F?�c5?@�d�68�G?5�C�A7G?�<46?G�4B5�a?A4c5?��6�5�<bB�`�?5�
68?� 4bbB�A46�7C� bG7A?@cG?5� `7G� `�a?G� b756� Bc6�Cl� 4C@� A7G?� ac�B@ecb%� � g�CA?� B�l86� b?C?6G46�7C� �5�
B�<�6?@� �C� 68?� @??b?G� G?l�7C� A7<b4G?@� d�68� 68?� cbb?G� G?l�7C� 7`� 68?� b756� A4F�6>j� @c4BeAcG?�
4@8?5�F?� �C� 68?� @??b?G� G?l�7C� �5� ?|b?A6?@� 67� b7B><?G��?� a>� 5?B`eAcG?�<7@?� d�68� G?5�C� A7G?�
<46?G�4B5�`�BB?@��C67�68?�b756�A4F�6>%���

qC?e56?b�5?B`e?6A8�4@8?5�F?�A7C64�C5�4A�@�A�G?5�C�<7C7<?Gj�d46?Gj�4C@�7Gl4C�A�57BF?C6%��
_�<4;7G�A7CA?GC�6846�587cB@�a?�A7C5�@?G?@��5�68?��CA7<b46�a�B�6>�a?6d??C�68?�4A�@�A�<7C7<?G�
7`�7C?e56?b�5?B`e?6A8�4@8?5�F?�4C@�68?�5?B`e�7G�@c4BeAcG?�A7<b75�6?�G?5�C%� ��4C>�G?5?4GA8?G5�
84F?� G?b7G6?@� 6846� 4C�4@F?G5?� 4A�@ea45?� G?4A6�7C�7`� 4A�@�A� G?5�C�<7C7<?G5�d�68� 68?� 6?G6�4G>�
4<�C?5� c5?@� �C� 68?� 5?B`eAcG?� �C�6�467G� 5>56?<5� 7AAcGG?@j� A4c5�Cl� 68?� 4<�C?5� 67� B75?� 68?�G�
?``?A6�F?C?55� 45� G?@cA�Cl� 4l?C65� 4C@� 68c5� G?5cB6�Cl� �C� b77G� b7B><?G��46�7C� H0��0yQ%� � =8�5�
�CA7<b46�a�B�6>�d45�`7cC@�67�a?�4�a4GG�?G�67�l77@�a7C@�Cl�H0�e0�Q%���C�68?�@??b?G�G?l�7C�7`�68?�
b756�A4F�6>j�cCAcG?@�4A�@�A�G?5�C�<7C7<?G�d�68�C�7C?e56?b�5?B`e?6A8�4@8?5�F?�A7cB@�4``?A6� 68?�
5?B`eb7B><?G��46�7C� 7`� @c4BeAcG?� G?5�C� A7G?� <46?G�4B5%� � o8?C� A7<bB?6?B>� AcG�Cl� 68?� 4A�@�A�
4@8?5�F?j�68?��CA7<b46�a�B�6>��55c?�4C@�68?�5?B`eb7B><?G��46�7C�?``?A6�7`�68?�G?5�C�A7G?�<46?G�4B5�
A7cB@�a?� G?@cA?@%� �=8?G?`7G?j� �6�d7cB@�a?� �<b7G64C6� 67� �GG4@�46?�5c``�A�?C6� B�l86�?C?Gl>� 67� 68?�



��

@c4BeAcG?�4@8?5�F?�68G7cl8�68?�b756�5b4A?��C�7G@?G�67�<�C�<��?�68?�4@F?G5?�?``?A65�7`�cCAcG?@�
4A�@�A�G?5�C�<7C7<?G�d�68�C�7C?e56?b�5?B`e?6A8�4@8?5�F?%��

_@@�6�7C4BB>j�68?�<?A84C�A4B�bG7b?G6�?5�7`�@c4BeAcG?�G?5�C�d?G?�`7cC@�67�a?�4``?A6?@�a>�
AcG�Cl�56G46?l�?5�H0t���Q%��{�l86�?|b75cG?�67�68?�@c4BeAcG?�4@8?5�F?�<4>�a?��<b7G64C6�`7G�l77@�
a7C@� 56G?Cl68� A7<b4G?@� d�68� 57B�64G>� A8?<�A4B� 4A6�F46�7C� � a?A4c5?� 68?� a7C@� 56G?Cl68� d45�
`7cC@�67�a?�@?b?C@?C6�7C�68?�<?A84C�A4B�bG7b?G6�?5�7`�68?�4@8?5�F?�G?5�CH�$��0Q%��o�68�C�68?�
b756�5b4A?j�8�l8�466?Cc46�7C�7`�B�l86�b455�Cl�68G7cl8�68?�A4C4B�<4>�;?7b4G@��?�a7C@�Cl��c4B�6>j�
?5b?A�4BB>� 46� 68?� a7667<� b4G6%� � iG?F�7c5� 56c@�?5� 84F?� G?b7G6?@� 68?� a?C?`�6� 7`� c5�Cl� 4� 8�l8�
�C6?C5�6>� B�l86eAcG�Cl�cC�6� 67�?C84CA?� 68?�AcG�Cl�?``�A�?CA>�7`� 68?� G?5�Cj�?5b?A�4BB>� �C� 68?�@??b�
A4F�6>� 7G� cC@?G� 67768eA7B7G?@� G?567G46�7C5� H��e��Q%� � {�:?d�5?j� 57<?� 56c@�?5� 84F?� 5cll?56?@�
?|6?C@�Cl� 68?� ?|b75cG?� 6�<?� 67� 68?� B�l86e� 7G� @c4BeAcG?� 4@8?5�F?� G?5�C� 67� ?C5cG?� 7b6�<4B�
b7B><?G��46�7C� �C� 68?�@??b� G?l�7C�7`� 68?� A4F�6>� H$����Q%� � =8?G?`7G?j� �6� A4C� a?�bG?5c<?@� 6846�
c5�Cl� 4� 8�l8� �C6?C5�6>� AcG�Cl� cC�6� 4C@�7G� bG7B7Cl�Cl� 68?� B�l86e?|b75cG?� 6�<?� 67� 68?� 4@8?5�F?�
G?5�C�<4>��<bG7F?�68?�4@8?5�7C�7`�@c4BeAcG?�7C?e56?b�5?B`e?6A8�4@8?5�F?�67�G776�A4C4B�@?C6�C%�

kG7<� 68?� G46�7C4B?5� <?C6�7C?@� 4a7F?j� 68?G?� d?G?� 6d7� 56c@>� @?5�lC5� G?�c�G?@� 67�
�CF?56�l46?�68?�4@8?5�7C�7`�`�a?G�b7565�67�G776�A4C4B�@?C6�C�Bc6?@�d�68�@c4BeAcG?�G?5�C�A7<b75�6?%�
=8?�bcGb75?5�7`�68?�`�G56�56c@>�d45�67��CF?56�l46?�68?��c4B�6�?5�7`�6d7�G?5�C��C6?G`4A?5�67�@?C6�C�
4C@� `�a?G� b756� 4C@� 67� �@?C6�`>� 68?� d?4:?G� b4G6� a>� ?F4Bc46�Cl� 68?� G?l�7C4B� <�AG76?C5�B?� a7C@�
56G?Cl685�7`�`7cG�:�C@5�7`�`�a?G�b7565�67�G776�A4C4B�@?C6�C�Bc6?@�d�68�@c4BeAcG?�G?5�C�A7<b75�6?5%�
_@@�6�7C4BB>j� 68?� `4�BcG?� A84G4A6?G�56�A5� d?G?� ?F4Bc46?@� 67� @?6?G<�C?� 68?� b77G� �c4B�6>� b4G6� 7`�
G?567G?@�6??68�d�68�`�a?G�b7565%�=8?�CcBB�8>b768?5�5�d45�6846�68?�6>b?�7`�`�a?G�b756�@�@�C76�84F?�
4C�?``?A6�7C�4@8?5�7C�67�G776�A4C4B�@?C6�C%��=8?�5?A7C@�56c@>�d45�@7C?�67�?F4Bc46?�68?�?``?A6�
7`� 68?� B�l86eAcG�Cl� cC�6j� d8�A8� bG7F�@?5� @�``?G?C6� b7d?G� @?C5�6�?5j� 4C@� 68?� ?|b75cG?� 6�<?� 7C�
G?l�7C4B�a7C@�56G?Cl685�7`�@c4BeAcG?�7C?e56?b�5?B`e?6A8�4@8?5�F?�67�G776�A4C4B�@?C6�C�a7C@�Cl%�
=8?�CcBB�8>b768?5�5�d45�6846�68?�B�l86eAcG�Cl�cC�6j�?|b75cG?�6�<?j�4C@�G?l�7C�@�@�C76�4``?A6�68?�
a7C@�56G?Cl68%�

�



y�

Ml"IX^P�E��� O^XlhmhohQp�
�
I"PX�b�P%]'()01�+()#�&.,%)].$&�0)#�*0'12,%�0)01L&'&�(*�*'+%,�-(&.�+()#%#�.(�,((.�/0)01�
�
O0.%,'01&�2&%#�')�.$%�&.2#L�

O0.%,'01� O0)2*0/.2,%,� M(5-(&'.'()�

gC7dB�l86�
�
�
k�aG?z7G�
�
�
D%=%�{�l86ei756�
�
�
�p�k�a?G�i756�
�
pB?4G`�B�gw�x7C@�
�
�
�
�
pB?4G`�B�i7GA?B4�C�
x7C@�_A6�F467G�
�
pB?4G`�B�i8767a7C@�
�
�
�
Dp�p7G?�_c67<�|�
�
�

p4Ga76?A8j�Eg_�
�
�
i?C6G7C�pB�C�A4B�
=?A8C7B7l�?5j�{{pj�Eg_�
�
�=Dj��G?C7aB?j�kG4CA?�
�
�
�p�p7Gb7G46�7Cj�f4b4C�
�
zcG4G4>��?@�A4B��CAj�
f4b4C�
�
�
�
zcG4G4>��?@�A4B��CAj�
f4b4C�
�
zcG4G4>��?@�A4B��CAj�
f4b4C�
�
�
zcG4G4>��?@�A4B��CAj�
f4b4C�

����F7Bc<?�7`���GA7Ce�lB455�`�a?Gj�����F7Bc<?�7`�
b7B>?56?Ge<?64AG>B46?�G?5�C�<46G�|�
�
��%���F7Bc<?�7`�lB455�`�a?Gj�$�%0��F7Bc<?�7`�`�BB?Gj�����
F7Bc<?�7`�G?5�C�A7C6?C6�
�
�����F7Bc<?�7`��c4G6��k�a?G5j�y����F7Bc<?�7`�?b7|>�
G?5�C�
�
����F7Bc<?�7`�lB455�`�a?Gj�y0��F7Bc<?�7`�G?5�C�<46G�|���
�
iG�<?G}��Dij�hw�_j�d46?Gj�8>@G7b8�B�A�@�<?684AG>B46?5j�
b8767�C�6�467Gj�4AA?B?G467G��
x7C@}��Dij�hw�_j�8>@G7b87a�A�@�<?684AG>B46?5j�
<�AG7`�BB?Gj�b8767�C�6�467Gj�4AA?B?G467G��
�
h>@G7b87a�A�@�<?684AG>B46?j���e�<?684AG>B7|>�
bG7b>B6G�<?687|>�5�B4C?�H�e�igQ������
�
p464B>56}��Dij�x�5e��_j�hw�_j�8>@G7b87a�A�
@�<?684AG>B46?j�@jBep4<b87G�c�C7C?j�a?C�7>B�b?G7|�@?�
EC�F?G54B}�w684C7Bj�9j9eD�?684C7B�be67Bc�@�C?��
�
p464B>56}�x�5e��_j�=w�D�_j�5�B4C��?@�lB455�`�BB?G5j�5�B�A4�
<�AG7`�BB?G5j�A8?<�A4B�b8767�C�6�467G�
EC�F?G54B}�=w�D�_j�<?684AG>B46?�<7C7<?G5j�5�B4C��?@�
lB455�`�BB?G5j�5�B�A4�<�AG7`�BB?G5j�A8?<�A4B�b8767�C�6�467G�
�

�
�
�
�



��

��������	
�������
����
=8G??� 7`� 68?� `7BB7d�Cl� `7cG� `�a?G� b7565}� gC7dB�l86� Hp4Ga76?A8j� �4Cl?5j� kG4CA?Qj�

k�aG?z7G�Hi?C6G7C�pB�C�A4B�=?A8C7B7l�?5j�{{pj�Eg_Qj�D%=%�{�l86ei756�H�=Dj��G?C7aB?j�kG4CA?Qj�
4C@��p�k�a?G�i756�H�p�p7Gb7G46�7Cj�=7:>7j�f4b4CQj�d?G?�c5?@��C�68�5�56c@>%�=8?�b7565�d?G?�
Ac6� 67�4� B?Cl68�7`�$0�<<�`G7<� 68?�cbb?G�?C@�a>�4�@�4<7C@�acG� H0�$j�g87`cj�z>767j�f4b4CQ�
<7cC6?@� �C� 4� 8�l8e5b??@� 84C@b�?A?� cC@?G� d46?G� 5bG4>� H��Q%� � =8?� Ac6� b7565� 7`� gC7dB�l86j�
k�aG?z7Gj� 4C@� �p� i756� d?G?� 56G4�l86� �C� 584b?j� d8�B?� 68?� D%=%� {�l86ei7565� d?G?� 64b?G?@� �C�
584b?%�=8?�5cG`4A?5�7`�68?�b7565�d?G?�68?C�AB?4C?@�d�68�4BA787B%�

=d?BF?� 5�ClB?eG776?@� 8c<4C� bG?<7B4G� 6??68j� G?A?C6B>� ?|6G4A6?@� `G7<� 4@7B?5A?C65� `7G�
7G687@7C6�A�G?457C5�4C@�567G?@�`G7�?Cj�d?G?�@?A7G7C46?@�46�68?�A?<?C67?C4<?B�;cCA6�7C�c5�Cl�
4�B7d�5b??@�@�4<7C@�54d�H�57<?6j�xc?8B?Gj�{4:?�xBc``j��{j�Eg_Q%��icBb4B�6�55c?�d45�G?<7F?@�
c5�Cl� ?C@7@7C6�A5� `�B?5� 4C@� 68?� b756� 5b4A?5� d?G?� 68?C� bG?b4G?@� c5�Cl� �46?5e�B�@@?C� @G�BB5�
H�465c64C��g?�54:c587�p7%j�{6@%j�=4:4C?�4d4j�f4b4CQ�4C@�k�aG?z7G�@G�BB5�Hi?C6G7C�p7Gb7G46�7Cj�
o4BB�Cl`7G@j�p=j�Eg_Q��C�4�B7de5b??@�84C@�b�?A?�cC@?G�A7b�7c5�d46?G�A77B�Cl�67�4�@?b68�7`���
<<�4C@�4�@�4<?6?G�7`�$%���<<%� �_`6?G� b756� 5b4A?�bG?b4G46�7Cj� 68?� G776� A4C4B5�d?G?� G�C5?@�
d�68�@�56�BB?@�d46?G�4C@�@G�?@�d�68�b4b?G�b7�C65%��iG�7G�67�68?�a7C@�Cl�bG7A?@cG?5j�68?�?|6?GC4B�
5cG`4A?5� 7`� 68?� G7765�d?G?� ac�B6� cb�d�68� 4� A7<b75�6?� G?5�C� 67�<4:?� lG�b5� `7G� 6?56�Cl� 4C@� 67�
bG?F?C6�68?�?``?A6�7`�?|6?GC4B�B�l86�`G7<�68?�AcG�Cl�6�bj�d8�A8�A4C�b455�68G7cl8�68?�68�C�b7G6�7C�
7`�@?C6�C?�d4BB�67�68?�4@8?5�F?�G?5�C�@cG�Cl�68?�b8767�AcG�Cl�bG7A?@cG?5%���

�
�������
���������	


�?l4G@�Cl� 68?� 4A6c4B� a7C@�Cl� bG7A?@cG?5j� pB?4G`�B� gw� x7C@� iG�<?G�x7C@� HzcG4G4>�
�?@�A4B��CAj�=7:>7j�f4b4CQ�d45�4bbB�?@�67�68?�G776�A4C4B�@?C6�C�5cG`4A?��C�4AA7G@4CA?�d�68�68?�
<4Cc`4A6cG?G�5� �C56GcA6�7C5%� � _`6?G� 4bbB�A46�7C� 7`� 68?� 4@8?5�F?j� b8767e�GG4@�46�7C� Hqb6�Bc|� ��$j�
D?<?6G7Cj� D4CacG>j� Eg_Q� d45� b?G`7G<?@� `G7<� 4� A7G7C4B� @�G?A6�7C� d�68� 4� bG7B7Cl?@� b8767e
?|b75cG?� 6�<?� 7`� 0�� 5?A7C@5� H$$Q%� � � � =8?� b756� 5cG`4A?� d45� 6G?46?@� d�68� 4� 5�B4C?� A7cbB�Cl�
a7C@�Cl�4l?C6j�4�<�|6cG?�7`�pB?4G`�B�i8767a7C@�4C@�pB?4G`�B�i7GA?B4�C�x7C@�_A6�F467Gj�`7BB7d?@�
a>� l?C6B?� 4�G� aB7d�Cl� H$$Q%� � Dc4BeAcG?� G?5�C� A7<b75�6?j� pB?4G`�B� Dp� p7G?� _c67<�|j� HzcG4G4>�
�?@�A4B� �CAj�=7:>7j�f4b4CQ�d45��C;?A6?@� �C67�68?�b756�5b4A?�c5�Cl�4C�4c67e<�|�A4G6G�@l?�4C@�
5>G�Cl?� 6�b%� � =8?� 6G?46?@� b756� d45� 68?C� �C5?G6?@� �C67� 68?� G?5�Ce`�BB?@� G776� A4C4Bj� 4C@� b8767e
�GG4@�46�7C�d45�b?G`7G<?@�`7G����5�`G7<�68?�cbb?G�?C@�7`�68?�b756%�=8?�5b?A�<?C5�d?G?�68?C�
567G?@��C�d46?G�46�����p�`7G�0y�87cG5%�
�
�
�



��

Sliced into 8, 0.6 mm-thick 
slabs (4 coronal, 4 apical) 

Fiber post was inserted 
in 8 mm deep post 

space filled with dual-
cure resin core 

material, cured for 60 s 

Luting resin composite  

Root canal  
dentin 

Each slab cut centrally into 
0.6×0.6 mm-thick beam 

Microtensile test

 Composite Build-up at 
external surface  

Fiber Post 

Failure Analysis 
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Sliced into 8, 0.6 mm-
thick slabs (4 coronal, 

4 apical) 

POST HOLE: 
1.5 mm wide,  
8 mm deep 

Composite resin  
core materials 

Root canal  
dentin 
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