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'RFXPHQW���RI��
 
(VWDEOLVKPHQW�RI�D�3KRQHPLF�&OXVWHULQJ�6\VWHP�IRU�$PHULFDQ�6LJQ�/DQJXDJH��
$XWKRU��:LWNLQ��*UHJRU\�$��0RUHUH��'RQQD�$��*HHU��/HDK�&  
3UR4XHVW�GRFXPHQW�OLQN 
$EVWUDFW��([HFXWLYH�IXQFWLRQLQJ��WKH�VHOI�UHJXODWRU\�RU�FRQWURO�V\VWHP�WKDW�JRYHUQV�DOO�FRJQLWLYH��EHKDYLRUDO��DQG
HPRWLRQDO�DFWLYLW\��PD\�EH�PHDVXUHG�E\�PHDQV�RI�D�YDULHW\�RI�SV\FKRORJLFDO�DQG�QHXURSV\FKRORJLFDO�WHVWV�
LQFOXGLQJ�WHVWV�RI�YHUEDO�IOXHQF\�$�VXEVHW�RI�WKHVH�WDVNV��SKRQHPLF�IOXHQF\��UHTXLUHV�D�SHUVRQ�WR�JHQHUDWH�ZRUGV
EDVHG�RQ�D�OHWWHU�FXH��H�J���ZRUGV�WKDW�EHJLQ�ZLWK�WKH�OHWWHU�I���+RZHYHU��VXFK�WHVWV�DUH�GHVLJQHG�IRU�XVHUV�RI
VSRNHQ�ODQJXDJH��7KLV�DUWLFOH�UHSRUWV�RQ�WKH�XVH�RI�D�PHDVXUH�RI�YHUEDO�IOXHQF\�IRU�$PHULFDQ�6LJQ�/DQJXDJH
�$6/��IRU�ZKLFK��LQ�DGGLWLRQ�WR�WKH�WUDGLWLRQDO�VFRUH�EDVHG�RQ�WKH�WRWDO�QXPEHU�RI�ZRUGV�SURGXFHG�GXULQJ�WKH
WDVN��DQ�DQDO\VLV�RI�$6/�EDVHG��FOXVWHUV���UHODWHG�VLJQV�SURGXFHG�LQ�VXFFHVVLRQ��DQG��VZLWFKHV���WUDQVLWLRQV
IURP�RQH�FOXVWHU�WR�DQRWKHU��ZDV�GHYHORSHG��3UHYLRXV�UHVHDUFK�ZLWK�VWDQGDUG�YHUEDO�IOXHQF\�WDVNV�KDV
VXJJHVWHG�WKDW�FOXVWHU�DQG�VZLWFKLQJ�DQDO\VLV�UHIOHFWV�PHQWDO�IOH[LELOLW\�DQG�FRJQLWLYH�VHDUFK�VNLOOV��$�V\VWHP�IRU
DQDO\]LQJ�SKRQHPLF�FOXVWHUV�LQ�$6/�LV�GHVFULEHG��DQG�LWV�DSSOLFDWLRQ�LV�GHPRQVWUDWHG�XVLQJ�D�FDVH�H[DPSOH�
>38%/,&$7,21�$%675$&7@�� 
/LQNV��/LQNLQJ�6HUYLFH 
)XOO�WH[W��+HDGQRWH�
$EVWUDFW��
([HFXWLYH�IXQFWLRQLQJ��WKH�VHOI�UHJXODWRU\�RU�FRQWURO�V\VWHP�WKDW�JRYHUQV�DOO�FRJQLWLYH��EHKDYLRUDO��DQG�HPRWLRQDO
DFWLYLW\��PD\�EH�PHDVXUHG�E\�PHDQV�RI�D�YDULHW\�RI�SV\FKRORJLFDO�DQG�QHXURSV\FKRORJLFDO�WHVWV��LQFOXGLQJ�WHVWV
RI�YHUEDO�IOXHQF\�$�VXEVHW�RI�WKHVH�WDVNV��SKRQHPLF�IOXHQF\��UHTXLUHV�D�SHUVRQ�WR�JHQHUDWH�ZRUGV�EDVHG�RQ�D
OHWWHU�FXH��H�J���ZRUGV�WKDW�EHJLQ�ZLWK�WKH�OHWWHU�I���+RZHYHU��VXFK�WHVWV�DUH�GHVLJQHG�IRU�XVHUV�RI�VSRNHQ
ODQJXDJH��7KLV�DUWLFOH�UHSRUWV�RQ�WKH�XVH�RI�D�PHDVXUH�RI�YHUEDO�IOXHQF\�IRU�$PHULFDQ�6LJQ�/DQJXDJH��$6/��IRU
ZKLFK��LQ�DGGLWLRQ�WR�WKH�WUDGLWLRQDO�VFRUH�EDVHG�RQ�WKH�WRWDO�QXPEHU�RI�ZRUGV�SURGXFHG�GXULQJ�WKH�WDVN��DQ
DQDO\VLV�RI�$6/�EDVHG��FOXVWHUV���UHODWHG�VLJQV�SURGXFHG�LQ�VXFFHVVLRQ��DQG��VZLWFKHV���WUDQVLWLRQV�IURP�RQH
FOXVWHU�WR�DQRWKHU��ZDV�GHYHORSHG��3UHYLRXV�UHVHDUFK�ZLWK�VWDQGDUG�YHUEDO�IOXHQF\�WDVNV�KDV�VXJJHVWHG�WKDW
FOXVWHU�DQG�VZLWFKLQJ�DQDO\VLV�UHIOHFWV�PHQWDO�IOH[LELOLW\�DQG�FRJQLWLYH�VHDUFK�VNLOOV��$�V\VWHP�IRU�DQDO\]LQJ
SKRQHPLF�FOXVWHUV�LQ�$6/�LV�GHVFULEHG��DQG�LWV�DSSOLFDWLRQ�LV�GHPRQVWUDWHG�XVLQJ�D�FDVH�H[DPSOH���
([HFXWLYH�IXQFWLRQLQJ�LV�GHILQHG�DV�WKH�VHOI�UHJXODWRU\�RU�FRQWURO�V\VWHP�WKDW�JRYHUQV�DOO�FRJQLWLYH��EHKDYLRUDO�
DQG�HPRWLRQDO�DFWLYLW\��'HQFNOD�������$QGHUVRQ�������+DXVHU��/XNRPVNL��DQG�+LOOPDQ��������$VSHFWV�RI
H[HFXWLYH�IXQFWLRQLQJ�LQFOXGH�LQLWLDWLQJ�DFWLYLW\��LQKLELWLQJ�EHKDYLRU��VKLIWLQJ�EHWZHHQ�WDVNV��SODQQLQJ�DQG
RUJDQL]LQJ��VHOHFWLQJ�JRDOV��DQG�PRQLWRULQJ�DQG�HYDOXDWLQJ�EHKDYLRU��DPRQJ�RWKHUV��*LRLD�HW�DO����������
&HUWDLQ�DVSHFWV�RI�H[HFXWLYH�IXQFWLRQLQJ�DUH�FRPPRQO\�PHDVXUHG�E\�WHVWV�RI�YHUEDO�IOXHQF\��7KH�WZR�PDLQ�W\SHV
DUH�SKRQHPLF�IOXHQF\�WHVWV��H�J���FRQWUROOHG�RUDO�ZRUG�DVVRFLDWLRQ�>&2:$@�WDVNV��DQG�VHPDQWLF�IOXHQF\�WHVWV��,Q
D�&2:$�WHVW��D�SHUVRQ�PXVW�JHQHUDWH�ZRUGV�LQ�UHVSRQVH�WR�D�OHWWHU�FXH��)RU�LQVWDQFH��LI�LQGLYLGXDOV�DUH�DVNHG�WR
SURYLGH�ZRUGV�WKDW�EHJLQ�ZLWK�WKH�OHWWHU�,��WKH\�PLJKW�UHVSRQG�ZLWK��OLRQ��RU��OHDUQ���$�WHVW�RI�VHPDQWLF�IOXHQF\
PHDVXUHV�D�SHUVRQV�DELOLW\�WR�SURGXFH�ZRUGV�LQ�UHVSRQVH�WR�D�FDWHJRULFDO�FXH��%DURQ�������6WUDXVV��6KHUPDQ�
DQG�6SUHHQ��������)RU�H[DPSOH��LI�JLYHQ�WKH�FDWHJRU\�DQLPDOV��LQGLYLGXDOV�PLJKW�UHVSRQG�ZLWK��GRJ����FDW���RU
�PRXVH��9HUEDO�IOXHQF\�WHVWV�DUH�WKRXJKW�WR�GHPRQVWUDWH�D�SHUVRQV�OHYHO�RI�OH[LFDO�RUJDQL]DWLRQ��DQG�WKHVH�WDVNV
LQYROYH�PDQ\�PHQWDO�SURFHVVHV�LQ�WKHLU�VXFFHVVIXO�FRPSOHWLRQ�7KH\�DSSHDU�WR�LQYROYH�����LPPHGLDWH�DWWHQWLRQ�WR
LQLWLDWH�WKH�JHQHUDWLRQ�RI�ZRUGV������DQ�DYDLODEOH�ZRUG�NQRZOHGJH��L�H���VHPDQWLF�OH[LFDO�V\VWHP��IURP�ZKLFK�WR
VHOHFW������WKH�DELOLW\�WR�UHWULHYH�IURP�YHUEDO�GHFODUDWLYH�PHPRU\��DQG�����DQ�H[HFXWLYH�DELOLW\�WR�FRRUGLQDWH�WKLV
SURFHVV��LQFOXGLQJ�ZRUNLQJ�PHPRU\�WR�PRQLWRU�SHUIRUPDQFH�DQG�DYRLG�EUHDNLQJ�WKH�UXOHV��H�J���QR�SURSHU�QRXQV�
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�5XII�HW�DO���������,QGLYLGXDOV�DUH�DOVR�UHTXLUHG�WR�XQGHUVWDQG�DQG�UHPHPEHU�WDVN�GLUHFWLRQV�SDUDPHWHUV�LQ�RUGHU
WR�VXFFHVVIXOO\�FRPSOHWH�WKHVH�WDVNV���
7KH�)$6�LV�WKH�PRVW�FRPPRQO\�XVHG�PHDVXUH�RI�&2:$�DQG�LV�ZLGHO\�HPSOR\HG�IRU�ERWK�UHVHDUFK�DQG�FOLQLFDO
SXUSRVHV��%DUU\��%DWHV��DQG�/DERXYLH��������,Q�WKH�FRPPRQ�DGPLQLVWUDWLRQ�RI�WKLV�WDVN��SDUWLFLSDQWV�DUH�DVNHG
WR�SURGXFH�DV�PDQ\�ZRUGV�DV�SRVVLEOH�WKDW�EHJLQ�ZLWK�D�FHUWDLQ�OHWWHU�ZLWKLQ�RQH�PLQXWH���,�ZLOO�VD\�D�OHWWHU�RI�WKH
DOSKDEHW�7KHQ�,�ZDQW�\RX�WR�JLYH�PH�DV�PDQ\�ZRUGV�WKDW�EHJLQ�ZLWK�WKDW�OHWWHU�DV�TXLFNO\�DV�\RX�FDQ��)RU
H[DPSOH��LI�,�VD\�"E�
�\RX�PLJKW�JLYH�PH�"EDG�
�"EDWWOH�
�DQG�"EHG�
�,�GR�QRW�ZDQW�\RX�WR�XVH�ZRUGV�WKDW�DUH
SURSHU�QDPHV��VXFK�DV�"%RVWRQ�
"%RE�
�RU�"%XLFN�
�$OVR��GR�QRW�JLYH�PH�WKH�VDPH�ZRUG�ZLWK�GLIIHUHQW�HQGLQJV�
VXFK�DV�"HDW
�DQG�"HDWLQJ�
�$Q\�TXHVWLRQV"��SDXVH��%HJLQ�ZKHQ�,�VD\�WKH�OHWWHU�7KH�ILUVW�OHWWHU�LV�I��*R�DKHDG�
�6WUDXVV��6KHUPDQ��DQG�6SUHHQ��������������
8QWLO�UHFHQWO\��YHU\�OLWWOH�UHVHDUFK�KDV�VWXGLHG�YHUEDO�IOXHQF\�LQ�LQGLYLGXDOV�ZKR�DUH�GHDI�RU�KDUG�RI�KHDULQJ�
$QDO\VHV�E\�0RUHUH��:LWNLQ��DQG�0XUSK\���������XVLQJ�D�VLJQHG�DGPLQLVWUDWLRQ�RI�WKH�WDVN��FRPSDUHG�WKH
QXPEHU�RI�ZRUGV��VLJQV��WKDW�GHDI�DQG�KDUG�RI�KHDULQJ�FROOHJH�VWXGHQWV�SURGXFHG�RQ�D�&2:$�WDVN��)$6��WR
SXEOLVKHG�PHWDQRUPV�EDVHG�RQ�UHVXOWV�IURP�KHDULQJ�SHRSOH�DQG�IRXQG�WKDW�WKH�GHDI�DQG�KDUG�RI�KHDULQJ
VWXGHQWV�SURGXFHG�PRUH�WKDQ�RQH�VWDQGDUG�GHYLDWLRQ�IHZHU�ZRUGV�WKDQ�WKHLU�KHDULQJ�SHHUV��6HYHUDO�IDFWRUV�PD\
H[SODLQ�WKLV�UHVXOW��LQFOXGLQJ�WKH�LPSDFW�RI�(QJOLVK�SURILFLHQF\��YRFDEXODU\�VL]H��WUDQVODWLRQ�GHPDQGV��WKH
SDUWLFLSDQWV�ZHUH�DVNHG�WR�WKLQN�RI�(QJOLVK�ZRUGV�DQG�SURGXFH�WKH�PRVW�QHDUO\�HTXLYDOHQW�VLJQ���DQG
ELOLQJXDOLVP��EXW�WKHVH�UHVXOWV�LQGLFDWH�WKDW�FRXQWLQJ�WKH�WRWDO�QXPEHU�RI�ZRUGV�SURGXFHG�GXULQJ�WKHVH�WDVNV�PD\
QRW�IXOO\�DQG�DFFXUDWHO\�UHIOHFW�WKH�YHUEDO�IOXHQF\�RI�GHDI�DQG�KDUG�RI�KHDULQJ�LQGLYLGXDOV��,Q�OLJKW�RI�WKHVH
VKRUWFRPLQJV��D�IOXHQF\�WDVN�WKDW�PD\�EH�PRUH�DSSURSULDWH�WR�XVH�ZLWK�GHDI�DQG�KDUG�RI�KHDULQJ�SRSXODWLRQV
ZDV�GHYHORSHG��DQG�WKLV�DUWLFOH�GHVFULEHV�WKDW�WDVN�DQG�SUHVHQWV�WKH�GHYHORSPHQW�RI�D�QRYHO�VFRULQJ�V\VWHP�WKDW
LV�VHQVLWLYH�WR�WKH�XQLTXH�OLQJXLVWLF�DQG�SV\FKRORJLFDO�TXDOLWLHV�RI�WKLV�SRSXODWLRQ���
6LJQ�%DVHG�9HUEDO�)OXHQF\��7KH���O�8��
,Q�RUGHU�WR�GHWHUPLQH�ZKHWKHU�D�VLJQ�EDVHG�IOXHQF\�PHDVXUH�LV�PRUH�DSSURSULDWH�IRU�XVH�ZLWK�GHDI�SRSXODWLRQV�
WKH�6FLHQFH�RI�/HDUQLQJ�&HQWHU�RQ9LVXDO�/HDUQLQJ�DQG9LVXDO�/DQJXDJH
V��9/���3V\FKRPHWULF�7RRONLW�WHDP
GHYHORSHG�DQ�$6/�EDVHG�SKRQHPLF�IOXHQF\�PHDVXUH�FDOOHG���O�8��0RUHUH��:LWNLQ��DQG�0XUSK\�������7KH���O�8
WDVN�LV�VLPLODU�WR�WKH�VWDQGDUG�YHUEDO�IOXHQF\�WDVN��)$6���H[FHSW�WKDW�LQVWHDG�RI�XVLQJ�OHWWHU�SURPSWV��WKH
SDUWLFLSDQW�LV�DVNHG�WR�JHQHUDWH�VLJQV�XVLQJ�VSHFLILF�$6/�KDQGVKDSHV��ILJXUH�L��7KLV�DVVHVVPHQW�ZDV�GHVLJQHG
WR�UHFUXLW�VLJQ�EDVHG�VWUDWHJLHV�FRPSDUDEOH�WR�WKRVH�XVHG�RQ�WKH�OHWWHUEDVHG�WDVN��)RU�D�PRUH�GHWDLOHG
GHVFULSWLRQ�RI�WKH�GHYHORSPHQW�RI�WKLV�PHDVXUH�DQG�WKH�UDWLRQDOH�EHKLQG�WKH�KDQGVKDSHV�FKRVHQ��SOHDVH�UHIHU
WR�0RUHUH��:LWNLQ��DQG�0XUSK\����������
6FRULQJ�RI�9HUEDO�)OXHQF\�7DVNV��
$OWKRXJK�LW�LV�FRPPRQ�WR�VLPSO\�FRXQW�WKH�QXPEHU�RI�ZRUGV�SURGXFHG�GXULQJ�D�&2:$�WDVN��WKLV�LV�QRW�WKH�RQO\
ZD\�WR�LQWHUSUHW�WKH�UHVXOWV�RI�WKLV�PHDVXUH��(PHUJLQJ�UHVHDUFK�LQGLFDWHV�WKDW�PXOWLSOH�IDFWRUV�DUH�LQYROYHG�LQ
VXFFHVVIXO�SHUIRUPDQFH��,I�WKRVH�DGGLWLRQDO�IDFWRUV�DUH�QRW�LQYHVWLJDWHG��LPSRUWDQW�LQIRUPDWLRQ�DERXW�DQ
LQGLYLGXDOV�H[HFXWLYH�IXQFWLRQLQJ�RU�WKH�XQGHUO\LQJ�FRJQLWLYH�SURFHVVHV�LQYROYHG�LQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKH
WDVN�PD\�EH�PLVVHG��6WXGLHV�KDYH�LQFUHDVLQJO\�H[DPLQHG�WKH�GHJUHH�WR�ZKLFK�SHRSOH�JHQHUDWH�ZRUGV�ZLWKLQ
VHPDQWLF�RU�SKRQHPLF�FOXVWHUV��7UR\HU��0RVFRYLWFK��DQG:LQRFXU�������$XULDFRPEH�HW�DO��L����7UR\HU������
5RVV��������/RRVHO\�GHILQHG��D�FOXVWHU�LV�D�JURXS�RI�SKRQHPLFDOO\�RU�VHPDQWLFDOO\�UHODWHG�ZRUGV�SURGXFHG�LQ
VXFFHVVLRQ��,Q�DGGLWLRQ�WR�FOXVWHUV��VWXGLHV�KDYH�DOVR�H[DPLQHG�WKH�QXPEHU�RI�WUDQVLWLRQV�EHWZHHQ�FOXVWHUV�DV�D
PHDVXUH�RI�PHQWDO�IOH[LELOLW\��%DURQ��������$�SHUVRQ�PXVW�EH�DEOH�WR�PHQWDOO\�VHDUFK�WKURXJK�UHODWHG�ZRUGV�WKDW
ILW�WKH�WDVN�SDUDPHWHUV��SURGXFH�WKHP��UHFRJQL]H�ZKHQ�WKH\�DUH�VWUXJJOLQJ�WR�SURGXFH�PRUH�ZRUGV��DQG
VXEVHTXHQWO\�VZLWFK�WR�D�QHZ�FOXVWHU�ZLWK�D�GLIIHUHQW�SRRO�RI�UHVSRQVHV��7R�HIILFLHQWO\�JHQHUDWH�D�ODUJH�QXPEHU
RI�ZRUGV��D�SHUVRQ�PXVW�HIIHFWLYHO\�XVH�ERWK�FOXVWHULQJ�DQG�VZLWFKLQJ�DQG�ILQG�D�EDODQFH�EHWZHHQ�WKHVH
VWUDWHJLHV���
7UR\HU��0RVFRYLWFK��DQG:LQRFXU��������GHVLJQHG�D�V\VWHP�WR�PHDVXUH�WKH�XVH�RI�FOXVWHULQJ�RQ�SKRQHPLF
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IOXHQF\�WHVWV��$FFRUGLQJ�WR�WKHLU�FULWHULD��D�FOXVWHU�LQYROYHV�PXOWLSOH�FRQVHFXWLYH�UHVSRQVHV�WKDW��D��EHJLQ�ZLWK�WKH
VDPH�WZR�OHWWHUV��VXFK�DV�DUP�DQG�DUW���E��UK\PH��VXFK�DV�VDQG�DQG�VWDQG���F��GLIIHU�E\�RQO\�D�YRZHO�VRXQG
UHJDUGOHVV�RI�WKH�VSHOOLQJ�RI�WKH�ZRUG��VXFK�DV�VDW��VHDW��VRRW��VLJKW��DQG�VRXJKW��RU��G��DUH�KRPRQ\PV��L�H��
ZRUGV�ZLWK�WZR�RU�PRUH�VSHOOLQJV��VXFK�DV�VXP�DQG�VRPH���LI�LQGLFDWHG�E\�WKH�SDUWLFLSDQW��(UURUV�DQG�UHSHWLWLRQV
DUH�LQFOXGHG�VLQFH�WKH\�LQGLFDWH�QHXUDO�DFWLYDWLRQ�RI�D�SDUWLFXODU�FRQFHSW���
6WRNRH
V�$6/�3KRQRORJ\��
,Q�RUGHU�WR�GHYHORS�D�PHWKRG�RI�GHWHUPLQLQJ�FOXVWHUV�LQ�$6/�UHVSRQVHV��D�EDVLF�XQGHUVWDQGLQJ�RI�WKH�SKRQRORJ\
RI�VLJQV�LV�UHTXLUHG��7KH�ILUVW�DWWHPSW�WR�V\VWHPDWLFDOO\�GHVFULEH�WKH�VXEOH[LFDO�VWUXFWXUH�RI�VLJQV�XVHG�LQ�VLJQHG
ODQJXDJHV�EDVHG�RQ�OLQJXLVWLF�SULQFLSOHV��L�H���VLPLODU�SULQFLSOHV�E\�ZKLFK�ZRUGV�RI�VSRNHQ�ODQJXDJHV�FDQ�EH
EURNHQ�GRZQ�LQWR�LQGLYLGXDO�VRXQGV��ZDV�XQGHUWDNHQ�E\�6WRNRH��&DVWHUOLQH��DQG�&URQHEHUJ���������7KH
'LFWLRQDU\�RI�$PHULFDQ�6LJQ�/DQJXDJH��'$6/��GHWDLOV�D�ZD\�WR�GHVFULEH�VLJQV�LQ�ZULWWHQ�IRUP��WKHUHE\
SHUPLWWLQJ�WKH�DQDO\VLV�RI�WKH�SDUWV�RI�VLJQV��$OWKRXJK�DOWHUQDWLYH�DSSURDFKHV�WR�GHVFULELQJ�$6/�SKRQRORJ\�KDYH
EHHQ�GHVFULEHG��FI��-RKQVRQ�DQG�/LGGHOO������������D������E���6WRNRH
V�DQDO\VLV�RI�$6/�SKRQRORJ\�ZDV�XVHG
IRU�WKH�SXUSRVHV�RI�WKH�FXUUHQW�VFRULQJ�V\VWHP���
6WRNRH��&DVWHUOLQH��DQG�&URQHEHUJ��������LGHQWLILHG�WKUHH�SDUWV�RU�DVSHFWV�RI�VLJQV�WKDW�QHHG�WR�EH�FDSWXUHG�LQ
ZULWWHQ�IRUP��7KH�ILUVW�LV�WKH�WDEXOD��DEEUHYLDWHG�WDE��ZKLFK�LQGLFDWHV�WKH�SODFH�LQ�ZKLFK�VLJQV�DUH�SURGXFHG�7KH
VHFRQG�LV�WKH�GHVLJQDWRU��RU�GH]��7KLV�DVSHFW�LQGLFDWHV�WKH�VKDSH�WKH�KDQG�DVVXPHV�LQ�VLJQ�DUWLFXODWLRQ��7KH
WKLUG�DVSHFW�RI�VLJQV�LV�WKH�VLJQDWLRQ��RU�VLJ��ZKLFK�LQGLFDWHV�WKH�DFWLRQ�RI�WKH�KDQG��,Q�PRUH�PRGHUQ�WHUPV��WKHVH
DUH�NQRZQ�DV�WKH�VLJQ
V�ORFDWLRQ��KDQGVKDSH��DQG�PRYHPHQW��UHVSHFWLYHO\��:H�XVH�6WRNRH�HW�DO�
V�WHUPV�WR
GHVFULEH�WKHVH�DVSHFWV�RI�VLJQV���
2I�WKH�ILIW\�ILYH�V\PEROV�XVHG�WR�GHVFULEH�SDUWV�RI�VLJQV��WZHOYH�UHIHU�WR�WKH�VLJQ
V�SODFH�RI�DUWLFXODWLRQ��&UXFLDOO\�
ORFDWLRQ�V\PEROV�FDSWXUH�WKH�IDFW�WKDW�VLJQV�FDQ�EH�DUWLFXODWHG�LQ�QHXWUDO�VSDFH��L�H���WKH�VSDFH�LQ�IURQW�RI�RU�WR
WKH�VLGH�RI�WKH�VLJQHU
V�ERG\���DV�ZHOO�DV�RQ�WKH�RSSRVLWH�DUP��WKH�WRUVR��RU�WKH�IDFH�KHDG���
7KH�KDQGVKDSH�SDUDPHWHU�FDQ�EH�FKDUDFWHUL]HG�E\�RQH�RI�QLQHWHHQ�SRVVLEOH�V\PEROV��5HDGHUV�ZKR�DUH�IDPLOLDU
ZLWK�IPJHUVSHOOLQJ�LQ�$6/�ZLOO�OLNHO\�KDYH�DQ�HDV\�WLPH�XQGHUVWDQGLQJ�ZKLFK�KDQGVKDSHV�FRUUHVSRQG�WR�WKH
V\PEROV��KRZHYHU��D�ELW�RI�FODULILFDWLRQ�LV�QHFHVVDU\��)LUVW��FRQVLGHU�WKH�KDQGVKDSH�$��WKLV�GHVLJQDWLRQ�LV�XVHG
IRU�DQ\�ILVWOLNH�KDQGVKDSH��ZKLFK�LQFOXGHV�WKH�OHWWHUV�D��V��DQG�W�RI�WKH�PDQXDO�DOSKDEHW��VR�WKH�GHVLJQDWLRQ��$��LV
QRW�FRPSOHWHO\�XQDPELJXRXV��6LPLODUO\��6WRNRH�HW�DO��XVHG�WKH�KDQGVKDSH�*�WR�GHVFULEH�DQ\�KDQGVKDSH�LQ
ZKLFK�WKH�LQGH[�ILQJHU�LV�H[WHQGHG��LQFOXGLQJ�WKH�PDQXDO�OHWWHU�G�DQG�WKH�QXPEHU�O�7R�DYRLG�FRQIXVLRQ�DPRQJ
SDUWLFLSDQWV��ZKR�PD\�EH�XQIDPLOLDU�ZLWK�6WRNRH�HW�DO�
V�V\VWHP��WKH�9/��WHDP�GHFLGHG�WR�UHIHU�WR�WKLV
KDQGVKDSH�DV����&RQVHTXHQWO\��WKH�WDVN�LV�UHIHUUHG�WR�DV���O�8�LQVWHDG�RI���*�8��DQG�WDVN�DGPLQLVWUDWRUV�XVH
WKH�QXPHULFDO���KDQGVKDSH�ZKHQ�LQWURGXFLQJ�WKH�WDVN�7KLV�PRUH�DFFXUDWHO\�GHVFULEHV�WKH�KDQGVKDSH�IRU�ZKLFK
WKH�WDVN�ZDV�GHVLJQHG��KHUH��ZH�UHIHU�WR�WKH�KDQGVKDSH�DV�D�����
$QRWKHU�FRQVLGHUDWLRQ�LV�WKH�IDFW�WKDW�WKH�GLVWLQJXLVKLQJ�FKDUDFWHULVWLF�IRU�VRPH�OHWWHU�VLJQV�RI�WKH�DOSKDEHW�LV�QRW
WKH�KDQG�FRQILJXUDWLRQ�EXW�WKH�SDOP�RULHQWDWLRQ��DQ�DVSHFW�RU�SDUDPHWHU�RI�VLJQV�WKDW�ZDV�VXJJHVWHG�DIWHU�WKH
'$6/�ZDV�SXEOLVKHG��VHH�%DWWLVRQ��������([DPSOHV�RI�WKLV�LQFOXGH�WKH�OHWWHU�SDLUV�K�DQG�X�J�DQG�T��DQG�N�DQG�S�
)LQDOO\��WZR�KDQGVKDSH�QDPHV�LQ�6WRNRH�HW�DO�
V�V\VWHP�UHIHU�QRW�WR�OHWWHUV�RI�WKH�PDQXDO�DOSKDEHW�EXW�WR�WKH
VKDSH�WKH�KDQG�DVVXPHV�ZKHQ�DUWLFXODWLQJ�GLIIHUHQW�QXPEHUV��WKHVH�DUH�UHIHUUHG�WR�DV���DQG���KDQGVKDSHV���
7KH�UHPDLQLQJ�WZHQW\�IRXU�V\PEROV�XVHG�LQ�WKH�'$6/�UHIHU�WR�WKH�PRYHPHQWV�KDQGV�FDQ�SHUIRUP�LQ�DUWLFXODWLQJ
VLJQV��6RPH�RI�WKHVH�FDQ�EH�IXUWKHU�GLYLGHG�LQWR�VHYHUDO�VXEJURXSV�EDVHG�RQ�WKH�QDWXUH�RI�WKH�PRYHPHQW�
7KHVH�VXEFDWHJRULHV�UHIHU�WR�YHUWLFDO�DFWLRQ��VLGHZD\V�DFWLRQ��KRUL]RQWDO�DFWLRQ��URWDWLRQ��DQG�LQWHUDFWLRQ�RI
PRYHPHQW��LQ�ZKLFK�WKH�SULPDU\�DUWLFXODWRU�PRYHV�WRZDUG�WKH�SDVVLYH�DUWLFXODWRU��H�J���WKH�RWKHU�KDQG��KHDG��RU
WRUVR����
5DWLRQDOH��
5HVHDUFKHUV�DQG�FOLQLFLDQV�DOLNH�DUH�UHFRJQL]LQJ�WKDW�YHUEDO�IOXHQF\�WHVWV�FDQ�SURYLGH�YDOXDEOH�LQIRUPDWLRQ
DERXW�FRJQLWLYH�IXQFWLRQLQJ�DQG�OH[LFDO�RUJDQL]DWLRQ�EH\RQG�WKH�WRWDO�QXPEHU�RI�UHVSRQVHV�SURGXFHG�E\�D
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SDUWLFLSDQW��5HVHDUFKHUV�KDYH�GHYHORSHG�LQ�GHSWK�VFRULQJ�V\VWHPV�GHVLJQHG�WR�DQDO\]H�VHDUFK�VWUDWHJLHV��VXFK
DV�FOXVWHULQJ�DQG�VZLWFKLQJ��7UR\HU��0RVFRYLWFK��DQG�:LQRFXU���������
$QDO\VHV�E\�0RUHUH��:LWNLQ��DQG�0XUSK\��������FOHDUO\�GHPRQVWUDWH�WKDW�WUDGLWLRQDO�YHUEDO�IOXHQF\�VFRULQJ
PHWKRGV�DUH�LQVXIILFLHQW�IRU�XVH�ZLWK�VLJQLQJ�SRSXODWLRQV��)RU�H[DPSOH��WKH\�REVHUYHG�WKDW��DOWKRXJK�WKH�WRWDO
QXPEHU�RI�FRUUHFW�UHVSRQVHV�SURGXFHG�RQ�WKH�VHPDQWLF�IOXHQF\�WDVNV�DGPLQLVWHUHG�IROORZLQJ�WKH�(QJOLVK�EDVHG
)$6�DQG�WKH�$6/�EDVHG���O�8�ZHUH�FRPSDUDEOH��SHUIRUPDQFHV�RQ�WKH�LGHQWLFDO�WDVNV�FRUUHODWHG�ZLWK�D
VRPHZKDW�GLIIHUHQW�VHW�RI�PHDVXUHV�GHSHQGLQJ�RQ�ZKHWKHU�WKH\�ZHUH�SULPHG�E\�WKH�(QJOLVK��RU�WKH�$6/�EDVHG
SKRQHPLF�IOXHQF\�WDVN��7KH�)$6�SULPHG�DQLPDO�IOXHQF\�WDVN�FRUUHODWHG�PRUH�KLJKO\�DQG�ZLWK�D�JUHDWHU�QXPEHU
RI�UHDGLQJ�DQG�RWKHU�DFDGHPLF�PHDVXUHV��ZKLOH�WKH�FRPSDUDEOH�$6/�SULPHG�WDVN�FRUUHODWHG�ZLWK�PRUH�$6/�
EDVHG�WDVNV��LQFOXGLQJ�DQ�$6/�EDVHG�OLVWOHDUQLQJ�WDVN��$�VLPLODU�SDWWHUQ�ZDV�VHHQ�IRU�IRRG�IOXHQF\��7KLV
VXJJHVWV�WKDW�WKH�XQGHUO\LQJ�VWUDWHJLHV�XVHG�WR�DFKLHYH�WKH�FRPSDUDEOH�RXWFRPHV�GLIIHUHG�VRPHZKDW
GHSHQGLQJ�RQ�WKH�OLQJXLVWLF�SULPLQJ�RI�WKH�SUHFHGLQJ�WDVN��6LPLODUO\��GLVFUHSDQFLHV�RFFXUUHG�EHWZHHQ�WKH
UHODWLRQVKLSV�RI�WKH�)$6�WDVN�DQG�WKH���O�8�ZLWK�RWKHU�WRRONLW�PHDVXUHV��,QGHHG��IDFWRU�DQDO\VLV�RI�D�VXEVHW�RI
FRPSOHWH�GDWD�IRXQG�WKDW�WKH�)$6�ORDGHG�ZLWK�RWKHU�H[HFXWLYH�IXQFWLRQLQJ�DQG�ZRUNLQJ�PHPRU\�WDVNV��ZKLOH�WKH
��O�8�SURGXFHG�D�XQLTXH�IDFWRU��ZLWK�PLQLPDO�ORDGLQJ�RQ�DQ\�RWKHU�IDFWRU��$OOHQ�DQG�0RUHUH�����D���+RZHYHU�
DOWKRXJK�V\VWHPV�KDYH�EHHQ�HVWDEOLVKHG�WR�DQDO\]H�SDUWLFLSDQWV
�XVH�RI�FOXVWHUV�DQG�VZLWFKHV�RQ�YHUEDO�IOXHQF\
PHDVXUHV��WKH�PDQXDO�QDWXUH�RI�$6/�PHDQV�WKDW�WKHVH�V\VWHPV�FDQQRW�EH�XVHG�WR�DQDO\]H�VLJQHG�UHVSRQVHV�
7KH�JRDO�RI�WKLV�VWXG\�ZDV�WR�GHYHORS�D�VFRULQJ�V\VWHP�IRU�FOXVWHULQJ�EDVHG�RQ�$6/�SKRQRORJ\�DQDORJRXV�WR
WKDW�RI7UR\HU��0RVFRYLWFK��DQG�:LQRFXU��������WR�HQDEOH�KLJKHU�OHYHO�DQDO\VHV�RI�YHUEDO�IOXHQF\�WDVNV�ZLWK
VLJQLQJ�SRSXODWLRQV���
0HWKRGRORJ\��
7KLV�VWXG\�H[WUDFWHG�DUFKLYDO�GDWD�IURP�WKH9/��3V\FKRPHWULF�7RRONLW�SURMHFW��7KH�SURMHFW�UDQ�D�WRWDO�RI�IRUW\�
VHYHQ�SDUWLFLSDQWV��WKLUW\VHYHQ�RI�ZKRP�FRQVHQWHG�WR�DOORZ�YLGHRWDSHG�GDWD�WR�EH�DQDO\]HG�IRU�RWKHU�9/�
SURMHFWV�XQGHU�WKH�16)�6FLHQFH�RI�/HDUQLQJ�&HQWHU��6/&��&RRSHUDWLYH�$JUHHPHQW���6%(���������7KH
SDUWLFLSDQWV�ZHUH�GHDI�FROOHJH�VWXGHQWV�DWWHQGLQJ�DQ�$6/�(QJOLVK�ELOLQJXDO�XQLYHUVLW\�IRU�GHDI�DQG�KDUG�RI
KHDULQJ�LQGLYLGXDOV��7ZR�WKLUGV�������SHUFHQW��RI�WKH�VDPSOH�UHSRUWHG�FRQJHQLWDO�GHDIQHVV��DQG�DQRWKHU��
SHUFHQW�UHSRUWHG�EHFRPLQJ�GHDI�E\�DJH����7KXV��WKH�PDMRULW\�RI�WKH�SDUWLFLSDQWV�ZHUH�SUHOLQJXDOO\�GHDI��'HVSLWH
D�UDQJH�RI�HGXFDWLRQDO�DQG�OLQJXLVWLF�EDFNJURXQGV�������SHUFHQW�UHSRUWHG�WKDW�$6/�ZDV�WKHLU�SUHIHUUHG�ODQJXDJH�
)XUWKHUPRUH��DQ�DW\SLFDOO\�KLJK�SURSRUWLRQ��PRUH�WKDQ����SHUFHQW�RI�WKH�SDUWLFLSDQWV��UHSRUWHG�KDYLQJ�DW�OHDVW
RQH�GHDI�SDUHQW��6HH�$OOHQ�DQG�0RUHUH������E��IRU�IXUWKHU�LQIRUPDWLRQ�RQ�WKH�GHPRJUDSKLF�FKDUDFWHULVWLFV�RI�WKH
VDPSOH���
7KH�3V\FKRPHWULF�7RRONLW�VWXG\�ZDV�GHVLJQHG�WR�KHOS�LQYHVWLJDWH�WKH�UHODWLRQVKLSV�DPRQJ�DQG�HVWDEOLVK
UHOLDELOLW\�DQG�YDOLGLW\�GDWD�IRU�D�YDULHW\�RI�FRJQLWLYH��DFKLHYHPHQW��DQG�H[HFXWLYH�IXQFWLRQLQJ�PHDVXUHV��7KH
SDUWLFLSDQWV�ZHUH�DGPLQLVWHUHG�D�EDWWHU\�RI�WHVWV��ZKLFK�LQFOXGHG�PHDVXUHV�RI�SKRQHPLF�IOXHQF\��7HVWLQJ
UHTXLUHG�WZR�VHVVLRQV�RI�DSSUR[LPDWHO\�WKUHH�KRXUV�HDFK��ZLWK�D�W\SLFDO�GHOD\�RI�RQH�WR�WZR�ZHHNV�EHWZHHQ
VHVVLRQV���
'XULQJ�WKH�9/��7RRONLW�VWXG\��WZR�PHDVXUHV�RI�SKRQHPLF�IOXHQF\�ZHUH�XVHG��7KH�ILUVW�ZDV�GHVLJQHG�WR�WDS
VHDUFK�VWUDWHJLHV�LQ�(QJOLVK��)$6��SDUWLFLSDQWV�PXVW�JHQHUDWH�UHVSRQVHV�EDVHG�RQ�WKH�LQLWLDO�OHWWHU�RI�(QJOLVK
ZRUGV���ZKLOH�WKH�VHFRQG�ZDV�GHVLJQHG�WR�HOLFLW�$6/�EDVHG�VHDUFK�VWUDWHJLHV����O�8��DV�UHVSRQVHV��SDUWLFLSDQWV
ZHUH�DVNHG�WR�JHQHUDWH�VLJQV�WKDW�LQFRUSRUDWHG�WKH�$6/�KDQGVKDSH�XVHG�DV�D�SUREH�IRU�WKDW�WULDO��7KH�WHVWV
ZHUH�DGPLQLVWHUHG�DFFRUGLQJ�WR�WKH�VWDQGDUG�LQVWUXFWLRQV��GHVFULEHG�HDUOLHU���H[FHSW�WKDW�IRU�ERWK�)$6�DQG���O�8�
SDUWLFLSDQWV�ZHUH�DVNHG�WR�UHVSRQG�XVLQJ�$6/�VLJQV���
7KH�PHDVXUHV�DGPLQLVWHUHG�GXULQJ�HDFK�WHVWLQJ�VHVVLRQ�ZHUH�FRXQWHUEDODQFHG�ERWK�ZLWKLQ�DQG�DFURVV
VHVVLRQV��UHVXOWLQJ�LQ�HLJKW�SRWHQWLDO�WZR�VHVVLRQ�VHTXHQFHV��7KH�WHVWLQJ�VHTXHQFHV�ZHUH�HVWDEOLVKHG�VR�WKDW
WKH���O�8�DQG�)$6�WDVNV�ZHUH�DGPLQLVWHUHG�GXULQJ�VHSDUDWH�VHVVLRQV��DQG�WKH�VHPDQWLF�IOXHQF\�WDVNV�ZHUH
DGPLQLVWHUHG�DIWHU�HDFK�RI�WKH�SKRQHPLF�IOXHQF\�WDVNV��7R�PLQLPL]H�WKH�LPSDFW�RI�WHVW�RUGHU�RQ�WKH�UHVXOWV��WKH
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SDUWLFLSDQWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�HDFK�FRQGLWLRQ��$VVHVVPHQWV�ZHUH�DGPLQLVWHUHG�E\�GHDI�JUDGXDWH
VWXGHQWV�IOXHQW�LQ�$6/��DQG�UHVSRQVHV�ZHUH�YLGHRWDSHG��)RU�WKH�FXUUHQW�DQDO\VHV��WKH�SULPDU\�DXWKRU�DQG�D
WUDLQHG�DVVLVWDQW�UHYLHZHG�WKH�UHVSRQVHV�IRU�ERWK�SKRQHPLF�IOXHQF\�WDVNV�DQG�GHYHORSHG�WKH�FXUUHQW�VFRULQJ
V\VWHP���
(VWDEOLVKPHQW�RI�DQ�$6/�&OXVWHULQJ�6\VWHP��
&ULWHULD�ZHUH�HVWDEOLVKHG�IRU�PHDVXULQJ�$6/�EDVHG�FOXVWHU�XVH�RQ�OLQJXLVWLF�IOXHQF\�WDVNV�XVLQJ�WKH�SKRQHPLF
SDUDPHWHUV�LGHQWLILHG�E\�6WRNRH��&DVWHUOLQH��DQG�&URQHEHUJ��������LQ�RUGHU�WR�SURGXFH�D�VLJQ�EDVHG�VFRULQJ
V\VWHP�DQDORJRXV�WR�WKDW�RI�7UR\HU��0RVFRYLWFK��DQG�:LQRFXU���������'XULQJ�WKH�LQLWLDO�DQDO\VHV��WUDLQHG
HYDOXDWRUV�ZDWFKHG�YLGHRV�RI�WKH�SDUWLFLSDQWV�DQG�UHFRUGHG�WKH�SKRQHPHV�XVHG�IRU�HDFK�VLJQ�SURGXFHG��)RU�WKH
)$6�WDVN��WKLV�LQFOXGHG�WKH�SDUDPHWHUV�RI�KDQGVKDSH��ORFDWLRQ��DQG�PRYHPHQW��)RU�WKH���O�8�WDVN��LW�ZDV
DVVXPHG�WKDW�DOO�RI�WKH�VLJQV�ZRXOG�LQFOXGH�WKH�VDPH�KDQGVKDSH��DV�WKDW�ZDV�WKH�SURPSW�IRU�WKH�WDVN���VR
LQLWLDOO\��RQO\�ORFDWLRQ�DQG�PRYHPHQW�RI�WKH�KDQGV�ZHUH�QRWHG��2QFH�LW�EHFDPH�DSSDUHQW�WKDW�VLJQV�RFFDVLRQDOO\
XVHG�PRUH�WKDQ�RQH�KDQGVKDSH��KRZHYHU��LW�ZDV�GHFLGHG�WKDW�LW�ZDV�LPSRUWDQW�WR�UHFRUG�KDQGVKDSH�LQIRUPDWLRQ
IRU���O�8�DV�ZHOO��+DQGVKDSHV�ZHUH�UHFRUGHG�IRU�ERWK�WKH�GRPLQDQW�DQG�QRQGRPLQDQW�KDQGV��ZKLOH�WKH�ORFDWLRQV
DQG�PRYHPHQWV�ZHUH�UHFRUGHG�RQO\�IRU�WKH�GRPLQDQW�KDQG��7KLV�GHFLVLRQ�LV�QRW�ZLWKRXW�OLQJXLVWLF�SUHFHGHQW��)RU
H[DPSOH��LQ�V\OODELF�PRGHOV�RI�VLJQ�SKRQRORJ\��H�J���%UHQWDUL��������LW�LV�RIWHQ�DVVXPHG�WKDW�WKH�QRQGRPLQDQW
KDQG�PD\�HLWKHU�FRS\�WKH�PRYHPHQW�RI�WKH�GRPLQDQW�KDQG��PDNLQJ�QRWDWLRQ�RI�WKH�QRQGRPLQDQW�KDQG
UHGXQGDQW��RU�UHPDLQ�VWDWLRQDU\�DQG�WKXV�VHUYH�DV�WKH�SODFH�RI�DUWLFXODWLRQ�IRU�WKH�GRPLQDQW�KDQG��)LQDOO\��D
UHFRUG�ZDV�PDGH�RI�WKH�XVH�RI�IPJHUVSHOOHG�ZRUGV�UDWKHU�WKDQ�OH[LFDO�VLJQV���
$QDO\VLV�RI�FOXVWHULQJ�ZDV�EDVHG�RQ�WKH�VLPLODULW\�RI�RQH�SKRQHPLF�SDUDPHWHU�RQ�WZR�RU�PRUH�FRQVHFXWLYH
VLJQV��)RU�H[DPSOH��PRWKHU��DQG�VZHHW�DUH�ERWK�SURGXFHG�LQ�WKH�VDPH�ORFDWLRQ��GHILQHG�E\�6WRNRH��&DVWHUOLQH�
DQG�&URQHEHUJ�DV�WKH�ORZHU�IDFH���DQG�LI�WKH\�ZHUH�SURGXFHG�LQ�VXFFHVVLRQ��WKH\�ZRXOG�EH�FRQVLGHUHG�D�FOXVWHU
HYHQ�WKRXJK�WKH\�KDYH�GLIIHUHQW�PRYHPHQWV�DQG�KDQGVKDSHV��6LPLODUO\��GDQFH�DQG�YHJHWDEOH�KDYH�WKH�VDPH
KDQGVKDSH�HYHQ�WKRXJK�WKH�PRYHPHQW�DQG�ORFDWLRQV�DUH�GLIIHUHQW�DQG�ZRXOG�EH�FRQVLGHUHG�D�FOXVWHU��,W�ZDV
GHWHUPLQHG�WKDW�WKH�SKRQHPHV�LQYROYHG�LQ�ILQJHUVSHOOLQJ�ZHUH�QRW�VDOLHQW�HQRXJK�WR�EH�FRQVLGHUHG�FOXVWHULQJ�
DQG�DV�VXFK��ILQJHUVSHOOHG�UHVSRQVHV�ZHUH�UHFRUGHG�EXW�H[FOXGHG�IURP�FOXVWHULQJ�DQDO\VLV���
,W�LV�LPSRUWDQW�WR�QRWH�WKDW�FOXVWHUV�FDQQRW�FURVV�SDUDPHWHUV��(DFK�SDUDPHWHU�ZDV�DVVHVVHG�VHSDUDWHO\��WKH
UHVSRQVHV�ZHUH�ILUVW�DQDO\]HG�IRU�FOXVWHULQJ�EDVHG�RQ�KDQGVKDSH��WKHQ�RQ�PRYHPHQW��DQG�ILQDOO\�RQ�ORFDWLRQ��,W
LV�SRVVLEOH�IRU�VLJQV�WR�ILW�LQWR�D�FOXVWHU�IRU�PXOWLSOH�SDUDPHWHUV��VXPPHU�DQG�GU\�XVH�WKH�VDPH�KDQGVKDSHV�DQG
WKH�VDPH�PRYHPHQW�DQG�WKHUHIRUH�TXDOLI\�IRU�FOXVWHUV�EDVHG�RQ�ERWK�FULWHULD���
)ROORZLQJ�WKH�PHWKRGRORJ\�XVHG�E\�7UR\HU��0RVFRYLWFK��DQG�:LQRFXU���������FOXVWHU�VL]HV�ZHUH�PHDVXUHG
VWDUWLQJ�ZLWK�WKH�VHFRQG�VLJQ�LQ�D�FOXVWHU��6R��LI�D�FOXVWHU�FRQVLVWHG�RI�IRXU�VLJQV��LW�ZRXOG�UHFHLYH�D�VFRUH�RI
�WKUHH���,I�D�VLJQ�GRHV�QRW�FOXVWHU�ZLWK�DQ\�RWKHU�UHVSRQVHV��LW�GRHV�QRW�UHFHLYH�D�FOXVWHU�VFRUH��DV�WKH��FOXVWHU�
FRQVLVWV�RI�RQO\�RQH�VLJQ���%\�XVLQJ�WKLV�PHWKRG��SDUWLFLSDQWV�FDQ�UHFHLYH�D�PHDQ�FOXVWHU�VFRUH��DV�ZHOO�DV�D
WRWDO�FOXVWHU�VFRUH��IRU�HDFK�SKRQHPLF�SDUDPHWHU��6FRULQJ�WKH�SDUWLFLSDQWV
�UHVSRQVHV�XVLQJ�WKLV�V\VWHP�DOORZV
IRU�FRPSDULVRQ�RI�WKH�UDWHV�RI�FOXVWHULQJ�EHWZHHQ�GLIIHUHQW�OLQJXLVWLF�SDUDPHWHUV��ZKLFK�LQ�WXUQ�KHOSV�TXDQWLI\�WKH
PRVW�VDOLHQW�FKDUDFWHULVWLFV�LQYROYHG�LQ�JURXSLQJ�VLJQV���
8QH[SHFWHG�&KDOOHQJHV��
,Q�HVWDE+VKLQJ�D�FOXVWHULQJ�V\VWHP�IRU�DQDO\]LQJ�$6/�VLJQV��ZH�PDGH�HYHU\�DWWHPSW�WR�IROORZ�6WRNRH�
&DVWHUOLQH��DQG�&URQHEHUJ
V�QRWDWLRQ�V\VWHP�DV�FORVHO\�DV�SRVVLEOH��KRZHYHU��FHUWDLQ�FKDOOHQJHV�UHTXLUHG�XV�WR
GHYLVH�DG�KRF�VROXWLRQV��,Q�WKHVH�FDVHV��ZH�DWWHPSWHG�WR�EDVH�VLJQ�FKDUDFWHUL]DWLRQV�RQ�OLQJXLVWLF�SULQFLSOHV�
FRQVLVWHQW�ZLWK�WKH�IRXQGDWLRQ�IRU�WKH�RULJLQDO�'$6/��)RU�H[DPSOH��FRQVLGHU�WKH�VLJQ�GRJ�SLFWXUHG�LQ�ILJXUH���
7KH�'$6/�GRHV�QRW�KDYH�D�ORFDWLRQ��OHJ��RU��WKLJK���WKXV�D��OHJ��SODFHPHQW�ZDV�DGGHG�WR�RXU�LQYHQWRU\�RI
SRVVLEOH�SODFHV�RI�DUWLFXODWLRQ���
$GGLWLRQDOO\��VRPH�RI�WKH�SRVVLEOH�ORFDWLRQV�IRU�WKH�SURGXFWLRQ�RI�VLJQV�LQ�6WRNRH��&DVWHUOLQH��DQG�&URQHEHUJ
V
V\VWHP�LQFOXGHG�WKH�QRQGRPLQDQW�OLPE��/RFDWLRQV�LQFOXGHG�WKH�QRQGRPLQDQW�XSSHU�DUP��WKH�HOERZ�RU�IRUHDUP�
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WKH�ZULVW��DQG�WKH�EDFN�RI�WKH�KDQG��6WRNRH�HW�DO��GLG�QRW��KRZHYHU��LQFOXGH�WKH�SDOP�RI�WKH�QRQGRPLQDQW�KDQG�DV
D�SRVVLEOH�ORFDWLRQ��QRU�ZHUH�WKH�VLGHV�RI�WKH�ILQJHUV�LQFOXGHG��7KLV�FUHDWHG�VRPH�GLIILFXOW\�ZKHQ�DWWHPSWLQJ�WR
FRGH�SDUWLFLSDQWV
�UHVSRQVHV��([DPSOHV�IURP�RXU�GDWD�LQFOXGH�QDPH�DQG�KRFNH\��SLFWXUHG�LQ�ILJXUHV��D�DQG��E�
UHVSHFWLYHO\��2XU�SDUWLFLSDQWV�SURGXFHG�WKHVH�VLJQV�RQ�WKH�QRQGRPLQDQW�KDQG��\HW�WKLV�LV�QRW�D�SRVVLEOH�ORFDWLRQ
IRU�D�VLJQ�DFFRUGLQJ�WR�6WRNRH�HW�DO��$V�RSSRVHG�WR�WKH�SUHYLRXV�H[DPSOH��ZKHUH�6WRNRH�HW�DO��GLG�QRW�LQFOXGH�D
ORFDWLRQ�WKDW�DFFXUDWHO\�GHVFULEHG�$6/�GRJ��WKHVH�VLJQV�ZHUH�EHVW�GHVFULEHG�XVLQJ�D�QHXWUDO�ORFDWLRQ��+RZHYHU�
ZH�IHOW�WKDW�WKLV�LQIRUPDWLRQ�GLG�QRW�IXOO\�GHVFULEH�WKH�VLJQV
�DFWXDO�ORFDWLRQ�7KXV��WKUHH�ORFDWLRQV�ZHUH�DGGHG�WR
DFFRXQW�IRU�VLJQV�WKDW�DUH�SURGXFHG�RQ�WKH�QRQGRPLQDQW�KDQG��RQH�RQ�WKH�UDGLDO��WKXPE��VLGH�RI�WKH�KDQG��H�J��
QDPH��ILJXUH��D���RQH�RQ�WKH�SDOP�RI�WKH�KDQG��H�J��KRFNH\�ILJXUH��E��DQG�RQH�RQ�WKH�XOQDU��SLQN\��VLGH�RI�WKH
KDQG��H�J���PDJD]LQH��ILJXUH��F����
7ZR�RWKHU�LVVXHV�UHJDUGLQJ�RXU�FRGLQJ�SUDFWLFHV�GHVHUYH�EULHI�H[SOLFDWLRQ��7KH�ILUVW�KDV�WR�GR�ZLWK�OLQJXLVWLF
LQIRUPDWLRQ�WKDW�ZH�GLG�QRW�UHFRUG��DQG�WKH�VHFRQG�KDV�WR�GR�ZLWK�FRPSOH[�VLJQV�WKDW�KDYH�PRUH�WKDQ�RQH
VSHFLILFDWLRQ�IRU�DQ\�RI�WKH�WKUHH�SDUDPHWHUV��SODFHPHQW��KDQGVKDSH��DQG�PRYHPHQW����
$6/�VLJQV�DUH�RIWHQ�UHSHDWHG�LQ�D�SURFHVV�FDOOHG�UHGXSOLFDWLRQ��7KHUH�DUH�PDQ\�UHDVRQV�IRU�WKLV�UHSHWLWLRQ��LW
PD\�EH�XVHG�WR�DGG�HPSKDVLV�RU�WR�GHSLFW�WKH�GXUDWLRQ�RI�DQ�HYHQW��H�J���O\LQJ�LQ�EHG�YHUVXV�EHGULGGHQ��.OLPD
DQG�%HOOXJL��������DQG�LW�LV�DOVR�XVHG�WR�GLVWLQJXLVK�EHWZHHQ�QRXQ�YHUE�SDLUV�OLNH�VLW�DQG�FKDLU��6XSDOOD�DQG
1HZSRUW��������$OWKRXJK�OLQJXLVWV�PD\�EH�LQWHUHVWHG�LQ�WKH�XVH�RI�UHGXSOLFDWLRQ�GXULQJ�YHUEDO�RU�VLJQHG�IOXHQF\
WDVNV��WKLV�LQIRUPDWLRQ�ZDV�QRW�GHHPHG�UHOHYDQW�WR�WKH�SV\FKRORJLFDO�SXUSRVHV�IRU�ZKLFK�WKH�VLJQV�ZHUH�EHLQJ
UHFRUGHG��,Q�LQVWDQFHV�RI�UHGXSOLFDWHG�VLJQV��WKH�PHDQLQJ�WKH�VLJQHU�LQWHQGHG�ZDV�UHFRUGHG��EXW�WKH�PRYHPHQW
ZDV�LQGLFDWHG�RQO\�RQFH���
6WRNRH�HW�DO�
V�QRWDWLRQ�V\VWHP�LQYROYHV�WKH�XVH�RI��QHXWUDO�VSDFH��DV�D�ORFDWLRQ��'XULQJ�WKH�DQDO\VHV�RI�VLJQHUV

YHUEDO�IOXHQF\�UHVSRQVHV��ZH�IRXQG�WKDW�WKLV�ZDV�D�FRPPRQ�ORFDWLRQ�LQ�ZKLFK�SDUWLFLSDQWV�SURGXFHG�VLJQV�
+RZHYHU��WKH�H[DFW�ORFDWLRQ�RI�WKLV�QHXWUDO�VSDFH�ZDV�LQFRQVLVWHQW�HYHQ�LQ�VLJQV�IURP�WKH�VDPH�VLJQHU��6LJQV
ZHUH�VRPHWLPHV�SURGXFHG�DW�VKRXOGHU�KHLJKW�RU�LQ�IURQW�RI�WKH�FKHVW�RU�SHUKDSV�ORZHU��$JDLQ��ZKLOH�WKH�KHLJKW�RI
VLJQ�DUWLFXODWLRQ�PD\�EH�UHOHYDQW�IRU�OLQJXLVWLF�DQDO\VHV��WKLV�ZDV�QRW�WKRXJKW�WR�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�WKH
SV\FKRORJLFDO�SURFHVVHV�LQYROYHG�LQ�WKH�VXFFHVVIXO�FRPSOHWLRQ�RI�WKH�YHUEDO�IOXHQF\�WDVN�DQG�ZDV�WKXV�QRW
UHFRUGHG���
)LQDOO\��ZH�FRPH�WR�WKH�LVVXH�RI�FRPSOH[�VLJQV�WKDW�KDYH�PRUH�WKDQ�RQH�VSHFLILFDWLRQ�IRU�DQ\�RI�WKH�WKUHH�PDLQ
SDUDPHWHUV�GHWHUPLQHG�E\�6WRNRH�HW�DO�7KLV�LV�QRW�HQWLUHO\�VXUSULVLQJ��ZH�DUH�EUHDNLQJ�GRZQ�WKH�VLJQV�SURGXFHG
E\�WKH�SDUWLFLSDQWV�LQWR�SKRQHPHV��DQG�HDFK�VLJQ�LV�PDGH�RI�PXOWLSOH�SKRQHPHV��MXVW�DV�(QJOLVK�ZRUGV
FRPSULVH�PDQ\�SKRQHPHV��6LJQV�RIWHQ�YDU\�ZLWKLQ�WKH�VDPH�SDUDPHWHU�E\�FKDQJLQJ�KDQGVKDSH��PRYHPHQW��RU
ORFDWLRQ��([DPSOHV�IURP�RXU�GDWD�LQFOXGH�IULHQG�����}�;�KDQGVKDSH���KRXVH��VHSDUDWH��}�GRZQ�PRYHPHQW���DQG
GRJ��OHJ��}�QHXWUDO�ORFDWLRQ����
(YHQ�WKRXJK�WKH�DIRUHPHQWLRQHG�FOXVWHULQJ�FULWHULD�ZHUH�VXIILFLHQW�IRU�D�PDMRULW\�RI�WKH�VLJQV�SURGXFHG�E\�RXU
SDUWLFLSDQWV��WKHVH��FRPSOH[��VLJQV��ZKLFK�XVH�PXOWLSOH�SKRQHPHV�DORQJ�WKH�VDPH�SDUDPHWHU�LQ�D�VLQJOH�VLJQ�
ZHUH�XQDEOH�WR�EH�ILW�LQWR�WKLV�SDUDGLJP��:H�GHFLGHG�WR�GHILQH�D�FOXVWHU�DV�FRQVHFXWLYH�VLJQV�LQ�ZKLFK�WZR�RU
PRUH�SKRQHPHV�ZHUH�LGHQWLFDO�IRU�HDFK�SDUDPHWHU��)RU�H[DPSOH��IULHQG�FKDQJHV�KDQGVKDSH��IURP����}�;��,I�WKH
SDUWLFLSDQW�SURGXFHG�IULHQG�IROORZHG�E\�PHHW��ZKLFK�XVHV�WKH���KDQGVKDSH�RQO\��WKLV�ZRXOG�QRW�EH�FRQVLGHUHG�D
FOXVWHU��,I�WKH�SDUWLFLSDQW�SURGXFHG�IULHQG�IROORZHG�E\�GU\��ZKLFK�DOVR�XVHV�WKH����}�;�KDQGVKDSH��WKHQ�WKLV�ZRXOG
EH�FRQVLGHUHG�D�FOXVWHU���
$SSOLFDWLRQ�RI�WKH�6FRULQJ�6\VWHP��
,Q�RUGHU�WR�IXOO\�XQGHUVWDQG�WKH�FRPSOH[LWLHV�RI�WKLV�VFRULQJ�V\VWHP��ZH�SUHVHQW�D�FDVH�H[DPSOH�IURP�RQH�RI�RXU
SDUWLFLSDQWV��7KLV�SDUWLFLSDQW�ZDV�DGPLQLVWHUHG�WKH�WHVWV�DV�GHVFULEHG�DQG��GXULQJ�WKH�PLGGOH�IUDPH�RI�WKH���O�8�
SURGXFHG�WKLUWHHQ�VLJQV��WKH�(QJOLVK�JORVVHV�DUH�SURYLGHG���VLJQ��RQH��GHDI��GUHDP��FRUQ��FDQG\��HQHP\�
/21(/<��6,1*/(��&5$=<��)5,(1'��6285��:250��7KH�UHVSRQVHV�ZHUH�VFRUHG�DFFRUGLQJ�WR�WKH�FULWHULD��DQG
WKH�GDWD�DUH�VXPPDUL]HG�LQ�ILJXUH�����
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$V�VKRZQ��LQLWLDO�DQDO\VLV�IRFXVHG�RQ�UHFRUGLQJ�WKH�KDQGVKDSHV��ORFDWLRQ��DQG�PRYHPHQW�RI�HDFK�VLJQ��7KH
(QJOLVK�JORVV�ZDV�DOVR�UHFRUGHG�DQG�PD\�EH�XVHG�IRU�IXWXUH�VHPDQWLF�FOXVWHULQJ�DQDO\VLV�7KXV��VL[�FKDUWV�ZHUH
PDGH�IRU�HDFK�SDUWLFLSDQW��RQH�IRU�HDFK�SKDVH�RI�)$6�DQG�IRU�����8��7KLV�DOORZHG�IRU�XQLIRUPLW\�LQ�VFRULQJ�DQG
HDVH�RI�FRPSDULQJ�UHVXOWV��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�PDQ\�VLJQV�GLG�QRW�XVH�DOO�RI�WKH�SDUDPHWHUV��H�J���VRPH
VLJQV�XVHG�RQO\�RQH�KDQG�DQG�WKXV�GLG�QRW�KDYH�D�QRQGRPLQDQW�KDQGVKDSH���WKLV�LV�GHQRWHG�E\�WKH�ZRUG��QRQH�
LQ�WKH�FRUUHVSRQGLQJ�FROXPQ��2WKHU�LPSRUWDQW�LQIRUPDWLRQ��H�J���WKH�QRQGRPLQDQW�KDQG�ZDV�QRW�YLVLEOH�GXULQJ
WKH�ODVW�VLJQ��DQG�WKXV�WKH�KDQGVKDSH�FRXOG�QRW�EH�GLVFHUQHG��ZDV�DOVR�UHFRUGHG��$GGLWLRQDOO\��PDQ\�VLJQV�FDQ
EH�VLJQHG�LQ�PXOWLSOH�ZD\V��IRU�H[DPSOH��GHDI�LV�RIWHQ�VLJQHG�ZLWK�WKH�LQGH[�ILQJHU�SRLQWLQJ�WR�WKH�HDU�DQG�WKHQ�WR
WKH�FKHHN��QHDU�WKH�PRXWK��2QH�SDUWLFLSDQW��KRZHYHU��VLJQHG�LW�E\�SRLQWLQJ�WR�WKH�FKHHN�ILUVW�DQG�WKHQ�WR�WKH�HDU�
,Q�UHFRUGLQJ�DOO�RI�WKH�VLJQV��VSHFLDO�FDUH�ZDV�WDNHQ�WR�HQVXUH�WKDW�WKH�UHFRUGLQJ�PDWFKHG�ZKDW�WKH�SDUWLFLSDQWV
DFWXDOO\�SURGXFHG���
7KH�QH[W�VWHS�RI�DQDO\VLV�ZDV�WR�IRFXV�RQ�WKH�FOXVWHULQJ�RI�KDQGVKDSHV��$V�WKH�SURPSW�IRU�WKLV�WDVN�ZDV�WR
JHQHUDWH�VLJQV�XVLQJ�WKH���KDQGVKDSH��WKLV�LV�UHODWLYHO\�VWUDLJKWIRUZDUG��7KH�ILUVW�VL[�UHVSRQVHV�DOO�XVH�WKH��
KDQGVKDSH�H[FOXVLYHO\��WKLV�UHVXOWV�LQ�D�FOXVWHU�VFRUH�RI�ILYH�IRU�WKLV�FOXVWHU��DV�WKH�FOXVWHU�VFRUH�EHJLQV�ZLWK�WKH
VHFRQG�UHVSRQVH�LQ�WKH�JURXS���7KH�QH[W�UHVSRQVH��HQHP\��XVHV�PXOWLSOH�KDQGVKDSHV��WKH���KDQGVKDSH�DQG
WKH�SHUVRQ�PDUNHU��ZKLFK�XVHV�WKH�%�KDQGVKDSH��7KLV�SDWWHUQ�RI�KDQGVKDSHV�LV�QRW�XVHG�E\�WKH�UHVSRQVHV
LPPHGLDWHO\�SUHFHGLQJ�RU�IROORZLQJ�WKLV�VLJQ��VR�LW�UHFHLYHV�D�FOXVWHU�VFRUH�RI�]HUR��7KH�IROORZLQJ�WKUHH�VLJQV
UHVXOW�LQ�D�FOXVWHU�VFRUH�RI�WZR��DQG�WKH�UHPDLQLQJ�WKUHH�VLJQV�DUH�QRW�SDUW�RI�D�FOXVWHU��7KXV��WKLV�SDUWLFLSDQW
UHFHLYHV�D�WRWDO�FOXVWHU�VFRUH�RI�VHYHQ�IRU�KDQGVKDSH�RQ�WKLV�SDUW�RI�WKH�����8�7KH�SDUWLFLSDQW�XVHG�DQ�DYHUDJH
RI������FOXVWHUV�SHU�UHVSRQVH��D�FOXVWHU�VFRUH�RI�VHYHQ�GLYLGHG�E\�WKLUWHHQ�WRWDO�UHVSRQVHV����
$QDO\VLV�RI�WKH�ORFDWLRQ�SDUDPHWHU�IROORZV�D�VLPLODU�SDWWHUQ��,Q�WKLV�H[DPSOH��WKH�ILUVW�WZR�VLJQV�ERWK�XVH�D
QHXWUDO�ORFDWLRQ��ZKLOH�ORQHO\�DQG�VLQJOH�ERWK�XVH�WKH�PRXWK�OLSV�ORFDWLRQ�7KLV�UHVXOWV�LQ�D�WRWDO�FOXVWHU�VFRUH�RI
WZR�DQG�D�FOXVWHU�UHVSRQVH�UDWLR�RI��������
$QDO\]LQJ�WKH�PRYHPHQW�SDUDPHWHU�LV�VOLJKWO\�PRUH�FRPSOLFDWHG�VLQFH�PDQ\�VLJQV�LQFRUSRUDWHG�PDQ\
PRYHPHQWV��$FFRUGLQJ�WR�RXU�FULWHULD�IRU�FRPSOH[�VLJQV��FRQVHFXWLYH�UHVSRQVHV�DUH�FRQVLGHUHG�D�FOXVWHU�LI�WZR
RU�PRUH�LGHQWLFDO�PRYHPHQWV�DUH�LQYROYHG�LQ�WKH�SURGXFWLRQ�RI�WKH�VLJQ��,Q�WKLV�H[DPSOH��HQHP\��ORQHO\��DQG
VLQJOH�DOO�XVH�WKH�PRYHPHQWV��WRXFK��DQG��GRZQ��7KLV�UHVXOWV�LQ�D�FOXVWHU�VFRUH�RI�WZR��IULHQG�DQG�VRXU�ERWK�XVH
WKH�PRYHPHQWV��WRXFK��DQG��VXSLQDWH���UHVXOWLQJ�LQ�D�FOXVWHU�VFRUH�RI�RQH�7KLV�SURGXFHV�D�WRWDO�FOXVWHU�VFRUH�RI
WKUHH�IRU�WKH�PRYHPHQW�SDUDPHWHU�DQG�D�FOXVWHU�UHVSRQVH�UDWLR�RI��������
'LVFXVVLRQ��
7KURXJKRXW�WKLV�DUWLFOH��ZH�KDYH�GLVFXVVHG�YDULRXV�PHWKRGV�RI�LQWHUSUHWLQJ�WKH�UHVXOWV�RI�YHUEDO�IOXHQF\�WHVWV�
$OWKRXJK�WKH�PRVW�FRPPRQ�PHWKRG�RI�DQDO\]LQJ�VXFK�UHVXOWV�LQYROYHV�FRXQWLQJ�WKH�WRWDO�QXPEHU�RI�UHVSRQVHV�
UHVHDUFKHUV�KDYH�EHJXQ�LQWHUSUHWLQJ�WKH�RXWFRPHV�LQ�GLIIHUHQW�ZD\V��VHH�5DVNLQ��6OLZLQVNL�DQG�%RURG������
$XULDFRPEH�HW�DO��������7UR\HU�������$EZHQGHU�HW�DO��������%DURQ��������7UR\HU��0RVFRYLWFK��DQG�:LQRFXU
�������GHYHORSHG�D�V\VWHP�WR�PHDVXUH�WKH�XVH�RI�FOXVWHULQJ�DQG�VZLWFKLQJ�RQ�YHUEDO�IOXHQF\�WHVWV��7KLV�V\VWHP
KDV�EHHQ�XVHG�WR�DVVHVV�KLJKHU�OHYHO�H[HFXWLYH�IXQFWLRQV��H�J���SODQQLQJ��LQKLELWLRQ��DQG�OH[LFDO�RUJDQL]DWLRQ�
DQG�FOXVWHULQJ�DQG�VZLWFKLQJ�KDYH�EHHQ�LQFUHDVLQJO\�VWXGLHG�LQ�QHXURSV\FKRORJLFDO�OLWHUDWXUH���
$QDO\VHV�E\�0RUHUH��:LWNLQ��DQG�0XUSK\��������VXJJHVW�WKDW�IRU�GHDI�FROOHJH�VWXGHQWV�UHVSRQGLQJ�LQ�$6/�
UHSRUWLQJ�WKH�WRWDO�QXPEHU�RI�UHVSRQVHV�RQ�IOXHQF\�WDVNV�LV�LQVXIILFLHQW��7UR\HU�HW�DO�
V�V\VWHP��KRZHYHU��ZDV
XQDEOH�WR�EH�DGDSWHG�IRU�XVH�ZLWK�VLJQHG�ODQJXDJHV��DV�WKH�SDUDPHWHUV�IRFXV�RQ�VSHHFK�EDVHG�XQLWV�7KLV
DUWLFOH�GHWDLOV�DQ�DWWHPSW�WR�HVWDEOLVK�D�V\VWHP�WKDW�DOORZV�YHUEDO�IOXHQF\�UHVXOWV�IURP�VLJQLQJ�SRSXODWLRQV�WR�EH
DQDO\]HG�LQ�DQ�HPSLULFDO�IDVKLRQ�FRPSDUDEOH�WR�WKH�V\VWHP�GHYHORSHG�E\�7UR\HU�HW�DO���
$GPLWWHGO\��WKLV�V\VWHP�KDV�VRPH�OLPLWDWLRQV��1RWDWLRQ�EDVHG�RQ�ZRUN�E\�6WRNRH�HW�DO��SURYLGHG�D�IUDPHZRUN
WKDW�HQDEOHG�XV�WR�GHYHORS�D�FRGLQJ�V\VWHP��EXW�PDQ\�VKRUWFRPLQJV�EHFDPH�DSSDUHQW�RQO\�DIWHU�ZH�KDG�EHJXQ
FRGLQJ�UHVSRQVHV��(YHQ�WKRXJK�DGMXVWPHQWV�ZHUH�PDGH�WR�DFFRXQW�IRU�XQIRUHVHHQ�FKDOOHQJHV��LW�LV�SRVVLEOH�WKDW
RWKHU�VLWXDWLRQV�H[LVW�WKDW�ZH�GLG�QRW�HQFRXQWHU�DQG�WKXV�ZHUH�QRW�DEOH�WR�DGGUHVV��,Q�DGGLWLRQ��VRPH�RI�WKH
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GHFLVLRQV�GHWDLOHG�KHUH��VXFK�DV�HVWDEOLVKLQJ�WKUHH��QHZ��ORFDWLRQV�IRU�VLJQ�SURGXFWLRQ��PD\�QHHG�WR�EH�UHYLVLWHG
DV�WKH�V\VWHP�LV�UHILQHG�GXULQJ�IXUWKHU�XVH��)XUWKHUPRUH��RXU�DQDO\VLV�IRFXVHV�RQ�SKRQHPLF�IOXHQF\��LQ�WKLV
FDVH��)$6�DQG���O�8��EXW�GRHV�QRW�DGGUHVV�VHPDQWLF�IOXHQF\�7UR\HU�HW�DO��DOVR�GHYHORSHG�D�V\VWHP�WR�DQDO\]H
FOXVWHUV�DQG�VZLWFKHV�RQ�VHPDQWLF�IOXHQF\�WHVWV��DGGLWLRQDO�UHVHDUFK�LV�QHHGHG�WR�GHWHUPLQH�ZKHWKHU�WKLV
V\VWHP�LV�DSSURSULDWH�IRU�XVH�ZLWK�VLJQLQJ�GHDI�SRSXODWLRQV�RU�ZKHWKHU�DGMXVWPHQWV�DUH�QHFHVVDU\��)XWXUH
UHVHDUFK�PD\�DOVR�IRFXV�RQ�H[SDQGLQJ�WKH�VXEMHFW�SRRO�LQ�RUGHU�WR�JDWKHU�PRUH�LQIRUPDWLRQ�DERXW�WKH�W\SHV�RI
FOXVWHUV�XVHG�E\�GHDI�SRSXODWLRQV�GXULQJ�FRJQLWLYH�VHDUFKHV���
$W�WKH�VXUIDFH�OHYHO��WKH�V\VWHP�RI�SKRQHPLF�FOXVWHULQJ�GHVFULEHG�LQ�WKLV�DUWLFOH�DIIRUGV�UHVHDUFKHUV�DQG
FOLQLFLDQV�DQ�RSSRUWXQLW\�WR�DQDO\]H�YHUEDO�IOXHQF\�GDWD�IURP�VLJQLQJ�SRSXODWLRQV�LQ�D�PDQQHU�VLPLODU�WR�WKDW�XVHG
ZLWK�GDWD�IURP�KHDULQJ��QRQVLJQLQJ�SRSXODWLRQV��7KH�FUHDWLRQ�RI�WKLV�V\VWHP��KRZHYHU��DOVR�SURYLGHV�DQ
RSSRUWXQLW\�IRU�XQLTXH�VFLHQWLILF�H[SORUDWLRQ�LQWR�WKH�UHVSRQVH�SDWWHUQV�DQG�FRJQLWLYH�VHDUFK�SURFHVVHV�RI
ELOLQJXDO�DQG�ELPRGDO�SRSXODWLRQV��,Q�DQ�LQFUHDVLQJO\�KHWHURJHQHRXV�VRFLHW\��WKH�LQVLJKWV�JDLQHG�IURP�DGGLWLRQDO
VWXG\�RI�WKLV�SRSXODWLRQ�PD\�EHFRPH�PRUH�UHOHYDQW�VLQFH�WKH\�PD\�SURYLGH�GLIIHUHQW�SHUVSHFWLYHV�DERXW�WKH
KXPDQ�FDSDFLW\�IRU�ODQJXDJH�OHDUQLQJ��H[HFXWLYH�IXQFWLRQLQJ��DQG�FRJQLWLYH�IOH[LELOLW\���
)RRWQRWH�
���3HU�FRQYHQWLRQ��JORVVHV�IRU�VLJQV�DUH�VKRZQ�LQ�VPDOO�FDSV�7KLV�LV�WR�GLVWLQJXLVK�WKH�PHQWLRQ�RI�(QJOLVK�ZRUGV
XVHG�WR�UHSUHVHQW�VLJQV�IURP�WKH�PHQWLRQ�RI�(QJOLVK�ZRUGV�WKHPVHOYHV���
5HIHUHQFHV�
5HIHUHQFHV��
$EZHQGHU��'�$��-��*��6ZDQ-�7��%RZHUPDQ��DQG�6�:��&RQQROO\��������4XDOLWDWLYH�$QDO\VLV�RI�9HUEDO�)OXHQF\
2XWSXW��5HYLHZ�DQG�&RPSDULVRQ�RI�6HYHUDO�6FRULQJ�0HWKRGV��$VVHVVPHQW����������������
$OOHQ��7��(���DQG�'��$��0RUHUH������D��8QGHUO\LQJ�1HXUR�FRJQLWLYH�DQG�$FKLHYHPHQW�)DFWRUV�DQG�7KHLU
5HODWLRQVKLS�WR�6WXGHQW�%DFNJURXQG�&KDUDFWHULVWLFV��,Q�$VVHVVLQJ�/LWHUDF\�LQ�'HDI�,QGLYLGXDOV��1HXURFRJQLWLYH
0HDVXUHPHQW�DQG�3UHGLFWRUV��HG��'��$��0RUHUH�DQG7��(��$OOHQ����������1HZ�<RUN��6SULQJHU���
BBBBB����L�E�7KH9/��7RRONLW�3V\FKRPHWULF�6WXG\��6XPPDU\�RI�3URFHGXUHV�DQG�'HVFULSWLRQ�RI�6DPSOH
&KDUDFWHULVWLFV��,Q�$VVHVVLQJ�/LWHUDF\�LQ�'HDI�,QGLYLGXDOV��1HXURFRJQLWLYH�0HDVXUHPHQW�DQG�3UHGLFWRUV��HG��'�
$��0RUHUH�DQG�7��(��$OOHQ���������1HZ�<RUN��6SULQJHU���
$QGHUVRQ��3��������7RZDUGV�D�'HYHORSPHQWDO�0RGHO�RI�([HFXWLYH�)XQFWLRQ��,Q�([HFXWLYH�)XQFWLRQV�DQG�WKH
)URQWDO�/REHV��$�/LIHVSDQ�3HUVSHFWLYH��HG��9�$QGHUVRQ��5��-DFREV��DQG�3��-��$QGHUVRQ��������1HZ�<RUN��7D\ORU
DQG�)UDQFLV���
$XULDFRPEH��6���0��*URVVPDQ��6��&DUYHOO��6��*ROORPS��0��%��6WHUQ��DQG�+��,��+XUWLJ��������9HUEDO�)OXHQF\
'HILFLWV�LQ�3DUNLQVRQ
V�'LVHDVH��1HXURSV\FKRORJ\�������������
%DURQ��,��6��������1HXURSV\FKRORJLFDO�(YDOXDWLRQ�RI�WKH�&KLOG��1HZ�<RUN��2[IRUG�8QLYHUVLW\�3UHVV���
%DUU\��'���0��(��%DWHV��DQG�(��/DERXYLH��������)$6�DQG�&)/�)RUPV�RI�9HUEDO�)OXHQF\�'LIIHU�LQ�'LIILFXOW\��$
0HWD�$QDO\WLF�6WXG\��$SSOLHG�1HXURSV\FKRORJ\�����������������
%DWWLVRQ��5��������/H[LFDO�%RUURZLQJ�LQ�$PHULFDQ�6LJQ�/DQJXDJH��6LOYHU�6SULQJ��0'��/LQVWRN���
%UHQWDUL��'��������7KHRUHWLFDO�)RXQGDWLRQV�RI�$PHULFDQ�6LJQ�/DQJXDJH��3K'�GLVV���8QLYHUVLW\�RI�&KLFDJR���
'HQFNOD��0�%��������$�7KHRU\�DQG�0RGHO�RI�([HFXWLYH�)XQFWLRQ��$�1HXURSV\FKRORJLFDO�3HUVSHFWLYH��,Q
$WWHQWLRQ��0HPRU\��DQG�([HFXWLYH�)XQFWLRQ��HG��*��5��/\RQ�DQG�1��$��.UDVQHJRU����������%DOWLPRUH��3DXO�+�
%URRNHV���
*LRLD��*��$���3��.��,VTXLWK��6��&��*X\��DQG�/��.HQZRUWK\��������%HKDYLRU�5DWLQJ�,QYHQWRU\�RI�([HFXWLYH�)XQFWLRQ
�%5,()��3URIHVVLRQDO�0DQXDO��2GHVVD��)/��3V\FKRORJLFDO�$VVHVVPHQW�5HVRXUFHV���
+DXVHU��3��&��-��/XNRPVNL��DQG�7��+LOOPDQ��������'HYHORSPHQW�RI�'HDI�DQG�+DUG�RI�+HDULQJ�6WXGHQWV

([HFXWLYH�)XQFWLRQ��,Q�'HDI�&RJQLWLRQ��)RXQGDWLRQV�DQG�2XWFRPHV��HG��0��0DUVFKDUN��DQG�3��&��+DXVHU������
�����1HZ�<RUN��2[IRUG�8QLYHUVLW\�3UHVV���
-RKQVRQ��5��(���DQG�6��.��/LGGHOO��������7RZDUG�D�3KRQHWLF�5HSUHVHQWDWLRQ�RI�6LJQV��6HTXHQWLDOLW\�DQG
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&RQWUDVW��6LJQ�/DQJXDJH�6WXGLHV�����������������
BBBBB������D��$�6HJPHQWDO�)UDPHZRUN�IRU�5HSUHVHQWLQJ�6LJQV�3KRQHWLFDOO\��6LJQ�/DQJXDJH�6WXGLHV�������
���������
BBBBB������E��7RZDUG�D�3KRQHWLF�5HSUHVHQWDWLRQ�RI�+DQG�&RQILJXUDWLRQ��7KH�)LQJHUV��6LJQ�/DQJXDJH�6WXGLHV
��������������
.OLPD��(�6���	%HOOXJL��8��������7KH�6LJQV�RI�/DQJXDJH��&DPEULGJH��+DUYDUG�8QLYHUVLW\�3UHVV���
0RUHUH��'��$���*�:LWNLQ��DQG�/��0XUSK\��������0HDVXUHV�RI�([SUHVVLYH�/DQJXDJH��,Q�$VVHVVLQJ�/LWHUDF\�LQ�'HDI
,QGLYLGXDOV��1HXURFRJQLWLYH�0HDVXUHPHQW�DQG�3UHGLFWRUV��HG��'��$��0RUHUH�DQG�7��(��$OOHQ����������1HZ�<RUN�
6SULQJHU���
5DVNLQ��6��$���0��6OLZLQVNL��DQG�-��&��%RURG��������&OXVWHULQJ�6WUDWHJLHV�RQ�7DVNV�RI�9HUEDO�)OXHQF\�LQ
3DUNLQVRQ
V�'LVHDVH��1HXURSV\FKRORJLD�������������5RVV�7���
3��������7KH�5HOLDELOLW\�RI�&OXVWHU�DQG�6ZLWFK�6FRUHV�IRU�WKH�&RQWUROOHG�2UDO�:RUG�$VVRFLDWLRQ�7HVW��$UFKLYHV�RI
&OLQLFDO�1HXURSV\FKRORJ\�����������������
5XII��5��0���5��+��/LJKW��6��%��3DUNHU��DQG�+��6��/HYLQ��������7KH�3V\FKRORJLFDO�&RQVWUXFW�RI:RUG�)OXHQF\�
%UDLQ�DQG�/DQJXDJH���������������
6WRNRH�:��&���'��&��&DVWHUOLQH��DQG�&��*��&URQHEHUJ��������$�'LFWLRQDU\�RI�$PHULFDQ�6LJQ�/DQJXDJH�RQ
/LQJXLVWLF�3ULQFLSOHV��6LOYHU�6SULQJ��0'��/LQVWRN���
6WUDXVV��(���(��0��6KHUPDQ��DQG�2��6SUHHQ��������$�&RPSHQGLXP�RI�1HXURSV\FKRORJLFDO�7HVWV��$GPLQLVWUDWLRQ�
1RUPV��DQG�&RPPHQWDU\���UG�HG��1HZ�<RUN��2[IRUG�8QLYHUVLW\�3UHVV���
6XSDOOD�7���DQG�(��/��1HZSRUW��������+RZ�0DQ\�6HDWV�LQ�D�&KDLU"�7KH�'HULYDWLRQ�RI�1RXQV�DQG�9HUEV�LQ
$PHULFDQ�6LJQ�/DQJXDJH��6DQ�'LHJR��8QLYHUVLW\�RI�&DOLIRUQLD��&HQWHU�IRU�+XPDQ�,QIRUPDWLRQ�3URFHVVLQJ���
7UR\HU��$��.��������1RUPDWLYH�'DWD�IRU�&OXVWHULQJ�DQG�6ZLWFKLQJ�RQ�9HUEDO�)OXHQF\�7DVNV��-RXUQDO�RI�&OLQLFDO
DQG�([SHULPHQWDO�1HXURSV\FKRORJ\�����������������
BBBBB��0��0RVFRYLWFK��DQG�*��:LQRFXU��������&OXVWHULQJ�DQG�6ZLWFKLQJ�DV�7ZR�&RPSRQHQWV�RI�9HUEDO�)OXHQF\�
(YLGHQFH�IURP�<RXQJHU�DQG�2OGHU�+HDOWK\�$GXOWV��1HXURSV\FKRORJ\�����������������
$XWKRU$IILOLDWLRQ�
*UHJRU\�:LWNLQ�LV�D�3K�'��FDQGLGDWH�LQ�FOLQLFDO�SV\FKRORJ\�DW�*DOODXGHW�8QLYHUVLW\��'RQQD�0RUHUH�LV�WKH
1HXURSV\FKRORJLFDO�$VVHVVPHQW�'LUHFWRU�IRU�WKH9/��3V\FKRPHWULF�7RRONLW�6WXG\�DQG�WKH�(DUO\�(GXFDWLRQ
/RQJLWXGLQDO�6WXG\�DQG�3URIHVVRU�LQ�WKH�FOLQLFDO�SV\FKRORJ\�SURJUDP�DW�*DOODXGHW�8QLYHUVLW\��/HDK�*HHU
UHFHLYHG�KHU�PDVWHU
V�GHJUHH�LQ�OLQJXLVWLFV�IURP�*DOODXGHW�8QLYHUVLW\�DQG�LV�QRZ�SXUVXLQJ�D�3K'��DOVR�LQ
OLQJXLVWLFV��DW�WKH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ���
7KLV�UHVHDUFK�UHFHLYHG�VXEVWDQWLDO�VXSSRUW�IURP�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ��16)��6FLHQFH�RI�/HDUQLQJ
&HQWHUV�3URJUDP�WKURXJK�WKH�&HQWHU�RQ9LVXDO�/DQJXDJH�DQG9LVXDO�/HDUQLQJ�DW�*DOODXGHW�8QLYHUVLW\�
&RRSHUDWLYH�$JUHHPHQW��6%(����L������ 
6XEMHFW��2OGHU�SHRSOH��6WXGLHV��5HVHDUFK�	�GHYHORSPHQW��5�	�'��%HKDYLRU��6HPDQWLFV�� 
3XEOLFDWLRQ�WLWOH��6LJQ�/DQJXDJH�6WXGLHV 
9ROXPH���� 
,VVXH��� 
3DJHV������� 
1XPEHU�RI�SDJHV���� 
3XEOLFDWLRQ�\HDU������ 
3XEOLFDWLRQ�GDWH��)DOO�����
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<HDU������ 
3XEOLVKHU��$PHULFDQ�$QQDOV�RI�WKH�'HDI 
3ODFH�RI�SXEOLFDWLRQ��:DVKLQJWRQ 
&RXQWU\�RI�SXEOLFDWLRQ��8QLWHG�6WDWHV 
3XEOLFDWLRQ�VXEMHFW��$QWKURSRORJ\��/LQJXLVWLFV 
,661���������� 
6RXUFH�W\SH��6FKRODUO\�-RXUQDOV 
/DQJXDJH�RI�SXEOLFDWLRQ��(QJOLVK 
'RFXPHQW�W\SH��)HDWXUH 
'RFXPHQW�IHDWXUH��7DEOHV�5HIHUHQFHV 
3UR4XHVW�GRFXPHQW�,'������������ 
'RFXPHQW�85/�
KWWS���SUR[\JD�ZUOF�RUJ�ORJLQ"XUO KWWS���VHDUFK�SURTXHVW�FRP�GRFYLHZ�����������"DFFRXQWLG ����� 
&RS\ULJKW��&RS\ULJKW�$PHULFDQ�$QQDOV�RI�WKH�'HDI�)DOO����� 
/DVW�XSGDWHG������������ 
'DWDEDVH��3UR4XHVW�&HQWUDO�3UR4XHVW�(GXFDWLRQ�-RXUQDOV�3UR4XHVW�5HVHDUFK�/LEUDU\ 
_______________________________________________________________
 &RQWDFW�3UR4XHVW 
&RS\ULJKW�������3UR4XHVW�//&��$OO�ULJKWV�UHVHUYHG����7HUPV�DQG�&RQGLWLRQV 
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