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$EVWUDFW
4XDQWLWDWLYH� DVVHVVPHQW� WRROV� DUH� XUJHQWO\� QHHGHG� LQ� WKH� DUHDV� RI� IDXOW� WROHUDQFH�

VRIWZDUH�DVVXUDQFH��DQG�FRPSXWHU�VHFXULW\���$VVHVVPHQW�PHWKRGV�W\SLFDOO\�HPSOR\HG�LQ
YDULRXV� FRPELQDWLRQV� DUH� IDXOW� LQMHFWLRQ�� IRUPDO� YHULILFDWLRQ�� DQG� WHVWLQJ�� � +RZHYHU�
WKHVH�PHWKRGV�DUH�H[SHQVLYH�EHFDXVH�WKH\�DUH�ODERU�LQWHQVLYH��ZLWK�FRVWV�VFDOLQJ�DW�OHDVW
OLQHDUO\�ZLWK�WKH�QXPEHU�RI�VRIWZDUH�PRGXOHV�WHVWHG�� �$GGLWLRQDOO\��WKH\�DUH�VXEMHFW�WR
KXPDQ�ODSVHV�DQG�RYHUVLJKWV�EHFDXVH�WKH\�UHTXLUH�WZR�GLIIHUHQW�UHSUHVHQWDWLRQV�IRU�HDFK
V\VWHP��DQG�WKHQ�EDVH�UHVXOWV�RQ�D�GLUHFW�RU�DQ�LQGLUHFW�UHSUHVHQWDWLRQ�FRPSDULVRQ�
7KH�%DOOLVWD�SURMHFW�KDV�IRXQG�WKDW�UREXVWQHVV�WHVWLQJ�IRUPV�D�QLFKH�LQ�ZKLFK�VFDODEOH

TXDQWLWDWLYH�DVVHVVPHQW�FDQ�EH�DFKLHYHG�DW� ORZ�FRVW�� �7KLV� VFDODELOLW\� VWHPV� IURP� WZR
WHFKQLTXHV�� DVVRFLDWLQJ� VWDWH�VHWWLQJ� LQIRUPDWLRQ�ZLWK� WHVW� FDVHV� EDVHG� RQ� GDWD� W\SHV�
DQG�XVLQJ�RQH�JHQHULF��EXW�QDUURZ��EHKDYLRUDO�VSHFLILFDWLRQ�IRU�DOO�PRGXOHV���*LYHQ�WKDW
WKLV�DSSURDFK�KDV�VXFFHHGHG�LQ�FRPSDULQJ�WKH�UREXVWQHVV�RI�YDULRXV�RSHUDWLQJ�V\VWHPV�
LW�LV�QDWXUDO�WR�DVN�LI�LW�FDQ�EH�PDGH�PRUH�JHQHUDOO\�DSSOLFDEOH�
,W�DSSHDUV�WKDW�%DOOLVWD�OLNH�WHVWLQJ�FDQ�EH�XVHG�LQ�WKH�IDXOW�WROHUDQFH�DUHD�WR�PHDVXUH

WKH�JHQHULF�UREXVWQHVV�RI�D�YDULHW\�RI�$3,�LPSOHPHQWDWLRQV��DQG�LQ�SDUWLFXODU�WR�LGHQWLI\
UHSURGXFLEOH�ZD\V�WR�FUDVK�DQG�KDQJ�VRIWZDUH���,Q�VRIWZDUH�DVVXUDQFH��LW�FDQ�EH�XVHG�DV
D�TXDOLW\�FKHFN�RQ�H[FHSWLRQ�KDQGOLQJ��DQG�LQ�SDUWLFXODU�DV�D�PHDQV�WR�DXJPHQW�EODFN
ER[�WHVWLQJ���$SSO\LQJ�LW�WR�FRPSXWHU�VHFXULW\�DSSHDUV�PRUH�SUREOHPDWLF��EXW�PLJKW�EH
SRVVLEOH�LI�WKHUH�LV�D�ZD\�WR�RUWKRJRQDOO\�GHFRPSRVH�YDULRXV�DVSHFWV�RI�VHFXULW\�UHOHYDQW
V\VWHP�VWDWH�LQWR�DQDORJV�RI�%DOOLVWD�GDWD�W\SHV��
:KLOH� %DOOLVWD�OLNH� WHVWLQJ� LV� QR� VXEVWLWXWH� IRU� WUDGLWLRQDO� PHWKRGV�� LW� FDQ� VHUYH� WR

SURYLGH�D�XVHIXO�TXDOLW\�DVVXUDQFH�FKHFN� WKDW�DXJPHQWV�H[LVWLQJ�SUDFWLFH�DW� UHODWLYHO\
ORZ�FRVW���$OWHUQDWHO\��LW�FDQ�VHUYH�WR�TXDQWLI\�WKH�H[WHQW�RI�SRWHQWLDO�SUREOHPV��HQDEOLQJ
EHWWHU�LQIRUPHG�GHFLVLRQV�E\�ERWK�GHYHORSHUV�DQG�FXVWRPHUV�

:KHQ�\RX�FDQ�PHDVXUH�ZKDW�\RX�DUH�VSHDNLQJ�DERXW��DQG�H[SUHVV
LW�LQ�QXPEHUV��\RX�NQRZ�VRPHWKLQJ�DERXW�LW��EXW�ZKHQ�\RX�FDQ�QRW
PHDVXUH� LW�� ZKHQ� \RX� FDQ� QRW� H[SUHVV� LW� LQ� QXPEHUV�� \RXU
NQRZOHGJH� LV�RI�D�PHDJHU�DQG�XQVDWLVIDFWRU\�NLQG�� LW�PD\�EH� WKH
EHJLQQLQJ� RI� NQRZOHGJH�� EXW� \RX� KDYH� VFDUFHO\�� LQ� \RXU� WKRXJKW�
DGYDQFHG�WR�WKH�VWDJH�RI�VFLHQFH�
����������������������������������������������������������������²�/RUG�.HOYLQ

�������,(((���3RVW�SURFHHGLQJV�RI�WKH�&RPSXWHU�6HFXULW\��'HSHQGDELOLW\��DQG�$VVXUDQFH��)URP
1HHGV�WR�6ROXWLRQV��&6'$
�����������1RYHPEHU�������:DVKLQJWRQ��'�&�
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����,QWURGXFWLRQ

2QH� RI� WKH� PRUH� GLIILFXOW� DVSHFWV� RI� ZRUNLQJ� LQ� WKH� DUHDV� RI� IDXOW� WROHUDQFH�� VRIWZDUH
DVVXUDQFH��DQG�FRPSXWHU�VHFXULW\� LV�TXDQWLI\LQJ�UHVXOWV�� �4XDQWLILFDWLRQ� LV�DEVROXWHO\�HVVHQWLDO
DWWDLQ�D�PDWXUH�FDSDELOLW\�IRU�FUHDWLQJ�V\VWHPV�RI�DQ\�NLQG���$QG�\HW��GHVSLWH�VLJQLILFDQW�UHVHDUFK
HIIRUWV�� WKH� DWWDLQPHQW� RI� TXDQWLILFDWLRQ� LV� SURYLQJ� HOXVLYH� LQ� WKH� DUHD� RI� VRIWZDUH�LQWHQVLYH
V\VWHPV���:KLOH�WKHUH�LV�QR�GRXEW�WKDW�SURJUHVV�KDV�EHHQ�PDGH�LQ�WKH�DUHD�RI�JHQHUDO�VRIWZDUH
GHYHORSPHQW� PHWKRGRORJ\�� WKH� IRFXV� KDV� EHHQ� RQ� WKH� SULPDU\� DWWULEXWHV� RI� SURGXFWLYLW\� DQG
VRIWZDUH� FRUUHFWQHVV�� � /HVV� DWWHQWLRQ� KDV� EHHQ� SDLG� WR� ZKDW� DUH� RIWHQ� FRQVLGHUHG� VHFRQGDU\
DWWULEXWHV��VXFK�DV�IDXOW�WROHUDQFH��VRIWZDUH�VDIHW\��DQG�VHFXULW\���7KHVH�WKUHH�DUHDV�VHHP�WR�VKDUH
D�FRPPRQ�SUREOHP�LQ�WKDW�LW�LV�GLIILFXOW�WR�DWWDLQ�TXDQWLILFDWLRQ��ODUJHO\�EHFDXVH�RI�WKH�LQWHUDFWLRQ
RI�IRXU�SUREOHPV�
)LUVW��WKH�SURSHUWLHV�RI�VRIWZDUH�LQWHQVLYH�V\VWHPV�WKDW�QHHG�WR�EH�PHDVXUHG�DUH�W\SLFDOO\�YHU\

GHSHQGHQW� RQ� WKH� GHWDLOV� RI� WKH� V\VWHP� VSHFLILFDWLRQ� RU� XVDJH�� � ([DPSOHV� LQFOXGH� IXQFWLRQDO
GHIHFW�UDWHV��ZKHWKHU�D�V\VWHP�LV�³VDIH�´�DQG�ZKHWKHU�D�V\VWHP�LV�³VHFXUH�´��7KLV�PHDQV�WKDW�DQ\
PHDVXUHPHQW� WRRO� PXVW� EH� SURYLGHG� ZLWK� D� ZHDOWK� RI� LQIRUPDWLRQ� DERXW� WKH� V\VWHP�� DQG� LQ
JHQHUDO�WKLV�UHTXLUHV�DFFHVV�WR�D�VXEVWDQWLDO�SRUWLRQ�RI�WKH�V\VWHP�VSHFLILFDWLRQ���&RPSOLFDWLQJ
WKH� VLWXDWLRQ� LV� WKDW� WKH� VSHFLILFDWLRQ�� RU� LQGHHG� HYHQ� WKH� GHWDLOHG� LPSOHPHQWDWLRQ�� PD\� EH
XQDYDLODEOH�IRU�VRIWZDUH�FRPSRQHQWV�SXUFKDVHG�RII�WKH�VKHOI���2EWDLQLQJ�VXFK�LQIRUPDWLRQ�FRVWV
WLPH� DQG� PRQH\�� � 7R� LOOXVWUDWH� KRZ� GLIILFXOW� WKLV� PDNHV� WKLQJV�� FRPSDUH� WKH� GLIILFXOW\� RI
GHWHUPLQLQJ� ZKHWKHU� D� FRPSXWHU� V\VWHP� LV� VHFXUH� WR� GHWHUPLQLQJ� LWV� VSHHG� DW� H[HFXWLQJ� D
SUHSDFNDJHG�EHQFKPDUN�VXLWH�
6HFRQG��WKH�GHVLUHG�PHDVXUHPHQW�RXWFRPH�LV�RIWHQ�GHVLUHG�WR�EH�SHUIHFWLRQ��DWWDLQLQJ�D�]HUR

GHIHFW� UDWH�� FRPSOHWHO\� VDIH�� RU� QHYHU� IDLOV��� � (YHQ� WKRXJK� VXFK� SHUIHFWLRQ� LV� JHQHUDOO\
XQDWWDLQDEOH� LQ� SUDFWLFH�� LW� PHDQV� WKDW� WHVWV� DUH� IRFXVVHG� RQ� ILQGLQJ� GHYLDWLRQV� IURP� D
VSHFLILFDWLRQ�RI�VRPH�VRUW���7KLV�LV�LQ�VKDUS�FRQWUDVW�WR�PRUH�WUDGLWLRQDO�FRPSXWHU�V\VWHP�PHWULFV
VXFK�DV�FRPSXWDWLRQ�VSHHG�RU�DFKLHYHG�QHWZRUN�EDQGZLGWK���,W�DOVR�UDLVHV�LVVXHV�LI��DV�LV�RIWHQ
�DOZD\V"��WKH�FDVH��WKH�VSHFLILFDWLRQ�LWVHOI�LV�LPSHUIHFW�
7KLUG��LW�LV�FRPPRQ�IRU�WKH�VDPH�WHVWV�WKDW�DUH�XVHG�WR�PHDVXUH�WKH�V\VWHP�WR�EH�XVHG�GLUHFWO\

WR�IL[�DQ\�VKRUWFRPLQJV�IRXQG���)RU�H[DPSOH��D�SURMHFW�PHDVXULQJ�EXJ�UHSRUWV�SHU�ZHHN�RI�WHVWLQJ
ZRXOG�QDWXUDOO\�IHHG�DOO�EXJ�UHSRUWV�WR�WKH�PDLQWHQDQFH�JURXS�IRU�FRUUHFWLRQ���7KXV��LW�LV�FRPPRQ
IRU� WKH� PHDVXUHPHQW� SURFHVV� LWVHOI� WR� EH� FRXSOHG� WR� FKDQJHV� LQ� WKH� V\VWHP� EHLQJ�PHDVXUHG�
:KLOH� LW� LV� FOHDU� WKDW� WUDGLWLRQDO� VSHHG� PHDVXUHPHQWV� UHVXOW� LQ� V\VWHPV� EHLQJ� RSWLPL]HG� WR
SHUIRUP� EHWWHU�� WKH� VLWXDWLRQ� LV� GLIIHUHQW� KHUH� LQ� WKDW� WKHUH� LV� QR� IXQGDPHQWDO� TXDQWLW\� WR� EH
PHDVXUHG��VXFK�DV�D�SDUWLFXODU�ZRUNORDG�WR�FRPSOHWH��� �5DWKHU��GHYLDWLRQV�IURP�SHUIHFWLRQ�DUH
EHLQJ�ERWK�PHDVXUHG�DQG�FRUUHFWHG�E\�WKH�VDPH�SURFHVV�
)RXUWK��DQG�SHUKDSV�PRVW�LPSRUWDQW�IURP�D�SUDFWLFDO�LPSOHPHQWDWLRQ�SRLQW�RI�YLHZ��LV�WKDW�WKH

SURFHVV�RI�PHDVXULQJ�³EDG�WKLQJV´�VXFK�DV�EXJV�LV�RIWHQ�VHHQ�DV�D�GHVWUXFWLYH�DFW��DV�RSSRVHG�WR
PHDVXULQJ� ³JRRG� WKLQJV´� VXFK� DV� SHUIRUPDQFH�� � 7KH� RXWFRPH� RI� D�PHWULF� YDOXH� RI� OHVV� WKDQ
SHUIHFWLRQ�FDQ�EH�VHHQ�DV�D�ODEHO�LPSO\LQJ�GHIHFWLYH�JRRGV��ZKHUHDV�WKH�RXWFRPH�RI�D�SRVLWLYH
PHWULF�VXFK�DV�VSHHG�LV�PHUHO\�D�PHDVXUHPHQW�RI�DQ�LQKHUHQW�SURSHUW\�
'HVSLWH�WKHVH�SUREOHPV��LW�LV�LPSHUDWLYH�WKDW�ZH�ILQG�ZD\V�WR�TXDQWLI\�SURSHUWLHV�RI�V\VWHPV

WKDW�ZH�ZLVK� WR�XQGHUVWDQG�DQG� WR� LPSURYH�RYHU� WLPH�� � �2I�FRXUVH� WKHUH� LV�DOZD\V� WKH� ULVN�RI
LQYHQWLQJ�QXPEHUV�MXVW�IRU�WKH�VDNH�RI�KDYLQJ�QXPEHUV��VR�LW�LV�DOVR�LPSRUWDQW�WR�ILQG�PHWULFV�WKDW
DUH� DW� OHDVW� FRUUHODWHG� WR� DFWXDO� GHVLUDEOH� SURSHUWLHV��� � 7KXV�� LW� ZRXOG� EH� GHVLUDEOH� WR� KDYH� D
PHDVXUHPHQW� WRRO� RU�PHWKRGRORJ\� WKDW� GRHV�QRW� UHTXLUH�PXFK� GHWDLOHG� LQIRUPDWLRQ� DERXW� WKH
V\VWHP�LW� LV�PHDVXULQJ��GRHV�QRW�DWWHPSW� WR�PHDVXUH�TXDQWLWLHV� WKDW�GHYLDWH�YHU\�VOLJKWO\� IURP
SHUIHFWLRQ��XVHV�QRYHO�WHVWV�IRU�HDFK�PHDVXUHPHQW�RU�RWKHUZLVH�GLVHQWDQJOHV�PHDVXUHPHQW�IURP
GHIHFW�FRUUHFWLRQ��DQG�LV�VRPHKRZ�VHHQ�DV�D�FRQVWUXFWLYH�PHDVXUHPHQW�UDWKHU�WKDQ�D�GHVWUXFWLYH
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DFWLYLW\�
7KH�ZRUN�GLVFXVVHG�KHUHLQ�GRHV�QRW�VDWLVI\�DOO�WKH�FULWHULD�IRU�SURYLGLQJ�KLJK�TXDOLW\�QXPEHUV

WKDW�ZLOO�VWDQG�WKH�WHVW�RI�WLPH���7KXV��ZH�VWLOO�VHHN�WKH�WUXH�QXPEHUV�WKDW�/RUG�.HOYLQ�H[KRUWV�XV
WR�XVH���+RZHYHU��RQ�WKH�SULQFLSOH�WKDW�SURJUHVV�LQ�PHDVXUHPHQW�LV�D�JHQHUDOO\�ZRUWK\�JRDO��RXU
DSSURDFK�PLJKW�EH�FRQVLGHUHG�D�VWHS�LQ�WKH�ULJKW�GLUHFWLRQ���,Q�SDUWLFXODU��WKLV�ZRUN�GHPRQVWUDWHV
WKDW�LW�LV�SRVVLEOH�LQ�VRPH�FDVHV�WR�DXWRPDWH�WHVWLQJ�D�ODUJH�DPRXQW�RI�VRIWZDUH�ZLWKRXW�VLPSO\
WXUQLQJ�D�ODUJH�WHVWLQJ�HIIRUW�LQWR�D�VLPLODUO\�ODUJH�H[HUFLVH�LQ�SURYLGLQJ�GHWDLOHG�LQIRUPDWLRQ�WR
WKH�DXWRPDWHG�WHVWLQJ�V\VWHP�

������*HQHUDO�H[LVWLQJ�WHFKQLTXHV�IRU�VRIWZDUH�PHDVXUHPHQW��

,W�LV��RI�FRXUVH��FXUUHQWO\�SRVVLEOH�WR�PHDVXUH�PDQ\�SURSHUWLHV�RI�VRIWZDUH���7KH�PRVW�PDWXUH
RI�WKHVH�DSSURDFKHV�ZHUH�ERUQ�RI�WKH�VR�FDOOHG�VRIWZDUH�FULVLV�WKDW�KDV�VRPHKRZ�PDQDJHG�WR�ODVW�
DW�WKLV�SRLQW��VHYHUDO�GHFDGHV���7KHVH�PHWULFV�DWWHPSW�WR�PHDVXUH�SURGXFWLYLW\�DQG�WKXV�HYDOXDWH
ZD\V�WR�LPSURYH�WKDW�SURGXFWLYLW\���7KH\�LQFOXGH�WKH�YHQHUDEOH�VRXUFH�OLQHV�RI�FRGH��6/2&���WKH
ZLGHO\� XVHG� F\FORPDWLF� FRPSOH[LW\� PHWULFV� >��@�� DQG� RWKHU� PRUH� DGYDQFHG� PHWULFV� �H�J��� DV
GLVFXVVHG�LQ�>��@����:KLOH�WKHVH�PHWULFV�YDULRXVO\�XVH�PHDVXUHPHQWV�RI�WKH�VRIWZDUH�LWVHOI��WKH
VRIWZDUH�LV�QRW�EHLQJ�HYDOXDWHG�IRU�LQKHUHQW�XWLOLW\���,QVWHDG��VRIWZDUH�LV�PHDVXUHG�WR�GHWHUPLQH
FRPSOH[LW\��ZKLFK� LV� WKHQ�XVHG� WR�HVWLPDWH�GHYHORSPHQW�DQG�PDLQWHQDQFH�FRVWV� �DQG��SHUKDSV
LQGLUHFWO\��WR�JHQHUDWH�DQ�HVWLPDWHG�GHIHFW�UDWH��
0RUH�UHFHQWO\��D�ZLGH�YDULHW\�RI�PHWULFV�DQG�PHDVXUHPHQW�PHWKRGRORJLHV�KDYH�EHHQ�SURSRVHG

IRU� WKH�VRIWZDUH� UHOLDELOLW\�DUHD�� �7KHVH�PHWULFV� WHQG� WR�XVH�YDU\LQJ�FRPELQDWLRQV�RI� VRIWZDUH
FRPSOH[LW\��GHYHORSPHQW�SKDVH�GHIHFW�GLVFRYHU\��WHVWLQJ�SKDVH�GHIHFW�GLVFRYHU\��DQG�LQ�VHUYLFH
GHIHFW�GLVFRYHU\�WR�PDNH�SUHGLFWLRQV�DERXW�UHVLGXDO�GHIHFW�UDWHV�IRU�QHZ�DQG�H[LVWLQJ�VRIWZDUH
V\VWHPV��D�EURDG�GLVFXVVLRQ�RI�VXFK�DSSURDFKHV�FDQ�EH�IRXQG�LQ�>��@�DQG�>��@��
:KLOH�VRIWZDUH�UHOLDELOLW\�PHWULFV�DUH�GHILQLWHO\�D�SURGXFWLYH�VWHS�LQ�WKH�ULJKW�GLUHFWLRQ��WKHLU

XVH�LV�QRW�ZLWKRXW�SUREOHPV���7HVWLQJ�EDVHG�DSSURDFKHV�DPRXQW�WR�UHTXLULQJ�D�VRIWZDUH�WHVW�VXLWH
GHYHORSPHQW�HIIRUW�SURSRUWLRQDO�WR�GHYHORSLQJ�WKH�RULJLQDO�VRIWZDUH�LQ�WKH�ILUVW�SODFH��DQG�WKXV
DUH�H[SHQVLYH���:KLOH�LQ�PRVW�FDVHV�WHVWLQJ�RI�QRUPDO�IXQFWLRQDOLW\�LV�VHHQ�DV�QHFHVVDU\��WKHUH�LV
D�SUREOHP�LQ�WKDW�H[FHSWLRQ�KDQGOLQJ�FRGH�DQG�RWKHU�SRUWLRQV�RI�WKH�V\VWHP�FDQ�RYHUVKDGRZ�WKH
EDVLF� IXQFWLRQDOLW\� LQ� WHUPV� RI� WHVWLQJ� FRPSOH[LW\� >�@�� � 7KLV� PHDQV� WKDW� LQ� DOO� EXW� WKH� PRVW
H[WUHPH�VDIHW\�FULWLFDO�FDVHV��OLPLWHG�WLPH��EXGJHW��DQG�PDQSRZHU�RIWHQ�UHVXOW�LQ� WHVWLQJ�HIIRUW
EHLQJ�FRQFHQWUDWHG�RQ�³QRUPDO´� IXQFWLRQDOLW\��JLYLQJ� VKRUW� VKULIW� WR�GHSHQGDELOLW\�DVSHFWV�� � ,Q
RWKHU�ZRUGV��UHOLDELOLW\� WHVWLQJ�FDQ�IDOO�YLFWLP�WR�WKH�SUREOHPV�RI�FRVW�DQG�QRW�EHLQJ�VHHQ�DV�D
SULPDU\�YDOXH�DGGHG�EXVLQHVV�DFWLYLW\�EH\RQG�D�FHUWDLQ�SRLQW�
$Q�DOWHUQDWH�DSSURDFK��WKDW�LV�RIWHQ�FRPELQHG�ZLWK�D�WHVWLQJ�EDVHG�DSSURDFK��LV�RQH�EDVHG�RQ

PRQLWRULQJ�GHIHFW�GLVFRYHU\�UDWHV���,I�RQH�DVVXPHV�WKDW�GHIHFWV�DUH�GLVFRYHUHG�DW�ORZ�PDUJLQDO
FRVW� �H�J��� WKURXJK� DQ� H[WHQVLYH� EHWD� WHVWLQJ� SURJUDP� RU� D� PDQGDWHG� IXQFWLRQDO� FRUUHFWQHVV
WHVWLQJ�SURJUDP���WKHQ�VXFK�PRQLWRULQJ�EHFRPHV�D�UHDVRQDEO\�ORZ�FRVW�H[HUFLVH���+RZHYHU��WKLV
DSSURDFK� GRHV� VXIIHU� IURP� WKH� SRWHQWLDO� SUREOHP� RI� GHOD\LQJ� PHDVXUHPHQW� IHHGEDFN� XQWLO
GRZQVWUHDP� LQ� WKH�GHYHORSPHQW� F\FOH��ZKHQ� SUREOHPV� DUH� SRWHQWLDOO\�PRUH� H[SHQVLYH� WR� IL[�
$GGLWLRQDOO\��GHIHFW�UDWH�PRQLWRULQJ�KDV�WKH�SUREOHP�WKDW��SUHVXPDEO\��WKH�LPSRUWDQW�GHIHFWV�DUH
IL[HG��DOWHULQJ�WKH�V\VWHP�XQGHU�WHVW�RYHU�WLPH�

������5REXVWQHVV�WHVWLQJ�DV�DQ�H[DPSOH�RI�SRWHQWLDOO\�JHQHUDO�DSSURDFK

7KLV�SDSHU�GHVFULEHV�WKH�DWWDLQPHQW�RI�D�UHODWLYHO\�JHQHULF��ORZ�FRVW��VFDODEOH��SRUWDEOH�WHVWLQJ
DQG�PHDVXUHPHQW� PHWKRGRORJ\� IRU� UREXVWQHVV�� � ,Q� SDUWLFXODU�� WKH� PHWKRGRORJ\�PHDVXUHV� WKH
UREXVWQHVV� RI� DQ� $SSOLFDWLRQ� 3URJUDPPLQJ� ,QWHUIDFH� �$3,�� ZLWK� UHVSHFW� WR� H[FHSWLRQDO
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SDUDPHWHU�YDOXHV���7KH�FXUUHQW�UHVXOWV�KDYH�LPSOLFDWLRQV�IRU�IDXOW�WROHUDQFH��VRIWZDUH�DVVXUDQFH�
DQG�FRPSXWHU�VHFXULW\��DQG�WKH�PHWKRGRORJ\�PLJKW�EH�H[WHQGHG�IXUWKHU�
5REXVWQHVV�ZDV�VHOHFWHG� IRU�PHDVXUHPHQW�EHFDXVH� V\VWHP�FUDVKHV�DUH�D�ZD\�RI� OLIH� LQ�DQ\

UHDO�ZRUOG� V\VWHP��QR�PDWWHU�KRZ�FDUHIXOO\�GHVLJQHG�� �6RIWZDUH� LV� LQFUHDVLQJO\�EHFRPLQJ� WKH
VRXUFH�RI� V\VWHP� IDLOXUHV�� DQG� WKH�PDMRULW\�RI� VRIWZDUH� IDLOXUHV� LQ�SUDFWLFH� VHHP� WR�EH�GXH� WR
SUREOHPV� ZLWK� UREXVWQHVV� >��@�� � 7KLUW\� \HDUV� DJR�� WKH� $SROOR� ��� PLVVLRQ� H[SHULHQFHG� WKUHH
FRPSXWHU� FUDVKHV� DQG� UHERRWV� GXULQJ� GHVFHQW� WR� OXQDU� ODQGLQJ�� FDXVHG� E\� H[FHSWLRQDO� UDGDU
FRQILJXUDWLRQ�VHWWLQJV�WKDW�UHVXOWHG�LQ�WKH�V\VWHP�UXQQLQJ�RXW�RI�PHPRU\�EXIIHUV�>��@���'HFDGHV
ODWHU��WKH�PDLGHQ�IOLJKW�RI�WKH�$ULDQH���KHDY\�OLIWLQJ�URFNHW�ZDV�ORVW�GXH�WR�HYHQWV�DULVLQJ�IURP�D
IORDWLQJ� SRLQW�WR�LQWHJHU� FRQYHUVLRQ� H[FHSWLRQ� >��@�� � 7RGD\�� H[FHSWLRQDO� FRQGLWLRQV� URXWLQHO\
FDXVH�V\VWHP�IDLOXUHV�LQ�WHOHFRPPXQLFDWLRQ�V\VWHPV��GHVNWRS�FRPSXWHUV��DQG�HOVHZKHUH���*LYHQ
WKDW� VXFK� SUREOHPV� KDYH� SHUVLVWHG� LQ� PLVVLRQ�FULWLFDO� VSDFH� FRPSXWHUV� IRU� GHFDGHV�� LW� LV� QRW
GLIILFXOW� WR� SUHGLFW� WKH\� ZLOO� VWLOO� EH� ZLWK� XV� VHYHUDO� GHFDGHV� KHQFH� LQ� HYHU\GD\� FRPSXWLQJ�
+RZHYHU�� WKH� SUREOHP� WKHQ�ZLOO� EH� WKDW� HYHU\GD\� FRPSXWLQJ�ZLOO� KDYH� FRPSOHWHG� LWV� FKDQJH
IURP� OX[XU\� WR� QHFHVVLW\�� PDNLQJ� VXFK� IDLOXUHV� SRWHQWLDOO\� GHYDVWDWLQJ� LQVWHDG� RI� PHUHO\
LQFRQYHQLHQW�RU�H[SHQVLYH�
7KXV�� WKH� %DOOLVWD� SURMHFW� ZDV� FUHDWHG� WR� PHDVXUH� WKH� UREXVWQHVV� RI� V\VWHPV�� � %HFDXVH

RSHUDWLQJ�V\VWHP��26��VRIWZDUH�XQGHUOLHV�PRVW�ODUJH�V\VWHPV��WKH�ILUVW�DSSOLFDWLRQ�DUHD�WKDW�ZDV
FKRVHQ� ZDV� WR� SURGXFH� TXDQWLILHG� UHVXOWV� IRU� UREXVWQHVV� WHVWLQJ� RI� IXOO�VFDOH�� RII�WKH�VKHOI
RSHUDWLQJ�V\VWHPV���$XWRPDWHG�WHVWLQJ�ZDV�SHUIRUPHG�RQ�ILIWHHQ�326,;�>��@�RSHUDWLQJ�V\VWHP
YHUVLRQV� IURP� WHQ� GLIIHUHQW� YHQGRUV� DFURVV� D� YDULHW\� RI� KDUGZDUH� SODWIRUPV�� �0RUH� WKDQ� RQH
PLOOLRQ�WHVWV�ZHUH�H[HFXWHG�LQ�DOO��FRYHULQJ�XS�WR�����GLVWLQFW�IXQFWLRQV�DQG�V\VWHP�FDOOV�IRU�HDFK
26���0DQ\�RI�WKH�WHVWV�UHVXOWHG�LQ�UREXVWQHVV�IDLOXUHV��UDQJLQJ�LQ�VHYHULW\�IURP�FRPSOHWH�V\VWHP
FUDVKHV�WR�IDOVH�LQGLFDWLRQ�RI�VXFFHVVIXO�RSHUDWLRQ�LQ�XQVSHFLILHG�FLUFXPVWDQFHV�
,Q� EULHI�� WKH� %DOOLVWD� WHVWLQJ� PHWKRGRORJ\� LQYROYHV� DXWRPDWLFDOO\� JHQHUDWLQJ� VHWV� RI

H[FHSWLRQDO�SDUDPHWHU�YDOXHV�WR�EH�XVHG�LQ�FDOOLQJ�VRIWZDUH�PRGXOHV���7KH�UHVXOWV�RI�WKHVH�FDOOV
DUH�H[DPLQHG�WR�GHWHUPLQH�ZKHWKHU�WKH�PRGXOH�GHWHFWHG�DQG�QRWLILHG�WKH�FDOOLQJ�SURJUDP�RI�DQ
HUURU�� DQG� ZKHWKHU� WKH� WDVN� RU� HYHQ� V\VWHP� VXIIHUHG� D� FUDVK� RU� KDQJ�� � 7KHUH� DUH� WZR� NH\
DSSURDFKHV� WKDW� PDNH� WKLV� DSSURDFK� LQH[SHQVLYH� DQG� VFDODEOH�� WKH� XVH� RI� DQ� REMHFW�RULHQWHG
WHVWLQJ� DSSURDFK� EDVHG� RQ� GDWD� W\SHV� UDWKHU� WKDQ� IXQFWLRQDOLW\�� DQG� WKH� IDFW� WKDW� WHVWLQJ� LV
SHUIRUPHG� IRU� D� UHODWLYHO\� VLPSOH� SURSHUW\� RI� UREXVWQHVV� UDWKHU� WKDQ� IRU� WKH� PRUH� FRPSOH[
SURSHUW\�RI�FRUUHFWQHVV�
,Q� WKH� IROORZLQJ� VHFWLRQV�ZH� VKDOO� GLVFXVV� SUHYLRXV�ZRUN� LQ� WKLV� DUHD�� WKH� %DOOLVWD� WHVWLQJ

PHWKRGRORJ\�� DQG� SRWHQWLDO� DSSOLFDWLRQV� RI� WKDW� PHWKRGRORJ\� WR� WKH� DUHDV� RI� IDXOW� WROHUDQFH�
VRIWZDUH�DVVXUDQFH��DQG�FRPSXWHU�VHFXULW\���:KLOH�SDUW�RI�WKH�VWRU\�LV�VLPSO\�WKH�DSSOLFDWLRQ�RI
H[LVWLQJ�%DOOLVWD�UHVXOWV�DQG�PHWKRGRORJLHV�WR�WKHVH�DUHDV��WKH�UHVW�RI�WKH�GLVFXVVLRQ�ZLOO�EH�PRUH
VSHFXODWLYH��DQG�K\SRWKHVL]H�ZD\V�LQ�ZKLFK�WKH�DSSURDFK�PLJKW�EH�JHQHUDOL]HG�DQG�H[WHQGHG�

����3UHYLRXV�ZRUN

:KLOH� WKH�%DOOLVWD� UREXVWQHVV� WHVWLQJ�PHWKRG�GHVFULEHG� LQ� WKLV� SDSHU� LV� D� IRUP�RI� VRIWZDUH
WHVWLQJ��LWV�KHULWDJH�WUDFHV�EDFN�QRW�RQO\�WR�WKH�VRIWZDUH�WHVWLQJ�FRPPXQLW\��EXW�DOVR�WR�WKH�IDXOW
WROHUDQFH� FRPPXQLW\� DV� D� IRUP� RI� VRIWZDUH�EDVHG� IDXOW� LQMHFWLRQ�� � ,Q� VRIWZDUH� WHVWLQJ� WHUPV�
%DOOLVWD�SHUIRUPV�WHVWV�IRU�UHVSRQVHV�WR�H[FHSWLRQDO�LQSXW�FRQGLWLRQV��VRPHWLPHV�FDOOHG�³GLUW\´
WHVWV��ZKLFK�LQYROYH�H[FHSWLRQDO�VLWXDWLRQV��DV�RSSRVHG�WR�³FOHDQ´�WHVWV�RI�FRUUHFW�IXQFWLRQDOLW\�LQ
QRUPDO� VLWXDWLRQV��� � 7KH� WHVW� LGHDV� XVHG� DUH� EDVHG� RQ� ³EODFN� ER[�´� RU� IXQFWLRQDO� WHVWLQJ
WHFKQLTXHV�>%H]LHU��@�LQ�ZKLFK�RQO\�IXQFWLRQDOLW\�LV�RI�FRQFHUQ��QRW�WKH�DFWXDO�VWUXFWXUH�RI�WKH
VRXUFH�FRGH���+RZHYHU��%DOOLVWD�LQ�LWV�FXUUHQW�IRUP�LV�QRW�FRQFHUQHG�ZLWK�YDOLGDWLQJ�IXQFWLRQDOLW\
IRU�RUGLQDU\�RSHUDWLQJ�FRQGLWLRQV��EXW�UDWKHU�GHWHUPLQLQJ�ZKHWKHU�RU�QRW�D�VRIWZDUH�PRGXOH�LV
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UREXVW�
,Q� FRPPRQ� XVDJH�� WKH� WHUP� UREXVWQHVV�PLJKW� UHIHU� WR� WKH� WLPH� EHWZHHQ� RSHUDWLQJ� V\VWHP

FUDVKHV�XQGHU�VRPH�XVDJH�SURILOH���+RZHYHU��WKH�DXWKRULWDWLYH�GHILQLWLRQ�RI�UREXVWQHVV�WKDW�ZLOO
EH�XVHG�LQ� WKH�FXUUHQW�GLVFXVVLRQ�LV�³WKH�GHJUHH�WR�ZKLFK�D�V\VWHP�RU�FRPSRQHQW�FDQ�IXQFWLRQ
FRUUHFWO\� LQ� WKH� SUHVHQFH� RI� LQYDOLG� LQSXWV� RU� VWUHVVIXO� HQYLURQPHQWDO� FRQGLWLRQV´� >��@�� � 7KLV
H[SDQGV�WKH�QRWLRQ�RI�UREXVWQHVV�WR�EH�PRUH�WKDQ�FDWDVWURSKLF�V\VWHP�FUDVKHV��DQG�HQFRPSDVVHV
VLWXDWLRQV�LQ�ZKLFK�VPDOO��UHFRYHUDEOH�IDLOXUHV�PLJKW�DOVR�RFFXU���%DOOLVWD�ZRUN�FRQFHQWUDWHV�RQ
WKH� SRUWLRQ� RI� UREXVWQHVV� GHDOLQJ� ZLWK� LQYDOLG� LQSXWV�� � :KLOH� UREXVWQHVV� XQGHU� VWUHVVIXO
HQYLURQPHQWDO�FRQGLWLRQV�LV�LQGHHG�DQ�LPSRUWDQW�LVVXH��D�GHVLUH�WR�DWWDLQ�KLJKO\�UHSHDWDEOH�UHVXOWV
KDV�OHG�WKH�%DOOLVWD�SURMHFW�WR�FRQVLGHU�RQO\�UREXVWQHVV�LVVXHV�GHDOLQJ�ZLWK�D�VLQJOH�LQYRFDWLRQ�RI
D�VRIWZDUH�PRGXOH�IURP�D�VLQJOH�H[HFXWLRQ�WKUHDG��KRZHYHU��DV�ZLOO�EH�GLVFXVVHG��WKLV�LV�IDU�OHVV
OLPLWLQJ�DQ�DSSURDFK�WKDQ�RQH�PLJKW�WKLQN��

������&UDVKPH

$Q�HDUO\�DQG�ZHOO�NQRZQ�PHWKRG�IRU�DXWRPDWLFDOO\�WHVWLQJ�RSHUDWLQJ�V\VWHPV�IRU�UREXVWQHVV
ZDV�WKH�GHYHORSPHQW�RI�WKH�&UDVKPH�SURJUDP�>�@��&UDVKPH�RSHUDWHV�E\�ZULWLQJ�UDQGRPL]HG�GDWD
YDOXHV�WR�PHPRU\��WKHQ�VSDZQLQJ�ODUJH�QXPEHUV�RI�WDVNV�WKDW�DWWHPSWHG�WR�H[HFXWH�WKRVH�UDQGRP
E\WHV�DV�SURJUDPV�� �:KLOH�PDQ\� WDVNV� WHUPLQDWH�DOPRVW� LPPHGLDWHO\�GXH�WR�LOOHJDO� LQVWUXFWLRQ
H[FHSWLRQV��RQ�RFFDVLRQ�D�VLQJOH�WDVN�RU�D�FRQIOXHQFH�RI�PXOWLSOH�WDVNV�FDQ�FDXVH�DQ�RSHUDWLQJ
V\VWHP� WR� IDLO�� � 7KH� HIIHFWLYHQHVV� RI� WKH�&UDVKPH� DSSURDFK� UHOLHV� XSRQ� VHUHQGLSLW\� �LQ� RWKHU
ZRUGV��LI�UXQ�ORQJ�HQRXJK�LW�PD\�HYHQWXDOO\�ILQG�VRPH�ZD\�WR�FUDVK�WKH�V\VWHP��
7KH�FUDVKPH�DSSURDFK�KDV�WKH�GLVWLQFW�DGYDQWDJH�WKDW�LW�LV�UHODWLYHO\�HDV\�WR�LPSOHPHQW��DQG

FDQ� EH� SRUWHG� UHDGLO\� WR� D�ZLGH� YDULHW\� RI� V\VWHPV�� � ,W� DOVR� KDV� WKH� FRPSHOOLQJ� YLUWXH� WKDW� LW
DFWXDOO\�GRHV�ILQG�ZD\V�WR�FUDVK�RSHUDWLQJ�V\VWHPV�� �+RZHYHU��DV�D� WHFKQLTXH�LW� LV�QRW�UHDGLO\
DSSOLHG�WR�RWKHU�DSSOLFDWLRQ�DUHDV��DQG�GRHV�QRW�SURGXFH�UHSHDWDEOH��GHWHUPLQLVWLF�UHVXOWV�WKDW�DUH
GHVLUDEOH� IRU� FRQFLVH� EXJ� UHSRUWV�� � )LQDOO\�� LW� LV� QRW� UHDOO\� GHVLJQHG� WR� TXDQWLI\� DQG� FRPSDUH
V\VWHPV�VR�PXFK�DV�GLVFRYHU�SUREOHPV�LQ�D�SDUWLFXODU�V\VWHP�

������)DXOW�LQMHFWLRQ

2WKHU�ZRUN�LQ�WKH�IDXOW�LQMHFWLRQ�DUHD�KDV�DOVR�WHVWHG�DVSHFWV�RI�UREXVWQHVV��7KH�)LDW�V\VWHP
>�@�XVHV�SUREHV�SODFHG�E\�WKH�SURJUDPPHU�WR�DOWHU�WKH�ELQDU\�SURFHVV�LPDJH�LQ�PHPRU\�GXULQJ
H[HFXWLRQ�� � �7KH�)HUUDUL� V\VWHP� >��@� LV� VLPLODU� LQ� LQWHQW� WR�),$7��EXW�XVHV�VRIWZDUH� WUDSV� LQ�D
PDQQHU�VLPLODU�WR�GHEXJJHU�EUHDN�SRLQWV�WR�SHUPLW�HPXODWLRQ�RI�VSHFLILF�V\VWHP�OHYHO�KDUGZDUH
IDXOWV��H�J���GDWD�DGGUHVV� OLQHV��FRQGLWLRQ�FRGHV��� �7KH�)7$3(�V\VWHP�>��@�LQMHFWV�IDXOWV� LQWR�D
V\VWHP�EHLQJ�H[HUFLVHG�ZLWK�D�UDQGRP�ZRUNORDG�JHQHUDWRU�E\�XVLQJ�D�SODWIRUP�VSHFLILF�GHYLFH
GULYHU�WR�LQMHFW�WKH�IDXOWV���:KLOH�DOO�RI�WKHVH�V\VWHPV�KDYH�SURGXFHG�LQWHUHVWLQJ�UHVXOWV��QRQH�ZDV
LQWHQGHG�WR�TXDQWLI\�UREXVWQHVV�RQ�WKH�VFDOH�RI�DQ�HQWLUH�26�$3,�
7KH�)X]]�SURMHFW�DW�WKH�8QLYHUVLW\�RI�:LVFRQVLQ�KDV�XVHG�UDQGRP�QRLVH��RU��IX]]���LQMHFWLRQ

WR� GLVFRYHU� UREXVWQHVV� SUREOHPV� LQ� RSHUDWLQJ� V\VWHPV�� � 7KDW�ZRUN� GRFXPHQWHG� WKH� VRXUFH� RI
VHYHUDO� SUREOHPV� >��@�� DQG� WKHQ� GLVFRYHUHG� WKDW� WKH� SUREOHPV�ZHUH� VWLOO� SUHVHQW� LQ� RSHUDWLQJ
V\VWHPV�VHYHUDO�\HDUV�ODWHU�>��@���7KH�)X]]�DSSURDFK�WHVWHG�VSHFLILF�26�HOHPHQWV�DQG�LQWHUIDFHV
�FRPSDUHG�WR�WKH�FRPSOHWHO\�UDQGRP�DSSURDFK�RI�&UDVKPH���DOWKRXJK�LW�VWLOO�UHOLHG�RQ�UDQGRP
GDWD�LQMHFWLRQ�
7KH� %DOOLVWD� WHVWLQJ� DSSURDFK� EXLOGV� XSRQ� D� OHJDF\� RI� ZRUN� LQ� WKH� IDXOW� LQMHFWLRQ� DUHD

SHUIRUPHG�E\�6LHZLRUHN�DQG�KLV�VWXGHQWV�DW�&DUQHJLH�0HOORQ�8QLYHUVLW\�� �7KLV�ZRUN�KDV�ORQJ
VRXJKW�D�FRPELQDWLRQ�RI�UHSHDWDELOLW\��KLJK�OHYHO�LPSOHPHQWDWLRQ��DQG�SRUWDELOLW\��TXDQWLILFDWLRQ
ZDV�QRW�DQ�H[SOLFLW�JRDO��EXW�FDQ�EH�DFFRPSOLVKHG�JLYHQ�WKDW�WKH�RWKHU�JRDOV�KDYH�EHHQ�PHW��
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$�ILUVW�HIIRUW�DW�&DUQHJLH�0HOORQ�ZDV�WKH�FUHDWLRQ�RI�D�GHVFHQGHQW�RI�FUDVKPH�FDOOHG�&08�
FUDVKPH���,QVWHDG�RI�H[HFXWLQJ�UDQGRP�GDWD��&08�FUDVKPH�UHVWULFWHG�UDQGRPQHVV�WR�SDUDPHWHU
YDOXHV�IRU�FRQFXUUHQWO\�H[HFXWHG�V\VWHP�FDOOV���7KLV�KDG�WKH�HIIHFW�RI�FRQFHQWUDWLQJ�WHVWLQJ�RQ�WKH
26�LQWHUIDFH��DQG�HOLPLQDWLQJ�D�ODUJH�QXPEHU�RI�WHVWV�WKDW�VLPSO\�UHVXOWHG�LQ�LOOHJDO�LQVWUXFWLRQ
H[FHSWLRQV���,W�VWLOO��KRZHYHU��UHOLHG�RQ�VHUHQGLSLW\�WR�GLVFRYHU�SUREOHPV�DQG�ZDV�QRW�UHSHDWDEOH�
7KH�QH[W�JHQHUDWLRQ�RI�ZRUN�ZDV�FDOOHG�UREXVWQHVV�EHQFKPDUNLQJ��LQ�ZKLFK�FDUHIXOO\�VHOHFWHG

GDWD�YDOXHV�ZHUH�VHQW�WR�VHOHFWHG�IXQFWLRQ�FDOOV��ZLWK�RQH�FDOO�H[HFXWHG�DW�D�WLPH���7KH�HIIRUW�ZDV
ODERU�LQWHQVLYH�LQ�WKDW�LW�UHTXLUHG�GHYHORSLQJ�D�WHVW�VXLWH��EXW�DWWDLQHG�UHSHDWDELOLW\���$QG��SHUKDSV
VXUSULVLQJO\��HYHQ�ZLWK�D�VLQJOH�FDOO�PRGHO�LW�IRXQG�ZD\V�WR�FUDVK�RSHUDWLQJ�V\VWHPV�IURP�XVHU
PRGH�� LQFOXGLQJ�D�VSDFH�TXDOLILHG� IDXOW� WROHUDQW�DHURVSDFH�FRPSXWHU�>��@�� �(YHQWXDOO\�� VHYHUDO
RSHUDWLQJ�V\VWHPV�ZHUH�WHVWHG�ZLWK�D�KDQGIXO�RI�FDOOV��GHPRQVWUDWLQJ�SRUWDELOLW\��DQG�UHYHDOLQJ
WKDW�UREXVWQHVV�IDLOXUHV�ZHUH�SUHYDOHQW�DFURVV�YDULRXV�V\VWHPV�>��@�
2QFH�UHSHDWDELOLW\�KDG�EHHQ�DFKLHYHG��WKH�REYLRXV�QH[W�VWHS�ZDV�WR�JHQHULFL]H�WKH�WHVWV�DQG

DWWDLQ�VFDODELOLW\�IRU�ODUJHU�$3,V���7KXV��ZRUN�ZDV�GRQH�WR�H[WHQG�WKH�UREXVWQHVV�EHQFKPDUNV�E\
JHQHULFL]LQJ� GLIIHUHQW� RSHUDWLRQV� ZLWKLQ� D� IXQFWLRQ� DQG� DWWHPSWLQJ� WR� DVVRFLDWH� WKHP� ZLWK
GLIIHUHQW�WHVW�GDWD�W\SHV�>��@���)RU�H[DPSOH��PDQ\�IXQFWLRQV�VHUYH�WR�FUHDWH�D�GDWD�REMHFW��ZKHWKHU
LW�EH�D�ILOH��DQ�DOORFDWHG�EORFN�RI�PHPRU\��RU�D�GDWD�VWUXFWXUH���6LPLODUO\��RWKHU�IXQFWLRQV�PRGLI\�
GHOHWH��DQG�FRS\�VXFK�REMHFWV���7KXV��RQH�FRXOG�WKLQN�RI�JHQHULFL]LQJ�WKH�IXQFWLRQ�RI�D�SDUWLFXODU
PRGXOH�LQWR�RQH�RI�D�SUHVHW�FDWHJRU\��DQG�WKHQ�GLUHFW�WHVWLQJ�EDVHG�RQ�D�FRPELQDWLRQ�RI�JHQHULF
IXQFWLRQ�DQG�GDWD�W\SH���:KLOH�WKLV�DSSURDFK�GLG�ZRUN��DWWHPSWV�WR�VFDOH�LW�WR�IXOO�VL]H�V\VWHPV
ZHUH� XQVXFFHVVIXO� EHFDXVH� WKH� HIIRUW� UHTXLUHG� WR� VSHFLI\� JHQHULF� IXQFWLRQDOLW\� VFDOHG� OLQHDUO\
ZLWK�WKH�QXPEHU�RI�IXQFWLRQV�EHLQJ�WHVWHG���7KH�DSSURDFK�UHPDLQV�SURPLVLQJ��EXW�LV�QRW�ZLWKRXW
IXUWKHU�LVVXHV�WR�EH�UHVROYHG�
$IWHU� DWWHPSWLQJ� WR� JHQHULFL]H� IXQFWLRQV�� D� IUHVK� DSSURDFK� WR� WKH� SUREOHP� ZDV� WDNHQ� E\

HOLPLQDWLQJ� WKH� LQYROYHPHQW� RI� IXQFWLRQDOLW\� DOWRJHWKHU�� DQG� FUHDWLQJ� WHVW� FDVHV�EDVHG�RQ�GDWD
W\SH�LQIRUPDWLRQ�DORQH���7KLV�DSSURDFK�ZDV�WKH�VRXUFH�RI�WKH�%DOOLVWD�WHVWLQJ�PHWKRGRORJ\�>��@�
ZKLFK�DWWDLQHG�UHSHDWDELOLW\��SRUWDELOLW\��DQG�VFDODELOLW\��DQG�LV�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�ODWHU
VHFWLRQV�� �$V�DQ�DGGLWLRQDO�EHQHILW�� WKH�DELOLW\� WR�SHUIRUP�RYHU�D�PLOOLRQ� WHVWV�RQ�PRUH� WKDQ�D
GR]HQ� RSHUDWLQJ� V\VWHPV� SURYLGHG� HQRXJK� WHVW� GDWD� WR� FUHDWH� D� VWUDWHJ\� IRU� TXDQWLILFDWLRQ� RI
UREXVWQHVV�

������6RIWZDUH�WHVWLQJ

*LYHQ�D�GHVLUH�WR�SURYLGH�FUDVKPH�OLNH�WHVWLQJ�LQ�D�PRUH�GHWHUPLQLVWLF��UHSHDWDEOH�VHWWLQJ��RQH
FDQ�WXUQ�WR�VRIWZDUH�WHVWLQJ�WR�ERUURZ�FRQFHSWV���6RIWZDUH�WHVWLQJ�IRU�WKH�SXUSRVH�RI�GHWHUPLQLQJ
UHOLDELOLW\� LV� RIWHQ�FDUULHG�RXW� E\� H[HUFLVLQJ�D� VRIWZDUH� V\VWHP�XQGHU� UHSUHVHQWDWLYH�ZRUNORDG
FRQGLWLRQV�DQG�PHDVXULQJ�IDLOXUH�UDWHV���,Q�DGGLWLRQ��HPSKDVLV�LV�RIWHQ�SODFHG�RQ�FRGH�FRYHUDJH
DV�D�ZD\�RI�DVVHVVLQJ�ZKHWKHU�D�PRGXOH�KDV�EHHQ�WKRURXJKO\�WHVWHG���8QIRUWXQDWHO\��WUDGLWLRQDO
VRIWZDUH� UHOLDELOLW\� WHVWLQJ� PD\� QRW� XQFRYHU� UREXVWQHVV� SUREOHPV� WKDW� RFFXU� EHFDXVH� RI
XQH[SHFWHG�LQSXW�YDOXHV�JHQHUDWHG�E\�EXJV�LQ�RWKHU�PRGXOHV��RU�EHFDXVH�RI�DQ�HQFRXQWHU�ZLWK
DW\SLFDO�RSHUDWLQJ�FRQGLWLRQV�
6WUXFWXUDO�� RU� ZKLWH�ER[�� WHVWLQJ� WHFKQLTXHV� DUH� XVHIXO� IRU� DWWDLQLQJ� KLJK� WHVW� FRYHUDJH� RI

SURJUDPV�� �%XW�� WKH\�W\SLFDOO\�IRFXV�RQ� WKH�FRQWURO�IORZ�RI�D�SURJUDP�UDWKHU� WKDQ�KDQGOLQJ�RI
H[FHSWLRQDO� GDWD� YDOXHV�� � )RU� H[DPSOH�� VWUXFWXUDO� WHVWLQJ� DVFHUWDLQV�ZKHWKHU� FRGH� GHVLJQHG� WR
GHWHFW�LQYDOLG�GDWD�LV�H[HFXWHG�E\�D�WHVW�VXLWH��EXW�PD\�QRW�GHWHFW�ZKHWKHU�D�FKHFN�IRU�LQYDOLG�GDWD
LV�PLVVLQJ�IURP�WKH�SURJUDP�DOWRJHWKHU���$GGLWLRQDOO\��VWUXFWXUDO�WHVWLQJ�W\SLFDOO\�UHTXLUHV�DFFHVV
WR�VRXUFH�FRGH��ZKLFK�PD\�EH�XQDYDLODEOH�ZKHQ�XVLQJ�&276�VRIWZDUH�FRPSRQHQWV�
$�FRPSOHPHQWDU\�DSSURDFK�LV�EODFN�ER[�WHVWLQJ��DOVR�FDOOHG�EHKDYLRUDO�WHVWLQJ�>�@���%ODFN�ER[

WHVWLQJ� WHFKQLTXHV� DUH� GHVLJQHG� WR� GHPRQVWUDWH� FRUUHFW� UHVSRQVH� WR� YDULRXV� LQSXW� YDOXHV
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UHJDUGOHVV�RI� WKH� VRIWZDUH� LPSOHPHQWDWLRQ�� DQG� VHHP�PRUH�DSSURSULDWH� IRU� UREXVWQHVV� WHVWLQJ�
7ZR�W\SHV�RI�EODFN�ER[�WHVWLQJ�DUH�SDUWLFXODUO\�XVHIXO�DV�VWDUWLQJ�SRLQWV�IRU�UREXVWQHVV�WHVWLQJ�
GRPDLQ�WHVWLQJ�DQG�V\QWD[�WHVWLQJ���'RPDLQ�WHVWLQJ�ORFDWHV�DQG�SUREHV�SRLQWV�DURXQG�H[WUHPD�DQG
GLVFRQWLQXLWLHV�LQ�WKH�LQSXW�GRPDLQ���6\QWD[�WHVWLQJ�FRQVWUXFWV�FKDUDFWHU�VWULQJV�WKDW�DUH�GHVLJQHG
WR�WHVW�WKH�UREXVWQHVV�RI�VWULQJ�OH[LQJ�DQG�SDUVLQJ�V\VWHPV���%RWK�W\SHV�RI�WHVWLQJ�DUH�DPRQJ�WKH
DSSURDFKHV�XVHG�LQ�%DOOLVWD�
$XWRPDWLFDOO\�JHQHUDWLQJ�VRIWZDUH�WHVWV�UHTXLUHV�WKUHH�WKLQJV��D�0RGXOH�XQGHU�7HVW��0X7���D

PDFKLQH�XQGHUVWDQGDEOH� VSHFLILFDWLRQ� RI� FRUUHFW� EHKDYLRU�� DQG� DQ� DXWRPDWLF� ZD\� WR� FRPSDUH
UHVXOWV� RI� H[HFXWLQJ� WKH�0X7� ZLWK� WKH� VSHFLILFDWLRQ�� � 8QIRUWXQDWHO\�� REWDLQLQJ� RU� FUHDWLQJ� D
EHKDYLRUDO�VSHFLILFDWLRQ�IRU�D�&276�RU�OHJDF\�VRIWZDUH�FRPSRQHQW�LV�RIWHQ�LPSUDFWLFDO�GXH�WR
XQDYDLODELOLW\�RU�FRVW�
)RUWXQDWHO\��UREXVWQHVV�WHVWLQJ�QHHG�QRW�XVH�D�GHWDLOHG�EHKDYLRUDO�VSHFLILFDWLRQ���,QVWHDG��WKH

DOPRVW� WULYLDO� VSHFLILFDWLRQ�RI� ³GRHVQ¶W� FUDVK��GRHVQ¶W� KDQJ´� VXIILFHV�� �'HWHUPLQLQJ�ZKHWKHU�D
0X7�PHHWV�WKLV�VSHFLILFDWLRQ�LV�VWUDLJKWIRUZDUG����WKH�RSHUDWLQJ�V\VWHP�FDQ�EH�TXHULHG�WR�VHH�LI�D
WHVW�SURJUDP�WHUPLQDWHV�DEQRUPDOO\��DQG�D�ZDWFKGRJ�WLPHU�FDQ�EH�XVHG�WR�GHWHFW�KDQJV���7KXV�
UREXVWQHVV�WHVWLQJ�FDQ�EH�SHUIRUPHG�RQ�PRGXOHV��WKDW�GRQ¶W�LQWHQWLRQDOO\�FUDVK�RU�KDQJ��LQ�WKH
DEVHQFH�RI�LQGLYLGXDO�EHKDYLRUDO�VSHFLILFDWLRQV�

$Q\�H[LVWLQJ�VSHFLILFDWLRQ�IRU�D�0X7�PLJKW�GHILQH�LQSXWV�DV�IDOOLQJ�LQWR�WKUHH�FDWHJRULHV��YDOLG
LQSXWV��LQSXWV�ZKLFK�DUH�VSHFLILHG�WR�EH�KDQGOHG�DV�H[FHSWLRQV��DQG�LQSXWV�IRU�ZKLFK�WKH�EHKDYLRU
LV� XQVSHFLILHG� �)LJXUH� ���� � %DOOLVWD� WHVWLQJ�� EHFDXVH� LW� LV� QRW� FRQFHUQHG� ZLWK� WKH� VSHFLILHG
EHKDYLRU��FROODSVHV�WKH�XQVSHFLILHG�DQG�VSHFLILHG�H[FHSWLRQDO�LQSXWV�LQWR�D�VLQJOH�LQYDOLG�LQSXW
VSDFH�� � 7KH� UREXVWQHVV� RI� WKH� UHVSRQVHV� RI� WKH�0X7� FDQ� EH� FKDUDFWHUL]HG� DV� UREXVW� �QHLWKHU
FUDVKHV� QRU� KDQJV�� EXW� LV� QRW� QHFHVVDULO\� FRUUHFW� IURP� D� GHWDLOHG� EHKDYLRUDO� YLHZ��� KDYLQJ� D
UHSURGXFLEOH� IDLOXUH� �D� FUDVK� RU� KDQJ� WKDW� LV� FRQVLVWHQWO\� UHSURGXFHG��� DQG� DQ� XQUHSURGXFLEOH
IDLOXUH� �D� UREXVWQHVV� IDLOXUH� WKDW� LV� QRW� UHDGLO\� UHSURGXFLEOH��� � 7KH� REMHFWLYH� RI�%DOOLVWD� LV� WR
LGHQWLI\�UHSURGXFLEOH�IDLOXUHV�

������,QVWUXPHQWDWLRQ�DSSURDFKHV

7KHUH�DUH�VHYHUDO� FRPPHUFLDO�SURGXFWV� WKDW�KHOS� LQ�GHYHORSLQJ� UREXVW�FRGH��VXFK�DV�3XULI\
>��@�DQG�%RXQGVFKHFNHU>��@��ZKLFK�LQVWUXPHQW�VRIWZDUH�WR�GHWHFW�H[FHSWLRQDO�VLWXDWLRQV���7KH\
ZRUN�E\�GHWHFWLQJ� H[FHSWLRQV� WKDW� DULVH�GXULQJ�GHYHORSPHQW� WHVWLQJ�RU� XVDJH�RI� WKH� VRIWZDUH�
+RZHYHU��WKH\�DUH�QRW�DEOH�WR�ILQG�UREXVWQHVV�IDLOXUHV�WKDW�PLJKW�RFFXU�LQ�VLWXDWLRQV�ZKLFK�DUH
QRW�WHVWHG��DQG��HYHQ�ZLWK�ZKDW�ZRXOG�QRUPDOO\�EH�FDOOHG������WHVW�FRYHUDJH��LW�LV�XQOLNHO\�LQ

)LJXUH�����%DOOLVWD�KDV�D�JRDO�RI�LGHQWLI\LQJ�UHSURGXFLEOH�IDLOXUHV�IRU�LQYDOLG�LQSXWV�WR�D�
PRGXOH�XQGHU�WHVW�
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%(+$9,25
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SUDFWLFH�WKDW�HYHU\�H[FHSWLRQDO�FRQGLWLRQ�ZKLFK�ZLOO�EH�HQFRXQWHUHG�LQ�WKH�ILHOG�LV�LQFOXGHG�LQ�WKH
VRIWZDUH�WHVW�VXLWH����7KH�%DOOLVWD�DSSURDFK�GLIIHUV�IURP��DQG�FRPSOHPHQWV��WKHVH�DSSURDFKHV�E\
DFWLYHO\� VHHNLQJ�RXW� UREXVWQHVV� IDLOXUHV�� UDWKHU� WKDQ�EHLQJ� DQ� LQVWUXPHQWDWLRQ� WRRO�� LW� DFWXDOO\
JHQHUDWHV� WHVWV� IRU� H[FHSWLRQ� KDQGOLQJ� DELOLW\� DQG� IHHGV� WKHP�GLUHFWO\� LQWR� VRIWZDUH�PRGXOHV�
7KXV��%DOOLVWD�LV�OLNHO\�WR�ILQG�UREXVWQHVV�IDLOXUHV�WKDW�ZRXOG�RWKHUZLVH�EH�PLVVHG�GXULQJ�QRUPDO
VRIWZDUH�WHVWLQJ��HYHQ�ZLWK�DYDLODEOH�LQVWUXPHQWDWLRQ�WRROV�

����7KH�%DOOLVWD�VFDODEOH�UREXVWQHVV�WHVWLQJ�IUDPHZRUN

$�VRIWZDUH�FRPSRQHQW��IRU�RXU�SXUSRVHV�� LV�DQ\�SLHFH�RI�VRIWZDUH�WKDW�FDQ�EH�LQYRNHG�DV�D
SURFHGXUH�� IXQFWLRQ�� RU�PHWKRG�ZLWK� D� QRQ�QXOO� VHW� RI� LQSXW� SDUDPHWHUV�� �:KLOH� WKDW� LV� QRW� D
XQLYHUVDO�GHILQLWLRQ�RI�DOO� VRIWZDUH� LQWHUIDFHV�� LW� LV� VXIILFLHQWO\�EURDG� WR�EH�RI� LQWHUHVW�� � ,Q� WKH
%DOOLVWD� DSSURDFK�� UREXVWQHVV� WHVWLQJ�RI� VXFK�D� VRIWZDUH� FRPSRQHQW� �D�0RGXOH�XQGHU�7HVW�� RU
0X7�� FRQVLVWV� RI� HVWDEOLVKLQJ� DQ� LQLWLDO� V\VWHP� VWDWH�� H[HFXWLQJ� D� VLQJOH� FDOO� WR� WKH� 0X7�
GHWHUPLQLQJ�ZKHWKHU�D�UREXVWQHVV�SUREOHP�RFFXUUHG��DQG�WKHQ�UHVWRULQJ�V\VWHP�VWDWH�WR�SUH�WHVW
FRQGLWLRQV�LQ�SUHSDUDWLRQ�IRU�WKH�QH[W�WHVW���$OWKRXJK��H[HFXWLQJ�FRPELQDWLRQV�RI�FDOOV�WR�RQH�RU
PRUH�0X7V�GXULQJ�D�WHVW�FDQ�EH�XVHIXO�LQ�VRPH�VLWXDWLRQV��ZH�KDYH�IRXQG�WKDW�HYHQ�WKLV�VLPSOH
DSSURDFK�RI�WHVWLQJ�D�VLQJOH�FDOO�DW�D�WLPH�SURYLGHV�D�ULFK�VHW�RI�WHVWV��DQG�XQFRYHUV�D�VLJQLILFDQW
QXPEHU�RI�UREXVWQHVV�SUREOHPV�
%DOOLVWD�GUDZV�XSRQ�LGHDV�IURP�WKH�DUHDV�RI�ERWK�VRIWZDUH�WHVWLQJ�DQG�IDXOW�LQMHFWLRQ���$�NH\

LGHD�LV�WKH�XVH�RI�DQ�REMHFW�RULHQWHG�DSSURDFK��GULYHQ�E\�SDUDPHWHU�OLVW�GDWD�W\SH�LQIRUPDWLRQ��WR
DFKLHYH�VFDODELOLW\�DQG�DXWRPDWHG�LQLWLDOL]DWLRQ�RI�V\VWHP�VWDWH�IRU�HDFK�WHVW�FDVH�

������%DOOLVWD�DSSURDFK

7KH� %DOOLVWD� UREXVWQHVV� WHVWLQJ�PHWKRGRORJ\� LV� EDVHG� RQ� FRPELQDWLRQDO� WHVWV� RI� YDOLG� DQG
LQYDOLG�SDUDPHWHU�YDOXHV�IRU�V\VWHP�FDOOV�DQG�IXQFWLRQV���,Q�HDFK�WHVW�FDVH��D�VLQJOH�VRIWZDUH�0X7
LV� FDOOHG� D� VLQJOH� WLPH� WR� GHWHUPLQH�ZKHWKHU� LW� LV� UREXVW�ZKHQ� FDOOHG�ZLWK� D� SDUWLFXODU� VHW� RI
SDUDPHWHU�YDOXHV���7KHVH�SDUDPHWHU�YDOXHV��RU�WHVW�YDOXHV��DUH�GUDZQ�IURP�D�SRRO�RI�QRUPDO�DQG
H[FHSWLRQDO� YDOXHV�EDVHG� RQ� WKH�GDWD� W\SH�RI� HDFK� DUJXPHQW� SDVVHG� WR� WKH�0X7�� �$� WHVW� FDVH
WKHUHIRUH�FRQVLVWV�RI�WKH�QDPH�RI�WKH�0X7�DQG�D�WXSOH�RI�WHVW�YDOXHV�WKDW�DUH�SDVVHG�DV�SDUDPHWHUV
�L�H��� D� WHVW� FDVH� FRXOG� EH� GHVFULEHG� DV� D� WXSOH�� ^0X7BQDPH�� WHVWBYDOXH��� WHVWBYDOXH��� ���`
FRUUHVSRQGLQJ�WR�D�SURFHGXUH�FDOO�RI�WKH�IRUP��0X7BQDPH�WHVWBYDOXH���WHVWBYDOXH�������������7KXV�
WKH�JHQHUDO�DSSURDFK�WR�%DOOLVWD�WHVWLQJ�LV�WR�WHVW�WKH�UREXVWQHVV�RI�D�VLQJOH�FDOO�WR�D�0X7�IRU�D
VLQJOH� WXSOH�RI� WHVW�YDOXHV�� DQG� WKHQ� UHSHDW� WKLV� SURFHVV� IRU�PXOWLSOH� WHVW� FDVHV� WKDW� HDFK�KDYH
GLIIHUHQW�FRPELQDWLRQV�RI�YDOLG�DQG�LQYDOLG�WHVW�YDOXHV���$�GHWDLOHG�GLVFXVVLRQ�IROORZV�
,Q�%DOOLVWD��WHVWV�DUH�EDVHG�RQ�WKH�YDOXHV�RI�SDUDPHWHUV�DQG�QRW�RQ�WKH�EHKDYLRUDO�GHWDLOV�RI�WKH

0X7���7KH�VHW�RI�WHVW�FDVHV�XVHG�WR�WHVW�D�0X7�LV�FRPSOHWHO\�GHWHUPLQHG�E\�WKH�GDWD�W\SHV�RI�WKH
SDUDPHWHU�OLVW�RI�WKH�0X7�DQG�GRHV�QRW�GHSHQG�RQ�D�EHKDYLRUDO�VSHFLILFDWLRQ�
)LJXUH���VKRZV�WKH�%DOOLVWD�DSSURDFK�WR�JHQHUDWLQJ�WHVW�FDVHV�IRU�D�0X7���%HIRUH�FRQGXFWLQJ

WHVWLQJ��D�VHW�RI�WHVW�YDOXHV�PXVW�EH�ZULWWHQ�IRU�HDFK�GDWD�W\SH�XVHG�LQ�WKH�0X7���)RU�H[DPSOH��LI
RQH�RU�PRUH�PRGXOHV�WR�EH�WHVWHG�UHTXLUH�DQ�LQWHJHU�GDWD�W\SH�DV�DQ�LQSXW�SDUDPHWHU��WHVW�YDOXHV
PXVW�EH�FUHDWHG�IRU�WHVWLQJ�LQWHJHUV���9DOXHV�WR�WHVW�LQWHJHUV�PLJKW�LQFOXGH�������DQG�0$;,17
�PD[LPXP�LQWHJHU�YDOXH����$GGLWLRQDOO\��LI�D�SRLQWHU�GDWD�W\SH�LV�XVHG�ZLWKLQ�WKH�0X7��YDOXHV�RI
18//�DQG�����DPRQJ�RWKHUV��PLJKW�EH�XVHG�� �$�PRGXOH�FDQQRW�EH�WHVWHG�XQWLO� WHVW�YDOXHV�DUH
FUHDWHG�IRU�HDFK�RI�LWV�SDUDPHWHU�GDWD�W\SHV���$XWRPDWLF�WHVWLQJ�JHQHUDWHV�PRGXOH�WHVW�FDVHV�E\
GUDZLQJ�IURP�SRROV�RI�GHILQHG�WHVW�YDOXHV��
(DFK�VHW�RI�WHVW�YDOXHV��RQH�VHW�SHU�GDWD�W\SH��LV�LPSOHPHQWHG�DV�D�WHVWLQJ�REMHFW�KDYLQJ�D�SDLU

RI� FRQVWUXFWRU� DQG�GHVWUXFWRU� IXQFWLRQV� IRU� HDFK� GHILQHG� WHVW� YDOXH�� � ,QVWDQWLDWLRQ�RI� D� WHVWLQJ
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REMHFW� �ZKLFK� LQFOXGHV� VHOHFWLQJ� D� WHVW� YDOXH� IURP� WKH� OLVW� RI� DYDLODEOH� YDOXHV�� H[HFXWHV� WKH
DSSURSULDWH� FRQVWUXFWRU� IXQFWLRQ� WKDW� EXLOGV� DQ\� UHTXLUHG� WHVWLQJ� LQIUDVWUXFWXUH� �RIWHQ� FDOOHG
³VFDIIROGLQJ´����)RU�H[DPSOH��DQ�LQWHJHU�WHVW�FRQVWUXFWRU�ZRXOG�VLPSO\�UHWXUQ�D�SDUWLFXODU�LQWHJHU
YDOXH�� � %XW�� D� ILOH� GHVFULSWRU� WHVW� FRQVWUXFWRU�PLJKW� FUHDWH� D� ILOH�� SODFH� LQIRUPDWLRQ� LQ� LW�� VHW
DSSURSULDWH�DFFHVV�SHUPLVVLRQV��WKHQ�RSHQ�WKH�ILOH�UHTXHVWLQJ�UHDG�SHUPLVVLRQ���$Q�H[DPSOH�RI�D
WHVW�FRQVWUXFWRU�WR�FUHDWH�D�ILOH�RSHQ�IRU�UHDG�LV�VKRZQ�LQ�)LJXUH���
:KHQ�D�WHVW�FDVH�KDV�FRPSOHWHG�H[HFXWLRQ��WKH�FRUUHVSRQGLQJ�GHVWUXFWRUV�IRU�WKH�WHVW�YDOXHV

SHUIRUP� DSSURSULDWH� DFWLRQV� WR� IUHH�� UHPRYH�� RU� RWKHUZLVH� XQGR� ZKDWHYHU� V\VWHP� VWDWH� PD\
UHPDLQ�LQ�SODFH�DIWHU�WKH�0X7�KDV�H[HFXWHG���)RU�H[DPSOH��D�GHVWUXFWRU�IRU�DQ�LQWHJHU�YDOXH�GRHV
QRWKLQJ���2Q�WKH�RWKHU�KDQG��D�GHVWUXFWRU�IRU�D�ILOH�GHVFULSWRU�PLJKW�HQVXUH�WKDW�D�ILOH�FUHDWHG�E\
WKH�FRQVWUXFWRU�LV�GHOHWHG�
,QKHULWDQFH� RI� WHVW� YDOXHV� LV� DOVR� SRVVLEOH�� DOWKRXJK� QRW� VKRZQ� H[SOLFLWO\� LQ� )LJXUH� ��� � ,Q

SDUWLFXODU�� WHVW� YDOXHV� IRU� QDWLYH�PDFKLQH� GDWD� W\SHV� �H�J��� LQWHJHU�� FKDUDFWHU�� DQG� SRLQWHU�� DUH
SUHGHILQHG�DV�EDVH�WHVW�YDOXHV���2WKHU�GDWD�W\SHV�LQKHULW�WKHVH�WHVW�YDOXHV�DQG�DGG�DGGLWLRQDO�WHVW
YDOXHV� WKDW� DUH� PRUH� VSHFLILF� WR� WKHLU� SDUWLFXODU� LQWHUSUHWDWLRQ�� � $GGLWLRQDOO\�� GDWD� VWUXFWXUHV
LQKHULW�WKH�WHVW�YDOXHV�RI�WKHLU�FRQVWLWXHQW�HOHPHQW�GDWD�W\SHV�
$�QDWXUDO�UHVXOW�RI�GHILQLQJ�WHVW�FDVHV�E\�REMHFWV�EDVHG�RQ�GDWD�W\SH�LQVWHDG�RI�E\�EHKDYLRU�LV

WKDW�ODUJH�QXPEHUV�RI�WHVW�FDVHV�FDQ�EH�JHQHUDWHG�IRU�IXQFWLRQV�WKDW�KDYH�PXOWLSOH�SDUDPHWHUV�LQ
WKHLU� LQSXW� OLVWV�� � &RPELQDWLRQV� RI� SDUDPHWHU� WHVW� YDOXHV� DUH� WHVWHG� H[KDXVWLYHO\� E\� QHVWHG
LWHUDWLRQ�ZLWKRXW�UHJDUG�WR� WKH�IXQFWLRQDOLW\�RI� WKH�0X7��,Q�)LJXUH����WKH�QDPH�RI�DQ\�PRGXOH
WDNLQJ�WKH�SDUDPHWHU�W\SHV��IG��EXI��OHQ��FRXOG�EH�WHVWHG�VLPSO\�E\�FKDQJLQJ�WKH�ZULWH
WR�VRPH�RWKHU�IXQFWLRQ�QDPH���$OO�WHVW�VFDIIROGLQJ�FUHDWLRQ�LV�ERWK�LQGHSHQGHQW�RI�WKH�EHKDYLRU�RI
WKH�IXQFWLRQ�EHLQJ�WHVWHG��DQG�FRPSOHWHO\�HQFDSVXODWHG�LQ�WKH�WHVWLQJ�REMHFWV�

)LJXUH�����(DFK�WHVW�FDVH�LV�FRPSRVHG�RI�D�IXQFWLRQ�QDPH�ZLWK�D�WXSOH�RI�WHVW�YDOXHV��
7KH�WHVW�YDOXHV�DUH�GUDZQ�IURP�WHVWLQJ�REMHFWV�EDVHG�RQ�WKH�GDWD�W\SHV�RI�WKH�
$3,�FDOO�EHLQJ�WHVWHG�

$3,
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EXIIHU��VL]HBW�QE\WHV�
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������7HVW�KDUQHVV

��$V�D�PDWWHU�RI�HIILFLHQF\��D�VLQJOH�SURJUDP�IRU�HDFK�0X7�LV�FRPSLOHG�ZKLFK�LV�FDSDEOH�RI
JHQHUDWLQJ�DOO�UHTXLUHG�WHVW�FDVHV���$�PDLQ�SURJUDP�VSDZQV�D�WDVN�ZKLFK�H[HFXWHV�D�VLQJOH�WHVW
FDVH��ZLWK� WKH�PDLQ�SURJUDP�XVLQJ�D�ZDWFKGRJ� WLPHU� WR�GHWHFW�KDQJV�DQG�PRQLWRULQJ� WKH� WDVN
VWDWXV�WR�GHWHFW�DEQRUPDO�WDVN�WHUPLQDWLRQV���7KH�PDLQ�SURJUDP�LWHUDWHV�WKURXJK�FRPELQDWLRQV�RI
WHVW�YDOXHV�WR�H[HFXWH�DOO�GHVLUHG�WHVW�FDVHV���:KLOH�RQH�PLJKW�WKLQN�WKDW�H[HFXWLQJ�WHVWV�LQ�WKLV
PDQQHU� ZRXOG� OHDG� WR� IDLOXUHV� FDXVHG� E\� LQWHUDFWLRQV� DPRQJ� VHTXHQWLDO� WHVWV�� LQ� SUDFWLFH
HVVHQWLDOO\�DOO�IDLOXUHV�REVHUYHG�LQ�26�WHVWLQJ�KDYH�EHHQ�IRXQG�WR�EH�UHSURGXFLEOH�LQ�LVRODWLRQ�
7KLV� LQGHSHQGHQFH� RI� WHVWV� LV� DWWDLQHG� EHFDXVH� WKH� FRQVWUXFWRU�GHVWUXFWRU� DSSURDFK� VHWV� DQG
UHVWRUHV�D�IUHVK�FRS\�RI�UHOHYDQW�V\VWHP�VWDWH�IRU�HDFK�WHVW����7KH�LQGHSHQGHQFH�PD\�QRW�KROG�LQ
DOO� VLWXDWLRQV�� DQG� HVSHFLDOO\� LQ� V\VWHPV� ODFNLQJ� KDUGZDUH� PHPRU\� SURWHFWLRQ�� � +RZHYHU�
XQGHUVWDQGLQJ�WKDW�LVVXH�LQ�PRUH�GHWDLO�LV�D�VXEMHFW�RI�IXWXUH�UHVHDUFK��
:KLOH�DXWRPDWLF�JHQHUDWLRQ�RI�D�ODUJH�YDULHW\�RI�WHVW�YDOXHV�LV�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ�

SDUWLFXODU�YDOXHV�XVHG�IRU�WKH�UHVXOWV�UHSRUWHG�LQ�WKLV�VHFWLRQ�DUH�KDQG�SLFNHG���$Q�DYHUDJH�RI�WHQ
WHVW�YDOXHV�ZHUH�VHOHFWHG�E\�KDQG�IRU�HDFK�WHVW�REMHFW�EDVHG�RQ�H[SHULHQFH�JDLQHG�ERWK�LQ�JHQHUDO
SURJUDPPLQJ�DQG�IURP�SUHYLRXV�JHQHUDWLRQV�RI�IDXOW�LQMHFWLRQ�H[SHULPHQWV���)RU�PRVW�0X7V��DQ
H[KDXVWLYH�WHVWLQJ�DSSURDFK�LV�XVHG�LQ�ZKLFK�DOO�FRPELQDWLRQV�RI�WHVW�YDOXHV�DUH�XVHG�WR�FUHDWH
WHVW�FDVHV���)RU�D�KDOI�GR]HQ�RI�WKH�326,;�FDOOV�WHVWHG��WKH�QXPEHU�RI�SDUDPHWHUV�LV�ODUJH�HQRXJK
WR�\LHOG�WRR�PDQ\�WHVW�FDVHV�IRU�UHDVRQDEOH�H[KDXVWLYH�FRYHUDJH��LQ�WKHVH�FDVHV�D�SVHXGR�UDQGRP
VDPSOLQJ�RI������WHVW�FDVHV�LV�XVHG��EDVHG�RQ�D�FRPSDULVRQ�WR�D�UXQ�ZLWK�H[KDXVWLYH�VHDUFKLQJ�RQ
RQH�26��WKH�VDPSOLQJ�JLYHV�UHVXOWV�DFFXUDWH�WR�ZLWKLQ���SHUFHQWDJH�SRLQW�DW�D�VPDOO�IUDFWLRQ�RI�WKH
H[HFXWLRQ�WLPH��
,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKLV�WHVWLQJ�PHWKRGRORJ\�GRHV�QRW�JHQHUDWH�WHVW�FDVHV�EDVHG�RQ�D

GHVFULSWLRQ�RI�0X7� IXQFWLRQDOLW\��EXW� UDWKHU�RQ� WKH�GDWD� W\SHV�RI� WKH�0X7¶V� DUJXPHQWV�� �7KLV
PHDQV�WKDW��IRU�H[DPSOH��WKH�VHW�RI�WHVW�FDVHV�XVHG�WR�WHVW�ZULWH���ZRXOG�EH�LGHQWLFDO�WR�WKH�WHVW
FDVHV�XVHG�WR�WHVW�UHDG���EHFDXVH�WKH\�WDNH�LGHQWLFDO�GDWD�W\SHV���7KLV�WHVWLQJ�DSSURDFK�PHDQV�WKDW
FXVWRPL]HG�WHVW�VFDIIROGLQJ�FRGH�GRHV�QRW�QHHG�WR�EH�ZULWWHQ�IRU�HDFK�0X7����LQVWHDG�WKH�DPRXQW
RI�WHVWLQJ�VRIWZDUH�ZULWWHQ�LV�SURSRUWLRQDO�WR�WKH�QXPEHU�RI�GDWD�W\SHV���$V�D�UHVXOW��WKH�%DOOLVWD
WHVWLQJ�PHWKRG�ZDV�IRXQG�WR�EH�KLJKO\�VFDODEOH�ZLWK�UHVSHFW�WR�WKH�DPRXQW�RI�HIIRUW�UHTXLUHG�SHU
IXQFWLRQ��QHHGLQJ�RQO\����GDWD�W\SHV�WR�WHVW�����326,;�IXQFWLRQ�FDOOV���$Q�DYHUDJH�GDWD�W\SH�KDV
���WHVW�FDVHV��HDFK�RI����OLQHV�RI�&�FRGH��PHDQLQJ�WKDW�WKH�HQWLUH�WHVW�VXLWH�UHTXLUHG�RQO\�����
OLQHV�RI�&�FRGH�IRU�WHVW�FDVHV��LQ�DGGLWLRQ��RI�FRXUVH��WR�WKH�JHQHUDO�WHVWLQJ�KDUQHVV�FRGH�XVHG�IRU
DOO�WHVW�FDVHV��
$Q� LPSRUWDQW� EHQHILW� GHULYHG� IURP� WKH� %DOOLVWD� WHVWLQJ� LPSOHPHQWDWLRQ� LV� WKH� DELOLW\� WR

DXWRPDWLFDOO\�JHQHUDWH�WKH�VRXUFH�FRGH�IRU�DQ\�VLQJOH�WHVW�FDVH�WKH�VXLWH�LV�FDSDEOH�RI�UXQQLQJ���,Q
PDQ\�FDVHV�RQO\�D�GR]HQ�OLQHV�RU�IHZHU�RI�H[HFXWDEOH�FRGH�LQ�VL]H��WKHVH�VKRUW�SURJUDPV�FRQWDLQ
WKH�FRQVWUXFWRUV�IRU�HDFK�SDUDPHWHU��WKH�DFWXDO�IXQFWLRQ�FDOO��DQG�GHVWUXFWRUV��7KHVH�VLQJOH�WHVW
FDVHV� FDQ� EH� XVHG� WR� UHSURGXFH� UREXVWQHVV� IDLOXUHV� LQ� LVRODWLRQ� IRU� XVH� E\� GHYHORSHUV� IRU
YHULI\LQJ�SUREOHPV��E\�XVHUV�DV�³EXJ�UHSRUWV�´�RU�WR�YHULI\�WHVW�UHVXOWV�LQ�LVRODWLRQ�

�������&DWHJRUL]LQJ�WHVW�UHVXOWV

$IWHU�HDFK�WHVW�FDVH�LV�H[HFXWHG��WKH�%DOOLVWD�WHVW�KDUQHVV�FDWHJRUL]HV�WKH�WHVW�UHVXOWV�DFFRUGLQJ
WR�WKH�&5$6+�VHYHULW\�VFDOH��>��@
� &DWDVWURSKLF�IDLOXUHV�RFFXU�ZKHQ�WKH�HQWLUH�26�EHFRPHV�FRUUXSWHG�RU�WKH�PDFKLQH�FUDVKHV�RU
UHERRWV���,Q�RWKHU�ZRUGV��WKLV�LV�D�FRPSOHWH�V\VWHP�FUDVK���7KHVH�IDLOXUHV�DUH�LGHQWLILHG�PDQX�
DOO\� EHFDXVH� RI� GLIILFXOWLHV� HQFRXQWHUHG� ZLWK� ORVV� RI� QHZO\� ZULWWHQ�� FRPPLWWHG�� ILOH� GDWD
DFURVV�V\VWHP�FUDVKHV�RQ�VHYHUDO�RSHUDWLQJ�V\VWHPV�



.RRSPDQ���&6'$¶�� ��

� 5HVWDUW� IDLOXUHV�RFFXU�ZKHQ�D�IXQFWLRQ�FDOO� WR�DQ�26�IXQFWLRQ�QHYHU�UHWXUQV��UHVXOWLQJ�LQ�D
WDVN�WKDW�KDV��KXQJ��DQG�PXVW�EH�WHUPLQDWHG�XVLQJ�D�FRPPDQG�VXFK�DV��NLOO�������7KHVH�IDLO�
XUHV�DUH�LGHQWLILHG�E\�D�ZDWFKGRJ�WLPHU�ZKLFK�WLPHV�RXW�DIWHU�VHYHUDO�VHFRQGV�RI�ZDLWLQJ�IRU�D
WHVW�FDVH�WR�FRPSOHWH�

� $ERUW� IDLOXUHV� WHQG� WR� EH� WKH�PRVW� SUHYDOHQW�� DQG� UHVXOW� LQ� DEQRUPDO� WHUPLQDWLRQ� �D� �FRUH
GXPS���RI�D�WDVN�FDXVHG�E\�D�VLJQDO�JHQHUDWHG�ZLWKLQ�DQ�26�IXQFWLRQ���$ERUW�IDLOXUHV�DUH�LGHQ�
WLILHG�E\�PRQLWRULQJ�WKH�VWDWXV�RI�WKH�FKLOG�SURFHVV�H[HFXWLQJ�WKH�WHVW�FDVH�

� 6LOHQW�IDLOXUHV�RFFXU�ZKHQ�DQ�26�UHWXUQV�QR�LQGLFDWLRQ�RI�HUURU�RQ�DQ�H[FHSWLRQDO�RSHUDWLRQ
ZKLFK�FOHDUO\�FDQQRW�EH�SHUIRUPHG��IRU�H[DPSOH��ZULWLQJ�WR�D�UHDG�RQO\�ILOH����7KHVH�IDLOXUHV
DUH�QRW�GLUHFWO\�PHDVXUHG��EXW�FDQ�EH�LQIHUUHG�DV�GLVFXVVHG�LQ�6HFWLRQ�����

� +LQGHULQJ�IDLOXUHV�RFFXU�ZKHQ�DQ�LQFRUUHFW�HUURU�FRGH�LV�UHWXUQHG�IURP�D�0X7��ZKLFK�FRXOG
PDNH�LW�PRUH�GLIILFXOW� WR�H[HFXWH�DSSURSULDWH�HUURU�UHFRYHU\�� �+LQGHULQJ�IDLOXUHV�KDYH�EHHQ
REVHUYHG� DV� IDLUO\� FRPPRQ� �IRUPLQJ� D� VXEVWDQWLDO� IUDFWLRQ� RI� FDVHV� ZKLFK� UHWXUQHG� HUURU
FRGHV��LQ�SUHYLRXV�ZRUN�>��@��EXW�DUH�QRW�IXUWKHU�GLVFXVVHG�LQ�WKLV�SDSHU�GXH�WR�ODFN�RI�D�ZD\
WR�SHUIRUP�DXWRPDWHG�LGHQWLILFDWLRQ�RI�WKHVH�UREXVWQHVV�IDLOXUHV�
7KHUH�DUH�WZR�DGGLWLRQDO�SRVVLEOH�RXWFRPHV�RI�H[HFXWLQJ�D�WHVW�FDVH���,W�LV�SRVVLEOH�WKDW�D�WHVW

FDVH�UHWXUQV�ZLWK�DQ�HUURU�FRGH�WKDW�LV�DSSURSULDWH�IRU�LQYDOLG�SDUDPHWHUV�IRUPLQJ�WKH�WHVW�FDVH�
7KLV� LV�D�FDVH�LQ�ZKLFK�WKH�WHVW�FDVH�SDVVHV� ����LQ�RWKHU�ZRUGV��JHQHUDWLQJ�DQ�HUURU�FRGH�LV�WKH
FRUUHFW� UHVSRQVH�� �$GGLWLRQDOO\�� LQ� VRPH� WHVWV� WKH�0X7� OHJLWLPDWHO\� UHWXUQV�QR�HUURU�FRGH�DQG
VXFFHVVIXOO\�FRPSOHWHV�WKH�GHVLUHG�RSHUDWLRQ���7KLV�KDSSHQV�ZKHQ�WKH�SDUDPHWHUV�LQ�WKH�WHVW�FDVH
KDSSHQ� WR� EH� DOO� YDOLG�� RU�ZKHQ� LW� LV� XQUHDVRQDEOH� WR� H[SHFW� WKH�26� WR� GHWHFW� DQ� H[FHSWLRQDO
VLWXDWLRQ��VXFK�DV�SRLQWLQJ�WR�DQ�DGGUHVV�SDVW�WKH�HQG�RI�D�EXIIHU��EXW�QR�VR�IDU�SDVW�DV�WR�WULJJHU�D
PHPRU\�SURWHFWLRQ�H[FHSWLRQ�E\�WRXFKLQJ�DQ�XQDOORFDWHG�YLUWXDO�PHPRU\�SDJH��
2QH�RI�WKH�WUDGHRIIV�PDGH�WR�DWWDLQ�VFDODELOLW\�LQ�%DOOLVWD�WHVWLQJ�LV�WKDW�WKH�WHVW�KDUQHVV�KDV�QR

ZD\� WR� WHOO� ZKLFK� WHVW� FDVHV� DUH� YDOLG� RU� LQYDOLG� IRU� DQ\� SDUWLFXODU�0X7�� � 7KXV�� VRPH� WHVWV
UHWXUQLQJ� QR� HUURU� FRGH� DUH� 6LOHQW� IDLOXUHV��ZKLOH� RWKHUV� DUH� DFWXDOO\� D� VHW� RI� YDOLG� SDUDPHWHU
YDOXHV� ZKLFK� VKRXOG� OHJLWLPDWHO\� UHWXUQ� ZLWK� QR� HUURU� LQGLFDWLRQ�� � 7KLV� KDV� WKH� HIIHFW� RI
³ZDWHULQJ� GRZQ´� WKH� WHVW� FDVHV� ZLWK� QRQ�H[FHSWLRQDO� WHVWV�� PDNLQJ� WKH� UDZ� IDLOXUH� UDWHV
XQGHUHVWLPDWHV���:H�HVWLPDWH�WKDW�����RI�WHVWV�DUH�RI�WKLV�QRQ�H[FHSWLRQDO�W\SH�IRU�26�WHVWV��EXW
HYHQ� WKH� UDZ� IDLOXUH� UDWHV� DUH� VLJQLILFDQW� HQRXJK� WR� PDNH� WKH� SRLQW� WKDW� %DOOLVWD� WHVWLQJ� LV
HIIHFWLYH�LQ�ILQGLQJ�UREXVWQHVV�IDLOXUHV�

����5HVXOWV

,Q�DOO�����������GDWD�SRLQWV�ZHUH�FROOHFWHG���2SHUDWLQJ�V\VWHPV�ZKLFK�VXSSRUWHG�DOO�RI�WKH����
VHOHFWHG�326,;�IXQFWLRQV�DQG�V\VWHP�FDOOV�HDFK�KDG��������WRWDO�WHVW�FDVHV��EXW�WKRVH�VXSSRUWLQJ
D�VXEVHW�RI� WKH� IXQFWLRQDOLW\� WHVWHG�KDG�IHZHU� WHVW�FDVHV�� �7KH�ILQDO�QXPEHU�ZDV�GHSHQGHQW�RQ
ZKLFK� IXQFWLRQV�ZHUH� VXSSRUWHG� DQG� WKH� QXPEHU� RI� FRPELQDWLRQV� RI� WHVWV� IRU� HDFK� VXSSRUWHG
IXQFWLRQ�

������0HDVXUHG�IDLOXUH�UDWHV

7KH� FRPSLOHUV� DQG� OLEUDULHV� XVHG� WR� JHQHUDWH� WKH� WHVW� VXLWH�ZHUH� WKRVH�SURYLGHG�E\� WKH�26
YHQGRU���,Q�WKH�FDVH�RI�)UHH%6'��1HW%6'��/LQX[��DQG�/\Q[26��*18�&�YHUVLRQ���������ZDV�XVHG
WR�EXLOG�WKH�WHVW�VXLWH�
7KHUH� ZHUH� ILYH� GLIIHUHQW� IXQFWLRQV� WKDW� FRXOG� EH� PDGH� WR� FDXVH� HQWLUH� RSHUDWLQJ� V\VWHP

FUDVKHV�RQ�VRPH�26��HLWKHU�DXWRPDWLF�UHERRWV�RU�V\VWHP�KDQJV����5HVWDUW�IDLOXUHV�ZHUH�UHODWLYHO\
VFDUFH��EXW�SUHVHQW� LQ�DOO�EXW� WZR�RSHUDWLQJ�V\VWHPV�� �$ERUW� IDLOXUHV�ZHUH�FRPPRQ�� LQGLFDWLQJ
WKDW� LQ� DOO� RSHUDWLQJ� V\VWHPV� LW� LV� UHODWLYHO\� VWUDLJKWIRUZDUG� WR� HOLFLW� D� FRUH� GXPS� IURP� DQ
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LQVWUXFWLRQ�ZLWKLQ�D�IXQFWLRQ�RU�V\VWHP�FDOO����$ERUW�IDLOXUHV�GR�QRW�KDYH�WR�GR�ZLWK�VXEVHTXHQW
XVH� RI� DQ� H[FHSWLRQDO� YDOXH� UHWXUQHG� IURP� D� V\VWHP� FDOO� ��� WKH\� KDSSHQ� LQ� UHVSRQVH� WR� DQ
LQVWUXFWLRQ�ZLWKLQ�WKH�YHQGRU�SURYLGHG�VRIWZDUH�LWVHOI����$�FKHFN�ZDV�PDGH�WR�HQVXUH�WKDW�$ERUW
IDLOXUHV�ZHUH�QRW�GXH� WR�FRUUXSWLRQ�RI� VWDFN�YDOXHV�DQG� VXEVHTXHQW� FRUUXSWLRQ�PLVGLUHFWLRQ�RI
FDOOLQJ�SURJUDP�RSHUDWLRQ�
0X7V�WKDW�XQGHUZHQW�D�FDWDVWURSKLF�IDLOXUH�FRXOG�QRW�EH�FRPSOHWHO\�WHVWHG��DQG�UHVXOWHG�LQ�QR

GDWD�RQ� WKDW�0X7�RWKHU� WKDQ� WKH�SUHVHQFH�RI� D� FDWDVWURSKLF� IDLOXUH�� �6LQFH� WKH� WHVWLQJ� VXLWH� LV
DXWRPDWHG�� D� V\VWHP� FUDVK� OHDYHV� LW� LQ� DQ� XQUHFRYHUDEOH� VWDWH�ZLWK� UHVSHFW� WR� WKH� IXQFWLRQ� LQ
TXHVWLRQ�� � )XUWKHU� WHVWLQJ� D� IXQFWLRQ� ZKLFK� VXIIHUHG� D� FDWDVWURSKLF� WHVW� ZRXOG� UHTXLUH� HLWKHU
PDQXDO�H[HFXWLRQ�RI�LQGLYLGXDO�FDVHV��RU�DGGLQJ�WULFN\�ZDLWLQJ�DQG�V\QFKURQL]DWLRQ�FRGH�LQWR�WKH
WHVW� EHQFKPDUN�� � 0DQXDO� H[HFXWLRQ� ZDV� SHUIRUPHG� IRU� WKH� ,UL[� ���� FDWDVWURSKLF� IDLOXUH� LQ
PXQPDS�� DQG� DOORZHG� WKH� LGHQWLILFDWLRQ� RI� WKLV� VLQJOH� OLQH� RI� XVHU� FRGH�ZKLFK� FDQ� FUDVK� WKH
HQWLUH�26��UHTXLULQJ�D�PDQXDO�UHERRW�

PXQPDS�PDOORF������������0$;,17��

������1RUPDOL]HG�IDLOXUH�UDWHV

:KLOH�LW�LV�WHPSWLQJ�WR�VLPSO\�XVH�WKH�UDZ�QXPEHU�RI�WHVWV�WKDW�IDLO�DV�D�FRPSDUDWLYH�PHWULF�
WKLV�DSSURDFK�LV�SUREOHPDWLF���0RVW�26�LPSOHPHQWDWLRQV�GR�QRW�VXSSRUW�WKH�IXOO�VHW�RI�326,;
UHDO�WLPH�H[WHQVLRQV��VR�WKH�UDZ�QXPEHU�RI�IDLOXUHV�FDQQRW�EH�XVHG�IRU�FRPSDULVRQV��,Q�DGGLWLRQ�
WKH�QXPEHU�RI�WHVWV�H[HFXWHG�SHU�0X7�LV�GHWHUPLQHG�E\�WKH�QXPEHU�DQG�W\SHV�RI�WKH�DUJXPHQWV�
6R��D�VLQJOH�0X7�ZLWK�D�ODUJH�QXPEHU�RI�WHVW�FDVHV�FRXOG�VLJQLILFDQWO\�DIIHFW�ERWK�WKH�QXPEHU�RI
IDLOXUHV�DQG�WKH�UDWLR�RI�IDLOXUHV�WR�WHVWV�H[HFXWHG���6LPLODUO\��DQ�26�IXQFWLRQ�ZLWK�IHZ�WHVW�FDVHV
ZRXOG�KDYH�PLQLPDO�HIIHFW�RQ� UDZ� IDLOXUH� UDWHV� HYHQ� LI� LW�GHPRQVWUDWHG� D� ODUJH�SHUFHQWDJH�RI
IDLOXUHV���7KXV��VRPH�VRUW�RI�QRUPDOL]HG�IDLOXUH�UDWH�PHWULF�LV�FDOOHG�IRU��DQG�LV�UHSRUWHG�LQ�WKH�ODVW
FROXPQ�RI�7DEOH���

7DEOH����0HDVXUHG�IDLOXUH�UDWHV�IRU�ILIWHHQ�326,;�RSHUDWLQJ�V\VWHPV�

6\VWHP
326,;�&DOOV�

7HVWHG

&DOOV�ZLWK�
&DWDVWURSKLF�
)DLOXUHV

1XPEHU�RI�
7HVWV

$ERUW
)DLOXUHV

5HVWDUW�
)DLOXUHV

1RUPDOL]HG�
$ERUW���

5HVWDUW�5DWH

$,;���� ��� � ����� ����� �� �����

)UHH%6'������ ��� � ����� ����� �� �����

+38;����� ��� � ����� ����� �� �����

+38;������ ��� � ����� ����� � �����

,5,;���� ��� � ����� ����� � �����

,5,;���� ��� � ����� ����� � �����

/LQX[������� ��� � ����� ����� � �����

/\Q[������ ��� � ����� ����� � �����

1HW%6'���� ��� � ����� ����� �� �����

'LJLWDO�8QL[���� ��� � ����� ����� �� �����

'LJLWDO�8QL[���� ��� � ����� ����� �� �����

41;����� ��� � ����� ����� ��� �����

41;����� ��� � ����� ����� ��� �����

6XQ26����� ��� � ����� ����� � �����

6XQ26���� ��� � ����� ����� �� �����
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:H�GHILQH�WKH�QRUPDOL]HG�IDLOXUH�UDWH�IRU�D�SDUWLFXODU�RSHUDWLQJ�V\VWHP�WR�EH�

������ZLWK�D�UDQJH�RI�YDOXHV�IURP���WR���LQFOXVLYH��ZKHUH�

1� �QXPEHU�RI�IXQFWLRQV�WHVWHG
ZL�LV�D�ZHLJKWLQJ�RI�LPSRUWDQFH�RU�UHODWLYH�H[HFXWLRQ�IUHTXHQF\�RI�WKDW�IXQFWLRQ�ZKHUH�

IL�LV�WKH�QXPEHU�RI�WHVWV�ZKLFK�SURGXFHG�UREXVWQHVV�IDLOXUH�IRU�IXQFWLRQ�L
WL�LV�WKH�QXPEHU�RI�WHVWV�H[HFXWHG�IRU�IXQFWLRQ�L

7KLV� GHILQLWLRQ� SURGXFHV� D� VRUW� RI� H[SRVXUH� PHWULF�� LQ� ZKLFK� WKH� IDLOXUH� UDWH� ZLWKLQ� HDFK
IXQFWLRQ�LV�ZHLJKWHG�DQG�DYHUDJHG�DFURVV�DOO�IXQFWLRQV�WHVWHG�IRU�D�SDUWLFXODU�26���7KLV�PHWULF
KDV� WKH�DGYDQWDJH�RI� UHPRYLQJ� WKH� HIIHFWV�RI�GLIIHULQJ�QXPEHU�RI� WHVWV� SHU� IXQFWLRQ�� DQG� DOVR
SHUPLWV� FRPSDULQJ� 26� LPSOHPHQWDWLRQV� ZLWK� GLIIHULQJ� QXPEHUV� RI� IXQFWLRQV� LPSOHPHQWHG
DFFRUGLQJ�WR�D�VLQJOH�QRUPDOL]HG�PHWULF���)RU�WKH�UHVXOWV�JLYHQ�LQ�7DEOH���DQG�WKH�UHPDLQGHU�RI
WKLV� SDSHU�� DQ� HTXDO�ZHLJKWLQJ� LV� XVHG� �L�H��� �� WR� SURGXFH� D� JHQHULFDOO\� DSSOLFDEOH

UHVXOW�� �+RZHYHU�� LI�DQ�26�ZHUH�EHLQJ�WHVWHG�ZLWK�UHJDUG�WR�D�VSHFLILF�DSSOLFDWLRQ��ZHLJKWLQJV
VKRXOG�EH�GHYHORSHG�WR�UHIOHFW� WKH�G\QDPLF�IUHTXHQF\�RI�FDOOLQJ�HDFK�IXQFWLRQ�WR�JLYH�D�PRUH
DFFXUDWH�H[SRVXUH�PHWULF�

)LJXUH�����1RUPDOL]HG�UREXVWQHVV�IDLOXUH�UDWHV�IRU�ILIWHHQ�326,;�RSHUDWLQJ�V\VWHPV�
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)LJXUH���VKRZV�WKH�QRUPDOL]HG�IDLOXUHV�UDWHV�DV�FDOFXODWHG�IRU�HDFK�RSHUDWLQJ�V\VWHP��WKLV�LV
WKH� VDPH�GDWD� DV� WKH� ULJKWPRVW� FROXPQ� LQ�7DEOH����� �2YHUDOO� IDLOXUH� UDWHV� IRU� ERWK�$ERUW� DQG
5HVWDUW�IDLOXUHV�UDQJH�IURP�WKH�ORZ�RI��������$,;��WR�D�KLJK�RI���������41;���������7KH�PHDQ
IDLOXUH� UDWH� LV� ��������ZLWK� D� VWDQGDUG� GHYLDWLRQ� RI� ������ SHUFHQWDJH� SRLQWV�� �$V�PHQWLRQHG
SUHYLRXVO\�� WKHVH�DUH� UDZ�IDLOXUH�UDWHV� WKDW� LQFOXGH�QRQ�H[FHSWLRQDO� WHVW�FDVHV�ZKLFK�GLOXWH� WKH
IDLOXUH�UDWHV��DQG�GR�QRW�LQFOXGH�6LOHQW�IDLOXUHV�

����*HQHUDOL]LQJ�%DOOLVWD�	�DSSO\LQJ�WR�RWKHU�LQWHUIDFHV

7KH�LQLWLDO�DSSURDFK�WR�%DOOLVWD�DQG�LWV�SUHGHFHVVRUV�ZDV�IRFXVVHG�RQ�WHVWLQJ�DQ�LQFUHDVLQJO\
ODUJHU�VHW�RI�RSHUDWLQJ�V\VWHP�FDOOV���,W�LV��RI�FRXUVH��QDWXUDO�WR�EH�VNHSWLFDO�WKDW�WKH�DSSURDFK�FDQ
VFDOH� WR� LQFUHDVHG� WKRURXJKQHVV� DQG� RWKHU� DSSOLFDWLRQV�� � 7R� GDWH�� LPSOHPHQWDWLRQV� KDYH� EHHQ
FRPSOHWHG�WR�WKH�SURRI�RI�FRQFHSW�SRLQW�LQ�D�VLPXODWLRQ�$3,�DQG�D�PHFKDQLVP�KDV�EHHQ�FUHDWHG
IRU�SHUIRUPLQJ�ILQHU�JUDLQHG�WHVWLQJ�

������([SHULHQFH�ZLWK�GLVWULEXWHG�VLPXODWLRQ�$3,

7HVWLQJ� RSHUDWLQJ� V\VWHP� FDOOV� UHTXLUHV� WKH� DELOLW\� WR� WHVW� WUDGLWLRQDO� VXEURXWLQH�FDOO�SOXV�
SDUDPHWHU�OLVW�LQWHUIDFHV�ZLWK�VLQJOH�FDOOV�DQG�D�PLQLPXP�RI�V\VWHP�VWDWH���+RZHYHU��RWKHU�$3,V
PD\�KDYH�VLJQLILFDQWO\�GLIIHUHQW�UHTXLUHPHQWV���7R�SUREH�WKH�H[WHQVLELOLW\�RI�%DOOLVWD��DQ�HQWLUHO\
GLIIHUHQW�$3,�LV�EHLQJ�WHVWHG��EDVHG�RQ�D�GLVWULEXWHG�VLPXODWLRQ�V\VWHP�
7KH�+LJK�/HYHO�$UFKLWHFWXUH��+/$��5XQ�7LPH�,QWHUIDFH��57,��LV�DQ�$3,�XVHG�IRU�D�GLVWULEXWHG

VLPXODWLRQ�V\VWHP�E\�WKH�8�6��'HSDUWPHQW�RI�'HIHQVH�>��@���7KLV�V\VWHP�LV�ZULWWHQ�LQ�&���LQ�DQ
HQWLUHO\�REMHFW�RULHQWHG�VW\OH��DQG�KDV�VLJQLILFDQWO\�PRUH�FRPSOLFDWHG�SUHFRQGLWLRQV�IRU�IXQFWLRQ
FDOOV���'LIIHUHQFHV�IURP�26�WHVWLQJ�LQFOXGH�
� $Q�REMHFW�RULHQWHG�LPSOHPHQWDWLRQ��PHDQLQJ�WKDW�PHWKRGV�DUH�WR�EH�WHVWHG�UDWKHU�WKDQ�IXQF�
WLRQ�FDOOV���7KLV�FDQ�ODUJHO\�EH�WUHDWHG�DV�D�V\QWDFWLF�GLIIHUHQFH�

� $�V\VWHP�ZKLFK�UHTXLUHV�VXSSRUW�IRU�FDOO�EDFNV�WR�REMHFWV�IRU�WHVWLQJ�UDWKHU�WKDQ�D�VLPSOH�FDOO
WR�D�IXQFWLRQ�WR�EH�WHVWHG���7KLV�ZDV�KDQGOHG�ZLWK�D�VOLJKW�PRGLILFDWLRQ�WR�WKH�VWDQGDUG�%DOOLVWD
FOLHQW�WHVW�VFDIIROGLQJ�

� 6LJQLILFDQWO\�PRUH�FRPSOH[�GDWD�W\SHV���,W�ZDV�IHDUHG�WKDW�D�SUROLIHUDWLRQ�RI�GDWD�W\SH�YDULDQWV
ZRXOG�LQFUHDVH�WKH�GLIILFXOW\�RI�WHVWLQJ�WKHP���+RZHYHU��LQ�WKH�HQG�RQO\����GDWD�W\SHV�ZHUH
UHTXLUHG�IRU����LQWHUIDFHV���$QG�RI�WKHVH�GDWD�W\SHV����ZHUH�FRPSOHWHO\�UH�XVHG�IURP�RSHUDW�
LQJ�V\VWHP�WHVWLQJ��ZKLOH�WKH�UHVW�LQKHULWHG�H[LVWLQJ�WHVW�FDVHV���7KXV��SHUIRUPLQJ�WHVWV�RQ�GDWD
W\SHV�SURYHG�PRGHUDWHO\�VFDODEOH���3HUKDSV�MXVW�DV�LPSRUWDQWO\��WKHVH�VDPH�GDWD�W\SHV�ZRXOG
EH�XVHG�KHDYLO\�E\�DQ\�+/$�DSSOLFDWLRQ�SURJUDP��DQG�FRXOG�WKXV�EH�UHXVHG�IRU�%DOOLVWD�WHVW�
LQJ�RI�VXFK�DSSOLFDWLRQ�SURJUDPV�DW�D�IXWXUH�GDWH��UHVXOWLQJ�LQ�HYHQ�PRUH�HIIHFWLYH�VFDOLQJ�

� $�V\VWHP�ZLWK�PRGHUDWHO\�FRPSOLFDWHG�SUHFRQGLWLRQV�IRU�HDFK�DQG�HYHU\�PHWKRG��IRU�H[DP�
SOH��WR�SHUIRUP�DQ�RSHUDWLRQ��ILUVW�D�VR�FDOOHG�IHGHUDWLRQ�PXVW�EH�FUHDWHG��WKHQ�D�IHGHUDWH�PXVW
EH�FUHDWHG�DQG�LQVWUXFWHG�WR�MRLQ�WKH�IHGHUDWLRQ��WKHQ�WKH�FRQVWUXFWRUV�IRU�WKDW�IHGHUDWH�PXVW�EH
H[HFXWHG�GHSHQGLQJ�RQ�GDWD� W\SHV��� �8SRQ�IXUWKHU�H[DPLQDWLRQ��KRZHYHU�� LW�ZDV�IRXQG�WKDW
WKH�GLIIHUHQW�PHWKRGV�EHLQJ�WHVWHG�FRXOG�EH�FROODSVHG�LQWR�RQO\�WZHOYH�GLIIHUHQW�HTXLYDOHQFH
FODVVHV�ZLWK�UHVSHFW�WR�WHVW�VFDIIROGLQJ���7KXV�RQO\����VHWV�RI�VFDIIROGLQJ�DUH�UHTXLUHG��HDFK
RQO\�D�IHZ�OLQHV�RI�FRGH�ORQJ��IRU����PRGXOHV�XQGHU�WHVW��ZKLFK�DV�ZLWK�WKH�GDWD�W\SHV�LV�D
VXE�OLQHDU�VFDOLQJ�ZLWK�UHVSHFW�WR�QXPEHU�RI�PHWKRGV�EHLQJ�WHVWHG�

� 6XSSRUW�IRU�HUURU�UHSRUWLQJ�E\�WKURZLQJ�H[FHSWLRQV�UDWKHU�WKDQ�HUURU�UHWXUQ�FRGHV���7KLV�ZDV
GRQH�E\�DGGLQJ�DQ�H[FHSWLRQ�KDQGOHU�WR�WKH�%DOOLVWD�WHVW�KDUQHVV��ZLWK�WKH�UHTXLUHPHQW�WKDW�WKH
WHVWHU� SURYLGH� D� ZD\� WR� GLVWLQJXLVK� EHWZHHQ� DFFHSWDEOH� H[FHSWLRQ� YDOXHV� DQG� ³XQNQRZQ´
H[FHSWLRQV�WKDW��ZKHQ�WKURZQ��DPRXQW�WR�$ERUW�IDLOXUHV�
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������6WUXFWXUH�WHVWLQJ

7HVWLQJ�RI�GDWD�VWUXFWXUHV�FDQ�TXLFNO\�EHFRPH�WHGLRXV�LI�VHSDUDWH�GDWD�W\SHV�PXVW�EH�FUHDWHG�WR
WHVW� HDFK� GLIIHUHQW� VWUXFWXUH�� � )RUWXQDWHO\�� WKLV� FDQ� EH� RYHUFRPH� DXWRPDWLFDOO\� E\� FUHDWLQJ� D
V\VWHP� WKDW� FDQ� SDUVH� VWUXFWXUH� GHILQLWLRQV� DQG� FUHDWH� FRPSRVLWH� FRQVWUXFWRUV� LQ� WHUPV� RI� WKH
SULPLWLYH�FRPSRQHQWV�RI�D�VWUXFWXUH���$V�D�VLPSOH�H[DPSOH��D�FRPSOH[�QXPEHU�FDQ�EH�WUHDWHG�DV
D�VWUXFWXUH�FRQWDLQLQJ�WZR�IORDWLQJ�SRLQW�QXPEHUV��DQG�WHVWV�IRU�WKDW�GDWD�W\SH�FDQ�EH�JHQHUDWHG
VLPSO\�E\�SURYLGLQJ�WKH�VWUXFWXUH�LQIRUPDWLRQ��JLYHQ�WKDW�IORDWLQJ�SRLQW�QXPEHUV�FDQ�DOUHDG\�EH
WHVWHG�DV�D�EDVH�GDWD�W\SH�
,W�PXVW�EH�NHSW�LQ�PLQG�WKDW�D�GDWD�VWUXFWXUH�PLJKW�EH�SRLQWHG�WR�DV�ZHOO�DV�UHIHUHQFHG�GLUHFWO\�

VR�WHVW�YDOXHV�IRU�D�VWUXFWXUH�LQKHULW�ERWK�SRLQWHU�WHVWV��H�J���QXOO�SRLQWHU�LQVWHDG�RI�D�SRLQWHU�WR�WKH
VWUXFWXUH��DV�ZHOO�DV�YDULRXV�GDWD�YDOXH�WHVWV��H�J���SRLQWHU�WR�D�VWUXFWXUH�ZLWK�SDUWLFXODU�YDOXHV��

������)LQHU�JUDLQ�WHVWLQJ����GLDOV�	�ORJLFDO�VWUXFWXUHV

2QH� RI� WKH� RULJLQDO� �DQG� FXUUHQW�� JRDOV� RI� %DOOLVWD� LV� WR� DXWRPDWLFDOO\� JHQHUDWH� KDUGHQLQJ
ZUDSSHUV�EDVHG�RQ�WHVW�UHVXOWV�� �:KLOH� WKDW�ZRUN�LV�VWLOO�RQJRLQJ�DQG�EH\RQG�WKH�VFRSH�RI� WKLV
GLVFXVVLRQ��LW�OHG�WR�DQ�HDUO\�IRFXV�RQ�D�QHHG�IRU�XVLQJ�WHVWLQJ�DV�D�FKDUDFWHUL]DWLRQ�PHFKDQLVP�LQ
DGGLWLRQ�WR�PHUHO\�D�TXDQWLILFDWLRQ�PHFKDQLVP���)RU�H[DPSOH��LW�LV�QRW�HQRXJK�WR�VLPSO\�VD\�WKDW
D�SDUWLFXODU�PRGXOH�H[KLELWV�UREXVWQHVV�IDLOXUHV�DW�D�FHUWDLQ�UDWH��EXW�DOVR�RQH�PXVW�NQRZ�H[DFWO\
ZKDW� WULJJHUV� WKHVH� IDLOXUHV�� �%HLQJ�DEOH� WR�GR� WKLV� UHTXLUHV� IDLUO\� ILQH�JUDLQHG� WHVWLQJ�� �$V�DQ
H[DPSOH��WKH�ILOH�KDQGOH�WHVWV�GHVFULEHG�HDUOLHU�DUH�TXLWH�FRXUVH�JUDLQ��DQG�FHUWDLQO\�GR�QRW�WHVW�DOO
SRVVLEOH�FRPELQDWLRQV��IRU�H[DPSOH��WKH\�WHVW�D�ILOH�RSHQ�IRU�ZULWH�ZLWK�QR�GDWD��EXW�QRW�D�ILOH
RSHQ�IRU�ZULWH�ZLWK�VRPH�GDWD�DOUHDG\�LQ�LW��� � ,W�FDQ�EH�UHDGLO\�VHHQ�WKDW�ZLWKRXW�VRPH�VRUW�RI
IXUWKHU�GHFRPSRVLWLRQ�WKH�QXPEHU�RI�SRVVLEOH�WHVW�FDVHV�JURZV�LQ�D�FRPELQDWLRQDO�H[SORVLRQ��DQG
ORVHV�VFDODELOLW\�
$GGLWLRQDOO\��LW�LV�GHVLUDEOH�WR�KDYH�D�YHU\�ODUJH�VHW�RI�SRWHQWLDO�WHVWV�IRU�%DOOLVWD�WR�GUDZ�XSRQ

ZLWKRXW�KDYLQJ�WR�PDQXDOO\�FUHDWH�WRR�PDQ\�WHVWV���$�SDUWLFXODU�UHDVRQ�WR�ZDQW�WR�GR�WKLV�LV�WR
LPSOHPHQW�UDQGRPL]HG�WHVWLQJ�IRU�WKH�SXUSRVHV�RI�FKDUDFWHUL]DWLRQ��DV�ZHOO�DV�DGGLQJ�DQ�DELOLW\
WR�GLVFRYHU�QHZ��KHXULVWLFDOO\�XVHIXO��GDWD�W\SH�YDOXHV�IRU�WHVWLQJ�
)RUWXQDWHO\�D�WHFKQLTXH�WR�JHQHULFL]H�GDWD�WHVWLQJ�LV�DYDLODEOH�LQ�WKH�IRUP�RI�GHFRPSRVLQJ�WKH

FRQVWUXFWRUV�IRU�DQ\�SDUWLFXODU�GDWD�W\SH�WHVW�YDOXH�FUHDWLRQ���$Q�DQDORJ\�FDQ�EH�PDGH�WR�D�VHW�RI
GLDOV�WKDW�DUH�VHW�LQ�D�SDUWLFXODU�SRVLWLRQ�IRU�D�SDUWLFXODU�WHVW�YDOXH���7KH�GLDOV�DUH�RUWKRJRQDO��RU�DW
OHDVW�ORRVHO\�FRXSOHG�LQ�WHUPV�RI�PHDQLQJIXO�VHWV�RI�YDOXHV���DQG�HDFK�GLDO�LV�EDFNHG�E\�D�VHW�RI
HQXPHUDWHG�FRQVWUXFWRUV�IRU�SDUWLFXODU�DVSHFWV�RI�D�WHVW�YDOXH����7KLV�DSSURDFK�LV�VLPLODU�WR�WKH
FDWHJRU\�FKRLFH� DSSURDFK� GHVFULEHG� LQ� >��@�� EXW� %DOOLVWD� UHTXLUHV� QHLWKHU� LQWHU�FDWHJRU\
FRQVWUDLQWV�QRU�VSHFLILFDOO\�GHVFULEHG�WHVW�IUDPHV��� � �$V�DQ�H[DPSOH��VRPH�RI� WKH�GLDOV�IRU�ILOH
FUHDWLRQV�DQG�WKHLU�VHWWLQJV�LQFOXGH�
� )LOH�H[LVWHQFH���H[LVWV��GRHV�QRW�H[LVW��GHOHWHG�DIWHU�ILOH�KDQGOH�REWDLQHG
� )LOH�UHDG�SHUPLVVLRQV��UHDG�SHUPLVVLRQ��UHDG�SHUPLVVLRQ�WR�RWKHU� WKDQ�FXUUHQW� WDVN��QR� UHDG
SHUPLVVLRQ

� )LOH�DFFHVV��DOO�FRPELQDWLRQV�RI�RSHQ�IRU�UHDG��ZULWH��UHDG�ZULWH��HWF�
1RWH�WKDW�WKH�DERYH�GLDOV�DUH�LQIOXHQFHG�E\�D�GHVLUH�WR�GHFRXSOH�YDULRXV�DVSHFWV�RI�WKH�GDWD

YDOXH��EXW�UHPDLQ�FRXSOHG�WR�WKH�H[WHQW�UHTXLUHG�E\�FRQYHQLHQWO\�ZULWLQJ�FRQVWUXFWRUV���7KXV��ILOH
SHUPLVVLRQV�FDQ�EH�GHFRXSOHG�EHFDXVH�WKH\�FDQ�EH�VHW�LQGHSHQGHQWO\�DIWHU�ILOH�FUHDWLRQ��EXW�ILOH
DFFHVV�PRGHV�DUH�SODFHG�LQWR�D�VLQJOH�GLDO�EHFDXVH�LW�ZDV�IRXQG�WR�EH�DZNZDUG�WR�PDQLSXODWH
WKHP�LQGHSHQGHQWO\���,Q�SDUWLFXODU�DSSOLFDWLRQV��WKH�ILOH�GDWD�W\SH�PLJKW�EH�H[SDQGHG�WR�LQFOXGH
RWKHU�GLDOV�VXFK�DV�WKH�W\SH�RI�GDWD�SUHVHQW�LQ�WKH�ILOH�
:KLOH�WKH�DGGLWLRQ�RI�GLDOV�VHHPV�WR�FRPSOLFDWH�WKH�WHVWLQJ�VLWXDWLRQ��LW�WXUQV�RXW�WKDW�WKHUH�LV�D
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XQLI\LQJ�DSSURDFK�DYDLODEOH����ORJLFDO�VWUXFWXUHV���(YHU\�GDWD�W\SH�WKDW�LV�GHFRPSRVHG�LQWR�GLDOV
FDQ� EH� ORJLFDOO\� WUHDWHG� DV� D� GDWD� VWUXFWXUH� IRU� WHVWLQJ� SXUSRVHV� �WKH� RQO\� GLIIHUHQFH� IURP� D
SK\VLFDO�VWUXFWXUH�SRLQW�RI�YLHZ�LV�WKDW�WKHUH�LV�QR�WHVW�IRU�D�SRLQWHU�WR�WKDW�GDWD�VWUXFWXUH��VLQFH�LW
RQO\�H[LVWV�ORJLFDOO\�IRU�WKH�WHVW�SURJUDP��QRW�SK\VLFDOO\�ZLWKLQ�WKH�0X7����6R��WR�FRQWLQXH�WKH
ILOH� KDQGOH� H[DPSOH�� WHVWLQJ� ILOH� KDQGOHV� LV� GRQH� E\� GHFODULQJ� D� ILOH� KDQGOH� WR� EH� D� ORJLFDO
VWUXFWXUH�FRQWDLQLQJ�D�VHW�RI�GLDOV��DQG�WKHQ�H[SORULQJ�YDULRXV�FRPELQDWLRQV�RI�GLDOV�LQ�H[DFWO\
WKH�VDPH�ZD\�WKDW�%DOOLVWD�ZRXOG�WHVW�FRPELQDWLRQV�RI�YDOXHV�ZLWKLQ�D�SK\VLFDO�GDWD�VWUXFWXUH�

������3RWHQWLDO�LPSURYHPHQWV�LQ�FKDUDFWHUL]DWLRQ

%H\RQG� VLPSO\� PHDVXULQJ� IDLOXUH� UDWHV�� %DOOLVWD� WHVWLQJ� KDV� WKH� SRWHQWLDO� WR� FKDUDFWHUL]H
IDLOXUH�SDWWHUQV�WKURXJK�WKH�XVH�RI�SDWWHUQHG�WHVWLQJ�RQ�ILQH�JUDLQ�GLDO�EDVHG�UHSUHVHQWDWLRQV�RI
GDWD�YDOXHV���3UHYLRXV�ZRUN�LQ�WKH�DUHD�RI�WHVW�H[SORUDWLRQ�LQFOXGHV�WKH�$(7*�V\VWHP�>�@��ZKLFK
SHUPLWV�WHVWHUV�WR�VSHFLI\�ZKLFK�VHWV�RI�SDUDPHWHUV�LQ�D�PXOWL�SDUDPHWHU�IXQFWLRQ�FDOOV�DUH�FORVHO\
FRXSOHG�IXQFWLRQDOO\��DQG�WKXV�VKRXOG�EH�WHVWHG�LQ�FRQFHUW�� �7KH�72)8�V\VWHP�>�@�WDNHV�WKLV�D
VWHS�IXUWKHU�E\�DGGLQJ�LQWHUDFWLRQ�ZHLJKWLQJV�WR�WKH�LGHQWLILHG�SDUDPHWHU�WXSOHV�
&OHDUO\� WKH� WHVWLQJ� DSSURDFKHV� IURP� $(7*� DQG� 72)8� FDQ� EH� DSSOLHG� LQ� SDUW� WR� %DOOLVWD

WHVWLQJ�LQ�WKH�IRUP�RI�HQFRXUDJLQJ�WHVWLQJ�RI�RQH�RU�D�IHZ�SDUDPHWHUV�DW�D�WLPH���,W�LV�SUREDEO\
XQGHVLUDEOH�WR�KDYH�D�SURJUDPPHU�JLYH�H[SOLFLW�KLQWV�WR�%DOOLVWD�ZLWK�UHVSHFW� WR�FRXSOLQJ��WKLV
UHGXFHV�VFDODELOLW\��DQG�WKHUH�LV�DOZD\V�WKH�FKDQFH�WKDW�WKH�WHVWHU�ZLOO�IDLO�WR�VHH�D�VXEWOH�FRXSOLQJ
DQG�SURYLGH�DQ�LQDFFXUDWH�KLQW����+RZHYHU��KHXULVWLFV�DUH�EHLQJ�GHYHORSHG�WR�SHUPLW�%DOOLVWD�WR
DXWRPDWLFDOO\�GLVFRYHU�ZKDW�FRXSOLQJV�PD\�EH�SUHVHQW��WR�GR�H[SORUDWLRQ�DURXQG�JHQHUDO�UHJLRQV
RI�LQWHUHVW�LQ�WKH�ERXQGDU\�EHWZHHQ�WHVWV�WKDW�VXFFHHG�DQG�WKDW�IDLO��DQG�WR�JHQHUDOO\�GR�³VPDUW´
WHVWLQJ�WR�FKDUDFWHUL]H�IDLOXUHV�ZLWK�D�UHDVRQDEOH�QXPEHU�RI�WHVWV�
7KH�FXUUHQW�PHFKDQLVP�IRU�PDNLQJ�%DOOLVWD�DYDLODEOH�LV�DV�D�ZHE�EDVHG�WHVWLQJ�VHUYLFH�UDWKHU

WKDQ� DV� D� SLHFH�RI� VRIWZDUH� WKDW� LV� H[HFXWHG� ORFDOO\�� �3DUW�RI� WKH� UHDVRQ� IRU� WKLV� VWUDWHJ\� LV� WR
HQDEOH�GDWD�FROOHFWLRQ�WKDW�FDQ�EH�XVHG�WR�LPSURYH�WKH�TXDOLW\�RI�FKDUDFWHUL]DWLRQ�DSSURDFKHV�

����3RWHQWLDO�DSSOLFDWLRQV�WR�IDXOW�WROHUDQFH

7UDGLWLRQDO� IDXOW� WROHUDQFH� WHFKQLTXHV�DUH�RIWHQ�EDVHG�RQ� WKH�QRWLRQ�RI� FUHDWLQJ�GHSHQGDEOH
V\VWHPV�RXW�RI� LQGLYLGXDOO\�XQGHSHQGDEOH�FRPSRQHQWV�� �7KH�JHQHUDO� LGHD� LV� WKDW� LI� LQGLYLGXDO
FRPSRQHQW� IDLOXUH� UDWHV�DUH�NQRZQ�� WKHQ�D�YDULHW\� RI� WHFKQLTXHV�FDQ�EH�XVHG� WR� HQVXUH� WKDW� D
FRPSRVLWH�V\VWHP�LV�KLJKO\�GHSHQGDEOH���,W�LV�RI�FRXUVH�XQOLNHO\�WKDW�%DOOLVWD�WHVWLQJ�ZLOO�SURGXFH
KLJKO\�DFFXUDWH�UHOLDELOLW\�HVWLPDWHV�LQ�WHUPV�RI�IDLOXUHV�SHU�PLOOLRQ�RSHUDWLQJ�KRXUV�DV�LV�GRQH�IRU
ILHOGHG�KDUGZDUH���1RQHWKHOHVV��LW�LV�SUREDEO\�D�ZRUWK\�JRDO�WR�SURGXFH�VRPH�UHODWLYH�PHDVXUH�RI
VRIWZDUH� FRPSRQHQW� UHOLDELOLW\�� DQG� D� UDWLQJ� RI� H[FHSWLRQ� KDQGOLQJ� DELOLW\� PLJKW� EH� D� XVHIXO
VWDUWLQJ�SRLQW�
7KHUH� DUH� IRXU� DUHDV� LQ�ZKLFK�D�%DOOLVWD� WHVWLQJ�PLJKW� SURYLGH� LPSURYHG�TXDQWLILFDWLRQ� IRU

IDXOW�WROHUDQFH�RI�VRIWZDUH�LQWHQVLYH�V\VWHPV��GHWHFWLQJ�V\VWHP�FUDVKHV��GHWHFWLQJ�YLRODWLRQV�RI
IDLO�VWRS�DVVXPSWLRQV��SURYLGLQJ�LQIRUPDWLRQ�IRU�FUHDWLQJ�VRIWZDUH�ZUDSSHUV��DQG�SURYLGLQJ�DQ
DVVHVVPHQW�RI�VRIWZDUH�GLYHUVLW\���
,Q�JHQHUDO�� LW� LV� FRQVLGHUHG� D� JRRG� LGHD� WR�EXLOG� V\VWHPV� WKDW� DUH� LPSRVVLEOH� WR� FUDVK� IURP

³QRUPDO´�VRIWZDUH�DSSOLFDWLRQV���7KLV�LV�DQ�H[WHQVLRQ�RI�WKH�WUDGLWLRQDO�IDXOW�WROHUDQFH�DSSURDFK
RI�KDYLQJ�D�³KDUG�FRUH´�WKDW�LV�DV�VPDOO�DV�SRVVLEOH��DQG�XSRQ�ZKLFK�UHVRXUFHV�DUH�ODYLVKHG�LQ
ERWK� GHVLJQ� DQG� LPSOHPHQWDWLRQ� WR� HQVXUH� LWV� GHSHQGDELOLW\�� � 2XWVLGH� RI� WKDW� KDUG� FRUH� RI� D
SURFHVVRU�RU�RSHUDWLQJ�V\VWHP�NHUQHO��LW�LV�WR�EH�H[SHFWHG�WKDW�EXJV�ZLOO�RFFXU�RQ�D�UHJXODU�EDVLV�
JHQHUDWLQJ� H[FHSWLRQDO� VLWXDWLRQV� WKDW� PXVW� EH� KDQGOHG� UREXVWO\� ZLWK� UHVSHFW� WR� WKH� V\VWHP
DUFKLWHFWXUH�� �7KH�SDUWLFXODU�DUHD�RI�HPSKDVLV� IRU�%DOOLVWD� LV�RQ�H[HUFLVLQJ�H[FHSWLRQ�KDQGOLQJ
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WHFKQLTXHV�� VLQFH� LW� LV� DVVXPHG� WKDW� QRUPDO�� FRUUHFW� YDOXHV� DUH� ZHOO� H[HUFLVHG� E\� QRUPDO
RSHUDWLRQDO�WHVWLQJ�

������7HVW�IRU�RYHUDOO�V\VWHP�FUDVK�VLWXDWLRQV

7KH�PRVW�REYLRXV�DSSOLFDWLRQ�RI�%DOOLVWD�WR�IDXOW�WROHUDQFH�LV�WR�IHUUHW�RXW�ZD\V�WR�FRPSOHWHO\
FUDVK�D�V\VWHP�IURP�XQSULYLOHJHG�DSSOLFDWLRQ�VRIWZDUH���$V�WKH�SUHYLRXV�UHVXOWV�LQGLFDWH��%DOOLVWD
FDQ�ORFDWH�VRPH�ZD\V�WR�FUDVK�DQ�RSHUDWLQJ�V\VWHP�HYHQ�ZLWK�WKH�FXUUHQW�UDWKHU�VLPSOLVWLF�WHVWV
DYDLODEOH�� � $SSOLFDWLRQ� RI� D� VLPLODU� PHWKRGRORJ\� VKRXOG� KHOS� TXDQWLI\� WKH� H[WHQW� WR� ZKLFK
H[FHSWLRQDO�FRQGLWLRQV�FDQ�WULFNOH�GRZQ�WKURXJK�DQ�DSSOLFDWLRQ�SURJUDP�WR�UHDFK�WKH�RSHUDWLQJ
V\VWHP�DV�ZHOO�
7KHUH�DUH�IRXU�DSSURDFKHV� WKDW�FDQ�LPSURYH� WKH�HIIHFWLYHQHVV�RI�%DOOLVWD� WR� LGHQWLI\�V\VWHP

FUDVKHV���7KH�EDVLF�WHFKQLTXHV�UHTXLUHG�DUH�WKRVH�GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ�
� 8VH�ILQHU�JUDLQ�WHVWLQJ�XVLQJ�WKH�GLDO�DSSURDFK�WR�GHFRPSRVLQJ�SDUDPHWHU�WHVW�YDOXHV
� 7HVW� SULPLWLYH� IXQFWLRQV�ZLWKLQ� WKH� RSHUDWLQJ� V\VWHP� UDWKHU� WKDQ� MXVW� WKH� 326,;�VSHFLILHG
IXQFWLRQV�

� 7HVW�FRQFXUUHQW�IXQFWLRQ�FDOOV��WR�LGHQWLI\�WLPLQJ�GHSHQGHQW�SUREOHPV�VXFK�DV�UHVRXUFH�ORFN�
LQJ�EXJV�

� 7HVW�IRU�WKH�UHVXOWV�RI�UHVRXUFH�H[KDXVWLRQ�HIIHFWV��VXFK�EHKDYLQJ�JUDFHIXOO\�ZKHQ�WKH�SURFHVV
WDEOH�LV�IXOO�RU�ZKHQ�D�PHPRU\�OHDN�LV�HQFRXQWHUHG�

������7HVW�IRU�YLRODWLRQV�RI�IDLO�VWRS�DVVXPSWLRQ

$�VHFRQG�ZD\� WR�DSSO\�%DOOLVWD� WR�PHDVXULQJ�DQG� LPSURYLQJ�)DXOW�7ROHUDQFH� LV� WR�XVH�LW� WR
GHWHFW�SUREOHPV�ZLWK�UHVSHFW�WR�5HVWDUW�DQG�6LOHQW�IDLOXUHV���,W�LV�FRPPRQ�WR�EDVH�IDXOW�WROHUDQFH
RQ�D�IDLO�IDVW�DVVXPSWLRQ���+RZHYHU��D�5HVWDUW�IDLOXUH�PHDQV�WKDW�D�WDVN�LV�³IDLO�VORZ´�LQ�WKDW�LWV
IDLOXUH� LV� QRW� UHFRJQL]HG� XQWLO�� W\SLFDOO\�� D� WLPH�RXW� SHULRG� KDV� HODSVHG� �IDLOXUH� WR� GHWHFW� D
SHULRGLF� ³KHDUWEHDW´�PHVVDJH�� IDLOXUH� WR� UHVHW� D� ZDWFKGRJ� WLPHU�� HWF��� � )XUWKHUPRUH�� D� 6LOHQW
IDLOXUH�PHDQV� WKDW�D�V\VWHP�KDV� IDLOHG�VRPHKRZ��EXW� WKDW� WKH� IDLOXUH� LV�XQGHWHFWHG� IURP�VRPH
SHULRG�RI�WLPH���,W�PLJKW�EH�WKDW�WKH�6LOHQW�IDLOXUH�LV�QRW�DFWLYDWHG��RU�LW�PLJKW�EH�WKDW�LW�UHVXOWV�LQ�D
³WLPH� ERPE´� LQVLGH� WKH� V\VWHP�� VXFK� DV� D� 18//� SRLQWHU� WR� D� GDWD� VWUXFWXUH� WKDW� LV� QRW
GHUHIHUHQFHG�H[FHSW�LQ�DQ�HUURU�KDQGOLQJ�URXWLQH�
5HVWDUW�IDLOXUHV�DUH�PRGHUDWHO\�HDV\�WR�GHDO�ZLWK��DQG�EDVLFDOO\�DUH�VHDUFKHG�IRU�LQ�WKH�VDPH

ZD\�WKDW�FDWDVWURSKLF�V\VWHP�IDLOXUHV�DUH�VHDUFKHG�IRU�DV�GLVFXVVHG�DERYH���$�SDUWLFXODUO\�QDVW\
UHVWDUW� IDLOXUH� WKDW�ZDV� IRXQG� RQ� D� UHDO� V\VWHP�ZDV� LQ�$,;�� LQ�ZKLFK� WKH� FRUH�GXPS� IDFLOLW\
ZDLWHG�XQWLO�HQRXJK�GLVN�VSDFH�RQ�D�QHDUO\�IXOO�GLVN�ZDV�DYDLODEOH� WR�GXPS�FRUH��HYHQ�LI�FRUH
GXPSLQJ�ZDV�GLVDEOHG��WKH�FKHFN�IRU�GLVN�VSDFH�FDPH�EHIRUH�WKH�FKHFN�IRU�WKH�PD[LPXP�DPRXQW
WR�GXPS��ZKLFK�LQ�RXU�FDVH�ZDV�VHW�WR�]HUR��
6LOHQW�IDLOXUHV�FDQ�EH�LGHQWLILHG�E\�XVLQJ�PXOWL�YHUVLRQ�FRPSDULVRQ�DPRQJ�GLIIHUHQW�26�WHVW

UHVXOWV���7KLV�VFKHPH�GHWHUPLQHV�GHFODUHV�D�UHVXOW�WR�EH�D�6LOHQW�IDLOXUH�LI�WKDW�WHVW�FDVH�RQ�WKDW�26
UHWXUQV�QR�HUURU�LQGLFDWLRQ�ZKLOH�WKDW�VDPH�WHVW�FDVH�UHVXOWV�LQ�DQ�HUURU�LQGLFDWLRQ�RQ�DQRWKHU�26�
7KLV�DSSURDFK�ZRUNV�ZLWK�UHDVRQDEOH�DFFXUDF\�LQ�SUDFWLFH��DSSUR[LPDWHO\�����DFFXUDWH��>��@�
EXW�RI�FRXUVH�UHTXLUHV�WKDW�WKHUH�EH�PXOWLSOH�LPSOHPHQWDWLRQV�DYDLODEOH���,PSURYLQJ�SHUIRUPDQFH
IRU�6LOHQW�IDLOXUHV�WDNHV�RQH�RI�WZR�DSSURDFKHV���,Q�VRPH�FDVHV�KDUGZDUH�LV�DYDLODEOH�WKDW�FRXOG
GHWHFW�D�6LOHQW�IDLOXUH��EXW�LV�QRW�EHLQJ�XVHG��IRU�H[DPSOH��EHFDXVH�PHPRU\�SURWHFWLRQ�LV�WXUQHG
RII� IRU�SDJH�]HUR�RI�PHPRU\� WR�VXSSRUW� OHJDF\�VRIWZDUH��� � ,Q�RWKHU�FDVHV� LW� LV� VLPSO\� WKDW� WKH
H[FHSWLRQDO� SDUDPHWHUV� DUH� QRW� EHLQJ� FKHFNHG�� DQG� LQ� DGGLWLRQ� HYDGH� GHWHFWLRQ� E\� KDUGZDUH
PHFKDQLVPV�
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������*HQHUDWLQJ�VRIWZDUH�ZUDSSHUV

$� SRVVLEOH� ZD\� WR� LPSURYH� VRIWZDUH� IDXOW� WROHUDQFH� LV� E\� XVLQJ� VRIWZDUH� ³ZUDSSHUV´� WKDW
HQFDSVXODWH�WKH�PRGXOHV�RI�D�VRIWZDUH�V\VWHP���:KLOH�LW�LV�DHVWKHWLFDOO\�PRUH�SOHDVLQJ�WR�IL[�DQ\
H[FHSWLRQ�KDQGOLQJ�GHILFLHQFLHV�LQ�D�VRIWZDUH�PRGXOH�GLUHFWO\��WKHUH�DUH�WLPHV�ZKHQ�WKDW�LV�QRW
SRVVLEOH� HLWKHU� EHFDXVH� RI� ODFN� RI� DFFHVV� WR� WKH� VRXUFH� FRGH� RU� WLPH�EXGJHW� FRQVWUDLQWV�
7KHUHIRUH� LW� PD\� EH� DWWUDFWLYH� WR� DXWRPDWLFDOO\� RU� VHPL�DXWRPDWLFDOO\� JHQHUDWH� VRIWZDUH
ZUDSSHUV� WKDW� DUH� LQWHUSRVHG� EHWZHHQ� WKH� $3,� LPSOHPHQWDWLRQ� DQG� WKH� DSSOLFDWLRQ�� � 7KHVH
ZUDSSHUV�FDQ�DXWRPDWLFDOO\�FKHFN�IRU�H[FHSWLRQDO�FRQGLWLRQV�DQG�WDNH�DFWLRQ�WR�UHSRUW�WKHP�RU��LQ
VRPH�FDVHV��UHFRYHU�IURP�WKHP�
:KLOH� D� JHQHULF� FDSDELOLW\� WR� FUHDWH� XQLYHUVDO� VRIWZDUH�ZUDSSHUV� UHPDLQV� D� UHVHDUFK� LVVXH�

WKHUH�DUH�VHYHUDO�VWUDWHJLHV�WKDW�PD\�EH�HPSOR\HG�ZLWKLQ�D�ZUDSSHU��VXFK�DV�UHSRUWLQJ�HUURU�UHWXUQ
FRGHV�� SHUIRUPLQJ� UHWU\�� DQG� LQYRNLQJ� DOWHUQDWH� DOJRULWKPV�� �$� SDUWLFXODUO\� LQWHUHVWLQJ� XVH� RI
ZUDSSHUV�LQ�FRQQHFWLRQ�ZLWK�UREXVWQHVV�WHVWLQJ�LV�WR�XVH�D�UREXVWQHVV�WHVWLQJ�UHVXOW�DV�D�ZDUQLQJ
WKDW�D�SDUWLFXODU�RSHUDWLRQ�LV�KD]DUGRXV��DQG�WR�SHUIRUP�D�FKHFNSRLQW�DJDLQVW�WKH�QHHG�IRU�D�ODWHU
UROOEDFN�LI�WKDW�RSHUDWLRQ�VKRXOG�IDLO���7KLV�ZRXOG�XVH�IDLOXUH�SUHGLFWLRQV�IURP�UREXVWQHVV�WHVWLQJ
WR� OHVVHQ� WKH� W\SLFDO� FRVW� RI� FKHFNSRLQWLQJ� WR� WKRVH� WLPHV�ZKHQ� LW� ZRXOG� DSSHDU� WR� EH� PRVW
IUXLWIXO�
7KH� ;HSW� DSSURDFK� >��@� XVHV� VRIWZDUH� ³ZUDSSHUV´� DURXQG� SURFHGXUH� FDOOV� DV� D� ZD\� WR

HQFDSVXODWH�HUURU�FKHFNLQJ�DQG�HUURU�KDQGOLQJ�ZLWKLQ�WKH�FRQWH[W�RI�D�UHDGDEOH�SURJUDP���*LYHQ
WKDW� WKH�IDXOW� WROHUDQFH�FRPPXQLW\�KDV�IRXQG�WKDW� WUDQVLHQW�V\VWHP�IDLOXUH�UDWHV�IDU�RXWQXPEHU
PDQLIHVWDWLRQV�RI�SHUPDQHQW�V\VWHP�IDXOWV�GHVLJQ�HUURUV�LQ�SUDFWLFH��HYHQ�DV�VLPSOH�D�VWUDWHJ\�DV
UHWU\LQJ� IDLOHG� RSHUDWLRQV� IURP� ZLWKLQ� D� VRIWZDUH� ZUDSSHU� KDV� WKH� SRWHQWLDO� WR� VLJQLILFDQWO\
LPSURYH�V\VWHP�UREXVWQHVV���2QH�FRXOG�WKHUHIRUH�HQYLVLRQ�XVLQJ�WKH�UHVXOWV�RI�%DOOLVWD�WHVWLQJ�WR
SURYLGH�LQIRUPDWLRQ�IRU�HUURU�FKHFNLQJ�ZLWKLQ�DQ�;HSW�VRIWZDUH�ZUDSSHU�

������3RWHQWLDO�XVH�DV�PHDVXUH�RI�GLYHUVLW\�IRU�PXOWL�YHUVLRQ�VRIWZDUH�V\VWHPV�

$�PHWKRG� IRU� XVLQJ� %DOOLVWD� IRU� )DXOW� 7ROHUDQFH� WKDW� GRHV� QRW� GLUHFWO\� LQYROYH� UREXVWQHVV
WHVWLQJ�SHU� VH� LV� LQ� WKH� DUHD� RI� DVVHVVLQJ� LPSOHPHQWDWLRQ� GLYHUVLW\� IRU�PXOWL�YHUVLRQ� V\VWHPV�
2QH� ZD\� WR� LPSURYH� GHSHQGDELOLW\� LV� WR� XVH� PXOWLSOH�� LQGHSHQGHQWO\�GHYHORSHG� YHUVLRQV� RI
VRIWZDUH�LQ�WKH�KRSH�WKDW�GLIIHUHQW�YHUVLRQV�DUH�GLYHUVH�LQ�QDWXUH��DQG�WKXV�KDYH�GLIIHULQJ�IDLOXUH
PRGHV� >�@>�@�� � 7KLV� LV� D� ZD\� RI� H[SORLWLQJ� LQKHUHQW� GHVLJQ� GLYHUVLW\� LQ� VHSDUDWHO\� GHVLJQHG
V\VWHPV�� LQ� DQ� DQDORJ\� WR� H[SORLWLQJ� GLYHUVLW\� DPRQJ� PXOWLSOH� LQGHSHQGHQWO\�PDQXIDFWXUHG
KDUGZDUH�VXEV\VWHPV�
2QH�LVVXH�ZLWK�XVLQJ�PXOWL�YHUVLRQ�VRIWZDUH�LV�ZKHWKHU�RU�QRW�VXFK�VRIWZDUH�LV�WUXO\�GLYHUVH�

7KHUH� DUH� VWXGLHV� DQG� DUJXPHQWV� IRU� ERWK� VLGHV� RI� WKLV� LVVXH� �H�J��� >�@>�@>��@>��@>��@>��@��
+RZHYHU��%DOOLVWD� WHVWLQJ�JLYHV�D�ZD\� WR�VKHG�DGGLWLRQDO� OLJKW�RQWR� WKH�GLYHUVLW\�TXHVWLRQ�� � ,Q
SDUWLFXODU��LW�FDQ�PHDVXUH�WKH�GLYHUVLW\�RI�PXOWLSOH�VRIWZDUH�YHUVLRQV�ZLWK�UHVSHFW�WR�H[FHSWLRQ
KDQGOLQJ� FDSDELOLWLHV�� � �'LYHUVLW\� ZLWK� UHVSHFW� WR� FRUUHFWQHVV� ZRXOG� KLQJH� RQ� LPSOHPHQWLQJ
VRIWZDUH�DVVXUDQFH�DELOLWLHV�GLVFXVVHG�ODWHU����,W�FDQ�GR�VR�E\�FRPSDULQJ�WKH�UHVXOWV�RI�LGHQWLFDO
WHVW� FDVHV� RQ�PXOWLSOH� LPSOHPHQWDWLRQV�� DQG�GHWHFWLQJ� LQVWDQFHV� LQ�ZKLFK� DW� OHDVW� RQH�YHUVLRQ
GHWHFWHG�DQ�H[FHSWLRQ��LQGLFDWLQJ�WKDW�D�QRWLRQDO�PXOWL�YHUVLRQ�V\VWHP�FRXOG�KDYH�GHWHFWHG�VXFK
DQ�H[FHSWLRQ�DQG�UHVSRQGHG�JUDFHIXOO\�HYHQ�LI�DOO�V\VWHPV�GLG�QRW���7KLV�LV�D�ELW�GLIIHUHQW�WKDQ
WUDGLWLRQDO�PXOWL�YHUVLRQ�YRWLQJ�LQ� WKDW� LW� VXIILFHV�IRU�D�VLQJOH�YHUVLRQ�RI�VRIWZDUH� WR�GHWHFW�DQ
H[FHSWLRQ�� ZKHUHDV� YRWLQJ� W\SLFDOO\� UHTXLUHV� D� PDMRULW\� RI� YHUVLRQV� WR� DJUHH� RQ� D� FRUUHFW
FRPSXWDWLRQDO�UHVXOW�
0XOWL�YHUVLRQ�DVVHVVPHQW�RI�RSHUDWLQJ�V\VWHPV�ZDV�SHUIRUPHG�ZLWK�%DOOLVWD�WHVW�GDWD�>��@��DQG

IRXQG�WKDW�26�NHUQHO�FDOOV�DUH�PRGHUDWHO\�GLYHUVH��EXW�QRW�FRPSOHWHO\�GLYHUVH����+RZHYHU��LW�ZDV
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DOVR� IRXQG� WKDW�&� OLEUDU\� IXQFWLRQ� FDOOV� GLVSOD\� D� UHODWLYHO\� SRRU� OHYHO� RI� GLYHUVLW\�� � )LJXUH��
VKRZV�D�VFDWWHU�SORW�RI�WKH�UHVXOWV�DWWDLQHG�E\�XVLQJ�DOO�FRPELQDWLRQV�RI�PXOWL�YHUVLRQ�GHWHFWLRQ
DPRQJ�WKLUWHHQ�RSHUDWLQJ�V\VWHPV�DFURVV�����IXQFWLRQ�FDOOV�>��@���$V�FDQ�EH�VHHQ��WKH�RYHUDOO�26
LQWHUIDFH�FDQQRW�EH�LPSURYHG�EH\RQG�D�����IDLOXUH�UDWH�HYHQ�LI�DOO�WKLUWHHQ�26�YHUVLRQV�DUH�XVHG
IRU�FRPSDULVRQ���+RZHYHU��LI�WKH�V\VWHP�FDOO�VXEVHW�LV�FRQVLGHUHG�LQ�LVRODWLRQ��L�H���WKRVH�FDOOV�QRW
SDUW� RI� WKH� &� OLEUDU\��� WKHQ� WKH� IDLOXUH� UDWH� LV� UHGXFHG� GUDPDWLFDOO\� �EXW� QRW� HOLPLQDWHG
FRPSOHWHO\��YLD�FRPSDULVRQ���7KLV�VXJJHVWV�WKDW��DW�OHDVW�ZLWK�UHVSHFW�WR�H[FHSWLRQ�KDQGOLQJ��WKH
&�OLEUDU\�IXQFWLRQV�DUH�QRW�SDUWLFXODUO\�GLYHUVH���

����3RWHQWLDO�JHQHUDOL]DWLRQ�WR�6RIWZDUH�$VVXUDQFH

6RIWZDUH�DVVXUDQFH�UHVHDUFK�KDV�SURGXFHG�PDQ\�PHWULFV���6RPH�RI�WKHVH�PHWULFV�DUH�EDVHG�RQ
PHDVXULQJ�WKH�FRPSOH[LW\�RI�WKH�VRIWZDUH�LWVHOI���6RPH�RI�WKH�PHWULFV�DUH�PRUH�SURFHVV�EDVHG�
VXFK�DV�VRIWZDUH�VKLSSLQJ�GHFLVLRQ�KHXULVWLFV���$QG�VRPH�RI�WKH�DSSURDFKHV�DUH�QRW�PHWULF�EDVHG�
EXW�UDWKHU�EDVHG�RQ�DVVXULQJ�FRPSOHWH�FRUUHFWQHVV��VXFK�DV�ZLWK�IRUPDO�PHWKRGV�
:LWKLQ� WKH� UHDOP�RI� VRIWZDUH� DVVXUDQFH��%DOOLVWD� WHVWLQJ� LV� DNLQ� WR�DQ� DXWRPDWHG�EODFN�ER[

WHVWLQJ�DSSURDFK�� �6LQFH�EODFN�ER[�WHVWLQJ� LV�DERXW� IXQFWLRQDOLW\�� WKH�TXHVWLRQ�EHFRPHV�RQH�RI
KRZ�PXFK�IXQFWLRQDOLW\�FDQ�EH�SXW�LQWR�WKH�WHVWLQJ�ZKLOH�UHWDLQLQJ�VFDODELOLW\�

)LJXUH�����2YHUDOO�DGMXVWHG�IDLOXUH�UDWHV�IRU�WKLUWHHQ�326,;�RSHUDWLQJ�V\VWHPV�XVLQJ�
PXOWL�YHUVLRQ�IDLOXUH�GHWHFWLRQ�FRPSDULVRQ�
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������5REXVWQHVV�PHWULF�IRU�&276�VRIWZDUH�FRPSRQHQW�OLEUDULHV

,Q�D�ODUJH�QXPEHU�RI�VRIWZDUH�V\VWHPV��H[FHSWLRQ�KDQGOLQJ�LV�GHDOW�ZLWK�LQFRPSOHWHO\�LQ�WKH
VRIWZDUH�VSHFLILFDWLRQ�� �7KLV� LV�GRQH� LQWHQWLRQDOO\��DQG�XVXDOO\� LQGLFDWHG�E\�SKUDVHV� VXFK�DV�D
EHKDYLRU�EHLQJ�³XQGHILQHG´�RU�³XQVSHFLILHG�´
,Q�VRPH�V\VWHPV��UREXVWQHVV�LV�QRW�DQ�RYHUULGLQJ�FRQFHUQ��EXW�LQ�RWKHUV��DQG�LQ�SDUWLFXODU�RQHV

LQ�ZKLFK� VHFXULW\�DQG� IDXOW� WROHUDQFH�DUH� VLJQLILFDQW� FRQFHUQV��� LW�PD\�EH� LPSRUWDQW�� � ,Q� WKHVH
ODWWHU�FDVHV�%DOOLVWD�WHVWLQJ�FDQ�VHUYH�WR�H[HUFLVH�H[FHSWLRQ�KDQGOLQJ�FRGH�DV�DOUHDG\�GHVFULEHG�
DQG�FUHDWH�D�PHWULF� IRU�H[FHSWLRQ�KDQGOLQJ�DELOLW\�� � ,W� VKRXOG�EH�QRWHG� WKDW� UREXVWQHVV� IDLOXUHV
IRXQG�E\�%DOOLVWD�DUH�QRW�QHFHVVDULO\�³EXJV´�RU�WKH�UHVXOWV�RI�³GHIHFWV´��EHFDXVH�WKRVH�WHUPV�FDQ
EH�FRQVWUXHG�WR�EH�ZLWK�UHVSHFW� WR� WKH�RULJLQDO�VRIWZDUH�VSHFLILFDWLRQ��ZKLFK�PD\�LQGHHG�VWDWH
WKDW�EHKDYLRU�LQ�D�SDUWLFXODU�VLWXDWLRQ�LV�³XQGHILQHG�´���+RZHYHU��LI�D�JHQHUDO�SXUSRVH�VRIWZDUH
FRPSRQHQW�OLEUDU\�LV�EHLQJ�XVHG�LQ�D�FULWLFDO�V\VWHP��LW�PD\�EH�DGYDQWDJHRXV�WR�VHOHFW�D�OLEUDU\
ZLWK�WKH�EHVW�UREXVWQHVV�SURSHUWLHV��RU�DW�OHDVW�KDYH�VRPH�PHDVXUH�DYDLODEOH�RI�WKH�UREXVWQHVV�RI
WKH�OLEUDU\�VHOHFWHG�

������$�TXDOLW\�DVVXUDQFH�PHWULF�IRU�V\VWHPV�ZLWK�ULJRURXV�H[FHSWLRQ�KDQGOLQJ

6RPH� V\VWHPV� DUH� VSHFLILFDOO\� GHVLJQHG� WR�EH� UREXVW��$Q� H[DPSOH� LV� WKH�HDUOLHU� RQH�RI� WKH
+/$�57,��ZKLFK�LV�GHVLJQHG�WR�UHSRUW�HUURU�FRGHV�IRU�DQ\�SRVVLEOH�H[FHSWLRQ���7HVWLQJ�UHVXOWV�WR
GDWH�KDYH�IRXQG�WKDW�PRVW�H[FHSWLRQV�DUH�LQ�IDFW�UHSRUWHG��EXW�PRVW�VRIWZDUH�PRGXOHV�GR�KDYH�D
IHZ�H[FHSWLRQV�WKDW�JR�XQUHSRUWHG���$QG��LQ�DQ�LQWHUHVWLQJ�UHVXOW��D�IHZ�PRGXOHV�ZHUH�IRXQG�WR
KDYH�D�PXFK�KLJKHU�IDLOXUH�UDWH�WKDQ�WKH�RWKHU�PRGXOHV��VXJJHVWLQJ�DUHDV�RI�SDUWLFXODU�FRQFHUQ
ZLWK�UHVSHFW�WR�V\VWHP�UREXVWQHVV�
7KXV��DQ�DGGLWLRQDO�XVH�RI�%DOOLVWD�WHVWLQJ�IRU�VRIWZDUH�DVVXUDQFH�LV�D�4XDOLW\�$VVXUDQFH�FKHFN

RQ�VRIWZDUH�WKDW�LV�VSHFLILFDOO\�ZULWWHQ�WR�LPSOHPHQW�ULJRURXV�H[FHSWLRQ�KDQGOLQJ���2QH�ZD\�WR
HPSOR\�WKLV�WHVWLQJ�LV�WR�JHQHUDWH�EXJ�OLVWV�WKDW�PXVW�EH�IL[HG���%XW��HVSHFLDOO\�LQ�FRVW�VHQVLWLYH
V\VWHPV�� LQ� FDQ� EH�XVHG� LQVWHDG� WR� ILQG� WKH�SDUWLFXODU�PRGXOHV� WKDW� IRU� VRPH� UHDVRQ� KDYH� IDU
ZRUVH�WKDQ�DYHUDJH�UREXVWQHVV�DQG�FRQFHQWUDWH�DYDLODEOH�UHVRXUFHV�RQ�WKHP�ILUVW���7KXV��%DOOLVWD
WHVWLQJ�PLJKW�EH�FRQVLGHUHG�D� VFUHHQLQJ� WRRO� IRU�ZKLFK� DUHDV� WR�FRQFHQWUDWH�FRUUHFWLYH� HIIRUWV
XSRQ��HYHQ�LI�LW�GRHV�QRW�ILQG�DOO�H[LVWLQJ�SUREOHPV�

������$GDSWDWLRQ�WR�EODFN�ER[�WHVWLQJ�ZLWK�FXVWRPL]HG�FRUQHU�YDOXHV��HWF�

$�SRWHQWLDOO\�KLJK�LPSDFW��EXW�DOVR�YHU\�GLIILFXOW��H[WHQVLRQ�RI�%DOOLVWD�WHVWLQJ�ZRXOG�EH�WR�XVH
LW�WR�SDUWLDOO\�DXWRPDWH�WUDGLWLRQDO�VRIWZDUH�WHVWLQJ�
,Q�WUDGLWLRQDO�EODFN�ER[�WHVWLQJ��HYHU\�PRGXOH�LV�WHVWHG�ZLWK�UHVSHFW�WR�D�VSHFLILFDWLRQ���7KLV

DSSURDFK�WHQGV�WR�VFDOH�SRRUO\�EHFDXVH�H[WUD�ZRUN�PXVW�EH�SHUIRUPHG�WR�GHILQH�D�VSHFLILFDWLRQ
IRU�HYHU\�PRGXOH�WR�EH�WHVWHG��WKXV�VFDOLQJ�HIIRUW�OLQHDUO\�ZLWK�WKH�VL]H�RI�WKH�$3,�WR�EH�WHVWHG�
7KH�REYLRXV�ZD\�WR�DWWDLQ�VFDODELOLW\�LV�WR�VRPHKRZ�JHQHULFL]H�IXQFWLRQDOLW\�VR�WKDW�LW�EHFRPHV
PRUH�REMHFW�RULHQWHG���$QG��LQ�IDFW��WKDW�DSSURDFK�ZDV�WDNHQ�ZLWK�SUH�%DOOLVWD�UREXVWQHVV�WHVWLQJ
>��@��EXW�GLG�QRW�DFKLHYH�VFDODELOLW\���,W�LV�SRVVLEOH��KRZHYHU��WKDW�LQ�OLJKW�RI�ZRUN�RQ�%DOOLVWD��WKH
JHQHULF�IXQFWLRQDOLW\�DSSURDFK�FRXOG�EH�PDGH�WR�ZRUN�
$QRWKHU� DSSURDFK� LV� WR� OLPLW� FRUUHFWQHVV� WHVWLQJ� WR� SURSHUWLHV� WKDW� FDQ� EH� UHSUHVHQWHG� DV� D

OLQHDU�VXSHUSRVLWLRQ�RI�WHVW�FDVHV�IRU�LQGLYLGXDO�SDUDPHWHUV�� �,Q�WKLV�DSSURDFK��FRUUHFWQHVV�WHVWV
ZLWK�SRVWFRQGLWLRQ�DVVHUWLRQV�ZRXOG�EH�DGGHG�WR�%DOOLVWD�WHVWLQJ��DQG�WKH�SRVWFRQGLWLRQV�ZRXOG
EH�WHVWHG�DIWHU�HDFK�WHVW�ZDV�UXQ���,W�LV�GLIILFXOW�WR�VHH�KRZ�WKLV�DSSURDFK�FRXOG�EH�PDGH�WR�GHDO
ZLWK�FKDQJHV�WR�V\VWHP�VWDWH�FDXVHG�E\�D�IXQFWLRQ��EHFDXVH�WKH�FKDQJHV�ZRXOG�RI�QHFHVVLW\�EH
UHODWHG�WR�IXQFWLRQDOLW\�� �%XW�� WKH�DVVHUWLRQV�FRXOG�WHVW�IRU� LQYDULDQWV�DFURVV�FKDQJHV��VXFK�DV�D
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VWULQJ�UHPDLQLQJ�QXOO�WHUPLQDWHG�DIWHU�DQ\�RSHUDWLRQ�
$� VLPSOHU�� OHVV� DPELWLRXV�� H[WHQVLRQ� ZRXOG� EH� WR� LQFOXGHG� FXVWRPL]HG� WHVW� YDOXHV� IRU

ERXQGDU\�WHVWLQJ�IRU�D�SDUWLFXODU�PRGXOH�RU�GDWD�W\SH�LQ�DGGLWLRQ�WR�FXUUHQW�%DOOLVWD�UREXVWQHVV
WHVWV�� � )RU� H[DPSOH�� D� VWUXFW� FRQWDLQLQJ� DQ�;�<� FRRUGLQDWH� SDLU� WR� D� JUDSKLFV� GLVSOD\� URXWLQH
PLJKW�EH�WHVWHG�ZLWK�WKH�FRRUGLQDWH�SDLU���������� WR�VHH�ZKHWKHU�DQ�DSSURSULDWH�HUURU�FRGH�LV
UHWXUQHG�IRU�DQ�RII�VFUHHQ�SRLQW�SORW�DWWHPSW�� �6XFK�DQ�DSSURDFK�PLJKW�VWLOO�VFDOH�EHFDXVH�LW�LV
EDVHG�RQ�D�GDWD�W\SH�WKDW�LV��SUHVXPDEO\��XVHG�E\�PXOWLSOH�VRIWZDUH�PRGXOHV�

������*HQHULF�EHKDYLRUDO�GHVFULSWLRQV�RWKHU�WKDQ�IRU�UREXVWQHVV"

7KH� SRLQW� DW� ZKLFK� DSSO\LQJ� %DOOLVWD� WR� VRIWZDUH� DVVXUDQFH� EHFRPHV� WULFN\� LV� ZKHQ� RQH
GHVLUHV� WR� WHVW� IRU� SURSHUWLHV� RWKHU� WKDQ� UREXVWQHVV�� �%H\RQG� WU\LQJ� WR� DSSO\� GDWD�W\SH� GULYHQ
WHVWLQJ�WR�FRUUHFWQHVV�WHVWLQJ��D�GLIIHUHQW�ZD\�WR�H[WHQG�%DOOLVWD�WHVWLQJ�LV�WR�ILQG�SURSHUWLHV�WKDW
KDYH�JHQHULF� VSHFLILFDWLRQV� DSSOLFDEOH� WR�DOO� �RU� DOPRVW� DOO�� VRIWZDUH�PRGXOHV��RU� YHU\� VLPSOH
VSHFLILFDWLRQV�WKDW�FDQ�HDVLO\�EH�VWDWHG�IRU�HDFK�PRGXOH���3RWHQWLDO�H[DPSOHV�RI�WKHVH�LQFOXGH�
� ([HFXWLRQ�WLPH��³PRGXOH�UHWXUQV�LQ�OHVV�WKDQ�;�PLFURVHFRQGV´��ZKHUH�SHUKDSV�HDFK�PRGXOH
WHVW�ZLOO�QHHG�WR�EH�DQQRWDWHG�ZLWK�D�SDUWLFXODU�WLPH�

� 0HPRU\�FRQVXPSWLRQ��³PRGXOH�FRQVXPHV�QR�PRUH�WKDQ�;�E\WHV�RI�PHPRU\�IURP�WKH�KHDS´��
� 6DIHW\�FULWLFDO�VWDWH�FKDQJH��³PRGXOH�GRHV�QRW�DOWHU�DQ\�RI�D�SUHGHILQHG�VHW�RI�V\VWHP�YDUL�
DEOHV´��
$�IXUWKHU�W\SH�RI�WHVWLQJ�WKDW�PLJKW�EH�SHUIRUPHG�ZRXOG�UHTXLUH�PDFKLQH�UHDGDEOH�LQWHUIDFH

VSHFLILFDWLRQV� WR� EH� DYDLODEOH�� DQG� PLJKW� WKXV� FURVV� WKH� OLQH� LQWR� PRUH� JHQHUDO� VRIWZDUH
DVVXUDQFH�� � +RZHYHU�� LI� VXFK� VSHFLILFDWLRQV� DUH� DYDLODEOH� DQ\ZD\�� WKH� LQFUHPHQWDO� FRVW� WR
SHUIRUP�%DOOLVWD�EDVHG� WHVWLQJ� XVLQJ� WKHP�PLJKW� EH� UHDVRQDEOH�� � ([DPSOH� DSSOLFDWLRQV�PLJKW
LQFOXGH�
� &KHFNLQJ� WKDW� DOO� H[FHSWLRQV�VSHFLILHG�FDQ�EH�JHQHUDWHG� �IDLOXUH� WR�JHQHUDWH�D�GRFXPHQWHG
H[FHSWLRQ�HLWKHU�VXJJHVWV�DQ�DGGLWLRQ�WR�WKH�WHVW�VHW�RU�SRLQWV�RXW�VRPHWKLQJ�WKDW�LV�QRW�FRQVLV�
WHQW�ZLWK�WKH�FXUUHQW�LPSOHPHQWDWLRQ��ZKLFK�PD\�RU�PD\�QRW�EH�D�SUREOHP��

� &KHFNLQJ�WKDW�H[FHSWLRQV�JHQHUDWHG�DUH�DOO�LQ�WKH�VSHFLILFDWLRQ��JHQHUDWLQJ�DQ�XQGRFXPHQWHG
H[FHSWLRQ�LV�HLWKHU�D�GRFXPHQWDWLRQ�GHIHFW�RU�D�VRIWZDUH�GHIHFW��

� 8VLQJ�VSHFLILHG�SUH�FRQGLWLRQ�LQIRUPDWLRQ�WR�KHOS�GLVWLQJXLVK�EHWZHHQ�H[FHSWLRQDO�DQG�QRQ�
H[FHSWLRQDO�WHVWV���)ODJ�DQ\�WHVWV�ZKLFK�VDWLVI\�SUHFRQGLWLRQV�EXW�SURGXFH�H[FHSWLRQDO�UHVXOWV�

� 8VLQJ�SRVW�FRQGLWLRQ�LQIRUPDWLRQ�WR�KHOS�DVVHVV�FRUUHFWQHVV�RI�WHVWV�H[HFXWHG�XQGHU�VDWLVILHG
SUHFRQGLWLRQV��WKLV�TXLFNO\�EHJLQV�WR�FURVV�WKH�OLQH�LQWR�WUDGLWLRQDO�VRIWZDUH�WHVWLQJ��
,I�WKH�DERYH�H[DPSOHV�EHJLQ�WR�VRXQG�OLNH�WUDGLWLRQDO�VRIWZDUH�WHVWLQJ����WKDW�LV�EHFDXVH�WKH\

DUH���7KH�RQO\�VLJQLILFDQW�GLIIHUHQFH�WKDW�%DOOLVWD�WHVWLQJ�VHHPV�WR�RIIHU�DW�WKLV�SRLQW�LV�DQ�REMHFW�
RULHQWHG�YLHZ�WR�SHUIRUPLQJ�WHVWLQJ�HYHQ�RQ�QRQ�REMHFW�RULHQWHG�VRIWZDUH�

����3RWHQWLDO�JHQHUDOL]DWLRQ�WR�VHFXULW\

0XFK�RI�FXUUHQW�VHFXULW\�WHVWLQJ�LQYROYHV�ORRNLQJ�IRU�NQRZQ�V\VWHP�YXOQHUDELOLWLHV�WKDW�KDYH
EHHQ�D�SUREOHP�LQ�WKH�SDVW��H�J��� WKH�6$7$1�WRRO�GLVFXVVHG�LQ�>��@��� �6FULSWV� WR�H[HUFLVH�VXFK
SUREOHPV�DUH�XVHIXO�IRU�HQVXULQJ�WKDW�V\VWHPV�UHWDLQ�D�FDSDELOLW\�WR�UHVLVW�SUHYLRXVO\�LGHQWLILHG
DWWDFNV�� DQG� FDQ� EH� WKRXJKW� RI� DV� D� NLQG�RI� UHJUHVVLRQ� WHVWLQJ� IRU� QHZ� UHYLVLRQV� DV�ZHOO� DV� D
FHUWLILFDWLRQ�VXLWH�IRU�QHZ�VRIWZDUH�
+RZHYHU��ZKDW�WKH�VHFXULW\�FRPPXQLW\�VHHPV�WR�ODFN�DW�WKLV�SRLQW�LV�D�V\VWHPDWLF�DELOLW\�WR

GHWHFW�QHZ�VHFXULW\�YXOQHUDELOLWLHV�EHIRUH�WKH\�DUH�GHWHFWHG�YLD�VXIIHULQJ�DWWDFNV�WR�H[SORLW�WKHP�
�7KHUH�LV�FOHDUO\�ZRUN�WR�EXLOG�XS�D�WKHRUHWLFDO�LQIUDVWUXFWXUH�DQG�LPSURYH�WKLV�VLWXDWLRQ��EXW�WKDW
LV�D�GLIILFXOW�SUREOHP�WKDW�ZLOO�WDNH�PXFK�HIIRUW����:KLOH�LW�LV�FHUWDLQO\�QR�VLOYHU�EXOOHW��%DOOLVWD



.RRSPDQ���&6'$¶�� ��

WHVWLQJ�PD\�EH�DEOH�WR�DGG�D�IHZ�WULFNV�WR�D�JHQHULF�VHFXULW\�WHVWLQJ�WRRONLW�

������%XOOHW�SURRILQJ�NH\�PRGXOHV

2QH�FODVVLF�ZD\�WR�JDLQ�HQWU\�LQWR�D�V\VWHP�LV� WR�FDXVH�D�NH\�VRIWZDUH�VXEV\VWHP�WR�IDLO�RU
SURYLGH� LQDSSURSULDWH� DFFHVV� WR� GDWD�� WKXV� FLUFXPYHQWLQJ�ZKDWHYHU� DFFHVV� FRQWURO� PD\� EH� LQ
SODFH�� � &XUUHQW� %DOOLVWD� WHVWLQJ� WHFKQLTXHV� FDQ� EH� XVHG� WR� KDUGHQ� WKH� FRQVWLWXHQW� VRIWZDUH
PRGXOHV�RI�VXFK�FULWLFDO�VXEV\VWHPV��LPSURYLQJ�FUDVK�UHVLVWDQFH�DW�WKH�PRGXOH�OHYHO�
$Q�DSSOLFDWLRQ�RI� H[LVWLQJ�%DOOLVWD� WHVWLQJ� WHFKQLTXHV�ZRXOG�EH� WR� HQVXUH� WKDW� LQWHUIDFHV� WR

PRGXOHV�DUH�UHDVRQDEO\�KDUGHQHG���)RU�H[DPSOH��D�WHFKQLTXH�WKDW�KDV�HQMR\HG�SHUHQQLDO�VXFFHVV
LV�WR�LQWHQWLRQDOO\�VXEPLW�DQ�RYHUO\�ORQJ�VWULQJ�RU�EXIIHU�YDOXH�WR�D�VRIWZDUH�PRGXOH�LQ�DQ�HIIRUW
WR�JHW�WKDW�PRGXOH�WR�RYHUZULWH�RWKHU��XQUHODWHG�GDWD�FDXVLQJ�D�VHFXULW\�KROH��H�J���>��@����:KLOH
VXFK� DQ� DWWDFN� SUREDEO\� ZRXOG� QRW� EH� GLUHFWO\� GHWHFWHG� E\� %DOOLVWD� WHVWLQJ�� D� %DOOLVWD� WHVW
DSSURDFK�FRXOG�LGHQWLI\�WKDW�WKH�PRGXOH�GRHV�QRW�SHUIRUP�EXIIHU�OHQJWK�FKHFNLQJ�E\�LGHQWLI\LQJ
D� VHSDUDWH� WHVW�FDVH� LQ�ZKLFK�DQ�RYHUO\� ORQJ�EXIIHU� UHVXOWV� LQ�DQ�$ERUW� IDLOXUH�� WKXV� LQGLUHFWO\
VXJJHVWLQJ�D�YXOQHUDELOLW\�WR�DQ�RYHUVL]HG�EXIIHU�DWWDFN�
$W�WKH�V\VWHP�OHYHO��%DOOLVWD�KDV�QRW�\HW�EHHQ�DSSOLHG�WR�FRPPDQG�OLQH�LQWHUIDFHV�DQG�WKH�OLNH�

,W�PLJKW�EH�SRVVLEOH�WR�EXLOG�D�SDUDPHWHUL]HG�WHVWLQJ�DSSURDFK�EDVHG�RQ�D�VHW�RI�OHJDO�DQG�LOOHJDO
FRPPDQGV�� IODJ�YDOXHV�� DQG� VR�RQ��EXW� WKLV�KDV�QRW�EHHQ�H[SORUHG�ZLWKLQ� WKH�%DOOLVWD�SURMHFW�
�+RZHYHU�� � WKH�)X]]�SURMHFW>��@�KDV�GHPRQVWUDWHG�VXFFHVV� LQ� UREXVWQHVV� WHVWLQJ�RI�FRPPDQG�
OLQH�LQWHUIDFHV��DQG�VKRXOG�EH�FRQVLGHUHG�IRU�XVH�LQ�VHFXULW\�WHVWLQJ��

������*HQHULF�VHFXULW\�EHKDYLRUDO�VSHFLILFDWLRQV"

$V� LQ� VRIWZDUH� DVVXUDQFH�� LW� LV� SRVVLEOH� WKDW� %DOOLVWD� WHVWLQJ� FDQ� KHOS� ZLWK� VRPH� VHFXULW\
WHVWLQJ���3RVVLEOH�KLJK�OHYHO�JHQHULF�EHKDYLRUDO�GHVFULSWLRQV�WR�XVH�LQ�GHWHFWLQJ�IDLOXUHV�PLJKW�EH�
� *UDQWV�DFFHVV�WR�D�ILOH�ZLWK�LQVXIILFLHQW�DFFHVV�SHUPLVVLRQV
� 3HUPLWV�PRGLILFDWLRQ�RI�DXGLW�ORJV
� $FFHVVHV� FULWLFDO� V\VWHP� LQIRUPDWLRQ� �VKRXOG�QRW� EH�SRVVLEOH�ZLWK� VRIWZDUH�PRGXOHV� RWKHU
WKDQ�D�FHUWDLQ�IHZ�
$V�DQ�H[DPSOH��D�%DOOLVWD� WHVW�PLJKW�EH�VHW�XS� IRU� WKH� ILOH� UHDG�FRPPDQG� LQ�ZKLFK� WKH� ILOH

KDQGOH�XVHG�IRU�WHVWLQJ�LV�FUHDWHG�ZLWK�YDULRXV�IRUPV�RI�SHUPLVVLRQ�IRU�DFFHVV��UHDG�RQO\�DFFHVV�
ZULWH�RQO\�DFFHVV��QR�DFFHVV����+RZHYHU�LQ�WKLV�FDVH�WKH�WHVW�UHVXOW�RI�LQWHUHVW�ZRXOG�QRW�EH�WKH
HUURU�UHWXUQ�VWDWXV�RI�WKH�PRGXOH��EXW�UDWKHU�ZKHWKHU�D�UHDG�ZDV�DFWXDOO\�SHUIRUPHG��DQG��YLD�D
SRVWSURFHVVLQJ�VFULSW��ZKHWKHU�UHDG�SHUPLVVLRQV�ZHUH�DFWXDOO\�VHW�LQ�WKH�WHVW�FDVH�H[HFXWHG���7KLV
DPRXQWV� WR� D� SUH�FRQGLWLRQ�SRVW�FRQGLWLRQ� FRPSDULVRQ�� VLPLODU� WR� ZKDW� PLJKW� EH� XVHG� IRU� D
VRIWZDUH�DVVXUDQFH�DSSOLFDWLRQ��H�J���LI�SUH�FRQGLWLRQ�LV�³UHDG�DFFHVV�SHUPLWWHG´�WKHQ�WKH�UHDG��
IXQFWLRQ�VDWLVILHV�WKH�SRVW�FRQGLWLRQ�RI�³GDWD�UHDG´�LQ�WKH�DEVHQFH�RI�RWKHU�H[FHSWLRQV��

����%DOOLVWD�LQ�SHUVSHFWLYH��ZKDW�LW�GRHV�DQG�GRHVQ
W�GR

$OWKRXJK�ZH� DWWHPSW� WR� VXJJHVW� VHYHUDO� SRVVLEOH� H[WHQVLRQV� RI�%DOOLVWD� WHVWLQJ� EH\RQG� WKH
GRPDLQ�RI�VRIWZDUH�UREXVWQHVV��LW�VKRXOG�EH�PDGH�FOHDU�WKDW�WKHUH�DUH�GHILQLWH�OLPLWDWLRQV�RQ�ZKDW
LW� FDQ�GR�� � �$QG�� IXUWKHUPRUH�� VRPH�RI� WKH�VXJJHVWLRQV�DERYH�PLJKW�QRW� DFWXDOO\�EH�SUDFWLFDO�
%HDU� LQ�PLQG� WKDW� VRIWZDUH� WHVWLQJ� LV� LQ� JHQHUDO� D� VSHFLDOL]HG� IRUP�RI� VRIWZDUH�GHYHORSPHQW�
7KXV��WKH�TXHVWLRQ�RI�ZKHWKHU�VRIWZDUH�WHVWLQJ�FDQ�EH�SHUIRUPHG�LV�LQ�PRVW�FDVHV�RI�LQWHUHVW�QRW
WKHRUHWLFDO��EXW�UDWKHU��DQ�LVVXH�RI�HFRQRPLFV���:KDW�LV�GLIIHUHQW�DERXW�%DOOLVWD�WHVWLQJ�LV�WKDW�LW
DWWHPSWV�WR�OLPLW� WKH�VFRSH�RI� WKH�WHVWLQJ�LQ�D�ZD\�WKDW�VLJQLILFDQWO\�UHGXFHV�GHYHORSPHQW�FRVW
DQG�HIIRUW��ZKLOH�VWLOO�DWWHPSWLQJ�WR�PHDVXUH�XVHIXO�V\VWHP�SURSHUWLHV�� �7KXV�� LW� LV�QRW�D�GR�DOO
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VROXWLRQ�� EXW� UDWKHU� DQ� H[HUFLVH� LQ� DWWDLQLQJ� OLPLWHG� DGGLWLRQDO� WHVWLQJ� RU� FKDUDFWHUL]DWLRQ� DW
FRPSDUDWLYHO\�ORZ�FRVW�

������7KH�JRDO��³TXDQWLILFDWLRQ�ZLWKRXW�WHDUV´

2I�FRXUVH�HYHU\RQH�ZRXOG�OLNH�WR�KDYH�FRPSOHWH�WHVWLQJ�RU�FKDUDFWHUL]DWLRQ�ZLWKRXW�VSHQGLQJ
DQ\�PRQH\�RU�WLPH�RQ�LW���%XW��REYLRXVO\��WKDW�LVQ¶W�JRLQJ�WR�KDSSHQ�DQ\�PRUH�WKDQ�VRIWZDUH�LV
JRLQJ� WR�JHW�GHYHORSHG�HIIRUWOHVVO\� LQ� WKH� ILUVW�SODFH�� �6R�� WKH� UHDO�TXHVWLRQ� LV��KRZ�ZHOO�GRHV
%DOOLVWD� ³VFDOH�´�ZKHUH� VFDODELOLW\� KDV� WR� GR�ZLWK� LQFUHPHQWDO� FRVW� WR� WHVW� DGGLWLRQDO� VRIWZDUH
PRGXOHV�RQFH�DQ�LQLWLDO�VHW�RI�PRGXOHV�KDV�EHHQ�WHVWHG�
7KH� %DOOLVWD� DSSURDFK� KDV� SURYHQ� SRUWDEOH� DFURVV� SODWIRUPV�� DQG� SURPLVHV� WR� EH� SRUWDEOH

DFURVV�DSSOLFDWLRQV���7KH�%DOOLVWD�WHVWV�KDYH�EHHQ�SRUWHG�WR�WHQ�GLIIHUHQW�RSHUDWLQJ�V\VWHPV���7KLV
GHPRQVWUDWHV� WKDW� KLJK�OHYHO� UREXVWQHVV� WHVWLQJ� FDQ� EH� FRQGXFWHG� ZLWKRXW� DQ\� KDUGZDUH� RU
RSHUDWLQJ�V\VWHP�PRGLILFDWLRQV���)XUWKHUPRUH��WKH�XVH�RI�QRUPDOL]HG�IDLOXUH�UHSRUWLQJ�VXSSRUWV
GLUHFW�FRPSDULVRQV�DPRQJ�GLIIHUHQW�LPSOHPHQWDWLRQV�RI�DQ�$3,�H[HFXWLQJ�RQ�GLIIHUHQW�SODWIRUPV�
,Q�D�VRPHZKDW�GLIIHUHQW�VHQVH��%DOOLVWD�VHHPV�WR�EH�SRUWDEOH�DFURVV�GLIIHUHQW�DSSOLFDWLRQV���7KH

326,;� $3,� HQFRPSDVVHV� ILOH� KDQGOLQJ�� VWULQJ� KDQGOLQJ�� ,�2�� WDVN� KDQGOLQJ�� DQG� HYHQ
PDWKHPDWLFDO� IXQFWLRQV�� � 7KH�+/$�57,� WHVWLQJ� HQFRPSDVVHV� D� ODUJH� UDQJH� RI� REMHFW�RULHQWHG
WHVWLQJ�FRQVLGHUDWLRQV��DQG�UHTXLUHG�RQO\�PLQRU�HQKDQFHPHQWV�WR�WKH�%DOOLVWD�WHVWLQJ�DSSURDFK�
6R�LW�VHHPV�OLNHO\�WKDW�%DOOLVWD�ZLOO�EH�XVHIXO�IRU�D�VLJQLILFDQW�QXPEHU�RI�RWKHU�DSSOLFDWLRQV�DV
ZHOO�

��������7HVWLQJ�FRVW��2QH�RI�WKH�ELJJHVW�XQNQRZQV�ZKHQ�HPEDUNLQJ�XSRQ�D�IXOO�VFDOH�LPSOHPHQ�
WDWLRQ� RI� WKH�%DOOLVWD�PHWKRGRORJ\�ZDV� WKH� DPRXQW� RI� WHVW� VFDIIROGLQJ� WKDW�ZRXOG� KDYH� WR� EH
HUHFWHG�IRU�HDFK�IXQFWLRQ�WHVWHG���,Q�WKH�ZRUVW�FDVH��VSHFLDO�SXUSRVH�FRGH�ZRXOG�KDYH�EHHQ�QHFHV�
VDU\�IRU�HDFK�RI�WKH�����326,;�IXQFWLRQV�WHVWHG���,I�WKDW�KDG�EHHQ�WKH�FDVH��LW�ZRXOG�KDYH�UHVXOWHG
LQ�D�VLJQLILFDQW�FRVW�IRU�FRQVWUXFWLQJ�WHVWV�IRU�DXWRPDWLF�H[HFXWLRQ��D�WHVWLQJ�FRVW�OLQHDU�ZLWK�WKH
QXPEHU�RI�PRGXOHV�WR�EH�WHVWHG��
+RZHYHU��WKH�DGRSWLRQ�RI�DQ�REMHFW�RULHQWHG�DSSURDFK�EDVHG�RQ�GDWD�W\SH�\LHOGHG�DQ�H[SHQVH

IRU� FUHDWLQJ� WHVW� FDVHV� WKDW� ZDV� VXEOLQHDU� ZLWK� WKH� QXPEHU� RI� PRGXOHV� WHVWHG�� � 7KH� NH\
REVHUYDWLRQ�LV�WKDW�LQ�D�W\SLFDO�SURJUDP�WKHUH�DUH�IHZHU�GDWD�W\SHV�WKDQ�IXQFWLRQV����WKH�VDPH�GDWD
W\SHV�DUH�XVHG�RYHU�DQG�RYHU�ZKHQ�FUHDWLQJ�IXQFWLRQ�GHFODUDWLRQV���,Q�WKH�FDVH�RI�326,;�FDOOV�
RQO\����GDWD�W\SHV�ZHUH�XVHG�E\�����IXQFWLRQV��VR�WKH�HIIRUW�LQ�FUHDWLQJ�WKH�WHVW�VXLWH�ZDV�GULYHQ
E\�WKH����GDWD�W\SHV��QRW�WKH�QXPEHU�RI�IXQFWLRQV�
,Q�WKH�FDVH�RI�WKH�+/$�57,��UHVXOWV�DSSHDU�WR�EH�WKDW�D�UHDVRQDEOH�OHYHO�RI�VFDODELOLW\�KDV�DOVR

EHHQ� DFKLHYHG�� � 7KH� HIIRUW� LQYROYHG� LQ� SUHSDULQJ� IRU� DXWRPDWHG� WHVWLQJ� LV� SURSRUWLRQDO� WR� WKH
QXPEHU�RI�REMHFW�FODVVHV��GDWD�W\SHV��UDWKHU�WKDQ�WKH�QXPEHU�RI�PHWKRGV�ZLWKLQ�HDFK�FODVV���,Q
IDFW�� RQH� FRXOG� HQYLVLRQ� UREXVWQHVV� WHVWLQJ� LQIRUPDWLRQ� EHLQJ� DGGHG� DV� D� VWDQGDUG� SDUW� RI
SURJUDPPLQJ�SUDFWLFH�ZKHQ�FUHDWLQJ�D�QHZ�FODVV��MXVW�DV�GHEXJJLQJ�SULQW�VWDWHPHQWV�PLJKW�EH
DGGHG�
$�IXUWKHU�VWHS�LQ�UHGXFLQJ�WKH�HIIRUW�IRU�SUHSDULQJ�WHVWV�LV�WR�DGG�LQKHULWDQFH�RI�WHVW�FDVHV���7KLV

LV�FRQFHSWXDOO\�SUHVHQW�LQ�WKH�FXUUHQW�YHUVLRQ�RI�%DOOLVWD��EXW�LV�VWLOO�EHLQJ�LPSOHPHQWHG���(DFK
SULPLWLYH�PDFKLQH�W\SH��VXFK�DV�LQWHJHU�RU�IORDWLQJ�SRLQW�QXPEHU��KDV�D�VHW�RI�SUH�GHILQHG�WHVWV�
8VHUV�DGGLQJ�PRUH�VSHFLILF�GDWD�W\SHV��VXFK�DV�³ILOH�PRGH�ELW�SDWWHUQ´�RU�³HQXPHUDWLRQ�LQGH[´�
FDQ�LQKHULW�H[LVWLQJ�JHQHULF�WHVWV�DQG�DGG�PRUH�VSHFLILF�WHVW�FDVHV�DV�ZHOO���0XOWLSOH�LQKHULWDQFH
ZLOO�KHOS�VLPSOH�FUHDWLRQ�RI�SRLQWHU�GDWD�W\SHV��IRU�H[DPSOH�E\�LQKHULWLQJ�ERWK�EDVLF�WHVWV�IRU�DQ\
SRLQWHU�DV�ZHOO�DV�WHVWV�IRU�GDWD�YDOXHV�LQ�WHVW�FDVHV�KDYLQJ�D�YDOLG�SRLQWHU�

��������(IIHFWLYHQHVV�DQG�V\VWHP�VWDWH���7KH�%DOOLVWD�WHVWLQJ�IDXOW�PRGHO�LV�IDLUO\�VLPSOLVWLF��VLQ�
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JOH�IXQFWLRQ�FDOOV�WKDW�UHVXOW�LQ�D�FUDVK�RU�KDQJ���,W�VSHFLILFDOO\�GRHV�QRW�HQFRPSDVV�VHTXHQFHV�RI
FDOOV���1RQHWKHOHVV��LW�LV�VXIILFLHQW�WR�XQFRYHU�D�VLJQLILFDQW�QXPEHU�RI�UREXVWQHVV�IDLOXUHV���3DUW�RI
WKLV�PD\�EH�WKDW�VXFK�SUREOHPV�DUH�XQH[SHFWHGO\�HDV\�WR�XQFRYHU��EXW�SDUW�RI�LW�PD\�DOVR�EH�WKDW
WKH�REMHFW�RULHQWHG�WHVWLQJ�DSSURDFK�LV�PRUH�SRZHUIXO�WKDQ�LW�DSSHDUV�XSRQ�ILUVW�WKRXJKW�
,Q�SDUWLFXODU��D�VLJQLILFDQW�DPRXQW�RI�V\VWHP�VWDWH�FDQ�EH�VHW�E\�WKH�FRQVWUXFWRU�IRU�HDFK�WHVW

YDOXH�� �)RU� H[DPSOH�� D� ILOH�GHVFULSWRU� WHVW� YDOXH�PLJKW� FUHDWH�D�SDUWLFXODU� ILOH�ZLWK� DVVRFLDWHG
SHUPLVVLRQV�� DFFHVV� PRGH�� DQG� FRQWHQWV� ZLWK� LWV� FRQVWUXFWRU� �DQG�� HUDVH� WKH� ILOH� ZLWK� LWV
GHVWUXFWRU����7KXV��D�VLQJOH�WHVW�FDVH�FDQ�UHSODFH�D�VHTXHQFH�RI�WHVWV�WKDW�ZRXOG�RWKHUZLVH�KDYH�WR
EH�H[HFXWHG�WR�FUHDWH�DQG�WHVW�D�IXQFWLRQ�H[HFXWHG�LQ�WKH�FRQWH[W�RI�D�SDUWLFXODU�V\VWHP�VWDWH��,Q
RWKHU�ZRUGV��WKH�HQG�HIIHFW�RI�D�VHULHV�RI�FDOOV�WR�DFKLHYH�D�JLYHQ�V\VWHP�VWDWH�FDQ�EH�VLPXODWHG
E\� D� FRQVWUXFWRU� WKDW� LQ� HIIHFW� MXPSV� GLUHFWO\� WR� D� GHVLUHG� V\VWHP� VWDWH� ZLWKRXW� QHHG� IRU� DQ
H[SOLFLW�VHTXHQFH�RI�FDOOV�LQ�WKH�IRUP�RI�SHU�IXQFWLRQ�WHVW�VFDIIROGLQJ�
$�KLJK�HPSKDVLV�KDV�EHHQ�SODFHG�RQ�UHSURGXFLELOLW\�ZLWKLQ�%DOOLVWD���,Q�HVVHQWLDOO\�HYHU\�FDVH

FKHFNHG��LW�ZDV�IRXQG�WKDW�H[WUDFWLQJ�D�VLQJOH�WHVW�FDVH�LQWR�D�VWDQG�DORQH�WHVW�SURJUDP�OHDGV�WR�D
UHSURGXFWLRQ�RI�UREXVWQHVV�IDLOXUHV���7KH�RQO\�VLWXDWLRQ�LQ�ZKLFK�%DOOLVWD�UHVXOWV�KDYH�EHHQ�IRXQG
WR�ODFN�VXFK�VLQJOH�FDOO�UHSURGXFLELOLW\�LV�LQ�&DWDVWURSKLF�IDLOXUHV��FRPSOHWH�V\VWHP�FUDVKHV��QRW
MXVW�VLQJOH�WDVN�FUDVKHV���DQG�HYHQ�WKHUH�UHVXOWV�FDQ�EH�UHSURGXFHG�E\�UXQQLQJ�D�JLYHQ�KDQGIXO�RI
WHVW�FDVHV�WRJHWKHU�

������%DOOLVWD�TXDQWLILHV�VRPH�DVSHFWV�RI�UREXVWQHVV

%DOOLVWD�KDV�VXFFHHGHG�LQ�SURYLGLQJ�TXDQWLILFDWLRQ�RI�VRPH�DVSHFWV�RI�UREXVWQHVV��VSHFLILFDOO\
WKH�UHDFWLRQ�RI�LQGLYLGXDO�VRIWZDUH�PRGXOHV�ZKHQ�SUHVHQWHG�ZLWK�H[FHSWLRQDO�SDUDPHWHU�YDOXHV
LQ� D� VLQJOH�FDOO� FRQWH[W� ZLWK� D� PRGHUDWH� DPRXQW� RI� DVVRFLDWHG� VWDWH� LQIRUPDWLRQ�� �:KLOH� ZH
VSHFXODWH�WKDW�LPSURYLQJ�UREXVWQHVV�DW�WKLV�VLPSOH�OHYHO�ZLOO�\LHOG�EHQHILWV�DW�WKH�V\VWHP�OHYHO��LW
LV�DV�\HW�XQFOHDU�KRZ�VLJQLILFDQW�DQ�HIIHFW�WKLV�ZLOO�EH���7KHUH�LV�QR�GHQ\LQJ�WKDW�VRPH�V\VWHP�
OHYHO�SUREOHPV�ZLOO�EH�G\QDPLF��LQYROYLQJ�VXFK�HPHUJHQW�EHKDYLRUV�DV�OLYHORFN���%XW��VNHSWLFV
KDYH��DW�YDULRXV�WLPHV�RYHU�WKH�FRXUVH�RI�WKH�SDVW�GHFDGH��LQFRUUHFWO\�SUHGLFWHG�WKDW�%DOOLVWD�DQG
LWV�SUHGHFHVVRUV�ZRXOG�QRW�ILQG�DQ\�ZD\�WR�FUDVK�D�V\VWHP���*LYHQ�WKDW�VXFK�V\VWHP�FUDVKHV�FDQ
EH� IRXQG�ZLWK� DQ� DGPLWWHGO\� VLPSOLVWLF� WHVWLQJ�PRGHO�� LW� LV� GLIILFXOW� WR� VD\� H[DFWO\� KRZ�PXFK
UHPDLQV� EH\RQG� WKH� UHDFK� RI� D� VLQJOH�WKUHDGHG� %DOOLVWD� LPSOHPHQWDWLRQ� �DQG�� LW� UHPDLQV� D
UHVHDUFK�WRSLF�WR�ILJXUH�RXW�KRZ�WR�FUHDWH�D�PXOWL�WKUHDGHG�%DOOLVWD�WHVWLQJ�V\VWHP�WKDW�UHWDLQV�WKH
FKDUDFWHULVWLFV�RI�UHSHDWDELOLW\�DQG�VFDODELOLW\��
7KHUH�DUH��RI�FRXUVH��QRW�RQO\�EHQHILWV��EXW�DOVR�GDQJHUV�DQG�SLWIDOOV�WR�EH�KDG���7KH�EHQHILWV�RI

EHLQJ� DEOH� WR� TXDQWLI\� UREXVWQHVV�� DOEHLW� LQ� D� OLPLWHG� VFRSH�� VWHP� IURP� WKH� IDFW� WKDW� RQFH
VRPHWKLQJ�FDQ�EH�PHDVXUHG��LW�LV�PRUH�UHDGLO\�GHWHUPLQHG�ZKHWKHU�WKDW�PHWULF�EHFRPHV�EHWWHU�RU
ZRUVH�RYHU�WLPH���7KLV�FDQ�OHDG�WR�WKH�IROORZLQJ�SRWHQWLDO�EHQHILWV�
� &XVWRPHUV�WKDW�FDUH�DERXW�UREXVWQHVV�FDQ�PDNH�PRUH�LQIRUPHG�SXUFKDVLQJ�GHFLVLRQV�
� 'HYHORSHUV�FDQ�MXVWLI\�DGGLWLRQDO�UHVRXUFHV�WR�LPSURYH�UREXVWQHVV��VLQFH�WKH\�FDQ�QRZ�PHD�
VXUH�WKH�UREXVWQHVV�RI�WKHLU�V\VWHP�ERWK�RQ�DQ�DEVROXWH�VFDOH�DQG�LQ�UHODWLRQ�WR�FRPSHWLWRUV�

� 'HYHORSPHQW�PDQDJHUV�FDQ�PDNH�EHWWHU�LQIRUPHG�GHFLVLRQV�DERXW�KRZ�PXFK�HIIRUW�WR�GHYRWH
WR�UREXVWQHVV��EDVHG�RQ�PHDVXUHG�UREXVWQHVV�OHYHOV���DQG�PHDVXUH�WKH�HIIHFWLYHQHVV�RI�WKRVH
HIIRUWV�EDVHG�RQ�UHVXOWDQW�UREXVWQHVV�LPSURYHPHQWV��

� )URP�D�PDUNHW�GULYHQ�SRLQW�RI�YLHZ��KLVWRULFDOO\�RQO\�WKLQJV�WKDW�FDQ�EH�PHDVXUHG�WHQG�WR�EH
LPSURYHG�RYHU� WLPH�� �+LVWRULFDOO\� WKLV�KDV� LQFOXGHG�KDUGZDUH�DWWULEXWHV��H�J���0,36��PHJD�
E\WHV�5$0��JLJDE\WHV�GLVN��PHJDELWV�VHFRQG�,�2����)RU�VRIWZDUH�WKLV�KDV��DOO�WRR�RIWHQ��PHDQW
WKH�OHQJWK�RI�IHDWXUH�FKHFN�RII�OLVWV���)RU�OHVV�SHUIRUPDQFH�RU�IXQFWLRQDOLW\�GLUHFWHG�DWWULEXWHV�
DQ� DELOLW\� WR�TXDQWLI\�PD\�PHDQ� WKDW� WKH\� DUH�GULYHQ� WR� LPSURYHPHQW�E\�PDUNHW� IRUFHV� DV
ZHOO�
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7KHUH�DUH��RI�FRXUVH��GDQJHUV�LQKHUHQW�LQ�XVLQJ�DQ\�PHDVXUHPHQW�V\VWHP��DQG�SDUWLFXODUO\�RQH
WKDW�SURGXFHV�D�VLQJOH�QXPEHU�IRU�FRPSDULVRQ�
� $�FODVVLF�PDQDJHPHQW�GDQJHU�LV�WKDW�³\RX�JHW�ZKDW�\RX�PHDVXUH�´��%DOOLVWD�FHUWDLQO\�GRHV�QRW
PHDVXUH�HYHU\�DVSHFW�RI� UREXVWQHVV�� �7KXV�� WKHUH�LV�D�YHU\�UHDO�GDQJHU� WKDW�FRQVXPHUV�ZLOO
SXUFKDVH�EDVHG�RQ�³UREXVWQHVV´�PHWULFV�ZKHQ�WKH�W\SH�RI�UREXVWQHVV�WKH\�QHHG�LV�QRW�ZKDW�LV
EHLQJ�PHDVXUHG��WKDW�V\VWHP�GHVLJQHUV�ZLOO�RSWLPL]H�IRU�PHDVXUHG�UREXVWQHVV�DW�WKH�H[SHQVH
RI�UREXVWQHVV�DWWULEXWHV�QRW�PHDVXUHG��HWF���:KLOH�WKLV�LV�D�YHU\�UHDO�GDQJHU��LW�LV�LQKHUHQW�LQ
DQ\�PHDVXUHPHQW�WHFKQLTXH��DQG�PXVW�EH�DGGUHVVHG�E\�FRQWLQXDOO\�LPSURYLQJ�WKH�PHDVXUH�
PHQWV�LQ�UHVSRQVH�WR�VXFK�WUHQGV���)HDU�RI�FUHDWLQJ�D�OHVV�WKDQ�SHUIHFW�PHDVXUH�LV�QR�H[FXVH
IRU�GHFLGLQJ�WR�PHDVXUH�QRWKLQJ�DW�DOO�

� &XVWRPHUV�PLJKW�LQVLVW�RQ�EHWWHU�UREXVWQHVV�QXPEHUV�HYHQ�LI�WKH\�GR�QRW�UHDOO\�QHHG�WKHP�
:KLOH�WKLV�LV�D�SRWHQWLDO�SLWIDOO��LW�LV�SUREDEO\�QR�ZRUVH�WKDQ�D�KREE\LVW�ZKR�LQVLVWV�RQ�KDYLQJ
WKH� ODWHVW� &38� PRGHO� ZLWKRXW� UHDOO\� QHHGLQJ� WKH� SHUIRUPDQFH�� � $QG�� LQ� ERWK� FDVHV�� WKLV
EHKDYLRU�VHUYHV�WR�GULYH�LPSURYHPHQW�RI�WKH�PHWULF�WR�WKH�EHQHILW�RI�XVHUV�ZKR�GR�LQ�IDFW�QHHG
LW�

� ,Q�WLPH��%DOOLVWD�PHWULFV�PD\�VXIIHU�IURP�D�SUREOHP�NQRZQ�DV�WKH�³LQRFXODWLRQ�HIIHFW�´

������7KH�LQRFXODWLRQ�HIIHFW�UHTXLUHV�FRQWLQXLQJ�LPSURYHPHQW

$�VLJQLILFDQW�FRQFHUQ�ZLWK�%DOOLVWD�WHVWLQJ�LV�WKH�HIIHFW�LW�PD\�KDYH�RYHU�WLPH�RQ�WKH�VRIWZDUH
LW�PHDVXUHV��FDOOHG�WKH�³LQRFXODWLRQ�HIIHFW´�ZLWK�UHVSHFW�WR�VRIWZDUH�WHVWLQJ�>�@��� �,Q�SDUWLFXODU�
WKH�LVVXH�LV��ZKDW�LV�WR�VWRS�D�VRIWZDUH�GHYHORSHU�IURP�HQVXULQJ�WKDW�DOO�%DOOLVWD�WHVWV�SDVV�����"
7KH�ILUVW��VLPSOH��DQVZHU�LV�WKDW�UHDFKLQJ�WKDW�VWDWH�RI�DIIDLUV�LV�SUREDEO\�GHVLUDEOH��DQG�KDYLQJ�D
VLWXDWLRQ�LQ�ZKLFK�UREXVWQHVV�RU�RWKHU�TXDOLWLHV�DUH�WDNHQ�IRU�JUDQWHG�E\�WKH�PDUNHWSODFH�UDWKHU
WKDQ�EHLQJ�QRQ�LGHDO�LV�SUREDEO\�D�JRRG�WKLQJ�
+RZHYHU��WKHUH�LV�D�PRUH�JHQHUDO�DQVZHU�WR�WKLV�LVVXH�LQ�WKDW�%DOOLVWD�WHVWLQJ�DELOLWLHV�VKRXOG

EH�PDGH�WR�LPSURYH�RYHU� WLPH��DQG�WR�DGDSW� WR�ZKDWHYHU�VWUDWHJLHV�PD\�EH�XVHG�WR�³JDPH´�RU
RWKHUZLVH�GHIHDW�LW�DV�D�UHDVRQDEOH�PHDVXUHPHQW�WRRO���7KHUH�LV�DPSOH�H[SHULHQFH�ZLWK�WKLV�LVVXH
LQ� WKH� SHUIRUPDQFH�PHWULF� DUHQD�� ZKHUH� FRPSLOHU� WHFKQRORJ\� KDV� ORQJ� EHHQ� XVHG� WR� ³EUHDN´
EHQFKPDUN�SURJUDPV�E\�XVLQJ�FXVWRPL]HG�RSWLPL]DWLRQV���7KH�UHVSRQVH�VKRXOG�EH�QRW�WR�GHFODUH
WKDW�%DOOLVWD�WHVWLQJ�LV�SRLQWOHVV�EHFDXVH�RI�WKLV�DOPRVW�LQHYLWDEOH�RXWFRPH��EXW�UDWKHU�WR�WDNH�LW�DV
D�FKDOOHQJH�WR�FRQWLQXDOO\� LPSURYH�WHVWLQJ�FDSDELOLWLHV�� �,PSURYHPHQW�FDQ�FRPH�LQ�DQ\�RQH�RI
VHYHUDO�IRUPV��LQFOXGLQJ�
� &UHDWLQJ�ULFKHU�VHWV�RI�WHVW�GDWD�IRU�HDFK�GDWD�W\SH�
� ,PSURYLQJ�WKH�DELOLWLHV�RI�WKH�³GLDOV´�PHWDSKRU�WR�LQFUHDVH�ILQH�JUDLQ�WHVWLQJ�DELOLWLHV�
� ,PSURYLQJ�WKH�VHDUFK�DELOLWLHV�RI�WKH�WHVWLQJ�KDUQHVV�WR�VHHN�RXW�DQG�LGHQWLI\�SDWWHUQV�
� $GGLQJ�UDQGRPL]HG�WHVWLQJ�
� ,Q�WLPH��DGGLQJ�FRQFXUUHQW�WHVWLQJ�DELOLWLHV�
� ,Q�WLPH��LQFUHDVLQJ�WKH�DPRXQW�RI�V\VWHP�VWDWH�WKDW�FDQ�EH�VHW�IRU�HDFK�WHVW�
7KXV��ZKLOH�GHDOLQJ�ZLWK�WKH�LQRFXODWLRQ�HIIHFW�LV�D�OHJLWLPDWH�FRQFHUQ��LW�VKRXOG�EH�VHHQ�DV�D

FKDOOHQJH�LQ�D�SURFHVV�RI�HYHU�LPSURYLQJ�V\VWHP�TXDOLW\�UDWKHU�WKDQ�D�VWXPEOLQJ�EORFN�

������6FDODELOLW\�LV�DWWDLQHG�E\�LJQRULQJ�IXQFWLRQDO�VSHFLILFDWLRQV

7KH�NH\�WR�%DOOLVWD¶V�VFDODELOLW\�LV�WKDW�LW�DEVWUDFWV�WKH�IXQFWLRQDO�VSHFLILFDWLRQ�RI�HDFK�PRGXOH
WR� DQ� H[WUHPHO\�KLJK�� DOPRVW� WULYLDO�� OHYHO�� �$V� VRRQ� DV� IXQFWLRQDOLW\� EHJLQV� WR� FUHHS� LQWR� WKH
WHVWLQJ�SURFHVV��VFDODELOLW\�LV�SODFHG�DW�ULVN���$Q�LPPHGLDWH�UHDFWLRQ�RI�VRPH�WR�VHHLQJ�%DOOLVWD
UHVXOWV� LV� WR�ZDQW� WR�DSSO\�WKH�DSSURDFK� WR�GLVSODFH� WUDGLWLRQDO�VRIWZDUH�WHVWLQJ�� �:KLOH� WKLV� LV
QDWXUDOO\� D� SRZHUIXO� GHVLUH� �EHFDXVH� WHVWLQJ� LV� VR� H[SHQVLYH��� LW� LV� VLPSO\� QRW� ZKDW� %DOOLVWD
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WHVWLQJ� LV� GHVLJQHG� IRU�� � ,W� PLJKW� EH� SRVVLEOH� WR� HQFURDFK� RQ� VRIWZDUH� WHVWLQJ� D� ELW� XVLQJ
WHFKQLTXHV�GLVFXVVHG�SUHYLRXVO\��EXW�XOWLPDWHO\�WKHUH�LV�D�FHUWDLQ�DPRXQW�RI�HVVHQWLDO�FRPSOH[LW\
WR�VRIWZDUH��DQG�WKDW�PXVW�VRPHKRZ�EH�UHSUHVHQWHG� WR� WKH� WHVWLQJ�V\VWHP�LI�DQ�DXWRPDWHG� WHVW
JHQHUDWRU�LV�WR�GHWHUPLQH�ZKHWKHU�WKH�DFWXDO�VRIWZDUH�DUWLIDFW�PHHWV�WKH�VSHFLILFDWLRQ�RU�QRW�

������6\VWHP�³VWDWH´�LV�D�GHHSHU�LVVXH�WKDQ�DW�ILUVW�VXVSHFWHG

7KH� ZKROH� LVVXH� RI� V\VWHP� VWDWH� KDV� WXUQHG� RXW� WR� EH� IDU� PRUH� VOLSSHU\� WKDQ� RULJLQDOO\
DQWLFLSDWHG���,Q�WKH�RULJLQDO�YLVLRQ�RI�ZKDW�%DOOLVWD�ZRXOG�GR��V\VWHP�VWDWH�ZDV�H[SOLFLWO\�VWDWHG�WR
EH�RXWVLGH�WKH�VFRSH�RI�UHVHDUFK���$GGLWLRQDOO\��LW�ZDV�IHDUHG�WKDW�SHU�PRGXOH�VFDIIROGLQJ�PLJKW
EH�UHTXLUHG�IRU�HDFK�IXQFWLRQ��EXW�DW�OHDVW�LW�ZDV�KRSHG�WKDW�SHU�PRGXOH�IXQFWLRQDO�VSHFLILFDWLRQV
PLJKW�EH�DYRLGHG�
��+RZHYHU��WKH�REMHFW�RULHQWHG�WHVWLQJ�DSSURDFK�KDV�SHUPLWWHG�SHU�PRGXOH�VFDIIROGLQJ�WR�EH

ODUJHO\�HOLPLQDWHG��DQG�D�PRGHUDWH�DPRXQW�RI�V\VWHP�VWDWH�WR�EH�LQFOXGHG�LQ�HDFK�WHVW���%RWK�RI
WKHVH�JRDOV�ZHUH�DFFRPSOLVKHG�E\�WKH�VXEVXPSWLRQ�RI�DOO�WHVWLQJ�LQIRUPDWLRQ�LQWR�WKH�GDWD�W\SHV�
,W�LV�FXUUHQWO\�XQFOHDU�KRZ�IDU�WKHVH�FRQFHSWV�FDQ�EH�SXVKHG���7KH�LQLWLDO�GHVLJQ�GLG�QRW�SHUPLW
VHWWLQJ�DQ\� V\VWHP�VWDWH��\HW� WKDW�ZDV�HYHQWXDOO\� LQFRUSRUDWHG�YLD�FRQVWUXFWRUV�ZKHQ�FRPSOH[
GDWD�W\SHV�VXFK�DV�ILOH�KDQGOHV�ZHUH�LQFRUSRUDWHG���3UHOLPLQDU\�UHVXOWV�RQ�RSHUDWLQJ�V\VWHPV�GLG
QRW�VKRZ�KRZ�WKH�WHFKQLTXHV�FRXOG�EH�H[SDQGHG�WR�HQFRPSDVV�REMHFW�RULHQWHG�VRIWZDUH�WHVWLQJ�
<HW� WKDW� ZDV� DFFRPSOLVKHG� ZLWK� WKH� +/$� 57,� DSSOLFDWLRQ�� � /DWHU� UHVXOWV� GLG� QRW� VKRZ� KRZ
SDUDPHWHUOHVV�IXQFWLRQV�FRXOG�EH�WHVWHG��\HW�WKDW�ZDV�ODWHU�DFFRPSOLVKHG�ZLWK�VR�FDOOHG�SKDQWRP
SDUDPHWHUV�� WKDW�DUH�SDVVHG�DV�GXPP\�SDUDPHWHUV�E\�WKH�%DOOLVWD� WHVWLQJ�KDUQHVV��EXW�VWULSSHG
EHIRUH�FDOOLQJ�WKH�DFWXDO�IXQFWLRQ�>��@���$QG��DOWKRXJK�LW�KDV�QRW�\HW�EHHQ�LPSOHPHQWHG��LW�LV�FOHDU
WKDW�SKDQWRP�SDUDPHWHUV�WR�VHW�WKLQJV�VXFK�DV�UHPDLQLQJ�GLVN�VSDFH�FDQ�KHOS�ZLWK�ODUJHU�FKXQNV
RI�V\VWHP�VWDWH�WKDQ�SUHYLRXVO\�DQWLFLSDWHG�
)LQDOO\��LW�LV�D�FRPPRQO\�KHOG�QRWLRQ�WKDW�WR�ILQG�DOO�EXW�WKH�PRVW�WULYLDO�RI�EXJV�D�VHTXHQFH�RI

FDOOV�PXVW�EH�H[HFXWHG���7KH�UHVXOWV�RQ�RSHUDWLQJ�V\VWHPV�KDYH�VKRZQ�WKDW�WKLV�LV�QRW�QHFHVVDULO\
WUXH����%DOOLVWD�WHVWLQJ�FDQ�ILQG�ZD\V�WR�FUDVK�DQ�HQWLUH�V\VWHP�ZLWK�D�VLQJOH�IXQFWLRQ�FDOO���%XW�DW
D�GHHSHU�OHYHO��ZKDW�%DOOLVWD�KDV�GRQH�LV�UHSODFHG�WKH�QRWLRQ�RI�D�VHTXHQFH�RI�FDOOV��D�FRQWURO�
IORZ� WKRXJKW�PRGHO��ZLWK� WKH�QRWLRQ� RI� VHWWLQJ� V\VWHP� VWDWH� SULRU� WR� D� VLQJOH� FDOO� �DQ� REMHFW�
RULHQWHG�WKRXJKW�PRGHO����,Q�IDFW��%DOOLVWD�GRHV�PDNH�D�VHULHV�RI�FDOOV�YLD�WHVW�YDOXH�FRQVWUXFWRUV��
�� LW� LV�VLPSO\�WKH�FDVH�WKDW� WKHVH�FDOOV�DUH�KLGGHQ�IURP�WKH�XVHU�DQG�QRW�FRQVLGHUHG�SDUW�RI� WKH
DFWXDO� WHVW� VHTXHQFH�� �$GGLWLRQDOO\�� VLQFH�%DOOLVWD� H[HFXWHV� WHVWV� LQ�EDWFKHV�XQGHU�D�KDUQHVV��D
PRGHUDWHO\�ODUJH�QXPEHU�RI�V\VWHP�FDOOV�DUH�PDGH�LQ�D�URZ�WKDW�PLJKW�WHQG�WR�IOXVK�RXW�VWDWH�
GHSHQGHQW�IDLOXUHV���+RZHYHU��H[SHULHQFH�KDV�VKRZQ�WKDW�WKH�VHTXHQFHV�RI�FDOOV�DFURVV�GLIIHUHQW
WHVW�FDVHV�DUH�ODUJHO\�LUUHOHYDQW����WKH�VLQJOH�FDOO�WHVWLQJ�PRGHO�KDV�SURYHQ�WR�EH�D�XVHIXO�RQH�
7KXV�� DV� UHVHDUFK� RQ� %DOOLVWD� KDV� SURJUHVVHG�� ZH� KDYH� FRQWLQXDOO\� EHHQ� VXUSULVHG� DW� WKH

HIIHFWLYHQHVV�RI��DQG�WKH�DPRXQW�RI�V\VWHP�VWDWH�WKDW�FDQ�EH�VHW�E\��D�GHFHSWLYHO\�VLPSOH�³VLQJOH�
FDOO´�WHVWLQJ�PRGHO�

�����&RQFOXVLRQV�DQG�IXWXUH�ZRUN

7KH�%DOOLVWD�WHVWLQJ�DSSURDFK�KDV�SRVVLEOH�DSSOLFDWLRQV�WR�IDXOW�WROHUDQFH��VRIWZDUH�DVVXUDQFH�
DQG�FRPSXWHU�VHFXULW\���,W�LV�EDVHG�RQ�D�SDLU�RI�NH\�DSSURDFKHV�WKDW�FDQ�EH�DSSOLHG�WR�WKHVH�WKUHH
DUHDV�
� /LPLWLQJ�WKH�VFRSH�RI�WHVWLQJ�WR�WKRVH�DUHDV�LQ�ZKLFK�D�JHQHULF�IXQFWLRQDO�VSHFLILFDWLRQ�FDQ�EH
XVHG�DFURVV�DOO�PRGXOHV�EHLQJ�WHVWHG�

� 8VLQJ�DQ�REMHFW�RULHQWHG�DSSURDFK�WR�FUHDWLQJ�WHVW�YDOXHV�LQ�ZKLFK�DOO�WHVWV�DUH�GHWHUPLQHG�E\
WKH�GDWD�W\SHV�RI�SDUDPHWHUV�UDWKHU�WKDQ�DQ\�JHQHULFL]DWLRQ�RI�PRGXOH�IXQFWLRQDOLW\�
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7KH�UHVXOWV�RI�%DOOLVWD�WHVWLQJ�RQ�RSHUDWLQJ�V\VWHPV�KDYH�LQGLFDWHG�WKDW�WKLV�JHQHULF�DSSURDFK
LV�VXIILFLHQW�WR�WHVW�IRU�DQG�LGHQWLI\�VLJQLILFDQW�QXPEHUV�RI�UREXVWQHVV�IDLOXUHV�LQ�D�KLJKO\�VFDODEOH
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�����$FNQRZOHGJPHQWV

7KH� JUDGXDWH� VWXGHQWV� ZKR� KDYH� ZRUNHG� RQ� WKH� %DOOLVWD� SURMHFW� KDYH� EHHQ� FUXFLDO� WR� LWV
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