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0RGHO�EDVHG�7HVWLQJ�RI�WKH�3*0�3URWRFRO�

$ODQ�+DUWPDQ��.HQQHWK�0��1DJLQ��DQG�<YHV�0DULH�4XHPHQHU�
,%0�+DLID�5HVHDUFK�/DERUDWRU\���)UDQFH�7pOpFRP�5HVHDUFK�DQG�'HYHORSPHQW�

$EVWUDFW�� 7KLV�SDSHU�UHSRUWV�D�FDVH�VWXG\�FDUULHG�RXW�XVLQJ�*27&+$�7&%HDQV��D�
PRGHO�EDVHG�WHVWLQJ�WRRO��ZKLFK�ZDV�XVHG�WR�WHVW�SDUW�RI�D�3*0��3UDJPDWLF�
*HQHUDO�0XOWLFDVW��SURWRFRO�LPSOHPHQWDWLRQ��2XU�DLP�ZDV�WR�JHQHUDWH�
UHTXLUHPHQWV�IRU�D�QHZ�PRGHO�EDVHG�WHVWLQJ�PHWKRGRORJ\�DQG�WRROVHW�EHLQJ�
GHYHORSHG�E\�WKH�$*(',6�SURMHFW��7KH�JRDO�RI�WKH�$*(',6�SURMHFW�LV�WR�
GHYHORS�WRROV�DQG�WHFKQLTXHV�WKDW�ZLOO�LPSURYH�WKH�HIILFLHQF\�RI�WHVWLQJ�
FRPSRQHQW�EDVHG�GLVWULEXWHG�VRIWZDUH�SURGXFWV��7KH�VWXG\�H[SRVHG�WZR�SRLQWV�
LQ�WKH�,(7)�GUDIW�RI�WKH�3*0�SURWRFRO�WKDW�VKRXOG�EH�FODULILHG�WR�UHGXFH�WKH�
SRVVLELOLW\�RI�FUHDWLQJ�IODZHG�LPSOHPHQWDWLRQV���

.H\�ZRUGV�� 6RIWZDUH�WHVWLQJ��6RIWZDUH�YHULILFDWLRQ�DQG�YDOLGDWLRQ��$XWRPDWHG�WHVW�
JHQHUDWLRQ��$XWRPDWHG�WHVW�H[HFXWLRQ��

��� ,1752'8&7,21�

7KH�$*(',6�SURMHFW�>��@�LV�D�WKUHH�\HDU�UHVHDUFK�DQG�GHYHORSPHQW�HIIRUW�
RQ�WKH�SDUW�RI�D�FRQVRUWLXP�RI�VHYHQ�LQGXVWULDO�DQG�DFDGHPLF�ERGLHV��SDUWLDOO\�
IXQGHG�E\�WKH�(XURSHDQ�&RPPLVVLRQ�XQGHU�WKH�)LIWK�)UDPHZRUN�$JUHHPHQW��

7KH�DLP�RI�WKH�SURMHFW�LV�WR�LQFUHDVH�WKH�HIILFLHQF\�DQG�FRPSHWLWLYHQHVV�RI�
WKH� (XURSHDQ� VRIWZDUH� LQGXVWU\� E\� DXWRPDWLQJ� VRIWZDUH� WHVWLQJ� DQG�
LPSURYLQJ�WKH�TXDOLW\�RI�VRIWZDUH��ZKLOH�UHGXFLQJ�WKH�H[SHQVH�RI�WKH�WHVWLQJ�
SKDVH��$*(',6�SODQV�WR�DFKLHYH�WKLV�E\�GHYHORSLQJ�D�PHWKRGRORJ\�DQG�WRROV�
IRU� WKH� DXWRPDWLRQ� RI� VRIWZDUH� WHVWLQJ�� ZLWK� DQ� HPSKDVLV� RQ� GLVWULEXWHG�
FRPSRQHQW�EDVHG�VRIWZDUH�V\VWHPV��

7KH�SURMHFW�LQFOXGHV�D�ODUJH�ZRUN�SDFNDJH�WKDW�IRFXVHV�RQ�WKH�HYDOXDWLRQ�
RI�WRROV�DQG�PHWKRGRORJLHV�XQGHU�GHYHORSPHQW��7KLV�FDVH�VWXG\�LV�WKH�ILUVW�LQ�
D� VHULHV� DQG� LW� UHSRUWV� RQ� DQ� H[SHULPHQW� WKDW� XVHV� *27&+$�7&%HDQV�� D�
PRGHO�EDVHG�WHVWLQJ�WRRO�>��@�� WR�WHVW�SDUW�RI�DQ�LPSOHPHQWDWLRQ�RI�WKH�3*0�
�3UDJPDWLF�*HQHUDO�0XOWLFDVW��SURWRFRO�>��@��,Q�WKLV�H[SHULPHQW��RXU�JRDO�ZDV�
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WR� LQYHVWLJDWH� WKH� H[LVWLQJ� WRRO�DQG�JHQHUDWH� UHTXLUHPHQWV� IRU� WKH�$*(',6�
PHWKRGRORJ\�DQG�WRRO�VXLWH��

,Q� VHFWLRQ� ���ZH� GHILQH� RXU� WHUPLQRORJ\�� DQG� LQ� VHFWLRQ� ���ZH� GHVFULEH�
*27&+$�7&%HDQV�� ,Q� VHFWLRQ� ���ZH� SURYLGH� DQ� H[SODQDWLRQ� RI� WKH�3*0�
SURWRFRO�DQG� WKH� LPSRUWDQFH�RI�LWV�YDOLGDWLRQ��,Q�VHFWLRQ����ZH�GHVFULEH�WKH�
PRGHOV�DQG�RWKHU�WHVWLQJ�DUWHIDFWV�UHTXLUHG�WR�JHQHUDWH�WKH�WHVW�VXLWH��DQG�LQ�
VHFWLRQ� �� ZH� GHVFULEH� WKH� WHVWLQJ� DUFKLWHFWXUH� DQG� WKH� XVH� RI� WKH� WHVW�
H[HFXWLRQ�HQJLQH�WR�UXQ�WKH�WHVW�VXLWH��:H�FRQFOXGH�ZLWK�D�VXPPDU\�RI�WKH�
WHVW�UHVXOWV��DQ�HYDOXDWLRQ�RI�WKH�WHVW�JHQHUDWLRQ�DQG�H[HFXWLRQ�WRROV��DQG�D�VHW�
RI�UHTXLUHPHQWV�IRU�DQ�DXWRPDWHG�WHVW�JHQHUDWLRQ�WRRONLW��

��� 7(50,12/2*<�

:H�GHILQH�D�ILQLWH�VWDWH�PDFKLQH��)60��WR�EH�D�ODEHOHG�GLUHFWHG�JUDSK��
ZLWK� ODEHOV�RQ�ERWK� WKH�QRGHV�DQG�DUFV��7KH�QRGHV�DUH�ODEHOHG�E\�WXSOHV�RI�
YDOXHV� IURP� D� &DUWHVLDQ� SURGXFW� RI� ILQLWH� VHWV�

Q
''' ������

��
�� HDFK� QRGH�

UHFHLYHV�D�XQLTXH� ODEHO��7KH�VHWV�
L

' �DUH�NQRZQ�DV�WKH�GRPDLQV�RI�WKH�L�WK�
VWDWH�YDULDEOH��7KH�VHW�RI�DUF�ODEHOV�7 LV�UHIHUUHG�WR�DV�WKH�VHW�RI�WUDQVLWLRQV�
RU� WKH� VHW� RI� VWLPXOL�� 7ZR� DUFV� ZLWK� WKH� VDPH� RULJLQ� DQG� WHUPLQDO� QRGHV�
DOZD\V� KDYH� GLIIHUHQW� ODEHOV�� 7ZR� DUFV� ZLWK� GLIIHUHQW� RULJLQV� RU� WHUPLQDO�
QRGHV�PD\�UHFHLYH�WKH�VDPH�ODEHO�VLQFH�DUF�ODEHOV�UHSUHVHQW�H[WHUQDO�VWLPXOL�
WR� WKH�PDFKLQH�� � 7ZR� DUFV�ZLWK� WKH� VDPH� ODEHO� DQG� WKH� VDPH� RULJLQ� QRGH�
UHSUHVHQW�D�QRQ�GHWHUPLQLVWLF�WUDQVLWLRQ��

7KLV� GHILQLWLRQ� LV� HTXLYDOHQW� WR� WKH�SRSXODU�QRWLRQ�RI� ODEHOHG� WUDQVLWLRQ�
V\VWHPV��KRZHYHU��LW�LQFOXGHV�WKH�RXWSXW�V\PEROV�DV�SDUW�RI�WKH�VWDWH�ODEHOV²
IROORZLQJ�WKH�VW\OH�RI�0HDO\�PDFKLQHV��DV�RSSRVHG�WR�0RRUH�PDFKLQHV��6HH��
>��@�IRU�DQ\�XQGHILQHG�RU�XQIDPLOLDU�WHUPV��

$�EHKDYLRUDO�PRGHO�RI�D� VRIWZDUH�XQLW� LV�DQ�DEVWUDFW�GHVFULSWLRQ�RI� WKH�
VRIWZDUH�WKDW�LQFOXGHV�D�GHVFULSWLRQ�RI�LWV�GDWD�W\SHV��FODVVHV���GDWD�VWUXFWXUHV�
�REMHFWV���DQG� WUDQVLWLRQV��7KH�XSSHUPRVW�FODVV� LQ� WKH�KLHUDUFK\� LV�WKH�VWDWH�
FODVV�� $Q� REMHFW� WKDW� EHORQJV� WR� WKH� PRGHO
V� VWDWH� FODVV� FRQWDLQV� GDWD�
PHPEHUV�UHIHUUHG�WR�DV�VWDWH�YDULDEOHV��7KH�HYHQWV�WKDW�FDXVH�WKH�VWDWH¶V�GDWD�
PHPEHUV� WR�FKDQJH� WKHLU�YDOXHV�DUH� WKH�WUDQVLWLRQV�RI�D�PRGHO��(DFK�HYHQW�
�WUDQVLWLRQ��LV��LQ�HIIHFW��D�PHWKRG�RI�WKH�VWDWH�FODVV��

2QH� FDQ� LQWHUSUHW� D� EHKDYLRUDO� PRGHO� DV� D� ILQLWH� VWDWH� PDFKLQH� E\�
DVVRFLDWLQJ�HDFK�VWDWH�REMHFW�LQ�WKH�PRGHO�ZLWK�D�QRGH�ODEHOHG�DFFRUGLQJ�WR�
WKH�YDOXHV�RI� WKH�REMHFW¶V�GDWD�PHPEHUV��7KH� ODEHO�RQ�DQ\�DUF�RI�WKH�ILQLWH�
VWDWH�PDFKLQH�LV�WKH�QDPH�DQG�SDUDPHWHU�YDOXHV�RI�DQ\�PHWKRG�RU�HYHQW�WKDW�
FDXVHV�WKH�VRXUFH�VWDWH�RI�WKH�DUF�WR�WUDQVLWLRQ�WR�LWV�WDUJHW�VWDWH��
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��� *27&+$�7&%($16�

*27&+$�7&%HDQV�LV�DQ�,%0�LQWHUQDO�WHVW�DXWRPDWLRQ�WRROVHW�GHYHORSHG�
DW�WKH�,%0�5HVHDUFK�/DERUDWRU\�LQ�+DLID��,W�LQFOXGHV�D�PRGHOLQJ�WRRO�EDVHG�
RQ� WKH�0XU � >��@� GHVFULSWLRQ� ODQJXDJH�� D� WHVW� JHQHUDWRU� �*27&+$��� D� WHVW�
H[HFXWLRQ�HQJLQH��7&([HFXWRU���DQG�RWKHU�SURGXFWLYLW\�DLGV�� LQFOXGLQJ��WHVW�
WUDQVODWLRQ�XWLOLWLHV��7&7UDQVODWRU���D�WHVW�VXLWH�EURZVHU��7&%URZVHU���DQG�D�
IUDPHZRUN� IRU� UHPRWHO\� ODXQFKLQJ� DQG� ORJJLQJ� WHVW� FDVHV�� 7KLV� VHFWLRQ�
GHVFULEHV�WKH�HVVHQWLDO�HOHPHQWV�LPSOHPHQWHG�LQ�WKH�WRROVHW�DQG�WKH�SURFHVV�
WKDW�XVHV�WKHVH�WRROV�WR�WHVW�VRIWZDUH��

���� 7KH�*27&+$�0RGHOLQJ�/DQJXDJH�

$�*27&+$�EHKDYLRUDO�PRGHO�FRQVLVWV�RI�WZR�PDLQ�SDUWV��WKH�GHILQLWLRQV�
RI�WKH�VWDWH�YDULDEOHV�DQG�WKHLU�GRPDLQV�DQG�WKH�FROOHFWLRQ�RI�WUDQVLWLRQ�UXOHV��
(DFK� WUDQVLWLRQ� UXOH� LV� D� FRPPDQG� ZLWK� D� QDPH�� D� JXDUG� �D� %RROHDQ�
H[SUHVVLRQ�LQ�WKH�VWDWH�YDULDEOHV���DQG�DQ�DFWLRQ��D�EORFN�RI�VWDWHPHQWV�WKDW�
PRGLI\� WKH� VWDWH�YDULDEOHV��� ,I� WKH�JXDUG�HYDOXDWHV� WR�758(�DW�D�SDUWLFXODU�
VWDWH�� WKHQ� WKH� UXOH�PD\�EH� ILUHG� LQ� WKDW� VWDWH� WR� SURGXFH� D� QHZ� VWDWH��7KH�
DFWLRQ�FDQ�EH�DQ�DUELWUDULO\�FRPSOH[�EORFN�RI�VWDWHPHQWV�WKDW�FRQWDLQV�ORRSV��
FRQGLWLRQDOV�� DQG� SURFHGXUH� FDOOV�� 7KH� DFWLRQ� LV� H[HFXWHG� DWRPLFDOO\��
UHJDUGOHVV�RI�FRPSOH[LW\��QR�RWKHU�UXOH�FDQ�FKDQJH�WKH�YDULDEOHV�RU�LQWHUIHUH�
ZKLOH� WKH�DFWLRQ� LV�EHLQJ�H[HFXWHG��7KH� ODQJXDJH�DOVR�FRQWDLQV�D�FRQVWUXFW�
IRU� SDVVLQJ� SDUDPHWHUV� WR� D� UXOH� DQG� LWV� SUHFRQGLWLRQ�� WKXV� HOLPLQDWLQJ� WKH�
QHHG�WR�ZULWH�PDQ\�FRSLHV�RI�HVVHQWLDOO\�WKH�VDPH�UXOH��

7KHVH� FRQVWUXFWV� DUH� DOO� SDUW� RI� WKH�0XU � ODQJXDJH��*27&+$�H[WHQGV�
WKH�0XU �ODQJXDJH�ZLWK�WKH�VWUXFWXUHV�QHHGHG�WR�H[SUHVV�WHVWLQJ�FRQVWUDLQWV�
DQG�FRYHUDJH�FULWHULD�ZKHQ�JHQHUDWLQJ�D�WHVW�VXLWH��

$� QDPHG� EORFN� RI� VWDWHPHQWV�� ZKLFK� DVVLJQV� D� YDOXH� WR� HDFK� VWDWH�
YDULDEOH��GHILQHV�D�VWDWH�ZKHUH�D�WHVW�FDVH�PXVW�VWDUW��$�%RROHDQ�H[SUHVVLRQ�
GHILQHV� VWDWHV� ZKHUH� D� WHVW� FDVH� PD\� HQG�� ,I� WKH� H[SUHVVLRQ� HYDOXDWHV� WR�
758(�DW�D�SDUWLFXODU�VWDWH��WKHQ�WKDW�VWDWH�FDQ�EH�WKH�ILQDO�VWDWH�LQ�D�WHVW�FDVH��

&RYHUDJH�FULWHULD�DUH�ZD\V� WR�GHVFULEH�SDUWV�RI�WKH�ILQLWH�VWDWH�PDFKLQH�
WKDW� VKRXOG�EH� LQFOXGHG� LQ� WKH� WHVW� VXLWH��6LPSOH�FRYHUDJH�FULWHULD�GHVFULEH�
VHWV�RI�VWDWHV��WUDQVLWLRQV��DQG�VXE�SDWKV��0RUH�DEVWUDFW�FULWHULD�GHVFULEH�VHWV�
RI�HTXLYDOHQFH�FODVVHV�RI�VWDWHV��WUDQVLWLRQV��DQG�SDWKV��7KH�LQWHOOLJHQW�FKRLFH�
RI�FRYHUDJH�FULWHULD�HQVXUHV� WKDW� WKH� WHVW� VXLWH� LV�QHLWKHU� WRR� ODUJH� �DQG� WRR�
FRVWO\� WR� H[HFXWH��� QRU� WRR� VPDOO� �DQG� PLVVLQJ� LPSRUWDQW� DVSHFWV� RI� WKH�
LPSOHPHQWDWLRQ�ZKHUH�EXJV�PD\�EH�OXUNLQJ���

2XU�EHKDYLRUDO�PRGHOV�RI�WKH�3*0�SURWRFRO�XVH�SURMHFWHG�VWDWH�FRYHUDJH�
WKDW� LV�GHILQHG�DV� IROORZV��VHOHFW�D�VXEVHW�RI�WKH�VWDWH�YDULDEOHV�DQG�SURMHFW�
WKH� HQWLUH� VWDWH� VSDFH� RQWR� WKHVH� YDULDEOHV�� )URP� WKH� SRLQW� RI� YLHZ�RI� WHVW�



�� +DUWPDQ��1DJLQ��DQG�4XHPHQHU
�
JHQHUDWLRQ�� DOO� VWDWHV� ZLWK� WKH� VDPH� YDOXHV� RI� WKH� VHOHFWHG� YDULDEOHV� DUH�
FRQVLGHUHG� HTXLYDOHQW�� 3URMHFWHG� VWDWH� FRYHUDJH� GLUHFWV� WKH� JHQHUDWRU� WR�
FUHDWH�DW�OHDVW�RQH�WHVW�FDVH�WKDW�SDVVHV�WKURXJK�DW�OHDVW�RQH�UHSUHVHQWDWLYH�RI�
HDFK� SURMHFWHG� VWDWH�� 7KH� *27&+$� FRYHUDJH� FULWHULD� LQFOXGH� VWDWH�
SURMHFWLRQ��WUDQVLWLRQ�SURMHFWLRQ��SURMHFWLRQ�RQWR�VHWV�RI�DUELWUDU\�H[SUHVVLRQV��
DQG� RWKHU� PHDQV� RI� GHVFULELQJ� HTXLYDOHQFH� FODVVHV� DQG� VXEVHWV� RI� VWDWHV��
WUDQVLWLRQV��DQG�VXESDWKV�RI�WKH�ILQLWH�VWDWH�PDFKLQH��

7HVW� FRQVWUDLQWV� DUH� XVHG� WR� GHVFULEH� UHVWULFWLRQV� RQ� WKH� VHW� RI� SDWKV�
JHQHUDWHG�E\� WKH� DEVWUDFW� WHVW� VXLWH�JHQHUDWRU��7KH\�GHVFULEH�VHWV�RI� VWDWHV��
WUDQVLWLRQV�� DQG� VXESDWKV� IRUELGGHQ� IURP� LQFOXVLRQ� LQ� DQ\� WHVW� FDVH�� 7KH\�
PD\� EH� XVHG� IRU� D� QXPEHU� RI� UHDVRQV�� LQFOXGLQJ� WKH� DYRLGDQFH� RI� NQRZQ�
EXJV��DOORZLQJ�WHVWLQJ�WR�FRQWLQXH�ZKLOH�WKHVH�EXJV�DUH�QRW�\HW�IL[HG��7KH\�
PD\�DOVR�EH�XVHG�WR�SUXQH�WKH�VWDWH�VSDFH�DQG�SURYLGH�D�PHDQV�IRU�GHDOLQJ�
ZLWK�WKH�VWDWH�H[SORVLRQ�SUREOHP��ZKLFK�RFFXUV�IUHTXHQWO\�LQ�)60�PRGHOLQJ��
7KH� WHVW� VXLWH� FRQVWUDLQWV� DGGHG� WR� WKH� 0XU � ODQJXDJH� LQFOXGH� IRUELGGHQ�
VWDWH��IRUELGGHQ�WUDQVLWLRQ��DQG�VHYHUDO�W\SHV�RI�IRUELGGHQ�VXESDWK�FODXVHV��,Q�
WKH�FDVH�VWXG\��ZH�XVHG�D�IRUELGGHQ�VWDWH�FRQVWUDLQW�WR�DYRLG�WKH�JHQHUDWLRQ�
RI� WHVW� FDVHV� WKDW�KLW� D�SUREOHP�ZH�KDG�SUHYLRXVO\�GLVFRYHUHG� LQ� WKH�3*0�
VSHFLILFDWLRQ���

���� 7KH�*27&+$�7HVW�*HQHUDWLRQ�3URFHVV�

7KH�*27&+$�WHVW�VXLWH�JHQHUDWRU�SHUIRUPV�D�UHDFKDELOLW\�DQDO\VLV�RQ�WKH�
VWDWH� VSDFH� GHILQHG� E\� WKH� &DUWHVLDQ� SURGXFW� RI� WKH� GRPDLQV� RI� WKH� VWDWH�
YDULDEOHV�� 7KH� DQDO\VLV� EHJLQV� DW� WKH� VWDWHV� VSHFLILHG� LQ� DQ\� 6WDUW7HVW&DVH�
FODXVH��:KLOH�WUDYHUVLQJ�WKH�VWDWH�VSDFH��WKH�VHW�RI�UHDFKDEOH�FRYHUDJH�WDVNV�
LV�FRQVWUXFWHG�E\�REVHUYLQJ�HDFK�VWDWH�RU�WUDQVLWLRQ�LQVWDQFH�WKDW�VDWLVILHV�D�
FRYHUDJH� FULWHULRQ�� $Q� RQOLQH� UDQGRPL]DWLRQ� DOJRULWKP� FKRRVHV� D� UDQGRP�
UHSUHVHQWDWLYH� RI� HDFK� FRYHUDJH� HTXLYDOHQFH� FODVV� HQFRXQWHUHG�� )XUWKHU�
UHDFKDELOLW\� DQDO\VLV� LV� SHUIRUPHG�� VWDUWLQJ� IURP� WKH� UDQGRPO\� FKRVHQ�
UHSUHVHQWDWLYH�� WR� GHWHUPLQH� LI� DQ� (QG7HVW&DVH� FRQGLWLRQ� FDQ� EH� UHDFKHG�
IURP�WKH�VSHFLILF�UHSUHVHQWDWLYH�RI�WKH�FRYHUDJH�WDVN��,I�D�WHVW�WKDW�VDWLVILHV�DOO�
WKH�WHVW�FRQVWUDLQWV�H[LVWV�LQ�WKH�)60��WKHQ�WKH�WHVW�JHQHUDWRU�RXWSXWV�WKH�WHVW�
FDVH�WR�D�ILOH��

,I� DQ� (QG7HVW&DVH� FRQGLWLRQ� FDQQRW� EH� UHDFKHG� IURP� D� SDUWLFXODU�
FRYHUDJH� WDVN� UHSUHVHQWDWLYH�� DQRWKHU� UHSUHVHQWDWLYH� LV� FKRVHQ�� ,I� DQ�
(QG7HVW&DVH�FRQGLWLRQ�FDQQRW�EH�UHDFKHG�IURP�DQ\�WDVN�UHSUHVHQWDWLYH��WKHQ�
WKH�XVHU�LV�QRWLILHG�RI�WKH�H[LVWHQFH�RI�D�UHDFKDEOH��EXW�XQFRYHUDEOH�WDVN��

*27&+$�FDQ�DOVR�SHUIRUP�RQ�WKH�IO\�WHVW�JHQHUDWLRQ�ZLWKRXW�FRPSOHWLQJ�
DQ� H[KDXVWLYH� UHDFKDELOLW\� DQDO\VLV�� ,W� DOWHUQDWHV�EHWZHHQ� WKH�JHQHUDWLRQ�RI�
WHVW�FDVHV�IRU�WDVNV�DV�WKH\�DUH�HQFRXQWHUHG�DQG�IXUWKHU�VWDWH�VSDFH�WUDYHUVDO��
$GGLWLRQDO� *27&+$� JHQHUDWRU� IHDWXUHV� LQFOXGH�� WKH� DELOLW\� WR�� YDU\� WKH�
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VHDUFK�VWUDWHJ\��GHSWK�ILUVW��EUHDGWK�ILUVW��RU�FRYHUDJH�GLUHFWHG��� LQFUHDVH�RU�
GHFUHDVH� WKH� OHQJWK� RI� WHVW� FDVHV� JHQHUDWHG�� DQG� JHQHUDWH� VHYHUDO� WHVWV� IRU�
HDFK�FRYHUDJH�WDVN��

7KH�DEVWUDFW�WHVW�VXLWH�LV�D�JURXS�RI�;0/�ILOHV�WKDW�FRQWDLQV�D�GHVFULSWLRQ�
RI�WKH�PRGHO��LQFOXGLQJ�WKH�QDPHV�DQG�GRPDLQV�RI�DOO�WKH�VWDWH�YDULDEOHV�DQG�
WKH�QDPHV�RI�DOO� WKH� WUDQVLWLRQV�� WHVW�FRQVWUDLQWV��DQG�FRYHUDJH�FULWHULD��7KH�
ILOHV�DOVR�FRQWDLQ�D�OLVW�RI�WHVW�FDVHV��HDFK�RI�ZKLFK�LV�D�VHTXHQFH�RI�WUDQVLWLRQ�
UXOHV� IROORZHG� E\� WKH� H[SHFWHG� YDOXH� RI� HDFK� VWDWH� YDULDEOH� DIWHU� WKH�
WUDQVLWLRQ�LV�FRPSOHWH��

���� 7UDQVODWLRQ�DQG�([HFXWLRQ�RI�7HVW�6XLWHV�

$IWHU� JHQHUDWLQJ� WKH� DEVWUDFW� WHVW� VXLWH�� WKH� WHVW� FDVHV� FDQ� EH� PDGH�
FRQFUHWH� DQG�RU� H[HFXWHG� E\� WKH� 7&%HDQV� WRROV�� ZKLFK� LQFOXGH� D�
FRQILJXUDWLRQ�JHQHUDWRU��7&:L]DUG���D�WHVW�WUDQVODWRU��7&7UDQVODWRU���D�WHVW�
H[HFXWLRQ� HQJLQH� �7&([HFXWRU��� DQG� D� WHVW� VXLWH� EURZVHU� �7&%URZVHU�� IRU�
YLHZLQJ�ERWK�WKH�WHVW�VXLWH�DQG�LWV�H[HFXWLRQ�WUDFH��

7HVW�H[HFXWLRQ�GLUHFWLYHV�DUH�WKH�LQVWUXFWLRQV�WKDW�GHILQH�KRZ�WKH�DEVWUDFW�
WHVW�VXLWH�LV�H[HFXWHG�RQ�WKH�LPSOHPHQWDWLRQ�XQGHU�WHVW���7KHVH�GLUHFWLYHV�PDS�
WKH� DEVWUDFW� 3RLQWV� RI� &RQWURO� DQG�2EVHUYDWLRQ� �3&2V�� WR� FODVV�PHPEHUV��
SURFHGXUHV��RU�YDULDEOHV�RI�WKH�LPSOHPHQWDWLRQ��7KH�H[HFXWLRQ�GLUHFWLYHV�DUH�
VWRUHG�LQ�WKH�7&%HDQV�FRQILJXUDWLRQ�ILOHV�DQG�WUDQVODWLRQ�WDEOHV��ZKLFK�PD\�
EH�ZULWWHQ�LQ�+70/��;0/��RU�-DYD��

7KH� WHVW� WUDQVODWRU� LV� XVHG� ZKHQ� WKH� WHVW� HQYLURQPHQW� LQFOXGHV� D� SUH�
H[LVWLQJ�WHVW�H[HFXWLRQ�IUDPHZRUN�RU�D�FRPPHUFLDO�WHVW�H[HFXWLRQ�WRRO��7KLV�
IUHTXHQWO\� RFFXUV� ZKHQ� WHVWLQJ� OHJDF\� DSSOLFDWLRQV�� 7&:L]DUG� FUHDWHV� WKH�
WHPSODWHV� IRU� WKH� FRQILJXUDWLRQ� ILOH� DQG� GHIDXOW� WUDQVODWLRQ� WDEOHV� LQ� HLWKHU�
-DYD�RU�;0/��7KH�WHVWHU�PD\�HGLW�WKH�FRQILJXUDWLRQ�ILOHV�DQG�ILOO�LQ�HQWULHV�LQ�
D� WDEOH� IRU� VLPSOH� WUDQVODWLRQ� VFKHPDV�� )RU� PRUH� FRPSOH[� WUDQVODWLRQ�
VFKHPHV��WKH�WHVWHU�KDV�WKH�IXOO�SRZHU�RI�WKH�-DYD�SURJUDPPLQJ�ODQJXDJH�WR�
LPSOHPHQW�DQ\�FRPSXWDWLRQDOO\�IHDVLEOH�WUDQVODWLRQ�VFKHPH��

7&([HFXWRU� FDQ� EH� XVHG� WR� LQWHUIDFH� GLUHFWO\� EHWZHHQ� WKH� DEVWUDFW� WHVW�
VXLWH� DQG� WKH� DSSOLFDWLRQ�� UDWKHU� WKDQ� SDVVLQJ� WKURXJK� D� WUDQVODWLRQ� SKDVH��
7&:L]DUG�DOVR�FUHDWHV�D�WHPSODWH�IRU�WKLV�LQWHUIDFH�DQG�WKH�WHVWHU�ILOOV�LQ�-DYD�
FRGH�IUDJPHQWV�IRU�����,QLWLDOL]LQJ�WKH�DSSOLFDWLRQ�EHIRUH�HDFK�WHVW�FDVH�DQG�DW�
WKH�EHJLQQLQJ�RI�WKH�WHVW�VXLWH�����6WLPXODWLQJ�WKH�DSSOLFDWLRQ�ZKHQ�D�UXOH�LV�
ILUHG� LQ� WKH�DEVWUDFW�WHVW�����5HDGLQJ�WKH�YDOXHV�RI�DSSOLFDWLRQ�YDULDEOHV�IRU�
FRPSDULVRQ�ZLWK�WKH�SUHGLFWHG�YDOXHV�����3HUIRUPLQJ�DGGLWLRQDO�YDOLGDWLRQ��LI�
QHFHVVDU\��DW�WKH�HQG�RI�HDFK�WUDQVLWLRQ��DW�WKH�HQG�RI�HDFK�WHVW�FDVH��RU�DW�WKH�
HQG�RI�WKH�HQWLUH�WHVW�VXLWH��

7&([HFXWRU�FUHDWHV�D�VXLWH�H[HFXWLRQ�WUDFH�WKDW�LQFOXGHV�WLPH�VWDPSV��7KH�
WLPH� VWDPSV� UHFRUG�ZKHQ� WKH�HYHQWV�DUH�REVHUYHG�DW�D�FHQWUDO�SRLQW�� UDWKHU�
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WKDQ� V\QFKURQL]LQJ� FORFNV� RQ� WKH� YDULRXV� GLVWULEXWHG� PDFKLQHV�� DQG�
UHFRUGLQJ� WKH� ORFDO� WLPH� RI� HDFK� HYHQW�� 7HVW� FDVHV� WKDW� FRQWDLQ� QRQ�
GHWHUPLQLVWLF� WUDQVLWLRQV� PD\� UHVXOW� LQ� DQ� XQGHFLGHG� RXWFRPH� GXULQJ�
H[HFXWLRQ�� 7&([HFXWRU� VXSSRUWV� UHWU\� RQ� WKHVH� XQGHFLGHG� WHVW� FDVHV� DQG�
GHEXJJLQJ�RI�WKH�WHVW�VXLWH�DV�D�ZKROH���

��� 35$*0$7,&�*(1(5$/�08/7,&$67�

3UDJPDWLF� *HQHUDO� 0XOWLFDVW� �3*0�� LV� D� WHOHFRPPXQLFDWLRQ� SURWRFRO�
GHILQHG� IRU� HQVXULQJ� UHOLDEOH� PXOWLFDVW� FRPPXQLFDWLRQV� RQ� WRS� RI� DQRWKHU�
FRPPXQLFDWLRQ�SURWRFRO��VXFK�DV�8'3��3*0�LV�GHILQHG�E\�DQ�,(7)�GUDIW�>��@���

���� 7KH�3URWRFRO�

7KH� JRDO� RI� D�PXOWLFDVW� SURWRFRO� LV� WR� HQVXUH� D� GDWD� WUDQVIHU� IURP� RQH�
DSSOLFDWLRQ�WR�PDQ\�RWKHU�DSSOLFDWLRQV��$Q�RXWVLGH�DSSOLFDWLRQ�LV�OLQNHG�WR�D�
VHQGHU� 3*0� SURFHVV�� 7KLV� VHQGHU� SURFHVV� FRPPXQLFDWHV� WKURXJK� QHWZRUN�
HOHPHQW� SURFHVVHV� ZLWK� PDQ\� UHFHLYHU� SURFHVVHV�� (DFK� RI� WKH� UHFHLYHU�
SURFHVVHV� LV� FRQQHFWHG� WR� DQ� RXWVLGH� DSSOLFDWLRQ�� )RU� RQH� FRPPXQLFDWLRQ�
VHVVLRQ��WKH�VWUXFWXUH�RI�FRPPXQLFDWLQJ�SURFHVVHV�LV�D�WUHH��7KLV�FDVH�VWXG\�
GRHV�QRW�FRYHU� WKH�SUREOHPV�RI�HVWDEOLVKLQJ�D�VHVVLRQ�DQG�FUHDWLQJ�WKH�WUHH�
VWUXFWXUH���

7KH�GLIIHUHQW�SURFHVVHV�H[FKDQJH�PHVVDJHV��7KH�WUDQVPLWWLQJ�DSSOLFDWLRQ�
UHJXODUO\� VHQGV� GDWD� SDFNHWV� WR� WKH� 3*0� VHQGHU�� 7KHVH� GDWD� SDFNHWV� DUH�
WUDQVIHUUHG�WR�WKH�3*0�UHFHLYHUV��DQG�WKHQ��WR�WKH�UHFHLYHU�DSSOLFDWLRQV��DV�
2UGLQDU\� 'DWD� �2'$7$�� PHVVDJHV�� ODEHOHG� ZLWK� D� SDFNHW� QXPEHU�� 7KH�
3*0� SURWRFRO� XVHV� WZR� LPSRUWDQW� PHFKDQLVPV� IRU� HQVXULQJ� D� UHOLDEOH�
PXOWLFDVW��

)LUVW��WKH�SURWRFRO�XVHV�D�QHJDWLYH�DFNQRZOHGJHPHQW��1$.��PHFKDQLVP��
:KHQ�D�3*0�UHFHLYHU�GHWHFWV�WKH�ORVV�RI�DQ�2'$7$�PHVVDJH��H�J���EHFDXVH�
WKH�SDFNHW�QXPEHUV�LW�UHFHLYHG�DUH�QRW�FRQVHFXWLYH���LW�VHQGV�D�1$.�PHVVDJH�
WR� WKH� VHQGHU� YLD� WKH� QHWZRUN� HOHPHQWV� ZLWK� WKH� QXPEHU� RI� WKH� PLVVLQJ�
SDFNHW��:KHQ�D�QHWZRUN�HOHPHQW�SURFHVV��RU�WKH�VHQGHU�SURFHVV��UHFHLYHV�D�
1$.� PHVVDJH�� LW� LPPHGLDWHO\� VHQGV� EDFN� D� 1$.� &RQ)LUPDWLRQ� �1&)��
PHVVDJH�� ,I� WKH� UHFHLYHU� SURFHVV� GRHV� QRW� UHFHLYH� WKLV� 1&)� PHVVDJH�� LW�
UHSHDWV�WKH�1$.�PHVVDJH�DIWHU�D�ZDLWLQJ�SHULRG�GHWHUPLQHG�E\�WKH�VWDQGDUG��
:KHQ�WKH�VHQGHU�NQRZV�WKDW�D�UHFHLYHU�QHHGV�D�JLYHQ�SDFNHW�QXPEHU��LW�VHQGV�
EDFN�D�5HSDLU�'DWD��5'$7$��PHVVDJH�ZLWK�WKH�GDWD�SDFNHW��

6HFRQG�� WKH� SURWRFRO� XVHV� D� VOLGLQJ� ZLQGRZ� PHFKDQLVP�� 7KH� VHQGHU�
SURFHVV� FDQQRW� NHHS� DOO� WKH� GDWD� SDFNHWV� LQ�PHPRU\� IRU� UH�WUDQVPLVVLRQ� LI�
QHHGHG�� ,W� NHHSV� RQO\� D� SUHGHILQHG� QXPEHU� RI� WKHVH� SDFNHWV� LQ� PHPRU\��
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ZKLFK�FRQVWLWXWHV�D�VOLGLQJ�ZLQGRZ��2QO\�WKH�SDFNHWV�LQ�WKLV�ZLQGRZ�FDQ�EH�
UHTXHVWHG�� 7KH� ZLQGRZ� DGYDQFHV� UHJXODUO\�� ZKLFK� LPSOLHV� WKDW� VRPH� GDWD�
SDFNHWV� ZLOO� FHDVH� WR� EH� DFFHVVLEOH�� +HQFH�� WKH� VHQGHU� SURFHVV� VHQGV� DOO�
UHFHLYHUV� D� ZLQGRZ� DGYDQFH� ZDUQLQJ� YLD� QHWZRUN� HOHPHQWV�� 7KH� 6RXUFH�
3DWK�0HVVDJHV� �630��FRQWDLQ� WKHVH�ZDUQLQJ�PHVVDJHV��7KH�630�DUH�DOVR�
XVHG�WR�HVWDEOLVK�WKH�VHVVLRQ�DQG�VHW�XS�WKH�WUHH�VWUXFWXUH��

7KHVH� WZR� PHFKDQLVPV� HQVXUH� WKDW� WKH� QXPEHUV� RI� DFNQRZOHGJHPHQWV�
UHPDLQ� OLPLWHG� FRPSDUHG� WR� WKH� QXPEHU� RI� 2'$7$�PHVVDJHV�� 7KH� 3*0�
SURWRFRO� DOVR� H[SORLWV� WLPLQJ� PHFKDQLVPV� WR� HQKDQFH� LWV� UHOLDELOLW\�� )RU�
H[DPSOH�� WKH� UHFHLYHU� SURFHVVHV� UHSHDW� WKH� 1$.�PHVVDJHV� UHJXODUO\� DIWHU�
ZDLWLQJ�D�JLYHQ�WLPH��

���� ,PSOHPHQWDWLRQ�

1HWZRUN�HTXLSPHQW�EXLOGHUV�DUH�EHJLQQLQJ�WR�VXSSRUW�3*0�VRIWZDUH�DV�
SDUW� RI� WKHLU� SURGXFWV�� )RU� H[DPSOH�� &,6&2� URXWHUV� QRZ� VXSSRUW� 3*0�
QHWZRUNV��7KHVH�FRPPHUFLDO�LPSOHPHQWDWLRQV�DUH�QRW�XVXDOO\�DFFHVVLEOH��7R�
WHVW�VXFK�LPSOHPHQWDWLRQV�\RX�QHHG�WR�EXLOG�D�QHWZRUN��REVHUYH�LWV�RSHUDWLRQ��
DQG�PHDVXUH� LWV�SHUIRUPDQFH�DJDLQVW� VRPH�EHQFKPDUN�� ,Q�RUGHU� WR�YDOLGDWH�
WKH�SURWRFRO�SURSHUO\��WKH�WHVWHU�QHHGV�WR�FRQWURO�DQG�REVHUYH�HDFK�3*0�XQLW�
�VHQGHU�� UHFHLYHU�� QHWZRUN� HOHPHQW��� 7KLV� W\SLFDOO\� UHTXLUHV� VRPH�
LQVWUXPHQWDWLRQ� RI� WKH� LPSOHPHQWDWLRQ� DQG�PRGLILFDWLRQ� RI� LWV� FRGH��7KXV��
HYHQ� WKRXJK� WKH� SHUIRUPDQFH� RI� WKH� SURWRFRO� FDQ� EH� PHDVXUHG�� WKH�
FRQIRUPDQFH� RI� WKH� LPSOHPHQWDWLRQ� ZLWK� WKH� VSHFLILFDWLRQ� LV� GLIILFXOW� WR�
DVVHVV�ZLWKRXW�DFFHVV�WR�WKH�VRIWZDUH�VRXUFH�FRGH��

)UDQFH�7HOHFRP�5	'�GHYHORSHG�DQ�6'/�PRGHO�RI�3*0�IRU�LWV�LQWHUQDO�
XVH�� 6'/� LV� DQ� ,78� VWDQGDUG� VSHFLILFDWLRQ� ODQJXDJH� XVHG� IRU� VSHFLI\LQJ�
WHOHFRPPXQLFDWLRQ�SURWRFROV�>��@��7KLV�6'/�PRGHO�KDV�EHHQ�ZLGHO\�XVHG�IRU�
3*0�SURWRFRO�SHUIRUPDQFH�PRGHOLQJ� DQG� IRU� FRPSDULVRQ� WR�RWKHU� UHOLDEOH�
PXOWLFDVW�SURWRFROV��$V�VXFK��LW�LV�LPSRUWDQW�WKDW�WKLV�6'/�PRGHO�FRQIRUPV�WR�
WKH�,(7)�VSHFLILFDWLRQ�WR�HQVXUH�WKDW�ZH�HYDOXDWH�WKH�SURWRFRO�FRUUHFWO\�DQG�
WKDW� ZH� PDNH� SHUWLQHQW� FRPSDULVRQV� WR� WKH� GLIIHUHQW� UHOLDEOH� PXOWLFDVW�
SURWRFROV��7KLV�PRGHO�KDV�DOUHDG\�EHHQ�WKRURXJKO\�WHVWHG�DQG�YDOLGDWHG��:H�
XVHG�2EMHFW*(2'(� IURP�7HOHORJLF� >��@� DV� WKH�6'/� WRRO� IRU�PRGHOLQJ� DQG�
YDOLGDWLRQ��:H�H[HUFLVHG�*27&+$�7&%HDQV�RQ�D�&�FRGH� LPSOHPHQWDWLRQ�
RI� WKLV� PRGHO�� 7KH� LPSOHPHQWDWLRQ� ZDV� DXWRPDWLFDOO\� JHQHUDWHG� IURP� WKH�
6'/�PRGHO�XVLQJ�WKH�2EMHFW*(2'(�FRGH�JHQHUDWLRQ�IDFLOLWLHV��
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���� 0RGHOV�RI�3*0�3URFHVVHV�

$� FRPSOHWH� 3*0� SURWRFRO� PRGHO� VKRXOG� PRGHO� WKH� DV\QFKURQRXV�
FRPPXQLFDWLRQ� EHWZHHQ� WKH� GLIIHUHQW� SURFHVVHV�� WKH� LQWHUQDO� WLPHUV� WKDW�
UHJXODWH�WKH�VHQGLQJ�RI�SHQGLQJ�PHVVDJHV��DQG�RWKHU�WLPHU�EDVHG�PHVVDJHV��
8QIRUWXQDWHO\�� WKHUH� LV�QR�QRWLRQ�RI�DV\QFKURQRXV�FRPPXQLFDWLRQ�EHWZHHQ�
SDUDOOHO�SURFHVVHV� LQ� WKH�*RWFKD�'HILQLWLRQ�/DQJXDJH� �*'/��RU�H[SUHVVLYH�
WLPHU� SULPLWLYHV� VXFK� DV� WKRVH� LQ� 6'/�� 7KHUHIRUH��ZH�PDGH� WKH� IROORZLQJ�
FKRLFHV�LQ�RXU�PRGHOLQJ��

)LUVW��ZH�GHFLGHG�WR�FUHDWH�D�PRGHO�IRU�HDFK�VHSDUDWH�SURFHVV�GHILQHG�E\�
WKH� 3*0� SURWRFRO�� :H� FUHDWHG� RQH� VHQGHU� PRGHO�� RQH� QHWZRUN� HOHPHQW�
PRGHO�� DQG� RQH� UHFHLYHU�PRGHO�� LQVWHDG� RI� D� VLQJOH�PRGHO�ZKHUH� GLIIHUHQW�
3*0�SURFHVVHV�LQWHUDFW��7KLV�PHDQV�WKDW�WHVWV�DUH�JHQHUDWHG�LQ�LVRODWLRQ�IRU�
HDFK�SURFHVV��EXW�QRW�IRU�WKH�FRPELQDWLRQ�RI�SURFHVVHV��7KXV��ZH�FDQ�DVVHVV�
WKH�FRQIRUPDQFH�RI�HDFK�SURFHVV¶�LPSOHPHQWDWLRQ��EXW�QRW�WKH�FRQIRUPDQFH�
RI�WKH�ZKROH�SURWRFRO�LPSOHPHQWDWLRQ��

6HFRQG�� WKH� WLPHU� PHFKDQLVPV� LQ� WKH� UHFHLYHU� DQG� QHWZRUN� HOHPHQW�
PRGHOV�ZHUH�VLPXODWHG�ZLWK�GLVFUHWH�YDULDEOHV�GHFUHPHQWHG�WR�VLPXODWH�WKH�
SDVVDJH�RI�WLPH��7KLV�VROXWLRQ�LV�LQDGHTXDWH�EHFDXVH�LW�LPSRVHV�D�PRQRWRQLF�
JUDQXODULW\�RQ�WLPH�WKDW�LV�DUWLILFLDO��

:H�RQO\�LQFOXGH�DQ�DFFRXQW�RI�WKH�VHQGHU�SURFHVV�PRGHO�KHUH��VLQFH�WKH�
RWKHU�PRGHOV�ZHUH�VWUXFWXUDOO\�VLPLODU��

���� 7KH�0RGHO�RI�WKH�6HQGHU�3URFHVV�

7KH�*27&+$�'HILQLWLRQ�/DQJXDJH�PRGHOHG�WKH�3*0�VHQGHU�SURFHVV�E\�
QRWLQJ�WKDW�WKHUH�DUH�WZR�H[WHUQDOO\�JHQHUDWHG�HYHQWV��UHFHLYLQJ�DQ�2'$7$�
SDFNDJH�IURP�WKH�DSSOLFDWLRQ�DQG�UHFHLYLQJ�D�1$.�IURP�WKH�QHWZRUN��(DFK�
RI�WKHVH�HYHQWV�FDXVHV�WKH�VHQGHU�WR�SODFH�D�SDUWLFXODU�PHVVDJH�RQ�WKH�RXWSXW��
GHSHQGLQJ� RQ� LWV� FXUUHQW� VWDWH�� :H� DOVR� PRGHOHG� WKH� ZLQGRZ� DGYDQFH� DV�
WULJJHUHG� E\� WKH� UHFHLSW� RI� D� SDUWLFXODU� QXPEHU�RI�2'$7$�SDFNHWV�� UDWKHU�
WKDQ�D�WLPHU�GULYHQ�HYHQW��7KH�LQWHUHVWHG�UHDGHU�PD\�REWDLQ�WKH�*'/�FRGH�RI�
WKH�PRGHO�IURP�WKH�DXWKRUV��

:H�PRGHOOHG�SHQGLQJ�RXWSXW�PHVVDJH�EXIIHUV�IRU�WKH�630��5'$7$��DQG�
2'$7$�PHVVDJHV��:H� DOVR� FUHDWHG� D� VSHFLDO� UXOH� DOORZLQJ� WKH� VHQGHU� WR�
HPLW�D�SHQGLQJ�PHVVDJH�ZLWKRXW� UHFHLYLQJ�DQ\�H[WHUQDO�VWLPXOXV��7KLV�UXOH�
GHDOV� ZLWK� VLWXDWLRQV� ZKHUH� VHYHUDO� PHVVDJHV� KDYH� WR� EH� RXWSXW�
VLPXOWDQHRXVO\��7R�UHVWULFW�VWDWH�H[SORVLRQ��ZH�SXW�D�FRQVWUDLQW�RQ�WKH�PRGHO�
VR� WKDW� WKH�DSSOLFDWLRQ�FDQ�VHQG�DQ�2'$7$�SDFNHW� WR� WKH�VHQGHU�RQO\� LI� LW�
GRHV� QRW� DOUHDG\� KDYH� RQH� SHQGLQJ�� 7KH� 3*0�SURWRFRO� GLFWDWHV� D� SULRULW\�



0RGHO�EDVHG�7HVWLQJ�RI�WKH�3*0�3URWRFRO� �
�
VFKHPH� IRU� WKH� RXWSXW� RI�PHVVDJHV�� 630�EHIRUH�5'$7$�EHIRUH�2'$7$�
DQG�1&)�LPPHGLDWHO\�DIWHU�WKH�UHFHSWLRQ�RI�D�1$.��

7KHUH�DUH�WKUHH�UXOHV�LQ�WKH�VHQGHU�PRGHO��
±� 5HFHLYH�2'$7$� IURP�$SSOLFDWLRQ�� 7KLV� UXOH� FDQ�EH� ILUHG�RQO\� LI� QR�

SHQGLQJ� 2'$7$� PHVVDJHV� H[LVW�� $V� D� UHVXOW�� WKH� VHQGHU� RXWSXWV� WKH�
KLJKHVW� SULRULW\� SHQGLQJ� PHVVDJH�� DQG� SURFHVVHV� WKH� DGYDQFH� RI� WKH�
ZLQGRZ�LI�DQ�2'$7$�PHVVDJH�LV�HPLWWHG��

±� 5HFHLYH� 1$.� IURP� 1HWZRUN�� 7KLV� UXOH� FDQ� EH� ILUHG� DQ\WLPH�� ,W�
UHVSRQGV�ZLWK�DQ�1&)�PHVVDJH�DQG�FUHDWHV�D�SHQGLQJ�5'$7$�PHVVDJH�
LI�WKH�SDFNHW�UHTXHVWHG�LV�LQ�WKH�VOLGLQJ�ZLQGRZ��

±� 7LPH� 3DVVHV�� 7KLV� UXOH� VLPXODWHV� DQ� DEVHQFH� RI� VWLPXOXV� IURP� WKH�
RXWVLGH��7KH�UHVXOW�LV�WKH�RXWSXW�RI�WKH�KLJKHVW�SULRULW\�SHQGLQJ�PHVVDJH��
7KH�,(7)�UHFRPPHQGV�WKDW�WKH�SDFNHW�FRXQWHU�WR�EH����ELWV�LQ�WKH�3*0�

VSHFLILFDWLRQ��DQG�ZH�PRGHOHG�WKLV�E\�D�FRXQWHU�XS�WR����LQ�WKH�ILQLWH�VWDWH�
PDFKLQH�� 7KLV� ILQLWH� FRXQWHU� H[SRVHG� D� SRWHQWLDO� SUREOHP� LQ� WKH�
VSHFLILFDWLRQ�RI�WKH�3*0�VHQGHU��ZKRVH�EHKDYLRU�LV�QRW�GHILQHG�ZKHQ�WKH�
FRXQWHU�RYHUIORZV��

���� 7HVW�*HQHUDWLRQ�

7KH� FHQWUDO� LVVXH� LQ� WKH� YDOLGDWLRQ� RI� WKH� VHQGHU� 3*0� SURWRFRO� LV� LWV�
EHKDYLRU�ZKHQ� UHWUDQVPLVVLRQ� LV� UHTXLUHG�� WKDW� LV��ZKHQ�5'$7$�PHVVDJHV�
DUH�SHQGLQJ�RU�ZKHQ�D�1$.�&RQILUPDWLRQ��1&)��LV�RXWSXW��ZKLFK�LQGLFDWHV�
WKDW� D�1$.�KDV� EHHQ� UHFHLYHG��:H�GLUHFWHG� WKH�SURFHVV�RI� WHVW� JHQHUDWLRQ�
XVLQJ� WHVWLQJ� GLUHFWLYHV�� SURGXFLQJ� IRXU� WHVW� VXLWHV� ZLWK� WKH� IROORZLQJ�
FRYHUDJH�FULWHULD��
±� 5HWUDQVPLVVLRQ� 2XWSXW� 3URMHFWLRQ�� ,Q� RUGHU� WR� YDOLGDWH� YDULRXV�

VLWXDWLRQV� WKDW� LQYROYH� WKH�UH�WUDQVPLVVLRQ�RI�SDFNHW�QXPEHU����ZH�XVHG�
WKH� FRYHUDJH� FULWHULRQ� �&&B6WDWHB3URMHFWLRQ� 5'$7$3HQGLQJ>�@� RQ�
2XWSXW���7KLV�SURGXFHV�D�WHVW�VXLWH�ZLWK�DOO�SRVVLEOH�YDOXHV�IRU�WKH�RXWSXW�
PHVVDJH� DQG� FRQWHQW� ZKHQ� WKH� UHFHLYHU� UHTXHVWV� D� UHWUDQVPLVVLRQ� RI�
SDFNHW�����

±� 1&)� 2XWVLGH� 6OLGLQJ� :LQGRZ�� 7R� LQYHVWLJDWH� WKH� FDVHV� ZKHUH� WKH�
UHFHLYHU� UHTXHVWV� D� UHWUDQVPLVVLRQ�RXWVLGH� WKH� VOLGLQJ�ZLQGRZ��ZH�XVHG�
WKH� WHVW� GLUHFWLYH� �&&B6WDWHB3URMHFWLRQ� 2XWSXW�0HVVDJH�  � 1&)� 	�
�2XWSXW�&RQWHQW� ��7[Z7UDLO�� RQ�2XWSXW�&RQWHQW���7KLV� SURGXFHV� D� WHVW�
VXLWH� ZLWK� DQ� 1&)� RI� DOO� SRVVLEOH� SDFNHW� QXPEHUV� RXWVLGH� WKH� VOLGLQJ�
ZLQGRZ��

±� 1&)� )RFXVHG� 7HVW� &DVHV�� 7R� LQYHVWLJDWH� DOO� SRVVLELOLWLHV� RI�
UHWUDQVPLVVLRQ�UHTXHVWV��ZH�XVHG�WKH�WHVW�GLUHFWLYH��&&B6WDWHB3URMHFWLRQ�
2XWSXW�0HVVDJH� �1&)�RQ�2XWSXW�&RQWHQW���7KLV� SURGXFHV� D� WHVW� VXLWH�
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ZLWK� DQ� 1&)� RI� DOO� SRVVLEOH� SDFNHW� QXPEHUV� ZLWKRXW� UHJDUG� WR� WKHLU�
UHODWLRQVKLS�WR�WKH�VOLGLQJ�ZLQGRZ��

±� 8QUHVWULFWHG�2XWSXW�3URMHFWLRQ��7R�FUHDWH�D�PRUH�JHQHUDO�WHVW�VXLWH��ZH�
XVHG� WKH� WHVW� GLUHFWLYH� �&&B6WDWHB3URMHFWLRQ� 758(� RQ� 2XWSXW��� 7KLV�
JHQHUDWHV� D� WHVW� FDVH� ZLWK� D� UDQGRP� LQVWDQFH� RI� HDFK� SRVVLEOH� RXWSXW�
PHVVDJH��
0RUHRYHU�� ZH� GLG� QRW� ZLVK� WR� WHVW� ZKDW� KDSSHQV� ZKHQ� WKH�

LPSOHPHQWDWLRQ� UHDFKHV� WKH� OLPLW� RI� SDFNHW� QXPEHUV� ��

��� ±� ���� 7KH�
PRGHOLQJ� LQ� *'/� LQGLFDWHG� WKDW� WKLV� LV� PRVW� OLNHO\� D� SUREOHP� DQG� WKH�
VROXWLRQ�GHILQHG� LQ� WKH�PRGHO� LV�SUREDEO\�QRW�ZKDW� LV� LPSOHPHQWHG��KHQFH��
WKH�PRGHOLQJ�ZDV�HQRXJK�WR�UHYHDO�WKH��EXJ��DQG�DGGLWLRQDO�WHVWLQJ�ZDV�QRW�
QHFHVVDU\�� :H� DGGHG� WKH� IROORZLQJ� WHVW� FRQVWUDLQW� WR� WKH� IRXU� FRYHUDJH�
GLUHFWLYHV���7&B)RUELGGHQB6WDWH�&XUUHQW3DFNHW�! ������

)RU�HDFK�FULWHULRQ��WKH�WLPH�WDNHQ�WR�JHQHUDWH�WKH�WHVW�VXLWH�ZDV�OHVV�WKDQ�
KDOI�D� VHFRQG�DQG�HDFK�FULWHULRQ�JHQHUDWHG�D� VXLWH�RI��±��� WHVW�FDVHV��HDFK�
ZLWK�DQ�DYHUDJH�RI����WUDQVLWLRQV�SHU�WHVW�FDVH��

:H�DOVR�H[HUFLVHG�WKH�WHVW�JHQHUDWLRQ�HQJLQH�DJDLQVW�WKH�VWDWH�H[SORVLRQ�
SUREOHP��:H�GHILQHG�D�VHTXHQFH�RI�*'/�PRGHOV�ZLWK�LQFUHDVLQJ�QXPEHUV�RI�
SDFNHW� QXPEHUV�� XVLQJ� WKH� IRXUWK� FRYHUDJH� FULWHULRQ� DQG� ZLWKRXW� WKH�
IRUELGGHQ�VWDWH�FRQVWUDLQW��:H�DOORZHG�*27&+$�WR�XVH�XS�WR�����0E\WHV�RI�
PHPRU\� GXULQJ� WHVW� JHQHUDWLRQ�� DQG� ZH� XVHG� WZR� RSWLRQV�� � ��F�� IRU�
FRPSDFWLQJ�VWDWHV��IRU�EHWWHU�PHPRU\�XVH���DQG�����G��IRU�GLVDEOLQJ�UXQWLPH�
FKHFNLQJ� �IRU� PRUH� UDSLG� WHVW� JHQHUDWLRQ��� 2XU� FRPSXWHU� LV� D� 3HQWLXP� ,,,�
����� 0+]�� ZLWK� ���� .%� RI� 5$0�� 7HVW� JHQHUDWLRQ� VXFFHHGHG� ZLWK� D�
PD[LPXP�SDFNHW�QXPEHU�RI�������ZKHUHDV�LW�IDLOHG�IRU������GXH�WR�ODFN�RI�
PHPRU\��:LWK� ����� SDFNHW� QXPEHUV�� ������� VWDWHV�ZHUH� H[SORUHG� LQ� ����
VHFRQGV�DQG�����WHVWV�ZHUH�JHQHUDWHG�LQ�������VHFRQGV���

:H� FRXOG� KDYH� LPSURYHG� WKHVH� ILJXUHV�� EXW� RQO\� DW� WKH� H[SHQVH� RI� WKH�
PRGHO
V�UHDGDELOLW\��7KURXJK�WKH�XVH�RI�LQYDULDQWV��ZH�HVWDEOLVKHG�WKDW�ERWK�
WKH�2'$7$3HQGLQJ�DQG�6303HQGLQJ�DUUD\V�FRXOG�EH�UHSODFHG�E\�WZR�ELWV�
RI� LQIRUPDWLRQ�� VLQFH� DW�PRVW�� RQH� HOHPHQW� LQ� HDFK� RI� WKHVH� DUUD\V� LV� HYHU�
758(� LQ� DQ\� JLYHQ� VWDWH��:KLOH� UHVWUXFWXULQJ� WKH�PRGHO� DORQJ� WKHVH� OLQHV�
HQDEOHV�JUHDWHU�VWDWH�VSDFH�H[SORUDWLRQ��WKH�PRGHO�ZLOO�QRW�EH�DV�HDV\�WR�UHDG��

��� 7(67�$5&+,7(&785(�$1'�(;(&87,21�

���� 7HVW�$UFKLWHFWXUH�

$Q�6'/�PRGHO��XVHG�DW�)UDQFH�7pOpFRP�5	'�IRU�SHUIRUPDQFH�VWXGLHV�RI�
3*0�� DXWRPDWLFDOO\� SURGXFHG� WKH� LPSOHPHQWDWLRQ� XQGHU� WHVW�� 6'/� LV� D�
VSHFLILFDWLRQ� ODQJXDJH� ZLGHO\� XVHG� IRU� VSHFLI\LQJ� WHOHFRPPXQLFDWLRQ�
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SURWRFROV�� ,W� GHILQHV� SURFHVVHV� WKDW� FRPPXQLFDWH� DV\QFKURQRXVO\� E\�
H[FKDQJLQJ�PHVVDJHV��7KH�DV\QFKURQRXV�EHKDYLRU�SRVHV�D�SUREOHP�IRU� WKH�
7&([HFXWRU�DOJRULWKP�LQ�ZKLFK�WKH�ILULQJ�RI�D�UXOH�UHSUHVHQWV�D�V\QFKURQRXV�
FRPPXQLFDWLRQ�EHWZHHQ�WKH�WHVWHU�DQG�WKH�LPSOHPHQWDWLRQ���

,Q�RXU�3*0�VHQGHU�PRGHO��ZH�GHILQHG�D��7LPH�SDVVHV��UXOH�WR�HQDEOH�WKH�
VHQGHU� WR� HPLW�PHVVDJHV�ZLWKRXW� VWLPXOXV� IURP� WKH� HQYLURQPHQW�� ,Q� 6'/��
WKLV�FRUUHVSRQGV�WR�D�VSRQWDQHRXV�HPLVVLRQ�IURP�WKH�VHQGHU�SURFHVV��6R��LQ�
6'/��LW�EHFRPHV�GLIILFXOW�WR�VD\�LI�D�VWLPXOXV�IURP�WKH�RXWVLGH�RU�D�SHQGLQJ�
HPLVVLRQ��GLUHFWO\�FDXVHG�WKH�VHQGHU
V�HPLVVLRQ��FRQWUDU\�WR�WKH�*'/�PRGHO�
ZKHUH�D��7LPH�SDVVHV��UXOH�KDG�WR�EH�LQWURGXFHG��

7R�VROYH�WKLV�SUREOHP��ZH�PRGLILHG�WKH�6'/�PRGHO�RI�WKH�VHQGHU�SURFHVV�
WR�HQVXUH�LW�RXWSXWV�RQO\�RQH�PHVVDJH�DW�D�WLPH��LQ�DQVZHU�WR�D�PHVVDJH�IURP�
LWV�HQYLURQPHQW��DQG�ZH�LQWURGXFHG�D�ILFWLWLRXV�PHVVDJH��FDOOHG�6<1&��WKDW�
FRUUHVSRQGV� WR� WKH� *'/� UXOH� �7LPH� SDVVHV��� ,Q� JHQHUDO�� LW� LV� QRW� JRRG�
SUDFWLFH�WR�PRGLI\�WKH�LPSOHPHQWDWLRQ�EHLQJ�WHVWHG��EXW�WKHVH�PRGLILFDWLRQV�
RQO\�DIIHFW�LWV�V\QFKURQL]DWLRQ�PRGH�DQG�QRW�WKH�ORJLF�RI�WKH�VHQGHU�SURFHVV��

:H� REWDLQHG� WKH� LPSOHPHQWDWLRQ� E\� XVLQJ� WKH� 2EMHFW*(2'(�� &� FRGH�
JHQHUDWLRQ� WRRO��7ZR�SURFHVVHV�ZHUH�FUHDWHG��RQH� IRU� WKH�3*0�VHQGHU�DQG�
DQRWKHU� RQH� WKDW� PRGHOV� LWV� HQYLURQPHQW�� 7KLV� VHFRQG� SURFHVV� FDQ� VHQG�
2'$7$�� 1$.�� DQG� 6<1&� PHVVDJHV� WR� WKH� 3*0� VHQGHU� SURFHVV� DQG� LW�
UHFRUGV� WKH�PHVVDJH�RXWSXW�E\� WKH�VHQGHU�SURFHVV��:KHQ� LW�VHQGV�2'$7$�
PHVVDJHV��WKH�HQYLURQPHQW�SOD\V�WKH�UROH�RI�WKH�RXWVLGH�DSSOLFDWLRQ��ZKHQ�LW�
VHQGV�1$.�DQG�6<1&�PHVVDJHV��LW�SOD\V�WKH�UROH�RI�RWKHU�SURFHVVHV�LQ�WKH�
3*0� SURWRFRO�� 7KH� &� OLEUDU\� SDUW� RI� WKH� 2EMHFW*(2'(� WRRO� HQVXUHV�
FRPPXQLFDWLRQ� EHWZHHQ� WKH� WZR� SURFHVVHV�� 7KH� 2EMHFW*(2'(� WRRO�
LPSOHPHQWV�WKH�6'/�VHPDQWLFV�RI�DV\QFKURQRXV�FRPPXQLFDWLRQ���

7KH� &� FRGH� WKDW� PRGHOV� WKH� HQYLURQPHQW� LV� MXVW� D� VNHOHWRQ� FUHDWHG� WR�
GULYH� WKH� SURJUDP� IURP� LWV� VWDQGDUG� LQSXW��:H�ZURWH� WKH� FRPPDQG� WR� ILUH�
HDFK�SRVVLEOH�RXWSXW�E\� VHQGLQJ� WKH� DSSURSULDWH� FRPPDQG�RQ� WKH�VWDQGDUG�
LQSXW�� 7KH� UHVXOWV�� QDPHO\� 2'$7$�� 5'$7$�� 630�� DQG� 1&)�� FDQ� EH�
REVHUYHG�ZLWK�DQRWKHU�HQYLURQPHQW�FRPPDQG�LVVXHG�RQ�VWDQGDUG�LQSXW�DQG�
UHDG�IURP�VWDQGDUG�RXWSXW��

���� 7HVW�([HFXWLRQ�

7KH�FRPSOHWH�WHVW�DUFKLWHFWXUH��VHH�)LJXUH����XVHV�WKHVH�WZR�&�SURFHVVHV�
DQG�IRUPV�WKH�OLQN�ZLWK�WKH�-DYD�ZRUOG�XVHG�E\�7&%HDQV��:H�ZURWH�D�-DYD�
VWXE� WR� FUHDWH� WKLV� OLQN�� 7KLV� VWXE� ODXQFKHV� WKH� WZR� &� SURFHVVHV� DQG�
FRPPXQLFDWHV� ZLWK� WKHP� E\� -DYD� VRFNHWV�� 7KH� VWXE� LQWHUDFWV� ZLWK� WKH�
LPSOHPHQWDWLRQ�XQGHU�WHVW�DQG�7&([HFXWRU�VWLPXODWHV�WKLV�VWXE�E\�IROORZLQJ�
WKH�VWHSV�LQ�WKH�DEVWUDFW�WHVW�VXLWH�JHQHUDWHG�E\�*27&+$��7KH�VWXE�PHWKRGV��
ZULWWHQ� LQ� -DYD�� FRUUHVSRQG� WR� WKH� GLIIHUHQW� *'/� PRGHO� UXOHV� DQG�
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FRPPXQLFDWH�ZLWK�WKH�&�SURFHVVHV�E\�VRFNHWV��6WXE�YDULDEOHV�FRUUHVSRQG�WR�
VWDWH�YDULDEOHV�LQ�WKH�*'/�PRGHO���7KH�VWXE�XSGDWHV�WKH�YDULDEOHV�WR�UHIOHFW�
WKH�LPSOHPHQWDWLRQ�UHVXOWV�DQG�7&([HFXWRU�DXWRPDWLFDOO\�FKHFNV�WKH�DFWXDO�
UHVXOWV�DJDLQVW�WKH�SUHGLFWHG�UHVXOWV�LQ�WKH�DEVWUDFW�WHVW�VXLWH��

�

7&([HFXWRU

-DYD�6WXE

(QYLURQPHQW

6HQGHU

7&([HFXWRU
&RPPXQLFDWLRQ

-DYD�6RFNHWV
&RPPXQLFDWLRQ

2EMHFW*(2'(
&RPPXQLFDWLRQ

-DYD�&RGH

&�&RGH

�

)LJXUH����7HVW�H[HFXWLRQ�DUFKLWHFWXUH�

7R� HQVXUH� V\QFKURQL]DWLRQ� EHWZHHQ� WKH� GLIIHUHQW� SURFHVVHV�� ZH�
LQWURGXFHG�D�GHOD\�PHFKDQLVP�LQ�WKH�-DYD�VWXE�ZKHQ�LW�FRPPXQLFDWHV�ZLWK�
WKH�&�SURFHVVHV��

7KH�LQLWLDO�H[HFXWLRQ�RI�WKH�WHVWV�SURGXFHG�PDQ\�HUURU�UHSRUWV��2Q�FORVHU�
H[DPLQDWLRQ��ZH�IRXQG�WKDW�DOO�WKH�HUURUV�ZHUH�WUDFHDEOH�WR�D�VLQJOH�SRLQW�RI�
GHYLDWLRQ� EHWZHHQ� WKH� *'/� PRGHO� DQG� WKH� LPSOHPHQWDWLRQ� RI� WKH� 6'/�
PRGHO�� ,Q� RQH� PRGHO�� WKH� SDFNHW� FRXQWHU� ZDV� LQFUHPHQWHG� EHIRUH� WHVWLQJ�
ZKHWKHU� WR� DGYDQFH� WKH� VOLGLQJ� ZLQGRZ�� ,Q� WKH� RWKHU� PRGHO� WKH� WHVW� ZDV�
SHUIRUPHG� EHIRUH� LQFUHPHQWLQJ� WKH� SDFNHW� FRXQWHU��$IWHU� FRUUHFWLRQ� RI� WKH�
*'/�PRGHO�DQG�D�QHZ�JHQHUDWLRQ�RI�WHVWV��WKH�WHVW�H[HFXWLRQ�GLG�QRW�H[SRVH�
DQ\�IXUWKHU�GLVFUHSDQFLHV�EHWZHHQ� WKH� LPSOHPHQWDWLRQ�DQG�WKH�PRGHO��7KLV�
UHVXOW�VKRXOG�QRW�EH�VHHQ�DV�H[SRVLQJ�D�IDXOW�LQ�WKH�PRGHO��EXW�UDWKHU�DV�
H[SRVLQJ�\HW�DQRWKHU�SRLQW�ZKHUH�WKH�VSHFLILFDWLRQ�LV�RSHQ�WR�PRUH�WKDQ�
RQH�LQWHUSUHWDWLRQ��
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��� 5(68/76�2)�7+(�678'<�

���� (YDOXDWLRQ�RI�WKH�0RGHOLQJ�/DQJXDJH�

7KH�*27&+$�'HILQLWLRQ�/DQJXDJH�UHSUHVHQWV�D�SDUWLFXODU�H[WUHPH�SRLQW�
RQ�WKH�OLQH�RI�FRPSURPLVHV�EHWZHHQ�H[SUHVVLYH�SRZHU�DQG�HDVH�RI�XVH��6LQFH�
*'/�XVHV�IHZ�FRQFHSWV��LW�LV�HDV\�WR�OHDUQ�DQG�WKXV��PRUH�UHDGLO\�DGRSWHG�E\�
LQGXVWULDO�WHVWLQJ�RUJDQL]DWLRQV���

7KH�PDLQ�DGYDQWDJHV�RI�*'/�DUH�����&RQFLVH�SURFHGXUDO�GHVFULSWLRQ�RI�
WKH� VWLPXOXV� DQG� UHVSRQVH� EHKDYLRU� RI� D� V\VWHP�� ���&RQYHQLHQW� GDWD� W\SHV�
LQFOXGLQJ� DUUD\V�� UHFRUGV�� DQG� HQXPHUDWHG� W\SHV� ZLWK� JRRG� HQFDSVXODWLRQ�
SURSHUWLHV�����(DV\�WR�UHDG�DQG�UHYLHZ�PRGHOV�ZLWK�GHYHORSHUV�IDPLOLDU�ZLWK�
DOPRVW� DQ\� SURJUDPPLQJ� ODQJXDJH�� ��� &OHDU� DQG� LQWXLWLYH� VLPXODWLRQ�
VHPDQWLFV��

*'/� VXIIHUV� IURP� VRPH� OLPLWDWLRQV� ZKHQ� PRGHOLQJ� ODUJH�VFDOH�
GLVWULEXWHG�DSSOLFDWLRQV��7KH�PRVW�LPSRUWDQW�OLPLWDWLRQV�DUH�����7KH�ODFN�RI�
V\QWD[� IRU�GHILQLQJ�SURFHVVHV� DQG�FRPPXQLFDWLRQ�EHWZHHQ�SURFHVVHV��7KLV�
OLPLWV�WKH�FRPSRVLWLRQDOLW\�RI�WKH�ODQJXDJH��ZKLFK�LV�LPSRUWDQW�IRU�PRGHOLQJ�
ODUJH�VFDOH�DSSOLFDWLRQV��,W�LV�SRVVLEOH�WR�PRGHO�FRPPXQLFDWLQJ�SURFHVVHV�LQ�
*'/��EXW�WKH�FRPPXQLFDWLRQV�PHGLD�PXVW�EH�H[SOLFLWO\�PRGHOHG��DV�RSSRVHG�
WR�WKH�FRQYHQLHQW�6'/�V\QWD[��ZKLFK�GHILQHV�SURFHVVHV�WKDW�FRPPXQLFDWH�E\�
H[FKDQJLQJ� PHVVDJHV� YLD� TXHXHV�� ��� 7KH� ODFN� RI� DQ\� WLPLQJ� FRQVWUXFWV��
ZKLFK� DUH�YLWDO� LQ� WKH�PRGHOLQJ�RI�GLVWULEXWHG� DSSOLFDWLRQV�� ���7KH� ODFN�RI�
G\QDPLF� GDWD� W\SHV�� ,Q� DQ\� REMHFW� RULHQWHG� V\VWHP�� WKH� XVH� RI� QHZ��� DQG�
GHOHWH���DV�SULPLWLYHV�LQ�WKH�PRGHOLQJ�ODQJXDJH�DUH�KLJKO\�GHVLUDEOH�����7KH�
UHTXLUHPHQW� IRU� ILQLWH� GDWD� W\SHV� WKDW� OHDG� WR� WKH� DEVXUGO\� VPDOO� FRQVWDQWV�
W\SLFDOO\� VHHQ� LQ�*'/�PRGHOV�����7KH� ODFN�RI�YLVXDO�PRGHOLQJ�YRFDEXODU\��
7KLV� LV� D� GRXEOH�HGJHG� VZRUG�� RQ� RQH� KDQG�� YLVXDO� PRGHOLQJ� LV� FXUUHQWO\�
H[WUHPHO\� SRSXODU�� KRZHYHU�� WKH� XVHIXOQHVV� RI� YLVXDO� PRGHOV� IRU� WHVW�
JHQHUDWLRQ�LV�VWLOO�DQ�XQUHVROYHG�TXHVWLRQ�GHVSLWH�WKH�UHVHDUFK�LQ�>��@�DQG�>��@��
���7KH�DGRSWLRQ�RI�0HDO\�PDFKLQHV�DV�RSSRVHG�WR�0RRUH�PDFKLQHV�UHTXLUHV�
RXWSXW� VLJQDOV� WR� EH� H[SUHVVHG� DV� VWDWH� YDULDEOHV� DQG� WKH� PHPRU\�
UHTXLUHPHQWV�RI�WKH�WRRO�DUH�XQQHFHVVDULO\�LQFUHDVHG���

���� 7HVW�*HQHUDWLRQ�DQG�([HFXWLRQ�

7KH� WHVW� JHQHUDWLRQ� DOJRULWKPV�ZHUH� VXFFHVVIXO� LQ� VROYLQJ� RXU� SUREOHP�
ZLWK�WKH�3*0�VHQGHU�SURFHVV��2XU�HYDOXDWLRQ�RI�WKH�OLPLWV�RI�WHVW�JHQHUDWLRQ��
FDXVHG� E\� WKH� VWDWH� H[SORVLRQ� SUREOHP�� VKRZV� WKDW� *27&+$� PDQDJHV�
LPSRUWDQW�VWDWH�JUDSKV��$Q��RQ�WKH�IO\��DOJRULWKP�IRU�WHVW�JHQHUDWLRQ�FDQ�DOVR�
EH�XVHG��EXW�ZH�KDYH�QRW�HYDOXDWHG�LW��:H�ILQG�WKH�WHVWLQJ�GLUHFWLYHV�ODQJXDJH�
WR�EH�SDUWLFXODUO\�ULFK��HYHQ�LI�ZH�KDYH�QRW�XVHG�LWV�IXOO�SRZHU��
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*27&+$�7&%HDQV� FDQ� EH� XVHG� WR� JHQHUDWH� WHVWV� IRU� DSSOLFDWLRQV� WKDW�
H[KLELW� WLPH�GULYHQ�EHKDYLRU�DQG�UHTXLUH�V\QFKURQL]DWLRQ�GXULQJ�H[HFXWLRQ���
*27&+$�FDQ�PRGHO�WLPH�GULYHQ�EHKDYLRU�E\�LQWURGXFLQJ�UXOHV�WKDW�UHODWH�WR�
WKH�SDVVDJH�RI�WLPH�DQG�WKHLU�RXWFRPH��+RZHYHU��WKHUH�DUH�QR�H[SOLFLW�WLPHU�
SULPLWLYHV��6\QFKURQL]DWLRQ�GXULQJ�H[HFXWLRQ�LV�PRUH�GLIILFXOW�DQG�WKHUH�DUH�
GLIIHUHQW� DSSURDFKHV� WR� VROYH� WKH� SUREOHP�� � 7KH� VROXWLRQV� GHSHQG� WR�ZKDW�
H[WHQW�WKH�WHVWHU�FDQ�FRQWURO�RU�REVHUYH�LPSOHPHQWDWLRQ�HYHQWV�DQG�WKH�W\SH�
RI� V\QFKURQL]DWLRQ�EHWZHHQ� WKH� HYHQWV��)RU� LQVWDQFH�� OHW� XV� DVVXPH�ZH�DUH�
WHVWLQJ�D�VLPSOH�SURWRFRO�WKDW�VHQGV�PHVVDJHV�EHWZHHQ�WZR�QRGHV�;�DQG�<��
EXW�ZH�GR�QRW�NQRZ�LQ�DGYDQFH�ZKHQ�DQG�LI�WKH�PHVVDJH�DFNQRZOHGJHPHQWV�
DUH�UHWXUQHG�� ,I� WKH� WHVWHU�FDQ�FRQWURO�ZKHQ�;�VHQGV�PHVVDJHV�DQG�ZKHQ�<�
LVVXHV� WKH� DFNQRZOHGJHPHQWV�� WKH� SUREOHP� KDV� D� VWUDLJKWIRUZDUG� VROXWLRQ���
+RZHYHU�� OHW� XV� DVVXPH� WKDW� WKH� WHVWHU� LV� RQO\� DEOH� WR� REVHUYH� WKH�
DFNQRZOHGJHPHQWV� DQG� LW� LV� UHTXLUHG� WR� ZDLW� IRU� WKHVH� DFNQRZOHGJHPHQWV�
EHIRUH�SURFHHGLQJ�WR�WKH�QH[W�VWHS�LQ�D�WHVW�FDVH���,Q�WKLV�FDVH��WKH�WHVWHU�PXVW�
FRGH� WKH� ZDLWV� LQWR� WKH� -DYD� FODVVHV� XVHG� WR� LQWHUIDFH� ZLWK� WKH�
LPSOHPHQWDWLRQ���+RZHYHU��WKH�SURWRFRO�FRXOG�EH�PRUH�FRPSOLFDWHG��DV�LV�WKH�
FDVH� ZLWK� 3*0�� DQG� WKH� WHVWHU� ZRXOG� KDYH� WR� FRGH� PRUH� FRPSOH[�
V\QFKURQL]DWLRQ�PHFKDQLVPV���)RU�LQVWDQFH��LQ�3*0�PXOWLSOH�HYHQWV�PD\�EH�
RXWVWDQGLQJ�VR�WKH�WHVWHU�KDV�WR�LPSOHPHQW�D�V\QFKURQL]DWLRQ�EXIIHU�WR�TXHXH�
WKH�UHVSRQVHV�EHIRUH�7&([HFXWRU�FKHFNV�WKH�UHVXOWV�RU�LVVXHV�DQRWKHU�VLJQDO�
WR�WKH�LPSOHPHQWDWLRQ���

���� ,PSOLFDWLRQV�IRU�WKH�$*(',6�SURMHFW�

,Q� UHFHQW� \HDUV�� VRIWZDUH�PRGHOLQJ� KDV� HQMR\HG�JUHDW�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�WHVW�VXLWHV�KDV�
DOVR� EHHQ� UHSRUWHG� LQ� ERWK� DFDGHPLF� VHWWLQJV� �H�J��� >��@� DQG� >���@��� DQG� LQ�
SUDFWLFDO�H[SHULPHQWV��H�J���>��@��>���@��DQG�>���@���+RZHYHU��WKH�DGRSWLRQ�RI�D�
VSHFLILFDWLRQ� EDVHG�PRGHOLQJ� VWUDWHJ\� IRU� JHQHUDWLQJ� WHVW� VXLWHV� KDV� \HW� WR�
JDLQ� LQGXVWULDO� PRPHQWXP�� $*(',6� DLPV� WR� FUHDWH� D� PRGHO�EDVHG�
PHWKRGRORJ\�DQG�VHW�RI�WRROV�IRU�DXWRPDWHG�WHVW�JHQHUDWLRQ�DQG�H[HFXWLRQ�IRU�
XVH�LQ�LQGXVWULDO�VRIWZDUH�GHYHORSPHQW��

7KLV� FDVH� VWXG\� DQG� DQRWKHU� VWXG\�� XVLQJ� GLIIHUHQW� WHVW� JHQHUDWLRQ� DQG�
H[HFXWLRQ� WHFKQLTXHV�� VHUYH� WR� WRXJKHQ� WKH� UHTXLUHPHQWV� RQ� WKH� $*(',6�
PRGHOLQJ�ODQJXDJH�DQG�WRROV��7KH�VHFRQG�FDVH�VWXG\�XVHG�WKH�WHVW�JHQHUDWLRQ�
WRRO�7*9�>���@�9HULPDJ�DQG�,ULVD�RQ�WKH�VSHFLILFDWLRQ�RI�D�FRPSRQHQW�RI�D�
WUDQVSRUWDWLRQ� PDQDJHPHQW� V\VWHP� LPSOHPHQWHG� E\� ,QWUDVRIW� ,QWHUQDWLRQDO�
IRU�WKH�(XURSHDQ�8QLRQ��

*27&+$�SURYLGHV�D�IOH[LEOH�VSHFLILFDWLRQ�HQYLURQPHQW��,I�WKH�ODQJXDJH�
GRHV�QRW�KDYH�D�VSHFLILF�FRQVWUXFW��\RX�FDQ�FUHDWH�LW��)RU�LQVWDQFH��*27&+$�



0RGHO�EDVHG�7HVWLQJ�RI�WKH�3*0�3URWRFRO� ��
�
GRHV� QRW� SURYLGH� FRPPXQLFDWLQJ� SURFHVVHV� SULPLWLYHV�� EXW� \RX� FDQ�PRGHO�
WKHP� ZLWK� SURFHVV� SURJUDP� FRXQWHUV� WKDW� FRQWURO� ZKHQ� UXOHV� DUH� ILUHG��
/LNHZLVH��*27&+$�GRHV�QRW�SURYLGH� WLPHU�SULPLWLYHV��EXW�\RX�FDQ�PRGHO�
ERWK�D�JOREDO�WLPHU�DQG�D�ORFDO�WLPHU�WR�VLJQDO�WLPHRXW�DODUPV�WKDW�FRQWURO�WKH�
ILULQJ�RI�UXOHV��6LQFH�ZH�FDQQRW�SUHGLFW�DOO�RI�WKH�PRGHOLQJ�UHTXLUHPHQWV��LW�LV�
LPSRUWDQW�WKDW�WKH�$*(',6�ODQJXDJH�SUHVHUYHV�WKLV�W\SH�RI�IOH[LELOLW\��

,Q�VSLWH�RI�WKH�IDFW�WKDW�WKH�*27&+$�ODQJXDJH�LV�TXLWH�H[SUHVVLYH��LW�LV�
HDV\�WR�OHDUQ��7KH�3*0�WHVWHU�OHDUQHG�WKH�ODQJXDJH�LQ�D�IHZ�GD\V��UHO\LQJ�RQ�
WKH�XVHU
V�PDQXDO�DQG�VRPH�DVVLVWDQFH�IURP�WKH�WRRO�RZQHUV��,Q�WKLV�FDVH��WKH�
WHVWHU� ZDV� D� TXDOLILHG� FRPSXWHU� VFLHQWLVW�� KRZHYHU�� ZH� KDYH� VHHQ� OHVV�
TXDOLILHG� WHVWHUV� OHDUQ� *27&+$� ZLWK� D� ZHHN� RI� FRDFKLQJ�� 7KH� HDVH� RI�
OHDUQLQJ� LV� DQ� LPSRUWDQW� IDFWRU� WR� NHHS� LQ� PLQG� ZKHQ� IRUPXODWLQJ� WKH�
$*(',6�PRGHOLQJ�ODQJXDJH��

7KH� ODQJXDJH� IRU� H[SUHVVLQJ� WHVW� JHQHUDWLRQ� GLUHFWLYHV� LV� XVHIXO� DQG�
SURYLGHV� WKH�PHDQV� IRU� FUHDWLQJ� DQ� DEVWUDFW� OLVW� RI� FRYHUDJH� WDVNV� DQG� WKH�
DELOLW\�WR�IRFXV�WKH�WHVW�VXLWH�RQ�SDUWLFXODU�DVSHFWV�RI�WKH�LPSOHPHQWDWLRQ��

$OWKRXJK� *27&+$� DOORZV� IRU� WKH� PRGHOLQJ� RI� WLPHUV� DQG� SURFHVVHV��
WKH\�GR�QRW�H[LVW�DV�SDUW�RI�WKH�ODQJXDJH��7KHVH�VWUXFWXUHV�DUH�XELTXLWRXV�LQ�
GLVWULEXWHG�VRIWZDUH�VR�LW�LV�GHVLUDEOH�WR�SURYLGH�VRPH�JHQHULF�ZD\�WR�GHILQH�
WKHP�� ,Q� SDUWLFXODU�� ZH� UHFRPPHQG� WKDW� WKH� $*(',6� PRGHOLQJ� ODQJXDJH�
PDNH� LW� HDV\� WR� H[SUHVV�� ��� 7KH� FUHDWLRQ�� GHVWUXFWLRQ�� DQG� TXLHVFHQFH� RI�
SURFHVVHV�����$�SURFHVV�WR�VHW�D�WLPHU�DQG�JR�WR�VOHHS�XQWLO�LW�H[SLUHV�����7KH�
DELOLW\�IRU�WLPHUV�IRU�GLIIHUHQW�SURFHVVHV�WR�ZRUN�WRJHWKHU�����7KH�DELOLW\�IRU�D�
SURFHVV� WR� ZDLW� IRU� D� VLJQDO� IURP� DQRWKHU� SURFHVV� DQG�RU� WLPHRXW�� ��� 7KH�
DELOLW\�IRU�PRUH�WKDQ�RQH�SURFHVV�WR�ILUH�HYHQWV�FRQFXUUHQWO\��

7KH�$*(',6� H[HFXWLRQ� HQJLQH� VKRXOG� VXSSRUW� DV\QFKURQRXV� EHKDYLRU��
LQFOXGLQJ�� ���*OREDO� GHOD\V� IRU� VHQGLQJ� VLJQDOV� RU� UHFHLYLQJ� UHVSRQVHV�� ���
/RFDO�GHOD\V�IRU�VHQGLQJ�D�SDUWLFXODU�VLJQDO�RU�UHFHLYLQJ�D�VSHFLILF�UHVSRQVH��
���$�V\QFKURQL]DWLRQ�PHFKDQLVP�WR�ZDLW�IRU�REVHUYHG�LPSOHPHQWDWLRQ�HYHQWV�
EHIRUH�VHQGLQJ�D�SDUWLFXODU�VLJQDO�RU�UHFHLYLQJ�D�VSHFLILF�UHVSRQVH�����$�OLVW�
RI�REVHUYHG� LPSOHPHQWDWLRQ�HYHQWV� WR�EH�FRQVLGHUHG�DV�FRUUHFW�� LJQRUHG��RU�
HUURQHRXV�ZKLOH�ZDLWLQJ�IRU�UHVSRQVH��

���� &RQFOXVLRQ�

�%\�ILQGLQJ�WZR�SRLQWV�LQ�WKH�,(7)�SURSRVDO�WKDW�DUH�RSHQ�WR�REVHUYDEO\�
GLIIHUHQW� LPSOHPHQWDWLRQV��ZH�KDYH�GHPRQVWUDWHG� WKH�XVHIXOQHVV�RI�PRGHO�
EDVHG� WHVWLQJ� LQ� WKH� DQDO\VLV� RI� D� FRPPXQLFDWLRQ� SURWRFRO��:H� KDYH� DOVR�
FRPSLOHG�D�OLVW�RI�WRROVHW�UHTXLUHPHQWV�WKDW�ZLOO�EH�PRUH�DSSURSULDWH�IRU�VXFK�
WDVNV� LQ� WKH� IXWXUH�� :H� EHOLHYH� WKDW� WKH� NH\� WR� LQGXVWULDO� DGRSWLRQ� RI�
DXWRPDWHG�PRGHO�EDVHG�WHVWLQJ�OLHV�LQ�WKH�DYDLODELOLW\�RI�DQ�LQWHJUDWHG�WRROVHW�
WKDW�FRPSULVHV�DSSURSULDWH�PRGHOLQJ��JHQHUDWLRQ��DQG�H[HFXWLRQ�WRROV��
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�
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7KLV� VWXG\� LV�SDUW�RI� WKH�$*(',6�SURMHFW��ZKLFK� LV�SDUWLDOO\� IXQGHG�E\�
WKH� (XURSHDQ� &RPPLVVLRQ� XQGHU� WKH� )LIWK� )UDPHZRUN� $JUHHPHQW�� 7KH�
SDUWQHUV� LQ� WKH� $*(',6� FRQVRUWLXP� DUH� ,%0� ,VUDHO�� )UDQFH� 7HOHFRP��
9HULPDJ�/DERUDWRULHV��,QWUDVRIW�,QWHUQDWLRQDO��2[IRUG�8QLYHUVLW\��LPEXV�6$��
DQG�,%0�8.��

:H� DOVR� DFNQRZOHGJH� WKH� LQGLYLGXDO� FRQWULEXWLRQV� RI� 7KLHUU\� -HURQ��
/DXUHQW�0RXQLHU��$QGUHL�.LUVKLQ��6HUJH\�2OYRYVN\��DQG�2ULW�(GHOVWHLQ��ZLWK�
ZKRP�ZH�KDYH�KDG�YDOXDEOH�GLVFXVVLRQV��

5()(5(1&(6�

��� 7KH�$*(',6�&RQVRUWLXP��KWWS���ZZZ�DJHGLV�GH��
��� $ODQ�+DUWPDQ�DQG�.HQQHWK�1DJLQ�*27&+$�7&%HDQV�7RRO�2YHUYLHZ��5HOHDVH�

������������
KWWS���ZZZ�KDLID�LO�LEP�FRP�SURMHFWV�YHULILFDWLRQ�JWFE�GRFXPHQWDWLRQ�KWPO���

��� 7RQ\�6SHDNPDQ�HW��DO��3UDJPDWLF�*HQHUDO�0XOWLFDVW��
KWWS���ZZZ�DPDUDQWK�FRP�LHWI�GUDIWV�GUDIW�VSHDNPDQ�SJP�VSHF����W[W�

��� -��(��+RSFURIW�DQG�-��'��8OOPDQ��,QWURGXFWLRQ�WR�$XWRPDWD�7KHRU\��/DQJXDJHV��DQG�
&RPSXWDWLRQ��$GGLVRQ�:HVOH\��������

��� 'DYLG�'LOO��0XU �'HVFULSWLRQ�/DQJXDJH�DQG�9HULILHU��
KWWS���VSURXW�VWDQIRUG�HGX�GLOO�PXUSKL�KWPO���

��� ,QWHUQDWLRQDO�7HOHFRPPXQLFDWLRQV�8QLRQ�6WDQGDUG�=������6SHFLILFDWLRQ�DQG�
'HVFULSWLRQ�/DQJXDJH��KWWS���ZZZ�LWX�LQW�LWXGRF�LWX�W�UHF�]�]����KWPO���

��� 7HOHORJLF�,QF��2%-(&7*HRGH��KWWS���ZZZ�WHOHORJLF�VH�SURGXFWV�REMHFWJHRGH����
��� /��$SIHOEDXP�DQG�-��'R\OH��0RGHO�EDVHG�7HVWLQJ��3URFHHGLQJV�RI�WKH���WK�

,QWHUQDWLRQDO�6RIWZDUH�4XDOLW\�:HHN��4:����0D\�������
��� -��2IIXWW�DQG�$��$EGXUD]LN��*HQHUDWLQJ�7HVWV�IURP�80/�6SHFLILFDWLRQV��6HFRQG�

,QWHUQDWLRQDO�&RQIHUHQFH�RQ�WKH�8QLILHG�0RGHOLQJ�/DQJXDJH��80/������������
���� *��%RRFK��2EMHFW�2ULHQWHG�$QDO\VLV�DQG�'HVLJQ�ZLWK�$SSOLFDWLRQV��

%HQMDPLQ�&XPPLQJV���QG�HGLWLRQ���������
���� -��+DUWPDQQ��&��,PREHUGRUI��DQG�0��0HLVLQJHU��³80/�EDVHG�,QWHJUDWLRQ�7HVWLQJ´�

LQ�3URFHHGLQJV�RI�,667$�������
���� -��0��&ODUNH��$XWRPDWHG�7HVW�*HQHUDWLRQ�)URP�D�%HKDYLRUDO�0RGHO��3URFHHGLQJV�RI�

WKH���WK�,QWHUQDWLRQDO�6RIWZDUH�4XDOLW\�:HHN��4:����0D\�������
���� 5��0��3RVWRQ��$XWRPDWHG�7HVWLQJ�)URP�2EMHFW�0RGHOV��&RPPXQLFDWLRQV�RI�WKH�

$&0��6HSWHPEHU��������������
���� 7��-HURQ�DQG�3��0RUHO��7HVW�*HQHUDWLRQ�'HULYHG�IURP�0RGHO�FKHFNLQJ��LQ�

3URFHHGLQJV�RI�&$9����7UHQWR�,WDO\���HGV��1��+DOEZDFKV�DQG�'��3HOHG��6SULQJHU�
9HUODJ�/1&6����������������������


