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:gghlZpby

DZji_dh\ X�>� Fh^mevgZy ZiiZjZlmjZ ^ey j_]bkljZpbb b ij_^\Zjbl_evghc pbnjh\hc h[jZ[hldb bgnhj�

fZpbb k ijhihjpbhgZevguo ijh\hehqguo dZf_j� Ij_ijbgl BN<W �������� ± Ijhl\bgh� ����� ±

�� k�� � jbk�� [b[ebh]j�� ��

Hibku\Z_lky fh^mevgZy ZiiZjZlmjZ� h[_ki_qb\ZxsZy j_]bkljZpbx b ij_^\Zjbl_evgmx pbnjh\mx

h[jZ[hldm dhhj^bgZlghc bgnhjfZpbb k IID� jZ[hlZxsbo ijb [hevrhc fgh`_kl\_gghklb qZklbp \ \u�
khdhbgl_gkb\guo imqdZo ���=w< mkdhjbl_ey BN<W �ijb aZ]jmadZo ^h ��

�
qZklbp�k_d gZ ijh\hehqdm��

Pbnjh\Zy qZklv ZiiZjZlmju ����dZgZevgu_ fh^meb j_]bkljZpbb b dhgljhee_ju� jZkiheZ]Z_lky \ klhcdZo

we_dljhgbdb� m^Ze_gguo hl ©gZdZf_jguoª mkbebl_e_c�nhjfbjh\Zl_e_c kb]gZeh\ k IID� >ey kh]eZkh\Z�

gby k ljb]]_jguf kb]gZehf \ ZiiZjZlmj_ ijbf_gyxlky ^\_ klmi_gb aZ^_j`db kb]gZeh\ � nbdkbjh\Zg�
gZy dZ[_evgZy b i_j_kljZb\Z_fZy pbnjh\Zy gZ ©pbdebq_kdhcª iZfylb� < ZiiZjZlmj_ j_Zebah\Zg ZiiZjZl�

guc ihbkd ihe_aghc qZklb bgnhjfZpbb k ihke_^mxs_c __ h[jZ[hldhc �^\hbqguf dh^bjh\Zgb_f� ^ey

k`Zlby h[t_fZ b hilbfbaZpbb nhjfZlh\ ^Zgguo i_j_^ bo \\h^hf \ W<F�

$EVWUDFW

.DUSHNRY <X�'� 7KH (OHFWURQLF 0RGXOHV 6HW IRU WKH 0XOWHZLUH 3URSRUWLRQDO &KDPEHU 5HDGRXW 6\VWHP DQG

'LJLWDO 3UH�3URFHVVLQJ RI 'DWD� ,+(3 3UHSULQW �������� ± 3URWYLQR� ����� ± S���� ILJV ��� UHIV�� ��

7KH SDSHU GHVFULEHV WKH HOHFWURQLF PRGXOHV VHW IRU WKH PXOWLZLUH SURSRUWLRQDO FKDPEHU �0:3&� UHDG RXW

V\VWHP� 7KH VHW FRQVLVW RI RQ�FKDPEHU PRGXOHV RI SUHDPSOLILHU�VKDSHUV� WUDQVPLVVLRQ FDEOHV �XVHG DOVR DV D GH�

OD\ OLQH� DQG ���FKDQQHOV GLJLWDO PRGXOHV LQ D FHQWUDO UDFNV� (DFK FKDQQHO LQFOXGHV URWDU\ PHPRU\ DV D DGGLWLRQ

GHOD\ OLQH IRU SUHFLVLRQ WLPH DGMDVWPHQW� 7KH PHPRU\ DOORZV DOVR WR VHH SUH�KLVWRU\ RI HYHQV DQG DIWHU KDUGZDUH

SURFHVVLQJ WR VHQG LQWR FRPSXWHU RQO\ FRPSUHVVHG XVHIXO GDWD� 7KH VHW DOORZV WR HQFRGH WKH DGGUHVVHV RI WKH KLW
ZLUHV RI 0:3& ZKLFK DUH XVHG LQ KLJK�LQWHQVLWL EHDPV RI ���*H9 ,+(3 DFFHOHUDWRU �XS WR ��

�
KLW�ZLUH SHU

VHF��

� =hkm^Zjkl\_gguc gZmqguc p_glj
Jhkkbckdhc N_^_jZpbb

Bgklblml nbabdb \ukhdbo wg_j]bc� ����
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Ijb kha^Zgbb j_]bkljbjmxs_c ZiiZjZlmju ^ey ijhihjpbhgZevguo ijh\hehqguo dZf_j

�IID� ijbf_gyxlky jZaebqgu_ \ZjbZglu ihkljh_gby lZdhc ZiiZjZlmju >���@� <u[hj \ZjbZglZ

aZ\bkbl hl lj_[h\Zgbc� ij_^ty\ey_fuo d ^Zgghc ZiiZjZlmj_� h[mkeh\e_gguo ki_pbnbdhc jZ[h�

lu IID \ dhgdj_lghf nbabq_kdhf wdki_jbf_gl_� < gZklhys__ \j_fy gZb[hevr__ jZkijhkljZ�

g_gb_ ihemqbeb ^\Z \ZjbZglZ ihkljh_gby j_]bkljbjmxs_c ZiiZjZlmju ^ey IID� jZa^_evguc b

gZdZf_jguc�

< i_j\hf \ZjbZgl_ gZ dZf_jZo jZkiheZ]Zxlky ebrv mkbebl_eb�nhjfbjh\Zl_eb kb]gZeh\

IID� Z pbnjh\Zy qZklv ZiiZjZlmju �aZihfbgZxsb_ fh^meb b dhgljhee_ju� \ug_k_gZ \ dZjdZ�

ku we_dljhgbdb� gZoh^ysb_ky \ wdki_jbf_glZevguo ^hfbdZo nbabq_kdbo mklZgh\hd� < ^Zgghf

\ZjbZgl_ ZiiZjZlmju \ hkgh\ghf bkihevamxlky ^bkdj_lgu_ we_dljhggu_ dhfihg_glu� <ZjbZgl

jZa^_evgh]h jZaf_s_gby ZiiZjZlmju gZoh^bl ijbf_g_gb_ \ kbkl_fZo IID k qbkehf dZgZeh\

j_]bkljZpbb ^h ����� lukyq ijb bkihevah\Zgbb \ gbo IID g_[hevrbo jZaf_jh\� jZ[hlZxsbo

g_j_^dh \ mkeh\byo h]jZgbq_ggh]h ijhkljZgkl\Z b ijb \ukhdbo aZ]jmadZo dZf_j qZklbpZfb�

Djhf_ lh]h� jZaf_s_gb_ hkgh\ghc qZklb j_]bkljbjmxs_c ZiiZjZlmju \ dZjdZkZo we_dljhgbdb�

m^Ze_gguo hl IID ba ahgu k \ukhdbf mjh\g_f jZ^bZpbb� kha^Z_l m^h[kl\h ijb gZeZ^d_ b wdk�

iemZlZpbb fgh]hdZgZevghc ZiiZjZlmju \ mkeh\byo j_Zevgh]h nbabq_kdh]h wdki_jbf_glZ�

<h \lhjhf \ZjbZgl_ hkgh\gZy qZklv ZiiZjZlmju �mkbebl_eb kb]gZeh\ k IID� we_f_glu

aZ^_j`db b aZihfbgZgby kb]gZeh\� jZaf_sZ_lky g_ihkj_^kl\_ggh gZ IID� K W<F lZdZy ZiiZ�

jZlmjZ k\yaZgZ q_j_a mijZ\eyxsb_ fh^meb �dhgljhee_ju� lhevdh dZgZehf i_j_^Zqb ^Zgguo�

GZdZf_jguc \ZjbZgl jZaf_s_gby ZiiZjZlmju iha\hey_l ba[_`Zlv [hevrh]h qbkeZ dZ[_e_c b

jZatzfguo kh_^bg_gbc b \k_ qZs_ ijbf_gy_lky \ [hevrbo kbkl_fZo IID k h[sbf dhebq_kl�

\hf kb]gZevguo ijh\hehq_d �dZgZeh\ j_]bkljZpbb�� ^hklb]Zxsbo ^_kyldb lukyq� DZd ijZ\beh�

lZdb_ kbkl_fu kh^_j`Zl IID [hevrhc iehsZ^b� jZkkqblZggu_ gZ j_]bkljZpbx \lhjbqguo

ijh^mdlh\ j_Zdpbc �jZ[hlZ ijb ihgb`_gguo aZ]jmadZo IID�� IjZdlbq_kdZy j_ZebaZpby kbkl_f

k gZdZf_jguf jZaf_s_gb_f ZiiZjZlmju ^ey j_]bkljZpbb kb]gZeh\ k IID klZgh\blky p_e_kh�

h[jZaghc \ kemqZ_ ijbf_g_gby \ g_c ki_pbZebabjh\Zgguo ]b[jb^guo b fhgheblguo bgl_�

]jZevguo ko_f� kh^_j`Zsbo iheghklvx h^bg beb g_kdhevdh dZgZeh\ j_]bkljZpbb� h[eZ^Zxsbo

ih\ur_gghc kl_i_gvx gZ^_`ghklb b fZehc ihlj_[ey_fhc fhsghklvx�

< ^Zgghc jZ[hl_ hibku\Z_lky fh^mevgZy ZiiZjZlmjZ� ij_^gZagZq_ggZy ^ey j_]bkljZpbb b

ij_^\Zjbl_evghc pbnjh\hc h[jZ[hldb dhhj^bgZlghc bgnhjfZpbb k IID� jZ[hlZxsbo ijb

[hevrhc fgh`_kl\_gghklb qZklbp \ \ukhdhbgl_gkb\guo imqdZo ���=w< mkdhjbl_ey BN<W �ijb

aZ]jmadZo ^h ��
� qZklbp�k_d gZ ijh\hehqdm�� Ihwlhfm ZiiZjZlmjZ j_Zebah\ZgZ ih i_j\hfm \Zjb�

Zglm� l�_� k jZaf_s_gb_f gZ IID lhevdh fh^me_c mkbebl_e_c�nhjfbjh\Zl_e_c kb]gZeh\� Pbn�

jh\Zy qZklv ZiiZjZlmju jZkiheZ]Z_lky \ wdki_jbf_glZevguo ^hfbdZo \ dZjdZkZo mgbnbpbjh�

\Zgghc \ BN<W fgh]hdZgZevghc bgnhjfZpbhgghc kdhjhklghc kbkl_fu FBKK > � @�
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������G_h[oh^bfh hlf_lblv� qlh ijb bkihevah\Zgbb IID gZ fgh]hp_e_\uo nbabq_kdbo wdki_�

jbf_glZevguo mklZgh\dZo BN<W j_]bkljZpby ^Zgguo h ihe_aguo nbabq_kdbo kh[ulbyo qZklh

ijhbkoh^bl gZ nhg_ \ukhdh\_jhylguo dhgdmjbjmxsbo kh[ulbc� Djhf_ lh]h� ohjhrh ba\_kl�

gh� qlh IID bf_xl ihklhyggmx qm\kl\bl_evghklv d ijhoh^ysbf q_j_a gbo qZklbpZf� l�_� y\�

eyxlky g_mijZ\ey_fufb ^_l_dlhjZfb� < k\yab k wlbf ^ey j_]bkljZpbb lhevdh gm`guo kh[u�

lbc \ kh\j_f_gguo nbabq_kdbo wdki_jbf_glZo rbjhdh ijbf_gyxlky ljb]]_jgu_ mkljhckl\Z

^ey ij_^\Zjbl_evgh]h hl[hjZ �kljh[bjh\Zgby� bkdhfuo kh[ulbc \ j_Zevghf \j_f_gb wdki_�

jbf_glZ�

I_j\bqguc hl[hj ihe_aghc qZklb bgnhjfZpbb k IID hkms_kl\ey_lky� dZd ijZ\beh� [ukl�

juf ljb]]_jguf kb]gZehf� \ujZ[Zlu\Z_fuf gZghk_dmg^ghc eh]bq_kdhc we_dljhgbdhc ih bg�

nhjfZpbb hl [ukljh^_ckl\mxsbo ^_l_dlhjh\ qZklbp ^jm]bo \b^h\ �l_e_kdhiu kpbglbeeypbhg�

guo b q_j_gdh\kdbo kq_lqbdh\ b ^j��� Ihkdhevdm gZ \ujZ[hldm ljb]]_jgh]h kljh[bjmxs_]h

kb]gZeZ aZljZqb\Z_lky hij_^_e_ggh_ \j_fy �\j_fy ijhe_lZ we_dljhgh\ \ NWM kpbglbeeypbhg�

guo kq_lqbdh\� \j_fy ijhoh`^_gby kb]gZeh\ ih dZ[_eyf k\yab� kh[kl\_ggh_ \j_fy \ujZ[hldb

j_r_gby ljb]]_jghc we_dljhgbdhc b l�^�� lh bgnhjfZpby k IID� khhl\_lkl\mxsZy \u^_ey_�

fhfm ihe_aghfm kh[ulbx� i_j_^ aZibkvx \ we_f_glu iZfylb ^he`gZ [ulv aZ^_j`ZgZ gZ wlh

\j_fy�

< \u[jZgghf gZfb \ZjbZgl_ jZa^_evgh]h jZaf_s_gby ZiiZjZlmju \ dZq_kl\_ we_f_glh\

dhfi_gkbjmxs_c aZ^_j`db kb]gZeh\ k IID ijbf_gyxlky kdjmq_ggu_ iZju ijh\h^h\ l_e_nhg�

gh]h dZ[_ey� bkihevam_fh]h h^gh\j_f_ggh ^ey ljZgkihjlbjh\db kb]gZeh\ k \uoh^h\ mkbeb�

l_e_c IID gZ aZihfbgZxsb_ fh^meb� Ijbf_g_gb_ dZ[_evghc �iZkkb\ghc� aZ^_j`db kb]gZeh\

k IID g_ \ghkbl ^hihegbl_evgh]h ©f_jl\h]hª \j_f_gb \ dZgZeu j_]bkljZpbb� qlh iha\hey_l

j_Zebah\Zlv \ukhdmx aZ]jmahqgmx kihkh[ghklv IID� H^gZdh ijb [hevrhc ^ebg_ dZ[_ey \ha�

fh`_g jZa[jhk aZ^_j`_d kb]gZeh\ \ hl^_evguo dZgZeZo j_]bkljZpbb �^h ����� qlh ijb\h^bl d

g_h[oh^bfhklb kgb`_gby jZaj_rZxs_]h \j_f_gb j_]bkljbjmxs_c kbkl_fu \ p_ehf b khhl�

\_lkl\_ggh d m\_ebq_gbx nhgZ hl kemqZcguo qZklbp�

Djhf_ lh]h� ijb \kydbo baf_g_gbyo dhgnb]mjZpbb ZiiZjZlmju �\ lhf qbke_ ijb baf_g_gbyo

eh]bq_kdbo ko_f b Ze]hjblfh\ \ujZ[hldb ljb]]_jZ�� g_ba[_`guo gZ fgh]hp_e_\uo wdki_jbf_g�

lZevguo mklZgh\dZo� fgh]b_ \j_f_ggu_ aZ^_j`db f_gyxlky� b wlh lj_[m_l i_j_kljhcdb ko_f

aZ^_j`db kb]gZeh\ k IID� Ihwlhfm ^ey kh]eZkh\Zgby k ljb]]_jguf kb]gZehf \ hibku\Z_fhc

ZiiZjZlmj_ ijbf_gyxlky ^\_ klmi_gb aZ^_j`db kb]gZeh\ k IID� nbdkbjh\ZggZy � dZ[_evgZy b

ih^kljh_qgZy � pbnjh\Zy gZ ©pbdebq_kdhcª iZfylb�

����!"#$!#"%��&'�#()�'*�"�+ ,!" "#-.�*�%//%"%!#"0�����

KljmdlmjgZy ko_fZ j_]bkljbjmxs_c ZiiZjZlmju IID ij_^klZ\e_gZ gZ jbk� �� Kb]gZeu�

ghjfZebah\Zggu_ ih Zfieblm^_ b ^ebl_evghklb� k \uoh^h\ gZdZf_jguo mkbebl_e_c MN >�@

ihklmiZxl gZ \oh^u ��±dZgZevguo fh^me_c j_]bkljZpbb FJ �EW���FF�� jZaf_sZ_fuo \ k_d�

lhjZo FBKK� >ey ljZgkihjlbjh\db kb]gZeh\ d fh^meyf FJ bkihevamxlky \blu_ iZju ijh\h�

^h\ klZg^Zjlguo l_e_nhgguo dZ[_e_c� dhlhju_� dZd hlf_qZehkv \ur_� h^gh\j_f_ggh \uihegy�

xl nmgdpbb nbdkbjh\Zgghc �i_j\hc klmi_gb� aZ^_j`db kb]gZeh\ k IID�

>ey hdhgqZl_evgh]h kh]eZkh\Zgby kb]gZeh\ k IID k ljb]]_jguf kb]gZehf \ fh^meyo

FJ ijbf_gy_lky \lhjZy klmi_gv pbnjh\hc aZ^_j`db kb]gZeh\ gZ ©pbdebq_kdhcª iZfylb�

Djhf_ lh]h� ^ZggZy iZfylv \uihegy_l nmgdpbx [ukljh^_ckl\mxs_]h hi_jZlb\gh]h aZihfb�

gZxs_]h mkljhckl\Z �HAM� ^ey ijhf_`mlhqgh]h ojZg_gby \oh^ghc bgnhjfZpbb k IID gZ \j_�

fy __ ij_^\Zjbl_evghc h[jZ[hldb i_j_^ \\h^hf \ W<F�
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Jbk� �� KljmdlmjgZy ko_fZ fh^mevghc j_]bkljbjmxs_c ZiiZjZlmju IID�

MijZ\e_gb_ jZ[hlhc fh^me_c FJ \ j_`bfZo j_]bkljZpbb �aZibkb� bgnhjfZpbb k IID� __

ij_^\Zjbl_evghc pbnjh\hc h[jZ[hldb b [ukljh]h kqblu\Zgby agZqZs_c qZklb bgnhjfZpbb ih

fZ]bkljZeyf \ k_dlhjZo FBKK hkms_kl\ey_lky k ihfhsvx fh^me_c ki_pbZebabjh\Zgguo Z\�

lhghfguo dhgljhee_jh\ :D� �EW���FF�� Wlb `_ dhgljhee_ju ijhba\h^yl ^\hbqgh_ dh^bjh�

\Zgb_ ijbgylhc bgnhjfZpbb� hilbfbabjmxl nhjfZlu ^Zgguo b hkms_kl\eyxl i_j_^Zqm ^Zg�

guo ih dZ[_evghfm dZgZem FBKK \ fh^meb [mn_jghc iZfylb ;I�� kbkl_fu k[hjZ ^Zgguo

wdki_jbf_glZevghc mklZgh\db�

Nhjfbjh\Zgb_ k_jbc lZdlh\uo kljh[�bfimevkh\ ©PM=ª� Z lZd`_ kb]gZeh\ ©>ebl_evghklv

pm]Zª� g_h[oh^bfuo ^ey mijZ\e_gby aZibkvx bgnhjfZpbb \ fh^meb FJ hkms_kl\ey_lky kem�

`_[guf fh^me_f mijZ\ey_fh]h ]_g_jZlhjZ M= >�@�

����'�#()��"�+ ,!"%1  ��
�����

KljmdlmjgZy ko_fZ fh^mey j_]bkljZpbb EW���FF ^ZgZ gZ jbk� �� Hkgh\m fh^mey khklZ\�

ey_l ©pbdebq_kdZyª iZfylv HAM _fdhklvx �D [bl� j_Zebah\ZggZy gZ fbdjhko_fZo iZfylb

D���JM��� b khklhysZy ba q_luj_o hl^_evguo fZkkb\h\ �HAM��HAM��� < khklZ\ fh^mey j_]b�

kljZpbb lZd`_ \oh^yl� �� ^bnn_j_gpbZevguo mkbebl_ey kb]gZeh\ k ebgbb �MKE� ^ey ijb_fZ

kb]gZeh\ k \uoh^h\ mkbebl_e_c IID� ^hihegbl_evgZy iZfylv �),)2� ^ey aZibkb b kqblu\Zgby

Z^j_kh\ yq__d HAM� kh^_j`Zsbo lhevdh agZqZsmx bgnhjfZpbx� ^_rbnjZlhj dhfZg^ �>RD��

\uoh^ghc j_]bklj ^Zgguo HAM �J>�� fZ`hjblZjgZy ko_fZ �FK� ^ey hij_^_e_gby agZqZs_c

qZklb bgnhjfZpbb \ HAM� kq_lqbd \u[hjdb ih^Z^j_kh\ �KQI:� ijb ql_gbb HAM� fmevlb�

ie_dkhju �Fo:� FoI:� ^ey i_j_dexq_gby rbgu Z^j_kZ b ebgbc \u[hjdb ih^Z^j_kh\ �I:L�

\ j_`bfZo aZibkb b ql_gby bgnhjfZpbb \ HAM� ko_fZ kbgojhgbaZpbb �KBGOJ��
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Hkgh\ghc ijbgpbi jZ[hlu ©pbdebq_kdh]hª HAM aZdexqZ_lky \ ke_^mxs_f� <h \j_fy j_�

]bkljZpbb kb]gZeh\ k IID �ih kb]gZem VWDUW� gZ Z^j_kguc kq_lqbd b mijZ\eyxsbc \oh^ �:(�

©aZibkvª bgnhjfZpbb \ HAM k \uoh^Z ko_fu mijZ\ey_fh]h ]_g_jZlhjZ ihklmiZ_l g_ij_ju\gZy

k_jby lZdlbjmxsbo kljh[�bfimevkh\ �PM=� k i_jbh^hf ke_^h\Zgby L� �jbk� ���

VWDUW VWRS

� �

PM=

:>J�

HAM

KB=G:E

k IID
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Jbk� �� <j_f_ggu_ ^bZ]jZffu jZ[hlu HAM \ j_`bf_ j_]bkljZpbb bgnhjfZpbb k IID�



�

< j_amevlZl_ wlh]h ijhbkoh^bl pbdebq_kdh_ kdZgbjh\Zgb_ Z^j_kh\ yq__d HAM k \j_f_g_f

pbdeZ djZlguf 1� ]^_ 1 ± dhebq_kl\h yq__d HAM� Ijb wlhf \ fhf_glu \j_f_gb ihklmie_gby

kljh[�bfimevkh\ \ Z^j_km_fu_ yq_cdb HAM aZibku\Z_lky gh\Zy bgnhjfZpby� Z ojZgb\rZyky \

gbo klZjZy ± klbjZ_lky� LZdbf h[jZahf� kb]gZeu k IID� ihklmiZxsb_ gZ HAM \ ^bZiZahg_

\j_f_gb hl L� ^h 1 o L� � l�_� \ l_q_gb_ h^gh]h pbdeZ� [m^ml aZibku\Zlvky b ojZgblvky \ hij_�

^_e_gguo ghf_jZo yq__d HAM ^h gZqZeZ ke_^mxs_]h pbdeZ� AZf_lbf� qlh ijb lZdhf kihkh[_

j_]bkljZpbb i_j_dexq_gb_ Z^j_kh\ yq__d HAM ijhbkoh^bl Zkbgojhggh k fhf_glhf ihklmie_�

gby gZ HAM bgnhjfZpbhgguo kb]gZeh\ k IID� Ihwlhfm ^ey bkdexq_gby \hafh`ghklb ihl_jb

bgnhjfZpbb \h \j_fy __ aZibkb \ HAM ^ebl_evghklv j_]bkljbjm_fuo kb]gZeh\ ^he`gZ [ulv g_

f_g__ ^\mo i_jbh^h\ ke_^h\Zgby lZdlbjmxsbo kljh[�bfimevkh\�

HdhgqZgb_ j_`bfZ aZibkb bgnhjfZpbb \ HAM hkms_kl\ey_lky \ fhf_gl \ujZ[hldb ljb]�

]_jgh]h kb]gZeZ �VWRS�� ih dhlhjhfm ijhbkoh^yl hklZgh\dZ mijZ\ey_fh]h ]_g_jZlhjZ b i_j_dex�

q_gb_ HAM \ j_`bf ql_gby bgnhjfZpbb� Ijb wlhf� _keb aZiZa^u\Zgb_ ljb]]_jgh]h kb]gZeZ hl�

ghkbl_evgh fhf_glZ ihklmie_gby \oh^ghc bgnhjfZpbb gZ HAM f_gvr_ \j_f_gb pbdeZ kdZgb�

jh\Zgby ± 1 yq__d HAM� lh \j_f_ggh_ ©hdghª� \ l_q_gb_ dhlhjh]h kb]gZeu k IID fh]ml

[ulv ^hklh\_jgh aZibkZgu� Z aZl_f kqblZgu ba HAM� khklZ\ey_l 1 o L��

���������������	
���	��
����������

JZ[hlZ fh^me_c EW���FF \ jZfdZo kbkl_fu FBKK hkms_kl\ey_lky \ lj_o ihke_^h\Z�

l_evguo j_`bfZo�

i j_`bf j_]bkljZpbb bgnhjfZpbb k IID�

i j_`bf ij_^\Zjbl_evghc pbnjh\hc h[jZ[hldb bgnhjfZpbb �PHB��

i j_`bf ihke_^h\Zl_evgh]h ql_gby �IQB� agZqZs_c qZklb bgnhjfZpbb ih fZ]b�

kljZeb k_dlhjZ FBKK�

AZ^Zgb_ j_`bfh\ jZ[hlu fh^me_c EW���FF \ dZ`^hf k_dlhj_ hkms_kl\ey_lky fh^meyfb

Z\lhghfguo dhgljhee_jh\ EW���FF� i_j_^Zxsbo kb]gZeu mijZ\e_gby ih khhl\_lkl\mxsbf

ebgbyf fZ]bkljZeb FBKK�

< j_`bf_ j_]bkljZpbb bgnhjfZpbb k IID ih ebgbb IQB fZ]bkljZeb FBKK i_j_^Z_l�

ky gbadbc� Z ih ebgbb MJ� ± \ukhdbc �Zdlb\guc� mjh\_gv kb]gZeZ� H[Z kb]gZeZ ihklmiZxl gZ

\oh^u ko_f ^_rbnjZlhjh\ dhfZg^ >RD fh^me_c EW���FF� Ihke_ ^_rbnjZpbb dhfZg^u gZ

\oh^Zo :( \k_]h fZkkb\Z HAM mklZgZ\eb\Z_lky mjh\_gv eh]�©�ª� jZaj_rZxsbc iZjZee_evgmx

aZibkv \oh^ghc bgnhjfZpbb \ Z^j_km_fu_ yq_cdb HAM fh^me_c EW���FF� H^gh\j_f_ggh k

gZqZehf \u^Zqb dhfZg^u aZibkb ih fZ]bkljZevguf ebgbyf mijZ\e_gby j_]bkljZpb_c MJ��MJ�

i_j_^Zxlky ^\hbqgh�dh^bjh\Zggu_ Z^j_kZ yq__d HAM� dhlhju_ q_j_a fmevlbie_dkhju Fo:

ihklmiZxl gZ Z^j_kgu_ rbgu HAM fh^me_c EW���FF� G_h[oh^bfh hlf_lblv� qlh bkihevah\Z�

gb_ ^ey i_j_^Zqb dh^Z Z^j_kZ HAM klZg^Zjlguo ebgbc fZ]bkljZeb FBKK h[_ki_qb\Z_l mklhc�

qb\mx jZ[hlm HAM gZ lZdlh\hc qZklhl_ bfimevkh\ ©PM=Zª ^h �� F=p b iha\hey_l j_]bkljbjh�

\Zlv \oh^gu_ kb]gZeu k fbgbfZevghc ^ebl_evghklvx ^h ��� gk�

>ey j_]bkljZpbb [he__ dhjhldbo \oh^guo kb]gZeh\ [ue jZajZ[hlZg fh^bnbpbjh\Zgguc

\ZjbZgl fh^mey E?���FF� \ dhlhjhf dh^ Z^j_kZ HAM aZ^Z_lky k \uoh^Z Z^j_kgh]h kq_lqbdZ

aZibkb� jZaf_sZ_fh]h g_ihkj_^kl\_ggh gZ i_qZlghc ieZl_ fh^mey� < qZklghklb� wlh iha\hebeh

h[_ki_qblv gZ^_`gmx jZ[hlm fh^me_c EW���FF gZ lZdlh\hc qZklhl_ bfimevkh\ ©PM=Zª ^h

��F=p ijb fbgbfZevghc ^ebl_evghklb \oh^guo bgnhjfZpbhgguo kb]gZeh\ ^h �� gk�

< j_`bf_ PHB ih fZ]bkljZevguf ebgbyf MJ� b IQB i_j_^Zxlky Zdlb\gu_ mjh\gb

kb]gZeh\� dhlhju_ ihke_ ^_rbnjZpbb \ fh^meyo EW���FF mklZgZ\eb\Zxl gZ \oh^Zo ©:(ª

\k_]h fZkkb\Z HAM mjh\_gv eh]�©�ª� jZaj_rZxsbc ql_gb_ aZibkZgghc bgnhjfZpbb ih \gmlj_g�

g_c rbg_ \uoh^guo ^Zgguo HAM� >ey ih\ur_gby [ukljh^_ckl\by \uiheg_gb_ hi_jZpbc \ j_�

`bf_ PHB hkms_kl\ey_lky iZjZee_evgh \h \k_o fh^meyo EW��FF� jZaf_sZ_fuo \ k_dlhjZo



	

FBKK� Ijb wlhf lZd `_� dZd b \ j_`bf_ j_]bkljZpbb� dh^ Z^j_kZ HAM i_j_^Z_lky ih fZ]bkl�

jZevguf ebgbyf MJ�±MJ�� Ql_gb_ kh^_j`bfh]h HAM \gmljb fh^me_c EW���FF ijhba\h^blky

���jZajy^gufb keh\Zfb ih q_luj_f ihke_^h\Zl_evguf ih^Z^j_kZf �I:��I:��� aZ^Z\Z_fuf k

ihfhsvx � jZajy^guo kq_lqbdh\ KQI:� I_j_dexq_gb_ kq_lqbdh\ KQI: hkms_kl\ey_lky

kb]gZeZfb� i_j_^Z\Z_fufb ih fZ]bkljZevghc ebgbb MJ��

< kemqZ_ h[gZjm`_gby \ dZdbo�eb[h yq_cdZo HAM agZqZs_c qZklb bgnhjfZpbb gZ \uoh^_

fZ`hjblZjghc ko_fu FK nhjfbjm_lky kb]gZe !�� jZaj_rZxsbc aZibkv Z^j_kh\ b ih^Z^j_kh\

wlbo yq__d \ ),)2�iZfylb khhl\_lkl\mxsbo fh^me_c j_]bkljZpbb� < j_`bf_ PHB \k_ fh^meb�

kh^_j`Zsb_ bgnhjfZpbx !�� ]_g_jbjmxl kb]gZe lj_[h\Zgby �ih eh]bd_ ijh\h^gh]h BEB� gZ

ebgbx LJ fZ]bkljZeb k_dlhjZ FBKK� HdhgqZgb_ j_`bfZ PHB ijhbkoh^bl ihke_ ijhkfhljZ

kh^_j`bfh]h HAM \ ihke_^g_f q_l\_jlhf ih^Z^j_k_� AZl_f ijb gZebqbb Zdlb\gh]h mjh\gy kb]�

gZeZ gZ ebgbb LJ ih fZ]bkljZeb FBKK i_j_^Z_lky dhfZg^Z i_j_dexq_gby fh^me_c EW���FF

\ j_`bf IQB�

< j_`bf_ IQB ijhbkoh^bl ijbhjbl_lgh_ �aZ^Z\Z_fh_ ih ihke_^h\Zl_evghc ebgbb I��

ql_gb_ ^Zgguo ih fZ]bkljZeb k_dlhjZ FBKK lhevdh ba fh^me_c EW���FF� kh^_j`Zsbo agZ�

qZsmx bgnhjfZpbx� GZqZeh j_`bfZ IQB bgbpbbjm_lky mklZgh\dhc Zdlb\gh]h mjh\gy kb]gZeZ

gZ fZ]bkljZevghc ebgbb IQB� AZl_f ijb Zdlb\ghf mjh\g_ kbgojhkb]gZeZ KB��aZijhkZ gZ

ql_gb_ ^Zgguo fh^mev \uklZ\ey_l k\hc Z^j_k �� fh^mey�� ^Zggu_ \ J> b ]_g_jbjm_l hl\_l�

guc kbgojhkb]gZe KB�� hij_^_eyxsbc ^ebl_evghklv \uihegy_fhc hi_jZpbb� Ijb wlhf bk�

ihegbl_evgu_ Z^j_kZ b ih^Z^j_kZ yq__d HAM� kh^_j`Zsb_ agZqZsmx bgnhjfZpbx� kqblu\Z�

xlky ba ),)2�iZfyl_c ih i_j_^g_fm njhglm kb]gZeZ KB�� Ihke_ ql_gby ihke_^g_]h keh\Z ^Zg�

guo fh^mev EW���FF kgbfZ_l k\hc kb]gZe LJ b mklZgZ\eb\Z_l jZaj_r_gb_ ih ijbhjbl_lghc

p_ib �<o I� � <uo I�� ^ey ql_gby bgnhjfZpbb kh ke_^mxs_]h fh^mey� J_`bf IQB aZ\_jrZ�

_lky ihke_ ql_gby ihke_^g_]h ih ijbhjbl_lm fh^mey EW���FF \ k_dlhj_ FBKK b kgylby bf

Zdlb\gh]h mjh\gy kb]gZeZ LJ�

Dhgkljmdlb\gh fh^mev EW���FF \uiheg_g \ \b^_ [ehdZ _^bgbqghc rbjbgu� gZ i_j_^�

g_c iZg_eb dhlhjh]h jZkiheh`_gu ^\Z jZat_fZ ^ey ijb_fZ bgnhjfZpbhgguo kb]gZeh\ k \u�

oh^h\ mkbebl_e_c IID� <oh^gu_ kb]gZeu ± iZjZnZagu_ (&/�

����'�#()�%�!'�'&�'+'�$'�!"'((�"%���
�����

KljmdlmjgZy ko_fZ fh^mey EW���FF ijb\_^_gZ gZ jbk� �� < khklZ\ fh^mey \oh^yl� Z^�

j_kgu_ kq_lqbdb aZibkb ©:$ª b ql_gby ©5$ª kh^_j`bfh]h HAM fh^me_c EW���FF� j_]bklju

gZqZevgh]h ©G:ª b [Zah\h]h Z^j_kZ ©;:ª HAM� kq_lqbd keh\ HAM� kq_lqbd ih^Z^j_kZ ©I:ª�

ljb]]_ju L�� L� aZ^Zgby j_`bfh\ jZ[hlu� \oh^ghc j_]bklj ^Zgguo J>� ko_fZ ijbhjbl_lgh]h

rbnjZlhjZ IR� ko_fZ ^_rbnjZlhjZ >R� fmevlbie_dkhju Z^j_kZ b ^Zgguo FO:� FO>� kq_l�

qbdb qbkeZ kh[ulbc b dhebq_kl\Z i_j_^Z\Z_fuo keh\� ko_fu FbgojhgbaZpbb KBGOJ���

KBGOJ� b ^jm]b_ eh]bq_kdb_ ko_fu�

JZaj_r_gb_ jZ[hlu Z\lhghfgh]h dhgljhee_jZ EW���FF gZ fZ]bkljZeb k_dlhjZ FBKK

aZ^Z_lky Zdlb\guf mjh\g_f kb]gZeZ� i_j_^Z\Z_fuf ih fZ]bkljZevghc ebgbb :J hl kbkl_f�

gh]h dhgljhee_jZ k_dlhjZ� eb[h k ihfhsvx i_j_dexqZl_ey 6� �ijb hlkmlkl\bb kbkl_fgh]h

dhgljhee_jZ�� BgbpbZebaZpby ©`_kldhcª eh]bdb Z\lhghfgh]h dhgljhee_jZ hkms_kl\ey_lky

\g_rgbf kb]gZehf ©K;JHKª� ih dhlhjhfm h[gmey_lky Z^j_kguc kq_lqbd aZibkb ©:$ª bg�

nhjfZpbb \ HAM fh^me_c EW���FF� < j_]bklj ©+$ª k i_j_dexqZl_ey I� aZghkblky ��

jZajy^guc dh^ ^ey aZ^Zgby gZqZevgh]h Z^j_kZ ql_gby kh^_j`bfh]h HAM \ j_`bf_ PHB� I_�

j_aZibku\Z_lky dh^ ba j_]bkljZ ©+$ª \ Z^j_kguc kq_lqbd ©5$ª ql_gby HAM� < kq_lqbd

keh\ HAM k i_j_dexqZl_ey I� aZghkblky ��jZajy^guc dh^� aZ^Zxsbc dhebq_kl\h yq__d HAM

^ey ql_gbb kh^_j`bfh]h HAM \ j_`bf_ PHB� < kq_lqbd ©&qI$ª ih^Z^j_kZ HAM aZghkblky

qbkeh ©�ª� H[gmeyxlky kq_lqbdb qbkeZ kh[ulbc b dhebq_kl\Z i_j_^Z\Z_fuo keh\� h[gmey�

_lky \oh^ghc j_]bklj ^Zgguo ©J>ª� Ih^]hlZ\eb\Zxlky d jZ[hl_ maeu kbgojhgbaZpbb MK��






MK�� Z lZd`_ fmevlbie_dkhju FI: b FI>� MklZgZ\eb\Zxlky \ gZqZevgh_ khklhygb_ ljb]]_ju

L� b L�� Ihke_ aZ\_jr_gby hi_jZpbc gZqZevghc mklZgh\db Z\lhghfguc dhgljhee_j ih^]hlh\�

e_g d mijZ\e_gbx jZ[hlhc fh^me_c EW���FF \ lj_o ihke_^h\Zl_evguo j_`bfZo� j_]bkljZ�

pbb bgnhjfZpbb k IID� PHB b IQB�
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< j_`bf_ j_]bkljZpbb bgnhjfZpbb k IID aZimkd Z\lhghfgh]h dhgljhee_jZ hkms_kl\ey�

_lky \g_rgbf kb]gZehf ©>ebl_evghklv pm]Zª� ihklmiZxsbf gZ g_]h k \uoh^Z fh^mey mijZ\�

ey_fh]h ]_g_jZlhjZ� Ijb wlhf Z\lhghfguc dhgljhee_j mklZgZ\eb\Z_l Zdlb\guc mjh\_gv kb]gZ�

eZ gZ fZ]bkljZevghc ebgbb MJ� gZ \k_ \j_fy ^ebl_evghklb ©ihedbª kb]gZeZ ©>ebl_evghklv

pm]Zª� aZ^Z\Zy l_f kZfuf j_`bf aZibkb bgnhjfZpbb \ HAM fh^me_c EW��FF� ih^dexq_gguo

d fZ]bkljZeb k_dlhjZ FBKK� H^gh\j_f_ggh k kb]gZehf aZimkdZ k \uoh^Z fh^mey mijZ\ey_fh]h

]_g_jZlhjZ gZ Z\lhghfguc dhgljhee_j ihklmiZ_l k_jby lZdlh\uo bfimevkguo kb]gZeh\

©PM=ª ^ey i_j_dexq_gby Z^j_kguo kq_lqbdh\ aZibkb ©:$ª b ql_gby ©5$ª bgnhjfZpbb ba

HAM fh^me_c EW���FF� >Ze__ kb]gZeu k \uoh^Z Z^j_kgh]h kq_lqbdZ aZibkb ©:$ª q_j_a

fmevlbie_dkhj FI: ljZgkebjmxlky ih fZ]bkljZevguf ebgbyf MJ��MJ�� hkms_kl\eyy kbg�

ojhggh_ i_j_dexq_gb_ Z^j_kh\ yq__d HAM \h \k_o fh^meyo EW���FF� ih^dexq_gguo d fZ�

]bkljZeb k_dlhjZ FBKK� Ijb wlhf� dZd hlf_qZehkv jZg__� fbgbfZevgZy ^ebl_evghklv kb]gZeZ

i_j_^Z\Z_fh]h ih fZ]bkljZevghc ebgbb MJ� khklZ\ey_l �� gk�

HdhgqZgb_ j_`bfZ j_]bkljZpbb ijhbkoh^bl ih ljb]]_jghfm kb]gZem nbabq_kdhc mklZ�

gh\db� \uau\Zxs_fm hklZgh\dm \g_rg_]h mijZ\ey_fh]h ]_g_jZlhjZ M=� kgylb_ bf mijZ\eyx�

sbo kb]gZeh\ ©>ebl_evghklv pm]Zª b ©PM=ª b ih^]hlh\dm eh]bq_kdbo p_i_c Z\lhghfgh]h

dhgljhee_jZ d jZ[hl_ \ j_`bf_ PHB�
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AZimkd j_`bfZ PHB hkms_kl\ey_lky ih aZ^g_fm njhglm kb]gZeZ ©>ebl_evghklv pm]Zª�

Ijb wlhf ijhbkoh^bl \dexq_gb_ ljb]]_jZ L� aZ^Zgby j_`bfZ PHB� dhlhjuc mklZgZ\eb\Z_l

Zdlb\gu_ mjh\gb kb]gZeh\ gZ ebgbyo MJ� b IQB fZ]bkljZeb k_dlhjZ FBKK b \uklZ\ey_l gZ

\uoh^ghc jZat_f kb]gZe ©A:GYLHª� Djhf_ lh]h� ih i_j_^g_fm njhglm kb]gZeZ ©�ª k \uoh^Z

ljb]]_jZ L� ijhba\h^blky aZg_k_gb_ kh^_j`bfh]h Z^j_kgh]h kq_lqbdZ ©5$ª \ j_]bklj [Zah�

\h]h Z^j_kZ ©J;:ª b \dexqZ_lky \gmlj_ggbc mijZ\ey_fuc ]_g_jZlhj =�� >Ze__ kb]gZeu k \u�

oh^Z Z^j_kgh]h kq_lqbdZ ©5$ª q_j_a fmevlbie_dkhj FI: ih^dexqZxlky d fZ]bkljZevguf

ebgbyf MJ��MJ�� b \ fh^meyo EW���FF \uihegy_lky hi_jZpby \gmlj_gg_]h ql_gby kh^_j`b�

fh]h HAM i_j\h]h ih^Z^j_kZ� Ihke_ hdhgqZgby ql_gby i_j\h]h ih^Z^j_kZ kb]gZehf k \uoh^Z

kq_lqbdZ jZaf_jZ HAM ijhba\h^blky aZg_k_gb_ [Zah\h]h Z^j_kZ ba j_]bkljZ ©;:ª \ Z^j_kguc

kq_lqbd ©5$ª ^ey mdZaZgby ghf_jZ yq_cdb HAM k dhlhjh]h gZqg_lky ql_gb_ kh^_j`bfh]h

HAM \lhjh]h ih^Z^j_kZ� H^gh\j_f_ggh kb]gZe k \uoh^Z kq_lqbdZ keh\ HAM ljZgkebjm_lky ih

ebgbb MJ� fZ]bkljZeb FBKK ^ey i_j_dexq_gby kq_lqbdh\ KqI: \ fh^meyo EW���FF gZ

\lhjhc ih^Z^j_k� HibkZggZy ijhp_^mjZ ih\lhjy_lky dZ`^uc jZa ijb ql_gbb kh^_j`bfh]h

HAM hq_j_^gh]h ih^Z^j_kZ�

HdhgqZgb_ j_`bfZ PHB ijhbkoh^bl ihke_ ql_gby kh^_j`bfh]h HAM ihke_^g_]h �q_l�

\_jlh]h� ih^Z^j_kZ \ fh^meyo EW���FF� Ih hdhgqZgbb j_`bfZ PHB dhgljhee_j ZgZebabjm�

_l eh]bq_kdbc mjh\_gv kb]gZeZ gZ ebgbb LJ�

< kemqZ_ gbadh]h mjh\gy kb]gZeZ gZ ebgbb LJ �ijb hlkmlkl\bb agZqZs_c bgnhjfZpbb

\ fh^meyo EW���FF� Z\lhghfguc dhgljhee_j i_j_^Z_l ih dZ[_evghfm dZgZem q_j_a fmevlbi�

e_dkhj FO> gZ fh^mev \g_rg_c [mn_jghc iZfylb F;I�� ^\Z kem`_[guo keh\Z � ghf_j Z\�

lhghfgh]h dhgljhee_jZ k mdZaZgb_f ghf_jZ kh[ulby� Z lZd`_ lbi ^_l_dlhjZ b dhebq_kl\h i_�

j_^Zgguo keh\ � b aZl_f kgbfZ_l kb]gZe ©A:GYLHª�

< kemqZ_ Zdlb\gh]h mjh\gy kb]gZeZ gZ ebgbb LJ� mdZau\Zxs_]h gZ gZebqb_ agZqZs_c

bgnhjfZpbb \ dZdhf eb[h fh^me_ j_]bkljZpbb EW���FF� \ Z\lhghfghf dhgljhee_j_ ijhbk�

oh^bl \dexq_gb_ ljb]]_jZ L�� aZ^Zxs_]h j_`bf IQB gZ fZ]bkljZeb k_dlhjZ FBKK�
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< j_`bf_ IQB dhgljhee_j mklZgZ\eb\Z_l Zdlb\guc mjh\_gv kb]gZeZ gZ fZ]bkljZevghc

ebgbb IQB b \uihegy_l hi_jZpbb ijbhjbl_lgh]h kqblu\Zgby bgnhjfZpbb ba fh^me_c EW�

��FF ih dZgZem ^Zgguo �D>��D>��� fZ]bkljZeb k_dlhjZ FBKK \h \oh^ghc j_]bklj ^Zgguo

�J>�� >ey k`Zlby h[t_fZ bgnhjfZpbb� kqblu\Z_fhc ba khk_^gbo yq__d HAM� kh^_j`Zsbo h^gh

b lh`_ pbnjh\h_ agZq_gb_� \ J> aZibku\Zxlky lhevdh i_j_^gb_ njhglu bgnhjfZpbhgguo kb]�

gZeh\� l�_� gZqZevgu_ agZq_gby fhf_glh\ \j_f_gb ihy\e_gby kb]gZeh\ \ dZgZeZo j_]bkljZpbb�

Ijb \uiheg_gbb fZ]bkljZevguo hi_jZpbc \ j_`bf_ IQB \k_ mijZ\eyxsb_ kb]gZeu nhjfbjm�

_l ma_e kbgojhgbaZpbb MK�� lZdlbjm_fuc kb]gZeZfb hl \gmlj_gg_]h mijZ\ey_fh]h ]_g_jZ�

lhjZ =��

Ihke_ aZihfbgZgby ^Zggu_ ba \oh^gh]h j_]bkljZ J> ihklmiZxl gZ ko_fm ijbhjbl_lgh]h

rbnjZlhjZ �IR� ^ey \uiheg_gby hi_jZpbc ih bo ^\hbqghfm dh^bjh\Zgbx b ihhq_j_^ghc i_�

j_^Zqb ih dZ[_evghfm dZgZem gZ fh^mev [mn_jghc iZfylb F;I��� < i_j\hf keh\_ ^Zgguo dhg�

ljhee_j i_j_^Z_l bgnhjfZpbx h \j_f_gb� aZj_]bkljbjh\Zgghf Z^j_kguf kq_lqbdhf aZibkb

©:$ª� \ fhf_gl ihklmie_gby gZ g_]h ihke_^g_]h lZdlh\h]h kb]gZeZ hl \g_rg_]h mijZ\ey_fh]h

]_g_jZlhjZ� AZl_f dhgljhee_j i_j_^Z_l ^\hbqgh�dh^bjh\Zggu_ ghf_jZ kjZ[hlZ\rbo jZajy^h\ \

J> b bgnhjfZpbx h l_dms_f \j_f_gb ihy\e_gby kb]gZeh\ \ dZgZeZo j_]bkljZpbb� <h \j_fy

h[f_gZ k fh^me_f [mn_jghc iZfylb F;I��� Z lZd`_ ijb \aZbfh^_ckl\bb k maehf kbgojhgbaZ�

pbb MK�� \k_ g_h[oh^bfu_ mijZ\eyxsb_ kb]gZeu \ujZ[Zlu\Z_l ma_e kbgojhgbaZpbb MK� \

khhl\_lkl\bb k ijhlhdhehf \uiheg_gby hi_jZpbc ih dZ[_evghfm dZgZem kbkl_fu FBKK�

HdhgqZgb_ j_`bfZ IQB ijhbkoh^bl ihke_ ql_gby kh^_j`bfh]h HAM ihke_^g_]h fh^mey

EW���FF \ h[kem`b\Z_fhf k_dlhj_ FBKK b kgylby wlbf fh^me_f Zdlb\gh]h mjh\gy kb]gZeZ

gZ ebgbb LJ� Ihke_ hdhgqZgby j_`bfZ IQB Z\lhghfguc dhgljhee_j \u^Z_l \ dZ[_evguc dZ�

gZe ^\Z kem`_[guo keh\Z b kgbfZ_l k \uoh^gh]h jZat_fZ kb]gZe ©A:GYLHª� NhjfZlu bgnhj�

fZpbhgguo b kem`_[guo keh\ ^Zgguo� i_j_^Z\Z_fuo fh^me_f Z\lhghfgh]h dhgljhee_jZ ih

dZ[_evghfm dZgZem� ijb\_^_gu gZ jbk� ��

�� NhjfZl i_j\h]h bgnhjfZpbhggh]h keh\Z�

J����������������J�� J�����������������J� J��������������J� J������������������J�

<j_fy \ fhf_gl

hklZgh\db

kq_lqbdZ aZibkb

��������������������� ������������������ ���������������������

�� NhjfZl l_dms_]h bgnhjfZpbhggh]h keh\Z�

J����������������J�� J�����������������J� J��������������J� J������������������J�

L_dms__ \j_fy Ghf_j fh^mey Ih^Z^j_k Ghf_j dZgZeZ

�� NhjfZl ij_^ihke_^g_]h keh\Z�

J�� J�� J������������������J�� J���������������������������������������������������J�

� � Ghf_j :D Ghf_j kh[ulby

�� NhjfZl ihke_^g_]h keh\Z�

J�� J�� J������������J�� J��������������������������������������������������������J�

� Hr Lbi ^_l_dlhjZ Dhebq_kl\h i_j_^Zgguo keh\

Jbk� �� NhjfZlu ^Zgguo� i_j_^Z\Z_fuo fh^me_f Z\lhghfgh]h dhgljhee_jZ EW���FF ih dZ[_evghfm

dZgZem�
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Dhgkljmdlb\gh fh^mev EW���FF \uiheg_g \ \b^_ [ehdZ _^bgbqghc rbjbgu� gZ i_j_^g_c

iZg_eb dhlhjh]h jZkiheh`_gu q_luj_ dhZdkbZevguo jZat_fZ ^ey ijb_fZ kb]gZeh\ mijZ\e_gby

©>ebl_evghklv pm]Zª b ©PM=ª� kb]gZeZ h[s_]h k[jhkZ ©HKª� Z lZd`_ ^ey \u^Zqb kb]gZeZ

©A:GYLHª� Mjh\gb kb]gZeh\ mijZ\e_gby khhl\_lkl\mxl klZg^Zjlm 1,0� Djhf_ lh]h� gZ ebp_�

\hc iZg_eb fh^mey jZaf_sZ_lky fgh]hdhglZdlguc jZat_f ^ey kh_^bg_gby k dZ[_evguf dZgZ�

ehf� Mjh\gb kb]gZeh\ \ dZ[_evghf dZgZe_ � h^ghnZagu_ WKE�

�%$(-2�� �

JZajZ[hlZggZy b hibkZggZy \ jZ[hl_ fh^mevgZy ZiiZjZlmjZ \ gZklhys__ \j_fy bkihevam_l�

ky ^ey j_]bkljZpbb b ij_^\Zjbl_evghc h[jZ[hldb bgnhjfZpbb k IID gZ nbabq_kdhc wdki_jb�

f_glZevghc mklZgh\d_ ©BKLJ:�Fª BN<W� >ey ijh\_^_gby l_klh\uo bkiulZgbc b dhgljhey aZ

jZ[hlhc ZiiZjZlmju gZ wdki_jbf_glZevghc mklZgh\d_ [ueb jZajZ[hlZgu ki_pbZevgu_ ijh�

]jZffu� h[_ki_qb\Zxsb_ l_klbjh\Zgb_ dZd hl^_evguo fh^me_c� lZd b kbkl_fu \ p_ehf� Hiul

wdkiemZlZpbb ZiiZjZlmju ihdZaZe __ ^hklZlhqgmx gZ^_`ghklv b m^h[kl\h \ jZ[hl_�

< aZdexq_gb_ Z\lhj \ujZ`Z_l [eZ]h^Zjghklv <�:� K_gvdh aZ ih^^_j`dm ^Zgghc jZ[hlu�

<�N� H[jZaph\m aZ ij_^hklZ\e_gb_ \hafh`ghklb ijh\_^_gby bkiulZgbc jZajZ[hlZgghc ZiiZjZ�

lmju \ khklZ\_ kbkl_fu k[hjZ ^Zgguo wdki_jbf_glZevghc mklZgh\db ©BKLJ:�Fª gZ imqd_

qZklbp ���=w< mkdhjbl_ey BN<W� Z lZd`_ ]em[hdmx ijbagZl_evghklv I�B� =hgqZjh\m aZ ih�

fhsv gZ gZqZevghf wlZi_ jZ[hlu� <�I� Gh\bdh\m aZ jZajZ[hldm l_klh\h]h ijh]jZffgh]h h[_k�

i_q_gby�X�G� Kbfhgh\m aZ p_ggu_ aZf_qZgby b ijZdlbq_kdb_ kh\_lu�

�/ ,'$�( !�"%!#"0

>�@ <hedh\Z E�:�� DZji_dh\ X�>�� Kbfhgh\ X�G� Kbkl_fZ \u\h^Z bgnhjfZpbb k ijhihjpbh�
gZevguo ijh\hehqguo dZf_j� Ij_ijbgl BN<W ������ � K_jimoh\� �����

>�@ ;ZkbeZ^a_ K�=�� ;ukljh^_ckl\mxsZy y^_jgZy we_dljhgbdZ� �F�� Wg_j]hba^Zl� �����

>�@ F_^h\bdh\ <�:� b ^j� We_dljhggZy ZiiZjZlmjZ j_]bkljZpbb b ljb]]bjh\Zgby gZghk_dmg^gh�
]h ^bZiZahgZ� Ij_ijbgl BN<W ������ � Ijhl\bgh� �����

>�@ ;mrgbg X�;� b ^j� ;ukljh^_ckl\mxsZy kbkl_fZ j_]bkljbjmxs_c b ljb]]_jghc we_dljhgb�
db ^ey wdki_jbf_glZevguo bkke_^h\Zgbc \ BN<W� Ij_ijbgl BN<W �������K_jimoh\� �����

>�@ ;mrgbg X�;�� Dhghieyggbdh\ :�D� Mkbebl_eb�nhjfbjh\Zl_eb kb]gZeh\ ^ey fgh]hijh\h�
ehqguo ^_l_dlhjh\� Ij_ijbgl BN<W ������� � Ijhl\bgh� �����

>�@ ;mrgbg X�;�� BkZ_\ :�G�� Dhghieyggbdh\ :�D� Ij_ijbgl BN<W ������ � K_jimoh\� �����

Jmdhibkv ihklmibeZ �� ^_dZ[jy ���� ]h^Z
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X�>� DZji_dh\�

Fh^mevgZy ZiiZjZlmjZ ^ey j_]bkljZpbb b ij_^\Zjbl_evghc pbnjh\hc

h[jZ[hldb bgnhjfZpbb k ijhihjpbhgZevguo ijh\hehqguo dZf_j�

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

J_^Zdlhj G�<�?`_eZ� L_ogbq_kdbc j_^Zdlhj G�< Hjeh\Z�
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Ih^ibkZgh d i_qZlb ����������� NhjfZl �� o ����� Hnk_lgZy i_qZlv�

I_q�e� ����� Mq��ba^�e� �� LbjZ` ���� AZdZa ��� � Bg^_dk �����
EJ ������� �����������
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=GP JN Bgklblml nbabdb \ukhdbo wg_j]bc

������� Ijhl\bgh Fhkdh\kdhc h[e�
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Bg^_dk ����
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