
3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QGXVWULDO�(QJLQHHULQJ�DQG�2SHUDWLRQV�0DQDJHPHQW
7RURQWR��&DQDGD��2FWREHU������������

��,(20�6RFLHW\ ,QWHUQDWLRQDO

$SSOLFDWLRQ�RI�/HDQ�0DQDJHPHQW�6\VWHPV�LQ�3DWKRORJ\�
/DERUDWRU\�:RUN�3URFHVV�DQG�/DERUDWRU\�(QYLURQPHQW

+DWLFH�&DPJR]�$NGDJ�
0DQDJHPHQW�(QJLQHHULQJ�'HSDUWPHQW

,VWDQEXO�7HFKQLFDO�8QLYHUVLW\
,VWDQEXO���������7XUNH\
FDPJR]DNGDJ#LWX�HGX�WU

+�U�%HUVDP�%RODW
0DQDJHPHQW�(QJLQHHULQJ�'HSDUWPHQW

,VWDQEXO�7HFKQLFDO�8QLYHUVLW\
,VWDQEXO���������7XUNH\

ERODW#LWX�HGX�WU

UVODQ
0DQDJHPHQW�(QJLQHHULQJ�'HSDUWPHQW

,VWDQEXO�7HFKQLFDO�8QLYHUVLW\
,VWDQEXO���������7XUNH\
KDVLPDUV#JPDLO�FRP

(FHP�.DUDFDND\D�
0DQDJHPHQW�(QJLQHHULQJ�'HSDUWPHQW

,VWDQEXO�7HFKQLFDO�8QLYHUVLW\
,VWDQEXO���������7XUNH\

HFHPNDUDFDND\D#JPDLO�FRP

$EVWUDFW

7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�GHVLJQ�D�IXWXUH�YDOXH�VWUHDP�PDS�RI�WKH�V\VWHP�DQG�SDWKRORJ\�ODERUDWRU\
SURFHVV�ZLWK�OHDQ�KHDOWK�FDUH�DSSOLFDWLRQ�WRROV�LQ�WHUPV�RI�TXDOLW\�LPSURYHPHQW LQ�RUGHU�WR�GHFUHDVH�WKH
QRQ�YDOXH�DGGHG�DFWLYLWLHV�IRU�SDWKRORJ\�XQLW�LQ�D�SXEOLF�KRVSLWDO�EDVHG�LQ ,VWDQEXO��7XUNH\��7KLV�SDSHU�DLPV�
WR�GHFUHDVH�ZDLWLQJ�WLPH��VDPSOH�UHMHFWLRQ��PLVWDNH��PDQXDO�SURFHVVHV��DQG�GLVRUGHUV�DV�ZHOO�DV LQFUHDVH�WKH�
VXLWDELOLW\� RI� ODERUDWRU\� HQYLURQPHQW� DQG� ZRUN� VDIHW\� 'DWD� DUH� FROOHFWHG� IURP� SHUVRQDO� REVHUYDWLRQV��
LQIRUPDWLRQ� WHFKQRORJLHV XQLW�� DQG� DXWKRUL]HG� HPSOR\HHV�� ,Q� RUGHU� WR� PHDVXUH� VXE�SURFHVVHV�� VRPH�
TXDOLWDWLYH�GDWD�DUH WUDQVIRUPHG�LQWR TXDQWLWDWLYH�GDWD�YLD�DXWKRUL]HG�HPSOR\HHV¶�H[SHULHQFHV��0RUHRYHU��
GDWD�WUDFNLQJ�DQG�NHHSLQJ�V\VWHPV�DUH WRR�SRRU�IRU�UHYHDOLQJ�WKH�FXUUHQW�VLWXDWLRQ� 7KH�FXUUHQW�YDOXH�VWUHDP�
PDS�RI�WKH�V\VWHP�RI�WKH�UDGLRORJ\�GHSDUWPHQW�RI�D�SXEOLF�HGXFDWLRQ DQG�UHVHDUFK�KRVSLWDO�ZDV�DQDO\]HG�
DQG�WKH�IXWXUH�YDOXH�VWUHDP�PDS�RI�WKH�V\VWHP�DQG�SDWKRORJ\�SDWKZD\�ZDV UHGHVLJQHG�ZLWK�OHDQ�KHDOWK�FDUH�
DSSOLFDWLRQ�WRROV�LQ�WHUPV�RI�TXDOLW\�LPSURYHPHQW��7KH�JUHDWHVW�OLPLWDWLRQ�LV�WKH�UHVLVWDQW WR�FKDQJH�DQG�IHDU�
RI�WDONLQJ RQ�PLVWDNHV�DQG�ORZ�SHUIRUPDQFHV� 7KLV�SDSHU�VWDWHV�DQ�H[DPSOH�RI�D�FXUUHQW�DQG�IXWXUH�YDOXH�
VWUHDP�PDS�VKRZLQJ�V\VWHPDWLFDOO\�ZKHUH�WKH�ERWWOHQHFNV�DUH�DQG�KRZ�WKHVH�FDQ�EH�LPSURYHG�DQG�ZKDW�
VSHFLILF�EHQHILWV�ZLOO�WKLV�DQDO\VLV EULQJ�WR�WKH�KHDOWK�FDUH�V\VWHP��,W�ZLOO�EH�XVHIXO�IRU�ERWK�DFDGHPLFLDQV�
DQG�SUDFWLWLRQHUV�RQ�KRZ�WR�DSSO\�OHDQ�WR�KHDOWK�FDUH��
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.H\ZRUGV
/HDQ�0DQDJHPHQW�6\VWHPV��3DWKRORJ\�/DERUDWRU\��:RUN�3URFHVV��9DOXH�6WUHDP�0DS�

���,QWURGXFWLRQ
7KLV�VWXG\ IRFXVHV RQ�DSSOLFDWLRQ�RI�OHDQ�PDQDJHPHQW�V\VWHPV�LQ�SDWKRORJ\�ODERUDWRU\�ZRUN�SURFHVV�DQG�ODERUDWRU\�
HQYLURQPHQW��2QH�RI�WKH�UHDVRQV�IRU�FKRRVLQJ�SDWKRORJ\�ODERUDWRU\�LV�FUXFLDO�IRU�GLDJQRVLV�GLVHDVHV��'XH�WR�GLDJQRVLV�
RI�FUXFLDO�GLVHDVHV��LW�PDNHV�WKH�SDWKRORJ\�ODERUDWRU\�LPSRUWDQW� 7KH�VOLJKWHVW�PLVWDNHV�LQ�SDWKRORJ\�ODERUDWRU\�FDQ�
OHDG�WR�HQRUPRXV�UHVXOWV�LQ�GLDJQRVLV�DVVHVVPHQW��,Q�DGGLWLRQ�WR�WKLV��OHDQ�PDQDJHPHQW�WRROV�GR�QRW�DSSO\ ZLGHO\ LQ�
SDWKRORJ\�ODERUDWRU\�ZRUN�SURFHVVHV LQ�KRVSLWDOV��ZKLFK�OHDGV�ZDVWH�RI�WLPH�DQG�FRVW��7KLV�VWXG\�FDQ�EH�SUDFWLFDEOH�
LQ�RWKHU�KRVSLWDOV�DQG�SDWKRORJ\�ODERUDWRULHV��
7KH�VFRSH�RI�WKH�SURMHFW�LV�GHVLJQLQJ�DQG�LPSURYLQJ�SDWKRORJ\�ODERUDWRU\�ZRUN�SURFHVV�DW�DQ�(GXFDWLRQ�DQG�5HVHDUFK�
+RVSLWDO�DW� ,VWDQEXO�YLD� OHDQ�PDQDJHPHQW� 7KH�ILUVW�SDUW�RI� WKH�VWXG\�ZLOO� LQFOXGH� WKH�UHVHDUFK�DERXW� WKH� OLWHUDWXUH�
UHYLHZ�� ZKHUH� LQLWLDOO\� SURFHVV�PDQDJHPHQW� DQG� SURFHVV� LPSURYHPHQWV� GHVFULEHG� IROORZHG� E\� OHDQ�PDQDJHPHQW�
PHWKRGV DQG�DSSOLFDWLRQV��7KH�ILQGLQJV�DERXW�OHDQ�PDQDJHPHQW�GUDZV�DWWHQWLRQ�RQ�WKH�OHDQ�PDQDJHPHQW�LQ�KHDOWKFDUH�
DQG�LQWHUQDWLRQDO�ODERUDWRU\�TXDOLW\�VWDQGDUGV��6XEVHTXHQWO\��WKH�OLWHUDWXUH�UHYLHZ�IROORZV�ZLWK�D�GHWDLOHG�H[DPLQDWLRQ�
RI�WKH�SDWKRORJ\�ZKLFK�LQFOXGHV�GHILQLWLRQ��LPSRUWDQFH�RI�SDWKRORJ\�DQG�SDWKRORJ\�ZRUN�SURFHVVHV��:RUN�SURFHVVHV�
H[SODLQHG�V\VWHPDWLFDOO\ IURP�IL[DWLRQ�RI�WLVVXH�XQWLO VSHFLPHQ�LGHQWLILFDWLRQ�WR�DUFKLYLQJ�
7KH�PHWKRGRORJ\�LQFOXGHV�REVHUYDWLRQ��IRFXV�JURXS�LQWHUYLHZV��7KH�ILQDO�ILQGLQJV�RI�IRFXV�JURXS�LQWHUYLHZV�ZLOO�EH�
GHILQHG�ZLWK�LOOXVWUDWLRQ��7KURXJK�QHHG�DQDO\VLV��SUREOHPV�LQ�SDWKRORJ\�ODE�ZLOO�FRPH�WR�H[LVW�
$QDO\VLV�RI�WKH�FXUUHQW�SDWKRORJ\�ODERUDWRU\�ZRUN�SURFHVV�DQG�ERWWOHQHFNV DUH�H[SODLQHG��'HWDLOHG�ZRUNIORZ DUH GUDZQ
IRU� HDFK� VWHS� RI� SURFHVV�� %RWWOHQHFNV� DQG� SHUIRUPDQFH� SDUDPHWHUV� DUH GHILQHG�� 3URSRVDOV� RI� VROXWLRQ DUH� JLYHQ��
$SSOLFDWLRQ�RI�SURSRVDO�VROXWLRQV�WR�HOLPLQDWH�ERWWOHQHFNV�LQ�ZRUN�IORZ DUH�VKRZQ�LQFOXGLQJ VL[�VLJPD�DSSOLFDWLRQV�WR�
GHFUHDVH�UHMHFWHG�VDPSOH��PDFUR�GLJLWDO�LPDJLQJ�FDELQ�DQG�GHVLJQLQJ�DUFKLYH�V\VWHPV�YLD��6�UXOHV��7KH�ODVW�SDUW�RI�WKH�
VWXG\�DUH HYDOXDWLRQ�DQG�FRQFOXVLRQ�� ,Q�DGGLWLRQ��FRQVWUDLQWV�H[SHULHQFHG�� IXWXUH�H[SHFWDWLRQV�DQG�VXJJHVWLRQV�DUH
H[SODLQHG�LQ�GHWDLO�

���/LWHUDWXUH�5HYLHZ
,Q� WKH� OLWHUDWXUH� UHYLHZ�� WLWOHV� RI� WKH� SURFHVV�PDQDJHPHQW�� SURFHVV� LPSURYHPHQW�� LQWHUQDWLRQDO� ODERUDWRU\� TXDOLW\�
VWDQGDUGV��DQG�LQIRUPDWLRQ�DERXW�SDWKRORJ\�DUH�PHQWLRQHG��

����3URFHVV�0DQDJHPHQW
3URFHVV�PDQDJHPHQW�LV�D�VHULHV�RI�DFWLYLWLHV�GHVLJQHG�WR�HQVXUH�FRQWLQXRXV�DQG�UHJXODU�WUDFNLQJ�DQG�GHYHORSPHQW�RI�
SURFHVVHV��%R]NXUW���������:LWKLQ�WKH�FRQWH[W�RI�SURFHVV�PDQDJHPHQW��WKH�SURFHVVHV�FDUULHG�RXW�ZLWKLQ�DQ�RUJDQL]DWLRQ�
VKRXOG�EH�GHILQHG�EDVHG�RQ�SURFHVVHV�DQG�PDLQWDLQHG��XSGDWHG��DQG�LPSURYHG�LQ�OLQH�ZLWK�WKH�JRDOV�DQG�WDUJHWV��$UDV��
������ 3URFHVV�PDQDJHPHQW� LV�D�PDQDJHPHQW�SKLORVRSK\� WKDW�HQFRPSDVVHV� WKH�SROLFLHV��VWUDWHJLHV�DQG�V\VWHPV�RI�
HQWHUSULVHV��DQG�DFFRUGLQJO\�RUJDQL]DWLRQDO�VWUXFWXUHV��ZKLFK�DUH��3URFHVV�)RFXVHG´�WKDW�DUH�FRQWLQXRXVO\�HYDOXDWHG��
DQDO\]HG�DQG�GHYHORSHG��,Q�WKLV�XQGHUVWDQGLQJ��SURFHVV�GHILQLWLRQV��SURFHVV�RZQHUV��UHVSRQVLELOLWLHV�DQG�WHDP�VKRXOG�
EH�GHILQHG��IORZ�PDSSLQJ�DQG�FRQWLQXRXV�LPSURYHPHQW�RI�SURFHVVHV�VKRXOG�EH�EDODQFHG�ZLWK�WKH�WULSOH��TXDOLW\��FRVW�
DQG�VSHHG��LQ�SURGXFWV�� VHUYLFHV�DQG�FXVWRPHU�VDWLVIDFWLRQ�VKRXOG�EH�WKH�IRUHJURXQG��2ND\��������
0DQDJHPHQW�H[SHUWV�VWDWH�WKDW�RQO\�����RI�RSHUDWLRQDO�SUREOHPV�LQ�D�FRPSDQ\�DUH�DWWULEXWHG�WR�SHRSOH��DWWLWXGH�DQG�
LQVXIILFLHQF\�RI�WKH�SHUVRQQHO�WKHPVHOYHV��DQG�����WR�SURFHVV�RUJDQL]DWLRQ�DQG�FRQWURO�SUREOHPV��,W�PHDQV�WKDW�HYHQ�
VXFFHVVIXO�SHRSOH�FDQ�PDNH�PLVWDNHV�HDVLO\�LQ�WKH�DEVHQFH�RI�D�JRRG�RUJDQL]DWLRQ�DQG�SURFHVV�VWUXFWXUH��0RUDO��Q�G���

����3URFHVV�,PSURYHPHQW
7KH� ILUVW� VWHS� LQ�SURFHVV� LPSURYHPHQW� LV�DQ�H[DPLQDWLRQ�RI� WKH�FXUUHQW�SURFHVVHV� WR�FODULI\�ZKDW� LV�RFFXUULQJ�DQG�
LGHQWLI\�DOWHUQDWLYHV�IRU�LPSURYHPHQW��,W�LV�WKHQ�GHFLGHG�ZKHWKHU�WKH�SURFHVV�LV�WR�EH�GHVLJQHG�IURP�VFUDWFK��RU�ZKHWKHU�
VPDOO�FKDQJHV�DUH�PDGH�LQ�WKH�FXUUHQW�SURFHVV��)LOL]�������� 2Q�WKH�EDVLV�RI�SURFHVV�LPSURYHPHQW�XQGHUOLHV�XQVWDWHG�
DVVXPSWLRQV� DQG� VWHUHRW\SHG� DFWLYLWLHV�� 7KH� FUHDWLRQ� RI� QHZ� UXOHV� LQ� DFFRUGDQFH�ZLWK� WKH� QHZ� VWDQGDUGV� UHTXLUHV�
UHVWUXFWXULQJ�RI�WKH�RSHUDWLQJ�SURFHVVHV��&RQWLQXRXV�LPSURYHPHQW��FRQWLQXRXV�GHYHORSPHQW��SURFHVV�GHYHORSPHQW�DQG�
UHHQJLQHHULQJ� DUH� FRQFHSWV� WKDW� UHSODFH� HDFK� RWKHU��$OO� EXVLQHVVHV� RSHUDWH� LQ� D� FRPSHWLWLYH� HQYLURQPHQW� QHHG� WR�
FRQVWDQWO\� UHQHZ� WKHPVHOYHV� WR� SURYLGH� H[FHOOHQFH� LQ� WKHLU� SURFHVVHV�� &RQWLQXRXV� LPSURYHPHQW� LV� DQ� LPSRUWDQW�
VWUDWHJLF�NH\�WKDW�HQDEOHV�WKH�EXVLQHVV�WR�EH�FRPSHWLWLYH�DFFRUGLQJ�WR�LWV�FRPSHWLWRUV��&RQWLQXRXV�LPSURYHPHQW�ZRUN�
HQFRXUDJHV�LQQRYDWLRQ�LQ�EXVLQHVV�DV�ZHOO�DV�FRQWLQXRXV�GHYHORSPHQW�RI�H[LVWLQJ�SUDFWLFHV�DQG�PHWKRGV��)XUWKHUPRUH��
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FRQWLQXRXV�LPSURYHPHQW�VKRXOG�EH�VHHQ�DQG�XVHG�DV�D�IROORZHU�RI�GHYHORSPHQW�DQG�LQQRYDWLRQ�LQ�GHOLYHULQJ�YDOXH�WR�
FXVWRPHUV��&RQWLQXRXV�LPSURYHPHQW�DLPV�WR�GHYHORS�WKHVH�SHUIRUPDQFH�SDUDPHWHUV�EHORZ��.D\JXVX]��������
��5HGXFLQJ�WKH�FRVWV�RI�SURGXFWV�
��,QFUHDVH�WKH�TXDOLW\�RI�WKH�SURGXFWV�DQG
��(IIRUWV�WR�UHGXFH�WLPH�VSHQW�LQ�WKH�SURFHVV�

����/HDQ�0DQDJHPHQW�0HWKRGV�
/HDQ�PDQXIDFWXULQJ�LV�D�SURGXFWLRQ�V\VWHP�WKDW�PDNHV�XVH�RI�SURGXFWLRQ�IDFWRUV�LQ�D�IOH[LEOH�PDQQHU�ZLWK�WKH�OHDVW�
ZDVWDJH�WR�EH�DEOH�WR�IXOO\�PHHW�FXVWRPHU�GHPDQG��XVLQJ�WKH�OHDVW UHVRXUFHV�SRVVLEOH�DQG�WKH�FKHDSHVW�DQG�IDXOWOHVV�
SURGXFWLRQ�DV�VRRQ�DV�SRVVLEOH���/RSH]�6DQWRV��DQG�$UERV�������� 7KH�PDLQ�SXUSRVH�RI�OHDQ�PHWKRGV�LV�WR�UHGXFH�DQG�
HOLPLQDWH�ZDVWHV�WKDW�DUH�RIWHQ�VHHQ�LQ�EXVLQHVVHV��$WWHPSWV�WR�FRQWLQXDOO\�UHGXFH�DQG�HOLPLQDWH�WKHVH�ZDVWH�UHVXOWV�LQ�
ODUJH�UHGXFWLRQV�LQ�FRVWV�DQG�F\FOH�WLPHV��$OXNDO��������

������/HDQ�0DQDJHPHQW�LQ�+HDOWKFDUH
,W�SURYLGHV�DQ�RSSRUWXQLW\�IRU�VWDII�WR�HPSRZHU�DQG�HQULFK�WKHLU�EXVLQHVV�WR�XVH�OHDQ�WRROV�LQ�WKH�VROXWLRQ�RI�VLPSOH�
WKRXJKW�GLIILFXOWLHV�DQG�ERWWOHQHFNV� LQ�KHDOWK�FDUH HQWHUSULVHV�� ,W� IDFLOLWDWHV� LPSURYHPHQWV�E\�UHGXFLQJ� WKH�FRVWV�RI�
KHDOWKFDUH�HQWHUSULVHV�DQG�LPSURYLQJ�WKHLU�FDSDFLWLHV��,W�DOVR�LPSURYHV�SDWLHQW�VDIHW\�DQG�TXDOLW\�E\�UHGXFLQJ�ZDLWLQJ�
WLPHV�DQG�ZRUN�SURFHVVHV��DQG�LPSURYLQJ�SDWLHQW�IORZ��DQG�LPSURYHV�SDWLHQW�VDWLVIDFWLRQ�E\�UHGXFLQJ�RU�HOLPLQDWLQJ�
ZDVWHV�WKURXJK�D�SDWLHQW
V�FDUH��1DUDJKL�DQG�5DYLSDWL��������:RPDFN�DQG�-RQHV�KDYH�EHHQ�DPRQJ�WKH�ILUVW�ZULWHUV�WR�
SURSRVH�KRZ�OHDQ�WHFKQLTXHV�FDQ�EH�DSSOLHG�WR�WKH�VHUYLFH�VHFWRU��SDUWLFXODUO\�KHDOWK�VHUYLFHV��-RQHV�DQG�:RPDFN��
�������/LVW�EDVLF�SHUIRUPDQFH�FULWHULD��EDVLF�VWHSV��RI�LPSOHPHQWLQJ�OHDQ�WKLQNLQJ�DQG�V\VWHP�LQ�KHDOWK�FDUH�
��3ULRULWL]H�WKH�SDWLHQW�
��3URYLGLQJ�TXDOLW\�
��&UHDWLQJ�D�KLJKO\�VNLOOHG�SDWLHQW�FDUH�WHDP�LQ�SDWLHQW�FDUH�
��(QVXULQJ�DFWLYH�SDUWLFLSDWLRQ�RI�WKH�SDWLHQW�LQ�WKH�SDWLHQW�FDUH�SURFHVV�
/HDQ�SULQFLSOHV�DUH�LQWXLWLYH�DQG�FRPSHOOLQJ��/D]DUXV�DQG�$QGHOO���������WKH\ FDQ�WKHUHIRUH�EH�HDVLO\�XQGHUVWRRG�DQG�
XVHG�E\�WKH�KRVSLWDO�VWDII� ��7KH�/HDQ�DSSURDFK�WDUJHWV�WKH�UHGXFWLRQ�DQG�WKH�HOLPLQDWLRQ�RI�HYHU\�W\SH�RI ZDVWH��ZKLFK�
LV� D� UHFXUUHQW� SUREOHP� IRU� KRVSLWDOV� �0XUSK\�� ������� 7KLV� ZDV�� IRU H[DPSOH�� XQGHUVFRUHG� E\� %XVK LQ� DQ� DUWLFOH�
SXEOLVKHG�LQ�WKH�-RXUQDO�RI�WKH $PHULFDQ�0HGLFDO�$VVRFLDWLRQ�LQ�������%XVK���������LQ�ZKLFK�KH�UHFRPPHQGV
DGRSWLQJ�D�OHDQ�DSSURDFK�
+RZHYHU��H[DPSOHV�RI�KRVSLWDOV�WKDW�KDYH�DGRSWHG�D�³SULQFLSOH�GULYHQ´�OHDQ DSSURDFK�DUH�VWLOO�UDUH��&XUDWROR���������
0RVW�FDVHV�UHSRUW�QDUURZHU�WHFKQLFDO�DSSOLFDWLRQV�ZLWK�OLPLWHG RUJDQL]DWLRQDO�UHDFK��DQG�IRFXV�PDLQO\�RQ�DSSO\LQJ�
/HDQ� WHFKQLTXHV�DQG� WRROV� WR�D XQLTXH�SURFHVV�RU�ZDUG� UDWKHU� WKDQ� LPSOHPHQWLQJ�D�/HDQ�SKLORVRSK\� LQ� WKH�ZKROH
KRVSLWDO��0D]]RFDWR�HW�DO���������

����,QWHUQDWLRQDO�/DERUDWRU\�4XDOLW\�6WDQGDUGV�
7KHUH�DUH�PDQ\�LQWHUQDWLRQDOO\�DFFHSWHG�VWDQGDUGV�IRU�ODERUDWRULHV�DQG�PDQ\�RI�WKHVH�KDYH�EHHQ�HQKDQFHG�E\�,62��
6WDQGDUGV�SURYLGH�WR�JLYH�SUHIHUUHG�IHDWXUHV�RI�SURGXFWV�DQG�VHUYLFHV�VXFK�DV�TXDOLW\��VDIHW\��UHOLDELOLW\��HIILFLHQF\�DQG�
UHSURGXFLELOLW\��,62�VWDQGDUGV�KDYH�QR�OHJDO�REOLJDWLRQ�WR�LPSOHPHQW��EXW�WKH\�DUH�DSSURYHG�HYHU\ZKHUH�LQ�WKH�ZRUOG��
)RU� WKH�KHDOWKFDUH�� WKHUH� LV� WKH� ,62������VHULHV��ZKLFK� LQFOXGHV�PDQDJHULDO�SURFHGXUHV�� ,62������� LQFOXGHV�ERWK�
WHFKQLFDO�DQG�PDQDJHPHQW�UHTXLUHPHQWV�IRU�PHGLFDO�ODERUDWRULHV�ZDV�RIILFLDOO\�ODXQFKHG�LQ�������(DFK�FRXQWU\�ZDQWV�
WR�DGRSW�H[LVWLQJ�LQWHUQDWLRQDO�VWDQGDUGV��ZKLOH�GHFLGLQJ�ZKLFK�VWDQGDUGV�FRQIRUP�ZLWK�WKHLU�VLWXDWLRQ��:KLOH�TXDOLW\�
VWDQGDUGV�DUH�EHLQJ�GHYHORSHG��FRQVXOWDWLRQ� VKRXOG�FRQVLVW�RI� VWDNHKROGHUV� LQFOXGLQJ� WKH�02+�DQG�RWKHU� UHOHYDQW�
JRYHUQPHQW� /DERUDWRU\� 4XDOLW\� 6WDQGDUGV�� WKH� QDWLRQDO� ODERUDWRU\� IRFDO� SRLQWV�� QDWLRQDO� UHJXODWRU\� DXWKRULWLHV��
ODERUDWRU\�QHWZRUN�UHSUHVHQWDWLYHV��LQFOXGLQJ�GLVHDVH�SURJUDP�PDQDJHUV��UHSUHVHQWDWLYHV�RI�WKH�UHOHYDQW�SURIHVVLRQDO�
RUJDQL]DWLRQV�� UHVHDUFK� DQG� HGXFDWLRQDO� LQVWLWXWLRQV�� OHJDO� FRXQVHO�� KHDOWK�PDQDJHUV� DQG� FLYLO� VRFLHW\� DQG� SULYDWH�
ODERUDWRULHV��:RUOG�+HDOWK�2UJDQL]DWLRQ��������

����,QWHUQDWLRQDO�/DERUDWRU\�4XDOLW\�6WDQGDUGV�
3DWKRORJ\�WKDW�LV�XVHG�WR�GLDJQRVH�PDQ\�GLVHDVHV�LV�D�PHGLFDO�VSHFLDOW\�DUHD�WKDW�H[SODLQV�WKH�QDWXUH�DQG�FDXVHV�RI�
GLVHDVHV�� ,W� VXSSRUWV� PRQLWRULQJ� RI� FKURQLF� GLVHDVHV� DQG� HYHU\� DVSHFW� RI� PHGLFLQH� VXFK� DV� EORRG� WUDQVIXVLRQ�
WHFKQRORJLHV��WHFKQRORJLFDO�JHQHWLF�UHVHDUFK��DQG�GLDJQRVWLF WHVWV��,W�LV�XVHG�HVSHFLDOO\�LQ�WKH�GLDJQRVLV�RI�HDFK�FDQFHU�
FDVH��,W�XVHV�YDULRXV�VDPSOHV��FHOOV��RUJDQV��WLVVXHV�DQG�ERG\�IOXLGV��DQG�PHWKRGV�WR�GLDJQRVH�WKH�GLVHDVH�DQG�FRYHUV�
PDQ\�VFLHQWLILF�GLVFLSOLQHV��³7KH�HFRQRPLF�YDOXH�RI�SDWKRORJ\��$FKLHYLQJ�%HWWHU�+HDOWK�DQG�D�%HWWHU�8VH�RI�+HDOWK�
6RXUFHV�5HSRUW´�������� ,Q�WKLV�FRQWH[W��LW�LV�GLYLGHG�LQWR�JHQHUDO�SDWKRORJ\�DQG�VSHFLDO��V\VWHPLF��SDWKRORJ\�
���*HQHUDO�SDWKRORJ\�GHDOV�ZLWK�WKH�DEQRUPDO�VWDWH�RI�FHOOV�RU�WLVVXHV�XQGHUO\LQJ�DOO�GLVHDVHV�

���
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��� 6\VWHPLF� SDWKRORJ\� GHDOV�ZLWK� WKH� LGHQWLILFDWLRQ� RI� GHILQHG� FRQGLWLRQV� LQ� D� GHILQLWH� GLDJQRVWLF� SURFHVV�� RU� WKH�
HOLPLQDWLRQ�DQG�GHOLPLWDWLRQ�RI�GLDJQRVHV��DQG�WKH�VSHFLILF�UHVSRQVHV�RQ�RUJDQV�DQG�WLVVXHV�
*HQHUDO�SDWKRORJ\�LV�DQ�LPSRUWDQW�SDUW�RI�WKH�SDWKRORJ\�GLDJQRVLV�SURFHVV��7KH�SDWLHQW
V�FOLQLF�WKDW�LV�DSSOLHG�LQ�RWKHU�
GHSDUWPHQWV��DQG�RWKHU�ODERUDWRU\�UHVXOWV�DUH�WKH�VRXUFHV�WKDW�SDWKRORJ\�VSHFLDOLVW�XVH�WR�SUHSDUH�SDWKRORJ\�UHSRUWV��
)RU�WKLV�UHDVRQ��WKH�SDWKRORJ\�VSHFLDOLVW�GRFWRU�FDQ�DOVR�LQWHUYLHZ�DQG�H[DPLQH�WKH�SDWLHQW�LI�LW�LV�QHFHVVDU\��³3DWRORML�
%|O�P��/DERUDWXYDU�7HVW�5HKEHUL´��Q�G���S������
3DWKRORJ\�GLDJQRVHV�����RI�DOO�GLDJQRVLV�PDGH�LQ�WKH�1+6��1DWLRQDO�+HDOWKFDUH�6HUYLFH���3DWKRORJ\�KDV�ELJ�UROH�LQ�
VFUHHQLQJ�DQG�PRQLWRULQJ��DQG�SUHFLVHO\�LQ�PDQDJHPHQW�RI�FKURQLF�FRQGLWLRQV��$OVR��3DWKRORJ\�RSHUDWHV�E\�PHUJLQJ�
PXOWLGLVFLSOLQDU\� WHDPV�� ,W� LV� QRW� RQO\� D� GLDJQRVWLF� WRRO� EXW� DOVR� SURYLGHV�GLUHFW� SDWLHQW� FDUH� LQ� WKH� FDVH�RI�PDQ\�
VSHFLDOLVWV��³'LJLWDO�)LUVW��&OLQLFDO�7UDQVIRUPDWLRQ�WKURXJK�3DWKRORJ\�,QQRYDWLRQ´��Q�G���S����
3DWKRORJLVWV��PHGLFDO�VSHFLDOLVW��DUH�VRXUFHV�DV�SURSRVDOV�IRU�PDQ\�GRFWRUV��7KH\�KDYH�NQRZOHGJH�DERXW�PDNLQJ�SURSHU�
WHVWV��LQWHUSUHWDWLRQ�RI�UHVXOWV��ILQGLQJ�EHVW�WUHDWPHQWV�WKDW�FDQ�EH�XVHG��DQG�WKH�GHYHORSPHQW�RI�DGYDQFHG�WHFKQRORJ\�
WHVWV��³7KH�HFRQRPLF�YDOXH�RI�SDWKRORJ\��$FKLHYLQJ�%HWWHU�+HDOWK�DQG�D�%HWWHU�8VH�RI�+HDOWK�6RXUFHV�5HSRUW´��������
3DWLHQWV�DUH�QRW�RQO\�JLYH�DWWHQWLRQ�WR�WHVW�UHVXOWV��DOVR�WUXVW�FOLQLFDO�SDWKZD\V�VXFK�DV�KDYLQJ�DFFHVV�WR�HIILFLHQW��WLPHO\�
DQG�FRVW�HIIHFWLYH�SDWKRORJ\�VHUYLFHV��)ROORZLQJ�QHZ�WHFKQRORJLHV�LQ�SDWKRORJ\�KDV�LPSRUWDQW�HIIHFW�WR�JLYH�HIILFLHQW�
KHDOWKFDUH�VHUYLFH�WR�SDWLHQWV��³7KH�HFRQRPLF�YDOXH�RI�SDWKRORJ\��$FKLHYLQJ�%HWWHU�+HDOWK�DQG�D�%HWWHU�8VH�RI�+HDOWK�
6RXUFHV�5HSRUW´��������
6DPSOHV� WR�EH� H[DPLQHG�E\�SDWKRORJ\� DUH�PDLQO\� HYDOXDWHG� LQ� WZR�JURXSV�� �%LRSV\�5HSRUW�� LV� WKH� ILUVW� JURXS�RI�
VDPSOHV�DQG��&\WRORJ\�5HSRUW��LV�WKH�WKH�VHFRQG�JURXS��%LRSV\�LV�GHILQHG�DV�WLVVXHV�� RUJDQV�UHPRYHG�IURP�WKH�ERG\�
E\�VPDOO�RU�ODUJH�VXUJHU\��&\WRORJ\�LV�GHILQHG�DV�FHOOV�WDNHQ�E\�WKH�QHHGOH�IURP�WKH�ERG\��VSRQWDQHRXV�FHOOV�RU�ERG\�
IOXLGV���7KH�PRVW�FRPPRQ�RI�ZKLFK�LV��FHUYLFRYDJLQDO�VPHDU����&HODVXQ���������%LRSV\�DQG�F\WRORJ\�UHSRUW�SURFHVV�
GLYLGH�PDFURVFRS\��PLFURVFRS\�DQG�KLVWRSDWKRORJLFDO�GLDJQRVLV��,Q�WKH�PDFURVFRS\�VHFWLRQ��WKH�YLVXDO�FKDUDFWHULVWLFV�
VXFK�DV�ZKDW�NLQG�RI�VDPSOH�LV��KRZ�PDQ\��KRZ�LW�ORRNV��ZKHUH�DQG�KRZ�PDQ\�UHSUHVHQWDWLYH�VDPSOHV�DUH�WDNHQ�DUH�
LQGLFDWHG��$IWHU�DOO�QRUPDO�DQG�DEQRUPDO�ILQGLQJV�RQ�WKH�PLFURVFRSLF�H[DPLQDWLRQ�DUH�JLYHQ��LW�LV�LQWHUSUHWHG�ZKLFK�
GLVHDVH� PD\� EH� FRPSDWLEOH� ZLWK� WKH� DEQRUPDO� ILQGLQJV�� ,Q� WKH� KLVWRSDWKRORJLFDO� GLDJQRVLV� SDUW�� WKHGLDJQRVLV� LV�
LQGLFDWHG�E\�WKH�HYDOXDWLRQ�RI�PDFURVFRSLF�DQG�PLFURVFRSLF�ILQGLQJV�WRJHWKHU��$OO�RI�WKHVH�VHFWLRQV�FRQWDLQ�PHGLFDO�
WHUPV�WKDW�WKH�SDWLHQW�FDQQRW�XQGHUVWDQG�EHFDXVH�WKH�SDWKRORJ\�UHSRUW�LV�ZULWWHQ�IRU�WKH�GRFWRU�ZKR�IROORZV�WKH�SDWLHQW��
QRW�IRU�WKH�SDWLHQW��7KLV�GRFWRU�ZLOO�DOVR�SURYLGH�WKH�QHFHVVDU\�H[SODQDWLRQ�WR�WKH�SDWLHQW��.DO\RQFX��������
3DWKRORJ\�SURFHVV�LV�GLUHFWO\�UHODWHG�WR�RWKHU�GHSDUWPHQWV�RI�KRVSLWDOV��6PDOO�ELRSVLHV�DUH�FRPLQJ�IURP�WKH�GHSDUWPHQW�
VXFK�DV�JDVWURHQWHURORJ\��SODVWLF� VXUJHU\� WR� WKH�SDWKRORJ\� ODERUDWRU\�� ODUJHU� WLVVXHV�DQG�RUJDQV� WKDQ� WKH�RSHUDWLQJ�
URRPV��J\QHFRORJLFDO�GLVHDVHV�DQG�REVWHWULFV��HQGRFULQRORJ\�� UDGLRORJ\��F\WRORJLFDO�PDWHULDOV� �VSUHDGV�DQG�IOXLGV���
DQG�LQ�VRPH�FDVHV�WR�GLUHFW�WKH�VXUJHU\��LQ�RUGHU�WR�GHWHUPLQH�WKH�H[WHQW�RI�WKH�RSHUDWLRQ�WR�EH�GRQH��IUR]HQ�WLVVXHV�IRU�
HPHUJHQF\�H[DPLQDWLRQ�FDOOHG�IUR]HQ��7KH�VDPSOHV�WR�EH�H[DPLQHG�DV�IUR]HQ�DUH�VHQW�WR�WKH�ODERUDWRU\�LQ�DQ�HPHUJHQF\�
ZLWKRXW�EHLQJ�SODFHG�LQ�DQ\�OLTXLG��ZKLOH�VPDOO�ELRSVLHV�DQG�ODUJHU�WLVVXHV�DUH�VWRUHG�LQ�����IRUPDOGHK\GH�VROXWLRQ��
WKH�F\WRORJLFDO�VSHFLPHQV�DUH�HLWKHU�VSUHDG�RQ�WKH�VOLGH�RU�VHQW�WR�WKH�ODERUDWRU\�LQ�WKH�V\ULQJH��.DO\RQFX��������

���0HWKRGRORJ\�
7KH�WRWDO�JURXS�RI����SHRSOH�ZKR�DUH�ZRUNLQJ�LQ�3DWKRORJ\�/DERUDWRU\�DW�WKH�VHOHFWHG�KRVSLWDO�ZDV�JLYHQ�D�EULHI�RUDO�
GHVFULSWLRQ�RI�WKH�SURMHFW�DQG�ZHUH�LQYLWHG�WR�YROXQWHHU�WKHLU�VHUYLFHV�DV�IRFXV�JURXS��7KHUH�ZHUH���PHHWLQJV�LQ�DOO�
7KH�SDWKRORJ\�ODERUDWRU\�ZDV�REVHUYHG�EULHIO\�WR�XQGHUVWDQG�WKH ZRUN�SURFHVV LQ�GHHS��7KH�ODERUDWRU\�ZRUNHUV�ZHUH�
REVHUYHG�GXULQJ WKHLU�GDLO\�ZRUN� DV�ZHOO�DV VRPH�TXHVWLRQV�ZHUH�DVNHG�WR�GHWHUPLQH�GDLO\�ZRUN�SURFHVV��
)LUVW�PHHWLQJ�ZDV�WR�XQGHUVWDQG�WKH�FXUUHQW�VLWXDWLRQ�DQG�FXUUHQW�ZRUN�IORZV�WR�FUHDWH�FXUUHQW�YDOXH�VWUHDP�PDS��/DWHU�
VHFRQG�IRFXV�JURXS�LQWHUYLHZ�KHOSHG�WKH�GHWDLOHG�ZRUN�SURFHVV�WR�EH�HVWDEOLVKHG��7KH�FXUUHQW�YDOXH�VWUHDP�PDS �960�
ZDV� DQDO\]HG� WRJHWKHU� ZLWK� WKH� IRFXV� JURXS� DQG� ERWWOHQHFNV� DQG� SUREOHPV� ZHUH� GHWHUPLQHG�� /HDQ� WHFKQLTXH�
VXJJHVWLRQV�ZHUH�JLYHQ�DQG�VRPH�ZHUH�LPSOHPHQWHG�� 7KH�ODVW�IRFXV�JURXS�PHHWLQJ�JDYH WKH�IHHGEDFN�IRU�WKH�IXWXUH�
YDOXH�VWUHDP�PDS� 7KH IRFXV�JURXS�FRQVLVWV�RI�ODERUDWRU\�VHFUHWDU\��ODERUDWRU\�WHFKQLFLDQV��ODERUDWRU\ GRFWRUV��DQG�
ELRORJLVWV��

���)LQGLQJV
$IWHU�IRFXV�JURXS�LQWHUYLHZV��SUREOHPV�ZHUH�GHWHUPLQHG�DV�OLVWHG EHORZ�

/DERUDWRU\�HQYLURQPHQW� LV�QRW�VXLWDEOH� IRU�ZRUN�VDIHW\�UXOHV��$VVLVWDQW�GRFWRU�DQG� ODERUDWRU\� WHFKQLFLDQV�
H[SODLQHG�WKDW�ODERUDWRU\�DLU�FRQGLWLRQ�GRHV�QRW�ZRUN��7KHUH�LV�LQWHQVLYH�IRUPDOGHK\GH�VPHOO�WKDW�LV�FRPLQJ�
IURP�VSHFLPHQV��7KLV�FKHPLFDO�DIIHFWV�SHRSOH�WKDW�ZRUNV�LQ�PDFURVFRS\�EHFDXVH�WKH\�EUHDWKH�WKLV�NLQG�RI�
FKHPLFDO��1RERG\�FRQWUROV�ZRUN�VDIHW\�UXOHV�VXFK�DV�REOLJDWLRQ�DERXW�PDVNV��ODERUDWRU\�VFUXE�RU�JODVV�

���
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2OG�HTXLSPHQW�LV�XVHG�E\�ODERUDWRU\�DVVLVWDQWV�DQG�ODERUDWRU\�WHFKQLFLDQ��ZKLFK�FDXVHV ULVNV�IRU�ODERUDWRU\�
DVVLVWDQWV��)RU�H[DPSOH��WKH�NQLIH�XVHG�E\�WKH�DVVLVWDQW�GRFWRU�ZDV�VR�ROG�WKDW�KH�FRXOG�EH�LQMXUHG�DQG�LQIHFWHG�
ZKLOH�FXWWLQJ�WKH VSHFLPHQV�
7KHUH�ODERUDWRU\�HQYLURQPHQW�LV�GLUW\��0DFURVFRS\�FDELQ�DQG�HPEHGGLQJ�GHYLFH�DUH�QRW�QHZ�WHFKQRORJ\�
DQG�QRW�K\JLHQLF VKRZQ�LQ�)LJXUH�� DQG�)LJXUH �� ,Q�DGGLWLRQ��JURVVLQJ�SODFH�LV�QRW�K\JLHQLF�DQG�VXLWDEOH�IRU�
SURSHU�ZD\V VKRZQ�LQ�)LJXUH���
7KHUH�DUH�PDQ\�FDVHV�FRPLQJ�LQ�D�GD\��DYHUDJH�����ELRSV\�����F\WRORJ\���,W�FDXVHV�RYHU�ZRUNORDG�IRU�DOO�
3DWKRORJ\�ZRUNHUV�
7KHUH�DUH�LQVXIILFLHQW�ODERUDWRU\�PDWHULDOV��/DERUDWRU\�FDELQV�DUH�ROG�IDVKLRQHG�DQG�QRW�WHFKQRORJLFDO��7LVVXH�
WUDFNLQJ�GHYLFH�WDNHV���KRXUV�WR�SUHSDUH�WLVVXH��0LFURWRPH��JURVVLQJ�HTXLSPHQW�DUH�ROG�ZKHQ�FRPSDUHG�ZLWK�
RWKHU�ODERUDWRULHV�
7KHUH� DUH� PDQ\� PDQXDO� ZRUN� SURFHVVHV�� /DERUDWRU\� VHFUHWDU\� KDYH� WR� FRQWURO� UHMHFWLRQ� FULWHULD� ZLWK�
REVHUYDWLRQ�DQG�UHFRUG�GDWD�LQ�QRWHERRN�PDQXDOO\��
7KHUH�LV�XQFRQGLWLRQDO�SK\VLFDO�HQYLURQPHQW��0DFURVFRS\ FDELQ��FKDLU�DQG�URRP�OD\RXW�DUH�QRW�HUJRQRPLF�
$UFKLYLQJ�SDUWV�RI�VSHFLPHQV�FDXVHV�GLVRUGHUV�LQ�ODERUDWRU\��$OVR��WKHUH�DUH�PDQ\�XVHOHVV�PDFKLQHV�RQ�WKH�
VKHOIV VKRZQ�LQ�)LJXUH���

)LJXUH����$UFKLYHG�6DPSOHV )LJXUH����&XUUHQW�0DFURVFRS\�&DELQ

)LJXUH����&XUUHQW�*URVVLQJ�3ODFH )LJXUH����&XUUHQW�(PEHGGLQJ�3ODFH

����&XUUHQW�3DWKRORJ\�/DERUDWRU\�
$IWHU�ILUVW�IRFXV�JURXS�LQWHUYLHZ��IORZ�RI�GHWDLOHG�ZRUN�SURFHVV�LV�GUDZQ��,Q�RUGHU�WR�LPSURYH�WKH�SURFHVV�DQG�GHFUHDVH�
WKH�ZDVWH��D�FXUUHQW�YDOXH�VWUHDP�PDS�ZDV FUHDWHG��)RU�WKH�DFWLYLWLHV�VHHQ�RQ�WKH PDS��GXUDWLRQV�ZHUH�REVHUYHG�DQG�
IRXQG�E\�WLPH�VWXGLHV DQG�UHVSRQVLEOH�SHRSOH�IRU�HDFK�DFWLYLW\�VSHFLILHG��$FFRUGLQJ�WR�WKH�ERWWOHQHFNV��V\VWHP�DQG
SURFHVV�DQDO\VHV��DQG�WKH�VWXG\�ILQGLQJV��NH\�SHUIRUPDQFH�LQGLFDWRUV�ZHUH�GHILQHG�IRU HYDOXDWLQJ�WKH�SURFHVVHV�PRUH�
HIILFLHQWO\�DQG�IRU�FDWHJRUL]LQJ�ZKHWKHU�WKH�SURFHVVHV�ZHUH TXDOLILHG�RU�QRW��,Q�WKDW�UHJDUG��TXDQWLWDWLYH�LQGLFDWRUV�ZHUH�
OLVWHG��DQG�WKH�PHWKRG�IRU FROOHFWLRQ�RI�WKH�GDWD��H[SODQDWLRQV��DQG�FXUUHQW�YDOXH�VHFWLRQV�ZHUH�VKDUHG�IRU�FRQVLGHUDWLRQ��
7KH�960�LV VHSDUDWHG�LQWR�VDPSOH�DGPLVVLRQ��PDFURVFRS\��PLFURVFRS\��UHSRUWLQJ�DQG�DUFKLYLQJ ZRUN�SURFHVV VKRZQ�

���
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LQ�WKH�QH[W�WKUHH�ILJXUHV��ILJXUH��� �� ����7RWDO�VWDQGDUG�WLPH�RI�SURFHVV�LV�FDOFXODWHG�DYHUDJH���GD\V��&LUFOHG�QXPEHUV�
LQ�IORZV�GHILQH�ERWWOHQHFN QXPEHUV��

3DWKRORJ\�H[DPLQHV�WZR�W\SHV�RI�VDPSOHV�VXFK�DV ELRSV\�DQG�F\WRORJ\�DFFRUGLQJ�WR�OLWHUDWXUH�UHYLHZ��7KH�UHDVRQV�
ZK\�ELRSV\�SDWKRORJLF�SURFHVV�LV�FKRVHQ��LV�EHFDXVH�LW�LV�PRUH�FRPSOH[�WKDQ�F\WRORJ\��)RFXV�JURXS�PHPEHUV�VWDWHG�
WKDW�WKH�F\WRORJ\�SURFHVV�KDYH�DOUHDG\�PRUH�V\VWHPDWLF�IORZV�DQG�DSSOLFDWLRQV�UDWKHU�WKDQ�ELRSV\�SURFHVV�
)LJXUH����VKRZV�FXUUHQW�3/�VDPSOH�DGPLVVLRQ��)LJXUH���VKRZV�PDFURVFRS\�DQG�)LJXUH���VKRZV�PLFURVFRS\�UHSRUWLQJ�
DQG�DUFKLYLQJ�ZRUN�SURFHVV��

)LJXUH����&XUUHQW 3/�6DPSOH�$GPLVVLRQ�:RUN�3URFHVV

)LJXUH����&XUUHQW�3/�0DFURVFRS\�:RUN�3URFHVV

���



3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QGXVWULDO�(QJLQHHULQJ�DQG�2SHUDWLRQV�0DQDJHPHQW
7RURQWR��&DQDGD��2FWREHU������������
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)LJXUH����&XUUHQW�3/ 0LFURVFRS\�5HSRUWLQJ�DQG�$UFKLYLQJ�:RUN�3URFHVV

����%RWWOHQHFNV DQG�3HUIRUPDQFH�3DUDPHWHUV
$IWHU�VHFRQG�IRFXV�JURXS� LQWHUYLHZ��ERWWOHQHFNV�DQG�SHUIRUPDQFH�SDUDPHWHUV�ZHUH�GHWHUPLQHG�ZLWK�GHWDLOHG�ZRUN�
SURFHVV�IORZV��7DEOH���H[SODLQV�HDFK�ERWWOHQHFN��ZKLFK VKRZV�WKH GHWDLOHG�ZRUN�SURFHVV�IORZV��,Q�DGGLWLRQ��LW�VKRZV�
SHUIRUPDQFH�SDUDPHWHUV�WKDW�SURYLGH�PHDVXUH�RI ERWWOHQHFNV�E\�XQLWV�VXFK�DV�WLPH�RU�FRVW�

/LWHUDWXUH�UHYLHZ�DQG�IRFXV�JURXS�LQWHUYLHZV�SURYLGH�TXDOLW\�PHWKRGV��SURSRVDOV DQG�WRROV�RI�DQDO\]LQJ��7DEOH���VKRZV�
HDFK�ERWWOHQHFNV¶�SHUIRUPDQFH�SDUDPHWHUV�DQG�TXDOLW\�PHWKRGV FKRVHQ�WR LPSURYH�WKHVH�VHOHFWHG ERWWOHQHFNV��$OVR��
SURSRVDOV� LGHQWLI\� KRZ�TXDOLW\�PHWKRGV�ZLOO� DSSO\� DQG� WRROV� RI� GHILQHV�ZKLFK� TXDOLW\� WRROV�ZLOO� KHOS� WR� LPSURYH�
ERWWOHQHFN�SUREOHPV�

7DEOH����%RWWOHQHFNV�DQG�3HUIRUPDQFH�3DUDPHWHUV
%RWWOHQHFN�1R� %RWWOHQHFN�([SODQDWLRQ 3HUIRUPDQFH�3DUDPHWHU 3DUDPHWHU�8QLW 3DUDPHWHU�0HWULF :RUN�3URFHVV

��

$IWHU�WKH�GHOLYHULQJ�
VDPSOH�WR�WKH�ODERUDWRU\��
ODERUDWRU\�VHFUHWDU\�
FRQWUROV�VDPSOH�ZKHWKHU�
HOLJLEOH�RU�QRW��,I�VDPSOH�
LV�QRW�HOLJLEOH��VDPSOH�
UHMHFWLRQ�LV�HQWHUHG�WR�
V\VWHP��7KHQ��UHMHFWLRQ�
VDPSOH�LV�JRLQJ�EDFN�WLOO�
EHLQJ�HOLJLEOH�DFFRUGLQJ�
WR�UHMHFWLRQ�FULWHULD�

$YHUDJH�WLPH�SHU�HDFK�
UHMHFWHG�VDPSOH�WLOO�EHLQJ�

HOLJLEOH
7LPH ��GD\V 6DPSOH�$GPLVVLRQ

��

$IWHU�DVVLVWDQW�GRFWRU�
PHDVXUHV�VDPSOH�VL]H��
ODERUDWRU\�WHFKQLFLDQ�LV�
ZULWLQJ�GRZQ�WKH�VL]H�RI�
WKH�VDPSOH�E\�KDQG��,W�
FDXVHV�PLVWDNHV�DV�ZHOO�

��ODERUDWRU\�WHFKQLFLDQV�
ZRUNLQJ�IRU�LW

7LPH� ��VHF

0DFURVFRS\
&RVW �ZDJHV

��

$IWHU�VSHFLILF�SDUWV�RI�
VDPSOHV�WKDW�VSHFLILHG�
DFFRUGLQJ�WR�GLDJQRVLV�
DUH�FXW�E\�DVVLVWDQW�
GRFWRU��UHPDLQLQJ�
VDPSOHV�DFKLHYH�RQ�WKH�
FDELQ�VKHOI�ZLWK�QR�DQ\�
VSHFLILF�RUGHU��

$YHUDJH�WLPH�RI�ORRNLQJ�IRU�
UHPDLQLQJ�VDPSOHV�E\�

DVVLVWDQW
7LPH ����PLQ� 0DFURVFRS\

��
$IWHU�DVVLVWDQW�GRFWRU�SXW�
WKH�FDVVHWWHV�LQ�

:DLWLQJ�WLPH�RI�VDPSOHV�LQ�
WLVVXH�WUDFNLQJ�GHYLFHV

7LPH ���KRXUV 0DFURVFRS\

���
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7DEOH����3URSRVDOV�RI�6ROXWLRQV

���5HVXOWV�RI�/HDQ�0DQDJHPHQW $SSOLFDWLRQ
6L[�VLJPD�ZDV�DSSOLHG WR�LPSURYH�WKH�SURFHVV�DQG�GHFUHDVH�UHMHFWHG�VDPSOHV��7KH�UHMHFWLRQ�VLJPD�OHYHO�RI�WKH�VDPSOH�
ZDV�LQFUHDVHG�IURP������WR�����DQG�WKH�'302�YDOXH�GHFUHDVHG�IURP��������WR���������7KLV PHDQV�WKDW��������RXW�RI�
HYHU\�PLOOLRQ� UHFHLYLQJ� VDPSOHV� IURP� SUH�LPSURYHPHQW� ZHUH� ZURQJ� �DW� ����� VLJPD��� ������ RXW� RI� HYHU\�PLOOLRQ�
UHFHLYLQJ�VDPSOHV�IURP�SRVW�LPSURYHPHQW�ZHUH�DW�IDXOW��DW�����VLJPD���%DVLFDOO\��WKLV�LQFUHDVH�LQ�VLJPD�OHYHO�KDV�EHHQ�
UHDOL]HG�LQ�D�VKRUW�WLPH��VR�ORQJ�WHUP�HIIHFWV�RI�WKH�LPSURYHPHQWV�VKRXOG�EH�H[DPLQHG��,W�VHHPV�WKDW�WKH�PLVDSSOLFDWLRQ�
KDV�GHFUHDVHG�DIWHU�LPSURYHPHQW��,W�LV�SRVVLEOH�WR�VD\�WKDW�WKHVH�DSSOLFDWLRQV�KDYH�PRUH�SRWHQWLDO�IRU�LPSURYHPHQW��
6LQFH�WKH�PLVWDNHV�WKDW�HPSOR\HHV�PDNH�HVSHFLDOO\�GXH�WR�FDUHOHVVQHVV�FDXVH�YDULDELOLW\��,W�LV�QHFHVVDU\�WR�VWDQGDUGL]H�
WKHVH�SURFHVVHV�ZLWK�WUDLQLQJV�WR�EH�JLYHQ�

IRUPDOGHK\GH�FRQWDLQHUV��
KH�SODFHV�WKH�FDVVHWWHV�WR�
WLVVXH�WUDFNLQJ�GHYLFH�
RYHUQLJKW�

��

$IWHU�VOLFHV�DUH�FRPH�
IURP�PDFURVFRS\��LI�WKH�
VOLFH�LV�HOLJLEOH�IRU�
H[DPLQDWLRQ��LW�LV�
H[DPLQHG�E\�SURIHVVRU�
GRFWRU�ZLWK�H\HV�

$YHUDJH�7LPH�RI�
([DPLQDWLRQ

7LPH ���PLQ� 0LFURVFRS\

��

$IWHU�PLFURVFRS\��
UHSRUWHU�LV�HQWHULQJ�WKH�
UHSRUW�WR�V\VWHP��7KHQ��
SULQWHG�UHSRUW�LV�VHQW�WR�
DVVLVWDQW�GRFWRU�DSSURYDO�
VLJQ�ILUVWO\��)LQDOO\��LW�LV�
DSSURYHG�E\�SURIHVVRU�
GRFWRU�VLJQ�

$YHUDJH�:DLWLQJ�7LPH 7LPH ��KRXUV 5HSRUWLQJ

%RWWOHQHFN�
1R�

3HUIRUPDQFH�
3DUDPHWHU

3DUDPHWHU�
8QLW

3DUDPHWHU�
0HWULF

4XDOLW\�0HWKRGV 3URSRVDOV
7RROV�RI�
$QDO\]LQJ

:RUN�3URFHVV

��
$YHUDJH�WLPH�SHU�

HDFK�UHMHFWHG�VDPSOH�
WLOO�EHLQJ�HOLJLEOH

7LPH ��GD\V
/HDQ�

0DQDJHPHQW�
0HWKRGV

$SSOLFDWLRQ�LQ�
'HFUHDVLQJ�
1XPEHUV�RI�
5HMHFWLRQ�

�)LVK�%RQH�
'LDJUDP
�3DUHWR�
$QDO\VLV

6L[�6LJPD

6DPSOH�
$GPLVVLRQ

��
��ODERUDWRU\�

7HFKQLFLDQV�ZRUNLQJ�
IRU�LW�

7LPH� ���VHF
/HDQ�

0DQDJHPHQW�
0HWKRGV

3XUFKDVLQJ�
0DFUR�'LJLWDO�

,PDJLQJ�
&DELQ

&RVW�%HQHILW�
$QDO\VLV

�%UHDN�HYHQ�
$QDO\VLV
&RVW�

(IIHFWLYHQHVV�
$QDO\VLV

0DFURVFRS\

&RVW �ZDJHV

��

$YHUDJH�WLPH�RI�
ORRNLQJ�IRU�

UHPDLQLQJ�VDPSOHV�
E\�DVVLVWDQW

7LPH ����PLQ�
/HDQ�

0DQDJHPHQW�
0HWKRGV

'HVLJQLQJ�
DUFKLYLQJ�

V\VWHPV�ZLWK�
EDUFRGHV�RU�
ODEHOLQJ�
PHWKRGV

�:DVWH
�6

0DFURVFRS\

��
:DLWLQJ�WLPH�RI�
VDPSOHV�LQ�WLVVXH�
WUDFNLQJ�GHYLFHV

7LPH ���KRXUV
/HDQ�

0DQDJHPHQW�
0HWKRGV

3XUFKDVLQJ�
QHZ�WLVVXH�
WUDFNLQJ�
PDFKLQH

%UHDN�HYHQ�
$QDO\VLV
&RVW�

(IIHFWLYHQHVV�
$QDO\VLV

0DFURVFRS\

��
$YHUDJH�7LPH�RI�
([DPLQDWLRQ

7LPH ���PLQ�
/HDQ�

0DQDJHPHQW�
0HWKRGV

+LULQJ�D�QHZ�
SDWKRORJLVW

&RVW�
(IIHFWLYHQHVV�
$QDO\VLV

0LFURVFRS\

��
$YHUDJH�:DLWLQJ�

7LPH
7LPH ��KRXUV

/HDQ�
0DQDJHPHQW�
0HWKRGV

7UDQVIHUULQJ�
SURFHGXUH�WR�
H�VLJQDWXUH

%UHDN�HYHQ�
$QDO\VLV
&RVW�

(IIHFWLYHQHVV�
$QDO\VLV

5HSRUWLQJ

���



3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QGXVWULDO�(QJLQHHULQJ�DQG�2SHUDWLRQV�0DQDJHPHQW
7RURQWR��&DQDGD��2FWREHU������������

��,(20�6RFLHW\ ,QWHUQDWLRQDO

,Q�SUH�LPSURYHPHQW�WKHUH�ZDV�����UHMHFWHG�VDPSOHV�IRU���PRQWKV�LW�PHDQV����UHMHFWHG�VDPSOHV�SHU�PRQWK��,W�LV�DVVXPHG�
WKDW� WKH�QXPEHU�RI� UHMHFWLRQV� IRU���PRQWKV�DIWHU� LPSURYHPHQW�ZLOO�GHFUHDVH� WR������7KDW�PHDQV����VDPSOHV ZHUH�
UHMHFWHG LQ���PRQWK� 7KLV�PHDQV�WKDW�DSSUR[LPDWHO\����SDWLHQWV�KDYH�EHHQ�SUHYHQWHG�IURP�UHFHLYLQJ�WKH�LVVXHG�UHSRUW�
E\�ZDLWLQJ� WKUHH PRUH� H[WUD�GD\V��7KH� WRWDO� UHIHUV� WR�����GD\V��7DNLQJ�SDWLHQWV
� UHSRUWV� LQ� WKH� H[SHFWHG�SHULRG� LV�
LPSRUWDQW� IRU�VWDUWLQJ�HDUO\� WUHDWPHQW��6L[�VLJPD DSSOLFDWLRQ�ZLOO�FRQWULEXWH� WR�HDUO\�GHWHFWLRQ�DSSOLFDWLRQV��$W� WKH�
VDPH�WLPH��LW�ZLOO�EHFRPH�D�WRRO�IRU�HGXFDWLQJ�FRQVFLRXV�VWDII�
,W� LV�SRVVLEOH�WR�PHQWLRQ�VRPH�OLPLWDWLRQV�EHFDXVH�WKH�HPSOR\HHV�RI�WKH�KRVSLWDO�DUH�QRW�VXIILFLHQW�IRU�LQIRUPDWLRQ�
LQIUDVWUXFWXUH�RI�/HDQ�6L[�6LJPD�ZKHUH�WKH�LPSOHPHQWDWLRQ�LV�FDUULHG�RXW�DQG�VLQFH�WKHUH�LV�QR�WLPH�WR�LPSOHPHQW�WKH�
VL[�VLJPD�DIWHU LPSURYHPHQW��7KHVH�OLPLWDWLRQV�FDQ�EH�H[SODLQHG�DV�WKH�UHFRUGV�DUH�QRW�NHSW�SURSHUO\�DW�WKH 3DWKRORJ\�
ODERUDWRU\�WKH\�DUH QRW�ZLOOLQJ�WR�VKDUH�LQIRUPDWLRQ��7KLV�PRGHO�ZDV�FUHDWHG�E\�PDNLQJ�DVVXPSWLRQV�LQ�WKH�OLJKW�RI�
OLPLWHG�LQIRUPDWLRQ�WKDW�LV�REWDLQHG��,W�LV�H[SHFWHG�WKDW�WKLV�DSSOLFDWLRQ�ZLOO�DOVR�EH�PRGHO�IRU�RWKHU�KRVSLWDOV�
,Q�WKLV�FRQWH[W��WKH��6�DSSOLFDWLRQ�ZKLFK�LV�D�VXSHULRU�LPSURYHPHQW�WRRO�WKDW�KDV�EHHQ�XVHG�E\�WKH�LQGXVWU\��LQFOXGHV�
VRPH�DGYDQWDJHV�VXFK�DV�HQFRXUDJLQJ�HPSOR\HHV�WR�SDUWLFLSDWH�LQ�DQG�WR�KHOS�LQFUHDVH�WKH�SURGXFWLYLW\��7KH�PDLQ�DLP�
RI�WKLV�LPSURYHPHQW�LV�WR�LPSOHPHQW��6�PHWKRGV�LQ�SDWKRORJ\�ODERUDWRU\�IRU�DUFKLYLQJ�V\VWHP��)LUVWO\���6�WUDLQLQJ�
ZLOO�EH�JLYHQ� WR�PDQDJHPHQW�DQG�HPSOR\HHV�� WKH�PDLQ�VWHSV�RI��6��6HLUL��6RUW��6HLWRQ��6HW� LQ�RUGHU��6HLVR��6KLQH��
6HLNHWVX��6WDQGDUGL]H��DQG�6KLWVXNH��6XVWDLQ��ZDV LPSOHPHQWHG�
,Q�FRQFOXVLRQ��FDELQHWV�ZHUH�DUUDQJHG�DFFRUGLQJ�WR��6�UXOHV��7KH�IROORZLQJ�LPSURYHPHQWV�ZHUH�REVHUYHG�GXH�WR��6�
LPSOHPHQWDWLRQ�
��$YHUDJH�WLPH�RI�ORRNLQJ�IRU�UHPDLQLQJ�VDPSOHV GHFUHDVHG�IURP ���VHF�WR����VHF���FDOFXODWHG�E\�VWRS�ZDWFK�WLPH�
VWXG\��
��$YHUDJH����VDPSOHV�DUH�UH�H[DPLQHG�SHU�GD\��ZKLFK PHDQV�WKDW�DQ�DVVLVWDQW�ZLOO�VDYH������PLQ�SHU�GD\������VHF�[�
����$VVLVWDQW�GRFWRU�FDQ�SURFHVV���PRUH� VDPSOHV� LQ� WKH�ZDVWH�RI� WLPH� ������PLQ�ZDVWH�RI� WLPH� ������PLQ�DYHUDJH�
SURFHVV���,W�PHDQV�ILYH�PRUH�SDWLHQW¶V�VDPSOH�FDQ�SURFHVV��
��%HIRUH��6��WRWDO�����VDPSOH�ZDV�SURFHVVLQJ��$IWHU�WKDW������VDPSOH�FDQ�EH�SURFHVVHG�ZLWKLQ�WKH�VDPH�WLPH��5HVXOWLQJ�
LQ� ���HIILFLHQF\�LQFUHDVH��
��:RUNLQJ�PRUH�HUJRQRPLF�FRQGLWLRQV��7KH�DVVLVWDQW�GRFWRU�ZLOO�ZDON� OHVV� �GHFUHDVH�IURP����VWHSV� WR���VWHSV���VR�
ZRUNLQJ�IDWLJXH�ZLOO�GHFUHDVH���FDOFXODWHG�E\�VWRS�ZDWFK�WLPH�VWXG\�WHFKQLTXH��
��3URYLGLQJ�WR�ZRUN�LQ�D�FOHDQHU�HQYLURQPHQW
��3RVVLELOLW\�WR�ZRUN�LQ�D�WLG\�HQYLURQPHQW
$V�DQDO\VHG LQ�WKH�SUHYLRXV�YDOXH�PDSSLQJ��RQH�RI�WKH�PRVW�FULWLFDO�ERWWOHQHFNV�LV�WKH�ZDLWLQJ�SHULRG�RI�GLDJQRVLV�LQ�
PLFURVFRS\��,Q�WKH�FXUUHQW�SURFHVV��DQ�DYHUDJH�WLVVXH�ZDLWLQJ�SHULRG�LV����KRXUV�WKDW�HTXDOV�URXJKO\���EXVLQHVV�GD\V��
'LDJQRVLV� LV� WKH� PRVW� VLJQLILFDQW� SDUW� DQG� UHTXLUHV� H[SHUWLVH�� (YHQ� WKRXJK� GRFWRUV� PD\� GLDJQRVH� WKH� SUREOHP�
DSSUR[LPDWHO\�LQ�DQ�KRXU��EHFDXVH�RI�WKH�OLQHG�XS�WLVVXHV�IURP�SUHYLRXV�GD\V��WKLV�SURFHGXUH�WDNHV�RYHU���GD\V��
,Q�WKLV�VWXG\��ILUVWO\�WKH�SURFHVVHV��ZKLFK�DUH�SHUIRUPHG�LQ�WKH�(GXFDWLRQ�DQG�5HVHDUFK�+RVSLWDO�3DWKRORJ\�/DERUDWRU\�
ZHUH�GHWHUPLQHG��9DOXH�6WUHDP�0DS� �960� ZDV�XVHG� DQG� WKXV� HIIRUWV�ZHUH�PDGH� WR�GHWHUPLQH�QRQ�YDOXH�DGGHG�
DFWLYLWLHV���,Q�WKH�FRQWH[W�RI�WKH�960�DSSOLFDWLRQ��WKH�FXUUHQW�VLWXDWLRQ�PDS�LV�GUDZQ�DQG�LW�LV�UHYHDOHG�KRZ�H[DFWO\�WKH�
ZRUN�SURFHVV�LV�SHUIRUPHG�LQ�WKH�FXUUHQW�VLWXDWLRQ��%RWWOHQHFNV�ZKHUH�ILJXUHG�RXW�DQG�OHDQ�WHFKQLTXHV�ZHUH�VXJJHVWHG�
DV�VKRZQ�LQ�WKH�FXUUHQW�VLWXDWLRQ�PDS�LQ�$SSHQGL[��D��$�QXPEHU�RI�SURSRVDOV�KDYH�EHHQ�GHYHORSHG�IRU�WKH�VROXWLRQ�RI�
WKHVH�LGHQWLILHG�SUREOHPV��6XJJHVWLRQV�IRU�LPSURYHG�VROXWLRQV�DUH�VKRZQ LQ�WKH�IXWXUH�VWDWH PDS��$SSHQGL[��E���,W�LV�
SUHGLFWHG� WKDW� VLJQLILFDQW� LPSURYHPHQWV�ZLOO� EH�PDGH� LQ� WKH�(GXFDWLRQ� DQG� WKH�5HVHDUFK�+RVSLWDO� 3/� LI� WKH� OHDQ�
PDQDJHPHQW�PHWKRGV�LV�DSSOLHG�LQ�WKH�FXUUHQW�VLWXDWLRQ�PDS��/HDG�WLPH��/'��LV�GHFUHDVHG�IURP���GD\V�WR������GD\V��
ZKLFK PHDQV�WKDW�WKH�SDWKRORJ\�UHVXOW�UHSRUW�LPSURYHV�E\��������GD\V������GD\V���3URFHVV�WLPH��37��KDV�GHFUHDVHG�
IURP����KRXUV������PLQXWHV�WR���KRXUV�������PLQXWHV��ZKLFK�PHDQV�WKDW�WKH�DPRXQW�RI�WLPH�ZRUN�SURFHVV�IRU�RQH�
VDPSOH�LPSURYHV���������KRXUV������PLQ����KRXUV������PLQ����

���&RQFOXVLRQ�
3DWKRORJ\�KDV�D�PDMRU�LPSDFW�RQ�GLDJQRVLV�DQG��FRQVHTXHQWO\��RQ�WUHDWPHQWV�IRU�PDQ\�GLVHDVHV��,W�SURYLGHV�UHODWLRQ�
EHWZHHQ�VFLHQFH�DQG�PHGLFLQH WKDW XQGHUSLQV�HYHU\�DVSHFW�RI�SDWLHQW�FDUH��IURP�GLDJQRVWLF�WHVWLQJ�DQG�WUHDWPHQW�DGYLFH�
WR�WKH�XVH�RI�FXWWLQJ�HGJH�JHQHWLF�WHFKQRORJLHV�DQG�WKH�SUHYHQWLRQ�RI�GLVHDVH��0LOOLRQV�RI�SDWKRORJ\�WHVWV�DUH�FDUULHG�
RXW�HDFK�\HDU��0DMRU�DGYDQFHV�KDYH�EHHQ�PDGH�E\�SDWKRORJLVWV��IURP�EUHDNWKURXJKV�LQ�WKH�VXFFHVVIXO�WUHDWPHQW�RI�
FDQFHU�DQG�WKH�VDIHW\�RI�EORRG WUDQVIXVLRQV��WR�WUHDWPHQW�IRU�LQKHULWHG�FRQGLWLRQV�DQG�YDFFLQDWLRQV�DJDLQVW�LQIHFWLRXV�
GLVHDVHV��3DWKRORJ\�LV� LQYROYHG�LQ�RYHU�����RI�DOO�GLDJQRVHV�PDGH�LQ�WKH�1+6��7KDW�LV�ZK\��WKH�SDWKRORJLVW�PXVW�
FDUHIXOO\� DVVHVV� DOO� FOLQLFDO� ILQGLQJV��$FFRUGLQJ� WR� OLWHUDWXUH� UHYLHZ� 3DWKRORJ\� KDV� FULWLFDO� LPSRUWDQFH��+RZHYHU��
3DWKRORJLFDO�ZRUN�SURFHVV�GRHV�QRW�KDYH�VWDQGDUG�SURFHVV�DQG�DXWRPDWL]DWLRQ�VXFK�DV�PLFURELRORJ\�DQG�KHPRJUDP�
ODERUDWRU\�WHVWV��$V�D�UHVXOW�RI�WKHVH��PDQ\�PLVWDNHV�LQ�SDWKRORJ\�ODERUDWRU\�FDQ�OHDG WR�LPSURSHU UHVXOWV�LQ�GLDJQRVLV�
DVVHVVPHQW��,Q�DGGLWLRQ�WR�WKLV��OHDQ�PDQDJHPHQW�WRROV�DUH�QRW�DSSOLHG�LQ�FXUUHQW�SDWKRORJ\�ODERUDWRU\�ZRUN�SURFHVVHV��

���



3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QGXVWULDO�(QJLQHHULQJ�DQG�2SHUDWLRQV�0DQDJHPHQW
7RURQWR��&DQDGD��2FWREHU������������

��,(20�6RFLHW\ ,QWHUQDWLRQDO

,W�OHDGV�ZDVWH�RI�WLPH�DQG�FRVW��2QH�RI�WKH�PRVW�FURZGHG�(GXFDWLRQ DQG�5HVHDUFK�+RVSLWDO�ZDV FKRVHQ�WR�DSSO\�OHDQ�
PDQDJHPHQW�PHWKRGV��,Q�WKLV�VWXG\��IRFXV�JURXS�LQWHUYLHZ�LV�PDGH�LQ�RUGHU�WR�GHWHUPLQH�QHHG�DQG�SUREOHPV��$V�UHVXOW�
RI�ILQGLQJV��GHWDLO�ZRUN�SURFHVV�IORZV�ZHUH�FUHDWHG�WR�XQGHUVWDQG�ERWWOHQHFNV��,Q�RUGHU�WR�LPSURYH�WKH�SURFHVV�DQG�
GHFUHDVH�WKH�ZDVWH��D�FXUUHQW�YDOXH�VWUHDP�PDS�ZDV FUHDWHG��)RU�WKH�DFWLYLWLHV�VHHQ�RQ�WKH PDS��GXUDWLRQV�ZHUH�REVHUYHG�
DQG�IRXQG�E\�WLPH�VWXGLHV DQG�UHVSRQVLEOH�SHRSOH�IRU�HDFK�DFWLYLW\�VSHFLILHG��$FFRUGLQJ�WR�WKH�ERWWOHQHFNV��V\VWHP�DQG
SURFHVV�DQDO\VHV��DQG�WKH�VWXG\ ILQGLQJV��NH\�SHUIRUPDQFH�LQGLFDWRUV�ZHUH�GHILQHG�IRU HYDOXDWLQJ�WKH�SURFHVVHV�PRUH�
HIILFLHQWO\�DQG�IRU�FDWHJRUL]LQJ�ZKHWKHU�WKH�SURFHVVHV�ZHUH TXDOLILHG�RU�QRW��,Q�WKDW�UHJDUG��TXDQWLWDWLYH�LQGLFDWRUV�ZHUH�
OLVWHG��DQG�WKH�PHWKRG�IRU FROOHFWLRQ�RI�WKH�GDWD��H[SODQDWLRQV��DQG�FXUUHQW�YDOXH�VHFWLRQV�ZHUH�VKDUHG�IRU�FRQVLGHUDWLRQ��
$FFRUGLQJ� WR� OLWHUDWXUH� UHYLHZ�� VXLWDEOH� OHDQ� PDQDJHPHQW� PHWKRGV� ZHUH� PDWFKHG� ZLWK� HDFK� ERWWOHQHFN� %ULHIO\�
VXPPDUL]LQJ�WKH�ILQGLQJV��VL[�VLJPD�ZDV DSSOLHG WR�GHFUHDVH�QXPEHU�RI�UHMHFWHG�VDPSOHV��$V�D�UHVXOW�RI�WKLV�����SDWLHQWV�
KDYH� EHHQ� SUHYHQWHG� IURP�ZDLWLQJ� �� GD\V� WR� JHW� UHSRUW� LQ� RQH�PRQWK� SHULRG�� 6HFRQGO\�� D� QHZ� GLJLWDO� FDELQ�ZDV�
VXJJHVWHG�WR�EH�SXUFKDVHG�WKDW�FRXOG SURYLGH����H[WUD�VDPSOH�H[DPLQDWLRQV SHU GD\���$IWHU�WKDW���6�UXOHV�ZHUH�DSSOLHG�
IRU�DFKLHYLQJ�V\VWHP�LQ�PDFURVFRS\���6 LPSOHPHQWDWLRQ SURYLGHG�D FOHDQ�DQG�WLG\�HQYLURQPHQW��7KH�FOHDQ�DQG�WLG\�
HQYLURQPHQW�SURYLGHG ILYH�H[WUD�VDPSOHV�WR�EH�H[DPLQHG�SHU GD\��$�WHFKQRORJLFDO�GHYLFH�ZDV�VXJJHVWHG��DV�LW�ZLOO
GHFUHDVH� SURFHVVLQJ� WLPH� IURP� ��� KRXUV� WR� �� KRXUV�� ,Q� VDYHG� WLPH�� ���PRUH� VDPSOHV�ZLOO� EH� SURFHVVHG��$QRWKHU�
LPSURYHPHQW VXJJHVWLRQ�ZDV�IRU PLFURVFRS\ XQLW��$V�VHHQ�LQ�WKH�FXUUHQW�YDOXH�VWUHDP�PDS��RQH�RI�WKH�PRVW�FULWLFDO�
ERWWOHQHFNV�LV�WKH�ZDLWLQJ�SHULRG�RI�GLDJQRVLV�LQ�PLFURVFRS\��7KH�ZDLWLQJ�WLPH�GHFUHDVHV�RI ��KRXUV�IURP����KRXUV�WR�
���KRXUV��7KH� ODVW� LPSURYHPHQW� LV� WR WUDQVIHU� IURP�PDQXDO�VLJQDWXUH� WR�H�VLJQDWXUH��7KH�H�VLJQDWXUH�GHFUHDVHV� WKH�
VLJQDWXUH�SURFHVV�IURP���KRXUV�WR���KRXU��,Q FRQFOXVLRQ��JHWWLQJ�UHVXOW�GHFUHDVH�DYHUDJH�IURP���GD\V�WR���GD\V�E\�
DSSO\LQJ�WKH�OHDQ PHWKRGV�
(YHQ�WKRXJK�WKHUH�DUH�VWLOO�PDQXDO�SURFHVVHV�LQ�PDFURVFRS\�VXFK�DV�HPEHGGLQJ�DQG�PLFURWRPH�GHYLFHV�XVLQJ�WKH�QHZ�
WHFKQRORJ\�ZRXOG� DXWRPDWL]H WKH�SURFHVV�LQ�IXWXUH��/HDQ�WHFKQLTXHV�DUH SRVVLEOH�WR�LPSOHPHQW�DW�RWKHU�SDWKRORJ\�
ODERUDWRULHV� LQ� GLIIHUHQW� KRVSLWDOV� ZKLFK� ZLOO� DOVR� KDYH� SURPLVLQJ� UHVXOWV�� 0DQ\� KRVSLWDOV� KDYH� VLPLODU� PDQXDO�
DFWLYLWLHV VXFK�DV�PDQXDO�VLJQDWXUH��DFKLHYLQJ�V\VWHP��0RVW�RI�SDWKRORJ\�ODERUDWRU\�KDYH�VLPLODU�SURFHVV��VR�PHWKRGV�
XVHG�LQ�WKLV�SURMHFW�FDQ�EH�SUDFWLFDEOH�LQ�RWKHU�SDWKRORJ\�ODEV�
$OO�LQ�DOO��DQ�LPSURYHG�IORZFKDUW�LV�FUHDWHG ZKLFK�HOLPLQDWHV�QRQ�YDOXH�DGGHG�SURFHVVHV�RI�WKH�FXUUHQW�IORZFKDUW��,Q�
FRQVLGHUDWLRQ�RI�DOO WKHVH�RXWFRPHV��LW�LV�KLJKO\�VXJJHVWHG�WKDW�WKH�KRVSLWDO�VKRXOG�DSSO\�WKHVH�LPSURYHG VXJJHVWLRQV�
ZKLFK�DUH�DOVR�H[SODLQHG�DQG�DOLJQHG�ZLWK�OHDQ�DSSOLFDWLRQ�PHWKRGV�
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