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UDQGRPO\� FKRVHQ� SDUWLFOHV� DW� HDFK� HSRFK�� 7KH� SURGXFW� FKDLQ� FRQVWUXFWHG� E\� WKLV�GHYLFH�

LQKHULWV� LWV�HLJHQVWUXFWXUH� IURP� WKH�PDUJLQDO� FKDLQ�� 7KHUH� LV� D� IXUWKHU� FKDLQ� GHULYHG�

IURP� WKH�SURGXFW� FKDLQ� FDOOHG� WKH� FRPSRVLWLRQ� FKDLQ� WKDW� LJQRUHV� SDUWLFOH� ODEHOV� DQG�

WUDFNV� WKH�QXPEHUV� RI� SDUWLFOHV� LQ� WKH� YDULRXV� VWDWHV�� 7KH� FRPSRVLWLRQ� FKDLQ� LQ� WXUQ�

LQKHULWV� LWV�HLJHQVWUXFWXUH� DQG� YDULRXV� SURSHUWLHV� VXFK� DV� UHYHUVLELOLW\� IURP� WKH�SURGXFW�
FKDLQ�� 7KH� HTXLOLEULXP� GLVWULEXWLRQ� RI� WKH�FRPSRVLWLRQ� FKDLQ� LV�PXOWLQRPLDO�� 7KH� FXUUHQW�

SDSHU� SURYHV� WKHVH� IDFWV� LQ� WKH�ZHOO�NQRZQ� IUDPHZRUN� RI� VWDWH� OXPSLQJ� DQG� LGHQWLILHV�

WKH� FROXPQ� HLJHQYHFWRUV� RI� WKH� FRPSRVLWLRQ� FKDLQ� ZLWK� WKH�PXOWLYDULDWH� .UDZWFKRXN�

SRO\QRPLDOV� RI�*ULIILWKV�� 7KH� DGYDQWDJHV� RI� NQRZLQJ� WKH� IXOO� VSHFWUDO� GHFRPSRVLWLRQ�
RI� WKH� FRPSRVLWLRQ� FKDLQ� LQFOXGH� �D�� GHWDLOHG� HVWLPDWHV� RI� WKH� UDWH� RI� FRQYHUJHQFH� WR�

HTXLOLEULXP�� �E�� FRQVWUXFWLRQ� RI�PDUWLQJDOHV� WKDW�DOORZ� FDOFXODWLRQ� RI� WKH�PRPHQWV� RI� WKH�

SDUWLFOH� FRXQWV�� DQG� �F�� H[SOLFLW� H[SUHVVLRQV� IRU�PHDQ� FRDOHVFHQFH� WLPHV� LQ�PXOWL�SHUVRQ�
UDQGRP� ZDONV�� 7KHVH� SRVVLELOLWLHV� DUH� LOOXVWUDWHG� E\� DSSOLFDWLRQV� WR�(KUHQIHVW� FKDLQV�� WKH�

+RDUH� DQG� 5DKPDQ� FKDLQ�� .LPXUD
V� FRQWLQXRXV�WLPH� FKDLQ� IRU�'1$� HYROXWLRQ�� D� OLJKW�
EXOE� FKDLQ�� DQG� UDQGRP� ZDONV� RQ� VRPH� VSHFLILF� JUDSKV��

.H\ZRUGV�� 2UWKRJRQDO� SRO\QRPLDO�� .UDZWFKRXN� SRO\QRPLDO�� (KUHQIHVW� FKDLQ�� LQKRPR�

JHQHRXV� 0DUNRY� FKDLQ�� FRDOHVFHQW� WLPH�� UDQGRP� ZDON�� FRQYHUJHQFH� UDWH�

�����0DWKHPDWLFV�6XEMHFW�&ODVVLILFDWLRQ��3ULPDU\���-���

6HFRQGDU\���-������-������-���

��� ,QWURGXFWLRQ�

0DQ\� FODVVLFDO�0DUNRY� FKDLQV� DUH� VSHFLDO� FDVHV� RI�ZKDW�ZH� SUHIHU�WR�FDOO� FRPSRVLWLRQ�
FKDLQV��$� FRPSRVLWLRQ� FKDLQ�IROORZV�WKH�IDWH�RI� SDUWLFOHV�� ,I�HDFK�SDUWLFOH�FDQ�RFFXS\�RQH�RI�
G� VWDWHV�WKHQ�WKH�FRPSRVLWLRQ� FKDLQ�UHFRUGV�WKH�QXPEHU�RI�SDUWLFOHV� ?������� Q"� LQ�HDFK�RI�WKH�
G� VWDWHV��,Q�QXPEHU�WKHRU\�D�FRPSRVLWLRQ�RI�D�SRVLWLYH� LQWHJHU� LQWR�G�SDUWV�LV�D�UHSUHVHQWDWLRQ�
 Q?�?�9QG�� ZKHUH� WKH�RUGHU�RI�WKH�QRQQHJDWLYH�VXPPDQGV�LV�LPSRUWDQW��7KH� FRPSRVLWLRQ�

FKDLQ�KDV� ��VWDWHV��,Q�WKLV�SDSHU�
ZH� UHODWH�WKH�XSSHU�SURGXFW�FKDLQ�ZLWK� GLVWLQJXLVKDEOH�

SDUWLFOHV� DQG�GQ� VWDWHV�WR�WKH�ORZHU�FRPSRVLWLRQ� FKDLQ�� 2XU� SULPDU\�JRDO� LV�WR�WUDQVIHU�WKH�

HLJHQVWUXFWXUH�RI�WKH�XSSHU�SURGXFW�FKDLQ�WR�WKH�FRPSRVLWLRQ� FKDLQ��7KH� QDWXUDO�DVVXPSWLRQ� LQ�

PDQ\� DSSOLFDWLRQV� LV�WKDW�DOO�SDUWLFOHV�HYROYH� LQGHSHQGHQWO\�DFFRUGLQJ� WR�D�FRPPRQ� WUDQVLWLRQ�

SUREDELOLW\�PDWUL[� �NHUQHO��0�� ZKLFK�� LQVSLUHG�E\�DSSOLFDWLRQV� IURP�JHQHWLFV��ZH� WHUP�WKH�

5HFHLYHG� ��$SULO� ������ UHYLVLRQ� UHFHLYHG� ��'HFHPEHU� ������
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0XOWLQRPLDO� 0DUNRY� FKDLQV� ����

PXWDWLRQ�NHUQHO�� ,Q�VRPH�DSSOLFDWLRQV� LW�LV�PRUH� FRQYHQLHQW� WR�PRYH� D� UDQGRP�VXEVHW�RI�WKH�

SDUWLFOHV�DW�HDFK� VWHS�ZKLOH� OHDYLQJ�WKH�UHPDLQLQJ�SDUWLFOHV�IL[HG�� ,I�V� LV�DQ� LQWHJHU�EHWZHHQ� ��
DQG�Q�� WKH�VLPSOHVW�YHUVLRQ�RI�WKLV�VWUDWHJ\�PRYHV� V�UDQGRPO\�VHOHFWHG�SDUWLFOHV� DW�HDFK� VWHS��
7KH� FDVH� LQ�ZKLFK� V� � FRUUHVSRQGV� WR�PRYLQJ� DOO�SDUWLFOHV��5HJDUGOHVV� RI�WKH�FKRLFH� RI�V��WKH�

HTXLOLEULXP�GLVWULEXWLRQ�RI�WKH�ORZHU�FKDLQ� LV�PXOWLQRPLDO��
7KH� FRXQW�PDS� IURP�WKH�XSSHU�FKDLQ� WR�WKH�ORZHU�FKDLQ� LPSOHPHQWV�D� VSHFLDO� FDVH� RI�VWDWH�

OXPSLQJ�SUHYLRXVO\�GHVFULEHG� LQ�WKH�OLWHUDWXUH�>�@��>��@��:LWK� DGHTXDWH� V\PPHWU\��WKH�OXPSHG�
VWDWHV�IXQFWLRQ�DV�QHZ�VWDWHV�RI�WKH�ORZHU�FKDLQ��:H� EULHIO\�UHYLHZ�OXPSLQJ�DQG�GHPRQVWUDWH�LWV�
UHOHYDQFH� LQ�WUDQVIHUULQJ�HLJHQYDOXHV� DQG�HLJHQYHFWRUV��FDOFXODWLQJ�SRZHUV�RI�WKH�NHUQHO�RI�WKH�

OXPSHG�FKDLQ��DQG�JHQHUDWLQJ�PDUWLQJDOHV�� ,Q�SXUVXLQJ� WKHVH�JRDOV��ZH� FODULI\�WKH�P\VWHULRXV�
QDWXUH�RI�WKH�PXOWLYDULDWH�.UDZWFKRXN� SRO\QRPLDOV� RI�*ULIILWKV�>�@��2XU� DSSOLFDWLRQV� LQFOXGH�
WKH�(KUHQIHVW�FKDLQ�DQG� LWV�JHQHUDOL]DWLRQV��*LEEV� VDPSOLQJ� >��@��WKH�UHFHQW�+RDUH� DQG�5DKPDQ�
FKDLQ� >��@�� WKH�OLJKW�EXOE�PRGHO� RI�5DR� HW�DO�� >��@��DQG� WKH�FRDOHVFHQFH� SUREOHP�RI�7LDQ� DQG�
/LX� >��@�� )XUWKHU�H[SORLWDWLRQ�RI� WKH�OXPSLQJ�SDUDGLJP�PD\� EH�SRVVLEOH�� ZH�PHQWLRQ� VRPH�
UHOHYDQW�RSHQ�SUREOHPV� LQ�WKH�GLVFXVVLRQ��

7KH� UHDGHU�VKRXOG�NHHS� LQ�PLQG� WKUHH�NH\� WKUHDGV�LQ�RXU�H[SRVLWLRQ�� )LUVW��WKH�HTXLOLEULXP�
GLVWULEXWLRQ�RI�WKH�FRPSRVLWLRQ� FKDLQ� LV�PXOWLQRPLDO�ZLWK�FHOO�SUREDELOLWLHV�GHWHUPLQHG�E\�WKH�

HTXLOLEULXP�GLVWULEXWLRQ�RI�WKH�PXWDWLRQ�NHUQHO�0�� 6HFRQG��PXFK� RI�WKH�WKHRU\�FDUULHV�RYHU�
WR�FRQWLQXRXV�WLPH� FKDLQV�� $V� ZH� JR��ZH� ZLOO� LQGLFDWH� WKH�QHFHVVDU\� DPHQGPHQWV�� 7KLUG��
.URQHFNHU� �WHQVRU��SURGXFWV� DQG�PDWUL[� FRPPXWDWLYLW\�SOD\� LPSRUWDQW�UROHV� LQ�VLPSOLI\LQJ�
FDOFXODWLRQV��

���%DFNJURXQG� RQ� OXPSHG�0DUNRY� FKDLQV�

&RQVLGHU� WZR�0DUNRY� FKDLQV�ZLWK� VWDWH�VSDFHV� &� DQG�&�� 7KH� VHFRQG� �ORZHU�� FKDLQ� LV�
HPEHGGHG� LQ�WKH�ILUVW��XSSHU��FKDLQ�E\�D�PDS� �� ��&� �!� &�� 7KLV�PDS� SDUWLWLRQV�WKH�VWDWHV�LQ�&�
LQWR�HTXLYDOHQFH� FODVVHV� XQGHU�WKH�HTXLYDOHQFH� UHODWLRQ���a� M�ZKHQ� I�L��  � I�M��� ,I�  �

�W"M��
GHQRWHV� WKH�NHUQHO�RI�WKH�XSSHU�FKDLQ�WKHQ�LW�LV�QDWXUDO�WR�GHILQH�WKH�NHUQHO�RI�WKH�ORZHU�FKDLQ�WR�
KDYH� HQWULHV�


��"�"��
 � A
�

)RU� WKH�OXPSLQJ�WR�EH�SUREDELOLVWLFDOO\� FRQVLVWHQW��LW�LV�QHFHVVDU\� DQG�VXIILFLHQW�WKDW�

WLN� � WON�IRU�D����A� /�
N�M� NaM�

7KLV� FRQGLWLRQ� LV�VDWLVILHG�RQO\�E\�FKDLQV�ZLWK� D� VSHFLDO� VWUXFWXUH�ZKLFK� LQFOXGH� WKH�SURGXFW�
FKDLQV� VWXGLHG�LQ�6HFWLRQ� ��� ,W�LV�RIWHQ�KHOSIXO�WR�UHVWDWH�WKLV�FULWHULRQ�DV�

ZKHUH�T����� LV�WKH�QXPEHU�RI�VWDWHV�HTXLYDOHQW� WR����7KH� VHW�RI�NHUQHOV�WKDW�VDWLVI\�WKH�FRQVLVWHQF\�
FRQGLWLRQ� LV�FOHDUO\� D� FRQYH[� FRPSDFW� VHW�� $� GLVWULEXWLRQ�X�RQ� WKH�XSSHU� FKDLQ� LQGXFHV� D�
GLVWULEXWLRQ�Z�RQ� WKH�OXPSHG�FKDLQ�DFFRUGLQJ� WR�
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0LQGIXO� RI�WKHVH�FRQYHQWLRQV��ZH� VWDWH�VHYHUDO�IDFWV��7KH� UHDGHU�FDQ�HDVLO\� VXSSO\�WKHLU�SURRIV�
RU�FRQVXOW�WKH�UHIHUHQFHV�>�@��>��@��RU� >��@�IRU�SURRIV��

)DFW� ��� 6XSSRVH� WKDW� LV�DQ� HLJHQYDOXH� RI�WKH�XSSHU� FKDLQ�ZLWK�URZ�HLJHQYHFWRU�X�� 7KHQ�
LV�DQ� HLJHQYDOXH� RI�WKH�ORZHU�FKDLQ�ZLWK�URZ�HLJHQYHFWRU�X�ZKRVH� FRPSRQHQWV�DUH�GLVSOD\HG�

)DFW� ��� 7KH� ORZHU�FKDLQ� LV�LUUHGXFLEOH� LI�WKH�XSSHU�FKDLQ� LV�LUUHGXFLEOH�� ,W�LV�DSHULRGLF� LI�WKH�

XSSHU�FKDLQ� LV�DSHULRGLF��

)DFW� ��� ,I�WKH�XSSHU�FKDLQ� LV�UHYHUVLEOH�ZLWK�VWDWLRQDU\�GLVWULEXWLRQ� WKHQ�WKH�ORZHU�FKDLQ� LV�
UHYHUVLEOH�ZLWK� LQGXFHG�VWDWLRQDU\�GLVWULEXWLRQ� ��

)DFW� ��� 7KH�PDS� "� L�!�Z�RQ�SUREDELOLW\�GLVWULEXWLRQV�VDWLVILHV�WKH�FRQWUDFWLRQ� LQHTXDOLW\� __�Z�"�

,,WY��� ??X�
"�

Y??M\�IRU� WKH�WRWDO�YDULDWLRQ�QRUPV�RQ� WKH�XSSHU�DQG� ORZHU�VWDWH�VSDFHV��

6RPH� RI�WKHVH�FRQFHSWV� FDQ�EH� UHSKUDVHG�XVLQJ� VLPSOH� LGHDV�IURP�OLQHDU�DOJHEUD� >�@�� >��@��
/HW�  �

�SLM�� EH� WKH�SURMHFWLRQ�PDWUL[� WDNLQJ�D�URZ�YHFWRU�LQGH[HG�E\�WKH�HQWULHV�RI�&� WR�D�URZ�
YHFWRU�LQGH[HG�E\�WKH�HQWULHV�RI�&�� +HUH� S"M�

 � ��LI������  � M� DQG���RWKHUZLVH��7KH� DYHUDJLQJ�
PDWUL[�/�  � �O� UHYHUVHV�SURMHFWLRQ�DQG�OLIWV�D�URZ�YHFWRU�LQGH[HG�E\�WKH�HQWULHV�RI�&� WR�D�URZ�

YHFWRU� LQGH[HG�E\�WKH�HQWULHV�RI�&�� WKXV������
 �

TII[�LI�I�M��
 � L�DQG���RWKHUZLVH��7KH� SDLU�RI�

PDWULFHV� DQG�/� VDWLVILHV�WKH�HTXDWLRQ�/3�  � ���ZKHUH� ��LV�WKH�LGHQWLW\�PDWUL[��:H� FDQ� VKRZ�
WKDW�/�  � �373���37E\� QRWLQJ�WKDW� KDV�RUWKRJRQDO�FROXPQV� DQG�KHQFH� IXOO�FROXPQ� UDQN��
$Q� HDV\�FDOFXODWLRQ� WKHQ�VKRZV� WKDW��373�� LV�GLDJRQDO�ZLWK�GLDJRQDO� HQWU\�T"�FRUUHVSRQGLQJ�
WR�VWDWH�L�J�&�� 7KH� UHPDLQLQJ�VWHSV�SURYLQJ�WKDW�/� � �373�aO� 37� DUH�VWUDLJKWIRUZDUG��7KH�
PDWUL[�SURGXFW�3/� HTXDOV� WKH�RUWKRJRQDO�SURMHFWLRQ�3�373�aO� 37��

)DFW� ��� 7KH�NHUQHO�RI�WKH�ORZHU�FKDLQ� LV� � � /7� 3�� )URP� OHIW�WR�ULJKW��WKLV�SURGXFW� UHDGV� OLIW��
WUDQVLWLRQ��DQG�SURMHFW�� 7KH�FRUUHVSRQGLQJ� U�VWHS�NHUQHO�LV�

� � /7U�3��

)DFW� ��� 7KH� FRQVLVWHQF\�FRQGLWLRQ� ���� LV�D�GLVJXLVHG�IRUP�RI�WKH�LGHQWLW\� /7�  � 73��

)DFW� ���$OO� HLJHQYDOXHV� RI�WKH�ORZHU�FKDLQ�DUH�UHDOL]HG�E\�SURMHFWLQJ� URZ�HLJHQYHFWRUV�IURP�WKH�
XSSHU�FKDLQ� WR�WKH�ORZHU�FKDLQ��

)DFW� ���:H�FDQ� OLIW�FROXPQ�HLJHQYHFWRUV�IURP�WKH�ORZHU�FKDLQ�WR�WKH�XSSHU�FKDLQ�� ,I7X�  � $Z�
WKHQ�VHWWLQJ�X� � 3X� \LHOGV�7X�  � ;X��

0DQ\� OXPSLQJV�DUH�JHQHUDWHG�E\�JURXS�DFWLRQV� >�@�� >�@��/HW� WKH�JURXS�*� DFW�RQ� WKH�VWDWH�

VSDFH�&� RI�D�0DUNRY� FKDLQ�ZLWK�NHUQHO� ��7KH� SHUPXWDWLRQ�JURXS�RQ� ^������� P@� LV�RIWHQ�WKH�
UHOHYDQW� JURXS��

)DFW� ��� 6XSSRVH� WKDW�  �
WJLWJM�IRU�DOO�J� H�*� DQG� WKDW�L�

a� ��LI�DQG�RQO\�LI�JL� � ,�IRU� VRPH�J��
7KHQ� WKH�RUELW�VSDFH�&� XQGHU�*�IRUPV�D� OXPSHG�FKDLQ�IURP�WKH�FKDLQ�&�ZLWK�NHUQHO� ��

,Q�SUDFWLFH��PDQ\�FKDLQV�DUH�UHYHUVLEOH�� ,I�D�FKDLQ�KDV�NHUQHO� DQG�HTXLOLEULXP�GLVWULEXWLRQ� ��
WKHQ�GHWDLOHG� EDODQFH� LV�HTXLYDOHQW� WR�WKH�V\PPHWU\�RI� WKH�PDWUL[�'7'���� ZKHUH�'� LV�WKH�

GLDJRQDO�PDWUL[� GLDJ&9A)��� 7DNLQJ� WKH�VSHFWUDO�GHFRPSRVLWLRQ� '7'aO�  � 8778� \LHOGV�
D�PDWUL[�9�  � 8'� ZKRVH� URZV�DUH� WKH�URZ�HLJHQYHFWRUV� RI� ��7KHVH� URZV�YO� VDWLVI\�WKH�

RUWKRJRQDOLW\�UHODWLRQV�
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DQG�FRQVWLWXWH�D�EDVLV� RI�WKH�+LOEHUW� VSDFH� ��+HUH� ��̂�`�LV�WKH�LQGLFDWRU�IXQFWLRQ��7KH� FROXPQ�

HLJHQYHFWRUV�DUH�WKH�FROXPQV�RI�WKH�PDWUL[�

:�  � '�^87�  � 'aO'aO97�  �
GLDJ��U���97��

7KXV�� D� WULYLDO�UHVFDOLQJ�DOORZV� XV� WR�SDVV� IURP�URZ�HLJHQYHFWRUV� WR�FROXPQ� HLJHQYHFWRUV��RU�
YLFH�YHUVD��7KH� FROXPQ�HLJHQYHFWRUV� VDWLVI\�WKH�RUWKRJRQDOLW\�FRQGLWLRQ�

�:?�Z-�Q� � �ZL�7'�ZM�  � YL'��'�'a��YM�7�  � L�'���\�7�  �
?^L M`��

,W�LV�D� VKRUW�VWHS�IURP�WKHVH�REVHUYDWLRQV� WR�VKRZ� WKDW�WKH�URZ�DQG�FROXPQ� HLJHQYHFWRUV� DUH�

ELRUWKRJRQDO�DQG�WKDW�WKH�NHUQHO�FDQ�EH�ZULWWHQ�DV� WKH�VXP�  �
A"�

��
���ZKHUH� \��LV�WKH�LWK�

GLDJRQDO� HQWU\�RI� ��,Q�JHQHUDO��7N� � -�L�<LZO� YO�
"�

7KH� HLJHQYDOXHV� DQG�HLJHQYHFWRUV�RI�D�UHYHUVLEOH�HUJRGLF�FKDLQ�GHWHUPLQH�KRZ� IDVW�LW�FRQ�

YHUJHV�WR�HTXLOLEULXP� VWDUWLQJ�IURP�DQ� LQLWLDO�GLVWULEXWLRQ� >�@��

)DFW� ���� 7KH� GLVWDQFH�IURP� HTXLOLEULXP� LQ�
�A�

ERXQGV� WKH�WRWDO�YDULDWLRQ� GLVWDQFH�IURP�
HTXLOLEULXP� LQ�WKH�VHQVH� WKDW�

__� ��� __� ��
???�

��
??��� ��

)DFW� ���� ,I�WKH�HLJHQYDOXHV� DUH�DUUDQJHG� VR� WKDW�WKH�VHTXHQFH� _\"�_�LV�GHFUHDVLQJ� WKHQ�ZH� KDYH�
WKH�FKL�VTXDUH� ERXQG�

A�A� "�" � \I���
�� ����

 �
"\I>�0��X!

@��

�� "??�
��

???���

)RU�REYLRXV� UHDVRQV�� ??"7N�
"�

??A�
LV�FDOOHG� WKH� ��GLVWDQFH� IURP�HTXLOLEULXP��

2XU�ILQDO�IDFW�JLYHV�D�VXIILFLHQW�FRQGLWLRQ�IRU�WKH�SUHVHUYDWLRQ�RI�RUWKRJRQDOLW\��7KH� FRQGLWLRQ�

VXJJHVWV�WKDW�ZH� VKRXOG� ORRN�IRU�HLJHQYHFWRUV� WKDW�UHVSHFW�WKH�HTXLYDOHQFH� UHODWLRQ�LQGXFHG�E\�
OXPSLQJ��

)DFW� ����$� URZ�YHFWRU� RQ� WKH�XSSHU�FKDLQ� LV�LQYDULDQW�RQ� HTXLYDOHQFH� FODVVHV� LI�DQG� RQO\�
LI�Y3/�  � Y�� ,I�WKH�HTXLOLEULXP�GLVWULEXWLRQ� DQG� WZR�URZ�YHFWRUV� DQG�Z� DUH� FRQVWDQW�RQ�

HTXLYDOHQFH� FODVVHV�� WKHQ�

^Y��Z�L�Q�
 � �� �� �� ����

)RU� WKH�PRVW� SDUW��WKH�VDPH�IDFWV�KROG� IRU�FRQWLQXRXV�WLPH�0DUNRY� FKDLQV� LI�ZH� VXEVWLWXWH�
LQILQLWHVLPDO�JHQHUDWRUV� IRU�WUDQVLWLRQ�SUREDELOLW\�NHUQHOV�� 7KH� YDOLGLW\�RI� WKH�FRQVLVWHQF\�
FRQGLWLRQ�������IRU�WKH�RII�GLDJRQDO�HQWULHV�RI�WKH�LQILQLWHVLPDO�JHQHUDWRU�LV�HTXLYDOHQW� WR�LWV�YDOLGLW\�
IRU�WKH�IXOO�LQILQLWHVLPDO�JHQHUDWRU��VLQFH�DOO�URZ�VXPV�RI�WKH�LQILQLWHVLPDO�JHQHUDWRU�DUH����7KH�

SDUW�RI�)DFW� ��GHDOLQJ�ZLWK� DSHULRGLFLW\� LV�QR� ORQJHU�SHUWLQHQW��)DFW� ��UHDGV�H�
�
 � /HA3��

ZKHUH� DQG� �DUH�WKH�XSSHU�DQG� ORZHU�LQILQLWHVLPDO�JHQHUDWRUV��)DFW� ���UHDGV�

??�H�
��

??���
 �
A"� ^�A� `��

�� ��
@�?��

 �
@�

"� ^���� `>��
�� Q�ZM@��

�	� ^�� �� `??�
��

??���� ��
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ZKHUH� ���� �� LV�WKH�VHFRQG� ODUJHVW�HLJHQYDOXH� RI�D�UHYHUVLEOH�FKDLQ�ZLWK�HTXLOLEULXP�GLVWULEX�

WLRQ� ��7KH� ELRUWKRJRQDO� UHSUHVHQWDWLRQ�
 � <L�

��\O�OHDAV� W��WQH�FRPSDFW� IRUPXOD�

4WQ�B�AH[SI\AMA9�
 �
AH[S^\�L`X��X��7GLDJ��7�� ����

L� L�

IRU�WKH�ILQLWH�WLPH�WUDQVLWLRQ�SUREDELOLW\�PDWUL[��

���/XPSLQJ� RI�SURGXFW�0DUNRY� FKDLQV�

,Q�GHDOLQJ�ZLWK� WKH�XSSHU�0DUNRY� FKDLQ� JHQHUDWLQJ� D� FRPSRVLWLRQ�0DUNRY� FKDLQ�� LW�LV�
FRQYHQLHQW� WR�OLVW�WKH�&DUWHVLDQ� SURGXFW� VWDWHV�LQ�WKH�XSSHU�FKDLQ� LQ�GLFWLRQDU\�RUGHU��:KHQ�
WKH�SDUWLFOHV�PRYH� LQGHSHQGHQWO\�DQG� VLPXOWDQHRXVO\� �V� � Q��� WKLV�FKRLFH� DOORZV� XV� WR�ZULWH�
WKH�SURGXFW�NHUQHO�DV� WKH�WHQVRU�SURGXFW�0� �� "�"�"���0�� ,I� LV�WKH�HTXLOLEULXP�GLVWULEXWLRQ�IRU�D�

VLQJOH�SDUWLFOH�WKHQ� �� "�"�"��� LV�WKH�HTXLOLEULXP�GLVWULEXWLRQ�IRU�WKH�XSSHU�FKDLQ��7KH� WHQVRU�

SURGXFW�PXOWLSOLFDWLRQ� UXOH�

�� �� "�"�"��� ��� �� "�"�"��� �� � ��0�� �� "�"�"��� �� �� � �� "�"�"���

VKRZV�KRZ� WKHVH�FRQYHQWLRQV�PHOG� SHUIHFWO\��,I�ZH� WDNH�V��� WKHQ�WKH�NHUQHO�0V� RI�WKH�XSSHU�
FKDLQ�FDQ�EH�UHSUHVHQWHG�DV�D�FRQYH[�FRPELQDWLRQ�RI�.URQHFNHU� SURGXFWV��/HW�0V� EH� WKH�WHQVRU�

SURGXFW�PDWUL[�ZLWK�0� LQVHUWHG�LQ�WKH�VORWV�FRUUHVSRQGLQJ� WR�WKH�HOHPHQWV�RI�WKH�VHW�6� DQG� WKH�

LGHQWLW\�PDWUL[� ,� LQVHUWHG�LQ�WKH�UHPDLQLQJ�VORWV�� )RU� H[DPSOH��ZLWK�  � ��DQG�6� � ^���`��
0V�  � 0� �� ����0�� ,Q�WKLV�QRWDWLRQ�ZH� KDYH�

��
����
�

�V��
���

A�  �F�_� [A0V�� ����
?6? V�

/XPSLQJ� FDQ�EH� DSSURDFKHG� IURP�WZR�GLUHFWLRQV��$� SHUPXWDWLRQ� RQ� ^��� ����� Q@� WDNHV�D�
YHFWRU�X?�"� "�"�"��� XQ�LQWR�WKH�YHFWRU�X*A?����

"�"�"�"� "� �"���7KLV� JURXS�DFWLRQ� LV�FRPSDWLEOH�ZLWK�

OXPSLQJ�DQG� VDWLVILHV�WKH�FRQVLVWHQF\�FRQGLWLRQ� ����EHFDXVH�0V� LV�GHILQHG�V\PPHWULFDOO\�RYHU�
DOO� VXEVHWV�6� RI�VL]H�V�� 7KH� VDPH�FRQFOXVLRQ� FDQ�EH� UHDFKHG�ZLWKRXW� LQYRNLQJ�JURXS�DFWLRQV�

E\�REVHUYLQJ� WKDW�FRQVLVWHQF\� LV�REYLRXV� IRU�V� � ��,I�V��� "�� FRQVLGHU� D� VXEVHW�6� RI�VL]H� V��
6LQFH� WKH�FRXQWV�FRQWULEXWHG�E\�WKH�SDUWLFOHV�RXWVLGH�6�GR�QRW�FKDQJH�RQ�DSSOLFDWLRQ�RI�0V�� IRU�
DOO� LQWHQWV�WKH�SURRI�RI� OXPSDELOLW\�RI�0V� UHGXFHV� WR�WKH�FDVH� LQ�ZKLFK� V� � ��)LQDOO\�� VLQFH�
WKH�VHW�RI� OXPSDEOH�NHUQHOV� LV�FRQYH[�� OXPSDELOLW\�KROGV� IRU�0V� DV�ZHOO��:H� VWUHVV�WKDW�PRUH�

FRPSOLFDWHG�NHUQHOV�DOVR� OHDG�WR�OXPSDELOLW\��
$FFRUGLQJ� WR�)DFW����WKH�FRPSRVLWLRQ� FKDLQ� LV�HUJRGLF� �LUUHGXFLEOH�DQG�DSHULRGLF��ZKHQHYHU�

0� V�LV�HUJRGLF�� ,Q�JHQHUDO��D�FKDLQ�ZLWK�NHUQHO� LV�HUJRGLF� LI�DQG�RQO\� LI�VRPH�SRZHU�.U� KDV�
DOO�HQWULHV�SRVLWLYH�� 6XSSRVH� WKDW�WKH�PXWDWLRQ�PDWUL[�0� LV�HUJRGLF�ZLWK�SRVLWLYLW\�H[SRQHQW�U��

%\� FRQVLGHULQJ� VXFFHVVLYH� VXEVHWV� 6�  � ^PV� �� ��� ����� �P��� O�V`�� ZH� FDQ� GHPRQVWUDWH� WKDW�� IRU�

VXIILFLHQWO\�ODUJH�N��0A� H[FHHGV� D�SRVLWLYH�PXOWLSOH� RI�0N^� �� "�"�"���0NQ��ZKHUH� HDFK�N?�!� U��

7KXV��0V� LV�HUJRGLF�ZKHQHYHU�0� LV�HUJRGLF��
%HFDXVH� �� �"""�� �� �� � �� �� "�"�"��� ���WKH�XSSHU�FKDLQ�KDV� WKH�SURGXFW�HTXLOLEULXP�

GLVWULEXWLRQ�UHJDUGOHVV�RI� WKH�YDOXH� RI�V�� (TXDWLRQ� ���� VKRZV� WKDW�WKH�SURGXFW� HTXLOLEULXP�
GLVWULEXWLRQ�WUDQVODWHV�LQWR�WKH�PXOWLQRPLDO� HTXLOLEULXP�GLVWULEXWLRQ�RQ� WKH�FRPSRVLWLRQ� FKDLQ��
,W�WXUQV�RXW�WKDW�UHYHUVLELOLW\�RI�WKH�XSSHU�FKDLQ� LV�ERWK�D�QHFHVVDU\� DQG�VXIILFLHQW�FRQGLWLRQ�IRU�

UHYHUVLELOLW\�RI�WKH�ORZHU�FKDLQ��1HFHVVLW\� LV�SURYHG�E\�FRQVLGHULQJ�WZR�VWDWHV�RI�WKH�FRPSRVLWLRQ�
FKDLQ�� ,Q�WKH�ILUVW�FRPSRVLWLRQ�� DOO�SDUWLFOHV�RFFXS\� VWDWH����LQ�WKH�VHFRQG� FRPSRVLWLRQ��

"� V�
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SDUWLFOHV� RFFXS\� VWDWH� ��DQG� V� SDUWLFOHV� RFFXS\� VWDWH�M�� ,I�GHWDLOHG� EDODQFH� KROGV� LQ�WKH�

FRPSRVLWLRQ� FKDLQ�WKHQ�

6LPSOH� DOJHEUD� QRZ� \LHOGV� WKH�GHWDLOHG� EDODQFH� FRQGLWLRQ� �7�P�\�
 �

7&MPML� UHOHYDQW�WR�WKH�
PXWDWLRQ�PDWUL[�DQG��KHQFH�� WR�WKH�SURGXFW�FKDLQ��

7KHVH� FRQFOXVLRQV� DUH�VXPPDUL]HG� LQ�WKH�QH[W�SURSRVLWLRQ��

3URSRVLWLRQ� ���8QGHU� WKH�NHUQHO�0V�� WKH�FRPSRVLWLRQ�FKDLQ� LV�HUJRGLF�ZKHQHYHU�0� LV�HUJRGLF��
,I�WKH�PXWDWLRQ�PDWUL[�0� KDV� HTXLOLEULXP�GLVWULEXWLRQ� WKHQ�WKH�FRPSRVLWLRQ� FKDLQ�KDV�DV� LWV�

HTXLOLEULXP�GLVWULEXWLRQ�WKH�PXOWLQRPLDO� GLVWULEXWLRQ�ZLWK� WULDOV�DQG� VXFFHVV�SUREDELOLW\� LW>�

IRU�VWDWH�L��7KH�FRPSRVLWLRQ�FKDLQ� LV�UHYHUVLEOH�LI�DQG�RQO\�LI�WKH�PXWDWLRQ�NHUQHO�0� LV�UHYHUVLEOH��

:H� QRZ� FRQVLGHU� WKH�PRUH� LQWHUHVWLQJ�SUREOHP� RI�GHWHUPLQLQJ�WKH�HLJHQVWUXFWXUH�RI� WKH�

FRPSRVLWLRQ� FKDLQ��7R� HDVH� WKH�QRWDWLRQDO�EXUGHQ��ZH�ZLOO� XVH�PXOWL�LQGH[�QRWDWLRQ�WR�LQGLFDWH�
FRXQW� YHFWRUV�� 7KXV�� D� WLOGHG� OHWWHU�� H�J�� UD�� VWDQGV� IRU� D� YHFWRU� RI� FRXQWV� �PL�� ����� UD"�� DQG� LWV�

DEVROXWH� YDOXH� ?P?�VWDQGV�IRU�WKH�VXP�RI�WKH�FRXQWV�P?��� "�"�"��� P"�� ,I� LV�D�YHFWRU�ZLWK�G�

FRPSRQHQWV� WKHQ�SP� � " �

�

,I�0�  � 9� ��\� GLDJRQDOL]HV�0� WKHQ�
��

PV� � �\��� ����
YaO�\\�M� UV��Y�

"� 
�
�
"�9�� ����

GLDJRQDOL]HV� 0V�� ZKHUH� V� LV�GHULYHG�IURP� LQ�WKH�VDPH�PDQQHU� DV�0V� LV�GHULYHG�IURP�0��

'LDJRQDOL]DWLRQ� ����SURYLGHV� XV�ZLWK� WKH�URZ�HLJHQYHFWRUV� RI�0V�� 7R� FRQVWUXFW�RQH�� WDNH�D�
WHQVRU�SURGXFW�YOL���

"�"�"��� YK?�ZKHUH� YO� LV�WKH�LWK�URZ�RI�9�� 7KH� FRUUHVSRQGLQJ�HLJHQYDOXH�
DSSHDUV� LQ�WKH�HTXDWLRQ�

YLQ0V� �
�-AM� <LM�\L[�

"� "�
�"\LQ�
?6? VMH6�

7KH� HLJHQYDOXHV� IRU� WZR� YHFWRUV� YO@� ��
"�"�"�

"� YO�� DQG� �J��
"�"�"�

�� YAQ� FRLQFLGH� LI� WKH� LQGH[�

YHFWRUV� �L?������ LQ�� DQG� �M?�� ����� MQ�� JHQHUDWH� WKH� VDPH� FRXQW� YHFWRU� "�� ,Q� WKLV� FDVH� WKH� FRPPRQ�

HLJHQYDOXH� LV�

D���� "������
� ���
"�

9��� ?6? VMH6� 9���
M�� � ��

9� O��

ZKHUH�N�UDQJHV�RYHU�DOO�PXOWL�LQGLFHV�ZLWK� ?N?� � V��
*LYHQ� OXPSDELOLW\��)DFW� ��LPSOLHV�WKDW�D�URZ�HLJHQYHFWRU�YO@���

"� "�"� YO��RI�WKH�SURGXFW�FKDLQ�

PDSV� WR� D� URZ� HLJHQYHFWRU� �YQ� ��
"�"�"�

�� YOIO�3� RI� WKH� FRPSRVLWLRQ� FKDLQ� ZLWK� WKH� HLJHQYDOXH� "IaW�

GLVSOD\HG� LQ������7R� FDOFXODWH� WKH�SURMHFWHG�HLJHQYHFWRU��OHW�XO�EH� WKH�VWDQGDUG�XQLW�EDVLV� YHFWRU�
RI�5G��0XOWLOLQHDULW\� LPSOLHV�WKDW�

>�9LO���
"""��� 9LQ�3@UK� �

����
� 
���
9"6AM"�

"� "� "� 8M"�3@P�
M?� MQ�

�NMM�L�
 � ?� \� � O�
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ZKHUH� �NLM�� LQGLFDWHV�DG� G� WDEOH�RI�QRQQHJDWLYH� LQWHJHUV�VDWLVI\LQJ�WKH�URZ�DQG�FROXPQ� VXP�

FRQVWUDLQWV�
@7\��N"M�

 � L�DQG�-A��NLM�
 �

UULM��
7KLV�GLVFXVVLRQ�RPLWV�DOO�PHQWLRQ�RI�RUWKRJRQDOLW\�DQG�QRUPV�� ,Q�WKH�SUHVHQFH�RI�UHYHUVLELOLW\��

WKHVH�FRPH� LQWR�SOD\��2Q� D�WHQVRU�SURGXFW�VSDFH�ZLWK� LGHQWLFDO�IDFWRUV��WKH�LQGXFHG�LQQHU�SURGXFW�
VDWLVILHV�WKH�LGHQWLW\��[����

"�"�"�"[Q�� \����
"�"�"��� \Q��� � ^� ���\����

"�"�"�
^� ��\Q����7KLV�SDUWLDO�GHILQLWLRQ�

H[WHQGV�E\�ELOLQHDULW\�WR�WKH�IXOO�WHQVRU�SURGXFW�VSDFH�� ,Q�YLHZ�RI�RXU�GLVFXVVLRQ� RI�UHYHUVLEOH�

FKDLQV��WKH�PRVW�SHUWLQHQW�LQQHU�SURGXFW�IRU�HDFK�SDUWLFOH� LV��"��"!��� ��7KH� LQQHU�SURGXFW�LQGXFHG�
RQ� WKH�WHQVRU�SURGXFW�E\�WKLV�FKRLFH� LV�WKH�LQQHU�SURGXFW� �"���!L�\�FRUUHVSRQGLQJ� WR�WKH�SURGXFW�
HTXLOLEULXP�GLVWULEXWLRQ� �� "�"�"��J�� "� Y�� 7R� FRQVWUXFW�DQ�RUWKRQRUPDO�EDVLV� RI� WKH�WHQVRU�

SURGXFW� VSDFH��ZH� WDNH�WKH�VSHFWUDO�GHFRPSRVLWLRQ� 9B�U9� RI� WKH�PXWDWLRQ�PDWUL[�0� DQG�
DVVHPEOH� DOO�SRVVLEOH� YHFWRUV�YO>���

"�"�"��� YOQ�IURP�WKH�URZV�RI�9��
,I� �LV�WKH�PXOWLQRPLDO� GLVWULEXWLRQ�JHQHUDWHG�E\� WKHQ�ZH� QHHG� WR�UHODWH�WKH�WZR� LQQHU�

SURGXFWV� �[�\�?�Y� DQG� ���\�?�Y�� 7KH� NH\� LV� WR�V\PPHWUL]H�DQG� LQYRNH�)DFW� ����:H�

V\PPHWUL]H�D�EDVLV� HOHPHQW�YO@��� "�"�"��� YOQ�RI�WKH�SURGXFW�FKDLQ�E\�WDNLQJ�

X� � "� L$L��� ��"�"��� YLRQ������

ZKHUH� WKH�VXP�H[WHQGV�RI�DOO�SHUPXWDWLRQV� RI�^��� ����"`�� 6\PPHWU\�GLFWDWHV�WKDW�X�LV�FRQVWDQW�
RQ�HTXLYDOHQFH� FODVVHV� DQG�SURMHFWV� WR�WKH�VDPH�YHFWRU�DV� WKH�RULJLQDO�YHFWRU�� ,I� ����� �"��
JHQHUDWHV� WKH�FRXQW�YHFWRU�"� WKHQ�

Q?� �Q?a[�
�Z�"�L�Y�

 �
""\QL?
�QG?�

 � ,� ��

^Q?\� ?QM�

,W�IROORZV� WKDW�  �
AMaAX�

KDV�XQLW�QRUP�LQ�
L?MY��$FFRUGLQJ�

WR�)DFW� ����LWV�SURMHFWLRQ�[� DOVR�

KDV�XQLW�QRUP�O�Y��:KHQ� ZH� FRQVWUXFW�DQRWKHU�V\PPHWUL]HG�YHFWRU�\�WKDW�PDSV� WR�\� MH��
WKHQ� DQG�\�DUH�RUWKRJRQDO�DQG�[�DQG�\�DUH�RUWKRJRQDO�DV�ZHOO��

,Q�WKH�SUHVHQFH�RI�UHYHUVLELOLW\��LW�LV�VWUDLJKWIRUZDUG�WR�UHFRYHU�WKH�FROXPQ�HLJHQYHFWRUV�RI�WKH�

FRPSRVLWLRQ� FKDLQ��7R� WKH�URZ�HLJHQYHFWRU�YO�IRU�D�VLQJOH�SDUWLFOH�WKHUH�FRUUHVSRQGV� WKH�FROXPQ�

HLJHQYHFWRU�ZO�"� GLDJ��Ua���L�L�7�� 7KH� FROXPQ�HLJHQYHFWRU�FRUUHVSRQGLQJ�WR�WKH�V\PPHWUL]HG�
YHFWRU�X� LQ�����KDV� HQWULHV�
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7KH� IXQFWLRQ�."� �P�� LV�D�PXOWLYDULDWH�.UDZWFKRXN� SRO\QRPLDO��ZH�ZLOO� VD\�PRUH� DERXW�WKHVH�LQ�
D�PRPHQW�� ,I�LQVWHDG�RI�VWDUWLQJ�ZLWK�X�ZH� VWDUW�ZLWK� WKH�QRUPDOL]HG� YHFWRU�[�� WKHQ� LV�D�XQLW�
YHFWRU�� ,Q�RWKHU�ZRUGV�� WKH�VFDOHG�.UDZWFKRXN� SRO\QRPLDO�

�����

KDV�XQLW�QRUP�LQ� ��)XUWKHUPRUH��WKHVH�SRO\QRPLDOV� FRQVWLWXWH�DQ�RUWKRQRUPDO�EDVLV�RI�FROXPQ�
YHFWRUV��

2XU� VHFRQG�SURSRVLWLRQ� VXPPDUL]HV� WKHVH�ILQGLQJV��

3URSRVLWLRQ� ��� 7KH� URZ�HLJHQYHFWRUV�RI�WKH�SURGXFW� FKDLQ�0V� SURMHFW� WR�URZ�HLJHQYHFWRUV�RI�
WKH�FRPSRVLWLRQ� FKDLQ�ZLWK� WKH�VKDUHG� HLJHQYDOXH� "A� GLVSOD\HG� LQ������ ,I�WKH�PXWDWLRQ�PDWUL[�
LV�UHYHUVLEOH�WKHQ�WKH�V\PPHWUL]HG�DQG� VFDOHG� HLJHQYHFWRUV�RI�WKH�SURGXFW� FKDLQ�SURMHFW� WR�DQ�

RUWKRQRUPDO�EDVLV� RI�WKH�FRPSRVLWLRQ�FKDLQ��7KHVH� LQ�WXUQ�PDS� WR�D�GXDO� RUWKRQRUPDO�EDVLV� RI�
VFDOHG�.UDZWFKRXN�SRO\QRPLDOV� ."�P�� RI�WKH�FRPSRVLWLRQ�FKDLQ�ZLWK� WKH�VDPH�HLJHQYDOXHV��

���7KH� UROH�RI�.UDZWFKRXN� SRO\QRPLDOV�

*ULIILWKV�>�@�GHILQHG�WKH�PXOWLYDULDWH�.UDZWFKRXN� SRO\QRPLDOV�.ALP�� YLD� WKHLU�JHQHUDWLQJ�
IXQFWLRQ�

G� �� G�

?"? Q� L� � O�?�� � O�

XQGHU�WKH�UHVWULFWLRQV�\?� � ��DQG�ZO�  � ���(TXDWLQJ� FRHIILFLHQWV�RI�\Q�VKRZV� WKDW�

����� ��9H
�� NGMM� L O�

2I� FRXUVH�� WKLV�LV�H[DFWO\�KRZ�ZH� GHILQHG�.A�P�� HDUOLHU�� )RU� WKH�FDVH� LQ�ZKLFK� G� � ��� WKH�

JHQHUDWLQJ�IXQFWLRQ�UHGXFHV� WR�

�� a?�
P� ���� a?� PL�

ZLWK�P� �I��P�� � ��([WUDFWLQJ� WKH�FRHIILFLHQW�RI�\A��\LHOGV�

Q?"� >""<�� LPL?�P�?IQ�

7KHVH� H[SUHVVLRQV� FDQ�EH� VLPSOLILHG�E\�EULQJLQJ�LQ�WKH�K\SHUJHRPHWULF�IXQFWLRQ�

D�L�E�L�� XO�
�)?^D�� E?�F?�X��"�
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DQG�ZULWLQJ�

I���I����%\?�"�

�
 �"A�)���"���"��P��"����O��%��

 � L)?��""��� "P??�"Q?� ���� Z���

+HUH�ZH� KDYH�DSSOLHG� WKH�VWDQGDUG�WUDQVIRUPDWLRQ�IRUPXOD�>�@��

�)L�D�E�F�� ]�� �
�"!�

a&�>aIOO�)L�D�IU� ���� D��� E��� F�� ���� ]���
��F�>�D@�

DQG�XVHG� WKH�DEEUHYLDWLRQV� >�M� � D��
"�

���
"�"�

�D�
"� ,��� ���DQG�DJ�� � D�D� �� ���

"�"�"�
�D����

"�
���

WR�VLJQLI\�IDOOLQJ�DQG�ULVLQJ�IDFWRULDOV��7KH� ILQDO�UHVXOW��

�APXP�� �&���6��)L�a�
���PL����

 �
9�"�6�� ��A��"���""��"�"���

FDQ�DOVR�EH� UHFRYHUHG�IURP�WKH�FODVVLFDO� GHILQLWLRQ�

W� ��!
���
� �� A�������
RI� WKH�XQLYDULDWH�.UDZWFKRXN� SRO\QRPLDOV� E\� WDNLQJ�W� � \�9�MUL��U���,VPDLO� >����S�� ���@�
VXPPDUL]HG� WKH�SURSHUWLHV�RI�WKH�XQLYDULDWH�.UDZWFKRXN� SRO\QRPLDOV��
$OWKRXJK� WKH�PXOWLYDULDWH�.UDZWFKRXN� SRO\QRPLDOV� DUH�FRPSOLFDWHG�� D�IHZ�VLPSOH�FDVHV� DUH�

QRWHZRUWK\��/HW� H`�EH� WKH�VWDQGDUG�XQLW�YHFWRU�ZLWK�HQWU\�M� HTXDO� WR���DQG�WKH�UHPDLQLQJ�G�
"� ��

HQWULHV�HTXDO� WR����7KH� YDOXHV�

�� ?� G�

.QLQHM�� �
4IWAU�

DQG�."�QHM�� �
AI@AA�

DUH�HDV\� WR�GHGXFH�� ,W�LV�DOVR� FOHDU� WKDW�.QHL� �UD��
 �

."H� �UD�� � ���
2XU� DSSURDFK� WR�WKH�PXOWLYDULDWH�.UDZWFKRXN� SRO\QRPLDOV� JLYHV� D�QDWXUDO�SURRI�RI� WKHLU�

RUWKRJRQDOLW\�XQGHU� WKH�PXOWLQRPLDO� GLVWULEXWLRQ�DQG� FODULILHV� WKHLU�UROH� LQ�0DUNRY� FKDLQ�

G\QDPLFV�� 2XU� QH[W�SURSRVLWLRQ� VKRZFDVHV� WKH�YDOXH� RI� WKH�.UDZWFKRXN� SRO\QRPLDOV� LQ�

FRPSXWLQJ� WKH�
��GLVWDQFH�RI�D�FRPSRVLWLRQ� FKDLQ�IURP�HTXLOLEULXP��

3URSRVLWLRQ� ��� :KHQ� WKH� FRPSRVLWLRQ� SURFHVV� VWDUWV� IURP� VWDWH� UD�� WKH� FKL�VTXDUH� GLVWDQFH� WR�

VWDWLRQDULW\�DIWHU�,�VWHSV� LV�

���� �(� "IAP�������

3URRI� 7KLV� LV�D�GLUHFW�DSSOLFDWLRQ� RI�)DFW� ����
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0XOWLQRPLDO� 0DUNRY� FKDLQV� ����

,Q�DSSO\LQJ� ���� LW�LV�KHOSIXO�WR�NQRZ� VSHFLILF�YDOXHV� RI�WKH�""��:KHQ� G�"� ���ZH� FDQ�H[SUHVV�

7KH� FDVH� LQ�ZKLFK� �� � JLYHV�

IW U:�� L�

7KXV�� WKH�VHFRQG� ODUJHVW�HLJHQYDOXH� LQ�PDJQLWXGH� RI� WKH�VLQJOH�SDUWLFOH�FKDLQ� DQG� WKH�FRP�

SRVLWLRQ� FKDLQ�FRLQFLGH�� )XUWKHUPRUH��3URSRVLWLRQ� �� VKRZV� WKDW�WKH�FKL�VTXDUH�GLVWDQFH� IURP�

HTXLOLEULXP�DIWHU���VWHSV�VWDUWLQJ�IURP�VWDWH�QH�M� LV�

"� H?� L� � ?�

)LQDOO\�� WKH�FDVH� LQ�ZKLFK� V�"� ��\LHOGV� WKH�FRQYH[�FRPELQDWLRQ�

A"
�
L� � O�

,I�WKH� DUH�DUUDQJHG� LQ�GHFUHDVLQJ� RUGHU� WKHQ�WKH�UHDGHU�FDQ� FKHFN� WKDW�WKH�VHFRQG� ODUJHVW�
HLJHQYDOXH� LQ�PDJQLWXGH� RI�WKH�FRPSRVLWLRQ�FKDLQ�LV�HLWKHU��Q�

"� O���� �� ���� �� ��RU�\"���ZKLFKHYHU�
LV�ODUJHU�LQ�PDJQLWXGH��

(TXDWLRQ� ����DOVR�KDV� VRPH�TXDOLWDWLYH� LPSOLFDWLRQV��)RU� LQVWDQFH��LW�LV�ZHOO� NQRZQ� WKDW�WKH�
QXPEHU�RI�LUUHGXFLEOH�FODVVHV� RI�D�0DUNRY� FKDLQ�HTXDOV� WKH�PXOWLSOLFLW\�RI�WKH�HLJHQYDOXH� ��RI�LWV�
NHUQHO� >��@�� 7KXV�� LI�WKH�PXWDWLRQ� PDWUL[� 0� KDV� U� LUUHGXFLEOH� FODVVHV� WKHQ� ?� �

"�"�"� �  � ���

DQG� HYHU\� FRXQW� YHFWRU� RI� WKH� IRUP� "�  � �� ?�� ����� QU�� ��� ����� ��� JLYHV� ULVH� WR�""�
 � ���+HQFH�� WKH�

FRPSRVLWLRQ� FKDLQ�KDV� DW�OHDVW� �Q�UQaL��LUUHGXFLEOH�FODVVHV��:H� FDQ� VLPLODUO\�HPSOR\� WKH�IDFW�
WKDW�DQ�LUUHGXFLEOH�FKDLQ�KDV�SHULRG�U�LI�DQG�RQO\�LI�DOO�URRWV�RI�XQLW\�RI�RUGHU�U�DUH�HLJHQYDOXHV�RI�
LWV�NHUQHO� >��@��)RU� LQVWDQFH��LI�WKH�PXWDWLRQ�PDWUL[�0� LV�UHYHUVLEOH�DQG�SHULRGLF�� WKHQ�<G�

"� "� ���

(TXDWLRQ� ����QRZ� VKRZV� WKDW�"QH[�
"� ��DQG�"QHG�

"�
�"� ?�V��:KHQ� V� LV�RGG��ZH� GHGXFH� WKDW�

WKH�FRPSRVLWLRQ� FKDLQ� LV�SHULRGLF�� DQG�ZKHQ� V� LV�HYHQ��ZH� GHGXFH� WKDW�WKH�FRPSRVLWLRQ� FKDLQ�
KDV� DW� OHDVW�WZR�LUUHGXFLEOH�FODVVHV�� 7KHVH� FRQFOXVLRQV� FDQ�EH�GUDZQ�IURP�PRUH� HOHPHQWDU\�
DUJXPHQWV��EXW� LW�LV�SOHDVLQJ� WKDW�WKH\�IDOO�RXW� VR�HDVLO\� IURP�D� FOHDU�XQGHUVWDQGLQJ�RI�KRZ�

HLJHQYDOXHV� WUDQVIHU��

,I�WKH�IXOO�HLJHQVWUXFWXUH�RI�WKH�VLQJOH�SDUWLFOH�FKDLQ� LV�XQNQRZQ�WKHQ�)DFW���FDQ�EH� LQYRNHG�
WR�ERXQG� WKH�UDWH�RI�FRQYHUJHQFH� RI� WKH�FRPSRVLWLRQ� FKDLQ�� )RU� H[DPSOH�� VXSSRVH� WKDW�WKH�

VLQJOH�SDUWLFOH�FKDLQ� LV�FORVH� WR�WKH�VWDWLRQDU\�GLVWULEXWLRQ� DIWHU� VWHSV��2QFH� HDFK�SDUWLFOH�
KDV�EHHQ�PRYHG� DW�OHDVW� WLPHV��WKHQ�ERWK�WKH�SURGXFW�FKDLQ�DQG�WKH�FRPSRVLWLRQ� FKDLQ�VKRXOG�
EH�FORVH� WR�HTXLOLEULXP� DV�ZHOO�� ,Q�PDQ\� LQWHUHVWLQJ�PRGHOV� D� VWURQJ�VWDWLRQDU\�WLPH� FDQ�EH�
FRQVWUXFWHG��

��� &RQWLQXRXV�WLPH� FKDLQV�

3URSRVLWLRQV� ��DQG���FRQWLQXH�WR�KROG�IRU�FRQWLQXRXV�WLPH�0DUNRY� FKDLQV�SURYLGHG� WKDW�WKH�
LGHQWLFDO�SDUWLFOHV�PRYH� LQGHSHQGHQWO\��,Q�WKLV�VHWWLQJ�ZH� UHSODFH� WKH�PXWDWLRQ�PDWUL[�0� E\�D�
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PXWDWLRQ� UDWH�PDWUL[�4�� 7KH� ILQLWH�WLPH�WUDQVLWLRQ�PDWUL[�IRU�D�VLQJOH�SDUWLFOH�HTXDOV� WKH�PDWUL[�

H[SRQHQWLDO� HUA�� ,I�ZH� UHWDLQ�WKH�GLFWLRQDU\�RUGHULQJ�RI�VWDWHV�WKHQ�WKH�ILQLWH�WLPH�WUDQVLWLRQ�
PDWUL[�IRU�WKH�SURGXFW�FKDLQ�HTXDOV� WKH�WHQVRU�SURGXFW�"� "���

"�"�"��� "� 	��7KH� GHULYDWLYH�RI�WKLV�
PDWUL[� DW�WLPH�W� � �� HTXDOV� WKH�LQILQLWHVLPDO�UDWH�PDWUL[� RI�WKH�SURGXFW�FKDLQ�� %HFDXVH� WKH�
PDWUL[�H[SRQHQWLDO� VDWLVILHV�WKH�ODZ�RI�H[SRQHQWV�IRU�FRPPXWLQJ�DUJXPHQWV��WKH�SURGXFW�UXOH�
RI�GLIIHUHQWLDWLRQ�JLYHV�

�AH""�����HU"� ,�U R� � �U�GU� GU� @a>��������H�"�������

���4����������

N ?�

([FHSW� IRU�D�PLVVLQJ� IDFWRU�RI�QaO� DQG�WKH�UHSODFHPHQW�RI�0� E\�"�� WKH�LQILQLWHVLPDO�UDWH�PDWUL[�
LV�LGHQWLFDO�WR�WKH�SURGXFW�NHUQHO� ����ZLWK�V� � ���,QVWHDG�RI�WKH�HLJHQYDOXH� LQ�����IRU�V� � ���ZH�
QRZ�KDYH� WKH�HLJHQYDOXH�

G�

"Q <�QL<L�� �����
�� � ��

,I�WKH�HLJHQYDOXHV� \"�RI�4� DUH�DUUDQJHG�WR�KDYH�GHFUHDVLQJ� UHDO�SDUWV�WKHQ�\?� � ��DQG�\��LV�WKH�

HLJHQYDOXH�ZLWK� WKH�VHFRQG� ODUJHVW�UHDO�SDUW�VLPXOWDQHRXVO\�IRU�WKH�VLQJOH�SDUWLFOH�FKDLQV�� WKH�

SURGXFW�FKDLQ��DQG�WKH�FRPSRVLWLRQ� FKDLQ��

���$SSOLFDWLRQV�

0DQ\� FRQWHPSRUDU\�DQG�FODVVLFDO�0DUNRY� FKDLQV�ILW�LQWR�RXU�IUDPHZRUN��

����� (KUHQIHVW� FKDLQV�

,Q�WKH�FODVVLFDO� (KUHQIHVW�PRGHO� >�@��>��@��"�EDOOV� DUH�VKXWWOHG�EHWZHHQ�G�"� ��XUQV��$W� HDFK�

VWHS�D�EDOO� �V� � ����LV�UDQGRPO\�FKRVHQ�DQG�VKLIWHG�WR�WKH�RWKHU�XUQ��7KH� FRPSRVLWLRQ� �(KUHQIHVW��
FKDLQ� WUDFNV�WKH�QXPEHU�RI�EDOOV� LQ�HDFK�XUQ�� ,Q�WKLV�FDVH� WKH�PXWDWLRQ�PDWUL[�

"������
KDV�SHULRG����HLJHQYDOXHV� \?� � ��DQG� �� � "�

,��DQG�HTXLOLEULXP�GLVWULEXWLRQ�  �
�A�� -S��7KH�

SURGXFW�FKDLQ� LV�D�UDQGRP�ZDON� RQ� WKH�K\SHUFXEH�=?� >�@��7KH� FRPSRVLWLRQ� FKDLQ� LV�UHYHUVLEOH�
ZLWK�SHULRG���� ,WV�HTXLOLEULXP�GLVWULEXWLRQ�LV�ELQRPLDO�ZLWK� WULDOV�DQG� VXFFHVV�SUREDELOLW\� M��
,WV� HLJHQYDOXHV� DUH�

"QX�Q�
 � ��"� �Q��Q� DQG� LWV�FROXPQ� HLJHQYHFWRUV� DUH� XQLYDULDWH� .UDZWFKRXN�

SRO\QRPLDOV��

.DUOLQ� DQG�0F*UHJRU� >��@�JHQHUDOL]HG� WKH�(KUHQIHVW�XUQ�PRGHO� WR�G�!� ��XUQV��7KH� GLVFUHWH�

DQDORJ� RI� WKHLU�FRQWLQXRXV�WLPH�0DUNRY� FKDLQ� UDQGRPO\�FKRRVHV� D� VLQJOH�EDOO� ��� � ���DQG�
UHGLVWULEXWHV�LW�WR�DQRWKHU�XUQ�DFFRUGLQJ� WR�WKH�SUREDELOLW\�GLVWULEXWLRQ�  � �� ?������� Q"��� 7KH�

FRPSRVLWLRQ� �(KUHQIHVW��FKDLQ� FRXQWV� WKH�QXPEHU�RI�EDOOV� LQ�HDFK� XUQ�� ,Q� WKLV�VHWWLQJ�WKH�
PXWDWLRQ�PDWUL[�0� KDV� DOO� URZV�HTXDO� WR�����ZKLFK� LV�REYLRXVO\� WKH�HTXLOLEULXP�GLVWULEXWLRQ��
7KH� HLJHQYDOXHV� DUH�\?� � ��DQG�\�� � "�"�"� � \"� � ���2ZLQJ� WR�WKH�PXOWLSOLFLW\�RI�WKH�HLJHQYDOXH�
���DQ\�RUWKRQRUPDO�EDVLV�ZO�� ����� ZG�RI�,��ZLWK�ZO�  � ��GLDJRQDOL]HV�0��
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7KH� FRPSRVLWLRQ� FKDLQ�KDV� WKH�HLJHQYDOXH� ""�
 � Q?�Q�ZLWK�PXOWLSOLFLW\� �G�

��
A� ?� 7KH�

PXOWLYDULDWH�.UDZWFKRXN� SRO\QRPLDOV� HQWHU�ZKHQ�ZH�PDNH� WKH�H[SOLFLW�FKRLFH�

�� �� G�

Z>�  �  �������� ���� `U��������� ��

IRU��� �� ���� G�� LQ�GLDJRQDOL]LQJ� WKH�FRPSRVLWLRQ� FKDLQ�� 7KHVH� UHVXOWV�XQLI\�WKH�DOJHEUDLF�
SHUVSHFWLYH�RI�*ULIILWKV�>�@�ZLWK�WKH�VSHFLILF�YHUVLRQ�RI�WKH�PXOWLYDULDWH�.UDZWFKRXN� SRO\QRPLDOV�
JLYHQ�E\� ,OLHY� DQG�;X� >����7KHRUHP� ���@� DQG� LPSOLFLW� LQ�WKH�HDUOLHU�ZRUN� RI�.DUOLQ� DQG�

0F*UHJRU� >��@��

)LQDOO\��ZH� FDQ�JHQHUDOL]H�HYHQ�IXUWKHU�E\�VHOHFWLQJ�V�!� ��EDOOV�DW�HDFK� VWHS�DQG�UHGLVWULEXWLQJ�
HDFK� DFFRUGLQJ� WR�WKH�SUREDELOLW\�YHFWRU� ��'LDFRQLV� HW�DO�� >�@�FRQVLGHUHG� WKH�XQLYDULDWH�FDVH��
G� "� ��� LQ�VWXG\LQJ�FRQYHUJHQFH� UDWHV�RI�YDULRXV�*LEEV� VDPSOHUV�� .KDUH� DQG�=KRX� >��@�
REWDLQHG� WKH�H[SOLFLW�GLDJRQDOL]DWLRQ� LQ�WKH�PXOWLYDULDWH� FDVH�� 7KH�PXWDWLRQ�PDWUL[�0� DQG�

FRPSRVLWLRQ�FKDLQ�HLJHQYHFWRUV�REYLRXVO\� UHPDLQ�WKH�VDPH��7KH� FRPSRVLWLRQ� FKDLQ�HLJHQYDOXH�
"K� � �"� ��"�� KDV�PXOWLSOLFLW\� ^GaOWQaQL���

ZKHUH� ���� Q[��� Q��

�����+RDUH� DQG�5DKPDQ� FKDLQ�

,Q�WKLV�H[DPSOH�ZH� FRQVLGHU�D�JHQHUDO�XUQ�PRGHO� FRPELQLQJ�IHDWXUHV�RI�WKH�+RDUH�5DKPDQ�

>��@�PRGHO� DQG� WKH�.DUOLQ�0F*UHJRU� PRGHO�� 6XSSRVH� WKDW�WKHUH�DUH� EDOOV� DQG�G�XUQV��$OO�
EDOOV� �V� � Q��DUH�PRYHG� LQGHSHQGHQWO\�DW�HDFK� VWHS�DFFRUGLQJ� WR�WKH�IROORZLQJ�PHFKDQLVP�� ,I�D�

EDOO� LV�LQ�XUQ���WKHQ�ZLWK�SUREDELOLW\�F"L�LW�UHPDLQV�WKHUH��ZLWK�SUREDELOLW\���
"� D"� LW�LV�UHGLVWULEXWHG�

WR�DQRWKHU�XUQ�DFFRUGLQJ� WR�WKH�SUREDELOLW\�YHFWRU��� � �� ?������� �"�7�� 1RWH� WKDW�D�EDOO� FDQ�EH�
UHGLVWULEXWHG�WR�LWV�FXUUHQW�XUQ��+RDUH� DQG�5DKPDQ� >��@�FRQVLGHUHG� WKH�VSHFLDO� FDVH� LQ�ZKLFK�
G�  � ��DQG�  � ��� *ULIILWKV�>��@� FRPPHQWHG�RQ� WKH�UROH�RI� WKH�PXOWLYDULDWH�.UDZWFKRXN�

SRO\QRPLDOV� LQ�WKH�UHVWULFWHG�+RDUH�5DKPDQ� PRGHO�� ,Q�WKH�JHQHUDO�YHUVLRQ�RI�WKH�PRGHO�� WKH�
PXWDWLRQ�PDWUL[� LV�UHYHUVLEOH�ZLWK�HQWULHV�

���D������ L� @��
PD�

"�
?�

�� �D���I�� L M��

DQG�HTXLOLEULXP�GLVWULEXWLRQ�

�� �� $L� 2G� ?�

(WLA�&L�A2Y�AL
��� L��:�

,I�ZH� YLHZ�D�  � �F"?������� R"G�7�DQG� DV�FROXPQ�YHFWRUV��WKHQ�0� FDQ�EH�ZULWWHQ�DV� WKH�VXP�RI�
WKH�GLDJRQDO�PDWUL[�GLDJ�D�� SOXV� WKH�RXWHU�SURGXFW�PDWUL[� ���

"�
D�� ��

:H� FDQ�FDOFXODWH� WKH�FKDUDFWHULVWLF�SRO\QRPLDO� S�\�� RI�0� E\�:RRGEXU\
V� IRUPXOD�>��@�IRU�
WKH�GHWHUPLQDQW�RI�D� ORZ�UDQN�SHUWXUEDWLRQ�RI�D� VTXDUH�PDWUL[��7KH� UHVXOW�LV�

�� �� � GHW>\��
��

GLDJ�D��
��

���
��

D�� @�

 � GHW>\���GLDJ�D�@^O�
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��
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,I�N�RI�WKH�D"� FRLQFLGH� WKHQ�WKHLU�FRPPRQ�YDOXH� LV�D� URRW�RI� �� ��RI�PXOWLSOLFLW\�N�
"� ���)RU�

LQVWDQFH�� LI�D"�  � �� DQG� D?�  � "�"�"� � D""�?�  � D�� WKHQ�

S�\��  �
�.�L��.�A���\�A���

DQG� 0� KDV� HLJHQYDOXHV� \L�
 � ��� ��  �

"�"�"� �
<G�L�

 � DQG� \"�
 �

DIW��� 7R� JHQHUDWH�

FRUUHVSRQGLQJ�FROXPQ�HLJHQYHFWRUV��ZH� WDNH�ZO�  � ��DQG�G�"� ��XQLW�YHFWRUV�Z��� ����� X��B��
RI�WKH�IRUP�Z�"� �Z7����7� RUWKRJRQDO� WR�Z[� LQL��� 3ULRU�WR�QRUPDOL]DWLRQ�� WKH�ODVW�HLJHQYHFWRU�
ZG� KDV� LWV�ILUVW�G�"� ��HQWULHV�HTXDO� WR���DQG� LWV�ODVW�HQWU\�HTXDO� WR����

"�
IW���IW��D�

"�
����7KH�

UHDGHU�FDQ� FKHFN� WKDW�WKHVH�FKRLFHV� SURGXFH� DQ�HLJHQEDVLV� RI�,��� 3URSRVLWLRQ� ��LPSOLHV�WKDW�
WKH�FRPSRVLWLRQ� FKDLQ� LV�UHYHUVLEOH�ZLWK� UHVSHFW� WR�WKH�PXOWLQRPLDO� GLVWULEXWLRQ� �� �� ���DQG�

3URSRVLWLRQ� ��VKRZV� WKDW�WKH�HLJHQYDOXHV� RI�WKH�FRPSRVLWLRQ� FKDLQ�UHGXFH� WR�"D�  � DQaQL�AF,��
7KH� DSSURSULDWH�PXOWL�YDUL�DWH�.UDZWFKRXN� SRO\QRPLDOV� VHUYH�DV�HLJHQYHFWRUV��

����� (YROXWLRQ� RI�'1$� FRPSRVLWLRQV�

(YROXWLRQDU\� ELRORJLVWV� DUH�NHHQO\� LQWHUHVWHG�LQ�PRGHOV� RI�EDVH�SDLU� VXEVWLWXWLRQ�LQ�'1$��
5HFDOO� WKDW�'1$� LV�D�GRXEOH�KHOL[�FRQVWUXFWHG�IURP�IRXU�QXFOHRWLGHV� DEEUHYLDWHG�$��*��&�� DQG�7��
7ZR� RI�WKHVH��$� DQG�*�� DUH�SXULQHV��DQG�WZR��&� DQG�7��DUH�S\ULPLGLQHV��7KHUH� LV�D� ORQJ�WUDGLWLRQ�
RI�PRGHOLQJ� WKH�PXWDWLRQDO� FKDQJHV� DW�D� VLQJOH� VLWH�DV�D�FRQWLQXRXV�WLPH�0DUNRY� FKDLQ�� )RU�

H[DPSOH��.LPXUD
V� >��@�WZR�SDUDPHWHU�PRGHO� VSHFLILHV�WKH�LQILQLWHVLPDO�JHQHUDWRU�

?�

D�
�D����� ����

7KLV� UHYHUVLEOH�FKDLQ�KDV� WKH�XQLIRUP�HTXLOLEULXP�GLVWULEXWLRQ�  �
A�� A�� _��� 7KH� FKDLQ�

RIIHUV�D� VLPSOH�EXW� ORYHO\�H[DPSOH� RI� OXPSLQJ�LI�ZH� WDNH�$� DQG�*� WR�EH� HTXLYDOHQW� DQG�&�
DQG� WR�EH� HTXLYDOHQW�� )URP� WKH�SXULQH�S\ULPLGLQH�FKDLQ�ZH� FDQ� LPPHGLDWHO\�GHGXFH� WKH�

HLJHQYDOXHV�\?�
"� ��DQG� ��"� "�� FRUUHVSRQGLQJ�WR�WKH�FROXPQ�HLJHQYHFWRUV�Z�� � ��DQG�Z��"�

���� ���"���
"�

��7�� 7KH� UHPDLQLQJ�GRXEOH� HLJHQYDOXH� ��� � ��� � "��D� �� ��KDV� HLJHQYHFWRUV�
Z�� � �9���

��
���������7� DQG�Z�� � �������

��
���� ���� ��

$V� D�ILUVW�DSSUR[LPDWLRQ��PRVW� ELRORJLVWV� DUH�ZLOOLQJ� WR�DVVXPH� WKDW�GLIIHUHQW�VLWHV�HYROYH�

LQGHSHQGHQWO\��8QGHU� LQGHSHQGHQFH�DQG�.LPXUD
V� PRGHO�� WKH�FRPSRVLWLRQ� FKDLQ�FRXQWLQJ�WKH�
QXPEHU�RI�EDVHV� RI� WKH�YDULRXV� W\SHV�DW� VLWHV�DSSURDFKHV� D�PXOWLQRPLDO� GLVWULEXWLRQ�ZLWK�

SDUDPHWHUV� �� �� ���(TXDWLRQV� ����DQG� ����� LPSO\�WKDW�

3U�;�� � ,�;� [�� �
AA� ^�� 
A@�

A� A��

ZKHUH� WKH�.a� DUH�WKH�QRUPDOL]HG�.UDZWFKRXN� SRO\QRPLDOV� GHILQHG�IURP�WKH�ZO��

����� 7KH� OLJKW�EXOE� SUREOHP�

7KLV� SUREOHP� RI�5DR� HW�DO�� >��@� VHUYHG�DV� WKH�LPSHWXV�IRU�WKH�FXUUHQW�SDSHU�� 7KH\�ZHUH�
PRWLYDWHG� E\� D� FHUWDLQ� SKDUPDFHXWLFDO� H[SHULPHQW�� )RU� RXU� SXUSRVHV�� LW� LV�FOHDUHU� WR�DGRSW� WKHLU�

DOWHUQDWLYH�IRUPXODWLRQ�LQYROYLQJ�OLJKW�EXOEV�� 7KHUH� DUH� OLJKW�EXOEV�� DQG�HDFK�EXOE� LV�HLWKHU�
RQ�RU�RII��$W� HSRFK� W�ZH� UDQGRPO\�VHOHFW�VW�OLJKW�EXOEV�� ,I�D�VHOHFWHG�EXOE� LV�RQ� WKHQ�ZH� VZLWFK�
LW�RII��DQG� LI�LW�LV�RII�WKHQ�ZH� VZLWFK�LW�RQ�� 7KH� FRPSRVLWLRQ� FKDLQ�IROORZV� WKH�QXPEHU�RI�RQ�
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0XOWLQRPLDO� 0DUNRY� FKDLQV� ����

EXOEV��:H� ZLOO� WHPSRUDULO\�OLPLW�RXU�DWWHQWLRQ�WR�WKH�KRPRJHQHRXV� FDVH�� VW� � V��7KH� UHYHUVLEOH�
PXWDWLRQ� PDWUL[�

KDV� WKH�XQLIRUP�GLVWULEXWLRQ� "�
�A�� ��DV� LWV�HTXLOLEULXP�� 7KH� HLJHQYDOXHV� RI�0� DUH� ?�"� ��

DQG�<�� �
"� ��ZLWK�FRUUHVSRQGLQJ�FROXPQ�HLJHQYHFWRUV�ZO�  � ���� ��7�DQG�XU� � �"��� ��7��7KH�

GLVFXVVLRQ� DW�WKH�HQG�RI�6HFWLRQ� �� LQGLFDWHV�WKDW�WKH�FRPSRVLWLRQ� FKDLQ�KDV�SHULRG���ZKHQ� V� LV�
RGG�DQG�WZR�LUUHGXFLEOH�FODVVHV�ZKHQ� V�LV�HYHQ�� ,Q�WKH�IRUPHU�FDVH�� WKH�FKDLQ�DOWHUQDWHV�EHWZHHQ�

KDYLQJ�DQ�RGG�DQG�DQ�HYHQ�QXPEHU�RI�EXOEV�RQ�� ,Q�WKH�ODWWHU�FDVH�� WKH�HYHQ�DQG�RGG�SDULW\�VWDWHV�
GR�QRW�FRPPXQLFDWH��$FFRUGLQJ� WR�3URSRVLWLRQ� ���WKH�FRPSRVLWLRQ� FKDLQ� LV�UHYHUVLEOH�ZLWK� WKH�
ELQRPLDO� GLVWULEXWLRQ��Q�� DV� LWV�HTXLOLEULXP��3URSRVLWLRQ� ��GHWHUPLQHV�WKH�HLJHQYDOXHV� DV�

$Q�"��
 � �A�� �aQ��� �V�� �Q?� ���

DQG�WKH�HLJHQYHFWRUV�DV�XQLYDULDWH�.UDZWFKRXN� SRO\QRPLDOV��
7KH� FRPPXWDWLYLW\�RI�WKH�NHUQHOV�0V� LV�WKH�NH\�WR�XQGHUVWDQGLQJ�WKH�LQKRPRJHQHRXV�YHUVLRQ�

RI� WKH�OLJKW�EXOE�SUREOHP�� &RPPXWDWLYLW\� LPSOLHV� WKDW�WKH�SURGXFW�FKDLQV� VKDUH�D� FRPPRQ�

EDVLV� RI� URZ�HLJHQYHFWRUV�� WKLV�EDVLV� SURMHFWV� WR�D� FRPPRQ� EDVLV� RI� URZ�HLJHQYHFWRUV� IRU�
WKH�FRPSRVLWLRQ� FKDLQV� DQG� IURP�WKHUH�WR�D� FRPPRQ� EDVLV� RI�FROXPQ� HLJHQYHFWRUV� IRU�WKH�

FRPSRVLWLRQ� FKDLQV�� ,W� LV�ZHOO� NQRZQ� WKDW�ZH� FDQ� FRQVWUXFW�D�PDUWLQJDOH� <W� UHODWLYH� WR�D�
0DUNRY� FKDLQ�;W�E\�WDNLQJ�D�FROXPQ�HLJHQYHFWRU�Z�ZLWK�HLJHQYDOXH� DQG�VHWWLQJ�<W� �

a�

>����S�����@�� )RU� D� WLPH�LQKRPRJHQHRXV� FKDLQ�;W�ZLWK� D� VKDUHG�HLJHQYHFWRU�Z� EXW�GLIIHULQJ�
HLJHQYDOXHV�[U�DW�HDFK�HSRFK�U��WKH�VWDQGDUG�DUJXPHQW�GHPRQVWUDWHV�WKDW�<W� � �� " �9���A���
LV�D�PDUWLQJDOH�� 7KH� EDVLF� SURSHUW\�(�<W��  � (�<T�� JLYHV� XV�(�<W�� IRU�IUHH�ZKHQHYHU� <R� LV�
FRQVWDQW��

7KH�PDUWLQJDOH� FRQVWUXFWLRQ�PDNHV� LW�SRVVLEOH� WR�FDOFXODWH� WKH�PRPHQWV� RI�WKH�QXPEHU�RI�RQ�
EXOEV�;W� � P�� DW�HSRFK� W��:H� ZLOO� UHVW�FRQWHQW�ZLWK� WKH�ILUVW�WZR�PRPHQWV�� )RU� WKH�PHDQ� RI�
WKH�FRPSRVLWLRQ� FKDLQ��WKH�UHOHYDQW�HLJHQYDOXH� DQG�HLJHQYHFWRU�DUH�

�V�
"Q�?$�  � ��!� .Q�?M�P?�� P���  � �P��

�� Q��
Q�

)RU� WKH�VHFRQG�PRPHQW� RI�WKH�FRPSRVLWLRQ� FKDLQ��WKHVH�EHFRPH�

��� �V�V�
��

��� Q�Q�
��

���
"L�����

 �
��������� "Z������0�� P���

 ��a�K� �P��P��
��

UL���Q� Q�Q�
"�

�����

:LWK� WKHVH�LGHDV�LQ�PLQG��ZH� VWDWH�DQG�SURYH�D�SURSRVLWLRQ�JHQHUDOL]LQJ�YDULRXV�UHVXOWV�RI�5DR� HW�
DO� >��@��

3URSRVLWLRQ� ��� 6XSSRVH� WKDW�V?��V��� "��� LV�D� VZLWFKLQJ�SDWWHUQ� LQ�WKH�OLJKW�EXOE�SUREOHP�ZLWK�Q�
WRWDO�EXOEV�� ,I�;W� LV�WKH�QXPEHU�RI�RQ�EXOEV�DIWHU�W�VWHSV�WKHQ�

(�;W� ,�;���  �

�;��K�;T�?� �� B� �VU�Q�"���?�

Q�Q�O�� �� Q�Q�O�� ��
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7KH�GLVWULEXWLRQ�RI;W� JLYHQ�;T� FDQ�EH�H[SUHVVHG�DV�

3Y�;W� \?;��  � [��

 �
������W�Q�)O��W��VU��Q����Y\�� N R�9 L�

3URRI�� *LYHQ� RXU� LGHQWLILFDWLRQ�RI�WKH�DSSURSULDWH�PDUWLQJDOHV�� WKH�GLVSOD\HG� IRUPXODH�IRU�
WKH�ILUVW�WZR�PRPHQWV� DUH�VWUDLJKWIRUZDUG�WR�GHULYH�� 7KH� LGHQWLW\�IRU�WKH�GLVFUHWH�GHQVLW\�LV�D�

FRQVHTXHQFH� RI�WKH�IROORZLQJ�JHQHUDO�FRQVLGHUDWLRQV��/HW�7U�EH�WKH�NHUQHO�RI�DQ�LQKRPRJHQHRXV�
0DUNRY� FKDLQ�DW�VWHS�U�� 6XSSRVH� WKDW�WKH�7U�DUH�UHYHUVLEOH�DQG�SRVVHVV� D�FRPPRQ�EDVLV� ^YO`�
RI�URZ�HLJHQYHFWRUV�DQG�D�FRUUHVSRQGLQJ�EDVLV� RI�FROXPQ�HLJHQYHFWRUV� ^Z�`��7KH� ELRUWKRJRQDO�
GHFRPSRVLWLRQ� 7U� � -�W�\UL:O�YO�WKHQ�OHDGV� WR�WKH���VWHS�NHUQHO�

U O�9� L� ��

ZKHUH� LV�WKH�FRPPRQ�HTXLOLEULXP�GLVWULEXWLRQ�DQG� WKH�\U"�DUH�WKH�HLJHQYDOXHV�� 7R� DSSO\� WKLV�
UHVXOW�WR�RXU� VSHFLILF�FKDLQ��ZH�PHUHO\� FROOHFW� WKH�HLJHQYDOXHV� IURP����� DQG�HTXDWH� WR�WKH�
ELQRPLDO� GLVWULEXWLRQ��Q��A���

����� &RDOHVFHQFH� WLPHV�IRU�D�PXOWL�SHUVRQ� UDQGRP�ZDON� RQ�D�JUDSK�

,W�LV�ZHOO� NQRZQ� WKDW�DQ\�UHYHUVLEOH�0DUNRY� FKDLQ�FDQ�EH� LQWHUSUHWHG�DV�D�UDQGRP�ZDON� RQ�
D�JUDSK�� 7KLV� IDFW�VXJJHVWV�UHSKUDVLQJ�RXU�SURFHVV� DV� D�PXOWL�SHUVRQ� UDQGRP�ZDON�� 7KXV��
ZH� HQYLVLRQ� SHRSOH� GLVWULEXWHG�RQ� WKH�YHUWLFHV�RI�D�JUDSK�ZKRVH� DUFV�DUH�DVVLJQHG�ZHLJKWV�
DFFRUGLQJ� WR�WKH�HQWULHV�RI�WKH�PXWDWLRQ�NHUQHO�0�� $W�HDFK� VWHS��ZH� UDQGRPO\�FKRRVH� V�SHRSOH�
DQG�PRYH� WKHP�LQGHSHQGHQWO\�WR�QHLJKERULQJ�YHUWLFHV�� 7KH� FRPSRVLWLRQ� FKDLQ� UHFRUGV� WKH�
QXPEHU�RI�SHRSOH� ORFDWHG�DW�HDFK�YHUWH[�DW�HDFK�HSRFK��

&RDOHVFHQW� WLPHV�DUH�DPRQJ� WKH�PRVW� LQWHUHVWLQJ�UDQGRP�YDULDEOHV� DULVLQJ�LQ�D�FRPSRVLWLRQ�
FKDLQ�� %\� D�FRDOHVFHQW� WLPH�ZH�PHDQ� WKH�QXPEHU�RI�VWHSV�XQWLO�DOO� SHRSOH�PHHW� DW�D�JLYHQ�
YHUWH[��5HFHQWO\��7L�DQ�DQG�/LX� >��@�KDYH� DWWDFNHG�WKH�SUREOHP�RI�FDOFXODWLQJ�PHDQ� FRDOHVFHQW�
WLPHV�IRU�FRQWLQXRXV�WLPH�ZDONV� XVLQJ�WKH�PDFKLQHU\�RI�WHQVRU�SURGXFWV��7KHLU�H[DFW�UHVXOWV�DUH�
OLPLWHG�WR�XQZHLJKWHG�UHJXODU�JUDSKV��:H� QRZ�WDFNOH�WKH�VDPH�SUREOHP�IRU�GLVFUHWH�WLPH�ZDONV�
RQ�ZHLJKWHG� JUDSKV�IRU�JHQHUDO�V��2XU� VWUDWHJ\�LV�WR�GHULYH�WKH�SUREDELOLW\�JHQHUDWLQJ�IXQFWLRQV�
RI�WKH�FRDOHVFHQW� WLPHV�DQG�H[WUDFW�IURP�WKHP�WKHLU�PRPHQWV� DQG�DSSUR[LPDWH�SUREDELOLWLHV��
:H� EHJLQ�ZLWK�D�JHQHUDO�0DUNRY� FKDLQ�;P�ZLWK�NHUQHO�.�� )RU� WZR�VWDWHV� DQG�\��ZH� GHILQH�

WKH�ILUVW�KLWWLQJ�WLPH�7[\�
 � LQI�̂M�!� ����;M�

 � \��;R�  � [`��:KHQ�  � \��7[[� LV�WKH�ILUVW�UHWXUQ�
WLPH�WR� ��7R�7[\�DQG� ZH� DVVRFLDWH� WKH�JHQHUDWLQJ�IXQFWLRQV�

2&� ���

� �� � ��

,W�LV�ZHOO� NQRZQ� WKDW�*W[[�]�� DQG�*N[[�]�� DUH� LQWLPDWHO\�UHODWHG� >�@�� >�@�� ,QGHHG�� WKH�WZR�

�.�BN"�Q�[�[�."QBNWN�Q�\�\���
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0XOWLQRPLDO� 0DUNRY� FKDLQV� ����

FRQYROXWLRQ�UHODWLRQV�

M�

�.M�[[�  � ?^M �`��� ��  � ��� A�� ��
L� � ?�

M�

�.
�[[�  �"!�799�
 �

L��.-�O�\\�� ��
L� � ?�

LPPHGLDWHO\�WUDQVODWH�LQWR�WKH�LGHQWLWLHV�

*N[[8��
 � ���� *7[[�]�*.[[�]��� *.[\�]��

 �
*7[\�]�*.\\�� ��� � \��

7KHVH� LQ�WXUQ�HQWDLO�

��*.[[;]��

,I� LV�UHYHUVLEOH��ZH�FDQ�H[SORLW�LWV�ELRUWKRJRQDO�GHFRPSRVLWLRQ�
 �

A�
"�\"�X!]�YO�WR�FDOFXODWH�

*N[�;]�� DQG�KHQFH�*W[`;]��� 9LHZLQJ� *N[`;]��
DV�DQ�HQWU\�RI�D�PDWUL[��*N�]�� HDVLO\� OHDGV� WR�

WKH�UHSUHVHQWDWLRQ�

2&�

�XU9��

� �� "� "�

+HUHZ���  � ���\L� � O�DQG�9�7�  � GLDJ��� ��Z-
IRUDOL�\��ZKHUH� LV�WKH�HTXLOLEULXP�GLVWULEXWLRQ��

7R� FDOFXODWH� WKH�PHDQ� (�7;;���ZH� LPSRVH�HUJRGLFLW\�DQG�WDNH�WKH�OLPLW�RI�

O�*7[[�]�� ����

���� ����� ]�*.[[�]�� ���
��

".A�2�
�� <L=��

DV� WHQGV�WR���IURP�WKH�OHIW��,Q�WKH�OLPLW��(�7;;��  � ���� RQH�RI�WKH�PRVW� EDVLF� LGHQWLWLHV�RI�

0DUNRY� FKDLQ� WKHRU\��)RU� WKH�FDVH� LQ�ZKLFK� ��WKH�GLIIHUHQFH�TXRWLHQW�GHILQLQJ�(�7[\��
DPRXQWV� WR�

O�*7[\�]�� B� O�*.[\;]��*.\\;]�� B�(M�����.���O�<L"��

O�]�
a�

?�]�
a�

<-O�?�]�ZO\Y\^?�<O]��

%HFDXVH� Z?Y?�
 �

Z?YO"� WKH�OLPLW�RI�WKH�GLIIHUHQFH�TXRWLHQW�UHGXFHV� WR�

(L!L.��:�.���
(�7;;�� �

ZOYO�

�!��
�� \L�

7KH�QH[W�SURSRVLWLRQ�VXPPDUL]HV�RXU�FRQFOXVLRQV� DERXW�KLWWLQJ�WLPHV�IRU�FRPSRVLWLRQ�FKDLQV��
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���� K��]KRX� DQG� ��ODQJH�

3URSRVLWLRQ� ��� )RUD� UHYHUVLEOH�FRPSRVLWLRQ�FKDLQ��WKH�JHQHUDWLQJ�IXQFWLRQV�RI�WKH�KLWWLQJ�WLPHV�

L[�DQG� DUH�

*7X�]��
 � O�

�� ��� L�D�

*7���]��
.A�."�\���O�

�� "K]��

AQ.W�\�.O�\�O�?�"Q]\�

ZKHUH� WKH�HLJHQYDOXHV� ""� DUH� GHILQHG�E\� ���� DQG� WKH�FROXPQ� HLJHQYHFWRUV�.A�[��
DUH� WKH�

QRUPDOL]HG�PXOWLYDULDWH�.UDZWFKRXN� SRO\QRPLDOV�� ,I�WKH�PXWDWLRQ� NHUQHO�0� LV�HUJRGLF� LQ�
DGGLWLRQ� WR�EHLQJ�UHYHUVLEOH��WKHQ�WKH�KLWWLQJ�WLPHV�DUH�ILQLWH�ZLWK�SUREDELOLW\� ��DQG�KDYH�PHDQV�

+L��A��

(��MY��
"� H�

."�\�>."�\��
�� ��� �@�

���� "K�
\��

:KHQ�  � QHL�DQG�\� � QHM�� WKH�KLWWLQJ�WLPHV�DUH� H[DPSOHV� RI�FRDOHVFHQW� WLPHV��DQG�ZH� KDYH�
WKH�VLPSOHU�IRUPXODH��

""�"� �� � ��

*7OLHMB"HM�
 �

�� �"��
��"� !�
��

���� "D]�

���� "U�]�

N?�Q�

���� "K=�
L� M��

DQG�

"@�

Q/L�A��
X�QWL.A�
X�
��

"K�
L� M�

([DPSOH� ��� �0XOWL�SHUVRQ�UDQGRP�ZDON�RQ�D�FLUFOH����7LDQ� DQG�/LX� >��@�FRQVLGHUHG�D�V\PPHWULF�
UDQGRP�ZDON� RQ� WKH�YHUWLFHV�RI�D� UHJXODU�SRO\JRQ�� $W� HDFK� VWHS�WKH�SHUVRQ� H[HFXWLQJ� WKH�
FKDLQ�PRYHV� FORFNZLVH� RU�FRXQWHUFORFNZLVH� RQH�YHUWH[��7KH� FKDLQ� LV�FOHDUO\�UHYHUVLEOH�ZLWK�
WKH�XQLIRUP�GLVWULEXWLRQ�DV� LWV�HTXLOLEULXP�GLVWULEXWLRQ��%HFDXVH� WKH�PXWDWLRQ�PDWUL[�0� IRU�

DUELWUDU\�G� LV�D�FLUFXODQW�PDWUL[�� LWV�HLJHQYDOXHV� DQG�HLJHQYHFWRUV� FDQ�EH� HDVLO\� H[WUDFWHG�YLD�
WKH� ILQLWH� )RXULHU� WUDQVIRUP�� 7KH� HLJHQYDOXH�

 � ��FRUUHVSRQGV� WR� WKH� FROXPQ� HLJHQYHFWRU�
Z[�"� ���:KHQ� G� LV�HYHQ��"�� LV�DQ�HLJHQYDOXH�ZLWK� WKH�HLJHQYHFWRU�ZGA��[� KDYLQJ� HQWULHV�G���?�Z� 
�  � �"?�M� ���7KH� UHPDLQLQJ�HLJHQYDOXHV� KDYH�PXOWLSOLFLW\����)RU�HDFK�N�EHWZHHQ���DQG�
O�G��� ����-��ZH� KDYH� WKH�VKDUHG�HLJHQYDOXH� DQG�SDLUHG�HLJHQYHFWRUV�


�Q�N�
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����

9�� FRV�
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YG�N���  �9�� VLQ� �Q�M�� O��N�� ���

This content downloaded  on Thu, 21 Feb 2013 00:43:27 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


0XOWLQRPLDO� 0DUNRY� FKDLQV� ����

)RU�FRPSDULVRQ�ZLWK�WKH�UHVXOWV�RI�7LDQ� DQG�/LX� >��@��ZH� FRQVLGHU�WKH�WZR�FDVHV� FKDUDFWHUL]HG�

E\�  � G�"� ��DQG�  � G� � ��� ,I�DOO� SHRSOH� VWDUW�DW�GLIIHUHQW�YHUWLFHV��DQG�ZH�PRYH� RQH�

SHUVRQ�DW�D� WLPH��V�"� ����WKHQ�DSSOLFDWLRQ� RI�3URSRVLWLRQ� �� VKRZV� WKDW�LW�WDNHV�RQ�DYHUDJH� ���

VWHSV�IRU�WKUHH�SHRSOH� WR�PHHW� DW�D�VSHFLILF�YHUWH[�RI�D�WULDQJOH�DQG��������� VWHSV�IRU�IRXU�SHRSOH�
WR�PHHW� DW� D� VSHFLILF� YHUWH[� RI� D� VTXDUH��

6LQFH�ZH� KDYH� DW�RXU�GLVSRVDO� WKH�JHQHUDWLQJ�IXQFWLRQV�RI�WKH�FRDOHVFHQW� WLPHV��ZH� FDQ� VD\�
PRUH� >��@�� >��@��$Q\�SUREDELOLW\�JHQHUDWLQJ�IXQFWLRQ�

3�V�� �-A3NVN�
N ��

FDQ�EH�H[WHQGHG�WR�WKH�ERXQGDU\�RI�WKH�XQLW�FLUFOH� LQ�WKH�FRPSOH[�SODQH�YLD� WKH�HTXDWLRQ�

N ��

7KLV� FUHDWHV�D�SHULRGLF� IXQFWLRQ�LQ���ZKRVH� NWK�)RXULHU�FRHIILFLHQW�SN�FDQ�EH� UHFRYHUHG�YLD� WKH�
ILQLWH�5LHPDQQ� VXP�

M�
P�"� ?�

P�
SN� �� BB�

S�W�Q-�?M�QA��Q9�ONM�PA�

� ��

,Q�SUDFWLFH��ZH� HYDOXDWH� WKLV�ILQLWH�)RXULHU� WUDQVIRUP�YLD�WKH�IDVW�)RXULHU� WUDQVIRUP�DOJRULWKP�IRU�
VRPH� ODUJH�SRZHU�P�R"O�� )RU� VXIILFLHQWO\�ODUJH�UD��DOO�RI�WKH�FRHIILFLHQWV�SR�� ����� SP�?� FDQ�EH�

FRPSXWHG�DFFXUDWHO\��$FFXUDF\� FDQ�EH�FKHFNHG�E\�FRPSDULQJ� WKH�QXPHULFDOO\�FRPSXWHG�PHDQ�
RI� �V��ZLWK� LWV�WKHRUHWLFDO�PHDQ�� )LJXUHV� ��DQG���GLVSOD\� WKH�GLVFUHWH�GHQVLWLHV� FRPSXWHG�E\�
WKH�)RXULHU�PHWKRG� IRU�WKH�WZR�FRDOHVFHQW� WLPHV��

�����

�����

,� �����
%�

&RDOHVFHQW� WLPH�

)LJXUH� ����'LVWULEXWLRQ� RI� WKH�FRDOHVFHQW� WLPH� IRU�D� WKUHH�SHUVRQ� UDQGRP� ZDON� RQ� D� WULDQJOH�� $OO� SHRSOH�
VWDUW�IURP�GLVWLQFW� YHUWLFHV��
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�����
&RDOHVFHQW� WLPH�

)LJXUH� ��� 'LVWULEXWLRQ� RI� WKH�FRDOHVFHQW� WLPH� IRU�D� IRXU�SHUVRQ� UDQGRP� ZDON� RQ� D� VTXDUH�� $OO� SHRSOH� VWDUW�

IURP�GLVWLQFW� YHUWLFHV��

([DPSOH� ��� �0XOWL�SHUVRQ�UDQGRP�ZDON�RQ� WKH�IORZHU�JUDSK�)PA��� &RQVLGHU� WKH�IORZHU�JUDSK�
)PQ�ZLWK�P�SHWDOV�DQG� YHUWLFHV�SHU�SHWDO��$OO� HGJHV�KDYH�ZHLJKW� ���(DFK� SHWDO�FRPPXQLFDWHV�
WR�RWKHU�SHWDOV� WKURXJK�D� VKDUHG�KXE�YHUWH[��(UG� V�HW�DO�� >�@�FRQVLGHUHG� WKH�VSHFLDO� FDVH�)P���
$� VLQJOH�SHUVRQ�UDQGRP�ZDON� RQ�)PQ� LV�UHYHUVLEOH�ZLWK�HTXLOLEULXP�GLVWULEXWLRQ�SXWWLQJ�PDVV�

O�Q�RQ�WKH�KXE�YHUWH[�DQG�PDVV� O�PQ�RQ�DOO�RWKHU�YHUWLFHV��%R\G� HW�DO�� >�@�GHVFULEHG� LQ�GHWDLO�
WKH�VSHFWUDO�GHFRPSRVLWLRQ� RI�WKH�NHUQHO�RI�WKLV�UDQGRP�ZDON��$V� D� VHFRQG� LOOXVWUDWLRQ�RI�PHDQ�
FRDOHVFHQW� WLPHV��ZH� FRQVLGHU�D� WKUHH�SHUVRQ�UDQGRP�ZDON� RQ� WKH�IORZHU�JUDSK�)��� GHSLFWHG�
LQ�)LJXUH� ��� 7DEOH� ��OLVWV�WKH�PHDQ� FRDOHVFHQW� WLPHV�(�7QHL-LHM�� IRU����M�  � ������������ ,W�LV�

LQWHUHVWLQJ�WKDW�WKHVH�PHDQV� GHFUHDVH� DV� WKH�QXPEHU�V�RI�ZDONHUV�PRYHG� SHU�HSRFK� LQFUHDVHV��
7KLV� SKHQRPHQRQ� LV�QRW�XQLYHUVDO��

)LJXUH� ��� 5DQGRP� ZDON� RQ� WKH�IORZHU� JUDSK� )����
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7DEOH� ����0HDQ� FRDOHVFHQW� WLPHV� IRU� D� WKUHH�SHUVRQ� UDQGRP� ZDON� RQ� WKH�IORZHU� JUDSK� )���� 7KH� QXPEHU�

RI�YHUWLFHV� G� LV���� WKH�QXPEHU� RI�ZDONHUV� PRYHG� SHU� HSRFK� LV�V�� DQG� WKH� VWDUWLQJ� DQG� HQGLQJ� VWDWHV� DUH� QHW�
IRU� �� � ������ ������ 6HH� )LJXUH� �� IRU� WKH� ODEHOV� RI� WKH�VHYHQ� YHUWLFHV��

V� � ��

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

V� � ��

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

� ��

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

���'LVFXVVLRQ�

6\PPHWU\� LV�RQH� RI� WKH�FHQWUDO� WKHPHV�RI�PDWKHPDWLFV�� ,Q� WKH�FXUUHQW�SDSHU�ZH� KDYH�

H[SORLWHG� V\PPHWU\�LQ�WKH�JXLVH�RI�VWDWH�OXPSLQJ�DQG�UHYHUVLELOLW\��7KLV�SHUVSHFWLYH�FODULILHV�WKH�

P\VWHULRXV�QDWXUH�RI�*ULIILWKV
�PXOWL�YDU"DWH�.UDZWFKRXN� SRO\QRPLDOV�� 7KH� HPHUJHQFH�RI�WKHVH�

SRO\QRPLDOV� DV�HLJHQIXQFWLRQV�HPSKDVL]HV� WKHLU�SUDFWLFDO� LPSRUWDQFH�DQG�RSHQV� D�ZLQGRZ� RI�

XQGHUVWDQGLQJ�RQ�WKH�FRQYHUJHQFH�UDWH�RI�VHYHUDO�FODVVLFDO� DQG�PRGHUQ�0DUNRY� FKDLQV��(TXDOO\�
LPSRUWDQW�DUH� WKH�DSSOLFDWLRQV� RI� WKH�.UDZWFKRXN� SRO\QRPLDOV� LQ�IRUPLQJ�PDUWLQJDOHV� DQG�

FDOFXODWLQJ� PHDQ� FRDOHVFHQFH� WLPHV��

,Q�RXU�H[DPSOHV� WKH�SHUPXWDWLRQ�JURXS�GULYHV� V\PPHWU\��:H� FDQ� LPDJLQH�RWKHU�JURXSV�
SOD\LQJ� WKH�VDPH�UROH�� ,Q�FRQYHUVDWLRQ�ZLWK�XV��3HUVL�'LDFRQLV� VXJJHVWHG�D�QRYHO�YDULDQW�RI�WKH�

OLJKW�EXOE�FKDLQ�WKDW�KH�FDOOV� WKH�SRWDWR�FKDLQ��$� FKHI�EDNHV� D�FLUFOH�RI� SRWDWRHV�� (DFK� SRWDWR�
KDV� WZR�VLGHV��$W�HDFK� VWHS��WKH�FKHI�UDQGRPO\�IRUNV�D�VSDQ�RI�V�SRWDWRHV�DQG�IOLSV�WKHP��,Q�RXU�
WHQVRU�SURGXFW�QRWDWLRQ��WKH�SURGXFW�FKDLQ�KDV� WKH�NHUQHO�

��
Q�

0V�  �
��<A� ,�"� ��""�"� ,�"� 0� "� "��� "� 0� "� ,�"� "��� "� ,��A�

N ?�

+HUH�0� LV�WKH�PXWDWLRQ�PDWUL[� ������DQG�WKH�NLK�VXPPDQG�KDV�0� LQVHUWHG�LQWR�VORWV�	�����"� ��
V�"� ��RI� WKH� WHQVRU� SURGXFW�� :KHQ� N� �?��V�

"� ��!� ��ZH� ZUDS� WKH� H[WUD� NHUQHOV� RQ� WKH� OHIW�RI� WKH�

WHQVRU�SURGXFW��$OWKRXJK� WKH�SURGXFW�FKDLQ� LV�UHGXFLEOH�� LW�FDQ�EH�GLDJRQDOL]HG� E\�RXU�SUHYLRXV�
DUJXPHQWV�� ,Q�WKLV�FDVH�� WKH�SHUPXWDWLRQ�JURXS�PXVW� EH� UHSODFHG�E\� WKH�JURXS�JHQHUDWHG�E\�
DGGLWLRQ�PRGXOR� Q��:LWK� WKLV�SURYLVR�� WKH�JURXS�DFWLRQ�RI�HQWU\�VKLIWLQJ�LV�FRQVLVWHQW�ZLWK�

OXPSLQJ��1RZ�� KRZHYHU��ZH�PXVW� OXPS�E\�RUELWV�UDWKHU�WKDQ�E\�FRXQWV��DQG� WKH�PXOWLQRPLDO�
GLVWULEXWLRQ�QR� ORQJHU�SUHYDLOV�� )RU� LQVWDQFH��LI� LV�HYHQ� DQG�V� � ��� WKH�WZR�QRQHTXL�YDOHQW�
VWDWHV� ���� ������ ��� ����� ��� ��� DQG� ���� ��� ��� ��� ����� ��� ���KDYH� WKH� VDPH� FRXQWV��
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,Q�VRPH�FDVHV�� WKH�HLJHQVWUXFWXUH�RI�WKH�ORZHU�OXPSHG�FKDLQ�LV�NQRZQ��EXW�WKH�HLJHQVWUXFWXUH�
RI�WKH�XSSHU�FKDLQ� LV�XQNQRZQ�� )DFW� ��DOORZV� XV� WR�OLIW�HLJHQYHFWRUV� IURP�WKH�ORZHU�FKDLQ� WR�
WKH�XSSHU�FKDLQ��)RU� UHYHUVLEOH�FKDLQV�� WKH�DQDORJ� RI�)DFW� ���VD\V�WKDW�OLIWLQJ�SUHVHUYHV�QRUPV�

DQG�RUWKRJRQDOLW\��7KHVH� UHVXOWV�SRVH� WKH�FKDOOHQJH� RI�ILOOLQJ�LQ�WKH�PLVVLQJ� HLJHQYDOXHV� DQG�

HLJHQYHFWRUV�RI�WKH�XSSHU�FKDLQ��:H� NQRZ� RI�QR� V\VWHPDWLF�ZD\� RI�DFKLHYLQJ� WKLV��EXW� LW�LV�

SRVVLEOH� LQ�VSHFLDO� FLUFXPVWDQFHV��7KH� SXULQH�S\ULPLGLQH�OXPSLQJ�LQ�.LPXUD
V� FKDLQ� LV�D�FDVH�

LQ�SRLQW��
$QRWKHU� FODVV�RI�RSHQ�SUREOHPV� LV�WR�H[WHQG�RXU�UHVXOWV�WR�LQWHUDFWLQJ�SDUWLFOHV��)LQGLQJ� WKH�

FRPSOHWH� HLJHQVWUXFWXUH�RI�WKH�0RUDQ� SURFHVV� LQ�SRSXODWLRQ� JHQHWLFV� LV�D�JRRG� SODFH� WR�VWDUW��
+HUH� WKH�SDUWLFOHV�DUH� LGHQWLFDO��DQG� WKH�FRXQW�SURFHVV� LV�ZHOO� GHILQHG��EXW�WKH�UHSODFHPHQW�RI�
RQH�SDUWLFOH� LV�WLHG�WR�WKH�VWDWH�RI�DQRWKHU�SDUWLFOH��$OWKRXJK� UHVROXWLRQ�RI�WKLV�DQG�VLPLODU�RSHQ�

SUREOHPV� LV�LQWULQVLFDOO\�PRUH� GLIILFXOW�WKDQ�WKH�VLPSOHU�SUREOHPV� IDFHG�KHUH��ZH� EHOLHYH� WKDW�
RXU�DQDO\VLV�RIIHUV�KHOSIXO�FOXHV��

$FNQRZOHGJHPHQWV�

:H� WKDQN�%RE�*ULIILWKV�IRU�KHOS�RQ�PXOWLYDULDWH�.UDZWFKRXN� SRO\QRPLDOV� DQG�3HUVL�'LDFRQLV�
IRU�FRQWLQXRXV� HQFRXUDJHPHQW� RI� WKLV�UHVHDUFK�� +XD� =KRX� ZDV� VXSSRUWHG�E\�16)� JUDQW�
'06��������� .HQQHWK�/DQJH�ZDV� VXSSRUWHG�E\�1,+� JUDQWV�*0������ DQG�0+�������

5HIHUHQFHV�

>�@� %DUU�� ��5�� DQG� 7KRPDV�� 0�� 8�� �������� $Q� HLJHQYHFWRU� FRQGLWLRQ� IRU�0DUNRY� FKDLQ� OXPSDELOLW\��2SHUDL�� 5HV��

��������������
>�@� %R\G�� 6���'LDFRQLV�� 3���3DUULOR�� 3�� DQG� ;LDR�� /�� �������� 6\PPHWU\� DQDO\VLV� RI� UHYHUVLEOH�0DUNRY� FKDLQV��

,QWHUQHW�0DWK�� ����������

>�@� &REE� *��:�� DQG� &KHQ�� <�3�� �������� $Q� DSSOLFDWLRQ� RI�0DUNRY� FKDLQ�0RQWH� &DUOR� WR�FRPPXQLW\� HFRORJ\��$PHU��
0DWK�� 0RQWKO\� ��������������

>�@� 'LDFRQLV�� 3�� �������� *URXS� 5HSUHVHQWDWLRQV� LQ�3UREDELOLW\� DQG� 6WDWLVWLFV�� ,QVWLWXWH�RI�0DWKHPDWLFDO� 6WDWLVWLFV��

+D\�ZDUG�� &$��

>�@� 'LDFRQLV�� 3���.KDUH�� .�� DQG� 6DORII�&RVWH�� /�� �������� *LEEV� VDPSOLQJ�� H[SRQHQWLDO� IDPLOLHV� DQG�RUWKRJRQDO�
SRO\QRPLDOV�� 6WDWLVW��6FL�� ���� ���������

>�@� (UG� V��3���5"Q\L�� $�� DQG� 6"V�� 9��7�� �������� 2Q� D�SUREOHP� RI�JUDSK� WKHRU\��6WXGLD� 6FL��0DWK�� +XQJ�� �����������
>�@� )HOOHU�� :�� �������� $Q� ,QWURGXFWLRQ� WR�3UREDELOLW\� 7KHRU\��DQG� ,WV�$SSOLFDWLRQV�� 9RO�� ,���UG�HGQ��-RKQ�:LOH\�� 1HZ�

<RUN��

>�@� *UDKDP�� 5�� /���.QXWK�� '�� (�� DQG� 3DWDVKQLN�� 2�� �������� &RQFUHWH�0DWKHPDWLFV�� $�)RXQGDWLRQ� IRU�&RPSXWHU�
6FLHQFH�� $GGLVRQ�:HVOH\�� 5HDGLQJ�� 0$��

>�@� *ULIILWKV�� 5��&�� �������� 2UWKRJRQDO� SRO\QRPLDOV� RQ� WKH�PXOWLQRPLDO� GLVWULEXWLRQ��$XVWUDO�� -��6WDWLVW�� �����������

>���@�*ULIILWKV�� 5��&�� �������� 1RWHV� RQ� SUREDELOLVWLF� RULJLQ�IRU�D�QHZ�FODVV� RI�ELYDULDWH� SRO\QRPLDOV
� E\�0�� 5��+RDUH�
DQG�0�� 5DKPDQ�� 8QSXEOLVKHG� QRWHV��

>��@� +HQULFL�� 3�� �������� )DVW� )RXULHU�PHWKRGV� LQ�FRPSXWDWLRQDO� FRPSOH[� DQDO\VLV�� 6,$0� 5HY�� ���� ���������

>���@�+RDUH�� 0�� 5�� DQG� 5DKPDQ�� 0�� ��������$� SUREDELOLVWLF� RULJLQ� IRU�D�QHZ� FODVV� RI�ELYDULDWH� SRO\QRPLDOV�� 6,*0$�

��������

>���@� ,VPDLO�� ��(��+�� �������� &ODVVLFDO� DQG�4XDQWXP� 2UWKRJRQDO� 3RO\QRPLDOV� LQ�2QH� 9DULDEOH� �(QF\FORSDHGLD� 0DWK��

$SSL�� ����� &DPEULGJH� 8QLYHUVLW\� 3UHVV��

>��@� ,OLHY�� 3��DQG� ;X�� <�� �������� 'LVFUHWH� RUWKRJRQDO� SRO\QRPLDOV� DQG�GLIIHUHQFH�HTXDWLRQV� RI�VHYHUDO�YDULDEOHV�� $GY��
0DWK�� ����� ������

>��@� .DF�� 0�� �������� 5DQGRP� ZDON� DQG� WKH�WKHRU\�RI�%URZQLDQ� PRWLRQ�� $PHU��0DWK�� 0RQWKO\� ���� ���������

>��@� .DUOLQ�� 6�� DQG�0F*UHJRU�� -���������� (KUHQIHVW� XUQ�PRGHOV�� -��$SSL�� 3URE�� ������������

>��@� .DUOLQ�� 6�� DQG� 7D\ORU�� +��0�� �������� $�)LUVW�&RXUVH� LQ�6WRFKDVWLF� 3URFHVVHV�� $FDGHPLF� 3UHVV��1HZ� <RUN��

>���@�.DUOLQ�� 6�� DQG� 7D\ORU�� +��0�� ����������$� 6HFRQG� &RXUVH� LQ�6WRFKDVWLF� 3URFHVVHV�� $FDGHPLF� 3UHVV��1HZ� <RUN��

>��@� .HP"Q\�� -��*�� DQG� 6QHOO�� -��/�� �������� )LQLWH�0DUNRY� &KDLQV�� 6SULQJHU��1HZ� <RUN��

>��@� .KDUH�� .�� DQG� =KRX�� +�� �������� 5DWHV� RI�FRQYHUJHQFH� RI� VRPH�PXOWLYDULDWH�0DUNRY� FKDLQV�ZLWK� SRO\QRPLDO�
HLJHQIXQFWLRQV�� 7R� DSSHDU� LQ�$QQ��$SSL�� 3URE��

>���@�.L085$��0�� �������� $� VLPSOH�PHWKRG� IRU�HVWLPDWLQJ�HYROXWLRQDU\� UDWHV�RI�EDVH� VXEVWLWXWLRQV� WKURXJK�FRPSDUDWLYH�
VWXGLHV�RI�QXFOHRWLGH� VHTXHQFHV�� -��0ROHF�� (YRO�� ���� ���������
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>��@� /DQJH�� ���������� 1XPHULFDO� $QDO\VLV� IRU�6WDWLVWLFLDQV�� 6SULQJHU��1HZ�<RUN��

>��@� /D]]HURQL�� /�� &�� DQG� /DQJH�� ���������� 0DUNRY� FKDLQV� IRU�0RQWH� &DUOR� WHVWV�RI� JHQHWLF� HTXLOLEULXP� LQ�

PXOWLGLPHQVLRQDO� FRQWLQJHQF\� WDEOHV��$QQ�� 6WDWLVW�� ���� ���������

>��@� 5DR�� &�� 5��� 5DR�� ��%�� DQG� =KDQJ�� +�� �������� 2QH� EXOE"�7ZR� EXOEV"� +RZ� PDQ\� EXOEV� OLJKW�XS"D� GLVFUHWH�

SUREDELOLW\� SUREOHP� LQYROYLQJ�GHUPDO� SDWFKHV�� 6DQNK\"� ���� ���������

>��@� 7LDQ�� -��3��DQG� /LX�� =�� �������� &RDOHVFHQW� UDQGRP�ZDONV� RQ�JUDSKV�� -��&RPSLD�� $SSL��0DWK�� ����� ���������
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