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3DUWLDO�2YHUODS�6DPSOHV�DQG�&RPELQLQJ�,QIRUPDWLRQ

:D\QH�$��)XOOHU

6WDWLVWLFDO�/DERUDWRU\��,RZD�6WDWH�8QLYHUVLW\��86$

$%675$&7���,Q�PDQ\�VXUYH\V��GLIIHUHQW�TXDQWLWLHV�RI�LQIRUPDWLRQ�DUH�REWDLQHG�IURP�GLIIHUHQW�XQLWV���&RPPRQ�H[DPSOHV�DUH

PXOWLSOH�SKDVH�VDPSOHV��SDUWLDOO\�RYHUODSSLQJ�VDPSOHV��DQG�SDUWLDO�UHVSRQVH���(VWLPDWRUV�RI�WKH�UHJUHVVLRQ�W\SH�DUH�H[KLELWHG�IRU

VXFK�VLWXDWLRQV��ZLWK�SDUWLFXODU�DSSOLFDWLRQ�WR�ORQJLWXGLQDO�VXUYH\V���$Q�H[DPSOH�DSSOLHG�WR�WKH�1DWLRQDO�5HVRXUFHV�,QYHQWRU\�LV

GHVFULEHG�

�� ,QWURGXFWLRQ

7KH�VWXG\�RI�WKH�G\QDPLFV�RI�SRSXODWLRQV�LV�FXUUHQWO\�UHFHLYLQJ�FRQVLGHUDEOH�DWWHQWLRQ���6XFK�VWXG\

UHTXLUHV�REVHUYDWLRQV�PDGH�DW�PXOWLSOH�WLPH�SRLQWV�RQ�XQLWV�LQ�WKH�SRSXODWLRQ���6XUYH\V�GHVLJQHG

VSHFLILFDOO\�IRU�VXFK�VWXG\�LQFOXGH�WKH�6XUYH\�RI�,QFRPH�DQG�3URJUDP�3DUWLFLSDWLRQ��6,33��FRQGXFWHG

E\�WKH�8�6��&HQVXV�%XUHDX�DQG�WKH�1DWLRQDO�5HVRXUFHV�,QYHQWRU\��15,��FRQGXFWHG�E\�WKH�1DWXUDO

5HVRXUFHV�&RQVHUYDWLRQ�6HUYLFH�RI�WKH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH���7KH�15,�LV�QHDUO\�D�SXUH

SDQHO�VXUYH\�RI�FHUWDLQ�ODQG�DUHDV���:H�GHILQH�D�SXUH�SDQHO�VXUYH\�WR�EH�D�VXUYH\�LQ�ZKLFK�WKH�VDPH

XQLWV�DUH�REVHUYHG�DW�HDFK�WLPH�SRLQW�RI�D�VXUYH\�FRQGXFWHG�DW�PRUH�WKDQ�RQH�WLPH�SRLQW���$

ORQJLWXGLQDO�VXUYH\�LV�D�VXUYH\�FRQGXFWHG�DW�PRUH�WKDQ�RQH�WLPH�SRLQW�ZLWK�VRPH�XQLWV�REVHUYHG�DW�PRUH

WKDQ�RQH�WLPH�SRLQW���7KH�WHUP�ORQJLWXGLQDO�VXUYH\�LV�JHQHUDOO\�XVHG�IRU�VXUYH\V�FRQGXFWHG�DW�PRUH�WKDQ

WZR�SRLQWV�LQ�WLPH�ZLWK�PXOWLSOH�REVHUYDWLRQV�RQ�VRPH�XQLWV�SODQQHG�DV�SDUW�RI�WKH�VXUYH\�GHVLJQ�

$�URWDWLRQ�VXUYH\�LV�RQH�LQ�ZKLFK�D�XQLW�LV�REVHUYHG�IRU�D�SDUWLDO�VHW�RI�WLPH�SRLQWV�DQG�LV�QRW�REVHUYHG

IRU�WKH�UHPDLQLQJ�VHW�RI�WLPH�SRLQWV�LQ�WKH�VWXG\���7KHUH�DUH�PDQ\�ZD\V�LQ�ZKLFK�WKH�REVHUYDWLRQ

SDWWHUQ�FDQ�EH�VSHFLILHG���7KH�&DQDGLDQ�/DERU�)RUFH�6XUYH\�DQG�WKH�8�6��&XUUHQW�3RSXODWLRQ�6XUYH\

DUH�H[DPSOHV�RI�VXUYH\V�GHVLJQHG�WR�UXQ�FRQWLQXRXVO\�LQ�ZKLFK�XQLWV�URWDWH�LQWR�WKH�VDPSOH�IRU�D�IL[HG

SHULRG��RU�SHULRGV��DQG�WKHQ�SHUPDQHQWO\�URWDWH�RXW�RI�WKH�REVHUYDWLRQ�VHW�

7KHUH�H[LVW�DQ�DUUD\�RI�GHVLJQV�FRPELQLQJ�LQGLYLGXDOV�REVHUYHG�DW�VRPH�WLPH�SRLQWV�DQG�LQGLYLGXDOV

REVHUYHG�DW�DOO�WLPH�SRLQWV�RI�WKH�VWXG\�VHW�RI�WLPH�SRLQWV���7KH�VLPSOHVW�VXFK�GHVLJQ�LV�D�WZR�SKDVH

VDPSOH�LQ�ZKLFK�WKH�REVHUYDWLRQV�DW�WKH�VHFRQG�RI�WZR�WLPH�SRLQWV�LV�D�VXEVDPSOH�RI�WKRVH�REVHUYHG�DW

WLPH�RQH���7KH�ERRN�HGLWHG�E\�.DVSU]\N�HW�DO��>����@�FRQWDLQV�DQ�H[FHOOHQW�GLVFXVVLRQ�RI�YDULRXV

DVSHFWV�RI�SDQHO�VXUYH\V���'XQFDQ�DQG�.DOWRQ�>����@�DQG�6FKUHXGHU��*UHJRULH��DQG�:RRG�>����@

GLVFXVV�GLIIHUHQW�W\SHV�RI�UHSHDWHG�VXUYH\V�DQG�WKH�REMHFWLYHV�RI�VXFK�VXUYH\V�

7KH�ODUJHVW�IUDFWLRQ�RI�WKH�VXUYH\�OLWHUDWXUH�RQ�UHSHDWHG�VXUYH\V�KDV�EHHQ�GHYRWHG�WR�URWDWLQJ�VXUYH\V��

$Q�HDUO\�VWXG\�GHVFULELQJ�WKH�XVH�RI�OHDVW�VTXDUHV�WR�LQFRUSRUDWH�LQIRUPDWLRQ�IURP�D�SUHYLRXV�RFFDVLRQ

LQWR�WKH�HVWLPDWH�RI�WKH�FXUUHQW�RFFDVLRQ�LV�WKDW�RI�-HVVHQ�>����@��DOVR�VHH�&RFKUDQ�>����@���3DWWHUVRQ

>����@�LQYHVWLJDWHG�HVWLPDWLRQ�IRU�URWDWLQJ�VDPSOHV���3DWWHUVRQ·V�ZRUN�ZDV�IROORZHG�E\�D�QXPEHU�RI

DXWKRUV��LQFOXGLQJ�(FNOHU�>����@��5DR�DQG�*UDKDP�>����@��*XUQH\�DQG�'DO\�>����@��5DM�>����@��6PLWK

>����@��:ROWHU�>����@��-RQHV�>����@��+XDQJ�DQG�(UQVW�>����@��%UHDX�DQG�(UQVW�>����@��DQG�.XPDU�DQG

/HH�>����@�
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:H�VKDOO�FRPSDUH�VRPH�GHVLJQV�IRU�VWXGLHV�GLUHFWHG�WRZDUG�ORQJLWXGLQDO�G\QDPLFV���%HFDXVH�VXFK

VWXGLHV�DUH�PXOWLSOH�SXUSRVH��ZH�FDQQRW�KRSH�WR�GHYHORS�D�GHVLJQ�WKDW�LV�RSWLPDO�IRU�DOO�REMHFWLYHV���$

SDUW�RI�RXU�LQYHVWLJDWLRQ�ZLOO�EH�WR�LGHQWLI\�WKH�WUDGH�RIIV�

�� 6XSSOHPHQWHG�3DQHO�'HVLJQV

&RQVLGHU�D�VLPSOH�WKUHH�SHULRG�VXUYH\�LQ�ZKLFK�RQH�IRXUWK�RI�WKH�XQLWV�DUH�REVHUYHG�RYHU�DOO�WKUHH

SHULRGV�DQG�HDFK�RI�WKUHH�VHWV�RI�RQH�IRXUWK�RI�WKH�XQLWV�LV�REVHUYHG�RYHU�H[DFWO\�RQH�RI�WKH�WKUHH

SHULRGV���7KXV��LI�WKH�WRWDO�VDPSOH�VL]H�LV�Q��WKHQ�����Q�RI�WKH�XQLWV�DUH�REVHUYHG�DW�HDFK�WLPH�SRLQW���/HW

�<���<���<����GHQRWH�WKH�YDOXH�RI�D�FKDUDFWHULVWLF�REVHUYHG�DW�WLPHV�RQH��WZR��DQG�WKUHH��UHVSHFWLYHO\��

$VVXPH�WKDW�WKH�FRUUHODWLRQ�EHWZHHQ�REVHUYDWLRQV�DW�WLPH�L�DQG�WLPH�M�RQ�WKH�VDPH�HOHPHQW�LV�WKDW�RI�D

ILUVW�RUGHU�DXWRUHJUHVVLYH�SURFHVV�ZLWK�SDUDPHWHU� ���$VVXPH�VLPSOH�UDQGRP�VDPSOLQJ�IRU�WKH�VHOHFWLRQ'

RI�DOO�VDPSOHV�

/HW� �GHQRWH�WKH�HVWLPDWHG�PHDQ�DW�WLPH�RQH��WZR�DQG�WKUHH��RI�WKH�VDPSOH�HOHPHQWV�WKDW�\
��
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DUH�REVHUYHG�DOO�WKUHH�SHULRGV���/HW� �GHQRWH�WKH�VDPSOH�PHDQV�IRU�WKH�WKUHH�SHULRGV�IRU�\
��
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WKH�VDPSOH�HOHPHQWV�WKDW�DUH�REVHUYHG�RQFH���/HW� �GHQRWH�WKH�SRSXODWLRQ�PHDQV�IRU�WKH�
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WKUHH�SHULRGV���7KHQ�ZH�FDQ�ZULWH
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ZKHUH� �� �DQG�WKH�FRYDULDQFH�PDWUL[�RI� �LV\�
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ZKHUH� �LV�WKH�YDULDQFH�RI�D�PHDQ�RI� �REVHUYDWLRQV�� ��DQG� ���,W�IROORZV�WKDW�WKH�EHVW)� Q�� '
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OLQHDU�XQELDVHG�HVWLPDWRU�RI� �XVLQJ�WKLV�DPRXQW�RI�LQIRUPDWLRQ�LV�
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:H�FRPSDUH�WKH�FRYDULDQFH�PDWUL[�����ZLWK�WKH�FRYDULDQFH�PDWUL[�RI�D�SXUH�SDQHO�VXUYH\�LQ�ZKLFK�WKH

VDPH�����Q�XQLWV�DUH�REVHUYHG�RQ�DOO�WKUHH�SHULRGV���7KH�FRYDULDQFH�PDWUL[�IRU�WKH�SXUH�SDQHO�GHVLJQ�LV
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7DEOH���FRQWDLQV�YDULDQFHV�IRU�VHYHUDO�IXQFWLRQV�RI�PHDQV�IRU� �UDQJLQJ�IURP���WR�������UHODWLYH�WR�WKH'

FRUUHVSRQGLQJ�YDULDQFH�IRU�WKH�SXUH�SDQHO�GHVLJQ���,I�  ���WKH�YDULDQFH�RI�WKH�EHVW�OLQHDU�XQELDVHG'

HVWLPDWRU�RI�WKH�WKUHH�PHDQV�LV�WKH�YDULDQFH�RI�WKH�VLPSOH�PHDQ�DW�HDFK�SHULRG���,I�WKH�WRWDO�QXPEHU�RI

HOHPHQWV�LV�Q��WKH�YDULDQFH�DW�HDFK�WLPH�SHULRG�LV� ���,Q�WKH�UHPDLQLQJ�GLVFXVVLRQ�ZH�DVVXPH�Q 	�)�

 ����,I�REVHUYDWLRQV�RQ�WKH�VDPH�HOHPHQW�DUH�FRUUHODWHG�� g����WKH�YDULDQFH�RI�WKH�HVWLPDWHG�PHDQV)� '

IRU�WKH�VXSSOHPHQWHG�SDQHO�GHVLJQ�LV�OHVV�WKDQ��Q�����7KH�OLPLW�RI�WKH�FRUUHODWLRQ�LV�RQH���7KLV�FDQ�RFFXU

IRU�FKDUDFWHULVWLFV�VXFK�DV�WKH�DJH�RI�DQ�LQGLYLGXDO�DW�D�IL[HG�SRLQW���7KH�ORZHU�ERXQG�IRU�WKH�YDULDQFH

RI�WKH�VXSSOHPHQWHG�SDQHO�GHVLJQ�DW�  ��LV�Q���EHFDXVH�WKLV�LV�WKH�QXPEHU�RI�GLIIHUHQW�LQGLYLGXDOV�LQ�WKH'

VWXG\���&RUUHVSRQGLQJO\��WKH�OLPLW�RI�WKH�UHODWLYH�HIILFLHQF\�IRU�SHULRG�PHDQV�RI�WKH�VXSSOHPHQWHG

SDQHO��UHODWLYH�WR�WKH�SXUH�SDQHO��LV�������7KH�YDULDQFHV�RI�WKH�HVWLPDWHG�PHDQV�IRU�WKH�VXSSOHPHQWHG

SDQHO�GHVLJQ�IRU�WKH�ILUVW�DQG�ODVW�SHULRG�DUH�WKH�VDPH���7KH�YDULDQFH�RI�WKH�PLGGOH�SHULRG�LV�VRPHZKDW

VPDOOHU�EHFDXVH�WKH�PLGGOH�REVHUYDWLRQ�KDV�RQH�SHULRG�FRUUHODWLRQ�ZLWK�WKH�ILUVW�DQG�WKLUG�REVHUYDWLRQV

RQ�WKH�VDPH�HOHPHQW�

7DEOH��� 9DULDQFHV�RI�)XQFWLRQV�RI�WKH�(VWLPDWRUV�IRU�7KUHH�3HULRG�'HVLJQ�ZLWK

����1HZ�2EVHUYDWLRQV�DW�(DFK�7LPH�5HODWLYH�WR�9DULDQFHV�RI�3XUH�3DQHO�'HVLJQ
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���� ����� ����� ����� �����

,I�WKH�FRUUHODWLRQ�LV�SRVLWLYH��WKH�YDULDQFH�RI�WKH�GLIIHUHQFH�RI�WZR�PHDQV�LV�VPDOOHU�IRU�WKH�SXUH�SDQHO

VXUYH\�WKDQ�IRU�WKH�VXSSOHPHQWHG�SDQHO�GHVLJQ���$V� �DSSURDFKHV�RQH��WKH�YDULDQFH�RI�WKH�GLIIHUHQFH�RI'

WZR�PHDQV�DSSURDFKHV�]HUR�IRU�ERWK�GHVLJQV���7KXV��IRU�H[DPSOH��WKH�YDULDQFH�RI�SHULRG�WR�SHULRG

FKDQJH�IRU�WKH�SXUH�SDQHO�LV�RQO\�WZR�SHUFHQW�RI�WKH�YDULDQFH�RI�WKH�PHDQ�LI�  �������6HH�7DEOH����'

7KH�SXUH�SDQHO�GHVLJQ�KDV�DQ�HIILFLHQF\�DSSURDFKLQJ�WZLFH�WKDW�RI�WKH�VXSSOHPHQWHG�SDQHO�GHVLJQ�DV�'

DSSURDFKHV�RQH�

7DEOH��� 9DULDQFHV�RI�)XQFWLRQV�RI�0HDQV�IRU�3XUH�3DQHO�6WXG\
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7KH�URRWV�RI�WKH�FRYDULDQFH�PDWULFHV�IRU�WKH�WZR�GHVLJQV�DQG�YDULRXV�YDOXHV�RI� �DUH�JLYHQ�LQ�7DEOH����'

([FHSW�IRU�  ���WKH�VXSSOHPHQWHG�SDQHO�GHVLJQ�KDV�D�VPDOOHU�ODUJHVW�URRW�DQG�D�ODUJHU�VPDOOHVW�URRW��'



���

,I�RQH�XVHV�WKH�WUDFH�FULWHULRQ�WR�FKRRVH�D�GHVLJQ��WKHQ�RQH�ZRXOG�DOZD\V�XVH�WKH�GHVLJQ�LQ�ZKLFK�VRPH

QHZ�HOHPHQWV�DUH�REVHUYHG�DW�HDFK�WLPH�SHULRG���)RU�H[DPSOH��LI�  �����WKH�UDWLR�RI�WKH�WUDFH�RI�WKH'

FRYDULDQFH�PDWUL[�RI�WKH�SXUH�SDQHO�GHVLJQ�WR�WKDW�RI�WKH�VXSSOHPHQWHG�SDQHO�GHVLJQ�LV��������,I�  ����'

WKH�UDWLR�LV������

7DEOH��� 5RRWV�RI�&RYDULDQFH�0DWUL[�IRU�7KUHH�3HULRG�6WXG\

7\SH ' U
�

U
�

U
�

6XP

3XUH�3DQHO ���� ���� ���� ���� ����

6XSSOHPHQWHG ���� ���� ���� ����

3XUH�3DQHO ���� ���� ���� ���� ����

6XSSOHPHQWHG ���� ���� ���� ����

3XUH�3DQHO ��� ���� ���� ���� ����

6XSSOHPHQWHG ���� ���� ���� ����

3XUH�3DQHO ��� ���� ���� ���� ����

6XSSOHPHQWHG ���� ���� ���� ����

3XUH�3DQHO ��� ���� ���� ���� ����

6XSSOHPHQWHG ���� ���� ���� ����

3XUH�3DQHO ��� ���� ���� ���� ����

6XSSOHPHQWHG ���� ���� ���� ����

3XUH�3DQHO ���� ���� ���� ���� ����

6XSSOHPHQWHG ���� ���� ���� ����

7DEOH���FRQWDLQV�WKH�YDULDQFH�RI�VRPH�IXQFWLRQV�RI�PHDQV�IRU�WKH�VXSSOHPHQWHG�SDQHO�GHVLJQ�UHODWLYH�WR

WKH�SXUH�SDQHO�GHVLJQ�IRU�D�ILYH�SHULRG�VWXG\���7KH�YDULDQFHV�RI�WKH�ILUVW�SHULRG�PHDQV�DUH�VLPLODU�WR

WKRVH�RI�WKH�WKUHH�SHULRG�GHVLJQ���+RZHYHU��WKH�YDULDQFHV�RI�WKH�VHFRQG�DQG�WKLUG�SHULRG�PHDQV�DUH

FRQVLGHUDEO\�VPDOOHU�WKDQ�WKH�VHFRQG�SHULRG�PHDQ�RI�WKH�WKUHH�SHULRG�GHVLJQ���7KH�OLPLW�RI�WKH�UHODWLYH

HIILFLHQF\�IRU�WKH�PHDQV�RI�WKH�VXSSOHPHQWHG�SDQHO�UHODWLYH�WR�WKH�SXUH�SDQHO�DV� �DSSURDFKHV�RQH�LV'

������2Q�WKH�RWKHU�KDQG��WKH�OLPLW�RI�WKH�UHODWLYH�HIILFLHQF\�IRU�WKH�GLIIHUHQFH�RI�WZR�PHDQV�LV������DV�LW

ZDV�IRU�WKH�WKUHH�SHULRG�GHVLJQ�

7DEOH��� 9DULDQFHV�RI�(VWLPDWHG�0HDQV�IRU�)LYH�3HULRG�6XSSOHPHQWHG�'HVLJQ

5HODWLYH�WR�9DULDQFHV�RI�3XUH�3DQHO�'HVLJQ
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���� ����� ����� ����� ����� ����� �����

���� ����� ����� ����� ����� ����� �����

���� ����� ����� ����� ����� ����� �����

���� ����� ����� ����� ����� ����� �����

���� ����� ����� ����� ����� ����� �����
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7KH�JHQHUDO�VWUXFWXUH�RI�WKH�URRWV�RI�WKH�FRYDULDQFH�PDWUL[�RI�WKH�ILYH�PHDQV�IRU�WKH�ILYH�SHULRG�GHVLJQ

LV�VLPLODU�WR�WKDW�RI�WKH�WKUHH�SHULRG�GHVLJQ���7KH�ODUJHVW�URRW�RI�WKH�SXUH�SDQHO�GHVLJQ�LV�DOZD\V�ODUJHU

WKDQ�WKH�ODUJHVW�URRW�RI�WKH�VXSSOHPHQWHG�SDQHO�GHVLJQ���7KH�VXSSOHPHQWHG�SDQHO�GHVLJQ�DOZD\V�KDV�D

ODUJHU�VPDOOHVW�URRW�WKDQ�WKH�SXUH�SDQHO�GHVLJQ���7KH�GRPLQDQFH�RI�WKH�VXSSOHPHQWHG�SDQHO�UHODWLYH�WR

WKH�SXUH�SDQHO�GHVLJQ�ZLWK�UHVSHFW�WR�WKH�WUDFH�FULWHULRQ�LV�JUHDWHU�IRU�WKH�ILYH�SHULRG�GHVLJQ�WKDQ�IRU�WKH

WKUHH�SHULRG�GHVLJQ���7KLV�LV�D�IXUWKHU�UHIOHFWLRQ�RI�WKH�IDFW�WKDW�HVWLPDWHV�RI�SHULRG�PHDQV�DUH�EHLQJ

LPSURYHG�PRUH�WKDQ�HVWLPDWHV�RI�GLIIHUHQFHV�DUH�EHLQJ�GHJUDGHG��DV�WKH�QXPEHU�RI�SHULRGV�LV�LQFUHDVHG��

7KH�WUDFH�IRU�WKH�ILYH�SHULRG�SXUH�SDQHO�LV������DQG�WKH�WUDFHV�IRU�WKH�VXSSOHPHQWHG�SDQHO�GHVLJQ�DUH

�����������������������������������DQG������IRU�  �������������������������������������DQG������'

UHVSHFWLYHO\�

$V�D�VHFRQG�LOOXVWUDWLRQ�RI�WKH�YDULDQFH�RI�D�SDQHO�ZLWK�D�VXSSOHPHQWHG�FRPSRQHQW��FRQVLGHU�D��ð�ð�

WDEOH�FRQVWUXFWHG�IRU�D�ELQRPLDO�YDULDEOH�REVHUYHG�DW�WKUHH�SRLQWV�LQ�WLPH���:H�DVVXPH�WKDW�WKH

SUREDELOLW\�RI�EHLQJ�LQ�VWDWH�RQH�LV�����DQG�WKH�SUREDELOLW\�RI�EHLQJ�LQ�VWDWH�L�DW�WLPH�W��JLYHQ�VWDWH�L�DW

WLPH�W����LV�����IRU�ERWK�VWDWHV�]HUR�DQG�RQH���/HW

;M  � LI�VWDWH�RQH�DW�WLPH�M��IRU�M� ���������

 � RWKHUZLVH�

;��M  � LI�VWDWH�RQH�DW�WLPH���DQG�VWDWH�RQH�DW�WLPH�M��IRU�M� ������

 � RWKHUZLVH�

;�  � LI�VWDWH�RQH�DW�WLPH���DQG�VWDWH�RQH�DW�WLPH���

 � RWKHUZLVH��DQG

;�  � LI�VWDWH�RQH�DW�WLPHV������DQG���

 � RWKHUZLVH�

7KH�FRYDULDQFH�PDWULFHV�IRU�HVWLPDWRUV�FRQVWUXFWHG�ZLWK�WKH�SXUH�SDQHO�GHVLJQ�DQG�WKH�VXSSOHPHQWHG

SDQHO�GHVLJQ�DUH�JLYHQ�LQ�7DEOH�����7KH�HQWULHV�DUH�IRU�WKH�YDULDQFH�RI�D�VDPSOH�RI�VL]H�Q�DW�HDFK�WLPH

SHULRG�PXOWLSOLHG�E\�Q���7KH�VXSSOHPHQWHG�SDQHO�GHVLJQ�KDV�VPDOOHU�YDULDQFHV�IRU�WKH�WKUHH�WLPH�SHULRG

PDUJLQDOV�DQG�IRU�WKH�PDUJLQDOV�RI�WKH�DGMDFHQW���[���WDEOHV��SHULRG���DQG����DQG�SHULRG���DQG������7KH

SXUH�SDQHO�GHVLJQ�KDV�VPDOOHU�YDULDQFHV�IRU�WKH�RQH�WKUHH�VHFRQG�RUGHU�LQWHUDFWLRQ��;���DQG�WKH�WKLUG

RUGHU�LQWHUDFWLRQ��;�����)RU�WKRVH�HVWLPDWRUV�LQ�WKH�VXSSOHPHQWHG�SDQHO�GHVLJQ�ZLWK�VPDOOHU�YDULDQFHV�

WKH�FRYDULDQFHV�DUH�DOVR�VPDOOHU�WKDQ�WKRVH�RI�WKH�SXUH�SDQHO�GHVLJQ���$V�D�UHVXOW��IRU�H[DPSOH��WKH

HVWLPDWHG�FKDQJH�IURP�SHULRG�RQH�WR�SHULRG�WZR�LV�VPDOOHU�IRU�WKH�SXUH�SDQHO�GHVLJQ�WKDQ�IRU�WKH

VXSSOHPHQWHG�SDQHO�GHVLJQ�
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7DEOH��� &RYDULDQFH�0DWULFHV�IRU�$OWHUQDWLYH�'HVLJQV�IRU��ð�ð��7DEOH

&RYDULDQFH�0DWUL[�RI�3XUH�3DQHO�'HVLJQ

������ ������ ������ ������ ������ ������ ������

������ ������ ������ ������ ������ ������
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&RYDULDQFH�0DWUL[�RI�6XSSOHPHQWHG�3DQHO�'HVLJQ

������ ������ ������ ������ ������ ������ ������

������ ������ ������ ������ ������ ������

������ ������ ������ ������ ������

������ ������ ������ ������
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7KH�FKDUDFWHULVWLF�URRWV�RI�WKH�FRYDULDQFH�PDWUL[�IRU�WKH�SXUH�SDQHO�GHVLJQ�DUH

��������������������������������������������������

DQG�WKH�FKDUDFWHULVWLF�URRWV�IRU�WKH�VXSSOHPHQWHG�SDQHO�GHVLJQ�DUH

��������������������������������������������������

7KH�VXP�RI�WKH�URRWV�IRU�WKH�SXUH�SDQHO�GHVLJQ�LV�������DQG�WKH�VXP�IRU�WKH�VXSSOHPHQWHG�SDQHO�GHVLJQ

LV���������7KH�RUWKRJRQDO�OLQHDU�FRPELQDWLRQ�ZLWK�ODUJHVW�YDULDQFH�KDV�D�YDULDQFH�DERXW����SHUFHQW

VPDOOHU�IRU�WKH�VXSSOHPHQWHG�SDQHO�GHVLJQ���7KLV�OLQHDU�FRPELQDWLRQ�LV�HVVHQWLDOO\�D�VXP�RI�WKH�VHYHQ

HVWLPDWHV���7KH�UHPDLQLQJ�VL[�OLQHDU�FRPELQDWLRQV�KDYH�PXFK�VPDOOHU�YDULDQFHV�IRU�ERWK�GHVLJQV��DQG

WKH�YDULDQFHV�DUH�VPDOOHU�IRU�WKH�SXUH�SDQHO�GHVLJQ�WKDQ�IRU�WKH�VXSSOHPHQWHG�SDQHO�GHVLJQ�

�� (VWLPDWLRQ�IRU�$GGLWLRQDO�&KDUDFWHULVWLFV

,Q�WKH�SUHYLRXV�VHFWLRQ��ZH�RXWOLQHG�DQ�HVWLPDWLRQ�VFKHPH�IRU�D�YHFWRU�RI�WLPH�PHDQV�IRU�D

\�FKDUDFWHULVWLF���:KLOH�ZH�FRQVLGHUHG�D�VFDODU�\��WKHUH�LV�QR�FRQFHSWXDO�GLIILFXOW\�LQ�H[WHQGLQJ�WKH

SURFHGXUH�WR�D�YHFWRU�RI�\�FKDUDFWHULVWLFV�

,Q�WKH��ð�ð��WDEOH��WKH�YDULDEOHV�IRU�FKDQJH�LQ�FODVVLILFDWLRQ��;��;��;��;����DUH�REVHUYHG�RQO\�LQ�WKH

SDQHO�SRUWLRQ�RI�WKH�VDPSOH���:H�FRQVWUXFWHG�HVWLPDWHV�IRU�WKHVH�YDULDEOHV�XVLQJ�WKH�JHQHUDOL]HG�OHDVW

VTXDUHV�DSSURDFK���7KLV�LV�DQ�LQHIILFLHQW�FRPSXWDWLRQDO�SURFHGXUH�LI�RQH�LV�GHDOLQJ�ZLWK�PDQ\

FKDUDFWHULVWLFV���$OVR��LI�WKH�JHQHUDOL]HG�OHDVW�VTXDUHV�SURFHGXUH�LV�DSSOLHG�WR�GLIIHUHQW�VHWV�RI�YDULDEOHV

ZLWK�VRPH�RYHUODS��WKHQ�WKH�HVWLPDWHV�DUH�QRW�LQWHUQDOO\�FRQVLVWHQW���)RU�DSSOLFDWLRQV��ZH�VXJJHVW�WKH

SURFHGXUH�RI�)XOOHU�>����@���,Q�WKDW�SURFHGXUH��D�VHW�RI�YDULDEOHV�IURP�HDFK�WLPH�SHULRG�LV�FKRVHQ�DV�WKH

FRQWURO�YDULDEOHV���7KH�JHQHUDOL]HG�OHDVW�VTXDUHV�SURFHGXUH�LV�WKHQ�XVHG�WR�HVWLPDWH�WKH�PHDQV��RU�WRWDOV�

IRU�WKH�YHFWRU�RI�FRQWURO�YDULDEOHV���*LYHQ�WKH�HVWLPDWHG�FRQWURO�PHDQV��D�VHW�RI�UHJUHVVLRQ�ZHLJKWV�LV

FRQVWUXFWHG�IRU�WKH�SDQHO�SRUWLRQ�RI�WKH�VDPSOH�VXFK�WKDW
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ZKHUH�V��LV�WKH�SDQHO�SRUWLRQ�RI�WKH�VDPSOH��ZL�LV�WKH�UHJUHVVLRQ�ZHLJKW�IRU�WKH�LWK�HOHPHQW�LQ�WKH�SDQHO

SRUWLRQ��\L�LV�WKH�YHFWRU�RI�FRQWURO�YDULDEOHV�IRU�WKH�LWK�HOHPHQW��DQG� �LV�WKH�HVWLPDWHG�JHQHUDOL]HGØ�
\

OHDVW�VTXDUHV�HVWLPDWRU�RI�WKH�PHDQ�RI�\���7KH�HVWLPDWRU�RI�WKH�PHDQ�RI�D�FKDUDFWHULVWLF�]�LV
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7KLV�HVWLPDWRU�LV�D�W\SH�RI�WZR�SKDVH�HVWLPDWRU���,W�GLIIHUV�IURP�WKH�FODVVLFDO�WZR�SKDVH�HVWLPDWRU�LQ�WKDW

SRUWLRQV�RI�WKH�FRQWURO�YHFWRU�DUH�REVHUYHG�LQ�GLIIHUHQW�SDUWV�RI�WKH�ODUJH��ILUVW�SKDVH��VDPSOH���7KH

HVWLPDWRU�FDQ�DOVR�EH�ZULWWHQ
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ZKHUH� �LV�WKH�UHJUHVVLRQ�FRHIILFLHQW�IRU�WKH�UHJUHVVLRQ�RI�]�RQ�\�FRPSXWHG�IURP�V��DQG� �LVØ�
] #\
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WKH�YHFWRU�RI�HVWLPDWHG�PHDQV�EDVHG�XSRQ�WKH�SDQHO�SRUWLRQ�RI�WKH�VDPSOH���7KH�YDULDQFH�RI�WKH

DSSUR[LPDWH�GLVWULEXWLRQ�RI� �LVØ�
]
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DQG� �LV�WKH�SRSXODWLRQ�DQDORJ�RI� ���,I�WKH�HVWLPDWRU� �LV�URRW�Q�FRQVLVWHQW�IRU� �DQG�LI� �LV�
] #\
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VXFK�WKDW
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WKH�YDULDQFH�HVWLPDWLRQ�SURFHGXUH�VXJJHVWHG�E\�)XOOHU��������FDQ�EH�DSSOLHG�WR�HVWLPDWH�WKH�YDULDQFH�RI

��,I�RQH�LV�XQZLOOLQJ�WR�DVVXPH�]HUR�FRYDULDQFHV��WKHQ�D�UHSOLFDWLRQ�VFKHPH�LQ�ZKLFK�UHSOLFDWHV�DUHØ�
]

GUDZQ�IURP�WKH�HQWLUH�VDPSOLQJ�SURFHGXUH�FDQ�EH�XVHG���6HH�5DR�DQG�6LWWHU�>����@�DQG�6LWWHU�>����@�

�� 7KH�1DWLRQDO�5HVRXUFHV�,QYHQWRU\

7KH�1DWLRQDO�5HVRXUFHV�,QYHQWRU\�LV�D�VXUYH\�RI�WKH�QRQIHGHUDO�ODQG�DUHD�RI�WKH�8QLWHG�6WDWHV

FRQGXFWHG�E\�WKH�1DWXUDO�5HVRXUFHV�&RQVHUYDWLRQ�6HUYLFH�RI�WKH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH���,W�LV

D�ODUJH�VXUYH\�RI�DERXW���������SULPDU\�VDPSOLQJ�XQLWV���$�SULPDU\�VDPSOLQJ�XQLW�LV�D�VHJPHQW�RI�ODQG��

,Q�WKH�0LGZHVW��WKH�VHJPHQW�LV�����DFUHV��EXW�WKH�SULPDU\�VDPSOLQJ�XQLWV�YDU\�DFURVV�WKH�FRXQWU\���,Q

WKH�ZHVWHUQ�SDUW�RI�WKH�8�6���WKHUH�DUH�VRPH�WKDW�DUH�DV�ELJ�DV�����DFUHV��DQG��LQ�WKH�HDVW��VRPH

VHJPHQWV�DUH�RQ�WKH�RUGHU�RI�����DFUHV���:LWKLQ�WKH�SULPDU\�VDPSOLQJ�XQLW��SRLQWV�DUH�GHVLJQDWHG�IRU

REVHUYDWLRQV���7KHUH�DUH�HLWKHU�WZR�RU�WKUHH�SRLQWV�SHU�SULPDU\�VDPSOLQJ�XQLW���7KH�EDVLF�VXUYH\�KDV

EHHQ�FRQGXFWHG�LQ�HDFK�RI�WKH�\HDUV�������������������DQG�LV�FXUUHQWO\�XQGHUZD\�IRU������

,Q�������D�VDPSOH�RI�������VHJPHQWV�ZDV�VHOHFWHG�IURP�WKH���������IRU�D�VWXG\�WKDW�ZDV�FDOOHG�WKH

(URVLRQ�8SGDWH�6WXG\���7KLV�VWXG\�ZDV�D�VXEVDPSOH�RI�WKH�ODUJH�VDPSOH��EXW�WKH�SULPDU\�VDPSOLQJ�XQLWV

ZHUH�GLIIHUHQW���,Q����VWDWHV��FRXQWLHV�ZHUH�VDPSOLQJ�XQLWV�DQG�IRU����RI�WKH�VWDWHV��VWDWHV�ZHUH�SULPDU\

VDPSOLQJ�XQLWV���7KH������EDVLF�15,�VDPSOH�RI���������VHJPHQWV�DQG�WKH������VXEVDPSOH�RI������

VHJPHQWV�IRUP�D�FODVVLFDO�WZR�SKDVH�VDPSOH���,Q�WKH�ILUVW�SKDVH�VDPSOH�RI���������VDPSOLQJ�XQLWV�

YHFWRU�;�LV�REVHUYHG���,Q�WKH�VXEVDPSOH�RI�������XQLWV��DQ�H[WHQGHG�YHFWRU��;��<��LV�REVHUYHG�

$�VHFRQG�VSHFLDO�VWXG\�ZDV�FRQGXFWHG�LQ��������7KH�RULJLQDO������VDPSOH�RI�������ZDV�DXJPHQWHG�E\

DQRWKHU�������VHJPHQWV�WR�REWDLQ�D�WRWDO�RI�������VHJPHQWV���$�VSHFLDO�VWXG\�LV�XQGHUZD\�LQ������LQ
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ZKLFK�WKH������VDPSOH�KDV�EHHQ�DXJPHQWHG�E\�DQRWKHU�������VHJPHQWV���7KXV��ZH�FDQ�GLYLGH�WKH

RULJLQDO���������VHJPHQWV�LQWR�IRXU�VXEJURXSV����������DUH�REVHUYHG�RQO\�LQ�������������DUH�REVHUYHG

LQ�������������������DQG�������������DUH�REVHUYHG�LQ�������������DQG�������DQG�������DUH�REVHUYHG

LQ������DQG������

7KH�UHJUHVVLRQ�PRGHO�IRU�D�FKDUDFWHULVWLF�\�IRU�WKHVH�GDWD�LV
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ZKHUH� �LV�WKH�PHDQ�IRU�WKH�FKDUDFWHULVWLF�DW�WLPH�W�RQ�D�JURXS�RI�M������VHJPHQWV��DQG� �LV�WKH�PHDQ\
W � M

�
W

RI�\�DW�WLPH�W���,I�ZH�DVVXPH�WKDW�WKH�IRXU�VXEJURXSV�DUH�LQGHSHQGHQW�DQG�WKDW�WKH�FRUUHODWLRQ�LV�RI�WKH

DXWRUHJUHVVLYH�IRUP�ZLWK�  �����WKH�HIILFLHQF\�RI�WKH�JHQHUDOL]HG�OHDVW�VTXDUHV�HVWLPDWRU�UHODWLYH�WR'

WKH�VLPSOH�PHDQ�LV������������������DQG������IRU� �� �� �DQG� ��UHVSHFWLYHO\��
��
�
��
�
��

�
��

7KH�HVWLPDWLRQ�PHWKRG�XVHG�LQ�WKH�DFWXDO�VWXG\�ZDV�FORVHO\�UHODWHG�WR�WKH�JHQHUDOL]HG�OHDVW�VTXDUHV

SURFHGXUH�ZLWK�D�VHOHFWHG�VXEVHW�RI�FRQWURO�YDULDEOHV�DV�RXWOLQHG�LQ�6HFWLRQ���

5HIHUHQFHV

%UHDX��3��DQG�(UQVW��/�5�����������´$OWHUQDWLYH�(VWLPDWRUV�WR�WKH�&XUUHQW�&RPSRVLWH�(VWLPDWRU�µ�3URFHHGLQJV�RI�WKH�6HFWLRQ�RQ

6XUYH\�5HVHDUFK�0HWKRGV��$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��SS����������

&RFKUDQ��:�*�����������´6DPSOLQJ�7KHRU\�ZKHQ�WKH�6DPSOLQJ�8QLWV�DUH�RI�8QHTXDO�6L]HV�µ�-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO

$VVRFLDWLRQ������SS����������

'XQFDQ��*�-��DQG�.DOWRQ��*�����������´,VVXHV�RI�'HVLJQ�DQG�$QDO\VLV�RI�6XUYH\V�$FURVV�7LPH�µ�,QWHUQDWLRQDO�6WDWLVWLFDO�5HYLHZ�

����SS���������

(FNOHU��$�5�����������´5RWDWLRQ�6DPSOLQJ�µ�$QQDOV�RI�0DWKHPDWLFDO�6WDWLVWLFV������SS����������

)XOOHU��:�$�����������´$QDO\VLV�RI�5HSHDWHG�6XUYH\V�µ�6XUYH\�0HWKRGRORJ\������SS����������

)XOOHU��:�$�����������´5HSOLFDWLRQ�9DULDQFH�(VWLPDWLRQ�IRU�7ZR�3KDVH�6DPSOHV�µ�XQSXEOLVKHG�PDQXVFULSW��,RZD�6WDWH

8QLYHUVLW\��$PHV��,RZD�
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*XUQH\��0��DQG�'DO\��-�)�����������´$�0XOWLYDULDWH�$SSURDFK�WR�(VWLPDWLRQ�LQ�3HULRGLF�6DPSOH�6XUYH\V�µ�3URFHHGLQJV�RI�WKH

$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��6HFWLRQ�RQ�6RFLDO�6WDWLVWLFV��SS����������

+XDQJ��/�5��DQG�(UQVW��/�5�����������´&RPSDULVRQ�RI�DQ�$OWHUQDWLYH�(VWLPDWRU�WR�WKH�&XUUHQW�&RPSRVLWH�(VWLPDWRU�LQ�WKH

&XUUHQW�3RSXODWLRQ�6XUYH\�µ�3URFHHGLQJV�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��6HFWLRQ�RQ�6XUYH\�5HVHDUFK�0HWKRGV��SS������

����

-HVVHQ��5�-�����������´6WDWLVWLFDO�,QYHVWLJDWLRQ�RI�D�6DPSOH�6XUYH\�IRU�2EWDLQLQJ�)DUP�)DFWV�µ�,RZD�$JULFXOWXUDO�([SHULPHQW

6WDWLRQ�5HVHDUFK�%XOOHWLQ�������SS��������

-RQHV��5�*�����������´%HVW�/LQHDU�8QELDVHG�(VWLPDWRUV�IRU�5HSHDWHG�6XUYH\V�µ�-RXUQDO�RI�WKH�5R\DO�6WDWLVWLFDO�6RFLHW\��6HULHV�%�

����SS����������

.DVSU]\N��'���'XQFDQ��*�-���.DOWRQ��*��DQG�6LQJK��0�3�����������3DQHO�6XUYH\V��1HZ�<RUN��-RKQ�:LOH\�	�6RQV�

.XPDU��6��DQG�/HH��+�����������´(YDOXDWLRQ�RI�&RPSRVLWH�(VWLPDWLRQ�IRU�WKH�&DQDGLDQ�/DERU�)RUFH�6XUYH\�µ�6XUYH\

0HWKRGRORJ\�����SS�������

3DWWHUVRQ��+�'�����������´6DPSOLQJ�RQ�6XFFHVVLYH�2FFDVLRQV�ZLWK�3DUWLDO�5HSODFHPHQW�RI�8QLWV�µ�7KH�-RXUQDO�RI�WKH�5R\DO

6WDWLVWLFDO�6RFLHW\��6HULHV�%������SS����������

5DM��'�����������´2Q�6DPSOLQJ�RYHU�7ZR�2FFDVLRQV�ZLWK�3UREDELOLW\�3URSRUWLRQDWH�WR�6L]H�µ�$QQDOV�RI�0DWKHPDWLFDO�6WDWLVWLFV�

����SS����������

5DR��-�1�.��DQG�*UDKDP��-�(�����������5RWDWLRQ�'HVLJQV�IRU�6DPSOLQJ�RQ�5HSHDWHG�2FFDVLRQV�µ�-RXUQDO�RI�WKH�$PHULFDQ

6WDWLVWLFDO�$VVRFLDWLRQ������SS����������

5DR��-�1�.��DQG�6LWWHU��5�5�����������´9DULDQFH�(VWLPDWLRQ�XQGHU�7ZR�SKDVH�6DPSOLQJ�ZLWK�$SSOLFDWLRQ�WR�,PSXWDWLRQ�IRU

0LVVLQJ�'DWD�µ�%LRPHWULND������SS����������

6FKUHXGHU��+�7���*UHJRULH��7�*��DQG�:RRG��*�%�����������6DPSOLQJ�0HWKRGV�IRU�0XOWL�5HVRXUFH�)RUHVW�,QYHQWRU\��1HZ�<RUN�

-RKQ�:LOH\�	6RQV�

6LWWHU��5�5�����������´9DULDQFH�(VWLPDWLRQ�IRU�WKH�5HJUHVVLRQ�(VWLPDWRU�LQ�7ZR�SKDVH�6DPSOLQJ�µ�-RXUQDO�RI�WKH�$PHULFDQ

6WDWLVWLFDO�$VVRFLDWLRQ������SS����������

6PLWK��7�0�)�����������´3ULQFLSOHV�DQG�3UREOHPV�LQ�WKH�$QDO\VLV�RI�5HSHDWHG�6XUYH\V�µ�LQ�6XUYH\�6DPSOLQJ�DQG�0HDVXUHPHQW�

HG��1��.ULVKQDQ�1DPERRGLUL��1HZ�<RUN��$FDGHPLF�3UHVV��SS���������

:ROWHU��.�����������´&RPSRVLWH�(VWLPDWLRQ�LQ�)LQLWH�3RSXODWLRQV�µ�-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ�����

SS����������


