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'U��,U��6UL\DGL��0�3����'U��$ULV�6ODPHW�:LGRGR��6�3���0�6F
$JULEXVLQHVV�'HSDUPHQW�)DFXOW\�RI�$JULFXOWXUH

0XKDPPDGL\DK�8QLYHUVLW\�RI�<RJ\DNDUWD

$EVWUDFW

6DPLJDOXK�6XEGLVWULFW��.XORQ�3URJR�5HJHQF\�DQG�3DNHP�6XEGLVWULFW��6OHPDQ�5HJHQF\�LV�
DQ�DUHD�EHORZ�WKH�GHYHORSPHQW�RI�FKU\VDQWKHPXP�IDUPLQJ�E\�WKH�,QVWLWXWH�RI�$JULFXOWXUDO�
7HFKQRORJ\� RI� <RJ\DNDUWD� 6SHFLDO� 5HJLRQ� RQ� ����� DQG� ������ 7KH� GHYHORSPHQW� RI�
FKU\VDQWKHPXP�IDUPLQJ�LV�PRWLYDWHG�E\�D�KLJKHU�GHPDQG�IRU�FKU\VDQWKHPXP�FRPSDUHG�
WR� WKH� WRWDO� SURGXFWLRQ� LQ� 6SHFLDO� 5HJLRQ� RI� <RJ\DNDUWD� DQG� LWV� VXUURXQGLQJV��
&KU\VDQWKHPXP�IDUPLQJ�ZKLFK�PRUH�LQFUHDVLQJ�LV�EDVHG�RQ�WKH�DSSOLFDWLRQ�RI�FXOWLYDWLRQ�
DSSURSULDWH� WR� WKH� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH� � *RRG�$JULFXOWXUH�3UDFWLFH� �623� �
*$3��E\�IDUPHUV��KH�SXUSRVHV�RI�WKLV�UHVHDUFK�DUH�����7R�ILQG�RXW�WKH�DSSOLFDWLRQ�OHYHO�RI�
6WDQGDUG� 2SHUDWLQJ� 3URFHGXUH� � *RRG� $JULFXOWXUH� 3UDFWLFH� �623�*$3�� RQ�
FKU\VDQWKHPXP� IDUPLQJ� LQ� 6DPLJDOXK� 'LVWULFW�� .XORQ� 3URJR� 5HJHQF\� DQG� 3DNHP�
'LVWULFW�� 6OHPDQ� 5HJHQF\�� ���� 7R� ILQG� RXW� IDFWRUV� ZKLFK� LQIOXHQFH� WKH� LPSOHPHQWDWLRQ�
OHYHO� RI� 6WDQGDUG� 2SHUDWLQJ� 3URFHGXUH� � *RRG� $JULFXOWXUH� 3UDFWLFH� �623�*$3�� RQ�
FKU\VDQWKHPXP� IDUPLQJ� LQ� 6DPLJDOXK� 'LVWULFW�� .XORQ� 3URJR� 5HJHQF\� DQG� 3DNHP�
'LVWULFW�� 6OHPDQ� 5HJHQF\�� 7KLV� UHVHDUFK� XVHV� GHVFULSWLYH� DQDO\VLV� PHWKRG� DQG� XVHV�
TXHVWLRQQDLUHV� DQG� LQWHUYLHZ� V\VWHPV� LQ� GDWD� UHWULHYDO�� 7KH� SURFHVVLQJ� GDWD� LQ� WKLV�
UHVHDUFK� XVLQJ� 6SHDUPDQ� VFRUH� DQG� UDQN� WHFKQLTXHV�� 7KH� UHVXOWV� VKRZHG�� ���� WKH�
LPSOHPHQWDWLRQ� OHYHO� RI� 6WDQGDUG� 2SHUDWLQJ� 3URFHGXUH� � *RRG� $JULFXOWXUH� 3UDFWLFH�
�623�*$3��RQ�FKU\VDQWKHPXP�IDUPLQJ�LQ�6DPLJDOXK�6XEGLVWULFW��.XORQ�3URJR�5HJHQF\�
LQFOXGHG�LQ�D�YHU\�KLJK�FDWHJRU\�DQG�VDPH�ZLWK�3DNHP�'LVWULFW��6OHPDQ�5HJHQF\�LQFOXGHG�
LQ�D�YHU\�KLJK�FDWHJRU\������WKH�LPSOHPHQWDWLRQ�OHYHO�RI�6WDQGDUG�2SHUDWLQJ�3URFHGXUH��
*RRG� $JULFXOWXUH� 3UDFWLFH� �623�*$3�� IRU� FKU\VDQWKHPXP� IDUPLQJ� LQ� 6DPLJDOXK�
6XEGLVWULFW�� .XORQ� 3URJR� 5HJHQF\� DQG� 3DNHP� 6XEGLVWULFW�� 6OHPDQ� 5HJHQF\� UHODWHG� WR�
HGXFDWLRQ��DYDLODELOLW\�RI�FDSLWDO��DQG�WKH�QXPEHU�RI�ZRUNHUV�LQ�WKH�IDPLO\�OHYHO�
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GLELPELQJ� ROHK� 'U�� ,U�� 6UL\DGL�� 0�3�� GDQ� 'U�� $ULV� 6ODPHW� :LGRGR�� 6�3��� 0�6F��
.HFDPDWDQ� 6DPLJDOXK�� .DEXSDWHQ� .XORQ� 3URJR� GDQ� .HFDPDWDQ� 3DNHP�� .DEXSDWHQ�
6OHPDQ�PHUXSDNDQ� GDHUDK� GL� EDZDK� SHQJHPEDQJDQ� XVDKDWDQL� EXQJD� NULVDQ� ROHK�%DODL�
3HQJNDMLDQ�7HNQRORJL�3HUWDQLDQ�'DHUDK�,VWLPHZD�<RJ\DNDUWD�SDGD�WDKXQ������GDQ�������
3HQJHPEDQJDQ� XVDKDWDQL� EXQJD� NULVDQ� GLODWDUEHODNDQJL� ROHK� DGDQ\D� MXPODK� SHUPLQWDDQ�
EXQJD� NULVDQ� \DQJ� OHELK� WLQJJL� GLEDQGLQJ� GHQJDQ� MXPODK� SURGXNVL� GL�'DHUDK� ,VWLPHZD�
<RJ\DNDUWD�GDQ�VHNLWDUQ\D��8VDKDWDQL�EXQJD�NULVDQ \DQJ�VHPDNLQ�PHQLQJNDW�GLGDVDUNDQ�
GHQJDQ� SHQJDSOLNDVLDQ� EXGLGD\D� \DQJ� VHVXDL� 6WDQGDUG� 2SHUDWLQJ� 3URFHGXUH ± *RRG�
$JULFXOWXUH� 3UDFWLFH� �623� ± *$3�� ROHK� SHWDQL�� 7XMXDQ� GDUL� SHQHOLWLDQ� LQL� \DLWX�� ����
0HQJHWDKXL� WLQJNDW� SHQHUDSDQ� 6WDQGDUG� 2SHUDWLQJ� 3URFHGXUH� ± *RRG� $JULFXOWXUH�
3UDFWLFH� �623�*$3��SDGD�XVDKDWDQL�EXQJD�NULVDQ�GL�.HFDPDWDQ�6DPLJDOXK��.DEXSDWHQ�
.XORQ� 3URJR� GDQ�.HFDPDWDQ� 3DNHP��.DEXSDWHQ� 6OHPDQ�� ����0HQJHWDKXL� IDNWRU�IDNWRU�
\DQJ� PHPSHQJDUXKL� WLQJNDW� SHQHUDSDQ� 6WDQGDUG� 2SHUDWLQJ� 3URFHGXUH� ± *RRG�
$JULFXOWXUH�3UDFWLFH��623�*$3��SDGD�XVDKDWDQL�EXQJD�NULVDQ�GL�.HFDPDWDQ�6DPLJDOXK��
.DEXSDWHQ� .XORQ� 3URJR� GDQ� .HFDPDWDQ� 3DNHP�� .DEXSDWHQ� 6OHPDQ�� 3HQHOLWLDQ� LQL�
PHQJJXQDNDQ� PHWRGH� GHVNULSWLI� DQDOLVLV� VHUWD� PHQJJXQDNDQ� NXLVLRQHU� GDQ� VLVWHP�
ZDZDQFDUD�GDODP�SHQJDPELODQ�GDWD��3HQJRODKDQ�GDWD�GDODP�SHQHOLWLDQ�LQL�PHQJJXQDNDQ�
WHNQLN� VNRU� GDQ� UDQN� VSHDUPDQ�� +DVLO� SHQHOLWLDQ� PHQXQMXNNDQ�� ���� WLQJNDW� SHQHUDSDQ�
6WDQGDUG�2SHUDWLQJ�3URFHGXUH�± *RRG�$JULFXOWXUH�3UDFWLFH��623�*$3��SDGD�XVDKDWDQL�
EXQJD�NULVDQ�GL�.HFDPDWDQ�6DPLJDOXK��.DEXSDWHQ�.XORQ�3URJR�PDVXN�NHGDODP�NDWHJRUL�
VDQJDW�WLQJJL�GDQ�EHJLWX�SXOD�SDGD�.HFDPDWDQ�3DNHP��.DEXSDWHQ�6OHPDQ�PDVXN�NDWHJRUL�
VDQJDW� WLQJJL�� ���� WLQJNDW�SHQHUDSDQ�6WDQGDUG�2SHUDWLQJ�3URFHGXUH�± *RRG�$JULFXOWXUH�
3UDFWLFH��623�*$3��XVDKDWDQL�EXQJD�NULVDQ�GL�.HFDPDWDQ�6DPLJDOXK��.DEXSDWHQ�.XORQ�
3URJR� GDQ� .HFDPDWDQ� 3DNHP�� .DEXSDWHQ� 6OHPDQ� EHUKXEXQJDQ� GHQJDQ� WLQJNDW�
SHQGLGLNDQ��NHWHUVHGLDDQ�PRGDO��VHUWD�MXPODK�WHQDJD�NHUMD�GDODP�NHOXDUJD�
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