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$%675$&7
/HDFKLQJ�RI�$EX�7DUWXU�SKRVSKDWH�RUH�E\�K\GURFKORULF�DFLG�ZDV�

LQYHVWLJDWHG��7KH�LQIOXHQFH�RI�WKH�YDULRXV�IDFWRUV�DIIHFWLQJ�WKH�SURFHVV�DV�
WKH� SDUWLFOH� VL]H� RI� WKH� RUH�� OHDFKLQJ� WLPH�� K\GURFKORULF� DFLG�
FRQFHQWUDWLRQ�� OHDFKLQJ� WHPSHUDWXUH�� PL[LQJ� VSHHG� DQG� SKRVSKDWH� RUH��
+&O UDWLR� KDYH� EHHQ� LQYHVWLJDWHG� WR� HVWLPDWH� WKH� IDYRU� SKRVSKDWH� RUH�
OHDFKLQJ�SURFHVV�LQ�UHODWLRQ�WR�DQ�LPSXULW\���

7KH�OHDFKLQJ�NLQHWLF�RI�3�2� DQG�&D�IURP�$EX�7DUWXU�SKRVSKDWH�
URFN�XVLQJ�GLOXWH�K\GURFKORULF�DFLG�KDV�EHHQ�LQYHVWLJDWHG��7KH�LQIOXHQFH�
RI +&O� FRQFHQWUDWLRQ�� OLTXLG�� VROLG� UDWLR�� SDUWLFOH� VL]H� DQG� WHPSHUDWXUH�
ZHUH VWXGLHG� LQ�RUGHU� WR�H[SODLQ� WKH� OHDFKLQJ�NLQHWLF�RI�SKRVSKDWH� URFN��
7KH NLQHWLF� GDWD� VKRZ� WKDW� WKH� OHDFKLQJ� SURFHVV� FDQ� EH� GHVFULEHG� E\� D�
VKULQNLQJ�FRUH�PRGHO�DQG�OHDFKLQJ�UDWH�ZDV�FRQWUROOHG�E\�WKH�GLIIXVLRQ�RI�
UHDFWDQWV� WKURXJK�D�SRURXV�RUH��7KH�DSSDUHQW� OHDFKLQJ�DFWLYDWLRQ�HQHUJ\�
IRU 3�2� DQG�&D�ZHUH�IRXQG�WR�HTXDO������DQG������N-��PRO��UHVSHFWLYHO\���

7KH� SURGXFHG� DTXHRXV� DFLGXODWH� VROXWLRQ� IURP� OHDFKLQJ� SURFHVV�
ZDV QHXWUDOL]HG�LQ�VXFK�D�ZD\�WKDW�D�SXUH�GLFDOFLXP�SKRVSKDWH��'&3��IRU�
DQLPDO� IRGGHU� LV� SUHFLSLWDWHG�� 7KH� GLIIHUHQW� IDFWRUV� DIIHFWLQJ� RQ� WKH�
�'&3�� SUHFLSLWDWLRQ� UHDFWLRQ� DV� UHDFWLRQ� WLPH�� UHDFWLRQ� WHPSHUDWXUH��
PL[LQJ� VWLUULQJ� VSHHG� DQG� DFLGXODWH� VROXWLRQ�� FDOFLXP� FDUERQDWH�� Y�� P��
UDWLR�ZHUH�LQYHVWLJDWHG���

'&3�SUHFLSLWDWH� UDIILQDWH� VROXWLRQ�ZDV� WUHDWHG�ZLWK� VXOIXULF�DFLG�
LQ RUGHU� WR� UHFRYHU�+&O� IRU� UHXVH� LQ� OHDFKLQJ�SURFHVV��7KH� LQIOXHQFH�RI�
WKH� YDULRXV� IDFWRUV� DIIHFWLQJ� WKH� SURFHVV� DV� SUHFLSLWDWLRQ� WLPH�� +�62�

FRQFHQWUDWLRQ�� SUHFLSLWDWLRQ� WHPSHUDWXUH�� PL[LQJ� VWLUULQJ� VSHHG� DQG�
UDIILQDWH�VROXWLRQ��+�62� UDWLR�KDYH�EHHQ�VWXGLHG���
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7KH� SURGXFHG� SKRVSKRULF� DFLG� IURP� FDOFLXP� SKRVSKDWH� LV�PRUH�
SXUH�WKDQ�WKH�SKRVSKRULF�DFLG�SURGXFHG�GLUHFWO\�E\�$EX�7DUWXU�SKRVSKDWH�
RUH��7KH�HIIHFW�RI�DGGHG�+�32� DQG�+�62� FRQFHQWUDWLRQV�� WHPSHUDWXUH��
PL[LQJ�WLPH��+�32�� GLFDOFLXP�SKRVSKDWH��Y��P��UDWLR��+�62�� GLFDOFLXP�
SKRVSKDWH��Y��P��UDWLR��+�2��GLFDOFLXP�SKRVSKDWH��Y��P��UDWLR�DQG�PL[LQJ�
VWLUULQJ�VSHHG�LQ�SURGXFWLRQ�SURFHVV�ZHUH�VWXGLHG��
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)LUVW�RI�DOO��,�DP�GHHSO\�WKDQNIXO�WR�³$OODK´ E\�WKH�JUDFH�RI�ZKRP�

WKH�SURJUHVV�RI�WKLV�ZRUN�ZDV�SRVVLEOH��
7KH� DXWKRU� ZRXOG� OLNH� WKDQN� 3URI� 'U�� 6�� 7�� $EG� (O�5HKHHP�

3URIHVVRU� RI� 3K\VLFDO� DQG� (OHFWURFKHPLVWU\�� &KHPLVWU\� 'HSDUWPHQW��
)DFXOW\�RI�6FLHQFH��$LQ�6KDPV�8QLYHUVLW\��IRU�KLV�KHOS��HQFRXUDJLQJ�DQG�
VSRQVRULQJ�WKLV�ZRUN��

7KH� DXWKRU� H[WHQGV� KLV� VLQFHUH� WKDQNV� DQG� DFNQRZOHGJHV� KLV�
LQGHEWHGQHVV� WR� 3URI�� 'U�� +�� )�� $O\�� 3URIHVVRU� RI� 3K\VLFDO� FKHPLVWU\��
$WRPLF� (QHUJ\� $XWKRULW\�� IRU� VXJJHVWLQJ� WKH� VXEMHFW� RI� WKLV� WKHVLV��
SODQQLQJ� WKH� ZRUNV�� DQG� IRU� KLV� VXSHUYLVLRQ�� SURIRXQG� LQWHUHVW� LQ� WKLV�
VXEMHFW��)RU�WHDFKLQJ�PH�KRZ�WR�WKLQN��VWXG\�DQG�ZRUN�WR�JHW�VROXWLRQ�IRU�
DQ\ SUREOHP�LQ�P\�DOO�SUDFWLFDO�OLIH��

:RUGV�DUH�QRW�HQRXJK�WR�GHVFULEH�P\�GHHS�WKDQNV�WR�3URI��'U���0��
0� $OL�� 3URIHVVRU� RI� *HRFKHPLVWU\� DQG� YLFH� FKDLUPDQ� RI� 1XFOHDU�
0DWHULDOV�$XWKRULW\��IRU KLV�JXLGDQFH�DQG�VXSHUYLVLRQ�LQ�WKH�FRXUVH�RI�WKH�
ZRUN��DQG�IRU�KLV�VWLPXODWLQJ�FULWLFLVPV�DQG�KHOS�LQ�WKH�SUHSDUDWLRQ�RI�WKH�
PDQXVFULSW�� )RU� KLV� YDOXDEOH� VFLHQWLILF� FRPPHQWV� WKDW� JUHDWO\� LPSURYHG�
WKH�ZRUN��

, DP� YHU\� JUDWHIXO� WR� 'U�� +�� 6�� *DGR� $VV�� 3URIHVVRU� RI�
*HRFKHPLVWU\��1XFOHDU�0DWHULDOV�$XWKRULW\��IRU�KLV�KHOSIXO�FROODERUDWLRQ��



LL

$YHU\�VSHFLDO�DSSUHFLDWLRQ� LV�GXH� WR�P\�IDPLO\�QRW�RQO\�IRU� WKHLU�
FRQWLQXRXV�HQFRXUDJHPHQW��EXW�DOVR�IRU� WKHLU�SDWLHQFH�DQG�XQGHUVWDQGLQJ�
WKURXJKRXW��0D\�$OODK�EOHVV�WKHP�LQ�DOO�WKHLU�HQGHDYRUV�EHFDXVH�ZLWKRXW�
WKHLU� XQUHVHUYHG� VXSSRUW�� FRPSOHWLRQ� RI� WKLV� VWXG\�ZRXOG� QRW� KDYH� EHHQ�
SRVVLEOH���

6SHFLDO� WKDQNV� DUH� H[WHQGHG� WR� P\� GHDU� IULHQGV� ,� 6DODPD�� 0��
)DULG�DQG�0��1DVDU�IRU WKHLU�VXSSRUW��WUXVW��KHOS�DQG�ZHOO�XQGHUVWDQGLQJ���

0\� WKDQNV� DQG� EHVW� ZLVKHV� H[WHQG� WR� DOO� PHPEHUV� RI� WKH�
SKRVSKRULF� DFLG�SXULILFDWLRQ�SLORW� SODQW�� HVSHFLDOO\� WR�/HFWXUH�0� $PLQ��
$� )DZ]\��0��(O�0DOHK��+��0DQVRXU��0��(O�PDDGDZ\��:��<RXVVHI��
0��%DGDZ\��$��$EG�(O�KDPLG� $��$ER�5DLD��$��0DG\��$��(O�=RXJKE\��
2� 5RXVKG\��6��+DPG\�DQG�$��0DVRXG� IRU� WKHLU�VXSSRUW�DQG�IDFLOLWLHV�
RIIHUHG�LQ�GLIIHUHQW�ZD\V�GXULQJ�WKH�SURJUHVV�RI�WKLV�ZRUN���

�
0RKDPHG�KHOP\�7DKD�(O�6D\HG�
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&+$37(5�����,1752'8&7,21
����*HRORJ\�RI�SKRVSKDWH�URFNV�� ��
��� :RUOG�SURGXFWLRQ�RI�SKRVSKDWH�URFNV� ��
��� (J\SWLDQ�SKRVSKDWH�URFNV� ��
� ������$EX�7DUWXU�SKRVSKDWH�URFNV� ���
� ��������0LQHUDOV�DQG�FKHPLFDO�FRPSRVLWLRQ�RI�$EX��7DUWXU��

SKRVSKDWH�URFNV� ���
� ��������8SJUDGLQJ�RI�$EX�7DUWXU�SKRVSKDWH�URFNV� ���
��� 3KRVSKRULF�DFLG�SURGXFWLRQ� ���
� ������3URGXFWLRQ�E\�WKHUPDO�SURFHVV� ���
� ������3URGXFWLRQ�E\�ZHW�SURFHVV� ���
� ��������6XOIXULF�DFLG�SURFHVV� ��

����������'LK\GUDWH��'+��SURFHVV� ���
� ����������+HPLK\GUDWH��++��SURFHVV� ���
� ����������5HFU\VWDOOLVDWLRQ�SURFHVVHV� ��

����������5HSXOSLQJ�SURFHVV� ��
��������+\GURFKORULF�DFLG�SURFHVV� ��
��������1LWULF�DFLG�SURFHVV� ��

��� 'LFDOFLXP�SKRVSKDWH�LPSRUWDQW�IHHG�SKRVSKDWHV� ���
� ������'LIIHUHQW�XVHV�RI�GLFDOFLXP�SKRVSKDWH�� ���
��� .LQHWLF�DQDO\VLV�RI�SKRVSKDWH�URFN�OHDFKLQJ�SURFHVV�� ���
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������6KULQNLQJ�FRUH�PRGHO�IRU�XQFKDQJLQJ�VL]H�VSKHULFDO�SDUWLFOHV� ���
� ��������'LIIXVLRQ�WKURXJK�ILOP�FRQWUROV� ���
� ��������'LIIXVLRQ�WKURXJK�DVK�OD\HU�FRQWUROV� ���
� ��������&KHPLFDO�UHDFWLRQ�FRQWUROV� ���
� ������6KULQNLQJ�FRUH�PRGHO�IRU�VKULQNLQJ�VSKHULFDO�SDUWLFOHV� ��

��������'LIIXVLRQ�WKURXJK�ILOP�FRQWUROV� ���
� ��������&KHPLFDO�UHDFWLRQ�FRQWUROV� ���
����/LWHUDWXUHV�UHYLHZ�� ���
� ������/HDFKLQJ�RI�SKRVSKDWH�RUH�E\�RUJDQLF�DQG�LQRUJDQLF�DFLGV� ���
� ������3XULILFDWLRQ�RI�SKRVSKRULF�DFLG� ���
� ������3URGXFWLRQ�RI�GLFDOFLXP�SKRVSKDWH�� ���
����$LP�RI�ZRUN�� ���

&+$37(5�����(;3(5,0(17$/
�����&KHPLFDO�DQG�UHDJHQWV� ���
� ������&KHPLFDOV�� ���
� ������5HDJHQWV� ���
��� $SSDUDWXV�� ���
���� ,QVWUXPHQWV�DQG�HTXLSPHQWV� ��
�������0HDVXUHPHQW�LQVWUXPHQWV� ���

� ������$WRPLF�DEVRUSWLRQ�VSHFWURPHWHU� ���
� ������,QGXFWLYHO\�FRXSOHG�SODVPD�DWRPLF�HPLVVLRQ�VSHFWURPHWU\��
� �,&3�$(6�� ��
����� ;�5D\�'LIIUDFWLRQ� ���

����$QDO\WLFDO�SURFHGXUHV��� ���
� ������6DPSOH�SUHSDUDWLRQ� ��
������$QDO\WLFDO�PHWKRGV� ���

� ��������3KRVSKRURXV�GHWHUPLQDWLRQ� ���
� ��������6LOLFRQ�GHWHUPLQDWLRQ� ���
� ��������6XOIDWH�GHWHUPLQDWLRQ� ���
� ��������7RWDO�LURQ�GHWHUPLQDWLRQ� ���
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��������&DOFLXP�GHWHUPLQDWLRQ� ���
� ��������7RWDO�UDUH�HDUWK�HOHPHQWV�GHWHUPLQDWLRQ� ���
� ��������)OXRULGH�GHWHUPLQDWLRQ� ���
� ��������&KORULGH�GHWHUPLQDWLRQ� ���
� ��������8UDQLXP�GHWHUPLQDWLRQ� ���
��� 0DWHULDOV� ���
� ������3UHSDUDWLRQ�RI�SKRVSKDWH�URFN�VDPSOH� ���
� ������([SHULPHQWDO�OHDFKLQJ�RI�SKRVSKDWH�URFN�E\�+&O� ���
� ������([SHULPHQWDO�NLQHWLF�OHDFKLQJ�RI�SKRVSKDWH�URFN�E\�+&O� ���
� ������([SHULPHQWDO�SUHFLSLWDWLRQ�RI�GLFDOFLXP�SKRVSKDWH� ���
� ������([SHULPHQWDO�UHFRYHU\�RI�K\GURFKORULF�DFLG� ���
� ������([SHULPHQWDO�3URGXFWLRQ�RI�3KRVSKRULF�$FLG� ���

&+$37(5�����5(68/76�$1'�',6&866,216
����+\GURFKORULF�DFLG�OHDFKLQJ�LQYHVWLJDWLRQV�� ���
� ������(IIHFW�RI�SDUWLFOH�VL]H� ���
� ������(IIHFW�RI�UHDFWLRQ�WLPH� ���
� ������(IIHFW�RI�DFLG�FRQFHQWUDWLRQ� ���
� ������(IIHFW�RI�UHDFWLRQ�WHPSHUDWXUH� ���
� ������(IIHFW�RI�PL[LQJ�VWLUULQJ�VSHHG� ���
� ������(IIHFW�RI�K\GURFKORULF�DFLG��SKRVSKDWH�URFN��Y��P��UDWLR� ���
� ������6SHFLILFDWLRQ�RI�OHDFKHG�DFLGXODWH�VROXWLRQ� ���
��� .LQHWLFV�RI�OHDFKLQJ�LQYHVWLJDWLRQV��� ���
� ������3DUDPHWHUV�DIIHFWLQJ�UHDFWLRQ�UDWH��� ���
� ��������(IIHFW�RI�WHPSHUDWXUH� ���
� ��������(IIHFW�RI�SDUWLFOH�VL]H� ���
� ��������(IIHFW�RI�K\GURFKORULF�DFLG�FRQFHQWUDWLRQ� ���
� ��������(IIHFW�RI�K\GURFKORULF�DFLG��SKRVSKDWH�RUH�PDVV�UDWLR� ���
� ��������(IIHFW�RI�PL[LQJ�VWLUULQJ�VSHHG� ���
� ������'HWHUPLQDWLRQ�RI�UDWH�FRQWUROOLQJ�VWHS� ���
� ��������(IIHFW�RI�WHPSHUDWXUH� ���
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��������(IIHFW�RI�SDUWLFOH�VL]H� ����
� ��������(IIHFW�RI�K\GURFKORULF�DFLG�FRQFHQWUDWLRQ� ����
� ��������(IIHFW�RI�K\GURFKORULF�DFLG��SKRVSKDWH�RUH�PDVV�UDWLR� ����
� ������'HWHUPLQDWLRQ�RI�DFWLYDWLRQ�HQHUJ\� ���
������'HWHUPLQDWLRQ�RI�NLQHWLF�PRGHO�HTXDWLRQ� ����

� ��������3DUWLFOH�VL]H�IUDFWLRQ� ����
� ��������+\GURFKORULF�DFLG�FRQFHQWUDWLRQ� ����
� ��������+\GURFKORULF�DFLG��SKRVSKDWH�RUH�PDVV�UDWLR� ����
��� 'LFDOFLXP�SKRVSKDWH�SURGXFWLRQ� ����
� ������(IIHFW�RI�PL[LQJ�WLPH� ����
� ������(IIHFW�RI�DFLGXODWH�VROXWLRQ��FDOFLXP�FDUERQDWH�PDVV�UDWLR� ����
� ������(IIHFW�RI�UHDFWLRQ�WHPSHUDWXUH� ����
� ������(IIHFW�RI�PL[LQJ�VWLUULQJ�VSHHG� ����
� ������'HYHORSHG�'&3�SURGXFWLRQ�IORZ�VKHHW� ����
��� +\GURFKORULF�DFLG�UHFRYHU\�LQYHVWLJDWLRQV� ����
� ������(IIHFW�RI�UHDFWLRQ�WLPH� ����
� ������(IIHFW�RI�VXOIXULF�DFLG�FRQFHQWUDWLRQ� ����
� ������(IIHFW�RI�VXOIXULF�DFLG��SUHFLSLWDWH�UDIILQDWH�VROXWLRQ�YROXPH��
� UDWLR�

�
���

������(IIHFW�RI�UHDFWLRQ�WHPSHUDWXUH� ����
� ������(IIHFW�RI�PL[LQJ�VWLUULQJ�VSHHG� ����
� ������+\GURFKORULF�DFLG�UHFRYHU\�IORZ�VKHHW� ����
��� 3URGXFWLRQ�RI�SKRVSKRULF�DFLG�� ����
� ������(IIHFW�RI�VWLUULQJ�WLPH� ����
� ������(IIHFW�RI�SKRVSKRULF�DFLG�FRQFHQWUDWLRQ� ����
� ������(IIHFW�RI�SKRVSKRULF�DFLG��FDOFLXP�SKRVSKDWH�PDVV�UDWLR� ����
� ������(IIHFW�RI�VXOIXULF�DFLG�FRQFHQWUDWLRQ� ����
� ������(IIHFW�RI�VXOIXULF�DFLG��FDOFLXP�SKRVSKDWH�PDVV�UDWLR� ����
� ������(IIHFW�RI�+�2��FDOFLXP�SKRVSKDWH�PDVV�UDWLR� ����
� ������(IIHFW�RI�UHDFWLRQ�WHPSHUDWXUH� ����
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� ������(IIHFW�RI�PL[LQJ�VWLUULQJ�VSHHG� ����
� ������6SHFLILFDWLRQ�RI�SURGXFHG�SKRVSKRULF�DFLG� ����
6800$5<�$1'�&21&86,21��� ����
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$%%5(9,$7,216�
$EEUHYLDWLRQ� 'HILQLWLRQ�
'+� 'LK\GUDWH�3URFHVV�
++ +HPLK\GUDWH�3URFHVV�
+5& +HPLK\GUDWH�5HFU\VWDOL]DWLRQ�3URFHVV�
+'+ +HPL�'LK\GUDWH�3URFHVV�
'+�++ 'LK\GUDWH�+HPLK\GUDWH�3URFHVV�
'�(+3$��+'� 'L���HWK\O�KH[\O�SKRVSKRULF�DFLG�
:33$� :HW�3URFHVV�3KRVSKRULF�$FLG�
$+/0� $TXHRXV�+\EULG�/LTXLG�0HPEUDQH�
'+%'6$� ����GLK\GUR[\EHQ]HQH�����GLVXOIRQLF�DFLG�
&7$%� &HW\O�7ULPHWK\O�$PPRQLXP�%URPLGH�
6'6� 6RGLXP�'RGHF\O�6XOIDWH�
'&3� 'LFDOFLXP�3KRVSKDWH��
0&3� 0RQRFDOFLXP�3KRVSKDWH�
'&3'� 'LFDOFLXP�3KRVSKDWH�'LK\GUDWH�

7LPH�IRU�&RPSOHWH�&RQYHUVLRQ�RI�7KH�5HDFWDQW�
3DUWLFOH�WR�3URGXFW��6��

% 0RODU�'HQVLW\��PRO�P���
5 5HDFWDQW�3DUWLFOH�5DGLXV��P��
E 6WRLFKLRPHWULF�&RHIILFLHQW�
.J 0DVV�7UDQVIHU�&RHIILFLHQW��
&$J� ,QLWLDO�&RQFHQWUDWLRQ��PRO�P���

)UDFWLRQDO�&RQYHUVLRQ�RI�6ROLG�3DUWLFOH�
W 7LPH��PLQ��
'H (IIHFWLYH�'LIIXVLRQ�&RHIILFLHQW��
.V 6XUIDFH�5HDFWLRQ�5DWH�&RQVWDQW��PRO�PLQ���
' 0ROHFXODU�'LIIXVLRQ�&RHIILFLHQW��P� PLQ���
5(( 5HDU�(DUWK�(OHPHQWV�
. /HDFKLQJ�5DWH�&RQVWDQW��P�V���
5� &RUUHODWLRQ�&RHIILFLHQW�
�
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���� 'HSHQGHQFH� RI� FDOFLXP� VXOSKDWH� K\GUDWH�
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SURGXFWV IRU� WKH� UHDFWLRQ� $� �J�� �� E%�V�� VROLG�
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���� 7RWDO�5((�FDOLEUDWLRQ�FXUYH� ��
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���� (IIHFW�RI�WHPSHUDWXUH�RQ�WKH�&D�FRQYHUVLRQ�IUDFWLRQ�
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���� (IIHFW�RI�SDUWLFOH�VL]H�RQ�WKH�&D�FRQYHUVLRQ�IUDFWLRQ�
� � �>+&O@�� ���� 0�� /�6� PDVV� UDWLR�� ���� PO����� J��
USP�������WHPSHUDWXUH�����R&��� ��

����� (IIHFW� RI� K\GURFKORULF� DFLG� FRQFHQWUDWLRQ� RQ� WKH�
3�2� FRQYHUVLRQ� IUDFWLRQ� � � �SDUWLFOH� VL]H�� �������
�P� /�6� PDVV� UDWLR�� ���� PO����� J�� USP�� �����
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