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Yd [Zqbr��LML ihlj�[gh ihkl�cgh i_j_km\Zlbkv yd l�evdb
LB fh`_r��sh[ aZebrZlbkvgZ lhfm ` f�kp� �/HZLV�&DUUROO�
�7KURXJK�WKH�ORRNLQJ�JODVV��

<klmi
F�]jZp�� ²�\biZ^dh\� Z[h aZdhghf�jg� i_j_f�s_ggy `b\bo �klhl m ijhklhj�

\gZke�^hd \�^ih\�^gbo af�g mfh\ �o �kgm\Zggy��Ihgylly ihoh^blv \�^ eZlbgkvdh]h
�PLJUDWLR�� � hagZqZ} ©i_j_k_e_ggyª�� LZd� i_j_k_e_ggy fh`mlv hohiex\Zlb \kx
ihimeyp�x��hdj_f� \�dh\� qb klZl_\� ]jmib � ijhy\eylbky \ j�agbo f�jbeZo ²� \�^
ehdZevgbo i_j_f�s_gv ^h ^Zevg�o f�]jZp�c��\ j_amevlZl� ydbo ihimeyp�� agbdZxlv a
h^gbo _dhkbkl_f � \k_eyxlvky \ �gr��

H^g� l\Zjbgb a^�ckgxxlv lZd� i_j_k_e_ggy ebr_ jZa m `bll��� �gr� ²
shjZam ijb af�g� mfh\ �kgm\Zggy��>ey h^gbo i_j_k_e_ggy ²�]_g_lbqgh aZdj�ie_gZ
hkh[eb\�klv��ijblZfZggZ \k�f qe_gZf ihimeyp�� ��^ey �grbo ²� klbo�cg_ y\bs_ a
g_i_j_^[Zqm\Zgbfb gZke�^dZfb�

Ljb j�\gy f�]jZp�cgh� Zdlb\ghkl�
F�]jZp�� \eZklb\� ^ey [�evrhkl� ]jmi l\Zjbg � \bagZqZxlvky \bo�^ghx

a^Zlg�klx l\Zjbg ^h jmom�� ydbc aZ[_ai_qm} ihrmd ih`b\b�� mgbdg_ggy \hjh]�\�
ihrmd j_ijh^mdlb\gbo iZjlg_j�\ lZ f�kpv hk_e_ggy � j_ijh^mdp���� A\bqZcgh lZd�
i_j_f�s_ggy ghkylv pbde�qgbc oZjZdl_j��sh \bagZqZ}lvky pbde�qg�klx ijZdlbqgh
\k�o [�heh]�qgbo y\bs�� Fh`gZ jhaj�agylb ljb hkgh\g� nhjfb ijhklhjh\bo
i_j_f�s_gv �jbk�����
²�^h[h\���sh ijhy\eyxlvky gZ j�\g� hdj_fbo hkh[bg qb dhehg�c�
²�k_ahgg���sh a\bqZcgh hohiexxlv ijZdlbqgh \kx ihimeyp�x�
²�[Z]Zlhj�qg���sh klhkmxlvky \kvh]h \b^m � af�gxxlv ch]h Zj_Ze�

=heh\gbf y\bs_f �� yd_ ^hke�^`mxlv gZmdh\p��� } k_ahgg� f�]jZp�� >Ihih\
������ Djhqdh ����@�� Pvhfm ` ijbk\yq_gZ [�evr�klv im[e�dZp�c m ihlhqghfm
\bimkdm ;xe_l_gy��Ihykgx}lvky p_ ijhklh��k_ahgg� f�]jZp�� ²�gZc[�evr \bjZagZ
^bgZf�dZ�� ydZ�� gZ \�^f�gm \�^ ^h[h\h��� g_ } \biZ^dh\hx�� Z gZ \�^f�gm \�^
[Z]Zlhj�qgh� } hky`ghx � hq_\b^ghx�
NZdlhjb f�]jZp�cgh� Zdlb\ghkl�

DZ`Zgb ²� kkZ\p� a \bjZagbfb Z^ZilZp�yfb ^h ihevhlm�� AZ\^ydb p�c
mg�dZevg�c hkh[eb\hkl� \hgb afh]eb aZk_eblb gZcj�aghfZg�lg�r� j_]�hgb A_fe� �
ijbklhkm\Zlbkv ^h lbo mfh\��\ ydbo �gr� kkZ\p� �kgm\Zlb g_ fh`mlv��Hkh[eb\h p_
klhkm}lvky lbo j_]�hg�\ A_fe��� \ ydbo ^hklmig�klv `bll}^Zcgbo j_kmjk�\
af�gx}lvky a qZkhf��GZcihrbj_g�rbfb } pbde�qg� af�gb m ^hklmighkl� j_kmjk�\�
hkh[eb\h \bjZag� \ ihf�jgbo rbjhlZo�� L_jblhj�y MdjZ�gb \�^ghkblvky ^h l�}�
^�eygdb a_fgh� ih\_jog��� ^_ ^hklmig�klv j_kmjk�\ fZ} \bjZag� k_ahgg� af�gb��P�
af�gb � } hkgh\hx nhjfm\Zggy f�]jZp�cgh� Zdlb\ghkl� dZ`Zg�\�

DZ`Zgb gZrh� nZmgb ²�fZc`_ \bdexqgh dhfZoh�^g� l\Zjbgb��:dlb\g�klv
dhfZo���o `bll}\� pbdeb lZ ^hklmig�klv dhfZo yd ih`b\b aZdhghf�jgh af�gxxlvky
aZ k_ahgZfb��G_ [m^_ i_j_[�evr_ggyf kdZaZlb��sh dZ`Zgb aZebrZxlvky Zdlb\gbfb
qe_gZfb [�hlbqgbo m]jmih\Zgv ©\�^ dhfZo ^h dhfZoª��Py hq_\b^gZ aZe_`g�klv klZ}
ijh\�^gbf nZdlhjhf k_ahggh� af�gb nZmgb�� J�ag� \b^b � jh^b \bj�rmxlv px
ijh[e_fm ih�j�aghfm�� H^g� ijbibgyxlv k\hx Zdlb\g�klv � \iZ^Zxlv m klZg
]eb[hdh]h kgm�� �gr� i_j_f�smxlvky \ j_]�hgb a [�evr ^hklmigbfb dhjfZfb�� ^_
ijh^h\`mxlv Zdlb\g_ `blly�

1grhx ijbqbghx ijhklhjh\bo i_j_f�s_gv dZ`Zg�\ } ^hklmig�klv � yd�klv
k�^Ze��:^ZilZp�� ^h ihevhlm \bagZqbeb gbadm h[f_`_gv m \b[hj� f�kpv \�^ihqbgdm
dZ`Zg�\�� <_ebq_ag� a h]ey^m gZ jhaf�jb l�eZ e�lZevg� ih\_jog� \bfZ]Zxlv Z[h
ihkl�cgh]h ihih\g_ggy \heh]b \ hj]Zg�af� dZ`ZgZ��Z[h \bkhdh� \�^ghkgh� \heh]hkl�
m f�kpyo \�^ihqbgdm�� KZf_ a pbf ih\¶yaZgh l_�� sh dZ`Zgb aZdhghf�jgh qZklh
h[bjZxlv ^ey k\h�o ijblmed�\ ^mieZ lZ j�aghfZg�lg� i�^a_fg� ihjh`gbgb�� >_yd�



]jmib \aZ]Ze� klZeb ki_e_h[�hglZfb �� � �og� agZo�^db ihaZ i_q_jhih^�[gbfb
hk_ebsZfb gZ\�lv \Z`dh my\blb �gZij��� i�^dh\bdb � ^h\]hdjbeb��� �gr� afh]eb
ijbklhkm\Zlbkv ^h ^_n�pblm \heh]b �gZij��� i_j]Zq��� \moZg���� >ey j�agbo lbi�\
hk_ebs dZ`Zgb \bkm\Zxlv j�ag� \bfh]b�� FZl_jbgkvd� dhehg�� jhaf�smxlvky m
l_iebo f�kpyo ²� ^mieZo�� ]jhlZo�� ihdbgmlbo ex^kvdbo hk_eyo�� k�^ZeZ kZfp�\ �
abfh\� k�^ZeZ h[ho klZl_c ih\¶yaZg� a [�evr ijhoheh^gbfb �ihj�\gygh a e�lg�fb�
f�kpyfb�

Lj_l�f nZdlhjhf nhjfm\Zggy f�]jZp�c } ijhklhjh\h�qZkh\Z ^bn_j_gp�Zp�y
ihimeyp�c �� ih\¶yaZgZ a j_ijh^mdp�}x�� G_j�^dh�� Z m ^_ydbo ]jmi �ahdj_fZ m
g_lhibj�\�� aZdhghf�jgh e�lg� Zj_Zeb kZfbpv ihf�lgh \�^j�agyxlvky \�^ Zj_Ze�\
kZfp�\ lZ hkh[bg i�^e�ldh\h]h \�dm >6WUHONRY� ����@��P� \�^f�gghkl� fZxlv ijhkl_
ihykg_ggy�� KZfbp� \bk_eyxlvky m \�^^Ze_g� gZ i�\g�q j_]�hgb�� ^_ fZ} f�kp_
dhjhldhljb\Ze_�� ijhl_ kmll}\_ a[�evr_ggy dhjfh\h� [Zab�� g_h[o�^g_ ^ey
\b]h^h\m\Zggy fZeyl�� KZfp� lZ i�^e�ldb�� lh[lh lZ qZklbgZ ihimeyp�� �� sh g_
ijbcfZ} [_aihk_j_^gvh� mqZkl� m p�c klZ �̂� j_ijh^mdp����e�lmxlv m [�evr i�\^_gbo
jZchgZo��A hklZggvh]h \bieb\Z}��sh f�]jZp�cgbc klZlmk j�agbo \�dh\bo � klZl_\bo
]jmi h^gh]h \b^m [m^_ j�agbf�

H^g�}x a gZcykdjZ\�rbo hkh[eb\hkl_c dZ`Zg�\ } a^Zlg�klv ^h ]�ihl_jf��
>DZeZ[moh\ ������ ����@�� P_ y\bs_ aZ]Zehf \eZklb\_ ^ey lbo l\Zjbg�� ^ey ydbo
i_j_j\b m ^hklmighkl� dhjfm ijb a[_j_`_gg� \bkhdh� l_iehijh^mdp�� }
kf_jl_evgbfb ��M a\¶yadm a pbf dZ`Zgb h[bjZxlv h^gm a ^\ho kljZl_]�c������kmll}\h
agbablb j�\_gv f_lZ[he�afm � \ lZdhfm klZg� i_j_[mlb ^h \�^gh\e_ggy mfh\ ^ey
ghjfZevgh� `bll}^�yevghkl� Z[h ���� af�gblb f�kp_ m ijhklhj� gZ l_�� ^_ gZy\g�
mfh\b \�^ih\�^Zxlv \bfh]Zf dZ`Zg�\�

I_jr_ j�r_ggy fh`eb\_ gZ j�\g� hkh[bg qb km[ihimeyp�cgbo ]jmi �
j_Ze�am}lvky gZ �±��fm j�\gyo f�]jZp�cgh� Zdlb\ghkl� �^h[h\Z � k_ahggZ��� >jm]Z
kljZl_]�y ²� gZ j�\g� ihimeyp�c lZ \b^�\ ��� \�^ih\�^gh�� j_Ze�am}lvky gZ �±��fm
j�\gyo f�]jZp�cgh� Zdlb\ghkl� �k_ahggZ � [Z]Zlhj�qgZ�� �jbk�� ���� QZklbgZ \b^�\
\by\ey} a^Zlg�klv ^h ljb\Zeh� ]�ihl_jf�� � aZebrZ}lvky gZ abfm \ gZrbo rbjhlZo�
�gr� \�^e�lZxlv gZ i�\^_gv��^_ a\bqZcgh lZdh` ]�[_jgmxlv�
Af�gb f�]jZp�cgh]h klZlmkm � Zj_Ze�\

;�evr�klv hkh[eb\hkl_c f�]jZp�cgh� Zdlb\ghkl� dZ`Zg�\ gZrh� nZmgb
\bagZqZxlvky k_ahggbfb af�gZfb ^h\d�eey � ih\µyaZg� a� af�ghx e�lg�o koh\bs gZ
abfh\� c i_j_oh^hf dZ`Zg�\ a� klZgm Zdlb\gh� `bll}^�yevghkl� \ klZg abfh\h�
kieyqdb >Dmayd�g ����@��HklZggy } mg�dZevghx hkh[eb\�klx qZklbgb kkZ\p�\ gZrh�
nZmgb��yd� g_ a^Zlg� ^h ^Ze_dbo f�]jZp�c � afmr_g� i_j_`b\Zlb g_kijbyleb\bc ^ey
gbo abfh\bc i_j�h^ �^b\��jbk�����

Kmll}\� Zgljhih]_gg� af�gb ^h\d�eey ihagZqZxlvky gZ af�gZo qbk_evghkl� lZ
f�]jZp�cgh]h klZlmkm � Zj_Ze�\ hdj_fbo \b^�\ � ]jmib aZ]Zehf >AZ]hjh^gxd � LdZq
����@��H^gbf �a dexqh\bo nZdlhj�\ ^ey abfh\h]h lZ e�lgvh]h `blly dZ`Zg�\ }
yd�klv � d�evd�klv ^hklmigbo k�^Ze��<_ebq_agZ d�evd�klv �g`_g_jgbo kihjm^��rlmqg�
i�^a_f_eey�� i�^\Zeb�� ih]j_[b�� dhfmg�dZp���� [Zrlb�� [m^�\e� lZ j�aghfZg�lg�
[�hl_og�qg� aZoh^b �\b]hlh\e_ggy ^mieyghd lhsh��kl\hjxxlv mfh\b ^ey i_j_oh^m
qZklbgb ihimeyp�c ^h hk�eh]h ih[mlm � ^h jharbj_ggy Zj_Ze�\��GZ\_^_g� \ h]ey^�
>Zrdh\h� >����@ ^Zg� k\�^qZlv ijh kmll}\_ a[�evr_ggy agZo�^hd dZ`Zg�\ \
j�aghfZg�lgbo rlmqgbo dhgkljmdp�yo��d�evd�klv ydbo ajhklZ} a jhdZfb��^mieygdZo�
[m^�\eyo��i�^\ZeZo lhsh�

Nhjfm\Zggy hk�ebo km[ihimeyp�c \ Zgljhih]_gghfm eZg^rZnl� klZ}
a\bqZcgbf�� LZd� nZdlb \ MdjZ�g� \�^f�q_g� ^ey lZdbo f�]jZgl�\�� yd \_q�jgbpy
1\FWDOXV�QRFWXOD ><eZs_gdh ����@ lZ ebebd 9HVSHUWLOLR�PXULQXV >Lbs_gdh��m ^jmp�@�
abf�\ey ydbo \�^f�q_gZ��\�^ih\�^gh��\ OZjdh\� c Db}\���Lbih\bf f_rdZgp_f f�kl
ijhly]hf \k�o k_ahg�\ \`_ ^Z\gh klZ\ i_j]Zq (SWHVLFXV� VHURWLQXV >Ebohlhi lZ �g�
����@�� ydh]h jZg�r_ :[_e}gp_\ � Ihih\ >����@ gZab\Zeb lZdh` ©]�jkvdbf
ebebdhfª�� AZjZa p_c \b^ ihrbj_gbc ih \k�c MdjZ�g��� � <eZkh\ >����@ \�^f�qZ}
ih^Zevr_ jharbj_ggy Zj_Zem gZ i�\g�q��Mg�dZevgbc l_fi jhak_e_ggy ^_fhgkljm}
g_lhibj 3LSLVWUHOOXV�NXKOLL��dhebkv \�^hfbc ebr_ a Djbfm��p_c \b^ jharbjb\ Zj_Ze
\`_ gZ iheh\bgm l_jblhj�� MdjZ�gb >AZ]hjh^gxd � Lbs_gdh ������ AZ]hjh^gxd �
G_]h^Z ����@�

Jbk�� ���Ki�\\�̂ ghr_ggy hkgh\gbo lbi�\ f�]jZp�cgh� Zdlb\ghkl� dZ`Zg�\�� j�\_gv hohie_ggy
g_x ihimeyp�c lZ �� _\hexp�cg� _n_dlb�� >5HODWLRQVKLSV� EHWZHHQ� WKUHH� PDLQ� W\SHV� RI� PRYLQJ
DFWLYLW\�RI�EDWV��OHYHOV�RI�ELRV\VWHP LQWHJUDWLRQ��DQG�WKHLU�HYROXWLRQDU\ HIIHFWV@�



<bagZq_ggy
Hkgh\hx jhamf�ggy l_fb } ihgyl�cgbc ZiZjZl��^hl_i_j g_ mklZe_gbc��ohqZ �

rbjhdh \`b\Zgbc >Dmayd�g ������:[_e}gp_\ � Ihih\��������Dmjkdh\ ������;�]hg lZ
�g�� ������ +XWVRQ� ����@�� <k� gZ\_^_g� lml \bagZq_ggy hjb]�gZevg��� ma]h^`_g� a
gZy\gbfb ^h\�^gbdZfb >FZjd_\bq � LZlZjdh ������ DjZib\guc b ^j�� �����
IZ\ebgh\ ������LZeihr ����@��ijhl_ [�evr�klv ihgylv \ pbo keh\gbdZo \�^kmlg��
Z[h ` �o lemfZqZlv yd hkh[eb\�klv �grbo ]jmi�� ilZo�\ �f�]jZp�y��� iZjZabl�\
��g\Za�y���ex^_c �ghfZ^baf���]jbamg�\ �]�[_jgZp�y��

P_gljZevgbf \ pvhfm eZgpx]m } ihgylly ©f�]jZp�cª��yd� ih^�eyxlv gZ ljb
hkgh\g� lbib��pbde�qg� k_ahgg� �\_jlbdZevg� \ ]hjZo � rbjhlg� gZ j�\gbg����dhqh\�
�ghfZ^baf��� g_pbde�qg� jhak_e_ggy �jharbj_ggy Zj_Ze�\�� >0F&XOORXJK� ����@�
Jhaj�agyxlv lZdh` �gr� ijhy\b f�]jZp�cgh� Zdlb\ghkl� dZ`Zg�\�� ih\µyaZgh� �a
j_ijh^mdp�}x�� hglh]_g_ahf�� kieyqdhx�� `bjm\Zggyf lhsh >DeZm^keb�Lhfikhg
������IZ\ebgh\ ����@�
:j_Ze ²� �\�̂ eZl DUHD  �iehsZ��^�eygdZ��²� ]_h]jZn�qgZ h[eZklv�� \ f_`Zo ydh� ihrbj_gZ
ihimeyp�cgZ kbkl_fZ�� Jhaj�agyxlv�� ahdj_fZ�� Zj_Ze \b^m�� jh^m�� jh^bgb�� abfh\bc � e�lg�c
Zj_Zeb��Zj_Ze j_ijh^mdlb\gbc lhsh��:j_Zeb fh`mlv [mlb kmp�evgbfb � jha�j\Zgbfb lhsh�
2o f_`� \bagZqZxlvky ihrbj_ggyf ijhklhjh\h]h � ljhn�qgh]h j_kmjkm � f�]jZp�cghx
a^Zlg�klx l\Zjbg��>b\��lZdh �̀�]�[_jgZp�y��f�]jZp�y��i_j_evhlb�
;�hgZ\�]Zp�y²��\�̂ [�h«� � eZl��QDYLJDWLR  �ieZ\Zggy��²�a^Zlg�klv ^h \b[hjm gZijyfm jmom
i�̂ qZk k_ahggbo f�]jZp�c lZ ihrmdm koh\bsZ �ohf�g]��� AZ[_ai_qm}lvky hj�}glZp�}x aZ
^hihfh]hx hj]Zg�\ qmlly lZ �gklbgdlZfb�� AZkh[b [�hgZ\�]Zp�� ² gZ\�]Zp�y aZ gZa_fgbfb
hj�}glbjZfb�� aZ fZ]g�lgbf ihe_f�� klmi_g_f iheyjbaZp�� k\�leZ�� \bdhjbklZggyf _ohehdZp���
>b\��lZdh �̀�f�]jZp�y��i_j_evhlb��dhq�\e��
=�[_jgZp�y²��\�̂ eZl��KLEHUQDWLR  �abf�\ey��²�abfh\Z kieyqdZ��y\bs_ ]eb[hdh]h kgm��ydbc
kmijh\h^`m}lvky kmll}\bf agb`_ggyf f_lZ[he�afm � l_fi_jZlmjb l�eZ ^h l_fi_jZlmjb
koh\bs��=�[_jgZp�y } Z^ZilZp�}x ^h i_j_`b\Zggyg_kijbyleb\bo mfh\��� �� aZ]Zevghx jbkhx
} _dhghf�y _g_j]_lbqgboj_kmjk�\��I_j_o�̂ ^h ]�[_jgZp�� qZklh kmijh\h^`m}lvky f�]jZp�yfb�
>b\��lZdh �̀�]�ihl_jf�y��f�]jZp�y��kieyqdZ�
=�ihl_jf�y²��\�̂ eZl��K\SRWKHUPLD  �hoheh^`_ggy��²�y\bs_ agb`_ggy l_fi_jZlmjb l�eZ �
aZ]Zevgh]h j�\gy f_lZ[he�afm a f_lhx _dhghf�� j_kmjk�\��Pbf ihgyllyf ihagZqZxlv klZg
dZ`Zg�\ \ qZk abfh\h� kieyqdb�� ijb ydhfm l_fi_jZlmjZ �o l�eZ agb`m}lvky ^h j�\gy
l_fi_jZlmjb ih\�ljy m koh\bsZo��M klZg dhjhldhqZkgh� ]�ihl_jf�� dZ`Zgb \oh^ylv sh^gy \
qZkb \�̂ ihqbgdm��>b\��lZdh`��]�[_jgZp�y��kieyqdZ�
?dkiZgk�y²��\�̂ eZl��H[SDQVLR  �jhak_e_ggy��²�aZk_e_ggy ihimeyp�}x gh\bo ]_h]jZn�qgbo
j_]�hg�\��sh \_^_ ^h nhjfm\Zggy gh\bo km[ihimeyp�c �a ihimeyp�cgh� lhqdb ahjm�� � gh\bo
hk_j_^d�\ ]_h]jZn�qgh]h Zj_Zem \b^m �ahdj_fZ��� gh\bo i�̂ \b^�\���AZ]Zehf y\bs_ } hagZdhx
ijh]j_km \b^m \ hk\h}gg� gh\bo l_jblhj�c�� ijhl_ \hgh fh`_ [mlb gZke�̂ dhf djbab \
hkgh\ghfm Zj_Ze���>b\��lZdh �̀�f�]jZp�y��dhq�\e���]�[_jgZp�y�

1g\Za�y ²� �\�̂ eZl�� LQYDVLR  � \lhj]g_ggy�� ²� agZqg_ g_pbde�qg_ i_j_k_e_ggy qZklbgb
ihimeyp�� \ gh\m ]_h]jZn�qgm h[eZklv��ydZ g_ \oh^beZ \ Zj_Ze \b^m��\gZke�̂ hd ih]�jr_ggy
mfh\ �kgm\Zggy\ �klhjbqghfm Zj_Ze� Z[h \gZke�̂ hd a[�evr_ggy qbk_evghkl� \b^m��1g\Za�y ²
dhjhldhqZkgbc ijhp_k�� ydbc aZ fZkrlZ[Zfb � ljb\Ze�klx qZklh ih^�[gbc ^h k_ahggbo
f�]jZp�c��>b\��lZdh �̀�_dkiZgk�y��f�]jZp�y��i_j_k_e_ggy�
Dhq�\e� ²� a\bqZcgh g_agZqg� k_ahgg� i_j_f�s_ggy ihimeyp�� qb i_\gh� �� qZklbgb aZ
]jZ^�}glhf ^hklmighkl�dhjfm � k�̂ Ze lZ m a\µyadm a ihrmdhf gh\bo hk_ebs \ f_`Zo e�lgvh]h
Zj_Zem�� Ijb dhq�\eyo abfh\bc � e�lg�c Zj_Zeb i_j_djb\Zxlvky�� Z g_j�̂ dh � a[�]Zxlvky�
Dhq�\e� hohiexxlv ehdZevg� ihimeyp�� � a[�]Zxlvky a ihgyllyf ehdZevgbo f�]jZp�c�� >b\�
lZdh �̀�_dkiZgk�y��f�]jZp�y��ghfZ^baf��jhak_e_ggy�
F�]jZp�y ²� �\�̂ eZl�� PLJUDWLR  � i_j_k_e_ggy�� ²� agZqbf� ^ey ihimeyp�� ijhklhjh\�
i_j_f�s_ggy l\Zjbg ^h f�kpv ��[_jgZp�� qb ijh^h\`_ggy Zdlb\ghkl���Jhaj�agyxlv ^h[h\� c
k_ahgg� f�]jZp���� Z lZdh` i_j_k_e_ggy�� sh \_^mlv ^h af�gb Zj_Ze�\�� >ey dZ`Zg�\ gZrbo
rbjhl oZjZdl_jg� k_ahgg� f�]jZp���� yd \_jlbdZevg� �\ ]hjZo��� lZd � rbjhlg��� ih\µyaZg� a�
af�ghx koh\bs��>b\��lZdh �̀�_dkiZgk�y��dhq�\e���i_j_evhlb�
F�q_ggy ²� l_og�dZ aZdj�ie_ggy �g^b\�̂ mZevgbo f�lhd gZ l�e� dZ`Zg�\�� sh ^ha\hey}
ke�̂ dm\Zlb aZ �o ijhklhjh\bfb i_j_f�s_ggyfb � ZgZe�am\Zlb ^h[h\��� k_ahgg� qb [Z]Zlhj�qg�
i_j_f�s_ggy��^bgZf�dm klZl_\h� � \�dh\h� kljmdlmjbihimeyp����l_fib � ^Zevg�klv i_j_f�s_gv
m ihrmdZo dhjfm � koh\bs�� >ey f�q_ggy \bdhjbklh\mxlv h[jmqdb�� hrbcgbdb�� nZj[m�
jZ^�hi_j_^Z\Zq���>b\��lZdh �̀�f�]jZp�y��i_j_k_e_ggy�
GhfZ^baf²��\�̂ ]j��QRPDGHV  �dhq�\gbdb��²�l_ kZf_��sh dhq�\e��
I_j_eh\b²�\�̂ eh\b f�q_gbo �fZjdh\Zgbo��dZ`Zg�\ \ f�kpyo �o f�q_ggy�
I_j_evhlb²�k_ahgg� i_j_k_e_ggy��sh hohiexxlv agZqgm qZklbgm ihimeyp�c��A\bqZcgh �o
jha]ey^Zxlv yd ijhy\ ^Zevg�o k_ahggbo f�]jZp�c�� ih\µyaZgbo a� af�ghx e�lg�o f�kpv
hk_e_ggy gZ abfh\��� I_j_evhlb [Zamxlvky gZ [_amfh\gbo j_ne_dkZo � ijhoh^ylv aZ
klZg^Zjlgbfbf�]jZp�cgbfb reyoZfb��>b\��lZdh �̀�Zj_Ze��dhq�\e���f�]jZp�y�
I_j_k_e_ggy ²� ihgylly�� sh aZ]Zehf _d\�\Ze_glg_ ihgyllx ©f�]jZp�yª� �PLJUDWLR  
i_j_k_e_ggy���AZ]Zehf ihgylly } ihimeyp�cgbf��� ch]h a\bqZcgh g_ \`b\Zxlv ^ey hibkm ^he�
qb ih\_^�gdb hdj_fbo hkh[bg qb dhehg�c�� Jhaj�agyxlv ^\Z hkgh\g� lbib i_j_k_e_gv�
pbde�qg� k_ahgg� �dhq�\e���i_j_evhlb lhsh�� lZ g_pbde�qg� [Z]Zlhj�qg� i_j_k_e_ggy ��g\Za���
_dkiZgk�� lhsh���>b\��lZdh �̀�_dkiZgk�y��dhq�\e���f�]jZp�y�
Jhak_e_ggy²�l_ kZf_��sh ©_dkiZgk�yª��hk\h}ggy gh\bo ]_h]jZn�qgbo jZchg�\ ihimeyp�}x�
G_j�̂ dh p_ ihgylly hlhlh`gxxlv a jhak_e_ggyf fheh^� a \b\h^dh\bo dhehg�c��M lZdhfm
jhamf�gg� jhak_e_ggy � ©^bki_jk�yª�� \by\ey}lvky g_ f�]jZp�cgbf ihgyllyf�� Z ihgyllyf�
ih\µyaZgbf �a hk\h}ggyf l_jblhj���� agb`_ggyf dhgdmj_gp���� ihrmdhf gh\bo koh\bs�
af�rm\Zggyf �iZgf�dk�}x���>b\��lZdh �̀�Zj_Ze��_dkiZgk�y��dhq�\e��
KieyqdZ ²� k_ahgg_ y\bs_�� n�a�heh]�qgbc klZg�� m ydhfm l\Zjbgb i_j_`b\Zxlv i_j�h^b
g_klZq� dhjf�\��\heh]b lhsh��>ey kieyqdb oZjZdl_jg_ j�ad_ agb`_ggy h[f�ggbo ijhp_k�\ a
f_lhx mih\�evg_ggy \bljZl j_a_j\�\ hj]Zg�afm�� Jhaj�agyxlv e�lgx �m ihkmom�� � abfh\m
kieyqdm �ijb fhjhaZo��� _klb\Zp�x � ��[_jgZp�x��>ey dZ`Zg�\ ihgylly \`b\Zxlv ijb hibk�
abf�\e���>b\��lZdh �̀�]�[_jgZp�y��]�ihl_jf�y��f�]jZp�y�



F_lh^b ^hke�^`_ggy f�]jZp�c
F�]jZp�y ²� y\bs_�� sh ijhy\ey}lvky gZ j�agbo j�\gyo ��g^b\�^mZevghfm�

ihimeyp�cghfm��_dhkbkl_fghfm� � j_Ze�am}lvky yd kdeZ^gZ Z^ZilZp�y ^h af�gb mfh\
�kgm\Zggy�� aZdj�ie_gZ gZ ]_g_lbqghfm�� n�a�heh]�qghfm�� ih\_^�gdh\hfm lZ �grbo
j�\gyo�� Y\bs_ f�]jZp�c l�kgh ih\µyaZg_ �a ljhn�dhx�� ijhklhjh\hx g�r_x�
ihevhlgbfb ydhklyfb�� j_ne_dkZfb�� gZ\�]Zp�cgbfb a^�[ghklyfb�� \k�f ih[mlhf
dZ`Zg�\�

Hq_\b^gh��sh ki_p�Zevgbo �©f�]jZp�cgboª��f_lh^�\ ^hke�^`_gv �kgm\Zlb g_
fh`_��ijhl_ ki�evgbf ^ey \k�o ijhy\�\ f�]jZp�cgh� ^bgZf�db } ^bgZf�dZ gZk_e_ggy
dZ`Zg�\ m ijhklhj��� <�^ih\�^gh�� \k� i�^oh^b ^h ZgZe�am ijhklhjh\h� ^bgZf�db �
aZ]Zehf ijhklhjh\h�qZkh\h� hj]Zg�aZp�� ihimeyp�c lZ �og�o m]jmih\Zgv [m^mlv
[Zam\Zlbkv gZ ZgZe�ah\� i_j_f�s_gv dZ`Zg�\�� yd gZ �g^b\�^mZevghfm j�\g��� ydbc
ihl�f _dkljZihexxlv gZ ihimeyp�cgbc �� lZd � gZ ihimeyp�cghfm Z[h gZ j�\g�
nZmg�klbqgbo m]jmih\Zgv�

=heh\gbfb i�^oh^Zfb ^h ZgZe�am ijhklhjh\h� ^bgZf�db dZ`Zg�\ }������ijyf�
kihkl_j_`_ggy f�]jZp�c lZ ^bgZf�db kdmiq_gv m koh\bsZo�� ����f�q_ggy l\Zjbg a
ih^Zevrbf kl_`_ggyf aZ gbfb lZ �grbfb nhjfZfb ih\_jg_ggy �gnhjfZp���� ���
ihj�\gyggy k_ahggbo Zki_dl�\ ehdZevgbo nZmg lZ �o ZgZe�a a lhqdb ahjm ^bgZf�db
m]jmih\Zgv�� ���� ^bn_j_gp�Zevgbc ZgZe�a Zj_Ze�\ a \jZom\Zggyf �o k_ahggbo lZ
�klhjbqgbo af�g��GZc[�evrh]h jha\bldm m ^hke�^`_ggyo f�]jZp�c dZ`Zg�\ gZ[meb
f_lh^b �g^b\�^mZevgh]h f�q_ggy >Ihdjh\kdbc � RZ^beh\ ����@��ijhl_ gZ ijZdlbp�
dh`gbc ^hke�^gbd ZgZe�am} \_kv dhfie_dk ^Zgbo�� a^h[mlbo yd reyohf ijyfbo
kihkl_j_`_gv �� lZd � reyohf f�q_ggy�� ZgZe�am k_ahggbo � [Z]Zlhj�qgbo Zki_dl�\
nZmgb lhsh��Ebr_ h^bg a pbo ��o i�^oh^�\ kZf ih kh[� g_ } _n_dlb\gbf�

Ijyf� kihkl_j_ _̀ggy
>h pvh]h lbim ^hke�^`_gv \�^ghkylvky \k� ijyf� kihkl_j_`_ggy dZ`Zg�\ lZ

ijhy\�\ �o f�]jZp�cgh� Zdlb\ghkl���GZclbih\bf ijbdeZ^hf ijyfbo kihkl_j_`_gv }
kihkl_j_`_ggy ijhevhlm dZ`Zg�\�� dheb \hgb m \_ebd�c d�evdhkl� aµy\eyxlvky �
f�kpyo�� ^_ [�evrm qZklbgm jhdm \hgb \�^kmlg��� GZcqZkl�r_ lZd� j_}kljZp��
klhkmxlvky hk�gg�o f�]jZp�c \ k_j_^bg� ijhe�lgbo reyo�\ Z[h ` ihy\b gZ f�kpyo
]�[_jgZp���� LZd� ihy\b�� yd� ^h k\h�f oZjZdl_jhf gZ]Z^mxlv �g\Za���� hibkZg� ^ey
hklj�\gbo e�k�\ \ kl_ih\�c ahg� MdjZ�gb�� ahdj_fZ�� ^ey :kdZg���Gh\Z >Nhjfhah\
������Ihe�smd ����@�� Qhjghfhjkvdh]h >Am[dh ������ :[_e}gp_\ ������ K_exgbgZ
����@�lZ >mgZckvdh]h aZih\�^gbd�\ >N_^hjq_gdh � LdZq ����@��<�^hf� lZdh` ihy\b
f�]jZp�cgbo ]jmi m [m^�\eyo f�klZ Ev\h\Z >IhemrbgZ ����@�lZ OZjdh\Z ><eZs_gdh
����@�

1grbf ^`_j_ehf �gnhjfZp�� ijh k_ahgg� f�]jZp�� } kihkl_j_`_ggy aZ
nhjfm\Zggyf � agbdg_ggyf \b\h^dh\bo lZ abf�\_evgbo dhehg�c >Djhqdh �����

IhemrbgZ � ;hjh\_p ������ Ihdbgvq_j_^Z ����� lZ �g�@�� G_\_ebdZ�� ijhl_ \Z]hfZ
�gnhjfZp�y gZ^oh^blv \�^ dhe_]�� sh ijZpxxlv gZ hjg�lheh]�qgbo klZp�hgZjZo
>>bdbc ������Fbjhihevkvdbc ����@��ohqZ a\bqZcgh m ijZpyo � a\�lZo hjg�lheh]�\
a]Z^db ijh dZ`Zg�\ \�^kmlg� >Ihem^Z lZ �g������@�

K_ahgg� Zki_dlb nZmgb
< hkgh\� i�^oh^m ²� ihj�\gyggy j_dhgkljmch\Zgbo aZ \k�}x kmfhx ^Zgbo

kibkd�\ nZmgb�� kdeZ^_gbo ^ey j�agbo k_ahg�\�� LZdbc lbi ZgZe�am } h^gbf a
gZc[�evr ihrbj_gbo �ahdj_fZ�� m a[�jp� ©/\jhi_ckvdZ g�q dZ`Zg�\ \ MdjZ�g�ª
>����@�lZ \ pvhfm a\_^_gg� >@beZ lZ �g��������Dbk_exd ����@���A\bqZcgh j_amevlZlb
lZdh]h ZgZe�am ihi_j_^g� �� hkd�evdb [Zamxlvky g_ gZ ki_p�Zevgbo ihrmdZo�� Z gZ
gZdhibq_g�c kmf� agZgv��P_c f_lh^ _n_dlb\gbc ^ey ihi_j_^gvh� hp�gdb nZmgb �
^hklmigbc ^ey \k�o ahheh]�\�� ahdj_fZ � lbo�� yd� g_ fZxlv ^hk\�^m jh[hlb a p�}x
]jmihx kkZ\p�\��Hibkb k_ahggbo Zki_dl�\ ehdZevgbo nZmg } \Z`eb\bf ^`_j_ehf
�gnhjfZp����g_h[o�^gh� ^ey ih^Zevrh� j_dhgkljmdp�� aZ]Zevgh� dZjlbgb ^bgZf�db
nZmgb gZ \_ebdbo l_jblhj�yo�

L_og�dZ ijh\_^_ggy lZdbo ^hke�^`_gv j�agZ��p_ � gZdhibq_ggy kmfb agZgv
ijh kdeZ^ nZmgb�� � n_gheh]�qg� kihkl_j_`_ggy�� h]ey^ koh\bs�� Zgd_lm\Zggy�
^hke�^`_ggy a \bdhjbklZggyf ^_l_dlhj�\�� Ijb gZdhibq_gg� ©djblbqgh� fZkbª
nZdl�\ fh`gZ \i_\g_gh ]h\hjblb ijh qZk ihy\b � agbdg_ggy gZ abfm hdj_fbo \b^�\�
ljb\Ze�klv i_j_[m\Zggy dh`gh]h a gbo m kdeZ^� m]jmih\Zgv ijhly]hf jhdm�
ZgZe�am\Zlb �klhjbqg� af�gb nZmgb�� sh \Z`eb\h ^ey ^hke�^`_ggy [Z]Zlhj�qgh�
^bgZf�db Zj_Ze�\�� A\bqZcgh lZd� h]ey^b kdeZ^Zxlv ^ey ^h[j_ ^hke�^`_gbo
l_jblhj�c��ydbfb } aZih\�^gbdb � [�hklZgp���

DZjlm\Zggy Zj_Ze�\
Hkd�evdb f�]jZp�cgZ Zdlb\g�klv } ijhklhjh\hx ^bgZf�dhx�� _n_dlb\gbf

i�^oh^hf ^h �� ^hke�^`_ggy } dZjlm\Zggy Zj_Ze�\�� Ydsh ihi_j_^g�c i�^o�^ [Z�
am}lvky gZ ZgZe�a� lhqdh\bo ^hke�^`_gv��lh dZjlm\Zggy i_j_^[ZqZ} ZgZe�a jhaih^�em
l\Zjbg m \_ebdhfm ijhklhj���>`_j_eZfb �gnhjfZp�� \bklmiZxlv ^\� ]jmib nZdl�\�
����ihklmih\h gZdhibq_g� agZggy � ����Zdlb\gh a�[jZg� ^Zg��

I_jrZ ]jmiZ nZdl�\ ²�fZkb\ him[e�dh\Zgbo ^Zgbo ijh ehdZevg� nZmgb lZ
dhe_dp�cg� ajZadb��M a\µyadm a gZy\g�klx \_ebdh� qZkldb fhjnheh]�qgh [ebavdbo
\b^�\ jhev fma_cgbo ajZad�\ ^ey ZgZe�am ijhklhjh\h]h jhaih^�em nZmgb
\by\ey}lvky ^m`_ \Z]hfhx >=DJRURGQLXN� ����������@��Z \ ^_ydbo \biZ^dZo lZd� ^Zg�
klZxlv }^bgbf ^`_j_ehf nZdl�\ ^ey ZgZe�am ]jmi�� yd m \biZ^dm a g_lhibjZfb
>AZ]hjh^gxd � G_]h^Z ����@ � \moZgyfb >=DJRURGQLXN�����@ �

GZ^a\bqZcgh _n_dlb\ghx aZ j_amevlZlZfb } ih[m^h\Z dZjl gZk_e_ggy ^ey
j�agbo k_ahg�\ � j�agbo \�dh\bo qb klZl_\bo ]jmi�� Ahdj_fZ��gZc^Zevr� i_j_evhlb



a^�ckgxxlv gZc[�evr i�\g�qg� ihimeyp�� g�qgbpv >5RHU�����@��g_lhibj�\ >6WUHONRY
����@�� i�^dh\bd�\ >+DUPDWD� ����@�� DZjlm\Zggy Zj_Ze�\ � f�]jZp�cgbo reyo�\ m
i_\gbo \biZ^dZo ^Z} j�ag� dZjlbgb ^ey j�agbo klZl_c � \�dh\bo ]jmi��M g_lhibj�\�
ahdj_fZ�� e�lg� Zj_Zeb kZfp�\ � kZfbpv fZc`_ g_ i_j_djb\Zxlvky >6WUHONRY� �����
Klj_edh\ ����@��sh k\�^qblv ijh agZqgh [�evrm f�]jZp�cgm ©a^Zlg�klvª� kZfbpv
ihj�\gygh a kZfpyfb �

F�q_ggy
Hkgh\gbf f_lh^hf ^hke�^`_ggy f�]jZp�c } f�q_ggy l\Zjbg >Ihdjh\kdbc

����� 5RHU�������LZeihr ������=h^e_\kvdZ ����@��GZcihrbj_g�rbf lbihf f�lhd }
f_lZe_\� h[jmqdb a �g^b\�^mZevgbfb ghf_jZfb�� yd� rbjhdh aZklhkh\mxlv � \
MdjZ�g� >:[_e}gp_\ lZ �g������±������Djhqdh ������Q_j_fbkh\ ������Ihdbgvq_j_^Z
� >h\]Zgbq ������<heho � DZjfbr_\ ����@�� � aZ dhj^hghf >.RZDOVNL� HW� DO�� �����
Dmjkdh\ ������%HURQ������� 3DODãWK\������� +DUPDWD������������� 0DVLQJ�HW�DO������@ �
L_og�dm � i_j_\Z]b pvh]h f_lh^m hibkZgh m ki_p�Zevgbo ijZpyo >IZgxl�g �����
%DUFOD\�������0DVLQJ�HW�DO������ @�

G_a\Z`Zxqb gZ ljm^hf�kld�klv � dhrlh\g�klv pvh]h f_lh^m�� ^hke�^gbd�\
ijb\Z[exxlv h[µ}dlb\g�klv j_amevlZl�\��fh`eb\�klv Zj]mf_glZp�� ^h\]hkljhdh\bo
^hke�^`_gv � ki�\ijZp� a �gha_fgbfb dhe_]Zfb��F_lh^ _n_dlb\gbc ijb ZgZe�a�
ehdZevgbo i_j_f�s_gv >Klj_edh\ ������ ����@�� ijb ydhfm dZ`Zg�\ fh`gZ f�lblb
[m^v�ydbfb f�ldZfb�� >ey \b\q_ggy ^Zevg�o f�]jZp�c �i_j_evhl�\�� a\bqZcgh
\bdhjbklh\mxlv h[jmqdb a ghf_jZfb >Dhgh\Ze � =h^e_\kvdZ ����@�� :gZe�a
e�l_jZlmjb k\�^qblv��sh h[ky]b ih\_jg_ggy �gnhjfZp�� ^m`_ g_agZqg���a\bqZcgh ^h
� ��^ey \k�o f�q_gv lZ gZ ihjy^hd f_gr_ ²�^ey ©^Zevg�o ih\_jg_gvª� �lh[lh [_a
i_j_eh\�\ gZ f�kpyo f�q_ggy��
DZl_]hj�� f�]jZp�cgh]h klZlmkm dZ`Zg�\

>ey hibkm ehdZevgbo nZmg � oZjZdl_jbklbdb kbkl_fZlbqgbo ]jmi \Z`eb\bf
klZ} aZklhkm\Zggy nhjfZe�ah\Zgh]h �}jZjo�qgh]h i_j_e�dm dZl_]hj�c f�]jZp�cgh]h
klZlmkm dZ`Zg�\�� AZijhihgh\Zg� jZg�r_ hibkb f�]jZp�cgh]h klZlmkm dZ`Zg�\
MdjZ�gb >AZ]hjh^gxd lZ �g�� ������ ����@ [meb ihi_j_^g�fb � ^ey lh]h j�\gy
maZ]Zevg_gv g_ i_j_^[ZqZeb q�ldh]h hdj_ke_ggy dZl_]hj�c ©hk�ebcª�� ©dhqh\bcª
lhsh�� Jh_j�� =Zcke_j � =ZgZd >5RHU�� ������ *DLVOHU� 	� +DQDN� ����@� ijhihgmxlv �
dZl_]hj���� hk�ebc �VWDWLRQDU\��� h[e�]Zlgh�dhqh\bc �YDJUDQW�� lZ nZdmevlZlb\gh
f�]jmxqbc �PLJUDQW� ��Lml ijhihgm}lvky ijhy\b k_ahggbo f�]jZp�c h[µ}^gZlb m ^\�
]jmib��©hk�e�ª��6� lZ ©f�]jZglbª��0���� dh`gm a pbo ]jmi ih^�eblb gZ ^\� i�^]jmib
\�^ih\�^gh ^h ^Zevghkl� f�]jZp�c �jbk�����

Jbk�� ��� DZl_]hj�� f�]jZp�cgh]h klZlmkm dZ`Zg�\ nZmgb MdjZ�gb�� =jmim 6��0� fh`gZ
jha]ey^Zlb yd hdj_fm��dhqh\m �9���>&DWHJRULHV�RI� WKH�PLJUDWLRQ�VWDWXV�IRU� WKH�EDWV�GLVWULEXWHG� LQ
8NUDLQH��*URXS�6��0��FDQ�EH�FRQVLGHUHG�DV�D�VHSDUDWH�YDJUDQW�JURXS@�

>h i_jrh� ]jmib ©6ª \�^ghkylvky \b^b��sh \_^mlv hk�ebc kihk�[ `blly Z[h
a^�ckgxxlv g_^Ze_d� dhq�\e� ijb af�g� e�lg�o koh\bs gZ abfh\��� K_j_^ gbo ²
dZ`Zgb�ki_e_h[�hglb lZ kbgZgljhib �i�^dh\bdb��\moZg���rbjhdh\mob��i_j]Zq����>h
^jm]h� ]jmib ©0ª�\�^ghkylvky lbih\� f�]jZglb��sh \hk_gb a^�ckgxxlv f�]jZp�� aZ
f_`� k\h]h e�lgvh]h Zj_Zem��P_ i_j_\Z`gh ^_g^jhn�evg� \b^b �ebebdb��\_q�jgbp��
g_lhibj����M ^_lZevg�rbo deZkbn�dZp�yo fh`gZ \bhdj_fblb ]jmib 6��0� m hdj_fm
©dhqh\mª �©9ª��
Ih^ydZ

Sbjh ^ydmx LhfZr_\� IhklZ\� aZ ihkl�cgm �gnhjfZp�cgm i�^ljbfdm fh�o
^hke�^`_gv lZ \Z`eb\� ^ey jhamf�ggy l_fb jha¶ykg_ggy hkh[eb\hkl_c [�heh]��
dZ`Zg�\�� >ydmx lZdh` Zdlb\m Db�\kvdh]h hk_j_^dm MPHD ²� YjhkeZ\h\�
I_ljmr_gdm�� E_g� =h^e_\kvd�c�� <heh^bfbjh\� Lbs_gdm�� HdkZg� Dhgh\Ze lZ
<Z^bfh\� G_]h^� ²�aZ h[]h\hj_ggy \bkeh\e_gbo m klZll� ^mfhd�
E�l_jZlmjZ
:[_e_gp_\ <��B� H[ hk_gg_f ijhe_l_ jmdhdjueuogZ x]_ MdjZbgu ��� Jmdhdjueu_ �&KLURSWHUD��� ²

Fhkd\Z��GZmdZ��������²�K�������²��FZl_jbZeu<k_khxagh]hkh\_sZgby��
:[_e_gp_\ <��B���Dhexr_\ B��B���Djhqdh X��B���LZlZjbgh\ D��:��Blh]b dhevp_\Zgbyjmdhdjueuo\

MdjZbgkdhcKKJ aZ ����±�����]]��Khh[s_gb_��>0\RWLV��/HXFRQRH@� ���<_klgbd ahheh]bb��²� �����
²�1 ���²�K�� ��±����²�Khh[s_gb_ ��>5KLQRORSKXV��0LQLRSWHUXV��3OHFRWXV��%DUEDVWHOOD@� ���<_klgbdahheh]bb��²�������²�1����²�K����±����²�Khh[s_gb_��>1\FWDOXV��3LSLVWUHOOXV��(SWHVLFXV@ ���<_klgbdahheh]bb��²�������²�1����²�K����±���

:[_e}gp_\ <� ,���Ihih\ ;�F��Jy^ jmdhdjbe���Z[h dZ`Zgb²�&KLURSWHUD ���I�̂ hie�qdh 1��=���j_ �̂ ���NZmgZ
MdjZ�gb��² Db�\��<b �̂\h :GMJKJ��������² Lhf ���KkZ\pL��\bimkd���²�K�����±����

;b]hg F���OZji_j >` ���LZmgk_g^ D��=eZ\Z ���Fb]jZpbbb jZkk_e_gb_hj]Zgbafh\\ ijhkljZgkl\_b \h
\j_f_gb ���;b]hgF���OZji_j>`���LZmgk_g^D��Wdheh]by��Hkh[b��ihimeypbbb khh[s_kl\Z��²�\ ��
o lhfZo��²�Fhkd\Z��Fbj��������²�Lhf ���²�K�����±����

<eZkh\ :�� :�� H jZkrbj_gbb Zj_ZeZ iha^g_]h dh`ZgZ gZ x]h�aZiZ^_ P_gljZevgh]h Q_jgha_fvy ��
<_klgbdahheh]bb��²�������²�Lhf ����1����²�K����±���

<eZs_gdh :��H gZoh`^_gbbju`_c \_q_jgbpu �1\FWDOXV� QRFWXOD�� gZ abfh\d_ \ OZjvdh\_ ���<_klgbd
ahheh]bb��²�������²�Lhf ����1 �±���²�K�����



<heho :��F���DZjfur_\ X��<� G_dhlhju_j_amevlZludhevp_\Zgbye_lmqbofur_c \ =hjghfDjufm ��
<_klgbdahheh]bb��²�������²�Lhf ����1����²�K����±����

=h^e_\kvdZ E� � Dhgh\Ze H� F_lh^b f�q_ggy jmdhdjbeboa f_lhx ZgZe�am �o ijhklhjh\h�^bgZf�db ��
F�]jZp �cgbc klZlmk dZ`Zg �\\ MdjZ�g ���²�Db�\��������²�>py a[�jdZ@�

>Zrdh\Z =�� :�� Gh\h_ \ wdheh]bb djueZgh\uo nZmgu KKKJ aZ ����±����� ]]�� ��� Jmdhdjueu_
�fhjnheh]by��wdheh]by��wohehdZpby��iZjZablu��hojZgZ���²�Db�\��GZmdh\Z^mfdZ��������²�K�����±
����

>bdbc 1� <� AgZo�^dZ gZ l_jblhj�� AZo�^gh�MdjZ�gb g �qgbp� klZ\dh\h� �0\RWLV� GDV\FQHPH�� ���<_klgbd
ahheh]bb��²�������²�Lhf ����1 ���² K�����

/\jhi_ckvdZ g �q dZ`Zg �\ µ���\ MdjZ�g � ��AZ j_ �̂�1��AZ]hjh^gxdZ��²�Db�\��Mdj��l_j�he��lh\�\h��������²
K���±�����²��IjZp �L_j�heh]�qgh�Rdheb��\bimkd���

@beZ K���Rd\bjy F��� G_]h^Z <�� K_ahggZ ^bgZf�dZ gZk_e_ggy dZ`Zg �\ Ihe�kvdh]h aZih\�̂ gbdZ ��
F�]jZp �cgbc klZlmk dZ`Zg �\\ MdjZ�g ���²�Db�\��������²�>py a[�jdZ@�

AZ]hjh^gxd 1���G_]h^Z <��G_lhibjb�3LSLVWUHOOXVlZ +\SVXJR ���F�]jZp �cgbcklZlmkdZ`Zg �\ \ MdjZ�g ���²
Db�\��������²�>py a[�jdZ@�

AZ]hjh^gxd 1�� Ihdbgvq_j_^Z <���>hfZre�g_pv <� K_ahgg�f�]jZp �� dZ`Zg �\ gZ l_jblhj��MdjZ�gb ��
/\jhi_ckvdZg �q dZ`Zg �\ 
���\ MdjZ�g ���²�Db�\��������²�K� ��±���² �IjZp � L_j�heh]�qgh�rdheb�
\bimkd���

AZ]hjh^gxd 1���Ihdbgvq_j_^Z <���Lbs_gdh <���Dh\Zevh\Z 1� Jy^ jmdhdjbebo²�&KLURSWHUD����KkZ\p�
MdjZ�gb i �̂ hohjhghx;_jgkvdh�dhg\_gp����²�Db�\��������²�K�� ��±�����²� �IjZp � L_j�heh]�qgh�
Rdheb��\bimkd���

AZ]hjh^gxd 1��� Lbs_gdh <� Mlhqg_ggy sh^h dZ`Zg �\ m ;_jgkvdbo kibkdZo ��� KkZ\p � MdjZ�gb i �̂
hohjhghx ;_jgkvdh� dhg\_gp���� ²�Db�\�� ������ ²�K�� ���±����� ²� �IjZp � L_j�heh]�qgh�rdheb�
\bimkd���

AZ]hjh^gxd ,���LdZq <��KmqZkgbcklZg lZ LklhjbqgL�afLgb qbk_evghklL�dZ`ZgL\ �&KLURSWHUD��gZ l_jblhjL�
MdjZ�gb ���>hih\�̂ �G:GMdjZ�gb��² ������² 1����² K�����±����

Am[dh Y��I��GZjbk nZmgb &KLURSWHUD�i �\^_ggh]hkoh^mH^_kvdh�h[eZkl� ���A[�jgbd ijZpv Ahheh]�qgh]h
fma_x �1g�l ahhe��lZ [�he��:GMJKJ���²�������²�� ����²�K�����±����

DZeZ[moh\ G��B��:gZ[bha m `b\hlguoijb l_fi_jZlmj_ gb`_ �h�� ,��>_ckl\b_ gbadbo l_fi_jZlmj gZ
e_lmqbofur_c �&KLURSWHUD�� ���;xee_l_gvFhkdh\kdh]hh�\Z bkiulZl_e_cb ex[bl_e_cijbjh^u
�Hl^_e��[bhe����²�������²�Lhf ����� ���²�K�����±����

DZeZ[moh\ G��B��AbfgyykiyqdZfe_dhiblZxsbo���DZeZ[moh\G��B��KiyqdZ`b\hlguo��²��Ba^Zgb_��_�
^hiheg_ggh_���²�OZjvdh\��Ba �̂\h OZjvdh\kd��mg�lZ��������²�K����±���

Dbk_exd H��K_ahgg� Zki_dlb o�jhil_jhnZmgb i�\g �qgh�ko�^gbo fZdjhkobe�\ DZjiZl ���F�]jZp �cgbc
klZlmk dZ`Zg �\\ MdjZ�g ���²�Db�\��������²�>py a[�jdZ@�

DeZm^keb �Lhfikhg >` ��Fb]jZpbb`b\hlguo��²��I_j_\h^k Zg]ebckdh]h�� ²�Fhkd\Z�Fbj��������²�K�
�±����

=h^e_\kvdZ E���Dhgh\Ze H��F_lh^b f�q_ggy jmdhdjbeboa f_lhx ZgZe�am �o ijhklhjh\h�^bgZf�db ��
F�]jZp �cgbcklZlmk dZ`Zg �\\ MdjZ�g ���²�Db�\��������²�>py a[�jdZ@�

DjZib\guc :�� I��� JZ^d_\bq <��:��� Lbohgh\Z G��B� DjZldbc ahheh]bq_kdbc keh\Zjv�� ²� ��_ ba �̂�
i_j_jZ[hlZggh_b ^hiheg_ggh_��²�Fbgkd��<urwcrZyrdheZ��������²�K���±����

Djhqdh X� B��K_ahggu_ jblfu jmdhdjueuoDZjiZlkdh]haZih\_^gbdZ ���K_ahggZy jblfbdZ ijbjh^u
]hjguo h[eZkl_c�� ²� E_gbg]jZ �̂� ������ ²�K�� ���±����� ²� �L_abku ^hdeZ^h\ , <k_khxagh]h
kh\_sZgbyih ]hjghc wdheh]bb��

Djhqdh X�� B�� Fb]jZpbb jmdhdjueuo MdjZbgkdbo DZjiZl ��� <hijhku hojZgu b jZpbhgZevgh]h
bkihevah\Zgby jZklbl_evgh]h b `b\hlgh]h fbjZ MdjZbgkdbo DZjiZl�� ²� M`]hjh �̂� Ba �̂\h
JZ^ygkvd_AZdZjiZlly� ������²�K�����±����

Dmaydbg :��I��E_lmqb_furb��²�Fhkd\Z��Kh\_lkdZygZmdZ��������²�K���±����
Dmjkdh\ :��G� Jmdhdjueu_;_ehjmkkbb��²�Fbgkd��GZmdZb l_ogbdZ��������²�K���±����
Dmjkdhm :��G� IZiyjw^gLy jwamevlZlu dZevpZ\ZggydZ`Zghm m ;_eZjmkL �� <_kpL�:G ;KKJ��K_j��[Lye�

gZ\md��²�������²�1 ���²�K�����±����

Ebohlhi J��B���LdZq <��<���;Zj\bgkdbc G��B��Jmdhdjueu_]��Db_\Z b Db_\kdhch[eZklb ���FZl_jbZeu
ih wdheh]bbb nZmgbklbd_g_dhlhjuoij_^klZ\bl_e_cjmdhdjueuo��²�Db_\��Bg�l ahhe��:G MKKJ�
������²�Ij_ijbgl1�������²�K����±���

FZjd_\bq H��I���LZlZjdh D��,��Jhk�ckvdh�mdjZ�gkvdh�eZlbgkvdbcahheh]�qgbckeh\gbd��l_jf�gheh]�y �
ghf_gdeZlmjZ��²�Db�\��GZmdh\Z^mfdZ��������²�K���±����

Fbjhihevkvdbc <��Hk�ggy agZo�^dZ(SWHVLFXV QLOVVRQLL gZ Db �\sbg� ���F�]jZp �cgbc klZlmk dZ`Zg �\ \
MdjZ�g ���²�Db�\��������²�>py a[�jdZ@�

IZ\ebgh\ B��Y���j_^ ����Fe_dhiblZxsb_��:\_jvygh\:��H���;hjbk_gdh:��<���<ZjrZ\kdbc:��:��b ^j��²
Fhkd\Z��Ba^Zl_evkl\h:KL��������²�K���±�����²��;hevrhcwgpbde��keh\Zjv��

IZgxlbg D��D� Jmdhdjueu_���Blh]b f_q_gby fe_dhiblZxsbo�<uimkd��� ²�Fhkd\Z��GZmdZ��������²
K����±����²��<hijhkul_jbheh]bb��

Ihdbgvq_j_^Z <���>h\]Zgbq Y� D�evpx\Zggyjmdhdjbebo\ DZjiZlkvdhfmaZih\�^gbdm���/\jhi_ckvdZ
g�q dZ`Zg �\ 
���\ MdjZ�g ���²�Db�\��������²�K����±���

Ihdbgvq_j_^Z <��N���Ihdbgvq_j_^Z <��<��<b^h\bc kdeZ^ lZ qbk_evg �klv jmdhdjbebogZ abf�\e� \
hdj_fbo i �̂ a_fgbo ihjh`gbgZoDZjiZlkvdh]h[�hkn_jgh]h aZih\�̂ gbdZ ���F�`gZjh^g �Zki_dlb
\b\q_ggylZ hohjhgb[�hj�aghfZg �llyDZjiZl��²�JZo�\��������²�K�����±����

Ihdjh\kdbc <��K��D hj]ZgbaZpbb^_eZ f_q_gby fe_dhiblZxsbo \ KKKJ ���Fb]jZpbb `b\hlguo�� ²
Fhkd\Z��������²�<uimkd���²�K���±���

Ihdjh\kdbc <��K��SZ^beh\ X��F� H khklhygbb bamq_gghklb fb]jZpbc e_lmqbo fur_c KKKJ �ih
^Zggufdhevp_\Zgby�����Fb]jZpbb`b\hlguo��²�Fhkd\Z��GZmdZ��������²�<uimkd���²�K����±���

Ihe�smd 1�� E�lgy nZmgZ dZ`Zg �\ :kdZg ���Gh\Z�� ^hke�^`_ggy a mevljZa\mdh\bf ^_l_dlhjhf��
F�]jZp �cgbcklZlmk dZ`Zg �\\ MdjZ�g ���²�Db�\��������²�>py a[�jdZ@�

Ihem^Z :��F���>Z\b^_gdh B��<���A_feygkdbo B��B��b ^j��Hjgblheh]bq_kdbcklZpbhgZj ©E_[_^b\dZª�
���c b ���c k_ahgu ���<_klgbdahheh]bb��²�������²�Lhf ����1 �±���²�K�����±����

IhemrbgZ G��Khklhygbyihimeypbc jmdhdjueuoAZiZ^gh]hIh^hevy ���/\jhi_ckvdZg �q dZ`Zg �\ 
���\
MdjZ�g ���²�Db�\��������²�K�����±�����²��IjZp �L_j�heh]�qgh�Rdheb��\bimkd���

IhemrbgZ G��:��� ;hjh\_pv ?�� Y�� H abfh\d_ jmdhdjueuo\ KljZ^qZgkdhc i_s_j_ ��� Bamq_gghklv
l_jbhnZmguMdjZbgu��__ jZpbhgZevgh_bkihevah\Zgb_b hojZgZ �K[hjgbd gZmqguo ljm^h\��� ²
Db_\��GZmdh\Z^mfdZ��������²�K����±���

Ihih\ ;�F� H k_ahgguofb]jZpbyoe_lmqbofur_c ���Ijbjh^Z��²�������²�� ���²�K����±���
K_exgbgZ A��Jmdhdjueu_Q_jghfhjkdh]h[bhkn_jgh]haZih\_^gbdZ ���/\jhi_ckvdZg�q dZ`Zg �\ 
���\

MdjZ�g ���²�Db�\��������²�K����±����²��IjZp �L_j�heh]�qgh�Rdheb��\bimkd���
Klj_edh\ I�� I�� Wdheh]bq_kdb_ gZ[ex^_gby aZ abfg_c kiyqdhc e_lmqbo fur_c �&KLURSWHUD�

9HVSHUWLOLRQLGDH��E_gbg]jZ^kdhch[eZklb ���Ljm^u BgklblmlZ ahheh]bb :G KKKJ��²�E_gbg]jZ �̂
������²�Lhf ����²�K�����±����

Klj_edh\ I��I� Hiul dhevp_\Zgbyjmdhdjueuo\ abfgbo m[_`bsZo ���Klj_edh\ I� I���Dmaydbg :� I�
�j_ �̂���FZl_jbZeui_j\h]h \k_khxagh]h kh\_sZgby ih jmdhdjueuf �&KLURSWHUD��� ²�E_gbg]jZ �̂
ABG :GKKKJ��������²�K����±���

Klj_edh\ I� I��Khhlghr_gb_iheh\ \ k_ahg \u\h^Zihlhfkl\Z m \ajhkeuohkh[_c i_j_e_lguo\b^h\
e_lmqbo fur_c �&KLURSWHUD�� 9HVSHUWLOLRQLGDH�� <hklhqghc ?\jhiu b kf_`guo l_jjblhjbc ��
Ahheh]bq_kdbc`mjgZe��²�������²�Lhf ����� ����²�K������±�����

LZeihr <�� K�� Ahheh]�y�� Keh\gbd�^h\�̂ gbd �ihgylly�� l_jf�gb��� ²� L_jghi�ev�� GZ\qZevgZ dgb]Z ²
;h]^Zg��������²�����k�

Lbs_gdh <��Abfh\� agZo�^db 9HVSHUWLOLR�PXULQXV�lZ 1\FWDOXV�QRFWXOD�m Db}\� ��� <_klgbd ahheh]bb�� ²
������²�>m ^jmp �@�

N_^hjq_gdh :���LdZq <��Jmdhdjueu_^_evlu >mgZy ���/\jhi_ckvdZg�q dZ`Zg �\ 
���\ MdjZ�g ���²�Db�\�
������²�K����±����²��IjZp �L_j�heh]�qgh�Rdheb��\bimkd���

Nhjfhah\ :��G��H i_j_e_lZoe_lmqbofur_c �&KLURSWHUD�� 9HVSHUWLOOLRQLGDH�����>hdeZ^u :G KKKJ�� ²
Fhkd\Z��������²�Lhf ����²�K�����±����

Q_j_fbkh\ :��B� Abfh\dZ jmdhdjueuo\ i_s_jZo DjufZ ���L_abku ^hdeZ^h\9�Kt_a^Z <k_khxagh]h
l_jbheh]bq_kdh]hh[s_kl\Z��²�Fhkd\Z��Lbih]jZn��<:KOGBE��������²�Lhf ���²�K�����±����



%DUFOD\� 5��0�� 5��0DUNLQJ� DQG� REVHUYDWLRQDO� WHFKQLTXHV� ���.XQ]� 7�� +�� �HG����(FRORJLFDO� DQG�EHKDYLRUDO
0HWKRGV�IRU�WKH�VWXG\�RI�EDWV��²�:DVKLQJWRQ�'�&���/RQGRQ��6PLWKVRQLDQ�,QVWLWXWLRQ�3UHVV��������²�3�
��±���

%HURQ�3��2EUDF]NRZDQLH�QLHWRSHU]\�Z�%XOJDULL�Z�ODWDFK�����±����� ���$FWD�7KHULRORJLFD��²�������²�9RO����
=�����²�>pbl��aZ��:[_e}gp_\lZ �g������@�

*DLVOHU�-���+DQDN�9� 6XPPDU\�RI�WKH�UHVXOWV�RI�EDW�EDQGLQJ�LQ�&]HFKRVORYDNLD������±�������� /\Q[��1RYLWDWHV
0DPPDOLRORJLFDH���²�3UDKD��������²�)DVF������6HULHV�QRYD���²�3����±����²� �3URFHHGLQJV�RI� WKH�) LUVW
,QWHUQDWLRQDO�%DW�&RQIHUHQFH��6HSWHPEHU���WR����������

+DUPDWD�:� 5HVXOWV�RI�EDW�EDQGLQJ� LQ�3RODQG� LQ� WKH� \HDUV�����±��������0\RWLV��²� ������²� %G�� ����²�3�
���±����

+DUPDWD�:�:\QLNL�REU�F]NRZDQLD�QLHWRSHU]\�Z�3ROVFH�Z�ODWDFK� ����±����� ���$FWXDOQH�SUREOHP\�RFKRQ\
QLHWRSHU]\� Z� 3ROVFH�� ²� .UDNRZ��&HQWU�� ,QIRUP�� &KLURSW��� ������ ²� 3�� ��±���� ²� �0DWHU��,;
2JyOQRSROVN��.RQI��&KLURSWHURORJ��.UDNRZ�������

+XWVRQ� $��0� 7UDQVERXQGDU\� PRYHPHQWV� DQG� WKH� FRQVHUYDWLRQ� RI� EDWV� LQ� (XURSH� ��� 3URFHHGLQJV� RI� WKH
6\PSRVLXP�RQ�DQLPDO�PLJUDWLRQV��*ODQG��6ZLW]HUODQG�����$SULO���������²�������²�3����±���

.RZDOVNL�.��� .U]DQRZVNL� $���:RMWXVLDN� -��6SUDZR]GDQLH� ] DNFML� REU�F]NRZDQLD� QLHWRSHU]\� Z� 3ROVFH� Z
ODWDFK�����±������ $FWD�WKHULRORJLFD�²:DUV]DZD�������²�9RO���������²�3� ���±����

0DVLQJ�0���3RRWV�/���5DQGOD�7���/XWVDU�/�����\HDUV�RI�EDW�ULQJLQJ�LQ�(VWRQLD��PHWKRGV�DQG�WKH�PDLQ�UHVXOWV���
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