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YtsB[ � [\blLc^ i Y J LRq QZLRYaO Y i L k � e>f ^as�� f bdWT[\S �Z[_YTW f W ilk �vs J SBQtO f b i ^w�hQZ[\WTW f QT[_W{LRq 2N�X�}O�Y g M i blb
sVO � [~O � [_blLc^ i Y J LRq 2N� � ^ g � W ^_L g �VORQT[_SjYTL�O}qz[�M"^ g � W qzLRQ YTsh[\Q g ORb ^_L k � [\^�Y i L k ShQ i � [ k
�hb f g [_W�� � Y i W YTs i W{blORQT�R[ S i98 [_QT[ k ^\[ YTsVO�Y g OR`R[_WwO b O I LXQTO�YtLRQ J WT^\ORbl[ b i x f i S WZL>S i f g �=�
| Jck O g L&[��>�@[_Q idg [ k Ywqz[\ORW idI bl[ �

A�� (�� � 6  ( � �$��(*���)(  � #)� �

�ysh[ idk Yt[\Q k ORb Y f Q I f bl[ k ^\[ idk sh[_QT[ k Y�YTL �hb f g [j[ k YtQTO ilkhg [ k Y�q f QZYtsB[\Q&O i ShW idk
YtsB[�[ 8 [\^�Y i � [ k [_WTW LRq�W f ^as"�hb f g [\W�qzLXQ S J>k O g L��%O ilk � �q YT[\Q�[ k YtQtO ilkhidk � O k S
QTLRYtO�Y �
ilk � YtLXQZL i ShORb � f ��YtL YTsh[���LXblL i SVORbn�hblO ilk � i Y i W ilg ��[\QtO Y i � [}qzLRQ S Jck O g L��%O ilk YTsVO�Y YTs i W
��LXblL i SVORb � f � g [\QT�R[\WPM i Yts YTsh[~LXQ i � idk ORbV��LXblL i SVORb � f ��O k S�YTsh[\QZ[_qzLXQZ[ I [~QT[_bl[ O�WT[\S�qzQZL g
YtsB[��hb f g [ i YtWZ[\bpq � �ysh[�WZYTQTL k �vShQ i � [ k Y f Q I f bl[ k ^\[ ilk Ytsh[w�hb f g [w[ k sVO k ^_[\W Ytsh[�S iH8 f W i � [
QT[_bl[\ORWT[1O k S g [\QZ� ilk ��LRq Yts i W � f � ��� k LRYtsh[_QjM LXQTSBW\�yL k [�Sh[\W i QZ[\W�O)b ORQZ�X[ g O�� k [_Y i ^
uw[ Jck LXbdShW k f g�I [\Q qzLRQ�YTsh[�S i98 [_QT[ k Y i ORb�QTLRYtO�Y i L k ^\QT[\O�Y idk ��YTsh[1YtLRQTL i SVORbyoV[\bdS � I f Y�O



O�F

QT[_b O�Y i � [\b J blLNM g OR� k [_Y i ^Duw[ Jck LXbdShW k f g�I [\QyqzLXQ{YtsB[}sB[\b i ^ i Y J �X[ k [\QTO�Y idk �&�hb f g [DSh[�qzLXQ �
g O�Y i L k �

A�� (�� � 6  ( � �M# �  �����	 � � �A�
	��A�]�

��[~QT[ � i [_M"YTsh[ qzL f Q Y J �@[_WyLRq �hb f g [_W YtshO�YPM [ I [_b i [ � [ ORQT[ W ilg f b O�YT[\S I'J YtsB[
[��>��[\Q ilg [ k Y+���ysh[-ohQTWZY i W�YTsh[ I f L J O k ^ J ShQ i � [ k �hb f g [ idk O)W YtQtO Y i oh[\S�O�Y g LXWT�Bsh[\QZ[
Mwsh[_QT[ Ytsh[&W i �\[ L�q YTsh[ ilkhi Y i ORb I f L J O k Y}[\bd[ g [ k Y i W ^\L g �VORQTO I bl[vYtL�Ytsh[ bdL>^\ORb �BQT[\WZW f QZ[
WT^\ORbl[ysB[ i �Rs'Y�� �ys i W �hb f g [ i W ilg ��LXQZYtO k Y YtL�W Yt[\bdb ORQ S Jck O g LXW�Mwsh[_QT[yYtsh[ idkhi Y i ORb I f L J O k Y
[\bd[ g [ k Y�O k S-Ytsh[}^\L k WT[\x f [ k Y i O�b g O � ilg f g<g OR� k [�Y i ^DWZYtQZ[\WZW i WwSh[�Yt[_Q g�ilk [_S I%J ^\L k S i9�
Y i L k W7O�Y Ytsh[ I ORWZ[wLRq Ytsh[w^\L k � [\^�Y i � [B�_L k [=� PLXbl�%O Yt[�2 � V V
���r�ysh[w^\L k � [\^_Y i � [�W YtQT[_WTW7Ytsh[ k
�hQZ[\S i ^_YtWyYTsh[�b ilg�i Y ilk �}WZYTQT[ k �RYts-LRq WTLXblORQ{oV[_blShW:� �ysh[vWZ[\^_L k S Y J ��[}LRq �Bb f g [ i WwO WZshL>^a`
ShQ i � [ k �hb f g [�[��>�VO k S ilk ��W f ��[\QZWTL khi ^ ORbdb J�ilk YtL)O k [ ORQ � OR^ fBf g ���ys i W i W Ytsh[ �hb f g [
YtshO�Y�M [ I [\b i [ � [ i W�ShQ i � [ k�I%J WZYt[_blblORQ ^_LXblb i W i L k W�M i YTs Ytsh[ OR^_^\QZ[_Y i L k S i WT` � e idgji b ORQZb J
W f �@[_Q k L � OR[�M i blb �hQTLcS f ^_[vW f ^as1�hb f g [\W{M i YTs ilk YTsh[��%ORb O � J �7�ysh[\WZ[ �hb f g [_WwORQT[�QZL I f W Y
ilk YtsB[}WZ[ k WZ[vYTsVO�YwYtsh[ i QwS Jck O g�i ^DW YtQZ[\WTW i Ww�XQZ[ O�YT[\QyYtsVO k YTsh[�WZYtQZ[\WZW LRq Ytsh[�S i98 [_QT[ k Y i ORb
QTL�YaO�Y i L k LRq YTsh[�� f i S ���ysh[�YTs i QZS�Y J ��[ LRq �hb f g [ i W7YtsB[�L k [�^_QT[ O Yt[\S ilk Ytsh[�[��>��[\Q idg [ k Y
I%J O}� f blWZ[\S �Z[�Y MwsB[\QT[wYtsB[�Y ilg [yS f QtO Y i L k L�q YtsB[ �Z[�Y i W7LRq YTsh[wLXQTSh[_Q YTsh[yYtQTO � [\QZWtORb Y idg [
LRqyYTsh[ S i O g [_Yt[_QvL�qyYtsh[ I f L J O k Y&[_bl[ g [ k Y����ys i W��hQZL>S f ^\[\W�O��hb f g [jLXQ � LXQ Yt[�� Q idk ���
�ysh[�qzL f QZYts:Y J ��[ LRq}�hb f g [ i W YTsh[ k [\ORQ � WZYt[\ORS J
� W YaO�YT[ �@L ilk Y � WTL f QZ^\[ I f L J O k Y �hb f g [
YtshO�Y�MPORW S i WZ^ f WZWT[_S�[\ORQTb i [\Q:� � Y i WvY J � i ^ O�b{LRqw^\L k � [\^�Y i L k�idk O f khi qzLXQ g O�Y g LXWZ�hsh[_QT[��
��[DORQT[ k LRYPW f QZ[ ilk MwshO�Y{^ i QT^ f g WZYaO k ^\[�W f ^as-O W Yt[ O�S J W YaO�YT[~�hb f g [wM L f blS bl[ O�S YtL O k
ORW YtQTLR�hs J W i ^\ORb�S Jck O g L I [\^ O f WT[&LRq7YtsB[ ilk sh[_QT[ k Y~WZYtLc^asVORW Y i ^ k O�Y f QT[ LRq7S i � [_QT�X[ k Y}O k S
^\L k � [\QZ�X[ k Y �VLNMwW�� �ysh[ k [\�%O Y i � [ ^_L k YtQ idI f Y i L k YTL1YtsB[ sh[_b i ^ i Y J)I%J YTsh[\WZ[�^\L k � [\QZ�X[ k Y
�VLNMwW i WySh[ g L k WZYtQTO�Yt[_S idk Ytsh[�[��>��[\Q ilg [ k Y+�

uw[\^_[ k Ytb J UV[\Q k O k ShLh� PsB[ k X  J LRYTYT[	�-2 �	� V
� sVO � [�WZY f S i [\S I f L J O k ^ J
� ShQ i � [ k
�hb f g [_W ilk OyQTL�YaO�Y ilk �PqzQTO g [R� I f Y Mwsh[_QT[ YtsB[7O � i WnLRq'YtsB[ �Bb f g [ MPORWrO � i ORbdb J ORb i � k [_S M i YTs
YtshO�Y~LRq7QZLRYaO Y i L k ��$ k Sh[\Q�Ytsh[_WT[�^ i QT^ f g WZYaO k ^\[_W k L�L 8 � O � i W�sh[_b i ^ i Y J i W �X[ k [\QTO�Yt[_S � I f Y
YtsB[�^asVO k �X[ ilk QTLRYtO�Y i L k O k S&Ytsh[ g L>S i oV^ O Y i L k LRq ^_L k � [_^_Y i L k MPORW L I WT[_Q � [\S)� e idgji b ORQZb J �



O
K

� O � [\bdbl[ � 2 �	� V ��WZY f S i [_S��Bb f g [\W�M i Yts
QTL�YaO�Y i L k O k S�WZsh[ O�Q�qzQTL g Ytsh[ W YaO k SB�@L idk Y LRq
g L>S i q Jcilk ��YTsh[ [ k YTQtO idkhg [ k Y+�yK�LNMP[ � [\Q_� I LRYts-qzLXQyYtsh[}b i x f i S WTLcS i f g [��>��[\Q idg [ k Y O k S
ilk LXQTSh[_Q YtL�W f I W YaO k Y i O�Yt[vYtsh[&ORW YtQZLX�hs J W i ^\ORb S J>k O g LRW MP[�qz[_[\b M [ g f WZYDSh[ g L k WZYTQtO�YT[
YtsB[}sB[\b i ^ i Y J �hQZL>S f ^\[\S I%J Ytsh[�L 8 � O � i W\�>ShQ i � [ k �hb f g [ �

A�� A � ���$� � � � � � � � # 	

�ysh[ m b f g [�u�LRYtO�Y i L k � �>�@[_Q idg [ k Y�� m u � � ^\L k W i W YtW LRqwY M L*^\L%O � i ORb ��WZ[\�VO �
QtO Yt[\b J QZLRYaO Y ilk �h� m bl[�� i �Xb ORW���� ^ J b ilk Sh[_QTW�shO � idk � QtORS ili uT@ !/25K)^ g O k S"u�<-! V � K�^ g �
�ysh[�QTORS i ORb M i SBYTs1LRq Ytsh[ O khk f b O�QwYT[\W Y~WT�hOR^\[ i W�YTsh[\QZ[_qzLXQZ[ V �RK ^ g ���ysB[ sh[ i �Xs%Y�LRq�YtsB[
O khk f blORQ Yt[_WZY WT�VOR^_[ i W7YTsh[�QT[\� i L k�I L f k Sh[_S I [\blLNM I'J YTsh[��Bb f g [y�@LRQZY �hb O Yt[�O k S O I L � [
I%J O)YtQTO k WZ�VORQT[ k Y��hblORWZY i ^�M ilk SBL M��{YTsh[ M i Y k [\WTWj�hb O Yt[R�PWTL�^\ORblbd[\S I [_^ O f WT[ i Y O�blblLNMwW
L k [DYTL � i [_M	YTsh[�Q i W ilk � �hb f g [~YtsBQTL f �Rs�O k LR�BY i ^ ORbdb J � O�YwW f QZq OR^_[�� UVLXQ{Ytsh[�W g ORbdb ��LXQZY
S i WT^ f WTWT[_S I [\bdLNM��cYTs i W{sB[ i �Rs'Y M{O�W72 ���RKv^ g O k S�qzLRQ YtsB[~b ORQZ�X[��@LXQ Y i YPMPORW72N� ^ g � �ysB[
OR�h�hORQtO�Y f W7M{ORW QTLRYtO�Yt[_S�O�YT254R�}KT��� QZ[ � LXb f Y i L k W � W �����ys i W7QT[\W f bdYTW idk O��@[_Q i �hsh[\QTORb � f i S
� [_blLc^ i Y J LRq ! KR� ^ g � W:� �ysh[j�hb f g [\WDM [\QZ[ ilk �Z[\^_YT[\S*M i YTs O � [\bdL>^ i Y J L�q ! 2N� ^ g � W��
PL k WZ[\x f [ k YTb J �;� � � 2 ����qzLRQ Ytsh[G�����������
	��������� � �VLNM O k S � � � 2N� ��qzLRQ�Ytsh[ �hb f g [_W��
��[jSh[_W i � k [\S)Ytsh[&[��B��[\Q ilg [ k Y}YtL sVO � [�Ytsh[�b ORQZ�X[\W Y=� �~qz[ O�W ilI bl[ ilk LXQZSh[\QDYtL-W idg f blO�Yt[
Y f Q I f bd[ k Y [ 8 [\^_YTW\� I f Y ORbdWTL�Sh[\W i � k [\SjqzLRQ�Ytsh[�[ ORWZ[wLRq � i SB[\L}QT[\^_LXQTS ilk �}O�Y OX��KB� � �ysh[\WZ[
g L>Sh[_WZY � [\bdL>^ i Y i [\W QT[\W f bdYT[\S idk k [\�Xb i � idI bl[7^_[ k YtQ i q f �%O�bBO k S �hb f g [PSBQ i � [y�hQT[_WTW f QT[_W�� �ys i W
i W ilk ^\L k YtQTORWZY YtL YTsh[ b i x f i SjWZL>S i f g [��>��[\Q idg [ k YPMwsh[_QT[ YTsh[\WZ[~�hQT[_WTW f QT[_W�O��h�hQTLXOR^as YtsB[
[ k � ilk [_[\Q ilk �&b idgji YPL�q g O�Yt[_Q i ORblW:�

�{M L�S i98 [_QT[ k YPS i O g [_YT[\QZW L�qn�hb f g [��@LRQZYtW7M [\QT[ f WT[_S)� �ysh[~W g ORbdbV�@LRQZY S i O g��
[_YT[\Q_� �����)!�O��RO ^ g � MPORWD^ashLXWZ[ k W f ^as*YTsVO�Y�Ytsh[�[ k YtQtO ilkhidk � �hb f g [}M L f bdS k LRY idk Yt[\QTOR^_Y
M i YTs)YTsh[�^ J b idk Sh[\QDMPORblbdWD�hQ i LXQ~YtL ilg � idk � ilk � f ��L k YTsh[ M i Y k [\WZWv�hblO�Yt[ �j�ys i W}ORblbdLNMP[_S
YtsB[j�hb f g [�YtL�q f blb J Sh[ � [_blLX� I%J [ k YtQTO ilkhg [ k YvO k S)QtO�S i ORb S i � [\QT�R[ k ^_[ idk Sh[\��[ k Sh[ k YvLRq
MPORblb idk YT[\Q qz[\QT[ k ^\[ �:�ysh[-b ORQZ�X[���LXQZY�S i O g [�Yt[_Q\� � � � !7F�� V)^ g �7MPORWj^asBLXWT[ k W f ^as�YtsVO�Y
Mwsh[ k YtsB[D�hb f g [ idg � idk �X[_S�L k Ytsh[~M i Y k [_WTW��hb O�YT[R� i YtWyS i O g [_YT[\Q{[_x f ORbl[_S YTsh[DM i SBYTs LRq
YtsB[ O khk f b f W�� � � ��MPORW YtsB[ g O � idg f g W i �\[v�@LRWTW idI bl[}YtsVO Y M L f blS�ORblbdL M�O k [ k YTQtO idkhilk �



O	


U i � f QT[�OQ�RK�>��ysB[ m b f g [�uwLRYaO Y i L k � �>�@[_Q ilg [ k Y�O��h�VORQTO�Y f W�M i Yts i YtW�^ O g [\QTO g L f k YtW\�
[\bd[\^�YtQ i ^ ORb ^\L g�g f khi ^ O�Y i L k W\�hO i Q{W f �h�hb J � O k S YtsB[}^ J b ilk Sh[\QyShQ i � [}W J WZYt[ g W:�

�hb f g [�YtL�Q i WZ[ W Jcg�g [�YtQ i ^ O�blb J YtshQZL f �Xs YTsh[�O khk f blORQ}WT�VOR^_[R� ilg � idk �X[&L k YtsB[ M i Y k [\WZW
�hblO�Yt[��hO k S QZLRYaO�YT[�� e ilk ^_[~Ytsh[ m u � M{O�WySh[\W i � k [_S�YtL W idg f blO�Yt[�Ytsh[7�VLNM�oV[\bdShWPYTsVO�YyM [
I [\b i [ � [ ORQZ[&QT[\x f i W i Yt[&qzLXQDYtsh[�WTLcS i f g S Jck O g Lh� Ytsh[��hb f g [&�hQZL>S f ^\[\S I%J � � ��M L f bdS
YtsB[ k1g O � ilg�i �_[~Ytsh[ g OR� k [�Y i ^7� f �-S i WZ�hb O�^\[\S1O k S-QTLRYtO�Yt[_S I%J YtsB[v�hb f g [�� U i � f QT[=OQ�RK
WTsBL MwW Ytsh[ m u � M i YTs i YtW7QTLRYtO�Y i L k ORbhO � i W � [\Q Y i ^ ORbVWZLvYtshO�Y YTsh[wqzQT[\[�W f QZq OR^_[ LRq@Ytsh[�� f i S
i W�O � i W Jcgjg [_YTQ i ^�� U i � f QT[=OQ� 
 i W�O&WT^asB[ g O�Y i ^vLRq Ytsh[ m u � � �ysh[ �hb f g [ i WwShQ i � [ k1I%J O
� f bdWT[&LRq O i Q~[��>[\Q Y idk � �hQT[_WTW f QT[�L k Ytsh[ MPO�Yt[_Q�M i Yts idk Ytsh[ idkhk [_QD^ J b idk Sh[\Q:���ysh[ MPO�Yt[_Q
i W�Ytsh[ k qzLXQT^_[\S*L f Y~YTshQTL f �Xs QtO�S i ORbr��LXQZYTWDO�Y YTsh[ I ORWZ[�LRq7YtsB[ ilkhk [\Q~^ J b ilk SB[\Q idk YTL YtsB[
�hbd[ k f g O k S�YTsh[ k YtshQZL f �Xs O-�hb f g [��@LRQZYvLXQ i oV^\[jORW�O-� f bdWT[\S�Z[_Y+� {Y YTsh[jYT[\Q gjidk O �
Y i L k LRqnYTsh[~�hQZ[\WZW f QZ[}� f blWZ[R�B�RQtO � i Y J qzLXQT^_[\WPYTsh[~M{O Yt[\Q_� k LNM�O�Y{S iH8 [\QT[ k Yysh[ i �Xs%YtW idk YtsB[
O khk f blORQ}O k S ilkhk [_Qv^ J b ilk Sh[\Q � LRb f g [\W_�rYTL1QT[�Y f Q k YTshQTL f �Xs�YTsh[jWTO g [���LXQ YtW\� QT[\OR^as ilk �
[\x f i b idI Q i f g idk O qz[�M�WZ[\^\L k ShW��



O V

U i � f QT[AOQ� 
Q> m b f g [~uwLRYtO�Y i L k � �>�@[_Q idg [ k YPWT^ash[ g O Y i ^ �  k O i Q �BQT[\WZW f QZ[�� f blWZ[ qzLXQZ^\[\W{O
� f bdWT[7LRqcM{O Yt[\Q L f Y LRq>YTsh[ ilkhk [\Qn^ J b ilk Sh[_Q\�NYtsBQTL f �Rs}YTsh[7�hbl[ k f g �@LRQZYtW O k S}YTsh[ k YtsBQTL f �Rs
YtsB[ �hb f g [ ��LXQ Y+�r�ys i WnqzLXQ g WrOwQ i W ilk � � LXQZYT[��vQ idk ��YTsVO�YrW idg f blO�Yt[_W O k [��B�hO k S idk ���Bb f g [��
�ysh[ ilkhk [_Q O k S�L f YT[\Q�^ J b idk Sh[_Q�^\O k1I [ QZLRYaO�YT[\S-YtLX�X[�Ytsh[_Q O k S�WT[_�VORQTO�Yt[_b J �y�ysB[ �hb f g [
^ O k�I [�L I WT[_Q � [\S�qzQZL g YTsh[�W i SB[�O k S YtLX�)�

A�� A�� � � � �* �� 	�(*�

�ysh[ m u � OR�h�VO�QtO�Y f Wy^\L k W i W YtWwLRq o � [vO�WTWT[ g�I b i [\W:>;25� idkhk [\QP^ J b idk Sh[\QwO�WTWT[ g �
I b J � �D�~L f Yt[_Qv^ J b ilk Sh[\Q}ORWZWT[ g I b J � O
�~^ O g [_QtO g L f k YTW\��F �D[\bl[_^_YTQ i ^\ORb ^\L gjg f khi ^\O�Y i L k W
O k S�O i Q{W f �B�hb J �.KD�{^ J b idk Sh[\QySBQ i � [�W J WZYT[ g W��

�ysh[ ilkhk [_Q ^ J b ilk SB[\Q�ORWTWZ[ g�I b J ^_L k W i WZYTW LRq OjWT[ O�b O k S I [\ORQ idk ��ORWZWT[ g�I b J qzLXQ
YtsB[�O i Q�W f �h�hb J �BQT[\WZW f QZ[ g O khi qzLXblS ���Bbl[ k f g ��LXQ YtW\� O k S�O�QZLRYaO Y ilk � WT[ O�b � �ysh[�O i Q
W f �h�hb J �hQT[_WTW f QT[ g O khi qzLXblS i W7O 2+F gjg i � S)��Y f I [wYTsVO�Y [��cYT[ k ShW ilk YTL�YTsh[ ilkhk [\Q ^ J b ilk Sh[_Q\�
O k S�ShLc[\W k LRY&QZLRYaO Yt[�M i YTs Ytsh[-OR�h�hORQtO�Y f W��  Y f I [ ^_L khk [_^_YtW&YtsB[�W f �h�Bb J g O khi qzLXblS
YtL�O �hQZ[\WTW f QT[*YtQTO k WZS f ^\[_Q-YTsVO�Y g [ ORW f QT[_W�Ytsh[ �hQZ[\WZW f QZ[�LRq�YtsB[�O i Q�OR�B�hb i [\S
L k YtsB[
� f i S1M i YTs ilk Ytsh[ idkhk [_Q ^ J b ilk Sh[_Q��~�ysB[ �hbl[ k f g ��LXQZYTW ��[\Q gji Y�YTsh[��VLNM/LRq � f i S L f Y LRq
YtsB[ ilkhk [_Q~^ J b ilk Sh[_Q idk YTL�Ytsh[�O khk f b O�Q~QT[_� i L k1I [ k [ O�YTs Ytsh[���LXQ YD�hb O Yt[��D�ysB[/� f i S WZ[ ORb
�hQZ[ � [ k YtW&Ytsh[ �VLNM<LRq�� f i S YTshQTL f �Xs Ytsh[ k ORQTQZL M<O khk f blORQ�WZ�VOR^\[ I [_Y M [\[ k YTsh[ ilk W i Sh[



O V

[\SB�X[�LRq YTsh[��@LXQ Yw�hb O Yt[�O k S�YTsh[�L f YtW i Sh[�LRqrYtsB[ idkhk [_Qy^ J b idk Sh[\Q:�

�ysh[DL f Yt[_Qy^ J b idk Sh[\Q{ORWTWZ[ g�I b J ^_L k W i WZYTWyLRq Ytsh[D��LXQZY{�hb O�YT[DO k S�YTsh[Ds J ShQTLX�R[ k
[\bd[\^�YtQTLRb J W i W{O k LcSh[�O k S�^\O�YtsBL>Sh[ � �ysh[~[_bl[\^�YtQZLXb J W i W ^\O�YtsBL>Sh[ i W O�KR��� g Y f k �XW Yt[ k M i QT[
WZYTQT[�Yt^ash[_S�O�^\QTLRWTW YTsh[��hb f g [���LXQZY L k YtLR� LRqyYtsB[ ��LXQZY �hb O�YT[�qzLRQvYtsB[�b ORQZ�X[��@LXQ Y�O k S
O�Y~���RK&^ g O I L � [�YtsB[ ��LXQZYwqzLXQyYtsB[ W g ORbdb �@LRQZY+�P�ysh[ S i WZYtO k ^\[�YtshO�Y�YTsh[}�hb f g [DYtQTO � [\bdW
qzQTL g YtsB[~M i QT[~YTL Ytsh[~M i Y k [_WTWw�hb O Yt[~MPORW{Ytsh[_QT[�qzLXQT[ 2N� ^ g ilk [ i YtsB[\Qy^ O�WT[��7�ysh[DM i QT[ i W
^\[ k Yt[\QZ[\S OR^_QTLXWZW YTsh[��hb f g [w�@LRQZY O k S i W YaO k �X[ k Y YtLvOv^ i QT^_bl[�O I L f Y7Ytsh[�^ J b ilk Sh[_Q � WPO � i W��
�ysh[�[_bl[_^_YtQZLXb J W i WvO k LcSh[ i W O1� gjg ^_LX�h��[\Q}M i QT[ ilk Ytsh[ O khk f b O�QvWZ�VOR^\[ I [ k [ O�YTs�YtsB[
��LXQZYv�hb O Yt[�� �ysh[ L f Yt[\Q}^ J b ilk Sh[_Q O�blWTL-�hQZL � i Sh[\W g [_^asVO khi ^ ORb7W f �h�@LRQZY}qzLXQ}YTsh[�^ O g [\QTO
g L f k YtW:�

�ysh[_QT[ ORQT[�Y MPL ^ O g [\QTO g L f k YtWwqzLXQyYtsB[�OR�h�hORQtO�Y f W��P�ysh[ f �B�@[_Q g L f k Y i W�O
YtQ i ��L>S�O�YZYaOR^ash[_S�YtL�Ytsh[vL f Yt[_Q ^ J b ilk SB[\Q�L k Mws i ^as1Ytsh[vS i � i YaO�b � i Sh[\L�� |Q���w^ O g ^\LXQZSh[\Q
i W O YTYaO�^ash[\S"qzLXQ YTsh[ � [_QZY i ^ ORb � i � [��.O � i ORbdb J ORb i � k [_S � � i [�M�� �ysh[*blLNM [\Q g L f k Y i W O
shLXQ i �_L k YaORb��hb O YTqzLXQ g O�YTYtOR^ash[\S�YTLvYTsh[~L f YT[\Q ^ J b idk Sh[\Q_�cMws i ^as�sVORW{O k [��cYT[ k W i L k qzLXQ7YtsB[
|Q� ^\O g ^\LXQZSh[\Q:� � Y i W f WT[_S�qzLXQ{YTsh[�shLXQ i �\L k YtORbI� i � [�� QtO�S i ORbdb J ORb i � k [_S � � i [_M��

� bl[_^_YTQ i ^\ORbB^_L g�g f khi ^ O�Y i L k YTL}O k S&qzQTL g Ytsh[wQTL�YaO�Y ilk ��OR�B�VORQtO Y f W�YtOR`R[_W �hblOR^\[
YtsBQTL f �Rs�O 
 � ^asVO khk [_b WTb i � � Q ilk ��ORWTWZ[ g�I b J � � k [&�VO i Q~LRq ^asVO khk [\blW i W f WT[\S*qzLXQ�O � i Sh[_L
b idk ` � 2 � �~|�:qzLRQ i bdb f g�ilk O�Y i L k i W YtQtO k W g�i YZYt[\SjYtshQZL f �Xs�YTsh[DWT[_^\L k S �VO i QPL�q ^ashO khk [_blW��
�ysh[}b ORW Yw�VO i Q{LRq ^asVO khk [_blW�^ ORQZQ i [\W{YtsB[}� f blWZ[\S�|����L M [\QyqzLXQys J ShQZLX�X[ k [\bd[\^_YTQTLXb J W i W:�

�ysh[ ShQ i � [-W J WZYt[ g ^\L k W i W YtW�LRq�Y MPL � � �D|� � 2 � � V K�� ilk SB[\��[ k Sh[ k Y � ORQ i9�
O I bd[ WZ�@[_[\S g L�YtLXQZW�YtsBQTL f �Rs*O g f bpY i9� WZYtOR�X[ I [_bdY~SBQ i � [�� �7OR^as*^ J b ilk Sh[_Q QZLRYaO�YT[\W idk YtsB[
^\bdL>^a`%M i WT[�S i QZ[\^�Y i L k O�W � i [_M [\S-qzQTL g YTsh[DYtLX� �

A�� A�� ( ��( �)� 	 �\	 ��� �

�ysh[_QT[ O�QT[�o � [*ORShS i Y i L k ORb � W YaO�Y i L k ORQ J W f I W J WZYT[ g W�LRqDYtsB[�OR�h�hORQtO�Y f W�> 25�
[\bd[\^�YtQ i ^ ORbBSh[\blO J ^ i QT^ f i YtW�qzLRQ�� k [ f g O Y i ^wO k S&[\bl[_^_YTQTLXb J W i W�Y ilg�ilk �h�R�D� ^_L k WZYtO k Y � �hQT[_WTW f QT[
O i Q W f �h�hb J ��O
� �hQT[_WTW f QT[�YTQtO k WTS f ^_[\QyO k S S i � i YtORbBLRWT^ i blbdLXWT^_LX�@[yqzLXQ g [ ORW f Q idk �}�hQT[_WTW f QT[\W_�



O �

F �D|���@LNM [\Q}W f �h�Bb J qzLXQDs J ShQZLX�X[ k [\bd[\^_YTQTLXb J W i W_��KD� ��� O k S �DK e � �B{u W J WZYT[ g qzLXQ
QT[\ORb � Y idg [ � i [_M idk ��O k S-WT[\^_L k SVO�Q J ilg OR�X[ QT[\^_LXQTS ilk ���

��hQZ[\WZW f QZ[vYtQTO k WZS f ^\[_QwL f Yt� f YwM{ORWwQZ[\^\LRQTSh[_S I%J O S i � i YaO�b LXWZ^ i bdblLXWZ^\LX��[~O k S
f WZ[\S ilk ^_L k � f k ^_Y i L k M i Yts YTsh[{blLNM � �hQT[_WTW f QT[{QZ[\� f blO�YtLRQ���
|� � LXbpYaOR�R[PW f �h�hb J �'�R�X� � F%�X�
� LRbdYtW_� M{O�W f WT[\S*YtL W f �h�hb J � f bdWT[_S � LXbdYtOR�X[R� LRq{���H2&O k S���� K WZ[\^\L k S�S f QtO�Y i L k �@qzLXQ YtsB[
s J ShQTLX�R[ k [\bd[\^�YtQTLRb J W i W��-�ysh[�WTsBLXQZY � f blWZ[ �hQZL>S f ^\[_S O�Yts ilk WZsh[\[�Y � !�2�^ g ilk sh[ i �Xs%Y �
LRq I f IhI bl[\Wy[ gji YTYT[\S�qzQTL g ORx f [_L f W�� O 6 e � �

WZLXb f Y i L k O�YyYtsB[~Y f k �RWZYt[ k M i QT[ � �ysh[�blL k �
� f bdWT[ O�blblLNMwW�OjM i Sh[\Q�QtO k �R[R��!3Kj^ g �@L�q7�hb f g [}bl[ k �RYts-YtL I [ g L khi YtLXQZ[\S)�w�ysh[�WZshLXQ Y
� f bdWT[v^\L f bdS I [ Sh[_b O J [_S�qzLXQwYtsh[vWtO g [v� f QT��LXWT[�� I f Y ilk �hQtO�^_Y i ^\[���YTsh[ bdL k ��� f blWZ[ I [\W Y
Sh[ g L k WZYtQTO�Yt[_S-YTsh[ ilk Yt[_�XQtO�b I [_sVO � i LXQwLRqrYtsh[��hb f g [��

�����O k S �~K e � �B{u�W J W Yt[ g qzLXQ QT[ O�b � Y ilg [ � i [_M idk � O k S�WT[_^\L k ShORQ Jjilg OR�X[
QT[_^\LXQZS ilk �~M{ORW f WZ[\S ilk ^_L k � f k ^_Y i L k M i YTs�Ytsh[w|Q�
^\O g ^_LXQTSB[\Q�� �ysh[y^ O g ^\LRQTSh[_Q QT[\^_LXQTSBW
O�S i � i YaORb ilg OR�X[ ilk Yt[_Q k ORbdb J �%O k S ilk ORShS i Y i L k �RYTsh[�O k ORbdLX�DL f YT� f Y LRq�Ytsh[�|Q��^ O g ^\LXQZSh[\Q
MPORW YTQtO k W g�i YTYT[\S � i O~YTsh[wWTb i � Q idk �XW7O k SjOD^\L%O �&^ O I bl[{YtLvODQT[\ORb � Y ilg [ � i [_M ilk � g L khi YtLXQ:�
�ys i WjW J W Yt[ g ��[\Q gji YTYt[_S$^\L k � [ khi [ k Y �yW idk �Xbd[ � qzQTO g [�QT[\�Bb O J ^ O��VO Ihi b i Y J LRq YTsh[-WZY f S i L �
x f ORb i Y J �~K e � �B{u/O k S-ORblbdL M [\S�qzLXQyx f O k Y i YtO�Y i � [�O k O�b J W i WyLRq idk S i � i S f ORb@�hb f g [_W��

A�� A�� A 	� &����,� �N( � ���] 	��+&%# / �]	�� &�'*�

�{M L7�VLNM � i W f ORb i � O�Y i L k�g [_YtsBL>ShWrMP[_QT[y[ g �hbdL J [\S ilk YTsh[P[��>�@[_Q ilg [ k Y�> � f blWT[_S
s J ShQTLX�R[ k [\bl[_^_YTQTLXb J W i W qzQZL g OPY f k �XW Yt[ k M i QT[ idk O k ORx f [\L f W ��O 6 e � �

WTLXb f Y i L k � ��[\Q �\` i QZ^as
2 � V V �nO k S�S i WT��[\QZWT[\S � f O khi S ilk [ 6rilk MPO�YT[\Q�� K J ShQZLX�X[ k [\bl[_^_YTQTLXb J W i Wr^\QZ[ O�YT[\W�OwYts idk WZsh[\[�Y
LRq ! KR� � g S i O g [�Yt[\Q I f IhI bl[_W�� �ysh[ I f IhI bd[\W [ g O k O�Yt[ qzQZL g Ytsh[jORx f [\L f W � O 6 e � �

WTLRb f Y i L k O�Y}OMKR� � g Y f k �RWZYt[ k M i QT[&S f [ YTL-� f blWZ[\S)[\bl[_^_YTQTLXb J W i W:���ysh[�QT[\blO�Y i � [�SB[\b O J

�gb0�#"$��&(��&N���9&B)<"]�� '+�)8�!"%2(2(&N���9�����9�3�$�#�#�6�!E#"W�<&B)A?L�� '����� 45+_�'E#� �g[�&B��"W�!&N��� �%? J$�#"$��&N�#�$O b0�#"$��&(���
&B) "X- E�&N�'�<"%���� '��E#�$�#)H)8�#4#),�>"%�#���A?L�����#�]&N� �'E��<)!��"$2N��)M�$?:���� 8�>"%&(�De;)'E���)�J5�'E#�hJ��#"%��� �%?j)8��"Wl 4�&N >��)�Jk"$�#�
�'E#� 2(&N1��� 0"%�#�6�;"%�#�� '��"$) �$?M�Q"%���Q"%2B)�OATA���%�!E��� 0�#)'� �$?P�'E��92("$4;��2:J��#"%�#&N��� &()A�'E#"%�0�$? �$��� �%?P�!E��Xe#1��
�5�#��2(���$�'&B���04#"$)'��) �%?G�5�#��2N��&(�0"$��&(�#)�Oj�/E��0J$�#"$��&(��&N���0�#)'��� &N� �'E�� , R �I&B)H���� !&N1�����?L !�$��e;)'E])!��"$2N��) "$�#�
?L�$�#�#� ���#���� �'E��]�#"%���D�$? U ��"$ '2(�Q"%&B�SO*�/E��DJ��#"%��&(��� �� '+�)8�!"$2() "% !�Q4#"$)'&(��"%2(2N+ ��2B"%�#"$ X- &N�'Ea"62(&(����"$ 
��&(�����#)'&N���_�$�]�'E��X)'�� '? "$�����$?�� ���
	 Oj�/E#�<J$�#"$��&(��&N���<���$�#�����k�' >"W�!&N��� �#)'���=-/"$)��� �#"% '�!)/&(� � `��%O



F%�

I [_Y M [\[ k YTsh[��hb f g [ ilkhi Y i O�Y i L k O k SjYtsB[�[_bl[\^�YtQZLXb J W i W7� f blWZ[ O�blblLNM [\S&qzLXQ Ytsh[�L I WZ[\Q � O Y i L k
LRq S iH8 [\QZ[ k Y��hb f g [DQZ[\� i L k W��7K J ShQTLX�R[ k [\bl[_^_YTQTLXb J W i W{MPORW f WT[_S1�hQ ilg ORQ i b J YTL�QZ[ � [ ORbnYtsB[
O � [_QtOR�X[ I [\sVO � i LRQ�LRqVYtsB[ k [ ORQ blO g�ilk ORQ �VLNM O�Y�YTsh[ysh[ O�S LRq Ytsh[y�hb f g [��r�ysh[y�VO�YZYt[\Q k LRq
YtsB[\WT[wW g ORbdb I f IhI bd[\W�YtshO�Y L f YTb idk [\W YTsh[y�hb f g [ i W�QTOR� i Shb J blLRWZY idk Ytsh[PY f Q I f bl[ k ^\[yM i YTs ilk
YtsB[ �hb f g [ � � k YTsh[�LRYtsh[_QvshO k S � � f O khi S ilk [R�rO���[ ORQZbl[_WT^\[ k Y g O�Yt[_Q i O�b�LRq g�i ^_QTL k � W i �\[
�hblO�Yt[_bl[_YTW\� �hQZL>S f ^\[\W}O k)ilg OR�X[ LRq YTsh[&[ k Y i QT[&�hb f g [ � �ysh[ g LcS f blO�Y i L k LRq Yts i W ilg OR�X[
[ g �hsVO�W i �_[\WDYtsB[�Ytsh[&b O�QT�X[_WZYDWZsh[ ORQ idk YTsh[/�VLNM�� e idk ^\[�YTs i WDblORQT�X[_WZYDWZsh[ O�Q}Lc^\^ f QTW��hQ i9�
g ORQ i b J O�Y Ytsh[ I L f k ShORQ J L�q@YTsh[w[\ShS i [\W_�c� f O khi S ilk [yL f Ytb ilk [_W Ytsh[yY f Q I f bl[ k ^\[wM i Yts ilk YtsB[
�hb f g [�O k S�YTs f W i Y7L f Ytb ilk [_W7YTsh[w[ k YtQTO ilkBg [ k Y I L f k SVO�Q J LRq@Ytsh[��hb f g [ � � k ORShS i Y i L k � i Y
WTsBL MwW�YTsh[ Y f Q I f bl[ k ^\[yO�W YtsB[P�hb f g [ WZYTQ i `R[\W Ytsh[PM i Y k [_WTW��Bb O�YT[��r�ysh[{s J ShQTLX�R[ k I f IBI bl[_W
ORQZ[ [ � [ k�g LXQT[ QTO k ShL g ilk �hO�YTYT[\Q k*idk YTs i WDQZ[\� i L k ��� [_YDYtsB[�� f O khi S ilk [ ilg OR�X[\W�WTshLNM
YtsB[�q f QZYtsB[\Q\� O � [\QtO��X[vS iH8 [\QT[ k Y i O�b QTLRYtO�Y i L k LRqrYtsh[DY f Q I f bl[ k Y;� f i S)�

]PL�Yts g [�YtshLcShWnQZ[ � [\ORbcOy^\LXsh[_QT[ k Y ^\L f k Yt[\Q � QZLRYaO�Y i L k L�q>YTsh[ �VLNM��R[ i YtsB[\Q M i YTs ilk
YtsB[yb O g�ilk O�Q �hL M ORsh[\ORS LRq YtsB[yQ i W ilk � �hb f g [R��LXQ idk Ytsh[{Y f Q I f bl[ k Y7S i � [_QT�X[ k Y �VLNM�MwsB[ k
YtsB[ �hb f g [�W YtQ i `R[_W�YtsB[}M i Y k [_WTW �Bb O�YT[��{�ysh[vb idk [ ORQwO�QTQtO J LRq I f IhI bd[\W��hQTLcS f ^_[\S I%J YtsB[
M i QZ[{QT[ g O ilk W ^\bl[\ORQTb J O�b ilk [PS f Q ilk �DQZLRYaO Y i L k LRq YtsB[{�hb f g [PMwsB[ k&i Y i W�[ g�I [_ShSh[_S idk YtsB[
k [\ORQ � b O g�ilk O�QN�VLNM/O�Y�Ytsh[}sh[ O�S�LRq YTsh[ �Bb f g [�� ��[�M i blbnWZshLNM ilk qzLXQZYTsh^\L g�ilk � idg O��X[\W
YtsB[ ^\bl[\ORQ~WZ[\x f [ k Y i ORb QZLRYaO�Y i L k LRq7Ytsh[ b ilk [vLRq I f IhI bd[\W:� � k ^\L k YTQtORW Y � Mwsh[ k YTsh[��hb f g [
WZYTQ i `R[\W�YTsh[PM i Y k [_WTW �hblO�Yt[ L k b J YTsh[y� f O kBi S idk [ WZshLNMwW Ytsh[yO � [\QtO��X[ I [_sVO � i LXQ LRq Ytsh[N�hL M��
�ysh[DO � [\QtO��X[ QZLRYaO�Y i L k LRq Ytsh[�Y f Q I f bl[ k ^\[�^ O k QT[ O�S i b J I [�S i WT^\[_Q k [_S�qzQTL g O k O khidg O Yt[\S
WT[_x f [ k ^_[��

�ysh[_WT[�Y MPL�S i98 [_QT[ k Y g [ ORW f QT[ g [ k YTW�ORQT[ ilg ��LXQZYtO k Y{YtL YtsB[}WZL>S i f g S Jck O g L
[��>��[\Q ilg [ k Y I [_^ O f WZ[�> �ysh[�YtLXQZL i SVO�b g OR� k [�Y i ^B� f � M i bdb I [�b i q YT[\S ORsB[ ORS-LRqrYtsh[��hb f g [
O k SvM i blb I [PQZLRYaO Yt[\S I%J O�b ORQZ�X[R� I f Yro khi Yt[{O k �Xbl[ � �ysh[N� f �v[ g�I [_ShSh[_S ilk Ytsh[ Y f Q I f bl[ k Y
�hb f g [~M i blb ORblWZL I [�b i q Yt[\S O k S QTLRYtO�Yt[_S�^_LXsh[\QZ[ k Ytb J f ��L k WZYtQ i ` ilk ��Ytsh[�[ k S�MPORblb �



F�2

A�� @ �
� �N(�+	��
A�� @ � � � ���>��� �W� # � 6  ( � �

U i � f QZ[\W OQ� V O k S OQ� VvWZshLNM"Ytsh[�Sh[ � [\blLR� g [ k YyLRq Q i W idk �v�Bb f g [\W ilk W YaO�Y i ^�� f i S
oV[_blShW:� e idk ^\[ Ytsh[ �hb f g [7� f bdWT[ i WrQT[\blO�Y i � [_b J WZshLXQZY ilk Y idg [�� YTs i Wr�hQZL>S f ^\[\W O�W ilk �Xbd[7b ORQZ�X[ �
WT^\ORbl[ � LRQZYt[���Q ilk ��� ORW idk e��, k ^asB[�� [�YDORb �A2 � V � ���P�ysh[vL f Yt[_Q g LXWZY�QtORS i f W�LRq YTsh[ � LXQ Yt[��
Q idk �~S i � [_QT�X[_W�W idgji b ORQZb J YTL~Ytsh[PL f Ytb ilk [ LRq�O~W YaO k ShORQTS ��L ilk Y � WTL f QT^_[P[ k YTQtO idkhg [ k Y��hb f g [
� �-LXQZYTL k [_Y�O�b ��2 � K"

� � � k U i ��� O�� V YTsh[�QZ[\b O Y i � [\b J W g L>LRYTs�b O gjidk ORQ;�VLNM O�Y YTsh[�sh[\ORS
LRq YTs i W � LRQZYt[��jQ ilk � i W7[ � i Sh[ k Y idk YTsh[�YTQtO��Z[_^_YTLXQ J LRq@Ytsh[ I f IhI bd[�YTQtOR^_[\QTW QT[_bl[ O�WT[\S ORsh[\ORS
LRq i Y+� U i � f QZ[TOQ� VvWTshLNMwWPYTsh[ WTO g [��hb f g [�Q i W idk � O Y YTsh[ WTO g [�Y idg [_WPORW U i ��� OQ� V � I f Y idk
� f O khi S idk [�� � k ^_L k YtQtO�WZYwYtL�U i ����OQ� V �VU i ���QOQ� V WZshLNMwW�YTsh[ ilk Yt[_Q k ORb@Y f Q I f bl[ k Y I [\shO � i LXQ��
 kBilg O�Yt[_S WT[\x f [ k ^\[_W WZshLNM YTsh[y^\L g �hbd[_Yt[PSh[ � [\blLR� g [ k Y7LRq Ytsh[yQ i W idk �~�hb f g [\W�WZshLNM kjidk
U i �XW�� OQ� V O k S�O�� VQ� � k [ k L�Yt[\W YtsVO�Y k L Y f Q I f bl[ k ^\[ i W [ � i Sh[ k Y idk U i �Q� O�� V � �����^_L g �hORQT[_S
YtL�Ytsh[ b ORQZ�X[7S i WZ�hb OR^_[ g [ k Y�L�qhYtsh[ b O g�ilk ORQ oV[\bdS ilk U i �Q�5OQ� V � �� � �ys i W i W YtL I [P^_L g �hORQT[_S
YtL&YtsB[ i Sh[ O�b i �_[\S�� f blWT[_S��Bb f g [~LRq U i �Q�ROQ�?OQ�

U i � f QT[ OQ� V > e i Sh[ � i [�M WZshLNM ilk � YTsh[�b O g�ilk ORQ��VLNM ORsh[\ORS LRqwYtsB[��hb f g [ idk O k ��!D�
WZYtO�Y i ^/� f i S�oV[\bdS*M i Yts*O�s J ShQTLX�R[ k [\bl[_^_YTQTLXb J W i W~� f blWZ[ LRq{���H2 WDS f QtO�Y i L k �v�ysh[ �hb f g [
� [_blLc^ i Y J�i W�VQ�?O�^ g � W_�{Ytsh[_QT[�qzLXQT[1YTsh[1sB[ i �Rs'Y LRqDYtsB[1WTsB[\[_Y L�q I f IhI bl[\W i W !H�QL V�^ g �
�ysh[~blORQT�R[ � ��LXQ Y S i O g [_YT[\Q LRq F�� Vv^ g i W Sh[\b ilk [\O�Yt[_S idk�ilg OR�X[	� ] � I%J YTsh[ � [\Q Y i ^\ORb@Mws i Yt[
b idk [\W:���ysB[���� K1W b ilk [ ilk ilg OR�X[�� ];�}WTshLNMwW Ytsh[�[_x f i � ORbd[ k Y&�@LRW i Y i L k LRq�Ytsh[�Sh[_b O J [_S
[\bd[\^�YtQTLRb J W i W � f bdWT[j[��>s ilIBi Yt[_S ilk U i ����OQ�92+F����ysh[��Q� �1W O k S$�Q�RK-W�b ilk [_W idk ilg OR�X[M� ;�
WTsBL M�YtsB[y[\x f i � ORbd[ k Y�[��cYt[ k Y LRqVYTsh[{[��cYT[ k Sh[_Sj[_bl[_^_YtQZLXb J W i W�� f blWT[P[��>s ilIBi Yt[_S ilk U i ���'OQ�925K>�
Mwsh[_QT[�Ytsh[�WTsB[\[_Y�LRq I f IhI bl[\W i W ! FQL ��^ g<ilk sh[ i �Xs%Y+�



F'�

U i � f QT[7OQ� V�> e i SB[ � i [_M�LRq O�Q i W idk ���hb f g [ WTshLNM ilk �&Y f Q I f bl[ k Y{[ k YtQTO ilkhg [ k Y idk O k ��!D�
WZYtO�Y i ^=� f i S-oV[\bdS�M i YTs1� f O khi S ilk [ �y�ysh[ �hb f g [vsVO�W k L�Y J [�Y~QZ[ OR^ash[_S�Ytsh[vWZYT[ ORS J W YaO�YT[
^\L k S i Y i L k LRq sVORbdq � O k �Xbd[ � � 254X��� �{�ysh[ SB[\b O J-ilk YtsB[vL k WT[_Y LRq Y f Q I f bl[ k ^\[ i W�[ � i Sh[ k Y
I [_Y M [\[ k1ilg OR�X[\W�� ��yO k S � ];�yORWw^\L g �VORQZ[\S�YtL idg OR�R[\W�OQ� V � 7�{O k SGOQ� V � ] ���

U i � f QT[BOQ� � >��rLX� � i [�M�WTshLNM ilk ���hb f g [�QTLRYtO�Y i L k idk O k �1! #�%5& (�*I� f i S �VLNM"oV[\bdS M i YTs
OQ�?O�^ g ��LXQZY����ysh[&��LXQZY i WDL f YTb ilk [\S ilk*idg OR�R[ � 7� I%J Mws i YT[ ^ i QT^\bd[�� ���

�
! F V�^ g � W\�

�
��� � � � � ��� ! V � K�^ g � W:�7UVQtO g [DQTLRYtO�Y i L k�i Wy^_blLc^a`%M i WT[ �

A�� @ � ( � ���>��&�	� 	��A#�� 6  ( � �

U i � f QZ[\W�OQ� � O k SMOQ�H2 �&WZshLNM�YtsB[}QZLRYaO Y i L k LRq YTsh[�b O g�ilk O�Q � f i S-ORsh[ O�S�LRqrYtsB[
�hb f g [&�hQZL>S f ^\[_S�qzQTL g YTsh[ W g O�blb O k S�b O�QT�X[&��LXQZYTWvQZ[\WT��[\^�Y i � [\b J�idk �$! #:%5& (�*7� f i S)�
U i � f QT[ OQ�H2�2yWTshLNMwW O~WT^ash[ g O Y i ^yL�q�YTsh[yQTL�YaO�Y i L k�g [ O�W f QZ[ g [ k YtW:���ysh[ � [_QZY i ^ ORb>�@LRW i Y i L k
O k S-^asVO k �X[ ilk O k �Rbl[~LRqrYtsB[}b ilk [ LRq I f IhI bd[DYtQtO�^\[\QZW ilk U i ����OQ�92N� QT[_b O�Y i � [ YtL YtsB[DWTLXb i S �
I L>S J QTLRYtO�Y i L k LRq YtsB[}QZ[_qz[_QT[ k ^\[DqzQtO g [ i WPWTshLNM k WZ^ash[ g O�Y i ^ O�blb J�idk U i ���QOQ�92D2D� �ysh[DYtLR�
� i [�M��nU i �Q� OQ�H2�2 � ];�w^\LXQZQT[_b O�YT[\W�YTsh[ O k �Xbl[}LRq7QTL�YaO�Y i L k M i Yts�Ytsh[}Y ilg [\W O k S��Bb f g [vW i �_[
LRq U i �Q� OQ�92N�Q�

U i � f QZ[�OQ�92 �*WTshLNMwW YTsh[1QZLRYaO�Y i L k LRqDYTsh[1blORQT�X[-��LXQZYj�hb f g [ Mwsh[ k W YtQ i ` ilk �
YtsB[-M i Y k [_WTW��hb O�YT[ ORW�L I WT[_Q � [\S M i Yts�� f O khi S ilk [�� � i YTshL f Y�O kBilg O�Y i L k Ytsh[ QZLRYaO�Y i L k
i W I ORQT[_b J S i WZ^\[\Q khilI bl[R� I f Y}O k O khidg O Yt[\S1WT[\x f [ k ^\[�� i � [\W~YTsh[ ^\bd[ ORQ ilg �hQT[_WTW i L k LRq7YtsB[



F
O

U i � f QT[�O��H2N��> �rLX� � i [_M�WZshLNMwW��Bb f g [�QTLRYtO�Y i L k�ilk O k � ! #:%5& (�* � f i S��VLNM�oV[_blS M i YTs
F�� V ^ g ��LXQZY�� � �

�
!JF V ^ g � W\� �
��� � � � � � � ! VQ�?O&^ g � W��7UVQtO g [DQTL�YaO�Y i L k�i Wy^\blLc^a`%M i WZ[��

U i � f QT[	OQ�92D2D> �ysh[ WZ^ash[ g O�Y i ^vW i Sh[ O k S-YtLX� � i [_MwW�LRq7U i ��� OQ�92D2vWZshLNM/QT[\WZ�@[_^_Y i � [_b J YtsB[
�hb f g [ S i � [\QZ�X[ k ^\[yO k S�QTLRYtO�Y i L k}ilk O k �1! #:%5& (�* QTL�YaO�Y ilk �wqzQtO g [�����hb f g [ i W ilk �Z[_^_Yt[_S
ilk YTL Ytsh[DQZLRYaO Y ilk ��O khk f b f W{LRq MPO�Yt[_QPqzQTL g YTsh[D�@LRQZY I%J O � f bdWT[DLRqrO i Q{O I L � [~YTsh[ MPO�Yt[_Q
W f QZq OR^_[ ilk Yt[_Q i LRQ�YTL Ytsh[ ilkhk [_Q ^ J b ilk SB[\Q��  W YTsh[��hb f g [vQ i WT[\W_� i Y~[��>�VO k ShW�O k S1QTLRYtO�Yt[_W
QT[_b O�Y i � [�YTL Ytsh[�W f QZQTL f k S ilk ��� f i S)���ysh[~�hORQT[ k YTsh[_Y i ^\ORb�Y ilg [\W Sh[ k LRYt[_S ilk Ytsh[ YTLX� � i [_M
^\L ilk ^ i Sh[~M i Yts�Ytsh[DY ilg [\WwO k S � i [�MwW�WZshLNM k1idk YTsh[ ilg OR�X[_W ilk U i ����OQ�92N�Q�

q f Q Ytsh[_Q S i98 [_QT[ k Y i ORbBQTLRYtO�Y i L k LRq@YTsh[wY f Q I f bl[ k Y �hL M
O�Y7Ytsh[yM i Y k [\WZW �Bb O�YT[wqzLRblblLNM idk � YtsB[
k L k � Y f Q I f bd[ k Y��VLNM�O�YyYTsh[�sh[ O�S�LRqrYtsB[}�Bb f g [��

�ysh[D�Bb f g [ QZLRYaO�Y i L k O k �Xbd[ SVO�YtO � [_QTW f W�YTsh[DQT[�qz[\QT[ k ^\[~qzQTO g [~QTLRYtO�Y i L k O k �Xbl[
ORQZ[1�hbdLRYTYT[\S:x f O k Y i YaO Y i � [\b J�idk U i ��� OQ�92 O)qzLXQ I L�Yts:��LXQZY W i �\[\W:���ysh[�ShO�YaO O�QT[�qzQZL g
U i �XW�� OQ� � � OQ�92N�B�nO k S OQ�92 
Q� m b f g [ QZLRYaO�Y i L k O k �Xbd[\W M [\QZ[ g [\ORW f QZ[\S�qzQZL g [ � [_Q J YTs i QZS



FDF

ilg OR�X[ ilk [ OR^asMOX�&KB��WZ[\Q i [\W:�

� k U i ���+OQ�H2+OB�NYtsh[ WTLXb i S�b idk [ LRq ( � %����7! �	2 QT[_�hQT[_WT[ k YTW Ytsh[ g O � ilg f g �@LRWTW idI bl[
QT[_b O�Y i � [�QTLRYtO�Y i L k O k �Xbd[ ilk O k ��! #�%'&)(�*�� f i S �VLNM�� �ys i W�b ilg�i Y ilk �-^ ORWZ[ i W�Mwsh[\QZ[
YtsB[D�hb f g [DORWZW f g [\W idk o khi Yt[~[��B�hO k W i L k O k S�^_L g �Bbl[_YT[\b J Sh[_^\L f �hbl[_WwqzQZL g Ytsh[DQZLRYaO�Y ilk �
QT[�qz[\QZ[ k ^_[�qzQtO g [ � � k Yts i W�b ilg�i Y ilk ��^ ORWZ[R�PM i Yts QZ[\WZ�@[_^_Y�YtL*Ytsh[-b O I LXQTO�YtLXQ J QZ[_qz[\QZ[ k ^_[
qzQtO g [�� � � ��� � � �I!��Q�

U i � f QT[	OQ�92 ��>wuwLRYaO Y i L k LRq YTsh[�blORQT�X[}��LXQZY��hb f g [�Mwsh[ k W YtQ i ` ilk ��Ytsh[vM i Y k [\WTW �hb O�YT[ O�W
L I WZ[\Q � [\S�M i YTs � f O khi S ilk [�� � i YTshL f Y&O khilg O�Y i L k Ytsh[�QZLRYaO�Y i L k�i W I O�QT[\b J S i WT^_[\Q khilI bd[R�
I f Y�O k O khidg O Yt[\S�WT[_x f [ k ^_[*� i � [\W YTsh[1^_bl[ O�Q ilg �hQZ[\WTW i L k LRq~YTsh[1q f Q Ytsh[_Q S i98 [_QT[ k Y i ORb
QTL�YaO�Y i L k LRq�YtsB[wY f Q I f bl[ k YI�VLNM:O�Y Ytsh[yM i Y k [_WTW7�hb O Yt[{qzLXbdblLNM ilk ��Ytsh[ k L k � Y f Q I f bd[ k Y �VLNM
O�YwYtsB[}sB[ ORS-LRqrYtsh[��hb f g [�� U i ����OQ� V � �

��[�^ ORbd^ f blO�Yt[~YTsh[�[��>�@[_^_YT[\S�S i98 [_QT[ k Y i ORb QTLRYtO�Y i L k O k �Xbd[ ��� ��� � � �{qzLRQy[ OR^as�LRq
YtsB[ ��LXQZY W i �\[\W f W idk � YTsh[~O � [_QtOR�R[ g [ ORW f QT[_S � [_QZY i ^ ORb��hb f g [ � [\blLc^ i Y i [\W g [\ORW f QZ[\S qzQZL g
qzQTL g U i �RW�� OQ� � O k S�O��H2N��� ��[ ORWZW f g [vO�QTORS i O�b S i � [\QZ�X[ k ^_[ [_x f ORbnYtL&Ytsh[}[ k YtQTO ilkBg [ k Y
sVORbpq � O k �Xbl[ LRq !J254R���-ORW i q�YTsh[{blO gjidk ORQ �VLNM:O�sh[ ORS L�q�YTsh[y�hb f g [ S i � [\QZ�X[\W7O�Y Ytsh[yWTO g [
QtO Yt[�ORWDMPL f blS)O k)i Sh[\ORb�[ k YTQtO idkhg [ k Y��hb f g [ � �ysh[ � [\Q Y i ^\ORb �hb f g [ � [\bdL>^ i Y i [\WDQZ[ g O ilk
k [\ORQ�^_L k W YaO k Y O�Y V � K O k S>VQ�?O�^ g � WwqzLRQ{Ytsh[}W g ORblb O k S-b ORQZ�X[D�@LRQZYtWwQZ[\WT��[\^�Y i � [\b J �{�ysB[
OR�h�BQTL � ilg O�Y i L k qzLXQ{YtsB[}�Bb f g [~QtO�S i f W i W{Ytsh[ k

� ��� � � � ! � ��� 	� �P� �\��� � � � * 4X����� � O��?F �

Mwsh[_QT[{Y idg [I* i W g [\ORW f QZ[\S�qzQZL g MwsB[ k YtsB[{�hb f g [ [ g [\QT�R[\W qzQZL g Ytsh[{��LXQ Y7O�Y * @�� U i � f QT[
OQ�92 O�ORbdWTL�WZshLNMwW{Ytsh[�Y idg [�Mwsh[ k YTsh[~�hb f g [_W idg � idk �X[wL k YTsh[ M i Y k [\WZW{�hblO�Yt[ O�YN*�� � ������� �
I [ J L k S�Mws i ^as)YTsh[&QtORS i f WDLRq � x.� O��?F k L-blL k �X[\QDO��h�hb i [\W:� ��[&Sh[_Q i � [ Ytsh[&S i98 [_QT[ k Y i ORb



F K

QTL�YaO�Y i L k O k �Xbl[�� � � � I%J W f I W Y i Y f Y idk � � x � OQ�?F idk YTL � x.� O��RO�qzLXQ �B��� � � ���7] J ilk Yt[_�XQtO�Y ilk �
L � [_Q YTsh[w�hb f g [yb i qz[_Y ilg [ qzQZL g *I!���YTL�* M [�L I YaO idk Ytsh[w[��>��[\^�Yt[\SjS iH8 [\QZ[ k Y i ORbhQZLRYaO�Y i L k
O k �Rbl[R� g [\ORW f QZ[\S ilk QtO�S i O k W\�VORW

� � !P� @�� 

@ � 2 �S� � ��� 	 �4 � ��� � � � � 6 � �
* !
� @ * 6
� � * � O�� KD�

Mwsh[_QT[
� ! �����B�
�
	��
��� � � �

� O�� 

�

UVLXQ � @N!���� ��254R��� �=! � QTORS � W L k [~sVO�W qzLXQ Ytsh[~W g O�blb �@LRQZYN� @ � � ��!SF�L?O�F�QtO�S �BO k S
qzLXQ Ytsh[~blORQT�R[���LXQZYN� @ � � ��!PK�L V 2~QTORS)� �ys f W{L k [ k LRYT[\WPYTsVO�YPYTsh[�qzQTO g [�QZLRYaO�YT[\W k [ ORQZb J
O q f blb@QT[ � LXb f Y i L k S f Q idk � Ytsh[�Q i WT[DLRqrYtsB[}�Bb f g [��

U i � f QZ[NOQ�92 O WZshLNMwW�Ytsh[PQT[\W f bdYTW LRqVYTsh[PYTsh[\LXQZ[_Y i ^ O�b>S i98 [_QT[ k Y i ORbcQTL�YaO�Y i L k O k �Xbd[R�
� x ��OQ�RK>�>O k S YTsh[ g [ ORW f QT[ g [ k YtW{LRq �hb f g [�S iH8 [\QZ[ k Y i ORb QTLRYtO�Y i L k � �ysB[~SVO�YtOv��L ilk YtWPORQT[
^\L khk [\^�Yt[_S I%J O ^ f Q � [DqzLXQ � i W f ORb QZ[_qz[_QT[ k ^\[�� �ysh[DYtsB[\LXQZ[_Y i ^ ORb ^ f Q � [\W�ORQZ[DWTshLNM k SVORWTs �
ShLRYvqzLXQDYtsh[jW g ORblb ��LXQ YvM i Yts�YTsh[ s i �Xsh[_QvQZLRYaO Y i L k QTO�Yt[jO k S bdL k � � SVORWZs)qzLXQ�YtsB[ b O�QT�X[
��LXQZY\�cWZblLNM [\Q QTLRYtO�Y i L k � ��[�sVO � [�ORblWZL��hblLRYZYt[_S O�WTLXb i S&WZYTQtO i �Xs%Y7b idk [wORW O k f �h�@[_Q I L f k S
L k �hb f g [ QTLRYtO�Y i L k Mwsh[\QZ[�O W YaO�Y i L k ORQ J �hb f g [�QZLRYaO�YT[\W�O�Y=� @}QT[_b O�Y i � [ YtL�YtsB[�qzQtO g [��
� k [ k LRYT[\W YtshO�Y Ytsh[ O�^_Y f ORb{S i98 [_QT[ k Y i ORb �hb f g [�QZLRYaO�Y i L k�i W�WZb i �Rs'YTb J q ORW Yt[\Q�YTsVO k YtsB[
YtsB[\LXQ J�ilk S i ^ O Y ilk �&O&�Bb f g [D[��>�VO k W i L k O k �Xbl[~WZb i �Xs%Ytb J �XQZ[ O�YT[\QyYtsVO k YTsh[�^\blORWTW i ^D�hb f g [
[ k YTQtO idkhg [ k Y�sVORbpq � O k �Xbl[ LRq�2 4X����O k S:WTL O�WTb i �Xs%Ytb J �XQT[\O�Yt[_Q S i98 [_QT[ k Y i ORbwQZLRYaO�Y i L k�i W
[��>��[\^�Yt[\S�YtsVO k YTsh[ i Sh[\ORb LRq �7x � OQ�RK��

��[ [��>�@[_^_Y�Ytsh[ ShQTOR� YtL I [\^\L g [ b O�QT�X[_Q�S f [�YtL*YtsB[-[ k sVO k ^\[\S�Y f Q I f bd[ k ^_[
Mwsh[ k Ytsh[}�hb f g [�WZYTQ i `R[\W�Ytsh[}M i Y k [\WZW �hblO�Yt[ �{�ysh[ ^ f Q � O�Y f QT[ O�Y�Ytsh[ f �h��[\Q�[ k S�L�q YtsB[
[��>��[\Q ilg [ k YaORb>^ f Q � [_W O q Yt[\Q WZYTQ i ` idk � YtsB[PM i Y k [\WZW �hb O�YT[ i W ^\L k W i WZYt[ k Y M i YtsvYts i W [��>�hblO k O �
Y i L k � ��LRYt[�Ytsh[DbdL k �X[_Q Y idg [�qzLXQ YTsh[DW g ORbdb@�hb f g [�YtL W YtQ i `R[�Ytsh[~M i Y k [_WTWy�hblO�Yt[ I [_^ O f WZ[
LRq I LRYTs�YTsh[jWZblLNM [\Q � [\bdL>^ i Y J O k S�YTsh[jblORQT�R[\QDS i WZYaO k ^\[&qzQTL g Ytsh[��@LRQZY�YtL-Ytsh[&M i Y k [\WZW
�hblO�Yt[ > 2 ���RK}^ g QTO�YtsB[\Q YTsVO k 2 �v^ g � ��[ sVO � [DORblWZL idk ^\b f Sh[\S�Ytsh[ SVO�YaO�qzQTL g YTsh[~S i98 [_Q �
[ k Y i ORbVqzQtO g [wQTL�YaO�Y i L k ^ O�WT[ LRQ �hORQZY i ORb.PL f [_YTYT[B�VLNM g [ ORW f QT[ g [ k YtW LRq U i ���
OQ�92 
Q� K�[\QZ[



F�


                        

                        

                        

                        

                        

                        

                        

     
      

      

      

      

      

0−π/2−π−3π/2−2π  0

π/2

  π

Frame Rotation Angle [rad]

Pu
ls

ed
 J

et
 R

ot
at

io
n 

A
ng

le
 [

ra
d]

Small Port, Solid−body Frame

Small Port, Plume Theory

Large Port, Solid−body Frame

Large Port, Plume Theory

Large Port, Couette Flow Frame

Jet Rotation=  Frame Rotation

Impingement at Witness Plate

U i � f QT[GOQ�92 OQ>1U i � f QT[�OQ�92 O)WTshLNMwWjYTsh[-SVO�YaO*qzLXQ Ytsh[-S i98 [_QT[ k Y i ORbyQZLRYaO�Y i L k LRq �hb f g [\W
ShQ i � [ k qzQTL g Ytsh[1W g ORblb��@LRQZY � � L � �@L ilk YtW�O k S
b ORQZ�X[1��LXQ Y � � � � ��L ilk YtW:� e ilk ^_[1YtsB[
S i98 [_QT[ k Y i ORb�O k �Rbl[ i W k [\�%O Y i � [ QZ[\b O Y i � [�YTLvYTsh[ QZLRYaO�Y i L k LRqnYTsh[�qzQTO g [��cO �@LRW i Y i � [�S i98 [_Q �
[ k Y i ORb7O k �Xbl[ ^_LXQTQZ[\WT��L k SBWvYtL-O k [\�XO�Y i � [ qzQtO g [&O k �Rbl[����ysh[�QT[�qz[\QT[ k ^\[&qzQtO g [�qzLXQDY M L
^ O�WT[\W i WrWTLXb i S � I LcS J QZLRYaO�Y i L k � �ysh[ Yts i QTSvSVO�YaO�ORQT[ qzQTL g YTsh[ �����������
	��
�������� �VLNM�W ilg�i blORQ YTL
� 0$254��/�7�ysh[}SVO�YtOjO�QT[�Sh[\Q i � [\S qzQTL g YTsh[ ilg OR�X[_W ilk U i �RW�� OQ� � � OQ�92N�B� O k S�O��H2 
�� �ysB[
g OR� khi Y f Sh[vLRq YtsB[ g [\ORW f QT[ g [ k YD[_QTQZLXQ idk �hb f g [vQTLRYtO�Y i L k O k �Xbl[ i W ^_L g �VORQtO I bl[�M i YTs
YtsB[~W i �\[~LRq Ytsh[~ShO�YaO ��L idk YTW����ysB[DLXQ i � ilk�i W7Mwsh[\QZ[~Ytsh[ �hb f g [�� f blWZ[DO k SjYtsh[~[_bl[_^_YtQZLXb J
�
W i W�� f blWZ[v^_L ilk ^ i Sh[ �{�ysh[}Y MPL�Ytsh[_LXQT[�Y i ^\ORb ^ f Q � [_WDORQT[�qzQTL g �7x �.OQ�RK&M i Yts Ytsh[vSVORWTs � ShLRY
f W ilk �&Ytsh[�W g ORbdb ��LXQZYw�VO�QtO g [_YT[\QTW�O k S-YTsh[vbdL k � � SVORWZs�^ f Q � [ f W ilk ��YTsh[�b ORQZ�X[D�@LRQZYw�VO �
QtO g [�Yt[\QZW�� � �

�
!$F V�^ g � W\� �
��� � � � � ��� � � !"#:%5& (�* �A! V � K&^ g � W\� �\��� � � � � � � ���P! #�%'&)(�* �!�VQ�?O ^ g � W\� �\��� � � � � � � ��������������	��
�������� ��!SVQ� ��^ g � W��

YtsB[ S i98 [_QT[ k Y i ORb QTL�YaO�Y i L k O k �Xbd[�L�qnYtsh[��hb f g [ i W g [\ORW f QZ[\S � � ��4X�}QTORS i O k W � QT[_b O�Y i � [�YTL
YtsB[}QTORS i ORb@qzQZL g YTsh[}O � i W{YtL YTsh[�^\[ k YT[\Q�LRq g ORWZWyLRq YTsh[ I f IhI bl[\WwL f Ytb idkhilk � Ytsh[D�Bb f g [��
�ys i W WTs i q Y�OR^\^_L f k YtW�qzLXQ�YTsh[}WTs i q Y LRq Ytsh[}^ O g [\QTO O � i W�QZ[\b O Y i � [DYtLjYTsh[ �Bb f g [ I [_^ O f WZ[



F V

U i � f QT[ OQ�H2�F�>�|~[\blO J [\S$[_bl[\^�YtQZLXb J W i W�� f bdWT[�WZshLNMwW�YTsVO�Y YtsB[ I ORWT[ LRqwYTsh[ �hb f g [ i W�^\L �
QTL�YaO�Y ilk �&M i YTs�YtsB[ QT[�qz[\QZ[ k ^_[ qzQtO g [��y�ys i W i W�S f [vYTLjYtsB[ ^\L k � [\QZ�X[ k Y��VLNM/O�Y�Ytsh[ I ORWZ[
LRq Ytsh[&�hb f g [����ysh[&[_bl[\^�YtQZLXb J W i WD� f bdWT[ M{O�W}SB[\b O J [\S�qzQZL g YTsh[&�hb f g [�� f blWZ[ I%J ��� K�W\�
O k S YtsB[}S f QtO�Y i L k LRq [\bd[\^�YtQTLRb J W i Wy� f blWZ[~M{O�W �Q�92�W�� UVQtO g [DQTL�YaO�Y i L k�i Ww^\blLc^a`%M i WZ[��

LRqyYTsh[�S i98 [_QT[ k Y i ORb7qzQtO g [�QTLRYtO�Y i L k � ��[�ORbdWTL k LRYt[jYtsh[��RQT[ O Yt[\QvQTLRYtO�Y i L k QTO�Yt[jLRqyYtsB[
�hb f g [�QZ[\b O Y i � [}YTL�YTsh[/�S! #�%'&)(�*y^ ORWZ[ �hQZ[\W f g O I b J I [\^\O f WT[vLRq [ k YTQtO idkhg [ k Y+�y] [_qzLXQZ[
S i WT^ f WTW idk � Ytsh[&S i98 [_QT[ k Y i ORbrqzQtO g [ ^ ORWZ[R�nM [�^_L k W i Sh[_Q�YTsh[&QTLRYtO�Y i L k M i YTs ilk YTsh[ �hb f g [
ORWw^\L g �VO�QT[\S�YTL�YTsh[�QTLRYtO�Y i L k LRq g O�YZYt[_Q{� f WZsh[\S O�sh[ ORS LRq Ytsh[��hb f g [��

U i � f QT[ OQ�925K�> � �cYt[ k Sh[\S [_bl[\^�YtQZLXb J W i W � f blWZ[PWTsBL M idk �DO k L � [\QZb O J LRqhYtsB[P^\L f k Yt[\Q � QZLRYaO�Y i L k
LRqVYTsh[{�hb f g [ sh[\ORS O k S�YTsh[P^_L � QZLRYaO Y i L k LRqVYTsh[{�hb f g [ I O�WT[�����LRYT[ YtshO�Y YTsh[{^\L � QTL�YaO�Y i L k
LRq YTsh[��hb f g [ I ORWZ[�blLXWZ[\W i YtW ilkhi Y i ORbn^\LXsB[\QT[ k ^\[�YTshQTL f �Xs�Y f Q I f bd[ k YD[ k YTQtO idkhg [ k Y+�~�ysB[
Y idg [_WPSh[ k LRYT[\S ilk [\OR^as LRqnYtsh[ idg O��X[\W ilk Yt[ k Y i L k ORblb J ^\L idk ^ i Sh[ M i Yts YTshLXWT[DL�qrU i ����OQ�92N�Q�
�ysh[}S f QTO�Y i L k LRq�[_bl[_^_YtQZLXb J W i W{� f blWT[DMPORW��Q� K�W:� UVQTO g [ QTLRYtO�Y i L k�i Wy^_blLc^a`'M i WT[ �

A�� @ � A # & # � � � � � # 	�	�+& �

��[ k [��cY{^_L k W i Sh[\Q7YtsB[�^_L k � [\QZ�X[ k Y �hL M I [_s ilk S�Ytsh[ � LRQZYt[��jQ ilk �}qzLXQ gjidk �~YtsB[
sh[\ORS LRqwYtsh[ �hb f g [����ys i W ^\L k � [_QT�X[ k Y � �hL M i W g LXW Y�^_bl[ O�QTb J [ � i Sh[ k Y idk U i ��� O�� V � ;���
��[�[��>��[\^_Y YtsVO�YjYts i Wj^_L k � [_QT�X[ k Y � �VLNM�� ORW ^_L g �hORQT[_S YtL)Ytsh[�S i � [_QT�X[ k Y � �hL M O�Y�YtsB[
sh[\ORS1LRqrYtsB[v�hb f g [R�BM i blb bd[ ORS�YtL�^\L � QTL�YaO�Y i L k LRq Ytsh[��hb f g [R�hLX�B�@LXW i YT[�YTL�YTsh[�^\L f k YT[\Q �
QTL�YaO�Y i L k L I WT[_Q � [_S idk U i �RW���O�� � O k SGOQ�H2 �Q��� k LXQTSB[\Q{YtL WZshLNM	sBL M�YtsB[D^\L k � [_QT�X[ k Y � �hL M



F V

O 8 [\^�YtWDYtsh[ �Bb f g [�QTL�YaO�Y i L k M [&sVO � [ f WZ[\S�O�Sh[\blO J [\S)� f bdWT[ LRq [\bd[\^�YtQTLRb J W i W � �Q�RK W�Sh[ �
b O J �����H2�W S f QtO Y i L k ���wORWjMP[_blb~O�W�O k [��>YT[ k SB[\S�[\bl[_^_YTQTLXb J W i Wj� f blWZ[ � ��� K�W S f QtO Y i L k ���
�ysh[�[��cYt[ k Sh[\S�[_bl[_^_YtQZLXb J W i W � f bdWT[)W f ��[\QZ�@LXWZ[\W-Ytsh[)^\L k � [\QT�R[ k Y � �VLNM ^_L � QZLRYaO Y i L k�I [ �
k [\O�Yts�YtsB[DS i � [\QT�R[ k Y � �VLNM�^\L f k Yt[\Q � QZLRYaO�Y i L k ���ysh[D[\x f i � ORbl[ k YPY ilg�ilk � LRq YtsB[\WT[�Sh[_b O J [_S
O k S)[��cYT[ k Sh[_S�[_bl[\^�YtQZLXb J W i W~� f bdWT[_W}QZ[\blO�Y i � [�YtL�YTsh[ � [_QZY i ^ ORb �Bb f g [ g LRY i L k ORQZ[ WTshLNM k
ilk U i �XW��IOQ� V � ];� O k S OQ� V � ;� QT[\WZ�@[_^_Y i � [_b J �
]PLRYTs�YTsh[�SB[\b O J [\S
O k S�[��>YT[ k SB[\S
� f bdWT[_W
Sh[ g L k WZYtQTO�Yt[-Ytsh[�[��>��[\^_YT[\S"^\L � QTL�YaO�Y i L k LRq~YTsh[1^_L k � [\QZ�X[ k Y � �VLNM I [\s ilk S�Ytsh[ � LXQ Yt[��
Q idk � ORW I [ idk ��LX�h��LXW i Yt[�YTL�Ytsh[ ^_L f k Yt[_Q � QTLRYtO�Y i L k LRq7YtsB[ S i � [\QT�R[ k Y��VLNM ORsB[ ORS*LRq7YtsB[
� f bdWT[_S �hb f g [ � �ysh[wSh[_b O J [_S � f blWT[��cU i ����OQ�92+FvWZshLNMwW YTsVO�Y7YtsB[ I ORWT[wLRq@Ytsh[w�hb f g [ i W ^\L �
QTL�YaO�Y ilk � M i Yts�YTsh[{QT[�qz[\QZ[ k ^_[wqzQTO g [���U i � f QZ[ OQ�925K WZshLNMwW I LRYTs QTLRYtO�Y i L k W�W f ��[\Q idg ��LXWZ[\S)�
��L�Yt[�YtsVO�YwYTsh[v^_L k � [_QT�X[ k YB�VLNM ilk U i ��� OQ�925K�blLXWZ[\W i YTW ilkhi Y i O�b ^\LRsh[\QZ[ k ^_[ g LXQT[�QtO�� i Shb J
YtsBQTL f �Rs-Y f Q I f bl[ k Y�[ k YTQtO idkhg [ k Y+�7�ysh[�LX�h��LXW i Yt[DQZLRYaO�Y i L k L�q YtsB[}^_L k � [_QT�X[ k YB�VLNM	YT[\Q �
g�ilk O�YT[\W~YTsh[j[ 8 [_^_Y i � [�sh[_b i ^ i Y J �X[ k [_QtO�YT[\S I'J Ytsh[��hb f g [ �jK�[ k ^_[R�rS Jck O g L g LcSh[\b ilk �
g f W Y ilk ^_b f Sh[~YTs i Wy[ 8 [_^_Y��

A�� @ � @ "���� � ��� # 	��+� 	����� �!��&�	� 	��+&%#

��[ k LNM/^\L k W i Sh[\Q�Mwsh[\QZ[ Ytsh[ I OR^a`'�XQZL f k S��VLNM�oV[_blS i W idk S i98 [_QT[ k Y i ORb QTL�YaO �
Y i L k �
�����������
	��
�������� �'ORW ^\L g �VORQZ[\S�YTL	� ! #�%'&)(�* �VLNM�� � Y i W g LRQT[{S i ��^ f bpY ilk YTs i W�^\ORWT[yYTL
L I YtO ilk O�^\^ f QtO�YT[ � i W f O�b i �\O�Y i L k-ilg OR�X[\W�qzLXQ Y M L QT[ O�WTL k W:> �-2 ��Ytsh[ ^\O g [\QtO i W g L f k Yt[_S
O�Y �A@ O k S YTsh[\QZ[_qzLXQZ[�QZLRYaO Yt[\W O�Y � ! � @7Mwsh[\QZ[ ORW7YtsB[��Bb f g [R�%O�bdYtsBL f �Xs idk �Z[\^�Yt[\SjO�Y � @N�
WTLcL k)i WDW MP[_�BY M i Yts*Ytsh[��VLNM.YTL1O k�idk YT[\Q g [_S i O�YT[ � ORb f [�L�q �~� O k S � �D��YTsh[�QT[\W f bdY ilk �
WTsB[ ORQ M i YTs ilk YTsh[ �VLNM O�QTL f k S$YTsh[��hb f g [�O k S�ORsh[\ORS$LRq�YTsh[��hb f g [ bl[ O�ShW�YtL g LXQT[
QtO�� i S*[ k YTQtO idkhg [ k Y}O k S*^\L k WT[\x f [ k Ytb J YTsh[&S i WZ�@[_QTWtO�b�LRq Ytsh[ � b ilk [ � LRq I f IhI bd[\W:� �W}O
^\L k WT[_x f [ k ^_[�MP[}^ashLXWZ[vYtL f WZ[ O k-ilk YT[\Q g [\S i O�YT[7�VLNM�oV[\bdS-MwsB[\QT[�YtsB[ idkhk [\Q I L f k ShORQ J
QTL�YaO�YT[\W O�Y �B<I!P� @'���A@�4��=<-����K�[\QZ[{MP[y[��B��[\^�Y O k S idkhk [\Q QT[\� i L k qzQZL g �=<rYtL�� 6 �RMwsh[\QZ[
�=< �3� 6 � �A@vYTsVO�Y}QTL�YaO�YT[\W}ORW�WZYtO I bl[ PL f [_YZYt[ �VLNM�� � ! �B<�����4��=< � 6vg O�Yt^asB[\S�L k
YtL*O k L f Yt[_Q�QT[_� i L k � 6 � � � �A@&LRqwM [ OR`'b J Y f Q I f bd[ k Y��VLNM<L�qA� !�� @�� � O k SVO f
X � i qzWZ^as i Y � 2 � K � ���&K�LNM [ � [\Q\� Ytsh[�uw[ Jck LXbdShW k f g�I [_Q i W k LRY}WTL-s i �Xs YtsVO�YDYTsh[\WZ[jS i W �



F �

Y idk ^_Y�QT[\� i L k W}M i bdb [�� i WZY WZ[\�VO�QtO�YT[\b J � PL k WZ[\x f [ k YTb J O k O��h�hQTL � ilg O�Y i L k YtL1YTs i W��hL M��
� � 	�� � � 03254�� i W{O k [_x f ORblb J b i `�[\b J ORbpYt[_Q k O�Y i � [�Mwsh[_QT[~YTsh[~YtQTO k W i Y i L k i WPWT�BQT[ O�S-L f Y idk
QtO�S i f W:�&] J MPO J LRq ^\L g �VORQ i WTL k YTsh[ g O � ilg f g WZYtO I bl[ PL f [_YZYt[��VLNM ^_LXQTQZ[\WT��L k SBW}YTL
� � 	�� � � 03254��76 O k S&M i blb I [ f WZ[\S ilk YTsh[yb i x f i S�WZL>S i f g [��>�@[_Q idg [ k Y���� q�Ytsh[yWZsh[ ORQ�M [\QZ[
�XQZ[ O�YT[\Q\�cYtsh[T�VLNM"oV[\bdS I [_^\L g [\W f k W YaO I bd[�M i Yts�QZ[\W f bdY idk �vY f Q I f bl[ k ^\[��Bb O�QT�X[�ShQtO��h�BO k S
sh[ k ^\[��B��L M [\Q blLXWZW�� !D[_�hbl[_Q i O kjg LRY i L k&ilk O k O�^\^\QZ[_Y i L k S i WZ` sVORW WTL g [_MwsVO YPbd[\WTW WTsh[\ORQ\�
������� � 03254 � ��� 6 O k S i WwORblWZL�W YaO I bl[ I [\^ O f WT[}LRq �XQtO � i Y J �

U i � f QT[ OQ�92 
Q>��rLX� � i [_M WZshLNM ilk �-�hb f g [&QTL�YaO�Y i L k*ilk O k ������������	��
������ �I� f i S �VLNM oV[_blS)�
�ysh[&S i98 [_QT[ k Y i ORb QTLRYtO�Y i L k LRq7Ytsh[ �Bb f g [ i W~q O�WZYt[_Q ilk YTs i WD^\ORWT[ YtshO k*ilk U i �XW�� OQ� � O k S
OQ�92N�Q� ��[ I [_b i [ � [�YtshO�YwYtsh[}WTsh[\ORQ�S f [vYTLjS iH8 [\QT[ k Y i O�bnQTLRYtO�Y i L k [ k sVO k ^\[_W�YtsB[vQZLRYaO�Y i L k
LRq�Ytsh[��Bb f g [ I%J �VORQ Y i ORblb J [ k YtQtO ilkhidk �1YtsB[-WZsh[ O�Q �hL M�� � k [ k LRYt[_W�YtsVO�Y YTsh[��hb f g [
ShQ i q YtW�L f YjLRq�Ytsh[ oV[\bdS LRq � i [_M��
�ys i W i W I [\^\O f WZ[�YtsB[�^\O g [_QtO)QTLRYtO�Y i L k$i W&oB�>[\S YTL
YtsB[-L f Yt[_Q I L f k SVORQ J O�Y&O Y � @&MwsB[\QT[\ORW&Ytsh[�^_[ k Yt[_QTb idk [�LRqwYtsB[��hb f g [�QZLRYaO�YT[\W&O�Y�O k
ilk YT[\Q g [\S i O�YT[ � O�b f [�� ��� � 6 � � �ysh[}S f QTO�Y i L k LRq�[_bl[_^_YtQZLXb J W i Wy� f bdWT[�M{O�W �Q�92�W�� � � � ! F V^ g � W_� �\��� � � � � � � !�VQ� ��^ g � W��7UVQtO g [~QZLRYaO Y i L k�i Ww^\bdL>^a`%M i WZ[��

U i � f QT[ OQ�92 V >r|~[\blO J [\S [_bl[_^_YtQZLXb J W i Wr� f blWZ[ idk O k �����������
	��
�������� �VLNM oV[\bdS)� �ys i W WZshLNMwW�YtsVO�Y
YtsB[ I ORWZ[�LRqyYtsh[ �hb f g [ shORW k L�q f Q Ytsh[_Q�QTL�YaO�Y i L k M i Yts�QT[\WZ�@[_^_Y YTL�Ytsh[ YTsh[�QZ[_qz[\QZ[ k ^_[
qzQtO g [ I [\^\O f WZ[�L�q�YTsh[{YtsB[{^\L k � [\QT�R[ k Y �hL M O�Y�YTsh[ I ORWZ[yLRq Ytsh[y�Bb f g [�� �ysh[y[\bd[\^_YTQTLXb J W i W
� f bdWT[}M{ORW�Sh[\blO J [\S�qzQTL g YTsh[ �hb f g [}� f blWZ[ I%J �Q�RK�W\�@O k S�Ytsh[}S f QTO�Y i L k L�q [\bd[\^_YTQTLXb J W i W
� f bdWT[DMPORW ���H2�W�� UVQtO g [~QZLRYaO Y i L k�i Wy^\bdL>^a`%M i WT[��

U i � f QZ[;OQ�92 
~WTshLNMwW7Ytsh[y[ 8 [_^_Y L k �hb f g [yQZLRYaO Y i L k YtshQZL f �Xs&[ k YTQtO idkhg [ k Y M i YTs



KR�

YtsB[�������������	��
������ � I O�^a`c�RQTL f k S��hL M�� PL g �VO�QT[\SjYtL U i �XW�� OQ� � O k S OQ�92N�B�hU i ��� OQ�92 
 WZshLNMwW
YtsB[ S i98 [_QT[ k Y i ORb QTL�YaO�Y i L k QtO�YT[ LRq Ytsh[��hb f g [�QT[\blO�Y i � [wYtL YTsh[�qzQTO g [ i W s i �Xsh[_Q\�>ORbdYTshL f �Xs
YtsB[ I f IhI bl[~b ilk [�S i WZ�@[_QTWZ[\W g LXQT[�QtOR� i Shb J � �ysh[Dx f O k Y i YtO�Y i � [~O k ORb J W i WPL�qnYtsh[~�Bb f g [�qzLXQ
Yts i W7^ ORWZ[ i W WZshLNM k idk U i ���
OQ�92 OQ� �ys i W �XQZ[ O�YT[\Q O k � f b ORQ7QTL�YaO�Y i L k i W S f [�YTL}YTsh[�[ k YtQTO ilk��
g [ k Y�M i YTs YtsB[{S iH8 [\QZ[ k Y i ORbcQTLRYtO�Y i L k LRqVYTsh[ I O�^a`c�RQTL f k S �hL M�� � q Ytsh[{[ k YtQtO ilkhg [ k Y M [\QZ[
ilk WZYaO k YtO k [_L f W idk YtsB[ WTLRb i S � I L>S J QTLRYtO�Y i L k ^\ORWT[���Ytsh[ k k L��Bb f g [&QTLRYtO�Y i L k M L f bdS I [
L I WZ[\Q � [\S �;PL k � [_QTWZ[\b J � ilk YTsh[DWTsh[\ORQ;�VLNM�q f blb [ k YtQtO ilkhg [ k Y{M i YtshL f Yy[��>�VO k W i L k M L f bdS
bl[\ORS YtL*O�QTLRYtO�Y i L k LRqyYTsh[��hb f g [ OR�h�hQZLN� idg O�YT[\b J YTsh[�WTO g [�ORW�Ytsh[ WTLXb i S b ilk [j^\LXQZQT[ �
WT��L k S ilk �}YtL idk o khi Yt[w[��>�VO k W i L k O k S k L WZsh[ ORQ LRq U i ��� OQ�92 OQ� K�[ k ^_[ [ k YTQtO idkhg [ k YP�Bb O J W
O k-ilg �@LRQZYaO k Y\� I f Y k LRY�ShL g�ilk O k Y{QTLXbd[ ilk Sh[_YT[\Q gjidkhilk �vYtsh[�QTL�YaO�Y i L k LRq Ytsh[��hb f g [��

U i � f QZ[MO��H2 V WTsBL MwWjshLNM Ytsh[-^\L k � [\QZ�X[ k Y �VLNM O 8 [_^_YtW�Ytsh[-�hb f g [ QZLRYaO�Y i L k
ilk YTsh[ ������������	��
�������� ^ ORWZ[�� ��[ f WT[\S�O k [\bd[\^_YTQTLXb J W i WD� f blWZ[�M i Yts)�Q�RK�WDSh[\blO J O k S)�Q�92&W
S f QTO�Y i L k �)U i � f QT[ OQ�H2 V WTshLNMwW YtshO�Y�YtsB[�^\L k � [_QT� idk ���VLNM O Y�Ytsh[ I ORWT[�LRqwYTsh[��hb f g [
ilk YtsB[jS i98 [_QT[ k Y i ORbdb J QTLRYtO�Y idk � I OR^a`'�XQTL f k S �VLNM shORW k L�q f Q Ytsh[_QvQZLRYaO�Y i L k � e idk ^\[&YtsB[
�����������
	��������� � �hL M oh[\blS�[ k sVO k ^\[_W Ytsh[jS i � [\QZ�X[ k Y��hL M ^_L f k Yt[_Q � QTLRYtO�Y i L k ^asVO�QtOR^�Yt[\Q i W Y i ^
LRqrYtsh[��hb f g [R� i YwWTshL f blS QT[_S f ^\[�YtsB[}^_L � QZLRYaO Y i L k LRq YTsh[�^\L k � [\QT� ilk � �VLNM��

A�� � # & #*�  ()�W�+&%#)�

��[ shO � [P[��B��[\Q ilg [ k YaO�blb J Sh[ g L k W YtQtO Yt[\S}Ytsh[ S iH8 [\QZ[ k Y i ORb%QTL�YaO�Y i L k LRq Ow�hb f g [
YtshO�Y�QTORS i O�blb J [��>�VO k ShW ilk O QTLRYtO�Y idk �$qzQtO g [�� ��[�sVO � [ ShL k [�WZL
O�Y�s i �Xs�[ k L f �Xs
uw[ Jck LXbdShW k f g�I [\QDW f ^as)YTsVO�Y~YTsh[ WT^\ORb idk � YtL g f ^as*s i �XsB[\QDuw[ Jck LXbdShW k f g�I [\QDWZshL f bdS
I [ OR�B�hQTL � ilg O�Yt[_b J ilk � ORQ i O k Y+� �ysB[��VO�QZY i ORbV[ k YTQtO idkhg [ k Y L�q YtsB[��hb f g [\W M i YTs�YTsh[ I OR^a` �
�XQZL f k S��VLNM bd[ ORShWnYTL�OyShQTOR�wL k S iH8 [\QZ[ k Y i ORbRQZLRYaO�Y i L kDidk Ytsh[7^ O�WT[ LRq�� ! #�%'&)(�* �VLNM O k S
YtL�O k OR^_^\[\bd[\QTO�Y i L k LRq7S iH8 [\QT[ k Y i O�b QZLRYaO�Y i L k LRq YTsh[��hb f g [ ilk O S i98 [_QT[ k Y i ORbdb J QZLRYaO�Y ilk �
qzQtO g [ ���ysh[ I ORW i ^ f k Sh[\QZWZYtO k S idk ��LRq � x �)O�� K i W W f I W YaO k Y i O�Yt[_S)� ��[vYTsh[\QZ[_qzLXQZ[ [��B��[\^�Y
YtshO�Y L f Q�L I WT[_Q � [_S��VLNMwW~ORQZ[ O&�XLcL>S g O�Yt^as-YtL&Ytsh[v[��>�@[_^_YT[\S��VLNM idk YTsh[vW f I WZ[\x f [ k Y
WTLcS i f g S Jck O g L&[��>��[\Q idg [ k Y+�



K�2

A�� � � � & � � 	 �W� �C���#*' � �\	���& � � 	 �W� �C� � �;����  � �

� ORQZ�X[PWZ^ ORbd[ I f L J O k Y �hb f g [_W LXQ i � idk O�Y idk � ilk QTLRYtO�Y idk � W YtQtO Y i oh[\S O�Y g LRWT�hsh[_QT[_W
WTsBL f blS
S i WT�Bb O J W ilg�i blORQ QTL�YaO�Y i L k �	�ys f k Sh[\QZWZYTLXQ g W�L I WZ[\Q � [\S"qzQTL g O��R[\LXW YaO�Y i L k O�Q J
WtO Yt[\bdb i Yt[~WZshL f bdS�S i WT�hblO J Yts i WyQTLRYtO�Y i L k �7K�L M [ � [\Q_�@YtsB[}S iH8 [\QT[ k Y i O�b QTLRYtO�Y i L k WTshL f blS I [
W g ORbdbnW ilk ^\[�Ytsh[}S f QTO�Y i L k L�q YtsB[v�hb f g [ i WwW g ORblb �I! ����� LRq Ytsh[}��[\Q i L>S-LRq QTLRYtO�Y i L k LRq
YtsB[~[ ORQ Yts)� �ysB[~b ORQZ�X[\W YPWZ^ ORbd[ �hb f g [\WPL�q Ytsh[ W f k bd[ ORS ilk �}YtL�W f �@[_QT�XQTO k f b O Y i L k �'L k YtsB[
LRYTsh[\QysVO k S �BQ i WZ[ ilk O M [\[_` �@O}Y ilg [ ^_L g �VORQtO I bl[�YtL�YtsB[~[\x f O�YTLXQ i ORb QZLRYaO Y i L k ��[\Q i L>S LRq
! � V SVO J W�����[ k LRYt[ I%J M{O J LRqP^\L k oVQ g O�Y i L k YtsVO Y}YTsh[�bl[ O�S ilk ��W f k WZ�@LRY}LRq{O-�hO i Q
ORbpM{O J W QZLRYaO�YT[\W�YtLNMPORQTS�YTsh[�[\x f O�YTLXQ � m Q i [_WZY 2 � V%�������ys i W i W}MwshO�YvM [jM L f bdS�[��B��[\^�Y
i q W f ^as��Bb f g [\W � k LRY}O�Y Ytsh[&[\x f O YtLXQDLXQ �@LXbd[\W � I [_sVO � [\S�O k S*QZLRYaO�YT[\S)ORWDL I WT[\Q � [_S idk
YtsB[\WT[y[��>�@[_Q ilg [ k YTW�� �ys i W ORWZW f g [\W YtsVO�Y W f ^as �Bb f g [\W b i q Y O k S�QTLRYtO�Yt[PO blLcLX�}LRqVYtLRQTL i SVORb
g OR� k [�Y i ^I� f �}qzQZL g Ytsh[ I ORWT[ LRqhYTsh[{^\L k � [\^�Y i L k �\L k [����ysh[ �hb f g [_W QTL�YaO�YT[ g LXQT[ WTbdLNMwb J
YtshO k Ytsh[	� f i S1LRq7[ i Ytsh[_Q~sh[ g�i WZ�hsh[_QT[R� i � [�� ���"��� � ������QT[_b O�Y i � [vYtLjYtsh[��R[ k [_QtORb QTLRYtO�Y i L k �
O k S�WTL Ytsh[�bl[\ORS idk ��[\Sh�R[jQZLRYaO�YT[\WDYtLNMPORQTS)Ytsh[�[\x f O YtLXQ:�j�ysh[�qzL>L�Yt�hQ ilk YtWDLRqPO blLcLX�*LRq
[ k YTQtO idk [\S g O�� k [_Y i ^ � f �&[ g [\QZ� ilk �}O I L � [wYtsh[w�hsBLRYtLXWZ�hsh[_QT[�WTshL f blS YtQTOR^a`�Ytsh[wQZLRYaO�Y i L k
LRqwYtsB[��hb f g [��)K�[ k ^_[�Ytsh[_WT[�qzL>L�Yt�hQ ilk YtW_��LXQ OR^�Y i � [�QT[_� i L k W�WTsBL f blS SBQ i q YvYtLNMPORQTS YtsB[
[\x f O YtLXQ�ORW�O�q f k ^�Y i L k L�q QZLRYaO�Y i L k L�q YtsB[}W f k �

� ���#*&��  � '�� � � #%	��

��[�ORQZ[ �VO�QZY i ^ f blORQTb J�idk Sh[ I Yt[\S�YtL g O k%J ^\LXbdbl[ O�� f [\WDMwshL shO � [�sh[_bl��[\S O k S[ k ^\L f QTOR�X[_S$YTs i WvMPLXQZ` � �hORQZY i ^ f b ORQZb J |DO � [ ��[\W Yt�Bq O�shb �7|DO � [ u�O Jcg L k S �7O k S �XO g [\W
��[ O�YTsh[\QTORblb�LRqnYtsB[D��[�M��-[�� i ^_L�� k WZY i Y f Yt[~L�q � ilkhidk ��O k S��r[\^as k LRblLX� J � � ��� ���T�PO k S
�DQT[\� � i blbl[�Y � �1ORQT^�K�[\QtO k Y\� �~b O�S ilg�i Q m O�Q i [ � � O k S)K f i � i LRq �nLXW  blO g LXWD� O Y i L k ORb
� O I LXQtO�YTLXQ J � � ~� ��� � ��[�O�QT[vOR�h�hQZ[\^ i O�Y i � [}LRq�YTsh[vsB[\bl�1�hQTL � i Sh[_S I%J Ytsh[vWZYtO 8 LRq�YtsB[�~�-� ��� � k [\QZ�X[_Y i ^v�1O�YT[\Q i ORbdWyu�[_WT[\ORQT^as1O k S � [_WZY ilk �UP[ k Yt[_Q	� � �1u �T;� ��� k �VORQ Y i ^ f �
b O�Q\�c] i bdb e sh[_blb � � �1u �T � S i Y e Y f S i LB�>bd[ k Y f W YtsB[~WZY f S i L � x f ORb i Y J ����O k S �~K e � �B{u
W J W Yt[ g O k S
Ytsh[)|Q�5^ O g ^\LXQZSh[\QjqzLXQ�Ytsh[ S f QtO�Y i L k L�qvYTsh[ [��>��[\Q idg [ k Y-O k S�sh[\bd�@[_S
^\L k W i Sh[\QTO I b J M i Yts1YTsh[ ShLNM k bdL%ORS idk �jO k S�[_S i Y ilk �jLRq�YtsB[ S i � i YtORb ilg OR�X[_W f WZ[\S�qzLXQwYtsB[
[��>��[\Q ilg [ k Y�O k S)YTs i W�� f I b i ^ O�Y i L k � �R[_QTQ J �RLRs k WTL k�I f i bdYDYTsh[�ohQTWZY g L>Sh[_b�Mws i ^as)M{O�W
W f I WT[_x f [ k Ytb J �XQT[\O�Ytb J�ilg �hQTL � [_S I%J �RLXs k e ilg�g L k W�LRq � �1u �TA� ��[ ORbdWTL�M i WTs:YTL
YtshO k `1YTsh[  i Y J LRq e L>^_LXQTQZLh� ��ORW�|~[\�VO�QZY g [ k Y~qzLRQDShL k O�Y ilk �jYtsh[&blLNM � �hQT[_WTW f QT[R� s i �Xs �
� LRb f g [&QT[\� f b O�YTLXQ f WZ[\S�L k YTsh[ O��h�VORQTO�Y f W:� ��[�ORQT[��VORQ Y i ^ f b O�QTb J�ilk Sh[ I YT[\S*YtL-� � m7mLRq � ~����qzLRQ ilkBi Y i ORb{q f k S ilk � O k S:YtL � �1u �T0O k S"�~��� ��� qzLXQ ORShS i Y i L k ORbyq f k S �



KX�

ilk ��� e>f I WT[_x f [ k Ytb J YTs i W�M LXQT` sVO�W I [\[ k W f �h�@LRQZYt[_S I%J � e U
YtsBQTL f �Rs��XQTO k Y k f g I [_Q
�	� � �X�	
	
�2D� � k [ LRq f W\� e � ���PLXbd�%O�YT[R�wQT[_^\[ i � [_W q f k S ilk � YtshQZL f �Xs
YtsB[ | � �w� f k Sh[_Q^\L k YTQtOR^�Y � � V F%�DK � �7��� � O"
Q�



��+���C���1� �

,��)��# ��� ��� �+�� ��#BE���#%, �D��,	#%��� F)G ,�(����"� �

@ � � �$#%	���&�')(*��	��+&%#

�ysh[ [��>�@[_Q idg [ k Y ^\L k W i W YtW~L�q Y MPL�^_L%O � i ORbr^ J b ilk Sh[_QTW�QTLRYtO�Y idk ��M i Yts�S iH8 [\QT[ k Y
O k � f b ORQ � [_blLc^ i Y i [_W\�
� @7O�Y �A@N�RYtsB[yL f Yt[_Q�QtO�S i f W�O k S �B< O�YI�=<a�XYtsh[ idkhk [_Q�QtORS i f W_�RMwsh[\QZ[
�A@�4���<	! ��� �ysh[�WT�hOR^\[ I [�Y MP[_[ k ^ J b idk Sh[_QTWvM i blb I [joVbdbl[_S�M i YTs�b i x f i S)WTLcS i f g M i YTs
O W g ORbdb � YtLX�B� ilk � � LRq gjidk [\QTORb L i b �y�ysh[ � LRb f g [ LRq�WTLcS i f g I [_Y M [\[ k YTsh[ ^ J b ilk Sh[\QZW i W
b idgji Yt[_S I%J Y MPLv[ k Sj�hb O�YT[\W:� � k [�LRq@YTsh[��hb O�YT[\W i W WZLXb i S Mws i bd[{Ytsh[wLRYTsh[\Q7�hblO�Yt[	� QZ[_qz[_QTQT[_S
YtL ORW YtsB[��@LRQZY��Bb O�YT[ � sVORW Y M L ^ i QT^ f b ORQjLX�@[ khilk �XW W J>g�g [_YtQ i ^ M i YTs:QT[_WT��[\^_Y�YTL�YtsB[
QTL�YaO�Y i L k O � i W L�q Ytsh[ O��h�VORQTO�Y f W~O k S�LRq7S i O g [_YT[\QB����� 	� ! �-2 4�O
� �B@+�~�ysh[_WT[ ��LXQZYTWDORQT[
ilk Y f Q k ^\L khk [\^_YT[\S YtL�O1�hbl[ k f g � W f �h�Bb i [_S�M i YTs � f bdWT[_S �hQT[_WTW f Q i �_[\S$b i x f i S�WTLcS i f g �
YtshO�Y�qzLXQ g W YTsh[�� f blWT[_S �Z[_YtW:� �ysB[\QT[ i W�ORbdWTL O k O kBk f b ORQjWT�VOR^_[ I [�Y MP[_[ k Ytsh[�L f Yt[_Q
^ J b ilk Sh[_QPO k S YtsB[ �hbd[ k f g ���ysh[\WZ[~��[\Q i L>S i ^w� f bdWT[\W LRqnWZL>S i f g �VLNM�ORQZ[ ShQ i � [ k YtsBQTL f �Rs
YtsB[{�@LRQZYtW I'J O � i WZYtL k�ilk W i Sh[ Ytsh[{�Bbl[ k f g � e L>S i f g �VLNMwW�L f Y�LRqVYtsh[P^ i QZ^ f blORQ ��LXQ YtW�O k S
QT[�Y f Q k W I OR^a` YTL~Ytsh[y�Bbl[ k f g � LXb f g [ YtshQZL f �Xs YtsB[wO khk f b O�Q�WT�VO�^\[ I [�Y MP[_[ k Ytsh[y�hbd[ k f g
^ J b ilk Sh[_Q~O k S1Ytsh[vL f YT[\Q ^ J b ilk Sh[\Q:� | f Q ilk � ilk �Z[\^_Y i L k LRq�YTsh[ �Z[�YtW\��Ytsh[ QT[\W f bdY ilk ���hb f g [
[��>�VO k ShW�� | f [~YTL�Ytsh[=PLXQ i LXb i W7qzLXQT^_[�OR^_Y ilk � L k YTsh[D[��>�VO k S ilk ���Bb f g [ idk Ytsh[DQZLRYaO�Y ilk �
qzQtO g [�� YTsh[P�hb f g [ QZLRYaO Yt[\W ilk YtsB[ S i QT[_^_Y i L k LX�h��LXW i Yt[7YtLwYtsh[ S i QZ[\^_Y i L k LRq>Ytsh[ QTLRYtO�Y i L k LRq
YtsB[ � [\WTWZ[\b ilk YtsB[�WTO g [yq ORWZs i L k O�W WZshLNM k idk U i ���DO��H2D2�� e>f ^as�O�QZLRYaO Y ilk � g LRY i L k LRq�YtsB[
�hb f g [ ilk YtsB[ QTL�YaO�Y ilk ��qzQtO g [�O k S i YtW O � i ORbhYTQtO k WTb O Y i L k ^_LXQTQZ[\WT��L k SBWPYtL O k f k M idk S ilk �
sh[_b i ^\ORb g LRY i L k � �ys i W sh[_b i ^\ORb g LRY i L k �hQZL>S f ^\[\W YTsh[ �@LXbdL i ShORb g OR� k [�Y i ^U� f ��L f Y&LRq
YtLRQTL i SVORb g O�� k [_Y i ^�� f � LXQ � � [ 8 [_^_Y����ysh[�Sh[_W i � k ShQTONM idk �XWjLRqDYtsh[�[��>��[\Q idg [ k Y ORQT[
WTsBL M k�ilk U i ���QF��92D�

� k&I LRYts oV� f QT[\W YTsh[ g O�� k [_YTL � O�^_Y i � [ � LXb f g [PM i Yts�� f i S WTLcS i f g.i W Ytsh[wO kBk f �

K�O



K F

U i � f QT[�F��H2�>~U i � f QT[	F��92 � 7��WTshLNMwW}O�ShQtO M idk ��LRq7Ytsh[ QZLRYaO Y ilk ��^\L g ��L k [ k YTWDLRq7Ytsh[ � �
m sVORWZ[~LRq YTsh[ [��>�@[_Q ilg [ k Y����ysh[ idkhk [_Q ^ J b ilk SB[\Q i W7QTLRYtO�Yt[_S�O�Y F � LRq YTsh[�L f Yt[_Q LRQ g O ilk
^ J b ilk Sh[_QDLRq QtORS i f W\���A@	! OX�QLRK ^ g � � k YTsh[ � � m sVORWZ[ k L-�hb f g [�� i WZYTL k � LXQDs J ShQtO f b i ^
ShQ i � [ i W�WTshLNM k � [ � [ k YtshL f �Xs1YTsh[ ^_L k WZYTQ f ^�Yt[_S*ORb f g�ilk f g �VORQZYTW LRq U i ��� FQ�H2 � ��yWTshLNM
YtsB[D�@LXQ Y{�hblO�Yt[ O k S�Y M L&�@LXQ Yt[_S�QT[\WZ[\Q � L i Q{�hbl[ k f g ^ J b ilk SB[\QTW:� �ysh[~^_blLXWZ[\S���LXQZYTW{Sh[_o k [
YtsB[{�hb f g [ [ k S L�qVYtsh[ PL f [_YZYt[N�hL M�O kBk f b ORQ WT�VOR^_[�� U i � f QZ[ FQ�H2 � ];� idk ^\b f Sh[_W YtsB[P�hb f g [
ShQ i � [ g [\^ashO khi W g �r�ysh[y[��>YT[\Q k ORb g OR� k [�Y i ^7oV[_blS ^\L i blW ORQT[ k LRY WZshLNM kjI f Y7ORQT[PSh[\W i � k [_S
O k S M i bdb I [}ORShSh[_S�blO�Yt[_Q��

b O�Q�WT�VO�^\[ I [�Y MP[_[ k YTsh[wS iH8 [\QZ[ k Y i ORblb J QTLRYtO�Y idk � ilkBk [\Q7O k S�L f Yt[_Q ^ J b ilk Sh[\QZW7O k S I [�Y MP[_[ k
YtsB[~bl[�q YPsVO k S�[ k S��hb O Yt[�O k S YTsh[ g�i ShShbd[w�@LXQ YP�Bb O�YT[�� U i � f QZ[BF��92 � �� i W YTsh[�ohQTWZYPWZYtOR�X[R�
YtsB[ � � m sVORWT[�L�q�YTsh[�[��>��[\Q idg [ k Y�O k S i W q f bdb J ^\L k WZYtQ f ^_YT[\S)�$�ysh[ �hb f g [��X[ k [\QtO Y ilk �
g [\^asVO kBi W g LXQ � � m sVORWZ[�M i blb I [ ORSBSh[\S idk YTsh[ WZ[\^_L k S W YaOR�X[���U i ���)F��92 � ];��� �ysh[j� f Q �
��LXWT[jLRqPoVQZWZYvWZYtOR�X[R�rM i YTshL f Y}Ytsh[��hb f g [_W\� i W�YtL-Sh[ g L k W YtQTO�Yt[&Ytsh[j�hQTLcS f ^�Y i L k L�qPYtsB[
YtLRQTL i SVORb�oV[_blS*qzQTL g YTsh[ � [\bdL>^ i Y J WTsB[ ORQvO k S)Ytsh[ OR�h�hb i [\S*��LXblL i SVORb oV[\bdS)��� k O�ShS i Y i L k
WTL g [�[��>��[\Q ilg [ k YtWwM i bdb I [���[\QZqzLRQ g [\S YtL ilk � [_WZY i �%O�YT[�YTsh[ g OR� k [_YTLjQZLRYaO�Y i L k�idk WZYtO Ihi b �
i Y J � �1uw�-� f W ilk �*O k O � i ORb OR�h�hb i [\S oh[\blS QTO�YtsB[\Q�YtshO�Y&O���LXblL i SVORb oV[_blS M i YTs�O�QtORS i ORb
^\L g ��L k [ k Y��



KDK

�ysh[ WZ[\^_L k S"WZYtOR�X[�LRqDYTsh[ [��>��[\Q ilg [ k Y�M i bdb�ORShS:YtsB[ ShQ i � [ g [\^asVO khi W g YTL
�hQZL>S f ^\[{YtsB[{�hb f g [_W O k S���LXWZW ilI b J bl[ O�S YtLD��LXW i Y i � [PS J>k O g L �%O ilk � K�[\QT[{YTsh[ g�i S � �hb O Yt[
sVORW7Y M L��@LRQZYtW qzLXQ �hQZL>S f ^ ilk �}YTsh[�� f blWZ[\S �Z[�YtW7qzQTL g �BQT[\WZW f QZ[ �X[ k [\QTO�Yt[_S ilk YtsB[��hbd[ k f g
I%J O ShQ i � [ k � i WZYTL k L k YtsB[DQ i �Rs'Y�� �ysh[D��LXQZYw�hblO�Yt[��B�hbd[ k f g O k S ShQ i � [ g [\^asVO khi W g ORQT[
Q i � i SBb J ^\L khk [\^�Yt[_S�O k S�QZLRYaO Yt[�O�Y�� @ � �ysB[ ilkhk [_Q{^ J b ilk Sh[_Q{M i bdb I [DQTLRYtO�Y idk � q ORW Yt[_Q\� �B<��
YtshO k Ytsh[�L f Yt[\Q ^ J b ilk Sh[\Q idk LXQTSB[\Q�YtL ^_QT[\O�Yt[�YtsB[�S iH8 [\QZ[ k Y i ORbPQZLRYaO�Y i L k �)� Y i W�ShQ i � [ k
I%J�i YtW LNM k s i �Xs1WZ�@[_[\S*WTshO�q Y+�D�ysh[ WT[\^_L k SVO�Q J SBQ i � [�WTshO�q Y � I [_bdYtW O k S g LRYtLRQ ORQZ[ k LRY
WTsBL M k ��� kBi Y i ORblb J OGKR��` � g LRYtLXQ_� � f bdWT[_S)YTL 2 �X��` � M i bdb I [ f WT[_S)� ��QZ[ O�YT[\QD��LNMP[_Q
^ O k I [ OR�h�hb i [\S i q k [_[\Sh[_S � I f Y�YTsh[ I ORW i ^�b idgji YaO�Y i L k�i WvYTsh[ g [\^asVO kBi ^ O�b W YtQT[ k �RYTs LRq
YtsB[ L f YT[\Q ^ J b idk Sh[\Q Mws i ^as ^\L k YaO ilk W Ytsh[�^\[ k YTQ i q f �%ORb �hQT[_WTW f QT[DLRq Ytsh[�WTLcS i f g � ��[ shO � [
f WZ[\SjORb f g�ilk f g qzLRQ Ytsh[y^_L k W YtQ f ^_Y i L k ^\L k YTQtORQ J YTL~Ytsh[ f W f ORbh�BQtOR^�Y i ^_[{LRq�WZYtO ilk bl[\WZW�WZYT[\[_b
ilk QZ[ OR^�YtLXQ ^_L>LRb O k Y YT[\^as k LXblLX� J � K�[\QT[{YTsh[{Yt[ g ��[\QTO�Y f QT[\W7O�QT[ � [_Q J g f ^as&bl[\WZW7O k S MPO�Yt[_Q
� OR��LXQ i W}[��>^\b f Sh[\S I'J*g�ilk [\QtO�b L i b �j� k ORShS i Y i L k YTsh[ f WT[�q f b [��>�@[_Q ilg [ k YtORb7b i qz[ L�qPYtsB[
OR�h�hORQtO�Y f W i WyWZshLXQZY�W f ^as�YTsVO�YyYtsB[vO�b f g�ilk f g ^\LXQZQTLXW i L k I%J � O	��K	M i blb I [ k [_�Xb i � ilI bd[��

e idk ^\[�Ytsh[�[ k SjM{ORbdblW QTLRYtO�Yt[�O�Y{OvS i98 [_QT[ k YPQtO�YT[�qzQTL g Ytsh[�WTLcS i f g idk PL f [�YTYT[
�VLNM��yYtsh[ � [_blLc^ i Y J WZsh[ O�Q�O�Y�Ytsh[-M{O�blblW&M L f blS��hQTLcS f ^_[�[\SBS J ^ f QZQT[ k YTW I [�Y MP[_[ k YtsB[
WTLcS i f g O k S�YTsh[ ^\L k S f ^_Y ilk �)ORb f gjidk f g MPORbdblW Mwsh[ k [ � [\Q O k O � i ORb oh[\blS�^\L g ��L k [ k Y
��[ k [�YtQtO Yt[\W I LRYts)� �ys f W idk YTs i W ^\ORWT[�� k Lv^_L k S f ^�Y i L kji W Sh[\W i QZ[\S I [�Y MP[_[ k YTsh[w[ k S&M{O�blblW
O k S�WTLcS i f g O k S1WZL Yts i W ilk Yt[_QZq OR^_[ i W idk W f b O�YT[\S)�y�ys i W�^_L k S i Y i L k �hORQZY i ^ f b ORQZb J OR�h�hb i [\W
Mwsh[ k YTsh[�oV[_blS i W g O�Sh[ � f QT[\b J O � i ORb ORW qzLXQ YTsh[&�1uw� g [\ORW f QT[ g [ k YTW���� k Ytsh[�L�Ytsh[_Q
sVO k S ��[_bl[_^_YtQ i ^\ORbR^_L k S f ^�Y i L kvI [_Y M [\[ k YTsh[ WTLcS i f g O k S�YtsB[ ilkhk [_Q O k S�L f YT[\Q ^\L k S f ^�Y ilk �
ORb f gjidk f g ^ J b ilk SB[\QTW i W Sh[\W i QT[_S idk LRQTSh[_Q&YTL g O � idgji �\[ YTsh[ g OR� k [_Y i ^�WTsB[ ORQ&qzLXQ�YtsB[
�hQZL>S f ^_Y i L k LRqPYTsh[j[ k sVO k ^\[\S�YtLXQZL i SVO�b oV[_blS)� U ilk O�blb J M [jQZ[\^\LR� khi �_[�YTsVO�Y�YtsB[ � ` g O k
b O J [\QB�hL M/O Y YtsB[ [ k S1M{O�blblW_� O&q ORWZY QtORS i ORb)�VLNM ilk O�YTs i ^a` k [_WTW���� � � ��� �3�A@ � ��� � < � 6N�
i W WTL�YTs ilk � ��� � � ��� � O ��2N� � � �A@N�>YTsVO�Y i YtW [\bd[\^_YTQ i ^ ORb�^\L k S f ^_Y i L k ^ f QZQT[ k Y i W k [_�Xb i � ilI bd[
^\L g �VO�QT[\S YtL YTsh[��hQ idg ORQ J ^ f QTQZ[ k YtW ilk S f ^\[_S I%J YTsh[	PL f [_YZYt[��VLNM��

�ysh[ WTLcS i f g M i blb I [ sh[ O�YT[\S$O k S b i x f [_oV[_S I'J YtsB[�shLRY gjidk [\QTORb7L i b7ShQ i � [ k



K"


I%J O QT[\^ i QZ^ f blO�Y idk � W J WZYT[ g YTshQTL f �Xs�YTsh[ WT�VO�^\[ ilk W i Sh[�YTsh[ ilkhk [\Q&^ J b idk Sh[_Q�� �ys i W�L i b
�VLNM0ORbdWTL�WZ[\Q � [\W�YTL g O ilk YtO ilk YtsB[�YtsB[\Q g ORb I ORblO k ^_[�LRq Ytsh[�WTLcS i f g �PWZb i �Xs%Ytb J O I L � [
YtsB[ g [\bpY idk ��YT[ g �@[_QtO�Y f QT[ O k S�O�blWTL�YTL*�hQT[ � [ k Y&YtsB[ q f QZYtsB[\Q sh[\O�Y idk � LRq�Ytsh[�WZL>S i f g
S f [DYTL&YTsh[~qzQ i ^_Y i L k sh[\O�Yw�hQZL>S f ^\[\S-�hQ ilg ORQ i b J&ilk YTsh[ � ` g O k b O J [\QTW:�7� k ORSBS i Y i L k �'YtsB[
k L k � QT[_^ i QT^ f b O�Y ilk � gjidk [\QTORb L i b � f WT[_S YtL � YtLX� � YtsB[ WTLcS i f g g [�YaORb idk YtsB[�OR�h�hORQtO�Y f W\�
i WZLXb O Yt[\WvYtsh[�b i x f i S WTLcS i f g qzQZL g YTsh[�QZLRYaO�Y ilk �1WT[ O�blW&O k S YTsh[�L k [ ilk Yt[_Q k ORb I [\ORQ idk ���
�ys i W i WZLXb O�Y i L k LRq b i x f i S WTLcS i f g qzQTL g YtsB[~WT[\ORblWPO k S I [ ORQ ilk �vYaOR`�[\W{�hblOR^\[ I [_^ O f WT[~YtsB[
Sh[ k W i Y J LRq L i b i W7�QL V	
DLRq@YTsh[wSh[ k W i Y J L�q@YTsh[wWTLcS i f g O�Y�2D2N���  �cO k SjWZL�YTsh[wL i b>M i blb �VL%O�Y
YtL&YtsB[}^_[ k YtQTORb O � i WyL�q YTsh[�QTLRYtO�Y idk � Sh[ � i ^\[��

�ysh[D[��>�@[_Q ilg [ k YyM i blb O�blWTL sVO � [�^ f QZQT[ k Y�^_L i bdW YtL&�hQZL>S f ^\[�O k [��>YT[\Q k ORb g OR� �
k [�Y i ^voV[\bdS1M i YTs ilk YTsh[ g OR� k [�YtL � OR^_Y i � [ � LRb f g [��~�ysB[\WT[ oV[_blShW�M i blb I [ I LRYts�M i Yts��hQ i9�
g ORQ i b J QtO�S i ORbB�z�@LXbdL i ShORb �~LXQv�hQ idg ORQ i b J O � i ORb ^\L g ��L k [ k YTW�Sh[_�@[ k S ilk � f �@L k Ytsh[�[ g �
�hsVO�W i W LRq Ytsh[}Ytsh[ [��>�@[_Q idg [ k Y\� i � [ �d��YtLXQZL i SVO�br�XO ilk LXQD�1uw� � �blbnYtsBQT[\[ ^\L g �@L k [ k YtW LRq
YtsB[ g OR� k [_Y i ^�oh[\blS�M i blb I [ g [ ORW f QT[_S I'J gjidkhi O Y f QZ[ K�ORblb � [ 8 [\^�Y{Sh[�Yt[_^_YtLRQTWw�hb O�^\[\S-O�YyO
� ORQ i L f W�QtO�S ili�idk W i Sh[�O-s J ShQZL>S Jck O gji ^ ORbdb J WZsVOR��[\S��hQTL I [ ilk W i Sh[ YTsh[jWZL>S i f g �&� k YtsB[
WT[_^\L k S-W YaOR�R[R�>M i Yts�SBQ i � [ k �hb f g [\W\�'M [DshLX��[�YtL g [\ORW f QZ[ YtsB[A� f ��O k S i YtW LXQ i [ k YaO�Y i L k
YtQTO k WZ�@LXQ Yt[_S I%J YTsh[��hb f g [\WPLXQ � � [ 8 [\^_Y��7�ysh[\WZ[ g [ ORW f QT[ g [ k YtWyM i bdb I [D�@[_QZqzLXQ g [_S I%J
O k ORQTQTO J LRq g OR� k [_Y i ^�Sh[_YT[\^�YtLXQZWj�hblOR^\[_S�L k YTsh[ W f Q q OR^\[-LRq YTsh[ [ k S��hb O Yt[�LX�h��LXW i Yt[
O��hb f g [ �v�ysh[ q ORW YDQT[_WT��L k WZ[�Y ilg [ LRq7YtsB[jK�ORblb � [ 8 [_^_Y~SB[_Yt[_^_YTLXQTW_� g�i ^_QTL�WZ[\^_L k ShW_�rM i blb
ORbdblLNM L k [-YTL�QT[_^\LXQZS YtsB[1Sh[�YaO i bl[\S$Y idg [ [ � LXb f Y i L k L�q~Ytsh[ g O�� k [_Y i ^�oV[_blS �BQTLcS f ^\[_S
I%J O1W ilk �Rbl[��hb f g [�� <QtO�S i ORb ORQZQtO J LRqBK��hQZ[\WTW f QT[�YTQtO k WZS f ^_[\QTW�M i blb ORbdblLNM O k O�^\^ f �
QtO Yt[ g [ O�W f QZ[ g [ k Y~LRq Ytsh[v�hQT[_WTW f QT[��hQZLRoVbd[ O k S1Yts f W O g [\ORW f QT[ g [ k Y LRq�YtsB[�PL f [�YTYT[
�hQZLRoVbl[ �

@ � ��� � � ��� �I�5&%(*#)'?�;� � � #*� �� #)' ��#�� �A#�� � � � # � 6  ���� � 	 � �5�

�ysh[ g O � idg f g WZsh[ O�Q i W�Sh[_W i QT[\S ilk Ytsh[}QTLRYtO�Y i L k ORb)�hL M I [�Y MP[_[ k YtsB[ ^ J b ilk��
Sh[_QTW\� J [�Y g O ilk YtO ilkhidk �$WZYtO I bl[ �VLNM��0�ysh[\QZ[_qzLXQZ[R� ilk LXQTSh[_Q�YTL g O � ilg�i �\[�YTsh[�WZsh[ O�Q
O k S g O ilk YaO ilk g�ilkhidg f g � f i S�ShQTOR�h�A� LXQ g�ilkBilg�i �\[�Ytsh[�YTLXQTx f [ M i YTs$YTsh[�M{O�blblW&O k S



K V

sh[ k ^\[�� �@LNM [\Q ��L k [�WTshL f blS f WT[�PL f [_YZYt[ �hL M O YvYTsh[ g ORQZ� ilk LRqyW YaO IBi b i Y J � i � [���MwsB[ k
�B< � 6 < ! � @ � 6@ ���ysh[-��[_M ��[�� i ^\L)| Jck O g L ���>��[\Q ilg [ k Y i W Sh[_W i � k [\S$YtL shO � [-YTs i W
g ORQT� idk ORbdb J WZYaO I bl[}QtO�Y i L�LRq7O k � f b O�Q � [\bdL>^ i Y i [\WwLRq�YTsh[}^ J b idk Sh[\QZW���� O g [_b J �.�A@ 4��=<N!/�
O k S �B< 4�� @ ! F���� k YTsh[ ^\ORWT[~L�q g O�QT� idk ORblb J W YaO I bl[APL f [_YZYt[A�hL M
YTsh[~O k � f blORQ � [\bdL>^ i Y J
�hQZLRoVbl[ I [\^_L g [\W

�1! �B< �76<
� 6 ! � @ �76@

� 6 � ��FQ�H25�

�ysh[ �R[\L g [_YTQ i ^\ORbr�VORQtO g [�Yt[\QZWDLRq7Ytsh[ [��>�@[_Q ilg [ k Y}ORQZ[�> ilk W i Sh[�QTORS i f W~LRq7YtsB[
L f YT[\Q�^ J b ilk Sh[\Q i W �B@ !POR�QL K�^ g �RM{O�blb'Yts i ^a` k [\WTW L�qVYtsh[{L f Yt[_Q ^ J b ilk Sh[_Q i W � � !PO�L ��^ g �
bl[ k �RYTs LRq YTsh[�YT[\W Y � � LXb f g [ i W � ! OR�QL K�^ g �'MPORblbVYts i ^a` k [\WZW{LRq YTsh[ ��LXQ YPO k S�[ k S��hb O Yt[\W
i W � �P!COQL ��^ g � QtORS i f WDLRq YtsB[ idkhk [_Q}^ J b ilk Sh[\Q i W��=<7! 25K L �DK�^ g � YTsh[&bl[ k �RYts*LRq YtsB[
WT�hOR^\[ oVblbd[\S�M i Yts}b i x f i S�WTLcS i f g�ilk YtsB[ �hbd[ k f g�I [\s idk S}YTsh[ �@LXQ Y �Bb O�YT[ i W�� < !PO
K L 
 ^ g �
QtO�S i f W LRq YTsh[ �Bb f g [w�@LXQ YtW i W � ��!SF�L � ^ g �cYTsh[ QTORS i O�bVS i W YaO k ^_[�qzQZL g Ytsh[�^\[ k YT[\Q LRq YtsB[
�hb f g [7��LXQZY YTL�YTsh[ QZLRYaO Y i L k O � i W L�qBYtsB[ ^ J b ilk SB[\Q i W �+@N!P�=< � � �7!	�R�QL925K�^ g ��YTsh[7M i SBYTs
LRq YtsB[yO khk f blORQ WZ�VOR^\[ I [_Y M [\[ k YTsh[{L f YT[\Q�^ J b ilk Sh[\Q O k S�Ytsh[P�hbl[ k f g i WI(7!	� L 
 ^ g � � k [
Sh[_W i QZ[\W O�W i �\[vORW�b ORQZ�X[�ORW��@LRWTW idI bl[�� I f Y i Wwb idgji Yt[_S I'J YTsh[}^\LXW YtW idg �Bb i [_S I%J O � O i b O I bl[
WZYtO k SVO�QTS I [\ORQ idk �XW\�BShQ i � [ I [_bdYTW\� g O�Yt[_Q i O�b@sVO k Shb idk ��O k S g OR^as ilk [~YtLcLXblW:�

�ysh[ g O�Yt[_Q i O�bBqzLXQ I L�Yts�^ J b idk Sh[\QZW\�'��LXQZY O k Sj[ k Sj�hb O Yt[\W_�cO k SjYTsh[yY MPL �@LXQ Yt[_S
QT[_WT[_Q � L i Q �Bbl[ k f g ^ J b ilk SB[\QTW i W ORb f gjidk f g ORbdblL J KR� V�O � KBOQ� �ys i W ORblbdL J sVORWrYtsh[ k [\^_[\WZWtORQ J
WZYTQT[ k �RYts
YTL W f W YaO idk YtsB[�^\[ k YTQ i q f �%ORb��hQT[_WTW f QT[ LRq�QZLRYaO�Y ilk ��WTLcS i f g O Y YtsB[�QT[_x f i QT[_S
Yt[ g ��[\QTO�Y f QT[\W:�7� Y i W{M i SB[\b J f WZ[\S ilk ilk S f WZYTQ J O k S �hQTLX��[\Q Y i [\W{M [\blb ` k L M k � �ysh[�s i �Xs �
O k S blLNM � WZ�@[_[\S SBQ i � [ WZsVO�q YtW_�>bd[_q Y O k S Q i �Rs'YI� O k �X[\WPORQT[ g ORSh[�LRq W Yt[\[_b � �ysh[�` ilk [ g O�Y i ^
� i WZ^\LXW i Y J ^_L>[ �j^ i [ k Y-LRqvb i x f i S:WZL>S i f g O�Y 2D2N� �  i W��J! V L92  2N� ��� ^ g 6 W � < � �ysB[
g OR� k [�Y i ^vS iH8 f W i � i Y J LRq b i x f i S1WZL>S i f g0i W�	M!KVQ2 �7^ g 6 W � < � YtsB[ g O�� k [_Y i ^vS iH8 f W i � i Y J
LRqrYtsh[}ORb f g�ilk f g ORblbdL J MPORblbdW i W�	�� � ! 
DKR� ^ g 6 W � < �

�ysh[ O k ORb J W i W}LRqyW YtQZ[\WTWZ[\W�O k S�[ k [_QT� J S i WTW i �VO�Y i L k)ilk Ytsh[j[��>�@[_Q idg [ k Y ilk S i9�
^ O Yt[\W�YtsVO�Y�YtsB[ g O � idg f g qzQZ[\x f [ k ^ J LRq QTL�YaO�Y i L k LRq�YTsh[ L f Yt[\Q�^ J b idk Sh[_Q i W�b idgji Yt[_S I%J
YtsB[ J>i [\bdS�WZYTQT[ k �RYts&S f [{YTL~Ytsh[y^_[ k YtQ i q f �XORbB�hQZ[\WZW f QZ[�O k S i W��SO�O KT��� �ys i W�^_LXQTQZ[\WZ�@L k ShW



K V

YtLM� @ � �R� V W � < �&�ysh[�O k � f b ORQ � [\blLc^ i Y J LRq YtsB[ idkhk [_Q}^ J b ilk Sh[\Q i W�ORbdMPO J WDqzL f Q~Y ilg [\W
b O�QT�X[_QwYTsVO k Ytsh[}QT[_WZY LRq YTsh[vSB[ � i ^_[ O k S i Wwb ilg�i Yt[_S I%J �B< �?VX� V W � < � {Y�Yts i W�O k � f b ORQ
� [_blLc^ i Y J YTsh[�O � [\QtO��X[vMPORblbrWZYTQT[_WTW idk YtsB[ L f YT[\QwM{O�blb � � � O�YA�A@ i W !C2 4 F LRq Ytsh[ J>i [\bdS
WZYTQT[ k �RYts �

��[{Sh[�o k [{YtsB[{�XblL I ORbcs J ShQZL>S J>k O gji ^{uw[ Jck LXbdShW k f g�I [\Q L�qVYtsh[�PL f [_YZYt[ �VLNM
ilk YTsh[�[��>�@[_Q idg [ k Y�ORW

u�[ � ! � @ �B@'� �A@ � �=< �
�

� ��FQ� �D�

�ysh[ g OR� k [_Y i ^{uw[ Jck LXbdShW k f g�I [\Q qzLRQ Ytsh[yQZLRYaO Y i L k ORb�PL f [�YTYt[ �hL M i W Sh[_o k [\S
ilk O W idgji b ORQ M{O J O�W

u g � ! � @ �A@'� �A@ � �=< �	 � ��FQ�RO
�

�ysh[ k �nYtsh[ QtO�Y i L�uw[ �.4Ru g � ! ��4
	M! m g i W~O g OR� k [_Y i ^ m QTO k SBYTb k f g�I [\Q��
UVLXQyWTLcS i f g O�Y�2D2 � � �L k [}shORW m g !?VQL V 
2N� � �+�7�ysh[ g O � idg f g uw[ Jck LRblShW k f g�I [\QZW
^\LRQTQT[_WT��L k S idk � YtL�Ytsh[ g O � idg f g ��LXWTW ilI bd[�qzQT[_x f [ k ^ J LRq�QZLRYaO�Y i L k ORQZ[ u�[ � � 2DLRO 
2N� � O k S
u g � � 2 �R�Q�"�ys i W g OR� k [�Y i ^�uw[ Jck LRblShW k f g�I [_Q i Wjs i �Xsh[_Q�YTsVO k YTsh[1L k [
OR^as i [ � [\S ilk YtsB[PW f ^\^\[_WTW q f bhS Jck O g L [��>�@[_Q ilg [ k YTW ^ O�QTQ i [\SvL f Y WTL�q O�Q\�XO k SvM [PshLR�@[ YtsVO�Y
Yts i W�M i blb7O�blblLNM f WvYTL idk � [\W Y i �XO�Yt[ O-M i SB[\Q}WT��[\^_YTQ f g LRqPYtsh[ I [_sVO � i LXQ}LRqy^\L k S f ^�Y ilk �
b i x f i ShW:� m ORQZY i ^ f b ORQZb J � Ytsh[wL I WT[\Q � O�Y i L k W LRq �1K |"Y f Q I f bd[ k ^_[ g O J�I [y�@LRWTW idI bl[ ��{Y7YtsB[
WtO g [wY idg [��%WTblLNM [\Q QTLRYtO�Y i L k QtO�YT[\W ^ O k �hQTLcS f ^_[B�VLNMwW7M i YTs�ORW blLNM g OR� k [_Y i ^wu�[ Jck LXblSBW
k f g�I [\Q�ORWwSh[_W i QZ[\S)�

@ � ( " � � � �%# &�� 	����>� � � � � � � � #%	

�ys i W~WT[_^_Y i L k WZshLNMwW~Ytsh[�SB[_YaO i bl[_S�[ k � ilk [_[\Q ilk ��^\ORbl^ f b O Y i L k WwLRq7Ytsh[�W YtQZ[ k �RYTs
LRq YtsB[ � [_WTWT[_b�O k S�YtsB[{�@LNM [\Q�YTLDShQ i � [ i Y YtL~YTsh[ k [_^\[\WZWtORQ J g OR� k [�Y i ^Pu�[ Jck LXblSBW k f g�I [\Q��
PL k WZ[\x f [ k YTb J M [�^\ORbl^ f b O�YT[}YTsh[ �BQT[\WZW f QZ[&O k S���LNMP[_QDORW Ojq f k ^�Y i L k LRqI� ��� X � � �
O k S}Ytsh[ k f WZ[PO k [ k � ilk [\[\Q ilk ��WZYTQT[_WTW�O k ORb J W i W YtL�Sh[ g L k WZYtQTO�Yt[7YtshO�YrL f Q ^\L k WZYtQ f ^_YT[\S�[�� �
��[\Q idg [ k Y �>U i ���
FQ� �>� g [\[_YTW YTsh[ ^_Q i Yt[\Q i O�LRq YTsh[ ` ilk [ g O�Y i ^�S J>k O g Lv^ ORbd^ f blO�Y i L k W O I L � [��
�ysh[_WT[&^\Q i Yt[_Q i O�ORQT[ � ��� ! �R��O k S � � � ! 2 ���jM i YTs L k [ �VO i Q LRq �hb f g [\W~��[\Q~YTshQT[_[



K �

Y f Q k W:� �ysB[}W i �_[R�h��LNMP[_QwO k S ^\LXW YwLRq Ytsh[ [��>�@[_Q idg [ k Y�O�QT[�ORQZ[~QT[_b O�YT[\S�YtL�YTsh[\WZ[�Sh[\W i QT[_S
� ORb f [\WwLRq � � �

U i � f QT[BF�� ��>7U i � f QT[BF�� �}WTshLNMwW�O��hshLRYTLX�XQTOR�hs�LRq YTsh[D^\L g �hbd[_Yt[_S g [\^asVO kBi ^ O�b ^\L k WZYTQ f ^ �
Y i L k LRq@YTsh[ � � m sVORWZ[�L�q YtsB[�[��B��[\Q ilg [ k Y+��U LRQ S Jck O g LvLX��[\QTO�Y i L k �XYTsh[ idkhk [_Q O k SjL f Yt[_Q
^ J b ilk Sh[_QTW�ORQZ[�QTL�YaO�YT[\S I%J YTsh[ KR��` � ShQ i � [ g LRYtLXQ_� WZshLNM k L k YTsh[�bd[_q Y+���ysh[ 2�� K ` �
|� g LRYTLXQ � �R[ k [_QtO�YTLXQ f WZ[\S-qzLXQ{YtLXQZx f [ g [\ORW f QZ[ g [ k YtW i WyblLc^ O�YT[\S ilg�g [_S i O Yt[\b J YtL YtsB[
Q i �Xs%Y LRqwYtsB[-[_bl[_^_YtQ i ^\ORbP^\O Ihilk [_Y+��UVLXQ YTLXQTx f [ g [ ORW f QT[ g [ k YtW\�7YtsB[ OR�h�VORQTO�Y f W ^ O k$I [
S i98 [_QT[ k Y i ORbdb J QTLRYtO�Yt[_S I%J f W idk � I L�Yts�YtsB[ T g LRYtLXQ O k S YtsB[&|� g LRYtLRQ � �X[ k [\QTO�YtLRQ��
�ysh[ I [\bpY ShQ i � [\WDORQZ[�ShQ i � [ k qzQTL g O k1ilk Yt[_Q g [\S i O�Yt[}WTsVO q Y~YtshQZL f �Xs�Y MPL�YTQtO k W gji WTW i L k W
qzLXQ � ORQ i O I bd[PWZ�@[_[\S)� �ysh[wQZ[\^ i QT^ f b O�Y ilk ��Ytsh[_Q g ORbBL i bBW J W Yt[ g i W � i W ilI bd[PYtL~YTsh[wQ i �Xs%Y+� �ysB[
[\bd[\^�YtQ i ^ ORbB^ O Ihidk [_Y shL f WT[_W{ORbdb>YtsB[�QZ[\b O J W O k S�^\L k YTQTLXbdW7qzLRQ�Ytsh[ g O ilk T g LRYTLXQ\�%[_bl[\^�YtQZL
^\b f Yt^asB[\W�O k S�|� I QtO�`R[ f WT[_S qzLXQ�WtO qz[_Y J ���ysh[ � ORQ i OR^\W_� i WTLRb O�Y i L k YtQtO k WZqzLXQ g [_QTW O k S
WZYT[\� � f ��YTQtO k WZqzLXQ g [_QTW f WZ[\S�qzLRQ{Ytsh[}|� g LRYTLXQ � �R[ k [_QtO�YTLXQyORQZ[DWTshLNM k1idgjg [\S i O�YT[\b J YTL
YtsB[}bd[_q YwLRqrYtsB[}[_bl[_^_YtQ i ^\ORb ^ O Ihilk [�Y+�

��[�shO � [~^ashLXWZ[ k ^ J b ilk ShQ i ^ ORbV�X[_L g [_YtQ J ORW7Ytsh[�^\bdLXWT[_WZYyO��h�hQTL � ilg O�Y i L k YTLvYtsB[
OR^_^\QT[�Y i L k S i WZ`1�X[_L g [�YtQ J O k S YTsh[ g LRWZYD^_L k � [ kBi [ k Y}qzLXQ~^_L k WZYTQ f ^�Y i L k � e �Bsh[\Q i ^ O�b��X[ �
L g [_YTQ J MPL f blS&W idg f b O Yt[ WZYt[_blblORQ S Jck O g LXW7O k S g O�`R[{[\ORW i [\Q�YtsB[{^ ORbd^ f blO�Y i L k L�q@QZ[\W i WZY i � [
I L f k SVO�Q J ^\L k S i Y i L k W�� ��[�shO � [~ORbdWTL}^ashLXWZ[ k PL f [_YTYT[B�VLNM:YTL g�ilkhidgji �\[ Ytsh[T� f i S �VLNM
S i WTW i �VO�Y i L k QtO Yt[�O k S g O � ilg�i �_[ YtsB[�WZsh[ ORQ�LXQ�S iH8 [\QZ[ k Y i ORbyQTL�YaO�Y i L k qzLXQ YtsB[�� �hL M��
UVLXQ�O � i � [ k SB[\W i QT[_S�� � MP[vM i blbn^\ORbl^ f b O Yt[}shLNM�Ytsh[v�hQT[_WTW f QT[&O k S1�@LNM [\Q � ORQ i [\W�ORW O
q f k ^�Y i L k LRq �B@N� k O g [\b J YtsB[}^asBL i ^_[}L�q O W i �\[��




X�

U i � f QT[AF��RO�> U i � f QT[7FQ�RO � �� WZshLNMwWyYtsh[DShQ i � [DW J WZYT[ g qzLXQ Ytsh[DS Jck O g L&OR�B�VORQtO Y f W:� �ysB[
ShQ i � [DW J WZYt[ g ^\L k W i W YtWyLRq O KR��` � T g LRYtLXQ_�>Y M L YtQ f ^a` YtQTO k W g�i WZW i L k W\�BO k ilk Yt[_Q g [ �
S i O�Yt[�WTshO�q Y �hY M L [_bl[\^�YtQZL � ^_b f YT^ash[\W_� YTshQT[_[ I [_bdY�ShQ i � [_W\��O&|� I QTOR`R[�qzLXQwWtO�qz[�Y J ��O k S YtsB[
|� g LRYtLRQ � �X[ k [\QTO�YtLRQ f WT[\S�qzLXQyYtLXQZx f [ g [ ORW f QT[ g [ k YTW��w�ysh[vL f Yt[_Q�^ J b ilk Sh[\Q i WwShQ i � [ k
� i O YTsh[�2D>92 I [_bdYyShQ i � [~L k Ytsh[Dbd[_q Y���� Yy^ O k-I [DShQ i � [ k I'J [ i Ytsh[_QPYtsh[ T g LRYtLXQ � i O YtsB[
[\bd[\^�YtQTL � ^\b f Yt^as-L k YtsB[ 2�>H2�ShQ i � [��VLXQwS i QZ[\^�Ytb J I%J Ytsh[}|� g LRYTLXQ � �X[ k [_QtO�YTLXQ � i O&O OQ� F�>92
I [\bdY�ShQ i � [�� �ysh[ ilkhk [\Q�^ J b ilk SB[\Q i W�QTLRYtO�Yt[_S&O�Y F � I%J O~WT[_^\L k S&[_bl[\^�YtQZL � ^_b f YT^as&O k S�O/2D> F
WT[_QT��[ k Y idk [ I [_bdY ShQ i � [R�nWZshLNM k L k Ytsh[ Q i �Xs%Y+���ysh[�|� I QTOR`R[ i W~S i QZ[\^�Ytb J�g L f k Yt[_S)L k
YtsB[ s f I L�q 2D>92 ShQ i � [�[\bd[\^�YtQTL � ^\b f Yt^as ��� YP^\O k YTs f W{ORbpM{O J W I [ f WT[_S YtLvWZYtLR�jYtsB[�QZLRYaO�Y i L k
LRq YTsh[ L f Yt[\Q�^ J b idk Sh[_Q�Mws i ^as�sVORW O k LXQZSh[\Q�LRq g O�� khi Y f Sh[ g LXQT[ g ORWZW�YTsVO k YTsh[ idkhk [\Q
^ J b ilk Sh[_Q����ysB[ QT[_^ i QT^ f b O�Y ilk �~YTsh[\Q g ORb L i bhW J W Yt[ g i W7WZshLNM k�ilk F��?O � ];� �%� Y i W7Sh[\W i � k [_SjYTL
�hQZL � i Sh[v�R��` � LRq YtsB[\Q g ORb sB[ O�Y ilk ��YTL&YTsh[�OR�h�hORQtO�Y f W{qzLXQyWZL>S i f g b i x f [�q OR^_Y i L k O k S�F
` � L�q@^_L>LRb ilk � qzLXQ YTsh[\Q g ORb>^\L k YTQTLXb � � idk [\QTORbBL i b �hL MwW O�Y 2yb i YT[\Q � W�O k SG2wO Y g �BQT[\WZW f QZ[
YtsBQTL f �Rs�Ytsh[ s i �Xs � WT��[\[_S QTLRYtORQ J f kBi L k�g L f k YT[\S�L k YTsh[Ps i �Xs � WT��[\[_S WTsVO�q Y qzLXQ YTsh[ idkhk [\Q
^ J b ilk Sh[_Q����ysB[�L i bB^ i QZ^ f blO�Yt[_W ilk YtL~YTsh[w^ O � i Y J LRq�YtsB[ ilkhk [_Q ^ J b idk Sh[_QT� WTsBL M kjilk U i ����FQ�H25�
O k S �VLNMwW I OR^a` YTshQTL f �Xs Ytsh[-O khk f blORQ WT�hOR^\[ I [_Y M [\[ k Ytsh[ s i �Xs � WZ�@[_[\S X bdLNM � WT��[\[_S
WTshO�q YtW:�1�ysh[ MPORW Yt[�sh[\O�Y idk �1L i b7QTLRYtORQ J f khi L k�ilk Yt[_QZq OR^_[\W I [_Y M [\[ k Ytsh[js i �Xs � WT��[\[_S X
blLNM � WT��[\[\S-WTshO�q YtW�O k S-QT[�Y f Q k WwYtsh[�L i b@YtL YTsh[�QT[\WZ[\Q � L i Q��

@ � (�� � #�� #%	�� ��� (��I� 61��� �$�N(*���

�ysh[�^\[ k YTQ i q f �%ORb}�hQT[_WTW f QT[ idk YTsh[ � f i S�WZL>S i f g Sh[�Yt[\Q gjidk [\W-Ytsh[�QT[_x f i QT[_S
WZYTQT[ k �RYts�LRqwYtsB[ � [\WZWT[\byMPORblbA� UVLXQ PL f [_YTYT[ �VLNM��N� 0 254 �76�LRQ � 0 254�� O k S YtsB[
� f i S �hQT[_WTW f QT[ I [\^_L g [\W�>

��� ��!���� �D� � 6@ 4X�D� � ���

�
�

� 6
� � �P!���� �D� � 6@ 4X�D�:� �76@� 6 < � 25�I!3� OD4X�D����� � � 6@ 0 � 6� � � 4��

6@ ��FQ�?F �




Q2

Mwsh[ k �=< 4��B@;!3254X� � �ys i W�QtO�Y i L i Ww^ashLRWT[ k YtL g O � idgji �\[ YTsh[vO khk f b O�QyWT�VOR^_[R� �A@ � �=<
qzLXQ YTsh[�S Jck O g L O k S)sB[ k ^_[ g O � idgji �\[	� � � ! � �A@ � �=< � � @ 4
	 � ��� J [_Y g�ilkhidgji �\[DYtsB[
OR^_^\[\bd[\QTO�Y i L k O k S
sB[ k ^_[�Ytsh[1MPORbdb�W YtQT[_WTW O�Y �=< ��UVLXQ Q i � i S � I LcS J QTL�YaO�Y i L k O k S:YtsB[
Yts ilk�� M{ORbdb OR�B�hQTL � ilg O�Y i L k �cYtsh[ ilkBk [\Q{MPORblb WZYtQZ[\WZW I [\^\L g [_W

� < !P,Q<��Q<I!��Q<�� 6< 4��=< ! �Q<�� � 6@ 4��B@ �����A@�4��=< � � L ��FQ� KD�

�ysh[_QT[_qzLRQT[{qzLXQ YTsh[{QTO�Y i L7�=< 4��B@ ! 2 4X�>��YTsh[ ilkBk [\QrM{ORbdbBW YtQT[_WTW M i bdb I [ �;V YtsB[yL f Yt[_Q MPORblb
WZYTQT[_WTWPM i YtshL f Y � f i S��hQZ[\WZW f QZ[��7�ys i W Ytsh[ k ORbdblLNMwW Ytsh[�L f Yt[_Q MPORblbVYTL W f �h�@LRQZY{�BQ ilg ORQ i b J
YtsB[ � f i S�^_[ k YtQ i q f �%O�b �BQT[\WZW f QZ[�QtO�YTsh[\Q�YtshO k�i YtW}L M k ^\[ k YTQ i q f �%ORb7WZYTQT[\WZW\��Mwsh[_QT[\ORW YtsB[
ilkBk [\Q�^ J b ilk Sh[\Q�W f �h��LXQZYTW � f WZY i YtW L M k ^_[ k YtQ i q f �%O�b W YtQT[_WTW:���ys f W qzLXQ�O�b ilg�i Y ilk ��MPORblb
WZYTQT[_WTWwLXQ{�hQZ[\WZW f QZ[vO k S O�Sh[\W i QZ[\SG� � �n�BYtsB[~WZYTQT[\WZWwSh[\^_QT[ O�WT[\W�ORW�2 4��76@ O k S�WZL�Ytsh[_QT[ i W
O�b ORQZ�X[ ORS � O k YtOR�X[�YTL-W i �_[�� � i YTs�Yts i W ilk g�ilk S�M [&^ashLXWZ[�YTsh[&b ORQZ�X[\W YDW i �\[�qzLXQ~Mws i ^as
YtsB[\QT[ [�� i W YtW W YaO k SVORQTS I [ O�Q ilk �XW\� ShQ i � [ I [\bpYtW_� g L f k YtW_��W f QZ�hb f W g O�Yt[_Q i O�blW\� g O�Yt[_Q i O�blW
sVO k Shb idk �h�cO k SjblLc^ ORb g OR^as idk [�YTL>LRblW qzLXQ7o khi WZs ilk �����ys i W W i �\[ i W �A@N!POX�v^ g �cO k S��I@N!
�A@ ! OX�}^ g � ��[ k [��>Y ^ O�bl^ f b O�YT[wYTsh[�OR^as i [ � O I bl[B� � ��O k S � ��� M i Yts idk YTsh[ [ k � [\bdLX��[
LRqrM{O�blbnWZYTQT[_WTW�O k S �@LNM [\Q�O k S-^\L g �VORQZ[~Ytsh[�QZ[\W f bdYtWyM i Yts S Jck O g L&^ ORbd^ f blO�Y i L k W��

@ � (�� ( 6 & � � � �
���;(Q� ����� � # 	��

�ysh[}��L M [\Q�QT[_x f i QZ[\S YtL�ShQ i � [�Ytsh[=� �VLNM i W g LRQT[D^\L g �hb i ^\O�Yt[_S YTL&[\WZY ilg O�Yt[
I [\^ O f WT[ YTsh[ �BQTLc^\[\WZW~LRq � f i S�S i WZW i �hO�Y i L k i W�bl[\WZW�M [\bdb ` k LNM k�idk YtsB[ �VORQ Y i ^ f blORQwb ilg�i YTW
LRq Yts i Wv[��B��[\Q ilg [ k Y+� ��[jORWZW f g [�YTsh[UPL f [_YZYt[ �VLNM i W}O I WZLXb f Yt[\b J WZYtO I bd[ O k S�WZL�YtsB[
S i WTW i �VO�Y i L k M i Yts ilk Ytsh[ I f bl`$LRq~YTsh[�� f i S SB[\��[ k ShW�L k b J L k Sh[\�VO�QZY f QT[\WjqzQTL g i SB[ ORb
PL f [�YTYT[ �VLNM����ysh[��hQ idg ORQ J SB[\�VORQ Y f QZ[ i W�O�YDYtsB[�[ k S�MPORbdblW~Mwsh[_QT[jO k � ` g O k b O J [_Q
qzLXQ g W � ]{O�YT^ash[\bdLXQ�2 �	�	� ��LRq7Yts i ^a` k [\WZW ��� � �A@�4X��� � � < � 6��� � ��� � � � � k L f QD[��B��[\Q ilg [ k YDYtsB[
� f i S)u�[ J>k LXblShW k f g I [_Q i W�� � ��� � ��� � � ! ���A@�� �=< � � � � � �
��� 4 � � ��! � � ��� 	 � ��4 � � �:�A!
� �S2N���\� Mwsh[_QT[M� � �P! 2 �R�>� 	 � ��! V K��*^ g 6TW � < O k S � � ��! 2N� � 6j^ g 6tW � < ���ysB[
� ` g O k b O J [_QjYts i ^a` k [\WZW I [\^\L g [_W
� � � � ��� ! � �B@�4X�D� � � � < � 6��� � ��� � � � ��L V � 2N� � � ���ysB[
QtO�S i ORb �VLNM � [_blLc^ i Y J M i Yts idk Ytsh[ � ` g O k b O J [_QTW�M i bdb I [�� � � � ��� � � � 4R� I [\^\O f WZ[jYtsB[




%�

�VLNM i W S i WZW i �hO�Y i � [�� �ys f WPYtsh[~u�[ J>k LXblShW k f g�I [\Q{LRq Ytsh[A�hL M"M i Yts idk YtsB[ � ` g O k b O J [_Q
I [\^\L g [_W � � ��� � ��� � � � � ���	! � �

< � 6��� � ��� � � 4X� �32DL V���2N� � � �ysh[I�VLNM$O�Y YTs i Wruw[ Jck LXbdShW k f g I [_Q
i W{M i Yts idk Ytsh[DYTQtO k W i Y i L k YTL&Y f Q I f bl[ k ^\[}O k S WZL�M [�[��>�@[_^_Y O b ORQZ�X[\Q{[ 8 [_^_Y i � [ � i WZ^\LXW i Y J
YtshO k � � ��! �QL ��21O k S�YTs f W�O�blORQT�R[\Q�Yts i ^a` k [\WZW\�T� �� � 	�� � � ���� � � � � � � � � � ��� � ��� � � � � ���Q�
uw[\^\LR� khi � ilk ��Yts i W f k ^\[\Q YaO idk Y J �@YTsh[���LNMP[_Q I [_^\L g [\W�Ytsh[ ` idk [_Y i ^}[ k [_QT� J S i WZW i �VO�Yt[_S idk
YtsB[ � f i S��VLNM ilk Ow^\QZLXWTW � WT[_^_Y i L k O�b>O�QT[ OwLRqh��� � � � � � � ��� �ysB[ ^asVO k �X[ ilk WT��[\^ i oV^ ` ilk [�Y i ^
[ k [\QT� J Lc^\^ f QTW I [_Y M [\[ k YtsB[ PL f [_YZYt[��hL M�� � 6� � � �
��� 4X� O k S�Ytsh[�MPORblb O�Y � 6@ ����4��A@�� 6 4X���
�ysh[ k YtsB[}[ k [\QZ� J blLRWTW ilk Y M LjblO J [\QZW I [_^\L g [\W

�� � !���� � � �
�

� � � � � � � �X��� � � � 6� � � 6@ � ��4 �A@ � 6 �:� � �.4X�D� � � !
��� � � � �@ � � � � ���D�B@;!J2�L K���� L ��FQ� 

�

�ys i W���LNMP[_Q i W f k QZ[ ORb i WZY i ^\ORblb J W g ORblb � � Y ilg �hb i [\WPO&WZ� ilk � ShLNM k Y ilg [~LRq

� �Q������� ��� �=! ��� �
	 � �� � ��� � � � 6� 4X��� � 6@ 4X��� � @� �
�� � ! ��� � � � 6@ � �@ � � 4YV
�

�� � ! � � 4YV
� � 6@
�'@ � � � � ���

��FQ� V �
�ys f WwYtsh[�WT� ilk ShLNM k Y ilg [D^\LXQZQT[\WZ�@L k ShWyYtLjO k f g�I [_QwLRq Y f Q k W�L�q

�  � 	�� �I! � �=����� � ��� �D� @�4X� ��! � �QL V	
D� < � 6��� � ��� � � 4X��� ���R�X��L ��FQ� V
�

�ysh[*��L M [\Q-�hQZ[\S i ^_Yt[_S i W f k QZ[ ORb i W Y i ^\ORblb J W g ORblb O k S
YtsB[ k f g I [_Q�LRqvY f Q k W qzLRQ�WT� idk
ShLNM k�i W�W ilg�i b O�QTb J f k QT[\ORb i WZY i ^ O�blb J b ORQZ�X[��*�ysh[ � ` g O k �hL M M i bdb I [ I QTLR`R[ k f � idk O
^\L g �hb i ^\O�Yt[_S:q ORWTs i L k"I%J Ytsh[ �Z[�Y���LXQ YtW ilk L k [)L�qvYTsh[*[ k S��hb O Yt[\W_�~O k S�WZL O g LXQT[
QT[\ORb i WZY i ^�[\WZY ilg O�Yt[jLRqwYtsh[ �@LNM [\Q QT[_x f i QZ[\S i WvY ilg [\W}Yt[ k b ORQZ�X[\Q_��LXQ 2 �-` ��� Mws i ^as idk
Y f Q k�i W g L>Sh[_WZY����ysh[wWT^\ORb idk �~M i YTsU����� � L�q � x �.��F�� 

� I [\^_L g [_W7�@LNM [\Q �� � 0 � ��

�
� 4 �A@

WTL&YtshO�Y � OR�XO ilk qzLXQ g�ilkBilg�i � idk � ��LNMP[_Q\�hYTsh[\QZ[ i WwO�W i � khi oV^ O k Y�O�S � O k YaOR�X[ idk blORQT�R[~W i �\[��
�ys f WvYTsh[ ilkhi Y i ORb � f i S YtLXQZx f [ g [ O�W f QZ[ g [ k Y I [_^\L g [\WvO�^\Q i Y i ^ ORb�SB[_Yt[_Q g�ilk O k Y}LRq YtsB[
qz[ O�W ilIBi b i Y J L�q YTsh[�Sh[\W i � k �

e idgji b ORQZb J YTsh[v�Bb f g [D�@LNM [\Q i WwW g ORbdb � �ysh[vORQT[\O�L�q Y M L �hb f g [_W i W � ��� � � � !
����� 6��� � � � � @ !���� � 6@ ��� 6��� � � � � @ 4�� 6@ ��� O k S�WZL Ytsh[��hb f g [D��LNMP[_Q I [\^_L g [\W

�� � ! � ��� � � �+� � 6��� � � � 4X�D� � ��� � � �:� � @�4R�����-& ��� � � � � �  � 	���!




DO

� � � �@ � � 6��� � � � � @ 4�� 6@ �:� � 6��� � � � 4X����� � @ 4X����� & ��� � � � � �  � 	 ��L ��FQ� � �

UVLXQ �\��� � � �	! � @�4R�>� & ��� � � � � �  � 	�� ! 254�O>��O k S � ��� � � � � @ 4 �A@ ! 254"
>�rM [�sVO � [ �� � ! ���
` �"�P�ys i W YtLcL i W g L>SB[\WZY�O k S:M [\bdb�M i Yts idk O�qz[ O�W ilI bl[-Sh[\W i � k b ilg�i Y LRq	K���` �"� ��[
[��>��[\^�YvYTsh[&�hb f g [\W�O k S)YTsh[ �J�hL M YtL ilk Yt[_QtOR^�Y}ORShS idk ��YtL�YtsB[�S i WTW i �VO Y i L k LRq Ytsh[ �
�VLNM�� I f YPYTs i W WTshL f blS I [��hQTLX��LXQ Y i L k ORbhYtL}Ytsh[ � LXb f g [�QTO�Y i Lh�XMP[_blb M i YTs ilk Ytsh[�q OR^_YTLXQ LRq
Yt[ k O�ShS i Y i L k ORb S i WTW i �VO�Y i L k O�blblLNM [\S�qzLXQ:� �ys f W�M [}ShL k � Y�WT[\[���LNMP[_Q ORW{YTsh[�b idgji YaO�Y i L k �
I f Y idk WZYT[ ORS-�hQT[_WTW f QT[vO k S Ytsh[�W YtQT[ k �RYTs�LRqrYtsB[ � [\WZWT[\b �

@ � A ��#��J� #���� � � # � &�� 	 � �>� � � � �Y� � � # 	�  � � �) �5 	�()�
@ � A�� � � ��� # 	  �A#*'*� � �C� ��� �N� � 

�ysh[ O�^_Y f ORb{Sh[_W i � k �VORQtO g [�Yt[\QZW ORQZ[�>�O k L f Yt[_Q�^ J b idk Sh[_Q�LRqB�A@ ! OX�QLRK1^ g
�-2N� ilk �yM i Yts*O MPORbdbrYTs i ^a` k [_WTW�LRq � �A@�!$OQL � ^ g �-2�� �DK idk ��O k S�Yt[_WZY � WT�VO�^\[ bl[ k �RYTs LRq
� @;!POX��L K ^ g � � V ilk � � e ilk ^_[�� �

�
� !32 �R�&O k S 	 � �T! V KR�&^ g 6�W � < � � @ ! 
 � 2N� ��^ g

W � < �TPL k WT[_x f [ k Ytb J YtsB[v�hQZ[\WZW f QZ[�LRq�YTsh[vb i x f i S�WZL>S i f g O�Y�YtsB[vMPORblbnqzQTL g � x.� ��FQ�?F � i W
� @N! V � O�Y g � 2D2N�X� �hW i ���

�ysh[{YTs ilk MPORbdbB^ J b ilk ShQ i ^\ORb � [\WTWZ[\b f k SB[\Q �hQZ[\WTW f QT[ i W Ytsh[yW ilg �hbl[_WZY�W YtQZ[\WTW O k ORb �
J W i W\� 	��
� � �

�
� � ! � � � � �B@�4 � �A@��A!CK FDF-O�Y g � V>� �X�R� �BW i ��� � UVLXQ g f b O��-2 I ��� � O I bl[G� � � ���

�)�)F�F VB� �ZU LRQ g f blORWwqzLXQ e YTQT[\WZW�O k S e YTQtO idk�� � uwL%ORQZ`,X � L f k ��2 � V K���� e ilg�i blORQTb J YTsh[\QZ[
i W O k O�ShS i Y i L k ORbnWZYTQT[\WZW~S f [vYtLjYTsh[ ^_[ k YtQ i q f �XORb O�^\^\[_bl[_QtO�Y i L k LRq YtsB[ ^ J b ilk ShQ i ^\ORb � [_WTWT[_b
i YTWT[_bdq � � k Yts i Ww^ ORWZ[}qzLRQ�O�b f g�ilk f g M i YTs�Sh[ k W i Y J ��� V O k S�OR�%O ilk ilk Ytsh[DYTs ilk M{O�blbnb idgji Y
	���� � �

�
� � � � � � � 6@ � ���A@ � � �A@�� 4��A@�� ! 2 � V O�Y g �-2X�RK V ���hW i � � �)� K"
	
B� �TUVLXQ g f blORWvqzLXQ

e YTQT[\WZWDO k S e YtQTO ilk�� �@uwL%ORQZ`�X � L f k �M2 � V KD� � e ilk ^_[}YTs i W�WZYTQT[_WTW i W�ORbdWTLjO shLcLX�1W YtQT[_WTW_�
i YP^ O k�I [ S i QT[_^_YTb J ORShSh[_S�YtL�YTsVO�YPqzQZL g Ytsh[ b i x f i S WZL>S i f g YtL�� i � [~OvYtLRYtORb�shL>LR��WZYTQT[\WZW
ilk YTsh[�ORb f g�ilk f g ^ J b ilk SB[\QDLRq 

K�2�O�Y g � � � K V � �BW i � ���ysh[jORb f gjidk f g L�q YTsh[&^ J b idk Sh[\Q
i WTK�� VDOXKBOB�>Mws i ^as1O Y�O YT[ g �@[_QtO�Y f QT[DL�qN2D2 �
 �hsVORW�O Jci [_blS WZYTQT[ k �RYts-LRq��>�92 VDV O�Y g � OX�
`'W i ��� �ys f WwMP[~qz[_[\b YtshO�Y{YtsB[~M{ORbdb WZYTQT[_WTW�O�YyYtsB[ g O � idg f g ^\L k S i Y i L k W M i blb I [�2 � O YtsB[
Jci [_blS�WZYtQZ[ k ��Yts)� �WPO k ORShS i Y i L k ORbhWTO�qz[_Y J&g [ O�W f QZ[�YTsh[ � [\WTWZ[\b i W I O k SB[\SjM i YtsjWZYaO ilk bd[\WTW




�F

WZYT[\[_b �B�BQT[ � ^\L g �hQZ[\WTW ilk �vYtsh[ � [\WZWT[_b I'J 2 O	
vO�Y g � �R�X�X�}�hW i � O�YPO k�idk YT[\Q k ORb�WZYtQZ[\WZWyLRq YtsB[
I O k S ilk �&LRq sVORbpq YTsh[ Jci [\bdS�WZYTQT[ k �RYts�LRq YTsh[ I O k S ilk ���

�ysh[ O � i ORbnW YtQZ[\WTW ilk Ytsh[}^ J b idk Sh[_Q i W�SB[_Yt[_Q g�ilk [_S I%J Ytsh[ ilk Yt[_�XQtO�bnLRq YTsh[ [ k S
MPORblbV�hQZ[\WZW f QZ[R� � x � ��F�� F ���XYtsh[wqzLXQT^_[�� �
���PS i � i Sh[_S I%J YTsh[�^ i QZ^ f g qz[\QZ[ k ^_[�O k S�YTsh[wYts i ^a` �
k [_WTW\�

� ��� �N! � � �

�
�

� � � ��� � � ��� �P!�� � ��� ��� � 6@ 4X��� � � �

�
�

� � �76@� 6 � 25� � � !

� � 6@ � 6@ � �76@��� 6 < � � & � ��< 4��A@ � � !"2DL?OQ2 � � 6@ � 6@ L ��F��92N�
�

UVLXQ ��� �T!"2 O k SG�=< 4��A@N! 254X�c�BYtsh[}O � i ORb W YtQT[_WTW I [_^\L g [\W

	 ���������
�
� �.! � ��� �

��� �A@ � �B@ !	�QL 

K � 6@ � �A@�4 � �A@�� ��F��92D25�

UVLXQ YTsh[{Sh[_W i QT[\S � ORb f [ �'@ ! 
X�X�X��^ g � W\�RYTsh[yO � i ORb>W YtQZ[\WTW I [\^_L g [\W7�X���~O�Y g � O>�ROX�R� �hW i ���
�ys i W ORSBShW � [\^�YtLXQTORblb J YtL�Ytsh[}shLcLX��W YtQZ[\WTW O�W g O�blb � 2N��� O�ShS i Y i L k � ��[DM i blb idkhi Y i ORbdb J
��[\QZqzLRQ g Ytsh[PYT[\W YtW�M i YTs�Ytsh[ YtshQ f WZY [ k S � �hb O�YT[PM [\blSB[\S&O k S�YTsh[yShQ i � [ k [ k S � �hblO�Yt[ I LXbpYt[_S
f W ilk � FX�B� �XQTORSh[�O�2 
 ehe � O � F � 2N� � O I LXbdYTW�L k OUO%�j^ g �-2N��� 
X� ilk � I LXbdY�^ i QT^\bd[��~�ysB[
QT[_W f bpY idk � I LXbpYyWZYTQT[_WTW I [_^\L g [\W��>� V ��2}O�Y g ��F%� `'W i ���VO k OR^_^\[_�BYaO I bl[ � ORb f [ �

@ � A�� ( � ���>��#*' 6   	 � �

�ysh[{YTshQ f WZY7[ k S � �hblO�Yt[ i W 
X�"
Q2 ��

K�2wO�b f g�ilk f g LRq Yts i ^a` k [\WZW � � �
��� !SOQ� � ^ g
�-2�� �DK ilk ��� 
Q2v^ g � � F ilk �wL�� S)��M i Yts1O k�i � S)��LRq �R���RO ^ g � V idk �����ysh[�ShQ i � [ k [ k S � �hblO�Yt[
i W�KR� VDOXKBO�ORb f gjidk f g LRqwYts i ^a` k [\WTW&LRq ��� �
��� ! OQ� ��^ g �-2D� �DK ilk ��� V ��^ g � � V �RK ilk �
L�� S)�hM i YTs-O k�i � S �hLRq 2 V � V&^ g � V idk ���

�ysh[ g O � ilg f g ^\[ k YtQ i q f �%ORbnW YtQZ[\WTW ilk YTsh[\WZ[ O kBk f b ORQy�hblO�Yt[_W i Wy� i � [ k-I%J UVLXQ �
g f blO�� 

���V�)�.K"
 V ���TUVLXQ g f b O�WPqzLXQ e YTQT[\WZW O k S e YtQtO ilk�� �Bu�LXORQT`�X � L f k ��2 � V K ORW

	 �
���
� �
�����	����7! � � �

O�� �
V

� 6@
�
��� � � 2 � � � ����� � 4 � � � ��
	 � 6 � ��� 6@

�
�
� � !J2 V L K ,D* � � �DKR� �.(�� �

��F��92 �D�





K

qzLXQwYtsh[v^\L k S i Y i L k WT� ����� � 4�� � � ��
	�! 254'F O k S1Ytsh[}Sh[_W i QZ[\S � [\bdL>^ i Y J LRq �'@B! 
X�X�X��^ g � W��
�ys f WwYtsh[�^\[ k YtQ i q f �%ORbnW YtQZ[\WTW ilk YTsh[�[ k S-�hb O Yt[\W i W i W k [_�Xb i � ilI bd[��

�ysh[ I [ k S ilk ��WZYTQT[_WTW7S f [yYtLDYTsh[ � f i S��BQT[\WZW f QZ[ i W g LRQT[{W i � khi oV^ O k Y�� ��[ g f W Y
^\L k W i Sh[\Q OD^ i QZ^ f blORQ �hblO�Yt[yLRq L f YT[\Q7QtORS i f WI� ��� �

�
� � ��
	\�%oB�>[\S I%J YTsh[�^ J b ilk Sh[\Q7O k SjbdL%ORSh[_S

M i YTs�YTsh[w�hQT[_WTW f QT[�S i W YtQ ilI f Y i L k L�q � x �.��F�� F � qzQTL g �A@7YtL � f WZY ilk W i SB[��=< M i Yts&Ytsh[ idkhk [\Q
[\SB�X[~� f i Sh[\S ���ysh[ I LXbdY ilk �}LXQ7MP[_blS idk � YTLvYtsB[~^ J b idk Sh[_Q WZ[\Q � [\WyYtsB[ � f QZ�@LRWT[~LRq � oB� ilk � �
YtsB[}L f Yt[_QyQtORS i f W{M i YTs�Ytsh[ idkhk [\QPQtORS i f Wy� f i Sh[\S I%J YTsh[7� O k �R[\W�O k S k L�O � i O�b ^\L k o k [ �
g [ k Y I%J YtsB[ I [ ORQ ilk �RW��wUVLXQ g f b O���O �5�wL�q � O I bl[ � �'F ��� �)�.O�F K LRq �ZU LRQ g f blORW{qzLXQ e YTQT[\WZW
O k S e YTQtO idk�� �'uwL%ORQT`*X � L f k �U� 2 � V K���� I [\WZY7ohYTW YTs i W ^ i QZ^ f g WZYtO k ^\[wLRq@L f YT[\Q7[\SB�X[yoB�>[\S
O k S ilkhk [\Q�[\Sh�R[j� f i Sh[_S�M i YTs�O b idk [ O�QTb J�ilk ^\QT[\ORW idk �-�hQT[_WTW f QT[ S i WZYTQ idI f Y i L k [��cYt[ k S idk �
qzQTL g �=<wYTL��A@ �D�ys i WDOR�h�hQZL � idg O Y i L k1i W�^\L k WT[\Q � O�Y i � [ QT[_b O�Y i � [vYtLjYtsh[ x f ORSBQtO�Y i ^ S i W �
YtQ ilI f Y i L k � �ysh[�OR^�Y f O�b ^\ORWT[ i W I [_Y M [\[ k Ytsh[_WT[�b ilg�i YtW:���ysh[ g O � idg f g WZYTQT[_WTW idk YtsB[
�hblO�Yt[~YTsh[ k-I [_^\L g [\W

	 �
� �
�
� � ��! 
 ��@5� �B@�4 ���7� 6 �

��� ! 
X�X� � @��
��� ��F��92 O
�

qzLXQ I L�YtsjYTsh[�ShQ i � [ k O k SjYTshQ f WZY �hb O�YT[\W7Mwsh[\QZ[7�A@�4 � � �
��� �32N�����ysh[ k qzLXQ �A@�4��=< !��>�
UVLXQ g f b OG� O �5�w� i � [_W�� � � �

!��QL �%�DK&O k S��
� � � !���L �Q2�2D�P�ysh[v^\LXQZQT[_WT��L k S idk � W YtQT[_WTWZ[\W

I [\^\L g [ 	 �
���
�
�
�
! 25K ��@�O k S 	 �
���

�
� � ! 
QL 
 � @+� {YwL f QySh[\W i QT[_S � [\bdL>^ i Y J L�q 
X�R�X� ^ g � W\�

YtsB[\WT[ I [\^\L g [ 	 ��� �
�
�
�
! K F�F�O�Y g � VX�X�R�~�hW i ��O k S 	 �
���

�
� � !���O VDO�Y g ��O
KR�X�~�hW i � � ]PLRYTs

LRq YtsB[\WT[DW YtQZ[\WTWZ[\W�ORQZ[ g LcSh[_WZY{^_L g �VORQT[_S�YtL YTsh[DWZYTQT[ k �RYts�L�q�
R�	
Q2 ��

K 2  b O�Y�2D2 ��:LRq
�>�92 VDV O�Y g � O%��`'W i ��� �ysh[�Sh[��V[\^�Y i L k L�q YtsB[}�Bb O�YT[\W f k SB[\QyYts i WwblL%ORS i Wy� i � [ k-I%J

� � ��� �N!��	�
�
���

��� �
6�� � � � �@
�

��F��92+F �

�"sh[_QT[yYtsB[y�hb O�YT[{^\L k WZYtO k Y ���C!�� � � � � ��
��� 4��-2N���-2 � � 6 � �I!J2DL V � 2N� � � �ysB[ k
qzLXQ��	�

�
� � ! V ��2N��� �N� Ytsh[ Sh[:�h[\^_Y i L k L k O � i W � � �
��� !DV ��2N����� # � � O���2N� ��� ilk ��� �ys i W i W

O k [\�Xb i � idI bl[wO � i ORbVSh[:�h[\^_Y i L k ^\L k W i Sh[_Q idk �}YTsh[ [ k S��hblO J&ilk YTsh[�YTshQ f WZY I [\ORQ idk ��O k SjYtsB[
g f ^as b ORQZ�X[\QnYtsB[\Q g ORb'[��>�VO k W i L k LRq ���  ���
	 � ��� ! ����� @��  ����	 � ��� ����L ��F�^ g � ��� �Q2 
 idk ���




	


��[�QZ[\^_LX� khi �\[ YtsVO Y}YTs i W�O k ORb J W i W i W k L�Y�[��BOR^_Y\� I f Y}sVO � [ s J ShQZLXWZYtO�Y i ^ ORbdb J Yt[\W Yt[_S�YtsB[
� [_WTWZ[\b � g [ ORW f QT[_S�Ytsh[DSh[��V[\^�Y i L k W\� O k S ^\L g �VORQZ[\S�Ytsh[DSB[:�V[_^_Y i L k W{YTL&YTsh[\WZ[�[\WZY ilg O�Yt[_W��
�ysh[ g [\ORW f QT[\S � ORb f [\W�M [\QT[wM i YTs ilk K ��LRq�Ytsh[w^ O�bl^ f b O�YT[\S � ORb f [_W�� �ShS i Y i L k ORbBW YtQZ[ k �RYTs
^ O k�I [yORSBSh[\S YtL~M [ O�`��@L ilk YtW idk Ytsh[PSh[\W i � k b O Yt[\Q i q k [_^\[_WTWtO�Q J � I f Y YTsh[ g O��ZLXQ qzQTOR^_Y i L k
LRqVYTsh[{�hs J W i ^\W i W OR^\^_[\WZW ilI bl[yO�Y L k [{shORbdqhYTsh[{�hblO khk [_S g O � ilg f g � [\bdL>^ i Y J O k S�YTsh[\QZ[_qzLXQZ[
O�Y=2 � F�YTsh[�WZYTQT[\WZW��

@ � A�� A "
	 #* � �A�,� �+�#*� ���#*' � �  �Y� #�� �

�ysh[ QZLRYaO Y ilk � g ORWTW~L�q YTsh[ � [\WTWZ[\b7O k S WTsVO�q YTW i W�� 	 � ���������
�
�
�
� KR�X� `'��� ��[

sVO � [�Sh[\W i � k [\S�YTsh[-�hQ idg ORQ J W f �h��LXQZY I [\ORQ idk �XW LRq k L g�ilk O�b{W i �\[ 2 ��� V ^ g � K ilk ��� YTL
LX��[\QTO�Yt[�qzLXQ O �Xk LRQ g ORb � b i qz[_Y ilg [{LRq 2N���PQT[ � LXb f Y i L k WA��F g L k YTshW{O�Y OX�vKB�+�7M i YTs�O}blL%ORS
LRq ��2N�X� Ytsh[�QTL�YaO�Y ilk � g O�WTW�� e ilk ^_[�YTsh[ O�^\^\[_bl[_QtO�Y i L k O�Y��A@ i W=,.� �B@��	!�2 � � �h�rYtsh[ k
M [D^ O k [��>�@[_^_YyYtsB[ I [\ORQ idk �XW YtL�W f �h��LXQZY{O k L f Y � LRq � I ORblO k ^\[�QTL�YaO�Y ilk �vblL%ORSjLRqI2 � 2 �}YtsB[
WZYtO�Y i ^ g ORWZW O�Y�� ! �A@��-�ys i W i W}^\L k WZ[\Q � O Y i � [\b J blORQT�R[����ysh[ g O�WTW}LRq{YtsB[ I ORWZ[ O k S
g L f k YtW i W � � O�YtsB[ g ORWZW}L�q YTsh[&QTLRYtO�Y idk � OR�h�VO�QtO�Y f WDLXQ�25KR�R� `'�h� WZL-YTsVO�YDM i YTshL f Y
ORShS i Y i L k ORb QZ[\WZYTQtO idk Y �'Ytsh[~W YaO�Y i ^�W f �h��LXQ YwO k S g L f k YTW M i bdb QT[\W YtQTO ilk O k L f Y � LRq � I ORb O k ^\[
g ORWTWDLRq � 2 KR��`'�1O�Y�� ! �A@ ���ys i W�ORblWZL i W�O�^\L k WT[_Q � O�Y i � [_b J blORQT�R[�L f Y � LRq � I ORb O k ^\[
[\QZQTLXQ:� � f Q [_bl[_^_YtQZL khi ^�WZ[ k WZLXQTWPM [ i �Xs �32 �X�v� O k SjM [~[��B��[\^�YPYTL I ORblO k ^_[�YTsh[ QZLRYaO�Y ilk �
g ORWTW�YtL � 2N����^\LXQZQT[\WZ�@L k S ilk ��YtL�O k L f Y � LRq � I ORblO k ^\[ bdL%ORS L�q 2N��`'� O�Y � ! �A@ �
 f YtL g LRY i � [�^\QtO k ` WZsVO�q YtW�ORQT[�QZL f Y ilk [_b J$I ORblO k ^_[\S:YtL �Q� ��2��$O�Y � ! K�^ g ���ysB[
b f I Q i ^ O�Y i L k W J WZYt[ g qzLXQ{Ytsh[��hQ ilg ORQ J W f �h�@LRQZY I [\ORQ idk �XW i WyWTshLNM k1idk U i ����F�� F��

UVLXQ PL f [_YTYT[T�hL M�Ytsh[ ilkBk [\Q ^ J b ilk SB[\Q7QTLRYtO�Yt[_W O�Y �B< !SF
� @{O k SjWZL}YTsh[�OR^\^_[\b �
[\QTO�Y i L k�I [\^_L g [_W ,.� �=< �I! V �/2N� � �Q� �ys i W�b ORQZ�X[\Q OR^_^\[\bd[\QTO�Y i L k QT[_x f i QZ[\W7O g LXQT[ ^ ORQZ[_q f b
I ORblO k ^ ilk �h� I f Y�W ilk ^\[PYTsh[ idkhk [\Q ^ J b idk Sh[_Q i W O W idk �Xbd[ �VO�QZY MwsBLXWT[ g ORWZW�� 	 �
�� ���� �

�
� � �����

`'� LXQ ���QL �	
�� 	 � ���������
�
�
�
�>YtsB[~Sh[\�RQT[\[DL�q I ORb O k ^\[��h�Q�92~�&O�Y � ! ��<�� i WPORblWZL qz[ O�W ilI bl[ L k

O k O f YTL g L�Y i � [ ^\QTO k `DWTshO�q Y I ORb O k ^\[7W J W Yt[ g � � i YtsDYts i W Sh[\�RQT[\[ LRq>L f Y � LRq � I ORb O k ^\[ g ORWTW
LRq 2N�}O k S��Q�92���QT[_WT��[\^�Y i � [\b J O k S&Yts f W M i YTs O k L f Y � L�q � I ORblO k ^_[{blL%O�S LRq�� ����� ��!J2 ��`'�h�
M [�[��>�@[_^_Y}O � ilI QTO�Y i L k O g �hb i Y f Sh[vL�q � � ! ��� �F��� �	�Q4��
� �)� � �� � 6@ � < � � � � 2N��� ��^ g �




 V

U i � f QT[BF�� F�>7U i � f QT[BF��?F WTshLNMwW�O��hshLRYTLX�XQTOR�hs�LRq YTsh[D^\L g �hbd[_Yt[_S g [\^asVO kBi ^ O�b ^\L k WZYTQ f ^ �
Y i L k LRq YtsB[ � � m sVORWZ[~LRq Ytsh[D[��>�@[_Q ilg [ k Y�� �ysh[Db f I Q i ^\O�Y idk ��L i b@W J WZYt[ g i W � i W idI bl[ ilk YtsB[
qzLXQZ[\�XQZL f k S)���ysh[�[_bl[\^�YtQ i ^ O�b ^_L k YtQZLXbPW J W Yt[ g qzLXQ�Ytsh[ KR�1` � ShQ i � [ g LRYTLXQ\� WTshLNM k YTL
YtsB[ Q i �Xs%Y � i W�[\bd[\^�YtQ i ^ ORbdb J ilk Yt[_QTblLc^a`R[_S�YTLjYtsB[ b f I Q i ^ O�Y i L k W J W Yt[ g �w�ys i W i W�WTL�YtsVO�Y�YtsB[
T g LRYtLRQy^ O khk LRY I [}WZYtORQZYT[\S f k bl[_WTWwYtsh[}b f I Q i ^ O�Y i L k W J WZYt[ g i WwL k O k S-LX�@[_QtO�Y ilk ��O�Y
YtsB[}SB[\W i � k �hQT[_WTW f QT[}LRq �&O�Y g �

e idk ^\[�Yts i W i W g f ^as W g O�blbl[_Q~YtsVO k Ytsh[ I [\ORQ idk ��^_bl[\ORQtO k ^\[\W_��MP[ [��>�@[_^_Y�YTsh[ � idI QtO�Y i L k
O g �hb i Y f SB[~YtL I [�YtsVO�Y�LRq Ytsh[vQTLRYtO�Y idk � g ORWZW i YtWZ[\bdq QT[_W f bpY ilk � idk O k O g �hb i Y f Sh[DL�q �T2 �
b O�QT�X[_QyLXQ � � !	� � 2N� ��� ^ g � ��%O ilk YTs i WwO g �hb i Y f Sh[~LRq � ilI QTO�Y i L k�i W g�ilk LXQ��

@ � A�� @ � � � �

��[ k [��cY�^\L k W i SB[\QyYtsh[�QZLRYaO�Y ilk � WZ[ ORbdW�� ��[}�Bb O k YtL&LX��[\QTO�Yt[~YTsh[�[��>��[\Q idg [ k Y
M i YTs}OwW g O�blbRx f O k Y i Y J L�q g�ilk [_QtORb�L i b �5!32N�X�N*-%72N�R�X�D# � � idk ^\L k YtOR^_Y O k S��VL%O Y ilk �wO I L � [
YtsB[ b i x f i S*WTLcS i f g � �ysh[ Sh[ k W i Y J LRq{L i b i W �]� ��� � �QL � 
 ��� ��O k S�^_L k WZ[\x f [ k YTb J �VL%O�YTW
O I L � [�b i x f i S�WTLcS i f g � ��[�sVO � [���[\Q qzLXQ g [\S���K | [��>��[\Q ilg [ k YtW idk Ytsh[ �VORWZY YaOR` ilk �
ORS � O k YtOR�X[{LRq YTs i W�W g O�blb'Sh[ k W i Y J S iH8 [\QZ[ k ^_[=� PLXbd�%O�YT[A2 � 
R�
� O k S�Ytsh[{L i bc^\L%O�Y ilk �~O � L i SBW




 V

YtsB[vQZ[\x f i QZ[ g [ k Y qzLRQ f W ilk � O k�ilk [_QZY��%ORW ilk YtsB[vsVO k Shb idk �&LRq�b i x f i S-WZL>S i f g �P�ys f W_� idk
YtsB[�QTLRYtO�Y idk �jqzQTO g [vLRq YTsh[ YTsh[ [��B��[\Q ilg [ k Y �@Ytsh[vL i b � �VLXO�YtW � YtL YTsh[ O � i W�� ��[ [��B��[\^�Y
YtL�ORS � f W Y{Ytsh[�x f O k Y i Y J LRq L i b W f ^as�YTsVO�YPYTsh[~WZsVO�q Y{WZ[ ORbdWyORQZ[~ORbpM{O J W I O�YTsh[\S ilk L i b � k LRY
WTLcS i f g �*�ys i W�[ k W f QZ[\W YtsVO Y�Ytsh[ idk S f W YtQ i ORb �hQTL I bl[ g LRq�WZ[ ORbdW O k S$b i x f i S�WTLcS i f g i W
O � L i Sh[\S �

@ � A�� � � ��� � � � 61�5& � � ��	�� � �

e LRb i S)WTLcS i f g5i W�O k [��>^\[_blbd[ k Y YTsh[\Q g ORb ^\L k S f ^�YtLXQ_� � 254X��YtsVO Y�LRqw^_LX�h��[\Q��
K�[ k ^\[��hYtsh[�Ytsh[_Q g ORb@Y ilg [�^_L k WZYtO k YwLRqnYtsB[~[ k Y i QT[ g ORWZW\�hsh[\O�Yt[_S�LXQ{^_L>LXbd[\S qzQZL g ilk W i Sh[
YtsB[ ilkhk [_QD^ J b idk Sh[_Q I%J shLRY�L i b i WA* ��� �� ! �76@ 4 �  ���
	 � ��� ��
X�X��W�� � k ^\[�YTsh[&WTLcS i f g0i W
shLRY [ k L f �Xs�YTL�b i x f [_q J � O�Y 2 �X�� � ^\L k � [_^_Y i L k i WvQTOR� i S�O k S�YTsh[�[��B��[\Q ilg [ k YaO�b g ORWTW
I [\^\L g [_W i WTLRYTsh[\Q g ORb � UVLXQ�[��hO g �hbd[R� Ytsh[�sh[\O�Y idk ��L�qw�R� ` � LRq{sh[\O�YvLXQ��@LNM [\Q S i WTW i9�
�VO�Y i L k*i W�* ���
� N! ��� � ,
* 4 � %�� � �D�A!<�R�X�R� W�LXQ 2 � ��sBL f Q�� e idgji b ORQZb J O k [��>��[\Q idg [ k YaORb
Q f k b ORW Y ilk ��2N� WZ[\^_L k ShW�O�Y s i �Rs1��L M [\Q_� [�� ���=KR�j` ����M i bdbrsB[ O�Y�Ytsh[ MwsBLXbl[ OR�h�VORQTO�Y f W
I%J 2 Sh[_���M i YTshL f YD^_L>LRb ilk �h� O k O�^\^\[_�BYaO I bl[ W g ORbdb � ORb f [���PL>LRb ilk � I%J M ilk SVOR�X[�M i blb
I [}^_L g �VORQtO I bl[ � U i � f QT[7FQ�RO � ];�PWTsBL MwWwYtsB[DQT[\^ i QZ^ f blO�Y idk ��Ytsh[_Q g ORb L i b W J WZYt[ g f WT[_S-qzLXQ
WTLcS i f g b i x f [_q OR^�Y i L k O k S-^\LcLXb ilk � qzLRQ{Ytsh[_Q g ORb ^\L k YTQTLXb �
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�ysh[ g [\ORW f QZ[ g [ k Y7LRqVYTLXQTx f [PqzLRQ YtsB[yOR�h�VO�QtO�Y f W i W �@[_QZqzLXQ g [_S I%J O~� idg�I ORbd[\S
|� g LRYTLXQ � �X[ k [_QtO�YTLXQ ^_L khk [_^_YT[\SjYTL~Ytsh[yL f Yt[_Q ^ J b idk Sh[\Q I [\bpY ShQ i � [ � � ilg�I O�b ilk ��YTsh[�2D�RK
` �H|� g L�YtLXQ � �X[ k [\QtO YtLXQ@shL f W ilk ��ORbdblLNMwW i Y ^\L � QTLRYtO�Yt[ LRQ ^\L f k YT[\Q � QTL�YaO�YT[ ilk QT[\OR^_Y i L k YTL
[\bd[\^�YtQTL g OR� k [_Y i ^wqzLXQT^_[�Sh[ � [_blLX��[\S I [_Y M [\[ k YTsh[~|��ORQ g O�Y f QT[�O k S oV[_blS)� �ysh[~shL f W ilk �
i W ^\L k W YtQTO ilk [_S:qzQTL g QTL�YaO�Y ilk � I%J O bl[ � [\Q ORQ g [��cYt[ k S ilk � qzQZL g L k [ LRqDYTsh[ � ilg I ORb
I [ ORQ ilk �$YtQ f khkhi L k W L f Y YtL$qzLXQZ^\[)WT[ k WTLXQZW�Mws i ^as	^ O��BY f QZ[ i Y+� �ys f W�YTLXQTx f [)^ O k�I [
S i QT[\^�Ytb Jjg [ O�W f QZ[\S�qzQTL g YTsh[~^_QTLXWZW{�hQTLcS f ^�YyLRqnYTsh[~bl[ � [_QyORQ g bd[ k �RYTs�O�Y{OvoB�>[\S QtO�S i f W
O k S�Ytsh[v�@[_QT��[ k S i ^ f blORQwqzLXQT^_[ ilk S f ^\[_S O�Y�YtsVO Y ��L ilk Y ORW � !J� � � �w�ys i W�W J WZYT[ g LRq
qzLXQZ^\[�WT[ k WTLXQZW O k S�� ilg�I O�bl[\S |� g LRYtLXQ � �X[ k [\QTO�YtLXQ i WyWTsBL M k�ilk U i ���QF��RK��
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U i � f QZ[GFQ� K�� �� WTshLNMwW YTsh[�qzLRQT^\[-WT[ k WTLRQTW�O k S:bl[ � [\QjORQ g f WT[\S�YtL g [ O�W f QZ[
YtLRQTx f [ ilk Ytsh[jOR�h�VO�QtO�Y f W���UVLXQDYTsh[jWZ[ k WZLXQ}^\L k oh� f QtO Y i L k WZshLNM k ilk U i �Q�)F��RK�� 7��� YtsB[
bl[ k �RYTs LRq7Ytsh[ bd[ � [_Q�ORQ g qzQTL g YTsh[&|� g LRYTLXQ � �R[ k [_QtO�YTLXQ�QZLRYaO Y i L k O � i W~^_[ k Yt[_QTb ilk [�YTL
YtsB[�^\L f k YT[\Q � QTL�YaO�Y i L k qzLXQT^_[ WT[ k WTLRQ i W 2 �DK�� �X��^ g ���ysh[�S i WZYtO k ^\[ I [�Y MP[_[ k WT[ k WTLRQTW i W

Q� �X��^ g � �ys f WyYtsh[�bd[ k �RYTs�LRq Ytsh[Dbd[ � [\QwORQ g qzQTL g YTsh[�|� g LRYTLXQ � �R[ k [_QtO�YTLXQPQZLRYaO�Y i L k
O � i Ww^_[ k Yt[_QTb idk [~YtL&YtsB[}^_L � QZLRYaO Y i L k qzLXQT^_[�WT[ k WTLXQ i W�2 O�2D� �R��^ g �

U i � f QT[=F��RK�>wU i � f QT[=F��RK�� 7��WZshLNMwW�Oj�hshL�YtLX�XQTOR�hs�L�q Ytsh[}qzLXQT^_[ WT[ k WTLRQTW�O k S1bl[ � [\QDO�Q g
f WZ[\S YtL g [\ORW f QZ[ YtLRQTx f [ idk YtsB[�OR�h�VO�QtO�Y f W����ysh[ I LRYTYTL g W f Q q OR^\[�L�q{Ytsh[ bl[ � [\Q O�Q g
^\L ilk ^ i Sh[_W M i YTsvYTsh[{^\[ k Yt[\QZb idk [PO � i W LRqBYtsh[y|� g LRYTLXQ � �X[ k [_QtO�YTLXQ��r�ysh[ L 8 WZ[_Y idk YTsh[P[ k S
LRq�Ytsh[wbd[ � [_Q7ORQ g ORblbdLNMwW�[ OR^as�WT[ k WTLRQ YTL g [\ORW f QZ[yqzLXQT^_[y�hQTLcS f ^_[\SjO I L f Y Ytsh[yQZLRYaO Y i L k ORb
O � i W�LRq Ytsh[ g LRYTLXQ{M i YTshL f Y�sVO � ilk �&YtLj^\LXQZQT[_^_Y�qzLXQ O k � f blORQyL 8 WT[_Y��y�ysh[ WZ[ k WZLXQ L k YtsB[
bl[�q Y � f k Sh[\Q�YTsh[*bl[ � [\Q ORQ g � g [\ORW f QZ[\W�YtsB[ g LRYTLXQ�QZ[ OR^�Y i L k ^\L f k YT[\Q � QTLRYtO�Y i L k qzLXQZ^\[��
�ysh[&WT[ k WTLRQ}L�q YTsh[ Q i �Xs%Y � L � [_QDYtsh[ bd[ � [_Q}ORQ g � g [ ORW f QT[_W~Ytsh[&�X[ k [\QTO�YtLXQDQZ[ OR^�Y i L k ^\L �
QTL�YaO�Y i L k qzLXQT^_[����ys i W ilk W YtQ f g [ k YaO�Y i L k �hQTL � i Sh[_W � �v�yYtsB[ I OR^a`'�XQZL f k S
SBQtOR��LRq~YtsB[
QTL�YaO�Y ilk � g ORWTW ilk�i YTW�W f �h��LXQZY I [ ORQ ilk �XW_� idk ^\b f S ilk � i YtW�ShQ i � [_W\�yO k S � ���PYTsh[ YtLXQZx f [
S i WTW i �VO�YT[\S I'J Ytsh[�O khk f blORQ QTLRYtO�Y i L k ORb�PL f [�YTYt[��VLNM�� U i � f QZ[;F�� KQ� ];� WZshLNMwW YtsB[wYTsh[�2D�RK
` � |� g LRYTLXQ � �X[ k [_QtO�YTLXQ�O k S i YtWBOQ� F�>H2 QtO�Y i L I [_bdY�ShQ i � [vYTL YtsB[ ShQ i � [ � f blbd[ J qzLXQwYtsB[
L f YT[\Qw^ J b ilk Sh[_Q��7�ysh[v|� g LRYTLXQ � �R[ k [_QtO�YTLXQ{sVORW I [ ORQ ilk ��YTQ f khkBi L k W g L f k Yt[_S�L k [\OR^as
[ k S1WTL�YtsVO Y�YTsh[}shL f W ilk � i YTWT[\bpq i Ww� ilg�I ORbl[_S � i � [��hYTsh[�shL f W ilk � i W�O I bl[DYtL�QTLRYtO�Yt[}O I L f Y
ORQ g O�Y f QT[wQZLRYaO�Y i L k ORbVO � i W_�>^_L k W YtQtO ilk [_S I%J Ytsh[�bl[ � [\QPORQ g ^ OR�BY f QT[_S I [_Y M [\[ k YTsh[wqzLXQT^_[
WT[ k WTLRQTW��}�ysh[�bd[ � [\QDORQ g [��cYt[ k S ilk ��YTL�Ytsh[ g L f k Y�qzLXQ�YTsh[ qzLXQZ^\[�WZ[ k WZLXQTWD^\O k I [�WT[_[ k
ilk YTsh[�bl[_q YwL�q�U i ���QFQ� K�� ];���
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��[\ORW f QT[ g [ k YTWvLRq7YTsh[ I OR^a`'�XQZL f k S*YtLXQZx f [&QT[\x f i QT[_S*YTL QTLRYtO�Yt[ YTsh[&OR�h�hORQtO �
Y f W idk WTLXb i S I L>S J QTLRYtO�Y i L k ORQZ[ g ORSB[ I%J f W idk � Ytsh[ |� g L�YtLXQ YTL*ShQ i � [�Ytsh[�L f Yt[_Q
^ J b ilk Sh[_Q�� UVLXQPYTsh[\WZ[ g [ ORW f QT[ g [ k YtWwYtsh[ T g LRYTLXQ i WyShQ i � ilk ��Ytsh[ ilk YT[\Q g [\S i O�YT[~WTsVO q Y
O�Y{Ov^\L k WZYtO k Y{QtO Yt[ L�qr��� � KB��WTL YTsVO�Y Ytsh[ I [\ORQ idk �vqzQ i ^�Y i L k�idk YTsh[ L f Yt[\Q ^ J b idk Sh[_Q ShQ i � [
[\bd[\^�YtQTL-^\b f Yt^as)s f I�i W gjidkhilg�i �_[\S)�� blWZL-qzLRQ~Ytsh[_WT[ g [ O�W f QZ[ g [ k YtW_�rYTsh[�2D>?F-QtO Y i L�WZ[\Q �
��[ k Y idk [ I [_bdY i W L k O k S YT[ k W i L k [_S � I f Y YTsh[y[\bd[\^_YTQTLD^_b f YT^as&qzLRQ Ytsh[ idkhk [\Q ^ J b idk Sh[\Q i W k LRY
[ k �%OR�X[_S)�7�ysh[ O khk f b ORQyWZ�VOR^_[ idk YTsh[�^\L%O � i ORb ShQ i � [~qzLXQyYtsh[ ilkBk [\QwO k S�L f Yt[\Qy^ J b ilk Sh[\QZW
i W{ohblbl[_S�M i YTs g�ilk [\QtO�b L i b ORW�O ^\bdLXWT[_S-W J WZYt[ g WTL&YtsVO YyYtsh[�^\LXO � i ORb@ShQ i � [ I [\ORQ idk �XWyO k S
WT[\ORblW ORQZ[�b f I Q i ^ O�YT[\S)��]{OR^a`'�XQTL f k S YTLXQTx f [ g [\ORW f QT[ g [ k YTW{ORQZ[ g ORSh[yM i YTsjYTsh[ O khk f b ORQ
Yt[_WZY WT�VO�^\[�LRq@YTsh[�OR�h�VORQTO�Y f W I LRYTsj[ g �BY J LRqnO k%J � f i SjO k S&oVblbd[\S M i YTs&Sh[ i L khi �_[\S � 6 � �
�ysh[&OR�B�VORQtO Y f WDsVO�WDO k ilk YT[\Q k ORb � LXb f g [�LRq[!�25KR��b i YT[\QTW:�D�ys f WDYtsh[ idk ^\QZ[ ORWZ[ ilk g ORWTW
Mwsh[ k oVbdbl[\S i W ! 2 KR� `c��� OX�R� b I � ���ysh[\WZ[ g [ O�W f QZ[ g [ k YtW ilk S i ^ O Yt[DO ^asVO k �X[ ilk ` ilk [�Y i ^
qzQ i ^_Y i L k O k S O�WTWTLc^ i O�Yt[_S�ShQTOR� idk Ytsh[ �hQ idg O�Q J W f �h��LXQZY I [ O�Q ilk �XW L�qhYtsh[POR�h�VO�QtO�Y f W����ysB[
SVO�YtO}qzQZL g Ytsh[�WTLXb i S I LcS J QTLRYtO�Y i L k&I OR^a`'�XQZL f k S�YTLXQTx f [ g [\ORW f QZ[ g [ k YtW{ORQT[��hQT[_WT[ k YT[\S
ilk � O I bd[ 
Q� �&O k S-ORQZ[��XQtOR�Bs i ^\ORblb J S i WT�Bb O J [_S idk U i ��� 
Q�H2��
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��[\ORW f QT[ g [ k YTW�LRq YTsh[�YTLXQTx f [ YtQTO k W gji YTYt[_S I%J YtsB[M� f i S idk O khk f b ORQ�QTL�YaO �
Y i L k ORbNPL f [�YTYT[��hL M [\W YaO I b i WZsh[\S S f Q idk � S iH8 [\QZ[ k Y i ORb QTLRYtO�Y i L k LRqyYTsh[ OR�h�VO�QtO�Y f W&ORQT[
g ORSh[ f W ilk ��Ytsh[ |� g LRYTLXQ � �R[ k [_QtO�YTLXQ�YTL I LRYts�SBQ i � [ O k S I QtOR`�[ Ytsh[ L f Yt[_Q~^ J b ilk Sh[_Q��
UVLXQ�YtsB[\WT[ g [ ORW f QT[ g [ k YTW�YTsh[ T g LRYtLXQ i W f WT[_S�YTL�ShQ i � [ YTsh[ ilkhk [\Q&^ J b idk Sh[_Q&O�YjO
^\L k WZYtO k Y QTO�Yt[ � i O�YTsh[�[\bl[_^_YTQTL�^\b f Yt^as�O k S 2D> FjQTO�Y i L WT[\QZ�@[ k Y ilk [ I [\bpYwShQ i � [ � �ysB[ idkhk [\Q
^ J b ilk Sh[_Q~^\L k WZYtO k YDQtO�YT[ i W�Sh[_YT[\Q gjidk [\S I%J YTsh[ YT[\WZY~�VORQtO g [�Yt[\QZW~Sh[_W i QZ[\S)���ysh[_WT[ QTO�Yt[_W
ORQZ[��hQT[_WT[ k YT[\S ilk � O I bd[ 
Q�92D���-[ ORW f QT[ g [ k YTW�LRq Ytsh[vYtLXQZx f [�YtQtO k W g�i YZYt[\S I%J YtsB[�� f i S
ORQZ[ g ORSB[PM i YTs&YTsh[wO khk f blORQ YT[\WZY WZ�VOR^\[wLRq YTsh[wOR�h�VO�QtO�Y f W I L�Yts&[ g �BY J L�q O k%J � f i S&O k S
oVbdbl[\S M i Yts)Sh[ i L khi �_[\S � 6 � ���ysh[&YtLXQZx f [�YTQtO k W gji YTYT[\S I'J YTsh[ � f i S i W�YTsh[�S iH8 [\QZ[ k ^_[
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I [_Y M [\[ k Ytsh[ YtLXQZx f [yQT[\x f i QT[_S&YTLDS iH8 [\QZ[ k Y i ORblb J QTLRYtO�Yt[ Ytsh[wOR�B�VORQtO Y f W MwsB[ k [ g �BY J O k S
Mwsh[ k ohblbl[_S)� �-[ ORW f Q idk � YtsB[ qzLXQT^_[~O�Y Ytsh[ WT[ k WTLXQZWyORWyOvq f k ^_Y i L k LRq�� @{qzQT[_x f [ k ^ J qzLXQPO
oB�>[\S �B<�qzQT[_x f [ k ^ J ORblbdL MwW�YTsh[�S i QZ[\^_Y ^\ORbl^ f b O�Y i L k LRq YTLXQTx f [wqzLXQ7[ OR^asj[ g �BY J O k SjoVbdbl[\S
^\L k oV� f QTO�Y i L k �&�ysh[�SVO�YtO�qzQZL g YTsh[ qzLXQT^_[ g [ O�W f QZ[ g [ k YtW}LRq S iH8 [\QZ[ k Y i ORb�QTL�YaO�Y i L k qzLXQ
YtsB[ L f YT[\Q�^ J b idk Sh[\Q�Mwsh[ k Ytsh[ OR�h�VORQTO�Y f W�MPORW~[ g �BY J O k S�oVblbd[\S�ORQT[v�hQT[_WT[ k YT[\S ilk � O �
I bd[\W 
��RO � K�� �ysB[ ^ O�bl^ f b O�YT[\SjO k S��XQTOR�hs i ^ ORbdb J S i WZ�hb O J [\S � ORb f [\W LRq YTLXQTx f [ ORWPO�q f k ^�Y i L k
LRq�L f YT[\Q ^ J b ilk SB[\Q qzQZ[\x f [ k ^ J qzLXQ S iH8 [\QZ[ k Y i ORbPQZLRYaO�Y i L k ORQT[��BQT[\WZ[ k Yt[_S idk U i �RW�� 
�� � � F��
]{ORWZ[\S*L k YTsh[&O Ihi b i Y J LRq7Ytsh[�� f i S�YTL�YtQtO k W g�i Y�YtLXQZx f [ I [�Y MP[_[ k Ytsh[ idkhk [_Q~O k S L f Yt[_Q
^ J b ilk Sh[_QTW_� Ytsh[�|�	�X[ k [_QtO�YTLXQ~^\O k I [ f WT[_S YtL�^_L k YtQTLRb ^\L � QTL�YaO�Y i L k qzLXQ s i �Xs���QtO Y i LRW��
 W}QT[_x f i QZ[\S I'J YTsh[�O Ihi b i Y J LRq Ytsh[ � f i S YtL YtQtO k W g�i Y~YTLXQTx f [��rqzLRQ g [\ORW f QZ[ g [ k YtWvOR� �
�hQZL%OR^as idk ��YTsh[ b ilg�i Y idk � W YaO I bl[UPL f [_YZYt[U�hL MC� QtO�Y i L-LRq;F�>92X� Ytsh[ |� g L�YtLXQ�^ O k�I [
f WZ[\S�YTL&S iH8 [\QZ[ k Y i ORblb J ShQ i � [~Ytsh[�L f YT[\Qw^ J b ilk Sh[_Q��
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�ysh[�qz[\ORQ LRq�WTLcS i f g g O J shO � [ I [_[ k q f [\bl[_S I'J�J L f YTsBq f b ilk S i WZ^\QT[�Y i L k W idk
YtsB[ ^ash[ gji WZYtQ J b O I � J [�Y g [�YaORbdb i ^�WTLcS i f g i W O g O �ZLXQ idk S f W YtQ i ORb ^ash[ gji ^ ORb � � k S f W YtQ J
sVORW f WT[\S g�i bdb i L k W LRqDYtL k W�LRq g [_YtORblb i ^ WTLcS i f g �yWZs i �h��[\S idk YtshL f WtO k ShW�LRq�QtO i blQZL%ORS
YaO k ` ^ O�QTW&LRq��XQT[\O�Yt[_Q�YtsVO k KR��YTL k W&[ OR^as ���ysB[\WT[ YaO k `�^\ORQTW�ORQZ[-W f QTQZL f k SB[\S I'J O k
L i b �TOR^a`R[�Y qzLXQ�sh[\O�Y idk ��� �ys i W i W}OR^\^_L g �hb i WTsh[_S)M i Yts k [\�Xb i � idI bl[ Q i WZ`1YtL-Ytsh[�� f I b i ^&O�W
Sh[�Yt[\Q gjidk [\S I%J | �~���n�ysh[ g ORWZW}L�q{WTLcS i f g idk [\OR^as)YtO k ` ^\ORQ i W g LXQT[ YtshO k WZ[ � [\QtO�b
s f k ShQZ[\S�Y ilg [\W�YTsh[ g O�WTW LRq WTLcS i f g f WT[_S idk L f Q7[��>��[\Q idg [ k Y+� e LcS i f g.i W7ORblWZLDWTs i �h�@[_S
ilk1I ORQTQZ[\b W i �_[�^\L k YtO ilk [\QTW�Mwsh[\QZ[�Ytsh[�^_L k YaO idk [\Q i W k L k�� QZ[_Y f Q k O I bl[ � � i x f i S�WZL>S i f g i W
YtsB[ blLNMP[_WZYDSB[ k W i Y J �ns i �Xs�^_L k S f ^_Y i � i Y J � f i S1YTsVO�Y i W Ihi LXblLR� i ^\ORblb J�I [ khi � k �D�ysh[_QT[ i W~O
� ORWZY�S iH8 [\QT[ k ^\[ I [_Y M [\[ k f W ilk � WTLcS i f g O Y 
X�X��Sh[_���ORW�O�q ORWZY�QZ[ OR^�YtLXQD^_L>LRb O k YDO k S
f W ilk ��WTLcS i f g O�YU2�2N�� ORW idk YTs i W}[��>��[\Q ilg [ k Y+� � f ^as LRq{YTsh[�s i �Xs)[ k S�Yt[_^as k LXbdLX� J
LRq b i x f i S-WZL>S i f g MPORW�Sh[ � [\blLR�@[_S1qzLXQyYtsh[}s i �Xs-YT[ g �@[_QtO�Y f QT[}^\LcLXblO k Yw� f QT��LXWZ[��y�yshLXWZ[
q OR^ i b i Y i [\W\� I f i bdYPL k O g ORWZW i � [DWT^\ORbl[�O k S k L M	W f QZ�hb f W\�VsVO � [ I [\[ k f WZ[\S qzLXQPY M LjQZ[\^_[ k Y
W f ^\^\[_WTW q f b{WTLcS i f g S Jck O g L-[��>�@[_Q idg [ k YTW idk �7ORW Y �D[\Q g O k'J O k S � O�Y � i OB���}O i b i Y i W�[�Y
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� �}�ysB[\WT[&[��B��[\Q ilg [ k YtW~M [\QZ[
��[\QZqzLRQ g [\S idk idgjg [ k WZ[�shORblbdW&qzLRQ�q f bdbw^\L k YaO ilkhg [ k Y�L�q�O�b i x f i S�WTLcS i f g [\x f i � g [ k Y
q O i b f QZ[�� ��[ I [\b i [ � [�YtshO�YjYTs i W�WT^\ORbl[��y^\LXW Y �wO k S Ytsh[�[\x f i � g [ k Y i WjO k f khk [\^_[\WZWtORQ J
I f QZSh[ k � ��[1[��>�@[_^_Y�YtL�Yt[\W Y-O�S i98 [_QT[ k Y S Jck O g L �VLNM0oh[\blS ilk:g LXQT[ g LcSh[_Q k O k S
g L>Sh[_WZYD[_x f i � g [ k Y\� Sh[ � [\bdLX�@[_S idk YtsB[�b O I LXQTO�YtLXQ J O k S [ O�W i b J-g L � [_S*�@[_Q i LcS i ^ ORbdb J YTL
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 ��O � |���K�ORblb Sh[�Yt[\^�YtLXQZW�� 2�VvW ilk �Xbd[ � O � i W\�'��� ����YtL !32 �v` ��Sh[_YT[\^_YTLXQTW �
g L f k Yt[_S-M i Yts idk O QTORS i O�b �hQZL I [�� U i �Q�QF�� VQ�
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^ O k�I [ S i OR� k LXWZ[\S)[��cYt[_Q k O�blb J �  qzQtOR^�Y i L k LRqPYtsh[ g O�� k [_Y i ^&W i � k ORb idk S f ^_[\S I'J �1uw�
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O�Y �B<M> � @M! F >A2�O k S$Ytsh[�ORQZQTLNM O�Y �B<M> � @M! 2 >A2�� �ysh[-S i � [\QZ�X[ k ^_[�L�q YtsB[
SVO�YtO-qzQZL g Ytsh[�Ytsh[_LXQT[�Y i ^ ORb ^ f Q � [\W ilk S i ^\O�Yt[_W�YTsVO�Y}Ytsh[ OR�h�VO�QtO�Y f W O k S � LXQ�YtsB[jWZ[ k WZLXQ
W J W Yt[ g f WT[\S i W k LRY~M [\bdb�W f i Yt[_S YtL ilk � [\WZY i �%O Yt[ PL f [_YTYT[/�VLNM.^ashORQtOR^�Yt[_Q i W Y i ^\W�O�YDW f ^as
blLNM�WT��[\[_ShW~O k S�uw[ Jck LRblShW k f g�I [\Q:�
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Torque Transmitted by Fluid where  Ω
1
 / 2π = 40.1 Hz

U i � f QT[ 
Q� K >n� LXQZx f [ YtQtO k W g�i YZYt[\S I%J � f i S�ORWrO{q f k ^�Y i L k LRqBL f Yt[_Qn^ J b idk Sh[\Q qzQZ[\x f [ k ^ J qzLXQ
S i98 [_QT[ k Y i ORb QZLRYaO Y i L k MwsB[\QT[	�B< 4X��� ! FX�Q� �"
 V KB��� �ysh[}SVO�YtO&�BQT[\WZ[ k Yt[_S i W{qzQZL g � O I bl[

Q�?OvO k S�U i ����
Q� �����ysB[�YTLXQTx f [�YtQtO k W g�i YZYt[\S I%J Ytsh[�� f i S�� ��� QZ[\�hQZ[\WZ[ k YtWPYTsh[�S iH8 [\QZ[ k ^_[
I [_Y M [\[ k YtsB[ YtLXQZx f [ QT[_x f i QT[_S QTLRYtO�Yt[}Ytsh[ L f Yt[_Q~^ J b idk Sh[_Q\� O�WDOjq f k ^�Y i L k LRq � @N�@MwsB[ k
YtsB[�OR�h�hORQtO�Y f W i Ww[ g �BY J O k S1q f bdb �V�hb f WwYtsh[ I OR^a`'�XQTL f k S1YTLXQTx f [ ORW~O&q f k ^_Y i L k LRqI� @ �
�ysh[�Y f Q I f bl[ k YvYtsh[_LXQ J YtLXQZx f [�^ f Q � [ i W ^ O�bl^ f b O�YT[\S�qzQZL g � x.�;� 
Q� � ��MwsB[\QT[jY f Q I f bl[ k Y
WTsB[ ORQyW YtQT[_WTWyYtLRQTx f [ i W{^ ORbd^ f blO�Yt[_S�ORWyO q f k ^_Y i L k LRq�� @ � �ysB[~Y MPL�� ` g O k blO J [\Q YtLXQZx f [
^ f Q � [_W�ORQT[}^ O�bl^ f b O�YT[\S qzQTL g � x � � 
Q� V
�yMwsB[\QT[ �7` g O k blO J [\QwYtLRQTx f [ i W�^\ORbl^ f b O Yt[\S�ORW O
q f k ^�Y i L k L�q �'� YTsh[ �7` g O k b O J [_Q�YTs i ^a` k [_WTW_� O k S � @ �j�ysB[�Y M L1[_x f O�Y i L k W�qzLXQ���ORWvO
q f k ^�Y i L k L�q � @~O�QT[ � xcW:� � 
Q� 

�yO k S � 
Q� V ��� �ysh[v�@L idk YwLRq�b ilg�i Y idk � W YaO I bl[	PL f [�YTYt[��VLNM
i W idk S i ^ O�YT[\S I%J Ytsh[�ORQZQTLNM
O Y �B< > � @ ! F >�2D���ysh[wQZ[\� i L k LRq f k WZYtO I bl[BPL f [_YTYT[;�VLNM i W
YtL YTsh[�bl[_q YwL�qrYTs i Wy��L idk Y\�VO k S YtsB[DWZYaO I bl[=PL f [_YTYT[=�hL M	QT[_� i L k � f � YtL �B<;>D� @;! 2�> 2X�
i WwYtL�Ytsh[vQ i �Xs%Y�L�q�Yts i W���L idk Y��w��LRYT[}YTsVO�Y�Ytsh[�YtQZ[ k S idk YTsh[vShO�YaO ilk S i ^ O�YT[\W�Sh[\^_QT[\ORW idk �
ilk WZYaO Ihi b i Y J � i � [ � ilk ^_QT[ O�W ilk �1WZYtO Ihi b i Y J ORWvYTsh[jO khk f b O�QvQZLRYaO�Y i L k ORbIPL f [�YTYT[ �VLNM �hQZLRoVbl[
OR�h�BQTL%OR^asB[\W�b ilg�i Y ilk �}WZYtO I bd[�PL f [_YZYt[��VLNM��
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Torque Transmitted by Fluid where  Ω
1
 / 2π = 23.1 Hz

U i � f QT[ 
Q� 
�>n� LXQZx f [ YtQtO k W g�i YZYt[\S I%J � f i S�ORWrO{q f k ^�Y i L k LRqBL f Yt[_Qn^ J b idk Sh[\Q qzQZ[\x f [ k ^ J qzLXQ
S i98 [_QT[ k Y i ORb QZLRYaO Y i L k MwsB[\QT[	�B< 4X��� ! � OQ�H2+ODO&KB��� �ysh[}SVO�YtO&�BQT[\WZ[ k Yt[_S i W{qzQZL g � O I bl[

Q� F O k S�U i ����
Q�?OQ���ysB[�YTLXQTx f [�YtQtO k W g�i YZYt[\S I%J Ytsh[�� f i S�� ��� QZ[\�hQZ[\WZ[ k YtWPYTsh[�S iH8 [\QZ[ k ^_[
I [_Y M [\[ k YTsh[7YtLXQZx f [ QZ[\x f i QZ[\SvQTLRYtO�Yt[ YtsB[ L f Yt[_Q ^ J b ilk SB[\Q\��ORW Owq f k ^_Y i L k LRqQ� @N��Mwsh[ k YtsB[
OR�h�hORQtO�Y f W i W [ g �BY J O k S�q f blb �>�Bb f WPYTsh[ I OR^a`'�XQZL f k S�YTLXQTx f [�ORW{O q f k ^_Y i L k L�q � @ � �ysB[
Y f Q I f bd[ k Y~YTsh[\LXQ J YTLXQTx f [ ^ f Q � [ i W�^ ORbd^ f blO�Yt[_S1qzQTL g � x � � 
Q� � �wMwsh[_QT[�Y f Q I f bl[ k YDWZsh[ O�Q
WZYTQT[_WTW YTLXQTx f [ i W ^ ORbd^ f blO�Yt[_SjO�W ODq f k ^�Y i L k LRq)� @ � �ysh[�Y M L �7` g O k b O J [_Q7YTLXQTx f [�^ f Q � [_W
ORQZ[�^\ORbl^ f b O Yt[\S qzQZL g � x �.� 
Q� V
� Mwsh[\QZ[ � ` g O k blO J [\Q YTLXQTx f [ i W7^\ORbl^ f b O�YT[\S&ORW O~q f k ^�Y i L k
LRq �c�cYtsh[ � ` g O k b O J [_Q{Yts i ^a` k [\WTW_��O k SG� @ � �ysh[~Y M Lj[_x f O�Y i L k W{qzLXQ � ORWyO�q f k ^�Y i L k LRq
� @�ORQT[ � x'W���� 
Q� 

� O k S � 
Q� V �����ysB[}��L idk YPLRqrb idgji Y ilk �}W YaO I bl[�PL f [_YTYT[��VLNM i W ilk S i ^\O�Yt[_S
I%J YTsh[{O�QTQTLNM�O�Y �B< > � @ ! F >�2D� �ysh[{QT[_� i L k LRq f k WZYtO I bl[ PL f [�YTYt[ �VLNM i W YtL YTsh[Pbd[_q Y LRq
Yts i W7�@L ilk Y �cO k S�Ytsh[wW YaO I bd[7PL f [_YZYt[��VLNM
QT[_� i L k � f ��YTL/�B<N> � @;!J2�> 2X� i W7YTL}YTsh[�Q i �Rs'Y
LRq@Yts i W ��L ilk Y�����L�Yt[wYtsVO�Y7YTsh[��R[ k [_QtORbVYtQZ[ k S ilk Ytsh[�SVO�YtO idk S i ^ O�YT[\W ilk ^_QT[\ORW idk �vW YaO IBi b i Y J
ORW YTsh[�O khk f b ORQ�QTL�YaO�Y i L k O�b PL f [_YZYt[��VLNM��hQZLRoVbd[�OR�h�BQTL%OR^asB[\W~b ilg�i Y idk � WZYtO I bd[�PL f [�YTYT[
�VLNM.O k S��VO�WTWT[_W ilk YtL�Ytsh[�W YaO I bl[ PL f [_YTYT[��VLNM QT[\� i L k ���ysh[ WTb i �Xs%Y�S i � [\QZ�X[ k ^_[ LRq YtsB[
SVO�YtO�qzQZL g ^\L k Y ilk f [\S1WZYaO Ihi b i Y J O�WA�B<T>�� @~QtO Y i LRW�O��h�hQTLXOR^as*��>92 i W k LRY f k Sh[\QZWZYTL>LcS�O�Y
Yts i WyY idg [ �
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Turbulent Theory Torque, Re = 1.3  ⋅ 106
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1
 − Ω

0
)1/2

Ekman Layer Torque:  δ =  (ν / 2 (Ω
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Torque Transmitted by Fluid where  Ω
1
 / 2π = 11.6 Hz

Detection Threshold of Sensors

U i � f QT[ 
Q� V >n� LXQZx f [ YtQtO k W g�i YZYt[\S I%J � f i S�ORWrO{q f k ^�Y i L k LRqBL f Yt[_Qn^ J b idk Sh[\Q qzQZ[\x f [ k ^ J qzLXQ
S i98 [_QT[ k Y i ORb QZLRYaO Y i L k MwsB[\QT[	�B< 4X��� ! 2�2D� 
R�X�&KB��� �ysh[}SVO�YtO&�BQT[\WZ[ k Yt[_S i W{qzQZL g � O I bl[

Q�RK O k S U i ��� 
Q� F�� �ysh[ YTLXQTx f [�YtQtO k W g�i YZYt[\S I'J YtsB[A� f i S � ��� QZ[\�hQZ[\WT[ k YtWyYtsh[ S iH8 [\QZ[ k ^_[
I [_Y M [\[ k YTsh[7YtLXQZx f [ QZ[\x f i QZ[\SvQTLRYtO�Yt[ YtsB[ L f Yt[_Q ^ J b ilk SB[\Q\��ORW Owq f k ^_Y i L k LRqQ� @N��Mwsh[ k YtsB[
OR�h�hORQtO�Y f W i W [ g �BY J O k S�q f blb �>�Bb f WPYTsh[ I OR^a`'�XQZL f k S�YTLXQTx f [�ORW{O q f k ^_Y i L k L�q � @ � �ysB[
Y f Q I f bd[ k Y~YTsh[\LXQ J YTLXQTx f [ ^ f Q � [ i W�^ ORbd^ f blO�Yt[_S1qzQTL g � x � � 
Q� � �wMwsh[_QT[�Y f Q I f bl[ k YDWZsh[ O�Q
WZYTQT[_WTW YTLXQTx f [ i W ^ ORbd^ f blO�Yt[_SjO�W ODq f k ^�Y i L k LRq)� @ � �ysh[�Y M L �7` g O k b O J [_Q7YTLXQTx f [�^ f Q � [_W
ORQZ[�^\ORbl^ f b O Yt[\S qzQZL g � x �.� 
Q� V
� Mwsh[\QZ[ � ` g O k blO J [\Q YTLXQTx f [ i W7^\ORbl^ f b O�YT[\S&ORW O~q f k ^�Y i L k
LRq �c�cYtsh[ � ` g O k b O J [_Q{Yts i ^a` k [\WTW_��O k SG� @ � �ysh[~Y M Lj[_x f O�Y i L k W{qzLXQ � ORWyO�q f k ^�Y i L k LRq
� @�ORQT[ � x'W���� 
Q� 

� O k S � 
Q� V �����ysB[}��L idk YPLRqrb idgji Y ilk �}W YaO I bl[�PL f [_YTYT[��VLNM i W ilk S i ^\O�Yt[_S
I%J Ytsh[}ORQZQTLNM�O�YB�B<�> � @�!PF >.2��P�ysh[vQT[\� i L k LRq WZYaO I bl[	PL f [�YTYT[	�VLNM i W I [_Y M [\[ k YtsB[
ORQZQTLNM/O�Y��B<B>Q� @7! F >)2�O k S1YtsB[�ORQZQTLNM/O�YA�B<7>Q� @A! 2�> 2D���ysh[�S i � [_QT�X[ k ^\[ LRq�YtsB[
SVO�YtO-qzQZL g Ytsh[�Ytsh[_LXQT[�Y i ^ ORb ^ f Q � [\W ilk S i ^\O�Yt[_W�YTsVO�Y}Ytsh[ OR�h�VO�QtO�Y f W O k S � LXQ�YtsB[jWZ[ k WZLXQ
W J W Yt[ g f WT[\S i W k LRY~M [\bdb�W f i Yt[_S YtL ilk � [\WZY i �%O Yt[ PL f [_YTYT[/�VLNM.^ashORQtOR^�Yt[_Q i W Y i ^\W�O�YDW f ^as
blLNM�WT��[\[_ShW~O k S�uw[ Jck LRblShW k f g�I [\Q:�
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� � � # & #*�  ()�W�+&%#)�

 k ORb J W i W{LRqnYTsh[DSVO�YtO ilk S i ^ O Yt[\W YtLXQZx f [\Ww^\L g �VO�QtO I bd[�YTL MwsVO�Y�ORQZ[~�hQZ[\S i ^_Yt[_S
qzLXQ � ` g O k b O J [_Q �VLNM idk O khk f b O�Q�QTLRYtO�Y i L k ORbQPL f [�YTYT[��hL M O�Y s i �Xs QZLRYaO�Y i L k QtO�YT[\W\�'O k S
^\L k WT[_x f [ k Ytb J s i �Xs�uw[ Jck LXbdShW k f g�I [_Q�� �ysh[w^_L k YtQ idI f Y i L k YtL�YtsB[wYTQtO k WT��LXQZY LRq O k � f b ORQ
g L g [ k Y f g S f [~YTL&Y f Q I f bl[ k ^\[ idk PL f [�YTYt[��VLNM	OR�h��[ ORQZW{YtL I [~QT[_b O�Y i � [\b J W g ORbdb � �ysB[
Sh[_^\QT[\ORWT[ idk YTLXQTx f [�YtLNM{O�QTS�b ilg�i Y idk �~W YaO I bd[�PL f [_YTYT[B�VLNM i W �VORQ Y i ^ f blORQTb J [ � i Sh[ k ^_[\S idk
YtsB[ SVO�YtO O k S1�XQTOR�hs i ^ ORb O k ORb J W i W�L�q�S i98 [_QT[ k Y i ORb QTL�YaO�Y i L k Mwsh[_QT[��B< 4X� � !3F%��� �	
 V KT�
O k S�� �A! F�L F ��2N���+� �yshL f �Xs�YTsh[~LRYTsh[\Q ^ ORWZ[\Wy�hQZ[\WZ[ k Yt[_S M [\QZ[Dbl[_WTWPSB[_o khi Y i � [ idk YtsB[ i Q
QT[_WT��[\^�Y i � [ QZ[\W f bdYtW_� YTsh[j�R[ k [_QtORb YtQZ[ k S�LRqPYTsh[�YTLXQTx f [�SVO�YtO idk S i ^\O�Yt[_W�WZYaO Ihi b i Y J L�qPYtsB[
S i98 [_QT[ k Y i ORbdb J QTLRYtO�Y idk �/�VLNMwW�OR�h�hQZL%OR^as idk �&b ilg�i Y ilk �}WZYtO I bd[�PL f [_YZYt[��VLNM��

�ysh[ �hQT[_^\[\S ilk � O k ORb J W i W O k S�QZ[\W f bdYtW LRqns J ShQTLcS Jck O g�i ^�LX��[\QtO Y i L k O k S ^asVORQ �
OR^�Yt[\Q i �\O�Y i L k LRqrYtsh[}OR�h�hORQtO�Y f WwsVORW{YTL I [ f k Sh[_QTW YtLcL>S M i YTs ilk YTsh[�^\L k Yt[��cY�L�q YTsh[��hQTL �
��LXWT[_S�[��>��[\Q idg [ k YaORb%LX��[\QTO�Y i L k ORW O k��	� S Jck O g L�� �ysB[\QT[ M i bdb I [ ^\L k Y ilk f [_S�s J SBQTLcS J
�
k O g�i ^ O k SU� f i S�S J>k O gji ^~O k ORb J W i WP��[\Q qzLXQ g [\S�O YwO�Y{s i �Xsh[_QPQZLRYaO�Y i L k QtO�YT[\W_� ilk ^\b f S ilk �
YtsB[-SB[\W i � k b idgji Y LRq	2 �R�*KT��O k S F%�*KB��qzLXQ YTsh[ ilkhk [_Q&O k S�L f YT[\Q ^ J b ilk Sh[_QTW&QT[_WT��[\^ �
Y i � [_b J �j�ysh[�s J ShQZL>S J>k O gji ^&LX�@[_QtO�Y i L k O�Y�YTsh[jSB[\W i � k b ilg�i Y�M i bdb�[ 8 [\^�Y i � [\b J ^\L k ^_b f SB[
YtsB[y[��>�@[_Q idg [ k YTW�M i YTs�Ytsh[{YTLXQTx f [ g [ ORW f QT[ g [ k Y�[\x f i � g [ k Y�� �"sh[ k [��B��[\Q ilg [ k YaO�bBLX� �
[\QTO�Y i L k&I [_� ilk W�qzLXQ ilk � [_WZY i �%O�Y i L k W ilk � LXb � ilk �~YTsh[ � � Sh[�qzLXQ g O�Y i L k � Ytsh[wQZLRYaO�Y i L k ORbB��LNMP[_Q
O k SvYtLXQZx f [ M i bdb I [ �hQTL � i Sh[_S I%J YTsh[ T g LRYTLXQ O�blL k [ � i O�Ytsh[ Y MPL~[_bl[_^_YtQZL~^\b f Yt^asB[\W�O k S
�hQ ilg ORQ J}I [\bdY�ShQ i � [\W:���ys i W�^\L k oV� f QTO�Y i L k sVORW�YTsh[yWT[�YI�B<;> � @7QTO�Y i L LRq.F�>92X� i � [ �Rb idgji Y idk �
WZYtO I bd[�PL f [_YZYt[��VLNM��hQZLRoVbd[��

�ysh[yQZ[\W f bdYTW S i WT^ f WTWZ[\SjORblbdLNM$^\L k ohSh[ k ^_[ idk �hQT[_S i ^�Y i L k W YTL I [ g ORSh[ idk Yt[\Q g W
LRq7YtsB[�YtLXQZx f [R� O k S f bdY idg O Yt[\b J Ytsh[ ��LNMP[_QDQT[_x f i QT[_S YtL�LX��[\QTO�Yt[ YTsh[&OR�h�hORQtO�Y f WDO�Y i YtW
Sh[_W i � k b ilg�i Y+�

�ysh[vSVO�YtOj��L ilk YtW�O�YA�B<T>�� @T! F > 2R��QZ[\�hQZ[\WZ[ k Y idk ��b idgji Y ilk ��WZYtO I bl[�PL f [�YTYT[
�VLNM��h�hQZ[\WZ[ k Yt[_S ilk U i �XW:� 
�� K O k S 
Q� 
 ORQT[~^_L k W i WZYT[ k YyM i YTs� ` g O k blO J [\QPYTLXQTx f [~O�Y{YtsB[
� ` g O k b O J [_QvYts i ^a` k [\WZW���� �

�

� � � � ��UVQTL g YTs i W I ORW i W_���hQT[_S i ^�Y i L k WvORQT[ g ORSB[jLRqPYtLXQZx f [



2D2 


O k S$��LNMP[_QjO Y&s i �XsB[\Q�QZLRYaO�Y i L k QtO�YT[\W&O k S�uw[ Jck LXbdShW k f g�I [\Q���UVQTL g �7x ��� 
Q� V
��� YtsB[
�hQZ[\S i ^_Yt[_S-YTLXQTx f [ ilk � ` g O k blO J [\Q;�VLNM i W

� � � � ��� � � � # � � �����I! ��� �
�

� � � � �{��� � � < ���B< � � @ � 6 ! � �

����O
4 F �B<-� � � � � � < ��O
4 F �B< � 6

! � � � � � � � < � O
4 FD�B< � ��� 6 � 
Q�92D25�

e>f I WZY i Y f Y ilk �}Ytsh[ b ilg�i Y ilk � QTLRYtO�Y i L k ORbhqzQZ[\x f [ k ^ J L�q �B< !�� � �2 �R� KT� idk YTL � x �)� 
Q�H2�25���
� � � � ��� � � � # � � ����� i WyWZLXb � [\S�ORW

� � � � ��� � � � # � � ���Q� ! � � � � � � � < � OD4 F � � � 2N�R�
� � ��� 6
! � � � � � 25K�L �DK � � 2�VX� ��� ��� 6 ! OQL � O�� 2N� � � ��& � # �

�ysh[}�@LNM [\QwQT[_x f i QZ[\S YtL�ShQ i � [DYtsh[}OR�B�VORQtO Y f WwO�YwYTs i Wybd[ � [_bnLRqrYtLXQZx f [ i W

�� �A� � # � � ����� ! � � � � � ��5�B< ! OQL ��O � 2N� �  �'F%� �
! ��L FDF � 2N� < < � � & ��# � ( � < !	� F�L F � �

� k Yts i WD^ ORWZ[�YTsh[&�@LNM [\Q�QT[_x f i QT[ g [ k Y i W1! 2 � � Ytsh[�O � O i blO I bl[v�@LNM [\Q�qzQTL g Ytsh[ KR��` �
T g LRYtLRQ��

�ysh[ S iH8 [\QZ[ k ^_[ ilk � ` g O k b O J [_Q Yts i ^a` k [\WZW\� � ` g O k blO J [\Q�YtLXQZx f [R�nO k S f bdY i9�
g O�Yt[_b J Ytsh[ �@LNM [\Q~QZ[\x f i QZ[\S�Mwsh[ k f W idk � � � 	�� ������N� � x �I� 
Q� 
D� � i W S i98 [_QT[ k Y I%J Ojq OR^�YtLXQ
LRq � ���7�ys f WwYtsh[DYTLXQTx f [}O k S-��L M [\QyM L f bdS I [

� � � � ����� � ��,
& �D* � � ! F�LRK V � 2N� � � � & ��# � �
�� � � ��,
& �D* � � ! O�F�L F � �

UVLXQ Ytsh[ � � Sh[_qzLXQ g O Y i L kjg OR� k [�YtLcS Jck O g�i ^�[��>�@[_Q idg [ k YTW\�hb i x f i S�WTLcS i f g M i blb
I [ f WZ[\S*ORW�Ytsh[v[\bl[_^_YTQ i ^\ORblb J ^\L k S f ^�Y ilk �U� f i S)��{Y~Ytsh[vLX��[\QtO Y ilk ��YT[ g �@[_QtO�Y f QT[vLRq�YtsB[
[��>��[\Q ilg [ k YtW_� !�2D2N�  � b i x f i S WTLcS i f g sVORW YtsB[-WTO g [-` idk [ g O�Y i ^ � i WT^_LXW i Y J ORW MPO�Yt[_Q
O k S sVORW{O}Sh[ k W i Y J LRqn�Q� � ���Q4�# � ���7UVLXQ � ` g O k blO J [\QI�VLNM
YtLRQTx f [ ^_L k W i Sh[_QtO�Y i L k W_�cYTs i W
b idk [ O�QTb J YtQTO k WZb O�YT[\W{YtL � � � LRqrYtsh[}O I L � [�^ ORbd^ f blO�Yt[_S � O�b f [_W��



2D2 V

UVLXQ � � SB[_qzLXQ g O�Y i L k [��B��[\Q ilg [ k YtW_��O1x f O�ShQ f ��LXbd[��z�@LXbdL i ShORb � g OR� k [_Y i ^ oV[\bdS
M i bdb I [�OR�h�Bb i [_S YtL*Ytsh[�OR�h�VO�QtO�Y f W\�yO k S ^_L k WT[_x f [ k Ytb J YTsh[-b i x f i S$WTLcS i f g ���ysh[ � �
Sh[�qzLXQ g O�Y i L k [��>�@[_Q ilg [ k YTWwORQT[~SB[\W i � k [_S�YtL ilk � [\WZY i �%O Yt[ YTsh[ YtLR�@LXbdLX� i ^ ORb ^asVO k �X[DLRqnYtsB[
g OR� k [�Y i ^�oV[\bdS-qzQZL g ��LXblL i SVORb YtL YTLXQTL i SVORb � �ysh[�S i98 [_QT[ k Y i ORbdb J QTLRYtO�Y idk ��b i x f i S�WZL>S i f g
�VLNM"M i bdb�shO � [DO QZ[\W i WZY i � [�YtLXQZx f [~S f [�YtLvYTsh[ g OR� k [�Y i ^�oV[_blSj�hQT[_WTW f QT[~qzQTL g YTsh[~S i98 [_Q �
[ k Y i ORbcM ilk S idk � L�qVYtsh[yO��h�hb i [\S}oV[\bdS)� �ysh[yW YtQZ[ k �RYTs LRqVYtsB[yOR�h�hb i [_SvoV[_blS�M i bdb � O�Q JvI ORWT[_S
f ��L k Ytsh[�YT[\W Y��VORQtO g [�Yt[\QZWD^ashLXWZ[ k �  QZ[ ORWZL k O I bl[ f �h��[\QDb ilg�i Y�LRqT2N��6���O f WZW~M i blb I [
ORWZW f g [\S)� �ysB[�YtLRQTx f [ ilk Ytsh[�� f i S S f [wYtL�YtsB[ g OR� k [�Y i ^woh[\blS��hQZ[\WTW f QT[ �VORQtO�blbl[_bBYtL�YtsB[
�VLNM�^\O k I [�^ O�bl^ f b O�YT[\S-ORW�O S ilg [ k W i L k ORb [_WZY idg O Yt[~qzLXQ{YTsh[ g OR� k [_Y i ^~W YtQT[_WTWwYtLXQZx f [��

� � � � ���
��
�

! �B, & � �+& *�� , � �=% ��# � � � � � � � � �+&.*�� , � ��% � � � � � � ��� � � � � �
! � � � � ��� �
��

�

4Q� � � ��4 ��� � � ��������� �:� � ��� ��� � 
Q�92 �D�

�ysh[ YtO k �X[ k Y i O�b qzLXQT^_[ i WwYtsB[ g OR� k [�Y i ^�oh[\blS��hQT[_WTW f QT[ S i � i Sh[_S I%J Ytsh[v^ i QZ^ f g qz[\QZ[ k Y i ORb
bl[ k �RYTs�M i YTs ilk Ytsh[ O khk f b f W ��[\Q�M ilk S idk � k f g�I [_Q�Y f Q k L�q�Ytsh[ g O�� k [_Y i ^�oV[\bdS)�w� k ^\�RW
f khi YtW_�{Ytsh[ g OR� k [_Y i ^�oV[\bdS:�hQZ[\WTW f QT[ i W �	6 4 V � �"�ysh[ k f g�I [\QjLRq~Y f Q k W_� ����� i W&YtsB[
g f bpY i �hb i ^ O�Y i L k q OR^_YTLXQ{qzLXQyYtsh[DYTLX�@LRblLX� i ^ ORb�^asVO k �X[vL�q���LXblL i SVORb YtL&YtLXQZL i ShORb oV[_blS�Mwsh[\QZ[
�  � 	 � ������� 4���������� ����� �T! ��� ��������� ����� �����ys i W q OR^�YtLXQ ��� i W �hQZLX�@LRQZY i L k ORb7YtL YTsh[ g O�� k [_Y i ^
uw[ Jck LXbdShW k f g�I [\Q_�@Mwsh[_QT[ ��� !J� � ��4X� � �wUVQTL g �7x � ��F��?O
�{Ytsh[ g OR� k [_Y i ^}u�[ Jck LXblSBW
k f g�I [\Q}M{ORWv^ ORbd^ f blO�Yt[_S)YTL I [ � � � � 2N�R�Q���ysh[_QT[_qzLRQT[ ��� � 2 � ���ysB[ S i98 [_QT[ k Y i ORb
QtO�S i f W_� � � i W ^ ORbd^ f blO�Yt[_S qzQTL g YTsh[~WTx f O�QT[DQTLcLRY LRqnYtsB[ g O�� k [_Y i ^�S iH8 f W i L k ^_L>[ ��^ i [ k Y
S i � i Sh[\S I%J �7� �ys f W � ��! � V F � # � 6.( � < 4 V K�O ��,�� � ,
&)( ( � < � < � 6 � 2�# � � �ysh[\QZ[_qzLXQZ[
YtsB[}[_WZY ilg O�Yt[~qzLXQ{YTsh[ g O�� k [_Y i ^~W YtQZ[\WTW�YtLXQZx f [ i W

� � � ��� �
��
�

!3� � 6 4�2 
 � 6 � ��� ��� � � � !3�-2N� � 4�2 
X�D��2 � �OX� �OX�  2�! 2N� � � � & ��# � � 
Q�92 O
�

�ys f W�YtsB[ g OR� k [�Y i ^-WZYTQT[_WTW YTLXQTx f [ ilk YTsh[1S Jck O g L�OR�h�VORQTO�Y f W ! 2N��� 6 YTsVO�Y LRq~YtsB[
� ` g O k b O J [\QyYtLXQZx f [��

�ysh[�� f i S*S Jck O g�i ^ QZ[\W f bdYtW�O k S)YTsh[ g OR� k [�YtLcS Jck O g�i ^ O k ORb J W i W~WTsBL M.YtsVO�Y
YtsB[{[��>��[\Q idg [ k YaORbcS Jck O g LDOR�h�hORQtO�Y f W i W M [\blbcW f i Yt[_S�YtL idk � [\W Y i �%O�Yt[ Ytsh[ � � Sh[�qzLXQ g O�Y i L k
^\L g ��L k [ k Y�LRqrYtsB[ ��� S Jck O g L��



��+���C���1� �

����� � ����( �"��, �����.� �&����#B� �.�

�ys i W S i WTWZ[\Q YaO�Y i L k sVORW I [\[ k �hQZ[\WT[ k Yt[\S O�W YtsB[�QZ[\W f bdY{L�q Ytsh[�Sh[_W i � k �>SB[ � [_blLX� �
g [ k Y �c^\L k WZYtQ f ^_Y i L k �>O k S � f i S�S Jck O g�i ^wLX��[\QtO Y i L k L�qnO k [��>��[\Q idg [ k YaORbVb i x f i S&WZL>S i f g
�	� S Jck O g L��P�ysh[}^ f b g�ilk O�Y i L k LRq YTs i WyM LXQT` i WwYTsh[}b O I LXQtO YtLXQ J LX��[\QTO�Y i L k LRq YTsh[�S J
�
k O g L-OR�h�VO�QtO�Y f W}YTsVO�Y�Yt[_WZYTW O k S � [_Q i oV[\W�Ytsh[�LX��[\QTO�Y i L k LRqPYTsh[�QTLRYtO�Y idk ��[��>��[\Q idg [ k Y
O k S�YTsh[~O Ihi b i Y J LRq YTsh[DOR�B�VORQtO Y f W YtL�^_QT[ O Yt[DO k S�W f W YaO idk WZYtO I bl[ O khk f blORQ;PL f [_YTYT[A�VLNM
O�Y � [\Q J s i �Xs�u�[ J>k LXblShW k f g I [_Q��7�ysh[DSVO�YtO QT[\��LXQ Yt[\S idk Yts i WyS i WZWT[_QZYaO Y i L k OR�h�hQZL%OR^ash[_W
YtsB[vblORWZY�b O I LXQTO�YtLRQ J [ k � idk [\[_Q ilk �j�hshORWT[vO k S i WyYtsh[�oVQZWZY��hsVORWZ[ LRq WT^ i [ k Y i oV^}LX�@[_QtO�Y i L k
LRqrYtsh[�S Jck O g LjOR�h�VO�QtO�Y f W��

�ysh[�OR�B�VORQtO Y f W i WDSh[\W i � k [_S)YTL�M i YtsBWZYaO k S Ytsh[ g [\^asVO kBi ^ O�b�WZYTQT[\WZWvL�qPS i98 [_Q �
[ k Y i ORb QTL�YaO�Y i L k qzQT[_x f [ k ^ i [\W~O�Y�2N�R� KT��O k S�OX� KT�vqzLXQwYtsB[ idkhk [\Q�O k S1L f Yt[_Q�^ J b ilk Sh[\QZW
QT[_WT��[\^�Y i � [\b J � �ysB[ g O � ilg f g WZYTQT[_WTW idk S f ^_[\S I%J Ytsh[-�hQT[_WTW f QT[�LRq�YTsh[-S iH8 [\QZ[ k Y i ORblb J
QTL�YaO�Y ilk ��� f i S1O Y�YTsh[ g O � idg f g QtO�YT[}^_L k S i Y i L k i W V �&O�Y g � | f Q idk �&�VORQZY�LRq Ytsh[}[ k � i9�
k [_[\Q idk ��Yt[_WZY��hshORWT[ YtsB[&OR�h�VORQTO�Y f W M{O�WDW f ^_^\[\WZWZq f bdb J s J ShQZLXWZYtO�Y i ^ ORbdb J �hQT[_WTW f QT[ Yt[_WZYT[\S
YtL � F�O�Y g �rLXQ 2 � O�L�q{Ytsh[ g O � idg f g �hQZ[\WZW f QZ[�WZYTQT[\WZW����ys i WU2 � O � ORb f [ � ORb f [�LRq{YtsB[
g O � ilg f g �BQT[\WZW f QZ[�WZYTQT[_WTW~MPORW~^ashLXWZ[ k WZL YtsVO Y i YwM L f bdS ilk Yt[ k Y i L k ORblb J ^\L ilk ^ i Sh[�M i YTs
YtsB[v�hQZ[\Sh[�Yt[_Q g�ilk [_S f �B�@[_Q�b ilg�i YPLRq WTO�qz[�QTLRYtO�Y i L k qzQT[_x f [ k ^ i [\WwYtshO�Y�^\L f bdS I [}OR^as i [ � [\S
ilk YTsh[~blO I LRQtO�YTLXQ J ���ysh[ ilg ��LXWT[_S f �h��[\Qyb ilg�i Y MPORW�2N��� LRq Ytsh[ g O � ilg f g J>i [\bdS�WZYTQT[\WZW
LRq Ytsh[&QZLRYaO�Y ilk � g ORWZWDLRq YTsh[�OR�h�VO�QtO�Y f W�� �ys i W~YtQTO k WTblO�Yt[_WDYtL 2 � O YTsh[ g O � idg f g S i q �
qz[\QZ[ k Y i ORb QZLRYaO Y i L k � [_blLc^ i Y J � W idk ^\[/� 0 � ��� k YtsB[ b O I LXQtO YtLXQ J Yt[\W YtW_�nLX�@[_QtO�Y ilk ��O�Y~YtsB[
b idgji Y idk � QTLRYtO�Y i L k qzQT[\x f [ k ^ i [\W�LRq�FX��KB��O k S 2N��KB�R�{YTsh[\QZ[1M [\QT[ k L ilk S i ^ O Y i L k W&LRq
O k%J�g [\^ashO khi ^\ORb � g O Yt[\Q i ORb �@LRQ~LRYtsB[\Q~�hQZL I bd[ g W M i YTs1Ytsh[ [��>�@[_Q ilg [ k YtORb�OR�B�VORQtO Y f WDLXQ
W f I W J WZYT[ g W��

2D2�V



� k YTsh[ blO I LRQtO�YTLXQ J YT[\WZYTW\� f W ilk �jYtsh[�b ilg�i Y ilk ��QZLRYaO Y i L k qzQT[_x f [ k ^ i [_WDLRqIF%��KT�
O k S�2N� KT�R�'Ytsh[�QT[\W f bdY ilk � g O � ilg f g u�[ J>k LXblShW k f g�I [\Q7qzLXQ YTsh[~O khk f b ORQNPL f [�YTYT[B�VLNM
MPORW uw[��	��
S! F�L F�12N�������ysh[ ilg �@LXQ YaO k ^\[�LRq{Yts i W QZ[\W f bdY i W}YtsVO�Y i Y i WvW i � khi oh^ O k Ytb J
�XQZ[ O�YT[\Q YTsVO k �hQZ[ � i L f W � ORb f [\W LRq W idgji b ORQ)�VLNM�^\L k oV� f QTO�Y i L k W I%J O�q O�^_YtLRQ LRq@�R����� 8 LXQZYTW
M [\QT[ g ORSB[�YtL OR^\x f i QT[�QT[\b i O I bl[{YtLRQTx f [~O k S���L M [\QPSVO�YaO}QT[_�@LXQ Yt[_S ilk Yts i W S i WTWZ[\QZYtO�Y i L k �
e>f I WT[\x f [ k Y [\QTQZLXQ�O k ORb J W i W&LRq�Ytsh[�SVO�YtO�O k S ^\L g �VO�Q i WZL k YtL)s J SBQTLcS Jck O g�i ^ Ytsh[_LXQ J
�hQZL � i Sh[�[ � i Sh[ k ^_[R�nO�W~�hQT[_S i ^�Yt[_S �@YTsVO�Y YTsh[ O kBk f b ORQ7PL f [_YZYt[��hL M idk YtsB[�S Jck O g L�OR� �
�VORQTO�Y f WwMPORW�WZYtO I bl[�O Y�u�[	! FQL?F�� 2N�����

�ysh[ ilg �@[�Y f W qzLXQ YTs i W �hQTL��Z[\^_Y{sVORW I [\[ k YtL I f i blS O k [��B��[\Q ilg [ k Y{YTsVO�Y{^_L f bdS
W idg f blO�Yt[�L k [}LRq Ytsh[}�@LRWTW idI bl[DY J ��[\W L�q S Jck O g Lj�BQTLc^\[\WZWT[_W~LRq g OR� k [_Y i ^DoV[\bdS�^_QT[ O Y i L k
O k S�W f W YaO idkhg [ k Y I [_b i [ � [_S�YtL�LX��[\QtO Yt[ idk k O�Y f QT[ �1�ysh[ I ORW i W LRqPYtsh[��BQT[\WZ[ k Y&Sh[_W i � k
LRqwYtsB[�b i x f i S�WZL>S i f g �	� S Jck O g L �vsVO � [ I f i bpY ��YT[\WZYT[\S�O k S$LX��[\QTO�Yt[_S i W YTL ^\QZ[ O�YT[
O k OR�h�hORQtO�Y f WyYtsVO Yw^ O k S i98 [_QT[ k Y i ORbdb J QTLRYtO�Yt[�O W YaO I bd[�O khk f blORQN�VLNM�L�q b i x f i S WTLcS i f g �
e>f I WT[\x f [ k Ytb J MP[ g O J ORShS�YtL�Ytsh[POR�h�VORQTO�Y f W Ytsh[ ilk �Z[_^_Y i L k LRq�O � i ORbdb J
� O�b i � k [\SD��[\Q i LcS i ^
�hb f g [_W}M i Yts idk Ytsh[ O khk f b f W���| i98 [_QT[ k Y i ORb QZLRYaO�Y i L k QZ[\W f bdYtW ilk YtsB[ g OR� k [�YtLcS Jck O g�i ^
[ 8 [\^�YyLRqnYTsh[ � � SB[_qzLXQ g O�Y i L k �'O k S YTsh[ � � sh[\b i ^ i Y J i W YtsB[ g OR� k [�YtLXs J ShQTLcS Jck O g�i ^�[ 8 [\^�Y
LRq~YTsh[ k L k�� O � i W Jcg�g [�YtQ i ^R�PO � i ORbdb J
� ORb i � k [\S �hb f g [\W�� � i Yts�YTsh[\WZ[1Y M L �VLNMwW�O k �=�
S Jck O g L�^ O k I [ idk � [\W Y i �%O�Yt[_S)�7�ysh[�� f i S S Jck O gji ^DQT[\W f bdYTW�O k S�Ytsh[ g OR� k [�YtLcS Jck O g�i ^
O k O�b J W i W S i WT^ f WTWT[_S ilk Yts i W S i WTWT[_QZYtO�Y i L k WZshLNM0YTsVO�YjYtsh[�[��>�@[_Q idg [ k YtORb�OR�h�VORQTO�Y f W i W
M [\blb W f i Yt[\S:YTL ^\QZ[ O�Y ilk � O k S�O k ORb J � ilk �)Ytsh[�YTsh[ QT[_x f i W i Yt[M� f i S �VLNM oV[_blShW�qzLRQjYtsB[
� � SB[_qzLXQ g O�Y i L k ^\L g �@L k [ k YwLRqrYtsh[ �	� S Jck O g L��

2D2 �



�
�����1�
���.� �*�

� �!��
��$���������������%�&��� � � � �  �� ���$���� ��� ��� � ��� ��� 
 �
	 ���l� 2 � V �>� � ��^ ��QTONM�K i blb �'��[�M � LRQT` � �
�>�V� � �"
 �

� �!��
��$���������������%�&��� � � � �  �� ���$���� ��� ��� � ��� ��� 
 �
	 ���l� 2 � 
�OB� � ��^ ��QTONM�K i blb �'��[�M � LRQT` � �
�>�V� � �DKR�

]{O Yt^ash[_blLXQ_� ��� ! �p��2 �	�"� � �  k � k YTQTLcS f ^�Y i L k YtL U b f i S�| Jck O g�i ^_W � {O g I Q i Sh�X[ $ khi � �
m QT[_WTW

]{O Yt^ash[_blLXQ_����� !��d� 2 � K FB� K�[ O�Y PL k � [\^_Y i L k O k S ] f L J O k ^ J � 8 [\^�YtW ilk U b f i SBW\�
 � ��
�� ��� ��� ��� ��� � � � � �l� VX�B� ODO �

]��LRs g � � i Yt[ k WT[R� ���p� 2 � KYVB��� � � ���&
 � �  �� � �l��F�
B� 2N� V
]PL f WTW ilk [_WTx � �Q�d�B2 � �DO>���  ��� � 
��$� � � ���#� �&�����"� ��� �	� �  ��� ����
 � �}O f Yts i [\Q � � i blb O�QTW\� m ORQ i W\�

UVQtO k ^\[ � � � LXb �)2R�V�)�)2 V �
] f WTWT[��rUN� K=�d�r� �f blbl[_Q\� $	�p� e Y i [\�Xb i Y �R� u��p�=X � i bl� k [_Q\� ��p� �  �{M L � WZ^ ORbd[jK�L g LX�X[ k [\L f W

| Jck O g L�>  k � �cYt[ k Sh[_S� k ORb J Y i ^\ORb���LcSh[\b�O k S � �>�@[_Q ilg [ k YtORb�|~[ g L k WZYTQtO�Y i L k
$ k Sh[\Q�|~[ � [\bdLX� g [ k Y � ���1OR� khi Y k O J O � i SBQTLcS ilk O gji `�O>�c���?O%�>����K � � � V 2 �-2 �	� 

� �

{O k f YTLh� �/��� �p���DLXbdS g O k �h� �<X ��O���� i Yt[_blb i �h� �p� 2 �	� 
B� e Yt[\bdb ORQy� f Q I f bl[ k Y�PL k � [\^_Y i L k >
 e [_bdq � ^_L k W i WZYT[ k Y���LcSh[\b � � ����
 � �  �� � ��� �l��F V OB� KDK��

{O�YZYaO k [\Lh�>UN�p�B]PQ f g�g [_blb �X�	�cK	�p�>�rLcL g QZ[R� �Q�p�h�1O�b OR�XLRb i �"��'X�K f QTb I f QZY\�B�=� �;�p� 2 �	� 2X�
� f Q I f bl[ k YAPL g �hQZ[\WTW ilI bd[	PL k � [\^�Y i L k � � ���&
 � �  �� � ��� �l� O V �B� � VX�

PsVO k � !���� �RX e LRo O>� e �d��2 � V � �y� f Q I f bd[ k YGPL g �hQZ[\WTW ilI bd[ PL k � [_^_Y i L k
idk O |~[\[_�
{Y g LXWZ�hsh[_QT[ �?F��7uw[\W f bdYTW&LRq7O � | ilg [ k W i L k ORbNPL g � f YaO�Y i L k W\� � ����
 � �  �� � ��� �l� ODO	
B�
2N�X�X�

PsVO k � ! �	�I�&X e LRo OB� e �d� 2 � V V �3� ORb i S i Y J �r[\W YtW LRq�Ytsh[�� i � ilk � � �n[ k �RYTs �ysh[\LRQ J LRq@|~[\[_�
PL k � [\^_Y i L k � � ���$����� ���h��O
K>�QF�

K

PsVO k ShQtO�WT[\`'sVO�Q\� e �p� 2 � 
�2�� � ��
 � ��� � ��� �$� ��� ��� ����
 � ��� �������&�$� ���$�����%�#�%�&� � � Pb ORQZ[ k ShL k
m QT[_WTW_� ���cqzLXQZS �

Ps f QZ^as i bdb � e �d�72 � V V�� � � � � � ��� � � ���! "�  "� � 
 �����&�$�����$# � � � � �  "� � 
���� � ] f YTYT[\QZM LXQ YtshW_�
]PLRWZYtL k �

PLXbd�%O�YT[R� e � ��p� � i � K	� X m ORQ i [ � �h���r� �p� ���X�Q2X�r�ysh[ �~Q i � idk L�qPYtsB[��1OR� k [_Y i ^jU i [_blShW
LRq YTsh[ $ khi � [_QTWT[ >7�ysh[ m b ORW g O �WZYTQTLX�hs J W i ^\WwLRq YtsB[DUVQT[\[ � k [_QT� J LRq Ytsh[�$ khi � [\QZWT[��
�  �� ���$�� � � � �	� ����� �%� � LXb ��V>�V�h�)��� F'��K � � FDOQ2

2 �R�



PLXbd�%O�YT[R� e � 	�d� K�[\QTO k Y ��� � K=�>X � i blbd[_Y ��� �p� �R�R�X�B�� ��LcSh[\bnL�q m b f g [=PL k � [\^_Y i L k �
�z� k1m QT[_�VORQTO�Y i L k �

PLXbd�%O�YT[R� e � 	� X � i �nK	�p�I2 �	�	� � | J>k O g L |~L gjidk O�Yt[_S  ^_^\QT[�Y i L k O k S � k [\QT� J U blLNM�>
�ysh[ ��[_^asVO khi W g LRq  ^�Y i � [��}ORblOR^_Y i ^ � f ^_bl[ i � � ���&
 � �  �� � � � � ��� � � ��� �l� �"
�FB� O
K V

PLXbd�%O�YT[R� e � 	�+X � i ��K	�p�	2 �"� V �y�ysh[ ��ORb O�^_Y i ^1| Jck O g Lh�w�ysh[*K�[\b i ^ O�b UVLXQZ^\[ � UVQT[\[
U i [\bdS � O k S)�ysB[ � g�i WZW i L k W~LRq  ���v� idk � 
 � � � � � �% "� � � � � ��
����� � � � � ���	���&� � � �����$�
�"��� � �%� � ��� �)PQTOR^\LNM�� m LXblO k S ��[\S)� �~W YtQTLNMwWZ` i � e i `RLXQTOB�@�1ORSh[��ZWT` i X ] [\�X[_b g O k �
�h� � 2 V � � 2 V �

PLXbd�%O�YT[R� e � ��p�Q2 �	� Fh� �^\^_[\bl[_QtO�Y i L k}ilk  W YtQTLR�hs J W i ^_W\� �  �� ���$��� � ��
�� � �$�R���TKX�c�R�h�)� � 
 � 2N�
K
PLXbd�%O�YT[R� e � 	�d�T2 � V V>�  m sB[ k L g [ k LXblLX� i ^ O�b{��LcSh[_byLRq e LXb O�Q U b O�QT[\W_� � ����
 � �  �� � � � �l�

�X� 2X�)2N�	
 V
PLXbd�%O�YT[R� e � 	�d��U f QZYTs � K	� m �<X K�ORblb i SVO J �BUN���/�d� 2 � 
X�B�VK J SBQTL g OR� k [�Y i ^ � x f i b ilI Q i f g

� �>�@[_Q idg [ k Y M i Yts � i x f i S O k S e LXb i S e LcS i f g � ��� �$� ��� � � � � ����
�� �  �� ���$��%� � LXb ��O%�>�
�)� V FDF

PLXbd�%O�YT[R� e � ��p� � � i x f i S � WZL>S i f g ilk W YaO IBi b i Y J [��>�@[_Q idg [ k Y � � $A{u�� F
K"
X�G�-2 � KDKD���
PLNMwb idk �h� �������d� 2 � V�2X� �ysh[ m QZ[\WZ[ k Y e YtO�Y f WrL�qh| Jck O g Ly�ysh[_LXQ J � � �"� � � ��� � � ����
 � �  �� � �l�

� LXb �)2 � �V�)�)2D2 K
PLNMwb idk �h�h�������p�)2 � O�FB� � � � � � � � ��� � � ����
 � � � � � � ��� � � � � �V� � Fh� O �
UV[\Q k O k SBLh� K	� �Q� e �p��Psh[ k �ru�� u�� X  J LRYZYt[R� ]B����p� 2 �	� V>�n|~[ � [\blLR� g [ k YDLRq O m L idk Y

m b f g [ idk YTsh[ m QT[\WZ[ k ^_[ LRq ]{OR^a`'�XQZL f k S�uwLRYaO�Y i L k � �  �� � ��� �#� ��� ���)2 �B� ��O	
 �
UV[\QZQ i��[\QT[�� !��d� 2 �	� Fh� e � i QtORb ��ORblO � i [\W:> �| Jck O g L�M i YTs�O | i98 [_QT[ k ^\[�� � ����� 
��� O	
 VB�QF%��O
UV[\QZQ i��[\QT[�� !��p� 2 �	� OB�'�ysh[ U f blb ORbd�hsVO � YT[ k WZLXQ | f [�YTL e>f ��[\Q k L � O � �B�BblLXW i L k W O k S e>f ��[\Q �

I f IhI bl[_W ilk Ytsh[���ORb O�^_Y i ^D| i WZ^R� � ����
 � �  �� � ��� �l� � LRb � F%��FB�h�h�)� 2 
X� � 2�V�F
UV[\QZQ i��[\QT[�� ! �p��2 �	� O>� �1OR� k [�Y i ^ | iH8 f W i L k | f [�YTL e>f ��[\Q k L � O � �B�BblLXW i L k W&O k S e>f ��[\Q �

I f IhI bl[_W ilk Ytsh[���ORb O�^_Y i ^D| i WZ` � � ����
 � �  �� � ��� �l� � LXb ��FX� � �h�h� ��� F V � � 
Q2
UV[\QZQ i��[\QT[�� !��d� 2 �	� �c� � 8 [_^_YwLRq YtsB[ � �>�hbdLXW i L k LRq e>f ��[\Q k L � O�[vO k S e>f ��[\Q I f IhI bd[\WyL k YtsB[

��ORb O�^_Y i ^D| Jck O g Lh� � ����
 � �  �� � ��� �l� � LXb � O � 2R�h�h�)� 2�V V � 2 � V
��O i b i Y i W\� ��p� � i [_b O f W i W_���/�QX m b O�YtOR^ i W\� �;�d���R�X�Q2X� �1OR� k [_Y i ^jU i [_blS e O�Y f QtO�Y i L k)ilk YtsB[

u i �%O | Jck O g L�� �>�@[_Q ilg [ k Y\� �  �� � ��� ��� ��� ���&� �l� � LRb ��V	
>�V�h�)� OX�%�'F � OX�%� V
��O i b i Y i W\����p� � i [_b O f W i W_� �/�d� |~[ g [ k Y � [ � � e �p� m b O�YtOR^ i W\� �;�p�  i qz[\QZWTL k W\� ��p� [_Y}ORb �d� ���X�X�B�

|~[�Yt[\^�Y i L k LRq OjU blLNM�� k S f ^\[_S��1OR� k [�Y i ^ U i [\bdS � i �R[ khg L>SB[ idk YtsB[�u i �%Oj| J>k O g L
U OR^ i b i Y J � �  �� � ��� ��� ��� ��� �l� V Fh�h�h�)� FDO	

K � F
O	
 V

2 ��2



K�LXWTWTO ilk �{� �KX |/� �Q� � f bdb O k �T2 �	� OB� e ilg f b O�Y i L k L�q�PL g �hQT[_WTW ilI bd[GPL k � [\^�Y i L k > 
PL g �VORQTO�Y i � [ � e Y f S J LRq ]PL f k SVORQ J � PL k S i Y i L k W\� � ����
 � �  �� � ��� �l��F�2 
B� V ODO

K f �Xsh[_W\� �"� X ]PQ i �Xs%YtL k ���Q�d� 2 �	� 2R� � �  ������� � � ���&�#�%��� � � �  "� � 
�� ��� � � 
 � ��� ��� � � �
� �#������� � � ��� �$�� � ��^ ��QTO M � K i blb �B��[_M � LXQZ` �

K f QTb I f QZY\�n�	� ���p�n�rL>L g QT[�� �Q�p� �1ORWZWtOR� f [\Q\� �Q� � � X � ORs k � �Q� m �d� 2 �"� Fh� m [ k [�YtQTO�Y i L k
]P[_blLNM�O PL k � [\^_Y i � [ � L k [�� � ���&
 � �  �� � ��� �l��F%��2X� � F
K

� O k ShO f ��� �V|/�!X � i qzWZ^as i Y �R� �;��� �p� 2 � V VB� � ����
 � ��� � ��� �$���� � � O f ` OB� ��LXWZ^\LNM��
� O k ShO f � � �@|/� X � i qzWT^as i Y ��� �;�n� �d� 2 � K � � � �#������� � � ��� �$���� � m [\QT�XO g L k m QT[\WZW\� �nL k��

ShL k � �V� � 2N� V
� O � [_blbl[�� �Q� �"�d� 2 �	� V �>] f L J O k ^ J
� ShQ i � [ k�m b f g [\W ilk uwLRYtO�Y idk �h� e YtQTO�Y i oV[\S�PQZLXWTWwU blLNMwW�>

m b f g [ |~[_�@[ k Sh[ k ^\[ L k uwLRYtO�Y i L k � � f Q I f bl[ k Y}� i � idk �h� O k S PQTLXWZW � �hL M e YTQT[ k �RYts �
� � � � � �  �� � ��� �� �l� 2N�%�>�h�B�)� O�F%�
K � O�F'���

�nLh� ����A�5X e ^asVO Y � g O k � ���p��2 �"� V �X| Jck O gji ^ ORbc��LcSh[_bBLRq.PL k � [\^�Y i L k ilk e Yt[\bdb ORQ PLXQZ[\W\�
� ���&
 � � � � ���&
 � �  �� � �l� O%�X�>� K F K

��[_Q �_` i QT^as � �"�p� 2 � V V � � � � � � � ��� ���#��� ����� � �V� �  ^\ORSh[ g�i ^ m QZ[\WTW_� �DQZb O k ShL �
��[_WZYT[\b ��� �p� 2 �	�	� ����� ���%�	��
�� � ��������� ��� � �?PblORQT[ k ShL k�m QT[_WTW\� ���cqzLXQTS �
��LcLXQZ[R� |/� �"�p�;2 � 
 V � � ��
 � ��� � ��� �$� �  "��� � �!��� � �%� ��� ���%�	��
 � ��� � � �  "��
�����[\S i Yt[_S I%J

u�� �	�h�ysBL g O�W\� �  ^ O�Sh[ g�i ^ m QT[_WTW_�@��[_M � LRQT` � �V� ��F%�
K
��LRQZYtL k �B]B�Bu��d�c� O J bdLXQ\� e i Q �D[\L 8 QT[ J X�� f Q k [\Q\���Q� e �d�.2 � K"
>�>� f Q I f bl[ k Y���QTO � i YaO�Y i L k ORb

PL k � [\^_Y i L k qzQTL g ��O ilk YaO ilk [_S O k S � k W YaO k YaO k [\L f W e L f QZ^\[_W\� � 
 � � � � � � � � � � � � � � ���
� � � � � � 2X����O F

��LX� f ^as i ��! �p� m ORQ i [ � � ���n� �d� PLXbl�XO�Yt[�� e � ��p�r]P[\^a`'bl[ J � K	� UN�p�QX<��LXQTShshO f W\���Q�p� ���X�%�>�
�1O�� k [_YTLXQTL�YaO�Y i L k O�by� k WZYtO Ihi b i Y J$idk � i x f i S
��[�YaORbAPL f [�YTYt[�U blLNM�� � ���&
 � �  �� � ��� �l�
K V K>�)2

m ORQ i [ � �h���r� �p� PLRbl�%O�YT[R� e � �� X U idkhk ���Q� � �d���R�X�Q2R� <�1OR� k [_Y i ^ ��� | Jck O g L � i O
e YtORQ � | i WZ` PLXbdb i W i L k W ilk  ����W_� � � k-m QT[\�hORQtO�Y i L k �

m ORQT`�[\Q\� �;� �	�p� 2 � V VB� � � ��� �$����� � � ���������$�
� �$���	� � � �  "���%
 � 
��	���%� ��� � �  "���%
 � ���&� � �%�����
� Pb ORQZ[ k SBL k1m QZ[\WTW_����[_M � LXQT` �

m ORQT`�[\Q\� �;�~�	�p� 2 � KDK>�}K J SBQTL g OR� k [�Y i ^�| Jck O g L
�-L>Sh[_blW_� � ���&
 � �  �� � � � �l� � LRb �=2 �X�>�
�h� ��� � O � O�2+F

m [\ShbdLXWT` J � �Q�p� 2 � V V � � � � �  �� ���$����� � �#� ����� � � ��� �$���� � e �BQ ilk �X[\Q_�V��[�M � LXQT` �

2 �X�



m L k L g ORQT[ k `RLB� � f � ]A�p� 2 � V OB� � k Ytsh[ �ysh[\LXQ J LRq K J ShQZL g OR� k [�Y i ^ | Jck O g Lh��� � � � � � �
� � �  ��� � �  � �  �� � �l� � LRb �)2+FB�h�h�)� VDV K

m QtO k SBYtb � � �d� 2 � KX�>� 	 �� ���"������� � � � � �#������� � � ��� �$���� � K O�q k [\Q m f I �.PL��p� ��[�M � LXQT` �
m Q i [\W Y � �;� u=�p�)2 � V%�>��� � �	��
�� � ������� � �$ �����
 � ��� � ��� �$�� � |/�Vu�[ i Sh[_b m f I � PL��p� ]PLXW YtL k �
u �ORShbd[\Q\� !�� � K	�p� ��hWZYT[ idk �	�;�p� uwsh[ idk sVORQZSBY � � � X e ^as f � bl[_Q\� � �p��2 �	� VB���ysh[ !�ORQZblWZQ f sh[

| Jck O g L ���>��[\Q ilg [ k Y+��:�-[ O k U i [_blS  �h�hQZL%OR^as � ���&� ��� � ��� � �  � ������� � ���l� � m QTOR� f [ � �
F'�c�h�h�)���X�'F � ��O�2

u i [ f YtLXQZS�� � X � O�s k ���Q� m �d�B2 �	� Kc� � f Q I f bl[ k Y m b f g [_W idk e Yt[_blb O�Q PL k � [_^_Y i � [ � k��
� [\blLR�@[_W\� � ����
 � � � � ����
 � �  �� � �l��� � 
B� 2N� V

uwL%ORQZ`�� u�� �Q�VO k S � L f k �B� �"�RA�d� 2 � V K>�VUVLXQ g f b O�WPqzLXQ e YTQT[\WZW O k S e YtQtO ilk � �-^ �DQtO M � K i blb �
� �

uwL I [\QZYTW\� m �@K	� X e LNM{O�QTS � �� � �d��2 �	� �>��| J>k O g Lj�ysh[\LRQ J � � �"� ��� ��� � � �#������� � �  �l�
� FB��F K �

e��, k ^ash[:�R���/�p�hu�O Jcg L k S �h|/� �Q�p��� ilI [\QZWT` J ��� ��X m [�YtWT^asB[\` � 	� �Q�p�)2 � V � �B�ysh[�|~[ � [_blLX� �
g [ k Y�LRq �ysh[\Q g ORbdW{qzQTL g u�[_WZY\� � � � ��� � � � � ��� �l��F�
>� �X� VX�

e ^\ORblLB���Q�@� � X $�blQ i ^as ��u���! �p��2 � V OB� e Y f S i [_W LRq � � LXb � [\S e YtORQTW:�@� � m b f g [ � i � ilk � idk
e O k S�� e YaO�QTW\� � ����
 � �  �� � ��� �l� 2�VDOB� 25K�2

e ^as gji SBY � �"�p� 2 � FQ2X��� � � ����� � � � ���% � � � �  �l� ��2R� �"

K>��O
K�2
e ^as gji YTY � �Q�VK	� � ��� �d� uwLXW k [\Q_�Vu=�,X ]PLXs k � K=� $	�p� 2 � V Fh�B�ysh[�� � [_QTWZshL>L�Y uw[\� i L k O�Y

YTsh[}]PLRYTYTL g L�q YtsB[ e LXb ORQ;PL k � [\^�Y i � [ � L k [R� � ����
 � �  �� � ��� �l��� V%�>��OQ2 

e idk �Xs K	� m � X PshO k ��!�� � �p��2 �	� O>�  e Y f S J LRq�O � | ilg [ k W i L k ORb{� f Q I f bl[ k YGPL g �

�hQZ[\WZW ilI bl[�PL k � [\^�Y i L k1idk O�|~[\[_� {Y g LXWZ�hsh[_QT[vO�YD� ORQ i L f W m QtO k S>Ytb � f g�I [_QTW_� � � �
��
 � � � � ����
 � �  �� � �l��� V � �)2N� V

e YT[ idk �Pu�� UN� X ��LXQZShb f k S � ��p�B2 � V � �7� LR�@LXbdLX� J LRq7PL k � [\^�Y i L k ] [ k [\O�Yts$Ytsh[ e LRb ORQ
e>f QZq OR^_[R� � ���&
 � �  �� � ��� �l� O F'�>� � � K

e Y i [_�Xb i Y �R�hu=�MX � �f bdbl[_Q\��$	�p�@�R�X�Q2R� � �>��[\Q idg [ k YaORbr|~[ g L k W YtQTO�Y i L k LRq7O K�L g LX�X[ k [\L f W
�{M L � WZ^ ORbd[v| Jck O g Lh� �  �� ���$�� � � � �#����� �%� � LXb � 2 OB�h�h� �.K"
Q2 � K 
�F

� O J bdLXQ\� ��� � �p� 2 � F K>� | Jck O g�i ^_WDLRqPO���ORWTW}LRqPK�LRY���ORW�u i W idk � ilk  i Q\� # �"�%� ��� ��� ��� ��
� � � � �$��	 ����
$��� � � � � � ���� � �V�h�1|D|� � 2 � � � |�T�� V 


�yshL g �hWZL k � m �d� 2 � V VB� � � � � 
����� ��� � � � �#����� � � � ��� �$�� � u m �a� ��[�M � LXQZ` �
$�blQ i ^as �cu=�#!��p� 2 � V �XOB� PL k � [\^�Y i � [~�rQtO k WZ�@LRQZY ilk e Yt[_blb O�Q {Y g LXWT�hsB[\QT[_W\�>� > "^_L k � [\^�Y i � [

�ysh[_Q g ORbr��LcSh[\b � � ���&
 � �  �� � � � � ��� � � ��� �l� V � V

2 ��O



2 � F

$�blQ i ^as ��u=��!��p� 2 � V � I � PL k � [_^_Y i � [ � QTO k WT��LXQ Y ilk e YT[\blblORQ�{Y g LXWT�Bsh[\QZ[\W\�@�T� >@��LcSh[\b�{Y �
g LXWT�Bsh[\QZ[�{O�bl^ f b O�Y i L k � � ����
 � �  �� � � � � ��� � � ��� �l� V �)2�V�O

$�blQ i ^as ��u=��!��p��2 � V �R^R�APL k � [_^_Y i � [�� QTO k WT��LXQ Y idk e Yt[_blb O�Q�{Y g LXWZ�hsh[\QZ[\W_�D�T�T� >y� f bdY i9�
e YTQT[\O g {Y g LXWZ�hsh[\QZ[\W_� � ����
 � �  �� � � � � ��� � � ��� �l� � � VX�

� ORs k � �Q� m �p�7�R�X�R�B� � ����
 � �  �� ���$������� ��
 ��� � ����� � ��� � � � � ��� ����� � �1[\S �	u��r] f ^ashbd[\Q�O k S
K=��!}O k YTQ f � � �  khk � ��[�M � LXQZ`� ^\ORS)� e ^ i � � � V � VB� � �

� [_blShL � i ^as � � OQ�@]A�d� u f � g O i ` ilk ��	� 	� X e LX`�LXblL 8 �@|/��|/�d� 2 � VDOB� � � �������&�$� � �$���	� � �%�
� ���&
 � �  �� ���$���� � �DLXQZShL k O k S-]PQZ[ OR^as e ^ i [ k ^_[ m f I b i WZsh[\QZW\� ��[_M � LXQZ` �


