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)DFXOW\�RI�0DW��6FL��DQG�&HUDPLFV��8QLYHUVLW\�RI�0LQLQJ�DQG�0HWDOOXUJ\��0LFNLHZLF]D�����������

.UDNRZ��3RODQG�

�

�

0XOWLFRPSRQHQW��PL[HG�QHWZRUN�6L2���3��2��$O�2��JODVV�FRQWDLQLQJ�0J2�DQG�.�2�DV�PRGLILHUV�ZDV�

V\QWKHVL]HG��)RXULHU�WUDQVIRUP�LQIUDUHG��)7�,5��VSHFWURVFRS\��GLIIHUHQWLDO�VFDQQLQJ�FDORULPHWU\��'6&��DQG�

WKHUPRPHFKDQLFDO� DQDO\VLV� �70$��ZHUH�XVHG� WR� FKDUDFWHUL]H� WKH�REWDLQHG�JODVV�� ,W� VKRZHG�KLJK� WKHUPDO�

VWDELOLW\�� H[KLELWLQJ� QR� FU\VWDOOL]DWLRQ� WHQGHQF\� LQ� EXON� IRUP� HYHQ� DIWHU� ��KUV�� RI� KHDWLQJ� DW� KLJK�

WHPSHUDWXUHV��

,W� FU\VWDOOL]HG� UHDGLO\� LQ� SRZGHUHG� IRUP� ZKHQ� KHDWHG� LQ� WKH� VDPH� UDQJH� RI� WHPSHUDWXUHV�� ;�UD\�

GLIIUDFWLRQ� �;5'��� VFDQQLQJ� HOHFWURQ�PLFURVFRS\� �6(0��� FRXSOHG�ZLWK� HQHUJ\� GLVSHUVLYH� [�UD\� DQDO\VLV�

�(';�� FRQILUPHG� WKDW� WKH� ILUVW� SKDVH� WR� FU\VWDOOL]H� ZDV� EHUOLQLWH� �$O32��� WRJHWKHU� ZLWK� 0J�3�2��� $V�

WHPSHUDWXUH�LV�LQFUHDVHG��0J��32����VWDUWHG�WR�FU\VWDOOL]H�DV�ZHOO��7KH�FRQWHQW�RI�0J�3�2��GLPLQLVKHV�DV�

WHPSHUDWXUH�LV�LQFUHDVHG��$ERYH�a����
R
&��LQ�PROWHQ�JODVV���RQO\�$O32��DQG�0J��32����FRQWLQXH�WR�H[LVW��

EXW�ZLWK�GLIIHUHQW�PRUSKRORJLHV��

�

,QWURGXFWLRQ�

8QWLO� UHFHQWO\� QRW� PXFK� ZDV� NQRZQ� DERXW� JODVVHV� YLWULILHG� WKURXJK� FRQYHQWLRQDO�
FRROLQJ��DQG�FRQWDLQLQJ�VXEVWDQWLDO�DPRXQWV�RI�ERWK�JODVV�QHWZRUN�IRUPHUV�6L2��DQG�3�2���
7KLV�LV�PDLQO\�EHFDXVH�RI�GLIIHUHQFHV�LQ�FKHPLFDO�ERQGV�EHWZHHQ�WKHLU�VWUXFWXUDO�WHWUDKHGUDO�
XQLWV�6L2��DQG�32���

,Q� WKH�SUHVHQFH�RI�$O�2��ZKLFK� LV�DEOH� WR�GHYHORS�VWURQJ�DQG�PRUHRYHU�IOH[LEOH�ERQGV�
ZKLW�ERWK�6L2��DQG�3�2���MRLQLQJ�WRJHWKHU�WKH�XQOLNH�6L2��DQG�32��WHWUDKHGUDO�XQLWV��WKH�WZR�
FRPSRXQGV�DUH�FDSDEOH�RI�IRUPLQJ�JODVVHV�WKURXJK�XQFRQYHQWLRQDO��VSHFLDO�DPRUSKRVL]DWLRQ�
WHFKQLTXHV� VXFK� DV� UI�VSXWWHULQJ�� DQG� RQO\� LQ� WKH� SUHVHQFH� RI� DONDOL� DQG� �� RU� DONDOLQH� HDUWK�
JODVV� PRGLILHUV�� WKDW� KRPRJHQHRXV�� VWDEOH� JODVVHV� FRQWDLQLQJ� YDU\LQJ� SURSRUWLRQV� RI� WKHVH�
QHWZRUN� IRUPLQJ� R[LGHV� FDQ� EH� REWDLQHG� WKURXJK� WKH� VWDQGDUG� PHOWLQJ� DQG� FRROLQJ�
SURFHGXUHV�� 7KHVH�PXOWLFRPSRQHQW�� PL[HG�QHWZRUN� JODVVHV� DUH� FODVVLILHG� DV� EHLQJ� RI� QRQ�
XQLIRUP��FRQWLQXRXV�SRO\PHULF�QHWZRUN�JODVVHV��PDGH�XS�RI�SRO\PHUL]HG�SRO\KHGUD�QDPHO\�
$O2���32��DQG�6L2��

�����

7KH�PDLQ�REMHFWLYH�RI�WKH�SUHVHQW�VWXG\�LV�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�UHSODFLQJ�WKH�WRWDO�
PRODU� SHUFHQWDJH� FRQWHQW� RI� 1D�2� E\� .�2� LQ� D� VSHFLILF� JODVV� FRPSRVLWLRQ�

��� RQ� LWV�
IRUPDWLRQ��SURSHUWLHV�DQG�PRVW�LPSRUWDQWO\�WKH�FU\VWDOOL]DWLRQ�EHKDYLRXU��

�

�



([SHULPHQWDO�

7KH�JODVV�EDWFK�KDYLQJ�WKH�FRPSRVLWLRQ�����6L2������$O�2�������3�2������0J2�DQG�
��� .�2� �PRO� ��� ZDV� SUHSDUHG� XWLOL]LQJ� UHDJHQW�JUDGH� 6L2��� $O�2+���� 0J2�� .�&2�� DQG�
+�32�� ������� 7KH� SURFHGXUHV� IROORZHG� IRU� WKH� SURGXFWLRQ� RI� WKH� FOHDU�� KRPRJHQHRXV��
EXEEOH�IUHH� EXON� JODVV� VDPSOHV�� DQG� WKH� PHWKRGRORJ\� RI� WKHLU� FKDUDFWHUL]DWLRQ�� DV� ZHOO� DV�
WKHLU�FHUDPL]DWLRQ�LQ�EXON�ZHUH�H[DFWO\�DV�WKRVH�GHVFULEHG�LQ�SUHYLRXV�SXEOLFDWLRQV������

)RU�JODVV�FHUDPL]DWLRQ�WKURXJK�SRZGHUHG�URXWH��EXON�JODVV�SLHFHV�ZHUH�FUXVKHG��JURXQG�
DQG�VLHYHG��7KH�SRZGHUHG�SRUWLRQ�SDVVLQJ�WKURXJK������PP�DQG�UHWDLQHG�RQ������PP�VLHYH��
ZDV� FROOHFWHG� DQG� ORRVHO\� SDFNHG� LQWR� D� SODWLQXP� ERDW�� DQG� WKHQ� LQWURGXFHG� LQWR� WKH�
DFFXUDWHO\� FDOLEUDWHG� JUDGLHQW� WHPSHUDWXUH� IXUQDFH� DW� LWV�PD[LPXP� WHPSHUDWXUH�RI� ����� R&�
DQG�OHIW�WR�XQGHUJR�KHDW�WUHDWPHQW�IRU����KUV���

$IWHU�WKH�KHDW�WUHDWPHQW��WKH�FU\VWDOOL]HG�VDPSOHV�ZHUH�FXW�LQWR�SLHFHV�PDWFKLQJ�GLIIHUHQW�
WHPSHUDWXUH� LQWHUYDOV� LQ� DFFRUGDQFH� ZLWK� WKHLU� UHVSHFWLYH� UHVSRQVH� WR� WKH� KHDW� WUHDWPHQW�
HPSOR\HG� DQG� LWV� GXUDWLRQ�� 'LIIHUHQW� SRUWLRQV� UHSUHVHQWLQJ� WKH� FU\VWDOOL]DWLRQ� EHKDYLRXU�
ZLWKLQ� FHUWDLQ� WHPSHUDWXUH� UDQJHV� ZHUH� GLYLGHG� LQWR� \HW� VPDOOHU� IUDFWLRQV� IRU� GHWDLOHG�
LGHQWLILFDWLRQ�RI�FU\VWDOOL]HG�SKDVHV�DQG�WKHLU�FKDUDFWHUL]DWLRQ�RQ�PLFURVWUXFWXUDO�EDVHV��

;5'���6(,)(57²)30��[�UD\�GLIIUDFWRPHWHU�ZLWK�&X.¡� � UDGLDWLRQ�ZDV�HPSOR\HG�IRU�
LGHQWLILFDWLRQ�RI�FU\VWDOOL]HG�SKDVHV�RYHU�D��¨�YDOXH���� R� WR���R�� -&3'6�FDUGV�ZHUH�XVHG�IRU�
QDPLQJ� WKH� FU\VWDOOL]HG� SKDVHV� RYHU� WKH�ZKROH� UDQJH� RI� FU\VWDOOL]DWLRQ�� 3KLOLSV�;/� ���ZLWK�
OLQN� ,6,6� HQHUJ\� GLVSHUVLYH� VSHFWURVFRS\� ZDV� DOVR� HPSOR\HG� IRU� PRUSKRORJLFDO�
FKDUDFWHUL]DWLRQ�� HOHPHQWDO� [�UD\� PDSSLQJ� DQG� (';� PLFURDQDO\VLV�� XVLQJ� JURXQG� DQG�
SROLVKHG�EXON� VDPSOHV�ZKLFK�ZHUH� HWFKHG�ZLWK� �PO�+)������PO�+�2�VROXWLRQ� IRU���� VHF��
EHIRUH�EHLQJ�FDUERQ�FRDWHG��

�

5HVXOWV�DQG�'LVFXVVLRQV�

6WUXFWXUDOO\�� WKH� JODVV� XQGHU� LQYHVWLJDWLRQ� LV� FKDUDFWHUL]HG� E\� WKH� VDPH� LQIUDUHG�
VSHFWURVFRSLFDO� IHDWXUHV� RIWHQO\� H[KLELWHG� E\� VLOLFDWH�� DOXPLQRVLOLFDWH� DQG�
DOXPLQRSKRVSKRVLOLFDWH�JODVVHV��$V�LW�FDQ�EH�VHHQ�IURP�WKH�)7�,5�VSHFWUXP�VKRZQ�LQ�ILJXUH�
���WKH�PDLQ�FKDUDFWHULVWLFDO�YLEUDWLRQDO�EDQGV�GXH�WR�EULGJHG�R[\JHQ�DWRP�VWUHWFKLQJ��EHQGLQJ�
DQG�URFNLQJ�YLEUDWLRQV�DW������FP��������FP���DQG�����FP���UHVSHFWLYHO\��DUH�ZLWKLQ�WKH�W\SLFDO�
DQG�PRVW� FRPPRQO\� HQFRXQWHUHG� UDQJHV� RI� DEVRUEDQFH� IUHTXHQFLHV� IRU�PRVW� RI� WKH� DERYH�
PHQWLRQHG�PDWHULDOV������

,W� LV� TXLWH� HYLGHQW� WKDW� 6L2��� $O2�� DQG� 32�� WHWUDKHGUDO� VWUXFWXUDO� XQLWV� FRQVWLWXWH� WKH�
QHWZRUN� VWUXFWXUH� RI� WKH� JODVV�� LQ� ZKLFK� $O32�� JURXSV� VXEVWLWXWH� IRU� SDLUV� RI� 6L2�� XQLWV�
ZLWKLQ� WKH� SDUWLDOO\� GHSRO\PHUL]HG� VLOLFDWH� QHWZRUN� VWUXFWXUH�� 7KH� DEVHQFH� RI� D� YLEUDWLRQDO�
EDQG� DW�a����������� FP����ZKLFK� DFFRXQWV� IRU� WKH�3 2�ERQG�� H[SODLQV�EH\RQG�DQ\�GRXEW�
WKH�SUHVHQFH�RI�DOO�SKRVSKRUXV�LQ�WKH�IRUP�RI�32��XQLWV��:KLOH�WKH�DGGLWLRQ�RI�$O�2��WR�WKH�
VLOLFDWH� JODVV�� VKRXOG� KDYH� UHVXOWHG� LQ� VKLIWLQJ� WKH� PDLQ� VWUHWFKLQJ� EDQG� WR� \HW� D� ORZHU�
ZDYHQXPEHU��EXW�WKH�LQFOXVLRQ�RI�3�2��LQWR�WKH�JODVV��KDG�LWV�HIIHFW�LQ�FRXQWHUEDODQFLQJ�VXFK�
ORZHULQJ�HIIHFW��VLPSO\�EHFDXVH�3�2��KDV�DQ�RSSRVLWH�HIIHFW�WR�WKDW�RI�$O�2��
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)LJXUH����)7�,5�DEVRUEDQFH�VSHFWUXP�IRU�WKH�VWXGLHG�JODVV��

7KH�'7$�FXUYH� UHFRUGHG�IRU� WKH�VWXGLHG�JODVV�DW�D�KHDWLQJ�UDWH�RI���R&�PLQ���VKRZHG�
YHU\�GLIIXVHG�WKHUPDO�GHIOHFWLRQ�DW�WKH�JODVV�WUDQVLWLRQ�WHPSHUDWXUH�UDQJH��ZLWK�D�7J�YDOXH�RI�
���R&�� 7KH� JODVV� WUDQVIRUPDWLRQ� WHPSHUDWXUH� �7J�� ZDV� IRXQG� WR� EH� ���� R&� RQ� WKH� 70$�
FXUYH�DW�WKH�VDPH�KHDWLQJ�UDWH��ZKLOH�WKH�JODVV�VRIWHQLQJ�WHPSHUDWXUH��7V��ZDV�a�����R&��$W�D�
KHDWLQJ�UDWH�RI���R&�PLQ���DQG�RYHU�D�WHPSHUDWXUH�UDQJH�RI��������R&��WKH�WKHUPDO�H[SDQVLRQ�
FRHIILFLHQW� ZDV� GHWHUPLQHG� WR� EH� a� ������ [��� ��� �� R&�� 7KH� PRGHUDWHO\� KLJK� 7J� DQG� 7V�
WHPSHUDWXUHV�RQ�RQH�KDQG��DQG�WKH�UDWKHU�ORZ�FRHIILFLHQW�RI�WKHUPDO�H[SDQVLRQ�RQ�WKH�RWKHU�
KDQG��LOOXVWUDWH�WKH�VWURQJ�LQWHUFRQQHFWLYLW\�RI�WKH�JODVV�VWUXFWXUH�LPSDUWHG�E\�WKH�SUHVHQFH�RI�
$O32��6L2�� OLQNDJHV��DV�ZHOO�DV�WKH�QDWXUH�RI�WKH�JODVV�QHWZRUN�VWUXFWXUH�EHLQJ�VWXIIHG�ZLWK�
ODUJH�SRWDVVLXP�FDWLRQV�ZKLFK�RFFXS\� WKH� VSDFHV�EHWZHHQ� OLQNHG� WHWUDKHGUD��7KH�GHQVLW\�RI�
WKH�EXON�JODVV�ZDV�GHWHUPLQHG�WR�EH�������������������J�FP���

,W�KDV�ORQJ�EHHQ�UHDOL]HG�WKDW�IRU�JODVV�IRUPDWLRQ�WKURXJK�WKH�QRUPDO�SURFHGXUH�RI�PHOW�
FRROLQJ��FHUWDLQ�PLQLPXP�DPRXQWV�RI�JODVV�QHWZRUN�PRGLILHUV��PRVW�FRPPRQO\�1D�2��DQG�
IRU� SUDFWLFDO� SXUSRVHV� ZLWK� &D2� DQG� �� RU� 0J2� DUH� UHTXLUHG� WR� VWDELOL]H� WKH� QHWZRUN�
VWUXFWXUH� LQ� WKH� JODVV� V\VWHP� 3�2��6L2��� WRJHWKHU� ZLWK� $O�2�� ZKLFK� DFWV� DV� D� EXIIHU�
FRPSRQHQW� EHWZHHQ� WKH� WZR� QHWZRUN� IRUPHUV� GLIIHULQJ� LQ� WKHLU� FKHPLFDO� ERQGV� DQG�
DFFRUGLQJO\�WKHLU�SURSHUWLHV��PDNLQJ�LW�LPSRVVLEOH�IRU�WKHP�WR�IRUP�VWDEOH�JODVV�RQ�WKHLU�RZQ��
$QG� VLQFH� JODVVHV� LQ� WKH� V\VWHP� 1D�2�0J2� �&D2��� $O�2��3�2��6L2�� ZHUH� VXFFHVVIXOO\�
PDGH��DQG�WKHLU�FU\VWDOOL]DWLRQ�EHKDYLRXU�WKRURXJKO\�LQYHVWLJDWHG������DQG�EHFDXVH�RI�WKH�ODUJH�
UDGLXV�RI��SRWDVVLXP��DQG�WKH�VWURQJ�LRQLF�FKDUDFWHU�RI�WKH�.�2�ERQG��.�2�ZDV�VHOHFWHG�WR�
UHSODFH�1D�2�LQ�D�VSHFLILF�JODVV�FRPSRVLWLRQ�ZLWKLQ�WKH�DERYH�PHQWLRQHG�JODVV�V\VWHP�ZKLFK�
FRQWDLQHG����PRO���0J�2����

:DYHQXPEHU��FP���
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:KLOH� WKH�1D�2�FRQWDLQLQJ�JODVV� FU\VWDOOL]HG�YHU\� UHDGLO\�DW�D� WHPSHUDWXUH�QHDU�7J�� WKH�
.�2�FRQWDLQLQJ�JODVV�VKRZHG�QR�VLJQ�RI�FU\VWDOOL]DWLRQ� LQ�EXON�HYHQ�DIWHU� LWV�KHDW� WUHDWPHQW�
IRU� ��� KUV�� DW� WHPSHUDWXUHV� DV� KLJK� DV� ����R&�� ,W� LV� EHOLHYHG� WKDW� VXFK� EHKDYLRXU� FDQ� EH�
H[SODLQHG� LQ� OLJKW�RI�6WRFK·V�YLHZV�VXPPDUL]LQJ�WKH�IDFWRUV�FRQWUROOLQJ�WKH�FU\VWDOOL]DWLRQ�RI�
PXOWLFRPSRQHQW� JODVVHV� ������ +H� FRQFOXGHG� WKDW� WKH� IOH[LELOLW\� RI� WKH� JODVV� VWUXFWXUH�� WKH�
QXPEHU� DQG� VWUHQJWK� RI� EURNHQ� R[\JHQ� ERQGV� DQG� LRQLFLW\� RI�PRGLILHUV�ZLWKLQ� WKH� VLOLFDWH�
JODVV�� DUH� DPRQJ� WKH�PDMRU� IDFWRUV� DIIHFWLQJ� JODVV� FU\VWDOOL]DWLRQ��+DYLQJ� FRQVLGHUHG� WKDW�� LW�
FRXOG�EH�DUJXHG�WKDW�WKH�VWXGLHG�JODVV�KDV�D�YHU\�SRRU�WHQGHQF\�IRU�FU\VWDOOL]DWLRQ�GXH�WR�WKH�
KLJK� GHJUHH� RI� IOH[LELOLW\� DQG� ORZ� VWUHQJWK� ERQGV� DV� D� UHVXOW� RI� WKH� SUHVHQFH� RI� SRWDVVLXP�
ZLWK�LWV�KLJK�LRQLFLW\��DV�FRPSDUHG�ZLWK�VRGLXP�DW�OHDVW��

,Q� SRZGHUHG� IRUP��ZKHUHDV� WKH� VLWHV� IRU� KHWHURJHQHRXV� QXFOHDWLRQ� DQG� FU\VWDO� JURZWK�
DUH� VR� H[FHVVLYH�� WKH� JODVV� FU\VWDOOL]HG� UHDGLO\�� 7KH� SODWLQXP� ERDW� FRQWDLQLQJ� WKH� ORRVHO\�
SDFNHG� SRZGHU� FRYHUHG� WKH� WHPSHUDWXUH� UDQJH� GRZQ� WR�a� ���R&�RQO\�� ,Q� WKH� WHPSHUDWXUH�
UDQJH�RI�a���������R&��WKHUH�ZDV�DQ�H[WHQVLYH�FU\VWDOOL]DWLRQ�DV�UHIOHFWHG�E\�WKH�LQWHQVLW\�RI�
WKH�GLIIUDFWLRQ�SHDNV��DQG�WKH�DOPRVW�FRPSOHWH�DEVHQFH�RI�WKH�KDOR�OLNH�SHDN�LQGLFDWLYH�RI�WKH�
DPRUSKRXV� VWDWH�� $FFRUGLQJ� WR� WKH� ;5'� UHVXOWV�� WKH� FU\VWDOOL]HG� SKDVHV� ZHUH� $O32��KLJK�
FULVWREDOLWH� IRUP� �-&3'6� ��������� 0J�3�2�� �-&3'� �������� DQG� 0J�� �32���� �-&3'6�
���������$V�WHPSHUDWXUH�ZDV�LQFUHDVHG�WR�WKH�UDQJH�a���������R&�ZKHUHDW�WKH�JODVV�SRZGHU�
XQGHUZHQW� SDUWLDO� PHOWLQJ�� DV� LQGLFDWHG� E\� WKH� UHODWLYHO\� HQODUJHG� KDOR�OLNH� SHDN�� WKH� VDPH�
SKDVHV� FRQWLQXHG� WR� FU\VWDOOL]H�� EXW� ZLWK� PRUH� FRQWHQW� RI� 0J�� �32���� DW� WKH� H[SHQVH� RI�
0J�3�2���7KH�DPRXQW�RI�WKH�ODWWHU�GLPLQLVKHG�DV�WHPSHUDWXUH�ZDV�LQFUHDVHG��

,Q� WKH� PHOWLQJ� WHPSHUDWXUH� UDQJH� RI� a� ���������R&�� RQO\� $O32�� DQG� 0J�� �32����
FRH[LVWHG� LQ�WKH�PHOW��7KH� IRUPHU�UHF\VWDOOL]HG� LQWR�ZHOO�VKDSHG�GHQGULWLF�FU\VWDOV��ZKLOH� WKH�
ODWWHU� DGRSWV� D� QHHGOH�OLNH�� HORQJDWHG� URG�OLNH� FU\VWDOV� DV� SURYHG� WKURXJK� 6(0� DQG� (;'��
ILJXUHV���DQG����
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)LJXUH����6(0�PLFURJUDSK�RI�ZHOO�VKDSHG�GHQGULWLF�$O32��FU\VWDOV�
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)LJXUH�����6(0�PLFURJUDSK�DQG�(';�VSHFWUD�RI�$O32��SKDVH���$����DQG��0J��32�����

SKDVH���%���

�

�

��7��$ERXG�DQG�/��6WRFK��-��1RQ�&U\VW��6ROLGV������S��������������

��7��$ERXG�DQG�/��6WRFK�LQ�)XQGDPHQWDOV�RI�*ODVV�6FLHQFH�DQG�7HFKQRORJ\��������HGLWHG�E\�6WHOODQ�
3HUVVRQ���*ODIR��9D[MR���������S�������

��/��6WRFK�DQG�7��$ERXG��3ROLVK�&HUDPLF�%XOOHWLQ�����S�������������

���7��$ERXG��8QLYHUVLW\�RI�0LQLQJ�DQG�0HWDOOXUJ\��.UDNRZ��3RODQG��7KHUPDO�6WDELOLW\�DQG�
&U\VWDOOL]DWLRQ�RI�$OXPLQRSKRVSKRVLOLFDWH�*ODVVHV���������
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��0��+DQGNH�DQG�:��0R]JDZD��9LEUDWLRQDO�6SHFWURVFRS\����S�������������

��/��6WRFK�DQG�0��6URGD��-��0ROHF��6WUXFW�����������S�������������

��/��6WRFK��3ROLVK�&HUDPLF�%XOOHWLQ�����S�������������

��/��6WRFK��2SWLFD�$SSOLFDWD�;;;��1R����S��������������

��/��6WRFK��-��7KHUPDO�$QDO\VLV�����S������������

���/��6WRFK�LQ�,QW��&RQJ��RQ�*ODVV��9RO�����,QYLWHG�3DSHUV��������S������
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