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+��0HNKD���*��5DGKLND���3�9��7UHVDPRO���DQG�
&��6XQDQGD�
'HSDUWPHQW�RI�$QLPDO�*HQHWLFV��
%UHHGLQJ�	�%LRVWDWLVWLFV�
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\��������7KULVVXU��.HUDOD�5HFHLYHG�����������

$FFHSWHG�����������

$EVWUDFW
&RPSDULVRQ�RI�(OHFWURQLF�'HWHFWRU��(&��

DQG�6RPDWLF�&HOO�&RXQWHU��6&&��LQ�GHWHFWLRQ�RI�
VXEFOLQLFDO�PDVWLWLV��NHHSLQJ�&DOLIRUQLD�0DVWLWLV�
7HVW� �&07�� DV� VWDQGDUG� LQ� FURVVEUHG� FDWWOH�
ZDV�GRQH��7KH�VHQVLWLYLW\��VSHFL¿FLW\��3RVLWLYH�
3UHGLFWLYH� 9DOXH� �339�� DQG�1RQ�3UHGLFWLYH�
9DOXH��139��ZHUH�FDOFXODWHG��.DSSD�YDOXH�RI�
(&�ZDV�KLJKHU�WKDQ�WKDW�RI�6&&�

.H\ZRUGV��&DOLIRUQLD�PDVWLWLV� 7HVW��
(OHFWURQLF� 'HWHFWRU�� VRPDWLF� FHOO� FRXQW��
VXEFOLQLFDO�PDVWLWLV

%RYLQH�PDVWLWLV� UHPDLQV� D� FRPSOH[�
GLVHDVH� DIIHFWLQJ� GDLU\� LQGXVWU\� DQG� LWV�
PDQDJHPHQW�LV�DQ�LQFUHDVLQJ�FKDOOHQJH�GXULQJ�
ODVW����\HDUV� �$ZDOH HW�DO��� �������(FRQRPLF�
GDPDJH�GXH� WR� VXEFOLQLFDO�PDVWLWLV�KDV�EHHQ�
PDLQO\�DWWULEXWHG�WR�WKH�IDFW�WKDW�D�VXEFOLQLFDOO\�
LQIHFWHG�FRZ�LV�D�FRQVWDQW�VRXUFH�RI�LQIHFWLRQ�WR�
RWKHU�FRZV�DQG�WR�PLON�SURGXFWLRQ�ORVV��6ZLQNHOV�
HW�DO����������7KLV�GLVHDVH�DOVR�SRVHV�WKH�ULVN�
IRU�WKH�WUDQVPLVVLRQ�RI�FHUWDLQ�]RRQRWLF�GLVHDVHV�
OLNH�7XEHUFXORVLV��%UXFHOORVLV��/HSWRVSLURVRVLV�
DQG�6WUHSWRFRFFDO�VRUH�WKURDW�WR�KXPDQ�EHLQJV�
�5DGRVWLWV�HW�DO���������

6XEFOLQLFDO�PDVWLWLV�LV�VXEWOH�DQG�PRUH�
GLIILFXOW� WR� GHWHFW� DIIHFWLQJ� WKH� TXDOLW\� DQG�

TXDQWLW\� RI�PLON�ZLWKRXW� DQ\� FOLQLFDO� VLJQV� RI�
LOOQHVV��,W�EULQJV�PRUH�HFRQRPLF�ORVV�WR�IDUPHUV�
WKDQ�FOLQLFDO�PDVWLWLV��(DUO\�GLDJQRVLV�RI�PDVWLWLV�
LV�LPSRUWDQW�EHFDXVH�LW�FDQ�VDYH�QRW�RQO\�PRQH\�
EXW�DOVR�WLPH�DQG�KHDOWK�VWDWXV�RI�WKH�DQLPDO��
9DULRXV�GLDJQRVWLF�WHFKQLTXHV�EDVHG�RQ�FXOWXUDO�
LVRODWLRQ�RI�RUJDQLVPV��SK\VLFDO�DQG�FKHPLFDO�
FKDQJHV�RI�PLON�KDYH�EHHQ�SUDFWLFHG�LQ�,QGLD�

7KH� VLPSOHVW� WHFKQLTXH�ZKLFK� GR� QRW�
UHTXLUH� DQ\� WUDLQHG� SHUVRQDOV� RU� ODERUDWRU\�
HTXLSPHQWV�� LV� WKH�XVH�RI�GHWHUJHQW�VROXWLRQV�
WR�GLDJQRVH�PDVWLWLV�ZKLFK�SURGXFH�FKDQJH�LQ�
WKH�VXUIDFH�WHQVLRQ��VWUXFWXUH�DQG�FRQGXFWLYLW\�
RI�FHOO�PHPEUDQH��GLVWXUE�WKH�RVPRWLF�EDODQFH�
DQG� FDXVH� FHOO� UXSWXUH��7KH�QXFOHDU�PDWHULDO�
WKDW� FRPHV� LQ� FRQWDFW� ZLWK� WKH� GHWHUJHQW�
LQFUHDVHV�WKH�YLVFRVLW\��0LGGOHWRQ�HW�DO���������
UHVXOWLQJ� LQ� WKH� IRUPDWLRQ�RI� ÀDNHV��&07� LV�D�
GHWHUJHQW�EDVHG�RQ�WKLV�SULQFLSOH�ZKLFK�LV�WKH�
HDVLHVW�FRZ�VLGH�WHVW�DQG�PRVW�RI�WKH�IDUPHUV�
DUH� � HTXLSSHG�ZLWK� WKLV�� DQG�KHQFH� WDNHQ�DV�
JROGHQ� VWDQGDUG� WHVW� LQ� WKLV� H[SHULPHQW�� ,W� LV�
WKH�UHOLDEOH�� LQH[SHQVLYH��UDSLG�VFUHHQLQJ�WHVW�
IRU�VXEFOLQLFDO�PDVWLWLV�EDVHG�RQ�WKH�DPRXQW�RI�
QXFOHDU�SURWHLQ�SUHVHQW�LQ�WKH�FRZ�PLON�VDPSOH��
,QFUHDVHG�LRQ�FRQFHQWUDWLRQ��1D��DQG�&O����LQ�WKH�
PDVWLWLV�PLON�LQFUHDVHV�LWV�HOHFWULFDO�FRQGXFWLYLW\�
�.LWFKHQ���������7KH�SULQFLSOH�EHKLQG�DXWRPDWLF�
HOHFWURQLF�GHWHFWRU�LV�WKDW�WKHUH�ZLOO�EH�UHGXFHG�

���096F�VFKRODU��'HSDUWPHQW�RI�$QLPDO�*HQHWLFV��%UHHGLQJ�	�%LRVWDWLVWLFV�&9$6��0DQQXWK\
���$VVLVWDQW�3URIHVVRU���'HSDUWPHQW�RI�$QLPDO�*HQHWLFV��%UHHGLQJ�	�%LRVWDWLVWLFV��&9$6��0DQQXWK\
���3URIHVVRU��'HSDUWPHQW�RI�(SLGHPLRORJ\�DQG��9HWHULQDU\�3UHYHQWLYH�0HGLFLQH��&9$6��0DQQXWK\
���$VVLVWDQW�3URIHVVRU��'HSDUWPHQW�RI�6WDWLVWLFV��&9$6��3RRNRGH
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HOHFWULFDO� UHVLVWDQFH�ZKHQ� LRQLF�FRQFHQWUDWLRQ�
RI�WKH�PDVWLWLV�PLON�LQFUHDVHV��7KH�SULQFLSOH�RI�
RSWLFDO�ÀXRUHVFHQFH�LQ�VWDLQLQJ�WKH�QXFOHDU�'1$�
ZDV�PDGH�XVH� LQ�'HODYDO� DXWRPDWLF� VRPDWLF�
FHOO�FRXQWHU�ZKLFK�LV�D�YHU\�UDSLG�WHFKQLTXH�EXW�
H[SHQVLYH�

7KH�REMHFWLYH�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�
GHWHFW�VXEFOLQLFDO�PDVWLWLV�E\�WKH�WKUHH�PHWKRGV�
DIRUHPHQWLRQHG� DQG� WR�PDNH� D� FRPSDUDWLYH�
VWXG\�EHWZHHQ�WKHP�
0DWHULDOV�DQG�0HWKRGV

$�WRWDO�RI�����FURVVEUHG�FDWWOH�PDLQWDLQHG�
DW� WKH�8QLYHUVLW\� /LYHVWRFN�)DUP��0DQQXWK\��
ZKLFK� ZHUH� DSSDUHQWO\� PDVWLWLV� IUHH� ZHUH�
VHOHFWHG�IRU�WKH�VWXG\��7KH�HYHQLQJ�PLON�VDPSOHV�
ZHUH� FROOHFWHG� DQG� XVHG� IRU� WKH� GHWHFWLRQ��
&07�DQG�HOHFWULFDO�FRQGXFWLYLW\�WHVW�ZHUH�GRQH�
DV� FRZ�VLGH� WHVWV�DQG�6&&�ZDV�GRQH�DW� WKH�
UHVHDUFK�ODERUDWRU\�XVLQJ�'H/DYDO�FRXQWHU�
&07

&07� LV� XVHG� RQ� IDUPV� WR� LGHQWLI\�
VXEFOLQLFDO�PDVWLWLV� E\� DQ� LQGLUHFW� HVWLPDWLRQ�
RI� VRPDWLF� FHOOV� LQ�PLON� �/HDFK�HW� DO��� �������
)RUHPLON�IURP�DOO�WKH�IRXU�TXDUWHUV�ZHUH�FROOHFWHG�
WR�WKH�&07�SDGGOH��$GGHG�HTXDO�DPRXQW�RI�&07�
UHDJHQW� DQG� VZLUOHG�ZHOO��2EVHUYHG� IRU� DQ\�
ÀDNH�RU�FORW�IRUPDWLRQ�ZKLFK�LQGLFDWHG�SRVLWLYH�
VDPSOHV��5HVXOWV�ZHUH�UHFRUGHG�DV����QHJDWLYH���
�� �WUDFH�VXEFOLQLFDO��� ��� �PLOG� SRVLWLYH��� ����
�FOLQLFDO�PDVWLWLV���6KDUPD��HW�DO���������
(OHFWURQLF�'HWHFWRU

(&�KDG�VROHO\�EHHQ�XVHG�IRU�GHWHFWLRQ�
RI� ERYLQH�PDVWLWLV� RQ� SKHQRW\SLF� OHYHO� DW� DQ�
HDUO\�VWDJH��1RUEHUJ���������7KH�GHYHORSPHQW�
RI�VXEFOLQLFDO��PDVWLWLV�ZDV�DFFRPSDQLHG�E\�D�
ULVH�LQ�OHYHO�RI�VDOW�LQ�WKH�PLON��ZKLFK�LPPHGLDWHO\�
ORZHUV�HOHFWULFDO�UHVLVWDQFH��0LON�ZDV�FROOHFWHG�
LQWR�WKH�FXS�RI�GHWHFWRU�WR�FKHFN�WKH�LQIHFWLRQ�
VWDWXV�RI�XGGHU�
,QWHUSUHWDWLRQ�RI�UHVXOWV

���5HDGLQJV�DERYH�����XQLWV�DUH�JLYHQ�
E\�PLON�VDPSOHV�RI�KLJK�TXDOLW\�

��� 5HDGLQJV� EHWZHHQ� ���� DQG� ����
XQLWV�DUH�JLYHQ�E\�VDPSOHV�ZLWK�SURJUHVVLYHO\�
LQFUHDVLQJ�LQFLGHQFH�RI�VXEFOLQLFDO�LQIHFWLRQ�

���5HDGLQJV�EHORZ�����XQLWV�DUH�JLYHQ�
ZKHQ� WKHUH� LV� UDSLG� LQFUHDVH� LQ� VHYHULW\� RI�
LQIHFWLRQ�

6RPDWLF�&HOO�&RXQW�E\�'HODYDO�FHOO�FRXQWHU
7KLV�FRXQWHU�RSHUDWHV�RQ�WKH�SULQFLSOH�RI�

RSWLFDO�ÀXRUHVFHQFH��ZKHUH�E\�SURSLGLXP�LRGLGH�
LV�XVHG�WR�VWDLQ�QXFOHDU�'1$�WR�HVWLPDWH�6&&�LQ�
PLON��9LJXLHU�HW�DO����������7KH�PLON�ZDV�FROOHFWHG�
LQ� VWHULOH� YLDO� DQG� FDUULHG� WR� WKH� UHVHDUFK� ODE�
ZKHUH�WKH�'HODYDO�FDVHWWH�ZDV�XVHG�WR�FRXQW�
WKH�VRPDWLF�FHOO��7KH�DYHUDJH�VRPDWLF�FHOO�FRXQW�
LQ�WKH�DQLPDOV�XQGHU�VWXG\�ZDV�REVHUYHG�WR�EH�
����FHOOV�SHU�PLFUROLWUH�DQG�KHQFH��WKH�VFRUH�RI�
����ZDV�¿[HG�IRU�VXEFOLQLFDOO\�LQIHFWHG�PLON�
6WDWLVWLFDO�$QDO\VLV

0F�1HPDU¶V� WHVW� ZDV� FDUULHG� RXW� WR�
FRPSDUH�WKH�SURSRUWLRQ�RI�VXEFOLQLFDOO\�LQIHFWHG�
DQLPDOV� LQ� ERWK� 6&&� DQG� (&� ZLWK� &07��
0HDVXUHPHQW�RI�DJUHHPHQW�EHWZHHQ�6&&�DQG�
(&�ZLWK�&07�ZDV�DOVR�GRQH�E\�XVLQJ�&RKHQ¶V�
.DSSD� VWDWLVWLFV�� 7KH� VHQVLWLYLW\�� VSHFLILFLW\��
SRVLWLYH� SUHGLFWLYH� YDOXH�� QHJDWLYH� SUHGLFWLYH�
YDOXH� ZHUH� DOVR� FDOFXODWHG� IRU� FRPSDULQJ�
WKH� HI¿FDF\� RI� WKH�6&&�DQG�(&� LQ� GHWHFWLQJ�
VXEFOLQLFDO�PDVWLWLV�FRPSDULQJ�WR�&07�

7KH� IROORZLQJ� GLDJQRVWLF� WHVW� FKDUDF�
WHULVWLFV�ZHUH�GHWHUPLQHG�XVLQJ�&07�DV�JROG�
VWDQGDUG�FRQWURO�WR�WHVW�WKH�HIIHFWLYHQHVV�RI�(&�
DQG�6&&�RYHU�&07�LQ�GHWHFWLRQ�RI�VXEFOLQLFDO�
PDVWLWLV�

5HVXOWV�DQG�'LVFXVVLRQ
2XW� RI� ���� FURVVEUHG� FDWWOH� VFUHHQHG�

IRU�VXEFOLQLFDO�PDVWLWLV�����VKRZHG�&07��WHVW��
DQG����VKRZHG�SRVLWLYH�LQ�HOHFWULFDO�FRQGXFWLYLW\�
WHVW�� ,QFUHDVHG�QXPEHU�RI�VRPDWLF�FHOOV�ZHUH�
QRWLFHG� LQ� ��� RI� WKH� VDPSOHV� XVLQJ�'HODYDO�
FRXQWHU��7KH�DFFXUDF\�RI�(&�DQG�6&&�ZDV�����
DQG������7DEOH����

7KH� SRVLWLYH� DQG� QHJDWLYH� SUHGLFWLYH�
YDOXHV�DQG�OLNHOLKRRG�UDWLRV�ZHUH�JLYHQ�LQ����7DEOH�
��� ,Q� WKH�SUHVHQW� LQYHVWLJDWLRQ�� WKH�VHQVLWLYLW\�
DQG�VSHFL¿FLW\�RI�WKH�(&�ZHUH�KLJKHU�WKDQ�WKDW�
RI�6&&��,W�LV�DFFHSWHG�WKDW�NDSSD�YDOXHV������
LQGLFDWH�SRRU�DJUHHPHQW��YDOXHV�EHWZHHQ�����
DQG������� IDLU� WR�JRRG�DJUHHPHQW�DQG�YDOXHV�
!������H[FHOOHQW�DJUHHPHQW��7KH�NDSSD�YDOXH�
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RI�(&�LV�������DQG�WKDW�IRU�6&&�LV��������7KLV�
VKRZV�WKDW�(&�H[KLELWHG�H[FHOOHQW�DJUHHPHQW�
ZLWK�&07�ZKLOH�6&&�KDG�D�IDLU�DJUHHPHQW�

&RQWLQXRXV�PRQLWRULQJ� RI� WKH� XGGHU�
KHDOWK�DQG�LWV�FDUHIXO�PDQDJHPHQW�LV�HVVHQWLDO�
IRU� WKH� ZHOO� EHLQJ� RI� GDLU\� LQGXVWU\� ZLWKRXW�
VXI¿FLHQW�HFRQRPLF�ORVV��7KLV�FDQ�EH�GRQH�E\�
WKH�GHWHFWLRQ�RI�XGGHU�LQÀDPPDWLRQ�DW�DQ�HDUO\�
VWDJH�DQG�LWV�PDQLSXODWLRQ�

,Q�WKH�SUHVHQW�VWXG\�(&�ZDV�IRXQG�WR�EH�
PRUH�VSHFL¿F�DQG�VHQVLWLYH�WKDQ�6&&��7KH�6&&�
LV�LQFUHDVHG�DERYH�WKH�QRUPDO�UDQJH�LQ�FDVH�RI�
LQÀDPPDWLRQ�RU�XGGHU�LQIHFWLRQV��7KH�SRVLWLYH�
UHDFWLRQ�RI�&07�VHHPHG�WR�GHSHQG�XSRQ�WKH�
FRQFHQWUDWLRQ�RI�VRPDWLF�FHOOV�LQ�PLON��6KDUPD�
HW�DO����������6&&�QHHGV�DGHTXDWH�ODERUDWRU\�
IDFLOLWLHV�DQG�PRQH\��KHQFH�&07�DQG�(&�ZHUH�
GHYHORSHG�DV�DOWHUQDWLYHV��3UHVHQW�¿QGLQJV�DUH�
FRQWUDGLFWHG�ZLWK�ZKDW�6KDUPD�HW�DO���������KDG�
UHSRUWHG� UHJDUGLQJ�6&&��(&�KDG�EHHQ�XVHG�
DV�DQ�HDUO\� LQGLFDWRU�RI�VXEFOLQLFDO�PDVWLWLV� LQ�
ZKLFK�WKHUH�ZLOO�EH�LQFUHDVHG�LRQ�FRQFHQWUDWLRQ�
ZKLFK�PD\�UHGXFH�HOHFWULFDO�UHVLVWDQFH��EXW�QRW�
DQ�LQGLFDWRU�RI�LQIHFWLRQ��7UHDWPHQW�FDQQRW�EH�
VWDUWHG�PHUHO\�RQ�WKH�YDOXH�EDVHG�RQ�HOHFWURQLF�
GHWHFWRU�

3DWHO� HW� DO�� ������� UHSRUWHG� KLJKHU�
UHOLDELOLW\�RI�&07����������IROORZHG�E\�0RGL¿HG�
:KLWH�6LGH�7HVW��0:67������������&07�FRXOG�
EH�XVHG�LQ�GDLU\�KHUG�PRQLWRULQJ�SURJUDPPHV�
DV�D�VFUHHQLQJ� WHVW� WR�GHWHFW� IUHVK�FRZV�ZLWK�
LQWUDPDPPDU\� LQIHFWLRQ� FDXVHG� E\� PDMRU�
SDWKRJHQV��%DUERVD�HW�DO���������UHSRUWHG�WKDW�
6&&� DQG�&07�ZHUH� GHSHQGHQW� DQG� KLJKO\�
FRUUHODWHG�IRU�GLDJQRVLV�RI�VXEFOLQLFDO�PDVWLWLV��

(OHFWULFDO�FRQGXFWLYLW\�RI�PLON�KDV�EHHQ�
XVHG� IRU� GLDJQRVLV� RI� VXEFOLQLFDO� PDVWLWLV��
7KH� VSHFL¿F� FRQGXFWDQFH�RI�PLON� UHÀHFWV� WKH�
FRQFHQWUDWLRQ�DQG�DFWLYLW\�RI�VRGLXP�DQG�FKORULGH�
LRQV��+LJKHU� YDOXHV� RI� WKHVH� LRQV� UHSUHVHQWV�
PDVWLWLV�� 7KH� FKDQJH� LQ� FRQFHQWUDWLRQ� LV�
GHWHFWHG�E\�GLJLWDO�GHWHFWRU��6KDKLG�HW�DO���������
UHSRUWHG�LQFUHDVHG�VHQVLWLYLW\�RI�(&�LQ�ERYLQH�
VXEFOLQLFDO�PDVWLWLV�ZKHQ�FRPSDUHG�WR�VXUI�¿HOG�
WHVW��S+�GHWHFWLRQ�DQG�1D2+�WHVW��)DUPHUV�FDQ�
HDVLO\�VFUHHQ�RXW� WKHLU�DQLPDOV� IRU�VXEFOLQLFDO�
PDVWLWLV� E\�XVLQJ�HOHFWURQLF�GHWHFWRU�DQG�FDQ�
EH�DEOH�WR� ORFDWH�WKH�DEQRUPDO�TXDUWHUV��7KLV�
WHFKQLTXH�JLYHV�WKH�UHVXOW�RQ�VSRW�DQG�FDQ�KHOS�
WR�NQRZ�WKH�VWDJH�RI�LQIHFWLRQ��

7KH� LQFUHDVH� LQ� LRQLF� FRQFHQWUDWLRQ�
VWDWXV� GXULQJ� WKH� EHJLQQLQJ� RI� VXEFOLQLFDO�
PDVWLWLV�HYHQ�EHIRUH� WKH�SUHVHQFH�RI�VRPDWLF�
FHOOV�PD\�KDYH�JLYHQ�(&�WKH�JUHDWHU�VSHFL¿FLW\�
DQG�DFFXUDF\� WKDQ�6&&�LQ� WKH�SUHVHQW�VWXG\�
5HIHUHQFHV
$ZDOH��0�0��� 'XGKDWUD�� *�*���$YLQDVK�� .���

&KDXKDQ��%�1���.DPDQL��'�5���0RGL��
&�0���3DWHO��+�%��DQG�0RG\��6�.��������
%RYLQH�PDVWLWLV��D�WKUHDW�WR�HFRQRP\��
2SHQ�$FFHVV���������

%DUERVD��&�%��� %HQDGHWWL�� (��� 5LEHLUR�� 6�&���
*XLPDUDHV�� (�&�� DQG�5LEHLUR�� 6�&��
������ 7KH� UHODWLRQVKLS� EHWZHHQ�
VRPDWLF� FHOO� FRXQW� �6&&�� DQG� UHVXOW�
RI� WKH�&DOLIRUQLD�0DVWLWLV�7HVW� �&07��
WR�GLDJQRVH�ERYLQH�PDVWLWLV��-��%LRVFL�
�����������

.LWFKHQ��%�� ������5HYLHZ�RI� WKH� SURJUHVV� RI�
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GDLU\� VFLHQFH�� %RYLQH�PDVWLWLV��0LON�
FRPSRVLWLRQDO� FKDQJHV� DQG� UHODWHG�
GLDJQRVWLF�WHVWV��-��'DLU\�5HV� �������
����

/HDFK��.�$���*UHHQ��0�-���%UHHQ��-�(���+X[OH\��
-�1�� DQG�0DFDXOD\��5�� ������8VH�RI�
GRPHVWLF�GHWHUJHQWV� LQ� WKH�&DOLIRUQLD�
PDVWLWLV�WHVW�IRU�KLJK�VRPDWLF�FHOO�FRXQWV�
LQ�PLON��9HW�5HF� �������������

0LGGOHWRQ�� -�5��� +DUGLQ�� '��� 6WHHYHQV�� %���
5DQGOH�� 5�� DQG�7\OHU�� -�� ������8VH�
RI� VRPDWLF� FHOO� FRXQWV� DQG�&DOLIRUQLD�
PDVWLWLV� WHVW� UHVXOWV� IURP� LQGLYLGXDO�
TXDUWHU� PLON� VDPSOHV� WR� GHWHFW�
VXEFOLQLFDO� LQWUDPDPPDU\� LQIHFWLRQ� LQ�
GDLU\�FDWWOH�IURP�D�KHUG�ZLWK�D�KLJK�EXON�
WDQN� VRPDWLF� FHOO� FRXQW��-��$PHULFDQ�
9HW��0HG��$VVR� �������������

�1RUEHUJ��(��������(OHFWULFDO�FRQGXFWLYLW\�RI�PLON�
DV�D�SKHQRW\SLF�DQG�JHQHWLF�LQGLFDWRU�RI�
ERYLQH�PDVWLWLV��D�UHYLHZ��/LYHVW��3URG���
6FL� ������������

3DWHO��3�5���5DYDO��6�.���5DR��1���0DQGDOL��*�&��
DQG�-DQL��5�*��������6WDWXV�RI�PDVWLWLV�
LQ�*XMDUDW� 6WDWH�� ,Q��3URFHHGLQJV� RI�
5RXQG�7DEOH�&RQIHUHQFH�RI�WKH�,QGLDQ�
$VVRFLDWLRQ� IRU� WKH� $GYDQFHPHQW�
RI� 9HWHULQDU\� 5HVHDUFK� �,$$95��
RQ�0DVWLWLV�� ������ )HEUXDU\�� ,95,��
,]DWQDJDU��,QGLD��SS��������

5DGRVWLWV�� 2�0��� %ORRG�� '�&��� *D\�� &�&���
+LQFKLII�� .�:�� DQG�+DQGHUVRQ�� -�$��
������9HWHULQDU\�0HGLFLQH���WK�HG���:��
%��6DXQGHUV�&RPSDQ\��/RQGRQ��8�.�

6KDKLG��0���6DELU��1���$KPHG��,���.KDQ��5�:���
,UVKDG��0���5L]ZDQ��0��DQG�$KPHG��6��
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