
(35�VSHFWURVFRS\�RI�LUUDGLDWHG�ELRDFWLYH�JODVVHV
%�3DGO\DN��6�6]DUVND


'HSDUWPHQW�RI�3K\VLFV��$FDGHP\�RI�%\GJRV]F]����:H\VVHQKRII�6T����������%\GJRV]F]��3RODQG
,QVWLWXWH�RI�3K\VLFV��:URFODZ�8QLYHUVLW\�RI�7HFKQRORJ\����:\VSLDQVNLHJR�6WU����������:URFODZ��3RODQG
7KH� ;�EDQG� �ν ≅ ���� *+]�� (35� VSHFWUD� RI� WKH� 89��� ;��� DQG� γ�LUUDGLDWHG� ELRORJLFDOO\DFWLYH�JODVV��%LRJODVV��VDPSOHV�RI�WZR�GLIIHUHQW�FRPSRVLWLRQV�KDYH�EHHQ�LQYHVWLJDWHG�DW�� �DQG�����.��7KH�JHQHUDWLRQ�HIILFLHQF\�RI�WKH�HOHFWURQ�DQG�KROH�FHQWHUV�GHSHQGV�VWURQJO\�RQWKH� EDVLF�%LRJODVV� FRPSRVLWLRQ� DQG� LV� DOPRVW� LQGHSHQGHQW� RI� LRQL]LQJ� UDGLDWLRQ� W\SH� DQGSUHVHQFH�RI�WKH�QRQ�FRQWUROOHG�)H�� LPSXULW\�LQ�WKH�JODVV�VWUXFWXUH��,QIOXHQFH�RI�SUH�WUHDW�PHQW�LQ�1D&O VROXWLRQ�DQG�VLPXODWHG�ERG\�IOXLG�RQ�IRUPDWLRQ�SURFHVVHV�RI�WKH�UDGLDWLRQ�LQ �GXFHG�SDUDPDJQHWLF�GHIHFWV�LQ�%LRJODVV�KDYH�EHHQ�LQYHVWLJDWHG��6SLQ�+DPLOWRQLDQ�SDUDPH �WHUV�DQG� WKHUPDO� VWDELOLW\�RI� WKH�UDGLDWLRQ�LQGXFHG�FHQWHUV�KDYH�EHHQ�HYDOXDWHG��(OHFWURQVWUXFWXUH�� IRUPDWLRQ� SHFXOLDULWLHV� DQG� SRVVLEOH�PRGHOV� RI� WKH� UDGLDWLRQ�LQGXFHG�SDUDPD J�QHWLF�FHQWHUV�LQ�WKH�%LRJODVV�VWUXFWXUH�DUH�GLVFXVVHG��
j°°ãË�ºmÈÓ©� w�c�°¹Ë}�¯©� m� ;��ÒÈ¹ÈÏºÓË� �ν ≅ ���� ����� ¹¯Ò� �Ëä¹Ë¯È��¯È²� ��� Ò����.�­Òºãº�Ò�Ë°}Ò�È}�ÒmÓ©²��­Òºãº�Ò�Ë°}Ò²��°�Ë}ºã��m�²�¯ÈÏÓ©²�°º°�Èmºm��º­ã��ËÓ�Ó©²��n��¯ËÓ��ËÓºm°}ÒäÒ�Ò�γ�ã��ÈäÒ��wÁÁË}�ÒmÓº°�	 �ËÓË¯È�ÒÒ��ËÓ�¯ºm�ªãË}�¯ºÓÓº�ºÒ��©¯º�Óº�º� �Ò¹È� °��Ë°�mËÓÓº� ÏÈmÒ°Ò�� º�� º°ÓºmÓº�º� °º°�ÈmÈ� ­Òºãº�Ò�Ë°}º�º� °�Ë}ãÈ� Ò¹º��Ò� ÓË� ÏÈmÒ°Ò�� º�� mÒ�È� ÒºÓÒÏÒ¯�
�Ë®� ¯È�ÒÈ�ÒÒ� Ò� ¹¯Ò°��°�mÒ«� ÓË}ºÓ�¯ºãÒ¯�Ëäº®¹¯ÒäË°Ò�)H�� m� °�¯�}��¯Ë� °�Ë}ãÈ��j°°ãË�ºmÈÓº� �È}ÎË� mãÒ«ÓÒË�¹¯Ë�mÈ¯Ò�Ëã	Óº®� º­¯È�­º�}Ò�m�¯È°�mº¯È²�1D&O Ò�äº�Ëã	Óº®�ÁÒÏÒºãº�Ò�Ë°}º®�ÎÒ�}º°�Ò�ÓÈ�¹¯º�Ë°°©�Áº¯äÒ¯º�mÈÓÒ«�¯È�ÒÈ�ÒºÓÓ©²�¹È¯ÈäÈ�ÓÒ�Ó©²��ËÁË}�ºm�m�­Òºãº�Ò�Ë°}Ò�È}�ÒmÓ©²�°�Ë}ãÈ²��|¹�¯Ë�ËãËÓ©� ¹È¯ÈäË�¯©� °¹ÒÓ��ÈäÒã	�ºÓÒÈÓÈ� Ò� �Ë¯äÒ�Ë°}È«� °�È­Òã	Óº°�	 ¯È�ÒÈ�ÒºÓÓ©²�ËÓ�¯ºm�� |­°�Î�È
�°«� ªãË}�¯ºÓÓÈ«� °�¯�}��¯È�� º°º­ËÓÓº°�Ò� Áº¯äÒ¯ºmÈÓÒ«� Ò� mºÏäºÎ�Ó©Ë�äº�ËãÒ�¯È�ÒÈ�ÒºÓÓ©²�¹È¯ÈäÈ�ÓÒ�Ó©²��ËÓ�¯ºm�m�°�¯�}��¯Ë�­Òºãº�Ò�Ë°}º�º�°�Ë}ãÈ�

7KH� DONDOL�VLOLFDWH�SKRVSKDWH� JODVVHV� RIWKH� 6L2�±1D�2±&D2±3�2� V\VWHP� DUH� LQ�WHQGHG�WR�EH�XVHG�LQ�WKH�KXPDQ�ERG\�DV�DQLPSODQW� PDWHULDO� DQG� EHFRPH� DWWDFKHG� WROLYLQJ� WLVVXH�� 6XFK� JODVVHV� ZKLFK� FRQWDLQOHVV�WKDQ�DERXW����PDVV����6L2� DUH�FDOOHGELRDFWLYH�� &KHPLFDO� FRPSRVLWLRQ� RI� WKHELRDFWLYH� JODVVHV� LV� VLPLODU� WR� WKDW� RI� WKHERQHV�� $� ERQH� FRQVLVWV� LQ� ���� RI� RUJDQLFPDWHULDOV�DQG�LQ�����RI�LQRUJDQLF�PDWHULDOVDQG� ZDWHU�� 7KH� LQRUJDQLF� SDUW� RI� WKH� ERQHFRQVLVWV� RI� FDOFLXP� SKRVSKDWH� �FU\VWDOOLQHK\GUR[\DSDWLWH� �+$3�� DQG� QRQ�FU\VWDOOLQHFDOFLXP�RUWKRSKRVSKDWH��� FDOFLXP�FDUERQDWHDQG� D� VPDOO� DPRXQW� RI� PDJQHVLXP� R[LGH�6LQFH�GLVFRYHU\�RI� WKH�%LRJODVV� >�@��YDULRXVNLQGV� RI� JODVVHV� DQG� JODVV�FHUDPLFV� >�Ü�@

KDYH�EHHQ�IRXQG�WR�ERQG�WR�OLYLQJ�ERQH��7KH%LRJODVV� VXUIDFH��ZKLFK�FDQ� LQGXFH�WKH�IRU �PDWLRQ� RI� DQ� DSDWLWH� OD\HU� LQ� YLYR�� RU� LVSUH�FRDWHG�ZLWK�DQ�DSDWLWH�OD\HU��ZLOO�GHPRQ �VWUDWH�JRRG�ERQH�ERQGLQJ�SURSHUWLHV�>�Ü�@�(OHFWURQ� SDUDPDJQHWLF� UHVRQDQFH� �(35�SURYHV�WR�EH�D�SRZHUIXO�WRRO�IRU�VWXG\LQJ�LQGLIIHUHQW� ELRDFWLYH� PDWHULDOV�� SDUWLFXODUO\LQ�WKH�%LRJODVV�� ,PSXULW\�LRQV�RI�WUDQVLWLRQPHWDOV� DQG�RU� UDGLDWLRQ�LQGXFHG� HOHFWURQDQG� KROH� FHQWHUV� WUDSSHG� DW� GLIIHUHQW� VLWHVRI�WKH�JODVV�QHWZRUN�FDQ�EH�XVHG�DV�SDUDP �DJQHWLF�SUREHV�IRU�VXFK�VWXGLHV��$W�SUHVHQW�LPSXULW\� SDUDPDJQHWLF� LRQV� DQG� UDGLDWLRQ�LQGXFHG�GHIHFWV�DUH�ZLGHO\� VWXGLHG� LQ�SKRV �SKDWH� JODVVHV� RI� GLIIHUHQW� FRPSRVLWLRQ�� ,QSDUWLFXODU�� WKH� (35� VSHFWUXP�RI� UDGLDWLRQ�LQGXFHG� 32��± KROH� FHQWHUV� LQ� DONDOL� DQG
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DONDOL� HDUWK� SKRVSKDWH� JODVVHV�� FKDUDF �WHUL]HG� E\� K\SHUILQH� GRXEOHW� IURP� ��3 LVR�WRSH� �QXFOHDU� VSLQ� ,  ������ZHUH�VWXGLHG�E\D�QXPEHU�RI�DXWKRUV�>�Ü��@��'LIIHUHQW�PRG �HOV�KDYH�EHHQ�SURSRVHG�IRU�WKH�V\PPHWU\�RIWKH�32��± UDGLFDO� �DQLVRWURS\� RI� WKH� J WHQ�VRU��DQG�ORFDOL]DWLRQ�RI�XQSDLUHG�VSLQ�LQ�WKHJODVV�VWUXFWXUH��6HYHUDO�SDSHUV�UHSRUW�DERXW(35�VWXG\�RI� WKH�UDGLDWLRQ�LQGXFHG�GHIHFWVLQ�K\GUR[\DSDWLWHV�>��Ü��@��3DUWLFXODUO\��LQWKH� FDUERQDWHG� +$3�� )� FHQWHUV� ZHUH� RE�VHUYHG�>��@��,Q�WKH�SODVPD�VSUD\HG�DQG�β��DQG
γ�LUUDGLDWHG�+$3��WKH�DQLVRWURSLF�(35�VLJQDOUHODWHG�WR�WKH�2± DQLRQ�UDGLFDOV�DGMDFHQW�WR�DFDOFLXP�YDFDQF\�ZDV�REVHUYHG�>��@�,Q� RXU� ILUVW� SDSHU� >��@�� IRXU� W\SHV� RIUDGLDWLRQ�LQGXFHG� FHQWHUV� LQ� WKH� %LRJODVVQHWZRUN� ZHUH� UHJLVWHUHG� XVLQJ� (35� WHFK �QLTXH��EXW�WKH�QDWXUH�DQG�VWUXFWXUH�RI�VRPHFHQWHUV� ZHUH� QRW� FOHDUO\� HVWDEOLVKHG� XS� WRQRZ��7KH�DLP�RI�WKLV�ZRUN� LV�WR�VWXG\�IXU �WKHU� WKH� QDWXUH�� VWUXFWXUH� DQG� IRUPDWLRQSURFHVVHV�RI�WKH�UDGLDWLRQ�LQGXFHG�SDUDPDJ �QHWLF�GHIHFWV� LQ�WKH�89���;��DQG� γ�LUUDGLDWHG%LRJODVV�RQ�WKH�EDVLV�RI�REVHUYHG�(35�VSHFWUDDQDO\VLV�DQG�OLWHUDWXUH�GDWD�FRQVLGHUDWLRQ�7ZR� W\SHV� RI� %LRJODVV� ZHUH� LQYHVWLJDWHGSURGXFHG� E\� -HOHQLD� *RUD� 2SWLFDO� )DFWRU\�3RODQG��� 7KH� JODVVHV� KDYH� WKH� IROORZLQJ�VOLJKWO\� GLIIHUHQW� FRPSRVLWLRQ� �SHU� FHQWPDVV����������6L2� �������1D�2 �������&D2 ���3�2� �%LRJODVV5 ,�RU�%*�,��LQ�OLWHUDWXUH�Û��6�� >�@��� DQG� ���� ��� 6L2� ������� 1D�2 ������&D2 ���3�2� �%LRJODVV5 ,,� RU� %*� ,,��7KH� DV�V\QWKHVL]HG� %LRJODVV� VDPSOHV� ZHUHVXEPLWWHG� WR� WUHDWPHQW� E\� WKH� IROORZLQJSK\VLRORJLFDO� VROXWLRQV�� ���� �� 1D&O DQG6%)� �VLPXODWHG� ERG\� IOXLG�� ZLWK� S+� ����IRU���K��7KH�6%)�FRQWDLQV�LQRUJDQLF�LRQV�LQFRQFHQWUDWLRQV� FORVH� WR� WKRVH� LQ� EORRGSODVPD�>�����@��$V�ZDV�YHULILHG�E\�VFDQQLQJHOHFWURQ�PLFURVFRS\��6(0��DQG�('$;�VSHF �WUD� >��@� LQ� DUHDV� HQULFKHG� LQ� FDOFLXP� DQGSRRU� LQ� VLOLFD� DUH� IRUPHG� LQ� %LRJODVV� VDP �SOHV�ZKHQ� H[SRVHG� WR������� 1D&O VROXWLRQ�7KH� FRPSDULVRQ� RI� %*� ,� DQG� %*� ,,� 6(0SKRWRJUDSK�VKRZV�WKDW�WKH�IRUPDWLRQ�RI�K\ �GUR[\DSDWLWH�OD\HU�SURFHHGV�PRUH�IDVW�LQ�%*,,��7KH�TXLWH�GLIIHUHQW� LPDJH�VKRZV�VDPSOHGLVVROXWLRQ� LQ� 6%)�� QR� FUDFNV�� VXUIDFHV� DUHKRPRJHQRXV�� WKDW� FRXOG� VXJJHVW� WKDW� DQHDUO\�VWDJH�RI�+$3�IRUPDWLRQ�WDNHV�SODFH�7KH�%LRJODVV�VDPSOHV�IRU�(35�LQYHVWLJD �WLRQ� ZHUH� FXW� RXW� LQ� DSSUR[LPDWH� VL]H� RI�×�×��PP��� 7KH� VDPSOHV� ZHUH� 89�LUUDGL �DWHG� DW� URRP� WHPSHUDWXUH� XVLQJ� D� '.V(/������ODPS��SRZHU�3  ������:���7KH�;�LUUD�GLDWLRQ�ZDV�FDUULHG�RXW�DW�URRP�WHPSHUDWXUH

XVLQJ� DQ�856���$� VWDQGDUG� DSSDUDWXV� �&X.α UDGLDWLRQ�� 8  ���� N9�� ,  ����P$��� 7KHH[SRVXUH�GXUDWLRQ�ZDV����PLQ�IRU�ERWK�LUUD �GLDWLRQ� W\SHV��7KH� γ�LUUDGLDWLRQ�RI�WKH�VDP�SOHV� ZDV� SHUIRUPHG� XVLQJ� D� ��6U ��� P&LVRXUFH��7KH�γ�LUUDGLDWLRQ�GRVH�ZDV���*\��)RU(35� LQYHVWLJDWLRQV� RI� WKH� DV�V\QWKHVL]HG�SUH�WUHDWHG� LQ� 1D&O VROXWLRQ� DQG� 6%)�� DQGLUUDGLDWHG� %LRJODVV� VDPSOHV�� VSHFLDO� TXDUW]WXEHV�RI�KLJK�FKHPLFDO�SXULW\�ZHUH�XVHG�7KH�;�EDQG�(35�VSHFWUD�ZHUH�UHJLVWHUHGDW� ���� DQG� ��� .� XVLQJ� D� 5$',23$16(�;������ �3R]QDQ�� 3RODQG�� DQG� $(������/�YLY��8NUDLQH��PRGLILHG�FRPSXWHU�FRQWURO �OHG�FRPPHUFLDO�VSHFWURPHWHUV�ZLWK�F\OLQGUL �FDO�70��� FDYLW\��RSHUDWLQJ�LQ�WKH�KLJK�IUH �TXHQF\� ����� N+]�� PDJQHWLF� ILHOG� PRGXOD �WLRQ� PRGH�� 7KH� PLFURZDYH� IUHTXHQF\� LQHDFK� FDVH� ZDV� FRQWUROOHG� E\� PHDQV� RIGLSKHQ\OSLFU\OK\GUD]\O� �'33+�� J�PDUNHU�J  ������� ± ��������� 7KH� SDUDPHWHUV� RI(35� VSHFWUD� ZHUH� HYDOXDWHG� XVLQJ� D%58.(5� FRPSXWHU� VLPXODWLRQ� SURJUDP�6LP)RQLD��� 7KH� LQWHQVLWLHV� RI� (35� OLQHVZHUH� HYDOXDWHG� XVLQJ� D� VSHFLDO� VSLQ� VWDQG �DUG��QXPEHU�RI�VSLQV�16  ��⋅���� VSLQV�*��,W�LV�WR�QRWH�ILUVW�RI�DOO�WKDW�DOO�WKH�LQYHV �WLJDWHG�%LRJODVV� VDPSOHV�\LHOG� WKH� LVRWURSLF(35� VLJQDOV� DW� JHII  ������ DQG� JHII  ������)LJ������7KH�REVHUYHG�VLJQDOV�DUH�W\SLFDO�RIYLWUHRXV� �RU�JODVV\�� VWDWH� >��Ü��@� DQG�ZHUHDVVLJQHG�WR�LVRODWHG�)H�� ��G����6�����LRQV�LQRFWDKHGUDO�DQG�WHWUDKHGUDO�VLWHV�ZLWK�VWURQJUKRPELF� GLVWRUWLRQ� �)H�� �,�� FHQWHUV�� JHII  ������DQG�LQ�RFWDKHGUDO�VLWHV�RI�QHDUO\�FXELFV\PPHWU\��)H�� �,,��FHQWHUV��JHII  ��������,Q�WHQVLW\� RI� WKH� )H�� (35� VLJQDOV� LQ� %*� ,VDPSOHV�LV�LQGHSHQGHQW�RI�WUHDWPHQW�LQ�1D&OVROXWLRQ� DQG�6%)� �)LJ������7RWDO� DPRXQW� RI)H�� LRQV�LQ�WKH�%*�,�VDPSOHV�HVWLPDWHG�E\(35�LV���WR����WLPHV�JUHDWHU�WKDQ�WKDW�LQ�%*,,�RQHV�DQG�GRHV�QRW�H[FHHG���Ü� PDVV����

)LJ�����;�EDQG�(35�VSHFWUD�RI�QRQ�LUUDGLDWHG%LRJODVV� ,� DW� 7  ����� .� IRU� DV�V\QWKHVL]HG�����SUH�WUHDWHG� LQ�WKH�1D&O VROXWLRQ������DQG6%)�����VDPSOHV��
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7KH� 89��� ;��� DQG� γ�LUUDGLDWLRQ� RI� %*� ,VDPSOHV�DW�7  �����.�UHVXOWV�JHQHUDWLRQ�RIVWDEOH� UDGLDWLRQ�LQGXFHG� FHQWHUV� �5&�� RIWKUHH� W\SHV�GHQRWHG�DV�5&� �����5&� �����DQG5&� ���� )LJ������7KH� VDPH� LUUDGLDWLRQ�RI�%*,,� VDPSOHV� JHQHUDWHV� VWDEOH� FHQWHUV� RI� RQHW\SH�� 5&� ����� LQ� JHQHUDO� �)LJ������ 7KH� (35VSHFWUD� DQDO\VLV� VKRZV� WKDW� WKH�5&� ���� VLJ �QDOV�ZHUH� REVHUYHG�DOVR� LQ� WKH�%*�,� VDPSOHVDV�D�EDFNJURXQG�RI�WKH�5&�����VLJQDO��)LJ��� �DQG� WKH� ZHDN�5&� ���� DQG�5&� ���� (35� VLJ �QDOV� ZHUH� REVHUYHG� DOVR� LQ� %*� ,,� VDPSOHV�)LJ������ 7KXV�� WKH� JHQHUDWLRQ� HIILFLHQF\� RIWKH� GLIIHUHQW� SDUDPDJQHWLF� FHQWHUV� GHSHQGVKHDYLO\�RQ�WKH�EDVLF�JODVV�FRPSRVLWLRQ��3DU �WLFXODUO\��D�VPDOO�LQFUHDVH�RI�6L2� DQG�1D�2FRQWHQW� DQG� D� GHFUHDVH� RI� 3�2� FRQWHQW� LQWKH� JODVV� FRPSRVLWLRQ� UHVXOWV� LQ� LQFUHDVLQJDPRXQW� RI� WKH� 5&� ���� DQG� LQ� D� VWURQJ� GH �FUHDVH�RI�WKH�DPRXQW�RI�5&������5&������DQG5&������DQG�YLFH�YHUVD��$V�D�UHVXOW��WKH�5&���� VLJQDO� GRPLQDWHV� LQ� %*� ,,� VDPSOHV�ZKHUHDV� WKH�5&� �����5&� ����� DQG�5&� ���� VLJ �QDOV� GRPLQDWH� LQ� %*� ,� RQHV� �)LJV���� DQG� ���3UH�WUHDWPHQW� RI� WKH� %*� ,� VDPSOH� LQ� WKH1D&O VROXWLRQ� DQG� 6%)� UHVXOWV� LQ� D� GH �FUHDVHG�DPRXQW� RI�5&� ����DQG�DQ� LQFUHDVHGDPRXQW�RI�5&������ZKHUHDV�WKH�DPRXQW�DQGW\SH�RI�UDGLDWLRQ�LQGXFHG�FHQWHUV�LQ�WKH�%*,,�DUH�HVVHQWLDOO\�LQGHSHQGHQW�RI�WKH�VDPSOHSUH�WUHDWPHQW� �)LJV���� DQG�����7KH� W\SHV�RISDUDPDJQHWLF� UDGLDWLRQ�LQGXFHG� GHIHFWV� LQ%*� ,� DQG� %*� ,,� VDPSOHV� DUH� LQGHSHQGHQW� RIWKH�NLQG�RI�LRQL]LQJ�UDGLDWLRQ��89��;��DQG� γ��$OVR� WKH� LQWHQVLW\� RI� (35� VSHFWUD� RI� WKH)H�� �,�� DQG� )H�� �,,�� LPSXULW\� FHQWHUV� LQWKH� LUUDGLDWHG� %*� ,� DQG� %*� ,,� VDPSOHV� UH �PDLQV�WKH�VDPH�7KH�(35�VSHFWUXP�RI�5&� ���� LV� FKDUDF �WHUL]HG�E\�HIIHFWLYH�J YDOXH�RI�WKH�KROH�W\SH�JHII !�JH  ��������� DQG� FRQVLVWV� RI� IRXUHTXLGLVWDQW�OLQHV�HTXDO�LQ�LQWHQVLW\��)LJ�����7KH�5&�����VLJQDO�FRXOG�EH�H[SODLQHG�DVVXP �

LQJ� WKH� K\SHUILQH� �+)�� LQWHUDFWLRQ� RI� XQ �SDLUHG�HOHFWURQ�RI�WKH�VSLQ�6� �����ZLWK�WKHPDJQHWLF� PRPHQW� RI� RQH� QHDUHVW� QXFOHXVZLWK� VSLQ� ,  ������ $QDO\VLV� RI� WKH� LVRWRSLFFRPSRVLWLRQ�RI�HOHPHQWV�RFFXUULQJ�LQ�%LRJODVVVKRZV� WKDW� WKH� VRXUFH� RI�+)� LQWHUDFWLRQ� FDQEH� D� VLQJOH� QXFOHXV� RI� WKH� ��1D LVRWRSH�,  ������QDWXUDO�DEXQGDQFH�Û��������7KH� 5&� ���� (35� VSHFWUXP� LV� FKDUDF �WHUL]HG� E\� DSSUR[LPDWHO\� LVRWRSLF� KROH�OLNHJ�IDFWRU� DQG� FRQVLVWV� RI� ILYH� DSSUR[LPDWHO\HTXLGLVWDQW�OLQHV�RI�WKH�LQWHQVLW\�UDWLR�FORVHWR� ����������� ZKLFK� FDQ� EH� DVFULEHG� WR� ��3LVRWRSH� �,  ������ QDWXUDO� DEXQGDQFH� Û���� ��� VXSHUK\SHUILQH� VWUXFWXUH� �6+)��6LQFH�WKH�QXPEHU�RI�FRPSRQHQWV�LQ�WKH�6+)VWUXFWXUH�1  ���Q, ����� ���� WKH�QXPEHU� RIHTXLYDOHQW� ��3 QXFOHL� FDQ� EH� Q  ���� 7KXV�WKH� ILYHIROG� 6+)� VSOLWWLQJ� RI� WKH� 5&� ���(35� VLJQDO� LV� FDXVHG� E\� LQWHUDFWLRQ� RI� DQXQSDLUHG�HOHFWURQ�VSLQ�ZLWK�IRXU�QHDUHVW�QX �FOHL�RI�WKH���3 LVRWRSH�7KH� (35� VSHFWUXP� RI� 5&� ���� LV� FKDUDF �WHUL]HG� E\� DQ� XQUHVROYHG� EURDG� �∆+SS ≅��� *�� VLJQDO� ZLWK� J�IDFWRU� RI� WKH� HOHFWURQW\SH��JHII ��JH  ����������7KH�(35�VSHFWUXPRI�5&�����FRQVLVWV�RI�DV\PPHWULF�OLQH��∆+SS
≅ ��*��ZLWK�D�KROH�OLNH� J�IDFWRU�RI�WKH�VDPHYDOXH�DV�IRU�5&������$OO�REVHUYHG�(35�VSHF �WUD� RI� WKH� UDGLDWLRQ�LQGXFHG� FHQWHUV� LQ� WKH%*� ,� DQG� %*� ,,� VDPSOHV� DUH� WHPSHUDWXUHLQGHSHQGHQW�ZLWKLQ�WKH����WR�����.�UDQJH�3UHVHQFH� RI� WKH� IRXU� GLIIHUHQW� W\SHV� RIUDGLDWLRQ�LQGXFHG� SDUDPDJQHWLF� FHQWHUV� LQWKH� %LRJODVV� QHWZRUN� LV� GHPRQVWUDWHGFOHDUO\�E\�LVRFKURQDO�DQQHDOLQJ�RI�WKH�;�LU �UDGLDWHG�VDPSOHV��)LJV����DQG�����7KH�LQWHQ �VLW\� RI� (35� VLJQDO� UHODWHG� WR� WKH� 5&� ���GHFUHDVHV�PRQRWRQRXVO\�ZLWK� LQFUHDVLQJ�DQ �QHDOLQJ� WHPSHUDWXUH� DQG� GLVDSSHDUV� FRP �SOHWHO\�DW�7 ≅ ����.��ZKHUHDV�WKH� LQWHQVLW\

)LJ�����;�EDQG�(35�VSHFWUD�RI�89�LUUDGLDWHG%LRJODVV� ,� DW� 7  ����� .� IRU� DV�V\QWKHVL]HG����� SUH�WUHDWHG� LQ� WKH� 1D&O VROXWLRQ� ���� DQG6%)�����VDPSOHV��
)LJ�����;�EDQG�(35�VSHFWUD�RI�%LRJODVV�,,�DW7  ����� .� IRU� SUH�WUHDWHG� LQ� WKH� 6%)� DQG89�LUUDGLDWHG� ����� DV�V\QWKHVL]HG� DQG�;�LUUD�GLDWHG� ����� SUH�WUHDWHG� LQ� WKH� 1D&O VROXWLRQDQG�;�LUUDGLDWHG�����VDPSOHV��
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RI� 5&� ���� (35� VLJQDO� UHPDLQV� XQFKDQJHGHYHQ�DIWHU�KHDWLQJ�XS�WR�7 !�����.��)LJ�����,QWHQVLWLHV�RI�(35�VLJQDOV�UHODWHG�WR�5&����DQG� 5&� ���� GHFUHDVH� PRQRWRQRXVO\� GXULQJLVRFKURQDO� DQQHDOLQJ� �)LJV���� DQG� ���� $V� DUHVXOW�� WKH� (35� VLJQDO� UHODWHG� WR� 5&� ���GLVDSSHDUV� DW� 7 ≅ ���� .� �)LJV������ ZKHUHDVWKH� 5&� ���� UHODWHG� OLQH� FRPSOHWHO\� GLVDS �SHDUV�DW�7 ≅ ����.��)LJ������7KHUPDO�VWDELO �LW\�FKDUDFWHULVWLFV�RI�UDGLDWLRQ�LQGXFHG�FHQ �WHUV�LQ�%LRJODVV�DUH�SUHVHQWHG�LQ�WKH�7DEOH�7KH� (35� VSHFWUD� RI� WKH� REVHUYHG� UDGLD �WLRQ�LQGXFHG� FHQWHUV� FDQ� EH� GHVFULEHG� E\VSLQ� +DPLOWRQLDQ� LQ� WKH� IROORZLQJ� JHQHUDOIRUP��
+ = β+ ⋅ J ⋅ 6 + 6 ⋅ $ ⋅ , + ∑6L=�

�
⋅ DL ⋅ ,L�� ���

ZKHUH�β LV�WKH�%RKU�PDJQHWRQ��J��WKH�WHQVRURI�HOHFWURQLF�=HHPDQ�LQWHUDFWLRQ��$��WKH�WHQ�VRU� RI� PDJQHWLF� K\SHUILQH� LQWHUDFWLRQ� EH �WZHHQ� WKH� HOHFWURQ�RI� VSLQ� 6 DQG�D�QXFOHXVRI� VSLQ� ,�� DQG� DL�� WKH� WHQVRU� RI� PDJQHWLFVXSHUK\SHUILQH�LQWHUDFWLRQ�EHWZHHQ�WKH�HOHF �WURQ� RI� VSLQ� 6 DQG� Q HTXLYDOHQW� QXFOHL� RIVSLQ�,L��,Q�WKH�FDVH�RI�D[LDO�V\PPHWU\�RI�WKHJ WHQVRU��
β ⋅ + ⋅ J ⋅ 6 =

= β

J_ _6]+] + J⊥ (6[+[ + 6\+\) �� ����

ZKHUH�J,,� J]]��J⊥  J[[  �J\\��DQG�J[[��J\\�J]] DUH�WKH�SULQFLSDO�YDOXHV�RI�WKH� J WHQVRU�7KH�5&� ����VSHFWUXP� LV�GHVFULEHG�E\� WKHILUVW� DQG� VHFRQG� WHUPV�� WKH� 5&� ���� VSHF �WUXP��E\�WKH�ILUVW�DQG�WKLUG�WHUPV��DQG�WKH5&�����DQG�5&�����VSHFWUD��E\�WKH�ILUVW�WHUPRI�WKH�VSLQ�+DPLOWRQLDQ������7KH�J��$��DQG�D

YDOXHV� IRU� WKH� UDGLDWLRQ�LQGXFHG� SDUDPDJ �QHWLF�FHQWHUV�LQ�%LRJODVV�REWDLQHG�LQ�WKH�LVR �WURSLF�+)�DQG�6+)�FRQVWDQW�DSSUR[LPDWLRQDUH�SUHVHQWHG�LQ�WKH�7DEOH�7KH� REVHUYHG�KROH� FHQWHUV� LQ� WKH�JODVVHVFDQ� EH� DVVLJQHG� WR� DQ� HQVHPEOH� RI� 2± FHQ�WHUV�� L�H��� KROHV�� WUDSSHG� DW� QRQ�EULGJLQJR[\JHQ� ZLWK� GLIIHUHQW� ORFDO� HQYLURQPHQWV�%DVLQJ�RQ�WKH�SUHVHQWHG�(35�DQG�OLWHUDWXUHGDWD�� ZH� FDQ� WR� FRQFOXGH� WKDW� WKH� 5&� ���DQG�5&�����FDQ�EH�GHVFULEHG�LQ�WHUPV�RI�+&�>��@�DQG�2± >��@�FHQWHU�PRGHOV�SURSRVHG�IRUWKH�DONDOL�VLOLFDWH�JODVVHV�ZLWK�KLJK�FRQWHQWRI�DONDOL�PRGLILHUV��$FFRUGLQJ�WR�WKHVH�PRG �HOV��WKH�5&�����LV�D�KROH�FDSWXUHG�DW�D� 6L±2WHWUDKHGURQ�ZKLFK� KDV� �� QRQ�EULGJLQJ� R[\ �JHQV�DQG�ZDYH�IXQFWLRQ�RI�KROH�SUHVXPDEO\EHLQJ�UHVWULFWHG�VWURQJO\�WR�WKH���QRQ�EULGJ �LQJ�R[\JHQV�>��@��7KH�5&�����LV�WKH�2± FHQ�WHU�ORFDOL]HG�QHDUHVW�WR�WKH�1D� LRQ��,W�LV�WKHVR�FDOOHG� /�FHQWHU�� �6L±2±±1D��� >��@�� ZKHUHWKH� REVHUYHG� IRXU�OLQH� K\SHUILQH� VWUXFWXUHLQ� WKH� (35� VSHFWUXP� LV� FDXVHG� E\� RQH� QX �FOHXV�RI�WKH���1D LVRWRSH��1RWH�WKDW�ERWK�5&����DQG�5&�����DUH�FKDUDFWHUL]HG�E\�KLJK�EXWVOLJKWO\� GLIIHUHQW� WKHUPDO� VWDELOLW\� �VHH7DEOH��7KH�5&� ���� FHQWHU� FDQ� EH� LQWHUSUHWHG� DVDQ�HOHFWURQ�WUDSSHG�DW�R[\JHQ�YDFDQF\��7KH6+)� VWUXFWXUH� RI� WKH� 5&� ���� FHQWHUV� FRXOGEH�H[SODLQHG�E\� WKH� LQWHUDFWLRQ�RI� WKH�HOHF �WURQ� VSLQ� ZLWK� IRXU� QHDUHVW� ��3 QXFOHL� RIWKH� JODVV� VWUXFWXUH�� 7KH� 5&� ���� FHQWHUV� LQ%LRJODVV� DUH� FKDUDFWHUL]HG� E\� KLJK� WKHUPDOVWDELOLW\� DQG�KDYH�QR� DQDORJV� LQ� OLWHUDWXUH�7KH� HOHFWURQ� 5&� ���� FHQWHUV� DUH� FKDUDF �WHUL]HG�E\� LQKRPRJHQHRXVO\�EURDGHQHG�(35OLQH� �∆+SS ≅ ��� *�� DQG� FDQQRW� EH� DVVLJQHGWR�WKH�ZHOO�NQRZQ�(′ �6L��FHQWHUV��7KH�LQKR�PRJHQHRXV� EURDGHQLQJ� RI� WKH� 5&� ���� (35

)LJ�����(35� VSHFWUD� DW�7  �����.� LQ�DV�V\Q�WKHVL]HG� DQG�;�LUUDGLDWHG� %*� ,� VDPSOH� DIWHULVRFKURQDO� ����PLQ�� DQQHDOLQJ� LQ� DLU� DW� WHP�SHUDWXUHV��.�����������������������������������������������������������������DQG���������
)LJ�����(35�VSHFWUD�DW�7  �����.�LQ�WKH�SUH�WUHDWHG�LQ�1D&O VROXWLRQ�DQG�;�LUUDGLDWHG�%*,,�VDPSOH�DIWHU�LVRFKURQDO�����PLQ��DQQHDOLQJLQ� DLU� DW� WHPSHUDWXUHV� �.��� ���� ����� ���� ����������������������������������������DQG���������
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VLJQDO� FDQ� EH� FRQQHFWHG� ZLWK� SUHVHQFH� RIVHYHUDO� YROXPH� DQG� VXUIDFH� HOHFWURQ� W\SHFHQWHUV� ZLWK� GLIIHUHQW� ORFDO� HQYLURQPHQWVZKLFK�JLYH�VOLJKWO\�VKLIWHG�DQG�VWDWLVWLFDOO\GLVWULEXWHG�J YDOXHV��WKDW�IRUP�WKH�REVHUYHG(35�OLQHVKDSH��7KH�QDWXUH�DQG�VWUXFWXUH�RIWKH� 5&� ���� QHHG� DGGLWLRQDO� VWXG\� E\� (35DQG�RWKHU�VSHFWURVFRSLF�PHWKRGV��,Q�FRQFOXVLRQ�� WKH� LRQL]LQJ�89���;���DQG
γ�LUUDGLDWLRQ� RI� ELRDFWLYH� JODVVHV� �%LRJODVV�DW� URRP� WHPSHUDWXUH� JHQHUDWHV� IRXU� W\SHVRI� VWDEOH� SDUDPDJQHWLF� FHQWHUV� WKDW� KDYHEHHQ� LGHQWLILHG� E\� (35� VSHFWURVFRS\�� 7KHJHQHUDWLRQ�HIILFLHQF\�DQG�W\SH�RI�UDGLDWLRQ�LQGXFHG�SDUDPDJQHWLF�FHQWHUV�GHSHQGV�KHDY �LO\�RQ� WKH�EDVLF�ELRDFWLYH�JODVV� FRPSRVLWLRQ�L�H��� UDWLR� RI� WKH� VWUXFWXUH�IRUPLQJ� HOH �PHQWV� WR� WKH�PRGLILHUV�� DQG� LV� LQGHSHQGHQWRI� WKH� LRQL]LQJ�UDGLDWLRQ�NLQG�DQG�SUHVHQFHRI� )H�� QRQ�FRQWUROOHG� LPSXULW\�� 7KH� VSLQ+DPLOWRQLDQ�SDUDPHWHUV�DQG�WKHUPDO�VWDELO �LW\�IRU�DOO�UDGLDWLRQ�LQGXFHG�FHQWHUV�LQ�%LR �JODVV� KDYH� EHHQ� HYDOXDWHG�� 7KH�5&� ���� DQG5&� ����KROH� FHQWHUV�FDQ�EH�GHVFULEHG� LQ�WKHIUDPH� RI� WKH�+&� DQG�2± KROH� FHQWHU�PRG�HOV�� UHVSHFWLYHO\�� 7KH� 5&� ���� LV� ORFDOL]HGQHDUHVW� WR� WKH� ��1D QXFOHXV� �/�FHQWHU��ZKHUHDV� WKH�5&� ����FHQWHU� LV�QRW� UHODWHG� WRDQ\�QXFOHXV�ZLWK�PDJQHWLF�PRPHQWXP��7KH5&� ���� FDQ� EH� LQWHUSUHWHG� DV� DQ� HOHFWURQWUDSSHG�DW�R[\JHQ�YDFDQF\��7KH�5&�����HOHF �WURQ� FHQWHU� FDQQRW�EH� DVVLJQHG� WR� WKH�ZHOO�NQRZQ� (′�6L�� FHQWHUV� DQG� LWV� QDWXUH� QHHGVDGGLWLRQDO� VWXG\� E\� GLIIHUHQW� VSHFWURVFRSLFPHWKRGV��7KH�(35�GDWD� VKRZ�JRRG�FRUUHOD �WLRQ� ZLWK� WKH� WKHUPR�VWLPXODWHG� OXPLQHV �FHQFH��76/��PHDVXUHPHQWV��3DUWLFXODUO\��WKH76/�JORZ�SHDNV�DW����Ü����.�����Ü����.�DQG����Ü����.�>��@� FDQ�EH�DVVLJQHG�WR�WKH5&� ����� 5&� ����� DQG� 5&� ����� UHVSHFWLYHO\�3UH�WUHDWPHQW� RI� WKH� VDPSOHV� LQ� WKH� �����1D&O VROXWLRQ�DQG�6%)�UHVXOWV�LQ�IRUPDWLRQRI� D� VXUIDFH� FRDWLQJ� RI� FRPSRVLWLRQ� GLIIHU �HQW�IURP�WKH�EDVLF�%LRJODVV�FRPSRVLWLRQ�DQGLQIOXHQFHV� WKH� IRUPDWLRQ� SURFHVV� RI� UDGLD �WLRQ�LQGXFHG� GHIHFWV�� ,QWHUDFWLRQ� RI� WKH

SK\VLRORJLFDO�VROXWLRQ�ZLWK�VXUIDFH�DUWLILFLDOPDWHULDO� LV� YHU\� FRPSOLFDWHG� DQG� LW� LV� QRWFOHDU� LQ� HYHU\� GHWDLO� DW� SUHVHQW�� 6WXGLHV� RIVXUIDFH�FRDWLQJ�FRPSRVLWLRQ�DQG�WKHLU�LQIOX �HQFH�RQ�WKH�IRUPDWLRQ�SURFHVV�RI�WKH�UDGLD �WLRQ�LQGXFHG� YROXPH� DQG� VXUIDFH� GHIHFWV� LQWKH�ELRDFWLYH�JODVVHV�DUH�LQ�WKH�SURJUHVV��$FNQRZOHGJHPHQW�� 7KLV� ZRUN� KDV� EHHQVXSSRUWHG�ILQDQFLDOO\�E\�*UDQW�%:������RIWKH�$FDGHP\�RI�%\GJRV]F]��5HIHUHQFHV���/�/�+HQFK�� 5�-�6SOLQWHU�� :�&�$OOHQ�7�.�*UHHQOHH��-��%LRPHG��0DWHU��5HV��6\PS��������������������/�/�+HQFK�� (�&�(WKULGJH�� %LRPDWHULDOV�� $Q,QWHUIDFLDO�$SSURDFK��$FDG��3UHVV��1HZ�<RUN�����������/�/�+HQFK��0DWHULDOV�LQ�&OLQLFDO�$SSOLFDWLRQV�HG��3�9LQFHQ]LQL��7HFKQD���������S��������7�1DNDPXUD�� 0DWHULDOV� LQ� &OLQLFDO� $SSOLFD�WLRQV��HG��3�9LQFHQ]LQL��7HFKQD���������S��������/�/�+HQFK�� 6XPPDU\� DQG� )XWXUH� 'LUHFWLRQV�LQ�� $Q� ,QWURGXFWLRQ� WR� %LRFHUDPLFV�� HGV�/�/�+HQFK��-�:LOVRQ��:RUOG�6FLHQWLILF��6LQJD�SRUH�����������&�<�.LP�� $�(�&ODUN�� /�/�+HQFK�� -��1RQ�&U\V�WDO��6RO�����������������������&�2KWVXNL�� 7�.RNXER�� 7�7DPDPXUR�� -��1RQ�&U\VWDO��6RO����������������������<�1DNDL�� %XOO��&KHP��6RF��-DSDQ�� ���� ���������������$�+DVHJDZD�� 0�0LXUD�� %XOO��&KHP��6RF��-DSDQ����������������������5�$�:HHNV�� 3�-�%UD\�� -��&KHP��3K\V��� ���� �������������0�*HRIIUR\�� +�-�7RFKRQ�'DQJX\�� &DOFLI��7LV�VXH�,QW�������6���������������<�'RL�� <�0RULZDNL�� 7�$RED�� 0�.RQL�� &DOFLI�7LVVXH�,QW�����������������������*�%DFTXHW��0�6ELW��0�9LJQROHV�� *�%RQHO�� 5D�GLDW��(IIHFWV����������������������3�6KDUURFN�� *�%RQHO�� %LRPDWHULDOV�� ���� ���������������%�3DGO\DN�� 6�6]DUVND�� +�-XQJQHU�� 2SW��$SSO��;;;������������������7�.RNXER��-��1RQ�&U\VWDO��6RO������������������������/�%RWWHU�-HQVHQ�� *�$�7�'XOOHU�� 1XFOHDU7UDFNV�DQG�5DGLDW��0HDVXU�������������������

7DEOH��6SLQ�+DPLOWRQLDQ�SDUDPHWHUV�REWDLQHG�DV�WKH�EHVW�ILW�RI�WKH�H[SHULPHQWDO��7  �����.��DQGVLPXODWHG�(35�VSHFWUD�DQG�WKHUPDO�VWDELOLW\�RI�WKH�UDGLDWLRQ�LQGXFHG�FHQWHUV�
&HQWHUQXPEHU 7KHUPDOVWDELOLW\ J YDOXHV $ YDOXHV D YDOXHV 7\SH�RIFHQWHUVJ__ J⊥ $__��* $⊥ ��* D__��* D⊥ ��*5&���� ≤ ����. ����� ± ����� ����� ± ����� �� ± � �� ± � Ü Ü +ROH5&���� !�����. ����� ± ����� ����� ± ����� Ü Ü �� ± � �� ± � +ROH5&���� ≤ ����. ����� ± ����� ����� ± ����� Ü Ü Ü Ü (OHFWURQ5&���� ≤ ����. ����� ± ����� ����� ± ����� Ü Ü Ü Ü +ROH
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����7�-U�&DVWQHU�� *�6�1HZHOO�� :�&�+ROWRQ�&�3�6OLFKWHU��-��&KHP��3K\V�����������������������'�/�*ULVFRP�� -��1RQ�&U\VWDO��6RO��� ���� ���������������-�.OLDYD�� (35� 6SHFWURVFRS\� RI� 'LVRUGHUHG6ROLGV��=LQDWQH��5LJD��������>LQ�5XVVLDQ@�����&�0�%URGEHFN�� 5�5�%XNUH\�� 3K\V��5HY��%�� ����������������

����%�9�3DGO\DN�� $�*XWV]H�� $SSO��0DJQ��5HVRQ���������������������-�:�+�6FKUHXUV�� -��&KHP��3K\V��� ���� ���������������(�$�=DPRWULQVND\D��/�$�7RUJDVKLQRYD��9�)�$QX�IULHQNR� 1HRUJ��0DWHU�����������������������$�1�7UXNKLQ�� -��1RQ�&U\VWDO��6RO��� ����� �����������
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