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1]hj AZ]hjh^gxd ���<Zkbev Ihdbgvq_j_^Z � lZ <heh^bfbj >hfZre�g_pv �

� 1gklblml ahheh]�� �f��1\ZgZ RfZev]Zma_gZ G:G MdjZ�gb �Db�\��
� DZjiZlkvdbc [�hkn_jgbc aZih\�^gbd �JZo�\��
� F�g�kl_jkl\h hojhgb gZ\dhebrgvh]h k_j_^h\bsZ lZ y^_jgh� [_ai_db MdjZ�gb �Db�\ �

=DJRURGQLXN� ,��� 3RN\QFKHUHGD� 9��� 'RPDVKOLQHWV� 9�� $FWLYLW\� DQG� DGGLWLRQDO
PDWHULDOV� RI� WKH� 8NUDLQLDQ� FKLURSWHURORJLFDO� FHQWUH�� %ULHI� FRPPXQLFDWLRQ� DERXW
WKH� FUHDWLRQ� RI�8&&� DQG� GLUHFWLRQV� RI� RXU� DFWLYLW\�� LQLWLDWLYHV� LQ� ILHOG� LQYHVWLJDWLRQV
DQG�WUDLQLQJ�RI�QHZ�VSHFLDOLVWV��RUJDQL]DWLRQ�RI� WKH�URXQG�WDEOHV� LQ�IUDPHZRUNV�RI� WKH
$QQXDO� 7KHULRORJLFDO� VFKRRO�VHPLQDU�� 5HYLHZV� DQG� LQIRUPDWLRQ� PDWHULDOV� SUHSDUHG
IRU� WKH�(852%$76�DQG�0LQLVWU\�RI� HQYLURQPHQW� RI�8NUDLQH� GXULQJ� ����±����� DUH
SUHVHQWHG�� DPRQJ� WKHP� WKH� UHYLHZV� RI� WKH� OHYHOV� RI� DEXQGDQFH� DQG� SURWHFWHG
FDWHJRULHV�RI�EDWV��EDW�PLJUDWLRQV��EDW�ULQJLQJ��HWF�

I_j_^�klhj�y
M exlhfm �����jhdm d�evdZ ]jmi l_j�heh]�\ a M`]hjh^Z��JZoh\Z��Ev\h\Z

lZ Db}\Z amklj�ebkv i�^ qZk h[e�d�\ abfh\bo kdmiq_gv dZ`Zg�\ \ h^ghfm a
gZc[�evrbo abfh\bs ±�i_q_jg�c kbkl_f� �>jm`[Z���:dlb\gZ ki�evgZ ijZpy m l�
fhjhag� ^g� gZ ehg� lhlZevgh]h aZfhjh`_ggy gZmdb \ hlhqmxqhfm gZk
gZmdh\hfm k_j_^h\bs� \bebeZkv m nhjfm\Zggy ^\ho g_nhjfZevgbo �g�p�Zlb\ ±
ki_e_h[�heh]�qgh� lZ o�jhil_jheh]�qgh� Zkhp�Zp�c��H[b^\� \dexqZeb Zdlb\gbo
qe_g�\ L_j�heh]�qgh� rdheb�� � gZ p�c hkgh\� [meh ^hfh\e_gh ijh kl\hj_ggy
]jmib �MdjZ�gkvdbc o�jhil_jheh]�qgbc p_glj���^�yevg�klv ydh� � ihey]ZeZ [ m
jha]hjlZgg� o�jhil_jheh]�qgbo �g�p�Zlb\�� ijh\_^_gg� ihevh\bo gZ\qZgv lZ
djm]ebo klhe�\ \ jZfdZo L_j�heh]�qgh� lZ Ki_e_h[�heh]�qgh� rd�e�

GZ p_c qZk ^�yevg�klv mk�o gZmdh\bo ZdZ^_f�qgbo lh\Zjbkl\ lZ \�^�
ih\�^gbo \_ebdbo \k_khxagbo � j_kim[e�dZgkvdbo gZjZ^ lZ a
�a �̂\ [meZ nZd�
lbqgh amibg_gZ��GZlhf�klv ihqZeb kl\hjx\Zlbkv � ^�ylb i_jr� jh[hq� ]jmib �
rdheb��yd� �gZ drlZel aZo�^gbo �\hjdrhi�\��lZ �g_l\hjd�\���h[
}^gZeb amkbeey
�\mavdbo�� nZo�\p�\ \�^ih\�^gh]h ijhn�ex m \bj�r_gg� gZ]Zevgbo iblZgv�
h^gbf a gZc]heh\g�rbo k_j_^ ydbo klZeZ ijh[e_fZ gZmdh\h]h aZ[mlly�
g_h[o�^g�klv a[_j_`_ggy k\h]h khp�mfm��h[f�gm ^hk\�^hf��ki�edm\Zggy��lhsh�

Hdj�f pvh]h�� i_j_^ mk�fZ gZfb ihklZeZ ijh[e_fZ ma]h^`_ggy ^hke�^�
`_gv a ^hke�^`_ggyfb }\jhi_ckvdbo dhe_]�� h[f�gm ^hk\�^m m lZdbo j�aghfZ�
g�lgbo ]Zemayo nZoh\h� ^�yevghkl��� yd h[e�db dZ`Zg�\ a \bdhjbklZggyf
mevljZa\mdh\bo ^_l_dlhj�\ lZ ihj�\gyggy �o j_amevlZl�\ a h[e�dZfb m abfh�
\bsZo��djbl_j�� \bagZq_ggy hohjhggbo dZl_]hj�c lZ ma]h^`_ggy gZp�hgZevgbo �
f�`gZjh^gbo q_j\hgbo kibkd�\�� jhajh[dZ gZp�hgZevgbo ijh]jZf sh^h
\b\q_ggy � a[_j_`_ggy \b^�\ �$FWLRQ� SODQ�� lZ aZdhgh^Z\qZ i�^ljbfdZ p�}�
^�yevghkl���i�^]hlh\dZ \bagZqgbd�\ lZ ihimeyjbaZp�y agZgv��

1g�p�Zlb\b MOP
AZ ljb jhdb k\h}� ^�yevghkl� �g�p�Zlb\gZ ]jmiZ MOP�

x h[
}^gZeZ nZo�\p�\�ahheh]�\��sh } Zdlb\gbfb mqZkgbdZfb mk�o shj�qgbo
l_j�heh]�qgbo lZ ki_e_h[�heh]�qgbo rd�e�

x gZeZ]h^beZ jh[hq� klhkmgdb a (852%$76� � ;hgg��� P_gljhf o�jhil_�
jheh]�qgh� �gnhjfZp�� �DjZd�\���F�g_dh[_ai_db MdjZ�gb �Db�\���=jmihx
hohjhgb dZ`Zg�\ �Keh\ZqqbgZ��

x hj]Zg�am\ZeZ shj�qg� fhg�lhjbg]h\� ^hke�^`_ggy i_q_jgbo kbkl_f
DZjiZlkvdh]h j_]�hgm lZ klZeZ Zdlb\gbf qe_ghf jh[hqh� ]jmib a ijh�
[e_fb �DZ`Zgb DZjiZlkvdh]h j_]�hgm��

x ki�evgh a ihevkvdbfb dhe_]Zfb hj]Zg�am\ZeZ ^_l_dlhjg� gZ\qZggy gZ
[Za� DZjiZlkvdh]h aZih\�^gbdZ ������� lZ ^_l_dlhjg� h[e�db dZ`Zg�\ m
AZdZjiZll� ��������IjbdZjiZll� �������lZ Db}\� �����±������

� J_amevlZlb^_ydbo a pbo ^hjh[d�\ gZ\h^ylvky m pvhfm a\ �l� Z[h m ih^Zevrbojha^�eZoa[�jdb m
\b]ey^� hdj_fbo ih\ �̂ hfe_gv�� ^_sh him[e�dh\Zgh jZg �r_ �/DERFKD� HW� DO��� ������Ihdbgvq_j_^Z�
������Ihdbgvq_j_^Z��Ihdbgvq_j_^Z�� ������Ihdbgvq_j_^ZlZ �g��� ������AZ]hjh^gxd lZ �g��� �����
������=DJRURGQLXN�����D�E�lZ [Z]Zlh �grbo��^b\��lZdh`px a[�jdm��



x ijbcgyeZ Zdlb\gm mqZklv m ijh\_^_gg� I_jrh� �������lZ >jm]h� ������
/\jhi_ckvdh� ghq� dZ`Zg�\�

x hj]Zg�am\ZeZ Djm]ebc kl�e a iblZgv \b\q_ggy dZ`Zg�\ \ jZfdZo ��� �G��
`bgkvdh������� �Ihe�kvdh���lZ ��� �Af��\kvdh���l_j�heh]�qgbo rd�e�

x Zdlb\�am\ZeZ klm^_glkvdm fheh^v gZ i�^]hlh\dm dmjkh\bo ijh_dl�\
�F�`gZjh^gbc Khehfhg�\ mg�\_jkbl_l�� lZ hj]Zg�am\ZeZ dhgdmjk
klm^_glkvdbo lZ Zki�jZglkvdbo ijZpv a ijh[e_f \b\q_ggy dZ`Zg�\�

x �g�p�x\ZeZ \�^djblly p�evh\h� Zki�jZglmjb ijb G:GM a ijh[e_f
hohjhgb i_q_jgbo m]jmih\Zgv dZ`Zg�\�

x i�^]hlm\ZeZ \bagZqgbdb ^ey ^�Z]ghklbdb dZ`Zg�\ aZ _dkl_j
}jgbfb �
djZg�Zevgbfb hagZdZfb�� yd� a]�^gh a j�r_ggyf �� k_k�� �(852%$76��
\aylh aZ hkgh\m ^ey i�^]hlh\db }\jhi_ckvdh]h \bagZqgbdZ�
Q_j]h\bf _lZihf gZrh� ijZp� klZeZ i�^]hlh\dZ p�}� a[�jdb�� \�^ i�^]h�

lh\db i_jrbo �gnhjfZp�cgbo ebkl�\ lZ nhjfm\Zggy dhgp_ip�� � i_jrh� \_jk��
af�klm ^h �� j_}kljZp�� lZ \b^Zggy�

K_ahgg� f�]jZp�� dZ`Zg�\ gZ l_jblhj�� MdjZ�gb
H]ey^�^h\�^dZ�� i�̂ ]hlh\e_gZ MOP gZ aZibl MijZ\e�ggy [�hj_kmjk�\ F�g_dh�
[_ai_db MdjZ�gb �AZ]hjh^gxd��Ihdbgvq_j_^Z��ebi_gv ������lZ ^hhijZpvh\ZgZa�
kdhjhq_ggyfb m ljZ\g� �����j��ki_p�Zevgh ^ey p�}� a[�jdb�

Q_j_a l_jblhj�x MdjZ�gb ijhoh^ylv f�]jZp�cg� reyob mk�o i_j_e�lgbo
\b^�\ dZ`Zg�\ Ko�^gh� /\jhib aZ]Zehf��<bjZaghx hk�e�klx \b^�eyxlvky ebr_
f�kp_\� ihimeyp�� Djbfm lZ AZdZjiZlly�� [�evr�klv gZk_e_ggy dZ`Zg�\ �grbo
j_]�hg�\ oZjZdl_jbam}lvky \bjZaghx f�]jZp�cghx Zdlb\g�klx��< hkgh\� h]ey^m
±��gnhjfZp�y��gZdhibq_gZ gZfb lZ gZy\gZ m klZll� ;��Ihih\Z �������lZ a\_^_gg�
<��:[_e}gp_\Z a ;��Ihih\bf ��������<��:[_e}gp_\Z lZ �g�������±�������Hibkb
ih^Zgh m kbkl_fZlbqghfm ihjy^dm�

I�^dh\hghkb �3KLQRORSKXV��� >\Z \�̂ ghkgh j�̂ d�kg� \b^b� hk�̂ e��� 5KLQRORSKXV
KLSSRVLGHURV ±fZehqbk_evgbchk�̂ ebc \b^�� a^�ckgx} ehdZevg� f�]jZp�� ^h f�kpv abf�\e�
�i_q_j lZ �g����5KLQRORSKXV� IHUUXPHTXLQXP ±�qbk_evg�klv f_grZ��a jhdZfb kdhjhqm}lvky�
hk�̂ ebc��a^�ckgx} ehdZevg�f�]jZp�� ^h abfh\bs�

>h\]hdjbevp� �0LQLRSWHUXV���/^bgbc j�̂ d�kgbc \b^ ±�0LQLRSWHUXV� VKUHLEHUVL ±
dhebkv qbk_evgbc \b^��sh agbd nZdlbqgh m gZk gZ hqZo��i_j_e�lgbc��qZkldh\h hk�̂ ebc�
gZ abf�\e� aZebrZ}lvky^h ��±�����e�lgvh]h gZk_e_ggy�

G�qgbp� \_ebd� �0\RWLV V�� VWU���� >\Z \�̂ ghkgh qbke_gg� \b^b�� 0\RWLV� EO\WKL lZ
0\RWLV� P\RWLV ±� a\bqZcg� i_j_e�lg��� qZkldh\h hk�̂ e� \b^b�� QZklbgZ ihimeyp��c a
MdjZ�gkvdboDZjiZl f�]jm} gZ abfm aZ f_`� MdjZ�gb�

G�qgbp� fZe� �0\RWLV �/HXFRQRH V�� O�����GZc[Z]ZlrZ aZ \b^h\bf kdeZ^hf ]jmiZ�
0\RWLV� EHFKVWHLQL ±�^m`_ j�̂ d�kgbc \b^ MdjZ�gb lZ Ko�̂ gbo DZjiZl��hk�̂ ebc�� a^�ckgx}
ehdZevg� f�]jZp�� ^h f�kpv abf�\e� �i_q_j lZ �g����0\RWLV� QDWWHUHUL ±� ^m`_ j�̂ d�kgbc
hk�̂ ebc \b^�� \�̂ hfbc \ hkgh\ghfm gZ abf�\e� m i_q_jZo�� 0\RWLV GDV\FQHPH ±
gZ^a\bqZcghj�̂ d�kgbc i_j_e�lgbc��cfh\�jgh��qZkldh\hhk�̂ ebc \b^��0\RWLV�GDXEHQWRQL ±
a\bqZcgbc��cfh\�jgh��hk�̂ ebc \b^�� a^�ckgx} ehdZevg� f�]jZp�� ^h f�kpv abf�\e� �i_q_j
lZ �g����cfh\�jgh��qZklbgZihimeyp�� f�]jm} gZ abfm aZ f_`� MdjZ�gb��0\RWLV�P\VWDFLQXV ±
fZehqbk_evgbc i_j_e�lgbc \b �̂�\ MdjZ�gkvdbo DZjiZlZo�� cfh\�jgh�� hk�̂ ebc �\�̂ hfbc
gZ abf�\e� \ i�̂ a_fgbo koh\bsZo��� 0\RWLV� HPDUJLQDWXV ±� j�̂ d�kgbc hk�̂ ebc \b^�
a^�ckgx} ehdZevg�f�]jZp�� ^h f�kpv abf�\e� �i_q_j lZ �g���

<moZg� �3OHFRWXV��� H[b^\Z \b^b pvh]h jh^m } hk�̂ ebfb�� oZjZdl_jg� ehdZevg�
f�]jZp�� m ihrmdZo �grbo f�kpv abf�\e� \ijh^h\` abfb�� 3OHFRWXV� DXULWXV ±� fZehqb�
k_evgbc hk�̂ ebc \b �̂� a^�ckgx} ehdZevg� f�]jZp�� ^h f�kpv abf�\e��� cfh\�jgh�� qZklbgZ
ihimeyp�c a i�\g�qgbo h[eZkl_c MdjZ�gb f�]jm} gZ abf�\e� gZ i�\^_gv�� 3OHFRWXV
DXVWULDFXV ±�fZehqbk_evgbc hk�̂ ebc \b �̂�a^�ckgx} ehdZevg� f�]jZp�� ^h f�kpv abf�\e���m
AZdZjiZll�±�hk�̂ ebc \b^��\�̂ hfbc gZ abf�\e� a i�̂ a_fgboihjh`gbg�

Rbjhdh\mob �%DUEDVWHOOD���Ij_^klZ\e_gbc }^bgbf hk�̂ ebf \b^hf %DUEDVWHOOD
EDUEDVWHOOXV ±�hk�̂ ebc \b^�� a^�ckgx} ehdZevg� f�]jZp�� ^h f�kpv abf�\e� �i_q_j lZ �g���
\ijh^h\` abfb a^�ckgx} ehdZevg�f�]jZp�� m ihrmdZo �grbof�kpv abf�\e��

<_q�jgbp� �1\FWDOXV���M nZmg� MdjZ�gb ±�ljb \b^b��^ey \k�o oZjZdl_jgZ abf�\ey
[�evrh� qZklbgb ihimeyp�c aZ f_`Zfb MdjZ�gb� 1\FWDOXV� OHLVOHUL ±� gZ^a\bqZcgh
j�̂ d�kgbc lbih\bc i_j_e�lgbc \b �̂� cfh\�jgh�� g_agZqgZ qZklbgZ ihimeyp�� abfm} m
gZa^_fgbo koh\bsZo �i_j_\Z`gh ^mieZ ^_j_\��gZ i�\^g� MdjZ�gb��i_j_\Z`gZ [�evr�klv
hkh[bg f�]jm} aZ f_`� MdjZ�gb��1\FWDOXV� QRFWXOD ±� a\bqZcgbc lbih\bc i_j_e�lgbc \b^�
i_j_\Z`gZ qZklbgZ ihimeyp�� f�]jm} gZ abf�\ex aZ f_`� MdjZ�gb�� \ AZdZjiZll� ��
cfh\�jgh�� m �grbo i�\^_ggbo h[eZklyo MdjZ�gb ±� hk�̂ ebc�� 1\FWDOXV� ODVLRSWHUXV ±
j�̂ d�kgbc lbih\bc i_j_e�lgbc \b �̂� abf�\e� m f_`Zo MdjZ�gb g_ \�̂ hf���ohqZ cfh\�jg��
abfm} \bdexqgh m gZ^a_fgbo koh\bsZo�

G_lhibj� �3LSLVWUHOOXV��� Ij_^klZ\e_gbc qhlbjfZ \b^Zfb�� ^\Z a ydbo ij_^�
klZ\e_g� fZj]�gZevgbfb ihimeyp�yfb � \dexq_g� ^h QDM��cfh\�jgh��\k� \b^b } i_j_�
e�lgbfb� 3LSLVWUHOOXV� SLSLVWUHOOXV ±� j�̂ d�kgbc i_j_e�lgbc \b^�� i_j_\Z`gh abfm} aZ



f_`Zfb MdjZ�gb��\ MdjZ�g� gZ abf�\e� \�̂ hfbc m AZdZjiZll���cfh\�jgZ abf�\ey m Djbfm�
gZ l_jblhj�� MdjZ�gb \�̂ hf� agZo�̂ db gZ abf�\e� m gZ^a_fgbo koh\bsZo�� ohqZ \�̂ hfZ
abf�\ey pvh]h \b^m m i�̂ a_fgbo ihjh`gbgZo �Keh\ZqqbgZ��� 3LSLVWUHOOXV� QDWKXVLL ±
j�̂ d�kgbc i_j_e�lgbc \b^��i_j_\Z`gh abfm} aZ f_`Zfb MdjZ�gb�� \ MdjZ�g� gZ abf�\e�
\�̂ hfbc l�evdb m AZdZjiZll���abfm} m gZ^a_fgbo koh\bsZo��3LSLVWUHOOXV�NXKOL ±�j�̂ d�kgbc
i�\^_ggbc \b^�� �gnhjfZp�y sh^h f�]jZp�cgh� Zdlb\ghkl� \�̂ kmlgy�� 3LSLVWUHOOXV VDYLL ±
gZ^a\bqZcgh j�̂ d�kgbc \b^�� �gnhjfZp�y sh^h f�]jZp�cgh� Zdlb\ghkl� \�̂ kmlgy�
ihh^bghd�agZo�̂ db \ MdjZ�g� \�̂ ghkylvky^h i�\g�qgh�f_`� \b^h\h]h Zj_Zem�

DZ`Zgb �(SWHVLFXV��� J�̂ ij_^klZ\e_gbc ^\hfZ hk�̂ ebfb \b^Zfb�� (SWHVLFXV
VHURWLQXV ±�qbk_evgbc hk�̂ ebc \b^�� a^�ckgx} ehdZevg� f�]jZp�� ^h f�kpv abf�\e� �gZ^�
a_fg� koh\bsZ��j�̂ r_ i�̂ a_fg����\ijh^h\` abfb a^�ckgx} ehdZevg� f�]jZp�� m ihrmdZo
�grbo f�kpv abf�\e��� (SWHVLFXV� QLOVVRQL ±� j�̂ d�kgbc hk�̂ ebc \b �̂� a^�ckgx} ehdZevg�
f�]jZp�� ^h f�kpv abf�\e� �i_q_j lhsh��� ]�jkvdZ qZklbgZ ihimeyp�� m DZjiZlZo \abfdm
f�]jm} gZ j�\gbgm�� ahdj_fZ aZ f_`� MdjZ�gb �m i�̂ a_fgbo koh\bsZo MdjZ�gkvdbc
DZjiZl \abfdmg_ \by\e_gbc��

Ebebdb �9HVSHUWLOLR���Ij_^klZ\e_gbc }^bgbf \b^hf�� 9HVSHUWLOLR� PXULQXV ±� j�̂ �
d�kgbc i_j_e�lgbc \b^�� cfh\�jgh�� \ MdjZ�gkvdbo DZjiZlZo qZkldh\h hk�̂ ebc�� \�̂ hfZ
}^bgZ agZo�^dZ gZ abf�\e� m f_`ZoMdjZ�gb �]�jkvdZ qZklbgZ AZdZjiZlly��

D�evpx\Zggy dZ`Zg�\ \ MdjZ�g�
>h\�^dZ�� ij_^klZ\e_gZ m \�^ih\�^v gZ aZibl �(XUREDWV��� ih^Z}lvky \

hjb]�gZevghfm \b]ey^��
>h pvh]h \Zjlh ^h^Zlb��sh ]heh\g� i�^kmfdb d�evpx\Zggy dZ`Zg�\ \

MdjZ�g� \ijh^h\` ����±����� jj�� maZ]Zevg_gh m a\_^_gg� <�� :[_e}gp_\Z a�
ki�\Z\l�� �����±������� j_amevlZlb ZgZe�am d�evpx\Zggy m DZjiZlkvdhfm aZih�
\�^gbdm�� hj]Zg�ah\Zgh]h lZ ijh\_^_gh]h Y�� >h\]Zgbq_f gZ ihqZldm ���o�
\bdeZ^_gh m p�c a[�jp� �Ihdbgvq_j_^Z�� >h\]Zgbq��� gZke�^db d�evpx\Zggy
dZ`Zg�\ m Djbfm��hibk qh]h Zghgkh\Zgbc :��<hehohf m ijh_dl� p�}� a[�jdb��Ze_
lZd � g_ him[e�dh\Zg��� \j_rl��� ev\�\
ygb ieZgmxlv jha]hjlZlb gh\m k_j�x
aZoh^�\ sh^h d�evpx\Zggy dZ`Zg�\ �^b\��ih\�^hfe_ggy 1��>bdh]h a dhe_]Zfb��

%DW�ULQJLQJ�LQ�8NUDLQH >����������=DJRURGQLXN��3RN\QFKHUHGD@�
5LQJLQJV�RI�EDWV�RQ� WHUULWRU\�RI�8NUDLQH�ZHUH�FRQGXFWHG�GXULQJ� ����±����

\HDUV�E\�VHSDUDWH� UHVHDUFKHUV��ZLWKRXW�DQ\�FHQWUDOL]HG�SURJUDP��7KH� ULQJLQJV�ZHUH
FDUULHG�RXW�RQO\�XVLQJ�ELUG�ULQJV�RQ�EDW�IRUHDUP��7KH� ORQJ�WHUP�H[SHULHQFH� WHVWLILHV
WKH�QHJDWLYH� LQIOXHQFH�RI�VXFK�DSSURDFK�RQ�EDWV��XS� WR� WKHLU� UXLQ�� ,W� ZDV� WKH� PDLQ
UHDVRQ�RI�WKH�HQGLQJ�RI�WKH�EDW�ULQJLQJ�LQ�8NUDLQH�

7KH� ODVW� ULQJLQJ�ZDV� FDUULHG� RXW� LQ� WKH� &DUSDWKLDQ� 5HVHUYH� LQ� ����±����
\HDUV�GXULQJ�EDW�ZLQWHULQJ� LQ�FDYHV��6LQFH� WKHQ��DQRWKHU�DWWHPSWV�RI�EDW� ULQJLQJ� LQ
8NUDLQH��DV�IDU�DV�ZH�NQRZ��ZHUH�QRW�FDUU\LQJ�RXW�

:H�FRQVLGHU�WKH�ULQJLQJ�DV�RQH�RI�PDLQ�PHWKRGV�RI�VWXG\�RI�EDW�SRSXODWLRQ
G\QDPLFV��,Q� WKLV�FRQQHFWLRQ�ZH�DUH� LQWHUHVWHG� LQ� WKH� UHVXPSWLRQ�RI� WKH� ULQJLQJ�RQ
WKH�EDVLV�RI�PRGHUQ�VSDULQJ�WHFKQLTXHV��:H�VHH� D�PDLQ�GLUHFWLRQV�LQ� WKH�FRRSHUDWLRQ
ZLWK� WKH� (XURSHDQ� &HQWHU� DV� ���� WKH� FRRUGLQDWLRQ� RI� VXFK� UHVHDUFKHV�� DQG� ���
GHYHORSPHQW�RI�D�QHWZRUN�RI�EDW�ULQJLQJ�LQ�8NUDLQH�

:H� KDYH� VRPH� H[SHULHQFH�� GHVLUH� DQG� PDQSRZHU�� +RZHYHU�� WKH� PRVW
LPSRUWDQW� DQG� HIIHFWLYH� KHOS� IURP� WKH� &HQWHU� FRXOG� FRQVLVW� RI� WKH� WHFKQLFDO� DQG
LQIRUPDWLRQ� KHOS�� ILUVW� RI� DOO� WKH� SXUFKDVH� RI� ULQJV�� PRVW� LPSRUWDQW� VSHOHR�
HTXLSPHQW��HOHPHQWDU\�EDW�GHWHFWRUV�DQG�QHWV��RUJDQL]DWLRQ�RI�H[SHGLWLRQV�

Ihj�\gyevgZ lZ[ebpy qbke_gghkl� dZ`Zg�\ \ MdjZ�g�
1gnhjfZp�y �&RPSDUDWLYH�WDEOH�RI�EDW�DEXQGDQFH�LQ�8NUDLQH��i�^]hlh\e_gZ

^ey k_dj_lZj�Zlm (852%$76� �WR� (ULF� %OHQFRZH�� �������� a f_lhx \dexq_ggy
pbo ^Zgbo m gh\m \_jk�x a\_^_gh� lZ[ebp� klZgm ihimeyp�c lZ l_g^_gp�c af�gb
qbk_evghkl� dZ`Zg�\ m djZ�gZo /\jhib� LZd� ^Zg� maZ]Zevg_gh m gZklmig�c
lZ[ebp���Mfh\g� ihagZq_ggy m lZ[ebp��

Klh\iqbd �6WDWXV� LQ�5'%8�� ±�hohjhgg� dZl_]hj�� \b^�\ a]�̂ gh a QDM �������lZ
ijhihgh\Zg� ��QHZ��� a]�̂ gh a gZrbfb hp�gdZfb �klhjbqgbo af�g qbk_evghkl� �aZ�
AZ]hjh^gxd��LdZq�� �������Klh\iqbd �(XUREDWV� UHYLHZ �� ±� klZlmk a]�̂ gh a ihi_j_^g�f
h]ey^hf (852%$76 ��ROG��� lZ gZrbfb ijhihabp�yfb ��QHZ���� Hq_\b^gh�� sh ^ey
[�evrhkl�\b^�\ ^Zlb h[
}dlb\g� hp�gdb klZgm lZ ^bgZf�db qbk_evghkl�g_fh`eb\h�



LZ[ebpy ��� 1klhjbqg� af�gb qbk_evghkl� dZ`Zg�\ gZ l_jblhj�� MdjZ�gb �aZ ^Zgbfb a��
AZ]hjh^gxd��LdZq��������lZ nhjfZe�ah\Zg�hp�gdb pbo af�g aZ ko_fhx �(XUREDWV�
J L̂ lZ \b^ KmfZ ����
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(852%$76
UHYLHZ

_da� � � � �QDM���� ROG QHZ
0\RWLV�QDWWHUHUL � ��� ��� ��� � R "
0\RWLV�GDV\FQHPH � ��� ��� ��� � ± "
0\RWLV�EHFKVWHLQL � ��� ��� ��� � R" "
3LSLVWUHOOXV�VDYLL � ��� ��� ��� � " "
3LSLVWUHOOXV�NXKOL � ��� ��� ��� � R "
3OHFRWXV�DXVWULDFXV � ��� ��� ��� ± R R"
(SWHVLFXV�QLOVVRQL � ��� ��� ��� ± ± ±"
1\FWDOXV�ODVLRSWHUXV � ��� ��� ��� � ± "
0\RWLV�HPDUJLQDWXV �� ��� ��� ��� � R" "
1\FWDOXV�OHLVOHUL �� ��� ��� ��� � ± "
0\RWLV�P\VWDFLQXV
 �� ��� ��� ��� ± R" R"
%DUEDVWHOOD�EDUEDVWHOOXV �� ��� ��� ��� � ± R"
0\RWLV�GDXEHQWRQL �� ��� ��� ��� ± R" R
9HVSHUWLOLR�PXULQXV �� ��� ��� ��� ± R R
3OHFRWXV�DXULWXV �� ��� ��� ��� ± R R"
3LSLVWUHOOXV�QDWKXVLL �� ��� ��� ��� ± R R"
5KLQRORSKXV�KLSSRVLGHURV �� ��� ��� ���� � ± R��
0\RWLV�P\RWLV �� ��� ��� ���� ± R �
3LSLVWUHOOXV�SLSLVWUHOOXV �� ��� ��� ��� ± R R
(SWHVLFXV�VHURWLQXV �� ��� ��� ���� ± ± R
0LQLRSWHUXV�VFKUHLEHUVL �� ��� ���� ���� � ±  
0\RWLV�EO\WKL ��� ���� ���� ��� ± � �
5KLQRORSKXV�IHUUXPHTXLQXP ��� ���� ��� ��� � ± R
1\FWDOXV�QRFWXOD ��� ���� ���� ��� ± ± R
Ijbf�ldZ�� 
� \de�� h^bg dhe_dp�cgbc _da�� �0\RWLV� LNRQQLNRYL�� a AZdZjiZlly �^b\��
=DJRURGQLXN������F��

E�l_jZlmjZ
�� :[_e_gp_\ <�B ���Dhexr_\ B �B ���Djhqdh X �B ���LZlZjbgh\ D�:� Blh]b dhevp_\Zgbyjmdhdjueuo

\ MdjZbgkdhcKKJ aZ ����±�����]]��Khh[s�� �� ���<_klg�� ahheh]bb�� ±� ������ 1� ��� ±�K�� ��±���
Khh[s�������<_klg��ahheh]bb��±�������±�1����±�K����±����Khh[s�������<_klg��ahheh]bb��±�������±�1
���±�K����±���

�� :[_e}gp_\ <��,���Ihih\ ;��F��Jy^ jmdhdjbe���Z[h dZ`Zgb ±�&KLURSWHUD���NZmgZ MdjZ�gb�� ±�Db�\�
<b �̂\h :GMJKJ��������±�lhf ���KkZ\pL��\bi�����±�K�����±����

�� >bdbc 1���Kj_[jh^hevkvdZ /���;ZrlZ L� OLjhil_jheh]LqgL� ^hkeL̂ `_ggy Ev\L\sbgb��fbgme_ L
kmqZkg_���Db�\��������±�py a[�jdZ�

�� >hfZre�g_pv <� F�`gZjh^gh�ijZ\h\�Zki_dlbhohjhgbdZ`Zg �\ ���Db�\��������±�py a[�jdZ�
�� AZ]hjh^gxd 1� >_l_dlhjg �h[e�db dZ`Zg �\ m Db}\�����±�����jhd�\ ���Db�\��������±�py a[�jdZ�
�� AZ]hjh^gxd 1��� @beZ K��� Dbk_exd H� GZp �hgZevgZ l_j�heh]�qgZ rdheZ�k_f�gZj ©KkZ\p � m

Q_j\hg�cdgba�ª����<_klgbdahheh]bb��±�������±������ ���±��LQ�SUHVV��
�� AZ]hjh^gxd ,��� Ihdbgvq_j_^Z <��� Dbk_exd H��� >h\]Zgbq Y � L_j�hnZmgZ DZjiZlkvdh]h [Lh�

kn_jgh]haZih\L̂ gbdZ�� Db�\��1g�l ahhe��G:GM������������k���>h �̂ ��̂ h �<_klg��ahheh]bb���
�� AZ]hjh^gxd ,���LdZq <� KmqZkgbc klZg nZmgb lZ LklhjbqgL� afLgb qbk_evghklL�dZ`ZgL\ �&KLUR�

SWHUD��gZ l_jblhjL� MdjZ�gb ���>hih\L̂ L�G:GMdjZ�gb��±�������±�1����±�K�����±����
�� Ihdbgvq_j_^Z <��N� Ihevh\bc\bagZqgbddZ`Zg�\MdjZ�gb��±�JZo�\��\b �̂\h DZjiZlkvd��aZi�dZ�

������±����k�
��� Ihdbgvq_j_^Z <���AZ]hjh^gxd 1���IhklZ\Z L���EZ[hoZ F���LZjZg <� G�qgbpy ^h\]h\moZ �0\RWLV

EHFKVWHLQL�lZ dZ`Zgi �\g�qgbc�(SWHVLFXV�QLOVVRQL��\ MdjZ�gkvdboDZjiZlZo���<_klg��ahheh]bb��±
������ï����±��LQ�SUHVV��

��� Ihdbgvq_j_^Z <���>h\]Zgbq Y � D�evpx\Zggyjmdhdjbebo\ DZjiZlkvdhfmaZih\�^gbdm ���Db�\�
������±�py a[�jdZ�

��� Ihdbgvq_j_^Z <��N���Ihdbgvq_j_^Z <��<� <b^h\bckdeZ^ lZ qbk_evg �klvjmdhdjbebogZ abf�\e�
\ hdj_fbo i �̂ a_fgbo ihjh`gbgZo DZjiZlkvdh]h [�hkn_jgh]h aZih\ �̂ gbdZ ��� F�`gZjh^g�
Zki_dlb\b\q_ggylZ hohjhgb[�hj�aghfZg �llyDZjiZl��FZl�eb f�̀ gZjh^gh�gZmd��ijZdl��dhgn��
ijbk\yq������j�qqxf��JZoh\Z����±���\_j_kgy�����j��±�JZo�\��������±�K�����±����

��� Ihih\ ;��F� H k_ahgguofb]jZpbyoe_lmqbofur_c ���Ijbjh^Z�� ±�Fhkd\Z�� ������ ±�� ��� ±�K�
��±���

��� /DERFKD�0���3RN\QFKHUHGD�9���3RVWDZD�7���=DJRURGQLXN�,�5HVXOWV�RI�VXPPHU� LQYHVWLJDWLRQV�RI�EDWV
LQ�WKH�&DUSDWKLDQ�ELRVSKHUH�UHVHUYH����3URF���VW ,QWHUQ��&RQI��RQ�WKH�&DUSDWKLDQ�EDWV��±�.UDNRZ�������
±��LQ�SUHVV��

��� =DJRURGQLXN�,�%DWV� LQ�WKH� /YLY�1DWXUDO�+LVWRU\�0XVHXP�� GHVFULSWLRQ� DQG� FRPSDUDWLYH� DQDO\VLV� RI
WKH�FROOHFWLRQ����GZmd��aZi��Ev\ �\��ijbjh^hagZ\q��fma��G:GMdjZ�gb��±�����D�±���±��LQ�SUHVV��

��� =DJRURGQLXN�,��9� 7D[RQRP\�� ELRJHRJUDSK\� DQG� DEXQGDQFH� RI� WKH� +RUVHVKRH� EDWV� �5KLQRORSKLGDH�
0DPPDOLD��IURP�WKH�(DVWHUQ�(XURSH����$FWD�]RRO��FUDFRZ��±�����E������±��LQ�SUHVV��

��� =DJRURGQLXN�,��9�:KLVNHUHG� EDWV� �0\RWLV H[� JU��P\VWDFLQXV�� LQ� 8NUDLQH� ��� %DWV� RI� WKH�&DUSDWKLDQ
UHJLRQ��3URF���QG�,QWHUQ��&RQI��±�����F��±��LQ�SUHVV��


