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�

)LVVLRQ� SURGXFW� FRQWDLQPHQW� JODVVHV� DUH� ILUVW� PDWULFHV� IRU� ZKLFK� ORQJ�WHUP� EHKDYLRU� VWXGLHV� ZHUH�
XQGHUWDNHQ�� $� VXEVWDQWLDO� ERG\� RI� UHVXOWV� KDV� EHHQ� REWDLQHG� RYHU� WKH� ODVW� WZHQW\� \HDUV�� LQWHUQDWLRQDO�
VFLHQWLILF� FRRSHUDWLRQ� SURJUDPV� KDYH� EHHQ� GHYHORSHG�� DQG� D� VWULFW� PHWKRGRORJ\� KDV� SURJUHVVLYHO\� EHHQ�
GHILQHG�WR�SUHGLFW�WKH�EHKDYLRU�RI�WKHVH�PDWHULDOV�RQ�D�WLPH�VFDOH�RI�VHYHUDO�WHQV�RI�WKRXVDQGV�RI�\HDUV��

1XFOHDWLRQ�DQG�JURZWK� VWXGLHV� FRPELQHG�ZLWK�NLQHWLF�PRGHOV�KDYH�GHPRQVWUDWHG� WKH� WKHUPDO�VWDELOLW\�RI�
WKLV�JODVV�XQGHU�ERWK�LQWHULP�VWRUDJH�DQG�XOWLPDWH�GLVSRVDO�FRQGLWLRQV��

6HOI�LUUDGLDWLRQ�HIIHFWV�KDYH�EHHQ�VWXGLHG�XVLQJ�α�GRSHG�JODVV�VSHFLPHQV��H[WHUQDO� LUUDGLDWLRQ�H[SHULPHQWV�
DQG� DWRPLVWLF�PRGHOV��7KH� UHVXOWV� RI� WKHVH� VWXGLHV� FRQYHUJH� WR�GHPRQVWUDWH� WKH� H[FHOOHQW� VHOI�LUUDGLDWLRQ�
UHVLVWDQFH�RI�WKLV�W\SH�RI�JODVV³GXH�QRWDEO\�WR�WKH�FDSDELOLW\�RI�WKH�JODVV�QHWZRUN�WR�UHFRYHU�LWV�VWUXFWXUH�
IROORZLQJ�GDPDJH�DULVLQJ�IURP�UHFRLO�QXFOHL��

7KH� YHU\� QXPHURXV� VWXGLHV� FDUULHG� RXW� WR� LQYHVWLJDWH� DQG�PRGHO� WKH� DTXHRXV� DOWHUDWLRQ�PHFKDQLVPV� RI�
WKHVH�JODVVHV�DQG�WR�DVVHVV�WKH�HIIHFWV�RI�HQYLURQPHQWDO�FRQGLWLRQV�FDQ�RQO\�EH�EULHIO\�VXPPDUL]HG�LQ�WKLV�
SDSHU��2XU�FXUUHQW�XQGHUVWDQGLQJ�RI�WKHVH�FRPSOH[�SKHQRPHQD�LV�VXIILFLHQW�WR�DOORZ�D�SUHOLPLQDU\�HVWLPDWH�
RI� WKH� OLIHWLPH� RI� D� JODVV� SDFNDJH� LQ� D� VSHFLILHG� HQYLURQPHQW�� ,Q� DQ� RSWLPL]HG� EXW� UHDOLVWLF� GLVSRVDO�
HQYLURQPHQW��WKH�SDFNDJH�OLIHWLPH�ZLOO�ODUJHO\�H[FHHG�D�PLOOLRQ�\HDUV��

��� ,QWURGXFWLRQ�

)LVVLRQ�SURGXFWV�DFFRXQW�IRU�RQO\���WR����RI�WKH�WRWDO�VSHQW�IXHO�PDVV��EXW�FRQWDLQ�RYHU�
����RI�WKH�DFWLYLW\�SURGXFHG�LQ�WKH�UHDFWRU��,Q�PDQ\�FRXQWULHV��WKH�ILVVLRQ�SURGXFW��)3��
VROXWLRQV�JHQHUDWHG�E\�UHSURFHVVLQJ�DUH�FRQYHUWHG�LQWR�D�VWDEOH��LQHUW�VROLG�ZDVWHIRUP�E\�
YLWULILFDWLRQ��

,Q�)UDQFH��WKH�ILUVW�LQGXVWULDO�YLWULILFDWLRQ�IDFLOLW\��´$90µ��VWDUWHG�DW�0DUFRXOH�LQ��������
DQG�ZDV� IROORZHG�E\� WKH�FRQVWUXFWLRQ�RI� WZR�RWKHUV�SODQWV� WKDW� VWDUWHG� LQ�/D�+DJXH� LQ�
�����DQG��������WKH�VR�FDOO�´5�µ	µ7�µ�IDFLOLWLHV���

��
)LJXUH����3RXULQJ�D�JODVV�PHOW�LQ�DQ�LQGXVWULDO�IDFLOLW\�

�,Q� WKH� VDPH� WLPH� WKH� &($� DOVR� EHJDQ� LQYHVWLJDWLQJ� WKH� ORQJ�WHUP� EHKDYLRU� RI� WKH�
UHVXOWLQJ� JODVV�� D� VFLHQWLILF� PHWKRGRORJ\� ZDV� JUDGXDOO\� GHYHORSHG� DQG� SHUIHFWHG�� 7KH�
REMHFWLYH� ZDV� QRW� VR�PXFK� WR� GHYLVH� D� FRPSOH[� ORQJ�WHUP� EHKDYLRU� H[SHULPHQW� DV� WR�
LQYHVWLJDWH� VHSDUDWHO\� HDFK� RI� WKH� EDVLF� PHFKDQLVPV� WKDW� FRXOG� DIIHFW� WKH� JODVV�
FRQWDLQPHQW�SURSHUWLHV�� WR�HYDOXDWH� WKHLU�NLQHWLFV��DQG�WR�GHYHORS�PRGHOV� LQFRUSRUDWLQJ�
WKH�NLQHWLF�HYROXWLRQ�RI�WKH�SKHQRPHQD�WKDW�KDYH�D�VLJQLILFDQW�HIIHFW�RYHU�WKH�WLPH�VFDOH�
FRQVLGHUHG��$�YDVW�UHVHDUFK�SURJUDP�ZDV�XQGHUWDNHQ�MRLQWO\�ZLWK�WKH�OHDGLQJ�)UHQFK�DQG�
LQWHUQDWLRQDO�VSHFLDOLVWV�LQ�D�EURDG�UDQJH�RI�ILHOGV�LQFOXGLQJ�SK\VLFV��FKHPLVWU\��PDWHULDOV��
JHRORJ\��JHRFKHPLVWU\��DQG�FRPSXWHU�PRGHOLQJ��

$IWHU� WZHQW\� \HDUV� RI� ZRUN�� DQG� EDVHG� RQ� WKH� H[WHQVLYH� NQRZOHGJH� DFTXLUHG� LQ� WKH�
SURFHVV��WKLV�SDSHU�H[DPLQHV�WKH�LVVXH�RI�WKH�EHVW�HVWLPDWHV�WKDW�FDQ�QRZ�EH�PDGH�RI�WKH�



OLIHWLPH�RI�WKH�)UHQFK�´5�7�µ�JODVV�SDFNDJHV��)ROORZLQJ�D�EULHI�UHYLHZ�RI�RXU�NQRZOHGJH�
RI� GU\� JODVV� HYROXWLRQ�� DQG� WKH� VWDWH� RI� RXU� FXUUHQW� XQGHUVWDQGLQJ� RI� WKH� DTXHRXV�
DOWHUDWLRQ�PHFKDQLVPV� RI� 5�7�� JODVV�� WKH� UHVXOWV� RI�PRGHOLQJ�ZRUN� DQG� WKH� HVWLPDWHG�
OLIHWLPH�RI�JODVV�XQGHU�YDULRXV�GLVSRVDO�FRQGLWLRQV�DUH�GLVFXVVHG��

��� *ODVV�3DFNDJH�(YROXWLRQ�LQ�'U\�0HGLD��&XUUHQW�6WDWH�RI�.QRZOHGJH�

,Q�GU\�PHGLD��WKH�PDLQ�VFLHQWLILF�LVVXHV�UHODWHG�WR�WKH�ORQJ�WHUP�EHKDYLRU�RI�JODVV�SDFNDJHV�
DUH�WKH�IROORZLQJ��
��� ,V�WKHUH�D�ULVN�RI�JODVV�FU\VWDOOL]DWLRQ�DQG��LI�VR��KRZ�FDQ�FU\VWDOOL]DWLRQ�DIIHFW�WKH�JODVV�
VWUXFWXUH�DQG�ORQJ�WHUP�EHKDYLRU"�

��� $UH� WKH� JODVV�SURSHUWLHV� DQG� VWUXFWXUH�PRGLILHG�E\� LUUDGLDWLRQ�GDPDJH� DQG�� LI� VR�� WR�
ZKDW�H[WHQW��DQG�ZLWK�ZKDW�FRQVHTXHQFHV�RQ�LWV�ORQJ�WHUP�EHKDYLRU"�

��� &DQ� WKH� GHJUHH� RI� JODVV� IUDFWXULQJ� HYROYH� RYHU� WLPH� DQG�� LI� VR�� ZKDW� DUH� WKH�
FRQVHTXHQFHV�RQ�WKH�UHDFWLYH�VXUIDFH�DUHD�DQG�RQ�VWUXFWXUDO�PRGLILFDWLRQV"�

��� &DQ�WKH�GU\�JODVV�HYROXWLRQ�DIIHFW�WKH�FDQLVWHU�LQWHJULW\��VZHOOLQJ�VWUHVVHV��JDV�UHOHDVH�"�
���� &U\VWDOOL]DWLRQ�

&U\VWDOOL]DWLRQ� VWXGLHV�RI�5�7��JODVV�KDYH� DOORZHG�XV� WR�TXDQWLI\� WKH�FU\VWDOOLQH�SKDVHV�
WKDW� DSSHDU� LQ� WKH� PDWHULDO� DIWHU� KHDW� WUHDWPHQW� E\� GHWHUPLQLQJ� WKH� RYHUDOO� JODVV�
FU\VWDOOL]DWLRQ�WHPSHUDWXUH�UDQJH��ORZHU�FU\VWDOOL]DWLRQ�WHPSHUDWXUH��OLTXLGXV�WHPSHUDWXUH��
RFFXUUHQFH� WHPSHUDWXUH� UDQJH� IRU� HDFK� SKDVH�� DQG� E\� GHWHUPLQLQJ� WKH� FU\VWDOOL]HG�
IUDFWLRQV� XVLQJ� PLFURVFRSLF� DQDO\VLV� PHWKRGV�� 7KH� KHDW� WUHDWPHQW� VFHQDULR� SURGXFLQJ�
PD[LPXP� GHYLWULILFDWLRQ� UHVXOWV� LQ� RQO\� �²��� FU\VWDOOL]DWLRQ�� DQG� GHPRQVWUDWHV� WKH�
H[FHOOHQW�WKHUPDO�VWDELOLW\�RI�WKH�PDWHULDO��
7KH� ORQJ�WHUP� GHYLWULILFDWLRQ� ULVN� RI� 5�7�� JODVV� KDV� DOVR� EHHQ� LQYHVWLJDWHG� ��� 7KLV�
FRPSUHKHQVLYH� VWXG\� RI� WKH� PHFKDQLVPV� OHDGLQJ� WR� JODVV� FU\VWDOOL]DWLRQ� DVVHVVHG� WKH�
WKHUPRG\QDPLF�DQG�NLQHWLF�FRQWULEXWLRQV��DQG�GHPRQVWUDWHG�WKDW�WKH�JODVV�UHPDLQV�IXOO\�
YLWUHRXV� LQ� WKH� WKHUPDO� VFHQDULR� SRVWXODWHG� IRU� WKH� LQGXVWULDO� JODVV� SDFNDJH�� 8QGHU�
LVRWKHUPDO� FRQGLWLRQV� DW� WHPSHUDWXUHV� EHORZ� WKH� JODVV� WUDQVLWLRQ� WHPSHUDWXUH� �DERXW�
����&���VHYHUDO�PLOOLRQ�\HDUV�DUH�UHTXLUHG�WR�UHDFK�WKH�PD[LPXP�WKHRUHWLFDO�FU\VWDOOL]HG�
IUDFWLRQ���������
5�7�� JODVV� LV� WKHUHIRUH� WKHUPDOO\� VWDEOH� XQGHU� LQWHULP� VWRUDJH� RU� XOWLPDWH� GLVSRVDO�
FRQGLWLRQV��

���� 6HOI�,UUDGLDWLRQ�(IIHFWV�

7KH�HIIHFW�RI�α�GHFD\�KDV�EHHQ�LQYHVWLJDWHG�WKURXJK�DFWLQLGH�GRSHG�JODVV��VLPXODWLQJ�LQ�D�
IHZ�\HDUV�DJLQJ�RI�RYHU��������\HDUV��DQG�WKURXJK�PROHFXODU�G\QDPLFV�VLPXODWLRQV���
)RU�ERURVLOLFDWH�JODVVHV�RQO\�VPDOO�FKDQJHV�ZDV�REVHUYHG�DQG�DOO�WKHVHV�FKDQJHV�WHQG�WR�
OHYHO� RII� DW� D� FXPXODWHG� GRVH� RI� DERXW� ��ï������ α�J� �� 7KLV� VDWXUDWLRQ� SKHQRPHQRQ�
VXJJHVWV�WKDW�DQ�HTXLOLEULXP�LV�UHDFKHG�EHWZHHQ�GHIHFW�FUHDWLRQ�DQG�KHDOLQJ�LQ�WKH�JODVV��
0ROHFXODU� G\QDPLFV� VLPXODWLRQ� RI� WKH� EDOOLVWLF� HIIHFWV� RI� WKH� UHFRLO� QXFOHL� KDYH� VKRZQ�
WKDW�WKH�JODVV�PDWUL[�LV�FDSDEOH�RI�UHVWRULQJ�LWV�VWUXFWXUH�IROORZLQJ�WKH�SDVVDJH�RI�D�UHFRLO�
QXFOHXV��DQG�WKXV�H[SODLQ�WKH�HTXLOLEULXP�EHWZHHQ�GHIHFW�FUHDWLRQ�DQG�KHDOLQJ�REVHUYHG�
H[SHULPHQWDOO\����
$FFHOHUDWHG� DJLQJ� WHVWV� KDYH� EHHQ� DOVR�SHUIRUPHG�E\� H[WHUQDO� LUUDGLDWLRQ� WHFKQLTXHV� WR�
DVVHVV� WKH� HIIHFWV� RI� βγ� UDGLDWLRQ�� (YHQ� DW� FXPXODWLYH� GRVHV� VLPXODWLQJ� WKH� WRWDO�
LUUDGLDWLRQ�WKDW�ZLOO�EH�VXVWDLQHG�E\�WKH�JODVV�RYHU�LWV�HQWLUH�OLIHWLPH��QR�PHDVXUDEOH�HIIHFW�
ZHUH� REVHUYHG� RQ� WKH� PDFURVFRSLF� SURSHUWLHV� �YROXPH� YDULDWLRQ�� DOWHUDELOLW\�� HWF����
0RUHRYHU�� KLJKO\� UDGLRDFWLYH� 5�� DQG� 7�� JODVV� VDPSOHV� IURP� /D�+DJXH� KDYH� WKH� VDPH�
LQLWLDO�GLVVROXWLRQ�UDWH�DV�WKH�VLPXODWHG�LQDFWLYH�JODVVHV��
6HOI�LUUDGLDWLRQ�WKHUHIRUH�KDV�QR�GHWULPHQWDO�HIIHFW�RQ�WKH�ORQJ�WHUP�EHKDYLRU�RI�QXFOHDU�
JODVV��



���� 3DFNDJH�)UDFWXULQJ�DQG�,QWHJULW\�

7KH�LQLWLDO�IUDFWXUH�UDWLR�RI�WKH�JODVV�SDFNDJH�KDV�EHHQ�GHWHUPLQHG�WR�OLH�EHWZHHQ�����DQ�
RSWLPLVWLF� YDOXH� WKDW� GRHV� QRW� WDNH� WKH� VPDOOHVW� SDUWLFOHV� LQWR� DFFRXQW�� DQG� ��� �D�
SHQDOL]LQJ� YDOXH� REWDLQHG� E\� GHVWUXFWLYH� DQDO\VLV� RI� D� SDFNDJH��� $Q� ´HIIHFWLYH� IUDFWXUH�
UDWLRµ� KDV� EHHQ� GHILQHG� DV� WKH� UDWLR� EHWZHHQ� WKH� TXDQWLW\� RI� JODVV� DOWHUDWLRQ� WUDFHU�
HOHPHQWV� UHOHDVHG� IURP� D� IUDFWXUHG� EORFN� UHWDLQHG� LQVLGH� D� SHUIRUDWHG� EDVNHW�� DQG� WKH�
TXDQWLW\�UHOHDVHG�IURP�D�PRQROLWKLF�EORFN��7KH�YDOXH�REWDLQHG�IRU�5�7��JODVV�LV�DERXW����
DQG�VKRZV�WKDW�YHU\�ILQH�FUDFNV��SUREDEO\�QRW�WKURXJK�FUDFNV��KDYH�YLUWXDOO\�QR�HIIHFW�RQ�
WKH� LQLWLDO� DOWHUDWLRQ��7RPRJUDSKLF�PHDVXUHPHQWV�RI� WKH� IUDFWXUH� VXUIDFH� DUHD� LQGLFDWHG�
WKH�VDPH�RUGHU�RI�PDJQLWXGH����

$� SUHOLPLQDU\� DQDO\VLV� VXJJHVWV� WKDW� IUDFWXULQJ�� ZKLFK� LV� UHODWHG� WR� WKH� VWUHVVHV� WKDW�
DFFXPXODWH� DV� WKH� SDFNDJH� FRROV�� VKRXOG� QRW� EH� VXEMHFW� WR� PDMRU� FKDQJHV� LQ� WLPH��
$OWKRXJK� VWUHVV� FRUURVLRQ� LV� SRVVLEOH� LQ� WKH� SUHVHQFH� RI� ZDWHU� LQ� WKH� PRVW� KHDYLO\�
VWUHVVHG� �L�H�� WKH� ODUJHVW�� EORFNV�� WKH� VWUHVVHV� DUH� UHOLHYHG� E\� SURSDJDWLRQ�RI� WKH� FUDFNV��
3URSDJDWLRQ� FHDVHV� DV� VRRQ� DV� WKH� .�� VWUHVV� LQWHQVLW\� IDFWRU� DW� WKH� WLS� RI� WKH� FUDFN�
EHFRPHV�ORZHU�WKDQ�WKH�VWDWLF�IDWLJXH�OLPLW�.�6&&����

$QDO\VLV� RI� QDWXUDO� DQDORJV� VXFK� DV� K\DORFODVWLWH� �KLJKO\� IUDFWXUHG� EDVDOWLF� JODVV�� DOVR�
VXJJHVWV�WKDW�RYHU�WKH�YHU\�ORQJ�WHUP�WKH�ILQHVW�FUDFNV�DUH�SUREDEO\�VHDOHG�E\�VHFRQGDU\�
DOWHUDWLRQ�SURGXFWV�UHVXOWLQJ�LQ�VLJQLILFDQW�LQGXUDWLRQ�RI�WKH�JODVV�EORFN����

3UHOLPLQDU\�FDOFXODWLRQV�RI�WKH�LQWHUQDO�SUHVVXUH�JHQHUDWHG�E\�KHOLXP�UHOHDVH�VKRZ�WKHUH�
LV�QR�ULVN�RI�RYHUSUHVVXUH�WKDW�FRXOG�GDPDJH�WKH�FDQLVWHU�LQWHJULW\��

��� $TXHRXV�$OWHUDWLRQ�.LQHWLFV�RI�1XFOHDU�*ODVV�

���� 3ULQFLSDO�*ODVV�$OWHUDWLRQ�0HFKDQLVPV�

:KHQ�JODVV� LV�H[SRVHG�WR�ZDWHU�� WKUHH�PHFKDQLVPV�RFFXU�VLPXOWDQHRXVO\��EXW�ZLWK�YHU\�
GLIIHUHQW�NLQHWLFV���

�� :DWHU� ILUVW� GLIIXVHV� LQWR� WKH� SULVWLQH� JODVV� �K\GUDWLRQ��� WKHQ�+�2�� LRQV� DUH�
H[FKDQJHG�ZLWK� DONDOL�PHWDOV� LQ� WKH�JODVV� �LQWHUGLIIXVLRQ�� OHDGLQJ� WR� UHOHDVH�RI�
WKHVH� HOHPHQWV� DW� D� KLJKHU� UDWH� ZLWKLQ� D� YHU\� WKLQ� OD\HU� RI� WKH� JODVV�� 7KLV�
SKHQRPHQRQ�� ZKLFK� HYROYHV� ZLWK� WKH� VTXDUH� URRW� RI� W� ZLWK� GLIIXVLRQ�
FRHIILFLHQWV�FKDUDFWHULVWLF�RI� WKH�VROLG�PDWHULDO��W\SLFDOO\�������WR�������P�Ã V���
IRU� WHPSHUDWXUHV� EHORZ� ����&�� LV� VLJQLILFDQW�GXULQJ� WKH� LQLWLDO� LQVWDQWV�� EXW�
TXLFNO\�EHFRPHV�QHJOLJLEOH��

�� +\GURO\VLV� RI� R[\JHQ�PHWDO� ERQGV� LQ� WKH� QHWZRUN�IRUPLQJ� R[LGHV� �W\SLFDOO\�
6L2�����+�2�→�+�6L2��� OHDGV� WR� TXDVL�FRQJUXHQW� GLVVROXWLRQ� RI� WKH� JODVV�
�VWRLFKLRPHWULF�UHOHDVH�RI�WKH�DOO�PDMRU�HOHPHQWV��6L��%��$O��&D��1D��HWF����$V�
ORQJ� DV� WKH� OHDFKDWH� UHPDLQV� GLOXWH� DQG� D� VXUIDFH� OD\HU� KDV� QRW� \HW� IRUPHG�
VXIILFLHQWO\� WR� VORZ� GRZQ� WKH� DOWHUDWLRQ� SURFHVV�� WKH� JODVV� GLVVROYHV� DW� D�
FRQVWDQW� ´LQLWLDO� GLVVROXWLRQ� UDWHµ� �U���� L�H�� WKH� PD[LPXP� K\GURO\VLV� UDWH� LQ�
SXUH�ZDWHU��7KLV�UDWH� LV�FKDUDFWHULVWLF�RI� WKH� LQWULQVLF�VWDELOLW\�RI� WKH�PDWUL[��
DQG� GHSHQGV� PDLQO\� RQ� WKH� JODVV� FRPSRVLWLRQ�� WKH� WHPSHUDWXUH� �WKH�
DFWLYDWLRQ�HQHUJ\�LV�DERXW����N-ÃPRO����DQG�WKH�S+��PLQLPXP�DW�QHXWUDO�S+���

�� ,Q�VLWX� UHFRQGHQVDWLRQ�RI�D� IUDFWLRQ�RI� WKH�K\GURO\]HG�HOHPHQWV��6L��$O��=U��&D��
5((�� )H�� HWF��� OHDGV� WR� WKH� IRUPDWLRQ� RI� DQ� DPRUSKRXV� DOWHUDWLRQ� ILOP� RU�
´JHOµ� ��� ,Q� WKH�FDVH�RI�QXFOHDU�JODVVHV��EDVDOWV�RU� FRPSOH[� LQGXVWULDO� JODVVHV�
FRQWDLQLQJ� D� VXIILFLHQW� TXDQWLW\� RI� VLOLFD�� UDUH� HDUWK� HOHPHQWV�� ]LUFRQLXP� RU�
LURQ�� WKH�JHO�YROXPH� LV�FRPSDUDEOH� WR� WKH�K\GUDWHG�JODVV�YROXPH��DOWHUDWLRQ�
PD\�EH�UHJDUGHG�DV�D�FRQVWDQW�YROXPH�SURFHVV��



7KH� IUDFWLRQ� RI� UHFRQGHQVHG� VSHFLHV��ZKLFK� GHSHQGV� RQ� ORFDO� HTXLOLEULD� DW� WKH� SULVWLQH�
JODVV�JHO�LQWHUIDFH��YDULHV�ZLGHO\�ZLWK�WKH�FRQFHQWUDWLRQ�RI�VSHFLHV�LQ�VROXWLRQ��WKH�JODVV�
VXUIDFH�DUHD�WR�VROXWLRQ�YROXPH� �6�9�� UDWLR�� DQG� WKH� RYHUDOO� NLQHWLFV� RI� WKH� H[FKDQJHV�
RFFXUULQJ�DW�WKH�LQWHUIDFH��*HQHUDOO\��DOWKRXJK�WKH�DOWHUDWLRQ�UHPDLQV�D�FRQVWDQW�YROXPH�
SKHQRPHQRQ�� WKH� SURSRUWLRQ� RI� UHFRQGHQVHG� VSHFLHV� LQFUHDVHV� VXEVWDQWLDOO\� DV� WKH�
FRQFHQWUDWLRQV� ULVH� LQ� VROXWLRQ�� DV� WKH�6�9� UDWLR� LQFUHDVHV�� RU� DV� WKH� UDWH� DW�ZKLFK� WKH�
OHDFKHG�VSHFLHV�DUH�UHPRYHG�IURP�WKH�LQWHUIDFH�GLPLQLVKHV��WKH�JHO�EHFRPHV�LQFUHDVLQJO\�
GHQVH�DQG�FRPSDFW�����7KH�JHO�IRUPHG�E\�UHFRQGHQVDWLRQ�RI�D�IUDFWLRQ�RI�WKH�K\GURO\]HG�
VLOLFD�DQG�YDULRXV�HOHPHQWV�IURP�WKH�JODVV��$O��=U��&D��5((��HWF���FRQVWLWXWHV�D�GLIIXVLRQ�
EDUULHU����IRU�WKH�UHDFWLYH�VSHFLHV�DQG�UHWDLQV�VRPH�RI�WKH�UDGLRQXFOLGHV��PDLQO\�WKH�KHDY\�
PHWDOV�DQG�DFWLQLGHV��E\�VRUSWLRQ�DQG�FRSUHFLSLWDWLRQ��

)LQDOO\�� DV� WKH� DOWHUDWLRQ� VROXWLRQ� EHFRPHV� LQFUHDVLQJO\� FRQFHQWUDWHG� LQ� JODVV� DOWHUDWLRQ�
SURGXFWV�DQG�GHSHQGLQJ�RQ�WKH�HQYLURQPHQWDO�FRQGLWLRQV��YDULRXV�VHFRQGDU\�SKDVHV�PD\�
UHDFK�WKHLU�VROXELOLW\�OLPLW�DQG�SUHFLSLWDWH�DW�WKH�JHO�VROXWLRQ�LQWHUIDFH��8QOLNH�WKH�JHO�WKDW�
GHYHORSV� IURP�WKH� LQLWLDO� LQWHUIDFH� LQWR�WKH�SULVWLQH�JODVV�� WKH�SUHFLSLWDWHV�JURZ�RXWZDUG�
IURP�WKH�LQWHUIDFH������
�
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)LJXUH����3ULQFLSDO�JODVV�DOWHUDWLRQ�PHFKDQLVPV�
�

�

*ODVV�

*HO�

&U\VWDOOL]HG�VHFRQGDU\�SKDVHV�

�

)LJXUH����7UDQVPLVVLRQ�HOHFWURQ�

PLFURJUDSK�RI�WKH�DOWHUDWLRQ�ILOP�

���� 3KHQRPHQRORJ\�

�

8QGHU�VWDWLF�OHDFKLQJ�FRQGLWLRQV�RU�ZLWK�
WKH� YHU\� ORZ� VROXWLRQ� UHQHZDO� UDWHV�
FKDUDFWHULVWLF� RI� D� JHRORJLFDO� UHSRVLWRU\��
WKH� LQLWLDO� OLQHDU� GLVVROXWLRQ� SKDVH� LV�
TXLFNO\� IROORZHG� E\� DQ� LQWHUPHGLDWH�
SKDVH� GXULQJ� ZKLFK� WKH� FRQFHQWUDWLRQV�
LQ�VROXWLRQ�ULVH�PRUH�VORZO\��$IWHU�D�WLPH�
WKDW� GHSHQGV� RQ� WKH� 6�9� UDWLR�� WKH�
V\VWHP�UHDFKHV�D�YLUWXDOO\�VWHDG\�VWDWH�6L�
FRQFHQWUDWLRQ� �´VDWXUDWLRQ� FRQGLWLRQVµ��
DW� ZKLFK� WKH� JODVV� DOWHUDWLRQ� UDWH� GURSV�
E\� VHYHUDO� RUGHUV� RI� PDJQLWXGH� EHORZ�
WKH� LQLWLDO� UDWH� U��� VKRZV� WKH� W\SLFDO�
HYROXWLRQ� RI� WKH� PHDVXUHG�
FRQFHQWUDWLRQV�LQ�VROXWLRQ�IRU�6L�DQG�IRU�
WKH� ´WUDFHU� HOHPHQWVµ� %�� 1D� DQG� /L�
�ZKLFK�DUH�QRW�UHWDLQHG� LQ�WKH�DOWHUDWLRQ�

SURGXFWV�� DQG� DUH� WKXV� FKDUDFWHULVWLF� RI�
WKH� GHJUHH� RI� JODVV� DOWHUDWLRQ�� GXULQJ� D�
VWDWLF�H[SHULPHQW�DW����&��
�
�
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)LJXUH���� *ODVV� DOWHUDWLRQ� NLQHWLFV�
YHUVXV�WLPH� IRU� DQ� 5�7��W\SH� JODVV�
LQ�D�VWDWLF�V\VWHP�DW����&�



���� 7KH�7KHUPRG\QDPLF�+\SRWKHVLV�

7KH� GURS� LQ� WKH� JODVV� DOWHUDWLRQ� UDWH� XQGHU� VDWXUDWLRQ� FRQGLWLRQV�ZDV� ORQJ� DVVXPHG� WR�
FRUUHVSRQG� WR� D� WKHUPRG\QDPLF� HTXLOLEULXP� EHWZHHQ� WKH� VROXWLRQ� DQG� WKH� JODVV�JHO�
LQWHUIDFH�� 0RVW� RI� WKH� ORQJ�WHUP� EHKDYLRU� PRGHOV� GHYHORSHG� EHWZHHQ� ����� DQG� �����
ZHUH�WKXV�EDVHG�RQ�D�FKHPLFDO�DIILQLW\�IXQFWLRQ�GHULYHG�IURP�WKH�JHQHUDO� ODZ�SURSRVHG�
E\�$DJDDUG�DQG�+HOJHVRQ�����
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ZKHUH�U�LV�WKH�GLVVROXWLRQ�UDWH��N��WKH�IRUZDUG�UDWH�FRQVWDQW��JÃP��V�����(D�WKH�DFWLYDWLRQ�HQHUJ\�
�-ÃPRO�����DL�WKH�DFWLYLW\�RI�LWK�DTXHRXV�VSHFLHV��QL�WKH�FRUUHVSRQGLQJ�VWRLFKLRPHWULF�FRHIILFLHQW��
4�WKH�LRQ�DFWLYLW\�SURGXFW�RI�WKH�UDWH�FRQWUROOLQJ�UHDFWLRQ��.�WKH�HTXLOLEULXP�FRQVWDQW�RI�WKLV�
UHDFWLRQ��DQG�σ�WKH�QHW�UHDFWLRQ�RUGHU��$�VLPSOLILHG�H[SUHVVLRQ�RI�WKLV�ODZ�LV��

















−⋅=

σ

.

4
UU �� � ����

ZKHUH� U�� LV� WKH� LQLWLDO� GLVVROXWLRQ� UDWH� �GHSHQGLQJ�PDLQO\�RQ� WKH� JODVV� FRPSRVLWLRQ�� WKH�
WHPSHUDUWXUH�DQG�WKH�S+��DQG���±��4�.�σ� LV�DQ�DIILQLW\�WHUP�FKDUDFWHUL]LQJ�WKH�GHFUHDVLQJ�
VROXWLRQ�DJJUHVVLYHQHVV�ZLWK�UHVSHFW�WR�WKH�JODVV�DV�LW�EHFRPHV�LQFUHDVLQJO\�FRQFHQWUDWHG�
LQ�GLVVROYHG�HOHPHQWV�DQG�DV�WKH�LRQ�DFWLYLW\�SURGXFW�4�RI�WKH�UHDFWLYH�VSHFLHV�DSSURDFKHV�
WKH�PDWHULDO�VROXELOLW\�SURGXFW�.��

7KLV�NLQHWLF�ODZ�ZDV�DGDSWHG�E\�*UDPERZ�����ZKR�SRVWXODWHG�WKDW�K\GURO\VLV�RI�WKH�
VLOLFD�LQ�WKH�JODVV�LV�WKH�UDWH�OLPLWLQJ�VWHS��
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7KH� VLPSOH� H[SUHVVLRQ� LV� WKH�ZHOO�NQRZQ� ´ILUVW�RUGHU� ODZµ� �σ� ���� LQ�ZKLFK�RQO\� VLOLFD�
IURP�WKH�JODVV�LV�DVVXPHG�WR�OLPLW�WKH�GLVVROXWLRQ�UHDFWLRQ��7KLV�W\SH�RI�ODZ�DVVXPHV�WKDW�
DQ� LQWULQVLF� VDWXUDWLRQ�FRQVWDQW�&� H[LVWV� IRU�6L2�� �DVVXPHG�WR�UHSUHVHQW� WKH�JODVV��DQG�
WKDW�LW�GHSHQGV�RQO\�RQ�WKH�JODVV�FRPSRVLWLRQ��WHPSHUDWXUH�DQG�S+��

)RU�QXFOHDU�ZDVWH�JODVVHV��LI�DOORZDQFH�LV�PDGH�IRU�VLOLFD�GLIIXVLRQ�DQG�VRUSWLRQ�LQ�WKH�JHO�
OD\HU��WKLV�W\SH�RI�PRGHO�FDQ�VDWLVIDFWRULO\�DFFRXQW�IRU�D�VLQJOH�GDWD�VHW��,I�GLIIHUHQW�GDWD�
VHWV�DUH�FRPSDUHG��KRZHYHU��WKH\�FDQQRW�EH�ILWWHG�ZLWK�WKH�VDPH�VROXELOLW\�SDUDPHWHU��&�
RU�.��GHSHQGLQJ�RQ�WKH�PRGHO���&OHDUO\��WKH�YDOXH�RI�&� LV�QRW�LQWULQVLF�WR�D�JLYHQ�JODVV�
FRPSRVLWLRQ�� EXW� GHSHQGV� RQ� KRZ� WKH� HTXLOLEULXP� FRQGLWLRQV� ZHUH� REWDLQHG�� 7KLV�
GHPRQVWUDWHV�WKDW�WKLV�SDUDPHWHU��WKH�YDOXH�RI�ZKLFK�GHSHQGV�RQ�WKH�ZD\�LQ�ZKLFK�LW�ZDV�
UHDFKHG��LV�QRW�D�WKHUPRG\QDPLF�SURSHUW\�RI�WKH�PDWHULDO��0RUHRYHU��H[SHULPHQWV�DW�KLJK�
IORZ�UDWHV�ZLWK�VDWXUDWHG�OHDFKDWHV�KDYH�VKRZQ�WKDW�WKH�DIILQLW\�WHUP�FRXOG�DFFRXQW�IRU�D�
UDWH�GURS�E\� D� IDFWRU�RI� �� DW� WKH�PRVW�� EXW� LQ�QR� FDVH�E\� IRXU�RUGHUV�RI�PDJQLWXGH�DV�
REVHUYHG�ZLWK�5�7��JODVV��

���� 7KH�.LQHWLF�+\SRWKHVLV�

7KH� DSSDUHQW� VROXELOLW\� &� GHWHUPLQHG� IURP� WKH� GLVVROYHG� VLOLFRQ� FRQFHQWUDWLRQ� DW�
HTXLOLEULXP�WKHUHIRUH�GRHV�QRW�H[SUHVV�WKH�LQKHUHQW�VROXELOLW\�RI�WKH�JODVV��EXW�UDWKHU�DQ�
HTXLOLEULXP� EHWZHHQ� WKH� TXDQWLW\� RI� VLOLFD� K\GURO\]HG� IURP� WKH� JODVV� DQG� JHO� DQG� WKH�
TXDQWLW\�RI�VLOLFD�FRQGHQVHG�LQ�WKH�JHO�����7KLV�LV�D�G\QDPLF³DQG�QRW�D�WKHUPRG\QDPLF³
HTXLOLEULXP� WKDW� GHSHQGV� RQ� WKH� FRQGLWLRQV� XQGHU� ZKLFK� WKH� HTXLOLEULXP�ZDV� UHDFKHG�
�6�9�UDWLR��VLOLFD�UHPRYDO�NLQHWLFV��HWF���DQG�QRW�RQO\�RQ�WKH�FRQFHQWUDWLRQV�LQ�VROXWLRQ��



5HVHDUFK�ZRUN� LQ�UHFHQW�\HDUV�KDV�FOHDUO\�GHPRQVWUDWHG�WKH�KLJKO\�SURWHFWLYH�SURSHUWLHV�
RI�WKH�JHO�REWDLQHG�XQGHU�´VDWXUDWLRQ�FRQGLWLRQVµ�����$OWKRXJK�WKH�JHO�LQLWLDOO\�IRUPHG�LQ�
GLOXWH�PHGLD�LV�RQO\�VOLJKWO\�SURWHFWLYH�EHFDXVH�RI�LWV�SRURVLW\��DV�DOWHUDWLRQ�SURJUHVVHV�WKH�
SURSRUWLRQ� RI� UHFRQGHQVHG� 6L�� $O�� &D�� DQG� RWKHU� HOHPHQWV� LQFUHDVHV� DQG� WKH� SRURVLW\�
GLPLQLVKHV� �LQ� WHUPV� ERWK� RI� YROXPH� SHUFHQWDJH� DQG� SRUH� VL]H��� 7KH� DSSDUHQW� VLOLFRQ�
GLIIXVLRQ�FRHIILFLHQW�LQ�WKH�JHO�JUDGXDOO\�HYROYHV�IURP�YDOXHV�W\SLFDO�RI�OLTXLGV�LQ�SRURXV�
PHGLD��������P�Ã V����WR�YDOXHV�W\SLFDO�RI�GLIIXVLRQ�LQ�VROLGV��≤�������P�Ã V��������

���� ,QLWLDO�$OWHUDWLRQ�5DWH�DQG�$OWHUDWLRQ�5DWH�XQGHU�6DWXUDWLRQ�&RQGLWLRQV�

7KH� LQLWLDO�5�7��JODVV�GLVVROXWLRQ�UDWH�DW����&�DW�QHXWUDO�S+�LV�DERXW������PÃG����DERXW�
������PÃG���DW����&���8QGHU�´VDWXUDWLRQ�FRQGLWLRQVµ�� L�H��ZKHQ�WKH�VLWH� LV�VDWXUDWHG�ZLWK�
ZDWHU�DQG�LV�ORDGHG�ZLWK�JODVV�DOWHUDWLRQ�SURGXFWV��WKH�UDWH�GURSV�WR�OHVV�WKDQ�����QPÃG���
DW����&�������QPÃG���DW����&��RU�OHVV�WKDQ�����P�SHU�WKRXVDQG�\HDUV���

7KH�H[SODQDWLRQ�IRU� WKH�YHU\� ORZ�UHVLGXDO�UDWHV�REVHUYHG�XQGHU�VDWXUDWLRQ�FRQGLWLRQV� LV�
VWLOO�D�VXEMHFW�RI�UHVHDUFK��6RPH�DXWKRUV�FRQVLGHU�LW�WR�EH�UHODWHG�WR�ZDWHU�GLIIXVLRQ�DQG�WR�
LQWHUGLIIXVLRQ��ZKLFK�EHFRPHV�REVHUYDEOH�DV�WKH�K\GURO\VLV�UDWH�WHQGV�WRZDUG�]HUR��LQ�WKLV�
FDVH�LW�ZRXOG�FRQWLQXH�WR�HYROYH�DV�D�IXQFWLRQ�RI�¥W�DQG�ZRXOG�EHFRPH�WRWDOO\�QHJOLJLEOH�
RYHU� WKH� ORQJ� WHUP��)RU� RWKHUV�� WKH� SHUVLVWHQFH� RI� JHO� GLVVROXWLRQ� DW� D� YHU\� ORZ� UDWH� LV�
UHODWHG� WR� WKH� VORZ� JURZWK�RI� SK\OORVLOLFDWHV�� LQ� WKLV� FDVH�� WKH� UDWH�ZRXOG� UHPDLQ� OLQHDU�
XQWLO�WKH�V\VWHP�HYHQWXDOO\�EHFDPH�VHDOHG��

,Q�HLWKHU�HYHQW��WKHVH�UDWHV�DUH�VR�ORZ�WKDW�WKH\�ZRXOG�KDYH�RQO\�D�YHU\�PLQRU�HIIHFW�RQ�
UHSRVLWRU\�VDIHW\��7KH�LPSRUWDQW�LVVXH�LV�WR�JXDUDQWHH�WKDW�WKH�UDWHV�UHPDLQ�DW�WKHVH�ORZ�
YDOXHV��DQG�WKHUH�LV�QR�UHVXPSWLRQ�RI�FRUURVLRQ�RYHU�WKH�ORQJ�WHUP��7KLV�SRLQW�KDV�EHHQ�
H[WHQVLYHO\� LQYHVWLJDWHG�� DQG� LV� KLJKO\� GHSHQGHQW� RQ� WKH� JODVV� FRPSRVLWLRQ� ���� 1R�
UHVXPSWLRQ�RI�DOWHUDWLRQ�KDV�EHHQ�REVHUYHG�ZLWK�5�7��JODVV��LQ�ZKLFK�WKH�6L�$O�UDWLR�LV�
PXFK�KLJKHU�WKDQ�WKDW�RI�]HROLWH�SUHFLSLWDWHV��$Q�H[SHULPHQW�DW�KLJK�S+�ZDV�SHUIRUPHG�
WR�GHPRQVWUDWH�WKDW�DOWHUDWLRQ�ZLOO�QRW�UHVXPH�HYHQ�RYHU�WKH�YHU\�ORQJ�WHUP��$W�S+������
WKH�IRUPDWLRQ�RI�]HROLWHV�UHVXOWHG�LQ�D�VLJQLILFDQW�LQFUHDVH�LQ�DOWHUDWLRQ�DIWHU�D�IHZ�PRQWKV�
GXH�WR�D�UHGXFWLRQ�LQ�WKH�SURWHFWLYH�SURSHUWLHV�RI�WKH�JHO��:KHQ�WKH�S+�ZDV�UHGXFHG�WR�
���� WKH� ]HROLWHV�ZHUH�JUDGXDOO\� UHGLVVROYHG�� WKH�JHO� DJDLQ�EHFDPH�KLJKO\�SURWHFWLYH�� DQG�
DOWHUDWLRQ�FHDVHG�����1R�UHVXPSWLRQ�RI�DOWHUDWLRQ�ZLOO�RFFXU�ZLWK�WKLV�JODVV�DV�ORQJ�DV�WKH�
S+�LV�PDLQWDLQHG�EHWZHHQ���DQG�����

��� 3UHGLFWLYH�0RGHOLQJ�

���� 7KH�35(',9(5�&RGH�

7KH� 35(',9(5� FRGH� ��� GHVFULEHV� WKH� DOWHUDWLRQ� RI� RQH� RU� PRUH� JODVV� SDFNDJHV� LQ� D�
JHRORJLFDO�UHSRVLWRU\�YDXOW��7KH�JODVV�DOWHUDWLRQ�UDWH�LV�JLYHQ�E\�WKH�´U�W�µ�PRGHO����EDVHG�
RQ�WKH�IROORZLQJ�PDMRU�K\SRWKHVHV��

�� 7KH�DOWHUDWLRQ�UDWH�LV�GHVFULEHG�E\�D�ILUVW�RUGHU�ODZ�ZLWK�UHVSHFW�WR�WKH�VLOLFRQ�
FRQFHQWUDWLRQ�&LQW�DW�WKH�JODVV�JHO�LQWHUIDFH��WR�ZKLFK�LV�DGGHG�D�ILQDO�UDWH�UILQ�
UHIOHFWLQJ� WKH� FXUUHQW� XQFHUWDLQW\� RQ� WKH� UHVLGXDO� UDWH� XQGHU� VDWXUDWLRQ�
FRQGLWLRQV��

�� 7KH� VLOLFRQ� UHWHQWLRQ� IDFWRU� I6L� LQ� WKH� JHO� LV� GHVFULEHG� HPSLULFDOO\� E\� DQ�
H[SRQHQWLDO�ODZ�������I6L� ���²�H�α&�5�W��

�� 7KH� JHO� IRUPHG� E\� JODVV� DOWHUDWLRQ� FRQVWLWXWHV� D� VLOLFRQ� GLIIXVLRQ� EDUULHU�
PRGHOHG� DV� D� VWHDG\�VWDWH� FRQGLWLRQ� �FRUUHVSRQGLQJ� WR� D� OLQHDU� VLOLFRQ�
JUDGLHQW�LQ�WKH�WKLFNQHVV�RI�WKH�JHO�LQ�RQH�GLPHQVLRQDO�&DUWHVLDQ�JHRPHWU\���

�� *ODVV�DOWHUDWLRQ�LV�FRQVLGHUHG�DV�D�FRQVWDQW�YROXPH�SURFHVV�LQ�ZKLFK�WKH�JHO�
WKLFNQHVV�LV�HTXDO�WR�WKH�DOWHUHG�JODVV�WKLFNQHVV��



,Q�F\OLQGULFDO�JHRPHWU\��WKHVH�K\SRWKHVHV�\LHOG�WKH�IROORZLQJ�H[SUHVVLRQ�IRU�WKH�DOWHUDWLRQ�
UDWH��
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ZKHUH� U�� �� LQLWLDO�JODVV�GLVVROXWLRQ�UDWH�
� UILQ� �� UHVLGXDO�JODVV�DOWHUDWLRQ�UDWH�
� &LQW�W�� �� VLOLFRQ�FRQFHQWUDWLRQ�DW�SULVWLQH�JODVV�JHO�LQWHUIDFH�
� &�5�W�� �� VLOLFRQ�FRQFHQWUDWLRQ�LQ�VROXWLRQ�
� &VOE�W�� �� VROXELOL]DEOH�VLOLFRQ�FRQFHQWUDWLRQ� ����²�I6L��Ã �&J�
� &J� �� VLOLFRQ�FRQFHQWUDWLRQ�LQ�WKH�JODVV�
� &� �� VLOLFRQ�FRQFHQWUDWLRQ�DW�DSSDUHQW�VDWXUDWLRQ�
� [�W�� �� DOWHUHG�JODVV��JHO��WKLFNQHVV�
� 5� �� JODVV�EORFN�UDGLXV�
� 'J� �� DSSDUHQW�VLOLFRQ�GLIIXVLRQ�FRHIILFLHQW�LQ�JHO�SRUHZDWHU�

7KH�35(',9(5���FRGH�VROYHV�WKH�V\VWHP�IRU�D�FRQYHFWLYH�PHGLXP��DV�LQ�WKH�FDVH�RI�VOLJKW�
ZDWHU�IORZ�LQ�D�IUDFWXUHG�URFN����ZKLOH�35(',9(5���WDNHV�LQWR�DFFRXQW�VLOLFD�UHPRYDO�LQ�D�
GLIIXVLYH�PHGLXP��FRXSOLQJ�RI�JODVV�PDWUL[�DOWHUDWLRQ�ZLWK�PDWHULDO�EDODQFH�DQG�WUDQVSRUW�
HTXDWLRQV�LQ�DQ�HQJLQHHUHG�EDUULHU�LQ��'�F\OLQGULFDO�JHRPHWU\�����7KH�FRGHV�FDQ�EH�XVHG�
WR�GHWHUPLQH�WKH�IROORZLQJ��

�� HVWLPDWHG� TXDQWLW\� RI� DOWHUHG� JODVV� DIWHU� D� JLYHQ� WLPH� SHULRG� ������ ������
�������\HDUV�RU�PRUH���

�� HVWLPDWHG� JODVV� SDFNDJH� OLIHWLPH� ����� RU� ����� DOWHUDWLRQ�� IRU� D� JLYHQ�
GLVSRVDO�VFHQDULR��

�� LPSDFW� RI� GLVSRVDO� SDUDPHWHUV� �WHPSHUDWXUH�� IORZ� UDWH�� S+�� JURXQGZDWHU�
FRPSRVLWLRQ�� VLOLFD� WUDQVSRUW� LQWR� WKH� EDFNILOO�� HWF��� RQ� WKH� DOWHUHG� JODVV�
TXDQWLW\��

�� LPSRUWDQFH�RI� WKH�PDMRU�PRGHO�SDUDPHWHUV� �U���&��'6L�� HWF���RQ� WKH�DOWHUHG�
JODVV�TXDQWLW\�WR�RULHQW�UHVHDUFK�RQ�QHZ�PDWULFHV�WR�RSWLPL]H�WKH�SDUDPHWHUV�
WUXO\�UHSUHVHQWDWLYH�RI�ORQJ�WHUP�EHKDYLRU��

�� HVWLPDWHG� HUURU� RQ� SUHGLFWLRQV� IURP� WKH� XQFHUWDLQW\� UDQJH� IRU� DOO� WKH�
SDUDPHWHUV�DQG�K\SRWKHVHV��

���� (VWLPDWLQJ�WKH�/RQJ�7HUP�%HKDYLRU�RI�5�7��*ODVV�LQ�*UDQLWLF�0HGLD�

7KH�SHUFHQWDJH�RI�DOWHUHG�JODVV�LV�SORWWHG�YHUVXV�WLPH�IRU�GLIIHUHQW�JUDQLWLF�JURXQGZDWHU�
IORZ� UDWHV� LQ��1R� UHVLGXDO� UDWH� LV� WDNHQ� LQWR� DFFRXQW� KHUH� �UILQ� ���� VLQFH� WKH� ORQJ�WHUP�
DOWHUDWLRQ�ZLOO�JHQHUDOO\�EH�FRQWUROOHG�E\�WKH�IORZ�UDWH��
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7LPH��\HDUV�
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)LJXUH����$OWHUHG�JODVV�SHUFHQWDJH�YHUVXV�WLPH�IRU�YDULRXV�IORZ�UDWHV�LQ�JUDQLWLF�JURXQGZDWHU�

7KH�PRGHO�SDUDPHWHUV�ZHUH�PHDVXUHG�IRU�WHPSHUDWXUHV�EHWZHHQ����&�DQG�����&�DQG�IRU�
S+�YDOXHV�UDQJLQJ�IURP���WR�����$W����&�DQG�QHXWUDO�S+�WKH�PRGHO�\LHOGV�WKH�IROORZLQJ�
UHVXOWV�� U�� ������JÃP��G����'J�≈�������P�Ã V���� I6L� ���²�H[S�²���&6L���&� ���PJÃ/����:LWK�D�
IORZ� UDWH�RI������/ÃP��G��� �W\SLFDO�RI� WKH�JUDQLWLF�PHGLD�VWXGLHG�E\�$1'5$�LQ� WKH� ODWH�
����V��RQO\������RI�WKH�JODVV�ZRXOG�EH�DOWHUHG�DIWHU��������\HDUV��

(YHQ�LI�WKH�IORZ�UDWH�ZHUH�PXOWLSOLHG�E\�D�WKRXVDQG��L�H����/ÃP��G�����VDWXUDWLRQ�ZRXOG�EH�
PDLQWDLQHG�ZLWK�UHVSHFW�WR�WKH�JHO�DQG�WKH�DOWHUHG�IUDFWLRQ�DIWHU��������\HDUV�ZRXOG�QRW�
H[FHHG� ������ 7KH� SDFNDJH� OLIHWLPH³HVWLPDWHG� DW� ���PLOOLRQ� \HDUV� XQGHU� ORZ�IORZ�
FRQGLWLRQV� ������ /ÃP��G���³ZRXOG� EH� RQO\�PRGHUDWHO\� VKRUWHQHG� WR� ���PLOOLRQ� \HDUV� DW�
��/ÃP��G����DV�WKH�JHO�ZRXOG�UHPDLQ�KLJKO\�SURWHFWLYH�DW�WKLV�IORZ�UDWH��

7KHVH� ILJXUHV� PXVW� EH� FRQVLGHUHG� LQ� WKH� OLJKW� RI� WKH� ������� \HDUV� QHFHVVDU\� IRU� WKH�
UDGLRWR[LF�LQYHQWRU\�RI�WKH�JODVV�WR�GURS�WR�WKH�OHYHO�RI�WKH�RULJLQDO�QDWXUDO�XUDQLXP�RUH��

���� (VWLPDWLQJ�WKH�/RQJ�7HUP�%HKDYLRU�RI�5�7��*ODVV�LQ�D�&OD\�(QJLQHHUHG�%DUULHU�

,Q� WKH� SUHVHQFH� RI� DQ� HQJLQHHUHG� EDUULHU�� VLOLFD� ZRXOG� QR� ORQJHU� EH� UHPRYHG� E\�
JURXQGZDWHU�IORZ��EXW�E\�GLIIXVLRQ�DQG�VRUSWLRQ�LQ�FOD\��7ZR�VFHQDULRV�ZHUH�FRQVLGHUHG��
,Q�WKH�ILUVW��WKH�HQJLQHHUHG�EDUULHU�FOD\�ZDV�DVVXPHG�WR�EH�VDWXUDWHG�ZLWK�UHVSHFW�WR�WKH�
VLOLFD�IURP�WKH�JODVV��DQG�VRUSWLRQ�ZDV�DVVXPHG�QHJOLJLEOH��7KLV�LV�WKH�FDVH��IRU�H[DPSOH��
ZLWK�WKH�´)%�µ�FOD\�VWXGLHG�E\�WKH�&($��ZKLFK�LV�QDWXUDOO\�DW�HTXLOLEULXP�ZLWK�DQ�RSDO�
SKDVH�� LW� LV� DOVR� YDOLG� IRU� DQ\� RI� WKH� RWKHU� FOD\V� VWXGLHG� �´)R&Dµ��%RRP��3DULV� UHJLRQ��
VRXWKHUQ�)UDQFH��HWF���ZKHQ�SUHFRQGLWLRQHG�ZLWK�D�VPDOO�TXDQWLW\�RI�DPRUSKRXV�VLOLFD�RU�
JODVV�IULW�����7KH�PRGHO�SDUDPHWHUV�DW����&�DQG�S+�����DJDLQ�SURYLGH�DQ�H[FHOOHQW�ILW�LQ�
WKLV� FDVH�� U�� ������JÃP��G���� 'J�≈�������P�Ã V���� I6L� ���²�H[S�²���&6L��� &� ����PJÃ/����
'HSHQGLQJ�RQ�WKH�UHVLGXDO�UDWH�FRQVLGHUHG��UILQ� ���ï������JÃP��G���DQG�D�IUDFWXUH�UDWLR�RI�
��RU����WKH�DOWHUHG�JODVV�IUDFWLRQ�DIWHU��������\HDUV�UDQJHV�IURP������WR�������

,Q� WKH�VHFRQG�VFHQDULR�� WKH�FOD\�HQJLQHHUHG�EDUULHU����FP�WKLFN�ZDV�DVVXPHG�QRW�WR�EH�
LQLWLDOO\� VDWXUDWHG�ZLWK� UHVSHFW� WR� WKH� VLOLFD� IURP� WKH� JHO�� DQG� LWV� VRUSWLRQ� FDSDFLW\�ZDV�
FKDUDFWHUL]HG� E\� D� VRUSWLRQ� FRHIILFLHQW�� .G� ������ P�Ã NJ���� 7ZR� VHWV� RI� RSHUDWLQJ�
FRQGLWLRQV� ZHUH� WKHQ� FRQVLGHUHG�� VRUELQJ� FRQGLWLRQV� LQ� ZKLFK� WKH� JHO� LV� UHODWLYHO\�
QRQSURWHFWLYH� �'J� �������P�Ã V���� L�H�� WKH� VDPH�DV� WKH� VLOLFRQ�GLIIXVLRQ�FRHIILFLHQW� LQ� WKH�
FOD\��DQG�DOWHUDWLRQ�RFFXUV�DW�D�KLJKHU�UDWH��IROORZHG�E\�D�VHFRQG�SKDVH�LQ�ZKLFK�WKH�FOD\�
HYHQWXDOO\�EHFRPHV�VDWXUDWHG�DQG�WKH�JHO�EHFRPHV�SURWHFWLYH��'J� �������P�Ã V�����,Q�WKLV�
VFHQDULR� DERXW� ��� RI� WKH� JODVV� LV� DOWHUHG� GXULQJ� WKH� ILUVW� ����� \HDUV�� DIWHU� ZKLFK� WKH�
DOWHUDWLRQ� GLPLQLVKHV� WR� WKH� VDPH� YHU\� ORZ� YDOXHV� DV� DERYH�� DQG� UHVXOWLQJ� LQ� D� WRWDO�
SDFNDJH�OLIHWLPH�RI�VRPH����ï�����PLOOLRQ�\HDUV�LQ�ERWK�FDVHV��7KH�ILJXUH�RI����DQG�WKH�



FKDUDFWHULVWLF�WLPH�RI������\HDUV�GHSHQG�GLUHFWO\�RQ�WKH�.G�YDOXH�DQG�HQJLQHHUHG�EDUULHU�
WKLFNQHVV� DVVXPHG� IRU� WKH� FDOFXODWLRQ�� ,W�PD\�EH�QRWHG� WKDW� WKLV� WZR�VWHS� �VRUELQJ�DQG�
QRQVRUELQJ��DSSURDFK�LV�KLJKO\�SHQDOL]LQJ��DOWKRXJK�LW�KDV�EHHQ�GHPRQVWUDWHG�WKDW�WKH�JHO�
LV�QRQSURWHFWLYH�GXULQJ�WKH� LQLWLDO�VRUSWLRQ�SKDVH��DV�WKH�GLVWDQFHV�LQFUHDVH�EHWZHHQ�WKH�
JODVV�DQG�WKH�FOD\�OD\HUV�WR�EH�VDWXUDWHG��WKH�VLOLFD�IORZ�DW�WKH�JODVV�FOD\�LQWHUIDFH�ZLOO�EH�
VORZHG�E\�GLIIXVLRQ�LQ�WKH�FOD\�DQG�WKH�JHO�ZLOO�EHFRPH�LQFUHDVLQJO\�SURWHFWLYH��
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&OD\���DGGLWLYHV����

�

)LJXUH����$OWHUHG�JODVV�SHUFHQWDJH�YHUVXV�WLPH�LQ�FOD\�PHGLD�

��� 1DWXUDO�$QDORJV��(YLGHQFH�IRU�9DOLGDWLRQ�

([WHQVLYH�H[SHULPHQWDO�ZRUN�KDV�EHHQ�SHUIRUPHG�WR�DFTXLUH�HYLGHQFH�WKDW�FRXOG�YDOLGDWH�
WKHVH� UHVXOWV�� 7KLV� LQFOXGHV� VSHFLILF� DUWLILFLDO� DJLQJ� H[SHULPHQWV� �ZLWK� GRSHG� JODVV�
VSHFLPHQV�� H[WUHPH� WHPSHUDWXUH� RU� S+� YDOXHV�� KLJK� IORZ� UDWHV� RU� RWKHU� SDUDPHWHUV��
GHVLJQHG� WR� LQWHQVLI\� FHUWDLQ�SKHQRPHQD�� LQWHJUDO� H[SHULPHQWV�RU� LQ�VLWX� H[SHULPHQWV� WR�
YDOLGDWH�FRXSOLQJ�SKHQRPHQD��H[SHULPHQWV�ZLWK�KLJK�OHYHO�LQGXVWULDO�ZDVWH�JODVVHV����HWF��

$GGLWLRQDO� HYLGHQFH�KDV�EHHQ�SURYLGHG�E\� VWXGLHV�RI�QDWXUDO� JODVV� DQDORJV� DOWHUHG�RYHU�
SHULRGV� RI� VHYHUDO� WKRXVDQG� WR� VHYHUDO� PLOOLRQ� \HDUV�� %DVDOWLF� JODVVHV� FRQVWLWXWH� XVHIXO�
DQDORJV�� WKHLU� VLOLFD�FRQWHQW� LV�FRPSDUDEOH�WR�WKDW�RI�QXFOHDU�JODVVHV�DQG�WKHLU�DOWHUDWLRQ�
PHFKDQLVPV� DUH� VLPLODU� ����7KH\�GHYHORS�D� ODUJHO\� DPRUSKRXV�DOWHUDWLRQ� ILOP�NQRZQ�DV�
´SDODJRQLWHµ��

�

8QDOWHUHG�
EDVDOWLF��
JODVV�

$OWHUDWLRQ�
SURGXFW��

SDODJRQLWH�

�

)LJXUH����6DODJRX�EDVDOWLF�JODVV�DOWHUHG�IRU�����PLOOLRQ�\HDUV�

)LJ���LV�DQ�RSWLFDO�PLFURJUDSK�RI�D�EDVDOWLF�JODVV�IURP�WKH�6DODJRX�GLNHV��/RGqYH�%DVLQ��
)UDQFH�� DOWHUHG� IRU� ���� PLOOLRQ� \HDUV� ���� VKRZLQJ� WKH� XQDOWHUHG� SULVWLQH� JODVV�� WKH�
DPRUSKRXV� SDODJRQLWH�� DQG� D� IHZ� FU\VWDOOLQH� FOD\� DQG� ]HROLWH� SKDVHV��$V� LQ� WKH� FDVH�RI�
QXFOHDU� JODVVHV�� WKH� DOWHUDWLRQ� ZDV� YLUWXDOO\� D� FRQVWDQW�YROXPH� SURFHVV�� WKH� PHDQ�



SDODJRQLWH� WKLFNQHVV� WKXV� FRUUHVSRQGV� WR� WKH� PHDQ� JODVV� WKLFNQHVV� DOWHUHG� RYHU� ����
PLOOLRQ�\HDUV��
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)LJXUH����0HDQ�DOWHUDWLRQ�UDWH�RI�EDVDOWLF�JODVV�DOWHUHG�LQ�D�FRQWLQHQWDO�HQYLURQPHQW�

)LJ��� VKRZV� WKH� UHSRUWHG�SDODJRQLWH� WKLFNQHVVHV� IRU�D� ODUJH�QXPEHU�RI�VSHFLPHQV� IURP�
YDULRXV�FRQWLQHQWDO� VLWHV��'LYLGLQJ�WKH�PHDVXUHG�WKLFNQHVV�E\�WKH�VSHFLPHQ�DJH�\LHOGV�D�
PHDQ�DOWHUDWLRQ�UDWH��VKRZQ�E\�WKH�GLDJRQDO�OLQHV��7KH�VSHFLPHQ�KLVWRU\��ZDWHU�IORZ�UDWHV��
VHDOLQJ�� HWF��� LV� RQO\� SDUWLDOO\� NQRZQ�� WKH� UHVXOWV� GR� QRW� FRUUHVSRQG� WR� D� WUXH� UDWH� DW� D�
JLYHQ�WLPH�EXW�UDWKHU�WR�D�PHDQ�UDWH�RQ�D�JHRORJLFDO�WLPH�VFDOH��$OWKRXJK�WKH�GDWD�SRLQWV�
DUH�VFDWWHUHG³ZKLFK�LV�QRW�VXUSULVLQJ��FRQVLGHULQJ�WKH�GLYHUVLW\�RI�WKH�VDPSOH�RULJLQV³
WKH�PHDQ� DOWHUDWLRQ� UDWH� QHYHU� H[FHHGV� ����P�SHU� WKRXVDQG� \HDUV��7KLV� LV�PXFK� ORZHU�
WKDQ�WKH�LQLWLDO�GLVVROXWLRQ�UDWH��DQG�LV�RI�WKH�VDPH�RUGHU�RI�PDJQLWXGH�DV�WKH�ILQDO�UDWHV�
REVHUYHG� XQGHU� VDWXUDWLRQ� FRQGLWLRQV�� 7KH� PHDQ� UDWHV� DUH� HYHQ� ORZHU� IRU� WKH� ROGHVW�
VSHFLPHQV��VXJJHVWLQJ�HLWKHU�FRPSOHWH�VHDOLQJ�RYHU�WKH�YHU\�ORQJ�WHUP��RU�WKH�DSSHDUDQFH�
RI�H[WUHPHO\�SURWHFWLYH�JHOV��

��� &RQFOXVLRQV�

)LVVLRQ� SURGXFW� VROXWLRQV� KDYH� EHHQ�YLWULILHG� LQGXVWULDOO\� LQ�)UDQFH� VLQFH� �����ZLWK�QR�
VHULRXV�SUREOHPV��%\� WKH� HQG�RI� �����QHDUO\� DOO� WKH�)UHQFK�EDFNORJ�RI� ILVVLRQ�SURGXFW�
VROXWLRQV��RYHU��������P��RI�VROXWLRQV�ZLWK�DQ�DFWLYLW\�RI�RYHU�����ï�����7%T��KDG�EHHQ�
YLWULILHG�LQ�DERXW��������FDQLVWHUV�FRQWDLQLQJ�VRPH������PHWULF�WRQV�RI�JODVV��

7KH�FRPSOH[LW\�RI�WKH�SK\VLFRFKHPLFDO�SKHQRPHQD�LQYROYHG�LQ�WKH�DOWHUDWLRQ�RI�D�JODVV�
FRPSULVLQJ� RYHU� ��� R[LGHV� LQ� D� FRPSOH[� JHRORJLFDO� HQYLURQPHQW� LPSOLHV� WKDW� VRPH�
HPSLULFDO�SDUDPHWHUV�PXVW�EH�WDNHQ�LQWR�DFFRXQW�LQ�WKH�PRGHOV�DW�WKH�SUHVHQW�WLPH��,Q�WKH�
FDVH� RI� 5�7�� JODVV�� WKHVH� SDUDPHWHUV� DUH� ZHOO� GRFXPHQWHG�� DQG� SUHGLFWLRQV� DUH� QRZ�
SRVVLEOH� ZLWK� D� VDWLVIDFWRU\� FRQILGHQFH� OHYHO�� 7KH� IROORZLQJ� SRLQWV� KDYH� EHHQ�
GHPRQVWUDWHG�WR�GDWH�IRU�WKLV�JODVV��

�� 1R�JODVV�GHYLWULILFDWLRQ�LV�H[SHFWHG�RYHU�WKH�ORQJ�WHUP��

�� 6HOI�LUUDGLDWLRQ� KDV� QR� GHWULPHQWDO� HIIHFW� RQ� WKH� JODVV� FRQWDLQPHQW�
SHUIRUPDQFH��

�� 8QGHU�JHRORJLFDO�GLVSRVDO� FRQGLWLRQV�� WKH�DTXHRXV�DOWHUDWLRQ�NLQHWLFV�RI� WKH�
JODVV�DUH�YHU\�VORZ��DQG�WKH�TXDQWLW\�RI�JODVV�DOWHUHG�DIWHU��������\HDUV�ZLOO�EH�
DSSUR[LPDWHO\������XQGHU�DQ�RSWLPL]HG�GLVSRVDO�VFHQDULR��
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�-RXDQ�$���3DSDXOW�&���3RUWHDX�&���5R]DQG�0��5HYXH�*pQpUDOH�1XFOpDLUH��������������������
�
�2UOKDF�;���)LOOHW�&���6HPSHUH�5���3KDOLSSRX�-��-�1RQ�&U\VWDOOLQH�6ROLGV�������������



�
�0DW]NH�+M���9HUQD]�(��-��1XFO��0DWHU�����������������������
�
�'HOD\H�-�0���*KDOHE�'��3K\VLFDO�5HYLHZ�%���������������������
�
� 6HQp�0�5��� %DLOH]�0��� ,OOHUKDV�%��� *RHEEHOV�-��� +DDVH�2��� .XOLVK�$��� *RGRQ�1���
&KRXFKDQ�-�/��(XURSHDQ�FRPPLVVLRQ�3URMHFW�UHSRUW�(85�������(1��

�
�.RFHU�&���&ROOLQV�5��-��$P��&HUDP��6RF�������������������������
�
�&URYLVLHU�-�/��3K'�WKHVLV��8QLYHUVLWp�/RXLV�3DVWHXU��6WUDVERXUJ��)UDQFH���������

�
�9HUQD]�(���*LQ�6���-pJRX�&���5LEHW�,��-�1XFOHDU�0DWHULDOV����������������������
�
�5LFRO�6��3K'�WKHVLV��8QLYHUVLWp�3��HW�0��&XULH��3DULV���������
��
�'HUXHOOH�2���6SDOOD�2���%DUERX[�3���/DPEDUG�-��-�1RQ�&U\VWDOOLQH�6ROLGV�����������������������

��
�*LQ�6���5LEHW�,���&RXLOODXG�0��-�1XFOHDU�0DWHULDOV������������������������

��
�9DOOH�1��3K'�WKHVLV��,13/�1DQF\��&156���������

��
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