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:gghlZpby

;blxdh\ K�B�� A_jgbc X�<� b ^j� Kihkh[ dhgljhey lhqghklb hlghkbl_evgh]h baf_g_gby ki_dljZevghc

oZjZdl_jbklbdb NWM� Ij_ijbgl BN<W ���� ���� − Ijhl\bgh� ����� ± � k�� � jbk�� [b[ebh]j�� ��

Ij_^eh`_g kihkh[ dhgljhey b kha^ZgZ mklZgh\dZ ^ey baf_j_gby lhqghklb hlghkbl_evgh]h baf_g_�

gby ki_dljZevghc oZjZdl_jbklbdb NWM ijb jZaebqguo ki_dljZevguo oZjZdl_jbklbdZo wlZehggh]h
bklhqgbdZ b bklhqgbdZ k\_lZ� Baf_j_gZ ^he]h\j_f_ggZy g_klZ[bevghklv k\_lh\h]h ihlhdZ k\_lh^bh^Z

k lhqghklvx ���×����
ijb jZaebqguo ki_dljZevguo oZjZdl_jbklbdZo dhgljhebjm_fuo bklhqgbdh\ k\_lZ�

$EVWUDFW

%LW\XNRY 6�,�� =HUQLL <X� 9� HW DO� $ 0HWKRG WR 0RQLWRU WKH 0HDVXUHPHQW $FFXUDF\ RI 5HODWLYH 9DULDWLRQ

LQ 307 6SHFWUDO 6HQVLWLYLW\� ,+(3 3UHSULQW ���� ���� − 3URWYLQR� ����� − S� �� ILJV� �� UHIV�� ��

$ PHWKRG WR PRQLWRU WKH UHODWLYH FKDQJHV LQ VSHFWUDO VHQVLWLYLW\ RI SKRWRPXOWLSOLHU WXEH LV SURSRVHG�

7KH PHWKRG LV WHVWHG ZLWK WZR GLIIHUHQW OLJKW VRXUFHV���UHIHUHQFH DQG PRQLWRUHG� 7KH ORQJ WHUP LQVWDELOLW\ RI

WKH PRQLWRUHG OLJKW VRXUFH LV PHDVXUHG DQG DFFXUDF\ RI WKH PHWKRG LV IRXQG WR EH EHWWHU WKDW ���×����
�
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;ukljh_ jZa\blb_ l_ogheh]bb ijhba\h^kl\Z lZd gZau\Z_fuo ©k\_jotyjdboª �8OWUD�EULJKW�

k\_lh^bh^h\ kms_kl\_ggh m\_ebqbeh kbem k\_lZ k\_lh^bh^h\ b ^Zeh \hafh`ghklv bo rbjhdh]h

ijbf_g_gby \ kbkl_fZo dhgljhey klZ[bevghklb wg_j]_lbq_kdhc rdZeu dZehjbf_ljh\ b ^jm]bo

kpbglbeeypbhgguo ^_l_dlhjh\ >�−�@�
H^gZdh k\_lh^bh^ h[eZ^Z_l l_fi_jZlmjghc aZ\bkbfhklvx k\_lh\uoh^Z ijb ihklhygghc

Zfieblm^_ ih^`b]Zxs_]h bfimevkZ >�@� :fieblm^Z k\_lZ aZ\bkbl lZd`_ hl qZklhlu ke_^h\Zgby

bfimevkh\� ih^Z\Z_fuo gZ k\_lh^bh^ >�@� < k\yab k wlbf g_h[oh^bf ^hihegbl_evguc dhgljhev

bgl_gkb\ghklb k\_lZ hl k\_lh^bh^Z�

>ey dhgljhey ^he]h\j_f_gghc klZ[bevghklb k\_lh^bh^Z ijbf_g_g k\_lh\hc bklhqgbd ba

hjlhZexfbgZlZ blljby� ij_^klZ\eyxsbc kh[hc djbklZee jZaf_jhf �×�×��� ffñ k gZg_k_gguf
gZ _]h ih\_joghklv α�gmdeb^hf

���3X >�@�

LZd dZd ki_dljZevgZy oZjZdl_jbklbdZ baemq_gby djbklZeeZ g_ kh\iZ^Z_l kh ki_dljZev�

ghc oZjZdl_jbklbdhc baemq_gby a_e_gh]h k\_lh^bh^Z b ibdb ki_dljZevguo oZjZdl_jbklbd

gZoh^ylky ih jZagu_ klhjhgu ibdZ ki_dljZevghc qm\kl\bl_evghklb nhlhwe_dljhggh]h mfgh�

`bl_ey� lh ^ey ijh\_jdb lhqghklb dhgljhey Zfieblm^u k\_lh^bh^Z ih k\_lh\uoh^m jZ^bhZd�

lb\gh]h bklhqgbdZ ijh\_^_gh baf_j_gb_ lhqghklb ^ey jZaebqguo ki_dljZevguo oZjZdl_jb�

klbd dhgljhebjm_fuo bklhqgbdh\ k\_lZ�

�

��� �!�"��#$�%&�#�'�� #���

NmgdpbhgZevgZy ko_fZ baf_j_gby lhqghklb dhgljhey NWM ijb jZaebqguo ki_dljZevguo

oZjZdl_jbklbdZo dhgljhebjm_fuo bklhqgbdh\ k\_lZ ihdZaZgZ gZ jbk� ��

:fieblm^Z k\_lh\h]h bfimevkZ hl k\_lh^bh^Z [ueZ \uklZ\e_gZ lZdbf h[jZahf� qlh[u

k\_lh\u_ bfimevku hl jZ^bhZdlb\gh]h djbklZeeZ b hl k\_lh^bh^Z gZoh^bebkv \ [ebadbo dZgZ�

eZo :PI �^ey bkdexq_gby \hafh`ghc g_ebg_cghklb :PI��

Ijb ihklmie_gbb \ kbkl_fm k[hjZ ^Zgguo kb]gZeZ k hjlhZexfbgZlZ blljby aZimkdZ_lky

]_g_jZlhj bfimevkh\ mijZ\ey_fhc Zfieblm^u� baf_jy_lky b \uqbkey_lky hlghr_gb_ baf_j_g�

guo Zfieblm^ kb]gZeh\ k α�bklhqgbdZ b k\_lh^bh^Z� < l_q_gb_ �� fbgml gZdZieb\Zxlky

^Zggu_� \uqbkey_lky kj_^g__ b j_amevlZl hlghr_gby kj_^gbo aZghkblky \ ]bklh]jZffm�
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Jbk� �� NmgdpbhgZevgZy ko_fZ baf_j_gby lhqghklb dhgljhey NWM ijb jZaebqguo

ki_dljZevguo oZjZdl_jbklbdZo dhgljhebjm_fuo bklhqgbdh\ k\_lZ�

Ijh\_jdZ lhqghklb dhgljhey k\_lh^bh^Z ih k\_lh\hfm bklhqgbdm ba

hjlhZexfbgZlZ blljby ijb g_kh\iZ^_gbb ki_dljh\ baemq_gby hjlhZexfbgZlZ blljby

b k\_lh^bh^Z hkms_kl\ey_lky ih baf_j_gbx hlghr_gby

kj_^gkj_^g
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=bklh]jZffZ j_amevlZlZ baf_j_gbc� gZ[jZggZy \ l_q_gb_ ^\mo kmlhd�

kj_^gkj_^g
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� ihdZaZgZ gZ jbk� �� A^_kv
�

α b
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α − agZq_gb_ Zfieblm^u

kb]gZeZ baemq_gby djbklZeeZ ba hjlhZexfbgZlZ blljby k gZg_k_gguf gZ _]h

ih\_joghklv α�gmdeb^hf gZ i_j\hf b \lhjhf nhlhmfgh`bl_eyo khhl\_lkl\_ggh�

/('� b /('� − agZq_gb_ Zfieblm^u kb]gZeZ baemq_gby k\_lh^bh^Z gZ i_j\hf b \lhjhf

nhlhmfgh`bl_eyo khhl\_lkl\_ggh�

kj_^gkj_^g
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Jbk� �� =bklh]jZffZ j_amevlZlZ baf_j_gbc

kj_^gkj_^g
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506 jZkij_^_e_gby jZ\_g ���×����
�

LZdbf h[jZahf� dZd \b^gh ba jbk� �� ^he]h\j_f_ggZy g_klZ[bevghklv k\_lh\h]h ihlhdZ

k\_lh^bh^Z fh`_l dhgljhebjh\Zlvky k lhqghklvx ���×����
�

JZ[hlZ qZklbqgh ih^^_j`b\Z_lky ]jZglhf JNNB ������������Z�
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>�@ <Zkbev_\ :�G�� =hgqZj_gdh X�F�� =jZq_\ H�:�� Dhjfbebpug <�:�� F_^\_^_\ <�:�

Kheh\v_\ E�N�� Qmcdh ;�<� Dhgljhev aZ wg_j]_lbq_kdhc rdZehc we_dljhfZ]gblgh]h

dZehjbf_ljZ� Ij_ijbgl BN<W ������ − Ijhl\bgh� �����

>�@ F_^\_^_\ <�:� Ih\lhjbl_ev gZijy`_gby� =hkm^Zjkl\_gguc j__klj bah[j_l_gbc KKKJ�

:\lhjkdh_ k\b^_l_evkl\h � �������� +�� ) ����� � hdly[jy �����

>�@ 7DNHXFKL <� D�R� $ +DQG\ 0HWKRG WR 0RQLWRU 2XWSXWV IURP D 3XOVHG /LJKW 6RXUFH DQG ,WV

$SOFDWLRQ WR 3KRWRPXOWLSOLHU
V 5DWH (IIHFW 6WXGLHV� � 7VXNXED� ����� � �� S� � �.(. ������

.816 ������

>�@ *�$� $OH[HHY� )� %LQRQ� $�9� 'ROJRSRORY� 6�9� 'RQVNRY� $�$� )HGRURY� 9�$� .DFKDQRY�

9�<X� .KRG\UHY� 0�9� .RU]KLN� 9�$� 0HGYHGHY� 2�9� 0LVVHYLFK� -�3� 3HLJQHX[� <X�'� 3UR�

NRVKNLQ� 3�0� 6KDJLQ� $�9� 6LQJRYVN\� 9�/� 6RORYLDQRY� 6�0� 6WHSRXVKNLQH� 9�3� 6XJRQ\DHY�

-�3� 9LDOOH �6HUSXNKRY� ,+(3 	 0LQVN� ,QVW� 1XFO� 3UREOHPV 	 $QQHF\� /$33 	 %UXVVHOV 8��

,,61�� /$33�(;3������� $SU ����� %($0 7(67 5(68/76 2) $ 3%:2�� &5<67$/

&$/25,0(7(5 352727<3(� �� 1XFO� ,QVWUXP� 0HWK� ����� $���� S� ��������

Jmdhibkv ihklmibeZ �� fZy ���� ]�



K�B� ;blxdh\� X�<� A_jgbc b ^j�

Kihkh[ dhgljhey lhqghklb hlghkbl_evgh]h baf_g_gby ki_dljZevghc oZjZdl_jbklbdb NWM�

Hjb]bgZe�fZd_l ih^]hlh\e_g k ihfhsvx kbkl_fu:RUG�

J_^Zdlhj E�N� <Zkbev_\Z�

Ih^ibkZgh d i_qZlb ����������� NhjfZl �� × ����� Hnk_lgZy i_qZlv�

I_q�e� �� �� Mq�− ba^�e� ���� LbjZ` ���� AZdZa ���� Bg^_dk �����

EJ ������� hl ���������

=GP JN Bgklblml nbabdb \ukhdbo wg_j]bc�
������� Ijhl\bgh Fhkdh\kdhc h[e�
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