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+HSDWRWURSLF� YLUXVHV��ZKLFK� FDXVH� FKURQLF� OLYHU� GLVHDVHV�� UHPDLQ� RQH� RI� WKH�
PRVW� VHULRXV� SXEOLF� KHDOWK� FRQFHUQV� LQ� WKH� ZRUOG�� 9LUDO� KHSDWLWLV� LV� WKH� VHYHQWK�
OHDGLQJ� FDXVH� RI� GHDWK� ZRUOGZLGH�� DQG� DSSUR[LPDWHO\� ���� RI� WKHVH� GHDWKV� DUH�
DVVRFLDWHG�ZLWK� WKH�KHSDWLWLV�%�YLUXV� �+%9�� >�@��+%9�LV� IRXQG�DOO� RYHU� WKH�ZRUOG��
DQG�LWV�SUHYDOHQFH�GLIIHUV�GHSHQGLQJ�RQ�WKH�JHRJUDSKLF�UHJLRQV��7KH�ZRUVW�DIIHFWHG�
UHJLRQV�ZLWK�KLJK�UDWHV�RI�FKURQLF�+%9�LQIHFWLRQV��&+%��DUH� LQ�$IULFD��HVSHFLDOO\�
VXE�6DKDUDQ� $IULFD�� &HQWUDO� $VLD�� DQG� (DVW� $VLD� >�@�� +%9� LV� WR� SDUHQWHUDO�
WUDQVPLWWHG� LQIHFWLRQ�� ZKLFK� PHDQV� WKDW� WKH� YLUXV� LV� WUDQVPLWWHG� YLD� EORRG� DQG�RU�
RWKHU�ERG\�IOXLGV�XSRQ�WKH�FRQGLWLRQ�RI�VNLQ�RU�PXFRVDO�GDPDJH��1DWXUDO� LQIHFWLRQ�
URXWHV�LQFOXGH�VH[XDO�WUDQVPLVVLRQ��GLUHFW�VH[XDO�FRQWDFWV���YHUWLFDO��PRWKHU�WR�FKLOG�
WUDQVPLVVLRQ�GXULQJ�RU�DIWHU�ELUWK��DV�ZHOO�DV�JHUPLQDO�LQIHFWLRQ���GRPHVWLF�FRQWDFWV�
�GLUHFW�DQG�LQGLUHFW�LQFOXGLQJ�XVH�RI�FRPPRQ�K\JLHQH�LWHPV�ZLWK�DQ�LQIHFWHG�SHUVRQ��
HWF���� $UWLILFLDO� URXWHV� LQFOXGH� LQMHFWLQJ� GUXJ� XVHUV� �,'8�� LQIHFWLRQ� ZKHQ� XVLQJ�
LQIHFWHG�PDWHULDOV��YLD�PHGLFDO�SURFHGXUHV�ZLWK�WKH�XVH�RI�+%9�FRQWDPLQDWHG�WRROV��
EORRG�DQG�EORRG�SURGXFWV�WUDQVIXVLRQ��HWF��>�@��

,W� VKRXOG� EH� QRWHG� WKDW� WKH� PHWKRGV� RI� +%9� GHWHFWLRQ� LQ� PLGGOH� DQG� ORZ�
LQFRPH� FRXQWULHV�� GLIIHU� IXQGDPHQWDOO\� IURP� WKRVH� WKDW� DUH� XVHG� LQ� FRXQWULHV�ZLWK�
DFFHVV� WR� KLJK�FRVW� WHFKQRORJLHV� UHTXLULQJ� VSHFLDO�SXUSRVH� HTXLSPHQW� DQG� VNLOOHG�
SHUVRQQHO��0RVW�RI�WKH�UHODWHG�WHVWV�DUH�OLPLWHG�WR�WKH�GHWHFWLRQ�RI�KHSDWLWLV�%�VXUIDFH�
DQWLJHQ� �+%V$J��� ,W� LV� NQRZQ� WKDW� FKURQLF� LQIHFWLRQ� LV� FKDUDFWHULVHG� E\� SHUVLVWHQW�
+%V$J�SUHVHQFH� GXULQJ� DW� OHDVW� ��PRQWKV� �ZLWK�FRQFRPLWDQW�KHSDWLWLV�%�H� DQWLJHQ�
�+%H$J�� SUHVHQFH� RU� DEVHQFH��� DQG� LWV� OHYHO� LQ� EORRG� LV� WKH� PDLQ�PDUNHU� IRU� WKH�
GLVHDVH� GHYHORSPHQW� ULVN� DVVHVVPHQW� DQG� &+%� IRUHFDVWLQJ�� DV� ZHOO� DV� IRU� +%9�
GLDJQRVWLF�LQ�JHQHUDO��+RZHYHU��RQH�RI�&+%�QDWXUDO�SURJUHVVLRQ�IRUPV�LV�SUHVHQWHG�
E\� RFFXOW� KHSDWLWLV� %� LQIHFWLRQ� �2%,��� ZKLFK� LV� FKDUDFWHUL]HG� E\� +%9� '1$�
SHUVLVWHQFH� LQ� OLYHU� WLVVXH� DQG� H[WUHPHO\� ORZ� +%9� '1$� FRQFHQWUDWLRQ� ZLWK�
XQGHWHFWDEOH�+%V$J�OHYHO�LQ�SHULSKHUDO�EORRG�>�@��

$FFRUGLQJ�WR�YDULRXV�VRXUFHV��WKH�LQFLGHQFH�RI�RFFXOW�+%9�LQ�GLIIHUHQW�UHJLRQV�
RI�WKH�ZRUOG�UDQJHV�IURP����WR������VXFK�FRQIOLFWLQJ�UHVXOWV�DUH�DVVRFLDWHG�ZLWK�WKH�
VXUYH\HG� JURXSV�� GLIIHUHQW� OHYHOV� RI� +%9� SUHYDOHQFH� LQ� D� SDUWLFXODU� JHRJUDSKLFDO�
UHJLRQ�� DQG� GLIIHUHQFHV� LQ� WKH� PHWKRGV� XVHG� LQ� VWXGLHV� WKDW� KDYH� JUHDWHU� RU� OHVVHU�
VHQVLWLYLW\�>�@��

2QH� RI� WKH� WDVNV� UHTXLUHG� LV� WR� HVWLPDWH� WKH� SUHYDOHQFH� RI� &+%� DPRQJ�
FRQYHQWLRQDOO\�KHDOWK\�SHRSOH�DQG�LQ�ULVN�JURXSV��IRU�H[DPSOH��DPRQJ�+,9�LQIHFWHG�
LQGLYLGXDOV���
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7KH� SUHYDOHQFH� RI� FKURQLF� +%9� LQIHFWLRQ�� DV� PHDVXUHG� E\� WKH� KHSDWLWLV� %�
VXUIDFH�DQWLJHQ��+%V$J��SUHYDOHQFH��LV�������LQ�WKH�JHQHUDO�SRSXODWLRQ�DQG��������
LQ� WKH� KLJK�ULVN� XUEDQ� SRSXODWLRQ� LQ�9LHWQDP� >�@��9LHWQDP� LV� FXUUHQWO\� RQH� RI� WKH�
FRXQWULHV�ZLWK�WKH�KLJKHVW�PRUWDOLW\� UDWHV� IURP�OLYHU�FDQFHU�DVVRFLDWHG�PDLQO\�ZLWK�
+%9�LQIHFWLRQV�>�@��

7KH�DLP�RI�WKLV�VWXG\�ZDV�WKH�FRPSDUDWLYH�DQDO\VLV�SUHYDOHQFH�RI�VHURORJLFDO�
DQG� PROHFXODU� ELRORJLFDO� PDUNHUV� RI� YLUDO� KHSDWLWLV� %� DPRQJ� +,9�LQIHFWHG� DQG�
FRQGLWLRQDOO\�KHDOWK\�UHVLGHQWV�RI�+R�&KL�0LQK�&LW\��

���0$7(5,$/6�$1'�0(7+2'6�

7KH�PDWHULDO�ZDV�UHSUHVHQWHG�E\�ELRVDPSOHV�ZLWKRXW�SDWLHQW�LGHQWLILFDWLRQ�GDWD�
�SODVPD�DQG�ZKROH�EORRG�UHPQDQWV��REWDLQHG�GXULQJ�URXWLQH�VWXGLHV��7KH�VWXG\�ZDV�
DSSURYHG�E\� WKH�/RFDO�(WKLFV�&RPPLWWHH�RI� WKH�6DLQW�3HWHUVEXUJ�3DVWHXU� ,QVWLWXWH��
7KH�VWXG\�PDWHULDO�ZDV� UHSUHVHQWHG�E\�����DQG�����EORRG� VDPSOHV�FROOHFWHG�IURP�
+,9�LQIHFWHG�DQG�FRQGLWLRQDOO\�KHDOWK\��RXWSDWLHQWV�VHHNLQJ�JHQHUDO�KHDOWK�FKHFNXS��
UHVLGHQWV�RI�+R�&KL�0LQK�&LW\��UHVSHFWLYHO\���

7KH�(/,6$�H[DPLQDWLRQ�IRU�+%9�PDUNHUV�RFFXUUHQFH�LQYROYHG�+%V$J��DQWL�
+%V� ,J*�� DQWL�+%FRUH� ,J*� TXDOLWDWLYH� GHWHUPLQDWLRQ� �WHVW�V\VWHPV� E\�9HFWRU�%HVW�
&-6&�� 'LDJQRVWLF� 6\VWHPV� 53&�� LQ� FRPSOLDQFH�ZLWK� WKH�PDQXIDFWXUHU¶V�PDQXDOV��
)RU�SULPDU\�+%9�'1$�GHWHFWLRQ��QXFOHLF�DFLGV�ZHUH�H[WUDFWHG� IURP�EORRG� VHUXP�
XVLQJ� �5LER�3UHS�� FRPPHUFLDO� NLW� �&5,(�� 0RVFRZ��� 9LUXV� SUHVHQFH� WHVW� ZDV�
H[HFXWHG� E\� UHDO�WLPH� SRO\PHUDVH� FKDLQ� UHDFWLRQ� �3&5�� ZLWK� K\EULGL]DWLRQ�
IOXRUHVFHQFH� GHWHFWLRQ� XVLQJ� $PSOL6HQV�� +%9�)/� FRPPHUFLDO� NLW� �&5,(��
0RVFRZ��� )XUWKHU�� IRU� +%9� '1$� GHWHFWLRQ�� 3&5�EDVHG� PHWKRG� ZDV� XVHG�
GHYHORSHG� E\� 6DLQW�3HWHUVEXUJ� 3DVWHXU� ,QVWLWXWH� XQGHU� )HGHUDO� 6HUYLFH� IRU�
(SLGHPLRORJLFDO�DQG�+HDOWK�6XUYHLOODQFH��5RVSRWUHEQDG]RU���ZKLFK�DOORZV�WR�GHWHFW�
ORZ� +%9� '1$� FRQFHQWUDWLRQV� LQ� YDULRXV� FOLQLFDO� PDWHULDOV� DQG� XVH� DPSOLILHG�
SURGXFWV� IRU� VHTXHQFH� DQDO\VLV� >��� �@�� 7KHUHZLWK�� +%9� DPSOLILFDWLRQ�ZDV� DSSOLHG�
LQYROYLQJ�QHVWHG�3&5�E\�7DRUPLQD�2FFXOW�+%9�&RQVHQVXV�UHFRPPHQGDWLRQ�>�@��$W�
WKH�ILUVW�VWDJH��DV\PPHWULF�3&5�ZLWK�H[WHQGHG�ROLJRQXFOHRWLGHV�ZDV�SHUIRUPHG��DQG�
DW� WKH� VHFRQG� VWDJH�� WR� LQFUHDVH� WKH� VHQVLWLYLW\�� 3&5� ZDV� SHUIRUPHG� XVLQJ� WKH�
DPSOLILFDWLRQ� SURGXFW�RI� WKH� ILUVW� UHDFWLRQ� DQG� RQH� RI� WKH� QHVWHG� SDLUV� RYHUODSSLQJ�
SULPHUV�MRLQWO\�IODQNLQJ�WKH�FRPSOHWH�+%9�JHQRPH��6��3��&��;�JHQHV��>�����@��7KH�
DPSOLILFDWLRQ� SURGXFWV� ZHUH� SXULILHG� DQG� DQDO\]HG� IRU� WKH� IUDJPHQW� VL]H� DQG�
FRQFHQWUDWLRQ�� 6HTXHQFLQJ� UHDFWLRQV� ZHUH� SHUIRUPHG� DFFRUGLQJ� WR� WKH� LQVWUXFWLRQV�
IRU� WKH� $%,� 35,60� %LJ'\H� 7HUPLQDWRU� Y���� UHDJHQW� NLW�� �$SSOLHG� %LRV\VWHPV��
86$��� LQ� WULSOLFDWH�� RQ� IRUZDUG� DQG� UHYHUVH�SULPHUV��7KH�$%,�3ULVP������JHQHWLF�
DQDO\]HU��$SSOLHG�%LRV\VWHPV��86$��ZDV�XVHG�WR�LGHQWLI\�QXFOHRWLGH�VHTXHQFHV��7KH�
SULPDU\� DQDO\VLV� RI� WKH� REWDLQHG� IUDJPHQW� ZDV� SHUIRUPHG� DFFRUGLQJ� WR� %/$67�
DOJRULWKP� �KWWS���ZZZ�QFEL�QOP�QLK�TRY�%/$67�� LQ� FRPSDULVRQ� ZLWK� QXFOHRWLGH�
VHTXHQFHV� JLYHQ� LQ�*HQ%DQN� LQWHUQDWLRQDO�GDWDEDVH�� 7KH�REWDLQHG� VHTXHQFHV�ZHUH�
DOLJQHG� LQ� 0(*$Y������ ZLWK� XVH� RI� &OXVWDO:� DOJRULWKP�� IRU� SK\ORJHQHWLF� WUHHV�
FUHDWLRQ� DQG� VXEVHTXHQW� SK\ORJHQHWLF� DQDO\VLV�� GLVWDQFHV� EHWZHHQ� VHTXHQFHV� ZHUH�
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FRQVLGHUHG� E\� QHLJKERXU�MRLQLQJ� DOORZLQJ� WR� RSWLPL]H� WKH� WUHH� LQ� DFFRUGDQFH�ZLWK�
WKH� EDODQFHG�PLQLPXP� HYROXWLRQ� FULWHULRQ�� D� ERRWVWUDS� DQDO\VLV� IRU� ����� UHSOLFDV�
ZDV�SHUIRUPHG�WR�DVVHVV�WKH�FUHDWHG�WUHHV�UHOLDELOLW\�>��@��

6WDWLVWLFDO�GDWD�SURFHVVLQJ�ZDV�FDUULHG�RXW�XVLQJ�WKH�06�([FHO�DQG�3UL]P�����
�*UDSK3DG�6RIWZDUH� ,QF��� VRIWZDUH�SDFNDJH��7KH�³H[DFW´�&ORSSHU�3HDUVRQ� LQWHUYDO�
ZDV�XVHG�WR�HVWLPDWH�VWDWLVWLFDO�XQFHUWDLQW\��5HVXOWV�DUH�UHSUHVHQWHG�DV�D�PHGLDQ��0H��
LQGLFDWLQJ� ����FRQILGHQFH� LQWHUYDO� �����&,��� )LVKHU� H[DFW� WHVW� RU�<DWHV�FRUUHFWHG�
&KL�6TXDUHG� WHVW� ZDV� XVHG� WR� HYDOXDWH� VWDWLVWLFDO� VLJQLILFDQFH� RI� QXPHULF� GDWD�
REWDLQHG� GXULQJ� WKH� SDLUHG� FRPSDULVRQ� GHSHQGLQJ� RQ� VDPSOH� FKDUDFWHULVWLFV�� 7KH�
VLJQLILFDQFH�WKUHVKROG�ZDV�VHW�DW�S���������

���5(68/76�$1'�',6&866,21�

7KH� DQDO\VLV� RI� WKH� RYHUDOO� SUHYDOHQFH� RI� VHURORJLFDO� PDUNHUV� VKRZHG� WKDW�
DPRQJ�WKH�FRQGLWLRQDOO\�KHDOWK\�LQGLYLGXDOV�DQG�+,9�LQIHFWHG�SHUVRQV�+%V$J�ZHUH�
GHWHFWHG�LQ������������&,����������������DQG������������&,���������������RI�
LQGLYLGXDOV��UHVSHFWLYHO\��:KHQ�DQDO\]LQJ�WKH�RFFXUUHQFH�RI�PDUNHUV�LQ�WKH�JURXS�RI�
FRQYHQWLRQDOO\� KHDOWK\� SDWLHQWV�� GHSHQGLQJ� RQ� JHQGHU� DQG� DJH�� LW� ZDV� VKRZQ� WKDW�
DPRQJ�+%V$J�SRVLWLYH�LQGLYLGXDOV��PHQ�SUHYDLOHG���������FRPSDUHG�ZLWK�ZRPHQ�
���������7KXV��LQ�WKH�JURXS�RI�FRQYHQWLRQDOO\�KHDOWK\�LQGLYLGXDOV��WKH�SUHYDOHQFH�RI�
+%V$J�LQ�PHQ���������VLJQLILFDQWO\�H[FHHGHG�WKDW� LQ�ZRPHQ���������Ȥ�� ��������
ZLWK�S� ���������GHJUHH�RI�IUHHGRP��GI�� ����25� ������������&,����������������,Q�
WKH�+,9�LQIHFWHG�JURXS�WKH�SUHYDOHQFH�RI�+%V$J�DPRQJ�PHQ����������VKRZHG�DQ�
H[FHVV� LQ� ZRPHQ� ��������� 25 ������� S ����� ������ &,�� �������������� 7KH�
SUHYDOHQFH�RI�DQWL�+%V�,J�*��DQG�DQWL�+%FRUH�,J�*�LQ�WKH�VWXG\�JURXSV�ZHUH��������
DQG� ������� IRU� FRQGLWLRQDOO\� KHDOWK\� SHUVRQV�� DQG� ������� DQG� ������� IRU� +,9�
LQIHFWHG�LQGLYLGXDOV��UHVSHFWLYHO\��7KXV��RYHU�����FRQGLWLRQDOO\�KHDOWK\�SHUVRQV�DQG�
RYHU�����+,9�LQIHFWHG�LQGLYLGXDOV�KDG�FRQWDFW�ZLWK� WKH�YLUXV��ZKLFK� LV�FRQILUPHG�
E\� DQWL�+%FRUH� ,J*� DQG�RU� DQWL�+%V� ,J*� DQWLERG\� GHWHFWLRQ��+RZHYHU�� WKH� ORZHU�
SUHYDOHQFH� RI� &+%� VHURORJLFDO� PDUNHUV� LQ� +,9�LQIHFWHG� LQGLYLGXDOV� ZDV� QRW�
DVVRFLDWHG� ZLWK� DFWXDO� FDVHV� RI� +%9� LQIHFWLRQ�� EXW� ZLWK� VXSSUHVVLRQ� RI� YLUDO�
UHSOLFDWLRQ�� +%V$J� V\QWKHVLV�� DQG� UHGXFHG� LPPXQH� VWDWXV� RI� SDWLHQWV� GXH� WR� FR�
LQIHFWLRQ�ZLWK�+,9��$�VLPLODU�SLFWXUH�RI�WKH�+%9�VHURORJLFDO�PDUNHUV�RFFXUUHQFH�LQ�
WKH�SRSXODWLRQ�ZDV�SUHVHQW�LQ�WKH�ZRUNV�RI�RWKHU�UHVHDUFKHUV��)RU�H[DPSOH��DPRQJ�RI�
����DGXOWV��SUHYDOHQFH�RI�+%V$J��DQWL�+%V�,J�*�DQG�DQWL�+%FRUH�,J�*�ZHUH��������
������DQG��������UHVSHFWLYHO\�>�@���

,Q� WKH� H[DPLQDWLRQ� RI� ���� FOLQLFDO� EORRG� VHUXP� VDPSOHV� IURP� FRQGLWLRQDOO\�
KHDOWK\�SHUVRQV� IRU�+%9�'1$�SUHVHQFH�� WDNLQJ� LQWR� DFFRXQW�+%V$J�SRVLWLYH� DQG�
QHJDWLYH� VDPSOHV��&+%�ZDV� GHWHFWHG� LQ� ������� �����&,�� ��������������� ,Q� WKH�
JURXS�RI�+,9�LQIHFWHG�LQGLYLGXDOV��Q ������WDNLQJ�LQWR�DFFRXQW�+%V$J�SRVLWLYH�DQG�
QHJDWLYH�'1$� VDPSOHV��+%9�ZDV� GHWHFWHG� LQ� ������� �����&,�� ���������������
FDVHV��7KH�SUHYDOHQFH�RI�+%9�'1$�LQ�WKH�H[DPLQHG�JURXSV���������DQG���������
H[FHHGHG�WKH�SUHYLRXVO\�SXEOLVKHG�SUHYDOHQFH�UDWHV�IRU�WKH�YLUXV�LQ�WKH�SRSXODWLRQ�LQ�
UHJLRQ� )RU�H[DPSOH��WKH�SUHYDOHQFH�RI�FKURQLF�+%9�LQIHFWLRQ�LQ�JHQHUDO�SRSXODWLRQ�
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LV� ���������� >��@�� 3RROHG�+%9�SUHYDOHQFH�ZDV� ORZ� LQ� EORRG� GRQRUV� �������� EXW�
KLJK�LQ�DQWHQDWDO�SRSXODWLRQV����������DGXOWV�LQ�WKH�JHQHUDO�SRSXODWLRQ����������DQG�
LQ�LQSDWLHQWV�SUHVHQWLQJ�ZLWK�QRQ�KHSDWLF�LOOQHVV���������>��@��,W�FDQ�EH�DVVXPHG�WKDW�
WKLV� LV�GXH� WR�WKH�OLPLWDWLRQ�RI� WKH�PHWKRGV�XVHG��ZKLFK�GR�QRW�DOORZ�GHWHFWLQJ�WKH�
+%V$J�QHJDWLYH� IRUP� RI� WKH� FRXUVH� RI� &+%� DW� D� ORZ� YLUDO� ORDG�� 'HVSLWH� WKH�
FRQVLGHUDEOH�SXEOLF�KHDOWKFDUH�SUREOHPV�DVVRFLDWHG�ZLWK�+%9�LQ�9LHWQDP��LW�VKRXOG�
EH�QRWHG�WKDW�PRVW�VWXGLHV�RQ�WKLV�VXEMHFW�LQ�9LHWQDP�DUH�OLPLWHG�WR�PHDVXUHPHQW�RI�
+%9� VXUIDFH� DQWLJHQ�� ZKLOH� PROHFXODU� JHQHWLF� PHWKRGV� DOORZLQJ� PRUH� DFFXUDWH�
DVVHVVLQJ� +%9� SUHYDOHQFH� DQG� JHQRW\SLQJ� WKH� YLUXV� DUH� DYDLODEOH� RQO\� LQ� ODUJH�
FLWLHV¶�FHQWUDO�ODERUDWRULHV��2FFXOW�KHSDWLWLV�%�LQIHFWLRQ�RFFXUUHQFH�LV�YDU\LQJ�DURXQG�
WKH� ZRUOG�� KRZHYHU�� LW� LQ� JHQHUDO� FRUUHODWHV� ZLWK� +%9�PDQLIHVW� IRUP� RFFXUUHQFH�
>��@�� ,Q� RXU� VWXG\� VKRXOG� EH� QRWHG� KLJK� 2%,� RFFXUUHQFH� SHUFHQWDJH�� ZKLFK� LV�
SHFXOLDU� WR� WKH� UHJLRQV��ZKHUH� +%9� LV�ZLGHO\� RFFXUULQJ�� ,W� VKRXOG� EH� QRWHG�� WKDW�
+%9�KDV� WKH� KLJKHVW� SUHYDOHQFH� DPRQJ� ORZ�LQFRPH� SRSXODWLRQ� JURXSV�� LQFOXGLQJ�
UXUDO�SRSXODWLRQ��ZKLOH�RXU�VWXG\�LQFOXGHG�PDLQO\�SHUVRQV�ZLWK�UHODWLYHO\�IDYRXUDEOH�
VRFLDO�DQG�HFRQRPLF�SRVLWLRQ�E\�WKLV�UHJLRQ�VWDQGDUGV��:H�VXSSRVH�WKDW�H[DPLQDWLRQ�
LQ� SRRUHU� SHRSOH� JURXSV� RI� WKLV� JHRJUDSKLF� UHJLRQ� ZRXOG� LQGLFDWH� FRQVLGHUDEO\�
KLJKHU�UDWHV�RI�+%9�PROHFXODU�PDUNHUV�SUHYDOHQFH��

$OO� JHQRW\SHV� DQG� VHURW\SHV� KDYH�GLIIHUHQW�JHRJUDSKLF�GLVWULEXWLRQ��ZKLFK� LV�
FKDQJLQJ� YHU\� VORZO\� ZLWK� WLPH� UHIOHFWLQJ� WKH� YLUXV� SURSDJDWLRQ� SDWKV� UHODWHG� WR�
SHRSOH
V� PLJUDWLRQ�� DV� ZHOO� DV� SRVVLEOH� GLIIHUHQW� JHRJUDSKLFDO� RULJLQV� RI� GLIIHUHQW�
JHQRW\SHV��ZKLFK�DOORZV�XVLQJ�WKHP�DV�HSLGHPLRORJLFDO�PDUNHUV��7KHUHZLWK��LQ�PRVW�
UHJLRQV�ZLWK� UDUH� H[FHSWLRQV������SUHYDLOLQJ�JHQRW\SHV� DQG�VHYHUDO�PLQRU�RQHV� DUH�
FLUFXODWLQJ�LQFOXGLQJ�WKRVH�LPSRUWHG�IURP�RWKHU�DUHDV��7KH�WHQGHQF\�REVHUYHG�RYHU�
WKH�ODVW�\HDUV�WR�SUHYDOHQFH�GLVSODFHPHQW�RI�RQH�RU�DQRWKHU�+%9�JHQRW\SH�LQ�YDULRXV�
JHRJUDSKLF� DUHDV� GXH� WR� LQWHUQDWLRQDO� FRQWDFW� GHYHORSPHQW�� ODERU�PLJUDWLRQ� IORZV��
HVSHFLDOO\� IURP� WKH� UHJLRQV� ZLWK� KLJK� KHSDWRWURSLF� YLUXV� SUHYDOHQFH�� PDNHV� WKH�
FOLQLFLDQV�DQG�HSLGHPLRORJLVWV�SD\�IRFXVHG�DWWHQWLRQ�WR�KHSDWLWLV�%�HSLGHPLRORJLFDO�
VLWXDWLRQ�QRW�RQO\�LQ�WKHLU�UHJLRQ�EXW�DOVR�LQ�QHLJKERULQJ�RQHV�>��@��

3K\ORJHQHWLF�DQDO\VLV�RI�+%9�IURP�FRQGLWLRQDOO\�KHDOWK\�SHUVRQV�VKRZHG�WKH�
SUHYDOHQFH� RI� +%9� JHQRW\SH� %� ��������� FRPSDUHG� WR� JHQRW\SH� &� ����������
3K\ORJHQHWLF�DQDO\VLV�RI�+%9�IURP�+,9�LQIHFWHG�LQGLYLGXDOV�VKRZHG�WKH�SUHYDOHQFH�
RI�+%9�JHQRW\SH�%����������FRPSDUHG�WR�JHQRW\SH�&�����������:LWK�UHJDUG�WR�WKH�
GHHS�W\SLQJ�+%9�UHVXOWV��IURP�FRQGLWLRQDOO\�KHDOWK\�SHUVRQV�VXEW\SH�%��SUHYDOHQFH�
LV� �������� VXEW\SHV�&�� �� ��������%�� �� �������&�� �� �������&�� ��������� DQG�&��
��������� IURP� +,9�LQIHFWHG� LQGLYLGXDOV� VXEW\SH� %�� ��������� SUHYDLOHG� RYHU�
VXEW\SHV�ɋ������������%����������ɋ�����������DQG�&�����������2XU�UHVXOWV�RI�+%9�
JHQRW\SLQJ� LQGLFDWH� WKDW�+%9�JHQRW\SH�%�GRPLQDWHV� LQ� UHVLGHQWV�RI�+R�&KL�0LQK�
&LW\�� IROORZHG� E\� JHQRW\SH� &�� 7KLV� LV� FRQVLVWHQW� ZLWK� HDUOLHU� GDWD� SXEOLVKHG� LQ�
9LHWQDP��+RZHYHU��ZKLOH� LW� LV�NQRZQ�WKDW�2%,�JHQRW\SHV�DQG�VXE�W\SHV�FRUUHODWHV�
ZLWK�+%9�JHQRW\SHV�GLVWULEXWLRQ�LQ�D�SDUWLFXODU�UHJLRQ�>�@��OLWHUDWXUH�GDWD�RQ�RFFXOW�
+%9�HSLGHPLRORJLF�VLWXDWLRQV� LQ�9LHWQDP�DUH�YHU\� IHZ��:LWK�UHJDUG� WR� WKH�DERYH��
ZH�GHHPHG�LW�QHFHVVDU\�WR�DQDO\]H�+%9�JHQRW\SHV�GLVWULEXWLRQ�ZLWKLQ�WKH�REWDLQHG�
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VDPSOH� FROOHFWLRQ� LQ� WZR� JURXSV� �� LQ� WKH� +%V$J�SRVLWLYH� DQG� +%V$J�QHJDWLYH��
:KHQ�FRPSDULQJ�WKH�GLVWULEXWLRQ�RI�JHQRW\SHV�LQ�ERWK�JURXSV�GRHV�QRW�GLIIHU�IURP�
WKH� GLVWULEXWLRQ� LQ� WKH� WRWDO� JURXS�� EXW� VLJQLILFDQW� GLIIHUHQFHV� IURP� HDFK� RWKHU�
�Ȥ� ������� S �������� GI ���� 7KH� LGHQWLILHG� +%9� JHQRW\SHV� DQG� VXEW\SHV� DUH� LQ�
JHQHUDO� SHFXOLDU� WR� 9LHWQDP�� KRZHYHU�� WKH� VKRZQ� SURSRUWLRQ� FRQVLGHUDEO\� GLIIHUV�
IURP� WRWDO� GDWD�� 2XU� UHVXOWV� RI� +%9� JHQRW\SLQJ� LQGLFDWH� WKDW� +%9� JHQRW\SH� %�
RFFXUUHQFH� IUHTXHQF\�DPRQJ�+%V$J�SRVLWLYH� LQGLYLGXDOV� LV�PXFK�KLJKHU�� WKDQ� WKH�
FRUUHVSRQGLQJ�IUHTXHQF\�DPRQJ�2%,�SDWLHQWV��,QWHUHVWLQJO\��D� ORZHU�UHSUHVHQWDWLRQ�
RI�JHQRW\SH�%�DQG�KLJK�JHQRW\SH�&��ZKLFK�LV�VLPLODU�WR�RXU�UHVXOWV�IRU�2%,�SDWLHQWV��
ZDV�VKRZQ�DPRQJ�&+%�SDWLHQWV�LQ�1RUWKHUQ�9LHWQDP�>��@��:KLOH�LW�ZDV�VKRZQ�WKDW�
LQ�9LHWQDP�� JHQRW\SH�&�KDV� D�KLJKHU� ORDG� WKDQ�JHQRW\SH�%�DQG� LV� DVVRFLDWHG�ZLWK�
PRUH�VHYHUH�OLYHU�GLVHDVHV�>��@��DPRQJ�WKH�+%V$J�QHJDWLYH�VDPSOHV�ZH�H[DPLQHG��
JHQRW\SH� &� LVRODWHV� DUH� SUHVHQWHG�ZLWK� D� VLJQLILFDQWO\� ORZHU� YLUDO� ORDG�� ,W� FDQ� EH�
DVVXPHG� WKDW� WKH� GLDJQRVWLF� PHWKRGV� FRPPRQO\� XVHG� LQ� WKH� UHJLRQ� GR� QRW� DOORZ�
LGHQWLI\LQJ� WKHVH� FDVHV�� 'XH� WR� WKLV�� LQ� WKH� FDVHV� GHVFULEHG� LQ� WKH� OLWHUDWXUH�� WKH�
SUHYDOHQFH�RI�+%9�JHQRW\SH�&�LV�VRPHZKDW�ORZHU�WKDQ�ZDV�IRXQG�LQ�RXU�VWXG\��,Q�
DGGLWLRQ�� LQ� RXU� VWXG\�� D� VLJQLILFDQW� QXPEHU� RI� &�� VXEW\SH� VDPSOHV� �������
FRQGLWLRQDOO\� KHDOWK\� SHUVRQV�� ������ +,9�LQIHFWHG� LQGLYLGXDOV�� ZHUH� LGHQWLILHG�
DPRQJ� +%V$J�QHJDWLYH� VDPSOHV�� 3UHYLRXVO\�� FDVHV� RI� +%9� &�� GHWHFWLRQ� ZHUH�
UHSRUWHG��EXW�LQ�VLQJOH�TXDQWLWLHV��1HYHUWKHOHVV��ZKHQ�HYDOXDWLQJ�WKH�+%9�GLYHUVLW\�
SDWWHUQ� RQ� WKH� HQWLUH� H[DPLQHG� JURXS� PDWHULDO�� D� FORVH� JHQHWLF� UHODWLRQVKLS� RI�
PDQLIHVW� &+%� DQG� 2%,� LVRODWHV� EHFDPH� DSSDUHQW�� ZKLFK� DOVR� HYLGHQFHV� 2%,�
SUHYDOHQFH�LQ�WKH�UHJLRQ��,W�VKRXOG�EH�QRWHG�WKDW�DOO�+%9�VXEW\SHV�SUHVHQWHG�LQ�WKH�
VXUYH\HG�JURXS�DUH�DOVR�FRPPRQ� LQ�QHLJKERULQJ� FRXQWULHV��2Q� WKH�RWKHU�KDQG�� WKH�
GHPRQVWUDWHG�+%9�VXE�W\SHV�GLVWULEXWLRQ�DQG�VLPLODULW\�EHWZHHQ�VRPH�RI�WKHP�DQG�
LVRODWHV� IURP� RWKHU� $VLDQ� FRXQWULHV� SLHFHV� RI� HYLGHQFH� KLJK� LUUHJXODULW\� RI� WKHLU�
SUHYDOHQFH� LQ� 9LHWQDP�� 'HVSLWH� WKHLU� UDULW\�� FDVHV� RI� PL[HG� LQIHFWLRQ� DQG�
UHFRPELQDWLRQ�KDYH�EHHQ�UHSRUWHG�LQ�9LHWQDP��,Q�RXU�VWXG\��ZH�FRXOG�QHLWKHU�GHWHFW�
YLUDO�JHQRPH�UHFRPELQDWLRQ�RU�FDVHV�RI�FRLQIHFWLRQ�ZLWK�GLIIHUHQW�JHQRW\SHV�+%9��
2XU� OLPLWHG� QXPEHU� RI� VDPSOHV� PLJKW� DFFRXQW� IRU� WKH� DSSDUHQW� DEVHQFH� RI� ERWK�
UHFRPELQDWLRQ�DQG�FRLQIHFWLRQ��

���&21&/86,21�

2XU�ZRUN�KDV�VKRZQ�D�KLJK�LQFLGHQFH�RI�YLUDO�KHSDWLWLV�%�DPRQJ�FRQGLWLRQDOO\�
KHDOWK\�DQG�+,9�LQIHFWHG�UHVLGHQWV�RI�+R�&KL�0LQK�&LW\��3DUWLFXODU�DWWHQWLRQ�VKRXOG�
EH� SDLG� WR� WKH� KLJK� SUHYDOHQFH� RI� +%V$J�QHJDWLYH� +%9� LQ� WKH� UHJLRQ�� ZKLFK�
LQGLFDWHV�WKH�LQVXIILFLHQF\�RI�WKH�FXUUHQWO\�XVHG�PHWKRGV�ERWK�IRU�GHWHFWLQJ�WKH�YLUXV�
DQG�IRU�SUHYHQWLQJ��SURSK\OD[LV��LQIHFWLRQ��

5()(5(1&(6�

�� :RUOG� +HDOWK� 2UJDQL]DWLRQ� 6L[W\�QLQWK� ZRUOG� KHDOWK� DVVHPEO\� SURYLVLRQDO�
DJHQGD� LWHP�������'UDIW�JOREDO�KHDOWK� VHFWRU� VWUDWHJLHV��9LUDO� KHSDWLWLV�������
������ KWWS���DSSV�ZKR�LQW�JE�HEZKD�SGIBILOHV�:+$���$��B���HQ�SGI"XD ��
$FFHVV�GDWH��������������
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�� :RUOG� +HDOWK� 2UJDQL]DWLRQ�� +HSDWLWLV� %�� .H\� IDFWV�� ������ $YDLODEOH� DW��
KWWS���ZZZ�ZKR�LQW�QHZV�URRP�IDFW�VKHHWV�GHWDLO�KHSDWLWLV�E� $FFHVV� GDWH��
������������

�� :RUOG�+HDOWK�2UJDQL]DWLRQ�3UHYHQWLRQ�DQG�FRQWURO�RI�YLUDO�KHSDWLWLV�LQIHFWLRQ��
IUDPH� ZRUN� IRU� JOREDO� DFWLRQ� ������ *HQHYD�� :+2�� ������ $YDLODEOH� DW��
KWWSV���DSSV�ZKR�LQW�LULV�KDQGOH��������������$FFHVV�GDWH��������������

�� 5DLPRQGR�*���/RFDUQLQL�6���3ROOLFLQR�7���/HYUHUR�0���=RXOLP�)���$QQD�6��/RN��
7DRUPLQD�ZRUNVKRS�RQ�RFFXOW�+%9�LQIHFWLRQ�IDFXOW\�PHPEHUV��8SGDWH�RI� WKH�
VWDWHPHQWV�RQ�ELRORJ\�DQG�FOLQLFDO�LPSDFW�RI�RFFXOW�KHSDWLWLV�%�YLUXV�LQIHFWLRQ��
-��+HSDWRO������������������������

�� 0DOGRQDGR�5RGULJXH]� $��� &HYDOORV� $�� 0��� 5RMDV�0RQWHV� 2��� (QULTXH]�
1DYDUUR� .��� $OYDUH]�0XxR]� 0�� 7��� /LUD� 5��� 2FFXOW� KHSDWLWLV� %� YLUXV� FR�
LQIHFWLRQ� LQ� KXPDQ� LPPXQRGHILFLHQF\� YLUXV�SRVLWLYH� SDWLHQWV�� $� UHYLHZ� RI�
SUHYDOHQFH�� GLDJQRVLV� DQG� FOLQLFDO� VLJQLILFDQFH�� :RUOG� -�� +HSDWRO��� ������
�������������

�� *LVK�5��*���%XL�7��'���1JX\HQ�&��7���1JX\HQ�'��7���7UDQ�+��9���'LHP�0��7��
7UDQ��+X\�1��7ULQK��,QWHUQDWLRQDO�*URXS�IRU�/LYHU�+HDOWK�LQ�9LHW�1DP��/LYHU�
GLVHDVH�LQ�9LHW�1DP��VFUHHQLQJ��VXUYHLOODQFH��PDQDJHPHQW�DQG�HGXFDWLRQ��D���
\HDU�SODQ�DQG�FDOO�WR�DFWLRQ��-��*DVWURHQWHURO��+HSDWRO�������������������������

�� 'R�6��+���HW�DO���+LJK�SUHYDOHQFHV�RI�KHSDWLWLV�%�DQG�&�YLUXV�LQIHFWLRQV�DPRQJ�
DGXOWV� OLYLQJ� LQ� %LQK� 7KXDQ� SURYLQFH�� 9LHWQDP�� +HSDWRO�� 5HV��� ������
���������������

�� 2VWDQNRYD� <X�� 9��� 6HPHQRY� $�� 9��� 7RWROLDQ� $UHJ� $��� +HSDWLWLV� %� YLUXV�
LGHQWLILFDWLRQ� LQ� D� EORRG� SODVPD� DW� D� ORZ� YLUDO� ORDG�� .OLQLFKHVND\D�
/DERUDWRUQD\D�'LDJQRVWLND� �5XVVLDQ�&OLQLFDO� /DERUDWRU\�'LDJQRVWLFV��� ������
����������������

�� 2VWDQNRYD�<X��9���6HULNRYD�(��1���6HPHQRY�$��9���7RWROLDQ�$UHJ�$���0HWKRG�
IRU� KHSDWLWLV� %� YLUXV�'1$� GHWHFWLQJ� LQ� ELRORJLFDO�PDWHULDO� DW� ORZ� YLUDO� ORDG�
EDVHG�RQ�QHVWHG�3&5�ZLWK�GHWHFWLRQ�RQ�WKUHH�YLUDO�WDUJHWV�LQ�UHDO�WLPH�PRGH�
.OLQLFKHVND\D� /DERUDWRUQD\D� 'LDJQRVWLND� �5XVVLDQ� &OLQLFDO� /DERUDWRU\�
'LDJQRVWLFV������������������������LQ�5XVV����

��� %RXPEDO\�6���6HULNRYD�(��1���%DOGH�7��$��/���2VWDQNRYD�<X��9���6FKHPHOHY�
$��1���9DOXWLWH�'��(���=XHYD�(��%���6HPHQRY�$��9���7RWROLDQ�$UHJ�$���$PLQR�
DFLG�VXEVWLWXWLRQV� LQ�FRUH�DQG�+%V$J�UHJLRQV�RI�KHSDWLWLV�%�YLUXV� LQ�SDWLHQWV�
ZLWK�PRQRLQIHFWLRQ�DQG�+%9�+,9�FRLQIHFWLRQ�LQ�WKH�5HSXEOLF�RI�*XLQHD��+,9�
,QIHFWLRQ�DQG�,PPXQRVXSSUHVVLYH�'LVRUGHUV�����������������������

��� 7DPXUD�.���6WHFKHU�*���.XPDU�6���0(*$����0ROHFXODU�HYROXWLRQDU\�JHQHWLFV�
DQDO\VLV�YHUVLRQ�����0RO��%LRO��(YRO��������������������������
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��� 7UDQJ� 1�� +��� HW� DO��� 0ROHFXODU� FKDUDFWHULVWLFV� RI� KHSDWLWLV� %� YLUXV� �+%9��
LVRODWHG�IURP�FKURQLF�KHSDWLWLV�%�SDWLHQWV�LQ�6RXWK�9LHWQDP��9LUXV�(YRO���������
��6XSSO�����SLL��YHZ����������

��� )ORZHU�%���'X�+RQJ�'���9X�7KL�.LP�+���3KDP�0LQK�.���*HVNXV�5��%���'D\�-���
&RRNH�*��6���6HURSUHYDOHQFH�RI�KHSDWLWLV�%��&�DQG�'�LQ�9LHWQDP��$�V\VWHPDWLF�
UHYLHZ�DQG�PHWD�DQDO\VLV��/DQFHW�5HJ��+HDOWK�:HVW�3DF���������������������

��� .LVKN�5���$WWD�+��$���5DJKHE�0���.DPHO�0���0HWZDOO\�/���1HPU�1���*HQRW\SH�
FKDUDFWHUL]DWLRQ� RI� RFFXOW� KHSDWLWLV� %� YLUXV� VWUDLQV� DPRQJ� (J\SWLDQ� FKURQLF�
KHSDWLWLV�&�SDWLHQWV��(DVW��0HGLWHUU��+HDOWK��-�������������������������

��� 6FKZHLW]HU�$���+RUQ�-���0LNRODMF]\N�5��7���.UDXVH�*���2WW�-��-���(VWLPDWLRQV�RI�
ZRUOGZLGH� SUHYDOHQFH� RI� FKURQLF� KHSDWLWLV� %� YLUXV� LQIHFWLRQ�� D� V\VWHPDWLF�
UHYLHZ� RI� GDWD� SXEOLVKHG� EHWZHHQ� ����� DQG� ������ 7KH� /DQFHW�� ������
�����������������������

��� 7UXRQJ�%��;���6HR�<���<DQR�<���+R�3��7���3KXRQJ�7��0���/RQJ�'��9���6RQ�1��
7���/RQJ�1��&���.DWR�+���+D\DVKL�<���7UDFK�1��.���.DVXJD�0���*HQRW\SH�DQG�
YDULDWLRQV�LQ�FRUH�SURPRWHU�DQG�SUH�FRUH�UHJLRQV�DUH�UHODWHG�WR�SURJUHVVLRQ�RI�
GLVHDVH� LQ�+%9�LQIHFWHG� SDWLHQWV� IURP�1RUWKHUQ� 9LHWQDP�� ,QW�� -��0RO��0HG���
���������������������

6800$5<�

&203$5$7,9(�$1$/<6,6�2)�7+(�&+521,&�9,5$/�+(3$7,7,6�%�
0$5.(56�35(9$/(1&(�,1�+,9�,1)(&7('�$1'�&21',7,21$//<�

+($/7+<�5(6,'(176�2)�+2�&+,�0,1+�&,7<�

7KH� SUHYDOHQFH� RI� FKURQLF� +%9� LQIHFWLRQ�� DV� PHDVXUHG� E\� WKH� KHSDWLWLV� %�
VXUIDFH�DQWLJHQ��+%V$J��SUHYDOHQFH��LV�������LQ�WKH�JHQHUDO�SRSXODWLRQ�DQG��������
LQ� WKH� KLJK�ULVN� XUEDQ� SRSXODWLRQ� LQ� 9LHWQDP�� 9LHWQDP� LV� FXUUHQWO\� RQH� RI� WKH�
FRXQWULHV�ZLWK�WKH�KLJKHVW�PRUWDOLW\� UDWHV� IURP�OLYHU�FDQFHU�DVVRFLDWHG�PDLQO\�ZLWK�
+%9� LQIHFWLRQV�� 2QH� RI� &+%� QDWXUDO� SURJUHVVLRQ� IRUPV� LV� SUHVHQWHG� E\� RFFXOW�
KHSDWLWLV�%�LQIHFWLRQ��2%,���ZKLFK�LV�FKDUDFWHUL]HG�E\�+%9�'1$�SHUVLVWHQFH�LQ�OLYHU�
WLVVXH�DQG�H[WUHPHO\�ORZ�+%9�'1$�FRQFHQWUDWLRQ�ZLWK�XQGHWHFWDEOH�+%V$J�OHYHO�
LQ�SHULSKHUDO�EORRG��2QH�RI�WKH�WDVNV�UHTXLUHG�LV�WR�HVWLPDWH�WKH�SUHYDOHQFH�RI�&+%�
DQG� 2%,� DPRQJ� FRQYHQWLRQDOO\� KHDOWK\� SHRSOH� DQG� LQ� ULVN� JURXSV� �IRU� H[DPSOH��
DPRQJ� +,9�LQIHFWHG� LQGLYLGXDOV��� 7KH� DQDO\VLV� RI� WKH� RYHUDOO� SUHYDOHQFH� RI�
VHURORJLFDO�PDUNHUV� VKRZHG� WKDW� DPRQJ� WKH� FRQGLWLRQDOO\� KHDOWK\� LQGLYLGXDOV� DQG�
+,9�LQIHFWHG� SHUVRQV� +%V$J� ZHUH� GHWHFWHG� LQ� ������ DQG� ������ RI� LQGLYLGXDOV��
UHVSHFWLYHO\�� 7KH� SUHYDOHQFH� RI� +%9�'1$� LQ� WKH� H[DPLQHG� JURXSV� �������� DQG�
�������� H[FHHGV� WKH� SUHYLRXVO\� SXEOLVKHG� SUHYDOHQFH� UDWHV� IRU� WKH� YLUXV� LQ� WKH�
SRSXODWLRQ�LQ�UHJLRQ��2XU�UHVXOWV�RI�+%9�JHQRW\SLQJ�LQGLFDWH�WKDW�+%9�JHQRW\SH�%�
GRPLQDWHV� LQ� UHVLGHQWV� RI� +R� &KL�0LQK�&LW\�� IROORZHG� E\� JHQRW\SH�&�� +RZHYHU��
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+%9�JHQRW\SH�%�RFFXUUHQFH�IUHTXHQF\�DPRQJ�+%V$J�SRVLWLYH�LQGLYLGXDOV�LV�PXFK�
KLJKHU�� WKDQ� WKH� FRUUHVSRQGLQJ� IUHTXHQF\� DPRQJ�2%,� SDWLHQWV�� ,Q� DGGLWLRQ�� LQ� RXU�
VWXG\�� D� VLJQLILFDQW� QXPEHU� RI� &�� VXEW\SH� VDPSOHV� ������� FRQGLWLRQDOO\� KHDOWK\�
SHUVRQV�� ������+,9�LQIHFWHG� LQGLYLGXDOV��ZHUH� LGHQWLILHG� DPRQJ�+%V$J�QHJDWLYH�
VDPSOHV�� 7KH� UHVXOWV� REWDLQHG� LQ� WKLV� ZRUN� GHPRQVWUDWH� D� KLJK� SUHYDOHQFH� RI�
&+%�2%,�LQ�WKH�UHJLRQ�DQG�LQGLFDWH�WKH�QHHG�IRU�IXUWKHU�ODUJH�VFDOH�VWXGLHV�RI�+%9�
LQ�RUGHU�WR�LPSURYH�VWUDWHJLHV�IRU�GLVHDVH�FRQWURO�DQG�SUHYHQWLRQ�LQ�WKH�9LHWQDP��

.H\ZRUGV��+%9��PDUNHUV�RI�YLUDO�KHSDWLWLV��PROHFXODU�HSLGHPLRORJ\��VXEW\SH��
FRQGLWLRQDOO\�KHDOWK\�UHVLGHQWV��+,9�LQIHFWHG�LQGLYLGXDOV��FRLQIHFWLRQ��+R�&KL�0LQK�
&LW\��

1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

����6DLQW�3HWHUVEXUJ�3DVWHXU�,QVWLWXWH��6DLQW�3HWHUVEXUJ��5XVVLD�
����65&�9%�©9HFWRUª�RI�5RVSRWUHEQDG]RU��(NDWHULQEXUJ��5XVVLD�
����3DVWHXU�,QVWLWXWH�LQ�+R�&KL�0LQK�&LW\��+R�&KL�0LQK�&LW\��9LHWQDP��

/LrQ�K͏��2VWDQNRYD�<XOLLD�9ODGLPLURYQD

+HDG�RI�WKH�/DERUDWRU\�RI�9LURORJ\�DQG�,PPXQRORJ\�+,9��6HQLRU�
5HVHDUFKHU�DW�WKH�/DERUDWRU\�RI�0ROHFXODU�,PPXQRORJ\�6W��3HWHUVEXUJ�
3DVWHXU�,QVWLWXWH��5XVVLDQ�)HGHUDWLRQ���������6W��3HWHUVEXUJ��VW��0LUD������
7HO����������������������������������������
(�PDLO��RVWDQNRYD#SDVWHXURUJ�UX


