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UgERUWY^NKÃwQK°�QKYZTRUWY �(Z � Á Z�Z & U)(yÆ�}RQKY'D � Á Z�Z & U)( V^`RU�º» IKEHT * · I-[jUgS�L\Ew}qLONRÆ]\lÆ,^(dkQKY^Y^UgS^¯sQPEMTVXQ�UgIKdx`{QKV^`RUWYÉÆ

_ Y^UgSXUgE�V^aOÃ��qQPEHaOÃ�aOUgIKTHLmERN(XoQKYZTRUWY �a`/. dWIKa\dWGMa\I]V^LOQPEHSnQK°@V^`RU�¯bQPa\I]YxL\SXUgT�¯M`HQKVXQPE�XoNPa\GRQPEz°vGHSZLOQPE
¯HY^QjdkUgS^SFU3[RL\SXVWÆn}RQKYnV^`RU5GHER¯bQPa\I]YZL\S^UgT ¯HY^QjdkUgS^S?dkQPEHS^LmTRUWYZI]´MaOU_ERU3[jV)XoVXQ(X�aOUgIKTHL\ERN6QKYxTRUWY�dkQKY^Y^UgdkV^LOQPEHS
µfUWY^U °vQPGHEHT �f`RQÉµfUWÈKUWY�V^`HUWÃ|I]Y^UwS^J�IKa\aOUWY5V^`MIKE¾V^`RQPSXU °vQKY�dx`HI]YZJ `MIKTRY^QK¯HY^QjTHGHdkV^L\QPE �cb�^ ��� Æ � E
V^`RUw¯sQPamI]YZL\SXUgT¾dWIKSXUÅSXQPJ5UÅdkQKY^Y^UgdkV^LOQPEHS(dkQPGHa\T
IKa\SXQz`MIgÈKUÅQK¯H¯bQPS^LOVXU S^LONPE
IKEHT V^`lGHS[Y^UgTHGHdkU V^`HU
IKSXÃjJ�J5UWVXY^Ã �cb�^�d � Æ=}RQKY�V^`RUyIKEHIKaOÃjS^L\S=QK°¬c �  �6I�ERU3[jV)XoVXQ(X�aOUgIKTHL\ERN5QKYxTRUWY�dWIKa\dWGHamI]V^LOQPE L\S@ERUWUgTHUgT�Æ� `HU�dkY^QPS^S#SXUgdkV^L\QPE °vQKY�JyGHQK¯HY^QjTHGHdkV^LOQPE�QK°:QK¯bUgE dZ`HI]YxJ�L\S@NPLOÈKUgE ´�Ã

T�e �gf 6ih ¸o¹¸HF
Tkj e T>D �ml
nporq jse ¿ Dkt � ¶Du 6ih ¸o¹¸ F n jse ¿ Dkt n \ Àcv t

µ�LOV^`�V^`HU�ÈlL\Y^V^GHIKas¯M`RQKVXQPE<wsG�[ l
l
nporq j e ¿ Dkt � t �

b �
b n Á �yx t ¼ x e ¼ j e  b o ej e n j e ¼ D e t;zH{ e À n \ À,| t

� `RUFÈjLOY^V^GHIKaYXo¯�`RQKVXQPE[dkY^QPSZS@SXUgdkV^LOQPE(°hQKY@dx`HI]YZJ ¯HY^QjTHGHdkV^L\QPE � � ¶ u 6gh ¸�¹¸HF n j e ¿ D}t!�HL\S3YZUga\I]VXUgT(VXQ_V^`HU
¯M`RQKVXQK¯MY^QlTMGHdkV^LOQPE6dkY^QPS^S�SXUgdkV^LOQPE � � ¶76gh ¸�¹¸GF n Dkt!�M´�Ã

�s¶Du 6ih ¸�¹¸ FFn j e ¿ Dkt � � ¶76ih ¸�¹¸HF n D}t
n Á8¼ j e  R e� t e À n \ À \Gt

� `RU~J�IKS^S ¯�I]YZIKJ5UWVXUWY R � � ^ À d & U)( LmSW"jERQÉµ�E&°hY^QPJ I¾�MV{VXQ U3[j¯sUWYxL\J5UgE�V^IKa�THI]V^I'�cb v Z��
IKEHT�V^`RUz¯M`HQKVXQK¯HY^QjTHGHdkV^LOQPE&dkYZQPS^SwS^UgdkV^LOQPEHS � ¶76ih ¸�¹¸HF n D}t�µfUWY^U~J5UgIKSZGRY^UgT�L\E&SXUWÈKUWYZIKayU3[j¯sUWYxLYX
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U3[j¯bUWYZL\J5UgE�V3V^IS"KUgS@IKTRÈ]IKE�V^I]NKU�QK°�V^`RUFUgEeV^LOYZU�¯M`RQKVXQPE�SX¯bUgdkVXYZGMJ�TRQ�µ�E[VXQrj e=@?BA ��� ef x e  n Á � x txÆ
�q� ����� ��¤3¡��{����� �"!#!�¡%$¬�@¡H¦e®�§�¡M¢r©
`#�'&>_ 0 pHp LmSnI{�L[lUgT�XoV^I]Y^NKUWVyU3[j¯bUWYZL\J5UgE�Vn¯MY^QK¯bQPSXUgTzI]V_V^`RU `)( ' 9 p�_fp GHS^L\ERNwI+* ` Q J[J5QPE
& GRQPE�IKEHT _ Y^QKVXQPE 0 ¯H¯MI]YxI]V^GHS(°hQKY p VXYZGHdkV^GHY^U�IKEHT p ¯sUgdkVXYZQPS^dkQK¯�Ã-, �cb v b � Æ/.#`HU `#�'&>_ 0 pHp
¯M`�ÃjS^L\dWS�¯HY^QKNKYxIKJ�J5U6L\S5I�J5UWY^NKUWY[QK°�V^`RU ElGHdWaOUWQPE¾S^¯ML\E±SXVXYZGHdkV^GHY^U6¯HY^QKNKYZIKJ[J5U�µ�LOV^`¾I�J_GRQPE
´bUgIKJ IKSnQKYZLONPL\EMIKa\aOÃ QPGRV^amL\ERUgT�L\E�V^`HU0* P1& ` , U�UWVXVXUWY_QK° � E�VXUgEeV32cb v ^54=IKEHT�V^`RU�¯HY^QKNKYxIKJ�J5U�QK°
V^`RU `�P (f��_=p U�UWVXVXUWY?QK° � EeVXUgE�V62cb v�v 487�µ�`HL\dZ` °hQjdWGHSXUgS�QPE{dx`HI]YZJ�¯HY^QjTHGHdkV^LOQPE IKEMT{a\LONP`�V�J�UgSXQPE
SX¯bUgdkVXY^QPSZdkQK¯�Ã µ�LOV^` ¯ML\QPE97H¯HY^QKVXQPE:7�IKEHTÅ`eÃl¯bUWY^QPE ´bUgIKJ�SgÆ P UWY^U;7sQPEHaOÃ�V^`RUy¯HY^QKNKYZIKJ[J5UnY^Uga\UWÈ IKE�V
VXQ[S^¯ML\E�¯M`�ÃlSZL\dWS@L\S@THL\SZdWGHS^SXUgT�Æ

.�`RU5I]¯H¯MI]YZI]V^GHSF°vQKY�V^`RU5JyGHQPEw¯MY^QKNKYZIKJ�J5U n }qLONRÆ \lÆ | tFL\S?S^LmJ�L\a\I]Y�VXQ6V^`RU�QPERU�QK°3V^`RU p-& ` 7
`RQ�µ8UWÈKUWY_J5QPSXV�dkQPJ5¯bQPERUgE�V^S�`HIÉÈKU5VXQ6´sU�Y^UW´�GHL\aOVFTHGRU_VXQ6V^`RUgLOY�I]NKU[IKEHTÅVXQ6V^`RU5YZI]VXU�IKEMTwYZUgIKT�X
QPGRV�Y^U=<lGHLOY^UgJ5UgE�V^S#QK°3V^`RUyERUWµ�U3[l¯bUWYZLmJ5UgEeVWÆ>.�`RUnJ�IKL\EwTHL@?bUWY^UgEHdkUgSFL\E6V^`RU�a\IÉÃKQPGRV�I]Y^U_V^`RU_ERUWµ
`HIKTHY^QPE�S^¯sUgdkVXYZQPJ5UWVXUWY@SXV^I]NKU�GR¯MSXVXY^UgIKJ�QK°�V^`RUF¯HY^UgSXUgE�V8}HQKY^µfI]YxT p ¯sUgdkVXYZQPJ5UWVXUWY & I]NPERUWV n } p-& t
IKEHT|V^`RU�TRUWVXUgdkVXQKYZS�°vQKY_¯MI]Y^V^L\dWaOU�L\TRUgE�V^L���dWI]V^L\QPE�ÆA.#`RU�`HIKTRYZQPE~SXV^I]NKU�QK°#V^`HU(SX¯bUgdkVXY^QPJ�UWVXUWY�`HIKS
IKE�IKdWdkUW¯HV^IKEMdkU�QK°CBsb Z�Z J5YxIKTw°vQKY?¯MI]Y^V^L\dWa\UgS�QKYxLONPL\EHI]V^L\EHN[°vY^QPJ V^`RU�V^I]Y^NKUWV�dkUgEeVXYZU�IKEHT/LOV^S?ERUWµ
a\I]YZNKU3X�I]¯sUWYZV^GRY^U8TMLO¯bQPaOU¬J�I]NPERUWV:¯HY^QÉÈjL\TRUgS�I#´bUgEHTHL\EHN@¯sQ�µ8UWYrQK° Á .#J Æ _ I]Y^V^L\dWaOUfL\TRUgE�V^L���dWI]V^LOQPE�µ�L\a\a
´bU�¯bUWY^°hQKYxJ5UgTÅ´�ÃwYZL\ERN(X�L\J[I]NPL\ERN ` `RUWY^UgE "KQ�ÈÅdkQPGMEeVXUWYZSnIKEHT/´�ÃwUgaOUgdkVXY^QPJ�I]NPEHUWV^L\d�IKEHT�`HIKTHY^QPEHL\d
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dWIKaOQKYZLmJ5UWVXUWYZS�L\E_UgIKdx`�QK°sV^`RU@V�µfQnSX¯bUgdkVXY^QPJ5UWVXUWY8SXV^I]NKUgSWÆ .#`RU#GH¯MSXVXY^UgIKJiIKEHT5THQÉµ�EHS^VXY^UgIKJ ' �0`�P
¯HY^Q�ÈlLmTRU�¯�LOQPE�X "]I]QPE¾SXUW¯MI]YZI]V^LOQPE¾LmE~V^`HU J5QPJ5UgE�V^GHJ;YZIKERNKU ^ � \ | & U)(����6IKEHT�^ Z � Á b Z & U)(���� 7Y^UgSX¯bUgdkV^LOÈKUga\ÃKÆ8}RQKYFV^`RU�¯M`HQKVXQPE TRUWVXUgdkV^LOQPEÅJyGMaOV^LYXoµ�LOYZU�¯HYZQK¯sQKYZV^LOQPEHIKa�dZ`MIKJn´bUWYZS�µ�LOV^` ` S � ¯M`HQKVXQ(X
dWI]V^`RQjTRUgSfµ�L\a\aM´bU�UgJ5¯Ma\QÉÃKUgT�Æ ( [jL\S^V^L\ERNnaOUgIKT�XoNPa\IKS^S=I]Y^YZIÉÃlSfµ�L\amaH´bU�GHS^UgT[°vQKY=V^`RU�Uga\UgdkVXY^QPJ�I]NPERUWV^L\d
dWIKaOQKYZLmJ5UWVXUWYZSWÆ
.#`RUF`HIKTRY^QPEML\d#dWIKaOQKYZLmJ5UWVXUWYZS8µ�L\a\aHLmE�V^`RU?JyGHQPE�¯HY^QKNKYxIKJ�J5U?J�IKL\EHaOÃ�SXUWY^ÈKUFVXYZLONKNKUWY
¯MGRYZ¯sQPS^UgS�IKEHT/V^I]N THUWUW¯�X�L\ERUga\IKS^V^L\dnUWÈKUgE�V^SWÆ�$fQKV^`�SX¯bUgdkVXY^QPJ5UWVXUWYnS^V^I]NKUgS�UgEHTÅµ�LOV^`/I�J_GRQPE/µfIKama
dkQPEHS^LmSXV^L\ERNwQK°�I/`HIKTRY^QPE|I]´MSXQKYZ´sUWY�°vQPa\aOQ�µ8UgT|´lÃ�VXYZIKd#"jL\ERN�dx`HIKJn´bUWYZS�IKEHT|VXYZL\NKNKUWY�`RQlTHQPS^dkQK¯bUgSWÆ
.#`RU5VXYxIKd#"jL\ERNwLmE/V^`RU[´bUgIKJ�Y^UWNPL\QPE�µ�L\amar´bU5¯bUWY^°vQKYZJ5UgT�´lÃ�S^dWL\E�V^L\a\a\I]V^LmERN[��´HY^U�TRUWVXUgdkVXQKYZSgÆ3.�`RU
a\I]Y^NKU(IKERNPaOUgSyQK°@V^`RU[¯MY^QlTMGHdkUgTz`HIKTHY^QPEHS�µ�L\V^`�Y^UgSX¯bUgdkVyVXQwV^`RU(L\EHdkQPJ�LmERN ´bUgIKJ IKa\S^Q{Y^U=<lGHLOY^U�I
ERUWµ�¯sQPamI]YZL\SXUgT�V^I]Y^NKUWV?SXQPaOUgEHQPL\T µ�L\V^` IKE QK¯bUgEHL\EHN5QK°�I]´sQPGHV Bsb Z�Z J5YZIKT{J[I]V^dZ`HL\EHN�V^`HI]V�QK°¬V^`HU
�MYZS^V_SX¯bUgdkVXY^QPJ�UWVXUWY[SXV^I]NKUKÆ��FS�V^I]Y^NKUWV[J[I]VXUWYZL\IKa\S�a\LOV^`ML\GHJ THUgGRVXUWYZL\TRU;7	� UrL�
67:°vQKY�V^`RU TRUgGRVXUWYZQPE
IKEHT(IKJ�J5QPEHLmI-7 9 P� 7j°vQKY=V^`RU�¯MY^QKVXQPE�I]Y^U�°vQKY^UgSXUWUgE:7l¯bQPa\I]YxL\SXUgT�VXQ | Z�� IKEHT � | � 7lY^UgSX¯bUgdkV^LOÈKUga\ÃKÆ
.#`RU(a\I]VXVXUWY5L\Sy´sUgLmERN{GHSXUgT|S^GHdWdkUgSZSX°vGMa\aOÃ/´�Ã�V^`HU p-& ` L\EzV^`HU Á d�d�\wYZGHEzµ�LOV^`~¯bQPa\I]YZL\S^I]V^L\QPEHS�QK°
� d � Æ .#`HUFElGHdWaOUgI]Y#SXVXYxGHdkV^GRY^UFQK°�� UrL�
�LmS8µfUga\abTRUgS^dkYxLO´bUgT[´lÃ�V^`RU�*XIKaO¯�`HI ¼ THUgGRVXUWY^QPE ,_¯ML\dkV^GHY^U;7
µ�`HLmdZ`5Y^UgSZGHaOV^S3LmE5V^`RU�°�IgÈKQPGHYZI]´MaOUFTHL\a\GRV^L\QPEy°�IKdkVXQKY n ( <�Æ v Æ | t 7jQK°���� Z À,| Z dkQPJ5¯MI]Y^UgT�VXQ���� Z À\Á \
°vQKY?IKJ[J5QPEHL\IjÆ�'#UgdkUgE�V^aOÃ;7�V^`RU�IgÈKUWYxI]NKU�¯bQPa\I]YZL\S^I]V^L\QPEHS#QK°8V^`RU_EHUgGRVXY^QPEÅIKEHTÅV^`RUy¯MY^QKVXQPE/L\E��)UrL�

µfUWY^UydWIKa\dWGMa\I]VXUgTwIKSZS^GHJ�L\EHN[I�V^`RYZUWU3Xo´sQjTRÃ�´bQPGHEHT S^V^I]VXUyQK° *Xt ¼ ¯ ¼ E ,A2 Á ^ � 4oÆ�.#`RUnIKGRV^`HQKYZS#�sEHT
¯bQPa\I]YZL\SZI]V^LOQPEHSfQK°�d�b � ¯MI]YxIKa\aOUgasVXQ[V^`RU��)UrL�SX¯ML\E:7lµ�`HL\dZ`{L\S=V^`RUnS^IKJ�UnIKS#°vQKY#V^`RUnTHUgGRVXUWY^QPE�Æ .�`RU
dZ`HQPL\dkU?QK°�V^`RU�J_GRQPE(UgERUWY^NKÃ�L\S8THYZLOÈKUgE�´lÃ�V^`RU?J�I-[RL\J_GHJ ¯M`HQKVXQPE�UgEHUWY^NKÃ;7 D 7lLmE ( <MÆ�\lÆ,^ 7RL Æ UKÆ�V^`HU
J�L\EML\JyGMJ * · È]IKa\GRU_QPERU�µfIKE�V^S�VXQ6IKdWdkUgS^SWÆ6.#`RU�JyGHQPE/UgERUWY^NKÃwSZ`RQPGHa\TwQPEHaOÃ6´bU�S^a\LONP`�V^aOÃ{a\I]YZNKUWYV^`HIKE D 7fL\E±QKYZTRUWY5VXQ�QK´MV^IKL\E I�a\I]Y^NKU IÉÈKUWYZI]NKUwTHUW¯sQPamI]YZL\S^I]V^LOQPE~°�IKdkVXQKY=7��A7 n ( <�Æ blÆ v ^GtxÆ���aOQPEHN
V^`RUgSXU�amL\ERUgS@I5J_GRQPE6UgERUWY^NKÃ(QK° Á Z�Z & U)(!I]¯H¯bUgI]YZS@VXQ�´bU?V^`RU�QK¯HV^LmJ�IKa�dZ`RQPLmdkU�NPLOÈKUgE6V^`RU�¯MY^UgSXUgE�V¯HY^UgTML\dkV^LOQPEHS=°vQKY#V^`RUnSZ`HI]¯bU�QK°¬c�� n *gt  � n * txÆ���J_GRQPE LmEeVXUgEHSZLOV�Ã�QK° b�� Á Z! ¯bQPS^LOV^L\ÈKU�JyGRQPEMS@¯bUWYSX¯MLma\a3QK°sblÆ v S�IKEMT I/Y^UW¯bUWV^LOV^LOQPE±YZI]VXU6QK° Á � Á3v Æ v S5¯HY^Q�ÈlL\THUgS�VXQKNKUWV^`RUWY[µ�L\V^`±V^`RU Á b Z dWJ a\QPERN
TRQPGR´�aOU3X�dkUga\abV^I]Y^NKUWV�I[a\GHJ�L\EHQPS^LOV�Ã[QK°qI]´bQPGRV#"$� | � Á Z � e dWJ&% e S'% z Æ

` `MI]YZJ <lGHI]Y#"jS�°vYZI]NPJ5UgE�V�¯HY^UW°vUWY^UgE�V^L\IKa\aOÃ�L\E�VXQ(
BJ5UgSXQPEHSgÆq}HQKY8V^`RU "lL\EHUgJ�I]V^L\dWS�QK°bV^`RU `#��& X
_ � pMp U3[j¯bUWYZL\J5UgE�V�µfUn�sEHT{L\EÅIgÈKUWYxI]NKU Á Æ,b)
+*yJ5UgSXQPEHSF¯bUWYFLmEHLOV^L\IKa�d ;dy¯MIKLOYFIKEHT/I]´bQPGRV Z Æ,^,
�-
J5UgSXQPEMSWÆ .#`HL\S=L\EMdWa\GHTRUgS8V^`RU�dkQPE�VXYZLO´MGRV^L\QPE�°vY^QPJ.
0/nJ5UgSXQPEMS@µ�`HL\dx`�TRUgdWIgÃ6L\E�VXQ�
�J�UgSXQPEHSWÆ .�`RU
dWaOUgIKERUgS^V0
+*�TRUgdWIgÃ dx`HIKEHERUga\S@I]YZU
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µ�LOV^`¾I/´MYZIKEHdZ`ML\ERN/YZI]V^LOQ�QK° Z À Z v Z Á B Z À Z�Z Á3v Æ & IKLmEHaOÃzV^`HUgSXU dZ`HIKEMERUga\S5µ�Lma\a3´bU GHS^UgT±°hQKY�V^`HU

�L\TRUgE�V^L���dWI]V^L\QPE�Æ3��J�I54XQKY�dkQPEHdkUWYxE L\S5V^`HU{dkQPJn´�L\EHI]VXQKYZL\IKa#´MIKd#"lNKY^QPGHEHT QK°�" I]QPE�Xo¯�LOQPE ¯MIKL\YZS
GHERYZUga\I]VXUgT{VXQ&
DTRUgdWIgÃjSWÆ � °vVXUgEwV^`HU_THLmSXV^IKEHdkUn´bUWV µ8UWUgE/V^`RU_¯HY^QjTHGHdkV^L\QPE{IKEHTwV^`RU�TRUgdWIgÃwÈKUWY^VXU3[
L\S�GMSXUgT�L\E�dx`HI]YZJ U3[l¯bUWYZL\J�UgEeV^S�VXQwdWaOUgIKEzGR¯zV^`RU/"]I]QPE�Xo¯MLOQPE�SZIKJ5¯MaOUKÆ .#`HL\S?VXUgdx`HEHL <lGRU[dWIKEHEHQKV
´bU[I]¯H¯MamLOUgT�L\E�V^`HU `#��&R_ � pMp U3[j¯sUWYxL\J5UgE�V�7r´bUgdWIKGHSXU�V^`HL\SyTHL\SXV^IKEHdkU[QK° Z Æ,\ � | J[J dWIKEHERQKV_´bU
Y^UgSXQPa\ÈKUgT�THGHU#VXQyJ_GHaOV^LO¯�aOU#S^dWI]VXVXUWYZL\EHNyL\E5V^`HU�V^I]Y^NKUWVWÆ6��a\S^Q�V^`RU�THUk��EHLOV^LOQPE�QK°�V^`HU�¯HYZLmJ�I]Y^Ã_ÈKUWY^VXU3[
L\S8THL87�dWGHa\V:´bUgdWIKGHS^U�QK°bV^`RU�SZJ�IKa\aHS^dWI]VXVXUWYxL\ERNyIKEHNPaOU�QK°�V^`RU�JyGRQPE�Æ � E�V^`HU9
BY^UgS^V3°vYZIKJ5U#V^`RU " I]QPE
IKEHT[V^`RU�¯ML\QPE[`HIÉÈKUFa\I]YZNKU�J5QPJ5UgE�V^InQK° � \ Á & U)(���� Æ8}HQKYfTRUgdWIÉÃlSfµ�L\V^`�a\I]Y^NKU " I]QPE(IKERNPaOUgSfL\E5V^`HLmS
Y^UW°vUWY^UgEHdkU�°vYZIKJ5Unµ�LOV^`6Y^UgS^¯sUgdkV�VXQ[V^`RU(
�THLOY^UgdkV^LOQPE6LmE6V^`RUna\I]´bQKYZI]VXQKYZÃ(°vYZIKJ5U;7;:=<> 7HV^`HLmS#aOUgIKTHS@VXQYZI]V^`RUWYFa\I]Y^NKU�VXYxIKEHSXÈKUWYZSXU_J5QPJ5UgE�V^I-7�UKÆ NRÆ=?A@B� 3 | Z & U)(����n°hQKYFdkQPSC: <> � Z À,| Æ � I]QPE�Xo¯�LOQPE ¯MIKL\YZS
°vY^QPJ�QKYZTHLmEHI]Y^Ã[°vYZI]NPJ5UgE�V^I]V^LOQPEw`HIgÈKU_S^J�IKa\abVXYZIKEMSXÈKUWYZSXUnJ�QPJ5UgEeV^I�IKEHT6V^`lGHS#TRQPJ[L\EHIKE�V^aOÃ�J�LmJ�L\d
TRUgdWIÉÃlSnµ�LOV^`/S^J�IKa\aD:E<> Æ � E�}qLONPGRYZU \lÆ,\6V^`RU�THL\SXVXYxLO´MGRV^LOQPE{QK°fTHUgdWIgÃ�IKEHT/QK°f´MIKd#"lNKY^QPGHEHT�UWÈKUgEeV^SL\S�S^`RQ�µ�E¾IKS�I/°�GHEHdkV^LOQPE|QK°FdkQPSC: <> IKEHT±QK°�V^`RU6UgERUWY^NKÃ|°vYZIKdkV^LOQPE$FHGI� o G  D±QK´MV^IKL\ERUgT±°vQKY�Iv Z & U)(iµ�L\EHTHQÉµ&I]Y^QPGHEMT�V^`RU(
+*�J�IKS^SWÆ#.#`RUgSXU�THLmSXVXYZLO´MGHV^LOQPEHS8µ8UWY^UnQK´HV^IKL\ERUgT6´lÃ & QPE�VXU3X ` I]YZaOQ
S^L\J_GHa\I]V^L\QPEHS=GHS^L\ERN_V^`RU��F' ��& ��UWÈKUgE�V#NKUgERUWYZI]VXQKY 2cb v�| 4�°vQKY#V^`RU�¯M`HQKVXQPE�XoNPa\GRQPE�°�GHS^LOQPE(¯HYZQldkUgS^S=7
°vQKY¬µ�`HL\dx`yLOV:µ=IKS¬¯MI]Y^V^L\dWGMa\I]YZaOÃ�TRUgS^L\NPERUgT_°hQPa\a\QÉµ�L\EHN�'#UW° Æ 2cb v \54oÆ .#`RUf´bUgSXVqY^UgS^GHaOVqL\SrQK´HV^IKL\ERUgT�µ�LOV^`



������� ����� � ��� �g������� ��
 ��� ��� � ���
	�� �
� 	� Á Z Á

-1

-0.5

0

0.5

1

0 0.5 1

zD

co
s(

θ* K
)

a)

-1

-0.5

0

0.5

1

0 0.5 1

zD

co
s(

θ* K
)

b)

� 4 @ ���Q�EK���K� 	� &�*$'O��
� 7 � + & .34CIE��+ 7 ';4 &�*% 7 ? 
�² ��� 7 *5�>B(?�12&�IWBG4C* 7 'O&��A4 7 +iB 7 1�� @ ��&���* ���-�(� .2�$. F G
7 *5��� dkQPSC: /> �C��!#-� +�4C*$�3.�4 * ��4 1 7 ')�3.V'5#-�a1(�D'O.s�D.0��� 4 *W'5#-� � 7 'O�s�3./'54 I 7 'O�3. �
V^`RU5YZU=<�GHL\Y^UgJ5UgE�V^S � dkQPSC: <> � C Z À,| IKEHT F G 1 Z À b | 7rµ�`HL\dx`�L\J5¯HYZQÉÈKU�V^`RU�S^LONPEMIKaYXoVXQ(Xo´MIKd#"lNKY^QPGHEMT
YZI]V^L\Q�´�Ã�I5°�IKdkVXQKY Á 3 | Z QPE6V^`RU�U3[j¯bUgEHSXU�QK°qaOQ�QPSZL\ERN \ | � QK°:V^`RU(
iJ�UgSXQPEHSWÆ

�FS�L\E V^`HUÅL\EMdWa\GHS^LOÈKUwdWIKSXU/V^`RUwUWÈKUgE�V)X�ElGHJn´bUWY6IKSXÃjJ�J5UWVXY^Ã
L\S[YZUgTHGHdkUgT
°hY^QPJ1V^`RUÅÈlL\Y^V^GHIKaYX
¯M`HQKVXQPE�IKSXÃjJ�J5UWVXYZÃ5´�Ã5V^`RU?TRUW¯bQPa\I]YZLmS^I]V^LOQPE5°�IKdkVXQKY=7 �A7�V^`RUF´sUgIKJDIKEHT[V^I]Y^NKUWV=¯sQPamI]YZL\S^I]V^LOQPEMS�7�� fIKEHT���� 7MIKEMT�V^`RU�V^I]Y^NKUWVFTHL\a\GRV^L\QPE[°�IKdkVXQKY=7 � 7
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� �� ¼�� �� ��� f � � � 5 ¸o¹¸f 6 µ�LOV^` 5 ¸�¹¸¶76�! 5 ¸�¹¸f 6� n \ À 3 t
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� � Z À\ÁKÁ]À n \ À\ÁKÁ t
.#`RU�V^`HY^UWU�IKEHT6°vQPGRY/Xo´bQjTRÃ�TRUgdWIÉÃ6dZ`HIKEHEHUga\S


* ² � % � 1 ��� n Á ^lÆ �,� t

 * ² � % � 1 � 1 � % n � Æ Á � t

 1 ² � % � 1 � 1 n dlÆ Á � t
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0/�V^I]NKNPL\EHNÅdWIKEz´sU�GHSXUgT�Æ3.#`HL\S�LmS
SXV^L\amasGMEHTRUWY#L\E�ÈKUgSXV^LONPI]V^LOQPE�Æ

� J5UgIKS^GRY^UgJ�UgEeV�QK°fV^`RU�VXYZIKEHSXÈKUWYxS^LOV�ÃÅSXVXYZGHdkV^GHY^U�°vGHEMdkV^LOQPE97�� z n * t 7�L\S?IKa\SXQ6°vQKY^UgSXUWUgE�GHSZL\ERN�IVXYZIKEHS^ÈKUWYZSXUgaOÃ(¯bQPa\I]YZL\SXUgT(V^I]Y^NKUWVWÆ � E V^`RU <lGHI]Y#"[¯�I]Y^VXQPE{J5QjTRUga�� z n *gt=L\S=NPL\ÈKUgE6´�Ã
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.#`RU�¯MI]YZVXQPE�THL\SXVXYZL\´MGRV^LOQPE{°vGHEMdkV^LOQPEHS�7�c @  n *gt 7�I]YZU5Y^Uga\I]VXUgT/VXQ6V^`RU�THL ?sUWY^UgEMdkU_QK°8V^`RU�¯HY^QK´MI]´�L\aYX
LOV^LOUgS�VXQ ��EHT�LmE�I VXYZIKEMSXÈKUWYZSXUgaOÃÅ¯bQPa\I]YZL\S^UgT�E�GHdWa\UWQPE�¯MI]Y^VXQPEMS�µ�LOV^`�I{¯bQPa\I]YZL\S^I]V^L\QPE/¯MI]YZIKa\aOUga¬IKEMT
IKE�V^LO¯MI]YZIKa\a\UgajVXQ�V^`RU�ElGHdWaOUWQPE�SX¯ML\E�Æ .#`HL\SqV µ�L\SXV)XoV µ8Q_SXVXYZGHdkV^GHY^U@°vGMEHdkV^LOQPE�L\E�ÈKQPaOÈKUgS3VXUgEHSXQKY8dWGHY^Y^UgE�V^S
IKEHT�`MIKS�IKE�QjTHT�X�dx`HLOYZIKa\L\V�ÃwS^VXYZGHdkV^GRY^U5YZUga\I]VXUgT�VXQ{I S^¯ML\E�XAw�L\¯/IKJ�¯Ma\LOV^GHTHUKÆ � E�L\EMdWa\GHS^LOÈKU_UgaOUgdkVXY^Q(X
J�I]NPERUWV^LmdyS^dWI]VXVXUWYxL\ERN�LOV�L\SFS^GR¯M¯HY^UgS^SXUgT ´�Ã I�°vIKdkVXQKY ���  � j e ´bUgdWIKGHS^UnV^`RU�dZ`HL\YZIKa\LOV Ã�IKa\QPERN�V^`HU<lGHI]Y#"[a\LmERU�L\E(V^`RU�dkQKY^YZUgSX¯bQPEHTHL\ERN *X`HIKEHT�Xo´�I]N�TML\I]NKYZIKJ ,_dWIKE6QPEHaOÃ5´bU�w�LO¯M¯sUgT[´�Ã�I <�GHI]Y	"�X�J�IKSZS
L\EHS^UWY^V^LOQPE�Æ�.#`RUFL\EHSXUWY^V^L\QPE�QK°�V^`RUF°hYxI]NPJ5UgEeV^I]V^L\QPE�¯MY^QldkUgSZS8L\E�VXUWY^YZGH¯HV^S�V^`RU�<lGHI]Y#"�a\L\EHU�IKEHT�� z dWIKEV^`lGHS#dkQPE�VXYZLO´MGRVXU�LmE SXUgJ�LYX�LmEHdWa\GHS^L\ÈKUFS^dWI]VXVXUWYxL\ERN�µfUgLONP`�VXUgT ´lÃ�V^`RUydkQKY^Y^UgSX¯bQPEHTHLmERNy°vYZI]NPJ5UgE�V^I]V^LOQPE
°�GHEHdkV^LOQPE�Æ���amSXQFLmE 
FY^Uga\a ��� IKE�¯HY^QjTHGHdkV^LOQPEnQK°MaOUW¯HVXQPE_¯MIKLOYxS�� z dWIKE�´bU=J5UgIKS^GRY^UgT_´bUgdWIKGHSXUfV^`RU@aOUW°vVIKEHT[V^`RU�YZL\NP`eV)X�`HIKEMTRUgT <lGHI]Y#"jS�U3[RdZ`HIKEHNKUgT�´bUWV µ8UWUgE�V^`RUFV�µfQ_ElGHdWaOUWQPEHS3°hQPamaOQÉµ�THL@?bUWY^UgEeV8a\L\ERUgSWÆ �
SXÃjSXVXUgJ�I]V^L\dyTHL\S^dWGMS^S^LOQPE(QK°¬V^`RU�V µ�L\SXV�IKEHT{dx`HLOYZIKa\L\V�Ã�SXVXYZGHdkV^GRYZU�QK°qV^`RUn°vYZI]NPJ5UgE�V^I]V^LOQPEÅIKEHT SXVXYZGMdJX
V^GRY^Uf°�GHEHdkV^LOQPEHS:L\S:NPLOÈKUgE�L\E_'#UW° Æ 2c^ Z 4oÆ � E�ERQPE�XoY^UgamI]V^LOÈlLmSXV^L\d <lGHI]Y#"�J�QlTRUgamS2� z IKEHT�� z I]YZU=LmTRUgEeV^LmdWIKa Æ$=I]NyJ5QjTRUgaj¯HYZUgTHL\dkV^LOQPEHSqL\EMTHL\dWI]VXU@V^`HI]V�� z dkQPGHa\T5UWÈKUgE[´bU=amI]Y^NKUWY3V^`HIKE�� z 2cb v d54oÆ3'�UgdkUgEeV^a\Ã;7�IKa\SXQyIdWIKa\dWGHamI]V^LOQPE5QK°sV^`RU#VXUgEHSXQKY8dZ`HI]Y^NKU�� V^`RU#THL ?sUWY^UgEMdkU@QK°�V^`RU1<�GHI]Y	"_IKEHT5IKE�V^L <lGHI]Y#"y�MYZSXV�J�QPJ5UgEeV^S
QK°�� z � µ=IKS�¯bUWY^°vQKYZJ5UgT�L\E�a\I]VXV^LmdkU �a` 
 2cb Á � 4oÆ .#`HU_YZUgS^GHaOV�IKa\SXQ LmEHTHL\dWI]VXUgS?V^`HI]V�� z L\S�a\I]YZNKU;7SXUWU p UgdkVWÆ | Æ � Æ

.#`HU5¯HY^QK¯bQPSXUgT�J5UgIKS^GHY^UgJ5UgE�V�QK°�� z J�IS"KUgS_GHSXU5QK°=V^`RU�SX¯�L\E�TRUW¯bUgEHTRUgEHdkU5QK°fV^`RU�°vYZI]NPJ5UgE�XV^I]V^LOQPE{¯HY^QjdkUgS^S#VXQ�QK´HV^IKL\E{LmER°hQKYxJ�I]V^LOQPE�QPE V^`HUn¯bQPa\I]YZL\SZI]V^LOQPE�QK°qV^`RUySXVXYxGHd#" <lGHI]Y#"sÆ �idkQPJ5¯Ma\UWVXU
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¯HY^QPJ[L\S^L\ERN�QK´MSXUWY^È]I]´MaOU5L\S?V^`HU�I��gL\JyGHV^`HIKa¬THL\SXVXYxLO´MGRV^LOQPE{QK°fa\UgIKTHL\ERN�¯MLOQPEMSFLmEwV^`HU5¯Ma\IKERU�¯bUWY^¯bUgE�X
THL\dWGMa\I]Y=VXQ5V^`RU�J5QPJ5UgE�V^GHJ�VXYZIKEMSX°hUWY#IKS#QKYZLONPL\EHIKamaOÃ[S^GRNKNKUgS^VXUgT6´�Ã ` QPa\amL\EHS�2cb | Z 4oÆ#.#`RU�IKEMIKaOÃlSZL\ERN
¯bQÉµfUWY=7���� 7�QK°¬V^`HL\S#U ?bUgdkV�L\S�GME "lEHQÉµ�E97�`RQÉµfUWÈKUWY�dWIKa\dWGHa\I]V^L\QPEHS�L\E{SXUWÈKUWYZIKaqJ5QjTRUga\S�LmEHTHL\dWI]VXU�V^`MI]V
LOVnSZ`RQPGHa\T�´bU(a\I]Y^NKUKÆ�.#`RU(J5QjTRUga¬QK°�'�UW° Æ)2cb |jÁ 487¬µ�`HL\dx`�Y^UW¯HYZQlTHGMdkUgS�V^`RU�¯MLOQPE�IKSXÃjJ�J5UWVXYxLOUgSyIKS
J5UgIKS^GHY^UgT ´lÃ±V^`RU ( 3 Z v dkQPa\amI]´sQKYxI]V^LOQPE 2cb | b5487�µ=IKS(GHSXUgT L\E V^`RU `#�'&>_ � pHp ¯HYZQK¯sQPSZIKa Æ�.�`RUIKJ5¯MamLOV^GHTRUFQK°qV^`RU�I��gL\J_GRV^`HIKa�J5QjTHGHamI]V^LOQPE�L\S@NPLOÈKUgE6´lÃ(V^`RUnIKSXÃjJ�J5UWVXY^Ã
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 z n * t ¿ n \ À\Á ^Gt

µ�LOV^`±V^`HU{THL\a\GHV^LOQPEz°�IKdkVXQKY=70� 78V^`RU V^I]Y^NKUWV�¯sQPamI]YZL\S^I]V^LOQPE:7 � � 7=IKEHT¾V^`HU{dWIKa\dWGHa\I]´�aOU�¯MI]Y^VXQPE�X�aOUWÈKUga
SX¯MLmE�XoVXYZIKEHSX°vUWY@dkQ�U'7(dWLOUgEeV�7;������Æ � E6}qLONPGRYZUs\lÆ,d�I�¯HY^Q�4XUgdkVXUgT>^ Z THIÉÃ(J5UgIKSZGRY^UgJ5UgE�V@QK° � n *gtfµ�LOV^`IKEQ9 P� V^I]Y^NKUWV=L\S3S^`HQÉµ�E�Æ¬}RQKYfV^`HL\S�¯HY^Q�4XUgdkV^LOQPE[IKE�� z n *gt¬¯MI]YZIKJ5UWVXYxL\S^I]V^LOQPE�S^L\J�L\amI]Y¬VXQ�� z n *gt¬IKEMTIKE IKEHIKa\ÃlS^LmERN�¯sQ�µ8UWYFL\E�V^`RU�QKYZTHUWY#QK°���� � Z À b5µ8UWY^UyIKS^S^GHJ5UgT�Æ

p LmJyGHa\V^IKERUWQPGHS^aOÃ
µ�LOV^`�V^`RU~J5UgIKSZGRY^UgJ5UgE�V{QK°�c���µ�L\V^`&aOQPERNPLOV^GMTHL\EHIKa?V^I]Y^NKUWVÅ¯bQPa\I]YZL\SZI]V^LOQPE
L\EHdWamGHS^LOÈKU(IKEHT±SXUgJ�LYX�L\EMdWa\GHS^LOÈKU�dkY^QPS^S)X�SXUgdkV^L\QPE IKSXÃjJ�J5UWVXYZLOUgS�°vQKY � 1 Ä %
7 � 1 Ä % Ä * µ�L\a\a�´bU6SXV^GHTMLOUgT�Æ
��¯MI]Y^VF°hY^QPJ V^`RU�IKTHTHL\V^LOQPEHIKa�LmER°hQKYxJ�I]V^LOQPE QPEÅV^`RU�¯MI]YZV^L\dWaOUyLmTRUgEeV^L\V�Ã;7�I[YZUgTHGHdkV^LOQPEwQK°3V^`RU�SXV^I]V^L\S/X
V^L\dWIKa�UWYZY^QKY#´MI]YZS=´lÃ�I]´sQPGHV#I�°vIKdkVXQKYFV^`RY^UWU n °vQPGRYJt8°vQKY#V^`RU�¯HYZQKVXQPE n TRUgGRVXUWY^QPEit=THI]V^I�L\S=¯MY^Q�4 UgdkVXUgT
dkQPJ5¯MI]YZUgT[VXQ_V^`RU#�sEHIKa p-& ` YZUgS^GHaOV3I]VfV^`RU�UgEHT[QK° Á d�d�\lÆ8}RQKY=V^`RU���YZSXV3J5QPJ�UgEeV^S8QK°�V^`RU�È IKaOUgEMdkU
<lGHI]Y#"�IKEHT IKE�V^L <�GMI]Y#"�THLmSXVXYZLO´MGHV^LOQPE[°�GHEHdkV^L\QPEHS=µ8Un¯HY^Q�4XUgdkV#V^`RU�UWY^Y^QKYxS

$ c��� � Z À Z |l¿$ c�� � � Z À Z 3 ¿$ c�; � Z À Z b ¿$ c ;» � Z À\ÁKÁ]À
n \ À\Á3v t

.#`RUFÈ]IKa\GRUgSfI]Y^U�dkQPJ5¯MI]V^LO´Ma\U�µ�LOV^`�V^`RQPSXU�IKL\J�UgT�I]V@L\E�V^`RU P1( ' & (fp U3[l¯bUWYZLmJ5UgEeV'2cb � 487H`RQ�µ8UWÈKUWY
V^`RU6IKdWdkUgS^S^L\´MaOU *¾YZIKERNKU�U3[lVXUgEMTHS_VXQ/I]´bQPGRV5Iw°vIKdkVXQKY��MÈKU6S^J�IKa\aOUWY_È]IKa\GRUgSy°hQKY Á Z�Z & U)(�JyGHQPE
UgERUWY^NKÃKÆ
.#`ML\S�YZUgTHGHdkUgSqV^`RU=U3[jVXYZI]¯bQPa\I]V^LOQPE_UWY^Y^QKY=7Kµ�`HL\dZ`_µ�Lma\aeTRQPJ[L\EHI]VXU=L\E_V^`RU P1( ' & (fp Y^UgS^GHa\V^SWÆ

.#`HU[¯bQPa\I]YZL\SZI]V^LOQPE�QK°�amIKJn´�THIw`eÃl¯bUWY^QPEHSnLmEz´bQKV^`97qV^`RU(V^I]Y^NKUWV�IKEHT|dWGRY^Y^UgE�Vn°vYZI]NPJ5UgE�V^I]V^LOQPE
Y^UWNPLOQPEMS�µ�Lma\aPIKa\SXQ�´bU8SXV^GHTMLOUgT�Æ�UrI]Y^NKUfEHUWNPI]V^LOÈKU@a\IKJn´�THI#¯sQPamI]YZL\S^I]V^LOQPEMS�I]Y^UfU3[l¯bUgdkVXUgT�L\E�V^`HU8V^I]Y^NKUWV
°vYZI]NPJ5UgE�V^I]V^LOQPE�Y^UWNPLOQPE6L\E�V^`RU?¯bQPa\I]YZL\S^UgT » ;» J5QjTRUga
2cb | ^54oÆ � E�V^`HU?dWGHY^Y^UgE�V8°vYZI]NPJ5UgE�V^I]V^LOQPE6Y^UWNPL\QPEV^`RU?SX¯ML\E[VXYZIKEHSX°vUWY=°vGMEHdkV^LOQPE�°vY^QPJDV^`RU?SXVXYZGHd	" <lGHI]Y#"5VXQ�V^`RU?a\IKJn´�THIy`eÃl¯bUWY^QPE(dWIKE�´bU?J5UgIKS^GRYZUgT�Æ

� E S^GMJ�J�I]Y^Ã;7@V^`RU `#��&R_ � pHp �L[jUgT�XoV^I]Y^NKUWV(U3[l¯bUWYZL\J�UgEeV�Q ?bUWYZS�I�YxL\dZ`
SX¯ML\E�Xo¯�`eÃjS^L\dWS�¯HYZQ(X
NKYZIKJ�J�U I]V[`HLONP` j e µ�L\V^`¾I�`HLONP`±a\GHJ�LmERQPS^LOV ÃKÆ ��¯MI]Y^V�°vY^QPJ³V^`RU6V µ8QzJ[I54 QKY[J[L\S^S^L\EHN{¯MLOUgdkUgS
QK°¬V^`RU�E�GMdWaOUWQPEwS^¯ML\E SXVXYxGHdkV^GRY^U;7�V^`RUyNPamGRQPE ¯bQPa\I]YZLmS^I]V^LOQPE IKEHTwV^`RU_VXYZIKEHSXÈKUWYxS^LOV�Ã S^VXYZGHdkV^GRY^Uy°vGMEHdJX
V^LOQPE97fJ�IKE�Ã±THUWV^IKL\aOUgT <lGRUgSXV^LOQPEHS5LmEHdWa\GHTHLmERNwSX¯�L\E�X�IgÈKUWYxI]NKUgT+<lGHIKEeV^L\V^LOUgS5a\L�"KU�V^`RU{S^VXYZIKERNKU3X <lGHI]Y#"
THL\S^VXYZLO´MGRV^L\QPE[°�GHEHdkV^LOQPEMS@dWIKE6´bU�SXV^GHTHLOUgT�Æ

����� -�������7:9��b0 � 4�7!��>���<��"�#>"#�A�$ .
� ÈKUWY^ÃzLmEeVXUWY^UgS^V^L\ERN{aOQPEHNKUWY/XoVXUWYZJ ¯HY^Q�4XUgdkV_L\SyI ¯bQPS^S^L\´MaOU5¯bQPa\I]YZL\SZI]V^LOQPE�QK°@V^`RU P1( '0� � b Z & U)(¯HY^QKVXQPE{´bUgIKJ6Æ p Uga\°�Xo¯bQPa\I]YZLmS^I]V^LOQPEHSfQK°¬GR¯ VXQ 3 Z,� µfUWY^UnYZUgIKdZ`RUgT{°hQKY�V^`RU�UgaOUgdkVXY^QPEw´bUgIKJ�THGRU�VXQ
V^`RU p Q�"KQPa\QÉÈ � .�UWYZEHQÉÈ6U ?bUgdkV 2 Á3v Z 487Mµ�`ML\dZ`�L\S=¯HYZQK¯sQKYZV^LOQPEHIKasVXQ npo  � t&%KÆ P Q�µ8UWÈKUWY=7sERQ5VXUgdZ`MEHL <lGRUL\S "jERQÉµ�E(VXQ5¯bQPa\I]YZLmSXU�`HL\NP`�XoUgERUWY^NKÃ�¯HY^QKVXQPEHSfU'7�dWLOUgE�V^aOÃKÆ .�`RUWY^UW°vQKY^U;7j¯sQPamI]YZL\SXUgT[¯HY^QKVXQPEHS@J_GHSXV=´bU
VXYZIKEHS^¯sQKYZVXUgT�V^`RY^QPGRNP`�V^`RU@UgE�V^LOY^U@IKdWdkUgaOUWYxI]VXQKYfdx`HIKL\E5I]V	
 (fp � Æ .#`RU=°vUgIKS^LO´MLma\LOV�ÃnQK°M¯bQPa\I]YZL\SZL\ERN�V^`HU
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¯HYZQKVXQPE6´bUgIKJ�L\S=¯HY^UgSXUgE�V^aOÃ(SXV^GHTHLOUgT(´lÃ(I94XQPL\ERUgT�µfQKY#"jL\ERN�NKY^QPGR¯{°hY^QPJ 
 (=p � 7H'�GHS^S^LmI-7jIKEMT�V^`RU
��p � 7sL\E{V^`RU�dkQPEeVXU3[jV�QK°�V^`RU������������! #"%$'&�(*),+-(/.0�2143257698;:�QKY#"jS^`RQK¯�Æ p GMdZ`ÅI[¯HYZQ�4 UgdkV?µfQPGHa\T
L\E�ÈKQPaOÈKU5I�¯sQ�µ8UWYZ°vGHar¯bQPa\I]YZL\S^UgT P %|SXQPGRYxdkU;7 p LO´MLOYZLmIKE S^EHIS"KUgS?L\E 
 (fp � �Z�^� 7 _ UWVXYZI-7�IKEHT P1( '0� 7
IKEHT5S^¯ML\E_Y^QKV^I]VXQKYZS3VXQ�dZ`HIKERNKU�°hY^QPJ!VXYxIKEHSXÈKUWYZSXU@VXQyaOQPERNPLOV^GHTML\EHIKaP¯bQPa\I]YxL\S^I]V^LOQPE�Æ � E5IKTMTHLOV^LOQPE_´bUgIKJ
¯bQPa\I]YZLmJ5UWVXUWYZSnJ_GHSXV_´bU�TRUWÈKUga\QK¯sUgT�Æ _ YZUgSXUgEeV^a\Ã�V^`RU(°hQjdWGHS_L\SnVXQ/SXV^GHTHÃ�LO°#I * & QlT�XoNPL\ÈKUgE ,/`HLONP`UgERUWYZNKUWV^L\d�¯bQPa\I]YZL\S^UgT[¯HYZQKVXQPE6´bUgIKJ�dWIKE6´bU<"KUW¯MV#¯bQPa\I]YZL\SXUgT(L\E P ( '9��°vQKY#I�Y^UgIKSXQPEHI]´�aOU�IKJ5QPGHE�V
QK°qV^L\J5UKÆ

��¯MI]Y^V5°vY^QPJ³¯bQPa\I]YxL\S^I]V^LOQPE97�`MLONP`¾a\GHJ�LmERQPS^LOV ÃzL\S5dkUgE�VXYZIKa#L\S^SZGRU�°hQKY�I�¯bQPS^SZLO´MaOU(SX¯ML\E�Xo¯�`eÃjS^L\dWS
¯HYZQKNKYZIKJ�J5U�I]V#V^`HU P1( '0��dkQPa\a\L\THUWY#IKS#LOV#L\S=°vQKY#°�GRV^GRY^U�U3[j¯bUWYZL\J5UgE�V^S=µ�LOV^`6GHEH¯sQPamI]YZL\SXUgT�´bUgIKJ�SWÆ
� E Á d�d | IKEzL\E�VXUWNKYZI]VXUgT|a\GHJ�LmERQPS^LOV Ã{QK° Á b6¯H´2% z µfIKSydkQPa\aOUgdkVXUgT97qV^`RU[amGHJ�L\ERQPSZLOV�Ãw¯HY^Q�4XUgdkVXUgTz°vQKY
V^`RUnV^L\J5U�I]°hVXUWYFI�J�IKdx`HL\ERU�GR¯MNKYZIKTRU�L\E Á d�d � LmS Á 3 Z ¯H´ % z ¯bUWY@ÃKUgI]YgÆ ��¯bQPa\I]YZL\S^UgT�¯MY^QKVXQPE6´bUgIKJ¯HYZQKNKYZIKJ�J5U�dkQPGHa\T�SXV^I]YZV#L\E b Z�Z v LO°�VXUgdx`HEHL\dWIKa\a\Ã�°hUgIKSZLO´MaOUKÆD
?GRU?VXQ5V^`RU�S^J�IKama�J�I]NPEHUWV^L\d�J5QPJ5UgE�V
QK°sV^`RU#TRUgGRVXUWYZQPE�I?¯bQPa\I]YZL\SXUgT_TRUgGRVXUWYZQPE5´bUgIKJiL\S¬dkQPEHS^L\THUWY^UgT�VXQ�´bU=LmER°hUgIKSZLO´MaOU;7]µ�`HLmaOUfI � P U@´bUgIKJ
J�L\NP`eV@´bU�¯bQPS^S^LO´�aOUKÆ

.�`RY^UWU�U3[j¯sUWYxL\J5UgE�V^S#I]Y^U�¯MI]Y^V^LmdWGHa\I]YZaOÃ[¯HY^QPJ�L\SZL\ERN
< I�TRUWVXUWYZJ�LmEHI]V^LOQPE�QK°�c���°vY^QPJ 4XUWV#¯HY^QjTHGHdkV^L\QPE97
< I�J5UgIKS^GRYZUgJ5UgEeV�QK° � z I]V�`HL\NP` j e IKEHT S^J[IKa\a *�7MIKEMT
< ¯MI]YZLOV Ã�ÈjLOQPa\I]V^L\EHN�SXVXYZGHdkV^GRYZU�°vGHEMdkV^LOQPEHSWÆ
.�`RU P_Á dkQPa\a\I]´bQKYZI]V^L\QPE�`HIKS3THUWVXUWYZJ�L\ERUgT�V^`HU�GHER¯bQPa\I]YxL\SXUgTyNPa\GRQPE[TML\SXVXYZLO´�GRV^LOQPEy°vGHEMdkV^LOQPE5°vY^QPJ

SXQ(X�dWIKamaOUgT n b ¼�Á t�4 UWV_UWÈKUgEeV^S�2cb |-v 4oÆ .#`HU(ERQKV^I]V^L\QPE * ¼�Á ,ÅY^UW°vUWYZSyVXQ/V^`RU�V^I]YZNKUWV04XUWV�7¬µ�`HLmdZ`|THL\S)X
I]¯H¯bUgI]YZS5GMEHTRUWVXUgdkVXUgT LmE~V^`HU6´sUgIKJ ¯MLO¯bUKÆ".#`HU�}HUWÃlEHJ[IKE THL\I]NKYxIKJ�S5dkQPEeVXYxLO´MGRV^L\EHNÅL\E¾a\UgIKTHL\ERN
QKYZTHUWY�VXQ(V^`RUydkYZQPS^S?SXUgdkV^LOQPEÅI]Y^U_SZ`RQÉµ�EwL\E{}qLONRÆg\lÆ Á Z Æ<UrL�"KUyLmE V^`RU `#��&R_ � pHp U3[l¯bUWYZLmJ5UgEeV�V^`RU
¯M`HQKVXQPE�XoNPa\GRQPE{°vGHSZLOQPE�¯HY^QjdkUgS^S�LmS@U3[l¯�aOQPLOVXUgT97M`HQÉµfUWÈKUWYFL\E{I[THL@?bUWY^UgE�V%"lLmERUgJ�I]V^L\d�YZUWNPLOQPE{IKEHT{ERQKV
¯MI]YZV^L\dWGHa\I]YZa\Ã�°vQldWGMSXUgT QPEwdZ`HI]YZJ�¯HY^QjTHGHdkV^L\QPE�ÆC.�`RU <lGHI]Y#"%X�IKEeV^L <lGHI]Y#"�¯MIKL\Y�L\S@¯MY^QlTMGHdkUgT I]V?d]ÆÇJ6Æ
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UgERUWY^NPL\UgS�78º» 1 Á Z�Z & U)( e 7M°�I]Y�I]´bQÉÈKU_V^`RY^UgS^`RQPamT6aOUgIKTHL\ERN5VXQ(IKE QK¯H¯bQPS^L\VXU3X�S^LONPE6IKSXÃjJ�J5UWVXY^Ã6dkQPJ X¯MI]Y^UgT{VXQ�V^`RU `#��&R_ � pHp "jL\ERUgJ[I]V^L\dWSWÆ#.�`HL\S#dWIKE{´sUySXUWUgE{L\E{}:L\NRÆ}\lÆ,^�°vQKY�V^`HUndWIKSXUnQK°�I[dZ`HI]YZJ
<lGHI]Y#"�¯MIKLOYgÆ � E{dkQPEeVXYZIKS^V�VXQ�V^`RU `#��&R_ � pMp U3[l¯bUWYZLmJ5UgEeV�7Mµ�`RUWY^UnEHQKYZJ�IKa\aOÃ�QPEHaOÃ�QPERUndx`HI]YZJ5UgT
J5UgSXQPE(µ�Lma\aR´bU�TRUWVXUgdkVXUgT:7Rµ�LOV^`�V^`RU P_Á IKEHT�� ( ��p THUWVXUgdkVXQKYZS=´bQKV^`�4XUWV^S=I]YZL\S^L\EHN�°hYZQPJ V^`HU <lGHI]Y#"
¯MIKLOYfdWIKE[´bU�THUWVXUgdkVXUgT�Æ3}RY^QPJDV^`RUFJ5QPJ5UgE�V^InQK°�V^`HU�¯MI]Y^V^LmdWaOUgS3L\E[V^`RUD4XUWV^S8V^`RU�d]ÆÇJ6ÆlUgERUWY^NKÃ5QK°�V^`HU
¯M`RQKVXQPE�XoNPa\GRQPE/S^GR´MS^ÃlSXVXUgJ�7 ( º» 7�dWIKE/´bU_THUWVXUWYZJ�L\ERUgTÅIKEHTÅV^`RU5J5QPJ5UgE�V^GHJ�°vYZIKdkV^LOQPE/dWI]Y^YZL\UgTw´lÃ
V^`RU�NPamGRQPE97 * · 7HdWIKE{´bU�Y^UgdkQPEeVXYxGHdkVXUgT{GHSZL\ERN* · � *�� Á8¼ º»

j e�� ¿ n \ À\Á | t
µ�`RUWYZU�*&L\S $�4 QKY#"KUgE��ÇS6S^dWIKa\L\ERN~È I]YxL\I]´MaOUKÆ .#`RU�"jL\ERUgJ[I]V^L\dWS�dkQ�ÈKUWY^UgTB´lÃ V^`RU/GHER¯bQPa\I]YZLmSXUgT¾U3[UX
¯bUWYZL\J5UgE�V^S�L\S Z À Z�Z b C * · C Z À bzµ�LOV^` Z À Z�Z�Z ^ C * C Z À Z�Z Á | Æ .#`RU6´MIKd	"�NKY^QPGMEHT °vY^QPJ V^`HU
�a` 
"X ` QPJ�¯HVXQPE/¯HY^QjdkUgS^S n }qLONRÆ�\lÆ Á Z ´it�IKdWdkQPGHEeV^Sn°hQKY�I]´bQPGRVab | � QK°fV^`RU5dkY^QPS^SnSXUgdkV^LOQPE�µ�L\V^`HL\E
V^`RU{IKEMIKaOÃlSZL\S5dWGRV^SWÆ+.�`RU6Y^UgS^GHa\V_°vQKY�V^`RU{NPa\GRQPE THLmSXVXYZLO´MGHV^LOQPE�°�GHEHdkV^LOQPE¾LmS�S^`RQ�µ�E L\E¾}qLONRÆ
\lÆ ÁKÁ
VXQKNKUWV^`RUWY�µ�LOV^`~SXUWÈKUWYZIKa8QKV^`RUWY�J5UgIKS^GRY^UgJ�UgEeV^SWÆ�.�`RU[THI]V^IwdkQKY^Y^UgSX¯bQPEHTzVXQwIKE|L\EeVXUWNKYxI]VXUgT~a\GMJ�LYX
ERQPS^L\V�Ã/QK° Z Æ,b v ¯H´ % z Æ�}qLOYxSXV�aOUgIKTHL\EHN(XoQKYZTRUWY & QPEeVXU � ` I]YZaOQwSZL\JyGMa\I]V^LOQPEHS?QK°=¯bQPa\I]YZL\S^UgT n b ¼5Á t X84 UWV
UWÈKUgE�V^S32cb |�| 4#GHSZL\ERN V^`RU�¯bQPa\I]YZL\SXUgT�NPa\GRQPEzTML\SXVXYZLO´�GRV^LOQPEÅ°hYZQPJ & Ug`RYxJ�IKEHEzIKEMT p V^L\YZa\L\ERN n SXUWV��stS^`RQ�µ�I(a\I]Y^NKU_SXUgEHS^L\V^LOÈlL\V�Ã�VXQ[V^`RU_NPa\GRQPE{¯bQPa\I]YZL\S^I]V^L\QPE6¯bUgIS"lL\EHN[I]Y^QPGHEHT�* · ! Z À Z�ZG� Æ��°vVXUWY?IKEMI-X
aOÃjS^L\S8dWGRV^SfV^`RU�IKdWdkUgS^S^I]´MaOU?Y^UWNPL\QPE(LmS8I]´bQPGRV Z À Z�Z v C * · C Z À ZG� µ�LOV^`(dkY^QPS^S/X�SXUgdkV^LOQPE6IKSXÃjJ�J5UWVXYZL\UgS
L\E~V^`RU(QKYZTRUWY�QK°�b � v � Æ : LOV^`±IKE|LmEeVXUWNKYZI]VXUgT¾amGHJ�L\ERQPSZLOV�Ã/QK° Á Z�Z ¯H´2% z IKEHT|´bUgIKJ ¯bQPa\I]YxL\S^I-X
V^LOQPEHSFQK° Z Æ 3 SZGHdZ`�IKE/IKSXÃjJ�J5UWVXY^ÃÅdkQPGHa\TÅ´bU_J�UgIKS^GRY^UgTÅµ�LOV^`ÅI]´bQPGRV?SXUWÈKUgE�SXV^IKEHTHI]YxTÅTHUWÈlL\I]V^L\QPES^LONPEML���dWIKEHdkU 2cb | \54oÆ

& QKY^U�TRUgJ�IKEHTHLmERN L\E�VXUWYZJ[SnQK°#a\GMJ�L\ERQPS^L\V�ÃwLmSnI{J�UgIKS^GRY^UgJ5UgE�VnQK° � z n * ¿ j e t�I]V P1( '0�yÆ �TRUWV^IKL\a\UgT|S^V^GHTRÃ�QK°�V^`RU6L\J5¯MIKdkV_QK°�IKTHTMLOV^LOQPEHIKa � z THI]V^I/µ=IKS�¯bUWY^°hQKYxJ5UgT�2cb | 3 4�´�Ã~U3[lVXUgEHTML\ERN/IERU3[jV)XoVXQ(X�aOUgIKTHL\EHN�QKYZTHUWY?IKEMIKaOÃlSZL\S 2 |�| 4�QK°�U3[RL\SXV^LmERN�� z TMI]V^I[VXQ�¯HY^Q�4XUgdkVXUgT/THI]V^I�L\EwV^`RU0"jL\ERUgJ[I]V^L\dTRQPJ�IKLmE~QK° P1( '0�yÆ ` QPJ5¯MI]Y^UgT|VXQ/�L[jUgT�XoV^I]Y^NKUWV5U3[j¯bUWYZL\J5UgE�V^S_V^`RU�¯HY^UgdWL\SZLOQPEzQK°�V^`RU6SXVXYZGHdkV^GHY^U
°�GHEHdkV^LOQPE�J5UgIKS^GRY^UgJ�UgEeV^S=I]V P1( '0�&L\S8J5QjTRUWYZI]VXU?IKEHT�SZG-?sUWYxS8L\E[V^`RUF¯sQPamI]YZL\SXUgT�dWIKS^U?LmE[IKTHTHL\V^LOQPE
°vY^QPJ�IKE�GHEH°vIÉÈKQPGRYZI]´MaOUfTRUW¯bQPa\I]YZL\SZI]V^LOQPE�°�IKdkVXQKYgÆ � EyV^`HL\SrY^UgSX¯bUgdkVqIKEnU3[j¯bUWYZL\J5UgE�VrI]VqaOQÉµfUWYqUgERUWY^NPLOUgS
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