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3ZFFfhlS_gu� iSbgpbiu� FS_^g_fZFrlZ[gh]h� g_hl_dlhgbq_Fdh]h� dZSlbSh\Zgby� gZ� iSbf_S_� ahgu
Fhqe_g_gby�^S_\g_c�&b[bSFdhc�ieZlnhSfu�b�fheh^hc�AZiZ^gh�&b[bSFdhc�ieblu��<�dZq_Fl\_�[Zah\h]h
we_f_glZ�iS_^eZ]Z_lFy�\f_Flh�h[uqgh�\u^_ey_fu[�iSb�g_hl_dlhgbq_Fdhf�dZSlbSh\Zgbb�g_hl_dlhgbq_�
Fdb[�FbFl_f�bFihevah\Zlv�SZaehfgh�[ehdh\mx�FlSmdlmSm�l_SSblhSbc�b�__�fhSnhl_dlhgbq_Fdbc�ZgZeba�
3hev�SZaehfh\�\�nhSfbSh\Zgbb�dhglSZFlgu[�we_f_glh\�S_ev_nZ�\haSZFlZ_l�ih�f_S_�i_S_[h^Z�hl�FlSmdlmS
]eh[Zevgh]h�mSh\gy�d�S_]bhgZevghfm�b�ehdZevghfm��3_ev_n�dZd�iShba\h^gZy�g_hl_dlhgbq_Fdb[�̂ \b`_gbc
y\ey_lFy�hlSZ`_gb_f�g_hl_dlhgbq_Fdb[�FlSmdlmS��Q_f�\ur_�dhglSZFlghFlv�S_ev_nZ��l_f�\ur_�FdhShFlb
g_hl_dlhgbq_Fdb[�^\b`_gbc�b�fheh`_� S_ev_n�� &[_fZlbq_Fdb�ihFe_^h\Zl_evghFlv�g_hl_dlhgbq_Fdh]h
ZgZebaZ�\uFlSZb\Z_lFy�\�Fe_^mxsbc�Sy^��fhSnhl_dlhgbq_Fdbc�ZgZeba�S_ev_nZ²^_lZevgh_�dZSlbSh\Zgb_
F_lb�SZaehfgu[�FlSmdlmS²\u^_e_gb_�b�SZg`bSh\Zgb_�g_hl_dlhgbq_Fdb[�[ehdh\²[ZSZdl_SbFlbdZ�g_h�
l_dlhgbq_Fdh]h�S_ev_nZ�\gmlSb�[ehdh\�b�hp_gdZ�_]h�dhglSZFlghFlb²SZFq_l�FdhShFl_c�g_hl_dlhgbq_Fdb[
^\b`_gbc²ihFlSh_gb_�g_hl_dlhgbq_Fdhc�dZSlu�

<�ahg_�Fhqe_g_gby�&b[bSFdhc�ieZlnhSfu�b�AZiZ^gh�&b[bSFdhc�ieblu�\�SZchg_�gb`g_]h�l_q_gby
S��DZg�hiS_^_eyxsZy�Shev�\�g_hl_dlhgbq_Fdhf�FlSh_gbb�iSbgZ^e_`bl�;ZcdZeh�?gbF_cFdhc�SZaehfghc
ahg_��iS_^FlZ\e_gghc�]mFlhc�F_lvx�[ebaf_Sb^bhgZevgu[�\a[ShFhgZ^\b]h\u[�FlSmdlmS��bf_xsb[�hlq_l�
eb\u_� Fe_^u�ie_cFlhp_gh\h]h�ih^gh\e_gby��AhgZ�;ZcdZeh�?gbF_cFdh]h� SZaehfZ� SZFF_q_gZ�fheh^ufb
^bZ]hgZevgufb�F^\b]h\ufb�FlSmdlmSZfb��ba�dhlhSu[�F_\_Sh�aZiZ^gu_�y\eyxlFy�iSZ\h���Z�F_\_Sh�\hF�
lhqgu_�²�e_\hF^\b]h\ufb�

MihfygmlZy� FbFl_fZ�SZaehfh\�\udZeu\Z_l� F_Sbx�fZdSh��b�fbdSh[ehdh\��;ehdh\u_�FlSmdlmSu�d
aZiZ^m� hl� ;ZcdZeh�?gbF_cFdh]h� SZaehfZ� [ZSZdl_SbamxlFy� l_g^_gpb_c� d� ih]Sm`_gbyf�� d� \hFlhdm� hl
g_]h�²�ih^gylbyfb��Ih]Sm`_gby�b�ih^gylby�iShbF[h^yl�F�[ebadbfb�FdhShFlyfb��h�q_f�F\b^_l_evFl\m_l
Fdhfi_gFbSh\Zgguc�[ZSZdl_S�aZiheg_gby�fheh^ufb�hFZ^dZfb�\iZ^bg�\�g_ihFS_^Fl\_gghc�[ebahFlb�hl
ih^gbfZxs_]hFy�[ehdZ��>ey�bamq_gghc�l_SSblhSbb�ihemq_gu�hp_gdb�\_SlbdZevgu[�b�]hSbahglZevgu[
Ff_s_gbc�ih�fheh^uf�SZaehfZf��mFlZgh\e_g�b[�dbg_fZlbq_Fdbc�lbi�b�aZ\bFbfhFlv�[ZSZdl_SZ�[ehdh\hc
^_ebfhFlb� eblhFn_Su� hl� lbiZ� __�gZiSy`_ggh]h� FhFlhygby��MFlZgh\e_gh�� qlh�fZdFbfZevgZy� SZa^Sh[�
e_gghFlv�l_SSblhSbb�\hagbdZ_l�\�f_FlZ[�gZeh`_gby�ihe_c�F`bfZxsb[�b�F^\b]Zxsb[�gZiSy`_gbc�

3ZaehfgZy� ahgZ�� [ehdh\u_� FlSmdlmSu�� g_hl_dlhgbq_Fdh_� dZSlbSh\Zgb_�� \a[ShF�� gZ^\b]�� F^\b]�
FdhShFlb�l_dlhgbq_Fdb[�^\b`_gbc�
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3ULQFLSOHV�RI�PHGLXP�VFDOH�QHRWHFWRQLF�PDSSLQJ�KDYH�EHHQ�FRQVLGHUHG�E\�WKH�H[DPSOH�RI�MXQFWLRQ�RI�WKH
ROG�6LEHULDQ�3ODWIRUP�DQG�\RXQJ�:HVW�6LEHULDQ�3ODWH��,QVWHDG�RI�QHRWHFWRQLF�V\VWHPV�XVXDOO\�XVHG�DV�D�EDVLF�XQLW
LQ�WHRWHFWRQLF�PDSSLQJ��WKH�IDXOW�EORFN�VWUXFWXUH�RI�WHUUDQHV�DQG�LWV�PRUSKRWHFWRQLF�DQDO\VLV�DUH�SURSRVHG��7KH
UROH�RI�IDXOWV�LQ�WKH�IRUPDWLRQ�RI�FRQWUDVWLQJ�UHOLHI�IHDWXUHV�LQFUHDVHV�LQ�WKH�WUDQVLWLRQ�IURP�JOREDO�WKURXJK�UHJLRQDO
WR�ORFDO�OHYHO�RI�VWUXFWXUHV��%HLQJ�WKH�UHVXOW�RI�QHRWHFWRQLF�PRYHPHQWV��WKH�UHOLHI�PLUURUV�QHRWHFWRQLF�VWUXFWXUHV�
7KH�PRUH�FRQWUDVWLQJ�UHOLHI��WKH�\RXQJHU�LW�LV��DQG�WKH�IDVWHU�QHRWHFWRQLF�PRYHPHQWV��$�VFKHPDWLF�VXFFHVVLRQ�RI
QHRWHFWRQLF�DQDO\VLV� LV�DV�IROORZV��PRUSKRWHFWRQLF�DQDO\VLV�RI�UHOLHI�²�GHWDLOHG�PDSSLQJ�RI�QHWZRUN�RI�IDXOW
VWUXFWXUHV�²�UHFRJQLWLRQ�DQG�UDQNLQJ�RI�QHRWHFWRQLF�EORFNV�²�FKDUDFWHULVWLF�RI�QHRWHFWRQLF�UHOLHI�ZLWKLQ�WKH�EORFNV
DQG�HVWLPDWLRQ�RI�LWV�FRQWUDVW�²�FDOFXODWLRQ�RI�YHORFLWLHV�RI�QHRWHFWRQLF�PRYHPHQWV�²�FRQVWUXFWLRQ�RI�D�QHRWHFWRQLF�PDS�

$W�WKH�MXQFWLRQ�RI�WKH�6LEHULDQ�3ODWIRUP�DQG�:HVW�6LEHULDQ�3ODWH�LQ�WKH�ORZHU�UHDFKHV�RI�WKH�.DQ�5LYHU��WKH
QHRWHFWRQLF� VWUXFWXUH� LV�FRQWUROOHG�E\� WKH�%DLNDO�<HQLVHL� IDXOW�]RQH�� UHSUHVHQWHG�E\�D�GHQVH� QHWZRUN�RI�VXE�
PHULGLRQDO� UHYHUVH�IDXOW±QDSSH�VWUXFWXUHV�KDYLQJ�GLVWLQFW� WUDFHV�RI�3OHLVWRFHQH�UHMXYHQDWLRQ��7KH�]RQH�RI� WKH
%DLNDO�<HQLVHL� IDXOW� LV� FURVVHG�E\�\RXQJ�GLDJRQDO� VWULNH�VOLS� VWUXFWXUHV�� RI�ZKLFK� WKH�QRUWKZHVWHUQ�RQHV�DUH
GH[WUDO��DQG�QRUWKHDVWHUQ��VLQLVWUDO�

7KLV�V\VWHP�RI�IDXOWV�FXWV�RXW�D�VHULHV�RI�PDFUR��DQG�PLFUREORFNV��:HVW�RI�WKH�%DLNDO�<HQLVHL�IDXOW��WKH
EORFN�VWUXFWXUHV�WHQG�WR�VXEVLGH��DQG�HDVW�RI�LW��WKH\�WHQG�WR�ULVH��7KH�UDWHV�RI�VXEVLGLQJ�DQG�ULVLQJ�DUH�TXLWH�FORVH�
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ZKLFK�LV�LQIHUUHG�IURP�WKH�FRPSHQVDWHG�ILOOLQJ�RI�EDVLQV�ZLWK�\RXQJ�VHGLPHQWV�LQ�WKH�LPPHGLDWH�YLFLQLW\�RI�WKH
ULVLQJ� EORFN�� 9HUWLFDO� DQG� KRUL]RQWDO� GLVSODFHPHQWV� DORQJ� \RXQJ� IDXOWV� DQG� WKHLU� NLQHPDWLF� W\SH� KDYH� EHHQ
HVWDEOLVKHG�IRU�WKH�VWXG\�DUHD��DQG�WKH�FKDUDFWHU�RI�OLWKRVSKHUH�EORFNLQJ�KDV�EHHQ�GHILQHG�DV�D�IXQFWLRQ�RI�WKH�W\SH
RI�LWV�VWUHVV�VWDWH��,W�KDV�EHHQ�DVFHUWDLQHG�WKDW�WKH�WHUULWRU\�LV�PRVW�IUDJPHQWHG�LQ�SODFHV�RI�VXSHUSRVLWLRQ�RI�ILHOGV
RI�FRPSUHVVLYH�DQG�VKHDU�VWUHVVHV�

)DXOW�]RQH��EORFN�VWUXFWXUH��QHRWHFWRQLF�PDSSLQJ��UHYHUVH�IDXOW��QDSSH��VWULNH�VOLS�IDXOW��UDWH�RI�WHFWRQLF
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;Zah\uf� ihgylb_f� S_]bhgZevghc�g_hl_dlhgbdb� y\ey_lFy�iS_^FlZ\e_gb_� h�g_hl_dlhgbq_Fdb[� FbF�
l_fZ[��ih^�dhlhSufb�ihgbfZ_lFy�Fh\hdmighFlv�S_amevlZlh\�iSbSh^gu[�iShp_FFh\��\aZbfhF\yaZggu[�\
hiS_^_e_gghf�h[t_f_�]_heh]bq_Fdhc�FS_^u�b�iSyfh�beb�dhF\_ggh�iSb\h^ysb[�d�^\b`_gbx�eblhFn_Su�b
SZa\blbx� \� g_c� FlSmdlmSgu[�nhSf� >�²�@��ISb� wlhf� \u^_eyxlFy� h[uqgh� g_hl_dlhgbq_Fdb_� FbFl_fu
SZagh]h�SZg]Z�hl�]eh[Zevgu[�^h�ehdZevgu[��ihwlhfm�gZ�g_hl_dlhgbq_Fdb[�dZSlZ[�ihemqZ_l�hlSZ`_gb_
Fh\hdmighFlv� g_hl_dlhgbq_Fdb[� FbFl_f� F� mdZaZgb_f� iS_h[eZ^Zxs_]h� lbiZ� ^\b`_gbc� eblhFn_Su�� b[
FdhShFl_c��beb�Zfieblm^���gZiSZ\e_gbc�i_S_f_s_gby�b�hFgh\gu[�FnhSfbSh\Zggu[�wlbfb�^\b`_gbyfb
FlSmdlmS�� DZd� iSZ\beh�� ihFlSh_ggu_� iSb� lZdhf� ih^[h^_� g_hl_dlhgbq_Fdb_� dZSlu� f_edhfZFrlZ[gu�
ihFdhevdm�Fha^ZxlFy�^ey�^hFlZlhqgh�dSmigu[�S_]bhgh\��h[t_^bgyxsb[�F_Sbx�dhglSZFlgu[�g_hl_dlh�
gbq_Fdb[�FbFl_f��

IhFlSh_gb_�dZSl�FS_^g_]h�fZFrlZ[Z�iSb�wlhf�`_�f_lh^bq_Fdhf�ih^[h^_�Fha^Z_l�̂ ey�bFFe_^h\Zl_e_c
Sy^�h[t_dlb\gu[�lSm^ghFl_c��I_S\Zy�ba�gb[�aZdexqZ_lFy�\�lhf��qlh�gZ�dZSl_�^he`gu�[ulv�hlSZ`_gu
SZaebqgu_��qZs_�\F_]h�dhglSZFlgu_�l_dlhgbq_Fdb_��g_hl_dlhgbq_Fdb_��we_f_glu��h^gZdh�\Fy�l_SSblhSby
fh`_l�iSbgZ^e_`Zlv�h^ghc�^\mf��g_�h[yaZl_evgh�\uFhdhdhglSZFlguf��l_dlhgbq_Fdbf�FlSmdlmSZf��Ihw�
lhfm� \hagbdZ_l� g_h[[h^bfhFlv� ^Sh[gh]h� SZFqe_g_gby� _^bghc� g_hl_dlhgbq_Fdhc� FbFl_fu� gZ� FhFlZ\�
eyxsb_�we_f_glu��Z��Fe_^h\Zl_evgh��̂ ey�Fha^Zgby�g_hl_dlhgbq_Fdb[�dZSl�FS_^g_]h�fZFrlZ[Z�gm`gZ�g_dZy
bgZy�nZdlheh]bq_FdZy�hFgh\Z��<�dZq_Fl\_� lZdhc�hFgh\u�fh`_l� Fem`blv� SZaehfgh�[ehdh\Zy� FlSmdlmSZ
S_]bhgZ��\Fe_^Fl\b_�lh]h��qlh�f_`SZaehfgu_�[ehdb�y\eyxlFy�we_f_glZSgufb�l_dlhgbq_Fdbfb�yq_cdZfb�
ba�dhlhSu[�FhFlhyl�g_hl_dlhgbq_Fdb_�FbFl_fu�ex[h]h�SZg]Z�

�&hFlZ\e_gb_�g_hl_dlhgbq_Fdhc�FS_^g_fZFrlZ[ghc�dZSlu��hFgh\Zggh_�gZ�ZgZeba_�SZaehfgh�[ehdh�
\hc� FlSmdlmSu��f_lh^heh]bq_Fdb�h[hFgh\Zgh�l_f�h[Flhyl_evFl\hf��qlh�\_S[gb_�qZFlb�eblhFn_Su��dZd
iSZ\beh��S_Z]bSmxl�gZ�Zdlb\baZpbx�l_dlhgbq_Fdb[�^\b`_gbc�[Smidbf�SZaSmr_gb_f��\uSZ`ZxsbfFy�\
nhSfbSh\Zgbb��beb�Zdlb\baZpbb��F_lb�SZaghSZg]h\u[�SZaehfgu[�FlSmdlmS�b�\hagbdgh\_gbb�dhglSZFlgh]h
S_ev_nZ��ISb�wlhf�[hShrh�ba\_Flgh��qlh�Fl_i_gv�dhglSZFlghFlb�S_ev_nZ�iSb�iShqb[�SZ\gu[�mFeh\by[
F\yaZgZ�Fh�FdhShFlyfb�b�\haSZFlhf�l_dlhgbq_Fdb[�̂ \b`_gbc�>�²�@��WlZ�aZ\bFbfhFlv�g_S_^dh�Fh[SZgy_lFy
gZ�\F_[�FlSmdlmSgu[�mSh\gy[�hl�]eh[Zevgh]h�^h�ehdZevgh]h��

3hev� SZaehfh\�\�nhSfbSh\Zgbb�dhglSZFlgu[� we_f_glh\� S_ev_nZ�\haSZFlZ_l�ih�f_S_�i_S_[h^Z�hl
FlSmdlmS�]eh[Zevgh]h�mSh\gy�d�S_]bhgZevghfm�b�ehdZevghfm��<�wlhf�`_�gZiSZ\e_gbb�\haSZFlZ_l�F\yav
f_`^m�g_hl_dlhgbq_Fdbfb�FlSmdlmSZfb�b�Fhhl\_lFl\mxsbfb�bf�we_f_glZfb�S_ev_nZ��?Feb�̂ ey�FlSmdlmS
]eh[Zevgh]h�mSh\gy�wlZ�F\yav�\u^_S`b\Z_lFy�ebrv�\�h[sb[�q_SlZ[��lh�m`_�gZ�S_]bhgZevghf��Z�l_f�[he__
gZ�ehdZevghf�mSh\g_��hgZ�FlZgh\blFy�\iheg_�dhgdS_lghc�

�HlFx^Z�\ul_dZ_l�i_S\uc�f_lh^heh]bq_Fdbc�iSbgpbi��F�SZagu[�ihabpbc�h[hFgh\Zgguc�SZg__
fgh]bfb�Z\lhSZfb��S_ev_n�dZd�iShba\h^gZy�g_hl_dlhgbq_Fdb[�^\b`_gbc�y\ey_lFy�hlSZ`_gb_f�g_hl_dl�
hgbq_Fdb[� FlSmdlmS��Z� ]SZgbpu�dhglSZFlgu[�we_f_glh\� S_ev_nZ� S_]bhgZevgh]h�b�ehdZevgh]h�mSh\g_c
FlSmdlmSghc�hS]ZgbaZpbb�eblhFn_Su�²�hlSZ`_gb_f�SZaehfgu[�FlSmdlmS�Fhhl\_lFl\mxs_]h�SZg]Z�

IhFdhevdm�dhglSZFlghFlv�S_ev_nZ��dZd�[ueh�FdZaZgh�\ur_��gZiSyfmx�aZ\bFbl�hl�FdhShFl_c�l_dlh�
gbq_Fdb[�^\b`_gbc�b�b[�\haSZFlZ��lh�g_lSm^gh�FnhSfmebSh\Zlv�b�\lhShc�f_lh^heh]bq_Fdbc�iSbgpbi�
q_f�\ur_� Fl_i_gv�dhglSZFlghFlb� S_ev_nZ��l_f�\ur_� FdhShFlb�g_hl_dlhgbq_Fdb[�^\b`_gbc�b�fheh`_
S_ev_n��ISb�wlhf�^Z`_�^ey� S_]bhgh\� F�hlghFbl_evgh� Fihdhcguf�l_dlhgbq_Fdbf� S_`bfhf�\�dZcghah_
g_hl_dlhgbq_FdZy� FlSmdlmSZ�[m^_l�\u]ey^_lv�\�^hFlZlhqghc� Fl_i_gb� S_ev_ngh��Z�\u^_e_gb_�gZb[he__
ih^\b`gu[�beb��gZiShlb\��gZb[he__�Fihdhcgu[�b�FlZ[bevgu[�iehsZ^_c�FlZg_l�\iheg_�h[hFgh\Zgguf�

BF[h^y�ba�FnhSfmebSh\Zggu[�\ur_�f_lh^heh]bq_Fdb[�iSbgpbih\��ihFlSh_gb_�FS_^g_fZFrlZ[gu[
g_hl_dlhgbq_Fdb[�dZSl�F\h^blFy�d�hlghFbl_evgh�iShFlhfm�gZ[hSm�f_lh^bq_Fdb[�iSb_fh\��fhSnhl_dlh�
gbq_Fdbc�ZgZeba�S_ev_nZ²^_lZevgh_�dZSlbSh\Zgb_� F_lb� SZaehfgu[�FlSmdlmS²\u^_e_gb_�b� SZg`bSh�
\Zgb_�g_hl_dlhgbq_Fdb[�[ehdh\²[ZSZdl_SbFlbdZ�g_hl_dlhgbq_Fdh]h�S_ev_nZ�\gmlSb�[ehdh\�b�hp_gdZ�_]h
dhglSZFlghFlb²ihFlSh_gb_�g_hl_dlhgbq_Fdhc�dZSlu�

Gb`gyy� ]SZgbpZ� g_hl_dlhgbq_Fdh]h� wlZiZ� ^h� Fb[� ihS� y\ey_lFy� ^bFdmFFbhgghc� >��� ��� ��@�� AZ� g__
iSbgbfZxlFy� Sm[_`b� \� \_FvfZ� rbShdhf� ^bZiZahg_� hl� ie_cFlhp_gZ� ����� feg� e_l�� ^h� heb]hp_gZ
����feg�e_l���<�ihFe_^gb_�]h^u�^Zggu_��ihemq_ggu_�ih�lZdbf�Zdlb\guf�g_hl_dlhgbq_Fdbf�FlSmdlmSZf�
dZd�;ZcdZevFdZy�Sbnlh\Zy�ahgZ��iha\heyxl�himFlblv�wlm�ieZgdm�_s_�gb`_�²�^h�Sm[_`Z����feg�e_l�>��@�
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DShf_�lh]h��hFh[h�\u^_eyxlFy�^\_�wih[b�gZb[he__�bgl_gFb\gh]h�FlSmdlmShh[SZah\Zgby�>�@�²�iha^gbc
fbhp_g�����feg�e_l��b�ie_cFlhp_g������feg�e_l���<�Fhhl\_lFl\bb�F�gh\hc�ÄF_`^mgZSh^ghc�]_h[Shgheh�
]bq_Fdhc�rdZehc�dZcghahy³�\haSZFl�ih^hr\u�whie_cFlhp_gZ�iSbgyl�SZ\guf�����feg�e_l�

H;S:Y�&L3MDLM3:�>HD:CGHAHC&DH=H�H&GH<:GBY

3ZaehfgZy�F_lv�bFFe_^m_fhc�l_SSblhSbb�FnhSfbSh\ZeZFv�g_ihFS_^Fl\_ggh�gZ�Flud_�dSZ_\u[�FlSmd�
lmS�̂ S_\g_c�&b[bSFdhc�ieZlnhSfu�F�fheh^hc�AZiZ^gh�&b[bSFdhc�ieblhc��GZb[he__�Fms_Fl\_ggmx�Shev
\�l_dlhgbq_Fdhf�FlSh_gbb�S_]bhgZ�b]SZxl�^hd_f[SbcFdb_�FlSmdlmSu�x`ghc�qZFlb�?gbF_cFdh]h�dSy`Z�b
SZaehfgu_� ahgu� dSZ_\h]h�r\Z� &b[bSFdhc� ieZlnhSfu� �;ZcdZeh�?gbF_cFdbc� SZaehf� >�@���D� aZiZ^m� hl
dSZ_\h]h�r\Z�^hd_f[SbcFdb_�f_lZfhSnbq_Fdb_�b�fZ]fZlbq_Fdb_�ihSh^u�nmg^Zf_glZ�&b[bSFdhc�ieZl�
nhSfu�ih�F_Sbb�l_dlhgbq_Fdb[�Flmi_g_c�himFdZxlFy�ih^�q_[hevgmx�lhesm�fheh^hc�AZiZ^gh�&b[bSFdhc
ieblu��

DZd�_^bgZy�dhglbg_glZevgZy�h[eZFlv�wlZ�l_SSblhSby�hdhgqZl_evgh�FnhSfbSh\ZeZFv�d�dhgpm�iZe_h�
ahy²gZqZem�f_ahahy�b�F�wlh]h�\S_f_gb�i_S_`beZ�g_Fdhevdh�wlZih\�FeZ[hc�Zdlb\baZpbb��i_S_f_`Z\rb[Fy
F�wih[Zfb�iheghc�FlZ[bebaZpbb��&�ihFe_^gbfb�F\yaZgu�^hFlZlhqgh�fhsgu_�dhSu�\u\_lSb\Zgby��A^_Fv
\u^_eyxlFy� g_Fdhevdh� wih[� i_g_ie_gbaZpbb� b� dhShh[SZah\Zgby�� iha^gbc� lSbZF²SZgg_xSFdZy�� f_e�
iZe_h]_gh\Zy�F�^\mfy�ibdZfb�dhShh[SZah\Zgby�²�]mfb^guf�\�whp_g_�b�ZSb^guf�\�iha^g_f�iebhp_g_�
D�gZFlhys_fm�\S_f_gb� Fh[SZgbebFv�gZb[he__�]em[hdh�iShSZ[hlZggu_�ebg_cgu_�nSZ]f_glu�wlb[�dhS�
F\b^_l_evFl\mxsb_�h�ihFlhyggh�\uFhdhc�Sheb�̂ batxgdlb\gu[�FlSmdlmS�\�l_dlhgbq_Fdhc�̀ bagb�S_]bhgZ�
dShf_� lh]h�� ba\_Flgu�nSZ]f_glu� ih\_S[ghFl_c� \uSZ\gb\Zgby� \� \b^_� \uiheh`_ggu[� \h^hSZa^_eh\� F
hFlZldZfb� iehsZ^ghc� whp_gh\hc�� iS_bfms_Fl\_ggh� dZhebg�d\ZSp_\hc��b� iha^g_iebhp_gh\hc� dSZFgh�
p\_lgu[�dhS�\u\_lSb\Zgby�>������@��

GH<?CRBC�L?DLHGBQ?&DBC�WL:I

IhFe_^gyy� l_dlhgbq_FdZy� Zdlb\baZpby� F\yaZgZ� F� gZqZehf� ie_cFlhp_gZ� �whie_cFlhp_g� ����±
�±�����feg�e_l���\�l_q_gb_�dhlhSh]h�[ueZ�ih^gh\e_gZ�b�qZFlbqgh�aZgh\h�FnhSfbSh\ZgZ�Fh\S_f_ggZy�F_lv
^batxgdlb\gu[�FlSmdlmS�S_]bhgZ�gZ�nhg_�hlghFbl_evgh�f_^e_ggh]h�̂ bnn_S_gpbSh\Zggh]h�\ha^ufZgby�
iSh^he`Zxs_]hFy�^h�gZFlhys_]h�\S_f_gb��<�g_hl_dlhgbq_Fdhf�ieZg_�S_]bhg�SZFiheh`_g�gZ�Flud_�^\m[
g_hl_dlhgbq_Fdb[�FbFl_f��SZa^_e_ggu[�dSmiguf�;ZcdZeh�?gbF_cFdbf�SZaehfhf��

D�i_S\hc�iSbgZ^e_`bl�?gbF_cFdbc�dSy`��Z�FbFl_fZ�\�p_ehf�[ZSZdl_Sbam_lFy�f_^e_gguf�mFlhcqb\uf
\ha^ufZgb_f� gZ�nhg_� hlghFbl_evgh� Fihdhcgh]h� ]_h^bgZfbq_Fdh]h� S_`bfZ��<S_fy� gZqZeZ� ihFe_^g_c
l_dlhgbq_Fdhc�Zdlb\baZpbb������feg�e_l��nbdFbSm_lFy�Zeex\bZevgufb�hleh`_gbyfb�\uFhdb[��9,,�b�9,�
gZ^ihcf_ggu[�l_SSZF�?gbF_y�b�_]h�iSblhdh\��iS_^FlZ\e_ggu[�]Ze_qgbdZfb��i_FdZfb�Fh�FeZ[hFhSlbSh�
\Zgghc�]Zevdhc��Z�lZd`_�Fm]ebgdZfb�F�ebgaZfb�i_FdZ�b�\dexq_gbyfb�]Zevdb�²�hleh`_gbyfb��lbibqgufb
^ey�gZqZevgu[�wlZih\�wShabhggh]h�\S_aZ�

<�lh�̀ _�\S_fy�Fihdhcguc�[ZSZdl_S�\hF[h^ysb[�̂ \b`_gbc�\�FS_^g_f��4,,���\_S[g_f�ie_cFlhp_g_��4,,,�
b�]hehp_g_��4,9��lZd`_�aZnbdFbSh\Zg�\�Zeex\bZevgu[�hleh`_gby[�[he__�gbadb[�l_SSZF��9��,9�4,,���,,,��,,�
,� �4,,,��gZ^ihcf_ggu[�� \uFhdhc�b�gbadhc�ihcf� �4,9���>ey� wlb[� Zeex\bZevgu[�hleh`_gbc� [ZSZdl_SgZ
ih\urZxsZyFy� \\_S[� ih� SZaS_am� Fl_i_gv� hdZlZgghFlb� b� FhSlbSh\ZgghFlb� fZl_SbZeZ�� gZebqb_� dhFhc
FehbFlhFlb�\�hleh`_gby[�gZ^ihcf_ggu[�l_SSZF�b�ihFl_i_gguc�i_S_[h^�hl�]Sm[ha_SgbFlu[�hleh`_gbc�d
lhgdha_SgbFluf��Ff_gyxsbfFy�\\_S[�ih�SZaS_am�Fmi_Fyfb��Z�\�ihcf_ggu[�²�lhSnhf��DShf_�lh]h��gZqbgZy
Fh�FS_^g_]h�ie_cFlhp_gZ�����²����luF��e_l���\�Zeex\bZevgu[�hleh`_gby[�hlf_qZ_lFy�dZS[hgZlbaZpby
Fm]ebgdh\��F\b^_l_evFl\mxsZy�h�Fms_Fl\_gghf�ih[heh^Zgbb�debfZlZ�\�FSZ\g_gbb�F�iebhp_ghf��\�l_q_gb_
dhlhSh]h�nhSfbSh\ZebFv�dSZFghp\_lgu_�dhSu�\u\_lSb\Zgby��WlZ�FblmZpby�[ZSZdl_SgZ�\�p_ehf�^ey�x]Z
&b[bSb�

&dhShFlb� \hF[h^ysb[� l_dlhgbq_Fdb[� ^\b`_gbc� \� whie_cFlhp_g_²]hehp_g_� hFlZ\ZebFv�� Fm^y� ih
fhsghFlyf�mihfygmlu[�l_SSZF��hlghFbl_evgh�FlZ[bevgufb�b�g_\uFhdbfb��ihFdhevdm�h[sZy�fhsghFlv
_gbF_cFdh]h�Zeex\by�FhFlZ\ey_l�g_�[he__���²���f��Z�FmffZSgZy�Zfieblm^Z�\_SlbdZevgu[�^\b`_gbc�aZ
ihFlie_cFlhp_gh\h_�\S_fy�_^\Z�^hFlb]Z_l����²����f��lh�\�p_ehf�FdhShFlb�g_hl_dlhgbq_Fdb[�^\b`_gbc�
\_Shylgh��FhFlZ\eyeb�g_�[he__�q_f����²����ff�]h^��

D�aZiZ^m�hl�;ZcdZeh�?gbF_cFdh]h� SZaehfZ� SZFiheZ]Z_lFy�\lhSZy�g_hl_dlhgbq_FdZy� FbFl_fZ��iS_^�
FlZ\e_ggZy�g_hl_dlhgbq_Fdbfb�FlSmdlmSZfb�AZiZ^gh�&b[bSFdhc�ieblu��]^_�F�dhgpZ�lSbZFh\h]h�\S_f_gb
hlf_qZxlFy�mFlhcqb\u_�gbF[h^ysb_�l_dlhgbq_Fdb_�^\b`_gby��dhlhSu_�iSb\_eb�d�nhSfbSh\Zgbx�fhs�
gh]h�f_ahdZcghahcFdh]h�q_[eZ��&lSmdlmSZ�q_[eZ�y\ey_lFy�lbibqghc�^ey�fheh^u[�ieZlnhSf��m�dhlhSu[
\_S[gbc�FlSmdlmSguc�wlZ`��aZe_]Zy�gZ�gb`g_f�F�S_adbf�m]eh\uf�b�FlSZlb]SZnbq_Fdbf�g_Fh]eZFb_f��\
h[sb[�q_SlZ[�gZFe_^m_l�FlSmdlmSm�dSbFlZeebq_Fdh]h�nmg^Zf_glZ��qlh�h[tyFgy_lFy�hlghFbl_evgh�\uFhdhc
ih^\b`ghFlvx�SZaehfgh�[ehdh\hc�FlSmdlmSu�ihFe_^g_]h��<�g_hl_dlhgbq_Fdhc�FlSmdlmS_�e_\h[_S_`vy
?gbF_y� \_^msZy� Shev� iSbgZ^e_`bl�� lZd� `_� dZd� b� gZ� iSZ\h[_S_`v_�� [ebaf_Sb^bhgZevguf� SZaehfZf

���



FbFl_fu�dSZ_\h]h�r\Z��ih�dhlhSuf�a^_Fv�iShbF[h^yl�m`_�g_�\hF[h^ysb_��Z�gbF[h^ysb_�̂ \b`_gby��iSbq_f
FdhShFlb�ihFe_^gb[�g_�fh]ml�[ulv�[he__�\uFhdbfb��q_f�m�i_S\hc� FbFl_fu��Ih\_S[ghFlv�nmg^Zf_glZ
AZiZ^gh�&b[bSFdhc�ieblu�\�g_ihFS_^Fl\_gghc�[ebahFlb�hl�SZFFfZlSb\Z_fhc�l_SSblhSbb�ih]Sm`Z_lFy�gZ

aZiZ^�hl�−����^h�−�����f��h^gZdh�agZqbl_evgZy�^hey�fhsghFlb�hFZ^hqghc�lhesb�iSbgZ^e_`bl�f_ah�

ahcFdbf��ihFe_lSbZFh\uf��h[SZah\Zgbyf��FhsghFlv�dZcghahcFdb[�hleh`_gbc�a^_Fv�FhFlZ\ey_l��ih�FZ�
fuf�hilbfbFlbqguf�ih^Fq_lZf��g_�[he__� Fhlgb�f_lSh\��l��_�� FdhShFlb�g_hl_dlhgbq_Fdb[�^\b`_gbc�\
FS_^g_f��ih�\b^bfhfm��g_�iS_\urZxl������ff�]h^��L_f�g_�f_g__�_Flv�hFgh\Zgby�]h\hSblv�h[�mFdhS_gbb
g_hl_dlhgbq_Fdb[�ih]Sm`_gbc�\�iha^g_f�g_hie_cFlhp_g_��

Wlb�hp_gdb�ih^l\_S`^ZxlFy�g_ihFS_^Fl\_ggufb� ]_hfhSnheh]bq_Fdbfb�gZ[ex^_gbyfb��F_^e_g�
guf�ih]Sm`_gbyf�\�iSb_gbF_cFdhc�qZFlb�AZiZ^gh�&b[bSFdhc�ieblu�Fhhl\_lFl\m_l�Fdhfi_gFbSh\Zggh_
dZcghahcFdh_�hFZ^dhgZdhie_gb_��h�dhlhShf�F\b^_l_evFl\m_l�ihegh_�hlFmlFl\b_�dhgmFh\�\ughFZ�f_edb[
\h^hlhdh\�\�iSZ\h[_S_`v_�?gbF_y��g_FfhlSy�gZ�lh��qlh�\F_�hgb�SZFF_dZxl�̂ h\hevgh�dSmlhc�l_dlhgbq_Fdbc
mFlmi��H[�mFdhS_gbb�ih]Sm`_gbc�\�iha^g_f�g_hie_cFlhp_g_²]hehp_g_�]h\hSbl�nZdl�fb]SZpbb� SmFeZ
?gbF_y� d� aZiZ^m� gZ� �²�� df� hl� _]h� i_S\hgZqZevgh� iS_^]hSgh]h� iheh`_gby��Fb]SZpby� SmFeZ�� \� F\hx
hq_S_^v�� ih^l\_S`^Z_lFy� Fh\iZ^_gb_f� _]h� dhgnb]mSZpbb� F� dhgnb]mSZpb_c� SZaehfgh]h� dSZy� ]hSgh]h
fZFFb\Z�\�x`ghc�qZFlb�?gbF_cFdh]h�dSy`Z��Z�lZd`_�gZebqb_f�fgh]hqbFe_ggu[�FlZSbp�

LZdbf�h[SZahf��dZd�^ey�g_hl_dlhgbq_Fdhc� FlSmdlmSu�\ha^ufZxs_cFy�iSZ\h[_S_`ghc�� lZd�b�^ey
ih]Sm`Zxs_cFy� e_\h[_S_`ghc� qZFl_c� SZFFfZlSb\Z_fhc� l_SSblhSbb� \_^msZy� Shev� iSbgZ^e_`bl� SZa�
ehfguf�FlSmdlmSZf��FS_^b�dhlhSu[�]eZ\gh_�f_Flh�aZgbfZxl�^batxgdlb\u��gZFe_^mxsb_�[ebaf_Sb^bh�
gZevgu_�FlSmdlmSu�;ZcdZeh�?gbF_cFdhc�SZaehfghc�ahgu��WlZ�FbFl_fZ�SZaSu\gu[�gZSmr_gbc�iShly]b�
\Z_lFy�F�F_\_SZ�gZ�x]�\^hev�aZiZ^ghc�hdSZbgu�?gbF_cFdh]h�dSy`Z�̂ h�F_\_Sgu[�hlSh]h\�<hFlhqgh]h�&ZygZ
[he__�q_f�gZ������df��RbSbgZ�SZaehfghc�ahgu�FhFlZ\ey_l�g_�f_g__���²���df��<�iS_^_eZ[�bFFe_^m_fhc
l_SSblhSbb�\[ebab�Gb`g_dZgFdh]h�]SZgblhb^gh]h�fZFFb\Z�ahgZ�iShy\e_gZ�qS_a\uqZcgh�hlq_leb\h�[hSh�
rh�iShSZ[hlZgghc�ihehFhc�^batxgdlb\gu[�FlSmdlmS��aZiZ^guf�h]SZgbq_gb_f�dhlhShc�y\eyxlFy�FmSZ�
lh\Fdbc��Z�\hFlhqguf�²�BlZlFdbc�b�DZgFdh�?gbF_cFdbc�SZaehfu��

BgnSZFlSmdlmSZ�mihfygmlhc�SZaehfghc�ahgu�iS_^FlZ\e_gZ�̂ hFlZlhqgh�iehlghc�F_lvx�[ebaf_Sb^bh�
gZevgu[�^batxgdlb\h\�SZagh]h�SZg]Z�b�dbg_fZlbdb��hFeh`g_gghc�SZaSu\gufb�gZSmr_gbyfb�FbFl_fu
F_\_Sh�aZiZ^gh]h��ÄFZygFdh]h³��iShFlbSZgby��3ZFFfhlSbf�[he__�ih^Sh[gh�h[sbc�FlSmdlmSguc�SbFmghd�
SZg]h\mx�iSbgZ^e_`ghFlv�b�dbg_fZlbq_Fdbc�lbi�SZaSu\gu[�gZSmr_gbc��iSbgZ^e_`Zsb[�h[_bf�FbFl_fZf�

Ih� dbg_fZlbq_Fdhfm� lbim� \� iSZ\h[_S_`v_� ?gbF_y� \� i_S\mx� hq_S_^v� \u^_eyxlFy� [ebaf_Sb^bh�
gZevgu_� \a[ShFu� b� gZ^\b]b�� dhlhSu_� gZFe_^mxl� ^S_\gxx� SZaehfgmx� F_lv� dSZ_\h]h�r\Z� &b[bSFdhc
ieZlnhSfu��aZl_f�[he__�fheh^u_�^bZ]hgZevgu_�F^\b]b�²�F_\_Sh�aZiZ^gu_��iS_bfms_Fl\_ggh�iSZ\u_��b
F_\_Sh�\hFlhqgu_�� iS_bfms_Fl\_ggh� e_\u_�� SZFF_dZxsb_� b� Ff_sZxsb_� wlm� F_lv�� >ey� e_\h[_S_`vy
?gbF_y�²�h[eZFlb�SZa\blby�FlSmdlmS�\lhShc�g_hl_dlhgbq_Fdhc�FbFl_fu�wlh]h�S_]bhgZ��SZa\blhc�\�\hF�
lhqghc�hdSZbg_�AZiZ^gh�&b[bSFdhc�ieblu��gZb[he__�lbibqgufb�SZaehfZfb�y\eyxlFy�F[ShFu��

&bFl_fZ�[ebaf_Sb^bhgZevgu[�SZaehfgu[�FlSmdlmS�iShly]b\Z_lFy�\�iS_^_eZ[�SZFFfZlSb\Z_fh]h
S_]bhgZ�iS_bfms_Fl\_ggh�\^hev�iSZ\h[_S_`vy�?gbF_y�\�\b^_�rbShdhc��^h���²���df��ihehFu�\a[ShFh�
gZ^\b]h\u[�FlSmdlmS��\�p_ehf�FhFlZ\eyxsb[�ahgm�̂ bgZfbq_Fdh]h�\ebygby�;ZcdZeh�?gbF_cFdh]h�]em[bg�
gh]h�SZaehfZ��>ey�[hevr_c�qZFlb�SZaehfh\�wlhc�FbFl_fu�[ZSZdl_Sgh�baf_g_gb_�m]eZ�iZ^_gby�iehFdhFlb
Ff_Flbl_ey�\^hev�__�iShFlbSZgby��M�h^gh]h�b�lh]h�`_�SZaehfZ�m]he�iehFdhFlb�Ff_Flbl_ey�\�SZagu[�_]h
mqZFldZ[�fh`_l�\ZSvbSh\Zlv�hl���²���̂ h���²�����ISb�[ebaf_Sb^bhgZevghc�hSb_glbSh\d_��iShFlbSZgb_
h^gh]h�b�lh]h�`_�SZaehfZ�fh`_l�hldehgylvFy�gZ���²����lh�d�F_\_Sh�\hFlhdm��lh�d�F_\_Sh�aZiZ^m��WlZ
hFh[_gghFlv� F\yaZgZ� dZd� F� eblheh]b_c� \f_sZxsb[� lhes�� lZd� b� Fh� Fi_pbnbdhc� gZFe_^h\Zgby� [he__
^S_\g_]h�FlSmdlmSgh]h�ieZgZ�l_SSblhSbb�

<� aZiZ^ghf� eZl_SZevghf� h]SZgbq_gbb� ;ZcdZeh�?gbF_cFdhc� SZaehfghc� ahgu� SZFiheZ]Z_lFy� ]_g_�
SZevguc�FmSZlh\Fdbc�SZaehf�iShly`_gghFlvx�[he__�����df��Hg�b]SZ_l�\Z`gmx�Shev�dZd�\�g_hl_dlhgbq_�
Fdhf��lZd�b�\�^hdZcghahcFdhf�FlSmdlmSghf�ieZg_�S_]bhgZ�b�SZa]SZgbqb\Z_l�[ehdb��\uiheg_ggu_�ZS[_c�
Fdbfb�b�SZgg_iShl_ShahcFdbfb�h[SZah\Zgbyfb�

�IehFdhFlv�Ff_Flbl_ey�SZaehfZ�iZ^Z_l�d�\hFlhdm�\�FlhShgm�SZa\blby�ZS[_cFdhc�lhesb��M]he�iZ^_gby
g_�\u^_S`Zg�b�baf_gy_lFy�hl�dSmlh]h� ���²�����\�\_S[gb[�qZFly[�wShabhggh�^_gm^Zpbhggh]h�FS_aZ�^h
hlghFbl_evgh�iheh]h]h����²�����\�iS_^_eZ[�[he__�]em[hdb[�_]h�qZFl_c��Ih�dbg_fZlbq_Fdhfm�lbim�SZaehf
iS_^FlZ\ey_l� Fh[hc� \a[ShF�� \a[ShFhgZ^\b]��Dbg_fZlbdZ� Ff_s_gbc� ih� g_fm� hFlZ\ZeZFv� g_baf_gghc� \
l_q_gb_�\F_]h�i_Sbh^Z�_]h�Fms_Fl\h\Zgby��\dexqZy�b�dZcghahcFdbc��<�iS_^_eZ[�iehFdhFlb�Ff_Flbl_ey
SZaehfZ�rbShdh�SZa\blu�dZlZdeZablu��fbehgblu��S_`_�mevlSZfbehgblu��G_S_^dh�\FlS_qZxlFy�g_[hevrb_
d\ZSp_\u_�̀ beu�b�̂ Zcdb�i_]fZlblh\�qZs_�\F_]h�Fh]eZFgu_�F�iheh`_gb_f�hFgh\ghc�iehFdhFlb�Ff_Flbl_ey�
<�dZcghah_�\^hev�g_]h�FnhSfbSh\ZeFy�dSmlhc�l_dlhgbq_Fdbc�mFlmi�\uFhlhc����²����f�F�[ZSZdl_Sguf
Ä\a[ShFhgZ^\b]h\uf³�S_ev_nhf��hFgh\gufb�q_SlZfb�dhlhSh]h�y\eyxlFy��hlFmlFl\b_�wFdZSiZ��ÄS\Zguc³
q_rmcqZluc�dSZc��gZebqb_�fgh]hqbFe_ggu[�a_SdZe�Fdhev`_gby��h[SZs_ggu[�\gmlSv�FdehgZ�\^hev�ih�
\_S[ghFlb�Ff_Flbl_ey��WlZ�FblmZpby�hq_gv�[hShrh�\b^gZ�\�SZaS_aZ[�ih�̂ hebgZf�rbShlgu[�S_d�²�iSZ\u[
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iSblhdh\�?gbF_y�� SZFF_dZxsb[�l_dlhgbq_Fdbc�mFlmi��<�qZFlghFlb��hgZ�g_ihFS_^Fl\_ggh�gZ[ex^ZeZFv
Z\lhShf�ih�S��DZglZl�b�_]h�iSZ\uf�iSblhdZf�b�\�FS_^g_f�l_q_gbb�S��;ZcdZe�

H[sZy�Zfieblm^Z� Ff_s_gbc�ih� SZaehfm� FhFlZ\ey_l��bF[h^y�ba�\haSZFlgu[�Fhhlghr_gbc�ihSh^�\
dSuevy[�� g_� f_g__� ����²����� f�� :fieblm^Z� Ff_s_gbc� aZ� dZcghahc�� bF[h^y� ba� iheh`_gby� \_Srbg
dhS_ggu[�\h^hSZa^_eh\� \� \hFlhqghf�[hSlm�b�iheh`_gby�dSh\eb� dhS_ggu[�ihSh^�ih^�dZcghahcFdbfb
hFZ^dZfb�\�aZiZ^ghf�[hSlm�SZaehfZ��FhFlZ\ey_l�g_�f_g__����²����f��

<hFlhqgh_� eZl_SZevgh_� h]SZgbq_gb_� ahgu� ^bgZfbq_Fdh]h� \ebygby�;ZcdZeh�?gbF_cFdh]h� SZaehfZ
iS_^FlZ\e_gh�FbFl_fhc�dmebFhh[SZagu[�[ebaf_Sb^bhgZevgu[�S_]bhgZevgu[�SZaSu\gu[�FlSmdlmS��iSh�
Fe_`b\Zxsb[Fy�\�[ZFF_cgZ[�S_d�;he��BlZl��FZe��L_ev��;he��<_FgbgZ�b�]_g_SZevgh]h�DZgFdh�?gbF_cFdh]h
SZaehfZ�\^hev�S��DZg��

Ih�dbg_fZlbq_Fdhfm�lbim�DZgFdZy�dmebFgZy�FbFl_fZ�iS_^FlZ\e_gZ�gZ^\b]Zfb�b�\a[ShFZfb�F�iehFdhF�
lyfb�Ff_Flbl_e_c��iheh]h��hl���²����^h���²�����iZ^Zxsbfb�d�\hFlhdm��<�\_s_Fl\_gghf�hlghr_gbb
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