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WX YZ[\ ] ^ _`abc dXacbef`_e ag_ de_h bi jafekdXl `bmnh`a `bXX_`a_e od_ lcbfnj

icbm ag_ gbmbabnk n bdXa bi p d_q ] d r_ r dX a_cm j bi `shjjdik dXl jnh`_j r t j h od_ lcbfn ]
u ghj h p_ck cd`g jacf`afc_ r vbq mf`g bi agdj jacf`afc_ dj hsc_hek `bXahdX_e dX
ag_ `shjjdik dXl jnh`_ w u x ygdj zf_jadbX ghj h sbXl gdjabck hXe qhj hlhdX c_`_Xask
chdj_e {k | r} djsdX ha ag_ | ~baadXl_X `bXi_c_X`_ bX `shjjdik dXl jnh`_j dX tflfja � Z
YZ�\ r

�bc u h �Xda_ lcbfn ] bc m bc_ l_X_chssk ibc h edj`c_a_ lcbfn ] q_ ghp_ u ��
� � �w u �r yqb `bmnh`a `bXX_`a_e jdmns_ od_ lcbfnj u hXe � hc_ djbmbcngd` hj
od_ lcbfnj di hXe bXsk di u hXe � hc_ gbmbabnk _zfdphs_Xa di hXe bXsk di w u hXe
w� hc_ gbmbabnk _zfdphs_Xa r yg_ �cja _zfdphs_X`_ dj ncbp_e dX Y�\ ] ag_ j_`bXe dj
h `bXj_zf_X`_ bi ag_ �cja ] { _`hfj_ �wu � u r �bc j_m d jdmns_ o d_ lcbfnj ag_ �cja
_zfdphs_X`_ dj Xba acf_ r �bfXa_c_�hmns_j m hk { _ ibfXe dX Y�\ r �fa da afcXj bfa
agha ag_ �cja hXe ag_ shja `bXedadbX hc_ hsqhkj _zfdphs_Xa r
���RQ�� MNMN �� � ������� � �� �����   u �¡¢ � ��� �  �� ��� £�� �  � �� �����   �¤
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^ _jfsaj bi agdj akn _ q_c_ ncbp_e {k ª`g__c_c dX ag_ `hj_ bi jdmnsk `bXX_`a_e o d_
lcbfnj YZ«\ ] hXe c_`_Xask {fa dXe_n _Xask {k ¬jj_ hj q_ss hj {k }­ss_c dX ag_ `hj_ bi
`bXX_`a_e od_ lcbfnj YZ® ] yg_bc_m �\ YZZ] ¯cbnbjdadbX ° r°\ r

yg_ ncbbi bi yg_bc_m ZrZ dj {hj_e bX h `bmnhcdjbX { _aq__X lcbfn _�a_XjdbXj
bi ag_ ibcm g_bc_m ZrZu ±² � ±² ³ hXe �{chadbXj bi ag_ ibcm wu ±² w� ±² w³ ]
qg_c_ u ] � ] hXe ³ hc_ `bmnh`a od_ lcbfnj ] u `bXX_`a_e hXe ³ �Xda_ r

�bc aqb ´ µ ¶`bmns_�_j · hXe w ] q_ e_Xba_ {k · ¸¹ �w º · � ag_ j_a bi _zfdphs_X`_
`shjj_j bi �{chadbXj

· ±² » ±² w º
'=,070. B= ¼½¾¿'ÀÁ
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qg_c_ ag_ _zfdphs_X`_ c_shadbX dj ldp_X {k �{ _c gbmbabnk _zfdphs_X`_j bi ag_ ibcm
· ±±² » � ±±² w
� ��� � ���

���
· ±±² » � ±±² w º

�bc aqb lcbfnj u hXe ³ ] q_ e_Xba_ {k » �� �³ º u � ag_ j_a bi _zfdphs_X`_ `shjj_j
bi lcbfn _�a_XjdbXj u ±² � ±² ³ r yg_ _zfdphs_X`_ c_shadbX dj ag_ fjfhs bX_ ] ldp_X
{k edhlchm j bi ag_ ibcm

u ±±² � � ±±² ³
��� �	

���
���

u ±±² � � ±±² ³ 

yg_ lcbfn bi hfabmbcngdjm j ��� �u � h`aj bX » �� �³ º u �r ygdj h`adbX ih`abcj

agcbflg ag_ lcbfn bi bfa_c hfabmbcngdjm j 
�� �u �] { _`hfj_ dXX_c hfabmbcngdjm j ]
d r_ `bX�flhadbXj {k _s_m _Xaj bi u ] h`a acdp dhsskr tX bfa_c hfabmbcngdjm bi u dXef`_j
h gbmbabnk _zfdphs_X`_ bi w u r yg_c_ibc_ ] ag_ ifX`abc w dXef`_j h Xhafchs m hn

� � » �� �³ º u ��
�� �u � ±² · ¸¹ �w ³ º w u � º
qgd`g afcXj bfa ab { _ h { d� _`adbX r
���RQ�� MN� N ��� � � ¡��� ����� ³ �¡¢ � ������� ��¡¡ ����¢ � �� ����� u � �£ �
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� � » �� �³ º u ��
�� �u � ±² · ¸¹ �w ³ º w u �
�  � ��� �����¡ ©

yg_bc_m Zr� c_ef`_j ag_ ncbbi bi yg_bc_m ZrZ ab ag_ `hj_ bi `bXX_`a_e `bmnh`a
od_ lcbfnj hj q_ jgbq X_�a r
� QRR � R � ���RQ�� MNMN o_a u hXe � { _ `bmnh`a o d_ lcbfnj hXe � � wu ±² w�
h gbmbabnk _zfdphs_X`_ r �_`hfj_ � dXef`_j hX djbmbcngdjm bX ag_ ifXehm _Xahs
lcbfnj ] q_ ghp_ � � �u � �� �� �� � � � �� r } bc_bp_c ] ag_ fXdp_cjhs `bp_cj w u � hXe
w� � hc_ _zfdphs_Xa r u � dj ag_ `bmnbX_Xa bi ag_ fXda bi u r ygfj ] � dXef`_j hX
`bmmfahadp_ edhlchm bi �{chadbXj

w u � ±±² wu ±±² w��
� ���

���
���

w� � ±±² w� ±±² w�� 

�k yg_bc_m Zr° �j__ { _sbq �] q_ ghp_ u � �� � � r v _X`_ ] ag_ aqb lcbfnj u hXe �
`hX { _ agbflga bi hj { _dXl _s_m _Xaj dX » �� �w � � º w u � �r yg_bc_m Zr� jgbq j agha
u �� � hj od_ lcbfnj r �

WX ag_ `hj_ bi `bmnh`a `bXX_`a_e od_ lcbfnj ] da afcXj bfa agha ag_ Xbcm hsd�_c
bi ag_ m h� dm hs abcfj hsjb e_a_cm dX_j ag_ o d_ lcbfn fn ab djbmbcngdjm j r �bc h
`bmnh`a `bXX_`a_e od_ lcbfn u q_ e_Xba_ {k �� ag_ m h� dm hs abcfj ] {k  ��� � ag_
Xbcm hsd�_c bi �� hXe {k µ� ag_ !_k s lcbfn bi u r
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yg_ _zfdphs_X`_ bi �Z� hXe ��� qhj ncbp_e {k �fcadj ] ! d_e_cgbse hXe ! dssdhm j

ibc j_m d jdmns_ `bmnh`a o d_ lcbfnj Y[\ r WX ag_ l_X_chs `hj_ agdj _zfdphs_X`_ dj
dmnsd`da_sk `bXahdX_e dX jbm _ c_`_Xa qbc� {k ¬jj_ YZ®\ r yg_ _zfdphs_X`_ bi ��� hXe
�°� ibssbq j icbm ¯cbn bjdadbX � r° r v _X`_ da c_m hdXj ab ncbp_ ag_ dmnsd`hadbX icbm
�� � ab �Z�r ygdj dj {hj_e bX ag_ h{ bp_ m_XadbX_e c_jfsa bi ª`g__c_c YZ«\ r yb ldp_ h
ncbbi bi ag_ _zfdphs_X`_ bi hss ibfc `bXedadbXj dXe_n _Xe_Xa bi ¬jj_ �j c_jfsa q_ hsjb
jgbq agha �° � dmnsd_j �� �r ygdj dj hsjb bi dXa_c_ja { _`hfj_ bXsk hclfm _Xaj h{ bfa
`shjjdik dXl jnh`_j hc_ X_`_jjhck ab c_ef`_ agdj dmnsd`hadbX ab ag_ `hj_ bi j_m d jdmns_
od_ lcbfnj r t ia_c ghp dXl ebX_ agdj q_ `hX hnnsk ag_ c_jfsa bi �fcadj ] ! d_e_cgbse
hXe ! dssdhm j Y[\ r yg_ ncbbi ] q_ q dss ldp_ g_c_ ] dj hsc_hek qbc�_e bfa {k ag_ hfagbc
dX YZ� \yg_ nhn _c dj bclhXd�_e hj ibssbq j � WX ª_`adbX � q_ edj`fjj ag_ c_shadbX { _aq__X
lcbfn _�a_XjdbXj bi `bmnh`a od_ lcbfnj hXe ag_ hjjb `dha_e �{chadbXj r WX nhcad`fsdhc ]
q_ ncbp_ yg_bc_m Zr� r ª_`adbX ° `bXahdXj jbm _ q_ss �XbqX ih`aj h{ bfa `bmnh`a
`bXX_`a_e o d_ lcbfnj r yg_ �Xhs j_`adbX dj e_pba_e ab ag_ ncbbi bi ag_ yg_bc_m
Zr° r
! g_X q_ e_hs q dag �¶hed` `bmns_adbX ] q_ eb agdj dX ag_ j_Xj_ bi �bfj�_se hXe

� hX Y� \ rWa dj n s_hjfc_ ab aghX� | r} djsdX ibc h g_sn ifs edj`fjjdbX bX agdj jf{ � _`a r
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o_a u {_ h `bmnh`a `bXX_`a_e od_ lcbfn r �bc ag_ ifX`abc w q_ `gbbj_ h `bX�

jacf`adbX qgd`g `bmmfa_j q dag ncbef`aj YZ�\ r o_a � �u � e_Xba_ ag_ `_Xa_c bi ag_
`bmnh`a `bXX_`a_e o d_ lcbfn u r o_a �� » �wu � e_Xba_j ag_ `bmnbX_Xa bi ag_
de_Xadak bi ag_ mhnndXl jnh`_ � » �wu � bi hss j_si gbmbabnk _zfdphs_X`_j bi w u r
yg_j_ { bag j_aj hc_ abn bsbld`hs lcbfn �sd�_ mbXbdej r ¯hjjdXl ab `shjjdik dXl jnh`_j
hXe ah� dXl ag_ he�bdXa ] ag_ b{pdbfj gbmbmbcngdjm � �u � � u ±² u dXef`_j h mhn
�� � w � �u � ±² �� » �wu � qgd`g dj h gbmbmbcngdjm bi abn bsbld`hs lcbfn sd�_
mbXbdej r �_`hfj_ `bX�flhadbX bX u dXef`_j h j_si m hn bi w u gbmbabnd` ab ag_
de_Xadak] ag_c_ _� djaj h gbmbmbcngdjm 
�� �u � ±² �� �� » �wu �� icbm ag_ bfa_c hf�
abmbcngdjm bi u dXab ag_ lcbfn bi `bmnbX_Xaj bi � » �wu �r yg_ ncbbi bi yg_bc_m
Zr� ] qgd`g dj ag_ m hdX nfcnbj_ bi agdj j_`adbX dj {hj_e bX ag_ ibssbq dXl jaha_m_Xa
qgd`g `bss_`aj j_p_chs c_jfsaj icbm ed�_c_Xa hfagbcj r �bc h jnh`_ � q_ e_Xba_ {k
� � �� �� � �� ag_ ncbef`a bi hss �¶hed` `bmns_adbXj r
���RQ�� � NMN ��� u �� � ��¡¡����¢ ������� � �� ����� © �£ �¡ �£ � ¤ �¥ ¥�� �¡� £ �¥¢  �
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��� � w � �u �� �±² �� » �wu ��
w ���� � � w �w � �u �� � �±² w ��� » �wu �� �
�w �� �� � �w w � �u ��� �±² �w �� » �wu ��� 
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�� �u � ±² � � �� » �wu ��

�  �¡ � �� ��� £� � ©
� ���¤ © yg_ mhn �� dj hX _zfdphs_X`_ hia_c `bmns_adbX {k Y« ] yg_bc_m °\ YZ° ] yg_�
bc_m Zr«\ ] hXe jb dj w ���� �r �_`hfj_ hss jnh`_j hc_ `bXX_`a_e ] ag_ ifX`abc w `bm �
mfa_j q dag `bmns_adbX Y� ] � W �[ r®\ r v _X`_ ] ag_ mhn �w �� �� dj hsjb hX _zfdphs_X`_ r
¯hca ��� ibssbq j icbm Y°\ qg_c_ da dj jgbqX agha ag_ m hn �� » �w u � ±² �� » �wu � �
dXef`_j ag_ e_jdc_e �cja _zfdphs_X`_ r ygdj m hn dj hsjb h mbXbde gbmbmbcngdjm ]
qgd`g jgbq j agha w ��� » �wu �� � � w �� » �wu � �r yg_ shja m djjdXl _zfdphs_X`_
bi ��� ibssbq j hj dX �Z� {k `bmmfadXl ag_ ifX`abc w hXe `bmns_adbX r yg_ agdce
jaha_m _Xa dj ncbp_e dX Y� ] �bcbsshck � r«\ r �

�p_ck _�h`a j_zf_X`_
Z ±² u ±² � ±² ³ ±² Z

bi `bmnh`a od_ lcbfnj ] u `bXX_`a_e hXe ³ �Xda_ ] ldp_j cdj_ ab hX gbmbmbcngdjm
� � ³ ±² 
�� �u �r yg_ gbmbmbcngdjm � e_n _Xej bXsk ag_ _zfdphs_X`_ `shjj bi
ag_ _�h`a j_zf_X`_ r Wa dj q_ss �XbqX agha ] ibc h `bmnh`a `bXX_`a_e od_ lcbfn ]
ag_ ncb� _`adbX ��� �u �±²
�� �u � ghj h j_`adbX � � 
 �� �u �±²��� �u �r ygdj m dlga
{ _ j__X hj ibssbq j r ag_ lcbfn � 		 �u � �� u �� �u � bi ag_ dXX_c hfabmbcngdjm dj
djbmbcngd` ab ag_ `_Xa_cic__ zbfad_Xa u �� u �� �u �r �k Y� ] W� ] [ r�\ ag_ _�h`a
j_zf_X`_ u ±² ��� �u � ±² 
�� �u � jn sdaj hXe ldp_j cdj_ ab ag_ e_jdc_e j_`adbX r ygdj
j_`adbX dj Xba fXdzf_ dX l_X_chs r !_ �� h `gbj_X j_`adbX � ibc ag_ ibssbq dXl r �bc hXk
gbmbmbcngdjm � � ³±²
�� �u �] ag_ lcbfn _�a_XjdbX u±²u 
 ³±²³ c_hsd�_j � ]
qg_c_ ³ h`aj bX u pdh � hXe ag_ j_`adbX � r !_ e_Xba_ {k » ��� �³ º u � ag_ j_a bi hss
lcbfn _�a_XjdbXj hjjb`dha_e ab h ��_e gbmbmbcngdjm � � ³ ±² 
�� �u �r yg_c_ibc_ ]

» �� �³ º u � � ��
� �� �� ���� �� ��» ��� �³ º u �

hXe
» �� �³ º u ��
�� �u � � ��
� �� �� ���� �� �� » ��� �³ º u �

jn sda dXab edj�bdXa fXdbXj bi XbX_mnak j_aj r v _c_ ] � �� �³ º u � e_Xba_j ag_ j_a bi gb�
mbmbcngdjm hXe ��� �³ º u � ag_ j_a bi c_nc_j_XahadbXj ] d r_ r gbmbmbcngdjm j mbefsb
`bX�flhadbXj r yg_c_ dj h jdm dshc jn sdaadXl ibc · ¸¹ �w ³ º w u �] qgd`g q_ q dss _�n shdX
X_�a r �k h c_jfsa bi ªahjg_� Y��\ ] �{chadbXj bi ag_ ibcm

wu ±² � ±² w³



�

hc_ `shjjd�_e fn ab �{ _c gbmbabnk _zfdphs_X`_j {k gbmbabnk `shjj_j bi m hnj

w ³ ±² w� » �wu � 

�bc ag_ lcbfn bi ag_ `bmnbX_Xaj ] q_ ghp_ � � �� » �wu �� �� 
�� �u � �yg_bc_m � rZ�r
v _X`_ ] ag_c_ _� djaj h �{chadbX

w �� » �wu � ±² w� » �wu � ±² w
�� �u � 

�bc _p_ck �{chadbX wu±² � ±²w³ ] ag_ `bmnbjdadbX

w ³±²w� » �wu �±²w
�� �u �

dj gbmbabnd` ab h m hn w � ] qg_c_ � � ³±²
�� �u � e_j`cd{ _j ag_ h`adbX bi ³ � �w³
bX wu hXe ag_c_ibc_ ag_ h`adbX bi ³ bX ag_ gbmbabnk lcbfnj bi w u r ygdj gbmb�
mbcngdjm dj bXsk e_a_cm dX_e fn ab `bX�flhadbX dX ¬fa �| �] d r_ r ag_ `bmnbjdadbX
e_a_cm dX_j h c_nc_j_XahadbX � � ��� �³ º
�� �u ��r �bq q_ hsjb `hX jn sda

· ¸¹ �w ³ º w u � � ��
� �� �� ���� �� �� · ¸¹� �w ³ º w u �

dXab h edj�bdXa fXdbX ] qg_c_ · ¸¹� �w ³ º w u � e_Xba_j ag_ j_a bi �{chadbXj qgbj_ `shj�
jdik dXl m hn w ³ ±² w� » �w u � dj ] fn ab gbmbabnk] h sdia bi w � � w³ ±² w
�� �u �r
� QR�R
VP VRO � N� N ��� �¨��¦ £ �� �� ��� £� � � � ³ ±² 
�� �u �� �£ � �¥�� �¡�  �¤
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¥¦�¡� �¨�� w � � w ³ ±² w
�� �w u � ©
� ���¤ © yg_ j_`adbX w
�� �u � ±² w� » �wu � _jah{ sdjg_j h j_`adbX dX ag_ �{chadbX� �� �w ³ º w � » �wu �� ±² � �� �w ³ º w
�� �u �� bi m hnndXl jnh`_j r o_a · { _ ag_
�{ _c bp_c w � r yg_X ] �� �· � ±² �� �� �� �w ³ º w� » �wu ��� dj hX dX� _`adbX r yg_
jbfc`_ e_j`cd{ _j ag_ j_a bi m hnj bp_c w � ] q gd`g hc_ p_cad`hssk gbmbabnd` ] hXe ag_
ahcl_a ag_ j_a bi gbmbabnd` m hnj dXab w� » �wu �r ygdj dmnsd_j ag_ jaha_m_Xa r �

yg_ jn sdaadXlj dXab edj�bdXa fXdbXj bi » �� �³ º u ��
�� �u � hXe · ¸¹ �w ³ º w u � hc_
`bmnhad{ s_ q dag ag_ mhn � bi yg_bc_m Zr� r �bc _p_ck � ] q_ l_a h m hn

� � � » ��� �³ º u � ±² · ¸¹� �w ³ º w u � 

yg_ edpdjdbX {k 
�� �u � bX » �� �³ º u � hj dX yg_bc_m Zr� dj c_�_`a_e {k `gbbjdXl
h ��_e gbmbmbcngdjm � ibc _h`g c_nc_j_XahadbX ³ ±² 
�� �u �r yb ncbp_ yg_bc_m
Zr� da dj jf� `d_Xa ab jgbq agha ag_ m hn � � dj h { d� _`adbX ibc _p_ck gbmbmbcngdjm
� � ³ ±² 
�� �u �r
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