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�

�
���,QWURGXFWLRQ��
2YHU�WKH�ODVW�GHFDGHV��DZDUHQHVV�KDV�EHHQ�UDLVHG�DERXW�WKH�
LPSRUWDQFH� RI� PDQDJLQJ� VDIHW\� DQG� KHDOWK� LQ� ZRUNLQJ�
HQYLURQPHQWV�LQ�RUGHU�WR�SUHYHQW�RFFXSDWLRQDO�DFFLGHQWV�DQG�
ZRUN�UHODWHG� GLVHDVHV�� � :KHUH� RFFXSDWLRQDO� DFFLGHQW� LV�
GHILQHG� E\� WKH� :RUOG� +HDOWK� 2UJDQL]DWLRQ� �:+2�� DV� DQ�
XQH[SHFWHG�RFFXUUHQFH��DULVLQJ�RXW�RI�RU�LQ�FRQQHFWLRQ�ZLWK�
ZRUN�� ZKLFK� UHVXOWV� LQ� DQ� RFFXSDWLRQDO� LQMXU\� IRU� RQH� RU�
PRUH�ZRUNHUV� �9HUEHHN��������7KH�(XURSHDQ�$JHQF\� IRU�
6DIHW\�DQG�+HDOWK�DW�:RUN� �(8�26+$��HVWLPDWHG� WKDW� LQ�
�����LQ�WKH�(XURSHDQ�8QLRQ�WKHUH�ZHUH�������IDWDO�DFFLGHQWV�
DQG�DSSUR[LPDWHO\�����PLOOLRQ�QRQ�IDWDO�DFFLGHQWV��FDXVLQJ�
DW�OHDVW���GD\V�RI�DEVHQFH�IURP�ZRUN��+HXYHO�HW�DO���������
HVWLPDWLQJ� WKDW� DERXW� ����� RI� (XURSHDQ� *URVV� 'RPHVWLF�
3URGXFW��*'3��LV�ORVW�EHFDXVH�RI�ZRUN�UHODWHG�DFFLGHQWV�DQG�
GLVHDVHV� DQG� WKH� (XURSHDQ� HFRQRPLF� ORVV� LV� DERXW� ����
ELOOLRQ�(85�SHU�\HDU��(OVOHU��7DNDOD��DQG�5HPHV��������
1RZDGD\V� WKH� ODUJH� DYDLODELOLW\� RI� ORZ�HQHUJ\�� ORZ�FRVW�
DQG�KLJK�SHUIRUPDQFH�,R7�WHFKQRORJLHV�FDQ�EH�H[SORLWHG�WR�
HQKDQFH�6LWXDWLRQDO�$ZDUHQHVV��6$��DQG�WKUHDW�SUHGLFWLRQ��
,QGHHG�� ,R7� VHQVRUV� HQDEOH� WR� PRQLWRU� HQYLURQPHQWDO�

SDUDPHWHUV� VXFK� DV� WHPSHUDWXUH�� KXPLGLW\� DQG� SUHVVXUH��
7KHVH� VHQVRUV� DOVR� DOORZ� DFFXUDWH� PHDVXUHPHQWV� RI� WKH�
FRQFHQWUDWLRQ� DQG� VWDWH� RI� DJJUHJDWLRQ� RI� GDQJHURXV�
FKHPLFDO� VXEVWDQFHV�� ZKHQ� SUHVHQW�� DQG� SURYLGH� HVVHQWLDO�
HOHPHQWV� IRU� WKH� FODVVLILFDWLRQ� RI� SODQWV� LQWR� JURXSV� ZLWK�
GLIIHUHQW� KD]DUG� SRWHQWLDOV�� 2Q� WKH� RWKHU� KDQG�� UHFHQW�
SURJUHVVHV�LQ�WKH�ILHOG�RI�ZHDUDEOH�GHYLFHV�KDYH�OHG�WR�WKH�
GHYHORSPHQW�RI�UREXVW�ZHDUDEOH�EDVHG�DFWLYLW\�UHFRJQLWLRQ�
V\VWHPV� IRU� UHDO� OLIH� VLWXDWLRQV� WKDW� HQDEOH� D� FRQVWDQW�
PRQLWRULQJ� DQG� ORFDOL]DWLRQ� RI� ZRUNHUV�� 0RUHRYHU�� WKH�
DGRSWLRQ�RI�ZHDUDEOH�WHFKQRORJLHV�LQ�WKH�RFFXSDWLRQDO�ZRUN�
FRQWH[W� SURYLGHV� FRQWLQXRXV� LQIRUPDWLRQ� RQ� VHYHUDO�
SK\VLRORJLFDO�SDUDPHWHUV� �H�J��� UHVSLUDWRU\�UDWH��KHDUW� UDWH��
EORRG�SUHVVXUH��� DOORZLQJ�D� WLPHO\� LQWHUYHQWLRQ� LQ�FDVH�RI�
DQ\�ZRUVHQLQJ�V\PSWRP�RI�WKH�ZRUNHU¶V�KHDOWK�VWDWXV��

���6PDUW�V\VWHPV�IRU�ZRUNHU�VDIHW\��

7KH�DIRUHPHQWLRQHG�WHFKQRORJLHV�UHSUHVHQW�SRZHUIXO�WRROV�
WR� HQKDQFH� +HDOWK�� 6DIHW\� DQG� (QYLURQPHQW� �+6(��
PDQDJHPHQW��EXW�SRVH� FUXFLDO� VHFXULW\� DQG�SULYDF\� LVVXHV�
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WKDW�PD\�UHSUHVHQW�D�VHULRXV�REVWDFOH�IRU�WKHLU�DSSURYDO�DQG�
DGRSWLRQ�LQ�ZRUNSODFHV��+HUH�ZH�ZLOO�SUHVHQW�D�EULHI�UHVXPH�
RI� WKH� PDLQ� DPELHQW� LQWHOOLJHQFH� VROXWLRQV� DQG� ZHDUDEOH�
WHFKQRORJLHV� WKDW� KDYH� EHHQ� WHVWHG� VR� IDU� LQ� UHDO� ZRUNLQJ�
VFHQDULRV� DQG� ZH� ZLOO� GLVFXVV� WKH� QHFHVVDU\� SULYDF\� DQG�
VHFXULW\� UHTXLUHPHQWV� IRU� WKH� VR� DFKLHYHG� VPDUW�
HQYLURQPHQWV��
6SHFLILFDOO\�� WKH�GLIIXVLRQ�RI�PRELOH� DQG� ,R7�GHYLFHV� FDQ�
FRQWULEXWH� WR� LPSURYH�+6(�LQ�VHYHUDO�FDWHJRULHV��SDUWLDOO\�
RYHUODSSLQJ��

•� +XPDQ� $FWLYLW\� 5HFRJQLWLRQ� �+$5��� WKH�
FDSDELOLW\�WR�XQGHUVWDQG�WKH�DFWLYLW\�SHUIRUPHG�E\�
WKH� ZRUNHU� LQ� RUGHU� WR� DVVHVV� LWV� VDIHW\� DQG�
FRUUHFWQHVV�

•� :RUNHU¶V� KHDOWK� VWDWXV�� LQ� RUGHU� WR� LGHQWLI\�
DQRPDORXV� VLWXDWLRQV� ZKLFK� FDQ� FRPSURPLVH� WKH�
FDSDELOLW\�RI�WKH�ZRUNHU�WR�RSHUDWH�VDIHO\��VR�DV�WR�
LGHQWLI\�LQ�HDUO\�VWDJH�SDWKRORJLFDO�VLWXDWLRQV���

•� (QYLURQPHQWDO�PRQLWRULQJ��WKLV�LV�WKH�FDSDELOLW\�WR�
PRQLWRU�WKH�HQYLURQPHQW�WR�LGHQWLI\�DQRPDORXV�RU�
GDQJHURXV�FRQGLWLRQV��

•� /RFDOL]DWLRQ�� WKLV� LV� WKH� FDSDELOLW\� WR� WUDFN� WKH�
ZRUNHU¶V� ORFDWLRQ�ZKHQ� WKH�HPSOR\HH� LV�ZRUNLQJ�
DZD\�IURP�D�IL[HG�EDVH��'DWD�RQ�SRVLWLRQLQJ�JLYH�
DQ� RYHUYLHZ� RI� ZKHUH� WKH� ZRUNHUV� DUH� ORFDWHG�
ZLWKLQ�WKH�IDFLOLW\��HQDEOLQJ��IRU�LQVWDQFH��D�EHWWHU�
PDQDJHPHQW�RI�HPHUJHQF\�VLWXDWLRQV���

6XFK� IXQFWLRQDOLWLHV� DUH� VXPPDUL]HG� LQ� WKH� IROORZLQJ�
VHFWLRQ�� ZKLOH� VHFWLRQ� �� LV� GHYRWHG� WR� LOOXVWUDWH� WKH� PRVW�
DGRSWHG�WHFKQRORJLHV���

�����+XPDQ�$FWLYLW\�5HFRJQLWLRQ�
�
,QGRRU� ORFDOL]DWLRQ� DQG� +XPDQ� $FWLYLW\� 5HFRJQLWLRQ�
�+$5��DUH� UHOHYDQW� WDVNV�IRU�+6(�PDQDJHPHQW��)RU�ZKDW�
FRQFHUQV�+$5�DSSOLFDWLRQV��WKH�YDULRXV�W\SHV�RI�DFWLYLWLHV�
WKDW�FDQ�EH�UHFRJQL]HG�� OLNH�ZDONLQJ�� UXQQLQJ�RU�DFWLYLWLHV�
WKDW�UHTXLUH�LQWHUDFWLRQV��PD\�YDU\�JUHDWO\�GHSHQGLQJ�RQ�WKH�
VHUYLFHV�FDUULHG�RXW�LQ�WKH�ZRUNLQJ�HQYLURQPHQW�DQG�RQ�WKH�
REMHFWV�WKDW�FKDUDFWHUL]H�WKH�LQGXVWULDO�VFHQDULR��,QGHHG��LQ�
ODUJH�VL]HG� HQWHUSULVHV�� SURGXFWLRQ� SURFHVVHV� DUH� PRUH�
VWUXFWXUHG�DQG�OHVV�YDULDEOH�RYHU�WLPH��FRPSDUHG�ZLWK�VPDOO�
DQG� PHGLXP�VL]HG� HQWHUSULVHV� �60(���7KHUHIRUH�� WKH� ILUVW�
VWHS� WRZDUGV�DQ�DXWRPDWLF�DVVHVVPHQW� LV� WKH� LGHQWLILFDWLRQ�
RI�WKH�GLIIHUHQW�DFWLYLWLHV�WKDW�EXLOG�XS�WKH�LQGXVWULDO�WDVNV��
,Q�60(�D�KLJKHU�OHYHO�RI�IOH[LELOLW\�IRU�WKH�+$5�V\VWHP�ZLOO�
EH�UHTXLUHG���
+$5� WHFKQLTXHV� FDQ� EH� GLYLGHG� LQWR� WKUHH� PDLQ� DUHDV��
DFWLRQ�EDVHG��PRWLRQ�EDVHG�DQG�LQWHUDFWLRQ�EDVHG��+XVVDLQ��
6KHQJ�� DQG� =KDQJ� ������� 0RWLRQ�EDVHG� DFWLYLWLHV� DUH�
GLVWLQJXLVKHG� LQWR� PRWLRQ� GHWHFWLRQ�� WUDFNLQJ�� DQG� SHRSOH�
FRXQWLQJ�� LQWHUDFWLRQ�EDVHG� DFWLYLWLHV� FDQ� EH� JURXSHG� LQ� D�
VLQJOH� FDWHJRU\�� QDPHO\� KXPDQ�REMHFW� LQWHUDFWLRQ�� ZKLOH��
DFWLRQ�EDVHG� DFWLYLWLHV� FDQ� EH� IXUWKHU� GLYLGHG� LQWR� �� VXE�
FDWHJRULHV�� JHVWXUH� UHFRJQLWLRQ�� SRVWXUH� UHFRJQLWLRQ�� IDOO�
GHWHFWLRQ�� DFWLYLWLHV� RI� GDLO\� OLYLQJ�� EHKDYLRU� UHFRJQLWLRQ��
DQG� DPELHQW� DVVLVWHG� OLYLQJ� �+XVVDLQ�� 6KHQJ�� DQG� =KDQJ�
��������

7KH�W\SLFDO�DSSURDFK�IRU�+$5�DSSOLFDWLRQV�LV�PDGH�RI�WKUHH�
PDLQ�VWHSV���L��GDWD�FROOHFWLRQ�IURP�WKH�VHQVRUV���LL��GDWD�SUH�
SURFHVVLQJ� DQG� IHDWXUHV� H[WUDFWLRQ�� �LLL�� XVLQJ� VSHFLILF�
DOJRULWKP� WR� UHFRJQL]H�RU� LQIHU� DFWLYLWLHV��8VXDOO\�� VSDWLDO�
DQG� WHPSRUDO� IHDWXUHV�� H[WUDFWHG� IURP� VHQVRU\� GDWD� RI�
KXPDQ�RSHUDWRUV�SHUIRUPLQJ�WDVNV��DUH�XVHG�DV�LQSXWV�IRU�D�
PDFKLQH�OHDUQLQJ�WRROV��WKDW�FODVVLILHV�GLVFUHWH�WLPH�IUDPHV�
XVLQJ� HLWKHU� � VXSHUYLVHG� FODVVLILFDWLRQ� WHFKQLTXHV� �L�H��� N�
1HDUHVW� 1HLJKERU� �N�11��� 6XSSRUW� 9HFWRU� 0DFKLQHV�
�690��� *DXVVLDQ� 0L[WXUH� 0RGHOV� �*00��� DQG� 5DQGRP�
)RUHVW��5)���RU�XQVXSHUYLVHG�FODVVLILFDWLRQ�WHFKQLTXHV��L�H���
N�0HDQV�� *DXVVLDQ� PL[WXUH� PRGHOV� �*00�� DQG� +LGGHQ�
0DUNRY� 0RGHO� �+00���� 7KHVH� DSSURDFKHV� DLP� DW�
UHFRJQL]LQJ�GLIIHUHQW� DFWLYLWLHV� RQ� WKH�EDVLV� RI� D� VHULHV� RI�
REVHUYDWLRQV� RQ� WKH� DFWLRQV� FDUULHG� RXW� E\� KXPDQ�
RSHUDWRUV�� 7R� WKLV� HQG�� ORWV� RI� DFWLYLWLHV� GDWDVHWV� PXVW� EH�
FROOHFWHG� LQ� RUGHU� WR� WUDLQ� WKH� PDFKLQH� OHDUQLQJ�EDVHG�
FODVVLILHU��+RZHYHU��LQ�FHUWDLQ�FDVHV��WKH�HYHQWV�RI�LQWHUHVW�
PD\� KDYH� D� ORZ� RFFXUUHQFH� UDWH�� PDNLQJ� LW� GLIILFXOW� WR�
FROOHFW�VXIILFLHQW� WUDLQLQJ�GDWD�WR�GHYHORS�PRGHOV� IRU�VXFK�
HYHQWV�� 7R� DGGUHVV� WKH� GLIILFXOW\� RI� XQXVXDO� HYHQWV�
GHWHFWLRQ��FOXVWHULQJ�DOJRULWKPV�PD\�EH�XVHG�WR�GLYLGH�GDWD�
LQWR� GLIIHUHQW� JURXSV� GHSHQGLQJ� RQ� D� VLPLODULW\� PHDVXUH�
�=HOQLN�0DQRU� DQG� ,UDQL� ������� (YHQ� VR�� GXH� WKH� OLPLWHG�
WUDLQLQJ�GDWD��FOXVWHUV�PD\�QRW�EH�DUFKHW\SDO�HQRXJK�WR�EXLOG�
XS�D�SUHGLFWLRQ�PRGHO�IRU�UDUH�HYHQWV��
$�GLIIHUHQW�DSSURDFK�LV�EDVHG�RQ�WKH�XVH�RI�WKUHVKROG�EDVHG�
VWUDWHJLHV��ZKHUH��XQVDIH�FRQGLWLRQV��H�J��UXQQLQJ��WRR�ORQJ�
VWD\�� HWF��� DUH� UHFRJQL]HG� EHFDXVH� VHQVRU� GDWD� RYHUFRPH�
SUHVFULEHG�OHYHO�RI�LQWHQVLW\�RU�GXUDWLRQ��
7KH�PRVW� FRPPRQ� VHQVLQJ�PRGDOLWLHV� H[SORLWHG� IRU�+$5�
DSSOLFDWLRQV� DUH� VXUYHLOODQFH� FDPHUDV�� GHSWK� FDPHUDV��
LQHUWLDO� VHQVRUV� �H�J��� DFFHOHURPHWHUV�� PDJQHWRPHWHUV��
J\URVFRSHV���PRWLRQ�VHQVRUV�DQG�SUR[LPLW\�VHQVRUV���
�
������)DOO�DQG�DQRPDORXV�VLWXDWLRQ��

$� IDOO� LV� D� UDUH� DEQRUPDO� HYHQW�� ZKRVH� LGHQWLILFDWLRQ�
UHSUHVHQWV� D� PDMRU� FKDOOHQJH� LQ� WKH� ZRUNSODFH� GRPDLQ��
)DLOLQJ�LQ�WKH�GHWHFWLRQ�RI�VXFK�DEQRUPDO�HYHQWV�FDQ�LQGXFH�
VHULRXV� VDIHW\� ULVNV� IRU� WKH�ZRUNHU�� ,QGHHG�� IDOOV�� WRJHWKHU�
ZLWK� RYHUH[HUWLRQ� DQG� FRQWDFW� ZLWK� REMHFWV� RU� HTXLSPHQW��
ZHUH� IRXQG� WR� EH� WKH� WRS� WKUHH� OHDGLQJ� FDXVHV� IRU� ZRUN�
UHODWHG�LQMXULHV��ZKLFK�FDQ�OHDG�WKH�YLFWLP�WR�D�WHPSRUDU\�RU�
SHUPDQHQW� LQFDSDFLW\� IRU� ZRUN�� 7KXV�� DQ� HIIHFWLYH� IDOO�
GHWHFWLRQ�V\VWHP�LV�QHHGHG�WR�SURYLGH�D�WLPHO\�ILUVW�DLG�DQG�
WR� LGHQWLI\� WKH� ULVN� IDFWRUV� LQ� RUGHU� WR� EXLOG� XS� SRZHUIXO�
SUHYHQWLRQ� VWUDWHJLHV�� 7KLV� SURFHVV� ZRXOG� OHDG� WR� D�
VLJQLILFDQW�UHGXFWLRQ�LQ�WKH�KHDOWKFDUH�FRVWV�DVVRFLDWHG�ZLWK�
IDOO�UHODWHG� LQMXULHV� DQG� WR� WKH� DYRLGDQFH� RI� D� ORVV� LQ�
SURGXFWLYLW\�FDXVHG�E\�WKH�YLFWLP¶V�DEVHQFH�IURP�ZRUN���
)DOO�GHWHFWLRQ�DSSURDFKHV�FDQ�EH�FDWHJRUL]HG�LQWR�WKUHH�PDLQ�
JURXSV�� ZHDUDEOH� GHYLFHV� EDVHG�� HQYLURQPHQWDO� VHQVRUV�
EDVHG�DQG�FDPHUD�EDVHG��0XEDVKLU��6KDR��DQG�6HHG��������
6LQFH�IDOOV�DUH�GLYHUVH��XQH[SHFWHG�DQG�UDUH�HYHQWV�LW�PD\�EH�
GLIILFXOW�WR�FRQVWUXFW�D�SURSHU�PRGHO�WR�SUHGLFW�WKHP��.KDQ�
DQG�+RH\���������
8VXDOO\��DUWLILFLDOO\�VLPXODWHG�IDOOV�DUH�XVHG�DV�LQSXW�GDWD�WR�
WUDLQ� FODVVLILHUV�� +RZHYHU�� ZKHQ� UHSOLFDWLQJ� UHDO� IDOO�
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VFHQDULRV��GDWD�PD\�VWLOO�QRW�EH�VXIILFLHQW�IRU�WKH�UHFRJQLWLRQ�
WDVN���
+HQFH�� EHLQJ� UHDO� IDOOV� XQXVXDO� HYHQWV�� W\SLFDO� VXSHUYLVHG�
PDFKLQH�OHDUQLQJ�WHFKQLTXHV�PD\�QRW�EH�HIILFLHQW�HQRXJK�WR�
GHWHFW� WKHP� DQG� RWKHU� FODVVLILFDWLRQ� PHWKRGV�� EDVHG� RQ�
VHPL�VXSHUYLVHG� OHDUQLQJ�� � FRVW�VHQVLWLYH� OHDUQLQJ�� DQG�
WKUHVKROG�EDVHG�DSSURDFKHV�FRXOG�EH�XVHG��%HLQJ�JHQHUDOO\�
WKH�IDOO�FKDUDFWHUL]HG�E\�KLJK�OLQHDU�RU�DQJXODU�DFFHOHUDWLRQ��
LW�FDQ�EH�GHWHFWHG�XVLQJ�WKUHVKROG�EDVHG�VROXWLRQ��'H�&LOOLV�
HW�DO���������

������&RUUHFW�XVH�RI�3HUVRQDO�SURWHFWLYH�HTXLSPHQW�
�33(��
7R� UHGXFH� VSHFLILF� ULVNV�� ZRUNHUV� PXVW� ZHDU� DGHTXDWH�
3HUVRQDO�3URWHFWLYH�(TXLSPHQW��33(��DV�D�GHIHQVH�DJDLQVW�
RFFXSDWLRQDO� KD]DUGV�� 8QIRUWXQDWHO\�� WKH� HIIHFWLYHQHVV� RI�
SURWHFWLYH�HTXLSPHQW�LV�GUDVWLFDOO\�UHGXFHG�LI�LW�LV�QRW�ZRUQ�
FRUUHFWO\��
,Q�WKLV�IUDPHZRUN��WKH�SUHVHQFH�RI�VPDUW�33(��L�H��SURWHFWLYH�
GHYLFHV� HQKDQFHG� ZLWK� VPDUW� PDWHULDOV� DQG� ZHDUDEOH�
HOHFWURQLFV�� PD\� FRQWULEXWH� WR� LPSURYH� WKH� VDIHW\� RI�
ZRUNHUV�� ,QGHHG�� WKH� DYDLODELOLW\� RI� ZHDUDEOH� HOHFWURQLFV��
PHUJHG�ZLWK� WUDGLWLRQDO�SDVVLYH�SURWHFWLYH�GHYLFHV��DOORZV�
WKH�LPSOHPHQWDWLRQ�RI�QHZ�IXQFWLRQDOLWLHV��VXFK�DV�DOHUWLQJ�
LQ� WKH� FDVH� RI� LQDGHTXDWH� RU� DEVHQW� 33(�� ZKHQ� 33(�
PDOIXQFWLRQV� RU� ZKHQ� WKH� ZRUNHUV� LV� QRW� DGHTXDWHO\�
LQIRUPHG� DERXW� WKH� XVH� RI� D� VSHFLILF� 33(� DQG� VR� RQ��
0RUHRYHU�VPDUW�33(�FDQ�GLVSOD\LQJ�ZDUQLQJV�WR�WKH�ZRUNHU�
LQ� FDVH� RI� HPHUJHQF\� VLWXDWLRQV�� PRQLWRULQJ� KHDOWK�
DVVRFLDWHG� SDUDPHWHUV�� DFWLYDWLQJ� SURWHFWLYH� V\VWHPV� DIWHU�
H[FHHGLQJ� D� GDQJHU�UHODWHG� WKUHVKROG�� DQG� DVVHVVLQJ� WKH�
33(¶V�SURWHFWLRQ�SHUIRUPDQFH�OHYHO��3RGJyUVNL�HW�DO���������
�
�����:RUNHU¶V�KHDOWK�VWDWXV�

$�VWULFW�KHDOWK�VXUYHLOODQFH�RI�ZRUNHUV�LV�FUXFLDO�WR�SUHYHQW�
RFFXSDWLRQDO� DQG� ZRUN�UHODWHG� GLVHDVHV�� 5HFHQW�
WHFKQRORJLFDO� DGYDQFHV� KDYH� HQDEOHG� WKH� DFTXLVLWLRQ� RI�
UHOHYDQW� LQIRUPDWLRQ�DERXW� WKH�ZRUNHU¶V�KHDOWK�VWDWXV��)RU�
LQVWDQFH��WKH�GHYHORSPHQW�RI�PLQLDWXUL]HG�DQG�XQREWUXVLYH�
ZHDUDEOH� VHQVRUV� KDV� HQDEOHG� D� FRQWLQXRXV�PRQLWRULQJ�RI�
WKH� ZRUNHUV¶� SK\VLRORJLFDO� VLJQDOV� �H�J��� KHDUW� UDWH� �+5���
UHVSLUDWLRQ� UDWH�� VNLQ� WHPSHUDWXUH�� VNLQ� FRQGXFWLYLW\��
HOHFWURFDUGLRJUDP�� HWF���� 0RUHRYHU�� ZHDUDEOH� VHQVRUV� IRU�
YLWDO�VLJQV�HVWLPDWLRQ�SDYHG�WKH�ZD\�IRU�WKH�DVVHVVPHQW�RI�
ZRUN�UHODWHG�VWUHVV�WKDW�DIIHFWV�LQGLYLGXDOV�DV�D�FRQVHTXHQFH�
RI� H[FHVVLYH� ZRUNORDGV� �&DUQHLUR� HW� DO�� ������� �6HGLJKL�
0DPDQ� HW� DO�� ������� 7KH� PRQLWRULQJ� RI� ZRUNHUV¶� KHDOWK�
VWDWXV� FDQ� HPSKDVL]H� LQ� HDUO\� VWDJH� WKH� SUHVHQFH� RI�
SDWKRORJLFDO� EXW� DOVR� SK\VLRORJLFDO� FRQGLWLRQV� WKDW� FDQ�
LQGXFH���KXPDQ�HUURU�RU�LQDELOLW\�WR�SHUIRUP�VSHFLILF�WDVNV��

������(PHUJHQF\�UHTXHVW�	�FRPPXQLFDWLRQ�

(PSOR\HUV�DUH�REOLJHG�WR�VHW�XS�HIIHFWLYH�VDIHW\�DQG�KHDOWK�
PDQDJHPHQW� V\VWHPV�� WUDLQ� ZRUNHUV� WR� FRSH� ZLWK�
HPHUJHQFLHV�DQG�GHVLJQDWH�DQ�HPHUJHQF\�FRRUGLQDWRU� WKDW�
KDV�WR�SXW�LQ�SODFH�WKH�QHFHVVDU\�PHDVXUHV�DQG�FDOO�H[WHUQDO�

DLG��$V�HPSKDVL]HG�E\� WKH�5HILUH�SURMHFW� �3DVFXFFL�HW�DO���
������ WKH� FDSDELOLW\� WR� FRPPXQLFDWH�� HVSHFLDOO\� GXULQJ�
HPHUJHQF\�VLWXDWLRQV��LV�FRQVLGHUHG�WKH�PRVW�UHOHYDQW�DVSHFW�
WR�FRUUHFWO\�PDQDJH�DQRPDO\�FRQGLWLRQV���
,Q�UHFHQW�\HDUV��WKH�DGRSWLRQ�RI�FRPPXQLFDWLRQ�QHWZRUNV�RI�
GLVWULEXWHG�VHQVRU�QRGHV�KDV� ODUJHO\� LQFUHDVHG��$�ZLUHOHVV�
VHQVRU�QHWZRUN��:61�� LV�FRPSRVHG�RI�D� ODUJH�QXPEHU�RI�
LQWHOOLJHQW� VHQVRUV� �L�H��� QRGHV�� GLVWULEXWHG� DFURVV� D�
JHRJUDSKLFDO� DUHD� DQG� HTXLSSHG� ZLWK� WUDQVFHLYHUV�� (DFK�
GHYLFH�FDQ�FRPPXQLFDWH�ZLWK�RWKHU�GHYLFHV�ZLWKLQ�D�GHILQHG�
UDQJH�� 5HFHQW� LPSOHPHQWDWLRQV� DOORZ� D� FRQWLQXRXV�
PRQLWRULQJ�RI�FULWLFDO�IDFWRUV��VXFK�DV�WKH�SROOXWLRQ�OHYHO�RU�
WKH�VWUXFWXUDO�LQWHJULW\�RI�LQGXVWULDO�VKHGV��7KHVH�QHWZRUNV�
DOORZ� D� UHDO�WLPH� GHOLYHU\� RI� FULWLFDO� GDWD� DQG�
FRPPXQLFDWLRQ� EHWZHHQ� WKH� SHULSKHUDO� VHQVRU\� HOHPHQWV�
DQG�WKH�FRQWURO�FHQWHU���7KHVH�JRDOV�DUH�DFKLHYHG�QRW�RQO\�
E\�WKH�LPSOHPHQWDWLRQ�RI�HIILFLHQW�FRPPXQLFDWLRQ�SURWRFROV�
EXW� DOVR� E\� WKH� XVH� RI� DGYDQFHG� ,R7� WHFKQRORJLHV� DV�
SHULSKHUDO� QRGHV� �.KDOLO� HW� DO�� ������� ,QGHHG�� ODWHVW�
DGYDQFHV� LQ� KDUGZDUH� DQG� ZLUHOHVV� WHFKQRORJLHV� KDYH�
HQDEOHG� WKH� PRQLWRULQJ� RI� DQ� DOZD\V� ZLGHU� UDQJH� RI�
SDUDPHWHUV� DQG� D� UHDO�WLPH� SURFHVVLQJ� RI� GDWD�� 6HQVRU�
QHWZRUNV� DUH� DQ� HVVHQWLDO� SUHUHTXLVLWH� IRU� HPHUJLQJ� VPDUW�
HQYLURQPHQWV��EXW�SRVH�UHOHYDQW�SULYDF\�DQG�VHFXULW\�LVVXHV�
WR�WDNH�LQWR�FRQVLGHUDWLRQ��&KDQ�DQG�3HUULJ���������

�����(QYLURQPHQWDO�PRQLWRULQJ��

'LIIHUHQWO\� IURP� EDVH� VHQVRUV�� WKDW� GHWHFW� FKDQJHV� LQ�
SK\VLFDO�TXDQWLWLHV�DQG�SURGXFH�DQ�HOHFWULFDO�RXWSXW�WKDW�LV�
VHQW�WR�D�WUDQVPLWWHU�LQ�WKH�FRQWURO�ORRS��,R7�VHQVRUV�VHQVH�
SK\VLFDO� SURSHUWLHV�� FRQYHUW� GDWD�� SHUIRUPV� GLJLWDO� SUH�
SURFHVVLQJ�DQG�FDQ�FRPPXQLFDWH�ZLWK�RWKHU�GHYLFHV�LQ�WKH�
FORXG�� )RU� WKHVH� UHDVRQV� ,R7� VHQVRUV� DUH� UHIHUUHG� WR� DV�
³VPDUW�VHQVRUV´�DQG�DUH�RIWHQ�FRPSRVHG�RI�D�EDVH�VHQVRU��D�
PLFURSURFHVVRU�� D� FRPPXQLFDWLRQ� PRGXOH� DQG� RQ�ERDUG�
VHOI�GLDJQRVWLF� WRROV� WR� GHWHFW�� IRU� LQVWDQFH�� VHQVRU�
FRQWDPLQDWLRQ� RU� VZLWFK� IDLOXUHV�� ,R7� LQFOXGHV� PDQ\�
GLIIHUHQW�DUHDV��VRPH�RI�ZKLFK�DUH�DGGUHVVHG�LQ�WKH�DUWLFOH��
VXFK�DV�PRELOH�GHYLFHV��VHQVRUV��FORXG�DQG�5DGLR�)UHTXHQF\�
,GHQWLILFDWLRQ��5),'���
(YHQ�LI�WKH�PRQLWRULQJ�RI�DQ�LQGXVWULDO�SODQW�LV�D�XVXDO�WDVN�
RI� DQ\� DXWRPDWHG� FRQWURO�� WKH� DYDLODELOLW\� RI� ,R7� DQG�
ZHDUDEOH�GHYLFHV�DOORZV�WR�HQODUJH�VXFK�FDSDELOLW\�LQ�RUGHU�
WR�DFTXLUH�PRUH�HOHPHQWV�DQG�GDWD��,Q�WKLV�OLQH�VXFK�VHQVRUV�
FDQ�FRQWULEXWH�WR�PRQLWRU�WKH�FRQFHQWUDWLRQ�RI�SROOXWDQWV�RU�
WR[LF�JDVHV�LQ�WKH�DLU��WR�HQVXUH�WKHUPDO�FRPIRUW�WR�ZRUNHUV��
WR�GHWHFW�ILUHV�E\�WHPSHUDWXUH��JDVHV�DQG�KXPLGLW\�PHDVXUHV��
WR� PRQLWRU� SHRSOH¶V� EHKDYLRXU� XVLQJ� IRU� LQVWDQFH� IDOO�
GHWHFWRUV�RU�VPRNH�GHWHFWRUV����
$FFRUGLQJ� WR� �6HKUDZDW� DQG� *LOO� ������� WKH� PDLQ� ,R7�
VHQVRUV�� WKDW� FDQ� EH� IRXQG� LQ� WKH� PDQXIDFWXULQJ� LQGXVWU\��
FDQ�EH�FODVVLILHG�DV��

•� 3UR[LPLW\� VHQVRUV�� GHWHFW� QHDUE\� REMHFWV� ZLWKRXW�
DQ\�SK\VLFDO�FRQWDFW��E\�HPLWWLQJ�HOHFWURPDJQHWLF�
UDGLDWLRQ��L�H���LQIUDUHG���

•� 3RVLWLRQ�VHQVRU��VHQVHV�WKH�PRWLRQ�RI�D�SHUVRQ�RU�
REMHFW�ZLWKLQ�D�FLUFXPVFULEHG�DUHD��
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•� 2FFXSDQF\�VHQVRUV��GHWHFW�WKH�SUHVHQFH�RI�D�SHUVRQ�
RU� REMHFW� E\� PHDVXULQJ� SDUDPHWHUV� OLNH�
WHPSHUDWXUH��KXPLGLW\�OLJKW�DQG�DLU��

•� 0RWLRQ�VHQVRUV��VHQVH�DOO�WKH�NLQHWLF�DQG�SK\VLFDO�
PRYHPHQWV�LQ�WKH�HQYLURQPHQW���

•� &KHPLFDO� VHQVRUV�� PHDVXUH� WKH� FKHPLFDO�
FRPSRVLWLRQ�RI�WKH�HQYLURQPHQW���

•� 3K\VLFDO� VHQVRUV�� PHDVXUH� RI� WHPSHUDWXUH���
SUHVVXUH��KXPLGLW\��YLEUDWLRQ��HFF���
7KH�DYDLODELOLW\�RI�LQIRUPDWLRQ�DERXW�WKH�VWDWXV�DQG�
WKH� HQYLURQPHQW� FDQ� VLJQLILFDQWO\� FRQWULEXWH� WR�
LPSURYH� VLWXDWLRQ� DZDUHQHVV� DQG�� FRQVHTXHQWO\��
SUHYHQW� IDLOXUH� LQ� SODQW� DQG� SRWHQWLDO� GDQJHURXV�
FRQGLWLRQV�IRU�WKH�ZRUNHUV��

�����/RFDOL]DWLRQ��

,QIRUPDWLRQ�DERXW� WKH� ORFDWLRQ�RI�ZRUNHUV� LV� D�PDQGDWRU\�
UHTXLUHPHQW� WR� DGHTXDWHO\� PDQDJH� HPHUJHQF\� VLWXDWLRQV��
:KLOH� *OREDO� 1DYLJDWLRQ� 6DWHOOLWH� 6\VWHP� �*166��� H�J�
*36�� � UHSUHVHQWV� WKH� DFWXDO� JROG�VWDQGDUG� IRU� RXWGRRU�
ORFDOL]DWLRQ��LW�KDV�OLPLWHG�HIIHFWLYH�LQ�LQGRRU�VFHQDULRV�DQG�
DOVR�LQ�WKH�SUHVHQFH�RI�VWUXFWXUH��DV�LQGXVWULDO�SODQW��ZKHUH�
ODUJH��PHFKDQLFDO��VWUXFWXUH�FUHDWH�FDQ\RQ�SKHQRPHQD�DQG�
H[WHQVLYH�VKDGRZ�DUHD���$OWHUQDWLYH���
$�SRVVLEOH�VROXWLRQ�WR�RYHUFRPH�*166�OLPLWV�LV�UHSUHVHQWHG�
E\� LQGRRU� SRVLWLRQLQJ� V\VWHPV� �,36�� RIWHQ� EDVHG� RQ�
ILQJHUSULQWLQJ� WHFKQLTXH� RU� RQ� GLIIHUHQW� W\SHV� RI� ZLUHOHVV�
VHQVRU�QHWZRUN��:61���$�:61�LV�D�QHW�RI�IL[HG�SK\VLFDO�
GHYLFHV�ZKHUH�QHLJKERU�QRGHV�FDQ�GLUHFWO\�FRPPXQLFDWH��,Q�
FHUWDLQ� DSSOLFDWLRQV�� OLNH� REMHFW� WUDFNLQJ�� PRELOH� QRGHV�
FDOFXODWH� WKHLU� SRVLWLRQ� LQ� UHODWLRQ� WR� IL[HG� QRGHV�
�)UDQFHVFKLQL�HW�DO����������
,36�DOORZ�D�FRQWLQXRXV� WUDFNLQJ�RI� WKH�ZRUNHU¶V�SRVLWLRQ��
ZKLFK�LV�D�XVHIXO�LQIRUPDWLRQ�WR�SURYLGH�D�SURPSW�DLG��IRU�
LQVWDQFH��LQ�WKH�HYHQW�RI�D�GDQJHURXV�VLWXDWLRQ��H�J���ILUH��RU�
ZKHQ� DQ�RFFXSDWLRQDO� DFFLGHQW� RFFXUV��+RZHYHU�� ,36� FDQ�
DOVR�EH�H[SORLWHG�WR�ORFDWH�REMHFWV��OLNH�33(��SURGXFWV�DQG�
PHDQV�RI�SURGXFWLRQ�LQ�ILHOGV�OLNH�UHPRWH�PDFKLQHU\�FRQWURO�
RU� PRELOH� PDLQWHQDQFH� �+HFN� DQG� )UH\� ������� ,Q� WKLV�
SHUVSHFWLYH�� ORFDWLRQ� GDWD� FDQ� EH� XVHG� WR� FRQWURO� DQG�
RSWLPL]H�SURGXFWLRQ�SURFHVVHV��'H�&LOOLV�HW�DO����������
,PSRUWDQW�UHTXLUHPHQWV�IRU�,36�LQ�LQGXVWULDO�HQYLURQPHQWV�
DUH�UHOLDELOLW\��VFDODELOLW\��UREXVWQHVV��L�H��� OLIH�F\FOH�FRVW���
DFFXUDF\� DQG� SUHFLVLRQ�� 7KHUH� DUH� VHYHUDO� DSSURDFKHV� IRU�
LQGRRU� ORFDOL]DWLRQ� �%ULDQ� 5D\�� Q�G���� 6RPH� RI� WKHP� DUH�
OLVWHG�EHORZ���

•� 3UR[LPLW\�EDVHG� V\VWHPV�� V\VWHPV� WKDW� DOORZ� WR�
NQRZ�WKH�ORFDWLRQ�RI�D�ZRUNHU�DW�URRP�OHYHO��7KH\�
UHO\� ORZ� UDQJH� GHYLFH� DV� WDJV�� EHDFRQV� DQG�
%OXHWRRWK�/RZ�(QHUJ\��%/(��SURWRFRO�WR�WUDQVPLW�
ORFDWLRQ�EDVHG� PHVVDJHV� XS� WR� VRPH� PHWHUV��
3UR[LPLW\�EDVHG� V\VWHPV� FDQ� EH� UHDGHU� EDVHG� RU�
UHIHUHQFH�SRLQW�EDVHG�V\VWHPV��,Q�WKH�ILUVW�FDVH��WKH�
%/(� EHDFRQ� DFWLYHO\� ORRNV� IRU�%/(� WDJV�� ZKLFK�
WUDQVPLW�WKHLU�,'�FRQWLQXDOO\��7KH�EHDFRQ�UHDGV�WKH�
GXPE�WDJV�LQ�LWV�SUR[LPLW\�DQG�FRPPXQLFDWHV�WKH�
WDJV¶�,'�DQG�WKH�UHFHLYHG�VLJQDO�VWUHQJWK�LQGLFDWLRQ�

�566,�� WR� D� VHUYHU�� ZKLFK� XVHV� DQ� DOJRULWKP� WR�
FRPSXWH�WKH�GLVWDQFH�RI�HDFK�WDJ�IURP�WKH�UHDGHU��
$Q�HVWLPDWLRQ�RI�WKH�ZRUNHU¶V�ORFDWLRQ�LV�JLYHQ�RQ�
WKH� EDVLV� RI� WKH� QHDUHVW� WDJ�� ,Q� WKH� VHFRQG� FDVH��
EHDFRQV� DUH� XVHG� DV� UHIHUHQFH� SRLQWV�� 7KH� VPDUW�
5),'� WDJV� VFDQ� WKH� HQYLURQPHQW� SHULRGLFDOO\�
ORRNLQJ� IRU� UHIHUHQFH�SRLQWV�� FDOFXODWH� WKHLU�
GLVWDQFH�IURP�WKH�IRXQG�EHDFRQ�DQG�FRPPXQLFDWH�
WKH� ORFDWLRQ� GDWD� WR� D� FHQWUDO� DFFHVV� SRLQW� ZKLFK�
VHQGV�LW�WR�D�VHUYHU���

•� :L�IL� EDVHG� V\VWHPV�� WDJV� DUH�:L�)L� WUDQVPLWWHUV�
WKDW�VHQG�VLPSOH�SDFNHWV�WR�PXOWLSOH�:L�)L�DFFHVV�
SRLQWV�LQ�WKH�IDFLOLW\��7KHVH�DFFHVV�SRLQWV�UHSRUW�WKH�
WLPH�DQG�VWUHQJWK�RI�D�UHDGLQJ�WR�D�EDFNHQG�V\VWHP��
FRPSXWHV�WKH�SRVLWLRQ�DQG�VHQGV�WKH�LQIRUPDWLRQ�WR�
WKH� FORXG�� :L�)L� ,36� QHHG� DW� OHDVW� WKUHH� DFFHVV�
SRLQWV� WR� KHDU� HDFK� WDJ� WUDQVPLVVLRQ� DQG� WLPH�
GLIIHUHQFH�RI�DUULYDO��7'2$��PHDVXUHV�WR�UHDFK�D�
FHUWDLQ�OHYHO�RI�DFFXUDF\��$FFHVV�SRLQWV�DUH�VSDFHG�
DERXW�HYHU\�����IHHW�LQ�D�IDFLOLW\��

•� 8OWUD�:LGH� %DQG� �8:%�� V\VWHPV�� DW� OHDVW� WKUHH�
8:%�UHDGHUV�WUDQVPLW�D�ZLGH�SXOVH�RYHU�D�*+]�RI�
VSHFWUXP��7KH�UHDGHU�OLVWHQV�IRU�FKLUSV�IURP�8:%�
WDJV�ZKLFK�DUH�DFWLYDWHG�E\�DQ�H[FLWHU�DQG�JHQHUDWH�
D� FRGHG� LQVWDQWDQHRXV� EXUVW�� 7KH� UHDGHUV� VHQG�
DFFXUDWH� WLPH� PHDVXUHPHQWV� IURP� WKH� WDJV� WR� D�
FHQWUDO�VHUYHU��8:%�V\VWHPV�DUH�WKH�PRVW�DFFXUDWH�
RQHV�IRU�LQGRRU�SRVLWLRQLQJ��+RZHYHU��LQVWDOODWLRQ�
FRVWV�DUH�YHU\�KLJK���
$FRXVWLF� V\VWHPV�� WKH\� ZRUN� OLNH� 8:%� V\VWHPV�
EXW� XVH� VRXQG� LQ� WKH� XOWUDVRQLF� UDQJH� LQVWHDG� RI�
UDGLR���

���$SSURDFKHV��

,Q� WKLV� VHFWLRQ� ZH� LOOXVWUDWH� WKH� PRVW� DGRSWHG� VROXWLRQ� WR�
SHUIRUP� RQH� RU� PRUH� RI� WKH� IXQFWLRQDOLWLHV� LOOXVWUDWHG� LQ�
6HFWLRQ����
�
�����9LGHR�VXUYHLOODQFH��
�
&RPSXWHU�YLVLRQ�FDQ�EH�H[SORLWHG�WR�H[WUDFW�VHYHUDO�W\SHV�RI�
LQIRUPDWLRQ�IURP�WKH�VFHQH�SRUWUD\HG�E\�YLGHRV�RU�LPDJHV��
VXFK� DV� REMHFWV� DQG� ZRUNHUV¶� ORFDWLRQ� RU� HQYLURQPHQWDO�
FRQGLWLRQ��
&DPHUDV� FDQ� EH� ZRUQ� E\� WKH� ZRUNHU� ZKLFK� FDQ� VKRZ� WR�
FRQWURO� URRP� WKH� VWDWXV� RI� DQ� HTXLSPHQW�� HPSKDVL]H� D�
GDQJHURXV�FRQGLWLRQ��HWF��6XFK�D�FDPHUD�FDQ�EH�XVHG�DOVR�WR�
ORFDOL]H� WKH� ZRUNHU�� WKH� LPDJHV� �L�H��� TXHU\� LPDJHV��
SURYLGHG� FRQWLQXDOO\� E\� WKH� FDPHUD� DUH� FRPSDUHG� WR� WKH�
LPDJHV�FRQWDLQHG�LQ�D�GDWDEDVH�WR�HVWLPDWH�WKH�ORFDWLRQ��)RU�
LQVWDQFH��-HHODQL�HW�DO��XVHG�D�ZHDUDEOH�FDPHUD�WR�HVWLPDWH�
WKH�ORFDWLRQ�RI�ZRUNHUV�LQVLGH�D�FRQVWUXFWLRQ�VLWH�DQG�WR�VHQG�
D�ZDUQLQJ�LQ�FDVH�RI�SUR[LPLW\�WR�D�VWDWLF�RU�G\QDPLF�KD]DUG�
�-HHODQL�HW�DO����������
$OWHUQDWLYHO\��VXUYHLOODQFH�FDPHUDV�FDQ�EH� LQVWDOOHG� LQ� WKH�
HQYLURQPHQW�WR�GHWHFW�REMHFWV�RU�HPSOR\HHV�RSHUDWLQJ�LQ�WKH�
IDFLOLW\��)ULWVFK�HW�DO����������
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)HZ� UHVHDUFK� VWXGLHV� DSSOLHG� YLVLRQ�EDVHG� DSSURDFKHV� WR�
DGGUHVV�WKH�LPSURSHU�XVH�RI�33(��&KHQ�HW�DO��GHYHORSHG�D�
YLVLRQ�EDVHG� DSSURDFK� WR� PRQLWRU� GHFRPPLVVLRQLQJ�
ZRUNHUV� RI� WKH� )XNXVKLPD� 'DLLFKL� QXFOHDU� SRZHU� VWDWLRQ�
�136�Ǥ������FUHDWHG�D�GDWDVHW�RI�LPDJHV�RI�KHOPHWV�DQG�IDFH�
PDVNV�WR�WUDLQ�WKHLU�PRGHO�DQG�XVHG�JHRPHWULF�UHODWLRQVKLSV�
WR� LGHQWLI\� ZRUNHUV� WKDW� ZHUH� QRW� FRUUHFWO\� ZHDULQJ� WKH�
HTXLSPHQW��&KHQ�DQG�'HPDFKL���������
,Q�DGGLWLRQ��YLVLRQ�EDVHG�PRQLWRULQJ�FDQ�EH�XVHG�WR�GHYHORS�
+$5��9LGHR�FOLSV�FROOHFWHG�E\�WKH�FDPHUDV�FDQ�EH�DQDO\]HG�
E\� D� KXPDQ� RSHUDWRU� RU� E\� DXWRPDWLF� FRPSXWHU� YLVLRQ�
WHFKQLTXHV�� +RZHYHU�� LQ� PDQ\� VXUYHLOODQFH� DSSOLFDWLRQV��
HYHQWV�RI�LQWHUHVW�PD\�KDYH�D�ORZ�RFFXUUHQFH�UDWH��PDNLQJ�
LW� GLIILFXOW� WR� FROOHFW� VXIILFLHQW� WUDLQLQJ� GDWD� WR� GHYHORS�
PRGHOV� IRU� VXFK� UDUH� HYHQWV�� 7R� DGGUHVV� WKH� GLIILFXOW\� RI�
XQXVXDO� HYHQWV� GHWHFWLRQ�� =HOQLN�0DQRU� HW� DO�� �=HOQLN�
0DQRU� DQG� ,UDQL� ������ SURSRVHG� WKH� XVH� RI� D� FOXVWHULQJ�
DOJRULWKP� WKDW� GLYLGHV� YLGHR� FOLSV� LQWR� GLIIHUHQW� JURXSV�
GHSHQGLQJ�RQ�D�VLPLODULW\�PHDVXUH��+RZHYHU��GXH�WR�OLPLWHG�
WUDLQLQJ�GDWD��FOXVWHUV�PD\�QRW�EH�UHSUHVHQWDWLYH�HQRXJK�WR�
EXLOG�XS�D�SUHGLFWLRQ�PRGHO�IRU�UDUH�HYHQWV���
,QWHUHVWLQJ� UHVXOWV� FDQ� EH� DFKLHYHG� XVLQJ� 'HSWK� FDPHUDV��
VXFK� DV� .LQHFW�� ZKLFK� DUH� DEOH� WR� UHFRQVWUXFW� �'� YLUWXDO�
VNHOHWRQ��+RZHYHU��KLJK�FRPSXWDWLRQDO�FRVWV��VKRUW�UDQJH�RI�
RSHUDWLRQ��DQG�FRPSOH[LW\�DUH�WKH�PDLQ�UHDVRQV�ZK\�WKH�XVH�
RI� GHSWK� FDPHUDV� LV� GLVFRXUDJHG� IRU� DFWLYLW\� UHFRJQLWLRQ�
WDVNV��
8QIRUWXQDWHO\��YLGHR�FDPHUDV�QHHG�WKDW�WKH�ZRUNHU�LV�HYHU\�
WLPH�LQ�WKH�OLQH�RI�VLJKW��KHQFH�WKH\�DUH�XQDEOH�WR�PDQDJH�
WKH�SUHVHQFH�RI�REVWDFOHV��DQG�LW�PD\�EH�FRPSOH[�WR�IROORZ�
D� ZRUNHU� LQ� WKH� SUHVHQFH� RI� ODUJH� ZRUNHU� VSDFH� DQG� WKHLU�
HIIHFWLYHQHVV� ODUJHO\� GHJUDGHV� LQ� WKH� SUHVHQFH� RI� D� ODUJH�
QXPEHU�RI�ZRUNHUV�LQ�WKH�VDPH�HQYLURQPHQW��+RZHYHU��WKH�
PDLQ� GLVDGYDQWDJH� RI� YLGHR� VXUYHLOODQFH� V\VWHPV� LV� WKHLU�
LQYDVLYHQHVV�ZLWK�UHVSHFW�WR�WKH�SULYDF\�RI�ZRUNHUV��5DMSRRW�
DQG� -HQVHQ� ������ DQG� GXH� WR� WKH� FRQVWUDLQW� RQ� WKHLU� XVH�
LPSRVHG�E\�VHYHUDO�QDWLRQDO�OHJLVODWLRQV��

����:HDUDEOH�VHQVRUV�

7KH� ODUJH�VFDOH� GLIIXVLRQ� DQG� PLQLDWXUL]DWLRQ� RI� GDWD�
FDSWXULQJ�VHQVRUV�DQG�GDWD�VWRUDJH�FRPSRQHQWV�� WKDW�FDPH�
DORQJ� ZLWK� 'LJLWDO� 7UDQVIRUPDWLRQ�� KDYH� HQDEOHG� WKH�
LQWHJUDWLRQ� RI� WKHVH� HOHPHQWV� LQWR� JDUPHQWV� RU� WKHLU�
DSSOLFDWLRQ�GLUHFWO\�RQ�WKH�VNLQ�WR�DVVHVV�WKH�SHUIRUPDQFH��
KHDOWK�VWDWXV��PRWLRQ�RU�ORFDWLRQ�RI�D�JLYHQ�VXEMHFW��/DUD�DQG�
/DEUDGRU���������
7KH� SUHGRPLQDQW� ZHDUDEOH� VHQVRUV� IRU� SRVWXUH� RU� PRWLRQ�
UHFRJQLWLRQ�DUH�LQHUWLDO�VHQVRUV��QDPHO\�DFFHOHURPHWHUV�DQG�
J\URVFRSHV� �2OJX� DQG� 3HQWODQG� ������� )RU� LQVWDQFH��
.RVNLPlNL� HW� DO�� �.RVNLPlNL� HW� DO�� ������ XVHG� D� VLQJOH�
LQHUWLDO�PHDVXUHPHQW�XQLW��,08��DWWDFKHG�WR�WKH�DFWLYH�ZULVW�
RI� D� ZRUNHU� WR� DFTXLUH� DFFHOHUDWLRQ� DQG� DQJXODU� VSHHG�
LQIRUPDWLRQ�� 7KLV� LQIRUPDWLRQ� ZDV� XVHG� WR� LGHQWLI\� WKH�
DFWLYLW\�SHUIRUPHG�DW�D�FHUWDLQ�WLPH�LQWHUYDO��7KH�UHFRUGHG�
DFWLYLWLHV� FRXOG� EH� UHFRJQL]HG� RQOLQH� HYHU\� KDOI� VHFRQG��
XVLQJ� D� ZLQGRZLQJ� PHWKRG� WR� VHOHFW� GDWD� ZLWKLQ� D� WZR�
VHFRQG�LQWHUYDO�DQG�RYHUODSSLQJ�WZR�DGMDFHQW�ZLQGRZV�E\�

����V��7KH�V\VWHP�ZDV� WHVWHG�RQ�D�VHW�RI�EDVLF� WDVNV��H�J���
KDPPHULQJ�� VFUHZLQJ�� DQG� RQ� D� QXOO� DFWLYLW\� FODVV��
FRQVLVWLQJ� RI� DFWLYLWLHV� OLNH� PRYLQJ� DURXQG� RU� FKDQJLQJ�
WRROV��7KH�PHWKRG�XVHG� IRU� UHFRJQLWLRQ�ZDV� WKH�N� QHDUHVW�
QHLJKERU� PHWKRG�� 5HVXOWV� VKRZHG� DQ� DFFXUDF\� RI� DOPRVW�
������
,Q�WKH�FRQWH[W�RI�WKH�ZHDU,7#ZRUN�SURMHFW��/XNRZLF]�HW�DO��
�/XNRZLF]�������WHVWHG�WKH�XVH�RI�XQREWUXVLYH�ERG\�ZRUQ�
VHQVRUV� IRU� WUDFNLQJ� WKH� PDLQWHQDQFH� DQG� SURGXFWLRQ�
ZRUNHUV�DFWLYLWLHV� WHVWHG� LQ� IRXU�DSSOLFDWLRQ�DUHDV�� DLUFUDIW�
PDLQWHQDQFH�� FDU� SURGXFWLRQ�� KHDOWKFDUH�� DQG� HPHUJHQF\�
UHVSRQVH�� ,Q� �6WLHIPHLHU� ������ WKH� DXWKRU� XVHV� LQHUWLDO�
VHQVRUV� HPEHGGHG� LQWR� D� MDFNHW� DQG� D�ZHDUDEOH� FRPSXWHU�
UXQQLQJ�D� UHDO�WLPH�VSRWWLQJ�PHWKRG� WR� WUDFN� WKH�ZRUNHU¶V�
PRYHPHQWV���
:HDUDEOH�GHYLFHV�FDQ�DOVR�EH�H[SORLWHG�WR�GLVFULPLQDWH�IDOO�
DFWLYLWLHV�IURP�QRUPDO�DFWLYLWLHV�RI�GDLO\�OLYLQJ��$'/��DQG�
UHOD\� ZDUQLQJ� PHVVDJHV� DQG�RU� HPHUJHQF\� FRRUGLQDWRU� LQ�
WKH� ZRUNSODFH�� )RU� LQVWDQFH�� <DQJ� HW� DO�� XVHG� ZHDUDEOH�
LQHUWLDO�PHDVXUHPHQW�XQLWV��:,08V��DQG�D�VHPL�VXSHUYLVHG�
OHDUQLQJ�DOJRULWKP��L�H���RQ�FODVV�VXSSRUW�YHFWRU�PDFKLQH��WR�
GHWHFW� QHDU�PLVV� IDOOV� H[SORLWLQJ� NLQHPDWLFV� GDWD� RI�
LURQZRUNHUV�LQ�WKH�FRQVWUXFWLRQ�LQGXVWU\��<DQJ�HW�DO���������
7KH�SURSRVHG�DSSURDFK�ZDV� WHVWHG�RQ�����QHDU�PLVV� IDOOV�
VLPXODWHG�RQ�DQ� LQGRRU�VWHHO� IUDPH�DQG����QHDU�PLVV� IDOOV�
VLPXODWHG� RXWGRRU��1HDU�PLVV� IDOOV� ZHUH� GHWHFWHG� ZLWK� DQ�
DFFXUDF\�WKDW�YDULHV�DFURVV�VXEMHFWV�IURP�������WR�������LQ�
WKH� ODERUDWRU\� VHWWLQJV� DQG� IURP� ���� WR� ������ RXWGRRU��
6XFK� D� GHSHQGHQF\� RI� WKH� DFFXUDF\� RQ� WKH� LQGLYLGXDO�
YXOQHUDELOLW\� DQG� DFURVV� GLIIHUHQW� H[SHULPHQWDO� VHWWLQJV�
LQGLFDWHV� WKDW� WKH� IUHTXHQF\� RI� GHWHFWHG� QHDU�PLVV� IDOOV�
FRXOG�EH�XVHG�WR�SUHGLFW�WKH�ULVN�IRU�HDFK�LQGLYLGXDO�LQ�WKH�
ZRUNSODFH���
7KH�SURMHFW�6PDUW%HQFK��FR�IRXQGHG�E\�WKH�,WDOLDQ�:RUNHUV�
&RPSHQVDWLRQ� $XWKRULW\� �,1$,/��� UHJDUGHG� WKH�
GHYHORSPHQW� RI� DQ� DUFKLWHFWXUH� EDVHG� RQ� DPELHQW� � DQG�
ZHDUDEOH� VHQVRUV� WR� SURYLGH� WKH� ZRUNHUV� ZLWK� GDWD� IURP�
LQGXVWULDO�PDFKLQHV�DQG�HQYLURQPHQWDO�VHQVRUV�LQ�WKH�ILHOG��
�)DUDPRQGL�HW�DO���������7KH�SURMHFW�RIIHUHG�WKUHH�GLIIHUHQW�
VHUYLFHV��D�ORFDOL]DWLRQ�VHUYLFH�WR�NQRZ�WKH�SRVLWLRQ�RI�WKH�
ZRUNHU��DQ� LQGLUHFW� VKDUHG�ZDUQLQJ�V\VWHP� WR�PDQDJH� WKH�
H[FKDQJH� RI� UHOHYDQW� LQIRUPDWLRQ� DERXW� KXPDQ� DQG�
HQYLURQPHQWDO� FRQGLWLRQV�� DQG� D� VWDWH� HVWLPDWLRQ� WRRO� WR�
GHWHFW� KD]DUGRXV� VLWXDWLRQV�� 0RUH� LQ� GHWDLO�� WKH�
LQIUDVWUXFWXUH� FRPSUHKHQGV� VHYHUDO� HQYLURQPHQWDO� QRGHV�
�(1��SODFHG�LQ�VWUDWHJLF�SRVLWLRQV�DQG�D�KXPDQ�QRGH��L�H��D�
ZRUNHU�HTXLSSHG�ZLWK�D�SHUVRQDO�WDEOHW�DQG�D�VPDUW�ZULVW�
PRXQWHG�SODWIRUP��DEOH�WR�UHFRUG�DFFHOHUDWLRQ�DQG�DQJXODU�
VSHHG� VLJQDOV�� 7KH�(1� DUH� XVHG� ERWK� WR� VXSSRUW� G\QDPLF�
ORFD]DWLRQ�RI�WKH�ZRUNHUV�DQG�UHDOLVH�D�G\QDPLF�PHVK�ZKHUH�
(1� VWRUH� UHOHYDQW� LQIRUPDWLRQ�� H�J�� DQRPDORXV�
PHDVXUHPHQWV�FROOHFWHG�E\�D�ZRUNHU��LQ�RUGHU�WR�VKDUH�WKH�
LQIRUPDWLRQ�ZLWK�DQ\�RWKHU�ZRUNHUV�ZKLFK�PRYH�FORVH�WR�WKH�
(1�� )DUDPRQGL� HW� DO�� IRXQG� WKDW� WKH� ZHDUDEOH� GHYLFH� LV�
IHDVLEOH� IRU� D� FRQWLQXRXV� DFWLYLW\� UHFRJQLWLRQ�� WR� GLVFRYHU�
DQRPDO\� EHKDYLRU� DQG� WR� VKDUH� UHOHYDQW� LQIRUPDWLRQ� LQ� D�
FRVW�HIIHFWLYH�PDQQHU���
/HH�HW�DO���/HH�HW�DO��������SURYHG�WKH�UHOLDELOLW\�RI�ZHDUDEOH�
VHQVRUV�IRU�PRQLWRULQJ�+5��HQHUJ\�H[SHQGLWXUH��PHWDEROLF�
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HTXLYDOHQWV�� DQG� VOHHS� HIILFLHQF\� LQ� URRILQJ� ZRUNHUV
� LQ� D�
SHULRG� RI� WKUHH� FRQVHFXWLYH� GD\V�� %\� PHDQV� RI� D� IHDWXUH�
H[WUDFWLRQ�SURFHVV��YLWDO�VLJQV�FDQ�DOVR�EH�XVHG�WR�LPSURYH�
DFFXUDF\� RI� DFWLYLW\� UHFRJQLWLRQ� DSSOLFDWLRQV� �<XUWPDQ�
�������+RZHYHU��7DSLD�HW�DO���7DSLD�HW�DO���������FRPELQLQJ�
ILYH�WULD[LDO�DFFHOHURPHWHUV�ZLWK�D�KHDUW�UDWH�PRQLWRU��IRXQG�
WKDW�WKH�+5�KDV�OLWWOH�GLVFULPLQDWRU\�SRZHU�LQ�+$5��,QGHHG��
DIWHU�SK\VLFDOO\�GHPDQGLQJ�DFWLYLWLHV��+5�VWD\V�KLJK�IRU�D�
ZKLOH��HYHQ�LI�WKH�LQGLYLGXDO�OD\V�LQ�D�UHVWLQJ�SRVLWLRQ��

�����6HQVRUV�LQ�WKH�HQYLURQPHQW�

,R7� VHQVRUV� DUH� XVHG� LQ� PRQLWRULQJ� HQYLURQPHQWDO�
SDUDPHWHUV�� HQHUJ\� FRQVXPSWLRQ�� SHRSOHV� DQG� REMHFWV¶�
SRVLWLRQ��GDQJHURXV�RU�WR[LF�JDV�OHYHOV�HWF��
�2LNRQRPRX�HW�DO��������SUHVHQWHG�WKH�LPSOHPHQWDWLRQ�RI�D�
ZLUHOHVV� VHQVLQJ� V\VWHP� WR� PRQLWRU� SDUWLFXODU� YRODWLOH�
RUJDQLF� FRPSRXQGV� �92&V�� LQ� SULQWHG� IOH[LQJ� SDFNDJLQJ�
LQGXVWULHV�� ([SHULPHQWDO� UHVXOWV� UHYHDOHG� D� JRRG� VHQVLQJ�
SHUIRUPDQFH� RI� WKH� V\VWHP�� FKDUDFWHUL]HG� E\� D� KLJK�
UHSHDWDELOLW\�DQG�ORQJ�WHUP�VWDELOLW\���

�����0RELOH�GHYLFHV��
�
1RZDGD\V� SHUVRQDO� PRELOH� GHYLFHV� DUH� DYDLODEOH� DQG�
DIIRUGDEOH� RQ� D� ODUJH� VFDOH�� ,Q� UHFHQW� \HDUV� WKHVH� GHYLFHV�
KDYH� EHHQ� HTXLSSHG� ZLWK� VHQVRUV� WKDW� HQDEOH� VHYHUDO�
DGYDQFHG�IXQFWLRQDOLWLHV�DQG�VHUYLFHV�XVHIXO�IRU�WKH�RZQHU��
ZLWKRXW�WKH�QHHG�IRU�H[WUD�VHQVRUV�WR�SHUIRUP�VSHFLILF�WDVNV��
H�J�� DFFHOOHURPHWHUV�� J\URVFRSH�� HWF��� )RU� LQVWDQFH�� UHFHQW�
PRELOH�SKRQHV�DUH�DEOH�WR�UHFRJQL]H�DFWLYLWLHV�DQG�DFWLRQV�
RI�WKH�XVHU�IRU�VHYHUDO�DSSOLFDWLRQV��WKDQNV�WR�LQHUWLDO�VHQVRUV�
HPEHGGHG�LQ�WKHLU�KRXVLQJ��$\X�HW�DO���������
�
7DEOH� ��� $� �� WR� ��� HIIHFWLYHQHVV� VFRUH� ZDV� DVVLJQHG� WR� HDFK�
DSSURDFK�IRU�WKH�DIRUHPHQWLRQHG�DSSOLFDWLRQV��

$SSURDFKHV� +$5� 'HWHFW�
IDOOV�

33(�
FRUUHFW�

XVH�

+HDOWK�
VWDWXV�

(QYLURQPHQWDO�
PRQLWRULQJ�

/RFDOL]DWLRQ�

9LGHR�
VXUYHLOODQFH�

�� �� �� �� �� ��

:HDUDEOH�
VHQVRUV�

�� �� ��� ��� �� ���

6HQVRUV�LQ�WKH�
HQYLURQPHQW�

�� �� �� �� ��� ��

0RELOH�
GHYLFHV�

�� �� �� �� �� ��

�
�
���&RPPXQLFDWLRQ�
�
$V�GLVFRYHUHG�E\�WKH�5,6,1*�SURMHFW��'H�&LOOLV�HW�DO��������
WKH�FDSDELOLW\�WR�FRPPXQLFDWH�DPRQJ�ZRUNHUV�LV�FRQVLGHUHG�
WKH� PRVW� LPSRUWDQW� HOHPHQW� IRU� D� VPDUW� VDIHW\� V\VWHP��
HVSHFLDOO\�LQ�WKH�FDVH�RI�DQ�HPHUJHQF\�VLWXDWLRQ��:KLOH�LQ�
WKH�RIILFH�OLNH�VWUXFWXUH�LW�LV�QRUPDO�WR�XVH�ZL�IL�FRQQHFWLYLW\�
�HYHQ� LI� WKH� UHOLDELOLW\� RI� VXFK� PHGLD� LV� QRW� JXDUDQWHHG�
GXULQJ� HPHUJHQF\��� WKH� ELJJHVW� FKDOOHQJH� LV� WKH� SODQW�
VFHQDULR��,QGHHG��LQ�WKLV�FDVH�ZL�IL�JHQHUDOO\�GRHV�QRW�FRYHU�

WKH� ZKROH� DUHD�� 6RPHRQH� VXJJHVWHG� XVLQJ� /RQJ� 7HUP�
(YROXWLRQ��/7(��EXW�LW�KDV�VHYHUDO�OLPLWDWLRQV�HVSHFLDOO\�IRU�
LQGRRUV� DQG� LQ� WKH� SUHVHQFH� RI� VLJQLILFDQW� PHWDOOLF�
LQIUDVWUXFWXUHV�� $� GLIIHUHQW� VROXWLRQ� LV� WR� FUHDWH� DG�KRF�
QHWZRUN�XVLQJ�VKRUW�UDQJH�FRPPXQLFDWLRQ�SURWRFROV�DV�%/(�
RU� 5),'�� ,Q� WKLV� FDVH� WR� H[WHQG� WKH� FRYHUDJH� DUHD�� LW� LV�
QHFHVVDU\� WR� FRQVLGHU�� PXOWL�KRS� VWUDWHJLHV� �*QRQL� HW� DO��
�������
$� GLIIHUHQW� DVSHFW� LV� UHODWHG� WR� WKH� PHWKRGRORJ\� XVHG� WR�
SURYLGH� LQIRUPDWLRQ� WR� ZRUNHUV�� 0RVW� RI� WKH� VROXWLRQV�
SURYLGHG�LQ�WKH�OLWHUDWXUH�DVVXPH�WKH�XVH�RI�VPDUW�GHYLFHV��
H�J���PRELOH�SKRQHV�� WR�SURYLGH� LQIRUPDWLRQ�XVLQJ�D� WRXFK�
VFUHHQ�� ,Q� WKLV� ZD\� LW� LV� SRVVLEOH� WR� SURYLGH� D� VLJQLILFDQW�
DPRXQW� RI� LQIRUPDWLRQ� DOORZLQJ� ZRUNHUV� WR� QDYLJDWH�
WKURXJK� GDWD� WR� DFTXLUH� GHWDLOV� RQ� VSHFLILF� DVSHFWV�� 6RPH�
VROXWLRQV� DOVR� SURYLGH� FRQWH[W�RULHQWHG� LQWHUIDFH� DEOH� WR�
HPSKDVL]H�WR�ZRUNHUV�PRUH�UHOHYDQW�HOHPHQWV�LQ�WKH�VSHFLILF�
VFHQDULR��8QIRUWXQDWHO\��WKH�XVH�RI�WRXFK�VFUHHQV�PLJKW�EH�
XQIHDVLEOH� ZKHQ� WKH� ZRUNHU� KDV� WR� ZHDU� VDIHW\� JORYHV� RU�
ZKHQ�KH�VKH�QHHGV�ERWK�KDQGV�WR�SHUIRUP�WKH�WDVNV��,Q�WKLV�
FDVH� VRPH� DXWKRUV� VXJJHVW� XVLQJ� DFRXVWLF� RU� YLEUDWLRQ�
VLJQDOV� ZKLFK� UHSUHVHQW� D� XVHIXO� FRPSURPLVH� H[FHSW� LQ�
VFHQDULRV�FKDUDFWHULVHG�E\�D�KLJK�OHYHO�RI�QRLVH�RU�YLEUDWLRQ��
$�PRUH�DGYDQFHG�VROXWLRQ�LQWHJUDWHV�VDIHW\�LQIRUPDWLRQ�LQWR�
WKH� DXJPHQWHG� UHDOLW\� �$5�� GHYLFH�� 7KLV� UHSUHVHQWV�
GHILQLWHO\�WKH�PRVW�LQQRYDWLYH�VROXWLRQ��XQIRUWXQDWHO\�$5�LV�
VWLOO�LQ�LWV�LQIDQF\�DQG�WKH�DFWXDO�GHYLFHV�DUH�QRW�UXJJHG���
6XUSULVLQJO\��WKH�VWXGLHV�RQ�KRZ�WR�FUHDWH�DQ�HIILFLHQW�DQG�
HIIHFWLYH�XVHU�LQWHUIDFH�WR�EH�XVHG�E\�ZRUNHUV�LQ�WKH�ILHOG��
HVSHFLDOO\� ZKHQ� KDQGOLQJ� GDQJHURXV� VLWXDWLRQV�� DUH� YHU\�
OLPLWHG�DQG� WKLV� LV�DQ�DUHD�RQ�ZKLFK�UHVHDUFK�ZLOO�KDYH� WR�
IRFXV�RQ��
�
�
���6LGH�HIIHFWV�
�
$V�PHQWLRQHG�EHIRUH�� WKH� LQWURGXFWLRQ�RI� ,R7�GHYLFHV�FDQ�
FRQFUHWHO\�LPSURYH�WKH�ZRUNHUV¶�VDIHW\��+RZHYHU�� WKH�XVH�
RI� VXFK� VROXWLRQV�KDV� VHYHUDO� GUDZEDFNV�ZKLFK� VKRXOG�EH�
FDUHIXOO\� FRQVLGHUHG��7KH� PDLQ� HOHPHQWV� WR� EH� WDNHQ� LQWR�
DFFRXQW�DUH��

•� 3ULYDF\��WR�DYRLG�JHWWLQJ�LQWR�GDQJHURXV�VLWXDWLRQV��
WKH�VDIHW\�����VROXWLRQV�XVH�LQVWUXPHQW�WR�PRQLWRU�
WKH�DFWLYLWLHV�DQG�VWDWXV�RI�WKH�ZRUNHUV��+HQFH��WKH\�
KDYH� LPSDFW� RQ� WKHLU� SULYDF\� DQG� PLJKW�� DW� OHDVW�
WKHRUHWLFDOO\�� XVHG� DOVR� IRU� UHPRWH� FRQWURO� RI� WKH�
ZRUNHUV�� 6RPH� DSSURDFKHV�� H�J��� YLGHR�
VXUYHLOODQFH��DUH�PRUH�LQYDVLYH�EXW�DOPRVW�DOO�WKH�
SURSRVHG�VROXWLRQV�KDYH�WKLV�GUDZEDFN��1RWLFH�WKDW�
UHPRWH�FRQWURO�RI�ZRUNHU� LV�SURKLELWHG� LQ� VHYHUDO�
FRXQWULHV� DQG� WKH� XVH� RI� GHYLFHV� WR� PRQLWRU�
ZRUNHUV� DFWLYLWLHV� LV� LQ� JHQHUDO� VWURQJO\� RSSRVHG�
E\� WUDGH� XQLRQ� RUJDQL]DWLRQV�� 7R� RYHUFRPH� VXFK�
GUDZEDFNV�� LW� LV� PDQGDWRU\� WR� FDUHIXOO\� FRQVLGHU�
LVVXH�RI�SULYDF\��)RU�H[DPSOH��LQ��)DUDPRQGL�HW�DO��
������ D� SULYDF\� E\� GHVLJQ� SDUDGLJP� LV� DGRSWHG��
'DWD� DERXW� ZRUNHUV¶� DFWLYLWLHV� DUH� FROOHFWHG� DQG�
VWRUHG� RQO\� LQ� WKH� PRELOH� GHYLFH� FDUULHG� E\� WKH�
ZRUNHUV�� $W� WKH� HQG� RI� WKH� WDVN� DOO� GDWD� DUH�
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�

DXWRPDWLFDOO\� HUDVHG� H[FHSW� ZKHQ� VRPH�
DQRPDORXV� HYHQW� KDSSHQV� �LQ� WKH� ODWWHU� FDVH�
LQIRUPDWLRQ� LV� VKDUHG� WR� VSHHG� XS� HPHUJHQF\�
DFWLYLWLHV�DQG�IRU�IRUHQVLF�DFWLYLWLHV����

•� &RPSOH[LW\�	�)UDJLOLW\�� WKH�PDVVLYH�GLIIXVLRQ�RI�
,R7�LQ�SODQWV��EHVLGHV�D�ODUJH�QXPEHU�RI�EHQHILVW��
UHSUHVHQWV� D� V\VWHPLF� IUDJLOLW\� DV� SRLQWHG� RXW� E\�
�3HUURZ�� ������� EHFDXVH� WKH� FRPSOH[LW\� RI� D�
V\VWHP�LV�LWVHOI�D�VRXUFH�RI�IUDJLOLW\��7KH�QXPHURXV�
SURWRFROV� DQG� DSSOLFDWLRQV� XVHG� LQ� ,7� SODWIRUPV�
PDNH�WKH�ZKROH�V\VWHP�SURQH�WR�HIIHFWV�RI�VRIWZDUH�
EXJV�DQG�PLVFRQILJXUDWLRQV��0RUHRYHU��RQH�KDV�WR�
FRQVLGHU�WKH�ULVN�LQGXFHG�E\�F\EHUVHFXULW\��L�H��WKH�
PDOLFLRXV�GDWD�PDQLSXODWLRQ��6XFK� HYHQWV� VKRXOG�
PDVN� VRPH� DQRPDORXV� VLWXDWLRQV� RU�� RQ� WKH�
FRQWUDU\�� HPSKDVL]H� GDQJHU� FRQGLWLRQV� GXULQJ�
QRUPDO�VFHQDULRV��,Q�ERWK�FDVHV��ZRUNHUV�FRXOG�EH�
WULFNHG�LQWR�SHUIRUPLQJ�ZURQJ�WDVNV�ZLWK�SRWHQWLDO�
GUDPDWLFDO�FRQVHTXHQFHV�IRU�WKH�VDIHW\��$V�SRLQWHG�
RXW� LQ� WKH� OLWHUDWXUH� IRU� WKH� ,QGXVWULDO� &RQWURO�
6\VWHP� �,&6�� WKH� PRUH� D� V\VWHP� LV� GHVLJQHG� IRU�
VDIHW\�� WKH�OHVV�LW� LV�DEOH�WR�KDQGOH�VHFXULW\� LVVXH��
&RQVHTXHQWO\�� F\EHU� LVVXH� LQGXFHG�E\� WKH� XVH�RI�
VPDUW� GHYLFHV� PXVW� EH� LQFOXGHG� LQ� WKH� ULVN�
DVVHVVPHQW�LQ�RUGHU�WR�FRUUHFWO\�FRQVLGHU�ERWK�WKH�
EHQHILWV�DQG�SUREOHPV�LQGXFHG�E\�WKHVH�V\VWHPV��

•� 5HOHDVH� RI� OLDELOLW\�� WKH� SUHVHQFH� RI� DXWRPDWLF�
V\VWHPV� FDSDEOH� RI� DOHUWLQJ� ZRUNHUV� LQ� FDVH� RI�
YLRODWLRQV� RI� VDIHW\� SURWRFROV� FRXOG� UHGXFH� WKH�
DZDUHQHVV�RI�WKH�ZRUNHUV��,Q�RWKHU�ZRUGV��ZRUNHUV�
FRXOG� UHGXFH� WKHLU� DWWHQWLRQ� WR� WKH� VDIHW\� LVVXH�
EHLQJ� VXUH� WKDW� WKH� DXWRPDWLF� V\VWHP� ZLOO� DOHUW�
KLP�KHU��7KLV�PLJKW�H[SRVH�ZRUNHUV�WR�GDQJHURXV�
HYHQWV� LQ� FDVH� RI� DQRPDORXV� EHKDYLRXU� RI� WKH�
VDIHW\� ���� HOHPHQWV�� 7R� UHGXFH� WKLV� GLVWRUWLQJ�
HIIHFW�� LW� LV� PDQGDWRU\� WR� DGDSW� WKH� WUDLQLQJ�
DFWLYLWLHV�� $Q\ZD\�� LW� LV� QRW� HQRXJK� LQ� RUGHU� WR�
FRPSHQVDWH�WKLV�SUREOHP��,Q�UHDOLW\��LW�RXJKW�WR�EH�
QHFHVVDU\� WR� DVVRFLDWH� D� UHOLDELOLW\� OHYHO� WR� WKHVH�
VDIHW\�����HOHPHQWV�VR�WKDW�LW�LV�SRVVLEOH�WR�FDOFXODWH�
WKH� SUREDELOLW\� RI� IDLOXUH�� XVHIXO� WR� HVWLPDWH� WKH�
UHVLGXDO�ULVN�IRU�WKH�ZRUNHU��$�VLPLODU�ZD\�WR�GHDO�
ZLWK� WKLV� VLWXDWLRQ� IRU� PDFKLQHU\� DSSOLFDWLRQ� LV�
UHSUHVHQWHG� E\� VDIHW\� UHODWHG� VHQVRUV� �656�� DQG�
VDIHW\�UHODWHG�VHQVRU�V\VWHPV��6566��XVHG�IRU�WKH�
SURWHFWLRQ�RI�SHUVRQV�GHVFULEHG�LQ�,(&�76�������
��������

�
���&RQFOXVLRQV�

7KLV� SDSHU� DLPV� DW� SURYLGLQJ� DQ� RYHUYLHZ� RQ� WKH� UHFHQW�
WHFKQRORJLFDO�DGYDQFHV�LQ�VHYHUDO�GRPDLQV��VXFK�DV�DPELHQW�
LQWHOOLJHQFH�DQG�,R7��WKDW�KDYH�HQDEOHG�QRYHO�VROXWLRQV�IRU�
DSSOLFDWLRQ� LQ� WKH� 26+� IUDPHZRUN�� )RU� LQVWDQFH�� D� ZLGH�
UDQJH�RI�VPDUW�33(��:61V�DQG�ZHDUDEOH�GHYLFHV�KDYH�EHHQ�
GHYHORSHG� WR� LPSURYH� WKH� ZRUNHUV¶� VDIHW\� DQG� KHDOWK� LQ�
ZRUNLQJ� HQYLURQPHQWV��+HUH�ZH� GHFLGHG� WR� IRFXV� RQ� WKH�
PDLQ� DPELHQW� LQWHOOLJHQFH� VROXWLRQV� DQG� ZHDUDEOH�
WHFKQRORJLHV�WKDW�KDYH�EHHQ�WHVWHG�LQ�UHDO�ZRUNLQJ�VFHQDULRV�

VR� IDU�� +RZHYHU�� WKH� XVH� RI� VXFK� VROXWLRQV� KDV� VHYHUDO�
GUDZEDFNV�� HVSHFLDOO\� LQ� WHUPV� RI� SULYDF\� DQG� VHFXULW\�
LVVXHV�� 7R� FRQFOXGH�� WKH� XVH� RI� ,R7� FRXOG� GHILQLWLYHO\�
LPSURYH�WKH�OHYHO�RI�VDIHW\�RI�ZRUNHUV�EXW�LW�QHHGV�IXUWKHU�
LQWHUGLVFLSOLQDU\�UHVHDUFK� LQ�RUGHU� WR�PDQDJH� WKH�GLIIHUHQW�
VLGH� HIIHFWV� DQG� WR� DFKLHYH� DQ� DGHTXDWH� OHYHO� RI� XVHUV¶�
DFFHSWDELOLW\��

$FNQRZOHGJHPHQW�
7KLV�SDSHU�KDV�EHHQ�SDUWLDOO\�VXSSRUWHG�E\�,1$,/�LQVLGH�WKH�(8�
SURMHFW�6DI¼UD��6WHU��

5HIHUHQFHV�
$\X��0HGLD�$QXJHUDK��6LWL�$LV\DK�,VPDLO��$KPDG�)DULGL�$EGXO�

0DWLQ��DQG�7HGG\�0DQWRUR��������³$�&RPSDULVRQ�6WXG\�
RI�&ODVVLILHU�$OJRULWKPV�IRU�0RELOH�3KRQH¶V�
$FFHOHURPHWHU�%DVHG�$FWLYLW\�5HFRJQLWLRQ�´�3URFHGLD�
(QJLQHHULQJ�����,ULV������±����
KWWSV���GRL�RUJ���������M�SURHQJ��������������

%ULDQ�5D\��Q�G��³+RZ�,QGRRU�3RVLWLRQLQJ�6\VWHPV�:RUN�	�7\SHV�
RI�/RFDWLRQ�7UDFNLQJ�´�
KWWSV���ZZZ�DLUILQGHU�FRP�EORJ�LQGRRU�SRVLWLRQLQJ�
V\VWHP��

&DUQHLUR��'DYLGH��3DXOR�1RYDLV��-XDQ�&DUORV�$XJXVWR��DQG�
1LFROD�3D\QH��������³1HZ�0HWKRGV�IRU�6WUHVV�$VVHVVPHQW�
DQG�0RQLWRULQJ�DW�WKH�:RUNSODFH�´�,(((�7UDQVDFWLRQV�RQ�
$IIHFWLYH�&RPSXWLQJ������������±����
KWWSV���GRL�RUJ���������7$))&���������������

&KDQ��+DRZHQ��DQG�$GULDQ�3HUULJ��������³6HFXULW\�DQG�
1HWZRUNV�´�&RPSXWHU�����2FWREHU������±���

&KHQ��6KL��DQG�.D]X\XNL�'HPDFKL��������³$�9LVLRQ�%DVHG�
$SSURDFK�IRU�(QVXULQJ�3URSHU�8VH�RI�3HUVRQDO�3URWHFWLYH�
(TXLSPHQW��33(��LQ�'HFRPPLVVLRQLQJ�RI�)XNXVKLPD�
'DLLFKL�1XFOHDU�3RZHU�6WDWLRQ�´�$SSOLHG�6FLHQFHV�
�6ZLW]HUODQG������������±����
KWWSV���GRL�RUJ���������DSS����������

'H�&LOOLV��)UDQFHVFD��)HGHULFD�,QGHUVW��)HGHULFD�3DVFXFFL��
5REHUWR�6HWROD��0DUFR�7HVHL��DQG�3DROR�%UDJDWWR��������
³,PSURYLQJ�WKH�6DIHW\�DQG�WKH�2SHUDWLRQDO�(IILFLHQF\�RI�
(PHUJHQF\�2SHUDWRUV�YLD�RQ�)LHOG�6LWXDWLRQDO�$ZDUHQHVV�´�
&KHPLFDO�(QJLQHHULQJ�7UDQVDFWLRQV���������������±����
KWWSV���GRL�RUJ���������&(7���������

'H�&LOOLV��)UDQFHVFD��HW�DO���,QGRRU�SRVLWLRQLQJ�V\VWHP�XVLQJ�
ZDONLQJ�SDWWHUQ�FODVVLILFDWLRQ�����QG�0HGLWHUUDQHDQ�
&RQIHUHQFH�RQ�&RQWURO�DQG�$XWRPDWLRQ��,(((��������

(OVOHU��'LHWPDU��-XNND�7DNDOD��DQG�-RXNR�5HPHV��������³$Q�
,QWHUQDWLRQDO�&RPSDULVRQ�RI�WKH�&RVW�RI�:RUN�5HODWHG�
$FFLGHQWV�DQG�,OOQHVVHV�´�(XURSHDQ�$JHQF\�IRU�6DIHW\�DQG�
+HDOWK�DW�:RUN�����KWWSV���RVKD�HXURSD�HX�HQ�WRROV�DQG�
SXEOLFDWLRQV�SXEOLFDWLRQV�LQWHUQDWLRQDO�FRPSDULVRQ�FRVW�
ZRUN�UHODWHG�DFFLGHQWV�DQG�YLHZ��

)DUDPRQGL��/���3��%UDJDWWR��&��)LRUDYDQWL��0��*��*QRQL��6��
*XDULQR��DQG�5��6HWROD��������³$�3ULYDF\�2ULHQWHG�
6ROXWLRQ�IRU�WKH�,PSURYHPHQW�RI�:RUNHUV�6DIHW\�´������
��UG�,QWHUQDWLRQDO�&RQYHQWLRQ�RQ�,QIRUPDWLRQ��
&RPPXQLFDWLRQ�DQG�(OHFWURQLF�7HFKQRORJ\��0,352������
��3URFHHGLQJV������±����
KWWSV���GRL�RUJ����������0,352��������������������

)UDQFHVFKLQL��)���0��*DOHWWR��'��0DLVDQR��DQG�/��0DVWURJLDFRPR��
������³$�5HYLHZ�RI�/RFDOL]DWLRQ�$OJRULWKPV�IRU�
'LVWULEXWHG�:LUHOHVV�6HQVRU�1HWZRUNV�LQ�0DQXIDFWXULQJ�´�
,QWHUQDWLRQDO�-RXUQDO�RI�&RPSXWHU�,QWHJUDWHG�
0DQXIDFWXULQJ������������±�����
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KWWSV���GRL�RUJ����������������������������
)ULWVFK��-���)��/|PNHU��0��:LHQHFNH��DQG�*��6DJHUHU��������

³'HWHFWLQJ�$VVHPEO\�$FWLRQV�E\�6FHQH�2EVHUYDWLRQ�´�
,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,PDJH�3URFHVVLQJ����
���±����KWWSV���GRL�RUJ���������LFLS��������������

*QRQL��0DULD�*UD]LD��3DROR�$QJHOR�%UDJDWWR��0DULD�)UDQFHVFD�
0LOD]]R��DQG�5REHUWR�6HWROD��������³,QWHJUDWLQJ�,R7�
7HFKQRORJLHV�IRU�DQ�µ,QWHOOLJHQW¶�6DIHW\�0DQDJHPHQW�LQ�
WKH�3URFHVV�,QGXVWU\�´�3URFHGLD�0DQXIDFWXULQJ������������
���±����KWWSV���GRL�RUJ���������M�SURPIJ��������������

+HFN��3�6WHSKDQ�,��DQG�3�.UDXV�*�)UH\��������³&RQGLWLRQV�LQ�WKH�
6PDUW)DFWRU\�./�%DVHG�RQ�(1�,62������´�8OWUDVRXQG��
���±����

+HXYHO��6ZHQQHNH�YDQ�GHQ��/HQQDUW�YDQ�GHU�=ZDDQ��/L]D�YDQ�
'DP��.DUHQ�2XGH�+HQJHO��,ULV�(HNKRXW��0DUWLMQ�YDQ�
(PPHULN��&ODXGLD�2OGHQEXUJ��&DUVWHQ�%U�FN��3DZHO�
-DQRZVNL��DQG�&DPLOOH�:LOKHOP��������(VWLPDWLQJ�WKH�
&RVWV�RI�:RUN�5HODWHG�$FFLGHQWV�DQG�,OO�+HDOWK��$Q�
$QDO\VLV�RI�(XURSHDQ�'DWD�6RXUFHV���(XURSHDQ�5LVN�
2EVHUYDWRU\��,ULV�(HNKRXW��KWWSV���GRL�RUJ�����������������

+XVVDLQ��=DZDU��0LFKDHO�6KHQJ��DQG�:HL�(PPD�=KDQJ��������
³'LIIHUHQW�$SSURDFKHV�IRU�+XPDQ�$FWLYLW\�5HFRJQLWLRQ��
$�6XUYH\�´�$U;LY���±����

-HHODQL��,GULV��.KDVKD\DU�$VDGL��+DULKDUDQ�5DPVKDQNDU��.HYLQ�
+DQ��DQG�$OH[�$OEHUW��������³5HDO�7LPH�9LVLRQ�%DVHG�
:RUNHU�/RFDOL]DWLRQ�	�+D]DUG�'HWHFWLRQ�IRU�
&RQVWUXFWLRQ�´�$XWRPDWLRQ�LQ�&RQVWUXFWLRQ�����
�6HSWHPEHU����������������
KWWSV���GRL�RUJ���������M�DXWFRQ��������������

.KDOLO��1DFHU��0RKDPHG�5LGXDQ�$ELG��'ULVV�%HQKDGGRX��DQG�
0LFKDHO�*HUQGW��������³:LUHOHVV�6HQVRUV�1HWZRUNV�IRU�
,QWHUQHW�RI�7KLQJV�´�,(((�,661,3�������������,(((��WK�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QWHOOLJHQW�6HQVRUV��6HQVRU�
1HWZRUNV�DQG�,QIRUPDWLRQ�3URFHVVLQJ��&RQIHUHQFH�
3URFHHGLQJV��QR��$SULO����±����
KWWSV���GRL�RUJ���������,661,3���������������

.KDQ��6KHKUR]�6���DQG�-HVVH�+RH\��������³5HYLHZ�RI�)DOO�
'HWHFWLRQ�7HFKQLTXHV��$�'DWD�$YDLODELOLW\�3HUVSHFWLYH�´�
0HGLFDO�(QJLQHHULQJ�DQG�3K\VLFV�������±����
KWWSV���GRL�RUJ���������M�PHGHQJSK\��������������

.RVNLPlNL��+HOL��9LOOH�+XLNDUL��3HNND�6LLUWROD��3HUWWX�/DXULQHQ��
DQG�-XKD�5|QLQJ��������³$FWLYLW\�5HFRJQLWLRQ�8VLQJ�D�
:ULVW�:RUQ�,QHUWLDO�0HDVXUHPHQW�8QLW��$�&DVH�6WXG\�IRU�
,QGXVWULDO�$VVHPEO\�/LQHV�´��������WK�0HGLWHUUDQHDQ�
&RQIHUHQFH�RQ�&RQWURO�DQG�$XWRPDWLRQ��0('�����������
-DQXD�����±���
KWWSV���GRL�RUJ���������0('���������������

/DUD��ÏVFDU�'���DQG�0LJXHO�$��/DEUDGRU��������³$�6XUYH\�RQ�
+XPDQ�$FWLYLW\�5HFRJQLWLRQ�8VLQJ�:HDUDEOH�6HQVRUV�´�
,(((�&RPPXQLFDWLRQV�6XUYH\V�DQG�7XWRULDOV���������
����±������
KWWSV���GRL�RUJ���������6859��������������������

/HH��:RQLO��.HQ�<X�/LQ��(GPXQG�6HWR��DQG�*LRYDQQL�&��
0LJOLDFFLR��������³:HDUDEOH�6HQVRUV�IRU�0RQLWRULQJ�2Q�
'XW\�DQG�RII�'XW\�:RUNHU�3K\VLRORJLFDO�6WDWXV�DQG�
$FWLYLWLHV�LQ�&RQVWUXFWLRQ�´�$XWRPDWLRQ�LQ�&RQVWUXFWLRQ����
�-XQH������±����
KWWSV���GRL�RUJ���������M�DXWFRQ��������������

/XNRZLF]��3DXO��$QGUHDV�7LPP�*LHO��0LFKDHO�/DZR�DQG�2WWKHLQ�
+HU]RJ��,QGXVWULDO��5HDO�ZRUOG��DQG�:HDUDEOH�&RPSXWLQJ��
������³:HDU,7�#�:RUNௗ��7RZDUG�´�

0XEDVKLU��0XKDPPDG��/LQJ�6KDR��DQG�/XNH�6HHG��������³$�
6XUYH\�RQ�)DOO�'HWHFWLRQ��3ULQFLSOHV�DQG�$SSURDFKHV�´�
1HXURFRPSXWLQJ���������±����
KWWSV���GRL�RUJ���������M�QHXFRP��������������

2LNRQRPRX��3HWURV��$WKDQDVLRV�%RWVLDODV��$QWRQLV�2O]LHUVN\��

,RDQQLV�.D]DV��,RDQQLV�6WUDWDNRV��6HUDILP�.DWVLNDV��
'LPLWULRV�'LPDV��HW�DO��������³$�:LUHOHVV�6HQVLQJ�6\VWHP�
IRU�0RQLWRULQJ�WKH�:RUNSODFH�(QYLURQPHQW�RI�DQ�
,QGXVWULDO�,QVWDOODWLRQ�´�6HQVRUV�DQG�$FWXDWRUV��%��
&KHPLFDO���������±����
KWWSV���GRL�RUJ���������M�VQE��������������

2OJX��'DQLHO��DQG�$OH[�6DQG\�3HQWODQG��������³+XPDQ�$FWLYLW\�
5HFRJQLWLRQ��$FFXUDF\�DFURVV�&RPPRQ�/RFDWLRQV�IRU�
:HDUDEOH�6HQVRUV�´�,(((���WK�,QWHUQDWLRQDO�6\PSRVLXP�
RQ�:HDUDEOH�&RPSXWHUV���±���

3DVFXFFL��)HGHULFD��HW�DO���$�5(IHUHQFH�LPSOHPHQWDWLRQ�RI�
LQWHURSHUDEOH�LQGRRU�ORFDWLRQ�	�FRPPXQLFDWLRQ�V\VWHPV�
IRU�)LUVW�5(VSRQGHUV��7KH�5(),5(�SURMHFW��������,(((�
,QWHUQDWLRQDO�6\PSRVLXP�RQ�6DIHW\��6HFXULW\��DQG�5HVFXH�
5RERWLFV��6655���,(((��������

3HUURZ��1RUPDO�$FFLGHQWV��/LYLQJ�ZLWK�+LJK�5LVN�7HFKQRORJLHV��
Q�G������WK�HG��3ULQFHWRQ�XQLYHUVLW\�SUHVV��

3RGJyUVNL��'DQLHO��.DWDU]\QD�0DMFKU]\FND��$QQD�'ąEURZVND��
*U]HJRU]�*UDOHZLF]��DQG�0DáJRU]DWD�2NUDVD��������
³7RZDUGV�D�&RQFHSWXDO�)UDPHZRUN�RI�26+�5LVN�
0DQDJHPHQW�LQ�6PDUW�:RUNLQJ�(QYLURQPHQWV�%DVHG�RQ�
6PDUW�33(��$PELHQW�,QWHOOLJHQFH�DQG�WKH�,QWHUQHW�RI�
7KLQJV�7HFKQRORJLHV�´�,QWHUQDWLRQDO�-RXUQDO�RI�
2FFXSDWLRQDO�6DIHW\�DQG�(UJRQRPLFV����������±����
KWWSV���GRL�RUJ��������������������������������

5DMSRRW��4DVLP�0DKPRRG��DQG�&KULVWLDQ�'DPVJDDUG�-HQVHQ��
������³9LGHR�6XUYHLOODQFH��3ULYDF\�,VVXHV�DQG�/HJDO�
&RPSOLDQFH�´�%LRPHWULFV��&RQFHSWV��0HWKRGRORJLHV��
7RROV��DQG�$SSOLFDWLRQV������±����
KWWSV���GRL�RUJ���������������������������FK�����

6HGLJKL�0DPDQ��=DKUD��0RKDPPDG�$OL�$ODPGDU�<D]GL��/RUD�$��
&DYXRWR��DQG�)DGHO�0��0HJDKHG��������³$�'DWD�'ULYHQ�
$SSURDFK�WR�0RGHOLQJ�3K\VLFDO�)DWLJXH�LQ�WKH�:RUNSODFH�
8VLQJ�:HDUDEOH�6HQVRUV�´�$SSOLHG�(UJRQRPLFV��������±
����KWWSV���GRL�RUJ���������M�DSHUJR��������������

6HKUDZDW��'HHSWL��DQG�1DVLE�6LQJK�*LOO��������³6PDUW�6HQVRUV��
$QDO\VLV�RI�'LIIHUHQW�7\SHV�RI�,R7�6HQVRUV�´�3URFHHGLQJV�
RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�7UHQGV�LQ�(OHFWURQLFV�
DQG�,QIRUPDWLFV��,&2(,�������QR��,FRHL�����±����
KWWSV���GRL�RUJ���������,&2(,���������������

6WLHIPHLHU��7KRPDV��������5HDO�7LPH�6SRWWLQJ�RI�+XPDQ�
$FWLYLWLHV�LQ�,QGXVWULDO�(QYLURQPHQWV�3UHVHQWHG�%\��

7DSLD��(PPDQXHO�0XQJXLD��6WHSKHQ�6��,QWLOOH��:LOOLDP�+DVNHOO��
.HQW�/DUVRQ��-XOLH�:ULJKW��$EE\�.LQJ��DQG�5REHUW�
)ULHGPDQ��������³5HDO�7LPH�5HFRJQLWLRQ�RI�3K\VLFDO�
$FWLYLWLHV�DQG�7KHLU�,QWHQVLWLHV�8VLQJ�:LUHOHVV�
$FFHOHURPHWHUV�DQG�D�+HDUW�5DWH�0RQLWRU�´�3URFHHGLQJV���
,QWHUQDWLRQDO�6\PSRVLXP�RQ�:HDUDEOH�&RPSXWHUV��,6:&��
��±����KWWSV���GRL�RUJ���������,6:&���������������

9HUEHHN��-RV��������³2FFXSDWLRQDO�,QMXULHV�´�,QMXU\�3UHYHQWLRQ�
����������±����KWWSV���GRL�RUJ���������LS��������������

<DQJ��.DQJK\HRN��&KDQJEXP�5��$KQ��0HKPHW�&��9XUDQ��DQG�
6HSLGHK�6��$ULD��������³6HPL�6XSHUYLVHG�QHDU�0LVV�)DOO�
'HWHFWLRQ�IRU�,URQZRUNHUV�ZLWK�D�:HDUDEOH�,QHUWLDO�
0HDVXUHPHQW�8QLW�´�$XWRPDWLRQ�LQ�&RQVWUXFWLRQ��������±
�����KWWSV���GRL�RUJ���������M�DXWFRQ��������������

<XUWPDQ��$UDV��������³5HFRJQLWLRQ�DQG�&ODVVLILFDWLRQ�RI�+XPDQ�
$FWLYLWLHV�8VLQJ�:HDUDEOH�6HQVRUV�´�QR��6HSWHPEHU�������
KWWS���ZZZ�WKHVLV�ELONHQW�HGX�WU���������SGI��

=HOQLN�0DQRU��/LKL��DQG�0LFKDO�,UDQL��������³(YHQW�%DVHG�
$QDO\VLV�RI�9LGHR�´�3URFHHGLQJV�RI�WKH�,(((�&RPSXWHU�
6RFLHW\�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�
5HFRJQLWLRQ��������������±����
KWWSV���GRL�RUJ���������FYSU��������������
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