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7DEOH�RI�&RQWHQWV�

���7KH�%LJ�0XII�3L�&LUFXLW����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�FLUFXLW���
��������/LVW�RI�0DWHULDOV���3DUWV�/LVW����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�ERP����
���,QSXW�%RRVWHU�6WDJH����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�LQSXW���
��������6KXQW�)HHGEDFN�&RPPRQ�(PLWWHU�6WDJH����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN����
��������,QSXW�%RRVWHU�9ROWDJH�*DLQ�&DOFXODWLRQ����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN����
��������,QSXW�,PSHGDQFH�&DOFXODWLRQ����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN����
��������,QSXW�%RRVWHU�)UHTXHQF\�5HVSRQVH����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN����
���%LJ�0XII�3L�&OLSSLQJ�6WDJH����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN���
��������6XVWDLQ�&LUFXLW����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN����
��������&OLSSLQJ�$PSOLILHU�9ROWDJH�*DLQ�&DOFXODWLRQ���ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN����
��������&OLSSLQJ�0HWKRG����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN����
��������&OLSSLQJ�6WDJH�)UHTXHQF\�5HVSRQVH����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN����
���3DVVLYH�7RQH�&RQWURO�6WDJH����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN���
��������7RQH�&RQWURO�)UHTXHQF\�5HVSRQVH����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN����
���2XWSXW�6WDJH����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN���
��������%LJ�0XII�3L�2XWSXW�,PSHGDQFH����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN����
���%LJ�0XII�3L�%LDV�DQG�7RQH�5HVSRQVH����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN���
���5HVRXUFHV����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN���
��������'DWDVKHHWV����ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�ELJ�PXII�SL�DQDO\VLV�OLQN���

���7KH�%LJ�0XII�3L�&LUFXLW�

7KH�%LJ�0XII�3L�FLUFXLW�FRQVLVWV�RI���FDVFDGHG�FRPPRQ�HPLWWHU�DPSOLILHU�VWDJHV�ZLWK�D�SDVVLYH�WRQH�FRQWURO��7KH�VFKHPDWLF�FDQ�EH�EURNHQ�GRZQ�LQWR���VLPSOHU
EORFNV��,QSXW�%RRVWHU��&OLSSLQJ�6WDJH��3DVVLYH�7RQH�&RQWURO�DQG�2XWSXW�%RRVWHU��



��ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�LPDJHV�WHFK�EPS�ELJ�PXII�SL�Y��FLUFXLW�VWDJHV�SQJ�7KH�FLUFXLW�GHVLJQ�ZDV�LQVSLUHG�E\�SUHYLRXV�)X]]
SHGDOV�OLNH�WKH�'DOODV�$UELWHU�)X]]�)DFH��0DHVWUR�)X]]�7RQH�RU�(OHFWUR�+DUPRQL[�$[LV�)X]]��,Q�DGGLWLRQ��WKH�%03�LQWURGXFHG�D�GRXEOH�FOLSSLQJ�VWDJH��D�QHZ�WRQH
FRQWURO�DQG�LW�LV�DEOH�WR�SURGXFH�D�FKDUDFWHULVWLF�VXVWDLQHG�GLVWRUWLRQ�VRXQG�QHYHU�KHDUG�EHIRUH�

7KHUH�DUH�DOVR�VHYHUDO�HQKDQFHPHQWV�RQ�WKH�GHVLJQ�LQ�RUGHU�WR�PDNH�WKH�FLUFXLW�VWDEOH�DQG�UHOLDEOH��$OO�FRPSRQHQWV�DUH�EDVHG�LQ�VLOLFRQ��DOO�WUDQVLVWRU�VWDJHV
LQFOXGH�DQ�HPLWWHU�UHVLVWDQFH��ZKLFK�PDNHV�WKH�JDLQ�LQGHSHQGHQW�IURP�WHPSHUDWXUH�RU�WUDQVLVWRU�LQWULQVLF�FKDUDFWHULVWLFV��7KUHH�RXW�RI�IRXU�VWDJHV�LQFOXGH
IHHGEDFN�UHVLVWRUV�DQG�0LOOHU�FDSDFLWRUV��ZKLFK�VWDELOL]H�WKH�EHKDYLRU�DQG�IUHTXHQF\�UHVSRQVH��,W�LV�D�ELJ�DGYDQWDJH�YHUVXV�WKH�FRQWHPSRUDU\�GRGJ\�SHGDOV
EDVHG�RQ�JHUPDQLXP�

7KH�FRPSRQHQWV�VHOHFWHG�IRU�WKH�GHVLJQ�DUH�YHU\�JHQHULF�DQG�HDV\�WR�ILQG��MXVW�KLJK�JDLQ�131�WUDQVLVWRUV��VLPSOH�VLOLFRQ�GLRGHV�DQG�VWDQGDUG�UHVLVWRUV��FDSV�DQG
WKUHH����.�OLQHDU�SRWV��$YRLGLQJ�H[RWLF�SDUWV�DQG�PDNLQJ�WKH�FLUFXLW�UHDG\�IRU�PDVV�SURGXFWLRQ�DQG�D�VKRUWDJH�RI�VXSSOLHUV�

7KLV�VWXG\�LV�IRFXVHG�RQ�WKH�$PHULFDQ�9HUVLRQ����DVVRFLDWHG�ZLWK�WKH�LFRQLF�EROG�UHG�DQG�EODFN�GHVLJQ�DQG�UHOHDVHG�LQ������������WKH�DQDO\VLV�FDQ�EH�HDVLO\
H[WUDSRODWHG�WR�DQ\�RWKHU�YHUVLRQ�

°

����%LJ�0XII�3L�/LVW�RI�0DWHULDOV���3DUWV�/LVW�

7KH�FRPSRQHQWV�DUH�ODEHOHG�IROORZLQJ�WKH�RULJLQDO�(OHFWUR�+DUPRQL[�SULQWHG�FLUFXLW�ERDUG�
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���%LJ�0XII�3L�,QSXW�%RRVWHU�6WDJH�

7KLV�FOHDQ�ERRVW�VWDJH�LV�EDVHG�RQ�D�&RPPRQ�(PLWWHU�DPSOLILHU�ZLWK�6KXQW�)HHGEDFN�DQG�VRPH�DUUDQJHPHQWV�WR�HQKDQFH�WKH�SHUIRUPDQFH���

��ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�LPDJHV�WHFK�EPS�ELJ�PXII�SL�Y��LQSXW�EXIIHU�SQJ��
7KH�,QSXW�%RRVWHU�VHWV�WKH�SHGDO�LQSXW�LPSHGDQFH��VKDSHV�WKH�IUHTXHQF\�UHVSRQVH�DQG�DGGV�VRPH�JDLQ�

����%LJ�0XII�3L�6KXQW�)HHGEDFN�&RPPRQ�(PLWWHU�6WDJH�

,Q�FRPPRQ�HPLWWHU�DPSV��WKH�DSSUR[LPDWH�YROWDJH�JDLQ�LV�FROOHFWRU�UHVLVWDQFH�GLYLGHG�E\�WKH�HPLWWHU�UHVLVWDQFH��5 �5 ���EXW�WKH�HIIHFW�RI�WKH�IHHGEDFN�UHVLVWRU
KDV�WR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ��
7KH�UHVLVWRU�5 �IURP�FROOHFWRU�WR�EDVH�DOVR�FDOOHG�6KXQW�)HHGEDFN�UHVLVWRU�RU�5 �LV�D�PHWKRG�WR�DSSO\�QHJDWLYH�IHHGEDFN�WR�WKH�DPSOLILHU��:KLOH�LW�UHVXOWV�LQ�D
UHGXFHG�RYHUDOO�YROWDJH�JDLQ�DQG�LQSXW�LPSHGDQFH��D�QXPEHU�RI�LPSURYHPHQWV�DUH�REWDLQHG�

%HWWHU�VWDELOL]HG�YROWDJH�JDLQ�
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,PSURYHG�IUHTXHQF\�UHVSRQVH�
5HGXFHG�1RLVH�
0RUH�/LQHDU�RSHUDWLRQ�
0RUH�LPPXQH�DJDLQVW�YDULDWLRQV�LQ�WHPSHUDWXUH�DQG�WUDQVLVWRUV�%HWD�

+RZ�LW�ZRUNV"��,I�WKH�HPLWWHU�FXUUHQW�ZHUH�WR�LQFUHDVH��WKH�YROWDJH�GURS�DFURVV�5F�LQFUHDVHV��GHFUHDVLQJ�9F��UHGXFLQJ�,E�IHHGEDFN�WR�WKH�EDVH��7KLV��LQ�WXUQ�
GHFUHDVHV�WKH�HPLWWHU�FXUUHQW��FRUUHFWLQJ�WKH�RULJLQDO�LQFUHDVH��7KH�YDOXH�RI�5 VKRXOG�EH�VHOHFWHG�VR�WKDW�WKH�FROOHFWRU�YROWDJH�LV�KDOI�RI�WKH�VXSSO\�YROWDJH��

����,QSXW�%RRVWHU�9ROWDJH�*DLQ�&DOFXODWLRQ�

$�VLPSOLILHG�DQDO\VLV�PHWKRG��KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���ZZZ�XRWHFKQRORJ\�HGX�LT�GHS�
HHH�OHFWXUHV��QG�(OHFWURQLFV�����3DUW������SGI��PXVW�EH�XVHG�WR�FDOFXODWH�WKH�YROWDJH�JDLQ�RI�WKH�DPSOLILHU��RWKHUZLVH��LW�WXUQV�LQWR�DQ�DULWKPHWLF�QLJKWPDUH�
,W�FRQVLVWV�RI���VWHSV�

D��,GHQWLI\�WKH�$PSOLILHU�7RSRORJ\�

7KH�WRSRORJ\�LV�NQRZQ�DV�9ROWDJH�6KXQW�)HHGEDFN��YROWDJH�UHIHUV�WR�FRQQHFWLQJ�WKH�RXWSXW�YROWDJH�DV�WKH�LQSXW�WR�WKH�IHHGEDFN�QHWZRUN�DQG�6KXQW
UHIHUV�WR�FRQQHFWLQJ�WKH�IHHGEDFN�VLJQDO�LQ�SDUDOOHO�VKXQW�ZLWK�WKH�LQSXW�FXUUHQW�VRXUFH��

E��'UDZ�WKH�HTXLYDOHQW�FLUFXLW�ZLWKRXW�WKH�IHHGEDFN�QHWZRUN��7KH�LGHD�LV�WR�GUDZ�DQ�HTXLYDOHQW�DPSOLILHU�ZLWKRXW�IHHGEDFN�EXW�WDNLQJ�WKH�ORDGLQJ�RI�LW
LQWR�FRQVLGHUDWLRQ��,Q�WKH�LPDJH�EHORZ��WKH�UHVLVWRU�YDOXHV�DUH�VXEVWLWXWHG�E\�JHQHULF�ODEHOV��LQ�RUGHU�WR�PDNH�WKH�IRUPXODV�PRUH�LQWXLWLYH�

��ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�LPDJHV�WHFK�EPS�EPS�VPDOO�VLJQDO��SQJ�

7KH�HTXLYDOHQW�FLUFXLW�XVHV�1RUWRQ
V�FXUUHQW�VRXUFH�VLQFH�WKH�IHHGEDFN�VLJQDO�LV�FXUUHQW��,Q�WKH�LPDJH�EHORZ��WKH�IHHGEDFN�UHVLVWRU�LV�JURXQGHG�LQ�WKH�LQSXW
DQG�RXWSXW�VHFWLRQV�DQG�WKH�UHVLVWRUV�JURXSHG�

��ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�LPDJHV�WHFK�EPS�EPS�VPDOO�VLJQDO��SQJ�

:KHUH�
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F��7KH�YROWDJH�JDLQ�FDQ�EH�FDOFXODWHG�IROORZLQJ�WKH�VLPSOLILHG�DQDO\VLV�RI�WKHVH�HTXDWLRQV�

$ ��9ROWDJH�6KXQW�*DLQ�ZLWKRXW�IHHGEDFN�IRUPXOD�

% ��)HHGEDFN�9ROWDJH�6KXQW�IRUPXOD�
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$ ��9ROWDJH�6KXQW�*DLQ�ZLWK�)HHGEDFN�

*9��9ROWDJH�*DLQ�

5HSODFLQJ�WKH�,QSXW�%RRVWHU�FLUFXLW�YDOXHV�5  ����.��5  �.��5 � �����5  ��.�DQG�5 � ���.�WKH�UHVXOWV�REWDLQHG�DUH�%  �����.��$  ������DQG�WKH
YROWDJH�YDOXH�LV�*  ���������G%��DOWKRXJK�GRLQJ�WKH�VLPXODWLRQ�WKH�* �QHYHU�UHDFKHV�WKLV�YDOXH��LW�LV������G%��

����%LJ�0XII�3L�,QSXW�,PSHGDQFH�&DOFXODWLRQ�

7KH�%LJ�0XII�3L�LQSXW�LPSHGDQFH�LV�5 �DND�5 �VHULHV�UHVLVWDQFH�SOXV�WKH�LQSXW�LPSHGDQFH�RI�WKH�,QSXW�%RRVWHU�VWDJH�

�= � �5 ����5 ��

7KH�LQSXW�UHVLVWDQFH�RI�WKH�,QSXW�%RRVWHU�GXH�WR�WKH�HPLWWHU�UHVLVWDQFH�DQG�WKH�IHHGEDFN�QHWZRUN�HIIHFW�LV�PXFK�VPDOOHU�WKDQ�5 ��6R��WKH�YDOXH�RI�WKH�LQSXW
UHVLVWRU�5  ��.�DFFRXQWV�IRU�DOPRVW�DOO�RI�WKH�VLJQDO�ORDGLQJ�DW�WKH�LQSXW��7KH���.�LW�LV�LQGHHG�D�ORZ�LQSXW�LPSHGDQFH��DQG�WKH�JXLWDU�VLJQDO�PLJKW�VXIIHU�WRQH
VXFNLQJ��ORVV�RI�KLJK�IUHTXHQFLHV���DOWKRXJK�WRQH�DQG�YROXPH�ORVV�LV�FRPSHQVDWHG�E\�WKH�UHVW�RI�WKH�FLUFXLW�GHVLJQ�

,QFUHDVLQJ�WKH���N�5 �LQSXW�UHVLVWRU��WKH�LQSXW�LPSHGDQFH�LV�LQFUHDVHG�EXW�LW�DOVR�IRUPV�D�YROWDJH�GLYLGHU�DW�WKH�LQSXW��UHGXFLQJ�WKH�DYDLODEOH�YROWDJH�JDLQ�

7KH�(PLWWHU�5HVLVWDQFH��$GGLQJ�DQ�HPLWWHU�UHVLVWDQFH�5 �WR�D�FRPPRQ�HPLWWHU�DPS��DOVR�NQRZQ�DV�(PLWWHU�'HJHQHUDWLRQ��PDNHV�WKH�YROWDJH�JDLQ
OHVV�GHSHQGDQW�IURP�%-7�SDUDPHWHUV��DQG�WKHUHIRUH�OHVV�YXOQHUDEOH�WR�WHPSHUDWXUH�DQG�ELDV�FXUUHQW�FKDQJHV��7KH�VWDELOLW\�FKDUDFWHULVWLFV�RI�WKH�FLUFXLW�DUH�WKXV
LPSURYHG�DW�WKH�H[SHQVH�RI�D�UHGXFWLRQ�LQ�JDLQ�

����,QSXW�%RRVWHU�)UHTXHQF\�5HVSRQVH�

7KH�IUHTXHQF\�UHVSRQVH�LV�WDLORUHG�E\�WZR�FDSDFLWRUV��WKH�LQSXW�GHFRXSOLQJ�FDS�& �ZKLFK�VHWV�WKH�ORZ�IUHTXHQF\�UHVSRQVH��UROO�RII�WKH�EDVV��DQG�WKH�0LOOHU
&DSDFLWRU�& �ZKLFK�VKDSHV�WKH�KLJK�IUHTXHQF\�UHVSRQVH��UROO�RII�WKH�KLJKV���

��ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�LPDJHV�WHFK�EPS�EPS�LQSXW�ERRVWHU�IUHTXHQF\�UHVSRQVH�SQJ�

,QSXW�&DSDFLWRU�& ��FUHDWHV�D�KLJK�SDVV�ILOWHU��LQFUHDVLQJ�LWV�YDOXH�ZLOO�UHVXOW�LQ�D�PRUH�EDVV\�UHVSRQVH�DQG�LQFUHDVLQJ�WKH�VLJQDO�LQWR�WKH�SHGDO��7KH�FXW�RII
IUHTXHQF\�LV�DURXQG����+]��QRW�GLVWXUELQJ�JXLWDU�KDUPRQLFV�
&ROOHFWRU�WR�%DVH�IHHGEDFN�&DSDFLWRU��& �LV�D�/DJ�&DSDFLWRU�RU�0LOOHU�&DSDFLWRU�FRPSHQVDWLRQ�WR�DYRLG�RVFLOODWLRQ�ZKLFK�VHWV�WKH�DPSOLILHU�EDQGZLGWK�DQG
WKH�GRPLQDQW�SROH�IUHTXHQF\��7KH�HIIHFWLYH�YDOXH�RI�WKH�& �FDSDFLWRU�LV�LQFUHDVHG�E\�WKH�LQWHUQDO�FROOHFWRU�EDVH�FDSDFLWDQFH��EDVH�WR�FROOHFWRU�GHSOHWLRQ
FDSDFLWDQFH��RI�WKH�%-7��

:LWK�D�& �RI����S)�DQG�GHSHQGLQJ�RQ�WKH�LQWHUQDO�%-7�FDSDFLWDQFH��ORZ�SDVV�ILOWHU�FXW�RII�IUHTXHQF\�LV�DURXQG����.+]��7KLV�RSHUDWLRQ�RFFXUV�MXVW�EHIRUH�WKH
GLVWRUWLRQ�VWDJH��FOLSSLQJ�D�ORZ�SDVVHG�VLJQDO�XVXDOO\�VRXQGV�EHWWHU��VPRRWKHU�DQG�OHVV�KDUVK�

7KH�XVXDO�YDOXHV�IRU�WKLV�FDS�DUH�GHFV�WR�VRPH�KXQGUHGV�RI�S)��ORZHULQJ�WKH�& �YDOXH�ZLOO�UHVXOW�LQ�D�PRUH�WUHEOH�UHVSRQVH��UROOLQJ�RII�IHZHU�KLJKV�

���%LJ�0XII�3L�&OLSSLQJ�6WDJH�

7KH�FOLSSLQJ�6WDJH�LV�PDGH�RI�D�SDVVLYH�YROWDJH�GLYLGHU��VXVWDLQ�SRWHQWLRPHWHU��DQG�WZR�FRQVHFXWLYH�FRPPRQ�HPLWWHU�VWDJHV��(DFK�RI�WKH�WZR�FRQVHFXWLYH�4 �4
FOLSSLQJ�VWDJHV�NHHSV�WKH�VDPH�WRSRORJ\�DV�WKH�,QSXW�%RRVWHU��,Q�DGGLWLRQ��WKH�FOLSSLQJ�DPSOLILHUV�LQFOXGH�D�EDFN�WR�EDFN�GLRGHV�WR�FUHDWH�WKH�V\PPHWULF�FOLSSLQJ��
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��ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�LPDJHV�WHFK�EPS�ELJ�PXII�SL�Y��FOLSSLQJ�VWDJH�SQJ�

7KH�GHVLJQ�LGHD�IRU�WKH�GRXEOH�GLVWRUWLRQ�LV�WKDW�WKH�ILUVW�WUDQVLVWRU�VRIWO\�FOLSV�WKH�ZDYHIRUP�LQ�WKH�IHHGEDFN�ORRS��FUHDWLQJ�WKH�GLVWRUWLRQ�DQG�ILOWHULQJ�WKH�VLJQDO�
$IWHU�WKH�ILUVW�FOLSSLQJ�WUDQVLVWRU��WKH�VHFRQG�RQH�UHSHDWV�WKH�RSHUDWLRQ�DJDLQ�DQG�UHILQHV�WKH�GLVWRUWHG�VLJQDO�FUHDWLQJ�WKH�KDUG�FOLS�

��ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�LPDJHV�WHFK�EPS�EPS�FOLSSHG�VLJQDOV�SQJ�

����%LJ�0XII�3L�6XVWDLQ�&LUFXLW�

7KH����.�VXVWDLQ�SRWHQWLRPHWHU�FRQWUROV�WKH�OHYHO�RI�WKH�VLJQDO�JRLQJ�LQWR�WKH�FOLSSLQJ�EORFNV��,I�WKH�OHYHO�LV�KLJK��WKH�VLJQDO�ZLOO�EH�PRUH�FOLSSHG�DQG�WKH
GLVWRUWLRQ�HIIHFW�ZLOO�KROG�HYHQ�LI�WKH�JXLWDU�LQSXW�VLJQDO�LV�QRW�VWURQJ��7KH�UHVLVWRU�5 �SUHYHQWV�WKH�VLJQDO�IURP�FRPLQJ�IURP�WKH�,QSXW�%RRVWHU�IURP�EHLQJ�FXW�
RII�ZKHQ�WKH�VXVWDLQ�SRW�LV�DW�WKH�ORZHVW�VHWWLQJ�

����&OLSSLQJ�$PSOLILHU�9ROWDJH�*DLQ�&DOFXODWLRQ�

7KH�YROWDJH�JDLQ�FDQ�EH�FDOFXODWHG�DSSO\LQJ�WKH�VLPSOLILHG�DQDO\VLV�PHWKRG�DV�LQ�WKH�,QSXW�%RRVWHU�

)LUVW�&OLSSLQJ�6WDJH��XVLQJ�WKH�IRUPXODV�RI�WKH�,QSXW�%RRVWHU����

5  �5 ��5 ��5  ���.�����.�����.� ����.��
5  �5 ��5  ����.����.� ����.��
5 � ������
5  ���.�
5 � ����.��
7KH�UHVXOWV�REWDLQHG�DUH���
%  ������.��
$  �����
7KH�9ROWDJH�*DLQ�LV�*  �$ �56� �������� �������G%���,Q�WKH�UHDO�FLUFXLW�LV�DURXQG����G%�

6HFRQG�&OLSSLQJ�6WDJH��XVLQJ�WKH�IRUPXODV�RI�WKH�,QSXW�%RRVWHU��

5  �5 ��5 ��5  ���.�����.�����.� ����.��
5  �5 ��5  ����.����.� �����.�
5 � ������
5 � ���.��
5 � ����.��
7KH�UHVXOWV�REWDLQHG�DUH��
%  ������.�
$  ������
7KH�9ROWDJH�*DLQ�LV�*  �$ �5  �������� �������G%���,Q�WKH�UHDO�FLUFXLW�LV�DURXQG����G%�

1RWH��,Q�WKH�FDOFXODWLRQ��WKH�GLRGHV�IHHGEDFN�QHWZRUN�LV�QRW�WDNHQ�LQWR�FRQVLGHUDWLRQ�EHFDXVH�LW�FRQWDLQV�ELJ�FDSDFLWRUV�& �DQG�& �ZKLFK�GLVFRQQHFW�WKH�SDWK�IRU
'&�FRQGLWLRQV��
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7KH�*DLQ�RI�WKH�VHFRQG�FOLSSLQJ�VWDJH�LV�VOLJKWO\�KLJKHU����RU���G%V��WKDQ�WKH�ILUVW�RQH��+RZHYHU��WKH�YROWDJH�JDLQ�RI�WKLV�VWDJH�ZLOO�QRW�UHDFK�VXFK�YDOXHV�DV����RU
��G%V��$V�LW�ZLOO�EH�VHHQ�LQ�WKH�QH[W�SRLQW��WKH�JDLQ�LV�OLPLWHG�E\�WKH�FOLSSLQJ�GLRGHV�DFWLRQ��7KH�RXWSXW�VLJQDO�RI�WKH�DPSOLILHUV�ZLOO�QHYHU�H[FHHG�����9�DQG�DOO
WKH�H[WUD�JDLQ�ZLOO�PRGLI\�WKH�VOHZ�UDWH�DQG�WKH�VKDSH�RI�WKH�FOLSSHG�VLJQDO��

����%LJ�0XII�3L�&OLSSLQJ�0HWKRG�

7KH�GLRGHV�' �' �DQG�' �' �LQ�WKH�FROOHFWRU�EDVH�IHHGEDFN�ORRS�RI�WKH�WUDQVLVWRUV��FOLS�WKH�VLJQDO�ZKHQ�WKH�YROWDJH�GLIIHUHQFH�EHWZHHQ�WKH�LQSXW��WUDQVLVWRU
EDVH��DQG�WKH�RXWSXW��WUDQVLVWRU�FROOHFWRU��LV�KLJKHU�WKDQ�WKH�9 �RI�WKH�GLRGH��ZKLFK�LV�DURXQG����9��6R�WKH\�ZLOO�OLPLW�WKH�VLJQDO�SHDNV�DQG�WKH�RXWSXW�VLJQDO�ZLOO
QHYHU�H[FHHG������9�

7KH�ELJ��X)�VHULHV�FDSDFLWRUV�& �DQG�& �ORFDWHG�QH[W�WR�WKH�IHHGEDFN�GLRGHV��DOORZ�WKH�$&�VLJQDO�WR�SDVV�WKURXJK�LW�DQG�EH�FOLSSHG�DQG�EORFN�WKH�'&�ELDV�YROWDJH�
.HHSLQJ�WKH�WUDQVLVWRU�RSHUDWLQJ�SRLQW�XQGLVWXUEHG��7KHVH�FDSV�GHWHUPLQH�WKH�IUHTXHQF\�EDQG�WKH�XQLW�FOLSV��(QODUJLQJ�WKLV�FDS�ZLOO�PDNH�LW�FOLS�PRUH�EDVV
KDUPRQLFV��PDNH�LW�VPDOOHU�IRU�PRUH�KLJK�HQG�FOLSSLQJ�DQG�DUFKLYLQJ�PRUH�VDWXUDWHG�WRQH��PRUH�VXVWDLQ��DQG�FRPSUHVVLRQ

����&OLSSLQJ�6WDJH�)UHTXHQF\�5HVSRQVH�

,Q�HDFK�RI�WKH�FOLSSLQJ�DPSOLILHUV��WKH�IUHTXHQF\�UHVSRQVH�LV�VLPLODU�WR�WKH�,QSXW�%RRVWHU��WDLORUHG�E\�WZR�FDSDFLWRUV��7KH�LQSXW�VHULHV�GHFRXSOLQJ�FDSV�& �&
DFWLQJ�DV�D�KLJK�SDVV�ILOWHU�DQG�UROOLQJ�RII�WKH�EDVV�EHORZ�VRPH�GHFV�RI�+]�DQG�WKH�& �& �0LOOHU�&DSDFLWRUV�DFWLQJ�DV�D�ORZ�SDVV�ILOWHU�VKDSLQJ�WKH�KLJK�IUHTXHQF\
UHVSRQVH�DQG�UROOLQJ�RII�DURXQG��.+]�

��ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�LPDJHV�WHFK�EPS�EPS�FOLSSLQJ�VWDJH�IUHTXHQF\�UHVSRQVH�SQJ��
,Q�WKH�LPDJH�DERYH��WKH�&OLSSLQJ�6WDJH�IUHTXHQF\�UHVSRQVH�LV�VKRZQ��7KH�UHG�FXUYH�LOOXVWUDWHV�WKH�RXWSXW�DIWHU�WKH�ILUVW�FOLSSLQJ��ZLWK�D�PD[LPXP�JDLQ�RI�����
G%�DQG�EDQG�OLPLWHG�ZLWK�WZR�SROHV�DW���+]�DQG�����.+]��7KH�EOXH�FXUYH�VKRZV�WKH�RXWSXW�DIWHU�WKH�VHFRQG�FOLSSLQJ��ZLWK�D�PD[LPXP�JDLQ�RI������G%��������
����� �������DQG�EDQG�OLPLWHG�ZLWK�WZR�SROHV�DW���+]�DQG�����.+]�

7KH�%03�GLVWRUWLRQ�LV�YHU\�QDUURZ�EDQGZLGWK�OLPLWHG��DWWHQXDWLQJ�KDUPRQLFV�DW���G%�GHF�RXWVLGH�WKH�SDVV�EDQG��DQG�WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�,QSXW�%RRVWHU
VLPLODU�UHVSRQVH�ZKLFK�DGGV�DQRWKHU�WZR�SROHV��DOO�IUHTXHQFLHV�EHORZ���+]��DQG�RYHU����.+]�DUH�DWWHQXDWHG���G%�GHF�

7KH�EDVLF�LGHD�LQVLGH�WKH�%LJ�0XII�3L�LV�WR�UHPRYH�WKH�KLJK�KDUPRQLFV�XVLQJ�0LOOHU�&DSDFLWRUV�WKUHH�WLPHV��LQ�4 ��4 �DQG�4 �DURXQG�����.+]DQG�UHVXOWLQJ�LQ�D
QDUURZ�IUHTXHQF\�OLPLWHG�UHVSRQVH�WKDW�DFFHQWXDWHV�WKH�ORZV�DQG�ORZ�PLGV��PDNLQJ�LW�SHUIHFW�IRU�EDVV�OHVV�EDQGV��,W�VHHPV�WKDW�JHWWLQJ�ULG�RI�LWV�RYHUGULYHQ�KLJK
HQG�LV�WKH�WULFN�WR�LQFUHDVH�WKH�VXVWDLQ�RI�WKH�JXLWDU�

°

���%LJ�0XII�3L�3DVVLYH�7RQH�&RQWURO�6WDJH�

7KH�3DVVLYH�7RQH�&RQWURO�KDV�D�VLPSOH�DQG�HIIHFWLYH�GHVLJQ��HVVHQWLDOO\�LW�LV�MXVW�D�FRPELQDWLRQ�RI�KLJK�ORZ�SDVV�ILOWHUV�WKDW�DUH�PL[HG�WRJHWKHU�E\�D�VLQJOH�OLQHDU
���.�7RQH�SRWHQWLRPHWHU��7KH�FXW�RII�SRLQWV�DUH�GHVLJQHG�VR�WKDW�WKHLU�LQWHUZHDYLQJ�HIIHFW�LQWURGXFHV�D�PLGGOH�IUHTXHQF\�VFRRS�QRWFK�DW��.+]�ZKHQ�WKH
SRWHQWLRPHWHU�LV�VHW�WR�WKH�PLGGOH�SRVLWLRQ�

��ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�LPDJHV�WHFK�EPS�ELJ�PXII�SL�Y��WRQH�FRQWURO�SQJ�

����%LJ�0XII�3L�7RQH�&RQWURO�)UHTXHQF\�5HVSRQVH�

� � � �
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� � �



)LQG�EHORZ�WKH�%03�IUHTXHQF\�UHVSRQVH��VKRZLQJ�IURP�EOXH�WR�UHG�DOO�YDOXHV�RI�WKH�WRQH�SRWHQWLRPHWHU�

��ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�LPDJHV�WHFK�EPS�EPS�WRQH�FRQWURO�SQJ�

7KH�JUHHQ�UHVSRQVH�OLQH�KDV�WKH�WRQH�SRW�VHW�DW�WKH�PLGSRLQW��HYLGHQFLQJ�WKH��.+]�VFRRS��,W�DOVR�VKRZV�WKDW�WKH�WRQH�FRQWURO�LV�QRW�DEOH�WR�DUFKLYH�D�IODW
UHVSRQVH��7KHUH�LV�DQ�RYHUDOO��G%�ORVV�DQG�DW�WKH�QRWFK��WKH�ORVV�LV�DERXW����GE�������GE�WRWDO��DW��.+]�
7KH�EOXH�DQG�UHG�FRORU�FXUYHV�KDYH�WKH�WRQH�DW�IXOO�WUHEOH�EDVV�UHVSHFWLYHO\�

���2XWSXW�6WDJH�

7KH�2XWSXW�6WDJH�LV�RQFH�DJDLQ�D�FRPPRQ�HPLWWHU�DPSOLILHU�DPS�ZKLFK�UHFRYHUV�WKH�YROXPH�ORVV�GXULQJ�WKH�SDVVLYH�WRQH�VWDFN��

��ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�LPDJHV�WHFK�EPS�ELJ�PXII�SL�Y��RXWSXW�EXIIHU�SQJ��
7KH�GHVLJQ�RI�WKLV�ODVW�VWDJH�LV�VLPSOHU�WKDQ�WKH�SUHYLRXV�RQHV��QRW�LQFOXGLQJ�UHVLVWRU�6KXQW�)HHGEDFN�RU�0LOOHU�FRPSHQVDWLRQ��7KH�IUHTXHQF\�UHVSRQVH�LV�WKHQ�IODW
DFURVV�WKH�DXGLR�EDQG�DQG�WKH�JDLQ�LV�DERXW���G%��FRPSHQVDWLQJ�WKH�ORVV�LQ�WKH�SDVVLYH�WRQH�ILOWHU�

7KH�9ROWDJH�*DLQ�LQ�WKLV�EDVLF�FRPPRQ�HPLWWHU�WRSRORJ\�LV�
*  �5 �5  �5 �5 � ���.����.� ����� ���G%

7KH�2XWSXW�LPSHGDQFH�RI�WKH�FRPPRQ�HPLWWHU�WUDQVLVWRU�VWDJH�LV�HTXDO�WR�5 � �5 � ���.�

7KH�ODVW�SDUW�RI�WKH�FLUFXLW�LV�D�VLPSOH����N�YROXPH�SRWHQWLRPHWHU�WKDW�UHJXODWHV�WKH�RXWSXW�OHYHO��

����%LJ�0XII�3L�2XWSXW�,PSHGDQFH�

7KH�SHGDO�RXWSXW�LPSHGDQFH�DOVR�GHSHQGV�RQ�WKH�YROXPH�SRWHQWLRPHWHU�SRVLWLRQ��EHLQJ�DOZD\V�OHVV�WKDQ���.�

9ROXPH�3RWHQWLRPHWHU�DW�PD[LPXP�YROXPH��= � �= �������.� ��.�DSSUR[�
9ROXPH�3RWHQWLRPHWHU�DW�PLQLPXP�YROXPH��= � �= �����.�����.� ��.�DSSUR[�

���%LJ�0XII�3L�%LDV�DQG�7RQH�5HVSRQVH�

,Q�WKH�LPDJH�EHORZ��WKH�PRVW�LPSRUWDQW�'&�ELDV�SRLQWV�DUH�VKRZQ��,W�FDQ�EH�XVHIXO�WR�WUDFH�FLUFXLW�IDLOXUHV�

9� & (� � �

& �

RXW RXW_2XWSXW�6WDJH

RXW RXW_2XWSXW�6WDJH



��ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�LPDJHV�WHFK�EPS�ELJ�PXII�SL�Y��ELDV�SQJ�

,Q�WKH�JUDSK�EHORZ�WKH�PRVW�LPSRUWDQW�VLJQDOV�DW�WKH�RXWSXW�RI�HDFK�VWDJH�DUH�VKRZQ�

��ZHE����������������KWWSV���ZZZ�HOHFWURVPDVK�FRP�LPDJHV�WHFK�EPS�EPS�ZDYHIRUPV�SQJ�

2UDQJH�6LJQDO��,W�LV�WKH�LQSXW�VLJQDO��IRU�WKLV�WHVW�D��.+]�����P9SS�JXLWDU�DOLNH�VLJQDO�LV�XVHG�

%ODFN�6LJQDO��,W�LV�WKH�RXWSXW�RI�WKH�,QSXW�%RRVWHU��MXVW�WKH�LQSXW�VLJQDO�LQYHUWHG�DQG�DPSOLILHG�����WLPHV������G%���$W�WKLV�SRLQW�LV�LPSRUWDQW�WR�PHQWLRQ
WKDW�GXH�WR�WKH�ORZ�OHYHO�YDOXH�RI�5  ��.��WKH�9 RI�WKH�WUDQVLVWRU�LV�QRW�DW�9FF�� ���9�EXW�DW��9��,W�PLJKW�FDXVH�DV\PPHWULF�FOLSSLQJ�LI�WKH�LQSXW�VLJQDO�LV
ELJJHU�WKDQ����9SS��

5HG�6LJQDO��,W�LV�WKH�RXWSXW�RI�WKH�ILUVW�&OLSSLQJ�6WDJH��WKH�SUHYLRXV�VLJQDO�LV�DPSOLILHG����G%V�DQG�WKH�DPSOLWXGH�LV�FOLSSHG�WR�����9��7KH�6XVWDLQ
SRWHQWLRPHWHU�LV�VHW�DW�PD[LPXP�YDOXH�

%OXH�6LJQDO���,W�LV�WKH�RXWSXW�RI�WKH�ILUVW�&OLSSLQJ�6WDJH��WKH�SUHYLRXV�VLJQDO�LV�DPSOLILHG����G%V�DQG�WKH�DPSOLWXGH�LV�FOLSSHG�WR�����9��$IWHU�WZR
FRQVHFXWLYH�FOLSSLQJ�VWDJHV��WKH�VKDSH�LV�PRUH�VTXDUH�RU�KDUG�

*UHHQ�6LJQDO��,W�LV�WKH�RXWSXW�DIWHU�WKH�7RQH�&RQWURO��VHW�DW�PLG�SRVLWLRQ��7KH�VLJQDO�LV�DWWHQXDWHG�DURXQG���G%V�EHFDXVH�DW��.+]�WKH�PLG�VFRRS�LV�WKHUH
DQG�WKH�VKDSH�LV�VOLJKWO\�FKDQJHG�

3LQN�6LJQDO��,W�LV�WKH�RXWSXW�VLJQDO�RI�WKH�%LJ�0XII�3L��7KH�SUHYLRXV�VLJQDO�LV�DPSOLILHG���G%V�ZLWKRXW�FKDQJHV�LQ�IUHTXHQF\��7KH�9ROXPH�SRWHQWLRPHWHU�LV
VHW�DW�PD[LPXP�YDOXH�

���5HVRXUFHV�

7KH�%LJ�0XII�3DJH��KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���ZZZ�ELJPXIISDJH�FRP����WKH�PRVW�FRPSUHKHQVLYH�VLWH�DERXW�%03�E\�.LWUDH���
)HHGEDFN�%-7�$PSOLILHU�$QDO\VLV��KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS��ZZZ�XRWHFKQRORJ\�HGX�LT�GHS�
HHH�OHFWXUHV��QG�(OHFWURQLFV�����3DUW������SGI�E\�'U��$KPHG�6DDGRRQ��
)HHGEDFN�%7-�$PSOLILHU�$QDO\VLV��KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���ZHEV�XYLJR�HV�DULR�GRFHQFLD�HDQ�)(('%$&.��SGI��E\�WKH�8QLYHUVLW\�RI
9LJR��
%03�0RGV�DQG�7ZHDNV���KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���ZZZ�FRGD�HIIHFWV�FRP���������ELJ�PXII�PRGV�DQG�WZHDNV�KWPO��
%03�4XHVWLRQV�LQ�',<DXGLR��KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���ZZZ�GL\DXGLR�FRP�IRUXPV�VROLG�VWDWH��������ZKDW�FDSDFLWRU�EDVH�
FROOHFWRU�KWPO���
%03�WRQH�&RQWURO��KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���ZZZ�PX]LTXH�FRP�ODE�WRQH��KWP��E\�$0=��
7HHPXN�.\WWDOD�6ROLG�6WDWH�*XLWDU�$PSOLILHUV
�KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���ZZZ�WKDWUD\PRQG�FRP�GRZQORDGV�VROLGVWDWHBJXLWDUBDPSOLILHUVBWHHPXBN\WWDODBY����SGI���WKH�+RO\
6FULSWXUH�

°

6\Y�ZPUJLYL�HWWYLJPH[PVU�[V�)��;VZRPU�MVY�OLSWPUN�\Z�^P[O�[OL�HY[PJSL�

����'DWDVKHHWV�

�131�7UDQVLVWRUV�

�� &�



7YL]���^LI����������������O[[WZ!��^^ �̂LSLJ[YVZTHZO�JVT�WYVJV�YH[�

5L_[���^LI����������������O[[WZ!��^^ �̂LSLJ[YVZTHZO�JVT�[\IL�ZJYLHTLY�HUHS`ZPZ�

%&����'DWDVKHHW���KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���ZZZ�GDWDVKHHWFDWDORJ�RUJ�GDWDVKHHW�PRWRUROD�%&����SGI��
�1������1�����'DWDVKHHW���KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���Z�MJY�FRP�WUHHBDPSOLILHU��1��������SGI��
%&���&�'DWDVKHHW���KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���ZZZ�GDWDVKHHWFDWDORJ�RUJ�GDWDVKHHW�PRWRUROD�%&���&�SGI��
6(�����'DWDVKHHW���KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���GDWDVKHHW�VHHNLF�FRP�3GI)LOH�6(��6(�����SGI��
�1�����'DWDVKHHW���KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS����������������aJESSURUJ�PLO�FDYLW\��1�����SGI�

6LOLFRQ�'LRGHV�

�1����'DWDVKHHW���KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���ZZZ�RXS�FRP�XV�SGI�PLFURFLUFXLWV�VWXGHQWV�GLRGH��1���%BSKLOLS�SGI��
�1�����'DWDVKHHW���KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���ZZZ�Q[S�FRP�GRFXPHQWV�GDWDBVKHHW��1����B�1�����SGI��

7KDQNV�IRU�UHDGLQJ��DOO�IHHGEDFN�LV�DSSUHFLDWHG�����

1VVTSH�:,-�<93Z�I`�(Y[PV��O[[WZ!��^LI�HYJOP]L�VYN�^LI����������������O[[W!��^^ �̂HY[PV�UL[��

0UZ[HNYHT�WOV[VZ



5L^�<WKH[LZ
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