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&RUUHVSRQGLQJ�DXWKRU��PXOX�NLWDED#DPERX�HGX�HW� 

$EVWUDFW� 
%DFNJURXQG��+HDOWKFDUH�ORJLVWLFV�KDV�XQGHUJRQH�UDSLG�WHFKQRORJLFDO�WUDQVIRUPDWLRQ�DV�GLJLWDO��DXWRPDWHG��DQG�
GDWD-LQWHQVLYH�WRROV�ZLGHO\�XVHG�LQ�WUDFNLQJ��DQG�FRRUGLQDWLRQ�RI�PHGLFDO�FRPPRGLWLHV��LQIRUPDWLRQ��DQG�VHUYLFHV��
'HVSLWH�UDSLG�DFFHOHUDWLRQ�RI�WHFKQRORJ\-HQDEOHG�ORJLVWLF�FRQFHSWV�DQG�VKLIW�LQ�SDWLHQW�FDUH�PRGDOLWLHV��H[LVWLQJ�
UHYLHZV�RIWHQ�IRFXV�RQ�LVRODWHG�WHFKQRORJLHV��VXFK�DV�$,��EORFNFKDLQ�RU�DXWRPDWLRQ�ZLWKRXW�V\QWKHVL]LQJ�KRZ�WKHVH�
WRROV�VKDSH�ORJLVWLFV�SHUIRUPDQFH�DFURVV�GLYHUVH�KHDOWK-V\VWHP�FRQWH[WV��7KLV�UHYLHZ�WKHUHIRUH�DLPHG�WR�V\QWKHVL]H�
FXUUHQW�HYLGHQFH�RQ�WHFKQRORJ\-HQDEOHG�ORJLVWLFV�DQG�DUWLFXODWHV�KRZ�WKHVH�WRROV�LQIOXHQFH�RSHUDWLRQDO�HIILFLHQF\��
VXSSO\�FKDLQ�WUDQVSDUHQF\��UHVSRQVLYHQHVV�DQG�FRQWLQXLW\�RI�FDUH�� 
0HWKRGV��$�V\VWHPDWLF�VHDUFK�RI�3XE0HG��6FRSXV��(PEDVH��:HE�RI�6FLHQFH��DQG�JUH\�OLWHUDWXUH�VRXUFHV��-DQ�
����–'HF�������LGHQWLILHG�������GDWDEDVH�UHFRUGV�DQG����JUH\�OLWHUDWXUH�HQWULHV��7KH�VFUHHQLQJ�ZDV�FRQGXFWHG�E\�
WZR�UHYLHZHUV��DQG�\LHOGHG�����DUWLFOHV��$Q�LQGXFWLYH�WKHPDWLF�V\QWKHVLV�DSSURDFK�ZDV�XVHG� 
5HVXOWV��)LYH�WKHPHV�ZHUH�IRXQG�IURP�WKH�V\QWKHVLV�RI�WKLV�UHYLHZ��GLJLWDO�VXSSO\�FKDLQ�V\VWHPV��DGYDQFHG�WHFKQR�
ORJLFDO�DSSOLFDWLRQV��DUWLILFLDO�LQWHOOLJHQFH��UHPRWH�PRQLWRULQJ�DQG�FDUH�ORJLVWLFV��DQG�VHFXUH�GLJLWDO�GDWD-VKDULQJ�
DPRQJ�VXSSO\�FKDLQ�DFWRUV��$FURVV�WKHVH�GRPDLQV��WHFKQRORJ\-HQDEOHG�ORJLVWLFV�WRROV�IRXQG�WR�EH�FRQVLVWHQWO\�LP�
SURYHG�LQYHQWRU\�PDQDJHPHQW��LPSURYHG�WUDFHDELOLW\��HQKDQFHG�GRFXPHQWDWLRQ�TXDOLW\�DQG�LQFUHDVHG�FRRUGLQDWLRQ�
DFURVV�IDFLOLWLHV�� 
&RQFOXVLRQV��7HFKQRORJ\-HQDEOHG�ORJLVWLFV�V\VWHPV�DUH�JDLQLQJ�DWWHQWLRQ�WR�LPSURYH�KHDOWKFDUH�RSHUDWLRQV��7KLV�
V\VWHP�EULQJLQJ�PHDVXUDEOH�JDLQV�LQ�HIILFLHQF\�DQG�WKXV��VHUYLFH�TXDOLW\��+RZHYHU��LQWHURSHUDELOLW\�FKDOOHQJHV��
ZRUNIRUFH�UHDGLQHVV��DQG�UHJXODWRU\�LVVXHV�FRQWLQXH�WR�LPSHGH�DGRSWLRQ��([DPLQLQJ�FRQWH[WXDO�IHDVLELOLW\�DQG�WKH�
VRFLR-WHFKQLFDO�IDFWRUV�WKDW�GHWHUPLQH�ZKHWKHU�WKHVH�LQQRYDWLRQV�WUDQVODWH�LQWR�VXVWDLQDEOH�DQG�HTXLWDEOH�LPSURYH�
PHQWV�FDQ�EH�IXWXUH�UHVHDUFK�DJHQGD� 
 
.H\�ZRUGV��+HDOWKFDUH�ORJLVWLFV��WHFKQRORJ\-HQDEOHG�ORJLVWLFV��VXSSO\�FKDLQ�PDQDJHPHQW��DXWRPDWLRQ��GLJLWDOL
 ����]DWLRQ��DUWLILFLDO�LQWHOOLJHQFH 
&LWDWLRQ��1HJDZR�0.��'HVVLH�<�*HEUHVHQEHW��7HFKQRORJ\-(QDEOHG�/RJLVWLFV�0DQDJHPHQW�LQ�+HDOWKFDUH�6\VW
 HPV��$�6\VWHPDWLF�5HYLHZ��(WKLRS�0HG��-�����������-��� 
6XEPLVVLRQ�GDWH������1RYHPEHU������$FFHSWHG�����'HFHPEHU��������3XEOLVKHG�����0DUFK������ 
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2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-����� 1HJDZR�HW�DO 

KWWSV���G[�GRL�RUJ���������HPM�Y���L���� 

,QWURGXFWLRQ�� 
7KH� ORJLVWLFV�PDQDJHPHQW�FRQFHSW�KDV�JDLQHG�DWWHQWLRQ�
LQ� WKH� KHDOWKFDUH� LQGXVWU\����� DQG� EHFRPLQJ� D� SLYRWDO�
RSHUDWLRQDO� DQG� TXDOLW\� LPSURYHPHQW� WRRO�� 7RGD\¶V�
KHDOWK�V\VWHPV�FRQIURQW� ULVLQJ�GHOLYHU\�FRVWV�����XQSUH�
GLFWDEOH�GHPDQG�SDWWHUQV��JURZLQJ�WKHUDSHXWLF�FRPSOH[�
LW\�� DQG� HIILFLHQF\� JDLQV� H[SDQGLQJ� DGRSWLRQ� SDWWHUQV�
DFURVV� GLIIHUHQW� JHRJUDSKLF� UHJLRQV���� ����7KH� SUHVVXUH�
WR� HQVXUH� UHOLDEOH�� HIILFLHQW�� DQG� FOLQLFDOO\� UHVSRQVLYH�
IORZV� RI�PHGLFLQHV�� HTXLSPHQW�� GLDJQRVWLFV�� DQG� LQIRU�
PDWLRQ� KDV� DFFHOHUDWHG� WKH� LQWHJUDWLRQ� RI� GLJLWDO� DQG�
DXWRPDWHG�VROXWLRQV����� 
 
$OWKRXJK� D� JURZLQJ�ERG\�RI� OLWHUDWXUH�GRFXPHQWV� KRZ�
VSHFLILF�WHFKQRORJLHV��VXFK�DV�$,�DOJRULWKPV��EORFNFKDLQ�

DUFKLWHFWXUHV�� ,R7-HQDEOHG� WUDFNLQJ� GHYLFHV�� DQG� UH�
PRWH�PRQLWRULQJ�V\VWHPV��DUH�EHLQJ�DSSOLHG�WR�ORJLV�
WLFV�FKDOOHQJHV�� WKLV�HYLGHQFH�UHPDLQV�IUDJPHQWHG�����
:KDW� LV� ODFNLQJ� LV� D� XQLI\LQJ� V\QWKHVLV� WKDW� FODULILHV�
WKH� FRQFHSWXDO� ERXQGDULHV� RI� WHFKQRORJ\-HQDEOHG�
ORJLVWLFV��GHILQHV�WKH�FRQVWLWXHQW�WHFKQRORJLFDO�FDWHJR�
ULHV�� DQG� LQWHJUDWHV� HYLGHQFH� DFURVV� KHDOWK-V\VWHP�
FRQWH[WV��LQFOXGLQJ�ORZ-UHVRXUFH�HQYLURQPHQWV�ZKHUH�
ORJLVWLFDO�YXOQHUDELOLWLHV�DUH�PRVW�SURQRXQFHG� 
 
7HFKQRORJLFDO�,QWHJUDWLRQ�LQ�+HDOWKFDUH�/RJLVWLFV 
,QWHJUDWLQJ� DGYDQFHG� WHFKQRORJLHV� LQWR� KHDOWKFDUH�
ORJLVWLFV�KDV�VLJQLILFDQWO\�LPSURYLQJ�HIILFLHQF\��DFFX�
UDF\��DQG�SDWLHQW�FDUH�����7HFKQRORJLHV�OLNH�WKH�,QWHU�
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 QHW�RI�7KLQJV��,R7���EORFNFKDLQ��DQG�FORXG�FRPSXWLQJ�
KDYH� EHHQ� SLYRWDO� LQ� WUDQVIRUPLQJ� ORJLVWLFV�PDQDJH�
PHQW����� ,R7� GHYLFHV� HQDEOH� UHDO-WLPH� WUDFNLQJ� DQG�
PRQLWRULQJ� RI� PHGLFDO� VXSSOLHV� DQG� HTXLSPHQW� WR�
HQVXUH� WKDW� FULWLFDO� LWHPV�DUH�DOZD\V�DYDLODEOH�DQG�DW�
WKHLU�RSWLPDO�TXDOLW\��%ORFNFKDLQ�WHFKQRORJ\�HQKDQF�
HV� WKH� VHFXULW\� DQG� WUDQVSDUHQF\� RI� GDWD� VKDULQJ�
DPRQJ� KHDOWKFDUH� SURYLGHUV�� VXSSOLHUV�� DQG� SDWLHQWV��
UHGXFLQJ�WKH�ULVN�RI�HUURUV�DQG�GDWD�VHFXULW\�LVVXHV����
����&ORXG� FRPSXWLQJ� IDFLOLWDWHV� ELJ� GDWD� VWRUDJH� DQG�
DFFHVV�� HQDEOLQJ� KHDOWKFDUH� RUJDQL]DWLRQV� WR� DQDO\]H�
DQG�RSWLPL]H�WKHLU�ORJLVWLFV�RSHUDWLRQV�PRUH�HIIHFWLYH�
O\���� 
 
,PSDFW�RI�$UWLILFLDO� ,QWHOOLJHQFH�RQ�/RJLVWLFV�(IIL�
FLHQF\ 
$UWLILFLDO� ,QWHOOLJHQFH� �$,�� KDV� HPHUJHG� DV� D� JDPH-
FKDQJHU� LQ� KHDOWKFDUH� ORJLVWLFV�� RIIHULQJ� SUHGLFWLYH�
DQDO\WLFV�� DXWRPDWLRQ�� DQG� GHFLVLRQ� VXSSRUW� V\VWHPV�
WKDW� VLJQLILFDQWO\� HQKDQFH� RSHUDWLRQDO� HIILFLHQF\�����
$UWLILFLDO� ,QWHOOLJHQFH� �$,�� LV� LQFUHDVLQJO\� UHVKDSLQJ�
WKH�ZD\�KHDOWKFDUH�V\VWHPV�KDQGOH�WKHLU�ORJLVWLFV��QRW�
MXVW� E\� DXWRPDWLQJ� WDVNV� EXW� E\� RIIHULQJ� D� FOHDUHU�
VHQVH�RI�ZKDW¶V�FRPLQJ�QH[W�EDVHG�RQ��$,�DOJRULWKPV�
WKDW� FDQ� SUHGLFW� GHPDQG� IRU� PHGLFDO� VXSSOLHV� EDVHG�
RQ� KLVWRULFDO� GDWD�� KHOSLQJ� WR� SUHYHQW� VWRFNRXWV� DQG�
RYHUVWRFN�VLWXDWLRQV������$XWRPDWLRQ�SRZHUHG�E\�$,�
UHGXFHV� WKH�QHHG� IRU�PDQXDO� LQWHUYHQWLRQ� LQ� ORJLVWLFV�
SURFHVVHV��PLQLPL]LQJ�KXPDQ�HUURUV�DQG�VSHHGLQJ�XS�
WDVNV� VXFK� DV� LQYHQWRU\� PDQDJHPHQW� DQG� RUGHU� SUR�
FHVVLQJ������)XUWKHUPRUH��GHFLVLRQ�VXSSRUW�WRROV�EXLOW�
RQ� $,� JR� D� VWHS� IXUWKHU�� JLYLQJ� PDQDJHUV� FRQFUHWH�
LQVLJKWV� ZKHQ� WKH\¶UH� ZHLJKLQJ� RSWLRQV� DURXQG� SXU�
FKDVLQJ�� GLVWULEXWLRQ� URXWHV�� RU� KRZ� EHVW� WR� DOORFDWH�
OLPLWHG� UHVRXUFHV������7KLV� NLQG�RI� IRUHFDVWLQJ�KHOSV�
DYRLG�ERWK�HPSW\�VKHOYHV�DQG�XQQHFHVVDU\�VWRFNSLOHV��
ORZHU�FRVWV��DQG��XOWLPDWHO\��EHWWHU�SDWLHQW�FDUH� 
 
5HPRWH�0RQLWRULQJ�DQG�&DUH 
5HPRWH� PRQLWRULQJ� DQG� FDUH� KDYH� EHFRPH� HVVHQWLDO�
FRPSRQHQWV�RI�PRGHUQ�KHDOWKFDUH��HVSHFLDOO\�ZLWK�WKH�
ULVH�RI� LQIHFWLRXV�GLVHDVH�RXWEUHDNV�DQG�FKURQLF�QRQ-
FRPPXQLFDEOH�GLVHDVHV������7HOHPHGLFLQH�SODWIRUPV��
UHPRWH�GLDJQRVWLF� WRROV��DQG�ZHDUDEOH�KHDOWK�GHYLFHV�
DOORZ�KHDOWKFDUH�SURYLGHUV�WR�PRQLWRU�SDWLHQWV
�FRQGL�
WLRQV�DQG�GHOLYHU�FDUH�ZLWKRXW�QHHGLQJ�SK\VLFDO�YLVLWV�
DQG� DOVR� HPSRZHU� WKH� SDWLHQW� WR� PRQLWRU� WKHLU� RZQ�
KHDOWK� FRQGLWLRQV������ 7KLV� VKLIW� UHGXFHV� WKH� EXUGHQ�
RQ� KHDOWKFDUH� IDFLOLWLHV� DQG� HQVXUHV� FRQWLQXRXV� FDUH�
IRU� SDWLHQWV� DQG� UHOLHYHV� ILQDQFLDO� SUHVVXUH� IURP� UH�
SHDWHG�KRVSLWDO�YLVLWV��SDUWLFXODUO\� WKRVH� LQ� UHPRWH�RU�
XQGHUVHUYHG�DUHDV������5HPRWH�FDUH�RQO\�ZRUNV�LI�WKH�
ULJKW� GHYLFHV�� PHGLFDWLRQV�� DQG� VXSSRUW� VXSSOLHV�
DYDLODEOH� ZKHUH� DQG� ZKHQ� WKH\¶UH� QHHGHG�� (IIHFWLYH�
ORJLVWLFV�� WLPHO\�GHOLYHULHV�� VWDEOH� VXSSO\�FKDLQV�� DQG�
VXVWDLQDEOH�GLVWULEXWLRQ�V\VWHPV�DUH�FUXFLDO�WR�VXSSRUW�
WKHLU�FDUH�DW�KRPH����� 
 
)XWXUH�SURVSHFWV�DQG�JOREDO� WUHQGV�RI�KHDOWK�FDUH�
ORJLVWLFV� 
7KH� IXWXUH� RI� KHDOWKFDUH� ORJLVWLFV� ORRNV� SURPLVLQJ��

ZLWK� RQJRLQJ� WHFKQRORJLFDO� DGYDQFHPHQWV� DQG� LQ�
FUHDVLQJ� JOREDO� DGRSWLRQ� RI� ORJLVWLFV� PDQDJHPHQW�
SUDFWLFHV� ,Q�PDQ\�KLJK-LQFRPH�UHJLRQV��WKH�FRQYHUVD�
WLRQ� KDV� VKLIWHG� IURP� VLPSO\� DGRSWLQJ� WKHVH� WRROV� WR�
ILJXULQJ�RXW�KRZ�WR�ZHDYH�WKHP�VPRRWKO\�LQWR�ORQJ-
HVWDEOLVKHG� KHDOWKFDUH� LQIUDVWUXFWXUHV������ 0HDQ�
ZKLOH�� ORZ-�DQG�PLGGOH-LQFRPH�FRXQWULHV�DUH�UDSLGO\�
GLVFRYHULQJ�KRZ�WUDQVIRUPDWLYH�WKHVH�V\VWHPV�FDQ�EH��
RIWHQ�XVLQJ� WKHP� WR�RYHUFRPH� ORQJ-VWDQGLQJ�JDSV� LQ�
DFFHVV�� GLVWULEXWLRQ�� DQG� FRRUGLQDWLRQ������ *OREDOO\��
WKH�SXVK�WRZDUG�GLJLWDOL]DWLRQ�DQG�DXWRPDWLRQ�VKRZV�
IRUZDUGLQJ� VWHSV�� +HDOWK� V\VWHPV� HYHU\ZKHUH� DUH�
XQGHU� SUHVVXUH� WR� GHOLYHU� FDUH� WKDW� LV� IDVWHU�� PRUH�
DIIRUGDEOH�� DQG� PRUH� DWWXQHG� WR� SDWLHQW� QHHGV�� DQG�
PRGHUQ� ORJLVWLFV�SODWIRUPV�RIIHU�D�FOHDU�SDWK� WRZDUG�
WKDW�JRDO�������$V� WKHVH� WHFKQRORJLHV�FRQWLQXH� WR�DG�
YDQFH��ZH�FDQ�H[SHFW�DQ�HYHQ�ZLGHU�UDQJH�RI�LQWHOOL�
JHQW�� DGDSWLYH� ORJLVWLFV� VROXWLRQV� WR� HPHUJH�� UDLVLQJ�
ERWK� WKH� TXDOLW\� DQG� UHDFK� RI� KHDOWKFDUH� VHUYLFHV�
DFURVV�GLYHUVH���������� 
 
5HFHQWO\�� YDULRXV� LPSUHVVLYH� OLWHUDWXUH� UHYLHZV� KDYH�
EHHQ�FRQGXFWHG�RQ�KHDOWKFDUH� ORJLVWLFV�PDQDJHPHQW��
7KH� FRPPRQ� RQHV� ZHUH� WKH� DSSOLFDWLRQ� RI� ORJLVWLFV�
PDQDJHPHQW� FRQFHSWV� DV� SHUIRUPDQFH� PHDVXUHV� IRU�
KRVSLWDOV�������KHDOWKFDUH�IDFLOLWLHV�PDLQWHQDQFH�PDQ�
DJHPHQW������ KRVSLWDO¶V� PDWHULDO� ORJLVWLFV������ WHFK�
QRORJLFDO� DSSOLFDWLRQ� LQ� LQYHQWRU\� PDQDJHPHQW������
LQIRUPDWLRQ�PDQDJHPHQW��DQG�ZDUHKRXVH�WHFKQRORJ\
������ /HDQ�� $JLOH�� DQG� /HDJLOH� SUDFWLFHV� DQG� WRROV�
DSSOLHG� WR�KHDOWKFDUH� ������'HFLVLRQဩ0DNLQJ�0RGHOV�
IRU� +HDOWKFDUH� 6XSSO\� &KDLQ����� DQG� ����� IRFXVHG�
ORJLVWLF� DFWLYLWLHV� UHODWHG� WR� PHGLFDO� ZDVWH� PDQDJH�
PHQW�� +RZHYHU�� WKH� VFRSH� RI� HPHUJLQJ� WHFKQRORJ\�
XWLOL]DWLRQ� DQG� WUHQGV� LQ� ORJLVWLFV� DSSOLFDWLRQV� DQG�
WHFKQRORJLHV�DGDSWDEOH� WR� ORZ-UHVRXUFH�VHWWLQJV�KDYH�
QRW�EHHQ�ZHOO-GRFXPHQWHG�� 
 
7KLV� V\VWHPDWLF� UHYLHZ� DLPV� WR� LGHQWLI\� DQG� V\QWKH�
VL]H� NH\� DGYDQFHPHQWV� LQ� WHFKQRORJ\-HQDEOHG�
KHDOWKFDUH� ORJLVWLFV�� FDWHJRUL]HG� LQWR� ILYH� PDLQ�
WKHPHV�� VXSSO\� FKDLQ� PDQDJHPHQW�� WHFKQRORJLFDO�
WRROV�DSSOLFDWLRQV��DUWLILFLDO� LQWHOOLJHQFH��$,��� UHPRWH�
PRQLWRULQJ� DQG� FDUH�� DQG� VHFXUH� GDWD� VKDULQJ�� 7KLV�
RIIHUV� YDOXDEOH� LQVLJKWV� LQWR� WKH� FXUUHQW� VWDWH� RI� WKH�
GLVFLSOLQH� DQG� WKH� SRVVLEOH� DGRSWLRQ� RI� HPHUJLQJ�
WHFKQRORJLHV�ZLWKLQ�WKH�KHDOWKFDUH�LQGXVWU\��7KLV�GDWD�
ZLOO�SURYLGH�LQVLJKWV� IRU�SROLF\PDNHUV�DW� WKH�)HGHUDO�
0LQLVWU\� RI�+HDOWK� DQG� ORJLVWLF� VWUDWHJLVWV�� DV� LW�ZLOO�
KHOS�WKHP�LQ�PDNLQJ�LQIRUPHG�GHFLVLRQV�DQG�FRQVLG�
HULQJ�FRQWH[WXDO�DWWULEXWHV�EHIRUH�LQYHVWLQJ�LQ�FXWWLQJ-
HGJH� WHFKQRORJLHV��0RUHRYHU�� E\� FRPELQLQJ� WKH� H[�
LVWLQJ� HYLGHQFH� DQG�SURSRVLQJ� IXWXUH� UHVHDUFK�SDWKV��
WKLV� UHYLHZ� FRXOG� FRQWULEXWH� WR� WKH� SURJUHVVLRQ� RI�
KHDOWKFDUH� ORJLVWLFV�PDQDJHPHQW� WKHRULHV�DQG�SUDFWL�
FDO�LPSOHPHQWDWLRQV� 
 
'HILQLWLRQV�RI�.H\�&RQFHSWV 
7HFKQRORJ\-HQDEOHG�ORJLVWLFV 
7HFKQRORJ\-HQDEOHG� ORJLVWLFV� LV� WKH� FRRUGLQDWHG� XVH�
RI�GLJLWDO��DXWRPDWHG��DQG�GDWD-GULYHQ�V\VWHPV�WR�HQD�
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EOH�WKH�VPRRWK�IORZ�RI�PDWHULDOV�DQG�LQIRUPDWLRQ�DFURVV�
KHDOWKFDUH�GHOLYHU\�QHWZRUNV������7KHVH�V\VWHPV�HPEHG�
DOJRULWKPLF� LQWHOOLJHQFH�� VHQVRU-GULYHQ� YLVLELOLW\�� DQG�
UHDO-WLPH� GDWD� H[FKDQJH� IRU� WLPHO\� GHFLVLRQV������ 7KLV�
V\VWHP�LQIOXHQFH�ORJLVWLFV�SHUIRUPDQFH�DQG�HQDEOHV�IRUH�
FDVWLQJ��WUDQVSRUW�RSWLPL]DWLRQ��WUDFHDELOLW\��DQG�WHPSHU�
DWXUH�PRQLWRULQJ��([DPSOHV�LQFOXGH�,R7�VHQVRU�QHWZRUNV�
IRU� FROG-FKDLQ� LQWHJULW\�� DXWRPDWHG� UHSOHQLVKPHQW� V\V�
WHPV�� DQG�$,-VXSSRUWHG�GHPDQG� IRUHFDVWLQJ�PRGHOV�����
���� 
 
7HFKQRORJ\-VXSSRUWHG�ORJLVWLFV 
7KLV� WHUP� UHSUHVHQWV� LQIRUPDWLRQ� V\VWHPV� DQG� GLJLWDO�
WRROV� WKDW� HQKDQFH� ORJLVWLFV� SURFHVV� WKURXJK� LPSURYHG�
GRFXPHQWDWLRQ�� FRPPXQLFDWLRQ�� DQG� DGPLQLVWUDWLYH� FR�
RUGLQDWLRQ� ������ ([DPSOHV� LQFOXGH� HOHFWURQLF� ORJLVWLFV�
PDQDJHPHQW�LQIRUPDWLRQ�V\VWHPV��/0,6���GLJLWDO�UHTXL�
VLWLRQ� SODWIRUPV�� DQG� HOHFWURQLF� KHDOWK� UHFRUGV� ZKHQ�
XVHG� WR� VWUHDPOLQH� VXSSO\-UHODWHG� GHFLVLRQ-PDNLQJ�����
����� 
 
�'LJLWDO�VXSSO\�FKDLQ�V\VWHPV 
'LJLWDO�VXSSO\�FKDLQ�V\VWHPV�DUH�WKH�LQWHJUDWHG�SODWIRUPV�
WKDW�FRQQHFW� VXSSOLHUV��GLVWULEXWRUV��KHDOWKFDUH� IDFLOLWLHV��
DQG� UHJXODWRU\� HQWLWLHV� WKURXJK� LQWHURSHUDEOH� DQG� UHDO-
WLPH�GDWD�������7KHVH�V\VWHPV�LQFRUSRUDWH�GLIIHUHQW�IXQF�
WLRQV� DFURVV� WKH� VXSSO\� FKDLQ� SURFHVV�� VXFK� DV� GLJLWDO�
RUGHULQJ�� DXWRPDWHG� VWRFN� YLVLELOLW\�� VKLSPHQW� WUDFNLQJ��
DQG� SHUIRUPDQFH� DQDO\VLV� WR� HQVXUH� UHOLDELOLW\� RI� VXS�
SOLHV����������� 
 
$GYDQFHG�WHFKQRORJLFDO�DSSOLFDWLRQV 
$GYDQFHG� WHFKQRORJLFDO� DSSOLFDWLRQV� UHIHU� WR� KLJK-
FDSDELOLW\�GLJLWDO�LQQRYDWLRQV�WKDW�LQWURGXFH�DOJRULWKPLF��
URERWLF�� RU� F\EHU-SK\VLFDO� HQKDQFHPHQWV� WR� ORJLVWLFV�
RSHUDWLRQV������ 7KHVH� V\VWHPV� OHYHUDJH� PDFKLQH� OHDUQ�
LQJ��DXWRPDWLRQ��URERWLFV��RU�DXJPHQWHG�VHQVLQJ�WR�RSWL�
PL]H� URXWLQJ�� DXWRPDWH� VWRUDJH� DQG� UHWULHYDO�� PDQDJH�
HQYLURQPHQWDO�FRQGLWLRQV��DQG�VXSSRUW�SUHGLFWLYH�DQDO\W�
LFV����� WKDW� WUDQVIRUPV� JRYHUQDQFH� VWUXFWXUH� DQG� EULQJ�
PD[LPXP� HIILFLHQF\������5RERWLF� GLVSHQVLQJ� XQLWV�� DX�
WRPDWHG� JXLGHG� YHKLFOHV�� PDFKLQH-OHDUQLQJ� PRGHOV� IRU�
SKDUPDFHXWLFDO� GHPDQG� IRUHFDVWLQJ�� DQG� VPDUW� SDFNDJ�
LQJ�HTXLSSHG�ZLWK�HQYLURQPHQWDO�VHQVRUV�DUH�DPRQJ�WKH�
GHYHORSPHQWV�LQ�KHDOWKFDUH�VHWWLQJV����� 
 
6HFXUH�GLJLWDO�GDWD-VKDULQJ�PHFKDQLVPV 
6HFXUH� GLJLWDO� GDWD-VKDULQJ� PHFKDQLVPV� FRPSULVH� V\V�
WHPV�GHVLJQHG�WR�SURWHFW�WKH�FRQILGHQWLDOLW\��LQWHJULW\��RI�
ORJLVWLFV� GDWD�� 7KHVH� PHFKDQLVPV� RSHUDWH� WKURXJK� HQ�
FU\SWLRQ�� GLVWULEXWHG� OHGJHU� WHFKQRORJLHV� �H�J��� EORFN�
FKDLQ�� DQG� DFFHVV� DXWKHQWLFDWLRQ� SURWRFROV� WKDW� SUHYHQW�
XQDXWKRUL]HG� DFFHVV� RU� GDWD� EUHDFK������ 7KHLU� GHILQLQJ�
PHFKDQLVP� LV� WKH� HVWDEOLVKPHQW� RI� WUXVW� LQ� GLJLWDO� H[�
FKDQJHV�� HVSHFLDOO\� ZKHQ� ORJLVWLFV� ZRUNIORZV� LQYROYH�
PXOWLSOH� DFWRUV� LQ� EORFNFKDLQ-EDVHG� GUXJ-WUDFHDELOLW\�
QHWZRUNV� DQG� HQFU\SWHG� SODWIRUPV� XVHG� IRU� PRQLWRULQJ�
KLJK-YDOXH�PHGLFDO�VXSSOLHV��������� 
 
+HQFH��WKHVH�GHILQLWLRQV�FODULI\�WKH�FRQFHSWXDO�ODQGVFDSH�
LQ� ZKLFK� PRGHUQ� KHDOWKFDUH� ORJLVWLFV� RSHUDWHV� DQG� GH�

VFULEHV�WKH�FULWHULD�XVHG�WR�GHWHUPLQH�VWXG\�HOLJLELO�
LW\�LQ�WKLV�UHYLHZ��7KLV�IRXQGDWLRQ�DOVR�FUHDWHV�WHU�
PLQRORJLFDO� SUHFLVLRQ� IRU� V\QWKHVL]LQJ� WKH� KLJKO\�
KHWHURJHQHRXV�HYLGHQFH�EDVH�RI�WKH�ORJLVWLFV�PDQ�
DJHPHQW�FRQFHSWV� 
 
7R� JXLGH� WKH� SUHVHQW� UHYLHZ�� ZH� DUWLFXODWHG�
WKUHH�3,&2-DOLJQHG�UHVHDUFK�TXHVWLRQV� 
 
�$�� +RZ� DUH� GLJLWDO�� DXWRPDWHG�� DQG� GDWD-GULYHQ�

WHFKQRORJLHV� DSSOLHG� DFURVV� KHDOWKFDUH� ORJLV�
WLFV�ZRUNIORZV" 

 
�%��:KDW� LPSDFWV� GR� WKHVH� WHFKQRORJLHV� KDYH� RQ�

ORJLVWLFV� HIILFLHQF\�� DFFXUDF\�� WUDQVSDUHQF\��
FRRUGLQDWLRQ��DQG�FOLQLFDO�UHVSRQVLYHQHVV" 

 
&�� :KLFK� FRQWH[WXDO�� LQIUDVWUXFWXUDO�� UHJXODWRU\��

DQG� RUJDQL]DWLRQDO� IDFWRUV� HQDEOH� RU� LPSHGH�
WKHLU� DGRSWLRQ� DFURVV� GLYHUVH� KHDOWK-V\VWHP�
VHWWLQJV�� SDUWLFXODUO\� LQ� ORZ-UHVRXUFH� HQYLURQ�
PHQWV" 

 
7KHUHIRUH�� E\� FRPELQLQJ� HYLGHQFH� DFURVV� WKHVH�
GRPDLQV�� WKLV�UHYLHZ�DLPV�WR�UHYHDO� WKH�RSHUDWLRQ�
DO�� RUJDQL]DWLRQDO�� DQG� FRQWH[WXDO� LPSOLFDWLRQV� RI�
WHFKQRORJLFDO�LQQRYDWLRQ�LQ�KHDOWKFDUH�ORJLVWLFV� 
 
0HWKRGV 
*HQHUDO�RYHUYLHZ 
7KLV� V\VWHPDWLF� UHYLHZ� ZDV� DLPHG� WR� XQGHUVWDQG�
WKH�FXUUHQW�ODQGVFDSH�RI�WHFKQRORJ\-HQDEOHG�ORJLV�
WLFV�ZLWKLQ� KHDOWKFDUH� V\VWHPV� DQG� DOVR� WR� V\QWKH�
VL]H� DGYDQFHPHQWV� DQG� FRQWH[WXDO� LVVXHV� RI� WKH�
WRROV� EH\RQG� LVRODWHG� WHFKQRORJLFDO� DGRSWLRQ��
7KHUHIRUH��WKH�PHWKRGRORJLFDO�VFRSH�RI�WKLV�UHYLHZ�
H[WHQGV� EH\RQG� D� FDVH� H[DPSOH� DQG� UHIOHFWV� DQ�
LQWHQWLRQDO� LQWHJUDWLRQ� RI� KHDOWK-LQIRUPDWLFV� ULJRU��
ORJLVWLFV-V\VWHPV� WKHRU\�� DQG� HYLGHQFH-V\QWKHVLV�
VWDQGDUGV�� 35,60$� ����� JXLGHOLQHV� ZDV� XVHG� LQ�
WKLV� UHYLHZ� WR� HQVXUH� WUDQVSDUHQF\�� UHSOLFDELOLW\��
DQG�PHWKRGRORJLFDO�GHSWK� 
 
3URWRFRO�UHJLVWUDWLRQ 
7KH� UHYLHZ� SURWRFRO� ZDV� SURVSHFWLYHO\� UHJLVWHUHG�
LQ�35263(52��&5'��������������7KLV�SURYLGH�
D� WLPH-VWDPSHG� PHWKRGRORJLFDO� DSSURDFK� ZLWK�
FOHDU� UHVHDUFK� REMHFWLYHV�� HOLJLELOLW\� FULWHULD��
VFUHHQLQJ� UROHV�� DQG� SODQQHG� V\QWKHVLV� SURFHGXUHV�
WKDW�PLWLJDWH�SRVW�VFUHHQLQJ�PRGLILFDWLRQ�ELDV�� 
 
6HDUFK�VWUDWHJ\�DQG�GDWD�EDVHV 
$� FRPSUHKHQVLYH� VHDUFK� ZDV� FDUULHG� RXW� DFURVV�
IRXU� PDMRU� VFLHQWLILF� GDWDEDVHV�� 3XE0HG�� 6FRSXV��
(PEDVH�� DQG� :HE� RI� 6FLHQFH�� WR� LGHQWLI\� SHHU-
UHYLHZHG�VWXGLHV�SXEOLVKHG�EHWZHHQ�-DQXDU\������
DQG�'HFHPEHU�������7KLV� WLPH� VSDQ�ZDV� VHOHFWHG�
WR�HQFRPSDVV�WKH�GHFDGH�GXULQJ�ZKLFK�DGRSWLRQ�RI�
GLJLWDO�WRROV�DFFHOHUDWHG�ZLWKLQ�JOREDO�KHDOWK�ORJLV�
WLFV� HFRV\VWHPV� DQG� DOVR� WR� XQGHUVWDQG� WKH� WUHQGV�
DQG� IRFXVHV� LQ� WKHVH� GHYHORSPHQWV�� 6HDUFK� WHUPV�
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ZHUH�DGMXVWHG� WR�HPSKDVL]H�GLJLWDO�� DXWRPDWHG��RU� WHFK�
QRORJLFDO�ORJLVWLFV�FRQFHSWV�DSSOLHG�WR�KHDOWKFDUH�V\VWHP�
WR�HQVXUH�FRQVLVWHQF\�ZLWK� WKH�UHYLHZ�VFRSH�DQG�SUHGH�
ILQH� 63,&(� IUDPHZRUN�� 2XU� VHDUFK� VWULQJV� FRPELQHG�
%RROHDQ� ORJLF� ZLWK� FRQWUROOHG� YRFDEXODU\� �H�J��� 0H6+�
WHUPV��� HQDEOLQJ� KLJK-JUDQXODULW\� UHWULHYDO� DFURVV� WHFK�
QRORJLFDO� FRQFHSWV� VXFK� DV� ³KHDOWKFDUH� ORJLVWLFV�´�
³KHDOWKFDUH� ORJLVWLFV�PDQDJHPHQW�´� ³KRVSLWDO� ORJLVWLFV�´�
³VXSSO\� FKDLQ� PDQDJHPHQW�´� ³DXWRPDWLRQ�´�
³RSWLPL]DWLRQ�´� ³GLJLWDOL]DWLRQ�´� ³LQYHQWRU\� PRGHOLQJ�´�

³GHFLVLRQ� VXSSRUW� WRROV�´� ³,R7�´� ³EORFNFKDLQ�´�
³$,�´�DQG�³UHPRWH�PRQLWRULQJ�´��)XOO�VHDUFK�VWUDWH�
J\�LV�LQFOXGHG�LQ�$QQH[���DQG�$QQH[������ 
 
*UH\�OLWHUDWXUH�VHDUFK�VWUDWHJ\ 
7R�PLQLPL]H� SXEOLFDWLRQ� ELDV�� ZH� H[HFXWHG� JUH\-
OLWHUDWXUH� VHDUFK� HQFRPSDVVLQJ�� *RRJOH� 6FKRODU��
GLJLWDO-KHDOWK� FRQIHUHQFH�SURFHHGLQJV�� LQWHUQDWLRQ�
DO� KHDOWK-VXSSO\-FKDLQ� UHSRUWV� �:+2�� 81,&()��
*OREDO� )XQG��� DQG� XQLYHUVLW\� GLJLWDO� GLVVHUWDWLRQV��
7KLV� VHDUFK� \LHOGHG� VHYHQWHHQ� JUH\-OLWHUDWXUH�

,QFOXVLRQ�&ULWHULD 
2XU�LQFOXVLRQ�FULWHULD�FOHDUO\�VHW�WKDW�VWXGLHV�ZHUH�HOLJL�
EOH�LI�WKH\�IRFXV�RQ�D�WHFKQRORJLFDO�FRPSRQHQW�GLUHFWO\�
LQIOXHQFLQJ� ORJLVWLFV� SURFHVVHV� LQ� WKH� KHDOWKFDUH� VHW�
WLQJV� �H�J��� WUDFNLQJ�� IRUHFDVWLQJ�� VWRUDJH�� GLVWULEXWLRQ��
GDWD� WUDQVPLVVLRQ��� DQG�DOVR� IRFXVHG�RQ�KHDOWKFDUH�GH�
OLYHU\�V\VWHPV��LQFOXGLQJ�KRVSLWDOV��VXSSO\�FKDLQV��FOLQ�
LFDO� ORJLVWLFV� XQLWV�� SXEOLVKHG� LQ� (QJOLVK� WR� PDLQWDLQ�
PHWKRGRORJLFDO�FRQVLVWHQF\��XVHG�HPSLULFDO��PRGHOLQJ��
RU� LPSOHPHQWDWLRQ� VFLHQFH�� LQFOXGLQJ� VLPXODWLRQV�� SL�
ORWV��RU�PL[HG-PHWKRGV�DSSURDFKHV�DQG� IXOO� WH[WV�ZHUH�
DYDLODEOH�WR�HYDOXDWH�IRU�HOLJLELOLW\�� 
 
([FOXVLRQ�&ULWHULD 
ZH� H[FOXGHG� ZKHQ� WKH� VWXGLHV� GLG� QRW� LQFRUSRUDWH� D�
GLJLWDO�� DXWRPDWHG�� RU� WHFKQRORJLHV�GLUHFWO\� UHOHYDQW� WR�
ORJLVWLFV� IXQFWLRQV� LQ� WKH� KHDOWKFDUH� V\VWHP�� :H� DOVR�
UHPRYHG� SDSHUV� WKDW� IRFXVHG� VROHO\� RQ� DGPLQLVWUDWLYH�
LQIRUPDWLRQ� V\VWHPV� ZLWK� QR� RSHUDWLRQDO� EHDULQJ� RQ�
VXSSO\� FKDLQ� DFWLYLWLHV�� ,Q� DGGLWLRQ�� QRQ-SULPDU\�
VRXUFHV�� VXFK� DV� UHYLHZV�� FRPPHQWDULHV�� SURWRFROV��
HGLWRULDOV�� DQG� FRQIHUHQFH� DEVWUDFWV�� ZHUH� QRW� FRQVLG�
HUHG� LQ� WKLV� UHYLHZ�� )LQDOO\�� VWXGLHV� ZHUH� H[FOXGHG� LI�
WKH�IXOO� WH[W�ZDV�XQDYDLODEOH�RU� LI� WKH\�ZHUH�SXEOLVKHG�
LQ�ODQJXDJHV�RWKHU�WKDQ�(QJOLVK�� 
 
6FUHHQLQJ�DQG�6WXG\�6HOHFWLRQ�3URFHVV 
$OO�UHFRUGV�ZHUH�LPSRUWHG�LQWR�(QG1RWH������IRU�GHGX�
SOLFDWLRQ� FOHDUDQFH� DQG� D� GXDO-VFUHHQLQJ� VWUDWHJ\� ZDV�
DGRSWHG�� ,Q� ILUVW�VWDJH� WLWOH�DQG�DEVWUDFW�6FUHHQLQJ�ZDV�

GRQH� E\� WZR� LQGHSHQGHQW� UHYLHZHUV�� 'LVDJUHH�
PHQWV�ZHUH� UHVROYHG� WKURXJK� GLVFXVVLRQ��$W� VWDJH�
WZR� IXOO-7H[W� DVVHVVPHQW� ZDV� FRQGXFWHG� E\� WKH�
VDPH�WZR�UHYLHZHUV�� 
 
6FUHHQLQJ�2XWFRPHV 
2I� ������ GDWDEDVH� UHFRUGV� DQG� ��� JUH\-OLWHUDWXUH�
VRXUFHV������VWXGLHV�PHW�DOO�HOLJLELOLW\�FULWHULD��7KH�
GHWDLOHG�35,60$�IORZ�GLDJUDP��)LJXUH����GHSLFWV�
HDFK�SKDVH�RI�WKH�VFUHHQLQJ�SURFHVV� 
 
'DWD�H[WUDFWLRQ��V\QWKHVLV��DQG�DQDO\VLV 
7KH�GDWD� H[WUDFWLRQ� WHPSODWH�ZDV�SUHSDUHG� LQ�0L�
FURVRIW� ([FHO�� 7ZR� DXWKRUV� �01� DQG� **�� LQGH�
SHQGHQWO\� H[WUDFWHG� GDWD�� GLVFUHSDQFLHV� ZHUH� UH-
H[DPLQHG�FROODERUDWLYHO\� WR�SURGXFH�D�XQLILHG�GD�
WDVHW��DQG�D�WKLUG�DXWKRU��<'��UHYLHZHG�WKH�GDWD�IRU�
FRQVLVWHQF\�� $� EURDG� UDQJH� RI� LQIRUPDWLRQ� ZHUH�
H[WUDFWHG� IURP� HDFK� VWXG\� WR� VXSSRUW� D� VWUXFWXUHG�
V\QWKHVLV� RI� WKLV� UHYLHZ� EH\RQG� WKH�PHUH� WHFKQR�
ORJLFDO�DGRSWLRQ��3DUWLFXODUO\�� WKH�\HDU�RI�SXEOLFD�
WLRQ�� FRXQWU\�� DQG� W\SH� RI� KHDOWKFDUH� VHWWLQJ�� DV�
ZHOO� DV� WKH� VSHFLILF� WHFKQRORJLFDO�DSSURDFK�H[DP�
LQHG�� ZKHWKHU� ,R7� GHYLFHV�� DUWLILFLDO� LQWHOOLJHQFH�
WRROV�� EORFNFKDLQ-EDVHG� V\VWHPV�� DXWRPDWLRQ� WHFK�
QRORJLHV��RU�RWKHU�GLJLWDO�VROXWLRQV�ZHUH�WKH�SXEOL�
FDWLRQ� GHWDLOV� IRFXVHG� GXULQJ� H[WUDFWLRQ� SURFHVV��
:H�DOVR�UHFRUGHG�WKH�ORJLVWLFV�IXQFWLRQV�DGGUHVVHG�
E\�WKH�UHVHDUFKHUV�� WKH�QDWXUH�RI�WKH�GDWD�DUFKLWHF�
WXUH� DQG� DQ\� LQWHURSHUDELOLW\� IHDWXUHV�GHVFULEHG� LQ�

7DEOH����2XWOLQH�RI�WKH�63,&(�IUDPHZRUN�XVHG�LQ�WKH�VHDUFK�DSSURDFK 

6HWWLQJ +HDOWKFDUH 
3HUVSHFWLYH +RZ�LV�ORJLVWLFV�FRQFHSWXDOL]HG�DQG�DSSOLHG�IURP�WKH�SHUVSHFWLYH�RI�

KHDOWKFDUH" 
,QWHUHVW�SKHQRPHQRQ :KDW�LV�WKH�H[WHQW�RI�KHDOWK�ORJLVWLFV�DSSOLFDWLRQ" 
&RPSDULVRQ &RPSDUH�ZLWK�WKH�WUDGLWLRQDO�DSSURDFK 
(YDOXDWLRQ ,Q�UHODWLRQ�WR�RSHUDWLRQDO�HIILFLHQF\ 
,QFOXVLRQ�FULWHULD 2ULJLQDO�DUWLFOHV�WKDW�LQFOXGHG�NH\ZRUGV��KHDOWKFDUH�ORJLVWLFV�PDQDJHPHQW��

DXWRPDWLRQ��GLJLWDOL]DWLRQ��RSWLPL]DWLRQ��0HGLFDO�ORJLVWLFV�KRVSLWDO�ORJLVWLFV�
VXSSO\�FKDLQ�PDQDJHPHQW�VLPXODWLRQ���LQ�WKH�WLWOH�DEVWUDFW��NH\ZRUGV��SXE�
OLVKHG�LQ�(QJOLVK� 

([FOXVLRQ 'XSOLFDWLRQ��UHYLHZ��OHWWHUV�WR�HGLWRULDO��IXOO�WH[W�QRW�DYDLODEOH��LQVXIILFLHQW�GH�
WDLO�RQ�RXWFRPH��DQG�DUWLFOHV�SXEOLVKHG�LQ�ODQJXDJHV�RWKHU�WKDQ�(QJOLVK� 
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WKH� VWXG\�� DQG� WKH� VWDJH� RI� LPSOHPHQWDWLRQ�� UDQJLQJ�
IURP�VLPXODWLRQV�DQG�SLORW�WHVWV�WR�IXOO\�VFDOHG�GHSOR\�
PHQWV� WR� FOHDUO\� XQGHUVWDQG� WKH� WUHQG�� ,Q� DGGLWLRQ��ZH�
FDSWXUHG� ERWK� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� RXWFRPHV��
DORQJ�ZLWK�DQ\�IDFWRUV�LGHQWLILHG�E\�WKH�DXWKRUV�DV�IDFLO�
LWDWRUV��EDUULHUV��RU�EURDGHU�FRQWH[WXDO� LQIOXHQFHV�VKDS�
LQJ� WKH� WHFKQRORJ\¶V� SHUIRUPDQFH� LQ� WKH� KHDOWKFDUH�
FRQWH[WV� 
 
6\QWKHVLV�$SSURDFK 
7KLV� V\VWHPDWLF� UHYLHZ�ZDV�DVVHVVHG�EURDGHU�FRQFHSWV�
RI� WHFKQRORJ\-HQDEOHG� ORJLVWLFV� FRQWH[WXDOL]HG� WR�
KHDOWKFDUH� V\VWHPV�� %HFDXVH� RI� KHWHURJHQHLW\� RI� WHFK�
QRORJLHV�� FRQWH[WV�� DQG� VWXG\� GHVLJQV�� PHWD-DQDO\VLV�
ZDV� QRW� IHDVLEOH�� :H� WKHUHIRUH� DGRSWHG� DQ� LQGXFWLYH�
WKHPDWLF� V\QWKHVLV� DSSURDFK� ZLWK� V\VWHPDWLFDOO\� GH�
VLJQHG� DQDO\WLF� WHFKQLTXH�� 7KH� V\QWKHVLV� LQFOXGHG� LQL�
WLDO� FRGLQJ� RI� DOO� H[WUDFWHG� GDWD� WR� LGHQWLI\� UHFXUULQJ�
FRQFHSWXDO� SDWWHUQV�� VHDUFKLQJ� IRU� WKHPHV� IURP� WKH�
FRGHV�ZKLFK� OLQNHG� WR� WHFKQRORJLFDO� IHDWXUHV�� ORJLVWLFV�
IXQFWLRQV�� DQG� RSHUDWLRQDO� FKDOOHQJHV��ZKHUH� WZR� FRG�
HUV� LQGHSHQGHQWO\� UHILQHG� WKH� FRGHERRN� EHIRUH� PHUJ�
LQJ��:H�UHYLVHG�WKH�WKHPH�WR�HQVXUH�FRKHUHQF\�DQG�GH�
ILQLQJ�WKH�WKHPH�OHDGLQJ�WR�WKH�ILYH�WKHPDWLF�FDWHJRULHV�
XVHG�LQ�WKLV�UHYLHZ�DQG�PDSSLQJ�WKHPHV�WR�FRQFHSWXDO�
IUDPHZRUNV�� LQFOXGLQJ� 6&25� �ORJLVWLFV� RSHUDWLRQV�� WR�
DQDO\]HV� ORJLVWLFV� SURFHVVHV�� 8QLILHG� 7KHRU\� RI� $F�
FHSWDQFH� DQG�8VH� RI� 7HFKQRORJ\� �87$87�� �WR� DVVHVV�
WHFKQRORJ\� DGRSWLRQ��� DQG� LQIRUPDWLRQ-ORJLVWLFV� WKHRU\�
WR�DVVHVV�WKH�UROH�RI�LPSURYHG�LQIRUPDWLRQ�DFFXUDF\�IRU�
EHWWHU�ORJLVWLFV�SHUIRUPDQFH� 
 

)LJXUH�����$�ZRUG�FORXG�IURP�VHDUFK�VWU LQJV 

5HVXOWV� 
6WXG\�VHOHFWLRQ�SURFHVV�DQG�ILQGLQJV� 
$W�WKH�LQLWLDO�VFUHHQLQJ�SURFHVV��ZH�UHWULHYHG�������
DUWLFOHV� IURP� WKH� IRXU� GDWDEDVHV� �3XE0HG�� �������
6FRSXV�������(PEDVH�������:HE�RI�6FLHQFH��������
$IWHU� UHPRYLQJ� GXSOLFDWHV� XVLQJ� (QGQRWH� ������
������DUWLFOHV� UHPDLQHG��1H[W��VFUHHQLQJ� WKH� VWXG�
LHV� E\� WLWOH� DQG� DEVWUDFW� H[FOXGHG� ���� DQG� ������
DUWLFOHV�� UHVSHFWLYHO\�� OHDYLQJ� ������ IRU� IXOO-WH[W�
UHYLHZ�� 2I� WKHVH�� ���� PHW� WKH� LQFOXVLRQ� FULWHULD��
)URP� WKH� JUH\� OLWHUDWXUH� VHDUFK�� DQ� DGGLWLRQDO� ���
UHFRUGV� ZHUH� LGHQWLILHG� DQG� � IRXU� RI� WKHP� IRXQG�
HOLJLEOH� IRU� LQFOXVLRQ�� %DVHG� RQ� WKH� REMHFWLYH� RI�
WKH� UHYLHZ� DQG� SUHGHILQHG� FULWHULD�� RQO\� VWXGLHV�
LQFRUSRUDWLQJ� GLJLWDO�� DXWRPDWHG�� RU� WHFKQRORJ\�
VXSSRUWHG� ORJLVWLFV� WRROV� ZHUH� UHWDLQHG� DQG� DQD�
O\]HG�� )ROORZLQJ� 35,60$� ����� UHSRUWLQJ� VWDQG�
DUGV�� D� WRWDO� RI� ���� VWXGLHV� ZHUH� LQFOXGHG� LQ� WKH�
ILQDO� V\QWKHVLV� �)LJXUH� ��� DQG� D� FRPSOHWHG�35,6�
0$� ����� FKHFNOLVW� DFFRPSDQLHV� WKLV� UHYLHZ� WR�
VXSSRUW�WUDQVSDUHQF\�LQ�UHSRUWLQJ��$QQH[���� 
 
2YHUYLHZ�RI�GHVFULSWLYH�DQDO\VLV 
$FURVV�WKH�����VWXGLHV�LQFOXGHG�LQ�WKLV�UHYLHZ��WKH�
HYLGHQFH� UHIOHFWHG� D� ZLGH� JHRJUDSKLF� DQG� RSHUD�
WLRQDO� VSUHDG�� FRYHULQJ� /DWLQ� $PHULFD�� WKH� 86$��
(XURSH�� $VLD�� WKH�0LGGOH� (DVW�� DQG�$IULFD� DQG� D�
EURDG�KHDOWKFDUH�HQYLURQPHQWV�DQG�FRQWH[WV��IURP�
WHUWLDU\� KRVSLWDOV� WR� SULPDU\� FDUH� QHWZRUNV�� GLDJ�
QRVWLF� ODERUDWRULHV�� DQG� KXPDQLWDULDQ� VXSSO\�
FKDLQV�� 7KH� WHFKQRORJLHV� DVVHVVHG� LQ� WKLV� UHYLHZ�
YDULHG� LQ� WKHLU� VWDJH�RI�PDWXULW\��6RPH�DGGUHVVHG�



�� 

 

)LJXUH���35,60$������IORZ�GLDJUDP 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RQO\�DV�FRQFHSWXDO�RU�HDUO\�SURWRW\SLQJ�HIIRUWV��ZKLOH�
RWKHUV�ZHUH�HPEHGGHG�LQ�URXWLQH�RSHUDWLRQV�DQG�KDG�
UHDFKHG�ODUJH-VFDOH�LPSOHPHQWDWLRQ� 
 
$GGLWLRQDOO\�� WKH� W\SHV� RI� HYLGHQFH� LQFOXGHG� LQ� WKH�
UHYLHZ� UHYHDOHG� YDULDWLRQ�� $SSUR[LPDWHO\� RQH-WKLUG�
RI� WKH� VWXGLHV� H[DPLQHG� WHFKQRORJLHV� WKDW� KDG� EHHQ�
LQWURGXFHG� DQG� WHVWHG� LQ� HYHU\GD\� SUDFWLFH�� JLYLQJ�
LQVLJKW� LQWR� KRZ� WKHVH� V\VWHPV� SHUIRUP� XQGHU� UHDO�
RSHUDWLRQDO� SUHVVXUHV�� &ORVH� WR� KDOI�� KRZHYHU�� ZHUH�
EXLOW� DURXQG� VLPXODWLRQ� DQG� FRPSXWDWLRQDO� PRGHO�
OLQJ�� UHIOHFWLQJ� WKH� HDUO\� GHYHORSPHQWDO� VWDJH� RI�
PDQ\�GLJLWDO�ORJLVWLFV�WRROV��7KH�UHPDLQLQJ�FRPELQHG�
REVHUYDWLRQDO� GDWD� ZLWK� PRGHOOLQJ� RU� TXDOLWDWLYH�
PHWKRGV��8VXDOO\�� WKLV�REVHUYHG�SDWWHUQ�SRLQWV� WR�DQ�
XQHYHQ� SDWK� RI� WHFKQRORJLFDO�PDWXULW\�� URERWLFV� DQG�
DXWRPDWHG�V\VWHPV�DUH�VWLOO�FRQILQHG�WR�H[SHULPHQWDO�
RU� VPDOO-VFDOH� SLORW� ZRUN�� ZKHUHDV� GLJLWDO� GDVK�
ERDUGV�� ,R7-EDVHG� PRQLWRULQJ� GHYLFHV�� DQG� V\VWHPV�
GHVLJQHG�WR�WUDFN�SURGXFW�LQWHJULW\�KDYH�PRYHG�PXFK�
IXUWKHU� DORQJ� WKH� LPSOHPHQWDWLRQ� SDWKZD\� DQG� DUH�
EHLQJ�XVHG�DFURVV�D�ZLGH�UDQJH�RI�KHDOWKFDUH�VHWWLQJV�
�)LJXUH����� 
 
 
 

$FFRUGLQJO\��WKH�V\QWKHVLV�RI�WKHVH�HYLGHQFH�\LHOGHG�
WHFKQRORJLFDO�DSSOLFDWLRQV� LQ�D�SDVW�GHFDGH� LQFOXGHG�
EORFNFKDLQ-EDVHG� VXSSO\� YHULILFDWLRQ�� ,QWHUQHW� RI�
7KLQJV� �,R7�� WUDFNLQJ� WRROV� ���-�����5),'� XVH� LQ�
LQYHQWRU\�V\VWHPV��URERWLFV�DQG�DXWRPDWLRQ����-�����
DUWLILFLDO�LQWHOOLJHQFH��$,��GHFLVLRQ-VXSSRUW�WRROV��DQG�
WHOHKHDOWK� VXSSRUWHG� ORJLVWLFV� IXQFWLRQV���-����ZHUH�
WKH�PRVW�FRPPRQ�WRROV�VKDSHG�WKH�JOREDO�KHDOWKFDUH�
V\VWHPV� ZLWK� XQHYHQ� GLVWULEXWLRQ� LQFOLQHG� WR� UH�
VRXUFHV� DQG� GLJLWDO� LQIUDVWUXFWXUHV�� )LJXUH� �� LOOXV�
WUDWHV�D�FRQWLQXHG�ULVH�LQ�SXEOLFDWLRQV�UHODWHG�WR�WHFK�
QRORJ\-HQDEOHG� ORJLVWLFV� RSWLPL]DWLRQ�� SDUWLFXODUO\�
DIWHU� ������ FRUUHVSRQGLQJ� ZLWK� LQFUHDVHG� JOREDO� LQ�
YHVWPHQW�LQ�GLJLWDO�KHDOWK�HFRV\VWHPV� 
 
7KHPDWLF�ILQGLQJV� 
7KH�LQGXFWLYH�DQDO\VLV�\LHOGHG�ILYH�PDMRU�WHFKQRORJ\
-GULYHQ� WKHPHV��HDFK�UHSUHVHQWLQJ�D�FRUH�HOHPHQW�RI�
PRGHUQ�KHDOWKFDUH�ORJLVWLFV�PDQDJHPHQW�DSSURDFKHV�
DQG�GHVFULEH�KRZ� WKHVH� WRROV� UHVKDSH�KHDOWKFDUH� OR�
JLVWLFV� 
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)LJXUH����+HDOWKFDUH�ORJLVWLFV�UHVHDUFK�GHYHORSPHQW�E\�JHRJUDSKLF�UHJLRQ 

)LJXUH����7UHQGV�LQ�KHDOWKFDUH�ORJLVWLFV�UHVHDUFK�GHYHORSPHQWV�DQG�WHFKQRORJLFDO�DSSOLFDWLRQV 
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6XSSO\�&KDLQ�0DQDJHPHQW�LQ�+HDOWKFDUH 
7KH�ILQGLQJV�IURP�WKLV�UHYLHZ�UHYHDOHG�VXSSO\�FKDLQ�SUR�
FHVVHV�ZHUH� VWUHQJWKHQHG� WKURXJK�GLJLWDO� DQG�DXWRPDWHG�
WRROV� OLNH� ,R7-OLQNHG� WUDFNLQJ� VHQVRUV� ZKLFK� LPSURYHG�
WUDQVSDUHQF\�� VKLSPHQW� YLVLELOLW\�� DQG� LQYHQWRU\� FRQWURO�
WKURXJK� UHDO-WLPH� PRQLWRULQJ� RI� PHGLFDO� SURGXFWV���-
�����(YLGHQFHV�VKRZHG�WKHVH�WRROV�UHGXFHG�GHOD\V��WUDFN�
LQJ� FRQGLWLRQ� RI� PHGLFDO� SURGXFWV�� DQG� HQKDQFHG� DF�
FRXQWDELOLW\� DFURVV� GLVWULEXWLRQ� SDWKZD\V� WKDW� XSJUDGHG�
SDWLHQW� FDUH� TXDOLW\�� 6LPLODUO\�� D� VWXG\� E\� $FHYHGR-
8UTXLDJD� HW� DO�� ������� ����� DGGUHVVHG�KRZ� ,R7� V\VWHPV�
ZHUH� XVHG� WR�PRQLWRU� HQYLURQPHQWDO� FRQGLWLRQV� VXFK� DV�
KXPLGLW\�DQG�WHPSHUDWXUH�LQ�PHGLFDWLRQ�WUDQVSRUW�WR�SUH�
YHQW� GDPDJH� DQG�ZDVWDJH��0RUHRYHU�� EORFNFKDLQ� DSSOL�
FDWLRQV� DOVR� HPHUJHG� DV� D� SRZHUIXO� PHFKDQLVP� IRU� HQ�
VXULQJ� WKH� DXWKHQWLFLW\� RI� SKDUPDFHXWLFDO� SURGXFWV� E\�
FUHDWLQJ� WDPSHU-SURRI� GLJLWDO� OHGJHUV� DQG� LPSURYHG�
WUDFHDELOLW\� DQG� DXWKHQWLFLW\� ���������� �����7KH� LQVLJKWV�
JDLQHG� IURP� WKHVH� VWXGLHV� DUH� YDOXDEOH�� SDUWLFXODUO\� EH�
HPSKDVL]HG� LQ� ORZ-UHVRXUFH� VHWWLQJV� ZKHUH� YXOQHUDELOL�
WLHV�LQ�WKH�PHGLFLQH�VXSSO\�FKDLQ�DUH�PRUH�FRPPRQ� 
 
7HFKQRORJLFDO�$SSOLFDWLRQV�LQ�+HDOWKFDUH 
7HFKQRORJLFDO�VROXWLRQV�VXFK�DV�HOHFWURQLF�KHDOWK�UHFRUGV�
�(+5��� WHOHPHGLFLQH� SODWIRUPV�� PRELOH� KHDOWK� DSSOLFD�
WLRQV�� DQG�ZHDUDEOH� VHQVRUV�ZHUH�ZLGHO\� UHFRJQL]HG� IRU�
LPSURYLQJ� KHDOWKFDUH� ZRUNIORZ� DQG� ORJLVWLFV� FRRUGLQD�
WLRQ���-����� 7KHVH�� VWXGLHV� FRQVLVWHQWO\� VKRZHG� WKDW�
(+5� LQWHJUDWLRQ� UHGXFHG� DGPLQLVWUDWLYH� GHOD\V�� LP�
SURYHG� GRFXPHQWDWLRQ� DFFXUDF\�� HQKDQFHG� LQWHUGHSDUW�
PHQWDO� FRPPXQLFDWLRQ�� DQG� VWUHDPOLQHG� FOLQLFDO� ORJLV�
WLFV� 
 
7KLV� UHYLHZ� LGHQWLILHG� DOVR� WKH� GLJLWDO� WRROV� LQWHJUDWLRQ�
EULQJV�HTXLW\�LQ�KHDOWKFDUH�DFFHVV��)RU�LQVWDQFH��WHOHPHG�
LFLQH� H[SDQGHG� VHUYLFH� UHDFK� E\� HQDEOLQJ� YLUWXDO� DQG�
UHPRWH�FRQVXOWDWLRQV�VR�WKDW�UHGXFLQJ�WKH�QHHG�IRU�SK\VL�
FDO� IDFLOLW\� YLVLWV������0RUHRYHU��PRELOH� KHDOWK� DSSOLFD�
WLRQV� DVVLVWHG� SDWLHQWV� ZLWK� VHOI-PRQLWRULQJ�� LQGLUHFWO\�
LPSURYLQJ� ORJLVWLFV� HIILFLHQF\� E\� UHGXFLQJ� XQQHFHVVDU\�
IDFLOLW\�XWLOL]DWLRQ�DQG�FRVWV� ������7KH�8QLWHG�6WDWHV�KDV�
HPHUJHG� DV� WKH� IURQWUXQQHU� LQ� DGRSWLQJ� GLJLWDO� ORJLVWLFV�
WHFKQRORJLHV��HIIHFWLYHO\�EHFRPLQJ�D� UHIHUHQFH�SRLQW� IRU�
KRZ� ODUJH-VFDOH�� WHFK-GULYHQ� V\VWHPV� FDQ� EH� DSSOLFDEOH�
DFURVV� FRPSOH[� KHDOWKFDUH� V\VWHPV����� ���� ���� ���� �����
5HPDUNDEO\�� WKH� &29,'-��� SDQGHPLF� SXVKHG� WKLV�PR�
PHQWXP�DQG�GLJLWDO�FRRUGLQDWLRQ�WRROV�VKLIWHG�IURP�EHLQJ�
RSWLRQDO� LQQRYDWLRQ� WR� DEVROXWH� QHFHVVLWLHV�� VXSSRUWLQJ�
HYHU\WKLQJ�IURP�UHPRWH�SDWLHQW�FDUH�WR�WKH�IORZ�RI�FULWL�
FDO�VXSSOLHV�DQG�WKH�PDQDJHPHQW�RI�UHDO-WLPH�GDWD��7KLV�
VXGGHQ�UHOLDQFH�RQ�WHFKQRORJ\�QRW�RQO\�UHVKDSHG�ORJLVWL�
FDO� ZRUNIORZV� EXW� DOVR� VHW� QHZ� H[SHFWDWLRQV� IRU� KRZ�
KHDOWK�V\VWHPV�PXVW�RSHUDWH�LQ�D�FULVLV��DQG�EH\RQG������ 
 
$UWLILFLDO�,QWHOOLJHQFH��$,��LQ�KHDOWKFDUH 
$,�DSSOLFDWLRQV�HPHUJHG�DV�RQH�RI� WKH�PRVW� WUDQVIRUPD�
WLYH� WHFKQRORJLFDO�FDWHJRULHV��$,-GULYHQ� WRROV�ZHUH�XVHG�
IRU�SUHGLFWLYH�DQDO\WLFV�IRU�VXSSO\�IRUHFDVWLQJ��ULVN�LGHQ�
WLILFDWLRQ� LQ� SDWLHQW� PDQDJHPHQW�� DXWRPDWHG� ORJLVWLFV�
VFKHGXOLQJ� DQG� URXWLQJ� RSWLPL]DWLRQ� IRU� WUDQVSRUW� DQG�

GHOLYHULHV����� ����� 0DFKLQH� OHDUQLQJ� PRGHOV� HQ�
KDQFHG� WKH� DFFXUDF\� RI� VXSSO\-GHPDQG� IRUHFDVWLQJ�
DQG� UHGXFHG� WKH� ULVN� RI� RYHUVWRFNLQJ� RU� VKRUWDJHV�
����� ��-����� $KQ� HW� DO�� ������� GHPRQVWUDWHG� WKDW�
SUHGLFWLYH� $,� DOJRULWKPV� FRXOG� LQGHSHQGHQWO\� DQD�
O\]H� VXSSO\� WUHQGV��KHOSLQJ� IDFLOLWLHV�PDLQWDLQ�RSWL�
PDO�UHVRXUFH�OHYHOV�DQG�UHGXFH�HPHUJHQF\�SURFXUH�
PHQW�F\FOHV� ������$VLD�DQG�WKH�86$�FRQWULEXWHG�WKH�
PRVW�$,-UHODWHG�SXEOLFDWLRQV��UHIOHFWLQJ�WKH�JURZLQJ�
JOREDO� GHSHQGHQFH� RQ� $,-VXSSRUWHG� ORJLVWLFV� GHFL�
VLRQ-PDNLQJ����������������� 
 
5HPRWH�0RQLWRULQJ�DQG�&DUH 
7KLV�WKHPDWLF�DQDO\VLV�DOVR�UHYHDOHG��UHPRWH�SDWLHQW�
PRQLWRULQJ� V\VWHPV� DQG� WHOHKHDOWK� SODWIRUPV� DUH�
DPRQJ� KHDOWKFDUH� RSWLPL]DWLRQ� WRROV� WKDW� KDYH�
GHPRQVWUDWHG� WKHLU� HIILFDF\� LQ� HQKDQFLQJ� SDWLHQW�
RXWFRPHV�� UHGXFLQJ� KRVSLWDO� UHDGPLVVLRQV�� DQG� LQ�
FUHDVLQJ�DFFHVV� WR�FDUH� �����������������������-�����
7KHVH�V\VWHPV�DUH�SDUWLFXODUO\�EHQHILFLDO�IRU�PDQDJ�
LQJ� FKURQLF� FRQGLWLRQV� DQG� SRVW-RSHUDWLYH� FDUH��
ZKHUH� FRQWLQXRXV� PRQLWRULQJ� LV� HVVHQWLDO� WR� VDIH�
JXDUG�SDWLHQW¶V�OLIH����������3DWLHQWV�FDQ�XVH�ZHDUD�
EOH� GHYLFHV� DQG� UHPRWH�PRQLWRULQJ� V\VWHPV� WR� UHF�
RUG�YLWDO�VLJQV�DQG�RWKHU�KHDOWK�SDUDPHWHUV�ZLWK�UHDO
-WLPH�GDWD������:HDUDEOH�GHYLFHV�DQG�UHPRWH�PRQL�
WRULQJ� SODWIRUPV� HQDEOHG� UHDO-WLPH� GDWD� WUDQVPLV�
VLRQ��UHGXFLQJ�KRVSLWDO�UHDGPLVVLRQV�DQG�LPSURYLQJ�
FOLQLFDO� LQWHUYHQWLRQ� WLPLQJ�� 7KH\� DOVR� HPSRZHUHG�
SDWLHQWV� DQG� UHGXFHG� KHDOWKFDUH� IDFLOLW\� EXUGHQ� E\�
VKLIWLQJ� VRPH� VHUYLFH� FRPSRQHQWV� WR� RXWSDWLHQW� RU�
KRPH-EDVHG�PRGHOV�DQG�EHFRPLQJ�D�YLDEOH�VROXWLRQ�
IRU� PDQDJLQJ� KHDOWKFDUH� LVVXHV� LQ� ERWK� XUEDQ� DQG�
UXUDO�VHWWLQJV��KLJKOLJKWLQJ�WKHLU�SRWHQWLDO�DGDSWDELO�
LW\������������� 
 
�6HFXUH�'DWD�6KDULQJ�DQG�3ULYDF\ 
$FFRUGLQJ� WR�D�VWXG\��GDWD�VHFXULW\�DQG�SDWLHQW�SUL�
YDF\� ZHUH� WKH� PDLQ� FRQFHUQV� LQ� GLJLWDO� KHDOWKFDUH�
V\VWHPV�WR�IXOO\�H[HUFLVH�LWV�SRWHQWLDO�EHQHILWV��������
,Q� OLQH�ZLWK� WKLV� ILQGLQJ�� WKH� UHYLHZHG� DUWLFOHV� DOVR�
HPSKDVL]HG� WKDW� EORFNFKDLQ� DQG� DGYDQFHG� HQFU\S�
WLRQ� WHFKQLTXHV� DUH� HVVHQWLDO� IRU� VDIHJXDUGLQJ� SD�
WLHQW� LQIRUPDWLRQ� DQG� PDLQWDLQLQJ� GDWD� LQWHJULW\��
RWKHUZLVH�� VHFXULW\�EUHDFK�ZLOO� KDSSHQ����� ���� �����
,PSRUWDQWO\�� EORFNFKDLQ� SURYLGHV� D� GHFHQWUDOL]HG�
DQG� WDPSHU-SURRI� OHGJHU� RI� WUDQVDFWLRQV�� ZKLFK�
VKLHOGV� LQIRUPDWLRQ� IURP� XQDXWKRUL]HG� DFFHVV� DQG�
VXSSRUWV�WKH�FRQILGHQWLDOLW\�RI�VHQVLWLYH�SDWLHQW�GDWD�
WKURXJKRXW� WKH� VXSSO\� FKDLQ� ����� ���� ���� ���� DQG�
DOVR�FRPSOHPHQW�E\�HQFU\SWLRQ�WR�HQVXUH�FRQILGHQ�
WLDOLW\�GXULQJ�GDWD� WUDQVPLVVLRQ�DFURVV�V\VWHPV� �����
����� 0LGGOH� (DVWHUQ� FRXQWULHV� UHSRUWHG� LQFUHDVLQJ�
DGRSWLRQ�RI�VHFXUH�GDWD�WHFKQRORJLHV��LQIOXHQFHG�E\�
UHJLRQ-VSHFLILF� GDWD� SURWHFWLRQ� SROLFLHV� ����� �����
7DEOH���VXPPDUL]HV� WKH� LGHQWLILHG� WKHPHV�DQG� WKHLU�
PDMRU�KHDOWKFDUH�DSSOLFDWLRQV� 



�� 

 

 

7DEOH����6XPPDU\�RI�WKHPHV�LGHQWLILHG�DQG�WKHLU �DSSOLFDWLRQ�LQ�KHDOWKFDUH� 

'LVFXVVLRQ 
7KH�HYLGHQFH�JDWKHUHG�LQ�WKLV�UHYLHZ�GHPRQVWUDWHV�WKDW�
LQVWLWXWLRQDO� DQG� LQIUDVWUXFWXUDO� FRQGLWLRQV� ZLWKLQ�
ZKLFK�WKH�WHFKQRORJLHV�DUH�LPSOHPHQWHG�FDQ�GHWHUPLQH�
WKH� HIIHFWLYHQHVV� RI� WHFKQRORJ\-EDVHG� ORJLVWLFV� VROX�
WLRQV��$FFRUGLQJ� WR� WKH�UHYLHZHG�VWXGLHV�� WKH�YDOXH�RI�
WKHVH�WRROV�GRHV�QRW�VWHP�IURP�EHLQJ�QHZ�RU�WHFKQLFDO�
SHUIRUPDQFH�� UDWKHU�� WKH� ZD\� LQIRUPDWLRQ� PRYHV�
WKURXJK� WKH� V\VWHP�� KRZ� GHFLVLRQV� DUH� VKDSHG�� DQG�
KRZ�GLIIHUHQW�DFWRUV�FRRUGLQDWH�ORJLVWLFDO�DFWLYLWLHV�DUH�
PRUH� LPSRUWDQW�� $PRQJ� WKH� WRROV� H[DPLQHG�� GLJLWDO�
VXSSO\-FKDLQ�SODWIRUPV�DUH�FRQVLVWHQWO\�DFNQRZOHGJHG�
IRU�HIILFLHQF\�JDLQV��ODUJHO\�EHFDXVH�WKH\�HQKDQFH�YLVL�
ELOLW\� DFURVV� IDFLOLWLHV� DQG� DOORZ� IRU� TXLFNHU� DQG� LQ�
IRUPHG� GHFLVLRQV� WR� HPHUJLQJ� QHHGV�� $GGLWLRQDOO\��
DGYDQFHG� WRROV� OLNH� $,-EDVHG� DQDO\WLFV� DQG� DXWRPD�
WLRQ��VKRZHG�SURPLVLQJ�PRYH�EXW�WHQGHG�WR�\LHOG�PRUH�
XQHYHQ�UHVXOWV�DV�WKH\�UHTXLUH�KLJK�WHFKQLFDO�FDSDFLW\��
RUJDQL]DWLRQDO� UHDGLQHVV�� DQG� RSHUDWLRQDO� VWDELOLW\� IRU�
VXFFHVVIXO� XVH�� 6LPLODUO\�� VHFXUH� GDWD-VKDULQJ� SODW�
IRUPV� KHOSHG� WR� DGGUHVV� FRQFHUQV� DERXW� WUDFHDELOLW\�
DQG�YHULILFDWLRQ��\HW�WKH\�DOVR�LQWURGXFHG�QHZ�JRYHUQ�
DQFH� DQG� LQWHURSHUDELOLW\� FKDOOHQJHV�� )XUWKHUPRUH��
UHPRWH�PRQLWRULQJ�WHFKQRORJLHV�LPSURYHG�WKH�UHDFK�RI�
ORJLVWLFV� IXQFWLRQV� EH\RQG� KHDOWK� IDFLOLWLHV�� WKRXJK�
WKHLU� HIIHFWLYHQHVV� GHSHQGHG� RQ� UHOLDEOH� FRQQHFWLRQV�
DQG� XVHU¶V� UHDGLQHVV�� 7KH� ILQGLQJV� DOLJQ� ZLWK� WKUHH�
FRPSOHPHQWDU\� WKHRUHWLFDO� OHQVHV� WKDW� FROOHFWLYHO\�

H[SODLQ� WHFKQRORJ\� DGRSWLRQ� DQG� ORJLVWLFV� SHUIRU�
PDQFH�� 6&25� 0RGHO� WKDW� VWDWHV� WHFKQRORJLHV�
VWUHQJWKHQHG� WKH� 3ODQ� DQG� 'HOLYHU� FRPSRQHQWV��
LPSURYLQJ� IRUHFDVWLQJ� DQG� GLVWULEXWLRQ�� 87$87�
ZKHUH�WKH�LQFOXGHG�VWXGLHV�HPSKDVL]HG�WKH�HQDEOHUV�
DQG� EDUULHUV� GHWHUPLQLQJ� WKH� DGRSWLRQ� RI� WKHVH�
WRROV��DQG�,QIRUPDWLRQ-/RJLVWLFV�7KHRU\�ZKHUH� WKH�
UHYLHZHG� VWXGLHV� UHYHOHG� WKH� LPSRUWDQFH� RI� LQIRU�
PDWLRQ� PDQDJHPHQW� IRU� ORJLVWLF� HIILFLHQF\� 
 
7KH�UHYLHZ�DOVR�LGHQWLILHG�KRZ�WKH�JURZLQJ�XVH�RI�
,R7� DQG� EORFNFKDLQ� WHFKQRORJLHV� RSWLPL]HG� ORJLV�
WLFV� SUDFWLFHV� ZLWKLQ� KHDOWKFDUH� V\VWHPV�� 7KH� V\Q�
WKHVL]HG� HYLGHQFH� \LHOGHG� ,R7� GHYLFHV�� LQ� SDUWLFX�
ODU��HQDEOH�FRQWLQXRXV�YLVLELOLW\�RI�ERWK�WKH�ORFDWLRQ�
DQG� WKH�SK\VLFDO� VWDWH�RI�PHGLFDO�SURGXFWV�DV� WKH\�
PRYH� WKURXJK� WKH� VXSSO\� FKDLQ��7KLV� UHDO-WLPH� LQ�
IRUPDWLRQ� KHOSV� ORJLVWLFV� WHDPV� UHVSRQG� PRUH�
TXLFNO\�WR�GLVUXSWLRQV��PDLQWDLQ�DSSURSULDWH�LQYHQ�
WRU\�OHYHOV��DQG�DYHUW�VWRFN�VKRUWDJHV�WKDW�FDQ�FRP�
SURPLVH� SDWLHQW� FDUH�� $OVR�� EORFNFKDLQ� SODWIRUPV�
FRPSOHPHQW�WKHVH�FDSDELOLWLHV�E\�SURYLGLQJ�VHFXUH��
WDPSHU-SURRI� UHFRUGV� RI� SURGXFW�PRYHPHQW� ZKLFK�
VWUHQJWKHQV� WUDFHDELOLW\� DQG� FRRUGLQDWLRQ� DFURVV�
GLIIHUHQW� VWDJHV�RI� WKH� VXSSO\� FKDLQ���-����� 7KHVH�
WHFKQRORJLHV� DUH� PRUH� WKDQ� LQQRYDWLRQV� DQG� WKH\�
EHFRPH�WKH�GHFLVLRQ�WRROV�WKDW�NHHS�PRGHUQ�KHDOWK�
V\VWHPV� UXQQLQJ�� VKDSLQJ� HYHU\WKLQJ� IURP� RSHUD�

7KHPH $GYDQFHPHQWV $XWKRUV 
  
  
  
6XSSO\�&KDLQ�0DQDJH�
PHQW 

,QWHJUDWLRQ�RI�,R7�IRU�UHDO-WLPH�WUDFNLQJ�RI�PHGLFDO�VXSSOLHV�
DQG�HTXLSPHQW 

��������-���� 

�,R7�VHQVRUV�IRU�PDQDJLQJ�LQYHQWRU\�OHYHOV�DQG�WLPHO\�GH�
OLYHU\ 

%ORFNFKDLQ�WHFKQRORJ\�IRU�DQ�LPPXWDEOH�OHGJHU�RI�WUDQVDF�
WLRQV 
(QVXULQJ�WKH�DXWKHQWLFLW\�DQG�LQWHJULW\�RI�SKDUPDFHXWLFDOV 

-�$SSOLFDWLRQ�RI�EORFNFKDLQ�IRU�UHOLDEOH�UHFRUGV 

  
7HFKQRORJLFDO�$SSOL�
FDWLRQV 

8WLOL]DWLRQ�RI�(+5�V\VWHPV�IRU�VWUHDPOLQHG�SDWLHQW�LQIRU�
PDWLRQ�PDQDJHPHQW 

�������-������������
��-����������������
�����������������
���-���������� 

0RELOH�KHDOWK�DSSOLFDWLRQV�IRU�FKURQLF�FRQGLWLRQ�WUDFNLQJ�
DQG�OLIHVW\OH�FKDQJHV 

$UWLILFLDO�,QWHOOLJHQFH�
�$,� 

$SSOLFDWLRQ�RI�$,�IRU�SUHGLFWLYH�DQDO\WLFV�DQG�GHFLVLRQ�VXS�
SRUW 

���-����������������
�����������������
���-���� 

5HPRWH�0RQLWRULQJ�
DQG�&DUH 

7HOHPHGLFLQH�IRU�YLUWXDO�FRQVXOWDWLRQV�DQG�DFFHVV�WR�UHPRWH�
DUHDV�DQG�RWKHU�WHFKQRORJLFDO�SODWIRUPV 

�����������������
��������������������
�������������������
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WLRQDO� HIILFLHQF\� WR� UHDO-WLPH� WUDQVSDUHQF\� DQG� HQVXUH�
FOLQLFDO�UHVSRQVLYHQHVV�DFURVV�KHDOWK�V\VWHPV� 
 
�5HFHQW� VWXGLHV�DOVR�HYLGHQFHG�EORFNFKDLQ� WHFKQRORJ\�
FRPSOHPHQWV� WKLV� E\� SURYLGLQJ� D� WUDQVSDUHQW� DQG� LP�
PXWDEOH� OHGJHU� RI� WUDQVDFWLRQV�� JXDUDQWHHLQJ� WKH� DX�
WKHQWLFLW\�RI�SURGXFWV��DQG�SUHYHQWLQJ� WDPSHULQJ�� WKXV�
PDLQWDLQLQJ� WKH� LQWHJULW\� RI� PHGLFDO� VXSSOLHV� DQG� UH�
GXFLQJ�WKH�ULVN�RI�ZURQJ�SURGXFWV�HQWHULQJ�WKH�VXSSO\�
FKDLQ���-����� � ,Q� SDUWLFXODU� WR� EORFNFKDLQ� DSSOLFDWLRQ�
LQ� KHDOWKFDUH�� WKLV� UHYLHZ� UHYHDOHG� WZR� LQWHUWZLQHG�
WHFKQRORJLFDO�SDWKZD\V��VSHFLILFDOO\��WKH�XVH�RI�EORFN�
FKDLQ� WR� VHFXUH� DQG� YHULI\� VXSSO\� FKDLQ� WUDQVDFWLRQV��
DQG�WKH�GHSOR\PHQW�RI�,R7�V\VWHPV�WR�SURYLGH�FRQWLQX�
RXV�� UHDO-WLPH� YLVLELOLW\� RYHU� WKH� IORZ� RI� JRRGV� DQG�
LQIRUPDWLRQ���-�����,W�LV�UHYHDOHG�WKDW�WKH�FRPELQDWLRQ�
RI�WKHVH�IXQFWLRQV�PLWLJDWHV�GHOD\V��UHGXFH�XQFHUWDLQW\��
DQG�VWUHQJWKHQ� WKH�RYHUDOO� UHOLDELOLW\�RI� KHDOWKFDUH� OR�
JLVWLFV�WKDW�KHOSV�WR�RYHUFRPH�WKH�LQFUHDVHG�SUHVVXUH�RI�
ULVLQJ� KHDOWKFDUH� FRVWV� DQG� QHHG� IRU� TXDOLW\� FDUH� VHU�
YLFHV�� 7KHLU� FRPELQHG� LQIOXHQFH� UHIOHFWV� WKH� EURDGHU�
WHFKQRORJLFDO�ODQGVFDSH�KLJKOLJKWHG�LQ�WKLV�UHYLHZ�DQG�
LOOXVWUDWLQJ�KRZ�GLJLWDO� LQIUDVWUXFWXUHV� DUH� DFWLYHO\� UH�
VKDSLQJ�VXSSO\�FKDLQ�VWUDWHJLHV� 
 
$FFRUGLQJ� WR� WKLV� ILQGLQJ� WKH� UHOHYDQFH�RI� WKHVH� WRROV�
LQ� ORZ-UHVRXUFH� KHDOWKFDUH� V\VWHPV��ZKHUH� FKDOOHQJHV�
VXFK� DV� SRRU� GRFXPHQWDWLRQ� SUDFWLFHV� DQG� OLPLWHG�
WUDFHDELOLW\� XVXDOO\� GLVUXSW� VXSSO\� FKDLQ� SHUIRUPDQFH�
ZDV�WKH�IRFXV�RI�PDQ\�VWXGLHV��,Q�WKHVH�VHWWLQJV��EORFN�
FKDLQ¶V� DXGLWDELOLW\� DQG� ,R7¶V� WUDFNLQJ� FDSDELOLWLHV�
RIIHU�D�SUDFWLFDO�PHDQV�RI�FORVLQJ�ORQJ-VWDQGLQJ�LQIRU�
PDWLRQ�JDSV�� ,Q� OLQH�ZLWK� WKHVH� ILQGLQJV��7DOSXU�HW� DO��
�������DOVR�SRLQWHG�RXW� WKDW� ,R7�DQG�EORFNFKDLQ� WHFK�
QRORJLHV�FRXOG�SOD\�DQ�LQIOXHQWLDO�UROH�LQ�VXSSO\�FKDLQ�
RSHUDWLRQV�� 0DQ\� UHVHDUFKHUV� HPSKDVL]HG� WKDW�� DV�
JOREDO�ORJLVWLFV�V\VWHPV�EHFRPH�LQFUHDVLQJO\�FRPSOH[�
DQG� LQWHUGHSHQGHQW�� ZHOO-SODQQHG� DGRSWLRQ� RI� WKHVH�
WRROV�LV�QR�ORQJHU�RSWLRQDO��,QVWHDG��WKH\�DUH�HPHUJLQJ�
DV� LPSRUWDQW� HQDEOHUV� RI� ORQJ-WHUP� UHVLOLHQFH�� RSHUD�
WLRQDO� VXVWDLQDELOLW\�� DQG� FRPSHWLWLYH� VWUHQJWK� DFURVV�
KHDOWK-UHODWHG� DQG� QRQ-KHDOWK–UHODWHG� VXSSO\� FKDLQV�
DOLNH����� 
 
:KLOH� HDUOLHU� UHYLHZV� IRFXVHG� ODUJHO\� RQ� WUDGLWLRQDO�
ORJLVWLFV� PDQDJHPHQW�� VXFK� DV� IDFLOLW\-OHYHO� PDWHULDO�
IORZ��SURFXUHPHQW�FKDOOHQJHV��DQG�ZDVWH�PDQDJHPHQW
������������������ WKLV� UHYLHZ�H[WHQG� WKH� ILHOG�E\� LOOXV�
WUDWLQJ� KRZ�GLJLWDO� DQG� DXWRPDWHG� WHFKQRORJLHV� LQWUR�
GXFH�IXQGDPHQWDOO\�GLIIHUHQW�FDSDELOLWLHV�LQ�KHDOWKFDUH�
DQG�FOLQLFDO�VHWWLQJV��EH\RQG�IORZ�PDQDJHPHQW��7KHVH�
LQFOXGH� UHDO-WLPH� VHQVLQJ�� SUHGLFWLYH� PRGHOLQJ�� DXWR�
PDWHG� GHFLVLRQ� VXSSRUW�� DQG� VHFXUH� GDWD� LQWHUFKDQJH��
ZKLFK�ZHUH�QRW�DGHTXDWHO\�KLJKOLJKWHG�LQ�HDUOLHU�OLWHUD�
WXUH� 
 
$GGLWLRQDOO\�� WKH�HWKLFDO� LVVXH� UHODWHG� WR�GLJLWDOL]DWLRQ�
DQG� DXWRPDWLRQ� DUH� WKH� LVVXHV� IRFXVHG� E\� WKLV� UHYLHZ�
DV�LQWHURSHUDELOLW\�LV�RQH�RI�WKH�FKDOOHQJHV�WKDW�KLQGHU�
WKH�ZLGHVSUHDG� DGRSWLRQ� RI� WHFKQRORJLFDO� LQQRYDWLRQV�

OLNH� (+5� DQG� WHOHPHGLFLQH� HYHQ� WKRXJK� WKHLU� LP�
SURYHPHQWV� LQ� KHDOWKFDUH� ORJLVWLFV� PDQDJHPHQW� LV�
HYLGHQW�� 7KLV� SUREOHP� HPHUJHV� IURP� LQFRPSDWLEOH�
IRUPDWV� DQG� VWDQGDUGV� XVHG� E\� GLIIHUHQW� (+5� V\V�
WHPV� ZKLFK� PDNH� LW� GLIILFXOW� WR� VKDUH� SDWLHQW� LQIRU�
PDWLRQ� VHDPOHVVO\� DPRQJ� KHDOWKFDUH� SURYLGHUV������
����� DQG� LW� PLJKW� OHDG� WR� IUDJPHQWHG� FDUH� DQG� LQ�
FUHDVHG�PHGLFDO�HUURUV��$GGLWLRQDOO\��GXH�WR�FRQFHUQV�
DERXW� SRWHQWLDO� GLVUXSWLRQV� WR� WKHLU� ZRUNIORZ� DQG�
XQFHUWDLQW\� DERXW� WKH� EHQHILWV�� KHDOWKFDUH� SURYLGHUV�
DFFHSWDQFH��LV�DQRWKHU�FULWLFDO�EDUULHU�WR�WHFKQRORJLFDO�
LQWHJUDWLRQ������������0RUHRYHU�D�VWXG\�HPSKDVL]HG�
UHJXODWRU\�FRPSOLDQFH�LV�DOVR�DQRWKHU�SRWHQWLDO�EDUUL�
HU�� DV� GLIIHUHQW� UHJLRQV� KDYH� YDU\LQJ� VWDQGDUGV� DQG�
UHJXODWLRQV�IRU�KHDOWK�LQIRUPDWLRQ�WHFKQRORJ\�XWLOL]D�
WLRQ�LQ�SDWLHQW�FDUH�������7KH�EDUULHUV�KLJKOLJKWHG�LQ�
UHFHQW� VWXGLHV� ZLWQHVVHG� WKDW� WHFKQRORJLFDO� LQQRYD�
WLRQ�DORQH�LV�LQVXIILFLHQW�WR�WUDQVIRUP�KHDOWKFDUH�V\V�
WHPV�LQ�DQ\�VXVWDLQDEOH�PDQQHU�ZLWKRXW�FRUUHVSRQG�
LQJ�LQYHVWPHQWV�LQ�GLJLWDO�FRPSHWHQF\��RUJDQL]DWLRQ�
DO�FXOWXUH��DQG�FOHDU�UHJXODWRU\�VWUXFWXUHV��7HFKQROR�
JLHV�LQWURGXFHG�LQWR�HQYLURQPHQWV�WKDW�ODFN�UHJXODWR�
U\�DOLJQPHQW�RU�FOHDU�RSHUDWLRQDO�VWDQGDUGV�RIWHQ�ODFN�
LPSOHPHQWDWLRQ�� UHJDUGOHVV� RI� WKHLU� SRWHQWLDO� DG�
YDQWDJHV������ ������ 7KRXJK� WKLV� ILQGLQJ� FOHDUO\�
VKRZHG�WKDW�IXWXUH�UHVHDUFK�ZRUNV�IRFXV�RQ�VWUDWHJLHV�
WKDW�IRVWHU�LQWHURSHUDELOLW\�DFURVV�SODWIRUPV��VWUHQJWK�
HQ� XVHU� DFFHSWDQFH� WKURXJK�PHDQLQJIXO� HQJDJHPHQW�
DQG� WUDLQLQJ�� DQG� VWUHDPOLQH� UHJXODWRU\� SURFHVVHV� WR�
FRPSOHPHQW�WKH�GHYHORSPHQWV�LQ�WHFKQRORJ\�HQDEOHG�
ORJLVWLFV� 
 
)XUWKHUPRUH��$,�KDV�HPHUJHG�DV�RQH�RI�WKH�PRVW�LQ�
IOXHQWLDO� WRROV�VKDSLQJ�FOLQLFDO�SUDFWLFH� WKURXJK�DQD�
O\WLFDO� WRROV� FDSDEOH� RI� IRUHFDVWLQJ� ULVNV�� JXLGLQJ�
PRUH� SUHFLVH� LQWHUYHQWLRQV� DQG� SHUVRQDOL]HG� WUHDW�
PHQW�SODQV����-������(YLGHQFH�IURP�GLYHUVH�FOLQLFDO�
VHWWLQJV� LOOXVWUDWHV� WKDW�$,� WRROV� KDYH� LGHQWLILHG�PD�
OLJQDQFLHV� WKDW� HOXGH� FRQYHQWLRQDO� LQWHUSUHWDWLRQ��
DOVR�� DFFXUDWHO\� VLJQDOOHG� LPSHQGLQJ� FDUGLDF� HYHQWV�
LQ�FDUGLRORJ\�XQLW�DQG�WKH\�KDYH�GHWHFWHG�HDUO\�PDUN�
HUV� RI� DFXWH� NLGQH\� LQMXU\� DQG� VHSVLV����-������
7KHVH� HYLGHQFHV� VKRZHG� $,¶V� DELOLW\� WR� SURGXFH�
PHDQLQJIXO�LQVLJKWV�IURP�FRPSOH[�GDWD��LWV�DFFXUDF\�
LQ� V\QWKHVL]LQJ� SDWLHQW� LQIRUPDWLRQ� IRU� GLDJQRVWLF�
VXSSRUW� DQG� LWV� FRQWULEXWLRQ� WR� SUHGLFW� SHUVRQDOL]HG�
FDUH�� $� UHFHQW� V\VWHPDWLF� UHYLHZ� E\� .LWVLRV� HW� DO��
������� VXSSRUWV� WKLV� HYLGHQFH�� VXJJHVWLQJ� WKDW� $,�
ZLOO�EHFRPH�LQWHJUDO�FRPSRQHQWV�RI�URXWLQH�GHFLVLRQ-
PDNLQJ�DQG�FOLQLFDO�ZRUNIORZV�������� 
 
'HVSLWH� WKH�EHQHILWV��$,�DGRSWLRQ� LV� OLPLWHG�E\�FRQ�
FHUQV� DERXW� DOJRULWKPLF� WUDQVSDUHQF\�� GDWD� TXDOLW\��
PRGHO� JHQHUDOL]DELOLW\�� DQG� HWKLFDO� LVVXHV������� 7KH�
LQWHJUDWLRQ� RI� $,� LQWR� FOLQLFDO� SUDFWLFH� QHHGV� ZHOO-
VWUXFWXUHG�SODQQLQJ� WR� HQVXUH� WKDW� WKHVH� V\VWHPV� DUH�
VXSSRUW� FOLQLFLDQV� UDWKHU� WKDQ� LQWURGXFH� FRPSOH[LW\�
RU�ZRUN�EXUGHQ������������7KHUHIRUH��WKH�LQWHJUDWLRQ�
RI� WKHVH� WRROV� VKRXOG� IRFXV� QRW� RQO\� WKHLU� WHFKQLFDO�
SHUIRUPDQFH�EXW� DOVR�RQ� KRZ� WKHVH� WRROV� DOLJQ�ZLWK�
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 WKH�HVWDEOLVKHG�FOLQLFDO�URXWLQHV��GHFLVLRQ-PDNLQJ�SUR�
FHVVHV�� DQG� SURIHVVLRQDO� UHVSRQVLELOLWLHV�� +HQFH�� UH�
VHDUFK�PXVW� JLYH� JUHDWHU� DWWHQWLRQ� WR� KRZ�$,�PRGHOV�
WKDW� DUH� UREXVW� DFURVV� YDULHG� GDWDVHWV� DQG� UHVLOLHQW� WR�
WKH� FOLQLFDO� YDULDELOLW\� ZLOO� EH� DSSOLHG� LQ� UHDO-ZRUOG�
VHWWLQJV��6XFK�PRGHOV�VKRXOG�EH�FDSDEOH�RI�SURGXFLQJ�
DFFXUDWH�� FOLQLFDOO\� LQWHUSUHWDEOH� IRUHFDVWV� DFURVV� D�
FRPSOH[�PHGLFDO�GDWD��$W�WKH�VDPH�WLPH��WKH�JURZLQJ�
UHOLDQFH�RQ�$,�UDLVHV�HWKLFDO�DQG�OHJDO�TXHVWLRQV�������
,VVXHV�VXUURXQGLQJ�WKH�SULYDF\��VHFXULW\��DQG�SHUPLVVL�
EOH�XVHV��UHTXLUH�VXVWDLQHG�LQYHVWLJDWLRQ�DV�$,�V\VWHPV�
EHFRPH�HPEHGGHG�LQ�KHDOWKFDUH�GHOLYHU\�������)XWXUH�
LQYHVWLJDWLRQV�VKRXOG�DOVR�LGHQWLI\�WKH�EURDGHU�VRFLHWDO�
LPSOLFDWLRQV�RI�LWV�DGRSWLRQ�DQG�HQVXULQJ�SDWLHQW�WUXVW� 
5HPRWH�PRQLWRULQJ�WHFKQRORJLHV��VXFK�DV�WHOHFDUGLROR�
J\�� KDYH� GHPRQVWUDWHG� HIILFDF\� LQ� PDQDJLQJ� FKURQLF�
FRQGLWLRQV�E\�HQDEOLQJ�FRQWLQXRXV�KHDOWK�WUDFNLQJ�DQG�
HDUO\� LQWHUYHQWLRQ������������7KHVH� V\VWHPV�DOORZ� IRU�
UHDO-WLPH�WUDQVPLVVLRQ�RI�YLWDO�VLJQV�DQG�KHDOWK�GDWD�WR�
KHDOWKFDUH� SURYLGHUV�� IDFLOLWDWLQJ� HDUO\� PDQDJHPHQW�
DQG� WLPHO\� DGMXVWPHQWV� WR� WUHDWPHQW� SODQV�� HYHQWXDOO\�
LPSURYLQJ� SDWLHQW� RXWFRPHV� DQG� UHGXFLQJ� KHDOWKFDUH�
FRVWV�������$GGLWLRQDOO\�� UHPRWH�PRQLWRULQJ� WHFKQROR�
JLHV�LQFUHDVH�DFFHVV�WR�FDUH��ZKLFK�LV�SDUWLFXODUO\�EHQH�
ILFLDO� LQ� XQGHUVHUYHG� DUHDV� DQG� GXULQJ� SXEOLF� KHDOWK�
HPHUJHQFLHV� RU� GLIILFXOW-WR-UHDFK� DUHDV� DV� ZHOO� DV� LQ�
VHWWLQJV�FKDOOHQJHG�E\�ZLWK�KXPDQ�UHVRXUFH�VKRUWDJHV
����-������'HVSLWH�WKH�DGYDQWDJHV�WKHUH�DUH�DOVR�FKDO�
OHQJHV� WKDW� KLQGHU� ZLGHVSUHDG� XVH� RI� WKHVH� WHFKQROR�
JLHV�� 5HYLHZHG� VWXGLHV� SLQSRLQWHG� WKDW� PDQ\� KHDOWK�
V\VWHPV�� SDUWLFXODUO\� WKRVH� LQ� ORZ-UHVRXUFH-� VHWWLQJV�
VWUXJJOH� ZLWK� XQUHOLDEOH� SRZHU� VXSSO\�� SRRU� LQWHUQHW�
DFFHVV��DQG�ODFN�RI�WHFKQLFDO�VNLOOV�WR�NHHS�GLJLWDO�SODW�
IRUPV�IXQFWLRQLQJ�RYHU�WLPH�� 
 
7KLV� UHYLHZ�DOVR� LGHQWLILHG�� VHYHUDO� VWXGLHV� IUHTXHQWO\�
FLWHG� EORFNFKDLQ-EDVHG� V\VWHPV� DQG� PRGHUQ� HQFU\S�
WLRQ�PHWKRGV�DV�SURPLVLQJ�DSSURDFKHV�IRU�IXWXUH�GLJL�
WDOL]DWLRQ� RI� KHDOWKFDUH� V\VWHP�� EHFDXVH� WKH\� FUHDWH�
VHFXUH�� WUDFHDEOH� UHFRUGV������ ������ 5HFHQW� ZRUN� E\�
1DQRX�HW�DO���������DQG�1DYHHG�HW�DO���������UHLQIRUF�
HV� WKLV� YLHZ�� VKRZLQJ� WKDW� GLVWULEXWHG� OHGJHU� GHVLJQV�
DQG�DGYDQFHG�FU\SWRJUDSKLF�WRROV�FDQ�VWUHQJWKHQ�VHFX�
ULW\� VDIHJXDUGV�� $W� WKH� VDPH� WLPH�� WKHVH� DXWKRUV� DOVR�
QRWHG� WKDW� LPSOHPHQWLQJ� VXFK� WHFKQRORJLHV� LQ� ORZ-
UHVRXUFH�HQYLURQPHQWV�LQWURGXFHV�SUDFWLFDO�GLIILFXOWLHV��
LQFOXGLQJ� OLPLWHG� WHFKQLFDO� FDSDFLW\� DQG� WKH� QHHG� IRU�
VXEVWDQWLDO�LQIUDVWUXFWXUDO�VXSSRUW������������LQFOXGLQJ�
FRPSXWDWLRQDO� UHTXLUHPHQWV� DQG� UHJXODWRU\� FRPSOL�
DQFH�� ,W� LV� SURYHG� WKDW� EORFNFKDLQ¶V� GHFHQWUDOL]HG� DQG�
WDPSHU-UHVLVWDQW� VWUXFWXUH� RIIHUV� D� SRZHUIXO� VDIHJXDUG�
DJDLQVW� XQDXWKRUL]HG� DOWHUDWLRQV�� SUHVHUYLQJ� ERWK� WKH�
FRQILGHQWLDOLW\� DQG� LQWHJULW\� RI� SDWLHQW� UHFRUGV������
WKURXJK� HQFU\SWLRQ� WKDW� WUDQVIRUPV� VHQVLWLYH� KHDOWK�
LQIRUPDWLRQ� LQWR� HQFRGHG� IRUPV� WKDW� FDQ� EH� DFFHVVHG�
RQO\�E\�LQGLYLGXDOV�ZLWK�WKH�SURSHU�DXWKRUL]DWLRQ��DQG�
GHIHQFH�DJDLQVW�GDWD�EUHDFKHV������ 
 
'HVSLWH� WKHVH� DGYDQWDJHV�� WKH� DGRSWLRQ� RI� VXFK� WHFK�
QRORJLHV� LQWR� UHVRXUFH-FRQVWUDLQHG� VHWWLQJV� UHPDLQV�

FKDOOHQJLQJ� GXH� WR� KLJK� FRPSXWDWLRQDO� GHPDQGV��
OLPLWHG� GLJLWDO� LQIUDVWUXFWXUH�� DQG� ODFN� RI� UHJXODWRU\�
IUDPHZRUNV������ 
 
$FFRUGLQJO\�� IXWXUH� UHVHDUFK� VKRXOG� IRFXV� RQ� FRVW-
HIIHFWLYHQHVV� RI� WKHVH� WRROV�� FRQWH[W-DSSURSULDWH� HQ�
FU\SWLRQ� PRGHOV�� DQG� VLPSOLILHG� FRPSOLDQFH� IUDPH�
ZRUNV� WKDW� ZLOO� EH� HVVHQWLDO� IRU� GDWD� VHFXULW\�� DQG�
VDIHJXDUGLQJ� SULYDF\� DFURVV� GLYHUVH� KHDOWKFDUH� HFR�
V\VWHPV� 
 
'XH� WR� VRFLRHFRQRPLF�DQG� UHJXODWRU\� IDFWRUV�DGRSW�
LQJ�KHDOWKFDUH� ORJLVWLFV� WHFKQRORJLHV� YDU\� DFURVV� UH�
JLRQV� ������� )RU� LQVWDQFH�� WKH� VXFFHVV� RI� UHPRWH�
PRQLWRULQJ� WHFKQRORJLHV� LQ� WKH� 86$����� ���� �����
�����PD\� RIIHU� OHVVRQV� KRZ� LQIUDVWUXFWXUH� GHYHORS�
PHQW� LQIOXHQFH� RWKHU� UHJLRQV� ORRNLQJ� WR� LPSOHPHQW�
VLPLODU� VROXWLRQV� DQG�ZK\� ORZ-LQFRPH�FRXQWULHV� DUH�
ODJJLQJ� EHKLQG� IURP� DXWRPDWLQJ� WKHLU� KHDOWKFDUH��$�
VWXG\�E\�3KHH��-6��HW�DO���������LGHQWLILHG�DXWRPDWLRQ�
DQG� URERWLFV� LQ� KHDOWKFDUH� LV� FKDOOHQJHG� E\� GHVLJQ�
FRPSOH[LW\�DQG� ODFN�RI�DGHTXDWH�H[SHUWLVH� ������ LP�
SO\LQJ�WKH�LPSRUWDQFH�RI�NQRZOHGJH�DQG�VNLOO�WUDQVL�
WLRQV� ZLWK� WKH� WHFKQRORJ\�� 5JKLRXL� $�� HW� DO�� �������
VWXGLHG� WKH�XVH�RI�5),'�WHFKQRORJ\� IRU�GLVHDVH�SUH�
GLFWLRQ�DQG�HPSKDVL]HG�LWV�FKDUDFWHULVWLFV�DV�ORZ-FRVW
������� UHSUHVHQWLQJ� DGDSWDEOH� WHFKQRORJLHV� WR� ORZ-
UHVRXUFH�VHWWLQJV�� 
 
5XSD�&K�HW�DO��������� �VWXGLHG�WKH�SUDFWLFDO�DSSOLFD�
WLRQ�DQG� IHDVLELOLW\�RI�EORFNFKDLQ� IRU�GHSOR\PHQW� LQ�
ORZ-UHVRXUFH� VHWWLQJV� DQG� VXJJHVWHG� VLPSOLI\LQJ� WKH�
XVHU�LQWHUIDFH�DQG�LQWHUDFWLRQ�GHVLJQ�WR�PDNH�LW�PRUH�
XVHU-IULHQGO\�DQG�DFFHVVLEOH�IRU�LQGLYLGXDOV�ZLWK�OLP�
LWHG�WHFKQLFDO�H[SHUWLVH������DQG�7L\H�.��DQG�*XGHWD�
7���������VWXGLHG�FKDOOHQJHV�LQ�/0,6�ORJLVWLFV�PDQ�
DJHPHQW� LQIRUPDWLRQ� V\VWHP�� RQ� GDWD� TXDOLW\� DQG�
V\VWHP� SHUIRUPDQFH� DQG� UHFRPPHQGHG� (OHFWURQLF�
/0,6��H-/0,6��WR�VWUHDPOLQH�GDWD�PDQDJHPHQW�SUR�
FHVVHV�� HQKDQFH� DFFXUDF\� DQG�RYHUDOO� ORJLVWLFV�PDQ�
DJHPHQW� LQIRUPDWLRQ� V\VWHP� SHUIRUPDQFH� LQ� SXEOLF�
KHDOWK�IDFLOLWLHV�������7KHVH�DGDSWDWLRQV�GHPRQVWUDWH�
WKDW� WHFKQRORJLFDO� ORJLVWLFV� VROXWLRQV�FDQ�EH� IHDVLEOH�
HYHQ� LQ� FRQVWUDLQHG� HQYLURQPHQWV�ZKHQ� ORFDO� QHHGV�
DQG� FDSDFLWLHV� DUH� FRUH�� 7KHVH� DGDSWDWLRQV� GHPRQ�
VWUDWH� WKDW� WHFKQRORJLFDO� ORJLVWLFV� VROXWLRQV� FDQ� EH�
IHDVLEOH� HYHQ� LQ� FRQVWUDLQHG� HQYLURQPHQWV�ZKHQ� OR�
FDO�QHHGV�DQG�FDSDFLWLHV�DUH�FRQVLGHUHG� 
 
%HQHILWV 
7KH� LQWHJUDWLRQ� RI� WKHVH� WHFKQRORJLHV� LQ� KHDOWKFDUH�
ORJLVWLFV� KDV� EHHQ� VKRZQ� WR� LPSURYH� HIILFLHQF\�� UH�
GXFH�FRVWV��DQG�HQKDQFH�SDWLHQW�FDUH���-���� 
 
&KDOOHQJHV 
'HVSLWH� WKH� EHQHILWV� WKHUH� DUH� VHYHUDO� FKDOOHQJHV�
LGHQWLILHG�E\�WKH�UHYLHZHG�DUWLFOHV��7KHVH�LQFOXGH�WKH�
KLJK� FRVW� RI� LPSOHPHQWLQJ� DGYDQFHG� WHFKQRORJLHV��
WKH�QHHG�IRU�WUDLQLQJ�DQG�VXSSRUW�IRU�KHDOWKFDUH�VWDII��
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��� 
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FRQVXPLQJ��SDUWLFXODUO\�IRU�WKH�FOLQLFLDQV������ 
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,Q� VXPPDU\�� WKH� UHVXOWV� RI� WKLV� UHYLHZ� UHYHDOHG� WKDW�
GLJLWDO�VXSSO\�FKDLQ�V\VWHPV�HQKDQFHG�SHUIRUPDQFH�RI�
KHDOWKFDUH� V\VWHPV�� ZLWK� DGYDQFHG� WHFKQRORJLHV� DQG�
DUWLILFLDO� LQWHOOLJHQFH� VROXWLRQV�RIIHULQJ� WDUJHWHG�EHQH�
ILWV� LQ� VHWWLQJV�ZLWK� DGHTXDWH� LQIUDVWUXFWXUH��$OVR�� WKH�
UROH�RI�VHFXUH�GDWD-VKDULQJ�ZDV�VLJQLILFDQW�LQ�HVWDEOLVK�
LQJ� WUXVW� DFURVV� VXSSO\� FKDLQ� QHWZRUNV�� ZKLOH� UHPRWH�
PRQLWRULQJ� V\VWHPV� UHFRJQL]HG� WR� OLQN� IDFLOLW\-EDVHG�
FDUH�WR�FRPPXQLW\-OHYHO�FDUH� 
 
7KH� UHYLHZ� IXUWKHU� KLJKOLJKWHG� WKH� LPSRUWDQFH� RI�
PDLQWDLQLQJ� D� EDODQFHG� YLHZ� WKDW� DFNQRZOHGJHV� ERWK�
WKH� WUDQVIRUPDWLYH� SRWHQWLDO� RI� WKHVH� WRROV� DQG� WKH�
SUDFWLFDO� EDUULHUV� WKDW�PXVW� EH� DGGUHVVHG� IRU� HIIHFWLYH�
LPSOHPHQWDWLRQ�� UDWKHU� WKDQ� RQO\� SURPRWLQJ� WKH� DG�
YDQWDJHV� 
 
0RUHRYHU��SULRULWL]LQJ�HIIRUWV� LQ�V\VWHP�FRPSDWLELOLW\��
SROLF\�GHYHORSPHQW��SHUVRQQHO�WUDLQLQJ��DQG�LQIUDVWUXF�
WXUH�HQKDQFHPHQW�LV�IXQGDPHQWDO�WR�VFDOLQJ�WKHVH�WHFK�
QRORJLFDO� VROXWLRQV�� 6XEVHTXHQW� LQYHVWLJDWLRQV� VKRXOG�
SULRULWL]H�SUDFWLFDO�GHSOR\PHQW�FKDOOHQJHV�� DQG�JHQHU�
DWH� HYLGHQFH� UHJDUGLQJ� ORQJ-WHUP� YLDELOLW\� DQG�
KHDOWKFDUH�V\VWHP�HIIHFWV� 
 
/LPLWDWLRQV 
7KLV� UHYLHZ�FRXOG� VWHP� IURP�SXEOLFDWLRQ�ELDV�XVXDOO\�
VWXGLHV�\LHOGLQJ�SRVLWLYH�UHVXOWV�DUH�PRUH�LQFOLQHG�WR�EH�
SXEOLVKHG�� $GGLWLRQDOO\�� WKH� H[WHQW� RI� WKH� OLWHUDWXUH�
VHDUFK�PLJKW�KDYH�RYHUORRNHG�FHUWDLQ�UHOHYDQW�VWXGLHV��
SDUWLFXODUO\� WKRVH� DYDLODEOH� LQ� ODQJXDJHV� RWKHU� WKDQ�
(QJOLVK��2ZLQJ�WR�WKH�YDVW�DUHD�RI�WKH�KHDOWKFDUH�ORJLV�
WLFV� GRPDLQ�� WKH� UHYLHZ� FRXOG� QRW� FRPSUHKHQVLYHO\�
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HQDEOHG� ORJLVWLFV� DQG� WRROV� LQ� WKH� KHDOWKFDUH� LQGXVWU\�
ZKLOH�IXUQLVKLQJ�SHUWLQHQW�UHVHDUFK�� 
 
$EEUHYLDWLRQV� 
$/6,-�$EVWUDFW�/DFNV�6XIILFLHQW�,QIRUPDWLRQ 
,6)-�,UUHOHYDQW�6WXG\�)RFXV� 
/5'-/DFN�RI�5HOHYDQW�'DWD� 

)71$-)XOO�7H[W�1RW�$YDLODEOH 
/5-/DQJXDJH�5HVWULFWLRQV 
 
'HFODUDWLRQ� 
:H� GHFODUH� WKDW� ZH� VKDOO� QRW� VXEPLW� WKH� SDSHU� IRU�
SXEOLFDWLRQ� LQ� DQ\� RWKHU� -RXUQDO� WLOO� MRXUQDO� HGLWRUV�
PDNH�WKH�GHFLVLRQ 
 
$FNQRZOHGJPHQWV� 
:H�DFNQRZOHGJH�WKH�6ZHGLVK�8QLYHUVLW\�RI�$JULFXO�
WXUDO� 6FLHQFHV� IRU� WKH� PRELOLW\� IXQG�� DFFHVVLQJ� OL�
EUDU\� UHVRXUFHV� DQG� RIILFH� VXSSOLHV� GXULQJ� GDWD� H[�
WUDFWLRQ 
 
(WKLFV�FRQVLGHUDWLRQ 
1RW�DSSOLFDEOH�WR�WKLV�PDQXVFULSW 
 
&RQVHQW�WR�SXEOLVK 
1RW�DSSOLFDEOH�WR�WKLV�PDQXVFULSW 
 
'DWD�DYDLODELOLW\� 
7KH�FRUUHVSRQGLQJ�DXWKRU�KDV�IRXQG�WKH�GDWD�UHSRUW�
HG�LQ�WKLV�PDQXVFULSW�DQG�ZLOO�EH�DYDLODEOH�XSRQ�UHD�
VRQDEOH�UHTXHVW�� 
 
$XWKRUV
�FRQWULEXWLRQV 
0XOX�1HJDZR��&RQFHSWLRQ��0HWKRGRORJLFDO�'HVLJQ��
DFTXLVLWLRQ� RI� GDWD�� DQDO\VLV�� DQG� LQWHUSUHWDWLRQ� RI�
GDWD�� GUDIWLQJ� WKH� DUWLFOH�� DQG� ILQDO� DSSURYDO� RI� WKH�
YHUVLRQ�WR�EH�VXEPLWWHG�� 
 
<DGHWD�'HVVLH��DSSURYHG�PHWKRGRORJLFDO�GHVLJQ��
UHYLVHG�WKH�DUWLFOH�FULWLFDOO\��JDYH�VFKRODUO\�LQSXW�DQG�
ILQDO�DSSURYDO�RI�WKH�YHUVLRQ�WR�EH�VXEPLWWHG�� 
�*LUPD�*HEHUHVHQEHW��DFTXLVLWLRQ�RI�GDWD��DSSURYHG�
PHWKRGRORJLFDO�GHVLJQ��UHYLVHG�WKH�DUWLFOH�FULWLFDOO\��
JDYH�VFKRODUO\�LQSXW�DQG�ILQDO�DSSURYDO�RI�WKH�YHUVLRQ�
WR�EH�VXEPLWWHG�� 
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&RQIOLFW�RI�LQWHUHVWV 
7KH�DXWKRUV�KDYH�QR�FRPSHWLQJ�LQWHUHVW�WR�GHFODUH 
 
)XQGLQJ������������ 
1R�IXQG�LV�JUDQWHG�IRU�WKLV�UHYLHZ 
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VLPXODWLRQ� PRGHOLQJ� PHWKRGV� LQ� KHDOWK� FDUH� GHOLYHU\� UHVHDUFK—WKH� 6,08/$7(� FKHFNOLVW�� UHSRUW� RI� WKH�
,6325�VLPXODWLRQ�PRGHOLQJ�HPHUJLQJ�JRRG�SUDFWLFHV�WDVN�IRUFH��9DOXH�LQ�KHDOWK��������������-��� 
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�� 4RVH� 6�� 5DMQDL� =�� )UHJDQ�%�� HGLWRUV��%ORFNFKDLQ� 7HFKQRORJ\� LQ�+HDOWKFDUH� ,QGXVWU\�� %HQHILWV� DQG� ,VVXHV��
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��� 0DUFRWWH�/��.LUWDQH�-��/\QQ�-��0F.HWKDQ�$��,QWHJUDWLQJ�KHDOWK�LQIRUPDWLRQ�WHFKQRORJ\�WR�DFKLHYH�VHDPOHVV�
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������,(((� 
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���� +DQQRQ�76��'XJDQ�70��6DKD�&.��0F.HH�6-��'RZQV�60��&DUUROO�$(��(IIHFWLYHQHVV�RI�&RPSXWHU�$XWRPD�
WLRQ�IRU�WKH�'LDJQRVLV�DQG�0DQDJHPHQW�RI�&KLOGKRRG�7\SH���'LDEHWHV��$�5DQGRPL]HG�&OLQLFDO�7ULDO��-$0$�
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