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w T2U h@x I x \ad�UVKyR1d1DzH g S{\ h I K2\^|}I h,x \aS{R�DG~?� g \ g \aUVKJFOR1TJ\aDLd,PGkGR1TJ\ h R g H
P9DG~ h P h R�\^� h
R�TJI�R h \ad�WzU�S^\�S g3h R�DL��\^d h |7UVR1T h,x \aS^UV�3S R1U��BU�K2F�d,\Q� g U�d,\a�B\aKZR h�� \G��FJ�/H g \�HJI�R1\ h DGd
H2\aIGH2�VU�K2\ h�� ����KJ�VU�`L\ h R�ILKJHJI�d�H�� g \ g \^U�KJF R�TJ\^DGd�P8U�KB|7TJU�S�T�S^DG�B�BDGK x \ad1~�DGd,��I�K3S{\
�B\QI h,g d1\ h ILd1\�S gJh R�DG�B\^d�Hz\a��IQPZk3� g \ g \���\^KJFLR1T#ILK3H h \ad�WZ\ad g R1U��VU�_QI�R�UVDGK0k2d1\aIL�V��R�UV��\
� g \ g \^U�K2F<R�TJ\^DGd�P�~�D
S gJh \ h DLK�R�T2\#I��JU��VUVR�P�DL~OI�� g \ g \#HzU h S^U x �VU�KJ\�R�D��B\^\^R�S gJh �
R�DL��\^d R1U��BU�K2FNd1\a� g U�d1\^�B\aKyR h k]\L��F2��k0R�TJ\B~�d�IGS�R�UVDGK�DL~&S g3h R�DL��\^d h |�T2D#�B\a\{R�R�T2\aUVd
d1\a� g UVd1\^��\^KyR h ILKJHpR�T2\�HzU h R�d,U�� g R�UVDGK�DL~&S g3h R�DL��\^d���I�R�\^KJ\ h�h �B��R�I�� h DN~�DzS gJh \ h DGK
� g \ g \7S^DLKyR�d,DG� x DG��U�S^UV\ h R1D�d,\QH g S^\/DGd��BUVKJU��BUV_a\&� I�R1\aK2\ h1h kZIL�¡R�T2D g FLT8R1TJ\ h \7S{DGKyR1d1DL�
I h,x \aS{R h ILd,\�KJDLR7\^¢ x ��U�S^U¡R��VPtIGH2H2d,\ h1h \QH£U�K¤R1TJU h&x I x \ad^�

w D h R g HzPNR�T2\ h \9�B\QI h,g d1\ h k¥DLKJ\�� gJh RO`L\a\ x R1d�IGS�`#DG~@R�TJ\9�V\QIGH
�¦R1U��B\ h9� H2\aIGH
�
��UVKJ\<�BU�K g3h S g d1d,\aKZR¤R1U��B\ � DL~�\aIGS�T§S g3h R�DL��\^dak�T2\aK3S{\<R1TJ\ h P h R�\^� h R�I�R�\<U h DL~
g Ky�?D g K3Hz\QH�H2UV��\^K h U�DLK0� f T2\QIaW
P�R�d1IL¨�StILK3I��VP h U h U h9x d,\ h \aKZR�\QH©~�DLd9R1TJ\t\QI�d1�VUV�
\ h RBH2\QILH2�VU�KJ\£�Jd h R �«ª MO¬ ��h S�T2\QH g ��UVKJF x DG�VU S�PZ� w T2U h ILK3I��VP h U h Hz\QS{DG� x D h \ h R�T2\
�?\^T3IQW
U�DLd�DG~�R�T2\�d,\QI��V�¦R1U��B\8� g \ g \BU�KZR�D£R�|&D x ILd,R h^­ R�T2\BK g �9�?\^d�UVKpR1TJ\ h P h R�\^�
� |7TJU S�TtS{DGKZWZ\ad,FG\ h |&\aIL`y�VP8R�D9I�d,\a®2\QS{R1\QH�C&d,D¯|7KJU I�K��BDLR�UVDGKB|�U¡R�TtH2d,U�~ R � ILK3HBR�T2\
h \^R DL~��V\QIGH
�¦R1U��B\ h FGU¡WZ\^KuR�T2\B� g \ g \���\^KJF�R�T0� w TJ\8�V\QILHz�¦R1U��B\ x d1DL�J��\�T3I h It��UV�BUVR
|�T2U S�T£U h I�K2DGKz�°d�I�K3HzDG�±~ g KJS{R�UVDGK£DL~]R�T2\ �VU��BUVR/DL~]R�T2\ h SaI���\aH¤� g \ g \ �V\aK2FLR�T x d,DL�
S^\ h�h ��²�\aKJS^\LkJU�KNT2\QIQWyPtR�d�I�¨�SLk2DGK2\�SaILK#S�T3ILd1IGS�R�\ad,U�_^\OR�TJ\ h P h R1\a�>I h IBHzU�³ g3h U�DLK
\^WGDG�VW
U�K2F�DGKtI�DLKJ\^�°H2UV��\^K h U�DLK3I��J��ILK2U�~�DL� HBDL~$��\aIGHz��R�UV��\ x d1DG�2��\ h � c U�� g � I�R1U�DLK�d1\{�
h,g �VR h ILd,\ x d,\ h \aKZR�\aHN|�TJU�S�T´UVK3H2U�SaI�R�\�R�T3I�RµR1TJU h S�T3I�d�IGS�R�\^d1U�_aI�R1U�DGK#U h�h,g d x d1U h UVKJFL�VP
IGS^S g d1I�R1\G� f H2U h S g3h1h U�DLK¤DG~�D x \^KNd1\ h \QILd1S�TN� g \ h R�U�DLK h U h IL� h D x d,\ h \aKZR�\QH¥�
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w T2U h@x I x \ad�UVKyR1d1DzH g S{\ h I K2\^|}I h,x \aS{R�DG~?� g \ g \aUVKJFOR1TJ\aDLd,PGkGR1TJ\ h R g H
P9DG~ h P h R�\^� h
R�TJI�R h \ad�WzU�S^\�S g3h R1DG�B\ad h |�U¡R�T#U�K3HzUVW
U H g IL�0R1U��BU�K2FBd1\Q� g UVd1\a�B\^KyR h�� \L��F2�7H g \�HJI�R1\ h
DGd�H2\QILH2�VU�KJ\ h�� � c g S�T h P h R1\a� h I�d1U h \�KJI�R g d�I����VP�UVK9��ILK g ~�IGS{R g d,U�KJF�UVK�|�T2U S�T�DGd1H2\ad h
T3IaWZ\µH g \µHJI�R�\ h � fåh \QS^DLK3H�SaI�R�\aFLDGd�PBDG~$\^¢zIL� x �V\ h ILd,U h \ h UVK�d1\QI��V��R�U��B\�S{DG� xJg R�\^d
ILKJH<S{DG�B� g K2U SaI�R�UVDGK h P h R�\^� h � c g S�T h P h R1\a� h ��UVFGTZROU�KZWZDL�VWZ\�R�T2\9R1d�I�K h �BU h1h U�DGK
DG~�HzU�FLUVR�UV_a\aH}WZDLU S{\Gk�WzU�H2\^D�DGd£UV��ILFG\ h DQWZ\^d¤I�K2\^R�|&DGd,`?� w TJ\ h \´R�d�I�K h �BU h1h U�DLK h
� g3h ROd1\QILS�TuR�T2\aU�dOH2\ h R1U�K3I�R�UVDGK´|�U¡R�TJUVK h,x \aS^U��JS9H2\QILH2�VU�KJ\ h U�K<DGd1H2\^dOR1D£��ILU�KZR�I�U�K
R�T2\�UVKyR�\^FGd,UVR�P¤DG~�R�T2\9S^DL��� g KJU S^I�R1U�DGK � \G��F2��k3WGDGU S{\9S{DGKZWZ\ad h I�R�UVDGK$k3R1\a��\aS^DLKJ~�\^d1\^K3S^\
DGd���DQWzUV\ � ��æ�\aIL�V��R�UV��\�S^DL� xJg R1\ad h P h R1\a� h IL� h DtS{DGKZR�d1DL��� g S�T´DG~@��D
H2\^d1K#R�\aS�Tz�
KJDL��DGF�PZk
~�DLdE\^¢2I�� x ��\�\aK2FGU�K2\ h ILKJHt�Jd1IL`yU�KJF h P h R1\a� h U�K£I g R�DG�BDL�JU��V\ h k
IL�V�¥IQWzUVDGK2U S
h P h R�\^� h/� UVK3S{� g HzU�K2F ILUVd:R1d�IL¨�S/S{DGKyR1d1DL� � I�K3H8IL�V�JI h,x \QS�R h DL~Ð�BDzHz\ad,K8��I�K g ~«IGS�R g d,�
U�K2F�~�IGS{U���U¡R�UV\ h ��çEDG� x2g R�\^d1UV_a\QHtS{DGKyR1d1DL� h P h R1\a� h � g3h R&d1\aS^\^UVWZ\OI�K3Htd1\QILS{RER�D h R�I�R1\
U�K2~�DGd,��I�R�UVDGK�|7UVR1TJU�K�I��2¢
\QH¥k�DG~ R�\aK h R1d1U�K2FG\^KyRQkQR�UV��\�U�KZR�\^d,WLI��yUVK�DGd1H2\ad]R1D���ILU�KZR�I�U�K
x d,D x \^dES^DLKyR�d,DG�3D¯WG\ad�R�T2\ h P h R1\a�N�@¬3ILUV� g d,\7R�D��B\^\^R�R�I h `9R�UV��UVKJF�d,\Q� g U�d,\a�B\aKZR h UVK
h IL~�\{R�Py��S^d,UVR1U SaI��$I x2x �VU SaI�R�UVDGK h SaI�K#T3IaWZ\ h \ad1UVD gJh S{DGK h \a� g \aK3S{\ h � w T g3h k2R�T2\�S^DGKJH2U¡�
R�UVDGK h ~�DLd�S{DGd,d1\QS�R x \ad1~�DGd,��I�K3S{\�DG~�I8d,\QIL�¡�¦R1U��B\ h P h R�\^�±U�KJS^� g H2\ �ÐDLR1TNR1TJ\ ��DGFLU S^IL�
S^DLd1d1\aS{R1KJ\ h1h DL~J\QIGS�T�DG~2R�TJ\�R�I h ` h R�TJI�R@U¡R@\{¢z\aS g R1\ h I�K3H�R1TJ\ER1U��BU�K2FOS^DGd,d1\aS{R�K2\ h1h DL~
R�T2D h \�R�I h ` h ��è�WG\ad�R�T2\���I h RµHz\QSaILH2\Lk3R1TJ\ad,\�T3IaWZ\��?\a\^K h UVFGKJUV�3S^ILKyR h R1d1U�H2\ h ��IGHz\
U�K£R1TJ\�Hz\^WG\a��D x �B\aKZR7DL~:I9R�TJ\^DGd�P£DG~ÌT3I�d�H¤d,\QI��V�¦R1U��B\ h P h R�\a� h k h P h R�\a� h UVK¤|�T2U S�T
R�I h ` h � g3h R��?\&S^DL� x ��\{R�\QH��Ð\a~�DGd1\�R�T2\aU�d�H2\aIGH2�VU�K2\�\a� I x3h \ h � w TJ\Ed1\aIGH2\^d�U h d1\^~�\ad,d1\aH
R�DBR�T2\�T3ILKJH2�ÐD
DG`¤�ZP#é �V\aU�K´\{RQ�ÐIL���@êël¯jQì�~�DLdµI�H2\ h S{d1U x R�UVDGK#DL~:R�T2U h R�T2\aDLd,P¤|�T2U S�T
IGH2H2d1\ h1h \ h ��ILKyP x d�ILS{R�U�SaI��ES{DGK h U�H2\ad1I�R1U�DGK h \aKJS^D g KyR1\ad1\aH©UVK�S^DL� x2g R1\ad h P h R�\^� h
h,g S�T©I h D x \^d�I�R�U�K2F h P h R�\a�íD¯WZ\^d1T2\QIGH¥kÌT3I�d�Hz|&ILd,\tI�d�S�T2UVR1\QS{R g d,\�Hz\^R�ILU�� h k�S{DGK3S g d��
d1\^K3S{P£S^DLKyR�d,DG�0ILK3H£DLR1TJ\ad h DGd,R h DG~��2��D
S�`
UVKJFBILK3HtR�I h ` x d,\QS^\aH2\^K3S^\ d1\^� I�R1U�DLK h �

w TJ\ h S�T2\QH g ��UVKJFOR1TJ\aDLd,P8H2\ h S^d1UV�?\aH8U�Kuêël¯jQìÐI h1h1g �B\ h ILKB\ h1h \aKZR�U�IL���¡P�Hz\^R1\ad1�BUVK2�
U h R�U�S9\aKZWzUVd1DGK2�B\aKyRa�9¬3DLd \^¢zIL� x �V\Gk¥R�I h `uI�d1d1U¡WLI�� h ILd,\8�BDzH2\^��\aHpI h R�TJ\ h,g2x \ad x D��
h UVR�UVDGK¤DG~ x \^d1U�D
H2U�S�ILd,d1U¡WLIL� x d1DzS{\ h1h \ h k3ILKJH¤R�I h ` h \ad,W
U S{\�R1U��B\ h I�d1\�H2\{R�\ad,�BU�KJU h R�U S
ILKJHîFGU¡WZ\aKî�ZP�R�T2\N|&DLd h RtSaI h \#\{¢z\aS g R1U�DLK}DL~O\QILS�T�R�I h `�R�P x \G� w |&D x d,U�K3S{U x IL�
I x2x d1DGIGS�TJ\ h T3IQWG\£�?\^\aK�H2\{WZ\^��D x \QHï~�DLd8I h1h \ h1h U�K2F´R1TJ\¤Hz\ h U�FLK�DL~�d1\aIL�¡�¦R�UV�B\ h P h �
R�\^� h |�U¡R�T x \^d1U�D
H2U�SBR�I h `�I�d1d,UVWLI�� h k�DLKJ\��JI h \QH�DGKïI#�2¢
\QHpR�I h ` x d,U�DGd,UVR�P h R�d g S��
R g d1\ � \{¢z\a� x ��U��2\QH��ZP´ð�ñLò°óOô�õ�ö¥õ�ò°õ�öJ÷¦ø ù{ø{ú2ó�û�üzýë÷�özþ � I�K3H�R1TJ\µDLR1TJ\^d&�JI h \QH�DLK¤HzPy�
K3I���U�S x d,U�DGd,UVR1U�\ h9� \{¢z\a� x ��U��2\QH#�ZP#R1TJ\¤ó�ñ�ð�ýë÷¦ó{ù�ò�ûZó�ñZû
ýë÷�ö¥ó&ÿ�ð�ù�ò��������	��I xJx d1DZILS�T
R�D h S�TJ\QH g �VU�KJF � � w T2\ h \�R�|&D h S�T2\QH g ��UVKJF�I���FGDLd1U¡R�TJ� h |E\ad,\9I�K3IL�¡Pz_^\QHN�ZP#[0U g I�K3H
[ÌIaPz��ILK3H ê�iGi¯ì�ILK3HpR�T2\ ª MO¬ h S�T2\QH g ��UVKJF#IL�VFGDGd,UVR1TJ�í|&I h�h TJDQ|�K�R�D#�Ð\�D x R�UV��IL�
~�DLd�R1TJU h:h S�TJ\aH g ��U�K2F x d1DG�2��\^�#�Ì��K h DL�B\ h P h R1\a� h k�\ h,x \QS^U�IL�V�VP�S^DL�B� g KJU�SaI�R1U�DLK h P h �
R�\^� h k3DGK2�VP#I h ��IL�V�ÌK g �9�?\^d�DG~@�2UVR h I�d1\9IQWLI�U���IL�J�V\�U�K´\aIGS�T x IGS�`G\{R�R�D�d1\ x d,\ h \aKZR
R�T2\BR�I h `�
 h�x d,U�DGd,UVR�P
��R1T g3h�ª M ¬§SaI�KJK2DLR��Ð\�~ g ���¡P<U�� x �V\a�B\aKZR�\QH<�?\aSaI gJh \�UVR9S^ILK
d1\a� g UVd1\�ILK g KJ��UV�BUVR�\aH8K g �9�Ð\ad�DG~$H2U h R�U�KJS{R x d1UVDGd1U¡R�PBSaI�R�\aFLDGd,U�\ h ����DLKJ\{R�TJ\^��\ h�h kG|&\

l



U�KZR�d1D
H g S^\Bd,\QI��V�¦R1U��B\B� g \ g \aU�K2F¤R�TJ\^DGd�PpUVKpR�TJ\�S{DGKyR1\^¢yR�DG~�R1TJ\ ª MO¬ h S�T2\QH g ��UVKJF
IL�VFGDGd,UVR1TJ�Nk h UVK3S{\�R�TJU h IL��FLDGd,UVR�T2�íU h D x R1U���IL� g K3H2\^d h DL�B\BS^DGKJH2U¡R�U�DLK h ���:ILKy|&ILd
ILKJH w D¯| h �V\^P�ê�i���ì h T2D¯|E\QH}R�TJI�R ª MO¬*��I�¢zUV��UV_a\ h R�TJ\u~�d�IGS�R�UVDGK�DL~�S g3h R1DG�B\ad h
�B\a\^R1U�K2F£R�TJ\^U�d�H2\QILH2�VU�KJ\ h |7UVR�T2U�K<R�TJ\BS^��I h1h DG~�|EDGd,`pS{DGK h \^d,W
U�KJF x DL��U S{U�\ h IL�V��DQ|7�
U�K2F x d,\a\^� x R�UVDGK¤U�K��O�������zl � g \ g \ h |�T2\ad1\�S g3h R�DL��\^d h T3IQWG\�FG\aK2\ad1IL�0H2\aIGHz��U�K2\ h �
C&D g KJH h DGK¤R�T2\ x \ad,~�DLd1��ILKJS^\�DL~ ª MO¬�~�DGd��������zl�� g \ g \ h U�K¤|7TJU S�T#S g3h R1DG�B\ad h
T3IaWZ\�\{¢ x DGKJ\^KyR1U IL�0Hz\QILH2��UVKJ\ h |&\^d1\�H2\^WG\a�VD x \aH¤�ZP¤²�DLKJF2k w ILKNILK3H w D¯| h �V\^P©êël¯iQì¦��©\ IL� h D�HzU h S gJh�h R�TJ\&ÿ�ð�ù�ò��°÷�ö9ÿ@ð�ù�ò���õ�ü2ò�� �"!#�%$&��� g \ g \ HzU h S^U x �VU�KJ\�U�K c \QS�R�U�DLK('�DL~
R�T2U h/x I x \ada�

w TJ\^d1\¤I�d1\£��I*),DGd9�VU��BUVR�I�R�UVDGK h R�D<I�KyP©R1TJ\aDLd,P©|7TJU�S�T�d1\a� g UVd1\ h�x \ad1UVDzHzU StI�d,�
d1U¡WLIL� h ILKJH�I h1h1g �B\ h |EDGd h R,��SaI h \�\{¢z\aS g R1U�DLKBR�UV��\ h � w TJ\ h \�I h1h,g � x R1U�DGK h ILd,\�� g UVR1\
K3I�d1d1DQ|�I�K3Hî��UV��U¡RBR�TJ\Nd�ILK2FG\#DG~ h P h R1\a� h R1T3I�RtSaI�K}�?\ h R g H2U�\aH$�+� g �¡R�U��B\aH2U I
I x2x ��U�SaI�R�U�DLK h DGdEd1\aIL�¡�¦R�UV�B\�S^DL��� g KJU S^I�R1U�DGK h S^ILK�\^¢zT2U��2UVR h,g � h R�ILKZR�U I��3W�ILd,U IL�2U��VUVR�P
U�K<R1TJ\BILd,d1U¡WLIL�:DG~�R�I h ` h ILKJH<R�T2\aUVdO|EDGd1`´d1\a� g UVd1\^��\^KyR h ��¬JDGd d,\QIL�¡�¦R1U��B\ h P h R�\^� h
~�DLd7|�T2U S�T¤R�TJ\ R�I h ` h \^R h \{¢zTJUV�JU¡R h,g � h R�I�KyR�U�IL�¥WLILd,U I��JU��VUVR�PZk2DGK2\�|ED g � HN�VU�`G\ R1D�H2\{�
WZ\^��D x I xJx d,DZILS�TJ\ h �3I h \QH�DLK�� g \ g \^U�K2FuR1TJ\^DGd,PGk�I´R1TJ\^DGd,P�|�TJU�S�Tï|/I h Hz\ h U�FLKJ\aH
R�Dt�BDzHz\a�:ILKJH x d,\QH2U�S{R h R�D
S�T3I h R�U S h P h R1\a� �?\^T3IaWzU�DLdµ|�U¡R�Tud1\ h D g d1S^\�S^DLKyR1\aKyR1U�DLK0�
w T2U h R�T2\aDLd,P9IL���VD¯| h d1ILK3HzDG�BKJ\ h1h UVK�R1TJ\ER�I h `�ILd,d1UVW�IL� h I�K3H9R�I h `�\^¢
\QS g R�UVDGK9R1U��B\ h �
w T2\£H2UV¨�S g �¡R�P<|�U¡R�T�� g \ g \aUVKJF#R�TJ\^DGd�P©U h R�TJI�R�U¡R�R�P x U S^IL�V�VP�H2D
\ h KJDLR�IL�V��D¯|=~�DLd
\^¢ x ��U�S^U¡R:S{DGK h U�H2\ad1I�R1U�DGK�DG~JHzP
K3IL�BU�SaIL�V�VP�S�T3I�KJFGUVKJF�R�I h `OR1U��BU�K2F�d1\Q� g UVd1\a�B\^KyR h �]��Kz�
h R�\QILH$k$U¡R�DLKJ�VP x \ad,�BUVR hOx d1UVDGd1U¡R�UV\ h |7TJU S�T�I����VD¯|ßU�� x DLd,R�I�KyROR�I h ` h DGdOR�I h ` h |7UVR1T
U�K2UVR�U�IL� h TJDLd,R&R�U��BUVKJF9d1\a� g UVd1\^��\^KyR h R1D8d,\QS^\^UVWG\ x d,\a~�\^d1\^KyR�U�IL�?R1d1\aI�R��B\^KyRQ�,� g S�T¤DL~
� g \ g \^U�K2F¤R�T2\aDLd,P<~�D
S g3h \ h DLK�FG\aK2\ad1IL� h P h R1\a� x \^d1~�DGd1��I�K3S^\8�B\QI h,g d1\ h k h,g S�T©I h
R�I h `#H2\a��IQPGk0� g \ g \���\^KJFLR1T h k x d,DzS{\ h1h DGd g R�UV��UV_QI�R1U�DLK0k¥\{R�SL�Vk0I�K3HuR1TJ\ h \8I�d1\ gJh1g IL�V�VP
S^DL� x2g R1\QH g K3H2\^d�\Q� g U��VU��2d1U g � I h1h,g � x R�U�DLK h � ��RtH2D
\ h K2DLR���D
H2\^��R1TJ\NR�U��BUVKJF
d1\a� g UVd1\^��\^KyR h DG~Ì\QILS�T#S g3h R�DL�B\adak2K2DGd�H2Dy\ h UVR�ILKJIL�VP
_a\OR�TJ\�IL�2U���U¡R�PtDL~:I h S�TJ\aH g �V�
U�K2F�IL�VFGDGd,UVR1TJ� R�D��B\a\^R7R1TJD h \�R1U��BU�K2FBd,\Q� g U�d,\a�B\aKZR h ��� T3I�R�U h KJ\^\QHz\QHNU h IBK2\^|
R�T2\aDGd�P©|�T2U S�TîS{DG�9�JUVKJ\ h R�TJ\t~�DzS g3h DGK��B\a\^R1U�K2FuR�I h `�R1U��BU�K2F<d,\Q� g U�d,\a�B\aKZR h I h
h R g HzU�\aH�UVK�d1\QI��V��R�U��B\ h S�TJ\QH g �VU�KJF�R�T2\aDLd,P8|�U¡R�T�R1TJ\�~�D
S gJh DGK h R1DzS�TJI h R�U�S/R�I h ` h \{R h
I h/h R g H2UV\QHtUVK¤� g \ g \^U�K2F�R1TJ\aDLd,PG� w TJU h&x I x \ad&d1\ x d,\ h \aKZR h I h R1\ x UVK£R1TJ\ H2UVd1\QS�R�UVDGK
DG~Ì� g UV� HzU�KJF h,g S�T#I9R�T2\aDGd�PZk2TJ\aKJS^\OR�TJ\ K3I���\8ð�ó�ñ�ý-��ò«÷�ô�ó/.^üJó^ü3ó{÷�ö
þBò�ú2ó�õ�ð10��

w D h R g HzP©|�TJ\{R�T2\ad�R�I h ` h DGdBS gJh R1DG�B\ad h �B\^\^R�R�TJ\^U�d9R�UV��UVKJF<d,\Q� g U�d,\a�B\aKZR h k
DGK2\�� g3h R�`G\a\ x R�d1IGS�`£DG~�R1TJ\�S g3h R�DL�B\ad7��\aIGHz��R�UV��\ h k2|�T2\ad,\�R�T2\���\aIGHz��R�UV��\ U h R�T2\
R�UV��\ d,\a��ILUVKJUVKJF g KZR�UV�¥R�TJ\�H2\aIGH2�VU�K2\ \a� I x3h \ h kzR1T3I�R7U h

�V\QIGH
�¦R1U��B\32�Hz\QIGHz��UVKJ\54tS g d1d1\^KyR/R�U��B\�6
ç gJh R1DG�B\ad���\aIGH
�¦R�UV�B\ h Hz\QS^d,\QI h \���UVKJ\aILd1�¡P8|7TJUV��\�I�S g3h R1DG�B\ad�U h UVK�R�TJ\�� g \ g \G�@C&\{�
SaI g3h \£R1TJ\£��\aIGHz��R�UV��\t� g3h R8�?\tR�d1IGS�`L\QH�~�DLd8\QIGS�TîS g3h R�DL�B\adak@R�TJ\¤H2UV�B\aK h UVDGK�DL~
R�T2\ h P h R1\a� h R�I�R�\OU h R1TJ\ K g �9�?\^d/DG~ÌS g3h R1DG�B\ad h U�KN� g \ g \Gk
|�TJU�S�T¤U h/g Ky�?D g K3Hz\QH¥�

i



w T2U h SaI gJh \ h I�K3IL�¡P
R1U StH2UV¨�S g �¡R�U�\ h �p��K h,x U¡R�\tDG~/R�TJU h�g K
�ÐD g KJH2\aH�H2UV��\^K h U�DLK0k�I
TJ\aIQW
PîR�d�I�¨�S<ILKJIL�VP h U h S^ILK �?\pSaILd,d1UV\QH�D g RQ� w TJU h I�K3I��VP h U h Hz\QS^DL� x D h \ h R�T2\
�?\^T3IQW
U�DLd¤DG~�R�T2\pd1\aIL�V��R�UV��\<� g \ g \pUVKyR�D�R�|&D x ILd,R h^­ R1TJ\pK g �9�?\ad¤UVK R�T2\ h P h �
R�\^�#k h IQP87 ��91�8� |�TJU�S�T�U h�h T2D¯|7K g K3Hz\ad�R1TJ\BTJ\aIQW
PuR�d�I�¨�S h SaI���U�K2F¤R�D#S^DLKyWZ\^d1FL\
|&\aIL`
�¡P8R1D�I�d,\a®J\aS{R1\QH�CEd1D¯|7KJU�ILK��BDLR1U�DGKB|�U¡R�TtHzd1U�~ R � ILKJHBR�TJ\ h \{REDG~$��\aIGH
�¦R�UV�B\ h k
��: X ��9,�1; 6<6<6 ;�:>=&?A@ B1��9,�1��� |&\8d1\^~�\ad R1D¤R�T2U h I h R�TJ\8��\aIGHz��R�UV��\ x d,DG�2��\ � kÌS^DLK3HzUVR�UVDGKJIL�
DGK�R1TJ\�� g \ g \B��\^KJFLR1T0���°R�U h S{DGKZWZ\aK2U�\^KyR�R�DNR1TJUVKJ`uDG~ER1TJU h�x d,DG�J�V\�I h INd1ILK3HzDG�
S^D g KyR1U�K2F#�B\aI h,g d,\�DLKDC E��£��K©TJ\aIQWyP<R�d1IL¨�SLk g K3H2\^d�R1TJ\�\aILd,��U�\ h R9Hz\QILH2��UVKJ\B�Jd h R
� g \ g \�H2U h S{U x �VU�K2\Gk¥U¡RO|�UV���:�Ð\ h TJDQ|�KuR�TJI�RO|7TJ\aK h,g U¡R�IL�2�VP h SaI���\QH¥k¥R1TJ\���\aIGHz��R�UV��\
x d,DG�J�V\8S^DLKyWG\ad1FL\ h R�D¤I£K2DGK2d�ILKJH2DL� ~ g KJS{R1U�DGKuDL~�R1TJ\���U��BU¡R DL~�R�T2\ h S^IL��\aH<� g \ g \
��\^KJFLR1T x d,DzS{\ h1h kZR�TJ\ x I�d,R1U S g � I�d�~ g K3S{R1U�DLK��?\^U�KJF�H2\^R1\ad,��UVKJ\aHB�yP�R�T2\µHzU h R�d,U�� g R�UVDGK
DG~�U�K2UVR�U�IL�&H2\aIGHz��U�K2\£DG~�ILd,d1U¡WzU�K2FpS gJh R�DG�B\^d h ��²�\aKJS^\Gk�U�K�TJ\QIaW
P©R�d1IL¨�SLk�R1TJ\ g Kz�
�?D g K3Hz\QH#H2UV��\^K h U�DLK x d1D
S^\ h�h S{DG�V� I xJh \ h R1DtIBDGK2\^��HzU��B\aK h U�DGKJIL� x d1D
S^\ h�h ILKJH#DLKJ\
SaI�KBS^DGKJS^\ x R g IL�VU�_a\ER�T2\/d1\aIL�V��R�UV��\&� g \ g \^U�KJF x d1D
S^\ h1h I h I�HzU�³ gJh U�DGK�\^WGDG�¡WzU�K2F DGKBI
DGK2\^��HzU��B\aK h U�DGKJIL�L��ILK2U�~�DG� H DL~z��\aIGHz��R�UV��\ x d,DG�J�V\ h � c U�� g � I�R1U�DLK�d,\ h,g �¡R h k x d,\ h \aKZR�\aH
U�K c \QS�R�UVDGKF�Jk2U�KJH2U S^I�R1\OR�T3I�R7R1TJU h S�TJILd�ILS{R1\ad1UV_QI�R�U�DLK¤U h7h,g d x d1U h U�KJFL�VP£ILSaS g d�I�R�\G�

w TJU h |EDGd,`8U h �3I h \aHBDGKBR�T2\���DLKJF�R1d�ILH2UVR1U�DLKBDG~?TJ\QIaW
P�R�d1IL¨�S7� g \ g \^U�KJF R�TJ\^DGd�P
x UVDGKJ\^\ad,\QH}�yP éOU�KJFL��ILK êëlHG¯ì¦� w T2U h d1\ h \QILd1S�T}|/I h FL\aKJ\^d�I���U�_^\QH}UVK h S^D x \<I�K3H
h P h R�\^� S{DG� x �V\^¢zU¡R�Pp�ZP©I#K g ���Ð\ad�DG~7I g R�T2DGd h �@~�DLd�\^¢2I�� x ��\Lk h \a\���FL��\^T3ILd�R�I�K3H� TJUVR,ROêëlI��ì°k�ê¡lH'Qì°kG|7TJD h R g HzP9R�T2\7� g �VR1U x �V\ h \ad,WG\ad�SaI h \GkZ~�DGd�I d1\^W
U�\{| DL~ÐR�TJU h \QI�d1�¡P
��U¡R�\ad1I�R g d1\L� w TJ\ gJh \BDL~ETJ\aIQWyP<R1d�I�¨�S�R1TJ\aDLd,PuU�KpR�T2\ h R g HzP<DL~�R�T2\B�?\aTJIQW
U�DGd�DL~
x d,U�DGd,UVR�P�� g \ g \ h |&I h UVKJU¡R�U I�R�\aH9�yP�R1TJ\E|&DGd,`9DL~J� TJU¡R1R�êLKGiQì°kZ²�DyDG`G\�êëlHK¯ì¦kZ²µI�d1d,U h DGK
ê�jQì¥ILK3H�éµP x d1U I�KJD g ê¡l<M�ì¦� w TJ\ x TJ\^KJDG�B\^KJDGK�DL~ h R�I�R1\ h,x IGS{\µS^DL��� I x3h \GkZ|7TJU�S�T�|/I h
DGd,U�FGUVK3I����VP DG� h \ad,WG\QH�U�K9æ�\^U���ILK¤ê�i�M¯ì°k3ê�iLm¯ì¦kGI�� h DµD
SaS g d h UVK9D g dÌ|&DGd,`?� c x \QS{U��3S^IL�V�VPZk
R�T2\µ��\aIGH
�¦R�UV�B\ x d1DG�2��\ h TJIQWG\�R�T2\OH2U��B\^K h U�DLK�DL~0R1TJ\�K g �9�Ð\adEDL~]S g3h R�DL��\^d h U�K�R�T2\
� g \ g \Lk@|�TJU�S�T�U h9g Ky�?D g K3Hz\QH$�8��\^WG\ad�R�TJ\^��\ h�h k@U�K�TJ\QIaW
P©R�d1IL¨�SLk@R�T2D h \£d1ILK3HzDG�
x d,DG�J�V\ h S{DGKZWZ\ad,FG\ER1D IOH2\^R1\ad,��UVKJU h R1U S���ILK2U�~�DG� H�DL~ x d,DG�J�V\ h UVK3Hz\^¢z\aH9�yP�R�T2\/� g \ g \
��\^KJFLR1T0kJI�DGKJ\{��HzU��B\aK h UVDGKJIL� x ILd1IL�B\^R1\ad^�

²�\QIaW
PBR�d1IL¨�Sµ� g \ g \^U�K2F�R�T2\aDLd,P�T3I h \^WGDG�VWG\QH�FGd1\aI�R1�VP�DQWZ\^dER1TJ\µ� I h R�iN' PG\QILd h k
\ h,x \aS^U�IL���¡P�~�DLd�� g \ g \aUVKJF8KJ\{R�|EDGd1` h SaILd,d,P
U�KJF8� g �VR�U x �V\�S g3h R�DL��\^d&R�P x \ h � f FGd,\QI�R
U�KJS^d1\aI h \£U�KîUVKyR1\ad1\ h RBUVK�R�TJU h d,\ h \QI�d�S�TîI�d1\aI�SaI��B\£|�UVR1T�R�T2\¤|&DLd1`ïDG~µ²µI�d1d,U h DGK
ILKJHpS{DL��I g R1TJDGd h k$\L��FJ�Vk�ê M�ì¦k�ê m�ì°k�êëlHO¯ì¦k�ê¡lGl�ì¦k0ILKJHP��\^R1\ad h DLK}ê�i�G�ì°� w TJ\ ª M ¬�� g \ g \
H2U h S{U x ��U�K2\ h R g H2U�\aH£U�K£R�TJU h/x I x \^d7U h d1\^� I�R�\QHtR1DB� g �¡R�U¡��S^��I h1h � g \ g \ h kJI��VR1TJD g FGT¤UVK
ª MO¬pR1TJ\ad,\OI�d1\OI�KtUVKJ�JK2UVR1\�K g �9�?\^dEDG~0H2U h R1U�KJS{R x d1UVDGd,UVR�P�S{� I h�h \ h k
I�K3H�S g3h R1DG�B\ad h
S�TJILKJFL\�S^� I h1h \ h I h R�T2\^P£|&ILU¡R�UVKNR�T2\�� g \ g \G�Q�#D h R�DL~�R�T2\�|&DLd1`£UVK#TJ\aIQW
PtR�d�I�¨�S
� g \ g \^U�K2F�K2\^R�|&DGd,` h£h R g H2UV\ h R1TJ\<�Ð\aTJIQWzUVDGdtDG~�� g \ g \u��\^KJF�R�T h ILK3H}|&DGd,`
�VDZIGH h k
d�I�R�TJ\^d�R1T3ILK´~�DzS g3h U�K2F�DGK´R1TJ\��V\QIGH
�¦R1U��B\ h DG~@U�K3HzUVW
U H g IL�ÌS gJh R1DG�B\ad h �%�©\�\^¢ x \QS�R
R�TJI�R�D g d�d,\ h,g �¡R h DGK�R1TJ\�S{DGKZWZ\ad,FG\^K3S^\BDL~�R�T2\B��\QILHz��R�U��B\ x d1DG�2��\ h ~�DGd R�T2\ h UVKJFL��\
� g \ g \�SaI h \�|�UV���yS^ILd1d�P�D¯WG\ad0R�D�KJ\^R�|&DLd1` h k�� g RÌ|E\EH2D�KJD�R h R g HzP KJ\{R�|&DLd1`O�?\^T3IQW
U�DLd
U�K R�TJU h¤x I x \ad^� c UV�BU�� I�d1�¡PZk�|&\p\^¢ x \QS�RNR�TJI�RNDGKJ\©S^ILK I xJx �VP D x R1U���IL��S{DGKyR1d1DL�K



�B\^R�T2DzH h R�D�d,\QI��V�¦R1U��B\�� g \ g \ h R�D�S^DGKZR�d,DG�]S gJh R1DG�B\ad h 
3��I�R1\aKJ\ h1h UVKNR�T2\�|/IaP¤R1T3I�R
��ILKyP�d,\ h \QI�d�S�TJ\ad h TJIQWZ\ gJh \QH�R�T2\ h \¤�B\^R1TJDzH h R1DpD x R1U��BU�_^\¤UVKyWG\aKyR1DGd�P�T2DG� HzU�K2F
S^D h R h � h \^\Gk2~�DGd7\{¢2I�� x ��\LkJ²µILd,d1U h DLK#I�K3HR�©\aU�K$kÌê¡lLl�ì°k�ê K2l�ì¦�

w TJ\^d1\�U hOh DG�B\9d1\QS{\aKZRO|&DLd1`#DGK<T2\QIQWyP´R1d�I�¨�S9I xJx d,D¯¢
U���I�R1U�DGK h ~�DLd h P h R�\^� h
T3I�K3H2�VU�K2F S gJh R1DG�B\ad h |�U¡R�T8H g \7H2I�R�\ h ��è�~ x ILd�R�U S g ��ILd:UV� x DGd�R�ILKJS^\/I�d1\ER�T2\ x I x \^d h
�yPTS�I�KU�´UV\aFLTJ\a� ê KNO¯ì°kV�uI�d1`LD¯|�U¡R�_�WX�©\aU�Kuê�i�K¯ì°kZMODQP
R�S�TJUVKJD¯WNê ��ìÐILKJHB[]\^TJDzS{_a`ZP
ê¡lam
kyi�OzkZizl{ì¦�&S�ILKY�#UV\aFGT2\a� h R g HzU�\ h I h U�K2FG�V\ h \ad,WG\ad:� g �VR1U S{� I h1h � g \ g \aUVKJF h P h R�\^�
|�U¡R�T[Z´H2U h R�U�KJS{ROS g3h R1DG�B\adOS^��I h1h \ h � ª ILS�TpS{� I h1h T3I h I�KpI h1h DzS{U I�R�\QHuS{DGKyWG\^¢´S^D h R
DG~�Hz\a� IaPZk�\^] � _?� k&|7UVR1T�H2\ad,UVW�I�R�U¡WZ\a`H] � _?� � w T2\uDG�b),\aS{R�U¡WZ\#U h R1D��BU�K2U��BU�_^\NR�T2\
R�D�R�IL�:Hz\a� IaP´S^D h ROU�KJS g d1d1\aHuD¯WG\ad It�JK2UVR1\9R1U��B\9TJDLd1U�_^DGK$� w TJ\ x I x \^d h R g HzU�\ h R�T2\c FL\aKJ\^d�I���U�_^\QHd`fe x DG�VU S{Phg&|7TJU S�T h S�T2\QH g ��\ h R1TJ\�S g3h R�DL�B\ad0TJIQW
U�KJF/��I�¢zUV� g � WLI�� g \
DG~,e	]<`<] ��i ] � 91�,� k?|7TJ\ad,\je	]�U h R�T2\ h \ad,W
U S{\�d1I�R1\�~�DLd S{� I h�h Z´ILKJH i ] � 91� U h R�T2\8ILFL\
DG~ER1TJ\�DL� Hz\ h R�S g3h R1DG�B\ad�U�KïS^��I h1h ZÐ�#ç g3h R�DL�B\ad h ILd1\ h \ad�WZ\QHpU�Kï¬���¬�è�DGd1H2\^d�UVK
\QILS�T S{� I h1h k�|�T2U S�T}U h \Q� g U¡WLIL�V\aKZR�R1D ª M ¬�|�UVR1TJUVK}\QILS�T S{� I h1h � w T2U hBx DG�VU S�P�U h
h TJD¯|7K�R�DN�?\�I h P
� x R�D�R�U�SaIL�V�VP´D x R�U���I���UVK�TJ\QIaW
P<R1d�I�¨�S��F�O\aK2\ad1IL��UV_QI�R�U�DLK h R�D#I
S^D g KyR�IL�2��\µK g �9�?\^dEDG~ÌS g3h R�DL��\^d&S{� I h1h \ h I�K3H h \^WG\ad1IL�?TJDL��DLFG\^KJ\aD g3hEh \ad�WZ\ad h U�K£I
KJDLK h R�I�R�U�DLK3I�d,PZk2H2\{R�\^d1�BU�K2U h R�U�SµDGd h R�D
S�T3I h R�U SO\^KyW
U�d1DLKJ�B\aKZR�ILd,\�IL� h D�S^DLK h U Hz\ad,\QH$��uI�d1`LD¯|�U¡R�_8I�K3Hk�©\aUVK}ê�i�K¯ì h R g HzP#R�T2\ h UVKJFG�V\���IGS�TJU�K2\ h S�T2\QH g ��UVKJF x d,DG�J�V\a�
U�KBI���I�K g ~�IGS�R g d,U�K2F�S^DGKZR�\{¢
R g3h UVKJF�T2\QIaW
P9R�d1IL¨�S/�B\^R1TJD
H h � w TJ\^P�FLUVWZ\7I g KJUV�J\aH
R�d,\QI�R1�B\aKyR7|�TJU�S�T x \ad1�BU¡R h�h \{R g2x S{D h R h k?S gJh R�DG�B\^d�H g \^��H2I�R1\ h ILKJH´I��BUV¢
R g d,\�DL~
h R�ILKJHJI�d�H2UV_a\aH�ILKJH8S g3h R1DG�BU�_^\QH x d1DzH g S�R h � w TJ\7I�K3I��VP h U h I h�h,g ��\ h I S�P2S{��U S x DG�VU S�P
U�Ku|7TJU�S�TpH2U�³Ð\ad,\aKyR x d1DzH g S�R h � g3h R �Ð\ x d,DzH g S^\aH<UVKpI£�z¢z\aH h \Q� g \^K3S^\Lk$� g ROR�T2\
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�¦R1U��B\ x d,DG�J�V\ h S{DGKZWZ\ad,FG\BR1D#I g KJU�~�DGd,�
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S^_a`ZP}ê�i�O¯ì g3h \QH<R�T2\ h \Bd1\ h1g �VR h
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R�T2\�~�DL���VD¯|�UVKJF ­
f l ­ w TJ\^d1\�U h I h UVKJFG�V\ h R�I�R1U�DLK h \^d,W
U�KJFBS gJh R1DG�B\ad h �
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f G ­ ç g3h R�DL�B\ad h ILd1\ h \ad�WZ\QH gJh UVKJFtR1TJ\ ª ILd1�VU�\ h R Mµ\QILH2��UVKJ\�¬�U�d h R ��ª MO¬ � � g \ g \
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S^\ h1h \ h I�d1\¤U�K3Hz\ x \aK3Hz\aKZRBDL~�R1TJ\N� g \ g \ h \^d,W
U S^\¤H2U h �
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U�KJFOS g3h R1DG�B\ad h ��IQP x d1\^\a� x R@ILK3H9�BD¯WG\
H2UVd1\QS�R��¡PïUVKyR1D h \ad�WzU�S^\£UV~7R�T2\^PïT3IQWG\NI h,g ¨�S{U�\^KyR��¡P h TJDLd,R8U�K2UVR�U�IL�E��\aIGH
�¦R�UV�B\G� w D
h R g H
PBR�TJ\µ�?\aTJIQW
U�DGdEDG~0R1TJ\ ª M ¬ï� g \ g \ HzU h S^U x ��UVKJ\Lk
UVR&U hEgJh \^~ g �?R1D�`G\^\ x R1d�ILS�`�DL~
R�T2\ ��\QILHz��R�U��B\ODL~ÌR1TJ\�S gJh R�DG�B\^d7S g d,d1\^KyR��¡PtU�K h \ad�WzU�S^\�ILKJH£R1TJ\ � I�d1FL\ h R7��\aIGHz��R�UV��\
DG~¥IL�V�3S g3h R1DG�B\ad h�h R1U����2U�K8R�T2\ h P h R�\^�ß|�TJD�T3IQWG\�\^WG\ad��?\^\aK�UVK h \^d,W
U S^\L� c DG�B\�SaI�d1\
� g3h RE�Ð\�R�IL`G\^K�|7UVR1T�R�T2\ h \�S^DGK h R�d g S{R h |�TJ\^K�R1TJ\µ� g \ g \��?\QS{DG�B\ h \a� x R�PZ� w D9H2D
R�T2U h kz|&\ �Jd h R�H2\^�JK2\ ­ü ?AyNB ��91� �2 9&¯ïh,g2x�w�² ��ê O ;�9 ì ­ ´ ?AyNB �³²¯� 2+O { ;
R�T2\�R�U��B\�\a��I x3h \aH h U�KJS^\�R1TJ\�� I h R�R�U��B\BR�T2\t� g \ g \�|&I h \a� x R�PZ�F�©\tH2\^�JKJ\�R�T2\¶�ð�õ�öÐò«÷�ó^ð

ý ?AyNB � 91� �2 þÿÿ� ÿÿ�
� I�d1FG\ h R7��\QILHz��R�U��B\ODG~�ILKyP¤S g3h R�DL��\^d/U�K£R�TJ\ h P h R�\^�
|�T2D�TJI h \^WG\ad/�?\a\^KNUVK h \^d,WzU�S^\Lk
DGd � vd� � ¯ ü ?Ay�B ��9,�1; U�~]R�T2U h � g ILKZR�UVR�PtU h � I�d1FL\ad
R�TJILK¤R1TJ\ ~�DGd,�B\ad7DLKJ\LkJDGd/U�~]R�TJ\�� g \ g \ U h \a� x R�PZ�

� ÿÿ�ÿÿ�
ILKJH£R�T2\tø{üzð�ð�ó{öÐò�ý�ó�ñGû���ò«÷�ô�ó\ ?AyNB � 91� �2�� ��\aIGHz��R�UV��\ODG~]R�T2\�S gJh R�DG�B\^d7U�K h \ad,W
U S{\GkDGd � v�� � UV~ÌR1TJ\�� g \ g \�U h \a� x R�P � 6
��KJH2\adµR�T2\ ª MO¬�� g \ g \BHzU h S^U x ��UVKJ\Lk?R�T2\ad1\9U h KJD¤S gJh R�DG�B\^dOUVK�� g \ g \9|�UVR1T<��\aIGH
�
R�UV��\ h ��IL���V\adµR�TJILK¾\ ?AyNB ��9,� k]ILKJH<R�T2\ad,\BT3I h K2\^WZ\^d��Ð\a\aK�I¤S gJh R1DG�B\ad UVK h \ad,W
U S{\
|�T2D h \���\aIGH�R�UV�B\Gk�U�~&R1TJ\tS gJh R�DG�B\^d�|E\ad1\ h R�U��V� x d1\ h \^KyRak�|&D g � H©\{¢2S{\a\QH ý ?Ay�B ��9,� �M



¬ g d,R1TJ\ad,�BDGd1\Lk�\ ?AyNB � 91� � ý ?AyNB � 91� ~�DLd7IL�V� 9	� Oz��C&D�R�T ý ?AyNB ILKJH�\ ?Ay�B ILd1\�æ�çE[Ì[
x d,DzS^\ h1h \ h �

f R�R1U��B\ 9 IL�V�ÐS g3h R�DL�B\ad h UVKBR�T2\ h P h R�\^�*TJIQWG\���\aIGHz��R�UV��\ h \a� g I��JR�D�DLd�FLd1\QI�R�\^d
R�TJILK�\ ?AyNB ��9,� �ÐUV~�R�T2\9� g \ g \�U h KJDLK2�°\^� x R�PGk
\ ?Ay�B � 91� U h R�T2\��V\a~�R h1g2xJx DGd,R x DLU�KZRµDL~
R�T2\�d1ILKJH2DG�*S^D g KyR1U�KJF �B\QI h,g d1\/|�T2U S�T x2g R h I g K2UVR x DGUVKyR���I h1h I�R�R1TJ\7��\aIGHz��R�UV��\
DG~&\aIGS�TïS g3h R�DL�B\ad�UVKï� g \ g \�I�R�R1U��B\ 9 �£��K h,x U¡R�\BDG~ER1TJU h k]R1TJ\�~�d1DLKyR�UV\ad�U h �BDGd,\
U�� x DLd,R�ILKyR7R1T3ILK�\ ?Ay�B � 91� UVK#R1TJ\�I�K3I��VP h U h DL~�R�T2\ ª M ¬�� g \ g \�H2U h S{U x �VU�K2\�~�DGd7R�|&D
d1\aI h DGK h � w T2\��2d h R�d1\aI h DGKpU h R�TJI�R�U�KpTJ\QIaW
PuR�d1IL¨�S�R1TJ\8K g �9�Ð\ad�DL~&S g3h R1DG�B\ad h
|�U¡R�T���\aIGHz��R�UV��\ h �?\{R�|&\^\aK�\ ?Ay�B ��9,� I�K3H ý ?AyNB � 91� U h K2\aFG�VU�FLU��J�V\G� ç gJh R�DG�B\^d h I�R
R�UV��\ 9 |7UVR�T©��\aIGH
�¦R�UV�B\ h U�K©R1TJ\�U�KyR1\ad�WLIL�µêÁ\ ?Ay�B � 91��; ý ?AyNB ��91�,� kÌU�~/ILKyPGk:ILd1\ x I�d,R9DL~
I h1x \QS{U IL�/R�P x \NDL~O� g3h P x \ad1UVDzH¥��¬JDGd�IpKJDGKz�°\^� x R�P�� g \ g \LkER1TJU h � gJh P x \ad,U�D
H
|/I h UVKJUVR1U I�R�\QH8�ZP�I�S g3h R�DL�B\ad�I�d1d1U¡WLI��JR�TJI�R x d1\a\^� x R�\aH�I�S g3h R�DL��\^dak�
:kyUVK h \ad,W
U S{\
� R1TJ\ x d1\^\a� x R1\QHtS g3h R�DL�B\ad�|7UVR1T¤S g d,d1\aKZR&��\QILHz��R�U��B\ ý ?AyNB ��91�,� � w T2U h � g3h P x \ad,U�D
H
|/I h�x D h1h U��J�¡P h,g3h R�I�U�K2\QH��yP�DLR1TJ\ad�ILd1d,UVW�IL� h k&\aIGS�T}DG~µ|�T2U S�TîT3IGH¥k7I�R�R�T2\#R1U��B\
DG~�UVR h ILd1d,UVW�IL�¦kµI���\aIGHz��R�UV��\ h TJDLd,R1\ad£R�TJILK�
�
 h ��\aIGH
�¦R�UV�B\G�5C&\aSaI gJh \

�
 h ��\aIGH
�
R�UV��\�Hz\QS^d,\QI h \ h �VU�K2\QILd,�VP<|7UVR1T�R�UV��\Lk]R�T2\�R1d�IL¨�SBUVKyR1\aK h U¡R�PpI h1h DzS{U I�R1\QH<|�U¡R�T�R�T2\
S gJh R1DG�B\ad h R�TJI�R h,g3h R�I�U�KîR1TJU h�h,x \QS^U�IL�7� gJh P x \ad,U�D
H Hz\QS^d,\QI h \ h |7UVR1T}R1U��B\G� f�h
h TJD¯|7K¤U�K(��d1D x D h U¡R�U�DLKaK
�-'��Ð\a��DQ|�k g K3H2\^d/R1TJ\ TJ\aIQWyPtR�d1IL¨�S h S^IL�VU�KJF9R�T2\�K g �9�?\^d
DG~�S gJh R1DG�B\ad h T3IaWzUVKJF£��\QILHz��R�U��B\ h I�ROR�UV��\ 9 R�IL`
UVKJFtW�IL� g \ h UVK êL\ ?AyNB � 91�1; ý ?AyNB � 91�,�
S^DLKyWZ\^d1FL\ h R�DRO�I h v��������°Rµ~�DG�V��D¯| h R�TJI�RµU�K#TJ\aIQWyP¤R�d�I�¨�S�R1TJ\�DzS^S g2x ILKJS{PNDL~
R�T2\�� g \ g \�S^DLK h U h R h \ h1h \aKZR�U�IL���¡P�DG~�S gJh R1DG�B\ad h |7UVR�TN�V\QIGH
�¦R1U��B\ h U�Kïê ý ?AyNB � 91��; � � �

w TJ\ h \QS{DGK3Hu~�\aI�R g d1\9DG~�R�TJ\�~�d,DGKZR�U�\^dOU h R�TJI�R�S gJh R1DG�B\ad h |7UVR1Tp�V\QIGH#R�U��B\ h UVK
ê ý ?AyNB � 91�1; � � I�R�R1U��B\ 9 T3IQWG\7KJ\^WG\ad�d1\aS^\^UVWZ\aHBILKyP h \ad�WzU�S^\N�GR�T2\aUVd���\aIGH
�¦R�UV�B\ x d1DL�J�V\
U h H2\^R1\ad,��UVKJ\aHO\aKyR1U�d,\a�VPµ�yP�R�TJ\�ILd,d1UVW�IL� x d1D
S^\ h�h �ÌC&\aSaI g3h \@DGK2�VPµR1TJ\�ILd1d,UVW�IL� x d1D
S^\ h1h
U h U�KZWZDL�VWZ\aH$kzR1TJU h&x d,DG�J�V\�SaILK¤�?\�H2\{R�\^d1�BU�K2\QH¤ILKJH¤U�KNT2\QIaW
PtR�d1IL¨�S�S{DGKyWG\ad,FG\ h R1D
I8K2DGK2�¦d�I�K3H2DL�±~ g KJS{R1U�DGK¤DL~ÌR1TJ\��VU��BUVR7DL~ÌR1TJ\ h S^IL��\aH¤� g \ g \ ��\^KJFLR1T0�

f �VR1TJD g FGT�R�T2U h�x I x \adE~�DzS gJh \ h DGKtI9T2\QIaW
PBR�d1IL¨�SµI�K3IL�¡P h U h DG~0I h UVKJFG�V\ h \ad�WZ\^d
� g \ g \ g3h U�K2FtR�T2\ ª M ¬ � g \ g \�H2U h S{U x �VU�K2\Gk¥U¡R U h |&DLd,R�T<KJD�R�UVKJFtR1T3I�R h DL�B\�DG~�R�T2\
d1\ h1g �VR h S^ILKï�?\�\{¢ x \QS{R1\QHpR�DuS^ILd1d�P�D¯WG\ad�U�KïKJDLK2�¦TJ\QIaW
Py�¦R�d1IL¨�S�S{DGK3HzUVR1U�DGK h �N¬3DLd
\^¢zIL� x �V\Gk3UV~:R1TJ\�R�d�I�¨�S�UVKyR�\^K h UVR�Pt|&\ad,\�KJD�RµK2\QILd9l�kÐ� g R�R1TJ\�� g \ g \���\^KJFLR1T´TJI x �
x \^KJ\QH8R�D��?\�d,\a��I�R�U¡WZ\^�VP���DLKJFJkZR1TJ\^K��BD h R�DG~?R�T2\µS g3h R�DL��\^d h U�KBR�T2\ h P h R1\a�*|&D g ��H
T3IaWZ\µ��\aIGHz��R�UV��\ h R�IL`
UVKJF9W�IL� g \ h UVK©ê ý ?AyNB � 91�1; � � kzILKJH�R�T2\aU�d x d1DL�J�V\µ|ED g � Ht�Ð\ H2\{�
R�\^d1�BU�K2\QH h DL��\^�VP �ZP�R�T2\EI�d1d,UVWLI�� x d,DzS^\ h1h k�K2DLRÌR�T2\ h \ad,W
U S{\ x d1DzS{\ h1h �@çEDLK h \Q� g \aKZR��¡PZk
R�T2\9��\aIGH
�¦R�UV�B\ x d1DG�2��\ h |ED g � H´�?\�R�T2\ h IL�B\9I h R�T2D h \ x d1\QHzU S�R�\QH#~�DLd�R�TJI�R � g \ g \
��\^KJFLR1T g KJH2\ad7T2\QIQWyPtR1d�IL¨�S S^DGKJH2U¡R�U�DLK h �� ÄVÅJÍ<Î¼Ê*ÄÞô�ÆèÅJó Î¼ÄhöÉÐ�Ê�ÒñÌNÄhÍ<Í<ÄhÍ
f R�I�KyP�U�K h R�ILKZR�DG~&R1U��B\Gk]R�T2\ h P h R�\a��S^DLK h U h R h DL~7I h \{R9DL~7S gJh R1DG�B\ad h k�\QILS�TïDL~
|�T2U S�T¤T3I h I h,x \aS^UV�3S �V\QILHz�¦R1U��B\ ILK3HNI�d1\a��I�U�KJUVKJF�|&DGd,`td1\Q� g UVd1\a�B\^KyRQ���©\ |�U h T

m



R�DuS�T3ILd1IGS�R�\ad,U�_^\�R�TJ\�UVK h R�I�KyR�ILKJ\^D gJh ��\QILHz��R�U��B\ x d1DL�J��\�DG~&R1TJ\£S g3h R�DL�B\ad h �#�°R9U h
S^DLKyWZ\^KJUV\aKyRBR�D©R�T2U�K2`�DG~µR�TJU h�x d1DG�2��\´I h IïS^D g KyR1U�KJFï�B\aI h,g d,\´DLKÚC E��§��K}R�T2U h
h \QS{R1U�DLK0k?|E\8H2\^�JKJ\�I¤S{DG���V\QS�R�U�DLKuDL~�æ7ç&[][��B\aI h,g d,\^�¦W�IL� g \QH x d,DzS^\ h1h \ h R1T3I�RO|7U��V�
�?\ g3h \a~ g �$U�K£R�T2\�I�K3I��VP h U h �º]ó�ñZû���ò«÷�ô�ó�ô�ó�ñ�ù�ü
ð�ó��� ?AyNB ��9,�^���8� �2 � � g �9�?\^d7DG~�S gJh R1DG�B\ad h UVK#� g \ g \�I�R7R1U��B\ 9

TJIQWzUVKJF8�V\QIGH
�¦R1U��B\ h I�R7R�UV�B\ 9 UVK ��� C E � 6�#õ�ð�¥�ýVõ¯ñZû8ô�ó�ñ�ù�üzð1ó��� ?AyNB � 91�^����� �2�� �©DGd,`¤I�R7R1U��B\ 9 I h�h D
S^U I�R�\aHt|�UVR1T#S g3h R�DL��\^d h U�K
� g \ g \�TJIQW
U�KJF8��\aIGHz��R�UV��\ h I�R7R1U��B\ 9 U�K ��� C E � 6º]ó�ñZû���ò«÷�ô�ó9ñ�ð�ð�÷ ��ñ�ý$ô�ó�ñ�ù�ü
ð�ó��� ?AyNB ��91�{����� �2 � � g ���Ð\ad/DG~:I����0ILd1d,UVW�IL� h �yPtR�UV�B\ 9 T3IaWzUVKJF
��\aIGHz��R�UV��\ h I�R7R1U��B\ 9 U�K ��� C E � 6�#õ�ð�¥�ýVõ¯ñZû�ñ�ð�ð�÷ ��ñ�ý0ô�ó�ñ�ù�üzð�ó�� ?AyNB � 91�{����� �2 � �©DGd,`£I h�h D
S^U I�R�\aHt|�UVR1T#I����]I�d1d,UVWLI�� h �yPtR�UV��\9 T3IQW
U�K2FB��\aIGH
�¦R�UV�B\ h I�R/R�UV��\ 9 U�K �!� C E � 6

w T2\�~�DL���VD¯|�UVKJF8d,\a� I�R�UVDGK h T2U x3h \aI h U��¡Pt~�DL����DQ| ­7 ?Ay�B ��91� 2 � ?Ay�B � 91�{� C E ��;%¢ ?AyNB ��91� 2 � ?AyNB � 91�^� C E �1; ¦ ?AyNB ��¢ ?Ay�B ��9,�1� 2� ?Ay�B ��9,�^� C E �1;
� ?Ay�B ��9,�^����� 2 " �Á�I� ?A@�B�z�~ X C C�#%$ �Á�I�á+â ?A@ â'& �Á�I�á B�(*),+

2 }�z�~ X C C # & �Á�I�á (*).-�@ â $ �L�<�á0/ & �Á�I�á ° @1+ ;
 ?Ay�B ��9,�^����� 2 " �Á�I� ?A@�B�z�~ X � ?AyNBz C C�#%$ �Á�I�á â ?A@ â'& �Á�I�á B�(2),+

2 }�z�~ X � ?AyNBz C C�# & �Á�I�á (2)3-�@ â $ �Á�I�á / & �L�<�á ° @4+ 6
5 ÌNÅJó Ähö ò5õF÷^ô76UÄbó�ÅèÈHÄbö98�Ê�Ò	Ì�ÄhÍHÍ<ÄbÍ
¬3DLdµR�T2\ x d1D
S^\ h1h \ h ) gJh R�H2\^�JKJ\aH g KJH2\^dOR�TJ\ ª MO¬�� g \ g \8HzU h S^U x �VU�KJ\Lk?|&\ g3h \9R�T2\
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~�DL����DQ|�UVKJF�TJ\QIaW
PtR�d1IL¨�S h SaI���U�K2F h^­»ý ?AyNB � 91� �2 l� v ý ?Ay�B � v 91��; »\ ?Ay�B ��9,� �2 l� v \ ?AyNB � v 91�1;»� ?AyNB ��9,� �2 l� v � ?AyNB � v 9,�^� � v ���1; Â� ?AyNB ��91� �2 l� v � ?AyNB � v 91�{� � v �8� 6�©\�H2\^�JK2\�IL� h D»� ?AyNB � 91�{����� �2 l� v � ?AyNB � v 91�^� � v ���1;
2 l� v " �L�<� ?Ay�@�B�z�~ X l�#:$ �Á�I�á+â ?Ay�@ â'& �Á�I�á B�( æ y;),+
2 l� v }�z�~ X l�# & �Á�I�á ( æ y*).-�y�@ â $ �Á�I�á0/ & �Á�I�á ° y�@4+ ;» ?AyNB � 91�{����� �2 l� v  ?Ay�B � v 91�{� � v ���
2 l� v " �L�<� ?Ay�@�B�z�~ X � ?AyNBz l #%$ �Á�I�á â ?Ay�@ â'& �Á�I�á B�( æ y;),+
2 l� v }�z�~ X � ?Ay�Bz l�# & �Á�I�á ( æ y;)3-�y*@ â $ �L�<�á0/ & �Á�I�á ° y*@1+ 6

< ������� �!	#"$�/% ' s*���7�,�9�Ð����©\ h \^R= � � � �2?> }@ � l ¯ � �4A3�,�:BCA 2�DFE @HG@ � l ¯ � �4A3�,�:BCA�; U�~&� � � � ;O ; U�~&��×û� � 6 � K
� l �
w T2\�~ g KJS{R1U�DGKI=���I x3ht�ù¯ � ; � � ìEDGKyR1D�êLO ; � � ILKJH©U h9h R1d1U S�R��¡P�H2\aS^d1\aI h U�K2FuI�K3H
[]U x3h S�T2UVR1_�S^DLKyR1U�K g D gJh |�U¡R�T�[0U xJh S�TJU¡R�_�S{DGK h R�ILKZREl�DGK �ù¯ � ; � � ì°� w TJ\^d1\^~�DGd,\Gk¯R�T2\ad,\
\^¢
U h R h I8S^DGKZR�UVK g D g3h UVKyWZ\^d h \ ~ g K3S�R�U�DLKJ= â X&|7TJU�S�TN��I x3h ê O ; � � DGKZR�D �ù¯ � ; � � ì¦��©\ K2\^¢
R/H2\a�2KJ\µ|�TJI�R/|&\ h T3I���� g �VR�UV��I�R�\^�VP h TJDQ|§U h R�TJ\9ýë÷�ô�÷«ò«÷�ö
þ�ù{ø�ñ�ýVó�û%¶�ð�õ�ö3ò«÷�ó^ð¡?ð�õQø�ó^ù�ù ý � � 91� �2?= â X � ´ð� ��9,�1�1;Q9K� O ; � K
�ëi �
|�T2\ad1\3´ � U h I h U�K � iy� lHK � �
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��K�R�T2U h@h \aS{R1U�DGK$kL|E\ x d,D¯WG\/|&\aIL`9S^DGKZWZ\^d1FG\^K3S{\/DG~ Â� ?AyNB I�K3H »� ?AyNB I h �B\aI h,g d,\^�
WLI�� g \aH x d1D
S^\ h1h \ h �	�ï\aIL`9S{DGKyWG\ad,FG\aKJS^\&DG~Ð�B\QI h,g d1\{�¦W�IL� g \QH x d1D
S^\ h1h \ h U h I h,x \aS^U�IL�
SaI h \BDG~E|E\QIL`pS^DLKyWG\ad1FL\aKJS^\�DL~&�B\^R�d,U S�� h,x ILS^\^��WLI�� g \aH<d�I�K3H2DL��DL�h)�\QS{R h kÌ|�T2U S�T©U h
d1\{WzU�\{|&\aH¤U�K f�x2x \aKJH2U¡¢ f �è�©\ h,g ����I�d1U�_^\ U¡R h7h IL�VU�\aKZR7~�\aI�R g d1\ h TJ\^d1\L�

MO\^KJDLR1\8�yP
L R�TJ\ h \{R�DG~EIL�V�@�JKJU¡R�\Lk]KJDLKJKJ\^FZI�R�UVWG\8�B\QI h,g d1\ h DGK�M � C E � k0R�T2\
C&DLd1\^� h,g � h \{R h DG~5C E9�}��K3Hz\ad8R�T2\¤|&\QI�`ïR�D x DG�VDGFLPGk	L U h�h \ x ILd1IL�2��\G� �©\#S^ILK
H2\^�JKJ\�I �B\^R1d1U S BCN DGKOL |7TJU S�TBU h S{DGK h U h R1\aKZR@|�UVR1T8R�TJ\/|E\QIL`�R�D x DG�VDGFLP9DGKOL(��ï\�K2D¯|�Hz\a�JK2\QP N ê O ; � � k2R1TJ\ h,x IGS{\�DG~:æ�çE[Ì[©�B\aI h,g d,\^�¦W�IL� g \QH£~ g KJS{R�UVDGK h
DGKtêLO ; � � � f K/¸3¹	º&º´ô�ó�ñ�ù�üzð�óI�³�Lñ�ý ü3ó�û"¡?ð1õ¯ø�ó{ù�ù3U h I7d�I�K3H2DL� DG�b),\aS{R0R�I�`
U�K2F/W�IL� g \ h
U�KJP N ê O ; � � k
|�T2\ad1\ UVKRP N ê O ; � � |E\ gJh \OR1TJ\ C&DLd1\a�TS¥��I���FL\a�Jd1I � FL\aK2\ad�I�R�\aHt�yP
R�T2\�D x \^K h \^R h�g K3H2\^d�R1TJ\ c `LDGd,DGTJD
H�R1D x DL��DLFLP � � f§h \Q� g \aKJS^\ w�U y {�}y ~ X DG~0æ�çE[Ì[�B\QI h,g d1\^��WLI�� g \aH x d1D
S^\ h�h \ h ø�õ�ö��Ló{ð°þZó^ù�¤Eó�ñ�¥¯ý-0�R�D ILKBæ7ç&[][N�B\QI h,g d1\{�¦W�IL� g \QH x d,DL�
S^\ h�hKU UV~0R�T2\O�B\QI h1g d1\ h U�KJH g S{\QHtDLKJP N êLO ; � � �yP U y S^DLKyWG\ad1FL\µ|&\aIL`y�VP�R1D9R�T2\
�B\QI h,g d1\7U�KJH g S{\QH8DGKVP N ê O ; � � �yP U kyU���\L��kG~�DLd�\^WG\ad,P��?D g K3Hz\QH$kyS^DLKyR1U�K g D gJh�� DGd
\Q� g UVW�IL�V\aKyR1�VPGk g K2U�~�DLd1�B�VP£S{DGKZR�U�K g D g3h�� ~ g K3S{R1U�DLK ý ­ P N êLO ; � � � C E�k2|E\�T3IQWG\

��UV�yNÕ } C � y ý �1U y � 2ïC �/� ý �1Up� 6
w T2\�\^¢ x \QS�R�I�R1U�DLKïD x \ad1I�R1DGd h C � y I�K3H8C � � d1\^®J\QS�R�R�T2\�~«IGS�R�R1T3I�R9\QIGS�T U y ��IaP
�?\�H2\^�JK2\QHNDLK´I x d,DG�JIL�JUV��U¡R�P h,x IGS^\ |7UVR�T#I x d1DL�3IL�2U��VUVR�Pt�B\QI h,g d1\�H2\ x \aKJH2UVKJFBDGK
R�T2\NU�KJH2\{¢ v:k&ILKJH}I����&R�TJ\ h \ h,x IGS^\ h ��IaP�H2U�³Ð\ad8~�d1DL� R�T2\ h1x IGS{\NDGK�|7TJU S�T U
U h H2\^�JK2\QH$�B��KpR�T2\�I xJx ��U S^I�R1U�DGKpDL~�R�TJU h x I x \ad^k]R�TJ\ x d,\^�°�VU��BUVR x d1D
S^\ h1h \ h I�d1\�IL�V�
H2\^�JKJ\aH¤DLK¤R�T2\ h I��B\ h1x IGS{\GkJILKJH£|&\ |�d,UVR�\�C �*d1I�R1TJ\ad&R�TJILK(C � y �

w TJ\���ILUVK¤d1\ h1g �VR7DG~ÌR1TJU h7h \QS�R�U�DLK¤U h R�T2\�~�DG���VD¯|7U�KJF2�WQX ÄbÒ�Ê�ÄVÏZY\[1]�º]ó^ò Â� � ñ�ö?û »� �_^ ó�ò�ú2ó�ô�ó�ñ�ù�ü
ð�ó<�³��ñ�ý ü3ó�û5¡?ð�õQø�ó^ù�ù{ó^ù�ûGó¦ÿ@ö?ó�û ^ 0Â� � ��91�{����� 2`> )3acb d G ?A@ B / } B � l ¯ � � � �,�:B � ; »� � � 91�^����� 2 ½ Â� � ��9,�^���8��; � K
�AK �
¶^õ�ðµñ�ý�ýceµõ�ð1ó^ý2ù^ó^ò«ù �!� C EOfhg0ú2ó{ö¤ò�ú2ó�ô�ó�ñ�ù�ü
ð�ó<�³��ñ�ý ü3ó�û^¡?ð1õ¯ø�ó{ù�ù{ó{ù Â� ?Ay�B ñ�ö?û »� ?Ay�B
ø�õ�ö��Ló{ð°þZó�¤�ó�ñ�¥�ýA0�ò°õ Â� � ñ�ö¥û »� �Hi ð�ó{ù�¡3ó�ø^ò«÷ ��ó^ýA0jfk Ò�Ê*Ò�ó�ó Å�Ê*ÇlY\[nmpo]ö?ûZó{ð ò�úzó�ó�ñ�ð�ýë÷¦ó{ù�ò���ûZó�ñZû
ýë÷�ö¥óI� ÿ@ð�ù�ò .^ü3ó{ü3ó�û�÷�ù^ø{÷ ¡?ý ÷�ö?ó i ò�úzó ù^ø�ñ�ýVó�û.^üJó^ü3ó�ýVó^ö
þLò�úT¡?ð�õQø�ó^ù�ù{ó^ù »7 ?AyNB ûZó�ÿ@ö?ó�û ^ 0a�rqsfntf��ø�õ�ö��Ló{ð°þZó�¤Eó�ñ*¥�ýA0�ò°õ ½ ´ � fuwvTx3x.yzx.yI{|x3vTx~}j}j�.vj���T���T�"�ï\ KJD�R�\ R1T3I�RÂ� � � 91�^� C E � 2 = � ý � � 91�,� 2 ´ð� ��9,�1;»� � � 91�^� C E � 2 ½ ´ � ��9,�1;»� ?AyNB � 91�^� C E � 2 »7 ?AyNB � 91� 6

l¯i



w T2\���I xJx UVKJFN~�d,DG��L UVKyR1D(C E9k]|7TJU S�T©��I xJh \aIGS�T8eX��L R�DNU¡R h R1DLR�I�����I h1he � C E � k¯U h S^DLKyR�UVK g D g3h �ÌCEP w TJ\^DGd,\a�ðKz� l�ILK3H R�T2\&çEDLKyR1U�K g D gJh �´I xJx U�K2F w T2\aDGd,\a�
f ��lLk »� ?Ay�B � C E ��� »� � � C E �1;
DGd^kJ\Q� g U¡WLIL�V\aKZR��VPGk »7 ?Ay�B � ½ ´ð�*6 �

w TJ\ x d1D
DL~EDL~ w T2\aDLd1\a��K
� l8U h FGUVWG\aK�I�R�R1TJ\8\aK3H<DG~�R�TJU h�h \aS{R1U�DGK$�8��KpDGd�Hz\ad
R�D x d1D¯WG\�R1TJU h d1\ h1g �VRaky|&\��Jd h RE\^¢zIL�BU�K2\�R�TJ\µS{DGKZWZ\ad,FG\^K3S^\�DL~$R1TJ\µ�B\aI h,g d,\^�¦W�IL� g \QH
x d,DzS^\ h1h » ?Ay�B ILKJH »� ?AyNB ��æ�\aSaI����yR1T3I�R�R�T2\ h \ x d,DzS^\ h1h \ h `G\a\ x R1d�IGS�`�DG~3ILd,d1UVWG\QH�|&DLd1`
ILKJHNILd,d1U¡WZ\QH¤S gJh R1DG�B\ad h k2� g R7KJD�R�H2\ x I�d,R g d1\ h �8�Ê�ÒJÐ Ò�ÍHÑ�È*Ñ Ò�Ó9Y\[nYðº]ó^ò ¯ ���û���û� � ñ�ö?û�� ×ÚO ^ óOþ�÷ ��ó^ö�f��OùQv���� i

h,gJx I° @ °c�V��� » ?AyNB � 91�{� � ; � ��µ = � � µ � v 9,�&¯ = � � � ��� �¯ � O ; � K
�Á� �
h,g2x f° @ °c� ��� »� ?AyNB ��91�{� � ; � ��µû½ = � � µ � v 91�&¯¾½ = � � � ��� �¯ � Ob6 � K
�-' �uwvTx3x.y\�&¬JDGd � Kz�L� � kJ�V\^R��/×XO8�?\�FGUVWG\aK´I�K3H#S�TJDyD h \�I x ILd,R1UVR1U�DGK(�Y2 A   � A X ��H��� � A�� 2ï� � h,g S�T�R�TJI�Rl£ A*� - X ¯�A*� £ � � ~�DGd�\^WZ\^d,PO�Ü2+O ; 6<6I6 ;7� ¯ lL� w T2\aK

R�T2\�~�DL���VD¯|�UVKJF�U�K2\Q� g IL�VUVR�UV\ h T2DG� H¥kJ~�DGd7\aIGS�T �Ü2�l ; 6<6<6 ; �*­
¯ � µ � â X�� ~� ¢¡ l ¯ � �4A*� �¤£@�1A*� - X ¯¥A*� � � K
�AG �

� >I¦ §@ � l ¯ � �4AJ�1�:BCA
� � µ � â X�� ~� ¢¡ l ¯ � �4A*� - X �:£@�1A*� - X ¯¨A*� � 6

w D h \^\ |7TyPtR�T2U h U h R�d g \Gk2DG� h \^d,WZ\OR�TJI�R�~�DGd7\QILS�T©�Ü2�O ; 6I6<6 ;7� ¯ l |E\�T3IQWG\> ¦ §~ª ¶¦ § � l ¯ � �1AJ�,�«BCA� � l ¯ � �4A*� �1�{�1A*� - X ¯¨A*� �2 � l ¯ � �4A*� - X �1�{�1A*� - X ¯¨A*� �ñµå� � �1A*� - X �&¯ � �1A*� �,�^�1A*� - X ¯¥A*� �� � l ¯ � �4A*� - X �1�{�1A*� - X ¯¨A*� �ñµ � � � �1A*� - X �&¯ � �1A*� �,� 6
lHK



c g ���BUVKJF gJx R�T2\9IL�ÐD¯WZ\�UVKJ\a� g I���U¡R�P¤~�DGd�� 2ðO ; 6<6I6 ; � ¯ l�ILKJHuSaI�K3S{\a���VU�K2FBR�T2\c R1\a��\ h S^D x U�K2FÞg R1\ad1� h FGUVWG\ h R�TJ\�d1UVFGTyREUVKJ\a� g I���U¡R�P8U�K � K
�AG � � w TJ\µ��\^~�R�U�KJ\a� g IL��U¡R�P8U h
DG�zR�ILUVKJ\aH£U�K#I h U��BUV� ILdE|/IaPZ�

¬3DLd�O � 9 � ��kz|&\�T3IaWZ\» ?Ay�B ��91�{� � ; � �2 l� v }�z�~ X � ?AyNBz C C # y�@¬- æ y @ â $ �Á�I�á?­ & �L�<�á ° y�@4+
� l� v ��� ~ X }�z�~ X � ?AyNBz C C # æ y ¦ §¯® ¶ ­ $ �Á�I�á ° æ y ¦ § + C C # y*@ â æ yb? ¦ § â @ B ­ & �L�<�á ° y*@1+
2 ��� ~ X »° ?AyNB� � 91�ñµ ��� ~ X »± ?AyNB� ��9,�1;

|�T2\ad1\»° ?Ay�B� � 91� �2 l� v }�z�~ X³² � ?AyNBz C C�# æ y ¦ §,® ¶ ­ $ �L�<�á ° æ y ¦ § + ¯ le ?AyNB ¡ � �1A*� �&¯ � �1A*� â X �:£µ´� C C�# y�@ â æ yb? ¦ § â @ B ­ & �L�<�á ° y*@1+ ;»± ?Ay�B� � 91� �2 le ?Ay�B � v }�z�~ X ¡ � �1A*� �&¯ � �1A*� â X �¤£ C C�# y*@ â æ yV? ¦ § â @ B ­ & �Á�I�á ° y*@1+ 6
w D h \a\£R�TJI�R8~�DLd8\aIGS�T¶�pk »° ?AyNB� � O<I h v·� ��k�|E\NHz\a�2KJ\£R�T2\ h \a� g \^K3S{\¤DL~
KJDLKJKJ\^FZI�R�UVWG\ U¦��U¦�ÞH¥�2d1ILKJH2DG� W�ILd1U�IL�2��\ h¸� z ?AyNB �2 � z ?AyNB C C # æ y ¦ §¯® ¶ ­ $ �Á�I�á ° æ y ¦ § + ;º¹ 2�l ; i ; 6I6<6
ILKJH h \^R»¦ ?AyNB� � 91� �2 l� v § y�@ ©�z�~ X � ¸� ?AyNBz ¯ C � ¸� ?Ay�Bz �

2 l� v § y�@ ©�z�~ X ² � ?AyNBz C C�# æ y ¦ §,® ¶ ­ $ �Á�I�á ° æ y ¦ § + ¯ le ?Ay�B ¡ � �4A � ��¯ � �1A � â X �¤£ ´ 6

lI�



�©\���IQP�|�d1U¡R�\»° ?AyNB� � 91� 2 »¦ ?Ay�B� ¡ ¶� ¢ ?Ay�B � v 91� £ ¯ »¦ ?Ay�B� ¡ ¶� ¢ ?AyNB �1� v 9¼¯ � v �1A � ¯ � �,� - � £2 »¦ ?Ay�B� ¡ ¶¼ � »¢ ?Ay�B ��9,��µ ½ ?AyNB 9:£¯ »¦ ?Ay�B� ¡ ¶¼ � »¢ ?Ay�B �1� 9&¯ ¶¼ � �1A*�Ú¯ � �,� - �µ8�³½ ?AyNB 9&¯ ¶¼ � ½ ?Ay�B �1A*� ¯ � �1� - £ 6
w T2\aDGd,\a��Cµ� l � |7UVR�T � ?AyNBz d1\ x � ILS^\aH��yP ¸� ?AyNBz � U�� x �VU�\ h R�TJI�R w »¦ ?AyNB� { }y ~ X T3I h I�S{DGKz�R�UVK g D g3h |&\aIL`���UV�BUVR »¦ �� � w TJ\£MµU�³Ð\ad1\^K3S{U�KJF w T2\aDGd,\a� f �AKuI�K3H w T2\aDLd1\a�(CO� i
U�� x �¡P�R�TJI�R »° ?AyNB� � O�DGKïêLO ; �7ì¦k3I�K3H¤T2\aKJS^\

h1g2x I° @ °c� �����
��� ~ X »° ?AyNB� � 91� ����� �¯ � Oh6

¬3DLd/R1TJ\�I�K3I��VP h U h DG~ »± ?Ay�B� ��9,� kz|E\�DG� h \ad,WG\ R1T3I�R»± ?AyNB� � 91� 2 le ?AyNB � v ¡ � �1A � �&¯ � �1A � â X �:£¥½ ¢ ?AyNB � v 91�¯�¢ ?Ay�B �1� v 9&¯ � v �1A*�Ú¯ � �,� - �r¾2 le ?AyNB ¡ � �4A*� �¼¯ � �4A*� â X �:£¨½ »¢ ?AyNB � 91�¼¯ »¢ ?AyNB �,��9&¯ ¶¼ � �4A*�ï¯ � �,� - �µ�½ ?Ay�B � v 9&¯¾½ ?AyNB � � v 9¼¯ �4A � ¯ � �1� - ¾ 6
fµh v�����k2R�T2\ h \Q� g \^K3S^\ DG~ x d1D
S^\ h�h \ hw »¢ ?Ay�B ��9,�&¯ »¢ ?Ay�B �1��9&¯ ¶¼ � �1A*� ¯ � �1� - � � 9K� O { }y ~ X
S^DLKyWZ\^d1FL\ h |&\aIL`
�¡P�R�Dµ_a\^d1DJ�:²�\aK3S{\Gk�R�T2\E|&\aIL`���UV��U¡R�DG~�¿ �� ~ X »± ?AyNB� ��91� U h R1TJ\�|&\aIL`
��UV��U¡R7DL~ ��� ~ X � � �4A*� �¼¯ � �4A*� â X �1�	À � v 9¼¯ � � v 9&¯��4A*�ï¯ � �,� -~Á 6 � K
�ëj �
� UVR�TFv�I�K3H 9 �z¢z\aH$k2|E\�Hz\a�JK2\� ��9,� 2���I�¢ÃÂ'� � w O ; l ; 6I6<6 ; � { � 9K� ¶¼ � �1A*�Ú¯ � �HÄ 6

l*'



w T2\aK � Kz� j � �Ð\QS{DG�B\ h� ?A@�B�� ~ X � � �4A*�O�¼¯ � �1A*� â X �1�{�1A*�Ú¯ � ��µ ��� ~ � ?A@�B¬- X � � �4A*�O��¯ � �1A*� â X �1� � v 9
� � ?A@ B�� ~ X � l ¯ � �1A*� â X �,�^�4A*�Ú¯ � �¼¯ � ?A@ B�� ~ X � l ¯ � �1A*�O�1�^�4A*�Ú¯ � �µ C C # � ?A@ B ° � â X +��1A � ?A@�B¬- X ¯ � �{� � �4A��N�&¯ � �1A � ?A@�B��1�2 � ?A@ B â X�� ~�  � l ¯ � �4A*� �1�{�1A*� - X ¯ � �&¯ � ?A@�B â X�� ~�  � l ¯ � �4A*� �1�{�1A*�Ú¯ � �¯�� l ¯ � �4A � ?A@ B��,�^�1A � ?A@ B�¯ � �µ C C # � ?A@ B ° � â X + �1A � ?A@�B¬- X ¯ � �{� l ¯ � �1A � ?A@�B �1� 6

��~ � � 91� 2 � k2R�T2\aK�l ¯ � �1A � ?A@�B�� 2+O8ILKJH£|E\�TJIQWG\� ?A@ B â X�� ~�  � l ¯ � �1A*� �,�^�4A*� - X ¯¨A*� � � � µ > @ G@ � l ¯ � �4AJ�1�«BCA�;
|�T2\ad1\O|&\�T3IaWZ\ g3h \QH � Kz� G � �@��~ � � 91� � � k2|E\�T3IaWZ\�ILFGILUVK¤~�d1DL� � Kz� G � R�T3I�R� ?A@ B�� ~�  � l ¯ � �4A*� �1�{�1A*� - X ¯¨A*� � � � µ >Å¦ § �ÇÆ � ª ¶@ � l ¯ � �1AJ�1�CBCA

� i2� µ > ¦ § �ÈÆ �@ � l ¯ � �1AJ�1�CBCA
� i2� µ > @ - æ y�@@ � l ¯ � �1AJ�1�CBCA 6

��K�R1TJ\µ~�DGd,��\^d&S^I h \GkZ|�TJ\^K � � 91� 2 � ky|&\�T3IaWZ\5� µ � v 9K� � � � c UVK3S{\�� �4A3� 2�l
~�DLd A�� � � kJU�K¤�?D�R�T#S^I h \ h |E\�T3IaWZ\�DGK � K
�ëj � R�T2\ gJx2x \^d7�?D g KJH

i�� µ > @ - æ y�@@ � l ¯ � �1AJ�,�«BCA 2§i�� ¯ = � � µ � v 9,�ñµ = � � � 6�©\�S^DLK3S{� g Hz\OR�TJI�R
h,gJx I° @ °c� Û ��� ~ X »± ?Ay�B� ��9,��µ = � � µ � v 91�&¯ = � � �&¯ i�� é - �¯ � Oh6

lHG



c UVK3S^\³�3×ÚO�U h I�d1�JU¡R�d1ILd,PGk2|E\�T3IaWZ\ U�KN~«ILS{R h TJDQ|�K
h,gJx f° @ °c� ½ » ?AyNB ��9,�^� � ; � ��µ = � � µ � v 91�&¯ = � � �r¾ - �¯ � Ob6

w D�S^DL� x ��\{R�\µR�TJ\ x d,D
DG~�DL~ � K
�Á� � kz|&\ g3h \ R1TJ\���DQ|&\^d7�?D g KJH» ?AyNB � 91�^� � ; � �K� ��� ~ X�É° ?AyNB� � 91��µ ��� ~ XÊÉ± ?Ay�B� ��9,�1;
|�T2\ad1\

É° ?Ay�B� � 91� �2 l� v }�z�~ X ² � ?AyNBz C C�# æ y ¦ §,® ¶ ­ $ �L�<�á ° æ y ¦ § + ¯ le ?AyNB ¡ � �1A*� �&¯ � �1A*� â X �:£ ´� C C # y�@ â æ yb? ¦ §,® ¶ â @ B ­ & �Á�I�á ° y*@1+ ;
É± ?Ay�B� � 91� �2 le ?Ay�B � v }�z�~ X ¡ � �1A*� �&¯ � �1A*� â X �¤£ C C # y*@ â æ yV? ¦ §,® ¶ â @ B ­ & �Á�I�á ° y�@4+ 6
CEP�R�TJ\ h IL�B\´I�d1F g �B\aKyR g3h \QH�R1D h T2D¯|>R�T3I�R »° ?Ay�B� � OzkE|&\#��IQP h TJDQ| R1T3I�RÉ° ?Ay�B� � Oz����K x � ILS^\ DL~ � K
�ëj � kz|&\�TJIQWZ\ KJDQ|��� ~ X � � �4A*�O��¯ � �1A*� â X �1�	À � v 9&¯�� � v 9&¯��4A*� â X ¯ � �,� -.Á ; � K
�AM �
ILKJHp|&\�KJ\^\QHpR1D#��DQ|&\ad��?D g KJHpR�T2U h � g I�KyR1UVR�PG�U� UVR1T[v I�K3H 9 �2¢
\QH¥kÌ|&\�H2\^�JK2\� � 91� I h �?\^~�DGd,\GkJILK3H � K
�AM � �?\aS^DG�B\ h�OË ? � ?A@�B¬- X B�� ~ X � � �4A*� �¼¯ � �4A*� â X �1�{�1A*� â X ¯ � ��µ ��� ~ � ?A@ B¬- b� � �1A*�O�¼¯ � �1A*� â X �1� � v 9
� �OË ? � ?A@ B¬- X B�� ~ X � l ¯ � �1A*� â X �,�^�4A*� â X ¯ � �&¯ �OË ? � ?A@ B¬- X B�� ~ X � l ¯ � �4A*� �1�{�1A*� â X ¯ � �µ C C # � ?A@�B ° � â b +¯�1A � ?A@�Bñ¯ � �^� � �1A � �¼¯ � �1A � ?A@ B¬- X �1�2 � ?A@ B�� ~ X � l ¯ � �1A*�O�1�^�4A*�Ú¯ � �¼¯ � ?A@ B�� ~ X � l ¯ � �1A*� �,�^�4A*� â X ¯ � �¯ C C # � ?A@�B ° � â X +¯� l ¯ � �1A � ?A@ B¬- X �1�^�4A � ?A@ B�¯ � �µ C C # � ?A@�B ° � â b +¯� l ¯ � �1A � ?A@ B¬- X �1�^�4A � ?A@ B�¯ � �

l¯j



2 � ?A@ B�� ~ X � l ¯ � �1A*� �,�^�4A*�Ú¯¨A*� â X �&¯ C C # � ?A@ B ~ � â X +¯� l ¯ � �4A��N�1�{�1A�� â X ¯ � �� ¯ � µ >I¦ § �ÈÆ �@ � l ¯ � �1AJ�1�CBCA� ¯ i�� µ > @ - æ y
@@ � l ¯ � �4A3�,�«BCA2 ¯ i�� ¯ = � � µ � v 91��µ = � � � 6
��R7~�DG�V��DQ| h R1T3I�R

h,gJx I° @ °c� Û ��� ~ XÊÉ± ?Ay�B� ��9,��µ = � � µ � v 91�&¯ = � � ��µ i�� é â �¯ � Oh6
c UVK3S^\³�3×ÚO�U h I�d1�JU¡R�d1ILd,PGk2|E\�T3IaWZ\ U�KN~«ILS{R h TJDQ|�K

h,gJx f° @ °c� ½ » ?AyNB ��9,�^� � ; � ��µ = � � µ � v 91�&¯ = � � �r¾ â �¯ � Ob6
ILKJH � K
�Á� � U h&x d,D¯WZ\aH$�

w TJ\ x d,D
DG~
DL~ � Kz�A' � U h ILSaS{DG� x �VU h TJ\aHO�ZP d,\ x \QI�R1U�K2F&R�TJ\�IL�ÐD¯WZ\ x d,D
DG~�k¯d1\ x � ILS^UVKJF� ?AyNBz I�K3H X� �Á�I� 2ïC � � ?AyNBz \^WG\ad�P
|�T2\ad,\��yP<lL�
�

� h U�K2F�Il�O�VUVWG\aKJ`LDL��ç&ILKZR�\^����UZR�P x \/DG~ÐILd1F g �B\aKZRQk�|E\7SaILK gJx FGd1IGH2\%��d1D x D h U¡R�UVDGKKz� K�R�D���I�`G\&R�T2\7S^DLKyWZ\^d1FL\aK3S{\ g K2U�~�DLd1��|�UVR1TBd,\ h,x \aS{R@R�D���DGKBS^DG� x IGS{R�UVKyR1\ad,W�IL� ha­8�Ê�ÒJÐ Ò�ÍHÑ�È*Ñ Ò�Ó9Y\[ÍÌ º]ó^ò ¯ ���û�   �û� � ñ�ö?û�� ×ÚO ^ óOþ�÷ ��ó{öTf¢�OùQv��Î� i
h,gJx@ÐÏ ° @ ° @ G h,gJx I° @ °c� ��� » ?AyNB � 91�{� � ; � ��µ = � � µ � v 91�&¯ = � � � ��� �¯ � O ;8� K
� m �

h1g2x@ Ï ° @ ° @ G h,g2x f° @ °c� ��� »� ?AyNB ��91�{� � ; � ��µû½ = � � µ � v 91�¼¯¾½ = � � � ��� �¯ � Ob6 � K
� l<O �uwvTx3x.y\�@[0\^RÑ�3×ÚO �?\�FLUVWG\aK0�&�ï\/|7U���� x d1DzH g S{\�ILK ®
h1g S�T8R�TJI�Raky~�DGd�IL�V�Jv � ®

kC �?D h1g2x@ Ï ° @ ° @ G h,gJx f° @ °c�_��� » ?Ay�B ��91�{� � ; � ��µ = � � µ � v 91�¼¯ = � � � ��� � ��Ò9�l�V6
w D£H2D�R1TJU h k3|&\��2d h R S�TJD
D h \�I x I�d,R�U¡R�UVDGKk�   �+� X � ���H� ��� � 2ð� � k h,g S�TuR1T3I�R£ � � - X ¯ � � £C�l�;ÓGi�~�DGdÔ�Ü2+O ; 6<6I6 ;7� ¯ l�k3ILKJH¤TJ\aKJS^\O � = � � � �&¯ = � � � - X � � � i ; ~�DLdÔ�Ü2�O ; 6I6<6 ;7� ¯ l�6 � K
� lLl �

lHM



f S^S^DGd1H2UVKJF8R�DY��d1D x D h UVR1U�DLK�Kz� Kzkz|&\�S^ILKN�JKJH(v   ; v X ; 6<6<6#v � h,g S�TNR1T3I�RQkJ~�DLdw��2O ; l ; 6I6<6 ; � ILKJH¤~�DGdQv � v � k
C � D h1g2x I° @ °c�V��� » ?AyNB � 91�^� � � ; � ��µ = � � � µ � v 9,�¼¯ = � � � � ��� � � i Ò � �

i ��� µ l � 6
� K
� lQi ��©\µS�TJDyD h \ ® 2���I�¢ w v   ; v X ; 6I6<6 ; v � { ��� h U�K2F��Jd h R�R�T2\���DLKJD�R�DGK2U S{UVR�P8DG~~= � � �ILKJH´DG~ » ?Ay�B ��9,�^� � ; � �	µ = � � µ � v 91� |�U¡R�Tud,\ h,x \aS{R�R1DR�Ðk¥ILK3HNR�T2\aK � Kz��lGl � I�K3H

� K
� l¯i � |&\ h \a\OR�T3I�R7~�DLd�v � ®
k

C � D h,gJx@ÐÏ ° @ ° @ G h,gJx I° @ °c�_��� » ?AyNB � 91�^� � ; � �
µ = � � µ � v 91�&¯ = � � � ��� � � Ò� � â X�� ~�  C � D h,gJx@ § ° @ ° @ §~ª ¶ h,gJx I° @ °c�V��� » ?AyNB ��91�{� � ; � ��µ = � � µ � v 91�&¯ = � � � ��� � � Ò� � â X�� ~�  C �`D h,gJx f° @ °c� ��� » ?Ay�B ��9,�^� � �l; � ��µ = � � � µ � v 91�¼¯ = � � � - X � ��� � ��Òµ � â X�� ~�  C �©D h,gJx I° @ °c� ��� » ?AyNB ��9,�^� � � - X ; � ��µ = � � � - X µ � v 9,�¼¯ = � � � � ��� � ��Ò� ��� ~�  i*C � D h,gJx I° @ °c�_��� » ?AyNB � 91�^� � � ; � ��µ = � � � µ � v 91�&¯ = � � � � ��� � � i Ò� i ��� µ l � �
i ��� µ l � 20�V6

w T2U h/x d,D¯WZ\ h�� Kz�Þm � �zR�TJ\ x d,D
DG~ÌDG~ � Kz��lHO � U h ILKJIL��DLFGD g3h � �
w TJ\�TJ\aIQW
P R�d1IL¨�S�ILKJIL�VP h U h DL~zR�T2\&� g \ g \aU�K2F h P h R�\^��|�U¡R�T9H g \&H2I�R1\ h H2\ x \aKJH h

S^d,UVR�U�SaI����VP�DGK R1TJ\u~�DG�V��D¯|7U�K2F x d1D x D h U¡R�UVDGK0k&|�T2U S�T I h�h \^d,R h R1T3I�R�R�T2\uK g �9�?\adtDL~
S gJh R1DG�B\ad h |�T2D h \E�V\QIGH�R1U��B\ h �VU�\��Ð\^R�|E\a\^K�R�TJ\ES g d1d1\^KyR��V\QIGH�R�UV��\^\ ?Ay�B ��9,� ILK3H�R�T2\
~�d,DGKyR1U�\^d ý ?AyNB � 91� ILK3H�R1TJ\/|&DLd1`8I h�h D
S^U I�R�\aH9|�UVR1T8R�TJ\ h \�S gJh R�DG�B\^d h ILd,\�K2\aFL��U�FLU��2��\G�8�Ê�ÒJÐ Ò�ÍHÑ�È*Ñ Ò�Ó9Y\[nÕÖg0ú2ó>¡?ð�õQø�ó^ù�ù^ó{ù »� ?AyNB ê »\ ?Ay�B ; »ý ?AyNB � ñ�ö?û Â� ?AyNB ê »\ ?AyNB ; »ý ?Ay�B � ø�õ�öJ��Ló{ð°þZó�¤Eó�ñ�¥¯ý-0�ò°õØ×Qó^ð1õ£ñ�ù^v��Î�`fuwvTx3x.y\�Q�©\��2¢©� ×+O�ILKJH´\ h R�IL�2��U h TNR1TJ\9S^DGKZWZ\^d1FG\^K3S{\�DLKîêLO ; �/ì°��¬JDGd�R1TJU h |&\
~�DL����DQ|§U Hz\QI h DG~���\^R�\^d h DGKïê�i�G¯ì¦�

lQm



[]\{R�� � � � �Ð\�FGU¡WZ\^K0��¬JDGd 9	� Ozkz|&\ h \^R
»� ?AyNB � 91� �2 l� v § y�@ª©�z�~ X � � ?AyNBz C C�#:$ �L�<�á ° æ y @ + ¯ le ?Ay�B � � � �1� 6

f S^S^DGd1H2UVKJF8R1D w TJ\aDLd1\^� Cµ� l�k »� ?AyNB S{DGKyWG\ad,FG\ h |E\QIL`y�VP�R�D�IBCEd1DQ|�KJU�ILK¤��D�R�UVDGK0���\^¢yR�Hz\a�JK2\ _ ?AyNB ��9,� �2 h,gJx
w�² ��êLO ;#9 ì·� »\ ?Ay�B �³²¯� 2 »ý ?Ay�B �³²¯� { 6
CEPuI h1h,g � x R�U�DLK0k »\ ?AyNB � O � 2 »ý ?Ay�B � O � 2 � � ILKJH h D _ ?Ay�B ��91� � 9 k0U���\G�Vk¥R�T2\ h,gJx d1\{�
� g �±U h KJDLR7D¯WG\ad/R�T2\�\a� x R�P h \^Ra�"�©\��2d h R h TJDQ|§R�T3I�R9¼¯[_ ?Ay�B � 91��� O � K
� l<K �
ILKJH h,g � h \a� g \aKyR1�VP h TJDQ|§R1T3I�R � v � 9¼¯[_ ?Ay�B � 91�,��� O ; � K
� lf� �
|�T2\ad1\OR�T2\�S{DGKZWZ\ad,FG\^K3S^\ UVK � Kz� l<K � I�K3H � K
� lI� � U h ~�DLd^¡?ð1õ¯ø�ó{ù�ù{ó{ù�DLK�êLO ; �/ì°�

æ�\aSaIL�V��UVKJF9R�T3I�R Â� ?Ay�B ê »\ ?AyNB ; »ý ?AyNB � U h æ7ç&[][�kz|E\�K2DLR1\ R�TJI�RÂ� ?AyNB ��_ ?Ay�B � 91�1¯�� ê »\ ?Ay�B ��_ ?AyNB ��91��¯µ��; »ý ?Ay�B ��_ ?AyNB ��9,�1¯��1�2 Â� ?AyNB ��_ ?AyNB ��9,�1¯µ�{�rÙ � 2�O ; � K
� lH' �Â� ?AyNB ��_ ?Ay�B � 91�1� ê »\ ?AyNB � _ ?AyNB � 91�1��; »ý ?AyNB ��_ ?AyNB ��9,�1�1�� l� v ��I�¢
X °VzI° " �Á�I� ?Ay*@ B � ?Ay�Bz� ��I�¢ I°�±#°c� ½ »® ?Ay�B �³²¯�&¯ »® ?AyNB �·²�¯µ�r¾ 6 � K
� l<G �

c Dî��DLKJF I h R�T2\ad,\ïILd,\ïS g3h R�DL�B\ad h |�UVR1T§��\QILHz��R�U��B\ h U�KåR�TJ\ g K h SaI���\QHåUVKyR�\^d,W�IL�
êÁ\ ?Ay�B ; ý ?AyNB � k�R�T2\ g K h SaIL�V\QH�~�d1DGKZR�UV\ad ý ?AyNB Hz\QS{d1\QI h \ h I�R�d1I�R�\�l x \ad g K2UVR8R�UV�B\G�
w T2\ad1\^~�DLd1\Gk2~�DGd ² � � v _ ?Ay�B � 91��; v 9 ì°ký ?Ay�B �³²¯� 2 ý ?AyNB � v _ ?AyNB � 91�1�&¯ �·²Q¯ v _ ?Ay�B ��91�,� 6 � K
� lQj �
¬3DLd/|7T3I�R7~�DL����DQ| h k2UVR/|�UV���$�?\�T2\a� x ~ g �¥R�DBUVKyR1d1DzH g S{\ h DL�B\�KJD�R�I�R�U�DLK0���©\�Hz\a�2KJ\P ?AyNB � 91� � K
� l<M �2 }�z�~ X � ?AyNBz C C�# y�Ú �Á�I� ?A@ B ­ & �L�<�á ° y�@4+ C C�#%$ �Á�I�á+â ?Ay*@ â'& �Á�I�á B ­ d �Á�I� ?Ay�Ú �Á�I� ?A@ B�B â yV?A@ â Ú �Á�I� ?A@�B�B4+

i�O



èµ� h \^d,WG\�R�TJI�RÌ�Ð\QSaI g3h \�DL~ � K
� l¯j � kQ|�TJ\^KJ\{WZ\adñv _ ?AyNB ��9,� � � ?AyNBz � v 9 k¯R�T2\�S^DLK3H2U¡R�UVDGK: ?AyNBz ¯ � v 9&¯ � ?AyNBz � � ý ?Ay�B � v _ ?Ay�B ��91�,�&¯ v � 9¼¯[_ ?AyNB ��9,�1�
U h \Q� g UVW�IL��\^KyR/R1D : ?Ay�Bz � ý ?Ay�B � � ?Ay�Bz � 6
��K#DLR1TJ\ad7|&DLd�H h kTP ?Ay�B � 91� S^D g KyR h R�T2\�K g �9�?\^d�DL~�S g3h R�DL��\^d h I�d1d1U¡WZ\aHN|7UVR�T2U�KNR�T2\
R�UV��\�U�KZR�\ad�WLI�� � v _ ?AyNB ��9,�1; v 9 ì
|�U¡R�T��V\QILH�R1U��B\ h I�R@ILd,d1UVW�IL�
R1DµR�T2\E��\a~ R:DG~JR1TJ\/S g d1d,\aKZR
~�d,DGKyR1U�\^da��ï\�K2D¯|�K2DLR�\ R1T3I�RakJDGK¤R�T2\�R1U��B\�U�KZR�\ad�WLI�� � v _ ?Ay�B � 91�1; v 9 ì0R1TJ\ h \ad,WG\ad�U h KJ\^WG\ad
U Hz��\GkÌ|�TJU�S�Tï��\aILK h R�TJI�R�R�TJ\�|EDGd,`
��DGIGH©U h �?\^U�KJFuHz\QS{d1\QI h \QHï�ZP�R1TJ\ h \{WZ\ad9I�R8I
S^DLK h R�I�KyR7d�I�R�\BlL� w TJU h FGU¡WZ\ h&g3h R�T2\�\ h R�UV��I�R�\O � � ?AyNB � v 91� êÁ\ ?Ay�B � v 9,�1; ý ?Ay�B � v 91�1�2 � ?AyNB � v _ ?Ay�B � 91�,� êÁ\ ?AyNB � v _ ?AyNB ��9,�1��; ý ?AyNB � v _ ?AyNB � 91�1�,�µ P ?Ay�B ��9,�&¯ v � 9¼¯[_ ?Ay�B � 91�,�1;
DGd^k3IL~ R�\^d h SaI���U�K2FJkO � Â� ?AyNB � 91� ê »\ ?AyNB ��9,�1; »ý ?AyNB ��91�,�2 Â� ?AyNB � _ ?Ay�B � 91�,� ê »\ ?AyNB � _ ?Ay�B ��9,�1��; »ý ?Ay�B ��_ ?Ay�B ��91�,�1� � K
� lam �µ l� v P ?Ay�B ��91�&¯ � v ��9¼¯[_ ?AyNB � 91�,� 6��\{¢
RQkz|&\ \ h R�UV��I�R�\OR1TJ\ R1\ad,� Xæ y P ?AyNB � 91� ��¬JDGd%� � � � |E\�TJIQWZ\
l� v P ?Ay�B � 91� � l� v }�z�~ X � z ?Ay�B C C�# y2Ú �Á�I� ?A@ B ­ & �Á�I�á ° y�Ú �Á�I� ?A@�B¬- æ yV? @ G â @ B4+µ l� v }�z�~ X � ?Ay�Bz C C�# y2Ú �L�<� ?A@ B¬- æ yV? @ G â @ B ­ & �Á�I�á ° y�@1+ C C�#%$ �Á�I�á ° æ y @ +2 l� v ¦ ?Ay�B ��¢ ?AyNB � v _ ?AyNB � 91��µ � v � ��� ¯ � �1�,� � K
�ëi�O �¯ l� v ¦ ?AyNB ��¢ ?Ay�B � v _ ?Ay�B � 91�1�,�µ »� ?Ay�B ¿ lv ¢ ?AyNB � v 9,� À¯ »� ?AyNB ¿ lv ¢ ?Ay�B � v _ ?Ay�B ��9,�ñµ � v � � � ¯ � �1� Àµ � � � �e ?AyNB � v ½�¢ ?Ay�B � v 91�&¯8¢ ?AyNB � v _ ?AyNB ��9,��µ � v � �è� ¯ � �1�r¾

izl



2 »® ?Ay�B ¿ _ ?AyNB ��9,��µ l� v � �è� ¯ � � À ¯ »® ?AyNB ¡ _ ?AyNB ��9,�¤£�µ ��� ¯ �µ »� ?AyNB ¿ l� v »¢ ?AyNB ��9,�ñµû½ ?Ay�B 9 À¯ »� ?AyNB ¿ l� v »¢ ?AyNB ¿ _ ?AyNB ��9,�ñµ l� v � �è� ¯ � � Àµ�½ ?AyNB _ ?AyNB ��9,��µ ½ ?AyNB� v � �è� ¯ � �:Û
µ � � � �� v ² »¢ ?Ay�B ��9,�&¯ »¢ ?AyNB ¿ _ ?Ay�B ��91��µ l� v � ��� ¯ � � À ´µ � � � � Ô ?AyNB � v ��9¼¯P_ ?Ay�B � 91�,�&¯ � � � � Ô ?Ay�B � ��� ¯ � �� ² »® ?AyNB ¿ _ ?Ay�B � 91��µ l� v � ��� ¯ � � À ¯ »® ?Ay�B ¡ _ ?AyNB � 91� £Ü´µ ² »� ?Ay�B ¿ l� v »¢ ?Ay�B ��9,��µ ½ ?AyNB 9 À¯ »� ?AyNB ¿ l� v »¢ ?AyNB ¿ _ ?AyNB ��9,�ñµ l� v � �è� ¯ � � Àµ�½ ?Ay�B _ ?Ay�B � 91��µ ½ ?Ay�B� v � �è� ¯ � � Û éµ � � � �� v ² »¢ ?Ay�B ��9,�&¯ »¢ ?AyNB ¿ _ ?Ay�B ��91��µ l� v � ��� ¯ � � À ´µ � � � � Ô ?AyNB � v ��9¼¯P_ ?Ay�B � 91�,�&¯�� l ¯ � � � � Ô ?AyNB �{� ��� ¯ � � 6

çEDLKyR�UVK g U�KJF�R1TJU h UVKJ\a� g I���U¡R�P�|&\���IQPt|7d1U¡R�\
l� v P ?Ay�B � 91� � ��I�¢ f°�±#°c� ² »® ?Ay�B ¿ ²�µ l� v � �è� ¯ � � À ¯ »® ?AyNB �·²¯�r´µ i ��I�¢ I°�±#°c� - @ G â @ ���� »� ?Ay�B ¿ l� v »¢ ?Ay�B �³²¯�ñµû½ ?AyNB ² À ����µ � � � �� v ��I�¢ I°�±#°c� »¢ ?AyNB �³²¯��µ � � � � Ô ?Ay�B � v ��9&¯[_ ?AyNB ��9,�1�µ�� l ¯ � � � � Ô ?AyNB �{� �è� ¯ � � 6�©\£KJDQ|>S�TJD
D h \¤ILKJH��z¢�I��9�q� � � c g � h R�UVR g R1U�KJF´R1TJ\¤I��?D¯WG\£U�K2\Q� g IL�VUVR�PïUVKyR1D

iGi



� K
� lQm � k g3h U�K2F � Kz� l<G � kJILK3H¤H2U¡WzU HzU�K2F8�yP � l ¯ � � � � Ô ?Ay�B � � v:k2|E\�DG�2R�ILUVKO � 9&¯[_ ?AyNB � 91�� l
� l ¯ � � � � Ô ?AyNB � � v ����I�¢ f°�±#°c� ½ »® ?AyNB �³²¯�¼¯ »® ?Ay�B �³²�¯��%¾µ ��I�¢ f°�±#°c� ² »® ?Ay�B ¿ ²�µ l� v � �è� ¯ � � À ¯ »® ?AyNB �·²¯�r´µ i ��I�¢ I°�±#°c� - @ G â @ ���� »� ?Ay�B ¿ l� v »¢ ?AyNB �·²¯�ñµû½ ?Ay�B ² À ����µ � � � �� v ��I�¢ I°�±#°c� »¢ ?AyNB �³²¯� �µ l� v � ��� ¯ � � 6

w T2U h \ h R�I��J�VU h TJ\ h�� Kz��lHK � ���D¯|��V\^R:ILK9ILd,�JUVR1d�I�d,Pl�V�û� � �?\EFLUVWG\aK0�	�©\ h1g � h R�U¡R g R�\�R�TJ\�U�K2\Q� g IL�VUVR�P � K
�ëi�O �
U�KZR�D � K
� lam � k gJh U�KJF � K
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ILKJH#� g \ g \���\^KJF�R�T0k�7 2�7 ?Ay�B kÐU h S�TJD h \^K0� w T2\�d g K#U h U�KJU¡R�U�I�R�\aH£|7UVR�T´ILKN\a� x R�P
� g \ g \£ILK3H�S{DGKZR�U�K g \ h9g KZR�U���R�TJ\£U�K h R�ILKZR�R�T2\¤�VDzS^IL��R�UV��\£I�R8��\^WG\a��7 d,\QIGS�TJ\ h I
x d,\ h,x \aS^U��2\QH�W�IL� g \Gk2lHO�~�DLdÌR�TJ\�d1\ h1g �VR h�x d1\ h \^KyR1\QH�UVK�R1TJU hÌx I x \^da� f R�R1T3I�R�U�K h R�ILKZRQk
R�T2\���\QILHz��R�U��B\ x d1DL�J��\�U h d,\QS^DLd�Hz\QH$� w TJU hµh IL�B\�\^¢ x \ad,U��B\aKZRµU h d,\ x \aI�R1\QH´IBR�D�R�I��
DG~

®
R1U��B\ h k2T2\aK3S{\ R1TJ\

®
x d1DL�J�V\ h SaI�K#�Ð\ R�TJD g FLTyR�DL~:I h U�KJH2\ x \aKJH2\aKZR�d1ILK3HzDG�

DG�b),\QS�R h �¼�ï\O|7U h T¤R1DBI h1h \ h1h TJDQ|�S{��D h \OR1TJ\^P£I�d1\OR1D8R�T2\aUVd x d1\aH2U�S{R�\aH£~�DGd,�±FGU¡WZ\^K
�yP � �J� M � �

w TJ\<Hz\QIGHz��UVKJ\<HzU h R�d,U�� g R�UVDGK+� g3h \QH UVKå¬�U�F g d,\ h l14h'©U h I���K2U�~�DLd1� � K�Ozk j�O �
H2U h R1d1UV� g R1U�DLK0��¬�U�F g d1\Bl U��V� gJh R1d�I�R�\ h R�T2\ WLI�d1U�IL�JUV��U¡R�P�U�K¤R�T2\���\aIGH
�¦R�UV�B\ x d1DG�2��\ h ~�DLd
h ��I����GR�D��BDzHz\ad1I�R�\�W�IL� g \ h DL~�78� w T2U h �2F g d1\ h T2D¯| h R1TJ\��Jd h R¼�µ��\aIGH
�¦R�UV�B\ x d,DG�J�V\ h
d1\aS^DGd1H2\aH�|�T2\aKa7�2§i�O � R1TJ\^Kt|�T2\aKa7�2+GNO � ILKJHtR1TJ\ ILSaS g � g ��I�R�\aH���DzS^IL�?R1U��B\
U h lHO
� w T2\7��\QILHz��R�U��B\ x d1DG�2��\ h ILd,\�ILS{R g IL�V�VPBi�O � DGd�GNO � H2U��B\^K h U�DLK3IL�zWG\QS�R�DGd h kZ� g R
ILd,\ x �VDLR,R�\QH#TJ\^d1\�I h ��UVKJ\ h \^FG�B\aKZR h ~�DGd�WzU h1g IL��S^DGKZWZ\^KJU�\^K3S{\G�5��D�R�U�S^\�R1T3I�Rµ|�T2U��V\
R�T2\ x d,DG�2��\ h TJIQWZ\ h U��BU���ILd h TJI x \ h k2R1TJ\^Pt\^¢
TJU��2UVR h,g � h R�ILKZR�U�IL�?WLILd,U I��JU��VUVR�PZ�
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w T2\��Jd h R�Hz\QIGHz��UVKJ\�HzU h R�d,U�� g R�UVDGKïS{DGK h U�H2\ad,\QHp|/I h R�T2\t��K2U�~�DLd1� ��f kÞC � �Ì¬JDGd�R�T2U h
H2U h R1d1UV� g R1U�DLK0k
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|�T2\ad1\ R�TJd,D g FGTJD g R7|&\ g3h \�R�T2\�KJDLR�I�R1U�DGKk´¨2 = � � w TJ\�R1TJ\aDLd1\{R�U S^IL�0SaH2~:H2\a�2KJ\aH�yP � �2�AM � ~�DGd�R1TJU h ��KJUV~�DGd,� ��f k�C � H2\aIGH2�VU�K2\�S^I h \BU h FLUVWG\aK��yPpDLKJ\BDG~�R�|&DN~�DGd1� h
H2\ x \aKJH2UVKJF8DGK¤R1TJ\���I�FGKJU¡R g H2\ DG~"´ ����~"´ � ) â "b k2R1TJ\^K
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ý @�� @ R1TJ\/� g ILKyR1U��V\ h DL~JR�T2\&��\aIGHz��R�UV��\EH2U h R1d1UV� g R1U�DLK8S^ILK��Ð\7Hz\^R1\ad1�BUVKJ\QH��ZP h DG�¡WzUVKJFý â X@�� @ �ON¥� 2 
QP ~�DGd�OØ� N � l�¬JDGd5´ � ) â "b R�T2U h FGUVWG\ h
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w TJ\9R�T2\aDLd1\^R1U S^IL� x d,DG�J�V\ h ~�DLd ILKZP x ILd,R1U S g � I�d�7 I�K3H[�=UVKpIL�V��R�T2\�~�DL����DQ|�UVKJF

�JF g d1\ h ILd,\�DG�2R�ILUVKJ\QHO�yP�S{DGK2KJ\QS�R�UVKJF&R�T2\ x DGUVKyR h Â ��
QPb;TN¥�1;�N 2 Xb =\- X ; 6I6<6 ; b =b =~- X Ä ���KyR1\ad,\ h R�UVKJFG�¡PZk�UVK h,x U¡R�\pDG~�R�T2\ h1g � h R�I�KyR1U IL�µWLI�d1U�IL�JUV��U¡R�P U�K§\aIGS�T x d,DG�2��\GkµUV~
DGK2\BIaWZ\ad1ILFL\ h R�TJD h \ x d1DG�2��\ hB� �yPuIQWZ\^d�I�FGU�K2F¤\aIGS�TpDL~�R�T2\BS{DG� x DLKJ\aKZR h DG~�R�T2\��
H2U h R1U�KJS{R�7O�°H2UV��\^K h U�DLK3I��?WG\QS�R�DGd h�� k
R�TJ\Od1\ h,g �VR/U h I9WG\ad�P h �BDyDLR�T x d1DL�J�V\O|�TJU�S�T£U h
KJ\aILd1�¡PNU�H2\^KyR�U�SaI��0R�DBR�T2\�R�TJ\^DGd,\^R�U�SaI��ÌSaHz~@FLUVWZ\^K´�ZP � �2�AM � �7¬:UVF g d1\ h i<4è' h TJDQ|�R�T2\
�B\QILK x d,DG�2��\GkZR1TJ\µS{DG� x DLKJ\aKZR1��|�U h \��BUVKJU�� g � x d,DG�J�V\µILKJHBR�TJ\µS{DG� x DLKJ\^KyR1��|�U h \
��I�¢zUV� g � x d1DG�2��\£~�DLd9R�T2\NS^I h \ h 7�2(lH' ; i�O ; �VOuI�K3H GNOzk�\QIGS�TîS{DG� x DLKJ\^KyR8DL~
|�T2U S�TNU h Hz\aKJD�R�\aHN�yPNI�K c ¢hg2� w T2\�S^DL� x DGK2\aKZR1�¦|7U h \��BUVKJU�� g � I�K3HN��I�¢zU�� g �
~�DLd1��I�K9\^KyWZ\^��D x ~�DLd�IL�V�

®
x d1DL�J��\ h FL\aKJ\^d�I�R�\QH��yP R�TJ\ x I�d,R�U�S g � ILd h UV� g � I�R�U�DLK�d g K0�

��K�¬:UVF g d,\ h i£ILKJHDK
k:mN'VU�S^DLKJ�JH2\aKJS^\8U�KyR1\ad�WLIL� h ~�DGdOR�T2\��B\aILK©I�d1\�H2\{R�\^d1�BU�K2\QH
~�DLd�\aIGS�T�DG~ÐR�T2\d7§� g ILKZR�U��V\ h � w T2\ h \�S^DLKJ�JH2\aKJS^\7��UV�BUVR h ILd,\�H2\^KJDLR1\QH8�yP c"W gzk
I�K3H
T3IaWZ\��Ð\a\^K´S{DGK h R1d g S{R�\aH¤UVK3H2\ x \^K3H2\^KyR1�VP£~�DGd/\QIGS�TNDG~ÌR�T2\T7 S^DL� x DGK2\aKZR h ����K¤R�T2\
h,g � h \a� g \^KyR��2F g d,\ h k0R�TJ\�S{DGKJ�JH2\^K3S^\8U�KZR�\ad�WLI���U�KJH2U�SaI�R1U�DLK h I�d1\BDG�BU¡R1R�\aHpI h R1TJ\{P
�?\aS^DG�B\µW
U h,g I����¡PtHzU h R�d1IGS�R�U�K2FJ�:��K¤IL�V�$SaI h \ h kzR1TJ\µR1d�IL¨�SµU�KZR�\aK h UVR�P�U h � mÞ'yk2ILKJHtR�T2\
x d,DG�J�V\7U h d1\aS^DLd�H2\aH�|7TJ\aKB\{¢2IGS�R��¡P£lHO g KJU¡R h DG~Ð��DzS^IL�zR1U��B\7I�R@R�TJ\/U�KJH2U S^I�R1\QH8� g \ g \
��\^KJFLR1TuT3IQWG\�\a��I xJh \aH$� w TJ\�FG��DL�3I���R1U��B\�I�RO|7TJU�S�TuR1TJ\���I h RO��\QILHz��R�U��B\ x d1DL�J�V\�U h
R�I�`G\aK¤U h d1\QS{DGd1H2\QHNI�R7R�T2\ R1D x DL~�\aIGS�TN�2F g d,\G�

w TJ\ x d1DL�J��\&U h I xJx d1D¯¢
U���I�R1\a�¡P9S{DGd,d1\QS�R�~�DLd�7 2�l*'
kG� g R:R�TJ\^d1\/ILd,\ h P h R�\a��I�R�U S
H2\ x ILd�R g d1\ h \^WzU�H2\^KyRQ�:¬:UVF g d,\ h KH4è' h,g FLFG\ h R�R�T3I�RER�TJ\ x d1DG�2��\µ~�DLd1��FLUVWG\aKt�yP � �2�AM �
U h KJ\QI�d1�¡P9\^¢2ILS{R�I h IO�B\aILK8W�IL� g \/~�DLd�7 � i�OzkyI h R�T2\&R�T2\aDGd,\^R1U SaI��JS g d�WZ\7U h I��V|/IaP h
|�U¡R�TJUVK£R�T2\�mÞ'�U�S^DGK2�3Hz\aK3S{\��VU��BUVR h �

��K´S{DGK h U�H2\ad,U�K2FBR1TJ\��Ð\aTJIQWzUVDGd�DL~@IBd1\QI��V��R�U��B\�� g \ g \^U�KJF h P h R�\a�NkJUVR�U h UV� x DGd��
R�I�KyRER�D xJg R/�?D g KJH h DGd/S{DGKJ�JH2\^K3S^\ h \^R h ILd1D g KJH�R�T2\ x d,DG�J�V\ h Hz\ h S^d,U��Ð\QH��yP � �2�AM �
|�T2U S�T�SaI x R g d1\¤I<��ILd1FL\£~�d1IGS�R�U�DLK�DG~ x d,DG�2��\ h � c g S�T��ÐD g KJH h S{D g ��H��?\ g3h \aH�R1D
H2\{R�\ad,�BU�KJ\�IGSaS{\ h1h S{DGKZR�d1DL� x DG�VU S^UV\ h |�T2U S�T�|ED g � H x d,\^WG\aKyR&S g3h R�DL�B\ad�� I�R1\aK2\ h1hµ� I�R
R�T2\�\^¢ x \aK h \�DG~���D h UVKJF£S gJh R�DG�B\^d h R�TJd,D g FGTpIGH2�BU h�h UVDGK<H2\^KJU I�� � � w TJ\��BU�KJUV� g �
ILKJH���I�¢
U�� g �=S g d,WG\ h DG³Ð\ad h DL�B\�U H2\aI�DL~$TJD¯|�|7U H2\ h,g S�T x d,DG�J�V\ h � gJh RE�?\OI�K3H
TJDQ|ß|7U H2\�R�TJ\8S^DLKJ�JH2\aKJS^\�d,\aFLU�DGK h � gJh RO�Ð\G�3��d1\ h1g ��IL�J�¡PZk?R�T2\��?D g K3H h SaI�K<�?\
S^DLK h R�d g S{R1\QH g3h UVKJF#��ILd1FL\tHz\^W
U I�R1U�DLK�R1TJ\^DGd,P��@T2D¯|E\^WZ\^dak]R�TJU h U h K2DLR h R g HzU�\aH©I�KyPK��



~ g d,R�T2\ad/UVK£R�TJU h/x I x \^da���åT2U��V\OR�TJ\ �BUVKJU�� g �±ILK3H£��I�¢zUV� g ����U��BU¡R h/h \a\^�±~«I�U�d,�VP
|�U�H2\GkÌ|E\�\^¢ x \QS�R�R1T3I�R9K2\QI�d1�VP�IL�V��DL~&R1TJ\�\^� x U�d,U SaI�� x d,DG�2��\ h |7U��V���?\�|7UVR�T2U�KïILK
X � l � HzU h R�I�K3S^\ ~�d1DL�±R1TJ\OR�TJ\^DGd,\^R�U�SaI�� x d1DL�J�V\�U�K£|�T2U S�T¤��\aIGHz��R�UV��\ h ILd,\ X � � v � �
w TJ\ h \ x ��D�R h I�d1\�d,\ x d,\ h \aKZR�I�R�UVWG\@DG~z��I�KyP h,g S�T x ��DLR h ~�DGd]I/WLI�d1U�\{R�PµDG~
�?D g K3Hz\QH

H2\aIGH2�VU�K2\�H2U h R�d1UV� g R�U�DLK h ILKJH´R�d1IL¨�S�U�KZR�\aK h UVR�UV\ h � w TJ\�FGd1\aI�R1\ad�R�T2\9WLI�d1U I��JUV��UVR�P#UVK��k]R�T2\�� I�d1FL\ad/7 � gJh R��?\�~�DGd�R1TJ\�IaWZ\^d�ILFL\ x d1DL�J�V\ h R�D´I�FGd1\^\B|�U¡R�T � �J� M � � w TJ\
IGS^S g � g � I�R1\QH���D
SaI��
R�UV��\&I�R:|�TJU�S�T9R�T2\ x d1DG�2��\ h ILd1\&d1\aS^DLd�H2\aH8I�� h DOT3I h UV� x DGd�R�I�KyR
S^DLK h \Q� g \aKJS^\ h � w T2\ h \�U h1h,g \ h ILd,\��ÐDLR�TNIGH2H2d1\ h1h \aH¤UVK¤R�T2\�KJ\^¢yR h \QS�R�UVDGK0�
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��K�R1TJU h�h \QS�R�UVDGK0k0|&\�U�KZR�d,DzH g S^\�ILHJHzUVR�UVDGKJIL� h UV� g � I�R�U�DLK�d,\ h,g �¡R h |7TJU S�TïUV��� g3h R�d1I�R�\
x D�R�\aKZR�U�IL�$FG\^KJ\^d�IL�VU�_aI�R�UVDGK h DG~ÌR�T2\�d1\aIL�¡�¦R�UV�B\�� g \ g \^U�KJF�R�T2\aDGd�P¤H2\^WG\a�VD x \aH¤UVK¤R�T2U h
x I x \ad7ILKJH h DL��\�ILHJHzUVR�UVDGKJIL�$U h1h,g \ h �
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w T2\#R1TJ\aDLd,P}Hz\^WZ\^��D x \QH�U�K c \QS�R�UVDGK h K©ILKJH � gJh \QH�R�TJ\´I h1h,g � x R�U�DLKîR�TJI�R�R�T2\
H2\aIGH2�VU�K2\uHzU h R�d,U�� g R�UVDGKî|&I h �?D g K3Hz\QH IL�?DQWZ\´�ZP h DG�B\#�JKJU¡R�\uS{DGK h R�ILKyRa��²�\^d1\Lk
|&\�UV��� g3h R�d1I�R�\�R�TJI�R�R�T2U h I h�h,g � x R�UVDGK©I x2x \QI�d h R1D#�?\ g KJK2\QS{\ h1h ILd,PG� w |EDuHzU h R�d,UV�
� g R�U�DLK h |�T2U S�T©ILd,\BKJDLR��ÐD g KJH2\aH©I��?DQWZ\�I�d1\�S^DLK h U Hz\ad,\QH ­ R�T2\�\{¢ x DGKJ\^KyR1U IL� � ���
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¬3DLd�R�TJ\ h UV� g � I�R�UVDGK0k3|&\8S�T2D h \ � 2 6AOGi
k¥FGU¡WzU�K2F£It�B\aILK<DL~^'�Oz�d�ï\�ILFZI�U�K h U��8�
g ��I�R�\U'�O£UVK3H2\ x \^K3H2\^KyR x d1DG�2��\ h R�IL`L\aK<|�T2\aK}lHO g K2UVR h DG~���DzS^IL�:R1U��B\8T3IaWZ\B�Ð\a\^K
d1\aIGS�T2\QH¥��¬�U�F g d,\�G h TJDQ| h R�TJ\��B\QI�K x d1DL�J��\�~�DLdl7 2*i�O
� f FZI�U�K$k¥R�TJ\ h TJI x \�U h
FG\^KJ\ad1IL�V�VP�S^DLd1d,\QS{RakZ� g R h P h R�\a��I�R�U S&H2\ x I�d,R g d1\ h I�d1\7\^W
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¬:UVF g d,\ h m�ILKJHßl<O�FLUVWG\rj��0j x ��DLR h ~�DGdtR1TJ\P�@I�d1\{R�D � GzkL�VO � H2U h R1d1UV� g R1U�DLK0k�I

H2U h R1d1UV� g R1U�DLKN|�U¡R�T´�B\QI�KP'�O�ILKJH´I�d,\a� I�R�U¡WZ\a�¡P¤TJ\aIQWyP¤R�ILUV�¦� w TJ\�R�d1IL¨�S�UVKyR1\aK h U¡R�P
|/I h UVK3S^d,\QI h \aH R�D�� mGm
k�I�K3H R�TJ\�K g �9�Ð\ad]DL~ x d,DG�J�V\ h |/I h U�K3S{d1\aI h \QH ~�d,DG� '�O&R�D�l<ONO
�
¬:UVF g d1\Em�S{DGd1d,\ h,x DLK3H h R�D�7 2 i�Ozk¯|�T2U��V\E¬�U�F g d1\�lHO�S{DGd,d1\ h,x DGK3H h R�Dd7�2ï�VOz� w TJ\
WLI�d1U I��JUV��UVR�PBUVK�R�TJ\+j��0j x �VDLR h U h � g U¡R�\�� I�d1FL\N�zT2D¯|&\{WZ\^dakyR�T2\ad1\µU h FLD
D
H£I�FGd,\a\a�B\^KyR
�?\{R�|&\^\aKuR1TJ\8IQWG\ad�I�FG\ x d,DG�J�V\8ILKJHuR�T2\9R�T2\aDGd,\^R1U SaI��@H2U h R�d1UV� g R�U�DLK h ��¬JDGdl7 25i�O
k
R�T2\ad1\�ILd,\ h DG�B\ h P h R�\^��I�R�U�SpHz\ x ILd,R g d,\ h U�K R�TJ\<R�I�U�� h kµ� g R#~�DGdk7 2 �ÞOzkµR�T2\
ILFLd1\a\^�B\aKyR7U h WZ\ad�P£FLD
DzH¤\{¢2S^\ x R7UVK¤R�T2\ gJxJx \ad&R�ILUV�¦�
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SaS g d�I h 7
U�KJS^d1\aI h \ h �p¬JDGd�R1TJU h SaI h \Lk:|&\¤S{DGK h U�H2\ad,\QHï��DLKJFL\ad�� g \ g \t�V\aKJF�R�T h k:|7UVR1T�¬�U�F g d,\
lGl£S^DLd1d1\ h,x DGKJH2UVKJFuR1DD7 2��ÞO<I�K3H�¬:UVF g d,\pl¯iNR�D87 2 GNO
��¬�U�F g d,\�lLl h TJDQ| h
h P h R�\^��I�R�U�S&Hz\ x ILd,R g d,\ h U�K9R�T2\/�V\a~ R1�°TJILKJH�R�I�U��¦k�|�T2U���\&¬:UVF g d,\�lQi h TJD¯| h KJ\aILd@\^¢zIGS�R
ILFLd1\a\^�B\aKyR7�Ð\^R�|&\a\^K¤R1TJ\�IaWZ\^d�ILFL\ x d1DG�2��\�ILK3H£R1TJ\ R1TJ\^DGd1\{R�U�SaIL�$H2U h R�d1UV� g R�U�DLK0�
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w T2U h�x I x \^d h R g H2U�\ h R1TJ\ ª M ¬§� g \ g \tH2U h S{U x ��U�K2\N�:TJDQ|&\^WG\ad^k�R�T2\�d1\ h,g �VR h SaI�Kï�?\
g3h \QHpTJ\ g d1U h R1U S^IL���¡PuR1D´H2\{R�\ad,�BU�KJ\B��\QILHz��R�U��B\ x d1DL�J�V\ h ~�DGd R�TJ\��?\^T3IaWzU�DLd�DG~E�Jd h R,�
U�Kz�°�Jd h R1�°D g R � ¬���¬�è � � g \ g \ h � c gJxJx D h \µR1T3I�R/I�d1d1U¡WzUVKJF8S g3h R�DL��\^d h T3IaWZ\ Hz\QILH2��UVKJ\ h
FGU¡WZ\aK©�yP©H2U h R1d1UV� g R1U�DLKÉ��k:� g R�ILd,\ h \ad�WzU�S^\QH�U�K�¬���¬�è DGd1H2\^da� w T2U h � g \ g \tH2U h �
S^U x ��UVKJ\¤H2Dy\ h KJD�RBd1\Q� g UVd1\N`yKJDQ|���\aH2FL\¤DG~�R1TJ\NS g3h R�DL��\^dBH2\aIGH2�VU�K2\ h kEI�K3H�I�S gJh �
R�DL��\^d<
 h U�K h R�ILKZR�ILK2\aD g3h ��\QILHz��R�U��B\uU h \Q� g I��OR1D�U¡R h U�KJU¡R�U�IL�OH2\aIGH2�VU�K2\<�BU�K gJh U¡R h
R�UV��\�UVK�� g \ g \L� w TJ\�R�UV�B\tU�K�� g \ g \£S^ILK��?\£H2\{R�\^d1�BU�K2\QH gJh U�KJF � �2�AM � �Jd h R9�yP
I h1h,g �BU�K2F£IL���:S g3h R�DL��\^d h TJIQWG\8H2\aIGH2�VU�K2\ h O
����~�IL�V�:S g3h R1DG�B\ad h T3IaWZ\8H2\QILH2�VU�KJ\jO
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R�T2\aK�R1TJ\ ª M ¬å� g \ g \�H2U h S{U x �VU�K2\BU h \Q� g U¡WLIL�V\aKZR�R1D´¬���¬�è9k]ILKJHïI�KyP�S g3h R�DL��\^d<
 h
U�K h R�ILKZR�ILK2\aD g3h ��\aIGHz��R�UV��\�U h \a� g IL�yR�DµR1TJ\&K2\aFGI�R�U¡WZ\EDG~JU¡R h R1U��B\EU�K8� g \ g \G�¼��d,DG�J�V\ h
DG~�S g3h R�DL�B\ad h 
ÐR�UV�B\ h UVK<R1TJ\8� g \ g \BS^ILK<�?\8I xJx d1D¯¢
U���I�R1\QHu�ZP gJh U�KJF � �J� M � |7UVR1T
H2\aIGH2�VU�K2\¤H2U h R1d1UV� g R1U�DLK�S^DLd1d1\ h,x DGKJH2UVKJFuR�D x DGUVKyR8��I h1h I�RUO
����K�R1TJU h S^I h \Gk�R�T2\
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H2\aIGH2�VU�K2\ h R�DtR�TJ\^U�dOR1U��B\�U�K�� g \ g \Gk$DGK2\BS^ILKpd1\aS^DQWZ\adOR1TJ\8S gJh R1DG�B\adO��\aIGH
�¦R�UV�B\ h �
çEDLK h \Q� g \aKZR��¡PZk2U�~�DLKJ\ |&\^d1\�R1D�DLd�Hz\ad7R1TJ\�S gJh R1DG�B\ad h U�K#I�¬���¬�èß� g \ g \��yP£��\aIGH
�
R�UV��\ � R�T2\9¬:��¬:èßDLd�Hz\ad1UVKJF�U h �yP¤R�UV�B\�UVKu� g \ g \ � k3R�T2\aKNR�T2\�d1\ h,g �VR�UVKJF���\aIGHz��R�UV��\
x d,DG�J�V\ h TJD g ��H£�?\ R�T2\�S^DLKyWGDG� g R�UVDGK¤DG~"��|�U¡R�T#IB��KJUV~�DGd,� �ù¯ ´ ; O � H2U h R�d1UV� g R�U�DLK0�

¬:UVF g d,\ h lHKBILKJHïlH'8UV��� gJh R�d�I�R�\ R�T2\���\aIGH
�¦R�UV�B\ x d1DL�J��\ h ~�DGd�I�¬���¬�èß� g \ g \9I h �
h,g �BU�K2Fl��U h \^¢ x DGK2\aKyR1U I�� � X�   � kb7 2§i�OµILK3HY7 2ï�VO
�@¬�U�F g d,\ h lI��ILKJH¤lHG x d,\ h \aKZR
R�T2\µS^DGd,d1\ h1x DGKJH2U�K2Fkj��0j x ��D�R h ~�DGd���DLd1\µILSaS g d�I�R�\µI h1h \ h1h �B\aKZREDL~0ILFGd,\a\^��\^KyRa�@��K
R�T2U h S^I h \GkJR�T2\�~�d,DGKyR1U�\^d�U h FGU¡WZ\aKN�yP ý 2 ¯ ´ 2 ¯ 7ÃÓ ½ � w TJ\�R�T2\aDLd1\^R1U S^IL�]SaHz~:U h
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æ�\aIL�¡�¦R�UV�B\N� g \ g \aUVKJFpR1TJ\^DGd,P h TJD g ��H��?\ gJh \^~ g �7~�DLd�Hz\^WZ\^��D x U�K2F©I�K3HîILKJIL�VP
_aUVKJF
S^DLKyR�d,DG� x DG�VU S{U�\ h R�D9d1\aH g S^\µDGd&\^��UV��UVK3I�R�\�S g3h R1DG�B\ad�� I�R1\aK2\ h1h ��èµK2\ h U�� x �V\ x DG�VU S�P
|&D g � H��Ð\NIuR�T2d1\ h T2DG� H x DL��U�S{PïU�K�|�TJU�S�TîI�d1d1U¡WLI�� h |&D g ��H��?\NH2\^KJUV\QH�IGH2�BU h�h UVDGK
ILKJH��Ð\£��D h R�U�~d7 d1\aIGS�TJ\QH h DL�B\ h,x \QS{U��2\QH��V\^WZ\^�¦����K x d,U�KJS^U x ��\Lk@R�T2\tR�T2d1\ h T2DG��H
S^D g � H´�?\8S�TJD h \aK<�JI h \QHuDLK<R1TJ\ x d1\aH2U S�R�\aHu��\aIGHz��R�UV��\ x d,DG�J�V\ h k$~�DLd \{¢2I�� x ��\Lk¥�yP
S�T2D
D h UVKJF�R�T2\�R�TJd,\ h TJDL� H h D�R�TJI�RER�T2\µ~�d,DGKZR�U�\^dEU h �ÐD g K3H2\aHtIQ|/IaP�~�d1DL�qO��ZP h DL�B\
S^DLKJ�3Hz\aKJS^\���I�d1FGUVK0� w T2U h I�K3I��VP h U h |ED g � H g3h \ R1TJ\ x d,DG�2��\ |�T2\aKk7ß�Jd h R�T2UVR7R�T2\
R�T2d1\ h T2DG� H¥����KyR1\ad1\ h R�U�K2FG�¡PZkzR�T2\ x d1DL�J�V\�DG�zR�ILUVKJ\aHNI�R7R�TJ\ R1U��B\�I�R7|�T2U S�T#IB��\{WZ\a�$U h
�Jd h ROT2UVR S^ILKu�?\ h P h R1\a��I�R1U SaI����¡P#HzU�³?\^d1\^KyRO~�d1DL� R�T2\ x d1DL�J��\ x d1\QHzU S�R�\QH#�yP � �2�AM � �
¬:UVF g d1\<lQjNFGUVWG\ h I´d1\ x d1\ h \aKyR�I�R1UVWZ\�\{¢2I�� x ��\L� w T2\ h UV� g � I�R�UVDGK x ILd1IL�B\^R1\ad h I�d1\
U Hz\aKyR1U S^IL��R�D´R�TJI�R x d1\ h \^KyR1\QHïUVK�¬�U�F g d1\F'N\^¢2S{\ x R9R�TJI�R�R�TJ\ x d,DG�J�V\tU h d,\QS{DGd�Hz\QH
I�R�R�T2\¤U�K h R�ILKyR9R�T3I�R�7�2 GNOud�I�R�T2\ad�R�TJILK�IL~ R�\ad¤lHO g KJU¡R h DG~���D
SaI��&R1U��B\¤TJIQWG\
�?\^\aK£ILSaS g � g ��I�R�\aH�I�RE��\^WG\a�
G�Oz� w T2\µ�B\QI�Kt\^� x U�d,U SaI��?SaHz~]S g d,WG\µU hEh TJUV~�R1\QH�IQ|&IQP
~�d,DG� R�T2\´R�T2\aDLd1\^R1U S^IL� x d,DG�2��\G� w TJ\uU�KZR�d1D
H g S{R�UVDGK DL~ R�T2\uTJUVR,R�UVKJF©R�UV�B\´|�T2U S�T
F g ILd�I�KyR1\a\ h R1T3I�R R�T2\�� g \ g \B�V\aK2FLR�TpT3I h KJ\{WZ\ad�\{¢2S^\^\QHz\QH<R1TJ\8��\^WG\a�@U�K©� g \ h R�UVDGK
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n ;9�8��'Ì+$��ä��9���E�����µ+¥"$���{¨#�1
 ��+ß	�-9��ä�"$��


w T2U h I x2x \aKJH2U¡¢ h,g �B��ILd,U�_a\ h S{� I h1h U S^IL�zTJ\aIQW
Py�¦R1d�IL¨�S&�VU��BUVR�d,\ h,g �¡R h ~�DGd�I h \a� g \^K3S{\
DG~E� g \ g \ h ���°R�U h UVK3S{� g Hz\QHuTJ\^d1\ x d1UV��I�d1UV�VP#R�DN\ h R�IL�2��U h TuKJDLR�I�R1U�DGKp~�DGdOR1TJ\8��ILUVK
�?D
HzPpDL~&R1TJ\ x I x \^da�¤æ7\QS^IL�V��R1TJ\�Hz\a�2KJUVR1U�DLK h � ?AyNB  �2 ONILKJH©~�DGd/Z � lLk � ?Ay�B] �2¿ ]z�~ X x ?Ay�Bz k?|�TJ\^d1\�~�DLdO\aIGS�T�v@k wHx ?AyNBz|{ }z�~ X U h I h \Q� g \^K3S^\9DL~�UVK3Hz\ x \^K3Hz\aKyRak¥U Hz\aKz�R�U�SaIL�V�VPîH2U h R1d1UV� g R1\QH h R�d,U S�R��VP x D h UVR�U¡WZ\´d1ILK3HzDG� WLI�d1U�IL�J�V\ h |�UVR1T��B\QI�K X���Á�I� I�K3H
h R�ILKJHJI�d�H<H2\^W
U I�R�U�DLK � ?Ay�B �9��K<R�T2\jv¥��R�T�� g \ g \Gk � ?Ay�B] U h R1TJ\BI�d1d1U¡WLI��:R1U��B\8DL~�R�T2\Zy��R�T}S g3h R�DL�B\ada� w TJ\NK g �9�Ð\adBDG~OS gJh R�DG�B\^d h ILd,d1UVWG\QH��yP�R�U��B\ 9 U hY¢ ?Ay�B ��9,� �2
��I�¢ w Z � Oh� � ?Ay�B] � 9 { ���©\�H2\^�JK2\ R�T2\tø�ó{ö3ò°ó^ð�ó�û�ñ�ö?û�ù{ø�ñ�ý�ó�ûtñ�ð�ð�÷ ��ñ�ýh¡Ðð�õ¯ø�ó{ù�ù»¢ ?Ay�B ��9,� �2 l� v ½ ¢ ?AyNB � v 9,�¼¯¾½ ?AyNB v 9 ¾ ; 9	� Ob6

æ�\aSaIL�V�$IL� h D�R�TJ\ H2\^�JK2UVR�UVDGK£DG~0R�T2\�ø�ó^ö3ò°ó{ð�ó�û�ñ�ö¥ûBù{ø�ñ�ý�ó�ûj¤Eõ�ð�¥�ñ�ð�ð�÷ ��ñ�ýV¡?ð�õQø�ó^ù�ù»¦ ?AyNB � 91� �2 l� v § y*@ ©�z�~ X ¿ � ?AyNBz ¯ le ?AyNBfÀ ;
|�T2\ad1\¤~�DGd�\QILS�T v:k w<� ?AyNBzØ{ }z�~ X U h I h \Q� g \aKJS^\£DG~�U�K3Hz\ x \aK3Hz\aKZRQk�U�H2\aKZR�U�SaIL�V�VPïH2U h �R�d,U�� g R�\aH d�I�K3HzDG� WLI�d1U I��J�V\ h |7UVR1T �B\aILKïe ?Ay�B ILKJH}WLILd,U I�K3S^\ � ?AyNB � w TJ\´|&DLd1`
ILd,d1UVW�IL� x d1DzS{\ h1h U h ¦ ?Ay�B ��9,� �2 § y*@ ©�z�~ X � ?AyNBz ;
ILKJH£R�T2\�S{\aKyR1\ad,\QHNI�K3H h SaI���\QH£K2\^R xJg R x d,DzS^\ h1h U h»® ?Ay�B � 91� �2 l� v ½ ¦ ?AyNB ��¢ ?AyNB � v 91�1�&¯ v 9%¾ 6�©\NU�� x D h \£R�T2\NTJ\aIQWyP�R�d1IL¨�SNI h1h1g � x R�UVDGK hN� i
�Þm � 4 � iy� lLl � k@|�TJU�S�TîILd1\NUVKî~�DLd�S{\
R�T2d1D g FGT2D g Ra�

c gJx2x D h \ � U h I h R�ILK3H2ILd1HpC&d,D¯|�K2U I�Kp�BDLR1U�DLKpILKJH�e�ILKJH�S�I�d1\8S^DGK h R�ILKZR h �
w T2\aK � � � 91� 2Xe 9�µ S �t��9,� U h IBCEd1DQ|�U�ILK¤�BDLR1U�DGKt|�U¡R�TNHzd1U�~ R%e�I�K3HtW�ILd1U�ILKJS^\�S]b�
i



x \^d g K2UVRµR�UV��\L�d�©\8Hz\aK2DLR�\�R1TJU h �yPN|�d1U¡R�UVKJF � �+© �h�=� e ; S]b � � w T2\�~�DL����DQ|�UVKJF
R�T2\aDGd,\a� h I�d1\�S{DGK h \a� g \^K3S{\ h DL~Q��d,DGT2DGd1DQW ê�iLj¯ì¦k w TJ\^DGd,\a�ØKz� l�k gJh \aHpR�DN\^¢
R1\aKJH
C&UV���VU�KJF h ��\^P<ê¡l�ì°k0l¯jy�AKz�WQX ÄbÒ�Ê�ÄVÏ ªV[1] g0ú2ó9ù^ó�.{ü3ó{ö?ø�ó8õ#¶^¡?ð�õQø�ó{ù�ù{ó^ù w »¦ ?AyNB {*}y ~ X ø�õ�öJ��ó{ð°þyó{ù�¤Eó�ñ*¥�ýA0£ò°õNñ¡?ð�õQø�ó^ù�ù%¦ � © �h�=� O ;ù� b � fWQX ÄbÒ�Ê�ÄVÏ ªV[nmÖg0ú2ó�ù{ó�.^üJó^ö?ø�óBõù¶Q¡?ð�õQø�ó^ù�ù^ó{ù w »¢ ?AyNB { }y ~ X ø�õ�ö���ó^ð¦þyó{ù�¤�ó�ñ�¥�ýA0£ò°õ#ñ¡?ð�õQø�ó^ù�ù ¢ � © �h�=� O ;�� b ½ e � fWQX ÄbÒ�Ê�ÄVÏ ªV[nYÖg0ú2ó�ù{ó�.{ü3ó^ö?ø�ó »® ?Ay�B ø�õ�ö���ó^ð¦þyó{ù�¤�ó�ñ�¥¯ý-0Bò°õ X� ¢ � µ ¦ � ¦ ½G�^¯ Ö 9 i¤@ú2ó{ð�ó ¢ ��© �t� O ;#� b ½ e � i ¦ ��© �t� O ;ù� b � i ¢ � ñ�ö?ûY¦ � ñ�ð�ó9÷�ö¥ûGó ¡Jó^ö?ûZó{ö3ò i ñ�ö?û �
÷�ù ò�ú2ó�÷¦ûZó{ö3ò«÷ ¶�0�¶�üzö?ø^ò«÷¦õ�ö �
��91� 2 9 ¶^õ�ð�ñ�ý�ý 9 �ïêLO ; l{ì:fk Ò�Ê*Ò�ó�ó Å�Ê*Ç|ª�[ Ì º]óaò ® � 2 X� ¢ � µ ¦ � ¦ ½G�>¯ Ö 9 ^ ó�ò�ú2ó|e7ð�õ�¤�öJ÷¦ñ�ö#ô�õLò«÷¦õ�ö(¤�÷«ò�ú
û�ð�÷ ¶�ò�÷�ö9g0úzó�õ�ð�ó{ô e�f�« i ñ�ö?û£ûZó�ÿ�ö?óCh� � 91� �2 ¯ �BU�K I°�±#° @ ® � �·²¯�1;´ð� � 91� �2 ® � � 91�ñµ Cè� ��9,� 6g0ú2ó{ö ¡ »® ?Ay�B ; »C ?AyNB ; Â ´ ?Ay�B £ � �

® � ; Ch� ; ´ð� � 6
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�ß�K¬a��"$���8':���

êël{ì®­°¯¬}j}]¯�±�²2³�}]�«��´VuQ� � lamNG�M � ¹�õ�ö��Ló{ð°þZó^ö?ø�ó�õ#¶{µ�ð�õ ^ ñ ^ ÷�ýë÷«ò�0�¶pó�ñ�ù�üzð�ó{ù�k�YZDLTJK� U��V\^P(W c DGK h k���\^|¸·�DLd1`?�
ê�i¯ìO{Êx~ysy¹�w�'±K´�ºQ�¼»©�°½ÜvÝ�
´�u¿¾A�~�~}Q³"À'¯
¯l´�Á��ÂÁ�����±AÃÅÄ,�`¯�����±K´�Æ0�ÂÇ�� � lQmLmÞ' ���DG���VU�K2F h P h R�\a� h |�UVR1Tt_^\ad1D h |�UVR�S�T2D¯WZ\^d�R1U��B\ h^­ I�T2\QIQWyPBR1d�IL¨�S��¦R�d1IL¨�S�IQWG\ad��
ILFLU�K2F x d,U�KJS^U x ��\Lk���ö3ö?ñ�ý ù�õ#¶|��¡N¡?ýë÷�ó�ûÈµ�ð�õ ^ ñ ^ ÷�ýë÷«ò�0�Õ$kJGNM2l���j
lQmz�

ê K�ì�ÉÃ�A¯l´�½.�'»©� � lQmGmN' � èµK x D h UVR1UVWZ\�²µILd,d1U h d1\aS g d1d1\^K3S{\�DL~$� g �VR1U S^��I h1h � g \ g \^U�K2F
KJ\{R�|EDGd1` h^­�f§g K2U��J\aHtI xJx d1DGIGS�T�W
U I9® g U H��VU��BUVRE��D
H2\^� h kµ��öJö?ñ�ýëù�õ#¶Ô��¡Þ¡?ýë÷�ó�û
µ�ð�õ ^ ñ ^ ÷�ýë÷�ò�0ÃÕ$k��Zm���jLj
�

ê �Lì�ÉOx'�'ÊAË.��¯�±.x.Ìg´A­Ø� � lamGmZj � ²�\QIQWyPBR�d�I�¨�S���UV�BUVR h DL~]� g \ g \ h |�U¡R�T£H g \OHJI�R1\ h k��T0�ÞM9�/MµU h1h \ad�R�I�R1U�DLK0k�MO\ x I�d,R��B\^KyR£DG~T�´I�R�TJ\^��I�R�U�SaI�� c S^UV\aKJS^\ h kOç&I�d1KJ\^FGUV\�#\a�V��DGKN��KJU¡WZ\ad h UVR�PG�
êL'¯ì�º�Ê���¯��µv�´�Í,�2Î��.��±AÃ_�_��»©�2Ïk¾.v�ÊAÐÜ� � lQm�MNG � ¶pñ�ð�¥Lõ��pµ�ð�õQø�ó^ù�ù^ó{ùðf^¹Ìú2ñ�ð�ñZøI�
ò°ó{ð{÷Í×¯ñ�ò«÷¦õ�ö�ñ�ö?ûk¹�õ�ö��Ló{ð°þZó^ö?ø�ó{kzY3�L� UV��\^PFW c DGK h k���\^|¸·�DGd1`Ð�

ê G�ì�Ñ	}]�G�°¯�±�²g´�Òæ�2Ó��.��±AÃ�Æ0�2Ôp¯1x�Ê � lamZjLm � c DG�B\��B\QI h,g d1\{�¦W�IL� g \QH(�´ILd,`GDQW
x d,DzS{\ h1h \ h U�K x D xJg � I�R�U�DLK FG\^KJ\^R1U S h R�T2\aDLd,PZk5!�ö?û�÷�ñ�ö?ñ o]öJ÷ �*f�¶pñLò�úsf+ÕcfÔm'õ$kM2lQjH4bM��VK
�

ê�j¯ì�ÓQ�.v\v�¯
³�x�±<´K½.�ÖÆ0� � lQmGj�K ��f ��UV��U¡RµR1TJ\aDLd1\^� ~�DGd x d1U�DLd1U¡R�P´� g \ g \ h UVK<TJ\aIQWyP
R�d1IL¨�SLk�Õ2õ�üzð�ö?ñ�ý�õù¶|��¡Þ¡?ý ÷¦ó�ûkµ�ð�õ ^ ñ ^ ÷�ýë÷�ò�0Ø]sý0k3mNOGj¯��mzl¯iy�

ê M�ì�ÓQ�.v\v�¯
³�x�±<´�½.� Æ0� � lQm�MÞ' � e7ð�õ�¤@öJ÷¦ñ�ö�¶põLò«÷�õ�öîñ�ö?û ¤ ò°õ¯ø�ú2ñ�ù�ò«÷¦ø/��ý�õ�¤ ¤ 0�ù1�
ò°ó{ô8ù�kJYZDGT2K(� UV��\^PGk���\^|¸·�DLd1`Ð�

ê m�ì�ÓQ�.v\v�¯
³�x�±<´2½.��Æ0� � lQm�MNM � C&d,D¯|�K2U I�K#�BDzH2\^� h DL~@� g \ g \aU�K2F�KJ\{R�|EDGd1` h |7UVR1T
TJ\{R�\^d1DGFL\aK2\aD gJh S g3h R�DL�B\ad x D xJg � I�R�U�DLK h kzUVK×µ�ð1õ¯ø�ó�ó�û�÷�ö
þLùOõ#¶Oò�ú2ó5!Ø¶J���´õ�ð1¥��
ù1ú2õ�¡ßõ�ö ¤ ò°õ¯ø�ú2ñ�ù�ò«÷¦ø�� ÷ Ù�ó^ð�ó{ö3ò«÷¦ñ�ý ¤ 0�ù�ò°ó{ô8ù�k c x d1UVKJFL\ad,��S�\^d1� I�FJk���\{|Ú·�DGd,`?k
lI�yj¯��lHMNG
�

ê¡l<O�ì�ÓQ�.v\v�¯
³�x�±<´.½.��Æ0�'��±AÃrÎ®²'¾��2�G±K´.Ô�� � lQmLmNK � CEd1DQ|�K2U ILKB�BDzHz\a� h DL~?� g �VR1UV�
S^��I h1h � g \ g \aUVKJF8K2\^R�|EDGd,` h^­ ç g d1d1\^KyR h R�I�R g3h ILKJH¤D x \aK x d,DG�J�V\a� h kKÛ�ü3ó{ü3ó{÷�ö
þ
¤ 0�ù�ò°ó^ô�ù�g0ú2ó�õ�ð10 ��¡Þ¡Ðý�f~]cY$k�'¯�·�VOz�

ê¡lLl{ì�ÓQ�.v\v�¯
³�x�±<´�½.��Æ0�|��±AÃÜÒÜ�G¯�±K´,Ý��+½~� � lQmLmNO � c S�T2\QH g ��UVKJF�KJ\{R�|&DLd1` h DL~
� g \ g \ h^­ ²�\QIaW
PNR�d1IL¨�S9I�K3I��VP h U h DG~�I�R�|EDL� h R�I�R1U�DGKuS{��D h \aH#KJ\{R�|&DLd1`Ðk%$	¡Jó{ð�ñ��
ò«÷¦õ�ö3ù5¸7ó{ù^ó�ñ�ð1ø{úhY'õ$k0lHOÞ'Li¯��lHONG��J�

�N�



ê¡lQi¯ì�ÓØx�±'²g´<½.�
´��Ñ��±K´<Þ©�
´Ñ��±AÃ¸�Ãx.ß�³�}]�s��´gÉJ� � lamNMGm �µf*x \ad,~�DGd,��ILK3S{\8ILKJIL�¡�
P h U h DL~��BU�KJUV� g � � I�¢zUVR�P´ILK3H´\QILd,��UV\ h R H2\QILH2�VU�KJ\ h S�T2\QH g ��UVKJF�U�KpItd1\aIL�V��R�UV��\
h P h R�\^�Nk�!�� � ��g2ð�ñ�öJù{ñZø^ò«÷¦õ�öJù�õ�öû¹�õ�ô�¡?ü2ò°ó{ð�ù¢Y'õ&øí]cm�úQk0l¯j�K�G���l¯j����J�

ê¡l<K�ì�ÓØx3x'À'��´1½~� � lQmGj�O � èµK h DG�B\E��UV�BUVRÌR�T2\aDLd1\a� h ~�DLdÌR�TJ\Q�O�����l�zl�� g \ g \Lk`Õ2õ�üzðf�
ö?ñ�ý�õ#¶|��¡N¡?ýë÷�ó�ûÈµ�ð�õ ^ ñ ^ ÷�ý ÷«ò�0hà?kJGNK���� G��VOz�

ê¡lf�Lì�ÇØ²3}V���\�.vQÊ�´®ÉJ�³��±AÃàÒÅ��¯�Ê�Ê�´�ÒF� � lQmGj�O � � g �¡R�U x ��\uS�T3ILK2KJ\^�O� g \ g \ h UVK
TJ\aIQWyP£R1d�I�¨�SO��kT��û��Lñ�ö¥ø�ó{ùO÷�ö���¡N¡?ýë÷�ó�ûÈµ�ð�õ ^ ñ ^ ÷�ýë÷«ò�0�m$k0l*'�O¯��lQjGj
�

ê¡lH'¯ì�ÇØ²3}V���\�.vQÊ�´®ÉJ�³��±AÃàÒÅ��¯�Ê�Ê�´�ÒF� � lQmGj�O � � g �¡R�U x ��\uS�T3ILK2KJ\^�O� g \ g \ h UVK
TJ\aIQWyP£R1d�I�¨�SO�,��k���û���ñ�ö?ø�ó^ùµ÷�öR��¡Þ¡?ý ÷¦ó�ûkµ�ð�õ ^ ñ ^ ÷�ýë÷«ò�0�m$k�KÞ'�'¯�­KNG��2�

ê¡l<G�ì�Ïk¯�±�²'����±K´�½.�ÂÑ³��{Ø� � lQmNGzl � w T2\ h UVKJFG�V\ h \^d,WG\ad�� g \ g \�U�KBTJ\QIaW
P�R1d�I�¨�S�k�µ�ð�õ��
ø�ó�ó�û�÷�özþ�ù�õ#¶�ò�úzóR¹�ñ�ô ^ ð{÷�ûQþZó�µ�úy÷�ýVõ�ù^õ ¡Ðúy÷¦ø�ñ�ý ¤ õ¯ø{÷¦ó^ò�0³ÌTõ$kÐiGjGjQ��i�MGmz�

ê¡lQj¯ì�Ï }]�`¯�±K´gÆ0�
´KÄÃ�~}í�µ�g´��_��´Ku�x~}j}j��À�´<­Ø��´ á�â���±�Ð*�<´KÄV�¯�'±AÃã» x'±�Ð2�.}V�1Ðwä
ÓQ�.v�â�x'¾~v�´�Æ0� � lQmLmNK � �åµ�ð�ñZø^ò«÷«ò«÷¦õ�ö¥ó{ðGæ ù�ç�ñ�ö?û ^ õQõ�¥�¶{õ�ð�¸7ó�ñ�ý ��g]÷�ô�ó³��ö?ñ�ý �0�ù�÷�ù�k3é � g |&\^d f SaILH2\a�BU�S�� g �J��U h TJ\ad h �

ê¡l<M�ì�Ïh�2èÜv�¯¬��±.x'¾K´�ºQ� � lamZj
l � w T2\ W
U�d,R g I��¥|&ILUVR1U�K2F�R�U��B\ODG~]R�TJ\3�µ���N���zl � g \ g \
U�K¤TJ\aIQW
PtR1d�IL¨�S�k���û���ñ�ö?ø�ó^ùµ÷�öR��¡Þ¡?ý ÷¦ó�ûkµ�ð�õ ^ ñ ^ ÷�ýë÷«ò�0�Y$k?i��Zm���i�GNM
�

ê¡lam�ì�Ý����.x2Ë�ÐdÀ~��´'½.� uQ� � lQmLmNG � æ7\QIL�¡�¦R1U��B\ � g \ g \aU�K2F�R�T2\aDGd�PZk�µ�ð1õ¯ø�ó�ó�û�÷�ö
þLù õ#¶ ò�ú2ó!�� � �+¸7ó�ñ�ý-��g]÷�ô�ó ¤ 0�ù�ò°ó{ô8ù ¤ 0�ô�¡3õ�ù�÷�üzô8kJMµ\QS{\a�9�?\^d�lamGmNG
k0lHM�G���lamÞ'y�
ê�i�O�ì�Ý����.x2Ë�ÐdÀ~��´È½.� uQ� � lamGmGj � � h UVKJF�d1\aIL�V��R�UV��\<� g \ g \aUVKJF�R�TJ\^DGd�P R1DîS{DGKyR1d1DL�

� I�R�\^KJ\ h1h U�K©d1\aIL�V��R�UV��\ h P h R�\a� h kKµ/ó{ð�¶^õ�ð�ô�ñ�ö?ø�ó��>��ñ�ý ü3ñLò«÷¦õ�ö¾¸7óI�Q÷¦óf¤�m'Õ&øí]�úQk
l*'�M���lHGNM
�

ê�i
l{ì�Ý����.x2Ë�ÐdÀ~��´�½.� uQ� � lamGmZj � æ�\aIL�¡�¦R�UV�B\8� g \ g \^U�K2F¤KJ\^R�|&DLd1`´R1TJ\^DGd,PGk�µ�ð�õQø�ó�ó�û��
÷�ö
þ�ù8õ#¶9ò�úzó3!�� �,��¸�ó�ñ�ý-��g]÷�ô�ó ¤ 0�ù�ò°ó^ô�ù ¤ 0�ô5¡Jõ�ù�÷�üzô�k¥MO\aS^\^���Ð\ad�lQmLmZjyk	'�M¯�GZjy�

ê�iLi¯ì�Ý�¯�¾<´3{Ø�ÂÝw����±�Ã�Ý��«�,}��'±AÃ<´�½~�éÒæ� � lamZj�K � c S�TJ\aH g ��U�K2F9I���FLDGd1U¡R�T2� h ~�DGd�� g �V�
R�U x d,DGFGd1IL�B�BU�K2F¤UVK©I£T3I�d�Hpd1\aIL�¡�¦R�UV�B\�\aKZWzU�d,DGK2��\^KyRak gEÕcfÝ��üzò°õ�ô�ñ�ò«÷¦ø�¹�õ�ôj�¡?ü2ò«÷�ö
þ�¶pñGø{úy÷�ö?ó^ð10ÃmµýÚø7]�ú¯k��VO¯� GzlL�

ê�i�K�ì®ÆI�.v�À.x�ß�¯�ÊAÐ`´�ÉJ�ÖÆ0����±AÃÜÒê�G¯�±K´pÝw�ÖÆ0� � lamGmNG � ²�\QIQWyP�R�d1IL¨�SNI�K3I��VP h U h
DG~/HzP
K3I���U�S�S{PzS^�VU S x DL��U S{U�\ ha­�f=g KJUV�J\aH�R1d1\QI�R��B\aKZR�DG~ER�TJ\ h UVKJFL��\���IGS�TJUVKJ\
h S�T2\QH g ��UVKJF x d,DG�2��\a�Nk x d1\ x d1UVKyRQkJ�#� w c ��DGILK c S�T2D
DG�$DG~��uI�K3I�FG\a�B\^KyRQ�

ê�i*�Lìhu3�'±�ß|�3v�´�Í,�.��±AÃ���x�ß�³�}V�s��´2ÉJ� � lQm�MNM � èµK¤R�TJ\�D x R�UV��IL��U¡R�P�DG~]R�TJ\ c w ª
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M/M/1, EDF, Rho = .99, Queue lengths = 20, 60

Deadlines = Uniform(30,70), At Local Times = 10
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M/M/1, EDF, Rho = 0.95, Level = 15,  Global Time = 3.216e+04

Deadlines = Uniform(30,70), # of Excursions = 50, Local Time = 10
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M/M/1, EDF, Rho = 0.95, Level = 20,  Global Time = 4.63e+04

Deadlines = Uniform(30,70), # of Excursions = 50, Local Time = 10
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M/M/1, EDF, Rho = 0.99, Level = 40,  Global Time = 9.755e+04

Deadlines = Uniform(30,70), # of Excursions = 50, Local Time = 10

F
ra

c
ti
o

n
 o

f 
ta

s
k
s
 w

it
h

 l
e

a
d

−
ti
m

e
s
 l
e

s
s
 t
h

a
n

 t

¬:UVF g d,\�� ­ ��d1DG�2��\ ha­ �#\QILK$kJ�´I�¢¥kJ�#U�K#I�K3H w TJ\^DGd�PZk�7 2ð�ÞOzkJ� 2 '�O
�VM



−40 −20 0 20 40 60 80
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
M/M/1, EDF, Rho = 0.99, Level = 60,  Global Time = 1.971e+05

Deadlines = Uniform(30,70), # of Excursions = 50, Local Time = 10
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M/M/1, EDF, Rho = 0.95, Level = 20,  Global Time = 4.129e+04

Deadlines = 50Exp(1), # of Excursions = 50, Local Time = 10
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Q−Q Plot, M/M/1, EDF, Rho = 0.95, Level = 20,  Global Time = 4.129e+04

Deadlines = 50Exp(1), # of Excursions = 50, Local Time = 10
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Q−Q Plot, M/M/1, EDF, Rho = 0.95, Level = 40,  Global Time = 1.181e+05

Deadlines = 50Exp(1), # of Excursions = 50, Local Time = 10
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Q−Q Plot, M/M/1, EDF, Rho = 0.99, Level = 20,  Global Time = 8.184e+04

Deadlines = 40Pareto(6), Seed = 8725, # of Excursions100, Local Time = 10
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Q−Q Plot, M/M/1, EDF, Rho = 0.99, Level = 40,  Global Time = 1.839e+05

Deadlines = 40Pareto(6), Seed = 8725, # of Excursions 100, Local Time = 10
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Q−Q Plot, M/M/1, EDF, Rho = 0.99, Level = 40,  Global Time = 1.839e+05

Deadlines = 25Pareto(3), Seed = 8725, # of Excursions 100, Local Time = 10
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Q−Q Plot, M/M/1, EDF, Rho = 0.99, Level = 60,  Global Time = 4.219e+05

Deadlines = 25Pareto(3), Seed = 8725, # of Excursions 100, Local Time = 10
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M/M/1, FIFO, Rho = 0.95, Level = 20,  Global Time = 3.906e+04

Deadlines = 50Exp(1), # of Excursions = 50, Local Time = 10
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Q−Q Plot, M/M/1, FIFO, Rho = 0.95, Level = 20,  Global Time = 3.906e+04

Deadlines = 50Exp(1), # of Excursions = 50, Local Time = 10
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M/M/1, FIFO, Rho = 0.99, Level = 40,  Global Time = 7.352e+04

Deadlines = 50Exp(1), # of Excursions = 50, Local Time = 10
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Q−Q Plot, M/M/1, FIFO, Rho = 0.99, Level = 40,  Global Time = 7.352e+04

Deadlines = 50Exp(1), # of Excursions = 50, Local Time = 10

F
ra

c
ti
o

n
 o

f 
ta

s
k
s
 w

it
h

 l
e

a
d

−
ti
m

e
s
 l
e

s
s
 t
h

a
n

 t

¬:UVF g d1\�l<G ­ j��lj ��d1DL�J��\ h^­ �´\aILK$k��´I�¢?kJ�´UVK#I�K3H w T2\aDGd�PZk�7 2ð�VO
kJ� 2 '�O
'��



−20 −10 0 10 20 30 40 50 60 70
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
M/M/1, EDF, Rho = 0.99, Level = 60,  Global Time = 1.005e+05

Deadlines = Uniform(30,70), # of Excursions = 50, Local Time = 0
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