
Ă͘6WDWH�.H\�/DERUDWRU\�RI�6\QWKHWLF�&KHPLVWU\�DQG�'HSDUWPHQW�RI�&KHPLVWU\��7KH�
8QLYHUVLW\�RI�+RQJ�.RQJ��3RNIXODP�5RDG��+RQJ�.RQJ��&KLQD
(�PDLO��FPFKH#KNX�KN��MVKXDQJ#KNX�KN

ď͘+.8�6KHQ]KHQ�,QVWLWXWH�RI�5HVHDUFK�	�,QQRYDWLRQ��6KHQ]KHQ� &KLQD
Ώ� (OHFWURQLF�6XSSOHPHQWDU\�,QIRUPDWLRQ��(6,��DYDLODEOH��([SHULPHQWDO�SURFHGXUHV��
FRPSXWDWLRQDO�GHWDLOV��)LJ��6��6���7DEOH�6��6���6FKHPH�6��6���&&'&����������
�������������������������� 6HH�'2,� ��������[�[[�����[

^ƚĂďůĞ�ŝƌŝĚŝƵŵ;/sͿ�ĐŽŵƉůĞǆĞƐ�ƐƵƉƉŽƌƚĞĚ�ďǇ�ƚĞƚƌĂĚĞŶƚĂƚĞ�ƐĂůĞŶ�
ůŝŐĂŶĚƐ͘�^ǇŶƚŚĞƐŝƐ͕�ƐƚƌƵĐƚƵƌĞƐ�ĂŶĚ�ƌĞĂĐƚŝǀŝƚǇ
�Śŝ�>ƵŶ�>ĞĞ͕Ă >ŝĂŶŐůŝĂŶŐ�tƵ͕Ă :ŝĞͲ^ŚĞŶŐ�,ƵĂŶŐΎĂ ĂŶĚ��ŚŝͲDŝŶŐ��ŚĞΎĂď

$� VHULHV� RI� WUDQV�GLFKORURLULGLXP�,9��VDOHQ� FRPSOH[HV ZHUH�
V\QWKHVL]HG� DQG� VWUXFWXUDOO\� FKDUDFWHUL]HG E\� VSHFWURVFRSLF�
PHDQV�DQG�;�UD\�FU\VWDO�VWUXFWXUHV��7KHVH�,U�,9��FRPSOH[HV DUH�
DEOH� WR FDWDO\]H� LQWUDPROHFXODU� &±+� DPLQDWLRQ� RI� DU\O� D]LGHV�
7KH� FDWDO\WLF� DPLQDWLRQ� ZDV GUDVWLFDOO\� DFFHOHUDWHG XQGHU�
PLFURZDYH�DVVLVWHG� FRQGLWLRQV� DQG� SRVVLEO\� LQYROYHV� ,U±LPLGR�
LQWHUPHGLDWHV DV VXSSRUWHG�E\�KLJK�UHVROXWLRQ (6,�06�DQDO\VLV�

,ULGLXP�FDWDO\]HG�RUJDQLF� WUDQVIRUPDWLRQV�KDYH� EHHQ UHFHLYLQJ D�JUHDW�
GHDO� RI DWWHQWLRQ�� $PRQJ� WKH� LPSRUWDQW� LQWHUPHGLDWHV SURSRVHG� WR� EH�
LQYROYHG�LQ�WKHVH�SURFHVVHV DUH�,U�,9��VSHFLHV��F�� ,U�,9��VSHFLHV�UHSUHVHQW�
RQH�FODVV�RI�WKH�NH\�LQWHUPHGLDWHV�SURSRVHG�LQ�LULGLXP�FDWDO\]HG ZDWHU�
R[LGDWLRQ�� 1RQHWKHOHVV��LVRODWHG ,U�,9� FRPSOH[HV�DUH UHODWLYHO\�VSDUVH�
DOO�RI�ZKLFK�DUH�VXSSRUWHG�E\ PRQRGHQWDWH� OLJDQGV�RQO\�� RU�ELGHQWDWH�
6A6�� 1A1���� %A&�� 1A2�� 2A2� OLJDQGV�� RU WULGHQWDWH� 2A1A2���

2A2A2��� 3A1A3��� 1A1A2�� OLJDQGV� RU� SRO\R[RPHWDODWHV��� ,QGHHG��
WKH� FKHPLVWU\� DQG� FDWDO\WLF� DFWLYLW\� RI ,U�,9�� FRPSOH[HV� LQ� RUJDQLF�
WUDQVIRUPDWLRQV UHPDLQ�XQGHUGHYHORSHG�:H�DUH�LQWHUHVWHG�WR�H[SORUH�WKH�
FKHPLVWU\�DQG�FDWDO\WLF�SURSHUWLHV�RI�PRQRQXFOHDU�LULGLXP FRPSOH[HV�LQ�
KLJK�R[LGDWLRQ� VWDWHV��ZKLFK� DUH� VXSSRUWHG�E\� WHWUDGHQWDWH�2A1A1A2
6FKLII� EDVH� OLJDQGV�� QDPHO\� 1�1ಿ�ELV�VDOLF\OLGHQH��HWK\OHQHGLDPLQH�
GHULYDWLYHV��VDOHQV�� 7KLV�W\SH�RI OLJDQGV�KDV EHHQ�HPSOR\HG�WR VXSSRUW
HIILFLHQW� ,U�,,,� FDWDO\VWV IRU� FDUEHQH� WUDQVIHU�LQVHUWLRQ ZLWK� GLD]R�
FRPSRXQGV��D�E DQG� QLWUHQH�&±+� LQVHUWLRQ ZLWK� VXOIRQ\O� D]LGHV���F

+RZHYHU��PRQRQXFOHDU� ,U�,9��VDOHQ FRPSOH[HV�� WR� WKH� EHVW� RI� RXU�
NQRZOHGJH��DUH�XQSUHFHGHQWHG� 7KH�FDWDO\WLF�UHDFWLRQ H[DPLQHG�LQ�WKLV�
ZRUN� LV� QLWUHQH &±+� LQVHUWLRQ���G��� D� FDWDO\WLF� UHDFWLRQ� SUHYLRXVO\� QRW�
GRFXPHQWHG IRU ,U�,9��FKHPLVWU\�������G��� +HUHLQ�ZH�GHVFULEH WKH�LVRODWLRQ��
FKDUDFWHUL]DWLRQ�� DQG� FDWDO\WLF� EHKDYLRU� RI� VHYHUDO� VWDEOH�PRQRQXFOHDU�
,U�,9��VDOHQ�FRPSOH[HV >,U,9�VDOHQ�&O�@��VDOHQ� �/

������/������/������)LJ� ����
7KHVH� ,U�,9��VDOHQ� FRPSOH[HV�ZHUH� IRXQG� WR FDWDO\]H� LQWUDPROHFXODU�
DPLQDWLRQ�RI�&�VS��±+�ERQGV�RI� DU\O� D]LGHV�� SRVVLEO\�YLD� UHDFWLYH ,U±
LPLGR VSHFLHV������ ZLWK�XS�WR�����SURGXFW�\LHOGV�REWDLQHG�XQGHU

PLFURZDYH�DVVLVWHG�FRQGLWLRQV�
&RPSOH[HV�� DQG�� ZHUH�SUHSDUHG�E\�UHDFWLRQV RI >,U,�&O��&2'�@�

�&2'� �����F\FORRFWDGLHQH� ZLWK +�/
� DQG+�/

���UHVSHFWLYHO\� LQ�������
WULFKORUREHQ]HQH LQ RSHQ�DWPRVSKHUH�DW������&�IRU����PLQ���� UHG VROLG��
����\LHOG�����RUDQJH�VROLG������\LHOG���+RZHYHU��VLPLODU�UHDFWLRQ�RI�
>,U,�&O��&2'�@� ZLWK� +�/

� JDYH� >,U,,,�/���&O��&2�@�� 7UHDWPHQW� RI�
>,U,,,�/���&O��&2�@ LQ�UHIOX[LQJ�&&O� XQGHU�DUJRQ DWPRVSKHUH OHG�WR�WKH�
LVRODWLRQ�RI�FRPSOH[�� �EURZQ�VROLG������\LHOG��

&RPSOH[HV��±� DUH�SDUDPDJQHWLF��ZLWK PDJQHWLF�PRPHQW��ȝHII�
RI������ȝ% IRU ��������ȝ% IRU����DQG������ȝ% IRU�� �GHWHUPLQHG�E\�WKH�
(YDQV�PHWKRG�LQ�VROXWLRQ�DW�URRP�WHPSHUDWXUH���FRUUHVSRQGLQJ WR�WKH�
SUHVHQFH�RI�RQH�XQSDLUHG�HOHFWURQ LQ�HDFK�PROHFXOH�DQG LQGLFDWLQJ�DQ�
6� �����VSLQ�VWDWH��� ')7�FDOFXODWLRQV�XVLQJ�� DV�H[DPSOH��GHWDLOV�LQ�
WKH�(6,���UHYHDOHG�D�VSLQ�GHQVLW\�GLVWULEXWLRQ�RI ����RQ�,U�DQG ����
RQ�SKHQR[LGH�2�DWRPV��FRPSDUDEOH� WR� WKDW UHSRUWHG�IRU� WKH�,U�,9��
1A2 FRPSOH[HV� ���±���� RQ� ,U� � DQG� ��±���� RQ� DONR[LGH� 2�
DWRPV��D ZKLFK� LQGLFDWH� KLJK� FRYDOHQF\� DQG� GHORFDOL]DWLRQ� LQ� WKH�
FRRUGLQDWLRQ�ERQGV��� :H�PHDVXUHG�WKH�;�EDQG (35�VSHFWUD�RI��±�
LQ�&+�&O� DW ���.� �)LJ�� ��� DOO� WKH� VSHFWUD DUH� DQLVRWURSLF� DQG� DUH�
DVVLJQHG�ZLWK� WKH� KHOS� RI� WKH� HPSLULFDO� VLPXODWLRQV� HDFK� EHLQJ
VLPXODWHG� DV� DQ�6  ����� V\VWHP�ZLWK VLJQLILFDQW�J DQLVRWURS\��7KH�
(35�VSHFWUD�RI�� DQG�� ERWK�VKRZ D�UKRPELF�VLJQDO�ZLWK�VLPXODWHG J
YDOXHV�RI J[  �������J\  �������J]  ������IRU�� �)LJ��6���(6,���DQG�J[  �

&ŝŐ͘�ϭ yͲďĂŶĚ��WZ�ƐƉĞĐƚƌĂ�ŽĨ�/ƌ/s;ƐĂůĞŶͿ�ůϮ�;ƐĂůĞŶ�с�>
ϭ �͗ϭ �͕>Ϯ �͗Ϯ �͕>ϯ �͗ϯͿ�ŝŶ�ĨƌŽǌĞŶ��,Ϯ�ůϮ Ăƚ�ϭϬ�<͘

,Ϯ>
ϭ с�ďŝƐ;ϯ͕ϱͲĚŝͲƚĞƌƚͲďƵƚǇůƐĂůŝĐǇůŝĚĞŶĞͿͲϭ͕ϮͲĐǇĐůŽŚĞǆĂŶĞĚŝĂŵŝŶĞ͖�,Ϯ>

Ϯ с�ďŝƐ;ϯͲƚĞƌƚͲďƵƚǇůͲ
ϱͲĐŚůŽƌŽƐĂůŝĐǇůŝĚĞŶĞͿͲϭ͕ϮͲĐǇĐůŽŚĞǆĂŶĞĚŝĂŵŝŶĞ͖� ,Ϯ>

ϯ с� ďŝƐ;ϯ͕ϱͲĚŝͲƚĞƌƚͲďƵƚǇůƐĂůŝĐǇůŝĚĞŶĞͿͲ
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������J\ �������J] ������IRU�� �)LJ��6���(6,����&RPSOH[�� JLYHV�DQ�D[LDO�
VLJQDO ZLWK�VLPXODWHG�J[ a�J\  ������DQG�J]  ����� �)LJ��6���(6,��� 7KHVH
J YDOXHV�IRU �±� DUH�FRPSDUDEOH�WR�WKRVH�RI�SUHYLRXVO\�UHSRUWHG�,U�,9��
FRPSOH[HV� �J[  ����±������ J\  � ����±������ J]  � ����±������

�����E ,Q�
FRQWUDVW��>,U,,,�/���&O��&2�@ LV�GLDPDJQHWLF� VKRZLQJ D�ZHOO�UHVROYHG��+�
105�VSHFWUXP ZKLFK�LV�QRW�VHQVLWLYH�WR WHPSHUDWXUH��IURP����WR����
q&��)LJ��6���(6,���

7KH� FU\VWDO� VWUXFWXUHV� RI� �±� DQG >,U,,,�/���&O��&2�@ KDYH� EHHQ�
GHWHUPLQHG�E\�;�UD\�FU\VWDOORJUDSKLF�VWXGLHV��)LJ������&RPSOH[HV���DQG�
� DGRSW� SODQDU 2112� DUUDQJHPHQW� DV� XVXDOO\� IRXQG� IRU� PHWDO�
FRPSOH[HV�ZLWK�WKLV�W\SH�RI�VDOHQ�OLJDQGV��� 7KH�,U�,9��LRQV�RI�� DQG��
DUH�HDFK�VLWXDWHG�LQ�DQ D[LDOO\�HORQJDWHG RFWDKHGUDO�HQYLURQPHQW�ZLWK�
WZR� WUDQV� ,U±&O� D[LDO� ERQGV� �FI�� ,U±&O ��������±��������� c YV ,U±2�
��������±���������c DQG ,U±1���������±���������c ���7KH�WUDQV�&O�,U�
&O�PRLHW\�LV�EDVLFDOO\�OLQHDU��ERQG�DQJOHV� ������������IRU��������������
IRU����DQG�QHDUO\�SHUSHQGLFXODU�WR�WKH�2112�SODQH��H�J��&O�,U�2�DQJOHV�
��������±���������LQ�� DQG ����������±�����������LQ����

&ŝŐ͘� Ϯ KZd�W� ĚƌĂǁŝŶŐƐ ŽĨ� ϭоϯ ;ĨŽƌ� ĞĂĐŚ� ŽĨ� ϭ ĂŶĚ� Ϯ͕� ŽŶůǇ� ŽŶĞ� ŽĨ� ƚŚĞ� ƚǁŽ�
ĐƌǇƐƚĂůůŽŐƌĂƉŚŝĐĂůůǇ� ŝŶĚĞƉĞŶĚĞŶƚ� ŵŽůĞĐƵůĞƐ� ŝƐ� ƐŚŽǁŶͿ ĂŶĚ� /ƌ///;>ϯͿ;�ůͿ;�KͿ͘� ,ǇĚƌŽŐĞŶ�
ĂƚŽŵƐ�ĂƌĞ�ŶŽƚ�ƐŚŽǁŶ͘ dŚĞƌŵĂů�ĞůůŝƉƐŽŝĚ�ƉƌŽďĂďŝůŝƚǇ͗�ϯϬй͘

)RU� WKH� ELQDSKWK\O� VDOHQ� FRPSOH[� >,U,,,�/���&O��&2�@�� LWV� FU\VWDO�
VWUXFWXUH� UHYHDOV� D� GLVWRUWHG� RFWDKHGUDO� FRRUGLQDWLRQ� JHRPHWU\�ZLWK� D
FLV�E FRQILJXUDWLRQ� �QRQ�SODQDU� 2112� ,U±&O� ���������� c ��� OLNH�
SUHYLRXVO\�UHSRUWHG�PHWDO�FRPSOH[HV�ZLWK�WHWUDGHQWDWH�ELQDSKWK\O�VDOHQ�
OLJDQGV��� ,QWULJXLQJO\��XSRQ�FRQYHUWLQJ WKLV�FLV�˟ ,U�,,,��/� FRPSOH[�WR�
WKH�,U�,9��/� FRPSOH[ �� � DGRSWV�D WUDQV FRQILJXUDWLRQ �SODQDU�2112�
)LJ�� �� ZLWK� D GLVWRUWHG� ,U2�1�&O� RFWDKHGURQ� �,U±&O� ����������±
�����������c � ,U±2���������±���������c � ,U±1���������±���������c �
&O�,U�&O ����������� &O�,U�2����������������������� VLPLODU�WR�WKDW�LQ��
DQG����3RVVLEO\��D�FLV�,U,9&O� FRQILJXUDWLRQ RI�� LV�GHVWDELOL]HG�E\� WKH�
LPLQH�SKHQRODWH JURXSV WUDQV�WR�&O DQG�RU�E\�WKH�UHSXOVLRQ�EHWZHHQ�WKH�
FLV� &O OLJDQGV�� 7KH� ,U±&O� GLVWDQFHV� LQ� �±� ���������±��������� c ��
FRPSDUH�ZHOO�ZLWK�WKRVH�LQ WUDQV�>,U,9�1A2��&O�@ ����������±�����������
c � 1A2  � ���S\ULGLQ���\O�SURSDQ���RDWH���E DQG� VOLJKWO\� ORQJHU� WKDQ�
WKRVH�LQ�>,U,9�2A2A2�&O�@��������������������� c ��DOO�,U±&O�ERQGV�DUH�
FLV�WR�HDFK�RWKHU��2A2A2� �.OlXL�WULSRGDO�OLJDQG����

7KH�F\FOLF�YROWDPPRJUDPV�RI��±��LQ�GLFKORURPHWKDQH�HDFK GLVSOD\�
WZR�UHGR[�FRXSOHV��UHYHUVLEOH�RU�TXDVL�UHYHUVLEOH���DQ�R[LGDWLRQ�FRXSOH�
DW�(���  �����í�����9�DQG�D UHGXFWLRQ�FRXSOH DW�(���  �����WR�í�����9�
�YV ����0�$J�$J12� LQ�0H&1�� )LJ�� ����7KH� SRWHQWLDOV� RI� ERWK� WKH�
R[LGDWLRQ�DQG�UHGXFWLRQ�FRXSOHV DUH�DIIHFWHG�E\�WKH�VXEVWLWXHQWV�RQ�WKH�
VDOHQ�OLJDQG��ZLWK WKH�(��� YDOXHV VKRZLQJ DQ�DQRGLF�VKLIW�IURP����� DQG�
í�����9�IRU�� WR������DQG������9�IRU����UHVSHFWLYHO\��XSRQ UHSODFLQJ�WZR
HOHFWURQ�GRQDWLQJ� W%X�JURXSV RI� � ZLWK� WZR HOHFWURQ�ZLWKGUDZLQJ &O
JURXSV� WR� JLYH� ��� &RPSOH[HV� � DQG� ��� ZKLFK� GLIIHU� LQ� WKHLU� VDOHQ�
EDFNERQHV� �F\FORKH[\O� YV ELQDSKWK\O�� H[KLELW� WKH� UHGR[� FRXSOHV� DW�
VLPLODU�SRWHQWLDOV��LQGLFDWLQJ�WKDW�WKH�EDFNERQH�RI�WKH�VDOHQ�OLJDQG�KDV�
OLWWOH�HIIHFW�RQ�WKH�(��� YDOXHV� 7KH�R[LGDWLRQ�FRXSOH�IRU��í� LV�WHQWDWLYHO\�
DVVLJQHG�WR�D�OLJDQG�EDVHG�SURFHVV� DV DQ�R[LGDWLRQ�FRXSOH VLPLODU�WR WKDW�
IRU�WKH ,U�,9��/� FRPSOH[�� KDV�DOVR�EHHQ REVHUYHG�IRU�>,U,,,�/���&O��&2�@
�)LJ������7KH�UHGXFWLRQ�FRXSOHV IRU��í� DW�(���  �í�����WR�í�����9�YV
&S�)H

��� ������WR�í�����9 YV ����0�$J�$J12���)LJ�����DUH DWWULEXWDEOH�
WR�UHGXFWLRQ�RI�,U,9 WR�,U,,, �QRWH�WKH�DEVHQFH�RI�VLJQLILFDQW�UHGXFWLRQ�ZDYH�
IRU�>,U,,,�/���&O��&2�@ LQ�)LJ����� WKHVH�SRWHQWLDOV DUH�FRPSDUDEOH�WR�WKH�
UHSRUWHG� (����,U

,9�,U,,,� YDOXHV IRU� IDF�>,U,9�1A2��@
� �D DQG� WUDQV�

>,U,9�1A2��&O�@
�E LQ� GLFKORURPHWKDQH� �í������ DQG í������ 9� YV

&S�)H
�����UHVSHFWLYHO\��

&RPSOH[HV� �±� H[KLELW VLPLODU� 89�YLV� DEVRUSWLRQ� VSHFWUD� LQ
GLFKORURPHWKDQH� �)LJ�� 6��� 6���6���(6,����7KH�KLJK� HQHUJ\� EDQGV� DW�
a����QP� DQG�EHORZ ����QP� DUH�GRPLQDWHG�E\� LQWUD�OLJDQG� FKDUJH�

&ŝŐ͘�ϯ �ǇĐůŝĐ ǀŽůƚĂŵŵŽŐƌĂŵƐ�ŽĨ�ϭ±ϯ ĂŶĚ�/ƌ///;>ϯͿ;�ůͿ;�KͿ� ŝŶ��,Ϯ�ůϮ ;Ϭ͘ϭ�D�Ŷ�ƵϰEW&ϲͿ͘ ^ĐĂŶ�
ƌĂƚĞ͗�ϭϬϬ�ŵs�Ɛоϭ͘�ZĞĚŽǆ�ƉŽƚĞŶƚŝĂůƐ�ĂŶĚ�ƉĞĂŬ�ƐĞƉĂƌĂƚŝŽŶƐ�ĂƌĞ�ƐŚŽǁŶ�ŝŶ�dĂďůĞ�^ϱ ;�^/�Ϳ͘



WUDQVIHU��,/&7��WUDQVLWLRQV�RI�WKH�FRRUGLQDWHG�VDOHQ�OLJDQGV� 7KH EDQGV�
ZLWK�ȜPD[ DW ���±����QP�FDQ�EH�DVVLJQHG� WR OLJDQG�WR�PHWDO�FKDUJH�
WUDQVIHU� �/0&7�� WUDQVLWLRQV�� VLPLODU� WR� WKH� DVVLJQPHQW�RI� WKH�YLVLEOH�
DEVRUSWLRQ�EDQGV�IRU�,U�,9��1A2�FRPSOH[HV�� 7KHUH�DUH�DOVR EDQGV�LQ�
WKH�QHDU�,5�UHJLRQ��DQDORJRXV�WR�WKH�FDVH�RI�,U�,9��1A2�FRPSOH[HV��E

ZLWK�ȜPD[ EHLQJ��IRU�H[DPSOH ����DQG�����QP�IRU��� 6XFK ORZ�HQHUJ\�
EDQGV�IRU�� DQG � DSSHDU�DW�ȜPD[ RI ���±����QP�

7KH FDWDO\WLF� SURSHUWLHV� RI� WKH� ,U�,9��VDOHQ FRPSOH[HV� ZHUH�
H[DPLQHG� ZLWK RUWKR�D]LGREHQ]DPLGHV ����� D� W\SH� RI� DU\O� D]LGHV
SUHYLRXVO\�UHSRUWHG�WR XQGHUJR�LQWUDPROHFXODU�&�VS��±+ DPLQDWLRQ�WR�
JLYH�GLK\GURTXLQD]ROLQRQHV���� DQG�TXLQD]ROLQRQHV���� LQ�WKH�SUHVHQFH�
RI� LURQ� SRUSK\ULQ� FDWDO\VW� >)H,,,�)��733�&O@� �+�)��733�  �PHVR�
WHWUDNLV�SHQWDIOXRURSKHQ\O�SRUSK\ULQ� ZLWK� � EHLQJ� WKH� GRPLQDQW
SURGXFWV� �XS� WR� ���� \LHOG�� \LHOGV� RI���� XS� WR� ������� ,QWHUHVWLQJO\��

dĂďůĞ�ϭ DŝĐƌŽǁĂǀĞͲĂĐĐĞůĞƌĂƚĞĚ�ĚŝŚǇĚƌŽƋƵŝŶĂǌŽůŝŶŽŶĞ�Žƌ ƋƵŝŶĂǌŽůŝŶŽŶĞ�ĨŽƌŵĂƚŝŽŶĂ
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ŵŽůйͿ�ŝŶ���� ƵŶĚĞƌ�EϮ͘�ď /ƐŽůĂƚĞĚ�ǇŝĞůĚ͘ Đ�EŽƚ�ŽďƚĂŝŶĞĚ͘ Ě�ĂƚĂůǇƐƚ�ϭ͘ Ğ�ĂƚĂůǇƐƚ�Ϯ͘�Ĩ

/ƌ///;>ϯͿ;�ůͿ;�KͿ͘�Ő�ŽŶƚƌŽů�ĞǆƉĞƌŝŵĞŶƚ ǁŝƚŚŽƵƚ�ĐĂƚĂůǇƐƚ͘

WUHDWPHQW�RI �DZLWK�� ���PRO���LQ�UHIOX[LQJ�EHQ]HQH�IRU����K�DIIRUGHG�
TXLQD]ROLQRQH �D DV� WKH� PDMRU� SURGXFW� LQ� ���� \LHOG� ZKHUHDV�
GLK\GURTXLQD]ROLQRQH��D ZDV�REWDLQHG� LQ�RQO\����\LHOG �HQWU\��� LQ�
7DEOH�6���(6,����&KDQJLQJ� WKH� VROYHQW� WR�����GLFKORURHWKDQH� �'&(��
LQFUHDVHG�WKH�\LHOG�RI��D WR������QR��D ZDV�REWDLQHG��HQWU\���LQ�7DEOH�
6���(6,����DQG�WKH�VDPH�\LHOG�RI��DZDV�REWDLQHG�ZKHQ��DZDV�WUHDWHG�
ZLWK�� ���PRO���LQ�'&(�XQGHU�LUUDGLDWLRQ�ZLWK�DQ�LQFDQGHVFHQW�ODPS�
����� :� IRU� ��� K� �HQWU\� �� LQ� 7DEOH� 6��� (6,���� 1RWDEO\�� XQGHU�
PLFURZDYH�DVVLVWHG� FRQGLWLRQV� WKH� UHDFWLRQ� WLPH� IRU WKH���FDWDO\]HG
WUDQVIRUPDWLRQ�RI��D WR��DZDV�GUDPDWLFDOO\�VKRUWHQHG�WR���K��DIIRUGLQJ�
�D LQ�����\LHOG��HQWU\����7DEOH����\LHOG�RI��D XVLQJ�FDWDO\VW���������
HQWU\����7DEOH���� 6LPLODU UHDFWLRQV�RI RUWKR�D]LGREHQ]DPLGHV �Eí�H
JDYH�TXLQD]ROLQRQHV��E±�H LQ���±����\LHOGV��HQWULHV��±�� 7DEOH�����
)RU� DOO� RI� �Dí�H�� WKHLU� UHDFWLRQV� FDWDO\]HG� E\� � XQGHU� PLFURZDYH�
DVVLVWHG� FRQGLWLRQV IRU� ��K� JDYH� SURGXFW� \LHOGV� FRPSDUDEOH� WR� WKRVH�
REWDLQHG�XQGHU�LUUDGLDWLRQ�RI�LQFDQGHVFHQW�ODPS������:��IRU����K���D±
�H����±����\LHOGV��7DEOH�6���(6,����8QH[SHFWHGO\��XSRQ�FKDQJLQJ�WKH�
FDWDO\VW� WR � ���PRO����QR��D ZDV�REWDLQHG�IURP�WKH�UHDFWLRQ�RI��D
XQGHU� PLFURZDYH�DVVLVWHG� FRQGLWLRQV� IRU� �� K�� LQVWHDG�
GLK\GURTXLQD]ROLQRQH��D ZDV�LVRODWHG�LQ�����\LHOG �HQWU\����7DEOH�����
DOEHLW� ORZHU� WKDQ� WKH� ��� \LHOG� RI� �D LVRODWHG� IURP� WKH� UHDFWLRQ�
FDWDO\]HG� E\ >,U,,,�/���&O��&2�@� XQGHU� WKH� VDPH� FRQGLWLRQV �HQWU\� ��
7DEOH�����,Q�FRQWURO�H[SHULPHQW�XVLQJ��D LQ�WKH�DEVHQFH�RI�WKH�LULGLXP�
FDWDO\VWV� QHLWKHU��D QRU��DZDV�REWDLQHG��HQWU\��� 7DEOH����

7R�JDLQ�LQVLJKW�LQWR�WKH�PHFKDQLVP�RI�WKH�FDWDO\WLF�UHDFWLRQV� ZH�
H[DPLQHG�D�UHDFWLRQ�PL[WXUH�RI � ZLWK��F ���HTXLY� LQ�UHIOX[LQJ '&(�
XQGHU�1� E\� (6,�06��ZKLFK� VKRZHG� D� FOXVWHU� SHDN� DW�P�] �����
DWWULEXWDEOH�WR >,U�/���&O���F�@��)LJ��6���(6,����*&�DQDO\VLV�RI�WKH�KHDG�
VSDFH�RI� WKH� UHDFWLRQ�PL[WXUH� LQ� D� VHDOHG� 6FKOHQN� WXEH� UHYHDOHG� WKH�
SUHVHQFH�RI +�� %\�WUHDWLQJ�� ZLWK�PHVLW\O D]LGH��0HV1�����HTXLY� LQ�
GHJDVVHG�'&( XQGHU�PLFURZDYH�DVVLVWHG FRQGLWLRQV�IRU ���PLQ��KLJK�
UHVROXWLRQ (6,�06� VSHFWUD� VKRZHG� D� FOXVWHU� SHDN� DW�P�] ��������
ZKLFK�� WRJHWKHU�ZLWK� WKH� LVRWRSH� GLVWULEXWLRQ� SDWWHUQ� PDWFKHV WKH�
IRUPXODWLRQ�RI�DQ� ,U�LPLGR�VSHFLHV� >,U�/���10HV�&O@���1D� �)LJ�����
%DVHG�RQ WKHVH H[SHULPHQWV�DQG�SUHYLRXV�VWXGLHV�LQ�>)H,,,�)��733�&O@�
FDWDO\]HG� DQDORJXHV��� WKH� IROORZLQJ PHFKDQLVP� IRU� WKH� ,U�,9��
FDWDO\]HG LQWUDPROHFXODU� &�VS��±+� ERQG� DPLQDWLRQ� LV� SURSRVHG
�6FKHPH���� 7KH���FDWDO\]HG�V\VWHP�LQLWLDOO\�JHQHUDWHG�D�PRQR�FKORUR��
VSHFLHV� �IURP� �� ZLWK D� YDFDQW� VLWH� IRU� DU\O� D]LGH� FRRUGLQDWLRQ�
'HFRPSRVLWLRQ� RI� WKH� FRRUGLQDWHG� DU\O D]LGH� JDYH� DQ� ,U�LPLGR�
LQWHUPHGLDWH� WKLV� LQWHUPHGLDWH� XQGHUZHQW� LQWUDPROHFXODU QLWUHQH�
&�VS��±+�LQVHUWLRQ�WR DIIRUG GLK\GURTXLQD]ROLQRQH LQWHUPHGLDWH�� �RU�
LWV� ERXQG� IRUP���ZKLFK� LV� FRQYHUWHG WR TXLQD]ROLQRQH � E\ ,U�

&ŝŐ͘ ϰ ,ŝŐŚͲƌĞƐŽůƵƚŝŽŶ �^/ͲD^�ƐƉĞĐƚƌƵŵ�ŽĨ�ϭ ďĞĨŽƌĞ�;ůŽǁĞƌͿ�ĂŶĚ�ĂĨƚĞƌ�;ƵƉƉĞƌͿ�ƚƌĞĂƚŵĞŶƚ�
ǁŝƚŚ�DĞƐEϯ ;ϯ ĞƋƵŝǀͿ�ŝŶ�ĚĞŐĂƐƐĞĚ���� ƵŶĚĞƌ�ŵŝĐƌŽǁĂǀĞ�ŝƌƌĂĚŝĂƚŝŽŶ͘



^ĐŚĞŵĞ�ϭ WŽƐƐŝďůĞ�ŵĞĐŚĂŶŝƐŵ�ĨŽƌ�ϭͲĐĂƚĂůǇǌĞĚ�ƌĞĂĐƚŝŽŶ�ŽĨ�ϰ ;ϰĐ ĂƐ�ĞǆĂŵƉůĞͿ�ƚŽ�ŐŝǀĞ�ϲ͘�
�ŚĂƌŐĞƐ�ŽĨ�ƚŚĞ�/ƌͲ>ϭ ŝŶƚĞƌŵĞĚŝĂƚĞƐ͕�ŝĨ�ĂŶǇ͕�ĂƌĞ�ŽŵŝƚƚĞĚ͘

FDWDO\]HG�GHK\GURJHQDWLRQ��DQDORJRXV� WR�SUHYLRXV�H[DPSOHV�RI�
,U�FDWDO\]HG�GHK\GURJHQDWLRQ�RI� VHFRQGDU\�DPLQHV� WR� LPLQHV��D

,QGHHG�� WUHDWPHQW� RI� �D ZLWK� � ��� PRO��� LQ� '&(� XQGHU�
PLFURZDYH�DVVLVWHG�FRQGLWLRQV�IRU���K�DIIRUGHG��D LQ�����\LHOG
�6FKHPH� 6��� (6,���� IRU� WKH� VDPH� WUHDWPHQW� ZLWK� WKH� ,U�/�

FRPSOH[� � RU� >,U,,,�/���&O��&2�@�� QR� UHDFWLRQ ZDV� REVHUYHG��
SRVVLEO\�RZLQJ�WR�WKH�ODUJHU�VWHULF�KLQGUDQFH�RI�WKHLU�ELQDSKWK\O�
VDOHQ�OLJDQG�/���

,Q� FRQFOXVLRQ�� ZH� KDYH� SUHSDUHG� DQG� FKDUDFWHUL]HG� D� VHULHV� RI�
,U�,9��VDOHQ� FRPSOH[HV ��±��� &RPSOH[� � H[KLELWHG� D� KLJK� FDWDO\WLF�
UHDFWLYLW\� WRZDUG� DU\O� D]LGHV� IRU� D FRQVHFXWLYH� QLWUHQH� &�VS��±+�
LQVHUWLRQ� IROORZHG�E\ GHK\GURJHQDWLRQ��SURYLGLQJ� D� WDQGHP�FDWDO\WLF�
V\VWHP�IRU�WKH�IRUPDWLRQ�RI�TXLQD]ROLQRQHV�

:H�JUDWHIXOO\�DFNQRZOHGJH�WKH�ILQDQFLDO�VXSSRUW�IURP +RQJ�.RQJ�
5HVHDUFK� *UDQWV� &RXQFLO� �*5) ���������� ��������� DQG� %DVLF�
5HVHDUFK� 3URJUDP�6KHQ]KHQ� )XQG� �-&<-�������������������
-&<-�������������������DQG�-&<-������������������� :H�DOVR�
WKDQN�3URI��+XQJ�.D\�/HH�DQG�'U��;LDR�<RQJ�&KDQJ�IRU�DVVLVWDQFH�LQ�
WKH�(35�DQG�;�UD\�FU\VWDOORJUDSKLF�VWXGLHV��UHVSHFWLYHO\�

�ŽŶĨůŝĐƚƐ ŽĨ�ŝŶƚĞƌĞƐƚ
dŚĞƌĞ�ĂƌĞ�ŶŽ�ĐŽŶĨůŝĐƚƐ�ƚŽ�ĚĞĐůĂƌĞ͘

EŽƚĞƐ�ĂŶĚ�ƌĞĨĞƌĞŶĐĞƐ
ϭ ;ĂͿ�d͘�^ƵǌƵŬŝ͕��ŚĞŵ͘�ZĞǀ͕͘ ϮϬϭϭ͕�ϭϭϭ͕�ϭϴϮϱ͖ ;ďͿ�^͘Ͳ&͘��ŚƵ ĂŶĚ�Y͘Ͳ>͘�

�ŚŽƵ͕��ĐĐ͘ �ŚĞŵ͘�ZĞƐ͕͘�ϮϬϭϳ͕�ϱϬ͕�ϵϴϴ͖ ;ĐͿ�W͘��ŚĞŶ͕�z͘�tƵ͕�^͘��ŚƵ͕�
,͘�:ŝĂŶŐ�ĂŶĚ��͘�DĂ͕�KƌŐ͘��ŚĞŵ͘�&ƌŽŶƚ͕͘�ϮϬϭϴ͕�ϱ͕�ϭϯϮ͖ ;ĚͿ�D͘�
/ŐůĞƐŝĂƐ�ĂŶĚ�>͘��͘�KƌŽ͕��ŚĞŵ͘�^ŽĐ͘�ZĞǀ͕͘�ϮϬϭϴ͕�ϰϳ͕�ϮϳϳϮ͘

Ϯ ;ĂͿ�W͘��ŝǀĞƌƐŝ͕�^͘�/ĂĐŽƉŽŶŝ͕�'͘�/ŶŐƌŽƐƐŽ͕�&͘�>ĂƐĐŚŝ͕��͘�>ƵĐŚĞƌŝŶŝ͕�
�͘�WŝŶǌŝŶŽ͕�'͘�hĐĐĞůůŽͲ�ĂƌƌĞƚƚĂ�ĂŶĚ�W͘��ĂŶĞůůŽ͕�
KƌŐĂŶŽŵĞƚĂůůŝĐƐ͕�ϭϵϵϱ͕�ϭϰ͕�ϯϮϳϱ͖ ;ďͿ�:͘�:ŝŶ�ĂŶĚ��͘�t͘��͘�
DĂĐDŝůůĂŶ͕�EĂƚƵƌĞ͕�ϮϬϭϱ͕�ϱϮϱ͕�ϴϳ͖�;ĐͿ�^͘Ͳz͘�,ƐŝĞŚ�ĂŶĚ�:͘�t͘�
�ŽĚĞ͕���^��ĞŶƚƌĂů�^Đŝ͕͘�ϮϬϭϳ͕�ϯ͕�ϲϲ͖�;ĚͿ�<͘�^ŚŝŶ͕�z͘�WĂƌŬ͕�D͘Ͳ,͘�
�ĂŝŬ�ĂŶĚ�^͘��ŚĂŶŐ͕�EĂƚ͘��ŚĞŵ͕͘�ϮϬϭϴ͕�ϭϬ͕�Ϯϭϴ͘�

ϯ ;ĂͿ�E͘��͘�DĐ�ĂŶŝĞů͕�&͘�:͘��ŽƵŐŚůŝŶ͕�>͘�>͘�dŝŶŬĞƌ�ĂŶĚ�^͘��ĞƌŶŚĂƌĚ͕�
:͘��ŵ͘��ŚĞŵ͘�^ŽĐ͕͘ ϮϬϬϴ͕�ϭϯϬ͕�ϮϭϬ͖�;ďͿ�D͘�d͘�sĂŐŶŝŶŝ͕��͘�>͘�
^ŵĞŝŐŚ͕�:͘��͘��ůĂŬĞŵŽƌĞ͕�^͘�t͘��ĂƚŽŶ͕�E͘��͘�^ĐŚůĞǇ͕�&͘��Ζ^ŽƵǌĂ͕�
Z͘�,͘��ƌĂďƚƌĞĞ͕�'͘�t͘��ƌƵĚǀŝŐ͕��͘�d͘��Ž�ĂŶĚ�D͘�Z͘�tĂƐŝĞůĞǁƐŬŝ͕�
WƌŽĐ͘�EĂƚů͘��ĐĂĚ͘�^Đŝ͘�h͘�^͘��͕͘�ϮϬϭϮ͕�ϭϬϵ͕�ϭϱϲϱϭ͖�;ĐͿ�:͘��͘�
�ůĂŬĞŵŽƌĞ͕�Z͘�,͘��ƌĂďƚƌĞĞ�ĂŶĚ�'͘�t͘��ƌƵĚǀŝŐ͕��ŚĞŵ͘�ZĞǀ͕͘�
ϮϬϭϱ͕�ϭϭϱ͕�ϭϮϵϳϰ͘

ϰ ;ĂͿ�t͘�WƌĞĞƚǌ�ĂŶĚ�,͘Ͳ:͘�^ƚĞŝŶĞďĂĐŚ͕��͘�EĂƚƵƌĨŽƌƐĐŚ͕͘��͕ ϭϵϴϱ͕
ϰϬď͕�ϳϰϱ͖ ;ďͿ�Z͘��͘��ŝƉƌŝĂŶŽ͕�t͘�>ĞǀĂƐŽŶ͕ Z͘��͘�^͘ DŽƵůĚ͕��͘�
WůĞƚĐŚĞƌ�ĂŶĚ�E͘��͘�WŽǁĞůů͕ :͘��ŚĞŵ͘�^ŽĐ͕͘��ĂůƚŽŶ�dƌĂŶƐ͕͘ ϭϵϴϴ͕
Ϯϲϳϳ͖�;ĐͿ�W͘�DƵƌĂ͕��͘�^ĞŐƌĞ�ĂŶĚ�^͘�^ŽƐƚĞƌŽ͕�/ŶŽƌŐ͘��ŚĞŵ͕͘�ϭϵϴϵ͕�
Ϯϴ͕�Ϯϴϱϯ͖ ;ĚͿ�Z͘�^͘�,ĂǇͲDŽƚŚĞƌǁĞůů͕�'͘ tŝůŬŝŶƐŽŶ͕ �͘�,ƵƐƐĂŝŶͲ
�ĂƚĞƐ�ĂŶĚ D͘��͘�,ƵƌƐƚŚŽƵƐĞ͕�:͘��ŚĞŵ͘�^ŽĐ͕͘��ĂůƚŽŶ�dƌĂŶƐ͕͘ ϭϵϵϮ͕
ϯϰϳϳ͖�;ĞͿ�<͘��͘�&ŽƌƚŶĞƌ͕��͘�^͘�>ĂŝƚĂƌ͕�:͘�DƵůĚŽŽŶ͕�>͘�WƵ͕�^͘��͘�
�ƌĂƵŶͲ^ĂŶĚ͕�K͘�tŝĞƐƚ�ĂŶĚ�^͘�E͘��ƌŽǁŶ͕�:͘��ŵ͘��ŚĞŵ͘�^ŽĐ͕͘ ϮϬϬϳ͕�
ϭϮϵ͕�ϱϴϴ͖�;ĨͿ��͘�&Žŝ͕�&͘��ŝ�^ĂůǀŽ͕�&͘��ŽĐƚŽƌŽǀŝĐŚ͕��͘�,ƵĐŬͲ/ƌŝĂƌƚ͕�:͘�
D͘�ZĂŵĂůůŽͲ>ſƉĞǌ͕�D͘���ƌƌ͕�/͘�/ǀĂŶŽǀŝđͲ�ƵƌŵĂǌŽǀŝđ͕�<͘�^ƚŝƌŶĂƚ͕�
^͘�'ĂƌďĞ�ĂŶĚ��͘�<ůĞŝŶ͕��ĂůƚŽŶ�dƌĂŶƐ͕͘�ϮϬϭϴ͕�ϰϳ͕�ϭϭϰϰϱ͘

ϱ ;ĂͿ��͘�:͘�'ƵůůŝǀĞƌ͕�t͘�>ĞǀĂƐŽŶ͕�<͘�'͘�^ŵŝƚŚ͕�D͘�:͘�^ĞůǁŽŽĚ�ĂŶĚ�^͘�
'͘�DƵƌƌĂǇ͕�:͘��ŚĞŵ͘�^ŽĐ͕͘��ĂůƚŽŶ�dƌĂŶƐ͕͘�ϭϵϴϬ͕�ϭϴϳϮ͖ ;ďͿ�Z͘��͘�
�ŝƉƌŝĂŶŽ͕�>͘�Z͘�,ĂŶƚŽŶ͕�t͘�>ĞǀĂƐŽŶ͕��͘�WůĞƚĐŚĞƌ͕�E͘��͘�WŽǁĞůů�
ĂŶĚ�D͘�tĞďƐƚĞƌ͕�:͘��ŚĞŵ͘�^ŽĐ͕͘��ĂůƚŽŶ�dƌĂŶƐ͕͘�ϭϵϴϴ͕ Ϯϰϴϯ͘

ϲ :͘Ͳh͘�ZŽŚĚĞ�ĂŶĚ�t͘Ͳd�>ĞĞ͕�:͘��ŵ͘��ŚĞŵ͘�^ŽĐ͕͘ ϮϬϬϵ͕�ϭϯϭ͕�ϵϭϲϮ͘
ϳ �͘�>Ƶ͕��͘Ͳ,͘�:ƵŶ͕�^͘�Z͘�ĚĞ�'ĂůĂ͕�D͘�W͘�^ŝŐĂůĂƐ͕�K͘��ŝƐĞŶƐƚĞŝŶ�ĂŶĚ�

Z͘�,͘��ƌĂďƚƌĞĞ͕�KƌŐĂŶŽŵĞƚĂůůŝĐƐ͕ ϭϵϵϱ͕�ϭϰ͕�ϭϭϲϴ͘
ϴ ;ĂͿ��͘ z͘�^ŚŽƉŽǀ͕��͘�ZƵĚƐŚƚĞǇŶ͕�:͘��ĂŵƉŽƐ͕�s͘ ^͘��ĂƚŝƐƚĂ͕�Z͘�,͘�

�ƌĂďƚƌĞĞ�ĂŶĚ�'͘t͘��ƌƵĚǀŝŐ͕�:͘��ŵ͘��ŚĞŵ͘�^ŽĐ͕͘�ϮϬϭϱ͕�ϭϯϳ͕�ϳϮϰϯ͖ ;ďͿ�
�͘�z͘�^ŚŽƉŽǀ͕��͘�ZƵĚƐŚƚĞǇŶ͕�:͘��ĂŵƉŽƐ͕��͘�:͘�sŝŶǇĂƌĚ͕�s͘�^͘��ĂƚŝƐƚĂ͕�
'͘�t͘��ƌƵĚǀŝŐ�ĂŶĚ�Z͘�,͘��ƌĂďƚƌĞĞ͕��ŚĞŵ͘�^Đŝ͕͘�ϮϬϭϳ͕�ϴ͕�ϭϲϰϮ͘

ϵ �͘�t͘�>ĂŶŐĞ�ĂŶĚ��͘�'͘�WŝĞƌƉŽŶƚ͕�:͘��ŵ͘��ŚĞŵ͘�^ŽĐ͕͘�ϭϵϵϮ͕�ϭϭϰ͕�ϲϱϴϮ͘
ϭϬ Z͘�&Ƶ͕�:͘��͘��ĞƌĐĂǁ�ĂŶĚ�:͘��͘�>ĂďŝŶŐĞƌ͕�KƌŐĂŶŽŵĞƚĂůůŝĐƐ͕�ϮϬϭϭ͕

ϯϬ͕�ϲϳϱϭ͘
ϭϭ ,͘Ͳ&͘�/Ɖ͕�z͘ͲD͘�^Ž͕�,͘�<͘�>ĞĞ͕�/͘��͘�tŝůůŝĂŵƐ�ĂŶĚ�t͘Ͳ,͘�>ĞƵŶŐ͕

�Ƶƌ͘�:͘�/ŶŽƌŐ͘��ŚĞŵ͘ ϮϬϭϮ͕�ϯϮϴϵ͘
ϭϮ D͘�<ŝŶĂƵĞƌ͕�D͘��ŝĞĨĞŶďĂĐŚ͕�,͘��ĂŵďĞƌŐĞƌ͕�^͘��ĞŵĞƐŚŬŽ͕��͘�:͘�

ZĞŝũĞƌƐĞ͕��͘�sŽůŬŵĂŶŶ͕��͘�t�ƌƚĞůĞ͕�:͘�ǀĂŶ�^ůĂŐĞƌĞŶ͕��͘�ĚĞ��ƌƵŝŶ͕�
D͘��͘�,ŽůƚŚĂƵƐĞŶ�ĂŶĚ�^͘�^ĐŚŶĞŝĚĞƌ͕��ŚĞŵ͘�^Đŝ͕͘�ϮϬϭϴ͕�ϵ͕�ϰϯϮϱ͘

ϭϯ �͘��ŝƚͲZĂŵĚĂŶĞͲdĞƌďŽƵĐŚĞ͕��͘�dĞƌďŽƵĐŚĞ͕�D͘�<ŚĂůĨĂŽƵŝ͕��͘Ͳ>͘�
�ŽƵŝď͕�,͘�>ĂŬŚĚĂƌŝ͕��͘�>ĞƌĂƌŝ͕�<͘��ĂĐŚĂƌŝ͕��͘�DĞǌĂŽƵŝ͕�:͘ͲW͘�
'ƵĞŐĂŶ�ĂŶĚ��͘�,ĂƵĐŚĂƌĚ͕�:͘�DŽů͘�^ƚƌƵĐƚ͕͘�ϮϬϭϴ͕�ϭϭϳϬ͕�ϭϭϵ͘

ϭϰ ;ĂͿ��͘�:͘�^ƚĂƉůĞƚŽŶ͕�D͘��͘�^ůŽĂŶ͕�E͘�:͘�EĂƉƉĞƌ�ĂŶĚ�Z͘��͘��ƵƌŶƐ͕�
�ĂůƚŽŶ�dƌĂŶƐ͕͘�ϮϬϬϵ͕�ϵϲϬϯ͖�;ďͿ�^͘��͘��ĚŽŶŝŶ͕�E͘�s͘�/ǌĂƌŽǀĂ͕��͘�
�ĞƐƐŽŶ͕�W͘��͘��ďƌĂŵŽǀ͕��͘�^ĂŶƚŝĂŐŽͲ^ĐŚƵďĞů͕�W͘�<ƂŐĞƌůĞƌ͕�s͘�W͘�
&ĞĚŝŶ�ĂŶĚ�D͘�E͘�^ŽŬŽůŽǀ͕��ŚĞŵ͘��ŽŵŵƵŶ͕͘�ϮϬϭϱ͕�ϱϭ͕�ϭϮϮϮ͘

ϭϱ ;ĂͿ�^͘�<ĂŶĐŚŝŬƵ͕�,͘�^ƵĞŵĂƚƐƵ͕�<͘�DĂƚƐƵŵŽƚŽ͕�d͘�hĐŚŝĚĂ�ĂŶĚ�d͘�
<ĂƚƐƵŬŝ͕��ŶŐĞǁ͘��ŚĞŵ͕͘ /Ŷƚ͘��Ě͕͘�ϮϬϬϳ͕�ϰϲ͕�ϯϴϴϵ͖�;ďͿ�z͘�zĂƐƵƚŽŵŝ͕
,͘�^ƵĞŵĂƚƐƵ�ĂŶĚ�d͘�<ĂƚƐƵŬŝ͕�:͘��ŵ͘��ŚĞŵ͘�^ŽĐ͕͘�ϮϬϭϬ͕�ϭϯϮ͕�ϰϱϭϬ͖�
;ĐͿ�D͘�/ĐŚŝŶŽƐĞ͕�,͘�^ƵĞŵĂƚƐƵ͕�z͘�zĂƐƵƚŽŵŝ͕�z͘�EŝƐŚŝŽŬĂ͕�d͘�hĐŚŝĚĂ�
ĂŶĚ�d͘�<ĂƚƐƵŬŝ͕��ŶŐĞǁ͘��ŚĞŵ͕͘ /Ŷƚ͘��Ě͕͘�ϮϬϭϭ͕�ϱϬ͕�ϵϴϴϰ͖�;ĚͿ�d͘�
hĐŚŝĚĂ�ĂŶĚ�d͘�<ĂƚƐƵŬŝ͕��ŚĞŵ͘�ZĞĐ͕͘�ϮϬϭϰ͕�ϭϰ͕�ϭϭϳ͘

ϭϲ ;ĂͿ�:͘��ƵĞŶĚŝĂ͕�'͘�'ƌĞůŝĞƌ ĂŶĚ W͘��ĂƵďĂŶ͕�/Ŷ��ĚǀĂŶĐĞƐ�ŝŶ�
KƌŐĂŶŽŵĞƚĂůůŝĐ��ŚĞŵŝƐƚƌǇ͕�sŽů�ϲϰ͖�W͘�:͘�WĠƌĞǌ͕��Ě͕͘�ϮϬϭϱ͖�Ɖ�ϳϳ͖�;ďͿ�
z͘�WĂƌŬ͕�z͘�<ŝŵ�ĂŶĚ�^͘��ŚĂŶŐ͕��ŚĞŵ͘�ZĞǀ͕͘�ϮϬϭϳ͕�ϭϭϳ͕�ϵϮϰϳ͖�;ĐͿ�:͘��͘�
<͘��ŚƵ�ĂŶĚ�d͘�ZŽǀŝƐ͕��ŶŐĞǁ͘��ŚĞŵ͕͘�/Ŷƚ͘��Ě͕͘�ϮϬϭϴ͕�ϱϳ͕�ϲϮ͘

ϭϳ ;ĂͿ��͘�^͘�'ůƵĞĐŬ͕�&͘�:͘ ,ŽůůĂŶĚĞƌ�ĂŶĚ�Z͘�'͘��ĞƌŐŵĂŶ͕�:͘��ŵ͘��ŚĞŵ͘�
^ŽĐ͕͘�ϭϵϴϵ͕�ϭϭϭ͕�Ϯϳϭϵ͖�;ďͿ��͘�^͘�'ůƵĞĐŬ͕�:͘�tƵ͕�&͘�:͘�,ŽůůĂŶĚĞƌ�ĂŶĚ�
Z͘�'͘��ĞƌŐŵĂŶ͕�:͘��ŵ͘��ŚĞŵ͘�^ŽĐ͕͘�ϭϵϵϭ͕�ϭϭϯ͕�ϮϬϰϭ͘

ϭϴ �͘ͲD͘��ŚĞ�ĂŶĚ�:͘Ͳ^͘�,ƵĂŶŐ͘��ŽŽƌĚ͘��ŚĞŵ͘�ZĞǀ͕͘�ϮϬϬϯ͕�ϮϰϮ͕�ϵϳ͘
ϭϵ z͘�>ŝƵ͕�:͘�tĞŝ�ĂŶĚ��͘ͲD͘��ŚĞ͕��ŚĞŵ͘��ŽŵŵƵŶ͕͘ ϮϬϭϬ͕�ϰϲ͕�ϲϵϮϲ͘


