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P^V XmM S MEVjXmMlVmI%ZC`%b'O S M8t�P h t XmZ k bCPvV�A � � � ! �

IFJ�� L 	 � O
� � � 	 � � 	 � � �

{�`�ILKNM/ILK T MlM k b �WZ T t d bFOWOUP h tEb8IWP^ZFV d ME]_M d O�z8IWKNPuO MYOWOWbE1 `gZ2t�fjOQM8O�ZsV�XmMYOUP^pFV S bCIWILM T V O��D?/M T M��
bY`gILM T z�ILKNM(ILM TWk > S b8IWILM T V�A k M8b8VjO">�XmM8OQP^pFV S b8IWILM T V�A � � VcbsXNXmPvIWPvZsV�z�IWKNPuOq`gZ2t�fjO PRO Vjb T �
T Z��%M8X(`gf T ILKNM T IWZxt�ZFVjt�f TLT MEV2I�XmM8OQP^psV S bCILIWM T VjO�OUI�b T ILP^VNp'P^V w?Kjb S IWM T | � � KNM T M k b8P^VjX2M T
ZC`%ILKNPRO�t K b S ILM T M �Nb k P^VNMYO�XmM8OUPvpsV S b8IWILM T V tEbCILMEpsZ T P �YbCIWPvZsVjO�IWZ d bY1�ILKNM p T Zsf\VjX � Z T �&`gZ T
tEb8IWMEpFZ T P��8bCILP^ZFV Z8`%t�ZFVjt�f TLT MEV2I�XmMYOUP^pFV S b8IWILM T VjO �

� KNM T M�b T M k bCV21 X2M8OUPvpsV � S bCILIWM T V tEb8IWMEpFZ T P��8bCILP^ZFV S KNP d Z_OQZ S K\P^M8O � � KNM k Z_OQI S\T Z k P �
VNMEV2I�PRO�IWKNM ������tlbCIWMlpsZ T P �8b8IWPvZsV�� � KNM��O��� S bCIWILM T V O b T M'OUZ d M d 1xZs0
�WM8t�I �<Z T PvMEVmILM8X S bCI �
IWM T VjO � � KNM8OQM S bCILIWM T VjO b T M�OUf\06X2P^]2PRXmM8Xcb d ZFVNp I � Z b �2M8O�� <-6"! � � KNM h T OUI'b��mPuO XmPv]mPuXmM8O
S b8IWIWM T VjO PvVmILZ t T M8bCILP^ZsV b d zFOUI T fjt�IWf T b d z bCVjX 0jMEKjbE]mPvZsf T b dNS bCIWILM T V O�� � K\M�OUM8t�ZFVjX b �2PRO t�ZsV �
OUPuOUI-O ZC`�ILKNM�IWKNM OLt�Z S M Z T p T bCV2f d b T PvIQ1 ZC`�IWK\M S b8IWILM T VePvVeIWK bCI PvI?PRO?b SNS\d P^MYXebCI%MEP^ILKNM T ILKNM
t d bsOWO�Z T ILKNM Zs0
�WM8t�I d ME]_M d � � ` b S b8IWIWM T V PROqb SNSNd P^M8X�bCI ILKNM't d bsOWO d ME]_M d zmPvI XmM8OLt T Pv0 MYO ILKNM
T M d bCILP^ZFVjOUKNP S 0jMEI � MlMEV&ILKNM't d bFOWO�bCVjX P^I-O/OQfN0:t d bFOWOQM8O�� a KNP d M IWKNPuO t d bFOWOQP h tEb8IWPvZsV OLt K\M k M
PRO 0 T Z_bFX MEV\ZsfNpFK IWZ h I'IWKNM k b �WZ T PvIQ1 ZC`�XmMYOUP^pFV S bCILIWM T VjO ��PvIWKNZFfNI'fNVNVNM8t�M8OWOLb T P d 1 T M��
OUI T Put�IWPvVNp IWK\M k zsPvI�PRO d P k P^ILM8X IWZ�Zs0
�WM8t�I �<Z T PvMEVmILM8X S b8IWIWM T VjO � � I%b d OQZ OQf 
:M T O ` T Z k IWKNM�` bst�I
IWK bCI�P^I�PuO XmP (�t�f d Ilz ��K\MEV�OUM8b T t�KNP^VNp `gZ T�S bCILIWM T VjO�z2IWZxXmPROQIWPvVNpsfNPuOUKe0jMEI �%MEMEVe0jMEKjbE]2P^ZFf T b d
bCV X OUI T fjt�ILf T b d S b8IWILM T VjO � � KjbCI�PRO�z ��KNMlV&IWK\M S b8IWIWM T V&PvI�OQM d ` PRO�fNV �2VNZ���V�zjP^I�PRO�fNVjt d M8b T
��KNMEILKNM T ILKNM S bCILIWM T V&b SNSNd P^M8O ILZet d bsOLOUM8O Z T ILZ Zs0
�WM8t�I-O�� ~l|�@�! �

� fjOWt�K k b8VNVAMEI b d �^z�P^V � |�@�! z M��2IWMEV X IWKNM ����� S bCILIWM T V I-b �2ZsVNZ k 1 021AP^V2I T Z2X2fjt�P^V\p
b SNT Zs0 d M k � Z T PvMEV2IWM8X&]2P^M � ZC`�ILKNM S b8IWIWM T V OU1\OUILM k ��H O 0 M�`gZ T M z�IWKNM S bCIWILM T V O b T M hjT OQI



��� � ��� 	=� ����� �&� ����	 
���� 6

Z T p_b8VNP �EMYX P^V2IWZ b T t�KNPvIWM8t�ILf T b d?S bCILIWM T VjO�z XmM8OUPvpsV S bCIWILM T V O�z?bCV X PuXmP^Z k O�� � K\MEV�z ��P^ILKNP^V
M8bFt K�ZC` IWKNM8OQM tEb8IWMEpFZ T P^M8O�z S bCILIWM T VjO/b T M d Z_Z_OQM d 1�Z T p_b8VNP �lM8X&bFtEt�Z T XmP^V\p(ILZ S f TWS Z_OQM � � KNM
S f TLS Z_OUMYO/t�ZFVjOUPuOUI�ZC` ���

� ����� � ���*�%� � ���������%� ��& � Vjt d fjXmM8O S b8IWIWM T VjO ILKjbCI bsOWOQPROQI�P^V XmM8t�Z keS Z_OUPvVNpqbCV Z8]_M T b d^d
OQ1NOQIWM k I-bsO �eP^V2IWZ't�Z_Z S M T b8IWP^V\p�OUfN0\I�bsO �NO �

� � �����%����� �%&'� � (����%&
�
� � Vjt d fjXmMYO S bCILIWM T VjO(IWK bCI SNT Z8]mPuXmM�b
`gZsfNV XNbCILP^ZsV `gZ T OU1\OUILM k O
��KNZ OUM t�Z keS ZsV\MEVmI-O?b T M d Z2tlbCIWMYX)PvVeXmP�
:M T MEV2I SNT Z2t�M8OWOQM8O Z T PvVeOQME]_M T b d t�Z kxS ZFVNMEV2I�O
b8VjX&OQfN0jOU1\OUILM k O �

� 
 �%&$��+5������� & � (����%&
�
� � V t d fjX2M8O S bCILIWM T VjO&IWKjb8I SNT Z8]2PRXmM b `gZsfNVjX\bCIWPvZsV�`gZ T K2f k b8V �
t�Z keS fNILM T PvVmILM T bFt�IWPvZsV�OQ1NOQIWM k O��

� ��+ 	��%+ ��1�& � (����%&
�
� � Vjt d fjXmM8O S bCILIWM T VjO ILKjbCI%b dvd Z�� b SNSNd PutEbCILP^ZFVjO IWZ�bFXNb S I Z T M��2IWMEVjX
ILKNM k OQM d ]_M8O Xm1mV b k PutEb dvd 1 �

� ���������%����+-1 � &'�$���
	 � � � ������
 � Vjt d fjXmM8O S bCILIWM T VjO&IWKjb8I bFOWOUPuOUI PvV�XmMYt�Z keS Z OUP^V\p OU1\O �
ILM k O Z T t�Z kxSNd M��'t�Z keS ZsV\MEVmI-O P^V2IWZ't�Z_Z S M T b8IWP^V\p S b T I-O��

	 �%2 +5
���
$+-������
0�
��� �3��� � V t d fjX2M8O S bCILIWM T VjO/ILKjbCI�M�� SNT M8OLO K\Z � t�Z keS ZsVNMlVmI-O P^V2IWM T bst�I
ILZ SNT Z8]mPuXmM b't�Z keS\d M��'OQM T ]2PRt�M �

� �$�$&
� � "#� 
������51 � V t d fjX2M8O S b8IWIWM T VjO/ILKjbCI SNT ZsILM8t�I b8VjX T M8OUI T Put�I bFtEt�M8OLO/IWZ�OQM T ]2PRt�MYO Z T
t�Z keS ZsVNMlVmI-O��

� S/$16��k?,':8 Z\>:W1�="�':H!6�M:>*�3 06�@5FT6��!6�'*21216�2 _9X��TW1@!"%$1)�'*?1? 6�H5':8 COH!>�':"Q"�>:)V)�>921':H!6�H3$,6��36Q)�': 0?1 0?1M
m(n:o ;1':H!H36��!?1@7?1>*H/$1':?,21806�2�_IX�H!$16�;1�!6�l9 0>:W1@/"�'*H36�M*>:�! #6Q@�C
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 � � Vjt d fjXmM8O S bCILIWM T VjO)ILKjbCI k bCVjb8psM�KNZ k ZspsMlVNMEZsf O t�Z dvd M8t�ILP^ZFVjO *gZs0
�WM8t�I-O�z
OQM T ]2PRt�MYO�zmZ T t�Z kxS ZFVNMEV2I�O
�%bsO�b p T ZFf S �

"#���
� ��
 ���$+-� ��� 
 � V t d fjX2M8O S b8IWILM T VjO6ILKjbCI bsOLOUPuOUI�P^V Z T p_b8VNP �lP^VNp�t�Z kek fNVNPRt�bCILP^ZFV b k ZsVNp
t�Z keS ZsVNMlVmI-O��

� &
����� ���$&��:+5
�� 1 ��
�2 � Vjt d fjXmMYO S bCILIWM T VjO ILKjbCI�bFOWOUPuOUI�P^V k bCVjb8psPvVNp OUKjb T M8X�t�Z keS Z �
VNMlVmI-O�bCVjX�Zs0
�WM8t�I-O��

" ��&-+'������
 � Vjt d fjXmM8O S bCILIWM T VjO�IWKjb8I bFOWOQPROUI?PvV(ZF0
�WM8t�I�PvVjOUI-bCV2IWPRb8IWPvZsV'bCV X T M8t�f T OQP^]_M ZF0
�WM8t�I
OQI T f t�IWf T M8O��

� &/� �����$&�� +-�%��+-������
 � Vjt d fjXmM8O S bCILIWM T VjO�IWKjb8I b dvd Z���bCV ZF0
�WM8t�I�Z T t�Z kxS ZFVNMEV2I�O�0jMEKjbE] �
PvZsf T ILZet�KjbCV\psM �

� &/� �����$&������%&-
�������
 � Vjt d fjXmM8O S b8IWILM T VjO�IWKjb8I bFOWOUPuOUI PvV Xm12Vjb k PRtEb d^d 1ebFXNXmP^V\peVNM ��OQM T �
]2PRt�MYO IWZxbCV�ZF0
�WM8t�I�Z T Zs0
�WMYt�I�OQI T f t�IWf T M �

� ��+ 	��%+-������
 � Vjt d fjXmM8O S bCILIWM T VjO�IWKjb8I�bsOWOQPROQI/PvV PvVmILM T ` bFt�M b8VjX&XNb8I�b't�ZsV2]_M T OUP^ZFV��

[/Vm`gZ T IWf\VjbCILM d 1_zjIWK\PRO�tEbCILMEpsZ T P �YbCIWPvZsV OWt�KNM k M PuO/X2P ( t�f d I�ILZ � Z T � ��P^ILK �i~E|�@�! � y Z k M
S b8IWIWM T VjO�z?OUfjt�K bsO ILKNM � T Z �_M T Z T {�0jOQM T ]_M T z�tlbCV 0jMefjOQM8X bsO MEP^ILKNM T b8V b T t K\P^IWMYt�IWf T b d
Z T b X2M8OUPvpsV S b8IWIWM T V���H XNXmPvIWPvZsVjb d�SNT ZF0 d M k O T M8OQf d I�` T Z k IWKNM ` bFt�I ILKjbCI�OUZ k M S bCIWILM T V O
h I�fNV XmM T OUMl]_M T b d X2P 
:M T MlVmI tEbCILMEpsZ T P^MYO�� 9NZ T M��\b kxSNd M_zFIWKNM ��P S M8O%bCVjX 9 P d IWM T O S bCIWILM T V�PuO
SNd bst�M8X fNVjX2M T IWKNM ��PROUI T Pv0NfNIWMYX y 1\OUILM k O�tlbCIWMlpsZ T 1 ��K\MEV(PvI%t�Zsf d X �WfjOQI bFO M8bsOQP d 1 0jM fjOQM8X
P^V bet�MEV2I T b d P �EM8X�OQ1NOQIWM k � � KNPuO/Z8]_M T � O S M8t�P h tEb8IWPvZsV k bE1 d MYbsX b(VNZ8]2PRt�M ILZeVNZsI�t�ZsVjOQPRXmM T
fjOQP^VNpxb S bCILIWM T V&ZFfNI�OQPRXmM ZC` IWKNM d PuOUILM8XetEb8IWMEpFZ T 1xME]_MEV ��KNMlV&P^I�PuO�b SNS\T Z S\T PRb8IWM �
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�/Zsf\p d bFO w � y t�K k PuXmI�t d bsOLOUP h M8O S b8IWIWM T VjO PvVmILZ/I-bst�ILPRtEb d bCVjX OQI T bCIWMlpsPRt � S bCILIWM T VjO � ~E}�>�! �
� bst�ILPRtEb d S bCIWILM T V O�KjbE]_Mxb T M d bCILP^]_M d 1 d Z2tEb d P �lM8X&P keS bst�I ZFV b&OQZC`gI ��b T M�X2M8OUPvpsV b8VjX b T M
XmZ k bCPvV �<PvVjXmM S MEV XmMEV2I � 9NZ T M��Nb keSNd M_z y P^VNp d MEILZsV�z y I T b8IWMEpF1_z y I�b8IWM_z�b8VjX H XNb S IWM T b T M
t d bsOWOQM8X bsO I-bst�ILPRtEb d�S bCILIWM T VjO�� y I T bCIWMlpsPRt S bCIWILM T V O OUPvpsVNP h tEbCV2I d 1&PvV 	jfNMEV t�M OQZC`gI ��b T M'b T �
t�KNP^ILM8t�IWf T M � y Z k M OQI T bCIWMlpsPRt S bCIWILM T V O b T McH tEt�M S IWZ T z�H t�ILP^]_M {�0
�WM8t�IEz ��M8bst�IWZ T z�bCVjX
� T Z bst�ILZ T �

a b d ILM T�� P kek M T � ~���@�!�tlbCIWMlpsZ T P �EMYO ILKNM �O��� S bCIWILM T V O/0m1�ILKNMEP T�T M d b8IWPvZsVjOQKNP S O � � KNM
T M d bCILP^ZFVjOUKNP S O b T M�X2M h VNM8XAbsO >�� fjOQM8O�� P^V PvI�O OUZ d fNILP^ZFV�Amz�> � b T PubCV2I ZC`�� fjOUMYO�� PvV
P^I-O OUZ d fNILP^ZsV�Amz%bCVjX >�� PRO�OUP k P d b T IWZ	�%A �/?�MeVNZsILM8O IWK bCI'ME]_MEV ��P^IWK ILKNPRO�OWt�KNM k M_z�PvI
PROxOUZ k MEIWP k MEO�XmP ( t�f d I(ILZ SNd bst�M b S b T IWPut�f d b T(T M d b8IWPvZsVjOQKNP S PvV M��\bst�I d 1 ZFVNMAtEb8IWMEpFZ T 1 �
H/VNZFIWKNM T�SNT ZF0 d M k b T PuOUM8O ` T Z k IWK\M�` bFt�I�IWK bCI�IWKNM�tEb8IWMEpFZ T P��8bCILP^ZFV&X2M S MEVjXNO S b T I d 1ef S ZsV
OUf\0
�WM8t�IWPv]_M�t T PvIWM T PRb � � I b d OUZ�Zs0jOLt�f T M8O/IWK\M S f TWS Z OUM'ZC`%IWKNM'X2M8OUPvpsV S b8IWIWM T VjO�z k b �2P^VNp PvI
fjOQM�`gf d ZsV d 1(`gZ T OUZ k MEZsVNM ��KNZ'PRO�b d^T M8bsXm1'` b k P d PRb T ��P^IWK�ILKNM ����� XmM8OQP^psV S b8IWILM T VjO �
�_b k MYO 8�Zs0 d M SNT Z8]2PRXmMYO b t d bsOLOUP h tEbCILP^ZFV�OWt�KNM k M OUP k P d b T ILZ � P kek M TK< O � >/6 ! � ?/M

t�KNZ_Z_OQM8O ILZ XmPv]mPuXmM S bCILIWM T VjO PvVmILZ SNT P k b T 1 bCV X�OUM8t�ZsVjXNb T 1 T M d b8IWP^ZFVjOUK\P S O � � KNM S\T P �
k b T 1 T M d b8IWP^ZFVjOUK\P S O't�ZsV OUPROQIeZC` S bCILIWM T VjO ��KNPut K fjOUM�ZsIWK\M T(S bCIWILM T V O�z S bCILIWM T VjO ��KNPut K
T M h VNM&ZFIWKNM T(S b8IWILM T VjO�z�bCVjX S b8IWILM T VjO ��KNPRt�K bFXNX T MYOWO(ILKNM OLb k M SNT ZF0 d M k bsOeb8VNZsILKNM T
S b8IWIWM T V�� � KNM OQM8t�ZFVjXNb T 1 T M d bCIWPvZsVjOQKNP S O k bE1(0jM PvVm]_M T OUMYO ZC` IWKNM SNT P k b T 1 T M d bCIWPvZsVjOQKNP S O
* S bCIWILM T V O fjOQM8XeZ T�T M h VNM8Xe021eZsILKNM T�S b8IWILM T VjO
��zNZ T VNM � zjt�Z keSNd M � T M d bCIWPvZsVjOQKNP S O�� � KNM8OQM
ZsILKNM T OUM8t�ZFVjXNb T 1 T M d bCIWPvZsVjOQKNP S O�PvVjt d fjXmM S b8IWIWM T V ]Fb T PRb8VmI-O�z�b S bCILIWM T V ]Fb T PRbCV2I f OUM8X 021
bCV\ZsIWK\M T S b8IWILM T V�z2OQP k P d b T P^IQ1 Z8` S b8IWIWM T VjO�zNt�Z k 0NPvVjbCILP^ZFV ZC` S bCIWILM T V O IWZ�OQZ d ]_M�b SNT ZF0 d M k z
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ZsV\M S b8IWIWM T V T MYnofNP T PvVNp'beOUZ d fNILP^ZFV IWZxbCVNZFIWKNM TqS bCILIWM T V�z�b S bCILIWM T V fjOUPvVNpeP^I-OUM d `LzjbCVjX b8V
M d bC0jZ T bCIWPvZsV Z8`%beOUMYnofNMlVjt�M Z8` S bCIWILM T V O ` T Z k IWKNM OUP keSNd MqIWZ'IWKNM t�Z keS\d M�� � � KNM8OQM T M d b �
IWPvZsVjOQKNP S O�b T MxbCV M �mI T M k M d 1'fjOUM�`gf d I-b �2ZsVNZ k 1 z60NfNI�XmZ�VNZsI KNM dvS b&XmMYOUP^pFVNM T ` T Z k ILKNM
OUI-bCVjX S ZFP^V2I�ZC` XmMEILM TWk PvVNP^V\p ��K\PRt�K S bCILIWM T VjO�b T M P^V\P^IWPub dvd 1 T MYnofNP T M8X IWZ'OQZ d ]_M b SNT ZF0 d M k �

a b d ILM T 9 � � PRt�Km1 SNT Z8]2PRXmM8O?b8V�b d IWM T VjbCILP^]_M�t d bsOWOQP h tlbCIWPvZsV �i~E|�@ ! � ?/MqXmP^]2PRXmMYO S bCIWILM T V O
P^V2IWZ ILKNM `gZ dvd Z���P^VNp S\T Zs0 d M k � OUZ d ]2P^VNp tEbCILMEpsZ T PvM8O �

� &-�$����	 1 ��
�2 � KNM8OQM S bCILIWM T VjO S b T ILP^ILP^ZsV b OUZ8`gI ��b T M OQ1NOQIWM k P^V2IWZAP^V XmM S MEVjXmMlVmI't�Z k �

S ZsV\MEVmI-O/IWK bCI b T M 0NfNP d Ilz6t�KjbCV\psM8X6z T M SNd bFt�M8X6z:bCVjX T MEfjOQM8X&P^VjX2M S MEVjXmMEV2I d 1eZC`%M8bFt K
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w?Z kek fNVNPutEbCILP^ZFV,PuO hjT OQIAtEbCILMEpsZ T P �lM8X�0m1�ILKNM Vmf k 0jM T ZC` S b T IWPRt�P S b8VmI-O *<OQMEM � b �
0 d M�| �v~'� ~ @Nz ~ �m~_z ~F~�@�!3� bCV X X2P T MYt�IWPvZsV Z8` PvVm`gZ TLk bCILP^ZsV 	jZ�� *<OUMlM � b80 d M | � | � @m~_z%~E| � !3� �
� I�tEbCV�b d OUZ'0jM�XmP^]2PRXmMYX PvVmILZ bFOU12Vjt K T ZsV\ZsfjO/]_M T OUf O�OU12Vjt K T ZsV\ZsfjO�t�Z kxk fNV\P^tlbCIWPvZsV��

������������� ����	���� �!�#"%$������&�'����$����(�&)

a P d OUZFV�z PvV �i~��s|"!<z T M�`gM T O IWZcb 0 T Z bsXNtEbFOUI�bFO(b �4�
���2� ���H14,9,�
 � E , � $�14� � ##$��43F3F!$�5� $�14� � �4� z
b fjOUM�`gf d XmPROQIWP^V t�IWPvZsV OUPvVjt�M�KNM�b d OUZcXmM8OWt T P^0jM8O'b � $�14�G�H��
 z�b d OUZ �mVNZ���V bsO'b �4�
� � � ��� 14,�,
E ��
��=�4��14, ���4� # $��43F3F!��5� $�14� � �4� � ?/M T MxM8bst�K k M8OWOLbCpFMeIQ1 S M�PRO ILKNM�OWb k M_z�0Nf\I IWKNM�XNb8I�b
OUMlVmI�PuO�XmP 
:M T MEVmI �
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~ � ~ H d OQZ �mVNZ���V�bsOF>WZFVNM ILZ(ZFVNM A t�Z kek fNVNPRtlbCIWPvZsV�� � KNM ��P S M8ObCVjX 9 P d IWM T XmM8OUPvpsV S b8IWIWM T V�PRO�b8V&M��\b keS\d M�ZC`?ILKNPRO `gZ TWk Z8`

t�Z kek fNVNPut�b8IWPvZsV��
~ � 8 H d OQZ �mVNZ���V�bsOF>WZFVNM ILZ k bCV215A�t�Z kek fNVNPut�b8IWPvZsV�� � `�ILKNM�OUMEI�Z8`

T M8t�P S P^MlVmI-O PuO T M8OQI T PRt�ILM8X6zmILKNPRO `gZ TWk Z8`%t�Z kek f\VNPvtEbCILP^ZsV'PRO ILM TWk M8X
b 3F!�, � � $�1 ��� � � I�PRO ILM TWk M8X(b � 
C� 1 #'$�1 ��� Pi`�>LME]_M T 1m0jZ2Xm1 A)PuO�OUMEV2IIWKNM k M8OLOWb8psM ��a KNMEV&ILKNM {�0jOUM T ]_M T S bCIWILM T V�t�Z kek fNVNPRtlbCIWPvZsV't�KjbCV\psM8OIWZ k Z T M ILKjbCV�ZsVNM T MEpFPROUILM T MYX T M8t�P S PvMEVmIlz_P^I�PRO�b8V�M��Nb keSNd M/Z8`?IWKNPuO`gZ TWk ZC`%t�Z kek fNVNPvtEbCILP^ZFV��8 � ~ H d OQZ �mVNZ���V�bsOF>�b8Vm1�ILZ ZsVNM A't�Z kek f\VNPRtEb8IWPiZsV � r Z OUI w d PvMEVmI �
y M T ]_M T P^V2IWM T bst�IWP^ZFVjO b T M bCV�M��\b keSNd M/Z8`?IWK\PRO `gZ TLk ZC`
t�Z kek fNVNPut�b8IWPvZsVxOUP^V t�M IWK\M T M�b T M fjOUfjb d^d 1 k f d IWP SNd M�t d P^MlVmI-O
T M8n_fNM8OQIWP^V\p'b OUM T ]mPut�M/` T Z k b'OUM T ]_M T �8 � r H d OQZ �mVNZ���V�bsOF> k bCV21(ILZ k b8Vm1 A t�Z kek fNVNPutEbCILP ZFV�� � KNM w d PvMEVmI �
y M T ]_M T S b8IWIWM T V�b d OUZ h I�O�IWKNPuO `gZ TLk ZC`%t�Z kek fNVNPvtEb8IWP^ZFV ��K\MEVM8bst�K�t d PvMEVmI?0 T Z_bFXNtEbsOQI�O `gZ T IWKNM hjT OUIqbE]sb8P d bC0 d M OUM T ]_M T �

� bC0 d M�| �^~ ����bCILIWM T VjO�ZC` ��b T IWPRt�P S b8VmI,8/f k 0jM T O PvV w?Z kek fNVNPutEbCILP^ZsV
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� Zs0N021 aAZ_Z d ` SNT ZC]2PRX2M8O�b S b8IWIWM T V,`gZ T 0 T Z_bsX\tEbsOQIWP^V\p Z T&k f d IWPRtlbsOUILP^VNp k M8OWOLbCpFM8O�z
IWK\ZsfNpFK,PvI(KjbFO(ZsILKNM TeS f TWS Z_OQM8O�� {�0
�WM8t�I � M8t�f T OQP^ZsV z/b d OQZ �mV\Z ��V bsO ��M8t�f T OUP^]_M �/M d �
MEp bCIWPvZsV+XmPuOUI T P^0\fNIWM8O IWK\M SNT Z2t�MYOWOUPvVNp Z8` b T M8n_fNM8OQI(Z8]_M T b OUI T fjt�IWf T M&021 S Z d 1 k Z TLS KNPRt
XmM d MEp_b8IWPvZsV � ~��%<'! � � V'IWK\PRO ` bsOQKNP^ZFV�zmPvI tlbCV'0 T Z bsXNtEbFOUI b k M8OLOWb8psM�IWZ�b dvd V\Z2XmM8O PvVeb d PvV �_M8X
OUI T fjt�IWf T M �
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� V � @m~ !<zFb dvd `gZsf T 0jbsOQPRt 	jZ���O�b T M SNT M8OUMlVmILM8X6z80NfNI�PvI PuO�tEb T M�`gf dvd 1 S ZsPvVmILM8X Zsf\I�IWKjb8I�P^V ��b T X �
bCV X ZFfNI ��b T X � XmP T M8t�ILM8Xet�Z kek f\VNPvtEbCILP^ZsV'b T M V\ZsI�t�Z kek ZsV d 1 fjOUMYX X2fNM IWZ ILKNM PvVNM ( t�P^MEV �
t�PvM8O PvVmI T Z2Xmf t�M8X�021 ILKNM S Z d^d PvVNp Z T 0 d Z2t �2P^VNpqt K b T bFt�IWM T PROQIWPutEO Z8` k Z_OQI Z S M T bCILP^VNp�OQ1NOQIWM k O �
� V psMlVNM T b d z S f OUK b8VjX S f d^d%k Z2XmM d O ZC`�t�Z kek fNVNPut�b8IWPvZsVAXNb8I�b 	jZ�� b T MxIWKNMeZFVNM8O k Z OUI
` T MYnofNMlVmI d 1�XmPuOWt�f OWOUMYX OQP^Vjt�M�IWKNMl1 t�Z8]_M T IWKNM'OQI�b8VjXNb T X k M8bCVjO�ZC`%I T bCVjO<`gM TWT P^VNp�P^V2`gZ TWk b �
IWPvZsV��)?/Z��%ME]_M T z � < � ! SNT M8OQMEV2I�O�OUMl]_M T b d ZsIWK\M T PvVmILM T bFt�IWPvZsV S b8IWIWM T VjO�z6P^Vjt d fjXmPvVNp IWK\M S fjOUK
bCV X k Z2XmM d6k Z2XmM d O �

� ����
�� � � ����
 ) �51 1 ��
�2 fjOUMYO/IWKNM S f dvd PvVmILM T bFt�IWPvZsV S bCIWILM T V ILZ S Z d^d�k f d ILP SNd M X2ME]mPut�M8O
PvV OUM8n_fNMEV t�M � � I T M8nof\P T MYO�ILKjbCI�IWKNM XNbCI-b SNT Z8]2PRXmM T O b T M�I T fjOQI �%Z T IWK21AbCVjX ` bCf d I �
ILZ d M T bCV2I �

	 	�+
	���&:� 
 �%&$��+5��������
 ) +'���%&$��
�� b T M S b8IWIWM T VjO PvV ��KNPRt�K ILKNM�tlb d^d M T PRO fNV bC0 d M IWZ k ZFV �
PvIWZ T IWK\M�tEb dvd MEM < O SNT ZFp T M8OWO � � KNM8OUM S bCILIWM T VjO�b T M�OUf\06X2P^]2PRXmM8X P^V2IWZqOU12Vjt�K T ZFVNZsfjO bCVjX
bFOU12Vjt K T ZsV\ZsfjO ]_M T OUPvZsVjO � � V y 12Vjt K T ZsV\ZsfjO({ S bFnofNM�w?Z kek fNVNPutEbCILP^ZsV z6IWKNM tEb dvd M T
� bCP^I-O fNV2IWP d tlb d^d MEM T MEIWf T VjO�t�ZFVmI T Z d � � V�H OQ1mVjt�K T ZsVNZFfjO�{ S bFnof\M)w?Z kek fNVNPRtlbCIWPvZsV�z
ILKNM tEb d^d M T PuO b d^d Z��%M8X)ILZ't�ZsV2IWPvVmf\M ��PvIWKeZFIWKNM T � Z T � ��KNP d M IWKNM�tEb dvd MEM k bE1 Z T�k bE1



|7< ����������	 
 � � ������� ��
�
 	 ��� � � � ����	�
�� � � � ��� � �

� � ��&-��������
 � &
�����%� 	 � ��� 


9NZ T ��b T X

consumertransducerproducer

receive

send

send

receive
control
flow

control
flow

data flow data flowH d OUZ �2VNZ���V�bsO SNT Z2t�M8OWO�X T Pv]_MEV�t�Z kek fNVNPRt�bCILP^ZFV(Z T ILKNM S fjOUK k Z2X2M d �

� bst � ��b T X

control
flow

control
flow

data flow data flow

consumertransducerproducer

receive

send

receive

send

H d OUZ �2VNZ���V�bsO�XNbCI-b(X T P^]_MlVeZ T tEb dvd 021eVNMEMYX Z T IWKNM S f d^d�k Z2XmM d �

� V � b T X

control
flow

control
flow

data flow data flow

consumertransducerproducer

receive

send

receive

send

{�fNI ��b T X

control
flow

control
flow

data flow data flow

consumertransducerproducer

receive

send

receive

send

� bC0 d M | � | ��� bCIWILM T V O Z8` � b8I�b 9 d Z��+P^V w?Z kxk fNV\PRtEb8IWP^ZFV



� � ��� � � ����� 
���� � � � ������� |�@

VNZFI/K bCVjX d M IWKNM k M8OLOWb8psM bFOU12Vjt K T ZsV\ZsfjO d 1 �

� ��
 � �%�5��+ ��1�&�� 
 �.&/��+5��������
 � KNM�tEb dvd M T PuO)PvVm`gZ TLk M8X Z8` IWK\M tEb d^d MlM < O SNT ZFp T MYOWO(Pi` ILKNM
M��2M8t�f\IWP^ZFV(ILP k M�]Fb T P^MYO ��PRX2M d 1 � � KNM tEb d^d M T tEbCV�MEPvIWKNM T?T M8nof\M8OUI%IWKNM t�f TWT MEVmI%OQI�bCILfjO
* � f d^d � r ZsV\P^IWZ T b80 d M � VmILM T bFt�IWPvZsV S bCIWILM T VT� Z T ILKNM�tEb dvd MEM tlbCV�OUMEV X S M T PvZ2XmPRt OQI�bCILfjO
T M S Z T I-O�* ��fjOUK � r ZsV\P^IWZ T b80 d M � V2IWM T bst�IWP^ZFV S b8IWIWM T V	� �

� � �5�%�%+ ��1�& ��
��%&/��+5��� ��� 
 ? P^ILKNM T6S b T IQ1 PvVm]_Z d ]_M8X�P^V ILKNM%t�Z kek fNVNPutEbCILP^ZFV *gZ T 0jZsILK	�6K bsO
ILKNM%tEb S b80NP d P^IQ1�ZC`:XmMYt�PRXmPvVNp�IWZqbC0jZ T I�ILKNM k M8OWOLbCpFM S\T Z2t�M8OLOUPvVNp � � b T PubCV2I�P^V2IWM T bst�ILP^ZsV
S b8IWILM T VjO OQfjt�K bsO H/0jZ T I�b80 d M�H OQ1mV t K T ZsVNZFfjO){ S bFnof\M_z?H/0jZ T I�bC0 d M r ZsVNPvIWZ T bC0 d M_z
H/0jZ T I�b80 d M ��f dvd � r ZsVNPvIWZ T bC0 d M_zNb8VjX&H�0 Z T I-bC0 d M ��fjOUK � r ZFVNP^ILZ T b80 d M�b d OUZ'M��2PROQI �

�:+ 
���� ��+ � ��
 2 PvVmILM T bFt�IWPvZsV S b8IWIWM T VjO 0 T M8b �Ab d b T pFMeb k ZsfNV2I Z8`�XNb8I�beP^V2IWZ�b�OUM T P^M8O�ZC`
k MYOWOWb8psM8O � � KNM�tEb dvd M T t�ZsV2I T Z d O?IWKNM�M��\t Kjb8VNpsM *Uw%b d^d M T �Lw?ZsV2I T Z d^d M8X@? bCVjX\OUKjb��mPvVNpP�-z
Z T IWKNM tlb d^d MEM *Uw%b dvd MEM �Ww?ZFVmI T Z dvd M8X@? b8VjXNOUK b �2P^VNp �%t�ZsV2I T Z d O?IWKNMqM��Nt�Kjb8VNpsM_z_Z T 0 ZFIWK
t�ZFVmI T Z d ILKNM&M��\t�KjbCVNpFM * �/fjb d �Ww?ZFVmI T Z d^d MYX ? bCVjX\OUKjb��_M�� � � KNM t�ZFVmI T Z d^d PvVNp S b T IU1
XmMYt�PRXmMYO ��KNMEV�IWKNM�OQM8nof\MEVjt�M Z8` k M8OWOLbCpsMYO PRO IWM TWk PvVjbCILM8X �

H/VjX T M ��O SNT Z8]2PRXmM8O ILK T MlM t�Z kek fNVNPvtEb8IWP^ZFV S bCIWILM T V O `gZ T PvVmILM T bFt�IWPvVNp S MEM T O�� t�MEVmI T b d �
P �lM8X6zNOQ1 kxk MEI T PRt8z_bCV X T PvVNp �=> ! � � V ILKNM�t�MEV2I T b d P��EM8Xeb SNSNT Z_bst�K�z:b)I-bsO ��bst�I-O/bFO/b't�MEV2I T b d
t�Z_Z T XmPvVjbCILZ T `gZ T IWK\MeZsILKNM T I�bFO �\O��AH dvd I�bFO �\O P^V ILKNM�OQ1 kek MEI T PRt t�Z kek fNVNPut�b8IWP^ZFV S bCI �
IWM T V S M T `gZ TWk IWK\M�OWb k Meb d pFZ T PvIWK k z b8VjX IWK2fjO t�Z kek fNVNPut�b8IWM PvV IWK\M�OWb k MeOQ1 kxk MEI T Pvt
S b8IWIWM T V�� 9�P^Vjb d^d 1 z PvVAb T P^VNp\z�M8bst�K I�bFO � T MYt�MEP^]_MYO�b k M8OWOLbCpsM ` T Z k P^I�O SNT M8X2M8t�M8OLOUZ T bCVjX
OUMlVjXNO�b k M8OLOWbCpFM IWZ'P^I�O�OUf tEt�M8OLOUZ T � � KNM d bsOUI�I�bFO ��bst�I�O bFO ILKNM SNT M8XmM8t�M8OWOQZ T IWZ'IWKNM hjT OQI
I�bFO � � � KmfjO�z ILKNM t�MEVmI T b d P �lM8Xeb S\SNT Z bst�K PRO�b)`gZ TLk Z8`?P^V ��b T X � XmP T M8t�ILM8X�t�Z kxk fNV\P^tlbCIWPvZsV��
� KNM ZFIWKNM T I � Z(`gZ TWk O T M d 1�f S ZFV ILKNM S f OUKAbCV X S f d^d�k Z2XmM d O�ZC`%P^V2IWM T bst�ILP^ZFV�� � V2IWM T bst�I �
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P^V\p S MEM T O b T MxfjOUM8X ILZAOUZ d ]_M(PvIWM T bCILP^]_M S b T b d^d M d S\T Zs0 d M k O OQfjt K bsO M��\t K bCVNpFP^VNp�]sb d fNMYO
IWZ XmMEIWM TWk PvVNM IWK\M k b��mP k f k b8VjX k PvVNP k f k ]Fb d fNM8O�z�bCV X k bCI T P � k f d ILP SNd PRtEb8IWP^ZFV�� � KNM
bCf\IWKNZ T O�ZC`��=�m~�! d PuOUI�b �)����
�� �)����
 S b8IWIWM T VefjOQM8XeP^V 	jPvpsK2I�t�ZFVmI T Z d OQ1NOQIWM k O ILZeX2MEIWM TLk P^V\M
	jPvpsK2I S bCILK&P^V2IWM T OUMYt�IWPvZsVjO �

H/VjX T M ��O?b d OUZ S\T M8OQMEVmI-O�IWKNM�KNM8b T IW0jM8b8IEz S P S M_z2bCV X SNT ZF0jM 	EM8t�KNZ P^V2IWM T bst�IWP^ZFV S bCIWILM T V O
� 6 z,> ! � � V,ILKNM KNM8b T IL0 MYbCI S bCILIWM T V�z SNT Z2t�MYOWOUMYO Z2tEtEbFOUPvZsVjb d^d 1 M �Nt�KjbCV\psMcXNbCI-b fjOQP^VNp b
OUMlVjX&b8VjX ILKNMEV T M8t�MEP^]_M�P^V2IWM T bst�ILP^ZFV�� � K\PRO S b8IWIWM T V&PuO S b T IWPut�f d b TWd 1efjOUM�`gf d ��KNMEV XNbCI-b)PuO
XmPv]mPuXmM8X b k ZsVNp �%Z T �_M T O ��KNZ�b T M T M8O S ZFVjOUPv0 d M `gZ T f S XNb8IWP^V\p O S M8t�P h t OQM8t�IWPvZsVjO Z8`�XNb8I�b
��KNM T M�VNM � ]Fb d fNM8O�XmM S MlVjX f S ZsV']Fb d f\M8O KNM d X 0m1 MEPvIWKNM T IWKNM � Z T �_M T O Z T ILKNMEP T P kek MEXmPubCILM
VNMEPvpsK20jZsf T O�� � KNM8OUM SNT ZF0 d M k O b T PROQM�P^V b T M8bsO'bsO'XmP^]_M T OUM bsO S b T b d^d M d OUZ T ILP^VNp\z k bCI T P �
k f d ILP SNd PRt�bCIWPvZsVAp T PRX t�Z keS f\I�bCILP^ZFVjO Z T'T MEpFP^ZFV d bC0jM d P^VNp PvV P k bCpFM SNT Z2t�MYOWOUPvVNpNz t�M d^d f d b T
bCf\IWZ k bCI�b PvV�OUP k f d bCIWPvZsV Z8`N0\P^Z d ZspFPRtEb d p T Z���ILK�zCZ T OQZ d ]mPvVNp S b T IWPub d XmP�
6M T MEV2IWPub d MYnofjb8IWPvZsVjO �

� KNM S P S M�P^V2IWM T bst�IWP^ZFV S bCIWILM T V PvVjt�Z TLS Z T b8IWM8O IWK\MeVNZsILP^ZFV ZC`�OUI T M8b k O��i~�@2z ~�>Nz%~E|$62z
~s~ @�! � � V&IWK\M S P S M P^V2IWM T bst�ILP^ZsV S b8IWILM T V�z:XNb8I�b 	jZ���O 0jMEI � MlMEV SNT Z2t�MYOWOUMYO fjOQP^VNpxb T M8t�MlP^]_M
bCV X ILKNMEV OQMEVjX PvVmILM T bFt�IWPvZsV�� � KNM S P S MePRO Z S MEV � MEVjX2M8X6z?t d Z_OUMYX6z Z T t�P T t�f d b T P^V Vjb8IWf T M
*<OQMEM#9 P^pFf T M | � | � � � V�b8V Z S MEV S P S M d PvVNM_z2IWKNM�P^V S f\I�OUZsf T t�M bCVjX&ZFfNI S f\I XmMYOUIWPvVjbCILP^ZFV b T M
VNZFI�O S M8t�P h M8X � H t d Z_OUMYX S P S M d PvVNM�PRO'bCV Z S MlV S P S M d P^V\M&t�ZsVNVNMYt�IWM8X IWZcb t�Z_Z T XmPvVjbCILZ T
SNT ZC]2PRX2P^VNp'IWKNM PvV S fNI�`gZ T IWKNM hjT OUI I-bsO � bCV X T M8t�MlP^]2P^VNp ILKNM ZsfNI S fNI Z8`%IWKNM d bsOUI�I�bFO � � H
t�P T t�f d b T�S P S M d PvVNM?KjbsO ILKNM d bsOQI�I�bFO � bFt�IWPvVNpqbsO ILKNM�OQZsf T t�M Z8`6PvV S fNI�IWZqIWKNM hjT OQI�I�bFO � � � KNPuO
`gZ TLk ZC`%P^V2IWM T bst�ILP^ZFV&Z2tEt�f T O/PvV b T M8bsOqOUfjt�K bFO [ 8 � � S P S M8O�z SNT P k M V2f k 0jM T psMEV\M T b8IWP^ZFV
* ILKNM y P^Ml]_M ZC` ?�T bCILZ_OQIWKNMEV\M8O �-z6b8VjX&XmPuOUI T P^0\fNIWM8X']_M8t�IWZ T Z T�k b8I T P � k f d IWP SNd PvtEb8IWP^ZFV��

9 P^V b d^d 1_zmPvV�IWKNM SNT Zs0jM 	EMYt KNZ S b8IWIWM T V�zNILKNM SNT ZF0 M�PRO M8n_fNPv]sb d MEV2I ILZeb'OUMlVjX6z ��KNP d M ILKNM
M8t�KNZ PuO M8n_fNPv]sb d MEV2I�IWZ b T MYt�MEP^]_M � � KNPuO�XmPuOWOUM k P^Vjb8IWM8O�bCV X t�Z dvd M8t�I-O PvVm`gZ TLk bCILP^ZFV P^V p T b S KjO
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9 Pvpsf T M�| � | ����P S M d PvVNM 9NZ TLk O

bCV X&I T MlM8O�z�bFt�IWPvVNpxbsO IWKNM t�ZsV t�f TWT MEV2I b8Vjb d Zsp�ZC` b�XmM S ILK � hjT OQI OUM8b T t�K�� � K\PRO S b8IWILM T V PuO
fjOQM8X�PvV 0 T Z_bsX\tEbsOQIWP^V\p�ILZ b dvd V\Z2XmM8O PvV b/VNMlI �%Z T �6zFbCVjX PvV t�ZFVjOUI T fjt�IWP^V\p/ILKNM ILZ S Z d Zsps1 Z8` b
VNMEI �%Z T � �(
 T bsX21 � Z_Z2t�K S\T Z8]mPuXmM8O6I � ZqbsX\XmP^ILP^ZsV b d `gZ TLk O6ZC` t�Z_Z S M T bCIWPv]_M%t�Z kek fNVNPutEbCILP^ZFV
IWMYt KNV\PRn_fNM8O�z T M k ZsIWM SNT Z2t�MYXmf T M tEb dvd O�*<XmPuOWt�f OWOUMYX&bsO�beOQ1mVjt�K T ZsVNP��8bCILP^ZsV�ILM8t K\VNPRn_fNM�� bCVjX
t d P^MEV2I � OUM T ]_M T PvVmILM T bFt�IWPvZsV *<OUMlM y M8t�ILP^ZFV | �;� � �i~�>"! � � V �i~s~�@�! z y K b ��MEVjtlb S OQf d b8IWM8O IWKNM8OQM
S b8IWIWM T VjO/PvV KNM T b T t KNPvIWM8t�IWf T b d�S b8IWIWM T V�z w?Z kek fNVNPRtlbCIWPvVNp � T Z2t�M8OWOQM8O�z�OQP^Vjt�M�P^IqXmZ_M8O VNZFI
O S M8t�P `g1 IWK\M S b T IWPut�f d b T t�Z kek fNVNPutEbCILP^ZFV&IWZ S Z d ZFps1_z%XmM d P^]_M T 1 T M8n_fNP T M k MEV2I�O�z6V2f k 0jM T ZC`
S b T IWPut�P S bCV2I�O�z2Z T OU12Vjt�K T ZFVNP �8b8IWPvZsV��
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� KNM T Meb T M'I � Z k bCP^V&`gZ TWk O�ZC`qt�Z kek f\VNPRt�bCILP^ZsV z�bsOQ1mVjt�K T ZsVNZFfjO b8VjX OU12Vjt�K T ZFVNZsf O�� � V
bsOQ1mV t K T ZsVNZFfjO t�Z kxk fNV\P^tlbCIWPvZsV�z2IWKNM OUMEV XmM T XmZ_MYO/VNZsIq0 d Z2t ��f S ZsVcOUMEVjX2P^VNpxb k M8OLOWb8psM_z
fNV d P �_M�OU12Vjt�K T ZFVNZsf O t�Z kxk fNV\P^tlbCIWPvZsV�� � K\M k M8OWOLbCpFM < O T M8t�P S P^MEV2I 0 d Z2t �\O�fNVmILP d ILKNM k MYO �
OWb8psM�PRO T MYt�MEP^]_MYX �

H/V bFOU12Vjt K T ZsV\ZsfjO k MYOWOWb8psM S bsOLOUPvVNp S bCILIWM T V PRO�ILKNM � bCI�t�K w?Z kek f\VNPRtEb8IWPvZsV y IU1 d M
OUPvVjt�M PvI�b dvd Z���O 0jZsIWK ILKNM�OUMEV XmM T bCV X T M8t�MEPv]_M T IWZ'0jM bFOU12Vjt�K T ZFVNZsfjO � ?/M T M IWK\M k M8OWOLbCpsM
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` T Z k IWKNMcOUMlVjXmM T PRO�OUILZ T MYX,b8VjX `gZ T ��b T XmM8X+IWZ IWKNM T M8t�MlP^]_M T �i~��m~ ! � �/ZFfNp �jM8b d PuOUI-O
S Z dvd P^V\p * T M S M8b8IWM8X d 1 n_fNM T 1mPvVNp�OUZ k M%t�ZsV XmP^ILP^ZsVT�:bCVjX 0jb d �mPvVNp�* T M�`gfjOWb d ILZ S\T Z2t�MEMYX�Pi`jOQZ k M
SNT M8t�ZsV XmP^ILP^ZsVAPRO VNZFI k MlI*��bFO�I � Z�fjOQM�`gf d t�Z kxk fNV\P^tlbCIWPvZsV�IWM8t�KNVNPunofNMYO�� 6. ! � y I T bCVNpFM d 1
MEVNZFfNpsK z r b T � 
 T bCV X KjbsO SNT Z k ZsILM8X&IWK\M(0jb d �2P^VNp�ILM8t K\VNPRn_fNM ` T Z k b�t�Z kek fNVNPutEbCILP^ZFV
IWMYt KNV\PRn_fNM/ILZeb't�ZFVjt�f TLT MEVjt�1eXmMYOUP^pFV S bCILIWM T V �=@�� ! �

? ]_MEVmI-O�z\bsO � M d^d bFO k M8OWOLbCpsMYO�zNtlbCV�bst�I�bFO�b `gZ TWk Z8`?t�Z kek fNVNPut�b8IWP^ZFV �;6% "! �?H b T OUILMEV�z
?�d PubmzNb8VjX r MEVNp b T M�`gM T IWZ ILKNPRO%bsO � $��G� �4�$� ��
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 � #�� � � 
4���5��� � � ! � � PRt�Km1'XmZ2t�f k MEV2I�O
IWK\M � 
4���5����� 1 � � # 	C�5� � � 
�14� � �4� X2M8OUPvpsV S bCIWILM T V b dvd Z���P^VNp S b T IWPut�P S bCV2I�O�IWZ T MEpsPuOUIWM T P^V2IWM T M8OUI
P^V t�Z kek ZFV XNb8I�b Z T Ml]_MEVmI t K bCVNVNM d O � ~l|7< ! � y Kjb � XmPuOWt�fjOLOUM8O bAOUP k P d b T b T t K\P^IWMYt�IWf T b d
S b8IWIWM T V�z 	C3 E , � $ ��� 	�� 
 � $�14� � �4� � � KNM � kxSNd Put�PiI � Vm]_Z2tEb8IWPvZsV S b8IWILM T V b dvd Z���O b t�Z d^d M8t�ILP^ZsV
ZC` bst�ILP^VNp�I-bsO �\O IWZ S ZsILMEVmILPRb d^d 1�I T P^pspFM T ILKNM(M �mM8t�fNIWPvZsV&Z8`�ZFIWKNM T I-bsO �\O 0jbsOQM8X f S ZFV ILKNM
VNZFIWP h tEbCILP^ZsV�Z8`%OU1\OUILM k ME]_MEV2I�O � ~F~�@ ! �
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9 PvVjb dvd 1_z_KNM T M�b T M�OQZ k M S b8IWIWM T VjO fjOQM8X ILZ'OUP keSNd Pi`g1't�Z kxk fNV\PRt�bCIWPvZsV��
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&$���%��� � ) " MEVjtEb S OUf d bCILM8O IWK\M f OUfjb d�k M8bCV O�ZC`�t�ZFVNVNM8t�ILP^VNp I �%Z
S MEM T O�z8]mPub ZFVNM S MEM T k b��mPvVNp�b8V'bstEt�M S I�tEb d^d ��KNP d M?IWKNM%ZsILKNM T�S MlM T k b �_M8O:b/t�ZFVNVNM8t�I
tEb d^d zCPvVmILZ b OQP^VNp d M t�ZsVNV\M8t�I?tEb d^d � � K\M�tEb d^d PvVNp�I�bsO � tEb8V'bsO ��`gZ T MEP^ILKNM T b t�ZFVNVNM8t�IWP^ZFV
ILZ b�O S M8t�P h M8X I�bFO �:zoZ T ILZ b d^d I�bFO �\O�P^Vxb d PuOUI � � KNM S bCILIWM T V(f OUM8O�IWK\M�w d P^MEV2I � y M T ]_M T
��f d M�IWZ'X2M8t�PRX2M ��KNPRt�KeI�bFO �'ZC` IWKNMqt�Z kek f\VNPRtEb8IWPvVNp S bCP T I�b��_M8O ILKNM T Z d M�ZC`%w d PvMEVmIlz
b8VjX ��K\PRt�K I�b �_MYO ILKNM T Z d M�ZC` y M T ]_M T ��8/Z�bsOLOUf keS IWP^ZFV PRO k bFXmM�b80 ZFfNI ILKNM�Z T X2M T ZC`
I-bsO �'OQI�b T I � f S � � KNM w d PvMEVmI � y M T ]_M T ��f d M�bFOWOUPvpsVjO ILKNM T Z d M8O�P^VxOUfjt�K'b�` bFOUKNPvZsV�bFO ILZ
bE]_ZsPuX T Z d M t�ZsV 	jPRt�I-O�� � ILM T b8IWPv]_M 0 bst � � Z 
 O�b T M�fjOQM8X ��KNMlV k b �2P^VNp�ILKNM�t�ZFVNVNM8t�ILP^ZFVjO�z
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fNV2IWP d MEPvIWKNM T b dvd t�ZsV\VNM8t�ILP^ZsV O�b T M k bFXmM Z T b IWP k MEZsf\I Z2tlt�f T O �

� KNPuO S b8IWILM T Vxb dvd Z���O b VNMEI � Z T � ZC` S MEM T I-bsO �NO ILZ t�ZFVNVNM8t�I���PvIWK'M8bst�K(ZFIWKNM T z ��PvIWK �
ZFfNI/f OUP^V\peb't�Z kxk fNV\PRtEb8IWP^ZFVeOQM T ]_M T � � KNM bCfNILKNZ T O�z6KNZ��%ME]_M T z\b T M n_fNPRt �(ILZ S ZFP^V2I
ZFfNI�IWKjb8I k Z T M T M8b d PuOUIWPutEb dvd 1_zFZsVNM I-bsO ��bst�I-O bFO�b k bsOQIWM T zmX2P T MYt�IWPvVNp�bCVjXeP^V\P^IWPubCILP^VNp
ILKNM�t�ZsVNV\M8t�IWPvZsVjO � � KNM k bFOUILM T PuO IWKNMEV T M8O S ZsV OUP^0 d M/`gZ T�SNT Z8]2PRXmPvVNp ` bCf d I�IWZ d M T bCVjt�M
`gZ T IWKNM�t�ZFVNVNM8t�ILP^ZFVjO��
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PuO bCVcZs0
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t�PvMEV2I d 1�P^V2IWM TLT f S IWP^V\p b t�f TLT MEV2I d 1 M��2M8t�fNILP^VNp t�Z kek bCVjX PvV ` bE]_Z T ZC` IWK\M M��2M8t�fNILP^ZsV
Z8` b&VNM ��t�Z kek bCVjX � A � V S b T ILPRt�f d b T z�ZsV d 1 ILKNM k Z OUI T M8t�MlVmI d 1 T M8n_fNM8OUILM8X t�Z k �

k b8VjX M��mMYt�fNIWMYO ��K\MEV k f d ILP SNd M t�Z kek bCV XNO b T MeP^V2]_Z �_MYX � � KNM�t�Z kek b8VjX&P^I-OUM d `
Z2tEt�f T O ` T M8n_fNMEV2I d 1_z_b8VjX I-b �_M8O�b p T M8bCI�XmMYb d ZC` IWP k M/ILZ SNT Z2t�M8OLO��

�D�43 E � �����H� �D14,9, PuO OUP k P d b T IWZew?Z kek b8VjX � � KNM S bCILIWM T V�t�Z d^d MYt�I�O k f d IWP SNd M%Z S M T b �
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ILP^ZsV O ILZ(0jM S M T `gZ TLk M8XeP^V2IWZ'b'OUPvVNp d M bst�IWP^ZFV S M T `gZ TLk M8Xe021�bCVNZFIWKNM T I�bFO � * ��KNPut K
k bE1e0jM d Z2tEb8IWM8X&PvVAbCVNZFIWKNM T SNT Z2t�M8OWO�z Z T bCV\ZsIWK\M T VNMEI � Z T ��VNZ2XmM�� � � KNPuO S bCILIWM T V
t�ZFVmI-bCPvVjO(IWK\M OQM T ]_M T P^V2IWM T bst�IWP^ZFV P^V ILKNMAOUMEV OUM IWK bCI�P^I �2VNZ���OeIWKNMAbFt�IWPvZsVjOeILKNM
OQM T ]_M T k fjOUI S M T `gZ TWk � � KNZFfNpsK P^I k bE1At�ZsV2I�b8P^V OQME]_M T b d Z S M T b8IWPvZsVjO�z ILKNM�t d P^MEV2I
VNMlM8X(ZsV d 1'OUMlVjXeP^I?ZsVjt�M � � } !<z ��KNPRt�K'P keSNT Z8]_M8O IWK\M OU1\OUILM k M ( t�P^MEV t�1 021 T M8X2fjt�P^V\p
ILKNM�b k ZFfNVmI�ZC`�t�Z kxk fNV\PRt�bCIWPvZsV T M8n_fNP T M8X � � I tlbCV b d OUZcb d^d Z��#IWKNM�OUM T ]_M T IWZ 0jM
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t d P^MEV2I�IWZ OUMEVjX&ILKNM MlVmILP T M d Z_Z S IWKjb8I M��2M8t�fNILM8O ILKNM T M8bsX\O�b8VjX � T PvIWM8O�Z8]_M T IWZeILKNM
OQM T ]_M T `gZ T�SNT Z2t�M8OWOQP^VNp'IWKjb8V k b �_M ILKNM T M8n_fNM8OQI�O PvVjXmP^]2PRX2fjb dvd 1 �
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�WfjOQI�bCVNZFIWKNM T t d P^MEV2I �
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H/VNZFIWKNM T `gZ TWk ZC`�PvVmILM TWk MYXmPvb T 1�XmMYOUP^pFV S b8IWIWM T V'PRO ILKNM 
 � #4� 14�2�4
 � H r M8X2PRbCILZ T PRO%b�I-bsO �
IWK bCI'MEVjtEb S OUf d bCILM8O�z%t�ZsV2I T Z d O�z%bCVjX t�Z_Z T XmPvVjbCILM8O)ILKNM�P^V2IWM T bst�ILP^ZFVjO ZC`�b
p T ZFf S Z8` I-bsO �\O
� <'6 ! � y PvVjt�M b d^d I�bFO �\OeP^V IWK\M p T ZFf S VNZ�� ZFV d 1 VNMEM8X ILZ �2VNZ���bC0jZFfNI�IWKNM k MYXmPRb8IWZ T z
P^V OUIWMYbsX(Z8` bC0jZsfNI�MYbst�K(ZFIWKNM T zmILKNM V2f k 0jM T ZC`�P^V2IWM T t�ZFVNVNM8t�ILP^ZFVjO PRO T M8X2fjt�M8X � � 1 SNd bFt�P^V\p
b k MYXmPRb8IWZ T 0jMEI � MEMlV S MEM T O�z d Z_Z OUMct�Zsf S\d P^V\p PRO(PvVjt T M8bsOQM8X �i~E}s}�! � 8 b k M&OQM T ]_M T O'bCVjX
T M d bE1NO�b T M�M��Nb keSNd M8O Z8` r M8XmPubCIWZ T O �=�� �! � � 1eILKNPRO�XmM h VNP^ILP^ZsV zjbCV HqX k P^V\PROUI T b8IWZ T PuO�b d OUZ
b r M8XmPRb8IWZ T *<H X k P^VNPuOUI T bCILZ T O�b T M XmPuOWt�fjOLOUM8X PvV y M8t�IWPvZsV | ��� � | � |A� � � KNM `gZ d^d Z ��PvVNp d PuOUI
XmM8OLt T Pv0jM8O�b Vmf k 0jM T ZC`?]Fb T PRb8VmI-O ZsV&ILKNM r M8XmPubCIWZ T XmM8OQP^psV S b8IWILM T V��

"#��� �%��&$� bsOWOQPROQI�O t�Z kek fNVNPutEbCILP^ZsV 0jMEI � MlMEV(I �%Z bFX k PvVNPROQI T b8IWZ T O?OUZ�IWKjb8I VNMEPvIWKNM T 0 d Z2t �\O
� bCP^ILP^VNp `gZ T b k MYOWOWb8psM T MYt�MEP S I Z T'T M SNd 1 �=@s}"! � � V
�=�� "!<z ILKNM b8fNIWK\Z T OxXmPROLt�fjOWOxb
� 14��� ��
 b d^d Z���P^VNp ILKNMeP^V2]_Z �_M T ILZ t�ZsV2IWP^V2fNM ��P^ILKNZsfNI 0 d Z2t �mPvVNp ��KNP d MeIWK\M � bCPvIWM T
0 d Z2t �\O)`gZ T P^I ��H�OUP k P d b T VNZsILP^ZFV PRO(ILKjbCI�ZC`�ILKNM � �4
 �D14
C#$��
 � |F| !<z�b d OUZ �2VNZ���V
bFO IWK\M � �4
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C#$��
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 � |�@"! ��H 9 Z T � b T X2M T PROeb8V�P^V2IWM TLk M8XmPub T 1 0jMEI � MEMEV
I � Z�I-bsO �\O�� � I�bst�I-O bsO bCV b8psMEV2I `gZ T IWK\Met d P^MEV2IEzj0 d Z2t �2P^VNpxZsVAIWKNMxt d PvMEV2I < O�0jMEKjb d `
Pi` ILKNM�t�ZsV2I�bFt�IWM8X I-bsO � PuO)VNZFI T M8bsX21 IWZ T M8t�MEP^]_M'IWKNM tEb dvd � � V �=@ � !<z?IWKNM�bCf\IWKNZ T O



� � � � � � ��	 ��� � � 	 
�� 	�
 �&� ����	 
 ��� � �

fjOQM ��KjbCI ILKNME1 tlb d^d b&w?Zsf T P^M T XmM8OUPvpsV S b8IWILM T V ILZ&OQZ d ]_M IWK\M SNT ZF0 d M k ZC` S bFOWOUPvVNp
b T 0NPvI T b T 1 T M8n_fNM8OQI�O�bCVjX P^Vm`gZ TWk b8IWPvZsV�IWK T ZsfNpFK b h �mMYX&P^V2IWM T ` bst�M � � Vm`gZ TWk b8IWP^ZFV&PuO
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� +'�%& � +�( b r MYXmPRb8IWZ T IWKjb8I?XmM8t�ZFf SNd M8O t�Z_Z S M T b8IWPvVNp S MlM T I-bsO �NO ILK T ZFfNpsK\ZsfNI%b/VNMlI �%Z T � �
� V IWK\PRO)` bFOUKNPvZsV�z ILKNME1 PvVmILM T bFt�I ��P^IWK\ZsfNI�KjbE]2P^VNp XmP T M8t�IxXmM S MEV XmMEVjt�PvM8O(ZFV,M8bFt K
ZFIWKNM T ���

� ��� � ��+-�%( T M SNT MYOUMEV2I�O/ILKNM t d P^MlVmI�I-bsO � ILZeIWK\M OUM T ]_M T I�bFO � � � I�PRO t�KNZ_OQMEV 021 ILKNM't d P^MEV2I
��KNZxt�ZFV h psf T M8O PvI�IWZ T MYbst�I�ILZ ME]_MEV2I�O ILKjbCI�Z2tlt�f T ��KNP d M ILKNM�OUM T ]_M T SNT Z2t�M8OLOUM8O ILKNM
t d P^MEV2I < O T M8nof\M8OUI � � K\M ?�k PROLOWb T 1�tEb8V P^V2IWM T bst�I ��PvIWK�IWKNM t d PvMEVmI�ILZeZs0\I�bCPvV `gf T IWKNM T
PvVm`gZ TLk bCILP^ZsV bsO�VNM8t�M8OLOWb T 1ef S ZFV T MYt�MEP^]2P^V\p k M8OLOWb8psM8O ` T Z k ILKNM�OUM T ]_M T � @s| ! �

� &-����+-�%�5��� � �5����&/� f OUM8O�IWK\M r M8X2PRbCILZ T IWZ XmM8t�ZFf SNd M�t�Z_Z S M T bCIWPvVNp aAZ T �_M T I�bFO �\O�zmILKmf O
T M k Z8]mPvVNp XmP T M8t�I X2M S MEVjXmMEV t�P^M8O � � I%tEbCV b d OQZ 0jM fjOUMYX(IWZ SNT M8OQMEV2I b ` T ZFVmI?`gZ T k Z T M
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H S\SNT Z��2P k b8IWM � V2]_M T OUM8O � |$6 ! � � V IWK\M&X2PROUI T Pv0NfNIWMYX ]_M T OQP^ZFVjO�z�ILKNM y_d bE]_M8O�t�Z kek f �



� � � � � � ��	 ��� � � 	 
�� 	�
 �&� ����	 
 ��� @ �

VNPutEbCILM b k ZsVNpxM8bst�K ZsILKNM T ILZ&bFOWOQPROUI PvV OUZ d ]2P^VNp�ILKNM SNT Zs0 d M k OQP^Vjt�M IWK\M'XNbCI-b K bsO
b d^T MYbsXm1 0jMEMEVAX2PROUI T Pv0NfNIWMYX � � V ILKNM hjT OQI�]_M T OUPvZsV�z b y d bE]_M'bCVjO � M T O b T MYnofNMYOUI/`gZ T
XNb8I�beZsV d 1 ��KNMEV PvI OUMlVjXNO b T M8n_fNM8OQI � � V ILKNM'ZsIWK\M T ]_M T OUP^ZFV�z�b y_d bY]_MYO bCVjO � M T O b
T M8nof\M8OUI `gZ T XNbCI-b)ZFV d 1 ��K\MEV b fjOQM T XmM h VNM8X�OUPvpsVjb d b TWT Pv]_M8O��

� � ��+-�%��+ � ����
�2�1 (�) +-��+-1 1 &$1 S bCILIWM T V�fjOUM8OAb t�Z d^d MYt�IWPvZsV+ZC`�t�ZFVjt�f TLT MEV2IEz P^V XmM S MEVjXmMlVmI
I-bsO �\O ILZ OUZ d ]_M b SNT ZF0 d M k �=>F|�! � � V S b T IWPut�f d b T z�P^I�bCILIWM kxS I�O(ILZ Z T p_b8VNP �lM ILKNM
t�Z keS fNI-bCILP^ZsVxOUZ�IWKjb8I M8bFt KxI�bsO �et�Z keSNd MEIWMYO b8I�bC0jZFfNI�IWKNM�OWb k M/ILP k M � � bFO �\O IWKjb8I
b T Me` bsOQIWM T I-b �_M�ZsV b d b T psM T OQKjb T M&Z8` ILKNM�t�Z keS fNI�b8IWP^ZFV�� � K\M8OUM�I�bsO �NO k bY1A0jM
KNZ k ZspFMEVNMEZFfjO�z�Z T KNMEILM T ZFpsMEV\MEZsfjO � �/f T P^VNp�M��mMYt�fNIWPvZsV�z k Z T M I�bsO �NO k bE1&0jMxt T M��
b8IWM8X6z:XmM S MEV XmP^VNp'f S ZsV ILKNM S\T Zs0 d M k 0jMEPvVNpxOUZ d ]_M8X � � K\M bCf\IWKNZ T O XmMYOWt T P^0jM ILK T MEM
]Fb T PRb8VmI-O ZC`?ILKNPRO S b8IWILM T V��

~ � y fN0 � OUZ d fNIWPvZsVjO%b T M bFtEt�f k f d b8IWM8X P^Vxb OQKjb T M8X(X\bCI�b�OUI T fjt�ILf T M � � KNM�I�bFO �\O b T M
V\Z d ZsVNpFM T t�Z keSNd MEIWM d 1/PvVjXmM S MEV XmMEV2I�OQP^Vjt�M%IWKNMl1 OUK b T M�b8VjX k fjOQI�OU12Vjt�K T ZFVNP �EM
bFtEt�M8OLO IWZ'IWKNM�XNb8I�b'OUI T fjt�ILf T M �

| �/H IWM TLk P^V bCIWPvZsV t�ZsVjXmPvIWPvZsV ZFIWKNM T ILKjbCV b d^d I�bFO �\O(t�Z keSNd MEIWPvVNp&M �mPuOUI�O � � KNPuO
t�ZsVjXmPvIWPvZsVePuO S b T ILPRt�f d b TLd 1�fjOUM�`gf d ��KNMEVxbCVxZC]_M T b dvd OUZ d fNILP^ZFV�tEbCVx0 MqZs0NI-bCP^V\M8X
��PvIWKNZFfNI�KjbE]mPvVNp IWZxOUZ d ]_M b d^d OUf\0 SNT ZF0 d M k O��

� � 8�ZsI�b d^d OUfN0 S\T Zs0 d M k O b T M PvVNP^ILPRb dvd 1 �mV\Z ��V � � KNPuO(OQP^IWf bCIWPvZsV Z2tEt�f T O ��K\MEV
OQfN0 SNT Zs0 d M k O�b T M psMEV\M T b8IWM8X ��KNP d M OQZ d ]2P^V\p(ZFIWKNM T OQfN0 SNT Zs0 d M k O �

� KNPuO S bCILIWM T V&PuO�b d OQZ �2VNZ���V�bsO 
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� KNM 9NZ dvd Z�� M T O nof\MEfNMeILKNM k OQM d ]_M8O�z�b � bCPvIWP^V\p&IWK\MEP T IWf T V bFO �jM8bsX2M T �Aa KNMEV ILKNM
�jM8bFXmM T XmMlIWM8t�I-O b8V&ME]_MEV2IEz_PvI SNT Z k ZFIWM8O%b 9 Z d^d Z �%M T bFO IWKNM VNM � �jM8bFXmM T zjbCVjXeIWK\MEV
SNT Z2t�M8OLOUM8O�IWKNM ME]_MlVmI � � KNPuO/XmM k f d IWP SNd M��mMYO b8VjX&X2PRO S bCI�t�KNM8O ILKNM ME]_MEV2I ILZ(ILKNM�XmM8O �
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 � � �5����&/� fjOQM8O�b(w?Z dvd M8t�ILP^ZFVeIWZ't�ZFVmI T Z d b h VNP^ILM V2f k 0jM T Z8`�aAZ T �_M T O � � KNM
w?Z d^d MYt�IWPvZsV ZFV d 1 S M T `gZ TWk OjZ S M T bCIWPvZsVjO�IWKjb8I�b SNSNd 1�bst T Z_OWO�P^I-O MlVmILP T M OUMEI�Z8`ja Z T �_M T O��
� KNM aAZ T �_M T XmZ_M8O�b d^d P^I tEbCV ��P^ILK ��K bCI�P^I �2VNZ���O�zNZ T ��KjbCI�ZsILKNM T O k bE1(ILM d^d P^I PvV
t�Z k 0\P^Vjb8IWP^ZFV ��P^ILK ��KjbCI�P^I
�mVNZ���O �=�2~ ! �

� 1�+5� � � ��+-��� PuO�b OUZ d fNIWPvZsV�IWZ IWK\M S bCIWILM T V T M8t�ZspFVNP^ILP^ZFV S\T Zs0 d M k Z8`�I T b8VjO `gZ TWk PvVNp T b �
XNb8I�b * OUfjt�K+bsO'IWKjb8I�t�Z dvd M8t�IWM8X 021 OQMEVjOQZ T O
�'P^V2IWZcb KNP^pFKNM T � d ME]_M d XNb8I�b OQI T f t�IWf T M
��KNMlV VNZ�XmMEILM TWk P^VNPuOUIWPut b d psZ T P^ILK k `gZ T ILKNM I T bCVjO<`gZ TLk bCILP^ZsV M �mPuOUI�O � |�@ ! � � VjOUILM8bsX:z
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S ZsV\MEVmI-O �eILKNM � d bst �20 Z b T X6z?b r Z2XmM T bCIWZ T z�b8VjX bCI d M8bsOQI ZsVNM w?ZsV2I T P^0Nf\IWZ T * b d OUZ
T M�`gM TWT M8XeIWZ�bFO b'��V\Z � d M8XmpFM y ZFf T t�Mk� � � KNM � d bst �m0jZ b T X�PRO�beOUK b T MYX XNbCI-beOUI T fjt �
ILf T M k b8P^V2I�bCPvVNP^V\p IWK\M X2P 
:M T MlVmI%]_M T OQP^ZsV O ZC` IWKNM�XNb8I�bmz T b8VNpsPvVNp ` T Z k IWKNM Z T P^pFP^Vjb d
T b � `gZ TLk IWZ IWK\M h Vjb d�SNT Z2X2fjt�I �

� KNM r Z2XmM T bCIWZ T PRO T MYO S ZsVjOQP^0 d M `gZ T t�KNZ_Z_OQP^VNp�b k ZFVNp/ILKNM/w?ZFVmI T Pv0NfNIWZ T O <CSNT Z S Z_OLb d O��
� I�OQM d MYt�I�O�IWK\M SNT Z S Z_OWb d tEb d t�f d bCIWMYX(IWZ bsXm]FbCV t�M IWKNM S\T Zs0 d M k ILKNM/`gf T IWKNM8OQIEz\b d^d Z���O
ILKNM(w?ZFVmI T P^0\fNIWZ T ��KNZ OUfN0 k P^IWILM8X(ILKNM SNT Z S Z_OLb d ILZef S XNb8IWM ILKNM � d bst �m0jZ b T X:zjbCVjX
T M S M8bCI-O/IWKNM't�1Nt d M � � ` V\M8t�M8OLOWb T 1_zjIWKNM r Z2XmM T bCILZ T k bY1 T ME]_M T OQM P^I�OqXmM8t�PuOUP^ZFVjO�P `?PvI
XmMlIWM TLk P^VNMYO ILKjbCI�ILKNM SNT MYOUMEV2I�I T MEVjX ��P dvd VNZFI d M8bsXeIWZ'IWK\M X2M8OUP T M8XeOQZ d fNIWPvZsV��

� KNM w?ZsV2I T P^0Nf\IWZ T O b T M PvVjXmM S MEVjX2MEVmI�I-bsO �\O ILKjbCI t�Z kxk fNV\P^tlbCIWM�ZsV d 1 ��P^ILK,ILKNM
r Z2XmM T bCILZ T � � KNMl1(]2P^M � IWKNM � d bst �20 Z b T X6zNb8VjX k b �_M�b SNT Z S Z_OLb d IWZ k Z2XmP `g1'OQZ k M
d ME]_M d Z8`�IWKNMxXNbCI-b OUI T fjt�ILf T M � � KNM SNT Z S Z_OLb d PRO bstEt�Z keS b8VNP^MYX
021Ab k MlI T Put�PvVjXmP �
tEb8IWPvVNp IWKNM�XmMlp T MlM�Z8`%t�M T I�b8P^V2IU1 Z8`%OUf tEt�M8OLO�zN0jbFOUM8Xef S ZsV ILKNM�t�f TLT MEV2I�OQI�bCILM Z8`�ILKNM
� d bst �m0jZ_b T X �

� V � |�@�!<z2IWKNM � M S Z OUP^ILZ T 1ePRO%t�ZsVjOQPRXmM T M8X�b psMlVNM T b d P��8bCILP^ZsVxZC` IWKNM � d bst �m0jZ b T X � � KNM
b8fNIWKNZ T O b d OUZAt�ZsVjOQPRXmM T IWKNM � d bst �20 Z b T X ILZ&0jM�bCV M��2I T M k M ]Fb T PRb8VmI Z8`�IWKNM � 
����
#4! $ � � �4� � � ���H��3 021 9NZ T pF1 b8VjX r t ��M TWk ZFIWI �)a PvIWKNPvV ILKNM � T Z2Xmfjt�ILP^ZFV y 1\OUIWM k z
OQfN0 T ZFfNIWPvVNM8Oeb T M T M SNT MYOUMEV2IWM8X bFO t�ZsVjXmPvIWPvZsV � bst�ILP^ZFV T f d M8O�z�b8VjX XNb8I�b PRO p d Zs0jb d^d 1
bE]FbCP d bC0 d M PvV � Z T �2P^VNp k M k Z T 1 � � KNM�bst�IWP^ZFV�O S M8t�P h M8Xe021eb t�ZsVjXmPvIWPvZsV � bst�ILP^ZFV T f d M
PuO ZsV d 1 S M T `gZ TWk M8X ��KNMEV IWK\M�bsOWOQZ2t�PRb8IWM8X't�ZFVjXmP^ILP^ZFV PRO I T fNM_z bCVjX ILKNM T f d M KjbFO�0 MlMEV
OQM d M8t�IWM8X(021eILKNM�t�ZsV 	 PRt�I T M8OQZ d f\IWP^ZFV k Z2Xmf d M �
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H t�Z kxk ZsVqOUPuXmM�� M 
:M8t�I6Z8` S b T ILP^ILP^ZsV\P^VNp�b�OU1\OUILM k PvVmILZ�b/t�Z d^d M8t�ILP^ZsV�ZC` t�Z_Z S M T bCIWPvVNpqt d bFOWOUMYO
PRO IWKNM�VNMlM8X IWZ k bCP^V2I�b8P^Vct�ZsV OUPROQIWMEV t�1Ab k ZFVNp T M d bCILM8X ZF0
�WM8t�I�O � � ZFf XmZ VNZFI ��b8VmI ILZ
bst�KNPvME]_M�t�ZFVjOUPuOUIWMlVjt�1 021 k b��mPvVNp IWKNM�t d bsOLOUM8O IWPvpsK2I d 1 t�Zsf S\d M8X6z?0jM8tEb8fjOUM�IWKjb8I T M8X2fjt�M8O
IWK\MEP T�T MEfjOWb80NP d P^IQ1 �

9NZ T M��\b keS\d M_z k bCV21 p T b S K\PRtEb d fjOUM T P^V2IWM T ` bst�M�IWZ_Z d �2P^I-O OUM S b T bCIWM ILKNM SNT M8OUMEV2I�b8IWPvZsVjb d
bsO S M8t�I�O Z8` ILKNM f OUM T PvVmILM T ` bFt�M�` T Z k IWKNM�fNVjXmM TLd 12P^VNpxb S\SNd PutEbCILP^ZsVAX\bCI�b � � � >�>mz � � w > � z
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XmMEV2I d 1 T MEfjOUMYX � � KNME1AtEb8V � Z T � ILZspsMlIWKNM T z ILZ_Z � � ZsIWKcb&O SNT MYbsXNOQKNMEMEI�Zs0
�WM8t�I�b8VjX 0jb T
t�Kjb T I ZF0
�WM8t�I�tEb8V'XmM S Put�I�P^Vm`gZ TWk b8IWPvZsV P^V IWK\M�OWb k M%b SNS\d PRtlbCIWPvZsV XNbCI-b � Zs0
�WM8t�I fjOUPvVNp X2P 
:M T �
MEV2I SNT M8OQMEV2I�bCILP^ZFVjO�*<OUMlM,9 P^pFf T MqH �^~1� � � KNM O SNT MYbsXNOQKNMEMEI bCVjX IWKNM�0jb T t�Kjb T I X2Z�V\ZsI �2VNZ��
bC0jZFfNI M8bFt K ZFIWKNM T z_IWKNM T ME021 d MEIWILP^VNp 1_ZFf T MEfjOQM�ZsV d 1 IWKNM�ZsVNM�1_Zsf V\MEM8X � � fNI?IWKNME1 � �0	 1�
4�
bsO ILKNZsf\psK�IWKNMl1eXmZ � a K\MEVeIWK\M fjOUM T t Kjb8VNpsMYO IWK\M P^Vm`gZ TWk b8IWPvZsVePvVeIWKNM�O SNT M8bsXNOQKNMEMEIlzmILKNM
0jb T t�Kjb T I T M 	 M8t�I�O?IWKNM�t�KjbCV\psM8O�P kek MEXmPubCILM d 1_z_bCV X ]2PRt�M ]_M T OWb �

� KNPRO 0jMEK bY]2P^Z T P keS\d P^MYO/IWKjb8I(ILKNM�O SNT M8bFXNOUK\MEMEI'bCV X 0jb T t Kjb T I'b T M�XNbCI-b
]2P^M ��O XmM��
S MEVjXmMlVmI Z8`�ILKNMeX\bCI�beZF0
�WM8t�IEz�b8VjX
ILKNM T M�`gZ T M_z�b T M(V\ZsIWP h M8X&Z8`�bCV21At�KjbCVNpFM P^VAP^I-O OUI-bCIWM �
� KNM T M PRO/V\Z T M8bsOQZsVAIWZ d P k P^I�ILKNM V2f k 0jM T Z8`�XmM S MlVjXmMEV2I Zs0
�WMYt�I�O/ILZ�I �%Z � bCV21&V2f k 0jM T
ZC` XmP 
:M T MEVmI%fjOUM T P^V2IWM T ` bst�M8O�`gZ T IWKNM�OLb k M X\bCI�b't�ZFf d XeM��2PROQI �
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Zs0
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�WM8t�I k bY1qKjbE]_M�bCV21 V2f k 0jM T
ZC` XmM S MEVjXmMlVmI�ZF0jOUM T ]_M T O �?H d^d ZF0jOUM T ]_M T O�b T M VNZFIWP h M8X ��K\MEVNME]_M T IWKNM�OQfN0
�WM8t�I�fNV XmM T pFZ_M8O
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a = 50%
b = 30%
c = 20%

subject

change notification
requests, modifications

a

b

c

a      b       c

x        60    30    10

a      b      c

y        50    30    20

z         80    10    10

observers

9 P^pFf T M H �^~ � {�0jOQM T ]_M T �/M8OQP^pFV ��b8IWIWM T V ? �Nb keSNd M
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tEb S OUf d bCILP^VNp ILKNM8OQM�bsO S MYt�I�O PvV OUM S b T b8IWM�Zs0
�WMYt�I�O d MEI-O�1_Zsfc]sb T 1 b8VjX T MEf OUMeILKNM k
PvVjXmM S MEVjX2MEVmI d 1 �

� a KNMlV&b t�Kjb8VNpsM ILZ ZsVNM ZF0
�WM8t�I T M8n_fNP T M8O?t Kjb8VNpsPvVNp ZsILKNM T O�zjbCV X 1_ZFf�XmZ VNZsI �2VNZ��
OQI�bCILPRtEb d^d 1(KNZ�� k bCV21(ZF0
�WM8t�I�O V\MEM8X(ILZ(0jM�t K bCVNpFM8X �

� a KNMlV bCV ZF0
�WM8t�I�OUK\Zsf d X 0jM�b80 d M'IWZ�VNZsILP `g1AZsILKNM T ZF0
�WM8t�I-O ��PvIWKNZFfNI k b �2P^VNp�bsO �
OQf keS ILP^ZsV O�b80jZsfNI�IWKNM �mPvVjX ZC`�Zs0
�WMYt�I�O IWK\M8OUMxb T M � � VAZsIWK\M T � Z T XNO�z�1_ZFf X2Z&VNZFI
� bCV2I�IWKNM Zs0
�WMYt�I�O ILP^psK2I d 1et�Zsf SNd M8X �
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Attach(Observer)
Detach(Observer)
Notify()

Subject

GetState()
SetState()

subjectState

ConcreteSubject

return subjectState

Update()

observerState

ConcreteObserver

for all o in observers {
    o->Update()
}

Observer

Update()

observerState =
    subject->GetState()

observers

subject
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� XmM h VNM8Oeb8V f S XNbCILP^VNp PvVmILM T ` bFt�Me`gZ T ZF0
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� � ZF0
�WM8t�I �
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�WM8t�I < O �
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� ��� � � fjOQM8O IWKNPuO
PvVm`gZ TLk bCILP^ZsVAIWZ T M8t�ZsVjt�P d M PvI�O OQI�b8IWM ��PvIWK ILKjbCI�ZC`�IWK\M�OUfN0
�WMYt�I � � KNMxP^V2IWM T bst�ILP^ZsV
XmPubCp T b k P^V 9 Pvpsf T M H ��� P d^d fjOUI T b8IWM8O�IWK\M t�Z d^d bC0jZ T bCIWPvZsVjO�b k ZsV\p b�OUfN0
�WMYt�I%bCVjX(I �%Z
ZF0jOUM T ]_M T O��
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aConcreteSubject                    AConcreteObserver                   anotherConcreteObserver

Update()

Update()

Notify()

SetState()

GetState()

GetState()
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9Nf T ILKNM T 0jMEVNM h I�O�bCV X d PubC0NP d PvIWP^MYO Z8`?IWK\M){�0jOQM T ]_M T S b8IWIWM T V�P^Vjt d fjXmMqIWKNM `gZ dvd Z���P^V\p �

~ � � � ��� 
�1'$�� $��4! E , ��� � � �C�G�-���C� � !���� �%$ �D14��#@* � � ��
�
4��
 ' H dvd b OUfN0
�WM8t�I �2VNZ���O PRO�IWK bCI�PvI
KjbFO b d PuOUI?ZC` Zs0jOQM T ]_M T O�z_M8bFt Kxt�ZFVm`gZ TLk P^VNpqIWZ IWKNMqOUP keSNd M P^V2IWM T ` bst�M�ZC`�ILKNMqbC0jOQI T bFt�I



>7< ��� � 	 � � �3� � ����� � � � 	 � 	�� � ��� � � ����	 
��

{�0jOQM T ]_M T t d bFOWO � � KNM�OUfN0
�WM8t�I�XmZ_M8OUV < I �2VNZ��,ILKNM�t�ZsVjt T MEILM t d bsOLO ZC` bCV21eZs0 OUM T ]_M T �
� K2fjO IWK\M t�Zsf SNd P^VNpxb k ZsVNp'OQfN0
�WM8t�I-O�bCVjXeZs0 OUM T ]_M T O PuO�bC0jOQI T bFt�IqbCVjX k P^VNP k b d �

� M8tlbCfjOQM y fN0
�WM8t�I bCV X {�0jOUM T ]_M T b T MxVNZsI'IWPvpsK2I d 1ct�ZFf SNd MYX6z�IWKNMl1 tEb8V 0 M d ZsV\p ILZ
XmP�
:M T MEV2I d bE1_M T O ZC`�bC0jOQI T bFt�IWPvZsV P^V b OU1\OUILM k �AH d Z��%M T � d ME]_M d OQfN0
�WM8t�I tEbCV t�Z k �

k fNVNPutEbCILMeb8VjX P^Vm`gZ TWk b KNPvpsKNM T � d ME]_M d Zs0jOQM T ]_M T z ILKNM T ME0m1 �_MEM S PvVNp&ILKNM OQ1NOQIWM k+< O
d bY1_M T P^V\p PvVmI-bst�I � � ` y fN0
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ChangeManager

Register(Subject, Observer)
Unregister(Subject, Observer)
Notify()

Subject-Observer mapping

Observer

Update()Attach(Observer)
Detach(Observer)
Notify()

Subject

chman->Register(this,o)

chman->Notify()

forall s in subjects
    forall o in observers
        o->Update(s)

mark all observers to update
update all marked observers

subjects

chman

observers

Register(Subject, Observer)
Unregister(Subject, Observer)
Notify()

Register(Subject, Observer)

Notify()
Unregister(Subject, Observer)

DAGChangeManagerSimpleChangeManager
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