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g�e T�k[l l X[^��|hWT �
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� { e RvX��!� � X l X[^��|h���h~k�� e RUX i h g RWk��[RvX[` TWVYko^��wZ � e X���� e h~k [ RvT~h?Z e h e s h e RWRWk[RvT �
X i ZbhWV eji h~kyR e s k"{ e R+l RWko` hWV e ` � u k?Z e TWt � i l X[^��|hIh~k�� e RvX i s e � QfRWk[RvXyX i Z��P^��|a7XR�
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Z e h e s h e RWRvk[RvTPt i hWV ebg RWk��[RvX[` � � � X[` g � e T�k[lOZ e h e s h~k[RvT�XER ebe��!e s�^phWX���� e X[TWT e R;�
hWt|k i T>��q!X[t � �
� ) Q ) �7��� % t!� ������� e RWRvk[RbZ e h e s hWt i � s k!Z e T � T i X g TvVpk[h g RWk!s e ZY^pR e T �
s ko` g XERvXEh~k[RvTzX i Z TWk k i
� Q s k[RWR e s h~k[R � k i hWV e k[hWV e RfV�X i Z � twTSX g RWk��[RUX[` s ko`��
g k iYeji h hWVYXEhntwT X[ZYZ e Z¡h~k�R e s kG{ e R�l	RWko` e RWRWk[RUT � QfRWk[RvX�X i Z��y^��|aEXER i t
VYXj{ e TWVYk�� i
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t i �?l X[^��|h���h~k�� e RvX i h g Rvk��[RvX[`bT � X i ZC`bX[T~a!t i �?l	X[^��|h���h~k�� e RvX i h
g Rvk��[RvX[`bT � � X[svVCs8�wX[TWT k[l�l	X[^��|h���h~k�� e RvX i h g RWk��[RvX[`bT g RWk"{
twZ e T X�T g�e s�t [�e Z � e { e ��k[l
l X[^��|hOh~k�� e RUX i s e��
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hWV e TvtwT � hWV e X gYg RvkoX[svV � e �St!�!� g R e T eji hfX��!�wk��STfX g Rvk��[RvX[` h~kJVYXj{ e ��k[hWV g�e RWl e s h
e RWRvk[R Z e h e s hWt|k i X i Z/`bt i tw` X��pZ e h e s hWt|k i �wXEh eji s ��� u VYt Tnt i hW^pR i VYX[T�hWV eSe � e s h k[l
s k i TWh~RvX[t i t i � e RWRWk[R g RWk g X��oXEhWtwk i � V eji s e �wt `bt|hWt i �¡hWV e X[`�ko^ i hSk[l ZYX[`bX�� e Zpk ipe
t i hWV e T � TWh e ` � u V_^YT � � � Z e TWt � i � hWV e ZYX[` X�� e Zpk iYe t i�g R e T eji s e k[l�l X[^��|hWT�twT
`bt i tw`bX�� � u V e t ` g �wtws�XEhWtwk i k[l1hWV�twTytwTyhWVYXEhyhWV e e RWRWk[R g RWk!s e TWTWt i � g VYX[T e iYe�e ZYT
i k[h � e { e R � s ko` g �wtws�XEh e Z 1 T~k g VYtwT~hWtws�XEh e Z�3 �
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"�i hWV e Z e TWt � i k[l1l X[^��|h���h~k�� e RvX i hPT � T~h e `bT � k ipebipe�e ZYTrh~k { e Rvtwl � hWV e s k[RWR e s h ipe TvT
k[lzhWV e T � T~h e ` � u k�ZpkBhWVYt T � l	k[Rv`bX��O` e hWVpk!ZYT ��m .	� ��� V�X[T�k[l h eji � e�eji ^�T e Z �
u V e [ RvT~hOT~h e�g twT+h~kbT g�e s�t|l � hWV e�g RWk g�e RWhWt e T1hWVYXEhOhWV e T � T~h e `;TWVYko^��wZCVYXj{ e�� u V e
T g�e s�t [ s�XEhWt|k i t TJ^�TW^YX��!� � Zpk ipe t i T~ko` e �|k��otws�X��zl	k[Rv`bX��wt TW` � ^YTW^�X��!� � h e ` g k[RvX��
�|k��ot s � �fVYtwsvV s�X i X[TvT e RWh?VYk�� hWV e � e VYXG{
twk[Ryk[lOhWV e T � TWh e ` e {[k��|{ e T¡k"{ e R¡hWtw` e��
u V e T e s k i Z�TWh e�g t T�h~krs k i T~h~Rv^�s h Xfl	k[Rv`bX��
`�k
Z e �]l	k[R hWV e T � T~h e ` � "�i k[RUZ e R h~k � e
TW^�t|hWX���� e l	k[R�{ e RUt [ s�XEhWt|k i � hWV e `�k
Z e �oTWVpko^�� ZPs�X g hW^pR e hWVpkoT e g RWk g�e RWhWt e T�hWV�XEh�`�^YT~h
� e s k i TWtwZ e R e Z-h~k e T~hWX����wt TWV s k[RvR e s h ipe TWT ��d ^pRvt i � hWV e { e Rvt [ s�XEhWt|k i g RWk!s e TWT � hWV e
g Rvk g�e RvhWt e T�hWV�XEh e T~hWX����wtwTvV/s k[RWR e s h ipe TWT�XER e { e Rvt [�e Z � " i hWV e Z e�g�eji Z�X���t!�wt|h � XER e X �
l	k[Rv`bX�� ` e hWVpk!ZYTrVYXG{ e � e�eji ^YT e Z h~kC{ e Rvtwl � s k[RvR e s h ipe TWTrk[l1ZYtwT~h~Rvt ��^ph e Z-X i Z;n"k[R
R e X�����hWtw` e�g Rvk[h~k
s k��wT�� � S q � � � qYq � � � � �`" h�VYX[TnX�� T~k � e�eji k���T e Rv{ e Z hWVYXEh X g RWk g�e R
Z e s ko` g koTvt|hWt|k i k[l�X-l	X[^��|h���h~k�� e RvX i h g Rvk��[RvX[` t i h~k-twhWT?s ko` g k ipeji hWTyV e � g Tyt i t i
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hWV e T � T~h e ` �P� ^ �oT XER e TW^YT g�e s h e Z g R e T eji hZ�SV eji hWV e T � TWh e ` Z e {
twXEh e TCl	RWko`
t|hWTPT g�e s�t [�e Z � e V�Xj{!t|k[Ry^ i Z e RyX i]� h e TWh?s�X[T e�� u V ebg RWk���� e ` twTy^YTv^YX��!� � h~k [�i Z
TW^Yt|hWX���� e h e TWh�s�X[T e T �SVYt svV s�X i ^ i s kG{ e R�hWVpkoT e ��^ �oT �6"�i ��qYq � � � ��� hWV e X[^phWVpk[RvT
X[Zpk g h¡X-l	k[Rv`bX���� ��X[T e Z X g�g RWkoX[svV �SV e R e � � { e RUt [ s�XEhWt|k i t i l	k[Rv`bXEhWt|k i twT?R e ^YT e Z
h~k ZpRvt|{ e h e T~h���s�X[T e � ejipe RUXEhWt|k i
�

u k {7X�� twZYXEh e hWV e l	X[^��|hbh~k�� e RvX i s e ` e sUVYX i twTW` T � l	X[^��wh t i � e s hWt|k i � QzQfQ�
 � �p�
" u � � � twTbk[l	h eji ^YT e Z � "�i l X[^��|h/t i � e s hWt|k i�e��!g�e Rvtw` eji hWT � l	X[^��|hWT XER e XERWhWt [ s�twX��!� �
t i � e s h e Z t i hWV e T � T~h e ` h~k�s R e XEh e s k i ZYt|hWt|k i T hWVYXEhZ�St!�!�SX[s hWt|{7XEh e hWVYkoT e l X[^��|h
h~k�� e RvX i s e ` e svV�X i twTW`bT � � X[^��whJt i � e s hWt|k i TW^ � e RvT/l RWko` hWV e TWX[` e g RWk���� e ` X[T
h e T~hWt i �Cl	k[RyVYXj{!t i �Ch~k [�i Z�TW^Yt|hWX���� e h e T~h?s�X[T e T � X[T$� e �!�IX[TPZ e h e Rv`bt i t i � �fVYtwsvV
h �
g�e T�k[l l X[^��|hWT+h~k/t i � e s h �
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� twRvT~h � twh twT*� e �-����a i k�� i hWVYXEh hWV e Z e Tvt�� i k[l�l X[^��|h���h~k�� e RUX i h+T � T~h e `bT+twT�t i V e R eji h�� �
s ko` g � e�� � u V_^YT � hWV e R e twTJX iYe�e Z l	k[R6� e �!����Z e�[�ipe Z X i Z T~ko^ i Z Z e { e �|k g ` eji h
` e hWVpk!Zpk��|k��ot e T hWVYXEh+s�X i �o^�twZ e hWV e T~k[l	h0�+XER e Z e TWt � ipe R1t i hWV e Z e TWt�� i k[l e�, s�t eji h
X i Z s ko` g � e�� Z e�g�eji ZYX��I� e T � TWh e `bT �
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Q^�wT~k � twh�twT�k[l h eji hWV e s�X[T e hWVYXEhIX[ZYZ�t|hWt|k i k[l�l	X[^��wh�h~k�� e RvX i s e ` e svVYX i t TW`bT 1 t � e�� �
Z e h e s h~k[RUTSX i Z s k[RWR e s h~k[RvT93+t i h e RWl e R e �St|hWVJhWV e�g�e RWl	k[Rv`bX i s e k[l hWV e T � T~h e ` � � k[R
e�� X[` g � e � T~ko` e e RWRWk[R Z e h e s hWt|k i ` e svVYX i twTW`bT�`bX � � e X[ZYZ e ZPhWVYXEh�h~Rvt���� e R�X �|k[h�k[l
l X��wT e X��wXERv`bT t i hWV e T � T~h e ` � u V�twT�VYX[T�hWV e1e � e s h k[l�XR� e s hWt i �zhWV e1g�e RWl k[RU`bX i s e k[l
hWV e T � TWh e ` � ) k[R e tw` g k[RWhWX i h�� � � twh�VYX[TnX��wTWk � e�ejibi k[h e Z hWVYXEh Z e Tvt�� i k[l e�, s�t eji h
l X[^��|h�h~k�� e RUX i s e ` e sUVYX i twTv`bT twTb{ e R � k[l h eji R e �wtwX i h�k i hWV e e��
g�e Rvt eji s e k[l�hWV e
g Rvk��[RvX[`b` e RvT � u VYtwT X��oX[t ibg kot i hWT h~k?X ipe�e Z�l	k[R�T~ko^ i Z�` e hWVpk
ZYk��|k��ot e TIhWVYXEh1s�X i
�o^Yt Z e hWV e�g Rvk��[RvX[`b` e RvT t i hWV e Z e TWt�� i k[l e�, s�t eji h�l X[^��|hIh~k�� e RvX i s e ` e sUVYX i twTv`bT �

� ^pRWhWV e R � t i hWV e T~hWXERWh g VYX[T e k[l hWV e Z e Tvt�� i � hWV e T~k[l	h0�+XER e Z e TWt�� ipe R�` X � i k[h
� e l	^��-� � XA�+XER e k[l X��-��hWV e l X[^��|hrs8�wX[TWT e TrhWV�XEhzhWV e T � T~h e ` �St-�!� � e TW^ � � e s h e Z h~k �
QzT hWV e T � T~h e ` e {[k��|{ e T � X i Z¡hWV e T � T~h e ` Z e TWt�� iYe R � e s ko` e T�`�k[R e XA�+XER e k[l�`�k[R e
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h~k VYX i Z�� e hWV e T e l X[^��|hWT ��% k�� e { e R � e X[sUV�hWtw` e l	X[^��whSh~k�� e RvX i s e ` e svVYX i t TW`bTzXER e
X[ZYZ e Z � Xrs ko` g � e h e { e Rvt [ s�XEhWt|k i k[l�hWV e+ipe � g RWk��[RUX[` t T iYe�e Z e Z � �SVYtwsUV¡twT e��!g�eji �
TWtw{ e�� Q � T~k � i k i ��t i h e Rvl e R eji s e X[s RWkoTWTzhWV e ZYt�� e R eji hSl X[^��|h�h~k�� e RUX i s e ` e svVYX i t TW`bT
ipe�e Z)h~k � e X[TWs e RvhWX[t ipe Z � u V
^YT � hWV e X���t!�wtwh � h~k %~X[ZYZ�' ipe � h~k�� e RvX i s e ` e sUVYXR�
i t TW`bT �St|hWVpko^phzVYXj{!t i �Jh~k g�e RWl k[RU` XJs ko` g � e h e { e RUt [ s�XEhWt|k i k[l�hWV e�g RWk��[RvX[` twT
s Rv^�s�twX�� �

� { e RvX��!� � � ereji Z e Xj{[k[R�h~k�Z e { e �|k g X�l	RvX[` e �1k[RWabhWVYXEh 1 tS3 eji X��I� e T�hWV e Z e TWt�� i
k[l e�, s�t eji hJl X[^��|h h~k�� e RvX i s e ` e svV�X i twTW`bT 1 `�k[R e T g�e s�t [ s�X��-� � � Z e h e s h~k[RvT93 � X i Z
1 twt43 eji X��I� e TCs ko` g koTWt|hWt|k i X��zZ e TWt � i k[l?l	X[^��|h/h~k�� e RvX i s e�� m1ko` ��t iYe Z h~k�� e hWV e R �
� ebg RWk"{
t Z e X l RUX[` e � k[Rva hWVYXEh eji X���� e T�T � T~h e `bXEhWt s 1 s ko` g koTWt|hWt|k i X��S3zZ e TWt�� i k[l
e�, s�t eji h�l X[^��|h���h~k�� e RvX i h g RWk��[RvX[`bT �

� �\�Y��� � "�i hWVYtwT¡hWV e TvtwT � � e l	k
s�^�T¡k i hWV e Z e Tvt�� i k[lzX g XERWhWtws�^�� XER¡s8� X[TWT
k[lzl	X[^��|h?h~k�� e RvX i s e � i X[` e � � O8H<C4F ��Q�H;O85\O�H�� F�@\@a:<F!5�7;H<EIB 5 � "�i l	k[Rv`bX��!� � � X g Rvk��[RvX[`
twT l	X[t-����TWXEl e l X[^��|h���h~k�� e RvX i h/twlrtwh/X����+X � T R e `bX[t i T/t i X TWXEl e T~hWXEh e � e { eji t i hWV e
g R e T eji s e k[lpl X[^��|hWT 14.Be �ft!�!�[l	k[Rv`bX��!� � Z e�[�ipe hWV e h e Rv`Ml X[t!����TvXEl e l X[^��|h�h~k�� e RvX i s e t i
m+V�X g h e R � 3 � u V e R e X[T~k i l	k[ROl	k
s�^YTvt i ��k i l	X[t!����TWXEl e l X[^��|h1h~k�� e RvX i s e twT+`�^��|hWt|l	k��wZ �



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

� twRvT~h � l X[t!����TvXEl e l X[^��|hyh~k�� e RvX i s e twT�k[l	h eji iYe�e Z e Z�t i s Rvt|hWtws�X���X gYg �wtws�XEhWtwk i T � Tv^YsvV
X[T i ^Ys8� e XER g �wX i hWT � h~RvX[t i s k i h~RWk���T � T~h e `bT�X i Z�T~k�k i
� k e R � k[l	h eji � Z e h e s hWt|k i
twTPhWV e k i � � k�� � e s hWt|{ e � X i Z�k i s e X i e RWRWk[R�twT?Z e h e s h e Z � X ` e svV�X i tws�X�� ��X[sWa!^ g
T � TWh e `=hWXEa e T+k"{ e R � q e s k i Z � t|h �+X[T+TWVpk�� i � � QfRWk[RvX�X i Z �P^��|aEXER i tYt i � Q � � � � �
hWVYXEh�h~k Z e TWt�� i ` X[T~a
t i �Cl	X[^��whzh~k�� e RvX i s e>1 �SVYt svVBtwTrhWV e t Z e X�� l	X[^��whzh~k�� e RvX i s e 3 �
k ipe s�X i([ RUT~h�Z e TWt�� i X g RWk��[RvX[` h~k � e l X[t!����TWXEl e l X[^��|h���h~k�� e RvX i hyX i Z�hWV eji �wXEh e R
e�� h eji Z e ZN�StwhWVys k[RWR e s h~k[RUT�h~kr`bXEa e hWV e g RWk��[RvX[` `bX[T~a!t i �fl	X[^��wh���h~k�� e RvX i h � u V
^YT �
ko^pRSX gYg RvkoX[svV hWX[sva � e Tfk ipe T~h e�g t i hWV e Z e Tvt�� i k[l `bX[T~a!t i ��l X[^��|h+h~k�� e RvX i s e��

� t|{ eji ko^pR�l	k!s�^YTrk i hWV e Z e TWt � i k[l l X[t!����TWXEl e l	X[^��|hfh~k�� e RvX i s e � twh^�+X[TPTWVYk�� i
� � QSRvk[RvX X i Z �y^��|aEXER i t	� Q�� � � s � hWVYXEh?twhPtwT ��k[hWV ipe s e TWTWXER � X i Z TW^ , s�t eji h�h~k
s ko` g koT e X g Rvk��[RvX[`P�StwhWV�Z e h e s h~k[RvT1h~ky`bXEa e t|hnl X[t!����TWXEl e l	X[^��|h���h~k�� e RvX i h � u V e R e �
l k[R e � �SV eji Z e Tvt�� i t i ��TW^YsUV/l X[t!����TvXEl e l	X[^��|h���h~k�� e RvX i h g RWk��[RvX[`bT � � e X��wT~k¡l	k
s�^YT k i
hWV e Z e TWt�� i k[lIZ e h e s h~k[RUT � t � e�� � g RWk��[RvX[` s ko` g k iYeji hWTOhWV�XEhSZ e h e s h e RvRWk[RvT �

� i hWVYtwT ��X[sWa �[RWko^ i Z � � e l	k[Rv`?^��wXEh e hWV e g Rvk���� e ` TWhWXEh e ` eji hWT hWVYXEhJV�Xj{ e
ZpRvt|{ eji hWV e R e T e XERvsvV g R e T eji h e Z-t i hWVYtwT+hWV e TWt T �

!#"�� "%! � 042�� )%:�� � *�' *�:�� : 5 *�,

u V e `bX[t i �[koX��rk[lyhWV e � k[Rva g R e T eji h e Z t i hWVYtwTJhWV e TWt T/VYX[T � e�eji h~kKZ e { e �|k g
X l RUX[` e � k[Rva hWVYXEh�s�X i V e � g t i hWV e Z e Tvt�� i k[l\5�� B8Ca5�EI@ O8H<CSF ��Q�H�OA5 O�H�� F�@���@a:<F�587�H�E�@
]I7�:UX�7;H�� Q �

. V�t!� e X[ZYZpR e TvTWt i �ChWV e X���k"{ e g RWk��I� e ` � � e hWX[sWa � e Z)T~ko` e k[l+hWV e l k��!�wk��St i �
R e T e XERvsUVPQ
^ e T~hWt|k i T 


' � � �0? �@(@6��]: � �a17* �2/ ��� : $ BUH�E :<E 5ZHRQUQA5 QUQT@-�_5 5�� B8Ca5�E�B8J>:�O HNO8H<CSF ��Q�H�OA5
O�H�� F�@�� @a:�F�587�H<EI@`]I7;:�X�7�H��	��
"� H�@ H<7�56@-� 56BU:��
�M:<E �T58@D7 CDB8Q�O�:<7�Q ��B�� H<E H<QUQ85�QUQc�
�M58E�@��

. V eji Z e Tvt�� i t i �yl	X[^��wh���h~k�� e RvX i h g Rvk��[RvX[`bT � e RWRWk[R+Z e h e s hWt|k i twT s Rv^Ys�twX�� � k e R �
k[l h eji � h~kP{7X�� twZYXEh e hWV e Z e h e s h~k[RUT � l X[^��|hIt i � e s hWt|k i¡e��!g�e Rvtw` eji hWTIXER eOg�e RWl	k[Rv` e Z¡h~k
X[TWT e TWTShWV ePe�, s�t eji s � k[l hWV e Z e h e s h~k[RvT � X i Z-s ko`b`bk i l X[s h~k[RvTf^�T e Z l	k[RSTW^YsUV-X[T��



�j� ������� ��� ����� � ��� � �	� � � � � � �

T e TvTW` eji hnXER eN1 tS3 Z e h e s hWt|k i s kG{ e RvX�� e � X i Z 1 twt43�Z e h e s hWt|k i �wXEh eji s ���`"�i hWVYtwT hWV e TvtwT �
� e hWV
^YT?l k!s�^YT?k i hWVYkoT e h�� k g Rvk g�e RvhWt e TPk[lOl X[t!����TWXEl e l X[^��|h���h~k�� e RvX i h g RWk��[RUX[`bT �
i X[` e � � s k"{ e RvX�� e � X i Z Z e h e s hWt|k i �wXEh eji s ���

' � � �)?��7( 6 �]: � �H17* �;/ � 
"� H�@ H<7�5M@-�_5 �MH<C4E ]I7;:9]_587 @DCa5 Q :;O H =?58@05UBA@a:<7M@-� H�@
H<F4F�: $ B�� H<7;H�B�@05�7 C � H�@DCD:�E :�O\CD@4Q 5�� B8Ca5�E�B8J �N�`H�E Q ��B�� ]I7�: ]_5�7�@DCV5�Q � 5 O8:<7 �MH<F C � 5U= �

"�i m+VYX g h e R �p� � e Z e { e �|k g X�hWV e k[R � k[lYZ e h e s h~k[RvT � X i ZytwZ eji hWt|l � s ko` g � e h ejiYe TWT
X i ZJX[s�s�^pRvX[s � X[T h�� k¡tw` g k[RWhWX i h g RWk g�e RWhWt e TIk[l�X?Z e h e s h~k[ROhWVYXEh+svVYXERUX[s h e Rvt�+ e t|hWT
e�, s�t eji s ��� .Be hWV eji l k[RU`bX��wt�+ e hWV e T e-g RWk g�e RWhWt e TbX i Z t Z eji hWtwl � X i tw` g k[RvhWX i h
s8�wX[TvTfk[l e�, s�t eji hrZ e h e s h~k[RvT � i X[` e � � g�e RWl e s hrZ e h e s h~k[RvT �$.Be�e��!g �wX[t i hWVYXEh�TW^YsUV
XbZ e h e s h~k[RfX��!�|k �STOl	k[R g�e RWl e s h e RWRWk[RSZ e h e s hWtwk i � X i Z � e l ^pRWhWV e R e��!g �wX[t i twhWT+RWk�� e
t i l X[t!����TWXEl e l X[^��|h?h~k�� e RvX i s e�� u V_^�T � g�e Rvl e s h¡Z e h e s h~k[RvTbs�X i � e TWVpk�� i h~kBVYXG{ e
% g�e RWl e s h�'bs kG{ e RUX�� e��

' � � �)?��7( 6 �]: � �a17* �2/ ��� ] :<E @-� 5 :ABUB � 797�5�EIB 5 :�O�O�H�� F�@4Q��"� : $ BUH�E 58797;:<7
]I7;:9] H�X?H�@DCV:<E � 5(F C ��C4@05U= ��� � : $ BUH�E @-� 5 =?58@05UBA@DCV:<E F�H�@058EIB8J :�O H ]�7�:�X�7�H�� � 5
��C4E�C ��C � 5U= ��� �UQMCD@ ] :RQUQ C � F�5 @a: =Y5 Q9C�X�E/H O8H<C4F ��Q�H�OA5 O8H�� F @���@a:<F!5�7;H<E�@*]I7;:�X�7;H�� Q �_Ba�
@-� H�@ CD@4QT=?58@05UBA@DCV:<E F�H�@058EIB8J C-Q
��CSE�C �MH<F ���T! :>@-� 56=?58@05UBA@a:<79QTC4EIB8F ��=?5�=m� H<W�56H<E�J
C � ] H�BA@�:<E(@-� 5 � EI=Y5�7 F J<C4EYX ]I7;:�X�7;H��	���

u k�hWX[sWa � e hWV�twT Q_^ e TWhWt|k i � t i m+VYX g h e R e
� � e Z e { e �|k g X¡hWV e k[R � k[l l	X[TWh�Z e h e s �
h~k[RvT � X i Z e��
g �wX[t i Vpk � l X[t!����TWXEl e l X[^��|h���h~k�� e RUX i h g RWk��[RvX[`bT �St|hWV `bt i tw` X���Z e h e s �
hWt|k i �wXEh eji s � � e Z e TWt � ipe Z �
" i l	X[s h � hWV e X gYg RWkoX[svV6� efg Rvk g koT e X��!�|k �ST1Xyl X[t!����TWXEl e
l X[^��|h���h~k�� e RUX i h g RWk��[RvX[` h~k-VYXG{ e ��k[hWV g�e RWl e s hPZ e h e s hWt|k i � X i ZB`bt i t `bX�� Z e h e s �
hWt|k i �wXEh eji s ���

' � � �)?��7( 6 �]: � �H17* �;/ � �`H�E 5�� BACV58E�@ =Y58@05�B�@a:<79Q � 5(=?5 Q C�X�E�5�=6O8:<7 Q858W<5�7;H<F
O8H�� F @ B8F�HRQ9Q85 Q � � : $ BUH<E @-� 58CS7ME�:<EK� CSE�@0587SOA5�7�5�E�B95 � 5 X �_H�7�H<EI@05U5�= � �UQ @-�_5�7�5ZH<E�J
�T58@-� :A=�:<F�:�X�J(@-� H�@ BUH�E � 5 � Q85U= Q ��B�� @-� H�@ W�5�7 C � BUH�@DCV:<E E�5U5U=RQ EI:�@ � 5^]�5�74O�:<7 �T5�=
O 7�:�� Q8B87;H�@aB�� 5UH�B��>@DC �T5\E 5 $ =?58@05UBA@a:<79Q O8:<7NE�5 $ O8H�� F @�BAF�HRQ9Q85�Q H<7;5�H?=�=?5�= ���

u V e `bk[hWt|{7XEhWtwk i � e VYt i Z�hWVYtwT R e T e XERvsUVCtwTWTW^ e twT hWVYXEh � ZY^pRvt i � g�e RUt|k
Z�Tnk[l g�e R;�
hW^pR ��XEhWt|k i � X�T � T~h e `AtwT Tv^ � � e s h e Z h~k�l X[^��|hWTCl	RWko` {EXERvt|ko^YT T~ko^YRvs e T � TW^YsUV X[T



����� ��� � � ��� � � � ��� � ��� � ��
 � � � � ��� � ��
 � � ��� 
 �j�

ipe h0�1k[RWa k"{ e RU�|koX[ZYT � ` e TvTWX�� e �|koTWT e T � h~RvX i Tvt eji hWT � s RvX[TvV e TfX i Z T~kJk i
� " hztwTS{ e R �
ZYt , s�^��whOh~kCZ e TWt�� i X 1 l X[t!����TWXEl e 3Ol X[^��|h���h~k�� e RvX i h g RWk��[RUX[` h~kJhWV e T e l X[^��|hfs8� X[TWT e T �
q
k � hWV e twZ e X twT�h~k�s k i TWtwZ e R�k ipe l	X[^��wh�s8�wX[TvT�XEh�X hWtw` e � X i Z Z e Tvt�� i hWV e l X[^��|h
h~k�� e RvX i s e ` e svV�X i twTW`bT?h~k�hWV e l X[^��|h�s8�wX[TWT¡s k i TWt Z e R e Z � u V e k��
{!t|ko^YT g RWk���� e `
twT �SV e hWV e RfhWV e l X[^��|h�h~k�� e RvX i s e ` e svVYX i twTW`bTfl k[RrZYt�� e R eji hSl X[^��|hzs8�wX[TWT e Tzs�X i � e
s ko` g koT e Z � t � e�� � k ipeyipe�e ZYT�h~k X[TWs e RWhWX[t i hWVYXEhSl X[^��|hOh~k�� e RvX i s e ` e sUVYX i twTv`bT 1 Z e �
h e s h~k[RvT93yh~k X �ot|{ eji l	X[^��wh?s8�wX[TWT�Zpk i k[h�t i h e RWl e R e �St|hWVBhWVpkoT e k[lSX i k[hWV e R?l X[^��|h
s8�wX[TWT � � ^pRWhWV e R � hWV eOg Rvk���� e ` twT X��wT~k�h~kPZ e { e �wk gbe�, s�t eji hIl	X[^��|h h~k�� e RvX i s e ` e sUVYXR�
i twTW`bT�h~kPT e { e RvX��!l X[^��|hIs8�wX[TvT e T � q g�e s�t [ s�X��!� � � t|h �1ko^��wZ � e Z e h~Rvtw` eji hWX��pt|l e�, s�t eji h
l	X[^��whOh~k�� e RvX i s e ` e svVYX i t TW`bT�XER e Z e TWt�� ipe ZCh~k/h~k�� e RvXEh e k ipe l X[^��|hOs8�wX[TWT � ��^phOhWV e
h~k�� e RvX i s e ` e svVYX i t TW`bTOl	k[RfX i k[hWV e RSl X[^��|h�s8�wX[TWTStwT i k[h e�, s�t eji h � R e TW^��whWt i ��t i X i
t ipe�, s�t eji hS`�^��|hWt|h~k�� e RvX i hfT � TWh e `Zn g RWk��[RvX[` � u V
^YT � ko^pRfhWV e k[R �-i k[hSk i � � TWVYk��ST
i k i ��t i h e RWl e R eji s e X[s RWkoTWT�ZYt�� e R eji h�Z e h e s h~k[RvT 1 t i h e Rv`bT¡k[l�hWV e t|R � e V�Xj{!t|k[R 3Pl k[R
ZYt�� e R eji h?l	X[^��|hys8�wX[TWT e T � ��^ph?ko^pR?hWV e k[R � X��wT~k�TWVpk �STyhWV�XEh %~s ko` g koTWt i ��'-ZYt�� e R;�
eji h g�e RWl e s hSZ e h e s h~k[RUTfl	k[RSZYt�� e R eji h�l X[^��|h�s8�wX[TvT e T g R e T e RW{ e hWV ePe�, s�t eji s � k[l hWV e
R e TW^��|hWt i � g RWk��[RvX[` �

u V
^YT � t i m+VYX g h e R �
� � e Z e { e �|k g XyhWV e k[R � l	k[R hWV e Z e TWt � i k[l e�, s�t eji h1`�^��|hWt��
h~k�� e RvX i h g RWk��[RvX[` T � � ^Yt!� ZYt i �1^ g k i hWV e hWV e k[R � k[l g�e RWl e s h�Z e h e s h~k[RvT 1 mOVYX g h e R � 3
X i Z hWV e hWV e k[R � k[l�l X[T~h+Z e h e s h~k[RvT 1 mOVYX g h e R e
� � e Z e { e �|k g X�hWV e k[R � l k[R+hWV e Z e �
TWt�� i k[l e�, s�t eji hy`?^��|hWt|h~k�� e RvX i h g RWk��[RvX[` T � X i Z Z e { e �|k g hWV e R e Q
^YtwTvt|h e T~h e�g T�h~k
TWVpk�� X[TWs e RWhWX[t i i k i ��t i h e RWl e R eji s e X[s RWkoTWTfZYt�� e R eji h+Z e h e s h~k[RvT �

' � � �0? �@(@6 �]: � �H17* �;/ � �`H�E @-� 5 =?5�Q9C�X�E :;O\5�� B8Ca5�E�@ O8H<C4F ��Q�H;O85 O�H�� F�@���@a:<F�587�H�E�@
]I7�:UX�7;H�� Q � 5 H�� @a:�� H�@05�= �

u kfhWX[sWa � e hWV�twT�Q
^ e T~hWt|k i � � e VYXG{ e Z e { e �wk g�e Z?X����[k[Rvt|hWV�`bT�k[l g k�� �!i ko`btwX�����hWt ` e
s ko` g � e�� t|h � hWVYXEh�X[^Yh~ko`bXEhWtws�X��!� � T �!i hWV e TWt�+ e T�Xrl X[t!����TvXEl e l X[^��|h���h~k�� e RUX i h g RWk��[RvX[` �
T~hWXERWhWt i ��l	RWko`;X¡s k[RWR e T g k i ZYt i �yl X[^��|h���t i h~k�� e RvX i h g RWk��[RvX[` �`.Be V�Xj{ e Z e { e �|k g�e Z
e�� X[` g � e TCTWVpk��ft i ��Vpk�� hWV e T e X����[k[Rvt|hWVY` TJs�X i � e ^YT e Z l	k[R TW^YsUV X[^Yh~ko`bXEhWtws
T �
i hWV e TWt T �



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

' � � �)?��7( 6 �]: � �H17* �;/ � �`H<E $ 5 7�5 � Q85 @-� 5 O8H�� F @�� C4E�@a:<F!5�7;H<E�@I]I7;:�X�7;H�� @a:NQ9J<EK�

@-� 5�Q9C � 5 @-� 5*O8H�� F�@�� @a:<F!5�7;H<E�@ ]�7�:�X�7�H�� �

u V e R e XER e h0�1k g koTWTWt ��� e �1X � T k[l�T �!i hWV e Tvt�+jt i ��XPl X[t!����TvXEl e l X[^��|h���h~k�� e RvX i h g RWk<�
�[RvX[` � � t|RvT~h � k ipe s�X i T~hWXERvh �ft|hWV X�T g�e s�t [ s�XEhWt|k i k[lfhWV eCg RWk��[RvX[` � X i Z)hWV eji
^YT e R e�[�ipe ` eji h1T~h e�g T h~k [ RUT~h1T �
i hWV e TWt�+ e X�l	X[^��|h���t i h~k�� e RvX i h g Rvk��[RvX[` � X i Z/hWV eji
g�e RWl	k[Rv` X/l X[^��|h�h~k�� e RUX i s e h~RUX i T~l	k[Rv`bXEhWt|k i h~k k��YhWX[t i X/l	X[t-����TWXEl e l	X[^��|h���h~k�� e RvX i h
g Rvk��[RvX[` � u V e T e s k i Z�k g hWt|k i twT¡h~k T~hWXERvhbZYt|R e s h�� � �St|hWV)hWV e l X[^��|h���t i h~k�� e RvX i h
g Rvk��[RvX[` X i Z hWV eji h~RvX i T~l k[RU` t|hJt i h~k X l	X[t!����TWXEl e l X[^��|h���h~k�� e RvX i h g RWk��[RvX[` � �
s ko` g koTWt i �Kt|h �St|hWV l X[^��|hCh~k�� e RvX i s e ` e svV�X i twTW`bT � �9E @-�?CSQL@-�_5 Q9CSQ�� $ 5 H�=�:9] @
@-� 5 Q85UBU:<E�= �T58@-� :�=�:<F�:�X�J �MH<EI= �\Q�@aH<7�@DCSEYXTO 7�:�� HMO�H�� F�@�� CSE�@a:�F�587�H<EI@ ]I7;:�X�7;H�� � $ 5
@D7;H<E_Q4O�:<7 � CD@ C4E�@a: H O8H<CSF ��Q�H�OA5
O8H�� F @���@a:<F!5�7;H<E�@I]I7;:�X�7;H�� � J B9:�� ] :RQ9C4EYXTC4@ $ CD@-� O�H�� F�@
@a:<F!5�7;H<EIB 5MB9:�� ] :<E�58E�@4Q � � :�7;5 Q0]_5�BAC � BUH<F4F J � $ C4@-� =?5A@05�B�@a:<7UQ�� �


���� ��� � � 	��
��� �5���^��� �9�
� � � �����

u k��+XERvZYT�X[Z�ZpR e TWTWt i ��X��-��hWV e T e R e T e XERUsvV twTvTW^ e T � � e V�Xj{ e Z e { e �wk g�e Z X¡hWV e k[R � k[l
Z e h e s h~k[RUT � X i Z twZ eji hWt [�e Z/X i ZCl	k[Rv`bX�� t�+ e ZCT~ko` e tw` g k[RWhWX i h g RWk g�e RWhWt e T1k[l�hWV e T e
g Rvk��[RvX[` s ko` g k ipeji hWT �G.Be VYXG{ e twZ eji hWt [�e ZKX s8�wX[TWT k[lrZ e h e s h~k[RvT/s�X��-� e Z g�e R;�
l e s h�Z e h e s h~k[RvTShWVYXEh�X��!�|k �STOZ e TWt�� i k[l e�, s�t eji hOl	X[t!����TWXEl e l X[^��|h���h~k�� e RUX i h g Rvk��[RvX[` �
q g�e s�t [ s�X��!� � � � e �St!�!�[TWVYk��KVpk��)h~krZ e TWt�� i l	X[t!����TWXEl e l	X[^��|h���h~k�� e RvX i h g Rvk��[RvX[`bT �St|hWV
g�e RWl e s h e RvRWk[R�Z e h e s hWt|k i � X i Z�`bt i tw`bX�� e RWRvk[RrZ e h e s hWt|k i �wXEh eji s ���$� X[T e Z�k i hWV e
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Q i k[hWV e R-X g�g RWkoX[svVMl k[R l X[s�t!�wtwhWXEhWt i ��hWV e ^YT e k[l�X[TWT e RWhWt|k i T twTChWV e ^YT e k[l¡hWV e
Q iYi k[hWXEhWt|k i & R e & RWk
s e TvT~k[R�h~k
k���k[l S koT eji ���w^Y` � S koT � e�� � Q TWtw`bt-�wXEROX gYg RWkoX[sUV twT
Z e Tvs Rvt�� e Z � �
� t i X i Z � t e `bX i � � � � �1� � u V e1g RWk��I� e ` �ft|hWVyhWV e T e X gYg RWkoX[sUV e TItwT
hWV e�� Zpk i k[h g RWk"{
twZ e �o^YtwZ e �wt ipe T g�e RWhWX[t i t i �Ph~k�hWV e Z e TWt�� i k[l e � e s�t|{ e Z e h e s h~k[RvT �
�SV�twsvV�twTrZYt , s�^��|h � TWt i s e { e R � k[l	h eji � hWV e T e X[TWT e RWhWt|k i Trh eji Z h~k � e X gYg � tws�XEhWt|k i �
T g�e s�t [ s �#" i hWVYtwTN� k[Rva � � e/g RWkG{!twZ e X����[k[Rvt|hWVY` TPhWVYXEh¡s�X i X[^ph~ko`bXEhWtws�X��!� � � eji �
e RvXEh e¡g�e RWl e s hzZ e h e s h~k[RvT � V eji s e hWV e�g RWk��I� e ` k[l�Z e TWt�� i t i � X gYg �wt s�XEhWt|k i ��T g�e s�t [ s
Z e h e s h~k[RUTys�X i � e¡e � e s hWt|{ e � � hWXEa eji X��1X � l RWko` g RWk��[RvX[`b` e RUT � k i s e hWV e l X[^��|h��
t i h~k�� e RvX i h g Rvk��[RvX[` twTOXG{7X[t!� X���� e��
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u kPs k i Q_^ e R�hWV e Z e TWt�� i s ko` g � e�� t|h � � QSRWk[RUX�X i Z �P^��wa7XER i t g Rvk g koT e Z�Xrh~RvX i T��
l k[Rv` XEhWt|k i X���X g�g RWkoX[svV6�SV e R e � � X?l X[^��|h���t i h~k�� e RvX i h g Rvk��[RvX[` 1 X g RWk��[RUX[` �fVYtwsvV
TWXEhWtwT [�e TOtwhWT�T g�e s�t [ s�XEhWt|k i t i hWV e X���T eji s e k[l l X[^��|hWT93 � X i ZChWV�XEhSTWXEhWtwT [�e TOXEh � e X[T~h
t|hWTCTWXEl e h � T g�e s�t [ s�XEhWt|k i t i g R e T eji s e k[l?l	X[^��whWT93/twTJh~RvX i T~l	k[Rv` e Z t i h~kKX l X[^��|h��
h~k�� e RvX i h g RWk��[RvX[` 1	e t|hWV e R l X[t!����TWXEl e � i k i ��`bX[TWa
t i �Kk[R-`bX[T~a!t i �Y3/hWVpRvko^ �oV hWV e
X[ZYZYt|hWt|k i k[l�Z e h e s h~k[RvT1X i Z;n"k[R1s k[RWR e s h~k[RvT �nx TWt i ��hWVYtwTnX g�g RWkoX[svV � hWV e�� VYXG{ eSg R e �
T eji h e Z l X[^��|h���h~k�� e RvX i h?TWk��w^phWt|k i TPl k[R�T e { e RvX�� g RWk���� e ` TPTW^YsUV X[T?ZYtwT~h~Rvt ��^ph e Z�R e �
T e h � �PQ � � ��� `�^phW^YX�� e�� s8�w^YTWt|k i � Q � � � � ��� ipe h�� k[RWaJ`bX i X�� e ` eji h � �PQ � � X ��� ZYXEhWX
h~RvX i T~l e R � Q � � � � ��� X i Z � � +jX i hWt ipe X��[R e�e ` eji h�� �PQ � � � � �

u V efg R e `btwT e twT1hWVYXEh+X�l	X[^��wh���h~k�� e RvX i h g Rvk��[RvX[` twT+X?s ko` g koTWtwhWt|k i k[l�X?l X[^��|h��
t i h~k�� e RvX i h g RWk��[RvX[` �StwhWV l X[^��|hSh~k�� e RvX i s e s ko` g k ipeji hWT � Tv^YsvV X[TrZ e h e s h~k[RvT�X i Z
s k[RWR e s h~k[RvT � u V e X[^phWVpk[RUTzXER �o^ e hWV�XEhzTW^�svV�X i X gYg RWkoX[sUV X��-�|k��STfl	k[RrT e�g XERvXEhWt|k i
k[l�s k i s e R i T � q g�e s�t [ s�X��!� � � twhftwT g koTWTWt���� e l k[RrXCT~k[l	h0�+XER e Z e TWt�� ipe Rzh~k [ RvT~hfl k!s�^YT
k i Z e TWt � i t i � hWV e l	X[^��wh���t i h~k�� e RvX i h g RWk��[RvX[` � X i Z hWV eji l	k!s�^YTPk i X[ZYZYt i � l X[^��|h
h~k�� e RvX i s e h~k/t|h �

" i � Q � � � X ��� QfRWk[RvX�X i Z �P^��|aEXER i t g R e T eji h e Z X i T~h e�g �StwT e X gYg RWkoX[svV l	k[R�X[Z �
ZYt|hWt|k i k[l+`?^��whWt|h~k�� e RvX i s e � t � e�� � hWV e X���t!� t|h � k[l � e t i �Jl X[^��|h���h~k�� e RvX i h�h~k-`�^��|hWt g � e
s8�wX[TWT e TJk[lyl X[^��|hWT � u V e�� X��wT~k�XER �o^ e Z hWV�XEh i k i ��t i h e RWl e R eji s e � e h�� e�eji ZYt�� e R;�
eji h g RWk��[RvX[` s ko` g k ipeji hWT ipe�e Z�T�h~k � e { e Rvt [�e Z � X i Z g R e T eji h e Z�X T e hPk[l i k i �
t i h e Rvl e R eji s e s k i Z�t|hWt|k i T1l	k[R1hWV�XEh+` XEh~h e R � "�i hWV�twT g R e T eji h � k[RWa � � ere�� h eji ZChWV e
s�^pRWR eji hnT e hnh~kyt i s8�w^YZ e+i k i ��t i h e RWl e R eji s e �ft|hWV¡k[hWV e R g RWk��[RvX[` g Rvk g�e RvhWt e T 1 X g XERWh
l RWko` l X[^��|hCh~k�� e RvX i s e 3 � TW^�svV X[T g�e RWl e s h Z e h e s hWt|k i � X i Z `bt i tw`bX��zZ e h e s hWt|k i
�wXEh eji s ���

Q i k[hWV e R�h~RvX i T~l	k[Rv`bXEhWtwk i X��+X gYg RvXEk!svVKVYX[T � e�eji)g RWk g koT e Z � � \okoT e�g VKX i Z
l tw^ � l tw^ � �E� l \ � �
� l \ � �!� l \ � �Y� l \ � e�� � u V e�� TWVYk���Vpk ��X g RWk��[RvX[` s k i TWh~Rv^Ys h e Z
l k[R�X�l X[^��|h���l	R e�e T � T~h e ` s�X i � e h~RvX i T~l k[RU` e Z t i h~kbX¡l	X[^��wh���h~k�� e RvX i h g RWk��[RvX[` l k[R
e��
e s�^phWtwk i t i l X[^��|h ��eji {!t|RWk i ` eji hWT � q g�e s�t [ s�X��!� � � hWV e X[ZYZYtwhWt|k i k[l�l X[^��|h?h~k�� e R;�
X i s e h~kCX g RWk��[RvX[` twTf`bk
Z e � e Z � � X l X[^��|h���h~k�� e RUX i hzh~RvX i T~l	k[Rv`bXEhWtwk i hWVYXEhrX[ZYZYT
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hWV eCipe s e TWTvXER � R e ZY^ i ZYX i s � h~k hWV e/g RWk��[RvX[` T~k hWV�XEh?hWV e l X[^��|hWT�s�X i � e h~k�� e R;�
XEh e Z � Q l	X[^��|h���h~k�� e RvX i h g RWk��[RvX[` s�X i � e l ^pRWhWV e RyR e�[�iYe Z�^YTWt i � l	X[^��|h���h~k�� e RvX i h
R e�[�ipe ` eji hOhWVYXEh g R e T e RW{ e T���k[hWV hWV e l	^ i s hWt|k i X�� � X i Z l X[^��|h���h~k�� e RvX i h g RWk g�e RWhWt e T
k[l hWV e�g Rvk��[RvX[` �

u V e l X[^��|hPh~k�� e RUX i s e ` e sUVYX i twTv`bTP^YT e Z XER e { e R � `?^YsUV�Z e�g�eji Z eji h�k i hWV e
l X[^��|h�`�k!Z e �O^YT e Z � � k[R e�� X[` g � e � t i ZYXEhWXBh~RvX i TWl e R � hWtw` e ko^phWT `bX � � e ^YT e Z
h~k Z e h e s hP` e TvTWX�� e �|koTWT e T � RUXEhWV e RrhWVYX i � TWX � � e��
e s�^phWX��I� e X[TWT e RWhWt|k i T �^% k � e { e R �
hWV e�g RWk���� e ` k[l�a i k �St i ��t i X[Zp{EX i s e X��!��hWV e s8�wX[TvT e TOk[l�l X[^��|hWT+hWV e T~k[l h��1XER e s�X i
� e Tv^ � � e s h e Z h~k�`bX � � e ZYt , s�^��whbh~k)TWk��|{ e�� � k[R e�� X[` g � e � s k i hWt i ^Yt i �&�St|hWV
hWV e�e�� X[` g � e k i ZYXEhWX¡h~RvX i TvZ e R � t|l�hWV e T � TWh e ` Z e TWt�� iYe R�X[TWTW^Y` e T�k i � � hWV e s�X[T e
�SV e R e ` e TvTWX�� e T s�X i � e �|koT~hJZY^pRvt i � ZYXEhWX)h~RvX i T~l e R � V e s�X i V�Xj{ e X i t ` g � e �
` eji hWXEhWt|k i TW^YsUV)hWVYXEh?hWV e T eji ZYt i � i k
Z e s�X i R e h~R � T eji ZYt i � hWV e �|koTvT?` e TvTWX�� e
XEl	h e R X)hWtw` e ko^ph � � ^ph t|lPX)l	X[^��|h/k!s�s�^pRvTJhWVYXEh XER ��t|h~RvXERvt!� � s k[RWRU^ g hJhWV e T~hWXEh e
k[lfhWV eCg RWk��[RvX[` � TW^YsvV�R e h~R � X[s hWt|k i T�`bX ��i k[h � e TW^ , s�t eji h � X i Z�TWXEl e h � `bX �
� e s ko` g RWko`btwT e Z �m%Seji s e � � e XEa l X[^��|h?`�k
Z e �wTyXER e T~ko` e hWt ` e T?X[TvTW^Y` e Z � TW^YsUV
X[T �1� +jX i hWt ipe l	X[^��|hWT � "�i TW^YsUVKs�X[T e T � T e �|lST~hWX���t!�wt�+jXEhWt|k i � d t � � ��� VYX[T � e�eji X[Z �
{[k!s�XEh e Z � X i Z�t T � e h~hWt i ��`�k[R e X i ZK`�k[R e XEh~h eji hWt|k i t i hWV e s ko` `?^ i t|h ��� � k[R
e�� X[` g � e �¡� ko^YZYX X i Z ) ^��|hWXERvt g RWk g koT e Z TWko` e T e �|l-��TWhWX���t!�wt�+jt i �Ks ko`b`?^ i tws�XR�
hWt|k iMg RWk[h~k!s k��wT-t i � � )�� � � � q e �|lS��T~hWX���t!� t�+jt i � g RWk[h~k!s k��wT-V�Xj{ e � e�eji g RWk g koT e Z
t i � Q & q k � �o� d^" )�� �p� d .	� eY� Q d � � � d k�� � � � �+drd u � �p� d k�� ����� X[`�k i ��k[hWV �
e RvT � % k�� e { e R � hWV e g RWk���� e ` �StwhWV T e �|lS��T~hWX���t!� t�+jXEhWt|k i twT hWVYXEh TWXEl e h � `bX � � e
h e ` g k[RvXERUt!� � {!t|k��wXEh e Z � � ipe t i h e R e T~hWt i ��s8�wX[TvT k[l�T e �|lS��T~hWX���t!�wt!+jXEhWt|k i � s�X��-� e Z/T i X g �
T~hWX���t!�wt�+jXEhWt|k i � VYX[T � e�eji�g RWk g koT e Z � � m1ko^pR i t e R 58@ �4H<F ��m d & k � � � hWV�XEh TWk��|{ e T hWVYtwT
g Rvk���� e ` � Q=T i X g ��T~hWX���t-�wt�+jt i � g RWk[h~k!s k��ntwT�X T e �|l-��TWhWX���t!�wt�+jt i � g Rvk[h~k
s k��n` e X i t i �
hWVYXEh�TWhWXERWhWt i ��l	RWko`;X i XER ��twh~RvXER � TWhWXEh e 1 t i R e T g k i T e h~kbX i XER ��t|h~RvXER � g�e RvhW^pR ��XR�
hWt|k i `�k
Z�t|l � t i �JhWV e ` e `bk[R � T~hWXEh e 3�t|hPt T �o^YXERvX i h e�e Z�h~k � e VYXG{ e X[s�s k[RvZYt i � h~k
t|hWTST g�e s�t [ s�XEhWt|k i
�

Q i k[hWV e R^�wt ipe k[l X gYg RWkoX[sUV l	k[RSZ e TWt � i k[l l	X[^��wh1h~k�� e RvX i s e � �fV e R e hWV e �[koX���twT
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l k[R\%~TWs�X�� X���� e l	X[^��|h�h~k�� e RvX i s e ' � V�X[T � e�eji t i { e T~hWt �oXEh e Z � � QSRvk[RvXM58@ �4H<F � Q d � � � � �
u kJX[svVYt e { e T e �wl TWhWX���t!�wt�+jXEhWtwk i � k ipe�ipe�e ZYTfh~kJ` XEa e ^YT e k[l�T � T~h e ` tw` g � e ` eji hWXR�
hWt|k i
��% k�� e { e R � hWV e X[^phWVYk[RvTbXER �o^ e hWV�XEh�hWVYtwT¡X gYg RWkoX[sUV�Zpk e T i k[hbTWs�X�� e { e R �
� e �!� �.%feji s e � hWV e��bg RWk g koT e h~k�tw` g � e ` eji h T~hWX���t-�wt�+jXEhWt|k i ��X[T e Z/k i T � T~h e ` T g�e s �
t [ s�XEhWt|k i � TW^YsUVBhWVYXEhyhWV e T~hWX���t-�wt�+jXEhWt|k i�g Rvk g�e Rvh � twT �o^YXERUX i h e�e Z)t|RWR e T g�e s hWtw{ e k[l
hWV e tw` g � e ` eji hWXEhWtwk i
�

u V e�e � e s hWt|{ ejipe TWT�k[lJZ e h e s h~k[RUT�twT�X��wT~k XR� e s h e Z � � hWV e t|R g �wX[s e ` eji h t i
hWV e T~k[l h��1XER e � X[T t i ZYtws�XEh e Z � �h% t!�!� e R 5A@ �SH<F	t i � % \_q � � ��� X i Z�hWV e X[^phWVYk[RvT�X��wT~k
Z e `�k i T~h~RUXEh e hWV e T eji TWt|hWt|{!t|h � k[l�hWV e �|k
s�XEhWtwk i T e h h~kyhWV e ^ i Z e RU� � t i �fl X[^��|h�`bk
Z e �
t i � % \_q �o� � � � i s e hWV e l X[^��|h���h~k�� e RvX i h TWk[l h��1XER e twT k���hWX[t ipe Z � l X[^��|h���t i � e s hWt|k i
e��
g�e Rvtw` eji hWTbXER e s k i ZY^�s h e Z�h~k e {EX��w^YXEh e hWV e R e Tv^��|hWt i � Z e�g�eji ZYX���t!�wtwh � k[lrhWV e
g RWk��[RvX[` � " u � � � �L% k�� e { e R � TW^YsUV&�1k[RWa Zpk i k[hyR e { e X�� hWV e � e XEa�T g k[hWTyt i hWV e
T~k[l h��1XER e � l	k[R e�� X[` g � e � Vpk�� e RWRWk[RvT g RWk g X��oXEh e t i hWV e T~k[l	h0�+XER e � �SVYXEh?XER e hWV e
{
^�� ipe RvX���� e Tvt�� i X��wT�n"{EXERvtwX��I� e T � "�i t|hWt X��\�1k[RWa l	k
s�^YTvt i ��k i hWV e T e X[T g�e s hWT�X g �
g�e XER/t i � % \_q � �[� \ % q � � � � u k)s k i ZY^Ys h hWV e T e {EX��wtwZ�XEhWt|k iKe��!g�e RUtw` eji hWT � e � e s �
hWt|{ e h e TWhJs�X[T e TCXER e�ipe�e Z e Z � q!t i VYX X i Z q!^pRvtft i { e TWhWt��oXEh e Z hWV e X g�g �wtws�X���t-�wt|h �
k[lbl k[RU`bX��?` e hWVpk
Z�T t i ZpRUt|{
t i � � ejipe RvXEhWt|k i k[l h e T~hBs�X[T e TBt i ��qYq � �
� qYq � � X � �
q g�e s�t [ s�X��!� � � hWV e X[^phWVpk[RvT¡R e ^�T e Z�{ e Rvt [ s�XEhWtwk i t i l	k[Rv`bXEhWt|k i h~k�ZpRUt|{ e h e T~hbs�X[T e
� ejipe RvXEhWt|k i
� "�i � \ % q �o� � ��� \oV
^Y`�aEXL5A@ �SH<F g RWk g koT e Z-XJl	k[Rv`bX�� X gYg RWkoX[sUV l k[R�Z e �
TWt�� i t i �ys ko` g k ipeji h�� ��X[T e ZCZ e�g�eji ZYX���� e T~k[l	h0�+XER e X i ZCt i � \ % q �o� X ��� hWV e X[^phWVpk[RvT
g R e T eji h e Z�X l	k[Rv`bX��+X gYg RWkoX[svV�l	k[R¡h e T~h�s�X[T e � ejipe RvXEhWt|k i � �SV e R e � � hWV e�� R e ^YT e
Z e h e s h~k[RfZ e Tvt�� i t i l	k[Rv`bXEhWtwk i h~kJZpRvt|{ e h e T~hfs�X[T e � ejipe RUXEhWt|k i
�

� ejipe RvX��zTW^pRv{ e�� TCt i hWV e XER e X�k[lyZ e�g�eji ZYX���t!�wtwh � s�X i � e l ko^ i Z t i ��m1Rvt � �7�
� X e � � X ��� �SV�t!� e � X e RWh ipe R g R e T eji h e Z X�Tv^pRW{ e�� k[l h~RvX i TWl k[Rv` XEhWt|k i X���X gYg RWkoX[sUV e T
t i � � X e � � � �
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"�i X i e XERU� t e R �1k[RWa � �y^��|aEXER i tPX i Z QfRWk[RvX � �PQ ��� � g R e T eji h e Z X i X����[k[RUt|hWVY`
hWVYXEhzX[^ph~ko`bXEh e TfhWV e X[Z�ZYt|hWt|k i k[l l X[t!����TWXEl e l X[^��|hOh~k�� e RvX i s e h~k/X i t i t|hWt X��!� � l X[^��|h��
t i h~k�� e RvX i h g RWk��[RvX[` � u VYt T X����[k[RvtwhWVY` t T ��X[T e Z k i X i X i X�� � TWtwT/k[lPhWV e T~hWXEh e
h~RvX i TWt|hWt|k i R e�g R e T eji hWXEhWtwk i k[l hWV e¡g Rvk��[RvX[` t i hWV e�g R e T eji s e k[l l X[^��|hWT � u V e X����
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V e � g TOhWV eyg RWk��[RUX[` t i Z e h e s hWt i �6�SV eji %~T~ko` e hWVYt i � ��X[Z�'/twT�X���ko^phfh~kJVYX g�g�eji �
TW^YsvV�hWV�XEhbhWV e g RWk��[RUX[` VYX��|hWT�h~k XG{[kotwZ ZYkot i ��hWV e % ��X[Z�' hWVYt i � � t � e�� � {!t|k��wXEh e
TWXEl e h ���

% k � e { e R � hWV e Z e TWt�� i k[l e�, s�t eji h Z e h e s h~k[RvT twT g Rvk���� e `bXEhWtws ��l�e { e T~k i 58@
H<F � � l m �?q � ��� s k i ZY^Ys h e Z?X � XER � ene��!g�e RUtw` eji h�k i hWV e�e � e s hWt|{ ejipe TWT k[lYT e �|lpsUV e sWa!T �
�SVYtwsUVyXER e t i T~hWX i s e T�k[l�XzZ e h e s h~k[R � t i TWk[l h��1XER e�� u V e���g kot i h e Z?ko^ph t i � l m �?q � ���
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hWVYXEh � X[`bk i �/k[hWV e RvT � 1 tS3ST~ko` e Z e h e s h~k[RvT 1 T e �wl-��sUV e sWa!T93zZ e h e s h i k i � e�� twT~h eji h e R;�
RWk[RUT � t � e�� � hWV e R e XER e `bX i_� l X��wT e X��wXERv`bT 1 t � e�� � l	X�� T e Z e h e s hWtwk i T93 � X i Z 1 twtS3�`bX i]�
Z e h e s h~k[RUT�hWVYXEh � e R e Z e TWt�� ipe Z � e R e t ipe � e s hWt|{ e � t � e�� � hWV e�� ZYk i k[h¡Tvt�� i X��+X i]�
e RWRvk[R � �SV eji hWV e R e t Tyk ipe t i hWV e T � T~h e ` � " i hWV eT[ RvT~h�s�X[T e � hWV e/e�, s�t eji s � k[l
hWV e T � T~h e ` `bX � Z e s R e X[T e � TWt i s e hWV e T � T~h e ` ` X � VYX��|h g R e `bXEhW^pR e � � � �SVYt!� e t i
hWV e T e s k i Z s�X[T e � hWV e TWXEl e h � k[l+hWV e T � T~h e ` `bX � � e {
twk��wXEh e Z � q
k � � e ipe�e Z X
` e hWVYk
Zpk��wk�� � l	k[R�hWV e Z e TWt�� i k[l e�, s�t eji hSZ e h e s h~k[RvT �

"�i hWVYtwTSsUVYX g h e R � � e\[ RvTWh g RWk"{
t Z e Xbl	k[Rv`bX���kG{ e Rv{
t e � k[lnZ e h e s h~k[RvT � �y^�� � � ���
X i Z e��
g � X[t i hWV e t|RbRWk�� e t i l	X[t-����TWXEl e l	X[^��wh���h~k�� e RvX i h g RWk��[RvX[` �J\ � 7 �MH<C4E BU:<EK�
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@-�_5�:<7 J :�O =?58@05UBA@a:<79Q�� @-� H�@ CSQ�B 5�E�@0587;5U=
H<7;:�� EI= @-� 5 EI:�@DCV:<E6:;O�H�ETC4EIBU:<E�Q9CSQ @05�EI@ @D7;H<E_Q9CD@DCV:<E � .Be l	^YRWhWV e R twZ eji hWt|l � XzT g�e s�twX��
s8�wX[TvT k[l�Z e h e s h~k[RvT � s�X��-� e Z g�e RWl e s h+Z e h e s h~k[RvT � X i Z e��!g �wX[t i t|hWT1RWk�� e t i hWV e Z e TWt�� i
k[l l	X[t-����TWXEl e l	X[^��wh1h~k�� e RvX i s e�� q g�e s�t [ s�X��!� � � � e TvVpk�� hWV�XEhSs ko` g koTWt i ��s RvtwhWtws�X���X[s �
hWt|k i Tyk[l�X g RWk��[RvX[` 	 �St|hWV g�e RWl e s h?Z e h e s h~k[RvT¡twT?Tv^ , s�t eji hyt i h~RvX i T~l	k[Rv`bt i � 	
t i h~k?X?l X[t!����TWXEl e l X[^��|h���h~k�� e RUX i h g RWk��[RvX[` �`.Be hWV eji/g R e T eji h X i X����[k[RvtwhWVY` � ��X[T e Z
^ g k i hWV e hWV e k[R � � hWVYXEh � �ot|{ eji X�l X[^��|h���t i h~k�� e RUX i h g Rvk��[RvX[` 	>�ft|hWV TWXEl e h � T g�e s�t��
[ s�XEhWtwk i � � � X i ZCX�l	X[^��wh1s8�wX[TvT � � � ejipe RvXEh e T�X�l X[t!����TWXEl e l X[^��|h���h~k�� e RvX i h g Rvk��[RvX[`
	�� � �SVYtwsUV twT�hWV e l	X[t-����TWXEl e l	X[^��wh���h~k�� e RvX i hy{ e RvTWtwk i k[l 	 � u V e `bX[t iBg RWk g�e RWh � k[l
g�e RWl e s hyZ e h e s h~k[RvT�twT�hWV�XEhPhWV e�� Z e h e s h e RvRWk[RvTPt|l+X i ZBk i � � twl hWV e T ebe RWRWk[RvTy`bX �
� e X[Z h~kb{
twk��wXEhWt|k i k[l TWXEl e h ��� u V
^YT � g�e RWl e s h�Z e h e s h~k[RvTfs�X i � e TWVpk � i h~k X[ZYZYR e TWT
hWV e h0�1k g RWk���� e `bTOtwZ eji hWt [�e Z � ��l�e { e T~k i 5A@ H�F �

"�i � \ % m�q �o�
� \ % q �o� � � \ % q �o� X ��� X�T e h�k[l g�e RWl e s h¡Z e h e s h~k[RvTM�+X[T�t i t|hWt X��!� �
R e l e RWR e Z�h~k X[T � � � ���|k���X��-� � s k i TWt T~h eji hbZ e h e s h~k[RvT � Q ��� ��s k i TWtwTWh eji hbZ e h e s h~k[R
twT¡k iYe hWVYXEhbZ e h e s hWT X i�e RvRWk[Rbt|lfX i Z�k i � � t|lfhWV e e RWRWk[Rbs�X i � e X[Z�h~kB{
twk��wXEhWt|k i
k[lSTvXEl e h ��� Q T e h�k[lSTW^YsUV � � ��s k i TWt T~h eji h�Z e h e s h~k[RUT�twT?TvX[twZ�h~k � e ��� � ���|k���X��!� �
s k i TvtwT~h eji h �
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q!XEl e h � ��s RUt|hWtws�X���X g�g �wtws�XEhWt|k i T ipe�e Z h~k TWXEhWtwT~l � T~h~Rvt i � eji hyZ e�g�eji Z�X���t!�wt|h � R e Q
^Yt|R e �
` eji hWTzt i hWV e t|R g RWk"{
t TWt|k i k[lnT e Rv{
tws e T �+xzi � e TvTST~ko^ i Z Z e TWt�� i ` e hWVpk!ZYTSXER e ^YT e Z
h~k-T �!i hWV e Tvt�+ e TW^YsUV X gYg �wt s�XEhWt|k i T � hWV e�g RWk
s e TvT�k[l1Z e TWt�� i t i �JTWXEl e h � ��s Rvt|hWt s�X���X g �
g �wtws�XEhWt|k i TytwT �wt|a e � � h~k � e X�s ko` g � e�� k ipe�� u k�R e ZY^�s e hWV e s ko` g � e�� t|h � k[lSZ e �
TWt�� i t i �)TW^�svV X gYg � tws�XEhWt|k i T � QSRvk[RvX�X i Z �P^��wa7XER i t � Q � � � X � VYXG{ e g RWk g koT e Z X
h~RvX i T~l	k[Rv`bXEhWt|k i X���X gYg RWkoX[sUV � �fV e R e � � X i t i t|hWt X��!� � l X[^��|h���t i h~k�� e RvX i h g RWk��[RUX[` twT
T � TWh e `bXEhWtws�X��!� � h~RUX i T~l	k[Rv` e Z�t i h~krXzl	X[^��|h���h~k�� e RvX i h�k iYe�� u V e `bX[t i T~h e�g t i {[k��|{ e Z
t i Z e TWt�� i t i ��X¡l X[^��|h���h~k�� e RvX i h g RWk��[RvX[`;twTOs ko` g koTWt i �?hWV e s k[RWR e T g k i ZYt i �?l X[^��|h��
t i h~k�� e RvX i h g RWk��[RvX[` �St|hWV?s ko` g k ipeji hWT�hWV�XEh 1 tS3�Z e h e s hIX i Z;n"k[R 1 twtS3�s k[RvR e s h e RWRWk[RvT
hWVYXEh�XERvtwT e X[T�XJR e TW^��|hzk[l�l X[^��|hWT � Z e�g�eji ZYt i �bk i hWV e � e { e � k[l l	X[^��|h���h~k�� e RvX i s e h~k
� e X[svVYt e { e Z � u V e s8�wX[TWT?k[l g RWk��[RvX[` T?hWV�XEh¡X[sUVYt e { e T¡hWV e [ RvTWh �[koX��+twT?h e Rv` e Z
=?58@05UBA@a:<79Q\�SVYt!� e hWV e s8�wX[TWT+k[l g RWk��[RvX[`bT+hWV�XEh+X[sUVYt e { e TOhWV e T e s k i Z �[koX���twT+s�X��!� e Z
BU:<7 7;5UBA@a:<79Q � Q � � � s � �

.Be R e T~h~Rvtws hJko^pR XEh~h eji hWt|k i h~kKZ e TWt�� i t i �#O8H<CSF ��Q�H�OA5Bl X[^��|h���h~k�� e RvX i s e�� " i hW^ �
t|hWt|{ e � � hWVYt T�` e X i T�hWVYXEhbt|h¡twT?X[s�s e�g hWX���� e hWVYXEh¡hWV eCg RWk��[RUX[` %~VYX��|hWT�'�t|lOl X[^��|hWT
k
s�s�^pR/X[TT�|k i � X[T t|hbX����+X � TbR e `bX[t i Tbt i X %~TvXEl e ' TWhWXEh e�� u V�twT¡h �
g�e k[lzl X[^��|h��
h~k�� e RvX i s e twT¡k[l	h eji ^YT e Z�t i 1 i ^Ys8� e XER 3 g k�� e R g �wX i hWT¡k[R�h~RvX[t i s k i h~RWk��OT � T~h e `bT
�SV e R e TWXEl e h � 1 Xj{[kot ZYX i s e k[l�s�XEhWX[T~h~RWk g VYtws e { eji hWT93 twT1`�k[R e tw` g k[RWhWX i h�hWVYXEh+s k i �
hWt i ^Yko^YT g RWk"{
twTvt|k i k[l�T e Rv{
tws e�� "�i hWV e s k i h e�� h k[l�hWV e QSRWk[RUX+n �P^��|aEXER i t!X gYg RvkoX[svV �
l	X[t!����TWXEl e l X[^��|h���h~k�� e RUX i s e s�X i � e X[sUVYt e { e Z � � ` e R e � �Je ` g �|k � t i ��Z e h e s h~k[RvT �

� ejipe RvX��-� � � Z e h e s h~k[RvT+s�X i � e R e �oXERvZ e ZCX[T X i X���T~h~RUX[s hWt|k i k[l�`bX i]� ZYt�� e R eji h
e�� twTWhWt i �Sl X[^��|h���h~k�� e RvX i s e ` e svV�X i twTW`bT � � k[R e�� X[` g � e � Xzs ko` `�k i �1X � h~k�X[sUVYt e { e
l	X[^��wh���h~k�� e RvX i s e twTJh~kKR e�g �wtws�XEh e XKs Rvt|hWtws�X��rhWX[TWa X i Z TvsvV e ZY^�� e twh k i ZYt�� e R eji h
g RWk!s e TWT~k[RvT � u V e ko^ph g ^phWT k[l�hWV e T e hWX[T~a!TnXER e �YRvko^ �oV]h h~k�� e hWV e R1t i Xr{[k[h e R �fVYtwsvV
ko^ph g ^phWT�X�s k i TWtwT~h eji h�{7X��w^ e�� u V e {[k[h e Rbs k i hWX[t i T�X s ko` g XERUXEh~k[R �SVYtwsUV twT�X i
t i T~hWX i s e k[l�X�Z e h e s h~k[R � Q i k[hWV e R 1 `bX � � e `�k[R e k��_{!t|ko^YT 3 e�� X[` g � e k[l�XrZ e h e s h~k[R
twT�hWV e ^YT e k[l e RvRWk[R?Z e h e s hWt i � s k!Z e T � � hWV e R e RWRvk[R?VYX i Z��wt i � ` e sUVYX i twTW` TN�wt|a e
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X[s�s e�g hWX i s e h e T~hWTIk[R e��!e s�^phWX���� e X[TWT e RWhWt|k i T s�X i X��wT~k � e l	k[Rv`�^��wXEh e Z�X[TnZ e h e s h~k[RUT
t i hWV e T eji T e k[l�QfRWk[RvX�X i Z �P^��|a7XER i t � Q � � � s � � %feji s e � R e X[T~k i t i �zk i hWV e � e { e �!k[l
Z e h e s h~k[RUT `bXEa e T1X i X gYg RWkoX[svV/X gYg �wtws�X��I� e h~ky`bX i_� Z�t�� e R eji h g RUX[s hWtws�X���T e h~hWt i �oT �

"�i hWVYtwT�sUVYX g h e R � � e�g R e T eji hPXLQ�:�� EI= � X i Z/B9:�� ]IF�5A@05JX����[k[Rvt|hWV�` l k[RPh~RUX i T��
l	k[Rv`bt i �fX i t i t|hWt X��!� � l X[^��|h���t i h~k�� e RUX i h g RWk��[RvX[` 	�t i h~kzX i�e�, s�t eji h l	X[t-����TWXEl e l X[^��|h��
h~k�� e RUX i h g RWk��[RvX[` 	 � � u V e X����[k[RvtwhWVY` � e t i �fT~ko^ i ZPX i Z?s ko` g � e h e � ` e X i t i �ShWVYXEh
1 tS3+hWV e h~RvX i T~l k[RU` e Z g RWk��[RUX[` 	���twT�t i l	X[s hzXbl X[t!����TWXEl e l X[^��|h���h~k�� e RvX i hS{ e RUTWt|k i k[l
hWV e k[Rvt��ot i X�� g RWk��[RvX[` 	 1 T~ko^ i Z ipe TWT 3 � X i Z 1 t tS3+t|l Xbl X[t!����TWXEl e l X[^��|h���h~k�� e RUX i hf{ e R;�
TWtwk i k[lYhWV e�g RWk��[RUX[` e�� twT~hWT � hWV eji hWV e X����[k[RvtwhWVY` �St-�!� [�i Z?t|h 1 s ko` g � e h ejipe TvT93 �`� �
e�, s�t eji h � � e ` e X i hWV�XEh�hWV e l	X[t-����TWXEl e l X[^��|h���h~k�� e RvX i hPZ e h e s h e RWRWk[RvT�twl X i Z�k i � �
t|l e RvRWk[RvT � e X[Z)h~k {!t|k��wXEhWtwk i k[lSTWXEl e h � � hWV_^�T�X[Z�ZpR e TWTWt i �-T~ko` e k[l�hWV eCg Rvk���� e `bT
twZ eji hWt [�e Z � �Tl�e { e T~k i 5A@ H�Fnt i � l m �?q � ����� t � e�� � 	���VYX[T g�e Rvl e s h e RvRWk[RfZ e h e s hWtwk i
�
� { e RUX��!� � ko^pR?X gYg RWkoX[svV twTyX gYg �wtws�X���� e h~k�X-s8�wX[TvTPk[l g RWk��[RUX[`bT � s�X��!� e Z � :�� EI=?5�=
]I7;:�X�7�H�� Q � u V eOg RWk g�e RWh � k[l ��ko^ i Z e Z g RWk��[RvX[`bT twTIhWVYXEh hWV e R e twT i ky^ i ��ko^ i Z e Z
�|k
k g �StwhWVYt i k[RSX[s RWkoTWT g RWk!s e TWT e T � � ` � e ZYZ e Z X gYg �wtws�XEhWtwk i TOXER e k[l	h eji t i TWhWX i s e T
k[l ��ko^ i Z e Z g RWk��[RvX[`bT � d twT~h~RUt���^ph e Z X����[k[Rvt|hWV�`bT/Tv^YsvV X[TC`?^YhW^YX�� e�� s8�w^�TWt|k i �
� � +jX i hWt ipe X��[R e�e ` eji h e hWs � XER e X��wT~k t i T~hWX i s e TOk[l ��ko^ i Z e Z g RWk��[RUX[`bT �

� ^pR X�� �[k[Rvt|hWVY` twT Z e Rvt|{ e Z?ko^ph k[l�XfR e�[�iYe ZyhWV e k[R � k[l�Z e h e s h~k[RUT � u VYtwT�hWV e k[R �
Z e { e �wk g TfX h e Rv`bt i k��|k�� � �SVYtwsUV-s�X g hW^pR e TfX i Z e��
g �wX[t i TOhWV e �1k[RWa
t i � g Rvt i s�t g � e T
k[l�Z e h e s h~k[RvT � e h~h e RnhWVYX i � e l k[R e�� u V e ��X[TWtws ��^�t!�wZYt i � ���|k!sWa?k[l�hWV e hWV e k[R � twT hWV e
i k[hWtwk i k[lIXbh~RvX i TWt|hWt|k i �fVYtwsvV-twT$C4EIBU:<E�Q9CSQ @05�EI@��St|hWV R e T g�e s h�h~k/X/TWXEl e h � T g�e s�t [ �
s�XEhWt|k i � l X[` � � � � u V�twTSs�X i � e ^ i Z e RvT~h~k
k
Z X[Tfl	k��!�|k��fT 
 � �!e s�^phWt i �JXbh~RvX i Tvt|hWt|k i
t i s k i TWtwT~h eji h^�St|hWV R e T g�e s hfh~k hWV e TWXEl e h � T g�e s�t [ s�XEhWtwk i s�X i � e X[Z h~k XJ{
twk��wXEhWt|k i
k[l hWV e TWXEl e h � T g�e s�t [ s�XEhWt|k i t|l i k s ko^ i h e Rv` e X[TW^YR e T�XER e hWXEa eji �

� ^Yt-�wZYt i �b^ g k i hWVYtwTSs k i s e�g h � � e Z e { e �|k g X hWV e k[R � k[l�X[s�s�^pRvXEh e � s ko` g � e h e �
X i Z g�e RWl e s hOZ e h e s h~k[RvTOh~k�� e hWV e R �St|hWVJhWV e�ipe s e TWTvXER � s k[RvR e s h ipe TWTOhWV e k[R e `bT �`"�i �
hW^YtwhWt|{ e � � � X Z e h e s h~k[RCt T H�B9B � 7�H�@05Bt|l�t|h&% g R e T e RW{ e T�')s k[RWR e s h � e VYXj{!t|k[RvT k[l�hWV e
T � T~h e ` t i hWV ezg R e T eji s e k[l�l X[^��|hWT � Q Z e h e s h~k[R�twT^B9:�� ]IF!58@05?t|l�t|h�%�R e � e s hWTU'�t i s k[R;�
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R e s h � e V�Xj{!t|k[RvT+t i hWV erg R e T eji s e k[l�l	X[^��wh � Q Z e h e s h~k[RStwT ]_587SOA5�B�@ twl�t|h+twT+X[s�s�^pRvXEh e
X i Z s ko` g � e h e��

" i hWV�twT�svV�X g h e R � � e `bXEa e hWV e l k��-�|k��St i ��s k i h~Rvt ��^phWt|k i T 
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program transition in absence of faults

program transition in presence of faults

fault transition

(reachable transition)

(reachable transition in the presence of faults)

Reachable states in the
absence of faults

Reachable states in
the presence of faults
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 SSe X[svVYX���� e T~hWXEh e T�n"h~RvX i TWt|hWt|k i T

� t�� � � � � t!�!�w^YTWh~RvXEh e TbhWV e s k i s e�g hWTJk[lPR e X[sUVYX���� e T~hWXEh e T�n"h~RvX i TWt|hWt|k i TCt i hWV e
X���T eji s e n g R e T eji s e k[l l	X[^��whWT �

� ��T e RW{ e hWVYXEh � T~hWXERvhWt i �bl	RWko` X i t i twhWtwX���T~hWXEh e � t i hWV e X���T eji s e k[lIl X[^��|hWT � X��!�
s ko` g ^phWXEhWt|k i Trk[l 	�TWXEhWtwT~l � hWV e TWXEl e h � T g�e s�t [ s�XEhWt|k i � � � u V
^YT � hWV e s ko` g ^phWXR�
hWt|k i Tyk[l 	 �[k�hWVpRWko^ �oV�hWVpkoT e h~RvX i TWt|hWt|k i T 1 T~hWXEh e T93yk[l�	)hWVYXEh�XER e R e X[sUVYX���� e t i
hWV e X���T eji s e k[l�l	X[^��whWT ����% k � e { e R � t i hWV e?g R e T eji s e k[l�l X[^��|hWT � T~ko` e h~RvX i TWtwhWt|k i T
1 T~hWXEh e T 3`�SV�twsvV � e R e ^ i R e X[sUVYX���� e t i hWV e X���T eji s e k[l�l X[^��|hWT � i k�� � e s ko` e R e X[sUV �
X���� e��yx Tvt i �JhWV e X���k"{ e h e Rv`bt i k��|k�� � � Z e h e s h~k[RvT 7�5 �M:<W�5/T~ko` e k[l�hWV e¡g Rvk��[RvX[`
h~RvX i TWt|hWt|k i T �SVYt svV � e R e ^ i R e X[svVYX��I� e � � 	�t i hWV e X���T eji s e k[l�l X[^��|hWT � ��^ph � e �
s ko` e R e X[sUVYX���� e t i hWV e?g R e T eji s e k[lnl X[^��|hWT � " i X/T eji T e � s ko` g koTWt i �JX g Rvk��[RvX[`
�StwhWV/Z e h e s h~k[RUT�` e X i T1h~k�R e�[�iYe hWV e k[Rvt��ot i X���h~RUX i TWt|hWt|k i R e �wXEhWtwk i X i Z e �wt `bt i XEh e
s e RWhWX[t i g RWk��[RvX[` h~RvX i TWtwhWt|k i T+T~k X[TSh~k `bXEa e ��X[Z h~RvX i TWt|hWtwk i TO^ i R e X[sUVYX���� e��

.Be s8�|koT e hWVYtwTOT e s hWtwk i �St|hWVCX [�i X���R e `bXERva R e �oXERvZ�t i ��hWV e X[TWTW^Y` g hWt|k i hWVYXEh
T g�e s�t [ s�XEhWt|k i T � e l ^YTWtwk i ��s8�|koT e Z �
"�i l k[RU`bX��!� � T g k[a eji � l ^YTWtwk i ��s8�|koTW^pR e �o^�XERvX i h e�e T
hWVYXEhrhWV e¡eji hWt|R e VYtwT~h~k[R � k[l�XCs ko` g ^phWXEhWtwk i %~t TzXG{7X[t-�wX���� e 'Ct i hWV e s�^pRWR eji h�T~hWXEh e
k[l�hWV e T � T~h e ` � t � e�� � t|h/twT TW^ , s�t eji hbh~k�k���T e RW{ e hWV e s�^pRWR eji h T � T~h e ` T~hWXEh e h~k
a i k����SV e hWV e RPhWV ebipe�� h?T~h e�g �St!�-��R e Tv^��|h�t i X ZYt TWX��!�|k � e Z g R e�[�����" hyVYX[T � e�eji
k���T e RW{ e Z�� � ^Y` � �!� Q�� � � X � hWVYXEh T g�e s�t [ s�XEhWt|k i T t i hWV eBg k g ^��wXER xfi t|h � �|k��otws
��m ) �[��� XER e l	^YTvt|k i ��s8�|koT e Z � X[TrXER e �|k�� �0� e { e � T g�e s�t [ s�XEhWt|k i T �wt|a e m g Rvk��[RvX[`bTzk[R
h~RvX i TWt|hWt|k i T � T~h e `bT � "�i � ejipe RvX��pX�T g�e s�t [ s�XEhWtwk i hWV�XEhntwT i k[h l	^YTvt|k i ��s8�|koT e Z¡s�X i � e
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s k i { e RWh e ZBt i h~k X/l	^YTvt|k i ��s8�|koT e Z T g�e s�t [ s�XEhWtwk i hWVpRvko^ �oV hWV e X[Z�ZYt|hWt|k i k[l�VYtwTWh~k[R �
{7XERvt X���� e T �W% k�� hWVYtwT�s�X i � e Zpk ipe t i XL�1X � hWVYXEhb`bt i t `bt�+ e TPhWV e i ^Y` � e R¡k[l
X[ZYZYt|hWt|k i X���TWhWXEh e TSR e ` X[t i TOX¡h~k g twsPl k[R�l ^pRWhWV e ROR e T e XERvsUV �

" i hWVYtwT+T e s hWtwk i � � e VYXG{ ezg RWkG{!twZ e ZJX i kG{ e RW{!t e � k[l�Z e h e s h~k[RvT�X i Z/hWV e t|R+RWk�� e
X i Z�tw` g k[RWhWX i s e t i hWV e Z e TWt�� i k[l l	X[t!����TWXEl e l X[^��|hzh~k�� e RvX i s e��#% k � e { e R � �wt|h~h�� e twT
a i k � i X���ko^ph`�SV e hWV e R�hWV e Z e h e s h~k[RvT1Z e TWt�� ipe Z�XER e�e�, s�t eji h�k[R i k[h � u kyX[Z�ZpR e TWT
hWVYtwT g RWk���� e ` � � e �St!�!� [ RvT~h Z e�[�ipe hWV e h~RvX i T~l	k[Rv`bXEhWtwk i?g RWk���� e ` k[lYl X[t!����TWXEl e l X[^��|h
h~k�� e RvX i s e(1 q e s hWt|k i � � � 3 �L.Be �St-�!�IhWV eji Z e { e �|k g X-hWV e k[R � hWVYXEh¡^ i Z e R g t i TrX i
X����[k[Rvt|hWVY` hWV�XEhST~k��|{ e TShWV e h~RvX i T~l	k[Rv`bXEhWtwk i g RWk���� e ` �
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t i h~k�� e RvX i h g RWk��[RvX[` 	¡t i h~kSXSl	X[t!����TWXEl e l	X[^��wh���h~k�� e RvX i h�{ e RvTWtwk i 	��El	k[R X �ot|{ eji TWXEl e h �
T g�e s�t [ s�XEhWt|k i �K��X i Z l X[^��|h�`�k!Z e � � �

. V eji Z e Rvt|{!t i � 	 � l	RWko` 	 � k i � � l	X[^��wh�h~k�� e RvX i s e TvVpko^��wZ � e X[ZYZ e Z � t � e�� � 	 �
TWVpko^��wZ i k[h/TWXEhWtwT~l � ��� t iKipe � �+X � TJt i hWV e X���T eji s e k[lrl	X[^��whWT � q g�e s�t [ s�X��!� � �
hWV e R e XER e h�� kJs k i ZYt|hWtwk i T+h~k � e TWXEhWtwT [�e Z-t i hWV e h~RvX i T~l k[RU`bXEhWt|k iCg RWk��I� e ` 
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�K� � hWV eji 1 
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;3zs�X i�i k[h � e ^�T e Z � � 	�� � TWt i s e hWV�twT�` e X i T�hWV�XEh�hWV e R e XER e
k[hWV e R �+X � T 	���s�X i TWXEhWtwT~l � �4�)t i hWV e X���T eji s e k[l l	X[^��|hWT � u V
^YT � hWV e T e hSk[l
h~RvX i Tvt|hWt|k i T+k[l�	���`?^�T~h�� e X�TW^ ��T e hOk[l hWV e T e h�k[l h~RvX i TWt|hWtwk i T1k[l�	 �

� Q^�wT~k � t|lnhWV e R e?e�� twT~hWT�XCT~hWXEh e 
¡R e X[svVYX���� e � � 	�� t i hWV e X���T eji s e k[lnl X[^��|hWT
hWVYXEhOtwT i k[h+R e X[svV e Z � � 	-t i hWV e X���T eji s e k[l�l	X[^��|hWT � hWV eji hWVYtwT1` e X i T+hWVYXEh
	 � s�X i TWXEhWtwT~l � �K��ZYt�� e R eji h�� � l	RWko` 	�t i hWV e X���T eji s e k[lIl X[^��|hWT � X i Z-Tv^YsvV
XCT~hWXEh e 
�TWVpko^��wZ i k[h � e R e X[svV e Z � � 	 � t i hWV e X���T eji s e k[lnl X[^��|hWT � u V
^YT �
hWV e T e h+k[l�TWhWXEh e T+R e X[svVYX��I� e � � 	���TWVpko^��wZ � e X¡TW^ ��T e h1k[l�hWV e T e h+k[l T~hWXEh e T
R e X[sUVYX���� e � � 	 �
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"�i � ejipe RUX�� � hWV e T e s k i ZYt|hWt|k i TPR e TW^��|h?t i hWV e R e Q
^Yt|R e ` eji hPhWVYXEh ��k[hWV g RWk��[RUX[`bT
TWVYko^��wZ¡VYXj{ e hWV e TWX[` e T e hIk[l�l	X[^��wh���l R e�e s ko` g ^phWXEhWt|k i T � � k[RU`bX��!� � � � e Z e�[�ipe hWV e
h~RvX i T~l k[RU`bXEhWt|k i g Rvk���� e `;X[TOl	k��!�|k �ST 
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