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1]hj AZ]hjh^gxd �1gklblml ahheh]�� G:G MdjZ�gb��Db�\�

/RQJ�HDUHG�DQG� EDUEDVWHOOH� EDWV�� 3OHFRWXV HW�%DUEDVWHOOD��²� ,JRU� =DJRURGQLXN� ²
%ULHI�UHYLHZ�RI�VSHFLHV�FRPSRVLWLRQ�DQG�PLJUDWLRQ�DFWLYLW\�RI�3OHFRWLQH� EDWV� LV� JLYHQ��$OO
VSHFLHV� �3OHFRWXV� DXULWXV�� 3�� DXVWULDFXV�� DQG� %DUEDVWHOOD� EDUEDVWHOOXV�� DUH� UHVLGHQWDO� RU
REOLJDWRU\�PLJUDQW� VSHFLHV�� 7ZR� RI� WKHP�� QDPHO\�3�� DXVWULDFXV DQG� %�� EDUEDVWHOOXV�� DUH
GLVWULEXWHG�PDLQO\� LQ� WKH�VRXWK�ZHVWHUQ�SDUW�RI�8NUDLQH��JHQHUDOO\� LQ� WKH�FDUVW� UHJLRQV� DQG
UHJLRQ� RI� WKH� GLVWULEXWLRQ� RI� WKH� W\SLFDO� QHPRUDO� IRUHVWV�� 3OHFRWXV� DXULWXV RFFXUV� LQ� WKH
PRUH� QRUWKHUQ� UHJLRQV� LQ� D�ZKROH�� EXW� LW� LV� MXVW� YDUJDQW� VSHFLHV� DOVR��0LJUDQW� DFWLYLW\� RI
SOHFRWLQH�EDWV�FRPSOHWHO\�GHSHQGV�IURP�WKH�QHFHVVLW\�WR�VHDUFK�VRPH�ZLQWHU�TXDUWHUV� LQVLGH
VXPPHU�UDQJH�

AZ]ZevgZ oZjZdl_jbklbdZ ljb[b
H[ky] ]jmib lZ �� ihrbj_ggy �� Ljb[Z 3OHFRWLQL� ij_^klZ\e_gZ \ MdjZ�g�

^\hfZ \b^Zfb \moZgy �3OHFRWXV� DXULWXV� lZ 3�� DXVWULDFXV �� lZ h^gbf ²�rbjhdh\moZ
�%DUEDVWHOOD EDUEDVWHOOXV � >AZ]hjh^gxd ����@��<moZg_\� ihrbj_g� ih \k�c MdjZ�g� �
ijhl_ dh`gbc \b^ gZk_ey} ebr_ i_\gm �� qZklbgm�� 3OHFRWXV� DXULWXV ijblZfZggbc
Ihe�kkx � E�khkl_im��Z\klj�ckvdbc ²�DZjiZlkvdhfm j_]�hgm��Ih^�eex � Ijbfhj¶x
>AZ]hjh^gxd ����@�� rbjhdh\mo \�^hfbc a DZjiZl �� ijZ\h[_j_`gh]h E�khkl_im�
Djbfm >Dh\Ze_\Z 	�LZjZ[hjdbg ����@��GZc[�evrZ lZdkhghf�qgZ s�evg�klv ljb[b
²�m DZjiZlZo �\k� \b^b���gZcf_grZ ²�gZ Ihe�kk� lZ E�\h[_j_`g�c MdjZ�g� �l�evdb
3OHFRWXV�DXULWXV��

Hkh[eb\hkl� [�heh]�� lZ j�qgh]h pbdem �� <moZg_\� } f_rdZgpyfb e�kh\bo
fZkb\�\��Lbih\bf �o e�lg�f hk_ebs_f } ^mieZ ^_j_\ \ e�kh\bo fZkb\Zo � iZjdZo�
<e�ldm \moZg�\ qZklh agZoh^ylv m ^mieygdZo >@beZ lZ �g������@��m gbo `_ �hkh[eb\h
m 3�� DXVWULDFXV � \bjZagZ l_g^_gp�y ^h kbgZgljhi�� �� ijhl_ \ mj[heZg^rZnl� \hgb
g_qbk_evg� �� Abfh\� agZo�^db ih\¶yaZg� i_j_\Z`gh a i_q_jZfb c ex^kvdbfb
hk_eyfb�� <moZg_\� } oheh^hex[gbfb �� � i�^ qZk abf�\e� \hgb g_j�^dh af�gxxlv
� M im[e�dZp �yo^h �����j��i �̂ gZa\hx �DXULWXV��a]Z^m\Zeb \k�o \moZg �\��lh[lh 3OHFRWXV aZ]Zehf�

koh\bsZ ��< mk�o \biZ^dZo �o agZoh^beb m gZc[�evr ijhoheh^gbo f�kpyo�� qZklh a
l_fi_jZlmjhx ��[ebavdhx ^h �h K�

NZdlbqg� ^Zg� sh^h f�]jZp�c �� AZ \_kv qZk ^hke�^`_gv dZ`Zg�\ \ MdjZ�g�
hd�evpvh\Zgh ebr_ [ebavdh ���� hkh[bgb ��i_j_\Z`gh gZ f�kpyo abf�\e� m i_q_jZo
AZdZjiZlly �� Ev\�\sbgb �� Ih^�eey � Djbfm �lZ[e�� ���Ih^Zevr� kihkl_j_`_ggy
aZk\�^qbeb ljb nZdlb��gbavdbc j�\_gv a\hjhl�\ ��\�^kmlg�klv ^Zevg�o a\hjhl�\ �l�evdb
i_j_eh\b���\bkhdm ijb\¶yaZg�klv ^h f�kpv abf�\e� �� A\hjhlb �\k� abfh\��� hljbfZgh
ebr_ gZ Ev\�\sbg� lZ AZdZjiZll���F_^h\� i_q_jb ��� _da�� q_j_a �� jhdb��rlhevg�
=eb[hdh]h ���q_j_a �� jhdb�� � rlhevg� Dma�x ��±��shjhdm q_j_a �±��� jhd�\ i�key
d�evpx\Zggy ��� <�^hfZ gZc[�evrZ ^Zevg�klv i_j_evhl�\ \moZg_\bo m kmf�`gbo
djZ�gZo �Q_o�y�������df m %DUEDVWHOOD �����²�3� DXVWULDFXV �����²�3��DXULWXV >*DLVOHU�	
+DQDN�����@�

F�]jZp�cgbc klZlmk ]jmib ��<b^b p�}� ]jmib \_^mlv hk�ebc kihk�[ `blly�� �
i_j_\Z`gbf lbihf f�]jZp�c } dhq�\e� ��ih\¶yaZg� a� af�ghx e�lg�o koh\bs gZ abfh\� �
E�lg� � abfh\� Zj_Zeb \k�o \b^�\ ih^�[g� ��sh lZdh` k\�^qblv ijh \�^kmlg�klv ^Zevg�o
k_ahggbo i_j_f�s_gv��AZ pbfb hagZdZfb \k� \b^b fh`gZ \�^g_klb ^h ]jmib hk�ebo
Z[h h[e�]Zlgbo �\bfmr_gbo�� dhqh\bd�\ �� sh a^�ckgxxlv ehdZevg� f�]jZp�� gZ
\�^klZgv ^h �±��^h[h\bo i_j_f�s_gv�
:ghlh\Zgbckibkhd \b^�\

3OHFRWXV� DXULWXV� �/LQQDHXV�� �������GZcihrbj_g�rbc \b^ jh^m�� ydbc qZklh
j_}kljmxlv m ^mieh\bo hk_e_ggyo e�kh\h� ahgb lZ \ f�klZo >:[_e}gp_\ � Ihih\
����� lZ �g�@�� AgZo�^db \ MdjZ�g� j�\ghf�jgh jhaih �̂e_g� ijhly]hf jhdm�� Abfh\bc
Zj_Ze \b^m \ f_`Zo MdjZ�gb aZ]Zehf a[�]Z}lvky a e�lg�f �� < e�lg�c qZk nhjfm}
fZl_jbgkvd� dhehg�� ��sh g_j�^dh hk_exxlvky \ ^mieygdZo >@beZ lZ �g�� ����@��GZ
abf�\e� p_c \b^ qZklh \�^f�qZxlv m i_q_jZo�� ijhl_ aZ\`^b \ g_\_ebd�c d�evdhkl�
><Zj]h\bq ������AZ]hjh^gxd lZ �g������@��<b^ fh`_ [mlb \�^g_k_gbc ^h dZl_]hj��
hk�ebo��yd� f�]jmxlv \ f_`Zo h^gh]h j_]�hgm�

LZ[ebpy ���H[ky]b d�evpx\Zggy \moZg�\ � rbjhdh\mo�\ \ MdjZ�g� � qbkeh a\hjhl�\ >6XPPDU\
RI�EDQGLQJ�RI�3OHFRWXV 	�%DUEDVWHOOD LQ�8NUDLQH�DQG�QXPEHU�RI�UHWXUQHG�GDWD@
J�̂ � \b^ :[_e}gp_\lZ

�g��>����@
Ihdbgvq_j_^Z	
>h\]Zgbq >����@

<heho	
DZjfbr_\
>����@

=h^e_\kvdZ
>����@

3OHFRWXV DXULWXV ���²�� ��²�� ��²�� ��²��
3OHFRWXV DXVWULDFXV ��²�� ��²�� ��²�� ��²��
%DUEDVWHOODEDUEDVWHOOXV ���²�� "�²�� ���²�� ��²��
JZahf ���²�� "�²�� ���²�� ��²��



Jbk�� ��� Jhaih^�e agZo�̂ hd ljvho \b^�\ ljb[b \moZg_\bo �3OHFRWXV� DXULWXV�� 3�� DXVWULDFXV�
%DUEDVWHOOD�EDUEDVWHOOXV��ijhly]hf jhdm gZ i�̂ klZ\� \k�}� kmfb ^Zgbo �a ahheh]�qgbo dhe_dp�c
MdjZ�gb >AZ]hjh^gxd � =h^e_\kvdZ ����@��� >'LVWULEXWLRQ� RI� NQRZQ� UHFRUGV� RI� WKUHH� 3OHFRWLQH
VSHFLHV��3OHFRWXV DXULWXV��3��DXVWULDFXV��%DUEDVWHOOD EDUEDVWHOOXV��GXULQJ�D�\HDU�RQ� WKH�EDVLV�RI�DOO
NQRZQ�]RRORJLFDO�FROOHFWLRQV�RI�8NUDLQH@�

3OHFRWXV� DXVWULDFXV �)LVFKHU�� ������� <b^ \�^hfbc m kdeZ^� nZmgb j_]�hgm
ebr_ a ����� j�� >Klj_edh\ ����@��I_jrZ \dZa�\dZ �[_a dhf_glZj�\�� gZ p_c \b^ \
MdjZ�g� \�^ghkblvky ^h �����j�� >:[_e}gp_\ lZ �g� ����@��M ih^Zevrhfm \b^ klZeb
j_]meyjgh j_}kljm\Zlb ih \k�o jZchgZo aZo�^gh� � i�\^_ggh� MdjZ�gb ��i_j_\Z`gh gZ
f�kpyo abf�\e� >I_ljmr_gdh ������=DJRURGQLXN�����@ ��GZy\g� ^Zg� k\�^qZlv ijh a[�]
abfh\h]h � e�lgvh]h Zj_Ze�\ � hk�ebc ih[ml�� <�^ghkgh qZklh ljZiey}lvky \abfdm
�i_j_\Z`gh�� agZo�^db \ i_q_jZo lZ ex^kvdbo [m^�\eyo�� lZ i�^ hk�gv�� \ �grbc qZk
agZo�^hd ^m`_ fZeh �jbk�����

%DUEDVWHOOD� EDUEDVWHOOXV �6FKUHEHU�� �������< MdjZ�g� p_c \b^ amklj�qZ}lvky
p�ehj�qgh ���hl`_��} hk�ebf �jbk�� ����GZ Db�\sbg� lZ Ev\�\sbg� \�^hfbc ebr_ aZ
abfh\bfb agZo�^dZfb �� m i�\^_gg�rbo j_]�hgZo �AZdZjiZlly � Djbf�� jhaih^�e
agZo�^hd ijhly]hf jhdm [�evr j�\ghf�jgbc �� <b^ j_}kljmxlv g_ qZklh�� sh
^ha\hebeh ijbimklblb djblbqgbc klZg ihimeyp�c \ MdjZ�g� >Dh\Zevh\Z �
LZjZ[hjd�g ����@��Ihkbe_ggy ^hke�^gbpvdh� Zdlb\ghkl� ihdZaZeh ijbkmlg�klv \b^m
\ j�agbo lbiZo abfh\bo � e�lg�o hk_ebs >AZ]hjh^gxd ����Z@�� Abfh\� agZo�^db
hibkZgh a Q_jdZsbgb >=hem[ ����@��i�\^_ggbo >Ihdbgvq_j_^Z 	 >h\]Zgbq ����@�lZ
i�\g�qgbo kobe�\ DZjiZl >;ZrlZ ����@��AZdZjiZlly >@^Zgh\bq ����@��Djbfm ><heho
	 DZjfbr_\ ����@��< h^ghfm koh\bs� a\bqZcgh \�^f�qZxlv [ebavdh �±���hkh[bg �
yd� qZklh af�gxxlv k\h� k�^ZeZ �� ©�^mqbª� aZ ]jZ^�}glhf l_fi_jZlmj m
gZcijhoheh^g �r� f�kpy��

� LZd�i_j_f�s_ggyih^�[g �f�]jZp �yfdZ`Zg �\ m koh\bsZoijhly]hf abfb >IhklZ\Z����@�

Pblh\ZgZ e�l_jZlmjZ
:[_e}gp_\ <� ,���Ihih\ ;�F��Jy^ jmdhdjbe���Z[h dZ`Zgb ²�&KLURSWHUD ���I�̂ hie�qdh 1��=���j_ �̂ ���NZmgZ

MdjZ�gb��² Db�\��<b �̂\h :G MJKJ��������² Lhf � �KkZ\pL���\bi� ���²�K�����±����
:[_e_gp_\ <��B���Dhexr_\ B��B���Djhqdh X��B���LZlZjbgh\ D��:��Blh]b dhevp_\Zgbyjmdhdjueuo\

MdjZbgkdhcKKJ aZ ����±�����]]��Khh[s_gb_��>5KLQRORSKXV��0LQLRSWHUXV��3 OHFRWXV��%DUEDVWHOOD@���
<_klgbdahheh]bb��²�������²�1 ���²�K����±���

;ZrlZ :��L� AgZo�^db j �̂ d�kgbo \b^�\ jmdhdjbebo �0DPPDOLD�� &KLURSWHUD� \ ;_kdb^Zo �MdjZ�gkvd�
DZjiZlb�����<_klgbdahheh]bb��²�������²�Lhf ����1 ���²�K�����

<Zj]h\bq J��Abf�\ey dZ`Zg �\ \ ]�ikh\boi_q_jZo ;mdh\bgb � Ih^�eey ���/\jhi_ckvdZ g �q dZ`Zg �\ 
���\
MdjZ�g ���²�Db�\��������²�K�����±�����²��IjZp �L_j�heh]�qgh�rdheb��\bi�����

<heho :��F���DZjfur_\ X��<� G_dhlhju_j_amevlZlu dhevp_\Zgbye_lmqbofur_c \ =hjghf Djufm ��
<_klgbdahheh]bb��²�������²�Lhf ����1����²�K����±����

=h^e_\kvdZ E� H]ey^ lZ i�^kmfdb d�evpx\Zggy dZ`Zg�\ \ MdjZ�g � ���F�]jZp �cgbc klZlmk dZ`Zg �\ \
MdjZ�g ���²�Db�\��������²�>py a[�jdZ@�

=hem[ <�F�� Abfh\dZ _\jhi_ckdhc rbjhdhmrdb �%DUEDVWHOOD� EDUEDVWHOOXV 6FKUHEHU�� \ aZih\_^gbd_
©Oheh^guc yjª����<_klgbdahheh]bb��²�������²�Lhf ����1��±���²�K�����

@^Zgh\bq <� Ijh abf�\ex rbjhdh\moZ a\bqZcgh]h \ rZol� ©KlZp �hgZjª� M`]hjh^kvdh]h jZchgm ��
<_klgbdahheh]bb��²�������²�Lhf ����1 ���²�K�����

@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��Kbkl_fZlbqgbch]ey^ dZ`Zg �\ Ko�̂ gh�/\jhib ���/\jhi_ckvdZg�q dZ`Zg �\ 
���\ MdjZ�g ��
²�Db�\��������²�K� ��±����²��IjZp �L_j�heh]�qgh�rdheb��\bimkd���

AZ]hjh^gxd ,� <moZgv a\bqZcgbc ²�3OHFRWXV�DXULWXV�� <moZgv Z\klj�ckvdbc ²� 3OHFRWXV� DXVWULDFXV ��
KkZ\p� MdjZ�gb i�̂ hohjhghx ;_jgkvdh� dhg\_gp���� ² Db�\�� ������ ² K�� ��±��� ² �IjZp �
L_j�heh]�qgh�Rdheb��\bimkd ���

AZ]hjh^gxd ,� ©;_jgkvd�ª�\b^b dZ`Zg �\ m Q_j\hg �c dgba� MdjZ�gb��QZklbgZ ���5KLQRORSKXV� 0LQLRSWHUXV�
0\RWLV lZ %DUEDVWHOOD ���>LZf kZfh@������Z��±�K���������

AZ]hjh^gxd 1���=h^e_\kvdZ E��DZ`Zgb \ dhe_dp �yo ahheh]�qgbo fma_�\ MdjZ�gb��n_gheh]�qgbc h]ey^
^Zgbo ���F�]jZp �cgbcklZlmk dZ`Zg �\ \ MdjZ�g ���²�Db�\��������²�>py a[�jdZ@�

AZ]hjh^gxd 1���=h^e_\kvdZ E���I_ljmr_gdh Y���Lbs_gdh <��Abfh\ �kdmiq_ggydZ`Zg �\ �&KLURSWHUD��m
i_q_jZoP_gljZevgh]hIh^�eey ���<_klgbdahheh]bb��²�������²�>m ^jmp �@�

Dh\Ze_\Z B�F���LZjZ[hjdbg E� :� Kh\j_f_ggucklZlmk b jZkijhkljZg_gb_%DUEDVWHOOD�EDUEDVWHOOXV \
MdjZbg_ ���<_klgbdahheh]bb²�������²�Lhf ����1 ���²�K����±���

I_ljmr_gdh Y��GZoh^dZk_jh]h mrZgZ �3OHFRWXV�DXVWULDFXV��\ Ih^hev_ ���<_klgbd ahheh]bb��² ������²
Lhf ����1��±���²�&�����

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

IhklZ\Z L��F�]jZp �cgZZdlb\g�klvdZ`Zg �\ \ i_j�h^ ]�[_jgZp �� ���F�]jZp �cgbcklZlmk dZ`Zg �\ \ MdjZ�g ��
²�Db�\��������²�>py a[�jdZ@�

Klj_edh\ I�� I�� ;mjuc �3OHFRWXV DXULWXV�� b k_juc �3OHFRWXV DXVWULDFXV�� mrZgu �&KLURSWHUD�
9HVSHUWLOLRQLGDH��\ KKKJ��Khh[s_gb_�����Ahhe��`mjgZe��²�������²�Lhf ����<ui�����²�K����±����
²�Khh[s_gb_�����Ahhe��`mjg��²�������²�Lhf ����<ui� ���²�K�����±����

*DLVOHU�-���+DQDN�9� 6XPPDU\�RI�WKH�UHVXOWV�RI�EDW�EDQGLQJ�LQ�&]HFKRVORYDNLD������±�������� /\Q[��1RYLWDWHV
0DPPDOLRORJLFDH���²�3UDKD��������²�)DVF������6HULHV�QRYD���²�3����±���

=DJRURGQLXN�,��6SHFLHV�RI� WKH� JHQXV�3OHFRWXV LQ�WKH�&ULPHD�DQG� QHLJKERXU�DUHDV� RI� WKH�1RUWKHUQ�%ODFN� 6HD
5HJLRQ� ���:RORV]\Q� %�� :�� �HG����3URFHHGLQJV� RI� WKH�9,,,WK (XURSHDQ� %DW� 5HVHDUFK� 6\PSRVLXP�� ²
.UDNRZ��3/$7$1�3XEO��+RXVH��������²�9RO�����²�>LQ�SUHVV@�


