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

+-,

.0/21*3547698;:%<>=�?@3

ACB�DFEHGJIKG
LFM EHGNEPO-BQESRTBQU�BQDFEWV�OXIZY[E M GNIZBJ,WU2\*]_^2B�E MQ` U[U

IZOa\cb `edf`Zg E@OhB;UH\*BQDXE
B�DFEHGJIKG M ESijbFI M E g EPOhBk\cU M BQDFEWRhEPl M EPEmU2\

n ^oGJBQE M UH\ n ^2B�DFE g ^HBQIqpPG
IrO

s*U gtL bFBQE M�u pvIrEPOfpvE

]_^2B�E MQ` U[UFw
xyO-B�^ M IZUXw
s#^2Of^zRF^hw&{z|o|z|

p} AmGNDFIe\ uf~f� ^ MK� I�{o|z|o|





� DFE M EP+-,aR-EHp ` ^ M E�B�Df^2B � ^ g BQDXE�GJU ` E�^HbFBQDXU M UH\;B�DFIKG�B�DFEHGNIqG ~
� ^HbFBQDXU M I��PE BQDXE�V�OFIZY[E M GNIrBJ,aU2\9] ^HBQE M�` U[U�BQU ` EPOfR%B�DFIKG�B�DFEHGJIKG�B�U UzBQDFE M IZOfGJBQIrBQbFB�IZUoO G

U M IZO RhIZY-IKRhb ^ ` G;\cU M B�DFE L b MQL U GNE U2\ GQp�DFU ` ^ M�` , M EHGNES^ M p�D ~

� \cb M B�DFE M ^HbFBQDFU M I��PE�B�DFEWV�OFIZY[E M GNIrBJ, U2\*]_^2B�E MQ` U[UaBQU M E LXM U-Rhbfp E�BQDXIKG�BQDXEHGNIqG +-, L DFU��
BQU-p U L ,hIrOFl7U M +-,�UzBQDFE M g EH^2OfG woIZO�BQUzB�^ ` U M IZO L ^ M BPw-^2B#BQDFE M EHi[bFEHGJB;U2\�UoB�DFE M IZOfGJBQIrBQbFB�IZUoO G
U M IZO RhIZY-IKRhb ^ ` G;\cU M B�DFE L b MQL U GNE U2\ GQp�DFU ` ^ M�` , M EHGNES^ M p�D ~

IrIZI





� DFE VyOFIZY[E M GNIrBN, UH\;]_^2B�E MQ` U[U M EHi[bFI M EHG�BQDFEWGJIZloO ^2BQb M EHG'U2\#^ `Z`&L E M GNUoO G bfGJIZOFl�U MyL DFU��
BQU-p U L ,hIrOFlTB�DFIKG�B�DFEHGJIKG ~��;` EH^oGJE�GJIZlzO +fE ` U��7wf^2OfR�loIZY[E ^oRFR M EHGQGy^2O R%RF^HBQE ~
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� DFE LXM I g ^ M ,tloU[^ ` UH\9^ `Z`&M EH^ ` � B�I g E GN,XGNBQE g G�IKG LFM EHRhIqpvB�^H+FI ` IZBJ, ~ A�p�DFIZE@YhIrOFl�B�DFIKG'loU ^ `
M ESijbFI M EHG&^ `Z`F` EPY[E ` G�U2\>B�DFE'GJ,FGJBQE g BQUm+�E �#E `Z` R-E d OFEHR ^HOfR�Df^PY[E#^ d�� EHR ��U M GJB � pP^oGJE'E � ESpvb �
BQIrUoOWBQI g E ~ � DFEHGJE'OFEPEHRXG Df^PY[E M EHGJb ` B�EHR�IZO BQDXE'p M EH^2B�IZUoOWU2\>UHY[E MQ` , M ESGNB M IKpvB�IZY[E*p U gag E M pvIr^ `
M ES^ ` � BQI g E7GJ,FGJBQE g G LFM U2Y-IKR-IZOFl�UoO ` ,!^zR � DXU-pTG�p DFESRhb ` IrOFl \ ^opvI ` IZB�IZEHG'^HOfR%+f^zGNIKp p UoOfpvb MQM E@OhB
\cbFOfp BQIZUzOf^ ` IZBJ, ~ A�R � DFU-paG�p DFESRhb ` IrOFl g ^��[EHG�R-EPY[E ` U L IZOXlFw Y[E M I \c,-IZOXlFwk^2OfR g ^HIZO-B�^HIZOFIrOFl0^
M ES^ ` � BQI g E GJ,FGJBQE g E � B M E g E ` ,�RhI�� pvb ` B7^2O R B�I g E pvUoO GNb g IrOFl ~�� ^zGNIqpTpvUzOfpvb M�M EPO-B�\cbFOfp �
BQIrUoOf^ ` IrBN,�\cU M pvESG LFM Uzl M ^ gag E M G;BQU�RhEPY[E ` U L pvU gaLF` E � pvUoOfp b MQM EPOhB LFM Uzl M ^ g G��'IZBQDXUobFB'B�DFE
^2IqRaU2\*DFIrloD � ` E@Y[E ` pvUoOfp b MQM EPOfpv,T\cES^2BQb M EHG ~

� OfpvUob M ^2lzIZOFl7B�DFE'bfGNE'UH\kGJU L DFIqGNB�IKpP^HBQEHR M EH^ ` � B�I g E*BQDXEPU M , ^2O R g EPBQDXU-RhU ` Uolo, M EHi[bFI M EHG
^ g U M E��fE � IZ+ ` E ^2O R(E � BQE@OfGNIr+ ` EW^ LXLFM U ^op�D ~�� ,%lzIZY-IZOFltBQDFE M EH^ ` � BQI g E LXM Uol M ^ gag E M ^op �
pvEHG�G�BQUtBQDFE bFO RhE MQ` ,hIrOFltGN,XGNBQE g RX^2B�^�GJB M b pvBQb M EHGvw>BQDFE LFM Uzl M ^ gag E M IqG�^2+ ` E BQUtIZO-BQE M ^opvB
�'IZB�D%B�DFE�GN,XGNB�E g BQUaEH^zGNI ` ,�IZOfp U MQL U M ^2B�E OFE � IqRhEH^zG�^2OfR%B�U d OFE B�bFOFEWBQDFE�GJ,FGJBQE g \cU M ^
L ^ M BQIqpvb ` ^ M ^ LXLF` IqpP^2B�IZUoO ~

� DFIKG7BQDFESGNIKG�E �-LF` U M ESG�BQDFIqG�IKRhEH^a+-,!E � ^ g IrOFIZOFl ^ GJE ` ESpvBQIrUoO!U2\ LXM Uo+ ` E g G M E ` ^2BQESR(B�U
p M EH^2B�IZOFlW^ M EH^ ` � BQI g E'GJ,FGJBQE g wzIZOfp ` bfRhIrOFl M ES^ ` � BQI g E g UoOFIrBQU M GvwoB�I g E@UobFB�GvwzRh,hO ^ g Iqp LFM IrU M �
IZBJ,�G�p DFESRhb ` IrOFl ^HOfRa+f^oGJIKp LXM IZU M IrBN, IrOFDFE M IZB�^2OfpvE ~ � DFEHGJE�\cEH^HBQb M EHG�^ M E7BQDFE@OaI gaLX` E g EPO[BQESR
IZO��ks���� ~
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� �#Uob ` R ` I �[E�BQU�B�Df^2O � g ,0GJb L E M Y-IKGJU M w � E@BQE M � bFD M w�\cU M DFIqG�lobFIqRF^2O pvE[w
EPO pvUob M ^2lzE �
g EPO-B#^2OfR0^PYo^HI ` ^2+FI ` IZBJ, ~ A�O-,�p ` ^ M IZBJ, BQDf^HB�E � IqGNB�G�IrO�BQDFIqG�BQDFEHGJIKG�IqG'^ M EHGJb ` B'UH\*DFIKG�IrO L bFB ~

� ^ g ^ ` GNU0l M ^HBQEv\cb ` BQU �;M ^2+XDf^��z^ M�� ^2l RhET\cU M DFIqG�l M ^opvIrUobfGJOFEHG�G�IZO_BQDFE \ ^opvEtU2\y+Fb �
M ES^2bfp M ^opv, ^2OfRa\cU M DFIqG�GJb LFL U M BPwfEHG L EHpvIq^ `r` ,�IZO M EH^zRhIZOXl g ,�BQDFESGNIKG ~ � �#Uob ` R ^ ` GJU ` I �[E�B�U
BQD ^2O �0A � IrB u IrOFloDa\cU MyM ES^oRhIrOFl g ,�BQDXEHGNIqG'^2OfR g ^ �hIrOFl�Yz^ ` bf^2+ ` EWGNbFlzloEHGJBQIrUoOfG ~

� Df^2O �FG'BQU � Uz+fE M B��>^ M O �[E�\cU M DFIqG�IZO L bXB'IZO0RhEPY[E ` U L IrOFl ^�B�I g E@UobFB g EHp�Df^2OFIqG g!~
� O ^oRXRhIZB�IZUoO�w � �#Uob ` R ^ ` GNU ` I �[E�B�U BQDf^HO � g , \ M IZE@OfRFG�\cU M BQDFEPI M GJb LFL U M B0^2OfR \cU M

L bFB�BQIrOFl b L �'IZB�D g ,�i[bFI M �hIrOFEHGQG ~ x ` IrY[E M'u p�DhbfGJBQE M \cU M'g ^ �hIrOFl GJb M E � �'^zG ��E `r` \cEHRt^2OfR
EPO-BQE M B�^HIZOFEHR ~ � ^P,j\cbXO�V gag ^HO�\cU M�g ^HOh, ` IZY[E ` ,WRhIKG�pvbfG�GNIZUzOfG�^HOfR \cU M �[EPE L IZOFl g Ey^zpvBQIrY[E ~
A�G���E `r` w � ��Uzb ` R ` I �[E'B�U BQDf^HO � g , ` ^2+ g ^2B�EHG n IZOFl��fDFUob&w � U g�� E@l M ^zRh,[w���U M UzB�^��>^��
^2O R��oIZUzOFl � IZUzOFl�s*DFEPOa\cU Myg ^��-IZOXl g , ��U M �aEPO � UH,-^H+ ` E ~

A�OfR d Of^ `Z` ,[w � ��Uzb ` R ` I �[EyBQU BQD ^2O � g , L ^ M EPO-B�G#^2OfR g , + M UoB�DFE M \cU M B�DFEPI M B M E g EPO �
RhUzbfG�GJb LFL U M B7^2O R L ^2BQIrEPOfpvE ~
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� ~ � � DFEHGJIKG�xybFB ` IZOFE ~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ {

�  "!$#&%('*)+��,
!.-/�0��(�1�2��3 4
{ ~ � � ^op �-l M UzbFOfR ~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 5

{ ~ � ~ � � O-BQE M Of^ `;u p DXEHRhb ` IZOFl ~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 5
{ ~ � ~ { � � BQE M Of^ `;u p DXEHRhb ` IZOFl ~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � |
{ ~ � ~76 � O-BQE M Of^ ` ^2OfR � � BQE M Of^ ` u p�DFEHRhb ` IZOXl ~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 6

{ ~ { � EH^ ` � � I g E�s*UzOfGNIqRhE M ^2BQIrUoOfG ~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ { 5
{ ~76 � gaLF` E g E OhB�^2BQIrUoO ~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 6 |
{ ~98 � E ` ^HBQEHRa] U M � ~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 6;:

{ ~98F~ � A�RF^ ~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 6�<
{ ~98F~ { � x u �>= ~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 8 �

{ ~7? u b gtg ^ M , ~�~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 8@6
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6h~ � � ^op �-l M UzbFOfR ~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ ? |
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6h~ { �yU[^ ` G ~�~7~7~�~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ ? |
6h~76 u ,-OhB�^ � ^HOfR u E g ^2O-BQIqpPG ~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ ? �
6h~98 ��EHGJIZlzO ~7~7~�~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ ?;:

6h~98F~ � � I g EPUzbFB � ^oG �FG���VmGNE M�� EPY[E ` � gaLF` E g E@OhB�^2BQIeUzO ~7~�~7~�~7~W~�~W~ ?;:
6h~98F~ { � I g EPUzbFB � ^oG �FG�� u ,FGJBQE g�� E@Y[E ` � gaLF` E g EPOhB�^HBQIZUzO ~�~7~�~7~W~�~W~ 5 8
6h~98F~76 � E M OFE ` � E@Y[E ` � gaLF` E g EvO-B�^HBQIZUzO ~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 5�?

6h~7? � gaLF` E g E OhB�^2BQIrUoO ~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 5;:
6h~7?h~ � � s�� � � ^op �hl M UobXOfR ~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 5�<
6h~7?h~ { ��^2B�^ u B M bfpvB�b M E � OFD ^2OfpvE g EPO-B�G ~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ : �
6h~7?h~76 u pvEPOf^ M IrU[G'BQUas*UoO GNIKR-E M ~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ :15
6h~7?h~98 � gtLF` E g EvO-B�^HBQIZUzO �yEPB�^HI ` G ~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ :1<
6h~7?h~7? � O-BQE M ^op BQIZUzO���EPB�^HI ` G ~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ <�<
6h~7?h~75 A�Of^ ` ,FGJIKG ~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 8

6h~75 u b gtg ^ M , ~�~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ ��?

E � ��# �������@#&%�� �	��!$����%(���
� ���3�����!@��#$�������3 �GF
8F~ � � ^op �-l M UzbFOfR ~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ ��<

8F~ � ~ � � I � EHR �;M IZU M IrBN, u p�DFEHRhb ` IZOXl ~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � |o|
8F~ � ~ { ��,hO ^ g Iqp �;M IZU M IrBN, u p�DFEHRhb ` IZOXl ~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � | �

8F~ { � gaLF` E g E OhB�I OXl �;M IZU M IZBJ, � ^oGNESR u p�DFEHRhb ` IZOXl ~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � |o{
8F~ { ~ � � gtLF` E g EvO-BQIrOFl � I � EHR � M IZU M IZBJ, u p DFESRhb ` IrOFl ~7~�~7~�~7~�~7~W~�~W~ � | 6
8F~ { ~ { � gtLF` E g EvO-BQIrOFl ��,-Of^ g IKp �;M IrU M IZBJ, u p DFESRhb ` IrOFl ~�~7~�~7~�~7~W~�~W~ � | ?

8F~76 � s�� � � gaLF` E g E@OhB�^2BQIeUzO ��E@B�^2I ` G ~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ ��� {
8F~98 u b gtg ^ M , ~�~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ ��� 5
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4 � � ���2�1�(� � �  ��!;�1�(�1# ��@! �0� �
?h~ � � ^op �-l M UzbFOfR ~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � {o|

?h~ � ~ � � ^oGNIqp � M IZU M IZBJ, � OFDFE M IZB�^HOfpvE �;M UoBQU-p U ` ~7~�~7~7~�~7~�~7~�~7~W~�~W~ � {o|
?h~ � ~ { � M IZU M IZBJ,%s*E@I ` IrOFl �;M UoBQU-p U `!~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � { 8
?h~ � ~76 � gtg EHRhIq^2BQE�s*E@I ` IrOFl �;M IZU M IZBJ, � M UoB�U-pvU `#~7~�~7~7~�~7~�~7~�~7~W~�~W~ � { �

?h~ { � gaLF` E g E OhB�I OXl � ^zGNIqp �;M IZU M IZBJ, � OXDFE M IrB�^HOfpvE ~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 6 {
?h~ { ~ � � M ^2OfGJIZBQIrYhIrBJ, ~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 6�6
?h~ { ~ { � M IZU M IZBJ, �yIKGNIrOFDFE M IZB�^2OfpvE ~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 6�5

?h~76 � E ` ^HBQEHRa] U M � ~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 8 |
?h~98 � s�� � � gaLF` E g E@OhB�^2BQIeUzO ~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 8@6

?h~98F~ � n bFBQE � x�+ � ESpvB'A�p@ijbFI M E ~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 8@5
?h~98F~ { n bFBQE � x�+ � ESpvB � E ` ES^oGNE ~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 5 �
?h~98F~76 � O-B M , ��` U-p �-IZOFlWUoO!^ n bFB�E � xy+ � EHp B ~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 5 {
?h~98F~98 ��` U-p �hIrOFl � OfGNIqRhE7^ n bFBQE � xy+ � EHpvB ~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 5 8
?h~98F~7? A�Of^ ` ,FGJIKG ~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 5�?

?h~7? u b gtg ^ M , ~�~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 5�5

� � �����%���3����� ��� �
5h~ � � bFBQb M E7] U M � ~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � : |

5h~ � ~ � � s�� � ~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � : |
5h~ � ~ { u p DXEHRhb ` IZOFl ~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � : {
5h~ � ~76 � U-p � � M EPE u ,FGJBQE g G ~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � :16
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?h~ � u ^ gaLF` EmB�^oG �0GNEPB ~&~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � {o{
?h~ { s*EPI ` IZOXl
	�^ ` bFESG ~ ~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � { 5
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� � 	 � ��� � ����� � � 	

{ ~ � � � ^ gaLF` E�U2\ ^ g UoOFIrBQU M@~ ~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ :
{ ~ { � ^oG � � + ` U-p �FG�UzO!pvUzOfRhIZB�IZUzO%i[bFEPbXE ��~ ~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ <
{ ~76 � ^oG � �WGNIrloOf^ ` GypvUoO RhIZB�IZUoO�Yz^ M IK^H+ ` E ��~%~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ <
{ ~98 A�pPp E L B�+ ` U-p �hIrOFl IZO0^ g UoOFIrBQU MP~�~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � {
{ ~7? xyO ` , G L EHpvI d EHRaEPO-B M ,tpP^ `Z` G'^ M EW^ `r` U���ESRTIZO�BQDXE g UoOFIrBQU M@~�~�~7~�~7~W~�~W~ � {
{ ~75 � OhB�E M O ^ ` ^2O R E � B�E M Of^ ` GQp�DFEHRhb ` IZOXl�IZO0^ g UoOXIZBQU MP~�~7~7~�~7~�~7~�~7~W~�~W~ � 8
{ ~ : s#^ `r` IrOFl B�^zG � L E M \cU MQg G#^TGJIZloO ^ ` ~#~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 8
{ ~7< u ^HBQIKG \c,hIrOFltpvUoOfR-IZBQIrUoOfG'^P\cBQE M GJIZlzOf^ `r` IZOXl ~ ~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � :
{ ~ � � I M GNB'ESijbFIrYz^ ` E@OfpvE M E ` ^HBQIZOXl�IZO-BQE M Of^ ` ^2OfRaE � BQE M Of^ ` G�p DXEHRhb ` IZOFl ~ ~7~W~�~W~ � <
{ ~ � | u EHp UoOfR�EHijbXIZYz^ ` EPOfpvE M E ` ^2B�IZOFl IrOhB�E M Of^ ` ^HOfR E � BQE M Of^ ` GQp�DFEHR-b ` IrOFl ~ ~W~�~W~ � �
{ ~ ��� � OhB�E M O ^ `&g UzOFIZB�U M i[bFEPbXEHG'^ M E g E M lzEHR ~ ~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ { 6
{ ~ � { xyOFE7IZO-BQE M Of^ `&g UoOFIrBQU M ijbXEPbFE�Df^zG DXIZloDXE M'LFM IrU M IZBJ, ~ ~7~�~7~�~7~�~7~W~�~W~ { 6
{ ~ � 6 s#^ `r` IrOFl B�^zG ��+ ` U-p �XG�UoO!p UoOfRhIrBQIrUoO�Yz^ M Iq^2+ ` E ��~ ~�~7~7~�~7~�~7~�~7~W~�~W~ { 5
{ ~ � 8 � s�� � n UoOXIZBQU M�~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 6 {
{ ~ � ? u B M bfpvB�b M E7UH\#^ � s�� � n bFBQE � xy+ � EHpvB�� ���	� ~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 6�6
{ ~ � 5 uBasePrioritySeq ~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~7~�~W~7~�~7~�~7~�~7~W~ 6�?
{ ~ � : � � ^ gaLF` E�U2\ ^ +fUzbFOfRhEHR�+Fb�
>E M IZO0A�RF^ ~%~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 6 �

� Y-IZI



6h~ � u I g b ` ^2B�IZOFl g b ` BQI LF` E'B�I g EPUzbFB#GNB�^2BQE g EPO-B�G IrO�� s�� � ~7~�~7~�~7~�~7~W~�~W~ ?�5
6h~ { � I g EPUobFB#B�^zG ��IKG'RhE ` EPB�EHR ~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 5 �
6h~76 � I g EPUobFB#B�^zG ��IKG'GJDFU M B � pvI M pvbFIZB�EHR ~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 5 {
6h~98 � I g EPUobFB#B�^zG ��E �-L I M EHG +fEv\cU M EWpP^ `r` U-pPpvb M G ~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 5�6
6h~7? � U-RhESG UzO%BQDXE�E@Y[EPOhB#i[bFEPbFE ~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ 5�<
6h~75 � IZY[E ` U-p �aU-pPpvb M G Ie\*BQDXE�BQI g EPUzbFB�IqG M E g UHY[EHRa^P\cBQE MyLFM U-p EHGQGJIZOFlaUH\#^op@pvE L B

GNB�^2B�E g EPO-B ~7~�~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ :�8
6h~ : � OhB M ,�p@^ `Z` G'pP^2O�+fE g IKGQGJEHR I \ EPOhB M , ` U-p �aIKG M E ` ES^oGNESR ~�~�~7~�~7~�~7~W~�~W~ :1?
6h~7< � EHGJBQEHR�A�p@pvE L B u B�^HBQE g E@OhB ~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ :�:
6h~ � � �hL ^2OfGJIZUoO0U2\#AmpPpvE L B u B�^HBQE g EPOhB ~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ < �
6h~ � | uProtectAcceptStatement ~7~�~W~7~�~7~�~7~�~7~W~�~7~W~�~W~7~�~7~�~7~�~ < �
6h~ ��� uRemoveEvent ~7~�~7~�~7~W~�~7~W~�~W~7~�~7~�~7~�~7~7~�~7~W~�~W~7~�~7~�~ < {
6h~ � { uAcceptPause ~7~�~7~W~�~W~7~�~W~7~�~7~�~7~�~7~W~�~7~W~�~W~7~�~7~�~7~�~ <�6
6h~ � 6 uEnter ~�~7~W~�~W~7~�~7~�~7~�~7~7~�~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~ <�5
6h~ � 8 uLeave ~7~W~�~W~7~�~7~�~7~�~7~7~�~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~ <;:
6h~ � ? uEnterTimeout ~7~�~7~�~7~W~�~7~W~�~W~7~�~7~�~7~�~7~7~�~7~W~�~W~7~�~7~�~ <�<
6h~ � 5 operator ��� ~�~W~7~�~7~�~7~�~7~7~�~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~ < �

8F~ � � � ^ gaLF` E�U2\ ^2O ^ MQM ^P, + ^oGNESR LXM IZU M IrBN,ti[bFEPbFE ~ ~7~�~7~7~�~7~�~7~�~7~W~�~W~ � | 8
8F~ { � � ^ gaLF` E�U2\ M E ` ^2B�IZY[E�U M RhE M IZOFl IrO0^ DFES^ L&~0~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � | :
8F~76 V�GJIZOFl � � � x i[bFEPbFESG�^oG'E ` E g EPO-B�G;U2\ BQDXE�DXEH^ L&~ ~�~7~7~�~7~�~7~�~7~W~�~W~ �����
8F~98 {�^ MQM ^P, � � � x i[bFEPbFE7DFES^ L&~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ ��� 8

?h~ � u ^ gaLF` E M bFO0GNESijbFE@OfpvE ~#~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � {o{
?h~ { � ^oGJIKp �;M IrU M IrBJ, � OFDFE M IZB�^2Ofp E � � ^ gaLF` E ~ ~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � { 6
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?h~76 u ^ gaLF` E M bFO0GNESijbFE@OfpvE ~#~�~7~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � { 5
?h~98 �;M IrU M IrBJ,%s*EPI ` IZOFl � � ^ gaLF` E ~ ~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � { :
?h~7? � gag EHR-IK^2B�E�s*EPI ` IZOFl � � ^ gaLF` E ~�~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 6 �
?h~75 � � ^ gaLF` E�U2\ � M ^2OfGJIZB�IZY-IZBJ, ~ ~�~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 6 8
?h~ : �;M IrU M IrBJ,�ijbXEPbFEHG*OFEPEHRab L RF^HBQIZOXl �'DFE@O!^�B�^zG ��+ ` U-p �XG�UoO ^ M EHGJUob M pvE ~�~W~ � 6 8
?h~7< � DFEWb ` B�I g ^HBQEy+ ` U-p �[E M p�Df^HOFloEHG'^zG B�^oG �FG'+ ` U-p �aUzO U M�M E ` ES^oGNE M EHGJUob M pvEHG ~ � 6 8
?h~ � ��IqGNIZOXDFE M IrB�^HOfpvE�bfGJIZOFlt^�GNB�^zp � ~'~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 6;:
?h~ � | V L RF^HBQIZOXlaGJB�^ ` E7IZOh\cU MQg ^HBQIZUzOaUoO ^TGJB�^zp � ~ ~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 6�<
?h~ ��� ��IqGNIZOXDFE M IrB�^HOfpvE�bfGJIZOFlt^ ` IKGJB ~ ~7~7~�~7~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 6 �
?h~ � { � EHGNUzb M pvESG�IZO0^ ` IKGJBy^ M E7IrOfRhE L EPOfR-EPOhB ~T~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � 8 |
?h~ � 6 � � ^ gaLF` E LFM IrU M IZBJ,ai[bFEPbXE \cU M pvUobXOhB�IZOFl B�EHp DXOFIKi[bFE ~ ~7~�~7~�~7~�~7~W~�~W~ � 8 {
?h~ � 8 � � ^ gaLF` E uPIQ ~ ~7~�~7~�~7~�~7~7~�~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~ � 8@?
?h~ � ? uEnter ~�~7~W~�~W~7~�~7~�~7~�~7~7~�~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~ � 8&:
?h~ � 5 uOnAcquire ~7~�~7~�~7~�~7~W~�~7~W~�~W~7~�~7~�~7~�~7~7~�~7~W~�~W~7~�~7~�~ � 8@<
?h~ � : uAfterEntry

w � ^ M B � ~7~�~7~W~�~7~W~�~W~7~�~7~�~7~�~7~7~�~7~W~�~W~7~�~7~�~ � 8 �
?h~ � < uAfterEntry

w � ^ M B � � ~7~�~7~W~�~7~W~�~W~7~�~7~�~7~�~7~7~�~7~W~�~W~7~�~7~�~ � ? |
?h~ � � uAdd ~�~7~7~�~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~ � ? �
?h~ {o| ����� G'pvb M�M EPO-B g bFBQE � p Df^HOFloESG B�U���� ~�~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � ?�6
?h~ { � ����� G'pvb M�M EPO-B g bFBQE � p Df^HOFloESG B�U��
	 ~�~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � ?�6
?h~ {o{ ����� G'pvb M�M EPO-B g bFBQE � p Df^HOFloESG B�U��
	 ~�~�~7~W~�~W~7~�~7~7~�~7~�~7~�~7~W~�~W~ � ?�6
?h~ { 6 ��� b L RF^HBQEHG ���� G uPIQ

+FbXB�OFUzB'IZB�G'^opvB�IZY[E LFM IZU M IZBJ, ~�~7~�~7~�~7~W~�~W~7~�~ � ?;:
?h~ { 8 � � pP^HOFOFUoBybfGJE � � � G

uPIQ
BQU�b L RF^2B�E�IrB�G'^op BQIZY[E LFM IrU M IrBJ, ~ ~�~7~W~�~W~7~�~ � ?;:

?h~ { ? uOnRelease ~�~7~�~7~�~7~W~�~7~W~�~W~7~�~7~�~7~�~7~7~�~7~W~�~W~7~�~7~�~ � 5 {

� I �



?h~ { 5 uLeave ~7~W~�~W~7~�~7~�~7~�~7~7~�~7~W~�~W~7~�~7~�~7~7~�~7~�~7~W~�~W~7~�~ � 5�6
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� DFE g U GNB�I gaL U M B�^2O-B ^zG L EHpvB�U2\ ^ M EH^ ` � BQI g E�GN,XGNBQE g IKG�IrB�G ^2+XI ` IrBJ,!BQU g EPEPBWG L EHp I d EHR
BQI g IZOXl�pvUoO GNB M ^2IrOhB�G ~ � O U M RhE M B�U ^op�DFIZE@Y[E BQDFIqG�loU ^ ` w�^ `Z` ^oG L ESpvB�G�UH\�B�DFE�GN,XGNB�E g g bfGNB
+fE LFM EHR-IKpvB�^2+ ` E ~ � DXE�p M IrBQE M IK^�BQU!^zp DXIZEPY[E�BQDFIqG LFM EHRhIqpvB�^H+FI ` IZBJ, M ^2OFlzE \ M U g bfGNIrOFl RF^HB�^
GNB M bfp BQb M EHG �'IrBQD d�� EHR ��U M GJB � pP^oGJE E � EHp bFBQIrUoO BQI g E BQU GQp�DFEHR-b ` IrOFl%B�^oG �XG�bfGJIZOFl ^ ��E `r` �
RhE d OFEHR�^ ` loU M IZB�D g!~

� RhEH^ `r` ,[w[IrO�^oRFR-IZBQIrUoO�BQU�^ GJ,FGJBQE g +fEPIZOXl LFM EHR-IKpvB�^2+ ` E[w[IZB'GJDFUob ` R�^ ` GNU +fE �fE � IZ+ ` Em^2OfR
E � BQEPO GNIZ+ ` E�IrO!U M RhE M \cU M IrB�B�U�+�EtGNbXIZB�^H+ ` E7\cU M ^�RhIZY[E M GNE GNEPBmU2\ M EH^ ` � BQI g EW^ LFLF` IKpP^HBQIrUoOfG ~
� DFE�^H+FI ` IZBJ,�BQU LFM Uzl M ^ g RhI 

E M EPO-B M ES^ ` � BQI g EW^ LFLX` IKp@^2BQIrUoOfG �'IZBQD!B�DFEtGQ^ g E GN,XGNB�E g R-IKG �
pvUzb M ^HloEHG g b ` BQI LX` E�^oR � DFU-p!GJ,FGJBQE g G ^2OfR�EPOfpvUzb M ^HloEHGTB�DFE�E �-LF` UzIZB�^HBQIrUoO UH\7OFE ��IKRhEH^zG ~
� DFE LFM I g ^ M , g UoB�IZYz^2B�IZUzO UH\WBQDFIqG B�DFEHGNIqG IqG B�DFE!p UoOfGJB M b pvBQIrUoO UH\ ^ �fE � IZ+ ` E M ES^ ` � BQI g E
GN,XGNB�E g IrO �ks���� � ��� w 6�? � ~

� s�� � IqG'^�B M ^HOfG ` ^2B�U M ^2OfR M bXOhB�I g E �[E M OXE ` BQDf^HByGNb LFL U M B�G ` IrloD-B ��EPIrloD-B�p UoOfpvb MQM E@Ofpv,
bfGJIZOFl7^7GJDf^ M EHR g E g U M , g U-RhE ` ~ � DFE � s�� � ` ^HOFlob ^2loEmpvUzOfGNB M bfpvB�G;^ M E'B M ^2OfG \cU MQg EHR�IrOhB�U
s�� � +-,%B�DFE B M ^2OfG ` ^2B�U M@~ A M bFOhB�I g E �[E M OFE ` BQU�GJb LFL U M BWpvUoOfp b MQM EPOfpv,0UoO!bFOFI LFM U-p EHGQGJU M

�
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^2O R g b ` B�I LFM U-pvEHGQGJU M ^ M p�DFIrBQEHpvB�b M ESG�IKGk^ ` GNU LFM UHY-IKRhESR ~ � � BQE@OfGNIrUoOfG
B�U �ks���� \cU M M EH^ ` � B�I g E[w
E � pvE L B�IZUzOaDf^2O R ` IrOFlFwfRhE@+FbFlolzIZOFlt^2O R LFM U df` IZOFl�^ M E�UzOFloUzIZOFl ~

� DFE7IKG�GNbFEHG M E ` ^2B�EHRTB�UapvUzOfGNB M bfp BQIZOXl�^ LFM EHRhIqpvB�^H+ ` E M EH^ ` � B�I g EmGN,XGNB�E g ^ M E7E � ^ g IrOFEHR
+-,%p UoOfGJIKRhE M IZOFl ^aGNE ` EHpvB�IZUoO0U2\9G L EHp I d p LFM Uz+ ` E g G B�Df^2B7R-E g UoO GNB M ^2B�E�BQDXE M EHi[bFI M E g EPO-B�G
^2B#Yz^ M IrUobfG ` EPY[E ` G&U2\kBQDXE�GJ,FGJBQE g!~ A�G �#E `Z` woBQDFEmIZO-BQE M ^opvB�IZUoO UH\kBQDFESGNE L ^ M B�G�^ M EyE � ^ g IrOFEHR
�'DFE M E�^ LXLFM U LFM Iq^2BQE ~ � DFESGNEaIqRhEH^oGW^ M EaBQDFE@O I gaLX` E g EPO[BQESR%^oG M EH^ ` � BQI g E E � BQEPOfGJIZUzOfG�B�U
� s�� � ~

����� �! 	 ��" �$#&%�� � " ��	

� DFE M E g ^2IrOfRhE M U2\ BQDFIqG�BQDFEHGJIKGWpvUoOfGJIKRhE M G�\cUob M G L ESpvI d p M EH^ ` � BQI g E LFM Uo+ ` E g G ~ � ^op�D�U2\
BQDXEHGNE LFM Uz+ ` E g G�IKGmRhIKG�pvbfGQGJEHR IrO ^%GNE L ^ M ^2BQEtp�Df^ L B�E M wk^HOfR EH^zp D_p D ^ L B�E M�M UzbFloD ` ,_pvUoO �
GNIqGNB�G UH\ ^ GJEHpvB�IZUoO IrOhB M U-Rhb pvIZOFl_BQDFE LFM Uo+ ` E g w'^�GJEHpvBQIrUoO RhESGQp M IZ+FIrOFl M E ` ^HBQEHR �#U M �
wm^
GNESpvBQIrUoO!R-EHGQp M IZ+FIrOFlt^2O ^ LXLFM U LFM Iq^2BQEtGNU ` bFB�IZUzO ^2OfR d O ^ `Z` ,0^aGNEHp BQIZUzO!RhESGQp M IZ+FIrOFlTB�DFE I g �

LF` E g EPO-B�^HBQIZUzOTUH\*BQDXIKG'GNU ` bFB�IZUzO IrO�� s�� � ~
s*Df^ L BQE M {7pvUoO GNIKR-E M G DXU � g UoOXIZBQU M GkpP^2O�+fE'E � BQEPOfR-EHR�\cU M ^ M EH^ ` � B�I g E#GN,XGNB�E g!~ � UoB�D

IZO-BQE M Of^ ` ^HOfR E � BQE M Of^ ` GQp�DFEHRhb ` IZOFl0pvUzOfGNIqRhE M ^2BQIrUoOfG ^ M E�R-IKGQp bfGQGJEHR ~ � B ^ ` GNU LFM U L U[GJEHG�^
�fE � IZ+ ` E�I gaLF` E g E OhB�^2B�IZUoO�BQU�GJb LFL U M B�Yz^ M IZUob G �-IZOfRXG�U2\ GQp�DFEHRhb ` IZOFl ~

s*Df^ L BQE M 6 RhIKG�pvbfG�GNEHGy^oRFR-IZOFlt^�BQI g EPUobXB g EHp�Df^HOFIKG g \cU M ^op@pvE L ByGJB�^2B�E g EPO-B�G ~
s*Df^ L BQE M 8 RhIqGQpvbfG�GNEHG LXM IZU M IrBN, � +f^oGJEHR G�p DFESRhb ` IrOFl ~ u[L EHpvI d pP^ `Z` , w*^ g E@BQDFU-R \cU M ^oG �

GNIrloOFIrOFl Rh,-Of^ g Iqp LFM IrU M IrBQIrEHGT^HOfR ^ pvU M�M EHG L UoOfRhIrOFl LXM IZU M IrBN, i[bFEPbFE RF^2B�^�GNB M bfpvB�b M E!IqG
LFM U L U[GJEHR ~

s*Df^ L BQE M ? RhIKG�pvbfG�GNEHG�+f^zGNIKp LFM IZU M IZBJ,�IZOFDXE M IrB�^2O pvE�^2OfR ^2O I gtLF` E g EvO-B�^HBQIZUzO�U2\'+ ^oGNIqp
LFM IZU M IZBJ,�IZOFDFE M IZB�^2Ofp E �'IZB�D g bFB�E � Uo+ � EHp B�G�IKG LXM EHGJEPOhB�EHR ~
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� IZO ^ `Z` ,[wFp UoOfp ` bfGNIrUoO0^2O Rt\cbXBQb M E�p UoOfGJIKRhE M ^2B�IZUoO G�^ M EWRhIKG�pvbfG�GNEHRaIZO!s*Df^ L BQE M 5-~
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A g UoOXIZBQU M IKGy^ DXIZloD ` EPY[E ` p UoOfpvb MQM E@Ofpv,�pvUzOfGNB M bfp B�B�Df^2BmpP^2O0+fE�bfGJEHR \cU M IrOfRhI M EHpvB'B�^oG �
GN,-Ofp�D M UzOFI �S^2BQIrUoO_^2OfR pvU gag bXOFIKpP^HBQIrUoO ~ �;M E ` I g IrOf^ M , ��U M � UoO g UoOFIrBQU M G �'^zG�R-UoOFEa+-,
� ^HOfGNEPO � < � ^2O R � U ^ M E � { 8 � ~ � U M ^�BQDFU M UobXloD RhIqGQpvbfG�GNIrUoO�U2\ g UoOFIrBQU M G�GJEPE � bFD M � � | � ~

A g UzOFIZB�U M pvUzOfGNIqGNB�G�U2\ ^�GJEPB�UH\ RF^2B�^�pvUzb LF` EHR �'IZB�D�^�GJEPB*U2\ M UzbFBQIrOFEHG;BQU g ^HOFI L b ` ^HBQE
BQDXIKG�RF^2B�^hw�GJI g I ` ^ M BQU_BQDFE GNB M bfpvB�b M E!UH\W^ p ` ^oGQG ~ � DFE!+ ^oGNIqp \cbFO pvBQIrUoO U2\ ^ g UoOXIZBQU M w
DFU���E@Y[E M w'IKG�BQU�lobf^ M ^HOhB�EPE g bFB�bf^ `r` , E � p ` bfGNIrY[E%^zpPpvEHG�GaBQU�BQDFIqGaRF^HB�^ ^HOfR BQU LFM UHY-IKRhE
^ g EHp�Df^2OFIqG g \cU M GN,-Ofp D M UoOXI �H^HBQIZUzO ~ � U ^zpPpvU gtLF` IqGND BQDFIqG�\cbFOfpvB�IZUoO ^ ` IrBJ,[w;BQDFE g UzOFIZB�U M
M UzbFBQIrOFEHG w;pP^ `Z` ESR��	��
����������
�������� w*^ M EaE � EHpvbFB�EHR �'IZB�D g bFBQbf^ ` E � p ` bfGJIZUoO �'IZB�D M EHG L EHp B
BQU UzOFE ^HOFUoB�DFE M ^HOfR%G L ESpvIK^ ` GNB�^2B�E g EPO-B�G#^ M EW^PYz^2I ` ^2+ ` E�IrO B�DFE g bFBQE � M UobXBQIZOXEHG�BQU�+ ` U-p �
^2O R M ESGNB�^ M B'B�^oG ��E � EHpvbXBQIZUzO ~

� O ^zRFRhIZB�IZUzO B�U%BQDXEHGNEtG L EHpvIq^ ` GJB�^HBQE g E@OhB�G�bfGNESR \cU M GJ,hO p D M UoOFI��H^2B�IZUzO&wkRhEHpvIqGNIZUzOfG M E �
l[^ M RhIrOFl �'DFIqp D�B�^oG �0pP^HO%EPO-BQE M BQDFE g UoOFIrBQU M OFE � By^ M E ^ ` GNU�RhE@BQE M�g IZOFESR +-,�BQDFE �-IZOfR�U2\
g UzOFIZB�U MP~ � DFE g ^ � U M RhI 
>E M EPOfpvEW^ g UoOFl�BQDFEWYz^ M IrUobfG �hIrOfRFG'U2\ g UoOXIZBQU M G M E ` ^HBQE�B�UaDFU��
B�^zG �XG�^oG�GNU-pvIq^2B�EHR �'IZB�D!BQDFE g UoOFIrBQU M ^ M E GQp�DFEHRhb ` EHR ~ A�GyGQp�DFEHR-b ` IrOFlTIqG9\cbXOfRF^ g EPOhB�^ ` B�U

?
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M ES^ ` � BQI g E LFM Uol M ^ gtg IZOFlXw �'DFEPB�DFE M IrB�+fE ^�s � V U M ^2OXUoBQDXE M�M ESGNUob M pvE[wfIZBmIKG'I gaL U M B�^HOhB
BQUt^2O ^ ` ,XGNEW^ `Z` BQDXEHGNEWRhEHp IKGNIrUoOfG;\ M U g ^ M EH^ ` � B�I g E L E M G L EHpvBQIrY[E ~

����� � 	�� � � � � % � �

� Ev\cU M E�pvUzOfGNIqRhE M IZOFl!B�DFE M EH^ ` � BQI g E IKGQGJbFEHG M E ` ^2B�IZOFl0BQU g UoOFIrBQU M G�IrO u EHp BQIZUzO { ~ {-w + ^oGNIqp
g UzOFIZB�U M GNE g ^2O-BQIKp@G ^ M E LFM EHGNE@OhB�EHR�bfGNIrOFl � IZlob M Em{ ~ � ~ � ^zG �XG�EPO-BQE M ^ g UoOXIZBQU M +h,�pP^ `Z` IZOFl
UoOXE�U2\�BQDFE g bFB�E �7M UobXBQIZOXEHG*^oGQGJU-pvIK^HBQEHR �'IrBQD�BQDFE g UoOXIZBQU MP~ � \ ^�B�^oG �TIqG;E � ESpvbFBQIrOFl7IZOfGJIKRhE
BQDXE g UoOFIrBQU M w
B�DFEPO!BQDXE g UzOFIZB�U M IKG M E \cE MQM EHR B�U%^zG	��
 
 �� �a^HOfR(B�DFIKG�B�^oG �0IKG7RhEHGJIZlzOf^2B�EHR
BQDXE ��� ������U2\yB�DFE g UzOFIZB�U M@~ x�B�DFE M �'IKGNE w B�DFE g UzOFIZB�U M IqG M Ev\cE MQM EHR!BQU!^zG ������
 
 ���� ^2OfR
BQDXE g UoOXIZBQU M Df^zG OXU!U �'OXE MP~ A�G�UzO ` , UoOFE�B�^oG � pP^2O�U��'O�BQDFE g UzOFIZB�U M ^2B�^HOh, lzIZY[EPO
BQI g E[wHB�^zG �XG p@^ `Z` IZOFl7IrOhB�U�BQDFE g UzOFIZB�U M;g bFBQE ��M UobFB�IZOFESG g ^S,WOFEPEHR�B�U�+ ` U-p � ~ � DFEHGJE�B�^oG �XG
^ M E M Ev\cE MQM EHRaBQUt^oG	��� 
�������� ��
�� ���%B�^zG �XG ~ � O�loEPOFE M ^ ` wFBQDFEWOFE � B'B�^zG �0p DXU[GNE@O%BQU�U��'O%B�DFE
g UzOFIZB�U M \ M U g ^ g UzOFl7BQDFEHGJE�EPO-B M ,�+ ` U-p �[EHR B�^zG �XG IqG B�DFEyUoOFE�B�Df^2B#Df^oG*+fEPEPO �9^2IZB�IZOFl7B�DFE
` UzOFloESGNB ~ � DFIKG'E 
>EHpvByIKG'bfGJbf^ `r` ,�I gaLX` E g EPO-BQE@RT+h, L bFBQB�IZOFl pP^ `r` IZOXl B�^oG �FGyUoO-BQU�^ d M GNB � IrO
dfM GNB � UobXB�� � � � x��*i[bFEPbXE[w M Ev\cE MQM EHRaBQU�^zG B�DFE ��� 
���� � � ��� � ~

!#"�$%"�$ &('*),+.-/'10325476/8#+:9�;#2�<='1>

A�G LFM EPYhIrUobfG ` , g EPO-BQIZUzOFEHR
w>G L EHp IK^ ` GNB�^HBQE g EPOhB�G�^ M Ea^PYz^2I ` ^H+ ` E B�U%^ `Z` U � ^2O_^opvB�IZY[E B�^oG �
BQU L E M \cU MQg E �hLF` IKpvIrB#GN,-Ofp D M UoOXI �H^HBQIZUzOaIZO�B�DFE g UoOFIrBQU M w M Ev\cE M�M EHRTB�U�^oG ��� 
 ��� �?��� �@
�A �����B�DC
����E ~ � DFIqG�GN,-Ofp�D M UzOFI �S^2BQIrUoO�IKG#^op�DFIZEPY[ESR�bfGNIrOFl pvUzOfRhIrBQIZUzOaYz^ M IK^2+ ` EHG wh^HOfR wait

^2OfR
signal

GNB�^2B�E g EPO-B�G ~ AF
���������
������G����� �H����� �#IKG + ^oGNIqpP^ `r` ,7^mijbFE@bFE�UH\
+ ` U-p �[EHR�B�^oG �FG ~ � U M E � ^ gtLF` E[w
B�^zG �

x
E � EHpvbFB�IZOFlaIrOfGNIqRhE�^ g UoOXIZBQU M p@^2O + ` U-p �%UzO pvUzOfRhIrBQIZUzO Yz^ M IK^H+ ` E B

+h,0E � EHpvbFB�IZOFl
BQDXE7GNB�^2BQE g EPO-B wait B

� GJEPE � Irlob M E�{ ~ {I� ~ ] DFEPOaB�DFIKG*B�^zG ��+ ` U-p �FG whB�DFE g UoOFIrBQU M +fEHpvU g EHG
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�

E � IrB

A

p UoOfRhIrBQIrUoO
�

p UoOfRhIrBQIrUoO

GJDf^ M EHR
Yz^ M Iq^2+ ` EHG

+ ` U-p �[EHRTB�^oG �^zpvBQIrY[E�B�^zG �

�

�

EPO-B M ,ai[bFEPbXE

i[bFEPbFE
GNIrloOf^ `Z` E M

i[bFEPbFE
GJIZlzOf^ `r` EHR

� Irlob M E7{ ~ � � � � ^ gaLF` EmU2\ ^ g UzOFIZB�U M@~

IZO ^opvB�IZY[Et^2OfR ^HOFUoB�DFE M B�^oG � pP^2O +fE0GQp�DFEHR-b ` EHR ~ ] DFE@O�^%GJbF+fGNESijbFE@OhBWB�^oG � IZO GNIKR-ETB�DFE
g UzOFIZB�U M IKGQGJbFEHG�BQDXE�GNB�^HBQE g EPOhB signal B

wkpP^ `r` EHR�BQDFE � � E��?��� � ��� 
 � � �Hwk^aB�^zG �0IKG M E g U2Y[ESR
\ M U g BQDXE%G L EHpvI d EHR�pvUoOfR-IZBQIrUoO i[bFEPbFE0^2O R LF` ^opvEHR UzO ^2OXUoBQDXE M ijbXEPbFE[w#pP^ `r` EHR BQDFE�� � E�C
����� � ��� � � ��� � ~ � DFE�GJIZlzOf^ `r` E M B�^zG �>w;pvb MQM E@OhB ` ,%IrO BQDXE g UzOFIZB�U M w IqG�BQDFEPO LF` ^zpvEHR!UoO B�DFE
� � E������ � ��� � � � � � ~ � ^oG �XG�^ M EyBJ, L IqpP^ `r` , M E g UHY[EHR \ M U g EH^zp D�U2\�BQDFEmGNIrloOf^ `Z` ESRT^HOfRTBQDXE�GJIZl �
Of^ `Z` E M i[bFEPbFEHG*IZO � � � x U M RhE MP~ ] DXEPOaBQDXE�GJIZlzOf^ `r` E M B�^zG �a+ ` U-p �FG whBQDXE g UoOFIrBQU M +fEHpvU g EHG
IZO ^opvB�IZY[E7^Hl[^2IrO!^HOfR�^2OFUzBQDFE M B�^zG �0pP^HO +fE GQp�DFEHRhb ` EHR � GNEPE � Irlob M E7{ ~76 � ~

� ^oGJEHRaUoO�BQDFE RhIKG�pvbfGQGJIZUzO%GJU�\ ^ M whBQDXE M E7^ M E7BQD M EPE �9^P,FG*BQDf^HBy^2O0^opvB�IZY[E g UoOXIZBQU M pP^HO
+fEHpvU g E�IrOf^op BQIZY[E woI ~ E ~ w[^7B�^zG ��pP^HOaE �-LF` IqpvIZB ` ,7E � IZB*BQDXE g UoOXIZBQU M w[^�B�^oG �apP^HOa+ ` U-p ��IZOfGJIKRhE
BQDXE g UzOFIZB�U M +-, IKG�GNbFIrOFl�B�DFE wait

GNB�^2B�E g EPO-B;U M ^7B�^oG �ap@^2O�+ ` U-p � IZOfGJIKRhE'B�DFE g UoOFIrBQU M +-,
IKG�GNbFIrOFlaB�DFE

signal
GNB�^2BQE g EPO-B ~ ] DFE@O!BQDFE g UoOFIrBQU M +�ESpvU g ESG IrOf^opvB�IZY[E[w-BQDFE M E ^ M E B�D M EPE

i[bFEPbFEHG�\ M U g �'DFIqp D0^TB�^oG �!pP^HO L UzBQEPO-BQIq^ `r` ,�+fE GNE ` EHpvB�EHR B�UT+fEHp U g EWBQDFEWOFE � B g UzOFIZB�U M
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E � IrB

A

p UoOfRhIrBQIrUoO
�

p UoOfRhIrBQIrUoO

GJDf^ M EHR
Yz^ M Iq^2+ ` EHG

+ ` U-p �[EHRTB�^oG �^zpvBQIrY[E�B�^zG �

�

EPO-B M ,ai[bFEPbXE

i[bFEPbFE
GNIrloOf^ `Z` E M

i[bFEPbFE
GJIZlzOf^ `r` EHR

�

� IZlob M EW{ ~ { � � ^oG � � + ` U-p �FG�UzO!pvUzOfRhIZB�IZUzO%i[bFEPbXE ��~

b

E � IZB

A

pvUoOfR-IZBQIrUoO
�

pvUoOfR-IZBQIrUoO

GNDf^ M EHR
Yz^ M IK^2+ ` EHG

+ ` U-p �[EHRTB�^zG �^op BQIZY[EmB�^oG �

EPO-B M ,ti[bFEPbFE

ijbFE@bFE
GNIrloOf^ `Z` E M

ijbFE@bFE
GNIZlzOf^ `r` EHR

�

�

� IZlzb M EW{ ~ 6 � � ^oG � ��GJIZlzOf^ ` G�pvUzOfRhIrBQIZUzO�Yo^ M Iq^2+ ` E ��~
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U��'OFE M w;I ~ E ~ w B�DFEaEPO-B M ,[w B�DFE�GJIZloO ^ `Z` E M U M BQDFE GNIZlzOf^ `r` EHR_ijbFE@bFE ~ A�G�B�DFEaB�^oG �XG�+ ` U-p �[EHR
UoO�EPIrBQDFE M B�DFE7GJIZloO ^ `Z` E M i[bFEPbXE�U M BQDFE7GJIZlzOf^ `r` EHRai[bFEPbXE�^ M E7+ ` U-p �[EHR IZOfGJIKRhEyBQDXE g UoOXIZBQU M w
BQDXEHGNE�i[bFEPbXEHG�^ M E M Ev\cE MQM ESR(B�U ^oG ��� 
 ��� �����7� � ��� ��� w �'DFE M EH^zG�BQDFE�p@^ `Z` IZOFl�B�^oG �XG�UoO�B�DFE
EPO-B M , ijbFE@bFEa^ M Ea+ ` U-p �[EHR(UzbFB�GJIKRhE�BQDXE g UoOXIZBQU M wk^2O R B�DFIKG7i[bFEPbFE�IKG M Ev\cE MQM ESR(B�U!^oG ^HO
��� 
 ��� ������� � ��� � ~ � UzBQE*BQDf^HB B�DFE#pvUoO RhIZB�IZUoO ijbXEPbFEHG&^ M E*OFUoB pvUzOfGNIqRhE M ESR�R-b M IrOFl�G�p DXEHRhb ` IZOFl
RhEHp IKGNIrUoOfG&^zG B�DFE*B�^zG �XG UoOWBQDFEHGJE#ijbFE@bFEHG&^ M E*+ ` U-p �[EHR �'^HIZBQIrOFl'BQUy+fE'GJIZloO ^ `Z` EHR
wH^HOfR�DFE@OfpvE[w
OFUzB�,[EPB*E ` IZloIr+ ` E�\cU M�M E � E@OhB M , IZO-BQUWBQDFE g UoOFIrBQU MP~ � DFE7RhESpvIKGJIZUoO ^oG B�U�B�DFE�U M RhE M IZO �'DFIqp D
BQDXEHGNEWBQD M EPE i[bFEPbFESG'^ M E�p UoOfGJIKRhE M EHR IqG�R-EPBQE M�g IZOXEHR +-,�BQDFE �hIrOfR UH\ g UoOFIrBQU MP~ � UzB�UzO ` ,
IKG;B�DFE'U M RhE M IZO �'DFIqp D B�DFEHGJE�B�D M EPEyi[bFEPbXEHG;^ M E�p UoOfGJIKRhE M EHR d�� EHR�\cU M ^ L ^ M BQIKp b ` ^ M �hIrOfR U2\
g UzOFIZB�U M wP+XbFB g UoOFIrBQU M G&^ M E�BJ, L IKpP^ `Z` ,mp ` ^oGQGJI d ESR�^op@pvU M RhIZOFlyBQUyBQDXIKG&U M R-E M � GNEPE � bFD M � � | � � ~

xyOFE�E � ^ gaLX` E�UH\ ^�bfGJEv\cb ` �-IZOfRTUH\ g UoOXIZBQU M � L ^2loESG : { � :16 w � bFD M � � | � �kIKG*BQDFE LFM IZU M IZBJ,
OFUzO � + ` U-p �hIrOFl g UoOXIZBQU MP~0� E M E[w � � ����� ��
H� M Ev\cE M G7BQU!B�DFE LFM U L E M BJ, BQDf^HB IZO-BQE M Of^ ` i[bFEPbFESG
^ M E�lzIZY[EPO LFM Ev\cE M EPOfp E�UHY[E M E � B�E M Of^ ` ijbXEPbFEHG w
^HOfR � ��� C�� � ��
�� ����E M Ev\cE M G�BQUaB�DFE LFM U L E M BN,
BQD ^2ByBQDFEWGNIrloOf^ `Z` E M ijbXEPbFE7IKG'G�p DFESRhb ` ESR d M GNBm^ g UoOFl B�DFE7BQD M EPEWijbFE@bFEHG ~ ] IZB�D�BQDFIqG �-IZOfR
U2\ g UoOFIrBQU M woBQDXE7GNIrloOf^ `Z` E M i[bFEPbXE'Df^oG�DFIrloDFESGNB LFM IrU M IZBJ,[wo\cU `r` U���EHR�+-, BQDXE7GNIrloOf^ `Z` ESRTi[bFEPbFE
^2O R B�DFEyEPOhB M ,�i[bFEPbFEmDf^oG ` U �#EHGNB LFM IZU M IZBJ, ~ A�OXUoBQDXE M �-IZOfR�U2\ g UzOFIZB�U M IKG*BQDFE�OXU LFM IZU M IZBJ,
OFUzO � + ` U-p �hIrOFl g UzOFIZB�U MP~ ] IrBQD ^yOFU LFM IZU M IZBJ,7OFUoO � + ` U-p �-IZOXl g UoOXIZBQU M wPB�DFEyGNIrloOf^ `Z` E M i[bFEPbFE
IKG7GJBQI `r` loIrY[EPO!DFIrloDFEHGJB LFM IZU M IZBJ,0+FbFB7BQDFEtGNIrloOf^ `Z` EHR i[bFEPbXE�^2OfR E@OhB M , i[bFEPbFE Df^PY[E�EHi[bf^ `
LFM IZU M IZBJ,[w#GNU UzOFE!IZO-BQE M Of^ ` ijbFE@bFE%IqG OFUzBaloIrY[EPO LFM IrU M IZBJ,�U2Y[E M BQDFE0E � B�E M O ^ ` ijbFE@bFE ~ � \
B ��UaU M7g U M E i[bFEPbFEHG'Df^PY[E EHi[bf^ ` LFM IrU M IrBJ,[w�UH\cBQEPO � � � x U M RhE M IZOFl�^zp M U GQG�BQDXE�ijbFE@bFEHG�IqG
GNb LFL U M B�EHR IrOaBQDXE�I gaLF` E g E@O[B�^2B�IZUzOT+-, g E M lzIZOFlWBQDFEHGJE7i[bFEPbFEHG ~ � B�IKG�I gaL U M B�^2O-B�B�U OFUoB�E
BQD ^2B7OFUoBW^ `Z` U M RhE M IrOFl[G�\cU M G�p DXEHRhb ` IZOFlaB�DFEHGJE BQD M EPE�ijbXEPbFEHG M EHGNb ` B7IZO!bfGJEv\cb `;g UoOFIrBQU M G ~
� U M E � ^ gaLX` E[w>^2O-,!U M RhE M IrOFl�IZO �'DFIKp�D!BQDXETEPO-B M ,!i[bFEPbFE�IKG�lzIZY[EPO!DFIrloDFESGNB LFM IrU M IZBJ,!pP^HO
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M ESGNb ` B�IZO_GNB�^ M Yo^HBQIrUoO ^2OfR�GJ,hOfp�D M UoOFI��H^2B�IZUoO_RhI ��pvb ` BQIrEHG �'IZB�D B�^oG �XG�+ ` U-p �[EHR!IZO GNIKR-ETB�DFE
g UzOFIZB�U MP~

] DFI ` E�B�D M E@E�i[bFEPbFESG E � IqGNB;\ M U g ^7BQDFEPU M EPB�IKpP^ `fL UzIZO-B�UH\kYhIrE �7woBJ, L IKpP^ `Z` , ^2B g U[GJB B �#U
i[bFEPbFEHG*^ M E�OFE@EHRhEHR BQUWI gaLF` E g EPOhBk^ g UoOXIZBQU MP~ � U M�g ^ `r` ,[wHUoOFEmU2\kBQDXE7GNIrloOf^ `Z` E M i[bFEPbXE�U M
BQDXEaGJIZloO ^ `Z` EHR!i[bFEPbFEtpP^2O +fETE ` I g IZOf^HBQEHRa\cU M7LFM IrU M IZBJ, g UzOFIZB�U M Gvw
+fEHpP^HbfGNEtUoOFE�U2\9BQDFEHGJE
i[bFEPbFEHG;Df^zG'^ g ^ � I g b g GNI��PE'U2\kUzOFE ~ � DFIqG�i[bFEPbFEyDf^oG#^ g ^ � I g b g GNI��PE�UH\kUoOFEm+�ESpP^2bfGJE
B�^zG �XG�^ M E7UoO ` , LF` ^zpvEHRaUoO�BQDXEHGNEWi[bFEPbFEHG#^oGy^ M EHGJb ` B'UH\*^ signal

GJB�^HBQE g E@OhB ~ AmG'^ signal
GNB�^2B�E g EPO-BypP^2b GNEHG�B�DFE g UoOFIrBQU M BQUt+�ESpvU g E7IrOf^opvB�IZY[E[w M EHi[bFI M IZOFl�^aG�p DXEHRhb ` IZOFltRhEHpvIqGNIrUoO&w
BQDXETB�^oG � LX` ^op EHR%UoO BQDFE�DFIrloDFEHGJB LFM IrU M IrBJ,%i[bFEPbXE IKG�I gag EPRhIq^2B�E ` ,tGNE ` EHpvB�EHR!^oG�BQDXETOFE � B
B�^zG �0BQU�E � EHpvbFB�E�IrOfGNIqRhE�B�DFE g UzOFIZB�U MP~ � Dhb Gvw
B�DFE�^opvB�bf^ ` ijbFE@bFE�IqG�E ` I g IZO ^2BQESRa^2OfR!^HOh,
B�^zG ��BQD ^2B �#Uob ` R Df^PY[E7+fEPEPO LX` ^op EHR UzO!BQDFIqG�i[bFEPbFE7IqG�RhI M EHp B ` , g ^zRhE7BQDFEWOFE � g UzOFIZB�U M
U��'OFE M@~
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A�O IrOhB�E M ESGNBQIrOFl�E � BQEPOfGJIZUzO B�U!BQDFE g UoOXIZBQU M RhEHGQp M IZ+fEHR +h, � U ^ M E � { 8 � IqG�B�DFEaOFUzBQIZUzO�U2\
��� 
 ��� �������@
�A �����B� ����E ~ ] IZBQDtE � B�E M O ^ ` GQp�DFEHRhb ` IZOXlFw[BQDFE RhEHpvIqGNIZUzO M EPl[^ M RhIrOFl �'DFIqp DaB�^oG �TIqG
^ `r` U���ESR%BQU�E � EHpvbFB�E�IZO GNIKR-E BQDFE g UoOXIZBQU M OXE � BmIKG g ^oR-E�+-, GNE ` EHpvBQIrOFlt^ L ^ M B�IKpvb ` ^ M B�^oG �
�'^HIZB�IZOFl�UobXB�GNIqRhE�BQDFE g UoOXIZBQU M UoO B�DFETE@OhB M ,!i[bFEPbXE ~ � � BQE M Of^ ` GQp�DFEHR-b ` IrOFlaIKG�BJ, L IKpP^ `Z` ,
^op�DFIrEPY[EHR�+-, BQDFE g UoOXIZBQU M U��'OFE M G L EHpvIe\c,hIrOFl �'DFIKp�Dap@^ `Z` G BQU g bXBQE �WM UobXBQIZOXEHG*^ M E pvUoOfGJIKR �
E M EHR 
 ��� � ����� � ~ xyO ` , ^�B�^oG ��pP^ `Z` IrOFl UoOXE�UH\;B�DFEHGJE�p@^ `Z` ^2+ ` E g bFBQE � M UobFB�IZOFESG�IKG L E MQg IZBQB�EHR
BQU_EPOhB�E M BQDXE g UzOFIZB�U M �'DFEPO BQDFE0OFE � BaG�p DXEHRhb ` IZOFl_RhEHpvIqGNIrUoO�IKG g ^oR-E[w I ~ E ~ w �'DXEPO B�DFE
g UzOFIZB�U M +fEHpvU g EHG&IZOf^zpvBQIrY[E ~ � ^zG �XG;+ ` U-p �[EHR�IZO GNIKR-E'BQDFE g UzOFIZB�U M ^ M E'bfGJbf^ `r` , OFUzB#pvUoOfGJIKR �
E M EHR �'DFEPO!E � BQE M Of^ ` GQp�DFEHRhb ` IZOXl�RhEHpvIqGNIrUoOfG�^ M E g ^zRhE ~ A�pvU gtg UoO�I gtLF` E g EPO-B�^HBQIZUzO�U2\
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E � BQE M Of^ ` GQp�DFEHRhb ` IZOFlXwobfGJIZOFlW^2O ��
 
 � � 
 � 
 ��
 ��� ��� 
5w-IKG*RhEHG�p M Ir+�ESR�+�E ` U��7w[+FbFB;UzBQDFE M I gaLF` E �
g EPO-B�^HBQIrUoOfG�UH\*E � BQE M Of^ ` G�p DFESRhb ` IrOFl Df^PY[E7+fEPEPO LXM U L U GNEHR
w>IZOfp ` bfRhIrOFl LFM UzBQEHp BQEHRaEPO-B M IZEHG
IZO0A�RX^ � ? � � whU L E M ^2B�IZUzO!^PY[UoIqRF^2Ofp E�IrO u , `ZL D � � : � ^HOfR L ^2BQD0E �-LFM EHG�GNIrUoOfG � { � ~

A�OW^opPp E L B&GJB�^HBQE g E@OhB>pvUzOfGNIqGNB�G&U2\ ^ ` IqGNB>U2\ pP^ `r` ^2+ ` E g bFBQE �'M UobXBQIZOXEHGvwPE ~ l ~ w accept(
���

,
���

) ~ ] DFEPO ^�B�^zG ��IrOfGNIqRhE�B�DFE g UzOFIZB�U M E � ESpvbFBQESG&^2O�^op@pvE L B GNB�^2BQE g EPO-BPwHBQDFIqG B�^oG �W+ ` U-p �XG
�'^HIZB�IZOFl�\cU M ^HOFUoB�DFE M B�^zG ��BQUWpP^ `r` UoOXE�UH\&BQDXE�G L ESpvI d ESR g bFBQE ��M UzbFBQIrOFEHG7� GJEPE � IZlob M Ey{ ~98 � ~
� DFE�B�^zG ��E � EHpvbFB�IZOFl!B�DFE0^opPp E L B�GNB�^2B�E g EPO-B�IqG M Ev\cE M�M EHR BQU_^oG BQDFE ��
 
 � � 
 ��� ^2OfR�BQDFIqG
B�^zG �aIqG'GQ^HIKRaBQU�+fE ��
 
 � � 
%� � ��
�� ��� �'DFI ` E �'^HIZB�IZOFl7\cU M BQDFIqG'pP^ `r` BQU U-p@pvb MP~ � ^oG �FG'+ ` U-p �[EHR
IZO GNIKR-E�B�DFE g UoOXIZBQU M ^ M E�OXUoBmpvUoOfGJIKRhE M EHR �'DXEPO%B�DFEW^opPpvE L BQU M'M E ` IZOfi[bFIKGJDFEHG*U �'OXE M GJDFI L U2\
BQDXE g UzOFIZB�U M +-,�^opPpvE L B*+ ` U-p �hIrOFl ~ xyO ` ,�^7B�^oG �a^ `ZM EH^oRh,�+ ` U-p �[EHR�UzO�BQDFEyEPO-B M ,�i[bFEPbXE�U M
GNbX+fGNEHi[bFEPO-B ` ,0pP^ `r` IZOXlTIrOhB�UTUzOFE U2\#BQDXE G L EHp I d EHR g bFB�E �TM UobFB�IZOFESG�IKG�^ `Z` U �#EHRaEPO-B M ,�IrOhB�U
BQDXE g UoOFIrBQU M � GJEPE � Irlob M E%{ ~ ? � ~ � O loE@OFE M ^ ` w*BQDFE0^zpPpvE L B�U MWg bfGJB �9^2IZB�\cU M BQDFE0pP^ `Z` IZOFl
B�^zG �aB�U�E � IZB*B�DFE g UzOFIZB�U M +fEv\cU M E�IrB'pP^HO�pvUzOhB�IZO-bFE ~ � EHi[bFI M IZOFl7B�DFE7pP^ `Z` IrOFl�B�^oG �TB�U d OFIKGJD
dfM GNB7^ `Z` U��yG�IrB�B�U0GQ^2B�IKG \c, �'Df^HBQEPY[E M pvUzOfRhIZB�IZUzOfG�BQDXE ^op@pvE L B�U M�g ^P, M EHi[bFI M E�BQU pvUoO-BQIrOhbFE
E � EHpvbFB�IZOFlXw-^oG ��E `r` ^oG w LFM UHY-IKRhIrOFl�^ g EPB�DFU-R \cU M GN,-Ofp D M UoOXI �H^HBQIZUzO&wfpP^ `Z` ESRa^ � ���?� ��� � ��� � ~

� U���EPY[E M w;IZBWIKG�^ ` GNU L U[G�GNIZ+ ` E \cU M B�DFIKG p@^ `Z` IZOFl0B�^zG ��BQU_GNbF+ GNEHi[bFEPO-B ` , + ` U-p �_UoO ^HO
^op@pvE L ByGJB�^2B�E g EPO-B��'DFI ` E�IZO�B�DFE g UzOFIZB�U M wX^2OfR>wFIZO�U M RhE M BQU g ^2IZO-B�^HIZOaB�DFE7RhESGQp M IZ+fEHR�GNE �
g ^HOhB�IKpPG wPB�^oG �FGk+ ` U-p �[EHR�UzO�^opPp E L B GNB�^HBQE g EPOhB�G&^ M E M EHGJB�^ M BQEHR7IZO ` ^oGJB � IZO dfM GNB � UzbFB#� � � � x��
U M RhE M@~ � DFIqG U M RhE M IrOFlmpP^2O +fE�I gaLF` E g E@OhB�EPR�+-,7bfGNIrOFlm^�GNB�^op �
w[p@^ `Z` EHR�BQDFE ��
 
 � � 
 ��� � 
 ��
��Sw
\cU Myg ^HOf^2lzIZOFl B�DFEW^opPpvE L B�+ ` U-p �[ESR B�^oG �FG ~
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E � IrB

A

pvUzOfRhIrBQIZUzO
�

pvUzOfRhIrBQIZUzO

GND ^ M ESR
Yo^ M Iq^2+ ` EHG ^zpPpvE L B�U M GJB�^op �

� �

���

� �

EPOhB M ,tijbXEPbFE
� �
��� �

pP^ `Z` ESR g bXBQE � M UobFB�IZOFE��

UoB�DFE M + ` U-p �[EHRTB�^oG �XG^zpPpvE L B�U M B�^oG � pP^ `Z` IZOFlWB�^oG �
� IZlzb M EW{ ~ 8 �#A�pPp E L B�+ ` U-p �hIrOFl�IrO%^ g UzOFIZB�U MP~

E � IZB

A

pvUoO RhIZB�IZUoO
�

pvUoO RhIZB�IZUoO

GNDf^ M EHR
Yz^ M IK^H+ ` EHG ^opPp E L BQU M GNB�^op �

EPO-B M ,�i[bFEPbFE
� �
� � �

pP^ `r` EHR g bFB�E � M UzbFBQIrOFE��

UoB�DFE M + ` U-p �[ESRTB�^zG �XG^opPp E L BQU M B�^zG � pP^ `r` IrOFl B�^zG �

� �

���

� Irlob M E7{ ~7? �'xyO ` ,tG L EHpvI d EHRaEPO-B M ,�pP^ `r` G#^ M E ^ `r` U���EHR�IZO�BQDFE g UzOFIZB�U M@~



� � ��� � ��������
������ � � 6

!#"�$%"�� &('*),+.-/'1032 0 '19 ��� ),+.-/'10325476/8#+:9�;#2�<='1>

] DFEPO!IrOhB�E M O ^ ` ^HOfR(E � B�E M Of^ ` G�p DXEHRhb ` IZOFlt^ M EapvU g +XIZOFEHR>wfpvUoO�� IKpvB7p@^2O U-pPpvb M � GNEPE � IZl �
b M E%{ ~ 5 � ~ � DFE LFM Uo+ ` E g IqG RhEPB�E MQg IrOFIZOXl DXU ��^op@pvE L B�GJB�^2B�E g EPO-B�G d B IZO-BQU0BQDFE�EH^ MQ` IZE M
RhIqGQpvbfG�GNIrUoO UoO IZO-BQE M Of^ ` G�p DXEHRhb ` IZOFl ~ ��bFE�BQU�BQDXE�GNB M IKpvBWGJE g ^2O-BQIqpPG�I gtL U GNEHR%+-, ^op@pvE L B
GNB�^2B�E g EPO-B�G whDf^PY-IZOFltGNE L ^ M ^HBQE�i[bFEPbFESG \cU M IrOhB�E M Of^ ` ^2OfR�E � BQE M Of^ ` GQp�DFEHRhb ` IZOXl�pP^2O pP^2bfGJE
L UoB�EPOhB�IK^ ` GNB�^ M Yz^2B�IZUzO ^HOfR GJE g ^HOhB�IKp LFM Uz+ ` E g G ~ ] IZB�D E � BQE M Of^ ` GQp�DFEHRhb ` IZOFlXw;OFUoB UzO ` ,
g bfGNB*BQDXE7pP^ `r` IrOFl7B�^oG �aDf^PY[E�DFIrloDFESGNB LXM IZU M IrBN, wj+XbFB�B�DFE7^op@pvE L B�U M�g bfGJB +fE7BQDXE�OFE � B�B�^oG �
BQUmE � ESpvbFBQE��'DFE@O BQDFE9pP^ `r` IZOXl�B�^oG �WE � IZB�G&BQDXE g UzOFIZB�U M w��'DFIqp D g EH^2O G G�p DFESRhb ` IrOFl'IZB ^2DXEH^oR
U2\�B�^zG �XG UzOTIrOhB�E M O ^ ` G�p DFESRhb ` IrOFl7i[bFEPbFESG ~ � DXE \cU `Z` U��'IrOFl7RhIqGQpvbfG�GNIrUoOtpvUoOfGJIKRhE M G B�DFE�U M RhE M
IZO �'DXIKp�D�BQDXE'^op@pvE L B�U M GJB�^op � p Uob ` R�+fEyGQp�DFEHRhb ` EHR M E ` ^2BQIrY[E*BQU�B�DFE'UoB�DFE M IrOhB�E M Of^ ` i[bFEPbXEHG ~

� \�B�DFE!^zpPpvE L B�U M GJB�^op ��Df^oG ` U��#E M LFM IrU M IZBJ, B�Df^2O BQDFE0UoB�DFE M IZO-BQE M Of^ ` ijbFE@bFEHGvw*BQDXEPO
�'DFEPO ^ pP^ `Z` IrOFl B�^oG � E � IZB�G ^ g UzOFIZB�U M w#BQDFE ^opPpvE L BQU MTg ^P, OXUoBa+fE!BQDXE%OFE � B�B�^oG � B�U
E � EHpvbFB�E ~ � O%B�DFE�E � ^ gaLF` EmloIZY[E@O IrO � Irlob M E { ~ 5 w>BQDFE ^opPpvE L BQU M �#Uob ` R OFUzB�+fE GQp�DFEHR-b ` EHR
�'DFEPO�B�DFEWpP^ `r` IZOXl B�^oG �aE � IZB�G�+�ESpP^2bfGJE7B�^oG �FG'E � IKGJB'UoO�BQDFE7UzBQDFE M IZO-BQE M Of^ ` i[bFEPbFEHG ~

xyO B�DFE7UoB�DFE M Df^HOfR
wFI \kB�DFEW^opPp E L BQU M GJB�^op �aIqG�loIZY[E@OaDFIZlzDFE M#LFM IrU M IrBJ,TB�Df^2O�BQDXE�UzBQDFE M
IZO-BQE M Of^ ` ijbFE@bFEHGvwzBQDFEPO ^�pP^ `Z` IrOFl'B�^zG � pP^2OFOXUoB;E gtLF` UH,yBQDFE9GNIZlzOf^ `r` IrOFl \ ^zpvI ` IZB�IZEHG
IrO ^'bfGNEv\cb `
g ^HOFOFE M@~ A'\cBQE M ^�pP^ `Z` IrOFlyB�^oG � L E M \cU MQg G ^7GNIrloOf^ ` woB�DFE g UoOFIrBQU Mkg bfGNB g ^��[E#^�G�p DXEHRhb ` IZOFl
RhEHp IKGNIrUoO � GNE@E � Irlob M E'{ ~ : � ~ � \fBQDXE'^op@pvE L B�U M GNB�^zp �WDf^oGkDFIZlzDFE MkLFM IrU M IrBJ,[w2B�DFEPOWBQDFE9^opPpvE L BQU M
IKG M EHGNB�^ M B�EHR!EPY[EPO%B�DFUobXloD B�DFEap@^ `Z` IZOFltB�^oG � D ^oG�OFUoBWE � IZBQESR BQDXE g UzOFIZB�U M w
OFU M Df^oG�B�DFE
GNIrloOf^ `Z` EHR�B�^zG � E � EHpvbFB�EHR ~ � O BQDFIqG;GNIrBQbf^HBQIrUoO&w[IZB IKG g U M Ey^ LFLFM U LFM Iq^2B�E \cU M ^�B�^oG � UoO�EPIZB�DFE M
BQDXE�GJIZloO ^ `Z` EHR�ijbFE@bFE�U M GNIZlzOf^ `r` E M i[bFEPbFE'B�U�+fE7G�p DFESRhb ` ESR�OFE � B +fEHp@^2bfGJE�B�DFE�p@^ `Z` IZOFl7B�^oG �
g ^P,�Df^PY[E LFM E L ^ M EHR�GNU g E�E@Y[EPOhB;\cU M B�DFEWGNIZlzOf^ `r` EHRaB�^oG � ~

� O�+fUzBQD p@^oGNESGvwoDf^PY-IZOFlyGJE L ^ M ^2B�E'i[bFEPbFESG�\cU M IZO-BQE M Of^ ` ^2O R�E � BQE M Of^ ` G�p DXEHRhb ` IZOFl M EHGJb ` B�G
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E � IZB

A

pvUoOfR-IZBQIrUoO
�

pvUoOfR-IZBQIrUoO

GJDf^ M EHR
Yz^ M IK^2+ ` EHG

EPO-B M , ijbFE@bFE

GJIZlzOf^ `r` EHRi[bFEPbFE

i[bFEPbFE
GNIrloOf^ `Z` E M

^zpPpvE L B�U MGJB�^op �

^opPpvE L BQU M B�^oG � UzBQDFE M + ` U-p �[EHR�B�^oG �FG pP^ `r` IZOXl�B�^zG �
� Irlob M E�{ ~ 5 � � O-BQE M Of^ ` ^2O R E � BQE M Of^ ` G�p DXEHRhb ` IZOFlWIZO0^ g UoOFIrBQU M@~

E � IrB

A

pvUzOfRhIrBQIZUzO
�

pvUzOfRhIrBQIZUzO

GND ^ M ESR
Yo^ M Iq^2+ ` EHG

EPO-B M ,ai[bFEPbFE

GNIrloOf^ `Z` EHRijbFE@bFE

ijbFE@bFE
GJIZlzOf^ `r` E M

^opPp E L BQU MGNB�^op �

^zpPpvE L B�U M B�^oG � UoB�DFE M + ` U-p �[EHRTB�^oG �XG pP^ `Z` IZOFl B�^oG �
� IZlzb M E7{ ~ : � s#^ `Z` IrOFl B�^zG � L E M \cU MQg G#^TGJIZlzOf^ ` ~
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IZO LFM Uz+ ` E g G ~ � DXE g U GNB M EH^zGNUoO ^2+ ` E'GNE g ^2O-BQIqpPG&^ M E�Uo+XB�^2IrOFEHR �'DFEPO�B�DFE�B�^oG �FG;^zGQGJU-pvIK^HBQEHR
�'IZB�D ^opPpvE L B�GNB�^2BQE g EPO-B�G7^ M E%IZO-BQE@l M ^HBQEHR IZO-BQU!BQDXE E � IqGNBQIrOFl g UoOFIrBQU M RX^2B�^ GNB M bfp BQb M EHG ~
� DFIqG IZO-BQE@l M ^HBQIrUoOaIqG�^op�DFIrEPY[EHR�+-,TbfGJIZOFlWBQDFE GNIZlzOf^ `r` E M ^2OfRtGNIZlzOf^ `r` EHRtijbFE@bFEHG B�U G�p DFESRhb ` E
pP^ `Z` IrOFl!^HOfR ^zpPpvE L BQU M B�^oG �FG�^oG �#E `Z` ~ � DFEa\cU `r` U��'IZOXl ^2Of^ ` ,XGNIKG GJDFU��yG B�DFE0pvUoO GNB M ^2IrOhB�G
BQD ^2B g bfGJB�+fEWRhEH^ ` B �'IZB�D ~

� U_+�E@loIZO�w�p UoOfGJIKRhE M BQDXE!GNE g ^2O-BQIqpPG�UH\�IrOhB�E M O ^ ` GQp�DFEHR-b ` IrOFl � GJEPE ` Ev\cBaGJIKRhE�UH\ � IZl �
b M E�{ ~ < � ~ � I M GNB@w&^TB�^zG �!IrOfGNIqRhE�B�DFE g UoOXIZBQU M + ` U-p �FG�UzO ^�pvUoOfR-IZBQIrUoO!Yz^ M IK^H+ ` E � Wait C

� ~
A'B*GNU g E L UoIZO-BPw-^HOFUoB�DFE M B�^oG � EPOhB�E M G;B�DFE g UoOXIZBQU M w[G�^2B�IKG d EHG B�DFE�p UoOfRhIrBQIrUoOfG M ESijbFI M EHR�+-,
BQDXE�+ ` U-p �[EHR B�^oG � � Prepare X

�#^2O R GJbF+fGJEHijbXEPOhB ` ,tGNIrloOf^ ` G�BQDXE�+ ` U-p �[EHRTB�^zG � � Signal C
� ~

��E L EPO RhIZOFlWUoO�BQDXE �-IZOfR�U2\ g UzOFIZB�U M w �'DFE@OaBQDFE GNIZlzOf^ ` U-pPpvb M G EPIrBQDFE M B�DFE7GJIZloO ^ `Z` EHRTB�^oG �
� � � �mU M B�DFEtGNIZlzOf^ `r` E M B�^oG � � � � �yIKGWGQp�DFEHRhb ` EHR%OFE � B	� Use X

� ~ �c] DFI ` ETIrB7IKG7^ ` GNU L U GQGNI �
+ ` E�\cU M ^aB�^zG �0UoO BQDFE EPO-B M ,0ijbFE@bFE BQU�+fE�GQp�DFEHRhb ` EHR�OFE � BPw&RhE L E@OfRhIZOXlaUoO BQDFE��-IZO R%U2\
g UzOFIZB�U M wHBQDXIKG*GNIrBQbf^HBQIZUzO IKG U g IZB�BQEHR7+fEHpP^2b GNE'BQDXE'IZO-BQE M Of^ ` ^HOfR�E � BQE M Of^ ` GQp�DFEHRhb ` IZOFlmRF^HB�^
GNB M bfp BQb M EHG�pP^HOFOFUzB'+�E g E M lzEHR�\cU M B�DFIKG
�hIrOfR U2\ g UoOFIrBQU M � GNEPEy+fE ` U�� ��� ~ A�G*BQDFE7GJIZlzOf^ `r` E M
B�^zG � g bfGJB�U��'O B�DFE g UzOFIZB�U M IZO_U M R-E M BQU L E M \cU M�g B�DFE�GJIZloO ^ ` w;IrB�IqG L U[G�GNIZ+ ` Ea\cU M BQDFIqG
B�^zG �0BQU0GQ^HBQIKG \c,!^HOh, pvUoOfR-IZBQIrUoOfG M EHi[bFI M EHR +-,�BQDFE + ` U-p �[EHR B�^oG �0+fEv\cU M E IZB L E M \cU MQg G B�DFE
GNIrloOf^ ` (Prepare X) ~ � DFE M Ev\cU M E[wfE � ESpvbFBQIrOFl EPIrBQDFE M B�DFE GJIZlzOf^ `r` E M U M GJIZlzOf^ `r` EHRaB�^zG � ^S\cBQE M
^aGJIZloO ^ ` IKG M EH^zGNUoO ^2+ ` E[w&^oG ` UoOXl�^oG�B�DFE GJIZlzOf^ `r` E M RhU[EHG�OXUoB�IrOhYz^ ` IKRF^HBQE X

+fEv\cU M E�E � IZB�IZOFl
U M �'^HIZB�IZOFl ~

� b M B�DFE MQg U M E wPI \fB�DFEyGNIrloOf^ `Z` E M B�^oG �WIKG&loIrY[EPO�DFIrloDFE M;LFM IrU M IZBJ,�BQD ^2O BQDXEyGNIZlzOf^ `r` EHR7B�^zG �>w
E ~ l ~ w��'IZB�D ^ �;M IZU M IZBJ, � UzO � ��` U-p �hIrOFl g UoOFIrBQU M wPBQDFE@O�IZBkIKG L U[G�GNIZ+ ` E'BQUmRhE ` ^P,�G�^2B�IKG \c,-IZOXl�B�DFE
pvUzOfRhIZB�IZUzOfG M EHi[bFI M EHRT+-,�^ B�^zG �a+ ` U-p �[ESRTUoO ^TpvUzOfRhIrBQIZUzO�Yo^ M Iq^2+ ` E�bXOhB�I ` ^P\cBQE M B�DFEWGNIrloOf^ `
IKG L E M \cU M�g EHR%+fEHpP^HbfGNE�BQDXE�GNIZlzOf^ `r` E M B�^oG �!IKG7^ ` �'^P,XG�GQp�DFEHRhb ` EHR dfM GNB	� GJEPE M IrloD-B7GNIqRhE�U2\
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� Irlob M E�{ ~ < � ~ � O!B�DFIKG�E � ^ gtLF` E[wfBQDXE Signal C
GJB�^HBQE g E@OhBmpvU M�M EHG L UoOfRFG7BQU ^ G�p DXEHRhb ` IZOFl

RhEHp IKGNIrUoO0+�E@B �#EPEPO�B�^zG �XG � � ^2O R � � ~ ] DFI ` EWBQDFE RhIK^Hl M ^ g UoO!BQDXE ` E \cB ��U M �FG M EPl ^ M R ` EHG�G
U2\ BQDFE �hIrOfR UH\ g UoOXIZBQU M +fEHpP^2b GNE BQDXE�p UoOfRhIrBQIrUoO%IqG LXM E L ^ M EHR dfM GJBPwfBQDFE RhIK^Hl M ^ g UzO%B�DFE
M IrloD-B*IKG;UoO ` ,�^ LFLXM U LXM IK^HBQE�IrOaGJIZB�bf^2B�IZUoO G �'DFE M E�B�DFEmGNIZlzOf^ `r` E M B�^oG ��IKG;lzIZY[EPO LFM IrU M IZBJ,�UHY[E M
BQDXE�GJIZlzOf^ `r` EHRaB�^zG � ~

� B�IKG L U[G�GNIr+ ` EaB�U M E ` ^HBQE�BQDFE�GJE g ^HOhB�IKpPG�UH\m^2O�^zpPpvE L B�GJB�^HBQE g E@OhB�B�U%B�DFE�GNE g ^2O-BQIqpPG
RhEHG�p M Ir+fEHR ^H+fU2Y[E \cU M IrOhB�E M Of^ ` GQp�DFEHR-b ` IrOFl � GJEPE � IZlzb M E�{ ~ � � ~ u I g I ` ^ M BQU0^ B�^oG �!+ ` U-p � �
IZOXl UzO�^%p UoOfRhIrBQIrUoO Yo^ M Iq^2+ ` E � Wait C

��w&BQDFE�^zpPpvE L BQU M + ` U-p �XG�UoO�^HO�^op@pvE L BWGNB�^2B�E g EPO-B
�
Accept(. . .)) ~ A pP^ `Z` IZOFl�B�^zG � pP^HO BQDXEPO E@OhB�E M BQDFE g UoOXIZBQU M � Call

�mIZO U M R-E M BQU!G�^2B�IKG \c,
�'Df^HBQEPY[E M pvUoOfR-IZBQIrUoOfG;B�DFEy^opPp E L BQU M*M EHi[bFI M EHG B�U�p UoO-BQIZO-bFE'E � EHpvbXBQIZUzO (Prepare X) ~ ] DXEPO
BQDXIKG�p@^ `Z` IZOFltB�^oG � d OFIKGJDFEHGvwkBQDFE ^opPpvE L BQU M IqG M EHGNB�^ M B�EHR (Use X) ~ � DXETEHi[bFIrYo^ ` EPO pvE�GNbFl��
loESGNBQESRTIKG;BQD ^2B�B�DFEm^opPpvE L BQU M � � � � IKG;BQDFE �'^HIZB�IZOFl � GNIrloOf^ `Z` EHR B�^oG �
w-BQDFEmpP^ `r` IrOFl7B�^oG � � � � �
IKG�B�DFEWGNIrloOf^ `Z` E M ^2OfR�BQDFEW^op BQbf^ ` pP^ `r` IKG�BQDXE�GJIZlzOf^ ` ~ � O�BQDFIqG'GNIrBQbf^HBQIZUzO&wf^

Call
^op B�G ` I �[E ^

Signal
+fEHpP^HbfGNEy^HB B�DFIKG L UzIZO-B#^�G�p DXEHRhb ` IZOFlmRhEHpvIqGNIrUoO +fEPB ��EPE@O � � ^HOfR � � g bfGJB +fE g ^oR-E ~

� UzBQE7BQDf^HB�B�DFE
Signal

pP^HOFOFUzB�+fE M E ` ^HBQEHRaB�Ua^�pP^ `r` IrOFl B�^zG ��E � IZBQIrOFl�^ g UoOFIrBQU M +�ESpP^2bfGJE
�'DFEPO�B�DFEWpP^ `r` IZOXl�B�^zG ��E � IZB�GvwhIrB�IqG�OFU ` UoOFlzE M E ` IZloIr+ ` EyBQU�+fEWGQp�DFEHRhb ` EHRT+-,aBQDXE g UoOXIZBQU MP~

� M U g BQDFIqG'^2Of^ ` Uolz,[wfBQDFEWpP^ `Z` IrOFl�B�^oG � IqG LF` ^zpvEHRaUoO0BQDFEWGJIZloO ^ `Z` E M i[bFEPbXE�^HOfR B�DFEW^op �
pvE L BQU M IKG LF` ^zpvEHR�UoO B�DFEyGNIrloOf^ `Z` EHR�i[bFEPbFE ~;� U���E@Y[E M wPB�DFE LFM Uz+ ` E g �'IrBQD B�DFIKG ESijbFIrYz^ ` E@OfpvE
IKG'BQD ^2ByBQDFE ^opPpvE L BQU M ^HOfR B�DFE pP^ `Z` IZOFl B�^oG � g bfGNB'+fEWE � ESpvbFBQESRTIZO ^TG L ESpvI d p�U M RhE M w�I ~ E ~ w
BQDXE�p@^ `Z` IZOFlWB�^zG � � GNIZlzOf^ `r` E M � g b GNB�+fE7E � EHpvbFB�EHR +�E \cU M EWBQDFE ^opPpvE L BQU M � GNIrloOf^ `Z` EHR � ~*� U � �

EPY[E M w-pvE M B�^2IrO �hIrOfRFG*U2\ g UoOFIrBQU M G g ^S,�G�p DXEHRhb ` E�B�^zG �XG \ M U g BQDFE7GJIZlzOf^ `r` E M ^2OfR�GNIrloOf^ `Z` EHR
�5U M E@Y[EPO�BQDFEWEPOhB M ,��#ijbXEPbFEHG'IZO ^TRhI 
>E M EPO-ByU M R-E MP~ � DFE M Ev\cU M E[wFBQDXIKG'EHijbXIZYz^ ` EPOfpvE�IqG UzO ` ,
^ LXLFM U LFM Iq^2BQE7\cU M pvE M B�^HIZO��-IZOfRFG�UH\ g UoOFIrBQU M G ~
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� Irlob M E�{ ~ � � � I M GJB�EHi[bFIZYz^ ` EPOfp E M E ` ^2B�IZOFl IrOhB�E M Of^ ` ^HOfR E � BQE M Of^ ` GQp�DFEHR-b ` IrOFl ~



� � ��� � ��������
������ � � �

(-)0�+*

./"�� 1���"0�+*

����������� %

� � ���������������3� �
� � ���������������3� "

�����0� � �
	�� �� �

� � �'�

%������

(-)��4*

�'� � � ��� 1�����"
������� ���
	�� � ��

� � � �

� ��� 1�� � 	 	�	 �

./"���1,��"��4*

#$�����&%

� � ��%��������������/��)��

� Irlob M E�{ ~ � | � u EHpvUzOfRaEHijbXIZYz^ ` EPOfpvE M E ` ^2B�IZOFl IrOhB�E M Of^ ` ^HOfR E � BQE M Of^ ` GQp�DFEHR-b ` IrOFl ~
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� OT\ ^opvB@whEPY[E@OTIe\kBQDFE�ESijbFIrYz^ ` E@OfpvE'IKG M EPY[E M GNESR
w[I ~ E ~ woB�DFE7^op@pvE L B�U M IqG B�DFE7GNIrloOf^ `Z` E M ^2OfR
BQDXE pP^ `Z` IrOFl�B�^oG �%IqG B�DFE �9^2IZB�IZOFl � GJIZloO ^ `Z` EHR B�^oG �
w
B�DFE G�^ g E LFM Uo+ ` E g U-pPpvb M G�� GJEPE � IZl �
b M Ey{ ~ � |I� ~ � O B�DFIKG pP^oGJE[woBQDXE'EHijbXIZYz^ ` EPOfpvE9GNbFlzloEHGJBQEHR IKG B�Df^2B*B�DFEypP^ `r` IrOFl�B�^oG � � Call

� g bfGNB
+ ` U-p � �'^HIZBQIrOFl�\cU M ^ pvUoO RhIZB�IZUoOtBQU +fEWGQ^2B�IKG d EHRa+fEv\cU M E�IZB9pP^2O�EPO-BQE M BQDFE g UoOFIrBQU MP~ ] DXEPO
BQDXEy^opPpvE L BQU M Df^zG*GQ^2B�IKG d EHR�BQDXE'pvUzOfRhIZB�IZUzO M EHi[bFI M EHR�+h,WBQDFE9pP^ `r` IrOFl�B�^oG � � Prepare X

��woB�DFE
pP^ `Z` IrOFl�B�^oG � IqG;GNIrloOf^ `Z` EHR � Accept(. . .)

�kBQU LFM U-pvEPEHR � Use X
� ~ � O B�DFIKG*pP^zGNE[w[B�DFE'E � EHpvbFB�IZUoO

U2\�BQDFEy^zpPpvE L B*GNB�^2BQE g EPO-B;pP^HOT+fEmpvUoO GNIKR-E M EHR�B�DFEyGNIrloOf^ ` ~ ] IrBQD BQDXIKG*^2Of^ ` Uzlo,[w[BQDXE�pP^ `Z` IZOFl
B�^zG � IKG LF` ^zpvEHR UzO B�DFE�GJIZloO ^ `Z` EHR ijbFE@bFE�^2O R B�DFEt^opPpvE L BQU M IKG LF` ^zpvEHR UzO�BQDFE�GJIZlzOf^ `r` E M
i[bFEPbFE ~m� U���EPY[E M wFBQDXE U M R-E M U2\#E � EHpvbXBQIZUzO%UH\�B�DFE ^zpPpvE L BQU M ^2OfR!BQDFE pP^ `r` IrOFlTB�^oG � g bfGNB
GNB�I `r` +fE g ^2IrOhB�^2IrOFEHR�BQU ^op�DFIZE@Y[E M EH^zGNUoO ^2+ ` E7GNE g ^2O-BQIKp@G ~ A�l[^HIZO&w[B�DFIKG*EHijbXIZYz^ ` EPOfpvE'IqG UzO ` ,
^ LXLFM U LFM Iq^2BQE7\cU M pvE M B�^HIZO��-IZOfRFG�UH\ g UoOFIrBQU M G ~

] DFI ` E*BQDFEHGJE�EHi[bFIrYo^ ` EPO pvEHG&GNbXloloESGNB;B�Df^2BkIZBkIKG L U[GQGJIZ+ ` E�B�U�bfGNE#BQDFE#IZO-BQE M Of^ ` G�p DXEHRhb ` IZOFl
i[bFEPbFEHG'\cU M7LFM U-p EHGQGJIZOFl0^op@pvE L BWGNB�^2B�E g EPO-B�G w�B ��U LFM Uo+ ` E g G g b GNBy+�Et^oRXR M EHG�GNEHR ~ � I M GJBPw
BQDXEa^zpPpvE L B�U M ^2OfR B�DFE�pP^ `Z` IZOFl�B�^zG � g b GNB�+fEaE � EHpvbXBQEHR%IrO�^%G L ESpvI d p U M RhE MWM EPl ^ M R ` EHG�G
U2\#B�DFE U M RhE M IrO �'DFIKp�D%B�DFE g UoOXIZBQU M G�p DXEHRhb ` EHG�GJIZlzOf^ `r` E M w
GJIZloO ^ `Z` EHR%^HOfR!EPOhB M ,�+ ` U-p �[EHR
B�^zG �XG ~�u ESpvUoOfR>wh^zpPpvE L BQU M G�^ M E LFM U-pvESGQGNESR IrO � � � x U M RhE M +FbFB#B�^oG �FG;IrOhY[U ` Y[EHR7IZO�IZO-BQE M Of^ `
GQp�DFEHR-b ` IrOFl ^ M E LXM U-pvEHG�GNEHRaIrO � � � x U M RhE MP~

� \�UzOFE%IrOhB�E M Of^ ` ijbXEPbFE�IKG OFUoB�loIrY[EPO�DFIZlzDFE M�LFM IrU M IZBJ,�� M E g E g +fE M7g UoOFIrBQU M G �'DFE M E
BQDXE�E � BQE M Of^ ` ijbFE@bFE�IKG�lzIZY[EPO�DFIrloDFE M'LXM IZU M IrBN, B�Df^2O0+fUoBQD�IrOhB�E M Of^ ` i[bFEPbFESG�^ M E M E � EHp BQEHR ��w
BQDXEPO%+fUoB�D B�DFE p@^ `Z` IZOFl�B�^zG � ^2OfR%B�DFE ^zpPpvE L B�U Myg b GNB'+fE LF` ^zpvEHR�UoO!BQDXE�IZO-BQE M Of^ ` i[bFEPbFE
�'IZB�DTDXIZloDXE M;LFM IZU M IZBJ,�IrO U M RhE M BQU7lob ^ M ^HOhB�EPEyBQDf^HB�BQDXEP, ^ M EyE � ESpvbFBQESR�+fEv\cU M E�UzBQDFE M E@OhB M ,
+ ` U-p �XG B�^oG �FG ~�� U �#EPY[E M w LF` ^zpvIZOFl +fUzBQD BQDFEW^op@pvE L B�U M B�^oG �0^HOfR%BQDFE pP^ `r` IrOFl B�^zG �%UzO%B�DFE
IZO-BQE M Of^ ` ijbXEPbFE U2\yDXIZloDXE M7LFM IrU M IrBJ,[w&^2l ^2IrO&w LFM EPY[EPO-B�G�B�DFEtpP^ `r` IZOXlaB�^zG �%\ M U g E gaLF` UH,hIrOFl
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BQDXE'GNIrloOf^ `Z` IZOFl�\ ^zpvI ` IZBQIrEHG�IrO ^'bfGNE \cb `[g ^2OXOFE MP~ � DFE LFM Uz+ ` E g ^ M IKGNESG +fEHpP^HbfGNE#BQDFE9^opPp E L BQU M w
^oG*IZB;IqG;UoOaB�DFEyijbXEPbFE �'IZBQD�DFIrloDFEHGJB LFM IrU M IrBJ,[w2IqG*GQp�DFEHRhb ` EHR�+fEv\cU M E�^HOh, B�^oG �TUzOTB�DFE ` U���E M
LFM IZU M IZBJ,%IrOhB�E M O ^ ` ijbXEPbFE�IZOfp ` bfRhIrOFlaEPIrBQDFE M B�DFEap@^ `Z` IZOFltB�^oG � U M ^HOh,!B�^oG �XG GNIrloOf^ `Z` EHR(+-,
BQDXEapP^ `Z` IZOFlaB�^oG � RhE L EPOfRhIrOFl�UoO B�DFE �hIrOfR%U2\9BQDFE g UoOXIZBQU MP~ � U M BQDXIKG��hIrOfR%U2\ g UoOXIZBQU M w
GNE L ^ M ^2BQE ijbFE@bFEHG g b GNB*+fE�bfGNESR \cU M ^op@pvE L B9GNB�^HBQE g EPOhB�G;^2O RTBQDFEmbfGNE M*g bfGNB#^zRFR M ESGQG�^HOh,
GNB�^ M Yo^HBQIrUoO%U M GJE g ^HOhB�IKp'IKGQGJbFEHG'^HB�B�DFE7I gaLF` E g EPO[B�^HBQIZUzO ` EPY[E ` ~

A�G �#E `Z` w[I \&B�DFE�E � BQE M Of^ ` ^2O RTIZO-BQE M Of^ ` ijbXEPbFEHG;Df^PY[E�EHi[bf^ `�LXM IZU M IrBN,�^HOfRaBQDFEmIZO-BQE M Of^ `
GQp�DFEHR-b ` IrOFl�i[bFEPbFEHG7^ M E�bfGNEHR!BQU LFM U-p EHGQGW^opPpvE L B7GNB�^2B�E g EPO-B�G w
BQDFE@O IrB�IqG�I gaL U[G�GNIr+ ` E B�U
lob ^ M ^HOhB�EPEyBQDf^HB�BQDXEy^opPpvE L BQU M ^HOfRTB�DFE�p@^ `Z` IZOFlmB�^oG ��^ M E�G�p DFESRhb ` ESR�+�E \cU M EyEPO-B M ,�+ ` U-p �[EHR
B�^zG �XG �'IZB�DFUobFB#YhIrU ` ^2BQIrOFl�B�DFE7GJE g ^2O-BQIqpPG UH\kBQDFE��-IZO RTU2\ g UzOFIZB�U M@~ � DFIqG Y-IZU ` ^2B�IZUoOtU-pPpvb M G
+fEHpP^HbfGNE0^2O-,_p Df^HOFloESG�loIrYhIrOFl%B�DFE�^zpPpvE L B�U M ^2OfR BQDXE�pP^ `r` IrOFl%B�^oG � LFM IZU M IZBJ, U2Y[E M E@OhB M ,
+ ` U-p �[EHRaB�^oG �XGy^ ` GJU�^ LXLF` IrEHG�BQUaB�DFEWGNIrloOf^ `Z` E M ^HOfR%GJIZloO ^ `Z` EHR B�^oG �FG ~ � DFE M Ev\cU M E[w
GJE L ^ M ^2B�E
i[bFEPbFEHG g bfGJBy^ ` GJUT+fE bfGJEHR \cU M ^zpPpvE L ByGNB�^HBQE g EPOhB�G �'IZB�D B�DFIKG �-IZOfR�U2\ g UzOFIZB�U M ^HOfR B�DFE
bfGJE M'g b GNB'^zRFR M EHGQGy^2O-,�^oG�GNU-pvIq^2B�EHR LFM Uo+ ` E g G#^2ByBQDFE7I gtLF` E g EPO-B�^2BQIrUoO ` EPY[E ` ~

� O \ ^zpvBPwFB�DFE d M GNB LXM Uo+ ` E g p@^2O%UzO ` ,t+�E GNU ` Y[EHRaI \ BQDXE g UoOFIrBQU M ^oG�GNIZlzOfG�B�DFE7IZO-BQE M Of^ `
i[bFEPbFEHG�DFIrloDFE M�LXM IZU M IrBN,0BQDf^HO BQDXETE � BQE M Of^ ` ijbXEPbFE�Rhb M IZOFl GQp�DFEHRhb ` IZOXl�RhEHpvIqGNIrUoOfG ~ � DFIqG
GNIrBQbf^HBQIrUoOtpP^2Oa+fE'\cb M B�DFE M GNbX+
R-IZY-IKRhEHR R-E L EPOfRhIrOFl�UzO �'DFE@BQDFE M B�DFE�IrOhB�E M O ^ ` i[bFEPbFESG D ^SY[E
EHi[bf^ `&LXM IZU M IrBN, ~

� OTU M RhE M B�U�GJI gaLX` I \c,mBQDFEm^2Of^ ` ,XGNIqGvw-^oG�GNb g E'B�Df^2B#I \>+fUoB�DaIZO-BQE M Of^ ` ijbFE@bFEHG Df^PY[EyEHi[bf^ `
LFM IZU M IZBJ,[w �'IrBQD M EHG L EHpvB*B�U�G�p DXEHRhb ` IZOFl7R-EHpvIKGJIZUzOfGvwoB�DFEPO�BQDFESGNEyi[bFEPbFEHG*^ M E g E M lzEHR�B�U�\cU MQg
^%GJIZOFl ` E�i[bFEPbXE ~ � U��7w B�DFE�^op@pvE L B�U M ^HOfR B�DFE�pP^ `Z` IrOFl�B�^zG �_GNDFUzb ` R +fE LX` ^op EHR UoO_BQDFIqG
GNIrOFl ` E7i[bFEPbFE7GJbfp�DaBQDf^HB'BQDFEWpP^ `Z` IZOFlWB�^oG �aIKG#GQp�DFEHRhb ` EHR dfM GJB�� GJEPE � IZlzb M E7{ ~ ��� � ~ � U M BQDFIqG
�-IZOfR7U2\ g UzOFIZB�U M w2IrB&IKG&I MQM E ` E@Yo^HOhB �'DXEPBQDFE M B�DFE'pP^ `Z` IZOFl'B�^oG �WU M BQDFE9^opPp E L BQU M IqG ^zGQGJU-pvIK^HBQEHR
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�'IZB�D%B�DFE GJIZloO ^ `Z` E M U M GNIrloOf^ `Z` EHR B�^oG �>w M EHG L ESpvBQIrY[E ` ,�+fEHpP^2b GNE ^ `Z` B�DFEHGNEWB�^zG �XG�^ M E LF` ^opvEHR
UoO0BQDFEWG�^ g E7i[bFEPbXE ~

xyO B�DFE�UzBQDFE M D ^2OfR
w-I \kB�DFE7B �#U�IrOhB�E M Of^ ` ijbFE@bFEHG D ^SY[E RhI 
>E M EPOhB LFM IrU M IZBQIrEHGvw[B�DFEPOaB�DFE
pP^ `Z` IrOFl�B�^oG � g bfGNB#+fE LF` ^zpvEHRTUzO�BQDFE�IrOhB�E M O ^ ` i[bFEPbXE �'IrBQD�DFIZlzDFEHGJB LFM IZU M IZBJ,�^2O R B�DFEW^op �
pvE L BQU M GJDFUob ` R +fE LF` ^zpvEHR UoO�BQDFEyUoB�DFE M IZO-BQE M Of^ ` ijbXEPbFE�� GJEPE � IZlzb M Ey{ ~ � {�� ~ � DFE'\ M EPEHR-U g
BQU LF` ^zpvE7BQDFE pP^ `r` IZOXl B�^oG �%UzO!BQDFE7IZO-BQE M Of^ ` i[bFEPbFE �'IrBQD%DXIZloDXE M�LXM IZU M IrBN, wFI MQM EHG L EHp BQIZY[EmU2\
�'DFEPB�DFE M IrB�IKG�B�DFEWGNIrloOf^ `Z` E M U M BQDXE�GJIZlzOf^ `r` EHRai[bFEPbXE[whE � IKGJB�G�+fEHpP^HbfGNE wfRhE L EPOfRhIrOFl UoO�B�DFE
^op BQbf^ ` U M RhE M IZOFl�U2\ BQDFEWIZO-BQE M Of^ ` i[bFEPbFESGvwFUoOXE�U2\#B�DFE LFM EPY-IZUzbfG'EHijbXIZYz^ ` EPOfpvEHG'^ LFLF` IZEHG ~ � \
BQDXE7GNIrloOf^ `Z` E M i[bFEPbFE�D ^oG�DFIrloDFE M#LFM IrU M IZBJ,[w[BQDFE@OaBQDFE dfM GJBypP^oGJE[w �'DFE M E�B�DFE7pP^ `Z` IrOFl�B�^oG �TIqG
pvUzOfGNIqRhE M ESR BQDXE GNIrloOf^ `Z` E M ^HOfR%BQDXE�^opPpvE L BQU M IqG�pvUoO GNIKR-E M EHR�BQDFE GNIrloOf^ `Z` ESR B�^zG �>w&^ LXLF` IrEHG ~
� \�w DFU��#EPY[E M wkBQDFE GNIZlzOf^ `r` EHR_ijbFE@bFETIqG�lzIZY[EPO LXM Ev\cE M EPOfpvE w B�DFEPO B�DFE�GJEHpvUoO R p@^oGNE w �'DFE M E
BQDXE�p@^ `Z` IZOFl B�^oG � IqG�p UoOfGJIKRhE M EHRaBQDFEWGJIZloO ^ `Z` EHRaB�^zG �0^2OfR%B�DFEW^opPp E L BQU M IqG'pvUoO GNIKR-E M EHRaB�DFE
GNIrloOf^ `Z` E M wX^ LFLF` IZEHG ~

� DFE LFM Uz+ ` E g M E ` ^2B�IZOFl7BQU7B�DFEyRhI 
>E M EPO-B;U M RhE M IZO �'DFIKp�D B�^zG �XG;UoO�BQDFEyYz^ M IrUobfG*i[bFEPbFESG
^ M E LFM U-pvEHG�GNEHR M E g ^2IrOfG ~ ] DFEPO�B�DFE�IrOhB�E M O ^ ` i[bFEPbFEHG&Df^PY[E#RhI 
>E M IZOFl LFM IZU M IZB�IZEHG w2B�DFE'i[bFEPbFE
BQD ^2B�B�DFEtpP^ `r` IZOXl B�^oG � IqG LF` ^opvEHR!UoO_Df^oG ^ g ^ � I g b g GJI �PE UH\yUoOFE � GNEPE�BQDXE�RhIKG�pvbfG�GNIZUzO
^2+fUHY[E�� GNU�IrB'RhU[ESG OFUzB g ^2B�BQE M �'DXEPBQDFE M BQDXIKG*ijbXEPbFE�IqG ^ � � � x ijbFE@bFE�U M ^ � � � x ijbXEPbFE ~
� O%\ ^opvB@w&BQDFIqG�i[bFEPbXE�pP^2O +fETE ` I g IrOf^2B�EHR�^2OfR!BQDXE�pP^ `r` IZOXlaB�^zG � g ^zRhE BQDFE U��'OFE M UH\'B�DFE
g UzOFIZB�U M RhI M EHpvB ` , ~ � DFE LFM Uz+ ` E g U-pPpvb M G �'DFEPO B�DFE ^opPp E L BQU M G�^ M E g E M loEHR�IZO-BQU B�DFE
M E g ^2IrOFIZOFl ijbXEPbFE�+fEHp@^2bfGJE�BQDXE ^op@pvE L B�U M Gy^ M E M EHGNB�^ M B�EHR IrO � � � x U M RhE M w�+FbXB�BQDFE7B�^oG �XG
UoO BQDXE!UoBQDXE M ijbFE@bFEHGa^ M E M EHGJB�^ M BQEHR IrO � � � x U M RhE M@~ ] DFEPO B�DFEHGNE!B �#U i[bFEPbXEHGa^ M E
g E M loEHR>whBQDXE g E M loEHR�i[bFEPbFEWpP^HO%+fE�I gaLF` E g E OhB�EHR IrO � � � x U M RhE M ^2OfR � � � x U M RhE M IZOXl
pP^HO +fEW^op�DFIrEPY[EHR +h,�BQDFE LFM Uol M ^ gtg E M \cU M B�DFE�OFUzO �J^zpPpvE L BQU M B�^zG �XG�BQD M UobFlzD!^HO E �hLF` IKpvIrB
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E � IZB

A

pvUzOfRhIZB�IZUzO
�

pvUzOfRhIZB�IZUzO

GNDf^ M EHR
Yz^ M IK^H+ ` ESG

g E M loEHR IZO-BQE M Of^ `i[bFEPbFE

EPO-B M ,ti[bFEPbFE

^op@pvE L B�U M B�^zG � UzBQDFE M + ` U-p �[EHRTB�^zG �XG p@^ `Z` IZOFl B�^oG �
� IZlzb M EW{ ~ ��� � � O-BQE M Of^ `>g UoOFIrBQU M ijbFE@bFEHG�^ M E g E M lzEHR ~

E � IZB

A

pvUoOfR-IZBQIrUoO
�

pvUoOfR-IZBQIrUoO

GJDf^ M EHR
Yz^ M IK^2+ ` EHG

DFIrloD LFM IZU M IZBJ,i[bFEPbXE

E@OhB M ,tijbFE@bFE

^opPpvE L BQU M B�^oG � UzBQDFE M + ` U-p �[EHR�B�^oG �FG

` U � LFM IZU M IZBJ,i[bFEPbXE

pP^ `r` IZOXl B�^oG �
� IZlzb M EW{ ~ � { � xyOFE7IrOhB�E M Of^ `
g UzOFIZB�U M i[bFEPbFEmDf^oG'DFIZlzDFE M'LFM IZU M IZBJ, ~
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BQESp DFOXIKi[bFE�p@^ `Z` EHR�RF^2IqGN, �Jp�Df^HIZO0GNIrloOf^ `Z` IrOFl �Ns*D ^ L B�E M < w � bFD M � � � � ~
� \�B�DFE�OFUoO � ^op@pvE L B�U M B�^zG �XG�^ M EtGNIrloOf^ `Z` ESR%B�^oG �FG w&BQDFEPO �'IZB�D RF^2IqGN, �Jp�Df^HIZO_GNIZlzOf^ `r` IrOFlFw

IZO GNBQES^oR U2\�GNIrloOf^ `Z` IrOFl g b ` BQI LF` E B�^oG �FG w[UoO ` ,�UoOXE�B�^oG � IqG;GNIrloOf^ `Z` EHR�IZOFIrBQIq^ `Z` ,W^2OfR BQDFE'UzBQDFE M
B�^zG �XG B�U +fE GNIrloOf^ `Z` EHRa^ M E ` Ev\cB�UzO B�DFEPI M'M EHG L ESpvBQIrY[E�pvUzOfRhIrBQIZUzO0ijbFE@bFEHG ~ � DXEPO&w �'DFEPO�B�DFE
pvb M�M EPO-B ` ,�E � EHpvbXBQIZOXl�GJIZlzOf^ `r` EHRTB�^oG � M EH^zp DXEHG*^ G L EHpvI d EHR L UzIZO-BPw-IZB'GJIZlzOf^ ` G BQDXE�OFE � B�B�^oG �
BQU LFM U-pvEPEHR ~ � O�BQDXIKG �'^P,[w-BQDFEWGJIZloO ^ `Z` EHRaB�^zG �XG�pP^HO�+�E LFM U-p EHGQGJEHRaIZO � � � x U M RhE M@~

xyO�BQDXE�UoB�DFE M Df^2O R
woI \XBQDXE�OFUzO �J^zpPpvE L BQU M B�^oG �FGk^ M E'GJIZloO ^ `Z` E M B�^oG �FG w2B�DFEPO RF^2IqGN, �Jp�Df^2IrO
GNIrloOf^ `Z` IZOFlWIKG g U M EmpvU gaLX` IKp@^2BQESR ~ � OtBQDFIqG�GNIrBQbf^HBQIrUoO&wfGJIZloO ^ `Z` E M B�^oG �FG'^ M E LF` ^zpvEHRaR-I M ESpvB ` ,
UoO�B�DFE g E M loEHR � � � x ijbFE@bFE �'IZB�DFUobXB�+ ` U-p �-IZOFlWUoO0^ pvUzOfRhIZB�IZUzOaYz^ M Iq^2+ ` E dfM GNB ~ � OaU M RhE M
BQU LFM U-pvESGQG B�DFE'GJIZloO ^ `Z` E M B�^oG �FG;IrO � � � x U M RhE M w[^�pvUzbFOhB U2\fB�DFE'Ohb g +fE M UH\>GNIrloOf^ `Z` E M B�^oG �XG
IKG M EHi[bFI M EHR ~ � DXEPO&woEPY[E M ,WGNIrloOf^ `Z` E M B�^oG �WUoO B�DFEyijbXEPbFE�E � pvE L B&BQDFE ` ^oGJB;UoOFE'I gag EHRhIK^HBQE ` ,
+ ` U-p �XG�UoO�^�pvUzOfRhIZB�IZUzO Yz^ M IK^H+ ` E �'DFEPO IZB M ESGNB�^ M B�G ~ � DFE ` ^zGNBWGNIrloOf^ `Z` E M B�^oG �
wkDFU���EPY[E M w
^op BQbf^ `Z` ,0E � EHpvbFB�EHG�^2O R(B�DFEPO_GNIZlzOf^ ` G�BQDFE�OFE � B7GNIrloOf^ `Z` E M B�^oG �!UoO BQDFEtpvUzOfRhIZB�IZUzO i[bFEPbFE
�'DFEPO�IZB d OFIqGNDFESG ~ � DFIqG;GNIrloOf^ `�M EHGNB�^ M B�G;BQDFE'OXE � B GNIZlzOf^ `r` E M B�^oG � ^HOfRTp@^2bfGJEHG;BQDFE LFM EPY-IZUob G
GNIrloOf^ `Z` E M B�^oG �%BQUt+�E LF` ^zpvEHR�UoO!BQDXE � � � x i[bFEPbFEW^2l ^2IrO ~ � E L ES^2BQIrOFlaB�DFIKGyGNEHi[bFEPO pvE�\cU M
^ `r` B�DFE GJIZlzOf^ `r` E M B�^oG �XG�UzO!BQDFE pvUoOfR-IZBQIrUoO ijbFE@bFE pP^HbfGNESG B�DFE GJIZloO ^ `Z` E M B�^oG �FGyBQU�E � ESpvbFBQE
IZO � � � x U M RhE M +FbFB ` EH^PY[EHG'^ `Z` BQDXE GNIrloOf^ `Z` E M B�^oG �FG'+ ` U-p �[EHRaUoO!B�DFE � � � x i[bFEPbFE ^2l ^2IZO ~
A�G;BQDXE7GNIrloOf^ `Z` E M B�^oG �FG#^ M E d OFIKGJDFEHR E � EHpvbFB�IZOFlXwoBQDFE@,apP^HOT+fE M EHGNB�^ M BQEHRTIrOa^ � � � x U M RhE M
^oG;B�DFEP,�GNI gaLF` ,�E � IrB �'DFE@O M EHGNB�^ M B�EHR ~ � DFE'+XIZlolzEHGNB LFM Uz+ ` E g �'IZB�DTB�DFIKG ^ LFLFM U[^zp DaIqG;BQDf^HB
BQDXEaGJIZloO ^ `Z` E M B�^zG �XG M E g ^2IrO!+ ` U-p �[EHR%IZO_BQDFE g UoOXIZBQU M bFO-BQI ` ^ `Z` BQDXEaGJIZloO ^ `Z` E M B�^zG �XG�^ M E
d OFIqGNDFESR E � EHp bFBQIrOFl ~

� IZO ^ `Z` ,[w[IZO�BQDFE pP^oGJE �'DFE M E�BQDFEmB �#U i[bFEPbFESG Df^PY[EyEHijb ^ `fLFM IrU M IZBJ,[w[BQDFE GNIZOXl ` E g E M lzEHR
IZO-BQE M Of^ ` ijbXEPbFE GJDFUob ` R ^ ` GJU%+fE I gtLF` E g EPO-BQEHR�IZO � � � x U M RhE M w �'IrBQD BQDFE�^zpPpvE L BQU M ^2OfR
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pP^ `Z` IrOFl!B�^zG �XG LX` ^op EHR UoO BQDXIKG i[bFEPbFE0GNU_BQDf^HBTB�DFE0pP^ `r` IZOXl!B�^oG ��IKG�GQp�DFEHRhb ` EHR dfM GNB ~ � B
GNDXUob ` R ^ ` GJU +fE L U[G�GNIr+ ` E�BQU!b GNE0RF^2IqGN, �Jp�Df^HIZO GNIrloOf^ `Z` IrOFl%B�U LFM U-p EHGQG BQDFEtOFUoO � ^op@pvE L B�U M
B�^zG �XG�IZO � � � x U M R-E M w-+FbFB�B�DFE LFM U-pvEHG�G�IKG;EPY[EPO g U M E�p U gaLF` IKpP^HBQEHR�B�Df^2OtBQDf^HByRhEHGQp M IZ+fEHR
^2+fUHY[E ~

A�O IZO-BQE M EHGNB�IZOFl�E � pvE L B�IZUzO!BQU%B�DFEtGNE g ^HOhB�IKpPGyU2\yBQDXEa^zpPpvE L BWGJB�^2B�E g EPO-B7^ M IKGJE �'DXEPO
+fUoB�Da^zpPpvE L B GNB�^HBQE g EPOhB�G ^HOfRapvUzOfRhIrBQIZUzO Yz^ M Iq^2+ ` EHG;^ M EybfGNEHR BQUzloEPB�DFE M@~ s*UoO GNIKR-E M BQDFEyGJIZB �
bf^HBQIZUzO �'DFE M E�BQDXE�pP^ `Z` IZOFl7B�^zG ��U2\ ^HO%^zpPpvE L B�GJB�^HBQE g E@OhB;+ ` U-p �FG;UoO0^WpvUoOfR-IZBQIrUoO�Yz^ M Iq^2+ ` E
� GJEPE � Irlob M E�{ ~ � 6 � ~ � O BQDFIqG�GNIrBQbf^HBQIrUoO&w&IZBmIKG L U[GQGJIZ+ ` E \cU M BQDXEa^zpPpvE L B�U M B�U�+�E M ESGNB�^ M B�EHR
EPY[EPO B�DFUobXloDaB�DFE�p@^ `Z` IZOFlmB�^oG � Df^oG*OFUoB d OXIKGNDXEHR E � EHp bFBQIrUoO ~ ] DFEPOt^�p@^ `Z` IZOFlmB�^oG � + ` U-p �XG
UoO ^tpvUoOfR-IZBQIrUoO0Yo^ M Iq^2+ ` E[w
^HOFUoB�DFE M B�^oG �%IKGmGQp�DFEHRhb ` EHRT\cU M E@OhB M ,aIrOhB�UaBQDFE g UoOXIZBQU MP~ ��E �
L EPOfRhIrOFl UzO B�DFE%U M RhE M IZO �'DFIqp D BQDFE ijbFE@bFEHGa^ M E pvUzOfGNIqRhE M ESR
w�IZB�IKG L U GQGJIZ+ ` E%\cU M B�DFE
^op@pvE L B�U M BQU�+fEWGQp�DFEHRhb ` EHRaRhESG L IrBQE7BQDFE�\ ^zpvB'BQDf^HB�B�DFEWpP^ `r` IrOFl�B�^oG ��Df^zG OXUoB d OFIqGNDFESR ~

� DFE M E�^ M E�p E M B�^2IZO!BJ, L EHG UH\ LFM Uo+ ` E g G'BQDf^HB g bfGNBy+fE�GNU ` Y[EHR%bfGJIZOFlaB�DFIKGmGNE g ^HOhB�IKpPG ~
� DFE ` UolzIKpP^ ` E �-LF` ^HOf^2B�IZUoO0+fEPDFIZO R B�DFIKGyGNE g ^2O-BQIqpPG IqG�BQDf^HB�B�DFE ^zpvBQIrUoO � pvU[U L E M ^HBQIZUzO/�'B�DFE
^op@pvE L B�U M �'^oG �'^2IrBQIrOFl(\cU M RhIqR OFUzBaU-pPpvb M ^2B�BQDFIqGTBQI g E[w;I ~ E ~ w*BQDXE!pP^ `Z` IrOFl!B�^zG � pvUob ` R
OFUzB%G�^2B�IKG \c, BQDFE p U[U L E M ^HBQIrUoO ^HOfR � U M B�DFE M EPO RhE �PY[UzbfGTIKG�+ M U �[EPO ~ � O B�DFIKG�pP^zGNE[w'B�DFE
^op@pvE L B�U Mkg bfGJBkGNbF+ GNEHi[bFEPO-B ` , M EHGJB�^ M B;B�DFE'pP^ `Z` IZOFlyB�^zG � �'DFEPO B�DFE'pP^ `Z` IZOFlyB�^zG �WpP^2O�G�^2B�IKG \c,
BQDXE�pvU[U L E M ^2B�IZUoO U M B�DFE M E@OfRhE �PY[UzbfG�p@^2O pvU gtLF` EPB�E ~ � DFIqG GNIZB�bf^2B�IZUzO�RhI 
>E M G�\ M U g B�DFE
GNIrBQbf^HBQIrUoO RhEHGQp M IZ+fEHR ^H+fU2Y[E IZO �'DFIqp D B�DFE pP^ `r` IrOFl B�^zG � L E M \cU MQg Ga^�GJIZloO ^ ` ~ � O BQDf^HB
GNIrBQbf^HBQIrUoO&w&BQDXE�pP^ `r` IZOXlaB�^zG �!IKG M EH^zRh,!BQU LFM U-pvEPEHR%+FbXBPw&+fEHpP^2b GNE�U2\#BQDFE�U M RhE M IZOFlaUH\'B�DFE
i[bFEPbFEHG w;BQDFE0^zpPpvE L B�U M IqG GQp�DFEHRhb ` EHR dfM GNB ~ � DFE0GNE g ^HOhB�IKpPG M EHGNb ` BQIrOFl%\ M U g BQDFE�bfGJE�U2\
+fUoB�D!^op@pvE L BmGNB�^2BQE g EPO-B�G�^HOfR%p UoOfRhIrBQIrUoO�Yz^ M Iq^2+ ` EHGypP^2O�+fE RhI ��p b ` B#BQU�bFOfRhE M GNB�^2OfR0^2OfR
BQU LFM Uol M ^ g +FbFByIKG�EHG�GNEPO-BQIq^ ` IZO pvE M B�^2IrO0pP^oGJEHG ~ AmG �'I `Z` +fE GJEPEPO�OFE � BPw g ^HIZO-B�^HIZOFIrOFl�B�DFE
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E � IZB

A

pvUzOfRhIZB�IZUzO
�

pvUzOfRhIZB�IZUzO

GNDf^ M EHR
Yz^ M IK^H+ ` ESG

EPO-B M ,�i[bFEPbFE

DFIZlzD LXM IZU M IrBN,ijbXEPbFE

` U�� LXM IZU M IrBN,ijbXEPbFE

^op@pvE L B�U M B�^zG � UoBQDXE M + ` U-p �[EHRTB�^zG �XG pP^ `Z` IrOFl�B�^oG �
� IZlzb M EW{ ~ � 6 � s#^ `Z` IZOFl B�^oG �t+ ` U-p �FG�UzO!pvUzOfRhIrBQIZUzO�Yo^ M Iq^2+ ` E ��~

` UzloIqpP^ ` +�E@Df^PYhIrUob M UH\ g UzOFIZB�U M G�IKG�p M bfpvIq^ ` �'DFEPO�BQDFE@, ^ M E�E � BQEPOfR-EHR IZO�B�DFE M ES^ ` � BQI g E
RhU g ^2IrO ~

��� � � 	 	 ��� � " � 	 � ��� ��" ��	 �
	 ��" ��� �

� DFE g U GNBkI gaL U M B�^HOhB p M IrBQE M IK^�\cU M ^ M EH^ ` � B�I g E#GJ,FGJBQE g IKG B�Df^2B;B�^oG �FG g EPE@B&BQDFEPI M G L EHp I d EHR
RhEH^zR ` IrOFE ~ A�GW^opPpvESGQG�BQU ^ g UoOFIrBQU M IKGWGNE M IK^ ` I �PESR
w IrB IKG L U GQGNIr+ ` E�B�Df^2B�^%DFIrloD LFM IZU M IZBJ,
B�^zG � pP^ `r` IZOXlTIrOhB�Ua^ g UoOFIrBQU Myg ^P,aDf^PY[EWBQU �9^2IZB'\cU Mmg ^2O-,�UoBQDXE M�` U�� LXM IZU M IrBN,tB�^oG �FG�B�U
LFM U-pvEPEHR B�D M UzbFloD BQDFE g UoOFIrBQU M w M Ev\cE M�M EHR!BQU ^zG � � ����� ��
 � ��� ������� �����Fw��'DFEPO B�DFE�RhE \ ^2b ` B
� � � x�U M RhE M IrOFl!IKG�b GNEHR(\cU M BQDFE�EPO-B M , ijbXEPbFE ~ � DFIqG LFM IrU M IrBJ,!IZO-Y[E M GJIZUoO_pP^HO M EHGNb ` B�IrO
bFOf^zpPpvE L B�^2+ ` EmRhE ` ^P,XG B�Df^2B9pvUob ` RapP^HbfGNE7R-EH^oR ` IZOFESG B�U +fE g IKG�GNEHR ~ � DXE7RhEHGJI M ^H+ ` Emp�Df^2OFlzE
IZO�+fEPDf^PY-IZUzb M IKG�\cU M DFIZlzD LXM IZU M IrBN, B�^zG �XG B�U +fE�loIrY[EPO LFM Ev\cE M EPOfpvEaUHY[E MW` U���E M�LFM IZU M IZBJ,
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B�^zG �XG �'DFE@O RhE@BQE M�g IZOFIrOFl �'DFIqp D B�^zG � GNDXUob ` R l ^2IZOCpvUoO-B M U ` UHY[E M B�DFE g UoOFIrBQU M OFE � B ~
� DFIqG�GNESpvBQIrUoO_RhIKG�pvbfGQGJEHG�DFU���BQDFE�+fEPDf^PY-IZUob M UH\m^ g UzOFIZB�U M p@^2O +fE g U-RhI d EHR(B�U�+�E@BQBQE M
GNbXIZBy^ M EH^ ` � BQI g E�EPO-Y-I M UzO g EPO-B ~

V�Oh\cU M BQbXOf^2B�E ` ,[w[B�DFE�OXUoBQIrUoOaUH\k^ M EH^ ` � BQI g E g UzOFIZB�U M IqG p U gaLF` IKpP^HBQEHR7+h, B�DFE'\ ^opvB#BQDf^HB
BQDXE ` UoloIqpP^ ` +fEPDf^PYhIrUob M UH\m^ g UoOFIrBQU M�g b GNB7+fE g ^2IrOhB�^2IrOFEHR ~ � DFEaU M RhE M U2\mG�p DXEHRhb ` IZOFl
BQDXE�BQD M EPEmijbFE@bFEHGvw-I ~ E ~ woB�DFEyEPOhB M ,tijbXEPbFE[w[BQDXE�GJIZloO ^ `Z` E M i[bFEPbXE�^HOfRaBQDFE7GJIZlzOf^ `r` EHR�ijbXEPbFE[w
RhEPB�E MQg IZOFEHG �'DXIKp�D�B�^zG � l ^2IZO G p UoO-B M U ` UHY[E M ^ g UoOXIZBQU M ^2O R RhE d OFESG BQDFE �-IZO R�U2\ g UoOXIZBQU MP~
] DFEPO�^HbFl g EPOhB�IZOFl g UoOFIrBQU M G
\cU M ^ M EH^ ` � BQI g E E@OhY-I M UoO g E@OhB@wvIZB IKG I gaL U M B�^2O-B;BQU LFM EHGJE M Y[E
BQDXE%U M RhE M IZO �'DFIqp D BQDFEHGJE0ijbFE@bFEHG�^ M E pvUoO GNIKR-E M EHR ~ A `Z` U��'IZOFl ^!bfGNE M B�U g U-RhIe\c, B�DFE
+fEPDf^PY-IZUob M U2\ ^ g UoOFIrBQU M IrOa^ ` I g IrBQEHRW^2OfRap UoO-B M U `Z` EHR g ^2OFOFE M IqG M EH^oGJUoOf^H+ ` E[w-+FbFB#OFUoB'Ie\
IZB9p D ^2OFlzEHG B�DFEWGNE g ^HOhB�IKpPGkU2\ BQDFE��-IZO RTU2\ g UzOFIZB�U M IZO�^HOabFO LFM EHRhIqpvB�^H+ ` E �9^P,[w g ^��-IZOFl7IrB
I gtL U GQGJIZ+ ` E�BQU LXM Uol M ^ g!~ � D-bfG w�B�DFE GJE g ^2O-BQIqpPG UH\*BQDXE �-IZOfRaU2\ g UoOFIrBQU M'g bfGJB'+fE d�� EHR
w
�'DFIqp DWIZO�B�b M O d � EHG&BQDXE'U M R-E M IrO �'DFIKp�D�B�DFE�B�D M E@E'i[bFEPbFEHGk^ M EypvUoO GNIKR-E M EHR�\cU M G�p DXEHRhb ` IZOFl
RhEHp IKGNIrUoOfG ~

� I � IZOXl�BQDXE�U M RhE M B�Df^2B'B�DFEWijbFE@bFEHG�IZO ^ g UzOFIZB�U M ^ M EWG�p DFESRhb ` ESR ` I g IZB�G B�DFE L U[GQGJIZ+ ` E
M ES^ ` � BQI g EWp D ^2OFlzEHG�BQU�B�DFE U M RhE M IrOFlaUH\'BQDXE B�^oG �FG �'IrBQDFIrO!^ L ^ M BQIqpvb ` ^ M i[bFEPbFE ~ A O ^2IZY[E
IKR-EH^ g IZlzDhB;+fEyBQU GNI gtLF` , LFM IZU M IZB�I �PEy^ `Z` BQDFEyYz^ M IZUob G�i[bFEPbFEHG;IrO BQDFE g UoOFIrBQU M wo+FbFB@w[bFOh\cU M �
BQbXOf^2B�E ` ,[w-BQDFIqG�IKG�OFUzB'OFEHpvESGQGQ^ M I ` , L U GQGJIZ+ ` E ~ � B'IKG�p E M B�^2IZO ` , M EH^zGNUoO ^2+ ` E�BQU LXM IZU M IrBQI �@E�B�DFE
EPO-B M ,�ijbFE@bFE7^oG*BQDFIqG E �-L EHRhIrBQEHG;BQDXE�EPO-B M , UH\;DXIZloDXE M�LFM IZU M IZBJ,WB�^oG �FG�IrOhB�U�B�DFE g UzOFIZB�U MP~ � \
BQDXE g UoOFIrBQU M RhU[EHG�OFUzB�GJb LFL U M B ^zpPpvE L B GNB�^HBQE g EPOhB�GvwfBQDFE@O!IZB�IqG�^ ` GNU L U[GQGJIZ+ ` ETB�U LFM IrU M �
IZB�I �PEWBQDFEtGNIrloOf^ `Z` E M ^2O R GNIrloOf^ `Z` ESR!ijbFE@bFEHG ~ � DFE�UoO ` ,!p@^SY[ES^2B �'IrBQD_GNIZlzOf^ ` G�IKG�BQDf^HB7BQDFIqG
RhEPY-IK^HBQIrUoO�\ M U g � � � x�U M RhE M IZOFlmIKG B�DFE'G�^ g E9^oG*G �'IrB�p�DFIZOFlyBQU � � � xWw2B�Df^2B IKGvw RF^2IqGN, �Jp�Df^2IrO
GNIrloOf^ `Z` IZOFl g bfGJB7+�EtbfGNEHR B�U pvUoO-B M U ` B�DFEaU M RhE M IZO �'DXIKp�D B�^zG �XG ^ M E LFM U-pvESGQGNESR U M B�DFE
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LFM IZU M IZB�I �PEHRtGQp�DFEHRhb ` IZOFl M EHGJb ` B�IZOFl�\ M U g g b ` BQI LX` EyGNIrloOf^ `Z` IZOFl g bfGNB#+fE�^zRhU L BQEHR ~
� \�wFDFU���EPY[E M whB�DFE g UoOFIrBQU M ^ `Z` U��yG�^zpPpvE L ByGJB�^HBQE g E@OhB�GvwhB�DFEPOa\ M U g GNEHpvB�IZUzO%{ ~ � w�B�DFE M E

^ M E�B ��U L U GQGNIr+FI ` IZB�IZEHG ~ � \XBQDFE9GNIrloOf^ `Z` E M ^2OfR GJIZloO ^ `Z` EHR7ijbXEPbFEHG&RhUyOFUzB;Df^PY[E*DFIZlzDFE M&LFM IZU M IZBJ,
BQD ^2O�BQDFEyE � BQE M Of^ ` i[bFEPbFE wjB�DFEPO�GJE L ^ M ^2B�EWijbFE@bFEHG g b GNB*+fE�bfGNESR \cU M ^opPpvE L B'GJB�^2B�E g EPO-B�G ~
A�G*BQDFEmpP^ `r` IrOFl�B�^oG ��IKG#^ ` �'^P,FG;I gag EHRhIq^2B�E ` ,�G�p DXEHRhb ` EHR
w[IZB�G i[bFEPbXE�Df^oG#^ g ^ � I g b g GJI �PE
U2\ UoOXE�^HOfR�pP^2O�+fE7E ` I g IZO ^2BQESR�IZO�BQDFEmI gaLF` E g EPOhB�^2B�IZUoO ~ � DFEW^opPp E L BQU M GNB�^op �
w-DFU���EPY[E M w
pP^HO%p UoO-B�^2IrO g U M E�B�Df^2O�UzOFE�B�^oG �t+FbFBmpP^2OFOXUoBy+�E LFM IZU M IZB�I �PESR
wF^zG�IZB g bfGNB#+�E LFM U-p EHGQGJEHR
IZO � � � x U M RhE M@~ � DXE M E g ^2IrOFIZOXl IrOhB�E M Of^ ` i[bFEPbFEHG w�DFU��#EPY[E M wypP^HO +fE LFM IrU M IZBQI��PEHR ^oG
RhIqGQpvbfG�GNEHR ^2+fUHY[E ~ V�O-\cU M B�bFOf^HBQE ` ,[w
BQDXE LFM Uz+ ` E g G�R-IKGQp bfGQGJEHR IZO_GNESpvBQIrUoO_{ ~ � �'IrBQD BQDFEHGJE
�-IZOfRFG�UH\ g UzOFIZB�U M G#GNB�I `Z` E � IKGNB ~

� \7BQDFE�IrOhB�E M Of^ ` ijbXEPbFEHG�RhU Df^PY[E%DFIrloDFE M�LFM IZU M IZBJ, BQDf^HO BQDFE0E � B�E M O ^ ` i[bFEPbFE[w*BQDXEPO
EPIrBQDFE M UoOFE7IrOhB�E M Of^ ` i[bFEPbFEmDf^oG'DFIZlzDFE M'LFM IZU M IZBJ,�U M +fUoB�D!i[bFEPbFESG�Df^PY[E�EHi[bf^ `&LFM IZU M IZBJ, ~ � \
UoOXE i[bFEPbFE�D ^oGy^ DFIrloDFE M'LFM IrU M IrBJ, � GNEPE � Irlob M E�{ ~ � {I��wfBQDXEPO�BQDFIqG'ijbFE@bFE7Df^oGy^ g ^ � I g b g
GNI��PEaUH\�UzOFE ~ A�G LFM IZU M IZB�I �PIrOFl0^ i[bFEPbXEaU2\ GNI��PEaUoOXE D ^oG OFU E	

ESpvBPw;B�DFIKGWijbFE@bFE0pP^2O�+fE
E ` I g IrOf^2B�EHR%IZO�BQDXE I gaLF` E g E@O[B�^2B�IZUzO ~ � DFE�UoB�DFE M ijbXEPbFE[w;DFU��#EPY[E M w pP^2O pvUzOhB�^2IrO g U M E
BQD ^2O�UoOFEtB�^oG � ~ � \9BQDFIqG�i[bFEPbFEtIKG g E M loEHR �'IZB�D BQDFE ^opPpvE L BQU M GNB�^op �
wkBQDFE@O IZB g bfGNB7+fE
LFM U-pvEHGQGJEHR IZO � � � x U M R-E M +fEHp@^2bfGJE!U2\7B�DFE!^zpPpvE L B�U M G ~ A�G�RhEHGQp M IZ+fEHR�IZO GNESpvBQIrUoO { ~ � w
BQDXE�^opPp E L BQU M G g bfGJB7+�E M EHGJB�^ M BQEHR IrO � � � x U M RhE M GNU%B�Df^2B�^!p@^ `Z` IZOFl�B�^oG � pP^2O�G�^2B�IKG \c,
�'Df^HBQEPY[E M pvUzOfRhIrBQIZUzOfG7^ M E M EHijbXI M ESR(B�U M EHGNB�^ M B ^2O ^opPpvE L BQU MP~ � O BQDFIqG7pP^oGJE[w B�DFEaGJEHpvUzOfR
i[bFEPbFEWpP^HOFOFUoB'+fE LFM IrU M IrBQI��PEHR ~

V�Oh\cU M BQbXOf^2B�E ` ,[w g E M loIZOXl�B�DFE7^zpPpvE L B�U M GJB�^op � �'IZBQDtBQDFE�IrOhB�E M O ^ ` i[bFEPbXE�U2\ ` U���E M LXM I �
U M IZBJ, LFM EPY[EPO-B�G B�DFIKG*IZO-BQE M Of^ ` i[bFEPbXE \ M U g +�E@IZOFl LFM IZU M IZB�I �PEHR ~�� , bfGJIZOFlWBQDFEyBQEHp�DFOFIqijbXE'U2\
RF^HIKGN, � p Df^HIZO GNIZlzOf^ `r` IrOFlFwFDFU��#EPY[E M w-IZByIKG L U[GQGJIZ+ ` E�B�U LFM U-pvEHG�G�GNbF+Xl M Uzb L G�UH\*B�^zG �XG�^oG�GNU-pvI �
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^2B�EHR �'IZB�D!GJIZloO ^ `Z` IZOFltIZO LXM IZU M IrBN,�U M RhE M@~ ] DFI ` EWBQDFIqG LFM IrU M IZBQI��H^2B�IZUzO g ^P,aOFUzB�+fE l ` Uo+f^ `
BQUtBQDFE EPO-BQI M E ijbFE@bFE[w>GNbF+Fl M Uzb L G�UH\'OFUzO � ^opPpvE L BQU M B�^zG �XG B�Df^2BW^ LFL EH^ M pvUzOhB�IZlobXUobfG ` ,%UzO
BQDXE�i[bFEPbXE�p@^2O�+fE LXM U-pvEHG�GNEHR�IZO ` U-p@^ `Z` , LXM IZU M IrBQI �@EHRTU M RhE M@~

� \'BQDXE IZO-BQE M Of^ ` i[bFEPbXEHG�Df^PY[E EHijb ^ `;LFM IZU M IZBJ,[w>BQDFEPO BQU0GJI gaLF` I \c,aB�DFEt^2Of^ ` ,XGNIKG wk^2l[^HIZO
^oG�GNb g E�BQD ^2B7BQDFESGNE�i[bFEPbFEHGy^ M E g E M lzEHR � GNE@E � IZlzb M E�{ ~ ��� � ~ � DFIKG g E M lzEHR%i[bFEPbXE g bfGNB
+fE � � � x +fEHp@^2bfGJE�IrB g ^P, pvUzOhB�^2IrO�^opPpvE L BQU M G ~ Ayl[^2IrO&woB�DFE�B�EHp�DFOFIKi[bFE#U2\kRX^2IKGJ, � p�Df^2IrOaGJIZl �
Of^ `Z` IrOFl7pP^HOT+fEybfGNESR�BQU LFM U-p EHGQG*GNbX+Fl M Uob L G*U2\�OFUoO � ^op@pvE L B�U M B�^zG �XG IZO ` U-pP^ `r` , LFM IrU M IrBQI��PEHR
U M RhE M@~
� U��7wypvUoOfGJIKRhE M B�DFE!U M RhE M IrOFl U2\WB�^zG �XG �'IrBQDFIrO ^ L ^ M B�IKpvb ` ^ M pvUzOfRhIZB�IZUzO ijbFE@bFE ~ � B

��Uzb ` R_GNEPE g M EH^oGJUoOf^H+ ` E�B�U!^ `r` U���BQDXIKG�i[bFEPbXETB�U%+fE LFM IZU M IZB�I �PEHR ~ V�Oh\cU M BQbFO ^2BQE ` ,[wkBQDFIqG
LFM EHGNEPO-B�Gm^ LXM Uo+ ` E g I \ ���������	�H
 � � ����� ��
 � ��� ^ M E�bfGNEHR ~ A B�^zG � � G LFM IrU M IZBJ,�IKG7pvUoO GNIKR-E M EHR
Rh,-Of^ g IKp'I \ IZB�G LXM IZU M IrBN,�IKG'^ `Z` U �#EHRTB�Uap�Df^2OXloEHRaUHY[E M B�I g E ~ �y,hOf^ g IKp LFM IrU M IrBQIrEHG LFM EHGNE@OhB
^%i[bFEPbXE g ^2IrOhB�EPOf^HOfpvE LFM Uo+ ` E g +fEHpP^2b GNEaB�DFE LFM IZU M IZB�IZEHG�U2\y+ ` U-p �[EHR(B�^oG �FG pP^HO�p�Df^2OFlzE
�'DFEPO Rh,hO ^ g Iqp LFM IZU M IZB�IZEHG*^ M E�b GNEHR
w-+FbFB#pvUzOfRhIZB�IZUzOai[bFEPbFESG ^ M E�b GNbf^ `Z` , UzO ` , g U-RhI d ^H+ ` E
+-, B�DFE%B�^oG � pvb M�M EPO-B ` , U��'OFIZOXl BQDFE g UoOXIZBQU M w'^zGTBQDXEP, ^ M E p UoOfGJIKRhE M EHR IrOhB�E M O ^ ` RF^HB�^
GNB M bfp BQb M EHG ~ � O%U M RhE M BQUtGNb LXL U M B7R-,hOf^ g IKp LFM IZU M IZB�IZEHG wf^TpvUzOfRhIrBQIZUzO0ijbFE@bFE g ^P,TOFE@EHR B�U
+fE7^oR � bfGNB�EHRT+-,�^�B�^zG ��UobFB�GNIqRhE�U2\kB�DFE g UzOFIZB�U M B�U M E � U M RhE M BQDXE7ijbXEPbFEyI \&B�DFE LFM IrU M IrBJ, U2\
+ ` U-p �[EHRaB�^oG �XG�p�Df^2OXloE ~ � U�^ `r` U�� B�^zG �XG�UobXB�GNIqRhE BQDXE g UzOFIZB�U M BQU p Df^HOFloEWBQDFESGNE i[bFEPbXEHGvw
` U-p �XG �#Uob ` R Df^PY[E7BQUa+fE ^oRFRhESR IZO0U M RhE M BQU LFM UoB�EHpvBmpvUoOfR-IZBQIrUoO ijbFE@bFEHG ~ � DFIKGyGNU ` bFB�IZUoO�w
DFU���E@Y[E M woIrOhB M U-Rhb pvEHG�^zRFRhIrBQIZUzOf^ ` pvU gtLF` E � IZBJ,7^HOfRTUHY[E M DFEH^oR�BQDf^HB g ^P,�OXUoB�+fE�lzEPOFE M ^ `r` ,
M ESijbFI M EHR ~� ^HBQDFE M B�Df^2O \cU M p IZOFl0^ `r` bfGNE M G�BQU L ^P,%\cU M BQDXEapvU GNB�G�U2\ ` U-p �FG�UzO pvUzOfRhIrBQIZUzO
Yz^ M IK^2+ ` EHG woIZBkIKG M EH^oGJUoOf^H+ ` EyBQU GNbFlzloEHGJB B�Df^2B BQDFE LFM Uol M ^ gtg E M EPOh\cU M pvE �'Df^2B�EPY[E M ijbXEPbFIZOXl
GQp�DFE g E;IKGk^ LFLXM U LXM IK^HBQE�\cU M ^�loIrY[EPOWGNIrBQbf^HBQIZUzO �'IZB�D�BQDXE g UzOFIZB�U M w��'DFIqp D M EHi[bFI M EHG LFM IZU M IZBJ,
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Yz^ ` bFEHG�BQU�+fEW^opPpvESGQGNIr+ ` E ^2ByBQDFE7bfGJE M � ` EPY[E ` ~
� IZO ^ `Z` ,[w[^ ` �'^P,XG bfGJIZOFl ^ LFM IZU M IZBJ,WU M R-E M IrOFl�UzOaBQDFEmEPOhB M ,�i[bFEPbFEyIKG;IrOfpvU M�M EHp B IrOaGJU g E

pP^zGNEHG w E ~ l ~ w B�DFE M EH^oR-E M G � � M IrBQE M�LFM Uo+ ` E g pvUob ` R M EHGNb ` BTIrO GNB�^ ` E!IrOh\cU M�g ^2B�IZUoO�Ie\�B�^oG �XG
^ M E LXM U-pvEHG�GNEHR!IZO LXM IZU M IrBN,�U M RhE M7M ^2BQDXE M BQDf^HO � � � x U M RhE M IrOFl ~ � bFB@w�\ M U g ^ M ES^ ` � BQI g E
L E M G L EHpvBQIrY[E[w LFM IZU M IZBJ,aU M RhE M IZOFl�IKG'E � ^opvB ` ,aB�DFE�+fEPD ^SY-IZUzb M BQDf^HB�IKGyRhEHGJI M ESRt\cU M ^ BN, L IqpP^ `
g UzOFIZB�U MP~ � DFEHGJE LFM Uz+ ` E g Gvw[^zG ��E `r` ^oG�B�DFE7RhESGNI M E�B�U�bfGJE7GQp�DFE g EHG BQU�R-EH^ ` �'IZB�D LFM IZU M IZBJ,
IZO-Y[E M GNIZUzO�U M B�U L E M \cU MQg Rh,-Of^ g Iqp7GQp�DFEHRhb ` IZOFl�GJbFlolzEHGNB7B�Df^2Bm^ g U M E��fE � IZ+ ` EW^ LFLFM U[^zp D
IKG M EHi[bFI M EHR ~

����� � � � � 	 � 	�� ��	 ��" ���

� DFIqG�GNESpvBQIrUoO_RhIKG�pvbfGQGJEHG�B�DFE�RhESGNIZlzO�^2O R I gaLX` E g EPO-B�^2B�IZUzO%U2\yB�DFE M EH^ ` � B�I g EWE � B�EPOfGJIZUoO G
� RhEPY[E ` U L EHRa\cU M�g UoOFIrBQU M G IrO �ks���� ~ � s�� � g UoOFIrBQU M GyRhI 
>E M \ M U g BQDXU[GNE LXM EHGJEPOhB�EHR +-,
� U ^ M E � { 8 � IrOWGNEPY[E M ^ ` �'^P,FG ~ � DFEHGNE#E � BQEPOfGJIZUzOfG
^ ` GNUyE � IKGJB
IZOWGJI g I ` ^ M pvUzOfGNB M bfp B�G LFM UHY-IKRhEHR
+-,�UzBQDFE M ` ^2OFlzbf^2lzEHG;^2O R ^ M E#IZO-BQEPO RhEHR�BQU g ^��[E g UoOFIrBQU M G
EH^zGNIZE M B�U�bfGJE �'IrBQDFUzbFB ` I g IZB�IZOFl
BQDXEPI M IrOFDFE M EPOhB*\cbFOfpvB�IZUzOf^ ` IZBJ, ~

� I M GNB@w B�DFE g UoOFIrBQU M G�IZO �ks���� pP^HO +fE!p ` ^oG�GNI d EHR�^oG LFM IrU M IZBJ, OXUoO � + ` U-p �-IZOFl g UoOXI �
BQU M G ~ � DFE LFM IZU M IZBJ, LFM U L E M BJ, M EHijbXI M ESG B�^zG �XG�G�p DXEHRhb ` EHRTIZO�B�DFE g UzOFIZB�U M �5b GNIZOXl IZO-BQE M Of^ `
GQp�DFEHR-b ` IrOFl(�7B�U +fE!GNE M Y-IKpvEHR +fEv\cU M E%B�^oG �FGTE@OhB�E M IrOFl!BQDFE g UoOXIZBQU MP~ � DXIKG LFM U L E M BJ, ^ ` �
` U��yG7pvU[U L E M ^2B�IZUzO BQU�+fETESGNB�^H+ ` IqGNDFESR(+fEPB ��E@EPO!BQDFEtGNIrloOf^ `Z` E M ^2O R GJIZloO ^ `Z` EHR!B�^oG �FG wk^2OfR
E ` I g IrOf^2B�EHG
IZOFE ��pvIrEPO-B&+FbfGN, �'^HIZBQIrOFl �cE ~ l ~ w ` U[U L G*^ M UobFO R wait

GNB�^HBQE g EPOhB�G��>+fEHpP^2b GNEmpP^ `r` �
IZOXl B�^oG �FG7pP^HOFOFUoB7+f^ M lzEaIZO-BQUaB�DFE g UoOFIrBQU MP~ � DFETOXUoO � + ` U-p �-IZOFl LFM U L E M BJ, M EHijbXI M ESG B�DFE
GNIrloOf^ `Z` E M B�^zG ��BQU�p UoO-BQIZO-bFE�E � EHp bFBQIrOFl�^S\cB�E M ^ signal

GNB�^HBQE g EPOhB ~ � DFIKG LFM U L E M BJ, g ^ �[EHG
g UzOFIZB�U M G&EH^zGNIZE M B�U�bfGJEy^2OfR g U M E*E � pvIrEPOhBf\cU M B�DFE \cU `Z` U �'IrOFl M EH^zGNUoO G ~ � ^oGJE'U2\>bfGNE9^ M IKGNESG
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+fEHpP^HbfGNE IrB�IqG g U M E�IrOhB�bFIZB�IZY[E�\cU M BQDFE LXM Uol M ^ gag E M �'DFE@O!BQDFE GNIZlzOf^ `r` E M B�^oG �!pvUzOhB�IZO-bFEHG
E � EHpvbFB�IZOFlt^S\cB�E M ^aGNIrloOf^ ` ~ � � pvIZE@Ofpv,0^ M IKGNESG�+fEHpP^2b GNE signal

GNB�^2BQE g EPO-B�G'bfGNbf^ `Z` ,%U-pPpvb M
+fEv\cU M E�^aB�^oG �!E � IZB�G'U M + ` U-p �XG�IrOfGNIqRhE�B�DFE g UoOXIZBQU MP~ � DFE M Ev\cU M E[w&^ `r` U��'IZOXlaBQDFE�GJIZlzOf^ `r` E M
B�^zG �0BQU0pvUoO-BQIrOhbXE�E � EHpvbFB�IZUzO%E ` I g IrOf^2B�EHG�^�pvUzOhB�E � BmG �'IrB�p�D!^HOfR(IrOfp M EH^oGJEHG�p UoOfpvb MQM E@Ofpv, ~
� DFIqG�OFUzO � + ` U-p �hIrOFl LFM U L E M BJ, U-pPpvb M G �'IZBQD g UoOFIrBQU M G�IrO � b M IrOFl � { ? � ^2OfR �'IrBQD g bFBQE �
^2O R%pvUzOfRhIZB�IZUzO Yz^ M IK^H+ ` ESG�IZO � x u � = � � � ~

� DFE GNESpvUoOfR RhI 
>E M EPOfpvE�IqGTBQDf^HB � s�� � g UzOFIZB�U M G�GNb LFL U M B M EHpvb M GNIZY[EtEPOhB M ,[w#I ~ E ~ w#^
g UzOFIZB�U M U��'OFE M IKG7^ `r` U���EHR%B�U0pP^ `r` +f^op �%IrOhB�UaBQDXE g UzOFIZB�U M@~ � EHpvb M GNIrY[E�EPO-B M ,%IKGybfGNEv\cb `
+fEHpP^HbfGNE7IZB*E ` I g IrOf^2B�EHG;^ pvU gag UzO�GNUob M pvE�UH\*R-EH^oR ` U-p �>whE ~ l ~ w[I \kBQDXE g UoOXIZBQU M U �'OXE M pP^ `r` G
^2OXUoBQDXE M�g bFBQE ��g E g +fE M&M UzbFBQIrOFE[w-EPIZB�DFE M RhI M EHp B ` ,WU M IrOfRhI M EHpvB ` , ~ ] DXI ` EyIZB*IqG L U[G�GNIZ+ ` E�B�U
M ESGNB M bfpvB�b M E#BQDFE g UzOFIZB�U M B�U LFM EPY[EPO-B B�DFIKG LXM Uo+ ` E g wHBQDXE M E � M IZB�BQEPO�p U-RhE'IKG bXOFOFEHpvESGQGQ^ M I ` ,
pvU gaLF` E �
~ � EHpvb M GNIZY[EyEPO-B M ,aIKG#^ ` GJUaGJb LFL U M BQEHR�+h, g UoOFIrBQU M G IrO��[^SYz^ � {z{ � ^2O R%GNE M IK^ ` I��PEHR
Uo+ � ESpvB�G�IrO(xy+ ` IKi � � 8 � ~

� DFE d Of^ `yg ^ � U M RhI 
>E M EPOfpvEaIqG B�Df^2B � s�� � g UzOFIZB�U M G GJb LFL U M Ba+fUoB�D IZO-BQE M Of^ ` ^2OfR
E � BQE M Of^ ` G�p DXEHRhb ` IZOFl ~ A�G'RhEHG�p M Ir+fEHR IrO u EHp BQIZUzO0{ ~ � ~ {-w�E � BQE M Of^ ` GQp�DFEHRhb ` IZOFl IrO �ks���� IqG
^op�DFIrEPY[EHRTbfGJIZOFlt^op@pvE L ByGJB�^2B�E g EPO-B�G#GNI g I ` ^ M BQU�BQDFU GNEWIZO0A�RF^ B�^zG �XG � ? � � w �'DFI ` E7IZO-BQE M Of^ `
GQp�DFEHR-b ` IrOFl�\cU `r` U��yG�BQDFE � U[^ M E g UoOFIrBQU MP~ � DFE ^oRhYz^2O-B�^HloE UH\#^opPp E L ByGNB�^2B�E g EPO-B�G*IKG'BQDf^HB
BQDXEP, LFM UHY-IKRhEWDFIZlzD � ` EPY[E ` GJ,hOfp�D M UoOFI��H^2B�IZUoO ^2OfR!^ M E�^ ` GNUtEH^oGJIZE M BQUab GNE�^2O R%bFOfRhE M GNB�^2OfR
BQD ^2O!p UoOfRhIrBQIrUoO�Yz^ M Iq^2+ ` EHG�IZO g ^HOh,tpP^zGNEHG ~

A L UzBQEPO-BQIq^ ` R M ^ �'+f^zp �0U2\yB�DFEHGNE�EPOFD ^2OfpvE g EPO-B�G'IKG�B�DFE M EHi[bFI M E g EPO-B'BQDf^HB7BQDFE LFM U��
l M ^ gag E M'` EH^ M O_^oRFR-IZBQIrUoOf^ ` GNE g ^2O-BQIqpPG�^HOfR ^oRhU L B ^�pvU-RhIrOFl0GNBJ, ` E BQD ^2BWRhI 
>E M G�G ` IZlzDhB ` ,
\ M U g BQDf^HB�bfGJEHR �'IZB�D%B�DFE � U[^ M E g UoOFIrBQU M@~'� U���E@Y[E M w-E �hL E M IZEPO pvE �'IZB�D%B�DFEHGNEWEPOFDf^HOfpvE �
g EPO-B�GyGNbXloloESGNB�G7BQDf^HB7BQDFEP,0BQEPO R%BQU g ^��[E g UoOXIZBQU M G�ES^oGNIrE M B�U b GNEt^2OfR g U M E IZO-BQbFIrBQIrY[E
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uMutex class monitor {
private:
. . . // default no mutex routines
public:
. . . // default mutex routines

};

� IZlob M EW{ ~ � 8 �
� s�� � n UzOFIZB�U M

\cU M BQDXE LXM Uol M ^ gag E M@~
n UoOFIrBQU M G;IZO � s�� � ^ M E�GJB M bfpvBQb M EHR�^oG's���� p ` ^oG�GNEHG ~ � O�U M R-E M BQUWG L EHpvIe\c,�^7p ` ^zGQG*^oG#^

g bFBQE � Uo+ � ESpvBPwHBQDFE#i[bf^ ` I d E M uMutex
IqG ^zRFRhEHR7+�E \cU M E class

� GJEPE � IZlzb M E9{ ~ � 8 ��w �'DFIKp�D M E �
GNb ` B�G&IZOW^ `Z`-L bF+ ` IKp g E g +fE M G UH\fBQDXE'p ` ^oGQG&+fEPIZOXl g bFBQE �'M UobXBQIZOXEHG ~ A ` B�E M Of^HBQIrY[E ` ,[w�B�DFE �[EP, �
��U M RFG uMutex

^2OfR
uNoMutex

pP^2O�+fE�bfGJEHRaBQU�E �hLF` IKpvIrB ` ,�IZO RhIKpP^HBQE �'DFEPB�DFE M ^ g E g +fE M
M UzbFBQIrOFE GJDFUob ` R%+fE�E � EHpvbXBQEHR �'IZB�D g bFBQb ^ ` E � p ` b GNIZUzO ~ � U M E � ^ gaLX` E[w uMutex int f(. . .)

w
G L EHp I d EHGyBQDf^HB g E g +fE M�M UobFB�IZOFE f

IqG�+fE E � ESpvbFBQESR �'IZB�D g bXBQbf^ ` E � p ` bfGJIZUoO ~ A `Z`&LFM IZYz^2B�E
^2O R LFM UoBQESpvBQEHR g E g +fE MfM UzbFBQIrOFEHGkRhEv\ ^Hb ` B&B�U�OFU g bFB�bf^ ` E � p ` bfGJIZUzO&wP+FbFB pP^2OW+fE�E �-LF` IqpvIZB ` ,
p�Df^2OFlzEHR ~

� DFE#GNB M bfpvB�b M E*UH\>^ � s�� � g bXBQE � Uz+ � EHpvB
IqG
loIrY[EPO�IZO � Irlob M E#{ ~ � ?h~ A�G � s�� � g UoOXIZBQU M G
^ M E LFM IrU M IZBJ,aOFUzO � + ` U-p �hIrOFl g UzOFIZB�U M G w�B�DFE�GNIrloOf^ `Z` E M i[bFEPbXE�Df^zG DXIZloDXEHGNB LFM IrU M IZBJ,0^2OfR%IqG
E ` I g IrOf^2B�EHR�\ M U g BQDFE7I gaLF` E g EPO-B�^HBQIrUoO ~ AmG ��E `r` w[BQDFEW^zpPpvE L B�U M GJB�^op ��^HOfR B�DFE7GNIrloOf^ `Z` EHR
i[bFEPbFEt^ M E g E M loEHR%B�U p M EH^HBQE�BQDFEt^op@pvE L B�U M � GNIrloOf^ `Z` ESR GNB�^op � ~ � DFEtUoO ` ,(\cEH^HBQb M EaOFUzB
,[EPB#RhIqGQpvbfG�GNEHRaIqG BQDXE	�	� 
 ��� � ���	� � ��� � ��� ��� ~ A GJE L ^ M ^2B�E g E g +�E M i[bFEPbFEmIKG�^zGQGJU-pvIK^HBQEHR
�'IZB�D EH^op�D g bFBQE �mg E g +fE M
M UobFB�IZOFE ~ ] DFEPO�^�B�^oG � pP^ `r` IrOFl�IZO-BQUmBQDFE g UoOFIrBQU M + ` U-p �XGvwoIrB IqG
LF` ^opvEHRaUzO%+fUoB�D!BQDFE7EPO-B M ,�ijbXEPbFE7^HOfR%BQDFE g bFBQE � ijbFE@bFEW^oGQGJU-pvIK^HBQEHR �'IrBQD�BQDXE g E g +fE M
M UzbFBQIrOFE IZB pP^ `r` EHR ~ � DFE g bXBQE �ag E g +fE M ijbXEPbFEHG�^ M Et^2O U L B�I g I��H^2B�IZUzO B�U0^ `Z` U���^op@pvE L B
GNB�^2B�E g EPO-B�G�B�Ua+fE LFM U-pvESGQGNESR!ijbFIqp � ` , ~ � \*BQDFE g bXBQE �ag E g +fE M i[bFEPbFESG�^ M E OFUzB LFM ESGNEPO-BPw
BQDXEPO�EH^op�D

uAccept
p ` ^HbfGNE g bfGJB ` IrOFEH^ MQ` ,�GJEH^ M p D�B�DFE7EPOhB�I M E�EPO-B M ,ai[bFEPbXE \cU M pP^ `r` G*BQUt^
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E � IZB

A

pvUzOfRhIrBQIZUzO
�

GJB�^op �
^zpPpvE L B�U M �
GJIZloO ^ `Z` EHR

pvUzOfRhIrBQIZUzO

= �

EPO-B M ,i[bFEPbXE

^ MQM IrYz^ `
U M RhE M UH\

GND ^ M ESR
Yz^ M IK^H+ ` EHG

g bFBQE �i[bFEPbFEHG

R-b LF` IqpP^2B�E+ ` U-p �[EHRTB�^oG �^zpvBQIrY[E�B�^zG �
� IZlzb M E { ~ � ? � u B M bfpvB�b M E7U2\ ^ � s�� � n bFBQE � xy+ � EHpvB�� ��� �

L ^ M BQIqpvb ` ^ M'g E g +fE M*M UzbFBQIrOFE ~ A�G�GNU-pvIq^2B�IZOFlt^ g bFB�E � i[bFEPbXE �'IrBQD�EH^zp D g E g +fE M*M UzbFBQIrOFE
E ` I g IrOf^2B�EHG;BQDFIqG�x��cO/�9GNEH^ M p�D&w �'DFE M E�O0IKG�B�DFE�O-b g +�E M U2\ B�^oG �FG'UoO0BQDFEWi[bFEPbFE wF+�ESpP^2bfGJE
UobXB�GNB�^2OfR-IZOFl pP^ `Z` G�p@^2O +fE ` U-pP^2B�EHR IZO�x � � � ~ � DFEaEPO-B M , ijbFE@bFETIqG7GNBQI `Z`*g ^HIZO-B�^2IrOFEHR%B�U
^ `r` U�� EPOhB M ,aB�^oG �FG'BQU�+fE LFM U-pvEHGQGJEHRaE � pvIZEPO-B ` , IZO � � � x U M RhE M wFUoBQDXE M �'IqGNE7EPY[E M , g bFBQE �
i[bFEPbFE ��Uzb ` RaOFE@EHRaBQU +fE pvUzOfGNb ` BQESR ^HOfR ES^op�DaEPO-B M ,tBQI g EHGNB�^ gaL EHR ~

� DFE�+f^zGNIqp�^ LFLXM U[^zp D�B�U I gaLF` E g EPO[BQIrOFl g UoOFIrBQU M G IqG \cU M BQDFE ` ^2OXlobf^HloE7BQUWI gaLF` E g E OhB
^aRhI 
>E M EPO-B'Y[E M GNIZUzO%UH\ g UoOFIrBQU M \cU M EH^zp D �hIrOfR B�Df^2B�IqG�R-EHGNI M EHR
wfGJbfp�D ^oG�^ Y[E M GJIZUzO �'IZB�D
� � � x U M RhE M IrOFlFw-^zG ��E `r` ^oG#^�Yz^ M IZEPBJ, U2\kY[E M GNIrUoOfG \cU M RhI 

E M EPO-B M EH^ ` � BQI g E'GQp�DFE g EHG ~ � DFIqG
^ LXLFM U ^op�D IKG LXM Uo+ ` E g ^HBQIqp \cU M Uz+hY-IZUzbfG M EH^oGJUoOfG w'GNb p D ^oG E � pvEHG�GNIZY[EtpvU-RhE Rhb LF` IKpP^HBQIrUoO&w
g ^HIZO-B�^2IrOFIZOXl g b ` B�I LF` E�Y[E M GNIZUzOfGvw>EPB�p ~ w&^oG �#E `Z` ^oG w B�DFE \ ^opvB�B�Df^2BW^ ` ^HOFlob ^2loEtE � B�EPOfGJIZUoO
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IKG�OXEHpvEHG�GQ^ M ,T\cU M EH^zp DaOXE � BJ, L E�UH\ g UzOFIZB�U M B�Df^2ByIKG�I gaLF` E g E@O[BQEHR ~
� U���EPY[E M w-pvUoO GNIKR-E M IrOFl�B�DFE M EHGJB M IqpvBQIrUoOfG#RhIKG�pvbfG�GNEHR�^2+fUHY[E[wFB�DFE M E ^ M E7UzO ` ,t^ \cE � M EH^ `

RhI 

E M EPOfp EHG L U GQGNIr+ ` E ^ g UzOFl B�DFE%Yz^ M IZUzbfGTBJ, L EHG U2\ M EH^ ` � B�I g E g UzOFIZB�U M G ~ � O U M RhE M B�U
g ^HIZO-B�^2IrOaBQDXE GNE g ^2O-BQIqpPG�U2\#^ LFM IrU M IrBJ,aOFUoO � + ` U-p �-IZOXl g UzOFIZB�U M wFBQDFEWU M R-E M IrO �'DFIqp D�B�DFE
Yz^ M IZUob G�i[bFEPbXEHG�^ M E�pvUzOfGNIqRhE M EHR!pP^2OXOFUoBWp�Df^2OFlzE ~ � DFE M Ev\cU M E[w
B�DFE L U[G�GNIr+ ` Etp D ^2OFlzEHG�^ M E
M ESGNB M IKpvB�EHR B�UaBQDXE U M R-E M IZO �'DXIKp�D%B�^zG �XG7^ M E LXM U-pvEHG�GNEHR%UzO!BQDFE E@OhB M ,[w g bXBQE � ^HOfR pvUoO �
RhIrBQIZUzO ijbXEPbFEHG w ^zG ��E `r` ^oG w ^ `Z` U �'IrOFl�B�^zG �XG B�U L E M \cU M�g GNU g E�^oRFR-IZBQIrUoOf^ ` \cbFOfp BQIZUzOf^ ` IZBJ,
�'DFEPO�EPO-BQE M IZOXl�U M'` EH^PYhIrOFl ^ g UoOFIrBQU M@~ A�G#GNbFlzloEHGJBQEHR�IZOaB�DFE LFM E@YhIrUobfG#GNEHpvB�IZUzO&whB�DFEWpvUoO �
RhIrBQIZUzO ijbXEPbFEHGy^ M E ` Ev\cB�^zG � � � x ^HOfR%BQDFE b GNE M IqG M ESG L UoOfGJIZ+ ` E�\cU M RhI 

E M EPO-B�G�p DXEHRhb ` IZOFl
GQp�DFE g EHG �'IrBQDFIrO%BQDXE g UzOFIZB�U MP~ � DFE7\cbFOfpvB�IZUzOf^ ` IZBJ, M ESijbFI M EHR �'DFE@O!B�^oG �FGyEPOhB�E M U Mm` EH^PY[E
^ g UzOFIZB�U M pP^HO +fE ^op�DFIZEPY[ESR +-, LFM UHY-IKRhIrOFl DFU[U �XGTBQD ^2B�^ M E!IZO-Y[U �[ESR IrO B�DFE g UzOFIZB�U M
EPO-B M ,�^2OfR E � IrB�pvU-RhE ^2O R BQDFE M E g ^HIZOFIrOFl!p�Df^HOFloEHGtpP^2O +�E0EPOfpP^ L GNb ` ^2B�EHR �'IZB�DFIZO�B�DFE
\cbFOfp BQIZUzOf^ ` IZBJ,�U2\ BQDFE7Yz^ M IZUob G�i[bFEPbFESG ~

� DFE�E � BQEPOfGJIZUzOfG � RhEHGJIZlzOFEHR�^2OfR I gaLF` E g EPO-BQESR \cU M �ks�����loEPOXE M ^ ` I �@EaBQDFEtIZO-BQE M Of^ `
GQp�DFEHR-b ` IrOFl g ESp Df^HOFIKG g U2\ BQDFE g UzOFIZB�U M BQU�^op�DFIrEPY[E�B�DFEWRhEHGJI M ESR M ^HOFloEWU2\k\cbFOfpvB�IZUoO ^ ` IrBJ, ~
� I M GNB@w
BQDXEaG L ESpvI d p@^2BQIrUoO!UH\y^ g UoOXIZBQU M p ` ^oG�G�IKG�E � BQE@OfRhEHR%+-, M EHijbXI M IrOFl�B �#U0^oRFRhIrBQIrUoOf^ `
BJ, L EHG�B�U!+fE%G L EHpvI d EHR ~ � DXE OXE � \cU MQg ^HB�IqG�+f^oGJEHR UoO s�� � B�E gaLF` ^2B�EaGJ,hO-B�^ � ^2OfR IqG
loIrY[EPOa+fE ` U � ~

uMutex<EntryQueueType, MutexQueueType> class monitor {
private:
. . .
public:
. . .

};

� DFE dfM GNB L ^ M ^ g EPBQE M G L EHp I d EHG&BQDXE'BN, L E�\cU M B�DFE'EPO-B M , i[bFEPbFE9^2OfR BQDFEyGJEHpvUzOfR L ^ M ^ g E@BQE M
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class uBasePrioritySeq : public uBaseScheduleFriend {

uBaseTaskSeq list;
public:

virtual bool uEmpty() const;
virtual uBaseTaskDL *uHead() const;
virtual int uAdd( uBaseTaskDL *node, uBaseTask *uOwner, uSerial *s );
virtual uBaseTaskDL *uDrop();
virtual void uRemove( uBaseTaskDL *node );
virtual void uOnAcquire( uBaseTask &uOwner, uSerial *s );
virtual void uOnRelease( uBaseTask &uOldOwner, uSerial *s );

}; // uBasePrioritySeq

� Irlob M E7{ ~ � 5 � uBasePrioritySeq

G L EHp I d EHGkBQDFE'BJ, L E�\cU M BQDFE g bFBQE � ijbXEPbFEHG ~ � DFEHGJE'BJ, L EHG g bfGJB +fEmRhE M IrY[EHR�\ M U g BQDFEyp ` ^oG�G

uBasePrioritySeq
� GJEPE � Irlob M E�{ ~ � 5 � ~ � DFE�^H+FI ` IZBJ,!BQU G L ESpvI \c,_RhI 
>E M EPO-B�BJ, L EHG�\cU M B�DFE

EPO-B M ,�^2OfR g bXBQE � ijbXEPbFEHGypP^2O0+fE�bfGJEv\cb ` \cU M pvE M B�^HIZO��hIrOfRFG'U2\ g UoOFIrBQU M G ~ � U M E � ^ gtLF` E[w
I \ � � � x�i[bFEPbXEHG7^ M E�bfGJEHR \cU M +�UzBQD B�DFE g UoOFIrBQU M EPO-B M , ^2OfR g bFBQE � i[bFEPbFESGvw&BQDFE@O ` EHG�G
UHY[E M DXEH^oR0pP^2O0+�E�^zp DXIZEPY[EHR�+h,�bfGJIZOFlt^aGNIrOFl ` , ` IZO �[EHR ` IKGJB�\cU M B�DFE g bFB�E � i[bFEPbXEHG ~ � DFIqG
E � pvIZE@Ofpv,W^ M IKGNESG +fEHpP^HbfGNEyB�^zG �XG�^ M E�UoO ` , M E g UHY[EHR \ M U g BQDXE \ M UoO-B UH\kBQDFE g bFBQE � i[bFEPbFESG
�'IZB�D�BQDFIqG �hIrOfRaU2\ g UzOFIZB�U M wj+XbFB M E g UHY[EHR�\ M U g ^2O-, �'DXE M E�IrO�BQDFE7EPO-B M ,�ijbXEPbFE ~

� O
uBasePrioritySeq

w�B�DFE M UobFB�IZOFESG uEmpty
w

uHead
w

uAdd
w

uDrop
^HOfR

uRemove

LFM U2Y-IKR-Ey^ lzEPOFE M ^ ` I �PEHR�IrOhB�E M \ ^zpvE�B�UW^�i[bFEPbXE ~ � DFE M UzbFBQIrOFE uOnAcquire LXM UHYhIqRhEHG;^�DFU[U �
GNU7B�Df^2B �#U M � pP^HO +�E L E M \cU M�g EHR �'DXEPO�^�B�^zG ��^zpPijbXI M ESG pvUzOhB M U ` U2\�^ g UzOFIZB�U M@~ u I g I ` ^ M�` ,[w
BQDXE M UzbFBQIrOFE uOnRelease

^ ` GNU LXM UHYhIqRhEHG*^�DFU[U �
wF+FbXB�BQDXIKG DXU[U �aIqG E � EHpvbFB�EHR ^oG�B�DFE�B�^oG �
` ES^SY[ESG�BQDFE g UoOFIrBQU MP~ � U DFU[U � IKGTIrOhY[U �[EHR �'DFEPO ^ B�^oG ��+ ` U-p �FG UoO ^HO EPO-B M , i[bFEPbFE
+fEHpP^HbfGNEaB�DFE

uAdd M UzbFBQIrOFETIqG�^ `ZM ES^oRh, IZO-Y[U �[EHR%B�U!^zRFR BQDXEaB�^zG � BQU!BQDXETEPO-B M , ijbXEPbFE ~
� DFE M Ev\cU M E[wF^HOh,0^zRFRhIZB�IZUzOf^ ` �#U M � pP^2O�+fE ^zRFRhEHRaBQU�BQDXE�E@OfRaU2\*B�DFE uAdd M UzbFBQIrOFE ~

� DFEHGJE DXU[U �XG ^ `Z` U�� ^zRhYz^2OfpvESR G�p DXE g EHG�GNb p D ^oG LXM IZU M IrBN, IZOXDFE M IrB�^HOfpvE � GNE@E u EHp �
BQIrUoO ?-~ 8 �yB�U +fE I gaLF` E g EvO-BQESR ~ � O!BQDXE�pvb MQM EPO-B�I gaLF` E g EvO-B�^HBQIrUoO&wFB�DFE uOnAcquire

^2OfR
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uOnRelease M UobFB�IZOFEHG7^ M EaOFUzB pP^ `Z` EHR \cU MWg bFB�E � ijbXEPbFEHG ~ � DFEa+ ^oGNIqp IqRhEH^aIKG�B�U!^ `r` U��
^%B�^zG � ^2+fUzbFBTB�U!+ ` U-p � UzO B�DFE g UoOXIZBQU M B�DFE0^2+FI ` IZBJ,!B�U IrO��fbFEPO pvEaBQDXEaB�^zG � pvb M�M EPO-B ` ,
M bXOFOFIZOXl�IrOTB�DFE g UoOFIrBQU MP~ � DXEPO&w �'DFEPOt^�B�^oG � E � IrB�G;BQDFE g UoOFIrBQU M w[IZB*pP^HO M E@EPYz^ ` b ^2BQEy^HOh,
g U-RhI d pP^HBQIZUzOfG�IZB#bFOfRhE M ��E@OhB �'DFI ` E�IrB �'^zG IrO B�DFE g UoOXIZBQU MP~

� O U M RhE M BQU LFM U2Y-IKR-E +f^zp � �'^ M RFG pvU gaL ^HBQIZ+XI ` IrBJ, �'IZB�D E � IKGJBQIrOFl � s�� � LFM U��
l M ^ g G w BQDFE g UzOFIZB�U M ^ M lzb g EPO-B�G ^ M E�U L BQIZUzOf^ ` ~ � \ OFU ^ M lob g EPOhB�G�^ M E�G L EHpvI �
d EHR>w ^oG�IZO � IZlzb M E { ~ � 8 w BQDFE@O B�DFE GN,XGNB�E g RhEv\ ^Hb ` B�G BQU bfGNIrOFl IZO-BQE M Of^ `Z` , RhE �
d OFESR � � � x ijbFE@bFEHG%\cU M BQDFE g UoOFIrBQU MP~ � DFE M Ev\cU M E[wTB�DFE DFES^oRhE M IZO � IZlzb M E { ~ � 8 IqG
E �-L ^2O RhEHR�BQU

uMutex<uBasePrioritySeq,uBasePriorityQueue> class monitor
w �'DFE M E

uBasePrioritySeq
IKG ^ RhUzbF+ ` , ` IrO �[EHR � � � x i[bFEPbFE LXM UHYhIqRhEHR �'IZB�D � s�� � ^2OfR

uBasePriorityQueue
IqG�^�GNIZOXl ` , ` IZO �[EHR � � � x i[bFEPbFE LFM UHY-IKRhEHR �'IrBQD �ks���� ~ � B�IqG�^ ` GNU

L U[G�GNIZ+ ` E7BQUt^ `r` U�� B�DFIKG'R-Ev\ ^2b ` B�+fEPDf^PY-IZUzb M BQU�+fE g U-RhI d ESR
wFGJUFw �'DFEPO�OFU g UzOFIZB�U M ^ M lzb �
g EPO-B�G ^ M E G L EHpvI d EHR
w[bfGJE M G L ESpvI d ESRTRhE \ ^2b ` B�i[bFEPbXEHG�^ M E�bfGJEHRTIrOfGNB�EH^oR ~ � UoB�E�BQD ^2B �'DXI ` E
OFU�p�Df^2OXloEHG*BQU�B�DFE7GJUob M pvE7pvU-RhE ^ M E M EHi[bFI M EHR
w LFM Uol M ^ g G g b GNB*+fE M EHp U gaL I ` EHR�\cU M BQDFEHGJE
p�Df^2OFlzEHG�BQU�B�^ �[E7E 
>EHpvB ~

A�OFUzBQDFE M IZO-BQE M EHGJBQIZOXly^oG L EHp B UH\fBQDFIqG I gaLF` E g E@OhB�^2BQIrUoOyIKG&BQDf^HB IrB IqG IrOfRhE L EPO RhEPO-B&U2\fB�DFE
BQE gaLF` ^HBQE�\cEH^HBQb M EHG7^SYz^HI ` ^H+ ` EWIZO s�� � ~ � DFE M Ev\cU M E[w
IZBmIKG L U[G�GNIr+ ` E�BQU0pvU g +FIrOFE7BQE gtLF` ^HBQE
\cEH^HBQb M EHG �'IZB�D!BQDFE g UzOFIZB�U M E � B�EPOfGJIZUoO p@^ L ^H+FI ` IZBJ,�+h,0+f^oGJIZOFl�BQDXE L ^ M ^ g EPB�E M G M ESijbFI M EHR
\cU M BQDXE�OXE � R-E d OFIrBQIZUzO�U2\ ^ g UzOFIZB�U M UoO%B�DFE7BQE gtLF` ^HBQE L ^ M ^ g EPB�E M G wF^zG IrO �

template<class x,class y> uMutex<x,y> class monitor {
private:
. . .
public:
. . .

};
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� DFIqG R-E d OFIrBQIZUzO bfGNESG B�E gaLF` ^2B�E L ^ M ^ g EPB�E M x
\cU M B�DFE BJ, L E!U2\ B�DFE!EPO-B M , i[bFEPbFE ^2OfR

BQE gaLF` ^HBQE L ^ M ^ g EPB�E M y
\cU M BQDFEyBJ, L E'U2\kB�DFE g bFB�E � i[bFEPbFESG ~ � DFIqG g UoOFIrBQU M BQE gaLX` ^2B�E'pP^HO

+fE7IZOfGJB�^2O-BQIq^2B�EHR �'IZBQD�Yz^ M IZUzbfG BJ, L EHG�U2\#i[bFEPbXEHG�BQU lzEPB�R-I 
>E M E@OhB�hIrOfRFG�U2\ g UzOFIZB�U M G ~
� DFIKG�\cEH^HBQb M E�^ `r` U��yG7^ g UoOFIrBQU M BQU�+fEaRhE d OFEHR!^HOfR BQDXEPO!IZOfGJB�^HOhB�IK^2B�EHR �'IZB�D R-I 
>E M �

EPO-B7i[bFEPbFEWBN, L EHG�IrO!U M R-E M BQUa\cbFO pvBQIrUoO!IZO!Yz^ M IZUzbfG M EH^ ` � BQI g EW^2OfR!OFUoO � M EH^ ` � B�I g E GNIZB�bf^ �
BQIrUoOfG ~ � U M E � ^ gtLF` E[wX^oG�GNb g EWBQDf^HB�B ��UaY[E M GNIrUoOfG'U2\#B�DFE�GQ^ g E7BN, L E U2\ g UzOFIZB�U M ^ M E M E �
i[bFI M EHR
woI ~ E ~ w[^�OFUoO � M ES^ ` � BQI g E'Y[E M GNIZUzO�pP^ `r` EHR NonRTmon

^2O RT^ M EH^ ` � BQI g E�Y[E M GNIZUzO�pP^ `r` EHR

RTmon ~ � DFE dfM GNB7GJBQE L IKG'BQU�R-E d OFE ^2O ^ LXLFM U LFM Iq^2BQE � � � x i[bFEPbXE�RX^2B�^tGNB M bfpvB�b M E ^2OfR
^2Ot^ LXLFM U LFM Iq^2BQE LFM IZU M IZBJ, i[bFEPbXEyRF^2B�^�GJB M bfpvBQb M E[w[E ~ l ~ w uFIFOQueue

^2O R
uPriorityQueue

w
M ESG L EHpvB�IZY[E ` , ~ � DFE@O&w&BQDFE�GJB�^2B�E g EPO-B monitor<uFIFOQueue, uFIFOQueue> NonRTmon
IZO GNB�^HOhB�IK^HBQEHG BQDFE OFUzO � M EH^ ` � BQI g E Y[E M GJIZUzO UH\ BQDFE g UzOFIZB�U M ^2O R BQDXE GNB�^2B�E g EPO-B

monitor<uPriorityQueue, uPriorityQueue> RTmon
IZO GNB�^HOhB�IK^HBQEHGW^ M EH^ ` � BQI g E Y[E M GJIZUoO_U2\

BQDXE�G�^ g E g UoOFIrBQU MP~

����� � 	 � 	 � 	 � � � � �

] DFI ` E g ^HOh, M ES^ ` � BQI g E ` ^HOFlob ^2loESG�RhU OFUzB�GJb LFL U M B g UzOFIZB�U M G�^oGy^ ` ^HOFlob ^2loE pvUoO GNB M bfpvB@w
g ^HOh,0U2\'B�DFEtpvUoOfGJIKRhE M ^2B�IZUzOfG M E ` EPYz^HOhB�B�U g UzOFIZB�U M G�^ LFLX` ,!BQU0BQDFEtpvUzOfGNB M bfpvB�G�BQDf^HB ^ M E
GNb LFL U M B�EHR IZO BQDFESGNE ` ^2OXlobf^HloEHG ~ � DFIKG7GJEHpvBQIrUoO_pvUoO GNIKR-E M GW^opPpvE L BWGNB�^HBQE g EPOhB�G�^2O R LFM U��
BQESpvBQEHR�Uo+ � EHpvB�G�IZO0A�RF^ � ? � � ^HOfR g bFB�E � EHG*^2OfR0pvUoOfR-IZBQIrUoO�Yz^ M IK^2+ ` EHG�IrO � x u �>= � � wf{ � � ~
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A ` BQDFUzbFloD0A�RF^�RhU[EHG'OFUzB LFM UHY-IKRhEW^ g UzOFIZB�U M p UoOfGJB M b pvBPwf^�GNI g I ` ^ M*g EPB�DFU-RTU2\ GN,-Ofp D M U �
OFI��H^2B�IZUoOWIKG LFM UHY-IKRhESR �'IrBQD LFM UzBQEHpvB�EHR�Uz+ � EHpvB�G ~ A LFM UoB�EHpvBQESR Uz+ � EHpvBkIKGk^�p ` ^oG�G B�Df^2B ^ `Z` U��yG
^op@pvEHGQG'BQUtIZB�GyRF^HB�^TY-IK^ LFM UzBQEHp BQEHR LFM U-pvESRhb M ESGvw LFM UoB�EHpvBQESR \cbFOfp BQIZUzOfGy^2OfR LFM UoB�EHpvBQESR EPO �
B M IZEHG ~ �;M UoB�EHpvB�EHR LFM U-p EHRhb M EHG�^2O R LFM UoB�EHpvBQESR%EPOhB M IrEHG�^ M E ` I �[E g bXBQE �aM UobFB�IZOFESG�^2OfR ^ M E
E � EHpvbFB�EHR �'IZB�D g bFB�bf^ ` E � p ` bfGNIrUoO �'IZBQD M EHG L EHp BTB�U EH^op�D UzBQDFE M ^2OfR LFM UoBQESpvBQEHR \cbFOfp �
BQIrUoOfG ~��;M UoB�EHpvB�EHR \cbXOfpvBQIrUoOfG w[DFU���EPY[E M w[pP^HOTE � EHpvbXBQEypvUzOfpvb M�M EPO-B ` ,[wo+FbFB#^ M E M EHGNB M IKp BQEHR�B�U
M ES^oR � UoO ` ,�^op@pvEHGQG*BQU�^HOh,tRF^2B�^ ~ �;M UoB�EHpvB�EHR \cbFOfp BQIZUzOfG'^ M E7GNI g I ` ^ M BQU OXU g bFB�E ��M UobFB�IZOFESG
E � pvE L ByBQD ^2B7OFU g bFB�E �aM UzbFBQIrOFEHG�p@^2O E � ESpvbFBQE pvUoO pvb MQM EPO-B ` , �'IrBQD g bFB�E �aM UobFB�IZOFEHG�+FbXB
LFM UoBQESpvBQEHRT\cbFO pvBQIrUoOfG'pP^HO�UoO ` , E � EHp bFBQEmpvUoO pvb MQM EPO-B ` , �'IZB�D LFM UzBQEHpvB�EHRT\cbFOfpvB�IZUzOfG ~

�;M UoB�EHpvB�EHR Uz+ � EHpvB�GyGNb LFL U M BmE � B�E M O ^ ` GQp�DFEHRhb ` IZOFl +-,0^ `r` U��'IZOFl � ��� � � �����7BQU�+fE�G L EHp �
I d EHR IZO B�DFE RhE d OXIZBQIrUoO UH\ LFM UoBQESpvBQEHR E@OhB M IZESG ~ � DFIKGap@^ L ^H+FI ` IZBJ, RhU[EHG OXUoB�E � IKGNB �'IZB�D
LFM UoBQESpvBQEHR LFM U-pvEHRhb M EHG�U MWLFM UzBQEHpvB�EHR \cbFOfp BQIZUzOfG ~ � ^ M�M IZE M G7^ M EapvUzOfRhIrBQIZUzOf^ ` E �-LFM EHGQGJIZUoO G
^2O R!^TpP^ `Z` B�U�^ LXM UoB�EHpvB�EHR EPO-B M ,aIKG'UoO ` ,�^ `Z` U��#EHR B�U LFM U-pvEPEHR�I \*B�DFEW^oG�GNU-pvIq^2BQESR%+f^ M�M IZE M
pvUzOfRhIZB�IZUzO!EPYz^ ` b ^2BQESG�BQU�B M bFE ~ A�pP^ `r` B�U0^ LFM UzBQEHp BQEHR%Uz+ � EHpvB�B�Df^2BWpP^HOFOFUoB LFM U-pvE@EHR(+fE �
pP^HbfGNE�UH\ g bXBQbf^ ` E � p ` bfGJIZUzO U M IrOhYz^ ` IKR +f^ MQM IrE M pvUoO RhIZB�IZUoO G IKG LF` ^opvESR UzO B�DFEyEPOhB M ,�i[bFEPbFE
^oG�GNU-pvIq^2B�EHR �'IZB�D!BQDFEtpP^ `Z` ~ � Irlob M Ea{ ~ � : pvUzOhB�^2IrOfG7^2O E � ^ gaLF` E�U2\ ^a+�UzbFOfRhESR(+Fb 

E M IrO
A�RF^ ~ � O BQDFIqG�E � ^ gtLF` E[w Size

^2OfR
item

^ M E�RhE d OFEHR!E � BQE M Of^ ` BQU0BQDFEt+�UzbFOfRhESR +Fb�
>E M@~
Size

IKG*^
Natural

Yo^ M Iq^2+ ` EypvUoO-B�^HIZOFIrOFl7BQDFEyGJI �PE'UH\&BQDXE'+Fb�
>E M ^2OfR item
IKG*^�BJ, L EyRhE d OFIZOXl

BQDXE �-IZOfRFG�UH\WE ` E g EPO[B�GWGNBQU M EHR�IZO�BQDXE%+Fb�
>E M@~ � DFE
when

p ` ^2bfGJEHG UoO B�DFE
Insert

^2OfR

Remove
E@OhB M IZESG�RhEPB�E MQg IZOFE �'DFE@O!pP^ `Z` G*BQU�EH^op�D�EPO-B M ,t^ M EW^ `Z` U���EHRaBQU LXM U-pvEPESR ~

� O A�RX^hw�E@OhB M IZESGT^ M E_^ ` GJU ^oGQGJU-pvIK^HBQEHR �'IZBQD B�^zG �XG �'DFIKp�D ^ M E L GJEPbfRhU��Jp ` ^oG�GNEHG w�I ~ E[w
Df^PY-IZOFl7OFU g E g +fE M&M UzbFBQIrOFEHG ~ � O GNBQES^oR
w[EPO-B M , L UoIrOhB�G ^ M E L ^ M B�UH\&BQDXE�^zpPpvE L B GNB�^HBQE g EPOhB@w
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type ItemArray is array(1. .Size) of item;

protected type BoundedBuffer is
entry Insert( Element : in item);
entry Remove( Element : out item);

private
Front, Back : Integer := 1;
Count : Integer := 0;
Elements : ItemArray; -- bounded buffer

end BoundedBuffer;

protected body BoundedBuffer is
entry Insert( Element : in item) when Count < Size is
begin

Elements(Back) := Element; -- insert into buffer
Back := Back mod Size + 1;
Count := Count + 1;

end Insert;

entry Remove( Element : out item) when Count > 0 is
begin

Element := Elements(Front); -- remove from buffer
Front := Front mod Size + 1;
Count := Count - 1;

end Remove;
end BoundedBuffer;

� Irlob M E7{ ~ � : � � � ^ gaLF` E�U2\ ^ +�UzbFOfRhESR +Fb�
>E M IZO0A�RX^ ~
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pvU g +FIrOFIZOXl�pvUoO-B M U ` GNB M bfpvB�b M E�^HOfR EPO-B M , p U-RhE ~ A B�^oG ��GNE M YhIqpvEHG�IZB�G�EPO-B M IZEHG�+-, b GNIZOXl
^!GNE ` EHpvBWGJB�^2B�E g EPO-BWpvU gtL U GNEHR U2\ ^opPpvE L B p ` ^2bfGJEHG ~ � DFE0GJ,hOfp�D M UoOFI��H^2B�IZUoO_BQDf^HB U-pPpvb M G
�'DFEPO ^2O ^opPpvE L Byp ` ^HbfGNEW^HOfR%^�pvU M�M EHG L UoOfRhIrOFltpP^ `r` BQUt^2O%E@OhB M ,�U-pPpvb M IKG'^ M EPO RhE �PY[UzbfG ~
] DFEPO BQDXE ^opPpvE L B0GNB�^HBQE g EPOhB�IKG d OFIKGJDFEHR
w�+fUzBQD BQDFE_pP^ `r` IrOFl B�^zG � ^HOfR BQDXE ^opPpvE L BQU M
M ESGNb g E IrOfRhE L EPO RhEPO-B�E � EHpvbFB�IZUoO ^P\cBQE M B�DFEPI M pP^ `Z` U M ^zpPpvE L B@w M EHG L ESpvBQIrY[E ` , ~ � \ ^2O E@OhB M ,
pP^ `Z` pP^2OXOFUoB LFM U-pvE@EHR I gtg EHRhIr^2B�E ` ,zw
IrB�IqG LF` ^zpvEHR UzO BQDFE�EPO-B M , ijbFE@bFEa^zGQGJU-pvIK^HBQEHR �'IZB�D
BQDXE�p@^ `Z` ~

� ^op�DTEPO-B M ,W^oGQGJU-pvIK^HBQEHR �'IZBQD B�^oG �FG#^2OfR LFM UzBQEHp BQEHR�Uz+ � EHpvB�GkIKG;GJE M Y-IKpvESR�+h, ^�GJE L ^ M ^2B�E
EPO-B M , ijbFE@bFE ~ A�RF^ E@OhB M , i[bFEPbFEHGW^ M E LFM U-p EHGQGJEHR IZO � � � x�U M RhE M +-, RhE \ ^2b ` BPw +XbFB�B�DFE
� EH^ ` � � I g E�A�OFOFE � ^ ` GNU ^ `Z` U �yG LFM IrU M IZBJ, U M RhE M IZOXl%BQU!+fE0GNE ` EHpvB�EHR!BQD M UobFlzD B�DFEabfGJE�U2\
^ LFM ^Hl g ^ ~ ] IZB�D LXM IZU M IrBN,�U M RhE M IZOFlXw�BQDFE!DXIZloDXEHGNB LFM IZU M IZBJ,�E ` IrloIr+ ` E0B�^oG � IKGaGJE ` ESpvBQEHR
BQU LXM U-pvEPESR ~ � \yGJEPY[E M ^ ` B�^oG �XG�^ g UoOXl!BQDFEaE ` IZlzIZ+ ` E EPO-B M IrEHG�Df^PY[ETB�DFIKG7DFIZlzDFEHGJB LFM IrU M IrBJ,[w
BQDXEPO BQDFE0EPO-B M IrEHG ^ M E LFM U-p EHGQGJEHR IZO B�DFE%B�E � B�bf^ ` U M RhE M UH\WBQDFE ^opPpvE L Bap ` ^2b GNEHGTIrO B�DFE
GNE ` EHpvB9GNB�^2BQE g EPO-B ~;� U �#EPY[E M woI \ ^ L ^ M B�IKpvb ` ^ M E@OhB M ,�Df^oGyGNEPY[E M ^ ` B�^zG �XG �'IrBQD�BQDFIqG�DFIZlzDFEHGJB
LFM IZU M IZBJ,[wFB�DFEPO!BQDXE�B�^zG �0+ ` U-p �[EHRaBQDFE ` UoOFlzEHGNBmIKGyGNE ` EHpvBQESR ~ � DFE � EH^ ` � � I g EWA�OFOFE � ^ ` GNU
^ `r` U��yG'GNb LFL U M B'\cU M'LXM IZU M IrBN,tpvEPI ` IrOFl	� GNE@E�p�Df^ L BQE M ? �*B�UT+fEWGNE ` EHpvB�EHR B�D M UzbFloD0BQDFE7bfGJE7U2\
^ LFM ^Hl g ^ ~

] DFI ` E LFM ^Hl g ^zG*^ `Z` U�� ES^oGN,�G L EHpvI d pP^2B�IZUoO UH\k^ LFLFM U LFM Iq^2B�E M EH^ ` � BQI g E;\ ^opvI ` IZB�IZEHG
\cU M bfGJE
IZO pvUoO � bFOfpvB�IZUoO �'IZB�D�DXIZloD � ` EPY[E ` pvUzOfGNB M bfpvB�GvwHBQDFE@,�R-U�OFUzB LFM U2Y-IKR-E B�DFE � E � Ir+FI ` IZBJ,'BQUm^ `r` U��
bfGJE M G7BQU%IrOfpvU MQL U M ^2BQE0^HOh,_^oRFR-IZBQIrUoOf^ `�M EH^ ` � B�I g E7\cbFOfpvB�IZUoO ^ ` IrBJ,[w
\cU M E � ^ gaLX` E[w&R-I 
>E M E@OhB
LFM IZU M IZBJ,�IZOFDFE M IZB�^2Ofp E LFM UoB�U-pvU ` G ~ � DFIKG ` I g IrB�^2B�IZUzO&w[DFU���EPY[E M w-RhU[EHG'^ `r` U�� g U M E�BQDFU M UzbFloD
M bXO � B�I g Emp�DFEHp �FG;BQUW+fE�IrOfpvU MQL U M ^2BQESR IrOhB�U�B�DFE7GN,XGNB�E g ^2OfR�^ `r` U��yG�BQDXE�I gaLX` E g EPO-B�^2B�IZUzO
BQU�+fE7U L B�I g I��PEHR�\cU M ^ L ^ M BQIKp b ` ^ M GQp�DFEHRhb ` IZOFl GNB M ^2B�EPlo, ~
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A�RF^%U 

E M G�\cbFOfp BQIZUzOf^ ` IZBJ,_GNI g I ` ^ M BQU IZO-BQE M Of^ ` G�p DXEHRhb ` IZOFl0BQD M UobFlzD BQDXEabfGNE�UH\�B�DFE
M ESijbFE@bFE0GNB�^HBQE g EPOhB ~ � ESijbFE@bFE0GNB�^HBQE g EPOhB�G�^ M E%b GNEHR �'IZBQDXIZO E@OhB M , +fU-RhIrEHG U M ^op@pvE L B
GNB�^2B�E g EPO-B�Gy^2OfR ^ `r` U�� BQDFEtpvb M�M EPO-ByEPOhB M , pP^ `r` BQUa+fE M EHi[bFEPbXEHR%UoO-BQU�BQDXE�G L EHpvI d EHR%EPO �
B M ,�i[bFEPbFE ~ � EHi[bFEPbXIZOFl ^HO EPO-B M ,�pP^ `r` ^ ` GNU EPOfRFG BQDFE pvb M�M EPO-B EPO-B M ,_+�U-R-, U M ^op@pvE L B
GNB�^2B�E g EPO-B ~ � DXIKG�\ ^op I ` IrBJ,!IKG g U M E �fE � IZ+ ` ETB�Df^2O�IZO-BQE M Of^ ` GQp�DFEHR-b ` IrOFl%+fEHpP^HbfGNE0^%B�^oG �
pP^HO%+fE M EHijbXEPbFEHRaUoO ^ B�^zG ��U MyLFM UoBQESpvBQEHR�Uo+ � EHp ByRhI 
>E M EPOhB�\ M U g BQD ^2BmG L EHpvI d EHR +-,aB�DFE
IZOXIZBQIq^ ` p@^ `Z` ~ � DFEmR M ^ �'+ ^op � U2\kbfGJIZOFlWBQDFIqG ^ LFLFM U[^op�DT\cU M IZO-BQE M Of^ ` GQp�DFEHRhb ` IZOXl�IKG;BQD ^2B'^HOh,
IZO-BQE MQg EHR-IK^2B�E M ESGNb ` B�GypP^ ` pvb ` ^HBQEHR � ` U-pP^ `r` ,��'+h,�B�DFE EPO-B M ,0pP^ `Z` ^ M E ` U[GJB �'DFEPO ^ M EHi[bFEPbFE
U-pPpvb M G ~ � DXIKG�^ LFLFM U[^op�D0^ ` GNU�B�EPOfRFG*BQU +fE g U M E'E �-L EPOfGJIZY[Ey+�ESpP^2bfGJE�IZO-BQE M Of^ ` G�p DXEHRhb ` IZOFl
�'IZB�D0^ g UzOFIZB�U M pP^2O�BJ, L IKpP^ `Z` ,�+fEW^op�DFIZEPY[ESR �'IrBQDFUzbFB�^zRFRhIrBQIZUzOf^ `&` U-p �-IZOXl ~
��EHG L IZB�E�BQDXE ` I g IZB�^2B�IZUoO G'RhEHGQp M IZ+fEHR0^2+fUHY[E[wfBQDFE7\ ^opvI ` IZB�IZEHG LXM UHYhIqRhEHRa+-,%AmRF^a^ M E ^zR �

EHi[bf^2B�E�\cU M7g ^HOh,�^ LFLF` IKpP^HBQIZUzOfG ~ � DFE B M ^oRhE�U 
 \cU M BQDFEHGJE ` I g IZB�^2BQIrUoOfG wFDFU���EPY[E M wfIKG�B�DFE
L UoB�EPOhB�IK^ ` \cU M ^�GNI gtLF` E M ^HOfR IrO%GJU g E pP^oGJEHG g U M EyE � pvIZE@OhB#I gaLF` E g EvO-B�^HBQIZUzO ~

!#"�� " ! ��� 47&��

] DFI ` E � x u �>= RhU[EHG OFUoB�E �-LF` IqpvIZB ` , GNb LFL U M B g UzOFIZB�U M G w�GJI g I ` ^ M \cbXOfpvBQIrUoOf^ ` IrBN,_pP^HO +fE
Uo+XB�^2IrOFEHRa+-,TbfGJIZOFl g bXBQE � EHG*^2OfR�pvUzOfRhIrBQIZUzOaYz^ M IK^2+ ` EHG ~ � O � x u �>= w-^ g bFBQE � Yz^ M IK^2+ ` E�IqG
` I �[EW^T+FIZO ^ M , GNE g ^ L DFU M EWIZOFIrBQIK^ ` I��PEHRaBQUaUzOFE�^2O R pP^HO!+fE bfGNEHR%B�Ualob ^ M ^HOhB�EPE g bFBQbf^ `Z` ,
E � p ` b GNIZY[E#^zpPpvEHG�G B�UW^�p M IZB�IKpP^ `hM EPloIrUoO ~ � DFEy+FIZlWRhI 

E M EPOfp E�+fEPB ��EPE@O�^ +XIZOf^ M ,�GNE g ^ L DXU M E
^2O RT^ g bFBQE � Yo^ M Iq^2+ ` E�IKG;B�Df^2B*^ g bFBQE � Yz^ M Iq^2+ ` E'Df^oG*^HOTU��'OFE M ^oGQGJU-pvIK^HBQEHR �'IZB�D IZB ~ � DFIqG
U��'OFE M IqG�BQDFE7B�^zG ��BQD ^2B ` U-p �[EHRTB�DFE g bXBQE � Yz^ M IK^H+ ` EW^2O R IZB'IqG�BQDFE7UzO ` ,aB�^oG ��^ `r` U���EHRaB�U
bFO ` U-p ��B�DFE g bFBQE � Yz^ M IK^H+ ` E ~ � UtUo+FB�^2IZO%\cbXOfpvBQIrUoOf^ ` IrBN, GNI g I ` ^ M B�U�^ g UoOFIrBQU M w�B�DFE p U-RhE
IZOtEPY[E M , M UobFB�IZOFE ^oGQGJU-pvIK^HBQEHR �'IrBQDaB�DFE g UzOFIZB�U M IqG EPO p ` U GNEHR IZO�p@^ `Z` G B�U ` U-p �a^HOfRTbFO ` U-p �
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BQDXE ^oG�GNU-pvIq^2B�EHR g bXBQE � Yz^ M Iq^2+ ` E ~ A�G'UoO ` , UzOFE�B�^oG �!pP^HO%U��'O ^ g bFBQE � Yz^ M IK^2+ ` E ^HB�^HOh,
loIrY[EPO!BQI g E[wf^zRFRhIZB�IZUzOf^ ` pP^ `Z` GyBQU ` U-p �%B�DFE g bXBQE � Yz^ M IK^2+ ` E�^ M Eai[bFEPbXEHR ~ � DFIqG�i[bFEPbFE IqG
pvUzOfGNIqRhE M ESRT^HO E � B�E M Of^ ` ijbFE@bFE[w-^2OfR�IKG ESijbFIrYz^ ` E@OhB;B�U�B�DFE�EPO-B M ,�ijbFE@bFE�R-EHGQp M IZ+fEHR�^2+fUHY[E
\cU Myg UzOFIZB�U M G ~

s*UoOfR-IZBQIrUoO�Yz^ M IK^2+ ` EHGW^ M E ^ ` GJU GNb LXL U M B�EHR IZO � x u �>= ~ � x u � = pvUoOfR-IZBQIrUoO Yz^ M IK^H+ ` ESG
^ `r` U�� B�^zG �XG�BQU�GJ,hOfp�D M UoOFI��PE �'IrBQD M EHG L EHp B�BQU ^ g bXBQE � Yo^ M Iq^2+ ` E ~ A B�^oG �aIZOaB�DFE g UzOFIZB�U M
pP^HO ^HBQU g IKpP^ `Z` , + ` U-p � UoO ^ p UoOfRhIrBQIrUoO�Yz^ M Iq^2+ ` E0^2OfR M E ` EH^oGJEaBQDFE g bFBQE � Yo^ M Iq^2+ ` E ~ A
GNbX+fGNEHi[bFEPO-ByU �'OXE M U2\9BQDFE g bXBQE � p@^2O!BQDXEPO GNIrloOf^ ` ^apvUzOfRhIZB�IZUzO!Yo^ M Iq^2+ ` E�BQU �'^��[E b L ^
+ ` U-p �[EHRaB�^oG � ~ � ByIKG'IZO-BQE M EHGNB�IZOFl B�UTOXUoBQE B�Df^2Bm^aGJIZloO ^ ` U L E M ^2B�IZUzO!IZO � x u �>= IKGyRhE d OXEHR
BQUtbFOh+ ` U-p ��^2B ` EH^oGJB�UzOFE U2\#B�DFE�B�D M EH^zRFG�+ ` U-p �[ESR UzO!BQDFE pvUoO RhIZB�IZUoO0Yz^ M Iq^2+ ` E ~ � b M B�DFE M �
g U M E[w*^%+ M U[^zRFpP^oGJBaU L E M ^2B�IZUoO pP^2O +fE b GNEHR BQU �'^ �[E�b L ^ `Z` B�DFE�B�^zG �XG + ` U-p �[ESR UoO ^
L ^ M BQIqpvb ` ^ M pvUoOfR-IZBQIrUoO0Yo^ M Iq^2+ ` E ~ � DFEWU M RhE M IrO �'DFIqp D0B�^oG �FGm^ M E bXOh+ ` U-p �[ESR R-E L EPOfRFG�UzO
BQDXE%G�p DXEHRhb ` IZOFl L U ` Iqpv, IZO_E 
>EHpvB ~ A�GNIZlzOf^ `r` EHR B�^oG �_I gaLF` IKpvIrB ` , M EH^op@ijbFI M EHG7BQDFE g bFBQE �
Yz^ M IK^2+ ` E[wfpvU gaL EPBQIrOFl �'IZB�D!^HBQBQE gaL B�G�+-,aOFE � pP^ `r` IrOFl B�^zG �XG�^HOfR%B�^zG �XG�^ `ZM ES^oRh,�+ ` U-p �[EHR
UoO_BQDFE EPO-B M , ijbXEPbFE ~ � DFE�U M RhE M IZO �'DFIKp�D!BQDXEHGNE�B�^zG �XG ` U-p �%B�DFE g bFB�E � Yz^ M Iq^2+ ` E�^ ` GNU
RhE L EPO RFG UzO BQDFE pvb M�M EPO-B�GQp�DFEHRhb ` IZOXl L U ` Iqpv, ~ � \7B�DFE!GJIZloO ^ `Z` E M B�^zG � U �'O G B�DFE g bFBQE �
+fEv\cU M E7IZByGNIrloOf^ ` G wFBQDFEPO�IrBypvUoO-BQIrOhbFESG�E � ESpvbFBQIrUoO�^zG B�DFE7U��'OFE M U2\ BQDXE g bFB�E �
~

� DFE'GJE g ^HOhB�IKpPG>RhEHGQp M IZ+fEHR7^H+�UHY[E9^ M E9GNI g I ` ^ M BQUm^ OXU LFM IrU M IZBJ,�OXUoO � + ` U-p �-IZOFl g UoOXIZBQU M w
^oGyBQDFEWEPOhB M ,�i[bFEPbXE ^2O R%BQDFE GNIZlzOf^ `r` E M i[bFEPbFE7Df^PY[E�ESijbf^ ` LXM IZU M IrBN, ~ � DFE LXM Uo+ ` E g �'IZB�D
OFUzB�lzIZY-IZOFl GNIZlzOf^ `r` E M B�^oG �FG LFM IZU M IZBJ,0U2Y[E M B�^zG �XG UzO B�DFE EPO-B M ,!i[bFEPbFE[w>DFU���EPY[E M w�IqG�BQDf^HB
BQDXE�p UoOfRhIrBQIrUoO!^�GNIrloOf^ `Z` EHRaB�^oG ��IKG�+ ` U-p �[EHR �9^2IZB�IZOFl UzO g bfGNB'+fE M E@EPYz^ ` b ^2BQESR �'DFEPO�B�DFE
B�^zG � M EPl[^HIZOfG;p UoO-B M U ` U2\>BQDFE g bFB�E � w M ESGNb ` BQIZOXl�IZO�\cb M BQDFE M �'^HIZBQIrOFlFw ^oG;BQDFEyp UoOfRhIrBQIrUoO g ^P,
OFU ` UzOFloE M +fE7B M bFE7+h,tBQDFIqG�BQI g E ~
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� DFE M E ^ M E7BQD M EPEWGQp�DFEHRhb ` IZOFl L U ` IKp IZEHG'GJb LFL U M BQEHR%IrO � x u �>= ~ � DFESGNE L U ` IKp IZEHG#^ M E M E �
\cE M�M EHR�BQU�^zG u s � � � � � � xWw u s � � � � � ^HOfR u s � � � x � � � ��~ ] IZB�D M EHG L EHpvBaB�U
g bFBQE � Uz+ � EHpvB�G'^2OfR�pvUzOfRhIZB�IZUzO Yz^ M IK^H+ ` ESGvw u s � � � � � � x ^2OfR u s � � � � � M ESGNB�^ M B'B�DFE
DFIrloDFEHGJB LFM IZU M IZBJ,!B�^oG �_BQDf^HB Df^oG�+fEPEPO_+ ` U-p �[EHR!BQDFE ` UoOFlzEHGNB ~ u s � � � x � � � � IKG�I g �

LF` E g EPO-B�^HBQIZUzOf^ `r` ,tRhE d OXEHR
w>^2OfR%B�DhbfG w
B�^zG �XG�pP^HO!+�E M EHGNB�^ M BQEHR�IZO ^ M +FIZB M ^ M ,�U M RhE MP~ � U M
M ES^ ` � BQI g E L b M�L U GNEHG w u s � � � � � � x ^2OfR u s � � � � � GNE@E g B�DFE g U[GJB�^ LXLFM U LFM Iq^2BQE ~
� x u �>= g bFBQE � EHGm^ ` GJU GNb LXL U M B LFM IZU M IZBJ,!IrOFDFE M IZB�^HOfpvE LFM UoB�U-pvU ` G � GNE@E�p D ^ L B�E M ? � ~ � DFE
RhEHGJI M EHR LFM IZU M IZBJ,aIrOFDFE M IZB�^2OfpvE LFM UzBQU-pvU ` ^2O R%BQDFE GQp�DFEHRhb ` IZOFl L U ` IKpv,0pP^HO!+�E G L EHpvI d EHR0^oG
^2B�B M IZ+FbFB�EHG�UH\yBQDFE g bFB�E � U M pvUzOfRhIrBQIZUzO Yz^ M IK^H+ ` E � G�IrOFIZB�IK^ ` I �S^2BQIrUoO ~ � DFIKG�\cEH^2B�b M E ^ `Z` U��yG
RhI 

E M EPO-B'G�p DFESRhb ` IrOFl L U ` IKpvIrEHG B�UT+fEWG L EHpvI d EHRT\cU M'g bFB�E � ^2OfR0pvUoO RhIZB�IZUoO�Yz^ M IK^H+ ` EHG ~

] DFI ` E7BQDFE�\ ^op I ` IrBQIrEHG LFM UHYhIqRhEHRaIZO � x u �>= ^ M E M EH^zGNUoO ^2+ ` E�\cU M RhEH^ ` IrOFl �'IrBQD LFM IZU M IZBJ,
IZO-Y[E M GNIZUzO �'IrBQD M EHG L EHp B;BQU g bFB�E � Uo+ � ESpvB�G woBQDFE@, ` ^zp �W^�p E M B�^2IZO �fE � IZ+FI ` IrBN, ~ � U M E � ^ gtLF` E[w
IZB ��Uob ` R!+�EtRhI ��pvb ` ByBQU LFM Uzl M ^ g ^ � � � x Y[E M GNIZUzO!U2\9BQDFE M EH^oRhE M G � � M IrBQE M7LFM Uo+ ` E g U M
^oRXRTGJb LFL U M B \cU M ^7RhI 
>E M EPO-B LFM IZU M IZBJ,7IZOXDFE M IrB�^HOfpvE LXM UoB�U-pvU ` ~*� U���EPY[E M wPBQDXEHGNE ` I g IrB�^2B�IZUzOfG
^ M EW^oRhEHi[bf^HBQE�\cU M ^Tp U gag E M p�IK^ ` GN,XGNBQE g BQDf^HB�UzO ` ,tOFEPEHRFG�+ ^oGNIqp M EH^ ` � BQI g E \cEH^HBQb M EHG ~

����� � % � � 	 ���

] DFEPO pvUoO GNIKR-E M IrOFlTB�DFEWp D ^2OFlzEHG M ESijbFI M EHR�BQU g ^ �[E g UzOFIZB�U M G'^ LFLFM U LFM IK^2B�E�\cU M bfGNEWIZO ^
M ES^ ` � BQI g E GJ,FGJBQE g w
BQDFEtGNE g ^2O-BQIqpPG�U2\9BQDFE �-IZOfR!U2\ g UzOFIZB�U M�g bfGJB�+fE g ^2IrOhB�^2IrOFEHR
wfUoB�D �
E M �'IKGNE w LFM Uol M ^ gtg IZOFl �'IZB�D!BQDFEHGJE g UzOFIZB�U M G�+�ESpvU g ESG�Y[E M ,�R-I�� pvb ` B ~ � DFE M E \cU M E wFBQDFEHGJE
GNE g ^2O-BQIqpPG ` I g IZBkBQDXE L U[GQGJIZ+ ` E7p�Df^2OFlzEHG�BQUWBQDFEmU M R-E M IrOFl�UH\kB�^oG �FG�UzO�^ L ^ M BQIqpvb ` ^ M ijbXEPbFE ~

� OFDf^2O pvIZOFl g UzOFIZB�U M G�\cU M ^ M EH^ ` � BQI g ETE@OhY-I M UoO g E@OhB@w DXU �#EPY[E M w M EHi[bFI M EHG�^ �fE � IZ+ ` E
I gtLF` E g EPO-B�^HBQIeUoO0BQU!p@^ L B�b M E�Yz^ M IrUobfGWGNE g ^2O-BQIKp@G ~ � DFESGNEtGNE g ^HOhB�IKpPG g ^P, IrOfp ` bfRhE OFUzO �
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M ES^ ` � BQI g E'^HOfR M EH^ ` � BQI g E[wo^zG ��E `r` ^oG whBQDXEy^2+FI ` IZBJ,WBQU7Df^2O R ` EmRh,-Of^ g Iqp LFM IZU M IZB�IZEHG w LFM IZU M IZBJ,
IZO-Y[E M GNIZUzO ^HOfR UzBQDFE M;M EH^ ` � BQI g E#GQp�DFE g EHG ~ � DFIqG �fE � IZ+FI ` IrBN,yIKG ^ ` GJU7OFEPEHRhESR �'DFEPO B M ,hIrOFl�B�U
GNU ` Y[E'Yz^ M IZUzbfG LFM Uo+ ` E g G B�Df^2B g ^P, M ESijbFI M EyG L ESpvI d p�+fEPD ^SY-IZUzb M w[E ~ l ~ woEPY[EPO IrOa^ M ES^ ` � BQI g E
LFM Uol M ^ g B�DFE M EH^oRhE M G � � M IrBQE MWLFM Uz+ ` E g g bfGJB�R-EH^ ` �'IZBQD GNB�^ ` EaIrOh\cU M�g ^2B�IZUzO&w;^HOfR BQD-bfG w
M ESijbFI M E7p E M B�^2IZO0i[bFEPbFESG BQU�+fE LFM U-pvESGQGNESR IZO � � � x U M R-E M wF+FbXB�IrB'GNB�I `r`&g ^P, +�E RhEHGJI M ^H+ ` E
BQU�R-EH^ ` �'IrBQD LFM IrU M IZBJ,TIrOhY[E M GNIrUoO ~ � U���EPY[E M w-GNI gaLF` ,�^ `Z` U �'IrOFl BQDXE�U M RhE M U2\ B�^oG �FG'UoO�B�DFE
EPO-B M ,ai[bFEPbFE7B�Uap�Df^2OXloE7UoO ` ,�^oRXR M EHG�GNEHG LFM Uo+ ` E g G M E ` ^HBQEHR�BQU�E � B�E M O ^ ` G�p DXEHRhb ` IZOFl ~

V�Oh\cU M BQbXOf^2B�E ` ,[w>pvUzOfRhIZB�IZUzO%Yz^ M IK^2+ ` EHGy^ M E�^ LFM Uz+ ` E g +fEHpP^2b GNE BQDXEP,�IZO-Y[U ` Y[EmIZO-BQE M Of^ `
GQp�DFEHR-b ` IrOFl ~ A�G'BQDXE�p UoOfRhIrBQIrUoO0ijbXEPbFEHG'^ M E�IrOhB�E M O ^ ` BQU�BQDXE g UoOFIrBQU M whIrB'IKG�IZOXE ��p IZEPO-B�B�U
g U-RhIe\c,�BQDFE g \ M U g UzbFB�GJIKRhE B�DFE g UzOFIZB�U M BQU g ^2IrOhB�^2IrO M EH^ ` � B�I g E LFM U L E M BQIZESG ~ � B�IKG ` Ev\cB
\cU M BQDFE LFM Uzl M ^ gag E M B�U M ESGNU ` Y[ETB�DFEHGJE LFM Uz+ ` E g G�IZO B�DFE g U GNB7E � pvIZEPO-B g ^HOFOFE M \cU M ^
loIrY[EPO�GJIZBQb ^2BQIrUoO�BQD M UobXloD LXM Uol M ^ gag IZOXl ~ � DFIKG'GJIZB�bf^2B�IZUoO�IqG�OFUoB'EPO-BQI M E ` ,�OFE �7wFDFU���EPY[E M w
^oG�UzBQDFE M�LFM Uo+ ` E g G*^oG�GNU-pvIq^2BQESR �'IrBQDaIrOhB�E M O ^ ` GQp�DFEHRhb ` IZOXlFwo\cU M E � ^ gaLF` E LFM U-pvESGQGNIrOFl OFUzO �
^op@pvE L B�U M B�^oG �FG'IZO � � � x U M RhE M w M ^HBQDFE M BQD ^2O � � � x U M RhE M w �'DXEPO%B�DFEW^opPpvE L BQU M GJB�^op �aIqG
g E M loEHR �'IZB�D ^2O!IZO-BQE M Of^ ` g UzOFIZB�U M i[bFEPbXE[w
^ M E�^ ` GNU ` Ev\cB \cU M BQDFE LFM Uol M ^ gtg E M BQU0GJU ` Y[E
^2O R%^2O-, M EH^ ` � B�I g Emp D ^2OFlzEHG'^ M E ^2O�E � BQE@OfGNIrUoO�U2\*B�DFIKG LXM Uo+ ` E g!~

� DFE_RhEHGNIrloO ^HOfR I gaLF` E g EPO[B�^2B�IZUoO U2\ g UoOFIrBQU M G � RhEPY[E ` U L EHR \cU M �ks����Ww�B M IZEHGaB�U
^oRXR M EHG�G�GJU g E#U2\kBQDXE �fE � IZ+FI ` IZBJ, M EHi[bFI M E g EPO-B�G
OFE@EHRhEHR�B�U�GJU ` Y[Ey^�+ M U[^oR-E M p ` ^zGQG;U2\ LFM Uz+ �
` E g G ~ � DFE�+ ^oGNIqp�IqRhEH^�IKG'BQUtEPOfpP^ L GNb ` ^2B�E�B�DFE L U GQGNIr+ ` EWYz^ M Iq^2B�IZUoO G�IZO�\cbFOfpvB�IZUoO ^ ` IrBJ,TIrOhB�U
BQDXE7RhE d OXIZBQIrUoOaUH\;B�DFE7EPO-B M ,�^HOfR g bXBQE � i[bFEPbFESG bfGJEHRT+-,TB�DFE7IZO-BQE M Of^ ` GQp�DFEHR-b ` E M ^2OfRaB�U
LFM U2Y-IKR-E DFU[U �XG�BQU ^op�DFIZEPY[EWBQDFE M E g ^2IrOFIZOFl�\cbFOfpvB�IZUoO ^ ` IrBJ, ~ � DFETb GNE M IKG�loIrY[EPO!BQDFEt^2+XI ` �
IZBJ, BQU ^ 

ESpvB�B�DFE�U M R-E M IZO �'DXIKp�D B�^zG �XG�EPOhB�E M B�DFE g UzOFIZB�U M w*^oG ��E `Z` ^oG w B�DFEa\ M EPEHR-U g
BQU ^oRFR�GJU g E�^zRFRhIZB�IZUzOf^ ` \cbFOfpvB�IZUoO ^ ` IrBJ, �'DFEPO_^%B�^oG � ^zpPi[bFI M EHG�U M�M E ` ES^oGNESG�^ g UoOXIZBQU MP~



� � � � � � � � ��
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� DFEHGJEaEPOFD ^2OfpvE g EPO-B�G7^ `r` U�� ^%bfGNE M BQU LXM Uol M ^ g g UoOFIrBQU M G�\cU M ^%Yz^ M IZEPBJ, U2\ M ES^ ` � BQI g E
^2O R%OFUoO � M ES^ ` � BQI g E GJ,FGJBQE g G ~�� U �#EPY[E M wFEPY[EPO �'IZB�D!BQDFE ` I g IZBQESR��fE � IZ+FI ` IrBN,�BQD ^2B7IKG LFM U��
Y-IKRhEHR>wf^ M EH^ ` � BQI g E7RhEPY[E ` U L E Myg bfGNB'+fE p@^ M E \cb ` ~ � U M E � ^ gaLF` E whIZByIKG'I gtL U M B�^2O-B \cU M B�DFE
U L E M ^2B�IZUoO G IrO BQDFE0i[bFEPbFE RF^2B�^!GNB M bfpvB�b M EHG�B�U g ^2IrOhB�^2IrO pvUzOfGNB�^2O-BTE � EHp bFBQIrUoO BQI g E \cU M
M ES^ ` � BQI g EtGN,XGNBQE g G ~ � DFE M Ev\cU M E[w g b p D U2\7B�DFE LFM Uz+ ` E g IKG�OFU�� g U2Y[ESR(IrOhB�U!BQDFE0RF^HB�^
GNB M bfp BQb M E�R-U g ^HIZO ~





� � ��� ��� � �

� ��� � � � �
	

A \cbFOfRF^ g EPO-B�^ `
L ^ M ByU2\ M EH^ ` � B�I g E LFM Uzl M ^ gag IrOFl�IqG�BQDFEW^H+FI ` IZBJ,TB�UaG L EHpvI \c,tBQI g IZOFl pvUoO �
GNB M ^HIZO-B�G \cU M B�^oG �XG ~ � DXEHGNE7p UoOfGJB M ^HIZO-B�G#^ M EmOFEHpvEHG�GQ^ M , BQU�p M EH^HBQEm^�GN,XGNB�E g �'DFIqp D�IKG*+�UzBQD
LFM EHRhIKp B�^2+ ` E�^HOfR GQp�DFEHRhb ` ^2+ ` E ~ � U G�^2B�IKG \c,�B�DFEHGNE0pvUzOfRhIrBQIZUzOfGvw#IZB g bfGNBW+�E L U[GQGJIZ+ ` E%B�U
G L EHp I \c,!BQDXE ��U M GNB �Jp@^oGNE�E � EHpvbXBQIZUzO B�I g E UH\7^�B�^zG � ~ � Dhb Gvw;IZBWIKG7IZOf^ LFLFM U LFM Iq^2B�EaBQU!bfGJE
L UoB�EPOhB�IK^ `Z` ,tbFOh+fUzbFOfRhEHR�U L E M ^2BQIrUoOfGyIZO!^ M ES^ ` � BQI g E7GJ,FGJBQE g!~ � U M GJU g E7U L E M ^2B�IZUoO G�IZB'IqG
M ES^oGNUzOf^2+ ` E BQU�E �-L EHpvByBQDFE b GNE M B�U�^oRXR M EHG�G�BQDFE L UzBQEPO-BQIq^ ` \cU M bFO-+fUobFOfR-EHRhOFEHG�G�IZO!BQDXEPI M
I gtLF` E g EPO-B�^HBQIeUoO ~ � U M E � ^ gaLX` E[w ` U[U L GmpP^2O�+fE�+fUobXOfRhEHR�+h,�G L EHpvI \c,-IZOXl ^ d�� ESR O-b g +fE M
U2\mIZB�E M ^HBQIrUoOfGW^2OfR M ESpvb M GJIZUzO�pP^2O�+fE ` I g IZB�EHR B�U ^ d�� ESR RhE L B�D ~ � U M U L E M ^2B�IZUoO G GNbfp�D
^oG � � xWw[^2O R LFM U-p EHGQG*GN,-Ofp�D M UzOFI �S^2BQIrUoOt^2OfR�pvU gag bXOFIKpP^HBQIeUoO�w2DFU��#EPY[E M wzBQDFIqG E �-L ESpvB�^HBQIZUzO
g ^P,aOFUzB�+fE ijbFIrBQE ^oG M EH^zGNUoO ^2+ ` E ~ s ` EH^ M�` ,[w g ^ �hIrOFl�^ M EHi[bFI M E g EPO-B*BQDf^HB�^ `Z` B�^zG �XG�IZO ^
GN,XGNB�E g +fEyIZOfR-E L EPOfRhEPO-B �5I ~ E ~ wHOFUWGN,-Ofp�D M UzOFI �S^2BQIrUoO�^HOfRTp U gag bFOFIqpv^HBQIZUzO/�fU M*L E M \cU MQg OXU
� � x IKG*bFO M EH^ ` IKGNB�IKp ~ � DFE M Ev\cU M E[wX^ g EPB�DFU-R BQU +fUobFO R B�DFEHGJE�U L E M ^2B�IZUzOfG IqG M EHi[bFI M EHR ~ � DFE
M ES^ `
LXM Uo+ ` E g �'IZB�DaBQDFESGNE�U L E M ^2B�IZUzOfG�IKG*OFUoB'B�Df^2B'B�DFEP, g ^P, E � EHpvbFB�E \cU M ^HO bXOh+fUobXOfRhEHR
^ g UobFO-B�UH\*BQI g E�+XbFB M ^2B�DFE M BQD ^2ByBQDFEP, g IrloD-B�+ ` U-p �aIrOfRhE d OFIZB�E ` , ~

8&:
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� Ut^oRXR M EHG�G�BQDXIKG L UoB�EPOhB�IK^ ` \cU M bFOh+fUzbFOfRhEHR%+ ` U-p �hIrOFlFwFIrB'IKG�OFEHp EHGQG�^ M ,tBQU�I gaLF` E g E OhB
^ 
���� ������
 � ��
�A,��� � � � ~ A BQI g EPUobFB g EHp�Df^2OFIqG g IKGW^ g EPB�DFU-R(B�U ` I g IrB�U L E M ^2B�IZUzOfG +-,
pP^HbfGNIrOFl BQDFE g B�U +�EW^H+�U M B�EHR Ie\kBQDFEP,�Df^PY[E�OFUzB LFM Uzl M EHGQGJEHRaBQUt^ pvE M B�^2IrO L UoIZO-B �'IrBQDFIrO0^
G L EHp I d EHR ^ g UobXOhB;UH\>BQI g E ~ � DFEy^ g UzbFO-B;U2\ LFM Uol M EHGQG*BQU LFM EPY[EPO-B;^H+FOFU M�g ^ ` BQE M�g IZOf^HBQIrUoO
Yz^ M IZEHG7RhE L EPO RhIZOFl�UzO B�DFETBJ, L ETUH\'U L E M ^2B�IZUoO ~ � U M U L E M ^HBQIrUoOfG7BQDf^HB�p Uob ` R(+ ` U-p ��\cU M ^
L UoB�EPOhB�IK^ `Z` ,mbFOh+fUzbFOfRhEHRW^ g UzbFO-B&U2\fB�I g E[w@^oG&U LFL U GNEHR�B�U�U L E M ^2BQIrUoOfG&BQD ^2B g IZlzDhB>E � ESpvbFBQE
\cU M ^2O bXOh+fUobXOfRhEHR ^ g UobXOhB7U2\yB�I g E w
BQDFE M ESijbFI M E g EPOhB'IqG�bfGJbf^ `r` ,!B�Df^2BWBQDFE�U L E M ^2BQIrUoO
Df^zG�+fEPlobFO E � EHpvbFB�IZOFl �'IrBQDFIrO%B�DFE�G L EHpvI d EHR�BQI g E ` I g IZB ~ � DFIKGmRhEPl M EPE�UH\ LFM Uzl M ESGQGNIrUoO!IqG
M ES^oGNUzOf^2+ ` E�\cU M B�DFEHGJE�U L E M ^HBQIZUzOfG'+�ESpP^2bfGJE�UzOfpvE7BQDFE7U L E M ^2B�IZUzO%Df^zG�^zpvBQbf^ `Z` ,�GNB�^ M B�EHR
wFIrB
IKG L U GQGNIr+ ` E�\cU M B�DFE7bfGNE M B�U ` I g IrB;BQDXE �#U M GNB � pP^zGNE�E � EHp bFBQIrUoOaB�I g E ~

] IZB�D � � xWw[bFO ` EHGQG*BQDFEyU L E M ^2B�IZOFl GN,XGNBQE g�LFM UHY-IKRhEHG*^HOaE �-LF` IqpvIZB g EHp�Df^2OXIKG g B�U ^2+fU M B
^2O U L E M ^2B�IZUoO_+�E \cU M E�IZB7IqG�p U gaLF` EPBQESR
w�IrB�IKG�I gaL U[GQGJIZ+ ` E�B�U ` I g IrB�B�DFE + ` U-p �-IZOFl�B�I g EWU2\
BQDXEHGNE'U L E M ^2B�IZUzOfG ~ ] IrBQDFUzbFB*U L E M ^HBQIrOFlWGN,XGNBQE g GNb LFL U M B@w[IZB �#Uob ` R +fE'OFEHp EHGQG�^ M ,WBQU ` I g IZB
� � x U L E M ^HBQIrUoOfG�^HB'BQDFE7bfGJE M'` E@Y[E ` w �'DFIqp D�IKG�lzEPOFE M ^ `r` ,�IZOh\cEH^zGNIr+ ` E ~

] IZB�D B�^zG ��GJ,hO p D M UoOFI��H^2B�IZUzO ^2O R pvU gag bXOFIKp ^2B�IZUoO�w DFU���E@Y[E M w;IrB g ^P, +fE L U GQGNIr+ ` E w
BQDXUobFlzD OFUzB�OFEHpvEHG�GQ^ M I ` , LFM ^zpvBQIqpP^ ` w B�U ` I g IZB�B�DFE!+ ` U-p �-IZOFl_BQI g E UH\ B�DFEHGNE!U L E M ^HBQIZUzOfG
^2B�B�DFE!bfGNE Ma` EPY[E ` ~ � DXE M EH^zGNUoO \cU M B�DFE RhI�� pvb ` BJ, IKGTB�Df^2B�B�DFE pvU gtLF` EPB�IZUzO UH\WBQDFEHGJE
U L E M ^2B�IZUoO G�IKG'RhE L E@OfRhEPO-B'UoO0UoBQDXE M B�^oG �FG'IZO�BQDXE�GJ,FGJBQE g ^2OfR�BQDFIqG g ^ �[EHG;IZBmRhI�� pvb ` B�B�U
p�Df^ M ^opvB�E M I��PE BQDFE�E � ^opvBm+�E@Df^PYhIrUob M U2\yB�DFE�B�^oG �FG ~ � UoB7UzO ` , g bfGNByB M ^2OfGJIZEPO-B7UHY[E MQ` U[^oRXG
^2O R�E MQM U M pvUoOfR-IZBQIrUoOfGk+�E9pvUoO GNIKR-E M EHR>wo+FbFB ^ ` GNU7^HO E � B M E g E ` , ` ^ M lzE'Ohb g +fE M U2\>E � EHpvbFB�IZUoO
L ^HBQDfG woI \fB�I g E G ` IqpvIZOXl�IqG EPO ^2+ ` EHR ~ A�GkGNbFlzloEHGJBQEHR
wzBQDFE g U[GJB M EH^oGJUoOf^H+ ` Ey^ LFLFM U ^op�D BQUmRhEH^ `
�'IZB�D BQDXIKG L UzBQEPO-BQIq^ ` \cU M IrOfRhE d OXIZBQE�+ ` U-p �-IZOFl�IqG�BQU0I gaLX` E g E O-B�^�BQI g EPUobFB g ESp Df^HOFIKG g%~
� U���E@Y[E M wfGJI g I ` ^ M BQU ` I g IZB�IeOFl ` U[U L G�U MmM EHpvb M GNIrUoO&w>BQDFEWUoO-bfG�IKGyUoO!BQDXE bfGNE M BQU�bfGJE�B�DFE
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BQI g EPUzbFB \ ^zpvI ` IZBQIrEHG �'DFE M E�^ LFLFM U LFM IK^2B�E ~
� U M E � ^ gaLF` E[wPpvUzOfGNIqRhE M ^�GNI gaLF` E B�I g EPUzbFB g EHp�Df^HOFIKG g BQU�+ ` U-p � ^�B�^zG ��\cU M ^�G L EHp I d EHR

L E M IrU-R(UH\'B�I g E[wfE ~ l ~ w sleep(1.0)
BQU�+ ` U-p �!^aB�^oG �%\cU M UoOFEtGNEHp UoOfR ~ � G�IrB L U[GQGJIZ+ ` E \cU M ^

bfGJE M BQU pvUzOfGNB M bfp B�^ BQI g EPUzbFB g EHp D ^2OFIqG g \cU M GN,-Ofp�D M UzOFI �H^HBQIrUoO ^HOfR pvU gag bFOFIqpP^2B�IZUzO
bfGJIZOFl�BQDXIKG�GNI gaLF` E�B�I g E0RhE ` ^P,�� u b LFL U GNE B�^oG � � � + ` U-p �FG�UoO ^ GJ,hO p D M UoOFI��H^2B�IZUzO U M
pvU gag bXOFIKp ^2B�IZUoO�U L E M ^2B�IZUoO ~ � O U M RhE M B�U ` I g IZB*BQDFE7+ ` U-p �-IZOXl BQI g E�^zGQGNU-p IK^2B�EHR �'IZB�D�BQDFIqG
U L E M ^2B�IZUoO�w � � p M EH^HBQEHGm^ GJE L ^ M ^2B�ETB�^oG �
w&+fEv\cU M ETIrB�+ ` U-p �XGvw
B�U0GNE M Y[E ^oG7^�
���� ����� 
 
 � � � ~
� DFIqG BQI g EPUobXB B�^oG � + ` U-p �FG \cU M BQDXE�G L ESpvI d ESR�^ g UobFO-B;U2\�BQI g E*bfGNIrOFl sleep

^HOfR B�DFEPO�B M IZEHG
BQU �'^��[E*b L � � ~ � \ BQDFE#E �hL EHp BQEHRW^opvB�IZUoOWU-pPpvb M G +fEv\cU M E�B�DFE�B�I g EPUzbFB&E �-L I M EHGvwHBQDXE�BQI g EPUzbFB
OFEPESRFG
BQUy+fE � A ��� 
HC�
 ��� 
 � ��
 ����^2O R�BQDXE �9^��[E*b L \ M U g BQDFE*BQI g EPUzbFB
B�^oG � LFM EPY[E@OhB�EHR ~ u DXU M B �
pvI M pvbFIrBQIrOFl�B�DFE�B�I g EPUzbFB M EHi[bFI M EHG �'^ �hIrOFl�b L BQDXE B�I g E@UobFB&B�^oG �7I gag E@RhIK^HBQE ` ,ow M ^2B�DFE M B�Df^2O
�'^HIZB�IZOFl�bFO-BQI ` BQDFE B�I g E@UobFBm^opvB�bf^ `r` ,!E �-L I M EHG ~ � DFIKG7^ LFLFM U ^op�D IKG M EH^zGNUoO ^2+ ` , pvU gaLF` E � w
M ESijbFI M IrOFl�^T\ ^2I M ^ g UzbFO-B�U2\ GNEPB�b L ^HOfR pvU[U M RhIZOf^HBQIrUoO UzO B�DFE L ^ M B7U2\'B�DFE bfGJE M wk^2O R(IrB
^ ` GNU�IZOfp b M G�B�DFEW^oRFRhIrBQIrUoOf^ ` U2Y[E M DFEH^zRTU2\ p M EH^HBQIrOFl�^2OfR g ^2O ^2loIrOFl g ^HOh, B�I g EPUzbFB�B�^oG �FG w
RhE L EPO RhIZOFl UzO%B�DFEPI M R-EPl M EPE�U2\ bfGQ^HloE ~

� DFE�UzBQDFE M U L B�IZUzO�BQU ^oRFR M EHGQGkBQDFE#IZOfRhE d OFIZB�E*+ ` U-p �hIrOFl LFM Uo+ ` E g IKG&BQUm^ `Z` U���^�BQI g EPUzbFB
Yz^ ` bFETB�U%+fE�G L ESpvI d ESR �'IrBQD B�DFET+ ` U-p �hIrOFl�U L E M ^HBQIrUoOfG ~ u I g I ` ^ M B�U%B�DFETIqRhEH^0RhEHGQp M IZ+fEHR
IZO!B�DFE bfGJE M�` E@Y[E ` I gaLX` E g EPO[B�^HBQIrUoO&wFIe\'^HO!U L E M ^2BQIrUoO IKG�OXUoBWpvU gtLF` EPB�EHR �'IZB�DFIZO ^aG L EHpvI �
d EHR%B�I g E ` I g IZBPwFB�DFE�U L E M ^HBQIZUzO IqG�BQE MQg IrOf^2B�EHRa^2O R(B�DFE B�^zG �%IqG M EHGNB�^ M BQEHR ~ � DXE EH^oGJIZEHGJB
^ LXLFM U ^op�D!BQUaI gaLF` E g EPO-BQIeOFl B�DFIKG'BQI g EPUzbFB�\ ^opvI ` IrBN, g IrloD-B'+�E B�U g I g Irp�BQDFE ^opvB�IZUzOfG�RhE �
GQp M IZ+fEHR �'IrBQD�BQDFE�bfGJE M � ` E@Y[E ` I gaLF` E g EPO[B�^2B�IZUoO ~ ] DXI ` E�B�DFIKG ^ LFLFM U ^op�D �#Uob ` R IrOfGNb ` ^2B�E
BQDXE�bfGJE M \ M U g B�DFE�p U gaLF` E � IZBJ,[wPIZB#RhU[ESG OFUzB'^oRXR M EHG�G�BQDFEmpvUzOfpvE M OfG M EPl ^ M R-IZOFl pvU[GJB ~ � DFIqG
p�Df^ L B�E M RhEHGQp M IZ+fEHGk^ g U M E#IZO-BQEPl M ^2B�EHR�^HOfR�E � pvIZE@OhB�^ LFLFM U[^zp D�BQU�I gaLF` E g E O-BQIZOXl�BQI g EPUzbFB



? | ����������	�
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\ ^op I ` IrBQIrEHG \cU M ^op@pvE L ByGJB�^2B�E g EPO-B�G w �'DFIKp�D�^ M EW^�+ ` U-p �hIrOFl�U L E M ^HBQIZUzO \cU M GN,-Ofp D M UoOXI �H^HBQIZUzO
^2O R%pvU gag bXOFIKp ^2B�IZUoO ~

� ��� � 	�� � � � � % � �

� DFEyOFUoB�IZUzOTUH\&BQI g E*IKG;E � B M E g E ` ,�I gaL U M B�^2O-B;IZO�^ `Z`FM EH^ ` � B�I g E#GJ,FGJBQE g G woE ~ l ~ wzBQI g EPUobFB
\ ^ �
pvI ` IZB�IZEHGfIZO�A��yA � ? � � ^HOfR � � EH^ ` � � I g E��>s*UoOfpvb MQM E@OhB�s � � � wz{o| � ~k� U���EPY[E M w � s�� � R-IKR�OFUzB
Df^PY[E7BQI g EPUobXB \ ^op I ` IrBQIrEHG�^PYz^2I ` ^2+ ` E�\cU M ^2O-,�U L E M ^HBQIrUoOfG ~ � DXE M Ev\cU M E[w � ^2bFl g EPO-BQEHR �ks����
BQUt^ `r` U�� B�I g EPUzbFB�G�B�UT+fE G L EHpvI d EHR \cU M ^zpPpvE L ByGNB�^HBQE g EPOhB�G�+fEHpP^2b GNE g U[GNByGJ,hO p D M UoOFI��H^ �
BQIrUoO�^HOfR�pvU gtg bFOXIKpP^HBQIeUoO!U L E M ^2B�IZUzOfG IrO � s�� � IZO-Y[U ` Y[E�^opPpvE L B GJB�^2B�E g EPO-B�G ~(u L ESpvI d p
pvU gaL ^ M IKGJUoOfG �'IrBQD0A��yA ^2OfR%s*UzOfpvb M�M EPO-B�s ^ M E LFM EHGNEPO-BQESR ^zG�EH^op�D0pvU gtL UzOFEPO-B�UH\;B�DFE
BQI g EPUzbFB g ESp Df^HOFIKG g \cU M �ks���� IqG'RhIKG�pvbfGQGJEHR ~
� UoB�ETB�Df^2B ` I g IrBQIeOFlaU L E M ^HBQU M RhE ` ^S, GJDFUob ` R OFUzB�+fE�pvUzOh\cbfGJEHR �'IZB�D BQESp DFOXIKi[bFEHG \cU M

lob ^ M ^HOhB�EPEPIrOFl�lzEPOFE M ^ ` B�I g IrOFl7pvUzOfGNB M ^HIZO-B�G ~ � DXE�IKRhES^�+fEPDFIrOfRT^HbFl g EPOhB�IZOFl7B�DFEHGNEmU L E M ^ �
BQIrUoOfG;IqG B�U�E ` I g IrOf^2B�E*IZOfRhE d OFIZB�E'+ ` U-p �-IZOFlXw[^2OfR�BQD-bfGvw-^ `r` U��'IZOXl�B�I g IrOFlmpvUoOfGJB M ^2IZO-B�G;B�U�+fE
G L EHp I d EHR ~ n U M E�lzEPOFE M ^ ` BQI g IZOXl g EHp�Df^2OXIKG g G&E � IqGNB;B�U�lzbf^ M ^2O-BQEPEyBQDf^HB'G L ESpvI d ESR B�I g IrOFl
pvUzOfGNB M ^2IrOhB�G'^ M E g EPB ~

� � � � � 	 � �

� O RhESGNIZlzOFIZOXl�^'BQI g EPUobXB�\ ^op I ` IrBJ,[wPGJEPY[E M ^ ` IKG�GNbFEHGk^2O R�pvUzOfRhIZB�IZUzOfG ^ M E#I gaL U M B�^HOhB ~ � OWBQE M�g G
U2\ GN,-OhB�^ � ^HOfR%GJE g ^2O-BQIqpPGvw[B�DFE�\ ^opvI ` IZB�IZEHG#GNDFUzb ` R�+fE�ES^oGN,�B�UTbfGJEW^2OfR LFM UHY-IKRhEW^ Of^2B�b M ^ `
E � BQEPO GNIZUzOaBQU B�DFE�E � IKGJBQIrOFlWGN,-OhB�^ �>~ A�G �#E `Z` wjB�DFE7RhE@B�^2I ` G*U2\ BQDFE�I gaLF` E g E@OhB�^2BQIrUoO�GJDFUob ` R
+fE7B M ^HOfG L ^ M E@OhByBQU�BQDFE7bfGJE MP~
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� M U g ^2O I gaLF` E g E O-B�^2B�IZUzO L E M G L EHpvB�IZY[E[wkIZB IKG7I gaL U M B�^HOhB B�Df^2B�^HOh, p Df^HOFloESG g ^oRhE
Df^PY[E g IrOFI g ^ ` I gaL ^zpvB �'DFEPO BQDXE'BQI g EPUobFB&\ ^op I ` IrBJ,�IKG OXUoB*E gaLF` UH,[EHR ~ A�G ��E `r` wHBQDFEyRhESGNIZlzO
Df^zG BQU�lzbf^ M ^2O-BQEPE B�Df^2B�OFU L UoBQE@OhB�IK^ ` \cU M R-EH^oR ` U-p � IqGaIZO-B M U-R-bfpvEHR IrOhB�U B�DFE_GN,XGNBQE g!~
� DFIqG M ESijbFI M E g EPOhB RhU[EHG�OFUzB g EH^HO BQD ^2B R-EH^oR ` U-p �_pP^HOFOFUoB E � IqGNB�IrO BQDXE�GN,XGNB�E g �'DXEPO
BQDXEHGNE U L E M ^2B�IZUzOfG�^ M E bfGJEHR
w&+FbFB M ^HBQDFE M BQDf^HB7bfGNIrOFl�BQI g EPUobFB�G�R-U[EHG�OFUoB7IZO-B M U-RhbfpvE�^HOh,
^oRXRhIZB�IZUoO ^ `'L UoB�EPOhB�IK^ ` \cU M RhEH^zR ` U-p � IrOhB�U%B�DFE0GN,XGNBQE g!~ AyOFUoB�DFE M I gaL U M B�^2O-B p UoOfRhIrBQIrUoO&w
EHG L ESpvIK^ `Z` ,%\ M U g ^ M EH^ ` � B�I g E L E M G L EHpvB�IZY[E[w&IKG7BQU RhESGNIZlzO BQDXET\ ^opvI ` IrBN, GNU!B�Df^2BWIZB�G7bfGQ^HloE
UoO ` ,�IZOfp b M G'^aG g ^ `r` w d�� ESR%^ g UobFO-B'U2\*UHY[E M DFEH^zR ~ � IrOf^ `r` ,[w[\cU M�g ^HIZO-BQEPO ^2OfpvE M ES^oGNUzOfG�IrB
IKG'^ ` GJUTI gaL U M B�^2O-B \cU M B�DFE7I gaLF` E g EPO[B�^HBQIZUzOTB�UTD ^SY[E ` I g IZBQESR pvU gaLX` E � IZBJ, ~

� ��� � � � � 	�� 	 � � � 	�� 	 � ��" � �

� O � s�� � w*BQDFE pvU gag bFOFIqpv^HBQIrUoO!\ ^opvI ` IZBJ, IKG�B�DFE!pP^ `Z` w IrO p UoO � bFO pvBQIrUoO �'IrBQD�BQDXE!^op@pvE L B
GNB�^2B�E g EPO-B � g bXBQE � Uo+ � ESpvBWpvU g +FIZO ^2BQIrUoO ~ � u EPEtp Df^ L BQE M {T\cU M ^%p U gaLF` EPBQE RhIKG�pvbfG�GNIZUzO
U2\�B�DFE!IZO-BQE M ^op BQIZUzO +fEPB �#EPEPO ^op@pvE L B0GNB�^2B�E g EPO-B�G�^2OfR g bFB�E � Uo+ � EHp B�G ~ � � DFE_GN,-O-B�^ �
RhEHG�p M Ir+fEHRaIKG \cU M �ks���� � ���	� wF+FbFByGJI g I ` ^ M GJ,hO-B�^ � IKG�b GNEHR�IZO0A�RF^ ^HOfR(s*UzOfpvb M�M EPO-B�s ~

s*UoOfGJIKRhE M B�DFEWGN,-OhB�^ � UH\*^ loEPOXE M ^ ` ^opPpvE L ByGNB�^2BQE g EPO-B IrO�� s�� � �
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uWhen ( conditional-expression ) // optional guard
uAccept( mutex-member-name )

statement // optional statement
uOr uWhen ( conditional-expression ) // optional guard

uAccept( mutex-member-name )
statement // optional statement

. . .
. . .

. . .
uElse // optional default clause

statement

A pvU gag bFOFIrpP^2B�IZUzO � M EPOfRhE �PY[UobfG ��+fEPB ��E@EPO B �#U%B�^zG �XG�IrOhY[U ` Y[EHG�^0pP^ `r` IrOFl%B�^oG �_^2O R ^HO
^op@pvE L B�U MP~ � DFE'^zpPpvE L BQU M E � EHpvbFB�EHG&^2O�^zpPpvE L BkGNB�^HBQE g EPOhBk^zG lzIZY[EPO ^2+fUHY[E ~ � ^zp D uAccept
GNB�^2B�E g EPO-B;p UoOfGJIKGNB�G;U2\k^ ` IKGNB U2\>BQDFE �-IZOfRFGkU2\ g EHGQG�^2loESG BQDFEy^zpPpvE L BQU M IqG �'I `r` IZOXl�BQUW^op@pvE L B
OFE � B ~ � O � s�� �Wwh^zpPpvE L B'GNB�^2B�E g EPO-B�G;^ M E7^zGQGJU-pvIK^HBQEHR �'IrBQD g bFB�E � Uo+ � EHpvB�G�^HOfRTBQDXE �-IZOfRXG
U2\ g EHGQG�^2lzEHG&pvUoO GNIKGJB&U2\fB�DFE*Of^ g EHG
U2\ g bXBQE �yM UzbFBQIrOFEHG
BQD ^2B g ^P, LFM U-pvEPEHR ~ � ^zp D uAccept
p ` ^2bfGJETIqG�^zGQGJU-pvIK^HBQEHR �'IZB�D E � ^zpvB ` ,%UoOXE g bXBQE ��M UzbFBQIrOFET\ M U g BQDXE g bFBQE � Uo+ � ESpvB ~ � DFE
pP^ `Z` IrOFl�B�^oG �
w-UoO�BQDFE7UzBQDFE M Df^2O R
w L E M \cU MQg G*IZB�G#GNIqRhE7U2\kBQDXE�U L E M ^HBQIZUzO�+h,tpP^ `r` IrOFl�UzOFE7U2\
BQDXE g bXBQE �WM UobXBQIZOXEHG IrOaBQDFEmUo+ � EHpvB ~ A�G#RhEHG�p M Ir+�ESRTIZO�p�Df^ L BQE M {-wFIZB*IKG L U GQGJIZ+ ` E \cU M ^ pP^ `Z`
IZO-BQUt^ g bFB�E � Uo+ � EHpvByBQU LFM U-pvEPEHR �'IZBQDXUobFB�b GNIZOXla^HO ^opPpvE L B�GJB�^HBQE g E@OhB@whE ~ l ~ w �'DXEPO%B�DFE
g bFBQE � Uz+ � EHpvB'IqG�IZOf^zpvBQIrY[E ~

� DFE!U L BQIZUzOf^ ` uWhen
p ` ^2bfGJEHGT^ M E M Ev\cE MQM EHR BQU�^zGTlob ^ M RXG ^HOfR pvUzOfGNIqGNBaUH\ ^_pvUoO �

RhIrBQIZUzOf^ ` E �hLFM EHGQGJIZUzO ~ � \mBQDFEalzbf^ M R EPYz^ ` bf^HBQEHG BQU!B M bFE�U M R-U[EHG OXUoB�E � IqGNB@w;BQDFE0^op@pvE L B
^ ` BQE M Of^2B�IZY[E7IKG M Ev\cE M�M EHRaBQUt^oG � � � �Fw�UzBQDFE M �'IKGJE7IZByIKG M E \cE MQM EHRaBQUt^oG 
�� � � ��� ~ � DXE�EPYz^ ` bf^ �
BQIrUoO!UH\'^HO ^opPp E L B7GJB�^2B�E g EPO-B'+fEPloIrOfG�+-,0RhEPBQE MQg IrOFIZOFl Ie\#^2O U L EPO uAccept

p ` ^HbfGNE�pP^HO
+fEaI gtg EPR-IK^2B�E ` , ^opPpvE L BQEHR>w I ~ E ~ w�^2O UzbFB�GJB�^2O RhIZOFl p@^ `Z` B�U%BQDXE M UzbFBQIrOFEa^zGQGJU-pvIK^HBQEHR �'IZB�D
BQDXEa^zpPpvE L B GNB�^HBQE g EPOhBmE � IqGNB�G ~ � \'B�DFE M E IKG g U M E BQDf^HO UzOFE�GJbfp D p ` ^2b GNE[w&BQDXEPO B�DFE dfM GJB
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^PYz^2I ` ^2+ ` EW^ ` B�E M O ^2BQIrY[E�IqG'p DXU[GNE@O&wf^oG'U LFL U GNEHR%B�U�^ OFUzO � RhEPBQE MQg IrOFIKGJBQIKpyGNE ` EHpvB�IZUzO ~
xyO ` ,!Ie\yBQDFE M ETIqG�OFU p ` ^HbfGNEtBQDf^HB�IKG7I gag EHRhIr^2B�E ` , ��
 
 � � 
 ����� ��w*I ~ E ~ w>OFU!UobFB�GNB�^2OfRhIrOFl

pP^ `Z` G�E � IqGNB�\cU M BQDXE�G L EHpvI d EHR g bFBQE � M UobXBQIZOXEHGvwfIKG�B�DFE�U L BQIrUoOf^ ` uElse
p ` ^2bfGJE LXM U-pvEHG�GNEHR ~

� DFE
uElse

p ` ^2b GNE IKG M Ev\cE MQM EHR%BQU ^oG7^2O ���	� �����H��
�	��� 
��� ����
������^HOfR(IqG7^ ` �9^P,FG7p�DFU[GJEPO
I \9OFU

uAccept
p ` ^2bfGJETIqG�I gag ESRhIr^2BQE ` ,�^zpPpvE L B�^2+ ` E ~ � O��ks���� w UzO ` ,!UzOFE uElse

p ` ^2bfGJE
IKGW^ `r` U���EHR ^2O R IrB g bfGNBW^ LFL EH^ M ^zG�BQDFE ` ^oGJB p ` ^2bfGJEaIZO B�DFE�^zpPpvE L B GNB�^2BQE g EPO-B ~ � DFEHGJE
M ESGNB M IKpvB�IZUzOfG'^ M E M EH^oGJUoOf^H+ ` EW+fEHpP^2b GNE�UzO ` ,tUoOFEWI gag EHRhIq^2BQEy^ ` B�E M Of^HBQIrY[E7pP^2O0+fE�GJE ` ESpvBQEHR
EPY[EPOtI \ GNE@Y[E M ^ ` ^ M EW^ `Z` U���EHRTB�U E � IKGNB9^2OfRT\cU M pvIrOFl BQDFE uElse

GJB�^HBQE g E@OhB*BQU�^ LFL EH^ My` ^zGNB@w
OFUzB�UzO ` , d B�G ` UzloIqpP^ `r` , �'IZBQD0BQDFEWGJE g ^2O-BQIqpPG;U2\ UoB�DFE My` ^2OXlobf^HloE p UoOfGJB M b pvB�G wF+FbFByI gaLF` IZEHG
BQDXE�U M RhE M U2\ LFM U-pvEHG�GNIZOXlTB�Df^2ByIKG�EPO-\cU M p EHRTIZO��ks���� ~

� \kOFU�I gag EHRhIr^HBQE'^ ` B�E M Of^HBQIrY[E�E � IKGJB�G wjB�DFEPOaB�DFEm^opPpvE L B'GJB�^2B�E g EPO-B;+ ` U-p �XG bXOhB�I ` ^�pP^ `Z`
BQU7UzOFE�UH\&B�DFE'U L EPO�^zpPpvE L B*^ ` BQE M Of^2B�IZY[EHG&U-pPpvb M G ~ ] DFE@OaGJbfp D�^HOa^zpPpvE L B�^2+ ` EypP^ `Z` U-pPp b M G w
BQDXE'pP^ `Z` IrOFl'B�^zG �WIKGk^ `Z` U���EHR�BQU pvUoO-BQIrOhbFE*IrOfGNIqRhE*BQDFE g bFB�E � Uo+ � EHpvBkbFO-BQI ` IZB&E � IZB�Gvwz^2B �'DFIqp D
BQI g E*BQDFE9^opPp E L Bk+ ` U-p �[EHR�B�^oG ��IKG&BJ, L IKpP^ `Z` , M EHGJB�^ M BQEHR ~ � � BkIKG L U GQGNIr+ ` E�\cU M BQDXE'^op@pvE L B�U M B�U
+fE M ESGNB�^ M B�EHRT+fEv\cU M E�BQDXE7pP^ `r` IrOFl7B�^oG �aE � IZB�Gvw-GNEPEmp�Df^ L B�E M {-w L ^HloEW{ ? \cU M RhE@B�^2I ` G ~ ��] DXEPO
BQDXE�^opPpvE L BQU M�M EHGNB�^ M B�Gvw
IrB7pvUzOhB�IZO-bFEHG�E � EHpvbFB�IZUzO%U2\#B�DFE�^opPp E L BmGNB�^HBQE g EPOhB'+-,�E � EHpvbFB�IZOFl
BQDXE�+ ` U-p �aU2\ pvU-RhE ^oGQGJU-pvIK^HBQEHR �'IZB�D B�DFEWp ` ^HbfGNE�\cU M BQDFEW^op@pvE L B�EHR M UobXBQIZOXE ~

� DFEWGNE g ^2O-BQIKp@G \cU M BQDFE ^opPpvE L ByGNB�^2BQE g EPO-B�^PYz^2I ` ^H+ ` E�IrO�A�RF^ R-I 
>E M G;\ M U g BQDFE �ks����
Y[E M GNIZUzO ~ ] DFI ` E�A�RX^a^ ` GNU!^ `Z` U �yGyUoO ` ,!UoOFE�I gag EHRhIq^2B�E�^ ` B�E M Of^HBQIrY[E[w�Ie\ g U M E BQDf^HO UzOFE
pP^ `Z` IrOFl�B�^oG �aIKG�I gag E@RhIK^HBQE ` ,�^zpPpvE L B�^2+ ` E�B�DFEPO0^�B�^zG ��IKG#p DFU GNEPO0^zpPpvU M RhIZOXl BQU BQDXE�E@OhB M ,
i[bFEPbFIrOFl L U ` Iqpv,�IrO E 
>EHpvB ~ � DFIKG*GJE ` EHp BQIZUzO IKG g ^zRhE�\ M U g ^ g UzOFl7^ `r` BQDFEyB�^zG �XG ^zGQGJU-pvIK^HBQEHR
�'IZB�D%U L E@O ^zpPpvE L Bm^ ` BQE M Of^2B�IZY[EHG ~ � U M B�DFE�RhEv\ ^Hb ` Bmi[bFEPbFIrOFl L U ` IKp ,[w
^HO ^ M +FIZB M ^ M ,0p DFUzIKpvE
IKG g ^zRhE ~ � DFE0^2+FI ` IZBJ, B�U p UoOfGJIKRhE M ^ `r` U L EPO ^ ` B�E M O ^2BQIrY[EHG�+fEv\cU M E!GJE ` EHp BQIZOXl ^(B�^oG ��IqG
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^oR-Yo^HOhB�^2lzEPUobfG'\cU M ^ M EH^ ` � BQI g E�GJ,FGJBQE g ^zG�IZBypP^HO�+�EWbfGNESR B�U�^ `r` U�� B�DFEW^opPp E L B�^H+ ` E7B�^oG �
�'IZB�DTB�DFEyDFIZlzDFEHGNB LFM IZU M IZBJ,WBQUWpvUoO-BQIrOhbXE'E � ESpvbFBQIrUoO ~k� U��#EPY[E M wzBQDFIqG � E � Ir+FI ` IZBJ,7^ ` GNU7IrOfpvb M G
g U M EyU2Y[E M DFEH^zR
wj\cU M E � ^ gaLF` E[w[^ `Z` B�DFEW^opPp E L B'^ ` B�E M Of^HBQIrY[EHG g bfGJB�+fE�E � ^ g IZOFEHR +fEv\cU M EW^
p�DFUoIqpvE7pP^HO +fE g ^oRhE ~

� DFEtGNE g ^HOhB�IKpPG \cU M BQDFE�^zpPpvE L B GNB�^HBQE g EPOhB'IrO s*UoOfp b MQM EPOhB s ^ ` GNU0RhI 

E M GNU g E �'Df^HB
\ M U g � s�� � ~ � I M GJBPw&I \ g U M E B�Df^2O UoOFEt^op@pvE L B7^ ` B�E M Of^HBQIrY[E IKG�I gag EHRhIq^2B�E ` ,�^opPp E L B�^H+ ` E
BQDXEPO�B�DFE'p�DFUoIqpvE#^oG B�U �'DFIqp D7UoOXE�IKGkGNE ` EHpvB�EHR�IKGk^ M +FIZB M ^ M , ~ AmG �#E `Z` wos*UoOfpvb MQM E@OhB�s(^ `Z` U��yG
g b ` B�I LF` E�I gag EHRhIr^2B�E�^ ` B�E M Of^HBQIrY[EHG B�Ua+fEaG L EHpvI d EHR +FbXBPwk^2l ^2IZO_^oG�UzO ` ,0UoOFE�^ ` BQE M Of^HBQIZY[E
pP^HO�+fE#GNE ` EHpvB�EHR
wH^HO�^ M +FIrB M ^ M , p DFUzIKpvE IKG g ^zRhE ~ � DFE#RhE@BQE M�g IZOFIqGNB�IKp&p�DFUoIqpvE g ^zRhE;IZO �ks����
DFU���E@Y[E M wXGNEPE g G g U M E ^ LFLFM U LFM IK^HBQE�B�Ua^zp DXIZEPY[EyBQDFE M EH^ ` � B�I g EyloU ^ ` U2\ LFM EHR-IKpvB�^2+FI ` IZBJ, ~

� U7IrOfpvU M�L U M ^HBQEy^�BQI g EPUzbFBkpP^ L ^2+FI ` IZBJ,7IZO��ks����Ww � ^2bXl g EPO-BQESR�BQDXEy^opPpvE L B*GNB�^2B�E g EPO-B
IZO�B�DFE�\cU `Z` U��'IZOFl �9^S, �

uWhen ( conditional-expression ) // optional guard
uAccept( mutex-member-name )

statement // statement
. . .

. . .
. . .

uOr uWhen ( conditional-expression ) // optional guard
uTimeout( duration or time value ) // optional timeout

statement // statement
� O BQDXIKG�Y[E M GNIZUzO U2\mBQDXE%^zpPpvE L B GNB�^2B�E g EPO-BPw&BQDXE uTimeout

p ` ^2b GNE M E LF` ^zpvEHG7BQDFE�BQE MQg I �
Of^HBQIZOXl

uElse
p ` ^HbfGNE[w g ^��-IZOXlaBQDFE uElse

p ` ^HbfGNEt^2OfR B�DFE
uTimeout

p ` ^HbfGNE g bFBQbf^ `Z` ,
E � p ` b GNIZY[E ~ � DFE

uOr
GJE L ^ M ^2B�U M IKG OFEHpvESGQGQ^ M ,�\cU M uTimeout

+FbFBaOXUoB
uElse

+�ESpP^2bfGJE
BQDXE �[EP, ��U M R uTimeout

IKGW^ ` GJU%bfGJEHR ^zG ^ BQI g E�RhE ` ^P,!IZO �ks����Ww E ~ l ~ w uTimeout(1.0)
pP^HbfGNEHGm^ B�^oG �%BQU RhE ` ^P, �5+ ` U-p � �*\cU M UoOXE�GNEHpvUzOfR ~ ] IrBQDFUzbFB�BQDXE

uOr
GNE L ^ M ^2BQU M wk^op@pvE L B

GNB�^2B�E g EPO-B�G*bfGNIrOFl BQDFE7B�I g EPUzbFB \ ^zpvI ` IZB�IZEHG*^ M E ^ g +FIrlobFUzbfGvw-E ~ l ~ �
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uAccept( . . . )
a;

uTimeout( . . . );

I \kB�DFE
uOr

GJE L ^ M ^2B�U M IKG;OFUoB M EHi[bFI M EHR
w[BQDFE@OaIZB*IKG*bFOfp ` EH^ M I \�BQDFIqG E � ^ gaLX` E M E LFM EHGJEPO-B�G�^HO
^op@pvE L B9GNB�^HBQE g EPOhB �'IZBQD ^�BQI g EPUobFB p ` ^HbfGNE�U M ^2O�^zpPpvE L B'GNB�^2B�E g EPO-B \cU `r` U���ESRT+h,�^ R-E ` ^P,
M ESijbFESGNB ~%u IZOfpvE�BQDXE uOr

GJE L ^ M ^2B�U M IqG M EHi[bFI M EHR \cU M ^zpPpvE L B GNB�^2BQE g EPO-B�Gvw>BQDFIqG�E � ^ gaLX` E
M E LFM EHGJEPO-B�G'^2O0^zpPpvE L ByGJB�^HBQE g E@OhB*\cU `Z` U���EHRT+-,�^ RhE ` ^P, M ESijbFESGNB ~

s*DFU[U[GJIZOFl B�U g ^ �[E�B�DFE uElse
p ` ^2bfGJE�^HOfRTBQDXE uTimeout

p ` ^HbfGNE g bFBQb ^ `Z` ,7E � p ` bfGJIZY[E
GNE@E g G M EH^oGJUoOf^H+ ` E#+fEHpP^2b GNE�Ie\f^HO�I gag EHRhIr^HBQE ^ ` B�E M O ^2BQIrY[E;E � IKGJB�GvwHBQDXEPO7BQDFE*BQI g EPUzbFB&p ` ^2bfGJE
��Uzb ` R%OXEPY[E M +fE�GNE ` EHpvB�EHR ~ A�G �#E `Z` w g I g Iqp �hIeOFlWBQDFE�GJE g ^HOhB�IKpPG�UH\�B�DFE uElse

p ` ^HbfGNE w�IrB
IKG�IZO-Yo^ ` IqR B�U Df^PY[E g U M E0BQDf^HO UoOFE ^zpvBQIrY[E%B�I g EPUzbFB�p ` ^2bfGJE%IZO ^HO ^opPp E L BtGNB�^HBQE g EPOhB ~
� DFIqG M EHGJB M IqpvBQIrUoOaIqG M EH^zGNUzOf^2+ ` E[wf^oG ��E `Z` w[+fEHpP^HbfGNE7Ie\ GNEPY[E M ^ ` p DFUzIKpvESG�^ M EW^SYz^HI ` ^H+ ` E whBQDXEPO
` UzloIqpP^ `r` ,!BQDXEaBQI g EPUobXB7^ ` BQE M Of^2B�IZY[E �'IZBQD_BQDFE�G g ^ `r` EHGJB�Yz^ ` bFEaIKGW^ ` �'^P,FGWGNE ` EHpvB�EHR ~ � b M �
BQDXE MQg U M E[w[IrB�IKG L U GQGNIr+ ` E7B�U�^op�DFIZEPY[EyBQDXE�\cbFOfpvB�IZUzOf^ ` IZBJ,TUH\ g b ` BQI LX` E�B�I g E@UobFB#GNB�^2B�E g EPO-B�G
+-, bfGNIrOFl�pvUoO RhIZB�IZUoO ^ ` U L E M ^2BQU M G �'DFEPO�G L EHpvI \c,-IZOXl�B�DFEmRhb M ^HBQIrUoO�U2\kB�DFE�B�I g E@UobFB#^2O RTIZO �
GNIqRhE7BQDFEW^zGQGNU-p IK^2B�EHR%p U-RhEWGNEPl g EPO-B \cU M B�DFE7BQI g EPUobXB�p ` ^2b GNE ~ � O�BQDFE7E � ^ gtLF` E LFM ESGNEPO-BQEHR
IZO � IZlzb M E 6h~ � w
B�DFE M UobFB�IZOFE selecttimeout M EPBQb M OfG�B�DFE ^ LFLFM U LFM Iq^2B�E BQI g EPUobFB'Yz^ ` bFE ^2OfR
�'DFIqp D�p�DFUzIKpvEyIKG g ^oRhE ~ � DXE�p U-RhE7GNE@l g EPO-BQESRT^zGQGNU-p IK^2B�EHR �'IZB�DaBQDFIqG�p�DFUoIqpvEmpP^2O�BQDXEPOa+fE
E � EHpvbFB�EHRTIe\;B�DFEW^opPpvE L B'GJB�^2B�E g EPO-B�B�I g ESG � UobFB ~

� DFE�EPYz^ ` bf^HBQIZUzOaU2\kB�DFIKG#^2bFl g EPO-BQEHR ^zpPpvE L B'GNB�^2B�E g EPO-B;+fEPloIrOfG +-,tRhEPBQE MQg IrOFIZOFlyI \ ^HO
U L EPO uAccept

p ` ^HbfGNE7E � IKGJB�G ~ A�l[^HIZO&w-I \ BQDFE M E�IKG g U M EmBQDf^HO%UoOXE�GJbfp�D%p ` ^2b GNE[w-BQDFEPO�B�DFE
dfM GNBW^PYo^HI ` ^2+ ` E�^ ` B�E M O ^2BQIrY[E�IqG�p�DFU GNEPO ~�u I g I ` ^ M BQU�BQDFE uElse

Y[E M GNIZUzO&w
UzO ` ,0I \#OFU�U L EPO
^op@pvE L B�^ ` BQE M Of^HBQIZY[E�IKG ^PYz^2I ` ^H+ ` EaIqG�BQDFE uTimeout

p ` ^HbfGNE LFM U-pvEHG�GNEHR ~ � DXIKG GNE g ^2O-BQIqpPG
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uAccept( . . . ) // accept clauses
. . .

uOr uTimeout( T = selecttimeout( . . . ) ) // timeout clause
if( T == ... ) // choice 1

statement // statement
else if ( T == ... ) // choice 2

statement // statement
. . .
else // default

statement // statement

� Irlob M E 6-~ � � u I g b ` ^HBQIrOFl g b ` BQI LF` E'B�I g EPUzbFB'GJB�^HBQE g E@OhB�G IZO��ks����

g EH^HOfG�BQDf^HB�Ie\m^ uAccept
^ ` B�E M Of^HBQIrY[ETIqG�I gtg EHR-IK^2B�E ` ,0^SYz^HI ` ^H+ ` E w BQDXEPO OFU ^oRFRhIrBQIrUoOf^ `

UHY[E M DXEH^oR�IKG IZOfpvb MQM ESR_\cU M IZO p ` bfR-IZOFl_^ uTimeout
p ` ^HbfGNE ~ xyBQDXE M �'IqGNE[w'^zGQGJb g IZOXl B�DFE

lob ^ M R%UzO!BQDFE uTimeout
p ` ^2bfGJE�IKG'B M bFE[wFB�DFE ^zpPpvE L BmGNB�^2B�E g EPO-B�+ ` U-p �XG'OFU ` UzOFloE M B�Df^2O

BQDXE'Rhb M ^2B�IZUoO�G L EHpvI d EHR ~ � \fOFUmpP^ `r` G&U-pPpvb M BQU7^HO ^zpPpvE L B�^2+ ` E g E g +�E M
M UzbFBQIrOFE��'IZB�DFIZOWBQDFIqG
BQI g E[woB�DFE7^zpPpvE L B�U M IKG M EHGNB�^ M BQEHR�^2O R B�DFE�+ ` U-p ��U2\ p U-RhEW^oGQGJU-pvIK^HBQEHR �'IrBQDaB�DFE uTimeout
p ` ^2bfGJE�IKGyE � ESpvbFBQESR ~ � \#^ � ��� �H� 
 ��� �#RhU[EHG�U-pPpvb M wfI ~ E ~ w>^apP^ `r` B�U�^2O ^zpPpvE L B�^2+ ` E g E g +fE M
M UzbFBQIrOFE[wFB�DFE7BQI g EPUobFB*IqG'pP^2Ofp E `Z` EHRa^2O R BQDXE�^zpPpvE L B'GNB�^2B�E g EPO-B LFM U-pvEPEHRXG'^oG'OFU M�g ^ ` ~

A�l[^HIZO&w[B�DFE�GJE g ^HOhB�IKpPG
\cU M s*UoO pvb MQM EPO-B�s�^HOfRaA�RF^7RhI 
>E M GNU g E �'Df^HB��'DFEPO BQI g EPUzbFB�G
^ M E bfGNESR ~ � I M GJBPw>GNEPY[E M ^ ` B�I g EPUzbFByp ` ^2bfGJEHG�^ M E L E M�g IZB�BQEHRTIrO%B�DFEHGNE ` ^2OFlzbf^2lzEHGvw�^2OfR%B�DFE
p ` ^2bfGJE �'IZBQD BQDXE G g ^ `Z` ESGNB�BQI g E Yz^ ` bFE IKGaGJE ` ESpvBQEHR ~ � b M BQDFE M�g U M E[w�IrO s*UoOfpvb MQM E@OhB!s
+fUoB�D B�I g E@UobFB#p ` ^2bfGJEHG'^2OfRaI gag EHRhIr^HBQEy^ ` BQE M Of^2B�IZY[EHG*^ M E L E MQg IrBQB�EHR�IZO�BQDXE7GQ^ g E7^op@pvE L B
GNB�^2B�E g EPO-BPw[+FbFB9^2O0^ M +FIZB M ^ M ,aI gag EHRhIr^HBQEy^ ` BQE M Of^2B�IZY[EyIKG'^ ` �'^P,XG�GJE ` EHp BQEHR ~ A�G�R-IKGQp bfGQGJEHR
^2+fUHY[E[w&BQDXE M EHGNB M IKp BQIZUzOfG�I gaL U[GNESR(+-,%B�DFETE � IqGNBQIrOFl �ks�����RhEHGJIZlzO&w �'IZBQD M ESG L EHpvB7BQU�B�DFE
BJ, L EHG&U2\�p ` ^HbfGNE*BQD ^2B pP^2OW+�E#bfGNESR�BQUzloEPB�DFE M IZO ^2O ^zpPpvE L BkGNB�^HBQE g EPOhB@w LF` b G B�DFE*E � B�EPOfGJIZUoO G
� g ^oRhE7^ M E M ES^oGNUzOf^2+ ` E ^HOfR%R-UTOFUzB'E � p ` bfR-E7^2O-,�GNIrloOFI d pP^HOhB�\cbFO pvBQIrUoOf^ ` IZBJ, ~
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� DFE M E'^ M E g ^2O-,7RhI 
>E M EPO-B �'^P,FG&IZO �'DFIKp�D7BQU7R-EHGNIrloO ^yBQI g EPUobFBf\ ^opvI ` IrBN, ~ xyOFE �[EP, pvUoOfGJIKR �
E M ^2BQIrUoOaIqG B�U�RhEHGNIrloO0^ \ ^zpvI ` IZBJ, BQD ^2B d B�G�Of^HBQb M ^ `Z` ,TIrOhB�U�B�DFE7GNE g ^2O-BQIqpPG U2\ BQDXE�U L E M ^2BQIrUoO
+fEPIZOXl%^HbFl g EPOhB�EHR ~ � DFIKG�BJ, L E UH\yRhESGNIZlzO OXUoB7UoO ` , g ^��[ESG B�DFE�\ ^opvI ` IrBQIZESG EH^zGNIrE M \cU M B�DFE
bfGJE M BQU%bXOfRhE M GNB�^HOfR
wk+FbFBW^ ` GNU%B�EPOfRFG7BQU0^ `r` U�� B�DFE�U L E M ^HBQIrUoOfG7BQU%+fE�BQE M�g IZO ^2BQESR%IZO_^
l M ^opvE \cb `fg ^2OFOXE MP~ � DFIKG#GNEHpvB�IZUzOT+fEPlzIZOfG*+h,tpvUoO GNIKR-E M IrOFl7DFU�� ^�bfGJE M�g IrloD-B*^2bXl g EPO-B#^op �
pvE L BkGNB�^HBQE g EPOhB�G
BQUm^ `r` U�� \cU M ^ B�I g EPUzbFB�\ ^zpvI ` IZBJ,m^2OfR�B�DFEPO�B M IrEHG
BQU�E@Y[U ` Y[E BQDFIqG B�EHp DXOFIKi[bFE
IZO-BQU�^HO%IrOhB�EPl M ^2BQESRa^2OfR�E � pvIZEPO-B;\ ^opvI ` IrBN, LFM U2Y-IKR-EHRT+-,aBQDFEWGJ,FGJBQE g!~

� O U M RhE M B�U%I gtLF` E g EPO-By^aBQI g EPUobFBy\ ^opvI ` IZBJ,[wfBQDXE M Et^ M EaGJU g E g IrOFI g b g GN,XGNB�E g M E �
i[bFI M E g EPO-B�G ~ � I M GJBPwHBQDFE9GN,XGNBQE g g b GNB LFM U2Y-IKR-E�GJU g E*OFUzBQIrUoO�UH\fBQI g E ~ � RhES^ `Z` ,[wPBQDXE�GJ,FGJBQE g
GNDXUob ` R LFM UHY-IKRhEt^ B�I g E�R-E ` ^P,!U L E M ^2B�IZUoO�B�Df^2B ^ `Z` U��yG�^ B�^oG � B�U%+ ` U-p �%\cU M ^!G L EHp I d EHR
Rhb M ^2B�IZUoO ~ ] DFI ` Ea^HO�^ LXLFM U � I g ^HBQIZUzO UH\m^ B�I g E�RhE ` ^P,!U L E M ^2BQIrUoO pP^HO +fE�pvUoO GNB M bfpvB�EHR
bfGJIZOFl ^ ` U[U L ^HOfR ^2O�U L E M ^2B�IZUzO B�U%lzEPB�B�DFE�pvb M�M EPO-B7BQI g E[w
B�DFIKG g EPBQDXU-R IKG�IZOXE ��p IZEPO-B
^2O R IrOf^op@pvb M ^HBQE ~ � DFE7RhIqGQpvb GQGNIrUoO�IZO�BQDXIKG�GJEHpvB�IZUoO ^oGQGJb g EHG*BQDf^HB'^�B�I g EyRhE ` ^P, U L E M ^2BQIrUoO
IKG'^PYz^2I ` ^H+ ` E ~

�#"�� "�$ � <�� +��7;7)��	0��
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� U +�E@loIZO�w M ESpvUoOfGJIKRhE M B�DFE�IqRhEH^�U2\ I gaLX` E g EPO[BQIrOFlyBQI g EPUobFB�G*^2B�B�DFE�bfGJE M�` EPY[E ` w LFM ESGNEPO-BQEHR
^2BmBQDFEW+�E@loIZOXOFIZOFltU2\#BQDFE p D ^ L B�E M wf+FbFByOFU�� \cU M ^zpPpvE L BmGNB�^2B�E g EPO-B�G ~ � DFE +f^zGNIKp7IKRhES^ IqG
BQUWp M EH^2B�E�^7GJE L ^ M ^2B�E�B�^zG � BQU GNE M Y[Ey^oG#^ B�I g E@UobFBkB�^zG � ~ � DFIKG;B�^zG ��+ ` U-p �XG \cU M ^�G L EHp I d EHR
^ g UobFO-B�UH\*BQI g E�^HOfR B�DFEPO0pP^ `Z` G�IrOhB�U BQDFE g bFBQE � Uo+ � EHpvB@wj\cU M E � ^ gaLF` E�IrO �ks���� �
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// routine start is passed time value and stores reference to acceptor
uAccept(start); // synchronize with acceptor
uTimeout(time); // block for specified time
acceptor.timeout(); // call acceptor

� DFE�B�I g E@UobFB*B�^zG �a+fEPlzIZOfG*+h,�+ ` U-p �-IZOFlWUoO0^2O0^zpPpvE L B9GNB�^2BQE g EPO-B \cU M ^WpP^ `r` G L EHp I \c,-IZOFl ^
BQI g EPUzbFB&Yz^ ` bXE ~ � DFE9^opPp E L BQU M B�^zG �WBQDFEPO�p@^ `Z` G B�DFIKG&BQI g EPUzbFB&B�^zG � �'IrBQD�^ L ^ M B�IKpvb ` ^ M BQI g E
Yz^ ` bFE[whIrOaU M RhE M B�U�^opvB�IZYz^2B�E�BQDFEmBQI g EPUobFB ~k� ^PYhIrOFl�B�DFE�BQI g EPUzbFB*B�^oG �a+fEPloIrO�+h,�+ ` U-p �-IZOFl
E ` I g IrOf^2B�EHG B�DFE�bFO pvE M B�^2IrOhBJ,�IZO-B M U-R-bfpvEHR�+h,�BQDXE�UHY[E M DXEH^oRaU2\#B�^oG �0p M EH^2B�IZUzO!^2O R!^ `Z` U��yG
^ g U M Em^opPpvb M ^2B�E�BQI g EPUzbFB*Yo^ ` bFEmBQU +fE7Uo+FB�^2IZOXEHR ~ � DFIqG�bFOfpvE M B�^HIZO-BN, E � IqGNB�G*+fEHpP^2b GNE�B�DFE
^ g UobFO-B�UH\'B�I g E M ESijbFI M EHR�BQU0p M EH^2B�E ^aB�^zG �!p@^2O Yo^ M , RhE L EPOfRhIrOFl�UoO!B�DFE�G L EPEHR!U2\#B�DFE
GN,XGNB�E g!~ � DXIKG'B�^oG �%B�DFEPO%+ ` U-p �FG�\cU M B�DFE G L EHpvI d EHR%^ g UobFO-ByU2\*B�I g E7^HOfR%BQDXEPO pP^ `r` G�B�DFE
^op@pvE L B�U M �'DXEPO�IZB �9^��[EHG*b L&~ A�G���E `r` w-^2O�E gtL BJ, g bFBQE �WM UzbFBQIrOFE[whI ~ E ~ w[^ g bFBQE �WM UzbFBQIrOFE
�'IZB�D0^2O�E gaL BJ,�pvU-R-E�+fU-Rh, w g bfGNB*+fEWp M ES^2BQESRt\cU M BQDFE7B�I g EPUzbFB*B�^zG �aB�UTIrOhY[U �[E�^HOfRaBQDFIqG
M UzbFBQIrOFE7IKG'^zpPpvE L B�EHRaIZOaE@Y[E M ,t^opPp E L ByGNB�^2B�E g EPO-B M EHi[bFI M IZOFl�^�B�I g E@UobFB ~

� \7^ Yz^ ` IKR EPO-B M ,�pP^ `Z` U-pPpvb M G +�E \cU M E0BQDFE0BQI g EPUobXB�E �-L I M EHGvw*BQDXEPO GNU g E g EPBQDFU-R IqG
OFEPESRhEHR BQUWGNDFU M B �JpvI M pvbXIZB*BQDFEyBQI g EPUzbFB ~ � B���Uzb ` R +fE�IZO pvU M�M EHpvB BQU ` EH^PY[E'B�DFE�B�I g E@UobFBkUobFB �
GNB�^2OfR-IZOFlt^oG�IrB g ^P, IZO-BQE M \cE M E �'IrBQD0^ GNbF+ GNEHi[bFEPO-B'^zpPpvE L B9GNB�^2BQE g EPO-B b GNIZOXl BQDFE7BQI g EPUzbFB
\ ^op I ` IrBJ, ~ � , L IqpP^ `r` ,[wFB�DFE M E�^ M E B �#U g EPB�DFU-RFGy^SYz^HI ` ^H+ ` E�\cU M GNDXU M B �Jp I M p bFIZB�IZOFl�^�BQI g EPUobFB@w
I ~ E ~ w-RhE ` EPB�IZOFlWBQDFE�B�I g E@UobFB*B�^zG �aU M bfGNIrOFl�^�G L EHpvIq^ ` p@^ L ^H+FI ` IZBJ, BQU I gag EHRhIq^2B�E ` ,�bFO-+ ` U-p �
BQDXEaBQI g EPUobXB�B�^zG � ~ � , L IKpP^ `Z` , w B�DFEaB�I g EPUzbFB�B�^oG �_IKG�GJDFU M B � pvI M pvbFIrBQEHR!+h, BQDXE�^opPp E L BQU M w
^S\cB�E M IZB M EHGNB�^ M B�Gvwf^zG B�DFEW^opPp E L BQU M Df^oG'E �-LF` IqpvIZB
�-OFU�� ` EHR-loE7U2\ BQDFE7B�I g EPUzbFB�B�^oG � ~



� � � ��� 	�� � ��� ? �

� !;%�!@���� 

� ��! )+��,
!&����� ) #23��

] IZB�D�BQDFIqG B�EHp DXOFIKi[bFE[w;Ie\7^!Yz^ ` IqR EPOhB M ,�p@^ `Z` U-p@pvb M G +fEv\cU M E�BQDFE0BQI g EPUobFBWE �-L I M EHGvw;B�DFE
^op@pvE L B�U M RhE ` E@BQEHG�B�DFE�B�I g EPUzbFB'B�^zG � �'DFEPO%IrB M EHGNB�^ M B�G ~m� U���EPY[E M wFR-E ` EPB�IZOFl�BQDXE�BQI g EPUzbFB
B�^zG ��p M EH^2B�EHG;^ L UoB�EPOhB�IK^ `FM ^zpvEypvUoO RhIZB�IZUoO ~ � DFIqG L UzBQEPO-BQIq^ `FM ^opvEmpvUoO RhIZB�IZUoO E � IqGNB�Gk+�ESpP^2bfGJE
BQDXE M E�IKG7^ �'IrOfRhU���+fEPB ��EPE@O ^ Yz^ ` IKR!EPOhB M , pP^ `r` U-p@pvb MQM IZOFl ^2OfR BQDFEtpP^ `r` BQU RhE ` EPBQE B�DFE
BQI g EPUzbFB'B�^zG � � GJEPE � IZlob M E 6h~ {I� ~ ��b M IZOXlaBQDFIqG �'IZO RhU��7w B�DFE�RhE ` ^P, IrO%B�DFE BQI g EPUobXB�B�^oG �
pvUzb ` RaE �-L I M E[wFp@^2bfGJIZOFl B�DFE7BQI g EPUobFB#B�^zG �aB�UapP^ `Z` IZO-BQU BQDXE g bFB�E � Uo+ � EHp B ~ � DFE M ESGNb ` B'U2\
BQDXIKG L UzBQEPO-BQIq^ `fM ^zpvE�p UoOfRhIrBQIrUoOaIqG B�Df^2ByGJU g E@BQI g EPG&BQDFE M E g ^P,W+�E ^2OaUzbFB�GJB�^2O RhIZOFl�p@^ `Z` B�U
BQDXETB�I g EPUzbFB g bFB�E ��M UzbFBQIrOFEa^P\cBQE M ^0pP^ `r` IZOXlaB�^zG � Df^oG7+�E@EPO ^zpPpvE L BQEHR ~�� U��#EPY[E M w>IZB�IqG
I gtL U GQGJIZ+ ` E�BQU LFM U-p EHGQGy^2O�EPO-B M ,�pP^ `r` \cU M ^ B�^zG ��BQDf^HB'OFU ` UoOXloE M E � IZB�G#� GJEPE � IZlzb M E 6h~ {I� ~
� b M B�DFE M�g U M E[w-p DFESp �-IZOFlWBQU�GJEPE7I \ BQDFE7BQI g EPUzbFB�Df^zG�^ `ZM EH^oRh,tE �hL I M ESRT+fEv\cU M E�^HBQB�E gaL B�IZOFl
BQUtRhE ` EPBQEmBQDFE7B�^zG �0RhU[EHGyOFUoByE ` I g IZO ^2BQE'B�DFE M ^zpvE pvUzOfRhIrBQIZUzO ~ � DFE M E7IqG�OFUTES^oGN,0GJU ` bXBQIZUzO
BQU�BQDXIKG L UoB�EPOhB�IK^ `&M ^op E�p UoOfRhIrBQIrUoO ~

� #��G�� 
 � � � ��!.)+��,
!&����� ) #23��

A�OFUzBQDFE M B�EHp DXOFIKi[bFET\cU M GJDFU M B � pvI M pvbFIZB�IZOFl!B�DFE%B�I g E@UobFBWIKG BQU bfGNE ^ G L ESpvIK^ ` pP^ L ^H+FI ` IZBJ,
BQU�I gag E@RhIK^HBQE ` , bFO-+ ` U-p � BQDFE!B�I g EPUzbFB�B�^oG � ~ � DFE B�I g E@UobFB B�^oG � B�DFEPO M EHGNB�^ M B�G�^2OfR
pP^ `Z` GyIZO-BQU�BQDFE�^zpPpvE L B�U M E � ^zpvB ` ,%^zG�I \#BQDFE B�I g E@UobFB'Df^zR(E �hL I M EHR ~�u DFU M B � pvI M pvbFIrBQIZOXlTB�DFE
BQI g EPUzbFB7B�^oG ��IZO�BQDFIqG g ^2OXOFE M E ` I g IZOf^HBQEHG�B�DFE0pvUoO pvE M O M EPl[^ M RhIrOFl B�DFE L UoB�EPO-BQIK^ `'M ^zpvE
pvUzOfRhIZB�IZUzOa+fEPB ��EPEPO�BQDXE�Yz^ ` IqR E@OhB M ,�pP^ `Z` ^HOfRTB�DFE7pP^ `Z` BQU GNDFU M B � pvI M pvbFIrB�B�DFE�BQI g EPUzbFB ~ � ,
M ESijbFI M IrOFl�B�DFEm^opPpvE L BQU M BQU �'^ �[E�b L BQDXE'BQI g EPUobFBkB�^zG �>w[IZOfGJBQEH^zR�U2\kR-E ` EPB�IZOFlyBQDXIKG;B�^zG �>wh^HO
UobXB�GNB�^2OfR-IZOFl0pP^ `Z` ^ ` �'^P,XG E � IKGJB�G'BQUaB�DFE�B�I g E@UobFB g bFBQE �TM UobFB�IZOFE M EPl ^ M R ` EHG�G�U2\��'DXEPBQDFE M
BQDXE�BQI g EPUobXB;IKG#GNDFU M B � pvI M pvbFIrBQEHR U M E �hL I M EHG;UzOaIZB�G U��'O ~ � \kBQDFE ^opPpvE L B#GNB�^HBQE g EPOhB*B�I g EHR �
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UobXBPw B�DFEPO BQDFEtpP^ `Z` BQU�BQDXETB�I g EPUzbFB M UobFB�IZOFE�IKG�bfGJEHR BQU M EHGNB�^ M BWBQDFEt^op@pvE L B�U MP~ xyO B�DFE
UoB�DFE M Df^2O R
w�I \ ^ Yz^ ` IKR�pP^ `Z` U-pPpvb M G +�E \cU M E0BQDFE0^zpPpvE L BtGNB�^2B�E g EPO-B�B�I g EHG � UzbFBPw;B�DFEPO ^
pP^ `Z` BQU�BQDXE�BQI g EPUzbFB M UobFB�IZOFEWIKGyGNBQI `Z` UzbFB�GJB�^2O RhIZOFl ~ � O0BQDFIqG�p@^oGNE w�B�DFEW^opPpvE L BQU M E � EHpvbXBQEHG
^2OXUoBQDXE M ^op@pvE L B7GJB�^HBQE g E@OhB �'IrBQD!BQDXE�BQI g EPUzbFB M UobFB�IZOFE ^oG�BQDXE�UoO ` ,%Yz^ ` IKR!p@^ `Z` BQU d OFIKGJD
p ` EH^2OFIrOFl b L BQDXE�B�I g E@UobFB#B�^oG � � GJEPE � IZlzb M E 6-~ 6 � ~

xyO B�DFETUzBQDFE M D ^2OfR
w;Ie\#BQDFE�BQI g EPUobXB�E �-L I M EHG�+fEv\cU M Ea^aYz^ ` IKR pP^ `r` U-pPpvb M GvwkBQDFE@O B�DFE
BQI g EPUzbFB�B�^oG �0l[^HIZOfG'EPO-B M ,tIZO-BQU�BQDFE g UoOFIrBQU M � GNE@E � IZlob M E 6-~ 8 � ~ A�G'BQDXE�BQI g EPUzbFB g bFBQE �
M UzbFBQIrOFE�IqG E gaL BJ,[w[BQDFEWBQI g EPUobXB'B�^oG ��I gag ESRhIr^2BQE ` , E � IZB�Gvw �'DFIqp D M ESGNB�^ M B�G�BQDFE ^opPp E L BQU MP~
� DFE ^zpPpvE L B�U M w�R-EPBQEHp BQIZOXl B�Df^2B�BQDXE%BQI g EPUzbFB g bFB�E � M UobFB�IZOFE �9^oGaIZO-Y[U �[ESR
w�p@^2O BQDXEPO
L E M \cU MQg BQDXE�+fEPDf^PY-IZUob M ^oGQGJU-pvIK^HBQEHR �'IrBQD ^ B�I g EPUzbFB ~ A�O-,aEPO-B M ,�pP^ `r` BQDf^HB�U-p@pvb M GyGNbX+ �
GNESijbFE@OhB ` ,WGNI gaLF` ,m+ ` U-p �FG ^oG M EHi[bFI M EHR�+fEHpP^HbfGNE'UH\&B�DFEyRhEv\ ^Hb ` B*+fEPDf^PY-IZUob M U2\�BQDFE g UzOFIZB�U M
�'DFEPO0^ Yz^ ` IqRaEPOhB M ,tpP^ `r` U-pPpvb M GvwFIrO B�DFIKG'p@^oGNEW^�pP^ `r` B�UTB�DFE7BQI g EPUobFB g bFBQE � M UobXBQIZOXE ~

� DFIKGy^ LXLFM U ^op�D!pP^HO +fE7I gtLF` E g EvO-BQEHR�IrO�� s�� � ^oG�\cU `r` U��yG �

timeoutTask = createTimeout(); // create timeout task
timedout = false;
timeoutTask.start( time ); // synchronize with timeout task

uAccept( . . . ) // accept statement with timeout
. . .;

uOr uAccept( timeout ) { // timeout mutex routine
timedout = true;
. . .

} // uAccept

if ( !timedeout ) { // if accept did not timeout
shortcircuit( timeoutTask ); // wake up timeout task
uAccept( timeout ); // ignore timeout mutex routine call

} // if

� D-bfGvwfIZB'IqG L U[G�GNIr+ ` EWBQUaI gaLF` E g E OhB*B�I g EPUzbFB�G \cU M ^zpPpvE L ByGNB�^HBQE g EPOhB�G'^2ByBQDFEWbfGNE M�` EPY[E ` ~
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u B�^ M B � I g E@UobFB

��` U-p �TUzO!A�p@pvE L B

n bFB�E � xy+ � EHpvB

� bFOFOFIrOFl
��` U-p �[EHR

s M EH^HBQE � I g EPUobFB � ^zG �

��E ` EPBQE � I g EPUzbFB
�;M U-pvEHG�G � I g EPUzbFB � �

A�pPp E L BQU M s#^ `Z` E M

s#^ `r` A�pPpvE L BQU M

� I g EPUobFB

]_^2IZB�\cU M�u ,-Ofp ~

�;M U-p EHGQG � ESijbFESGNB
��E ` ^P, \cU M � I g E 	#^ ` bFE

s#^ `Z` A�p@pvE L B�U M

� Irlob M E 6-~ { � � I g EPUobXB B�^oG � IqG'RhE ` EPBQEHR
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u B�^ M B � I g E@UobFB

��` U-p �TUzO!A�p@pvE L B

A�pPp E L BQU M s#^ `Z` E M

n bFB�E � xy+ � EHpvB

� bFOFOFIrOFl
��` U-p �[EHR

s M EH^HBQE � I g EPUobFB � ^zG �

u DFU M B � pvI M pvbFIrB � I g E@UobFB
�;M U-pvEHG�G � I g EPUzbFB

s#^ `r` A�pPpvE L BQU M

��E ` ^P, \cU M � I g E 	#^ ` bFE

]_^2IZB�\cU M�u ,-Ofp ~

�;M U-p EHGQG � ESijbFESGNB

s#^ `Z` A�p@pvE L B�U M

� I g EPUobFB

� E MQg IrOf^2B�E

� Irlob M E 6h~76 � � I g E@UobFB#B�^oG �aIKG'GJDFU M B � pvI M pvbFIrBQEHR
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u B�^ M B � I g E@UobFB

��` U-p �TUzO!A�p@pvE L B

� IZOXIKGND0A�p@pvE L B

A�pPp E L BQU M s#^ `Z` E M

n bFB�E � xy+ � EHpvB

� bFOFOFIrOFl
��` U-p �[EHR

s M EH^HBQE � I g EPUobFB � ^zG �

s#^ `r` A�pPpvE L BQU M

� I g EPUobFB

� E MQg IrOf^2B�E

s#^ `Z` A�p@pvE L B�U M

]_^2IZB�\cU M�u ,-Ofp ~

�;M U-p EHGQG � ESijbFESGNB
��E ` ^P, \cU M � I g E 	#^ ` bFE

� IZlzb M E 6-~ 8 � � I g EPUobFB#B�^zG �aE �-L I M EHG*+�E \cU M E pP^ `r` U-pPp b M G
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� DFE LFM Uo+ ` E g �'IrBQD B�DFIKG ^ LFLFM U[^op�D&w*DFU���EPY[E M w IqG�BQDf^HB IZBWIKG�p U gaLF` E � BQU!b GNEa\ M U g B�DFE
bfGJE M � G L UoIrOhB'UH\;Y-IZE � ^HOfRaIZOfp b M G*DFIZlzD UHY[E M DFEH^zR
whIrOfp ` b RhIZOFl7B�^oG � p M EH^HBQIrUoO0^2OfR�RhE ` EPB�IZUoO
^2O R B�DFEW^oRFR-IZBQIrUoOf^ ` GJ,hOfp�D M UoOFI��H^2B�IZUoO�B�U�pvU[U M RhIZOf^HBQE7BQDXE�BQI g EPUobXB B�^oG �
w LF` bfG�IZB M EHi[bFI M EHG
BQDXE�GJ,FGJBQE g BQU�^ ` GNU�I gaLX` E g EPO-B*^TGJDFU M B � pvI M pvbFIrB'pP^ L ^2+FI ` IrBN, ~

�#"�� " ! � <�� +��7;7)��	0��
	��� 4 � �(),+ � � + � + 2G&
� � 2�+�� + '*) 0 ),<��1'

� DFE'EH^zGNIrEHGNB*^ LFLFM U[^op�D BQU7E � BQE@OfRhIZOXl�^zpPpvE L B GNB�^HBQE g EPOhB�G
BQU�IrOfpvU MQL U M ^2BQEm^�B�I g EPUzbFB&\ ^opvI ` �
IZBJ,�IKG \cU M BQDFEWGN,XGNB�E g B�U L E M \cU M�g BQDFEWGQ^ g E7^zpvBQIrUoOfG'^zG B�DFE7bfGNE M I gaLF` E g E@O[B�^2B�IZUzO ~ � DFE
dfM GNB�GNB�E L IKG�\cU M BQDXE%GJ,FGJBQE g BQU!I gaLF` IKpvIrB ` ,!RhE d OFE�^HO E gaL BN, g bXBQE �!g E g +�E M�M UzbFBQIrOFE
BQUt+�EWbfGNESR \cU M BQI g EPUobFB�G ~ � DXEPO&w �'DFE@OFEPY[E M B�DFE�bfGJE M G L EHpvI d EHGy^TBQI g EPUobXByp ` ^HbfGNEWIZO!^HO
^op@pvE L B7GJB�^HBQE g E@OhB@w�B�DFEaGJ,FGJBQE g ^2bFB�U g ^HBQIqpP^ `r` ,0p M ES^2BQESG�^aBQI g EPUobFByB�^zG � ~ A�G7RhEHGQp M IZ+fEHR
EH^ MQ` IrE M w-BQDFIqG B�^oG � + ` U-p �FG�\cU M ^2O ^ g UzbFOhB'UH\*BQI g E7G L ESpvI d ESR +-,aB�DFE�bfGJE M ^2OfR�BQDFEPO pP^ `r` G
BQDXE g bFBQE � Uo+ � EHp B ~ � U0^PY[UoIqR%BQDFE LFM Uo+ ` E g Gy^oGQGJU-pvIK^HBQEHR �'IZBQD BQDXE L UzBQEPO-BQIq^ `*M ^zpvEtpvUoO �
RhIrBQIZUzO!p M EH^2B�EHR +-,�RhE ` EPB�IZOFl B�DFE�B�I g EPUzbFB'B�^zG �>w�B�DFE�B�I g E@UobFB'B�^oG ��IqG�GJDFU M B � pvI M pvbFIZB�EHR +-,
I gtg EHRhIr^2B�E ` , M EHGJB�^ M BQIrOFl BQDXE�B�^oG �%^HOfR%^ `Z` U �'IrOFl IZB#BQUtpP^ `r` B�DFE g bFB�E � Uo+ � EHpvB ~

� O U M R-E M BQU Df^HOfR ` E B�DFE GNIrBQbf^HBQIZUzO �'DFE M E!BQDFE!B�I g EPUzbFB�IKGaGJDFU M B � pvI M pvbFIZB�EHR U M E � �
L I M EHGW^S\cBQE M ^ Yz^ ` IKR_pP^ `r` U-p@pvb M G�B�DFE�pvU gaL I ` E M IrOfGNE M B�G�B�DFE M ESijbFI M EHR ^oRXRhIZB�IZUoO ^ ` ^op@pvE L B
GNB�^2B�E g EPO-B ~ u I g I ` ^ MQ` ,[wFBQDFEt^oRXRhIZB�IZUoO ^ ` pP^ `r`;M ESijbFI M EHR�BQU0^op BQIZYz^HBQE�BQDFE IrOFIZB�IK^ `r` ,�+ ` U-p �[EHR
BQI g EPUzbFB�B�^oG �!OFEPEHRFG�B�U +fE�IZOfGJE M B�EHR!^oG �#E `Z` ~ � B g IrloD-B�E@Y[EPO!+fE L U[G�GNIr+ ` E�BQU M E@bfGNE B�DFE
BQI g EPUzbFB�B�^oG ��\cU M GNEPY[E M ^ ` B�I g E@UobFB�G�BQU L ^ M BQIK^ `Z` , M EHR-bfpvE�B�DFEWpvU[GJB ~ ] DFI ` E7IZByIKG L U[GQGJIZ+ ` E
BQUtDFIKRhE g U[GJB�UH\*BQDXE�pvU gaLX` E � IZBJ,�\ M U g BQDFE bfGJE M �'IZBQD!B�DFIKGy^ LXLFM U ^op�D&w
EHG L ESpvIK^ `Z` ,tI \*B�DFE
pvU gaL I ` E M ^HbFl g EPOhB�G BQDXE'^op@pvE L B*GJB�^HBQE g E@OhBkpvU-R-E[woIZB RhU[EHG OFUzB#RhEH^ ` �'IZB�D�^ `r` BQDFE9pvUoO pvE M O G
M E@l[^ M RhIZOXlTUHY[E M DFEH^oR ~



� � � ��� 	�� � ��� 5�?

�#"�� "�� � +.-�'#+:2 � +�%+ 2 &
� � 2�+ � + '*) 0 ),< �7'

� DFEy+FIZlzloEHGJB;UHY[E M DXEH^oR�IrOhY[U ` Y[EHR7IZO BQDXE'B �#U LFM EPY-IZUzbfG g E@BQDFU-RFGkIKG;BQDFEyp M EH^HBQIZUzO�^2OfR�GNbX+ �
GNESijbFE@OhB;D ^2OfR ` IZOFl7UH\k^�OFE � B�^oG � BQUWI gaLF` E g EvO-B&BQDFEyBQI g EPUzbFB�G ~ A O ^2BQb M ^ ` EPOXDf^2Ofp E g EPO-B
IKG�B�U bfGNE7B�DFE��[E M OFE ` B�^oG �aBQU L E M \cU MQg BQDFE�B�I g E@UobFB#^op BQIZY-IZB�IZEHG ~;� U��#EPY[E M w[B�DFIKG#^ LFLFM U[^zp D
GNb 

E M G \ M U g ^ g ^ � U M�LXM Uo+ ` E g w-I ~ E ~ wFB�DFE �[E M OFE ` B�^oG �0IKG'bfGNb ^ `Z` ,�OFUoB7^ `Z` U �#EHRaBQUa+ ` U-p � ~
� DFIqG M EHGNB M IqpvBQIrUoO%E � IqGNB�Gy+�ESpP^2bfGJETB�DFE��[E M OFE ` B�^oG �!IKG�bfGJEHR%BQU�+ ` U-p � ^2OfR bXOh+ ` U-p ��B�^oG �XG
^2O R IZB'IqG�I gaL U GQGNIr+ ` E'\cU M BQDXE �[E M OFE ` B�^oG ��B�U L E M \cU M�g BQDFIqG \cbFOfpvB�IZUoOa\cU M IZB�GJE ` \ ~ � b M B�DFE M �
g U M E[w
B�DFE �[E M OFE ` B�^zG �_^ ` GJU L E M \cU MQg G�UoB�DFE M \cbXOfpvBQIrUoOfG w ` I �[E LXM U-pvEHG�GNIrOFl%B�I g E M EPY[EPO-B�G w
BQD ^2B M EHi[bFI M E LFM U gaL B GNE M YhIqpvE ~Tu UXw IrB �#Uob ` R(+fE�IZOf^ LFLFM U LFM IK^2B�E \cU M BQDFE �[E M OXE ` B�^oG � B�U
pP^ `Z` ^ g bFB�E �7g E g +fE MkM UzbFBQIrOFE�^zG;BQDFIqG p@^ `Z`fg IrloD-B + ` U-p �
w[I ~ E ~ wHI \ ^�Yo^ ` IqRTpP^ `Z` D ^oG�^ `ZM EH^oRh,
U-pPpvb MQM ESRa^2OfRaB�DFE�p@^ `Z` IZOFlWB�^zG ��IKG�p b MQM EPOhB ` , E � EHpvbXBQIZOXl�IZOfGJIKRhEmBQDFE g bFB�E � Uo+ � EHpvB@w �'DFIqp D
` ES^oRFG�B�UTbFO RhE d OFESR +fEPD ^SY-IZUzb MP~

� DFIKG LXM Uo+ ` E g pP^2O�+fE M EHGJU ` Y[EHRT+-,apvUzOfGNIqRhE M IZOFl �'Dh,aB�DFE�+ ` U-p �-IZOXl�IKG�OXEHpvEHG�GQ^ M , ~
� ,
pP^ `Z` IrOFly^ g E g +fE MfM UzbFBQIrOFE[wHBQDFE�[E M OXE `[g ^P,�Df^PY[E*BQU�+ ` U-p � �'DFI ` E �9^2IZB�IZOFlyBQUyE � EHpvbFB�E*BQDFIqG
M UzbFBQIrOFEy+�ESpP^2bfGJE7^2OXUoBQDXE M B�^oG ��IKG*pvb MQM E@OhB ` ,�IrOfGNIqRhE'BQDXE g UoOXIZBQU MP~ � bFB@wjB�DFEm^opvB�bf^ `>g E g �

+fE M'M UzbFBQIrOFE7pP^ `Z` EHRT+-,TB�DFE��[E M OFE ` IKG*E gaL BJ, �5I ~ E ~ woOFU�pvU-R-E���wfGJU BQDFE M E�IKG*OFU M ESijbFI M E g EPOhB
BQD ^2B�B�DFE �[E M OFE ` ^zpvBQb ^ `Z` , E � EHp bFBQE B�DFIKG M UobXBQIZOXE ~ � O \ ^zpvBPw ^ `r` BQDXE �[E M OFE ` w U M EPY[E@O B�DFE
BQI g EPUzbFB�B�^oG �>wfOFEPEHRFG'BQU RhUTIqG B�U M ESGNB�^ M ByBQDFE ^opPp E L BQU M �'DFEPO!B�DFE7BQI g EPUobFB'U-p@pvb M G��5I ~ E ~ w
GN,-Ofp�D M UzOFI �@E�Y-IK^ M E@OfRhE �PY[UzbfG�� ~ � U M BQDFE �[E M OXE ` B�U L E M \cU MQg BQDFIqG B�I g E@UobFB*\cbFOfpvB�IZUoO ^ ` IrBJ,[w
^%G L EHpvIK^ ` BN, L ETUH\'B�I g EWEPY[EPO-B�U M BQI g EPUobFBmIKG M EHi[bFI M EHR�� �'DFE@O BQDFIqG�BQI g E�EPY[EPO-B�E �-L I M EHG
BQDXE �[E M OFE ` pP^ `r` G�IrOhB�UaBQDXE g bFBQE � Uo+ � EHp BPwkGNI g I ` ^ M BQU �'Df^2BW^aBQI g EPUzbFB�B�^oG � RhU[EHG �'DXEPO
IZB �'^ �[EHG�b L&~ � U��7w*I \yBQDXE �[E M OXE ` pP^2OFOXUoB�I gag E@RhIq^2BQE ` ,�E � EHpvbFB�ETB�DFE�E gaL BJ, g E g +fE M
M UzbFBQIrOFE[w&BQDXEPO ^aYz^ ` IKR!EPO-B M , pP^ `r` Df^zG�^ `rM EH^zRh,!U-pPpvb MQM ESR ^HOfR(B�DFE�BQI g EPUobFBmpP^ `Z` pP^2O +fE
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RhIqGQpP^ M RhEHR!^HOfR%BQDXE �[E M OFE ` RhU[EHG�OFUzB�OFEPESR%BQUa+ ` U-p � ~ � DXIKG�GJbFlolzEHGNB�G B�Df^2B ^aG L EHpvIq^ ` I �PEHR
EPO-B M , M UobFB�IZOFE�p@^2O!E ` I g IrOf^2B�E�BQDFE LXM Uo+ ` E g U2\#B�DFE��[E M OXE ` + ` U-p �-IZOFl ~ � b M BQDXE MQg U M E[wFIe\9^
G L EHp IK^ ` I �PESR EPO-B M , M UzbFBQIrOFE�IqG bfGJEHR
w-BQDFEPO pP^ `r` G*^oG�GNU-pvIq^2BQESR �'IrBQD�^HO�E �hL I M ESR B�I g EPUzbFB*pP^HO
+fEWRhIKGJBQIZOXlobFIqGNDFEHRT\ M U g loEPOFE M ^ ` E@OhB M ,tpP^ `r` G�^HOfR%^HO0^opvB�bf^ ` B�I g EPUzbFB g E g +fE M;M UzbFBQIrOFE�IqG
bFOFOXEHpvEHG�GQ^ M , ~

V�GNIrOFl ^WG L EHpvIq^ ` I �PEHR�B�I g E@UobFB;E@OhB M , M UzbFBQIrOFEyBQU�E ` I g IZOf^HBQE�+ ` U-p �hIrOFl ^ ` GNU g EH^HOfG;BQDf^HB
BQI g EPUzbFB�p@^ `Z` G�^ M ETOXUoBWijbXEPbFEHR ~ � DFE M E \cU M E w bXO ` I �[E �'IZB�D B�DFE BQI g EPUzbFB�B�^oG � g EPBQDXU-R
wk^
GNbX+fGNEHi[bFEPO-B'^zpPpvE L B'GNB�^2B�E g EPO-B*IKG OXUoB M EHi[bFI M EHR BQU�RhEH^ ` �'IrBQD0^�B�I g EPUzbFB*E �-L I M IZOFlWIZOaB�DFE
�'IZO RhU�� +fEPB ��E@EPOTB�DFE�EPO-B M ,�pP^ `r` U-pPp b MQM IZOFl ^2OfRaBQDXE�BQI g EPUobXB +fEPIrOFl GJDFU M B � pvI M pvbFIrBQEHRT+fE �
pP^HbfGNE�B�DFEyBQI g EPUobFB pP^ `r` IKG#RhIKG�pP^ M RhEHR ~*u UFw-BQDFEyBQEHp�DFOFIqijbXEyRhEHGQp M IZ+fEHR EH^ MQ` IrE M B�U�E ` I g IrOf^2B�E
BQDXE M ^opvE�pvUzOfRhIrBQIZUzO �'DXEPO B�I g E@UobFB�G�^ M EaGJDFU M B � pvI M pvbFIZB�EHR%IKG�OFU ` UoOFlzE M OFEHpvEHG�GQ^ M , ~ � b M �
BQDXE MQg U M E[wX^oG'OFUtGNbF+fGJEHi[bFEPO-B�^zpPpvE L ByGJB�^HBQE g E@OhB#IKG'bfGNEHR>wFIZByIKG�OFU ` UzOFloE M ^oR-Yo^HOhB�^2lzEPUobfG
BQU0pP^ `Z` B�DFE BQI g EPUzbFB g E g +fE M �'DXEPO B�DFE BQI g EPUzbFB�IqG7GNDFU M B � pvI M pvbFIrBQEHR>w
I ~ E ~ wfBQDFE�BQI g EPUzbFB
g E g +fE M IKG'UoO ` ,0pP^ `r` EHR �'DFEPO%B�DFE�B�I g E@UobFBy^zpvBQbf^ `Z` , E �hL I M EHG ~'� U���E@Y[E M w-BQDFEWUobFB�GNB�^HOfR �
IZOXl B�I g EPUzbFB�E@Y[EPOhB g b GNB +fE0RhEH^ ` B �'IrBQD +h, lzbf^ M ^2O-BQEPE@IZOFl BQDf^HBTIe\7^ Yo^ ` IqR E@OhB M ,�pP^ `Z`
U-pPpvb M GvwfBQDXEPO!BQDFEWBQI g EPUobXB�EPO-B M ,�pP^ `r` IqG bXOfpP^ `r` ^H+ ` E7bFO-BQI ` EPIZB�DFE M BQDFEWBQI g EPUobFB#Df^oGy+�E@EPO
GNDXU M B �Jp I M p bFIZB�EHR U M bFO-BQI ` BQDXE �[E M OFE ` Df^oG d OFIqGNDFESR E � EHpvbFB�IZOFl0BQDFE0G L ESpvIK^ ` I �@EHR BQI g EPUzbFB
EPO-B M , M UzbFBQIrOFE ~� E g E g +fE M BQDf^HB �'DFEPO_^aYz^ ` IqR%EPO-B M , pP^ `r` U-pPpvb M Gvwk^ `Z`;g bFBQE � M UobFB�IZOFESG
�5IrOfp ` bfRhIZOXl�BQDXE�B�I g E@UobFB �;+fEHpvU g E�bFOfp@^ `Z` ^2+ ` E ~

� DFE�Uo+-YhIrUobfG�^ LXLFM U ^op�D BQU!E@Oh\cU M pvIZOFl!B�DFIKG�lzbf^ M ^2O-BQEPE0IKG7BQU Df^PY[EaBQDFE0pP^ `Z` IZOFl!B�^oG �
GNDXU M B �Jp I M p bFIZB#BQDFE7BQI g EPUzbFB*+�E \cU M E7IrB'+�E@loIZO G�E � ESpvbFBQIrOFl�B�DFE g E g +fE M;M UobFB�IZOFE ~*� U���EPY[E M w
BQDXIKG g EPBQDXU-R IrOfpvb M G ^HO ^zRFRhIZB�IZUzOf^ `FL EPO ^ ` BJ,�\cU M ^ `Z` pP^ `r` IrOFl'B�^zG �XG +fEHpP^2b GNE�IrB IqG I gaL U[G�GNIZ+ ` E
\cU M BQDFE pP^ `r` IZOXl B�^oG �%B�U �-OFU�� I \*B�DFE�B�I g EPUzbFB \ ^zpvI ` IZB�IZEHG'^ M E�+fEPIrOFl�bfGNEHR!^HOfR!GNUtIZB g bfGNB
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^ ` �'^P,XG�p�DFEHp ��I \9BQDFE�BQI g EPUobXB�OFE@EHRFG�BQU�+fE�GNDXU M B �Jp I M p bFIZB�EHR ~ � U M E � ^ gaLF` E[wfI \y^ g bFBQE �
g E g +fE M ^ LFL EH^ M G IrO ^HO ^opPpvE L B �'IZB�D ^%B�I g E@UobFB ^2OfR�^2O ^opPp E L B �'IrBQDFUzbFBt^%BQI g EPUobFB@w
BQDXE�p DFESp � g bfGJB�+fE IZO GNE M BQEHR�IZO!BQDXE g bFB�E ��M UobXBQIZOXE EPY[EPO%B�DFUobXloD IZB�IqG bFOXOFEHpvEHG�GQ^ M ,%IrO
pvE M B�^HIZO pP^oGJEHG ~ � DFIqGTY-IZU ` ^2B�EHG�BQDFE0Uo+ � EHp BQIZY[EtU2\ ` I g IZB�IZOFl�BQDXE%I gtL ^opvBWU2\WBQDXE%BQI g EPUzbFB
\ ^op I ` IrBJ, �'DFEPO%IrB�IqG�OFUoBy+fEPIZOFl�bfGJEHR ~

� DFE g U[GNB LFM ^opvB�IKpP^ ` GNU ` bFBQIrUoO IqG B�U M E g UHY[E;BQDXE�UobXB�GNB�^2OfR-IZOFl7BQI g EPUzbFB
+fEv\cU M E'GJB�^ M BQIrOFl
^�OFE � ^opPpvE L B*GNB�^2B�E g EPO-B �'IrBQD�^�BQI g EPUzbFB \cU M ^ L ^ M B�IKpvb ` ^ M g bFB�E � Uz+ � EHpvB ~ � DFIKG*GJU ` bXBQIZUzO
GQ^HBQIqG d EHGkBQDFE M EHi[bFI M EHR�lobf^ M ^HOhB�EPE�+fEHpP^HbfGNE'B�DFE�B�I g E@UobFB g E g +�E M IqG OXUoB*^zpPpvE L B�^2+ ` E#^2l[^HIZO
bFO-BQI ` BQDXIKG�OXE � B B�I g E@UobFBW^op@pvE L B GNB�^HBQE g EPOhB7IqG�E � EHpvbFB�EHR ~ � D-bfGvw;Ie\�B�DFEaBQI g EPUzbFBWRhU[EHG
E �-L I M E[wk^oG�B�DFE �[E M OFE ` pP^HOFOFUzB l[^2IrO I gtg EHRhIq^2BQEWEPO-B M ,!IrOhB�U%B�DFE g UoOFIrBQU M w B�DFEaBQI g EPUzbFB
IKG�RhIqGQpP^ M RhEHR ~ � DFIqGap DXUoIKp E%^ ` GJU ` I g IrB�GW^2O-, ^zRFRhIrBQIZUzOf^ ` pvU[GJB�GTB�U UoO ` ,�BQDFU GNE ^op@pvE L B�G
GNB�^2B�E g EPO-B�G7bfGNIrOFl B�DFE�BQI g EPUobXB�\ ^op I ` IrBQIrEHG ~ � DFE g ^2IrO�R M ^ �'+f^zp ��B�U B�DFIKG ^ LFLFM U ^op�D IqG
BQD ^2BaIrB M EHijbXI M ESGTpvU gaL I ` E M GNb LFL U M BaIrO U M R-E M B�U IZO GNE M BTB�DFE pP^ `r` BQU�GJDFU M B � pvI M pvbFIrBTB�DFE
BQI g EPUzbFB*^2B#BQDFE GNB�^ M B#U2\ ^2O0^zpPpvE L B#GJB�^2B�E g EPO-B;bfGJIZOFl ^�B�I g EPUzbFB ~ � DFE M EHi[bFI M E g EPO-BkBQDf^HB
BQDXE��[E M OFE ` B�^oG � g b GNB d OFIqGND!E � EHpvbXBQIZOXlTB�DFE�G L EHpvIq^ ` I �PEHR�BQI g EPUobXB'EPOhB M , M UzbFBQIrOFE +fEv\cU M E
BQDXE%GJDFU M B � pvI M pvbFIrBQIZOXl!IKG d OFIKGJDFEHR�pP^HO bfGJbf^ `r` , +fE!^zp DXIZEPY[EHR +h,�^ ` U-p �-IZOFl g ESp Df^HOFIKG g w
+FbFB7B�EPOfRFG�BQU�+fE�I gaLF` E g E OhB�^2B�IZUoO0G L ESpvI d p ~ � p�DFU[GJETB�U%^zRhU L B�BQDXIKG d Of^ ` ^ LFLFM U[^op�D \cU M
I gtLF` E g EPO-BQIeOFl7BQI g EPUzbFB�G*IZO�� s�� � ~

� ��� � � � � 	 � 	�� ��	 ��" ���

� O U M RhE M B�U�+fEPB�BQE M bFOfR-E M GJB�^2O R g ,7I gaLF` E g EvO-B�^HBQIZUzO7U2\>BQDFEyR-EHGQp M IZ+fEHR�B�I g EPUzbFB
\ ^op I ` IrBQIrEHG
\cU M � s�� �Wwo^HO�bFO RhE M GJB�^HOfRhIZOXl�UH\fGJU g E*U2\XBQDXE M E ` E@Yo^HOhBkp U gaL UoOXEPOhB�G�UH\�� s�� ��IKG M EHijbXI M ESR ~
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� Irlob M E 6h~7? � � U-RhEHG'UoO�B�DFE7EPY[EPO-B'i[bFEPbFE

�#"	�#"�$ 
���� � 036 	#>*- �1; '19

� O U M RhE M B�U%Df^HOfR ` ETB�I g EPUzbFB�G w&^ g EPB�DFU-R(UH\ M EPloIqGNBQE M IZOXl%^HOfR LFM U-pvEHG�GNIZOXl%BQI g E M E ` ^HBQEHR
EPY[EPO-B�G*IKG�OFESpvEHGQG�^ M , ~ � DFE � s�� � �[E M OXE `fLFM UHY-IKRhEHG'GJb LFL U M B \cU M�M EPloIqGNB�E M IrOFl BQI g E M E ` ^HBQEHR
EPY[EPO-B�G'BQD M UobXloD BQDFE bfGJETUH\9^2O EPY[EPO-B�i[bFEPbFE�^HOfR!IZO-BQE M�M b L B�G ~ � DFIqG7GNEHpvB�IZUzO LFM UHY-IKRhEHGm^
RhEHG�p M I L BQIrUoOaUH\;B�DFE�EPY[E@OhB*Df^HOfR ` IrOFl�\ ^zpvI ` IZB�IZEHG;IZO � s�� � wF^zG ��E `r` ^oGvwf^ R-EHGQp M I L B�IZUzOTUH\;B�DFE
I gtLF` E g EPO-B�^HBQIeUoO�U2\ g bFB�E � Uo+ � EHp B�G ~

� ~ � Y[EPO-B��ybFEPbXE�^HOfR � O-BQE M�M b L B�G ~
A�O � � ��� 
#� � ��� ��IZO��ks���� IKGy^�BQI g E�U M RhE M EHR ` IKGJB�U2\ � ����� 
�� B�DFE �[E M OFE `
g ^HOf^2lzEHG ~
� DFESGNE�EPY[E@OhB�G�pP^HOaIZOfp ` bfRhEmBQI g E �JG ` IqpvE'pvUzOhB�E � B'G �'IrB�p�DFEHG#^2OfR M ESijbFESGNB�G*+h,�+ ` U-p �[EHR
B�^oG �XG�BQUW+fE ��U �[EPOab L ^HB'^ G L ESpvI d ESR B�I g E ~ � ^op�DaOFU-R-E�IZOaB�DFE�EPY[E@OhB*i[bFEPbXE7G L EHp �
I d EHG'BQDFEWBQI g E�^HB �'DFIqp D0BQDFEWEPY[EPO-B'E �hL I M ESGvwf^TDf^HOfR ` E M�M UzbFBQIrOFE�B�Ua+fE IZO-Y[U �[EHR�^HB
B�Df^2BWBQI g E ^2O R ^ �>^Hl!IZOfR-IKpP^HBQIZOXl �'DXEPBQDFE M B�DFE�Df^2OfR ` E MWM UobXBQIZOXEaGJDFUob ` R +fEaE � E �
pvbXBQEHR �'IZB�D BQDFE�EPY[EPO-B7i[bFEPbFE ` U-p � ^opPi[bFI M EHR � GNE@E � Irlob M E 6-~ ? � ~ � DFIKGW^oRFRhIrBQIrUoOf^ `
�>^HlTIqG O ^ g EHR uExecuteLocked

^2OfR�IKG'RhIqGQpvbfG�GNEHRa\cb M B�DFE M UzO L ^HloE <�?h~ � DFE7Df^HO �
R ` E M7M UzbFBQIrOFETIqG�IZO-Y[U �[EHR%+-,%B�DFE �[E M OFE ` B�^oG � ^HOfR L E M \cU MQg G B�DFE M EHi[bFI M EHR!^op BQIZUzO
RhE L E@OfRhIZOXlTUzO �'DFEPBQDXE M B�DFE�OXU-RhE�IqG�^zGQGNU-p IK^2B�EHR �'IZBQD ^Tp UoO-BQE � B � G �'IrB�p�D&wf^TR-E ` ^P,[w
^ BQI g EPUobXBPw[EPB�p ~
A `r` ^op@pvEHGQG;B�U�BQDXE�EPY[E@OhB*i[bFEPbXE�IqG LXM UoB�EHpvB�EHR +-,�^�G L IZO ` U-p � ~ � DFE�B�I g IrOFl LFM U L E M BN,
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UH\
B�DFE�E@Y[EPOhB i[bFEPbFE*IKG LFM UHY-IKRhEHR7+h,W^HO U L E M ^HBQIrOFlWGN,XGNBQE g B�I g E MP~ � U-R-EHG;^ M Ey^oRFR-EHR
B�UaBQDFE ` IqGNByIZO%IrOfp M EH^oGJIZOFl�U M RhE M +-,�BQI g E �hB�DFE BQI g E M IqG�GJEPB�B�UaE �-L I M E�^HB�BQDXE�BQI g E
IrOfRhIKp@^2BQESR%+h,!B�DFETOXU-RhE�^2B7B�DFE \ M UoO-B7U2\yBQDXE ` IKGNB ~ ] DFEPO BQDFE�BQI g E M E �hL I M ESGvw
B�DFE
pvb MQM E@OhB ` ,�E � EHpvbXBQIZOXl'B�^oG �7IKG&IZO-BQE M�M b L B�EHR7^2OfR�B�DFIKG&B�^zG � LFM U-pvEHGQGJEHG B�DFE�EPY[E@OhBki[bFEPbFE
UzO!+�E@Df^ ` \'U2\#B�DFE��[E M OXE ` ~ � � O%\ ^zpvBPw
B�DFE M E IKG'OFU0^opvB�bf^ ` �[E M OFE ` B�^oG �
w&+FbFBmBQDFIqG�pvU �
U L BQEHR�B�^oG � IKG M Ev\cE MQM EHR�B�UW^oG B�DFE �[E M OXE ` B�^oG � ~ � � DFIqG B�^oG ��+fEPloIrOfG;+h, ^opPi[bFI M IZOXl�B�DFE
EPY[E@OhB*i[bFEPbXE ` U-p �
w-^HOfRTBQDXEPOaBQDXE�OFE � B�E �-L I M EHR�EPY[E@OhB*IKG M E g U2Y[ESR \ M U g B�DFE7i[bFEPbFE
^HOfR BQDFE0^oG�GNU-pvIq^2B�EHR Df^HOfR ` E M�M UobFB�IZOFE�IKG7IZO-Y[U �[EHR ~ � DFIKG LXM U-pvEHG�GNIrOFl IqG M E L EH^2B�EHR
\cU M ^ `r` E �-L I M EHR!OFU-RhEHG7UoO B�DFETE@Y[EPOhB ijbFE@bFE[wk^oG7BQDFE M Eap Uob ` R(+fE g U M E BQDf^HO UoOFE ~
� DFE ` U-p � IKG M E ` ES^oGNESR ^2OfR M EH^zpPi[bFI M EHR +fEPB ��E@EPO B�DFE LFM U-p EHGQGJIZOFl�U2\ EH^op�D OFU-RhE ~
� DFIqG�GJE g ^HOhB�IKpPG'^ `Z` U��yG'UoB�DFE M B�^oG �FGyBQDFE p Df^HOfpvEWBQU g ^2OFI L b ` ^2BQE7B�DFE�EPY[E@OhByi[bFEPbFE
�'IrBQDFUzbFB�Df^PY-IZOFl0BQU �9^2IZB7\cU M BQDFEaE@OhB�I M E�GJEPB�UH\�E �hL I M EHR%OXU-RhEHG�BQU!+fE LXM U-pvEHG�GNEHR>w
�'DFIqp D�IqG bfGJEv\cb ` IrO g IZOFI g I �PIeOFl�B�DFE7+ ` U-p �hIrOFl BQI g E�E �-L E M IrEPOfpvESRT+h,tDFIZlzD LFM IZU M IZBJ,
B�^oG �XG ~

{ ~ n bFB�E � x�+ � ESpvB�G ~
� DFE M E ^ M E B �#U �hIrOfRFGTUH\ g bFBQE � Uz+ � EHpvB�G LFM ESGNEPO-BaIZO �ks����WwyOf^ g E ` , g UoOXIZBQU M G
^HOfR B�^oG �FG ~ � DXIKG�RhIKG�pvbfG�GNIZUzO \cU-pvbfGJEHGaUoO g UoOFIrBQU M Gvwm^oG�^ B�^zG � pP^HO GNI gtLF` ,�+fE
pvUzOfGNIqRhE M EHR7^ g UzOFIZB�U M �'IZBQD ^ B�D M ES^oR�UH\FE � EHp bFBQIrUoO ~ � u EPE#p Df^ L BQE M {9\cU M ^'BQDFU M UzbFloD
RhESGQp M I L B�IZUoO�UH\*BQDFEWGJE g ^2O-BQIqpPG�^zGQGJU-pvIK^HBQEHR �'IZBQD ^ g UoOFIrBQU M@~ �WA G L IZO ` U-p � LXM UoB�EHpvB�G
B�DFE g UoOFIrBQU M � G E@OhB M ,�i[bFEPbFEy^HOfR g bFBQE � i[bFEPbFESG ~ AmG ��E `Z` wzBQDFEmpvb M�M EPO-B;B�^zG ��IZOfGJIKRhE
B�DFE g UzOFIZB�U M IKGkpvUoO GNIKR-E M EHR7BQDFE'U��'OFE M ^HOfR�Df^oG g bFBQb ^ ` E � p ` b GNIZUzO7U2Y[E M ^ `Z` IZO-BQE M Of^ `
RF^HB�^ GJB M b pvBQb M EHG;U2\kB�DFE g UzOFIZB�U MP~ � DFESGNE�IrOhB�E M Of^ ` RF^2B�^�GNB M bfp BQb M EHG�RhUWOFUoB#IZOfp ` bfRhE
B�DFE7EPOhB M ,tijbXEPbFEW^2OfR�BQDFE g bFBQE � ijbFE@bFEHG ~
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x �'OFE M GNDFI L UH\'B�DFE g UoOXIZBQU M IKG�BJ, L IKpP^ `Z` ,%p�Df^HOFloEHR!IZO!UzOFE�U2\'B �#U �9^P,FG ~ s*UzOhB M U `
IqG�EPIZB�DFE M'L ^zGQGNESR BQUt^ B�^oG � g ^oRhE M EH^zRh,aIZO GNIKR-E�B�DFE g UoOXIZBQU M U M pvUoO-B M U ` IqG L ^oG�GNEHR
B�U%^aB�^oG �!E � B�E M Of^ ` BQU�B�DFE g UoOFIrBQU M@~ � O!BQDFE dfM GNBWpP^oGJE[wk^aB�^oG �!IKG M E g UHY[EHRT\ M U g
B�DFE�IZO-BQE M Of^ ` ^zpPpvE L B�U M � GNIrloOf^ `Z` EHR�GNB�^zp � ^2OfR�U �'OXE M GJDFI L U2\mBQDFE g UoOFIrBQU M pP^HO +fE
B M ^2O G \cE M�M EHR �'IZB�DFUobFB pvUoO GNb ` BQIZOXl ^HOh, E � B�E M Of^ ` ijbFE@bFEHG ~ A�GaOFU E � B�E M Of^ ` RF^HB�^
GJB M b pvBQb M EHG;OFEPEHR�B�U�+fEmpvUoOfGJb ` B�EHR IZO�BQDFIqG GJIZB�bf^2B�IZUoO�wjB�DFEyEPOhB M , ` U-p � RhU[EHG*OFUoB*OFE@EHR
B�UT+fEW^opPi[bFI M EHRTIrO�U M R-E M B�U�p D ^2OFlzE�U��'OFE M GNDXI L&~
� O%B�DFE GJEHpvUzOfR!pP^oGJE[wfEPIZB�DFE M BQDXE g UzOFIZB�U M IKG'IZOf^zpvBQIrY[E7^2OfR!^�B�^oG �!pP^ `Z` IZOFl IrOhB�UTB�DFE
g UzOFIZB�U M +fEHp U g EHG;B�DFE�OXE � U��'OFE M U M BQDFEmpvb M�M EPO-B*U �'OXE M Df^2OfRXG�U �'OXE M GJDFI L U2\kB�DFE
g UzOFIZB�U M BQU ^ B�^oG � + ` U-p �[EHR!UoO_BQDFEaE@OhB M , i[bFEPbFE ~ � O +fUzBQD UH\yBQDFEHGJE�GNIrBQbf^HBQIrUoOfG w
B�DFE�EPO-B M , ` U-p � IqG�^op@ijbFI M EHR �'DFI ` E7U �'OXE M GJDFI L UH\�B�DFE g UoOFIrBQU M IKGmp Df^HOFloESR ~ � \*B�DFE
g UzOFIZB�U M IKG IrOf^op BQIZY[E wjB�DFE7B�^zG ��pP^ `Z` IZOFlWIZO-BQU BQDXE g UoOXIZBQU M ^zpPijbXI M ESG BQDXE�E@OhB M , ` U-p �
w
GJEPB�G�IrB�GNE ` \y^zG B�DFEaU��'OFE M UH\�B�DFE g UoOXIZBQU M ^2OfR GNbF+fGJEHi[bFEPO-B ` , M E ` ES^oGNESG�BQDXE E@OhB M ,
` U-p � ~ � EHijbXI M IrOFl%B�DFE!p@^ `Z` IZOFl!B�^oG � B�U�^op@ijbFI M E�BQDXE E@OhB M , ` U-p �>w�EPY[EPO�B�DFUobFlzD IrB
RhU[ESG OXUoB g ^2OXI L b ` ^2B�E ^2O-,!U2\9BQDFE E � B�E M Of^ ` i[bFEPbFEHG w
IKG�OFESpvEHGQG�^ M ,%BQU�E ` I g IrOf^2B�EW^
L UoB�EPO-BQIK^ `
M ^opvE7p UoOfRhIrBQIrUoO ~ � \kBQDXE�EPO-B M , ` U-p ��IKG OXUoBy^op@ijbFI M EHR>wjB�DFEPO0GNE@Y[E M ^ ` B�^oG �FG w
GJEPEPIZOXl�BQDXE g UoOXIZBQU M IKG�p b MQM EPOhB ` , E gtL BJ,[wop Uob ` RTB M ,TB�U�GNEPB#BQDFE g GNE ` Y[EHG ^zG�BQDFEmOFE �
U��'OFE M UH\*BQDXE g UoOFIrBQU M@~
� \ BQDFE g UoOFIrBQU M IKGy^op BQIZY[E ^2OfR%B�DFE7U �'OXE M IqG�E � IZBQIrOFl U M + ` U-p �-IZOFlXwFBQDFE@O%BQDXE�U��'OFE M
^zpPijbXI M ESG B�DFE EPO-B M , ` U-p �0GNU�BQDf^HB7IZB7pP^HO!E � ^ g IrOFE7BQDFE EPO-B M ,0^2OfR g bXBQE � i[bFEPbXEHG ~
� \kBQDXE�U��'OFE M pP^2OFOXUoB d OfR�^HO E ` IZlzIZ+ ` E�B�^oG �aUoO�BQDXE�E@OhB M ,tijbFE@bFE[whB�DFE�U��'OFE M'M E ` IrO �
i[bFIKGJDFEHGypvUoO-B M U ` UH\�B�DFE g UoOXIZBQU M w g ^ �hIrOFl BQDXE g UoOFIrBQU M IrOf^op BQIZY[E ~ xyBQDXE M �'IqGNE[wFB�DFE
pvb MQM E@OhBkU��'OFE M GJE ` EHp B�G B�DFE'OFE � B E ` IZlzIZ+ ` E*B�^oG ��\ M U g BQDXEHGNEyi[bFEPbFESG;^2OfR L ^oGQGJEHG;U��'O �
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E M GNDFI L U2\ BQDXE g UoOFIrBQU M BQU B�DFIKG*B�^oG � ~ � DFEPO�whBQDXE�U��'OFE M ^2B�U g IqpP^ `r` , �9^��[EHG*b L BQDFIqG
E ` IZlzIZ+ ` E�B�^zG � ^2OfR M E ` ES^oGNESG�BQDFE E@OhB M , ` U-p � �&^HB�B�DFIKG L UoIrOhB@w
BQDXETB�^oG �!IqG�OFU ` UzOFloE M
B�DFE�U��'OFE M@~ � DFE GNE ` EHpvB�EHRaB�^oG � �9^��[EHG'b L ^ `ZM EH^oRh,0U��'OFIZOFl�BQDXE g UzOFIZB�U M ^2OfR!pP^HO
+fEPlzIZO E � ESpvbFBQIrOFlaIrB�G g bXBQE �aM UobFB�IZOFE ~�� EHi[bFI M IZOFltBQDFE g UoOXIZBQU M U��'OFE M BQU0^zpPijbXI M E
B�DFETE@OhB M , ` U-p � �'DXEPO�GNE ` EHpvB�IZOFl ^2O E � BQE M Of^ ` B�^zG � IKG�OFEHpvESGQGQ^ M ,!B�U g ^HIZO-B�^2IrO%B�DFE
IrOhB�EPl M IZBJ, UH\�B�DFE%E@OhB M ,_ijbFE@bFE0^2OfR g bFB�E � i[bFEPbFEHG�+fEHp@^2bfGJE%UoB�DFE M B�^zG �XGTpP^ `Z` IZOFl
IrOhB�U�BQDXE g UoOXIZBQU M ^ ` GNU g ^2OFI L b ` ^HBQEyBQDFESGNEWRF^2B�^ GNB M bfpvB�b M ESG �'DFEPO�+ ` U-p �-IZOXl�UoO�B�DFE
g UzOFIZB�U M@~
A pP^ `r` IZOXl�B�^oG �7B�Df^2B*p@^2OFOFUzB;EPO-BQE M BQDXE g UzOFIZB�U M I gtg EHRhIr^2B�E ` ,'+ ` U-p �FG&UoO B�DFE g bFBQE �
i[bFEPbFE ^oGQGJU-pvIK^HBQEHR �'IZB�DaIZB�G�pP^ `Z` wX^oG �#E `Z` ^oG�BQDXE�EPO-B M ,ti[bFEPbFE ~ � DFE M E�^ M E7^�pvUzb LF` E
UH\ M EH^oGJUoOfG�^ p@^ `Z` IZOFl B�^zG � g IZlzDhB + ` U-p � ~ � IrBQDFE M ^ B�^oG � IKGa^ `ZM EH^oRh,�IrOfGNIqRhE%B�DFE
g UzOFIZB�U M U M B�DFE g E g +�E M M UobFB�IZOFE�B�Df^2B'B�DFE7pP^ `Z` IZOFl7B�^zG ��IZO-Y[U �[EHR IKG*bFOfpP^ `Z` ^2+ ` E \cU M
B�DFEW^opPpvE L ByGNB�^2BQE g EPO-B�p b MQM EPOhB ` ,�+fEPIZOFl LXM U-pvEHG�GNEHR ~

�#"	�#" ! � 0 ),0 4%)(-�;#6/) ; -�+ � ' 810 '16 + � + '*) �

� O�^ � s�� � g bFB�E � Uo+ � EHpvB@woBQDXE M E9^ M E�\cUzb M GJIZloOXI d pP^HOhB RF^2B�^�GNB M bfpvB�b M ESG � B�DFE�E@OhB M ,WijbXEPbFE[w
BQDXE g bFBQE � i[bFEPbFEHG w'^ GNEPB�U2\ �>^Hl[GTIrOfRhIKp@^2BQIrOFl �'DFIKp�D pP^ `r` G BQU BQDFE g bFB�E � Uo+ � EHpvBt^ M E
I gtg EHRhIr^2B�E ` ,y^zpPpvE L B�^2+ ` E[w[^HOfR ^�Yz^ M Iq^2+ ` E�IrOfRhIKp@^2BQIrOFl �'DFIqp D g bXBQE ��M UobFB�IZOFE �'^zG IrOhY[U �[EHR
+-,�BQDFE#pvb MQM E@OhB&U��'OFE M UH\fBQDXE g UoOFIrBQU M@~ A g bFB�E � ijbXEPbFE#^2OfRW^ ��^2l�Yz^ M IK^H+ ` E*IKG&^zGQGJU-pvIK^HBQEHR
�'IZB�D�EH^op�D g bFB�E � M UzbFBQIrOFE ~

� DFE�E � B�EPOfGNIrUoOfG'OFEPESRhEHRT\cU M BQDFEWBQI g EPUobXB \ ^op I ` IrBQIrEHG UzO ` , M ESijbFI M EW^2O ^oRFR-IZBQIrUoOf^ ` ��^2l
Yz^ M IK^2+ ` E�BQU%IrOfRhIqpP^2B�ETIe\y^%BQI g EPUzbFB7pP^ `Z` IqG�^op@pvE L B�^2+ ` E ~ � DFE�G�^ g E Yz^ M IK^H+ ` EaIrOfRhIqpP^2B�IZOFl
�'DFIqp D g bFBQE �!M UobFB�IZOFE �'^zG IrOhY[U �[EHR(+-, B�DFE!pvb MQM E@OhBWU �'OXE M UH\7BQDXE g UoOFIrBQU M p@^2O ^ ` GNU
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IZO RhIKpP^HBQEyI \�BQDFE d pvB�IZBQIrUobfG*BQI g EPUobXB M UzbFBQIrOFE�IqG IrOhY[U �[EHR ~ � b M B�DFE MQg U M E w[^oG*BQI g EPUobFB�G g bfGNB
+fE ^opPp E L BQESR I gtg EPR-IK^2B�E ` , U M RhIqGQpP^ M RhEHR>w OXU�ijbXEPbFEPIrOFl UH\WBQI g EPUobFB�p@^ `Z` G IqG L U GQGNIr+ ` E �
BQDXE M Ev\cU M E[w-OFU g bFB�E � i[bFEPbFE�IqG M EHi[bFI M EHR ~

� DFE�\ ^zpvB'BQD ^2B ` UoloIqpP^ `r` ,t^ g UoOFIrBQU M p@^2O%UzO ` ,t+�EW+ ` U-p �[EHRaUoO0UoOFE ^opPp E L ByGNB�^2B�E g EPO-B
^2B ^(B�I g E g EH^2OfG BQD ^2BaIrB IKG UoO ` , OXEHpvEHG�GQ^ M ,�BQU�^ `Z` U�� \cU M UoOXE%UobXB�GNB�^2OfR-IZOFl�BQI g EPUzbFB
OFU-RhE � EPY[EPO-B L E M�g bFBQE � Uo+ � ESpvB ~ � DFIKG L U ` Iqpv, IKG#GNB M IKpvB ` ,WEPOh\cU M pvEHRT+-,�^ ` �'^P,XG M E g UHYhIrOFl
BQDXE�BQI g EPUzbFB'OFU-RhEt^2B�B�DFE GJB�^ M B�UH\�E@Y[E M ,�^zpPpvE L B7GNB�^2BQE g EPO-B'bfGNIrOFl�^ uTimeout

p ` ^2b GNE ~
V�Oh\cU M B�bFOf^2B�E ` , wFIZB'IKG�I gaL U[G�GNIZ+ ` E7BQU�UoO ` , L E M \cU MQg BQDXE M E g UHY[EyI \ BQDFEWBQI g EPUobFB9p ` ^HbfGNE7IqG
^op BQbf^ `Z` ,0^zpvBQIrYo^HBQEHR%+fEHp@^2bfGJE IZByIKG�I gaL U[GQGJIZ+ ` E7BQU0RhEPB�E MQg IrOFE�IrO!^oR-Yo^HOfpvE�I \*B�DFE BQI g EPUzbFB
IKG7OFEPEHR-EHR
w;I ~ E ~ wkOFU ^op@pvE L B p ` ^HbfGNE �'I `Z` +�EtI gag ESRhIK^HBQE ` ,!^zpPpvE L B�^2+ ` E ~ � b M BQDFE MQg U M E[w ^
pP^ `Z` B�U M E g UHY[E7BQDFE B�I g E@UobFByOFU-RhE g b GNBm^ ` �9^P,FG�U-p@pvb M I \#BQDXE BQI g EPUobFB'\ ^op I ` IrBJ, IqG�bfGJEHR
+fEHpP^HbfGNE!IrBTIqGTI gaL U GQGNIr+ ` E�B�U�GNB�^2BQIqpP^ `r` , � ^HB�pvU gaL I ` EaBQI g E��WRhE@BQE M�g IZOFEtI \7B�DFE M E0IKGa^HO
UobXB�GNB�^2OfR-IZOFlaB�I g E@UobFB'EPY[E@OhB ~ A�G ��E `Z` wf^HBQB�E gaL B�IZOFl B�U M E g UHY[E�BQDXE�BQI g EPUzbFB�OFU-R-E�^S\cBQE M
BQDXE LFM U-pvEHGQGJIZOFl U2\ BQDFE ^opvB�bf^ ` ^opPp E L B�GNB�^2B�E g EPO-B�Df^zGT+fEPlobXO&w�I ~ E ~ w#^S\cB�E M RhEPB�E MQg IZOFIrOFl
BQD ^2B�OFU0^zpPpvE L Bmp ` ^2bfGJE IKG'I gag ESRhIr^2BQE ` ,t^opPpvE L B�^H+ ` E[w>pP^HO M EHGJb ` ByIZO ^ L UzBQEPO-BQIq^ `k` IZY[E ` U-p �
GNIrBQbf^HBQIrUoO � ^zG�G L IZO ` U-p �XG'RhU�OFUoBy+ ` U-p ��� ~

� DFIKG L UoB�EPOhB�IK^ `'` IZY[E ` U-p � ^ M IqGNEHG�+fEHp@^2bfGJE%BQDXE%^zpPpvE L B�GNB�^HBQE g EPOhB7IqG LFM U-pvESGQGNESR �'IZB�D
BQDXE g bFBQE � EPO-B M , ` U-p ��^opPi[bFI M EHR
w-^oG*BQDFEmEPOhB M , ^2OfR g bFBQE � i[bFEPbFESG OFEPESR B�U�+fE7^op@pvEHGQGJEHR ~
� \*BQDXE�BQI g EPUzbFB'OFU-RhE IqG M E g UHY[EHRa^P\cBQE M BQDFEWEPO-B M , ` U-p �aIqG�^op@ijbFI M EHR>wFBQDFE M E�IqG�^ �'IrOfRhU��
+fEPB ��EPE@O�^zpPi[bFI M IZOFlyBQDFE g bXBQE � EPO-B M , ` U-p ��^HOfR ^op@ijbFI M IrOFl�B�DFE�E@Y[EPOhB�ijbXEPbFE ` U-p �>wHIZO�U M RhE M
BQU ^opPpvESGQG'BQDFEWEPY[EPO-ByijbFE@bFE[wFIZO �'DFIKp�D!^HO%UzbFB�GJB�^2O RhIZOFl�B�I g EPUzbFB'EPY[EPO-B'p Uob ` R E �-L I M E ~ � \
BQDXETB�I g EPUzbFByE �hL I M ESGvw
B�DFE �[E M OFE ` ^opPi[bFI M EHG�B�DFETE@Y[EPOhB ` U-p � ^2O R BQDFE@O G L IrOfG �9^2IZB�IZOFl�B�U
^op@ijbFI M EyBQDFE7EPO-B M , ` U-p �aGJU IZB#pP^HO LXM U-pvEHG�G�BQDFEmBQI g EPUobFB ~ � bFBPw-BQDFE7^zpPpvE L BQU M Df^oG'^ `ZM EH^oRh,
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^op@ijbFI M EHR BQDXE EPO-B M , ` U-p � ^HOfR GNbX+fGNEHi[bFEPO-B ` , G L IZOfG �9^2IZB�IZOFl \cU M BQDXE EPY[E@OhB ` U-p � � GJEPE
� Irlob M E 6-~ 5 � ~

� DFIKG L UoB�EPOhB�IK^ ` \cU M ` IrY[E ` U-p � pP^HOFOFUoB�+fE M EHGNU ` Y[EHR +-, Df^PY-IZOFl!B�DFE!^zpPpvE L BQU M M E ` ES^oGNE
BQDXE EPO-B M , ` U-p � +fEv\cU M E B M ,-IZOXl B�U M E g UHY[E�BQDFE BQI g EPUobXBaOFU-RhE ~ � \WBQDXE EPO-B M , ` U-p � IqG
M E ` EH^zGNEHR
w>BQDFEPO EPO-B M ,!pP^ `Z` Gm^ M Et^ `r` U���ESR%BQU LXM U-pvEPESR ~ � \#EPO-B M ,!pP^ `Z` G�^ M EaGJEPB7bFOfpP^ `Z` ^H+ ` E
Rhb M IZOFl_BQDFE0BQI g E B�DFE%E@OhB M , ` U-p ��IKG BQE gaL U M ^ M I ` , M E ` EH^oGJEHR
w'BQDXEPO ^ `Z` pP^ `r` G + ` U-p � ^2OfR
BQDXE!^op@pvE L B�p ` ^2bfGJEHG OFEPEHR BQU_+�E M E LXM U-pvEHG�GNEHR>w'^S\cB�E M B�DFE�BQI g EPUobXB�Df^zGT+fEPEPO M E g UHY[EHR
w
BQU0RhE@BQEHpvByI \9^�GNbX+fGNEHi[bFEPO-B�Yz^ ` IKR!pP^ `Z` Df^oG�U-pPp b MQM EHR%+fEv\cU M ETB�DFE�^opPp E L BQU M IKGm^ `Z` U���EHR%B�U
+ ` U-p � � GJEPE � Irlob M E 6h~ : � ~ xyO B�DFEaUzBQDFE M D ^2OfR
w#^%Yz^ ` IKR EPO-B M , p@^ `Z` pP^2OXOFUoB +fE0^ `r` U���EHR
BQU LFM U-p EPEHR
w �'DFI ` E�BQDFEtEPOhB M , ` U-p � IKG7BQE gaL U M ^ M I ` , M E ` EH^zGNEHR
w ^oG�B�DFE�^op@pvE L B�U M D ^oG�OFUzB
d OFIqGNDFESR LXM U-pvEHG�GNIrOFlTB�DFEW^opPp E L ByGNB�^2B�E g EPO-B ~

� DFE g U GNB M ES^oGNUzOf^2+ ` E7GJU ` bXBQIZUzOaIKG;B�U ^ ` �'^P,XG ^HBQB�E gaL B*BQU M E g U2Y[E#BQDFEyBQI g EPUzbFB;OFU-RhE w
I \ ^

uTimeout
p ` ^2bfGJE�IqG LFM ESGNEPO-BPw[+fEv\cU M E�^zpPi[bFI M IZOFl7BQDXE g bFBQE � E@OhB M , ` U-p �WBQU LFM U-pvESGQG�^HO

^op@pvE L B7GJB�^HBQE g E@OhB ~ ] IZBQD!B�DFIKGmGNE g ^HOhB�IKpPG w�B�DFE�^oRXRhIZB�IZUoO ^ ` UHY[E M DFES^oR IqG�OFUoB�UzO ` , G g ^ `r`
^2O R d�� EHR
wf+FbFB7B�DFE L UoB�EPO-BQIK^ ` \cU Mm` IZY[E ` U-p �aIKG�^PY[UzIKRhEHR ~ � b M BQDXE MQg U M E[wFB�DFIKGyU2Y[E M DFEH^zR IqG
UoO ` ,�IZOfp b MQM EHRa+h,0^op@pvE L BmGNB�^2BQE g EPO-B�G b GNIZOXlaBQDFEWBQI g EPUobXB \ ^op I ` IrBJ, ~ � DXE�UoO ` ,0R M ^ �'+f^zp �
IKGyBQDFEWU-pPpP^oGJIZUzOf^ ` ^2B�BQE gtL B'BQU M E g UHY[E7^2O!bFO-bfGJEHR%BQI g EPUobXB'OFU-RhE[w �'DFIqp D RhU[EHG�OFUzBQDFIrOFl
�5IqRhE gaL UzBQEPO-B�� ~

A�G �#E `Z` w�B�U LXM EPY[EPO-Bm^2O!E �-L EPOfGNIrY[E ^HOfR L UzBQEPO-BQIq^ `Z` ,�+ ` U-p �hIrOFl�Rh,-Of^ g IKpWGNBQU M ^HloEt^ ` �
` U-p@^2BQIrUoO&w�^ B�I g E@UobFB'OFU-R-ETIqG�GNB�^2BQIqpP^ `r` ,0^ `r` U-pP^HBQEHR%IrOfGNIqRhE EPY[E M , g bFBQE � Uo+ � EHpvB ~ A�G�B�DFE
RhEHGJIZlzO!lobf^ M ^2O-BQE@EHG�BQDf^HB�BQDFE M E IKGm^2B g U GNByUoOFE�UobXB�GNB�^2OfR-IZOFl�BQI g EPUzbFB'EPY[EPO-B�^zGQGJU-pvIK^HBQEHR
�'IZB�D�^ L ^ M BQIqpvb ` ^ M;g bFBQE � Uz+ � EHpvBPwzIZBkIKG L U[G�GNIr+ ` E'B�U�bfGNE'B�DFEyGQ^ g E�B�I g E@UobFB&OFU-R-E�\cU M EPY[E M ,
^op@pvE L BWGNB�^2B�E g EPO-B�IZO BQDXETUz+ � EHpvB ~�u B�^HBQIqpP^ `r` ,!^ `Z` U-pP^2B�IZOFl0BQDFE�BQI g EPUobXB�OFU-R-E�^ ` GNU%E ` I g �
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A�p@pvE L B�U M

n bXBQE � xy+ � EHpvB

��` U-p �[ESR
� bFOFOXIZOFl

u B�^ M ByAmpPpvE L B
A�pPi[bFI M E � O-B M , � U-p �

s#^ `r` E M

u[L IrO�] ^HIZBQIrOFl � U M
� Y[EPO-B � U-p �

� E M OFE `

A�pPi[bFI M E � Y[EPOhB � U-p �
�;M U-p EHGQG � �hL I M EHR � Y[E@OhB

u L IZO�]_^2IZB�IZOFl � U M
� OhB M , � U-p �

� IrY[E ` U-p �

� Irlob M E 6-~ 5 � � IrY[E ` U-p � U-p@pvb M G I \yB�DFE%B�I g E@UobFB7IKG M E g UHY[EHR ^S\cB�E MTLXM U-pvEHG�GNIrOFl UH\W^op@pvE L BGNB�^2B�E g EPO-B ~
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� E M OFE ` AmpPpvE L B�U M s#^ `r` E M

n bFB�E � x�+ � ESpvB

� bFOFOFIrOFl
��` U-p �[EHR

u B�^ M ByAmpPpvE L BAmpPijbXI M E � O-B M , � U-p �

� E ` ES^oGNE � O-B M , � U-p �
A�pPi[bFI M E � Y[EPO-B � U-p �
� E g UHY[E � I g EPUzbFB

� E ` EH^zGNE � Y[EPO-B � U-p �AmpPijbXI M E � O-B M , � U-p �
��` U-p �TUzO%AmpPpvE L B

s#^ `Z` A�pPp E L BQU M

� IZlob M E 6h~ : � � OhB M ,�p@^ `Z` G'pP^2O�+fE g IKGQGJEHR I \ EPOhB M , ` U-p �aIKG M E ` ES^oGNESR ~
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IZO ^2BQESG LFM Uo+ ` E g G M E ` ^HBQIZOXl B�U!G�pvU L IrOFl!^HOfR�^ `r` U-pP^HBQIZUzO � R-EH^ `r` U-pP^HBQIZUzO�^oG�GNU-pvIq^2B�EHR �'IZB�D
Rh,-Of^ g IKp7GNB�U M ^HloE ~ � b M B�DFE MQg U M E wfGNB�^HBQIqpP^ `r` ,�^ `Z` U-p@^2BQIrOFlaB�DFE�OFU-R-E IKG'OFUoB�UzO ` , g U M EW^2B �
B M ^opvB�IZY[E \ M U g ^ M EH^ ` � B�I g E L E M G L ESpvBQIrY[E[wP+FbFBkIZB ^ ` GNUyDf^oG B�DFE#^oRhYz^HOhB�^2loE'B�Df^2B IZB g ^ �[EHG�B�DFE
M E g UHY[E�U L E M ^2BQIrUoO IKRhE gaL UoBQE@OhB ~ � DFE�R M ^ �'+f^op �%IqG�BQDf^HB7OFUoO � M ES^ ` � BQI g E g bXBQE � Uz+ � EHpvB�G
�'^zGNB�E�^H+fUobFB 6 { +-,-BQEHG�UH\*GJBQU M ^2lzE[w �'DXIKp�D%GJEPE g G ` I �[E7^HO%^zpPpvE L B�^2+ ` E7B M ^oRhEPU 
 ~

�#"	�#"�� 476 + '#0 -�<�� ��) � � �1'��,< 9 +.-

� O loEPOXE M ^ ` woB�DFE M E9^ M E�\cUob M G�pvEPOf^ M IrU[G B�Df^2B*OFEPESR�BQU7+fEyRhEH^ ` B �'IZB�D �'DFEPO�^�B�^zG ��+ ` U-p �FG UzO
^2O ^opPp E L B&GJB�^HBQE g E@OhB �'IZBQDW^'BQI g EPUobXB ~ � DFEHGNE9GQpvE@Of^ M IZU[G&p@^2O7+fE'p ` ^oGQGJI d ESR +-,mpvUoOfGJIKRhE M IZOXl
�'DFIqp DaUH\*BQDXE�B �#U EPY[EPO-B�G�GJbfpPpvESGQG \cb `Z` ,tpP^ `Z` G*IZO-BQU B�DFE g UoOFIrBQU M dfM GNB ~ � DFIqG'p ` ^zGQGNI d pP^HBQIZUzO
IKGmpvU gaLX` EPB�E7^oG�+fUoB�D ^TB�I g E@UobFBy^HOfR ^HO!EPO-B M ,0pP^ `Z`kg b GNByEPOhB�E M BQDFE g UoOFIrBQU MP~ � DFUzbFloD
^ M ^op E pP^HO E � IqGNB'+fEPB ��EPE@O%^ Yz^ ` IKR E@OhB M ,tpP^ `r` ^2OfR!^ BQI g EPUobXBPw-^opPp EHGQG'BQU�BQDFE g UzOFIZB�U M IqG
GNE M IK^ ` I��PEHRa+fEHpP^2b GNE U2\#B�DFE�EPO-B M , ` U-p � ~ � DhbfG w&^2O-, M ^zpvE g b GNB M ESGNb ` B�IrO!UoOFEWU2\#BQDFE ` ^oGJB
B ��U pP^oGJEHG � GJEPE7GQp EPOf^ M IZU G 6 ^2OfR 8 +fE ` U�� ��wFRhE L EPO RhIZOFl UzO �'DFIKp�DaEPY[EPO-B*l[^HIZOfG'pvUzOhB M U ` U2\
BQDXE g UoOFIrBQU M*dfM GJB ~

� ~ A pP^ `Z` B�Ua^�Yz^ ` IKR g E g +fE M;M UobFB�IZOFE7U-pPp b M G'+fEv\cU M E�B�DFE7BQI g EPUobXB�E �-L I M EHG ~

{ ~ � DFE7B�I g EPUzbFB�U-p@pvb M G�+fEv\cU M E ^ pP^ `r` BQU�^ Yo^ ` IqR g E g +fE M M UobXBQIZOXE ~

6h~ � DFE7B�I g EPUzbFB�E �hL I M EHG��'DFI ` E7^ Yo^ ` IqR E@OhB M ,tpP^ `r` IKG�+fEPIZOXl LFM U-pvESGQGNESR ~

8F~ A Yz^ ` IKRaEPO-B M ,tpP^ `Z` U-p@pvb M G �'DFI ` E�B�DFE7BQI g EPUobFB#IKG�+fEPIrOFl LFM U-p EHGQGJEHR ~

� UoB�E BQDf^HB�IZBmIKG�^ ` GNU L U[G�GNIr+ ` E B�U D ^SY[EWOFEHGJBQEHR!^zpPpvE L B GNB�^HBQE g EPOhB�G ~ A�O!E � ^ gaLF` E7U2\
^ OXEHGNB�EHR ^zpPpvE L B�GJB�^HBQE g E@OhB7^ LFL EH^ M G�IrO � Irlob M E 6-~ <-~ � U M B�DFIKG�E � ^ gaLX` E[w
B�DFEt^opPpvE L BQU M
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uAccept(M1)

uAccept(M2)
x;

uOr uTimeout(T1)
y;

uOr uTimeout(T2)
uAccept(M3)

z;

� Irlob M E 6-~ < � � EHGNB�EHR�A�pPpvE L B u B�^2B�E g EPO-B

+ ` U-p �XG�\cU M BQI g E T2
�9^2IrBQIZOXl%\cU M ^!pP^ `r` BQU M UobXBQIZOXE M1 ~ � \7^ pP^ `r` B�U M1

U-pPp b M G w B�DFE
^op@pvE L B�U M + ` U-p �XG�^2l ^2IrO&w;BQDFIqG�BQI g E�\cU M BQI g E T1

w �'^HIZB�IZOFla\cU M ^%pP^ `Z` BQU M UzbFBQIrOFE M2 ~ � \
BQDXE7pP^ `r` BQU M1

RhU[ESG OFUzB�U-pPpvb M �'IZB�DFIZOtBQI g E T2
whB�DFE�UzbFBQE M ^op@pvE L B9GNB�^HBQE g EPOhB BQI g EHG UobXB

^2O R BQDXEPO�BQDFEW^op@pvE L B�U M + ` U-p �XG �'^HIZBQIrOFl�\cU M ^ pP^ `Z` BQU M UobFB�IZOFE M3 ~ � DFIKG�OFESGNBQIrOFl�pP^HO%+fE
^ M +FIZB M ^ M I ` ,!RhE@E L �'IrBQD ^HOh,!U M ^ `r`;` E@Y[E ` G'bfGNIrOFl�BQDFE�BQI g EPUzbFB \ ^zpvI ` IZBJ, ~ � DXETI gaLF` IqpP^2B�IZUzO
U2\#B�DFIKG'OFEHGJBQIZOXlaIKG'BQDf^HB�UoOXE ^op@pvE L BmGNB�^2BQE g EPO-B g ^P,aOFUoBm+�EWEPO-BQI M E ` , pvU gaLX` EPB�EHRT+fEv\cU M E
^2OXUoBQDXE M +fEPlzIZOfG ~

A�G ��E `r` w>^�pP^ `r` IZOXlaB�^zG � g ^P,0^ ` GNU�+ ` U-p �!UoO_^2O_^op@pvE L B7GJB�^HBQE g E@OhB �'IZB�D ^aBQI g EPUzbFB
^S\cB�E M EPO-BQE M IZOFl ^ g bXBQE �0M UobXBQIZOXE ~ � O B�DFIKG pP^zGNE[w;+fUzBQD B�DFE�U M IZloIrOf^ ` ^opPp E L BQU M ^2OfR B�DFE
pP^ `Z` IrOFl%B�^oG � ^ M E0^op@pvE L B + ` U-p �[ESR ~ A�G�B�DFE�U M IZloIrOf^ ` ^zpPpvE L BQU M Df^zGT^ `ZM ES^oRh, M EHpvEPIrY[EHR ^
Yz^ ` IKR pP^ `Z` w DXU �#EPY[E M w IZB�G�BQI g EPUobFB7IqG�OFU ` UoOXloE M IZO E 
>EHp B ~ A�G�RhIqGQpvb GQGNESR IZO_p D ^ L B�E M {-w
^op@pvE L B�+ ` U-p �[EHR%B�^zG �XG�^ M E LFM U-pvEHG�GNEHR!IZO � � � x U M RhE M w�GNU%B�DFE�pP^ `Z` IrOFlaB�^oG �!IqG M ESGNB�^ M B�EHR
+fEv\cU M E�B�DFEyU M IrloIrOf^ ` ^op@pvE L B�U MP~ � DFEHGJE�B ��UWGJIZBQb ^2BQIrUoOfG g ^��[E#IZB*I gtL U GQGJIZ+ ` E�BQU M E ` ,�UzOTB�DFE
\ ^op B'BQDf^HB�B�DFEW^opPpvE L BQU M IKG M ESGNB�^ M B�EHRa+�E \cU M E ^2OFUzBQDFE M ^opPpvE L B �'IZB�D%^ BQI g EPUzbFB*U-pPpvb M G ~
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� DFE�I gtLF` E g EPO[B�^2BQIrUoO_pP^2O�+fE0RhIZY-IKR-EHR(IrOhB�U!BQD M EPE L ^ M B�Gvw*I ~ E ~ w B�DFE0^opPp E L BQU M w;B�DFE0pP^ `r` �
IZOXl!^2O R B�DFEaB�I g EPUzbFB ~ � ^zp D L ^ M B IqG�pvUzOfGNIqRhE M EHR(IrOfRhIrYhIqRhbf^ `r` , ^2OfR BQDXEPO BQDXE L U[GQGJIZ+ ` E
IZO-BQE M ^op BQIZUzOfG�^ M E pvUoOfGJIKRhE M EHR ~

� �@�@! �C�D� ���

s*UoO GNIKR-E M ^TG�^ gaLX` E��ks���� ^zpPpvE L B9GNB�^2BQE g EPO-B �

uAccept(M1)
x;

uOr uAccept(M2)
y;

uOr uTimeout(T1)
z;

A�G � s�� � IqG ^ B M ^2O G ` ^HBQU M w!BQDFIqG�^opPpvE L B GJB�^2B�E g EPO-B IqG E �-L ^2O RhEHR IrOhB�U s�� � p U-RhE
� GJEPE � IZlob M E 6h~ � � ~ � DFE ^opPp E L B GNB�^HBQE g EPOhB +fEPloIrOfG +-,�p M EH^HBQIZOXl ^2O IZO GNB�^HOfpvE U2\

uProtectAcceptStatement ~ � DFE_pvUoO GNB M bfpvB�U M \cU M BQDFIqG p ` ^oG�G L E M \cU M�g GaBQDFE_GNE@BQb L M E �
i[bFI M EHR BQU!+fEPlzIZO LXM U-pvEHG�GNIrOFl B�DFE�^zpvBQbf^ ` ^zpPpvE L B GNB�^2BQE g EPO-B ~ A�O_Uo+ � EHpvBWIKGWp M EH^HBQEHR_GNU
BQD ^2B�IrB�GyRhEHGNB M bfp BQU M pP^2O M EHGNEPByBQDXE�Uo+ � ESpvB�Ie\9^2O!E � pvE L B�IZUzO IqG�BQD M U��'O �'DFI ` E LFM U-pvESGQGNIrOFl
BQDXE�^zpPpvE L B#GJB�^2B�E g EPO-B ~ � DFE�Y[E M GNIZUzO U2\kB�DFEypvUoO GNB M bfpvB�U M b GNEHR�\cU M BQDFEyBQI g EPUobXB;pP^zGNE � GJEPE
� Irlob M E 6-~ � |��;+fEPlzIZOfG��'IZBQD�BQDXE�^zpPpvE L B�U M ^2B�BQE gtL BQIrOFl7BQU M E g U2Y[E#BQDFEyBQI g EPUzbFB;OFU-RhEy\ M U g
BQDXE�E@Y[EPOhB#i[bFEPbFEm+h,�p@^ `Z` IZOFl uRemoveEvent

� GNEPE � IZlob M E 6h~ ��� �*\ M U g uRemoveTimeout
�
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void uSerial::uRemoveTimeout() {
if ( uEvents != NULL ) { // make idempotent

uEvents->uRemoveEvent( uTimeoutEvent, *uProc );
} // if

} // uSerial::uRemoveTimeout

� DFIqG GNBQE L IqG�+h, L ^zGQGNESR Ie\m^(B�I g E@UobFBWp ` ^2bfGJE IqG�OFUzB LXM EHGJEPOhBWIZO�BQDXE�^opPp E L B�GNB�^2B�E g EPO-B
+-,%loE@OFE M ^HBQIrOFl0^%RhI 

E M EPO-B�p UoOfGJB M b pvBQU M �'IZB�DFUobXB�^�pP^ `Z` B�U uRemoveTimeout ~ V�GNIrOFl0^
RhI 

E M EPO-B*pvUzOfGNB M bfpvB�U M ^SY[UzIKRFG*^zRFRhIZB�IZUzOf^ `>M bFO-BQI g E�UHY[E M DFEH^oR�B�Df^2B ��Uzb ` RT+fEyIZOfp b MQM EHR +-,
bfGJIZOFl0^apvUzOfRhIrBQIZUzOf^ ` E �hLXM EHG�GNIZUzO ~ � DFESGNE�pvUzOfGNB M bfpvB�U M G�^ M E�RhIqGNB�IZOFlzbFIKGJDFEHR%+-,%IZO p ` bfR-IZOFl
^2O ^oRFR-IZBQIrUoOf^ ` +fU[U ` ES^2O L ^ M ^ g EPBQE M \cU M B�DFE7BQI g EPUobFB9pP^oGJE ~

� DFE'p UoOfGJB M b pvBQU M \cU M uProtectAcceptStatement d OFIKGJDFEHG&+h,WpP^ `Z` IrOFl uAcceptStart
� GJEPE

� Irlob M E 6-~ � |I� �

void uSerial::uAcceptStart( unsigned int &uMutexMaskPosn ) {
lock.uAcquire();
uMask.zero(); // set all mutex routines uncallable
uMutexMaskPosn = uSerial::uMutexMaskPosn;

} // uSerial::uAcceptStart

BQU7+fEPlzIZO LFM U-pvEHG�GNIZOXl�B�DFEm^opPpvE L B#GNB�^HBQE g EPOhB ~ � DFIqG LXM U-pvEHG�GNIrOFl�+fEPlzIZOfG��'IZBQD B�DFEm^opPpvE L BQU M
^op@ijbFI M IrOFl%B�DFE g UzOFIZB�U M EPO-B M , ` U-p � ^2O R GJEPBQB�IZOFl ^ `r`�g bFBQE �0M UzbFBQIrOFEHG�bFOfp@^ `Z` ^2+ ` E ~ � DFE
OFE � B'GJBQE L IKG�BQU RhEPB�E MQg IrOFE'I \ ^HOh,�U2\ BQDXE uAccept

p ` ^HbfGNESG�^ M E7I gag E@RhIq^2BQE ` ,W^opPp E L B�^H+ ` E
� GJEPE � IZlzb M E 6-~ � � ~ � DFE M UzbFBQIrOFE uAcceptTry

IKG�bfGNESR(B�U!RhEPB�E MQg IZOFE7I \ ^2O-,!UobFB�GNB�^2OfRhIrOFl
pP^ `Z` GyE � IqGNB�\cU M ^aloIrY[EPO g bFBQE �tM UobXBQIZOXE[wk^2OfR Ie\#OFU�UobFB�GNB�^HOfRhIrOFl pP^ `r` G�E � IqGNBPw>BQU0GNEPB7B�DFE
loIrY[EPO g bFBQE �0M UzbFBQIrOFEa^zG�pP^ `Z` ^2+ ` E ~ � \9OFU g bFB�E ��g E g +�E M IKG�I gag EHRhIK^HBQE ` ,�^zpPpvE L B�^2+ ` E[w
BQDXEPO BQDFEyBQI g EPUzbFB;p ` ^2b GNE'IKG LFM U-pvEHG�GNEHR +h, pP^ `r` IrOFl uAcceptPause

� GNEPE � Irlob M E 6h~ � {I� �'IZB�D
BQDXE�^zGQGJU-pvIK^HBQEHR�BQI g EPUobFB#Yz^ ` bXE ~ uAcceptPause

pP^ `Z` G uAddEvent
�
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void uEventList::uAddEvent( uEventNode &newAlarm, uProcessor &proc ) {
uAcquireEventLock();
// insert into sorted list, return queue position
if ( uL.uInsert( &newAlarm ) == 0 ) { // insert at the front ?

proc.uSetTimer( newAlarm->timerT ); // reset system timer
} // if
uReleaseEventLock();

} // uEventList::uAddEvent

BQUW^zRFR B�DFE'BQI g EPUzbFB&OFU-RhEyBQU7BQDXE'EPY[EPO-B;i[bFEPbFE9^2OfR BQDXEPO�^2B�U g IqpP^ `r` ,7+ ` U-p �XG;^2OfR M E ` EH^zGNEHG
BQDXE�E@OhB M , ` U-p � � GJEPE � IZlzb M E 6h~ � {�� ~

] DFEPOaB�DFE7^zpPpvE L B�U M IKG M EHGJB�^ M BQESR
w[IZB d OFIKGJDFEHG E � EHp bFBQIrUoO U2\ uAcceptPause
+-,apP^ `Z` IZOFl

uRemoveEvent
� GJEPE � IZlob M E 6h~ ��� �*B�U M E g UHY[E�BQDXE�BQI g EPUobXB;OFU-RhE�\ M U g BQDFEmEPY[EPO-B*ijbXEPbFE ~

� DFE pP^ `Z` BQU uRemoveEvent
IKG�IKRhE gtL UzBQEPO-BPw#GNU�IrBaRhU[ESG OXUoB g ^HBQB�E M Ie\7BQDXE ^opPpvE L BQU M

IKG M EHGJB�^ M BQEHR RhbFE!B�U BQDFE!B�I g E@UobFB E �-L I M IZOXl U M ^ Yz^ ` IKR EPO-B M , p@^ `Z` U-pPpvb MQM IrOFl ~ ] DXEPO

uAcceptPause
IqG�p U gaLF` EPBQESR
wFBQDFEW+ ` U-p ��U2\9pvU-RhE�^zGQGJU-pvIK^HBQEHR �'IZB�D%BQDXE ^op@pvE L B�EHR%p ` ^2bfGJE

IKG&E � EHpvbFB�EHR7^2OfR BQDXIKGkpvU gaLX` EPB�EHG�B�DFEy^opPp E L B GNB�^HBQE g EPOhB � GJEPE � Irlob M E 6-~ � ��+h,WRhEPB�E MQg IZOFIrOFl
�'DFIqp D g bFB�E ��g E g +fE M �9^oG�p@^ `Z` EHR�^2OfR%B M ^HOfG \cE M�M IrOFlTB�UaBQDXE ^oG�GNU-pvIq^2B�EHR!pvU-RhE + ` U-p �a\cU M
BQDXE

uAccept
p ` ^2bfGJE ~

� #&%(%�!@���

� O � s�� �Ww;EPY[E M , g bFB�E ��M UzbFBQIrOFEaIZO ^ g UoOFIrBQU M IqG�E �-L ^HOfRhEHR +-,_^oRFRhIrOFl!^%Yz^ M IK^H+ ` EtU2\
BJ, L E uSerialMember

�

void mem ( ) {
uSerialMember uSerialMemberInstance ( uSerialInst , uMutex05 , 0x05 ) ; {

. . . // user code
}

}
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� � ��� �G�1#$�1!&, !&�� � ������� ��# �3�����

uAccept(M1)

x;

uOr uAccept(M2)

y;

uOr uTimeout(T1)

z;

{
uSerial::uProtectAcceptStmt uPASInst ( uSerialInst , true ) ;
if ( uSerialInst.uAcceptTry ( uMutex02 , 0x02 ) ) {

u0001 :
x ;

} else {
if ( uSerialInst.uAcceptTry ( uMutex03 , 0x03 ) ) {

u0002 :
y ;

} else {
{

uSerialInst.uAcceptTry ( ) ;
uSerialInst.uAcceptPause ( ( T1 ) ) ;

}
switch ( uSerialInst.uMutexMaskPosn ) {

case 0x03 :
goto u0002 ;

case 0x02 :
goto u0001 ;

} // switch
z ;

} // if
} // if

} // accept

� IZlob M E 6h~ � � � �hL ^2OfGJIZUoO0U2\#AmpPpvE L B u B�^HBQE g EPOhB

uSerial::uProtectAcceptStmt::uProtectAcceptStmt(uSerial &s, bool ) : s(s) {
s.uRemoveTimeout();
s.uAcceptStart( uMutexMaskPosn );

} // uSerial::uProtectAcceptStmt::uProtectAcceptStmt

� Irlob M E 6h~ � | � uProtectAcceptStatement
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void uEventList::uRemoveEvent( uEventNode &oldNode, uProcessor &proc ) {
uAcquireEventLock();

uEventNode *headNode;

if ( ! oldNode.uListed() ) { // node already removed ?
uReleaseEventLock();
return;

} // if

// remember current list head and then remove node
headNode = uL.uHead();
uL.uRemove( &oldNode );

if ( headNode == &oldNode ) { // removing at head ? reset alarm
headNode = uL.uHead();
if ( ! headNode ) { // list empty ?

// cancel alarm
proc.uSetTimer( uDuration( 0L, 0L ) );

} else {
// reset alarm
proc.uSetTimer( headNode->timerT );

} // if
} // if
uReleaseEventLock();

} // uEventList::uRemoveEvent

� IZlzb M E 6h~ ��� � uRemoveEvent
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void uSerial::uAcceptPause( uTime time ) {
// handler to wake up blocking task
uTimeoutHndlr handler( uThisTask(), *this );

// initialize node for timeout event
uTimeoutEvent.uExecuteLocked = true;
uTimeoutEvent.timerT = time;
uTimeoutEvent.uWho = &uThisTask();
uTimeoutEvent.SigHandler = &handler;

// add timeout to event list
uProc = &uThisProcessor();
uEvents = uProc->uEvents;
uEvents->uAddEvent( uTimeoutEvent, *uProc );

// lock is acquired at beginning of accept statement
uBaseTask &uCallingTask = uThisTask(); // optimization

// save acceptor thread of a rendezvous
uLastAcceptor = &uCallingTask;

// suspend current task on top of accept/signalled stack
uAcceptSignalled.uAdd( &(uCallingTask.uMutexRef) );

// unnecessary to set uMutexOwner to NULL because mask is open
// find someone else to execute; release lock on kernel stack
uActiveProcessorKernel->uSchedule( &lock );

// remove timeout
uEvents->uRemoveEvent( uTimeoutEvent, *uProc );

// accepted entry is suspended if true
if ( uCallingTask.uAcceptedCall ) {

// acceptor resumes
uCallingTask.uAcceptedCall->uAcceptorSuspended = false;
uCallingTask.uAcceptedCall = NULL;

} // if
} // uSerial::uAcceptPause

� Irlob M E 6-~ � { � uAcceptPause
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A�O Uz+ � EHpvBWIKG�b GNEHR�GNU!B�DFE�RhESGNB M bfpvB�U M p@^2O M EHGJEPB�UzO�E � p E L BQIrUoOfG ~ � DXE%p UoOfGJB M b pvBQU M U2\

uSerialMember
�

uSerialMember::uSerialMember( uSerial &s, uBasePrioritySeq &e, int m ) :
s( s ) ) {

// perform monitor entry code
s.uEnter( mutexRecursion, e, m );

acceptor = s.uLastAcceptor;
uAcceptorSuspended = acceptor != NULL;
if ( uAcceptorSuspended ) {

acceptor->uAcceptedCall = this;
} // if
// avoid messing up subsequent mutex method invocation
s.uLastAcceptor = NULL;

} // uSerialMember::uSerialMember

+fEPloIrOfG �'IZBQD ^Tp@^ `Z` B�U uEnter
� GJEPE � IZlob M E 6h~ � 6 � �'IZBQD0^TYz^ M IK^H+ ` E w mutexID

w�IqRhEPO-BQIe\c,hIrOFl
�'DFIqp D g bFB�E ��M UobFB�IZOFE�B�DFE7B�^zG ��pP^ `Z` EHR ~ uEnter

+fEPloIrOfG�+h,t^op@ijbFI M IrOFl�B�DFE g UzOFIZB�U M E@OhB M ,
` U-p � ~ � \�B�DFE�pP^ `Z` ESR g bFB�E �ag E g +fE M IqG�pP^ `r` ^H+ ` E[w>BQDFEPO!B�DFEtpP^ `r` IZOXlTB�^oG � GJEPB�G7^ `Z`;g bFBQE �
g E g +fE M'M UzbFBQIrOFEHG7^oG7bFOfpP^ `Z` ^2+ ` E[w
+fEHpvU g EHG�B�DFETOXE � g UzOFIZB�U M U��'OFE M ^2O R M E ` EH^oGJEHG�B�DFE
EPO-B M , ` U-p � ~ x�B�DFE M �'IKGNE w BQDXEapP^ `Z` IZOFl�B�^zG �_^oRFRXG�IZB�GNE ` \'B�U%BQDXETEPO-B M , ijbXEPbFEt^2OfR B�U%B�DFE
g bFBQE � i[bFEPbFE!\cU M B�DFE p@^ `Z` EHR g E g +fE M M UzbFBQIrOFE_^2OfR B�DFEPO IZB0^2B�U g IqpP^ `r` ,�+ ` U-p �XG�^2OfR
M E ` EH^zGNEHG�B�DFE%EPO-B M , ` U-p � ~ ] DFEPO ^!+ ` U-p �[EHR B�^oG ��IKG EPY[EPO-BQbf^ `Z` , M EHGNB�^ M BQEHR
w#IZB d OFIqGNDFESG
E � EHpvbFB�IZUzO U2\ uEnter

+h, g ^��-IZOFl�IrB�GJE ` \>BQDXE g UzOFIZB�U M U��'OFE M w-^2OfR M EPB�b M OfG;B�U L E M \cU MQg B�DFE
^op BQbf^ `&g E g +�E M;M UzbFBQIrOFEWpvU-RhE ~

xyOfpvEaB�DFE g bFBQE �0M UzbFBQIrOFE d OFIqGNDFESGvw;BQDXEaB�^zG �XG�E � IrB�G�BQDXE g UoOXIZBQU M +h, IZO-Y[U �-IZOFl�B�DFE
RhEHGJB M bfpvBQU M \cU M uSerialMember

w �'DFIqp D pP^ `r` G uLeave
� GNEPE � IZlob M E 6h~ � 8 � ~ uLeave dfM GJB

B M IZEHG�B�UTD ^2OfR�U �'OXE M GJDFI L U2\ BQDFE g UoOFIrBQU M BQUt^ B�^oG ��+ ` U-p �[EHRTIrOfGNIqRhE7BQDFE g UzOFIZB�U MP~ � \*OXU
B�^zG �XG7^ M E�+ ` U-p �[EHR%IrOfGNIqRhE BQDXE g UzOFIZB�U M w
BQDFE@O B�DFE EPO-B M , ` U-p �!IKG�^zpPi[bFI M EHR
w&BQDFE B�^oG � ^HB
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BQDXE \ M UoO-B�UH\'B�DFETE@OhB M , i[bFEPbFE IqG M E g UHY[EHR0^2OfR g ^oR-E BQDFE�OFE � U �'OXE M UH\'BQDXE g UzOFIZB�U M
^2O R BQDXE�EPO-B M , ` U-p �TIqG M E ` EH^oGJEHR ~ xyO�BQDXE�UzBQDFE M Df^2OfR>wFI \ BQDFE M E7^ M E7OFUTB�^oG �FG'+ ` U-p �[EHRTUzO
BQDXETEPO-B M , ijbXEPbFE[wkBQDFEPO EPY[E M , g bFBQE �%g E g +fE MyM UzbFBQIrOFEaIqG�GJEPB ^zG�pP^ `Z` ^2+ ` E �cE � p E L B�B�DFE
G L EHp IK^ ` B�I g E@UobFB*EPO-B M , �#^HOfR B�DFE7EPOhB M , ` U-p �TIqG M E ` ES^oGNESR ~

)B��, !&����� �

] DFEPO�B�DFE�BQI g E M E �-L I M EHGvw-BQDFE �[E M OFE ` B�^oG � LXM U-pvEHG�GNEHG�E@Y[E M , E �-L I M EHRTOXU-RhE�UzO B�DFE7EPY[EPO-B
i[bFEPbFEy+h, M E L ES^2BQESRTpP^ `Z` G BQUWBQDFEmIZBQE M ^2B�U M operator>>

� GJEPE � IZlob M E 6-~ � 5 � M UobFB�IZOFE�\cU M B�DFE
EPY[EPO-B ` IKGJB ~ � DFIqG M UobFB�IZOFE�+fEPloIrOfG�+h, ^zpPi[bFI M IZOFlaB�DFE�EPY[EPO-B ` U-p � ~ � \9BQDFE dfM GNB7EPY[EPO-B�D ^oG
E �-L I M EHR
wfBQDFE@O!BQDFIqG E@Y[EPOhB'OXU-RhETIqG M E g UHY[EHRT\ M U g B�DFE EPY[EPO-Byi[bFEPbFE�^HOfR(IrB�G�^zGQGJU-pvIK^HBQEHR
Df^HOfR ` E M M UobFB�IZOFEyIKG;IrOhY[U �[EHR��HUoBQDXE M �'IqGNEyBQDFEm^ ` ^ MQg IqG*G L b M IZUzbfG�^HOfR IrloOFU M EHR ~ � O�loE@OFE M ^ ` w
BQDXEaDf^2O R ` E MWM UzbFBQIrOFETIqG�IrOhY[U �[EHR ^P\cBQE M BQDFE�EPY[EPO-B ` U-p �!IKG M E ` EH^oGJEHR
w +XbFB�\cU M ^%BQI g EPUzbFB
OFU-RhE wFBQDFE7BQI g EPUzbFB�Df^HOfR ` E M �

void uTimeoutHndlr::uHandler() {
userial.uEnterTimeout();

} // uTimeoutHndlr::uHandler

IKGmpP^ `r` EHR �'IZBQD0BQDFE E@Y[EPOhB ` U-p �0^opPi[bFI M EHR ~ � DFE uExecuteLocked
Yo^ M Iq^2+ ` E IZO%B�DFE�^op BQbf^ `

OFU-RhEWRhE@BQE M�g IZOFESG �'DFEPB�DFE M B�DFE�Df^HOfR ` E M \cU M ^�G L EHp I d p�OXU-RhEWGNDFUzb ` Ra+fE�IZO-Y[U �[ESR �'IrBQDaU M
�'IZB�DFUobXB�B�DFE7EPY[EPO-B ` U-p � ^opPi[bFI M EHR ~

� DFEyBQI g EPUobFBkDf^HOfR ` E M p@^ `Z` G uEnterTimeout
� GNEPE � Irlob M E 6-~ � ? ��w[B�DFE�G L EHpvIK^ ` I��PEHR�E@OhB M ,

M UzbFBQIrOFE#RhIKG�pvbfG�GNEHR7IZOWGNEHp BQIZUzO 6h~ 8 w2\cU M B�DFE'^zGQGJU-pvIK^HBQEHR g UoOFIrBQU MP~ uEnterTimeout
+fEPloIrOfG +-,

^op@ijbFI M IrOFl7BQDFE'EPO-B M , ` U-p � ~ � \&B�DFEyBQI g EPUobFB pP^ `Z` IKG B�U[U ` ^HBQE[woI ~ E ~ w[^7pP^ `r` BQU ^2Ot^ LFLXM U LXM IK^HBQE
g bFBQE �7M UobFB�IZOFE'Df^zG�^ `ZM ES^oRh, U-pPp b MQM EHR
woB�DFEPO�BQDFEyEPO-B M , ` U-p ��IqG M E ` ES^oGNESR ^2OfR BQDFEyDf^HOfR ` E M
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void uSerial::uEnter( uBasePrioritySeq &entry, int mutexID ) {
lock.uAcquire();

uBaseTask &uCallingTask = uThisTask(); // optimization
if ( uMask.isSet( mutexID ) ) { // member acceptable ?

uMask.zero(); // clear all member valid flags
mr = uCallingTask.uMutexRecursion; // save previous recursive count
uMutexOwner = &uCallingTask; // set the current mutex owner
lock.uRelease();

} else if ( uMutexOwner == &uCallingTask ) { // already hold mutex ?
// another recursive call at the mutex object level
uCallingTask.uMutexRecursion += 1;
lock.uRelease();

} else { // otherwise block calling task
// add to end of mutex queue
entry.uAdd( &(uCallingTask.uMutexRef) );

// remember which entry was called
uCallingTask.uCalledEntryMem = &entry;

// add mutex object to end of general entry deque
uEntryList.uAdd( &(uCallingTask.uEntryRef) );

// find someone else to execute; release lock on kernel stack
uActiveProcessorKernel->uSchedule( &lock );
mr = uCallingTask.uMutexRecursion; // save previous recursive count
uCallingTask.uMutexRecursion = 0; // reset recursive count

} // if
uMutexID = mutexID; // set active mutex member

} // uSerial::uEnter

� IZlzb M E 6h~ � 6 � uEnter
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void uSerial::uLeave( ) {
uBaseTask &uCallingTask = uThisTask(); // optimization

// recursively hold mutex ?
if ( uCallingTask.uMutexRecursion != 0 ) {

uCallingTask.uMutexRecursion -= 1;
return;

} // if

// no tasks waiting re-entry to mutex object ?
if ( uAcceptSignalled.uEmpty() ) {

lock.uAcquire();

// no tasks waiting entry to mutex object ?
if ( uEntryList.uEmpty() ) {

uMask.one(); // accept all members
uMutexOwner = (uBaseTask *)0; // reset no task in mutex object
lock.uRelease();

} else { // tasks waiting entry to mutex object
// next task to gain control of the mutex object
uMutexOwner = &(uEntryList.uDrop()->uGet());

// remove member from front of entry queue
uMutexOwner->uCalledEntryMem->uDrop();
lock.uRelease();

// wake up next task to use this mutex object
uMutexOwner->uWake();

} // if
} else { // tasks waiting re-entry to mutex object

// next task to gain control of the mutex object
uMutexOwner = &(uAcceptSignalled.uDrop()->uGet());

// wake up next task to use this mutex object
uMutexOwner->uWake();

} // if
uCallingTask.uMutexRecursion = mr; // restore previous recursive count

} // uSerial::uLeave

� IZlob M E 6h~ � 8 � uLeave
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void uSerial::uEnterTimeout() {
lock.uAcquire();

if ( uMask.isSet( timeoutMutexID ) ) { // timeout member acceptable?
uMask.zero(); // clear all member valid flags
uMutexID = timeoutMutexID; // set timeout mutex member

// next task to gain control of the mutex object
uMutexOwner = &(uAcceptSignalled.uDrop()->uGet());
// wake up next task to use this mutex object
uMutexOwner->uWake();

} // if

lock.uRelease();
} // uSerial::uEnterTimeout

� IZlzb M E 6h~ � ? � uEnterTimeout

M UzbFBQIrOFE�IqG'pvU gtLF` EPB�E ~ xyBQDFE M �'IKGJE[wFBQDXE�BQI g EPUzbFB�IqG'^opPpvE L BQEHR0^2OfR�BQDFE ^opPp E L BQU M'g b GNB'+fE
M ESGNB�^ M B�EHR ~ � U%+fEPloIrO&w E@Y[E M , g bFB�E �%g E g +fE M�M UobFB�IZOFE�IKGWGNEPBW^zG�bFOfp@^ `Z` ^2+ ` E[wkGNI g I ` ^ M B�U
^�pP^ `r` B�U0^2O-,%UoB�DFE M p@^ `Z` ^2+ ` E g bFBQE �aM UzbFBQIrOFE ~ � DFEPO!BQDXE BQI g EPUobFByIKGmGNEPB7^zG�BQDFE�pP^ `Z` IZOFl
M UzbFBQIrOFE0^2OfR B�DFE0^opPpvE L BQU M IKG M EHGNB�^ M BQEHR�^oG�B�DFE�U��'OFE M U2\mBQDXE g UoOXIZBQU MP~ � DFE�Df^HOfR ` E M
d OFIqGNDFESG E � EHpvbFB�IZUzOa+h, M E ` EH^zGNIZOXl�BQDXE�EPO-B M , ` U-p � ~ xyOfpvE�B�DFE�Df^HOfR ` E M IqG d OFIqGNDFESR
wFpvUzOhB M U `
M E@BQb M OfG B�UaBQDXE operator>> M UzbFBQIrOFE � GNEPE � IZlzb M E 6h~ � 5 � ^2OfR%B�DFIKG M UzbFBQIrOFE pvU gaLF` EPBQEHG�+-,
M E ` EH^zGNIZOXl BQDFE7EPY[EPO-B ` U-p � ~

�#"	�#"	� &('*),+.-�0*6/),<��1' � +.),0*<�2 �

� DFE;\cUob M GQpvEPO ^ M IrU[G&IZO u EHpvBQIrUoO 6h~7?h~76 ^ M E*OFU���p UoOfGJIKRhE M EHR�IrO�R-EPB�^HI ` �'IrBQD M ESG L EHpvB&B�Uy^ B�^oG �
+ ` U-p �-IZOFl'UzO�^2O ^opPpvE L B;GJB�^HBQE g E@OhB �'IZBQD ^ B�I g E@UobFB@wH^2OfR�B�DFIKG L ^ M B�IKpvb ` ^ M I gaLX` E g EPO-B�^2B�IZUzO
^ LXLFM U ^op�D ~

� ~ A�pP^ `Z` BQU0^aYz^ ` IqR g E g +fE M�M UobFB�IZOFE U-pPp b M G�+fEv\cU M ETB�DFE BQI g EPUzbFB'E �-L I M EHG ~ � O!BQDFIqG
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bool uEventListPop::operator>>( uEventNode *&node ) {
uEL->uAcquireEventLock();

// get event at the start of the list with the shortest time delay
node = uEL->uL.uHead();

if ( ! node ) { // no events ?
uEL->uReleaseEventLock();
return false;

} // if

// event time delay greater than the start time for the iteration ?
if ( uCheckTime(node->timerT) ) {

uEL->uReleaseEventLock();
return false;

} // if

uEL->uL.uRemove( node );

if ( node->SigHandler ==
(uSignalHandler *)(uThisProcessor().uContextSwitchHandler) ) {

// remember the context switch event
uCxtSwHandler = node->SigHandler;
uEL->uReleaseEventLock();

} else { // not a ContextSwitch event
if ( node->uExecuteLocked ) { // invoke handler with lock ?

node->SigHandler->uHandler(); // invoke the handler for event
uEL->uReleaseEventLock();

} else {
uEL->uReleaseEventLock();
node->SigHandler->uHandler(); // invoke the handler for event

} // if
} // if

return true;
} // uEventListPop::operator>>

� IZlob M E 6h~ � 5 � operator ���
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pP^zGNE[wFB�DFE�UzbFB�GJB�^HOfRhIZOXlaBQI g EPUobXB g bfGNB#+�E M E g U2Y[ESR ~ A�G'BQDXE�BQI g EPUzbFB�Df^zG OXUoByE � �
L I M EHR>woBQDFEyBQI g EPUzbFB&IKG;EPIrBQDFE M M E g UHY[EHR �'DFE@OTB�DFEy^opPp E L BQU M IKG M EHGNB�^ M B�EHR�^2B*BQDFE'E@OfR
UH\fBQDFE9^opPp E L BkGNB�^2B�E g EPO-B �cBQDFIqG IrOfp ` b RhEHG
OFEHGJBQIrOFl'+h,7B�DFE#^opPpvE L BQU M � GNEPE � Irlob M E 6h~7< ���
U M +-,�^7GNbF+ GNEHi[bFEPO-B#^opPpvE L B*GNB�^2B�E g EPO-B �'IZB�Da^�B�I g EPUzbFB p ` ^HbfGNEyBQDf^HB*U-pPpvb M G +fEv\cU M E
B�DFEy^opPp E L BQU M IKG M EHGJB�^ M BQEHR �cBQDFIqG IZO p ` bfR-EHG OXEHGNB�IZOFl�B�Df^2B U-pPpvb M G �'DXEPO�^�pP^ `Z` IrOFl�B�^oG �
L E M \cU MQg G�^HO ^opPpvE L B�� ~ � O_BQDFE d M GNB pP^oGJE[w;BQDXETUzbFB�GJB�^2O RhIZOFl!B�I g E@UobFB7IKG M E g U2Y[ESR
�'DFE@O%BQDXE�^zpPpvE L BQU M �'^ �[EHG�b L ^2OfR d OFIKGJDFEHG uAcceptPause

� GNE@E � IZlob M E 6h~ � {I� ~ � O
B�DFE'GJEHpvUoO R�pP^zGNE[wHI \>^yGNbX+fGNEHi[bFEPO-B ^opPpvE L BkGNB�^2BQE g EPO-B �'IZB�D ^�B�I g E@UobFB�p ` ^HbfGNE#U-pPpvb M G
+fEv\cU M EaB�DFEa^zpPpvE L BQU M IqG M EHGNB�^ M BQEHR
wkBQDFE@O�^�pP^ `r` IqG g ^oRhE�BQU M E g U2Y[E7B�DFEaBQI g EPUzbFB
OFU-R-E'+�E \cU M E'B�DFE�OXE ��^op@pvE L B GNB�^2BQE g EPO-B&IKG LFM U-pvEHG�GNEHR7IZO uProtectAcceptStatement
� GNEPE � IZlzb M E 6h~ � |I� ~ � DFIKGWpP^ `r` BQU M E g UHY[E BQDXETB�I g EPUzbFB7+fEv\cU M E�GNB�^ M B�IZOFl0BQDFEtOFE �
^zpPpvE L B GNB�^2BQE g EPO-B7^ `r` U��yG�B�DFE0GQ^ g ETB�I g EPUzbFB�OFU-R-E B�U!+fE M EPb GNEHR(\cU M ^ `r` ^op@pvE L B
GJB�^2B�E g EPO-B�G7IZO B�DFE g UoOXIZBQU M ^HOfR LFM EPY[EPO-B�G7U ` R B�I g EPUzbFB�G�\ M U g ^ 
>EHpvB�IZOFl GJbF+fGJE �
i[bFEPO-B#^opPpvE L B*GNB�^2B�E g EPO-B�G ~ � OTB�DFIKG*pP^zGNE[w[DFU��#EPY[E M wzBQDFEyBQI g EPUobXB;OFU-RhE�D ^oG�^ `ZM EH^oRh,
+fEPEPO M E g UHY[EHR +-,%B�DFEa^zpPpvE L BQU M ^zGQGNU-p IK^2B�EHR �'IrBQD BQDFEtGNbF+ GNEHi[bFEPO-BW^opPpvE L BWGNB�^HBQE �
g E@OhB ~ � DXE \ ^zpvB*BQDf^HB�BQDXE�IrOFIZB�IK^ ` ^opPpvE L BQU M GJBQI `Z` B M IZEHG B�U L E M \cU MQg B�DFE M E g UHY[E9RhU[EHG
OFUzB LXM EHGJEPOhB9^ LXM Uo+ ` E g +fEHp@^2bfGJE�B�DFE M E g U2Y[EyU L E M ^2B�IZUoO0IKG�IqRhE gaL UoB�EPO-B ~

{ ~ � DFE0BQI g EPUobXB�U-pPpvb M G +�E \cU M E0^ pP^ `r` BQU_^(Yz^ ` IKR g E g +fE M7M UzbFBQIrOFE ~ A�G OFU E@OhB M ,
pP^ `Z` Df^zG�U-pPpvb M�M EHR
w;B�DFEaB�I g EPUzbFBW^opPi[bFI M EHG7BQDFEaE@OhB M , ` U-p �_^2OfR�RhEPB�E MQg IZOFEHGyBQDf^HB
IrB�IKG ^%Yz^ ` IKR_pP^ `r` � GJEPE uEnterTimeout

w � Irlob M E 6-~ � ? � ~ � DFEaB�I g EPUzbFB7EPO-B M , BQDXEPO
g ^ �[EHG;^ `Z` UzBQDFE M�g bFBQE �WM UzbFBQIrOFEHG bXOfpP^ `r` ^H+ ` Em^2OfR�GJEPB�G*BQDFE7^zpPpvE L BQU M ^oG*BQDFE�U��'OFE M
UH\'BQDXE g UzOFIZB�U M@~ � DFE�BQI g EPUobFB d OFIqGNDFESG +-,!^HBQU g IKpP^ `Z` , �9^��-IZOFl�b L BQDXE�^opPpvE L BQU M
^HOfR M E ` EH^zGNIrOFl BQDFE7EPO-B M , ` U-p � ~ ] DFEPO�BQDFEW^zpPpvE L B�U M bFO-+ ` U-p �FG whIrB'B M IrEHG�BQU M E g UHY[E
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B�DFE!BQI g EPUobXBaEPY[EPO-Ba^HB�BQDFE!EPO R UH\ BQDXE ^zpPpvE L B GNB�^HBQE g EPOhB5� GJEPE uAcceptPause
w

� Irlob M E 6-~ � {���w'+FbFBtIZB�IKG�^ `ZM EH^oR-, M E g UHY[EHR ~ � DFIqGTE � B M ^HOFEPUzbfG M E g UHY[ETIqGTOFUoB ^
LFM Uo+ ` E g ^oG'BQDFE M E g U2Y[EmIKG'IKRhE gtL UzBQEPO-B ~ A�G ��E `r` wf^ `Z` pP^ `Z` G'IZO-BQU�BQDXE g UzOFIZB�U M ^ M E
OFU ` UzOFloE M ^opPpvE L B�^H+ ` E7^HOfR + ` U-p � ~

6h~ � DFE B�I g E@UobFByE �-L I M EHG �'DXI ` E ^aYo^ ` IqR%EPOhB M ,0pP^ `Z` IqG�+fEPIZOFl LFM U-pvESGQGNESR ~ � DFE�pP^ `Z` IZOFl
B�^oG �t+�E@loIZO G

uEnter
� GNEPE � IZlzb M E 6-~ � 6 �*+-,a^zpPijbXI M IrOFl�B�DFE�EPO-B M , ` U-p �a^HOfRa+ ` U-p �-IZOFl

pP^ `Z` G�BQU�^ `Z`;g bFB�E �ag E g +fE M�M UobFB�IZOFESG ~ � \9^�GNbX+fGNEHi[bFEPO-B�B�I g EPUzbFB'U-pPpvb M Gvw&IrB7pP^ `r` G

uEnterTimeout
� GNEPE � Irlob M E 6-~ � ? �7^HOfR g bfGJB dfM GJB G L IZO bFO-BQI ` IZBWpP^2O_^op@ijbFI M E B�DFE

EPO-B M , ` U-p � ~ ] DFEPO�B�DFE�BQI g EPUobFB d O ^ `Z` ,�^op@ijbFI M EHG7BQDFE�EPO-B M , ` U-p �>w*BQDFE�BQI g EPUzbFB
pP^ `Z` IqG�^ `ZM ES^oRh, g ^ M �[EHRabFOfp@^ `Z` ^2+ ` E[wfGNUtBQDFEWBQI g EPUobFB M E ` EH^oGJEHG'BQDFEWEPOhB M , ` U-p � ^2OfR
E � IZB�G ~ � \*BQDXE U �'OXE M UH\#BQDFE g UoOFIrBQU M wfEPIZB�DFE M BQDXE ^op@pvE L B�U M U M ^2OFUzBQDFE M B�^zG �>w
B M IZEHG
B�U M E g UHY[E7BQDFE B�I g E@UobFByOFU-RhE�IZB g bfGJB �9^2IZBy\cU M BQDFE��[E M OFE ` BQU M E ` EH^zGNEWBQDFE�EPY[EPO-B
` U-p � ~ A�G BQDXE'BQI g EPUobFB&D ^2OfR ` E M RhU[EHG;OFUoB M E ` EH^oGJE�BQDXE'EPY[EPO-B ` U-p ��bXOhB�I ` IZB;IqG d OXIKGNDXEHR
E � EHpvbXBQIZOXlFw[IZOaB�DFIKG'G�pvEPOf^ M IrUFwhB�DFE M E g U2Y[Eyp@^2OaUzO ` ,�p UoO-BQIZO-bFEm^S\cB�E M BQDFE �[E M OFE ` D ^oG
M E g UHY[EHR!BQDFE0BQI g EPUobFB E@Y[EPOhB ^2OfR B�DFE%D ^2OfR ` E M IKG d OFIqGNDFESR E � EHpvbFB�IZOFl ~ A'B BQDFIqG
L UoIrOhB*IrOTB�I g E[wzBQDFEyBQI g EPUobXB OFU-R-E�IKG*OFU ` UoOFlzE M ^opvB�IZY[Ey^2O RapP^2Ot+�E M E@bfGNEHR ~ A�l ^2IZO�w
^HOh, E � B M ^2OFE@UobfG M E g UHY[EHG ^2B�B�DFEyEPOfR U2\ ^op@pvE L B#GNB�^2B�E g EPO-B�G*^ M E�OXUoB'^ LFM Uz+ ` E g ^oG
B�DFE M E g UHY[EyIKG�IqRhE gaL UoB�EPO-B ~
� b M BQDFE M�g U M E[w*BQDFE0UoO ` , �9^P, \cU M B�DFE!BQI g EPUzbFB pP^ `Z` BQU +fE g ^oRhE�Yz^ ` IKR ^2l[^HIZO IqG
B�U%E � EHpvbFB�E�^2OFUzBQDFE M ^op@pvE L BWGNB�^2B�E g EPO-B �'IZB�D ^�BQI g EPUobXB7p ` ^HbfGNE ~ A�G�BQDFIqG�^op@pvE L B
GJB�^2B�E g EPO-By^ ` �'^P,XG�+fEPloIrOfG �'IZB�D ^�pP^ `r` B�U M E g U2Y[EmBQDFE B�I g EPUzbFBPwFIrB�IKGylobf^ M ^2O-BQE@EHR
B�Df^2Bm^2O�U ` R B�I g EPUzbFB*IKG'pP^HOfpvE `r` EHR�+�E \cU M E7B�I g EPUzbFB'p@^ `Z` G +fEHpvU g E�Yz^ ` IKR�^2l ^2IrO ~
� DFE M E�IqG OFU L UzBQEPO-BQIq^ ` \cU M RhES^oR ` U-p � �'DFEPO B�DFE g UoOFIrBQU M U��'OFE M B M IZEHG&BQU M E g UHY[E;B�DFE
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B�I g EPUzbFB�OXU-RhE �'DFI ` E7BQDXE�B�I g E@UobFB#IKG'+�E@IZOFl LFM U-p EHGQGJEHR +fEHpP^HbfGNEWUoO ` ,aBQDXE�BQI g EPUzbFB
Df^HOfR ` E M IKG ^ `Z` U��#EHR BQU U��'O�+�UzBQD BQDFE�EPY[EPO-B ` U-p �_^2O R BQDXE E@OhB M , ` U-p ��GNI g b ` B�^ �
OFE@UobfG ` , ~ � DFIKG M b ` E0IKG g ^2IrOhB�^2IrOFEHR \cU M ^ `Z` B�^zG �XGvw'IZOfp ` bfRhIrOFl BQDFE!U��'OFE M U2\WB�DFE
g UzOFIZB�U M@~ � DFIqG M EHGNb ` B�G IZO�B�DFE%B�I g EPUzbFB�D ^2OfR ` E M U �'OXIZOFl BQDFE�EPY[E@OhB ` U-p � �'DXI ` E
B M ,-IZOFlaB�U�^op@ijbFI M EWBQDFE EPO-B M , ` U-p �!^2O R(B�DFE g UzOFIZB�U M U��'OFE M U��'OFIZOFltBQDFE g UzOFIZB�U M
^HOfR%B M ,hIrOFlaBQU ^opPi[bFI M E�B�DFE EPY[EPO-B ` U-p � ~ A�G�B�DFE UoO ` ,0pvU gag UoO ` U-p ��IKG�B�DFE EPY[EPO-B
` U-p �>w;OFU L UoB�EPOhB�IK^ ` \cU M RhEH^zR ` U-p � IqG�IZO-B M U-R-bfpvEHR IrOhB�U!BQDFE0GJ,FGJBQE g!~ � B IqG�I gaL U M �
B�^2O-B�B�U�OFUoB�ETB�Df^2B7U��'OFIZOXl%BQDXE g UoOFIrBQU M RhU[EHG7OFUoB M ESijbFI M E B�DFE EPO-B M , ` U-p �!BQU�+fE
^zpPijbXI M ESR ~ � Oa\ ^opvB@whUzO ` ,aB�^oG �FGypP^ `r` IrOFl�B�DFE g UzOFIZB�U M OXEPEHRaBQDFEmEPOhB M , ` U-p �aBQU lzbf^ M �
^HOhB�EPE g bXBQbf^ `Z` ,�E � p ` bfGNIrY[E ^op@pvEHGQGyBQU%B�DFE Yz^ M IZUob G�EPO-B M ,!RF^HB�^%GJB M bfpvBQb M EHG ~ � D-bfG w
B�DFEaEPO-B M , ` U-p � IKG7UoO ` ,�^opPi[bFI M EHR �'DXEPO BQDXEHGNE�EPO-B M , RF^2B�^ GJB M b pvBQb M EHG�^ M E�+fEPIZOXl
M EH^oRaU Myg ^HOFI L b ` ^2B�EHR ~

8F~ A Yz^ ` IKR EPO-B M , p@^ `Z` U-pPpvb M G �'DXI ` E ^%BQI g EPUobFB7IqG�+�E@IZOFl LFM U-pvEHG�GNEHR ~ � O�BQDXIKG�p@^oGNE w
B�DFE�BQI g EPUobFBW+fEPloIrOfG uEnterTimeout

� GNEPE � Irlob M E 6h~ � ? �W+h, ^zpPijbXI M IrOFl!BQDXE E@OhB M ,
` U-p � ~ � DFE B�I g EPUzbFB g ^ M �FG�^ `Z`;g bFB�E �aM UzbFBQIrOFEHG�bFOfp@^ `Z` ^2+ ` E�^2OfR!BQDXEPO g ^��[ESG B�DFE
^zpPpvE L B�U M BQDXETU��'OFE M UH\yBQDFE g UzOFIZB�U M ^2O R M E ` EH^zGNEHG�B�DFETE@OhB M , ` U-p � ~ �yb M IrOFl�BQDFIqG
B�I g E[w�^2O-,!EPOhB M , pP^ `Z` G�G L IZO B M ,hIrOFl�BQU ^opPi[bFI M ETB�DFE�EPOhB M , ` U-p � ~ ] DFE@O�^2O E@OhB M ,
pP^ `Z` RhU[EHG d Of^ `r` ,�^op@ijbFI M E�B�DFEyEPOhB M , ` U-p �
w[EPIrBQDFE M B�DFE g bFBQE ��M UobFB�IZOFEmIKG g ^ M �[ESR ^oG
bFO pP^ `r` ^2+ ` Em^2OfRTB�DFEmpP^ `r` + ` U-p �FG wjU M ^7OFE � ^zpPpvE L B�GJB�^HBQE g E@OhB g ^S,WDf^PY[E�U-p@pvb MQM EHR
w
M EHGNb ` BQIrOFl�IrOaBQDFE g bFB�E ��M UobFB�IZOFEm+�E@IZOFl g ^zRhEmpP^ `r` ^2+ ` E[w-^2O R B�DFE7pP^ `Z` IKG�^ `Z` U �#EHRTB�U
LFM U-pvEPEHR ~ � O!EPIrBQDFE M pP^oGJE[w&BQDFEtpP^ `Z` IrOFlaB�^oG � p@^2OFOFUzB7EPOhB�E M U M E@Y[EPO!+ ` U-p � �9^2IrBQIZOXl
\cU M EPOhB M ,abXOhB�I ` B�DFE7BQI g EPUobXB d OFIqGNDFESGvwFGJUTOXU L UoB�EPO-BQIK^ ` \cU M RhES^oR ` U-p �aIqG L U[GQGJIZ+ ` E ~
� DFE�^zpPpvE L BQU M GNBQI `Z`kM E g U2Y[ESG�BQDFE B�I g EPUzbFB'OFU-RhE�UoO pvE IZB�IqG ��U �[EPO%b L ^HB�BQDFE E@OfR
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UH\�B�DFE ^zpPpvE L B�GJB�^2B�E g EPO-B ~ � DFIKG�E � B M ^2OXEPUobfG M E g UHY[E�IqG d OFE +fEHpP^2b GNE�B�DFE M E g UHY[E
IqG IqRhE gaL UzBQEPO-BPw[^HOfRT+fEHpP^HbfGNEyBQDXE�BQI g EPUobXB Df^HOfR ` E M IqG d OFIKGJDFEHR�^2OfRTIrOTB�DFE LFM U-pvESGQG
UH\ M E ` EH^zGNIrOFl�^ `r` BQDXE ` U-p �XG�IZB'U��'OfG ~ � Dhb GvwFBQDXE�E@Y[EPOhB ` U-p �TIqG�EPY[EPO-BQbf^ `Z` ,�^SYz^HI ` ^H+ ` E
\cU M BQDFEW^op@pvE L B�U M �'DFEPO�IZBypP^ `Z` G M E g UHY[E ~

� IZO ^ `Z` ,[wfBQDFE OFUzBQIrUoO!U2\9OFEHGJBQEHR!^zpPpvE L BmGNB�^2B�E g EPO-B�G �'IZB�D!BQI g EPUobFB�G � GJEPE � IZlzb M E 6-~ < �
OFEPESRFG�BQU�+fE�p UoOfGJIKRhE M EHR ~ � OaU M RhE M BQU LXM U-pvEPESR B�UTB�DFE7OFE � B ` EPY[E ` UH\;OXEHGNB�IZOFlXw M EPl ^ M R ` EHG�G
U2\ �'DFEPB�DFE M ^ Yz^ ` IKR pP^ `r` U-pPpvb M GaU M BQDFE ^zpPpvE L B�GNB�^2BQE g EPO-BTB�I g EHG UobXBPw�BQDXE ^opPpvE L BQU M
g bfGNB7+fE M ESGNB�^ M B�EHR +�E \cU M EtBQDFEaOXE � B ^opPp E L B GJB�^HBQE g E@OhB7p@^2O�+fEaE � EHpvbFB�EHR ~ ] DFEPO B�DFE
^op@pvE L B�U M IKG M EHGJB�^ M BQEHR>w�Ie\*BQDFEWBQI g EPUobXB�\ ^opvI ` IZB�IZEHG#^ M E bfGNEHR>w�B�DFE ^zpPpvE L B�U M ^ ` �'^P,FGy+�E@loIZO G
+-, M E g UHYhIrOFlaB�DFEaBQI g EPUzbFB7OFU-RhEa\ M U g B�DFE�EPY[EPO-B7ijbXEPbFE � GNEPE � IZlob M E 6-~ � {�� ~ � D-bfGvw;IrB
IKG�I gaL U[G�GNIZ+ ` ET\cU M B�DFE�BQI g EPUobFBWBQU_^ 
>EHpvBt^op@pvE L B�GJB�^2B�E g EPO-B�G7IZO GNbX+fGNEHi[bFEPO-B ` E@Y[E ` G7U2\
OFEHGJBQIrOFl ~ � b M BQDFE M�g U M E[woB�DFE�B�I g E@UobFB*OFU-RhEmIKG OXU � ^PYz^2I ` ^H+ ` E'\cU M bfGNE�+-,t^2O-,�GNbF+fGJEHi[bFEPO-B
^op@pvE L ByGJB�^2B�E g EPO-B�G ~

� DFIKGWRhEHGJIZloO�w;DFU���EPY[E M wkRhU[EHG�OFUzB M ESijbFI M Et^%pP^ `Z` BQU M E g UHY[E �'DXEPO�BQDFEt^opPp E L BQU M IqG
M ESGNB�^ M B�EHR ~ � DFE pP^ `Z` BQU M E g UHY[EaB�DFE%B�I g E@UobFBWOFU-RhE �'DFEPO B�DFE!^zpPpvE L BQU M IKG M ESGNB�^ M B�EHR
IKGWGNU ` E ` , ^%pvUzOhY[EPOXIZEPOfp E�bfGJEHR BQU M EHR-bfpvE�U2Y[E M DFEH^zR
w I ~ E ~ w&^2O_E � B M ^0pP^ `r` B�U M E g UHY[E�B�DFE
BQI g EPUzbFBTOXU-RhE IqG ` ESGQGTE �-L EPOfGJIZY[E%B�Df^2O LFM U-pvEHGQGJIZOFl ^HO IrOhB�E MQM b L Bt^oGQGJU-pvIK^HBQEHR �'IZB�D ^HO
E �-L I M EHR BQI g EPUobFB ~ ] DFE@OaBQDFE ^opPpvE L BQU M IKG M EHGNB�^ M BQEHR
wX^ `r`
g bFBQE � M UobFB�IZOFESG�^ M E7bFOfpP^ `Z` ^H+ ` E
+fEHpP^HbfGNEWBQDFE g UoOFIrBQU M IKGypvb M�M EPO-B ` ,a^zpvBQIrY[E ~ � DhbfG wFI \#^ BQI g EPUzbFB�U-pPp b M G w�IrB'IKGyRhIKG�pP^ M RhEHR ~
� DFE UzO ` , �'^P,a\cU M BQDFEWBQI g EPUobFByp@^ `Z` BQUt+�ESpvU g E7Yz^ ` IKR0^2l[^HIZO!IqG9\cU M BQDFE g UoOXIZBQU M U��'OFE M
BQU + ` U-p � UoO0^2O�^zpPpvE L B'GNB�^2B�E g EPO-B��'IZBQD ^�BQI g EPUzbFB ~ � bFB@wF^�p@^ `Z` BQU M E g UHY[E'B�DFE�BQI g EPUzbFB
OFU-RhE � � IZlzb M E 6h~ � |I�m^ ` �'^P,XG U-p@pvb M Gy+�E \cU M E B�DFE�^op BQbf^ ` ^zpPpvE L B GNB�^HBQE g EPOhB'IqG LXM U-pvEHG�GNEHR ~
A�l ^2IZO�w;BQDFIqG LFM EPY[E@OhB�G B�DFE�BQI g EPUobXB�\ M U g ^ 
>EHpvB�IZOFl ^zpPpvE L B GNB�^2B�E g EPO-B�G�IZO GNbF+fGJEHi[bFEPO-B
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` E@Y[E ` G;U2\ OFEHGNB�IZOFl ~

�#"	�#"�� � '#0*2 � �,< �

� DFE�\cU `Z` U��'IrOFl�pvUzOfGNIqRhE M GyBQDFE � s�� ��I gaLX` E g EvO-B�^HBQIrUoOaUH\y^TB�I g EPUzbFB�\ ^op I ` IrBJ,T\cU M ^op@pvE L B
GNB�^2B�E g EPO-B �'IrBQD M EHG L EHpvB'BQU B�DFEWGNB�^2BQESR loU ^ ` G ~

� I M GNB@w;+h,_pP^ M Ev\cb `r` ,_pvUoO-B M U `Z` IZOFl0BQDFE ` U-p �hIrOFl!U M RhE M OXU L UoB�EPO-BQIK^ ` \cU M RhEH^oR ` U-p � �5U M
` IrY[E ` U-p ����IKG�IrOhB M U-Rhb pvEHR IrOhB�U B�DFE!GJ,FGJBQE g ~ s M bfpvIK^ ` BQU B�DFIKG IKR-EH^%IKG BQDf^HBaBQDXE M E g UHY[E
U L E M ^2B�IZUoO U-pPpvb M G�+fEv\cU M ETB�DFE EPO-B M , ` U-p �%IqG�^opPi[bFI M EHR%+-,%B�DFE g UoOXIZBQU MP~ � Dhb Gvwk^2O UobFB �
GNB�^2OfR-IZOFl B�I g EPUzbFB M EHi[bFEHGJB�IqG M E g UHY[EHR�+fEv\cU M E7IZB#E �-L I M EHG U M OFUoOFE7UH\;B�DFE ` U-p �XG M ESijbFI M EHR
BQU LFM U-pvEHGQG BQDXE%BQI g EPUzbFB ^ M E%DXE ` R +-, BQDFE g UoOXIZBQU M U��'OFE M bFO-BQI ` BQDFE��[E M OFE ` B�^oG � D ^oG
d OFIqGNDFESR LXM U-pvEHG�GNIrOFlTB�DFE7BQI g EPUobXB ~

V�Oh\cU M BQbXOf^2B�E ` ,[w-BQDFEWBQI g EPUobXB \ ^zpvI ` IZBJ,tRhU[EHG'IZOfpvb M GNU g E7pvU[GJB�G M EPl ^ M R ` EHG�G UH\ �'DXEPBQDFE M
IZB*IqG ^zpvBQb ^ `Z` ,�bfGJEHR ~ � UzB*UoO ` ,�RhU[EHG E@Y[E M , g bFB�E � Uo+ � EHp B M EHi[bFI M E'BQDFEyI gaLX` IKp I BkR-E d OFIrBQIZUzO
U2\ ^%G L ESpvIK^ ` I �@EHR EPO-B M , M UzbFBQIrOFE�^2OfR_^ ��^2l%IrOfRhIqpP^2B�IZOFl �'DFEPO_pP^ `Z` GyBQU%B�DFE�BQI g EPUobFBm^ M E
^op@pvE L B�^2+ ` E[w[+FbFB'BQDXE d�� EHRTO-b g +fE M U2\ g bFB�E ��M UobFB�IZOFESG�GNb LFL U M B�EHR +-, g bFBQE � Uo+ � EHp B�G IrO
� s�� � IqG \cb M B�DFE M*M ESRhbfpvEHR�+-,�UzOFE � \ M U g � { <�L U GQGNIr+ ` E g bFBQE �mM UobXBQIZOXEHG;BQU � { : � ~ AmG �#E `Z` w
EPY[E M , g bFB�E � Uo+ � EHp B'pvUzOhB�^2IZO G�^�OFU-R-E�bfGJEHR \cU M BQI g EPUobFB�G ~

� DFEHGJE%p U[GNB�G�^ M E M EH^zGNUzOf^2+ ` E[w;DFU���E@Y[E M w ^2OfR Df^PY[EaB�DFE�^oRXRhEHR�^oRhYz^HOhB�^2loE�B�Df^2B B�DFE
BQI g EPUzbFB�\ ^opvI ` IrBQIZESGT^ M E ^ LXLFM U LFM Iq^2BQE!\cU M bfGNE!IrO ^ M EH^ ` � B�I g E GN,XGNBQE g ^oGaOFU�E �-L EPOfGJIZY[E
Rh,-Of^ g IKp�^ `Z` U-pP^2B�IZUoO G�^ M E M EHi[bFI M EHR ~ � DFE�UoO ` , L ^ M B�G7U2\9BQDFE�BQI g EPUobXB \ ^zpvI ` IZBJ,�BQDf^HB ^ M E
OFUzB d�� EHRap U[GNB'IqG'^oRFR-IZOFlt^�OFU-RhEWBQU�BQDFE�E@Y[EPOhB9ijbXEPbFE�IrO B�I g E@UobFB*U M RhE M ^HOfR%GJB�^ M Yz^2BQIrUoO
LFM Uo+ ` E g G M E ` ^HBQEHR BQU�BQDXE bfGNE U2\tG L IZO ` U-p �FG ~ � DFE_pvU[GJB�G0^oGQGJU-pvIK^HBQEHR �'IZBQD BQDXE EPY[EPO-B
i[bFEPbFEt^ M EaOFUoB d�� EHR ^zG�B�DFEP,_RhE L EPOfR!UoO�BQDXETO-b g +�E M U2\yOFU-R-EHG�UzO B�DFE�EPY[EPO-B7ijbXEPbFE ~
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� DFE O-b g +�E M U2\'B�DFEHGJE�UobXB�GNB�^2OfR-IZOFl0EPY[EPO-B�G'^ M E�^ LFLX` IKp@^2BQIrUoO RhE L E@OfRhEPO-BPw
DXU �#EPY[E M wf^2OfR
pP^HO!+�E ` I g IZB�EHRa^HB�BQDFE b GNE M7` E@Y[E ` wf^HOfR%IZOfp U MQL U M ^2B�EHR!IZO-BQUaB�DFE�GQp�DFEHRhb ` ^2+XI ` IrBJ,�^2Of^ ` ,XGNIqG
U2\#B�DFE�GN,XGNB�E g!~ AmG�BQDFEWOFEPEHR \cU M G L IZO ` U-p �XG �'IZB�D ^ g b ` B�I LFM U-pvEHGQGJU M I gaLF` E g EPO-B�^HBQIrUoOaIqG
bFOf^PY[UzIKRF^H+ ` E[wHBQDXIKG IqG ^�lzEPOFE M ^ ` IKG�GNbFEy^HOfR�OFUoB G L EHpvI d p B�U�BQDFE#BQI g EPUobXB
\ ^opvI ` IZBJ, ~�� U���EPY[E M w
GNE@Y[E M ^ ` ^ LXLFM U ^op�DFEHG'BQU +fUobFO RhIZOFl�BQDXE�E � EHp bFBQIrUoOaB�I g E M E ` ^2B�IZOFl B�U�G L IrO ` U-p �FG�D ^SY[Em+�E@EPO
LFM U L U[GJEHR � � 6 w 5�? � ~

� IZO ^ `Z` ,[wvB�DFE#p D ^2OFlzEHG g ^oRhEkBQUyBQDFE#GJ,FGJBQE g BQUmGNb LXL U M BkBQDFE*B�I g EPUzbFBF\ ^opvI ` IrBN,y^ M E#G g ^ `Z` ~
� , g U-RhE `Z` IrOFl�BQDFE�BQI g EPUobXB�G ` I �[E�^ g bFB�E ��g E g +fE MyM UobXBQIZOXETUH\y^2O ^opPpvE L BWGNB�^HBQE g EPOhB@w
g bfp D U2\ BQDFE_pvU gtLF` E � IZBJ, OXEPEHRhEHR BQU LFM U-pvEHG�G BQI g EPUzbFB�GTIqGaDf^2OfR ` EHR +h, B�DFE E � IqGNB�IZOFl
I gtLF` E g EPO-B�^HBQIeUoO!UH\m^opPpvE L B GJB�^2B�E g EPO-B�G ~ � b M B�DFE MQg U M E w ^HOh, p�Df^HOFloEHG M E ` ^HBQIrOFl�BQU!DFU��
EPY[EPO-B�G&^ M E'Df^HOfR ` EHR�IrO BQDFE9GN,XGNBQE g GJDFUob ` R�+fEy^ LFLX` IKp@^2+ ` E B�U�E � BQEPO RhIZOFlyUoB�DFE M U L E M ^HBQIZUzOfG
IZO��ks���� �'IrBQD0^�BQI g EPUobXB \ ^op I ` IrBJ, ~

� ��� � % � � 	 ���

� O%U M RhE M BQUabfGJE�GN,-Ofp�D M UzOFI �H^HBQIrUoO ^2O R!pvU gag bFOFIqpv^HBQIrUoO�U L E M ^2BQIrUoOfGyIZO ^ M EH^ ` � B�I g EWGN,XG �
BQE g w
IZB g bfGJB�+fE L U GQGNIr+ ` E�BQU0G L ESpvI \c,!B�DFEPI M ��U M GNB �JpP^zGNEaE � EHp bFBQIrUoO!BQI g E ~ xyOFE g EPBQDFU-R
BQU ^opPpvU gaLF` IKGNDtBQDFIqG lzU[^ ` IKG'BQU�E � B�EPOfR�BQDFEHGJE�U L E M ^2B�IZUzOfG �'IZB�D!^TB�I g E@UobFB*\ ^opvI ` IZBJ, ~ � DFIqG
BQI g EPUzbFB \ ^zpvI ` IZBJ, LFM UHY-IKRhESG;^ g E@BQDFU-R�B�U�B�E MQg IZOf^HBQE'^HOTU L E M ^HBQIZUzOaI \�IZB*R-U[EHG OFUzB LFM Uzl M ESGQG
BQUt^ pvE M B�^HIZO L UoIZO-B �'IZB�DFIZO0^�G L EHpvI d EHRa^ g UobXOhB'UH\;B�I g E ~

� U�B�DFIKG�E@OfR
w&^HO!E � B�EPOfGJIZUoO!B�U0^opPpvE L B�GJB�^HBQE g E@OhB�G B�UaIZOfp ` bfRhE ^aBQI g EPUobFB�\ ^zpvI ` IZBJ,aIqG
LFM U L U[GJEHR ~ � DFIqG
E � B�EPOfGJIZUoO �#U M �XG
+-, g U-RhE `r` IrOFl*BQDFE*BQI g EPUzbFB>^S\cBQE M ^�pP^ `Z` BQUm^�Yo^ ` IqR E@OhB M ,
M UzbFBQIrOFE ~ � DFIqG�BQEHp�DFOFIqijbXE�Df^oG'BQDXE�^zRhYz^2O-B�^HloE�UH\*IZO-BQE@l M ^HBQIrOFl BQDFE7B�I g EPUzbFB;\ ^opvI ` IrBN, g U M E
Of^HBQb M ^ `Z` , �'IrBQD E � IKGJBQIZOXl�^zpPpvE L B GNB�^2B�E g EPO-B;GJE g ^HOhB�IKpPG&^HOfR g ^��-IZOXl�B�DFE'I gaLX` E g EPO-B�^2B�IZUzO
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GNI gaLF` E M ^oG'BQDFE7E � IKGJBQIZOXl ^op@pvE L ByGJB�^2B�E g EPO-B \cbXOfpvBQIrUoOf^ ` IrBN,�p@^2O%+fE7bfGJEHR ~
� DFE�+f^oGJIKp�IKR-EH^aIKG�B�U b GNEt^ G L EHpvIK^ ` I��PEHR E@OhB M , M UobFB�IZOFE B�U�Df^2OfR ` E BQI g EPUzbFB�G ~ u UXw Ie\

^2O ^zpPpvE L B7GNB�^2BQE g EPO-B'Df^oG7^TB�I g EPUzbFByp ` ^2bfGJE +FbFB�OFU g bFB�E �aM UobFB�IZOFEHGm^ M E I gag EHRhIK^HBQE ` ,
^op@pvE L B�^2+ ` E[w�B�DFEPO ^TBQI g EPUobXB M ESijbFESGNByIKG g ^oRhEWBQUaB�DFE �[E M OFE ` B�^oG � ~ A \cBQE M B�DFE�G L EHp I d EHR
BQI g E Df^zG�E ` ^ L GJEHR
w;BQDXE �[E M OFE ` B�^zG �_pP^ `r` G�BQDXIKG�G L EHpvIK^ ` I��PEHR g bFB�E ��M UzbFBQIrOFEaIZO_U M R-E M B�U
M ESGNB�^ M B�BQDFE0^zpPpvE L B�U M@~ � \7^!Yz^ ` IqR pP^ `Z` U-pPp b M G +fEv\cU M E%BQDXE B�I g E@UobFBWE �hL I M ESGvw*BQDFEPO�B�DFE
BQI g EPUzbFB M EHi[bFEHGNByOFEPESRFG�BQU�+fE�GNDXU M B �Jp I M p bFIZB�EHR%+fEv\cU M E BQDFE B�I g EPUzbFBmpP^ `r` +fEHpvU g EHG'Yz^ ` IqR
^2l ^2IrO&w�I ~ E ~ w�^ GJbF+fGJEHijbXEPOhBt^op@pvE L BtGNB�^2BQE g EPO-B �'IZBQD ^ BQI g EPUobFB�p ` ^2b GNE%U-p@pvb M G \cU M B�DFE
Uo+ � ESpvB ~

� DFEaUzO ` , M E g ^2IZOXIZOFl LXM Uo+ ` E g IKG7BQU%D ^2OfR ` EaBQI g EPUzbFB M EHi[bFEHGJB�G�BQDf^HB E �-L I M ETIrO B�DFE
�'IZO RhU�� +fEPB ��EPE@O!^aYz^ ` IqR!pP^ `r` U-pPpvb MQM IrOFl0^2OfR!BQDXE BQI g EPUobFBy+fEPIZOXl%GJDFU M B � pvI M pvbFIrBQEHR ~ � ,
lob ^ M ^HOhB�EPEPIrOFl BQDf^HB'BQDFEmBQI g EPUobFB M EHi[bFEHGJB�IKG#GNDFU M B �JpvI M pvbXIZBQESRT+fEv\cU M E7^ GNbF+ GNEHi[bFEPO-B�bfGJE7U2\
BQDXE�B�I g EPUzbFB&\ ^opvI ` IZB�IZEHG&IZO B�DFEyUo+ � EHpvB@woBQDXE�pP^ `Z` G loEPOXE M ^HBQEHR +h, ^�B�I g EPUzbFBkE �hL I M IrOFl�IrO BQDFIqG
�'IZO RhU�� pP^2O�+fE7RhIqGQpP^ M RhEHR�I \&B�DFEP,t^ M E�OFUoB#I gag EHRhIK^HBQE ` ,7Yz^ ` IKR ~ � B*IKG#^ ` GJU IZO-BQE M EHGNB�IZOFl7B�U
OFUzBQE'BQD ^2B;B�DFEHGNE9GNE g ^2O-BQIKp@G&^ M E9GNb�� pvIrEPOhB&B�U7^ `r` U���BQDFE#bfGNE'UH\>OFEHGNB�EHR�^zpPpvE L B;GJB�^2B�E g EPO-B�G ~

� DFIKG�B�I g E@UobFB;\ ^op I ` IrBJ, �'^oG�I gaLF` E g E@OhB�EPR�\cU M ^opPpvE L ByGNB�^2BQE g EPO-B�G;IZO �ks���� ~ � DFEW^op �
BQb ^ `Fg U-R-I d pP^HBQIrUoOfG M EHi[bFI M EHR�B�U�I gaLX` E g EPO-B
BQDXIKG B�I g EPUzbFB
\ ^op I ` IrBJ,7^ M E M EH^oGJUoOf^H+ ` Ey^HOfR d B
��E `Z` IZO-BQUaB�DFE E � IKGNB�IZOFl � s�� ��I gaLF` E g E OhB�^2B�IZUoO�UH\'^zpPpvE L B7GNB�^2BQE g EPO-B�G ~ ] DFI ` E BQDFIqG�I g �

LF` E g EPO-B�^HBQIZUzO�RhU[EHG g E@EPB g ^HOh,WU2\ BQDFE M EHi[bFI M EHR lzU[^ ` GvwXGNU g E�IZO-BQE M EHGJBQIZOXl�IqGQGJbFEHG M E g ^HIZO
UobXB�GNB�^2OfR-IZOFl ~ � DFESGNEaIqGQGNbXEHG�IrOfp ` b RhE +fUobFOfR-IZOFl G L IZO ` U-p �XG7^2OfR ` I g IZBQIrOFl�BQDFE�E � EHpvbFB�IZUoO
BQI g E M E ` ^2BQIrOFl%B�U U M RhE M EHR IrOfGNE M BQIrUoO�UoO�B�DFE�EPY[EPO-B�i[bFEPbXE[w �'DFIKp�D�IKGW^ RF^HB�^!GJB M b pvBQb M E
IKG�GNbFE ~
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u p�DFEHRhb ` IZOXl�IqG lzEPOFE M ^ `r` ,WpvUoO GNIKR-E M EHR�B�DFE g U GNB;I gaL U M B�^2O-B;^zG L EHpvB*UH\k^ M EH^ ` � BQI g E#GN,XGNBQE g!~
� DFE#loU[^ ` UH\�GQp�DFEHRhb ` IZOFl#IKG&BQUmRhEPB�E MQg IrOFE �'DFE@BQDFE M ^yGNE@B UH\fB�^zG �XG;pP^2O g EPEPBfB�DFEPI M G L EHp I d EHR
BQI g IZOXl M EHijbXI M E g EPO-B�G ~ A�Oh,WbfGNE \cb ` GQp�DFEHR-b ` IrOFl7^ ` loU M IZB�D g�g bfGNB;OXUoB*UoO ` ,�RhEPB�E MQg IrOFE*I \ ^
\cEH^zGNIZ+ ` EyGQp�DFEHR-b ` E#E � IqGNB�Gvwo+FbXB g bfGJB;^ ` GNU LFM UHYhIqRhEy^2O�U M RhE M IrOFl7U2\�BQDFE'B�^oG �XG B�Df^2B#G�^2BQIqG d ESG
BQDXE�G L EHpvI d EHR�pvUoOfGJB M ^2IZO-B�G ~

xyOFE7pvU gag UoOt^ LXLFM U ^op�D B�U U M RhE M IrOFl ^ GJEPB�UH\;B�^oG �FG�IqG M E \cE MQM EHR B�U�^oG � � ����� ��
H��C � � � ���
�@
�A �����B� ����E ~ � DXE�+f^zGNIKp7IKRhES^ +fEPDFIrOfR%BQDXIKGyGQp�DFEHRhb ` IZOFl B�EHp�DFOFIKi[bFE7IKG'BQU ^oGQGJIZlzO!EH^op�D%B�^oG �
^ LFM IZU M IZBJ,�Yz^ ` bFE ~ � O g ^2O-,�pP^oGJEHGvw>BQDFE�^zGQGNIrloOFESR LFM IZU M IZBJ,�Yz^ ` bFE Df^oG ` IZBQB ` E M E ` EPYz^2O pvE�B�U
BQDXEa^zpvBQbf^ ` I gaL U M B�^2Ofp E U2\yBQDXETB�^oG � ~ A B�^oG � � G LFM IZU M IZBJ,!IqG BJ, L IKp@^ `Z` ,0^ \cbFOfp BQIZUzO UH\yIZB�G
M E ` ^2B�IZY[E�B�I g IrOFl p�Df^ M ^op BQE M IKGNB�IKpPG ~ � DFEPO�w
^HB�^HOh, L UoIrOhByIZO0BQI g E �'DFEPO0BQDFE GN,XGNBQE g OFEPEHRXG
BQU g ^ �[E�^�GQp�DFEHRhb ` IZOXl RhEHp IKGNIrUoO&wFB�DFE M EH^zRh,aB�^oG � �'IrBQD�BQDFE7DFIrloDFESGNB LFM IZU M IZBJ,aIqG'GNE ` EHpvBQESR ~
� DFIqG;p D ^ L B�E M pvUzOfGNIqRhE M G GNU g E�U2\>B�DFE LFM ^zpvBQIqpP^ ` IKG�GNbFESG ^mGN,XGNBQE g g bfGNBkRhES^ ` �'IrBQD IZO U M RhE M

�;:
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BQUtRhIqG L ^HB�p�D%^ GJEPB'U2\ B�^oG �FG'bfGJIZOFl LFM IZU M IZBJ, � + ^oGNESR G�p DXEHRhb ` IZOFl ~

� ��� � 	�� � � � � % � �

�;M IrU M IrBJ,�+f^oGJEHR�G�p DXEHRhb ` IZOFl'IqG ^HO�I gtL U M B�^2O-B L ^ M B UH\ M EH^ ` � BQI g E*GQp�DFEHR-b ` IrOFl�B�DFEPU M , ~ ] DXI ` E
g U M E#GNU L DFIKGJBQIqpP^2B�EHR�G�p DFESRhb ` IrOFlyBQEHp�DFOFIqijbFESG&^ M E9^2O IrOfp M ES^oGNIrOFl ` ,�I gtL U M B�^2O-B L ^ M BkU2\ M ES^ ` �
BQI g E M ESGNEH^ M p�D&w LFM IZU M IZBJ, � + ^oGNESRaGQp�DFEHRhb ` IZOXl�IKG#GNB�I `Z` ^2O�I gtL U M B�^2O-B M ESGNEH^ M p�D�^ M EH^ ^oG g U GNB
pvU gag E M pvIr^ `oM EH^ ` � B�I g E#GJ,FGJBQE g G&^ M E'+f^zGNEHR�UzO LXM IZU M IrBN,WG�p DFESRhb ` IrOFl ~ � UzB;UoO ` ,7IKG LXM IZU M IrBN, �
+f^zGNEHRaG�p DXEHRhb ` IZOFl g bfp D�GJI gaLX` E M BQU I gaLF` E g E OhB@w2+XbFB�IrB IqG �fE � Ir+ ` E'EPOXUobFlzDaBQU�GJb LFL U M By^
Yz^ M IZEPBJ,aUH\ � 
 ��
��H
 ^2OfR ��� �����	�H
�G�p DFESRhb ` IrOFl�^ ` loU M IZB�D g G ~ � DFIKGyGNESpvBQIrUoO LXM UHYhIqRhEHG'^T+ M IZE \
IZO-B M U-RhbfpvB�IZUzOaBQU LFM IrU M IrBJ, � +f^oGJEHR�GQp�DFEHRhb ` IZOFlW^ ` loU M IrBQD g G w[+FbFB \cU M ^7BQDFU M UobXloD0RhIKG�pvbfG�GNIZUzO
U2\ LFM IZU M IZBJ,�+ ^oGNESR GQp�DFEHRhb ` IZOFly^ ` lzU M IrBQD g G�\cU M;M EH^ ` � BQI g E*GN,XGNB�E g G M Ev\cE M BQU � � {Fw 6�< w 8$: w ?@: � ~

u p�DFEHRhb ` IZOFl ^ ` loU M IrBQD g G�^ M E BN, L IqpP^ `r` , p@^2BQE@loU M I �PESR ^zG EPIrBQDFE M GJB�^2B�IKp!U M Rh,hO ^ g Iqp ~
] IZB�D GNB�^2BQIqpTG�p DXEHRhb ` IZOFlXw&RhEHpvIqGNIrUoOfG�^ M E�+f^oGJEHR!UoO B�DFE EPO-BQI M E B�^zG � GNE@BPw �'DFI ` E �'IrBQD_Rh, �
Of^ g IKp�G�p DXEHRhb ` IZOFlXwFRhEHp IKGNIrUoOfG#^ M E�+f^zGNEHRaUoO ` ,aUzO%BQDXE�p b MQM EPOhB#B�^zG �0GNEPB ~

� O g U[GJB*pP^oGJEHGvw[B�DFEyRhI 
>E M EPOfpvESG +fEPB ��EPEPO GNB�^2BQIqp�^HOfR�Rh,hO ^ g Iqp�^ ` loU M IZB�D g G ` IrE'IZO BQDXEPI M
^2+XI ` IrBJ,�BQUWDf^2O R ` E	� � ��� �������H
�B�^oG �FG ~ n ^HOh, M EH^ ` � B�I g E#B�^zG �XG�BQEPOfR BQU M E L EH^HB�B�DFE�G�^ g EmGNE@B
U2\ ^opvB�IZUzOfG �'IZBQDt^7G L EHpvI d p�\ M EHi[bFEPOfp ,[wS\cU M E � ^ gaLF` E[w M EH^oR-IZOFlW^7GNEPB*UH\kGNE@OfGNU M G UzOfpvEyEPY[E M ,
g IrOhbFB�E ~ � DXEHGNE �-IZOfRFG'U2\ B�^oG �FGy^ M E M Ev\cE M�M EHRaB�Ua^zG � ��� �������H
 B�^oG �XGy^2OfR ` EPOfRaB�DFE g GJE ` Y[EHG
��E `Z` BQUWGNB�^2BQIqp�^HOf^ ` ,FGJIKG*^2O RTG�p DFESRhb ` IrOFl ~ A L E M IZU-RhIqp�B�^zG �XGvw[UoOaB�DFE'UoB�DFE M Df^HOfR
w g ^P,WGNBQI `Z`
Df^PY[E�BQI g IZOFl�p UoOfGJB M ^HIZO-B�G7+FbFB BQE@OfR(B�U!+fE g U M E�Rh,-Of^ g Iqp �'IZB�D bFO LFM EHRhIqpvB�^H+ ` Et^ M�M IZYz^ `
BQI g EHG ~ A L E M IZU-RhIqp B�^oG �FG7pP^HO Df^PY[E A,���=� U M � ��� 
 � �����(� ������� ~ A RhEH^oR ` IZOXE IKG7pvUoO GNIKR-E M EHR
Df^ M RTIe\&BQDXE�pvUzOfGNESijbFE@OfpvEHG;U2\ g IKGQGJIZOFlmBQDFEmRhEH^zR ` IrOFE�IqG*GNEPY[E M E ~ A GJU2\cB9RhEH^oR ` IZOXE�GJE M Y[EHG ^oG
^2O�IrOfRhIKp@^2BQIrUoO�U2\ RhEHGJI M EHR M ESG L UoOfGJE7BQI g E[w-GNU g IqGQGNIrOFl ^ GJU2\cByRhES^oR ` IZOFE�IqG�OFUoByR-IKGQ^zGNB M Uob G ~
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� RhEH^ `Z` , w&^�Rh,hO ^ g Iqp�GN,XGNB�E g GNDXUob ` R(OFE@Y[E M�g IqGQG�^HOh,!Df^ M R RhEH^zR ` IrOFEHG�+FbFBWGNB�I `r`;LFM UHY-IKRhE
E � pvIZE@OhB#GNE M Y-IKpvE�B�UTB�^oG �FG �'IrBQD!GJU2\cByRhES^oR ` IZOFEHG ~

A GJE L ^ M ^2B�E�p M IZBQE M IK^�BQDf^HB�IKG�UH\cBQEPO_pvUoO-\cbfGNEHR �'IZBQD_GNB�^2B�IKp�^2OfR R-,hOf^ g IKp G�p DXEHRhb ` IZOFl
IKGaU 
 � ` IrOFE_^2OfR UzO ` IrOFE GQp�DFEHR-b ` IrOFl � ?@: � ~ A�pPp U M R-IZOFl�BQU u B�^2O �[UHY-IKpowyEPB ~ ^ ` ~ � ?@: � w7^ `Z`
GQp�DFEHR-b ` IrOFl�^ ` loU M IZB�D g G�Df^PY[E�^2O_U 
 � ` IZOFEtpvU gaL UoOFEPO-B�B�Df^2B pP^2O M ^HOFloET\ M U g LFM U-RhbfpvIrOFl
^ d�� EHR GQp�DFEHRhb ` E � � � ����� � �'IZB�D GNB�^HBQIqp!GQp�DFEHRhb ` IZOFl_BQU pP^ ` pvb ` ^2BQIrOFl�^ LFLFM U LFM Iq^2B�E B�^oG �
GQp�DFEHR-b ` IrOFl L ^ M ^ g EPB�E M G \cU M Rh,-Of^ g IKp�G�p DXEHRhb ` IZOFl ~ A�G ��E `r` w>^ `Z` GQp�DFEHR-b ` IrOFl�^ ` loU M IZB�D g G
Df^PY[E'^HO UoO � ` IrOFE'p U gaL UoOXEPOhBkBQD ^2B*pP^HO M ^2OFlzE \ M U g RhIKG L ^2B�p DXIZOFlyBQDFE'B�^oG �FG;^zpPpvU M RhIrOFl�BQU ^
d�� EHR�GQp�DFEHRhb ` E �'IrBQDtGNB�^2BQIqp�GQp�DFEHR-b ` IrOFl7BQU R-EPBQE M�g IZOXIZOFlyI \ ^�OFE � B�^oG �apP^HOa+fE7GQp�DFEHR-b ` EHR
�'IZB�D0Rh,hO ^ g Iqp�GQp�DFEHRhb ` IZOXl ~

u p�DFEHRhb ` IZOFlmRhEHp IKGNIrUoOfGkpP^HO +�E'+ ^oGNESR�UoOt^�Yz^ M IrEPBJ,7U2\�pvUoO GNB M ^2IrOhB�G;^2OfR p M IZB�E M Iq^ ~ � DFEHGJE
p M IZBQE M IK^WpP^2O�IrOfp ` b RhE �

� ~ � E M IZU-R � � DFE%IrOhB�E M � ^ M�M IrYo^ ` BQI g Ea+fEPB ��EPE@O GJbfpPpvESGQGNIrY[EaU-pPpvb MQM E@OfpvEHG U2\7B�DFE!G�^ g E
B�^oG � ~

{ ~ s*U gaL bFB�^2BQIrUoO � I g E � � DFE �#U M GJB � pP^oGJE!E � EHpvbFB�IZUoO�B�I g Ea\cU M ^2O IrOfGNB�^2Ofp E%U2\WB�DFE
B�^oG � ~

6h~ ��ES^oR ` IZOFE � � DFE�B�I g Ey+-, �'DFIKp�D�^HO%IZO GNB�^HOfpvE7U2\ BQDXE�B�^oG � g bfGJB�+fEWpvU gaLX` EPB�EHR ~

8F~ � gaL U M B�^HOfpvE � ACYz^ ` bFE7IZO RhIKpP^HBQIrOFl�B�DFE M E ` ^2BQIrY[E�I gtL U M B�^2OfpvEmU2\*B�DFE7B�^oG � ~

?h~�u B�^ M B � I g E � � DFE7BQI g E�^HB �'DXIKp�DaBQDFE7B�^oG � g bfGNB#+fEPloIrO E � EHp bFBQIrUoO ~
A�pvU gag UoOyp ` ^oGQG
UH\fG�p DXEHRhb ` IZOFl9^ ` lzU M IZBQD g G
^ M E M Ev\cE MQM ESR�BQUy^zG LFM IZU M IZBJ, � + ^oGNESR�GQp�DFEHRhb ` �

IZOXl!^ ` loU M IZB�D g G ~ � DFESGNE�^ ` loU M IrBQD g GWpP^2O_+�E p ` ^zGQGNI d EHR ^zG�EPIZB�DFE M � � ��� � � ����� ��
H�!U M ��� C
�����	�H
 � � ����� ��
H��G�p DXEHRhb ` IZOFl7^ ` lzU M IrBQD g G ~ � DFIKG#p ` ^zGQGJI d pP^HBQIrUoO IKG;IrOfRhE L EPOfR-EPOhB U2\ �'DXEPBQDFE M
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^ LFM IZU M IZBJ, � + ^oGNESR!GQp�DFEHRhb ` IZOFlt^ ` loU M IZB�D g IqG�bfGJEHR!GNB�^2BQIqpP^ `r` ,�U M Rh,hO ^ g IqpP^ `r` ,[wf^zG�RhE d OXEHR
^2+fUHY[E ~ ] IZBQD ^ d�� EHR LFM IZU M IZBJ,�G�p DFESRhb ` IrOFlt^ ` lzU M IZBQD g ^�B�^oG � � G LFM IZU M IZBJ,aIqG d�� EHR%Rhb M IZOXl
M bXO � B�I g E w �'DFE M E�^zG �'IZB�D ^aRh,-Of^ g IKp LFM IrU M IZBJ,0GQp�DFEHRhb ` IZOFlt^ ` loU M IZB�D g ^�B�^oG � � G LFM IZU M IZBJ,
pP^HO%p�Df^HOFloEW^oG'^�B�^oG �aE � EHpvbFB�EHG ~ � DFEHGNE RhE d OFIrBQIrUoOfG'^ M EWGNU g E �'Df^HB g IqG ` ES^oRhIrOFl7+�ESpP^2bfGJE
IZO LFM ^zpvBQIqpvE�^%B�^zG � � G LFM IrU M IrBJ, pP^HO�p�Df^2OFlzE�IZO�^HO UzO ` IrOFE d�� EHR LXM IZU M IrBN, G�p DXEHRhb ` IZOFl ^ ` �
loU M IrBQD g w*^zGTB�^zG �XGT^ M E0^oRXRhEHR ^HOfR M E g UHY[EHR \ M U g B�DFE0GN,XGNB�E g!~ � \�B�DFIKG�^ ` loU M IZB�D g IqG
p ` ^2I M Y[UH,-^2O-B�B�DFEHGJE�p D ^2OFlzEHG pP^2O�+fE0^opPp UobFO-BQEHR \cU M ^2OfR EH^zp D B�^oG ��pP^2O�+fE0^oG�GNIZlzOFEHR ^
d�� EHR LFM IrU M IZBJ,TYz^ ` bFE ~*� U �#EPY[E M wjE@Y[EPO �'IZB�D0^Tp ` ^2I M Y[UH,-^2O-B#Rh,hO ^ g Iqp LFM IrU M IZBJ,aG�p DXEHRhb ` IZOFl
^ ` loU M IZB�D g w-^�B�^oG � � G LFM IrU M IrBJ, BN, L IqpP^ `r` , p�Df^HOFloEHG#Rhb M IZOFlWIZB�G*E � EHpvbFB�IZUoO \cU M UzBQDFE M�M ES^oGNUzOfG
� GJEPE u EHpvB�IZUzO 8X~ � ~ {I� ~

� "�$%"�$ � < � + 9 � -�<��3-�< ) � 476/8#+:9�;#2�<='1>

xyOFE'U2\>B�DFE dfM GJB d�� EHR LFM IZU M IZBJ,WGQp�DFEHRhb ` IZOXl�^ ` loU M IrBQD g G&IKGkBQDFE M ^2BQE g UoOFUzBQUoOXIKp�^ ` lzU M IrBQD g
LFM U L U[GJEHRT+-, � bFI>^2O R � ^P, ` ^2O R � 6�5 � ~ � U M B�^zG �XG B�U7+�EmGQp�DFEHR-b ` EHR7+h, B�DFE M ^HBQE g UoOXUoBQUzOFIKp
GQp�DFEHR-b ` IrOFl7^ ` loU M IZB�D g w[GJEPY[E M ^ ` pvUzOfRhIrBQIZUzOfG g b GNBk+�EmGQ^HBQIqG d EHR ~ � I M GNBPw[EH^zp D B�^oG � g bfGJB;+fE
L E M IrU-RhIKp �'IrBQD�IrB�G&RhEH^zR ` IrOFE;EHi[bf^ ` BQUyBQDXE;EPOfR�U2\XIZB�G L E M IrU-R ~ � b M BQDFE M�g U M E[w�BQDFE*B�^oG �XG g bfGNB
+fE7IZOfRhE L E@OfRhEPO-BPw-I ~ E ~ w[OFUtpvU gag bFOFIrpP^HBQIrUoO�U M GN,-Ofp�D M UzOFI �S^2BQIrUoO&wX^2OfR LFM E@E gaL B�^2+ ` E ~ � DFE
M ^HBQE g UzOFUoB�UoOFIqpa^ ` loU M IZB�D g ^oG�GNIrloOfG DFIZlzDFE M LFM IZU M IZB�IZEHG7BQU!B�^oG �XG �'IZBQD GNDFU M BQE MTL E M IZU-RFG ~
� bFI7^HOfR � ^P, ` ^2OfR LXM UHY[EHR B�Df^2B ^ GNEPBtU2\7O B�^oG �XGa^ M E GQp�DFEHR-b ` ^H+ ` E�I \������� ���

�
	 � ���
 � {�� ��� �����.� ��w �'DFE M E � � IKG;BQDXE�pvU gaL bFB�^2B�IZUoO B�I g E#U2\�B�^oG �TI ^2OfR � � IKG;B�DFE L E M IZU-R U2\kB�^oG �
I ~m� U���EPY[E M whB�^oG �FG�OFUzB7GQ^HBQIKG \c,hIrOFl�BQDFIqG�pvUoO RhIZB�IZUoO g ^P,�GNB�I `r` +fE G�p DXEHRhb ` ^2+ ` E ~ A�O!E � ^opvB
p�Df^ M ^opvB�E M I��H^2B�IZUoOtU2\*B�DFE M ^2B�E g UoOFUzBQUzOFIKp7^ ` loU M IZB�D g IqG LFM UHY-IKRhEHR�IZO � 6 | � ~

� DFEyRhEH^zR ` IrOFE g UzOFUoB�UoOFIqp�^ ` loU M IZB�D g � 618 � p@^2O +fE'bfGNESR B�U7GQp�DFEHRhb ` E'B�^zG �XG �'IZB�D�RhEH^zR �
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` IrOFEHG ` EHG�G B�Df^2O!B�DFEPI M�L E M IZU-R ~ ] IrBQD%B�DFIKGy^ ` loU M IZB�D g wfB�^zG �XG �'IZB�D!GNDXU M B�E M RhES^oR ` IZOFEHGy^ M E
^oG�GNIrloOFEHR�DFIZlzDFE M*LFM IrU M IZBQIrEHG ~;u E@Y[E M ^ ` GQp�DFEHRhb ` ^2+XI ` IrBJ,�B�EHGNB�G�^ M Em^SYz^HI ` ^H+ ` E�\cU M B�DFE�R-EH^oR ` IZOFE
g UzOFUoB�UoOFIqp ^ ` lzU M IrBQD g � 6 � ~ A�l ^2IrO&woB�^zG �XG OXUoB*G�^2BQIqG \c,-IZOFlyBQDXEHGNE*BQESGNB�G g ^P,�+fE'G�p DXEHRhb ` ^2+ ` E ~
� � ^zpvByp�Df^ M ^opvB�E M I��H^2B�IZUoO�IqG'^SYz^HI ` ^H+ ` Em+h,ab GNIZOXl�^2O!^ ` lzU M IrBQD g � 8 � ~

V�Oh\cU M BQbXOf^2B�E ` ,[wHBQDXEHGNE#GQp�DFEHR-b ` IrOFly^ ` loU M IZB�D g G&RhUyOFUoB pvUoOfGJIKRhE M ^ L E M IrU-RhIKp*B�^zG �XG ~ u EPY �
E M ^ ` ^ LFLFM U ^op�DFEHG D ^SY[E#+fEPEPO LFM U L U[GJEHRTBQU RhEH^ ` �'IZBQDWBQDFESGNE �-IZOfRFGkU2\>B�^zG �XG ~ � ��U pvU gag UoO
^ LXLFM U ^op�DFEHG�^ M Em^ L E M IZU-RhIqp�GNE M Y[E M G ^2OfRaG ` ^zp � GNBQES^ ` IrOFl ^ ` lzU M IrBQD g G ~ A�O � � � � �������H
 � ��� �����
IKG#^ L E M IZU-RhIqp B�^oG �>wh+XbFB�IrB�G E � EHp bFBQIrUoO BQI g E'IKG;bfGJEHRTB�U GNE M Y-IKpvEm^ L E M IZU-RhIqp�B�^zG �XG ~ 	#^ M IZUob G
BJ, L EHG;UH\ GNE M Y[E M G;E � IKGJBPw[IZOfp ` bfRhIrOFl7BQDFEmRhEv\cE MQM ^H+ ` EmGNE M Y[E M � 6 {Fw ?�< � w[BQDFE LFM IrU M IZBJ, E � p Df^HOFloE
GNE M Y[E M � 6 { � ^2OfR BQDXEyG L U M ^oRhIqp�GJE M Y[E M � ?�6 � ~ ��� ��
 � � 
 ����� ����E	��� E ��� ��
 A�� � � � < w 6 � w 6�6 w 5 � w 5 { �
B M , B�U d O R BQI g E BQU!E � EHpvbXBQE�^ L E M IZU-RhIqpTB�^zG �XG�+h, R-E ` ^P,-IZOFl�BQDXEaE � EHpvbFB�IZUoO U2\ L E M IZU-RhIqp
B�^zG �XG�^zG ` UzOFl!^zG L U[G�GNIr+ ` E[w �'IrBQDFUzbFBWpP^2b GNIZOXl!^2O-, L E M IZU-R-IKp B�^oG � B�U g IqGQG�IrB�G7RhEH^zR ` IrOFE[w
^2O R bfGJIZOFl B�DFE M EHpvUHY[E M EHRTB�I g E'\cU M ^ L E M IZU-RhIqp B�^oG �FG ~

� "�$%" ! � � '#0 � <�6 � -�<��3-�< ) � 4 6 81+:9 ;12 < '#>

� DFE g U[GJB�pvU gag UzO�Rh,-Of^ g Iqp LFM IZU M IZBJ,�^ ` loU M IrBQD g IKG'BQDFEWEH^ M�` IZESGNByRhEH^zR ` IrOFE dfM GJB � � � � �
^ ` loU M IZB�D g wf^ ` GNU LFM U L U[GJEHR!+h, � bFI*^HOfR � ^P, ` ^2OfR � 6�5 � ~ � DXIKG�^ ` loU M IrBQD g pP^HO!+�E b GNEHR%B�U
GQp�DFEHR-b ` E#^�GJEPB UH\>IZOfRhE L E@OfRhEPO-B L E M IZU-RhIqp U M Df^ M R ^ L E M IZU-RhIqp B�^zG �XG ~ ] IrBQD�B�DFIKG ^ ` lzU M IZBQD g w
BQDXE�B�^oG � �'IZB�DTB�DFEmp ` U GNEHGJB�R-EH^oR ` IZOFEm^2B#^HOh,�loIrY[EPO L UoIZO-B�IrOTB�I g E#IKG*^oG�GNIrloOFEHR�BQDFEyDFIZlzDFEHGJB
LFM IZU M IZBJ, ~ � DXE � � � ^ ` loU M IrBQD g D ^oG�+fEPEPO GNDXU �'O�B�U!+�E�U L BQI g ^ ` IZO�B�DFEabFOFI LFM U-p EHGQGJU M
pP^zGNE � 6�5 � ~ � b M BQDFE M�g U M E[w&^0GNEPB7U2\yB�^oG �FG7IKG�G�p DXEHRhb ` ^2+ ` E bFOfRhE M B�DFE � � � ^ ` lzU M IZBQD g Ie\
BQDXE�B�UoB�^ `kLFM U-pvESGQGNU M bXBQI ` I �H^HBQIrUoOaIqG'^2B g U GNB'UoOXE[wFI ~ E ~ w � �� � � � � 	 � � � � ~

� DFE ` EH^oGJB�G ` ^op � BQI g E�^ ` loU M IZB�D g IKG ^HOFUoB�DFE M pvU gag UzO Rh,-Of^ g IKpaG�p DXEHRhb ` IZOFl ^ ` loU��
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M IrBQD g ~ u[` ^zp � B�I g EtIKG BQDFE g EH^zGNb M E�U2\7B�DFE!^ g UobFO-B U2\ BQI g E�^(B�^oG � p@^2O +fE RhE ` ^P,[EHR
+fEv\cU M E7IZB g IqGQGNESG IZB�G'RhEH^zR ` IrOFE ~ ] IrBQD�BQDXIKG'^ ` loU M IZB�D g w-BQDFE7B�^zG � �'IrBQD�BQDXE�G g ^ `r` EHGJB'G ` ^op �
BQI g EyIKG�E � EHpvbFB�EHR dfM GNB ~ � DFIqG'^ ` loU M IZB�D g IKG'^ ` GJUTU L BQI g ^ ` IZO�BQDFE7bFOXI LFM U-pvEHGQGJU M pP^oGJE ~

� DFE LFM Uz+ ` E g �'IrBQDaB�DFEHGNE ^ ` lzU M IZBQD g G IqG BQD ^2B'bFOfR-E M B M ^2O GNIZE@OhB#U2Y[E MQ` U ^oRap UoOfRhIrBQIrUoOfG w
bFO LXM EHRhIqpvB�^H+ ` E'+fEPD ^SY-IZUzb M pP^2OtU-pPpvb M w M EHGNb ` BQIrOFl7IZOt^ L UzBQEPO-BQIq^ ` pP^zGQpP^zRhE�UH\ g IKG�GNEHRWRhEH^zR �
` IrOFEHG ~

V�Oh\cU M BQbXOf^2B�E ` ,[w g U GNB LFM ^opvB�IKpP^ `�M EH^ ` � B�I g EyG�p DXEHRhb ` IZOFl LFM Uo+ ` E g G B�EPOfRTB�U�+fE � � � 8 |-w
?;: � ~ � DFEHGJE LFM Uo+ ` E g G�IrOfp ` bfRhE�B�^zG �XG �'IrBQD ^ M +FIZB M ^ M , LFM EHp EHRhEPOfp E�pvUoO GNB M ^2IrOhB�Gvw g b ` BQI �
LFM U-pvEHGQGJU M G�p DXEHRhb ` IZOFlXwhEPB�p ~ � O%U M RhE M B�UTbfGJE Rh,-Of^ g IKp LXM IZU M IrBN,tGQp�DFEHR-b ` IrOFl bFOfRhE M BQDFEHGJE
pvI M pvb g GNB�^HOfpvEHG w LFM IrU M IrBQIrEHG'^ M E�^zGQGJIZloOXEHR%bfGNIrOFl�DFEPb M IKGNB�IKpPG ~ s*U gag UoOaDFE@b M IqGNBQIqpPG�bfGJEHR B�U
^oG�GNIrloO LFM IZU M IZB�IZEHG ^ M E!loIrY[EPO�IZO � { < � ~ � DFEHGJE%DFE@b M IqGNBQIqpPG�pP^2O IZOfp ` bfRhE � � � w g IZOXI g b g
LFM U-pvEHGQGJIZOFl�BQI g E dfM GJBPwFEPB�p ~

] DFI ` E'BQDFEy^ ` lzU M IrBQD g G;RhEHG�p M Ir+�ESR ^2+fUHY[E�^ M Ey^ LXLFM U LFM Iq^2BQEy\cU M GNE M YhIqpvIZOXl L E M IZU-RhIqp'^2OfR
Df^ M R�^ L E M IrU-RhIKp;B�^zG �XGvwoB�DFEP,�B�EPOfR�BQU'+fE#BQU[U M EHGJB M IqpvBQIrY[E �'DXEPO RhES^ ` IrOFl �'IZB�DWGNU2\cB ^ L E M IZU-RhIqp
B�^zG �XG ~ 	#^ M IrUobfG*BQEHp�DFOFIqijbXEHG;Df^PY[E�+fEPEPO LFM U L U[GNESR BQU�^ `Z` U � B�DFEHGJE7^ ` loU M IZB�D g G B�U LFM UHY-IKRhE
E � pvIZE@OhBmGNE M YhIqpvE�B�U!^ L E M IZU-R-IKp B�^oG �FG �'IrBQD_GNU2\cB RhEH^zR ` IrOFEHG �'DFI ` E�GJBQI `r`;g EPE@BQIZOXla^ `Z` Df^ M R
RhEH^zR ` IrOFEHG � { � wh{ 5 w ? 8 w ?�? w 5 { � ~ Ayl[^2IrO&w[^ L E M IZU-R-IKpyGNE M Y[E M G;^HOfR�G ` ^zp � GNB�EH^ ` IZOFlW^ ` loU M IZB�D g G
^ M E�b GNEHRTB�UWGNE M YhIqpvE'BQDFESGNEyBN, L EHG;U2\kB�^oG �XG +XbFB*+�ESpP^2bfGJE�BQDXE�^zpvBQIrY[E'B�^oG �aGJEPB g ^P,Wp Df^HOFloE w
BQDXEHGNEW^ ` loU M IZB�D g G g bfGJB�+fE g U M E �fE � IZ+ ` E�^HOfR%^zR � bfGNBm^oG'OFE � B�^zG �XG E@OhB�E M B�DFEWGN,XGNBQE g!~

� � � � � � � 	 � 	�� ��" ��� � � " � � " � � � 	�� 	�� � �  	 � % � " ���

A�GJIKRhE�\ M U g BQDXETB�DFEPU M EPBQIqpP^ ` ` I g IZB�^HBQIrUoOfG'I gaL U GNEHR!+h,0BQDFE�Yz^ M IZUob G LFM IZU M IZBJ,!G�p DXEHRhb ` IZOFl
^ ` loU M IZB�D g G w g ^2O-, LXM ^op BQIKp@^ ` IKG�GNbFEHG7^ ` GNU0E � IKGNB ~ � DFEaUHY[E MQM IKRhIrOFl�p M IZB�E M Iq^TOFEPEHR-EHR \cU M ^
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M ES^ ` � BQI g E*GJ,FGJBQE g IKG LXM EHRhIqpvB�^H+FI ` IZBJ, ~ � Um^op�DFIZEPY[E*B�DFIKG LFM ESRhIKpvB�^2+FI ` IrBN, wvIZB&IqG I gaL U M B�^2O-BkBQDf^HB
^ `r` UzO ` IrOFE�G�p DXEHRhb ` IZOFl7U L E M ^2B�IZUoO G'^ M Em+�UzbFOfRhESR +-,t^ d�� EHR
w ��U M GNB �JpP^zGNE7E � EHpvbFB�IZUzOTB�I g E ~
� I � EHR>w �#U M GNB � pP^zGNE�E � EHpvbXBQIZUzOTIqG BJ, L IKpP^ `Z` , ^op�DFIrEPY[EHR�+-,T+fUobXOfRhIZOXl BQDFEyOhb g +fE M U2\kB�^oG �FG w
BQDXE�O-b g +�E M U2\ LFM IZU M IZBJ, ` EPY[E ` GvwoU M GJU g E'UzBQDFE M#L ^ M ^ g E@BQE M UH\kBQDFEmGQp�DFEHR-b ` IrOFlW^ ` lzU M IZBQD g!~
� UobXOfRhIZOXl BQDFE7GJ,FGJBQE g U2Y[E M DFEH^zRFG IrOfpvb M�M EHR�+h,tGQp�DFEHRhb ` IZOXl ^ `r` U��yG�BQDXEHGNE7p U[GNB�G�BQU +fE7IZO �
p ` bfRhEHR�IrO BQDFE'\cEH^oGJIZ+FI ` IrBN, ^2Of^ ` ,XGNIKG;UH\&BQDXEyGN,XGNBQE g ^2OfR BQU7EPOFD ^2OfpvE LXM EHRhIqpvB�^H+FI ` IZBJ, ~ ] DXI ` E
^op�DFIrEPYhIrOFl LXM EHRhIqpvB�^H+FI ` IZBJ,%IqG M EH^oGJUoOf^H+ ` E�\cU M�d�� EHR LFM IZU M IZBJ, G�p DFESRhb ` IrOFlFw;B�DFEaUHY[E M DFEH^oRXG
IZO pvb MQM EHR \cU M Rh,-Of^ g IKpyGQp�DFEHRhb ` IZOXl�^ M E g bfp�DTl M EH^HBQE M@~

� " !#"�$ &
� � 2�+ � + '*),< '#> � < � + 9 � -�<��*-�< ) � 476/8#+ 9 ;#2�< '#>

s*UoO GNIKR-E M DFU�� d�� ESR LFM IZU M IZBJ, GQp�DFEHRhb ` IZOFl7IqG BJ, L IKp@^ `Z` ,WGNb LFL U M BQESRTIZOt^ M EH^ ` � B�I g E9GN,XGNBQE g!~
A�G&BQDFE9GQp�DFEHRhb ` IZOXl�^HOf^ ` ,FGJIKG&B�^��[ESG LF` ^opvE � � � ����� �Kw2ES^op�D�B�^zG �7IKGk^oG�GNIrloOFEHR ^mGNB�^HBQIqp LFM IZU M IZBJ,
Yz^ ` bFE \ M U g ^ d�� ESR M ^HOFloE ~ ] DFI ` E�IrB IqG L U GQGNIr+ ` E'B�U�bfGJEy^2O�^ M +FIZB M ^ M , M ^HOFloE[w[BJ, L IKpP^ `Z` ,�B�DFE
B�^zG �XG�^ M EmGNU M BQEHR bfGJIZOFlWBQDFEm^ LFLXM U LXM IK^HBQE7p M IZB�E M Iq^ \cU M B�DFE�GJE ` ESpvBQEHR G�p DXEHRhb ` IZOFl7^ ` lzU M IrBQD g
^2O RT^zGQGNIrloOFESR LFM IrU M IZBQIrEHG;pvUzOfGNESpvbFBQIrY[E ` ,WGJB�^ M BQIrOFlW^2B*UoOFE ~ � DFE�O-b g +fE M UH\ LFM IZU M IZBJ,WYo^ ` bFESG
GNb LFL U M B�EHR�+-,�B�DFE'GJ,FGJBQE g IqG bfGJbf^ `r` , ` I g IZB�EHR � 5 8 ^HOfR { ?�5 ^ M EypvU gtg UoO�Yz^ ` bFEHG ~ � O�U M RhE M
\cU M BQDXE GN,XGNB�E g B�UTE � pvIrEPOhB ` ,�G�p DFESRhb ` EW^HO%E ` IZloIr+ ` EmB�^oG � �'IZBQD0BQDFE7DFIrloDFESGNB LFM IrU M IrBJ,[whB�DFE
E ` IZloIr+ ` E*B�^oG �XG�^ M E LF` ^opvESR�UoOt^ LXM IZU M IrBN,Wi[bFEPbFE ~ A�G B�DFE'O-b g +fE M U2\ LFM IZU M IZB�IZEHGkIKG BJ, L IKpP^ `Z` ,
` I g IZB�EHR�B�UW^�G g ^ `Z` Ohb g +fE M wzIZB*IKG L U[G�GNIZ+ ` E�B�U�bfGJE�^HO�^ M�M ^P,T+ ^oGNESR LFM IrU M IZBJ, i[bFEPbFE ~ � ^op�D
E ` E g EPO-BfU2\fB�DFE#^ MQM ^P,�IqG
BQDFE*DFES^oR�UH\>^ � � � x ijbFE@bFE;\cU M BQDFE LFM IZU M IZBJ,�Yz^ ` bFE#pvU M�M EHG L UoOfRhIrOFl
BQUtBQDFE IrOfRhE � Yz^ ` bFE U2\#BQDXE�^ MQM ^P, ~ � ^zG �XG�U2\9^ L ^ M BQIqpvb ` ^ M�LFM IZU M IZBJ,aYz^ ` bFE�^ M E LF` ^opvEHR%UzO
BQDXE�^ LFLFM U LFM IK^2B�E � � � x ijbFE@bFE � GJEPE � IZlzb M E 8X~ � � ~

� DFE ^zRhYz^2O-B�^HloE�U2\*B�DFIKG'BJ, L E�UH\ LFM IrU M IrBJ,�ijbXEPbFE7IKG'BQDf^HB�IZByU 
>E M G�E � pvIZE@OhB@wFpvUzOfGNB�^2O-B
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� IZlzb M E 8F~ � � � � ^ gaLF` E�U2\ ^2O ^ M�M ^P,a+f^zGNEHR LFM IrU M IrBJ,ai[bFEPbFE ~

BQI g E%U L E M ^HBQIZUzOfG ~ � DFE_RhEHGJI M ^2+ ` E!U L E M ^HBQIrUoOfG�BQDFE LFM IZU M IZBJ, ijbFE@bFE!OFEPEHRXG B�U GNb LFL U M B
^ M E � gtL BJ,[w � O GNE M BPw ��E ` EPBQE w*^2OfR n ^ � � n IrO ~ ] IZB�D n ^ � � n IZO&w;B�DFE�^zpvBQbf^ ` U L E M ^2BQIrUoO
M ESijbFI M EHR�IKGyRhE L EPOfRhE@OhB'UzO%BQDXE�I gtLF` E g E OhB�^2BQIrUoO�U2\*B�DFE LXM IZU M IrBQIZESGvwhI ~ E ~ w[I \#G g ^ `r` E M O-b g �

+fE M G M E LFM ESGNEPO-B7DFIZlzDFE M�LFM IZU M IZB�IZEHG�B�DFEPO n IZO!IKG M EHijbXI M ESR
w
UoB�DFE M �'IKGNE n ^ � IqG�OFEHpvEHG�GQ^ M , ~
� DFE � gaL BN,!U L E M ^HBQIZUzO pP^HO +fE�I gaLF` E g EPO[BQEHR%IrO�pvUzOfGNB�^2O-B BQI g E +h,_GNI gaLF` , GNEH^ M p�DFIZOXl
EH^zp D ` EPY[E ` U2\mBQDXE�^ M�M ^P, \cU M ^%OXUoO � E gaL BJ, LFM IrU M IZBJ, ijbXEPbFE ~ � DFE0pvU GNB�\cU M B�DFIKGWGNEH^ M p�D
IKG'+fUobFO RhEHR%+-, B�DFE GJI �PE7UH\*BQDFE ^ M�M ^P,[w �'DFIKp�D!pvU MQM EHG L UoO RFG�BQU�BQDXE�O-b g +fE M UH\ LFM IZU M IZB�IZEHG
GNb LFL U M B�EHR ~ V�GJIZOFl ^!R-UobF+ ` , � ` IrO �[EHR ` IKGJB ^ `r` U��yG�BQDXE IrOfGNE M B ^HOfR R-E ` EPB�EaU L E M ^2B�IZUoO G B�U
+fEaGJb LFL U M BQEHR!IZO_pvUzOfGNB�^2O-B�B�I g E ~ � U M BQDFE�RhE ` EPB�E U L E M ^HBQIrUoO&w&BQDXETB�^oG �!+fEPIrOFl M E g U2Y[ESR
\ M U g BQDFEti[bFEPbFE�OFEPEHRXG B�U g ^HIZO-B�^HIZO ^ M Ev\cE M EPOfp E BQU%IrB�G7^oG�GNU-pvIq^2B�EHR OFU-RhE w UoB�DFE M �'IKGNE ^
GNES^ M p�D!IKG M ESijbFI M EHR ~ � IrOf^ `r` ,[wfBQDFE n ^ � � n IrO!U L E M ^HBQIrUoO&w
B�U ` U-pP^HBQE BQDXE�DFIrloDFEHGJB LFM IZU M IZBJ,
B�^zG �>w-pP^2Ot^ ` GNU7+fE�GJb LFL U M BQEHRTIrO�pvUoO GNB�^HOhB*B�I g E ~ku I g I ` ^ M B�U�B�DFE'IKR-EH^�+�E@DFIZOfR�B�DFE � gtL BJ,
U L E M ^2B�IZUoO�w ` IZOFEH^ MQ` ,�GNEH^ M p�DFIZOFl B�DFEW^ M�M ^P,T\cU M BQDXE�OFUoO � E gtL BJ,ai[bFEPbFE7UH\;DFIrloDFESGNB LFM IZU M IZBJ,
IKG#^�pvUzOfGNB�^2O-B�B�I g E'U L E M ^2B�IZUzO ~ ] DXI ` E g U M EyE � pvIZE@OhB;I gaLF` E g E@O[B�^2B�IZUzOfG;^ M E L U[G�GNIZ+ ` E�\cU M
BQDXEHGNE7U L E M ^2B�IZUoO GvwfBQDFE L UoIrOhB'IqG�BQDf^HB�^ `Z` BQDXE�U L E M ^HBQIZUzOfGy^ M EWpvUzOfGNB�^2O-B�B�I g E ~
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] IZB�D�^%R-,hOf^ g IKp LXM IZU M IrBN, G�p DXEHRhb ` IZOFl ^ ` lzU M IZBQD g w&DFU���EPY[E M wkGQp�DFEHRhb ` IZOFl0RhESpvIKGJIZUoO G�^ M E
BJ, L IKpP^ `Z` , + ^oGNESR UzO%B�DFEWpvb MQM EPO-B ` ,�^zpvBQIrY[E�B�^zG ��GJEPB ~ � O�BQDXIKG'pP^zGNE[wXGNU M BQIrOFlTB�DFE7B�^zG �XG'^2OfR
^oG�GNIrloOFIrOFl LXM IZU M IrBN, Yz^ ` bFEHG pvUzOfGNEHp bFBQIrY[E ` , GNB�^ M B�IZOFl_^2B UzOFE�IKG�I gtLFM ^zpvBQIqpP^ ` ~ � I M GNB@w;OFE �
B�^zG �XG�EPOhB�E M IrOFlaB�DFEaGJ,FGJBQE g g ^P,%OFE@EHR%BQU�+fETIrOfGNE M BQESR%+�E@B �#EPEPO!E � IKGJBQIrOFlaB�^zG �XG ~ � \#B�DFE
LFM IZU M IZB�IZEHGk^ M E�^zGQGNIrloOFESRTpvUzOfGNESpvbFBQIrY[E ` , wPBQDFEPO B�DFE LFM IZU M IZB�IZEHG&U2\�BQDFE'E � IKGJBQIrOFl�B�^zG �XG;OFEPEHR�B�U
+fE M E � GND-b��tEHR%BQU0^zpPpvU gtg U-RF^2B�E�B�DFIKG�OXE � B�^oG � ~ � b M BQDXE MQg U M E[w �'IZB�D ^ ` loU M IZB�D g GyGNbfp�D
^oG � � � w LXM IZU M IrBQIZESG OXEPEHR!BQU%+fE�p UoO-BQIZO-bf^ `Z` ,!b L RX^2BQESR ^oG�B�^oG �XG d OFIKGJD BQDFE@I M E � EHpvbFB�IZUoO
\cU M ^ L ^ M BQIqpvb ` ^ M'L E M IrU-R ~

� O!^oRXRhIZB�IZUoO!B�UaBQDXE�UHY[E M DXEH^oR�I gaL U[GJEHR +-, M EHi[bFI M IZOXlTB�DFE LFM IZU M IZB�IZEHG�UH\#BQDFE B�^oG �XG�B�U
+fE M ESpP^ ` pvb ` ^HBQEHR>woBQDFE M EyIKG*^ ` GNU ^ � � ��� � � � ��
�A�� ��� � ����
 ����� LXM Uo+ ` E g wzI ~ E ~ woB�DFE�Yz^ M IZUzbfG LXM I �
U M IZBJ,tijbFE@bFE7RF^HB�^ GNB M bfp BQb M EHG M EHi[bFI M EHR BQU�G�p DFESRhb ` EmBQDFEHGJE�B�^zG �XG g b GNB'^ ` GJU +�E7b L RF^HBQEHR ~
�;M IrU M IrBJ, i[bFEPbFEyRF^HB�^7GNB M bfp BQb M EHG*^ M Em^oG�GNU-pvIq^2B�EHR �'IZB�D BQDFE M ES^oRh,�i[bFEPbFE w[^oG ��E `Z` ^oG UzBQDFE M
DFIrloD � ` EPY[E ` pvUzOfGNB M bfpvB�Gvw ` I �[E g UoOFIrBQU M G&^2OfRWGNE g ^ L DFU M EHG w2B�Df^2B ^ M E g U-R-I d EHR�IrO�^ M ES^ ` � BQI g E
EPO-YhI M UzO g EPO-B*BQU E �-L EHRhIZB�E�BQDXE�E@OhB M ,aUH\*DFIZlzDFE M'LFM IZU M IZBJ,�B�^zG �XG � GNEPEWp�Df^ L B�E M {�� ~ V L RF^2B �
IZOXl�BQDXEHGNE LFM IrU M IZBJ,�ijbXEPbFEHG*^oG*B�^zG � LFM IrU M IrBQIrEHG*p Df^HOFloEmpP^HOa+fE�Y[E M , E �hL EPOfGJIZY[E'+fEHpP^HbfGNEmU2\
BQDXE'+ ` U-p �hIrOFl�B�Df^2B g ^P,7U-pPpvb M ^zG B�DFEy^ LXLFM U LFM Iq^2BQE ` U-p �XG ^ M Ey^zpPijbXI M ESR ~ A�G ��E `r` wzGNU g E'U2\
BQDXEHGNE�DXIZloD � ` EPY[E ` pvUzOfGNB M bfp B�G g ^P,�D ^SY[EmIZO-BQE M Of^ `fLFM IZU M IZBJ,�i[bFEPbFEHG*BQDf^HBypP^2OXOFUoB#+�E g U-R-I �
d EHR �'IZBQDXUobFB�\cb M BQDFE M p�Df^2OFlzEHG�BQU B�DFE7pvUzOfGNB M bfp BPwj\cU M E � ^ gaLF` E[w[pvUzOfRhIrBQIZUzO�i[bFEPbFEHG*IZOfGJIKRhE
g UzOFIZB�U M G ~ � DFIqG LFM Uz+ ` E g IKG�\cb M BQDXE M E � ^op E M +f^HBQEHR +�ESpP^2bfGJE�BQDFE �#U M GNB � pP^zGNE�E � EHpvbFB�IZUoO
BQI g E \cU M�g U-R-I \c,-IZOFl�B�^oG � LFM IZU M IZB�IZEHG ^2OfRTb L RX^2BQIrOFl BQDXE M EHijbXI M ESR LFM IrU M IrBJ,�ijbFE@bFEHGvw �'DFIqp D
pP^HO +fEaI gaLF` IqpvIeBy^2OfR DFIKRFR-EPO&w g b GNB�+fE�IZOfpvU MQL U M ^2B�EHR IZO-BQU�B�DFETE � EHp bFBQIrUoO!BQI g E ^HOf^ ` , �
GNIqG�U2\yB�DFE0GN,XGNBQE g!~ AmpPpvUobXOhB�IZOFl�\cU M BQDXEHGNEaUHY[E M DFEH^zRFG�pP^HO ` EH^zR BQU!UHY[E M�` , L EHGQGJI g IqGNB�IKp
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��U M GJB � pP^oGJE�E � EHpvbFB�IZUzOaBQI g EHGvw M EHRhbfpvIrOFl BQDXE�G�p DXEHRhb ` ^2+FI ` IZBJ, UH\ L UoB�EPO-BQIK^ ` B�^zG �0GNEPB�G ~
� DFE b L RF^HBQE LFM Uz+ ` E g ^zGQGNU-p IK^2B�EHR �'IrBQD%B�DFE LFM IZU M IZBJ,0ijbXEPbFEHG�p@^2O!+fE E ` I g IZO ^2BQESR +-,

OFUzBTbfGJIZOFl_^2O ^ MQM ^S,�+f^zGNEHR LFM IrU M IZBJ,�i[bFEPbFE ~ s*UoO GNIKR-E M DXU ��BQDFE LFM IrU M IrBJ, Yz^ ` bFEHG IZO ^
Rh,-Of^ g IKp7GN,XGNB�E g g IZlzDhByp�Df^2OXloE ~ � \#^TB�^oG �%IKG M E g UHY[EHRT\ M U g B�DFE�GN,XGNB�E g wFBQDXE LFM IZU M IZBJ,
Yz^ ` bFEHG g IZloD-B�+fE�^zR � bfGNB�EHR BQU M E g UHY[E B�DFETl ^ L IZO LFM IrU M IrBQIrEHG�+FbFB�B�DFEaU M RhE M IZOFl0U2\yB�DFE
M E g ^2IrOFIZOFl�B�^oG �XG�IKG7bFOfp�Df^2OXloEHR ~ u I g I ` ^ M�` ,[w
Ie\y^%B�^oG �_IKG�^zRFRhEHR B�U%BQDXE�GN,XGNB�E g w �'DXI ` E
BQDXE LFM IZU M IZB�IZEHG�UH\*BQDFE pvb M�M EPO-B�B�^oG �FG g ^P,aOFEPESR BQUtGNDXI \cByIZO%U M RhE M B�U�^opPp U gag U-RX^2BQEmBQDFIqG
OFE � LFM IrU M IZBJ,[woB�DFE M E ` ^2B�IZY[E#U M R-E M IrOFl�UH\&BQDXE�pvb MQM E@OhB*B�^zG �tGNEPB M E g ^2IrOfG bFO p Df^HOFloESR ~ A ` GJUFw
^oG�BQDFE ^zRFRhEHR B�^oG � Df^oG�OFUoBa+fEPlzbFO E � ESpvbFBQIrOFlFw#IZB�Df^oGTOXUoBa,[EPB�+fEPEPO LF` ^opvESR UoO ^HOh,
LFM IZU M IZBJ, i[bFEPbFEHG ~ � O +fUoBQD�UH\yBQDFEHGJE�pP^zGNEHG w;BQDFE M E ` ^2B�IZY[E U M RhE M IZOFl0U2\mBQDFE�B�^zG �XG�UoO B�DFE
Yz^ M IZUob G LFM IrU M IrBJ, i[bFEPbFESG M E g ^2IrO!bFOfp�Df^2OFlzEHR ~ A LFM IrU M IZBJ, ijbXEPbFE�RF^HB�^!GJB M b pvBQb M E�BQDf^HB
^ `r` U��yG;BQDFEy^zpvBQb ^ ` �[EP,�Yz^ ` bFEHGkBQUWp D ^2OFlzE M E ` ^HBQIZY[E#BQU7UoOXE�^HOFUoB�DFE M �'IZB�DFUobFB M EHijbXI M IrOFl�B�DFE
RF^HB�^�GNB M bfpvB�b M E7BQU�+fE�b L RF^HBQEHR�IKG g U M EW^ LXLFM U LFM Iq^2BQE7\cU M Rh,-Of^ g IKp LXM IZU M IrBN,tGQp�DFEHR-b ` IrOFlFw
\cU M E � ^ gaLF` E[wfBQDFEaDXEH^ L ^ LFL EH^ M IZOFl0IZO � IZlzb M E 8F~ { ~ � O B�DFIKG�E � ^ gaLX` E[w&R-EHG L IrBQE�BQDFE \ ^op B
BQDXE�^zpvBQb ^ `kLFM IrU M IrBJ,TYz^ ` bFEHGy^oG�GNU-pvIq^2BQESR �'IZB�D%B�DFE7B�^oG �FGyp�Df^2OFlzE[wFBQDXEPI M U M RhE M IZOFl M E g ^HIZOfG
pvUzOfGNIqGNBQE@OhB@w I ~ E ~ w � � w � �vw � � w � 	Pw ��� w � � wk^2OfR ��� ~t� EPOfp E[w
BQDXE U M R-E M IrOFl�U2\yBQDXEHGNE B�^oG �XG
UoO BQDXE!DFEH^ L ^ ` GNU M E g ^2IrOfGTp UoOfGJIKGNB�EPO-B ~ ] DFI ` E!bfGNIrOFl�^ LFM IrU M IZBJ, ijbFE@bFE!BQDf^HB0^ `Z` U��yG
BQDXEa^zpvBQbf^ ` Yz^ ` bFEHG�U2\yB�DFE �[EP,FG�B�U%p�Df^HOFloE �'IrBQDFUzbFB M EHi[bFI M IZOFl�^HO b L RF^HBQE g ^P, M EHGJU ` Y[E
BQDXE i[bFEPbFEWGN,-Ofp�D M UzOFI �S^2BQIrUoO LFM Uo+ ` E g whIrByRhU[EHG�OXUoBm^oRFR M EHGQGyBQDFE LFM Uz+ ` E g BQDf^HB�B�DFE�B�^oG �
LFM IZU M IZBJ,�Yo^ ` bFESG g ^P,T+fEWpvUoO-BQIrOhb ^ `Z` ,ap�Df^HOFloIrOFl ~

xyOFE L U GQGNIr+ ` E_GNU ` bFB�IZUzO B�U B�DFE_GNDFIe\cBQIZOXl LFM IrU M IZBQIrEHG LFM Uo+ ` E g IqGaBQU ^oG�GNIZlzO LFM IZU M IZBJ,
Yz^ ` bFEHG�BQDf^HB7RhU0OFUoB�OXEPEHR!BQU�p�Df^2OXloE �'DFEPO OFE � B�^zG �XG E@OhB�E M BQDXE�GN,XGNBQE g!~ � DXE EH^oGJIZEHGJB
GNU ` bFB�IZUzO!IKG�B�U%GJI gaLX` ,�G L ^opvE UzbFB7BQDFE LXM IZU M IrBQIZESG UH\�B�DFE B�^zG �XG7pvb MQM EPO-B ` ,tIZO!BQDXE�GN,XGNBQE g!~
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� IZlob M E 8F~ { � � � ^ gtLF` EyU2\ M E ` ^HBQIrY[E�U M RhE M IZOFl IrO0^ DFES^ L&~

� U M E � ^ gaLF` E[w M ^2B�DFE M BQDf^HO�^oGQGJIZlzOFIZOFl LFM IrU M IrBQIrEHG&pvUoO GNEHpvbXBQIZY[E ` ,[w@GNbfp�DW^oG � w[{hw 6 w2E@B�p ~ w2B�DFEP,
^ M E'G L ^opvESR�UobFBkUHY[E M B�DFE�E@OhB�I M E M ^2OXloE[w-GNb p DW^oG ? w � |hw � ? woEPB�p ~ � DXIKG;G L ^opvIrOFlm^ `Z` U��yG B�^oG �XG
EPO-BQE M IZOFlWBQDFEWGJ,FGJBQE g BQU +fEW^oG�GNIZlzOFEHR LFM IrU M IrBJ, Yo^ ` bFESG�+�E@B �#EPEPO�p b MQM EPOhB ` , E � IKGJBQIrOFl�B�^oG �XG
�'IZB�DFUobXB OFEPEHRhIrOFl%B�U M E � GND-b��aEtBQDFEaE � IqGNBQIrOFl%B�^oG � LFM IrU M IZBQIrEHG ~ V�O-\cU M B�bFOf^HBQE ` ,[w*G L ^zpvIZOXl
UobXB'BQDFE LXM IZU M IrBN,�Yz^ ` bFEHG�p@^2OFOFUzBypvU gtLF` EPB�E ` ,WE ` I g IZO ^2BQE#BQDFEmOFEPEHRTB�U M E � GND-b��tE LFM IZU M IZB�IZEHG
+fEHpP^HbfGNEaB�DFE�G L ^opvESG�+�E@B �#EPEPO BQDFEtB�^oG �FG g ^S,0EPY[EPO-BQbf^ `Z` ,%+fEHpvU g E \cb `Z` ~ � b M B�DFE M�g U M E[w
BQDXIKG�GJU ` bFBQIrUoO�RhU[ESG�OFUoB9^oRFR M EHGQG�B�DFE LFM Uz+ ` E g U2\kB�^oG �FG LFM IrU M IrBQIrEHG*GNDFIe\cBQIZOXl ^oG L ^ M B#U2\kB�DFE
GQp�DFEHR-b ` IrOFl ^ ` loU M IrBQD g!~

A�OFUzBQDFE M GNU ` bFB�IZUoO IKG7BQU ^oGQGJIZlzO B�^zG � LFM IrU M IrBJ,!Yo^ ` bFESG�+f^zGNEHR UzO BQDXEa^zpvBQbf^ ` p�Df^ M ^op �
BQE M IKGJBQIqpPG b GNEHR%B�UaU M RhE M BQDFEWB�^zG � GNE@B ~ � U M E � ^ gaLF` E wFI \ � � � GQp�DFEHRhb ` IZOXlTIqG�bfGNESR
w
BQDXEPO
M ^HBQDFE M BQDf^HO GJU M BQIZOXl!BQDFEaB�^oG �FG ^zpPpvU M RhIZOXl%BQU!B�DFEPI M RhEH^zR ` IrOFEHGW^2OfR BQDXEPO�^oG�GNIrloOFIrOFl ^HO
^ M BQI d pvIK^ ` O-b g +�E M +f^zGNEHR UoO BQDFIqG�U M RhE M IrOFlFw#^oG�GNIrloO B�DFE0^opvB�bf^ ` R-EH^oR ` IZOFE�Yz^ ` bFE�^zG B�DFE
LFM IZU M IZBJ,%UH\yBQDFEtB�^oG �
wkE ~ l ~ w&I \9B�^zG � � � D ^oG�R-EH^oR ` IZOFE � 6 ^2OfR B�^oG � � ��Df^zG�RhES^oR ` IZOFEt{ : w
BQDXEPO � � IqG'^oG�GNIZlzOFEHR LFM IZU M IZBJ, � 6 ^2O R � ��IKG'^zGQGNIrloOFESR LXM IZU M IrBN,t{ : ~ � B#IKG�GJBQI `Z` R-EHGNI M ^2+ ` E�B�U
` I g IZB'B�DFE�Ohb g +fE M U2\yR-I 
>E M E@OhB LFM IZU M IZBJ,�Yz^ ` bXEHG7^oGQGJIZlzOFEHR B�U%^�Yz^ ` bXE ` I �[E { ?�5 w +FbFB7B�DFE
^op BQbf^ `�LFM IZU M IZB�IZEHG7pP^HO M ^HOFloEaUHY[E M ^ g bfp�D ` ^ M loE M GJEPB�UH\�Yz^ ` bFEHG ~ � , L IqpP^ `r` ,[w �'IZBQD_BQDFIqG
BJ, L E7U2\ GQp�DFE g E[w[BQDFE7O-b g +fE M UH\ LFM IrU M IZBQIrEHG�^zGQGJIZloOXEHR IqG'G L ^ M GNE pvU gtL ^ M EHRTBQU B�DFEWGNI��PE7U2\
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BQDXE M ^2OFlzE ~
] IZB�D BQDFE � � � GQp�DFEHRhb ` IZOFlm^ ` loU M IZB�D g wz^oG;^yB�^oG � � G;RhEH^zR ` IrOFE�IqG IrOfRhE L EPO RhEPO-B UH\
UzBQDFE M

B�^zG �XGTIZO BQDFE GJ,FGJBQE g w OFE � B�^zG �XG E@OhB�E M IrOFl!BQDFE GJ,FGJBQE g pvUzb ` R�+fE ^oGQGJIZlzOFEHR LFM IZU M IZB�IZEHG
�'IZB�DFUobXB7^ 
>EHpvB�IZOFltBQDFE LFM IrU M IrBQIrEHG UH\#BQDFEWE � IqGNB�IZOFl�B�^zG �XG ~ � DFIqG IrOfRhE L EPOfR-EPOfpvEWIKG'BN, L IqpP^ `
U2\ BQDFE*B�^zG � L ^ M ^ g EPBQE M G
bfGNESR B�U g ^��[E*G�p DFESRhb ` IrOFlyRhEHp IKGNIrUoOfG ~ � b M BQDXE MQg U M E[w �'DFEPO ^ B�^oG �
RhU[EHG M EHijbXI M E*IrB�G LFM IZU M IZBJ,�B�U�+fE'b L RF^2B�EHR
w[BQDXIKG b L RF^HBQEypP^HO +fE L E M \cU M�g EHR7IZOfRhE L E@OfRhEPO-B ` ,
U2\kB�DFEyUoBQDXE M B�^oG �XG IrOTB�DFE7GJ,FGJBQE g!~ � U M E � ^ gaLF` E[w��'IZBQDtBQDFE � � � GQp�DFEHR-b ` IrOFlW^ ` lzU M IZBQD g w
^ B�^oG � � G LFM IZU M IZBJ, pP^HO +fE�p D ^2OFlzEHR(B�U M E � EHpvB�IrB�G�OXE � RhEH^zR ` IrOFEa^P\cBQE M IrB pvU gaLF` E@BQEHG'IZB�G
E � EHpvbFB�IZUzO(\cU M BQDXEapvb MQM E@OhB L E M IrU-R �'IZB�DFUobXB ^ 
>EHp BQIZOXl%BQDXEaRhES^oR ` IZOFEHG w;^HOfR IZO BQb M O B�DFE
LFM IZU M IZB�IZEHG whU2\ ^2O-,aUoB�DFE M B�^zG �XG IrO�BQDFEWGN,XGNB�E g w-E ~ l ~ whIe\;B�^oG � � � ^2OfR�B�^zG � � � \ M U g ^2+fUHY[E
^ M E L E M IZU-RhIqp B�DFEPO�^HB*BQI g Ey| B�DFEPI M LXM IZU M IrBN,WIKG7� � 6 wf{ : ��wX^2B*BQI g E � 6 BQDFE@I M;LFM IZU M IZBJ, IqG1� { 5 w
{ : ��wk^2B7B�I g EW{ 5 B�DFEPI MyLFM IZU M IZBJ,�IKG�� 6 � w;{ : ��wk^2BmBQI g E�{ : BQDFEPI M�LFM IZU M IZBJ,�IKG�� 6 � w ?18 ��w E@B�p ~
] DFI ` E�B�DFE�I gaLF` IKpvIeB LFM IZU M IZBJ,[wfI ~ E ~ wfBQDXE M E ` ^2BQIrY[E�U M RhE M IZOFlXw&U2\#BQDFE M E g ^2IrOFIZOFl�B�^zG �XG g ^P,
IZO p M EH^zGNE �'DXEPO�BQDFEaDXIZloDXEHGNB LFM IZU M IZBJ,!B�^oG � d OFIKGJDFEHG�IrB�G�E � EHp bFBQIrUoO&wkBQDFE�^zpvBQb ^ `'LFM IZU M IZBJ,
Yz^ ` bFEHG \cU M BQDXEHGNE7B�^zG �XG M E g ^HIZOtpvUoOfGJB�^HOhB ~

� DFE LFM Uo+ ` E g �'IZBQD�BQDXIKG�G�p DXE g E'IKG*BQDf^HB�B�DFE M EmIKG*^ L U[GQGJIZ+FI ` IrBN, UH\kUHY[E M �fU�� I \kBQDXE7^op �
BQb ^ `FLFM IZU M IZBJ,�Yz^ ` bFEHGkBQEPOfR7BQU�+fEHp U g E ` ^ M lzE M UHY[E M BQI g E ~ � DXIKG LFM Uo+ ` E g pP^2O +fE g IrBQIrl[^2B�EHR
EPIrBQDFE M +-, L E M IZU-RhIqpP^ `r` , M EHRhbfpvIrOFl ^ `Z` B�^oG � LFM IZU M IZB�IZEHG;+-,a^HO ESijbf^ ` ^ g UobFO-B*U M +-,Tb GNIZOXl�^
` ^ M lzE�EPOFUzbFloD O-b g +fE M U2\#+-,hB�EHG B�U g ^��[E7BQDFIqG LXM Uo+ ` E g IZO-\cEH^oGJIZ+ ` E ~ � U M E � ^ gaLF` E w �'IZB�D
� � � I \ BQDFE RhEH^oR ` IZOXEHG'^ M E�G L EHpvI d EHRTIZO g IKp M U[GJEHpvUoO RFGvw-BQDFEPO ^ 518 +FIZB'Yz^ ` bFE7IKG#GNb�� pvIZE@OhB
� ^HOfR LXM ^op BQIKp@^ ` �'IrBQD�OFE �#E M Df^ M R �9^ M E �'^zG UzO ` , L U GNIZB�IZY[E LXM IZU M IrBN,�Yz^ ` bFEHG'^ M E�OFE@EHRhEHR ~

� U���EPY[E M wHBQDFEmGNI gaLF` E wHpvUoOfGJB�^HOhB*BQI g E'^ MQM ^S, + ^oGNESR LFM IZU M IZBJ, ijbFE@bFE'IKG;I gtLFM ^zpvBQIqpP^ ` \cU M
^2O-,!U2\9BQDFESGNE�GQp�DFE g EHG ~ � DFEtG L ^zpvE M EHi[bFI M E g EPO[B�G \cU M BQDFEt^ M�M ^P,!+f^zGNEHR LFM IrU M IZBJ,!i[bFEPbFE
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UHY[E M ^ ` ^ M loE M ^2OXloE�^ M E�I gaLFM ^zpvBQIqpP^ ` w[EHG L EHpvIq^ `r` ,a+fEHpP^HbfGNEWBQDFESGNE LFM IrU M IZBJ,�i[bFEPbFEHGypP^HO%+fE
^oG�GNU-pvIq^2B�EHR �'IrBQD�Yz^ M IrUobfG'DFIrloD � ` EPY[E ` pvUzOfGNB M bfpvB�G ~

A LFM IZU M IZBJ, i[bFEPbFE RF^2B�^ GNB M bfpvB�b M E!B�Df^2B GNb LFL U M B�G�pvUzOfGNB�^2O-BaBQI g E�U L E M ^2BQIrUoOfGt^2OfR
pP^HO B�^ �[Ea^zRhYz^2O-B�^2lzE�U2\mBQDFEtG L ^ M GJE O ^2BQb M EaUH\yBQDFE LXM IZU M IrBQIZESG b GNEHR bXOfRhE M BQDFIqG�G�p DXE g E
IKG g U M E7^ LFLFM U LFM Iq^2B�E ~ n ^2DFEHGJD �9^ M I � 6;: � L E M \cU M�g EHR�^TBQDXU M UzbFloD!E@Yo^ ` bf^HBQIrUoO%UH\ LFM IZU M IZBJ,
i[bFEPbFE�RX^2B�^ GNB M bfp BQb M EHG�BQU_RhEPB�E MQg IrOFE �'DFIKp�D�^ ` loU M IZB�D g GW^ M E0^ LFLFM U LFM Iq^2B�E \cU M ^ M ES^ ` �
BQI g E�E@OhY-I M UoO g E@OhB ~ � IKG M EHGJb ` B�G IrOfRhIqpP^2B�ETB�Df^2B M IZOXl[Gvw&DFES^ L G w � � B M EPESG�^HOfR +FIrB7Y[EHpvBQU M G
^ M E g U GNB'GJbFIZB�^2+ ` E�\cU M ^ M EH^ ` � BQI g E'EPO-YhI M UoO g EPO-B ~ � DFEHGJE7^ ` loU M IZB�D g G*^ M E�p UoOfGJIKRhE M EHR \cU M
BQDXEPI M ^ LFLF` IqpP^2+XI ` IrBJ, BQU BQDXE LXM IZU M IrBN,tGQp�DFE g E�RhESGQp M IZ+fEHR�^2+fUHY[E ~

 �� 
 3

A M IrOFlT+ ^oGNESR LFM IZU M IZBJ,tijbFE@bFE[wFIKG'^�pvI M pvb ` ^ M#` IKGJB'U2\ LXM IZU M IrBN,�U M RhE M EHR OFU-R-EHG ~ ] DXI ` EmBQDFIqG
` IqGNBWpP^HO +fEaI gaLX` E g EvO-BQESR �'IZB�D E@IZBQDXE M ^ MQM ^P,FG7U M�L UzIZO-BQE M Gvw \cU M +fEPB�BQE M7L E M \cU MQg ^HOfpvE IrB
GNDXUob ` RT+fE7RhUobX+ ` , ` IZO �[EHR ~ VyOh\cU M BQbFOf^HBQE ` ,[w-RhEHG L IZB�E�B�DFE \ ^zpvB�B�Df^2B n ^ � � n IrOTIqG�pvUzOfGNB�^2O-B
BQI g E[w-I ~ E ~ whB�DFE d M GNBmE ` E g EPOhB*IrO%BQDXE ` IqGNB@wFIZOfGJE M Bm^2OfR0RhE ` EPBQE7Df^PY[ETx �cO/� �#U M GNB � pP^zGNE E � E �
pvbFB�IZUzO!BQI g E[w �'DFE M E�O!IKGyBQDFE O-b g +�E M U2\#OFU-RhEHG ~ � DFIqG L E M \cU MQg ^HOfpvE�IqG OXUoBW^opPp E L B�^H+ ` E
\cU MyM ES^oGNUzOf^2+ ` EWGNI��PEHR�ijbXEPbFEHG ~

� !$#���3

A +FIrOf^ M , DFEH^ L � 5;: � +f^zGNEHR LFM IZU M IZBJ,_ijbXEPbFEaIqG ^!pvU gaLX` EPB�E +FIZOf^ M , B M EPE GQ^2B�IKG \c,hIrOFl%B�DFE
LFM U L E M BJ,!B�Df^2BWEPY[E M , L ^ M E@OhB7OFU-RhEtDf^oG7DFIZlzDFE M�LXM IZU M IrBN,0BQDf^HO IZB�G�p�DFI ` R M E@O ~ A DFES^ L IqG
BJ, L IKpP^ `Z` ,WI gaLX` E g E O-BQEHR7bfGNIrOFl�^2O0^ M�M ^P,[w �'IrBQDaB�DFE M U[UzB�UH\;B�DFE�B M EPE7^zG�BQDFE dfM GJB'E ` E g EPOhB
U2\ BQDFE0^ M�M ^P, ~ ] IZB�D ^!DFEH^ L w n ^ � � n IZO IqG pvUoO GNB�^HOhB�BQI g E[wkI ~ E ~ w;BQDXE d M GNB�E ` E g EPO-B7U2\
BQDXE�^ MQM ^P,[w&^2O R%IZOfGJE M Bm^2OfR RhE ` EPBQE7Df^PY[Eax � ` lTO�� ��U M GNB �Jp@^oGNE�E � EHpvbFB�IZUzO%BQI g E ~ � ��p IZEPO-B
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I gtLF` E g EPO-B�^HBQIeUoOfG;,-IZE ` RhIZOXl M ES^oGNUzOf^2+ ` ,�loU[U-R L E M \cU MQg ^2OfpvEmE � IqGNB�\cU M DFEH^ L G ~

� ' ����!$!&3

A � � B M EPE � 6;: � p@^2Oa+fE7YhIrE ��ESRT^zG'^2O�E � BQEPOfGJIZUzOaU2\ ^�DFEH^ L&~ A � � B M EPE�IKG#^ ` GNU�^ pvU gaLF` E@BQE
+FIrOf^ M ,%B M EPE[wf+FbFB�B�DFE ` EH^PY[EHGy^ M E B�DFE�E ` E g E@OhB�G U2\9BQDFE LFM IrU M IZBJ,0ijbFE@bFE ^HOfR(B�DFE�IrOhB�E M IrU M
OFU-RhESGm\cU MQg ^ +XIZOf^ M ,!R-EHpvIKGJIZUzO%B M EPE ~ � O ^ � � B M EPE[w>EPY[E M , L ^ M EPOhBmOFU-RhE�IKG�^zGQGNIrloOFESR(B�DFE
DFIrloDFE M Yz^ ` bFE'U2\�IZB�G B ��UWp DXI ` R M EPO ~ A � � B M EPEmpP^2Ot^ ` GNU7+fE�I gaLF` E g EPO[B�EHR7^oG*^2Ot^ M�M ^P, �'IZB�D
BQDXE M U[UoB�UH\*BQDXE�B M EPEW^zG�BQDFE dfM GNByE ` E g EPO-B UH\*BQDXE�^ MQM ^S, ~ A�G'E ` E g EPO-B�G*^ M E7IZOfGJE M B�EHR�^2OfR
RhE ` EPBQESR \ M U g BQDFE ` EH^PY[EHG�U2\mBQDFE � � B M EPE w BQDXEHGNE�p�Df^HOFloEHG ^ M E LXM U L ^2l[^HBQEHR�b L B�DFEaB M EPE ~
A�l ^2IZO�w n ^ � � n IZO_IKG pvUzOfGNB�^2O-B BQI g E[w&I ~ E ~ w&BQDFE dfM GNBWE ` E g EPOhBmU2\mBQDFE�^ MQM ^S, w*^2OfR�IZOfGJE M B
^2O R%RhE ` EPBQEmDf^PY[E�x � ` l O�����U M GNB �JpP^zGNEWE � ESpvbFBQIrUoOaB�I g E ~ A�pPp U M R-IZOFlWBQU n ^2DFEHGJD �9^ M I � 6;: � w
BQDXE L E M \cU M�g ^2Ofp E�UH\ � � B M E@EHG'^ M E�GJI g I ` ^ M BQU�BQDFE L E M \cU M�g ^2O pvE�U2\ DFEH^ L GvwF+XbFByGNU g E �'Df^HB
\ ^oGJBQE M@~ � U���E@Y[E M w � � B M EPEHG M EHijbXI M E0^H+�UzbFBaB �'IKp E�^oG g bfp�D GJBQU M ^2lzE ^oG DFEH^ L Ga^2O R ^ M E
GNU g E �'Df^HB g U M E7pvU gaLF` IqpP^2B�EHR BQU I gtLF` E g EvO-B ~

� �(��' � !$���1�2��3

	#^ M IZUob G BJ, L EWU2\*+XIZB'Y[EHpvB�U M G E � IKGJB ~ � DFEP,0pP^HO M ^HOFloE�\ M U g ^�GNI gtLF` E�+XIZB g ^ L B�U�^
	�^HO
� g RhE � U[^zG � 518 � LXM IZU M IrBN, ijbFE@bFE ~ � DXE'GNI gaLF` E +XIZB g ^ L bfGNb ^ `Z` ,WpvUoOfGJIKGJB�G UH\&^mGNE L ^ M ^HBQE'+FIrB
Y[EHpvB�U MyM E LXM EHGJEPOhB�IZOFl�BQDXE�ijbFE@bFE�\cU M EH^op�D LFM IZU M IZBJ, ` EPY[E ` ^2OfR%EH^zp D!B�^oG �%+fEPIZOXl�^oG�GNIZlzOFEHR
^ L ^ M BQIqpvb ` ^ M +XIZB�IrO!EH^op�D!+FIZByY[EHpvB�U M@~ ] IZBQD!+XIZB � Y[EHpvB�U M ^ ` loU M IZB�D g Gvw�^2B ` EH^oGJB�UoOFE +XIZB�IqG
^ `r` U-pP^HBQEHRT\cU M EH^zp D�E ` E g EPO-B;IrO B�DFE M ^HOFloE ~

� DFE GNbF+ GNEHi[bFEPO-B!^HOf^ ` ,FGJIKG%Yz^ M IZEHG0G ` IrloD-B ` , \ M U g BQDFE�^HOf^ ` ,FGJIKG%lzIZY[EPO IZO n ^2DXEHGND �
�'^ M I � 6;: � ~ � DFE�+FIrlolzEHGNBmp D ^2OFlzE�IKG�B�Df^2B'B�DFE7E ` E g EPOhB�G U2\ BQDXE LXM IZU M IrBN,�i[bFEPbXEHG LFM ESGNEPO-BQEHR
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� IZlzb M E 8X~ 6 ��V�GJIZOFl � � � x ijbXEPbFEHG'^zG E ` E g EPO-B�GkU2\*B�DFE7DFEH^ L�~

IZO n ^2DFEHGJD �9^ M I � 6@: � ^ M EmOFU-RhEHG M E LXM EHGJEPOhB�IZOFl7B�DFE7^op BQbf^ ` B�^zG �XG ~ � DFE LFM Uo+ ` E g �'IZBQDtBQDFIqG
^ LXLFM U ^op�D!IKG�BQD ^2B�B�DFE7+�UzbFOfRFG LFM EHGJEPO-BQEHRT\cU M BQDXE ^ ` loU M IZB�D g G'^ M E�+ ^oGNESR UoO!O�w �'DFE M EWO
IKG'BQDXE�O-b g +fE M U2\#B�^zG �XG ~ A `r` U��'IZOFl B�DFE GJ,FGJBQE g BQU�GJb LFL U M B7^2O ^ M +FIrB M ^ M ,[wfU M ^2B ` EH^zGNBm^
` ^ M lzE�O-b g +fE M UH\;B�^oG �XGvw>pP^HO M EHGNb ` B'IZO ` ^ M lzE ��U M GNB �JpP^zGNEWE � ESpvbFBQIrUoOaB�I g ESG ~

n ,0^ LFLFM U[^zp D!IqG +f^zGNEHR�UoO ^HO!IKRhEH^ GJI g I ` ^ M BQU�BQDf^HB LFM ESGNEPO-BQEHRT\cU M B�DFE ^ MQM ^P,0+f^oGJEHR
LFM IZU M IZBJ,0ijbXEPbFE ~ � ^HBQDFE M BQDf^HO!bfGNIrOFlaBQDXE E ` E g EPOhB�G IrO%BQDXE LFM IrU M IrBJ,%i[bFEPbXE�BQU M E LFM EHGNE@OhB
B�^zG �XGvw-BQDFEP, M E LFM EHGJEPO-B � � � x ijbFE@bFEHG \cU M ^ L ^ M BQIKp b ` ^ M�LFM IZU M IZBJ, ` E@Y[E ` ~ � D-bfG whBQDXE M E�IqG;E � �
^op B ` ,WUoOFEyOFU-RhEyIZO�BQDXE LFM IrU M IrBJ, i[bFEPbFE�\cU M ES^op�D LFM IrU M IrBJ, ` E@Y[E ` wz^2OfR B�^zG �XG*^ M Em^oRXRhEHR�^2OfR
M E g UHY[EHR�\ M U g BQDFE ^ LFLFM U LFM IK^HBQE � � � x i[bFEPbFE � GJEPE � IZlzb M E 8F~ 6 � ~ � DFEW^zRhYz^2O-B�^2lzE7U2\ BQDFIqG
^ LXLFM U ^op�D IKG�B�Df^2B7B�DFE �#U M GNB � pP^zGNE�E � ESpvbFBQIrUoO!B�I g EHG�\cU M B�DFE LFM IrU M IZBJ,!i[bFEPbFE U L E M ^HBQIZUzOfG
^ M E�+f^zGNEHRaUoO�B�DFE7Ohb g +fE M UH\ LFM IZU M IZB�IZEHG*^HOfRaOFUoB'UzO B�DFE�O-b g +�E M UH\;B�^oG �FG ~ � , L IKpP^ `Z` ,[w-^
GN,XGNB�E g GNb LFL U M B�Gy^�G g ^ `r`Fd�� ESRTOhb g +fE M UH\ LXM IZU M IrBQIZESG +XbFBypP^2O GNb LFL U M Bm^ ` ^ M lzE�O-b g +fE M
U2\yB�^oG �FG ~ � DFE ��U M GJB � pP^oGJE E � EHp bFBQIrUoO!BQI g E[w
IrO B�DFIKGWpP^oGJE[w IqG7^%G g ^ `Z` w d�� ESR(Yz^ ` bFEt^2OfR
g bfp D�+fEPBQB�E M GNbXIZBQESRt\cU M ^ M EH^ ` � B�I g EmGN,XGNB�E g!~

� OTB�DFE7pP^zGNEHG �'DFE M E�BQDXE�G�p DFESRhb ` IrOFl7^ ` loU M IrBQD g M EHi[bFI M EHG ES^op�DTB�^oG ��BQUWDf^PY[E�^7bFOFIqijbFE
LFM IZU M IZBJ,[w[bfGJIZOFl B�DFE � � � x i[bFEPbXEHG�^zG�BQDFE�OXU-RhEHG'UoO�BQDFE LFM IrU M IrBJ,ai[bFEPbFEmIKG�G ` IrloD-B ` , g U M E
E �-L EPOfGNIrY[E�BQD ^2O%b GNIZOXlTB�DFEW^opvB�bf^ ` B�^zG �XG ~ � \ B�^zG �XG�RhU�OFUoByDf^PY[E�bFOXIKi[bFE LFM IrU M IrBJ,TYz^ ` bFEHG w
BQDXIKG g EPBQDXU-R�^ ` GNU�D ^oG B�DFE'^zRhYz^2O-B�^2lzE�B�Df^2B IZB&IKG�� 
 ����� ��w[I ~ E ~ wH^ `r` B�DFE�B�^oG �FG \cU M ^ L ^ M BQIKp b ` ^ M



��� { ����������	 
 � � ��
 ������� � � � � ��� 	�� ��� ����� ����� � ��� 	 
 � ��� ��� �

LFM IZU M IZBJ,�Yo^ ` bFEW^ M E LFM U-p EHGQGJEHR IrO � � � x U M RhE MP~ ] DXEPO�BQDFEW^op BQbf^ ` B�^oG �FGy^ M E7bfGNEHR�^zG B�DFE
E ` E g EPO-B�G UH\;B�DFE LFM IrU M IZBJ,�ijbXEPbFE[w-BQDFEPO g ^HOh, UH\;B�DFE LFM IrU M IZBJ,ai[bFEPbXE7^ ` loU M IZB�D g G�^ M E7OFUzB
GNB�^2+ ` E ~

� O B�E MQg G�U2\*B�DFE LFM IrU M IrBJ,ai[bFEPbFEWRF^HB�^aGJB M bfpvBQb M EHG'RhESGQp M IZ+fEHR�^2+fUHY[E[wfOFUoBm^ `r` U2\*B�DFE g
^ M E ^ LFLFM U LFM Iq^2B�E�\cU M bfGNE �'IZBQD0BQDFE RhEHG�p M Ir+�ESR LFM IZU M IZBJ,�G�p DFE g E ~ � I M GNB@wFBQDFE�x �5O/� ��U M GNB �
pP^zGNE�E � EHp bFBQIrUoO�B�I g Ek\cU M;M IZOFl G E ` I g IrOf^2B�EHG�B�DFIKG RF^2B�^�GNB M bfpvB�b M E*\ M U g p UoOfGJIKRhE M ^2B�IZUoO �'DXEPO
g U M E BQD ^2O�^0G g ^ `Z` O-b g +�E M U2\ LFM IZU M IZB�IZEHGm^ M E GNb LFL U M BQESR ~ AmG �#E `Z` w&BQDFEtG L ^ M GJEabfGQ^HloE
U2\ BQDFE ` ^ M lzE LFM IZU M IZBJ, M ^2OXloEHG0^oGQGJU-pvIK^HBQEHR �'IZBQD BQDXIKG�GQp�DFEHRhb ` IZOXl BQEHp�DFOFIqijbXE g ^ �[E%+FIrB
Y[EHpvB�U M G I gaLFM ^opvB�IKpP^ ` +fEHpP^2b GNE�^HB ` EH^zGNB�UzOFEa+FIrB g bfGNB7+fE�^ `Z` U-p@^2BQESR(\cU M EPY[E M ,%Yz^ ` bFEaIrO
BQDXE M ^HOFloE ~ � DFE M Ev\cU M E[wh+XIZB�Y[ESpvBQU M G�^ M EW^ ` GNU E ` I g IrOf^2B�EHR�\ M U g p UoOfGJIKRhE M ^2B�IZUoO0RhbXE�BQU B�DFE
` ^ M lzE g E g U M , M ESijbFI M E g EPO[B�G&U2\ BQDFESGNEm^ ` lzU M IZBQD g G ~ � DhbfG whIrB �#Uob ` RaGNE@E g BQDf^HB�DFES^ L G�U M
� � B M EPEHG'^ M E�B�DFE7+�ESGNByp�DFUoIqpvEHG \cU M I gaLF` E g E@O[BQIZOXl�B�DFEWRhEHG�p M Ir+�ESRaGQp�DFEHRhb ` IZOXl BQEHp�DFOFIqijbFE ~
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� U M BQDXE �ks���� I gaLF` E g E@OhB�^2B�IZUzO&w2DXEH^ L +f^oGJEHR LFM IrU M IrBJ, i[bFEPbFEyRF^HB�^WGNB M bfpvB�b M EHG �#E M Eyp�DFU �
GNE@O ~ � Y[EPOTB�DFUobXloD�IZB*Df^zG�+�E@EPO�GNDXU �'OtBQDf^HB � � B M EPEHG D ^SY[EmG ` IZlzDhB ` , +fEPBQB�E M�L E M \cU M�g ^2Ofp E[w
DFEH^ L G'^ M E7GNI gaLF` E M BQU�I gaLF` E g E@OhB@w2Df^PY[E�D ^ ` \kB�DFE g E g U M , M ESijbFI M E g EPO[B�G;^HOfRaDf^PY[E�E � E �
pvbFB�IZUzO B�I g Eyl M ^ L D G�GNI g I ` ^ M BQU�� � B M EPEHG�� 6@: � ~

] DFI ` ETB�DFEaDFES^ L g ^P, GNb LFL U M Bax � ` l%O/�yIZO GNE M BQIZUzO�^2O R RhE ` EPBQIrUoO&w&BQDXEHGNEaU L E M ^HBQIZUzOfG
M ESijbFI M E9^ M Ev\cE M EPOfpvE#BQU7BQDFEm^op BQbf^ ` OXU-RhE�IrO BQDFEyDFEH^ L&~ AmG B�DFE'DFEH^ L R-U[EHG OFUzB#GNb LFL U M B'^HO
E � pvIZE@OhB d OfRTU L E M ^2B�IZUoO�wFI ~ E ~ woIrB D ^oG�x �5O/� ��U M GNB �Jp@^oGNEmE � ESpvbFBQIrUoO�BQI g E[wz^�\ ^oGNB�E M�g EPBQDFU-R
U2\ d OfRhIZOXl ^ L ^ M BQIKp b ` ^ M DXEH^ L OFU-RhE�IqG M ESijbFI M EHR ~ � DFIqG�U L E M ^2B�IZUzO IqG�OFUzB UoO ` , OXEPEHRhEHR
\cU M IZOfGJE M B�IZOFl ^2OfR�RhE ` EPB�IZOFl�E ` E g EPO-B�G'IZO B�DFEaDFES^ L +FbXB ^ ` GNU%\cU M B�^oG �FG7BQU ^zpPpvEHG�G�BQDXEPI M
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^oG�GNU-pvIq^2B�EHR � � � x i[bFEPbFE ~ V�Oh\cU M BQbXOf^2B�E ` ,[w-IZB#IKG I gaL U[G�GNIZ+ ` E'\cU M EH^zp DaB�^oG �aBQU g ^HIZO-B�^HIZOt^
M E \cE M EPO pvE�B�U BQDFEmDFEH^ L OFU-R-E�p UoO-B�^2IrOFIZOXl�BQDXEPI M ^oGQGJU-pvIK^HBQEHR � � � x ijbFE@bFE�+fEHpP^HbfGNE[wX^oG�B�DFE
DFEH^ L IqG g U-RhI d EHR
w[IZB'IqG�E �hL EPO GNIZY[EmBQU��[EPE L B�DFEHGNE M Ev\cE M EPOfpvESG IZO�B�DFE7B�^oG �FG'b L RF^HBQEHR ~

� O!U M R-E M BQU g IZOXI g I �PE�B�DFIKGyb L RF^2B�E LFM Uo+ ` E g wfB ��U0^ M�M ^P, RF^2B�^�GNB M bfpvB�b M EHGm^ M E�bfGJEHR
� GJEPE � Irlob M E 8F~ 8 � ~ � DXE dfM GJB�^ MQM ^S,0IKG�B�DFEt^opvB�bf^ ` DXEH^ L w&+FbXB�BQDFE E ` E g E@OhB�G�U2\'B�DFE DFEH^ L
L UoIrOhByBQUaB�DFE�OXU-RhEHG�IrO%BQDXE GNESpvUoOfR!^ MQM ^S, ~ � ^zp D!E ` E g EPO-B*U2\#BQDXE GNESpvUoOfR0^ M�M ^P,!pvUzOfGNIqGNB�G
U2\ ^ � � � x ijbXEPbFEm^2OfR�^ M Ev\cE M E@OfpvE�+ ^op ��BQUWIZB�G;^oG�GNU-pvIq^2BQESRTOFU-RhE�IrOTB�DFE dfM GNB'^ MQM ^S, ~ � ^op�D
� � � x�i[bFEPbFE IrO B�DFIKG7^ MQM ^P,!IqG�^zGQGJIZloOXEHR(B�U!^ L ^ M BQIqpvb ` ^ M7LFM IrU M IZBJ,%Yz^ ` bFE ~ � DFEPO�w;^oG�B�DFE
DFEH^ L IKG�b L RX^2BQESR
w;UoO ` , B�DFE M Ev\cE M EPOfp EHG�IZO_BQDFE�GJEHpvUzOfR�^ MQM ^P, OFE@EHR BQU!+fE g ^2IZO-B�^HIZOFESR ~
� U M ^HOh, E ` E g EPO-B�BQDf^HB IKG�UzO B�DFEaDFES^ L w*IZB�G M E \cE M EPO pvETIrOhB�U!BQDFE GNEHpvUzOfR�^ M�M ^P, IKG d�� EHR
�'DFI ` E IZBmIKG�UzO B�DFETDXEH^ L wkGJU OXU b L RX^2BQIrOFl%IqG M ESijbFI M EHR>w
I ~ E ~ wfBQDFE � � � x ijbFE@bFE bfGNESR \cU M
^ L ^ M BQIqpvb ` ^ M�LFM IZU M IZBJ, ` EPY[E ` RhU[ESG�OFUzB�p�Df^HOFloE �'DFI ` E B�^oG �XG�\cU M BQD ^2B L ^ M BQIqpvb ` ^ M�LFM IZU M IZBJ,
Yz^ ` bFEWGNBQI `Z` E � IKGJB ~ � ^oG �FG'IZOtBQDFEWGN,XGNB�E g BQDFEPO�UzO ` ,aD ^SY[EmBQU g ^HIZO-B�^2IrOa^ M Ev\cE M EPOfpvEyBQU B�DFE
OFU-RhE IrO!BQDFE GNEHp UoOfR!^ MQM ^P, ^oGQGJU-pvIK^HBQEHR �'IrBQD!B�DFEPI MyLFM IZU M IZBJ,aYz^ ` bFE ~ � D M UzbFloD BQDFIqG�OFU-RhE w
B�^zG �XG�pP^HO ^opPpvESGQG�+fUoB�D B�DFEPI M ^zGQGNU-p IK^2B�EHR � � � xCijbFE@bFE ^HOfR(B�DFEPI M OFU-R-E UoO BQDFEWDFEH^ L IrO
pvUzOfGNB�^2O-B BQI g E ~ u I g I ` ^ M B�U%B�DFE M ES^oGNUzOFIZOXl!E �hLX` ^2IrOFIZOXl �'D-, BQDFEaE ` E g E@OhB�G IrO BQDFE dfM GJB
^ M�M ^P,!R-UaOFUoBmOFEPEHR%B�Ua+fE b L RF^2B�EHR
w
B�DFEHGNE M Ev\cE M EPOfpvEHG�IrO!BQDFEWB�^zG �!^ ` GJU%R-UaOFUoBmOFEPEHR%B�U
+fE7b L RF^2B�EHR ~

V�Oh\cU M BQbXOf^2B�E ` ,[wzBQDFIqG B�EHp�DFOFIKi[bFE#RhU[EHG*OFUoB*E ` I g IrOf^2B�E;BQDXE d O R LFM Uz+ ` E g ~ ] DXEPOa^�B�^oG �
EPO-BQE M G�BQDFEtGN,XGNB�E g w
IrB�IqG7^oGQGJIZlzOFEHR ^ LFM IrU M IrBJ,!Yo^ ` bFE ~ A \cB�E M +�E@IZOFl0^oG�GNIrloOFEHR_^ LFM IZU M IZBJ,
Yz^ ` bFE[w�B�DFIKG B�^zG � OXEPEHRFG BQU_RhEPB�E MQg IrOFE �'DFIqp D � � � x i[bFEPbFE0IZB�G LFM IZU M IZBJ, IqGT^zGQGJU-pvIK^HBQEHR
�'IZB�D ~ A B�^oG � p@^2O g ^��[E7BQDXIKG7RhEPB�E MQg IrOf^2B�IZUzO +-, L E M \cU M�g IZOFl ^ ` IZOFES^ M GJEH^ M p D!B�D M UzbFloD
BQDXE!^oG�GNIrloOFEHR OXU-RhEHGTIrO BQDXE!GNESpvUoOfR ^ MQM ^S, ~ � \W^ OFU-RhE ^oG�GNU-pvIq^2B�EHR �'IZB�D BQDXE M ESijbFI M EHR
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� IZlob M E 8F~98 �*{�^ MQM ^P, � � � xCijbXEPbFE�DFES^ L&~

LFM IZU M IZBJ,aYz^ ` bFE7IKG'OFUoBy\cUobFOfR>w�B�DFEPO%B�DFE7OFE � B \ M EPE7OFU-RhEWIZO%B�DFE GJEHpvUzOfR%^ MQM ^P,�IKG'GJE ` ESpvBQEHR
^2O R!^oGQGJU-pvIK^HBQEHR �'IZB�D%B�DFE B�^zG � � G LFM IZU M IZBJ,aYz^ ` bFE ~ A `Z` GNbX+fGNEHi[bFEPO-ByB�^oG �FG �'IZBQD!B�DFE G�^ g E
LFM IZU M IZBJ,�Yz^ ` bFE*bfGNE#BQDFIqG OXU-RhE'^zG �#E `Z` ~ ] DXI ` E*B�DFIKG&GJEH^ M p DWIKG x �5O/��w �'DXE M E#O�IKG
B�DFE�O-b g +fE M
U2\ LFM IZU M IZB�IZEHG w
IZBybfGJbf^ `r` ,%UzO ` ,0OFEPEHRXG�BQUa+fE L E M \cU MQg EHR �'DFE@O ^TB�^oG �!IKG dfM GNB7p M EH^HBQEHR%U M
�'DFEPO_^TB�^oG � � G LFM IZU M IZBJ,�Yz^ ` bFE�p D ^2OFlzEHG ~ � DXE M Ev\cU M E[w&EPY[E@O%BQDXUobFlzD B�DFIKG�BQESp DFOXIKi[bFEWRhU[EHG
OFUzB�E ` I g IrOf^2B�E�BQDXE d OfRa^HOfR M Ev\cE M EPOfp E LFM Uz+ ` E g GvwoB�DFEP,�^ M E�+fUoB�D M EHRhbfp EHR B�U M EH^zGNUzOf^2+ ` E
` E@Y[E ` G w2IrO�^ LFL ^ M EPO-B ` , OFUoOXEHGQGJEPOhB�IK^ ` GNIrBQbf^HBQIZUzOfG ~ � b M BQDFE MQg U M E[wHBQDFEyE �-L EHpvBQESR�GNES^ M p�DtpvU[GJB
pP^HO%+fE M EHRhbfpvESR +-,abfGJIZOFl�BQESp DFOXIKi[bFEHG ` I �[E�D ^oGNDXIZOFlaB�Ua^zGQGJU-pvIK^HBQE LFM IZU M IZB�IZEHG�B�UTOFU-R-EHG IrO
BQDXE�GJEHpvUzOfR�^ MQM ^P, ~

A�G B�^oG �FG�Df^PY[E!^ M Ev\cE M EPOfpvE�B�U BQDFE0OFU-RhE ^zGQGNU-p IK^2B�EHR �'IZB�D B�DFEPI M�LFM IZU M IZBJ, ` EPY[E ` IrO
BQDXE!GNESpvUoOfR ^ M�M ^P,[w*BQDFE ^oGQGJU-pvIK^HBQEHR OXU-RhE%IrO B�DFE%DXEH^ L pP^2O ^ ` GJU +fE ^opPpvESGQGNESR �'IZB�DFUobXB
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GNES^ M p�DFIrOFl ~ ] DFI ` E�B�DFEW^2+FI ` IrBN, B�U�RhI M EHpvB ` , M Ev\cE M EPOfpvEyBQDXE�DXEH^ L OFU-RhEWDf^oG�OXUa^zRhYz^2O-B�^2lzEHG
�'DFEPO ^ B�^zG � IKG�IZOfGJE M B�EHR IZO-BQU�BQDXE LFM IrU M IrBJ, i[bFEPbFE[w'IrB�pP^2O Df^PY[E ^oR-Yo^HOhB�^2lzEHG%Rhb M IZOXl
RhE ` EPBQIrUoO ~ ] DXEPO ^aB�^oG �%IqG�IZOfGJE M B�EHR IrOhB�UaBQDXE LFM IrU M IrBJ,%i[bFEPbXE[w dfM GNBPw>BQDFE B�^oG �!IqG LF` ^opvEHR
UoO�B�DFE � � � x ijbXEPbFE7^zGQGNU-p IK^2B�EHR �'IZB�DaIZB�G LFM IrU M IrBJ, Yo^ ` bFE ~ � \�BQDFIqG � � � x ijbFE@bFE�IKG*E gaL BJ,[w
BQDXEPO ^'OFU-RhE�\cU M BQDFIqG LXM IZU M IrBN,mYo^ ` bFE g bfGNBk^ ` GJU�+fE'^oRXRhEHR�B�U�BQDXE�DFEH^ L&~ u I g I ` ^ M�` ,[w �'DFE@O�^
B�^zG � IqG;RhE ` EPBQEHR�\ M U g BQDXE LFM IrU M IrBJ,�i[bFEPbXE[w dfM GNBPw[B�DFE'B�^zG � IKG M E g UHY[EHR�\ M U g IrB�G;^zGQGJU-pvIK^HBQEHR
� � � x ijbXEPbFE ~ � \�BQDFIqG � � � x i[bFEPbFEyIKG*OFU�� E gtL BJ,[w2B�DFEPOaB�DFE�OFU-R-E�\cU M BQDFIqG LFM IZU M IZBJ, ` E@Y[E `
g bfGNB ^ ` GNU7+fE M E g UHY[EHR�\ M U g B�DFE'DFEH^ L&~ A�G B�DFE'B�^zG ��pP^HO�^opPp EHGQG;BQDXE'DFEH^ L OXU-RhE�R-I M ESpvB ` ,[w
M E g UHYhIrOFl�BQDXE�OFU-RhE�\ M U g B�DFEyDFEH^ L IqG�^2O0x�� ` lWO/�;U L E M ^2B�IZUzO ~ n ^HIZO-B�^HIZOFIrOFl7BQDFE�DXEH^ L IrO
BQDXIKG g ^2OFOFE M w-GNB�I `Z` ^ `Z` U��yG*IZB�B�U M EPB�b M OtBQDFE�OXUoO � E gaL BJ, � � � x i[bFEPbFEyU2\ DFIZlzDFEHGJB LFM IZU M IZBJ,
IZO pvUoOfGJB�^HOhB'B�I g E ~ x'\ pvUzb M GJE[whIe\kBQDFIqG � � � x i[bFEPbXE�UH\;DFIrloDFESGNB LFM IZU M IZBJ, IKG*E gaL BJ, ^S\cBQE M ^
B�^zG �aIqG M E g U2Y[ESR
woBQDXEPO0^2O x � ` l O/�#RhE ` EPB�E�U L E M ^2B�IZUzO g bfGNB#+�E L E M \cU MQg EHRTUoO�B�DFE7DFEH^ L�~

� DFE LFM Uz+ ` E g BQDf^HB�^ M IKGNESG�IZO g ^2O-, GN,XGNB�E g G7IKG�BQD ^2B�GNE@Y[E M ^ `�LFM IZU M IZBJ,_ijbFE@bFE�RF^HB�^
GNB M bfp BQb M EHG�E � IKGJB ~ A LXM IZU M IrBN, i[bFEPbXEaIKG7^oG�GNU-pvIq^2B�EHR �'IrBQD BQDFE M EH^oR-, i[bFEPbFE w;^oG �#E `Z` ^oG
�'IZB�D M ES^ ` � BQI g E g bFBQE � Uo+ � EHp B�Gvw;E ~ l ~ w g UzOFIZB�U M G�^HOfR�GNE g ^ L DFU M EHG ~ � B�IqG�IZO-\cEH^oGJIZ+ ` E \cU M
^TB�^oG ��B�U M E g E g +fE M B�DFE�IrOfRhE � ^zGQGJU-pvIK^HBQEHR �'IZB�D%IZB�G LXM IZU M IrBN, ` EPY[E ` \cU M ^ `Z` BQDFE L U[GQGJIZ+ ` E
LFM IZU M IZBJ,tijbFE@bFEHG�IZO0BQDFEWGJ,FGJBQE g!~ � OhB�E M EHGJBQIrOFl ` ,TEPOXUobFlzD&w�IrB'IKG L U[G�GNIr+ ` E7\cU M EPY[E M ,�B�^zG �aIrO
BQDXE GN,XGNB�E g B�U�GNI gaLF` ,�bfGJE�BQDXE GQ^ g E7IZOfR-E � Yz^ ` bFE M EPl[^ M R ` EHGQG'U2\#BQDXE LXM IZU M IrBN, ijbFE@bFE ~ � \
BQDXIKG U M RhE M IZOFlmIKG;pvUzOfGNIqGNB�EPOhBk\cU M UzOFE LFM IrU M IZBJ,WijbFE@bFE[woB�DFEPO�^oG ` UoOFl7^zG;BQDFEyG�^ g E#B�^oG �FG ^2OfR
LFM IZU M IZBJ, ` EPY[E ` G#^ M E bfGNEHRa\cU M ^ `r` UzBQDFE M i[bFEPbFEHG w�B�DFEPO0BQDFIqG U M RhE M IZOFl�IKGypvUzOfGNIqGNBQE@OhB'\cU M ^ `Z`
LFM IZU M IZBJ,0ijbXEPbFEHG ~ � DFIKG�BQESp DFOXIKi[bFEW^ ` GJU�E ` I g IZOf^HBQEHG*BQDFE E � B M ^aGJEH^ M p D M EHijbXI M ESR BQDXE dfM GJB
BQI g Em^ B�^oG ��IqG LF` ^zpvEHRaUoO ^ LFM IrU M IrBJ,�ijbXEPbFE ~ � UoB�E�B�Df^2ByBQDXE�IrOFIZB�IK^ ` GNES^ M p�D �'DFEPO ^ B�^oG �
IKGmp M EH^HBQEHR%U M IZB�G LFM IZU M IZBJ,�Yz^ ` bXE IKG�p�Df^2OXloEHR g bfGNBmGNB�I `r` U-pPp b M IZO!U M RhE M \cU M B�DFE B�^zG �!B�U
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RhEPB�E MQg IZOFEyBQDFEW^ LFLFM U LFM Iq^2B�E�i[bFEPbXE�Yz^ ` bFE ~

� ��� � % � � 	 ���

�;M IrU M IrBJ,!+f^oGJEHR�GQp�DFEHRhb ` IZOFl0IKGW^2O�I gaL U M B�^HOhB L ^ M B UH\ M EH^ ` � BQI g E LFM Uzl M ^ gag IrOFl ~ � ESp D �
OFIqijbFESG E � IKGNB�G;BQUWGQp�DFEHRhb ` E'+fUoB�D L E M IrU-RhIKpy^2OfRt^ L E M IrU-RhIKp'B�^zG �XG �'IZBQD�+fUoB�DaDf^ M Ra^2O RaGNUH\cB
RhEH^zR ` IrOFEHG ~ � DFESGNE�^ ` loU M IrBQD g GWpP^2O_+�E p ` ^zGQGNI d EHR ^zG�EPIZB�DFE M�d�� EHR LFM IrU M IrBJ,!U M Rh,-Of^ g IKp
LFM IZU M IZBJ, GQp�DFEHRhb ` IZOXl ^ ` loU M IrBQD g G ~ ] DXI ` E0I gaLX` E g EPO-BQIeOFl d�� EHR LFM IZU M IZBJ, GQp�DFEHRhb ` IZOXl IqG
GNB M ^HIZloD-BN\cU M �9^ M R>w
Rh,-Of^ g IKp LFM IrU M IZBJ,aG�p DXEHRhb ` IZOFl IqG'GNIZlzOFI d pP^2O-B ` , g U M E7p U gaLF` IKpP^HBQEHR ~

A�G7Rh,-Of^ g Iqp LFM IrU M IZBJ,!G�p DFESRhb ` IrOFl�IKG�BJ, L IKpP^ `Z` ,�UzO ` , +f^oGJEHR UzO BQDFEt^op BQIZY[E B�^oG � GJEPBPw
B�^zG �XG�EPOhB�E M IrOFl�BQDFE GN,XGNBQE g�g ^P,�p�Df^2OXloE BQDXE U M R-E M IrOFlaU2\#B�DFIKG�B�^oG �!GNE@B ~ � b M B�DFE M�g U M E[w
�'IZB�D Rh,-Of^ g IKp LXM IZU M IrBN, GQp�DFEHRhb ` IZOFlXw B�DFE LXM IZU M IrBQIZESG�U2\WBQDFE0B�^zG �XGTp�Df^2OXloE!R-b M IrOFl E � E �
pvbFB�IZUzO ~ ] DFI ` E BQDFESGNEtGNIZB�bf^2B�IZUzOfG g ^P, p Df^HOFloEtBQDFE�I gaLX` IKp IZB LFM IZU M IZBJ,!U2\yB�DFE�B�^oG �FG w B�DFE
M E ` ^2B�IZY[E0U M R-E M IrOFl�U2\ B�DFE M E g ^2IrOFIZOFl B�^zG �XG�GNB�^P,XGabFOfp�Df^2OFlzEHR ~ � , b GNIZOXl B�DFE ^op BQbf^ `
GQp�DFEHR-b ` IrOFl L ^ M ^ g EPB�E M G wkGNbfp�D ^zG�RhES^oR ` IZOFE[wk^zG�BQDXEa^zpvBQbf^ `�LFM IZU M IZBJ,0Yo^ ` bFEtU2\y^�B�^zG �>w*^
B�^zG � � G'^zpvBQbf^ `
LFM IZU M IZBJ,�Yz^ ` bXE�IKG*IZOfRhE L E@OfRhEPO-B�UH\kBQDFE7UoB�DFE M B�^oG �FG�IrOaBQDXE�GJ,FGJBQE g ~ � DXE M E �
\cU M E[wk^aB�^oG � � G LFM IZU M IZBJ,0pP^HO +fE g U-R-I d EHR%U M B�^oG �FG7pP^HO +fEa^zRFRhEHR!BQU�U M�M E g UHY[EHRT\ M U g
BQDXE�GJ,FGJBQE g �'IZBQDXUobFBy^ 

ESpvBQIrOFlTB�DFE LFM IrU M IZBJ,TYz^ ` bFE7U2\ UoB�DFE M B�^zG �XG IrO B�DFEWGN,XGNB�E g!~

V�Oh\cU M BQbXOf^2B�E ` ,[w[B�DFE LFM Uo+ ` E g �'IrBQDaB�DFIKG#GQp�DFE g E'IqG B�Df^2B#BQDFE M ^2OFlzE7U2\ LFM IZU M IZB�IZEHG*BQDf^HB
OFEPESR�BQU7+fE'Df^2OfR ` EHR�IqG g bfp�D ` ^ M loE M woBQD-bfG;BQDXEy^ MQM ^P,�+f^zGNEHR LFM IrU M IZBJ,WijbFE@bFEHG bfGJEHR�\cU M B�DFE
I gtLF` E g EPO-B�^HBQIeUoO0U2\ d � EHR LXM IZU M IrBN, GQp�DFEHRhb ` IZOXl�^ M E OFU ` UoOFlzE M ^ LXLFM U LFM Iq^2BQE ~ A LFM IZU M IZBJ,
i[bFEPbFE7RX^2B�^ GJB M bfpvBQb M E7BQDf^HB'IKG*IZOfRhE L E@OfRhEPO-B�UH\;B�DFE M ^HOFloEWU2\ ^opPp E L B�^H+ ` E LFM IZU M IZBJ,�Yo^ ` bFESG
IKG g U M E ^ LFLFM U LFM IK^2B�E[w&GJbfp D ^oG�DXEH^ L GyU M � � B M EPEHG ~ A�G �#E `Z` wF+h,�bfGJIZOFl � � � x i[bFEPbFESG9\cU M
EH^zp D LFM IZU M IZBJ, ` E@Y[E ` ^oG�E ` E g EPO-B�G�UH\'BQDXE LFM IrU M IrBJ,%i[bFEPbXE[w M ^HBQDFE M BQDf^HO b GNIZOXl B�DFE�^op BQbf^ `
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B�^zG �XGvwX^�G g ^ `Z` w d�� EHR ��U M GNB �JpP^zGNE�E � EHp bFBQIrUoO�BQI g E�IKG;Uz+FB�^HIZOFEHR \cU M ^ `Z` BQDXE LFM IZU M IZBJ,�i[bFEPbFE
U L E M ^2B�IZUoO G ~ V�GJIZOFl � � � x i[bFEPbFEHGk^oGkE ` E g EPOhB�G�UH\&BQDXE LFM IZU M IZBJ,WijbXEPbFE'^ ` GJU�Df^oG;B�DFEy^oRFR-EHR
^oR-Yo^HOhB�^2lzE�BQD ^2ByDFEH^ L ^2OfR � � B M EPE7+f^oGJEHR LXM IZU M IrBN,ti[bFEPbFEHG�+fEHp U g E7GJB�^H+ ` E ~

� DFIKGWGQp�DFEHRhb ` IZOXl%BQESp DFOXIKi[bFE IKG7I gaLF` E g EPOhB�EHR IrO � s�� � bfGNIrOFl!DFEH^ L +f^zGNEHR LFM IZU M IZBJ,
i[bFEPbFEHG ~;� U��#EPY[E M wPB�DFE LXM Uo+ ` E g �'IZB�D bfGNIrOFl7^�DXEH^ L IqG B�Df^2B*BQDXE d OfR�U L E M ^HBQIZUzOTD ^oG x �5O��
��U M GJB � pP^oGJEaE � EHpvbFB�IZUoO!B�I g E ~ � O U M RhE M B�U g IZOFI g I �PE7BQDFE�I gtL ^opvBmU2\m^2O_E �hL EPO GNIZY[E d OfR
U L E M ^2B�IZUoO�w ^�GJEHpvUoO R!^ MQM ^P,%IKGybfGNEHR%\cU M BQDFE � � � x ijbXEPbFEHG ~ � DFE@O&w
+fUoB�D B�DFE DFEH^ L ^2OfR
BQDXETB�^oG �XG M Ev\cE M EPOfpvE B�DFIKG7GNESpvUoOfR ^ M�M ^P, BQU0^opPp EHGQG�BQDXEa^ LFLFM U LFM Iq^2B�E � � � x i[bFEPbFE \cU M ^
L ^ M BQIqpvb ` ^ M*LFM IrU M IZBJ,7Yo^ ` bFE ~ A�G;BQDXE � � � x ijbXEPbFEHG*RhU7OFUzB'GNDXI \cB �'IrBQDFIrOTB�DFIKG;GJEHpvUzOfRT^ MQM ^S, w
BQDXE�b L RF^HBQE LFM Uo+ ` E g IKG M EHRhb pvEHR B�U �[E@E L IZOXlTB�DFE GJEHpvUoO R%^ M�M ^P,!GJ,hO p D M UoOFI��PEHR �'IZB�D%B�DFE
DFEH^ L&~

V�GNIrOFl�BQDFIqG7GNEHpvUzOfR ^ MQM ^P, g EH^HOfG�B�Df^2BWB�^oG �FG�UzO ` ,!OFE@EHRFG�B�U L E M \cU M�g ^2O E �-L EPOfGJIZY[E
d OfR �'DXEPO!BQDFE@,!^ M E dfM GJB7p M EH^2B�EHR%U M �'DXEPO!BQDFE@I M�LFM IZU M IZBJ,�p�Df^HOFloEHG ~ � O ^ `Z` GNbF+fGJEHi[bFEPO-B
M E \cE M EPO pvEHG B�U�B�DFE LFM IrU M IrBJ, i[bFEPbFE[w[B�DFE�^ LFLFM U LFM IK^2B�E�OFU-RhESG�pP^HOT+fE7^zpPpvEHG�GNEHR RhI M EHp B ` , ~ AmG
��E `Z` wF\cU M pvIZOXl B�DFE B�^zG �XG�BQU�bfGNE�BQDXE�GQ^ g E�IZO RhE � Yz^ ` bFE�\cU M B�DFE LFM IZU M IZBJ,!i[bFEPbXEHG�^oG�GNU-pvI �
^2B�EHR �'IrBQD�UoB�DFE Myg bXBQE � Uz+ � EHpvB�G'^ `Z` U �yG�B�DFEHGJE LFM IZU M IZBJ,tijbFE@bFEHG�BQU�+fE ^zpPpvEHG�GNEHR �'IZB�DFUobXB
IZO pvb MQM IZOFl�^HOh, ^oRFRhIrBQIrUoOf^ ` U2Y[E M DFEH^zR ~
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n ^2O-, LFM IrU M IrBJ, � +f^oGJEHR GQp�DFEHRhb ` IZOFl0^ ` loU M IrBQD g G7^zGQGNb g EaBQDXETB�^oG �XG�+fEPIZOXl!GQp�DFEHR-b ` EHR ^ M E
IZO RhE L EPOfRhE@OhB �oDFU���EPY[E M wHBQDFIqG;^oG�GNb gaL BQIZUzO IKG&BJ, L IqpP^ `r` ,�bXO M EH^ ` IqGNBQIqp ~ � O U M R-E M BQU g ^HIZO-B�^HIZO
BQDXE%IZO-BQE@l M IrBJ,!U2\WB�^zG ��IZO-BQE M ^opvB�IZUzOfGvw*p M IZB�IKpP^ ` GNEHpvB�IZUzOfG ^ M E%bfGJEHR B�U GJE M Iq^ ` I��PE�^zpPpvEHG�G B�U
GND ^ M ESR M EHGJUob M pvEHG w \cU M E � ^ gtLF` E[wzRF^HB�^ ~ � DFE LFM Uz+ ` E g BQDf^HB�U-pPpvb M G �'IrBQDtp M IrBQIqpP^ ` GJEHpvB�IZUoO G
IKG&BQD ^2B*^ ` U�� LXM IZU M IrBN,mB�^oG �
w[bfGJIZOFl ^�GNDf^ M EHR M EHGNUzb M p E[wop@^2O�RhE ` ^P,�B�DFE�E � EHp bFBQIrUoO�UH\�^�DFIZlzD
LFM IZU M IZBJ,�B�^zG �%B M ,-IZOFltBQU�^zpPpvEHG�G�BQDFIqG�GQ^ g E M EHGJUob M pvE ~ A�G g EPO-BQIZUzOFEHRaIZO p D ^ L B�E M {hw>BQDFIqG
GNIrBQbf^HBQIrUoO!IKG M Ev\cE M�M EHR�BQU0^oG LFM IZU M IZBJ,�IZO-Y[E M GNIZUzO ~ ] DXI ` E w
IZO0loEPOFE M ^ ` w
IZBmIKG�I gaL U[GQGJIZ+ ` E�B�U
E ` I g IrOf^2B�E LXM IZU M IrBN,WIZO-Y[E M GJIZUzO&woIZB*IqG I gaL U M B�^2O-B;B�U�+fUobFO RTBQDFEmRhb M ^2B�IZUoOtU2\kBQDXIKG;IZO-Y[E M GJIZUzO ~
V�O-+fUobFOfR-EHR LFM IZU M IZBJ,yIZO-Y[E M GJIZUzO�IKG&^yGNE M IZUzbfG LXM Uo+ ` E g g ^��-IZOFl#IZB&I gtL U GQGJIZ+ ` E;BQUylobf^ M ^HOhB�EPE
BQDXE�G�p DXEHRhb ` ^2+FI ` IZBJ, UH\*^�GN,XGNB�E g!~

s*UoOfGJIKRhE M BQDXE \cU `Z` U��'IrOFl7E � ^ gaLF` E � � ��UWB�^zG �XG�GND ^ M E ^ M ESGNUob M pvE[w-^ ` U�� LFM IZU M IZBJ, B�^oG �
��� ^HOfR DFIZlzD LFM IZU M IZBJ,WB�^oG � ��� ~ ��� B M IrEHG B�U�^zpPi[bFI M E'BQDFE M EHGJUob M pvEy+FbFB*IZB;IqG*^ `ZM EH^oR-, DFE ` R
+-, ��� ~ � O B�DFIKG7GNIrBQbf^HBQIrUoO&w ��� g bfGNBy+ ` U-p �!bFO-BQI ` ��� M E ` EH^oGJEHG�B�DFE M EHGNUzb M p E ~�� U���EPY[E M w
^oG ��� E � EHpvbXBQEHG'^HB�^ ` U�� LFM IrU M IZBJ,[whIrB�G'E � EHpvbFB�IZUoO0pP^HO%+fE�IrOfRhE d OFIZB�E ` ,tRhE ` ^S,[ESR +-,aB�^oG �XG
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E � EHpvbFB�IZOFl9^2BkIZO-BQE M�g EHRhIq^2B�E LFM IZU M IZB�IZEHG ~ � O7B�DFIKG&GJIZBQb ^2BQIrUoO&wzBQDFE*+ ` U-p �-IZOFl'B�I g E E �hL E M IZEPO pvEHR
+-, ��� IKG L UoB�EPOhB�IK^ `Z` ,�bFO-+fUobFOfR-EHR ~

A BQEHp�DFOFIqijbXE�BQUt+�UzbFOfR B�DFE ` E@OFloB�D!U2\#BQDFIqG�IZO-Y[E M GJIZUoO0IKG � � ����� ��
 � ���BA ��� ��
 ����
 � ~ � DFE
IKR-EH^�+fEPDFIrOfR LXM IZU M IrBN,7IrOFDFE M IZB�^HOfpvE#IKG B�U�B�E gaL U M ^ M I ` , M ^2IKGJE'BQDFE LXM IZU M IrBN,7UH\k^�B�^zG � U��'OFIZOXl
^ M EHGNUzb M pvEWIZO0U M R-E M BQUtE �hL EHR-IZBQE7IrB�G'bfGQ^HloE U2\#B�DFE M EHGNUzb M pvE�^HOfR%BQU ` I g IZB#BQDFE Rhb M ^2BQIrUoO
U2\ LFM IrU M IrBJ,aIZO-Y[E M GJIZUzO ~ � DXE RhEPB�^2I ` G M E@l[^ M RhIZOXl �'DFE@O!^TB�^oG � � G LFM IZU M IZBJ,aIqG M ^2IqGNEHR0^2OfR%+-,
DFU�� g bfp�DTYz^ M ,�RhE L EPO RhIZOFl UzO%B�DFEW^opvB�bf^ `kLFM IrU M IZBJ,TIrOFDFE M IZB�^2OfpvE LFM UzBQU-pvU ` p�DFU[GJEPO ~

� DFIKGmp Df^ L BQE M RhIKG�pvbfGQGJEHG�B�DFE�+f^zGNIqp LFM IZU M IZBJ,aIrOFDFE M IZB�^HOfpvE LFM UoBQU-p U ` ~ � DFIKG LFM UoBQU-p U ` IqG
p�DFU[GJEPO�\cU M B�DFE�\cU `r` U��'IZOXl M EH^zGNUzOfG ~ � I M GJBPwoB�DFE'+f^oGJIKp LFM IZU M IZBJ,7IZOXDFE M IrB�^HOfpvE LXM UoB�U-pvU ` \cU MQg G
BQDXE�+f^zGNE�UH\#UoBQDXE M�g U M EWpvU gaLF` IKpP^HBQEHR LXM UoB�U-pvU ` G ~7u EHpvUzOfR
wfBQDFEWI gaLF` E g EvO-B�^HBQIZUzOaU2\ BQDFIqG
+f^zGNIKp LFM UoB�U-pvU ` IZO�OFUzB�^zG�GJB M ^HIZlzDhBJ\cU M �9^ M R%^oG'IZB g IZlzDhB dfM GJB�^ LFL EH^ M@~

����� � 	�� � � � � % � �

� OTU M RhE M B�UW^oRFR M EHGQG;B�DFE LXM Uo+ ` E g U2\&bXOh+fUobXOfRhEHR LXM IZU M IrBN,WIZO-Y[E M GJIZUzO&w � ^ � �-b g ^ M � ? |hw ? �	�
LFM U L U[GJEHR%GJEPY[E M ^ `&LFM IrU M IZBJ,TIrOFDFE M IZB�^2OfpvE LFM UzBQU-pvU ` G ~ � DFIqG�OFUoB�IZUoO0U2\ LFM IrU M IZBJ,TIrOFDFE M IZB�^2OfpvE
Df^zG�+fEPEPO E �hL ^HOfRhEHR_^2OfR E � B�EPOfRhEHR!IZO Yz^ M IZUob G �'^P,FG � ? w 5 w � ? w � 5 w 8�8 � ~ � DXIKG7GNEHp BQIZUzO
LFM U2Y-IKR-EHG'^�+ M IrEv\ IZO-B M U-R-bfpvBQIrUoO�BQU�^�GNE ` EHpvB�IZUzOaU2\*B�DFEHGJE LXM UoB�U-pvU ` G �cbFOFI LFM U-pvESGQGNU M UzO ` ,�� ~

�#"�$%"�$ � 0�� <�6 � -?< �*-�< ) � &(' 8#+ -�< ) 0%'#6 + � - �3) � 6� 2

� DFE!IqRhEH^!+�E@DFIZOfR B�DFE!+f^zGNIKp LXM IZU M IrBN,_IZOFDFE M IZB�^2Ofp E LFM UoBQU-p U ` � 8�8 w ? |Fw ? � � IKGTB�Df^2BaIe\ ^
` U�� LFM IZU M IZBJ,�B�^zG �!IKGmRhE ` ^P,-IZOFl�BQDXE E � ESpvbFBQIrUoO!UH\�DXIZloDXE M�LFM IZU M IZBJ,�B�^zG �XG�R-bFE BQU LFM IZU M IZBJ,
IZO-Y[E M GNIZUzO&whB�DFE LXM IZU M IrBN,tU2\*B�DFE ` U � LFM IZU M IZBJ,aB�^oG ��IqG B�E gaL U M ^ M I ` , M ^HIKGNESR BQU�BQDXE LFM IZU M IZBJ,
U2\ BQDXE�DXIZloDXEHGNB LFM IZU M IZBJ, B�^oG ��IrB�IKG�+ ` U-p �hIrOFl ~ � ^HIKGNIrOFl BQDXE LXM IZU M IrBN, UH\*BQDXE ` U���E M�LFM IZU M IZBJ,
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B�^zG ��E �-L ESRhIZB�EHG;IZB�G*bfGQ^HloE7U2\ ^ M EHGNUzb M p E�+h, ` EPBQB�IZOFl7IrB�E � EHpvbFB�E �'DFEPO�BQDXE�+ ` U-p �[ESR DFIrloDFE M
LFM IZU M IZBJ, B�^zG � ��Uzb ` RT+fE7G�p DXEHRhb ` EHR ~ � DXIKG B�EHp�DFOFIKi[bFE'+fUobXOfRFG�BQDXE ` EPOXloBQD�U2\ ^HOh, LFM IZU M IZBJ,
IZO-Y[E M GNIZUzO ^HOfRT^ `Z` U �yG;B�DFE ��U M GNB �Jp@^oGNEmE � ESpvbFBQIrUoOWBQI g E�U2\ ^�B�^oG � BQU7+fEyG L EHpvI d EHR ~ � O \ ^zpvBPw
� ^ � �hb g ^ M � 8�8 w ? |hw ? � � LFM U2Y-IKR-EHG GJb�� pvIZEPO-BkpvUzOfRhIZB�IZUzOfG B�U7^ `r` U���^�OXUoO � IZOfR-E L EPOfRhEPO-B;B�^oG �
GNE@B'BQU�+�EWG�p DFESRhb ` ESRTbfGNIrOFl�BQDFE M ^HBQE g UzOFUoB�UoOFIqp�G�p DXEHRhb ` IZOFl ^ ` lzU M IZBQD g!~

s*UoOfGJIKRhE M B�DFE7B�^oG �0GNEPByIZO � ^2+ ` E ?-~ � ~ � ^op�D M U�� U2\*B�DFIKG�B�^2+ ` EWpvUoOfGJIKGJB�G'U2\*B�DFE7Of^ g E
^2O R LFM IZU M IZBJ, � � IKGTB�DFE%DFIrloDFESGNB LFM IZU M IZBJ,���UH\ ^ B�^oG � IZO B�DFE!GJ,FGJBQE g w'^oG ��E `Z` ^oG w�B�DFE
M ESGNUob M pvEHG&bfGJEHR�+-,�BQD ^2BkB�^oG � ~ A�GQGJb g E;E � EHp bFBQIrUoO7+fEPloIrOfG ^HB B�I g E ��� �'IZB�D7+�UzBQD M EHGNUzb M pvESG
^PYz^2I ` ^2+ ` E ^HOfR(B�Df^2BmBQDFEHGJE M EHGJUob M pvEHG�GJb LFL U M B7BQDFEW+f^oGJIKp LFM IZU M IZBJ,�IZOFDXE M IrB�^2O pvE LFM UoB�U-pvU ` ~
u b LXL U GNEWBQDFEWGNESijbFE@OfpvE�UH\*EPY[EPO-B�G*IZO � IZlzb M E ?-~ � U-pPpvb M G ~ � Irlob M E ?-~ { GJDFU��yG B�DFEWGNB�^HBQEWU2\
BQDXE M EHGNUzb M pvESG�^HB7EH^op�D!U2\yB�DFE ` IKGJBQEHR%EPY[E@OhB�G ~ A'B�BQI g E � � w E � EHp bFBQIrUoO!+fEPloIrOfG�^HOfR!+�UzBQD
M ESGNUob M pvEHG7^ M Et^SYz^HI ` ^H+ ` E ~ A BmBQI g E � � w&B�^zG � � � GJbfpPpvESGQG \cb `Z` ,0^zpPijbXI M ESG M EHGNUzb M p E�� � ~ A B
BQI g E � �vw-B�^oG � � ��GJbfpPpvEHG�G \cb `r` , ^opPi[bFI M EHG M EHGNUzb M p E ��� ~ A'B*BQI g E � � w[B�^zG � � � + ` U-p �XG;B M ,-IZOXl
BQU ^opPi[bFI M E M EHGNUzb M pvE � � ^oG�IrB�IqG�^ `rM EH^zRh,0^opPi[bFI M EHR�+h,�B�^zG � � � ~ ] DXEPO � � + ` U-p �XGvw
B�^oG �
� �� G LFM IrU M IZBJ,TIqG IrOfp M EH^oGJEHRaBQU�BQDFE LFM IZU M IZBJ,aUH\ � � ~ A B'B�I g E � 	PwfB�^zG � � � + ` U-p �XG�B M ,-IZOXlTB�U
^op@ijbFI M E � ��^zG IrB'IKG'^ `rM EH^zRh,�^zpPijbXI M ESR +-,aB�^oG � � � ~ ] DFEPO � � + ` U-p �XGvw-B�^zG � � � � G LFM IZU M IZBJ,
IKG�IrOfp M EH^oGJEHRaBQU � ��� G'p b MQM EPOhB LXM IZU M IrBN, whI ~ E ~ w[B�DFE LFM IZUzI M IrBJ,TUH\ � � ~ ] DFE@O%B�^zG � � � M E ` EH^zGNEHG
M ESGNUob M pvE ����^HB�B�I g E � � w�IrB�G LFM IZU M IZBJ,aIqG ` U���E M EHRa+f^zp �aB�UTIrB�G'U M IZloIrOf^ `kLFM IZU M IZBJ,t^2OfR%B�^oG �
� � IqG�^H+ ` E B�U!^zpPijbXI M E ��� ~ ] DFEPO B�^zG � � � M E ` EH^zGNEHG M EHGNUzb M pvESG � � ^HOfR ���7^HB�B�I g E � � w
IZB�G LFM IZU M IZBJ,WIKG ` U���E M EHR�+f^op ��BQU�IrB�G*U M IrloIrOf^ `fLFM IZU M IZBJ,�^2O RTB�^zG � � � IqG�^H+ ` E�B�U ^zpPijbXI M E � � ~
� IrOf^ `r` ,[w-^2ByBQI g E � � wFB�^zG � � � M E ` EH^zGNEHG � � ~

� OhB�bFIZB�IZY[E ` ,[w�BQDXIKG B�EHp�DFOFIKi[bFE �#U M �XGa+fEHpP^2b GNE IrOhB�E MQg ESRhIK^HBQE LXM IZU M IrBN, B�^zG �XG!pP^2O OXU
` UzOFloE M LFM EPE gaL B�B�DFEaE � EHpvbFB�IZUzO U2\ ` U �#E M�LXM IZU M IrBN,!B�^oG �FG�Ie\yBQDFEHGJE ` U���E M7LFM IZU M IZBJ,!B�^oG �XG
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� ^2+ ` E ?h~ � � u ^ gaLF` E�B�^zG ��GJEPB ~

� ~ A'B�B�I g E � � w � � B M IZEHG�B�U�^opPi[bFI M E M EHGJUob M pvE � � ~
{ ~ A'B�B�I g E � �Pw � ��B M IZEHG�B�U�^opPi[bFI M E M EHGJUob M pvE ��� ~
6h~ A'B�B�I g E � � w � � B M IZEHG�B�U�^opPi[bFI M E M EHGJUob M pvE � � ~
8F~ A'B�B�I g E � 	Hw � � B M IZEHG�B�U�^opPi[bFI M E M EHGJUob M pvE ��� ~
?h~ A'B�B�I g E � � w � � M E ` EH^zGNEHG M EHGNUzb M pvE ��� ~
5h~ A'B�B�I g E � � w � � M E ` EH^zGNEHG M EHGNUzb M pvESG � � ^HOfR � � ~
:[~ A'B�B�I g E � � w � � M E ` EH^zGNEHG M EHGNUzb M pvE � � ~

� Irlob M E ?h~ � � u ^ gtLF` E M bFO!GJEHi[bFEPOfpvE ~
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� IZlzb M E ?-~ { � � ^zGNIqp �;M IZU M IZBJ, � OXDFE M IrB�^HOfpvE � � ^ gaLF` E ~
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^ M E LFM EPY[EPO-BQIZOXl�B�DFEyE � ESpvbFBQIrUoO�U2\kDFIrloDFE M�LFM IZU M IZBJ, B�^zG �XG�RhbXE�BQU LFM IZU M IZBJ, IrOhY[E M GNIrUoO ~ � b M �
BQDXE MQg U M E[w&B�DFIKGWGQp�DFE g E�RhU[ESG OFUzB ^ 

ESpvB BQDFEtE � ESpvbFBQIrUoO U2\mOFUoO � + ` U-p �[ESR DFIZlzD LFM IZU M IZBJ,
B�^zG �XG ~��;M IrU M IZBJ,7IZOFDFE M IZB�^2Ofp E�IKG ^ ` GJU7B M ^HOfGNIrBQIrY[E[woGJU7BQDFE'IrOFDFE M IZBQESR LFM IZU M IZBJ,7Yz^ ` bXE'U2\k^�B�^oG �
IKGyBQDFEWDFIZlzDFEHGNB LFM IrU M IrBJ, UH\9^ `Z` BQDXE B�^oG �FG ����� ��
 
H�D�0^2OfR ��������� ��
 
H�D� + ` U-p �[EHR +-,�BQDFIqG�B�^zG � ~
A B�^oG � � � IqG�IZO RhI M EHpvB ` ,%+ ` U-p �[ESR(+-, ^�B�^zG � ��� I \'B�DFE M EaIKGW^%p�Df^2IrO U2\y+ ` U-p �[ESR(B�^oG �XG
` ES^oRhIrOFl�\ M U g ��� BQU � � ~ � U M E � ^ gaLF` E[wHI \ � � IKG*+ ` U-p �[EHR +h,�B�^zG � ��� ^2O R ��� IqG + ` U-p �[EHR
+-, ��� w-BQDFEPO � � IKG'RhI M EHpvB ` , + ` U-p �[ESR +-, ��� ^2OfR�IZOfRhI M EHp B ` , + ` U-p �[EHRT+-, ��� ~

� U���EPY[E M w&RhE d pvIZE@OfpvIZESG�E � IqGNB �'IZB�D!BQDFE LFM UoBQU-p U ` ~ � I M GNB@w R-EHG L IrBQE B�DFE \ ^zpvB7BQDf^HB7BQDFIqG
LFM UoBQU-p U ` +fUzbFOfRFG7BQDFE ` EPOXloBQD!UH\ LFM IZU M IZBJ,0IZO-Y[E M GJIZUoO�w
BQDFEt^op BQbf^ ` + ` U-p �hIrOFlaBQI g E�E �hL E M I �
EPOfp EHR�+h,7B�^zG �XG;pP^HO�+fE ` UoOFl�+fEHp@^2bfGJE�BQDXIKG LFM UzBQU-pvU ` RhU[EHG OXUoB LFM EPY[E@OhB g b ` B�I LF` E + ` U-p �hIrOFl ~
� �B� 
�� � � �	��� � 
 � ����E M Ev\cE M G B�UTB�DFE�\ ^op B�B�Df^2B7^�B�^oG � g ^P,aOXEPEHR B�Ua+ ` U-p ��EH^zp D0BQI g E�IZB M E �
i[bFI M EHG*^2OFUzBQDFE M*M EHGNUzb M pvEy+fEHpP^HbfGNE�B�DFE M EHGJUob M pvE�IqG*^ `ZM EH^oR-,�^opPi[bFI M EHR�+-,�^ ` U��#E M;LFM IZU M IZBJ,
B�^zG � ~ � RhEH^ `Z` ,[wo^ `Z` B�DFE M EHGNUzb M p EHG;^�B�^zG � M EHi[bFI M EHG GJDFUob ` R�+fEy^PYo^HI ` ^2+ ` E'^S\cB�E M B�DFE dfM GJB;BQI g E
^�B�^oG �T+ ` U-p �XG ~*u EHpvUzOfR
w[BQDXIKG LXM UoB�U-pvU ` RhU[EHG*OFUoB9^SY[UzIKR�RhEH^zR ` U-p �
w-^HOaIZO-BQE M EHGNB�IZOFl GNIKR-E�Ev\ �
\cEHpvB LFM UHY-IKRhEHR�+-, GJU g E'UH\&B�DFE g U M E9GNU L DFIKGJBQIqpP^2B�EHR LXM IZU M IrBN,WIZOFDXE M IrB�^2O pvE LFM UzBQU-pvU ` G ~ � DFE
+FIrloloESGNB ^zRhYz^2O-B�^HloE�U2\yB�DFIKG LFM UzBQU-pvU ` w;DFU���E@Y[E M w&IKG�B�Df^2B IrB�p@^2O +fEaI gaLF` E g EPO[B�EHR �'IrBQD �
UobXB M EHi[bFI M IZOFl�^HOh, ^oRFR-IZBQIrUoOf^ ` GN,XGNBQE g IZO-\cU MQg ^2BQIrUoO ~ � DhbfG w&IZB �#U M �XG ��E `r` �'IrBQD UoO ` IZOFE
GQp�DFEHR-b ` IrOFl ~

�#"�$%" ! � -�<��3-�< ) � � + <�2�<='1> � - �3) � 6� 2

] IZB�D!BQDFE LXM IZU M IrBN, pvEPI ` IZOFl LFM UoBQU-p U ` � 8�8 w ? |hw ? � � wfEPY[E M ,0GJDf^ M EHR M EHGJUob M pvE IKGm^oGQGJIZlzOFEHR ^
Yz^ ` bFE M Ev\cE MQM ESR BQU ^oG7^ LFM IZU M IZBJ,0pvEPI ` IZOXl ~ � DXIKG LFM IZU M IZBJ,0pvEPI ` IrOFlTYz^ ` bFEWIKG�B�DFE LFM IrU M IZBJ,�U2\
BQDXE�DFIrloDFESGNB LFM IrU M IZBJ,�B�^oG � B�Df^2B9pP^2Ot^op@pvEHGQG;B�DFIKG M ESGNUob M pvE ~ � DFE LFM IZU M IZBJ, pvEPI ` IZOFl LFM UoBQU-p U `
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E � BQEPO RFG;BQDFEy+f^oGJIKp LXM IZU M IrBN,WIZOFDXE M IrB�^2O pvE LFM UzBQU-pvU ` +h,�G L EHpvI \c,-IZOXl �'DFEPO�^7B�^zG ��IKG*^ `r` U���EHR
BQU ^opPi[bFI M Em^ M ESGNUob M pvE ~ A B�^zG ��IKG*UoO ` ,a^ `Z` U��#EHR B�U ^zpPijbXI M Em^ M EHGNUzb M p E�I \�BQDFE M EHGNUzb M p E�IqG
^PYz^2I ` ^2+ ` E ^HOfR(B�DFE�B�^oG � � G LXM IZU M IrBN,tIKG�DFIrloDFE M BQDf^HO!BQDFE LXM IZU M IrBN,0pvE@I ` IrOFl U2\ ^ `r` M EHGNUzb M pvESG
DFE ` Ra+h,0^ `r` B�DFE7UoB�DFE M B�^oG �XG'IZO%B�DFE GJ,FGJBQE g ~ � DFIqG lzbf^ M ^2O-BQEPESG�BQDf^HB�B�DFE LXM IZU M IrBN,tU2\*B�DFE
B�^zG ��^zpPi[bFI M IZOFl ^ M ESGNUob M pvE�IqG�DFIZlzDFE M BQDf^HO B�DFE L UoB�EPO-BQIK^ ` IrOFDFE M IZBQESR LFM IZU M IZBJ, UH\*^ `Z` UzBQDFE M
B�^zG �XG'pvb M�M EPO-B ` , DFU ` RhIZOFl�p M IZB�IKpP^ ` GNEHpvB�IZUzOfG�BQDf^HB'IZB g IZlzDhB LFM EPE gaL B ~ � \ ^ M ESGNUob M pvE�IqG \ M EPE
+FbFBm^ B�^oG ��IKG \cU M pvEHRaBQU�+ ` U-p �a+fEHp@^2bfGJE�IZB�G LFM IrU M IZBJ,TIqG OXUoByDFIZlzD E@OFUobFlzD!BQUt^opPi[bFI M E�B�DFE
M ESGNUob M pvE[w[B�DFEPO�BQDFIqG B�^oG � IKG*pvUoO GNIKR-E M EHR BQU7+fEy+ ` U-p �[EHR�+-, BQDFEyB�^zG � U��'OFIZOXl�B�DFE M EHGJUob M pvE
�'IZB�DaBQDXE�DFIZlzDFEHGJB LFM IZU M IZBJ,�pvEPI ` IrOFl ~ �yIZY[EPO�BQDXIKG g U-RhI d p@^2BQIrUoO�BQUWBQDFE�OXUoBQIrUoO�U2\k+ ` U-p �hIrOFlFw
B�^zG � LXM IZU M IrBQIZESG�^ M EaB�DFEPO g U-RhI d EHR ^opPp U M R-IZOFl!B�U%BQDXE g EPB�DFU-R RhEHG�p M Ir+fEHR IZO_BQDFEa+ ^oGNIqp
LFM IZU M IZBJ,�IZOFDFE M IZB�^2Ofp E LFM UzBQU-pvU ` ~

s*UoOfGJIKRhE M BQDXE7GNEHi[bFEPO pvE'U2\kEPY[E@OhB�G IrO � IZlob M E ?h~ 6 �'IZB�DaBQDFE M EHGJUob M pvEHG*GNb LXL U M B�IZOFl B�DFE
LFM IZU M IZBJ, pvEPI ` IrOFl LFM UoBQU-p U ` ~ � DFE LFM IrU M IrBJ, pvEPI ` IZOFltYo^ ` bFESG \cU M EH^op�D M EHGNUzb M pvE�IKG7loIrY[EPO IrO
� ^2+ ` E ?h~ { ~ � Irlob M E ?h~98 GJDFU��yG�BQDXE GNB�^2B�E�U2\ BQDFE M EHGJUob M pvEHGy^2B�EH^zp D�UH\�B�DFE ` IKGJBQEHRaEPY[EPO-B�G ~
A'B BQI g E � � w#E � ESpvbFBQIrUoO +fEPlzIZOfG�^2O R +fUoB�D M ESGNUob M pvEHG�^ M E0^SYz^HI ` ^H+ ` E ~ A B B�I g E � � w�B�^oG �
� � GJbfpPpvEHG�G \cb `r` ,0^op@ijbFI M EHG M EHGJUob M pvE�� � ~ A'B�BQI g E � � w B�^oG � � ��+ ` U-p �XG�B M ,hIrOFlaBQU0^zpPijbXI M E
M ESGNUob M pvE ���a^zG IrB�G LFM IZU M IZBJ, IKG ` EHG�G�BQDf^HO B�DFE0pvEPI ` IZOFl0Yz^ ` bXE%U2\ � � ~ � � IKG�pvUoO GNIKR-E M EHR
+ ` U-p �[EHR�+h, � � w&^2OfR!DFEPO pvE[w � � � G LFM IZU M IZBJ,�IKG M ^2IqGNEHR%B�U B�DFE LXM IZU M IrBN,�UH\ � � ~ A'ByBQI g E � � w
B�^zG � � � + ` U-p �XG�B M ,hIrOFl�BQU0^op@ijbFI M E M EHGNUzb M pvE � � ^oG�IZB7IKGm^ `ZM EH^oR-, ^opPi[bFI M EHR%+-,!B�^oG � � � ~
] DFEPO � � + ` U-p �XGvw B�^oG � � � � G LFM IrU M IZBJ,%IqG IrOfp M EH^oGJEHR(B�U%B�DFE LXM IZU M IrBN,!UH\ � � ~ A B7BQI g E � 	@w
B�^zG � � � ^zpPi[bFI M EHG M EHGJUob M pvE ��� ~ � UzBQE7BQDf^HB'bFO ` I �[E�+f^zGNIqp LXM IZU M IrBN,�IZOXDFE M IrB�^HOfpvE[w � � IKG'OFUzB
M ESijbFI M EHR BQU + ` U-p � +fEv\cU M E0IZB�pP^HO ^zpPi[bFI M E � � ~ ] DFEPO�B�^zG � � � M E ` EH^zGNEHG M EHGNUzb M p EHG � �
^2O R � � ^HB'BQI g E � � wFIZB�G LFM IZU M IZBJ,�IKG ` U���E M EHRT+f^zp ��BQU IrB�G U M IrloIZO ^ `&LFM IZU M IZBJ,�^2O R B�^oG � � � IqG
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� ^H+ ` E ?-~ { �'s*EPI ` IZOXl 	#^ ` bFEHG ~
� ~ A'B�B�I g E � � w � � B M IZEHG�B�U�^opPi[bFI M E M EHGJUob M pvE � � ~
{ ~ A'B�B�I g E � �Pw � ��B M IZEHG�B�U�^opPi[bFI M E M EHGJUob M pvE ��� ~
6h~ A'B�B�I g E � � w � � B M IZEHG�B�U�^opPi[bFI M E M EHGJUob M pvE � � ~
8F~ A'B�B�I g E � 	 w � � B M IZEHG�B�U�^opPi[bFI M E M EHGJUob M pvE � � ~
?h~ A'B�B�I g E � � w � � M E ` EH^zGNEHG M EHGNUzb M pvESG � � ^HOfR � � ~
5h~ A'B�B�I g E � � w � � M E ` EH^zGNEHG M EHGNUzb M pvE � � ~
:[~ A'B�B�I g E � � w � � M E ` EH^zGNEHG M EHGNUzb M pvE � � ~

� Irlob M E ?h~ 6 � u ^ gtLF` E M bFO!GJEHi[bFEPOfpvE ~

^2+ ` EyBQUW^opPi[bFI M E � � ~ � ��GNB�I `r` pP^2OXOFUoB#^op@ijbFI M E ����^zG IrB�G LFM IrU M IZBJ,�IqG ` EHGQGkBQDf^HOaBQDFE LFM IZU M IZBJ,
pvEPI ` IrOFl�UH\ � � w-GNU7IZBkIKG OXU � pvUoO GNIKR-E M EHR�+ ` U-p �[EHR�+-,�B�^oG � � � ~ A BkBQI g E � � wzB�^oG � � � M E ` EH^zGNEHG
� � ^2OfR � �ypP^2O0^zpPijbXI M E ��� ~ � IZO ^ `Z` ,[wF^HB'BQI g E � � wFB�^oG � � � M E ` EH^oGJEHG ��� ~

� DFE LFM IZU M IZBJ, pvEPI ` IZOXl LFM UzBQU-pvU ` ^zRFR M EHGQGJEHGTBQDXE GNDFU M B�p U g IrOFl[G�RhIKG�pvbfG�GNEHR ^H+�UHY[E%\cU M
BQDXE +f^zGNIqp LFM IZU M IZBJ,�IZOXDFE M IrB�^HOfpvE LFM UoBQU-p U ` ~ � I M GNB@w�BQDXIKG LFM UzBQU-pvU ` E ` I g IrOf^2B�EHG g b ` B�I LF` E
+ ` U-p �-IZOFl7+fEHpP^HbfGNEm^�B�^oG ��pP^2OaUzO ` , +fEy+ ` U-p �[EHR�\cU M BQDXE�Rhb M ^2B�IZUzOaU2\ ^2B g U[GNB UoOFE7p M IZB�IKpP^ `
GNESpvBQIrUoO ~ AmG �#E `Z` w�B�DFE M EHGJB M IqpvBQIrUoOfGmRhEPBQE MQg IrOFIZOFl �'DXEPO ^aB�^oG � p@^2O_^opPi[bFI M E�^ M EHGJUob M pvE
^ ` GNU LXM UHYhIqRhE0GNb�� pvIrEPOhB pvUoO RhIZB�IZUoO G B�U�^PY[UoIKR�RhES^oR ` U-p � ~ � ^ � �hb g ^ M � 8�8 w ? |Fw ? � � ^ ` GNU
LFM U2Y-IKR-EHG�GJb�� pvIZEPO-BypvUzOfRhIZB�IZUzOfG�BQU ^ `Z` U�� ^TOFUzO � IrOfRhE L EPO RhEPO-B�B�^zG �!GJEPByBQUa+fE�GQp�DFEHR-b ` EHR
bfGJIZOFl0BQDFE M ^HBQE g UzOFUoB�UoOFIqpTG�p DXEHRhb ` IZOFl0^ ` loU M IZB�D g �'IZB�D BQDXE LFM IZU M IZBJ, pvE@I ` IrOFl LFM UoB�U-pvU ` ~
� DFIqG'^2Of^ ` ,XGNIKG'IKG�E � B�EPOfRhEHR�BQU � � � G�p DXEHRhb ` IZOFl +-, s*DXEPO � � 5 � ~
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� IZlzb M E ?-~ 8 � �;M IZU M IZBJ,%s*EPI ` IrOFl � � ^ gaLF` E ~
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� U���EPY[E M wfGNE@Y[E M ^ ` R M ^ �'+f^zp �XG E � IqGNB �'IZBQD0BQDFIqG LFM UoBQU-p U ` ~ � I M GNB@w�B�DFE LFM IZU M IZBJ,0pvEPI ` IrOFl
LFM UoBQU-p U ` OFUoB*UzO ` ,WIZOfpvb M G g U M E M bFO � BQI g E*UHY[E M DFES^oR�BQD ^2O�BQDFE'+f^zGNIqp LFM IrU M IrBJ,�IrOFDFE M IZB�^2OfpvE
LFM UoBQU-p U ` wF+XbFB'IZB9^ ` GJU M EHi[bFI M EHG g U M E�GJB�^2B�IKp�^HOf^ ` ,FGJIKG ~ � O�^zRFRhIZB�IZUzO B�U BQDFEmB�^oG �aIZO-\cU MQg ^ �
BQIrUoO M EHi[bFI M EHR +h,WBQDFE GQp�DFEHRhb ` IZOFl ^ ` lzU M IZBQD g woBQDXE�^ LFLFM U LFM Iq^2B�E LFM IrU M IZBJ,�pvEPI ` IZOXl�Yz^ ` bXE \cU M
EH^zp D M EHGNUzb M p E g bfGNB*+fE7RhE@BQE M�g IZOFESR ~ s#^ ` pvb ` ^2BQIrOFl�B�DFIKG#pvEPI ` IZOXl�Yz^ ` bFE M EHi[bFI M EHG*pvU gaLF` E@BQE
IZO-\cU MQg ^2BQIrUoO ^2+fUobFB ^ `r`;M EHGJUob M pvEHG�b GNEHR%+-,%EH^zp D!B�^oG � ~ � U �#EPY[E M w
^zG�^�B�^oG � � G M bFO � BQI g E
+fEPDf^PY-IZUob M IKGyRh,hO ^ g Iqpow-GNB�^HBQIqpP^ `r` ,tRhEPBQE MQg IrOFIZOFl7B�DFEWGNEPByU2\ M EHGJUob M pvEHGy^opvB�bf^ `r` ,t^opPp EHGQGJEHR
+-,�^�B�^oG �WIKG I gaL U[G�GNIZ+ ` E ~ � OfGJBQEH^zR
w[^ L EHGQGJI g IqGNB�IKp*^ LFLXM U[^zp D IqG BJ, L IKpP^ `Z` ,mE gaLF` U2,[ESR��PEPY[E M ,
M ESGNUob M pvE7BQD ^2Bm^�B�^oG �0pvUob ` R L UzBQEPO-BQIq^ `r` ,t^opPpvESGQG�IKG�IrOfp ` bfRhEHRTIrO�BQDFEWGNE@B ~

u EHpvUzOfR
w�B�DFIKG LXM UoB�U-pvU ` IKG!^ L EHG�GNI g IKGJBQIKp ^ LXLFM U ^op�D +fEHpP^HbfGNE�BQDXE M EHGNUzb M p E OFEPEHRXG
p�Df^2OFlzE!Rhb M IZOXl M bFO � B�I g E[w*BQDXE M Ev\cU M E�BQDXIKG LFM UzBQU-pvU ` p@^2O +fE0bFOFOFEHp EHGQG�^ M I ` , M ESGNB M IKpvB�IZY[E[w
^oG �#E `Z` ^zGvw#RhI�� pvb ` B�B�U!bfGNE �'IrBQD�^HO UoO ` IZOXEa^ ` loU M IrBQD g!~ � U M E � ^ gaLF` E[w&IZO � Irlob M E ?h~98
B�^zG � � �'IKG LFM EPY[E@OhB�EHRT\ M U g E � EHpvbXBQIZOXl�RhEHG L IZBQEWBQDFE7\ ^opvByBQD ^2B�B�^oG � � � RhU[EHG�OFUzB M EHijbXI M E
���yRhb M IZOFl�BQDFIqG�BQI g E ~ � DXIKG LFM Uz+ ` E g U-pPpvb M G'+�ESpP^2bfGJE�B�DFIKG LFM UoB�U-pvU `;LXM UHYhIqRhEHG#GNb�� pvIZE@OhB
pvUzOfRhIZB�IZUzOfG�BQU LFM E@Y[EPOhB g b ` BQI LF` E�+ ` U-p �hIrOFl0^2OfR RhEH^zR ` U-p �
w&+FbXB�R-U[EHG�OFUoB LFM UHY-IKRhE�GJb�� �

pvIrEPOhB#^HOfRTOFEHp EHGQG�^ M ,tpvUzOfRhIZB�IZUzOfG ~ ] DFI ` EyBQDFEmGNE g ^ L DXU M E pvUoO-B M U `fLFM UzBQU-pvU ` � 8 ? w 8�8 � RhU[EHG
LFM U2Y-IKR-EyGNb�� pvIZE@OhB*^HOfRTOFESpvEHGQG�^ M ,�pvUoOfR-IZBQIrUoOfG;B�U g EPE@B B�DFEHGNEyloU ^ ` GvwhB�DFEyB M ^zRhEyU 
!IqG;BQDf^HB
IZB M EHijbXI M ESG�RhEPB�^2I ` EHR M EHGJUob M pvETIrOh\cU M�g ^2B�IZUzO%\cU M ES^op�D B�^oG � ~ � U!^PY[UoIqR(+fEPIrOFl�U2Y[E MQ` , M E �
GNB M IqpvBQIrY[E[w
IZO_^oRXRhIZB�IZUoO_BQU%B�DFE�IZOh\cU MQg ^HBQIZUzO M EHi[bFI M EHR%+h, BQDXE LFM IZU M IZBJ, pvE@I ` IrOFl LFM UoB�U-pvU ` w
E � BQEPO RhEHR M EHGNUzb M pvE�IrOh\cU M�g ^2B�IZUoO \cU M EH^op�D�p M IZBQIqpP^ ` GNEHp BQIZUzO�IKG ^ ` GNU M EHijbXI M ESR ~ � D-bfGvw9^
M ESijbFESGNB�\cU M ^HO!^PYz^2I ` ^2+ ` E M EHGNUzb M pvE7IqG�UoO ` ,a+ ` U-p �[EHR �'DXEPO�l M ^HOhB�IZOFl�BQDXE M EHGNUzb M p E �#Uob ` R
pP^HbfGNEW^ DFIZlzDFE M'LFM IZU M IZBJ,�B�^oG ��BQU + ` U-p � ~
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� DFEWI gag E@RhIq^2BQEmpvEPI ` IrOFl LFM IZU M IZBJ, LXM UoB�U-pvU ` � ? w 5 w ? � � IqG�^�GNI gaLF` I d pP^HBQIZUzOaU2\ BQDFE LFM IZU M IZBJ,
pvEPI ` IrOFl LXM UoB�U-pvU ` ~ � O B�DFIKGtpP^oGJE[w�EPY[E M , M EHGJUob M pvE!IKG�^Hl[^2IrO ^zGQGJIZloOXEHR ^ LFM IZU M IZBJ,�Yz^ ` bFE
pvU MQM ESG L UoOfR-IZOFl B�U�BQDXE LFM IrU M IZBJ, U2\kB�DFE�DFIrloDFEHGJB LFM IZU M IZBJ,WB�^oG �aBQD ^2B'p@^2OabfGJE�BQDXE M EHGJUob M pvE ~
� bFB �'DFEPO�^�B�^oG � ^op@ijbFI M EHGk^ M EHGNUzb M pvE woIZB�G LFM IZU M IZBJ,7IKG&I gtg EHRhIr^2B�E ` , M ^2IqGNEHR�B�U�BQDFIqG;pvEPI ` IrOFl
Yz^ ` bFE �'DXI ` E B�DFE B�^zG �!IqG b GNIZOXl B�DFE M EHGJUob M pvE[w M ^HBQDFE M BQDf^HO BQDFE LFM IZU M IZBJ,�U2\9BQDFE�DFIZlzDFEHGJB
LFM IZU M IZBJ,�+ ` U-p �[EHR�B�^oG � ~ � DFIKG�GNI gaLF` I d pP^HBQIrUoO M E g U2Y[ESG g bfp�D�U2\WBQDXE pvU gaLX` E � IZBJ,_^2OfR
UHY[E M DXEH^oR IZO-Y[U ` Y[EHR �'IrBQD B�DFE d M GNB�B ��U IZOFDXE M IrB�^2O pvE LFM UzBQU-pvU ` Gvw'+FbXB ` EH^oRFG BQU_IZB�G U��'O
\cU M�g U2\ LFM IZU M IZBJ, IrOhY[E M GNIrUoO&w*I ~ E ~ w;IrOhB�E MQg EHRhIK^HBQE LFM IrU M IZBJ, B�^zG �XGTp@^2O +fE LFM EPE gaL BQEHR +-,
^ ` U�� LXM IZU M IrBN, B�^zG ��bfGJIZOFl_^ M EHGJUob M pvE �'IZB�D ^%DFIrloD LXM IZU M IrBN,_pvEPI ` IrOFl%EPY[E@O I \mBQDFIqG ` U��
LFM IZU M IZBJ,�B�^zG �%IqG�OFUzB�+ ` U-p �-IZOFlt^aDFIZlzD LFM IrU M IrBJ,aB�^zG � ~ � U M E � ^ gaLF` E[wFIZO � IZlzb M E ?h~ ? B�^oG �
� �� G LFM IZU M IZBJ,aIqG�IZOfp M EH^zGNEHRaBQU B�DFEWpvEPI ` IZOXl�Yz^ ` bFE7U2\
� � ^2ByBQI g E � � EPY[EPOtBQDFUzbFloD!IrB�IKG'OFUzB
+ ` U-p �-IZOFl B�DFE�E � EHp bFBQIrUoOaUH\#^2O-,�DFIZlzDFE M'LFM IZU M IZBJ,aB�^oG �XG ~ � O�B�DFIKGypP^oGJE[w LFM IZU M IZBJ,�IZO-Y[E M GJIZUoO
U-pPpvb M G'+�ESpP^2bfGJE7B�^oG � � � IKG LXM EPE gtL BQIrOFl�B�DFE7E � ESpvbFBQIrUoOaUH\;DXIZloDXE M'LFM IrU M IZBJ,aB�^zG �XG ~

s*UoOfGJIKRhE M BQDXE7GNEHi[bFEPO pvE'U2\kEPY[E@OhB�G IrO � IZlob M E ?h~ 6 �'IZB�DaBQDFE M EHGJUob M pvEHG*GNb LXL U M B�IZOFl B�DFE
I gtg EHRhIr^2B�EypvEPI ` IZOXl LFM IZU M IZBJ, LFM UzBQU-pvU ` ~ � DFE LFM IrU M IrBJ,apvE@I ` IrOFl7Yz^ ` bXEHG \cU M EH^op�D M EHGNUzb M pvE7IqG
loIrY[EPOaIrO � ^H+ ` E ?-~ { ~ � IZlob M E ?-~ ? GNDXU �yG'BQDXE7GNB�^2BQE7UH\;B�DFE M EHGJUob M pvEHG�^HB'EH^op�DaUH\;B�DFE ` IKGJBQEHR
EPY[EPO-B�G ~ A'B�B�I g E � � w�E � EHpvbXBQIZUzO�+�E@loIZO G�^2OfR%+fUzBQD M ESGNUob M pvEHGy^ M E�^PYo^HI ` ^2+ ` E ~ A'B�B�I g E � � w
B�^zG � � � GNbfpPp EHGQG \cb `Z` ,a^zpPijbXI M ESG M EHGNUzb M pvE � � ~ � B�G LXM IZU M IrBN,tIKG M ^2IqGNEHR�BQU�BQDFE pvEPI ` IZOXl�Yz^ ` bFE
\cU M � � ~ � RhEH^ `r` ,[wk^HB BQI g E � �Pw;B�^oG � � � ��Uob ` R ` I �[E�BQU!^zpPi[bFI M E M EHGJUob M pvE ��� ~ � U���EPY[E M w
^oG B�^zG � � � IqG�E � EHpvbFB�IZOFl ^2B DFIrloDFE M LXM IZU M IrBN, BQD ^2O � �vw � � IKG�OFUzB�GQp�DFEHRhb ` EHR ^HOfR B�Dhb G
g bfGNB �9^2IZB B�U�^op@ijbFI M E M ESGNUob M pvE ��� ~ A'B�BQI g E � � w�B�^oG � � � + ` U-p �XG B M ,-IZOXl B�U ^zpPijbXI M E
M ESGNUob M pvE � � ^oG�IrB�IqG�^ `rM EH^zRh,_^opPi[bFI M EHR!+h,!B�^oG � � � ~ � U \cb M BQDFE M�LXM IZU M IrBN,!IrOFDFE M IZB�^2OfpvE
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IKG�OFESpvEHGQG�^ M , �'DFEPO � � U M ^2O-,%UzBQDFE M B�^oG �!+ ` U-p �FG�UzO ^ M EHGJUob M pvE ~ A'B�BQI g E � 	@w B�^oG � � �

^op@ijbFI M EHG M ESGNUob M pvE���� ~ Ayl[^2IrO!OFUoB�E BQDf^HB�bFO ` I �[E7+f^zGNIKp LXM IZUzI M IZBJ,aIZOXDFE M IrB�^HOfpvE[w � � IqG�OFUzB
M ESijbFI M EHR7BQU�+ ` U-p ��+fEv\cU M E'IrB*pP^2O�^zpPi[bFI M E M ESGNUob M pvE���� ~ ] DFE@O B�^oG � � � M E ` ES^oGNESG M EHGNUzb M pvESG
� � ^2OfR � ��^2B*B�I g E � � w[IrB�G LFM IrU M IZBJ,�IqG ` U���E M EHR�+f^op � BQU7IrB�G;U M IZloIrOf^ `fLFM IZU M IZBJ, ^2OfRTB�^oG � � �
IKG#^2+ ` E7BQU�^op@ijbFI M E � � ~ � ^oG � � � IKG#GQp�DFEHRhb ` EHRTB�U E � EHpvbFB�E �'DFE@O � � M E ` EH^zGNEHG
� � +�ESpP^2bfGJE
IZB�G LXM IZU M IrBN,tIKG'DFIZlzDFE M BQD ^2O � � ~ � UoB�E�B�Df^2BmBQDFE RhEHpvIqGNIZUzO�BQUt^ `Z` U�� � � BQU LXM U-pvEPESR IKG'OFUzB
^ 
>EHp BQEHR +-, B�DFET\ ^op B BQDf^HB�� � D ^oG ^%DFIrloDFE M p EPI ` IZOFl�Yz^ ` bFE�BQDf^HO � �Pw;+�ESpP^2bfGJE�OFEPIZB�DFE M
B�^zG ��Df^zG�^zpPijbXI M ESR � � U M ����^HB�B�DFE7BQI g E�B�DFEWRhEHpvIqGNIrUoO�IKG g ^zRhE ~ � � � G LFM IrU M IZBJ, M E g ^HIZOfG
bFOfp�Df^HOFloEHR ^oG�IrB�IKG�^ `ZM EH^oRh,!E � EHp bFBQIrOFla^HB7BQDFE�pvE@I ` IrOFl�Yo^ ` bFE \cU M � � ~ A ByBQI g E � � w&B�^oG �
� � M E ` EH^zGNEHG � � ^2OfR�B�^oG � � � pP^2O ^opPi[bFI M E M ESGNUob M pvE � � � ^oG�GNb g IrOFl BQD ^2B � � M E ` IrOfijbXIKGNDXEHG
BQDXE LXM U-pvEHG�GNU M � ~ � IrOf^ `r` ,[wX^2B'BQI g E � � w-B�^zG � � � M E ` EH^oGJEHG � � ~

� B IqG IrOhB�E M EHGJBQIrOFl'BQUyOFUoB�E'BQDf^HB +fUzBQD BQDXE LFM IZU M IZBJ,7pvE@I ` IrOFl LFM UoBQU-p U ` ^HOfR�BQDFE#I gag EPRhIq^2B�E
pvEPI ` IrOFl LFM UzBQU-pvU `;LFM EPY[EPO-B�B�^zG � � ��\ M U g ^zpPijbXI M IrOFl M EHGJUob M pvE ���m^2ByBQI g E � �Pwf^2OfR%DFE@OfpvE[w
LFM EPY[EPO-B g b ` BQI LX` E�+ ` U-p �hIrOFl ~ � DFE RhI 
>E M EPOfpvE�IqG B�Df^2B �'IrBQDaB�DFE LFM IZU M IZBJ,tpvEPI ` IZOFl LFM UoB�U-pvU ` w
� � IKG�pvUzOfGNIqRhE M ESR + ` U-p �[EHR +-, � � w M EHGJb ` B�IZOFl IZO � � � G LFM IZU M IZBJ, +�E@IZOFl IZOfp M EH^zGNEHR ~ ] IZB�D
BQDXEaI gag EPRhIq^2B�E pvEPI ` IrOFl LFM IrU M IrBJ, LFM UzBQU-pvU ` w;DFU���E@Y[E M w ^oG � ��� G LFM IrU M IrBJ,!IKG M ^2IqGNEHR B�U%B�DFE
M ESGNUob M pvE � GapvEPI ` IrOFl Yz^ ` bFE!UzO EPO-B M ,[w'BQDFE M E%IqGaOFU�^oR-Yo^HOhB�^2lzE BQU RhE d OFIZOFl � ��^oGa+fEPIZOXl
+ ` U-p �[EHR�+-, � � ~ � U���EPY[E M w LFM EPY[EPO-BQIZOXl � � \ M U g E � EHpvbFB�IZOFl'EPY[E@O�+fEv\cU M E'IrB&B M IrEHG&BQU7^zpPijbXI M E
���Pw �'IrBQD B�DFEaI gtg EHRhIq^2BQE pvEPI ` IZOXl LXM UoB�U-pvU ` w M EHGNb ` B�G7IZO B�DFE �-IZOfR U2\ LFM IrU M IrBJ,!IZO-Y[E M GJIZUoO
RhEHG�p M Ir+fEHR�^2+fUHY[E ~
� I �[E�B�DFE LFM IrU M IZBJ,ap EPI ` IZOFl LFM UzBQU-pvU ` wFBQDXIKG LFM UoBQU-p U ` ^ ` GJU LXM EPY[EPO-B�G g b ` BQI LF` E'+ ` U-p �hIrOFlFw

DFU���E@Y[E M wyIZBaUzO ` , ^PY[UoIqRFG�RhEH^zR ` U-p � bFOfRhE M pvE M B�^HIZO pvUzOfRhIZB�IZUzOfGvw�I ~ E ~ w Ie\ B�^oG �XG%R-U OFUzB
GNb G L EPOfR �'DXI ` E'DXU ` R-IZOFlW^ M EHGNUzb M p E ~ ] DFI ` E'B�DFIKG LFM UoBQU-p U ` R-U[EHG OFUzB#GNb�
>E M \ M U g B�DFE M bFO �
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� IZlzb M E ?-~ ? � � gag EHRhIK^HBQE�s*EPI ` IrOFl � � ^ gaLF` E ~
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BQI g E'UHY[E M DXEH^oRFG#^oG�GNU-pvIq^2BQESR �'IrBQDaB�DFE LFM IZU M IZBJ,�pvE@I ` IrOFl LFM UoB�U-pvU ` wFIZB'R-U[EHG'GNb�
>E M \ M U g B�DFE
RhIqGQ^oR-Yo^HOhB�^2lzEHG ^oG�GNU-pvIq^2BQESR �'IrBQD � GJB�^2B�IKpP^ `Z` , �mpP^ ` pvb ` ^2B�IZOFl0pvEPI ` IrOFlaYz^ ` bFEHG ~ A�G ��E `Z` w&B�DFE
LFM IZU M IZBJ, IZO-Y[E M GNIZUzO M EHGNb ` BQIrOFl�\ M U g IrOfp M EH^oGJIZOFl ^�B�^oG � � G LFM IrU M IZBJ,�RhI M EHpvB ` , BQU�^ M EHGNUzb M p E � G
pvEPI ` IrOFl�Yz^ ` bFE�IqG*pvU gaL ^ M ^H+ ` E'B�U7BQDFEyUHY[E MQ` , M ESGNB M IKpvB�IZY[E#+�E@Df^PYhIrUob M U2\�BQDFE LFM IZU M IZBJ,�pvEPI ` IrOFl
LFM UoBQU-p U ` ~ � O�+fUoBQD p@^oGNESGvwf^ DFIZlzDFE MyLFM IrU M IrBJ,aB�^zG ��IKG LFM EPY[EPO-BQEHR \ M U g E � EHpvbXBQIZOXl�RhEHG L IZBQE
BQDXET\ ^opvB B�Df^2B�^%DXIZloD LFM IZU M IZBJ,!B�^oG �_IKG�OXUoB�+ ` U-p �[EHR �'^2IrBQIrOFl%B�U!bfGNE�BQDXE M EHGJUob M pvE ~ � O
\ ^op BPw[+h, M ^HIKGNIrOFlW^�B�^oG � � G LFM IrU M IrBJ,�R-I M ESpvB ` ,�B�UW^ M EHGNUzb M p E � G*pvEPI ` IrOFl�Yz^ ` bFE[wzBQDFEyI gag EPRhIq^2B�E
pvEPI ` IrOFl LFM UzBQU-pvU ` IqG �#U M GNE�B�Df^2O!B�DFE LXM IZU M IrBN, pvEPI ` IZOFl LFM UzBQU-pvU ` +fEHpP^HbfGNEWB�^oG �FGyOFUoB�b GNIZOXl
^2O-, M EHGNUzb M pvESG'pP^2O ^ ` GJUT+fE LFM EPY[EPO-BQEHR \ M U g E � EHp bFBQIrOFl ~

� DFE�+FIZlzloEHGJB�^zRhYz^2O-B�^HloEaUH\'BQDXIKG LFM UoB�U-pvU ` w DFU���E@Y[E M wfIKG�BQD ^2B7IZB�IqG7GNI gtLF` E7BQU�I gaLF` E �
g EPO-BPw*,[EPB LFM UHY-IKRhESG +fEPOFE d B�G�GNI g I ` ^ M BQU�BQDFE LFM IrU M IZBJ, pvEPI ` IZOFl LFM UoBQU-p U ` ~ � U M p E M B�^2IZO
G L EHp IK^ ` I �PESRaGNIrBQbf^HBQIZUzOfGvwfIZB g ^S, LFM U2Y-IKR-E�E � ^zpvB ` ,TB�DFEWRhEHGNI M EHR�GJE g ^2O-BQIqpPG ~ � Dhb Gvw>RhEHG L IZBQE
BQDXE7R M ^ �'+f^zp �XGvwFB�DFIKG LFM UzBQU-pvU ` IKG#GNb LFL U M BQESR +-, g ^HOh, M EH^ ` � B�I g EyGJ,FGJBQE g Gvwo\cU M E � ^ gtLF` E[w
IZB IqG�IZOfp ` bfRhESR IZO�BQDXE%AmRF^ � EH^ ` � � I g EtA�OFOFE � � ? � � ^2O R IZB IqG ^2O U L B�IZUoO ^ ` \cEH^HBQb M E IrO
� x u �>= B�D M ES^oRFG � � wf{ � � ~
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� DFE dfM GJB�GNB�E L IrO I gtLF` E g EPO-BQIeOFl LFM IrU M IrBJ, IZOFDXE M IrB�^2O pvE�IKG BQU E � BQE@OfR BQDFE0OFUoB�IZUoO UH\ ^
B�^zG � � G LFM IZU M IZBJ, ~ � , L IKpP^ `Z` ,[w B ��U LFM IrU M IZBJ, Yz^ ` bFEHGW^ M E%^zGQGJU-pvIK^HBQEHR �'IZBQD_EH^op�D B�^zG �>w I ~ E ~ w
^ � � � � � � ����� ��
H��^2OfR ^2O ��
 
����� � � ����� ��
H� ~ A�B�^oG � � G�+f^zGNE LFM IrU M IrBJ, IqG�BQDFE LFM IZU M IZBJ,�Yz^ ` bFE
^oG�GNIrloOFEHR +-,�BQDFE G�p DXEHRhb ` IZOFl ^ ` loU M IrBQD g ^2OfR ^ B�^oG � E � EHpvbFB�EHG ^2BtBQDFIqG LFM IrU M IZBJ, Yz^ ` bFE
�'DFEPO0OFU LFM IZU M IZBJ,aIrOFDFE M IZB�^2OfpvE7IqG U-pPp b MQM IZOFl ~ A B�^zG � � G�^zpvBQIrY[E LXM IZU M IrBN, whDFU���E@Y[E M wFIqG B�DFE
DFIrloDFEHGJB�Yz^ ` bFE7^ g UoOFl�^7B�^zG � � G�+f^zGNE LFM IrU M IZBJ,�^2OfRaB�DFE LFM IZU M IZB�IZEHG;U2\ ^ `r` B�DFE�B�^zG �XG�BQDf^HB�IrB
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IKG�+ ` U-p �hIrOFl ~ A B�^zG �aIqG'^ ` �'^P,FG�E � EHp bFBQEHRt^2ByIZB�G'p b MQM EPOhB9^opvB�IZY[E LXM IZU M IrBN, ~
] DFI ` E%B�DFE!+f^oGJIKp LFM IrU M IrBJ, IrOFDFE M IZB�^2OfpvE LFM UzBQU-pvU `�LFM U2Y-IKR-EHGa^ GJI gaLF` E�BQEHp�DFOFIqijbFE�B�U

+fUobFO R BQDXE LXM IZU M IrBN,�IZO-Y[E M GNIZUzOaE �-L E M IrEPOfpvEHR +-,aOFUoO � IrOfRhE L EPOfR-EPOhB'B�^oG �FG wf^ `Z` U��'IZOFl B�DFE g
BQU +fE0GQp�DFEHRhb ` EHR
w;I gaLF` E g EPO-BQIeOFl�B�DFIKG LFM UoB�U-pvU ` IKG RhI ��p b ` B ~ � ��U LFM Uo+ ` E g G g bfGJB�+fE
^oRXR M EHG�GNEHR�IZO0^2O-,�pvU gaLF` EPBQEyI gaLX` E g EPO-B�^2B�IeUoO&w[I ~ E ~ w[B M ^2O GNIZB�IZY-IZBJ,t^2OfR LFM IrU M IrBJ,aRhIqGNIrOFDFE M I �
B�^HOfpvE � 8 { � ~

�#" !#"�$ � -�0%'�� < ) < �#< ) �

] IZB�D LFM IZU M IZBJ,�IrOFDFE M IZB�^2OfpvE w �'DXEPO�^�B�^oG �T+ ` U-p �XG +fEHp@^2bfGJE7^�GJDf^ M EHR M EHGJUob M pvE�IqG bFO ^SYz^HI ` �
^2+ ` E�BQDFE LFM I g ^ M , lzU[^ ` IKG7BQU M ^HIKGNE�B�DFE LFM IZU M IZBJ, U2\mBQDFIqG�B�^oG � � G �(� 
 ���	��
 �5��� ��
�� � �vw�I ~ E ~ w
BQDXE d Of^ ` B�^zG ��IZO0BQDFEWB�^zG � � G�+ ` U-p �-IZOXlap�Df^2IrO ~ � U M ^ `Z` BQDXE�B�^zG �XG�IZO � IZlzb M E ?h~75 wfB�^oG � � �
IKG7BQDFE�b ` BQI g ^2BQE + ` U-p �[E MP~�� U��#EPY[E M w�^!GNEHpvUzOfRF^ M , loU[^ ` IqG�BQU �[EPE L BQDFE ^opvB�IZY[E LFM IZU M IZBJ,
U2\mUoB�DFE M B�^oG �XG IZO�BQDFEt+ ` U-p �hIrOFl p�Df^2IrO b L RF^2B�EHR ~ � DFIqG�E � B M ^%b L RX^2BQIrOFl IKG�bfGJEv\cb ` OFUzB
UoO ` , \cU M'LFM IZU M IZBJ,�RhIqGNIZOXDFE M IrB�^HOfpvE � GNE@E�+fE ` U�� ��w[+FbXBy^ ` GJU BQU g ^2Of^HloE�B�DFE LFM IZU M IZBJ,�i[bFEPbFESG
BQD ^2B'BQDXEHGNE7UoB�DFE M B�^oG �XG'^ M E7BN, L IqpP^ `r` , + ` U-p �[EHR�UoO ~ ] IrBQDFUzbFB�B�DFIKG*b L RF^2B�IZOFlXw
G�p DXEHRhb ` IZOFl
RhEHp IKGNIrUoOfG'^ M E7E �-L EPOfGNIrY[E�+fEHp@^2bfGJE GNB�^ ` E�IrOh\cU M�g ^2B�IZUzOaIZOaB�DFEHGJE LXM IZU M IrBN,ti[bFEPbFEHG�OXEPEHRFG�B�U
+fE M EPEPYz^ ` bf^2B�EHR ~ � U M E � ^ gtLF` E[w-I \ ^TDFIrloD LFM IZU M IZBJ,aB�^oG � � � + ` U-p �XG UzO � � IZO � IZlzb M E ?h~75
� GJEPE � IZlob M E ?-~ : ��w
OFUzB�UoO ` , g bfGJB'BQDFE LFM IrU M IrBJ, UH\ ��� +fE M ^HIKGJEHR
wf+FbFB�B�DFE LFM IZU M IZBJ,�U2\ � �
^2O R IZB�G L U[GNIrBQIrUoO%UzO�BQDFE7EPO-B M ,�ijbXEPbFE�UH\
� � g bfGJB'^ ` GNU�+fE7b L RF^2B�EHR ~

� OTB�DFEyGNB M ^2IrloD-BN\cU M �'^ M Ra^ LFLFM U[^op�DaB�U�I gaLF` E g E@OhB�I OXl LFM IZU M IZBJ,WIZOFDFE M IZB�^2Ofp E[w2ES^op�DTB�^oG �
g bfGNB;+fE7^H+ ` EyBQU RhEPB�E MQg IrOFE��'DFIKp�D�B�^oG �TIqG;IZB�G*RhI M EHp B + ` U-p �[E MP~ � DFIqG IZO-\cU MQg ^2BQIrUoO�pP^HOa+fE
bfGJEHR%BQUT\cU `Z` U �C^ap D ^2IZO0U2\#+ ` U-p �[EHR�B�^zG �XG�BQU�^�B�^oG � � G�b ` BQI g ^2BQE7+ ` U-p �[E MP~ � U M E � ^ gtLF` E[w
IZO � Irlob M E ?h~75 w B�^oG � � � � GWRhI M EHpvB�+ ` U-p �[E M IKG ��� wkB�^oG � � � � G�RhI M EHpvBm+ ` U-p �[E M IKG ��� ^2OfR_^oG



� 618 ����������	 
 � ��� 
�����
������ ��� � 	 
�� � ������	

� � � � � �

� � � �

��� � �

�	 � �

� � � �

�
�
� � �

�
� �

�
�
� �

* � 
 � �0��)�� � �� ��� ��� 1�"0� ��"���� �

�
��"������������ ����"
(-���0� � ���0���&���� ����"��� � 
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� IZlzb M E ?h~ : � �;M IZU M IZBJ,tijbFE@bFEHG�OFEPESR b L RX^2BQIrOFl �'DFEPO0^ B�^oG � + ` U-p �FG�UzO%^ M ESGNUob M pvE ~
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� IZlzb M E ?-~ < � � DXE�b ` BQI g ^2BQEy+ ` U-p �[E M p D ^2OFlzEHG'^oG'B�^zG �XG + ` U-p �tUoO�U MyM E ` EH^oGJE M ESGNUob M pvEHG ~
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��� IqG�OFUoBy+ ` U-p �[EHR>w � � IKG � ��� G � ^2OfR ���� G��*b ` BQI g ^2B�E�+ ` U-p �[E MP~ � DFEPO&w �'DFEPO!^�B�^oG �a+ ` U-p �XG
�'DFI ` E�B M ,-IZOFl B�U�^opPi[bFI M E7^ M ESGNUob M pvE[wFIrB'pP^HO�bfGNE7BQDXIKG�IZO-\cU MQg ^2BQIrUoOaB�U b L RF^2B�E�B�DFE7^op BQIZY[E
LFM IZU M IZBJ,aUH\*BQDFE7B�^oG �XG'IZO�IZB�G + ` U-p �-IZOXl�p Df^HIZO�bFO-BQI ` ^ B�^oG � �'IrBQD0^ DXIZloDXE M ^zpvBQIrY[E LFM IZU M IZBJ,
U M BQDFE�b ` BQI g ^2BQEW+ ` U-p �[E M IqG M EH^op�DFEHR ~ A�G�BQDFEt^op BQIZY[E LXM IZU M IrBN,0U2\yEH^zp D + ` U-p �[EHR%B�^oG � IqG
b L RF^HBQEHR
wfBQDXEP, g bfGJB'^ ` GNU�+fE�GJDFI \cB�EHRaUoO0EH^op�D LFM IrU M IrBJ, �9^2IZB�IZOFl�i[bFEPbXE ~

� ESp DFOXIKi[bFEHG'BQDf^HB�^ `Z` U � ^aB�^oG �!BQU�I gtg EPR-IK^2B�E ` ,t^op@pvEHGQGyIZB�G�b ` BQI g ^2B�E�+ ` U-p �[E M GNb 

E M
\ M U g B �#U LFM Uz+ ` E g G ~ � I M GJBPwHBQDFE*B�^oG �XG UzO�BQDXE + ` U-p �hIrOFlyp D ^2IZOW^zGQGNU-p IK^2B�EHR �'IZB�DW^�+ ` U-p �-IZOFl
B�^zG � g bfGJB +fE7b L RF^HBQEHR �'DFEPO�IZB�G b ` BQI g ^2BQEy+ ` U-p �[E M p�Df^2OXloEHG ~ � OaU M RhE M B�U b L RF^2B�E7BQDFEHGJE
B�^zG �XGvwkBQDFEa+ ` U-p �hIrOFl�p�Df^2IrO g bfGNBm+�EtB M ^PY[E M GNEHR ~ � U M E � ^ gaLX` E[w
IrO � IZlob M E ?h~ : GNb LXL U GNE
BQD ^2B � � M E ` EH^zGNEHG � � ^2OfR � � ^zpPi[bFI M EHG�BQDFIqG M EHGNUzb M p E � GJEPE � IZlzb M E ?h~7< � ~ � O0BQDFIqG�p@^oGNE w � �
g bfGNB&+fEy^2+ ` E'BQU d OfR ^ `r` B�DFE'B�^zG �XG + ` U-p �[EHR7UoO�� � w � � ^2OfR � � B�U�b L RF^2B�E'BQDFE@I M b ` B�I g ^HBQE
+ ` U-p �[E M \ M U g ��� BQU � � ~

u EHpvUzOfR
w g ^2IrOhB�^2IZOXIZOFl_^ B�^oG � � GTb ` BQI g ^2BQE0+ ` U-p �[E M IKG g bfp�D g U M E%E �-L EPOfGNIrY[E%B�Df^2O
g ^HIZO-B�^2IrOFIZOXl%^%B�^oG � � G�RhI M EHpvB7+ ` U-p �[E MP~ � U M E � ^ gaLF` E[w �'DFEPO ��� M E ` EH^oGJEHG � � w;UoO ` , B�DFE
RhI M EHpvB'+ ` U-p �[E M U2\ � ��^HOfR � � p�Df^2OFlzEHGvw>^oG'U LXL U GNEHR%B�UaBQDXE�b ` BQI g ^2B�E�+ ` U-p �[E M \cU M ^ `Z` B�DFE
B�^zG �XG ~ � b M BQDFE M�g U M E[w[^�B�^zG �tpP^2OtRhEPB�E MQg IZOFE#IZB�G*RhI M EHp B;+ ` U-p �[E M +-,�GNI gaLF` , M E g E g +fE M IZOFl
BQDXE�U��'OFE M U2\fB�DFE M EHGNUzb M p E�IZBkIKG&B M ,hIrOFlyBQUm^opPi[bFI M E ~ � \fBQDFE M EHGNUzb M pvE g ^2IrOhB�^2IrOfG
IZB�G pvb MQM E@OhB
U��'OFE M ^2OfR B�DFEaIqRhEPO-BQIZBJ,�U2\mBQDXIKG M EHGJUob M pvE M E g ^2IrOfG d�� EHR �'DXI ` E�^%B�^oG � IqG + ` U-p �[EHR
w OXU
b L RF^HBQIZOXl%IKG M EHijbXI M ESR M EPl ^ M R ` EHG�G�U2\ �'DFEPB�DFE M BQDFE�B�^zG � U��'OFIZOFl�B�DFE M EHGNUzb M p Eap�Df^2OXloEHG ~
� U���E@Y[E M w@^oG +fUoB�D BQDFE*b ` BQI g ^2B�E;+ ` U-p �[E M ^HOfR�B�DFE M EHGNUzb M pvE#^zGQGNU-p IK^2B�EHR �'IZB�D�B�DFE*b ` B�I g ^HBQE
+ ` U-p �[E M pP^HO0p Df^HOFloE ^oG�BQDXE�b ` B�I g ^HBQE'+ ` U-p �[E M ^zpPi[bFI M EHG�^HOfR M E ` EH^oGJEHG M EHGJUob M pvEHGvw-BQDFE M E�IqG
OFU d�� EHR �'^P,aBQU ` U-pP^2B�EW^ B�^oG � � G�b ` BQI g ^2B�E�+ ` U-p �[E M@~
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� DFE UzBQDFE Mmg ^ � U MyLFM Uo+ ` E g �'IZBQD!I gaLF` E g E@O[BQIZOXl�+f^zGNIKp LXM IZU M IrBN,�IrOFDFE M IZB�^HOfpvE7IKG M Ev\cE M�M EHR
BQU ^oG7BQDFE � � ����� ��
H� ��� � ���BA ��� ��
 ����
 � � ������� � � w I ~ E ~ wkRhEPBQE MQg IrOFIZOFlt^ B�^oG � � G LFM IZU M IZBJ, �'DXEPO
IZB M E ` ES^oGNESG�^ M EHGJUob M pvE ~ � \#^ B�^oG � IqG IrOFDFE M IZB�IZOFlWIZB�Gy^op BQIZY[E LFM IrU M IrBJ,T\ M U g ^ B�^zG ��+ ` U-p �[EHR
UoO BQDXE M EHGJUob M pvE IZB�IqG M E ` EH^oGJIZOFlXw
IZB g bfGJB�RhE@BQE M�g IZOFEmIZB�G�OFE � ^zpvBQIrY[E LFM IZU M IZBJ,0+f^oGJEHR(UzO
B�^zG �XG�+ ` U-p �[EHR UzO�BQDFE M EHGNUzb M p EHG�IZB GNBQI `Z` U��'OfG ~ � DFIKG GJEHpvB�IZUoO RhIKG�pvbfGQGJEHG�B ��U pvU gag UoO
BQESp DFOXIKi[bFEHG \cU M GNU ` Y-IZOFl B�DFE LFM IrU M IrBJ,�RhIKGJIZOFDXE M IrB�^2O pvE LXM Uo+ ` E g!~

� O%BQDXE d M GNBmBQEHp�DFOFIqijbFE whEH^zp D�B�^zG �0GNB�U M EHG�IZB�G�U ` R LFM IZU M IZBJ,aYz^ ` bFE �'DXEPO%IrBy^opPi[bFI M EHGy^
M ESGNUob M pvE ~ � DFEPO �'DFEPO ^TB�^oG �0E � IZB�Gy^ M EHGNUzb M pvE w�IrB�G LFM IrU M IrBJ,aIKG M EHGNB�U M EHR B�UaBQDFIqG�GNB�U M EHR
Yz^ ` bFE ~ � DFIqG'p M EH^HBQEHG#^ GNB�^op �aU2\ Yz^ ` bXEHG B�Df^2BmpP^2O�+fE7bfGNESRTBQU M EHGJBQU M E7^�B�^oG �XG LFM IrU M IrBJ,�^oG
IZB'E � IrB�G ES^op�D M EHGNUzb M p E�IrB'U��'OfG ~��;M Uz+ ` E g G�E � IKGNB �'IZB�D B�DFIKG�IqRhEH^-wFDFU���EPY[E M@~

� I M GNB@w2B�DFE*bfGNE#U2\>^yGNB�^op ��I gaLF` IZEHGFBQD ^2B M EHGJUob M pvE*bfGQ^HloEHG;^ M E#OFEHGNB�EHR
wPI ~ E ~ wPIZB&IKG&I gtL U GQGJI �
+ ` E B�U M E ` EH^zGNE M EHGJUob M pvEHG&IZO ^ M +XIZB M ^ M ,�U M RhE MP~ � U M E � ^ gtLF` E[w UHY[E MQ` ^ LFL IrOFlmp M IrBQIKp@^ ` GJEHpvB�IZUoO G
bfGJIZOFltGNE g ^ L DFU M EHG'^ M E7OFUzB L E M�g IZB�BQEHR �'IZB�D%BQDXIKG'^ LXLFM U ^op�D&w�E ~ l ~ wF^zpPijbXI M IrOFl�GNE g ^ L DXU M E
� � \cU `Z` U���EHRT+-,�GJE g ^ L DFU M E�� � ^2O R BQDXEPO M E ` EH^oGJIZOFl�� � \cU `r` U���EHR�+h,�� � ~ � DXE M ES^oGNUzO \cU M
BQDXIKG M EHGNB M IKp BQIZUzO�IKG�B�Df^2B�Ie\#^ M EHGNUzb M pvEWIKG M E g UHY[EHR \ M U g BQDFE g IKRFR ` E�UH\�B�DFE�GNB�^op �
wfBQDXEPO
M ESGNBQU M IrOFl�B�DFE�B�^zG � � G#^opvB�IZY[E LFM IrU M IrBJ, BQU�B�DFE7GJBQU M EHRTYz^ ` bFE7^zGQGNU-p IK^2B�EHR �'IZB�DTB�DFIKG M EHGJUob M pvE
IKG'IZO ^ LFLFM U LFM IK^HBQE�+fEHp@^2bfGJE M ESGNUob M pvEHG'DFIrloDFE M UoO!B�DFEWGNB�^op �%^ M E GNBQI `Z` ^ 

ESpvBQIrOFlTB�DFE�B�^oG � � G
^op BQIZY[E LFM IZU M IZBJ, ~ � U M E � ^ gaLF` E[wkpvUoOfGJIKRhE M BQDFE�GJIZB�bf^2B�IZUoO�IrO � IZlzb M E ?-~ �h~ � \ ��� M E ` EH^zGNEHG
M ESGNUob M pvE�� � +fEv\cU M E M E ` EH^oGJIZOFl � � ^HOfR ���Pw
BQDXEPO M EHGNE@BQBQIrOFl � � � Gm^opvB�IZY[E LXM IZU M IrBN,0BQU < IqG
IZO pvU M�M EHpvBW+fEHpP^2b GNE � � IqG GNB�I `Z` E@OhB�IZB ` EHR!BQU IZOFDFE M IZB LFM IrU M IZBJ, 8 \ M U g � 	 ~ � b M B�DFE M�g U M E[w
BQDXIKG M E g U2Yz^ ` pP^2O ^ ` GJU�IrOhYz^ ` IKRF^HBQE'B�DFE7GNB�U M EHR LXM IZU M IrBN, Yz^ ` bFEHG*^zGQGNU-p IK^2B�EHR �'IZB�D M EHGNUzb M pvESG
DFIrloDFE M UoO B�DFE�GJB�^op �!+fEHpP^HbfGNE�BQDXEHGNEtGNB�U M ESR Yz^ ` bXEHG�IrOfpvU M�L U M ^HBQE�IZOXDFE M IrB�^HOfpvE M ESGNb ` BQIZOXl
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� IZlzb M E ?-~ � � ��IqGNIrOFDFE M IZB�^HOfpvE�b GNIZOXla^ GJB�^op � ~

\ M U g BQDFE M E g UHY[EHR M ESGNUob M pvE ~ s*UoO-BQIrOhbXIZOFl�BQDFE GNb LXL U GNIrBQIZUzO!BQDf^HB � � M E ` ES^oGNESG � � +fEv\cU M E
M E ` EH^zGNIZOXl � � ^2OfR � � w-BQDFE LFM IZU M IZBJ, Yz^ ` bFEWGNB�U M ESRt\cU M'M EHGJUob M pvE � � OXEPEHRFG�B�U�p Df^HOFloE7B�U <
+fEHpP^HbfGNE ��� IKG�OXU ` UoOFlzE M EPO-BQIZB ` EHR�BQU IZOXDFE M IrB LFM IZU M IZBJ, 5 \ M U g �

� ~
A�OFUzBQDFE MyLFM Uo+ ` E g �'IZBQD0BQDFIqG B�EHp�DFOFIKi[bFE7IKG'BQD ^2B�B�DFE GJBQU M EHR LFM IZU M IZBJ,aYz^ ` bFEHGypP^2O!+fE �

pvU g EaGJB�^ ` E[w;\cU M E � ^ gtLF` E[w&Ie\m^(B�^oG � ^ `ZM EH^oR-, U��'OFIrOFl GJEPY[E M ^ `*M EHGJUob M pvEHG GJbF+fGNESijbFE@OhB ` ,
E �-L E M IrEPOfpvEHG LFM IZU M IZBJ,�IZOFDXE M IrB�^2O pvE�\ M U g ^ M EHGJUob M pvE ` U��#E M RhU��'O UoO BQDFE�GJB�^op � ~ � O!BQDFIqG
GNIrBQbf^HBQIrUoO&wm^ B�^zG � � G�^op BQIZY[E LFM IrU M IZBJ, IqGaGNbF+ GNEHi[bFEPO-B ` , M ESGNEPBaB�U ^ GNB�^ ` E!Yo^ ` bFE_^S\cB�E M IrB
M E ` EH^zGNEHGy^ M EHGJUob M pvE ~ � U�GNU ` Y[E�B�DFIKG LFM Uz+ ` E g wFI \#BQDFEWDFIZlzDFEHGJB LFM IrU M IZBJ,�+ ` U-p �[EHR B�^oG �!^oG �
GNU-p IK^2B�EHR �'IZB�D!^ M EHGJUob M pvE p�Df^HOFloEHG w
BQDXEPO%B�DFE LFM IZU M IZBJ,aYz^ ` bFE ^oGQGJU-pvIK^HBQEHR �'IrBQD0BQDFE OFE � B
M ESGNUob M pvE7UoO�B�DFEWGNB�^zp �tOFEPEHRFG*BQU�+fE�b L RX^2BQESR
wf^2OfR�BQDFIqG�b L RF^2B�E7OFEPEHRFG�B�U LFM U L ^2l ^2B�E b L
BQDXE�GJB�^op ��bFOhB�I ` ^7DFIZlzDFE M*LFM IZU M IZBJ, Yz^ ` bFE�U-p@pvb M G*U M BQDFEyBQU L UH\&B�DFE7GNB�^op � IKG;EPOfp UobFO-BQE M EHR ~
� U M E � ^ gaLF` E[whIe\;B�^oG � ��� �'IZB�D!^zpvBQIrY[E LXM IZU M IrBN, ? + ` U-p �XG'B M ,-IZOXlTB�Ua^zpPijbXI M E M EHGNUzb M pvE � �
� GJEPE � IZlzb M E ?-~ � |���wFB�DFEPO�BQDFEWGJBQU M EHR LXM IZU M IrBN,�Yz^ ` bFEHG \cU M ���y^2OfR � � g bfGJB�+fE7b L RF^2B�EHR ~

� O lzEPOFE M ^ ` w g ^2O ^2loIrOFl%B�DFIKG7GJB�^op � ^ LXLFM U ^op�D IqG�IZOFE � pvIrEPOhB ~ � I M GNBPw&EPY[E@O Ie\y^ B�^oG � � G
^op BQIZY[E LFM IrU M IZBJ,0RhU[EHG�OFUoBWp�Df^2OXloE[w&^�GJIZloOXI d pP^HOhB L U M BQIZUzO UH\'B�DFE�GNB�^op � g ^P,�OFEPEHR�BQU�+fE
b L RF^HBQEHR0GNU�BQDf^HB�^�B�^oG � � G LFM IZU M IZBJ,�IKG'pvU MQM ESpvB ` , M EHGNEPBy^zG IrB M E ` EH^zGNEHG M EHGNUzb M p EHG ~�u ESpvUoOfR>w
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� Irlob M E ?h~ � | �#V L RF^2B�IZOFl�GJB�^ ` E7IZOh\cU MQg ^HBQIrUoO�UoO0^�GNB�^zp � ~

BQDXIKG b L RX^2BQEWIKG#RhE L EPOfRhE@OhB#UoO�BQDFE7O-b g +�E M U2\ M EHGJUob M pvEHG�B�Df^2By^ M E7RhI M EHp B ` , U M IZOfR-I M ESpvB ` ,
+ ` U-p �[EHR%+-,%B�DFE�b ` B�I g ^HBQE7+ ` U-p �[E M w&^oG7U LFL U[GJEHR B�U B�DFE�bfGNbf^ `Z` ,!G g ^ `Z` E M + ` U-p �hIrOFl L ^HBQD
RhE d OFEHR�+-,W^�p�Df^2IrO�U2\�RhI M EHp B&+ ` U-p �[E M B�^oG �FG ~ � DFE'B�^oG ��+ ` U-p �-IZOFlmp�Df^2IrO�IKG&bfGJbf^ `r` ,WG g ^ `Z` E M
BQD ^2O!BQDXE M EHGNUzb M p E�+ ` U-p �-IZOFl�p�Df^HIZO%+fEHp@^2bfGJE�EH^zp D RhI M EHpvB'+ ` U-p �[E M B�^zG �!p@^2O%U��'O GNEPY[E M ^ `
M ESGNUob M pvEHG ~ A�OFUzBQDFE M'LXM Uo+ ` E g U-p@pvb M G�Ie\ M EHGNUzb M p EHG'^ M E M ESpvb M GJIZY[E[w[I ~ E ~ wh^�B�^oG � IqG'^ `r` U���EHR
BQU�p@^ `Z` +f^zp ��IZO-BQU ^ M EHGNUzb M pvEmIZB'^ `ZM EH^oRh,�U��'OfG ~ � UzBQE�B�Df^2B#BQDFIqG M ESpvb M GJIZY[EmpP^ `r` pP^2O�U-pPpvb M
^S\cB�E M ^7B�^zG ��Df^oG'^zpPijbXI M ESRT^HOfR M E ` EH^zGNEHRTUzBQDFE M�M ESGNUob M pvEHG ~ � OaB�DFIKG#pP^oGJE[w g b ` BQI LF` E#Yo^ ` bFESG
g ^P,!OFEPESR BQU!+fE0GNB�U M ESR_\cU M EH^op�D M EHGJUob M pvE[w;E ` I g IrOf^2B�IZOFltBQDFE L U GQGNIr+FI ` IZBJ, U2\ GNB�^HBQIqpP^ `r` ,
^ `r` U-pP^HBQIrOFl�G L ^zpvE7BQUtGNB�U M E7B�DFEWpvb MQM EPO-B LFM IZU M IZBJ,�U2\ BQDFE7U��'OFE M B�^oG �tIZOfGJIKRhE�B�DFE M EHGJUob M pvE ~

� DFE GNESpvUoOfR B�EHp�DFOFIKi[bFE M ESijbFI M EHG�^ B�^zG � B�U g ^HIZO-B�^2IrO ^ ` IKGJBTUH\ M EHGNUzb M p EHGTBQD ^2BaIrB
U��'OfG � GNEPE � Irlob M E ?h~ ��� � ~ � DFEPO&w �'DFEPO ^ B�^oG � M E ` EH^oGJEHG ^ M ESGNUob M pvE[w#BQDFIqG M EHGJUob M pvE%IqG
M E g UHY[EHR \ M U g BQDXIKG ` IqGNBPw-^HOfRTBQDXE�+ ` U-p �[ESR�B�^oG � �'IZB�DaBQDFEyDFIrloDFEHGJB#^opvB�IZY[E LFM IZU M IZBJ, ^ g UoOXl
BQDXE M E g ^HIZOFIrOFl M EHGJUob M pvEHG�OFEPESRFG�BQU!+fE ` U-pP^2B�EHR ~ � DFE M bFOFOXIZOFl B�^zG ��pP^HO�BQDFEPO GJEPB IZB�G
OFE � ^opvB�IZY[E LFM IZU M IZBJ, BQU�+fE B�DFE DXIZloDXE M U2\ B�DFIKG LFM IZU M IZBJ, ^2OfR IrB�GaU��'O + ^oGNE LFM IrU M IrBJ, ~
u U g E%U L BQI g I �H^HBQIrUoOfG ^ M E ^PYz^2I ` ^2+ ` E[w�DFU��#EPY[E M w9GNbfp�D ^zG ^ B�^oG � UzO ` , OFEPEHRFG BQU d O R ^
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� Irlob M E ?-~ ��� � ��IKGJIZOFDFE M IZB�^2Ofp E�bfGNIrOFl�^ ` IKGJB ~

OFE � IZOFDFE M IZB�EHR LFM IZU M IZBJ,aIe\;B�DFE7B�^zG � � G'U ` R�IZOFDXE M IrBQEHR LXM IZU M IrBN,tIKG�EHi[bf^ ` BQU�BQDXE LXM IZU M IrBN,tU2\
BQDXE�DXIZloDXEHGNB LFM IrU M IZBJ,aB�^zG ��+ ` U-p �[EHRaUzO%BQDXE M EHGNUzb M p E�IZB'IqG M E ` ES^oGNIrOFl ~ � DFIqG U L BQI g I �H^HBQIrUoO
IKG L U[G�GNIr+ ` E�+fEHpP^2b GNEaIe\�B�DFE LFM IrU M IrBJ,%U2\yB�DFE DFIrloDFEHGJB LFM IZU M IZBJ,0B�^oG � ^oG�GNU-pvIq^2BQESR �'IZB�D B�DFE
M ESGNUob M pvE ^TB�^zG ��IKG M E ` EH^oGJIZOFl�IKG'OFUzB�EHi[bf^ ` B�UaBQDFEWB�^zG � � Gy^opvB�IZY[E LFM IrU M IZBJ,[wFBQDXEPO%B�DFE�B�^oG �
IKG'IZOXDFE M IrBQIrOFl IZB�G LFM IrU M IZBJ,T\ M U g ^ M EHGJUob M pvE�IrB�GJBQI `Z` U��'OfGvw�^2OfR%DFE@OfpvE[wFOFU ^oR � bfGJB g E@OhB'IqG
M ESijbFI M EHR ~ A�RFR-IZBQIrUoOf^ `Z` ,[woEH^zp DaOXU-RhE7UoO�BQDFE ` IKGJB'pP^HOaE �-LF` IqpvIZB ` , GNBQU M E�B�DFE LFM IZU M IZBJ,�U2\kB�DFE
DFIrloDFEHGJB LFM IrU M IZBJ,TB�^oG �%^zGQGJU-pvIK^HBQEHR �'IZBQD�B�DFE M EHGJUob M pvEW^2OfR�BQDFE ` IqGNBypP^HO�+�EWI gaLX` E g EPO[BQESR
^oGy^ LFM IrU M IrBJ,ai[bFEPbFE ~

V�GNIrOFl BQDXIKG�BQESp DFOXIKi[bFE�Df^zG'GNEPY[E M ^ ` ^zRhYz^2O-B�^2lzEHG ~ � I M GNB@whIe\*^�B�^oG � � GyRhI M EHpvB#+ ` U-p �[E M ^ ` �
M ES^oRh,7Df^zG;^ DXIZloDXE M ^zpvBQIrY[E LFM IrU M IrBJ,�OFU7^zRFRhIZB�IZUzOf^ ` UHY[E M DFES^oR�IKG&IZOfp b MQM EHR7^oG B�DFE M EHGNUzb M pvESG
U��'OFEHR!+h, ^�B�^zG �_^ M E�b L RF^HBQEHR IrOfRhE L EPO RhEPO-B ` , ~ � U M E � ^ gaLX` E[wfI \9B�^oG � � � �'IZBQD_^op BQIZY[E
LFM IZU M IZBJ, ? + ` U-p �FG;B M ,-IZOFl�B�UW^opPi[bFI M E M EHGNUzb M pvE � � � GJEPE � Irlob M E ?h~ � {I��wjB�DFEPO�UoO ` ,�B�DFE'OFU-RhE
^oG�GNU-pvIq^2B�EHR �'IZB�D � � g bfGJB;+fE�b L RF^HBQEHR ~ � \�BQDFE ` IqGNB*IKG;I gtLF` E g EPO-BQE@R�^zG�^ LXM IZU M IrBN, ijbXEPbFE[w
BQDXEPO�BQDFE LFM IZU M IZBJ,tijbFE@bFE7^ ` GNU�OFEPEHRXG�b L RF^2B�IZOFl ~ A�G �#E `Z` w[UoO ` ,aBQDFEWRhI M EHp B�+ ` U-p �[E M B�^oG �XG
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� Irlob M E ?h~ � { � � EHGNUzb M pvESG�IZO0^ ` IKGJB'^ M E�IrOfRhE L EPOfR-EPOhB ~

OFEPESR%BQU�+fE b L RF^2B�EHR(Ie\ LFM IrU M IrBJ, IrOFDFE M IZB�^2OfpvEWU-pPpvb M G ~ � IZOf^ `Z` , w M EHGNUzb M pvESG�BQDf^HBWGNb LFL U M B
M ESpvb M GJIZY[EmpP^ `r` G*pP^HO +fE7Df^HOfR ` ESR �'IZB�DaYz^ M Iq^2+ ` EHG�GJB�^HBQIKp@^ `Z` ,aR-EHp ` ^ M EHR IZOtBQDFE M ESGNUob M pvE�+fE �
pP^HbfGNEyBQDFE ` IKGJB;OFU-RhEmIKG;BQDFE GQ^ g E�\cU M E@Y[E M ,7EPO-B M , IZO-BQUW^ M EHGNUzb M pvE ~ � D-bfGvw-UoO ` , UoOFEyOFU-RhE
OFEPESRFG;BQU ^zpvBQb ^ `Z` , ^ LFL EH^ M UzOTB�DFE ` IKGJB ~ � DXE�UoO ` ,�^oRFR-IZBQIrUoOf^ ` pvU gaLX` E � IZBJ,�IqG B�Df^2B#BQDFE ` IqGNB
OFU-RhE GNDFUzb ` R UoO ` , +fE M E g UHY[EHR �'DFEPO�BQDFEyB�^zG � d O ^ `Z` , M E ` EH^oGJEHG B�DFE M EHGNUzb M p E�^HOfR OXUoB�UzO
UoOXE�U2\#B�DFE7IZO-BQE M I g E � IZB�GvwFI ~ E ~ whBQDXE�E � IZBy^zGQGNU-p IK^2B�EHR �'IZB�D%B�DFE7IZOFIrBQIK^ ` pP^ `r` BQDf^HB7^op@ijbFI M EHR
BQDXE M EHGNUzb M p E�+XbFB'OFUoBm^2O0E � IZB'^zGQGJU-pvIK^HBQEHR �'IZBQD0^ M EHp b M GJIZY[EmpP^ `r` IZO-BQU BQDXE M EHGNUzb M p E ~

����� � 	 � 	 � 	 � � � � �

u EPY[E M ^ ` I gaLX` E g EPO-B�^2B�IZUzOfG;Df^PY[E�+fEPE@O LXM U L U GNEHR \cU M +f^oGJIKp LXM IZU M IrBN,�IZOXDFE M IrB�^HOfpvE ~ V�O-\cU M �
BQbXOf^2B�E ` ,[w-BQDFE7E � pvIrEPOhB#GJU ` bXBQIZUzOfG M E ` ,TUzO!GNI gaLF` I \c,-IZOFlW^oG�GNb gtL BQIrUoOfG�B�Df^2Bm^ M E�bXO M EH^zGNUzO �
^2+ ` E�U M R-UaOFUoByI gtLF` E g EPO-B;BQDXE pvU MQM ESpvB�GJE g ^HOhB�IKpPG*U2\*+f^zGNIqp LFM IZU M IZBJ,aIrOFDFE M IZB�^HOfpvE ~ � DFIqG
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GNESpvBQIrUoO0RhIKG�pvbfG�GNEHG'GJU g E�UH\*BQDXEHGNEW^ LXLFM U ^op�DFEHG ~
� U M loE M ^2O R � ^ � �hb g ^ M � : � RhESGQp M IZ+fE�^2O I gaLX` E g E O-B�^2B�IZUzO UH\yBQDFE + ^oGNIqp LXM IZU M IrBN,0IZO �

DFE M IZB�^2OfpvE LFM UoB�U-pvU ` \cU M B�^zG � M EPO RhE �PY[UzbfG�IZO0A�RF^ <�6 � 5�6 � ~ � DFE GNU ` bFB�IZUoO0BQU�B M ^2OfGJIZBQIrYhIrBJ,
IKGyGNI g I ` ^ M B�UTB�DFE g EPB�DFU-R�RhEHGQp M IZ+fEHR0^2+fUHY[E[w
I ~ E ~ whEH^zp D0B�^oG � \cU `Z` U��yG'IZB�G�+ ` U-p �-IZOFltp D ^2IZO
b L RF^HBQIZOXl B�^oG �FG'^zG M EHi[bFI M EHR ~ A�G B�DFE�I gaLF` E g EPO-B�^HBQIrUoO UoO ` ,tGNb LFL U M B�G�B�^oG � M EPO RhE �PY[UzbfGvw
B�^zG �XG�pP^ `Z` EH^op�D!UoB�DFE M RhI M EHp B ` , M ^2B�DFE M BQDf^HO IrOhB�E M ^zpvBQIrOFl�BQD M UobFlzD ^ GJE L ^ M ^2B�E M EHGJUob M pvE ~
� I g IZBQIrOFl�BQDFEtI gaLF` E g E OhB�^2B�IZUoO!B�U!B�^zG � M EPOfRhE �@Y[UobfGWGNI gtLF` I d EHG�BQDFE LFM IrU M IrBJ, RhIqGNIrOFDFE M I �
B�^HOfpvE LFM Uo+ ` E g +fEHpP^HbfGNEWBQDFEWGNb LFL U M B�EHR M ESGNUob M pvEHG'^ M E ` I g IZBQESR�BQU�B�^oG �FG ~ A�G �#E `Z` w �'IZB�D
BQDXE�A�RF^ <�6TM EPO RhE �PY[UzbfGvw
B�DFE�E@OhB M ,�U L E M ^2BQIrUoOfG7^ M E E � EHpvbFB�EHR +-,�BQDFE�p@^ `Z` EHR B�^oG �
w
I ~ E ~ w
BQDXE B�^oG �!BQDf^HBWRhEHp ` ^ M ESR BQDXE EPOhB M , ~ � D-bfGvw&EH^zp D!B�^oG �0U��'OfG�E � ^zpvB ` ,�UoOFE M EHGJUob M pvE[w
I ~ E ~ w
IZB�GNE ` \�wo^HOfR�^ B�^oG � � G;^opvB�IZY[E LFM IrU M IrBJ,[wo^P\cBQE M RhIqGNIrOFDFE M IZB�^HOfpvE[wHIKG GNI gtLF` ,�B�DFE'DFIrloDFEHGJB LFM IZU M IZBJ,
^ g UoOFl B�DFE7B�^oG �FG'+ ` U-p �[EHR�UoO!^HOh,tU2\*IrB�G�EPO-B M ,ai[bFEPbFESG'^2OfR�IZB�G�U��'O�+f^zGNE LXM IZU M IrBN, ~

� ��UaIrOhB�E M ESGNBQIrOFl I gtLF` E g EPO-B�^HBQIZUzOfG UH\#+f^oGJIKp LXM IZU M IrBN,tIZOFDFE M IZB�^2Ofp E�^ M E�RhESGQp M IZ+fEHR +-,
n UH, ` ^2O&w � EPB �t^2O R n IqRFR ` EPBQUzO � 8 { � ~ � DXEPI M7dfM GJB�I gtLF` E g EPO-B�^HBQIZUzO LFM UHYhIqRhEHG�^�loEPOXE M ^ `
GNU ` bFB�IZUzO B�U!+f^oGJIKp LFM IZU M IZBJ, IZOFDFE M IZB�^2Ofp E ~ ] IZB�D�BQDFIqG�GNU ` bFB�IZUzO&w ES^op�D B�^zG � g ^HIZO-B�^HIZOfGW^
pvUzbFOhBWU2\yB�DFETO-b g +fE M U2\yB�^oG �FG7IZB7IKGWRhI M EHpvB ` ,%+ ` U-p �-IZOXl%^HB�EH^zp D LFM IZU M IZBJ, ` E@Y[E ` ~ � DFEHGJE
pvUzbFOhB�G�\cU MQg ^ LFM IZU M IZBJ,7i[bFEPbXE�p UoO-B�^2IrOFIZOXl�^ `Z` BQDFE#B�^oG �FG RhI M EHpvB ` ,�+ ` U-p �[EHR�+h,W^ L ^ M BQIKp b ` ^ M
B�^zG � ~ � DFIKG�B�^zG � � G7^op BQIZY[E LXM IZU M IrBN,0IKG�B�DFEPO EHi[bf^ ` BQU�B�DFE DFIZlzDFEHGJB LXM IZU M IrBN, ` EPY[E ` �'IrBQD_^
OFUzO � �@E M U pvUzbFO-B ~ � U M E � ^ gaLF` E w B�DFE LFM IZU M IZBJ,_ijbXEPbFE \cU M B�^zG � � � \ M U g � Irlob M E ?h~ � {%IqG
loIrY[EPOaIrO � IZlob M E ?h~ � 6h~

� DFE LFM Uo+ ` E g �'IrBQD BQDXIKG B�EHp DXOFIKi[bFE�IqG BQD ^2B �'DFE@Oa^�B�^oG � E � IrB�Gk^ M EHGJUob M pvE[woB�DFEypvUobXOhB�G
^oG�GNU-pvIq^2B�EHR �'IZB�D ^ `r` BQDFE0B�^zG �XG + ` U-p �[ESR UzO B�Df^2B M EHGNUzb M p E g bfGJB +�E RhEHp M E g EPO-BQESR \cU M
BQDXEaE � IZBQIrOFl%B�^oG ��^2OfR IrOfp M E g EPO-BQEHRa\cU M BQDXEaOFE � U��'OFE M U2\yB�DFE M EHGJUob M pvE ~ ] DFI ` E�BQDFIqG
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� Irlob M E ?-~ � 6 � � � ^ gtLF` E LXM IZU M IrBN,ti[bFEPbFE�\cU M p UobFO-BQIrOFl BQEHp�DFOFIqijbXE ~

M E LFM EHGJEPO-B�G�^ GJIZlzOFI d p@^2O-BTUHY[E M DFEH^oR>w�GJI gaLX` I d pP^2B�IZUoO G ^ M E L U GQGNIr+ ` E!Ie\ ^oGQGJb gaL B�IZUzOfGa^ M E
g ^zRhE ^zG B�U�BQDFE U M RhE M IrO �'DFIKp�D!+ ` U-p �[EHR�B�^oG �FG7^ M E�GQp�DFEHR-b ` EHR ~ � DFE g U[GNBmIZO-BQE M EHGNB�IZOFl
\cEH^HBQb M E%U2\ BQDFIqG I gaLF` E g EvO-B�^HBQIrUoO IqG B�Df^2B�IZBt^ `r` U��yG B�DFE%B�^oG �FGT+ ` U-p �[EHR UoO ^ M EHGJUob M pvE
BQU_+�E M EHGNB�^ M BQEHR IrO ^ M +XIZB M ^ M , U M RhE M w E ~ l ~ w � � � x U MaLFM IZU M IZBJ,�U M RhE M@~ � DFIKGa^ M +FIrB M ^ M ,
U M RhE M IZOFlaIqG L U[G�GNIZ+ ` E�+�ESpP^2bfGJE BQDFE�p UobFO-B�G \cU M EH^zp D LFM IZU M IZBJ, ` E@Y[E ` pvUoO-B�^HIZO!IrOh\cU M�g ^2B�IZUoO
M E ` ^2B�IZOFltBQU�^ `Z` RhI M EHpvB ` ,a+ ` U-p �[EHR�B�^zG �XG ~ � DhbfG w M E@l[^ M R ` ESGQG�UH\'BQDXE�U M RhE M B�Df^2B7B�DFE�B�^oG �XG
^ M EW^opvB�bf^ `r` ,tGQp�DFEHRhb ` EHR
w-BQDFE LFM IZU M IZBJ,tijbFE@bFE7^oG�GNU-pvIq^2B�EHR �'IrBQD�EH^op�DaB�^oG �0RhE@BQE M�g IZOFESG IZB�G
^op BQIZY[E LFM IrU M IrBJ, ~

A�OFUzBQDFE M IrOhB�E M EHGJBQIrOFl I gtLF` E g E OhB�^2BQIrUoO IKGa^ ` GNU GNbFlzloEHGJBQEHR ~ � U���E@Y[E M w�B�DFIKGaI gaLF` E �
g EPO-B�^HBQIrUoO!^zGQGJb g EHG�B�Df^2B7B�^oG �XG�UoO ` ,%+ ` U-p �0+fEHpP^2b GNE�U2\ LXM IZU M IrBN,�IrOhY[E M GNIrUoO ~ ] IZB�D!BQDFIqG
^oG�GNb gtL BQIrUoO&wk^2O-, M bFOFOFIrOFl�B�^zG � g bfGNB�+fE M bFOXOFIZOFl0^HB�B�DFE LFM IZU M IZBJ,%UH\'B�DFE DFIZlzDFEHGJB LXM I �
U M IZBJ,aB�^oG �0IZO0BQDFE GN,XGNBQE g!~ � DXIKG�^zGQGNE M BQIrUoO0IKG'B M bXE�+fEHpP^HbfGNE EPIrBQDFE M BQDFEWDFIZlzDFEHGNB LFM IZU M IZBJ,
B�^zG � IqG M bFOFOFIrOFl7U M IZB;IqG + ` U-p �[EHR ^2OfR�GNUWIZB�G b ` B�I g ^HBQE#+ ` U-p �[E M IqG M bFOFOFIrOFlW^2B*BQDXIKG;DFIZlzDFEHGJB
LFM IZU M IZBJ, Yz^ ` bFE ~ ] IZB�DaBQDXIKG�I gtLF` E g EPO[B�^2BQIrUoO&wzBQDFE7R-IKGNIrOFDFE M IZB�^2OfpvE LFM Uo+ ` E g IqG�E ` I g IZO ^2BQESR
+fEHpP^HbfGNE�BQDFE M bXOFOFIZOXl%B�^zG � IKG7^ ` �'^P,XG E � EHp bFBQIrOFl�^2B7B�DFIKG7DFIZlzDFEHGNB LFM IZU M IZBJ,0Yo^ ` bFE ~ � DFIqG
BQESp DFOXIKi[bFE[w[DFU���EPY[E M w-p M ES^2BQESG'^ GQp�DFEHRhb ` IZOFl LFM Uz+ ` E g ^oG�B�DFEW^opvB�IZY[E LFM IrU M IrBJ,TUH\#^�B�^zG �aIqG
OFUzB*GNB�U M ESR ~ � DFIKG LFM Uz+ ` E g IqG UHY[E M pvU g E;+-, GJI gaLF` ,�G�p DXEHRhb ` IZOFlyBQDFE'DXIZloDXEHGNB LXM IZU M IrBN,7B�^oG �
U M Ie\*BQDFIqG�B�^zG �!IqG�+ ` U-p �[EHR
wF\cU `r` U��'IZOXlaBQDFE + ` U-p �hIrOFlap�Df^HIZO!U2\#B�DFE DFIZlzDFEHGJB LXM IZU M IrBN,�B�^oG �
^2O R E � EHp bFBQIrOFl�BQDFIqG�B�^oG � � G�b ` BQI g ^2B�E + ` U-p �[E MP~ � DFIKG�UHY[E M DFEH^oR!IKG�OXUoB�E � pvESGQGNIrY[E[w&DFU�� �
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EPY[E M wo+fEHpP^HbfGNE�E@Y[EPO IZOaB�DFEyloEPOFE M ^ ` pP^zGNE[wX^�B�^oG � � G + ` U-p �-IZOXl�p�Df^HIZO�IKG BJ, L IKp@^ `Z` ,7B M ^PY[E M GNEHR
�'DFEPO0IZBy+ ` U-p �XG UzO!^ M EHGNUzb M pvE ~ � DXE�+ ` U-p �-IZOFl M EHGNB M IqpvBQIrUoO%I gaL U[GJEHRa+h,aB�DFIKGm^ ` lzU M IZBQD g w
DFU���E@Y[E M w
IqG�BQU[U ` I g IrBQIrOFlFw>^oG7B�^oG �FGWpP^2OXOFUoB7+ ` U-p �!UzO�RhE ` ^S,XGvwk^zpPpvE L B GNB�^HBQE g EPOhB�Gvw
E@B�p ~
� EPO pvE[w[BQDFIqG�^ ` loU M IrBQD g IKG*IZOf^ LFLFM U LFM Iq^2B�E7^oG'^�lzEPOFE M ^ ` GJU ` bFBQIrUoOaB�U LFM IrU M IrBJ, IZOFDFE M IZB�^2Ofp E ~
V�Oh\cU M B�bFOf^2B�E ` , w M E g UHYhIrOFl�B�DFIKG�+ ` U-p �-IZOXl M ESGNB M IKpvB�IZUzO IrOfpvb M G�BQU[U g b p D�UHY[E M DFES^oR ~

� ��UaI gaLF` E g E@OhB�^2BQIrUoOfG#^ M E ^ ` GNU�R-EHGQp M IZ+fEHR�+h, � ^��z^oRF^�^HOfR u ^��z^ g b M ^ � 5 | � ~ ] DXI ` E
BQDXE�R-EPB�^HI ` G�UzO%B�DFE7loEPOFE M ^ ` I gaLF` E g E@OhB�^2BQIrUoO�^ M E G �[EPB�p�D-,[w[BQDFE7loE@OFE M ^ ` I gaLX` E g EPO-B�^2B�IZUzO
g ^HIZO-B�^2IrOfG7^ ` IKGNB7UH\ M EHGNUzb M pvESG�^zpPi[bFI M EHR +-,!EH^op�D B�^zG �>w;GJI g I ` ^ M BQU!BQDXETIqRhEH^%R-IKGQp bfGQGJEHR
IZO BQDFE LFM E@YhIrUobfGaGJEHpvB�IZUoO ~ � DXE RhEPB�^HI ` G M EPl[^ M RhIrOFl DFU�� B�DFIKG ` IKGJBTIqG bfGJEHR \cU MaLFM IZU M IZBJ,
IZOXDFE M IrB�^HOfpvE7^ M E7OFUoB LFM U2Y-IKR-EHR ~

A�O IZO-BQE M EHGJBQIZOXl'I gaLF` E g E OhB�^2B�IZUoOmIKG;RhESGQp M IZ+fEHR
wHDFU���EPY[E M wP\cU M GJIZBQb ^2BQIrUoOfG �'DFE M E'^�B�^oG �
M E ` EH^zGNEHG>^ `Z` B�DFE M EHGJUob M pvEHG
IrB�G�U��'OfGk^2B&UzOfpvE ~ � O�BQDFIqG
I gaLX` E g EPO-B�^2B�IZUzO&w�BQDFE*R-IKGNIrOFDFE M IZB�^2OfpvE
LFM Uo+ ` E g IqG GJU ` Y[EHR +-, M EHGNE@BQBQIrOFlW^�B�^oG � � G*^opvB�IZY[E LFM IZU M IZBJ,�+ ^op ��BQUWIZB�G + ^oGNE LFM IZU M IZBJ, �'DXEPO
IZB M E ` ES^oGNESG�^ M EHGJUob M pvE ~ � O%BQDXIKGypP^oGJE[wf^oG�^ B�^zG � M E ` EH^zGNEHG'^ `Z` BQDFEHGJE M EHGJUob M pvEHG'IZB'U��'OfG�^HB
UoO pvE[wFIZB�G'^opvB�IZY[E LXM IZU M IrBN, g bfGNB#EHijb ^ ` IrB�G�+f^zGNE LFM IrU M IrBJ,a^HB�B�DFIKG�B�I g E[w-^zG OFU IrOFDFE M IZB�^2OfpvE
IKG;U-pPp b MQM IZOFl ~ ] DFI ` E�B�DFIKG g EPB�DFU-R g ^P,�+fE7^ LXLFM U LFM Iq^2BQEy\cU M G L EHpvI d p �-IZOfRXG UH\ LFM Uzl M ^ g G w
\cU M E � ^ gtLF` E[wPIe\>IZB M EH^oGJUoOf^H+ ` E'\cU M ^�B�^zG � BQU M E ` EH^zGNE9^ `Z` BQDFEmGNE g ^ L DFU M EHGkIZB;U��'OfG*^2B*UzOfpvE[w
IZB'IqG�IZOf^ LFLFM U LFM IK^2B�E �'DFEPO%B�DFE �hIrOfRFG�UH\ M EHGNUzb M pvESG'^ M E ^ M +FIZB M ^ M , ~

����� � ����� � � � � 	 � 	�� ��	 ��" ���

� DFIqG GNEHpvB�IZUzO�RhEHG�p M Ir+�ESG�^2O�I gaLF` E g EPO-B�^HBQIrUoO!U2\m+f^zGNIKp LFM IrU M IrBJ, IrOFDFE M IZB�^HOfpvE \cU M g bFBQE �
Uo+ � ESpvB�G IrO�� s�� � ~ � O B�DFIKGkI gaLF` E g EvO-B�^HBQIZUzO&wPUoO ` ,�B�^oG �FG;+ ` U-p �[EHR7UoO�BQDFE'E@OhB M ,WijbXEPbFEy^ M E
E ` IZloIr+ ` E'B�U RhUzOf^2B�E7BQDFEPI M*LFM IrU M IrBJ,[w[^2O R B�DFE M Ev\cU M E[w[BQDFEyEPO-B M ,�i[bFEPbXE�IqG I gtLF` E g EPO-BQE@R�^zG'^
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LFM IZU M IZBJ,mijbFE@bFE ~ �;M IZU M IrBN,mIZOFDFE M IZB�^2Ofp E \cU M&g bFBQE � Uz+ � EHpvB�G
IrO � s�� ��IKG
I gtLF` E g EPO[B�EHR b GNIZOXl
DFU[U �FG7BQDf^HB�^ M E�IZO-Y[U �[EHR�IZO BQDFE g bFB�E � EPOhB M , ^2OfR!E � IZB7pvU-R-E ~ � O!U M RhE M B�U�I gaLF` E g E OhB
LFM IZU M IZBJ,!IZOXDFE M IrB�^HOfpvE[w&BQDXE M E�^ M EaB�D M E@EaGJIZloOXI d pP^HOhBWBQI g EHG �'DFE@O�^oRFR-IZBQIrUoOf^ ` �#U M � g bfGNB
+fE�RhUoOXE[w&I ~ E ~ w �'DFEPO ^aB�^zG �!^zpPi[bFI M EHG�^ g bFBQE � Uz+ � EHpvB@w �'DFE@O ^TB�^oG � M E ` EH^oGJEHG�^ g bFBQE �
Uo+ � ESpvB*^2O R �'DFEPOt^�B�^oG � + ` U-p �XG UzOa^HOaEPO-B M , pP^ `Z` +fEHpP^HbfGNEyIZB pP^2OFOXUoB'^zpPi[bFI M E'BQDFE g bFBQE �
Uo+ � ESpvB ~

� U!+fEPlzIZO&wkEH^op�D B�^oG � g ^HIZO-B�^2IrOfG�^ LFM IrU M IrBJ, ijbFE@bFE[w uPIQ
w*pvUzOhB�^2IrOFIZOFl�B�DFE LFM IZU M IZBJ,

IZOXDFE M IrB�^HOfpvE'IZO-\cU MQg ^2BQIrUoO�\cU M EH^zp D g bXBQE � Uo+ � ESpvB#� M ESGNUob M pvE��kIrB;U��'OfG ~ � DFIKG;IrOh\cU M�g ^2B�IZUoO
pvUzOfGNIqGNB�GaUH\�B�DFE LFM IrU M IrBJ, UH\WBQDFE DFIZlzDFEHGJB LFM IrU M IZBJ,�B�^oG � ^oG�GNU-pvIq^2BQESR �'IrBQD EH^zp D g bFBQE �
Uo+ � ESpvB ~ A�G'IZO s*Df^ L B�E M 8 w�UzO ` ,�UoOXE OFU-RhE�\cU M EH^zp D M EHi[bFI M EHR LFM IrU M IZBJ, ` EPY[E ` ^ LFL EH^ M G�IrO
^ B�^oG � � G

uPIQ ~ � DFIKG7OFU-RhEaB�DFEPO M Ev\cE M EPOfp EHG�^ OXU-RhE�IZO_^%GNESpvUoOfR ^ M�M ^P, BQDf^HB pvUzOhB�^2IZO G
BQDXE!RhEPB�^2I ` G�\cU M BQDf^HB L ^ M BQIqpvb ` ^ MTLXM IZU M IrBN, ` EPY[E ` ~ � O BQDFIqGapP^oGJE[w�DFU��#EPY[E M w M ^HBQDFE M B�Df^2O
g ^HIZO-B�^2IrOFIZOXl�^ � � � x�i[bFEPbXETUH\y+ ` U-p �[EHR%B�^zG �XG \cU M ^ L ^ M B�IKpvb ` ^ M7LFM IZU M IZBJ, ` EPY[E ` wfUoO ` ,_^
pvUzbFOhB7UH\yBQDFE�Ohb g +fE M UH\yB�^zG �XG�^2O R BQDFEti[bFEPbFE�Ohb g +fE M ^oG�GNU-pvIq^2BQESR �'IrBQD BQDFE LFM IZU M IZBJ,
` E@Y[E ` � GNEPE u EHp BQIZUzO 8F~ 6 ��IqG g ^2IrOhB�^2IrOFEHR ~ � Irlob M E ?h~ � 8 pvUzOhB�^2IZO G'^2O!E � ^ gaLX` EyU2\*B�DFE uPIQ
\cU M � � \ M U g � IZlzb M E ?-~ � { ~ � O BQDFIqG�E � ^ gaLF` E[w
B�DFE ` U��#E M O-b g +�E M IZO B�DFE�GJEHpvUoO R ^ MQM ^S,
IKGy^apvUzbFO-B�UH\�B�DFE�O-b g +fE M U2\#B�^zG �XG�^2B ^ L ^ M BQIqpvb ` ^ M�LXM IZU M IrBN, ` EPY[E ` ^HOfR�� ��� M E LFM ESGNEPO-B�G
^2O bFO-bfGNEHR Yz^ ` bFE ~ � UoB�E�BQDf^HBTB�DFE�E � ^ gaLF` E uPIQ g bfGNB GNb LXL U M B � ^2B ` EH^oGJB��7BQDXE \cUob M
RhI 

E M EPO-B LFM IrU M IrBQIrEHG U-pPpvb MQM IrOFl�IrO � IZlob M E ?h~ � {hwXRhEHG L IZBQEyBQDXE \ ^zpvB�B�Df^2B#B�^oG � ��� U2\ LFM IZU M IZBJ,
? IKG�OFUzB'IZOfp ` bfRhEHRaUzO B�DFEWijbXEPbFE ~
� U�E �-LF` IKpvIrB M Ev\cE M EPOfpvE*B�U�BQDFE'DXIZloDXEHGNB LXM IZU M IrBN,mB�^oG ��^oG�GNU-pvIq^2BQESR �'IrBQD�ES^op�D M EHGJUob M pvE�IqG

M ESijbFI M EHRt^oG'BQDFEHGJE7B�^oG �FGy^ M E�OFE@IZBQDXE M ^zpPpvEHG�GNEHR�OFU M GQp�DFEHRhb ` EHRTb GNIZOXlTB�DFE uPIQ ~ � O \ ^zpvBPw
BQDXE�UzO ` , M E ` EPYz^2O-B;IZO-\cU MQg ^2BQIrUoO�IKG;BQDXE LFM IZU M IZBJ,�^HOfRa^oG�GNU-pvIq^2B�EHR�ijbFE@bFE'Yz^ ` bXE[wFGJU ^�B�^oG � � G
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� Irlob M E ?-~ � 8 � � � ^ gtLF` E uPIQ ~

^op BQIZY[E LXM IZU M IrBN, pP^2Ot+�EmpP^ ` pvb ` ^2B�EHR ~ � DXE�pvUzbFO-B�Yz^ ` bFE�IqG;bfGNEHR BQU RhEPB�E MQg IrOFE �'DXEPOTOXU-RhEHG
GNDXUob ` R +fE M E g UHY[EHR \ M U g BQDXE

uPIQ ~ � O�BQDFIqG pP^oGJE[w#^ �PE M U p UobFO-B Yz^ ` bXE%p U MQM EHG L UzOfRFG
BQU ^2O E gaL BJ, � � � x�i[bFEPbFE \ M U g s*Df^ L BQE M+8 ^HOfR!IZOfRhIqpP^2B�EHG�BQDf^HB7BQDFEt^oG�GNU-pvIq^2BQESR OFU-RhE
GNDXUob ` R +fE M E g UHY[EHR \ M U g B�DFE

uPIQ
+fEHpP^HbfGNE ^%B�^zG � IqG�OFU ` UoOFlzE M E ` IZloIr+ ` E�BQU!IrOFDFE M IZB

BQD ^2B L ^ M B�IKpvb ` ^ M*LFM IZU M IZBJ,WYo^ ` bFE ~ � DFIqG LFM IZU M IZBJ, i[bFEPbXEyGNU ` Y[EHG;BQDFE LFM IZU M IZBJ, R-IKGNIrOFDFE M IZB�^2OfpvE
LFM Uo+ ` E g +�ESpP^2bfGJEy^ B�^oG � � G;^opvB�IZY[E LFM IZU M IZBJ,�IqG BQDFE#DFIZlzDFEHGJB LFM IZU M IZBJ,�OXU-RhE�p b MQM EPOhB ` ,yUoO B�DFE
i[bFEPbFE ~ � DFE M Ev\cU M E[w �'DFEPO ^�B�^oG � M E ` EH^zGNEHGm^ g bXBQE � Uz+ � EHpvB@w�IrB�G�pvb MQM E@OhBm^opvB�IZY[E LFM IZU M IZBJ,
IKGmRhEPBQE MQg IrOFEHR +-,%B�DFE DFIrloDFEHGJB LFM IrU M IrBJ, OXU-RhE M E g ^2IrOFIZOFl�UoO BQDXE�ijbFE@bFE�^S\cB�E M IZB�G uPIQ
Df^zG +fEPEPO�b L RF^HBQEHRa\cU M BQDFE M E ` EH^zGNEHR�Uo+ � EHpvB ~
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� DFEWDFU[U �
uOnAcquire

IqG IrOhY[U �[EHR �'DFEPO ^TB�^zG �!^zpPi[bFI M EHG'^ g bFBQE � Uo+ � ESpvB�� GNEPE ` IrOFE � 6
IZO � Irlob M E ?h~ � ? � ~ � O�B�DFIKG�I gaLF` E g EPO-B�^HBQIrUoO&woB�DFE7B�^zG ��^zpPijbXI M IrOFl BQDXE g bFB�E � Uo+ � EHp B g bfGNB
^oR � bfGNB�IrB�G uPIQ

� GJEPE � Irlob M E ?-~ � 5 � ~ A p U L , UH\*BQDXE LFM IZU M IZBJ,�^HOfR!pvU M�M EHG L UoOfRhIrOFl�i[bFEPbFE
IZO-\cU MQg ^2BQIrUoO�^ M EyGNB�U M EHR IrO BQDFEyEPO-B M ,�i[bFEPbXE'BQUW^ `r` U�� B�DFE

uPIQ
BQU7+fEmpvU M�M EHpvB ` ,7b L RF^HBQEHR

Rhb M IZOFl7B�DFE M E g UHY[E*U L E M ^2BQIrUoO&w-BQDFE uPIQ
IKG b L RX^2BQESR
wF^HOfRTBQDXEPOTB�DFE uAfterEntry M UzbFBQIrOFE

� GJEPE � IZlob M EHG ?-~ � : ^HOfR ?h~ � < � IqG IrOhY[U �[EHR�BQU L E M \cU M�g LFM IZU M IZBJ,7IZOFDXE M IrB�^2O pvE \ M U g BQDFE'E@OhB M ,
i[bFEPbFE ~

� DFE
uAfterEntry M UobXBQIZOXE L E M \cU MQg G LFM IZU M IZBJ,�IrOFDFE M IZB�^HOfpvE;\cU M BQDFE g bFB�E � Uz+ � EHpvBk+f^oGJEHR

UoO!B�DFE�E@OhB M ,�i[bFEPbFE ^2OfR%B�DFE�U��'OFE M UH\�B�DFE g bFB�E � Uz+ � EHpvB ~ AmG B�DFIKG M UzbFBQIrOFE M Ev\cE M E@OfpvEHG
BQDXE�EPO-B M ,7ijbXEPbFE#^2OfR7BQDFE9GNB�U M ESR LFM IZU M IZBJ,�IrOFDFE M IZB�^HOfpvE;IrOh\cU M�g ^2B�IZUzO \cU M B�DFE g bFB�E � Uz+ � EHpvB
IZB g bfGNBm+�EtE � ESpvbFBQESR �'IZBQD_BQDFE�EPO-B M , ` U-p � ^zpPi[bFI M EHR ~ � DXIKG ` U-p �!IqG7^ `ZM EH^oR-, ^opPi[bFI M EHR
w
DFU���E@Y[E M w[+fEHpP^HbfGNE uAfterEntry

IKG�IZO-Y[U �[ESRT^zG L ^ M ByU2\ BQDFE g UzOFIZB�U M EPO-B M ,ap U-RhE	� GNE@E ` IZOFE
6 {!U2\ � Irlob M E ?-~ � ? ��w#I ~ E ~ w;^HB BQDFE�EPO R UH\7BQDXE

uAdd M UobXBQIZOXE \cU M BQDFE�EPO-B M , i[bFEPbXE � GJEPE
� Irlob M E ?-~ � � ��wFU M \ M U g UzOFE7U2\*B�DFE7DFU[U �XG ~

� O BQDFE�\cU `Z` U��'IZOFl0RhIqGQpvbfG�GNIrUoO&w;B�DFEaB�^zG � L E M \cU MQg IrOFl�BQDFEaIrOFDFE M IZB�^2OfpvE�IKG M Ev\cE MQM ESR(B�U
^oG7BQDFE � � ����
 ��� E 
 � � � ^HOfR(B�DFE�U �'OXE M U2\'B�DFEtpvb MQM EPO-B g bXBQE � Uo+ � ESpvB�+fEPIZOXl M E \cE M EPO pvEHR
IKG M Ev\cE MQM EHR!BQU!^zG�B�DFE �	��
 ��� ��� � ��� ~ � UzBQE�BQDf^HB�IZB7IqG L U GQGNIr+ ` E�\cU M B�DFE�b L RF^2B�IZOFl!B�^oG �
^2O R%BQDFE g bFB�E � U��'OFE M B�U M Ev\cE M B�UaBQDFE GQ^ g E7B�^oG ��UoO ` , �'DXEPO%B�DFE LFM IZU M IZBJ,aIrOFDFE M IZB�^2OfpvE
IKG;IrOhY[U �[EHR�+h,t^�B�^oG �TB�Df^2B9^opPi[bFI M EHG;BQDFE g bFBQE � Uo+ � EHp B �'IrBQDFUzbFB�E@OhB M , + ` U-p �-IZOFl ~ � O�BQDFIqG
GNIrBQbf^HBQIrUoO&w[BQDXE g bFBQE � U��'OFE M IKG;IZO-Y[U �-IZOXl uAfterEntry

BQUWRhE@BQE M�g IZOFE#BQDFE'DXIZloDXEHGNB LFM IZU M IZBJ,
B�^zG �0^oG�GNU-pvIq^2B�EHR �'IrBQD0BQDFE g bFB�E � Uo+ � ESpvB�IrB�IqG�^zpPi[bFI M IZOFlXwf^2OfR%B�UaGJbF+fGNESijbFE@OhB ` ,ab L RF^HBQE
IZB�G7^opvB�IZY[E LFM IZU M IZBJ,%Ie\#OFEHpvEHG�GQ^ M , ~ � O ^ `Z` UoB�DFE M GNIrBQbf^HBQIrUoOfG w BQDXETb L RF^HBQIrOFl%B�^oG �_^2O R(B�DFE
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1 void uSerial::uEnter( uBasePrioritySeq &entry, int mutexID ) {
2 lock.uAcquire();
3

4 uBaseTask &uCallingTask = uThisTask(); // optimization
5 if ( uMask.isSet( mutexID ) ) { // member acceptable ?
6 uMask.zero(); // clear all member valid flags
7 mr = uCallingTask.uMutexRecursion; // save previous recursive count
8 uCallingTask.uMutexRecursion = 0; // reset recursive count
9 uMutexOwner = &uCallingTask; // set the current mutex owner

10

11 // execute priority inheritance hook ?
12 if ( uEntryList.uExecuteHooks ) {
13 uEntryList.uOnAcquire( *uMutexOwner, this );
14 } // if
15 lock.uRelease();
16 } else if ( uMutexOwner == &uCallingTask ) { // already hold mutex ?
17 // another recursive call at the mutex object level
18 uCallingTask.uMutexRecursion += 1;
19

20 // do not execute priority inheritance hook as task already holds mutex
21

22 lock.uRelease();
23 } else { // otherwise block calling task
24 // add to end of mutex queue
25 entry.uAdd( &(uCallingTask.uMutexRef), uMutexOwner, this );
26

27 // remember which entry was called
28 uCallingTask.uCalledEntryMem = &entry;
29

30 // add mutex object to end of general entry deque
31 // perform priority inheritance in uAdd routine
32 uEntryList.uAdd( &(uCallingTask.uEntryRef), uMutexOwner, this );
33

34 // find someone else to execute; release lock on kernel stack
35 uActiveProcessorKernel->uSchedule( &lock );
36 mr = uCallingTask.uMutexRecursion; // save previous recursive count
37 uCallingTask.uMutexRecursion = 0; // reset recursive count
38 } // if
39 uMutexID = mutexID; // set active mutex member
40 } // uSerial::uEnter

� IZlzb M E ?h~ � ? � uEnter
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void uPriorityQ::uOnAcquire(uBaseTask &uOwner, uSerial *s) {
// check if mutex owner

�

s priority needs to be updated
if( uOwner.uPIQ.uHead2() < uGetActivePriorityValue( uOwner ) ) {

uThisCluster().uTaskSetPriority( uOwner, uOwner );
} // if

// remember current priority value, update task
�

s uPIQ
uCurrPriority = uOwner.uGetBasePriority();
uCurrQueueNum = uOwner.uGetBaseQueue();
uOwner.uPIQ.uAdd( uCurrPriority, uCurrQueueNum );

// perform priority inheritance
uAfterEntry(&uOwner, s);

} // uPriorityQ::uOnAcquire

� IZlzb M E ?-~ � 5 � uOnAcquire

g bFBQE � U��'OFE M'M Ev\cE M B�U�RhI 
>E M EPO-B'B�^oG �FG ~
� DFE

uAfterEntry M UobXBQIZOXE�+fEPloIrOfG�+h,tRhEPB�E MQg IZOFIrOFl�I \ LXM IZU M IrBN, IrOFDFE M IZB�^2OfpvEyIKG L U[GQGJIZ+ ` E
\cU M B�DFE g bXBQE � Uo+ � EHpvB&IrO7i[bFEHGNB�IZUzO ~ � O7U M RhE M \cU M BQDFE g bFBQE � Uo+ � ESpvB&BQU'E �-L E M IrEPOfpvE LFM IZU M IZBJ,
IZOXDFE M IrB�^HOfpvE[woIrB g bfGJB;Df^PY[Ey^2OtU �'OXE M w-^oG���E `r` ^oG#^2B ` EH^zGNB*UoOFEmEPOhB M ,W+ ` U-p �[EHR�B�^zG � ~ � UoB�E
BQD ^2B7+fUoBQD_p�DFEHp �FGy^ M ETOFESpvEHGQG�^ M ,%+fEHpP^HbfGNE IrB�IKG L U[G�GNIZ+ ` E�\cU M ^HO EPO-B M ,%+ ` U-p �[ESR B�^zG �!B�U
E � IKGJBPw +XbFB�\cU M BQDXE M E�BQU0+�EtOFU g bXBQE � U �'OXE M Rhb M IZOXl%E � BQE M Of^ ` G�p DFESRhb ` IrOFlFw&I ~ E ~ w Ie\'B�DFE
^op@pvE L B�U M + ` U-p �XG�+fEHpP^HbfGNE B�DFE M E ^ M E OFU�UobFB�GNB�^2OfRhIrOFl0pP^ `r` G�B�U�^2O-,!^zpPpvE L B�^2+ ` E g E g +fE M
M UzbFBQIrOFEHG ~ A�G ��E `r` wfIZByIKG L U[G�GNIr+ ` E \cU M ^ g bFB�E � U��'OFE M B�UaE � IKGNBy+FbFB�\cU M OFU�B�^zG �XG�BQU�+fE
+ ` U-p �[EHR�UoO%B�DFE7EPO-B M ,ti[bFEPbFE �'DFEPO uAfterEntry

IqG�IZO-Y[U �[EHRT+-,t^ OFE � g bFBQE � U �'OXE MP~
� DFE OFE � B�GJBQE L IKGaBQU�b L RF^HBQE B�DFE g bFBQE � U��'OFE M +f^zGNEHR UoO B�DFE DXIZloDXEHGNB LFM IZU M IZBJ,

B�^zG �!+ ` U-p �[ESR%UoO BQDFE�EPO-B M , ijbXEPbFE ~ � \#BQDXE g bFBQE � U��'OFE M IKG7^ `rM EH^zRh,!b L BQU0RF^HBQE[w&BQDXEPO
OFU%\cb M BQDFE M IrOFDFE M IZB�^2OfpvE�IKG7OFEHpvESGQGQ^ M ,_^2OfR BQDFEaU L E M ^HBQIZUzO�IKG d OFIKGJDFEHR ~ xyBQDFE M �'IKGJE[w B�DFE
g bFBQE � U��'OFE M � G uPIQ

IKG'b L RF^HBQEHR�BQU M E �fESpvB'BQDFE7DFIrloDFESGNB LFM IrU M IrBJ,aB�^zG �0^oG�GNU-pvIq^2BQESR �'IZB�D
BQDXE�pvb M�M EPO-B g bFBQE � Uo+ � ESpvB	� \cU M GJbF+fGJEHijbXEPOhB RhIKGJIZOFDXE M IrB�^2O pvE�� ~ � DFIqG�b L RF^2B�E g ^S, ^ ` GNU
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int uPriorityQ::uAfterEntry(uBaseTask *uOwner, uSerial *s) {
// assume entry lock acquired
int uRelPrevLock = uLockAcquired;

// if entry queue empty (called by owner) or no owner, then no inheritance
if (uEmpty() | | uOwner == NULL ) {

return uRelPrevLock;
} // if

uBaseTask &uCalling = uHead()->uGet(); // can
�

t be NULL as not empty

// does node need to be updated?
if ( uCalling.uGetActivePriorityValue() < uCurrPriority ) {

// only task with entry lock can be modifying this mutex
�

s node
// remove node
uOwner->uPIQ.uRemove( uCurrPriority, uCurrQueueNum );

// reset priority value for monitor
uCurrPriority = uCalling.uGetActivePriorityValue();
uCurrQueueNum = uCalling.uGetActiveQueueValue();

// update mutex owner
�

s uPIQ for new priority
uOwner->uPIQ.uAdd( uCurrPriority, uCurrQueueNum ) ;

// does inheritance occur ?
if ( uCurrPriority < uOwner->uGetActivePriorityValue() ) {

uSerial *uRemSerial = s->uMutexOwner->uCurrentSerial;
// if task is blocked on entry queue, adjust and perform transitivity
if ( uOwner->uEntryRef.uListed() ) {

uRemSerial->lock.uAcquire();

// if owner
�

s mutex object changes, then it fixes its own active priority
// Recheck if inheritance is necessary as only owner can lower its priority
if ( uRemSerial != s->uMutexOwner->uCurrentSerial | |

!uOwner->uEntryRef.uListed() | |
uOwner->uPIQ.uHead2() >= uOwner->uGetActivePriorityValue() ) {

// As owner restarted, end of the blocking chain has been reached.
uRemSerial->lock.uRelease();
return uRelPrevLock;

} // if

� Irlob M E ?-~ � : � uAfterEntry
w � ^ M B �
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// Can release previous entry lock as new entry lock is correct
s->lock.uRelease();
uRelPrevLock = uLockReleased;

// proceed with transitivity
// remove from entry queue and mutex queue
uRemSerial->uEntryList.uRemove( &(uOwner->uEntryRef) );
uOwner->uCalledEntryMem->uRemove( &(uOwner->uMutexRef) );

// call cluster routine to adjust ready queue and active priority
// as owner is not on entry queue, it can be updated based on its uPIQ
uThisCluster().uTaskSetPriority( *uOwner, *uOwner );

// add to mutex queue
uOwner->uCalledEntryMem->uAdd( &(uOwner->uMutexRef),

uRemSerial->uMutexOwner, uRemSerial );
// add to entry queue, automatically does transitivity
if ( uRemSerial->uEntryList.uAdd( &(uOwner->uEntryRef),

uRemSerial->uMutexOwner, uRemSerial ) == uLockAcquired) {
// only last call does not release lock, so reacquire first entry lock
uThisTask().uCurrentSerial->lock.uAcquire();
uRemSerial->lock.uRelease();

} // if

} else {
// call cluster routine to adjust ready queue and active priority
// Note: can only raise priority to at most uCalling, otherwise updating
// uOwner

�

s priority can conflict with the uOwner blocking on an entry
// queue at a particular priority level.
// Furthermore, uCalling

�

s priority is fixed while the entry lock of
// where it is blocked (s->lock) is acquired, but uThisTask()

�

s priority
// can change as entry lock

�

s are released along inheritance chain.
uThisCluster().uTaskSetPriority( *uOwner, uCalling );

} // if

} // if
} // if
return uRelPrevLock;

} // uPriorityQ::uAfterEntry

� IZlzb M E ?h~ � < � uAfterEntry
w � ^ M B � �
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int uPriorityQ::uAdd( uBaseTaskDL *node, uBaseTask *uOwner,
uSerial *s ) {

// check if mutex owner
�

s priority needs to be updated
if ( node->uGet().uPIQ.uHead2() <

uGetActivePriorityValue( node->uGet() ) ) {
uThisCluster().uTaskSetPriority( node->uGet(), node->uGet() );

} // if

// Add node to entry queue
. . .

// perform any priority inheritance
return uAfterEntry( uOwner, s );

} // uPriorityQ::uAdd

� IZlzb M E ?h~ � � � uAdd

M ESijbFI M E�B�DFE g bFBQE � U �'OXE M � G'^opvB�IZY[E LFM IZU M IZBJ,�BQU +fE7IZOfp M EH^zGNEHR �K\cU M pvb M�M EPO-B�IrOFDFE M IZB�^HOfpvE�� ~
s*Df^2OXloIZOXl�^TB�^zG � � Gy^opvB�IZY[E LXM IZU M IrBN, whDFU���E@Y[E M wFIqG�OFUoB7^HO%IqGNU ` ^2B�EHR U L E M ^2B�IZUzO ~ � O0^zR �

RhIrBQIZUzO B�U!p�Df^2OXloIZOXl!^ B�^oG � � G�GJBQU M EHR LXM IZU M IrBN,!Yz^ ` bFE[w&B�DFIKGWp Df^HOFloEtpP^HO M EHi[bFI M E LFM IZU M IZBJ,
i[bFEPbFEHG�B�UT+fEWb L RF^2B�EHR
w>^oG ��E `r` ^oG w
p@^2bfGJIZOFl \cb M B�DFE M IrOFDFE M IZB�^HOfpvE ~ � , L IKpP^ `Z` , whBQDXE g IZOFI �
g b g M EHijbXI M E g EPO[B&\cU M �ks���� IqG B�Df^2B#BQDFE M ES^oRh,tijbXEPbFEm^2OfRa^ `Z` EPO-B M , � g bFB�E � ijbXEPbFEHG;+fE
b L RF^HBQEHR ~ � DFIqG�^ LFLXM U[^zp D IKG'bfGJEHR \cU M BQDXE�I gtLF` E g EPO-B�^HBQIZUzO LFM EHGNEPO-BQESR IZO � IZlob M EHG ?h~ � :
^2O R ?-~ � <-~ A�GkGNbFlzloEHGJBQEHR IZO u ESpvBQIrUoO { ~ {-wjb L RX^2BQESG B�U7GNb LFL U M B#BQDFE9pvU M�M EHp B \cbFOfpvB�IZUzOFIZOFlmU2\
UoB�DFE M ^ LXLF` IqpP^2B�IZUoO�G L EHpvI d p�i[bFEPbFESG;^ M E LFM Uo+f^H+ ` , +fEHGJB*Df^2OfR ` EHR�^2B*BQDXE'bfGNE M*` EPY[E ` w M ^HBQDFE M
BQD ^2O%+fEPIrOFl IZO p ` bfR-EHRa^oG L ^ M ByU2\ BQDFE7IZOXDFE M IrB�^HOfpvE M UobFB�IZOFE[wFE ~ l ~ wFpvUzOfRhIrBQIZUzO0ijbFE@bFEHG ~

� U���EPY[E M wP^ LFM Uo+ ` E g E � IKGJB�G
+fEHpP^HbfGNE#IZOW^�p UoOfpvb MQM E@OhB*� M EH^ ` � BQI g E��XGN,XGNBQE g wPBQDFE g bFBQE �
U��'OFE M pP^HO!pvUzOhB�IZO-bFE�B�U E � ESpvbFBQE �'DFI ` E�IZB�G'^opvB�IZY[E LFM IZU M IZBJ,aIqG�+fEPIZOFl b L RX^2BQESR ~ � DXE�UzO ` ,
GNIrBQbf^HBQIrUoO �'DFE M E!IrBaIKG L U GQGJIZ+ ` E(\cU M B�DFE g bFBQE � U��'OFE M BQU�+fE E � EHpvbXBQIZOXl��cOFUoB0^oGaB�DFE
b L RF^HBQIZOXlTB�^oG ��� �'DXI ` EmIZB�G#^opvB�IZY[E LFM IrU M IZBJ,TIqG +fEPIrOFl b L RF^2B�EHRaU-pPpvb M G'Rhb M IZOFl B�DFE LFM IZU M IZBJ,
IZOXDFE M IrB�^HOfpvE M EHGNb ` BQIrOFl \ M U g B�DFEab L RF^HBQIZOXl B�^oG �_+ ` U-p �hIrOFl%UzO ^HO E@OhB M ,_ijbFE@bFE ~ � O ^ `Z`
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UoB�DFE M GJIZB�bf^2B�IZUoO Gvw&BQDFE g bXBQE � U��'OFE M IKG�IrO!BQDFE LXM U-pvEHG�G�U2\ ^opPi[bFI M IZOXlTB�DFE g bXBQE � Uz+ � EHpvB
IZO0i[bFEHGJBQIZUzO0^2OfR!GJUTIrB'IKG'^ ` GNU�BQDFEWb L RF^2B�IZOFl�B�^zG ��U M IZB M E g ^HIZOfG*+ ` U-p �[EHR �'DFI ` E LFM IZU M IZBJ,
IZOXDFE M IrB�^HOfpvE7IKG'IZO-Y[U �[EHR�UoO!IZB�G�+fEPDf^ ` \ � GNE@E�+fE ` U�� � ~ � O%EPIrBQDFE M p@^oGNE w�B�DFE g bFB�E � U �'OXE M � G
^op BQIZY[E LFM IrU M IrBJ,apP^HO�+�E GQ^P\cE ` ,ab L RX^2BQESR ~

� DFE LXM Uo+ ` E g �'IZB�DW^ `Z` U��'IZOFlyBQDFE g bXBQE � U��'OFE M BQUyE � ESpvbFBQE �'DFI ` E IrB�G LFM IrU M IZBJ,�IKG&+fEPIZOXl
b L RF^HBQEHR�IqG
BQDf^HB B�DFE g bFBQE � U �'OXE M p@^2O p�Df^HOFloE g bFB�E � Uo+ � ESpvB�GkRhb M IZOFlyBQDFE*b L RF^HBQE ~ � UoB�E
BQD ^2B M EPl[^ M R ` EHGQG&U2\>BQDXE�O-b g +fE M UH\ g bFBQE � Uo+ � ESpvB�Gk^�B�^zG �WU �'O GvwoIrB;pP^HO UoO ` ,7+�E#E � EHpvbFB�IZOFl
IZO�UoOXE g bXBQE � Uo+ � ESpvB'^HB'^2O-, loIrY[EPO�BQI g E[w2I ~ E ~ woIZO�BQDXE�B�^zG � � G ` ^zGNB�bXO d OFIqGNDFEHR g bFB�E � pP^ `r` ~
� U M E � ^ gaLF` E[w[B�^zG � � � � GNEPE � Irlob M E ?h~ < UoO L ^2loE � 618 �'IqG�pvb MQM E@OhB ` ,�E � ESpvbFBQIrOFl IZO g bFBQE �
Uo+ � ESpvB � � � ^oGQGJb g IrOFl BQDf^HB � � w � � ^2O R � � ^ M E g bFB�E � Uo+ � EHpvB�G�� ~�� U��#EPY[E M w-BQDFE g bFBQE �
Uo+ � ESpvB�B�Df^2B � � IqG�E � EHpvbFB�IZOFl IrO pP^2O p�Df^2OXloE�Ie\ � � E � IZB�G�IZB�G�pvb M�M EPO-B g bFB�E � Uz+ � EHpvB � GJEPE
� Irlob M E ?h~ {o|���wk^opPi[bFI M EHGy^2OFUzBQDFE M�g bXBQE � Uz+ � EHpvB � GJEPE � Irlob M E ?-~ { � ��w&U M + ` U-p �FG'B M ,hIrOFlaB�U
^op@ijbFI M E7^HOFUoB�DFE Myg bXBQE � Uz+ � EHpvB�� GJEPE � IZlzb M E ?h~ {z{I� ~

� O%U M RhE M \cU M B�DFE�b L RF^HBQIrOFlaB�^zG ��BQUtGNb pPpvEHG�G \cb `r` ,�b L RF^2B�E BQDFE g bFBQE � U��'OFE M � G'^op BQIZY[E
LFM IZU M IZBJ,[w-IZB g bfGNB'+fE ^H+ ` E7B�UaRhE@BQE M�g IZOFEyBQDXE g bFBQE � Uz+ � EHpvByIZO �'DFIqp D�BQDXE g bFB�E � U��'OFE M
IKG�E@IZBQDXE M pvb MQM E@OhB ` ,!E � EHpvbFB�IZOFl0U M EPO-B M , + ` U-p �[EHR ~ � U �#EPY[E M w BQDXE%R-,hOf^ g IKp +fEPDf^PY-IZUob M
E � DFIZ+XIZBQESR +-,%BQDXE g bFBQE � U��'OFE M pP^2O M ESGNb ` B�IZO BQDFE b L RX^2BQIrOFl%B�^oG � p Df^zGNIrOFl�BQDFE g bFBQE �
U��'OFE M \ M U g g bFBQE � Uo+ � EHpvB'B�U g bFB�E � Uo+ � EHp B �'DFI ` E7B M ,hIrOFl BQU L E M \cU MQg B�DFIKG�b L RF^HBQE ~

� DFE�Uo+-YhIrUobfG7GNU ` bFB�IZUzO B�U%BQDXIKG�Rh,-Of^ g IKp7+�E@Df^PYhIrUob M IKG�B�U E gaLF` UH,0^ g EHp�Df^2OXIKG g B�U
LFM EPY[EPO-B'BQDFE g bFBQE � U��'OFE M \ M U g p�Df^2OXloIZOXlaBQDFE g bXBQE � Uz+ � EHpvByIZO �'DFIKp�D%IrB�IqG�pvb M�M EPO-B ` ,
E � EHpvbFB�IZOFl �'DFI ` E�IrB�G�^zpvBQIrY[E LFM IZU M IZBJ,�IKG'+fEPIZOXl b L RX^2BQESR ~ VyOh\cU M BQbFOf^HBQE ` ,[wfI gaLF` E g E OhB�IZOFl
GNb p D ^ g EHp�Df^2OFIqG g IKG RhI ��p b ` B �'IrBQDFUzbFB E � pvEHGQGJIZY[E ` U-p �-IZOXlFw��'DFIKp�D�BQEPOfRXG B�U IrOfp M ES^oGNE
UHY[E M DXEH^oR�^2O R M EHRhbfp E�p UoOfpvb MQM E@Ofpv, ~
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A +fEPB�BQE M GJU ` bXBQIZUzOTIqG;Uo+FB�^2IZOXEHRT+-, g ^ �hIrOFl�BQDXE \cU `Z` U��'IrOFl7Uo+fGJE M Yz^2B�IZUzO ~ � \>BQDXE g bFBQE �
U��'OFE M � G7pvb M�M EPO-B g bFBQE � Uz+ � EHpvB7IKG7p�Df^2OFlzIZOFlXw B�DFEPO BQDFE g bXBQE � U��'OFE M IKG M bFOXOFIZOFlXwk^2OfR
BQDXE M Ev\cU M E[w M E LFM EHGNE@OhB�G B�DFE%EPO R U2\WBQDFE0+ ` U-p �-IZOFl_p D ^2IZO ~ � O B�DFIKGaGJIZB�bf^2B�IZUoO�w b L RX^2BQIrOFl
BQDXE g bXBQE � U��'OFE M � GW^opvB�IZY[E LFM IZU M IZBJ,!IqG�BQDFE ` ^oGJB�GNBQE L U2\mBQDFE�b L RF^HBQIrOFl!B�^zG � � G LFM IZU M IZBJ,
IZOXDFE M IrB�^HOfpvE�U L E M ^2BQIrUoO&wyI ~ E ~ w*OFU \cb M BQDFE M IrOFDFE M IZB�^HOfpvE�IKG L U GQGJIZ+ ` E%+fEHpP^HbfGNE!B�DFE g bFBQE �
U��'OFE M IKG�OFUzB�+ ` U-p �[ESR ~ � O B�DFIKG7GJIZBQb ^2BQIrUoO&wkBQDFE M ESG L UoOfGJIZ+FI ` IrBN,a\cU M�L E M \cU MQg IrOFlaB�DFE ` ^oGJB
L ^ M ByU2\#BQDFE7IrOFDFE M IZB�^HOfpvE7U L E M ^2B�IZUoO�w
I ~ E ~ w-b L RF^2B�IZOFlaB�DFE g bXBQE � U��'OFE M � G�^zpvBQIrY[E LFM IrU M IrBJ,[w
IKGyB M ^HOfG \cE MQM ESR%BQUaB�DFE g bXBQE � U��'OFE MP~ � , \cU M pvIrOFl�BQDFE g bXBQE � U��'OFE M BQU0^oR � bfGNB7IZB�G�U��'O
^op BQIZY[E LFM IZU M IZBJ,_^oG IZB�GWpvb M�M EPO-B g bFBQE � Uo+ � EHpvB p D ^2OFlzEHGvw*BQDFE�b L RF^HBQIrOFl!B�^zG ��OFU ` UzOFloE M
Df^zG B�UaRhES^ ` �'IZB�D�BQDFE L UoB�EPOhB�IK^ `Z` , Rh,hO ^ g Iqp +fEPDf^PY-IZUzb M U2\*B�DFE g bXBQE � U��'OFE M@~ � DXE�UzO ` ,
M ESijbFI M E g EPOhByIKG�\cU M B�DFEab L RF^HBQIZOXl!B�^oG � BQU RhEPB�EHpvB7BQDFIqG�Y[U ` ^2BQI ` IrBN, �'IZB�D M EHG L EHpvB�B�U%B�DFE
g bFBQE � U��'OFE M � G*pvb M�M EPO-B g bXBQE � Uo+ � ESpvBPw-GNUWIZB��-OFU��yG �'DXEPOaIZB*Df^zG M EH^op�DFEHR�B�DFE�E@OfRTU2\�IZB�G
IZOXDFE M IrB�^HOfpvE7p�Df^2IrO ~

� DFE�UoBQDXE M ^oRhYz^2O-B�^HloE�U2\9BQDFIqG�^ LFLFM U[^op�D IKG�B�Df^2B7Df^PY-IZOFl�BQDXE g bFB�E � U��'OFE M b L RF^HBQE
IZB�G U��'O ^zpvBQIrY[E LFM IrU M IZBJ, IKG g bfp D GJI gaLF` E M ^2OfR ` EHGQG E �-L EPOfGNIrY[E�BQDf^HO I \mIZB�IKG�RhUoOFE!+-,
BQDXE%b L RF^HBQIZOXl B�^oG � ~ � DFIKGa^zRhYz^2O-B�^HloE ^ M IKGJEHGT+fEHpP^HbfGNE!B�DFE g bFBQE � U��'OFE M IKG M bFOFOXIZOFlXw
^2O R DXEPOfpvE[w-OFUoB'+ ` U-p �[EHRTUoO�B�DFE�EPO-B M , � g bFB�E � i[bFEPbXEHG U M'M EH^zRh,�i[bFEPbFE7GJU BQDFESGNE7i[bFEPbFESG
M ESijbFI M E�OFU!^zR � bfGJB g EPO-B ~ � b M B�DFE M�g U M E[w
BQDXE g bXBQE � U �'OXE M � G�pvb M�M EPO-B g bXBQE � Uo+ � EHpvB7IqG
d�� EHR �'DFI ` E�IZB'IqG�b L RF^2B�IZOFl�IZB�G�U��'O LFM IZU M IZBJ, ~

� DFIKGWGNU ` bFB�IZUoO pP^2O +fEa+ M U �[EPO_RhU��'O IZO-BQU�B ��U L ^ M B�G ~ � I M GJBPwkI \'B�DFE�b L RF^2B�IZOFl!B�^oG �
M ESpvUolzOFI �PESG B�Df^2B B�DFE g bFBQE � U��'OFE M � G7pvb M�M EPO-B g bFBQE � Uz+ � EHpvBWIKG�p�Df^HOFloIrOFlFw;B�DFEPO IrB�D ^oG
M ES^op�DFEHRTB�DFE�EPOfR�U2\ BQDFE�IrOFDFE M IZB�^2OfpvEmp�Df^2IrO�^2OfR�pP^HO0GNBQU L&~�u EHp UoOfR
wFIe\kBQDFE g bFB�E � U��'OFE M
p�Df^2OFlzEHG g bFB�E � Uo+ � EHpvB�Gvw[IZB g bfGNB pvU gaLX` EPB�E�BQDXE ` ^zGNB L ^ M B�UH\ ^2O-, IZOFDFE M IZB�^2Ofp E�+-, b L RF^2B �
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IZOXl IZB�G�U��'O ^opvB�IZY[E LFM IZU M IZBJ, ~
u[L EHpvI d pP^ `r` ,[wHBQDXE \ ^zpvB*BQDf^HB B�DFE g bFB�E � U��'OFE M � G*pvb M�M EPO-B g bFBQE � Uo+ � EHp B;IKG*p�Df^2OFlzIZOFl7IqG

OFUzB B�DFE'^zpvBQbf^ `hLXM Uo+ ` E g!~ � DFE'GJIZBQb ^2BQIrUoOfG&BQD ^2B LFM EHGJEPO-B&BQDFE M EH^ `[LFM Uz+ ` E g G&^ M E*B�DFU[GJE'BQDf^HB
IZO-Y[U ` Y[E7BQDFE�EPO-B M , � g bFB�E � i[bFEPbFE +fEHpP^HbfGNE�BQDXE EPOhB M , ` U-p �%IKG M EHijbXI M ESR \cU M B�DFETb L RX^2BQE w
+FbFBmBQDFE M EHijbXI M ESR EPO-B M , ` U-p �0pP^HO p�Df^HOFloE�^zG�BQDFE g bFB�E � U��'OFE M�g U2Y[ESG ~ � DFIKG LFM Uo+ ` E g
M ESGNb ` B�G'IZO�B ��UtGQpvEPO ^ M IrU[G w�I ~ E ~ wF^2O0EPO-B M ,t+ ` U-p �[EHR g bXBQE � U��'OFE M IKG'GQp�DFEHR-b ` EHRa+-,�^TB�^oG �
+ ` U-p �-IZOFl IrO�U M E � IZB�IZOFl�^ g bFBQE � Uo+ � EHpvB'U M ^ M bFOFOFIrOFl g bFB�E � U��'OFE M E � EHpvbXBQEHG#^2O%E@OhB M ,
pP^ `Z` B�Df^2B + ` U-p �FG7UoO ^2OFUzBQDFE M g bFB�E � Uo+ � ESpvB ~ VyOh\cU M BQbFOf^HBQE ` ,[w*^oG�B�^oG �FG ^ M E�E � EHpvbFB�IZOFl
pvUzOfpvb M�M EPO-B ` ,[w IrB IKG I gaL U GQGNIr+ ` EtBQU M EHpvUolzOFI �@E B�DFEHGJE E � ^zpvBaGJIZB�bf^2B�IZUoO G ~ � DFE%b L RX^2BQIrOFl
B�^zG �_pP^2O GNI gtLF` ,0RhEPB�E MQg IZOFEWBQDFE g bFB�E � U �'OXE M � G�pvb M�M EPO-B g bFBQE � Uo+ � ESpvBW^2OfR �'DXEPBQDFE M
BQDXE g bXBQE � U��'OFE M IKG#pvb MQM EPO-B ` , E@OhB M ,�+ ` U-p �[EHR�^2By^ L ^ M BQIqpvb ` ^ M IrOfGNB�^2O-By^2OfRaB�DFEPO�RhESpvIKRhE
DFU�� B�U LFM U-pvE@EHR ~

� \FB�DFE;b L RF^HBQIZOXl�B�^oG �W^zpPijbXI M ESG�BQDXE E@OhB M , ` U-p � \cU M B�DFE g bFBQE � Uz+ � EHpvB �'DFE M E;IrB&+�E ` IZE@Y[EHG
BQDXE g bXBQE � U �'OXE M IqG�pvb M�M EPO-B ` ,!E � EHpvbFB�IZOFl0^2O R R-EPBQE M�g IZOXEHG�BQD ^2B BQDXE g bXBQE � U �'OXE M IqG
OFUzB�EPO-B M ,a+ ` U-p �[EHR>wFBQDFEPO�B�DFE�b L RF^HBQIrOFlaB�^zG ��IKGyGNI gaLF` , M EHi[bFI M EHRaBQU�b L RF^2B�E BQDFE g bFBQE �
U��'OFE M � G*^opvB�IZY[E LFM IrU M IrBJ, ~ � DFE LXM Uo+ ` E g B�Df^2B*U-pPpvb M G;IKG;BQD ^2B�B�DFE g bFBQE � U��'OFE M pP^HO g ^��[E
^2OtEPOhB M ,�pP^ `Z` BQU ^2OFUzBQDFE M'g bFB�E � Uo+ � EHp B�BQD ^2B�+ ` U-p �FG �'DFI ` EyBQDFIqG IKG;U-pPp b MQM IZOFl ~*� U���EPY[E M w
IZBWIKG�OFU�� BQDFEtpP^oGJEaBQD ^2B BQDXE g bFBQE � U��'OFE MWg bfGJB M EHpP^ ` pvb ` ^2B�E IZB�G�U��'O�^op BQIZY[E LFM IZU M IZBJ,
+fEv\cU M E�IZB IKG�i[bFEPbFEHR_^oG�^ M EHGNb ` B U2\W^%+ ` U-p �hIrOFl!EPO-B M , pP^ `r` ~ A�G�IrB�G ^op BQIZY[E LFM IrU M IrBJ, IqG
pP^ ` pvb ` ^2B�EHRabfGNIrOFlTB�DFE uPIQ

�cOFUoB�E[wFBQDXE g bFBQE � U��'OFE M � G uPIQ
IKG'^ ` �9^S,XG'b L RF^2B�EHR � � � ��� �

IZB�G ^opvB�IZY[E LXM IZU M IrBN, IKG7b L RF^2B�EHR ��w�BQDFIqG�lobf^ M ^HOhB�EPEHG�BQD ^2B�IZB IKG7E � EHpvbFB�IZOFl ^2B�IZB�G p U MQM EHpvB
LFM IZU M IZBJ, � � � ��� ��IrB7IKG LF` ^zpvEHR%UzO BQDFE�EPO-B M ,!i[bFEPbFE ~ � DFE M Ev\cU M E[w&OFUa\cb M BQDFE M b L RF^HBQIrOFl%IqG
M ESijbFI M EHR ~
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� U���EPY[E M wfBQDFE b L RF^HBQIrOFl%B�^oG � pP^2OXOFUoBWIZOfp M EH^oGJE�B�DFE g bXBQE � U��'OFE M � G�^zpvBQIrY[E LFM IZU M IZBJ,
+f^zGNEHR%UzO%BQDXE g bFBQE � U��'OFE M � G uPIQ

�fIZBmpP^2O0UoO ` , IrOfp M EH^oGJE�B�DFE g bFB�E � U��'OFE M � G LFM IZU M IZBJ,
BQU ^2B g U GNB�BQDFE0Yz^ ` bXE%IZB�bfGJEHR BQU b L RX^2BQE!B�DFE g bFB�E � U��'OFE M � G uPIQ ~ ] IZB�DFUobFBtBQDFIqG
M ESGNB M IKpvB�IZUzO&w[IZB�IqG L U[GQGJIZ+ ` E�\cU M B�DFE g bFBQE � U �'OXE M B�U +�E7+ ` U-p �[ESR UzO%^HO�EPOhB M ,tijbXEPbFE7^HBy^
LFM IZU M IZBJ,mRhI 
>E M EPOhB
\ M U g IrB�G&^zpvBQIrY[E LFM IrU M IZBJ,�+fEHp@^2bfGJE B�DFE g bXBQE � U��'OFE M IKG
UzO ` ,mlobf^ M ^2O-BQE@EHR
BQU�Df^PY[EtGNEPE@O!BQDFEtp D ^2OFlzEHG g ^zRhE�B�U%IrB�G uPIQ

+-,!BQDFEtpvb M�M EPO-B�b L RF^HBQIZOXl%B�^zG � �'DFE@O IrB
EPO-B M ,�+ ` U-p �XG ~ � DhbfG w[I \>BQDFE'b L RX^2BQIrOFl�B�^oG � IZOfp M EH^oGJEHG B�DFE g bXBQE � U��'OFE M � G*^zpvBQIrY[E LFM IZU M IZBJ,
BQUm^2OWEPY[EPO7DFIrloDFE M Yz^ ` bFE �5+f^zGNEHR7UoO�B�DFE ` ^2B�EHGNB&IrOh\cU M�g ^2B�IZUoO7IrO�B�DFE g bFB�E � U��'OFE M � G uPIQ

��w
BQDXEPO�BQDFEWb L RF^2B�IZOFl�B�^zG �0pvUob ` R�p D ^2OFlzE�BQDXE g bFB�E � U��'OFE M � G'^zpvBQIrY[E LFM IZU M IZBJ,a+FbXB'OFUoByIZB�G
L U[GJIZBQIrUoO0UoO%B�DFE7EPO-B M ,ti[bFEPbFE ~

� U M E � ^ gaLF` E[w*IZO � Irlob M E ?h~ { 6 B�^oG � � � EPO-B M , + ` U-p �XGTB M ,hIrOFl B�U ^zpPi[bFI M E � � ~ AmG
IZOXDFE M IrB�^HOfpvE�IKG M EHi[bFI M EHR
w ��� +�E@loIZO GT+h,�b L RF^HBQIrOFl ����� G

uPIQ
^2O R OFUoB�IKpvEHG BQD ^2B � � IqG

OFUzB�pvb MQM EPO-B ` ,!E@OhB M ,!+ ` U-p �[EHR ~!� U���EPY[E M w&+fEv\cU M E � � pP^HO�b L RF^2B�E � � � G ^opvB�IZY[E LFM IrU M IrBJ,[w
B ��U�BQDFIrOFl[G'Df^ LFL EPO � GNEPE � IZlzb M E ?h~ { 8 � ~ � I M GNB@w ��� EPOhB M ,a+ ` U-p �FG�UzO �
	7^HOfR%b L RF^HBQEHG'IZB�G
U��'O!^zpvBQIrY[E LFM IZU M IZBJ,aB�U ? + ^oGNESR UzO%IrB�G'pvb M�M EPO-B uPIQ ~�u EHpvUzOfR
w � 	�EPO-B M ,T+ ` U-p �FG�UzO � � w
b L RF^HBQEHG � � � G uPIQ

^2OfR�RhEPB�EHpvB�G B�Df^2B ��� IqG E@OhB M ,!+ ` U-p �[EHR ~ � U��7w ��� p@^2OFOFUzB�b L RF^HBQE
��� + ^oGNESRTUoO ���� G

uPIQ
+fEHpP^HbfGNE7BQDXIKG �#Uob ` RapP^HbfGNE � ��� G#^opvB�IZY[E LFM IrU M IrBJ, BQU�+fE7IZO p M EH^zGNEHR

�'IZB�DFUobXB'b L RF^2B�IZOFl�IZB�G L U GNIrBQIZUzO%UzO B�DFE7EPO-B M ,ti[bFEPbFE ~ AmG ��E `Z` w ���� G'^op BQIZY[E LFM IrU M IrBJ,�^2OfR
L U[GJIZBQIrUoO0UoO%B�DFE7EPO-B M ,ti[bFEPbFE �'I `r` EPY[E@OhB�bf^ `r` , +fE7b L RF^2B�EHR +-, � 	 ~
� UoB�E!BQDf^HB�^�pP^ `r` +-,�BQDFE!b L RX^2BQIrOFl�B�^zG � B�U�IZOfp M EH^oGJE%B�DFE g bXBQE � U��'OFE M � G�^op BQIZY[E

LFM IZU M IZBJ,�Df^zG OFUyE 
>EHpvB&Ie\fBQDFE g bFBQE � U��'OFE M � G LFM IrU M IZBJ,�IKGk^ `rM EH^zRh,�DFIrloDFE M B�Df^2O B�DFIKG
b L RF^HBQE
Yz^ ` bFE ~ � b M B�DFE M�g U M E[woI \kB�DFE g bFBQE � U��'OFE M EPO-B M , + ` U-p �XGvwhB�DFEPOaIrB�Df^zG'^ `rM EH^zRh,aIZO p M EH^zGNEHR
IZB�G�U �'O ^opvB�IZY[E LFM IZU M IZBJ,!^zG�RhIqGQpvb GQGNESR ^H+�UHY[E ~ � \�w DXU �#EPY[E M w
BQDFE g bFBQE � U��'OFE M � G7^op BQIZY[E
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� Irlob M E ?-~ { 6 � ��� b L RF^HBQEHG ����� G uPIQ
+FbFB'OFUzB�IrB�G'^zpvBQIrY[E LFM IrU M IZBJ, ~
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� IZlzb M E ?h~ { 8 � � � pP^2OFOXUoBybfGNE ����� G uPIQ
B�UTb L RX^2BQEWIZB�G'^opvB�IZY[E LFM IZU M IZBJ, ~
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LFM IZU M IZBJ,tRhU[EHG�OFE@EHRaBQU�+�E7IrOfp M ES^oGNESR + ^oGNESR UoO0IZB�G uPIQ
wFBQDXEPO�BQDFE7B�^zG � M ESG L UoOfGJIZ+ ` E�\cU M

BQDXIKG p�Df^2OFlzE!^zR � bfGNB�G B�DFE g bXBQE � U��'OFE M � G ^opvB�IZY[E LXM IZU M IrBN, ^2OfR L U GNIrBQIZUzO UzO BQDXE E@OhB M ,
i[bFEPbFEW^oG M ESijbFI M EHR ~ � DFEWpvb M�M EPO-B'b L RF^HBQIZOXlTB�^oG ��IqG�UoO ` , M EHG L UoOfGJIZ+ ` E�\cU M ^zR � bfGJBQIZOXlTB�DFE
g bFBQE � U��'OFE M � G*^op BQIZY[E LXM IZU M IrBN, + ^oGNESR UzOaIZB�G U��'O�p�Df^HOFloEHG*BQU7BQDXE g bXBQE � U��'OFE M � G uPIQ ~
A�G ��E `r` wFIe\*BQDFE g bXBQE � U��'OFE M � G E@OhB M ,�pP^ `Z` RhU[EHG�OXUoB�+ ` U-p �>wFBQDXEPO%OFU LFM Uz+ ` E g ^ M IKGJEHGy^oG
BQDXE g bXBQE � U �'OXE M IqG�OFUzB�+ ` U-p �[EHR!UoO ^HO EPO-B M , � g bFB�E � i[bFEPbFEt^2O R GJU!UoO ` ,!IZB�G�^op BQIZY[E
LFM IZU M IZBJ,�OFEPEHRFG�B�UT+fE7b L RF^HBQEHR
w �'DFIqp DaIqG�E � ^opvB ` ,�BQDFE7+fEPDf^PY-IZUob M B�Df^2B'U-pPp b M G ~

xyO BQDFEtUoBQDXE M Df^HOfR
w;Ie\'BQDXEab L RF^2B�IZOFl!B�^oG � RhE@BQEHpvB�G�B�Df^2BWBQDFE g bFB�E � U �'OXE M IqG�EPO �
B M , + ` U-p �[EHR
w&BQDFE@O +fUoBQD�B�DFE g bFBQE � U��'OFE M � GW^opvB�IZY[E LFM IrU M IrBJ, ^2OfR IrB�G L U GNIrBQIZUzO�UoO B�DFE
EPO-B M , ijbFE@bFE g bfGJB�+fEab L RF^2B�EHR ~ � DFE M Ev\cU M E[w B�DFETb L RX^2BQIrOFl!B�^zG � +fEPloIrOfG�+-, ^zpPi[bFI M IZOFl
BQDXE�^ LFLXM U LXM IK^HBQEaE@OhB M , ` U-p � ~�� U���EPY[E M w
+-, B�DFETB�I g E B�DFE�b L RF^2B�IZOFl!B�^oG �_GNb pPpvEHG�G \cb `r` ,
^op@ijbFI M EHG'BQDXE EPOhB M , ` U-p �
wfBQDFE E@OhB M ,�+ ` U-p �[EHR g bFB�E � U��'OFE Mmg ^P, D ^SY[EW+fEPEPO GQp�DFEHR-b ` EHR
^2O R%+�E M bFOXOFIZOFlXw�U M�g U2Y[ESRTBQUt^2OFUzBQDFE M�g bXBQE � Uo+ � EHp By^2OfR%+ ` U-p �[ESR
whU M�M EPB�b M OXEHRT\ M U g
BQDXEapvb MQM E@OhB g bFBQE � Uz+ � EHpvB ~ � D-bfG w �'DFEPO_^ B�^zG �>w;IZO BQDFIqG7pP^oGJEaBQDFE g bFBQE � U��'OFE M w ^op �
BQb ^ `Z` ,!^zpPijbXI M ESG�^ g bFB�E � Uz+ � EHpvB�IrB g b GNB M EHpP^ ` pvb ` ^2B�E�IrB�G�U��'O ^zpvBQIrY[E LFM IZU M IZBJ, ~ � O!BQDFIqG
GNIrBQbf^HBQIrUoO&w-BQDFEyb L RF^2B�IZOFl B�^oG � UoO ` ,TOFE@EHRFG;BQU RhEPBQESpvB*BQDf^HB�EPIrBQDFE M BQDFE g bXBQE � U �'OXE M IKG OXU
` UzOFloE M E@OhB M ,%+ ` U-p �[EHR U M B�Df^2B7IrB�G7pvb M�M EPO-B g bFBQE � Uo+ � EHpvBmDf^oGWp Df^HOFloESR ~ � b M B�DFE M�g U M E[w
^oG�B�DFE b L RF^2B�IZOFl0B�^zG �%D ^oG�B�DFE EPO-B M , ` U-p ��\cU M �'Df^HB�IrB�+fE ` IrEPY[EHG'IKG�B�DFE g bFBQE � U �'OXE M � G
` ^zGNB g bFBQE � Uz+ � EHpvBPw ^2O-,�pP^ `r` G +-, BQDFE g bFBQE � U �'OXE M BQU�B�DFIKG g bFBQE � Uo+ � EHp B�^ M E LFM E@Y[EPOhB�EHR
\ M U g pvUoO-BQIrOhbFIrOFl!^zGa^ `r` EPO-B M , pP^ `r` G�+fEPloIrO +-,�^op@ijbFI M IrOFl!BQDFE�EPO-B M , ` U-p � ~ � DFE M Ev\cU M E[w
IZBmIKG�I gaL U GQGNIr+ ` E7\cU M BQDXE g bFBQE � U��'OFE M B�U0GNBQI `Z` +fE�IZO!B�DFE LXM U-pvEHG�G�U2\'+ ` U-p �hIrOFl�UoO BQDFIqG
g bFBQE � Uz+ � EHpvBPw&I ~ E[w&EPIrBQDFE M BQDFE g bXBQE � U��'OFE M Df^zG d OFIKGJDFEHR!+ ` U-p �-IZOFl�U M IrB�D ^oG�^ `ZM EH^oRh,
+fEPEPO G�p DFESRhb ` ESR ~ � D-bfG w Ie\#BQDFE b L RF^HBQIrOFl%B�^oG � R-EPBQEHp B�G�B�DFE g bXBQE � U��'OFE M IqG�OFU ` UzOFloE M
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EPO-B M ,T+ ` U-p �[ESRTUoO0BQDFE g bFB�E � Uo+ � EHp B'IZB�+fE ` IZEPY[ESG BQDXE g bXBQE � U��'OFE M IqG�+ ` U-p �[EHRTUzO&wFBQDXEPO
BQDXE g bXBQE � U��'OFE M Df^oG*b L RF^2B�EHRaIZB�G;U��'O0^opvB�IZY[E LFM IZU M IZBJ,�^HOfRTBQDXE�IZOFDXE M IrB�^2O pvE'U L E M ^2BQIrUoO
IKG'p U gaLF` EPBQE ~

� IZO ^ `Z` ,[wPI \ BQDFE g bFBQE � U��'OFE M IKGkGNB�I `Z` + ` U-p �[EHR�UoO�B�DFE'^ LFLFM U LFM IK^2B�E g bXBQE � Uz+ � EHpvBPwHBQDXEPO
BQDXE g bFB�E � U��'OFE M M E g ^HIZOfG7+ ` U-p �[EHR�^oG IZB�p@^2OFOFUzBT+fE GQp�DFEHRhb ` EHR �'DFI ` E�BQDXE b L RX^2BQIrOFl
B�^zG � Df^zGaBQDFE!EPO-B M , ` U-p � ~ � O B�DFIKG�GNIrBQbf^HBQIrUoO&wyBQDFE!b L RF^HBQIrOFl�B�^oG � pP^2O b L RF^HBQE +�UzBQD
BQDXEaEPO-B M , i[bFEPbXEa^HOfR BQDFE�^zpvBQIrY[E LFM IrU M IZBJ,!U2\yB�DFE g bFBQE � U��'OFE M �'IrBQDFUzbFB R-I�� pvb ` BJ, ^oG
BQDXE%GJB�^HBQE%UH\7BQDXE g bFB�E � U��'OFE M IKG d�� EHR ~ � O \ ^zpvBPw*BQDXIKG GNIrBQbf^HBQIrUoO IqG�BQDFE�UzO ` ,�UoOXE IrO
�'DFIqp D0BQDFE g bFB�E � U �'OXE M Df^zG�OFUoBm+�E@EPO!RhE@BQEHpvB�EHR%^zG M bXOFOFIZOXl ~ � DXE M Ev\cU M E[wfBQDXE LFM IZU M IZBJ,
IZOXDFE M IrB�^HOfpvE�U L E M ^HBQIZUzO g bfGNBm^oRhYz^HOfpvE�BQU�BQDFE OXE � BmE ` E g EPOhB'IrO!BQDFE�IZOXDFE M IrB�^HOfpvE p�Df^HIZO ~
� DFIqGT^zRhYz^2OfpvE g EPO-B�U-p@pvb M G �'IZB�D�BQDFE pP^ `r` BQU uAdd

�'DFE@O BQDXE g bFB�E � U��'OFE M IKG�+fEPIZOXl
^oR � bfGNB�EHR UzO%BQDXE�E@OhB M ,�i[bFEPbFE ~ � DFEWpP^ `r` BQU uAdd

p@^ `Z` G uAfterEntry
\cU M B�DFE�OFE � g bFBQE �

Uo+ � ESpvB M EHGJb ` B�IZOFlWIZO�B M ^2OfGJIZB�IZY-IZBJ, � GNEPE � Irlob M E ?h~ � � � ~
� O U M RhE M B�U g ^ � I g I �PEWpvUoO pvb MQM EPOfpv, w DFU���E@Y[E M w&IZB7IqG L U[G�GNIZ+ ` EaB�U LFM U-pvEPEHR �'IZB�D IZO �

DFE M IZB�^2OfpvE �'IZB�DFUobXB g ^HIZO-B�^2IrOFIZOXl�B�DFE�EPO-B M , ` U-p � U2\kE@Y[E M , LFM EPY-IZUzbfG g bFB�E � Uo+ � EHpvB*IrOTB�DFE
p�Df^2IrO ~ � O�\ ^op BPwoB�DFE�b ` BQI g ^2B�E*+ ` U-p �[E M IKG B�DFE�UzO ` ,WB�^zG � IZO�^HOTIrOFDFE M IZB�^2OfpvE9p D ^2IZO B�Df^2B#pP^HO
E � EHpvbFB�E ~;u UFw-EPY[E M ,�UzBQDFE M g bFB�E � U �'OXE M IZO�BQDFEmp D ^2IZO�IKGkEHGQGJEPOhB�IK^ `Z` ,W+ ` U-p �[EHR �9^2IZB�IZOFl�\cU M
BQDXE�b ` BQI g ^2BQEm+ ` U-p �[E M BQU M E ` EH^oGJE�B�DFE g!~9� U���EPY[E M wF^HO!IZO-BQE M EHGNB�IZOFl�\cEH^HBQb M E�UH\�B�DFE�E@OhB M ,
` U-p �!IKG7BQDf^HB�IrB�^ ` GJU LFM EPY[EPO-B�G�B�^zG �XG \ M U g M E ` ES^oGNIrOFl g bXBQE � Uo+ � EHpvB�G ~ � D-bfGvw*^zpPi[bFI M IZOFl
^ L ^ M BQIqpvb ` ^ M EPO-B M , ` U-p � LXM EPY[EPO-B�G'B�^zG �XG�\ M U g +f^op �-IZOFlab L L ^zGNB7BQD ^2B g bXBQE � Uz+ � EHpvB�IrO
BQDXE�IZOFDXE M IrB�^2O pvE�p�Df^HIZOt^2OfRaE 
>EHpvB�IZY[E ` , d�� EHG*BQDFEy+f^op � L U M B�IZUoO�UH\ ^2O�IZOFDXE M IrB�^2O pvE�p�Df^HIZO ~
� DFE M Ev\cU M E[w;EPO-B M , ` U-p �XG�^zGQGNU-p IK^2B�EHR �'IrBQD g bFB�E � Uo+ � EHp B�G�ES^ MQ` IZE M IZO B�DFE0p D ^2IZO pP^2O�+fE
M E ` EH^zGNEHR �'IZBQDXUobFBmpP^2b GNIZOXl�^ LFM Uo+ ` E g!~ � DFE ^oRhYz^HOhB�^2loE�U2\#B�DFIKGy^ LFLXM U[^zp D!IqG B�Df^2BmIZBm^ ` �



� 5 | ����������	 
 � ��� 
�����
������ ��� � 	 
�� � ������	

` U��yG�B�^oG �XG�BQU GNB�I `Z` + ` U-p ��UoO�BQDFEmEPOhB M ,�i[bFEPbFESG U2\ BQDXU[GNE g bFBQE � Uo+ � ESpvB�G#Rhb M IrOFl LFM IZU M IZBJ,
IZOXDFE M IrB�^HOfpvE ~ � O�U M RhE M B�U g ^2IZO-B�^HIZO�BQDXIKG ` U-p �-IZOFlt^oG�^ B�^zG � LFM U-pvE@EHRFGy^ ` UzOFlaB�DFE�IrOFDFE M I �
B�^HOfpvE p Df^HIZO&wfBQDXE�OFE � B'EPO-B M , ` U-p � g bfGNB#+fE�^opPi[bFI M EHRa+fEv\cU M E BQDFE pvb MQM EPO-B'EPOhB M , ` U-p �aIqG
M E ` EH^zGNEHR ~

� DFE�E@OhB M , ` U-p �aU2\*B�DFE g bXBQE � Uo+ � EHp By^oGQGJU-pvIK^HBQEHR �'IZB�D B�DFE�b L RX^2BQIrOFl�B�^oG �
wfI ~ E ~ w[B�DFE
dfM GNByEPOhB M , ` U-p �a^zpPi[bFI M EHR
whIqG'^TG L EHpvIK^ ` pP^oGJE ~ ] DFI ` E M E ` EH^zGNIrOFl BQDFIqG ` U-p �aIKG d OFE7+�ESpP^2bfGJE
BQDXE!b L RF^2B�IZOFl�B�^zG � pP^2OFOXUoB�+fE GQp�DFEHRhb ` EHR ^zG ` UoOXl ^HO EPO-B M , ` U-p ��\cb M B�DFE M RhU��'O B�DFE
p�Df^2IrO!IKG7^opPi[bFI M EHR
w>BQDFIqG�EPO-B M , ` U-p � g bfGNBy+fE M EH^op@ijbFI M EHR�+fEv\cU M ETB�DFE ` ^oGJB�EPO-B M , ` U-p �%IqG
M E ` EH^zGNEHR ~�� EH^op@ijbFI M IrOFlaBQDXIKG�EPO-B M , ` U-p �%IqG OXEHpvEHG�GQ^ M ,!BQU LFM EPY[EPO-B�BQDFE�B�^zG � L E M \cU MQg IZOFl
BQDXETIrOFDFE M IZB�^HOfpvE�\ M U g +�E@IZOFl0GQp�DFEHR-b ` EHR%+fEv\cU M EaIrB7+ ` U-p �FG ~ xyBQDXE M �'IqGNE[wk^oGWGNU[UzO ^zG�B�DFE
` ^zGNBWEPOhB M , ` U-p �!IqG M E ` ES^oGNESR
w B�DFET+ ^op � L U M B�IZUoO�UH\yBQDFEaIrOFDFE M IZB�^2OfpvE�p�Df^HIZO IKG�OXU ` UzOFloE M
d�� EHR�^2OfRaGJU IZB*IKG L U[G�GNIr+ ` E�\cU M B�DFE�b L RX^2BQIrOFl B�^zG � B�U�+fE7GQp�DFEHR-b ` EHR +fEv\cU M E�IrB#pP^2Oa+ ` U-p � ~
� EH^opPi[bFI M IZOXl�B�DFE dfM GJB�EPO-B M , ` U-p � +fEv\cU M E M E ` EH^zGNIZOXl�B�DFEy+f^op � L U M B�IZUzOaU2\kB�DFE�IrOFDFE M IZB�^2OfpvE
p�Df^2IrO%^ `Z` U �yG�B�DFIKG�B�^oG � B�U�^2B�U g IqpP^ `r` , + ` U-p ��^HOfR M E ` ES^oGNEmBQDFE ` U-p ��^zG M EHijbXI M ESR ~
� E ` EH^zGNIZOXl�B�DFE dfM GNB�E@OhB M , ` U-p � ^ ` GNU ^ `Z` U �yG;B�DFE�^zpvBQIrY[E LFM IrU M IZBJ,7U2\kBQDXE�b L RF^HBQIrOFl�B�^oG �

BQU�IZO p M EH^zGNE �'DXI ` EmIZB'IKG �9^ ` �hIrOFl BQDFE7IrOFDFE M IZB�^HOfpvE7p�Df^HIZO ~ � U g ^2IrOhB�^2IrOapvUzOfGNIqGNB�EPOfpv,[wFIrB�IqG
I gtL U M B�^2O-B&OFUoBkBQUmG �'IrB�p�D�B�U�BQDXIKG
b L RF^HBQEHR�Yz^ ` bFE*IZOWBQDFE g IqRFR ` E U2\fB�DFE*IZOFDFE M IZB�^2Ofp E�p�Df^HIZO ~
� DFE L UoBQE@OhB�IK^ ` LFM Uz+ ` E g BQDf^HB�U-pPp b M G�IKGyBQDf^HB ^ g bXBQE � U��'OFE M � G uPIQ

p@^2O +�E�b L RF^HBQEHR
bfGJIZOFlaUzOFE�Yo^ ` bFE ^2OfR!IZB�G�^op BQIZY[E LFM IZU M IZBJ,0pP^HO!+�E b L RX^2BQESR(bfGJIZOFl0^TDXIZloDXE M Yz^ ` bFE ~ � DFIqG
RhIqGQp M E L ^2O pv, pP^2O ` EH^zR BQU!B�DFE g bFB�E � U��'OFE M +fEPIZOFl0+ ` U-p �[EHR!UoO�BQDXEaEPO-B M , i[bFEPbXEa^HB�^
LFM IZU M IZBJ,�Yo^ ` bFEWRhI 
>E M EPO-B�\ M U g IZB�G'^opvB�IZY[E LXM IZU M IrBN, ~

A�G g bFB�E � Uz+ � EHpvB�G7IZO � s�� � ^ `Z` U�� M EHpvb M GNIrY[Eap@^ `Z` GvwkBQDFE uOnAcquire
DFU[U �_IKG�UzO ` ,

IZO-Y[U �[ESR �'DFEPO ^ B�^oG �TIrOFIZB�IK^ `r` ,W^op@ijbFI M EHGkBQDFE g bXBQE � Uo+ � ESpvB#� GNE@E ` IZOXE � 6 IrO � IZlob M E ?h~ � ? � ~
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A p�DFEHp � \cU MyLFM IrU M IrBJ,aIZOFDXE M IrB�^2O pvEWRhU[EHG�OFUzB�OFEPESR B�UaU-pPpvb M UzO GNbF+fGJEHi[bFEPO-B'EPOhB M IrEHG � GJEPE
` IrOFEy{o|�IrO � Irlob M E ?h~ � ? � +fEHpP^2b GNEyBQDFE LFM IrU M IZBJ,7IZOh\cU MQg ^HBQIZUzO�\cU M BQDXE�DFIrloDFESGNB LFM IrU M IZBJ,�B�^oG �
^oG�GNU-pvIq^2B�EHR �'IZB�D%BQDXE M ESGNUob M pvEWIKG'^ `rM EH^zRh,�UoO!B�DFE�B�^oG � � G uPIQ ~ � b M BQDXE MQg U M E[w-EPY[EPO�I \ ^
B�^zG � � Gy^opvB�IZY[E LFM IZU M IZBJ,�UoO M E � EPO-B M ,aIKG�DXIZloDXE M B�Df^2O0BQDFE LFM IrU M IZBJ,aIZO-\cU MQg ^2BQIrUoO0GNB�U M EHR \cU M
BQDXE g bFBQE � Uz+ � EHpvB7UoO_BQDFE�B�^zG � � G uPIQ

+fEHpP^HbfGNEtU2\�\cb M BQDXE M�LFM IZU M IZBJ,0IZOFDFE M IZB�^2Ofp E�\ M U g
UoB�DFE M#M EHGJUob M pvEHGvw[B�DFIKG LFM IrU M IrBJ, IZOh\cU MQg ^HBQIZUzO�GNB�I `Z` RhU[ESG�OFUoB#OFEPEHR BQUW+�Emb L RF^2B�EHRa+�ESpP^2bfGJE
BQDXE LFM IZU M IZBJ, IZOh\cU MQg ^HBQIZUzO \cU M ^ M EHGJUob M pvE�UoO ` ,�OFEPEHRFG�B�U M E �fEHpvB B�DFE�DFIZlzDFEHGNB LFM IZU M IZBJ,
Yz^ ` bFE0^ g UzOFl ^(B�^oG � � G +f^zGNE LFM IrU M IrBJ, Yz^ ` bFE0^2OfR�BQDFE0^zpvBQIrY[E LFM IrU M IZBJ, U2\ ^ `r` BQDFE�B�^oG �XG
RhI M EHpvB ` , + ` U-p �[ESR UzO�BQDFE g bFBQE �>~

�#"�� " ! � ; ) + � ����� + 6/) � +:2�+ 0�� +

� DFE!DFU[U �
uOnRelease

IqGTIZO-Y[U �[EHR �'DFEPO ^ B�^oG � M E ` EH^oGJEHG�^ g bXBQE � Uo+ � EHp B ~ � O BQDFIqG
I gtLF` E g EPO-B�^HBQIeUoO&wzBQDFE�B�^oG � g bfGNB M E g UHY[E�B�DFE�IZOXDFE M IrB�^HOfpvEyIZOh\cU MQg ^HBQIZUzOa^zGQGJU-pvIK^HBQEHR �'IZB�D
BQDXE g bFB�E � Uz+ � EHpvB'IrB'IKG M E ` EH^oGJIZOFl�\ M U g IrB�G

uPIQ
^2OfR0pP^ ` pvb ` ^HBQE7IZB�G�OFE � ^zpvBQIrY[E LFM IZU M IZBJ,

� GJEPE � Irlob M E ?-~ { ? � ~ � \9BQDFEtB�^oG � � G LFM IZU M IZBJ,!IrOFDFE M IZB�^HOfpvE LFM IrU M IZBJ,!i[bFEPbFEtIKG�E gaL BJ, ^S\cBQE M
BQDXIKG�IrOFDFE M IZB�^HOfpvE7IZO-\cU MQg ^2BQIrUoO0IKG M E g UHY[EHR
w-BQDFEPO!B�DFE�^op BQIZY[E LFM IZU M IZBJ,�U2\#B�DFE B�^zG �%IqG�GNE@B
BQU7IrB�G;+f^oGJE LFM IZU M IZBJ, ~ ��EHG L IZB�E'BQDFE'\ ^op B �ks���� g bFBQE � Uo+ � EHp B�G*^ M E M EHpvb M GNIZY[E w2B�DFIKG;DFU[U �TIqG
UoO ` ,aIrOhY[U �[EHR �'DXEPO0^ B�^oG �tE � IrBQIrOFl�^ g bXBQE ��d O ^ `Z` , M E ` IZO ijbFIqGNDFESG p UoO-B M U ` U2\ BQDFE g bFBQE �
� GJEPE ` IrOFEHG � 8 wX{ 6 ^2OfR 6 8 IZO � Irlob M E ?h~ { 5 � ~ A�G*^�B�^oG � � G uPIQ

IKG OXUoB*b L RF^2B�EHRTUzO M E � E@OhB M ,
IZO-BQU ^ M EHGJUob M pvE�IqG�^ `rM EH^zRh,�U �'O GvwFIZB9RhU[EHG�OFUzB'OFEPEHR�BQU�+fE M ESGNEPB#UoO0^2O�IZO-BQE M I g E � IZB#� GJEPE
` IrOFE ? IZO � Irlob M E ?h~ { 5 � ~

� O B�DFE GNIrBQbf^HBQIZUzO �'DXE M E ^�B�^oG � M E ` EH^oGJIZOFl ^ g bFB�E � �'^��[ESGTb L BQDFE!OFE � B�B�^zG � B�U
E � EHpvbFB�E�IZO GNIKR-E�BQDXIKG g bFBQE � whB�DFE uOnAcquire M UzbFBQIrOFE�IqG IrOhY[U �[EHRT+-,�BQDFE M E ` EH^zGNIZOXlTB�^oG �
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void uPriorityQ::uOnRelease(uBaseTask &uOldOwner, uSerial *s) {
// update task

�

s uPIQ, reset stored values
uOldOwner.uPIQ.uRemove( uCurrPriority, uCurrQueueNum );
uCurrPriority = -1;
uCurrQueueNum = -1;

// reset active priority if necessary
// only case where priority can decrease
if ( uOldOwner.uPIQ.uEmpty() | |

uOldOwner.uPIQ.uHead2() > uGetActivePriorityValue( uOldOwner ) ) {
uThisCluster().uTaskSetPriority( uOldOwner, uOldOwner );

} // if
} // uPriorityQ::uOnRelease

� IZlzb M E ?-~ { ? � uOnRelease

UoOt+�E@Df^ ` \;UH\kBQDFIqG OFE � U��'OFE M � GJEPE ` IZOXEHG*{ 8 ^2O R 6�? IrO � IZlzb M E ?h~ { 5 � ~ � B#IKG;I gtL U GQGJIZ+ ` E�B�U
^ `r` U�� BQDXE�OFE � g bFBQE � U��'OFE M BQU�E � EHp bFBQEyBQDFIqG M UobFB�IZOFE	��� 
 ���7IZB#IKG�G�p DXEHRhb ` EHR +fEHp@^2bfGJE�IZB�G
LFM IZU M IZBJ, g bfGJB�+fE M ^2IqGNEHRaBQU�IZB�G LFM U L E M Yz^ ` bFE � � � ��� ��IrB'IKG'G�p DFESRhb ` ESR
wFGJUTIrB'IKG'GQp�DFEHR-b ` EHR
^2ByBQDXE ^ LXLFM U LFM Iq^2BQEWBQI g E ~ xyBQDFE M �'IKGJE[whB�DFIKG'B�^zG �0pP^HO%E �-L E M IrEPOfpvE�bXOfpvUoO-B M U `r` EHR LFM IZU M IZBJ,
IZO-Y[E M GNIZUzO �'DFI ` E�IrB �'^2IrB�G�B�UT+fEWGQp�DFEHRhb ` EHRaGJUTIrBypP^2O�b L RF^HBQEHGyIZB�G'^zpvBQIrY[E LFM IZU M IZBJ, ~

�#"�� "�� � '*)B- � � 2�� 6 	#< '#> �7' 0 � ;7),+ � � ��� + 6/)

] DFEPO ^%B�^oG � + ` U-p �XG�UzO B�DFE�EPO-B M , i[bFEPbXEaU2\ ^ g bXBQE � Uo+ � EHpvB@w IrB g ^P,!OFEPESR BQU M ^2IKGJE
BQDXE LFM IZU M IZBJ,0U2\'B�DFEtpvb MQM EPO-B�U��'OFE M UH\'B�DFE g bFB�E � Uo+ � EHpvB ~�� ^HBQDFE M B�Df^2O LXM UHYhIqRhIZOXl%^HO
E �-LF` IqpvIZB DFU[U �a\cU M B�DFIKG#pvI M pvb g GJB�^HOfpvE[woIrB�IqG L U[G�GNIZ+ ` E7BQU�^zRFR�^2O-,a^zRFRhIZB�IZUzOf^ ` pvU-R-E�BQU B�DFE
EPOfR%UH\'B�DFE M UobFB�IZOFE B�U0^oRFR ^aB�^oG �!BQU�BQDXETEPO-B M ,0ijbFE@bFE ~ � O!BQDXIKG�I gaLX` E g EvO-B�^HBQIrUoO&wFB�DFE
M UzbFBQIrOFE uAfterEntry

� GJEPE � Irlob M E ?-~ � : �#IKG IrOhY[U �[EHRa^P\cBQE M ^ pP^ `Z` IZOFlWB�^oG ��Df^oG'+fEPEPO0^oRFR-EHR
BQU�B�DFE EPO-B M , ijbXEPbFE � GJEPE � IZlzb M E ?-~ � � � ~ � DFIqG M UobFB�IZOFE L E M \cU M�g G�BQDXE M EHijbXI M ESR LFM IZU M IZBJ,
IZOXDFE M IrB�^HOfpvE7^zG�RhESGQp M IZ+fEHR�^2+fUHY[E ~
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1 void uSerial::uLeave( ) {
2 uBaseTask &uCallingTask = uThisTask(); // optimization
3 if ( uCallingTask.uMutexRecursion != 0 ) { // recursively hold mutex ?
4 uCallingTask.uMutexRecursion -= 1;
5 // do not execute priority inheritance hook as task still holds mutex
6 return;
7 } // if
8

9 if ( uAcceptSignalled.uEmpty() ) { // no tasks waiting re-entry to mutex object ?
10 lock.uAcquire();
11 if ( uEntryList.uEmpty() ) { // no tasks waiting entry to mutex object ?
12 uMask.one(); // accept all members
13 uMutexOwner = (uBaseTask *)0; // reset no task in mutex object
14 if ( uEntryList.uExecuteHooks ) { // execute priority inheritance hook ?
15 uEntryList.uOnRelease( uCallingTask, this );
16 } // if
17 lock.uRelease();
18 } else { // tasks waiting entry to mutex object
19 // next task to gain control of the mutex object
20 uMutexOwner = &(uEntryList.uDrop()->uGet());
21 // also remove task from mutex queue
22 uMutexOwner->uCalledEntryMem->uRemove(&(uMutexOwner->uMutexRef));
23 if ( uEntryList.uExecuteHooks ) { // execute priority inheritance hook ?
24 uEntryList.uOnRelease( uCallingTask, this );
25 uEntryList.uOnAcquire( *uMutexOwner, this );
26 } // if
27 lock.uRelease();
28 uMutexOwner->uWake(); // wake up next task to use this mutex object
29 } // if
30 } else { // tasks waiting re-entry to mutex object
31 // next task to gain control of the mutex object
32 if ( uEntryList.uExecuteHooks ) { // execute priority inheritance hook ?
33 lock.uAcquire(); // entry lock prevents inversion during transfer
34 uMutexOwner = &(uAcceptSignalled.uDrop()->uGet());
35 uEntryList.uOnRelease( uCallingTask, this );
36 uEntryList.uOnAcquire( *uMutexOwner, this );
37 uMutexOwner->uWake();
38 lock.uRelease();
39 } else {
40 uMutexOwner = &(uAcceptSignalled.uDrop()->uGet());
41 uMutexOwner->uWake();
42 } // if
43 } // if
44 uCallingTask.uMutexRecursion = mr; // restore previous recursive count
45 } // uSerial::uLeave

� IZlob M E ?h~ { 5 � uLeave
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�#"�� "�� � 2�� 6 	#< '#> &('�� <�9 + 0 � ;7),+ � � � � + 6/)

� DFE#DFU[U �XG R-EHGQp M IZ+fEHR7^2+fUHY[E'^ M E9^ ` GJU�IrOhY[U �[EHR �'DFE@O�^'B�^zG �W^op@ijbFI M EHG
U M M E ` ES^oGNESG&^ g bFBQE �
Uo+ � ESpvB M EHGNb ` BQIrOFl�\ M U g + ` U-p �hIrOFl�IZOfGJIKRhEW^ g bFBQE � U M +fEPIrOFlaG�p DXEHRhb ` EHRT\ M U g ^HO!IZO-BQE M Of^ `
g bFBQE � i[bFEPbFE w�\cU M E � ^ gtLF` E[w>+ ` U-p �hIrOFlaUzO�^2OfR M EHGJB�^ M BQIrOFl \ M U g ^2O ^opPpvE L BWGNB�^HBQE g EPOhB ~
� DFE LFM Uo+ ` E g IqG�BQDf^HB OFU M�g ^ `r` , �cI ~ E ~ w OXUoO � M EH^ ` � BQI g E�� �'DFEPO ^%B�^zG � \ M U g ^HO�IZO-BQE M Of^ `
g bFBQE � i[bFEPbXE�IqG'GQp�DFEHRhb ` EHR
w[B�DFE7EPOhB M , ` U-p ��IKG�OXUoBm^opPi[bFI M EHR ~

] DFEPO GJE ` EHp BQIZOXla^TB�^oG �!BQU M bFO%\ M U g BQDXE EPOhB M ,0i[bFEPbFE[w>BQDFEWEPOhB M , ` U-p � IqG�^op@ijbFI M EHR
^2O R BQDXEPO0pvUoO-B M U ` U2\ BQDXE g bFB�E � IKG�B M ^2O G \cE M�M EHR�BQU BQD ^2ByB�^oG � ~ ] DXI ` E7DFU ` RhIrOFl BQDXE�E@OhB M ,
` U-p �>wFBQDFE M E ` EH^oGJIZOFl B�^oG �0pP^HO!^zR � bfGNBmIZB�G'^zpvBQIrY[E LFM IrU M IrBJ,�^2OfR�BQDFE ^opvB�IZY[E LXM IZU M IrBN,tU2\*B�DFE
OFE � U��'OFE M w �'DFIKp�D�IKG'GNB�I `r` + ` U-p �[EHR5� GNE@E ` IZOFESG�{ 6 �J{ 8 IZO � Irlob M E ?h~ { 5 � ~

� U���EPY[E M w �'DFE@O�GNE ` EHpvB�IZOFl�^�B�^zG �%\ M U g ^HO IrOhB�E M O ^ `*g bXBQE � i[bFEPbFE[w&B�DFETE@OhB M , ` U-p �
RhU[EHG�OFUzB7OFU M�g ^ `r` ,�OFEPEHR!BQUt+�Et^op@ijbFI M EHR ~ � O!BQDFIqG�GNIrBQbf^HBQIZUzO&w&IZB7IKG L U GQGJIZ+ ` E \cU M ^aB�^oG �
BQUt+�EWIZO-BQE M�M b L BQEHR�^S\cB�E M IrB'E � ESpvbFBQESG�BQDFE uOnRelease

DFU[U �!+FbXB�+fEv\cU M E IZB M ESGNB�^ M B�G B�DFE
+ ` U-p �[EHR�B�^oG � ~ � DXE L UzBQEPO-BQIq^ `&LFM Uo+ ` E g IrO�BQDFIqG �'IZOfRhU�� IKG�B�Df^2By^�B�^oG � � Gy^op BQIZY[E LFM IZU M IZBJ,
g ^P,�Df^PY[E�+fEPE@O ` U���E M EHR
wh+XbFB�IrB'Df^oG'OFUzB M EHGNB�^ M B�EHR B�DFE7OFE � B g bXBQE � U��'OFE MP~ � D-bfGvwFB�DFE
OFE � B g bFB�E � U��'OFE M p@^2O E �-L E M IrEPOfpvE�bFOfp UoO-B M U `Z` EHR LXM IZU M IrBN, IZO-Y[E M GNIZUzO ^zG�IZB pP^2OFOXUoB +fE
M ESGNB�^ M B�EHR(bXOhB�I ` B�DFETU ` R!U��'OFE M IKG7GQp�DFEHR-b ` EHR!^Hl[^HIZO ~ V�O-\cU M B�bFOf^HBQE ` ,[w&BQDFE�U ` R(U��'OFE M IqG
OFU ` UoOXloE M E �hL E M IZEPO pvIZOFl LFM IZU M IZBJ,0IZOFDFE M IZB�^2Ofp E \ M U g BQDFE g bXBQE � Uo+ � EHpvB7IrB�IqG M E ` EH^zGNIrOFl ~
� b M B�DFE M�g U M E[wH^oG B�DFE M E ` ES^oGNIrOFlyB�^oG � g ^P,�+fE'^2B�BQE gtL BQIrOFl'BQU�+ ` U-p ��UzO ^HO IZO-BQE M Of^ `[g bFBQE �
i[bFEPbFE[w-IZB#IKG�I gtL U GQGJIZ+ ` E�B�U �'^2IrB'bFO-BQI ` BQDFE7OFE � B�^oG �tIKG M EHGNB�^ M BQEHRa+fEv\cU M E7BQDFE LFM IZU M IZBJ,�U2\
BQDXE M E ` ES^oGNIrOFl�B�^oG �aIKG ` U �#E M ESR +fEHpP^HbfGNE7IrO B�DFIKG#GNIrBQbf^HBQIZUzO�BQDFE M E ` EH^zGNIZOXl�B�^zG ��^HBQU g IKpP^ `Z` ,
+ ` U-p �XG*^2OfR �9^��[EHGkb L BQDXE�OFE � U��'OFE M@~ � DhbfG w[BQDFIqG B�^oG �aRhU[ESG OFUzB D ^SY[EyBQDXE�U LFL U M B�bFOFIrBN,
BQU ` U��#E M IrB�G LFM IZU M IZBJ,t^S\cBQE M BQDFE7OFE � U �'OXE M IKG M EHGNB�^ M B�EHR ~
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� DFIKG�GNIrBQbf^HBQIrUoO IqG M EHGNU ` Y[EHR +-, \cU M p IZOFl BQDFE�EPO-B M , ` U-p ��BQU +fE!^op@ijbFI M EHR �'DFE@OFEPY[E M
BQDXE g bFB�E � DFU[U �FGW^ M E IZO-Y[U �[EHR ~ A�G ��E `r` w �'DFEPOFE@Y[E M ^�B�^oG �!BQDf^HB7IKG M E ` EH^zGNIrOFl�^ g bFBQE �
^ ` GNU M EHGNB�^ M B�G�BQDFEmOFE � B g bFBQE � U��'OFE M whB�DFE�EPO-B M , ` U-p � M E g ^2IrOfG*^opPi[bFI M EHR �'DFI ` EyBQDFE7B�^oG �
E � EHpvbFB�EHG'+�UzBQD B�DFE

uOnRelease
DFU[U �%\cU M IZB�GNE ` \9^2OfR!BQDFE uOnAcquire

DFU[U � UoO +fEPDf^ ` \
U2\yB�DFEaOFE � g bFB�E � U��'OFE M � GJEPE ` IZOFEHG 6 { � 6;: IZO � Irlob M E ?-~ { 5 � ~ � O \ ^opvB@w;BQDFE�EPO-B M , ` U-p �
IKG'OFUzB M E ` EH^zGNEHRabFO-BQI ` BQDFEWOFE � g bFB�E � U��'OFE M IKG M EHGJB�^ M BQEHR ~ � Dhb GvwfBQDFE M E ` EH^oGJIZOFl B�^oG ��IqG
bFOFIrOhB�E MQM b L B�^2+ ` E7Rhb M IZOFl�BQDFIqG�BQI g E�^HOfR B�DFE LFM IrU M IZBJ,TIrOhY[E M GNIrUoO �'IrOfRhU�� IKG�E ` I g IrOf^2B�EHR ~

�#"�� "	� � '#0*2 � �,< �

� DFE0^ ` loU M IZB�D g RhEHGQp M IZ+fEHR_^2+fUHY[E IqG�^zpvBQbf^ `Z` , EHi[bFIrYo^ ` EPO-B7BQU!B�DFE�loEPOFE M ^ ` pP^oGJE�Y[E M GJIZUoO
U2\ BQDXE�+ ^oGNIqp LFM IZU M IZBJ,�IZOFDXE M IrB�^2O pvE7^ ` loU M IZB�D g RhESGQp M IZ+fEHRT+-, n UH, ` ^2O&w � EPB � ^2OfR n IKRFR ` E �
BQUzO � 8 { � ~ � O BQDFIqG7pP^oGJE[wk^oG�B�DFE�EPOhB M , ijbFE@bFEHG�^ M E LFM IrU M IrBQI��PEHR
w
UzO ` ,!B�DFE�B�^oG � �'IZB�D B�DFE
DFIrloDFEHGJBW^opvB�IZY[E LFM IZU M IZBJ,%OXEPEHRFG�BQU0+fEapvUzbFO-BQEHR ~ xyBQDFE M B�Df^2O B�Df^2B@w;^ LFM IrU M IrBJ,!i[bFEPbFE IqG
g ^HIZO-B�^2IrOFEHR \cU M EH^zp D0B�^oG � ~ � DFIKG LFM IZU M IZBJ,�i[bFEPbFEWIKG'bfGNESR%BQUtRhEPBQE MQg IrOFE7^TB�^oG � � Gy^op BQIZY[E
LFM IZU M IZBJ,t^2Bm^2O-,aloIrY[EPOaBQI g E ~

� DFE_^oRFRhIrBQIrUoOf^ ` p U gaLF` E � IZBJ, IZO BQDXE��ks���� I gaLF` E g E@OhB�^2BQIeUzO E � IKGJB�GT+fEHpP^HbfGNE_IZBaIqG
B�^HI ` U M ESR BQUtBQDFE Rh,hO ^ g Iqp LXM IZU M IrBN, GQp�DFEHRhb ` IZOFltRhEHG�p M Ir+fEHR IrO!p�Df^ L B�E M 8F~ � O0BQDFIqG�pP^zGNE[w�^
B�^zG � g bfGNB9^ ` GJU M E g E g +fE M BQDFEWi[bFEPbFE7O-b g +�E M pvU MQM ESG L UoOfR-IZOFlaB�Ua^ L ^ M BQIqpvb ` ^ M'LFM IZU M IZBJ,
^2O R OFUzB � bfGNB;B�DFE LFM IZU M IZBJ,�Yz^ ` bFEy^zG B�DFIKG ^ MQM ^P,�IZO RhE � IqG OFEPESRhEHR�BQUW^zpPpvEHG�G BQDFEyG�p DXEHRhb ` IZOFl
i[bFEPbFEm^oG�GNU-pvIq^2BQESR �'IZB�Da^ L ^ M BQIKp b ` ^ M LXM IZU M IrBN, ~;� U���E@Y[E M wHI \ ^ d�� EHR LFM IrU M IrBJ, ^ M�M ^P,�+f^oGJEHR
GQp�DFEHR-b ` IrOFl�B�EHp DXOFIKi[bFE�IqG�bfGNEHR>wFBQDFEPO�UzO ` ,aB�DFEWpvUobXOhB�G'^ M EWOFEHpvESGQGQ^ M , ~

�;M IZU M IrBN,0IZOFDXE M IrB�^2O pvE�\cU M � s�� ��Uo+ � ESpvB�G�IqG�I gtLF` E g EvO-BQEHR�bfGNIrOFl�BQDFE B�D M EPE M UobFB�IZOFESG
RhIqGQpvbfG�GNEHR ^H+fU2Y[E w�I ~ E ~ w uOnAcquire

w
uOnRelease

^HOfR
uAfterEntry ~ A�GTB�DFE LFM IZU M IZBJ,
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IZOXDFE M IrB�^HOfpvEtijbFE@bFE � uPIQ
��w*^2OfR BQDXEaEPO-B M , ^HOfR BQDFE g bFB�E � i[bFEPbXEHG�^ M E�I gaLX` E g EPO[BQESR

+f^zGNEHR7UoO BQDXE�R-IKGQp bfGQGJIZUoOWU2\ LXM IZU M IrBN, ijbFE@bFEHG
IZO�s*Df^ L BQE M�8 wz^ `r` B�DFE#^oGQGJU-pvIK^HBQEHR�U L E M ^HBQIZUzOfG
^ M E x�� � � ~ A�G �#E `Z` w-^oR � bfGJBQIrOFla^ B�^zG � � G LFM IZU M IZBJ,aIqG'^ ` GNU�^2O x � � �#U L E M ^2B�IZUoO ~ � DFE M Ev\cU M E[w
BQDXE pvU gaLX` E � IZBJ, UH\

uAfterEntry
IqG x � ����w�\cU M � B�^zG �XGaIZO ^ + ` U-p �-IZOFl�p�Df^HIZO&wy^2O R B�DFE

pvU gaLF` E � IrBN,WU2\ uOnAcquire
^HOfR

uOnRelease
IKG�x � � � ~ uOnAcquire M EPB�^2IrOfG'pvU gtLF` E � IZBJ,

x � � �'RhESG L IrBQE7BQDFE�\ ^zpvB�B�Df^2ByIZByp@^ `Z` G uAfterEntry
wf+fEHpP^2b GNE�IrB'IKG�E � EHpvbXBQEHRa+-,aBQDFE g bFBQE �

U��'OFE M wfGNU�BQDFE7+ ` U-p �-IZOFl p D ^2IZO�Df^zG�GJI �PEW^HB g U[GJB'UoOFE ~

����� � % � � 	 ���

] DFEPO B�^zG �XG7GNDf^ M E M EHGJUob M pvEHGvwk^zpPpvEHG�G B�U�BQDFEHGJE M EHGNUzb M p EHG�^ M E LXM UoB�EHpvB�EHR(b GNIZOXl%p M IZB�IKpP^ `
GNESpvBQIrUoOfG ~a� U���E@Y[E M w>GNE M IK^ ` I �@IZOFl�^zpPpvEHG�G�BQU!GJDf^ M EHR M EHGJUob M pvEHG7pP^2O M EHGJb ` B�IrO ^0GNIrBQbf^HBQIZUzO
M E \cE MQM EHR B�U ^zG LFM IrU M IrBJ, IrOhY[E M GNIrUoO ~ � O lzEPOFE M ^ ` w'IrB g ^P, +fE I gaL U[G�GNIZ+ ` E�BQU�E ` I g IrOf^2B�E
LFM IZU M IZBJ, IrOhY[E M GNIrUoO \ M U g ^ GJ,FGJBQE g w*GNU IZB IKG I gtL U M B�^2O-B�BQU +fUobFO R BQDFE ` EPOFlzBQD�U2\ BQDFIqG
IZO-Y[E M GNIZUzO ~ �;M IZU M IZBJ,�IZOFDFE M IZB�^2Ofp E LFM UzBQU-pvU ` Gy^ M E ^ g EPB�DFU-RaBQU +fUobXOfR%BQDFIqG�IZO-Y[E M GJIZUzO ~

] DFI ` E�GJEPY[E M ^ `fLFM IrU M IZBJ,�IrOFDFE M IZB�^HOfpvE LFM UzBQU-pvU ` G�E � IKGJBPw-^�p U gag UzO LFM UoB�U-pvU ` IqG BQDXE�+f^ �
GNIqp LXM IZU M IrBN,!IrOFDFE M IZB�^2OfpvE LFM UoBQU-p U ` ~ � DFIKG LFM UzBQU-pvU `�LFM U2Y-IKR-EHG�^ M EH^zGNUoO ^2+ ` E�GNU ` bFB�IZUoO�B�U
bFOfp UoO-B M U `Z` EHR LFM IrU M IZBJ,7IZO-Y[E M GJIZUoO�^HOfR�\cU MQg G BQDFE'+ ^oGNE'\cU M*g U M EyGJU L DFIqGNB�IKpP^HBQEHR LFM UoB�U-pvU ` G ~
n U M E'GJU L DFIqGNB�IKpP^HBQEHR ^ ` loU M IrBQD g G w ` I �[E*BQDXE LFM IZU M IZBJ,7pvE@I ` IrOFl LFM UoBQU-p U ` w[Df^PY[E#BQDFE9^oRhYz^2O-B�^HloE
U2\ LFM EPY[EPO-BQIrOFl g b ` BQI LX` Ek+ ` U-p �hIrOFl7^HOfR RhEH^zR ` U-p �
wz+FbFB M EHijbXI M E9^oRFR-IZBQIrUoOf^ ` GNB�^2B�IKp�IZO-\cU MQg ^ �
BQIrUoO&wzIZOfpvb M;g U M E M bFOhB�I g E*UHY[E M DFEH^oR>w[^2OfR BQE@OfR�BQU7+fE�UHY[E M�` , M EHGNB M IqpvBQIrY[E ~ � DFE M Ev\cU M E[woB�DFE
+f^zGNIKp LXM IZU M IrBN,�IrOFDFE M IZB�^HOfpvE LFM UzBQU-pvU ` IqG�^aloU[U-R p�DFUzIKpvE7\cU M Rh,-Of^ g IKpWGN,XGNBQE g G U M �'DFE M E
BQDXE L UoBQE@OhB�IK^ ` \cU M E � pvEHG�GNIrY[E g b ` BQI LF` E#+ ` U-p �hIrOFl�IqG�G g ^ `r` ~k� U���EPY[E M w[IZO�GJIZB�bf^2B�IZUoO G �'DFE M E
GNB�^2B�IKpa^HOf^ ` ,FGJIKG�IKG L U[GQGJIZ+ ` E�^2O R g b ` BQI LX` E�+ ` U-p �hIrOFl%IqG�^ LFM Uo+ ` E g w&IZBWIKG M EH^oGJUoOf^H+ ` E�B�U
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L ^P,aB�DFEWpvU[GJB�G'U2\ ^ g U M E7GJU L DXIKGNB�IKpP^HBQEHR�^ ` loU M IrBQD g!~
� DFE g U GNBmRhI�� pvb ` B L ^ M B�G�UH\'I gtLF` E g E OhB�IZOFlW+f^oGJIKp LXM IZU M IrBN,�IrOFDFE M IZB�^HOfpvE ^ M E RhEH^ ` IZOXl

�'IZB�D B M ^HOfGNIrBQIZY-IZBJ,0^2O R LFM IrU M IZBJ,0RhIKGJIZOFDFE M IZB�^2Ofp E ~ � U M B M ^2OfGJIZB�IZY-IZBJ,[w
B�DFE�GNB M ^2IrloD-BN\cU M �'^ M R
GNU ` bFB�IZUzO IKG g U GNBt^ LFLXM U LXM IK^HBQE ~ � DFIqGaGNU ` bFB�IZUoO IrOhY[U ` Y[EHG�\cU `Z` U �'IrOFl_^ B�^oG � � GT+ ` U-p �-IZOFl
p�Df^2IrO �'DFEPOaIrB'pP^HOFOFUzBy^opPi[bFI M E7^ M ESGNUob M pvE[wX^2OfRab L RF^HBQIrOFl BQDFE LFM IrU M IrBJ,TUH\kB�^oG �FG�UzO�BQDFIqG
+ ` U-p �-IZOFl p D ^2IZO ^oG M ESijbFI M EHR ~ � DFIqG�BQEHp�DFOFIqijbFEyDf^zG�BQDFE7^zRFRhEHR�^zRhYz^2O-B�^2lzE�UH\;E ` I g IrOf^2B�IZOFl
GNB�^ ` E�IrOh\cU M�g ^2B�IZUzO�^oG�GNU-pvIq^2BQESR �'IZB�D%+ ` U-p �[ESRTB�^zG �XG ~

] IZB�D LFM IrU M IrBJ,!RhIqGNIZOXDFE M IrB�^HOfpvE[wfDFU���EPY[E M w&^aYz^ M IZEPBJ,�U2\ GNU ` bFBQIrUoOfG7^ M E L U GQGJIZ+ ` E ~ V�O �
\cU M BQbFO ^2BQE ` ,[wkBQDFE�E � pvIZEPO-B7GJU ` bXBQIZUzOfG�p@^2O UzO ` ,!+fE�^ LFLF` IrEHR!IZO_pP^oGJEHG �'DFE M E�GJI gaLF` I \c,-IZOFl
^oG�GNb gtL BQIrUoOfGW^ M E ^ LFLFM U LFM IK^HBQE ~ � O B�DFEalzEPOFE M ^ ` GJU ` bFBQIrUoO&w ^ ` IKGJB7U2\mB�^oG �FGW^opPi[bFI M EHR +-,
^ M EHGNUzb M pvEWIKG g ^2IrOhB�^2IrOFEHR�^2OfR%B�DFEPO ^TB�^zG �!p@^2O RhEPB�E MQg IZOFEyIZB�G�OFE � ^zpvBQIrY[E LFM IrU M IrBJ, +-,
d OfR-IZOFlaB�DFE�DXIZloDXEHGNB LXM IZU M IrBN, ^ g UzOFlaIZB�G U��'O!+f^zGNE LFM IZU M IZBJ,0^2O R%BQDFE ^opvB�IZY[E LFM IrU M IZBJ,�U2\
B�^zG �XG + ` U-p �[EHRTUoO0BQDFESGNE M EHGJUob M pvEHG ~

� DFEyI gaLF` E g EPO[B�^HBQIZUzO7U2\ LXM IZU M IrBN,7IrOFDFE M IZB�^HOfpvE�\cU M;g bXBQE � Uo+ � ESpvB�G IrO�� s�� � IKG GNI g I ` ^ M
BQU ^2O ^ ` loU M IZB�D g R-EHGQp M IZ+fEHR�+h, n UH, ` ^2O&w � EPB � ^2O R n IKRFR ` EPBQUzO � 8 { � ~ � DFE + ^oGNIqp�IKRhES^ IqG
BQU g ^2IrOhB�^2IrOa^ LFM IrU M IrBJ,�ijbFE@bFE�IZOtEH^op�DTB�^oG ��pvUoO-B�^HIZOFIrOFl�IrOh\cU M�g ^2B�IZUzOa^H+�UzbFB'BQDXE�DFIZlzDFEHGJB
LFM IZU M IZBJ,7B�^zG � ^zGQGJU-pvIK^HBQEHR �'IrBQD EH^zp D g bFB�E � Uo+ � EHpvBkBQDXE'B�^oG ��U��'OfG ~ � D-bfGvw-^�B�^oG � � Gk^op BQIZY[E
LFM IZU M IZBJ,�IKG�BQDXE�DXIZloDXEHGNB LFM IZU M IZBJ,aYz^ ` bFE7UoO�B�DFIKG LFM IZU M IZBJ,�i[bFEPbXE ~

� DFE LXM Uo+ ` E g IZO BQDFE � s�� � I gaLX` E g EPO-B�^2B�IZUzO IqG B�Df^2BaE � B M ^!+ ` U-p �hIrOFl!IKG M ESijbFI M EHR
�'DFEPO0BQDFE7OFE � B'B�^oG �0^zpPijbXI M IrOFl BQDXE g bFB�E � IKGyGNE ` EHpvB�EHR \ M U g ^2O0IZO-BQE M Of^ `&g bFB�E � ijbXEPbFE ~
� O7BQDFIqG&pP^oGJE[wH^ �'IrOfRhU�� E � IqGNB�G�IZO �'DFIqp DmbFOfpvUzOhB M U `r` EHR LFM IZU M IZBJ,'IrOhY[E M GNIrUoO7pP^HO7U-pPpvb M@~ � DFIqG
GNIrBQbf^HBQIrUoO IKGkRhEH^ ` B �'IZB�D�+-, g ^��-IZOFl'B�DFE g bFBQE � Uz+ � EHpvB&bFOFIrOhB�E MQM b L B�^2+ ` E�+-,�^zpPi[bFI M IZOFl'B�DFE
EPO-B M , ` U-p � �'DFI ` E#pvUzOhB M U ` IKG L ^oG�GNEHR�B�U�BQDFE#OFE � B B�^oG � ~ � DFE LFM Uz+ ` E g �'IrBQDWBQDFIqG;^ LFLXM U[^zp D�w
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DFU���E@Y[E M wHIKG;BQD ^2B*BQDFE ` U���UHY[E M DXEH^oR�bfGJbf^ `r` ,�^zGQGNU-p IK^2B�EHR �'IZBQD�IZO-BQE M Of^ ` GQp�DFEHRhb ` IZOXl�IqG ` U[GJB
�5+XbFB;UoO ` ,�\cU M M EH^ ` � BQI g E g bFB�E � BJ, L EHG � ~ A�G ��E `r` wzpvUoOfp b MQM EPOfpv,7IKG M EHRhb pvEHR�+fEHpP^HbfGNE'B�^oG �XG
^ M EW^ ` GJU LXM EPY[EPO-BQESR \ M U g ^zRFRhIZOXlTB�DFE g GJE ` Y[EHGkBQU�BQDFE�E@OhB M ,�i[bFEPbFE Rhb M IrOFl BQDXIKG �'IZO RhU�� ~
V�Oh\cU M B�bFOf^2B�E ` , w&^oG7BQDFE LFM IZU M IZBJ,0IZOFDFE M IZB�^2Ofp E RF^HB�^%GJB M bfpvBQb M EHG�OFEPESR%BQU�+fE g U-R-I d EHR%+-,
B�^zG �XG�+ ` U-p �-IZOFl UzO!BQDFE g UoOXIZBQU M wFIrB'IKG'Of^2B�b M ^ ` BQUt^oG�GNU-pvIq^2BQE�BQDXE g �'IZB�D%B�DFE�EPO-B M ,�RF^HB�^
GNB M bfp BQb M EHGvwf^HOfR DFE@OfpvE[w M EHi[bFI M E�BQDXE�b GNE7U2\ BQDFE7EPO-B M , ` U-p � \cU Myg bFB�bf^ ` E � p ` bfGNIrUoO ~
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� DFE lzU[^ ` U2\'B�DFIKG'BQDXEHGNIqG�IKG�B�U�RhIqGQpvbfG�G�BQDXE p M EH^2B�IZUoO!UH\9^ LFM ESRhIKpvB�^2+ ` E M EH^ ` � B�I g E7GJ,FGJBQE g
BQD ^2ByIKGy^ ` GJUTE � B�EPOfGNIr+ ` E ^2OfR �fE � IZ+ ` E ~ � DXE�p M EH^HBQIZUzO%UH\#^2O0E � B�EPOfGJIZ+ ` E M EH^ ` � BQI g E�GJ,FGJBQE g
IKG�I gaL U M B�^2O-B�B�U +fUoBQD0EPOfpvUzb M ^HloE7BQDXE�b GNE7U2\ OFE � BQDFE@U M , ^2OfRaBQUtRhIqGQpvUzb M ^HloE7BQDFE7bfGJE7U2\
^oR � DFU-p GJ,FGJBQE g G ~

A�R � DFU-p7GN,XGNB�E g G;E � IKGNB*+fEHpP^HbfGNE pvb MQM EPO-B'pvU gag E M p Iq^ `-M EH^ ` � BQI g EyGN,XGNBQE g G*^ M EmOFEPIZB�DFE M
�fE � IZ+ ` E�OXU M ^ `Z` U � ^zpPpvEHG�G B�U�BQDFEtRF^2B�^%GJB M b pvBQb M EHG�bfGJEHR!+h,!B�DFE�GN,XGNB�E g!~ A `r` U��'IZOXl�^op �
pvEHG�G�BQU%B�DFEHGJEaRF^HB�^!GJB M b pvBQb M EHG LFM UHY-IKRhESG B �#U I gaL U M B�^2O-BW^oRhYz^HOhB�^2loESG�BQU0BQDFE M ES^ ` � BQI g E
LFM Uol M ^ gag E MP~ � I M GNB@w�B�DFE GJ,FGJBQE g IKG'E � BQEPOfGJIZ+ ` E[wf^ `r` U��'IZOXlaOFE � IqRhEH^zG�^2OfR%B�DFEPU M ,%B�Ua+fE
BQESGNBQESR ^HOfRaIZOfp U MQL U M ^2B�EHR IrOhB�U BQDFEWGJ,FGJBQE g!~;u ESpvUoOfR>wFIZBy^ `r` U��yG�BQDXE LFM Uzl M ^ gag E M BQU d OFE
BQbXOFEaBQDXE%GJ,FGJBQE g G L EHp I d pP^ `Z` ,%\cU M ^2O ^ LFLF` IqpP^2B�IZUzO ~ � DFIKG L UzIZO-B IKG7I gaL U M B�^HOhBW+�ESpP^2bfGJE
BQDXE��hIrOfR U2\ M ES^ ` � BQI g E'^ LFLF` IKpP^HBQIZUzO�pP^HOaDf^PY[E�^WGNIrloOFI d pP^2O-B�I gaL ^zpvB;UoOtBQDFE�BJ, L EHG;U2\ RF^HB�^
GNB M bfp BQb M EHG�BQDf^HB�^ M EW^ LXLFM U LFM Iq^2BQE ~

� U M E � ^ gaLX` E[w[^ `Z` U �'IrOFl�B�DFE7bfGNE M BQU�p UoO-B M U ` BQDFE LFM IrU M IrBQIrEHG UH\;B�DFE�B�^zG �XG�IZO�^ GJ,FGJBQE g
�'IZB�DFUobXB%^ `Z` U �'IrOFl�^zpPpvEHG�GTBQU�BQDXE M EH^oRh, ijbXEPbFE RF^HB�^�GNB M bfpvB�b M E �#Uob ` R E ` I g IZOf^HBQEaB�DFE
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L U[G�GNIZ+XI ` IrBJ,TUH\*bfGNIrOFl BQDXE�G�p DXEHRhb ` IZOFl B�EHp DXOFIKi[bFEmRhEHGQp M IZ+fEHRaIrO(s*D ^ L B�E M 8X~
� DFEW^ LFLXM U[^zp D�B�^��[EPOaIrO�� s�� � IKG*BQDf^HB M ^HBQDFE M B�Df^2O ` I g IrB;BQDFEmbfGNE M B�U�^ d�� EHRaGNE@B'U2\

^ ` BQE M Of^2B�IZY[EHG w�B�DFE bfGJE M IKGyloIZY[E@O!BQDFE�^H+FI ` IZBJ,aBQU LF` bFlaIrO ^oRFRhIrBQIrUoOf^ ` \cbFOfpvB�IZUzOf^ ` IZBJ, ~ � DFIqG
^ LXLFM U ^op�Da^ `Z` U��yG B�DFE'bfGJE M ^ M IKp�DFE M GNEPB;UH\ L U GQGJIZ+FI ` IZB�IZEHG ~ A�G ��E `Z` wzGNB�^2OfRX^ M R�\cbFOfp BQIZUzOf^ ` IZBJ,
IKG LFM UHY-IKRhESR(+-,!IZOfp ` bfRhIrOFl0^ LFM EHRhE d OFEHR ` IZ+ M ^ M ,!U2\mRF^HB�^!GJB M b pvBQb M EHG �'IrBQD BQDFE GN,XGNBQE g!~
� DFIqG ^ LFLFM U[^op�D IqGaRhE g UzOfGNB M ^HBQEHR IrO s*Df^ L BQE M ? +-, p M ES^2BQIrOFl�^ LFM IrU M IrBJ, IrOFDFE M IZB�^2OfpvE
g EHp�Df^HOFIKG g +f^oGJEHR UzO B�DFEWRh,-Of^ g Iqp�GQp�DFEHR-b ` IrOFl�B�EHp DXOFIKi[bFE7RhESGQp M IZ+fEHRTIrO(s*D ^ L B�E M 8X~

� U���EPY[E M wPBQDXE M E9^ M EyGJEPY[E M ^ ` R M ^ �'+ ^op �FG B�U�BQDXIKGk^ LFLFM U[^zp D ~ � I M GJBPwoB�DFE�b GNE M IqG M EHG L UzO �
GNIr+ ` E�\cU M lzbf^ M ^2O-BQEPEPIrOFl�BQDf^HB ^HOh,%\cbFO pvBQIrUoOf^ ` IZBJ,�BQD ^2B�IqG7^oRFRhESR(Df^zG�^ d�� ESR ��U M GNB �JpP^zGNE
E � EHpvbFB�IZUzO!BQI g E ~ � b M BQDFE MQg U M E[wfBQDFE�bfGJE M IKG�^ ` GNU M EHG L UoOfGJIZ+ ` E \cU M�g ^2IZO-B�^HIZOFIrOFl�BQDFEtpvU �
DFE M EPOfpvEmU2\ BQDFEWGN,XGNB�E g!~ � DFE M E \cU M E whBQDXE�loU ^ ` G'U2\ p M EH^HBQIrOFl ^HO%E � pvIZE@OhB#^2O R LXM EHRhIqpvB�^H+ ` E
GN,XGNB�E g BQEPOfRaB�U�pvUoO�� IKpvB �'IZBQDtBQDFE7loU ^ ` G�U2\ ^ `Z` U��'IZOFl B�DFE7GN,XGNB�E g BQU +fE��fE � IZ+ ` E�^HOfRaE � �
BQE@OfGNIr+ ` E ~ � O�^ M EH^ ` � B�I g EyGJ,FGJBQE g wzBQDFIqG B M ^oRhE@U 
!IqG�^zpPpvE L B�^2+ ` E�+fEHpP^HbfGNE�B�DFE�bfGJE M ^ `ZM EH^oRh,
+fEH^ M G'^ GNIrloOFI d pP^2O-By^ g UobFO-B�UH\ M EHG L UoO GNIZ+XI ` IrBJ,�\cU M lob ^ M ^HOhB�EPEPIrOFl BQDFE LFM EHR-IKpvB�^2+FI ` IZBJ, ^2OfR
BQI g IZOXl'pvUzOfGNB M ^2IrOhB�G U2\ bfGNE M pvU-RhE ~ � D-bfGvwoIrB IqG M EH^oGJUoOf^H+ ` E#BQU7^ `Z` U �_BQDFE*bfGJE M;g U M E*pvUzOhB M U `
UHY[E M B�DFEWGN,XGNB�E g pvU-RhE ~
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� DFE M E�^ M Em^�O-b g +�E M U2\�E � B�EPOfGJIZUoO G B�Df^2B ��Uzb ` R IZOfp M EH^zGNEyBQDFE M EH^ ` � BQI g E \cbFO pvBQIrUoOf^ ` IZBJ,WU2\
� s�� � ~

A�RFRhIrOFl�BQI g EPUobXB�G�B�U%^zpPpvE L B�GJB�^HBQE g E@OhB�G�IKG � bfGJB�B�DFE dfM GJB�GJBQE L�~ xyBQDFE M U L E M ^HBQIZUzOfG
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��Uzb ` R%+fEPOXE d B�\ M U g ^aBQI g EPUobXB g ESp Df^HOFIKG g wFIrOfp ` bfRhIZOXlaEPO-B M ,0pP^ `Z` G�^2OfR pP^ `Z` GyBQU�+ ` U-p �
UoO ^�pvUoO RhIZB�IZUoO Yz^ M IK^H+ ` E ~ � O ^oRXRhIZB�IZUoO BQU ^zRFRhIZOXl B�I g E@UobFB g EHp�Df^2OXIKG g G�BQU G L ESpvI d p
U L E M ^2B�IZUoO Gvwf^�B�I g E@UobFB g EHp�Df^HOFIKG g B�Df^2Byp@^2Oa+fE7^ LFLF` IrEHR BQU�^2O ^ M +XIZB M ^ M ,T+ ` U-p ��U2\ p U-RhE
��Uzb ` R ^ ` GJU +fE bfGNE \cb ` ~ � O U M R-E M BQU�I gaLF` E g EPO-B GJbfp�D ^ g EHp D ^2OFIqG g w B�DFE!E � pvE L B�IZUoO
Df^HOfR ` IrOFl�\ ^op I ` IrBQIrEHG IZO��ks���� � 8 �	� g bfGNB#^ ` GNU +fE g U-RhI d EHR�\cU M ^ M EH^ ` � B�I g E'EPO-Y-I M UzO g EPO-B ~
� DFEHGJE p�Df^HOFloEHG ��Uob ` R M EHi[bFI M E%B�Df^2B0BQDFE pvU GNB�G UH\ E � pvE L BQIZUzO Df^2O R ` IrOFl Df^PY[E ^ d�� EHR
��U M GJB � pP^oGJE�E � EHpvbFB�IZUzOaBQI g E ~

� Ofp ` b RhIZOFl g U M EtGQp�DFEHRhb ` IZOXl�^2OfR IrOFDFE M IZB�^HOfpvE�^ ` loU M IrBQD g G � � ? w � 5 w 8�8 � �'IrBQD �ks����
��Uzb ` R_^ ` GJU!+fEabfGNE \cb ` \cU M bfGNE M Gvw*^zG ��E `r` ^zGvw;B�U!BQEHGJB�BQDXEaE � BQEPOfGJIZ+FI ` IrBN,�UH\�B�DFE g EHp�Df^ �
OFIqG g!~ A�RFRhIrBQIZUzOf^ ` IZOFDFE M IZB�^2Ofp E�^ ` lzU M IrBQD g G�IZOfp ` bfRhE LFM IrU M IZBJ,0pvEPI ` IZOFl�^HOfR Rh,hO ^ g Iqp LXM I �
U M IZBJ,!p EPI ` IZOFl ~ � b M BQDFE M�g U M E[wfIZOFDFE M IZB�^2Ofp E pP^HO ^ ` GNU�+fE�E �hL ^2OfRhESR%BQU�IZOfp ` bfRhE G L IrO ` U-p �XG
^2O R%GNE g ^ L DXU M ESG � 5�? � ~

� O ^zRFRhIrBQIZUzO B�U(\cb M BQDFE M E � B�EPOfRhIrOFl!BQDXE M EH^ ` � B�I g E�\cEH^2B�b M EHG�UH\ g bFBQE � Uz+ � EHpvB�G ^2OfR
UoB�DFE M�` ^2OFlzbf^2lzE�pvUoO GNB M bfpvB�G�IZO � s�� ��w>IZByIKGy^ ` GJUaOFEHp EHGQG�^ M ,�B�U�pP^ ` pvb ` ^2BQE7B�DFE�UHY[E M DFEH^oRXG
^2O RapvU[GJB�G*^oG�GNU-pvIq^2B�EHR �'IZB�DTB�DFEHGJE g EHp�Df^2OFIqG g G ~ n U M EPUHY[E M wHIZB��#Uob ` RT^ ` GNU7+fEyIZO-BQE M EHGNB�IZOFl
BQUtRhEPB�E MQg IZOFE'B�DFE7I gaL ^zpvB�UH\#^ `r` U��'IZOXl bfGNE M G�BQUt^opPp EHGQG'pvE M B�^HIZO0GN,XGNB�E g RF^HB�^�GNB M bfpvB�b M ESG
�'IZB�D M ESG L EHpvB7BQU RhEP+FbXloloIrOFl ^2O R BQU0E �hLX` U M ETB�DFE ` EH^ M OFIZOFl0pvb M Y[E�IZO-Y[U ` Y[ESR IZO ^opvB�bf^ `r` ,
I gtLF` E g EPO-BQIeOFlW^�OFE � IZOFDFE M IZB�^2Ofp E LFM UzBQU-pvU ` ~

A�G ��E `r` wF^HOFUoB�DFE M IrOhB�E M ESGNBQIrOFl ^ M EH^�IKG�BQUtE � B�EPOfR � � � w � s�� � � GypvUoO pvb MQM EPO-ByRhEP+FbFl��
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