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5DGLDWLRQ� ([SRVXUH� LQ� 1XFOHDU� 0HGLFLQH�� 5HDO�7LPH�0HDVXUHPHQW
,DUD�6\OYDLQ� DQG�%HUQDUG�%RN����� 'HSW� RI� 1XFOHDU� 0HGLFLQH� RI� WKH� %HDXMRQ� +RVSLWDO�� LDUD�V\OYDLQ#EMQ�DS�KRS�SDULV�IU�� � ������ &OLFK\�� )UDQFH����������� %LRSK\VLFV�/DERUDWRU\�RI��WKH�;��%LFKDW�8QLYHUVLW\��EHUQDUG�ERN#EMQ�DS�KRS�SDULV�IU��������3DULV��)UDQFH

$%675$&7
)UHQFK�UHJXODWLRQV�KDYH�LQWURGXFHG�WKH�XVH�RI�HOHFWURQLF�GRVLPHWHUV�IRU�SHUVRQDO�PRQLWRULQJ�RI�ZRUNHUV��,Q�RUGHU�WR�HYDOXDWH� WKH� H[SRVXUH� IURP� GLDJQRVWLF� SURFHGXUHV� WR� QXFOHDU� PHGLFLQH� VWDII�� LQGLYLGXDO� ZKROH�ERG\� GRVHV� ZHUH�PHDVXUHG�GDLO\�ZLWK�HOHFWURQLF��GLJLWDO��SHUVRQDO�GRVLPHWHUV�GXULQJ����FRQVHFXWLYH�ZHHNV�DQG�FRUUHODWHG�ZLWK�WKH�ZRUN� ORDG� RI� HDFK� GD\�� 3HUVRQDO� GRVHV� UHPDLQHG� DOZD\V� EHORZ� ��� �6Y�G� XQGHU� QRUPDO� ZRUNLQJ� FRQGLWLRQV��5DGLDWLRQ� H[SRVXUH� OHYHOV� ZHUH� KLJKHVW� WR� WHFK� VWDII�� QXUVHV� DQG� VWUHWFKHU�EHDUHUV�� 7KH H[WUDSRODWHG� DQQXDO�FXPXODWLYH�GRVHV�IRU�DOO�VWDII�UHPDLQHG�OHVV�WKDQ������RI�WKH�PD[LPXP�OHJDO�OLPLW�IRU�H[SRVHG�ZRUNHUV����P6Y�\U���(OHFWURQLF� GRVLPHWHUV� DUH� QRW� WHFKQLFDOO\� MXVWLILHG� IRU� URXWLQH� VXUYH\� RI� VWDII�� 7KH� KLJK� VHQVLWLYLW\� DQG� LPPHGLDWH�UHDGLQJ�RI�HOHFWURQLF�VHPLFRQGXFWRU�GRVLPHWHUV�PD\�EHFRPH�YHU\�XVHIXO�IRU�H[SRVXUH�FRQWURO�XQGHU�ULVN\�ZRUNLQJ�FRQGLWLRQV��,W�PD\�EHFRPH�DQ�LPSRUWDQW�KHOS�IRU�RSWLPLVLQJ�UDGLDWLRQ�SURWHFWLRQ�
.H\�ZRUGV��'RVLPHWU\��H[SRVXUH��HOHFWURQLF�GRVLPHWHUV��SHUVRQDO�PRQLWRULQJ��HTXLYDOHQW�GRVH

 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
7KH�������(XUDWRP�'LUHFWLYH�KDV� LQWURGXFHG�QHZ�FRQVWUDLQWV� IRU� LQGLYLGXDO� GRVLPHWU\� RI� ZRUNHUV��,&53�� ������� 6RPH� (XURSHDQ� FRXQWULHV� KDYH�DOUHDG\�LQWURGXFHG�WKH�XVH�RI�HOHFWURQLF�GRVLPHWHUV�WR� PRQLWRU� H[WHUQDO� UDGLD WLRQ� RI� H[SRVHG� VWDII��)UHQFK� UHJXODWLRQV� IRU� RSWLPLVDWLRQ� RI� UDGLDWLRQ�SURWHFWLRQ�RI�ZRUNHUV�KDYH� LQWURGXFHG�D�UHDO �WLPH�GRVLPHWU\� WKDW� LV� FRPSOHPHQWDU\� WR� SDVVLYH�SHUVRQDO� PRQLWRULQJ� �'HFUHH� Q R�� ���� ������2UGHU�RI� 0DU� ���� ������� (YHU\� ZRUNHU� FODVVLILHG� D V�³UDGLDWLRQ� H[SRVHG´� DQG� ZRUNLQJ� LQ� D� FRQWUROOHG�DUHD� PXVW� XVH� DQ� HOHFWURQLF� GRVLPHWHU� IRU� WKHLU�SHUVRQDO� PRQLWRULQJ�� 7KH� UDGLDWLRQ� SURWHFWLRQ� RI�ZRUNHUV�KDV�EHHQ�VDWLVIDFWRU\�EHIRUH�WKH�DGYHQW�RI�UHDO�WLPH� GRVLPHWU\�� 7KH� HYDOXDWLRQ� E\� GRVLILOPV�

KDV� EHHQ� VKRZQ� WKDW� QRERG\� ZRUNLQJ� LQ� QXFOHDU�PHGLFLQH��10��UHFHLYHG�DQ�LQGLYLGXDO�GRVH�DERYH�WKH�PD[LPXP� OHJDO� OLPLW� �235,�� ������$XEHUW� HW�DO��� ������� 2QO\� DSSUR[LPDWHO\� �� �� RI� ZRUNHUV�KDYH� D� UDGLDWLRQ� H[SRVXUH� HTXLYDOHQW� WR� ����� RI�WKH� PD[LPXP� OLPLW�� %XW�� WKH� HO HFWURQLF� SHUVRQDO�GRVLPHWHUV� �(3'��DUH�YHU\� DWWUDFWLYH� IRU�SHUVRQDO�PRQLWRULQJ�EHFDXVH�WKH�VHPLFRQGXFWRU�GHWHFWLRQ�LV�XS�WR�WZR�KXQGUHG�WLPHV�PRUH�VHQVLWLYH�WKDQ�ILOPV��(3'� SURYLGH� UHDO�WLPH� GRVH� DQG� UDWH� GRVH�� (3'�DUH� HTXLSSHG� ZLWK� DQ� DXGLEOH� DODUP�� 7KLV� DODUP�PD\� EH� XVHIXO� LQ� VLWXDWLRQV� RI� UDGLRORJLFDO�LQFLGHQW�� 7KH� WHVWV� RI� (3'� UDGLRORJLFDO�SHUIRUPDQFHV� KDYH� VKRZQ� DQ� DFFHSWDEOH�UHSURGXFLELOLW\�� OLQHDULW\� DQG� HQHUJ\� UHVSRQVH� IRU�WKH� UDGLRQXFOLGHV� XVHG� LQ� QXFOHDU� PHGLFLQH��DOORZLQJ� D� JRRG� DFFXUDF\� RI� WKH� PHDVXUHPHQWV�
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�7H[LHU�HW�DO���������2UWHJD�HW�DO��������+LPLQJ�	�<XHQ�� ������� 7KH� JRDO� RI� WKLV� VWXG\� ZDV� WR�HYDOXDWH� WKH�H[SRVXUH� IURP�GLDJQRVWLF�SURFHGXUHV�WR�10�VWDII�E\�HOHFWURQLF�SHUVRQDO�GRVLPHWHUV�� LQ�RUGHU�WR�LPSURYH�WKH�ZRUNLQJ�FRQGLWLRQV�DOORZLQJ�WR RSWLPLVH�WKH�UDGLDWLRQ�SURWHFWLRQ�
0$7(5,$/6�$1'�0(7+2'6
5HDO�WLPH� GRVLPHWU\� HYDOXDWLRQV� ZHUH� SHUIRUPHG�LQ� WKH� QXFOHDU� PHGLFLQH� GHSDUWPHQW�� ,QGLYLGXDO�ZKROH�ERG\� GRVHV� ZHUH� PHDVXUHG� GDLO\� ZLWK�HOHFWURQLF� SHUVRQDO� GRVLPHWHUV� �(3'� 0N� �6LHPHQV��� )LUVW�� HOHFWURQLF� SHUVRQDO� PRQLWRULQJ�ZDV�SHUIRUPHG�RQ�HYHU\ERG\�ZRUNLQJ�IXOO�WLPH�LQ�D�FRQWUROOHG�DUHD��2QH�SKDUPDFLVW��WZR�QXUVHV��ILYH�WHFK� VWDII� DQG� WZR� ODE� WHFKQLFLDQV� ZHUH� WKHQ�PRQLWRUHG� GXULQJ� ��� FRQVHFXWLYH�ZHHNV�� 6HFRQG��WKH� HTXLYDOHQW� GRVHV� ZHUH� HYDOXDWHG WR� RWKHU�SURIHVVLRQDOV� ZRUNLQJ� QRW� H[FOXVLYHO\� LQ�

FRQWUROOHG� DUHD� EXW� ZKR� DUH� VRPHWLPHV� DURXQG�SDWLHQWV� XQGHUJRLQJ� VFLQWLJUDSK\�� 7KUHH�SK\VLFLDQV�� WZR�VWUHWFKHU�EHDUHUV��RQH�UHFHSWLRQLVW�DQG� RQH� DGPLQLVWUDWRU� ZHUH� FRQWUROOHG� GXULQJ� D�SHULRG� RI� WZR� ZHHNV�� 7KH� LQGLYLGXDO� UDGLDWLRQ�GRVHV� RI� WKH� 10� VWDII� ZHUH� FRUUHODWHG� ZLWK� WKH�ZRUN�ORDG�RI�HDFK�GD\�
5(68/76�$1'�',6&866,21
7KH� DFWLYLWLHV� LQ� RXU� 10� GHSDUWPHQW� FRQVLVW�HVVHQWLDOO\� RI� GLDJQRVWLF� VFLQWLJUDSK\�� 1R� KLJK�WKHUDSHXWLF�GRVHV�DUH�HPSOR\HG��7KH�DYHUDJH GDLO\�ZKROH�ERG\� GRVHV� DQG� WKH� PD[LPXP� LQGLYLGXDO�UDGLDWLRQ� GRVHV� FRUUHODWHG� ZLWK� WKH� KLJKHVW�UDGLDWLRQ� H[SRVXUH� WDVN� DUH� VKRZQ� RQ� WKH� WDEOHV�EHORZ� WR� WKH� SHUVRQ� PRVW� H[SRVHG� ZLWKLQ� HDFK�SURIHVVLRQDO�FDWHJRU\�

7DEOH���� 5HDO�WLPH�GDLO\�DYHUDJH�DQG�PD[LPDO�ZKROH�ERG\�GRVHV��PHDVXUHG�GXULQJ�D�SHULRG�RI����ZHHNV�� WR� WKH�PRVW�H[SRVHG�VWDII�ZLWKLQ�HDFK�SURIHVVLRQDO�FDWHJRU\�FRUUHODWHG�ZLWK�WKH�KLJKHVW�UDGLDWLRQ�H[SRVXUH�WDVN�&DWHJRU\ :KROH�ERG\��DYHUDJH�GRVH���6Y�G� :KROH�ERG\�PD[LPDO�GRVH���6Y�G� 7DVN
7HFK�6WDII ��� ���� %RQH�VFLQW1XUVH ��� ���� %RQH�VFLQW/DE�7HFK ��� ���� ,RGH���
3KDUPDFLVW ��� ��� 4�&�

7DEOH�� � 5HDO�WLPH�GDLO\�DYHUDJH�DQG�PD[LPDO�ZKROH�ERG\�GRVHV��PHDVXUHG�GXULQJ�D�SHULRG�RI���ZHHNV��WR�WKH�PRVW�H[SRVHG�VWDII�ZLWKLQ�HDFK�SURIHVVLRQDO�FDWHJRU\�FRUUHODWHG�ZLWK�WKH�KLJKHVW�UDGLDWLRQ�H[SRVXUH�WDVN�&DWHJRU\ :KROH�ERG\��DYHUDJH�GRVH���6Y�G� :KROH�ERG\�PD[LPDO�GRVH���6Y�G� 7DVN
3K\VLFLDQ ��� ��� %RQH�VFLQW&DUGLR�GRF ��� ��� (MHFWLRQ�IUDFWLRQ6WUHWFKHU�EHDUHU ��� ���� 3DWLHQW�FRQWDFW5HFHSWLRQLVW ��� ��� 3DWLHQW�FRQWDFW$GPLQLVWUDWRU ��� ��� 3DWLHQW�FRQWDFW

:H� IRXQG� WKDW� UDGLDWLRQ� H[SRVXUH� OHYHOV� ZHUH�KLJKHVW� WR� WHFK�VWDII��QXUVHV�DQG�VWUHWFKHU �EHDUHUV��7KH�SHUVRQDO�GRVHV�REVHUYHG�IRU�DOO�ZRUNHUV�ZHUH�EHORZ�����6Y�G�XQGHU�QRUPDO�ZRUNLQJ�FRQGLWLRQV��7KH�KLJKHVW�DYHUDJH�ZKROH �ERG\�GRVH�ZDV������6Y�LQ� RQH� GD\�� :H� KDYH� DOVR� REVHUYHG� WKDW� ERQH�

VFLQWLJUDSK\� VHHPV� WR� EH� WKH� PRVW� FULWLFDOO\�H[SRVHG�WDVN��$VVXPLQJ�����ZRUNLQJ�GD\V�\U��WKH�KLJKHVW� H[WUDSRODWHG� DQQXDO� FXPXODWLYH� GRVH�ZDV����� P6Y�\U� WR� WHFK� VWDII�� 7KH� DYHUDJH� H[SRVXUH�OHYHO� WR� WHFK� VWDII�YDULHG� IURP����� WR�����P6Y�\U��DQG� WR� QXUVHV� YDULHG� IURP� ���� WR� ���� P6Y�\U��
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5DGLDWLRQ�H[SRVXUH�OHYHOV�ZHUH�VLJQLILFDQWO\�ORZHU�WR�ODE�WHFKQLFLDQV�DQG�D�SKDUPDFLVW�ZKR�SHUIRUPHG�H[FOXVLYHO\� LQ� YLWUR� DVVD\V� �)LJXUH� ���� 7KH�H[SRVXUH� RI� VWUHWFKHU�EHDUHUV� ZDV� PXFK� KLJKHU�WKDQ� WKDW� RI� GRFWRUV� RU� VWDII� ZRUNLQJ� LQ� RIILFHV��DGPLQLVWUDWLRQ� DQG� UHFHSWLRQ� �)LJXUH� ���� 7KHLU�H[SRVXUH�OHYHO�ZDV�VLPLODU�WR�WKDW�RI�WHFK�VWDII�DQG�QXUVHV��IURP�����WR�����P6Y�\U��EHFDXVH�WKH\�KDYH�WR� VSHQG� D� ORQJ� WLPH� ZLWK� SDWLHQWV� XQGHUJRLQJ�VFLQWLJUDSK\��

)LJXUH���� ([WUDSRODWHG�DQQXDO�FXPXODWLYH�GRVH�RI�RQH�SKDUPDFLVW�� WZR� QXUVHV�� ILYH� WHFK� VWDII� DQG� WZR� ODE�WHFKQLFLDQV�RI�WKH�1XFOHDU�0HGLFLQH�GHSDUWPHQW�
7KH� GRVHV� RI� DOO� VWDII�ZRUNLQJ� LQ� RXU� GHSDUWPHQW�XQGHU� QRUPDO� FRQGLWLRQV�ZDV� IDU� EHORZ� WKH� OHJDO�OLPLW� ���� P6Y�\U��� ,W� PHDQV� WKDW� WKH\� FDQ� EH�FODVVLILHG� LQ� D� ORZHU� UDGLDWLRQ� H[SRVXUH� FDWHJRU\�DQG� FRQVHTXHQWO\� LW� LV� QRW� QHFHVVDU\� WR� KDYH�HOHFWURQLF� RU� UHDO�WLPH� GRVLPHWU\� IRU� WKHP�� 7KH�UHDO�WLPH� V\VWHP� LV� YHU\� H[SHQVLYH�� EXW� LW� FDQ� EH�XVHG�LPPHGLDWHO\�DIWHU�PHDVXUHPHQWV��DV�RSSRVHG�WR� GRVLILOPV�� 7KH� WLPH� VSHQW� RQ� VWDWLVWLFDO�H[SORLWDWLRQ� LV� YHU\� ORQJ� DQG� LW� LV� QHFHVVDU\� WR�XQGHUWDNH� VWDII� WUDLQLQJ� DQG� KRVSLWDO� QHWZRUN�LQWHJUDWLRQ��2Q�WKH�RWKHU�KDQG��UHDO �WLPH�GRVLPHWU\�FDQ� EH� YHU\� XVHIXO� LQ� LPSURYLQJ� ZRUNLQJ�FRQGLWLRQV� E\� LGHQWLI\LQJ� ULVN� VLWXDWLRQV�� DQG� IRU�HYDOXDWLRQ� RI� SDUWLFXODU� VLWXDWLRQV�� )RU� H[DPSOH��ZKHQ�DQ\RQH�PD\�KDYH�WR�VSHQG�D�ORQJ�WLPH�ZLWK�D� SDWLHQW� ZKR� KDV� UHFHLYHG� D� WUHDWPHQW� RU� LQ� WKH�FDVH� RI� DQ� LQFLGHQW� ZLWK� SRWHQWLDO� LUUDGLDWLRQ�� ,Q�RXU� RSLQLRQ�� HOHFWURQLF� GRVLPHWHUV� DUH� QRW�WHFKQLFDOO\� MXVWLILHG� IRU� URXWLQH� VXUYH\� RI�ZKROH �

ERG\�GRVHV�RI� VWDII� LQ�RXU�GHSDUWPHQW�� ,Q�QXFOHDU�PHGLFLQH� DSSOLFDWLRQV�� WKH� KDQGV� D UH� WKH� PRVW�H[SRVHG� SDUW� RI� WKH� ERG\�� DQG� WKHUHIRUH�� LQ� WKH�IXWXUH��WKH�KDQGV�VKRXOG�EH�VXEPLWWHG�WR�HOHFWURQLF�PRQLWRULQJ� DV� VRRQ� DV� WKH� FRUUHVSRQGLQJ� GHYLFHV�DUH�GHYHORSHG�

)LJXUH���� ([WUDSRODWHG�DQQXDO�FXPXODWLYH�GRVH�RI�WZR�QXFOHDU� PHGLFLQH� SK\VLFLDQV� �'RF��� RQH� FDUGLRORJLVW��&DUGLR� 'RF��� WZR� VWUHWFKHU�EHDUHUV� �6�%��� RQH�UHFHSWLRQLVW��5HFHSW��DQG�RQH�DGPLQLVWUDWRU��$GPLQ��RI�WKH�1XFOHDU�0HGLFLQH�GHSDUWPHQW
5(6802
$� OHJLVODomR� IUDQFHVD� LQWURGX]LX� R� XVR� GH�GRVtPHWURV� HOHWU{QLFRV� SDUD� � PRQLWRUDomR� GDH[SRVLomR� GR� WUDEDOKDGRU�� $ILP� GH� DYDOLDU� D�H[SRVLomR� GR� WUDEDOKDGRU� SURYHQLHQWH� GH� H[DPHV�GLDJQyVWLFRV� HP� PHGLFLQD� QXFOHDU�� GRVHV�LQGLYLGXDLV� GR� FRUSR� LQWHLUR� IRUDP� PHGLGDV�GLDULDPHQWH� FRP� GRVtPHWURV� HOHWU{QLFRV� �GLJLWDLV��GXUDQWH����VHPDQDV�FRQVHFXWLYDV H�FRUUHODWDV�FRP�DV� DWLYLGDGHV� GH� WUDEDOKR� GH� FDGD� GLD�� $V� GRVHV�IRUDP� VHPSUH� LQIHULRUHV� j� ��� �6Y� SRU� GLD� HP�FRQGLo}HV� QRUPDLV� GH� WUDEDOKR�� 2V� QtYHLV� GH�H[SRVLomR�GH�UDGLDomR�PDLV�HOHYDGRV�IRUDP�SDUD�RV�HQIHUPHLURV�� PDQLSXODGRUHV� H� PDTXHLURV�� $�H[WUDSRODomR� GD� GRVH� DQXDO� SDUD� WRGRV� RV�WUDEDOKDGRUHV� IRL� PHQRV� TXH� ��� �� GR� OLPLWH�Pi[LPR� OHJDO� SDUD� RV� WUDEDOKDGRUHV� H[SRVWRV� ���P6Y�DQR��� 'RVtPHWURV� HOHWU{QLFRV� QmR� VmR�WHFQLFDPHQWH� MXVWLILFDGRV� SDUD� D� R� FRQWUROH� GH�URWLQD�GD� H[SRVLomR�GRV� WUDEDOKDGRUHV��PDV�D�DO WD�VHQVLELOLGDGH� H� D� OHLWXUD� LPHGLDWD� GHVVHV�GRVtPHWURV�SRGHP�YLU� D� VHUHP�PXLWR�~WHLV�SDUD�R�
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FRQWUROH� GD� H[SRVLomR� HP� FRQGLo}HV� GH� WUDEDOKRV�FULWLFDV��1HVWH�XOWLPR�FDVR��GRVtPHWURV�HOHWU{QLFRV�SRGHP�UHSUHVHQWDU�XPD�DMXGD�SDUD�D�RWLPL]DomR�GD�UDGLRSURWHomR�
5()(5(1&(6
$XEHUW�� %��� 3DXO�� '�� DQG� 6DEDWWLHU�� 5�� ��������'RVLPHWULH� GX� SHUVRQQHO� HQ� PLOLHX� KRVSLWDOLHU��5DGLRSURWHFWLRQ� ������������'HFUHH�Q����������-��2���'HF�����������+LUQLQJ�� &�� DQG� <XHQ�� 6�� �������� 7\SH� WHVWLQJ� RI� WKH�VLHPHQV�SOHVVH\�HOHFWURQLF�SHUVRQDO�GRVLPHWHU��+HDOWK�3K\V����� �������������2UGHU�RI�0DU������������-��2���$SU����������

2UWHJD�� ;��� *LQMDXPH�� 0�� DQG� +HUQiQGH]�� $� HW� DO����������7KH�RXWORRN� IRU� WKH�DSSOLFDWLRQ�RI� HOHFWURQLF�GRVLPHWHUV� DV� OHJDO� GRVLPHWU\�� 5DGLDW� 3URW�'RVLPHWU\���� ���������������5DSSRUW� RI� WKH� LQGLYLGXDO� H[WHUQDO� H[SRVXUH� E\�GRVLILOPV����������235,��)UDQFH�5HFRPPHQGDWLRQV� RI� WKH� ,QWHUQDWLRQDO� &RPPLVVLRQ� RQ�5DGLRORJLFDO�3URWHFWLRQ���������,&53�3XEOLFDWLRQ�����3HUJDPRQ�3UHVV��2[IRUG�7H[LHU��&���,WLH��&��DQG�6HUYLHUH��+��HW�DO����������6WXG\�RI� WKH� SKRWRQ� UDGLDWLRQ� SHUIRUPDQFH� RI� HOHFWURQLF�SHUVRQDO�GRVLPHWHUV��5DGLDW�3URW�'RVLPHWU\���� �� ���������������
5HFHLYHG���-XQH����������5HYLVHG���-XQH����������$FFHSWHG���-XQH����������


