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The Atacama Large Millimeter Array (ALMA) is an international astronomy facility. ALMA is an
equal partnership between Europe and North America, in cooperation with the Republic of Chile, and
is funded in North America by the U.S. National Science Foundation (NSF) in cooperation with the
National Research Council of Canada (NRC), and in Europe by the European Southern Observatory
(ESO) and Spain.  ALMA construction and operations are led on behalf of North America by the
National Radio Astronomy Observatory (NRAO), which is managed by Associated Universities, Inc.
(AUI), and on behalf of Europe by ESO.
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Wednesday, May 5, 2004  
 NRAO Home > ALMA Workshop > Agenda
 

Friday, May 14, 2004    Poster Book is available
8:00  Welcome: Fred K. Y. Lo (Director, NRAO)

The State of ALMA Construction: Massimo Tarenghi (Director, ALMA Project)
8:30  Session 1: Introduction to ALMA and The Design Reference Science Plan M. S. Yun (U. Mass.), Chair

Introduction to ALMA: A. Wootten (NRAO; 30 minutes)
ALMA Science Themes

Galaxies and Cosmology: A. Blain (Caltech; 40 minutes)
Star and Planet Formation: N. J. Evans (U. Tx.; 40 minutes)

10:30  Coffee Break
10:45  Session 2: ALMA Science Themes Continued and The ALMA Design Reference Science Plan C. Wilson 

(McMaster U.), Chair  

ALMA Science Themes (cont.)
Stars and Their Evolution: M. Meixner (STScI; 20 minutes)
Solar Systems Near and Far: M. Gurwell (CfA; 20 minutes)

The ALMA Design Reference Science Plan
Discussion

12:30  Lunch (provided at the conference site and included in registration fee)
1:30  Session 3: Working Groups -- Discussion of Scientific Goals Breakout Sessions

Galaxies and Cosmology - Main Room (Facilitators: Carilli, Wilson)
Star and Planet Formation - Breakout Room No. 1 (Facilitators: Johnstone, Shepherd)
Stars and Their Evolution - Breakout Room No. 2 (Facilitator:  Osten)
Solar Systems Near and Far - Breakout Room No. 3 (Facilitator: Butler)

4:00  Tea Break
4:30  Session 4:  Contemporary mm/FIR Instruments and ALMA (30 mins each topic; C. Carilli, Chair)

Millimeter Interferometers: EVLA (Butler), SMA (Moran), CARMA (Vogel)
Millimeter Antennas: LMT (Narayanan); GBT(Mason); ARO (Folkers)
Submillimeter Antennas: JCMT/SCUBA II (Johnstone); CSO & HIFI (Lis)

6:30  Poster Session and Banquet

Talk: P. vanden Bout (NRAO)  "The Long Random Walk to ALMA"
After-dinner discussion:  Building the mm/FIR community: Funding, faculty, facilities

Saturday, May 15,  2004
8:30  Session 5: Group Summaries (Plenary Session)Y. Shirley (NRAO), Chair

Poster Summaries and Discussion
Galaxies and Cosmology
Star and Planet Formation
Stars and Their Evolution
Solar Systems Near and Far

10:00  Coffee Break
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10:30  Session 6: ALMA Science and The Needs of the Scientific User K. Marvel (AAS), Chair

The North American ALMA Science Center
Discussion

12:30  Lunch (provided at the conference site and included in registration fee)
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� xQ, I�efT�\�� xQ, } k�T`giZ]YXo�ef�]Zf�"� xQ, }�kmV�e!VX�WP�Z]Y[TWR lwe�Y[Z]�FT�ewT�g�� O�a�b���gih�ewg'efPWPSZuefYXV~giR!^SZ��]RUq�qmk�\WkmTW�
��kmg[h>g[hWZ�^Wef� ��V[k�\�Z�RfoSgihWZ�� xQ, I©hWkm�UhF�FefVXV@V�g¨efY�o�RUYX�FkmTW���8RU�>PWqmZQP Rfo W�®X®�Y[Z]�Uk�RfTWV8��d�TWZ6V[km�UTWPSRUVXg�Rwo
O�a�b�w�>RUq�Z]�8�Wq�efY��8qmRU�W\*kmT`giZ8Y[ef�]g[k�RUT�V�hWefV"efqmY[Z8ef\�_�^SZ8Z8T�Rf^WV[Z]YXlUZ]\ ewg�gihWkmV�^SRU�WTW\WefYX_S��d W � , Yfzf|�p�W�X �
��ewV[Z8YXV8� � h�Z��URUefq�VJRfoSgih�Z6�]�WY[YXZ8T`g�}'d>� � v zf��RU^WVXZ8YXlwewg[k�RUT�V�ewY[Z'giR�\WZ¯giZ8YX�FkmTWZ�gih�Z6P�h�_rVXk��uewqS�]RUTW\Wk�gikmRUTWV
k�T�g[hWZ!VXhWRQ� �wZ8\£�>RUq�Z]�8�Wq�efY��`efV��]RUT`g¨efkmTWk�T��Fgih�Z!��ewV[Z8YXV8��efTW\D��hWZ¯gihWZ]Y�gihWkmV��`ewV�k�V�PWh`_QVXk��8efq�q�_4q�k�T �fZ8\
giR�gihWZ6TWZ8efY�^`_�� xQ, IFW6®[®"YXZ8�UkmRUT V t j�� z��	| � � ��OQ�W�¨h�efT�ewV[V[Rr�8k�ewgikmRUT �8RU��q�\>PWY[R lrk�\WZ�\WkmY[Z]�]g�Z]lrk�\WZ]TW�8Z
o�RUY'V[h�RQ� ��g[Y[k��f�UZ8YXZ8\4VXgiefY'o�RUY[�FewgikmRUT��
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b�� W���W�eu_��~efY[\��«a�b�c6d��¯�°efT�\ I��W���W��kmq�qmRU�W�Uh�^`_£��a�b�c6d��
¥�RUY�g[hWZ�P�efVXg�_fZuefY��~Z�h�eulUZ�^SZ8Z8T{giZ]VXgikmTW�Fe�g[hWY[Z]Z v �¨h�efTWTWZ]q��~ewg[Z8Y'lwefP�Rf�WY�Yief\WkmRU�>Z]giZ]Y�����
�b���RUT

gn�~R 
���c$efT`giZ]TWT�efV]� � hWZ*RU��giP���g�o�YXRU� RUTWZ*Rwo"gihWZ*�8k�YX�8�Wq�efY[q�_ v PSRUqsefYXk X]Z8\�o�Z8Z]\WV�RfoJe�VXgiefTW\�efYX\�
���c
zUz v VSW�X�YXZ8�8Z]kmlfZ8Y�kmV~V[P�q�kmg�RUTFZQPQkmg[k�TW��gihWZ�\�Z]�~efY KQRUTWZ�VXk��UT�ewqSPWewgih�qmZuef\�V�giR*e�giZ]�FPSZ8Y[ewgi��Y[Z v VXgief^Wk�qmk X]Z8\
PWqsegiZ>RUT&��hWkm�¨h&gihWZ>��
�b \WZ]g[Z8�¯gik�RfT&VX_rV�giZ8� k�V��FRf�WT`giZ8\���gihWZFRfgih�Z8Y�q�Zuew\WV�g[R	gih�Z�TWRUYX��ewq�ewVXgiYXR v
TWRU�>k��8efq�V�_rVXgiZ]� Z8qmZ8�]g[Y[RUT�k��8V]�"�&Z��>ZuewV[�WYXZ�gihWZ��]RUY[YXZ8qsegik�RfT�^SZ]gn��Z8Z8T�efVXg[Y[RUT�RU�Fkm�uefqSPWh�ewV[Z>�«ewV[V[���FZ]\
giRF^�Z�\WRU�>k�T�egiZ8\4^`_4gihWZ�giYXRUPSRUV[PWh�Z8Y[Zu�¯�����SefTW\{gihWZ���
�b¦\Wk T�Z]Y[Z]TW�8Z�RU��giP���g�o�YXRU� g[hWZ�gn��RBefT`g[Z8T v
T�efV]�JRUT&lwefY[kmRU�WV�gik��>Z8VX�uefqmZ8V]�	�¡Z ��TW\�g[h�ewg!kmT efqmq@�8efV[Z]V efPWPWq�_rk�TW��e��8RUYXY[Z]�]gikmRUT�\WZ]Y[k�lUZ8\�o�YXRU� gihWZ
��
�b¦k��>PWYXRylfZ8V�gihWZ�Y[�>V�PWh�efVXZf�°o�RUY'RU^WVXZ8Y�lQkmTW�Fo�YXZ8���WZ]TW�8kmZ8V�Y[efTW�UkmTW� o�Y[RU� � V W�X�giR t � V W�Xw� � hWZ
k��>PWY[R lfZ8�>Z8T`g�k�V��>RUVXg�\�Yief�Fewgikm�*��hWZ]T¡gih�Z>V �`_£k�V��8qmZuefY�ewTW\:gihWZ�giYXRUPSRUV[PWh�Z8Y[km� PWh�efVXZ �W�W�]g[��ewgikmRUTWV
efY[Z�qsefYX�UZf����hWZ8T�g[hWZ8YXZ�efY[Z��8qmRU�W\WV�PWY[Z]V[Z8T`g'g[hWZ���
�b¬RU�QgiPW��g�k�V@�8RUT`g¨ew�FkmT�ewgiZ]\�^`_>gihWZ �W�W�]g[��ewgikmRUTWV
k�T§VX_rVXg[Z8� giZ]�FPSZ8Y[ewgi�WYXZF�8ef�WVXZ8\�^`_§q�km�r��k�\D�~ewgiZ]Y8�JefT�\§g[hWZ��]RUY[YXZ8qsegik�RfT§^SZ]gn��Z8Z]T��©efTW\¡g[hWZ ��
�b
RU��g[PW��g�kmV�TWRfg�efV��URrRr\��AW�R ��Z]lfZ8Y8��Z]lUZ]T:k�T4gihWkmV��8efV[Z�gihWZ�Y[�>V�PWh�efVXZ!k�V�VXg[k�qmq�k��>PWY[R lUZ]\�^`_	efPWPWq�_rk�TW�
e¡�]RUY[YXZ8�]g[k�RUT¢\WZ]Y[kmlfZ8\�o�YXRU�/g[hWZ	�]RUY[YXZ8q�ewgikmRUT��FJ�q�efTWV o�RUY>e �WlfZ v �¨h�efTWTWZ]q�V�_QV�giZ]� ^WefV[Z]\ RUT�p�p	®�}
giZ]�¨hWTWRUqmRU�f_U�Wg[R ^�Z�k��>PWqmZ8�>Z8T`giZ]\BRUT{g[hWZ�� 
���c*�°efYXZ�efq�VXR PWY[Z]V[Z8T`g[Z8\��
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p¡� �efV��«j���p	\��UK �FRf�WV[�W�>k N�efV�giYXRW� ���F\�� Z8\���� V�� J�Z]g[kmg[P�efVF�«j���p{\�� �ª� J�� H � � Z8�W^SZ8T���j���p	\��¤�¯� efTW\
O�� a�� 
�RU�UZ]q@�«j��Sp	\��¤�
�¡Z4�WV[Z{RU^WVXZ8YXlwewg[k�RUT�V�Rfo�g[hWZ{�`efV ��k�TWZ]��egik��]V!giR£\WZ¯giZ8YX�FkmTWZBgihWZ4YXZ8qsegikmlfZB��ewV[V[Z]V Rfo�g[hWZ4VXg[Z8q�q�efY

\Wk�V �£efTW\£gihWZ \�ewY �D�Fewg[g[Z8Y�h�efqmRBk�T§^�efYXY[Z8\§�`efq�e PQk�Z]V8� � hWZ>�`efV ��R � kmT§^WefY[V�\WZ]P�Z]TW\WV*RfT§g[hWZ TWRUT v
e PQk�V�_Q�>�>Z]giY�_DkmT£g[hWZ�VXg[Z8qmqsefY��FefVXV�\Wk�V�giY[km^W��g[k�RUT K�VXR{e4�]RU�>P�efY[kmV[RUT:Rwo�g[hWZ V[k��*�Wqsewg[Z8\£efT�\§Rf^WV[Z]YXlUZ]\
lUZ]q�Rr�8kmgn_���Z8qm\1kmT1e£^�efY �8efT1^SZ4�WV[Z]\1g[R¡\WZ¯giZ]Y[�>k�TWZ�g[hWZ	�]RUT`giYXk�^W��g[k�RUT©Rfo6gih�Z{V�giZ]q�qsewY���efVXV�giR£gihWZ
giRfgiefq�\�_rT�ew�Fkm�uefq��FefVXV8� � hWkmV6YXZ]lfZuefqmV�g[R���h�ewg6ZQPrgiZ]T`g�g[hWZ���p�e PQk��*�W� �kmV ����k�V�ef�¨h�k�Z]lfZ8\	k�T4^�efYXY[Z8\
V[PWkmYiefq@�`efq�e PQk�Z]V8���¡Z�h�eulUZ�efPWPWqmk�Z8\¡gihWkmV�giZ]�¨hWTWkm�r��Z�giR:e�V[ef�>PWq�ZFRfo�TWZuewY[^`_�^�ewY[Y[Z]\ �`efq�e PQk�Z8V]� � hWZ
RU^WVXZ8YXlfZ8\{lUZ8qmRQ�]kmgn_ ��Z8qm\WV'�~Z]Y[Z�\WZ8YXkmlfZ8\4o�Y[RU� }'d RU^WVXZ8Y�lfegik�RfTWV'^�efVXZ8\{k�TBP�efY�g�RUTBgihWZSI~®�p{c OWd�a V
Vief�>PWqmZf� � hWZ�V�giZ]q�qsewY'P�Rfg[Z8T`gik�efq��~efV�\�Z8Y[k�lUZ]\	o�Y[Rf� gihWZSR ^WefTW\�km��ew�UZ8V�efT�\{g[hWZ�hWefq�R PSRfgiZ]T�g[ksefq���efV
\WZ]g[Z8YX�FkmTWZ8\�o�YXRU� gihWZ�q�efY[�fZFVX�uefqmZ W�®�\WkmVXgiYXk�^W�Qgik�RfT�� W�_r\WY[Rr\�_rT�ef�>k��8efq�VXk��!��qsewg[k�RUTWV�Rfo��UefV ��R � k�T
gihWZ�PSRfgiZ]T�g[ksefqmV��~Z]Y[Z��WV[Z]\	giR>�UZ]TWZ8Y[ewgiZ�lUZ]q�Rr�8kmgn_ �WZ8q�\�V�g[h�ewg���Z8Y[Z��8RU�>P�efYXZ8\4��kmg[h	RU^�V[Z8Y�lUZ]\£}'d �`efV
��k�TWZ]��ewg[k��]V�k�T�gihWZ~^�efY8� � hWZ8VXZ'V[km�!�Wqsegik�RfTWV�Z8T�ef^�q�Z~��V�giR�\�Z8Y[k�lUZ~g[hWZ�YXZ8qsegikmlfZ~V�giZ8qmqsefY�efTW\*\�efY ���Fewg[g[Z8Y
��ewV[V[Z]V�k�T{gihWZ]V[Z!�Uefqse PQkmZ8V8���¡Z*PWYXZ8V[Z]T`g�PWY[Z]q�k��>k�TWefYX_�Y[Z8VX�Wqmg[V�Rfo�Rf�WY�kmT�lfZ8V�gik��UewgikmRUT{o�RfY�gn��R��`efq�e PQk�Z8V]�
a V�} � � z Y{efT�\&a V�} xt�x YQ��efTW\¡efq�VXR	\�k�V[�]�WV[V�gihWZ giZ]�¨hWTWkm�r��Z8V*��V[Z8\&k�T§RU�WY�VXgi��\�_U� � hWkmV�Y[Z8VXZuefYX�¨h
��ewV�VX�WPWPSRUYXg[Z8\{^�_Bg[hWZ�a�O�¥ �UY[efT`g6c�O � v |`zUz �*j Y t giR�gih�Z�j6TWkmlfZ8YXV[kmgn_�Rfo�p�ewYX_rqsefT�\��
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OQhWZ]P�Z]Y[\��RrZ8qmZ8�FefT���� p	® � W�eu_rVXg¨ew� ��d�^WVXZ8Y�lfegiRUY�_GK�VX\WRrZ8q�Z]��ewT N�h�eu_QV�g¨ef� �°� �Fk�gu� Z8\W���
� hWZ]Y[Z�kmV�T�Ry�Nef^��WTW\�efT`g�Z¯lrk�\WZ]TW�8Z�g[h�ewg�gihWZF�8RU�>P�ef�¯g*Y[ef\Wk�R	V[RU��Y[�8ZBOQ�UY[c��4�FefY ��V�gihWZ�PSRUVXkmgikmRUT

Rfo6e��FefV[VXkmlfZ�^Wq�ef� �¡h�RUq�ZFewg*g[hWZ��]Z8T`giZ]Y�Rfo�gih�Z V�ewqse Pr_U��p	Z8efV[�WYXZ8\©VXg[Z8qmqsefY�RUY[^�kmgiV]�"PWYXRUP�Z]Y*�>RfgikmRUT
VXg[�W\Wk�Z]V8��\WZ¯giZ]�]gikmRUTBRfo�PSRUqsefYXk X]Z8\�Z]�FkmV[V[kmRUT��rk�\WZ]T`gik��W�uewg[k�RUT�Rwo�®�b efTW\�� v Yieu_ �°efYXZ8V8�°ewTW\BV[kUX8Z8V'\�Z8Y[k�lUZ]\
o�Y[RU� 
�Z]YX_>��RUTW� I�efVXZ8qmk�TWZ�®nT`giZ]YXo�Z8YXRU�>Z]giY�_	� 
�� I�®��JZQT�Z]�]g[kmlUZ]qm_ YX�Wq�Z�RU��g~efqmqW^W��g@gihWZ6�>RUVXg@ZQPQRfg[k��6efTW\
k��>PWY[Rf^�ef^WqmZ�^Wqsew� ��hWRUqmZ�efqmg[Z8YXT�ewgik�lUZ]V8�"��h�ewg6YXZ8�Fefk�TWV'�>k�VXV[kmTW�!k�V'g[hWZ�\WZ]g[Z8�¯gik�RfT	Rfo�efT{�WT�ef�*^Wk��U��RU�WV
 Z¯lUZ]T�g v hWRfY[k X]RUT UVXk��UTWewgi�WYXZ'efTW\��`RUTW�8Z�o�Rf�WTW\��fg[hWZ'�>ZuefTWV�giR�VXg[�W\�_*VXgiYXRUTW�SV�b�efT�\ ef�8�]Y[Z]g[k�RUT wRU��g ��R �
Z T�Z8�¯giV6k�TBgihWZ��ykm�F�>Z8\�ksewg[Z���Z]T`lQkmY[RUT��FZ]T�g6Rfo"e���efVXV[k�lUZ�^Wqsew� ��hWRUqmZf�
��k�gih:kmg[V��8Rf�!^Wk�TWewgikmRUTDRfo@qsewY[�UZ��8RUqmq�Z8�¯gikmTW�BefYXZue����>� V[�W^W�>� o�Y[Z]�r��Z8TW�¯_£YiefTW�fZ efTW\:q�Rr�uegik�RfTDk�T

gihWZ�OQRU��g[hWZ8YXT W�Z8�>k�VXPWhWZ]Y[Zf�Qc���p	c ��kmq�q°^SZ�gih�Z�Z8VXV[Z8T`g[ksefq�Z8q�Z]�FZ]T`g�Rfo�e*h�k��Uh>o�Y[Z8���WZ]TW�]_ 
���I~®@efYXYieu_
�uefPWef^Wq�Z*Rfo���e��rkmTW��\�Z]g¨ewk�q�Z]\Dk��Fef�UZ]V�Rwo�OQ�UY[c�����j6V[Z�Rfo�TWZ¯� 
���I~®�Y[Z8�]RUY[\�k�TW��V�_rVXgiZ]�FV���k�gihD^WefTW\ v
��k�\�g[hWV�Rfo t V�k��Ue v ^Wk�giV wV[Z]�8RUTW\�efTW\Dh�k��UhWZ]Y���kmq�q�o��WYXg[hWZ8Y�^�RrRUVXg�gihWZ*V[Z8T�V[kmg[kmlrkmgn_	RfoJg[hWk�V 
���I~®6efY[Y[eu_U�
®nTWkmg[ksefq 
���I~®�RU^WV[Z]YXlwewg[k�RUTWV@ewg�z � |SVSW�X���k�gih Y[Z]V[RUqm��gikmRUTWVJRfo � x �>k��8YXR�efY[��VXZ8�8RfTW\WV�� x OQ�¨h`��ewY�X8VX�¨hWk�qm\
Yief\�k�k�o�RUY�Or�UY[c��w���8RU��q�\£^�Z �8efY[YXk�Z8\£RU�Qg���V[k�T��{RfTWqm_De4VX��ewq�q"T��W�!^SZ8Y�Rfo�c���p	c \WkmV[hWZ]V�PWh�efVXZ8\¡g[R v
�UZ]g[hWZ8Y]�	c o��Wqmqm_:PWhWefV[Z]\�c���p	c efY[Y[e _£��k�gih�ewq�qJ\WkmV[hWZ]V���k�qmqJZ8T�ew^Wq�Z>Z]lfZ8T hWkm�UhWZ8Y�o�Y[Z]���WZ8TW�¯_ 
�� I�®
RU^WVXZ8YXlwewg[k�RUT�V���kmgih£YXZ8V[Rfq���g[k�RUTWV�eg�gihWZ � OQ�¨h`�~efY�X]V[�¨hWkmq�\&Y[ef\Wkmk�q�Z¯lUZ]q � Org[Y[RUT�� V�b�ZQT�Z]�]g[V8��k�TW�]q��W\WkmTW�
gihWZ  VXh�ef\WR � �Z�PQP�Z]�]giZ]\:giR�^SZ*RU^�V[Z8Y�lUZ]\¡ewV�e�Y[Z]V[�Wq�g�Rfo"q�k��fh�g�^SZ8TW\WkmTW��T�ZuefY�g[hWZ*Z¯lUZ]T�g�h�RUY[kUX8RUT��°��k�qmq
^�Z�giefY[�UZ¯giV�Rfo�gihWkmV 
���I~®~efY[Y[e _f�
I~��k�q�\�k�TW� 
���I~®>Y[Z8���WkmY[Z]�FZ]T�g[VBk�T`giR c���p	c \WZ8VXk��UT���kmTW�8qm�W\Wk�T��&gihWZ£ew^Wk�qmkmgn_©giR PWhWefV[Z£efT�\¬VX�W�

V[km�UT�efqmV�RylfZ8Y�gihWZ�Z]T�g[k�YXZ@c���p	c¢efY[Y[e _f�w�8efT���e��wZJgihWkmV V�efq�ef�]g[k���}~Z]T`giZ8Y�PWYXR LXZ8�¯g"e'�WTWkm���WZ�Z8efY[q�_�VX�8k�Z]TW�8Z
Y[Z]V[�Wq�g�o�RUY�c���p{c*�°�&Z�\Wk�VX�8�WVXV�g[hWZ�VX�8kmZ8T`gik ����Rf^#LXZ8�¯gikmlfZ8V]�Sg[Z8�¨hWTWkm�uefq�Y[Z]���Wk�YXZ8�>Z8T`giV]��efT�\��uewP�ef^Wkmq�kmg[k�Z]V
Rfo�e>VX�W^W�>� 
���I~®~efY[Y[e _�efTW�¨hWRfY[Z8\	^`_Bc���p	c��
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c6o giZ8Y�e��fZ8TWZ]Yiefq"R lfZ8YXlrkmZ]�$Rwo@g[hWZ�k�VXV[�WZ]V�k�T`lURfqmlUZ]\£k�TDgih�Z!o�RUY[�FewgikmRUT�Rwo�V�g¨efYXV�efTW\£PWq�efTWZ]g[V8��®'��k�qmq

Y[Z]P�RUY�g�RUT¡YXZ8�]Z8T`g*��RUY �	gih�ewg�hWZ]q�PWV�giR4VXZ]g�gihWZ>VXgief�UZ�o�RUY�c���p	c�� � hWZF\�k�V[�]�WV[VXk�RUT£��k�qmq"k�T��8q���\WZ�gihWZ
k�VXV[�WZ]V�k�T`lfRUqmlfZ8\�kmT4�WTW\WZ]Y[VXgiefTW\WkmTW���FefVXV[kmlfZf�°�8qm�WVXg[Z8YXZ8\DV�g¨efY'o�RUYX��ewg[k�RUT��WefTW\	kmg[V6�]RUTWTWZ]�]g[k�RUT4giR>VXgiefY v
^W�WYXVXg6�`efq�e PQk�Z8V]� � hWZ]T	®���k�qmq�\WkmV[�8��V[V'gihWZ�RU�QgiVXgiefTW\WkmTW�����WZ8V�gikmRUTWV6ef^SRU��g'gih�Z�o�RUY[�FewgikmRUT�Rfo�YXZ8qsegikmlfZ8q�_
k�VXRUqsewg[Z8\���q�R � v �FefV[V�VXgiefY[V]� � hWZ�qseg[giZ]Y*PWYXR lQkm\WZ��URrRr\�qsef^SRUY[ewgiRUYXk�Z]V�o�RfY*VXg[�W\�_rk�T��DgihWZ�o�RfY[�FewgikmRUT¡Rwo
PWqsewTWZ]giefYX_¡VX_rVXg[Z8�>V8�¡¥�k�TWefq�q�_U��c���p	c ��kmq�q@^�Z�P�qsef�]Z8\ k�T¡gihWZ��]RUT`giZ�PQg>Rfo�RwgihWZ]Y!�FkmV[VXk�RUTWV�gih�eg*��k�qmq
PWY[Z]�8Z]\WZ*k�g'RUY'Y[��T	�]RUTW�8��Y[Y[Z]T`giqm_f�
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}~q�Z]Y �&p�e Pr�~Z]q�q � Z]q�Z8VX�8RUPSZf�:c �8RUTWVXRUYXg[k��W� Rfo�kmTWVXg[kmg[��gikmRUTWV�k�T&g[hWZBj R���}�efT�ef\We���efTW\&g[hWZBj�O�efY[Z
�8�WYXY[Z]T�g[qm_F��e��rkmTW��gihWkmV�VXZ8�8RfTW\ v �fZ8TWZ]Yiewg[k�RUT��8ef�>Z8Yie�efTW\�k�g@k�V@ZQPQP�Z]�]g[Z8\Bgih�eg ��YXVXg~V[�8kmZ8TW�]Z�RUPSZ8Y[ewgikmRUTWV
��k�qmq�^SZ8�UkmT�kmT£p�eu_£zf|f| � ��O�}�j I~c v zF��k�qmq�h�eulUZ e��FefPWPWkmTW��VXP�Z]Z8\£e�o�ef�¯giRUY�Rfo�RUTWZ*g[hWRU�WV[efTW\Dg[k��>Z8V
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efTW\ � x |��Fkm�8Y[RfTWV�efTW\���k�q�qfh�eulUZ�gn��R�ewTW�8kmq�qsewYX_�k�TWV�giY[���FZ]T�g[V8��e�PSRUq�efY[km�FZ¯giZ8Y�efTW\�e�¥�RU�WYXk�Z]Y � YiewTWVXo�RUYX�
OQPSZ8�]g[Y[RU�>Z]g[Z8Y]�J®nT>g[hWk�VJPSRUVXg[Z8Y��~Z���k�qmq�\WZ]V[�]Y[k�^SZ�gihWZ��8��Y[Y[Z]T`g~V�g¨ewg[�WV�Rwo�gih�Z6kmTWVXg[Y[�W�>Z8T`g�efTW\>PWq�efTWVJo�RUY
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�k�qse v 
�kmqsefYXRW�
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Rfo~g[hWZ>V[�8kmZ8T`gik ���>hWk��Uh�q�k��fh�g[V�gihWewg*hWe lfZFRr�8�]�WY[YXZ8\¡V[k�T��8Z gihWRUVXZF��PW�UYiew\WZ8V*efY[Z>efqmV[R{V[hWR ��T���k�TW�]q��W\WkmTW�
giY[efViewg[qsefT`g[k��>zw�>�MefT�\ , � � �>� 
���I~®�RU^WVXZ8YXlwewg[k�RUT�V8��\WZ]g[Z8�¯gik�RfTWV�Rwo~VXZ]lUZ]Yiefq@TWZ¯� �FRfq�Z8�]�WqsewY�V[PSZ8�]k�Z8V
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�uefYX^�RfT v YXk��¨h�c�V I$VXgiefY8�J®�b'}�� , |Uz ,�� �Jh�ewV!^�Z]Z8T kmT�g[Z8YXPWY[Z¯giZ8\¢efV*Z]lrk�\WZ]TW�8Z�o�RfY�gih�Z�ZQPQk�V�giZ]TW�8Z4Rfo6efT
ZQPrgiY[efV[RfqsefY��8Rf�FZ¯g¨efY�_BVX_rVXg[Z8� RUYX^Wkmg[k�TW��®�b'}�� , |Uz ,�� � � hWkmV6kmT`giZ8YXPWY[Z¯g¨ewg[k�RUT4kmV6^WefV[Z]\�RUT4gihWZ�Z�P�PSZ8�¯g¨e v
gikmRUT{g[h�ewg6TWR>R PQ_r�UZ]T v ^SZuewY[k�T����>RUq�Z]�8�WqmZ8V'Rfg[hWZ8Y'gihWefT:}'d!�SefTW\{V[�Fefq�q�ef�FRf�WT`giV6Rfo�OQksd�efT�\ W�}'d��!�
�~Rf�Wq�\�^SZ�o�Rf�WTW\�kmT�V[���¨h	e��uefYX^�RfT v YXk��¨h�Z]T`lQkmY[RUT��FZ]T�g8� � hWZ��]RU�FZ¯g¨efY�_>VX_rVXg[Z8� kmT�®�b'}�� , |Uz ,�� �QefT�efq v
RU�URU��V�g[R�gihWZ�OQRUq�efY�Or_rV�giZ8�  V R��WkmP�Z]YAI~Z8q�gu�WVXhWRU�Wqm\4^�Z�gih�Z�VXRU�WYX�8Z�Rfo�efq�q�R Pr_r�UZ8T v ^SZuefYXk�TW� �>RUq�Z]�8�WqmZ8V
Rfgih�Z8Y�g[h�efT�}'d���OQksdNRUY W�}'d�� \WZ]g[Z8�]g[Z8\©efYXRU�WTW\§gihWZFVXgiefY8���¡Z�\WkmV[�]�WV[V*g[hWZ>Y[Z8�]Z8T`g�\WZ¯giZ]�]gikmRUT&Rwo
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lwewgikmRUTWV�kmTB®�b'}�� , |`z ,�� �WefTW\Bh�Ry� c���p	c �]RU�Wqm\B�8RUT`giYXk�^W�QgiZ�giR�Rf�WY'�WTW\WZ]Y[V�g¨efTW\�k�TW��Rfo�g[hWZ��¨hWZ8�>k��8efq
�8RU�>PSRUV[k�gik�RfT4efTW\4V[P�egiksewq�\Wk�V�giYXk�^W��g[k�RUTBRwo�Rfg[hWZ8Y�Z�PQg[YiefVXRUqsewY'�8RU�>Z]giefYX_�VX_rVXg[Z8�>V8�
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efTW\�p	Z8q�lrk�T2W�R`ewY[ZF�«j��WRfo���Z]Z8\WVi�
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gikmRUT!ewg"zQ� Y�efTW\ , � t �F�{� � hWZ8VXZ'VXg[�W\Wk�Z]V"efYXZ�efkm�FZ]\!ewg�PWYXRU^Wk�T���gih�Z~\WZ¯g¨efkmq�Z8\�VXg[Y[�W�¯gi�WYXZ�RfoWg[hWZ~�`ewV"efTW\
\W�WV�g�RUTDVX�uefqmZ8V�Rfo x |U|�giR , |J|U|U|>c�j efYXRU�WTW\{_URU��TW���FefV[VXkmlUZ�VXgiefY[V]��k�T{P�efY�gikm�8�Wq�efY'gihWZ�\Wk�V � v RU��g ��R �
�UZ8Rf�FZ¯giYX_f�
d�^WVXZ8YXlwewg[k�RUT�V�Rwo'e4Vief�>PWq�Z�Rwo��FefV[VXkmlUZ _URf�WTW��V�giZ]q�qsewY�RU^#LXZ8�¯giV�V[hWR � g[h�ewg�RUT§V[�uewq�Z8V�Rfo�q�Z]V[V�gih�efT

, |U|U|>c�j��SgihWZ�k�RUTWkUX8Z]\	��k�T�\D�8RUT`g[Y[k�^���giZ]V�e�V[km�UTWk ���uefT`g�PWY[RfP�RUY�gikmRUT	RwoJgihWZ ���0P�\WZ8TWVXkmgn_�ewg�zr� Y �F�{�
q�km�Fk�gik�T��DRU�WY>V[Z]TWV[k�gikmlrk�gn_ giR£gihWZ	\W�WVXgFZ8�>k�VXV[kmRUT�� W6Ry��Z]lfZ8Y]�6kmT¢g[hWZ��8efV[Z	Rfo V�� t j |��@��hWk��¨h hWefV�e
Y[Z]qsewg[kmlUZ]qm_£��Zue��&��kmTW\��"��Z4�8q�Z8efY[q�_§Y[Z8VXRUqmlfZ�gihWZB�]RUT`gikmTr���W�/Z]�FkmV[V[kmRUT&kmT`giR£efT Z]q�RUTW�UewgiZ]\ VXgiYX�W�]g[�WY[Z
efPWPWYXR P�km��egiZ8q�_ Yw|U|�c�jMk�T�\Wk�ef�>Z]giZ]Y8��RUYXk�Z8T`giewgiZ]\¬PSZ8YXP�Z]TW\Wkm�8�Wq�efY�giR�g[hWZ§}'dHRf��g ��R � efTW\�TWZ8efY v
k�T�o�Y[efY[Z]\�YXZ ��Z]�]gikmRUT�TWZ]^W�Wq�e���OQPSZ8�¯giYiewq�qmk�TWZ6RU^WVXZ8YXlwewg[k�RUT�V�YXZ]lUZ8efq�e�lUZ]q�Rr�8kmgn_>�UY[ef\WkmZ8T`g�ewq�RUTW��gih�Z��Fe LXRUY
e PQk�V�Rfo�g[hWZ�\W��VXg!Z]�FkmV[VXk�RUT���efq�gihWRf�W�Uh&k�g�\WRQZ]V�T�Rfg�efP�P�Z8efY�g[R�VXhWR ��R�Z]PWq�Z]Y[k�efT¡YXRfg¨egik�RfT���® g�V[Z8Z]�FV
q�k �fZ8q�_�g[h�ewg'gih�k�V'VXg[Y[�W�¯gi�WYXZ�YXZ8PWYXZ8VXZ8T`giV�e �]k�YX�8�W�>VXg[Z8q�q�efY�\WkmV �°�
®nT:e>�8RU�>P�efT�k�RUT4PWYXR LXZ8�¯gu��Rf^WV[Z]YXlwewgikmRUTWV6Rfo�e>Vief�>PWq�Z�Rfo�hWRfg��]RUY[Z]V�VXhWR ��V�gih�eg�g[hWZ]_	efYXZ��]RU�FPWef�]g

��ewV[V[k�lUZ�\��WVXg �]RUY[Z]V8�"��hWkm�¨h©efq�VXR:efPWPSZuefY�giRD^SZ�Y[Rwg¨ewg[k�TW�W��efTW\ �]RUT ��YX�FV*g[hWZ�PWYXZ8VXZ8TW�]Z{Rwo�RU��g �WRy��V
o�Y[RU� Z]�!^�Z]\W\WZ]\B��efVXV[k�lUZ�VXRU�WY[�]Z8V]� � h�Z�RU��g ��R ��V'efY[Z��8qmZuefYXqm_ ^WkmP�RUq�efY8�refT�\BefPWPSZuefY@giR!^SZ��]RUq�qmk��FewgiZ]\
efq�^SZ8k�g�Y[Z8q�ewgik�lUZ]qm_�PSRQRUYXqm_��fkmlUZ]T!RU�WY�Y[Z]V[RUqm��gikmRUT�� � hWZ8VXZ�RU^WVXZ8Y�lfegik�RfTWV"efqmV[R6hWk��fhWq�km�Uh`g�VXRU�>Z�Rfo�gihWZ�q�k �wZ8q�_
o���gi��Y[Z��¨h�efq�qmZ8TW�fZ8V6k�T`lURUq�lUZ]\	o�RUY�}~c�b�p	c�efTW\	c���p	c VXgi��\Wk�Z]V�Rfo�hWRfg6�8RfY[Z8V]�S��k�gih4gihWZ�hWkm�Uh	\�Z8TWVXkmgn_
Rfo�q�kmTWZ8V���� t |!k�T4e , � � v VSW�X�^�efT�\���k�\�g[h°���Fe���k�TW�*kmg�\�k��>�8�Wq�g~g[R�k�V[Rfqsewg[Z�gih�Z��WTW\WZ]Y[qm_rkmTW�!�8RfT�g[k�T��W�W�{�
^W��g ��kmg[h gihWZ4PSRfgiZ]T�g[ksefq~Y[Z]�~efYX\1Rfo�e:qsefYX�UZ�T��W�!^SZ8Y Rfo�k��Fef�UZ]V!k�T©�FefT`_�qmk�TWZ]V8� � hWZ4o�RUYXZ8�uewVXg o�RUY
hWk��fhWqm_ v \�Z]g¨ewk�q�Z]\�VXg[�W\WkmZ8V8��g[hWZ8YXZ]o�RUYXZf��q�RrR ��V'ZQPQ�]Z8q�qmZ8T`gu�



��
��	��� � �
����� �F# ����� 	 � ��� z x

� '���� �0� 9-,.��1���� ? 	 1&�/� ? <��\�0�$� ? ��� ��'��G� 4 � ��� � � � �

p�efY � V���YX��Z8q�q@�«}�o�c.K��>�U�WY��~Z]q�q N��¯o�e�� hWefYXlwefYX\�� Z]\W�°�
I~km��RfY�VX��efqmq �UT�ZuefY�RUYJo�efY8�Qefq�qWg[hWZ�\�Z8TWkUX8Z8T�V~Rfo�Rf�WY�VXRUqsewY@V�_rVXgiZ]� ��kmq�q�^SZ  Y[Z8ef�¨h�ef^�q�Z ���kmg[hFc���p	c*�

c���p	c���k�qmq�PWYXRylrkm\WZ�k�TW�]RU�FPWefYief^�q�Z�RUP�P�RUY�gi�WT�kmgikmZ8V"o�RUYJV�gi�W\�k�Z8V@Rfo��`efV��Uk�efT`g@ewgi�>RUV[P�hWZ8YXZ8V8�`g[Z8Y[YXZ8V�giY[k�efq
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®nTDRfY[\WZ]Y�giRFP�Z]YXo�RUYX� o�efVXg�VX��k�gi�¨hWkmTW��PWh�ewV[Z!�8efq�km^WYiewg[k�RUTBZQT�Z]�]g[kmlUZ]qm_f����Z!TWZ8Z]\DgiRFh�eulUZ�e�\Wewg¨ef^WefV[Z

Rfo�^WY[km�Uh`g'PSRUk�T`g v q�k �fZ6V[RU�WYX�8Z]V�eg'�Fkmq�qmk��>Z]giZ]Y"��eulfZ8q�Z]TW�fg[hWV8�~d�P�gikm��efqmqm_f��g[hWk�V��~RU��q�\Bk�T��8q���\WZ ���0P��FZ8e v
V[�WYXZ8�>Z8T`giV�ewg � � V W�X�efTW\{V[PSZ8�¯giY[efq�k�T�o�RfY[�FewgikmRUTBewg�hWkm�UhWZ]Y�o�Y[Z8���WZ]TW�8kmZ8V]�
�¡Z�PWYXZ8VXZ8T`g e�V[ef�FP�q�Z Rfo � ,U, |U|{�]RU�>P�ef�]g �°ewg*V[PSZ8�¯giY[��� Y[ef\Wk�R{V[Rf�WY[�]Z8V!��kmg[h � t |������ � � |��

PWY[Z]V[�W�>Z8\>ZQPrg[Yief�`ewqsef�¯gik��w�w��hWkm�¨h!��k�qmqQ^SZ'q�k �fZ8q�_��uefTW\�k�\�ewg[Z8V�o�RfY"�uefqmk�^WY[ewgiRfY�VXRU�WY[�]Z8V]�"�&Z'Z]VXgikm��egiZ�g[h�ewg
V[RU��Y[�8Z�lwefY[k�ef^Wkmq�kmgn_�eg t � � x V W�X'��kmq�q�\�Z8q�k�lUZ]Y�efTWRfg[hWZ8Y�z � |f|�V[RU�WYX�8Z]V@��hWkm�¨h>��kmq�qW^SZ'q�k �fZ]qm_*g[R�^�Z�^WYXk��Uh`g
ewg � � V W�Xw��efTW\£��eu_	PWk�� ���WP§e�o�Z]�$�>RUYXZ!V[RU��Y[�8Z]V�o�Y[RU� Rfgih�Z8Y��>ZuefTWV]��V[RB��Z>Z�PQP�Z]�]g�RU�WY�V[ef�FP�q�Z
��k�qmq�VXgiefTW\	ewg6efPWPWYXR P�km��egiZ8q�_ � x |U|U|!VXRU�WY[�]Z8V]�
� hWZ3JJY[Rfg[Rfgn_rP�ZF®nT�g[Z8Y�o�Z8Y[Rf�FZ¯giZ8Y�� JJ®���eg�g[hWZ�c���p{c � Z8V�g ¥°ef�8kmq�kmgn_ ��c � ¥J���Fe _£^SZ�eulwefkmqsef^WqmZ*giR

lUZ]Y[kmo _�k�o�gih�Z8V[Z�V[RU��Y[�8Z]VJefYXZ�kmTW\WZ8Z]\!^WYXk��Uh`g�ewg � � V W�Xw�wgih�Z8Y[Z]^`_*�Fe���k�TW�6efT�ZuefYXqm_�V�g¨efY�g�g[R�e�P�Y[RU�UY[ef�>�
��hWk��¨h���k�qmqwo�RUYX� e��Fe LXRUY�P�ewYXg�RfoQc���p	c©�]RU�F�>k�VXV[kmRUTWk�T��W� � hWZ�V[Z]TWV[k�gik�lQk�gn_�Rfo�g[hWZ�PWY[Rfg[Rfgn_rP�ZJYXZ8�]Z8kmlfZ8YXV
V[hWRf�Wq�\£PSZ8Y[�>kmg�e�TWRUk�VXZ�q�Z¯lUZ8qJRwo~ew^�RU�Qg � � x � H _:eg � � VSW�X efTW\§ef^SRU��g , |�� H _:eg�z x | V W�Xf���&Z
ZQPQPSZ8�]gJef^�Rf��g"e�gihWkmY[\�RfoWgih�Z~V[Rf�WY[�]Z8V���kmq�q`^SZ�^WYXk��Uh`g[Z8Y�gih�efT�zf|�� H _�ewg � � V W�Xw�UefTW\�gihWZ]V[Z~\�Z]giZ]�]g[k�RUTWV
��k�qmqr^SZ~YXZ8RU^�V[Z8Y�lUZ]\Feg � � � , | � �fz ,yx �UefTW\�z � � V W�X@giR�\�Z]giZ]Y[�>k�TWZ�gih�Z~V[PSZ8�¯giYX�W�$ewg�hWkm�UhWZ8Y�o�Y[Z]���WZ8TW�]k�Z]V
efTW\�g[R*h�eulUZ�VXRU�>Z�\�ewgie�RUTFlfewY[ksew^Wk�qmkmgn_U� � hWZ]V[Z�RU^�V[Z8Y�lwewgikmRUTWV�VXhWRU�Wqm\Fg¨e��fZ�ef^SRU��g � | v j |�\�eu_rV�Rfo�gik��>Z
RUT�g[hWZ JJY[RwgiRfgn_rPSZ*®nT`giZ]YXo�Z8YXRU�>Z]giZ]Y8��efTW\�k�g�kmV�VX�W�U�UZ]VXg[Z8\DgihWewg�g[hWZ8VXZ!RU^WVXZ8Y�lfegik�RfTWV��]RU�Wq�\	^�Z�\WRUT�Z!ewg
TWk��fh�g�kmTBgihWZ�V[P�Y[k�T��FewTW\{o�ewq�q�RwoJzf|f| x �WVX�W^#LXZ8�¯g�g[R�eulwefkmqsef^Wkmq�k�gn_�Rfo�Z8���Wk�P��FZ]T�g�efT�\	�FefTWPSR �~Z]Y8�
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�efkmV[� �wZ�®nRUTWR	�«j��Sp�efV[V]�m�S}�o�c��¯�Sp	kmTDOS���@�WT&�«j��Sp	efV[V]� � efT�\ J�ef�Wq � � J�� W6R	� }�o�c��
�¡Z	P�Y[Z8VXZ8T`g W6®�efTW\�}'d � ,�� |`�!RU^WVXZ8YXlwewg[k�RUT�V>Rwo , |£Z8����efq v �FefV[V kmT�g[Z8Y[ef�]g[k�TW�§VX_rVXg[Z8�>V�RU^Qg¨efkmTWZ8\

�WV[kmTW�Fg[hWZ 
�Z8YX_	��efYX�UZ�c�Y[Y[eu_�� 
���c���efTW\{gihWZ*d��~Z]TWV 
@ewq�q�Z¯_4b6ef\Wk�R�d�^WV[Z]YXlwewg[RUYX_¡�«d�
�b�d��ª� � hWZ8VXZ
V[RU��Y[�8Z]V'efYXZ�VXZ8q�Z]�]g[Z8\�o�Y[Rf� PWY[Z¯lQkmRU�WVXqm_ PW�W^�q�k�VXhWZ8\�RUP�gikm�uefq°ewTW\B}'d � ,�� |`�Jk�T`giZ]Yief�¯gik�T����`ewqse Pr_�VX�WYXlfZ]_rV
^�efVXZ8\ RUT&g[hWZ8kmY�VXk X]Z:� p���� � , j �¯��PWY[R LXZ8�]g[Z8\©T��W�8qmZuefY�V[Z]P�efY[ewgikmRUT efTW\§gihWZ�V[k�T��Uq�Z \WkmV[h©}'d � ,�� |`�
�8RUT`g[Z8T`g��	��
��� zf| H _ R�� wV¨�ª��efTW\4gihWZ�View�FPWqmZ�PWY[km��ewY[k�q�_ �8RUT�V[k�V�giV6Rfo�VX_rVXg[Z8�>V6g[h�ewg6h�eulUZ�Y[Z]�8Z8T`g[qm_
�WTW\WZ]Y[�URfTWZ�g[hWZ~kmTWkmg[ksefqUPSZ8YXk��]Z8T`giYXk��@P�efV[V[ef�UZ���k � Zf��ZuewY[qm_�V�g¨ef�fZ�kmT�g[Z8Y[ef�]g[k�TW�6VX_rVXg[Z8�>V¨�ª� � hWZ8VXZ�Y[Z]V[�Wq�giV�efY[Z
efT�efq�_#X8Z8\�k�T��8RUT LX��TW�]g[k�RUT���kmg[h!e��]RUT`giYXRUq�Vief�>PWq�Z�Rfo�zf|�T�ZuefYX^�_�kmV[RUq�ewgiZ]\�V�_QV�giZ]�FV�k�T�gihWZ I~®�p	c�OWd�a V
Vief�>PWqmZf��® g�k�V�o�RU�WTW\!g[h�ewg�g[hWZ��>RUq�Z]�8�Wq�efY��`efV�k�T!kmT�g[Z8Y[ef�]g[k�TW��VX_rVXg[Z8�>VJk�V��*�W�¨h��FRfY[Z~Z�PrgiZ8T�\WZ8\�gihWefT�k�T
k�VXRUqsewg[Z8\FVX_rVXg[Z8�>V8��efT�\�gih�ewg�gihWZ6o�Yief�¯gikmRUT�Rfo��>RUqmZ8�8��qsefY��`efV������������������[��k�V�hWk��Uh�Z8Y@k�T�g[hWZ�PSZ8Y�gi�WYX^�Z]\
\Wk�V ��V8��¥�Y[RU� g[hWZ8VXZ�Y[Z8VX�Wqmg[V�efT�\£efT:efT�ewqm_rV[kmV�Rfo@e�VXk��!��qsewg[Z8\�\�k�V � v \Wk�V �	�]RUq�qmk�V[kmRUT���k�g�kmV�k�TQo�Z8Y[YXZ8\�g[h�ewg
gihWZ��UefV�\WkmV[V[kmP�ewg[k�RUTDkmT�gih�Z��FRr\WZ8qmV�Rr�8�]�WY[V�g[RQR����Wkm� ��qm_U��efTW\:gihWZ�lfewq�k�\�kmgn_{RfoJgih�Z efV[VX�W�FPQgik�RfTWV�efTW\
efPWPWYXR P�km��egik�RfTWV���ef\�Z�kmT�g[hWZ~VXk��!�Wq�ewgikmRUTWV�efYXZ~YXZ]lrk�Z¯�~Z]\��"c¢TWZ]�¢�>Z8Y[�fZ8Y�V[Z]�r��Z8TW�]Z6kmV�PWY[RUPSRUVXZ8\!�WVXk�TW�
x kmTW\WZ8PSZ8T�\WZ8T`g�RU^�V[Z8Y�lwewgikmRUT�efq�P�ewYief�>Z]g[Z8Y[V]��ewTW\	g[hWk�V6k�V�o�RU�WTW\{giRF^�Z�k�TW\WZ]P�Z]TW\WZ]T�g�Rfo"g[hWZ*PWYXR LXZ8�¯giZ]\
T��W�8qmZuefY�V[Z8PWefYiewg[k�RUT	RfoJgih�Z*\WkmV ��V8��¥�k�T�ewq�qm_f�W\WkmV[�8��V[V[kmRUT:Rfo"g[hWZ*VX�8kmZ8T`gik ���*�URUefq�V�ef�¨hWkmZ]lwef^WqmZ*ewg�c���p	c
k�V'�Uk�lUZ]T	kmT	e��]RUT`giZQPrg�Rfo�RU^WV[Z]YXlrk�T��F�`ewV�ewTW\4\W�WVXg�Rfo�TWZuewY[^`_4efTW\{hWkm�Uh v X�kmT`giZ8Y[ef�]g[k�TW��V�_rVXgiZ]�FV]�
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��Z]��k�V I�� V��:R�TWZ8Z � W6®nc��ª��}~h�efY[qmZ8V£b�� R�Z8YXg[RUTN��®nR �~e OrgiewgiZ¢j�� � efTW\ }~hWY[kmVXg[RUPWhWZ]Y&p§�:I~Y[��T�g
�«¥�}�b�c6d��°j��Sp�efVXV8�¤�
� hWZ�T�ZuefYX^�_D�r��k�Z8VX�8Z]T�g��]q�RU�W\�V���hWk��¨h£RUTWq�_	o�RfY[� q�R � ��efVXV�VXgiefY[V�efYXZ!TWRfg�gihWZ��Fefk�T�V[kmg[Z8V�Rfo@V�g¨efY

o�RUY[�Fewg[k�RUT>k�T�g[hWZ V�efqse PQ_f� � hWZ�lwefV�g'��e LXRUY[k�gn_ Rfo�VXgiefY[V�Rwo�ewq�q°��ewV[V[Z]V�o�RUY[� kmT�Y[Z]�Uk�RUT�V~k�TF��hWk��¨hBY[efY[Z
^W��g�PWYXRU�>k�TWZ]T�g�h�k��Uh:�FefV[V�d VXgiefY[V�efYXZ!^SRUY[T��*® g�k�V�g[hr��V�km�FPSRUY�g¨efT`g�g[RB�WTW\WZ]Y[V�g¨efTW\§gihWZ�P�Y[Rr�8Z8VXV[Z]V
efTW\©�>RQ\WZ]V!Rfo�V�g¨efY!o�RUYX��egik�RfT&RUT VX��efqmq�VX�uefqmZ8V!kmT�gihWZBhWefY[VXh Z8T`lrk�Y[RfTW�FZ]T`g Rfo�W ��� YXZ8�UkmRUTWV [J �b�V
efY[Rf�WTW\ d VXg¨ewY[V8��Orgi��\�_rk�TW�{V[�W�¨h&PWhWZ8T�RU�FZ]T�e4k�V�\Wk��>�]�Wqmg�kmT§g[hWZ W ��� Y[Z]�Uk�RUT�V�Rwo�dNV�g¨efY��UYXRU�WPWV�RUY
�8qm�WVXg[Z8Y[V6^SZ8�uew�WV[Z�gihWZ]k�Y'q�efY[�UZ�PWh`_QVXk��8efq�V[k X]Z�efTW\{�8RU�>PWq�Z�PQkmgn_��Fe��wZ8V�\Wk��>�]�Wqmg�kmV[RUq�ewgikmRUT�Rfo�gihWZ�ZQT�Z]�]giV
Rfo�k�TW\Wk�lrk�\W��ewqJdNV�g¨efYXV�o�YXRU� g[hWZ �8RUqmq�Z8�¯gik�lUZ!ZQT�Z]�]giV�Rfo�gihWZ �8qm�WVXg[Z8Y]� � h�Z>q�efY[�fZ�PWh`_QVXk��8efqJV[kUX8Z	���FefT`_
P�efYXV[Z8�]V¨�*Rfo~gn_QP�k��uewq�Z¯lURUq�lUZ8\^W ��� YXZ8�UkmRUTWV*efq�VXR��Fe��fZ]V�gih�Z��8Rf�FPWqmZ]g[Z�VXg[�W\�_¡Rfo'TWZ8efY[^`_ W ��� Y[Z]�Uk�RUT�V8�
q�k �fZ�d�YXk�RUT���P�Y[RU^WqmZ8�Fewgikm�f�F®nT&�8RfT�g[YiefV�gu�"VX��ewq�q�W ��� YXZ8�UkmRUTWV�efV[VXRQ�]ksewg[Z8\£��kmgih¡�FRfY[Z \Wk�V�g¨efT`g�k�VXRUqsewg[Z8\
dNVXgiefY[V�efYXZ k�\WZ8efq�g¨ewY[�UZ¯giV�o�RUY�gih�Z>V�gi�W\Q_£Rfo~V�g¨efY�o�RUYX��egik�RfTDk�T£V[���¨h&TWRUT v ���Wk�Z]V[�]Z8T`g*Z]T`lQkmY[RUT��FZ]T�g[V8�
� hWZ8kmY�V[�Fefq�q�V[kUX8Z�PSZ8Y[�>kmg[V�Z8efV[kmZ8Y�ef�]�r��k�V[k�gikmRUTDRfo@gihWZ��*�Wqmg[km�~e lfZ8qmZ8TW�fg[h:\�ewgie4T�Z8Z8\�Z8\£giRBgiY[ef�8Z efqmq�Rwo
gihWZ�YXZ8qmZ]lwefT`g�PWh`_rV[k��8efq"�]RU�FPSRUTWZ]T`giV>� W ��� ��W � �$W�� ��VXg¨ewY[V¨��ewTW\:gihWZ��]RUT�o��WVXk�RUT:�8ef�WV[Z]\¡^`_	gihWZ�ZQT�Z]�]giV
RfoJ�!��qmgikmPWq�Z�d V�g¨efYXV�kmV�eulURfk�\WZ]\��'�&Z�efY[Z�k�T`lfRUqmlfZ8\DkmTDeF�*�Wqmg[km�~e lfZ8qmZ8TW�fg[h	P�Y[RU�UY[ef� RfoJRf^WV[Z]YXlwewgikmRUTWV
Rfo�e*VXZ]g�Rwo�k�V[Rfqsewg[Z8\�VXk�TW�fq�Z�d VXg¨ewYAW ��� Y[Z]�Uk�RUT�V~V[Z]q�Z]�]giZ]\�o�Y[RU� g[hWZ�}�efTWef\WksewT V�efqsef�¯gikm��JJq�efTWZ�Or�WYXlfZ]_U�
W�Z]Y[Zf����Z�PWYXZ8VXZ8T`g�RU��Y@VX�8kmZ8TW�]Z�PWYXRU�UYiew�$efTW\FPWY[Z]q�km�FkmT�efYX_�YXZ8V[��qmgiV�o�Y[Rf�$RU�WY�RUTW�fRUk�TW��OW}�j�I~c H }'p �
\W�WV�g��]RUT`gik�T��W��� efTW\�O�����j�d�®nc ¥�}�b�c6d�VXP�Z]�]giY[efq�q�kmTWZ�RU^WVXZ8Y�lfegik�RfTWV8�
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p¡�Sp	Z]k PQTWZ8Y*� O � OQ�8®OK°�>Z8k PQTWZ]YON�VXg[V[�]k � Z8\W�°�
p	kmq�qmk��>Z]giZ]Y�efTW\�VX�W^W�>k�qmq�k��>Z]g[Z8Y"kmT`giZ8Y�o�Z8YXRU�FZ¯giY�_FhWefV�Y[Z¯lUZ8efq�Z]\�gihWZ�T�ewgi��Y[Z�Rfo�VXg¨ewY[V~o�YXRU� gihWZ]k�Y@PWhWR v

giRUVXPWhWZ]Y[Z8V�giR	g[hWZ8kmY�Z LXZ8�¯giZ8\&�8k�YX�8�W�>VXg[Z8qmqsefY�Z]T�lfZ8qmRUP�Z]V*gihWewg*Z]TWY[km�¨h&gih�ZFkmT�g[Z8YXVXgiZ]q�q�efY��FZ]\Wk��W�{� � hWZ]k�Y
Y[Z]qsewg[kmlUZ~V[k��>PWqmk��8k�gn_���e��fZ8V"g[hWZ8� ZQPQ�8Z]q�q�Z]T`gJg¨efYX�UZ]g[V"o�RUY"^�efVXk���V�gi�W\�k�Z8VJRwo�ewVXgiYXRUPWh`_rV[km�uefq�PWYXRQ�]Z8VXV[Z8V@V[���¨h
efV6\W�WVXg�o�RUY[�Fewg[k�RUT��@®~��kmq�q�Y[Z¯lrk�Z]� RU�WY6�8�WYXY[Z8T`g�VXg¨egiZ�Rfo ��TWR ��q�Z]\W�UZ*Rwo"VXgiefY[V�efTW\{gihWZ]k�Y6Z]lfRUq���g[k�RUT	efV
lrk�Z]��Z8\4eg~VX�W^W�>k�q�qmk��>Z]g[Z8YJefT�\��Fkmq�qmk��>Z]giZ]Y��~eulUZ8qmZ8TW�wgihWV]�WZ8TW\�k�TW����kmgih�V[RU�>Z�RfP�Z]T�k�VXV[�WZ]V~k�T>gihWZ ��Z8qm\��
J�Rfg[Z8T`gik�efq°c���p	c��~RfY � RUTFg[hWk�VJg[RUPWk��w��Zf� �W��gih�Z �O�b�J��`��kmq�qW^SZ�Rf��giqmk�TWZ]\�ewg�g[hWZ�Z]TW\�ewTW\�k�giV�VX_rTWZ]Y[�f_
��kmg[h	�]�WY[YXZ8T`g�efTW\4o���gi�WYXZ��FkmV[V[kmRUTWV~��kmq�q�^SZ�hWkm�UhWq�km�Uh`giZ]\��
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R�Z]T`g¨efYXR a�ef�`ew�FkmTWZ!�«}�o�c.K ��T�ew�`ef�>k�T N��]o�eQ� h�ewYXlwefY[\�� Z]\W���Qb6Z]T�_r�WZ�}~Z]T&� JJY[k�T��8Z]g[RUT4j��Wd�^WVX_f� �ª����efY[V
W�Z]Y[TW���WkmVXg£��®nRUc*�@j��@Rwo�}�ef�!^�Y[k�\��UZ �ª� H Z8YXZ8�>ksefhFJ���d�VXg[Y[k �fZ8Y���®nRfc*��j���Rfo�}�ef�!^WYXk�\W�UZu�¯� � 
�RUq �wZ8Y
OQPWYXk�TW�UZ]q@� p JJ® o�c��
�¡ZBVXg[�W\�_�g[hWZBZ]lfRUq���g[k�RUT Rwo�g[hWZB�Uq�Rf^�efq@VXgiZ]q�q�efY!�FefV[V�\WZ]TWV[k�gn_�kmT©e���} �p �WTWkmlfZ8YXV[Z4�WV[kmTW�Dgn��R

\WkUT�Z8YXZ8T`g�gn_rPSZ8VFRfo�h`_r\WY[Rr\�_rT�ef�>k��8efq�V[k��*�Wqsewg[k�RUT�V{�«�J�Wq�Z]Y[k�efT � 
 MefTW\ O�J!W��>efTW\1g[hWZ	efT�efq�_rg[k��8efq
�FRr\WZ]q�Rfo W�Z8YXTW���Wk�V�g �MOQPWYXk�TW�fZ8q��«zf|U| � �ª�¡�¡Z ��TW\©gih�ewg�g[hWZ�gih�Z8RUYXZ]gikm�uefq~�uefqm�8�Wq�ewgikmRUTWV�efqmq~PWYXZ8\Wkm�]g
^�Rwgih§eBhWk��Uh�Z8Y�V�giZ8qmqsefY���efVXV�\WZ8T�V[kmgn_Dewg�� � � g[h�efT£k�T�\Wk��8ewgiZ]\:^�_D�8�WYXY[Z8T`g�RU^WVXZ8Y�lfegik�RfTWV8��efT�\£g[h�ewg
gihWZ*P�Z8e��	RwoJgihWZ!�]RUV[�>k���VXgiefY�o�RUYX��ewg[k�RUT{YiegiZ*h�k�VXg[RUYX_{VXhWRU�Wqm\:q�k�Z�ewg���� x ��OQ�W�¨h§e�V�g¨efY6o�RUY[�FewgikmRUT
hWk�V�giRUY�_!km�FPWqmk�Z]V�gihWewg�efVJ�!���¨h�efV6� Yf|���� � |�� ��Rfo°g[hWZ'giRfgiefq�V�giZ8qmqsefY���ewV[VJ\WZ]TWV[k�gn_!giRr\�eu_!�!��VXg@efqmY[Zuew\�_
h�eulUZ'o�RUYX�FZ]\�^�_	�	
�� ,�� � �¯�Jd��WY�Y[Z8VX�Wqmg[VJV[�W�f�UZ8V�gJgih�ewg��]�WY[YXZ8T`g�RU^WVXZ8Y�lfegik�RfTWV�ewg� � � efY[Z��>k�VXV[kmTW��efV
�!�W�¨h{efV x |��$Rfo�gihWZ�g[Rfg¨ewq�V�giZ8qmqsefY@�FefV[V�\�Z8TWVXkmgn_�kmT�gih�Z�j�TWk�lUZ]Y[V[Zw��P�Z]Y[h�ewPWV�R ��k�TW�!g[R�efTBkmT�ef\WZ]�r�WewgiZ
efq�qmR ��efT��8Z�o�RUY�\��WVXg�RU^WV[�]�WYiegik�RfT*k�T�VXgiefY v o�RUY[�>k�T��6�Uefqse PQkmZ8V8�q�km�Fk�giZ]\�Vief�>PWq�Z�VXk X8Z]V8�URfY��]RUV[�>k��JlwefY[k�efTW�]Zf�
® o�\W�WV�g!ZQPrg[k�TW�¯gik�RfT¡kmV�g[hWZ��Fe LXRUY��uew�WV[Z>o�RUY�g[hWk�V � �FkmV[V[kmTW�{VXgiZ]q�q�efY���efVXV����g[hWZ8T�Rf^WV[Z]YXlwewgikmRUTWV�k�T§gihWZ
V[�W^��F� ewTW\F�>k�qmq�km�FZ¯giZ8Y��~eulUZ8qmZ8TW�wgihWV@�WV[kmTW��c���p	c��Fe _!Z8T�ef^�q�Z'�WVJgiR�\WZ¯giZ]�]g��`efqse P�kmZ8V"��T�ef�8�]RU�WT`giZ]\
o�RUY ewg hWkm�Uh Y[Z]\WV[h�kmo gu� c��8�]RUY[\WkmTW�DgiR:g[hWZBgihWZ]RUY[Z¯gik��8efq��>RQ\�Z8q�V]�Jc���p	c �8Rf�Wq�\©k�\�Z8T`gik�o _ efT¢ef�>RU�WT`g
Rfo�V�giZ]q�qsewY���ewV[V�Z8����efq"g[R	RfY�qsefYX�UZ8Y�g[h�efT£gih�ewg�YXZ8VXk�\WkmTW�4k�T:gihWZ>�`efq�e PQk�Z]V�\WZ]g[Z8�¯giZ8\&V[R4o�efY�k�T£RUP�g[k��8efq
efTW\�T�ZuefY v ®�b ��eulfZ8q�Z]TW�fg[hWV8���&Z�efq�VXR��]RU�>P�efY[Z6RU�WY�Y[Z]V[�Wq�giV���k�gihFV[RU�>Z�Rwo�gihWZ��WP�\WewgiZ]\�V[Z]�Fk v efT�ewqm_�gikm�
�FRr\WZ]q�V'Rfo��`efq�e Pr_�o�RUYX��ewg[k�RUT��
�¯o���efVXg[Y[R v PWh f| � ,U, z j t
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a�km�FZ]V[h*J�ewg[Z8q�� }�o�c K�TWPWewgiZ]q N��]o�e�� h�efY�lwefY[\�� Z8\��°�¯� � � R���OQY[km\Wh�efY[efT � }�o�c��ª� � Rr\W\ W6�WT`giZ8YD� }�o�c��¯�
H ef�>Z8V�I�ewgieUewg�� }�o�c��
c�q�q�Z8km�Uh`g�ewT�g[Z8TWTWefV�Rfo�g[hWZ�Or�W^W�>k�q�qmk��>Z]g[Z8Y�c�Y[Y[e _FefYXZ�T�Ry��\�Z8PWqmRy_fZ8\4efT�\�Z8���WkmPWPSZ8\���k�gih�YXZ8�]Z8kmlfZ8YXV

RUPSZ8Yiegik�T��!k�T>gihWZ�z � |!efTW\ � t�x V W�X�^WefTW\WV]�~Ork PFRfo�gih�Z�efT`giZ]TWT�efV�efqmV[R�h�eulUZ�gih�Z � j | V W�X�Y[Z]�8Z8k�lUZ]Y[V8�
®nTWkmg[ksefq�VX�8k�Z]TW�8Z�Rf^WV[Z]YXlwewgikmRUTWV�h�eulUZ�^SZ8Z8T:RfTW�URUkmTW�Fo�RUY6gihWZ*P�efVXg�V[Z¯lUZ8Y[efqJ�>RUT`gihWV!��V[Z]Z ef�8�]RU�>P�efT`_rk�TW�
P�RfVXgiZ]Y�^`_ ��h�efTW�¡Z]gBewq �¤�¯� � hWZDVXP�Z]�8k��W�uewg[k�RUTWV>o�RUY�OWp	c*�@\WYXkmlUZ]T�^`_1VX�8kmZ8TW�]ZD�UR`efqmVFPSRUVXZDe¡VXZ8YXk�Z8V
Rfo�V[k��fTWk����8efT`g�giZ]�¨hWTWkm�uefqJ�¨h�ewq�q�Z]TW�UZ]V8� � hWZ qmZ8V[VXRUTWV�q�Z8efY[T�Z8\:��hWk�qmZ��8RU�>�>k�V[VXk�RUT�k�TW�>gihWZ>OWp{c ��kmq�q�^�Z
�WV[Z¯o��Wq�o�RUY�gih�Z��]RUTWV�giY[���]gikmRUT	efTW\BgiZ]VXgikmTW�>Rfo�g[hWZ�c���p	c efT`giZ]TWT�efV]�
W6Z8Y[Z���ZFP�Y[Z8VXZ8T`g*g[hWZ �8�WYXY[Z]T�g�VXgiewgi��V�Rwo~gih�ZFewT�g[Z8TWTWe	�>ZuefVX�WY[Z]�FZ]T�g[V8����kmg[h§Z]�FP�h�efV[kmV�RUT£P�RUkmT`g v

k�TW�	efTW\¡hWRUqmRU�UYiewPWh`_U� � h�ZF�>RU�WT`g�Z8Y[YXRUY[V�k�T:g[hWZ�PSRUk�T`g[k�TW�B�>RQ\�Z8q�efYXZF�¨h�ewYief�¯giZ8YXk X]Z8\��WVXk�TW�{RUP�g[k��8efq
�U�Wkm\WZ8VX�8RUPSZ8V�RUT	Z8ef�¨h:efT`g[Z8TWT�eQ�'b�ew\Wk�R PSRUk�T`gikmTW��R T�V[Z¯giV�ewY[Z��FZ8efV[��Y[Z8\	PWY[km��ewY[k�q�_�eg�z � |3V W�X�o�YXRU�
�8RUT`g[k�T��W�W� VX�uefT�VFew�8Y[RfV[V PWqsewTWZ]g[V4���WVXk�TW�£V�_QT��¨hWY[RUT�RU�WV>\WZ]g[Z8�]g[k�RUT ��k�gih�gih�Z{�¨h�RUPWPWkmTW�:V[Z]�8RUTW\WefYX_��¯�
¥�Z8Z8\ v R T�V[Z¯g�giZ]Y[�>V�o�RUY�g[hWZ!Rfg[hWZ8Y�^�efTW\�V�efY[Z�\WZ]g[Z8Y[�>k�T�Z8\Do�RUY�Zuef�¨h:RfoJg[hWZ!YXZ8�8Z]kmlfZ8Y[V���k�gih:YXZ8V[PSZ8�¯g�giR
gihWZ�z � | V W�X�o�Z]Z8\{�WV[kmTW� PWqsefT�Z]g�V[�8efTWV]�
� hWZ ewT�g[Z8TWTWe{VX�WYXo�ef�]Z�k�V�VXZ]g�^`_:ef\ LX�WVXg[k�TW�BP�ewTWZ8qmV�o�RUq�qmRy��kmTW��h�RUq�RU�fYiefPWh�k��*�>ZuewV[�WYXZ8�>Z8T`giV��8efY[YXk�Z8\

RU��g6ewg�z � zQ� t VSW�Xf�W��V[k�T�� e*giZ8YXY[Z]VXgiYXksefq�^�Z8ef�8RUT4kmT�gihWZ�TWZ8efY v ��Z8qm\����¡Z�h�eulUZ�ef�¨hWkmZ]lfZ8\4gihWZ��URUefq�Rfo , z
] � YX�FV'VX�WYXo�ew�8Z�ef�8�]�WYiew�]_BRUT4RUT�Z�efT`giZ8T�T�e�� � hWZ�Y[Z]VXg�efY[Z�eg , ��� z x ] � efT�\	ewY[Z�^SZ8k�T���k��>PWY[R lUZ]\��
®nT�g[hWk�V�PSRUV�giZ8Y��~Z�efqmV[R!P�Y[Z8VXZ8T`g�V[Rf�FZ�\�Z]g¨ewk�q�V�Rfo�gih�Z�k��>PWq�Z]�FZ]T�giewgikmRUT Rfo�gihWZ�ef��giRf��ewg[k���gi�WT�k�TW�!Rwo

Y[Z]�8Z8k�lUZ]Y[V8��efTW\{ewg[�FRfV[PWhWZ]Y[km��PWh�efVXZ��]RUY[YXZ8�]g[k�RUT4�WVXk�TW��g[Rfg¨efq�P�R ��Z8Y6Yief\WkmRU�>Z]giY�_U�
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H Z T�Y[Z¯_4c*� J�Z]\WZ8q�gn_U�Sa�c�OQc
c��FkmTWR�ew�8k�\�V*efYXZ�^�ewV[k��>�8RfTWVXg[kmgi��Z8T`giV!Rwo'q�k�o�Zf��efTW\�YXZ8�]Z8T`g�qsew^�RUY[ewgiRfYX_:Z�P�PSZ8YXk��>Z8T`giV�\WZ8�>RUTWV�giY[ewgiZ

gihWZ¯_{�uefT	^�Z�VX_rT`gihWZ]V[kUX8Z8\£kmT{g[hWZ��UefV[Z]RU�WV�T�Z8^W�Wq�efZ�gih�ewg�efYXZ�g[hWZ�^�k�YXg[hWPWq�ef�8Z]V6RwoJVXgiefY[V]�'c��>k�TWR>ef�]k�\WV
efTW\ Rfg[hWZ8Y*�8RU�>PWq�Z�P¡RUY[�`ewTWk��>�FRfq�Z8�]�Wq�Z]V!efYXZ�o�RUYX�FZ]\&k�T¡gihWZ�q�ef^SRUYiewg[RUYX_:��h�Z8T©k��]Z��>k Prgi�WYXZ8V!YXZ8PWYXZ v
V[Z]T�giewgik�lUZ�Rfo�k�T`giZ]Y[VXg[Z8qmqsefY��fYiefkmTB��efT`g[q�Z8V�efY[Z�V[��^#LXZ8�¯g�g[RFj�
�Yief\�ksewg[k�RUTBVXk��>k�qsewY@g[R g[h�ewg�PWYXRQ\��W�8Z]\	^`_
_URU��TW��V�g¨efYXV8�"�¡Z�\WZ8VX�8Y[km^�Z�VXZ8TWVXkmgik�lUZ�V[Z8efY[�¨h�Z8V���kmgih gih�Z 
���c�gih�ewg�\�k�\ TWRfg�\WZ¯giZ]�]g@gihWZ�q�R ��Z8V�g�Z]TWZ8YX�f_
o�RUY[� Rwo��Uq�_Q�]k�TWZ{���8RUTQo�RUY[�>Z8Y�®���k�T:gihWZ�d�Y[kmRUT�p{RUq�Z]�8�Wq�efY�}~q�RU��\ �«d�p�} v¨, ��efTW\�O�ef�Uk�g[giefY[km�WV I'zW��a v
��p W��ª��® o'�Uq�_r�8k�T�ZFZ�P�kmVXg[V!k�T§gihWZ]V[Z�YXZ8�UkmRUTWV8��kmg�k�V��~Z8e��fZ]Y!gih�ewT�RU�WY�\WZ]g[Z8�¯gik�RfT�q�km�Fk�gu��k�V�\WkmVXgiYXk�^W�QgiZ8\
ef�8YXRUV[V�e���k�\WZ]Y�V[PWewgik�efq°Y[Z8�fk�RUT�g[h�efT�RwgihWZ]Y�qsefYX�UZ6�FRUqmZ8�]�Wq�Z]V8�rRUY~kmV~PWYXk��FefY[kmqm_!kmT�k�giV~h�k��Uh v Z8TWZ]Y[�f_ o�RUYX�
���]RUT�o�RUYX�FZ]Y'®[®��¯�
�¡Z�efqmV[R�P�Y[Z8VXZ8T`g 
���c�RU^WV[Z]YXlwewg[k�RUTWV�RfoWg[hWZ�RUYX�`efTWkm���>RUq�Z]�8�WqmZ8V�o�RUY[�>k��@ef�]k�\�ewTW\!�>Z]gih`_rqQo�RfY[�FewgiZ@k�T

d�pD} v¨, ewTW\!Z]g[h`_Qqr�]_UefTWkm\WZ�k�T*O�ef�fkmg[giefY[km�WV I'zW��a v ��p W���g[h�ewg�k�TW\Wkm�uewg[ZJgihWZ��FRUqmZ8�]�Wq�Z]V�efYXZ~kmT��]RU�FPWef�]g
V[RU��Y[�8Z]V8� � hWZ�Z¯gih`_rq��]_UefTWk�\�Z�\�ewg¨e�Y[Z]lfZuefq�e*Y[RfgiewgikmTW�*Z]\W�UZ v RUTB�`ewV[Z8Rf�WV�\WkmV �N|�� , PS��kmT�\Wk�ef�FZ¯giZ]Y�efTW\
�8RUT`giefk�TWkmTW� z � |U|�V[RUq�efY��FefV[VXZ8V6Rfo��`efV'RUY'Rfg[hWZ8Y��FewgiZ]Y[k�efq �
� hWkmV�P�RUV�giZ]Y@VX�W�>��efYXk X]Z8VJY[Z]V[�Wq�giV�gih�egJ�~Z]Y[Z6PW�W^Wqmk�V[h�Z8\>qsefV�gJ_UZuewY�kmT gn��R*PWefP�Z]Y[V�k�T�g[hWZ�c�VXg[Y[RUPWh`_rV v

k��8efq H RU�WYXT�efq«�
c OQZ8TWVXkmg[kmlUZ 
�Z8YX_*��efY[�fZ~c�YXYieu_�� 
���c��"OQZuewY[�¨h ¥�RUYJOr��efqmq v OQ�uefqmZ V�q�_r�8k�T�Z~�J�>k�V[VXk�RUT � R �~efY[\Fd�pD} v

, � H �Wp¡��W�RUqmq�kmV8� H �rc*�0J�Z8\�Z8qmgn_f���J���'��OQT`_r\WZ8Y]��J��Qb�� H Z]��Z8qmq �Q¥~� H ����R lwefV8��J��0J�efqm�FZ]Y8�QefTW\4O�� v �!����km���
zf|U| � ��c�V�giY[RfPWh`_QVXk��8efq H RU�WYXT�efq � x � � � � x � � R�kmTWZ8�Fewg[k��8V�Rfo�gihWZ>OQef�UkmgXg¨efYXk��WV I'z£�«a v ��p W���p	RUq�Z]�8�Wq�efY
}~RUY[Zw� H �@p¡�!W�Rfq�q�kmV8� H �"c��!J�Z]\WZ8q�gn_U���J���'�@OQT`_r\WZ8Y]� !�"c��!I~RU^SRUqmg�Xf��O�� v �!�J��k������J�J�'�@OQT`_Q\�Z8Y8� J��
J�efqm�FZ]Y8��¥�� H �°��RylwefV]�°efTW\�J��°b�� H Z]��Z8qmq �@zf|f| � �Wc�VXgiYXRUPWh`_rV[km�uefq H RU�WYXT�efq�����Z]g[g[Z8YXV¨�¯� x j � ����z � x �
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V�q�Z8T J�Z¯gik�giP�efV��«j���p	\�� KJP�Z¯gikmg[P�efV N�ewVXgiYXRW� �W�F\�� Z]\W�°��efTW\�}~hWY[kmV � eu_QqmRUYF� }'O�j O�ef�]Yief�>Z8T`giR�K"�]gie _ v
q�RUY N��8V[��V8� Z8\W�°�
�¡Z�P�Y[Z8VXZ8T`g�hWkm�Uh{Y[Z8VXRUq��Qgik�RfT�� � }'d�� 
 ,¯v |FRf^WV[Z]YXlwewgikmRUTWV6Rfo�g[hWZ*�8efTW\Wkm\�ewg[Z�g[k�\�efq�\Q��efY�oJ�`efq�e Pr_4k�T

gihWZ�ZuefV�giZ]Y[TDg¨ewk�q�Rfo@O�giZ8P�h�efT  V ���Wk�T`g[Z]g � W�}AV j zU�ª����k�gihWkmT{g[hWZ , |U|	� � ��Z8qm\�Rfo"lrkmZ]�¦��Z!\WZ]g[Z8�¯g�gih�Y[Z8Z
�8qm�W�FP�VJRfo�Z]�FkmV[VXk�RUT!g[h�ewg@��eu_*^�Z�P�efY�gik�efq�q�_�Y[Z8VXRUqmlfZ8\�ewg�RU�WYJYXZ8V[Rfq���g[k�RUT�Rfo �	� � � � ��R*RfoSgihWZ��]q��W�>PWVJq�kmZ
k�TBgih�Z�gik�\Wefq�giefk�q«�Q��hWkmq�Z�g[hWZ�gihWkmY[\Bq�kmZ8V~g[R�gihWZ�VXRU��gih�ZuefV�g�efT�\{kmV'�8RUkmTW�8km\WZ8T`g'��k�gih4e�qsefYX�UZ:W6®�o�Zuegi�WYXZf�
^W��g�\WRQZ]V�TWRwg��]RUY[YXZ8V[PSRUTW\Dg[R�efT`_4o�Zuegi�WYXZ8V�ewg�RUP�g[k��8efq���eulfZ8q�Z]TW�fg[hWV8� �_rT�ew�Fkm�uefq�efTWefqm_rV[kmV�kmTW\Wkm�uewg[Z8V
gih�eg6g[hWZ8VXZ��8efTW\Wkm\�ewg[Z�g[k�\�ewq�\��~efYXo�V6efYXZ��fYieulrkmg¨egik�RfT�efq�q�_ ^�Rf�WTW\��SefTW\4��k�qmq�VX�WYXlrkmlfZ�g[R:LXRfk�T�gih�Z�\��~efY�o
�`efq�e Pr_�PSRUPW�Wq�ewgikmRUT�Rwo�g[hWk�V~VX_rVXg[Z8�{���¡Z��8Rf�FP�ewY[Z�g[hWZ8VXZ�YXZ8VX�Wqmg[V�g¨e��wZ8TB��kmg[h I~®�p	c giR!g[hWZ�ef\�lwefT��8Z8V
k�TBgih�k�V ��Z]q�\4gih�ewg'��kmq�q�^�Z�PWYXRylrkm\WZ8\{^`_BgihWZ�c���p	c efYXYieu_U�
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b6Rf^Wk�T¢b���JJhWk�qmq�k�P�VB�«j��JRfo���Z¯gih�^WYXk�\W�UZ[K'Y[RU^�k�T�� PWhWkmq�q�kmPWVON��WqmZ]g[h�� �8e`�¯� �eulQkm\©c*��a�eu_rq�RfY{�«j���Rfo���Z¯gih v
^WY[km\W�UZu� � H ef�>Z8V��k�¥�YiewTW�8Z]V[�8RD� W6®nc��
� hWZ�®nT�o�YiewY[Z8\Db�ef\�k�RU�>Z]g[Z8Y'o�RUY�p	k�qmq�k��>Z]g[Y[Z��~eulUZ]q�Z8T��fgih:c�VXgiYXRUTWRU��_¡��®�b�p	c���k�V�eF�8Rf�FP�ew�]gu�Sq�km�Uh`g

�~Z]k��Uh`g8��qmRy�N�8RfVXgu�@q�R �N��ewk�T`g¨efkmT�efTW�]ZF�~ewgiZ]Y�lfewP�RU��Y��FRUT�kmgiRfY8����k�gih¢efT¢ef�8�]�WYiew�]_ gihWewg�Z8TWef^Wq�Z]V kmg
giR:^SZB�WV[Z]\ giR:�8RfY[Y[Z]�]g�g[hWZ�PWh�ewV[Z4\Wk�V�giRUY�gikmRUTWV*�8ef�WVXZ8\©^`_ ewg[�FRUVXPWhWZ]Y[k��F��ewg[Z8Y!lwefPSRU�WY!kmT��>k�q�qmk��>Z v
giYXZ���eulfZ8q�Z]TW�fg[h k�T`giZ]YXo�Z8YXRU�>Z]giZ]Y[V]� � hWZB®�b�p	c ®X®[®�PWYXRfgiRwgn_QPSZ�kmV!e	�Fe LXRUY�k��>PWY[R lfZ8�>Z8T`g*RfT ZuefYXq�k�Z]Y
lUZ]Y[V[kmRUTWV>Rfo�®�b�p	c��"��kmg[h1ewT1Z]�FPWhWefV[kmV�RUT1VXk��>PWq�km�8k�gn_§efTW\¢Y[Z8qmksef^�k�q�k�gn_U�£�&Z4PWYXZ8VXZ8T`g�\�Z]g¨ewk�q�V*Rfo�k�giV
�FRr\Wk ��Z8\4\WZ]V[k��fT�efT�\	�]RUTWVXg[Y[�W�¯gikmRUT	kmT	P�Y[Z8PWefYiewg[k�RUTBo�RUY�g[Z8V�giV�giR>^�Z��8RfTW\W�W�¯giZ8\�RUTBgihWZ*OQ�>kmgih�V[RUTWk�efT
OQ�W^°p{k�q�qmk��>Z]g[Z8Y6c�Y[Y[eu_ �«OWp	c���g[Z8qmZ8V[�]RUPSZ!RUT§p�ef��T�e R�Z8e�k�T£p	e _  H ��TWZFzf|U| t � � h�Z!giZ8V�g��uef�>P�efkm�UT
k�T`lURfqmlUZ]V��WV[kmTW��g[hWY[Z]Z!®�b�p{c$®[®X®'\WZ]lrk��]Z8V���k�gih�g[hWZ OWp	c�giR�PWYXR lQkm\WZ!PWhWefV[Z!�]RUY[YXZ8�¯gik�RfTDk�T�o�RfY[�FewgikmRUT
o�RUY'k��>PWYXRylrkmTW�!gihWZ�����efqmkmgn_�Rfo�g[hWZ�efVXg[Y[RUT�RU�Fkm�uefq�k�T`giZ]YXo�Z]Y[RU�>Z]g[Y[k���\�ewg¨eQ�
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OQk��>RUT4b6ef\�o�RUYX\�����a�b�c6d��
� hWZ�k�T`giZ]Y[T�egik�RfT�efq�c�g¨ew�uef�Fe���efYX�UZ�p	k�qmq�k��>Z]g[Z8Y�c�Y[Y[eu_>��kmq�q�^SZ��]RUTWV�giY[���]giZ]\BRUTFg[hWZ6hWk��UhD� x | x |����

PWqsegiZuew��V[RU�Qgih`�~Z]VXg6Rfo�}~Z]Y[Y[R>}~hWe LXT�efT`giRfY8��}~h�k�q�Zw�Wef^SRU��g t | ���NZuefV�g'Rfo�gih�Z�lrk�q�q�ef�UZ�Rfo�O�ewT J�Z]\WY[R \WZ
c�g¨ef�8ef�Fe���OrgiefYXg[k�TW�!kmT , j*j x c�PWYXk�q«��g[hWZ�c���p{c PWY[R LXZ8�]g�hWefV�\WZ]PWq�R _UZ]\{efT�ZQPrg[Z8TWVXkmlUZ�VX�Wkmg[Z�Rfo�k�T�VXgiYX� v
�FZ]T`giV'giR �¨h�efY[ef�]g[Z8YXk X8Z�ewg[�FRfV[PWhWZ]Y[km���8RUT�\Wkmg[k�RUTWV�eg � hWZ8VXZ�kmTWVXg[Y[�W�>Z8T`giV'kmTW�8qm�W\WZ�e>zUz x V W�X�g[k�PWPWkmTW�
Yief\�k�RU�>Z]g[Z8Y'giRF�FZ8efV[�WYXZ8V�ewgi�>RUV[P�hWZ8YXk���giYiewTWV[P�ewY[Z8T��]_�efTW\	g[Z8�>P�RfYiefq�Z8�>k�VXV[kmRUT �W�W�]g[��ewgikmRUTWV]�Sgn��R ,U,
VSW�X�kmT�g[Z8Y�o�Z8Y[Rf�FZ¯giZ8YXV�g[R*�>ZuefVX�WY[Z�ewgi�>RUV[P�hWZ8YXk��6PWh�efVXZ ���W�¯gi��egik�RfTWV8�rgn�~R , � � V W�X�q�k�T�Z6Y[ef\WkmRU�FZ¯giZ]Y[V
giR �>ZuefVX�WY[Z	gihWZ��~ewg[Z8Y�lwefPSRUY��]RUT`giZ8T`g	efTW\ g[Z8V�g�giZ]�¨hWTWk����WZ]VBgiR��]RU�FPSZ8T�Viewg[ZDo�RUY�PWhWefV[Z������]gi�Qg¨e v
gikmRUTWV8�Qe�VX�W^W�>k�qmq�k��>Z]g[Z8Y�g[k�PWP�k�TW��PWhWRfg[RU�>Z]giZ]Y@g[R*�>ZuefVX�WY[Z6gihWZ�ewgi�>RUVXPWhWZ8YXk��'giY[efTWVXP�efY[Z]TW�]_�ewg � x | ] �
��eulfZ8q�Z]TW�fg[h��WYiew\Wk�RUVXRUTW\WZ6qsew�WTW�¨hWZ]V8��e�PWY[Z]�8k�VXk�RUTFh`_Q�fY[RU�>Z]g[Z8Y8��efTW\�RwgihWZ]Y��>Z]g[Z8RUYXRUq��Ukm�uefq�kmTWVXg[Y[�W�>Z8T`g[V8�
OQ�W^W�>k�qmq�km�FZ¯giZ8Y�¥�RU�WYXk�Z8Y�giYiewTWVXo�RUYX� V[PSZ8�¯giYXRU�FZ¯giZ]Y[V6h�eulUZ�efq�VXR ^�Z]Z8T{RUP�Z]Yiewg[Z8\	ewg�}~h�e LXTWefT`giRUY]�
� hWZ]V[Z!�>ZuewV[�WYXZ8�>Z8T`giV�V[k�T��8Z�h�eulUZ!\WZ]�FRfTWVXg[Yiewg[Z8\:}~hWe LXT�efT`giRfY�k�V�e PWY[Z]�FkmZ8Y6V[kmg[Z�o�RUY�Rf^WV[Z]YXlwewgikmRUTWV

ewg	�Fkmq�q�km�FZ¯giZ]Y�efT�\ V[��^W�Fkmq�qmk��>Z]giZ]YF�~eulUZ8qmZ8TW�wgihWV]����k�gih¬ZQPQ�8Z]P�gikmRUT�efq�ewg[�FRUVXPWhWZ]Y[k��§�8RfTW\Wkmg[k�RUT�V8� ®nT
�8RU�>P�efYXk�VXRUT:giR{RfgihWZ]Y�RU^WV[Z]YXlwewg[RUYX_£qmRQ�8ewgikmRUTWV8��gihWZFewgi�>RUVXPWhWZ8YXk��!g[YiefTWVXP�efYXZ8TW�¯_&ewTW\¡P�h�efV[Z>VXgief^Wkmq�kmgn_
ewg�}~h�e LXT�efT`g[RUY�efYXZ�^SZ]gXgiZ]Y��>RUY[Z�Rfo giZ]T	g[h�efTDeg�p�ew�WT�e3R�Z8e�efTW\{gihWZ�giYiewTWV[P�ewY[Z8T��]_{k�V6�8RU�>PSZ]gik�gik�lUZ
��kmg[hFgih�Z�OQRf��gih J�RUqmZf�"c�g�}~h�e LXTWefT`giRUY]�rg[hWZ�^SZ8V�g��]RUTW\Wk�gik�RfTWVJRQ�]�8�WY@ZuewY[qm_!k�T gihWZ6�FRfY[TWkmTW��\W�WY[kmTW��gihWZ
��k�T`giZ]Y8� � hWZ8YXZ*efYXZ�VXk��UT�k����8efT`g��8RUYXY[Z8q�ewgikmRUTWV'^SZ]gn��Z8Z]TDV[Z¯lUZ8Y[efq�Rfo�g[hWZ��>Z]g[Z8RUYXRUq�Rf�Uk��8efq�PWefYief�>Z]g[Z8YXV8�°k�T
P�efY�gik��]�WqsewY~gihWZ�g[YiefTWVXP�efYXZ8TW�¯_{efTW\4gihWZ�PWh�ewV[Z�VXgief^Wk�qmkmgn_f�
� hWZ¡a�b�c6d/k�V4e©o�ef�8kmq�k�gn_�Rfo�gihWZ§a�ewgikmRUT�efq�Or�8k�Z]TW�8Z&¥�RU�WTW\�egik�RfT¬RfP�Z]Yiewg[Z8\¬�WTW\WZ]Y	�]RQRUPSZ8Y[ewgik�lUZ

ef�UYXZ8Z8�>Z8T`g6^`_4c�VXV[Rr�8ksegiZ8\{j6TWkmlfZ8Y[VXkmg[k�Z8V]��®nTW�f�
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b6ef�Uh`lUZ]TW\WY[e�O�ewh�efk ��� H J���K�Yief�Uh`lfZ8TW\WY[e�� Viefh�ewk N LXPWq � T�efV[e�� �UR lW�
d�^WVXZ8YXlwewg[k�RUTWefq�q�_U�Wk�g�kmV6��Z8qmq�Z8VXgief^Wqmk�V[h�Z8\	g[h�ewg�PWqsewTWZ]giefYX_4TWZ]^W�Wq�efZ�� J�a�Z �'V[h�Ry��e \�e X X8q�kmTW� lfewY[k�Z¯gn_

Rfo�Z8q�qmk�P�g[k��8efq~ewTW\1^�k�PSRUqsefY��FRfY[PWhWRfq�RU�UkmZ8V���Zf� �W�1O�efhWefk�� � Yief���UZ8Y , j*j � �¯�J��hWZ]Y[ZuewVFc�V I V�g¨efYXV>efY[Z
V[�WYXY[RU��TW\WZ8\�^�_>YXRU�W�UhWq�_�V[P�hWZ8YXk��uewqS�UefV v \W�WVXg�Z8T`lfZ8q�RfP�Z]V~Y[Z]V[�Wq�gikmTW��o�YXRU�$\WZ]TWV[Zw��VXq�R � ��� xyv¨, x ��� V�� �[�
VXg[Z8q�q�efY���kmTW\WV�Z LXZ8�]g[Z8\£��kmg[h§Y[ewgiZ]V��WPDgiR , | � � p���_rY � � ��Zf� �W�m��a6Z8YXk"Z]g�efq � , j*j � �ª��®nT:gih�Z!lUZ8Y�_:V[h�RUYXg
� , |��W_QYi�'g[YiefT�V[kmg[k�RUT4PSZ8YXk�Rr\	^SZ]gn��Z8Z]T�gihWZ�c�V I efTW\{PWq�efTWZ]giefYX_�TWZ8^W��qseD� J�a���PWh�efVXZ8V]��V[Rf�FZ�PWh`_rV[km�uefq
PWY[Rr�8Z]V[V£��RUY>PWY[Rr�8Z]V[V[Z]V¨�F^SZ8�]RU�>Z8V�RfP�Z]Yiewg[k�RUT�ewq~��hWk��¨h ef�8�]Z8q�Z]Yiewg[Z8V]��efTW\ km�FPSRUV[Z]V ^Wk�PSRUqsewY[kmgn_&�WPSRUT��
�FRfVXg��8kmY[�]�W�FV�giZ]q�qsewY�RU��g ��R ��V���PWYXRUP�RfV[Z8\�g[hWZ8RUYXk�Z]VJ�WV[��ewq�qm_�Y[Z]���Wk�YXZ6^�k�T�efY�_*V�_rVXgiZ]�FV]�QYXRfg¨egik�RfT��UefT�\ wRUY
VXg[Y[RUTW�&��ef�fTWZ]g[k�� ��Z8qm\WV¨�ª� JJY[Z v JJqsefT�Z]g¨ewYX_¢TWZ8^��WqsefZ�� J!J�a�Zu� v Rf^#LXZ8�¯giV�kmT1giY[efTWVXkmgikmRUT�^SZ]gn��Z8Z]T�gihWZ
c�VSI efT�\ J@aMZ¯lURUqm��gikmRUT�efY�_�P�h�efV[Z]V v hWRUqm\�gihWZ �wZ]_ g[R V[RU�>ZDRfo�g[hWZ:�FRfVXg�lfZQPQk�TW�©PWYXRU^WqmZ8�>V�k�T
RU�WY��WT�\WZ8YXVXg¨ewTW\Wk�T��	Rfo@gih�Z8V[Z lUZ]YX_:q�ewgiZ�V�g¨ef�fZ8V�Rfo�Z]lURfq���g[k�RUTDo�RUY�qmR �$efT�\§kmT`giZ8YX�FZ]\WksegiZ!�FefV[V�V�g¨efYXV8�
c�q�gihWRU���Uh&eg�P�Y[Z8VXZ8T`g!g[hWZ8YXZFkmV�T�R��8RfTWV[Z]TWV[�WV�o�RUY���h�ewg��uef�WVXZ8V�gihWZ>�¨h�efTW�fZ>o�YXRU� e{VXPWhWZ]Y[k��8efqJ��k�TW\
giR�^�k�PSRUqsefY��FefV[V v qmRUV[V�k�T	g[hWZ8VXZ!VXgiefY[V]��o�efV�g��8Rfq�q�km��egiZ8\4RU�Qg ��R ��V�RUY�LXZ]g[V8����hWkm�¨hD^SZ8�8Rf�FZ�RUP�Z]Yiewg[k�RUTWefq
\W�WYXk�TW�'gih�Z J!J�a©efTW\ RUY�lUZ]YX_�q�ewgiZJc�V I:PWh�efVXZf�h�eulUZ@^�Z]Z8T�h�_rPSRfgih�Z8V[kUX8Z]\!efV�g[hWZ�PWY[km��efY�_��>Z8�¨hWefTWk�VX�
� O�ewh�efk � � Yiew�W�UZ8Y , jij � �¯�
p	kmq�qmk��>Z]giZ]Y v ��eulUZ@k�T`g[Z8YXo�Z]Y[RU�>Z]g[Y[km�~RU^WVXZ8Y�lfegik�RfTWV"R T�Z8Y"RfTWZ�Rfo�g[hWZ'^�Z]VXgJP�Y[RU^SZ8VJRfo°g[hWZ�\�_rT�ef�>k��]VJefTW\

Z8TWZ]Y[�UZ¯gikm�8V�Rfo�gihWZ�VXhWRr� �:ef�8�]Z8qmZ8Yiegik�RfTDPWY[Rr�8Z]V[V]����h�k��¨h£giYiewTWVXo�Z]Y[V�e�V[��^WVXgiefT`giksewqJef�>RU�WT`g�Rfo�\Wk�YXZ8�¯giZ8\
�FRf�FZ]T�g[�W��g[R�q�efY[�fZ�P�efY�giV�RfoSgihWZ�\WZ]TWV[Z6c�VSI���kmTW\�� � hWZ6V[km�!�Wq�g¨efTWZ]RU�WVJeulwefkmqsef^Wkmq�k�gn_�Rfo�h�k��Uh V[PWewgik�efq
efTW\�V[PSZ8�¯giYiewq`Y[Z8VXRUq��Qgik�RfT���e��wZ8V��F� v �~eulUZJkmT�g[Z8Y�o�Z8Y[Rf�FZ¯giYX_�e'�WTWk����WZ]qm_�lwefqm��ef^WqmZ"PWYXRU^�Z�Rforgih�Z@�]RU�>PWq�Z�P
PWY[Rr�8Z]V[VXZ8V4��hWk��¨h¬Y[Z]V[�Wq�g4k�T gih�Z§VXh�efPWkmTW�©Rfo�gihWZ£�]k�Y[�]�W�>VXgiZ]q�q�efY�Z]T�lrkmY[RUTW�>Z8T`g8�$®nT�gihWkmVBP�efPSZ8Y8�6�~Z
\WZ8VX�8YXk�^SZ�hWR � e �]RU�!^WkmT�ewg[k�RUTBRfo/W�O � k��Fef�UkmTW��efT�\{�fY[RU�WT�\ v ^�ewV[Z8\	k�T`giZ]YXo�Z]Y[RU�>Z]g[Y[k���RU^WV[Z]YXlwewg[k�RUTWV'Rwo
�FRfq�Z8�]�WqsewY v qmk�TWZ��«efTW\F�8RUT`g[k�T��W�W����Z]�FkmV[VXk�RUT>k�V@PWY[R lrk�\�k�TW��TWZ]��kmTWV[km�Uh`giV@k�T`giR�gihWZ���efVXV v q�RUVXV@h�k�VXg[RUYX_ Rwo
\�_rk�TW��VXg¨ewY[V8���¡Z*\�Yieu� �WP�RfTD^�Rwgih:PW�W^�q�k�VXhWZ8\�Y[Z8VX�Wqmg[V�efV6�~Z]q�q"ewV�gih�RUV[Z*o�YXRU� RU�WY��8�WYXY[Z8T`g8��RUTW�URfk�TW�
V[�WY�lUZ¯_QV���kmgih¡d�
�b'd ewTW\ W�O � ��c�V�efqmY[Z8ef\�_:\WZ]�FRfTWVXg[Yiewg[Z8\§^�_DRU�WYSW�O � Y[Z]V[�Wq�giV8��gih�Z>VX�W^WV�g¨efT`gik�efq
k�TW�]Y[Z8efV[Z{k�T¢V[Z]TWV[k�gikmlrk�gn_¢efTW\1efTW�U�Wq�efY Y[Z]V[RUqm��gikmRUT ��hWk��¨h¢��k�q�q~^�Z{Z8T�ew^Wq�Z]\�^`_©c���p	c R lUZ8YF�8�WYXY[Z]T�g
�F� v �~eulUZ�RU^WVXZ8Y�lfegik�RfTWV8�°k�V'qmk �wZ8qm_FgiR>PWY[Rr\W�W�]Z�T�Z]�¦�¨h�ewq�q�Z]TW�UZ]V�g[RFZ�PQk�VXg[k�TW� P�ewYief\Wkm�U�>V�o�RUY8�°efT�\	TWZ¯�
^WY[Z8e��`gihWYXRU�W�Uh�V�k�T�Rf�WY��WT�\WZ8YXVXg¨ewTW\Wk�T��BRfo��Sg[hWZ!\WY[ef�Fewgikm��g[YiefT�VXo�RUYX��ewg[k�RUT{Rfo�YXRU�WTW\:c�V I �FefV[V v q�RfV[V
Z8T`lUZ]q�RUPSZ8V6k�T`g[R>^�k�PSRUqsefY w�!�Wq�gikmP�RUq�efY!J�a�Zw�
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b6efh��Wq°OrhWZ]gXgn_4�«j���p	\�� K�V[hWZ¯g[gn_�N�efVXg[Y[RW� �W�>\�� Z8\W�°�ª�WO�gi��efY�g 
�RU�UZ]q��«j���p	\��¤�¯��J�Z]g[Z8Y � Z]�W^SZ8T��«j��Up	\��¤�¯�
efTW\	�"lUZ*d�V�giYXk �fZ]Y��«j��Sp{\�� �
�¡Z�\WZ8VX�8YXk�^SZ�efTW\£Z]lwefqm��ewg[Z!�FZ¯gihWRr\WV�o�RfY�Z8V�gik��Fewg[k�TW�FVXgiYXZuef�>k�T���lUZ]q�Rr�8kmg[k�Z]V�efV�e�o���TW�]g[k�RUT:Rfo�efYX�

\Wk�V�g¨efT��8ZBk�T�e�V[PWkmYiefq��`efq�e Pr_U�JefT�\©efPWPWq�_§g[hWZ8VXZ�giR�I~®�p{c }'d ,]v |�efT�\©¥Sew^WYX_ v J�Z8YXRfg W�� RU^WV[Z]YXlwe v
gikmRUTWV!Rfo'g[hWZ��UY[efTW\ \WZ]V[km�UT V[PWkmYiefq~p xQ, � I�Rfgih¢}'d efTW\^W�� �UkmlfZ��UZ]TWZ8Y[efq�q�_§�8RUTWVXk�V�giZ8T`g V�giY[Z8ef�>k�TW�
PWY[R ��q�Z]V8��^���g�gih�Z�PWY[R ��q�Z]V~lwefYX_>V[km�UTWk ���uefT`g[qm_ ��kmg[h�q�Rr�uewg[k�RUT ��kmg[hWk�T>gihWZ��`efqse PQ_f���¡Z�efPWPWq�_>��efVXV'efTW\
efTW�U��qsefY6�FRf�FZ]T�g[�W� �8RfTWV[Z]YXlwewgikmRUT�YXZ8q�ewgikmRUTWV'giRFRU^�g¨ewk�T�Z]VXg[k��FewgiZ]V�Rfo�gihWZ�V[PWkmYiefq�P�ewgXgiZ]Y[TDVXP�Z]Z8\£efTW\
Rfo6lfewY[ksegik�RfTWV*kmT�}'d Z8�>k�VXV[kmlrk�gn_U��j6V[kmTW�:gihWZBV�giY[Z8ef�>k�TW�DlfZ8q�Rr�8k�gn_�PWYXR ��qmZ8V8����Z{�]RU�>P�efY[Z�g[k�\�ewq�efTW\
����efV[k v V�g¨ewg[k�RUT�ewYX_�\�Z8TWVXkmgn_��~eulUZ*�>Rr\WZ8qmV~o�RUY�gih�Z�RfY[k��fk�TBRfo�gihWZ�VXPWk�Y[efq�efYX�FV]�
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��ewTW�]_�����OQhWk�YXq�Z¯_:��a�b�c6d��ª����Z8ZSV���p	��TW\�_§��j��°p	\�� � efTW\{a�Z8efq H ���"lwefTWV'®X®���j�� � P��@ewg'c��WVXg[k�T°�
}~�WYXY[Z]T�g~gihWZ]RUY[Z¯gik��8efq°�FRr\WZ]q�V�Rfo�qmRy� v ��ewV[V�� p � o�Z¯� p ���

�
��V�g¨efY@o�RUY[�Fewg[k�RUT PWYXZ8\Wkm�]g@gihWZ�Z]lURfq���g[k�RUT

Rfo�g[hWZ�\WZ8T�V[kmgn_f�wg[Z8�>P�Z]Yiewg[�WY[Zw�fefT�\�lfZ8qmRQ�]kmgn_�V�giY[���]gi��Y[Z���kmgih�k�T�gihWZ�Z]T�lfZ8qmRUP�Z@RfoQgihWZ��8RfY[Zf��®nT*PWefYXg[k��8��qsefY]�
gihWZ�\WZ8TWVXkmgn_FPWY[R ��q�Z�efV'e�o��WT��]gikmRUT�Rfo�Y[ef\Wkm�WV~kmV�e*V�giY[RfTW�!\WkmV[�8YXk��>k�T�egiRUY�^SZ]gn��Z8Z8TBg[hWZ8RUYXZ]g[k��uewq��>RQ\�Z8q�V]�
OQ�W^W�>k�qmq�km�FZ¯giZ8Y@efT�\B�Fkmq�q�km�FZ¯giZ]Y"\W�WV�g��8RUT`gikmT��W�W� kmV'e!PSRy��Z8Y�o��Wq�PWYXRU^SZ�Rfo�gihWZ�P�h�_rVXk��uewq��8RUT�\Wkmg[k�RUTWV�k�T
gihWZ�Z]T�lfZ8qmRUP�Z]V�Rwo"VXgiefY v o�RUY[�>k�T��!�8RUYXZ8V�V[kmTW�8Z�g[hWZ�RUP�gikm�uefqmqm_ gih�k�T4Z8�>k�VXV[k�RfTBk�V�V[Z]TWV[k�gikmlfZ�giR�gihWZ�\WZ]TWV[k�gn_U�
giZ]�FPSZ8Y[ewgi�WYXZf��efTW\BRUP�ew�8kmgn_FVXg[Y[�W�¯gi�WYXZ�efq�RfTW��g[hWZ�q�kmTWZ v Rfo v VXk��Uh`gu��b�Z8�8Z]T`g�V[�WY�lUZ]_rV'��kmg[h�gih�Z�V[k�T��Uq�Z v \WkmV[h
^�Rfq�RU�>Z]g[Z8Y��uef�>Z8Y[e���OW}�j I�c*��h�eulUZ�km��ew�UZ8\£gihWZ>�8RfT�g[k�T��W�W� Z]�FkmV[V[kmRUT£RUT&q�efY[�fZ>VX�uefqmZ8V�� , | � giR , | �
c�j��6g[R ��efYX\WV��>RUY[Z�gih�efT x | JJY[Z v PWYXRfgiRUV�giZ]q�qsewY��]RUY[Z]V8��}~q�efV[V�|Q��efTW\§}~q�efV[V�®'�8RUYXZ8V8��OrgiewgiZ v Rfo v gihWZ v efY�g
Yief\�ksewg[kmlUZ�g[YiefT�VXo�Z8Y��>Rr\WZ8qmV ef�8�]RU�WT`g o�RUY�hWZuegik�T��Do�Y[RU�HgihWZ4k�T`g[Z8Y[V�giZ]q�qsewY!Yief\�ksewg[k�RUT��WZ8q�\¢efT�\ wRUY efT
k�T`giZ]Y[T�ewq�VXRU�WY[�]Zf��^SZuef� �8RfT�lfRUq��Qgik�RfT��JefTW\ �¨h�RUPWPWkmTW�W� I@_&VXk��!�Wq�g¨efT�Z8RU�WVXqm_£�Fewgi�¨h�k�TW�{gihWZ�Rf^WV[Z]YXlUZ]\
�8RUT`g[k�T��W�W�Nk�T`giZ]TWV[k�gn_�PWYXR ��q�Z]V��«eg'�!�Wq�gik�P�q�Z���eulUZ]q�Z]TW�fgih�V¨�'efTW\�g[hWZ�RU^WVXZ8YXlfZ8\{V[PSZ8�¯giYiewq�Z8TWZ]Y[�f_�\Wk�V�giY[k v
^W��g[k�RUT��wgihWZ'�>RQ\�Z8q�V��8RUT�VXgiY[efk�T�gihWZ'PWh`_rV[km�uefq�VXgiYX�W�]g[�WY[Z'RwoSg[hWZ��]RUY[Zw��W�R ��Z]lUZ]Y8��gihWZ~�FRr\WZ8qmV"efYXZ��WT�ew^Wq�Z
giR�PWqsef�]Z�V�giYXRUTW�*�]RUTWV�giYiewk�T`giV@RUTFg[hWZ6�8RUTW\�kmgikmRUTWVJ��kmg[hWk�T gih�Z��]Z8T`giY[efq�^SZuew�	�`gn_rPWk��8efq�q�_�RUTFV[�uewq�Z8V � , | �
c�j���®nT`giZ8Y�o�Z8YXRU�FZ¯giYXk�� �8RUT`g[k�T��W�W� k��Fef�UkmTW�Bk�V�lrkmgiefq"o�RUY�PWYXRU^Wk�T��{g[hWZFkmTWTWZ]Y�Z]T�lfZ8qmRUP�ZFVXg[Y[�W�¯gi�WYXZ�efTW\
�8RUT�VXgiY[efk�T�k�TW��gih�Z�Z]�FkmV[VXk�RUTBPWYXRUPSZ8YXg[k�Z]V'RfoJe�\WkmV �°�
®nT`giZ]�UYiegiZ8\�Yief\Wk�ewgik�lUZ�g[YiefTWV�o�Z8Y>�FRr\WZ]q�V Rfo�O�}�j I~c � x |§efTW\ t`x | ] � RU^WV[Z]YXlwewg[k�RUTWV>efT�\ I~®�p	c

zQ� Y��F� RU^WVXZ8Y�lfegik�RfTWV!Rfo'g[hWZ{}~qsefVXV�|��]RUY[Zw��� ,yx z\Y�efYXZ�PWYXZ8V[Z]T`giZ8\��¡�¡Z�\Wk�VX�8�WVXV!gihWZBZ8efY[q�_ v V[�]k�Z]TW�8Z
�uefPWef^Wk�qmkmg[k�Z8V�Rfo!c���p{c g[R1\�R¢g[hWZ¡V[ef�>Z§Z�PQP�Z]Y[k��>Z8T`g4��kmg[h h�k��UhWZ]YBV[Z]TWV[k�gikmlrk�gn_�efTW\ ewg4gihWZ£View�FZ
��eulfZ8q�Z]TW�fg[hDefV'gih�Z�VXk�TW�fq�Z v \Wk�VXhBRU^WVXZ8YXlwewg[k�RUT�V8�
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H � V �QOrgief�U�WhWT:�&V�O�¥�}��Qj��Qp	\�����OWOQc�®OKQV�g¨ef�f�WhWT N�VXgiefY[V]� �fVXo��f� T�efV[e�� �UR lW�ª���'�QOQ�¨hWk�T�TWZ8YXZ8Y���a�b�c6d��ª��c*�
�J� �wewYXg!�«j��"R�Rfq�T°��efTW\ H �SOQ�¨h�efY����ef�¨h`giZ]Y!��j�� R�RUq�T��
�¡ZFP�Y[Z8VXZ8T`g*g[hWZ ��Y[V�g*VX�W^ v �rPS����� | � Y � ��� � x |BPS� ��Y[Z]V[RUqm��gikmRUT � � }'d � ,]v |`���FRUqmZ8�]�WqsefY�q�k�T�Z�RU^WV[Z]Y v

lwewgikmRUTWV!Rfo�g[hWZB®�OWp k�T&g[hWZBhWRUV�g �`efqse PQ_¡Rfo�gih�Z ��O�d ® ��� , � � hWZ4RU^�V[Z8Y�lwewgikmRUTWV!��Z8Y[Z4RU^Qg¨efkmTWZ8\
��kmg[h�gihWZ.I~®�p	c��F� v kmT�g[Z8Y�o�Z8Y[Rf�FZ¯giZ8Y�kmT�kmg[V��]RU�>P�ef�]g�c �]RUT ���f�WYiewg[k�RUT�� � h�Z I~®�p	c�\�ewg¨eFefY[Z��8RU� v
PWq�Z]�FZ]T`giZ8\ ^`_¡TWZ]�NRU^WVXZ8Y�lfegik�RfTWV*Rfo'g[hWZ � � }'d �«z v¨, ��efTW\ � �¯}'d � ,]v |`��q�kmTWZ>��k�gih�®�b�c�p JJq�ewgiZ8ef��\WZ
I~�WYXZ��>� v k�T`giZ]YXo�Z]Y[RU�>Z]g[Z8Y�� J�\"I~®��@eg@| � j � � ewTW\ , � j � � YXZ8VXRUq���g[k�RUT��`Y[Z8VXP�Z]�]g[kmlUZ]qm_f� � hWZ8VXZ��>ZuefVX�WY[Z]�FZ]T�g[V8�
��hWk��¨h�efY[Z>P�efY�g�Rwo�e{�*�Wqmg[k v �~eulUZ]q�Z8T��fgih§VXg[�W\�_§Rfo�g[hWZFh�RUVXg��`efq�e Pr_:Rfo'® ��� , ��ewY[ZFefk��>Z8\¡ewg��8RU� v
P�efYXk�TW�{gihWZ�®�O�p PWY[RUPSZ8Y�gikmZ8V*Rwo6e ��OWd hWRUVXg���kmg[h&gihWRfV[Z�Rfo�T�ZuefYX^�_¡�`efq�e PQk�Z]V*efV��~Z]q�q~efV�g[RDRU^�giefk�T
�8RUT�VXgiY[efk�T`g[V�RUT	�`efqse PQ_�o�RUY[�FewgikmRUT wZ¯lURUqm��gikmRUTB�>RQ\WZ]q�V]��d��WY�km��ew�UZ8V'Rfo�gihWZ � � }'d � ,]v |`��qmk�TWZ�Z]�FkmV[VXk�RUT
V[hWR � e!Y[kmTW� v qmk �wZ6V�giYX�W�]g[�WY[Z�kmT�gihWZ��8k�YX�8�W�>T��W�8qmZuefY��FRfq�Z8�]�WqsewY��`ewV~\WkmVXgiYXk�^W�Qgik�RfTF��kmg[hBefTBkmTWTWZ8Y�Yief\�k��WV
Rfo�ef^SRU��g , � z ��PS�f� � hWZ�PWY[Z]V[Z]TW�8Z Rfo@V[���¨h¡e��>RUqmZ8�8��qsefY6�`efV�YXk�TW�F��efV�P�Y[Z8\�k��]g[Z8\Do�YXRU� Z8efY[qmk�Z]Y�q�R ��Z8Y
efTW�U��qsefY�YXZ8VXRUq���g[k�RUT J�\"I~® � � }'d � ,]v |`�@RU^WV[Z]YXlwewg[k�RUTWV]�Jc¦�8RU�>P�efYXk�VXRUT�Rfo�gih�Z I~®�p	c¦\�ewgie*��kmg[h{®�b�c�p
JJ\�I~® � � }'d � z vi, �"RU^WVXZ8YXlwewg[k�RUT�V@VXhWR ��V~lwefY[k�ewgikmRUTWV"kmT>g[hWZ�Z�PQ�8kmgiewgikmRUT �8RUT�\Wkmg[k�RUTWV�Rfo�gihWZ6�>RUq�Z]�8�Wq�efYJ�`efV
k�T4gihWZ�k�T�TWZ8YX�FRUV�g , � x � �S�8RU�>PWY[kmV[kmTW��gihWZ�T��W�8qmZuefY6Y[Z]�Uk�RUT4Rfo"® ��� , � � hWZ�RU^WV[Z]YXlfZ8\:PWYXRUP�Z]YXg[k�Z8V6Rfo�gihWZ
�FRfq�Z8�]�WqsewY��]q�RU��\��8RU�>PWqmZQPQZ8V!kmT¡g[hWZ�\WkmV �§Rfo�gih�Z�hWRUV�g��`efq�e Pr_£V[�W�U�fZ8VXg�g[h�ewg�gihWZ¯_&�8efT ^�Z>gihWZ�V[kmg[Z8V
RfoJ�FefV[VXkmlfZ��]k�Y[�]�W�>Tr���8q�Z8efY�VXgiefY6o�RfY[�FewgikmRUT��WewTW\�VXhWR ��TWR�kmTW\Wk��8ewgikmRUTWV'Rfo�ZQPQ�8k�g¨ewg[k�RUT{^`_4gihWZ�T��W�8qmZuefY
c�V�a�� � hWkmV�efq�qSk�TW\�k��uegiZ8V�gih�ewg'g[hWZ��>RUq�Z]�8�Wq�efY��UefV'k�T4e ��OWd�hWRUVXg��Uefqse Pr_>h�efV'VXk��>k�q�efY�P�Y[RUPSZ8Y�gik�Z]V~giR
gihWZ��`ewV6Rf^WV[Z]YXlUZ]\�kmT{T�ZuefYX^�_4qmR � qm�W�FkmTWRUVXkmgn_Fc�V�a6V8�
OQZ]Z�h�gXgiP��  fewYEPQkmlS� RUY[� wef^WV wefVXg[Y[R v PWh f| t | � x � �
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J�Z]giZ]Y � Z8��^�Z]T���j��Sp	\�� K giZ8��^�Z]T N�efVXg[Y[RW� �W�>\�� Z]\W�°� efT�\�b�RU^	Or�~ewgiZ]Y[V*�«j��Sp{\�� �
�/PrgiY[ef�]g[k�TW�&lfZ8qmRQ�]kmgn_ ��Z8qm\WV�o�Y[Rf� \Wewg¨e&�]�W^SZ8V8��efTW\�g[hWZDVX�W^WV[Z]���WZ8T`g�efT�efq�_QVXk�VFRfo�lUZ]q�Rr�8kmgn_ ��Z]q�\WV

giR{\WZ8YXkmlfZFYXRfg¨ewg[k�RUT:�]�WYXlfZ8V*efTW\§��efVXV��FRr\WZ8qmV�o�RUY�\Wk�V �D�`efq�e PQk�Z]V�k�V�V[��^#LXZ8�¯g*giR{�FefT`_:RU^WVXZ8YXlwewg[k�RUTWefq
efTW\	�8RU�>PW��giewgikmRUT�efq�^WksefVXZ8V]� � hWZ�Y[Z]�8Z8T`g[qm_4�8Rf�FPWqmZ]g[Z8\2I~®�p	c }'d � ,]v |`��OQ�WYXlfZ]_{Rfo�a�Z8efY[^`_�V�efqse PQkmZ8V
� OWd�a V���PWYXRU�>P�giZ]\���V�g[R�YXZ]lrk�VXkmg�VXRU�>ZJRfoQg[hWZ�k�VXV[�WZ]V�kmT�gihWkmV�efY[Z8e����¡Z�V[km�!�WqsegiZ"kmT�g[Z8Y�o�Z8Y[Rf�FZ¯giY[km�JefYXYieu_
RU^WVXZ8YXlwewg[k�RUT�V�RfoJ�>Rr\WZ8q�Y[Rwg¨ewg[k�TW�>\Wk�V �4�`efqse P�kmZ8V]��ewTW\Dk�T`lfZ8VXg[k��`egiZ*�>Z]g[hWRr\WV6o�RfY�RUP�g[k��!��� ZQPrgiY[ef�]g[k�RUT
Rfo�\�_rT�ef�>k��uewq�P�efY[ef�FZ¯giZ]Y[V8�
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d!� 
�Z]�`e���®�a�c6d��@�¯��p§�W}~h�eulfZ X>��®�a6c6d���Kr�>�¨h�eulUZ X N�k�T�efRrZ8P�� � PW�¯��c���I�Y[Z8VXViefT§��®�a�c�¥~�WOr®�OWOQc��ª�"V��
�J�%V�Y[efT�ewg[R{��®�a�c�¥~�SOQ®�OWOrc��¯�°�J�S}�efYXYiefVX�8R���®�a6c�¥~�SOQ®�O�OQc�� ewTW\ !�°p�eu_�_`eD��®�a�c�¥~�SOQ®�OWOQc��
�¡Z!VXg[�W\�_Dg[hWZ��>RUq�Z]�8�Wq�efY��]q�RU��\WV�Z8T`lrk�YXRUTW�>Z8T`g�kmT:q�Rr�uefq����W�FkmTWRU�WV�®nT�o�YiewY[Z8\ V�efqse P�kmZ8V]��efkm�FZ]\:ewg

�WTW\WZ]Y[V�g¨efTW\�k�TW�§efTW\©�>RQ\�Z8q�qmk�TW�{kmg[V!Z]lfRUq��Qgik�RfT k�T&g[hWZB�FRfY[Z�Z�PQg[Y[Z]�FZB�]RUTW\Wk�gik�RfTWV*gihWewg��¨h�efY[ef�]g[Z8YXk X8Z
hWk��fh	YXZ8\WVXhWkmo g6VXgiefY'o�RUY[�>k�T����`efqse P�kmZ8V]� � RFg[hWk�V�PW��Y[PSRUV[Zw�°��Z�PWY[Z]V[Z8T`g�e>TWZ¯�¦�>Z]gih�RQ\4gih�eg�YXZ8V�giV6RUT�e
�8RUT�V[k�V�giZ]T�g��]RU�>P�efY[kmV[RUT	RfoJgih�Z!Y[Z]V[�Wq�giV�RfoJg[hWZ!�UqmRU^�efq�� o�Y[RU� j 
 giR�Y[ef\Wk�R`���]RUT`gik�T��W���MO��  �WgXgik�T��W�
��kmg[h gihWZ:ewT�efqm_rVXk�V�Rwo��FRUqmZ8�]�WqsefY>q�kmTWZ{Z8�>k�V[VXk�RUT�� � hWZ£O��  �WgXgik�T��W�'P�Z]YXo�RUYX�FZ]\ ��kmg[h V�b�c�Or®�� e
P�RfPW�Wqsegik�RfT�VX_rT`gih�Z8V[kmV��8Rr\WZ�gihWewg'ef�]�8RU��T�g[V'o�RUY~V�g¨efY v q�km�Uh`g~YXZ8PWYXRQ�]Z8VXV[k�T���^�_�\W�WV�g'k�T��>RUqmZ8�8��qsefY@�8qmRU�W\WV
efTW\F�8k�YXY[�WV��]RU�FPSRUTWZ]T`gu�rPWY[R lrk�\WZ]V���V@��k�gihFg[hWZ���ewV[V@Rfo��>RUq�Z]�8�Wq�efY"�`ewV8�QefTW\ gihWZ6RUP�g[k��uewq�\WZ8P�g[h�Rfo�gihWZ
�FRfq�Z8�]�WqsewY"�8qmRU�W\WV]� � hWZ8VXZ�����efT`gik�gikmZ8V@efY[Z��WVXZ8\>giR��8RUTWV�giY[efk�T gihWZ�efT�ewqm_rV[kmVJRfo�g[hWZ�Rf^WV[Z]YXlUZ]\��>RUq�Z]�8�Wq�efY
q�kmTWZ�Z8�>k�VXV[kmRUT��J�Fef\WZ�^`_©efVXV[�W�>k�T��DgihWZ4��efYX�UZ 
�Z8qmRQ�]kmgn_ V�Y[ef\Wk�Z]T`giV!c�PWPWY[R PQk��Fewg[k�RUT�� JJY[Z]q�km�FkmT�efYX_
Y[Z]V[�Wq�giV�hWkm�UhWqmk��Uh`g'gih�Z*Y[Rfq�Z�RfoJgihWZ�\WZ8T�V[Z8Y�Y[Z8�fk�RUTWV6gih�eg�Z]TWV[hWYXRU�W\Dg[hWZ*_URf�WTW��V�giZ8qmqsefY��]q��WV�giZ8YXV8� � h�Z]_
\WRU�>k�T�egiZ�gih�Z�RUPQgik��8efq�\WZ]P�gih�Rfo"�>RUq�Z]�8�Wq�efY��]q�RU�W\�V�ewTW\�ewY[Z�Y[Z8VXP�RfTWV[km^Wq�Z�Rfo�gihWZ W�}�a�Z8�>k�VXV[k�RfT���efTW\
eFq�efY[�UZ�o�Y[ef�]g[k�RUT{Rfo�}'d � � v zU�ª��}'d>�«z v¨, ��ewTW\�Z¯lUZ8T§}'d � ,]v |`��Z]�FkmV[V[kmRUT�� � h�k�V6TWZ]���>RQ\�Z8q�efqmq�R � �WV�giR
ZQPQPWqmRUY[Z efT�\:�8RU�>P�efYXZ*gihWZ*�uefP�ew^Wk�qmkmgikmZ8V6Rfo�c���p	c ewTW\£��p � kmTD\WZ¯giZ8�¯gikmTW�	}'d kmTDhWk��fh5X!�`efq�e PQk�Z8V]�
��kmg[h	\Wk T�Z]Y[Z]T�g�qmZ]lfZ8q�Rfo�VXg¨ewY�o�RUY[�FewgikmRUTBef�¯gik�lQk�gn_U�
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I�� 
�k�qse v 
�kmqsefYXR���c�b�d��ª� H � I~k�Z]�Uk�TW���«OWd��¯� H � I�efqmqm_!� }~c�Orc��¯� J��yp�ewq�RUTWZ¯_ �«}~c�OQc��¯� � � ¥�RUq �fZ8YXV@��c�b'd��¯�
��� J�Z¯giZ8YXV!��c�b'd��ª�°efTW\ !��¥�RUY[^SZ8V���c�b'd��
OQPSZ8�¯giY[efq6d�T v � hWZ v ¥�q�_��FefPWPWkmTW�:k�V e:lUZ]YX_©PSR �~Z]YXo��Wq'giRrRUq~o�RfY�RU^WV[Z]YXlwewg[k�RUTWV Rfo�^WYXk��Uh`g ZQPrg[Z8TW\WZ]\

Y[Z]�Uk�RUT�V�RUT:gihWZ�V �`_U�*��k�gihDgih�Z��WPW�UY[ef\WZ!giR4e�T�Z]� o�ewVXgiZ]Y��8RfT�g[Y[RUq�VX_rVXg[Z8� RUTDg[hWZ W W�OWp � ��c�b'd��
V[�W^ v �>� giZ]q�Z8VX�8RUPSZ�kmg'kmV6T�Ry� P�RfV[V[km^Wq�Z�g[R>�8efY[Y�_BRU��g�g[hWk�V�RU^WVXZ8Y�lQkmTW�>�FRr\WZ�ewg�^SRfgih{c�b�d giZ]q�Z8VX�8RUPSZ8V
��k«� Zw�m�/W W�O�p � efTW\ R J , z���ª���WVXk�TW��efq�qJg[hWZF^Wef� �fZ]TW\WV�V[km�!�Wq�g¨efTWZ]RU�WVXqm_U����kmg[h¡g[k��>Z>YXZ8VXRUq���g[k�RUT�V�Rwo
, |U|f�>V8���&Z6PWY[Z]V[Z]T�g�PWY[Z]q�k��>k�TWefYX_*Y[Z8VX�Wqmg[V���V[k�T���gih�k�V�giZ8�¨h�TWk����WZ�RfT�^SRfgih>giR*�FefP>V[Z¯lUZ8Y[efq���Z8qmq v �rT�Ry��T
�`efq�ef�]g[k����>RUq�Z]�8�Wq�efY~YXZ8�UkmRUTWV]�
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a�� W�� 
�RUq��fZ8T�ef�{��j���p{\��UK`lfRUq��UZ]T�ef� N�efV�giYXRW� ���F\�� Z8\��°�¯���J��V��`p	��TW\�_{��j��`p{\�� ��efTW\ �J�f���U��RrRUTWZ¯_
�«j���®nq�q �¤�
OrgiefTW\�ewY[\4VXgiefY�o�RUY[�Fewg[k�RUT>gihWZ]RUYX_�^�Z]�Uk�TWV���k�gihBkmV[RUq�ewgiZ]\�\WZ8T�V[Z��8RUYXZ8V�gihWewg�Z]lfRUqmlfZ�����ewV[k v VXgiewgikm�uefqmqm_U�

^W��g�Rf^WV[Z]YXlwewgikmRUTWV�V[hWR ��gih�eg��]RUY[Z]V��8YXZuewg[Z!VXgiefY[V�k�TDZ]T�lrkmY[RUTW�>Z8T`g[V�gihWewg�efYXZ�g[�WY[^W��q�Z8T`g�ewTW\Dk�T`g[Z8Yiew� v
gik�lUZf� � hWk�V@\Wk�VX�8YXZ8P�efT��]_>h�efV�q�Z]\>g[R�g[hWZ6Y[Z8�]Z8T`g�VX��Z8q�q°Rfo�gihWZ]RUY[Z¯gikm�uefqW��RUY � ewTW\�T��W�>Z8YXk��uewqWV[km�!�Wqsegik�RfTWV
gih�eg�VXhWR ��V*hWR � VXg¨ewY�o�RfY[�FewgikmRUT:�Fkm�Uh`g�Rr�8�8��Y��WT�\WZ8Y�gi��Y[^W�WqmZ8T`g��8RUTW\�kmgikmRUTWV]� � h�Z �wZ]_§\WkmV[�8YXk��>k�T�e v
giRUYXV!^SZ]gn��Z8Z8T©gih�Z�gn�~R£VX�8Z8TWefY[kmRUV�efYXZ�gihWZ�\WZ]giefk�qmZ8\ ��k�T�Z8�Fewgikm�8VB� lUZ]q�Rr�8kmgn_ ��Z]q�\WVi�*efTW\�g[hWZ�PWh`_rV[km�uefq
�8RUT�\Wkmg[k�RUTWV*��� ����� V[h�ewP�Zw��\WZ]TWV[k�gn_U�SgiZ8�>PSZ8Yiegi�WYXZ�\WkmVXg[Y[k�^���gikmRUT°�~RfoJ�]RUY[Z]V�efV6gihWZ¯_	efPWPWYXR`ef�¨h:efT�\��8YXRUV[VgihWZ�V�g¨efY�o�RUYX��egik�RfTFgih�Y[Z8VXhWRUqm\��"�&Z�Z�PWew�FkmTWZ�gih�Z�Y[RUqmZ�Rfo�gi�WYX^W�Wq�Z]TW�8Z�kmTB�8RUYXZ�Z]lURfq���g[k�RUTB^`_B�FefPWPWkmTW�
\WZ8T�V[Z>�8RUYXZ8V�k�TDg[hWZ J�Z]Y[V[Z]�WV*}~q�RU�W\�� d��WY�Vief�>PWqmZ!k�V�\�Yieu��T§o�YXRU� g[hWZ�V[��YXlUZ¯_£Rfo J�Z]Y[V[Z]�WV*�]RUY[Z]V�RU^ v
V[Z]YXlUZ]\¡��k�gih�g[hWZ I~Z8Y �fZ]q�Z]_ v ®nq�q�kmTWRUkmV v p	efYX_rqsewTW\	c�V[VXRQ�]ksewg[k�RUT©� I~®�p	c���k�T`giZ]YXo�Z8YXRU�>Z]giZ]Y�k�T	gihWZ>zQ� YF�>�
�8RUT`g[k�T��W�W� ewTW\�gihWZ�} ��� d � 
 ,	� |!q�kmTWZf���¡Z��WVXZ�gihWZ�RUPQgik��8efq�q�_ gihWkmT4} ��� d�qmk�TWZ�Z8�>k�V[VXk�RUT�g[R!giY[ef�8Z
gihWZB�]RUY[Z �rkmTWZ8�Fewg[k��8V]� � hWZBhWkm�Uh�YXZ8V[Rfq���g[k�RUT��FefPWV*k�TW\Wkm�uewg[ZFg[h�ewg*g[hWZ�lUZ]q�Rr�8k�gn_ �WZ8q�\�V efY[Z��]RU�>PWq�Z�P
\WR ��T§g[RBV[�8efq�Z]V�Rfo , |U|fV�Rfo@c�jSK�k�T:�UZ]TWZ8Y[efq ��g[hWZ!lUZ]q�Rr�8k�gn_ ��Z]q�\WV�efYXZ!TWRfg�\�RU�FkmT�ewg[Z8\D^`_:V�_QV�giZ]��ewg[k��
�UYiew\Wk�Z]T�g[V�k�TW\Wkm�uewg[kmlfZ�RfoSV[km�FPWqmZ�Y[Rwg¨ewg[k�RUT�RUYJYXZ8q�ewgiZ]\!giR�gihWZ�\WZ]�UY[Z]Z�Rfo��*�Wqmg[k�PWqmk��8k�gn_U��¥��WY�gihWZ]Y[�>RUY[Zw�UgihWZ
RU^WVXZ8YXlfZ8\BZ]�FkmV[V[kmRUT>q�k�T�Z���km\�gih�V�\WR�TWRfg�\WZ8�]Y[Z8efV[Z�VX_rVXg[Z8�Fewgikm�uefqmqm_ ewg�hWkm�UhWZ8Y�YXZ8V[Rfq���g[k�RUTWV]� � hWZ�\Wk�VXP�Z]Y v
V[kmRUTDk�T��FZ8efV[�WYXZ8\:qmk�TWZ���k�\�g[hWV�kmTW�8YXZuefVXZ8V�RUT�V[�Fefq�q�V[�8efq�Z]V8��VXk��>k�q�efY�giR�g[hWZ!^SZ8h�eulrk�RfY�V[Z]Z8T£k�T	�FRr\WZ]q�V
Rfo�gi�WYX^W�WqmZ8T`g��8qmRU�W\WV]� � hWZ �>k�TWkm�!�W� qmk�TWZ���k�\�g[hWV�efY[Z*�UZ8TWZ]Yiefqmqm_{�8RfTWV[kmVXgiZ]T`g���k�gih:VXRUTWk���gi�WYX^W�Wq�Z]TW�8Z
��g[hWZSW��6V[RU�WT�\�V[PSZ8Z]\°��Yiewg[hWZ8Y'g[h�efT4gihWZ]Y[�Fefq�^WYXR`ef\WZ]TWk�TW� Rfo�gih�Z�Z]�Fk�g[g[k�TW�!�>RUqmZ8�8��q�Zf�
� hWkmV�Y[Z8VXZuefYX�¨h�kmV'V[�WPWPSRUY�giZ8\{^`_{a�O�¥ �UY[efT`g6c�O � v |U|`z �*j � � �
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� ��� � �G	 @ 1&9 ����� � � � � �:'�9 ��' ���A�>+!��1����%���&� �%��'!������1 �0� + �&	!'�� �
R�Z8kmk��¨hWk���ef\We���R�RUh LXk � RU�>k�V[e��e4�«a�c6d H �
�¡Z�h�eulfZ�P�Z]YXo�RUYX�FZ]\Fgih�Y[Z8Z v \Wkm�FZ]TWV[kmRUT�efq«��TWRUT v � � � Yief\�ksewg[kmlUZ�giY[efTWV�o�Z8Y~�8efq��]�Wqsegik�RfTWVJo�RUY � � }'d¦efTW\

� �¯}'d q�k�T�Z8V8��WVXk�TW��RU�WY�hWk��Uh v Y[Z]V[RUqm��gikmRUT�� gikm�FZ v \WZ]P�Z]TW\WZ]T�g�h`_r\WY[Rr\�_rT�ef�>k��8efq � v 1�>Rr\WZ8qmV�RwoWgihWZ � g[RUY[��V�
efY[Rf�WTW\4V[�WPSZ8YX��ewV[V[k�lUZ�^Wq�ef� ��h�RUq�Z�kmT�gihWZ��Uefqsef�¯gikm���]Z8T`giZ]Y8� � hWZ�h`_Q\�Y[Rr\�_rT�ef�>k��uewq�V[km�!�Wqsegik�RfTWV�YXZ]lfZuefq
k�TWh�RU�FRf�UZ8TWZ]RU�WV�efT�\ g[�WY[^��Wq�Z]T�g@�`ewVJVXgiYX�W�]g[�WY[Z�efTW\ \�_rT�ew�Fkm�8VJRUTFe�V[�W^ v P���VX�uefqmZ'k�T e��8kmY[�8���$T��W�8qmZuefY
VXgiefY[^W��Y[VXg6YXZ8�UkmRUT�� � hWkm� ��\WkmV ��V�k�T`giZ]Y[qsew�8Z8\���k�gih ��q�ef�FZ]T`giV8���8q����FPWV�efTW\4hWRUqmZ8V�efYXZ�T�ewgi��Yiefqmqm_>o�RUY[�>Z8\
\W�WZ�g[R�k�T`giZ]Y[PWq�e _Fef�>RUTW�*Z8TWZ]Y[�f_Fo�Z8Z8\�^�ef� �Fo�YXRU� V[�WPSZ8YXTWR lfewZf��V[Z]qmo v �UYieulrkmgn_>Rfo�g[hWZ��`efV]���`efq�ef�]g[k��6Y[Rfgie v
gikmRUT���efTW\£Y[ef\WksegikmlfZ!�8RrRUqmk�TW�W� � hWZ k�T`giZ]TWV[k�gn_:�FefPWV�Rfo@gihWZ��>RUqmZ8�8��qsefY�q�k�T�Z8V�o�RUY�g[hWZ��8kmY[�8���MT��W�8qmZuefY
\Wk�V ��V[h�Ry� e£�]q��W�>P`_ VXg[Y[�W�¯gi�WYXZ{g[h�ewg YXZ ��Z]�]giV gih�Z	kmT�g[Y[kmTWV[km��k�TWh�RU�FRf�UZ8TWZ]RU�WV�V�giY[���]gi��Y[Z{Rfo�g[hWZ4�`efV
\Wk�V �°� � hWZ �WTWZBVXg[Y[�W�¯gi�WYXZ{Rwo6g[hWZ � giRUYX�WV���8RU�Wqm\ ^�ZBYXZ8VXRUqmlfZ8\©k�T&g[hWZBTWZ8efY[^`_©ef�¯gik�lUZ��`ewqse PQk�Z]V*�WVXk�TW�
gihWZ�c���p	c*�Q�&Z�ewq�V[R�o�RU�WTW\�g[h�ewg�gihWZ�}'d v giR v W�z��]RUT`lUZ8YXV[kmRUTBo�ef�]g[RUY~kmV~TWRfg~�WTWk�o�RUY[�>qm_ \WkmVXg[Y[k�^���giZ]\�k�T
gihWZ��]Z8T`giY[efq , |U|!PS��Y[Z8�fk�RUT�� � � }'d � H 
 ,]v |`��qmk�TWZ�kmT`giZ8T�V[kmgn_�\WZ8PSZ8TW\�V6V�giYXRUTW�Uq�_�RUTBgih�Z�kmT`giZ8T�V[kmgn_�kmg[V[Z8q�o��
��hWZ8YXZuefV � � }'d � H 
 � v zU�@kmV�TWZuewY[qm_F�8RfTWVXgiefT`g�RylfZ8Y�gn��R v RfY[\WZ]Y[V'Rfo��Fef�UTWk�gi�W\WZ6Rfo�gih�Z�k�T`giZ]TWV[k�gn_U� � hWZ �
o�ef�]g[RUY'k�V6efqmV[R�\WkmV[�]�WV[VXZ8\��
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H �WT"X]hWk���efT�� �«}�o�c*��J�Z ��k�TW�1j�� K L��~efTW� N��¯o�e�� h�efYXlwefYX\�� Z8\W�°�ª� ��k X8h�RU� ��h�efTW� � }�o�c��¯� ��hWRUT��©�&efTW�
� }�o�c��¯� J�ew�Wq � �%J���W6RD�«}�o�c��¯�%V�k�R lwefTWT�k$V���¥°e X8kmR{� }�o�c��ª� �@�WZ]o�ewTW�>�¡�&� J�Z ��k�TW�Fj��¤�
�¡ZFP�Y[Z8VXZ8T`g!Rf^WV[Z]YXlwewgikmRUTWV�Rfo~g[hWZB}'d z v¨, efTW\ � v z�giY[efTWV[k�gikmRUTWV�giR �~efY[\¡gihWZ>�FZ]Y[�UkmTW�4�`efq�e PQk�Z8V�Rwo

a V�} � | j |���kmg[h�gih�Z'OQ�W^��Fkmq�q�km�FZ¯giZ]Y�c�YXYieu_�� OWp	c����X� � h�Z~hWkm�Uh*YXZ8V[Rfq���g[k�RUT����¦z � � ��}'d�z vi, \�eg¨e�YXZ]lfZuefq
gihWYXZ8Z>�`efV��8RfTW�8Z]T�g[Yiewg[k�RUT�V8� � h�ZF�Fefk�T:�]RU�>P�RUT�Z8T`g�k�V�P�Z8e���k�TW�4kmT§g[hWZ RylfZ8YXqsefP§Y[Z]�Uk�RUT£^SZ]gn��Z8Z]T�gihWZ
gn�~R �`ewqse PQk�Z]V8����hWZ8YXZ�gih�Z�TWZuewY v ®�b efTW\�Y[ef\WkmR!�8RUT`g[k�T��W�W� Z8�>k�VXV[k�RfT�efYXZ��~Z8e��°� � hWZ�}'d�z v¨, Z]�FkmV[VXk�RUT
o�YXRU�$gihWZ6o�ef�8Z v RUTF�`efq�e Pr_>a V�} � | j |U��kmV�V[RU�>Z]��h�eg�VXg[Y[RUT��UZ8Y@gih�efT>gih�eg�o�YXRU�$gihWZ�Z8\W�fZ v RfT��`efq�e Pr_

a V�} � | j |��� � hWZ�}'d � v z�Z]�FkmV[VXk�RUT>P�Z8e���V�k�T>gihWZ�RylfZ8YXqsefP�YXZ8�UkmRUT���V[km�FkmqsefY"g[R*gih�Z�}'d�z v¨, Z8�>k�VXV[k�RfT��
p	RUYXZ�g[h�efT x |�� Rfo�gihWZ�}'d � v z*Z]�FkmV[V[kmRUT4efYXk�V[Z]V�o�Y[RU� gihWZ�z � � � , �¤z ��P��u��ewY[Zue�Rfo�g[hWZ�RylfZ8YXqsefP4Y[Z]�Uk�RfT��
� hWZ8YXZ�ewPWP�Z8efY[V!g[R£^�Z{}'d � v z�Z]�FkmV[V[kmRUT�giR �~efY[\ g[hWZ4Tr���8q�Z8efY�Y[Z]�Uk�RfT©efTW\ gihWZ4TWRfYXgih v ��Z8VXgFefYX� Rwo
a V�} � | j |f���J��hWkmq�Z4TWR�}'d � v z:Z8�>k�VXV[k�RfT¢kmVF\�Z]giZ]�]g[Z8\�g[Ry�~efYX\�a V�} � | j |����j�TWqmk �fZBg[hWZ:}'d �`ewV8�
�FRfVXg�RforgihWZJY[ef\WkmR'�8RUT`gikmT��W�W� Z]�FkmV[V[kmRUT��8Rf�FZ]V�o�Y[RU� a V�} � | j |U�'� � h�Z@V�giYXRUTW��}'d1Z8�>k�VXV[kmRUT��ugiRf�UZ]g[hWZ8Y
��kmg[h!gihWZ���Zue���Yief\�k�R��]RUT`gik�T��W��� Z8�>k�VXV[kmRUT��fVX�W�U�UZ]VXg[V�g[h�ewg"g[hWZ'VXgiefY�o�RUYX��egik�RfT*hWkmVXgiRfYX_�k�T*g[hWZ'R lUZ8YXqsefP
Y[Z]�Uk�RUT�h�efV�TWRwg�P�Y[Rr�8Z8Z]\WZ8\*q�RUTW��Z]TWRU�W�Uh�giR�PWYXRQ\W���8Z@V[k��fTWk����8efT`g�Tr���!^�Z]Y[V�RfoWVX�WPSZ8Y[T�RylwefZ���hWkm�¨h���RU�Wq�\
^�Z�\WZ¯giZ]�]g¨ew^Wq�Z���kmg[hBgihWZ]k�Y'VXg[Y[RUT��FY[ef\Wk�R��]RUT`gikmTr���W� Z8�>k�VXV[k�RfT��
OQ��^W�Fk�g[g[Z8\BgiR c�P H �
���
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Org[Z8PWh�Z8T:p§�W��hWkmg[Z>�«j��Sp{\�� �ª�Sp�efYXkse���RU� ��kmg[�¨hWZ]lwe	� Org8� J�Z]g[Z8YXV[^W�WYX�BOrgiewgiZ�j�� �¬efTW\�O�ef�>k�OQRUq�efT ��k
� p JJ® o�c�Z8Y[RfTWRU�*_��
�¡Z*h�eulfZ!�uefYXY[kmZ8\DRU�Qg:I~®�p	c�RU^WVXZ8YXlwewg[k�RUT�V�RfoJg[hWY[Z]Z!\Wk�V�gikmTW�]g�Y[Z]�Uk�RUT�V�RfoJg[hWZ*VXRUqsewY��¨hWYXRU�>RUV[PWh�Z8Y[Z

k�T RfY[\WZ]Y�giR�VXZuefYX�¨h�o�RUY��~e lfZ:P�R ��Z8YBPWYXZ8\Wkm�]g[Z8\�^`_ VXk��!�Wq�ewgikmRUTWV Rfo��]RUT`lUZ8�¯gikmRUT�giR�PWq�eu_ e&YXRUq�Z	k�T
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Overview of all DRSPs - with links to general list. Also accessible 
here.

Title Lead author No. of 
hours

Theme 
1: Galaxies and Cosmology 

  
1.1 The high-redshift universe 

1.1.1 Unbiased survey of submm galaxies: continuum survey at 1
mm Guilloteau 80 DRSP

1.1.2 Unbiased survey of submm galaxies: combined line+cont at 3
mm Guilloteau 256 DRSP

1.1.3 Unbiased survey of submm galaxies: pointed cont at 650 GHz Guilloteau 300 DRSP
1.1.4 Unbiased survey of submm galaxies: line survey 210-275 GHz Guilloteau 180 DRSP
1.1.5 Molecular line studies of submm galaxies Carilli 170 DRSP
1.1.6 Ultradeep ALMA continuum survey Blain 2130 DRSP
1.1.7 Deep search for line-emitting galaxies Blain 150 DRSP
1.1.8 Follow-up of high-z submm galaxies Blain 1500 DRSP
1.1.9 Dust in normal Lyman Break galaxies Sawicki 80 DRSP
  
1.2 Gravitational lenses
1.2.1 Weak lensing using ALMA Blain 100 DRSP
1.2.2 Ultradeep galaxy survey through clusters Blain 540 DRSP
1.2.3 PLANCK follow-up Blain 500 DRSP
1.2.4 A submm study of strong gravitational lenses Wiklind 230 DRSP
1.2.5 Dust in gravitationally lensed Lyman Break galaxies Sawicki 94 DRSP
  
1.3 Quasar absorption lines 
1.3.1 Spectral line survey in high-z absorption systems Wiklind 171 DRSP
1.3.2 Deep search for new molecular absorption line systems Wiklind 125 DRSP
  
1.4 SZ with ALMA 
1.4.1 Sunyaev-Zel'dovich Effect of Proto-Clusters Sugiyama 300 DRSP
1.4.2 Kinetic Sunyaev-Zel'dovich Effect of Galaxy Clusters Yoshida 321 DRSP
  
1.5 Gas in galactic nuclei 
1.5.1 Imaging Molecular material in AGN vicinity Schinnerer 64 DRSP
1.5.2 Circumnuclear Starburst Rings: From Gas to Stars Schinnerer 80 DRSP
1.5.3 Nuclear dense gas in active galaxies Schinnerer 96 DRSP
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1.6 The AGN engine
1.6.1 High resolution imaging of radio hot spots Carilli 32 DRSP
1.6.2 High resolution imaging of X-ray hot spots in radio jets Carilli 16 DRSP
1.6.3 The general relativistic shadow of Sgr A* Carilli 16 DRSP
1.6.4 mm VLBI observations of core-jets Carilli 50 DRSP
1.6.5 Imaging the molecular gas in high-z FIR-luminous QSOs Carilli 120 DRSP
1.6.6 mm VLBI imaging of IDVs Carilli 50 DRSP
1.6.7 Search for flat spectrum mm-loud AGN Carilli 20 DRSP
  
1.7 Galaxies in the local universe
1.7.1 The GMC Scale Chemical Anatomy of Nearby Galaxies Meier/Turner 144 DRSP
1.7.2 The Molecular ISM in Low Surface Brightness Galaxies Turner 96 DRSP
1.7.3 Calibrating the I_CO to N(H_2) Conversion Factor Meier/Turner 140 DRSP
1.7.4 Structure of the ISM in irregular galaxies Wilson 180 DRSP
1.7.5 Low Frequency Survey of Free-Free Emission in starbursts Turner 43 DRSP
1.7.6 Study of Gas Masses and Star Formation Efficiencies Turner 120 DRSP
1.7.7 Gas Content and Dynamics of Elliptical Galaxies Wilson 56 DRSP
1.7.8 Gas densities and dynamics in central regions Tatematsu 99 DRSP
1.7.9 CO(6-5) emission from a small sample of ULIRGs Isaak 65 DRSP
1.7.10 Searching for Proto- Super Star Clusters in the Antennae Wilson 20 DRSP
1.7.11 The CO-to-H2 conversion factor Tatematsu 169 DRSP
  
1.8 ALMA and the Magellanic Clouds
1.8.1 Structure and starformation of LMC/SMC molecular clouds Aalto 170 DRSP
1.8.2 Evolved stars and mass loss in the Magellanic Clouds Aalto 320 DRSP
1.8.3 Background quasars and the chemistry of the MC ISM Black 360 DRSP

1.8.4 Low Frequency Continuum Survey of Free-Free Emission in 
the LMC Turner 56 DRSP

1.8.5 Gas and Dust in 30 Doradus Turner 80 DRSP
  
1.9 Gamma ray bursts
1.9.1 GRB environment Frail 300 DRSP
1.9.2 ToO Observing of GRB Afterglows Van Dyk 10 DRSP
  
  
Theme
2: Star and planet formation

  
2.1 Initial conditions of star formation
2.1.1 Small scale structure of molecular clouds Pety 200 DRSP
2.1.2 Density and temperature profile in pre-stellar cores Bacmann 125 DRSP
2.1.3 Kinetic Temperature Structure in Protostars and YSO Mangum 15 DRSP
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2.1.4 Density and temperature profile in high-mass cores Bacmann 155 DRSP
2.1.5 Spatial Density Probe Comparison in Protostars and YSOs Mangum 15 DRSP
2.1.6 The Connection Between Cloud Structure and the IMF Chandler 400 DRSP
2.1.7 Physical Structure of Low-mass Star-Forming Cores Shirley 120 DRSP
2.1.8 Infall velocity structure of starless cores Myers 100 DRSP
2.1.9 Envelope Structure of Intermediate-Mass YSOs di Francesco 192 DRSP
  
2.2 Young stellar objects 
2.2.1 Mapping the turbulence in a molecular cloud Richer 121 DRSP
2.2.2 Magnetic field geometry in protostellar envelopes Richer 200 DRSP
2.2.3 Structure and collapse of protostellar envelopes Richer 240 DRSP
2.2.4 Infall toward protostars Wootten 300 DRSP
2.2.5 Magnetic field in molecular outflows Richer 168 DRSP
2.2.6 Energetics of the HH 80-81 outflow Shepherd 90 DRSP
2.2.7 Survey of massive molecular outflows Shepherd 0 DRSP
2.2.8 Survey of the central fields in massive molecular outflows Shepherd 20 DRSP
2.2.9 Deep integration on the massive jet source HH80-81 Shepherd 182 DRSP
2.2.10 The intenal structure of the BHR71 outflow Gueth 65 DRSP
  
2.3 Chemistry of star-forming regions
2.3.1 Chemical survey of hot cores van Dishoeck 585 DRSP
2.3.2 Depletion of molecules in low-mass cores Tatematsu 216 DRSP
2.3.3 Chemical differentiation in sf-regions Wright 134 DRSP
2.3.4 Unbiased line surveys of high mass star forming regions Schilke 612 DRSP
2.3.5 Low freq. spectral survey aimed at complex organics Turner 35 DRSP
2.3.6 Survey of HCO+ absorption in diffuse clouds Lucas 80 DRSP
2.3.7 Absorption line survey Lucas 57 DRSP
2.3.8 Chemical Enhancements in Outflows Plume 16 DRSP
  
2.4 Protoplanetary disks
2.4.1 CO surveys of disks around stars from 0.3 to 3 msun Dutrey 2760 DRSP
2.4.2 Molecular surveys in 2-3 ``small'' samples from 0.5 to 3 msun Dutrey 229 DRSP
2.4.3 Continuum survey from 80 to 900 GHz Guilloteau 260 DRSP
2.4.4 Disks in the sub-stellar regime Testi 175 DRSP
2.4.5 Gaps in nearby protoplanetary disks Guilloteau 13 DRSP
2.4.6 Transitions disks around CTTs/WTTs & near ZAMS stars Bacmann 88 DRSP
2.4.7 Structure of debris disks & Vega-type objects Dutrey 690 DRSP
2.4.8 Structure and properties of disks around high-mass (proto-)stars Testi 190 DRSP
2.4.9 Dust and Gas distribution in multiple-systems Dutrey 120 DRSP
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Theme
3: Stars and their evolution 

  
3.1 The Sun 
3.1.1 Structure and Dynamics of the Chromosphere Benz 10 DRSP
3.1.2 Solar Radio Recombination Lines Benz 10 DRSP
  
3.2 Mm continuum from stars
3.2.1 Evolution of magnetic activity in main-sequence stars Guedel 30 DRSP
3.2.2 Magnetic energy release and High-En Part in Atmospheres Guedel 14 DRSP
3.2.3 Thermal Emission from Red Giant and Supergiant Stars Menten 100 DRSP
3.2.4 The photospheres and proper motions of normal stars Black 100-200 DRSP

3.2.5 Millimeter observations of nonthermal emission from active
stars Osten 25 DRSP

3.2.6 Millimeter survey of stellar disk emission from late-type giants 
and supergiants Osten 4 DRSP

3.2.7 Flares from Young Stellar Objects: what we learned from the 
2003 January flare in GMR-A Furuya 96 DRSP

  
3.3 Circumstellar envelopes
3.3.1 Probing the Dust Formation Zone around Red Giant Stars Menten 200 DRSP
3.3.2 Line surveys in evolved stars Cox 680 DRSP
  
3.4 Post-AGB sources
3.4.1 Post-AGB stars: PPN and PN Cox 238 DRSP
3.4.2 Molecular and atomic gas in PN Cox 73 DRSP
  
3.5 Supernovae
3.5.1 Structure of the Molecular Gas shocked by SNR Tatematsu 220 DRSP
3.5.2 SNR-cloud interaction in the LMC Tatematsu 80 DRSP
3.5.3 TOO: new SN Tatematsu 180 DRSP

3.5.4 The populations of relativistic particles and the magnetic field 
structure in the Crab Nebular and other pleions Bandiera 229 DRSP

3.5.5 ToO Observing of Radio Supernovae van Dyk 50 DRSP
3.5.6 Monitoring of Radio Supernovae van Dyk 30 DRSP
  
  
Theme
4: Solar system

  
4.1 Planetary atmospheres 
4.1.1 The dynamics of Mars' and Venus' middle atmopheres Lellouch 100 DRSP
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4.1.2 Mars's three-dimensional water cycle Lellouch 160 DRSP
4.1.3 Chemistry in Venus' and Mars' atmosphere Lellouch 92 DRSP
4.1.4 Giant planets stratospheres: composition and dynamics Lellouch 154 DRSP
4.1.5 Search for broad tropospheric lines in GP troposphere Lellouch 12 DRSP
4.1.6 Chemical-dynamical couplings in Titan's atmosphere Lellouch 160 DRSP
4.1.7 Io's volcanism Lellouch 100 DRSP
4.1.8 The atmospheres of Triton, Pluto and other TNOs Lellouch 288 DRSP
  
4.2 Planetary surfaces and dynamics 
4.2.1 Albedos, size and surface properties of TNOs Lellouch 140 DRSP
4.2.2 Mapping the surfaces of the Moon, Mercury and Mars Butler 66 DRSP
4.2.3 Mapping the surfaces of large icy bodies Butler 104 DRSP
4.2.4 Structure and composition of Saturn's rings Butler 48 DRSP
4.2.5 Mapping the surfaces of larger asteroids Butler 105 DRSP
4.2.6 Sizes and albedos of NEAs Butler 20 DRSP
4.2.7 Astrometry of NEAs and TNOs Butler 30 DRSP
4.2.8 Radar observations of NEAs Butler 0 DRSP
  
4.3 Comets 
4.3.1 A complete picture of Earth-grazing comet 103P/Hartley 2 Bockelee-Morvan 144 DRSP
4.3.2 ALMA-TOO observation of an Oort cloud comet Bockelee-Morvan 216 DRSP
4.3.3 ALMA observes the great comet of the decade Bockelee-Morvan 256 DRSP
4.3.4 Characterization of the Jupiter-family comet population Bockelee-Morvan 308 DRSP
4.3.5 Is Hale-Bopp still alive ? Bockelee-Morvan 100 DRSP
4.3.6 Chiron distant activity Bockelee-Morvan 40 DRSP
4.3.7 CO nucleus outgassing of 29P/Schwassmann-Wachmann 1 Bockelee-Morvan 40 DRSP
4.3.8 Radar observations of comets Butler 12 DRSP
  
4.4 Extrasolar planets 
4.4.1 Direct detection of Jupiters around nearby stars Menten 500 DRSP
4.4.2 Dynamical parameters of planets by astrometry Lestrade 100 DRSP
4.4.3 Search for extrasolar planets via astrometry of nearby stars Butler 144 DRSP

Last update 06-12-03. Jes Jørgensen (joergensen@strw.leidenuniv.nl).



 




