
)3*$�EDVHG�$FFHOHUDWRU�IRU���6$7�&RQIOLFW�$QDO\VLV�LQ�
6$7�6ROYHUV�

0RQD�6DIDU���0��:DWKHT�(O�.KDUDVKL���DQG�$VKUDI�6DOHP��

��&RPSXWHU�DQG�6\VWHPV�'HSDUWPHQW��$LQ�6KDPV�8QLYHUVLW\��&DLUR��(J\SW�
��8QLYHUVLW\�RI�9LFWRULD��9LFWRULD��&DQDGD�
��0HQWRU�*UDSKLFV�(J\SW��&DLUR��(J\SW�

$EVWUDFW��:H�SUHVHQW�DQ�)3*$�EDVHG�DFFHOHUDWRU�IRU���6$7�FODXVH�HYDOXDWLRQ�
DQG�FRQIOLFW�GLDJQRVLV�DQG�SURSRVH�DQ�DSSURDFK�WR�LQFRUSRUDWH�LW�LQ�VROYLQJ�WKH�
&RPELQDWLRQDO�(TXLYDOHQFH�&KHFNLQJ�SUREOHP��6$7�ELQDU\�FODXVHV�DUH�PDSSHG�
RQWR�DQ�LPSOLFDWLRQ�JUDSK�DQG�WKH�WHUQDU\�FODXVHV�DUH�NHSW�LQ�DQ�LQGH[HG�FODXVH�
GDWDEDVH�DQG�PDSSHG�LQWR�WKH�FODXVH�HYDOXDWRU�DQG�FRQIOLFW�DQDO\]HU�RQ�)3*$��

����,QWURGXFWLRQ�

$OJRULWKPV�WR�VROYH�6$7�LQYROYH�PDQ\�FRPSXWH�LQWHQVLYH��ORJLF�ELW�OHYHO��DQG�KLJKO\�
SDUDOOHOL]DEOH� RSHUDWLRQV� WKDW�PDNH� UHFRQILJXUDEOH� FRPSXWLQJ� DSSHDOLQJ� >�@��9DULRXV�
DSSURDFKHV�KDYH�EHHQ�SURSRVHG�WR�DFFHOHUDWH�6$7�VROYLQJ�XVLQJ�UHFRQILJXUDEOH�FRP�
SXWLQJ�>�@��$Q�LPSRUWDQW�PRGXOH�RI�DQ\�6$7�VROYHU�LV�D�FODXVH�HYDOXDWRU� WKDW�FKHFNV�
WKH� FRQVLVWHQF\� RI� YDULDEOHV� DVVLJQPHQW��&RQIOLFW� GLDJQRVLV� >�@� KHOSV� SUXQLQJ� VHDUFK�
VSDFH��:H�SUHVHQW�DQ�)3*$�EDVHG���6$7�FODXVH�HYDOXDWRU�DQG�FRQIOLFW�DQDO\]HU��

&RPELQDWLRQDO� (TXLYDOHQFH�&KHFNLQJ� �&(&�� LV� D�ZLGHO\� XVHG� IRUPDO� YHULILFDWLRQ�
PHWKRGRORJ\� IRU� GLJLWDO� V\VWHPV��'XH� WR� LWV� KDUGQHVV�� FXUUHQW� FKHFNHUV�PRVWO\� FRP�
ELQH�PXOWLSOH�FKHFNLQJ�HQJLQHV��OLNH�%''�>�@��6$7�>�@��DQG�6$7�%''�>�@��:H�SUR�
SRVH�DQ�DSSURDFK�WR�LQFRUSRUDWH�RXU�FODXVH�HYDOXDWRU�WR�DFFHOHUDWH�6$7�EDVHG�&(&��

����)3*$�EDVHG���6$7�&ODXVH�(YDOXDWRU�DQG�&RQIOLFW�$QDO\]HU��

7KH�DUFKLWHFWXUH�RI�RXU�FODXVH�HYDOXDWRU��)LJ�����FRQVLVWV�RI�D���LQSXW�/87�DFWLQJ�DV���
LQSXW�25�JDWH�IRU�HDFK�WHUQDU\�FODXVH��DQG�DQ�DFWLYH�ORZ�SULRULW\�HQFRGHU�WKDW�GHWHFWV�
FRQIOLFW�ZKHQ� D� FODXVH� LV� XQVDWLVILDEOH� DQG� UHWXUQV� WR� WKH� KRVW� WKH�FODXVH� LQGH[��7KH�
YDOXH�RI�HDFK�YDULDEOH� LV�HQFRGHG� LQ�WZR�ELWV�FRUUHVSRQGLQJ�WR� LWV�SRVLWLYH�DQG�QHJD�
WLYH�OLWHUDOV��,I�WKH�YDOXH�RI�WKH�YDULDEOH�LV�����RU������WKH�HQFRGLQJ�LV������RU�������UH�
VSHFWLYHO\��7KH�HQFRGLQJ������LQGLFDWHV�WKDW�WKH�YDULDEOH�LV�IUHH��

6LQFH� VDPH�DUFKLWHFWXUH� LV�XVHG� IRU�GLIIHUHQW�6$7�LQVWDQFHV��H[FHSW� IRU� WKH� OLWHUDO�
FRQILJXUDWLRQV��GLUHFW�PRGLILFDWLRQ�FDQ�EH�GRQH�RQ�WKH�ELWVWUHDP�UHGXFLQJ�WKH�V\QWKH�
VLV�DQG�SODFH�DQG�URXWH�RYHUKHDG��5XQ�WLPH� UHFRQILJXUDWLRQ�FDQ�EH�XVHG�IRU�G\QDPLF�
FODXVH�DGGLWLRQ��,W�DOVR�DOORZV�FRQILJXUDWLRQV�ODUJHU�WKDQ�WKH�DYDLODEOH�)3*$�FDSDELO�
LW\�>�@��)RU�ODUJH�QXPEHU�RI�YDULDEOHV��YLUWXDO�ZLUHV�WLPH�PXOWLSOH[LQJ�FDQ�EH�XVHG�>�@��



7DEOH���VKRZV�WKH�QXPEHU�RI���LQSXW�/87V�QHHGHG�IRU� WKH�HQFRGHU�SDUW�RI� WKH�DU�
FKLWHFWXUH�IRU�VRPH�FDVHV�IURP�',0$&6�EHQFKPDUN�VXLWH��$,0��'8%2,6��DQG�35(7�
IDPLOLHV�FRQVLVW�RI�WHUQDU\�FODXVHV��VR�WKH\�PDS�GLUHFWO\�LQWR�RXU�DUFKLWHFWXUH��

(QFRGHU

��L�S
/

8
7
�

�

�

�

OLWHUDOV�RI��FODXVH��

OLWHUDOV�RI��FODXVH�P����

�

�

�

F�
F�

F>ORJ��P���@

�

�

�

FRQIOLFW

�

�

�

�

�

Y�
Y�

Y�
Y�


YQ��
YQ��


9
DU
LD
EO
H�
$
VV
LJ
QP
HQ
W

��L�S
/

8
7

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

)LJ����7KH�FODXVH�HYDOXDWRU���Q�LV�WKH�QXPEHU�RI�YDULDEOHV��P�LV�WKH�QXPEHU�RI�WHUQDU\�FODXVHV��

DQG��&��&��«���&�>ORJ�P��@��UHSUHVHQWV�WKH�ELQDU\�HTXLYDOHQW�RI�WKH�ILUVW�FODXVH�WKDW�HYDOXDWHV�WR����

7DEOH����1XPEHU�RI���LQSXW�/87V�RFFXSLHG�E\�WKH�HQFRGHU�FRPSRQHQW�IRU�',0$&6�LQVWDQFHV��

,QVWDQFH� ��&ODXVHV� ����LQSXW�/87V�
DLP�����B��]�M�� ��� ����
DLP�����B��]�M� ���� ����
DLP������B��]�M� ���� ����
DLP������B��]�M� ���� ����
GXERLV��� ���� ����
GXERLV��� ���� ����
SUHW���[[�� ���� ����
SUHW����[[� ���� �����

����6$7�EDVHG�&(&�$FFHOHUDWRU�

6LQFH�6$7�LV�DQ�13�FRPSOHWH�SUREOHP��XVLQJ�LW�LQ�&(&�WUDQVIRUPV�D�SUREOHP�WKDW�LQ�
ZRUVW� FDVH� WDNHV� H[SRQHQWLDO� WLPH� LQ� WKH� QXPEHU� RI� WKH� FLUFXLW� LQSXWV� LQWR� DQRWKHU�
SUREOHP�WKDW�WDNHV�H[SRQHQWLDO�WLPH�LQ�WKH�QXPEHU�RI�YDULDEOHV��,QWHUHVWLQJO\��PRVW�RI�
WKH�FODXVHV�RI�&1)�IRUPXOD�SURGXFHG�E\�FRPELQDWLRQDO�FLUFXLWV�DUH�ELQDU\�WKDW�FDQ�EH�
HDVLO\�PDSSHG�RQWR�DQ�LPSOLFDWLRQ�JUDSK�>�@��7HUQDU\�RU�PRUH�FODXVH�LQIRUPDWLRQ�FDQ�
JXLGH�WKH�VHDUFK��$�FRQIOLFW�DULVHV�ZKHQ�RQH�RI�WKHVH�FODXVHV�LV�XQVDWLVILDEOH��&RQIOLFW�
GLDJQRVLV�GHWHUPLQHV�WKH�EDFNWUDFNLQJ�OHYHO�ZKLFK�KHOSV�SUXQLQJ�WKH�VHDUFK�VSDFH�>�@��

)LJ�� �� LOOXVWUDWHV� RXU� SURSRVHG� VRIWZDUH�UHFRQILJXUDEOH� KDUGZDUH� DFFHOHUDWRU� IRU�
6$7�EDVHG�&(&��7KH�VRIWZDUH�UXQQLQJ�RQ�WKH�KRVW�FRPSXWHU�ILUVW�FRQYHUWV�WKH�VWUXF�
WXUDO� GHVFULSWLRQ� RI� WKH� PLWHU� FLUFXLW� LQWR� ��6$7� IRUPXOD�� 7KH� ELQDU\� FODXVHV� DUH�
PDSSHG� LQWR�DQ� LPSOLFDWLRQ�JUDSK��7KH�WHUQDU\�FODXVHV�DUH�NHSW� LQ�DQ�LQGH[HG�FODXVH�
GDWDEDVH�RQ�WKH�KRVW�FRPSXWHU�DQG�PDSSHG�LQWR�WKH�FODXVH�HYDOXDWRU�RQ�WKH�)3*$��

�����������������������������������������������������������
�� ]]]]� LV� �QR��RU��\HV���� WKH�IRUPHU�GHQRWLQJ�D�QR�LQVWDQFH�DQG�WKH� ODWWHU�D�VLQJOH�VROXWLRQ�

\HV�LQVWDQFH��M�PHDQV�VLPSO\�WKH�MWK�LQVWDQFH�DW�WKDW�SDUDPHWHU��
��[[�LV�WKH�KRUQ�SHUFHQWDJH��LW�FDQ�WDNH�YDOXHV����������RU�����



9DULDEOH�'HFLVLRQ

,PSOLFDWLRQ�(QJLQH

%DFNWUDFN�(QJLQH

FRQIOLFW" &ODXVH�(YDOXDWRU

+RVW�FRPSXWHU

)3*$

\HV

1R

9DULDEOH�DVVLJQPHQW

&RQIOLFW�VLJQDO

&RQIOLFWLQJ�FODXVH�LQGH[

��&ODXVH
'DWDEDVH

�

)LJ����7KH�JHQHUDO�YLHZ�RI�RXU�VRIWZDUH��UHFRQILJXUDEOH�KDUGZDUH�6$7�EDVHG�&(&�DFFHOHUDWRU�

,QLWLDOO\�DOO�YDULDEOHV�DUH�IUHH�H[FHSW�IRU� WKH�PLWHU�RXWSXW�ZKLFK�LV�UHVWULFWHG�WR�WKH�
YDOXH������6HOHFWLQJ�D�IUHH�YDULDEOH�DQG�DVVLJQLQJ�D�YDOXH�WR�LW�LV�GRQH�E\�WKH�VRIWZDUH�
UXQQLQJ� RQ� WKH� KRVW� FRPSXWHU��$� GHFLVLRQ� OHYHO� LV� DVVRFLDWHG�ZLWK� HDFK� VHOHFWHG� DV�
VLJQPHQW��7KH�LPSOLFDWLRQ�HQJLQH�GHULYHV�WKH�GLUHFW�DQG�WUDQVLWLYH�LPSOLFDWLRQV�RI�WKLV�
DVVLJQPHQW�E\�RSHUDWLQJ�RQ� WKH� LPSOLFDWLRQ�JUDSK�JHQHUDWHG� IURP�WKH�ELQDU\�FODXVHV��
7KH� FRQVLVWHQF\�RI� WKH�YDULDEOHV�ELQGLQJ�ZLWK� WKH� WHUQDU\�FODXVHV� LV� FKHFNHG�DW�HDFK�
GHFLVLRQ� OHYHO� YLD� WKH� FODXVH� HYDOXDWRU�� ,Q� FDVH� RI� FRQIOLFW�� WKH� EDFNWUDFNLQJ� HQJLQH��
DLGHG�E\�WKH�FRQIOLFWLQJ�FODXVH�LQGH[��GHWHUPLQHV�WKH�SUHGHFHVVRU�VHW�RI�YDULDEOHV�WKDW�
DUH� UHVSRQVLEOH� IRU� WKH� FRQIOLFW� DQG� KHQFH� SHUIRUPV� QRQFKURQRORJLFDO� EDFNWUDFNLQJ��
ZKLFK� KHOSV� SUXQLQJ� WKH� VHDUFK� VSDFH�� 7KH� DOJRULWKP� LV� VKRZQ� RQ� WKH� QH[W� SDJH��
FODXVHBHYDOXDWRU����VHQGV�YDULDEOHV�DVVLJQPHQW�WR�WKH�)3*$��7KH�)3*$�VHQGV�EDFN�D�
FRQIOLFW�LQGLFDWLRQ�DQG�WKH�LQGH[�RI�WKH�XQVDWLVILHG�FODXVH��LI�DQ\��

2XU� DUFKLWHFWXUH� ��6$7� UHVWULFWLRQ� LV� LPSRVHG�RQ� WKH� VWUXFWXUDO�GHVFULSWLRQ�RI� WKH�
FLUFXLW�E\�KDYLQJ�JDWHV�RI�D�PD[LPXP�IDQ�LQ�RI����ZKLFK�DGGV�QHZ�YDULDEOHV�DQG�LQ�
FUHDVHV�WKH�QXPEHU�RI�ELQDU\�DQG�WHUQDU\�FODXVHV��VHH�7DEOH�����

����&RQFOXVLRQV�

:H�SUHVHQWHG�)3*$�EDVHG�FODXVH�HYDOXDWRU�DQG�FRQIOLFW�GHWHFWRU�DQG�SURSRVHG�D�QHZ�
DSSURDFK� IRU� WKH� FRPELQDWLRQDO� HTXLYDOHQFH�FKHFNLQJ� SUREOHP�� ,Q� RXU� DSSURDFK�� WKH�
6$7�ELQDU\� FODXVHV�DUH� WUHDWHG�RQ� WKH�VRIWZDUH� VLGH�ZKHUH� WKH\�DUH�PDSSHG�RQWR�DQ�
LPSOLFDWLRQ� JUDSK�� 7KH� WHUQDU\� FODXVHV� DUH� NHSW� LQ� DQ� LQGH[HG� FODXVH� GDWDEDVH� DQG�
PDSSHG�RQWR�WKH�FODXVH�HYDOXDWRU�DQG�FRQIOLFW�GHWHFWRU�RQ�)3*$��7KH�QHHG�IRU�DFFHO�
HUDWLQJ�WKH�WHUQDU\�FODXVH�HYDOXDWLRQ�LV�SURYHG�XVLQJ�WKH�,6&$6
���EHQFKPDUN��

5HIHUHQFHV�

���.��&RPSWRQ�DQG�6��+DXFN��5HFRQILJXUDEOH�&RPSXWLQJ��$�6XUYH\�RI�6\VWHPV�DQG�6RIW�
ZDUH��$&0�FRPSXWLQJ�6XUYH\V��9RO������QR�����-XQH���������������

���,�6NOLDURYD�DQG�$��%��)HUUDUL��5HFRQILJXUDEOH�+DUGZDUH�6$7�6ROYHUV��$�6XUYH\�RI�6\V�

WHPV�,(((�7UDQVDFWLRQV�RQ�&RPSXWHUV��9RO������QR������1RYHPEHU�����������������
���/��0��6LOYD�DQG�.��$��6DNDOODK��*5$63��$�6HDUFK�$OJRULWKP�IRU�3URSRVLWLRQDO�6DWLVIL�

DELOLW\��,(((�7UDQV��&RPSXWHUV��9RO������QR�����0D\���������������
���5��(��%U\DQW��*UDSK�%DVHG�$OJRULWKPV�IRU�%RROHDQ�)XQFWLRQ�0DQLSXODWLRQ��,(((�7UDQV��

RQ�&RPSXWHUV��9RO��&�����1R�����$XJXVW�������



���-��3��0DUTXHV�6LOYD�DQG�/��*XHUUD�H�6LOYD��6ROYLQJ�6DWLVILDELOLW\� LQ�&RPELQDWLRQDO�&LU�

FXLWV��,(((�'HVLJQ�DQG�7HVW�RI�&RPSXWHUV��-XO\�$XJXVW�������������
���6��5HGD�DQG�$��6DOHP��&RPELQDWLRQDO�(TXLYDOHQFH�&KHFNLQJ�XVLQJ�%RROHDQ�6DWLVILDELOLW\�
DQG� %LQDU\� 'HFLVLRQ� 'LDJUDPV�� ,(((�$&0� 'HVLJQ�� $XWRPDWLRQ� DQG� 7HVW� LQ� (XURSH�
�0DUFK���������������

���3��=KRQJ��0��0DUWRQRVL��3��$VKDU��DQG�6��0DOLN��8VLQJ�&RQILJXUDEOH�&RPSXWLQJ�WR�$F�
FHOHUDWH�%RROHDQ� 6DWLVILDELOLW\�� ,(((�7UDQV�� &RPSXWHU�$LGHG�'HVLJQ� RI� ,QWHJUDWHG�&LU�
FXLWV�DQG�6\VWHPV��9RO������QR�����-XQH���������������

���7��/DUUDEHH��7HVW�3DWWHUQ�JHQHUDWLRQ�XVLQJ�%RROHDQ�6DWLVILDELOLW\��,(((�7UDQVDFWLRQV�RQ�

�&RPSXWHU�$LGHG�'HVLJQ��9RO������QR�����-DQXDU\������������

7DEOH����,6&$6¶���EHQFKPDUN�FLUFXLWV�FODXVHV�VSHFLILFDWLRQ�

8QUHVWULFWHG�6$7�IRUPXOD� ��6$7�IRUPXOD�0LWHU� &LU�
FXLW� �� %LQDU\�

FODXVHV�
�� 7HUQDU\� RU� PRUH�
FODXVHV�

�� %LQDU\�
FODXVHV�

�� 7HUQDU\�
FODXVHV�

&���� ���� ���� ���� ����
&���� ���� ����� ���� �����
&����� ����� ���� ����� �����
&����� ����� ����� ����� �����
&����� ������ ����� ������ �����

7KH�DFFHOHUDWRU�VRIWZDUH�DOJRULWKP�

:KLOH�7UXH�^�
��LI�GLU  IRUZDUG�^�
�����LI��'HFLGH����^�)RUPXOD 6$7���EUHDN��`�
�����SURFHVVBLPSOLFDWLRQ����
�����FODXVHBHYDOXDWRU�YDU���
�����LI�FRQIOLFW UHDGBFRQIOLFW���^�
��������FRQIOLFWBFODXVHBLQGH[ UHDG�LQGH[����
��������GLU EDFNZDUG������EDFNWUDFN�
�����`�
�����HOVH� � � �����
��`�
��LI�GLU  EDFNZDUG�^�
�����% %DFNWUDFNBOHYHO����
�����LI�%  18//��^�)RUPXOD XQ6$7���EUHDN��`�
�����XQGR� ��%����
�����  %��
�����LI��7ULHGBERWKBZD\V���^����
��������FRPSOHPHQWBYDOXH����
��������FODXVHBHYDOXDWRU�YDU���
��������LI�FRQIOLFW UHDGBFRQIOLFW����
������������FRQIOLFWBFODXVHBLQGH[ UHDG�LQGH[����
��������HOVH^� � � ������GLU IRUZDUG��`�
�����`��
��`�
`�


