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=�B� Dezgh\� <�I� EZjbhgh\� <�K� Ju[Zedh

N=MI Fhkdh\kdbc jZ^bhl_ogbq_kdbc bgklblml J:G� Jhkkby

Kbkl_fZ jhlZpbhggh]h h[emq_gby ]Zgljb �JDQWU\� ij_^gZagZq_gZ ^ey fgh]hihevgh]h h[emq_gby ih^\b`�

guf ijhlhgguf imqdhf g_ih^\b`gh e_`Zs_]h iZpb_glZ� =hjbahglZevguc ijhlhgguc imqhd jZa\hjZqb\Z_l�

ky fZ]gblgufb we_f_glZfb ]Zgljb� dhlhju_ h[t_^bg_gu \ _^bgmx dhgkljmdpbx b fh]ml \jZsZlvky \hdjm]

]hjbahglZevghc hkb� LZdbf h[jZahf� imqhd jhlbjm_lky \ \_jlbdZevghc iehkdhklb� i_ji_g^bdmeyjghc i_j\h�

gZqZevghfm gZijZ\e_gbx imqdZ� qlh h[_ki_qb\Z_l \hafh`ghklv h[emq_gby e_`Zs_]h iZpb_glZ k ex[h]h gZ�

ijZ\e_gby��< jZ[hl_ >�@ ij_^klZ\e_gZ dhgkljmdpby =:GLJB gZ hkgh\_ ljzo hldehgyxsbo fZ]gblh\ k h^gh�

jh^guf ihe_f�

P_evx ^Zgghc jZ[hlu y\ey_lky ijh\_^_gb_ qbke_gguo bkke_^h\Zgbc `_kldhnhdmkbjmxs_c ko_fu ]Zg�

ljb� iha\heyxs_c ij_^iheh`bl_evgh kgbablv ]Z[Zjblu b \_k \k_c dhgkljmdpbb ih kjZ\g_gbx k ]Zgljb gZ

fZ]gblZo k h^ghjh^guf ihe_f� Ijb ijh\_^_gbb qbke_gguo bkke_^h\Zgbc ^ey jZkqzlZ h]b[Zxsbo imqdZ

\^hev fZ]gblgh]h dZgZeZ bkihevah\ZeZkv ijh]jZffZ 75$.7 >�@� y\eyxsZyky fh^_jgbaZpb_c ijh]jZffu

75$163257�

GZb[he__ jZkijhkljZgzgguc lbi hldehgyxs_]h fZ]gblZ k g_h^ghjh^guf ihe_f � wlh lZd gZau\Z_fuc

kbgojhljhgguc fZ]gbl� dhlhjuc rbjhdh bkihevam_lky \ kbgojhljhgguo mkdhjbl_eyo \ukhdhc wg_j]bb >�@�

< ^Zevg_crbo jZkqzlZo [m^_f Ziijhdkbfbjh\Zlv ihe_ lZdh]h fZ]gblZ ijyfhm]hevghc fh^_evx� iheZ]Zy djb�

\bagm ljZ_dlhjbb ��U b nhdmkbjmxsmx kbem N ihklhyggufb \^hev djm]h\hc hk_\hc ljZ_dlhjbb ^ebghc O�

Hq_\b^gh� qlh gZ khklZ\eyxsmx ljZ_dlhjbb ih hkb m �\_jlbdZevgZy iehkdhklv� kbgojhljhgguc fZ]gbl

^_ckl\m_l dZd d\Z^jmihev k kbehc N� >ey khklZ\eyxs_c `_ ih hkb o �]hjbahglZevgZy iehkdhklv beb iehk�

dhklv ih\hjhlZ� bf__f kmi_jihabpbx nhdmkbjh\db b hldehg_gby� K mqzlhf wlh]h ihemqZ_f ke_^mxsb_ ij_�

h[jZah\Zgby �ihevamykv h[hagZq_gbyfb ���
�
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KeZ]Z_fh_ N \ \ujZ`_gbb ^ey D khhl\_lkl\m_l ]jZ^b_glghc nhdmkbjh\d_� Z keZ]Z_fh_ �� U� � FeZ[hc
k_dlhjghc nhdmkbjh\d_ fZ]gblZ� <f_klh wlbo \_ebqbg \ l_hjbb kbgojhljhgh\ bkihevam_lky ihdZaZl_ev

g_R^ghjh^ghklb ihey Q  U�
N  U J � %�� Lh]^Z ljb]hghf_ljbq_kdb_ nmgdpbb \ \ujZ`_gbb ��� aZibku\Zxlky

\ \b^_ � �� �QO ���FRV U � � �� �QO ���VLQ U � Z ]bi_j[hebq_kdb_ \ \ujZ`_gbb ��� � \ \b^_

� �� � � �� ������ �� QOVKQOFK UU �

>ey \_jlbdZevgh]h ^\b`_gby kbgojhljhgguc fZ]gbl ^_ckl\m_l dZd d\Z^jmihevgZy ebgaZ� Ebg_cgh_ ij_�

h[jZah\Zgb_� dhlhjh_ ijhba\h^bl d\Z^jmihevgZy ebgaZ k wnn_dlb\ghc ^ebghc O \ nhdmkbjmxs_c iehkdh�

klb� fh`gh aZibkZlv \ fZljbqghc nhjf_�
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Ebg_cgh_ ij_h[jZah\Zgb_� ijhba\h^bfh_ d\Z^jmihevghc ebgahc k wnn_dlb\ghc ^ebghc O \ ^_nhdmkbjmx�

s_c iehkdhklb� \ fZljbqghc nhjf_ bf__l \b^
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&_dlhjguc fZ]gbl ^_ckl\m_l \ gZijZ\e_gbb hkb \ �\_jlbdZevgZy iehkdhklv� ih^h[gh k\h[h^ghfm hl ihey

ijhkljZgkl\m ^ebghc O � lh]^Z dZd ij_h[jZah\Zgb_ \ gZijZ\e_gbb hkb o �]hjbahglZevgZy iehkdhklv� aZibku�

\Z_lky ke_^mxsbf h[jZahf �
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:gZeba \ujZ`_gbc ��y�� k mqzlhf N  Q � U
�
ihdZau\Z_l� qlh kbkl_fu kh µagZdhi_j_f_gguf ]jZ^b_glhf¶

h[eZ^Zxl [he__ µ`_kldbfb¶ jZ^bZevgufb b \_jlbdZevgufb nhdmkbjmxsbfb kbeZfb� qlh ^Zzl \hafh`ghklv

m\_ebqblv qZklhlu [_lZljhgguo dhe_[Zgbc b lZdbf h[jZahf mf_gvrblv Zfieblm^u wlbo dhe_[Zgbc� < j_�

amevlZl_ jZ[hqZy Zi_jlmjZ b� ke_^h\Zl_evgh� ihi_j_qgh_ k_q_gb_ fZ]gblZ fh]ml [ulv k^_eZgu f_gvrbfb�

q_f ijb bkihevah\Zgbb ihey k ihklhygguf ]jZ^b_glhf�

<lhju_ keZ]Z_fu_ \ \ujZ`_gbyo ��� b ��� hij_^_eyxl \hagbdZxsmx \ kbkl_f_ ^bki_jkbx� mqzl dhlhjhc

g_h[oh^bf k lhqdb aj_gby ihemq_gby ZojhfZlbqgh]h imqdZ gZ \uoh^_ ]Zgljb� <b^gh� qlh ih kjZ\g_gbx k

k_dlhjguf fZ]gblhf \ kbgojhljhgghf fZ]gbl_ ebg_cgZy dhfihg_glZ \_dlhjZ ^bki_jkbb f_gvr_ \ Q jZa� Z

m]eh\Zy dhfihg_glZ f_gvr_ \ Q
���

jZa�

>ey ^Zevg_crbo jZkqzlh\ \_ebqbgZ aZ\hjZqb\Zxs_]h ihey kbgojhljhggh]h fZ]gblZ [ueZ \u[jZgZ jZ\�

ghc <�  �� d=k� qlh k mqzlhf fZ]gblghc `_kldhklb ijhlhggh]h imqdZ ijb wg_j]bb ?�?�  ��� Fw< ^Zzl jZ�

^bmk ih\hjhlZ ljZ_dlhjbb U  ����� f_ljZ� I_j\uc \ZjbZgl ko_fu ]Zgljb \dexqZ_l fZ]gblguc dZgZe� kh�

klhysbc ba ljzo ���]jZ^mkguo ih\hjhlh\ imqdZ [_a ijyfhebg_cguo ijhf_`mldh\ f_`^m gbfb� KmffZjguc

m]he ih\hjhlZ imqdZ ��� ]jZ^mkh\� =Z[Zjblu ^Zgghc ko_fu y\eyxlky fbgbfZevgufb� ijh^hevguc jZaf_j

kbkl_fu ����� f_ljZ� jZ^bZevguc jZaf_j ���� f_ljZ� ^ebgZ dZgZeZ ��� f_ljZ� H[sZy ijhly`_gghklv ljZkku

ljZgkihjlbjh\db imqdZ �k mqzlhf ^\mof_ljh\h]h ijyfhebg_cgh]h ijhf_`mldZ ihke_ dZgZeZ� khklZ\ey_l hdh�

eh ���� f_ljZ� >Zgguc \ZjbZgl jZkkfhlj_g bkdexqbl_evgh k p_evx ZgZebaZ g_dhlhjuo lbih\ `_kldhnhdmkb�

jmxs_c kljmdlmju k ihke_^mxsbf \u[hjhf gZb[he__ ih^oh^ys_]h lbiZ kljmdlmju�

Ihke_ ZgZebaZ kljmdlmj lbiZ N> b NH>H ^ey ]Zgljb ij_^eZ]Z_lky kljmdlmjZ lbiZ d\Zab�NH>H� y\eyx�

sZyky dhf[bgbjh\Zgghc kljmdlmjhc� i_jbh^ dhlhjhc khklhbl ba ^\mo kbgojhljhgguo fZ]gblh\ k Q !!� �N b

>� b ^\mo k_dlhjguo fZ]gblh\ k Q  � � H ���>ey i_j\h]h \ZjbZglZ ko_fu qbkeh i_jbh^h\ 1  �� �^ebgZ fZ]�

gblZ ���� kf� m]he ih\hjhlZ ��� ]jZ^mkZ� agZq_gb_ ihdZaZl_ey g_h^ghjh^ghklb ihey \ kbgojhljhgghf fZ]gb�

l_ \u[jZgh jZ\guf Q  ���� Wlh agZq_gb_ hij_^_ey_lky khhlghr_gb_f Q  U
�
N  U J � %� k mqzlhf lh]h� qlh

ijb jZ\gh\_kghf ihe_ <�  �� d=k jZ^bmk djb\bagu ljZ_dlhjbb jZ\_g U # � f� Z ]jZ^b_gl fZ]gblgh]h ihey

J  � d=k � kf� >ey ij_^eh`_gghc kljmdlmju d\Zab�NH>H ih f_lh^bd_ jZ[hlu >�@ hij_^_e_gu \ujZ`_gby

^ey P � gZ[_]Z nZau [_lZljhgguo dhe_[Zgbc gZ i_jbh^_ kljmdlmju b Q � qbkeZ [_lZljhgguo dhe_[Zgbc \

kljmdlmj_��Lhqgh_ \ujZ`_gb_ ^ey P� FRV P  �FRV
�T � VLQ

�T� FKM FRVM � �Q
���
� Q

����
� VLQT FRVT VKM FRVM � �Q

���
�

Q
����
� VLQT FRVT VLQM FKM � ��� �Q � Q

��
� VLQ

�T VLQM VKM� ]^_ T b M � nZah\u_ m]eu k_dlhjgh]h b kbgojhljhggh]h

fZ]gblh\ khhl\_lkl\_ggh��Ijb[eb`_ggh_ \ujZ`_gb_ ^ey P�
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K mqzlhf m]eh\h]h ih\hjhlZ \ ]Zgljb gZ �S�� qbkeh [_lZljhgguo dhe_[Zgbc Q jZ\gh
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?keb mqblu\Zlv lhevdh i_j\h_ keZ]Z_fh_ ih^dhj_ggh]h \ujZ`_gby� lh ihemqZ_f�
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qbke_ggu_ hp_gdb P b Q ih \ujZ`_gbyf ��� b ��� ijb 1  �� b Q  ��� ^Zxl� P  ����S b Q  ����� <ujZ`_gby

��� b ��� ^Zxl� P  �����S b Q  �����

GZ jbk� � ij_^klZ\e_gZ ko_fZ fZ]gblghc kbkl_fu ]Zgljb �� � ���]jZ^mkguc fZ]gbl� � b � � ^m[e_l

d\Z^jmihevguo ebga� � � ����]jZ^mkguc fZ]gbl� � � k\bi�fZ]gbl� � � ebgaZ IZgh\kdh]h�� GZ jbk� �

ij_^klZ\e_gu hldehg_gby imqdZ \^hev dZgZeZ ]Zgljb�

Jbk� ��FZ]gblgZy kbkl_fZ ]Zgljb� Jbk� �� Hldehg_gby imqdZ \ dZgZe_ ]Zgljb�

JZkkfhlj_gu ^\Z \ZjbZglu ko_fu ]Zgljb� H[Z bf_xl m]he ih\hjhlZ imqdZ ��� ]jZ^mkh\� gh hlebqZxlky

^jm] hl ^jm]Z ^ebgZfb ijyfhebg_cguo ijhf_`mldh\ �\ i_j\hf jZkklhygb_ hl \uoh^Z \lhjh]h fZ]gblZ ^h

bahp_gljZ khklZ\ey_l � f_ljZ� \h \lhjhf � � f_ljZ�� FZ]gblguc dZgZe h[hbo \ZjbZglh\ bf__l kljmdlmjm

lbiZ d\Zab�NH>H k ^ebghc h^gh]h fZ]gblgh]h we_f_glZ ����� kf� Z m]he ih\hjhlZ we_f_glZ � � ]jZ^mkh\�

H[s__ qbkeh i_jbh^h\ dZgZeZ 1  ���� �ba gbo � i_jbh^Z ijboh^blky gZ i_j\uc fZ]gbl� Z ��� i_jbh^h\ � gZ

\lhjhc fZ]gbl�� IhdZaZl_ev g_h^ghjh^ghklb ihey Q  r ����

>ey h[_ki_q_gby ijh_dlguo jZaf_jh\ imqdZ \ bahp_glj_ ]Zgljb ijhba\h^behkv kh]eZkh\Zgb_ ijyfheb�

g_cguo ijhf_`mldh\ aZ kqzl ih^[hjZ iZjZf_ljh\ ebga ^m[e_lZ b hdhg_qguo we_f_glh\ h[hbo fZ]gblh\� LZd�

^ey i_j\h]h \ZjbZglZ ]Zgljb iZjZf_lju ^m[e_lZ ij_^klZ\e_gu \ lZ[e� �� iZjZf_lju hdhg_qguo we_f_glh\

i_j\h]h fZ]gblZ � \ lZ[e� �� iZjZf_lju hdhg_qguo we_f_glh\ \lhjh]h fZ]gblZ � \ lZ[e� ��

LZ[ebpZ �� IZjZf_lju ebga ^m[e_lZ�

Ghf_j ebgau >ebgZ� kf =jZ^b_gl� d=k � kf Hilbq_kdZy kbeZ

\ o�iehkdhklb

� �� ������� )

� �� � ������ '

LZ[ebpZ �� IZjZf_lju hdhg_qguo we_f_glh\ i_j\h]h fZ]gblZ�

Ghf_j we_f_glZ

hl dhgpZ

>ebgZ we_f_glZ�

kf

IhdZaZl_ev ihey Hilbq_kdZy kbeZ

\ o�iehkdhklb

� ����� ����� '

� ����� ���� )

� ����� ��� '

� ����� ��� )
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LZ[ebpZ �� IZjZf_lju hdhg_qguo we_f_glh\ \lhjh]h fZ]gblZ�

Ghf_j we_f_glZ

hl dhgpZ

>ebgZ we_f_glZ�

kf

IhdZaZl_ev ihey Hilbq_kdZy kbeZ

\ o�iehkdhklb

� ����� � ��� )

� ����� � ����� )

� ����� ������ '

� ����� ��� '

� ����� � �� )

Ijb\_^zggu_ gZ jbk� � h]b[Zxsb_ ihemq_gu ijb wg_j]bb ijhlhggh]h imqdZ ��� Fw<� wfbllZgk_ H  

����� ff�fjZ^ b hlghkbl_evghf jZa[jhk_ ijh^hevgh]h bfimevkZ G  �����y���� �� Wlb iZjZf_lju imqdZ ]Zg�

ljb ij_^hij_^_e_gu iZjZf_ljZfb kbgojhljhgZ G�

^ey p_gljZ ijhlhgghc l_jZibb �kf� >�@�� Wlbf iZjZf_ljZf

imqdZ khhl\_lkl\mxl b iZjZf_lju ebga b hdhg_qguo we_f_glh\ fZ]gblh\ �lZ[e� �� �� ��� Qbke_ggh_ fh^_eb�

jh\Zgb_ ijh\_^_gh lZd`_ ijb wfbllZgk_ H  ��� ff�fjZ^� Ijb baf_gzgguo iZjZf_ljZo ebga b hdhg_qguo

we_f_glh\ fZ]gblh\ \b^ h]b[Zxsbo imqdZ kms_kl\_ggh g_ f_gy_lky�

Hp_gb\Zehkv lZd`_ \ebygb_ gZ oZjZdl_jbklbdb imqdZ lhqghklb aZ^Zgby iZjZf_ljh\ we_f_glh\ fZ]gblghc

kbkl_fu� JZkkfZljb\Zehkv kmffZjgh_ \ebygb_ ke_^mxsbo iZjZf_ljh\� ^himkd gZ fZ]gblgh_ ihe_ ^ey \k_o

fZ]gblguo we_f_glh\ b d\Z^jmihevguo ebga '<�<  ������ ^himkd gZ ihdZaZl_ev g_h^ghjh^ghklb ihey 'Q�Q

 � �� kf_s_gb_ fZ]gblgh]h we_f_glZ gZ ���� kf hlghkbl_evgh hkb dZgZeZ� Ijb \k_o jZkqzlZo hlghkbl_evguc

jZa[jhk bfimevkZ imqdZ G  ��� �� Ihemq_ggZy Zfieblm^Z dh]_j_glgh]h kf_s_gby imqdZ khklZ\ey_l ���� kf�

Ijh\_^zggu_ hp_gdb ^himkdh\ ihdZaZeb� qlh jZaf_ju imqdZ ih h[hbf gZijZ\e_gbyf k mqzlhf dh]_j_glgh]h

kf_s_gby imqdZ b h]b[Zxsbo imqdZ iha\heyxl hkms_kl\blv _]h m\_j_ggmx ljZgkihjlbjh\dm ih dZgZem ]Zg�

ljb �k_q_gb_ dZgZeZ � weebik k ihemhkyfb � b �� ff��

Kbkl_fZ kdZgbjh\Zgby imqdZ �kf� jbk� �� khklhbl ba k\bi�fZ]gblZ � b ebgau IZgh\kdh]h � >�@� Ijb ihe_

k\bi�fZ]gblZ <  r ���� d=k b ]jZ^b_gl_ ihey d\Z^jmihevghc ebgau J  � ����� d=k�kf h[_ki_qb\Z_lky iZ�

jZee_evguc i_j_ghk hkb imqdZ \ o�gZijZ\e_gbb gZ \_ebqbgm 'o  r �� kf� Ijbf_g_gb_ ebgau IZgh\kdh]h k

ijyfhm]hevghc Zi_jlmjhc �� o ��� ff�
iha\hey_l bkihevah\Zlv ^ey _z iblZgby klZg^Zjlguc bklhqgbd klZ[b�

ebabjh\Zggh]h lhdZ �BKL���� bkihevam_fuc lZd`_ ^ey iblZgby fZ]gblguo we_f_glh\ dZgZeZ ]Zgljb� JZkqzl

h]b[Zxsbo imqdZ �jbk� �� ijh\_^zg k mqzlhf we_f_glh\ kbkl_fu kdZgbjh\Zgby�

FZ]gblguc dZgZe ij_^eZ]Z_fhc ko_fu ]Zgljb kh^_j`bl �� fZ]gblguo we_f_glZ ijb \_k_ h^gh]h we_f_g�

lZ �� d]� Lh]^Z h[sbc \_k wlbo fZ]gblguo we_f_glh\ khklZ\ey_l ����� o ��  ��� lhggu� < khklZ\ fZ]gblgh]h

dZgZeZ \oh^yl ^\_ d\Z^jmihevgu_ ebgau� i_j\Zy � ^ebghc ���� f b \_khf ����� l b \lhjZy � ^ebghc ���� f b

\_khf ����� l� LZdbf h[jZahf� h[sbc \_k fZ]gblgh]h dZgZeZ =:GLJB fh`gh hp_gblv jZ\guf ���� lhggu�

H[sbc \_k fZ]gblghc kbkl_fu k mqzlhf kbkl_fu kdZgbjh\Zgby ����� lhggu� khklZ\ey_l ��� lhggu�

LZdbf h[jZahf� ij_^eZ]Z_fZy ko_fZ ]Zgljb iha\hey_l kms_kl\_ggh kgbablv \_k \k_c dhgkljmdpbb b h[_k�

i_qblv ijh\h^dm imqdZ k [hevrbf jZa[jhkhf bfimevkZ�
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>�@ 0�0� .DWV� 6WXG\ RI JDQWU\ RSWLFV IRU SURWRQ DQG FDUERQ LRQ EHDPV� (3$&��� �����

>�@F�B� DZiqbgkdbc� B�:� Dhj_g_\� E�:� Jh]bgkdbc�FZljbqgh�hi_jZlhjguc f_lh^ jZkqzlZ ^bgZfbdb

bgl_gkb\guo imqdh\ aZjy`_gguo qZklbp� @LN� l���� \��� ����� k�������

>�@ D�Rl_nn_g� HilbdZ imqdh\ \ukhdhc wg_j]bb�� F��Fbj� �����

>�@ =� ;jmd� Pbdebq_kdb_ mkdhjbl_eb aZjy`_gguo qZklbp� � F�� :lhfba^Zl� �����

>�@ <�K� Ohjhrdh\ b ^j�Fhkdh\kdbc ]hkiblZevguc p_glj ijhlhgghc emq_\hc l_jZibb gZ [Za_ f_^bpbgkdh]h

G�kbgojhljhgZ� Ljm^u ���]h Kh\_sZgby ih mkdhjbl_eyf aZjy`_gguo qZklbp� Ijhl\bgh� ����� l��� k�����

>�@ 0�+� %OHZHWW� *�7� 'DQE\� 'HVLJQ DQG SHUIRUPDQFH RI EHQGLQJ DQG TXDGUXSROH PDJQHWV IRU WKH $*6 H[SHULPHQWDO SURJUDP�

Ljm^u F_`^mgZjh^ghc dhgn_j_gpbb ih mkdhjbl_eyf� >m[gZ� ����� k�����


