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F�K� :\beh\� :�<� :glhrbg� D�<� =m[bg� G�O� Dhl� G�G� E_[_^_\� I�<� Eh]Zq_\� I�<� FZjlurdbg�

K�G� Fhjhah\� B�E� Ib\h\Zjh\� :�:� KlZjhkl_gdh� K�<� Rbygdh\

Bgklblml y^_jghc nbabdb KH J:G� Gh\hkb[bjkd� Jhkkby

Ij_^klZ\e_g ijh_dl \ukhdhbgl_gkb\gh]h bklhqgbdZ g_cljhgh\ kh kj_^g_c ijhba\h^bl_evghklvx ^h ���� g_cljh�

gh\ \ k_dmg^m� Bklhqgbd ij_^klZ\ey_l kh[hc \jZsZxsmxky m]e_jh^gmx fbr_gv� h[emqZ_fmx imqdhf ^_cljhgh\ k wg_j�

]b_c �� Fw<� kj_^g_c fhsghklvx ^h ��� d<l� kj_^gbf lhdhf � f: b ihi_j_qguf jZaf_jhf � kf� Fbr_gv hoeZ`^Z_lky

baemq_gb_f� Ijh\_^_ggu_ bkiulZgby ihdZaZeb� qlh ij_^eh`_ggu_ fZl_jbZeu kihkh[gu jZ[hlZlv ijb l_ieh\uo b f_oZ�

gbq_kdbo j_`bfZo fbr_gb ^he]h_ \j_fy �g_kdhevdh lukyq qZkh\��

�����������������

>ey ijh\_^_gby wdki_jbf_glh\ k imqdZfb jZ^bhZdlb\guo gmdeb^h\ g_h[oh^bf \ukhdhbgl_gkb\guc

�^h ��
��
qZklbp \ k_dmg^m� bklhqgbd [ukljuo g_cljhgh\ k fZeuf ihi_j_qguf jZaf_jhf imqdZ �ihjy^dZ

� kf�� LZdb_ bklhqgbdb fh]ml [Zabjh\Zlvky gZ fbr_gyo ba e_]dbo fZl_jbZeh\ �/L� %H� &�� h[emqZ_fuo imqdZ�

fb ijhlhgh\ beb ^_cljhgh\� ;hevrZy fhsghklv imqdZ ���� d<l� gZdeZ^u\Z_l kms_kl\_ggu_ h]jZgbq_gby gZ
\u[hj dZd fZl_jbZeZ� lZd b dhgkljmdpbb fbr_gb� <h�i_j\uo� ^ey m\_ebq_gby wnn_dlb\ghc iehsZ^b fbr_�

gb� ijbgbfZxs_c b jZkk_b\Zxs_c wg_j]bx imqdZ� g_h[oh^bfZ dhgkljmdpby k ^\b`ms_cky jZ[hq_c ahghc�

<h�\lhjuo� dhgkljmdpby� \ dhlhjhc jZ[hqZy ahgZ hoeZ`^Z_lky baemq_gb_f� ^_eZ_l fbr_gv [he__ gZ^_`ghc b

[_ahiZkghc� kms_kl\_ggh mijhsZy b m^_r_\eyy __�

Ijb wg_j]bb ^_cljhgh\ ��±�� Fw< hkgh\guf dZgZehf ihemq_gby g_cljhgh\ y\ey_lky j_Zdpby �kju�

\Z�� Ki_dlj b m]eh\h_ jZkij_^_e_gb_ g_cljhgh\ ³kju\Z´ fh`gh hp_gblv ih ko_f_� ij_^eh`_gghc J� K_j[_�
jhf >�@� J_amevlZlu lZdbo jZkq_lh\ k mq_lhf lhjfh`_gby ^_cljhgh\ >�� �@ \ lheklhc ]jZnblh\hc fbr_gb

ihegh]h ih]ehs_gby ohjhrh kh]eZkmxlky k wdki_jbf_glZevgufb ^Zggufb ijb jZaebqguo wg_j]byo ^_cljh�

gh\ >�@� Ba gbo ke_^m_l� qlh ijb h[emq_gbb lheklhc ]jZnblh\hc fbr_gb imqdhf '
�
k wg_j]b_c ��Fw< b
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Jbk� �� Dhgkljmdpby g_cljhgghc fbr_gb� � ± ]jZnblh\u_ ieZklbgu� � ± lblZgh\uc ^bkd� � ± [hehf_lj� � ± \Ze� � ±

ih^rbigbdb� � ± \b[jh^Zlqbdb� � ± fZ]gblguc ^Zlqbd \jZs_gby�� ± \\h^ \jZs_gby� � ± kl_gdb \Zdmmfghc dZf_ju� �� ±

dZgZe hoeZ`^_gby��� ± _fdhklghc ^Zlqbd� �� ± hdgh \uoh^Z g_cljhggh]h imqdZ� �� ± dheebfZlhj�



���

kj_^gbf lhdhf � f: \hafh`gh ihemq_gb_ ^h ��
��
g_cljhgh\ \ k_dmg^m \ gZijZ\e_gbb ihlhdZ ^_cljhgh\ k

m]ehf dhgmkZ gZijZ\e_gghklb ��
�
±��

�
� FZdkbfmf wg_j]_lbq_kdh]h ki_dljZ gZoh^blky \ jZchg_ ��� Fw<� _]h

rbjbgZ gZ ihem\ukhl_ hdheh ��Fw<�

Dhgkljmdpby fbr_gb

Ij_^eZ]Z_fZy dhgkljmdpby g_cljhgghc fbr_gb ij_^klZ\ey_l kh[hc �jbk� �� h[h^� gZ[jZgguc ba

]jZnblh\uo ieZklbg rbjbghc � kf b lhesbghc � ff� aZdj_ie_gguo gZ lblZgh\hf ^bkd_ ^bZf_ljhf �� kf b

lhesbghc � kf� >bkd aZdj_ie_g gZ \Zem ^bZf_ljhf � kf b \jZsZ_lky k qZklhlhc �� =p� Ih\_joghklv jZ[hq_c

ahgu gZdehg_gZ hlghkbl_evgh gZijZ\e_gby imqdZ ^_cljhgh\ ih^ m]ehf ��
�
� <\h^ \jZs_gby \ \Zdmmfguc

h[t_f hkms_kl\ey_lky k ihfhsvx fZ]gblghc fmnlu� Ijb_f baemq_gby b hl\h^ l_ieZ ijhba\h^blky \h^hc�
ijhl_dZxs_c q_j_a `_kldh ijbdj_ie_ggu_ d \Zdmmfghc dZf_j_ dZgZeu l_iehkt_fZ ba Zexfbgby ± � ihem�

dhevpZ� \ jZaju\Zo dhlhjuo jZkiheh`_gu jZ[hqZy �imqhd� b ^bZ]ghklbq_kdZy �[hehf_lj� ahgu� I_j_^ fbr_�

gvx jZkiheh`_g dheebfZlhj� kem`Zsbc h^gh\j_f_ggh ^ey dhgljhey iheh`_gby imqdZ ^_cljhgh\� AZ jZ[h�

q_c ahghc gZoh^blky hdgh ^ey \uoh^Z g_cljhgh\� i_j_^ dhlhjuf jZkiheh`_gZ ]jZnblh\Zy ieZklbgZ� kem`Z�

sZy ^Zlqbdhf ih\j_`^_gby ]jZnblZ� >ey dhgljhey b aZsblu ij_^mkfhlj_gu ^Zlqbdb \jZs_gby b \b[jZpbb

fbr_gb� Z lZd`_ jZkoh^hf_ju b fZghf_lju \ ]b^jhkbkl_f_�
=Z[Zjblu b m]he gZdehgZ fbr_gb h[mkeh\e_gu fZdkbfZevgh ^himklbfhc l_fi_jZlmjhc jZ[hq_c ah�

gu� dhlhjZy g_ ^he`gZ ij_\urZlv ����±����
�
K� FbgbfZevgZy kdhjhklv \jZs_gby hij_^_ey_lky kdZqdhf

l_fi_jZlmju ijb ijhoh`^_gbb imqdhf jZ[hq_c ahgu� LZdhc kdZqhd g_ ^he`_g ij_\urZlv ��± ��
�
K�

L_ieh\u_ b f_oZgbq_kdb_ j_`bfu jZ[hlu fbr_gb

>ey hij_^_e_gby l_ieh\h]h j_`bfZ jZ[hlu fbr_gb k [hevrbf wg_j]h\u^_e_gb_f b hp_gdb l_jfh�

f_oZgbq_kdbo gZ]jmahd \ __ gZb[he__ gZijy`_gguo we_f_glZo [ueh ijh\_^_gh qbke_ggh_ fh^_ebjh\Zgb_�

ijb dhlhjhf j_rZehkv g_klZpbhgZjgh_ mjZ\g_gb_ l_iehijh\h^ghklb k mq_lhf baemq_gby l_ieZ k ih\_jogh�

klb fbr_gb� BklhqgbdZfb l_ieZ y\eyebkv ih]ehsZxsb_ imqhd we_f_glu fbr_gb� <Z`gh hlf_lblv� qlh j_�
r_gb_ g_klZpbhgZjghc aZ^Zqb \ ^Zgghf kemqZ_ gm`gh g_ lhevdh ^ey gZoh`^_gby klZpbhgZjgh]h j_r_gby� gh

b ^ey hij_^_e_gby l_ieh\uo b f_oZgbq_kdbo gZ]jmahd� \hagbdZxsbo \ we_f_glZo fbr_gb \ ijhp_kk_ _z jZ�

ah]j_\Z� Wlh k\yaZgh k l_f� qlh bf_ggh \ ijhp_kk_ jZah]j_\Z l_jfhf_oZgbq_kdb_ gZijy`_gby ^hklb]Zxl k\h�

_]h fZdkbfmfZ�

JZkq_lu ihe_c l_fi_jZlmju \ ]jZnblh\hc qZklb fbr_gb b \ lblZgh\hf ^bkd_ ijh\h^bebkv ijb kh�
]eZkh\Zgbb ihlhdZ l_ieZ� i_j_^Z\Z_fh]h ba ]jZnblZ \ lblZg k mq_lhf baf_j_gghc l_ieh\hc baheypbb maeZ

dj_ie_gby ]jZnblZ� GZ jbk� � ijb\_^_gu j_amevlZlu jZkq_lZ ^ey h^ghc ba ]_hf_ljbc fbr_gb k bkihevah\Z�

gb_f ]jZnblZ fZjdb FI=���

Jbk� �� JZkij_^_e_gb_ l_fi_jZlmju ih k_q_gbx ]jZnblh\h]h h[h^Z �ke_\Z� b lblZgh\h]h ^bkdZ k \Zehf �kijZ\Z� \ �K
^ey ^ebgu ]jZnblZ �� ff� lhesbgu ^bkdZ � kf� >ebgZ ^ey lblZgZ hlkqblu\Z_lky hl iehkdhklb kbff_ljbb� ^ey ]jZ�
nblZ ± hl h[_qZcdb lblZgh\h]h ^bkdZ�



���

Ijb jZkq_l_ ihe_c gZijy`_gbc \ fbr_gb j_rZehkv mjZ\g_gb_ mijm]hklb k mq_lhf \jZs_gby fbr_�

gb b ihe_c l_fi_jZlmju ^ey dhgdj_lghc ]_hf_ljbb >�@� Ijb wlhf \uykgbehkv� qlh gZb[he__ [ebadb d ij_^_�
em ijhqghklb \hagbdZxsb_ \ ]jZnblh\hc qZklb gZijy`_gby �kf� jbk� ��� h[mkeh\e_ggu_ \ hkgh\ghf l_fi_�

jZlmjgufb iheyfb�

L_ieh\u_ wdki_jbf_glu

>ey ijh\_jdb gZ^_`ghklb ]jZnblh\hc fbr_gb ijb ^Zgguo l_ieh\uo j_`bfZo [ue ijh\_^_g jy^ wdk�
i_jbf_glh\ k p_evx�

x hij_^_e_gby fZdkbfZevgh ^himklbfh]h qbkeZ l_jfhpbdeh\ [ukljuc gZ]j_\ ^h jZ[hq_c l_fi_jZlmju b

[ukljh_ hoeZ`^_gb_ ^h dhfgZlghc l_fi_jZlmju�

x hij_^_e_gby fZdkbfZevgh ^himklbfuo ]jZ^b_glh\ l_fi_jZlmju�

x hij_^_e_gby \ebygby l_ieh\h]h m^ZjZ�

x hij_^_e_gby \j_f_gb `bagb fbr_gb ijb l_fi_jZlmjZo ���� � ����
�
K�

Jbk� �� JZkij_^_e_gb_ ijh^hevgh]h �ke_\Z� b dZkZl_evgh]h �kijZ\Z� l_jfbq_kdh]h gZijy`_gby �dIZ� ih jZ^bZevghfm

k_q_gbx ]jZnblZ \ fbr_gb ^ey jZkij_^_e_gy l_fi_jZlmju� ijb\_^_ggh]h gZ jbk� ��

Jbk� �� AZ\bkbfhklv \j_f_gb `bagb h[jZaph\ �q� hl l_fi_jZlmju ��K�� x b 2 ± baf_j_ggu_ agZq_gby� � b ¡ ± l_`_

agZq_gby� mfgh`_ggu_ gZ ��� kiehrgZy ebgby ± ZiijhdkbfZpby� imgdlbj ± lh `_� mfgh`_ggh_ gZ ���



���

< oh^_ wdki_jbf_glh\ ]jZnblh\u_ h[jZapu k k_q_gb_f ��� o ��� ff b ^ebghc ����� ff gZ]j_\Zebkv
\ \Zdmmfghf h[t_f_ bfimevkguf lhdhf \ nhjf_ ihemkbgmkhb^u k ^ebl_evghklvx bfimevkZ �� fdk b qZklh�
lhc ih\lhj_gby �� =p� LZdhc j_`bf khhl\_lkl\m_l jZ[hq_fm j_`bfm fbr_gb� \jZsZxs_cky k qZklhlhc

�� =p� < oh^_ wdki_jbf_glh\ baf_jyebkv lhd b gZijy`_gb_ gZ h[jZap_� ih dhlhjuf jZkkqblu\Zebkv baem�

qZ_fZy fhsghklv� kj_^gyy l_fi_jZlmjZ b l_ieh\hc m^Zj gZ h[jZap_� Dhgljhev jZkij_^_e_gby l_fi_jZlmju

ih ih\_joghklb h[jZapZ hkms_kl\eyeky k ihfhsvx hilbq_kdh]h ibjhf_ljZ q_j_a hdgh \ \Zdmmfghf h[t_f_�

FbdjhkljmdlmjZ h[jZaph\ ^h b ihke_ bkiulZgbc bkke_^h\ZeZkv k ihfhsvx we_dljhggh]h fbdjhkdhiZ�

Hij_^_e_gb_ ^himklbfh]h qbkeZ l_jfhpbdeh\ ijh\h^behkv ke_^mxsbf h[jZahf� gZ h[jZa_p ih^Z�
\Zebkv gZ]j_\Zxsb_ bfimevku lhdZ \ l_q_gb_ �� k_d� \ j_amevlZl_ q_]h hg jZah]j_\Zeky ^h l_fi_jZlmju

����
�
K� Ihke_ wlh]h gZ]j_\ ij_djZsZeky gZ �� k_d� b h[jZa_p hklu\Ze ihqlb ^h gZqZevghc l_fi_jZlmju�

Ijb bkiulZgbyo h[jZa_p \u^_j`Ze [_a jZajmr_gby [he__ ��� l_jfhpbdeh\� Ke_^m_l hlf_lblv� qlh aZ i_j�

\u_ ��� pbdeh\ khijhlb\e_gb_ h[jZapZ \hajhkeh ijbf_jgh gZ �� b aZl_f klZ[bebabjh\Zehkv gZ gh\hf

mjh\g_� GZ kj_a_ h[jZapZ hlf_q_gh baf_g_gb_ lhiheh]bb b oZjZdl_jZ ih\_joghklb ihj ih kjZ\g_gbx k g_�

]j_luf fZl_jbZehf� Wlb ^Zggu_ k\b^_l_evkl\mxl h lhf� qlh ihke_ qZklbqgh]h jZajmr_gby kljmdlmjZ fZl_�
jbZeZ h[jZapZ klZ[bebabjm_lky \ gh\hf khklhygbb b mki_rgh \u^_j`b\Z_l ih^h[gu_ l_ieh\u_ gZ]jmadb�

LZdbf h[jZahf� i_j_^ h[emq_gb_f fbr_gb imqdhf ^_cljhgh\ __ g_ gZ^h ki_pbZevgh jZah]j_\Zlv�

Baf_j_gby jZkij_^_e_gby l_fi_jZlmju ih ih\_joghklb h[jZapZ� gZoh^ys_]hky ijb d\ZabklZpbhgZj�

ghc l_fi_jZlmj_ hdheh ����
�
K� k ihfhsvx hilbq_kdh]h ibjhf_ljZ ^Zeb ke_^mxsb_ j_amevlZlu� fZdkb�

fZevgZy l_fi_jZlmjZ gZ[ex^ZeZkv \ k_j_^bg_ h[jZapZ ^ebghc �� ff� gZ djZyo h[jZapZ l_fi_jZlmjZ [ueZ gZ

��
�
K f_gvr_� Wlh hagZqZ_l� qlh ]jZnbl mklhcqb\h \u^_j`b\Z_l ]jZ^b_glu l_fi_jZlmju ih djZcg_c f_j_ ^h

���
�
K�kf�

>ey hij_^_e_gby \j_f_gb `bagb fbr_gb [ueZ ijh\_^_gZ k_jby wdki_jbf_glh\� \ dhlhjhc h[jZa_p

\u^_j`b\Zeky ijb ihklhygghc kj_^g_c l_fi_jZlmj_ \ ^bZiZahg_ ���������
�
K� H[ baf_g_gbb nbabq_kdbo

k\hckl\ ]jZnblZ k\b^_l_evkl\h\Zeh baf_g_gb_ kh \j_f_g_f khijhlb\e_gby h[jZapZ� K l_q_gb_f \j_f_gb kh�

ijhlb\e_gb_ h[jZapZ m\_ebqb\Zehkv k gZjZklZxs_c kdhjhklvx� b ijb _]h jhkl_ gZ ������ ijhbkoh^beh
jZajmr_gb_� Ih wdki_jbf_glZevguf ^Zgguf ihkljh_gZ djb\Zy ^ey hij_^_e_gby \j_f_gb `bagb h[jZapZ

�jbk� ��� <j_fy hl fhf_glZ \uoh^Z gZ jZ[hqmx l_fi_jZlmjm ^h jZajmr_gby ijbgbfZ_lky aZ \j_fy `bagb h[�

jZapZ� Hij_^_e_ggh_ lZdbf h[jZahf \j_fy `bagb ijb ����
�
K khklZ\bl ������� qZkh\� ijb ����

�
K ± hdheh

���� qZkh\�

AZdexq_gb_

Hkgh\guf j_amevlZlhf gZklhys_c jZ[hlu y\ey_lky ^_fhgkljZpby \hafh`ghklb kha^Zgby \ukhdhbg�

l_gkb\gh]h bklhqgbdZ g_cljhgh\� jZkkqblZggh]h gZ [hevrmx fhsghklv i_j\bqgh]h imqdZ ^_cljhgh\� gZ [Z�
a_ m]e_jh^ghc fbr_gb� hoeZ`^Z_fhc baemq_gb_f� Ih^]hlh\e_g nbabq_kdbc ijh_dl lZdh]h bklhqgbdZ�

Ebl_jZlmjZ

>�@ 5� 6HUEHU� 3K\V� 5HYLHZ ��� �����
>�@ Nbabq_kdb_ \_ebqbgu� KijZ\hqgbd ih^ j_^Zdpb_c B�K� =jb]hjv_\Z b ?�A�F_eboh\Z� ± F� Wg_j]h�

Zlhfba^Zl� �����

>�@ -� %� 0DULRQ� )� &� <RXQJ� 1XFOHDU 5HDFWLRQ $QDO\VLV� 1RUWK�+ROODQG SXEOLVKLQJ FRPSDQ\� $PVWHUGDP

�����

>�@ 6� 0HQDUG HW� DO� )DVW 1HXWURQ )RUZDUG 'LVWULEXWLRQ IURP &� %H DQG 8 7KLFN 7DUJHWV %RPEDUGHG E\
'HXWHURQV�

>�@� %� $� %ROH\� -� +� :HLQHU� 7KHRU\ RI 7KHUPDO 6WUHVVHV� 1HZ <RUN ± /RQGRQ� -RKQ :LOOHV DQG VRQV�

,16� �����


