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&RPSXWHUV� DUH� EHFRPLQJ� HVVHQWLDO� WR� HYHU\GD\� OLIH� LQ
PRGHUQ�VRFLHW\��EXW�DUH�QRW�QHFHVVDULO\�DV�GHSHQGDEOH�DV�RQH
ZRXOG� OLNH�� HVSHFLDOO\� ZLWK� UHVSHFW� WR� VRIWZDUH� UREXVWQHVV�
&RVW�DQG�WLPH�FRQVWUDLQWV�RIWHQ�OLPLW�WHVWLQJ�WR�WKH�LPSRUWDQW
DUHD� RI� IXQFWLRQDO� FRUUHFWQHVV�� EXW� OHDYH� IHZ� UHVRXUFHV� WR
GHWHUPLQH� D� VRIWZDUH� V\VWHP¶V� UREXVWQHVV� LQ� WKH� IDFH� RI
H[FHSWLRQDO� FRQGLWLRQV�� � 7KLV� SDSHU� GHVFULEHV� WKH� %DOOLVWD
3URMHFW�±�D�PHWKRGRORJ\� DQG�:HE� VHUYHU� WKDW� UHPRWHO\� WHVW
VRIWZDUH�PRGXOHV�LQ�OLQNDEOH�REMHFW�FRGH�IRUP���%\�IRFXVLQJ
RQ� PRGXOH� LQWHUIDFHV� UDWKHU� WKDQ� IXQFWLRQDO� VSHFLILFDWLRQV�
ZH�KDYH�EHHQ�DEOH�WR�EXLOG�D�VFDODEOH�UREXVWQHVV�HYDOXDWLRQ
IUDPHZRUN� KDYLQJ� D� WHVW� GHYHORSPHQW� FRVW� VXE�OLQHDU� ZLWK
UHVSHFW� WR� WKH� QXPEHU� RI� PRGXOHV� WR� EH� WHVWHG�� � $� FOLHQW�
VHUYHU� IUDPHZRUN� H[HUFLVHV� WKH� PRGXOH� XQGHU� WHVW� RQ� WKH
GHYHORSHU¶V� FRPSXWHU�� �7KH�%DOOLVWD� VHUYHU� UHPRWHO\�GLUHFWV
WHVWLQJ�� HOLPLQDWLQJ� WKH� QHHG� WR� SRUW� VHUYHU� RU� DSSOLFDWLRQ
FRGH�� DQG� PDLQWDLQLQJ� � FRQILGHQWLDOLW\� RI� WKH� VRXUFH� FRGH
XQGHU� WHVW�� � 6WDQG�DORQH� WHVWV� WR� UHSOLFDWH� IDLOXUHV� DUH
JHQHUDWHG�DQG�YLHZHG�RQ�WKH�:RUOG�:LGH�:HE���7KH�%DOOLVWD
VHUYHU� FDQ� EH�XVHG� WR� FUHDWH� RU� DXJPHQW� WHVW� VXLWHV�� DQG� WR
FROOHFW� GDWD� WR�EHWWHU� XQGHUVWDQG� WKH� H[FHSWLRQDO� FRQGLWLRQV
WKDW�LQGXFH�VRIWZDUH�UREXVWQHVV�IDLOXUHV�

.H\ZRUGV

5HOLDELOLW\��7HVWLQJ��DQDO\VLV��DQG�YHULILFDWLRQ��0HDVXUHPHQW�
PHWULFV�� HPSLULFDO�PHWKRGV��:HE�EDVHG� WRROV�� V\VWHPV�� DQG
HQYLURQPHQWV�
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$OWKRXJK� FRPSXWLQJ� V\VWHPV� FRQWLQXH� WR� WDNH� RQ
LQFUHDVLQJO\� LPSRUWDQW� UROHV� LQ� HYHU\GD\� OLIH�� WKH
GHSHQGDELOLW\� RI� WKHVH� V\VWHPV� ZLWK� UHVSHFW� WR� VRIWZDUH
UREXVWQHVV� PD\� QRW� EH� DV� KLJK� DV� RQH� ZRXOG� OLNH�� 7KH
GLVUXSWLRQ�RI� FRPPXQLFDWLRQV� VHUYLFHV� RU�D�EXVLQHVV� VHUYHU

FDQ�FDXVH�VXEVWDQWLDO�SUREOHPV�IRU�ERWK�WKH�VHUYLFH�SURYLGHU
DQG� WKH� FRQVXPHU� GHSHQGDQW� RQ� WKH� VHUYLFH�� � 3HUVRQDO
FRPSXWHU� XVHUV� KDYH� EHFRPH� LQXUHG� WR� FUDVKHV� RI� SRSXODU
GHVNWRS� FRPSXWHU� VRIWZDUH�� � %XW�� WKHVH� VDPH� SHRSOH� DUH
QRWRULRXVO\� XQV\PSDWKHWLF� ZKHQ� IDFHG� ZLWK� FRPSXWHU
SUREOHPV�WKDW�GLVUXSW�VHUYLFHV�LQ�WKHLU�GDLO\�OLYHV�

6RIWZDUH�UREXVWQHVV� IDLOXUHV�DQG�H[FHSWLRQDO�FRQGLWLRQV�DUH
QRW� D� QHZ� SUREOHP�� � $Q� HDUO\�� KLJKO\� YLVLEOH�� VRIWZDUH
UREXVWQHVV� IDLOXUH� LQ� D� FULWLFDO� V\VWHP� FDPH� LQ� WKH� $SROOR
/XQDU�/DQGLQJ�3URJUDP�GHVSLWH�WKH�DPSOH�UHVRXUFHV�XVHG�IRU
HQJLQHHULQJ��GHYHORSPHQW�DQG�WHVW���,Q�������GXULQJ�SRZHUHG
OXQDU�GHVFHQW��WKH�$SROOR�(OHYHQ�/XQDU�0RGXOH�H[SHULHQFHG
WKUHH�FRPSXWHU�FUDVKHV�DQG�UHERRWV�GXH�WR�H[FHSWLRQDO�VHQVRU
DQG�HTXLSPHQW�VHWWLQJV�>��@

0RUH� UHFHQW� VRIWZDUH� GHYHORSPHQW� PHWKRGRORJLHV� IRU
FULWLFDO�V\VWHPV��H�J���>��@��KDYH�JLYHQ�HQJLQHHUV� WKH�DELOLW\
WR�FUHDWH�KLJKO\�UREXVW�V\VWHPV�VXFK�DV�MHW�HQJLQH�FRQWUROOHUV�
%XW�� FRVW� FXWWLQJ�� WLPH� SUHVVXUH�� DQG� RWKHU� UHDO�ZRUOG
FRQVWUDLQWV� RQ� HYHQ� FULWLFDO� V\VWHPV� FDQ� OHDG� WR� OHVV� WKDQ
SHUIHFWO\� UREXVW� VRIWZDUH� V\VWHPV�� � 2QH� RI� WKH� PRUH
VSHFWDFXODU�UHFHQW�LQVWDQFHV�RI�WKLV�ZDV�WKH�PDLGHQ�IOLJKW�RI
WKH�$ULDQH���KHDY\�OLIW�URFNHW���6KRUWO\�DIWHU�OLIWRII�WKH�URFNHW
DQG� SD\ORDG�ZHUH� ORVW� GXH� WR� D� IDLOXUH� RULJLQDWLQJ� IURP� DQ
XQKDQGOHG�H[FHSWLRQDO�FRQGLWLRQ�GXULQJ�D�FRQYHUVLRQ�IURP�D
IORDWLQJ� SRLQW� YDOXH� WR� DQ� LQWHJHU� YDOXH�>��@� ,W� VWDQGV� WR
UHDVRQ�WKDW�HYHU\GD\�SURMHFWV�ZLWK�ORZHU�SHUFHLYHG�FULWLFDOLW\
DQG� EXGJHW� VL]H� DUH� OLNHO\� WR� EH� HYHQ� PRUH� VXFHSWLEOH� WR
UREXVWQHVV�SUREOHPV��

$V� LOOXVWUDWHG�E\� WKH�VSDFH� IOLJKW�H[DPSOHV�DERYH�DQG�PRVW
SHRSOH¶V�GDLO\�H[SHULHQFH�ZLWK�SHUVRQDO�FRPSXWHU�VRIWZDUH�
DOO� WRR� RIWHQ� WKH� UHVSRQVH� WR� H[FHSWLRQDO� FRQGLWLRQV� LV� OHVV
WKDQ�JUDFHIXO��)UHTXHQWO\�WKH�IRFXV�RI�VRIWZDUH�GHYHORSPHQW
SURFHVVHV�LV�HLWKHU�WKDW�D�JLYHQ�LQSXW�LV�H[FHSWLRQDO�DQG�WKDW�LW
VKRXOG� QRW� KDYH� EHHQ� HQFRXQWHUHG�� RU� WKDW� WKH� ODFN� RI� D
VSHFLILFDWLRQ�IRU�WKDW�LQSXW�ZDV�D�GHIHFW�LQ�WKH�UHTXLUHPHQWV�
%XW�� IURP� D� XVHU¶V� SHUVSHFWLYH�� D� IDLOXUH� WR� KDQGOH� DQ
H[FHSWLRQDO� FRQGLWLRQ� JUDFHIXOO\� DPRXQWV� WR� D� VRIWZDUH
IDLOXUH�HYHQ�LI�LW�LV�QRW�VWULFWO\�VSHDNLQJ�FDXVHG�E\�D�VRIWZDUH
GHIHFW� �LW� LV� LUUHOHYDQW� WR� OD\SHRSOH� WKDW� VRIWZDUH
GHYHORSPHQW� GRFXPHQWV� OHDYH� UHVSRQVHV� WR� D� SDUWLFXODU
H[FHSWLRQDO� FRQGLWLRQ� ³XQVSHFLILHG´� LI� WKH\� KDYH� ORVW
DQ\WKLQJ� IURP�DQ�KRXU¶V�ZRUN� WR�D� IDPLO\�PHPEHU�GXH�WR�D
VRIWZDUH�FUDVK��

�7KH�%DOOLVWD�6RIWZDUH�5REXVWQHVV�7HVWLQJ�6HUYLFH
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+LVWRU\� DQG� FRPPRQVHQVH� WHOO� XV� WKDW� VSHFLILFDWLRQV� DUH
XQOLNHO\� WR� DGGUHVV� HYHU\� SRVVLEOH� H[FHSWLRQDO� FRQGLWLRQ�
&RQVHTXHQWO\�� LPSOHPHQWDWLRQV� GHYHORSHG� E\� W\SLFDO
VRIWZDUH� GHYHORSPHQW� WHDPV� DUH� SUREDEO\� QRW� HQWLUHO\
UREXVW��$QG��LQ�WKH�ZRUOG�RI�FRPPHUFLDO�VRIWZDUH��LW�LV�HYHQ
PRUH�OLNHO\�WKDW�UHVRXUFH�DQG�WLPH�FRQVWUDLQWV�ZLOO�OHDYH�JDSV
ZKHUH� HYHQ� H[FHSWLRQDO� FRQGLWLRQV� WKDW� PLJKW� KDYH� EHHQ
DQWLFLSDWHG� ZLOO� EH� RYHUORRNHG� RU� OHIW� XQFKHFNHG�� � $V� D
VLPSOH� H[DPSOH�� FRQVLGHU� DQ� $6&,,� WR� LQWHJHU� FRQYHUVLRQ
LQDGYHUWDQWO\�IHG�D�QXOO�VWULQJ�SRLQWHU�H[SUHVVHG�E\�WKH�&�FDOO
DWRL�18//����$V�RQH�PLJKW�H[SHFW��RQ�PRVW�V\VWHPV�WKLV
FDOO�FDXVHV�D�VHJPHQWDWLRQ�IDXOW�DQG�DERUWV� WKH�SURFHVV�� �2I
FRXUVH� RQH� ZRXOG� QRW� H[SHFW� SURJUDPPHUV� WR� GHOLEHUDWHO\
ZULWH� ³DWRL�18//��´� � %XW� LW� LV� SRVVLEOH� WKDW� D� SRLQWHU
UHWXUQHG� IURP� D� XVHU� LQSXW� URXWLQH� SXUFKDVHG� DV� SDUW� RI� D
FRPSRQHQW�OLEUDU\�FRXOG�JHQHUDWH�D�18//�SRLQWHU�YDOXH��DQG
WKDW� SRLQWHU� FRXOG� EH� SDVVHG� WR� DWRL��� GXULQJ� VRPH
H[FHSWLRQDO� FRQGLWLRQ�±� SHUKDSV�QRW� GRFXPHQWHG� DQ\ZKHUH
�MXVW�WR�SLFN�DQ�H[DPSOH��OHW¶V�VD\�WKDW�WKLV�KDSSHQV�LI�WKH�XVHU
SUHVVHV�EDFNVSDFH�DQG� WKHQ�FDUULDJH�UHWXUQ��EXW� WKDW� LVQ¶W� LQ
DQ\RQH¶V�WHVW�VHW����6KRXOG�DWRL���DERUW�WKH�SURJUDP�LQ�WKLV
FDVH"��6KRXOG�WKH�DSSOLFDWLRQ�SURJUDPPHU�FKHFN�WKH�LQSXW�WR
DWRL��� HYHQ� WKRXJK� WKHUH� LV� QR� VSHFLILHG� FDVH� IURP� WKH
LQSXW� URXWLQH�FRPSRQHQW� WKDW�FRXOG�JHQHUDWH�D�QXOO�SRLQWHU"
2U� VKRXOG�DWRL��� UHDFW� JUDFHIXOO\� DQG� JHQHUDWH� DQ� HUURU
UHWXUQ�FRGH�VR�WKDW�WKH�DSSOLFDWLRQ�SURJUDP�FDQ�FKHFN�WR�VHH
LI�WKH�FRQYHUVLRQ�WR�LQWHJHU�ZDV�SHUIRUPHG�SURSHUO\�DQG�WDNH
FRUUHFWLYH� DFWLRQ"� �:KLOH� LW� LV� HDV\� WR� VD\� VXFK� D� SUREOHP
FRXOG�EH�KDQGOHG�E\�D�EXJ�SDWFK��D�ODFN�RI�UREXVWQHVV�LQ�HYHQ
VR� VLPSOH� D� FDVH� FRXOG� FDXVH� SUREOHPV� UDQJLQJ� IURP� WKH
H[SHQVH� RI� GLVWULEXWLQJ� WKH� SDWFK� WR� HPEDUDVVPHQW�� ORVV� RI
FXVWRPHUV��RU�ZRUVH�

5HVRXUFH� DQG� WLPH� FRQVWUDLQWV� WRR� RIWHQ� DOORZ� WKRURXJK
WHVWLQJ�RI� RQO\� WKH� IXQFWLRQDO� DVSHFWV�RI�D�VRIWZDUH�V\VWHP�
)XQFWLRQDO� WHVWLQJ� LV� RIWHQ� WKH� HDVLHVW� WHVWLQJ� H[SHQVH� WR
MXVWLI\� DV� ZHOO�� � $IWHU� DOO�� LW� LV� HDV\� WR� FRQMXUH� YLVLRQV� RI
XQKDSS\�FXVWRPHUV�DQG�SRRU�VDOHV�WR�HYHQ�WKH�PRVW�EXGJHW�
FRQVFLRXV�FRVW�FXWWHU�LI�D�SURGXFW�IDLOV�WR�SHUIRUP�DGYHUWLVHG
IXQFWLRQV�� � +RZHYHU�� GHYHORSPHQW� PHWKRGRORJLHV�� WHVW
PHWKRGRORJLHV�� DQG� VRIWZDUH� PHWULFV� W\SLFDOO\� JLYH� VKRUW
VKULIW�WR�WKH�LVVXH�RI�UREXVWQHVV���,Q�SDUWLFXODU��WKHUH�KDV�EHHQ
WR�GDWH�QR�FRPSUHKHQVLYH�ZD\�WR�TXDQWLI\�UREXVWQHVV��VR�LW�LV
GLIILFXOW� WR� PHDVXUH� WKH� HIIHFWV� RI� VSHQGLQJ� PRQH\� WR
LPSURYH� LW�� � )XUWKHUPRUH�� H[FHSWLRQDO� FRQGLWLRQV� DUH
W\SLFDOO\� LQIUHTXHQW�� VR� LW� LV� GLIILFXOW� WR� MXVWLI\� VSHQGLQJ
UHVRXUFHV�RQ�GHDOLQJ�ZLWK�WKHP����+RZHYHU��LW�LV�D�PLVWDNH�WR
WKLQN� WKDW� LQIUHTXHQW� RU� H[FHSWLRQDO� QHFHVVDULO\� HTXDWHV� WR
XQOLNHO\��DV�FDQ�EH�GHPRQVWUDWHG�E\�\HDU�YDOXHV�UROOLQJ�IURP
����� WR� ����� ZLWK� WZR�GLJLW� \HDU� GDWD� ILHOGV�� WKLV� LV
LQIUHTXHQW��EXW�FHUWDLQ�WR�KDSSHQ��

:KLOH� UREXVWQHVV� PD\� QRW� EH� DQ� LPSRUWDQW� LVVXH� LQ� HYHU\
VRIWZDUH� V\VWHP�� WKRVH� V\VWHPV� ZKLFK� UHTXLUH� VRIWZDUH
UREXVWQHVV�FDQ�SRVH�VSHFLDO�GLIILFXOWLHV�GXULQJ�WHVWLQJ�� �,Q�D
³UREXVW´� VRIWZDUH� V\VWHP� LW� LV� W\SLFDO� IRU� XS� WR�����RI� WKH
FRGH�WR�H[LVW�IRU�WKH�SXUSRVH�RI�GHDOLQJ�ZLWK�H[FHSWLRQV�DQG
H[FHSWLRQDO� FRQGLWLRQV�>��@� �8QVXUSULVLQJO\� LQ� OLJKW�RI� WKLV�
RWKHU�VRXUFHV�VWDWH�WKDW�PDWXUH�WHVW�VXLWHV�PD\�FRQWDLQ���WR��
WLPHV�PRUH� WHVW� FDVHV� GHVLJQHG� WR� WHVW� UHVSRQVHV� WR� LQYDOLG

FRQGLWLRQV�DQG� LQSXWV��³'LUW\´� WHVWV��WKDQ� WKRVH�GHVLJQHG�WR
WHVW�IXQFWLRQDOLW\��³&OHDQ´�WHVWV��>�@��,Q�VKRUW��ZULWLQJ�UREXVW
FRGH�DQG�WHVWLQJ�IRU�UREXVWQHVV�DUH�ERWK�OLNHO\�WR�EH�GLIILFXOW�
WLPH� FRQVXPLQJ�� DQG� H[SHQVLYH�� � *LYHQ� WKDW� WKH� EXON� RI
GHYHORSPHQW�HIIRUW�LQ�VXFK�VLWXDWLRQV�LV�VSHQW�RQ�H[FHSWLRQV
UDWKHU� WKDQ� ³QRUPDO´� IXQFWLRQDOLW\�� LW� ZRXOG� VHHP� XVHIXO� WR
KDYH� WRROV� WR� VXSSRUW� RU� HYDOXDWH� WKH� HIIHFWLYHQHVV� RI
H[FHSWLRQ�KDQGOLQJ�FRGH�

2WKHU� SUREOHPV� DULVH� ZKHQ� DWWHPSWLQJ� WR� XVH� RII�WKH�VKHOI
VRIWZDUH� FRPSRQHQWV�� � ,W� PD\� EH� GLIILFXOW� WR� HYDOXDWH� WKH
UREXVWQHVV� RI� VRIWZDUH� ZLWKRXW� DFFHVV� WR� FRPSOHWH
GHYHORSPHQW� SURFHVV� GRFXPHQWDWLRQ� �RU� LQ� VRPH� FDVHV
ODFNLQJ�HYHQ�VRXUFH�FRGH�����<HW�LI�UREXVWQHVV�PDWWHUV�IRU�DQ
DSSOLFDWLRQ��LW�ZRXOG�VHHP�WKDW�UREXVWQHVV�HYDOXDWLRQV�ZRXOG
EH� XVHIXO� LQ� VHOHFWLQJ� DQG� XVLQJ� D� FRPSRQHQW� OLEUDU\�
(YDOXDWLRQV� ZRXOG� EH� HYHQ� PRUH� XVHIXO� LI� WKH\� ZHUH
SHUIRUPHG� LQ� D� ZD\� WKDW� SHUPLWWHG� ³DSSOHV�WR�DSSOHV´
FRPSDULVRQV�DFURVV�WKH�VDPH�RU�VLPLODU�FRPSRQHQW�OLEUDULHV
IURP�PXOWLSOH�YHQGRUV�

7KH�%DOOLVWD�DSSURDFK�WR�UREXVWQHVV�WHVWLQJ�GLVFXVVHG�LQ�WKLV
SDSHU� SURYLGHV� DQ� DXWRPDWHG�� VFDOHDEOH� WHVWLQJ� IUDPHZRUN
WKDW� TXDQWLILHV� WKH� UREXVWQHVV� RI� VRIWZDUH� PRGXOHV� ZLWK
UHVSHFW� WR� WKHLU� UHVSRQVH� WR� H[FHSWLRQDO� LQSXW� YDOXHV�� � ,W
JHQHUDWHV�VSHFLILF�WHVW�FDVHV�WKDW�GHWHUPLQLVWLFDOO\�UHSURGXFH
LQGLYLGXDO� UREXVWQHVV� IDLOXUHV� IRXQG�GXULQJ� WHVWLQJ� LQ� RUGHU
WR� KHOS� GHYHORSHUV� SLQ� GRZQ� UREXVWQHVV� SUREOHPV�
$GGLWLRQDOO\�� LW� KDV� EHHQ� XVHG� WR� FRPSDUH� RII�WKH�VKHOI
VRIWZDUH�FRPSRQHQWV�E\�PHDVXULQJ�WKH�UREXVWQHVV�RI�ILIWHHQ
GLIIHUHQW� LPSOHPHQWDWLRQV� RI� WKH� 326,;� RSHUDWLQJ� V\VWHP
$SSOLFDWLRQ�3URJUDPPLQJ�,QWHUIDFH��$3,��

7KH� %DOOLVWD� PHWKRGRORJ\� XVHV� D� SRUWDEOH� WHVWLQJ� FOLHQW
ZKLFK�FDQ�EH�GRZQORDGHG�DQG�UXQ�RQ�D�GHYHORSHU¶V�PDFKLQH
DORQJ�ZLWK�WKH�PRGXOH�XQGHU�WHVW���7KH�FOLHQW�FRQQHFWV�WR�WKH
%DOOLVWD� WHVWLQJ� VHUYLFH� UXQQLQJ� RQ� D� VHUYHU� DW� &DUQHJLH
0HOORQ�� ZKLFK� GLUHFWV� WKH� FOLHQW¶V� WHVWLQJ� RI� WKH� PRGXOH
XQGHU� WHVW�� � 7KLV� VHUYLFH� DOORZV� VRIWZDUH� PRGXOHV� WR� EH
DXWRPDWLFDOO\� DQG� UDSLGO\� WHVWHG� RU� FKDUDFWHUL]HG� IRU
UREXVWQHVV�IDLOXUHV�ZLWK�D�ORZ�FRVW�IRU�WHVW�GHYHORSPHQW�

� 35(9,286�:25.

7KH�%DOOLVWD� WHVWLQJ� IUDPHZRUN� GHVFULEHG� KHUH� LV� EDVHG� RQ
VHYHUDO� JHQHUDWLRQV� RI� SUHYLRXV� ZRUN� LQ� ERWK� WKH� VRIWZDUH
WHVWLQJ� DQG� IDXOW� WROHUDQFH� FRPPXQLWLHV�� � 7KH� &UDVKPH
SURJUDP�DQG�WKH�8QLYHUVLW\�RI�:LVFRQVLQ�)X]]�SURMHFW�ERWK
UHSUHVHQW�ZRUN�RQ�DXWRPDWHG�UREXVWQHVV�WHVWLQJ���&UDVKPH
ZULWHV� UDQGRP� GDWD� YDOXHV� WR� PHPRU\� DQG� DWWHPSWV� WR
H[HFXWH� WKHP� DV� FRGH� E\� VSDZQLQJ� D� ODUJH� QXPEHU� RI
FRQFXUUHQW� SURFHVVHV>�@�� 7KH� )X]]� SURMHFW� LQMHFWV� UDQGRP
QRLVH� �RU� ³IX]]´�� LQWR� VSHFLILF� HOHPHQWV� RI� DQ� 26
LQWHUIDFH>��@��%RWK�PHWKRGV�KDYH�IRXQG�UREXVWQHVV�SUREOHPV
LQ� RSHUDWLQJ� V\VWHPV�� DOWKRXJK� WKH\� DUH� QRW� VSHFLILFDOO\
GHVLJQHG�IRU�D�KLJK�GHJUHH�RI�UHSHDWDELOLW\�

$SSURDFKHV� WR� UREXVWQHVV� WHVWLQJ� LQ� WKH� IDXOW� WROHUDQFH
FRPPXQLW\� DUH� XVXDOO\�EDVHG�RQ� IDXOW� LQMHFWLRQ� WHFKQLTXHV�
DQG� LQFOXGH� )LDW�� )7$3(�� DQG� )HUUDUL�� � 7KH� )LDW� V\VWHP
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PRGLILHV� WKH� ELQDU\� LPDJH� RI� D� SURFHVV� LQ� PHPRU\>�@�
)HUUDUL�� RQ� WKH� RWKHU� KDQG�� XVHV� VRIWZDUH� WUDSV� WR� VLPXODWH
VSHFLILF� KDUGZDUH� OHYHO� IDXOWV�� VXFK� DV� HUURUV� LQ� GDWD� RU
DGGUHVV�OLQHV��>��@��)7$3(�XVHV�KDUGZDUH�GHSHQGHQW�GHYLFH
GULYHUV� WR�LQMHFW�IDXOWV�LQWR�D�V\VWHP�UXQQLQJ�ZLWK�D�UDQGRP
ORDG� JHQHUDWRU�� >��@� � 7KHVH� DSSURDFKHV� SURGXFHG� XVHIXO
UHVXOWV���EXW�ZHUH�QRW�LQWHQGHG�WR�SURYLGH�D�VFDODEOH��SRUWDEOH
TXDQWLILFDWLRQ�RI�UREXVWQHVV�IRU�VRIWZDUH�PRGXOHV�

7\SLFDO� VRIWZDUH� WHVWLQJ� DSSURDFKHV� DUH� RQO\� VXLWDEOH� IRU
HYDOXDWLQJ� UREXVWQHVV� ZKHQ� UREXVWQHVV� LV� LQFOXGHG� DV� DQ
H[SOLFLW�DQG�GHWDLOHG�UHTXLUHPHQW�UHIOHFWHG�LQ�VSHFLILFDWLRQV�
:KHQ� FRPSUHKHQVLYH� H[FHSWLRQDO� FRQGLWLRQ� WHVWV� DSSHDU� LQ
FRGH� WUDFHDEOH� EDFN� WR� UHTXLUHPHQWV�� UHJXODU� VRIWZDUH
HQJLQHHULQJ� SUDFWLFHV� VKRXOG� VXIILFH� WR� HQVXUH� UREXVW
RSHUDWLRQ�� �+RZHYHU�� VRIWZDUH� HQJLQHHULQJ� WHFKQLTXHV� WHQG
WR� QRW� \LHOG� D� ZD\� WR� PHDVXUH� UREXVWQHVV� LI� WKHUH� LV� QR
WUDFDELOLW\� WR� VSHFLILFDWLRQV�� )RU� H[DPSOH�� WHVW� FRYHUDJH
PHWULFV� WHQG� WR�PHDVXUH�ZKHWKHU� FRGH� WKDW� H[LVWV� LV� WHVWHG�
EXW�PD\�SURYLGH�QR�LQVLJKW�DV�WR�ZKHWKHU�FRGH�WR�WHVW�IRU�DQG
KDQGOH�QRQ�VSHFLILHG�H[FHSWLRQV�PD\�EH�PLVVLQJ�HQWLUHO\�

7KHUH� DUH� WRROV� ZKLFK� WHVW� IRU� UREXVWQHVV� SUREOHPV� E\
LQVWUXPHQWLQJ� VRIWZDUH� DQG� PRQLWRULQJ� H[HFXWLRQ� �H�J��
3XULI\�>��@��,QVXUH���>��@��DQG�%RXQGV&KHFNHU�>��@����:KLOH
WKHVH� WRROV� WHVW� IRU� UREXVWQHVV� SUREOHPV� WKDW� DUH� QRW
QHFHVVDULO\� SDUW� RI� WKH� DSSOLFDWLRQ� VRIWZDUH� VSHFLILFDWLRQ�
WKH\� GR� VR� LQ� WKH� FRXUVH� RI� H[HFXWLQJ� WHVWV� RU� XVHU� VFULSWV�
7KXV�� WKH\� DUH� XVHIXO� LQ� ILQGLQJ� H[FHSWLRQDO� FRQGLWLRQV
HQFRXQWHUHG� LQ� WHVWLQJ� WKDW�PLJKW� EH�PLVVHG� RWKHUZLVH�� EXW
VWLOO� UHO\� RQ� WUDGLWLRQDO� VRIWZDUH� WHVWLQJ� �SUHVXPDEO\
WUDFHDEOH�EDFN�WR�VSHFLILFDWLRQV�DQG�DFFHSWDQFH�FULWHULD��DQG

GR� QRW� FXUUHQWO\� HPSOR\� DGGLWLRQDO� IDXOW� LQMHFWLRQ
DSSURDFKHV�� � $GGLWLRQDOO\�� WKH\� UHTXLUH� DFFHVV� WR� VRXUFH
FRGH�� ZKLFK� LV� QRW� QHFHVVDULO\� DYDLODEOH�� � ,Q� FRQWUDVW�� WKH
%DOOLVWD� WHVWLQJ� ZHEVLWH� ZRUNV� E\� VHQGLQJ� VHOHFWHG
H[FHSWLRQDO� LQSXWV� GLUHFWO\� LQWR� VRIWZDUH� PRGXOHV� DW� WKH
PRGXOH�WHVWLQJ�OHYHO��UDWKHU�WKDQ�E\�LQVWUXPHQWDWLQJ�H[LVWLQJ
WHVWV�RI�DQ� LQWHJUDWHG�V\VWHP�� �7KXV�LW� LV�FRPSOHPHQWDU\� WR�
UDWKHU� WKDQ� D� VXEVWLWXWH� IRU�� FXUUHQW� LQVWUXPHQWDWLRQ
DSSURDFKHV���

� 7+(�%$//,67$�7(67,1*�0(7+2'2/2*<

7KH� %DOOLVWD� UREXVWQHVV� WHVWLQJ� PHWKRGRORJ\� LV� EDVHG� RQ
FRPELQDWLRQDO�WHVWV�RI�YDOLG�DQG�LQYDOLG�SDUDPHWHU�YDOXHV�IRU
VXEURXWLQH�FDOOV��PHWKRGV��DQG�IXQFWLRQV���,Q�HDFK�WHVW�FDVH��D
VLQJOH�VRIWZDUH�0RGXOH�XQGHU�7HVW��RU�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�FDQ�LQ�JHQHUDO�EH�GHVFULEHG�DV�D
WXSOH�� ^0X7BQDPH�� WHVWBYDOXH��� WHVWBYDOXH��� ����
WHVWBYDOXH1`�FRUUHVSRQGLQJ�WR�D�SURFHGXUH�FDOO�RI�WKH�IRUP�
0X7BQDPH�WHVWBYDOXH���WHVWBYDOXH��������WHVWBYDOXH1�������

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�

)LJXUH�����%DOOLVWD�WHVW�FDVH�JHQHUDWLRQ�IRU�WKH�LQWWUDS���IXQFWLRQ���7KH�DUURZV�VKRZ�D�VLQJOH�WHVW�FDVH�
JHQHUDWHG�IURP�WKUHH�SDUWLFXODU�WHVW�YDOXHV��LQ�JHQHUDO�DOO�FRPELQDWLRQV�RI�WHVW�YDOXHV�DUH�WULHG�GXULQJ�WKH�
FRXUVH�RI�WHVWLQJ�
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6FDODEOH�WHVWLQJ�ZLWKRXW�IXQFWLRQDO�VSHFLILFDWLRQV

7KH�%DOOLVWD�WHVWLQJ�IUDPHZRUN�DFKLHYHV�VFDODELOLW\�E\�XVLQJ
WZR�WHFKQLTXHV�WR�DEVWUDFW�DZD\�DOPRVW�DOO�RI�WKH�IXQFWLRQDO
VSHFLILFDWLRQ� RI� WKH� 0X7�� � 7KH� UHDVRQLQJ� LV� WKDW� LI� WKH
IXQFWLRQDO� VSHFLILFDWLRQ� FDQ� EH� PDGH� LUUHOHYDQW� IRU� WKH
SXUSRVHV�RI�WHVWLQJ��WKHQ�QR�HIIRUW�QHHGV�WR�EH�PDGH�WR�FUHDWH
VXFK� VSHFLILFDWLRQV� �WKLV� LV� HVSHFLDOO\� LPSRUWDQW� IRU� WHVWLQJ
OHJDF\� FRGH�� FRGH� IURP� WKLUG� SDUW\� VRIWZDUH� FRPSRQHQW
YHQGRUV��RU�FRGH�ZLWK�VSHFLILFDWLRQV�WKDW�DUH�QRW�LQ�PDFKLQH�
XVDEOH�IRUP��

7KH� ILUVW� WHFKQLTXH� WR� DWWDLQ� VFDODELOLW\� LV� WKDW� WKH� WHVW
VSHFLILFDWLRQ� XVHG� E\� %DOOLVWD� LV� VLPSO\� ³GRHVQ¶W� FUDVK�
GRHVQ¶W�KDQJ�´� �7KLV�VLPSOH�VSHFLILFDWLRQ�GHVFULEHV� D�EURDG
FDWHJRU\�RI� UREXVW� EHKDYLRU�� DSSOLHV� WR� DOPRVW� DOO�PRGXOHV�
DQG�FDQ�EH�FKHFNHG�E\�ORRNLQJ�IRU�DQ�DSSURSULDWH�WLPHRXW�RQ
D� ZDWFKGRJ� WLPHU� DQG� PRQLWRULQJ� WKH� VWDWXV� RI� D� WDVN� IRU
VLJQV�RI�DEQRUPDO�WHUPLQDWLRQ���7KXV��QR�VHSDUDWH�IXQFWLRQDO
VSHFLILFDWLRQ�LV�UHTXLUHG�IRU�D�PRGXOH�WR�EH�WHVWHG��WKRVH�IHZ
PRGXOHV�WKDW�LQWHQWLRQDOO\�WHUPLQDWH�DEQRUPDOO\�RU�KDQJ�DUH
QRW�DSSURSULDWH�IRU�WHVWLQJ�ZLWK�%DOOLVWD��

7KH� VHFRQG� WHFKQLTXH� WR� DWWDLQ� VFDODELOLW\� LV� WKDW� WHVW� FDVHV
DUH�EDVHG�QRW�RQ�WKH�IXQFWLRQDOLW\�RI�WKH�0X7��EXW�UDWKHU�RQ
YDOXHV�WKDW�WHQG�WR�EH�H[FHSWLRQDO�IRU�WKH�GDWD�W\SHV�XVHG�E\
WKH�0X7�� � ,Q� RWKHU�ZRUGV�� WKH� W\SHV� RI� WKH� DUJXPHQWV� WR� D
PRGXOH� FRPSOHWHO\� GHWHUPLQH� ZKLFK� WHVW� FDVHV� ZLOO� EH
H[HFXWHG� ZLWKRXW� UHJDUG� WR� ZKDW� WKDW� PRGXOH� GRHV�� � 7KLV
DSSURDFK�HOLPLQDWHV�WKH�QHHG�WR�FRQVWUXFW�WHVW�FDVHV�EDVHG�RQ
IXQFWLRQDOLW\�� � $GGLWLRQDOO\� �DQG� SHUKDSV� VXUSULVLQJO\��� LQ
IXOO�VFDOH� WHVWLQJ� LW� KDV�SURYHQ�SRVVLEOH� WR�EXU\�PRVW� RU� DOO
WHVW�³VFDIIROGLQJ´�FRGH� LQWR� WHVW�YDOXHV�DVVRFLDWHG�ZLWK�GDWD
W\SHV���7KLV�PHDQV�WKDW�WR�D�ODUJH�GHJUHH�WKHUH�LV�QR�QHHG�WR
ZULWH� DQ\� WHVW� VFDIIROGLQJ� FRGH�� QRU� DQ\� WHVW� FDVHV� ZKHQ
WHVWLQJ�D�QHZ�PRGXOH�LI�WKH�GDWD�W\SHV�IRU�WKDW�PRGXOH�KDYH
EHHQ�XVHG�SUHYLRXVO\�WR�WHVW�RWKHU�PRGXOHV���7KH�QHW�UHVXOW�LV
WKDW�WKH�HIIRUW�WR�WHVW�D�ODUJH�VHW�RI�PRGXOHV�LQ�DQ�$3,�WHQGV�WR
JURZ� VXEOLQHDUO\�ZLWK� WKH� QXPEHU� RI�PRGXOHV� WHVWHG�� � )RU
H[DPSOH�� WHVWLQJ� ���� IXQFWLRQV� DQG� V\VWHP� FDOOV� LQ� WKH
326,;�$3,�ZLWK�UHDO�WLPH�H[WHQVLRQV�>��@�UHTXLUHG�GHILQLQJ
RQO\����GDWD�W\SHV�

)RU�HDFK� IXQFWLRQ� WHVWHG��DQ� LQWHUIDFH�GHVFULSWLRQ� LV�FUHDWHG
ZLWK� WKH� IXQFWLRQ� QDPH� DQG� W\SH� LQIRUPDWLRQ� IRU� HDFK
DUJXPHQW��7KH�W\SH�LQIRUPDWLRQ�LV�VLPSO\�WKH�QDPH�RI�D�W\SH
ZKLFK�%DOOLVWD� LV� FDSDEOH�RI� WHVWLQJ�� ,Q� VRPH�FDVHV� VSHFLILF
LQIRUPDWLRQ�DERXW�KRZ�WKH�DUJXPHQW�LV�XVHG�ZDV�H[SORLWHG�WR
UHVXOW� LQ�EHWWHU� WHVWLQJ��IRU�H[DPSOH��D� ILOH�GHVFULSWRU�PLJKW
EH�RI� W\SH�int��EXW� KDV�EHHQ� LPSOHPHQWHG� LQ�%DOOLVWD� DV� D
VSHFLILF�ILOH�GHVFULSWRU�GDWD�W\SH��

%DOOLVWD� EDVHV� WKH� WHVW� YDOXHV� RQ� WKH� GDWD� W\SHV� RI� WKH
SDUDPHWHUV� XVHG� LQ� WKH� IXQFWLRQ� LQWHUIDFH� �)LJXUH� ���� )RU
H[DPSOH�� LI� WKH� LQWHUIDFH� RI� D� IXQFWLRQ� VSHFLILHV� WKDW� LW� LV
SDVVHG�DQ�LQWHJHU��%DOOLVWD�EXLOGV�WHVW�FDVHV�EDVHG�RQ�ZKDW�LW
KDV�EHHQ�WDXJKW�DERXW�H[FHSWLRQDO�LQWHJHU�YDOXHV���,Q�WKH�FDVH
RI� LQWHJHU�� %DOOLVWD� FXUUHQWO\� KDV���� SRWHQWLDOO\� H[FHSWLRQDO
WHVW�YDOXHV���7KHVH�LQFOXGH�YDOXHV�VXFK�DV�]HUR��RQH��SRZHUV
RI�WZR��DQG�WKH�PD[LPXP�LQWHJHU�YDOXH�

%DOOLVWD�XVHV� WKH� LQWHUIDFH�GHVFULSWLRQ� LQIRUPDWLRQ� WR�FUHDWH
DOO� SRVVLEOH� FRPELQDWLRQV� RI� SDUDPHWHUV� WR� IRUP� DQ
H[KDXVWLYH� OLVW� RI� WHVW� FDVHV�� � )RU� LQVWDQFH�� VXSSRVH� D�0X7
WRRN�WZR�IORDWV�DQG�D�LQWHJHU�DV�LQSXW�SDUDPHWHUV��*LYHQ�WKDW
WKHUH� DUH� ��� LQWHJHU� WHVW� YDOXHV� DQG� ��� IORDW� WHVW� YDOXHV�
%DOOLVWD�ZRXOG�JHQHUDWH����[����[��� ������WHVW�FDVHV�

,PSOHPHQWDWLRQ�RI�WHVW�YDOXHV

'DWD� W\SHV� IRU� WHVWLQJ� FDQ� WKHPVHOYHV� EH� WKRXJKW� RI� DV
PRGXOHV�� ZKLFK� ILW� LQWR� D� KLHUFKLFDO� REMHFW�RULHQWHG� FODVV
VWUXFWXUH���7KLV�VLPSOLILHV�WKH�FUHDWLRQ�RI�QHZ�GDWD�W\SHV�DQG
WKH�UHILQHPHQW�RI�H[LVWLQJ� W\SHV�� �(DFK�GDWD� W\SH� LV�GHULYHG
IURP�D�SDUHQW�W\SH��DQG�LQKHULWV�DOO�RI�WKH�SDUHQW¶V�WHVW�FDVHV
XS�WR�WKH�URRW�%DOOLVWD�W\SH�REMHFW���)RU�LQVWDQFH��D�GDWD�W\SH
FUHDWHG� WR� VSHFLILFDOO\� UHSUHVHQW� D� GDWH� VWULQJ� ZRXOG� KDYH
VSHFLILF� WHVW� FDVHV� DVVRFLDWHG� ZLWK� LW� WKDW� PLJKW� LQFOXGH
LQYDOLG�GDWHV��YDOLG�GDWHV��GDWHV�IDU�LQ�WKH�SDVW��DQG�GDWHV� LQ
WKH�IXWXUH��)LJXUH�����$VVXPLQJ�WKH�GLUHFW�SDUHQW�RI�WKH�GDWH
VWULQJ�GDWD�PRGXOH�ZHUH�VWULQJ��LW�ZRXOG�LQKHULW�DOO�RI�WKH�WHVW
FDVHV� DVVRFLDWHG� ZLWK� D� JHQHULF� VWULQJ�� VXFK� DV� DQ� HPSW\
VWULQJ��ODUJH�³JDUEDJH´�VWULQJV��DQG�VPDOO�³JDUEDJH´�VWULQJV�
)LQDOO\� WKH� JHQHULF� VWULQJ� PLJKW� LQKHULW� IURP� D� JHQHULF
SRLQWHU�GDWD�W\SH�ZKLFK�ZRXOG�EH�D�EDVH�W\SH�DQG�LQFOXGH�D
WHVW�IRU�D�18//�SRLQWHU��

(DFK�WHVW�YDOXH�LV�DVVRFLDWHG�ZLWK�XS�WR�WKUHH�FRGH�VHJPHQWV�
7KH� ILUVW� FRGH� VHJPHQW� LV� D� FRQVWUXFWRU� WKDW� FUHDWHV� DQ
LQVWDQFH� RI� WKH� GDWD� W\SH� ZLWK� VSHFLILF� SURSHUWLHV�� � )RU
H[DPSOH�� DQ� LQWHJHU� FRQVWUXFWRU� VLPSO\� UHWXUQV� DQ� LQWHJHU
YDOXH�� EXW� D� ILOH� FRQVWUXFWRU�PLJKW� FUHDWH� D� ILOH�� ILOO� LW� ZLWK
GDWD�� DQG� VHW� FHUWDLQ� DFFHVV� SHUPLVVLRQV�� � 7KH� RSWLRQDO
VHFRQG�FRGH�VHJPHQW�PRGLILHV�WKH�HIIHFWV�RI�WKH�FRQVWUXFWRU�
VXFK�DV�GHOHWLQJ�D�ILOH�ZKLOH�UHWXUQLQJ�D�ILOH�KDQGOH�DV�LI�WKH
ILOH�H[LVWHG�DQG�ZHUH�RSHQ���7KLV�VHFRQG�SKDVH�LV�UHTXLUHG�WR
SUHYHQW�IUHHG�UHVRXUFHV�IURP�EHLQJ�XQLQWHQWLRQDOO\�UHF\FOHG
LI�WKH�VDPH�GDWD�W\SH�LV�XVHG� WZLFH�LQ�D�SDUDPHWHU�OLVW���7KH
WKLUG� FRGH� VHJPHQW� GHOHWHV� RU� IUHHV� DQ\� V\VWHP� UHVRXUFHV
ZKLFK�PD\�KDYH�EHHQ�DOORFDWHG�E\�WKH�FRQVWUXFWRU�VHJPHQWV�
VXFK� DV� GHOHWLQJ� D� ILOH� RU� IUHHLQJ� V\VWHP�PHPRU\� DIWHU� WKH
WHVW�FDVH�KDV�EHHQ�H[HFXWHG�

)LJXUH����$�GDWH�VWULQJ�GDWD�W\SH
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LQKHULWV�WHVW�FDVHV�IURP�JHQHULF�VWULQJ
DQG�JHQHULF�SRLQWHU�
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&XUUHQWO\�� WHVW� YDOXHV� DUH� ZULWWHQ� EDVHG� RQ� SURJUDPPHU
H[SHULHQFH� DQG� D� EULHI� VXUYH\� RI� WHVWLQJ� OLWHUDWXUH�� )XWXUH
ZRUN�ZLOO� LQFOXGH�DGGLQJ� UDQGRPL]HG� WHVWLQJ�DQG�UHFRUGLQJ
IRUWXLWRXV� WHVW� YDOXHV� WR� EH� UHYLHZHG� IRU� LQFOXVLRQ� WKH� WHVW
YDOXH�GDWDEDVH�

7HVWLQJ�UHVXOWV

%DOOLVWD� FDWHJRUL]HV� WHVW� UHVXOWV� DFFRUGLQJ� WR� WKH� &5$6+
VHYHULW\�VFDOH��>��@
� &DWDVWURSKLF�IDLOXUHV�FRUUXSW�WKH�RSHUDWLQJ�V\VWHP¶V�VWDWH�

JHQHUDOO\�UHVXOWLQJ�LQ�D�PDFKLQH�FUDVK�RU�UHERRW�

� 5HVWDUW� IDLOXUHV� FDXVH� WKH�SURFHVV� WR� ³KDQJ´� UHTXLULQJ� D
VSHFLILF� NLOO� VLJQDO� WR� EH� VHQW� WR� WHUPLQDWH� WKH� SURFHVV
DIWHU�DQ�DSSOLFDWLRQ�GHSHQGHQW� WLPH� LQWHUYDO� �W\SLFDOO\��
WR����VHFRQGV�

� $ERUW� IDLOXUHV� FDXVH� DEQRUPDO� SURFHVV� WHUPLQDWLRQ� �D
³FRUH� GXPS´��� DQG� WHQG� WR� EH� WKH� PRVW
SUHYDOHQW�

� 6LOHQW� IDLOXUHV� RFFXU�ZKHQ� WKH�0X7� UHWXUQV
ZLWK� QR� LQGLFDWLRQ� RI� HUURU� ZKHQ� DVNHG� WR
SHUIRUP� DQ� RSHUDWLRQ� RQ� DQ� H[FHSWLRQDO
YDOXH�� )RU� H[DPSOH�� WKH� IORDWLQJ� SRLQW
OLEUDULHV� GLVWULEXWHG� ZLWK� VHYHUDO� RSHUDWLQJ
V\VWHPV� IDLO� WR� UHWXUQ� DQ� HUURU� FRGH�� DQG
LQVWHDG� UHWXUQ� DV� LI� WKH� UHVXOW�ZHUH� DFFXUDWH
ZKHQ� FRPSXWLQJ� WKH� ORJDULWKP� RI� ]HUR>�@�
6LOHQW� IDLOXUHV� FDQ� FXUUHQWO\� EH� LGHQWLILHG
RQO\� E\� XVLQJ� LQIHUHQFHV� IURP� 1�YHUVLRQ
UHVXOW�YRWLQJ��DQG�VR�DUH�QRW�LGHQWLILHG�E\�WKH
%DOOLVWD�WHVWLQJ�VHUYLFH�

� +LQGHULQJ� IDLOXUHV� DUH� FKDUDFWHUL]HG� E\� WKH
0X7�UHWXUQLQJ�DQ�HUURU�FRGH�WKDW�LQFRUUHFWO\
GHVFULEHV� WKH� H[FHSWLRQDO� FRQGLWLRQ� WKDW
SUHFLSLWDWHG� WKH� HUURU�� +LQGHULQJ� IDLOXUHV
KDYH� EHHQ� REVHUYHG� WR� EH� FRPPRQ� LQ
SUHYLRXV�ZRUN�>��@��EXW�DUH�QRW�DGGUHVVHG�E\
WKLV� YHUVLRQ�RI� %DOOLVWD� GXH� WR� WKH� ODFN� RI� D
PHWKRG�WR�DXWRPDWLFDOO\�LGHQWLI\�WKLV�FODVV�RI
IDLOXUH�

$OWKRXJK�WKH�%DOOLVWD�PHWKRGRORJ\�VHHPV�XQVRSKLVWLFDWHG��LW
XQFRYHUV�D�VXUSULVLQJ�QXPEHU�RI�UREXVWQHVV�IDLOXUHV�HYHQ�LQ
PDWXUH� VRIWZDUH� V\VWHPV�� � )RU� H[DPSOH��ZKHQ� XVHG� WR� WHVW
���� IXQFWLRQ� FDOOV� DFURVV� ��� GLIIHUHQW� 326,;� FRPSOLDQW
RSHUDWLQJ� V\VWHPV�� %DOOLVWD� IRXQG� QRUPDOL]HG� UREXVWQHVV
IDLOXUH�UDWHV�IURP�������WR���������ZLWK�D�PHDQ�RI�������
�)LJXUH���>�@��3UHOLPLQDU\� WHVWLQJ�RI�RWKHU�VRIWZDUH�V\VWHPV
VHHPV�WR�LQGLFDWH�FRPSDUDEOH�IDLOXUH�UDWHV��

� 7+(�%$//,67$�:(%�6(59(5

7KH�QH[W� VWHS� LQ�%DOOLVWD� WHVWLQJ�KDV�EHHQ� WR� FUHDWH� D�PXFK
PRUH� FRPSUHKHQVLYH� WHVWLQJ� FDSDELOLW\�� DQG� KDV� VHYHUDO
JRDOV�� � 2QH� JRDO� LV� WR� FRXSOH� WHVWLQJ� ZLWK� GDWD� DQDO\VLV� WR
GHWHUPLQH� SDWWHUQV� LQ� UREXVWQHVV� IDLOXUHV� �IRU� H[DPSOH�
DXWRPDWHG� DQDO\VLV� RI� YDULRXV� WHVWV� PLJKW� UHYHDO� WKDW
UREXVWQHVV� IDLOXUHV� DUH� FDXVHG� E\� D� 18//� LQ� WKH� VHFRQG
DUJXPHQW�WR�D�PRGXOH��UDWKHU�WKDQ�VLPSO\�\LHOG�D�ODXQGU\�OLVW
RI�UREXVWQHVV�IDLOXUHV����$�VHFRQG�JRDO�LV�WR�FUHDWH�IDU�PRUH
FRPSUHKHQVLYH� WHVWLQJ�� DQG� FRXSOH� LW� ZLWK� D� VHDUFK� HQJLQH
WKDW�LGHQWLILHV�³LQWHUHVWLQJ´�UHJLRQV�LQ�WKH�WHVW�UHVSRQVH�VSDFH
WR� DGDSWLYHO\� FUHDWH� WHVWV� WR� SHUIRUP� PRUH� VRSKLVWLFDWHG
IDLOXUH�DQDO\VLV���$�WKLUG�JRDO�LV�WR�XVH�WKH�UHVXOWV�RI�WHVWLQJ�WR
FUHDWH� ³ZUDSSHUV´� WR� FDWFK� DQG� SUHYHQW� YDOXHV� IURP� EHLQJ
SDVVHG� WR� PRGXOHV� LI� WKH\� DUH� OLNHO\� WR� FDXVH� UREXVWQHVV
IDLOXUHV�

&OLHQW�VHUYHU�EDVHG�UHPRWH�WHVWLQJ

,Q� RUGHU� WR� DFKLHYH� WKHVH� IXWXUH� JRDOV� DQG� WR� SURPRWH
SRUWDELOLW\�� D� QH[W�JHQHUDWLRQ� %DOOLVWD� WHVWLQJ� V\VWHP� KDV
EHHQ� ZULWWHQ� DV� DQ� ,QWHUQHW�EDVHG� UHPRWH� WHVWLQJ� VHUYLFH�
7KH�%DOOLVWD� IUDPHZRUN� LV� EXLOW� DURXQG� D� FOLHQW�VHUYHU� FRUH
ZKLFK�DOORZV�D�PLQLPDO�FOLHQW�DQG� WKH�0X7� WR�EH�UXQ�RQ�D
GHYHORSHU¶V�PDFKLQH��ZKLOH�WKH�UHPRWH�%DOOLVWD�VHUYHU�GLUHFWV
WKH� WHVWLQJ� DQG� FDWDORJXHV� WKH� UHVXOWV� �)LJXUH� ���� � 7KH
FRPPXQLFDWLRQ�EHWZHHQ�WKH�FOLHQW�DQG�WKH�VHUYHU�LV�KDQGOHG
E\�XVLQJ�53&��5HPRWH�3URFHGXUH�&DOO�>�@��WR�DFKLHYH�D�KLJK
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GHJUHH�RI�SRUWDELOLW\�

7KH�DGYDQWDJHV�RI� WKLV�FOLHQW�VHUYHU�DUFKLWHFWXUH�JR�EH\RQG
SRUWDELOLW\��DOWKRXJK��IRU�DQ�DFDGHPLF�VRIWZDUH�GHYHORSPHQW
JURXS�� ORZ�HIIRUW� SRUWDELOLW\� LV� D� VLJQLILFDQW� EHQHILW� WR� VWDUW
ZLWK���� � $V� %DOOLVWD� PDWXUHV� LQ� FDSDELOLW\� WKHVH� QHZ
FDSDELOLWLHV� FDQ� EH� GHSOR\HG� ZLWKRXW� JRLQJ� WKURXJK� D
VRIWZDUH� GLVWULEXWLRQ� DQG� XSJUDGH� F\FOH� DW� UHPRWH� VLWHV�
:LWK�%DOOLVWD�� WKHVH� FDSDELOLWLHV� DUH� H[SHFWHG� WR� QRW� MXVW� EH
VRIWZDUH�UHYLVLRQV��EXW�DOVR�DQ�DFFXPXODWLRQ�RI�LQFUHDVLQJO\
EHWWHU� KHXULVWLFV� DQG� SUHGHILQHG� GDWD� W\SHV� FROOHFWHG� IURP
PRQLWRULQJ�XVH�RI�WKH�:HE�VLWH���7KXV��XVHUV�RI�WKH�ZHE�VLWH
ZLOO�LQ� WKH�QRUPDO�FRXUVH�RI�HYHQWV�FRQWULEXWH� WR� LQFUHDVLQJ
LWV� YDOXH�� �%HFDXVH�%DOOLVWD� WHVWLQJ� GRHV�QRW� UHTXLUH� VRXUFH
FRGH� QRU� VSHFLILFDWLRQV� �DQG� REMHFW� FRGH� LV� QHLWKHU
WUDQVIHUUHG�WR�QRU�VDYHG�DW�WKH�ZHE�VLWH���WKLV�GDWD�FROOHFWLRQ
FDQ� SURFHHG� ZLWKRXW� FRPSURPLVLQJ� WKH� FRQILGHQWLDOLW\� RI
SURSULHWDU\�VRIWZDUH�

2QH�REYLRXV�GUDZEDFN�WR�WKLV�DSSURDFK�LV�VSHHG���:KHQ�WKH
FOLHQW� PDNHV� DQ� 53&� FDOO� WR� WKH� UHPRWH� VHUYHU� WR� EHJLQ
WHVWLQJ�� WKH� VHUYHU� JHQHUDWHV� GHVFULSWLRQV�RI� HDFK� WHVW� YDOXH
IRU� WKH� HQWLUH� VHW� RI� WHVW� FDVHV�� DQG� WUDQVPLWV� WKHP� WR� WKH
FOLHQW�� � 7R� JHQHUDWH� H[KDXVWLYH� WHVW� FDVHV� IRU� HYHQ� D
PRGHUDWHO\�VL]HG�LQSXW�VSDFH�ZRXOG�UHTXLUH�WKH�WUDQVPLVVLRQ
RI� VHYHUDO� PHJDE\WHV� RI� GDWD�� � ([SHULPHQWV� RQ� VWDQGDORQH
KDUQHVV� WHVWLQJ� LQGLFDWH� WKDW� UDQGRP� VDPSOLQJ� RI
FRPELQDWLRQV�RI�WHVW�YDOXHV�WHQGV�WR�\LHOG�UREXVWQHVV�IDLOXUH
UDWHV� ZLWKLQ� RQH� SHUFHQWDJH� SRLQW� RI� DFWXDO� IDLOXUH� UDWHV�
7KXV�� LQLWLDOO\� WKH� ZHE� VLWH� ZLOO� WHVW� D� OLPLWHG� QXPEHU� RI
UDQGRPO\� FKRVHQ� WHVW� YDOXH� FRPELQDWLRQV�� � 7KH� VHFRQG
JHQHUDWLRQ�RI�WKH�ZHE�VLWH�ZLOO�VHQG�EDWFKHV�RI�WHVWV�WR�UHGXFH
VWDUWXS�ODWHQF\���0RUH�VRSKLVWLFDWHG�YHUVLRQV�RI�WKH�ZHE�VLWH
ZLOO� XVH� EDWFKHV� RI� GLUHFWHG�� DGDSWLYH� VHDUFKLQJ� WR� FUHDWH
PRUH�DFFXUDWH�FKDUDFWHULVDWLRQV�RI�UREXVWQHVV�IDLOXUH�UHJLRQV
ZLWKLQ�WKH�PRGXOH�UHVSRQVH�VSDFH��+HXULVWLF�WHFKQLTXHV�IURP
RWKHU� WHVWLQJ�V\VWHPV�VXFK�DV�$(7*�>�@�DQG�72)8�>�@�ZLOO
EH�DGRSWHG�DV�DSSURSULDWH�

$Q�H[DPSOH�RI�:HE�6HUYHU�EDVHG�WHVWLQJ

,Q�RUGHU�WR�LOOXVWUDWH�WKH�XVDJH�RI�%DOOLVWD��FRQVLGHU�WKH�FRGH
VHJPHQW� IRU� SHUIRUPLQJ� WUDSH]RLGDO� DSSUR[LPDWLRQ� RI
QXPHULFDO� LQWHJUDWLRQ� JLYHQ� LQ� /LVWLQJ� ��� � ,W� LV� W\SLFDO� RI
WH[WERRN� DOJRULWKPV� LQ� WKDW� LV� LV� HIILFLHQW�� DQG� HDV\� WR
XQGHUVWDQG�� 7KH� FOLHQW�VLGH� KRVW�ZDV� D�'LJLWDO�8QL[�$OSKD
6WDWLRQ������UXQQLQJ�'LJLWDO�8QL[����'�

double f(double i)
{
  return  i*i*i;
}
double inttrap(double a,double b,int N)
{
   int i; double t=0; double w = (b-a)/N;
  for (i=1;i<=N;i++)
    t+= w*(f(a+(i-1)*w)+f(a+i*w))/2;
  return t;
}

/LVWLQJ� ��� 7UDSH]RLGDO� QXPHULFDO� LQWHJUDWLRQ� DOJRULWKP� >��@
DQG�WDUJHW�IXQFWLRQ�I�

7KH� %DOOLVWD� WHVWLQJ� VHUYLFH� ZHE� VLWH� SURYLGHV� D� VLPSOH
LQWHUIDFH�ZLWK�ZKLFK�D�XVHU�FDQ�FRQILJXUH�WKH�WHVW�KDUQHVV�WR
UXQ� UREXVWQHVV� WHVWV� RQ�XVHU� FRGH�� �$IWHU� GRZQORDGLQJ� DQG
XQFRPSUHVVLQJ� WKH� FOLHQW� VRIWZDUH��DOO� WKDW� LV� UHTXLUHG� LV� WR
VLPSO\� ILOO� LQ� WKH�DSSURSULDWH�VHFWLRQV�RI�D�ZHE�IRUP�WR� WHOO
%DOOLVWD�WKH�QDPH�RI�WKH�PRGXOH�LQ�ZKLFK�WKH�0X7�H[LVWV��DQ
DSSURSULDWH�KHDGHU��³�K´��ILOH�VR�WKDW�WKH�&�RU�&���FRPSLOHU
KDV�IXQFWLRQ�SURWRW\SH�LQIRUPDWLRQ��WKH�QDPH�RI�WKH�IXQFWLRQ
WR�EH�WHVWHG��DQG�WKH�DSSURSULDWH�GDWD� W\SHV� IRU�LWV�LQWHUIDFH�
7KH�%DOOLVWD�VHUYHU�SURFHVVHV� WKH� LQIRUPDWLRQ�VXSSOLHG�E\�D
XVHU� �ZLWKRXW� UHDGLQJ� DQ\� ILOHV� IURP� WKH� FOLHQW� GLVN��� DQG
JHQHUDWHV� D� FOLHQW�VLGH� SHUO� VFULSW� WR� DXWRPDWLFDOO\� SHUIRUP
WKH�WHVWLQJ�DQG�VHQG�WHVW�UHVXOWV�WR�WKH�VHUYHU�

2QFH�WHVWLQJ�LV�FRPSOHWH��WKH�UHVXOWV�FDQ�EH�YLHZHG�WKURXJK
WKH�ZHE�LQWHUIDFH���&OLFNLQJ�RQ�WKH�GHVFULSWLRQ�RI�D�VSHFLILF
WHVW�DQG�LWV�UHVXOW�FDXVHV�WKH�ZHE�VHUYHU�WR�JHQHUDWH�D�VRXUFH

)LJXUH����2YHUYLHZ�RI�QHWZRUN�WHVW�DUFKLWHFWXUH
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SURJUDP�ZKLFK� FDQ�EH� FRPSLOHG� DQG� UXQ�RQ� WKH� FOLHQW�VLGH
V\VWHP�� �7KLV� UHVXOWLQJ� SURJUDP�FDQ�GXSOLFDWH� WKH� UHVXOW� RI
WKDW�WHVW�VR�WKDW�IDLOXUHV�PD\�EH�HDVLO\�UHSURGXFHG�DQG�IL[HG�

)RU� WKLV� H[DPSOH�� %DOOLVWD� UDQ� D� WRWDO� RI� ����� WHVWV� RQ� WKH
LQWWUDS���IXQFWLRQ�LQ�/LVWLQJ����%DOOLVWD�IRXQG�����WHVWV
ZKLFK� FDXVHG� DERUW� IDLOXUHV� DQG� ���� WHVWV� ZKLFK� FDXVHG
UHVWDUW� IDLOXUHV�� IRU� D� UREXVWQHVV� IDLOXUH� UDWH� RI� ����� � 2I
FRXUVH��LW�LV�LPSRUWDQW�WR�UHDOL]H�WKDW�DQ\�IDLOXUH�UDWH�LV�JRLQJ
WR�EH�GLUHFWO\�GHSHQGDQW�RQ�WKH�WHVW�FDVHV�WKHPVHOYHV���,Q�WKLV
FDVH� WKH�0X7�ZDV�SDVVHG� WZR�IORDWV�DQG�DQ� LQWHJHU�� �7KHUH
ZHUH� VHYHUDO� YDOXHV� IRU� ERWK� IORDW� DQG� LQW� WKDW� ZHUH� QRW
H[FHSWLRQDO�IRU�LQWWUDS����VXFK�DV�H�DQG�SL����7KLV�PHDQV
WKDW�DQ\�IDLOXUH�UDWHV�DUH�UHODWLYH��DQG�DQ\�FRPSDULVRQV�WR�EH
PDGH�DPRQJ�PXOWLSOH�PRGXOHV�VKRXOG�XVH�WKH�VDPH�GDWD�W\SH
LPSOHPHQWDWLRQV�

2Q�WKH�VXUIDFH��LW�VHHPV�DVWRQLVKLQJ�WKDW�D�VLPSOH�SXEOLVKHG
DOJRULWKP� VXFK� DV� WKLV� ZRXOG� KDYH� VR� PDQ\� UREXVWQHVV
IDLOXUHV��+RZHYHU��LQ�DOO�IDLUQHVV��WKLV�LV�D�WH[WERRN�DOJRULWKP
LQWHQGHG� WR� FRQYH\� KRZ� WR� SHUIRUP� D� SDUWLFXODU� RSHUDWLRQ�
DQG� LV� SUHVXPDEO\� QRW� LQWHQGHG� WR� EH� ³EXOOHW�SURRI´
VRIWZDUH�� $GGLWLRQDOO\�� WKH� %DOOLVWD� PHWKRGRORJ\� WHQGV� WR
ERPEDUG�D�0X7�ZLWK�PDQ\�WHVW�FDVHV�FRQWDLQLQJ�H[FHSWLRQDO
FRQGLWLRQV� ZKLFK� JHQHUDWH� IDLOXUHV� KDYLQJ� WKH� VDPH� URRW
FDXVH�� �2QH�PXVW� H[DPLQH� WKH� GHWDLOV� RI� WKH� WHVW� UHVXOWV� WR
REWDLQ�PRUH�LQVLJKW�LQWR�WKH�UREXVWQHVV�RI�WKH�0X7��DQG�LW�LV
WKLV�SURFHVV�WKDW�ZLOO�EH�DXWRPDWHG�LQ�WKH�IXWXUH��

%\� ORRNLQJ� DW� WKH� UHVXOWV�PRUH� FORVHO\�� LW� EHFDPH� DSSDUHQW
WKDW�DOO�RI�WKH�UHVWDUW�IDLOXUHV�ZHUH�GXH�WR�WKH�LQWHJHU�YDOXH�RI
0$;,17� EHLQJ� XVHG� DV� WKH� YDOXH� RI� 1�� WKH� QXPEHU� RI
VXEGLYLVLRQV�� � ,Q� WKLV� FDVH�� WKH� DOJRULWKP� DWWHPSWHG� WR� VXP
WKH�DUHDV�RI�URXJKO\���ELOOLRQ�WUDSH]RLGV���$IWHU�ZDLWLQJ�DERXW
�� VHFRQG� �WKLV� YDOXH� LV� XVHU� FRQILJXUDEOH�� %DOOLVWD� GHFLGHG
WKDW�WKH�SURFHVV�KDG�KXQJ��WHUPLQDWHG�LW��DQG�FODVVLILHG�LW�DV�D
UHVWDUW� IDLOXUH�� � :KLOH� WKHUH� PD\� EH� VRPH� DSSOLFDWLRQV� LQ
ZKLFK�WKLV�LV�QRW�D�UHVWDUW�IDLOXUH��LQ�PDQ\�FDVHV�LW�ZRXOG�EH
RQH�� DQG� LW� VHHPV� UHDVRQDEOH� WR� IODJ� WKLV� VLWXDWLRQ� DV� D
SRWHQWLDO� SUREOHP� VSRW�� 7KXV�� WKH� LPSRUWDQFH� RI� 5HVWDUW
IDLOXUHV� IRXQG� E\� %DOOLVWD� YDULHV� GHSHQGLQJ� RQ� WLPLQJ
FRQVWUDLQWV� RI� WKH� DSSOLFDWLRQ�� DQG� ZLOO� GHWHFW� WUXH� LQILQLWH
ORRSV�LI�SUHVHQW�

2I� WKH� ���� DERUW� IDLOXUHV� GHWHFWHG� E\� %DOOLVWD� IRU� WKLV
H[DPSOH�� ���� ZHUH� GLUHFWO\� FDXVHG� E\� D� GLYLGH� E\� ]HUR
IORDWLQJ�SRLQW�H[FHSWLRQ���7KLV�LV�SUREDEO\�WKH�HDVLHVW�W\SH�RI
H[FHSWLRQDO� FRQGLWLRQ� WR� DQWLFLSDWH� DQG� WHVW� IRU�� � 6HDVRQHG
SURJUDPPHUV� FDQ� EH� H[SHFWHG� WR� UHFRJQL]H� WKLV� SRWHQWLDO
SUREOHP�DQG�SXW�D�]HUR� WHVW� LQ� WKH� IXQFWLRQ�� �8QIRUWXQDWHO\�
WKHUH� LV�D� ODUJH�DPRXQW�RI�VRIWZDUH�GHYHORSHG�E\�UHODWLYHO\
XQVNLOOHG�SURJUDPPHUV��ZKR�PD\�KDYH�QR�IRUPDO�WUDLQLQJ�LQ
VRIWZDUH� HQJLQHHULQJ��� DQG� HYHQ� WUDLQHG� SURJUDPPHUV� ZKR
KDYH�OLWWOH�NQRZOHGJH�DERXW�KRZ�WR�ZULWH�UREXVW�VRIWZDUH�

7KH� UHPDLQLQJ����� DERUWV�ZHUH� GXH� WR� RYHUIORZ�XQGHUIORZ
IORDWLQJ� SRLQW� H[FHSWLRQV�� � 7KLV� LV� DQ� LQVLGRXV� UREXVWQHVV
IDLOXUH�� LQ� WKDW� QHDUO\� HYHU\�PDWKHPDWLFDO� IXQFWLRQ� KDV� WKH
SRWHQWLDO� WR� RYHUIORZ� RU� XQGHUIORZ�� � 7KLV� H[FHSWLRQ� LV
FRPPRQO\�RYHUORRNHG�E\�SURJUDPPHUV��DQG�FDQ�EH�GLIILFXOW

WR�KDQGOH���1RQHWKHOHVV��VXFK�SUREOHPV�KDYH�WKH�SRWHQWLDO�WR
FDXVH� D� VRIWZDUH� V\VWHP� WR� IDLO� DQG� VKRXOG� EH� KDQGOHG
DSSURSULDWHO\�LI�UREXVW�RSHUDWLRQ�LV�GHVLUHG�

7KH� IORDWLQJ� SRLQW� FODVV� RI� H[FHSWLRQV� FDQ� EH� HVSHFLDOO\
SUREOHPDWLF��HVSHFLDOO\� LQ� V\VWHPV�ZKRVH�PLFURDUFKLWHFWXUH
E\� GHIDXOW� PDVNV� WKHP� RXW�� � $OWKRXJK� WKLV� PD\� VHHP
LQFRQJUXRXV�� WKH� IDFW� WKDW� WKH�H[FHSWLRQ� LV�PDVNHG�RXW�PD\
OHDG� WR� SUREOHPV� ZKHQ� KDUGHQLQJ� DOJRULWKPV� DJDLQVW
UREXVWQHVV�IDLOXUHV���,I�WKH�H[FHSWLRQ�GRHV�QRW�FDXVH�DQ�DERUW
DQG� WKH� VRIWZDUH� GRHV� QRW� FKHFN� WR� PDNH� FHUWDLQ� WKDW� DQ
RYHUIORZ�XQGHUIORZ� GLG� QRW� RFFXU�� 6LOHQW� IDLOXUHV
�XQGHWHFWLEOH� E\� WKH� FXUUHQW� %DOOLVWD� VHUYLFH�� PD\� UHVXOW�
5HVXOWDQW� FDOFXODWLRQV�PD\� EH� DW� EHVW� LQGHWHUPLQDWH� DQG� DW
ZRUVW� ZURQJ�� GHSHQGLQJ� RQ� WKH� DSSOLFDWLRQ�� WKXV� LW� LV
VWURQJO\�UHFRPPHQGHG�WKDW�IXOO�,(((�IORDWLQJ�SRLQW�IHDWXUHV
>��@�VXFK�DV�SURSDJDWLRQ�RI�1D1��³1RW�$�1XPEHU´��YDOXHV
EH� XVHG� HYHQ� LI� %DOOLVWD� WHVWLQJ� KDV� EHHQ� DSSOLHG� WR� D
FRPSXWDWLRQDO�VRIWZDUH�PRGXOH�

� *(1(5$/,=,1*�7+(�$3352$&+

7KH� ILUVW�JHQHUDWLRQ�� VWDQGDORQH� %DOOLVWD� WHVW� KDUQHVV� ZDV
GHYHORSHG�KDYLQJ�LQ�PLQG�326,;�RSHUDWLQJ�V\VWHP�FDOOV�DV�D
IXOO�VL]H�H[DPSOH�V\VWHP���7KH�UHVXOWV�DFKLHYHG�WKH�JRDOV�RI
SRUWDELOLW\� DQG� VFDODELOLW\�� � +RZHYHU�� WKHUH� ZHUH� WZR
VLJQLILFDQW�OLPLWDWLRQV���7KH�326,;�WHVWLQJ�KDUQHVV�DVVXPHG
WKDW�DQ\�VLJQDO��³WKURZQ´�H[FHSWLRQ��ZDV�D�UREXVWQHVV�IDLOXUH
EHFDXVH� WKH� 326,;� VWDQGDUG� FRQVLGHUV� RQO\� HUURU� UHWXUQ
FRGHV�WR�EH�UREXVW�UHVSRQVHV���6HFRQG��WKH�UHVXOW�WKDW�326,;
WHVWLQJ� UHTXLUHG�DEVROXWHO\� QR�VFDIIROGLQJ�FRGH� IRU� FUHDWLQJ
WHVWV� ZDV� D� ELW� WRR� JRRG� WR� EH� WUXH� IRU� JHQHUDO� VRIWZDUH
LQYROYLQJ� GLVWULEXWHG� FRPSXWLQJ� HQYLURQPHQW� LQLWLDOL]DWLRQ
DQG� FDOO�EDFNV�� � +RZHYHU�� ERWK� RI� WKHVH� LVVXHV� KDYH� EHHQ
DGGUHVVHG�LQ�WKH�:HE�EDVHG�WHVWLQJ�V\VWHP�

6XSSRUW�IRU�H[FHSWLRQ�KDQGOLQJ�PRGHOV

7KH�%DOOLVWD�IUDPHZRUN�XVHV�LGHDV�RQ�KRZ�WR�EXLOG�D�UREXVW
LQWHUIDFH�GHYHORSHG�E\�WKH�VRIWZDUH�HQJLQHHULQJ�FRPPXQLW\�
(DUO\� UREXVWQHVV� ZRUN� VWURYH� WR� GLVFRYHU�PXOWLSOH�ZD\V� WR
KDQGOH�H[FHSWLRQDO�FRQGLWLRQV��>��@�>��@��2YHU�WKH�\HDUV�WZR
PHWKRGV� KDYH� FRPH� WR� GRPLQDWH� FXUUHQW� LPSOHPHQWDWLRQV�
7KHVH�PHWKRGV�DUH�WKH�WHUPLQDWLRQ�PRGHO�DQG�WKH�UHVXPSWLRQ
PRGHO���>��@

,Q�FXUUHQW�V\VWHPV�WKH�WZR�PDLQ�H[FHSWLRQ�KDQGOLQJ�PRGHOV
PDQLIHVW�WKHPVHOYHV�DV�HUURU�UHWXUQ�FRGHV�DQG�VLJQDOV��,W�KDV
EHHQ� DUJXHG� WKDW� WKH� WHUPLQDWLRQ� PRGHO� LV� VXSHULRU� WR� WKH
UHVXPSWLRQ� PRGHO�� >�@� ,QGHHG�� WKH� LPSOHPHQWDWLRQ� RI
UHVXPSWLRQ� PRGHO� VHPDQWLFV� LQ� 326,;� RSHUDWLQJ� V\VWHPV
�VLJQDOV��� SURYLGHV� RQO\� ODUJH�JUDLQ� FRQWURO� RI� VLJQDO
KDQGOLQJ�� W\SLFDOO\� DW� WKH� WDVN� OHYHO� UHVXOWLQJ� LQ� WKH
WHUPLQDWLRQ�RI�WKH�SURFHVV��H�J��6,*6(*9����7KLV�FDQ�PDNH
LW�GLIILFXOW�WR�GLDJQRVH�DQG�UHFRYHU�IURP�D�SUREOHP��DQG�LV�D
FRQFHUQ� LQ� UHDO�WLPH� V\VWHPV� WKDW� FDQQRW� DIIRUG� ODUJH�VFDOH
GLVUXSWLRQV�LQ�SURJUDP�H[HFXWLRQ��

,PSOHPHQWDWLRQV�RI�WKH�WHUPLQDWLRQ�PRGHO�W\SLFDOO\�UHTXLUH�D
VRIWZDUH�PRGXOH�WR�UHWXUQ�DQ�HUURU�FRGH��RU�VHW�DQ�HUURU�IODJ
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YDULDEOH� VXFK� DV� HUUQR� LQ� 326,;�� LQ� WKH� HYHQW� RI� DQ
H[FHSWLRQDO� FRQGLWLRQ�� ,Q� &��� WKH� XVH� RI� ³WKURZQ´
H[FHSWLRQV� LV� DOVR� LQFOXGHG� LQ� WKH� WHUPLQDWLRQ� PRGHO�� )RU
LQVWDQFH��D�IXQFWLRQ�WKDW�LQFOXGHV�D�GLYLVLRQ�RSHUDWLRQ�PLJKW
UHWXUQ� D� GLYLGH� E\� ]HUR� HUURU� FRGH� LI� WKH� GLYLVRU� ZHUH
FDOFXODWHG� WR� EH� ]HUR�� � 7KH� FDOOLQJ� SURJUDP� FRXOG� WKHQ
GHWHUPLQH� WKDW� DQ� H[FHSWLRQ� RFFXUHG�� ZKDW� LW� ZDV�� DQG
SHUKDSV� GHWHUPLQH� KRZ� WR� UHFRYHU� IURP� LW�� � 326,;
VWDQGDUGL]HV� ZD\V� WR� XVH� HUURU� FRGHV�� DQG� WKXV� SURYLGHV
SRUWDEOH�VXSSRUW�IRU�WKH�HUURU�UHWXUQ�PRGHO�LQ�EXLOGLQJ�UREXVW
V\VWHPV�� >��@� � 5HFHQW� ZRUN� RQ� WKH� ;HSW� PHWKRG� >��@
GHVFULEHV�D�ZD\�LQ�ZKLFK�HUURU�FKHFNLQJ�FDQ�EH�HQFDSVXODWHG
LQ� D� ZUDSSHU�� UHGXFLQJ� IORZ�RI�FRQWURO� GLVUXSWLRQ� DQG
LPSURYLQJ�PRGXODULW\�

7KH�%DOOLVWD�IUDPHZRUN�VXSSRUWV�ERWK�WKH�WHUPLQDWLRQ�PRGHO
DQG�UHVXPSWLRQ�PRGHO�DV� WKH\�DUH� LPSOHPHQWHG� LQ�VWDQGDUG
&�&���� �:LWK� WKH� WHUPLQDWLRQ� PRGHO� %DOOLVWD� DVVXPHV� WKDW
H[FHSWLRQV� DUH� WKURZQ� ZLWK� VRPH� DPRXQW� RI� GHWDLO� YLD� WKH
&��� WU\�WKURZ�FDWFK� PHFKDQLVP� VR� WKDW� FRUUHFWLYH� DFWLRQ
FDQ�EH�WDNHQ���,Q�WKH�FDVH�RI�HUURU�FRGH�UHWXUQV��LW�LV�DVVXPHG
WKDW� WKHUH� LV� DQ� HUURU� YDULDEOH� WKDW� FDQ� EH� FKHFNHG� WR
GHWHUPLQH� LI� DQ� HUURU� KDV� RFFXUHG� �FXUUHQWO\� WKH� errno
YDULDEOH� IURP� 326,;� LV� VXSSRUWHG��� 7KXV�� DQ� ³XQNQRZQ´
H[FHSWLRQ�RU�D�FRQGLWLRQ�WKDW�UHVXOWV�LQ�DQ�XQKDQGOHG�JHQHULF
H[FHSWLRQ� VXFK� DV� D�6,*6(*9� VHJPHQWDWLRQ�YLRODWLRQ� LQ� D
326,;�RSHUDWLQJ�V\VWHP�LV�FRQVLGHUHG�D�UREXVWQHVV�IDLOXUH�

$GGLWLRQDOO\�� %DOOLVWD� KDV� WKH� DELOLW\� WR� DGG� XVHU� GHILQHG
H[FHSWLRQ�KDQGOHUV�WR�VXSSRUW�WKRVH�PRGXOHV�ZKLFK�XVH�&��
H[FHSWLRQ� KDQGOLQJ� WHFKQLTXHV�� � %DOOLVWD� HPEHGV� HDFK� WHVW
FDOO�LQWR�D�VWDQGDUG�WU\�FDWFK�SDLU���$Q\�WKURZQ�H[FHSWLRQ�QRW
FDXJKW�E\�WKH�XVHU�GHILQHG�FDWFK�VWDWHPHQWV�ZLOO�EH�KDQGOHG
E\�WKH�ODVW�FDWFK�������LQ�WKH�WHVW�KDUQHVV�DQG�WUHDWHG�DV
DQ�$ERUW�UREXVWQHVV�IDLOXUH�

6XSSRUW�IRU�FDOOEDFNV�DQG�VFDIIROGLQJ

:H�DUH�LQ�WKH�SURFHVV�RI�XVLQJ�%DOOLVWD�WR�WHVW�WKH�+LJK�/HYHO
$UFKLWHFWXUH� 5XQ� 7LPH� ,QIUDVWUXFWXUH� �+/$� 57,� ��� D
VLPXODWLRQ� EDFNSODQH� V\VWHP� XVHG� IRU� GLVWULEXWHG� PLOLWDU\
VLPXODWLRQV>�@����7KLV�H[DPSOH�V\VWHP�EURXJKW�RXW�WKH�QHHG
IRU�GHDOLQJ�ZLWK�H[FHSWLRQV��VLQFH�HUURUV�DUH�KDQGOHG�ZLWK�D
VHW�RI�WKURZQ�H[FHSWLRQV�VSHFLILHG�E\�WKH�$3,���$GGLWLRQDOO\�
WKH�+/$� 57,� SUHVHQWHG� SUREOHPV� LQ� WKDW� D� SLHFH� RI� FOLHQW
VRIWZDUH�PXVW�JR�WKURXJK�D�VHTXHQFH�RI�HYHQWV�WR�FUHDWH�DQG
UHJLVWHU� GDWD� VWUXFWXUHV� ZLWK� D� FHQWUDO� DSSOLFDWLRQ� VHUYHU
EHIRUH�PRGXOHV�FDQ�EH�FDOOHG�IRU�WHVWLQJ�

:KLOH�DW� ILUVW� LW� VHHPHG� WKDW�SHU�IXQFWLRQ�VFDIIROGLQJ�PLJKW
EH� UHTXLUHG� IRU� WKH�+/$�57,�� LW� WXUQHG�RXW� WKDW� WKHUH�ZHUH
RQO\� ��� HTXLYDOHQFH� FODVVHV� RI� PRGXOHV� ZLWK� HDFK
HTXLYDOHQFH� FODVV� DEOH� WR� VKDUH� WKH� VDPH� VFDIIROGLQJ� FRGH�
7KXV� WKH� %DOOLVWD� :HE� WHVWLQJ� VHUYLFH� KDV� WKH� DELOLW\� WR
VSHFLI\�VFDIIROGLQJ�FRGH��D�SUHDPEOH� DQG�D�SRVWDPEOH�� WKDW
FDQ�EH�XVHG�ZLWK�D�VHW�RI�PRGXOHV�WR�EH�WHVWHG���7KH�SUHDPEOH
DOVR� SURYLGHV� D� SODFH� IRU� SXWWLQJ� DSSOLFDWLRQ�VSHFLILF
³LQFOXGH´� ILOHV� DQG� VR� RQ�� �:KLOH� WKHUH� DUH� QR� GRXEW� VRPH
DSSOLFDWLRQV�ZKHUH�FOXVWHULQJ�RI�IXQFWLRQV�LQWR�VHWV�WKDW�VKDUH
VFDIIROGLQJ�FRGH� LV�QRW�SRVVLEOH��LW�VHHPV�SODXVLEOH�WKDW�WKLV

WHFKQLTXH�ZLOO�ZRUN� LQ�PDQ\�FDVHV��DFKLHYLQJ�VFDODELOLW\�LQ
WHUPV�RI�HIIRUW�WR�WHVW�D�ODUJH�VHW�RI�PRGXOHV�

7KHUH� DUH� VRPH� VRIWZDUH� V\VWHPV� ZKLFK� UHTXLUH� D� FDOOLQJ
REMHFW� WR�EH� DEOH� WR� VXSSRUW� D� VHULHV� RI� FDOOEDFNV�� HLWKHU� DV
LQGHSHQGDQW�IXQFWLRQV�RU�PHWKRGV�DVVRFLDWHG�ZLWK�WKH�FDOOLQJ
REMHFW�� � 7ZR� H[DPSOHV� RI� WKLV� DUH� D� IXQFWLRQ� WKDW� DQDO\]HV
LQFRPLQJ� HYHQWV� DQG� GLVSDWFKHV� WKHP� WR� UHJLVWHUHG� HYHQW
KDQGOHUV�� RU� D� UHJLVWUDWLRQ� IXQFWLRQ� ZKLFK� XVHV� PHPEHU
IXQFWLRQV� RI� WKH� FDOOLQJ� REMHFW� WR� REWDLQ� WKH� LQIRUPDWLRQ� LW
UHTXLUHV�� � 7KHVH� VLWXDWLRQV� UHTXLUH� WKH� WHVWLQJ� IUDPHZRUN
LWVHOI�WR�EH�HQKDQFHG�ZLWK�HLWKHU�WKH�IXQFWLRQV�RU�DSSURSULDWH
REMHFW�VWUXFWXUH�WR�KDQGOH�WKHVH�FDVHV�

7R�IDFLOLWDWH�%DOOLVWD¶V�DELOLW\� WR� WHVW� WKHVH� W\SHV�RI� V\VWHPV
ZH� SURYLGH� D� XVHU� WKH� DELOLW\� WR� EXLOG� WKH� PDLQ� WHVWLQJ
IXQFWLRQ� FDOO� LQWR� DQ� DUELWUDU\� VXE�FODVV�� RU� DGG� DQ\
LQGHSHQGDQW� IXQFWLRQV� QHHGHG�� � $V� ZLWK� WKH� RWKHU
FXVWRPL]HDEOH� IHDWXUHV� RI� %DOOLVWD�� WKH� DGGLWLRQV� FDQ� EH
FKDQJHG�EHWZHHQ�PRGXOHV���$OWKRXJK�WKLV�IHDWXUH�DGGV�EDFN
VRPH�RI�WKH�SHU�IXQFWLRQ�VFDIIROGLQJ�WKDW�ZH�HVFKHZHG�LQ�WKH
SUHYLRXV�YHUVLRQ�RI�%DOOLVWD��LW�ZDV�DGGHG�WR�DOORZ�WHVWLQJ�RI
FRGH� WKDW� UHTXLUHV� LW� LI� GHVLUHG� �DQG� LW� PD\� EH� FRPSOHWHO\
LJQRUHG�IRU�PDQ\�XVHUV��

3KDQWRP�SDUDPHWHUV�±�D�JHQHUDOL]DWLRQ�RI�WKH�%DOOLVWD�
WHVWLQJ�PHWKRG

$W�ILUVW�JODQFH��WKH�SDUDPHWHU�EDVHG�WHVWLQJ�PHWKRG�XVHG�E\
%DOOLVWD� VHHPV� OLPLWHG� LQ� DSSOLFDELOLW\�� +RZHYHU�� D� ELW� RI
FUHDWLYLW\�DOORZV�LW�WR�JHQHUDOL]H�WR�VRIWZDUH�PRGXOHV�ZLWKRXW
SDUDPHWHUV�� PRGXOHV� WKDW� WDNH� LQSXW� IURP� ILOHV� UDWKHU� WKDQ
SDUDPHWHUV�� DQG� WHVWV� IRU� KRZ� V\VWHP� VWDWH� DIIHFWV�PRGXOHV
WKDW�GR�QRW�KDYH�SDUDPHWHUV�GLUHFWO\�UHODWHG�WR�WKDW�VWDWH�

,Q�RUGHU�WR�WHVW�D�PRGXOH�ZLWKRXW�SDUDPHWHUV��DOO�WKDW�QHHG�EH
GRQH�LV�FUHDWH�D�GXPP\�PRGXOH�WKDW�VHWV�DSSURSULDWH�V\VWHP
VWDWH�ZLWK� D� SDUDPHWHU�� WKHQ� FDOOV� WKH�PRGXOH� WR� EH� WHVWHG�
)RU� H[DPSOH�� WHVWLQJ� D� SVHXGR�UDQGRP� QXPEHU� JHQHUDWRU
PLJKW� UHTXLUH� VHWWLQJ� D� VWDUWLQJ� VHHG� YDOXH�� WKHQ� FDOOLQJ� D
SDUDPHWHUOHVV� IXQFWLRQ� WKDW� UHWXUQV� D� UDQGRP� QXPEHU� LQ� D
SUHGHILQHG� UDQJH�� � :KLOH� WKLV� FRXOG� EH� DFFRPSOLVKHG� E\
FUHDWLQJ�SUHDPEOH�WHVW�VFDIIROGLQJ�WR�VHW�WKH�VWDUWLQJ�VHHG��WKH
%DOOLVWD� WRRO� VXSSRUWV� D� PRUH� HOHJDQW� DSSURDFK�� � :KHQ
VSHFLI\LQJ�SDUDPHWHUV� IRU�D�PRGXOH�� ³SKDQWRP´�SDUDPHWHUV
FDQ�EH�DGGHG�WR�WKH�OLVW���7KHVH�SDUDPHWHUV�DUH�H[HUFLVHG�E\
%DOOLVWD�DQG�KDYH�FRQVWUXFWRU�GHVWUXFWRU�SDLUV�FDOOHG��EXW�DUH
QRW�DFWXDOO\�SDVVHG�WR�WKH�0X7���6R��IRU�H[DPSOH��WHVWLQJ�WKH
UDQGRP� QXPEHU� JHQHUDWRU� LV� EHVW� GRQH� E\� FUHDWLQJ� D� GDWD
W\SH� RI� ³UDQGRP� QXPEHU� VHHG´� WKDW� VHWV� YDULRXV� YDOXHV� RI
LQWHUHVW�� DQG� WKHQ� XVLQJ� WKDW� GDWD� W\SH� DV� D� SKDQWRP
SDUDPHWHU�ZKHQ�WHVWLQJ�WKH�RWKHUZLVH�SDUDPHWHUOHVV�UDQGRP
QXPEHU�JHQHUDWRU�

$�VLPLODU�DSSURDFK�FDQ�EH�WDNHQ�IRU�ILOH�EDVHG�PRGXOH�LQSXWV
UDWKHU� WKDQ� SDUDPHWHU�EDVHG� LQSXWV�� � $� SKDQWRP� SDUDPHWHU
FDQ�EH�GHILQHG�ZKLFK�FUHDWHV�D�SDUWLFXODU�ILOH�RU�GDWD�REMHFW
�RU� VHW� RI� VXFK� REMHFWV�� ZLWK� D� SDUWLFXODU� IRUPDW�� � ,I� WKDW
REMHFW�LV�DFFHVVHG�RWKHU�WKDQ�ZLWK�D�SDUDPHWHU��IRU�H[DPSOH�
E\�UHIHUHQFLQJ�D�JOREDO�YDULDEOH�RU�ORRNLQJ�XS�WKH�REMHFW�LQ�D
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FHQWUDO� UHJLVWU\�� WKH� SKDQWRP� SDUDPHWHU� FDQ� DSSURSULDWHO\
UHJLVWHU� WKH� REMHFW�� � ,Q� D� IXWXUH� YHUVLRQ� RI� WKH� :HE� VLWH�
SKDQWRP� SDUDPHWHUV� ZLOO� EH� DEOH� WR� WKHPVHOYHV� WDNH
SDUDPHWHUV��VR�WKDW�IRU�LQVWDQFH�D�ILOH�QDPH�FRXOG�EH�SDVVHG
WR�D�JHQHULF�ILOH�FUHDWLRQ�GDWD�W\SH�LQ�VXSSRUW�RI�WKLV�VFKHPH�
DQG� UHFXUVLYH�LWHUDWLYH� FUHDWLRQ� RI� WHVW� VHWV� FRXOG� EH
SHUIRUPHG�

*LYHQ�WKH�FRQFHSW�RI�SKDQWRP�SDUDPHWHUV�� LW�EHFRPHV�FOHDU
KRZ�WR�WHVW�PRGXOHV�IRU�V\VWHP�VWDWHV�ZKLFK�DUH�QRW�UHIOHFWHG
LQ�H[SOLFLW�SDUDPHWHUV���3KDQWRP�SDUDPHWHUV�FDQ�EH�DGGHG�WR
VHW� V\VWHP� VWDWH� DV� GHVLUHG�� � $V� DQ� H[DPSOH�� D� SKDQWRP
SDUDPHWHU� GDWD� W\SH�PLJKW� EH� FUHDWHG� WR� ILOO� XS� GLVN� VSDFH
EHIRUH�D�GLVN�DFFHVVLQJ�IXQFWLRQ�LV�FDOOHG�

7KXV�� %DOOLVWD� WHVWLQJ� KDV� D� UHDVRQDEOH� �DOWKRXJK� FHUWDLQO\
QRW�FRPSOHWH��DELOLW\�WR�WHVW�QRW�RQO\�VLQJOH�PRGXOH�FDOOV�ZLWK
VLQJOH� VHWV� RI� SDUDPHWHUV�� EXW� WKH� HIIHFWV� RI� VXFK� FDOOV� LQ� D
ZLGH�YDULHW\�RI�V\VWHP�VWDWHV��:LWK�WKH�H[WHQVLRQ�RI�SKDQWRP
SDUDPHWHUV�� LW� FDQ� SURYLGH� KLJKO\� GHWHUPLQLVWLF� WHVWLQJ� RI
ZKDW� DPRXQWV� WR� D� ZLGH� YDULHW\� RI� VHTXHQFHV� RI� IXQFWLRQ
FDOOV��UHIOHFWHG�LQ�V\VWHP�VWDWH�VHW�E\�WKDW�VHTXHQFH�RI�FDOOV��

� &21&/86,216�$1'�)8785(�:25.

7KLV� SDSHU� PDUNV� WKH� RIILFLDO� DQQRXQFHPHQW� RI� SXEOLF
DYDLODELOLW\�RI�WKH�%DOOLVWD�UREXVWQHVV�WHVWLQJ�:HE�VHUYLFH��DW
KWWS���ZZZ�LFHV�FPX�HGX�EDOOLVWD��� 7KLV� VHUYLFH� FDQ� WHVW� D
ODUJH� YDULHW\� RI� VRIWZDUH� PRGXOHV� IRU� UREXVWQHVV� WR
H[FHSWLRQDO� LQSXW�FRQGLWLRQV�� �(DUO\�YHUVLRQV�RI� WKLV� WHVWLQJ
DSSURDFK�IRXQG�UREXVWQHVV�IDLOXUH�UDWHV�UDQJLQJ�IURP�����WR
����RQ�D� IXOO�VFDOH� WHVW�RI� ILIWHHQ�326,;�RSHUDWLQJ�V\VWHP
LPSOHPHQWDWLRQV�� � ,W� LV� H[SHFWHG� WKDW� DSSO\LQJ� WKH� WHVWLQJ
VHUYLFH� WR� D� ODUJHU� YDULHW\� RI� DSSOLFDWLRQV� ZLOO� SURYLGH
YDOXDEOH�LQVLJKW�LQWR�ERWK�WKH�SUHYDOHQFH�RI�DQG�WKH�W\SHV�RI
UREXVWQHVV�IDLOXUHV�WR�EH�IRXQG�LQ�RWKHU�YDULHWLHV�RI�UHDO�FRGH�

:KLOH�DW� ILUVW� JODQFH� WKH� WHVWLQJ�PRGHO� RI� D�VLQJOH� IXQFWLRQ
FDOO�ZLWK� D� VLQJOH� VHW�RI� SDUDPHWHU� VHHPV�TXLWH� OLPLWHG�� WKH
%DOOLVWD�WHVWLQJ�DSSURDFK�DQG�JHQHUDOL]DWLRQV�RI�LW�SURYLGH�D
ULFK� WHVWLQJ� FDSDELOLW\�� � %DVLQJ� WHVWV� RQ� SDUDPHWHU� W\SHV
DFKLHYHV�VFDODELOLW\��EXW�VWLOO�DOORZV�D�VLJQLILFDQW�DPRXQW�RI
V\VWHP� VWDWH� WR� EH� VHW� XS� ZKLOH� UHTXLULQJ� OLWWOH� RU� QR� SHU�
IXQFWLRQ� VFDIIROGLQJ�� � 7KH� DGGLWLRQ� RI� D� ³SKDQWRP
SDUDPHWHU´� FDSDELOLW\� H[WHQGV� WKH� %DOOLVWD� DSSURDFK� WR
SHUPLW� VHWWLQJ� XS� XQUHODWHG� V\VWHP� VWDWH� EHIRUH� FDOOLQJ� WKH
PRGXOH� XQGHU� WHVW� ZLWK� D� VSHFLILF� VHW� RI� DFWXDO� SDUDPHWHU
YDOXHV�

)XWXUH�ZRUN�RQ�WKH�%DOOLVWD�ZHE�WHVWLQJ�VHUYLFH�ZLOO�LQFOXGH�D
UHILQHG�DELOLW\�WR�GR�DXWRPDWLF��ILQH�JUDLQ�WHVWLQJ�RI�FRPSOH[
GDWD� VWUXFWXUHV�� � $GGLWLRQDOO\�� DGDSWLYH� UREXVWQHVV� WHVWLQJ
VWUDWHJLHV� ZLOO� SHUPLW� FKDUDFWHUL]LQJ� WKH� UHJLRQV� RI� LQSXW
YDOXHV�ZKLFK�HYRNH�UREXVWQHVV� IDLOXUHV��DQG�ZLOO�VXSSRUW�DQ
DWWHPSW� WR�DXWRPDWLFDOO\�FUHDWH�VRIWZDUH�ZUDSSHUV� WR� GHWHFW
DQG� JUDFHIXOO\� GHDO� ZLWK� SRWHQWLDOO\� GDQJHURXV� SDUDPHWHU
LQSXW�YDOXHV�

� $&.12:/('*(0(176

7KLV�UHVHDUFK�ZDV�VSRQVRUHG�E\�'$53$�FRQWUDFW�'$%7���
���&������

5()(5(1&(6

>�@%DUWRQ��-���&]HFN��(���6HJDOO��=���6LHZLRUHN��'����)DXOW�
LQMHFWLRQ�H[SHULPHQWV�XVLQJ�),$7���,(((�7UDQVDFWLRQV�
RQ�&RPSXWHUV����������������

>�@%HL]HU��%���%ODFN�%R[�7HVWLQJ��1HZ�<RUN��:LOH\�������
>�@%ORRPHU��-��3RZHU�3URJUDPPLQJ�ZLWK�53&��2¶5HLOO\�	�

$VVRFLDWHV
>�@%L\DQL��5��	�3��6DQWKDQDP��³72)8��7HVW�2SWLPL]HU�IRU�

)XQFWLRQDO�8VDJH�´�6RIWZDUH�(QJLQHHULQJ�7HFKQLFDO�
%ULHI��������������,%0�7�-��:DWVRQ�5HVHDUFK�&HQWHU�

>�@&RKHQ��'���'DODO��6���)UHGPDQ��0��	�3DWWRQ��*��³7KH�
$(7*�6\VWHP��DQ�DSSURDFK�WR�WHVWLQJ�EDVHG�RQ�FRPEL�
QDWRULDO�GHVLJQ�´�,(((�7UDQVDFWLRQV�RQ�6RIWZDUH�(QJL�
QHHULQJ��YRO������QR�����SS���������

>�@&DUUHWWH��*����&5$6+0(��5DQGRP�LQSXW�WHVWLQJ����QR�
IRUPDO�SXEOLFDWLRQ�DYDLODEOH��KWWS���SHRSOH�GHOSKL�FRP�
JMF�FUDVKPH�KWPO�DFFHVVHG�-XO\���������

>�@&ULVWLDQ��)ODYLX���([FHSWLRQ�+DQGOLQJ�DQG�7ROHUDQFH�RI�
6RIWZDUH�)DXOWV���,Q�6RIWZDUH�)DXOW�7ROHUDQFH��0LFKDHO�
5��/\X��(G����&KLFKHVWHU��:LOH\��������SS����������&K��
��

>�@'DKPDQQ��-���)XMLPRWR��5���	�:HDWKHUO\��5��³7KH�'HSDUW�
PHQW�RI�'HIHQVH�+LJK�/HYHO�$UFKLWHFWXUH�´�3URFHHGLQJV�
RI�WKH������:LQWHU�6LPXODWLRQ�&RQIHUHQFH��:LQWHU�&RQ�
IHUHQFH�%RDUG�RI�'LUHFWRUV��6DQ�'LHJR��&$������

>�@'H9DOH��-�	�.RRSPDQ�3���³1�9HUVLRQ�DSSURDFK�WR�2SHUDW�
LQJ�6\VWHP�5REXVWQHVV�´���WK�6\PSRVLXP�RQ�)DXOW�7RO�
HUDQW�&RPSXWLQJ�6\VWHPV������

>��@*HKDQL��1����([FHSWLRQDO�&�RU�&�ZLWK�([FHSWLRQV���6RIW�
ZDUH���3UDFWLFH�DQG�([SHULHQFH�����������������

>��@*RRGHQRXJK��-����([FHSWLRQ�KDQGOLQJ��LVVXHV�DQG�D�SUR�
SRVHG�QRWDWLRQ���&RPPXQLFDWLRQV�RI�WKH�$&0����������
���������'HFHPEHU������

>��@+LOO��,����)DXOWV�LQ�IXQFWLRQV��LQ�$/*2/�DQG�)25�
75$1���7KH�&RPSXWHU�-RXUQDO������������������$XJXVW�
�����

>��@,(((�VWDQGDUG�IRU�ELQDU\�IORDWLQJ�SRLQW�DULWKPHWLF��,(((�
6WG�����������,QVWLWXWH�RI�(OHFWULFDO�DQG�(OHFWURQLFV�
(QJLQHHUV�������

>��@,(((�6WDQGDUG�IRU�,QIRUPDWLRQ�7HFKQRORJ\���3RUWDEOH�
2SHUDWLQJ�6\VWHP�,QWHUIDFH��326,;��3DUW����6\VWHP�
$SSOLFDWLRQ�3URJUDP�,QWHUIDFH��$3,��$PHQGPHQW����
5HDO�WLPH�([WHQVLRQ�>&�/DQJXDJH@��,(((�6WG�������E�
������,(((�&RPSXWHU�6RFLHW\�������

>��@-RQHV��(����HG���7KH�$SROOR�/XQDU�6XUIDFH�-RXUQDO��
$SROOR����OXQDU�ODQGLQJ��HQWULHV�DW�WLPHV������������
�����������DQG������������1DWLRQDO�$HURQDXWLFV�DQG�
6SDFH�$GPLQLVWUDWLRQ��:DVKLQJWRQ��'&�������

>��@.DQDZDWL��*���.DQDZDWL��1��	�$EUDKDP��-����)(55$5,��
D�WRRO�IRU�WKH�YDOLGDWLRQ�RI�V\VWHP�GHSHQGDELOLW\�SURSHU�
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WLHV��������,(((�:RUNVKRS�RQ�)DXOW�7ROHUDQW�3DUDOOHO�
DQG�'LVWULEXWHG�6\VWHPV��$PKHUVW��0$��86$��-XO\�
������SS����������

>��@.RRSPDQ��3���6XQJ��-���'LQJPDQ��&���6LHZLRUHN��'��	�
0DU]��7����&RPSDULQJ�2SHUDWLQJ�6\VWHPV�8VLQJ�
5REXVWQHVV�%HQFKPDUNV���3URFHHGLQJV�6\PSRVLXP�RQ�
5HOLDEOH�DQG�'LVWULEXWHG�6\VWHPV��'XUKDP��1&��2FW��
������������SS��������

>��@.URSS��1���.RRSPDQ��3��	�6LHZLRUHN��'����$XWRPDWHG�
5REXVWQHVV�7HVWLQJ�RI�2II�WKH�6KHOI�6RIWZDUH�&RPSR�
QHQWV�����WK�)DXOW�7ROHUDQW�&RPSXWLQJ�6\PSRVLXP��LQ�
SUHVV��-XQH�������������

>��@/LRQV��-�/���FKDLUPDQ��$ULDQH���)OLJKW�����)DLOXUH��
UHSRUW�E\�WKH�LQTXLU\�ERDUG��(XURSHDQ�6SDFH�$JHQF\��
3DULV��-XO\����������

>��@0LOOHU��%���.RVNL��'���/HH��&���0DJDQW\��9���0XUWK\��5���
1DWDUDMDQ��$��	�6WHLGO��-���)X]]�5HYLVLWHG��$�5H�H[DPL�
QDWLRQ�RI�WKH�5HOLDELOLW\�RI�81,;�8WLOLWLHV�DQG�6HUYLFHV��
&RPSXWHU�6FLHQFH�7HFKQLFDO�5HSRUW�������8QLY��RI�:LV�
FRQVLQ�0DGLVRQ��0D\������

>��@1XPHJD��%RXQGV&KHFNHU��KWWS���ZZZ�QXPHJD�FRP�

SURGXFWV�YF�YF�KWPO��DFFHVVHG���������
>��@3DUDVRIW��,QVXUH����KWWS���ZZZ�SDUDVRIW�FRP�LQVXUH�

LQGH[�KWPO��DFFHVVHG���������
>��@3XUH�$WULD��3XULI\��KWWS���ZZZ�SXUHDWULD�FRP�SURGXFWV�

SXULI\�LQGH[�KWPO��DFFHVVHG���������
>��@57&$�'2����%��6RIWZDUH�&RQVLGHUDWLRQV�LQ�$LUERUQH�

6\VWHPV�DQG�(TXLSPHQW�&HUWLILFDWLRQ��'RFXPHQW��6&�
����(XURFDH�:*�����57&$��:DVKLQJWRQ�'&�������

>��@6HGJHZLFN��5REHUW��$OJRULWKPV�LQ�&����$GGLVRQ�:HV�
OH\�������

>��@7VDL��7���	�5��,\HU���0HDVXULQJ�)DXOW�7ROHUDQFH�ZLWK�WKH�
)7$3(�)DXOW�,QMHFWLRQ�7RRO���3URFHHGLQJV�(LJKWK�,QWHU�
QDWLRQDO�&RQIHUHQFH��RQ�0RGHOLQJ�7HFKQLTXHV�DQG�7RROV�
IRU�&RPSXWHU�3HUIRUPDQFH�(YDOXDWLRQ��+HLGHOEHUJ��*HU�
PDQ\��6HSW��������������6SULQJHU�9HUODJ��SS��������

>��@9R��.�3���:DQJ��<�0���&KXQJ��3��	�+XDQJ��<����;HSW��D�
VRIWZDUH�LQVWUXPHQWDWLRQ�PHWKRG�IRU�H[FHSWLRQ�KDQ�
GOLQJ���7KH�(LJKWK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�6RIW�
ZDUH�5HOLDELOLW\�(QJLQHHULQJ��$OEXTXHUTXH��10��86$��
����1RY��������SS��������


