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$�WHVW�VXLWH�IRU�WKH�ERXQGHG�EXIIHU�FRXOG�FRQVLVW�RI�WKH�IROORZLQJ�

WHVW�FDVHV��

7HVW&DVH����VWDUW��G�2.���G�2.���G�IDLO���Z�2.���Z�2.���Z�IDLO���

7HVW&DVH����VWDUW��Z�IDLO���G�2.���Z�2.���G�2.���

(DFK� WHVW� FDVH� LV� VSHFLILHG� E\� D� VWDUW� FRPPDQG� IROORZHG� E\� D�

VHTXHQFH�RI�DFWLRQV�DQG�WKH�H[SHFWHG�UHVSRQVH�LQ�SDUHQWKHVHV��

���� 7HVW�6XLWH�&RVW�
,Q� LQGXVWULDO� VHWWLQJV�� WKH� WHVWLQJ�RI�DQ�DSSOLFDWLRQ� LV�FRQVWUDLQHG�

E\�WKH�UHVRXUFHV�DYDLODEOH��7KH�DLP�RI�WHVWLQJ�LV�WKXV�WR�UHGXFH�WKH�

ULVN� RI� GHIHFWV� EHLQJ� UHOHDVHG� WR� FXVWRPHUV� ZKLOH� QRW� H[FHHGLQJ�

WKH�WLPH�DQG�PDWHULDO�FRQVWUDLQWV�DYDLODEOH�WR�WKH�WHVWHUV��

:H�PRGHO� WKH�FRVW�RI� H[HFXWLQJ�D� WHVW�VXLWH�6��ZKLFK�FRQWDLQV�Q�
WHVW�FDVHV�ZLWK�WL�WUDQVLWLRQV�LQ�WKH�L�WK�WHVW�FDVH�DV�IROORZV��

¦�� 
L
W&Q%$6&RVW �� �

7KLV�FRVW�IXQFWLRQ�DVVXPHV�WKDW�WKHUH�LV�D�IL[HG�FRVW�$��DVVRFLDWHG�
ZLWK�FDUU\LQJ�RXW�WKH�WHVW��DQG�WKDW�WKH�VHW�XS�FRVW�%��IRU�HDFK�WHVW�
FDVH��DQG�WKH�FRVW�&��RI�H[HFXWLQJ�HDFK�WUDQVLWLRQ�� LV�XQLIRUP�IRU�

HDFK� WHVW� FDVH� DQG� WUDQVLWLRQ�� 7KH� FRVW� RI� WKH� WHVW� VXLWH� IRU� WKH�

ERXQGHG�EXIIHU�JLYHQ�DERYH�LV�WKXV�$����%�����&��

7KH�FDSDFLW\�RI�D�WHVW�VXLWH�IRU�ILQGLQJ�EXJV�LV�PXFK�PRUH�GLIILFXOW�

WR�PHDVXUH��KRZHYHU�RQH�FDQ�FRPSDUH�WKH�OLVWV�RI�FRYHUDJH�WDVNV�

XVHG� WR� FUHDWH� WKH� WHVW� VXLWH�� ,I� D� OLVW� RI� FRYHUDJH� WDVNV� SURSHUO\�

FRQWDLQV�DQRWKHU�� WKHQ� LW� LV� OLNHO\� WKDW� WKH� WHVW�VXLWH�JHQHUDWHG�IRU�

WKH� ODUJHU� VHW� RI� WDVNV� ZLOO�� RQ� DYHUDJH�� GHWHFW� DW� OHDVW� DV� PDQ\�

EXJV�DV�WKH�VXLWH�JHQHUDWHG�IRU�WKH�VPDOOHU�VHW�RI�WDVNV��

��� &29(5$*(�&5,7(5,$�
0RVW� RI� WKH� OLWHUDWXUH� FRQFHUQLQJ� )60� WHVW� JHQHUDWLRQ� GLVFXVVHV�

WKH� JHQHUDWLRQ�RI� WHVW� VHTXHQFHV�� HLWKHU� RQ� WKH� EDVLV� RI� VWDWH�DQG�

WUDQVLWLRQ�FRYHUDJH��RU�RQ�WKH�EDVLV�RI�D�VHW�RI�WHVW�SXUSRVHV�FUDIWHG�

LQGLYLGXDOO\�IRU�HDFK�WHVW�FDVH��7KH�ILUVW�DSSURDFK�RIWHQ�OHDGV�WR�DQ�

XQDFFHSWDEO\�ODUJH�VXLWH�RI�WHVW�FDVHV��ZKLOH�WKH�VHFRQG�UHTXLUHV�D�

ODUJH� DPRXQW� RI� ZRUN� DQG� H[SHUWLVH� RQ� WKH� SDUW� RI� WKH� WHVW�

HQJLQHHU��:H�SURSRVH�D�FRPSURPLVH�EHWZHHQ�WKHVH�WZR�H[WUHPHV��

ZKHUHE\� WKH� HQJLQHHU� IRFXVHV� WKH� WHVW� VXLWH� RQ� SDUWLFXODU� VWDWH�

YDULDEOHV�� RXWSXW� UHVXOWV�� RU� FRQWURO� VWDWHV�� DQG� FRPELQDWLRQV� RI�

WKHVH� HOHPHQWV��0RUHRYHU�� LQ� WKH� FRQWH[W� RI� RXU� JUDSK�� DOO� WKHVH�

DVSHFWV�DUH�WUHDWHG�XQLIRUPO\�XVLQJ�WKH�QRWLRQ�RI�D�SURMHFWHG�VWDWH�

PDFKLQH��

2XU� WHVW� JHQHUDWLRQ� WRRO� *27&+$� �>�@� SURYLGHV� D� VLPSOH�

SURJUDPPLQJ�LQWHUIDFH�WR�VSHFLI\�FRYHUDJH�RI�YDULRXV�SURMHFWLRQV�

RI� WKH� VWDWH� JUDSK�RI�DQ�()60��1RWH� WKDW�D� WHVW� FDVH� LV� D�SDWK� LQ�

WKH�IXOO�VWDWH�JUDSK��QRW�LQ�D�SURMHFWLRQ��VLQFH�SDWKV�LQ�D�SURMHFWHG�

VWDWH� JUDSK� PD\� QRW� FRUUHVSRQG� WR� H[HFXWDEOH� VHTXHQFHV� RI� WKH�

VRIWZDUH�� :H� XVH� WKH� SURMHFWHG� VWDWH� JUDSK� DV� FRQYHQLHQW�

VKRUWKDQG�IRU�GHVFULELQJ�VHWV�RI�FRYHUDJH�WDVNV��

���� 3URMHFWHG�6WDWH�&RYHUDJH�
$� SURMHFWHG� VWDWH� FRYHUDJH� FULWHULRQ� LV� VSHFLILHG� LQ� *27&+$�

XVLQJ�WKH�IROORZLQJ�V\QWD[��

&&B�6WDWHB3URMHFWLRQ��ERROH[SU!�21��H[SUOLVW!�

7KH��ERROH[SU!�WRNHQ�FDQ�EH�UHSODFHG�E\�DQ\�%RROHDQ�H[SUHVVLRQ�

LQ� WKH� VWDWH� YDULDEOHV�� UHVXOW� ILHOGV�� RU� FRQWURO� VWDWHV�� DQG� WKH�

�H[SUOLVW!�WRNHQ�FDQ�EH�UHSODFHG�E\�DQ\�VHPL�FRORQ�VHSDUDWHG�OLVW�

RI�H[SUHVVLRQV��QRW�QHFHVVDULO\�%RROHDQ�� LQ� WKHVH�VDPH�YDULDEOHV��

7KH�V\QWD[�WKDW�ZH�XVH�RU�H[SUHVVLRQV�LV�WKH�0XU �V\QWD[�GHILQHG�

LQ� �>�@�� ,W� DOORZV� IRU� PRVW� DULWKPHWLF� DQG� ORJLFDO� RSHUDWRUV�

LQFOXGLQJ�TXDQWLILFDWLRQ���EXW�RQO\�RYHU�ILQLWH�GRPDLQV��

7KH�SURMHFWHG� VWDWH�FULWHULRQ�DVNV� WKH� WHVW�JHQHUDWRU� WR�JHQHUDWH�D�

WHVW�FDVH�FRQWDLQLQJ�D�UHSUHVHQWDWLYH�RI�HDFK�SURMHFWHG�VWDWH�LQ�WKH�

()60� SURMHFWHG� RQWR� WKH� H[SUHVVLRQV� LQ� WKH� OLVW�� SURYLGHG� WKH�

YDULDEOHV�VDWLVI\�WKH�%RROHDQ�H[SUHVVLRQ��)RU�H[DPSOH��

&&B6WDWHB3URMHFWLRQ�758(�21�DFWLRQ��UHVSRQVH�

DVNV� IRU� D� VHW�RI� WHVW� FDVHV�� RQH�SDVVLQJ� WKURXJK�HDFK�RI� WKH� ILYH�

VWDWHV� LQ� WKH� SURMHFWHG� VWDWH�PDFKLQH� LOOXVWUDWHG� LQ� )LJXUH� ���7KH�

SURMHFWHG�VWDWH�FRYHUDJH�WDVN��ZLWKGUDZ��2.��PD\�EH�UHSUHVHQWHG�

ZLWK� EXIIHU� HTXDO� WR� �� RU� ��� DQG� WKLV� YDOXH� ZLOO� EH� FKRVHQ� DW�

UDQGRP��



7KH�IROORZLQJ�H[DPSOH�LOOXVWUDWHV�WKH�XVH�RI�H[SUHVVLRQV�WR�FUHDWH�

PRUH�FRPSOH[�SURMHFWLRQV��

&&B�6WDWHB3URMHFWLRQ�YDU�!��21�YDU���YDU��YDU���

DVNV� IRU� D� VHW� RI� WHVW� FDVHV�� RQH� IRU� HDFK� UHDFKDEOH� LQVWDQFH�RI� D�

SURMHFWHG�VWDWH�ZKHUH�YDU��LV�SRVLWLYH��DQG�SURMHFWLQJ�RQWR�WKH�WZR�

YDOXHV�RI�YDU��DQG�WKH�VXP�RI�YDU��DQG�YDU���,I�HDFK�RI�YDU���YDU���

DQG� YDU�� KDYH� GRPDLQ� ^�����`�� WKHUH� DUH� WHQ� SRWHQWLDO� FRYHUDJH�

WDVNV��VLQFH�YDU��FDQ�WDNH�WKH�WZR�YDOXHV�^���`��DQG�YDU��YDU��FDQ�

WDNH� DQ\� YDOXH� LQ� WKH� VHW� ^���������`�� 7KH� LQVWDQWLDWLRQ� RI� WKH�

UHPDLQLQJ� YDULDEOHV� LV� UDQGRPL]HG�� ZLWK� HTXDO� SUREDELOLW\� RI�

WHVWLQJ�DQ\�UHDFKDEOH�VWDWH�LQ�WKH�HTXLYDOHQFH�FODVV�RI�WKH�FRYHUDJH�

WDVN��7KH�UDQGRPL]DWLRQ�DOJRULWKP�LV�JLYHQ�LQ�6HFWLRQ����

���� 3URMHFWHG�7UDQVLWLRQ�&RYHUDJH�
$�SURMHFWHG�WUDQVLWLRQ�FRYHUDJH�FULWHULRQ�LV�VSHFLILHG�LQ�*27&+$�

XVLQJ�WKH�IROORZLQJ�V\QWD[��

&&B�7UDQVLWLRQB3URMHFWLRQ�)520��ERROH[SU!�21��H[SUOLVW!�72�

�ERROH[SU!�21��H[SUOLVW!�

7KLV� DOORZV� WKH� XVH� RI� GLIIHUHQW� SURMHFWLRQV� DQG� VXEVHWWLQJ�

%RROHDQ� H[SUHVVLRQV� IRU� WKH� VRXUFH� DQG� WDUJHW� VWDWHV� LQ� D�

WUDQVLWLRQ��7KLV�FULWHULRQ�DVNV� WKH� WHVW�JHQHUDWRU�WR�JHQHUDWH�D� WHVW�

FDVH�FRQWDLQLQJ�D�UHSUHVHQWDWLYH�RI�HDFK�SURMHFWHG�WUDQVLWLRQ�LQ�WKH�

()60� SURMHFWHG� RQWR� WKH� H[SUHVVLRQV� LQ� WKH� OLVW�� SURYLGHG� WKH�

YDULDEOHV�VDWLVI\�WKH�%RROHDQ�H[SUHVVLRQ���

)RU�H[DPSOH��DSSO\LQJ�WKH�FULWHULRQ��

&&B7UDQVLWLRQB3RMHFWLRQ� )520� 758(� 21� DFWLRQ�� 72� 758(�

21�DFWLRQ��UHVSRQVH��

WR� WKH� ERXQGHG� EXIIHU� H[DPSOH��ZRXOG� SURGXFH� D� WHVW� VXLWH�ZLWK�

UHSUHVHQWDWLYHV�RI�WKH�HLJKW�SURMHFWHG�WUDQVLWLRQV�ZKLFK�FRUUHVSRQG�

SUHFLVHO\� WR� WKH� &63(��� YDOLGLW\� FRQVWUDLQWV� ZLWK� REVHUYDEOH�

HYHQWV� VWDUW�� GHSRVLW�� DQG�ZLWKGUDZ� �VHH� 7DEOH� ���� 7KH� RWKHU� WHQ�

SRVVLEOH� SURMHFWHG� WUDQVLWLRQV� GR� QRW� RFFXU� LQ� WKH� VWDWH�PDFKLQH��

)XUWKHUPRUH�� WKH� WUDQVLWLRQ� FKRVHQ� WR� UHSUHVHQW� �ZLWKGUDZ� �

GHSRVLW��2.��ZRXOG�EH� VHOHFWHG�DW� UDQGRP�IURP�DPRQJ�WKH�WKUHH�

SRVVLEOH�WUDQVLWLRQV�LQ�WKH�IXOO�()60���

)URP� 7R�

VWDUW� GHSRVLW��2.�

VWDUW� ZLWKGUDZ��IDLO�

GHSRVLW� ZLWKGUDZ��2.�

GHSRVLW� GHSRVLW��2.�

GHSRVLW� GHSRVLW��IDLO�

ZLWKGUDZ� GHSRVLW��2.�

ZLWKGUDZ� ZLWKGUDZ��2.�

ZLWKGUDZ� ZLWKGUDZ��IDLO�

7DEOH����7UDQVLWLRQ�FRYHUDJH�WDVNV�IRU�WKH�ERXQGHG�EXIIHU�

7KH� WHVW� VXLWH� JLYHQ� LQ� 6HFWLRQ� ����� FRYHUV� HDFK� RI� WKH� WDVNV�

GHVFULEHG� LQ� 7DEOH� ��� 7KH� QRWDWLRQ� XVHG� LQ� WKH� WKLUG� FROXPQ� LV�

&DUYHU�DQG�7DL¶V��

��� 7(67�&21675$,176�
7KH�PRVW� FRPPRQ�GUDZEDFN� DVVRFLDWHG�ZLWK�()60�PRGHOLQJ� LV�

WKH�VWDWH�H[SORVLRQ�SUREOHP��7KH�DGYRFDWHV�RI� V\PEROLF� WUDYHUVDO�

�H�J���>�@��DQG�H[SOLFLW�WUDYHUVDO��H�J���>�@��PDNH�YDULRXV�FODLPV��EXW�

ERWK� RI� WKHVH� WHFKQLTXHV� VXIIHU� IURP� ZRUVW�FDVH� EHKDYLRU� WKDW�

UHTXLUHV�H[SRQHQWLDOO\�ODUJH�DPRXQWV�RI�VSDFH��:H�GR�QRW�FODLP�WR�

VROYH�WKLV�SUREOHP��EXW�ZH�SURYLGH�RXU�WHVW�JHQHUDWRU�ZLWK�WRROV�WR�

FRQWURO�WKH�H[SORUDWLRQ�RI�DOO�UHDFKDEOH�VWDWHV��7KHVH�WRROV�UHTXLUH�

VRPH�H[SHUWLVH�RQ�WKH�SDUW�RI�WKH�XVHU��EXW�WKH\�GR�QRW�UHTXLUH�WKH�

XVHU�WR�OHDUQ�WKH�YRFDEXODU\�RI�WHPSRUDO�ORJLF�VLQFH�WKH\�RQO\�XVH�

GHFODUDWLYH�H[SUHVVLRQV��

7KH� PRWLYDWLRQ� IRU� LQWURGXFLQJ� WHVW� FRQVWUDLQWV� LQWR� RXU� WHVW�

JHQHUDWRU� FDPH� IURP�SUDFWLFDO� FRQVLGHUDWLRQV�DVVRFLDWHG�ZLWK� WKH�

WUDQVODWLRQ� DQG� H[HFXWLRQ� RI� WHVW� FDVHV� LQ� D� SURGXFWLRQ�

HQYLURQPHQW��)RU�H[DPSOH��ZH�SURYLGH�D�PHDQV�WR�VSHFLI\�WKH�VHWV�

RI� VWDWHV� ZKHUH� D� WHVW� FDVH� PD\� HQG�� WKXV� IDFLOLWDWLQJ� WKH�

DXWRPDWLRQ�RI�D�FOHDQXS�RI�WKH�WHVW�HQYLURQPHQW�EHIRUH�EHJLQQLQJ�

WKH�QH[W�WHVW�VHTXHQFH��7KH�LPSOHPHQWDWLRQ�RI�WKH�WHVW�FRQVWUDLQWV�

LQ� WKH� JHQHUDWLRQ� SURFHVV� HQDEOHV� WKHLU� XVH� LQ� FRQWUROOLQJ� WKH�

HIIHFWV�RI�VWDWH�H[SORVLRQ�DV�LOOXVWUDWHG�LQ�6HFWLRQ�������

���� )RUELGGHQ�6WDWH�&RQVWUDLQWV�
$� IRUELGGHQ� VWDWH� LV� VSHFLILHG� LQ� *27&+$� XVLQJ� WKH� IROORZLQJ�

V\QWD[��

7&B�)RUELGGHQB6WDWH��ERROH[SU!�

7KH��ERROH[SU!�WRNHQ�FDQ�EH�UHSODFHG�E\�DQ\�%RROHDQ�H[SUHVVLRQ�

LQ�WKH�VWDWH�YDULDEOHV��UHVXOW�ILHOGV��RU�FRQWURO�VWDWHV��

7KH� WHVW�JHQHUDWRU� LQWHUSUHWV� WKLV�FRQVWUDLQW� WR�PHDQ� WKDW�QR�VWDWH�

WKDW� VDWLVILHV� WKH�%RROHDQ�H[SUHVVLRQ� LV� DOORZHG� WR�DSSHDU� LQ�DQ\�

WHVW� FDVH� LW� JHQHUDWHV�� � 7KH� VWDWH� LV� QRW� VWRUHG� LQ� PHPRU\�� DQG�

IXUWKHUPRUH�� WKHUH� LV�QR�H[SORUDWLRQ�RI�VWDWHV� WKDW�FDQ�EH�UHDFKHG�

RQO\� IURP� WKLV� VWDWH�� )RU� H[DPSOH�� DSSO\LQJ� WKH� IROORZLQJ�

FRQWUDLQW��

7&B�)RUELGGHQB6WDWH�EXIIHU ���

WR�WKH�ERXQGHG�EXIIHU�H[DPSOH��UHVXOWV�LQ�D�VWDWH�VSDFH�FRQWDLQLQJ�

RQO\� IRXU� VWDWHV�� 1RW� RQO\� DUH� WKH� WZR� VWDWHV� ZLWK� EXIIHU ��

H[FOXGHG��EXW�WKH�VWDWH��ZLWKGUDZ�����2.��LV�DOVR�H[FOXGHG��VLQFH�LW�

LV�RQO\�UHDFKDEOH�IURP�DQ�H[SOLFLWO\�IRUELGGHQ�VWDWH��

7KH� RULJLQDO� PRWLYDWLRQ� IRU� LQWURGXFLQJ� IRUELGGHQ� VWDWHV� ZDV� WR�

DYRLG�JHQHUDWLQJ�WHVW�FDVHV�WKURXJK�SDUWV�RI�WKH�VSHFLILFDWLRQ�WKDW�

ZHUH� HLWKHU� QRW�\HW� LPSOHPHQWHG�� RU�ZHUH�NQRZQ� WR�EH�EXJJ\�� ,W�

DOVR� VHUYHV� WR� GLYLGH� XS� WKH� VWDWH� VSDFH� XQGHU� H[SORUDWLRQ�� DQG�

HQDEOH� WKH�FRPSOHWH�HQXPHUDWLRQ�RI�D�VXEVHW�RI� WKH�()60�±�DQG�

WKH� JHQHUDWLRQ� RI� WHVW� FDVHV� LQ� WKDW� VXEVHFWLRQ�� WKXV� SURYLGLQJ� D�

WRRO�LQ�WKH�EDWWOH�DJDLQVW�VWDWH�H[SORVLRQ��

���� )RUELGGHQ�3DWK�7UDQVLWLRQ�&RQVWUDLQWV�
7KH�WHVW�FRQVWUDLQW� ODQJXDJH�DOVR�KDV� V\QWD[� WR�VSHFLI\�IRUELGGHQ�

WUDQVLWLRQV�� IRUELGGHQ� SDWKV�� DQG� RWKHU� IRUELGGHQ� IHDWXUHV� RI� WKH�

VWDWH�VSDFH��7KH�IRUELGGHQ�WUDQVLWLRQ�LV�LPSOHPHQWHG�DV�SDUW�RI�WKH�

()60� WUDYHUVDO� DOJRULWKP�� DQG� VHUYHV� D� VLPLODU� SXUSRVH� WR� WKH�

IRUELGGHQ�VWDWH�V\QWD[��7KH�IRUELGGHQ�SDWK�LV�VSHFLILHG�DV�IROORZV��

7&B)RUELGGHQB3DWK� )URP� �ERROH[SU!� 7R� �ERROH[SU!� /HQJWK�

�LQWH[SU!�

7KLV�H[SUHVVLRQ�LV�LQWHUSUHWHG�DV�IRUELGGLQJ�WKH�JHQHUDWLRQ�RI�DQ\�

WHVW�FDVH� WKDW�LQFOXGHV�D�VXESDWK�IURP�D�VWDWH�ZKHUH� ) �� WKH�ILUVW�

%RROHDQ� H[SUHVVLRQ�� LV� WUXH� WR� D� VWDWH� ZKHUH� 6 �� WKH� VHFRQG�

%RROHDQ�H[SUHVVLRQ�� LV� WUXH� LQ� N �RU� IHZHU� VWHSV��ZKHUH� N LV� WKH�

YDOXH�RI�WKH�LQWHJHU�H[SUHVVLRQ��



7KH� FRQVWUDLQW� LV� LPSOHPHQWHG� LQ� WKH� WHVW� JHQHUDWRU� E\�

FRQVWUXFWLQJ�D�VPDOO�)60�WKDW�WUDFNV�WKH�QXPEHU�RI�VWHSV�VLQFH�WKH�

ODVW�RFFXUUHQFH�RI� ) ��DQG�WDNHV�WKH�SURGXFW�RI�WKLV�)60�DQG�WKH�

()60�XQGHU�H[SORUDWLRQ��7KLV�LPSOHPHQWDWLRQ�FDQ�HLWKHU�KDYH�WKH�

HIIHFW� RI� DPHOLRUDWLQJ�� RU� H[DJJHUDWLQJ�� WKH� VWDWH� H[SORVLRQ�

SUREOHP��7KLV�LV�EHFDXVH�WKH�FRPSRVLWH�)60�KDV�DGGLWLRQDO�VWDWHV�

GXH� WR� WUDFNLQJ� WKH�FRQVWUDLQW�� EXW� LW� DOVR�PD\�KDYH� IHZHU� VWDWHV��

ZKHQHYHU�WKH�FRQVWUDLQW�LV�YLRODWHG��

:H� LOOXVWUDWH� WKLV� SKHQRPHQRQ� E\� QRWLQJ� WKDW� WKH� IROORZLQJ�

FRQVWUDLQW�RQ�WKH�WZR�SODFH�EXIIHU��

7&B)RUELGGHQB3DWK�)URP�EXIIHU ��7R�EXIIHU ��/HQJWK���

UHGXFHV� WKH�QXPEHU�RI�VWDWHV� LQ� WKH�()60�IURP��� WR����DV� LQ� WKH�

IRUELGGHQ�VWDWH�H[DPSOH��:KLOH�LQWURGXFLQJ�WKH�FRQVWUDLQW��

7&B)RUELGGHQB3DWK�)URP�EXIIHU ��7R�EXIIHU ��/HQJWK���

LQ� WKH� WKUHH�SODFH� EXIIHU� LQFUHDVHV� WKH� QXPEHU� RI� VWDWHV� LQ� WKDW�

()60�IURP���WR�����7KH�H[WUD�VWDWH�FRPHV�IURP�WKH�IDFW�WKDW�WKH�

WKLUG� RI� WKUHH� FRQVHFXWLYH� GHSRVLWV� LV� D� IRUELGGHQ� WUDQVLWLRQ��

ZKHUHDV�WKH�VWDWH�LQ�ZKLFK�EXIIHU ��LV�UHDFKDEOH�E\�D�VHTXHQFH�RI�

WZR�GHSRVLWV��D�ZLWKGUDZDO�DQG�WKHQ�WZR�PRUH�GHSRVLWV��

7KH� IRUELGGHQ� SDWK� FRQVWUDLQW� LV� LPSOHPHQWHG� E\� DGGLQJ� D� QHZ�

YDULDEOH�� VD\� S�� WR� WKH� ()60�� ZKLFK� FRPSXWHV� WKH� QXPEHU� RI�

WUDQVLWLRQV� WUDYHUVHG� VLQFH� WKH� ³IURP´� FRQGLWLRQ�ZDV�758(��7KH�

YDOXHV� DVVXPHG� E\�S� DUH� �������� N���� DQG���� WKH� ODWWHU� LQGLFDWLQJ�

WKDW�N�RU�PRUH�WUDQVLWLRQV�KDYH�EHHQ�WUDYHUVHG�VLQFH�WKH�EXIIHU�ZDV�

HPSW\��7KH�YDOXH�RI�S� LV�VHW� WR���ZKHQHYHU�WKH�³IURP´�FRQGLWLRQ�

KROGV��DQG�LV�LQFUHPHQWHG�ZKHQHYHU�WKH�QHZ�VWDWH�GRHV�QRW�VDWLVI\�

WKH�FRQGLWLRQ��$Q\�WUDQVLWLRQ�IURP�D�VWDWH�ZKHUH�S�����WR�D�VWDWH�

ZKHUH�WKH�³WR´�FRQGLWLRQ�KROGV�LV�HOLPLQDWHG�IURP�WKH�()60��7KLV�

PHDQV�WKDW�WKH�QXPEHU�RI�VWDWHV�LQ�WKH�YLFLQLW\�RI�VWDWHV�ZKHUH�WKH�

³IURP´�FRQGLWLRQ�KROGV�LQFUHDVHV��ZKHUHDV�VWDWHV�LQ�WKH�YLFLQLW\�RI�

VWDWHV�VDWLVI\LQJ� WKH�³WR´�FRQGLWLRQ�PD\�EH�HOLPLQDWHG��RU�DW� OHDVW�

KDYH�WKHLU�QXPEHU�RI�LQFRPLQJ�WUDQVLWLRQV�UHGXFHG��

$Q\� RWKHU� IRUELGGHQ� FRQILJXUDWLRQ� WKDW� FDQ� EH� H[SUHVVHG� DV� DQ�

)60� FDQ� DOVR� EH� LPSOHPHQWHG� LQ� D� VLPLODU� IDVKLRQ�� :H� KDYH�

LPSOHPHQWHG� RWKHU� FRQVWUDLQWV� RI� WKLV� W\SH� LQ� *27&+$�� )RU�

H[DPSOH��ZH�KDYH� LPSOHPHQWHG� D� FRQVWUDLQW� WKDW� UHTXLUHV�DOO� WHVW�

FDVHV� WKDW� LQFOXGH� WZR�VWDWHV� VDWLVI\LQJ� VRPH�%RROHDQ�H[SUHVVLRQ�

WR�EH�VHSDUDWHG�E\�D�WKLUG�VWDWH�VDWLVI\LQJ�D�GLIIHUHQW�H[SUHVVLRQ��,Q�

WKLV�ZD\��ZH�FDQ�HQVXUH�WKDW�D�WHVW�FDVH�RQ�D�ILOH�V\VWHP�LQFOXGHV�D�

GDWD�RSHUDWLRQ��UHDG�ZULWH�� LQ�EHWZHHQ�DQ\�SDLU�RI� ILOH�RSHUDWLRQV�

�RSHQ�FORVH���

��� 7(67�*(1(5$7,21�$/*25,7+06�
7KH�*27&+$� WHVW� JHQHUDWRU� DFFHSWV� D� EHKDYLRUDO� PRGHO� RI� WKH�

V\VWHP�XQGHU� WHVW��ZULWWHQ� LQ� WKH�0XU �'HVFULSWLRQ�/DQJXDJH�IRU�

()60V� �>�@�� WRJHWKHU� ZLWK� D� VHW� RI� FRYHUDJH� FULWHULD� DQG� WHVW�

FRQVWUDLQWV�ZULWWHQ�LQ�WKH�V\QWD[�JLYHQ�DERYH��

7KH�WHVW�JHQHUDWRU�EXLOGV�D�KDVK�WDEOH�FRQWDLQLQJ�DOO�WKH�UHDFKDEOH�

VWDWHV�LQ�WKH�()60�XVLQJ�RQH�RI�WKUHH�JUDSK�WUDYHUVDO�SURFHGXUHV��

$V� WKH� UHDFKDEOH� VHW� LV� EXLOW�� WKH� JHQHUDWRU� DOVR� EXLOGV� D� GDWD�

VWUXFWXUH�WKDW�FRQWDLQV�WKH�GHWDLOV�RI�DOO�UHDFKDEOH�FRYHUDJH�WDVNV���

5HFDOO�WKDW�D�FRYHUDJH�WDVN�LV�HLWKHU�D�SURMHFWHG�VWDWH�RU�D�SURMHFWHG�

WUDQVLWLRQ��ZKLFK�LV�DQ�HTXLYDOHQFH�FODVV�RI�UHSUHVHQWDWLYH�VWDWHV�RU�

WUDQVLWLRQV� LQ� WKH� IXOO� ()60�� 7KH� GDWD� VWRUHG� IRU� HDFK� FRYHUDJH�

WDVN� LQFOXGH� QRW� RQO\� WKH� SURMHFWHG� GDWD� HOHPHQWV� REVHUYHG�� EXW�

DOVR� WKH�QXPEHU�RI� UHSUHVHQWDWLYHV� RI� WKH� WDVN� LQ� WKH� IXOO�()60��

DQG� D� SRLQWHU� LQWR� WKH� KDVK� WDEOH� SRLQWLQJ� DW� D� UDQGRP�

UHSUHVHQWDWLYH�RI�WKH�WDVN��

7KH� XVHU� PD\� FKRVH� EHWZHHQ� EUHDGWK� ILUVW� VHDUFK� �%)6��� GHSWK�

ILUVW�VHDUFK��')6���DQG�FRYHUDJH�ILUVW�VHDUFK��&)6���,Q�HDFK�FDVH��

WKH� JHQHUDWRU� NHHSV� WUDFN� RI� WKH� VWDWHV� RQ� WKH� IURQWLHU� RI�

H[SORUDWLRQ��LQ�%)6�WKH�IURQWLHU�LV�D�),)2�TXHXH�DQG�LQ�')6�LW�LV�D�

/,)2�VWDFN��,Q�&)6��WKH�VWDWHV�H[SORUHG�ILUVW��DUH�WKRVH�WKDW�OHDG�WR�

D� SUHYLRXVO\� XQVHHQ� FRYHUDJH� WDVN�� ,Q� JHQHUDO�� ZH� IRXQG� WKDW�

EUHDGWK� ILUVW� VHDUFK� FUHDWHV� VKRUWHU� WHVW� FDVHV�� EXW� FRYHUDJH� ILUVW�

VHDUFK�GHFUHDVHV� WKH�RYHUDOO� OHQJWK�RI� WKH� WHVW� VXLWH�� E\� LQVHUWLQJ�

PRUH�FRYHUDJH�WDVNV�SHU�WHVW�FDVH��7KH�GHSWK�ILUVW�VHDUFK�LV�XVHIXO�

LQ�FUHDWLQJ�D�VLQJOH�ORQJ�WHVW�FDVH�ZKHQ�WKH�RYHUKHDG�IRU�VHWXS�DQG�

FOHDQXS� DIWHU� D� WHVW� FDVH� LV� SURKLELWLYH� �ODUJH� YDOXHV� RI� WKH� FRVW�

SDUDPHWHU�%����
7KH� DOJRULWKP� IRU� PDLQWDLQLQJ� D� SRLQWHU� WR� D� UDQGRP�

UHSUHVHQWDWLYH� RI� D� FRYHUDJH� WDVN� LV� DV� IROORZV�� :KHQ� WKH� Q�WK�

UHSUHVHQWDWLYH�RI�D�WDVN�LV�GLVFRYHUHG��UHSODFH�WKH�FXUUHQWO\�VWRUHG�

SRLQWHU�ZLWK� D�SRLQWHU� WR� WKH�QHZ�UHSUHVHQWDWLYH�ZLWK�SUREDELOLW\�

Q�� �� DQG� UHWDLQ� WKH� H[LVWLQJ� SRLQWHU� ZLWK� SUREDELOLW\�

QQ ���� � ��$�VWUDLJKWIRUZDUG�LQGXFWLRQ�DUJXPHQW�VKRZV�WKDW�DW�

WKH�HQG�RI�WKH�VWDWH�VSDFH�H[SORUDWLRQ��HDFK�WDVN�KDV�D�SRLQWHU�WR�D�

UHSUHVHQWDWLYH�VHOHFWHG�DW�UDQGRP�ZLWK�XQLIRUP�SUREDELOLW\��

$IWHU� FRPSOHWLRQ� RI� WKH� VWDWH� VSDFH� H[SORUDWLRQ�� D� SDWK� LV�

JHQHUDWHG� IURP� DQ� LQLWLDO� VWDWH� WR� WKH� UHSUHVHQWDWLYH� RI� HDFK�

FRYHUDJH� WDVN�� XVLQJ� WKH� VSDQQLQJ� WUHH� FUHDWHG� LQ� WKH� LQLWLDO�

WUDYHUVDO�� 7KLV� SDWK� VDWLVILHV� DOO� IRUELGGHQ� FRQILJXUDWLRQ�

FRQVWUDLQWV�� VLQFH� IRUELGGHQ� FRQILJXUDWLRQV� DUH� HOLPLQDWHG� IURP�

WKH� VHDUFK� WUHH� DV� VRRQ� DV� WKH\� DUH� HQFRXQWHUHG�� 7KH� RQO\�

FRQVWUDLQW�WKDW�UHPDLQV�WR�EH�VDWLVILHG�LV�WKH�UHTXLUHPHQW�WR�HQG�WKH�

WHVW�FDVH�DW�D�VWDWH�VDWLVI\LQJ�VRPH�ILQDO�FRQGLWLRQ�� ,Q�PRVW�FDVHV��

WKLV� FRQVWUDLQW� FDQ� EH� VDWLVILHG� E\� D� EUHDGWK�ILUVW� VHDUFK� RI�

ERXQGHG�GHSWK� VWDUWLQJ�IURP� WKH� WDVN� UHSUHVHQWDWLYH��,Q� WKH�ZRUVW�

FDVH�� QR� ILQDO� VWDWH� FDQ� EH� UHDFKHG� IURP� WKH� VHOHFWHG� WDVN�

UHSUHVHQWDWLYH��DQG�DQRWKHU�UHSUHVHQWDWLYH�RI�WKH�WDVN�LV�FKRVHQ��,I�

QR�SDWK�WR�DQ\�UHSUHVHQWDWLYH�RI�D�WDVN�FDQ�EH�FRPSOHWHG�WR�D�ILQDO�

VWDWH�� WKH� JHQHUDWRU� LQIRUPV� WKH� XVHU� RI� WKH� H[LVWHQFH� RI� D�

UHDFKDEOH� EXW� XQ�WHVWDEOH� �XQGHU� WKH� WHVW� FRQVWUDLQWV�� FRYHUDJH�

WDVN��6XFK�WDVNV�XVXDOO\�LQGLFDWH�D�IDXOW�LQ�WKH�VSHFLILFDWLRQ��DV�LQ�

WKH�IROORZLQJ�H[DPSOH��

$�UHDFKDEOH�EXW�XQ�WHVWDEOH�WDVN�FDQQRW�EH�FRQVWUXFWHG�IRU�WKH�Q�

SODFH� EXIIHU� VLQFH� WKH� GLJUDSK� LV� VWURQJO\� FRQQHFWHG�� EXW� LI� ZH�

PRGLI\� WKH�PRGHO� VR� WKDW� DIWHU� D� IDLOHG� DWWHPSW� WR�ZLWKGUDZ�� WKH�

V\VWHP�GRHV�QRW�DOORZ�WKH�XVHU�WR�PDNH�D�GHSRVLW�±�UHPRYLQJ�WKH�

DUF�IURP��ZLWKGUDZ�����IDLO��WR��GHSRVLW�����2.��� WKHQ�WKH�GLJUDSK�

LV�QR�ORQJHU�VWURQJO\�FRQQHFWHG��,Q�WKLV�PRGLILHG�()60��ZLWK�WKH�

FRYHUDJH�FULWHULD�

&&B�6WDWHB3URMHFWLRQ�758(�21�DFWLRQ��UHVSRQVH��

DQG�WKH�HQG�WHVW�FDVH�FRQVWUDLQW�

7&B(QGB7HVWB&DVH�EXIIHU ���

WKH� FRYHUDJH� WDVN� �ZLWKGUDZ�� IDLO�� KDV� RQO\�RQH� UHSUHVHQWDWLYH� LQ�

WKH�IXOO�()60��0RUHRYHU�WKHUH�LV�QR�SDWK�IURP�WKLV�UHSUHVHQWDWLYH�

VWDWH�WR�DQ\�VWDWH�WKDW�VDWLVILHV�WKH�HQG�WHVW�FDVH�FRQGLWLRQ��

7KH�WHVW�JHQHUDWRU�DOVR�KDV�DQ�RQ�WKH�IO\�WHVW�JHQHUDWLRQ�DOJRULWKP��

ZKLFK� FDQ� EH� XVHG� LQ� WKH� HYHQW� RI� VWDWH� H[SORVLRQ�� :KHQ� WKLV�

DOJRULWKP� LV� LQYRNHG�� WKH� JHQHUDWLRQ� RI� WHVW� FDVHV� LV� LQWHUOHDYHG�

ZLWK�IXUWKHU�H[SORUDWLRQ�RI� WKH�VWDWH�VSDFH��7KH�DGYDQWDJH�RI�WKLV�



SURFHGXUH� LV� WKDW� XVHIXO� WHVW� FDVHV� FDQ�EH� JHQHUDWHG�HYHQ� LQ�YHU\�

ODUJH� VWDWH� PDFKLQHV�� 7KH� ELJJHVW� GUDZEDFN� RI� RQ�WKH�IO\� WHVW�

JHQHUDWLRQ� LV� WKDW� QR� FRYHUDJH� PHDVXUH� LV� DYDLODEOH�� VLQFH� WKH�

QXPEHU�RI� UHDFKDEOH� FRYHUDJH� WDVNV� LV�RQO\�NQRZQ�DW� WKH�HQG�RI�

WKH� VWDWH� VSDFH� H[SORUDWLRQ�� 7KLV� GUDZEDFN� FDQ� VRPHWLPHV� EH�

RYHUFRPH��VLQFH�DQ�XSSHU�ERXQG�RQ�WKH�QXPEHU�RI�FRYHUDJH�WDVNV�

FDQ�EH�FRPSXWHG� IURP�WKH�VL]HV�RI�WKH�GRPDLQV�RI�WKH�SURMHFWLRQ�

YDULDEOHV�RU�RWKHU�DG�KRF�DUJXPHQWV��$QRWKHU�GUDZEDFN�DVVRFLDWHG�

ZLWK� RQ�WKH�IO\� WHVW� JHQHUDWLRQ� LV� WKDW� RQH� ORVHV� WKH� JXDUDQWHH� RI�

XQLIRUP� UDQGRPL]DWLRQ� RI� WKH� FKRLFH� RI� UHSUHVHQWDWLYHV� RI�

FRYHUDJH�WDVNV��

��� 7+(25(7,&$/�$33/,&$7,216�
7KLV� VHFWLRQ� GHVFULEHV� VHYHUDO� DSSOLFDWLRQV� ZKHUH� RXU� WHVW�

JHQHUDWRU� ZDV� XVHG�� DQG� FRPSDUHV� WKH� WHVW� VXLWHV� ZH� JHQHUDWHG�

ZLWK� WKRVH� GHVFULEHG� LQ� WKH� OLWHUDWXUH�� &DUYHU� DQG� 7DL� �>�@� UHSRUW�

UHVXOWV� RQ� WKH� JHQHUDWLRQ� RI� WHVWV� IRU� IRXU� DSSOLFDWLRQV�� WKH�

ERXQGHG� EXIIHU�� WKH� UHDGHUV� DQG�ZULWHUV� SUREOHP�� WKH� JDV� VWDWLRQ�

SUREOHP�� DQG� WKH� VOLGLQJ� ZLQGRZ� SURWRFRO�� 0�OOHUEXUJ� HW� DO��>�@�

UHSRUW�RQ�WKHLU�H[SHULPHQWV�ZLWK�WKH�YHULILFDWLRQ�DQG�YDOLGDWLRQ�RI�

DQ�HOHYDWRU�VSHFLILFDWLRQ��:H�VWXGLHG�WKHVH�ILYH�DSSOLFDWLRQV�ZLWK�

RXU� WHVW�JHQHUDWRU�DQG� IRXQG�WKDW�WKH�XVH�RI�RXU�FRYHUDJH�FULWHULD�

DQG� WHVW� FRQVWUDLQWV� VLPSOLILHV� WKH� FRQVWUXFWLRQ� RI� WHVW� VXLWHV��

ZLWKRXW�VDFULILFLQJ�WKH�TXDOLW\�RI�WKH�WHVW�FDVHV�SURGXFHG��

���� %RXQGHG�%XIIHU�
&DUYHU�DQG�7DL�GHVFULEH�D�VLPSOH�ERXQGHG�EXIIHU�LPSOHPHQWDWLRQ�

LQYROYLQJ�WKH�DFWLRQV�GHSRVLW�DQG�ZLWKGUDZ�LQWR�D�ERXQGHG�EXIIHU��

7KH� V\VWHP� UHVSRQGV� ZLWK� D� VXFFHVV� RU� IDLOXUH�� VXFFHHGLQJ� LQ� D�

ZLWKGUDZDO�LI�WKH�EXIIHU�LV�QRW�HPSW\��DQG�VXFFHHGLQJ�LQ�D�GHSRVLW�

LI�WKH�EXIIHU�LV�QRW�IXOO���

2XU�PRGHO�XVHV�WZR�VWDWH�YDULDEOHV��

�� EXIIHU� ±� ZKLFK� FRXQWV� WKH� QXPEHU� RI� REMHFWV� LQ� WKH� EXIIHU�

DQG�LV�LQLWLDOL]HG�WR�]HUR��

�� DFWLRQ� ±� ZKLFK� UHFRUGV� WKH� ODVW� DFWLRQ� SHUIRUPHG�� H�J���

GHSRVLW��ZLWKGUDZ��RU��FUHDWH�WKH�EXIIHU��VWDUW���

7KH� &63(��� FULWHULRQ� XVHG� E\� &DUYHU� DQG� 7DL�� ZLWK� REVHUYDEOH�

HYHQWV�ZLWKGUDZ�DQG�GHSRVLW��FDQ�EH�FRQYHQLHQWO\�H[SUHVVHG�XVLQJ�

RXU�V\QWD[�DV��

&&B�7UDQVLWLRQB3URMHFWLRQ�)520�WUXH�21�DFWLRQ���

72�WUXH�21�DFWLRQ��UHVSRQVH��

7KLV�FRYHUDJH�FULWHULRQ�JXDUDQWHHV�WKDW�ZH�ZLOO�JHQHUDWH�WHVW�FDVHV�

WKDW�LQFOXGH�WKH�HLJKW�WUDQVLWLRQ�FRYHUDJH�WDVNV�VKRZQ�LQ�7DEOH����

$� WHVW� VXLWH� ZLWK� �� WHVW� FDVHV� DQG� ��� WUDQVLWLRQV� DFKLHYLQJ� WKLV�

FRYHUDJH�FULWHULRQ�LV�JLYHQ�LQ�6HFWLRQ�������

:H� FDQ�JHQHUDWH� D� YDULHW\�RI� RWKHU� WHVW� VXLWHV� E\�XVLQJ� ODUJHU� RU�

VPDOOHU�VHWV�RI�SURMHFWLRQ�YDULDEOHV��)RU�H[DPSOH��

&&B6WDWHB3URMHFWLRQ�WUXH�21�DFWLRQ��EXIIHU��UHVSRQVH����

JHQHUDWHV�D�WHVW�VXLWH�ZLWK�VHYHQ�FRYHUDJH�WDVNV��RQH�IRU�HDFK�VWDWH�

LQ�WKH�HQWLUH�()60��VHH�)LJXUH�����7KH�VXLWH�FRXOG�KDYH�DV�IHZ�DV�

�� WUDQVLWLRQV� �6WDUW�� G�2.��� G�2.��� G�IDLO��� Z�2.��� Z�2.���

Z�IDLO���� 7KH� FRUUHVSRQGLQJ� WUDQVLWLRQ� SURMHFWLRQ� JHQHUDWHV� ���

WDVNV��RQH�IRU�HDFK�DUF�LQ�)LJXUH����7R�FRYHU�WKHVH�DGGLWLRQDO�WDVNV�

RQH�ZRXOG�QHHG�WR�DGG�WZR�WHVW�FDVHV�WR�WKH�VXLWH�JLYHQ�DERYH��

7HVW&DVH����VWDUW��G�2.���G�2.���Z�2.���G�2.���G�IDLO���G�IDLO���

7HVW&DVH����VWDUW��Z�IDLO���Z�IDLO���

7KH� IROORZLQJ� WUDQVLWLRQ� SURMHFWLRQ� FULWHULRQ� JHQHUDWHV� RQH� WDVN�

IRU�HDFK�RI�WKH�WZHOYH�DUFV�LQ�)LJXUH����

&&B�7UDQVLWLRQB3URMHFWLRQ��

)520�WUXH�21�DFWLRQ��UHVSRQVH���

72�WUXH�21�DFWLRQ��UHVSRQVH��

���� 5HDGHUV�DQG�:ULWHUV�3UREOHP�
,Q�WKH�UHDGHUV�DQG�ZULWHUV�SUREOHP��GDWD�LV�VKDUHG�EHWZHHQ�VHYHUDO�

SURFHVVHV��5HDGHUV�PD\�KDYH�VKDUHG�DFFHVV�WR�WKH�GDWD��EXW�ZULWHUV�

PXVW� KDYH� H[FOXVLYH� DFFHVV�� &DUYHU� DQG� 7DL� GHVFULEH� VHYHQ�

GLIIHUHQW�VWUDWHJLHV�WR�FRQWURO�KRZ�UHDGHUV�DQG�ZULWHUV�JDLQ�DFFHVV�

WR� WKH� GDWD��7KHVH� VHYHQ� VWUDWHJLHV�GLIIHU� LQ� WKH� SULRULW\� JLYHQ� WR�

UHDGHUV�DQG�ZULWHUV�ZKR�VXEPLW�UHTXHVWV�WR�UHDG�RU�ZULWH�GDWD��7KH�

VHYHQ� VWUDWHJLHV� DUH� VXEWO\� GLIIHUHQW�� DQG� WKH\� PD\� HDFK� EH�

UHJDUGHG� DV� D�PXWDQW� RU� GHIHFWLYH� LPSOHPHQWDWLRQ�RI�HDFK�RI� WKH�

RWKHU� VL[� VSHFLILFDWLRQV�� 7KH� GHWDLOV� RI� WKH� VHYHQ� VWUDWHJLHV� DUH�

JLYHQ�LQ��>�@��

:H� LPSOHPHQWHG�DOO� VHYHQ�VWUDWHJLHV� LQ�&���� DQG�ZURWH�D�PRGHO�

RI� HDFK� VWUDWHJ\� LQ� WKH�PRGHOLQJ� ODQJXDJH�� ERWK� WKH�PRGHOV� DQG�

WKH� LPSOHPHQWDWLRQV�ZHUH� EDVHG�RQ� WKH� VSHFLILFDWLRQV� RI� HDFK�RI�

WKH�VWUDWHJLHV��7KH�PRGHOV�FRQWDLQHG�D�QXPEHU�RI�GDWD�DQG�FRQWURO�

VWUXFWXUHV� LQFOXGLQJ�� TXHXH� ±� D� TXHXH� RI� WKH� UHTXHVWV� ZLWK� D�

PD[LPXP� OHQJWK� RI� �� RYHU� WKH� GRPDLQ� ^5HDG�� :ULWH`� DQG� D�

GDWD6WDWXV� ILHOG� RYHU� WKH� GRPDLQ� ^� %HLQJ5HDG�� %HLQJ:ULWWHQ��

)UHH$IWHU5HDG��)UHH$IWHU:ULWH`��)RU�HDFK�VWUDWHJ\�ZH�JHQHUDWHG�D�

WHVW� VXLWH� XVLQJ� SURMHFWHG� VWDWH� FRYHUDJH�� SURMHFWLQJ� RQWR�TXHXH�

DQG�GDWD6WDWXV��1RW�DOO�RI� WKH���
� ����FRPELQDWLRQV�RI�TXHXH�

DQG� GDWD6WDWXV� DUH� UHDFKDEOH� E\� WKH� LPSOHPHQWDWLRQ�� WKH� WHVW�

JHQHUDWRU� LGHQWLILHG� ��� UHDFKDEOH� FRYHUDJH� WDVNV�� DQG� FRYHUHG�

WKHP�ZLWK�EHWZHHQ���� DQG���� WHVW� FDVHV�RI�DYHUDJH� OHQJWK�������

WUDQVLWLRQV��

,Q�RXU�LQLWLDO�WHVWLQJ�ZH�XQFRYHUHG�HLJKW�PLQRU�GHIHFWV�LQ�WKH�&���

DSSOLFDWLRQV��DQG�D�GHIHFW�LQ�RQH�RI�WKH�PRGHOV��+DYLQJ�GHEXJJHG�

WKH�PRGHOV�DQG�DSSOLFDWLRQV��ZH� WKHQ� UDQ� WKH� WHVW� VXLWHV� IRU� HDFK�

VWUDWHJ\�PRGHO�RQ�HDFK�RI� WKH�VHYHQ�VWUDWHJ\�LPSOHPHQWDWLRQV��,Q�

7DEOH� �� EHORZ�� ZH� SUHVHQW� WKH� UHVXOWV� RI� WKLV� FURVV�WHVWLQJ�� 7KH�

HQWULHV�LQ�WKH�WDEOH�DUH�WKH�ILUVW�WHVW�FDVH�VSHFLILHG�E\�WKH�PRGHO�0L�

WKDW� GHWHFWHG� D� GHSDUWXUH� IURP� VSHFLILFDWLRQ� L� LQ� WKH�

LPSOHPHQWDWLRQ� RI� VWUDWHJ\� M��1RWH� WKDW� VWUDWHJ\� �� LV� LQFOXGHG� LQ�

WKH� EHKDYLRU� RI� VWUDWHJ\� ��� VR� WKH� WHVW� VXLWH� IRU�PRGHO�0�� FRXOG�

QRW�GHWHFW�D�IDXOW�LQ�LPSOHPHQWDWLRQ�,���

,�� ,�� ,�� ,�� ,�� ,�� ,���
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7DEOH����5HVXOWV�RI�FURVV�WHVWLQJ�UHDGHUV�DQG�ZULWHUV�VWUDWHJLHV�

$QRWKHU�VHW�RI�WHVW�VXLWHV�ZDV�DOVR�JHQHUDWHG�XVLQJ�VWDWH�SURMHFWLRQ�

MXVW� RQ� WKH� TXHXH� YDULDEOH�� ,Q� WKLV� FDVH�� WKH� WHVW� JHQHUDWRU�

LGHQWLILHG� ��� FRYHUDJH� WDVNV� WKDW� ZHUH� FRYHUHG� LQ� ��� WR� ��� WHVW�

FDVHV�� 7KHVH� VPDOOHU� WHVW� VXLWHV� VXFFHHGHG� LQ� GLVWLQJXLVKLQJ� DOO�

VWUDWHJLHV� IURP� HDFK� RWKHU�� ZLWK� RQH� H[FHSWLRQ�� 7KH� VPDOO� WHVW�



VXLWH� IRU� PRGHO� 0�� GLG� QRW� UHYHDO� DQ\� GHSDUWXUH� IURP� LWV�

VSHFLILFDWLRQ� LQ� WKH� LPSOHPHQWDWLRQ� ,��� 7KHVH� UHVXOWV� DUH�

FRQVLVWHQW�ZLWK�&DUYHU�DQG�7DL¶V�ILQGLQJV��)XUWKHUPRUH��WKH�UHVXOWV�

DUH� DFKLHYHG�ZLWKRXW� DQ\� DQDO\VLV� RI� WKH�FRQVWUDLQWV� DQG�ZLWKRXW�

UHTXLULQJ�D�GHHS�XQGHUVWDQGLQJ�RI�WKH�WHVW�JHQHUDWLRQ�WHFKQLTXHV���

���� *DV�6WDWLRQ�3UREOHP�
:H� DOVR� PRGHOHG� DQG� LPSOHPHQWHG� WKH� JDV� VWDWLRQ� SUREOHP�

GHILQHG� LQ� +HOPEROG� DQG� /XFNKDP� �>�@� DQG� FUHDWHG� D� WHVW� VXLWH�

XVLQJ�&DUYHU�DQG�7DL¶V�VWUDWHJ\�ZLWK�REVHUYDEOH�HYHQWV��UHFRUGHG�

LQ� WKH� VWDWH� YDULDEOH� DFWLRQ�� SUH�SD\�� DFWLYDWH� SXPS�� VWDUW�

SXPSLQJ�� HQG� SXPSLQJ�� FKDUJH� FXVWRPHU�� DQG� JLYH� FKDQJH��:H�

UHFRUG� WKH� UHVSRQVH� RI� WKH� LPSOHPHQWDWLRQ� LQ� WKH� VWDWH� YDULDEOH�

UHVSRQVH��7KH�&63(���FULWHULRQ�FDQ�EH�H[SUHVVHG�H[DFWO\�DV�LQ�WKH�

EXIIHU�H[DPSOH�E\��

&&B�7UDQVLWLRQB3URMHFWLRQ�)520�WUXH�21�DFWLRQ���

72�WUXH�21�DFWLRQ��UHVSRQVH��

7KH� WHVW� VXLWH� JHQHUDWHG� ZLOO� KDYH� WKH� VDPH� IDXOW� GHWHFWLRQ�

SURSHUWLHV�DV�WKDW�GHULYHG�E\�&DUYHU�DQG�7DL��DQG�E\�H[SDQGLQJ�RU�

FRQWUDFWLQJ� WKH� OLVWV� RI� SURMHFWLRQ� YDULDEOHV� ZH� PD\� REWDLQ� WHVW�

VXLWHV�ZLWK�JUHDWHU�RU�OHVVHU�IDXOW�GHWHFWLRQ�FDSDELOLWLHV��

���� 6OLGLQJ�:LQGRZ�3URWRFRO�
7KH�VOLGLQJ�ZLQGRZ�SURWRFRO� �6:3�� LV�DQ�LPSRUWDQW�SURWRFRO�IRU�

WKH� WUDQVIHU�RI�PHVVDJHV�RYHU�XQUHOLDEOH� FKDQQHOV�� ,W� UHTXLUHV� WKH�

UHFHLYHU� DQG� VHQGHU� WR� H[FKDQJH� D� SRVLWLYH� KDQGVKDNH� RQ� HDFK�

GDWD� WUDQVIHU�� DQG� XVHV� DQ� DFNQRZOHGJHPHQW� ZLQGRZ� WR� VXSSRUW�

IORZ�FRQWURO��

7KH�PRGHO�ZH� FUHDWHG� IRU� WKH�6:3�KDG� IRXU� VHSDUDWH�SURFHVVHV��

WKH� VHQGHU�� UHFHLYHU�� DQG� WZR�EXIIHUV��7KH�EXIIHUV� VWRUH�� IRUZDUG��

UH�RUGHU�� DQG� ORVH� ERWK� PHVVDJHV� DQG� DFNQRZOHGJHPHQWV�� 2XU�

PRGHO�IROORZV�WKH�VSHFLILFDWLRQ�GLVFXVVHG�E\�ERWK�&DUYHU�DQG�7DL�

DV�ZHOO�DV�WKRVH�E\�5RELQ�DQG�7XUQHU� �>�@��7KH�PHVVDJHV�DUH�VHQW�

LQ�D�FLUFXODU�VHTXHQFH�RYHU�D�ILQLWH�UDQJH�5��DQG�WKH�ZLQGRZ�VL]H�

:�� DQG� EXIIHU� VL]H� %�� DUH� DOVR� SDUDPHWHUV� RI� WKH� PRGHO�� 7KLV�

SDUDPHWULF� PRGHO� HQDEOHG� XV� WR� LQYHVWLJDWH� WKH� HIIHFWLYHQHVV� RI�

RXU� WHVW�FRQVWUDLQWV� LQ� WKH�HYHQW�RI�VWDWH�VSDFH�H[SORVLRQ��:H�UDQ�

RXU� WHVW� VXLWHV� DJDLQVW� WKH� LPSOHPHQWDWLRQ� RI� 5RELQ� DQG� 7XUQHU��

H[SRVLQJ�D�VXEWOH�GHIHFW�LQ�WKHLU�LPSOHPHQWDWLRQ���

7KH�PDLQ�GDWD�ILHOGV�RI�WKH�PRGHO�LQFOXGHG�YDULDEOHV�WKDW�WUDFN�WKH�

XSSHU�DQG� ORZHU�HGJHV�RI� WKH�ZLQGRZ�DW� WKH� VHQGHU�DQG�UHFHLYHU�

6HQG:LQGRZ��5HF:LQGRZ��WZR�%RROHDQ�DUUD\V�6HQG7LPHU��DQG�

5HF7LPHU�ZKLFK� UHFRUG� WKH� VWDWH�RI� WKH� WLPHUV�IRU�HDFK�PHVVDJH�

DQG� DFNQRZOHGJHPHQW�� DQG� WKH� EXIIHUV� WKHPVHOYHV� 6HQG%XIIHU��

DQG�5HF%XIIHU��

2XU�PRGHO� KDG�������� VWDWHV�ZLWK� �5��:��%� ���������:KHQ�ZH�

LQYHVWLJDWHG�WKH�FDVH�ZLWK��5��:��%� ���������WKH�FDVH�LQYHVWLJDWHG�

E\� &DUYHU� DQG� 7DL�� RXU� WHVW� JHQHUDWLRQ� HQJLQH� ZDV� XQDEOH� WR�

FRPSOHWH�WKH�VWDWH�VSDFH�H[SORUDWLRQ�XVLQJ����0%�RI�PHPRU\��7R�

JHQHUDWH�WHVW�VXLWHV�LQ�WKLV�FDVH��ZH�XVHG�WZR�VWUDWHJLHV��RQ�WKH�IO\�

JHQHUDWLRQ�DQG�VWDWH�VSDFH�SDUWLWLRQLQJ�XVLQJ�RXU�WHVW�FRQVWUDLQWV���

7KH� IROORZLQJ�SDLU� RI� FRQVWUDLQWV� SDUWLWLRQHG� WKH� VWDWH� VSDFH� LQWR�

WZR� PRGHOV� ZLWK� QR� RYHUODSSLQJ� FRYHUDJH� WDVNV� UHODWHG� WR� WKH�

SDFNHW�QXPEHUV��

7&B)RUELGGHQB6WDWH��/DUJH�SDFNHW�QXPEHUV�IRUELGGHQ��

��������6HQG:LQGRZ�/RZHU�! ����

7&B)RUELGGHQB6WDWH��6PDOO�SDFNHW�QXPEHUV�IRUELGGHQ��

��������6HQG:LQGRZ�/RZHU������

8VLQJ�WKH�IROORZLQJ�WHVW�FRQVWUDLQW��ZH�DOVR�GHWHUPLQHG�WKDW�PRVW�

RI� WKH� VWDWH� H[SORVLRQ�ZDV� GXH� WR� WKH� QXPEHU� RI� SRVVLELOLWLHV� RI�

PHVVDJHV�LQ�WKH�EXIIHUV��7KH�WHVW�FRQVWUDLQW�ZDV�DGGHG�WR�OLPLW�WKH�

FRQWHQWV�RI�WKH�EXIIHUV�WR�FRQWDLQ�RQO\�PHVVDJHV�ZLWKLQ�WKH�VOLGLQJ�

ZLQGRZ��RU�DW�PRVW�RQH�PHVVDJH�RXW�RI�WKH�ZLQGRZ��

7&B)RUELGGHQB6WDWH� �1R� PHVVDJHV� RXWVLGH� H[WHQGHG� VHQGHU�

ZLQGRZ�LQ�6HQG%XIIHU���

H[LVWV� L�%XIIHU1XPBW� GR� �LV:LWKLQ:LQGRZ�6HQG%XIIHU>L@��

6HQG:LQGRZ�/RZHU����6HQG:LQGRZ�8SSHU��

HQGH[LVWV��

7KH� IXQFWLRQ� LV:LWKLQ:LQGRZ�[�O�K�� UHWXUQV� WUXH� LI� SDFNHW�

QXPEHU�[� LV�ZLWKLQ� WKH�UDQJH�IURP� O� WR�K�� FRPSXWLQJ�PRGXOR� WKH�

UDQJH�5��

7KH� LPSOLFLW� DVVXPSWLRQ� KHUH� LV� WKDW� DQ\� SDFNHW� LQ� WKH� EXIIHU�

ZKRVH� QXPEHU� LV� RXWVLGH� WKH� ZLQGRZ� FDXVHV� WKH� VRIWZDUH� WR�

EHKDYH�LQ�WKH�VDPH�ZD\�DV�DQ\�RWKHU�SDFNHW�RXWVLGH�WKH�ZLQGRZ��

6R�ZH� FKRRVH� WR� UHVWULFW�RXU�DWWHQWLRQ� WR�D� VLQJOH�SDFNHW�QXPEHU�

MXVW�RXWVLGH�WKH�ZLQGRZ��DQG�IRUELG�RWKHU�SDFNHWV�IURP�UHPDLQLQJ�

LQ�WKH�EXIIHU���

7KH� DERYH� FRQVWUDLQW�� WRJHWKHU� ZLWK� D� VLPLODU� UHVWULFWLRQ� RQ� WKH�

FRQWHQWV� RI� WKH� UHFHLYHU¶V� EXIIHU�� UHGXFHG� WKH� VL]H� RI� WKH� VWDWH�

VSDFH� WR�������VWDWHV�� HQDEOLQJ� WKH�JHQHUDWLRQ�RI� WHVW�VXLWHV�ZLWK�

PHDVXUDEOH�FRYHUDJH�RI� WKLV� UHVWULFWHG�EHKDYLRU�IRU�D�PRGHO�ZLWK�

�5��:��%� ���������

&ULWHULRQ� 9DUOLVW� 7DVNV� 7HVW�

&DVHV�

7UDQVLWLRQV�

&&�� U$FWLRQ� �� �� ����

&&�� V$FWLRQ� ��� �� ����

&&�� V	U$FWLRQ� ��� ��� ����

&&��
U$FWLRQ��
U:LQGRZ� ��� ��� �����

&&��
V$FWLRQ��
V:LQGRZ� ���� ���� �����

&&��
V	U$FWLRQ��
U%XIIHU� ���� ���� ������

&&��
V	U$FWLRQ��
V%XIIHU� ���� ���� ������

&&��
V	U$FWLRQ��
V	U:LQGRZ� ����� ����� ������

&&��
V	U$FWLRQ��
V	U%XIIHU� ����� ����� �������

&&���

V	U$FWLRQ��
V	U:LQGRZ�
V	U%XIIHU� ������ ����� �������

7DEOH����6L]H�RI�WHVW�VXLWHV�IRU�WKH�VOLGLQJ�ZLQGRZ�SURWRFRO��

:H� FKRVH� D� KLHUDUFK\� RI� FRYHUDJH� FULWHULD� DQG� JHQHUDWHG� WHQ�

GLIIHUHQW� WHVW� VXLWHV�� 2XU� PRGHO� FRQWDLQV� D� YDULDEOH� DFWLRQ� WKDW�

NHHSV� WUDFN� RI� WKH� VWLPXOXV� WR� WKH� V\VWHP�� 7R� WHVW� WKH� VHQGHU�

SURFHVV�� ZH� VHW� DFWLRQ� WR� EH� IURP� WKH� VHW� ^VWDUW�� VHQG'DWD��

UHVHQG'DWD�� UHFHLYH$FN�� KLGGHQ`�� ZLWK� DOO� DFWLRQV� WDNHQ� E\� WKH�

EXIIHUV�RU�UHFHLYHU�ODEHOHG�DV�KLGGHQ��7R�WHVW�WKH�UHFHLYHU�SURFHVV�

ZH� XVHG� D� GLIIHUHQW� FRYHUDJH� FULWHULRQ��KLGLQJ� DOO� WKH� VHQGHU�DQG�

EXIIHU� DFWLRQV�� DQG� VHWWLQJ� DFWLRQ� WR� WDNH� YDOXHV� IURP� WKH� VHW�



^VWDUW�� VHQG$FN�� UHFHLYH'DWD�� KLGGHQ`�� (DFK� FRYHUDJH� FULWHULRQ�

KDG�WKH�IRUP��

&&B7UDQVLWLRQB3URMHFWLRQ� )520� DFWLRQ� KLGGHQ� 21� 9DUOLVW��

72�DFWLRQ� KLGGHQ�21�9DUOLVW��

,Q�7DEOH� �� EHORZ�ZH� OLVW� WKH� FRYHUDJH� FULWHULD�� WRJHWKHU�ZLWK� WKH�

VL]HV�RI�WKH�WHVW�VXLWHV��

7KH�KLHUDUFK\�RI�FRYHUDJH�FULWHULD�LV�LOOXVWUDWHG�EHORZ�LQ�)LJXUH����

�$� FULWHULRQ� GRPLQDWHV� DQRWKHU� LI� DOO� WKH� FRYHUDJH� WDVNV� LQ� WKH�

VHFRQG� FULWHULRQ� DUH� FRQWDLQHG� LQ� WKH� WDVNV� RI� WKH� GRPLQDWLQJ�

FULWHULRQ��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

)LJXUH� ��� +LHUDUFK\� RI� VOLGLQJ� ZLQGRZ� SURWRFRO� FRYHUDJH�

FULWHULD��

7KH�IOH[LELOLW\�RI�RXU�FRYHUDJH�FULWHULD�HQDEOHV�WKH�JHQHUDWLRQ�RI�D�

QXPEHU�RI�WHVW�VXLWHV�LQ�D�FOHDU�KLHUDUFK\��ZLWK�LQFUHDVLQJ�QXPEHUV�

RI� WHVW� FDVHV�� DQG� QXPEHUV� RI� WUDQVLWLRQV� DV� WKH� QXPEHU� RI�

FRYHUDJH�WDVNV�LQFUHDVHV��VHH�7DEOH�����

���� (OHYDWRU�&RQWURO�0RGHO�
0�OOHUEXUJ� HW� DO��>�@� UHSRUW� RQ� WKH� FRPELQDWLRQ� RI� V\VWHPDWLF�

WHVWLQJ�DQG�IRUPDO�YHULILFDWLRQ�RI�DQ�HOHYDWRU�FRQWURO�SURJUDP��+HU�

JURXS�XVHV�WZR�VHSDUDWH�VSHFLILFDWLRQV��RQH�D�EHKDYLRUDO�PRGHO�WR�

JHQHUDWH� WHVW�FDVHV��DQG� WKH�RWKHU�D�ORJLFDO��GHFODUDWLYH�PRGHO�IRU�

IRUPDO�YHULILFDWLRQ��

6LQFH�WKH�*27&+$�WHVW�JHQHUDWRU�LV�EDVHG�RQ�WKH�WUDYHUVDO�RI�WKH�

HQWLUH�VWDWH�VSDFH��LW�LV�HDV\�WR�DGG�D�PRGHO�FKHFNLQJ�FDSDELOLW\�IRU�

VWDWH�RU�WUDQVLWLRQ�LQYDULDQWV��,Q�IDFW��WKH�VDPH�PHFKDQLVP�XVHG�IRU�

WKH� IRUELGGHQ� VWDWH� DQG� IRUELGGHQ� WUDQVLWLRQ� WHVW� FRQVWUDLQWV�

SHUIRUPV�PRGHO�FKHFNLQJ�IRU�WKHVH�SURSHUWLHV���

0�OOHUEXUJ¶V�H[SHULPHQW�YHULILHG� VHYHQ�SURSHUWLHV�RI� WKH�V\VWHP��

VL[�RI�ZKLFK�FDQ�EH�H[SUHVVHG�DV�VWDWH�RU�WUDQVLWLRQ�LQYDULDQWV��+HU�

WHVW� JHQHUDWLRQ� FULWHULD� FDQ� DOVR� EH� H[SUHVVHG� HDVLO\� LQ� WHUPV� RI�

VWDWH�DQG�WUDQVLWLRQ�SURMHFWLRQ�FULWHULD��7KXV�ZH�ZHUH�DEOH�WR�XVH�D�

VLQJOH� PRGHO� IRU� ERWK� WHVW� JHQHUDWLRQ� DQG� IRUPDO� YHULILFDWLRQ� RI�

LQYDULDQW�SURSHUWLHV��

��� ,1'8675,$/�(;3(5,0(176�
,Q�RUGHU�WR�EULGJH�WKH�JDS�EHWZHHQ�WKHRU\�DQG�SUDFWLFH��ZH�FUHDWHG�

D� WRRONLW� IRU� FUHDWLQJ� WHVW� VXLWHV�� WUDQVODWLQJ� WKH� WHVW� VXLWHV� WR�

H[HFXWDEOH� WHVW� VFULSWV�� DQG� H[HFXWLQJ� WKH� WHVW� FDVHV� GLUHFWO\�

DJDLQVW�WKH�XQLW�XQGHU�WHVW��7KH�*27&+$�WHVW�JHQHUDWRU�IRUPV�WKH�

WHVW� JHQHUDWLRQ� SDUW� RI� WKH� WRRONLW�� DQG� WKH� UHPDLQLQJ� WRROV�

LQFOXGLQJ� WHVW� VXLWH� EURZVHU�� WHVW� WUDQVODWLRQ� XWLOLW\�� DQG� WHVW�

H[HFXWLRQ�HQJLQH�DUH�WKH�7&%HDQV�WRRONLW�GHVFULEHG�LQ��>�@�DQG��>�@��

7KH� WHVWHUV�ZKR�XVHG� WKH� WRRONLW�ZHUH�JLYHQ�D�IRXU�GD\�FRXUVH� LQ�

PRGHOLQJ� DQG� WKH� XVH� RI� WKH� WRROV�� 7KH� FRXUVH�ZDV� IROORZHG� XS�

ZLWK� UHYLHZV�RI� WKH�PRGHOV� DQG� WHVW� VXLWHV� XVHG� LQ� WKH� LQGXVWULDO�

VHWWLQJ��

���� 'LVWULEXWHG�)LOH�6\VWHP�
7KH�ILUVW�LQGXVWULDO�H[SHULPHQW�UHSHDWHG�D�WHVW�RI�D�QXPEHU�RI�QHZ�

IHDWXUHV�DGGHG�WR�D�ILOH�V\VWHP�VKDUHG�E\�PXOWLSOH�KRVWV��

7KH� UHFRUGV� IURP� WKH� SUHYLRXV� PDQXDOO\� ZULWWHQ� WHVW� RI� WKHVH�

IHDWXUHV� ZHUH� FRPSDUHG� ZLWK� WKH� UHVXOWV� RI� XVLQJ� WKH� *27&+$�

WHVW�JHQHUDWRU�DQG�WHVW�H[HFXWLRQ�IUDPHZRUN���

7KH�()60�XVHG� LQ� WKH� WHVW�KDG��������VWDWHV�� DQG�ZH�JHQHUDWHG�

���� WHVW� FDVHV� WR� FRYHU� ���� FRYHUDJH� WDVNV�� 7KH� WHVW� VXLWH� ZDV�

JHQHUDWHG�XVLQJ�SURMHFWHG�VWDWH�FRYHUDJH�RQ�D�VLQJOH�GDWD�VWUXFWXUH�

ZKLFK� UHFRUGV� WKH� DFWLRQV� SHUIRUPHG� E\� WZR� SURFHVVHV�

FRQFXUUHQWO\� DFFHVVLQJ� DW� PRVW� WZR� RI� WKUHH� GLUHFWRULHV�� 7KH�

REVHUYDEOH� DFWLRQV� DUH� RSHQ� GLUHFWRU\�� UHDG� GDWD�� DQG� FORVH�

GLUHFWRU\����

,Q� WKH� RULJLQDO� WHVW�� ZKLFK� XWLOL]HG� D� WRWDO� RI� ��� SHUVRQ�PRQWKV��

HLJKWHHQ� GHIHFWV� ZHUH� IRXQG� LQ� WKH� UHOHYDQW� IHDWXUHV�� 7KH� WHVW�

VXLWHV�JHQHUDWHG�E\�*27&+$�IRXQG����RI�WKHVH�GHIHFWV�DQG�IRXQG�

WZR� QHZ� GHIHFWV� WKDW� KDG� HVFDSHG� WKH� HDUOLHU� WHVW�� 7KH� GHIHFWV�

H[SRVHG� LQFOXGHG� DOO� ��� RI� WKH� VHYHULW\� �� GHIHFWV� IRXQG� LQ� WKH�

RULJLQDO�WHVW���

7KHVH� UHVXOWV� DUH� VLJQLILFDQW� VLQFH� WKH� SHUVRQQHO� UHVRXUFHV�

LQYHVWHG� LQ� WKH� H[SHULPHQW� ±� LQFOXGLQJ� WUDLQLQJ�� PRGHO� ZULWLQJ��

WHVW�JHQHUDWLRQ�DQG�H[HFXWLRQ�±�ZDV�����OHVV�WKDQ�LQ�WKH�RULJLQDO�

WHVW�XVLQJ�WUDGLWLRQDO�PDQXDO�WHVW�JHQHUDWLRQ���

7KH� PDQDJHPHQW� RI� WKH� WHVWLQJ� XQLW� LQYROYHG� ZDV� VXIILFLHQWO\�

LPSUHVVHG�E\�WKH�UHVXOWV�RI�WKLV�SLORW�WR�FRPPLW�WR�IXWXUH�XVH�RI�WKH�

WRROV�LQ�VXEVHTXHQW�UHOHDVHV�RI�WKH�SURGXFW��DQG�WR�UHFRPPHQG�LWV�

XVH� WR� RWKHU� JURXSV� LQ� WKH� GHYHORSPHQW� ODERUDWRU\�� 7KH�

PHWKRGRORJ\� DQG� WRROV� KDYH� EHHQ� DSSOLHG� WR� WZR� RWKHU� IXQFWLRQ�

WHVWV�VLQFH�WKH�RULJLQDO�H[SHULPHQW��

���� &XVWRPHU�6XSSRUW�&HQWHU�
$� IXUWKHU� LQGXVWULDO� FDVH� VWXG\� WHVWHG� WKH� GLVSDWFKHU� RI� DQ�

HOHFWURQLF� FXVWRPHU� VXSSRUW� FHQWHU�� � &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�REVHUYDEOH�DFWLRQV�FRUUHVSRQG�WR�DFFHVV�SRLQW�PHWKRGV���7KH�

PRGHO�VWDWH�LV�GHULYHG�IURP�WKH�VWDWH�RI�HDFK�DFFHVV�SRLQW��WKH�GDWD�

DVVRFLDWHG� ZLWK� HDFK� LQWHUDFWLRQ�� LQFOXGLQJ� WKH� VNLOOV� UHTXLUHG� RI�

WKH� DJHQW� WR� SURFHVV� WKH� FRPPXQLFDWLRQ�� DQG� WKH� VWDWH� RI� WKH�

GLVSDWFKHU�TXHXH��

7KH� VRIWZDUH� LQFOXGHV� D�GLVSDWFKHU� WKDW� VFKHGXOHV� LQWHUDFWLRQV� WR�

EH� VHUYLFHG� E\� DFFHVV� SRLQWV�� 7KH� GLVSDWFKHU� KDV� D� FRPSOH[�

&&���
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&&�� &&��

&&��



VFKHGXOLQJ� SROLF\� EDVHG� RQ� WKH� VNLOOV� UHTXLUHG� WR� GHDO� ZLWK� WKH�

FRPPXQLFDWLRQ��DQG�WKH�VNLOOV�SRVVHVVHG�E\�WKH�DYDLODEOH�DJHQWV���

7R� FUHDWH� WKH� WHVW� VXLWH� ZH� XVHG� WUDQVLWLRQ� SURMHFWLRQ� RQWR� WKH�

DFFHVV�SRLQWV� DQG� LQWHUDFWLRQV�GDWD� VWUXFWXUHV��ZKLOH�PDNLQJ�VXUH�

WKDW� WKH� WHVW� VXLWH� FRYHUHG� LQVWDQFHV� RI� DQ� LQWHUDFWLRQ� EHLQJ�

VFKHGXOHG�IURP�WKH�EHJLQQLQJ��PLGGOH��DQG�HQG�RI�WKH�TXHXH��:H�

DOVR� XVHG� D� VWDWH� SURMHFWLRQ� FULWHULRQ� RQWR� WKH� DFFHVV� SRLQWV� WR�

JXDUDQWHH� WKDW� WKH� WHVW� VXLWH� FRYHUHG� LQWHUDFWLRQV� LQYROYLQJ�

PXOWLSOH� DFFHVV� SRLQWV�� 7ZR� GLVWLQFW� PRGHOV� ZHUH� ZULWWHQ�� RQH�

HPSKDVL]LQJ� WKH�FDOOV� WR� WKH�DFFHVV�SRLQW�PHWKRGV�� DQG� WKH�RWKHU�

IRFXVLQJ�RQ�WKH�GLVSDWFKHU�DQG�LWV�ORJLF��

7KH� ILUVW� PRGHO� KDG� ������ VWDWHV�� DQG� WKH� VHFRQG� KDG� ������

VWDWHV��7KH�VXLWHV�H[SRVHG����EXJV�LQFOXGLQJ�RQH�RI�VHYHULW\�������

RI� VHYHULW\� ��� DQG� ��� RI� VHYHULW\� ���$Q� DQDO\VLV� RI� WKHVH� GHIHFWV�

VKRZHG� WKDW� WKH�PDMRULW\�RI� WKHVH�EXJV�ZHUH� H[SRVHG�E\� WKH� WHVW�

FDVHV�ZLWK�ORQJ�VHTXHQFHV�RI�FDOOV�WR�WKH�$3,��6XFK�WHVW�FDVHV�DUH�

GLIILFXOW� WR� FRQVWUXFW� PDQXDOO\�� DQG� H[SRVHG� GHIHFWV� WKDW� ZRXOG�

KDYH�HVFDSHG�WUDGLWLRQDO�WHVW�JHQHUDWLRQ�WHFKQLTXHV��

7KH�*27&+$�WHVWLQJ�ZDV�GRQH�LQ�SDUDOOHO�ZLWK�RWKHU�SDUWV�RI�WKH�

DSSOLFDWLRQ�EHLQJ�WHVWHG�E\�PRUH� WUDGLWLRQDO�PHDQV��DQG�WKXV�LW� LV�

GLIILFXOW�WR�TXDQWLI\�WKH�EHQHILWV�JDLQHG�IURP�WKH�SURMHFWLRQ�EDVHG�

WHVWLQJ�� 0DQ\� RI� WKH� EHQHILWV� ZHUH� LQ� WKH� HDVH� RI� DGDSWLQJ� WR�

FKDQJHV�LQ�UHTXLUHPHQWV��DV�WKH�DSSOLFDWLRQ�PDWXUHG��7KH�XVH�RI�D�

WHVWLQJ� PRGHO� HQDEOHG� WKH� DGDSWDWLRQ� RI� WHVW� VXLWHV� WR� QHZ�

UHTXLUHPHQWV� E\� PDNLQJ� VPDOO� FKDQJHV� WR� WKH� PRGHO� DQG� UH�

JHQHUDWLQJ� WKH� WHVW� VXLWHV�� ,Q� WKH� PRUH� WUDGLWLRQDO� WHVWLQJ�� VXFK�

UHTXLUHPHQWV�FKDQJHV�FUHDWHG�WKH�QHHG�WR�HGLW�HDFK�WHVW�VFULSW��

��� 5(/$7('�:25.�
0XFK� RI� WKH� ZRUN� RQ� VSHFLILFDWLRQ�EDVHG� WHVWLQJ� RI� FRQFXUUHQW�

SURJUDPV� KDV� GHDOW� ZLWK� FRQIRUPDQFH� WHVWLQJ� RI� ILQLWH� VWDWH�

PDFKLQHV��6HYHUDO�PHWKRGV��VHH��>�@�DQG��>��@��KDYH�EHHQ�SURSRVHG�

IRU� JHQHUDWLQJ� VHWV� RI� WHVW� FDVHV� WR�YHULI\� WKDW�DQ� LPSOHPHQWDWLRQ�

KDV� WKH� VDPH� VHWV� RI� VWDWHV� DQG� WUDQVLWLRQV� DV� WKH� VSHFLILFDWLRQ��

7KHVH�PHWKRGV�FRQFHQWUDWH�RQ�FRYHULQJ�WKH�VWDWHV�DQG�WUDQVLWLRQV�

DVVRFLDWHG�ZLWK� WKH�FRQWURO�RI�DQ�)60��DQG�DUH�PRUH�DSSURSULDWH�

IRU� SURWRFRO� WHVWLQJ�� 7KHVH� PHWKRGV� VXIIHU� IURP� VWDWH� H[SORVLRQ�

ZKHQHYHU�DQ\�DWWHPSW�LV�PDGH�WR�LQFOXGH�GDWD�IORZ�FRQVLGHUDWLRQV�

LQWR�WKH�)60��RU�WR�H[SUHVV�WKH�V\VWHP�DV�D�VHW�RI�FRPPXQLFDWLQJ�

)60V�� 7KLV� VWDWH� H[SORVLRQ� DOVR� OHDGV� WR� DQ� H[SORVLRQ� RI� WHVW�

FDVHV��VLQFH�WKH�QXPEHU�RI�WUDQVLWLRQV�WR�EH�FRYHUHG�DOVR�H[SORGHV���

6RPH�PHWKRGV�WKDW�KDYH�EHHQ�SURSRVHG�IRU�GHDOLQJ�ZLWK�WKH�VWDWH�

H[SORVLRQ� SUREOHP� DUH� LQFUHPHQWDO� WHVWLQJ� DQG�YDULRXV� UHGXFWLRQ�

WHFKQLTXHV��>��@���>��@��2XU�WHVW�FRQVWUDLQWV�DOORZ�IRU�ERWK�SDUWLWLRQ�

RI�WKH�VSDFH�XQGHU�WUDYHUVDO��DQG�DOVR�IRU�WKH�LPSOHPHQWDWLRQ�RI�D�

SULPLWLYH�IRUP�RI�V\PPHWU\�UHGXFWLRQ��XVLQJ�D�UHSUHVHQWDWLYH�RI�D�

V\PPHWU\�FODVV��DQG�IRUELGGLQJ�VWDWHV�XVLQJ�RWKHU�PHPEHUV�RI�WKH�

FODVV��

0DQ\� DXWKRUV�KDYH� FUHDWHG� V\VWHPV� IRU� WKH� DXWRPDWLF�JHQHUDWLRQ�

RI�WHVW�FDVHV��%RWK�+DUWPDQQ�HW�DO��>��@�DQG�2IIXW�DQG�$EGXUD]LN��

>��@� JHQHUDWH� WHVW� FDVHV� IURP�80/� VSHFLILFDWLRQV�� 7KH� FRYHUDJH�

FULWHULD� XVHG� LQ� �>��@�ZDV� WUDQVLWLRQ� FRYHUDJH� RI� SDUWLWLRQV� RI� WKH�

GDWD� VSDFH�� ,Q� �>��@� WKH� DXWKRUV� SURSRVH� FRYHUDJH� XVLQJ� D�

FRPELQDWLRQ�RI�H[SOLFLW�WHVW�SXUSRVHV�ZLWK�WUDQVLWLRQ�FRYHUDJH�DQG�

SUHGLFDWH� FRYHUDJH� RI� WKH� SUHGLFDWHV� XVHG� LQ� GHILQLQJ� WKH�

WUDQVLWLRQV�RI� WKH�PRGHO��7KHVH��DQG�PRVW�RWKHU�IRUPV�RI�LPSOLFLW�

WHVW�JHQHUDWLRQ�GLUHFWLYHV�FDQ�EH�H[SUHVVHG�LQ�WHUPV�RI�WKH�JHQHULF�

SURMHFWHG�VWDWH�DQG�SURMHFWHG�WUDQVLWLRQ�FRYHUDJH�ZH�SURSRVH��7KH�

H[SOLFLW�WHVW�SXUSRVHV�XVHG�LQ�WKH�WHVW�JHQHUDWRU�RI�-HURQ�DQG�0RUHO�

�>��@� DUH� PRUH� FRPSOH[� LQ� WKDW� WKH\� VSHFLI\� D� WHVW� SXUSRVH� DV� D�

VPDOO�)60��EXW�UHTXLUH�D�ODUJH�DPRXQW�RI�HIIRUW�WR�FUHDWH��DQG�GR�

QRW� JXDUDQWHH� V\VWHPDWLF� FRYHUDJH� RI� WKH� V\VWHP�XQGHU� WHVW�� 7KH�

FRYHUDJH� FULWHULD� LQWURGXFHG� E\� +HQQLJHU� DQG� 8UDO� �>��@� DUH�

FRPSDUDEOH� WR� RXUV� LQ� WKDW� WKH\� FRPELQH� FRQWURO� DQG� GDWD�

GHSHQGHQFLHV��DQG�WKH\�FDQ�EH�YDULHG�WR�FUHDWH�ODUJH�DQG�VPDOO�WHVW�

VXLWHV� LQ� D� VLPLODU� PDQQHU�� $QRWKHU� DSSURDFK� WR� WHVW� JHQHUDWLRQ�

FULWHULD� LV� WDNHQ� E\� $PPDQ� HW� DO�� � �>��@� ZKR� GHILQH� D� VHW� RI�

PXWDWLRQV�RI�WKH�VSHFLILFDWLRQ�DQG�FUHDWH�D�WHVW�FDVH�WR�GLVWLQJXLVK�

HDFK�PXWDWLRQ�IURP�WKH�FRUUHFW�LPSOHPHQWDWLRQ��
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DUPRU\�IRU�ILJKWLQJ�VWDWH�H[SORVLRQ���
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7XUQHU�IRU�WKHLU�KHOSIXO�FRUUHVSRQGHQFH��DQG�$QQ�7RWWHQ�DQG�*DU\�

%RVNR� RU� WKHLU� KHOS� LQ� UXQQLQJ� WKH� LQGXVWULDO� H[SHULPHQWV�� :H�

ZRXOG� DOVR� OLNH� WR� WKDQN� WKH� DQRQ\PRXV� UHIHUHHV� RI� D� SUHYLRXV�

YHUVLRQ�RI�WKLV�SDSHU�IRU�WKHLU�KHOSIXO�VXJJHVWLRQV��
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