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.DUDFKL� 
0(7+2'2/2*<�� 7KH� GHVFULSWLYH� FURVV-VHFWLRQDO� VWXG\� ZDV� FDUULHG� RXW� DW� WKH� 'HSDUWPHQW� RI� 
%LRWHFKQRORJ\��8QLYHUVLW\�RI�.DUDFKL� IURP�-XQH������ WR�)HEUXDU\� ������ 7KH� VDPSOLQJ� WHFKQLTXH�XVHG�
ZDV�1RQ-SUREDELOLW\�FRQYHQLHQW�VDPSOLQJ�PHWKRG�� 
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WKHP�� ��� FDVHV� RI� 3�� YLYD[�ZHUH� GHWHFWHG� E\�PLFURVFRS\��'1$�ZDV� H[WUDFWHG� IURP� WKHVH� ��� VDPSOHV� 
IROORZHG�E\�SRO\PHUDVH�FKDLQ�UHDFWLRQ��3&5��DQG�VHTXHQFLQJ�RI�DPSOLILHG�JHQHV�RI�3ODVPRGLXP�YLYD[�
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5(68/76��7KH�DQDO\VLV�RI����DPSOLILHG�3��YLYD[�LVRODWHV�UHYHDOHG�SUHVHQFH�RI�YDULRXV�DOOHOHV�RI�SYGKIU�
DQG� SYGKSV� JHQHV� SURGXFLQJ� ERWK� ZLOG� W\SH� �:�� DQG� PXWDQW� DPLQR� DFLGV� KDYLQJ� VLQJOH�� GRXEOH� 	� 
PXOWLSOH�PXWDWLRQV�DW�PXOWLSOH�SRVLWLRQV��,Q�SYGKIU�JHQH��FRPPRQ�PXWDWLRQV�ZHUH�REVHUYHG�LQ�µ6¶�DPLQR�
DFLGV�DW�FRGRQV����	����DQG�µ'¶�DW�FRGRQV�����	�����5HJDUGLQJ�SYGKSV�JHQH��FRPPRQ�PXWDWLRQV�ZHUH�
REVHUYHG�LQ�µ9¶�DPLQR�DFLGV�DW�FRGRQ�����DQG�µ.¶�DW�FRGRQ����� 
&21&/86,21��7KH�IUHTXHQF\�DQG�YDULHW\�RI�PXWDWLRQV�ZH�GHWHFWHG�LQ�SYGKIU�DQG�SYGKSV�JHQHV�VLJQLI\�
WKH�GUXJ�UHVLVWDQFH�LQ�SODVPRGLXP�YLYD[�VR�WKHUH�LV�QHHG�RI�VRPH�PHDVXUHV�WR�FRQWURO�GUXJ�UHVLVWDQFH�
E\�EHWWHU�IRUPXODWLRQ�XVLQJ�FRPELQDWLRQ�RI�GUXJV� 
.(<:25'6��3ODVPRGLXP�YLYD[��SYGKIU�JHQH��SYGKSV�JHQH��$QWLIRODWH�GUXJ�UHVLVWDQFH�PDUNHUV� 
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0DODULD�LV�KLJKO\�HQGHPLF�LQ�GHYHORSLQJ�FRXQWULHV� OLNH�
3DNLVWDQ���$FFRUGLQJ�WR�WKH�:RUOG�PDODULD�UHSRUW�������
PDODULD�DFFRXQWHG�IRU�DQ�HVWLPDWHG�����PLOOLRQ�FDVHV�
ZRUOGZLGH� DV� UHSRUWHG� LQ� ������ DQG� WKHUH� ZHUH� DQ� 
HVWLPDWHG���������GHDWKV�IURP�PDODULD�JOREDOO\�� 
3ODVPRGLXP� YLYD[� LV� WKH� PRVW� ZLGHO\� GLVWULEXWHG� 
PDODULDO�VSHFLHV��&RQWURO�RI�3��YLYD[� LQIHFWLRQ� LV�PRUH�
FKDOOHQJLQJ� EHFDXVH� RI� LWV� XQLTXH� ELRORJLFDO� DQG� 
HSLGHPLRORJLFDO� FKDUDFWHULVWLFV�� 7KH� OHYHO� RI� 
SDUDVLWHPLD� LV� ORZ� EXW� JDPHWRF\WHV� HPHUJH� EHIRUH�
LOOQHVV� PDQLIHVWV� DQG� EHIRUH� FRQWURO� PHDVXUHV� DUH�
WDNHQ��$OVR��K\SQR]RLWH��GRUPDQW�OLYHU�VWDJH��LQIHFWLRQ�
RFFXUV� RXW� RI� VHDVRQ� DQG� VR� FDQ� H[WHQG� WKH� 
JHRJUDSKLFDO�DUHD�DIIHFWHG�� 
3�� YLYD[� LQIHFWLRQ� KDV� KLJK� PRUELGLW\� DQG� VRPH� 
PRUWDOLW\��� 7KLV� FDQ� EH� DWWULEXWHG� WR� PDQ\� IDFWRUV��
PDLQO\�WUHDWPHQW�IDLOXUH�FDXVHG�E\�HPHUJHQFH�RI�GUXJ�
UHVLVWDQW� VWUDLQV� LQFOXGLQJ� DQWLIRODWH� GUXJV� VXFK� DV�
6XOSKDGR[LQH-3\ULPHWKDPLQH� �63��� 3HUVLVWHQW� XVH� RI�
63� SURGXFHV� UHVLVWDQW� VWUDLQV�� ZKLFK� GHYHORS� 
VHTXHQWLDO� PXWDWLRQV� LQ� GKIU� DQG� GKSV� JHQHV����� 
8QLFHOOXODU� HXNDU\RWHV� DQG� SURNDU\RWHV� V\QWKHVL]H�

WKHLU� RZQ� IROLF� DFLG� FDWDO\]HG� E\� '+36� DQG� '+)5�
HQ]\PHV��3\ULPHWKDPLQH�LQKLELWV�WKH�GKIU�HQ]\PH�DQG�
VXOIDGR[LQH� WDUJHWV� WKH� GKSV� HQ]\PH� LQ� WKH� IRODWH� 
ELRV\QWKHWLF�SDWKZD\�RI�WKH�SDUDVLWH�����63�LV�D�FKHDS�
DQWL� PDODULDO� GUXJ� FRPPRQO\� SUHVFULEHG� DJDLQVW� 3��
YLYD[� LQ�$VLDQ�FRXQWULHV���63�UHVLVWDQFH� LQ�3��YLYD[� LV�
UHSRUWHG� LQ� PDQ\� UHJLRQV� RI� 3DNLVWDQ��-���� 7KHUH� DUH�
VHYHUDO� IDFWRUV� ZKLFK� DUH� UHVSRQVLEOH� IRU� WKH� 
HPHUJHQFH�RI� UHVLVWDQFH� OLNH�PLFURVFRSLF�PLVGLDJQR�
VLV�DQG� LUUDWLRQDO�XVH�RI�DQWL�PDODULDO�GUXJV�HVSHFLDOO\�
6XOSKDGR[LQH��ZKLFK�LV�DOVR�XVHG�IRU�WKH�WUHDWPHQW�RI�
*,7� 	� UHVSLUDWRU\� WUDFW� LQIHFWLRQV� DV� ZHOO� DV� RWKHU�
FDXVHV�RI� IHYHU�DQG�FKLOO����0ROHFXODU�PDUNHUV�IRU�63�
UHVLVWDQFH�� PXWDWLRQV� LQ� GKIU� DQG� GKSV� JHQHV� DUH� 
YDOXDEOH�WRROV�IRU�HYDOXDWLQJ�63�UHVLVWDQFH�SDWWHUQV�LQ�
3��YLYD[�SRSXODWLRQV��� 
7KH� DLP� RI� WKLV� VWXG\� ZDV� WR� HYDOXDWH� WKH� H[WHQW� RI�
DQWLIRODWH-UHVLVWDQFH� LQ� 3�YLYD[� VSHFLHV� E\� GHWHFWLQJ�
PXWDWLRQV� LQ� '+)5� DQG� '+36� DQG� WR� RXWOLQH� WKH�
FKDQJLQJ�JHQHWLF�GLYHUVLW\� 
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DW� WKH� 'HSDUWPHQW� RI� %LRWHFKQRORJ\�� 8QLYHUVLW\� RI� 
.DUDFKL��7KH�GXUDWLRQ�RI�SURMHFW�FDUULHG�RXW�ZDV� IURP�
-XQH������WR�)HEUXDU\�������7KH�VDPSOLQJ�WHFKQLTXH�
XVHG� ZDV� 1RQ-SUREDELOLW\� FRQYHQLHQW� VDPSOLQJ� 
PHWKRG�� 
$� WRWDO� Q �����PDODULD�FDVHV� LUUHVSHFWLYH�RI�DJH�DQG�
JHQGHU�ZHUH�VHOHFWHG�IURP�YDULRXV�KRVSLWDOV�	�FOLQLFV�
RI�.DUDFKL�� $URXQG� �����/� RI� EORRG�ZDV� FROOHFWHG� LQ�
PLFUR� FHQWULIXJH� WXEHV��$PRQJ� WKHP�� ��� FDVHV� RI� 3��
YLYD[� ZHUH� GHWHFWHG� E\� PLFURVFRSLF� H[DPLQDWLRQ� RI�
*LHPVD�VWDLQHG�WKLFN�DQG�WKLQ�VPHDUV�DV�GHVFULEHG�E\�
:+2�JXLGHOLQHV��� 
'1$� ZDV� H[WUDFWHG� IURP� EORRG� VDPSOHV� RI� WKHVH� 3��
YLYD[� FDVHV� XVLQJ� WKH� 4,$*(1� '1$� H[WUDFWLRQ� NLW�
�*HUPDQ\�� $FFRUGLQJ� WR�PDQXIDFWXUHU¶V� SURWRFRO� DQG�
LQVWUXFWLRQV�� 
7KH� 3&5� ZDV� SHUIRUPHG� E\� XVLQJ� QHVWHG� 3&5� IRU�
FRQILUPDWLRQ� DQG� LGHQWLILFDWLRQ� RI� QHZ� JHQHV�� 7KH� 
FRQILUPDWLRQ�RI�3��YLYD[�ZDV�GRQH�E\�WDUJHWLQJ�WKH���6�
U51$�� DV� UHSRUWHG� E\� ,TEDO� HW� DO� LQ� �������� )XUWKHU�
SYGKI�DQG�GKSV�JHQHV�ZHUH�DPSOLILHG�DQG�VHTXHQFLQJ�
ZDV� SHUIRUPHG� IRU� GHWHFWLQJ� PXWDWLRQ� RU� 
SRO\PRUSKLVP�LQ�WKHVH�JHQHV��7KH�H[WUDFWHG�VDPSOHV�
RI� DOO� LVRODWHV� ZHUH� WKHQ� VWRUHG� DW� -���&� IRU� IXUWKHU�
XVH��4XDOLW\� FRQWURO� RI� HDFK� ORW� RI� WKH�4/$DPS�'1$�
0LQL� NLW� LV� DOUHDG\� WHVWHG� DJDLQVW� SUHGHWHUPLQHG� 
VSHFLILFDWLRQ�WR�HQVXUH�FRQVLVWHQW�SURGXFW�TXDOLW\� 

$PSOLILFDWLRQ�RI�3YGKIU�	�3YGKSV�*HQH 

$�WRWDO�RI����3��YLYD[�SRVLWLYH�FDVHV�ZHUH�VHOHFWHG�DQG�
QHVWHG�3&5�ZDV�SHUIRUPHG�RQ�GKIU�DQG�GKSV�JHQHV���
7KH�SULPHU�VHTXHQFHV�DUH�VKRZQ�LQ�7DEOH�,�� 

7$%/(�,��35,0(5�6(48(1&(6�86('�)25� 
$03/,),&$7,21�2)�39'+)5�$1'�39'+36�
*(1(6 

7KH� F\FOLQJ� FRQGLWLRQV� ZHUH� XVHG� ZLWK� VOLJKW� 
PRGLILFDWLRQV�DV�SUHYLRXVO\�UHSRUWHG�E\�+XDQJ�HW�DO�LQ�
��������7KH�3&5�ZDV�FDUULHG�RXW�LQ�D�WXEH�FRQWDLQLQJ�
��� �O� RI� D� UHDFWLRQ�PL[WXUH�PDGH� XS� RI� WKH� IROORZLQJ�
FRPSRQHQWV�� ��� SPRO� RI� HDFK� IRUZDUG� DQG� UHYHUVH�
SULPHUV�IRU�SYGKIU�	�SYGKSV�JHQHV�DV�VKRZQ�LQ�7DEOH�
,��7KH������0�RI�IRXU�GHR[\QXFOHRWLGHV����8�RI�7DT�
SRO\PHUDVH��3URPHJD������[�3&5�EXIIHU�DQG�����P0�

0J&O��� 7KH� WKHUPDO� F\FOHU� �0DVWHU� *UDGLHQW� 3&5� 
6\VWHP�� (SSHQGRUI� $*�� *HUPDQ\�� ZDV� SURJUDPPHG�
WR� ILUVW� LQFXEDWH� WKH� VDPSOH� IRU� ��� PLQXWH� DW� ���&� 
IROORZHG�E\����F\FOHV�DW����&�IRU���PLQXWH��DW����&�IRU�
�� PLQXWHV� DQG� DW� ���&� IRU� �� PLQXWH� ZLWK� ILQDO� 
H[WHQVLRQ� IRU� �� PLQXWH� DW� ���&�3&5� DPSOLILFDWLRQ� RI�
SYGKIU�JHQH�ZDV�GRQH�DW�FRGRQV����������������������
������������������DQG�����ZKLOH�IRU�SYGKSV�JHQH�ZDV�
GRQH�DW�SRVLWLRQV������������������������������������
��������������������������������������������DQG����� 
7KH�SURGXFWV�ZHUH� LGHQWLILHG�E\� HOHFWURSKRUHVLV�RQ� D�
��� DJDURVH� JHO� VWDLQHG� ZLWK� HWKLGLXP� EURPLGH�� DQG�
HYDOXDWHG�XQGHU�WUDQVLOOXPLQDWRU�DV�GHVFULEHG�E\�'LQJ�
6� HW� DO���� 7KH� VL]HV� RI� 3&5� DPSOLILHG� SURGXFW� ZHUH�
HVWLPDWHG�DFFRUGLQJ�WR�WKH�PLJUDWLRQ�SDWWHUQ�RI�D���NE�
'1$� ODGGHU� �*LEFR� %5/� /LIH� 7HFKQRORJLHV��� 7KH� 
DPSOLILHG�SURGXFWV�ZHUH�YLVXDOL]HG�DQG�SKRWRJUDSKHG�
XVLQJ� '2&� JHO� GRFXPHQWDWLRQ� V\VWHP� �9LOEHU� 
6\VWHP���7KH�DPSOLILHG� IUDJPHQW�RI� SYGKIU� JHQH�ZDV�
���� ES� VL]H� VKRZQ� LQ� )LJXUH� ,� DQG� RI� SYGKSV� JHQH�
ZDV� ���� ES� VKRZQ� LQ� )LJXUH� ,,,�� 7KH� VDPSOHV� ZHUH�
WKHQ�VHQW�IRU�VHTXHQFLQJ��0XWDWLRQ�DQDO\VLV�ZDV�GRQH�
E\� DOLJQLQJ� WKH� VHTXHQFH� ZLWK� WKH� UHIHUHQFH 
VHTXHQFH� 
39'+)5�DQG�39'+36�6HTXHQFH�$QDO\VLV 
7KH� QHVWHG-3&5� SURGXFWV� RI� SYGKIU� DQG� SYGKSV�
JHQHV� ZHUH� VXEMHFWHG� WR� VHTXHQFH� DQDO\VLV�� 7KH� 
IRUZDUG� SULPHU� ZDV� SXULILHG� DQG� VHTXHQFHG� 
FRPPHUFLDOO\� E\� 0DFURJHQ� ,QFRUSRUDWLRQ� LQ� 6HRXO� 
.RUHD�� '1$� VHTXHQFHV� ZHUH� WUDQVODWHG� LQWR� DPLQR�
DFLG� VHTXHQFHV� DQG� FRPSDUHG� ZLWK� WKH� SXEOLVKHG� 
VHTXHQFHV� RI� SYGKIU� DQG� SYGKSV� JHQHV���� 0XOWLSOH�
VHTXHQFH� DOLJQPHQW� RI� 3�YLYD[� GKIUJHQH� LV� VKRZQ� LQ�
)LJXUH� ,,�� DQG�PXOWLSOH� VHTXHQFH� DOLJQPHQW� �06$�� RI�
3�YLYD[�GKSV�JHQH�LV�VKRZQ�LQ�)LJXUH�9,��9�DQG�9,� 
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'1$�PROHFXODU�ZHLJKW�PDUNHU 
/DQHV���–����DQG����–�EDQG�RQ�VDPSOH����DQG����QRW�
VHHQ��$PSOLILHG�SYGKIUJHQRPLF�'1$� 
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%LRLQIRUPDWLFV� WRROV� WR� REVHUYH� WKH� SDWWHUQ� RI� 
UHVLVWDQFH�LQ�3YGKIU�DQG�3YGKSV�*HQHV 
7KH� '1$� VHTXHQFHV� ZHUH� DOLJQHG� E\� XVLQJ� YDULRXV�
ZHE� WRROV�� 6L[� IUDPH� WUDQVODWLRQ� RI� QXFOHRWLGH� 
VHTXHQFH� LQWR�DPLQR�DFLG� VHTXHQFH�ZDV� GRQH� XVLQJ�
(0%266�WUDQVHT�WRRO�RI�(%,��7KH�VXLWDEOH�IUDPH�ZDV�
VHOHFWHG�ZLWK�WKH�KHOS�RI�%ODVW�VXLWH�RI�1&%,��&OXVWDO�;�
����ZDV�XVHG�WR�SHUIRUP�PXOWLSOH�VHTXHQFH�DOLJQPHQW�
DQG� SK\ORJHQHWLF� DQDO\VLV�� 6HFRQGDU\� VWUXFWXUH� 
SUHGLFWLRQ�ZDV�GRQH�E\�36,35('�PHWKRG��DQG�D��'�
PRGHO�ZDV�PDGH�XVLQJ�6ZLVV�PRGHO��(QHUJ\�FDOFXOD�
WLRQ� DQG� 5DPDFKDQGUDQ� SORW� DQDO\VLV� ZDV� GRQH� E\�
3526$�ZHE�VHUYHU�DQG�5$03$*(��UHVSHFWLYHO\� 

5(68/76 
2I� WKH� WRWDO� ���� FDVHV�� RQO\� ��� ZHUH� SURFHVVHG� IRU�
DPSOLILFDWLRQ� DQG� VHTXHQFLQJ�� 7KH� VDPSOHV� VKRZHG�
ZLOG� W\SH��:��DV�ZHOO�DV�PXWDWHG�KDSORW\SH�RI�'+)5�
JHQHV�ZKHQ�DW�OHDVW�RQH�DPLQR�DFLG�VXEVWLWXWLRQ�LQ�WKH�
UHODWHG�UHVLGXH�ZDV�VHHQ��7KH�PXWDWLRQ�SDWWHUQV�DQG�
ZLOG�W\SH�KDSORW\SHV�RI�'+)5�JHQH�LV�VXPPDUL]HG� LQ�
7DEOH�,,� 
7$%/(�,,��� 
087$7,21�$1$/<6,6�2)�39'+)5�*(1( 

7KH� PRVW� FRPPRQ�:� W\SH� DPLQR� DFLGV� GHWHFWHG� LQ�
SYGKIU� JHQH� ZHUH� 6� DW� FRGRQV� ���� ��� 	� ����� '� DW� 
FRGRQV� ���� 	� ���� DQG� 9� DW� FRGRQV� ��� 	� ����� 
&RPPRQ� PXWDWLRQV� GHWHFWHG� LQ� SYGKIU� JHQH� ZHUH�
6��5� �������� ���� RI� FDVHV��� 6���1� �������� ���� RI�
FDVHV��� '���1� �������� ���� RI� FDVHV�� DQG� '���1�
�������������RI�FDVHV�� 
,Q� GKIU� JHQH��� W\SHV� RI� PXWDWLRQV� ZHUH� VHHQ� DW� 
SRVLWLRQ������.���(�LQ�������������RI�FDVHV���.���4�
LQ������� ������RI� FDVHV��DQG��� W\SHV�RI�PXWDWLRQV�DW�
SRVLWLRQ������'���1�LQ�����������RI�FDVHV������'���<�
LQ�������������RI�FDVHV��DQG��'���+�LQ�������������RI�
FDVHV�� 
7KH� PXWDWLRQ� SDWWHUQV� DQG� ZLOG� W\SH� KDSORW\SHV� 
REVHUYHG�LQ�SYGKSV�JHQH�DUH�PHQWLRQHG�LQ�7DEOH�,,,� 
7$%/(�,,,��� 
087$7,21�$1$/<6,6�2)�39'+36�*(1( 

'HWHFWLRQ�RI�$PLQR�$FLG�0XWDWLRQV 

��� 

),*85(�9,��08/7,3/(�6(48(1&(�$/,*10(17�2)�39'+36�*(1(� 

&2'21� :,/'�7<3(� 
087$17�7<3(� 
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5HJDUGLQJ�SYGKSV�JHQH�� WKH�PRVW�FRPPRQ�ZLOG� W\SH�
DPLQR� DFLGV� ZHUH�*DW� FRGRQV� ����� ���� 	� ����� 9� DW�
FRGRQV� ���� 	� ���� DQG� 0� DW� FRGRQV� ���� 	� ����� ,Q�
SYGKSV�JHQH��FRPPRQ�PXWDWLRQV�ZHUH�9���'���������
���� RI� FDVHV�� DQG� .���(� �������� ���� RI� FDVHV��� 
&RGRQ�����KDG���W\SHV�RI�PXWDWLRQV��1���5�LQ�������
�����RI�FDVHV���1���6�LQ������������RI�FDVHV�� 

',6&866,21 

7KH� UHFHQW� WUHQG�RI� UHVLVWDQFH�RI�3�� YLYD[� LVRODWHV� WR�
YDULRXV� DQWLPDODULDOV� LQFOXGLQJ� DQWLIRODWH� GUXJV� OLNH�
6XOSKDGR[LQH-3\ULPHWKDPLQH� �63�� LV� DODUPLQJ� DQG�
QHHG� WR� EH� PRQLWRUHG� FDUHIXOO\� WR� DYRLG� ORVLQJ� WKLV� 
LPSRUWDQW� GUXJ� RSWLRQ�� 0ROHFXODU� GUXJ� UHVLVWDQFH�
PDUNHUV� IRU� 63� UHVLVWDQFH� LQFOXGH� JHQHV� HQFRGLQJ�
'+)5� DQG� '+36� HQ]\PHV� ZKLFK� FDQ� EH� YDOXDEOH�
WRROV� WR� VHUYH� WKLV� SXUSRVH� DV� VXJJHVWHG� E\� PDQ\�
VWXGLHV������������ 
,Q�WKLV�VWXG\��ZH�H[DPLQHG�WKH�GLVWULEXWLRQ�DQG�SDWWHUQ�
RI� PXWDQW� DOOHOHV� DQG� SRO\PRUSKLVPV� LQ� SYGKIU� DQG�
SYGKSV�JHQHV�RI�3��YLYD[�E\�VHTXHQFH�DQDO\VLV��7KH�
HVWDEOLVKHG� GDWD� RQ� 3�� YLYD[� UHVLVWDQFH� SURILOH� LV�
VFDUFH� LQ� 3DNLVWDQ� HVSHFLDOO\� LQ� .DUDFKL�� 2XU� VWXG\�
UHYHDOHG� ERWK� GLVWLQFW� SRO\PRUSKLVPV� RI� ZLOG� W\SH� 
DOOHOH�DQG�DOVR�KLJK�SUHYDOHQFH�RI�PXWDQW�DOOHOHV�ZLWK�
GRXEOH�WULSOH�DV�ZHOO�DV�QRYHO�PXWDWLRQV�LQ�ERWK�SYGKIU�
DQG� SIGKSV� JHQHV�� 7KHVH� PXWDWLRQV� KDYH� VKRZQ� WR�
FRQIHU�DQWLIRODWH�GUXJ�UHVLVWDQFH����� 

:H�IRXQG�WKH�PRVW�FRPPRQ�ZLOG�W\SH�DPLQR�DFLGV� LQ�
SYGKIU� JHQH� DUH� 6� DW� FRGRQV� ���� ��� 	����� '� DW� 
FRGRQV�����	����DQG�9�DW�FRGRQV����	������=DNHUL�6�
�������LQ� KLV� VWXG\� REVHUYHG� SUHYDOHQFH� RI� ERWK� ZLOG�
W\SH�DOOHOHV�DV�ZHOO�DV�PXWDQWV�LQ�SYGKIU�JHQHV��$XOLII�
$�HW�DO����H[DPLQHG�JHQHWLF�PXWDWLRQV�LQ�GKIU�DQG�GKSV�
LQ� 3�� YLYD[� VDPSOHV� IURP� VL[� $VLDQ-3DFLILF� FRXQWULHV��
7KH\�REVHUYHG�ZLOG-W\SH�GKIU�DOOHOHV�WR�EH�SUHVHQW�DW�D�
UHODWLYHO\� KLJK� SURSRUWLRQ� LQ� 3�� YLYD[� SDUDVLWHV� IURP�
&KLQD��(DVW�7LPRU��WKH�3KLOLSSLQHV��DQG�9LHWQDP�ZKLOH�
OHVV�VR�IURP�3DSXD�1HZ�*XLQHD�DQG�9DQXDWX� 

:H� IRXQG� KLJK� OHYHO� RI� PXWDWLRQV� LQ� 3YGKIU� JHQH��
$PRQJ�PXWDQW�VWUDLQV�ZH� IRXQG�DPLQR�DFLG�6�DQG�'�
KDG�PXOWLSOH� PXWDWLRQV�� &RPPRQ�PXWDWLRQV� IRXQG� LQ�
3YGKIU�JHQHV�ZHUH�6��5�������������FDVHV���6���1�
�������� ����FDVHV���'���1� �������� ����FDVHV�� DQG�
'���1��������������FDVHV���$PLQR�DFLG�'�VKRZHG���

W\SHV� RI� PXWDWLRQV� DW� FRGRQ���� �'���1�� '���<� 	�
'���+�� 
0DQ\�RWKHU�VWXGLHV�DOVR�UHSRUWHG�PXWDWLRQV�6��5�DQG�
6���1LQ3YGKIU� JHQH� VLPLODU� WR� RXU� REVHUYDWLRQV��
*UHVW\� HW� DO��� UHSRUWHG� KLJK� SUHYDOHQFH� RI� PXWDQW� 
DOOHOHV� ���5����1�� LQ� SYGKIU� JHQHV�� $OVR� VWXGLHV� E\�
5D]D� $� �������� .XHVDS� -� ������� DQG� .KDWRRQ� /�
������� UHSRUWHG� VLPLODU� PXWDWLRQV� LQ� SYGKIU� JHQH�� 
5HFHQW�VWXGLHV�RI�1\XQW� HW�DO�UHSRUWHG� YDULDQW�RI�ZLOG�
W\SH� DQG� PXWDQW� DOOHOH� ZLWKGRXEOH� PXWDWLRQV� �6��5�
DQG�6���7�1��RU�TXDGUXSOH�PXWDWLRQV� �)��/�,��6��5��
7��0�� DQG� 6���7�� RI� SYGKIU� JHQH� LQ� 7KDLODQG�� 
0\DQPDU�� .RUHD�� &DPERGLD�� DQG� ,QGLD���� 6WXGLHV� E\�
+XDQJ� %� HW� DO��� IRXQG� PXWDWLRQV� DW� FRGRQV� )��,�/��
6��5��7��0��+��5�6��DQG�6���1�7� 
,Q� FRQWUDVW� WR� RXU� ILQGLQJV�� .KDWWDN� $$� ������� 
REVHUYHG�ORZ�SUHYDOHQFH�RI�63�UHVLVWDQFH�DVVRFLDWHG�
PXWDWLRQV�LQ�3�YLYD[�LQ�3DNLVWDQ��+RZHYHU��WKHUH�ZHUH�
SYGKIU� 6���1� VLQJOH� DQG� 6��5� SOXV6���1� GRXEOH�
PXWDQWV�ZLWK�KLJKHVW�SUHYDOHQFH� LQ�6LQGK�DQG�.K\EHU�
3DNKWXQNKZD�SURYLQFHV� 
$OVR� VWXGLHV� RI� 6KDULIL-6DUDVLDEL� .� ������� IURP� 
6RXWKHUQ�,UDQ�DQG�/HNZHLU\�.0�HW�DO���IURP�0DXULWDQLD�
UHSRUWHG� ORZ� SUHYDOHQFH� RI� SYGKIU� JHQH� PXWDWLRQ� 
UHIOHFWLQJ�UHGXFHG�DQWLIRODWH�GUXJ�UHVLVWDQFH�DQG�WKHVH�
UHVXOWV�DUH�FRQWUDU\�WR�RXU�VWXG\� 
5HJDUGLQJ� SYGKSV� JHQH�� RXU� VWXG\� VKRZHG� FRPPRQ�
ZLOG� W\SH� DPLQR� DFLGV� ZHUH� *DW� FRGRQV� ����� ���� 	�
�����9�DW�FRGRQV�����	�����DQG�0�DW�FRGRQV�����	�
����� ,Q� RXU� VWXG\�� ZH� REVHUYHG� WKDW� PRVW� FRPPRQ�
PXWDWLRQV�LQ�SYGKSV�JHQH�ZHUH�LQ�DPLQR�DFLGV�9�DQG�
.�� &RPPRQ� PXWDWLRQV� ZHUH� 9���'� �������� ���� RI�
FDVHV�� DQG� .���(� �������� ���� RI� FDVHV��� $� VLPLODU�
SDWWHUQ� RI� VLJQLILFDQWO\� KLJKHU�PXWDQW� UDWH� RI� SYGKSV��
ZDV� REVHUYHG� E\� 1\XQW� 0+� HW� DO��� ZLWK� WULSOH� RU� 
TXDGUXSOH� PXWDQW� DOOHOHV� ZKLFK� DFFRXQWHG� IRU� PRUH�
WKDQ�����RI�DOO�VDPSOHV� 
.XHVDS�-�������� GHVFULEHG�PXWDWLRQV� DW� FRGRQV� ����
DQG�����RI�3YGKSV�JHQH��7KHLU�UHVXOWV�VXJJHVW�WKDW�DOO�
3�� YLYD[� LVRODWHV� LQ�7KDLODQG�FDUU\� VRPH�FRPELQDWLRQ�
RI� PXWDWLRQV� LQ� 3YGKIU� DQG� 3YGKSV� JHQHV�� 6LPLODU� 
UHVXOWV� ZHUH� VHHQ� E\� 3RUQWKDQDNDVHP�:�HW� DO��� ZKR�
FRQILUPHG� WKH� UROH� RI� NH\� PXWDWLRQV� LQ� GKSV� JHQH� LQ�
VXOID� GUXJ� UHVLVWDQFH� LQ� 3�� YLYD[�� (Q]\PH� LQKLELWLRQ�
VWXGLHV� ZLWK� VXOID� GUXJV� UHYHDOHG� WKDW� GLIIHUHQFHV� LQ�
VXOID� GUXJ� VHQVLWLYLW\� EHWZHHQ� WKH� ZLOG-W\SH� DQG� 
PXWDQW� HQ]\PHV� DUH� UHVSRQVLEOH� IRU� WKH� VXOID� GUXJ�
UHVLVWDQFH�REVHUYHG�IRU�3��YLYD[� 
,Q�FRQWUDVW�WR�RXU�VWXG\��*UHWV\�.-�HW�DO���DQG�=DNHUL�6�
�������REVHUYHG�WKDW�DOO�RI�3�YLYD[�LVRODWHV�SRVVHVVHG�
D� ZLOG� W\SH� GKSV� JHQH� DQG� QR� PXWDWLRQ� ZDV� VHHQ��
6LPLODUO\��.KDWWDN�$$�������� DQG�/HNZHLU\�.0�HW�DO���
UHSRUWHG� WKDW� PDMRULW\� RI� VDPSOHV� FRQWDLQHG� WKH� 
ZLOG-W\SH�KDSORW\SH�LQ�SYGKSV�JHQH� 

&21&/86,21 

7KH� REWDLQHG� UHVXOWV� DIWHU� PXOWLSOH� VHTXHQFH� 
DOLJQPHQW�RI�SYGKIU�JHQH�DQG�FKDQJLQJ�RI�DPLQR�DFLG�

5L]ZDQD�<DVPLQ��0XVDUUDW�-HKDQ��0HKZLVK�.DODP��6\HGD�0DULDP�6LGGLTD��0DKDGHY�+DUDQL��0XVWDID�.DPDO 
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VHTXHQFH� RQ� YDULRXV� SRVLWLRQV� UHYHDOHG� D� ODUJH� 
YDULHW\�RI�PXWDWLRQV�LQ�SYGKIU�DQG�SYGKSV�JHQHV��7KLV�
VLJQLILHV� WKDW� XUJHQW� PHDVXUHV� QHHGHG� IRU� FRQWURO� RI�
GUXJ� UHVLVWDQFH� DQG� GHYHORSPHQW� RI� HIIHFWLYH�� 
DIIRUGDEOH�QHZ�DQWL�PDODULDO�GUXJV�WKDW�VKRXOG�EH�XVHG�
MXGLFLRXVO\��7KH� IXWXUH�RI�HIIHFWXDO�PDODULD�FRQWURO�ZLOO�
GHSHQG� KHDYLO\� XSRQ� DSSURSULDWH� GDWD� FROOHFWLRQ� DQG�
PRUH� SUHFLVH� HYLGHQFH-EDVHG� GHFLVLRQ� RQ� FKDQJLQJ�
SDWWHUQ�RI�PXWDQW�VWUDLQ�RI�3��YLYD[�DV�WKHUH�LV�QR�DQWL�
PDODULDO�YDFFLQH�DYDLODEOH�VR�IDU� 

(WKLFDO� SHUPLVVLRQ�� -LQQDK� 0HGLFDO� 	� 'HQWDO� 
&ROOHJH�.DUDFKL�OHWWHU�1R���������'DWHG���-�-����� 

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

)XQGLQJ��7KHUH�ZDV�QR�DQ\�IXQGLQJ�DJHQF\� 

5()(5(1&(6 

�� =XEDLUL� $%6�� 1L]DPL� 6�� 5D]D� $�� 0HKUDM� 9��
5DVKHHG� $)�� *KDQFKL� 1.� HW� DO�� 6HYHUH� 
SODVPRGLXP� YLYD[� PDODULD� LQ� 3DNLVWDQ�� (PHUJ� 
,QIHFW� 'LV�� ����� 1RY�� �������� ����–������
GRL� ��������HLG������������ 

�� 2UJDQL]DWLRQ� :+�� 0DODULD�� :RUOG� +HDOWK� 
2UJDQL]DWLRQ��$YDLODEOH� IURP��KWWSV���ZZZ�ZKR�LQW�
QHZV-URRP�IDFW-VKHHWV�GHWDLO�PDODULD� 

�� +RZHV� 5(�� %DWWOH� .(�� 0HQGLV� .1�� 6PLWK� '/��
&LEXOVNLV�5(��%DLUG�-.��HW�DO��*OREDO�(SLGHPLRORJ\�
RI�3ODVPRGLXP�YLYD[��$P�-�7URS�0HG�+\J�������
������-����GRL���������DMWPK���-���� 

�� %DLUG� -.�� (YLGHQFH� DQG� LPSOLFDWLRQV� RI� PRUWDOLW\�
DVVRFLDWHG�ZLWK�DFXWH�3ODVPRGLXP�YLYD[�PDODULD��
&OLQ�0LFURELRO�5HY�����������������-��� 

�� ,PZRQJ�0�� 3XNULWWD\DNDPHH� 6�� 5pQLD� /�� /HWRXU�
QHXU� )�� &KDUOLHX� -3�� /HDUWVDNXOSDQLFK� 8�� HW� DO��
1RYHO� SRLQW� PXWDWLRQV� LQ� WKH� GLK\GURIRODWH� 
UHGXFWDVH� JHQH� RI� 3ODVPRGLXP� YLYD[�� HYLGHQFH�
IRU� VHTXHQWLDO� VHOHFWLRQ� E\� GUXJ� SUHVVXUH�� 
$QWLPLFURE�$JHQWV�&KHPRWKHU�������������������
–����GRL���������DDF����������-����������� 

�� +DVWLQJV�0'�� 3RUWHU� .0��0DJXLUH� -'�� 6XVDQWL� ,��
.DQLD� :�� %DQJV� 0-�� HW� DO�� 'LK\GURIRODWH� 
UHGXFWDVH� PXWDWLRQV� LQ� 3ODVPRGLXP� YLYD[� IURP�
,QGRQHVLD�DQG�WKHUDSHXWLF�UHVSRQVH�WR�VXOSKDGR[�
LQHH� SOXV� S\ULPHWKDPLQH�� -� ,QIHFW�'LF�� ������ ���
��������-��� 

�� &DSDVVR�&��6XSXUDQ�&7��6XOID�DQG�WULPHWKRSULP-
OLNH� GUXJV� –� DQWLPHWDEROLWHV� DFWLQJ� DV� FDUERQLF�
DQK\GUDVH��GLK\GURSWHURDWH�V\QWKDVH�DQG�GLK\GUR�
IRODWH� UHGXFWDVH� LQKLELWRUV�� -� (Q]\PH� ,QKLE� 0HG�
&KHP������������������-����GRL�����������������
�������������� 

�� 3RUQWKDQDNDVHP�:��5LDQJUXQJURM�3��&KLWQXPVXE�
3�� ,WWDUDW� :�� .RQJNDVXUL\DFKDL� '�� 8WKDLSLEXOO� &�� 
HW� DO�� 5ROH� RI� 3ODVPRGLXP� YLYD[� GLK\GURSWHURDWH�
V\QWKDVH�SRO\PRUSKLVPV�LQ�VXOID�GUXJ�UHVLVWDQFH��
$QWLPLFURE�$JHQWV�&KHPRWKHU�������������������-
����GRL���������$$&������-�� 

�� 6DUDODPED�1��1DNHHVDWKLW�6��0D\[D\�0��1HZWRQ�

31�� 2VRULR� /�� .LP� -5�� HW� DO�� *HRJUDSKLF� 
GLVWULEXWLRQ�RI�DPLQR�DFLG�PXWDWLRQV�LQ�'+)5�DQG�
'+36� LQ� 3ODVPRGLXP� YLYD[� LVRODWHV� IURP� /DR�
3'5��,QGLD�DQG�&RORPELD��0DODU�-���������������� 

��� .KDWRRQ�/��%DOLUDLQH�)1��%RQL]]RQL�0��0DOLN�6$��
<DQ� *�� 6KRUW� 5HSRUW�� 3UHYDOHQFH� RI� $QWLPDODULDO�
'UXJ� 5HVLVWDQFH� 0XWDWLRQV� LQ� 3ODVPRGLXP� YLYD[�
DQG�3��IDOFLSDUXP�IURP�D�0DODULD-(QGHPLF�$UHD�RI�
3DNLVWDQ��$P�-�7URS�0HG�+\J�����������������-�� 

��� 5D]D� $�� *KDQFKL� 1.�� .KDQ� 06�� $VLP� %HJ� 0$��
3UHYDOHQFH� RI� GUXJ� UHVLVWDQFH� DVVRFLDWHG� 
PXWDWLRQV� LQ� 3ODVPRGLXP� YLYD[� DJDLQVW� 
VXOSKDGR[LQH-� S\ULPHWKDPLQH� LQ� 6RXWKHUQ� 3DNL�
VWDQ��0DODU� -�� ������ ���� ����� GRL�� ������������-
����-��-���� 

��� .KDWWDN�$$��9HQNDWHVDQ�0��.KDWRRQ�/��2XDWWDUD�
$�� .HQHILF� /-�� 1DGHHP� 0)�� 3UHYDOHQFH� DQG� 
SDWWHUQV� RI� DQWLIRODWH� DQG� FKORURTXLQH� GUXJ� 
UHVLVWDQFH� PDUNHUV� LQ� 3ODVPRGLXP� YLYD[� 
DFURVV� 3DNLVWDQ�� 0DODU� -�� ������ ���� ����� 
GRL��������������-����-��-���� 

��� .KDQ�6<��.KDQ�$��$UVKDG�0��7DKLU�+0��0XNKWDU�
0.��$KPDG�.5��HW�DO��,UUDWLRQDO�XVH�RI�DQWLPDODULDO�
GUXJV�LQ�UXUDO�DUHDV�RI�HDVWHUQ�3DNLVWDQ��D�UDQGRP�
ILHOG� VWXG\�� %0&� 3XE� +HDOWK�� ������ ���� ����� 
GRL��������������-����-��-���� 

��� 2UJDQL]DWLRQ� :+�� 0DODULD� 0LFURVFRS\� 4XDOLW\� 
$VVXUDQFH�0DQXDO�–�9HU����:RUOG�+HDOWK�2UJDQL�
]DWLRQ��������$YDLODEOH� IURP��KWWSV���ZZZ�ZKR�LQW�
PDODULD�SXEOLFDWLRQV�DWR]����������������HQ�� 

��� ,TEDO� $�� 0XVKWDT� 5�� +XVVDLQ� )�� 6DOHHP�0�� 1D]�
0��0DTVRRG�%��&RPSDULVRQ�RI�&RQYHQWLRQDO� DQG�
3&5� EDVHG� GHWHFWLRQ� RI� 3ODVPRGLXP� IDOFLSDUXP�
DQG�3ODVPRGLXP�YLYD[�LQIHFWLRQV�LQ�KXPDQ�EORRG��
-� $GY� %LRO�� ������ ������ ���-���� GRL����������
MDE�Y�L�������� 

��� +XDQJ�%��+XDQJ�6��6X�;��7RQJ�;��<DQ�-��/L�+��HW�
DO��0ROHFXODU�VXUYHLOODQFH�RI�3YGKIU��3YGKSV��DQG�
3YPGU-��PXWDWLRQV� LQ� 3ODVPRGLXP� YLYD[� LVRODWHV�
IURP�<XQQDQ�DQG�$QKXL�SURYLQFHV�RI�&KLQD��0DODU�
-�����������������GRL�������������-����-��-���� 

��� 'LQJ� 6�� <H� 5�� =KDQJ� '�� 6XQ� ;�� =KRX� +��
0F&XWFKDQ� 7)�� HW� DO�� $QWL-IRODWH� FRPELQDWLRQ� 
WKHUDSLHV� DQG� WKHLU� HIIHFW� RQ� WKH� GHYHORSPHQW� RI�
GUXJ� UHVLVWDQFH� LQ� 3ODVPRGLXP� YLYD[�� 6FL� 5HS��
���������������GRL� ��������VUHS����� 

��� $XOLII�$��:LOVRQ�':��5XVVHOO� %��*DR�4��&KHQ�1��
$QK�/��HW�DO��$PLQR�DFLG�PXWDWLRQV�LQ�3ODVPRGLXP�
YLYD[�'+)5�DQG�'+36�IURP�VHYHUDO�JHRJUDSKLFDO�
UHJLRQV�DQG�VXVFHSWLELOLW\�WR�DQWLIRODWH�GUXJV��$P�-�
7URS�0HG�+\J������������������-��� 

��� *UHVW\�.-��*UD\�.$��%RERJDUH�$��:LQL�/��7DOHR�*��
+LL� -�� HW� DO�� *HQHWLF� PXWDWLRQV� LQ� 3ODVPRGLXP� 
IDOFLSDUXP� DQG� 3ODVPRGLXP� YLYD[� GLK\GURIRODWH�
UHGXFWDVH� �'+)5�� DQG� GLK\GURSWHURDWH� V\QWKDVH�
�'+36�� LQ� 9DQXDWXDQG� 6RORPRQ� ,VODQGV� SULRU� WR�
WKH� LQWURGXFWLRQ� RI� DUWHPLVLQLQ� FRPELQDWLRQ� 
WKHUDS\�� 0DODU� -�� ������ ���� ����� GRL����������

'HWHFWLRQ�RI�$PLQR�$FLG�0XWDWLRQV 

��� 
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����-����-��-���� 
��� =DNHUL�6��0RWPDHQ�65��$IVKDUSDG�0��'MDGLG�1'��

0ROHFXODU� FKDUDFWHUL]DWLRQ� RI� DQWLIRODWHV� 
UHVLVWDQFH� DVVRFLDWHG� JHQHV�� �GKIU� DQG� GKSV�� LQ�
3ODVPRGLXP�YLYD[� LVRODWHV� IURP� WKH�0LGGOH� (DVW��
0DODU�-��������������� 

��� .XHVDS� -�� 5XQJVULKLUXQUDW� .�� 7KRQJGHH� 3�� 
5XDQJZHHUD\XW� 5�� 1D-%DQJFKDQJ� .�� &KDQJH� LQ�
PXWDWLRQ� SDWWHUQV� RI� 3ODVPRGLXP� YLYD[� 
GLK\GURIRODWH� UHGXFWDVH� �3YGKIU�� DQG� 
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