
®ÃÈÌÊÃËÂÌÀ¾Ë¾�Â�Ò�Ë���ÍÎÌÒÃÏÌÎÌÊ� �¯��ÌËÂ¾ÎÃÊ

±¢¨�������������������������

+3/&�89�0(7+2'�2)�'(7(50,1$7,21�2)�7+(
3,7$9$67$7,1��3$57����&+520$72*5$3+,&�&21',7,216��

62/,'�3+$6(�(;75$&7,21��35(&,6,21�2)�5(&29(5<

%�2�9DU\QVNL\��6�1DNDJDZD��6�<DPDWR

=DSRUR]K\H�6WDWH�0HGLFDO�8QLYHUVLW\
'HSDUWPHQW�RI�%LRDQDO\WLFDO�&KHPLVWU\��1LLJDWD�8QLYHUVLW\�RI�3KDUPDF\�DQG�$SSOLHG�/LIH�6FLHQFHV�
1LLJDWD��-DSDQ

7KH� FRQGLWLRQV� RI� SLWDYDVWDWLQ� GHWHUPLQDWLRQ� E\
+3/&�89�PHWKRG�KDYH�EHHQ�H[DPLQHG��7KH�PHWKRG

RI� VROLG�SKDVH�H[WUDFWLRQ�RI�SLWDYDVWDWLQ�KDV�EHHQ

GHYHORSHG��3UHFLVLRQ�RI�UHFRYHU\�RI�SLWDYDVWDWLQ�KDV

EHHQ�GHWHUPLQHG�

,QWURGXFWLRQ
6WDWLQV��+0*�&R$�UHGXFWDVH�LQKLELWRUV��DUH�ZL�

GHO\�XVHG�IRU�WKH�WUHDWPHQW�RI�K\SHUFKROHVWHUROHPLD�
&OLQLFDO�WULDOV�LQ�SDWLHQWV�ZLWK�DQG�ZLWKRXW�FRURQDU\
KHDUW�GLVHDVH�DQG�ZLWK�DQG�ZLWKRXW�KLJK�FKROHVWHURO
KDYH�GHPRQVWUDWHG�FRQVLVWHQWO\�WKDW�VWDWLQV�UHGXFH�WKH
UHODWLYH� ULVN� RI� PDMRU� FRURQDU\� HYHQWV� E\� ���� DQG
SURGXFH� D� JUHDWHU� DEVROXWH� EHQHILW� LQ� SDWLHQWV� ZLWK
KLJKHU�EDVHOLQH�ULVN�>�@��7KH�EHQHILFLDO�HIIHFWV�RI�VWDWLQV
PD\�H[WHQG�EH\RQG�WKHLU�FKROHVWHURO�ORZHULQJ�HIIHFWV�
WR�LQFOXGH�VR�FDOOHG�SOHLRWURSLF�HIIHFWV��7KHVH�HIIHFWV
LQFOXGH� LPSURYLQJ� HQGRWKHOLDO� IXQFWLRQ�� DWWHQXDWLQJ
YDVFXODU�DQG�P\RFDUGLDO�UHPRGHOOLQJ��LQKLELWLQJ�YDV�
FXODU�LQIODPPDWLRQ�DQG�R[LGDWLRQ��DQG�VWDELOL]LQJ�DWKH�
URVFOHURWLF�SODTXHV�>�����@��6WDWLQV�DOVR�H[KLELW�LPSRU�
WDQW�DQWLWXPRU�DFWLYLWLHV�>�@�

&XUUHQWO\�IHZ�ELRDQDO\WLFDO�UHSRUWV�GHYRWHG�WR�GH�
WHUPLQDWLRQ� RI� SLWDYDVWDWLQ� DUH� NQRZQ�� 2QH� UHSRUW
GHVFULEHV�TXDQWLWDWLYH�GHWHUPLQDWLRQ�RI�SLWDYDVWDWLQ�LQ
SODVPD�E\�FROXPQ�VZLWFKLQJ�KLJK�SHUIRUPDQFH�OLTXLG
FKURPDWRJUDSK\� ZLWK� XOWUDYLROHW� GHWHFWLRQ� >�@�� 7KH
PHWKRG�LV�FRPSOLFDWHG��)RXU�DUWLFOHV�DUH�GHYRWHG�WR
WKH� DQDO\VLV� RI� SLWDYDVWDWLQ� LQ� ELRORJLFDO� VDPSOHV� E\
OLTXLG�FKURPDWRJUDSK\�WDQGHP�PDVV�VSHFWURPHWU\�>��
�������@��2QH�RI�WKHP�GHVFULEHG�VROLG�SKDVH�H[WUDFWLRQ
SURFHGXUH�>�@��7KH�PHWKRG�LV�FRPSOLFDWHG��QHHGV�WR
XVH�H[SHQVLYH�HTXLSPHQW��2MKD�HW�DO��SURSRVHG�+3/&
PHWKRG�ZLWK�IOXRUHVFHQFH�GHWHFWLRQ�IRU�WKH�GHWHUPL�
QDWLRQ�RI�WKH�SLWDYDVWDWLQ�LQ�KXPDQ�SODVPD�>�@�

$LPV�RI�WKH�VWXG\
7KH�DLP�RI�WKLV�ZRUN�ZDV�WR�GHYHORS�VLPSOH��IDVW�

DFFXUDWH��UHSURGXFLEOH��VHQVLWLYH�DQG�VHOHFWLYH�DQDO\WL�
FDO�PHWKRG�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�SLWDYDVWDWLQ
E\�+3/&�89�PHWKRG�

0DWHULDOV�DQG�0HWKRGV
&KHPLFDOV�DQG�UHDJHQWV
3LWDYDVWDWLQ�ZDV�SXUFKDVHG� IURP�)XQDNRVKL�&R��

/WG�� �7RN\R�� -DSDQ��� PHYDVWDWLQ� x� IURP� 6LJPD�
$OGULFK��&KHPLFDO�QDPHV�RI�SLWDYDVWDWLQ�DQG�PHYDV�
WDWLQ�DUH�VKRZQ�LQ�WKH�7DEOH���

7HWUDEXW\ODPPRQLXP�K\GUR[LGH��JODFLDO�DFHWLF�DFLG
DQG� PHWKDQRO� �+3/&� JUDGH�� ZHUH� REWDLQHG� IURP
:DNR� 3XUH� &KHPLFDO� ,QGXVWULHV� &R��� /WG�� �2VDND�
-DSDQ���6ROLG�SKDVH�H[WUDFWLRQ�FDUWULGJHV�%RQG�(OXWH
&�������PJ����P/��9DULDQ��86$��

6WDQGDUG�VROXWLRQV
&RPSRVLWH�VWRFN�VROXWLRQV����PJ�P/��RI�SLWDYDV�

WDWLQ� DQG� PHYDVWDWLQ� �LQWHUQDO� VWDQGDUG� �,6��� ZHUH
SUHSDUHG� E\� GLVVROYLQJ� DSSURSULDWH� DPRXQWV� RI� WKH
FRPSRXQGV� LQ� '062�� 7KHVH� VWRFN� VROXWLRQV� ZHUH
VWRUHG�DW�DSSUR[LPDWHO\���&�

$� VHULHV� RI� VWDQGDUG� VROXWLRQV� ZHUH� SUHSDUHG� E\
DSSURSULDWH� GLOXWLRQ� RI� WKH� DERYH�PHQWLRQHG� VWRFN
VROXWLRQ�LQ�PHWKDQRO�WR�UHDFK�WKH�FRQFHQWUDWLRQ�UDQJH
RI�������QJ�P/�

+3/&�V\VWHP
3LWDYDVWDWLQ�ZDV�GHWHUPLQHG�XVLQJ�D�KLJK�SHUIRUP�

DQFH�OLTXLG�FKURPDWRJUDSK\��+3/&��V\VWHP�FRQVLVW�
LQJ�RI� WKH�SXPS�/&��$��6KLPDG]X��.\RWR�� -DSDQ�
DQG�89�9,6�GHWHFWRU�/�������+LWDFKL��-DSDQ���7KH
/LQH�5HFRUGHU�&5��$�&+520$723$&��6KLPDG�
]X��.\RWR��-DSDQ��ZDV�XVHG�IRU�GDWD�UHFRUGLQJ��7KH
FRPSRXQGV� ZHUH� VHSDUDWHG� DW� ���&� RQ� WKH� ,QHUWVLO
2'6���FROXPQ����µP�����×����PP�,�'����*/�6FL�
HQFH�&R��/WG���7RN\R��-DSDQ��ZLWK�JXDUG�FROXPQ��7KH
GHWHFWLRQ�ZDV�FDUULHG�RXW�DW�����QP��)RU�SUHSDUDWLRQ
RI�WKH�PRELOH�SKDVH�����P/�RI�ZDWHU�ZDV�PL[HG�ZLWK
���P/�RI�����0�WHWUDEXW\ODPPRQLXP�K\GUR[LGH��DG�
MXVWHG� WR�S+�����ZLWK�FRQFHQWUDWHG�DFHWLF�DFLG�DQG
ZDWHU�XQWLO�����P/��VROXWLRQ�ZDV�PL[HG�ZLWK�����P/
RI�PHWKDQRO��0L[WXUH�ZDV�GHOLYHUHG�DW�D�IORZ�UDWH�RI
����P/�PLQ�

6HOHFWLRQ�RI�&KURPDWRJUDSKLF�&RQGLWLRQV
,QIOXHQFH�RI�S+��FRQFHQWUDWLRQ�RI�PHWKDQRO�RQ�WKH

UHWHQWLRQ�FKDUDFWHULVWLFV�ZDV�VWXGLHG�
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6DPSOH�3UHSDUDWLRQ
&DUH�ZDV�WDNHQ�WR�NHHS�WKH�VXQOLJKW�RII��$�FDUWULGJH

���P/��ZDV�DFWLYDWHG�ZLWK���P/�RI�0H2+�IROORZHG
E\���P/�RI�+�2�DW�YDFXXP���LQ�+J����P/�RI�VDPSOH
�PHWKDQROH� VROXWLRQ� RI� SLWDYDVWDWLQ� DQG�PHYDVWDWLQ�
ZDV�WUDQVIHUUHG�WR�D���P/�WHVW�WXEH�DQG�ZDV�GLOXWHG�E\
��P/�RI�ZDWHU��$IWHU�YRUWH[LQJ�IRU����V��WKH�VDPSOH
PL[WXUH� ZDV� ORDGHG� RQWR� WKH� SUHSDUHG� FDUWULGJH� DW
YDFXXP���LQ�+J��7KH�FDUWULGJH�ZDV�ZDVKHG�ZLWK���P/
���0H2+�DW�YDFXXP���LQ�+J�DQG�GULHG�DW�YDFXXP��
LQ�+J��7KH�DQDO\WH�ZDV�HOXWHG�ZLWK�����µ/�RI�0H2+�
$IWHU�GU\LQJ�XS�����PLQ�DW�YDFXXP���LQ�+J�WKH�HOXWHG
VROXWLRQ�ZDV�PL[HG�ZLWK�WKH�EXIIHU�VROXWLRQ��WHWUDEXW\O�
DPPRQLXP�K\GUR[LGH������PPRO�/��DFHWLF�DFLG�XQWLO
S+�������7KHQ�DOLTXRW�RI����µ/�ZDV�LQMHFWHG�LQWR�WKH
FKURPDWRJUDSKLF�V\VWHP�

3UHFLVLRQ�RI�5HFRYHU\
3UHSDUDWLRQ�RI�WKH�4XDOLW\�&RQWURO�VROXWLRQV
���6ROXWLRQ�RI�SLWDYDVWDWLQ�����QJ�P/���PHYDVWDWLQ

�LQWHUQDO�VWDQGDUG����QJ�P/������µ/�RI���µJ�P/�VR�
OXWLRQ� RI� SLWDYDVWDWLQ�ZDV�PL[HG�ZLWK� WKH� ���µ/� RI
���µJ�P/�VROXWLRQ�RI�PHYDVWDWLQ�DQG������µ/�0HWKDQRO�

���6ROXWLRQ�RI�SLWDYDVWDWLQ�����QJ�P/���PHYDVWDWLQ
�LQWHUQDO�VWDQGDUG����QJ�P/������µ/�RI���µJ�P/�RI
VROXWLRQ�RI�SLWDYDVWDWLQ�ZDV�PL[HG�ZLWK�WKH����µ/�RI
���µJ�P/�VROXWLRQ�RI�PHYDVWDWLQ�DQG������µ/�0HWKDQRO�

���6ROXWLRQ�RI�SLWDYDVWDWLQ�����QJ�P/���PHYDVWDWLQ
�LQWHUQDO�VWDQGDUG����QJ�P/� �����µ/�RI���µJ�P/�RI
VROXWLRQ�RI�SLWDYDVWDWLQ�ZDV�PL[HG�ZLWK�WKH����µ/�RI
���µJ�P/�VROXWLRQ�RI�PHYDVWDWLQ�DQG������µ/�0HWKDQRO�

3UHSDUDWLRQ�RI�6WDQGDUG�6ROXWLRQV
��� 6ROXWLRQ� RI� SLWDYDVWDWLQ���� QJ�P/��� PHYDVWDWLQ

�LQWHUQDO� VWDQGDUG� ���� QJ�P/��� ���µ/� RI� �� µJ�P/
VROXWLRQ�RI�SLWDYDVWDWLQ�ZDV�PL[HG�ZLWK�WKH����µ/�RI
���µJ�P/�VROXWLRQ�RI�PHYDVWDWLQ�DQG������µ/�0HWKDQRO�

���6ROXWLRQ�RI�SLWDYDVWDWLQ������QJ�P/���PHYDVWDWLQ
�LQWHUQDO� VWDQGDUG� ���� QJ�P/��� ���µ/� RI� �� µJ�P/
VROXWLRQ�RI�SLWDYDVWDWLQ�ZDV�PL[HG�ZLWK�WKH����µ/�RI
���µJ�P/�VROXWLRQ�RI�PHYDVWDWLQ�DQG������µ/�0HWKDQRO�

���6ROXWLRQ�RI�SLWDYDVWDWLQ������QJ�P/���PHYDVWDWLQ
�LQWHUQDO� VWDQGDUG� ����QJ�P/�������µ/�RI���µJ�P/
VROXWLRQ�RI�SLWDYDVWDWLQ�ZDV�PL[HG�ZLWK�WKH����µ/�RI
���µJ�P/�VROXWLRQ�RI�PHYDVWDWLQ�DQG������µ/�0HWKDQRO�

3UHSDUDWLRQ�RI�VROXWLRQ�IRU�LQMHFWLRQ�LQ�+3/&
����µ/�RI�HDFK�VWDQGDUG�VROXWLRQ�ZDV�PL[HG�ZLWK

WKH� EXIIHU� VROXWLRQ� �WHWUDEXW\ODPPRQLXP� K\GUR[LGH
�����PPRO�/��DFHWLF�DFLG�XQWLO�S+������

$OLTXRW�RI����µ/�ZDV� LQMHFWHG� LQWR� WKH� FKURPD�
WRJUDSKLF�V\VWHP�

5HVXOWV�DQG�'LVFXVVLRQ
&KURPDWRJUDSKLF�&RQGLWLRQV
7KH�VDWLVIDFWRU\�VHSDUDWLRQ�DQG�UHWHQWLRQ�FKDUDF�

WHULVWLFV�RI�SLWDYDVWDWLQ�DQG�PHYDVWDWLQ��LQWHUQDO�VWDQG�
DUG��DW�����RI�PHWKDQRO��DQG�����RI�EXIIHU��WHWUDEXW\O�
DPPRQLXP�K\GUR[LGH������PPRO�/��DFHWLF�DFLG�XQWLO
S+������ZHUH�REWDLQHG��7\SLFDO�FKURPDWRJUDP�RI�WKH
�����QJ�P/�RI�VROXWLRQ�RI�SLWDYDVWDWLQ�DQG�VROXWLRQ�RI
PHYDVWDWLQ������QJ�P/�LV�VKRZQ�LQ�)LJ�

/LPLW�RI�GHWHFWLRQ�DQG�TXDQWLILFDWLRQ
���:LWKRXW�VROLG�SKDVH�H[WUDFWLRQ
)RU� WKH�WKH�SLWDYDVWDWLQ�/2'�ZDV�DSSUR[LPDWHO\

���QJ�P/�DQG�/24�ZDV����QJ�P/��)RU�WKH�PHYD�
VWDWLQ�/2'�ZDV�DSSUR[LPDWHO\����QJ�P/�DQG�/24
ZDV�����QJ�P/�

���$IWHU�VROLG�SKDVH�H[WUDFWLRQ
)RU� WKH�WKH�SLWDYDVWDWLQ�/2'�ZDV�DSSUR[LPDWHO\

��QJ�P/�DQG�/24�ZDV����QJ�P/��)RU�WKH�PHYDVWDWLQ

7DEOH��

&KHPLFDO�QDPHV�RI�SLWDYDVWDWLQ�DQG�PHYDVWDWLQ

1DPH &KHPLFDO�QDPH

3LWDYDVWDWLQ 0RQRFDOFLXP�ELV^��5���6���(����>��F\FORSURS\O������IOXRURSKHQ\O����TXLQRO\O@�����GLK\GUR[\���KHSWHQRDWH`

0HYDVWDWLQ >��6��5��6��6��D5����>��>��5��5����K\GUR[\���R[RR[DQ���\O@HWK\O@���PHWK\O�
�����������D�KH[DK\GURQDSKWKDOHQ���\O@���6����PHWK\OEXWDQRDWH

)LJ��7\SLFDO�FKURPDWRJUDP�RI�VWDQGDUG�VROXWLRQV
RI�SLWDYDVWDWLQ�����DQG�PHYDVWDWLQ�����
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/2'� ZDV� DSSUR[LPDWHO\� �� QJ�P/� DQG� /24� ZDV
���QJ�P/�

3UHFLVLRQ�RI�5HFRYHU\
7KH�GDWD�RI�GHWHUPLQDWLRQ�RI�SUHVLFLRQ�RI�UHFRYHU\

DUH�VKRZQ�LQ�WKH�7DEOH���DQG���

&21&/86,216
���&RQGLWLRQV�RI�GHWHUPLQDWLRQ�RI�SLWDYDVWDWLQ�E\

+3/&�89�PHWKRG�ZHUH�H[DPLQHG�
��� 3UHFLVLRQ� RI� UHFRYHU\� RI� WKH� SLWDYDVWDWLQ� ZDV

GHWHUPLQHG�

5()(5(1&(6

���%LQ�'���0HQJ�;LDQJ�6���)HQJ�<��HW�DO�����-��&KURPDWRJU��%��x�������x�9RO�������x�3���������

���+XD�/���-LDQ�*XR�6���*XDQJ�-L�:��HW�DO�����&OLQLFD�&KLPLFD�$FWD��x�������x�9RO�������x�3��������

���-LDQ]KRQJ�6K��7���;LDR�;���-LDQ�/��HW�DO�����&KURPDWRJUDSK\��x�������x�9RO�������������x�3������������

���.RMLPD�-���)XMLQR�+���0RULNDZD�+���.LPDWD�+�����-��&KURPDWRJU��%��x�������x�9RO�������x�3����������

���0DURQ�'�-���)D]LR�6���/LQWRQ�0F5�)�����&LUFXODWLRQ��x�������x�9RO�������x�3����������

���2MKD�$���*XWWLNDU�6���9D\HGD�&K���3DGK�+�����&KLQHVH�-��&KURPDWRJUDSK\��x�������x�9RO����������x�3����������

���6DVVDQRD�$���3ODWDQLDV�/�&�����&DQFHU�/HWW��x�������x�9RO�������x�3��������

���7LDQ�/���+XDQJ�<���-LD�<��HW�DO�����-��&KURPDWRJU��%��x�������x�9RO�������x�3����������

���=KRX�4���/LDR�-�.�����&LUFXODWLRQ��-��x�������x�9RO������x�3����������

����=KRX�4���/LDR�-�.�����&XUU��3KDUP��'HV��x�������x�9RO������x�3����������
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7DEOH��

5HFRYHU\�GDWD�IRU�SLWDYDVWDWLQ�DQG�,6
�PHYDVWDWLQ���DFFRUGLQJ�WR�SHDN�DUHD�

1RPLQDO�FRQFHQWUDWLRQ
�QJ�P/�

; &9� ;±∆;

3LWDYDVWDWLQ���� ����� ������ �����±����

0HYDVWDWLQ���� ����� ������ �����±���

3LWDYDVWDWLQ���� ����� ������ �����±���

0HYDVWDWLQ���� ����� ������ �����±���

3LWDYDVWDWLQ���� ����� ������ �����±����

0HYDVWDWLQ���� ����� ������ �����±����

7DEOH��

5HFRYHU\�GDWD�IRU�SLWDYDVWDWLQ�DQG�,6
�PHYDVWDWLQ���DFFRUGLQJ�WR�SHDN�KHJKW�

1RPLQDO�FRQFHQWUDWLRQ
�QJ�P/�

; &9� ;±∆;

3LWDYDVWDWLQ���� ����� ������ �����±����

0HYDVWDWLQ���� ����� ������ �����±���

3LWDYDVWDWLQ���� ����� ������ �����±���

0HYDVWDWLQ���� ����� ������ �����±���

3LWDYDVWDWLQ���� ����� ������ �����±����

0HYDVWDWLQ���� ����� ������ �����±���
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