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$LU��OLTXLG�LQWHUIDFH�IRU�KRPRJHQRXV�'LVSHUVLRQ�RI�0R6�

QDQRVKHHWV�LQ�SRO\LQGROH�PDWUL[�DVVLVWHG�E\�/DQJPXLU�
7HFKQLTXH

��� ,QWURGXFWLRQ

$GYHQW�RI�QHZ�HUD�RI�PDWHULDOV�VFLHQFH�LV�PDQLIHVWHG�E\�XQHDUWKLQJ�RI�QDQRPDWHULDOV�ZLWK�

DSSOLFDWLRQV� LQ� HOHFWURQLFV�� VHQVRUV�� HOHFWURFDWDO\VLV�� RSWRHOHFWURQLFV�� ELR� UHODWHG�

DSSOLFDWLRQV�ILHOG��HWF��>����������@��7KHVH�QDQR�VL]HG�PDWHULDOV�DOORZ�XV�WR�WDLORU�WKHLU�

SK\VLFDO�SURSHUWLHV�E\�YDU\LQJ�H[SHULPHQWDO�FRQGLWLRQV��WKXV�HQDEOLQJ�WKHLU�DSSOLFDELOLW\�

LQ�YDULRXV�ILHOGV��)XUWKHU��LW�LV�FRQGXFLYH�WR�HPSOR\�UDWKHU�JUHHQ�V\QWKHVLV�SURWRFROV�IRU�

WKHVH�QDQRVWUXFWXUHV�XWLOL]LQJ�HQYLURQPHQWDO�IULHQGO\�SUHFXUVRUV�DQG�PHGLXP�>��������@��

$PRQJ� WKH� QDQRPDWHULDOV�� �'� OD\HUHG� PDWHULDOV� �JUDSKHQH� DQG� LWV� DQDORJXHV�� OLNH�

WUDQVLWLRQ�PHWDO�GLFKDOFRJHQLGHV��KDYH�JUDEEHG�JUHDWHU�DWWHQWLRQ�GXH�WR�WKHLU�GLVWLQFWLYH�

PDWHULDO� SURSHUWLHV� DQG� WKHLU� DSSOLFDELOLW\� LQ� VHQVRUV�� HOHFWURQLFV�� FDWDO\VLV�� HQHUJ\�

VWRUDJH� DQG� RSWRHOHFWURQLF� ILHOGV� >�������@�� $PRQJ� WUDQVLWLRQ� GLFKDOFRJHQLGHV��

PRO\EGHQXP�GLVXOILGH��0R6���GLVSOD\V�KLJKHVW�FRQGXFWLYLW\�DQG�KDV�UHOLHYHG�PXFK�IURP�

WKH�VFDODELOLW\�DQG�HFRQRPLF�LVVXHV�WR�D�ODUJH�H[WHQW�>�������@��9DULRXV�UHSRUWHG�V\QWKHWLF�

SURFHGXUHV�IRU�0R6� DUH�PLFURPHFKDQLFDO�H[IROLDWLRQ��OLTXLG�SKDVH�H[IROLDWLRQ��SK\VLFDO�

YDSRU�GHSRVLWLRQ��FKHPLFDO�VROXWLRQ�SURFHVV��FKHPLFDO�YDSRU�GHSRVLWLRQ��HWF��WKDW�UHTXLUH�

VHYHUH�H[SHULPHQWDO�FRQGLWLRQV��EXW�K\GURWKHUPDO�URXWH��VROXWLRQ�EDVHG�SURFHVV��RIIHUV�

EHVW� FRQWURO� RYHU� 0R6� QDQRVKHHW� PRUSKRORJ\� LQ� PLOG� FRQGLWLRQ� ZLWK� PD[LPXP�

H[IROLDWLRQ�LQ�OLTXLG�SKDVH�>�������@��0R6� LQ�EXON�VWDWH�LV�D���DWRPV��6�0R�6��OD\HUHG�

VWUXFWXUH�VWDFNHG�YLD�YDQ�GHU�:DDOV�LQWHUDFWLRQV��WKRVH�QHHG�WR�EH�LQWHUYHQHG�LQ�RUGHU�WR�

H[SORLW�LWV�IHZ�OD\HUV�LQWULQVLF�SURSHUWLHV�HLWKHU�E\�H[IROLDWLQJ�FKHPLFDOO\�RU�SK\VLFDOO\�

>�������@��0R6� QDQRVKHHWV�ZLWK�PLQLPDO�LQWHUIHUHQFH�IURP�WKH�FRXQWHU�LRQV�V\QWKHVL]HG�
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YLD�K\GURWKHUPDO�URXWH�DUH�JHQHUDOO\�IHZ�OD\HUHG��WKDW�QHHG�WR�EH�H[IROLDWHG�RU�GLVSHUVHG�

LQ�SURSHU�GLVSHUVLRQ�PHGLXP�WR�DYRLG�WKH�ULVN�RI�UH�VWDFNLQJ�>�������@��&ROHPDQ�HW�DO��

KDV� GHPRQVWUDWHG� H[IROLDWLRQ� YLD� VRQLFDWLRQ� LQ� QRQ�YRODWLOH� RUJDQLF� VROYHQWV� �QRQ�

HFRIULHQGO\�� WR� REWDLQ� VLQJOH� RU� D� IHZ� OD\HUHG� QDQRVKHHWV� RI� 0R6��� EXW� WKH� RUJDQLF�

ZUDSSLQJ�OD\HUV�EORFNHG�LWV�VFRSH�IRU�XVDJH�LQ�IXUWKHU�DSSOLFDWLRQV�>���@��/DWHU��=KDQJ�

DQG�FRZRUNHUV��UHSRUWHG�WKH�H[IROLDWLRQ�RI�0R6� LQ�DQ�HWKDQRO�ZDWHU�PL[WXUH�WKDW�FRXOG�

EH�UHPRYHG�HDVLO\�ODWHU >���@��8VXDOO\��VROYHQW�DVVLVWHG�H[IROLDWLRQ�ZHDNHQV�WKH�LQWHUOD\HU�

LQWHUDFWLRQ�DQG�HQDEOHV�WKH�LQWHUFDODWLRQ�RI�VPDOO�LRQV�RU�PROHFXOHV�ZLWKLQ�WKH�OD\HUV�WKDW�

FDQ� EH� UHPRYHG� ODWHU�� 7KXV�� GLVSHUVLRQ�PHGLXP� DQG�PDWUL[� SOD\� D� VLJQLILFDQW� UROH� LQ�

FRQWUROOLQJ�WKH�H[WHQW�RI�H[IROLDWLRQ�IRU�DSSURSULDWH�DSSOLFDWLRQ��

7KHUH�KDYH�EHHQ�PDQ\�DWWHPSWV�WR�EOHQG�YDULRXV�SRO\PHUV�RU�IRUP�FRPSRVLWH�ZLWK�RWKHU�

PDWHULDOV� LQRUGHU� WR� REWDLQ� GHVLUHG� SURSHUWLHV >�������@�� 6LPLODULO\��0R6� �SRVVHVLQJ�

ODUJH� VXUIDFH� DUHD�� KLJK� HOHFWULFDO� FRQGXFWLYLW\�� DQG� KHWHURJHQHRXV� HOHFWURQ� WUDQVIHU�

SURSHUWLHV�� ZKHQ� UHLQIRUFHG� ZLWK� YDULRXV� SRO\PHUV� KDYH� VLJQLILFDQWO\� HQKDQFHG�

FRPSRVLWH¶V�WKHUPDO��PHFKDQLFDO�DQG�HOHFWULFDO�SURSHUWLHV�V\QHUJLVWLFDOO\�>��������@��%XW�

WKH�KLJK�FRVW��ORZ�SURGXFWLYLW\�DQG�SRRU�IDEULFDWLQJ�WHFKQLTXHV�KDYH�OLPLWHG�WKHLU�PHULWV

>�������@� 5HFHQWO\�� 7DQJ� HW� DO�� KDYH� SUHSDUHG� SRO\S\UUROH�0R6� QDQRFRPSRVLWH� YLD�

FRQWUROOHG� SRO\PHUL]DWLRQ� RI� WKH� PRQRPHU� DGVRUEHG� RQ� 0R6� VKHHWV� �H[IROLDWHG� YLD��

OLWKLXP�LRQ� >���@��+HUH��ZH�KDYH�DGRSWHG�K\GURWKHUPDO�URXWH�GLUHFWO\�\LHOGLQJ�QDQRVKHHW�

PRUSKRORJ\�� WKDW� DUH� ODWHU� H[IROLDWHG� LQ� HWKDQRO�ZDWHU� PL[WXUH� LQ� WKH� SUHVHQFH� RI�

PRQRPHU� �LQGROH�� GLVFDUGLQJ� WKH� XVDJH� RI� RWKHU� LQWHUFDODWLQJ� DJHQW�� 7KH� UHDVRQ� IRU�

LQWHUHVW� LQ� SRO\LQGROH� �3,Q�� DPRQJ� WKH� PRVW� VWXGLHG� FRQGXFWLQJ� SRO\PHUV�� LV� WKHLU�

H[FHOOHQW�WKHUPDO�VWDELOLW\��KLJK�UHGR[�DFWLYLW\��IDVW�HOHFWURFKURPLF�UHVSRQVH�DQG�EHWWHU�

HQYLURQPHQWDO�VWDELOLW\�ZLWK�WKHLU�SURPLQHQFH�LQ�VHQVRUV��HOHFWURFDWDO\VLV��HOHFWURFKURPLF�
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GHYLFHV��HQHUJ\�VWRUDJH��ELRVHQVRU�GRPDLQV�WLOO�GDWH >����������������������@��%HVLGHV�

DOO�WKHVH��SRRU�HOHFWULFDO�FRQGXFWLYLW\�RI�3,Q�UHODWLYH�WR�6XOIXU�FRQWDLQLQJ�SRO\PHUV�ZLWK�

DON\O�FKDLQ�OLNH�3RO\����DON\OWKLRSKHQH���3��$7���GLPLQLVKHV�3,Q�IDPLO\�VLJQLILFDQFH�LQ�

RUJDQLF�HOHFWURQLFV >���������������@��,Q�WKH�SDVW�IHZ�GHFDGHV��UHPDUNDEOH�HQKDQFHPHQW�

LQ�UHGR[�DQG�HOHFWULFDO�SURSHUWLHV�RI�3,Q�IDPLO\�KDV�EHHQ�GHDOW�YLD�FRPSRVLWHV�IRUPDWLRQ�

ZLWK�&17��JUDSKHQH�HWF��YDULRXV�FRQGXFWLQJ�PDWHULDOV >��@� 1HYHUWKHOHVV��KLJK�FRVW��SRRU�

V\QWKHWLF�\LHOG�DQG� IDLOXUH� LQ� ODUJH�DUHD�ILOP�IRUPDWLRQ�RI� WKHVH�PDWHULDOV� UHGXFH� WKHLU�

LQGXVWULDO�LPSOLFDWLRQ��7KHVH�DERYH�LVVXHV�VWLOO�GHPDQG�D�VLPSOH��HQYLURQPHQWO\�EHQLJQ�

DQG�JRRG� V\QWKHWLF� \LHOG�SURWRFROV� IRU�3,Q� FRPSRVLWH� IRUPDWLRQ� WR� HQKDQFH� WKHLU� ILOP�

VWDELOLW\�DQG�FRQGXFWLYLW\��7KH�PDMRU�KXUGOH�LQ�WKHLU�XVDJH�LQ�HOHFWURQLF�GHYLFHV�LV�WKHLU�

ODFN�LQ�IRUPDWLRQ�RI�WKLQ�IOH[LEOH�ILOPV�GXH�WR�WKHLU�SRRU�VROXWLRQ�SURFHVVDELOLW\�LQ�SXUH�

IRUP� �QR� VXUIDFWDQW��� 6ROXWLRQ� SURFHVVDELOLW\� LVVXH� KDV� EHHQ� DOUHDG\� DGGUHVVHG� LQ� RXU�

SUHYLRXV� UHSRUW� WKDW� FOHDUO\� H[SODLQV� WKH� IRUPDWLRQ� RI� WKLQ� ILOP� RI� 3,Q� YLD� /DQJPXLU�

%ORGJHWW��/%��PHWKRG >��@���7KRXJK�WKH�UHSRUW�VWDWHV�WKH�VWDEOH�ILOP�IRUPDWLRQ�RI�3,Q�DW�

DLU�ZDWHU�LQWHUIDFH��WKHLU�XQLIRUPLW\�IRU�PXOWLSOH�OD\HUV�GHSRVLWLRQ�RQWR�VXEVWUDWHV�FDQ�EH�

LPSURYHG�E\�YDU\LQJ�WKH�VXEVWUDWH�QDWXUH�DQG�OLIWLQJ�VW\OH�HPSOR\LQJ�/DQJPXLU�6FKDHIHU�

�/6��PHWKRG��6RPH�SUHYLRXV�UHSRUWV�KDYH�DOVR�SUHIHUUHG�/6�PHWKRG�IRU�QRQ�DPSKLSKLOLF�

ILOPV�OLNH�SRO\PHUV�DV�LW PLQLPL]HV�WKH�GLVUXSWLYH�IRUFH�GLVWXUELQJ�WKH�XQLIRUPLW\�RI�ULJLG�

PRQROD\HU�GXULQJ�YHUWLFDO�XSOLIWPHQW >�����@��+HUHLQ��ZH�KDYH�HPSOR\HG�/6�PHWKRG�IRU�

ILOP�IDEULFDWLRQ�DQG�PD[LPXP�LQWHUIDFLDO�LQWHUDFWLRQ�EHWZHHQ�0R6� DQG�WKH�GLVSHUVLRQ�

PDWUL[� �3,Q�� DW�PROHFXODU� OHYHO�� 3UHYLRXVO\� UHSRUWHG� UHVXOWV� SURPRWHG� WKH� DGGLWLRQ� RI�

VXUIDFWDQWV�WR�0R6� QDQRVKHHWV�WR�SUHYHQW�WKHLU�VLQNLQJ�LQ�WKH�WURXJK�DQG�WR�SRO\PHUV�WR�

DLG� WKHLU� SURFHVVDELOLW\� DQG� RULHQWDWLRQ� DORQJZLWK� FRPSURPLVH� ZLWK� WKHLU� LQWULQVLF�

HOHFWULFDO� SURSHUWLHV >��������@� 7KLV� LVVXH� KDV� EHHQ� DGGUHVVHG� KHUH� SURSHUO\� YLD�

FRPSRVLWH� DQG� ILOP� IRUPDWLRQ� LQ� WKHLU� SXUH� IRUP� ZLWKRXW� FRPSURPLVLQJ� ZLWK� WKHLU�
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LQWULQVLF�SURSHUWLHV��1RQ�FRYDOHQW�LQWHUIDFLDO�LQWHUDFWLRQV�EHWZHHQ�0R6� QDQRVKHHWV�DQG�

SRO\PHU� PDWUL[� KDYH� EHHQ� RSWLPLVHG� YLD� /DQJPXLU� LQ� RUGHU� WR� DWWDLQ� WKH� GHVLUDEOH�

SURSHUWLHV�RI�WKH�QDQRFRPSRVLWH�IRUPHG >������������@�

+HUHLQ�ZH�KDYH�GHPRQVWUDWHG�WKH�LQVLWX�R[LGDWLRQ�SRO\PHUL]DWLRQ�RI�LQGROH�PRQRPHU�LQ�

SUHVHQFH�RI�0R6� QDQRVKHHWV��V\QWKHVL]HG�E\�JUHHQ�VWUDWHJ\��LQ�DTXHRXV�PHGLXP��,QGROH�

JHWV�DGVRUEHG�RQ�0R6� QDQRVKHHWV�DVVLVWLQJ�LWV�H[IROLDWLRQ�DQG�WKHVH�QDQRVKHHWV�LQ�WXUQ�

DFW�DV�WHPSODWH�IRU�LQ�VLWX�R[LGDWLYH�SRO\PHUL]DWLRQ�RI�LQGROH��7KLV�ZRUN�KLJKOLJKWV�WKH�

LPSRUWDQFH�RI�/DQJPXLU�WHFKQLTXH�LQ�DWWDLQLQJ�PD[LPXP�LQWHUIDFLDO�LQWHUDFWLRQ�EHWZHHQ�

0R6� QDQRVKHHWV�DQG�3,Q�DW�DLU�ZDWHU�LQWHUIDFH��7R�WKH�EHVW�RI�RXU�NQRZOHGJH��WKHUH�LV�QR�

UHSRUW� DYDLODEOH� WLOO� GDWH� RQ� LQGROH� DVVLVWHG� H[IROLDWLRQ� RI�0R6� QDQRVKHHWV� DQG� WKHLU�

KRPRJHQRXV�GLVSHUVLRQ�YLD�/DQJPXLU�PHWKRG��2XU�ZRUN�HPSKDVL]HV�RQ�WKH�VLPXOWDQHRXV�

H[SORLWDWLRQ� RI� H[FHOOHQW� LQWULQVLF� SURSHUWLHV� RI� ERWK� 0R6� DQG� 3,Q� WRJHWKHU� YLD�

QDQRFRPSRVLWH� IRUPDWLRQ� WR� DWWDLQ� GHVLUDEOH� ODUJH� DUHD�� WKLQ� ILOP�YLD� /6�PHWKRG��:H�

EHOLHYH�WKDW�WKLV�DSSURDFK�GHVFULELQJ�/DQJPXLU�DVVLVWHG�GLVSHUVLRQ�RI��'�PDWHULDOV�LQWR�

SRO\PHU�PDWULFHV��OHVV�VROXEOH�DQG�ORZHU�FRQGXFWLYLW\��PD\�FRQWHQW�WKH�GHVLUH�WR�REWDLQ�

WKHLU�ODUJH�DUHD�XQLIRUP��FRPSDFW�DQG�VWDEOH�ILOPV�IRU�HOHFWURQLF�GHYLFH�DSSOLFDWLRQV��

��� 5HVXOWV�DQG�'LVFXVVLRQ

������&KDUDFWHUL]DWLRQ�RI�0R6� QDQRVKHHWV

$V�REVHUYHG�IURP�7(0�PLFURJUDSK��)LJXUH���� �D����V\QWKHVL]HG�0R6� UHYHDOV�

QDQRVKHHW�OLNH�VWUXFWXUH�>�����������@� 6HOHFWHG�DUHD�HOHFWURQ�GLIIUDFWLRQ��6$('��SDWWHUQ�

�LQVHW�RI�)LJXUH���� �D��GLVSOD\V�ULQJ�OLNH�PRGH�FRQILUPLQJ�WKHLU�SRO\FU\VWDOOLQH�QDWXUH��

+5�7(0�PLFURJUDSK� �)LJXUH� ���� �E���ZDV� DOVR� UHFRUGHG� WR� JHW� LQVLJKW� RI� WKH� FU\VWDO�

VWUXFWXUH�RI�0R6� WKDW�FOHDUO\�VKRZV�VWDFNHG�OD\HUV��7KH�LQWHUOD\HU�GLVWDQFH��PDUNHG�LQ�
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\HOORZ�EDUV��ZDV�PHDVXUHG�XVLQJ�*DWDQ�VRIWZDUH��)LJXUH������F���DQG�IRXQG�WR�EH�DURXQG�

�����QP�IURP�DQ�LQWHQVLW\�SURILOH�JUDSK >���@� (OHPHQWDO�DQDO\VLV��)LJXUH�����G����67(0�

+$$')�LPDJH��HOHPHQWDO�PDSSLQJ�LPDJH��)LJXUH������FRQILUP�WKH�SUHVHQFH�RI�0R�DQG�

6�WRJHWKHU�DV�0R6���;�UD\�SRZGHU GLIIUDFWLRQ��;5'��SDWWHUQ��)LJXUH�����H�� RI�WKH�EXON�

0R6� VKRZV�GLIIUDFWLRQ�SHDNV�DW������������DQG�����WKDW�FDQ�EH�XQDPELJRXVO\�DVVLJQHG�

WR� ������� ������� ������DQG� ������SODQHV�RI�KH[DJRQDO�SKDVH�RI�0R6� �-&3'6�1R�����

����� >���������������@� 7KH G�VSDFLQJ�REVHUYHG�LQ�)LJXUH������E��FRUUHVSRQGV�WR�������

SODQH�ZKLFK�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�SUHVHQW�;5'�UHVXOWV��)LJXUH�����H���REWDLQHG�

IRU�0R6� DQG�SUHYLRXV�UHSRUWV�>�������@� 2Q�WKH�EDVLV�RI�REWDLQHG�UHVXOWV��ZH�SURSRVHG�

D�SODXVLEOH�PHFKDQLVP��6HFWLRQ����������WKDW�H[SODLQV�WKH�VLJQLILFDQW�FDWDO\WLF�UROH�RI�+�

LRQV� LQ� IRUPDWLRQ� RI� 0R6� QDQRVKHHWV�� )XUWKHU�� ORZ� S+� FRQGLWLRQ� DOVR� QHJDWHV� WKH�

IRUPDWLRQ�RI�0R�R[LGHV�WKXV�IDYRULQJ�WKH�IRUPDWLRQ�RI�0R6� >���@�

������,QWHUDFWLRQ�VWXGLHV�RI�0R6��3,Q�QDQRFRPSRVLWH

,QWHUDFWLRQV� EHWZHHQ� WKH� QDQRVKHHW� DQG� 3,Q� LV� LQYHVWLJDWHG� YLD� 89�9LV� DQG� )7�,5�

VSHFWURVFRS\��89�9LV�VSHFWUD��)LJXUH������RI�SUHFXUVRUV�LQ�SULVWLQH�IRUP��3,Q�DQG�0R6�

QDQRVKHHWV�� DQG� WKHLU� 0R6��3,Q� FRPSRVLWH� ZDV� UHFRUGHG� WR� LQYHVWLJDWH� WKH� VSHFWUDO�

FKDQJHV� DIWHU� WKH� FRPSRVLWH� IRUPDWLRQ�� 0R6� QDQRVKHHWV� H[KLELWHG� FKDUDFWHULVWLF

DEVRUSWLRQV�DW���������������DQG�����QP��)LJXUH������D���L��UHG�VWDU�PDUNHG��ZKLFK�DUH�

DEVHQW�LQ�FRPSRVLWH�VLJQLI\LQJ�WKH�LQWHUDFWLRQ�RI�QDQRVKHHWV�ZLWK�3,Q�������)LJXUH�����

�D���LL��GLVSOD\HG�FKDUDFWHULVWLF�DEVRUSWLRQV�RI�3,Q�DW����������������ʌ� ʌ�������QP��Q�

ʌ�� DQG� SRODURQLF� WUDQVLWLRQ� ��������� QP�� FRQVLVWHQW� ZLWK� UHSRUWHG� OLWHUDWXUHV

>������������@� 7KHVH�DEVRUSWLRQV�ZHUH�FRQVLVWHQW�ZLWK�FRPSRVLWH��)LJXUH���� �D� �LLL��

MXVWLI\LQJ WKH� SRO\PHUL]DWLRQ� RI� LQGROH� DORQJ� ZLWK� ��� QP� VKLIW� LQ� WKH� ILUVW� SHDN

�FKDUDFWHULVWLF�RI�LQGROH��EOXH�VWDU�PDUNHG���7KLV�UHG�VKLIW�FRXOG�EH�DWWULEXWHG�WR�WKH
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)LJXUH���� &KDUDFWHUL]DWLRQV�RI�0R6� QDQRVKHHWV�V\QWKHVL]HG�YLD�K\GURWKHUPDO�SURFHVV�

�D��7(0��LQVHW�VKRZLQJ�6$('�SDWWHUQ���E��+57(0�LPDJH���F��LQWHQVLW\�SURILOH�JUDSK�

GHSLFWLQJ�LQWHUOD\HU�GLVWDQFH� �G��('6�HOHPHQWDO�DQDO\VLV���H��;5'�SDWWHUQ�

)LJXUH������D��+$$')�67(0���E��7(0�LPDJH�DQG�HOHPHQW�PDSSLQJ�LPDJHV�RI�0R6�

�F��6���G��0R�
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LQFUHDVHG� FRQMXJDWLRQ� OHQJWK� DQG� FRQWUROOHG� SRO\PHUL]DWLRQ� RI� LQGROH� RQ� 0R6�

QDQRVKHHWV�>�����@�

)LJXUH���� �D��89�YLV�DQG��E��YLEUDWLRQDO�VSHFWURVFRS\�RI��L��0R6� QDQRVKHHWV���LL��3,Q�

DQG��LLL���0R6��3,Q�FRPSRVLWH�

)7�,5�VSHFWURVFRS\�DLGHG�LQ� LQYHVWLJDWLRQ�RI�WKH�QRQ�FRYDOHQW� LQWHUDFWLRQ�EHWZHHQ�WKH�

3,Q�DQG�0R6� QDQRVKHHWV�LQ�WKHLU�FRPSRVLWH��)RU�SXUH�0R6� QDQRVKHHWV��)LJXUH ��� �E�

�L����SHDN�DW�����FP�� ZDV�DVVLJQHG�WR�0R�6�VWUHWFKLQJ�YLEUDWLRQ�DQG�WKH�RWKHU�WZR�SHDNV�

DW������DQG������FP�� FRUUHVSRQG�WR�2�+�VWUHWFKLQJ�YLEUDWLRQV�GXH�WR�LQWHUFDODWHG�ZDWHU�

PROHFXOHV�>�������@� &KDUDFWHULVWLF�1�+�VWUHWFKLQJ�YLEUDWLRQ�DW������FP�� IRU�3,Q�DQG�

�����FP�� IRU�0R6��3,Q��)LJXUH���� �E� �L��DQG��LL���YDOLGDWH�����OLQNDJH�RI�PRQRPHU�XQLW�

GXULQJ� SRO\PHUL]DWLRQ� >�����@� %RWK� 0R�6� YLEUDWLRQ� SHDN� DQG� RWKHU� FKDUDFWHULVWLF�

YLEUDWLRQ�SHDNV�IRU 3,Q�DUH�FRQVLVWHQW�LQ�WKH�0R6��3,Q�FRPSRVLWH��7DEOH������DORQJ�ZLWK�

VOLJKW� VKLIWV� UHIOHFWLQJ� VXFFHVVIXOO\� SRO\PHUL]DWLRQ� RI� LQGROH� RQWR� 0R6� QDQRVKHHWV��

7KHVH�UHG�VKLIWV�������FP����WRZDUGV�KLJKHU�ZDYHQXPEHU�FDQ�EH�DWWULEXWHG�WR�LQWHUDFWLRQ�

EHWZHHQ�WKH�KRVW�0R6� QDQRVKHHW�DQG�JXHVW�3,Q >���������@�

;5'�SDWWHUQ�RI�SXUH�3,Q�DQG�0R6��3,Q�QDQRFRPSRVLWH�SRZGHUV�DUH�VKRZQ�LQ�)LJXUH�����

�D���'LIIUDFWLRQ�RI�SXUH�3,Q��)LJXUH������D���LL���GLVSOD\HG�FKDUDFWHULVWLF�ZHDN�UHIOHFWLRQV
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7DEOH�����9LEUDWLRQDO�VSHFWURVFRS\�EDQG�DVVLJQPHQW�RI�0R6���3,Q�DQG�0R6��3,Q�

%DQG�DVVLJQPHQW��LQ�FP��� 0R6� 3,Q 0R6��3,Q

0R�6�VWU ��� � ���

2�+�VWU� ���������� � �

1�+�VWU � ���� ����

1�+�EHQG � ���� ����

& &�VWU��DURPDWLF� � ��������� ���������

&�1�VWU � ���� ����

&�+�EHQG � ��� ���

LQ� WKH� UDQJH� RI� ������� >�����@� 7KH� 0R6��3,Q� FRPSRVLWH� XQDPELJXRXVO\� VKRZHG�

GLIIUDFWLRQ�SHDNV�FRUUHVSRQGLQJ�WR�3,Q�DORQJ�ZLWK�VRPH�H[WUD�SHDNV�VXJJHVWLQJ�VXFFHVVIXO�

SRO\PHUL]DWLRQ�JURZWK�RQ�0R6� QDQRVKHHWV�ZLWK�FRQWUROOHG�NLQHWLFV��:KLOH�0R6� GLG�QRW�

JLYH�LWV�VLJQDWXUH�LQ�FRPSRVLWH�GLIIUDFWLRQ�SDWWHUQ��7KHUH�DUH�WZR�UHDVRQV�IRU�WKLV������3,Q�

PDWUL[� SUHYHQWHG� WKH� UH�VWDFNLQJ� RI� DV�SUHSDUHG�0R6� QDQRVKHHWV� �DOVR� HYLGHQW� IURP�

7(0� LPDJH� )LJXUH� ����� DQG� ���� 0R6� LV� SUHVHQW� LQ� YHU\� ORZ� ZW�� FRPSRVLWLRQ� LQ�

FRPSRVLWH�YL]��EH\RQG�WKH�GHWHFWLRQ�OLPLW�RI�RXU�LQVWUXPHQW�>���@� 7KLV�FOHDUO\�LQGLFDWHV�

WKDW�0R6� QDQRVKHHWV�DUH�IHZ�DWRPLF�OD\HUV�LQ�WKH�FRPSRVLWH��

7KLV� 0R6� JXLGHG� SRO\PHUL]DWLRQ� RI� LQGROH� LQ� D� FRQWUROOHG� IDVKLRQ� \LHOGHG� VPDOOHU�

SRO\PHULF� IUDJPHQWV� DV� FRPSDUHG� WR� WKH� FKHPLFDOO\� V\QWKHVL]HG� SULVWLQH� 3,Q�� 7KLV�

VWDWHPHQW�LV�LQ�VXSSRUW�ZLWK�WKH�)$%�PDVV�UHVXOW�WKDW�VWDWHV�����PRQRPHU�XQLWV�OLQNHG

WRJHWKHU�� 7KLV� UHVXOW� DOVR� FRQILUPV� WKDW�0R6� GLG� QRW� DIIHFW� WKH� 3,Q� GLIIUDFWLRQ� SHDN�

SRVLWLRQV� UHIOHFWLQJ� WKDW� LW�ZDV� QRW� LQFRUSRUDWHG� LQWR� WKH� SRO\PHU� VWUXFWXUH�� LQVWHDG� LW�

IRUPHG�QRQ�FRYDOHQW�OLQNDJH�GXULQJ�SRO\PHUL]DWLRQ�
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7KHUPDO� DQDO\VLV� VKRZQ� LQ� )LJXUH� ���� �E�� FOHDUO\� GLVWLQJXLVKHV� WKH� GHJUDGDWLRQ�

WHPSHUDWXUHV� IRU�3,Q� DQG�0R6��3,Q�FRPSRVLWH� UHYHDOLQJ� WKH� LPSURYHG� VWDELOLW\�RI� WKH�

QDQRFRPSRVLWH� V\QWKHVL]HG�� $W� PDUNHG� WHPSHUDWXUHV� �D�� ����&�� WKH� ZHLJKW� ORVV�

GLIIHUHQFH�ZDV�a���EXW�DW�KLJKHU� WHPSHUDWXUH��E������&�WKH�GLIIHUHQFH�UDLVHG� WR�����

LQGLFDWLQJ�HQKDQFHPHQW�LQ�WKHUPDO�VWDELOLW\�RI�WKH�QDQRFRPSRVLWH� $OO�WKH�DERYH�UHVXOWV�

YDOLGDWH�WKH�H[LVWHQFH�RI�QRQ�FRYDOHQW� LQWHUDFWLRQ�EHWZHHQ�WKH�SRO\PHUL]HG�LQGROH�DQG�

0R6� QDQRVKHHW� ZLWK� V\QHUJLVWLF� HQKDQFHPHQW� LQ� FRQMXJDWLRQ� OHQJWK�� SRO\PHU�

FU\VWDOOLQLW\�DQG�WKHUPDO�VWDELOLW\�>����������������@���

)LJXUH������D� ;5'�SDWWHUQ�DQG��E��7*$�RI��L��3,Q�DQG��LL��0R6��3,Q�QDQRFRPSRVLWH�

�EXON��

7(0�PLFURJUDSKV��)LJXUH������RI LQ�VLWX�SRO\PHUL]HG�3,Q�RQ�0R6� DV WHPSODWH�VKRZV�

GDUN� EODFN� SDWFKHV� UHSUHVHQWLQJ�0R6� QDQRVKHHWV� WKDW� DUH� HPEHGGHG� RQWR� WKH� OLJKWHU�

EDFNJURXQGV�UHSUHVHQWLQJ�3,Q��)LJXUH������E� FOHDUO\�UHYHDOV�WKH�XSSHU�IHZ�OD\HUV�RI�0R6�

RYHU�WKH�EDVH�OD\HU�RI�3,Q��67(0�LPDJH�DQG�HOHPHQWDO�PDSSLQJ�IRU WKH�VDPH�DV�VKRZQ�

LQ�)LJXUH�����VXSSRUWV�WKH�SODXVLEOH�PHFKDQLVP��)LJXUH������RI KRPRJHQRXV�JURZWK�RI�

3,Q� RYHU� QDQRVKHHWV� >���@�� 7KH� LPDJH� �)LJXUH� ����� FOHDUO\ FRUUHVSRQGV� WR� GLIIHUHQWV�

HOHPHQWV�VXFK�DV�0R��6��&�DQG�1�XQLIRUPO\ GLVWULEXWHG�RYHU�WKH�SDWFKHG�DUHD�
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)LJXUH�����7(0�PLFURJUDSKV�RI�GURS�FDVWHG�0R6��3,Q�QDQRFRPSRVLWH�DW�GLIIHUHQW�VFDOH�

EDUV��D������QP �E�����QP�

)LJXUH� ��� �D�� +$$')�67(0� DQG� �E�� HOHPHQW� PDSSLQJ� LPDJHV� RI� 0R6��3,Q�

QDQRFRPSRVLWH��EXON�GURS�FDVWHG����F��&���G��1���H��6���I��0R�

0R6� FRQFHQWUDWLRQV� LQ� LQFUHDVLQJ�RUGHU�QDPHO\�0R6��3,Q����0R6��3,Q��� DQG�0R6��

3,Q���ZHUH� DOVR� HPSOR\HG� IRU� QDQRFRPSRVLWH� IRUPDWLRQ�DQG�RSWLPL]HG�XVLQJ�&9�DQG

7(0�PHDVXUHPHQWV��&\FOLF�YROWDPPRJUDPV�IRU�SXUH�3,Q��0R6� DQG�YDULRXV�0R6��3,Q�

������FRPELQDWLRQV�ZHUH�REWDLQHG�LQ�D���P0�>)H�&1��@�í��íPL[WXUH������������0�.&O��VHH�
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)LJXUH�����&9�FXUYHV�RI��D��*&(���E��0R6��*&(���F��3,Q�*&(���G��0R6��3,Q���*&(��

DQG��H��0R6��3,Q���*&(��I��0R6��3,Q���*&(�LQ�D���P0�>)H�&1��@�í��íPL[WXUH��������

����0�.&O��6FDQ�UDWH����P9V����

)LJXUH���� 7(0�PLFURJUDSKV�RI�/6�ILOPV�RI��D��0R6��3,Q���DQG��E��0R6��3,Q����GDUN�

SDWFKHV�SRLQWHG�ZLWK�DUURZV�UHSUHVHQW�0R6���

)LJXUH�������7KLV�FOHDUO\�LOOXVWUDWHV�WKH�HQKDQFHPHQW� LQ�ERWK�DQRGLF�DQG�FDWKRGLF�SHDN�

FXUUHQW�XSWR�KLJKHVW�FRPSRVLWLRQ�0R6��3,Q���DQG�GHFUHDVH�LQ�SRWHQWLDO�VHSDUDWLRQ��SHDN�

WR�SHDN��DV�FRPSDUHG� WR�SXUH�3,Q� DQG�0R6���7KLV�FDQ�EH�DWWULEXWHG� WR� WKH�V\QHUJLVWLF�
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HIIHFW�EHWZHHQ�WKH�FRPSRQHQWV�RI�QDQRFRPSRVLWH�OHDGLQJ�WR�LQFUHPHQW�LQ�FRQGXFWLYLW\�

>�������@�� 7(0� LPDJHV� RI� WKH� DERYH� WZR� FRPSRVLWLRQV� ��� DQG� ��� UHYHDO� YHU\� ORZ�

GLVSHUVLRQ�RI�QDQRVKHHWV�LQ�3,Q�PDWUL[��VHH�)LJXUH���� �D���IRU����ZKHUHDV�DJJUHJDWLRQ�RI�

0R6� �VHH�)LJXUH������E���LQ�WKH�KLJKHVW�FRPSRVLWLRQ�0R6��3,Q����GDUN�SDWFKHV�PDUNHG�

ZLWK�DUURZ�UHSUHVHQW�0R6����+HQFH��0R6��3,Q���FRPSRVLWLRQ�UHSUHVHQWLQJ�ZHOO�JURZQ�

3,Q�RYHU�0R6� QDQRVKHHWV��)LJXUH������FRQVHQWHG�E\�7(0�DQG�&9�VWXGLHV�WRJHWKHU��LV�

WKH�RSWLPXP�RQH�WR�FDUU\�RQ�RWKHU�VWXGLHV��

2Q�WKH�EDVLV�RI�DERYH�UHVXOWV��ZH�SURSRVHG�D�VFKHPDWLF��VKRZQ�LQ�)LJXUH������GHVFULELQJ�

0R6� QDQRVKHHW�V\QWKHVLV�YLD�IDFLOH�K\GURWKHUPDO�PHWKRG��DGGLWLRQ�RI�LQGROH�WR�WKH�0R6�

QDQRVKHHWV� IROORZHG�E\� XOWUDVRQLFDWLRQ��+HUHLQ�� XOWUDVRQLFDWLRQ� LQ� DQ� HWKDQRO�DTXHRXV�

PL[WXUH� LQ� SUHVHQFH� RI� LQGROH� IDFLOLWDWHG� DGVRUSWLRQ� RI� LQGROH� XQLW� RQWR� QDQRVKHHWV�

FRRUGLQDWLQJ�WR�WKH�PHWDO�FKDOFRJHQLGH�FHQWHU�YLD�QLWURJHQ��7KLV�DTXHRXV�GLVSHUVLRQ�ZKHQ�

VXEMHFWHG� WR� $36� �R[LGDQW��� DVVLVWHG� LQ� FRQWUROOHG� DQG� DVVHPEOHG� V\QWKHVLV� RI� 3,Q�

SDUWLFOHV� RQ�0R6� QDQRVKHHWV� VHUYLQJ� DV� WHPSODWH�� 2QFH� WKH� SRO\PHU�ZDV� IRUPHG�� LW�

GLUHFWHG� WKH� RULHQWDWLRQ� RI� QDQRVKHHWV�� 0RQRPHUV� DGVRUEHG� RQ� WHPSODWH�� SULRU� WR�

SRO\PHUL]DWLRQ�UHVXOWV�LQ�FRQWUROOHG�DQG�RUGHUHG�SRO\PHU�IRUPDWLRQ�SOD\LQJ�VLJQLILFDQW�

UROH�LQ�VROXWLRQ�SURFHVVDELOLW\�>������������@�

������)ORDWLQJ�ILOP�LVRWKHUP�VWXGLHV

0ROHFXODU� LQWHUDFWLRQ� DW� DLU�ZDWHU� LQWHUIDFH� ZDV� LQYHVWLJDWHG� YLD� SUHVVXUH�DUHD� �ʌ�$�

LVRWKHUP� VWXG\� �)LJXUH� ����� RI� 3,Q� DQG� 0R6��3,Q� FRPSRVLWH� LQ� /%� WURXJK�� 9DULRXV�

SDUDPHWHUV�WKDW�GHWHUPLQH�WKH�ILOP�SURSHUWLHV�ZHUH�RSWLPL]HG�DFFRUGLQJ�WR�RXU�SUHYLRXV�

UHSRUWV� >��������@� $OVR�� LW� ZDV� REVHUYHG� WKDW� YHUWLFDO� OLIWLQJ� RI� WKH� 3,Q� /%� ILOP��

GHFUHPHQW�RI�WUDQVIHU�UDWLR�IRU�PXOWLOD\HU ZDV�REVHUYHG >��������@� 7KLV�ZDV�SUREDEO\�
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GXH�WR�UHYHUWLQJ�EDFN�RI�WKH�ILOP�LQWR�VXESKDVH�GXULQJ�YHUWLFDO�XSOLIWPHQW��6R��KRUL]RQWDO�

RU� /6� PHWKRG� RI� ILOP� OLIWLQJ� HVSHFLDOO\� IRU� QRQ�DPSKLSKLOLF� PROHFXOHV� LV� KLJKO\�

SUHIHUUDEOH� WR� REWDLQ� JRRG� TXDOLW\� ILOPV >��������@�� &KHPLFDOO\� V\QWKHVL]HG� 3,Q� DQG�

0R6��3,Q� ZHUH� WDNHQ� LQ� YHU\� GLOXWH� FRQFHQWUDWLRQ� �a���� PJ�P/�� IRU� VSUHDGLQJ RYHU�

ODQJPXLU�WURXJK��)LJXUH����� YHU\�ZHOO�GHSLFWV�WKH�SURFHVV�RI�VHOI�DVVHPEO\�RI�0R6��3,Q�

LQLWLDOO\�DQG DIWHU�EDUULHU�FRPSUHVVLRQ�DW� WKH�UDWH�RI����PP�PLQ��2Q�FRPSUHVVLRQ�� WKH�

IORDWLQJ� ILOP� LVODQGV� RI� FRPSRVLWH� VWDUW� DUUDQJLQJ WKHPVHOYHV� WR� IRUP� FRQWLQRXV� ILOP��

3UHVVXUH�DUHD� �ʌ�$�� LVRWKHUP� RI� ERWK� 3,Q� DQG� 0R6��3,Q� LQ� )LJXUH� ���� �D�� DQG� �E��

LOOXVWUDWHV� WKH� HIIHFW� RI� LQFUHDVLQJ� VXUIDFH� SUHVVXUH� RQ� PHDQ� PRQRPHULF� DUHD� RI� WKH�

VDPSOH��%RWK�LVRWKHUPV�KDYH�EHHQ�VXE�GLYLGHG�LQWR�IRXU�GLVWLQFW UHJLRQV�DV�SHU�RXU�HDUOLHU�

UHSRUWV� PDUNHG� DV� UHJLRQ� ,� IRU� JDVHRXV� SKDVH� �PROHFXOHV� IDU� DSDUW�� UHIOHFWLQJ� ZHDN�

LQWHUPROHFXODU�LQWHUDFWLRQV��,,�IRU�OLTXLG�FRQGHQVHG�SKDVH��,,,�IRU�VROLG�FRQGHQVHG�DQG�,9�

IRU�VROLG�FROODSVH�SKDVH��PRQROD\HUV�VWDUW�FROODSVLQJ��>��������@��$V�HYLGHQW�IURP�)LJXUH�

�����PHDQ�PRQRPHULF�DUHD�IRU��E��0R6��3,Q�LV� ODUJHU�WKDQ�WKDW�IRU��D��3,Q�WKDW�FDQ�EH�

DWWULEXWHG� WR� WKH� 0R6� QDQRVKHHWV� IRUPLQJ� VWURQJ� VHFRQGDU\� LQWHUDFWLRQV� ZLWK� 3,Q�

RFFXS\LQJ�ODUJHU�VXUIDFH�FRYHUDJH�DORQJZLWK�UHGXFWLRQ�LQ�ILOP ULJLGLW\��&KDLQ�H[WHQVLRQ�

RI� 3,Q� DQFKRUHG� RQ�0R6� QDQRVKHHW� RFFXUV� ZLGHO\� RYHU� WKH� VXESKDVH� JLYLQJ� ULVH� WR�

PRQROD\HU�DQG�XQLIRUP�ILOP��%HLQJ�QRQ�DPSKLSKLOLF��3,Q�DORQH�IRUPV�SVHXGRPRQROD\HU�

�WKLFNHU� OD\HU�� ZKLFK� LV� HYLGHQW� IURP� $)0� UHVXOWV� GLVFXVVHG� ODWHU >����������@��

0RUHRYHU��KLJKHU�FROODSVH�SRLQW� IRU� WKH�0R6��3,Q� LVRWKHUP�DOVR�GHPRQVWUDWHV� UHODWLYH�

EHWWHU� PRQROD\HU� VWDELOLW\� DW� DLU�ZDWHU� LQWHUIDFH� WKDQ� 3,Q�� %ORGJHWW� VW\OH� �YHUWLFDO�

GHSRVLWLRQ��ILOP�OLIWLQJ�OHDGV�WR�DJJUHJDWH�DQG�GLVFRQWLQRXV�ILOP�IRUPDWLRQ�HVSHFLDOO\�LQ�

WKH�FDVH�RI�PXOWLOD\HU�GHSRVLWLRQ�>������@��7KLV�ZDV�FRQVLVWHQW�ZLWK�RXU�REVHUYDWLRQV�RI

GLPLQLVKLQJ�WUDQVIHU�UDWLR�IURP������WR������IRU�PXOWLOD\HU�GHSRVLWLRQ�DV�REVHUYHG�LQ�7DEOH
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)LJXUH�����3UHVVXUH�YV��$UHD��ʌ�$��LVRWKHUP�RI��D��3,Q�DQG��E��0R6��3,Q�QDQRFRPSRVLWH�

)LJXUH� ����� 6FKHPDWLF� UHSUHVHQWDWLRQ� RI� DVVHPEO\� RI� 0R6��3,Q� RQ� ZDWHU� VXESKDVH�

LQLWLDOO\��DIWHU�EDUULHU�FRPSUHVVLRQ�DQG�/6�ILOP�IDEULFDWLRQ�

�����0RUHRYHU��WKHUH�LV�ULVN�RI�PRQROD\HU�WR�UHYHUW�EDFN�LQWR�WKH�VXESKDVH�GXULQJ�YHUWLFDO�

OLIWLQJ�� 7KHUHIRUH�� IRU� QRQ�DPSKLSKLOLF� PROHFXOHV� OLNH� 3,Q�� /6 WHFKQLTXH� LV� PRUH�

SUHIHUDEOH�� 7KH� VXEVWUDWH� LV� VWDPSHG� KRUL]RQWDOO\� DQG� OLIWHG� YHU\� VORZO\� �PDQXDOO\��

PDNLQJ�DQ�DQJOH�RI�����ZLWK�WKH�VXESKDVH��7KLV�LV�UHIHUUHG�DV�VHPL�GU\�SURFHVV DV�WKH
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VXEVWUDWH� OLIWLQJ� GRHVQRW� GLUHFWO\� GLVUXSW� WKH� /DQJPXLU� PRQROD\HU� XQOLNH� YHUWLFDO�

XSOLIWLQJ�

7DEOH�����7UDQVIHU�UDWLR�RI�GLIIHUHQW�QXPEHU�RI�OD\HUV��,��,,,��9��GHSRVLWHG�

0DWHULDO� 6XUIDFH�
3UHVVXUH�
�P1�P�

7UDQVIHU�UDWLR��Q��IRU�GLIIHUHQW�OD\HUV

9HUWLFDO�GLSSLQJ��/%� +RUL]RQWDO�GLSSLQJ��/6�

, ,,, 9 , ,,, 9

3,Q �� ���� ���� ���� ��� ���� ����

0R6��3,Q �� ���� ���� ���� ��� ���� ����

������7RSRJUDSKLFDO�DQG�VWUXFWXUDO�DQDO\VLV�RI�/6�ILOPV

7(0�DQG�$)0�VWXGLHV�ZHUH�SHUIRUPHG�WR�LQYHVWLJDWH�WKH�XQLIRUP�GLVSHUVLRQ�RI�0R6�

QDQRVKHHWV� LQ�3,Q�PDWUL[��7(0�PLFURJUDSKV� �)LJXUH������ �D� DQG� �E���RI�3,Q�/6� ILOP�

VKRZV�LWV�H[SDQGHG�VKHHW�OLNH�VWUXFWXUH�ZULQNOHG�DW�SODFHV�SUREDEO\�GXH�WR�OLIWLQJ�IODZV�

RQ�FDUERQ�JULG��7(0�LPDJH��)LJXUH�������F� DQG��G���RI�0R6��3,Q�/6�ILOPV�FOHDUO\�H[KLELW�

0R6� QDQRVKHHWV��GDUN�SDWFKHV��GHFRUDWHG�XQLIRUPO\�LQ�3,Q�PDWUL[��7KHVH�QDQRVKHHWV�DUH�

XQLIRUP� LQ� VL]H� UDQJLQJ� IURP� ������ QP�GLDPHWHU� GHFRUDWHG� XQLIRUPO\�� 3HUFHQWDJH� RI�

VXUIDFH�DUHD�FRYHUDJH�RI�0R6� QDQRVKHHWV�RQ�3,Q�/6�ILOP�DV�FDOFXODWHG�YLD�,PDJH-�IURP�

)LJXUH�������G��ZDV�IRXQG�WR�EH���������0RUHRYHU��67(0�LPDJH�DQG�HOHPHQWDO�PDSSLQJ�

RI� WKH�0R6��3,Q�/6� ILOPV� �VHH�)LJXUH� ������ DOVR� YDOLGDWHG WKH� GDUN�SDWFKHV DV�0R6�

QDQRVKHHWV� RQ�3,Q�PDWUL[� 6XUIDFH� WRSRJUDSK\� LPDJHV�RI�3,Q� DQG�0R6��3,Q�/6� ILOPV�

ZHUH�LQYHVWLJDWHG�DORQJ�ZLWK�3KDVH�FRQWUDVW�LPDJHV�VLPXOWDQHRXVO\�DV�VKRZQ�LQ�)LJXUH�

���� �D�G���$)0� LPDJHV� RI� 3,Q� /6� ILOPV� �)LJXUH� ���� �D��� UHYHDO� WKH� XQLIRUPLW\� DQG�

FRPSDFWQHVV�ZLWK�DYHUDJH�KHLJKW�SURILOH�RI�a����QP�VLPLODU� WR�RXU�SUHYLRXV UHSRUW����

$YHUDJH� KHLJKW� SURILOH� RI� QDQRFRPSRVLWH� FRPHV� WR� EH� a� ���� QP� ZKLFK� VXJJHVW� WKH�
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IRUPDWLRQ�RI�ZHOO�GLVSHUVHG�WKUHH�RU�IHZHU�OD\HUV�RI�0R6� RQ�3,Q�PDWUL[��7KLV�ILQGLQJ�

DOVR�FRPSOHPHQWV�WKH�ODUJHU�PHDQ�PRQRPHULF�DUHD�REVHUYHG�IRU�FRPSRVLWH��)LJXUH�����

�E����0RUHRYHU��QDQRFRPSRVLWH�IRUPV�PRUH�XQLIRUP�DQG�VPRRWK�ILOP�DV�FRPSDUHG�WR�SXUH�

SRO\PHU�WKDW�LV�FOHDUO\�HYLGHQW�IURP�UPV�URXJKQHVV�YDOXHV�RI�������QP�LQ�FRPSDULVRQ�WR�

������QP�REWDLQHG�IRU�3,Q��7KH�GLIIHUHQFH�LQ�WRSRJUDSK\�IURP�SUHYLRXVO\�UHSRUWHG�ZRUN�

RQ� 3,Q� FDQ� EH� DWWULEXWHG� WR� GLIIHUHQW� OLIWLQJ� PHWKRG� RI� /DQJPXLU ILOPV� DQG� GLIIHUHQW�

V\QWKHWLF�URXWH�IRU�SRO\PHUL]DWLRQ�RI�LQGROH�>��@��3KDVH�FRQWUDVW�LPDJH��)LJXUH�������E���

RI�3,Q�/6�ILOP�GRHVQRW�UHYHDO�PXFK LQIRUPDWLRQ�H[FHSW�WKH�VDPH�FRPSRVLWLRQ�WKURXJKRXW��

$)0�LPDJH�RI�0R6��3,Q�QDQRFRPSRVLWH�/6�ILOPV��)LJXUH�������F���VKRZV�ZKLWH�SDWFKHV�

RI�XQLIRUP�VL]H�KRPRJHQRXVO\�GLVWULEXWHG�RYHU�WKH�PDWUL[��7KH�VDPH�FRXOG�EH�REVHUYHG�

LQ� LWV� SKDVH� FRQWUDVW� LPDJH� �)LJXUH� ����� �G���� 3KDVH� FRQWUDVW� LPDJHV� VHQVLWLYH� WR�

FRPSRVLWLRQDO�GLIIHUHQFH��YHU\�ZHOO�GHSLFW�WKH�SUHVHQFH�RI�WZR�SKDVHV�LQ�QDQRFRPSRVLWH��

7KLV�REVHUYDQFH�VWURQJO\�VXSSRUWV� WKH�7(0�UHVXOW��)LJXUH�������F��DQG��G���VLJQLI\LQJ�

KRPRJHQRXV�GLVWULEXWLRQ�RI�XQLIRUP�VL]HG�0R6� QDQRVKHHW�RQ�3,Q�PDWUL[�IDFLOLWDWHG�E\�

/DQJPXLU�PHWKRG�VHOI�DVVHPEO\��

������(OHFWULFDO�&KDUDFWHUL]DWLRQ

7KH�FKDUJH�WUDQVSRUW�SURSHUWLHV�DQG�HOHFWURQLF�SDUDPHWHUV�RI�OD\HU�E\�OD\HU�GHSRVLWHG�3,Q�

/6� ILOP� ZDV� LQYHVWLJDWHG� IURP� VDQGZLFKHG� VWUXFWXUH� RI� $O�3,Q�,72� DQG� $O�3,Q�

0R6��,72�>���������������@��)LJXUH������ �D�� VKRZV� WKH�-�9�FKDUDFWHULVWLFV�RI�3,Q /6

ILOP�DQG�3,Q�0R6� /6�ILOP�UHVSHFWLYHO\��+RZHYHU��)LJXUH�������E��GHPRQVWUDWH�WKH�VHPL�

ORJ� SORW� RI� )LJXUH� ����� �D�� XQGHU� GDUN� FRQGLWLRQ� DW� URRP� WHPSHUDWXUH��7KH� IDEULFDWHG

VDQGZLFKHG� VWUXFWXUH� IDEULFDWHG� GHYLFH� ,72�6HPLFRQGXFWRU�$O� 6FKRWWN\� MXQFWLRQ� LV�

VKRZQ�LQ�WKH�VFKHPDWLF�GLDJUDP��LQVHW�RI�)LJXUH�������D����7KH�UHFWLI\LQJ�EHKDYLRU�RI�WKH�

VDQGZLFKHG�VWUXFWXUH�GHYLFHV�ZHUH�HYDOXDWHG�E\�DVVXPLQJ�WKH�VWDQGDUG�WKHUPLRQLF
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)LJXUH������7(0�PLFURJUDSKV�RI�/6�ILOPV�RI��D�E��3,Q�DQG��F�G��0R6��3,Q�

)LJXUH����� �D��+$$')�67(0�DQG��E��HOHPHQW�PDSSLQJ�LPDJHV�RI�0R6��3,Q�/6�ILOP��

�F��&���G��1���H��6���I��0R�
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)LJXUH����� 7DSSLQJ�PRGH�$)0�DQG�SKDVH�FRQWUDVW�LPDJHV�RI�/6�ILOPV�RI��D�E��3,Q�DQG�

�F�G��0R6��3,Q�

)LJXUH� ���� �D�� &XUUHQW� GHQVLW\�YROWDJH� �-�9�� PHDVXUHPHQW� �E�� 6HPL�ORJ� SORW� IRU� ��

OD\HUHG�/6�ILOP�IDEULFDWHG�$O�3,Q�,72��EODFN�FXUYH��DQG�$O��0R6��3,Q�,72��UHG�FXUYH��

GHYLFH�VWUXFWXUH�
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HPLVVLRQ�WKHRU\�ZKLFK�FDQ�EH�H[SUHVVHG�DV�>�����@
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:KHUH� -� GHQRWHV� WKH� VDWXUDWLRQ� FXUUHQW� GHQVLW\� LQ� DEVHQFH� RI� H[WHUQDO� ELDV�� Ș� LV� WKH�

LGHDOLW\� IDFWRU� RI� GHYLFH�� T� LV� HOHFWURQLF� FKDUJH�� DQG� 9� LV� WKH� DSSOLHG� YROWDJH�� 7� LV�

WHPSHUDWXUH�LQ�.HOYLQ�DQG�N�LV�WKH�%ROW]PDQQ�FRQVWDQW��-� LV�DVVRFLDWHG�ZLWK�WKH�6FKRWWN\�

EDUULHU�KHLJKW��ĭ% DV
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:KHUH�$�LV�WKH�HIIHFWLYH�5LFKDUGVRQ�FRQVWDQW��YDOXH ����$�FPí� .í����%DVHG�RQ�WKH�

DERYH�HTXDWLRQV��ZH�FDOFXODWHG�WKH�VDWXUDWLRQ�FXUUHQW�GHQVLW\�-���EDUULHU�KHLJKW�ĭ% DQG�

LGHDOLW\�IDFWRU�Ș�RI�GHYLFHV�$O�3,Q�,72�DQG�$O�3,Q�0R6��,72�JLYHQ�LQ�7DEOH������7KH�

LGHDOLW\�IDFWRU�RI�$O�3,Q�,72�GHYLFH�GHPRQVWUDWHV�GHYLDWLRQ�IURP�LGHDO�GLRGH�EHKDYLRXU�

DQG�PXFK�KLJKHU�YDOXH�LQ�FRPSDULVRQ�WR�LGHDO�GLRGH�LGHDOLW\�IDFWRU�� ��� +RZHYHU��WKH

LGHDOLW\�IDFWRU�RI�ERWK�GHYLFHV�YL]�$O�3,Q�,72�DQG�$O�3,Q�0R6� LV�ODUJHU�WKDQ�RQH��,W�LV

7DEOH���� (OHFWURQLF�SDUDPHWHUV�RI�GHYLFH�

3DUDPHWHUĺ��'HYLFHV�
Ļ

Ș -� �$�FP�� ĭ% �H9� 5HFWLILFDWLRQ��������������������������������
UDWLR

$O�3,Q�,72 ���� ����[���� ����� ��

$O�0R6��3,Q�,72 ���� ����[���� ����� ���
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LPSRUWDQW�WR�QRWH�WKDW�WKH�LGHDOLW\�IDFWRU�EHWZHHQ�����DQG�����DULVHV�GXH�WR�FDUULHU�GULIW�

GLIIXVLRQ�SURFHVV�DQG�WKH�6DK�1R\FH�6KRFNOH\�JHQHUDWLRQ�UHFRPELQDWLRQ�SURFHVV��7KHUH�

DUH�VHYHUDO�SKHQRPHQD�WKDW�FDQ�DWWULEXWH�WR�WKH�H[FHHGLQJ�YDOXH�RI�LGHDOLW\�IDFWRU�VXFK�DV�

WUDS�DVVLVWHG� WXQQHOLQJ�� FDUULHU� OHDNDJH�� DQG� EDUULHU� LQKRPRJHQHLW\�� HWF�� 7KHUHIRUH��

LGHDOLW\�IDFWRU�PRUH�WKDQ���LQ�ERWK�FDVH�/6�ILOPV�LV�GXH�WR�OD\HU E\�OD\HU�GHSRVLWLRQ��XSWR�

ILYH� OD\HUV�� FDXVLQJ� LQFUHDVH� LQ� WUDS�DVVLVWHG� WXQQHOLQJ�� FDUULHU� OHDNDJH�� DQG� EDUULHU�

LQKRPRJHQHLW\��0XOWLOD\HU�GHSRVLWHG�3,Q�/6�ILOPV�GHYLFHV�ZLWK�WKH�GHYLDWLRQ�IURP�LGHDO�

EHKDYLRU� LV� FRQVLVWHQW�ZLWK� RXU� SUHYLRXV� DVVXPSWLRQV� >������@� +RZHYHU�� DGGLWLRQ� RI�

0R6� QDQRVKHHWV�LQ�SRO\PHU�ILOP�PDWUL[�LQGXFHV�EHWWHUPHQW�LQ�WKH�LGHDOLW\�IDFWRU�IURP�

�����WR�������

7KH�FXUUHQW�REWDLQHG�IRU�$O�0R6��3,Q�,72�GHYLFHV�GHPRQVWUDWH�VLJQLILFDQWO\�a��

IROG�HQKDQFHPHQW�LQ�IRUZDUG�FXUUHQW�DV�FRPSDUHG�WR�SXUH�$O�3,Q�,72��7KLV�HQKDQFHPHQW�

LQ�IRUZDUG�FXUUHQW�FDQ�EH�H[SODLQHG�E\�XVLQJ�0RWW¶V�ODZ�RI�YDULDEOH�UDQJH�KRSSLQJ�IRU�

YDULHW\�RI�GLVRUGHUHG�PDWHULDOV��,W�LV�QRWHZRUWK\��WKDW�WKUHH�W\SH�RI�FRQGXFWLRQ�SDWKZD\V�

DUH�SRVVLEOH�LQ�WKH�0R6��3,Q�PDWHULDOV��)LUVW�RQH��DORQJ�WKH�FRQMXJDWLRQ�OHQJWK�RI�SRO\PHU�

FKDLQV��VHFRQG�RQH��KRSSLQJ�EHWZHHQ�WKH�SRO\PHU�FKDLQV�DQG�WKLUG�RQH��FRQGXFWLRQ�YLD�

0R6� FRQGXFWLQJ� ILOOHU�� 7KLV� FRQGXFWLQJ� ILOOHU� SOD\V� D� YLWDO� UROH� LQ� WKLV� UHPDUNDEOH�

HQKDQFHPHQW�LQ�FRQGXFWLYLW\�EHFDXVH�ILOOHUV�SURYLGH�DQ�HDV\�SDWK�IRU�FKDUJH�FRQGXFWLRQ��

,W�PHDQV�QDQRILOOHU�0R6� FRQWULEXWHV�UHPDUNDEO\�WRZDUGV�WKH�VLJQLILFDQW�HQKDQFHPHQW�LQ�

FXUUHQW��)XUWKHU��DGGLWLRQ�RI�0R6� QDQRILOOHUV�FDXVH�LPSURYHPHQW�LQ�VDWXUDWLRQ�FXUUHQW�

DQG�VXFFHVVLYH�UHGXFWLRQ�LQ�EDUULHU�KHLJKW�IURP�������WR�������DV�VKRZQ�LQ�7DEOH������

)LQDOO\��LW�LV�QRWHZRUWK\�WR�PHQWLRQ�WKDW�WKH�0R6��3,Q�/6�ILOP�GHPRQVWUDWHG����

IROG�HQKDQFHPHQW�LQ�UHFWLILFDWLRQ�UDWLR�DV�FRPSDUHG�WR�SXUH�3,Q�/6�ILOP��7KH�UHPDUNDEOH�
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LQFUHPHQW� LQ� UHFWLILFDWLRQ� UDWLR� FDQ� EH� DWWULEXWHG� WR� WKH� IRUPDWLRQ� RI� VPRRWK� VXUIDFH��

UHGXFWLRQ�LQ�EDUULHU�KHLJKW�DQG�HQKDQFHPHQW�LQ�FKDUJH�LQMHFWLRQ�HIILFLHQF\�

��� &RQFOXVLRQ

0R6� QDQRVWUXFWXUHV� VXFFHVVIXOO\� V\QWKHVL]HG� YLD� K\GURWKHUPDO� UHDFWLRQ� WKDW�

\LHOGHG�LWV�QDQRVKHHW�PRUSKRORJ\��JXLGHG�WKH�FRQWUROOHG�JURZWK�RI�3,Q��7KH�QRQ�FRYDOHQW�

LQWHUDFWLRQ�EHWZHHQ�0R6� QDQRVKHHW�DQG�QLWURJHQ�DWRP�RI�LQGROH�XQLW�ZDV�WKH�GULYLQJ�

IRUFH�RI�H[IROLDWLRQ�LQ�DTXHRXV�PHGLXP�DQG�DVVHPEO\�DW�DLU�ZDWHU�LQWHUIDFH��7KHVH�SUH�

DVVHPEOHG� VWUXFWXUHV� ZHUH� WDLORUHG� XVLQJ� /DQJPXLU� WHFKQLTXH� IRU� ODUJH� DUHD� XQLIRUP�

GLVSHUVLRQ�RI�0R6� QDQRVKHHWV�RQ�3,Q�PDWUL[��7KLV�K\SRWKHVLV�ZDV�YDOLGDWHG�E\�7(0�DQG�

$)0� UHVXOWV�� /6� WHFKQLTXH� RIIHUHG� UHPDUNDEOH� RSSRUWXQLW\� WR� QDQRFRPSRVLWH� WR� VHOI�

DVVHPEOH�DQG�GLVSHUVH� WKHPVHOYHV� DW� WKH� DLU�ZDWHU� LQWHUIDFH��0R6� QDQRVKHHWV� IRUPHG�

ODUJHU� LQWHUIDFH� ZLWK� KLJKHU� VXUIDFH� WR�PDVV� UDWLR� RQ� 3,Q�PDWUL[� LQ� /DQJPXLU WURXJK�

OHDGLQJ�WR�VWDEOH�DQG�XQLIRUP�ILOP��)XUWKHUPRUH��WKLV�VLPSOH�DSSURDFK�IRU�KRPRJHQRXV�

GLVWULEXWLRQ� RI� XQLIRUP� VL]HG� 0R6� QDQRVKHHWV� LQ� 3,Q� PDWUL[� H[KLELWHG� VLJQLILFDQW�

HQKDQFHPHQW� LQ� HOHFWULFDO� SURSHUWLHV� RI� WKH� SRO\PHU�� :H� KRSH� WKDW� WKLV� ZRUN� ZLOO�

HQFRXUDJH�WKH�XVDJH�RI�/DQJPXLU�WHFKQLTXH�IRU�REWDLQLQJ�KRPRJHQRXVO\�GLVSHUVHG��'�

PDWHULDOV�LQ�RWKHU�SRO\PHU�PDWULFHV�WRR�


