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� 3KDODHQRSVLV�DPDELOLV��/���%OXPH�LV�RQH�RI �,QGRQHVLDQ�QDWXUDO�RUFKLG�ZKLFK�KDV�DQ�DHVWKHWLF�IORZHU�DQG�SRVVHVVHV�
KLJK�HFRQRPLF�YDOXH��7KH�ORZ�PXOWLSOLFDWLRQ�UDWH�DQG�ORQJ�SHULRGV�RI �OLIH�F\FOH�DUH�WKH�PDLQ�REVWDFOHV�WR�FRQYHQWLRQDOO\�
SURSDJDWH�WKLV�RUFKLG��7KH�DLPV�RI �WKLV�UHVHDUFK�ZHUH�WR�DQDO\]H�WKH�VWDELOLW\�RI �WUDQVJHQLF�SODQW�3��DPDELOLV�KDUERULQJ�
��6��.1$7��EDVHG�RQ�PRUSKR�JHQRPLF�FKDUDFWHUL]DWLRQ��.1$7��JHQH�LV�UHSRUWHG�DV�D�JHQH�WKDW�LQYROYHG�LQ�WKH�
VKRRW�IRUPDWLRQ��DQG�LW� �KDG�EHHQ�VXFFHVVIXOO\�LQWURGXFHG�LQWR�3KDODHQRSVLV�DPDELOLV��/���%OXPH�JHQRPH��$IWHU�VHYHQ�
WLPHV�UHJHQHUDWLRQ��WKH�FRQILUPDWLRQ�RI �WKH�WUDQVJHQH�H[LVWHQFH�LQ�WKH�JHQRP�LV�QHHGHG�WR�HQVXUH�ZKHWKHU�WKH�SODQW�
FRXOG�FRQVLVWHQWO\�PDLQWDLQ�WKH�WUDQVJHQH�LQ�LWV�JHQRPH�DQG�WR�FKDUDFWHUL]H�WKH�VKRRW�GHYHORSPHQW��7KH�H[SHULPHQW�
ZDV�FDUULHG�RXW�LQ���VWHSV������&R�LQWHJUDWLRQ�DQDO\VLV�RI ���6��.1$7��LQWR�3��DPDELOLV�JHQRP�����3KHQRW\SLF�DQDO\VLV�RQ�
WKH�PXOWLSOLFDWLRQ�UDWH��PRUSKRORJLFDO�YDULDWLRQ�DQG�YHQDWLRQ�SDWWHUQ��DQG����3URWHLQ�SURILOH�DQDO\VLV�RI �WUDQVJHQLF�
SODQWV��7KH�UHVXOWV�VKRZHG�WKDW�WKH�VXUYLYDO�UDWH�RI �SXWDWLYH�WUDQVJHQLF�ZDV�������RQ�13��PHGLXP�DQG�������RQ�13�
6,0�PHGLXP��3&5�DQDO\VLV�FRQILUPHG�WKDW�������WUDQVJHQLF�JURZWK�RQ�13��DQG��������RQ�13�6,0�FRQWDLQHG�'1$�
IUDJPHQW� RI �.1$7�� JHQH��137,,� JHQH� DQG� WUQ/�)� LQWHUJHQLF� VSDFHU�� LQGLFDWLQJ� WKDW� WKRVH� SODQWV� DUH� SRVLWLYH�
WUDQVJHQLF��7KH���6��.1$7��WUDQVJHQHV�DQG�SK\WRKRUPRQH�ZHUH�LQGHSHQGHQWO\�LQYROYHG�LQ�PXOWLVKRRWV�IRUPDWLRQ�
RI �3��DPDELOLV�WUDQVJHQLF�SODQWV��7KH�SKHQRW\SLF�RI �SODQWOHWV�ZHUH�FODVVLILHG�LQWR�VL[�PDLQ�FULWHULD��L�H��QRUPDO�VKDSH��
OREHG�OHDYHV��URVHWWH��HORQJDWHG�VWHP��FXS�VKRRW�DQG�ZLGHQHG�OHDYHV��7KH�QRUPDO�W\SH�ZDV�WKH�PRVW�DEXQGDQW�W\SH�RI �
YDULDWLRQ���������LQ�ERWK�PHGLXP��3URWHLQ�SURILOH�VKRZHG�WKDW�DOO�WUDQVJHQLF�SODQWV�SURGXFHG������N'D�SURWHLQ�DQG�
WKDW� ZDV� HTXLYDOHQW� ZLWK� PROHFXODU� ZHLJKW� RI � � .1$7�� SURWHLQ�� 7DNHQ� WRJHWKHU�� DOO� WKRVH� GDWD� LQGLFDWHG� WKDW�
��6��.1$7��WUDQVJHQH�ZHUH�FRQVLVWHQWO\�LQWHJUDWHG�LQWR�WKH�WUDQVJHQLF�SODQW�JHQRPH��

� .H\ZRUGV����6��.1$7���.QRWWHG�/LNH�$UDELGRSVLV�WKDOLDQD�����PXOWLVKRRWV��3KDODHQRSVLV�DPDELOLV��WUDQVJHQH
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2UFKLG� LV� DQ�RUQDPHQWDO� SODQW� WKDW�KDV�KLJK�
HFRQRPLF�YDOXH�DQG�KLJK�PDUNHW�VKDULQJ��GD�6LOYD�
�������3KDODHQRSVLV�DPDELOLV��/���%OXPH�RU�NQRZQ�DV�
PRWK� RUFKLG� LV� DQ� ,QGRQHVLDQ� QDWLYH� SODQWV�
�6HPLDUWL�HW�DO���������3��DPDELOLV�FRPPRQO\�XVHG�
DV�SDUHQWDO�OLQH�IRU�EUHHGLQJ�SXUSRVH�LQ�WHUPV�WR�
SURGXFH�VXSHULRU�K\EULG�YDULHWLHV� �6HPLDUWL� HW�DO��
����D��� 3�� DPDELOLV� LV� D� PRQRSRGLDO� RUFKLG� WKDW�
KDYLQJ�VLQJOH�JURZWK�QRGH�WKDW�HPHUJLQJ�IURP�WKH�
FHQWUDO�SDUW�RI �D�SODQW��:HLVVHQKRIHU�HW�DO���������

)RU� ODUJH�VFDOH�SURSDJDWLRQ��PRQRSRGLDO�RUFKLG�
KDV�PDQ\�GLIILFXOWLHV�WR�PHHW�WKH�PDUNHW�GHPDQGV�
VLQFH�WKH�RUFKLG�RQO\�KDV�RQH�VLQJOH�VWHP��'UHVOHU�
�������7KH�ORQJ�SHULRGV�RI �OLIH�F\FOH������\HDUV��DUH�
DOVR�WKH�HPHUJLQJ�FKDOOHQJH�LQ�WKH�FXOWLYDWLRQ�RI �3��
DPDELOLV �0HUFXULDQL�HW�DO���������7KH�GDPDJHV�RI ��
QDWXUDO� KDELWDW� DQG� FROOHFWLRQ� DFWLYLWLHV� IRU�
FRPPHUFLDO�SXUSRVHV�DUH�DOVR�VLJQLILFDQWO\�GHFOLQH�
WKH�DPRXQW�RI �WKLV�RUFKLG�LQ�QDWXUH��:HLVVHQKRIHU�
HW�DO��������
*HQHWLF�HQJLQHHULQJ�XVLQJ�PRGLILHG�'1$� LV�

QHHGHG�WR�REWDLQ�WUDQVJHQLF�SODQWV�KDYLQJ�EHWWHU�
FKDUDFWHUV� FRPSDUHG� WR� LWV� SDUHQWDO� OLQH�� 7KH�
.1$7��JHQH��.QRRWHG�OLNH�$UDELGRSVLV�WKDOLDQD����

�&RUUHVSRQGLQJ�DXWKRU��HQGVHPL#XJP�DF�LG���
� HVHPLDUW#JPDLO�FRP
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IURP�$UDELGRSVLV� WKDOLDQD� SODQW� ZDV� VXFFHVVIXOO\�
LQVHUWHG�LQWR� �VHYHUDO�SODQWV�L�H �LQ�5LFH��6DNDPRWR�
HW�DO ��������3�� �6HPLDUWL�HW�DO���������� DPDELOLV� &HORVLD�
SOXPRVXV�/ 7KH�%3�.1$7��JHQH��6XQ�HW�DO��������� �
FDQ�EH�H[SUHVVHG�LQ�VHYHUDO�VSRW � �SODQWV �EXW�V LQ � LV�
SULPDULO\�H[SUHVVHG�LQ�WKH�UHJLRQ�DURXQG�WKH�VKRRW�
DSLFDO� PHULVWHP� �6$0�� DQG� UHJXODWHV�SRVLWLYHO\�
6$0� GHYHORSPHQW� LQ�$�� WKDOLDQD� �.HUVWHWWHU� 	�
3RHWKLJ�������%\UQH�HW�DO���������7KH�H[SUHVVLRQ�
RI � LQVHUWHG� WUDQVJHQH� FDQ� EH� GHFUHDVHG� E\� LWV�
JURZWK� FRQGLWLRQ UHSHWLWLYH�� DQG� WKH� VHULHV� RI �
VXEFXOWXUH WKH�V��%DVHG�RQ�WKDW�IDFW��WKH�VWDELOLW\�RI �
WUDQVJHQH�IXQFWLRQ�LQ�WKH�WUDQVIRUPDQW� VQHHG �WR�
EH�REVHUYHG UH��7KH�DLPV�RI �WKLV�VWXG\�ZH �����WR�
VWXG\� �LQWHJUDWLRQ�H[LVWHQFH�LQ�WUDQVJHQLF�SODQWV��
��� WR� REVHUYH� WKH� HIIHFW� RI � DX[LQ�F\WRNLQLQ�
KRUPRQH�LQ�6,0�PHGLXP�����WR�FRQGXFW�SURWHLQ�
SURILOLQJ� RI � WUDQVJHQLF� 3�� DPDELOLV� � KDUERULQJ�
��6��.1$7�� WUDQVJHQH�� 7KLV� UHVHDUFK� LV�
LPSRUWDQW�WR�PDLQWDLQ�WKH�FRQWLQXRXV�IXQFWLRQ�RI �
WUDQVJHQH�LQ�WUDQVIRUPDQW�SODQW�

0$7(5,$/6�$1'�0(7+2'6

� 7KH�VWXG\�ZDV�FRQGXFWHG�LQ�WKH�/DERUDWRU\�RI �
3ODQW� 7LVVXH� &XOWXUH�� )DFXOW\� RI � %LRORJ\� DQG�
*HQH W L F � (QJ LQHH U L QJ � /DER U D WR U \ � R I �
%LRWHFKQRORJ\� 3$8� 8*0�� 7KLV� VWXG\� XVHG�
3KDODHQRSVLV�DPDELOLV��/���%OXPH��-DYD�IRUPV��ZKLFK�
ZDV�LQVHUWHG�ZLWK���6��.1$7��E\�6HPLDUWL�HW�DO�� �
LQ� ������ 7KH� SODQW� ZDV� PDLQWDLQHG� LQ� LQ� YLWUR�
FRQGLWLRQV� IRU� VHYHQ� JHQHUDWLRQV� EHIRUH� EHLQJ�
XVHG�DV�PDWHULDO��7KH�&RGH�RI �WUDQVJHQLF�SODQWV�
ZDV� �� ������� 0HGLD� XVHG� IRU� WKH� LQ� YLWUR�
PDLQWHQDQFH�ZDV�1HZ�3KDODHQRSVLV��13���ZKLFK�
ZDV�PRGLILHG�E\�,VODP�HW�DO���������

6HOHFWLRQ�RI �3XWDWLYH�7UDQVJHQLF�LQ�0HGLXP�
&RQWDLQLQJ�.DQDP\FLQ

� 5HVLVWDQFH�UDWH�RI �WKH�PDWHULDOV�ZHUH�REVHUYHG�
LQ� 13�� PHGLXP� DQG� VKRRW� LQGXFWLRQ� PHGLXP�
�13�6,0��DGGHG�ZLWK�.DQDP\FLQ�DV�WKH�VHOHFWLRQ�
DJHQW��7KH�FRQFHQWUDWLRQ�RI �.DQDP\FLQ�DGGHG�WR�
WKH�PHGLD�ZDV�����SSP��2EVHUYDWLRQV�ZHUH�PDGH�
WKUHH� WLPHV� DW� WKH� VXEFXOWXUH� WR� GHWHUPLQH� WKH�
LQFUHPHQW� RI � UHVLVWDQFH� WR� .DQDP\FLQ� DW� HDFK�
VXEFXOWXUH��7KH�VXEFXOWXUH�LQ�WKRVH�WZR�PHGLD�ZDV�
REVHUYHG� IRU� ��� ZHHNV�� 'XUDWLRQ� IRU� WKUHH�
REVHUYDWLRQV�DW�WKH�WZR�VXEFXOWXUHV�ZDV����ZHHNV�
RU���PRQWKV��7KH�XVDJH�RI �����SSP�.DQDP\FLQ�

FRQFHQWUDWLRQ�ZDV�EDVHG�RQ�UHVHDUFK�FRQGXFWHG�
E\�<X�HW�DO� ���� �ZKR�ZDV�VXFFHVVIXO�LQ�PDNLQJ��� �
VHOHFWLRQ� WR� JDLQ� � SXWDWLYH� WUDQVJHQLF� LQ�
RUFKLGDFHRXV�SODQWV�� 0DGDPH�7KRQJ�'HQGURELXP�
,Q�

&RQILUPDWLRQ�RI �.1$7��JHQH�FR�LQWHJUDWLRQ�
LQWR� 3�� DPDELOLV� JHQRPH� XVLQJ� 3&5�
WHFKQLTXHV

� 7KH�VXUYLYLQJ�SODQWV�LQ�PHGLD�FRQWDLQLQJ�����
SSP� .DQDP\FLQ� VHOHFWLRQ� DJHQW� ZDV� XVHG� LQ�
VXEVHTXHQW�REVHUYDWLRQV��2QO\�SODQWV� WKDW�KDYH�
VXUYLYHG�LQ�WKH�ODVW�VXEFXOWXUH�ZHUH�VXEMHFWHG�LQWR�
WKH� FRQILUPDWLRQ� RI � WUDQVJHQH� LQWHJUDWLRQ��
��6��.1$7���3ODQW�'1$�JHQRPH�ZHUH�LVRODWHG�
XVLQJ�&7$%� ���PHWKRGV� �6DSXWUR� HW� DO�� ������
+DVDQ�HW�DO��������DQG�WKHQ�DQDO\]HG�XVLQJ�3&5��
3&5� WHFKQLTXHV� ZHUH� FRQGXFWHG� XVLQJ� WKUHH�
SULPHU�SDLUV�L�H��.1$7��SULPHUV��137,,�SULPHUV�
DQG�WUQ/�)�SULPHUV��.1$7��JHQH�SULPHU�SDLUV��
.1$7�)�� ��
�&&*$*$$77*&77&&*�
$7&7*�
��� DQG� .1$7�5�� ��
�&77*$*77�
&&&*$7&77&**&�
���� 137,,� JHQH� SULPHU�
SDLUV��137,,�)���
�&$&*$&***&*77&&77�
*&�
���� 137,,5� ��
�*7**7&*$$7***&$�
**7$*&�
���� DQG� XQLYHUVDO� SULPHUV� IRU�
LQWHUJHQLF � VSDFHU � W UQ/�)� � W UQ/�H � �� 
 �
**77&$$*7&&&7&7$7&&&�
���DQG�WUQ/�I �
��
�$777*$$&7**7*$&$&*$*�
���� 3&5�
ZHUH� FRQGXFWHG� XVLQJ� 3&5� WKHUPRF\FOHU�
%2(&2�7+(50$/�&<&/(5�7&�64�
� 3&5� SHUIRUPHG� ZLWK� WKLV� IROORZLQJ� V\VWHP��
SUH�GHQDWXUDWLRQ�DW�����&�IRU���PLQXWHV��IROORZHG�
E\����F\FOHV�RI �GHQDWXUDWLRQ��DQQHDOLQJ��H[WHQVLRQ�
�����&�IRU���PLQXWH������&�IRU���PLQXWH�DQG�����&�
IRU� �� PLQXWHV��� 7KH� QH[W� VWDJH� ZDV� WKH� SRVW�
H[WHQVLRQ� DW� ��� �&� IRU� ��PLQXWHV� DQG� WKH� ILQDO�
VWDJH�ZDV�FRROLQJ��KROG��DW����&�IRU����PLQXWHV��
3&5� SURGXFWV� ZHUH� WKHQ� VHSDUDWHG� ZLWK� ���
DJDURVH� JHO� HOHFWURSKRUHVLV�� FRORUHG� XVLQJ�
(WKLGLXP� %URPLGH� DQG� YLVXDOL]HG� XQGHU� 89�
WUDQVOXPLQDWRU�

0XOWLSOLFDWLRQ� 5DWH� RI � 7UDQVJHQLF� 3ODQW�
+DUERULQJ���6��.1$7��RQWR�0HGLXP� �13��
DQG�13�6,0

� 7KH�VXEFXOWXUH�SODQWOHW�LQ�SUHYLRXV�VWXGLHV�ZDV�
GLYLGHG� EDVHG� RQ� LWV� SHUIRUPDQFH�� 3ODQWV� WKDW�
ZHUH� DEOH� WR� VKRZ� WKH� IRUPDWLRQ� RI � PXOWLSOH�
VKRRWV� ZHUH� XVHG� DV� VWDUWLQJ� PDWHULDOV��

��
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PL[WXUH�RI �����JODFLDO�DFHWLF�DFLG��&+ &22+�����

���� HWKDQRO� �& + 2+�� VROXWLRQ�� � 7KH� OHDYHV�� �

ZHUH� WKHQ� LQFXEDWHG� RYHUQLJKW� DW� URRP�
WHPSHUDWXUH�� 7KH� VSHFLPHQV� ZHUH� WKHQ�
GHK\GUDWHG�WZLFH�LQ�����HWKDQRO����KRXU�IRU�HDFK�
GHK\GUDWLRQ���DQG�WZLFH�LQ�������HWKDQRO����KRXU�
IRU� HDFK� GHK\GUDWLRQ��� )XUWKHUPRUH�� WKH�
VSHFLPHQ�ZDV�LPPHUVHG�RYHUQLJKW�LQ�D�PL[WXUH�RI �
FKORUDO� K\GUDWH� FOHDULQJ� VROXWLRQ� �& + &O 2 ���� � � �

/HDI �VSHFLPHQV�ZHUH�ILQDOO\�REVHUYHG�XQGHU�D �Q
(6&+(1%$&+� PLFURVFRSH� ZLWK� ��[�
PDJQLILFDWLRQ 	 ���%HUOHWK� �-XUJHQ������

3URWHLQ� 3URILOH� $QDO\VLV� RI � ��6��.1$7��
7UDQVJHQLF�3ODQWV�XVLQJ�6'6�3$*(

� 3KDODHQRSVLV� DPDELOLV� OHDYHV�ZHUH� FXW�� � /HDYHV�
VDPSOH� ZDV� GHWHUPLQHG� WR� EH� ���� PJ�� 7KH�
VDPSOHV�ZHUH�DGGHG�ZLWK�����P/�3%6�DQG�ILQHO\�
JURXQG� XQWLO� KRPRJHQ�� $OO� KRPRJHQDWHV� ZHUH�
FROOHFWHG� DQG� WKHQ� SXW� LQWR� D� VWHULOH� WXEH��
+RPRJHQDWHV�ZHUH�FHQWULIXJHG�DW�����*�IRU���
PLQXWHV��7KH�VXSHUQDWDQW�ZDV�WUDQVIHUUHG�LQWR�D�
QHZ�VWHULOH�WXEH�DQG�VWRUHG�DW����&��3URWHLQ�SURILOH�
RI � SODQWV� ZHUH� DQDO\]HG� XVLQJ� 6'6�3$*(�
�+ROPH�	�3HFN�������

5(68/76�$1'�',6&866,21

6HOHFWLRQ�RI �3XWDWLYH�7UDQVJHQLF�LQ�0HGLXP�
&RQWDLQLQJ�.DQDP\FLQ

� 7KH�VHOHFWLRQ�SURFHVV�WR�HQVXUH�WKH�FDQGLGDWH�
RI �WUDQVJHQLF�SODQWV�ZDV�FRQGXFWHG�E\�JURZLQJ�DOO��
FDQGLGDWHV�LQ�13��DQG�13�6,0�PHGLD��FRQWDLQLQJ��
����SSP�.DQDP\FLQ�� �'HWDLO�LQIRUPDWLRQ�RI �WKH�
UHVLVWDQFH�LV�VKRZQ�LQ�7DEOH����7KH�GDWD�LQGLFDWHG�
WKDW� WKH� SHUFHQWDJH� RI � VXUYLYLQJ� SODQWV� ZHUH�
LPSURYHG�DORQJ�WKH�VXEFXOWXUH�SURFHVV�

)XUWKHUPRUH�� WKH� REWDLQHG�PDWHULDOV� ZHUH� WKHQ�
SODQWHG�RQWR�13��DQG�136,0�PHGLD�FRQWDLQLQJ�
.DQDP\FLQ� DV� WKH� VHOHFWLRQ� DJHQW�� 7KH�
FRQFHQWUDWLRQ� RI � .DQDP\FLQ� DGGHG� LQWR� WKH�
PHGLD� ZDV� ���� SSP�� 6XEFXOWXUH� SURFHVV� ZDV�
SHUIRUPHG� �� WLPHV�� ��� ZHHNV� HDFK� ZLWK� WRWDO�
GXUDWLRQ�RI ����ZHHNV�RU���PRQWKV�

*URZWK� 3DWWHUQV� RI � 7UDQVJHQLF� 3ODQWV�
KDUERULQJ���6���.1$7�

� 7KH� REVHUYDWLRQ� RI � JURZWK� SDWWHUQV� ZHUH�
FRQGXFWHG�E\�REVHUYLQJ�WKH�IRUPDWLRQ�RI �VKRRWV�
LQ� WUDQVJHQLF� DQG� QRQ�WUDQVJHQLF� SODQWV�� 1RQ�
WUDQVJHQLF� SODQWV�ZHUH� JURZQ� RQ�13�� DQG�13�
6,0�PHGLD�ZLWKRXW�.DQDP\FLQ��ZKLOH�WUDQVJHQLF�
SODQWV�ZHUH�JURZQ�RQ�13��DQG�13�6,0�PHGLD�
FRQWDLQLQJ� .DQDP\FLQ�� 6KRRW� IRUPDWLRQ� ZDV�
REVHUYHG� HYHU\� WZR� ZHHNV� WR� GHWHUPLQH� � WKH�
DYHUDJH�RI � �VKRRW�IRUPDWLRQ��2EVHUYDWLRQV�ZHUH�
PDGH�RQ� WKH� ODVW� VXEFXOWXUH��SHUIRUPHG�RQ�ILYH�
QRQ�WUDQVJHQLF�DQG�WUDQVJHQLF�SODQWV�

3KHQRW\SLF�$OWHUDWLRQ�LQ�7UDQVJHQLF�3ODQWV

� 7KH�SRSXODWLRQ�RI �SXWDWLYH�WUDQVJHQLF�SODQWV�
REWDLQHG�LQ�WKH�ODVW�VXEFXOWXUH�ZDV�FODVVLILHG�EDVHG�
RQ� WKHLU� PRUSKRORJLFDO� YDULDWLRQV�� 7KH�
FODVVLILFDWLRQ� RI � PRUSKRORJLFDO� YDULDWLRQ� ZDV�
EDVHG� RQ� WKH� VKDSH� FKDQJH� RI � SODQW� RUJDQV�
FRPSDUHG� ZLWK� QRQ�WUDQVJHQLF� SODQWV�� 7KH�
REVHUYDWLRQ�RI �YDULDWLRQ�ZDV�VHSDUDWHG�EDVHG�RQ�
JURZQ�PHGLXP�

7KH� (IIHFW� RI � .1$7�� *HQHV� LQWR� WKH�

$OWHUDWLRQ�RI �9HQDWLRQ�3DWWHUQ�RI �7UDQVJHQLF�

3ODQWV

� 7KH� ILUVW� OHDYHV� RI � QRQ�WUDQVJHQLF� DQG�
WUDQVJHQLF� � ZHUH� IL[HG� LQ� D�3KDODHQRSVLV� DPDELOLV

��

3KHQRW\SLF�DQG�PROHFXODU�FKDUDFWHUL]DWLRQ�LQ�WUDQVJHQLF�3KDODHQRSVLV�DPDELOLV��/���%OXPH

7DEOH��� 5HVLVWDQFH� OHYHO� RI � WUDQVJHQLF� 3�� DPDELOLV� DQG� QRQ�WUDQVJHQLF� 3�� DPDELOLV� WRZDUG� .DQDP\FLQ� DIWHU� ��� ZHHNV�
REVHUYDWLRQ

3KDVH �

5HVLVWDQFH �WRZDUG �.DQDP\FLQ���� �
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� 7KH�UHVLVWDQFH�RI �SXWDWLYH�WUDQVJHQLF�LQ�PHGLD�
FRQWDLQLQJ�.DQDP\FLQ�ZHUH�FDXVHG�E\�H[SUHVVLRQ�
RI �VHOHFWDEOH�PDUNHU�JHQH� L�H��137,,�JHQH��7KH�
LQFUHPHQW�RI � �SODQW� UHVLVWDQFH� WR�.DQDP\FLQ� LV�
VKRZQ�LQ�7DEOH���

&RQILUPDWLR RI �7UDQVJHQH���6��.1$7��&R�Q�
LQWHJUDWLRQ�RQ�WKH�3��DPDELOLV�*HQRPH�XVLQJ�
3&5�7HFKQLTXH

� WUQ/�)�DPSOLFRQ�ZDV�SURGXFHG�LQ�DOO�OLQHV��)LJ��
���� �/LQH�$�DQG�%�ZHUH�WKH�H[DPSOH�RI �FRQWURO�
�QRQ�WUDQVJHQLF� SODQWV��� /LQH� &� DQG� '� ZHUH�
WUDQVJHQLF� SODQWV� KDYLQJ� RQO\� 137,,� JHQH�
DWWDFKHG�RQ�LWV�JHQRPH��/LQH�(�DQG�)�KDG�WKUHH

'1$�IUDJPHQW �L�H������ES��137,,�JHQH�������ES�V
�WUQ/�)�LQWHUJHQLF�VSDFHU��DQG�����ES�RI � �.1$7�
JHQH� 7� KHVH� SODQWV� FRQVLGHUHG� DV� SXWDWLYH�
WUDQVJHQLF UDQ��7KH�SXWDWLYH�W VJHQLF�KDYLQJ�WKRVH�
WKUHH� EDQGV� ZDV� GHWHUPLQHG� DV� SRVLWLYH�
WUDQVIRUPDQW�� ' � SHUFHQWDJH� RI � SRVLWLYH�HWDLO
WUDQVIRUPDQW�LV�VKRZ �LQ�7DEOH���Q
� ZDV7KH�FR�LQWHJUDWLRQ�SHUFHQWDJH� �VKRZQ�LQ�
7DEOH ���7KH�QRQ�WUDQVJHQLF�SODQWV�ZHUH�XVHG�DV�D��
FRQWURO� DQ � VKRZ � ]HUR� SHUFHQWDJH RI � FR�G HG �
LQWHJUDWLRQ�� 7KH� KLJKHVW� SHUFHQWDJH� �� ����RI � �
ZHUH�REWDLQHG�E\�SXWDWLYH�WUDQVJHQLF�JURZQ�LQ�13�
6,0� XWDWLYH�� &R�LQWHJUDWLRQ� SHUFHQWDJH� RI � S
WUDQVJHQLF�SODQWHG�RQWR�13��PHGLXP �RQO\��ZDV
�� ���� �

��

%,27523,$�9RO�����1R���������

)('&%$0 0)('&%$0 0

)LJXUH��� (OHFWURSKRUHJUDPV�RI �3&5�UHVXOW��0� �*HQH�UXOHU�RI �'1$�/DGGHU�0L[��$�%� �QRQ�WUDQVJHQLF�RI �3��DPDELOLV��
&�'� �IUDJPHQW�RI �137,,�JHQH��(�)� �SRVLWLYH�WUDQVJHQLF

7DEOH�����&R�LQWHJUDWLRQ�SHUFHQWDJH�RI ������.1$7��WUDQVJHQH�LQWR�3��DPDELOLV�FKURPRVRPHV

3ODQWV� 0HGLXP�

*HQRW\SH�FKDUDFWHU �
&R�LQWHJUDWLRQ�
SHUFHQWDJH�

����WUQ/�)�
WUQ/�)�� �
137,,�

WUQ/�)�� �
137,,��.1$7� �

1RQ�WUDQVJHQLF� 13�� ��� �� �� �����

��������

13�6,0� ��� �� �� �����

��������

3XWDWLYH�WUDQVJHQLF� 13�� ��� �� ��� ������

���������

13�6,0� ��� �� ��� ������
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0XOWLSOLFDWLRQ� 5DWH� RI � 7UDQVJHQLF� 3ODQW�
��6��.1$7��RQWR�13��DQG�136,0�0HGLD

� 6KRRW�$SLFDO�0HULVWHP��6$0��UHTXLUHV�D�KLJK�
FRQFHQWUDWLRQ�RI �F\WRNLQLQ�DQG�ORZ�FRQFHQWUDWLRQ�
RI � JLEEHUHOOLQ� WR� PDLQWDLQ� LWV� JURZWK� DQG�
PHULVWHPDWLF� IXQFWLRQ� WR� FRQWLQXRXVO\� SURGXFH�
LQGHWHUPLQDWH� RUJDQV�� 7KLV� FRQGLWLRQ� FDQ� EH�
DFKLHYHG�E\�LQWURGXFLQJ�.1$7��JHQH��5HVXOWV�RI �
WKLV�VWXG\�VKRZHG�WKDW�WUDQVJHQLF�SODQWV�UHPDLQHG�

WK
WR�KDYH���KLJK�VWDELOLW\�LQ�WKH��� �VXEFXOWXUH�
� 7KH� VWDELOL]LQJ� IXQFWLRQ� RI � WUDQVJHQ� LQ�
WUDQVIRUPDQW� FDQ� EH� REVHUYHG� E\� LWV� DELOLW\� WR�
SURGXFH�PXOWL�VKRRWV��7KH�PXOWLSOLFDWLRQ�UDWH�RI �3��
DPDELOLV� �WUDQVJHQLF� RU� QRQ�WUDQVJHQLF�� ZDV�
UHODWLYHO\�KLJKHU�ZKHQ�SODQWHG�RQWR�6,0�PHGLXP�
FRPSDUHG� WR� 13�� PHGLXP�� � 7KH� DPRXQW� RI �
VKRRWV� IRUPDWLRQ� LV� VKRZQ� LQ�7DEOH����13�6,0�
PHGLXP� SURYLGHG� KLJKHU� VKRRW� IRUPDWLRQ�
FRPSDUHG� WR� � 13��PHGLXP�� 7UDQVJHQLF� SODQWV�
DOVR�SURYLGHG�KLJKHU�VKRRWV�IRUPDWLRQ�FRPSDUHG�
WR�QRQ�WUDQVJHQLF�SODQWV�
� 7UDQVIRUPDQW�SODQWHG�LQ�13��PHGLXP�VKRZHG�
����� LQ�PXOWLSOLFDWLRQ� UDWH��ZKLOH� WUDQVIRUPDQW� �

SODQWHG�LQ�13�6,0�VKRZHG�KLJKHU�UDWH���������
7KRVH� UHVXOWV� LQGLFDWHG� WKDW� F\WRNLQLQ�DGGHG�
PHGLXP� ZDV� PRUH� VXLWDEOH� WR� SURYLGH� � ODUJH�
DPRXQW� RI � SRVLWLYH� WUDQVIRUPDQW�� 6WDWLVWLFDO�
DQDO\VLV� VKRZHG� WKDW� 13� 6,0� PHGLXP� ZDV�
VLJQLILFDQWO\� SURYLGHG� KLJKHU� VKRRW� IRUPDWLRQ�
FRPSDUHG� WR� 13�� PHGLXP�� 7UDQVJHQLF� SODQWV�
DOVR�SURYLGHG�KLJKHU�VKRRWV�IRUPDWLRQ�FRPSDUHG�
WR� QRQ�WUDQVJHQLF� SODQWV�� )XUWKHUPRUH�� WKH�
FRPELQDWLRQ�RI �WKRVH�WZR�IDFWRUV�GLG�QRW�VKRZ�
DQ\� LQWHUDFWLRQV� LQ� LQFUHDVLQJ� WKH� VKRRWV�
IRUPDWLRQ�

*URZWK� 3DWWHUQ� LQ� 7UDQVJHQLF� 3ODQW�
+DUERULQJ���6��.1$7�

� � 3ODQWV�LQVHUWHG�ZLWK���6��.1$7��SURGXFHG�
HDUOLHU� VKRRWV� FRPSDUHG� WR� WKH� QRQ�WUDQVJHQLF�
SODQWV��7DEOH�����,Q�WUDQVJHQLF�SODQW��WKH�VKRRWV�
ZHUH�DOUHDG\�IRUPHG�LQ�IRXU�ZHHNV�DIWHU�SODQWLQJ��
ZKLOH� WKH� QRQ�WUDQVJHQLF� SODQWV� VWDUWHG� WR�
SURGXFH��VKRRW�LQ�VL[�ZHHNV�DIWHU�SODQWLQJ��,Q�13�
6,0�PHGLXP�� WKH� DGGLWLRQ� RI � QHZ� VKRRWV� ZDV� �
KLJKHU�WKDQ�LQ�13��PHGLXP�

��

3KHQRW\SLF�DQG�PROHFXODU�FKDUDFWHUL]DWLRQ�LQ�WUDQVJHQLF�3KDODHQRSVLV�DPDELOLV��/���%OXPH

7DEOH����6KRRW�IRUPDWLRQ�RI �3��DPDELOLV�ZLWKLQ�WKUHH�VXEFXOWXUHV
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� .1$7�� JHQH� ZDV� LVRODWHG� IURP�$UDELGRSVLV�
WKDOLDQD�SODQW��.1$7��JHQH�LV�H[SUHVVHG�LQ�6KRRW�
$SLFDO�0HULVWHP��-DFNVRQ�HW�DO��������ZKLFK�LV�WKH�
LQGHWHUPLQDWH� RUJDQ�� .1$7�� JHQHV� DUH� GRZQ�
UHJXODWHG� ZKHQ� OHDI � LQLWLDWLRQ� SURFHVV� RFFXUUV��
7KHVH�H[SUHVVLRQ�SDWWHUQ�GHVFULEHV�WKH�LPSRUWDQW�
UROH� RI � .1$7�� JHQH� WR� PDLQWDLQ� DQ�
LQGHWHUPLQDWH�IRUP�RI �PHULVWHP�DQG�UHSUHVVLQJ�
WKH� GLIIHUHQWLDWLRQ� SURFHVV� �%\UQH� HW� DO�� �������
.1$7��JHQH�ZDV�LQVHUWHG�LQ�3��DPDELOLV�XQGHU�WKH�
FRQWURO�RI ���6�VWURQJ�SURPRWHU�IURP�&DXOLIORZHU�
0R]DLF�YLUXV��&D09��FDXVLQJ�WKH�RFFXUUHQFH�RI �
RYHU�H[SUHVVLRQ�RI �.1$7��JHQH�
� 2YHU�H[SUHVVLRQ� RI � .1$7�� JHQH� LQ�
$UDELGRSVLV�ZDV�NQRZQ�WR�FDXVH�WKH�IRUPDWLRQ�RI �
QHZ� VKRRWV� RQ� XSSHU� DQG� ORZHU� VXUIDFHV� RI �
$UDELGRSVLV� OHDYHV��DQ�DOWHUQDWLRQ�RI � �WKH�QRUPDO�
OHDI �VKDSHV�LQWR�OREHG�VKDSH��/LQFROQ� �������HW�DO�
&KXFN� � ������ DV� ZHOO� DV� LQ� WREDFFR� SODQWV�HW� DO�
�1LVKLPXUD� �������� � ,QVHUWLRQ�RI � �.1$7��HW� DO�
JHQH� LQWR� � � ZDV� H[SHFWHG� IRU� IXUWKHU�3�� DPDELOLV
REVHUYDWLRQ�DERXW�WKH�IXQFWLRQ�RI �.1$7��JHQH�

DQG� LWV� LQIOXHQFH� RQ� WKH� VKRRW� JURZWK�� 7KH�
PXOWLSOLFDWLRQ�OHYHO�RI �VKRRWV�LV�VKRZQ�LQ�)LJXUH�
��� 7KHUH� ZDV� RQO\� RQH� VKRRW� IRUPHG� LQ� QRQ�
WUDQVJHQLF�SODQWV��ZKLOH�WKH�WUDQVJHQLF�SODQWV�ZHUH�
DEOH�WR�SURGXFH�PXOWLVKRRWV�

3KHQRW\SLF�$OWHUDWLRQ�LQ�7UDQVJHQLF�3ODQWV�

� 2YHU�H[SUHVVLRQ� RI � .1$7�� JHQH� OHDGV� WR�
PDQ\� FKDQJHV� LQ� SODQW� �� 2YHU�SKHQRW\SH
H[SUHVVLRQ� RI � .1$7�� JHQH� FDXVHV� OHDI �
DOWHUDWLRQ�� HFWRSLF�PHULVWHPV�� LQIORUHVFHQFH�OLNH�
VWUXFWXUHV� IRUP �� ��DWLRQ GZDUILVKQHVV DSLFDO�
GRPLQDQFH�ORVV�DQG�JHQHUDWLRQ�RI �PHULVWHPDWLF�
WLVVXHV� LQ� OHDI � �� �:LOOLDPV�&DUULHU� HW� DO� ���� �6XQ�
HW� DO�� ������� 7KH� XVDJH� RI � .1$7�� JHQH� DV� D�
VHOHFWDEOH�PDUNHU�ZDV�VXFFHVVIXOO\��FRQGXFWHG�E\�
/XR� ������ ��HW�DO� �
� ,Q� WKLV� VWXG\�� DQ� LQWHUHVWLQJ� SKHQRPHQRQ�
ZDV� DOVR� IRXQG� L�H�� VL[� DOWHUDWLRQV� RI � SODQW�
PRUSKRORJ\� RFFXUUHG� LQ� SODQWV� LQVHUWHG� ZLWK�
.1$7�� JHQH�� 7KRVH� VL[� DOWHUQDWLRQV� ZHUH�

7DEOH�����6KRRW�IRUPDWLRQ�RI �3��DPDELOLV

3ODQWV� 0HGLXP�

1XPEH
U�RI �
VKRRWV�

1XPEHU�RI �QHZ�VKRRWV�LQ�ZHHNV�DIWHU�SODQWLQJ�
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)LJXUH��� �*URZWK�SDWWHUQ�LQ�VKRRW�IRUPDWLRQ�RI �3KDODHQRSVLV�DPDELOLV����ZHHNV�DIWHU�SODQWLQJ��$��1RQ�WUDQVJHQLF�SODQWV��
%��7UDQVJHQLF�SODQWV�XVLQJ���6��.1$7���VFDOH�IRU�������ZHHNV� ���PP��VFDOH�IRU��������ZHHNV� �����FP�
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QRUPDO� OHDYHV�� OREHG� OHDYHV�� URVHWWH�� HORQJDWHG�
VWHP��FXS�VKRRW�DQG�ZLGHQHG�OHDYHV��,Q�WKLV�VWXG\��
WKH�QRUPDO�OHDYHV�ZDV�WKH�PRVW�DEXQGDQW�YDULDQWV�
IRXQG�� ,W� LV� LPSRUWDQW� WR� REWDLQ� LQIRUPDWLRQ�
ZKHWKHU�WKH�DOWHUDWLRQV�DUH�LQKHULWHG�LQ� �3��DPDELOLV
SURJHQLHV��,Q�OHWWXFH�SODQWV��)UXJLV�HW�DO���������DQG�
&HORVLD�SOXPRVXV� �6XQ� HW� DO��������� WKH� �KDUERULQJ�
.1$7�� JHQH� ZHUH� UHSRUWHG� WR� LQKHULW�
PRUSKRORJLFDO�DOWHUDWLRQ�RI �WKH�ILUVW�JHQHUDWLRQ�RI �
WUDQVIRUPDQW� SODQWV� �7���� 7KH� VHOILQJ� UHVXOWV�
VKRZHG� WKDW� ���� RI � ILOLDO� �7��� GHQRWLQJ� WKH�
DOWHUDWLRQ� LQ� WKH� VKDSH� RI � LWV� ILUVW� OHDI�� EXW� QRW�
FKDQJLQJ�WKH�SHUFHQWDJH�RI �VHHG�JHUPLQDWLRQ��WKH�
HPHUJHQFH�WLPH�RI �WKH�ILUVW�OHDI �DQG�LWV�SK\ORWD[LV�
�)UXJLV� HW� DO�� ������� $OO� WKH� YDULDWLRQV� LQ� WKLV�

UHVHDUFK�ZHUH�FDXVHG�E\�WKH�RYHU�H[SUHVVLRQ�RI �
��6��.1$7���7DEHO����
� 9HQDWLRQ� SDWWHUQV� RI � QRQ�WUDQVJHQLF� DQG�
WUDQVJHQLF� SODQWV� ZHUH� REVHUYHG� WR� HQVXUH� WKH�
DQDWRPLF� SHUIRUPDQFH� RI � OHDYHV�� 7KH� UHVXOWV�
VKRZHG� WKDW� WKH� DOWHUDWLRQ� DOVR�RFFXUUHG� LQ� WKH�
YHQDWLRQ�RI � OHDI � � �)LJ������7KH�DOWHUDWLRQV�ZHUH�
GHWHFWHG� IURP� WKH� YHU\� HDUO\� VWDJH� RI � OHDI�
GHYHORSPHQW�� 7KH� RYHU�H[SUHVVLRQ� RI �.1$7��
JHQH�DUH�DEOH�WR�GLVWXUE�KRUPRQ�FRQFHQWUDWLRQ�LQ�
6$0�OHDGLQJ�WR�LPEDODQFH�VWDWXV��7KH�GHWDLOV�RI �
DOWHUDWLRQ�RFFXUUHG�HYHU\�WZR�ZHHNV�DUH�VKRZQ�LQ�
)LJXUH���� ,Q� OREHG� OHDYHV� YDULDQW�� WKH� YHQDWLRQ�
SDWWHUQ�ZDV�DOVR�VKRZQ��7KH�UHVXOWV�VKRZHG�WKDW�
WKHUH�ZDV�D�IXQGDPHQWDO�FKDQJH�FRQFHUQLQJ�WKH�

3KHQRW\SLF�DQG�PROHFXODU�FKDUDFWHUL]DWLRQ�LQ�WUDQVJHQLF�3KDODHQRSVLV�DPDELOLV��/���%OXPH

7DEOH�����3HUFHQWDJH�RI �PRUSKRORJLFDO�YDULDWLRQ�LQ�3��DPDELOLV�WUDQVJHQLF���6��.1$7�
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GHYHORSPHQW�RI �OHDI �YDVFXODUL]DWLRQ�FRPSDUHG�WR�
QRQ�WUDQVJHQLF�SODQWV��7KH�DSSHDUDQFH�RI �OREXV�LQ�
OHDI
V� ODPLQD� FDXVHV� WKH� LUUHJXODU� YHQDWLRQ��
)XUWKHUPRUH�� LQ� VHYHUH� OHYHO�� WKH� DOWHUDWLRQV�
SURGXFH�WKH�HPHUJHQFH�RI �WZR�PLG�YHLQ� LQ�RQH�
OHDI
V�ODPLQD�

3URWHLQ� 3URILOH� $QDO\VLV� RI � ��6��.1$7��
7UDQVJHQLF�3ODQWV�XVLQJ�6'6�3$*(

� 0DWHULDOV�XVHG� LQ� WKLV�SURILOLQJ� LV� WKH�SURYHQ�
PDWHULDOV�WKDW�FDUU\�.1$7��JHQH�DQG�UHSUHVHQWV� �
YDULRXV�W\SHV�RI ��PRUSKRORJLFDO�YDULDQWV��.1$7��
SURWHLQ� FRQWDLQV�����DPLQR�DFLGV�ZLWK����������
'DOWRQV���2QH�KXQGUHG�SHUFHQW�RI �WHVWHG�SODQWV�DOO�
KDG�EDQGV�RI ����N'D�LQ�VL]H�LQGLFDWLQJ�.1$7��
SURWHLQ��)LJ������'LIIHUHQW�LQWHQVLW\�ZDV�FDXVHG�E\�
3��DPDELOLV�JURZWK�SKDVH�

&R�LQWHJUDWLRQ� $QDO\VLV� RI � ��6��.1$7��
7UDQVJHQ�LQWR�3KDODHQRSVLV�DPDELOLV*HQRPH�

� 7KH�PDWHULDO�XVHG�LQ�WKLV�VWXG\�LV�3KDODHQRSVLV�
DPDELOLV�RUFKLG�ZKLFK�KDG�EHHQ�WUDQVIRUPHG�ZLWK�
SODVPLG�FRQWDLQLQJ�WKH�FRQVWUXFWLRQ�RI �.1$7��
F'1$�JHQH��.QRRWHG�OLNH�$UDELGRSVLV�WKDOLDQD�����
7UDQVIRUPDWLRQ�RI ���6��.1$7��RQ�0RWK�RUFKLG�
PHGLDWHG� E\� $JUREDFWHULXP� WXPDIDFLHQV� ZDV�
HVWDEOLVKHG 6HPLDUWL�HW�DO ������E���E\� � �7KH�UHVXOWV�
RI �UHJHQHUDWLRQ�VKRZHG�WKDW�QRW�DOO�RI �SODQWV�DUH�
SRVLWLYH�WUDQVJHQLF� KDUERULQJ���6��.1$7��SODQWV�
LQ�WKHLU�JHQRPH��7KLV� FDQ�EH�FDXVHG�SKHQRPHQRQ�

E\�PDQ\� IDFWRUV � PRQJ�RWKHUV�� FKLPHUD� LV� WKH�� $
PDLQ� IDFWRU� FDXVLQJ� GLYHUVLW\� LQ� SODQW� JHQRPH��
&KLPHUD�PD\�RFFXU�LQ�WKH�WUDQVIRUPDWLRQ�EHFDXVH�
QRW� WKH�ZKROH�SODQW� FHOOV� DUH� EHLQJ� LQIHFWHG�E\�
$JUREDFWHULXP� WXPDIDFLHQV� GXULQJ� FR�FXOWLYDWLRQ��
&KLPHUD�FDQ�EH�UHGXFHG�E\�FRQGXFWLQJ�UHSHWLWLYH�
VXEFXOWXUHV�RQ�VHOHFWLRQ�PHGLXP�
� 6HOHFWLRQ�PDUNHU�JHQH�ZKLFK�LV�RIWHQ�XVHG�LQ�
WKH� SODVPLG� FRQVWUXFWLRQ� LV� DQ� DQWLELRWLF�
UHVLVWDQFH�JHQH�RU�KHUELFLGH�UHVLVWDQFH�JHQH��7KH�
VHOHFWLRQ� PDUNHU� JHQH� WKDW� ZHUH� XVHG� LQ� WKH�
SODVPLG� FRQVWUXFWLRQ� LQ� WKLV� SXUSRVH� LV� DQ�
DQWLELRWLF� UHVLVWDQFH� JHQH�� 137,,� �1HRP\FLQ�
3KRVSKRWUDQVIHUDVH�� JHQH�� 137� JHQH� VKRZHG�
KLJK� UHVLVWDQFH� RYHU� .DQDP\FLQ� DQWLELRWLF��
.DQDP\FLQ�JHQH�H[SUHVVLRQ�OHDG�D�WUDQVJHQLF�3��
DPDELOLV� WR� KDYH� D� VXUYLYDO� SHUIRUPDQFH� LQ� WKH�
PHGLXP� FRQWDLQLQJ� .DQDP\FLQ�� ZKLOH� � QRQ�
WUDQVJHQLF�SODQWV�FRXOG�QRW�VXUYLYH��7KH�VXUYLYLQJ�
SODQWV� LQ� DQWLELRWLF� VHOHFWLRQ� PHGLXP� ZHUH�
LVRODWHG�XVLQJ�LWV�JHQRPH�'1$�DQG�VXEMHFWHG�WR�
3&5��7KH�UHVXOWV�REWDLQHG�IURP�3&5�VKRZHG�WKDW�
QRW�DOO�VXUYLYLQJ�SODQWV�RQ��VHOHFWLRQ�PHGLXP�ZDV�
WUDQVJHQLF� SODQWV� KDUERULQJ� ��6��.1$7���
VRPHWLPHV�RQO\�KDUERULQJ�137,,�JHQH�
� 3ODQWV� FDUU\� RQO\� WKH� DQWLELRWLF� UHVLVWDQFH�
JHQHV� EHFDXVH� WKH� SODQWV� KDYH� GHIHQVH�
PHFKDQLVPV� WKDW� SUHYHQW� WKH� LQWURGXFWLRQ� RI �
IRUHLJQ�REMHFWV��:KHQ�LQIHFWHG�WR�WKH�SODQW�FHOOV��
7�'1$�ZDV�SURWHFWHG�E\�WKH�FRPSOH[�RI �9LU(��
DQG� 9,3�� �9LU(�� 3URWHLQ� ,QWHUDFWLQJ��� 7KH�

��

)LJXUH��� (OHFWURSKRUHJUDPV�RI �3��DPDELOLV�SURWHLQ�SURILOH��0� �SURWHLQ�PDUNHU��EURDG�UDQJH��%LRODEV��17� �1RQ�WUDQVJHQLF��
$� �QRUPDO�YDULDQW�RI �WUDQVJHQLF�SODQWV��%� �OREHG�OHDYHV��&� �URVVHWH��'� �HORQJDWHG�VWHP���(� �ZLGHQHG�OHDYHV���
)� �FXS�VKRRW



��

LQWHJUDWLRQ� SURFHVV� UHTXLUHV� 7�'1$� LQ� IUHH�
FRQGLWLRQ� ZKLFK� PHDQV� WKDW� 7�'1$� GRHV� QRW�
IRUP�D�FRPSOH[�ZLWK�9LU(��DQG�9,3���7KH�9LU(��
DQG� 9,3�� QHHG� WR� EH� HOLPLQDWHG� ILUVW�� 9LU(��
3URWHLQ�LV�UHTXLUHG�LQ�WKH�7�'1$�WUDQVIHU�SURFHVV�
�5RVVL� HW� DO�� ������� 3ODQWV� DFWLYDWHV� WKH� )�ER[�
SURWHLQV� DVVRFLDWHG� ZLWK� WKH� GHIHQVH� L�H�� 9%)�
�9,3��)�ER[� ELQGLQJ� SURWHLQ��� 9%)� SURWHLQ�
PDNHV� WKH� FRPSOH[� 9LU(�� DQG� 9,3�� EHFRPHV�
XQVWDEOH� WKURXJK� WKH�PHFKDQLVP�RI �SURWHRVRP�
GHJUDGDWLRQ� PHGLDWRU� E\� 6&)� PHGLDWRU� �6NS��
&XOOLQ��)�ER[�FRQWDLQLQJ�FRPSOH[��
� 7KH� LGHDO�PHFKDQLVP�WR�HOLPLQDWH� WKH�9LU(��
DQG� 9,3� SURWHLQ� RFFXUV� ZKHQ� 7�FRPSOH[� LV�
DOUHDG\�DSSURDFK�WKH�WDUJHW�FKURPDWLQV�� �2Q�WKH�
RWKHU�KDQG��ZKHQ�WKH�HOLPLQDWLRQ�SURFHVV�RFFXUV�
MXVW�EHIRUH�7�FRPSOH[�DSSURDFKHV�WKH�FKURPDWLQ��
WKH�WUDQVLHQW�H[SUHVVLRQ�DQG�7�'1$�GHJUDGDWLRQ�
E\�QXFOHDVH�DQG�VHYHUDO�SDUW�RI �WKRVH�FRQVWUXFWLRQ�
JHQH� DUH� LQWHJUDWHG� LQWR� SODQWV� JHQRPHV�
�=DOWVPDQ�HW�DO ��������
� 3URWHLQ�SURILOH�RI � WUDQVJHQLF�SODQWV� LQGLFDWHV�
WKDW�SURWHLQ�ZLWK�PROHFXODU�ZHLJKW�RI ������.'D�
H[LVWV�� 7KLV� SURWHLQ� LV� SUHGLFWHG� DV� .1$7��
SURWHLQ��7KH�UHVXOWV�VKRZHG�WKDW�DOO�WUDQVIRUPDQW�
SODQWV� SURGXFH� .1$7�� SURWHLQ��ZHUH� DEOH� WR�
1RQ�WUDQVIRUPDQW�SODQWV� X �WR�SURGXFH�ZHUH� QDEOH
.1$7�� SURWHLQ�� .1$7�� SURWHLQ� LV� D�
WUDQVFULSWLRQ�IDFWRU�IRU�SODQW�JURZWK��VR�WKH�KLJK�
DPRXQW� RI � .1$7�� SURWHLQ� FKDQJHV� WKH�
KRUPRQDO�EDODQFH� LQ�6$0�UHJLRQ��6$0�SOD\V�D�
G\QDPLF�DQG�SLYRWDO�UROH�LQ�JXLGLQJ�SODQW�JURZWK��
7KH� GLVSURSRUWLRQ� RI � KRUPRQDO� FRQFHQWUDWLRQ�
PD\� OHDG� WR� PRUSKRORJLFDO� DOWHUDWLRQ� LQ�
WUDQVIRUPDQW�SODQW��+RUPRQH�FRQFHQWUDWLRQ�ZDV�
UHJXODWHG�LQ�WKH�V\QWKHVLV�SURFHVV��WUDQVSRUW�DQG�
FRQYHUVLRQ�LQWR�D�PRUH�RU�OHVV�DFWLYH�IRUP��9HLW� �
������
� $X[LQ��JLEEHUHOOLQ�DQG�F\WRNLQLQ�WRJHWKHU�DUH�
NQRZQ� DV� WKH� KRUPRQHV� KDYLQJ� NH\� UROH� � LQ�
GHWHUPLQLQJ� SODQW� PRUSKRORJ\�� $X[LQ� DQG�
JLEEHUHOOLQ� DUH� WKH� PDQGDWRU\� KRUPRQHV�
PHGLDWLQJ� WKH� IRUPDWLRQ� RI � ODWHUDO� RUJDQV� RU�
GHWHUPLQDWH� RUJDQV�� &\WRNLQLQ� KDV� FRQWUDU\�
DFWLYLWLHV� DQG� DVVRFLDWHG� ZLWK� LQGHWHUPLQDWH�
JURZWK�SURJUDPV�RI �FHOOV��LQFOXGLQJ�PDLQWDLQLQJ�
WKH�QXPEHU�RI � LQGHWHUPLQDWH�FHOO�SRSXODWLRQ� LQ�
6$0�� �7KH�FHQWHU�UHJLRQ�RI �6$0�KDV�UHODWLYHO\�
ORZ� FRQFHQWUDWLRQ� RI � *$� FDXVHG� E\� KLJK�
FRQFHQWUDWLRQ� RI � .1$7�� SURWHLQ� ZKLFK�
UHSUHVVHV� JHQH� WUDQVFULSWLRQ� HQFRGLQJ� *$���
R[LGDVH��+D\�HW�DO���������%ROGXF�DQG�+DNH��������

FRQFOXGHG�WKDW�WKH�UHJXODWRU�HOHPHQWV�LQ�WKH�QHDU�
�
�HQG�RI �ILUVW�LQWURQV�RI �*$�2;��JHQH�ELQGHG�
E\�.1�� LQ�PDL]H��.12;�SURWHLQV�RQ� WREDFFR�
SODQWV��17+���SURWHLQ�FDQ�GLUHFWO\�VXSSUHVV�WKH�
WUDQVFULSWLRQ�RI �WKH�1WF���JHQH��ZKLFK�LV�WKH�JHQH�
WKDW� HQFRGHV� *$���R[LGDVH� UHTXLUHG� LQ� *$�
ELRV\QWKHVLV��6DNDPRWR�HW�DO��������
� .1$7��JHQH�DFWLYLW\� LQ� WKH�FHQWUDO�]RQH�RI �
6$0� LV� DEOH� WR� LQFUHDVH� WKH� FRQFHQWUDWLRQ� RI �
F\WRNLQLQ�� 7KH� LQFUHPHQW� RI � F\WRNLQLQ� GXH� WR�
.12;�SURWHLQ�LV�FDSDEOH�WR�DFWLYDWH�LVRSHQWHQ\O�
WUDQVIHUDVH� JHQHV�� ,VRSHQWHQ\O� WUDQVIHUDVH�
LQYROYHV� LQ� FDWDO\]LQJ� D� VWHS� LQ� WKH� F\WRNLQLQ�
ELRV\QWKHVLV��+LJXFKL� HW� DO�� ������� UHSRUWHG� WKDW�
WKH� �RYHU H[SUHVVLRQ� RI � JHQH� WKDW� HQFRGLQJ�
F F\WRNLQLQV�\WRNLQLQV� R[LGDVH� FDQ� GHFUHDVH�
FRQFHQWUDWLRQV�LQ�FHOOV��7KLV�FRQGLWLRQ�OHDGV �WKH��WR
UHGXFWLRQ�RI �PHULVWHP�VL]H�DQG�LV�DEOH�WR�LQLWLDWH�
WKH�IRUPDWLRQ�RI �OHDI U ���DQG�RWKH �WLVVXHV 2Q�WKH�
RWKHU� KDQG�� LQ� VHYHUDO� FDVHV�� WKH� GHFUHPHQW� RI �
HQGRJHQLF� V YHO� FDXVF\WRNLQLQ � OH HV� PHULVWHP�
DERUWLRQ��:HUQHU�HW�DO��������� �.12;�SURWHLQ�LV�
WKH� PDLQ� UHJXODWRUV� FRQWUROOLQJ� KRUPRQDO�
EDODQFH�� HLWKHU�DW�GLFRW\OV�RU�PRQRFRW\OV�SODQWV�
�6DNDPRWR�HW�DO��������+D\�HW�DO��������

&21&/86,216

� ��6��.1$7�� WUDQVJHQH� ZDV� FRQVLVWHQWO\�
LQWHJUDWHG�ZLWK�3KDODHQRSVLV�DPDELOLV�JHQRPH�XQWLO�

WK
WKH��� � �VXEFXOWXUH��7KHUH�ZHUH�PDQ\�DOWHUDWLRQV�
LQ� SODQW� PRUSKRORJ\� FODVVLILHG� LQWR� VL[� PDLQ�
JURXSV��QRUPDO��OREHG�OHDYHV��URVVHWH��HORQJDWHG�
VWHP��FXS�VKRRW�DQG�ZLGHQHG�OHDYHV�� �7KH�SODQW�
PRUSKRORJ\�ZDV� GRPLQDWHG�E\�QRUPDO� YDULDQW��
$OO� WUDQVJHQLF� SODQWV� KDUERULQJ� ��6��.1$7��
SURGXFHG�SURWHLQ�ZLWK�PROHFXODU�ZHLJKW�RI ������
.GD��HTXLYDOHQW�ZLWK�.1$7��SURWHLQ�VL]H��,W� LV�
LPSRUWDQW�WR�KDYH�FRQILUPDWLRQ�RQ�DPLQR�DFLGV�
VHTXHQFH� WR� HQVXUH� ZKHWKHU� LW� LV� WKH� .1$7��
SURWHLQ���,W�LV�VXJJHVWHG�WKDW�IXUWKHU�FRQILUPDWLRQ�
LV�UHTXLUHG�IRU�WUDQVJHQH�H[SUHVVLRQ�DW�WKH�P51$�
WR� �GHWHUPLQH�WKH�OHYHO�RI �WUDQVFULSWLRQ�LQ�HYHU\�
WUDQVJHQLF�SODQW�OLQHV�KDUERULQJ���6���.1$7��

5()(5(1&(6

%HUOHWK�7��-�UJHQV�*��������7KH�UROH�RI �WKH�PRQRSWHURV�
JHQH� LQ� RUJDQLVLQJ� WKH� EDVDO� ERG\� UHJLRQ� RI � WKH�
$UDELGRSVLV�HPEU\R��'HYHORSPHQW������������

3KHQRW\SLF�DQG�PROHFXODU�FKDUDFWHUL]DWLRQ�LQ�WUDQVJHQLF�3KDODHQRSVLV�DPDELOLV��/���%OXPH



%ROGXF�1��+DNH� 6�� ������ 7KH�PDL]H� WUDQVFULSWLRQ� IDFWRU�
.1277('�� GLUHFWO\� UHJXODWHV� WKH� JLEEHUHOOLQ�
FDWDEROLVP�JHQH�*$�2;���7KH�3ODQW�&HOO�3UHYLHZ��
�����

%\UQH�0(��%DUOH\�5��&XUWLV�0��$UUR\R� -0��'XQKDP�0��
+XGVRQ� $�� 0DUWLHQVVHQ� 5$�� ���� � $V\PPHWULF��
OHDYHV�� PHGLDWHV� OHDI � SDWWHUQLQJ� DQG� VWHP� FHOO�
IXQFWLRQ�LQ� ��1DWXUH ���� �������$UDELGRSVLV � �

&KXFN�*��/LQFROQ�&��+DNH�6��������.1$7� LQGXFHG�OREHG��
OHDYHV�ZLWK�HFWRSLF�PHULVWHP�ZKHQ�RYHUH[SUHVVHG�LQ�
$UDELGRSVLV��3ODQW�&HOO�����������

'UHVVOHU� 5/�� ������ 7KH� RUFKLG�� 1DWXUDO� KLVWRU\� DQG�
FODVVLILFDWLRQ�� +DUYDUG� �86��� +DUYDUG� 8QLYHUVLW\�
SUHVV�

)UXJLV�*��*LDQQLQR�'��0HOH�*�� �1LFRORGL�&��&KLDSSHWWD�$��
%LWRQWL�0%��«0DULRWWL�'��������2YHU�H[SUHVVLRQ�RI ��
.1$7��LQ�OHWWXFH�VKLIW�OHDI �GHWHUPLQDWH�JURZWK�WR�D�
VKRRW�OLNH�LQGHWHUPLQDWH�JURZWK�DVVRFLDWHG�ZLWK�DQ�
DFFXPXODWLRQ�RI �LVRSHQWHQ\O�W\SH�F\WRNLQLQV��3ODQW�
3K\VLRO�������������

+DVDQ�6��3UDNDVK�-��9DVKLVKWKD�$��6KDUPD�$��6ULYDVWDYD�.��
6DJDU�)�� �0LVKUD�6������� 2SWLPL]DWLRQ�RI �'1$�« �
H[WUDFWLRQ� IURP� VHHGV� DQG� OHDI � WLVVXHV� RI �
&KU\VDQWKHPXP� �&KU\VDQWKHPXP� LQGLFXP�� IRU�
SRO\PHUDVH�FKDLQ�UHDFWLRQ��%LRLQIRUPDWLRQ����������
��

+D\�$��.DXU�+��3KLOOLSV�$��+LGGHQ�3��+DNH�6��������7KH�
JLEEHUHOOLQ� SDWKZD\� PHGLDWHV� .QRWWHG��7\SH�
+RPHRER[� IXQFWLRQ� LQ�SODQWV�ZLWK�GLIIHUHQW�ERG\�
SODQV��&XUU�%LRO������������

+LJXFKL� 0�� 3LVFKNH� 06�� 0DKRQHQ� $3�� 0L\DZDNL� .��
+DVKLPRWR� <�� 6HNL� 0��«� .DNLPRWR� 7�� ������ ,Q�
SODQWD� IXQFWLRQV� RI � WKH� � F\WRNLQLQ�$UDELGRSVLV
UHFHSWRU�IDPLO\��31$6������������

+ROPH� '-�� 3HFN� +�� ������ $QDO\WLFDO� ELRFKHPLVWU\�� WKLUG�
HGLWLRQ�1HZ�<RUN��86�� $GGLVLRQ�:HVOH\�/RQJPDQ�� �

,VODP�02��,FKLKDVKL�6��0DWVXL�6��������&RQWURO�RI �JURZWK�
DQG�GHYHORSPHQW�RI �SURWRFRUP� OLNH�ERG\�GHULYHG�
IURP�FDOOXV�E\�FDUERQ�VRXUFHV�LQ�3KDODHQRSVLV��3ODQW�
%LRWHFKQRO�-���������

-DFNVRQ� '�� 9HLW� % � +DNH� 6�� ���� � ([SUHVVLRQ� RI � PDL]H�� �
.1277('�� UHODWHG� KRPHRER[� JHQHV� LQ� WKH� {
VKRRW� DSLFDO� PHULVWHP� SUHGLFWV� SDWWHUQV� RI �
PRUSKRJHQHVLV� LQ� WKH� YHJHWDWLYH� VKRRW� �
'HYHORSPHQW ��� �������� �

.HUVWHWWHU�5$ �3RHWKLJ�56��������� 7KH�VSHFLILFDWLRQ�RI �OHDI �
LGHQWLW\�GXULQJ�VKRRW�GHYHORSPHQW��$QQX�5HY�&HOO�
'HY�%LRO�����������

/LQFROQ�&��/RQJ�-��<DPDJXFKL�-��6DULNDZD��+DNH�6��������$�
.QRWWHG��OLNH� KRPHRER[� JHQH� LQ� � LV�$UDELGRSVLV
H[SUHVVHG� LQ� WKH� YHJHWDWLYH� PHULVWHP� DQG�
GUDPDWLFDOO\� DOWHUV� OHDI � PRUSKRORJ\� ZKHQ� RYHU�
H[SUHVVHG�LQ�WUDQVJHQLF�SODQWV �3ODQW�&HOO������������

/XR�.��=KHQJ�;��&KHQ�<��;LDR�<��=KDR�'��0F$YR\�5��«�/L�
<��������7KH�PDL]H�.QRWWHG��JHQH� LV� DQ� HIIHFWLYH�

SRVLWLYH� VHOHFWD OH� PDUNHU� JHQH� IRU�E $JUREDFWHULXP�
PHGLDWHG� WREDFFR� WUDQVIRUPDWLRQ�� 3ODQW� &HOO� 5HS�
���������

0HUFXULDQL�,6��3XUZDQWRUR�$��0RHOMRSDZLUR�6��6HPLDUWL�(��
������ ,QVHUWLRQ� RI � D� )ORZHULQJ�*HQH��3D)7�� LQWR�
3KDODHQRSVLV� DPDELOLV� 2UFKLG� XVLQJ� $JUREDFWHULXP�

WK
WXPHIDFLHQV � URFHHGLQJ� RI � KH� � ,QGRQHVLD�� 3 W �
%LRWHFKQRORJ\� &RQIHUHQFH $Q� ,QWHUQDWLRQDO���
)RUXP �����������S�

1LVKLPXUD�$��7DPDRNL�0��6DNDPRWR�7��0DWVXRND�0��������
2YHU�H[SUHVVLRQ�RI �WREDFFR�.QRWWHG��W\SH�FODVV��
KRPHRER[ JHQHV� DOWHUV� YDULRXV� OHDI � PRUSKRORJ\���
3ODQW�&HOO�3K\VLRO�����������

5RVVL�/��+RKQ�%��7LQODQG�%��������,QWHJUDWLRQ�RI �FRPSOHWH�
WUDQVIHUUHG�'1$�XQLWV�LV�GHSHQGHQW�RQ�WKH�DFWLYLW\�
RI �YLUXOHQFH�(��SURWHLQ�RI ���$JUREDFWHULXP�WXPHIDFLHQV
3URFHHGLQJV�RI �WKH�1DWLRQDO�$FDGHP\�RI �6FLHQFH�
����������

6DNDPRWR� 7�� .DPL\D� 1�� 8HJXFKL�7DQDND�0�� ,ZDKRUL� 6��
0DWVXRND�0��������.12;�KRPHRGRPDLQ�SURWHLQ�
GLUHFW\� VXSSUHVVHV� WKH�H[SUHVVLRQ�RI � D�JLEEHUHOOLQ�
ELRV\QWKHWLF� JHQH� LQ� WKH� WREDFFR� VKRRW� DSLFDO�
PHULVWHP��*HQHV�'HY�����������

6DNDPRWR� 7�� 6DNDNLEDUD� +�� .RMLPD� 0�� <DPDPDWR� <��
1DJDVDNL�+��,QXNDL�<������0DWVXRND�0��������(FWRSLF�
H[SUHVVLRQ� RI � .QRWWHG��OLNH� +RPHRER[� SURWHLQ�
LQGXFHV�H[SUHVVLRQ�RI �F\WRNLQLQ�ELRV\QWKHVLV�JHQHV�
LQ�ULFH��3ODQW�3K\VLRO�����������

6DSXWUR� 7%�� )LQDUL\DK� )�� 'LDQDZDWL� 6�� 6KROLKDK� 1)��
(UPDYLWDOLQL� '�� ������ ,Q� 9LWUR� HOHFWLRQ� RI � RFDO�V O
P V JDL]H� �=HD� PD\V�� RQ� 1D&O� WUHVV� DQG� LWV� HQHWLF�
FKDUDFWHUL]DWLRQ� XVLQJ� 5$3'�� %LRVDLQWLILND�
���� ��������

6HPLDUWL� (�� ,QGULDQWR� $�� 3XUZDQWRUR� $�� ,VPLQLQJVLK� 6��
6XVHQR� 1�� ,VKLNDZD� 7�� «� 0DFKLGD� &�� ������
$JUREDFWHULXP�PHGLDWHG�WUDQVIRUPDWLRQ�RI �WKH�ZLOG�
RUFKLG�VSHFLHV� 3ODQW�%LRWHFKQRO�3KDODHQRSVLV�DPDELOLV��
����������

6HPLDUWL� (�� ,QGULDQWR� $�� 3XUZDQWRUR� $�� 0DFKLGD� <��
0DFKLGD� &�� ����D�� $JUREDFWHULXP� HGLDWHG�P
W RUDQVIRUPDWLRQ� RI � ,QGRQHVLDQ� UFKLGV� IRU�
P J W �� ,Q� �LFURSURSDJDWLRQ�� HQHWLF� UDQVIRUPDWLRQ �
$ O Y D U H ] $Y D L O D E O H � I U RP � �� 0 � � H G L W R U � �
KWWS���ZZZ�LQWHFKRSHQ�FRP�ERRNV�JHQHWLF�
WUDQVIRUPDW LRQ�DJ UREDFWHU LXP�PHGLDWHG�
WUDQVIRUPDWLRQ�RI�LQGRQHVLDQ�RUFKLGV�IRU�
PLFURSURSDJDWLRQ�

6HPLDUWL� (�� ,QGULDQWR� $�� 3XUZDQWRUR� $�� 0DUWLZL� ,1$��
)HURQLDVDQWL�<0/��1DGLIDK�)��«�0DFKLGD�&������E��
(VWDEOLVKPHQW� RI � KLJK�IUHTXHQF\� JHQHWLF�
WUDQVIRUPDWLRQ� PHWKRG� RI � ,QGRQHVLDQ� RUFKLG�
VSHFLHV� PHGLDWHG� E\� $JUREDFWHULXP� WXPHIDFLHQV��
3URFHHGLQJV�RI �1,2&�

GD� 6LOYD� -$7�� ������2UFKLGV��$GYDQFHV� LQ� WLVVXH� FXOWXUH��
JHQHWLFV�� SK\WRFKHPLVWU\� DQG� WUDQVJHQLF�
ELRWHFKQRORJ\�� )ORULFXOWXUH� 2UQDPHQWDO� %LRWHFK�
����������

��

%,27523,$�9RO�����1R���������



6XQ�6%��6RQJ�-3��<DQJ�-��������2YHU�H[SUHVVLQJ� �$UDELGRSVLV
.1$7�� JHQH� LQ� /� FDXVHV�&HORVLD� SOXPRVXV� �
PRGLILFDWLRQ� RI � SODQW� PRUSKRORJ\ � $FWD� 3K\VLRO��
3ODQW�������������

9HLW� %�� ������ +RUPRQH� PHGLDWHG� UHJXODWLRQ� RI � WKH�
VKRRW� DSLFDO� PHULVWHP�� 3ODQW� 0RO� %LRO� ���
��������

:HLVVHQKRIHU �� XEHU �� HEHU �� :DQHN ��� $ + � : : � $ � :
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