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2%-(&7,9(��7R�$VVHVV� WKH�5ROH�RI�$QWLR[LGDQW��/LSLG�3HUR[LGDWLRQ�6WDWXV�DQG�/LSLG�3URILOH� LQ�YDULRXV�
VWDJHV�RI�3VRULDVLV�3DWLHQWV� 
0(7+2'2/2*<�� 7KH� SUHVHQW� VWXG\� ZDV� D� &DVH� &RQWURO�� ,W� ZDV� FDUULHG� RXW� LQ� WKH� 'HSDUWPHQW� RI�
%LRFKHPLVWU\�� DW� %DVLF� 0HGLFDO� 6FLHQFHV� ,QVWLWXWH� �%06,�� -LQQDK� 3RVW� *UDGXDWH� 0HGLFDO� &HQWUH� IURP�
$SULO�-�'HFHPEHU�������2QH�KXQGUHG�DQG�WZHQW\�FDVHV�RI�SVRULDVLV�SDWLHQWV�JURXSHG�DV�0LOG��0RGHUDWH��
6HYHUH�DQG�)RUW\�KHDOWK\�FRQWURO�IRU�FRPSDULVRQ�ZDV�LQFOXGHG�LQ�WKH�VWXG\� 
/LSLG�3URILOH� LQFOXGLQJ�VHUXP�WRWDO�FKROHVWHURO��7ULJO\FHULGH��7*���-�KLJK�GHQVLW\� OLSRSURWHLQV��+'/��DQG�
ORZ-� GHQVLW\� OLSRSURWHLQV� �/'/��� ZHUH� HVWLPDWHG� E\� HQ]\PDWLF� FRORULPHWULF� 0HWKRG� RQ� 0LFUR� ODE� ����
�0HUFN� 	� *HUPDQ\�� DQG� $QWLR[LGDQW� VWDWXV� OLNH� 6XSHUR[LGH� 'LVPXWDVH� �62'�� DQG� /LSLG� 3HUR[LGDWLRQ�
VWDWXV�OLNH�0DORQGLDOGHK\GH��0'$��ZHUH�PHDVXUHG�E\�(/,6$��7KH�VWDWLVWLFDO�DQDO\VLV�ZDV�SHUIRUPHG�E\�
6366�VRIWZDUH�9HUVLRQ�����3�YDOXH�OHVV�WKDQ�������ZDV�FRQVLGHUHG�VLJQLILFDQW� 
5(68/76��2XU�UHVXOW�VKRZHG�VLJQLILFDQWO\�LQFUHDVH�LQ�WKH�PHDQ�VHUXP�OHYHO�RI�WULJO\FHULGHV��7*���7RWDO�
&KROHVWHURO�DQG�ORZ�GHQVLW\�OLSRSURWHLQV�LQ�SVRULDWLF�SDWLHQWV�ZKHQ�FRPSDUHG�WR�FRQWURO�ZKHUH�DV�KLJK�
GHQVLW\�/LSRSURWHLQV�ZDV�VLJQLILFDQWO\�GHFOLQH�LQ�SVRULDWLF�JURXSV�ZKHQ�FRPSDUHG�WR�FRQWURO�ZKLOH�62'�
OHYHO�ZDV�UHGXFHG�LQ�SVRULDVLV�SDWLHQWV�DV�FRPSDUHG�WR�FRQWURO��7KH�0'$�OHYHO�ZDV�UDLVHG�LQ�SVRULDVLV�
SDWLHQWV�DV�FRPSDUHG�WR�FRQWURO� 
&21&/86,21��7KH� ILQGLQJ�RI� RXU� VWXG\�VXSSRUW� WKH�K\SRWKHVLV� WKDW� LPEDODQFH� LQ�R[LGDQW-DQWLR[LGDQW�
V\VWHP� SOD\� UROH� LQ� WKH� HWLRORJ\� RI� SVRULDVLV�� $OVR� G\VOLSLGHPLD� ZDV� REVHUYHG� ULVN� IDFWRU� IRU�
GHYHORSPHQW�RI�FDUGLRYDVFXODU�GLVHDVHV�� 
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3VRULDVLV� LV�DQ� LUUHJXODU�� LPPXQH�UHODWHG��SURYRFDWLYH�
VNLQ� GLVHDVH�� ,W� LV� QRQ-FRQWDJLRXV� OHDGLQJ� WR� D�
VRFLRHFRQRPLF�EXUGHQ�RQ�WKH�KHDOWK�V\VWHP��ZKLFK�LV�
FKDUDFWHUL]HG� E\� UHG� SDWFK\� KDYLQJ� OHVLRQV� DPRQJ�
JUH\�� VLOYHU\� ZKLWLVK� OLQHV�� 7KH� OLQHV� ZHUH� FODVVLFDOO\�
GLVSHUVHG�RQ�HOERZV��VFDOS��NQHHV��QDLOV�� MRLQWV�RWKHU�
SDUW�RI�WKH�ERG\�WKDW�PD\�EH�RIWHQ�SDLQIXO�DQG�SUXULWLF�
ZKHQ�VHYHUH�� 

6NLQ�FHOOV�EHFRPH�VKHG�RII�UHSODFHG�E\�QHZ�FHOOV��%XW�
LQ�SVRULDVLV��6NLQ�FHOOV�SURGXFWLRQ�EHFRPH�PRUH� WKDQ�
QRUPDO��� 7\SHV� RI� SVRULDVLV� L�H� SVRULDVLV� YXOJDULV��
JXWWDWH� SVRULDVLV�� HU\WKURGHUPLF� SVRULDVLV�� SXVWXUDO�
SVRULDVLV�DQG�SVRULDWLF�DUWKURSDWK\�� 

3VRULDVLV� DIIHFWV� DERXW� ��� SRSXODWLRQ� RI� ZRUOG��
$FFRUGLQJ� WR�ZRUOG�GD\�DVVRFLDWLRQ�DERXW� ����PLOOLRQ�
SHRSOHV� DOO� RYHU� WKH� ZRUOG� VXIIHU� IURP� WKLV� GLVHDVH���
DERXW� RQH� DQG� KDOI� ODFN� IUHVK� SVRULDWLF� FDVHV� UHSRUW�
DQQXDOO\�� 8�6�$�� ����� SRSXODWLRQ� DIIHFWHG� ORZHU�
SUHYDOHQFH� UHSRUWHG� LQ� ,QGLDQV� �������� +LJK�
SUHYDOHQFH�UDWHV�KDYH�EHHQ�UHSRUWHG�LQ�.D]DNKVWDQ�� 
,W� LV� DQ� LGLRSDWKLF� GLVHDVH� WKDW� FDQ� RFFXU� GXH� WR�
DEQRUPDOLWLHV� LQ� HVVHQWLDO� IDWW\� DFLG� PHWDEROLVP���
O\PSKRNLQH� VHFUHWLRQ�� DQG� R[\JHQ� UHODWHG� VWUHVV��,W�
KDV�EHHQ�SURSRVHG� LQ�UHFHQW�UHVHDUFK�WKDW� ,QFUHDVHG�

UHDFWLYH� R[\JHQ� VSHFLHV� �526�� JHQHUDWLRQ� DQG�
GHFUHDVHG� IXQFWLRQ� RI� DQWLR[LGDQW� V\VWHP� PLJKW� EH�
UHVSRQVLEOH�IRU�SDWKRORJLFDO�SURFHVV��'\VOLSLGHPLD�DUH�
REVHUYHG� LQ� HDUO\� VWDJHV� RI� WKH� GLVHDVH� SVRULDVLV�
SDWLHQWV�DQG�WKXV�PD\�EH�FRQJHQLWDOO\�GHWHUPLQHG� 
3VRULDVLV�LV�D�PXOWLIDFWRULDO� LOOQHVV�� LQIOXHQFHG�E\�ERWK�
JHQHWLF� DQG� HQYLURQPHQWDO� IDFWRUV�� 0XOWLSOH� IDFWRUV�
LQFOXGLQJ� DW\SLFDO� OLSLG� SURILOHV�� ULVH� R[LGDWLYH� VWUHVV��
GHFOLQH� DQWLR[LGDQW� FDSDFLW\� DQG� ULVN� IDFWRUV� OLNH�
K\SHUWHQVLRQ�� REHVLW\�� GLDEHWHV� PHOOLWXV� KDYH� EHHQ�
DVVRFLDWHG� ZLWK� LW��� &KURQLF� LQIODPPDWLRQ�� D�
FKDUDFWHULVWLF� IHDWXUH� RI� SVRULDVLV� PD\� SOD\� D� UROH� LQ�
WKH�LQLWLDWLRQ�DQG�SURJUHVV�RI�G\VOLSLGHPLD��� ,QFUHDVHG�
526� SURGXFWLRQ� GXULQJ� LQIODPPDWRU\� SURFHVV� LQ�
SVRULDVLV�FDXVHV�UHGXFWLRQ�RI�DQWLR[LGDQW�PHFKDQLVPV�
DQG�OLSLG�SHUR[LGDWLRQ�� 
$V��3VRULDVLV� SDWLHQWV� SUHVHQW�ZLWK� DQ� DEQRUPDO� OLSLG�
SURILOH�� GHSOHWLRQ� RI� DQWLR[LGDQWV� GHIHQVHV� DQG� OLSLG�
SHUR[LGDWLRQ� WKDW� SURPRWH� DWKHURJHQHVLV�� +HQFH� WKLV�
VWXG\� LQWHQGV� WR� HYDOXDWH� VHUXP� OLSLG� SURILOH��
$QWLR[LGDQW� DQG� /LSLG� SHUR[LGDWLRQ� VWDWXV� LQ�3VRULDVLV�
SDWLHQWV� 
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RXW� LQ� WKH� 'HSDUWPHQW� RI� %LRFKHPLVWU\�� DW� %DVLF�
0HGLFDO� 6FLHQFHV� ,QVWLWXWH� �%06,�� -LQQDK� 3RVW�
*UDGXDWH� 0HGLFDO� &HQWUH� �-�3�0�&��� IURP� $SULO� -�
'HFHPEHU�������(QGRUVHPHQW�ZDV�WDNHQ�IURP�(WKLFDO�
&RPPLWWHH�RI�%06,��-30&�.DUDFKL� 
,QIRUPHG� FRPSOLDQFH� ZDV� WDNHQ� IURP� LQGLYLGXDOV�
WDNLQJ�SDUW� LQ�UHVHDUFK��3URSRVHG�SHUIRUPD�ZDV�XVHG�
WR� FROOHFW� WKH� EDVH� OLQH� GDWD� ,QFOXGLQJ� DJH�� VH[��
JHQGHU�� HWKQLFLW\�� 'HWDLOHG� PHGLFDO� KLVWRU\� DQG�
DSSURSULDWH�LQYHVWLJDWLRQV�ZHUH�LQFOXGHG�DV�SDUW�RI�WKH�
PHWKRGRORJ\�� +HDOWK\� LQGLYLGXDOV� ZHUH� WDNHQ� DV�
FRQWURO�IRU�FRPSDULVRQ� 
'LDJQRVHG�SVRULDWLF�SDWLHQWV�ZHUH�WDNHQ�DQG�LQFOXGHG�
IURP� 'HSDUWPHQW� RI� 'HUPDWRORJ\� -30&� .DUDFKL��
$OFRKROLFV�� 6PRNHUV�� +\SRWK\URLG�� SDWLHQW� RI� OLYHU��
NLGQH\� DQG� VNLQ� GLVHDVHV� ZHUH� H[FOXGHG� IURP� WKH�
VWXG\� 
%LRFKHPLFDO� LQYHVWLJDWLRQV� /LNH� /LSLG� VWXG\� LQFOXGLQJ�
VHUXP� 7RWDO� FKROHVWHURO�� 7ULJO\FHULGHV�� +LJK� GHQVLW\�
OLSRSURWHLQ��/RZ�GHQVLW\�OLSRSURWHLQ�ZDV�GHWHUPLQHG�E\�
HQ]\PDWLF� FRORULPHWULF� PHWKRG� RQ� 0LFUR� /DE� �����
$QWLR[LGDQW� 6WDWXV� OLNH� 62'� DQG� /LSLG� 3HUR[LGDWLRQ�
VWDWXV� OLNH� 0'$� DVVD\� ZHUH� FDUULHG� RXW� E\� (/,6$�
PHWKRG� 
1RQ� SUREDELOLW\� SXUSRVLYH� VDPSOLQJ� WHFKQLTXH� ZHUH�
XVHG�LQ�WKLV�VWXG\��7KH�EORRG�VDPSOHV�RI�WKH�VXEMHFWV�
ZKR�IXOILOO�WKH�FULWHULD�ZHUH�FROOHFWHG�DIWHU�DQ�RYHUQLJKW�
IDVWLQJ����-����KRXUV��6WULFWO\�SUH-GHILQHG�SURWRFRO�ZDV�
XVHG�IRU�VDPSOHV�FROOHFWLRQ�VWRUDJH�DQG�DQDO\VLV�� 
6WDWLVWLFDO�DQDO\VLV�ZDV�FDUULHG�RXW�E\�6366�VRIWZDUH�
9HUVLRQ�����7KH�UHVXOWV�RI� OLSLG� WHVWV��$QWLR[LGDQW�DQG�
/LSLG� 3HUR[LGDWLRQ� VWDWXV�PDUNHUV�ZHUH� H[SUHVVHG� LQ�
0HDQ�� VWDQGDUG� GHYLDWLRQ�� 7KH� FROOHFWHG� GDWD� ZHUH�
VFUXWLQL]HG� ZLWK� VWXGHQW¶V� W-WHVW� WR� HYDOXDWH� WKH�
GLIIHUHQFH�EHWZHHQ� WKH�SDWLHQW� DQG�FRQWURO� JURXSV��3�
YDOXHV������ZHUH�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW� 
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&203$5,621� 2)� %,2&+(0,&$/� 9$5,$%/(6�
$021*�7+(�678'<�	�&21752/�*52836 
6WDWLVWLFDOO\�VLJQLILFDQW�GHFUHDVH� LQ�PHDQ�VHUXP�62'�
OHYHO� ZDV� IRXQG� LQ� PRGHUDWH� DQG� VHYHUH� SVRULDWLF�
JURXSV�ZKHQ�FRPSDUHG� WR� FRQWURO� �3� YDOXH� ���������
6WDWLVWLFDOO\� VLJQLILFDQW� LQFUHDVH� LQ�PHDQ� VHUXP�0'$�
OHYHOV� ZDV� IRXQG� LQ� PLOG�� PRGHUDWH� DQG� VHYHUH�
GLVHDVH�JURXSV�LQ�FRQWUDVW�WR�FRQWURO��3�YDOXH� ��������
7DEOH�,� 
&203$5,621� 2)� /,3,'� 352),/(� $021*� 7+(�
678'<�	�&21752/�*52836 
7KH� PHDQ� FKROHVWHURO� OHYHO� RI� VHYHUH� JURXS� ZDV�
VLJQLILFDQWO\� LQFUHDVHG�ZKHQ� WDOO\� WR� FRQWURO��PLOG�DQG�
PRGHUDWH� JURXSV� �3� YDOXH�  ������� 7KH� PHDQ�
WULJO\FHULGHV� ZDV� UHPDUNDEO\� ULVH� LQ� VHYHUH� JURXS�
ZKHQ� FRUUHODWH� WR� FRQWURO��PLOG� DQG�PRGHUDWH� JURXSV�
�3� YDOXH�  ������� 7KH� PHDQ� +'/-&� ZDV� QRWDEO\�
GHFOLQH� LQ� VHYHUH� JURXS� ZKHQ� DQDORJL]HG� WR� FRQWURO��
PLOG� DQG� PRGHUDWH� JURXSV� �3� YDOXH�  �������� 7KH�
PHDQ� /'/-&� ZDV� VLJQLILFDQWO\� LQFUHDVHG� LQ� VHYHUH�

JURXS� ZKHQ�PDWFK� XS� WR� FRQWURO��PLOG� DQG�PRGHUDWH�
JURXSV��3�YDOXH� ��������7DEOH�,,� 
7$%/(�,��&203$5,621�2)�%,2&+(0,&$/�
9$5,$%/(6�$021*�7+(�678'<�	�&21752/�
*52836 

�6WDWLVWLFDOO\�VLJQLILFDQW�DV�FRPSDUHG�WR�FRQWUROV�S������ 
Ƒ�6WDWLVWLFDOO\�VLJQLILFDQW�DV�FRPSDUHG�WR�0LOG��3VRULDVLV�S����� 
¨�6WDWLVWLFDOO\�VLJQLILFDQW�DV�FRPSDUHG�0RGHUDWH�3VRULDVLV�S����� 
Ɓ�6WDWLVWLFDOO\�VLJQLILFDQW�DV�FRPSDUHG�WR�6HYHUH�3VRULDVLV�S������ 

7$%/(�,,��&203$5,621�2)�/,3,'�352),/(�
$021*�7+(�678'<�	�&21752/�*52836 

�6WDWLVWLFDOO\�VLJQLILFDQW�DV�FRPSDUHG�WR�&RQWUROV�S������ 
Ƒ��6WDWLVWLFDOO\�VLJQLILFDQW�DV�FRPSDUHG�WR�0LOG���S����� 
¨��6WDWLVWLFDOO\�VLJQLILFDQW�DV�FRPSDUHG�WR�0RGHUDWH�S����� 
Ɓ�6WDWLVWLFDOO\�VLJQLILFDQW�DV�FRPSDUHG�WR�6HYHUH�S������ 
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,Q� WKH� SUHVHQW� VWXG\� ZH� IRXQG� FRQVHTXHQWLDO� ULVH� LQ�
PHDQ� VHUXP� 0'$� OHYHOV� LQ� SVRULDWLF� FDVHV� ZKHQ�
FRPSDUHG� WR� FRQWURO� JURXS� �S� �� ������� VXSSRUW� WKH�
SUHYLRXV� ILQGLQJ� DQG� LQGLFDWHG� WKDW� OLSLG� SHUR[LGDWLRQ�
KDYH� UROH� LQ� SDWKRJHQHVLV� RI� SVRULDVLV�� 7KLV� WUHQG� RI�
LQFUHDVH� VHUXP� 0'$� OHYHO� LQ� SVRULDWLF� SDWLHQWV� ZDV�
UHSRUWHG�E\�1DVW�$������ 
7KH� SUHVHQW� UHVHDUFK� SRLQW� RXW� D� VWURQJ� DVVRFLDWLRQ�
EHWZHHQ�0'$�OHYHOV�DQG�SURJUHVVLRQ�RI�GLVHDVH��7KH�
SRVVLEOH� SKLORVRSK\� EHKLQG� ULVH� RI� 0'$� OHYHO� LQ�
R[LGDWLYH� VWUHVV� PLJKW� EH� GXH� WR� WKH� IDFW� WKDW� 526�
LQFUHDVH� DFWLYLW\� RI� 3KRVSKROLSDVH� $�� FDXVHV�
SHUR[LGDWLRQ�RI�$UDFKLGRQLF�DFLG�ZLWK�WKH�KHOS�RI�PDQ\�
PHGLDWRUV� DQG� ILQDOO\� UHVXOWHG� SURGXFWLRQ� RI�0'$�� ,Q�
GLIIHUHQFH� WR� RXU� VWXG\�� $XJXVWLQ� 0� ������� UHSRUWHG�
WKDW� QR� UHPDUNDEOH� GLVVLPLODULW\� LQ� VHUXP� 0'$� OHYHO�
EHWZHHQ�SVRULDWLF�FDVHV�DQG�FRQWURO�JURXS� 
2XU� VWXG\� VKRZHG� WKDW� PHDQ� 62'� OHYHO� ZHUH�
VLJQLILFDQW� GHFUHDVHG� LQ� SVRULDWLF� SDWLHQWV� LQ� FRQWUDVW�
WR� FRQWURO� JURXS� �3� �������� RXU� UHVXOWV� DUH� LQ�
DFFRUGDQFH� ZLWK� SUHYLRXV� VWXGLHV� $EGHO-0DZOD� 0<�
�������� 

5ROH�RI�2[LGDWLYH�6WUHVV�LQ�9DULRXV�6WDJHV�RI�3VRULDWLF�3DWLHQWV 

��� 
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2XU�VWXG\�VKRZHG�WKDW�ORZ�OHYHOV�RI�DQWLR[LGDQW�WKDW�LV�
62'� ZDV� IRXQG� LQ� SVRULDVLV� HVSHFLDOO\� LQ� VHYHUH�
JURXS��7KH�PHFKDQLVP�EHKLQG�WKLV�ORZ�OHYHO�RI�62'�LV�
LWV� XWLOL]DWLRQ� IRU� WKH� UHGXFWLRQ� RI� LQIODPPDWRU\�
SURGXFWV�� ,Q� GLIIHUHQFH� WR� RXU� VWXG\� DQRWKHU� VWXG\���
IRXQG� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� VHUXP� 62'� OHYHO�
EHWZHHQ�SVRULDWLF�FDVHV�YV�FRQWURO�� 
,Q�WKLV�VWXG\�ZH�DOVR�HYDOXDWHG�/LSLG�3URILOH�DQG�IRXQG�
VLJQLILFDQW� LQFUHDVH� LQ�PHDQ� WRWDO�FKROHVWHURO�� OHYHO� LQ�
SVRULDVLV�JURXSV�ZKHQ�FRPSDUHG�WR�FRQWURO��S����������
6LPLODU� UHVXOW� ZDV� UHSRUWHG� E\� /DWKD� .3� ������� DQG�
%KDWLD� .� �������� ,Q� GLIIHUHQFH� WR� SUHVHQW� VWXG\�
DQRWKHU� � IRXQG� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� WRWDO�
FKROHVWHURO� EHWZHHQ� SVRULDWLF� FDVHV� DQG� FRQWURO��� 
:H� IRXQG� VLJQLILFDQW� LQFUHDVH� LQ� PHDQ� WULJO\FHULGH�
OHYHO� LQ�SVRULDWLF�JURXSV�ZKHQ�FRPSDUHG�WR�FRQWURO� �S�
�� ������� 6LPLODU� ILQGLQJ� ZHUH� UHSRUWHG� E\� *KDIRRU� 5�
�������� ,Q� GLIIHUHQFH� WR� RXU� VWXG\� $URUD� 0� �������
IRXQG� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� 7ULJO\FHULGH� OHYHOV�
EHWZHHQ� SVRULDWLF� DQG� FRQWURO� JURXSV�� 2XU� VWXG\�
VKRZHG� VLJQLILFDQW� GHFUHDVH� LQ� PHDQ� +'/� OHYHOV� LQ�
SVRULDWLF�JURXSV�ZKHQ�FRPSDUHV�WR�FRQWURO��S����������
6DPH� UHVXOW� ZDV� UHSRUWHG� E\� $XJVWLQ� 0� �������DQG�
$URUD�0�������� 
,Q� GLIIHUHQFH� � WR� RXU� VWXG\� IRXQG� QR� VLJQLILFDQW�
GLIIHUHQFH� LQ�PHDQ�+'/� OHYHOV�EHWZHHQ�SVRULDWLF�DQG�
FRQWURO�JURXSV��+LOGD�'VRX]D�3� ������� DOVR� UHSRUWHG�
QR�VLJQLILFDQW�GLIIHUHQFH�LQ�+'/�EHWZHHQ�SVRULDWLF�DQG�
FRQWURO�JURXSV� 
2XU� VWXG\� VKRZHG� VLJQLILFDQW� LQFUHDVH� LQ�PHDQ�� /'/�
OHYHO� LQ�SVRULDWLF�JURXSV�ZKHQ�FRPSDUHG�WR�FRQWURO� �S�
���������6LPLODU�ILQGLQJV�KDG�EHHQ�UHSRUWHG�E\�$URUD�0�
��������DQG�%KDWLD�.���������,Q�GLIIHUHQFH�WR�RXU�VWXG\�
/DWKD�.3��������IRXQG�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�/'/�
EHWZHHQ�SVRULDWLF�DQG�FRQWURO�JURXSV� 

&21&/86,21 

,Q� &RQFOXVLRQ�� RXU� UHVXOWV� VKRZHG� WKDW� LPEDODQFH� LQ�
R[LGDQW�DQWLR[LGDQW� PLJKW� EH� LQWULFDWHG� LQ� WKH�
SDWKRORJLFDO� SURFHVV� RI� SVLRULDVLV�� ,Q� DGGLWLRQ� RXU�
VWXG\� OLNH� SUHYLRXV� UHVHDUFK� VKRZV� WKDW�
K\SHUOLSLGHPLD� LV� UHPDUNDEO\� PRUH� FRPPRQ� LQ�
SVRULDVLV� SDWLHQWV�� %RWK� RI� WKHVH� IDFWRUV� OHDGV� WR�
GHYHORSPHQW�RI�DWKHURVFOHURVLV�DQG� LWV�FRPSOLFDWLRQV� 
,W� LV� WKHUHIRUH� VXJJHVWHG� WR� GR� HDUO\� SUHOLPLQDU\�
GHWHUPLQDWLRQ� DQG� WUHDWPHQW� RI� K\SHUOLSLGHPLD� WR�
DYRLG��GLDEHWHV�PHOOLWXV��FDUGLRYDVFXODU�HYHQWV�DQG�LWV�
FRPSOLFDWLRQV�� )XUWKHU� PRUH�� $QWLR[LGDQW�
VXSSOHPHQWDWLRQ� LV� UHFRPPHQGHG� WR� LQDFWLYDWH� IUHH�
UDGLFDOV�DQG�DYRLG�IXUWKHU�QHZ�HSLGHUPDO�GHVWUXFWLRQ�� 

(WKLFDO� SHUPLVVLRQ�� *RYHUQPHQW� RI� 6LQGK�� -30&�
.DUDFKL�� (5&� OHWWHU� 1R�� � )��-�������-*(1/��������
-30&��GDWHG���-��-������ 

&RQIOLFW� RI� ,QWHUHVW�� 7KHUH� LV� QR� DQ\� FRQIOLFW� RI�
LQWHUHVW� 

6RXUFH� RI� 6XSSRUW��%LRFKHPLFDO�.LWV�3URYLGHG�E\�
%DVLF�0HGLFDO�6FLHQFHV�,QVWLWXWH�-LQQDK�3RVWJUDGXDWH�

0HGLFDO�&HQWUH��.DUDFKL-������  
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.KDQ� )�� +\SRWKHVLV� GHVLJQLQJ�� )RFDO� WR� FRQGXFW�
UHVHDUFK��'DWD�FROOHFWLRQ�	�FRPSLODWLRQ 
$NUDP�0��$UWLFOH�DUUDQJHPHQW�	�ILQDOL]DWLRQ 
5HKPDQ�$��5HIHUHQFHV�FROOHFWLRQ� 
0HKUHHQ���5HIHUHQFHV�FROOHFWLRQ 
-DKDQ]DLE��0DQXVFULSW�UHYLHZ�	�ILQDOL]DWLRQ 
1DHHP�60��7DEXODWLRQ�	�JUDSK�IRUPDWWLQJ 

5()5(1&(6 

�� 1DVW�$��*LVRQGL�3��2UPHURG�$��6DLDJ�3��6PLWK�&��
6SXOV� 3�� HW� DO�� (XURSHDQ� 6�-*XLGHOLQHV� RQ� WKH�
6\VWHPLF�7UHDWPHQW�RI�3VRULDVLV�9XOJDULV��-�(XUR�
$FDG� 'HUP� 9HQHUHRO�� ������ �������� ����-����
GRL���������MGY�������  

�� 7DQJ�00��&KDQJ�&&��&KDQ�/&��+HQJ�$��4XDOLW\�
RI�/LIH�DQ�&RVW�RI�,OOQHVV�LQ�3DWLHQWV�ZLWK�3VRULDVLV�
LQ�0DOD\VLD�� � D�PXOWLFHQWHU� VWXG\�� ,QW� -�'HUPDWRO��
������ ������� ���-���� GRL�� ��������M�����-������
�����������[� 

�� 6DPXHO� 79�� 0XUDUL� .�� 3RWHQWLDO� UROH� RI� R[LGDWLYH�
VWUHVV�DQG�DQWLR[LGDQW�GHILFLHQF\� LQ�SDWKRJHQHVLV�
RI� SVRULDVLV�� ,QW� -� 3KDUPD� %LR� 6FL�� ������ ������
%����-%������ 

�� 6DPSRJQD� )�� 7DEROOL� 6�� $EHQL� '�� /LYLQJ� ZLWK�
3VRULDVLV�� 3UHYDOHQFH� RI� 6KDPH�� $QJHU�� :RUU\��
DQG� 3UREOHPV� LQ� 'DLO\� $FWLYLWLHV� DQG� 6RFLDO� 
/LIH�� $FWD� 'HUP�9HQHUHRO�� ������ ������� ���-�����
GRL������������������-����� 

�� 6FKPLWW� -�� 5RVXPHFN� 6�� 7KRPDVFKHZVNL� *��
6SRUEHFN�%��+DXIH��1DVW�$��(IILFDF\�DQG�6DIHW\�RI�
6\VWHPLF� 7UHDWPHQWV� RI� 0RGHUDWH-WR-6HYHUH�
3VRULDVLV�� 0HWD-DQDO\VLV� RI� 5DQGRPL]HG�
&RQWUROOHG� 7ULDOV�� %U� -� 'HUPDWRO�� ������ ��������
���-�����GRL����������EMG������� 

�� �1DVW� $�� -DFREV� $�� 5RVXPHFN� 6�� :HUQHU� 51��
(IILFDF\� DQG� 6DIHW\� RI� 6\VWHPLF� ORQJ-WHUP�
7UHDWPHQWV� IRU�0RGHUDWH-WR-� 6HYHUH� 3VRULDVLV�� $�
6\VWHPDWLF� 5HYLHZ� DQG� 0HWD-DQDO\VLV�� -� ,QYHVW�
'HUPDWRO�� ������ ��������� ����-��� GRL�� ��������
MLG���������� 

�� 6KDORP� *�� =LVPDQ� '�� %LWWHUPDQ� +�� +DUPDQ-
%RHKP� ,�� *UHHQEHUJ-'RWDQ� 6�� 'UHLKHU� -�� HW� DO��
6\VWHPLF� 7KHUDS\� IRU� 3VRULDVLV� DQG� WKH� 5LVN� RI�
+HUSHV� =RVWHU�� D� �������� 3HUVRQ-<HDU� 6WXG\��
-$0$� 'HUPDWRORJ\�� ������ �������� ���-��� GRL��
��������MDPDGHUPDWRO����������� 

�� 5DPRV-H-6LOYD� 0�� -DFTXHV� &�� (SLGHUPDO� %DUULHU�
)XQFWLRQ� D� 6\VWHPLF� 'LVHDVHV�� &OLQ� 'HUPDWRO��
������ ������� ���-��� GRL�� ��������M�FOLQGHUPDWRO��
������������ 

�� 3DULVL�5��6\PPRQV�'3��*ULIILWKV�&(��$VKFURIW�'0��
*OREDO� (SLGHPLRORJ\� RI� 3VRULDVLV�� $� 6\VWHPDWLF�
5HYLHZ� RI� ,QFLGHQFH� DQG� 3UHYDOHQFH�� -� ,QYHVW�
'HUPDWRO�� ������ �������� ���-���� GRL�� ��������MLG��
��������� 

)HUR]�.KDQ��0XKDPPDG�$NUDP��$]L]XU�5HKPDQ��0HKUHHQ��-DKDQ]DLE��6\HG�0XKDPPDG�1DHHP 

��� 



 

-�/LDTXDW�8QL�0HG�+HDOWK�6FL�-8/<-6(37(0%(5�������9RO�����1R���� 

��� 3DOIUHHPDQ�$&��0F1DPHH�.(��0F&DQQ�)(��1HZ�
'HYHORSPHQWV� LQ� WKH� 0DQDJHPHQW� RI� 3VRULDVLV�
DQG� 3VRULDWLF� $UWKULWLV�� $� )RFXV� RQ� $SUHPLODVW��
'UXJ� 'HV� 'HYHO� 7KHU�� ������ ��� ���-����� 
GRL����������'''7�6������ 

��� 0HQWHU�$��*RWWOLHE�$��)HOGPDQ�65��9DQ�9RRUKHHV�
$6��/HRQDUGL�&/��*RUGRQ�.%��HW�DO��*XLGHOLQHV�RI�
&DUH� IRU� WKH� 0DQDJHPHQW� RI� 3VRULDVLV� DQG�
3VRULDWLF� $UWKULWLV�� 6HFWLRQ� ��� 2YHUYLHZ� RI�
3VRULDVLV� DQG� *XLGHOLQHV� RI� &DUH� IRU� WKH�
7UHDWPHQW�RI�3VRULDVLV�ZLWK�%LRORJLFV��-�$P�$FDG�
'HUPDWRO�� ������ ������� ���-���� � GRL�� ��������
M�MDDG������������� 

��� $EGHO-0DZOD� 0<�� 1RIDO� (�� .KDOLID� 1�� $EGHO-
6KDNRRU� 5�� 1DVU� 0�� 5ROH� RI� R[LGDWLYH� VWUHVV� LQ�
SVRULDVLV�� $Q� HYDOXDWLRQ� VWXG\�� -� $P� 6FL�� ������
�����-�� 

��� /DWKD�.3��.XPDU�$��6HUXP� OLSLGV�DQG� OLSRSURWHLQ�
�D�� OHYHOV� LQ� SVRULDVLV�� ,QW� -� 6FL� 5HV�� ������ �������
���-�� 

��� .KDQ� )�� 1DHHP� 60�� $KPDG� =�� =XEHUL� 1$��
$VVRFLDWLRQ�RI�6HUXP� OHYHOV�RI� �=LQF�DQG�&RSSHU�
ZLWK� GHJUHH� RI� VHYHULW\� LQ� SDWLHQWV� ZLWK� 3VRULDWLF�
SDWLHQWV��-�6DLGX�0HG�&ROO����������������-��� 

��� -DLQ�6��'HUPDWRORJ\�� ,OOXVWUDWHG�6WXG\�*XLGH�DQG�
&RPSUHKHQVLYH�%RDUG�5HYLHZ�� �QG� HG��&KLFDJR��
6SULQJHU������� 

��� �*ULIILWKV� &(�� %DUNHU� -1�� 3DWKRJHQHVLV� DQG�
&OLQLFDO�)HDWXUHV� RI�3VRULDVLV��7KH�/DQFHW�� ������
����������� ���-���� GRL�� ��������6����-��������
�����-�� 

��� *KDIRRU�5��5DVKLG�$��$QZDU�0,��'\VOLSLGHPLD�DQG�
SVRULDVLV��$�FDVH�FRQWURO�VWXG\��-�&ROO�3K\VLFLDQV�
6XUJHRQV�3DN���������������-���� 

��� +LOGD� 'VRX]D� 3�� .XUXYLOOH� 0�� '\VOLSLGHPLD� LQ�
SVRULDVLV��DV�D�ULVN�IRU�FDUGLRYDVFXODU�GLVHDVH��,QW�
-�5HV�0HG�6FL����������������-��� 

��� �%KDWLD�.��0DOSDQL�6��6LQJK�$��6DIGHUL�=��.RVWD�6��
.XPDU�5��/LSLG�SURILOH�LQ�SVRULDVLV��$�FDVH�FRQWURO�
VWXG\��,QW�-�%LRDVVD\V������������������-�� 

��� $XJXVWLQ� 0�� .UXJHU� .�� 5DGWNH� 0�� 6FKZLSSO� ,��
5HLFK� .�� 'LVHDVH� 6HYHULW\�� 4XDOLW\� RI� /LIH� DQG�
+HDOWK� &DUH� LQ� 3ODTXH� W\SH� 3VRULDVLV�� $�
0XOWLFHQWHU� &URVV� 6HFWLRQDO� 6WXG\� LQ� *HUPDQ\��
'HUPDWRORJ\�������������������-����GRL�����������
���������� 

��� $URUD�0��.XPDU�6��0DKDW�5.��6KDUPD�$��0XVWDID�
,��6WXG\�RI�OLSLG�SURILOH�DQG�SDUDR[RQDVH-��DFWLYLW\�
LQ�SVRULDWLF�SDWLHQWV��,QW�-�%LRPHG�$GY�5HV��������
���������-�� 

��� 6KULYDVWDY�6��6LQGKX�5��.XPDU�6��.XPDU�3��$QWL-
3VRULDWLF� DQG� 3K\WRFKHPLFDO� (YDOXDWLRQ� RI�
7KHVSHVLD� 3RSXOQHD� %DUN� ([WUDFWV�� ,QW� -� 3KDUP�
3KDUP�6FL��������������-���� 

5ROH�RI�2[LGDWLYH�6WUHVV�LQ�9DULRXV�6WDJHV�RI�3VRULDWLF�3DWLHQWV 

��� 
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)HUR]�.KDQ 
6HQLRU�/HFWXUHU��'HSDUWPHQW�RI�%LRFKHPLVWU\ 
5HKPDQ�0HGLFDO�&ROOHJH�3HVKDZDU��.3.-3DNLVWDQ� 
 
0XKDPPDG�$NUDP��&RUUHVSRQGLQJ�$XWKRU� 

$VVRFLDWH�3URIHVVRU��'HSDUWPHQW�RI�%LRFKHPLVWU\� 
6),1+6�6KDLNK�.KDOLID�%LQ�=D\HG�$O�1DK\DQ�0HGLFDO�	� 
'HQWDO�&ROOHJH��6=3*0,��/DKRUH-3DNLVWDQ� 
(PDLO��DDNUDPVN]PGF#\DKRR�FRP 
 
'U��$]L]XU�5HKPDQ� 
$VVLVWDQW�3URIHVVRU��'HSDUWPHQW�RI�%LRFKHPLVWU\ 
5HKPDQ�0HGLFDO�&ROOHJH�3HVKDZDU��.3.-3DNLVWDQ� 
 
'U��0HKUHHQ 
'HPRQVWUDWRU��'HSDUWPHQW�RI�%LRFKHPLVWU\ 
%RODQ�0HGLFDO�&ROOHJH��4XHWWD��%DORFKLVWDQ-3DNLVWDQ� 
 
'U��-DKDQ]DLE 

'HPRQVWUDWRU��'HSDUWPHQW�RI�3K\VLRORJ\ 
%RODQ�0HGLFDO�&ROOHJH��4XHWWD��%DORFKLVWDQ-3DNLVWDQ� 
 
6\HG�0XKDPPDG�1DHHP 
$VVLVWDQW�3URIHVVRU��'HSDUWPHQW�RI�%LRFKHPLVWU\ 
6DLGX�6KDULI�0HGLFDO��6ZDW��.3.-3DNLVWDQ�� 


