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7KLV�SDSHU�DGGUHVVHV�WKH�SUREOHP�RI�H[HFXWLQJ�DEVWUDFW�WHVWV�
RQ�GLVWULEXWHG�VRIWZDUH��$OWKRXJK�RXU�IRFXV�LV�RQ�
VSHFLILFDWLRQ�EDVHG�EHKDYLRU�WHVWLQJ�WKDW�H[SORLWV�PRGHO�
EDVHG�WHVW�JHQHUDWLRQ��ZH�SURYLGH�DQ�HQYLURQPHQW�WKDW�
VXSSRUWV�ERWK�DXWRPDWLF�DQG�PDQXDO�WHVW�JHQHUDWLRQ��7HVWV�
GHULYHG�IURP�D�VSHFLILFDWLRQ�DUH�E\�QDWXUH�DEVWUDFW��7KH�
WHVWHU�PXVW�PDQXDOO\�FRQYHUW�WKH�DEVWUDFW�WHVWV�LQWR�WKHLU�
FRQFUHWH�H[HFXWDEOH�IRUP���:H�FODLP�WKDW�D�WHVW�H[HFXWLRQ�
HQYLURQPHQW�GHVLJQHG�WR�H[HFXWH�DEVWUDFW�WHVWV�FDQ�
WUDQVIRUP�DQG�H[HFXWH�WKHVH�WHVWV�HIILFLHQWO\�WR�YHULI\�
GLVWULEXWHG�VRIWZDUH��:H�DOVR�FODLP�WKDW�WKH�VDPH�DEVWUDFW�
WHVWV�FDQ�EH�UHXVHG�DQG�H[WHQGHG�WR�YHULI\�LVVXHV�UHODWHG�WR�
FRQFXUUHQF\��VWUHVV��DQG�LQSXW�GDWD�YDULDWLRQV��:H�GHVFULEH�
WKH�WHVW�H[HFXWLRQ�HQYLURQPHQW�DQG�GLVFXVV�DQ�LQGXVWULDO�
WULDO�WKDW�H[SORLWHG�D�SURWRW\SH�RI�WKH�V\VWHP�WR�LPSURYH�WKH�
WHVWLQJ�RI�D�GLVWULEXWHG�DSSOLFDWLRQ���7KH�WULDO�UHXVHG�D�
EHKDYLRU�WHVW�VXLWH�JHQHUDWHG�IRU�LWV�IXQFWLRQ�WHVW�DQG�
H[HFXWHG�LW�LQ�LWV�V\VWHP�WHVW��7KH�UHXVH�UHTXLUHG�QR�
DGGLWLRQDO�FRGLQJ�DQG�ZDV�VXFFHVVIXO�LQ�GLVFRYHULQJ�ILYH�
DGGLWLRQDO�GHIHFWV�UHODWHG�WR�FRQFXUUHQF\��

.H\ZRUGV�
'LVWULEXWHG� VRIWZDUH� WHVWLQJ�� WHVW� H[HFXWLRQ� HQYLURQPHQW��
DEVWUDFW� WHVW� WUDQVIRUPDWLRQ� DQG� UHXVH�� PRGHO� EDVHG� WHVW�
JHQHUDWLRQ� DQG� H[HFXWLRQ�� FRQFXUUHQF\� WHVWLQJ�� VWUHVV�
WHVWLQJ��LQSXW�YDULDWLRQ�WHVWLQJ��

��� ,1752'8&7,21�
,Q�UHFHQW�\HDUV��VRIWZDUH�PRGHOLQJ�KDV�HQMR\HG�WUHPHQGRXV�
SRSXODULW\� GXH� WR� WKH� ZLGHVSUHDG� DGRSWLRQ� RI� REMHFW�
RULHQWHG�PRGHOV�DV�DQ�DLG�WR�VRIWZDUH�GHVLJQ��>�@��7KH�XVH�RI�
VRIWZDUH�PRGHOV�IRU�WKH�JHQHUDWLRQ�RI�DEVWUDFW�WHVWV�KDV�DOVR�
EHHQ�UHSRUWHG�LQ�ERWK�DFDGHPLF�VHWWLQJV���>�@���>�@�DQG��>��@���
DQG� LQ� SUDFWLFDO� H[SHULPHQWV� ��>�@�� �>�@� DQG� �>��@���+RZHYHU��
WKH�DGRSWLRQ�RI�D�VSHFLILFDWLRQ�EDVHG�PRGHOLQJ�VWUDWHJ\�IRU�
JHQHUDWLQJ� WHVW�VXLWHV�KDV�\HW�WR�JDLQ�LQGXVWULDO�PRPHQWXP��
2QH�RI�WKH�LPSHGLPHQWV�WR�LWV�DGRSWLRQ�LV�WKDW�PRVW�FXUUHQW�
WHVW� H[HFXWLRQ� HQYLURQPHQWV� ZHUH� QRW� GHVLJQHG� WR� UXQ� WKH�
JHQHUDWHG�WHVWV��

2XU�UHVHDUFK�GHDOV�ZLWK�D�WHVWLQJ�DUFKLWHFWXUH�WR�YDOLGDWH�WKH�
EHKDYLRU� RI� GLVWULEXWHG� SURJUDPV�� 7KH� GLVWULEXWHG�
DSSOLFDWLRQ� XQGHU� WHVW� LV� QRW� UHVWULFWHG� WR� DQ\� SDUWLFXODU�
SURJUDPPLQJ� ODQJXDJH�RU�RSHUDWLQJ�SODWIRUP�� �$Q�DEVWUDFW�
WHVW�FDVH�GHVFULEHV�WHVW� ORJLF�ZLWKRXW�FRQFHUQLQJ�LWVHOI�ZLWK�
SODWIRUP� RU� ODQJXDJH� LVVXHV�� � ,Q� RUGHU� WR� UXQ� WKH� WHVW�� WKH�
H[HFXWLRQ�HQYLURQPHQW�PXVW�GHDO�ZLWK�WKH�PHVV\�GHWDLOV�RI�
FRQFUHWH�H[HFXWLRQ��)XUWKHUPRUH��WKH�DEVWUDFW�WHVWV�GHVLJQHG�
WR� YDOLGDWH� EDVLF� IXQFWLRQDO� EHKDYLRU� PD\� EH� UHXVHG� DQG�
H[WHQGHG�WR�YHULI\�DGGLWLRQDO�VRIWZDUH�UHTXLUHPHQWV�VXFK�DV�
FRQFXUUHQF\������
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)LJXUH���$EVWUDFW�PRGHO�RI�V\VWHP�XQGHU�WHVW�

)LJXUH� �� VKRZV� DQ� DEVWUDFW� PRGHO� RI� D� V\VWHP� XQGHU� WHVW�
�687��� $Q� 687�PD\� EH� SHUFHLYHG� RI� DV� D� VHW� RI� REMHFWV��
7KH� DEVWUDFW� WHVW� GHVFULEHV� WKH�REMHFWV¶�H[SHFWHG�EHKDYLRU��
VWDWH��DQG�RXWSXW�LQ�UHVSRQVH�WR�D�VHTXHQFH�RI�VWLPXOL�IURP�
WKH�WHVWHU���

7KH� FRQFUHWH� LPSOHPHQWDWLRQ� RI� WKH� 687� UXQV� ZLWKLQ�
GLIIHUHQW�SURFHVV�DGGUHVV�VSDFHV��WKH�SURFHVVHV�UHVLGH�ZLWKLQ�
KRVWV�LQWHUFRQQHFWHG�E\�D�QHWZRUN���

���� 7HVW�([HFXWLRQ�(QYLURQPHQW�
2XU� WHVW� H[HFXWLRQ� HQYLURQPHQW� LV� DQ� LQIUDVWUXFWXUH� WKDW�
VXSSRUWV� WKH� WHVWLQJ� RI� GLVWULEXWHG� VRIWZDUH�� � 6RIWZDUH�
WHVWLQJ� HQYLURQPHQWV� DUH� DSSOLFDWLRQV� WKDW� DVVLVW� WHVWHUV� LQ�
H[HFXWLQJ�WHVWV�DQG�FROOHFWLQJ�UHVXOWV�DJDLQVW�WKH�DSSOLFDWLRQ�
XQGHU� WHVW�� 7HVWLQJ� HQYLURQPHQWV� XVXDOO\� SDUDOOHO� WKH�



DSSOLFDWLRQV� WKH\� WHVW�� �7KH\� UXQ�XQGHU� WKH� VDPH�RSHUDWLQJ�
V\VWHP�DQG�XVH�WKH�VDPH�SURJUDPPLQJ�ODQJXDJHV�WR�LQWHUDFW�
ZLWK� WKH� 687�� � 7KH\� DOVR� SURYLGH� VHUYLFHV� WR� VXSSRUW�
LQWHUIDFHV� DQG� OLEUDULHV� IRU� WHVWLQJ� VFULSWV�� 7KH� FRVW� RI�
FUHDWLQJ� DQG� VXSSRUWLQJ� WKHVH� WHVWLQJ� HQYLURQPHQW� LV� D�
VLJQLILFDQW�SDUW�RI�WKH�RYHUDOO�GHYHORSPHQW�FRVW����

7KH� FRVW� DQG� FRPSOH[LW\� RI� WKH� WHVWLQJ� HQYLURQPHQW�
LQFUHDVHV� ZKHQ� WKH� VRIWZDUH� XQGHU� WHVW� LV� GLVWULEXWHG��
'LVWULEXWHG� VRIWZDUH� PD\� UXQ� LQ� GLIIHUHQW� KRVW�
HQYLURQPHQWV�� VHSDUDWHG� E\� D� QHWZRUN�� 'LIIHUHQW�
SURJUDPPLQJ� ODQJXDJHV�PD\�EH�XVHG� WR�FRGH� WKH�GLIIHUHQW�
FRPSRQHQWV�LQ�WKH�VRIWZDUH�XQGHU�WHVW���

)RU�H[DPSOH��D� VHUYHU�PD\� UXQ�XQGHU�/LQX[�DQG� LWV�FOLHQWV�
UXQ� XQGHU�:LQGRZV�� �7KH� VHUYHU� DQG� FOLHQWV� FRPPXQLFDWH�
RYHU�D�7&3,3�QHWZRUN�� � �7KH�VHUYHU�PD\�EH�FRGHG�LQ�-DYD�
DQG�WKH�FOLHQWV�LQ�&������

7KH� WHVWLQJ�HQYLURQPHQW�PXVW�SURYLGH� WHVWLQJ�VROXWLRQV�IRU�
DOO� RI� WKHVH� KHWHURJHQHRXV� DSSOLFDWLRQ� HQYLURQPHQWV� DQG�
ODQJXDJHV�� 7KH� FUHDWLRQ� DQG� PDLQWHQDQFH� RI� FRPSOH[�
WHVWLQJ�HQYLURQPHQWV�LV�D�GLVWUDFWLRQ�IRU�D�WHVW� WHDP���7KHLU�
PDLQ�IRFXV�LV�RQ�YDOLGDWLQJ�WKH�VRIWZDUH�XQGHU�WHVW���

7KH� SULPDU\� JRDO� RI� RXU� WHVW� H[HFXWLRQ� HQYLURQPHQW� LV� WR�
PDNH� VRIWZDUH� WHVWLQJ� PRUH� HIILFLHQW� E\� SURYLGLQJ� DQ�
LQIUDVWUXFWXUH� WR� VXSSRUW� WKHVH� KHWHURJHQHRXV� DSSOLFDWLRQ�
HQYLURQPHQWV�DQG� ODQJXDJHV�� �2I�FRXUVH�� WKH� LQIUDVWUXFWXUH�
PXVW� VFDOH� GRZQ� WR� VXSSRUW� PRUH� VLPSOH� VLQJOH� ODQJXDJH�
QRQ�GLVWULEXWHG�VRIWZDUH�WHVWLQJ���

���� $EVWUDFW�7HVW�([HFXWLRQ�
$Q�DEVWUDFW�WHVW�IRU�EHKDYLRU�WHVWLQJ�LV�D�VFHQDULR�LQYROYLQJ�
FRPPXQLFDWLRQ� EHWZHHQ� WKH� WHVWHU� DQG� WKH� V\VWHP� XQGHU�
WHVW�� ,W� VSHFLILHV� D� VHTXHQFH� RI� WHVWHU� VWLPXOL� WR� WKH� 687��
REVHUYDWLRQ� RI� 687� UHVSRQVHV�� DQG� WKH� DVVLJQPHQW� RI� D�
YHUGLFW� EDVHG� RQ� WKH� REVHUYDWLRQV�� $Q� DEVWUDFW� WHVW� LV�
GHVLJQHG� WR� H[HUFLVH� D� SDUWLFXODU� H[HFXWLRQ� VHTXHQFH� RU�
YHULI\� FRPSOLDQFH� ZLWK� D� VSHFLILF� UHTXLUHPHQW�� 7KH� ZRUG�
³DEVWUDFW´�UHIHUV�WR�WKH�IDFW�WKDW�WKH�WHVW�FDVH�LV�SODWIRUP�DQG�
SURJUDPPLQJ� ODQJXDJH� LQGHSHQGHQW�� �([DPSOHV�RI�DEVWUDFW�
WHVW�IRUPDWV�DUH�77&1����>��@�DQG�WKH�$*(',6��>�@�DEVWUDFW�
WHVW��

7KH� WHVW� H[HFXWLRQ� HQYLURQPHQW� LV� UHVSRQVLEOH� IRU� WKH�
FRQFUHWL]DWLRQ� RI� WKH� DEVWUDFW� WHVW�� ,W� PXVW� LPSOHPHQW� WKH�
WHVW� ORJLF� RQ� D� VHW� RI� RSHUDWLQJ� SODWIRUPV� XVLQJ� D� VHW� RI�
GLIIHUHQW� SURJUDPPLQJ� ODQJXDJHV�� � ,I� WKH� WHVW� VFHQDULR�
RFFXUV�RQ�PXOWLSOH�KRVWV��LW�LV�UHTXLUHG�WR�GLVWULEXWH�WKH�WHVW�
VWLPXOL�DQG�REVHUYDWLRQV�RYHU�D�QHWZRUN����

$EVWUDFW� WHVWV� KDYH� WKH� DGYDQWDJH� WKDW� WKH\� H[SUHVV� WKH�
WHVWLQJ� ORJLF�ZLWKRXW�JHWWLQJ�ERJJHG�GRZQ�LQ� WKH�GHWDLOV�RI�
KRZ�WR�H[HFXWH�WKH�WHVW���([HFXWDEOH�WHVWV�DUH�ZULWWHQ�LQ�WKH�
SURJUDPPLQJ�ODQJXDJH�RI�WKH�V\VWHP�XQGHU�WHVW�RU�LQ�D�WHVW�
VFULSWLQJ�ODQJXDJH��7KXV��WKH�DEVWUDFW�WHVW�PXVW�EH�WUDQVODWHG�
LQ�RUGHU�WR�H[HFXWH�LW�RQ�WKH�687��7KH�WHVW�H[HFXWLRQ�HQJLQH�

EULGJHV� WKH� JDS� EHWZHHQ� WKH� DEVWUDFW� WHVW� DQG� WKH� 687�E\�
PDSSLQJ�WKH�DEVWUDFW�VWLPXOL�WR�PHWKRG�LQYRFDWLRQV��PRXVH�
FOLFNV�� RU� V\VWHP�FRPPDQGV�� DQG� WKH�DEVWUDFW�REVHUYDWLRQV�
WR�DFWXDO�YDOXH�FKHFNLQJ�� � �7KH� WHVW�H[HFXWLRQ�HQYLURQPHQW�
H[HFXWHV�WKH�WUDQVODWHG�WHVW�GLUHFWO\�DQG�FKHFNV�WKH�REVHUYHG�
UHVXOWV� DJDLQVW� WKH� H[SHFWHG� UHVXOWV� DV� SUHGLFWHG� E\� WKH�
PRGHO�RU�DV�GHVFULEHG�LQ�WKH�DEVWUDFW�WHVW��

7KH� DEVWUDFW� WHVW� LV� D� UHTXLUHG� LQSXW� WR� WKH� WHVW� H[HFXWLRQ�
HQYLURQPHQW�� WHOOLQJ� LW�ZKDW� WR� H[HFXWH� DJDLQVW� WKH� 687��
7HVW� H[HFXWLRQ� GLUHFWLYHV� DUH� DQRWKHU� LQSXW� WR� WKH�
HQYLURQPHQW�� DQG� SURYLGH� WKH� LQIRUPDWLRQ� RQ� KRZ� WR�
H[HFXWH� WKH� DEVWUDFW� WHVW�� 7KHVH� GLUHFWLYHV� LQFOXGH�
LQIRUPDWLRQ� DERXW� WDUJHW� SODWIRUPV�� SURJUDPPLQJ�
ODQJXDJHV��DFWXDO�LQSXW�GDWD��GDWD�W\SHV��DQG�RWKHU�PDSSLQJV�
QHHGHG�WR�PDNH�WKH�DEVWUDFW�WHVW�FRQFUHWH���

���� 2XWOLQH�
6HFWLRQ���GHVFULEHV� WKH� WHVW� H[HFXWLRQ�HQYLURQPHQW�GHVLJQ��
7KH�GHVLJQ�SURYLGHV�RSWLPDO�VXSSRUW�IRU�H[HFXWLQJ�DEVWUDFW�
WHVWV�IRU�GLVWULEXWHG�DSSOLFDWLRQV��

6HFWLRQ� �� GHVFULEHV� KRZ�ZH� H[WHQG� WKH� DEVWUDFW� WHVWV�ZLWK�
REMHFW� SDUWLWLRQLQJ� WR� FRYHU� WHVWLQJ� LVVXHV� UHODWHG� WR�
FRQFXUUHQF\��VWUHVV��DQG�LQSXW�YDULDWLRQV���

6HFWLRQ� �� GHVFULEHV� DQ� LQGXVWULDO� WULDO� WKDW� H[SORLWHG� D�
SURWRW\SH� RI� WKH� LGHDV� SUHVHQWHG� LQ� 6HFWLRQV� �� DQG� �� WR�
H[HFXWH�D�WHVW�JHQHUDWHG�IURP�D�PRGHO��7KH�WHVW�ZDV�UXQ�LQ�
IXQFWLRQ� WHVW� DQG� WKHQ� UHXVHG� LQ� V\VWHP� WHVW� ZLWK� QR�
DGGLWLRQDO�FRVW��

��� 7HVW�([HFXWLRQ�(QYLURQPHQW�'HVLJQ�
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7HVW�([HF��
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)LJXUH���7HVW�([HFXWLRQ�(QYLURQPHQW�'HVLJQ�

2XU� WHVW� H[HFXWLRQ� HQYLURQPHQW� GHVLJQ� VXSSRUWV� WKH� EDVLF�
IXQFWLRQDOLW\� IRU� WHVWLQJ� GLVWULEXWHG� V\VWHPV�� VWDUWLQJ�
SURFHVVHV�� FUHDWLQJ� 687� REMHFWV� RQ� UHPRWH� KRVWV��
FRQWUROOLQJ�DQG�REVHUYLQJ� WKHP��DQG� ORJJLQJ�D� WUDFH�RI� WKH�
WHVW�H[HFXWLRQ��

)LJXUH� �� LOOXVWUDWHV� WKH� PDLQ� FRPSRQHQWV� RI� WKH� WHVW�
H[HFXWLRQ� HQYLURQPHQW�� � 7KH� WHVW� GULYHU� PDQDJHV� WKH� WHVW�
H[HFXWLRQ� DQG� FRPPXQLFDWHV� ZLWK� WKH� 687� YLD� WKH� KRVW�
PDQDJHUV� DQG�SURFHVV� FRQWUROOHUV��7KH� KRVW�PDQDJHUV�DUH�
UHSOLFDWHG� RQ� HDFK� WDUJHW� KRVW�� � 7KH� SURFHVVRU� FRQWUROOHUV�



LQWHUDFW� GLUHFWO\� ZLWK� WKH� 687� REMHFWV�� :H� GHVFULEH� WKH�
FRPSRQHQWV�LQ�JUHDWHU�GHWDLO�EHORZ��

7KH� WHVW� GULYHU� DQG�687�PD\� UXQ� RQ� WKH� VDPH� KRVW� RU� RQ�
GLIIHUHQW� KRVWV�� DQG� WKH\� QHHG� QRW� EH� FRGHG� LQ� WKH� VDPH�
SURJUDPPLQJ� ODQJXDJH�� � 7KH� GULYHU� FRPPXQLFDWHV� ZLWK�
KRVW� PDQDJHUV� DQG� SURFHVV� FRQWUROOHUV� LQ� RUGHU� WR�
DFFRPSOLVK�WKH�IROORZLQJ�WDVNV��

x� &UHDWH��GHVWUR\��DQG�ORFDWH�SURFHVV�FRQWUROOHUV��YLD�
KRVW�PDQDJHU���

x� &UHDWH� DQG� GHVWUR\� 687� REMHFWV� �YLD� SURFHVV�
FRQWUROOHUV���

x� &RQWURO� LQSXW� WR� WKH� 687� REMHFWV� �YLD� SURFHVV�
FRQWUROOHUV��� &RQWURO� PHDQV� LQYRNLQJ� SURFHGXUHV�
DQG�IXQFWLRQV��DQG�VHQGLQJ�LQSXW�PHVVDJHV��

x� 2EVHUYH�RXWSXW� DQG� VWDWH� RI� WKH�687�REMHFWV� �YLD�
SURFHVV� FRQWUROOHUV��� 2EVHUYDWLRQ�PHDQV� TXHU\LQJ�
DQ� REMHFW¶V� VWDWH�� UHFRUGLQJ� IXQFWLRQ� UHVSRQVHV��
SXEOLVKLQJ�DV\QFKURQRXV�PHVVDJHV��DQG�JHWWLQJ�DQ�
RXWSXW��

2QO\�WKH� WHVW�GULYHU�FRPSRQHQW�XQGHUVWDQGV�WKH�V\QWD[�DQG�
VHPDQWLFV�RI�WKH�DEVWUDFW�WHVW�FDVHV���7KH�RWKHU�FRPSRQHQWV�
KDQGOH�UHDO�ZRUOG�LQWHUDFWLRQV���7KLV�VHSDUDWLRQ�RI�FRQFHUQV�
PDNHV� WKH� WHVW� H[HFXWLRQ� HQYLURQPHQW� GHVLJQ� ZHOO�VXLWHG���
IRU�WKH�WHVWLQJ�RI�GLVWULEXWHG�VRIWZDUH���

7KH�WHVW�GULYHU�LV�E\�IDU�WKH�PRVW�FRPSOLFDWHG�FRPSRQHQW�LQ�
WKH�WHVW�H[HFXWLRQ�HQYLURQPHQW��,W�LV�LPSOHPHQWHG�RQO\�RQFH�
VLQFH�LW�KDV�QR�687�SODWIRUP�RU�ODQJXDJH�GHSHQGHQFLHV��2Q�
WKH� RWKHU� KDQG� WKH� KRVW� PDQDJHU� DQG� SURFHVV� FRQWUROOHU�
GHVLJQV�DUH� VLPSOHU��EXW� WKHLU� LPSOHPHQWDWLRQ� LV�GHSHQGHQW�
RQ�WKH�WDUJHW�687��+RVW�PDQDJHUV�PXVW�EH�LPSOHPHQWHG�LQ�
DOO� WDUJHW� 687� SODWIRUPV��$� SURFHVV� FRQWUROOHU� UXQV� LQ� WKH�
VDPH� SURFHVV� DV� WKH� 687� REMHFW�� DQG� LW� VLPSOLILHV�
LQWHUIDFLQJ� ZLWK� WKH� 687�ZKHQ� WKH� SURFHVV� FRQWUROOHU� DQG�
687� DUH� LQ� WKH� VDPH� SURJUDPPLQJ� ODQJXDJH�� 7KXV� WKH�
SURFHVV� FRQWUROOHU�PXVW� EH� LPSOHPHQWHG� LQ� DOO� WDUJHW� 687�
SODWIRUPV�DQG�SURJUDPPLQJ�ODQJXDJHV��

��� $EVWUDFW�7HVWV�([WHQGHG�ZLWK�2EMHFW�
3DUWLWLRQLQJ�
7KH� 687� FRQVLVWV� RI� GLIIHUHQW� HQWLWLHV� ZKRVH� EHKDYLRU� LV�
GHVFULEHG� LQ� WKH� DEVWUDFW� WHVW�� �7KH� WHVWHU� FDQ�SDUWLWLRQ� WKH�
DEVWUDFW�WHVW�LQWR�D�VHW�RI�H[HFXWDEOH�REMHFWV���)RU�LQVWDQFH��D�
FOLHQW�VHUYHU� DSSOLFDWLRQ� FDQ� EH� WUHDWHG� DV� D� VHW� RI� FOLHQW�
REMHFWV�DQG�D�VHUYHU�REMHFW���$�ILOH�V\VWHP�FDQ�EH�WUHDWHG�DV�
D�VHW�RI�XVHU�REMHFWV��D�VHW�RI�ILOH�REMHFWV��DQG�D�ILOH�VHUYHU���
7KH� WHVW� PRGHOLQJ� ODQJXDJH� GRHV� QRW� KDYH� WR� KDYH� WR� EH�
REMHFW�RULHQWHG�DQG�QHLWKHU�GRHV�WKH�DEVWUDFW�WHVW���+RZHYHU��
LW� LV� UHTXLUHG� WKDW� WKH� DEVWUDFW� VWLPXOL� DQG� REVHUYDEOH�
UHVSRQVHV�EH�LGHQWLILDEOH�VR�WKH\�FDQ�EH�PDSSHG�WR�FRQFUHWH�
REMHFWV�XVLQJ�WKH�WHVW�H[HFXWLRQ�GLUHFWLYHV���

)RU� H[DPSOH�� FRQVLGHU� DQ� 687� WKDW� LV� D� FOLHQW�VHUYHU�
DSSOLFDWLRQ���7KH�DSSOLFDWLRQ�VHUYHU�FRQQHFWV�LWV�FOLHQWV�WR�D�

GDWDEDVH� RI� DFFRXQWV�� � 8QLTXH� NH\V� LQGH[� WKH� GDWDEDVH�
DFFRXQWV���7KH�FOLHQW�FDQ�FUHDWH��UHPRYH��RU�XSGDWH�DFFRXQWV�
EDVHG� RQ� WKH� NH\V�� �$Q� DGPLQLVWUDWRU� FDQ� VWDUW� RU� VWRS� WKH�
VHUYHU�� �7KH� DEVWUDFW� WHVW� FRQWDLQV�GLIIHUHQW� LQWHUOHDYLQJ�RI�
WKHVH�PHWKRG�FDOOV���:H�LOOXVWUDWH�D�VLPSOH�WHVW�FDVH�EHORZ��

��� 6WDUW�WKH�DSSOLFDWLRQ�VHUYHU��

��� 2EVHUYH�WKDW�QR�H[FHSWLRQ�RFFXUUHG��

��� &UHDWH�DQ�DFFRXQW�ZLWK�NH\���

��� 2EVHUYH�WKDW�QR�H[FHSWLRQ�RFFXUUHG��

��� &UHDWH�DQRWKHU�DFFRXQW�ZLWK�NH\����

��� 2EVHUYH�WKDW�DQ�H[FHSWLRQ�LV�WKURZQ��

��� 6WRS�WKH�DSSOLFDWLRQ�VHUYHU��

��� 2EVHUYH�WKDW�QR�H[FHSWLRQ�RFFXUUHG��

��� ,I� DOO� WKH� DERYH� REVHUYDWLRQV� DUH� DV� H[SHFWHG�� WKH�
WHVW�FDVH�SDVVHV��RWKHUZLVH��LW�IDLOV��

7KH� WHVW� FDQ� EH� SDUWLWLRQHG� LQWR� D� FOLHQW� REMHFW� DQG� DQ�
DSSOLFDWLRQ� VHUYHU� REMHFW� LQ� WKH� WHVW� H[HFXWLRQ� GLUHFWLYHV���
7KH� FUHDWH���� UHPRYH���� DQG� XSGDWH���PHWKRGV� DUH�PDSSHG�
WR� D� FOLHQW� REMHFW� DQG� WKH� VWDUW��� DQG� VWRS��� PHWKRGV� DUH�
PDSSHG�WR�DQ�DSSOLFDWLRQ�VHUYHU�REMHFW��:KHQ�H[HFXWLQJ�WKH�
WHVW��RXU�H[HFXWLRQ�HQYLURQPHQW�GRHV�WKH�IROORZLQJ���

R� &UHDWHV� ERWK� WKH� DSSOLFDWLRQ� VHUYHU� DQG� FOLHQW�
REMHFW��

R� &DOOV� WKH� FOLHQW� REMHFW¶V� PHWKRGV� FUHDWH����
UHPRYH����DQG�XSGDWH����7KH�FOLHQW�REMHFW�� LQ�WXUQ��
FRPPXQLFDWHV� ZLWK� WKH� DSSOLFDWLRQ� VHUYHU� REMHFW��
ZKLFK��LQ�WXUQ��FRPPXQLFDWHV�ZLWK�WKH�GDWDEDVH��

R� �&DOOV� WKH� DSSOLFDWLRQ� VHUYHU� REMHFW¶V� PHWKRGV�
VWDUW���DQG�VWRS����

R� &RPSDUHV�WKH�UHVSRQVHV�IURP�ERWK�WKH�DSSOLFDWLRQ�
VHUYHU� DQG� FOLHQW� REMHFWV� ZLWK� WKH� H[SHFWHG�
UHVSRQVHV���

,Q� WKH� IROORZLQJ� VHFWLRQV�ZH� VKRZ�KRZ� RXU� WHVW� H[HFXWLRQ�
HQJLQH�FDQ�H[SORLW�WKLV�REMHFW�SDUWLWLRQLQJ�WR�H[WHQG�WKH�WHVW�
XVDJH��

���� 2EMHFW�'LVWULEXWLRQ�
:KHQ�WKH�687�LV�D�GLVWULEXWHG�DSSOLFDWLRQ��WKH�WHVW�UXQV�RQ�
PXOWLSOH� KRVWV�� 7KH� WHVW� H[HFXWLRQ� HQYLURQPHQW� VLPSOLILHV�
WKH� GLVWULEXWLRQ� DQG� FRQWURO� RI� D� WHVW� FDVH�� 7KH� WHVW� GULYHU�
FDXVHV� WKH�KRVW�PDQDJHUV� WR�FUHDWH�SURFHVV�FRQWUROOHUV�DQG�
WKH� SURFHVV� FRQWUROOHUV� FUHDWH� WKH� 687� REMHFWV�� 7KH� WHVW�
GULYHU�WKHQ�FRRUGLQDWHV�DOO�LQWHUDFWLRQ�EHWZHHQ�RU�ZLWKLQ�WKH�
WHVW�REMHFWV��EDVHG�RQ�WKH�DEVWUDFW�WHVW���7KLV�LQFOXGHV�REMHFW�
LQLWLDOL]DWLRQ�DQG�FORQLQJ��ZKLFK�LV�GLVFXVVHG�EHORZ���

,Q�WKH�DERYH�H[DPSOH��WKH�FOLHQW��DSSOLFDWLRQ�VHUYHU��DQG�WKH�
WHVW�GULYHU�FDQ�DOO�UHVLGH�RQ�GLIIHUHQW�KRVWV���



���� 2EMHFW�0XOWLSOLFDWLRQ�DQG�&ORQLQJ��
7KH�DEVWUDFW�WHVW�PD\�EH�UH�XVHG�IRU�FRQFXUUHQF\�DQG�VWUHVV�
WHVWLQJ�E\�PXOWLSO\LQJ�WKH�687�REMHFWV�DQG�WKH�HQYLURQPHQW�
LQ�ZKLFK�WKH\�H[HFXWH��

7KH�DEVWUDFW�WHVW�LV�H[HFXWHG�LQ�D�VWHSZLVH�IDVKLRQ���7KH�WHVW�
GULYHU� V\QFKURQL]HV� WKH� WHVW� H[HFXWLRQ� WR� UXQ� PXOWLSOH�
LQGHSHQGHQW� RSHUDWLRQV� FRQFXUUHQWO\� RU� VHTXHQWLDOO\�� � $W�
HDFK� VWHS�� LW� UXQV� WKH� UHTXLUHG� QXPEHU� RI� LQGHSHQGHQW�
RSHUDWLRQV� DQG�ZDLWV� IRU� WKHLU� FRPSOHWLRQ� EHIRUH� FKHFNLQJ�
WKH�UHVXOWV�DQG�FRQWLQXLQJ�WR�WKH�QH[W�WHVW�VWHS���,I�WKH�DFWXDO�
UHVXOWV� DUH� GLIIHUHQW� IURP� WKH� H[SHFWHG� UHVXOWV�� WKH� H[DFW�
VHTXHQFH� WKDW� WULJJHUHG� WKH� IDXOW� LV� NQRZQ�� � 7KH� VHTXHQFH�
FDQ� EH� UHSOD\HG�ZKHQ� D� IL[� LV� SURYLGHG� IRU� WKH� IDXOW�� 7KH�
WHVW� GULYHU� DOVR� DOORZV� WKH� XVHU� WR� VWHS� WKURXJK� D� WHVW� FDVH�
LQWHUDFWLYHO\�ZKHQ�GHEXJJLQJ�D�IDXOW��

������ 0XWXDO�LQGHSHQGHQFH�RI�2EMHFWV�
:KHQ� WKH� QXPEHU� RI� REMHFWV� GRHV� QRW� DIIHFW� WKH� WHVW�
EHKDYLRU��WKHVH�REMHFWV�DUH�VDLG�WR�EH�PXWXDOO\�LQGHSHQGHQW���

�6RPHWLPHV�WKH�WHVWHU�FDQ�LGHQWLI\�VRPH�VKDUHG�DWWULEXWH�WKDW�
GLVWLQJXLVKHV� WKH�687�REMHFWV��EXW�DOORZV�WKH�WHVW�EHKDYLRU�
WR� UHPDLQ� LQYDULDQW�ZKHQ�PDQ\�REMHFWV�DUH� LQVWDQWLDWHG�� ,Q�
WKLV� FDVH�� WKH� WHVW� H[HFXWLRQ� HQYLURQPHQW� FDQ� UHXVH� WKH�
VLPSOH�DEVWUDFW�WHVW�E\�UXQQLQJ�HDFK�WHVW�VWHS�DJDLQVW�PDQ\�
687�REMHFWV� LQ�SDUDOOHO�� �:H�UHIHU�WR� WKH�FUHDWLRQ�RI�PDQ\�
LQVWDQFHV� RI� WKH� VDPH�687� REMHFW� DV� FORQLQJ�� � &ORQHV� DUH�
FUHDWHG�DOLNH�EXW�WKH\�DUH�PDGH�GLVWLQFW�E\�LQLWLDOL]LQJ�HDFK�
FORQH�ZLWK�GLIIHUHQW�YDOXHV��

,Q� WKH� FOLHQW�VHUYHU� V\VWHP� WKHUH�PD\� EH�PDQ\� FOLHQWV� DQG�
VHUYHUV� UHIHUULQJ� WR� WKH� VDPH� GDWDEDVH�� 7KH� WHVWLQJ�PRGHO�
GHVFULEHV� D� VLQJOH� FOLHQW¶V� LQWHUDFWLRQ� ZLWK� D� VLQJOH�
DSSOLFDWLRQ�VHUYHU��,W�LV�VWLOO�QHFHVVDU\�WR�YHULI\�WKDW�WKH�687�
ZRUNV�SURSHUO\�LQ�WKH�SUHVHQFH�RI�PDQ\�FOLHQWV�DQG�VHUYHUV��
2EMHFW� PXWXDO�LQGHSHQGHQFH� LV� DFKLHYHG� E\� LQLWLDOL]LQJ�
HDFK�FOLHQW� FORQH�ZLWK�D�GLIIHUHQW�VHW�RI�SULPDU\�NH\V�XVHG�
WR�DFFHVV�WKH�GDWDEDVH����

&ORQLQJ� PD\� WDNH� SODFH� DW� WKH� REMHFW� OHYHO�� WKH� SURFHVV�
OHYHO��RU�HYHQ�DW�WKH�KRVW�OHYHO�RI�WKH�KLHUDUFK\�LOOXVWUDWHG�LQ�
)LJXUH����

2EMHFW� PXOWLSOLFDWLRQ� DQG� FORQLQJ� LV� DQ� HIILFLHQW� ZD\� WR�
YDOLGDWH�FRQFXUUHQF\� LVVXHV�DQG�VWUHVV� WKH�687�VLQFH� LW� UH�
XVHV� DQ� H[LVWLQJ� DEVWUDFW� WHVW�� � 2QFH� WKH� WHVW� KDV� UXQ�
VXFFHVVIXOO\� ZLWKRXW� REMHFW� PXOWLSOLFDWLRQ�� DQ\� SUREOHPV�
GLVFRYHUHG� VXEVHTXHQWO\� FDQ� EH� DWWULEXWHG� WR� WKH�
LQWURGXFWLRQ�RI�PRUH�REMHFWV�LQWR�WKH�V\VWHP��7KH�WHVW�GULYHU�
FDQ� UHSURGXFH� WKH� SUHFLVH� V\QFKURQL]DWLRQ� VFHQDULR� WKDW�
LQWURGXFHG� WKH� IDXOW�� WKHUHE\� IDFLOLWDWLQJ� WKH� IL[LQJ� RI� WKH�
EXJ��

������ 2EMHFW�6\QFKURQL]DWLRQ�
7KH�WHVW�GULYHU�LPSOHPHQWV�WZR�W\SHV�RI�V\QFKURQL]DWLRQ�RI�
FORQHG�REMHFWV��FRQFXUUHQW�DQG�VHTXHQWLDO��

&RQFXUUHQW� V\QFKURQL]DWLRQ� FDXVHV�HDFK�DEVWUDFW� VWLPXOXV�
DQG�REVHUYDWLRQ�VSHFLILHG�LQ�WKH�DEVWUDFW�WHVW� WR�VWDUW�RQ�DOO�
FORQHV�DW�WKH�VDPH�WLPH��7KH�QH[W�VWLPXOXV�DQG�REVHUYDWLRQ�
GRHV� QRW� VWDUW� XQWLO� WKH� SUHYLRXV� RQH� LV� FRPSOHWHG� RQ� DOO�
FORQHV���

�� &OLHQW�

��FOLHQW�FORQHV��

�FUHDWH�NH\���

�FUHDWH�NH\���

&OLHQW� &OLHQW�

�FUHDWH�NH\��

�FUHDWH�NH\��

�FUHDWH�NH\��

�FUHDWH�NH\��

6HUYHU�

VWDUW���

VWRS���

�

)LJXUH���&RQFXUUHQW�6\QFKURQL]DWLRQ�

)LJXUH���LOOXVWUDWHV�FRQFXUUHQW�V\QFKURQL]DWLRQ��LQ�ZKLFK�WKH�
FOLHQW�VHUYHU�DEVWUDFW�WHVW�LV�H[WHQGHG�WR�UXQ�ZLWK�WKUHH�FOLHQW�
FORQHV� DQG� RQH� DSSOLFDWLRQ� VHUYHU�� � (DFK� FUHDWH��� PHWKRG�
LQYRFDWLRQ� LV� UHSHDWHG� FRQFXUUHQWO\� RQ� DOO� RI� WKH� FOLHQW�
FORQHV�� �7KH� WHVW�GULYHU�ZDLWV�XQWLO�DOO� WKH�FUHDWH���PHWKRGV�
UHWXUQ�EHIRUH�SURFHHGLQJ�WR�WKH�QH[W�VWHS�LQ�WKH�WHVW��

6HTXHQWLDO� V\QFKURQL]DWLRQ� FDXVHV� HDFK� DEVWUDFW� VWLPXOXV�
DQG�REVHUYDWLRQ�WR�VWDUW�DQG�FRPSOHWH�RQ�HDFK�FORQH��EHIRUH�
SURFHHGLQJ�WR�WKH�QH[W�RQH��

�� &OLHQW�

��FOLHQW�FORQHV��

�FUHDWH�NH\���

�FUHDWH�NH\���

&OLHQW� &OLHQW�

�FUHDWH�NH\��

�FUHDWH�NH\��

�FUHDWH�NH\���

�FUHDWH�NH\���

6HUYHU�

�VWDUW���

�VWRS���

�

)LJXUH���6HTXHQWLDO�6\QFKURQL]DWLRQ�

)LJXUH� �� LOOXVWUDWHV� VHTXHQWLDO� V\QFKURQL]DWLRQ�� (DFK�
FUHDWH���PHWKRG�LQYRFDWLRQ�LV�UHSHDWHG�RQ�HDFK�RI�WKH�FORQHV�
LQ�VHTXHQFH��7KH�WHVW�GULYHU�ZDLWV�XQWLO�HDFK�FUHDWH���PHWKRG�
UHWXUQV�EHIRUH�SURFHHGLQJ�WR�WKH�QH[W�VWHS�LQ�WKH�WHVW��

�



���� 2EMHFW�,QLWLDOL]DWLRQ�
2EMHFW� LQLWLDOL]DWLRQ� LV�XVHG� WR�FUHDWH�PXWXDO�LQGHSHQGHQFH�
EHWZHHQ�REMHFWV���7KH�WHVW�GULYHU�FUHDWHV�SURFHVV�FRQWUROOHUV�
DQG� REMHFWV� G\QDPLFDOO\� GXULQJ� WHVWLQJ�� ,W� XVHV� D�
KLHUDUFKLFDO� VWUXFWXUH� WR� RUJDQL]H� WKHP� �VHH� )LJXUH� �����
2EMHFWV�DUH� WKH�FKLOGUHQ�RI�SURFHVV�FRQWUROOHUV�DQG�SURFHVV�
FRQWUROOHUV�DUH�WKH�FKLOGUHQ�RI�KRVW�PDQDJHUV���

(DFK� KRVW� PDQDJHU�� SURFHVV� FRQWUROOHU�� RU� REMHFW� LV�
LQLWLDOL]HG� ZLWK� LQLWLDOL]DWLRQ� VHWV� FRQWDLQLQJ� QDPH�YDOXH�
SDLUV� VSHFLILHG� LQ� WKH� WHVW� GLUHFWLYHV�� � 9DOXH� SDLUV� PD\�
UHIHUHQFH� YDOXHV� EHORQJLQJ� WR� RWKHU� PHPEHUV� WKDW� DUH�
IXUWKHU�XS�WKH�KLHUDUFK\���

)RU�H[DPSOH��,I�D�KRVW�LQLWLDOL]DWLRQ�VHW�LQFOXGHV��,3� �
��������������DQG�RQH�RI�LWV�SURFHVVHV�KDV�DQ�LQLWLDOL]DWLRQ�
VHW�ZKLFK�LQFOXGHV��86(5� �-RH��WKHQ�DQ\�REMHFW�RI�WKH�
SURFHVV�PD\�LQFOXGH��,3� �+267�,3��86(5� �
352&(66�86(5�LQ�LWV�LQLWLDOL]DWLRQ�VHW��

7KH� LQLWLDOL]DWLRQ� VHW� RI� DQ� REMHFW� PD\� DOVR� UHIHUHQFH� WKH�
IROORZLQJ� SRO\�PRUSKLF� IXQFWLRQV��ZKLFK� UHWXUQ� REMHFWV� RI�
WKH�DSSURSULDWH�FODVV��

R� XQLTXH���±�UHWXUQV�D�XQLTXH�REMHFW��

R� PLQ���±�UHWXUQV�WKH�PLQLPXP�REMHFW�LQ�WKH�KRVW�VHW��

R� PD[���±�UHWXUQV�WKH�ODUJHVW�REMHFW�LQ�WKH�KRVW�VHW�

$Q� LQLWLDOL]DWLRQ� VHW� FDQ� KDYH� DQ� HQXPHUDWHG� UDQJH� RI�
YDOXHV��7KLV� LV� XVHG� WR� LQLWLDOL]H� FORQHV� GLIIHUHQWO\��9DOXHV�
DUH�DVVLJQHG�WR�WKH�FORQHV�F\FOLFDOO\�LQ�VHTXHQFH����

)RU�H[DPSOH��ZH�LQLWLDOL]H�WKH�FOLHQW�VHUYHU�DFFRXQW�H[DPSOH�
ZLWK�IRXU�FOLHQW�FORQHV�XVLQJ�WKH�IROORZLQJ�LQLWLDOL]DWLRQ�VHW���
NH\�� �XQLTXH���
DPRXQW� ����PLQ�����PD[���
QDPH� �³+DUU\�3RWWHU´�

)RXU� FOLHQWV� DUH� LQVWDQWLDWHG�� HDFK� LV� DVVLJQHG� D� XQLTXH�
NH\��� WKH� QDPH� RI� HDFK� FORQH� LV� ³+DUU\� 3RWWHU´�� DQG� WZR�
FOLHQW�DPRXQWV�DUH����RQH�LV�PLQ���DQG�RQH�LV�PD[������

���� 2EMHFWV�DQG�,QSXW�9DULDWLRQ�WHVWLQJ�
7KH�DEVWUDFW� WHVW�PD\�DOVR�EH�UH�XVHG�WR�GR�LQSXW�YDULDWLRQ�
WHVWLQJ��>�@�L�H���UXQQLQJ�WKH�VDPH�WHVW�VFHQDULR�ZLWK�GLIIHUHQW�
LQSXW� GDWD��� � 7KH� GDWD� LQLWLDOL]DWLRQ� VFKHPH� XVHV� D� GDWD�
JHQHUDWLRQ� FRYHUDJH� VWUDWHJ\� VLPLODU� WR� WKDW� GHVFULEHG� E\�
&RKHQ�HW��DO���>�@��

��� ,QGXVWULDO�([SHULHQFH�
*27&+$�7&%HDQV��>��@�LV�DQ�,%0�LQWHUQDO�WHVW�DXWRPDWLRQ�
WRROVHW� GHYHORSHG� DW� WKH� ,%0� 5HVHDUFK� /DERUDWRU\� LQ�
+DLID��� *27&+$� LV� D� PRGHOLQJ� WRRO� XVHG� WR� JHQHUDWH�
DEVWUDFW� WHVWV�� ,W� LV� EDVHG� RQ� WKH� 0XU � �>�@�>�@� GHVFULSWLRQ�
ODQJXDJH�� 0XU � LV� QRW� DQ� REMHFW� RULHQWHG� SURJUDPPLQJ�
ODQJXDJH�� 7&%HDQV� LV� D� SURWRW\SH� RI� RXU� WHVW� H[HFXWLRQ�
HQYLURQPHQW�� *27&+$�7&%HDQV� KDV� EHHQ� XVHG�
VXFFHVVIXOO\�WR�WHVW�,%0�DSSOLFDWLRQV�IRU�WKH�SDVW�IRXU�\HDUV��
2QH�H[DPSOH�RI�LWV�XVH�LV�GHVFULEHG�LQ�GHWDLO�EHORZ��

���� &XVWRPHU�6XSSRUW�&HQWHU�
7KH� 687� ZDV� WKH� GLVSDWFKHU� RI� DQ� HOHFWURQLF� FXVWRPHU�
VXSSRUW� FHQWHU�� � 7KH� FXVWRPHU� VXSSRUW� FHQWHU� LV� D�
FRPSRQHQW�EDVHG�GLVWULEXWHG�DSSOLFDWLRQ�ZULWWHQ�LQ�-DYD��

&XVWRPHUV�RI�WKH�VXSSRUW�FHQWHU�FRQWDFW�DJHQWV�DQG�UHTXHVW�
VXSSRUW�� � 7KH� DJHQWV� DUH� UHSUHVHQWHG� E\� VRIWZDUH�
FRPSRQHQWV� FDOOHG� DFFHVV� SRLQWV�� (DFK� DFFHVV� SRLQW�
JHQHUDWHV� LQWHUDFWLRQ� REMHFWV� WR� UHSUHVHQW� LWV�
FRPPXQLFDWLRQV�� ,QWHUDFWLRQV� FDQ� LQFOXGH� PXOWLSOH� DFFHVV�
SRLQWV�� 7KH� FRQWUROODEOH� VWLPXOL� DQG� REVHUYDEOH� UHVSRQVHV�
FRUUHVSRQG� WR� DFFHVV� SRLQW� PHWKRGV� DQG� YDULDEOHV�� $�
GLVSDWFKHU� VFKHGXOHV� LQWHUDFWLRQV� WR� EH� VHUYLFHG� E\� DFFHVV�
SRLQWV�� 7KH� GLVSDWFKHU� KDV� D� FRPSOH[� VFKHGXOLQJ� SROLF\�
EDVHG�RQ�WKH�VNLOOV�UHTXLUHG�WR�GHDO�ZLWK�WKH�FRPPXQLFDWLRQ��
DQG�WKH�VNLOOV�SRVVHVVHG�E\�WKH�DYDLODEOH�DJHQWV���

:H�XVHG�*27&+$�WR�JHQHUDWH�D�VHW�RI�DEVWUDFW�WHVWV��7KH�
WHVWLQJ� PRGHO� LQFOXGHG� D� IHZ� DFFHVV� SRLQWV�� LQWHUDFWLRQV��
DQG�D�GLVSDWFKHU��

$Q�LQGHSHQGHQW�WHVWLQJ�JURXS�XVHG�7&%HDQV�WR�H[HFXWH�WKH�
WHVW�LQ�LWV�IXQFWLRQ�WHVW��7KH\�GLVFRYHUHG����GHIHFWV��PRVW�RI�
WKH�GHIHFWV�ZHUH�DWWULEXWHG�WR�VHTXHQFLQJ�SUREOHPV��

7KH� WHVW� JHQHUDWLRQ� PRGHO� HQFRXQWHUHG� VWDWH� H[SORVLRQ�
SUREOHPV�ZKHQ�RQO\�D� IHZ�DFFHVV�SRLQWV�ZHUH�PRGHOHG��VR�
WKH� PRGHO� KDG� WR� EH� FRQVWUDLQHG� DFFRUGLQJO\�� � +RZHYHU��
WHVWLQJ� ZLWK� PDQ\� DFFHVV� SRLQWV� ZDV� D� UHTXLUHPHQW� LQ� LWV�
V\VWHP�WHVW�WR�YDOLGDWH�WKH�GLVSDWFKHU�XQGHU�VWUHVV���7KH�WHVW�
WHDP�UHXVHG�WKH�DEVWUDFW�WHVW�EXW�FUHDWHG�PDQ\�DFFHVV�SRLQWV�
XVLQJ� REMHFW� GLVWULEXWLRQ��PXOWLSOLFDWLRQ�� DQG� FORQLQJ� LQ� LWV�
V\VWHP� WHVW�� � :LWKRXW� DQ\� DGGLWLRQDO� FRGLQJ�� WKH\�
GLVFRYHUHG�DQ�DGGLWLRQDO�ILYH�GHIHFWV�FDXVHG�E\�UXQQLQJ�WKH�
WHVW�ZLWK�FRQFXUUHQW�VWHSZLVH�V\QFKURQL]DWLRQ���

��� )XWXUH�:RUN�
:H� ZRXOG� OLNH� WR� JR� EH\RQG� WKH� VWHSZLVH� FRQFXUUHQF\�
VFKHPH� GHVFULEHG� DERYH� DQG� UXQ� PRUH� FRPSOH[�
V\QFKURQL]DWLRQ�SDWWHUQV�JHQHUDWHG�IURP�DQ�DEVWUDFW�PRGHO��
)RU� H[DPSOH��ZH� FRXOG�V\QFKURQL]H� WKH�H[HFXWLRQ�RI�PRUH�
WKDQ�RQH�LQVWDQFH�RI�WKH�VDPH�RU�GLIIHUHQW�DEVWUDFW�WHVWV�DQG�
JHQHUDWH� V\QFKURQL]DWLRQ� SDWWHUQV� WKDW� GHVFULEH� ZKHQ� WR�
V\QFKURQL]H� WKH� VWLPXOL� DQG� REVHUYDWLRQV� EHWZHHQ� WKH�
PXOWLSOH�WHVW�LQVWDQFHV��������

��� 5(/$7('�:25.�
7KH�$*(',6��>�@�FRQVRUWLXP�LV�LPSOHPHQWLQJ�WKH�SURSRVHG�
WHVW� H[HFXWLRQ� HQYLURQPHQW�� � 7KH� $*(',6� DEVWUDFW� WHVW�
IRUPDW�LV�LQ�WKH�SXEOLF�GRPDLQ��7KH�$*(',6�WHVW�JHQHUDWRU��
7*9� �>��@�� *27&+$� DQG� 8&%7�>��@� DOO� LQWHQG� WR� ZULWH�
WKHLU�WHVW�VXLWHV�LQ�WKH�IRUPDW��7KXV�WHVWHUV�PD\�FKRRVH�IURP�
D� YDULHW\� RI� PRGHOLQJ� ODQJXDJHV� ZKHQ� FUHDWLQJ� WKHLU� WHVWV�
DQG�VWLOO�H[HFXWH�WKHP�LQ�WKH�VDPH�WHVWLQJ�HQYLURQPHQW��

��� &21&/86,216�
:H� GHVFULEHG� D� WHVW� H[HFXWLRQ� HQYLURQPHQW� GHVLJQHG� WR�
H[HFXWH�DEVWUDFW�WHVWV�RQ�GLVWULEXWHG�VRIWZDUH��:H�GHVFULEHG�



KRZ� WKH� HQYLURQPHQW� WUDQVIRUPV� DQG� H[HFXWHV� WKH� DEVWUDFW�
WHVWV� WR� YHULI\� WKH� GLVWULEXWHG� VRIWZDUH�� :H� DOVR�
GHPRQVWUDWHG�WKDW�WKH�VDPH�DEVWUDFW�WHVWV�PD\�EH�UHXVHG�DQG�
H[WHQGHG�WR�YHULI\�LVVXHV�UHODWHG�WR�FRQFXUUHQF\��VWUHVV��DQG�
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