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�)ULFWLRQ������������������������������������������������������������������������������������������������������������������������ 

7DEOH�����6LQJOH�/DQH�&KDQJH�5HVXOWV������������������������������������������������������������������������������������������ 

7DEOH�����$%6�3HUIRUPDQFH�6XPPDU\����������������������������������������������������������������������������������������� 



LY 

$%675$&7


$�7HVW�7UDFN�6WXG\�RI�/LJKW�9HKLFOH�$QWLORFN�%UDNH�6\VWHP�3HUIRUPDQFH�2YHU�D�%URDG 

5DQJH�RI�6XUIDFHV�DQG�0DQHXYHUV�ZDV�FRQGXFWHG�WR�FRPSDUH�WKH�EUDNLQJ�SHUIRUPDQFH�RI�YHKLFOHV 

HTXLSSHG�ZLWK�SUHVHQW�GD\�DQWLORFN�EUDNH�V\VWHPV��$%6��ZLWK�WKH�SHUIRUPDQFH�RI�WKH�VDPH�YHKLFOH 

ZLWKRXW� $%6� �VLPXODWHG� FRQYHQWLRQDO� EUDNHV�� RYHU� D� ODUJH� UDQJH� RI� GULYLQJ� FRQGLWLRQV�� � 7KH 

PRWLYDWLRQ�IRU�WKLV�ZRUN�ZDV�WR�DWWHPSW�WR�ILQG�VLWXDWLRQV�DQG�RU�FRQGLWLRQV�LQ�ZKLFK�PDQ\�$%6� 

HTXLSSHG�YHKLFOHV�GLG�QRW�SHUIRUP�DV�ZHOO�DV�WKHLU�QRQ�$%6�FRXQWHUSDUWV��QRW�WR�FRPSDUH�YHKLFOHV 

RU�DQWLORFN�EUDNH�V\VWHPV�WR�RQH�DQRWKHU� 

7KH�EUDNLQJ�SHUIRUPDQFH�RI�QLQH�KLJK�SURGXFWLRQ�SDVVHQJHU�YHKLFOHV�ZDV�HYDOXDWHG�LQ 

HLJKWHHQ�VWRSSLQJ�VLWXDWLRQV�� �7KHVH�VLWXDWLRQV�ZHUH�FRPSULVHG�RI�YDULRXV� URDG�VXUIDFHV��GULYHU 

VWHHULQJ�DFWLRQV��DQG�YHKLFOH�VSHHGV���7HVWLQJ�ZDV�SHUIRUPHG�ZLWK�OLJKWO\�DQG�KHDYLO\�ODGHQ�YHKLFOHV� 

ZLWK�WKH�$%6�DFWLYH�DQG�GLVDEOHG��DQG�XVHG�WZR�EUDNH�SHGDO�DSSOLFDWLRQ�WHFKQLTXHV���7KH�VHOHFWHG 

YHKLFOHV�LQFOXGHG�DW�OHDVW�RQH�$%6�IURP�HDFK�RI�WKH�HLJKW�FXUUHQW��PDMRU��$%6�PDQXIDFWXUHUV� 

7KLV�VWXG\�IRXQG�WKDW�IRU�PRVW�VWRSSLQJ�PDQHXYHUV�RQ�PRVW�VXUIDFHV��$%6�DVVLVWHG�IXOO 

SHGDO� EUDNH� DSSOLFDWLRQ� VWRSV�ZHUH� VKRUWHU� WKDQ� WKRVH�PDGH�ZLWK� WKH�$%6� GLVDEOHG�� � 7KH� RQH 

V\VWHPDWLF�H[FHSWLRQ�ZDV�RQ�ORRVH�JUDYHO�ZKHUH�VWRSSLQJ�GLVWDQFHV�LQFUHDVHG�E\�DQ�DYHUDJH�RI����� 

SHUFHQW�RYHUDOO��$GGLWLRQDOO\��YHKLFXODU�VWDELOLW\�GXULQJ�WKHVH�PDQHXYHUV�ZDV�DOPRVW�DOZD\V�VXSHULRU 

ZLWK�WKH�DVVLVWDQFH�RI�$%6���)RU�WKH�FDVHV�LQ�ZKLFK�LQVWDELOLW\�ZDV�REVHUYHG��$%6�ZDV�QRW�GHHPHG 

UHVSRQVLEOH�RU�LWV�RFFXUUHQFH� 
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�����,1752'8&7,21 

$QWLORFN�EUDNH�V\VWHPV��$%6��ILUVW�DSSHDUHG�LQ�WKH�8�6��GXULQJ�WKH�ODWH�����
V���%\�WKH�ODWH� 

��
V�IRXU�ZKHHO�$%6�KDG�EHFRPH�VWDQGDUG�HTXLSPHQW�RQ�D�OLPLWHG�QXPEHU�RI�VSRUW�DQG�OX[XU\� 

RULHQWHG�DXWRPRELOHV�DQG�OLJKW�WUXFNV���,Q�UHFHQW�\HDUV��$%6�KDV�EHFRPH�PRUH�FRPPRQ�DQG�LV�QRZ 

VWDQGDUG�HTXLSPHQW�RQ�PDQ\�KLJK�SURGXFWLRQ�SDVVHQJHU�FDUV�DQG�OLJKW�WUXFNV���$FFRUGLQJ�WR�,77 

$XWRPRWLYH�����SHUFHQW�RI������PRGHO�\HDU�YHKLFOHV�ZHUH�HTXLSSHG�ZLWK�$%6�>�@� 

7KH�SULQFLSOH�UHDVRQ�IRU�HTXLSSLQJ�SDVVHQJHU�FDUV�DQG�OLJKW�WUXFNV�ZLWK�$%6�LV�WR�LQFUHDVH 

VDIHW\���<HDUV�RI�ZDWFKLQJ�WKH�HQKDQFHG�ODWHUDO�VWDELOLW\�DQG�LPSURYHG�VWRSSLQJ�SHUIRUPDQFH�RI 

YHKLFOHV�HTXLSSHG�ZLWK�$%6�RQ�WKH�WHVW�WUDFN�LQLWLDOO\�FRQYLQFHG�EUDNH�H[SHUWV�WKDW�WKH�ZLGHVSUHDG 

LQWURGXFWLRQ�RI�$%6�VKRXOG�VLJQLILFDQWO\�UHGXFH�WKH�QXPEHU�RI�FUDVKHV��DQG�WKH�UHVXOWLQJ�LQMXULHV�DQG 

IDWDOLWLHV��WKDW�RFFXU�RQ�RXU�QDWLRQ¶V�KLJKZD\V� 

7R�GHWHUPLQH�ZKHWKHU�WKH�H[SHUWV¶�EHOLHI�WKDW�WKH�LQWURGXFWLRQ�RI�$%6�ZRXOG�LQFUHDVH�VDIHW\ 

ZDV�LQGHHG�WUXH��D�QXPEHU�RI�VWDWLVWLFDO�DQDO\VHV�RI�FUDVK�GDWD�KDYH�EHHQ�SHUIRUPHG�RYHU�WKH�SDVW 

VHYHUDO�\HDUV���7KHVH�DQDO\VHV�VXJJHVW�WKDW��IRU�DXWRPRELOHV��WKH�LQWURGXFWLRQ�RI�$%6�KDV�SURGXFHG 

QHW�VDIHW\�EHQHILWV�PXFK�ORZHU�WKDQ�RULJLQDOO\�H[SHFWHG�IRU�$%6�HTXLSSHG�YHKLFOHV�>�������@���)RU 

H[DPSOH��.DKDQH�IRXQG�WKDW�ZKLOH�WKH�LQYROYHPHQW�RI�$%6�HTXLSSHG�DXWRPRELOHV�LQ�IDWDO�PXOWL� 

YHKLFOH�FUDVKHV�RQ�ZHW�URDGV�ZDV�UHGXFHG�E\����SHUFHQW��IDWDO�VLQJOH�YHKLFOH�FUDVKHV�LQFUHDVHG�E\��� 

SHUFHQW�>�@���7KLV�LQFUHDVH�LQ�VLQJOH�YHKLFOH�FUDVKHV�DOPRVW�FRPSOHWHO\�RIIVHWV�WKH�VDIHW\�DGYDQWDJH 

DQ�$%6�HTXLSSHG�DXWRPRELOH�KDV�RYHU�LWV�FRQYHQWLRQDOO\�EUDNHG�FRXQWHUSDUW���6LPLODU�UHVXOWV�ZHUH 

IRXQG�LQ�WKH�RWKHU�DXWRPRELOH�FUDVK�GDWDEDVH�VWXGLHV���1RWH�WKDW�WKH�DQWLFLSDWHG�VDIHW\�EHQHILWV�GXH 

WR�$%6�ZHUH�VHHQ�LQ�OLJKW�WUXFN��UHDU�ZKHHO�$%6�RQO\��FUDVK�GDWD�VWXGLHV� 

7R�OHDUQ�ZK\�WKH�FUDVK�GDWD�VWXGLHV�GLG�QRW�ILQG�WKH�DQWLFLSDWHG�LQFUHDVH�LQ�VDIHW\�IRU�$%6� 

HTXLSSHG�DXWRPRELOHV��WKH�1DWLRQDO�+LJKZD\�7UDIILF�6DIHW\�$GPLQLVWUDWLRQ��1+76$��GHYHORSHG 



� 

LWV�/LJKW�9HKLFOH�$%6�5HVHDUFK�3URJUDP���7KLV�FRPSUHKHQVLYH�SURJUDP�DWWHPSWV��LQ�D�VHULHV�RI 

WDVNV�� WR� H[DPLQH� DOO� SODXVLEOH� UHDVRQV�ZK\� WKH� FUDVK� GDWD� VWXGLHV� GR� QRW� VKRZ� WKDW�$%6� KDV 

LPSURYHG�DXWRPRELOH�VDIHW\���1+76$¶V�0RWRU�9HKLFOH�6DIHW\�5HVHDUFK�$GYLVRU\�&RPPLWWHH¶V 

�0965$&��$%6�:RUNLQJ�*URXS��FRPSULVHG�RI�JRYHUQPHQW�DQG�LQGXVWU\�SDUWLFLSDQWV��FRPPHQWHG 

RQ��DQG�DSSURYHG�RI��WKH�UHVHDUFK�SURJUDP¶V�WHVW�SODQ� 

7DVN���RI�1+76$¶V�/LJKW�9HKLFOH�$%6�5HVHDUFK�3URJUDP�LQYROYHV�SHUIRUPLQJ�D�QHZ 

FUDVK�GDWD�VWXG\�RI�WKH�HIIHFW�RQ�VDIHW\�RI�DGGLQJ�IRXU�ZKHHO�$%6�WR�DXWRPRELOHV���7KLV�VWXG\�GLIIHUV 

IURP�WKRVH�SUHYLRXVO\�FRQGXFWHG�>�������@�LQ�WKDW�LW�IRFXVHV�RQ�QHZHU�YHKLFOHV�DQG�DQWLORFN�EUDNH 

V\VWHPV�DQG�LQFOXGHV�VRPH�PHWKRGRORJLFDO�LPSURYHPHQWV���7KLV�VWXG\�ZLOO�HQGHDYRU�WR�DGGUHVV 

ZKHWKHU�ZKDWHYHU�SUREOHP�PD\�KDYH�FDXVHG�WKH�DSSDUHQW�LQFUHDVH�LQ�VLQJOH�YHKLFOH�FUDVKHV�IRU�$%6� 

HTXLSSHG�DXWRPRELOHV�VWLOO�H[LVWV�ZLWK�WKH�LQWURGXFWLRQ�RI�QHZHU�JHQHUDWLRQ�$%6�KDUGZDUH� 

7DVN� �� RI� WKLV� SURJUDP� LV� D� QDWLRQDO� VXUYH\� WR� GHWHUPLQH� GULYHU¶V� NQRZOHGJH� DQG 

H[SHFWDWLRQV�DERXW�$%6���7KLV�LQIRUPDWLRQ�ZLOO�EH�XVHG�WR�GHWHUPLQH�ZKHWKHU�WKH�DSSDUHQW�LQFUHDVH 

LQ�VLQJOH��YHKLFOH�FUDVKHV�IRU�DXWRPRELOHV�LV�GXH�WR�GULYHUV¶�PLVXQGHUVWDQGLQJ�RI�$%6�IXQFWLRQDOLW\� 

7DVN���ZLOO�H[DPLQH�VHOHFWHG�VLQJOH�YHKLFOH�FUDVK�UHSRUWV�WKDW�KDYH�EHHQ�FROOHFWHG�E\�WKH 

1DWLRQDO�$XWRPRWLYH� 6DPSOLQJ� 6\VWHP� �1$66��� � 7KH� JRDO� RI� WKLV�ZRUN� LV� WR� GHWHUPLQH�ZKDW 

GLIIHUHQFHV�PD\�H[LVW�LQ�WKH�FKDUDFWHULVWLFV�RI�VLQJOH�YHKLFOH�FUDVKHV�LQFXUUHG�E\�$%6�HTXLSSHG 

YHUVXV�QRQ�$%6�HTXLSSHG�DXWRPRELOHV�XVLQJ�1$66�&UDVKZRUWKLQHVV�'DWD�6\VWHP��&'6��FDVHV� 

7DVN����WKH�VXEMHFW�RI�WKLV�UHSRUW��PHDVXUHV�WKH�EUDNLQJ�SHUIRUPDQFH�RI�D�JURXS�RI�FXUUHQW 

SURGXFWLRQ�$%6�HTXLSSHG�YHKLFOHV�RYHU�D�EURDG�UDQJH�RI�VXUIDFHV�DQG�PDQHXYHUV���:KLOH�$%6 

VWRSSLQJ�SHUIRUPDQFH�KDV�EHHQ�PHDVXUHG�E\�PDQ\�JURXSV�RYHU�PDQ\�\HDUV��WKHUH�LV�D�SRVVLELOLW\�WKDW 

SRRU�SHUIRUPDQFH�RQ�VRPH�XQXVXDO�VXUIDFH�RU�GXULQJ�VRPH�PDQHXYHU�PD\�KDYH�EHHQ�RYHUORRNHG� 

,I�VXFK�FRXOG�EH�IRXQG��WKLV�PLJKW�H[SODLQ�WKH�DSSDUHQW�LQFUHDVH�LQ�VLQJOH�YHKLFOH�FUDVKHV�RI�$%6� 

HTXLSSHG�DXWRPRELOHV� 



� 

7DVN���H[DPLQHV�WKH�K\SRWKHVLV�WKDW�WKH�DSSDUHQW�LQFUHDVH�LQ�VLQJOH�YHKLFOH�FUDVKHV�ZLWK 

$%6�HTXLSSHG�YHKLFOHV�LV�GXH�WR�GULYHU�³RYHUVWHHULQJ´�LQ�FUDVK�LPPLQHQW�VLWXDWLRQV���7KH�LGHD�LV�WKDW 

LQ� D� FUDVK� LPPLQHQW� VLWXDWLRQ�� D� GULYHU¶V� ILUVW� DFWLRQ� LV� WR� SXVK� YHU\� KDUG� RQ� WKH� EUDNH� SHGDO� 

2YHUVWHHULQJ� RFFXUV� ZKHQ� WKH� GULYHU�� SRVVLEO\� EHOLHYLQJ� WKDW� WKH� KDUG� EUDNLQJ� LQSXW� ZLOO� EH 

LQVXIILFLHQW�WR�DYRLG�WKH�XSFRPLQJ�REVWDFOH��VXFK�DV�DQRWKHU�YHKLFOH��UDSLGO\�WXUQV�WKH�VWHHULQJ�ZKHHO 

E\�D�ODUJH�DPRXQW���)RU��FRQYHQWLRQDOO\�EUDNHG�RU�UHDU�ZKHHO�$%6�RQO\�YHKLFOHV��WKLV�RYHUVWHHULQJ 

KDV� OLWWOH�HIIHFW�� VLQFH� WKH� LQLWLDO�GULYHU�EUDNH�SHGDO�DFWLYDWLRQ� ORFNV� WKH�YHKLFOH¶V� IURQW�ZKHHOV� 

+RZHYHU��IRU�D�YHKLFOH�HTXLSSHG�ZLWK�IRXU�ZKHHO�$%6��ZKHUH�WKH�$%6�PLQLPL]HV�IURQW�ZKHHO 

ORFNXS�DQG�DOORZV�WKH�GULYHU�WR�PDLQWDLQ�VWHHULQJ�FDSDELOLW\���WKH�RYHUVWHHULQJ�PD\�UHVXOW�LQ� WKH 

YHKLFOH�PLVVLQJ�WKH�XSFRPLQJ�REVWDFOH��JRLQJ�RII�RI�WKH�URDGZD\��DQG�EHLQJ�LQYROYHG�LQ�D�VLQJOH� 

YHKLFOH�FUDVK� 

7DVN���LV�GLYLGHG�LQWR�PXOWLSOH�VXEWDVNV�WR�H[DPLQH�GULYHU�FUDVK�DYRLGDQFH�EHKDYLRU�ZLWK 

DQG�ZLWKRXW�$%6���7KLV�WDVN�VHHNV�WR�DVVHVV�WKH�SUHYDOHQFH�RI�GULYHU�RYHUVWHHULQJ�DQG�ZLOO�H[DPLQH 

WKH�HIIHFWV�RI�WUDLQLQJ�RQ�VXFFHVVIXOO\�DYRLGLQJ�D�FUDVK���7DVN�����XVHV�D�GULYLQJ�VLPXODWRU�WR�DGGUHVV 

WKLV�LVVXH���7DVN�����H[DPLQHV�GULYHU�FUDVK�DYRLGDQFH�EHKDYLRU�LQ�D�WHVW�WUDFN�HQYLURQPHQW�RQ�D�GU\� 

KLJK�FRHIILFLHQW�RI�IULFWLRQ�URDG�VXUIDFH���7DVN�����DOVR�VWXGLHV�GULYHU�FUDVK�DYRLGDQFH�EHKDYLRU�LQ 

D�WHVW�WUDFN�HQYLURQPHQW�EXW�RQ�D�ZHW��ORZ�FRHIILFLHQW�RI�IULFWLRQ�URDG�VXUIDFH� 

7DVN���LQYHVWLJDWHV�WKH�HIIHFWV�RI�$%6�GXULQJ�URDG�UHFRYHU\�PDQHXYHUV��L�H���ZKHQ�D�GULYHU 

DWWHPSWV�WR�PDQHXYHU�DQ�DXWRPRELOH�EDFN�RQWR�WKH�URDGZD\�DIWHU�D�GHSDUWXUH����0DQ\�URDG�GHSDUWXUHV 

RFFXU�ZKHQ�WKH�GULYHU�PDQHXYHUV�WKH�YHKLFOH�LQ�DQ�HVVHQWLDOO\�VWUDLJKW�OLQH�WKDW�OHDYHV�WKH�URDG���7KLV 

DFWLRQ�PD\�EH�GXH�WR�GULYHU�LQDWWHQWLRQ��VOHHSLQHVV��RU�LQWR[LFDWLRQ���1RQH�RI�WKHVH�FDXVHV�DUH�UHODWHG 

WR�WKH�SUHVHQFH�RU�DEVHQFH�RI�$%6���+RZHYHU��WKH�SUHVHQFH�RI�$%6�PD\�RU�PD\�QRW�LQIOXHQFH�WKH 

DELOLW\�RI��WKH�GULYHU�WR�VDIHO\�UHWXUQ�WKH�YHKLFOH�WR�WKH�URDGZD\� 

7DVN���ORRNV�DW�WKH�LVVXH�RI�$%6�DQG�ULVN�FRPSHQVDWLRQ���6HYHUDO�VWXGLHV�KDYH�IRXQG�WKDW 

SHRSOH� GULYH� IDVWHU� RU� PRUH� DJJUHVVLYHO\� RQ� WHVW� WUDFNV� LQ� $%6�HTXLSSHG� YHKLFOHV� WKDQ� ZLWK 

FRQYHQWLRQDOO\�EUDNHG�YHKLFOHV���7KH�JRDO�RI�WKLV�WDVN�LV�WR�WU\�WR�GHWHUPLQH�LI�WKHVH�WUHQGV�RFFXU 



� 

GXULQJ�W\SLFDO�GULYLQJ�RQ�DFWXDO�SXEOLF�URDGV� 

7DVN���LV�DOVR�GLYLGHG�LQWR�PXOWLSOH�VXEWDVNV���7DVN�����ZLOO�LQYROYH�UHPRWH�REVHUYDWLRQ�WR 

FROOHFW�GDWD�DERXW�WKH�EHKDYLRU��H�J���VSHHG��RI�GULYHUV�ZKR�DUH�XQDZDUH�RI�WKH�IDFW�WKDW�WKHLU�EHKDYLRU 

LV�EHLQJ�PRQLWRUHG���7DVN�����ZLOO�FROOHFW�PRUH�GHWDLOHG�GDWD�DERXW�WKH�GULYLQJ�EHKDYLRU�RI�VXEMHFWV 

XVLQJ�LQVWUXPHQWHG�YHKLFOHV� 

7DVN���ZLOO�LQWHJUDWH�GDWD�IURP�DOO�RI�WKH�SUHFHGLQJ�WDVNV�DQG�DWWHPSW�WR�LQIHU�ZK\�WKH�FUDVK 

GDWD�VWXGLHV�GLG�QRW�ILQG�WKH�DQWLFLSDWHG�LQFUHDVH�LQ�VDIHW\�IRU�$%6�HTXLSSHG�DXWRPRELOHV� 

7DVN���LQYROYHV�WKH�GLVVHPLQDWLRQ�RI�WDVN�UHVXOWV���1+76$�ZLOO�VKDUH�NQRZOHGJH�JDLQHG 

WKURXJK� WKH� SURJUDP¶V� UHVHDUFK� HIIRUWV� E\� UHSRUWLQJ� LWV� ILQGLQJV� ZLWK� LQWHUHVWHG� SDUWLHV� ZLWKLQ 

1+76$�DQG�WKH�SXEOLF�DW�ODUJH���6XPPDULHV�RI�FXUUHQW�UHVHDUFK�HIIRUWV�DQG�UHVXOWV�WR�GDWH�ZLOO�EH 

SUHVHQWHG�IRU�GLVFXVVLRQ���6WDWXV�EULHILQJV�ZLOO�EH�FRQGXFWHG�DSSUR[LPDWHO\�WZLFH�SHU�\HDU�WR�NHHS 

VWDNHKROGHUV�DEUHDVW�RI�WDVN�SURJUHVV�DQG�DFTXLUH�WKHLU�LQSXW� 

1+76$¶V�/LJKW�9HKLFOH�$%6�5HVHDUFK� 3URJUDP� LV� RQO\� D� ILUVW� VWHS� LQ� DVVHVVLQJ� WKH 

DQWLFLSDWHG�VDIHW\�EHQHILWV�IURP�$%6���7KLV�SURJUDP�GHDOV�VROHO\�ZLWK�WU\LQJ�WR�OHDUQ�ZK\�WKH�FUDVK 

GDWD�VWXGLHV�GLG�QRW�ILQG�WKH�DQWLFLSDWHG�LQFUHDVH�LQ�VDIHW\�IRU�$%6�HTXLSSHG�DXWRPRELOHV���7KH 

GHYHORSPHQW�RI�FRXQWHUPHDVXUHV�WR�UHVROYH�DQ\�SUREOHPV�GLVFRYHUHG�LV�OHIW�WR�IXWXUH�UHVHDUFK� 



� 

�����%$&.*5281'�$1'�678'<�2%-(&7,9(6 

$�7HVW�7UDFN�6WXG\�RI�/LJKW�9HKLFOH�$QWLORFN�%UDNH�6\VWHP�3HUIRUPDQFH�2YHU�D�%URDG 

5DQJH�RI�6XUIDFHV�DQG�0DQHXYHUV�ZDV�FRQGXFWHG�WR�FRPSDUH�WKH�EUDNLQJ�SHUIRUPDQFH�RI�YHKLFOHV 

HTXLSSHG�ZLWK�SUHVHQW�GD\�DQWLORFN�EUDNH�V\VWHPV�WR�WKH�SHUIRUPDQFH�RI�WKH�VDPH�YHKLFOH�ZLWKRXW 

$%6�RYHU�D�ODUJH�UDQJH�RI�GULYLQJ�FRQGLWLRQV�� �7KH�EUDNLQJ�SHUIRUPDQFH�RI�QLQH�YHKLFOHV��HDFK 

HTXLSSHG� ZLWK� D� GLIIHUHQW� PDQXIDFWXUHU¶V� $%6�� ZDV� HYDOXDWHG� LQ� HLJKWHHQ� VWRSSLQJ� VLWXDWLRQV 

LQYROYLQJ� D� YDULHW\� RI� URDG� VXUIDFHV�� GULYHU� VWHHULQJ� DFWLRQV�� DQG� YHKLFOH� VSHHGV�� � 7HVWLQJ�ZDV 

SHUIRUPHG�ZLWK�OLJKWO\�DQG�KHDYLO\�ODGHQ�YHKLFOHV�DQG�ZLWK�WKH�$%6�DFWLYH�DQG�GLVDEOHG���3ULRU�WR 

SHUIRUPLQJ�WKH�WHVWLQJ�GHVFULEHG�LQ�WKLV�UHSRUW��WKH�WHVW�SODQ�IRU�WKLV�ZRUN�ZDV�UHYLHZHG�E\�VHYHUDO 

PHPEHUV�RI�1+76$¶V�0965$&�$%6�:RUNLQJ�*URXS���7KHLU�FRPPHQWV�ZHUH�PXFK�DSSUHFLDWHG� 

7KH�PRWLYDWLRQ�IRU�WKLV�ZRUN�ZDV�WR�DWWHPSW�WR�ILQG�VLWXDWLRQV�DQG�RU�FRQGLWLRQV�LQ�ZKLFK 

PDQ\�YHKLFOHV�HTXLSSHG�ZLWK�$%6�ZRXOG�QRW�SHUIRUP�DV�ZHOO�DV�WKHLU�QRQ�$%6��FRQYHQWLRQDOO\ 

EUDNHG��FRXQWHUSDUWV���:KLOH�$%6�VWRSSLQJ�SHUIRUPDQFH�KDV�EHHQ�PHDVXUHG�E\�PDQ\�JURXSV�RYHU 

PDQ\�\HDUV��WKHUH�LV�D�SRVVLELOLW\�WKDW�SRRU�SHUIRUPDQFH�RQ�VRPH�XQXVXDO�VXUIDFH�RU�GXULQJ�VRPH 

PDQHXYHU�PD\�KDYH�EHHQ�RYHUORRNHG���,I�VXFK�FRQGLWLRQV�FRXOG�EH�IRXQG��WKH\�PD\�H[SODLQ�WKH 

DSSDUHQW�LQFUHDVH�LQ�VLQJOH�YHKLFOH�FUDVKHV�RI�$%6�HTXLSSHG�DXWRPRELOHV���1RWH�WKDW�LW�ZDV�QRW�WKH 

LQWHQWLRQ�RI�WKLV�ZRUN�WR�FRPSDUH�YHKLFOHV�RU�DQWLORFN�EUDNH�V\VWHPV�WR�RQH�DQRWKHU�� 

$%6� SHUIRUPDQFH� HYDOXDWLRQV� KDYH� EHHQ� FRQGXFWHG� SULRU� WR� WKLV� VWXG\� E\�1+76$¶V 

9HKLFOH�5HVHDUFK�DQG�7HVW�&HQWHU��957&��LQ�(DVW�/LEHUW\��2KLR�>���@���,Q�WKHVH�HDUOLHU�HYDOXDWLRQV� 

D�QXPEHU�RI�YHKLFOHV�HTXLSSHG�ZLWK�D�YDULHW\�RI�DQWLORFN�EUDNH�V\VWHPV�ZHUH�WHVWHG�RYHU�D�UDQJH�RI 

URDG� VXUIDFHV� DQG� VWRSSLQJ� PDQHXYHUV�� � 7KH� DLP� RI� WKH� HDUOLHU� UHVHDUFK� ZDV� WR� DVVHVV� $%6 

SHUIRUPDQFH�E\�FRPSDULQJ�WKH�EUDNLQJ�RI�LQGLYLGXDO�YHKLFOHV�ZLWK�DQG�ZLWKRXW�$%6� 

%RWK�RI�WKHVH�HDUOLHU�VWXGLHV�IRXQG�WKDW�$%6�LPSURYHG�YHKLFXODU�VWDELOLW\�XQGHU�EUDNLQJ� 

HVSHFLDOO\�ZKHQ�D�GLIIHUHQFH�LQ�URDG�IULFWLRQ�FRHIILFLHQWV�H[LVWHG�EHWZHHQ�WKH�OHIW�DQG�ULJKW�VLGHV�RI 

WKH� YHKLFOH�� � )RXU�ZKHHO� DQWLORFN� EUDNH� V\VWHPV� UHGXFHG� WKH� WHQGHQF\� RI� WKH� YHKLFOHV� WR� \DZ 

H[FHVVLYHO\�DQG�DOORZHG�WKH�GULYHU�WR�PDLQWDLQ�VWHHULQJ�FRQWURO�ZKLOH�EUDNLQJ���5HDU�ZKHHO�RQO\�$%6 
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ZDV�IRXQG�WR�RQO\�HQKDQFH�EUDNLQJ�VWDELOLW\��DV�WKHVH�V\VWHPV�DUH�QRW�GHVLJQHG�WR�PRGXODWH�WKH 

ORQJLWXGLQDO�VOLS�RI� WKH�IURQW�ZKHHOV�GXULQJ�EUDNLQJ�� �7KHUHIRUH��DOWKRXJK�UHDU�ZKHHO�RQO\�$%6 

SUHYHQWHG�H[FHVVLYH�\DZ��QR�VWHHULQJ�FRQWURO�EHQHILWV�ZHUH�SURYLGHG�WR�WKH�GULYHU�GXULQJ�EUDNLQJ� 

7KH�HDUOLHU�VWXGLHV�DOVR�IRXQG�WKDW�VWRSSLQJ�GLVWDQFHV�RQ�KDUG��SDYHG�WHVW�VXUIDFHV�HLWKHU 

VWD\HG�WKH�VDPH�RU�ZHUH�UHGXFHG�IRU�IRXU�ZKHHO�$%6�HTXLSSHG�YHKLFOHV���6WRSSLQJ�GLVWDQFH�LQFUHDVHV 

RI�RYHU����SHUFHQW�RFFXUUHG�LQ�VHYHUDO�FDVHV�RQ�ORRVH�JUDYHO���,Q�VRPH�FDVHV�UHDU�ZKHHO�$%6�VOLJKWO\ 

UHGXFHG�VWRSSLQJ�GLVWDQFHV�DQG��LQ�RWKHU�FDVHV��LQFUHDVHG�LW� 

7KH�FXUUHQW�$%6�SHUIRUPDQFH� HYDOXDWLRQ�GLIIHUV� IURP� WKRVH� SUHYLRXVO\�SHUIRUPHG�E\ 

957&�LQ�VHYHUDO�VLJQLILFDQW�ZD\V���)LUVW��WKH�YHKLFOHV�WHVWHG�KDYH�QHZHU�DQWLORFN�EUDNH�V\VWHPV�WKDQ 

WKRVH�WHVWHG�LQ�WKH�HDUOLHU�VWXGLHV���6HFRQG��WKH�YHKLFOHV�ZHUH�WHVWHG�RQ�PRUH�VXUIDFHV�WKDQ�LQ�WKH�SDVW� 

7KLUG�� WKH� YHKLFOHV�ZHUH� WHVWHG� RQ� D� QXPEHU� RI� VXUIDFHV� KDYLQJ� VXGGHQ� FRHIILFLHQW� RI� IULFWLRQ 

WUDQVLWLRQV��SDVW�957&�WHVWLQJ�KDV�IRXQG�WKDW�VRPH�DQWLORFN�EUDNH�V\VWHPV�KDYH�SUREOHPV�GHDOLQJ 

ZLWK�VXFK�WUDQVLWLRQV����)RXUWK��WKH�YHKLFOHV�ZHUH�WHVWHG�LQ�DGGLWLRQDO�PDQHXYHUV���$JDLQ��SDVW�957& 

WHVWLQJ�IRXQG�WKDW�VRPH�V\VWHPV�H[KLELWHG�EUDNLQJ�GHILFLHQFLHV��ZKLOH�SHUIRUPLQJ�FHUWDLQ�PDQHXYHUV 

�H�J���EUDNLQJ�ZKLOH�LQ�D�KDUG�FXUYH��� 
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�����7(67�352&('85( 

�����7HVW�9HKLFOHV 

7KH� WHVW�YHKLFOH� IOHHW� LQFOXGHG�D�GLYHUVH� UDQJH�RI�KLJK�SURGXFWLRQ�SDVVHQJHU�YHKLFOHV� 

UDQJLQJ�IURP�FRPSDFW�FDUV�WR�VSRUW�XWLOLW\�YHKLFOHV���(LJKW�WHVW�YHKLFOHV�ZHUH�SXUFKDVHG�RU�OHDVHG 

IURP�FHQWUDO�2KLR�DXWRPRELOH�GHDOHUVKLSV���6HYHQ��ZHUH�REWDLQHG�IURP�XVHG�FDU�ORWV��DQG�RQH�IURP 

D�GHDOHUVKLS¶V�SRRO�FDU�IOHHW���$�QLQWK�YHKLFOH�ZDV�ERUURZHG�IURP�DQRWKHU�957&�WHVW�SURJUDP����7KH 

VHOHFWHG� YHKLFOHV� LQFOXGHG� DW� OHDVW� RQH� $%6� IURP� HDFK� RI� WKH� HLJKW� FXUUHQW�� PDMRU�� $%6 

PDQXIDFWXUHUV�� 

(LJKW�YHKLFOHV�ZHUH�HTXLSSHG�ZLWK�³DGG�RQ´�$%6�SDFNDJHV��DQG�RQH�ZDV�³LQWHJUDWHG�´ 

$OWKRXJK� WKH� IXQFWLRQDOLW\� RI� WKHVH� FRQILJXUDWLRQV� LV� LGHQWLFDO�� WKH� LQWHJUDWHG� $%6� SK\VLFDOO\ 

FRPELQHV� WKH�PDVWHU�F\OLQGHU�ZLWK� WKH�K\GUDXOLF�FRQWURO�XQLW� �+&8�� LQWR�RQH�FRPSRQHQW�� �7KH 

PDVWHU�F\OLQGHU�DQG�+&8�RI�WKH�DGG�RQ�V\VWHPV��KRZHYHU��DUH�MRLQHG�RQO\�E\�WKH�EUDNH�OLQHV�UXQ 

EHWZHHQ�WKHP��� 

7KH�DQWLORFN�EUDNH�V\VWHPV�LQ�VHYHQ�RI�WKH�QLQH�WHVW�YHKLFOHV�XVHG�IRXU�ZKHHO�VSHHG�VHQVRUV� 

RQH�DW�HDFK�ZKHHO�� �7KH� WZR� UHDU�ZKHHO�GULYH�YHKLFOHV�XWLOL]HG� WKUHH�ZKHHO� VSHHG�VHQVRUV��RQH 

SRVLWLRQHG�DW�HDFK�IURQW�ZKHHO�DQG�RQH�LQ�WKH�UHDU�GLIIHUHQWLDO���)RXU�YHKLFOHV�ZHUH�HTXLSSHG�ZLWK 

IRXU�FKDQQHO�DQWLORFN�EUDNH�V\VWHPV�WKDW� LQGHSHQGHQWO\�PRGXODWHG�WKH�IURQW�DQG�UHDU�EUDNH�OLQH 

SUHVVXUHV�DW�HDFK�ZKHHO���7KH�ILYH�UHPDLQLQJ�WHVW�YHKLFOHV�ZHUH�HTXLSSHG�ZLWK�WKUHH�FKDQQHO�DQWLORFN 

EUDNH�V\VWHPV�WKDW�DOVR�PRGXODWHG�WKH�WZR�IURQW�OLQH�SUHVVXUHV�LQGHSHQGHQWO\��EXW�PRGXODWHG�WKH�OLQH 

SUHVVXUHV�DW�WKH�ULJKW�UHDU�DQG�OHIW�UHDU�WRJHWKHU���7KH�$%6�FRQILJXUDWLRQV�RI�HDFK�WHVW�YHKLFOH�DUH 

OLVWHG�LQ�7DEOH���� 

7KH�WLUHV�RQ�HDFK�WHVW�YHKLFOH�ZHUH�VWHHO�EHOWHG�UDGLDOV���(DFK�VHW�ZDV�LQVSHFWHG�DQG�IRXQG 

WR�EH�LQ�DFFHSWDEOH�FRQGLWLRQ�DQG�RI�WKH�VL]HV�VSHFLILHG�E\�WKH�YHKLFOHV¶�PDQXIDFWXUHUV���7KH�EUDNH 

V\VWHP�FRPSRQHQWV�ZHUH�LQVSHFWHG�DQG�UHSODFHG�LI�QHFHVVDU\���$OO�K\GUDXOLF�SOXPELQJ�DQG�KDUGZDUH 

ZDV�IRXQG�WR�EH�LQ�QHZ�RU�OLNH�QHZ�FRQGLWLRQ���7KH�EUDNH�SDGV��URWRUV��GUXPV��DQG�VKRHV�ZHUH�WHVWHG 



� 

LQ�³DV�LV´�FRQGLWLRQ�XQOHVV�LW�ZDV�QHFHVVDU\�WR�UHSODFH�WKHP��H�J���RQH�YHKLFOH¶V�UHDU�EUDNH�SDGV�ZHUH 

ZRUQ�SDVW�WKHLU�ZHDU�OLPLWV�� 

7DEOH�����7HVW�9HKLFOH�$%6�&RQILJXUDWLRQ� 

7HVW�9HKLFOH 

$ & ' ( ) * + , 

9HKLFOH� 
0RGHO�<HDU 

���� ���� ���� ���� ���� ���� ���� ���� ���� 

1XPEHU�RI 
:KHHO�6SHHG 

6HQVRUV 
� � � � � � 

1XPEHU�RI 
+\GUDXOLF 
&KDQQHOV 

� � � � � � 

&RQILJXUDWLRQ DGG�RQ LQWHJUDWHG DGG�RQ DGG�RQ� DGG�RQ DGG�RQ DGG�RQ DGG�RQ DGG�RQ 

% 

� � � 

� � � 

,W�VKRXOG�EH�QRWHG�WKDW�WKLV�VWXG\�RULJLQDOO\�LQFOXGHG�RQO\�HLJKW�WHVW�YHKLFOHV���+RZHYHU��DV 

WKH�HLJKWK�YHKLFOH�ZDV�DSSURDFKLQJ�WHVW�FRPSOHWLRQ��VHHPLQJO\�RGG�$%6�EHKDYLRU�ZDV�QRWHG�LQ�D 

YHKLFOH�EHLQJ�GULYHQ�LQ�DQRWKHU�1+76$�WHVW�SURJUDP���:KHQ�D�ODUJH�EUDNLQJ�LQSXW�ZDV�DSSOLHG 

GXULQJ�WKH�SURJUDP¶V�VWHHU�DQG�EUDNH�PDQHXYHU��WKH�EUDNH�SHGDO�ZRXOG�ULVH�TXLFNO\�DQG�UHPDLQ�ILUP 

DJDLQVW�WKH�GULYHU¶V�IRRW��GXH�WR�$%6�DFWLYDWLRQ��DW�KLJK�ODWHUDO�DFFHOHUDWLRQ���$OWKRXJK�WKLV�LV�QRW 

QHFHVVDULO\�D�QHJDWLYH�IHDWXUH��WKH�SHGDO�ULVH�DOVR�FRLQFLGHG�ZLWK�WKH�VHQVDWLRQ�WKDW�WKH�YHKLFOH�ZDV 

QRW�JHQHUDWLQJ�WKH�DQWLFLSDWHG�EUDNLQJ�IRUFH�DQG�YHKLFOH�GHFHOHUDWLRQ� 

3UHOLPLQDU\�EUDNLQJ�PDQHXYHUV�ZHUH�FRQGXFWHG�DQG�FRQILUPHG�WKH�SUHYLRXVO\�QRWHG�SHGDO 

IHHO�DQG�SHUFHLYHG�VWRSSLQJ�GLVWDQFH�LQFUHDVH�ZKHQHYHU�D�KLJK�ODWHUDO�DFFHOHUDWLRQ�ZDV�HVWDEOLVKHG 

SULRU�WR�D�ODUJH�EUDNH�SHGDO�IRUFH�LQSXW���6XFK�EHKDYLRU�ZDV�QRW�REVHUYHG�LQ�WKH�HLJKW�YHKLFOHV�RI�WKH 

RULJLQDO�WHVW�PDWUL[���5HFDOOLQJ�WKDW�WKH�PRWLYDWLRQ�IRU�WKLV�VWXG\�ZDV�WR�ILQG�VLWXDWLRQV�ZKHUH�WKH�XVH 

RI�$%6�UHVXOWHG�LQ�VRPH�IRUP�RI�VWRSSLQJ�GHILFLHQF\��ZKHQ�FRPSDUHG�WR�WKH�VDPH�YHKLFOH�HTXLSSHG 

ZLWK�FRQYHQWLRQDO�EUDNHV���LW�ZDV�GHWHUPLQHG�WKDW�WKH�YHKLFOH�VKRXOG�EH�VXEMHFWHG�WR�WKH�HQWLUH�$%6 

KDUGZDUH�HYDOXDWLRQ�WHVW�PDWUL[�DV�D�QLQWK�YHKLFOH� 
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�����,QVWUXPHQWDWLRQ 

7DEOH���SURYLGHV�D�OLVW�RI�LQVWUXPHQWDWLRQ�LQVWDOOHG�LQ�HDFK�WHVW�YHKLFOH���7KH�ILIWK�ZKHHO 

DVVHPEO\�ZDV�PRXQWHG�WR�WKH�UHDU�EXPSHU�DWWDFKPHQW�SRLQWV�DQG�WUDQVPLWWHG�YHKLFOH�VSHHG�DQG 

GLVWDQFH�VLJQDOV�WR�D�GLJLWDO�SHUIRUPDQFH�PRQLWRU�SRVLWLRQHG�RQ�WKH�GDVKERDUG���7KH�PRQLWRU¶V�WULJJHU 

LQSXW�ZDV�DFWLYDWHG�E\�WKH�EUDNH�OLJKW�VZLWFK�WR�IUHH]H�WKH�LQLWLDO�YHKLFOH�VSHHG�DQG�]HUR�YHKLFOH 

SRVLWLRQ�ZKHQ�WKH�EUDNH�SHGDO�ZDV�GHSUHVVHG���7KH�VSHHG�DQG�SRVLWLRQ�PHDVXUHG�E\�WKH�ILIWK�ZKHHO 

ZHUH� UHFRUGHG�DV� D� IXQFWLRQ�RI� WLPH�ZLWK� DQ�XSGDWH� UDWH� RI� ����+]�E\� D�GLJLWDO� RQ�ERDUG�GDWD 

DFTXLVLWLRQ�V\VWHP� 

7DEOH�����,QVWUXPHQWDWLRQ� 

'HVFULSWLRQ 0HDVXUHG�'DWD 9HKLFOH�/RFDWLRQ 

$FFHOHURPHWHU /DWHUDO�DQG�ORQJLWXGLQDO�DFFHOHUDWLRQ 3RVLWLRQHG�DW�FHQWHU�RI�JUDYLW\


)LIWK�ZKHHO 9HKLFOH�VSHHG�DQG�GLVWDQFH�WUDYHOHG 5HDU�EXPSHU�DWWDFKPHQW�SRLQWV 

/LQHDU�SRVLWLRQ�WUDQVGXFHU
 %UDNH�SHGDO�GLVSODFHPHQW %UDNH�SHGDO 

/RDG�FHOO %UDNH�SHGDO�IRUFH %UDNH�SHGDO 

3UHVVXUH�WUDQVGXFHUV %UDNH�OLQH�SUHVVXUH�VHHQ�DW�HDFK 
FDOLSHU�RU�GUXP 

%HWZHHQ�KDUG�DQG�IOH[LEOH 
EUDNH�OLQHV�DW�HDFK�FRUQHU 

5DWH�VHQVRU <DZ�UDWH 3RVLWLRQHG�DW�FHQWHU�RI�JUDYLW\ 

6WULQJ�SRWHQWLRPHWHU
 6WHHULQJ�ZKHHO�DQJOH 6WHHULQJ�FROXPQ 

2SWLFDO�SLFNXS�VHQVRU� (YHQW�WULJJHU )URQW�OLFHQVH�SODWH�EUDFNHW 

:KHHO�WDFKRPHWHUV ,QGLYLGXDO�ZKHHO�VSHHG (DFK�ZKHHO�YLD�ZKHHO 
PRXQWLQJ�OXJV�RU�OXJ�QXWV 


,QVWUXPHQWDWLRQ�RPLWWHG�DIWHU�FRPSOHWLRQ�RI�WKLUG�YHKLFOH�WHVWLQJ� 

%UDNH�OLQH�SUHVVXUH�WUDQVGXFHUV�ZHUH�FRQQHFWHG�EHWZHHQ�WKH�KDUG�DQG�IOH[LEOH�EUDNH�OLQHV�WR 

WUDQVPLW� WKH� OLQH� SUHVVXUH� VHHQ� DW� HDFK� ZKHHO� GRZQVWUHDP� RI� WKH� $%6� +&8�� � 'LUHFW� FXUUHQW 

WDFKRPHWHUV�DWWDFKHG�WR�HDFK�ZKHHO�PRQLWRUHG�ZKHHO�ORFNXS�E\�PHDVXULQJ�LQGLYLGXDO�ZKHHO�VSHHGV� 



�� 

$�ORDG�FHOO�ZDV�DWWDFKHG�WR�WKH�EUDNH�SHGDO�WR�WUDQVPLW�DSSOLHG�IRUFH���7ZR�DFFHOHURPHWHUV�DQG�D�UDWH 

VHQVRU�� SRVLWLRQHG� DW� WKH�YHKLFOH¶V� FHQWHU�RI�JUDYLW\� WR�PLQLPL]H�YHKLFOH�SLWFK� DQG� UROO� HIIHFWV� 

PHDVXUHG�ODWHUDO�ORQJLWXGLQDO�DFFHOHUDWLRQ�DQG�\DZ�UDWH��UHVSHFWLYHO\���$Q�RSWLFDO�SLFNXS�VHQVRU�ZDV 

LQVWDOOHG�RQ� WKH�YHKLFOH¶V� IURQW� OLFHQVH�SODWH�EUDFNHW� WR� VLJQDO� D�GHVLUHG�SRLQW�ZLWKLQ� D�EUDNLQJ 

PDQHXYHU���$OO�GDWD�PHDVXUHG�E\�WKLV�LQVWUXPHQWDWLRQ�ZDV�UHFRUGHG��DV�D�IXQFWLRQ�RI�WLPH��E\�WKH�RQ� 

ERDUG�GDWD�DFTXLVLWLRQ�DQG�HDFK�FKDQQHO�ZDV�VDPSOHG�DW�D�UDWH�RI�����+]�� 

/LQHDU�SRVLWLRQ�WUDQVGXFHUV�ZHUH�LQLWLDOO\�DWWDFKHG�WR�WKH�VWHHULQJ�FROXPQ�VKDIW�DQG�EUDNH 

SHGDO�OHYHU�DUP�WR�PHDVXUH�VWHHULQJ�ZKHHO�DQJOH�DQG�EUDNH�SHGDO�WUDYHO��UHVSHFWLYHO\���7KH�PDJQLWXGH 

RI�WKH�VWHHULQJ�LQSXWV�UHTXLUHG�E\�WKH�WHVW�GULYHU�WR�PDLQWDLQ�ODQH�SRVLWLRQ�DQG�$%6�EUDNH�SHGDO 

IHHGEDFN�ZHUH�QRW�DV�VHYHUH�DV�DQWLFLSDWHG��DQG�ZHUH�WKHUHIRUH�RPLWWHG�IURP�WKH�LQVWUXPHQWDWLRQ�OLVW 

DIWHU�WKH�WKLUG�YHKLFOH�KDG�EHHQ�WHVWHG� 

�����/RDGLQJ 

(DFK�YHKLFOH�ZDV�WHVWHG�DW�WZR�ORDGLQJ�FRQGLWLRQV���OLJKWO\�ODGHQ�DQG�DW�LWV�*URVV�9HKLFOH 

:HLJKW�5DWLQJ��*9:5����/LJKWO\�ODGHQ�ZDV�GHILQHG�DV�WKH�YHKLFOH�FXUE�ZHLJKW��ZLWK�D�IXOO�WDQN�RI 

IXHO��SOXV�WKH�WHVW�GULYHU�DQG�LQVWUXPHQWDWLRQ���7KH�*9:5�FRQGLWLRQ�LQYROYHG�ORDGLQJ�WKH�YHKLFOH 

WR�WKH�PD[LPXP�YHKLFOH�ZHLJKW�UHFRPPHQGHG�E\�WKH�PDQXIDFWXUHU��DQG�ZDV�DFKLHYHG�E\�EDOODVWLQJ 

WKH�WHVW�YHKLFOH�ZLWK�VDQG�EDJV��GLVWULEXWHG�VR�WKDW�WKH�D[OH�ZHLJKWV�ZHUH�LQ�SURSRUWLRQ�ZLWK�WKH�*URVV 

$[OH�:HLJKW�5DWLQJV��*$:5�� 

�����5RDG�7UDQVGXFHU�3ODWHV� 

'HYHORSHG�E\� WKH�*HQHUDO�0RWRUV�&RUSRUDWLRQ�IRU�HYDOXDWLQJ� SDVVHQJHU�FDU�EUDNH�IRUFH 

GLVWULEXWLRQ�DQG�HIILFLHQF\��URDG�WUDQVGXFHU�SODWH��573��WHVWLQJ�LQYROYHG�GULYLQJ�D�YHKLFOH�RYHU�IRXU 

SODWHV�PRXQWHG�IOXVK�ZLWK�WKH�URDGZD\�VXUURXQGLQJ�WKHP���$V�WKH�YHKLFOH�DSSURDFKHG�WKH�573��WKH 

WHVW� GULYHU� DSSOLHG� D� FRQVWDQW� EUDNH� SHGDO� IRUFH� JUHDW� HQRXJK� WR� DFKLHYH� WKH� WDUJHW� VSHHG� RI 

DSSUR[LPDWHO\����NP�K�����PSK��DW�WKH�SODWHV�IRU�D�JLYHQ�GHFHOHUDWLRQ�OHYHO���)RUFH�WUDQVGXFHUV 

DWWDFKHG�WR�WKH�VWUXFWXUH�RI�WKH�SODWHV�EHORZ�WKH�VXUIDFH�PHDVXUHG�EUDNLQJ�IRUFHV�DQG�WUDQVPLWWHG 



�� 

WKHP�WR�D�QHDUE\�GDWD�DFTXLVLWLRQ�V\VWHP���7KH�IRUFH�GDWD�ZDV�LQWHUSUHWHG�WR�JLYH�DYHUDJH�EUDNLQJ 

IRUFHV�IRU�LQGLYLGXDO�ZKHHOV�DQG��LQ�FRQMXQFWLRQ�ZLWK�YHKLFOH�GHFHOHUDWLRQ�PHDVXUHPHQWV��ZDV�XVHG 

WR�GHWHUPLQH�WKH�EUDNH�EDODQFH�DQG�EUDNLQJ�HIILFLHQF\�RI�HDFK�WHVW�YHKLFOH� 

�����7HVW�0DWUL[ 

7DEOH���VXPPDUL]HV�WKH�HLJKWHHQ�EUDNLQJ�PDQHXYHUV�RI�WKLV�VWXG\¶V�WHVW�PDWUL[���7HVWLQJ�ZDV 

SHUIRUPHG�ZLWK� WKH� DVVLVWDQFH�RI�$%6�DQG�ZLWK� WKH�$%6�GLVDEOHG�XVLQJ� WZR�SHGDO�DSSOLFDWLRQ 

WHFKQLTXHV���7KH�PDWUL[�LQFOXGHG�QLQH�GLIIHUHQW�WHVW�VXUIDFHV�DQG�VL[�GLIIHUHQW�VWRSSLQJ�PDQHXYHUV� 

HDFK�SHUIRUPHG�ZLWK�WKH�YHKLFOHV�OLJKWO\�ODGHQ�DQG�DW�*9:5����7R�GLVDEOH�WKH�$%6��DQ�HOHFWULFDO 

IXVH�LQ�WKH�WHVW�YHKLFOH¶V�IXVH�ER[�ZDV�UHSODFHG�ZLWK�D�IXVHG�WRJJOH�VZLWFK�WR�LQWHUUXSW�SRZHU�WR�WKH 

$%6�HOHFWURQLF�FRQWURO�XQLW��VROHQRLG�YDOYHV��RU�SXPS�PRWRU�� 

�����7HVW�6XUIDFHV 

1LQH�VXUIDFH� W\SHV�ZHUH�XVHG� IRU� WKLV� VWXG\��GU\�DVSKDOW��ZHW�DVSKDOW��GU\�FRQFUHWH��ZHW 

SROLVKHG�FRQFUHWH��ZHW�HSR[\��JUDVV��ORRVH�JUDYHO��ZHW�-HQQLWH��DQG�DQ�HSR[\�VDQG�VXUIDFH���7KH 

SROLVKHG�FRQFUHWH�ZDV�GHVLJQHG�WR�VLPXODWH�D�KHDYLO\�ZRUQ�URDG�DQG�ZDV�FUHDWHG�E\�WURZHOLQJ�DQG 

SROLVKLQJ�ZLWK�D�IORRU�SROLVKHU���7KH�HSR[\�SDG��DVSKDOW�FRYHUHG�ZLWK�D�FRDWLQJ�W\SLFDOO\�XVHG�RQ 

IDFWRU\�IORRUV��DQG�ZHW�-HQQLWH��D�FRDO�WDU�HPXOVLRQ�DVSKDOW�VHDOHU�WUDGH�QDPH��VXUIDFHV�VLPXODWHG 

EDGO\�ZRUQ�ZHW�URDGZD\V���'XH�WR�VXUIDFH�GHWHULRUDWLRQ��WKH�HSR[\�SDG�ZDV�UHFRQGLWLRQHG�EHIRUH�WKH 

ILQDO� WZR� YHKLFOHV� FRXOG� EH� HYDOXDWHG�� UHGXFLQJ� WKH� SHDN� FRHIILFLHQW� RI� IULFWLRQ� DQG� VOLGH� VNLG 

QXPEHUV�E\�RYHU�RQH�WKLUG�� �7KH�JUDVV�VXUIDFH�ZDV�DSSUR[LPDWHO\�����FP����LQ��� LQ�KHLJKW��DQG 

FRQVLVWHG�RI�IHVFXH�JURZQ�RQ�FOD\�EDVHG�VRLO���7KH�ORRVH�JUDYHO�ZDV�FRPSULVHG�RI������FUXVKHG 

OLPHVWRQH�ZLWK�GXVW���7KH�JUDYHO�EDVH�ZDV�DSSUR[LPDWHO\�����FP����LQ���GHHS� 



�� 

���� 

7DEOH�����/LJKW�9HKLFOH�$%6�7HVW�0DWUL[�


6XUIDFH 
1RPLQDO�$670� 

6NLG�1R���3HDN�6OLGH� 
0DQHXYHU 6SHHG� 

'U\�&RQFUHWH 

:HW�3ROLVKHG�&RQFUHWH 

:HW�$VSKDOW 

:HW�-HQQLWH 

*UDVV 

/RRVH�*UDYHO 

:HW�$VSKDOW�WR�:HW�-HQQLWH 

:HW�-HQQLWH�WR�:HW�$VSKDOW 

:HW�$VSKDOW�DFURVV�FRUQHU�RI 
:HW�(SR[\�WR�:HW�$VSKDOW 

$%6�7HVW�3DG��� 

$%6�7HVW�3DG��� 

$%6�7HVW�3DG��� 

$%6�7HVW�3DG��� 

:HW�$VSKDOW�:HW�(SR[\ 

'U\�$VSKDOW 

:HW�-HQQLWH 

'U\�$VSKDOW 

:HW�$VSKDOW�WR�:HW�$VSKDOW� 
:HW�(SR[\�6SOLW 

����� 

XQNQRZQ��� 

����� 

����� 

XQNQRZQ 

XQNQRZQ 

��������WR�������� 

��������WR�������� 

��������DFURVV�FRUQHU�RI� 
������
�WR�������� 

����� 

��������WR���������WR�������� 

��������WR���������WR� 
�������WR���������WR� 

�������WR���������WR�������� 

��������WR�XQNQRZQ�WR�������� 

����������������
 

����� 

����� 

����� 

��������WR�����������������
 

6WUDLJKW�/LQH ���NP�K�����PSK� 

6WUDLJKW�/LQH ���NP�K�����PSK� 

6WUDLJKW�/LQH ���NP�K�����PSK� 

6WUDLJKW�/LQH ���NP�K�����PSK� 

6WUDLJKW�/LQH ���NP�K�����PSK� 

6WUDLJKW�/LQH ���NP�K�����PSK� 

7UDQVLWLRQ 
���NP�K�����PSK� 
7UDQVLWLRQ�DW� 

���NP�K�����PSK� 

7UDQVLWLRQ 
���NP�K�����PSK� 
7UDQVLWLRQ�DW� 

���NP�K�����PSK� 

7UDQVLWLRQ 
���NP�K�����PSK� 
7UDQVLWLRQ�DW� 

���NP�K�����PSK� 

7UDQVLWLRQ ���NP�K�����PSK� 

7UDQVLWLRQ ���NP�K�����PSK� 

7UDQVLWLRQ ���NP�K�����PSK� 

7UDQVLWLRQ ���NP�K�����PSK� 

6SOLW�0X ���NP�K�����PSK� 

&XUYH�������P�UDGLXV� ���NP�K�����PSK� 

&XUYH��������P�UDGLXV� ���NP�K�����PSK� 

-�WXUQ ���NP�K�����PSK� 

6LQJOH�/DQH�&KDQJH�WR� 
6SOLW�PX 

���NP�K�����PSK� 

�����
7KH�DFWXDO�VNLG�QXPEHUV�RI�WKH�HSR[\�VXUIDFH�H[FHHGHG�WKH�QRPLQDO�VSHFLILFDWLRQV�IRU�WKH�ILUVW�VHYHQ�WHVW

YHKLFOHV���7KH�DYHUDJH�SHDN�DQG�VOLGH�YDOXHV�UHFRUGHG�GXULQJ�WKLV�WLPH�LQWHUYDO�ZHUH����DQG�����UHVSHFWLYHO\�




�� 

7KLV�VWXG\�DOVR�XWLOL]HG�D�VSHFLDOO\�GHVLJQHG�$%6�WHVW�FRXUVH���&UHDWHG�LQ�PLG�������WKH 

FRXUVH�ZDV�GHVLJQHG�WR�HYDOXDWH�$%6�SHUIRUPDQFH�RQ�D�VHULHV�RI�VLPXODWHG�UHDO�ZRUOG�WHVW�SDGV���$Q 

DQWLORFN�EUDNH�V\VWHP¶V�DELOLW\�WR�UHFRYHU�YHKLFOH�GHFHOHUDWLRQ�DIWHU�UHWXUQLQJ�WR�VPRRWK�DVSKDOW�IURP 

D�JLYHQ�SDG�ZDV�REVHUYHG���(DFK�RI�WKH�IRXU�$%6�WHVW�FRXUVH�SDGV�ZDV�ZHW�GXULQJ�WHVWLQJ���7HVW�3DG 

���ZDV�XVHG�WR�GHWHUPLQH�YHKLFOH�VWRSSLQJ�GLVWDQFH�IRU�WKH�ZHW��XQSHUWXUEHG�DVSKDOW�VXUIDFH�RI�WKH 

FRXUVH���7HVW�3DG����LQFOXGHG�RQH�-HQQLWH�VWULS����FP�����LQ��ZLGH�DSSOLHG�WR�WKH�DVSKDOW�WR�VLPXODWH 

D�VWRS�EDU�IRXQG�DW�DQ�LQWHUVHFWLRQ�ZLWK�D�VWRS�VLJQ�RU�WUDIILF�OLJKW���7HVW�3DG�����)LJXUH����VLPXODWHG 

D�VWRS�EDU�IROORZHG�E\�WZR�EDUV�WR�PDUN�FURVVZDON�DUHD��DQG�ZDV�RULHQWHG�DV�IROORZV���D����FP���� 

LQ��ZLGH�-HQQLWH�VWRS�EDU��IRXU�IHHW�RI�DVSKDOW��D����FP�����LQ��-HQQLWH�VWULS��VL[��IHHW��RI��DVSKDOW��DQG 

D��VHFRQG����FP�����LQ���-HQQLWH�VWULS���7HVW��3DG�����)LJXUH����FRQVLVWHG�RI��WZR�DGMDFHQW�DUWLILFLDO 

SRWKROHV��RQH�LQ�HDFK�ZKHHO�WUDFN��FRQVWUXFWHG�IURP�VWHHO�IUDPHV�VHW�LQWR�FRQFUHWH�DQG�WUHDWHG�ZLWK 

DQ�HSR[\�VDQG�VXUIDFH���7KH�ZHW�HSR[\�VDQG�VXUIDFH�SURYLGHG�D�FRHIILFLHQW�RI�IULFWLRQ�YHU\�VLPLODU 

WR�GU\�SDYHPHQW� 

)LJXUH�����$%6�7HVW�3DG������ )LJXUH�����$%6�7HVW�3DG���� 

�����6XUIDFH�)ULFWLRQ�0HDVXUHPHQWV 

7KH�QRPLQDO�SHDN�FRHIILFLHQW�RI�IULFWLRQ�DQG�VOLGH�VNLG�QXPEHUV�RI�HDFK�WHVW�VXUIDFH�ZHUH 

GHWHUPLQHG�XVLQJ�VWDQGDUGL]HG�$PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV��$670��SURFHGXUHV�DQG 

HTXLSPHQW���7KH�SHDN�FRHIILFLHQW�RI�IULFWLRQ��GHWHUPLQHG�E\�XVLQJ�$670�SURFHGXUH�(�����ZLWK�DQ 



��

)LJXUH�����3HUSHQGLFXODU�WUDQVLWLRQ� )LJXUH�����2IIVHW�WUDQVLWLRQ�

(�����WLUH��XVXDOO\�RFFXUV�MXVW�SULRU�WR�ZKHHO�ORFN�XS�ZKHQ�ORQJLWXGLQDO�IULFWLRQDO�IRUFHV�EHWZHHQ

WKH�WLUHV�DQG�WKH�URDG�VXUIDFH�DUH�WKH�JUHDWHVW�>���@���$V�ZLWK�WKH�SHDN�YDOXHV��WKH�VNLG�QXPEHUV�����

WLPHV�WKH�VOLGLQJ�FRHIILFLHQW�RI�IULFWLRQ��GHWHUPLQHG�E\�$670�SURFHGXUH�(����ZLWK�DQ�(����WLUH�

SUHVHQWHG�LQ�7DEOH���UHSUHVHQW�DSSUR[LPDWH�YDOXHV��DV�WKH\�YDU\�VOLJKWO\�RQ�D�GDLO\�EDVLV�>�����@�

)DFWRUV�VXFK�DV�VXUIDFH�WHPSHUDWXUH��ZHDWKHU�FRQGLWLRQV��SDYHPHQW�DJLQJ��DQG�ZHDU�DOO�FRQWULEXWH

WR�VXUIDFH�IULFWLRQ�YDULDELOLW\�

�����0DQHXYHUV

7KLV�VWXG\�LQYROYHG�VL[�VWRSSLQJ�PDQHXYHUV�����VWUDLJKW�OLQH�����VSOLW�PX�����WUDQVLWLRQ����

FXUYH�����-�WXUQ��DQG����VLQJOH�ODQH�FKDQJH���6WUDLJKW�OLQH�PDQHXYHUV�LQYROYHG�VWRSSLQJ�RQ�D�XQLIRUP

FRHIILFLHQW�VXUIDFH�DQG�ZHUH�FRQGXFWHG�DW����NP�K�����PSK��RQ�GU\�FRQFUHWH��DW����NP�K�����PSK�

RQ� ZHW� SROLVKHG� FRQFUHWH� DQG� ZHW� -HQQLWH�� DQG� ��� NP�K� ���� PSK�� RQ� ZHW� DVSKDOW�� � 6SOLW�PX

PDQHXYHUV� UHTXLUHG� VWUDLJKW� OLQH� VWRSSLQJ� RYHU� D� VXUIDFH� ZLWK� GLIIHUHQW� VLGH�WR�VLGH� IULFWLRQDO

FRHIILFLHQWV�DQG�ZHUH�FRQGXFWHG�DW����NP�K�����PSK����7UDQVLWLRQ�PDQHXYHUV��)LJXUHV���DQG����ZHUH

PDGH�ZKLOH�WKH�GULYHU�DSSOLHG�D�SDQLF�EUDNH�DSSOLFDWLRQ�DV�WKH�YHKLFOH�WUDYHOHG�RYHU�VXUIDFHV�ZLWK

FKDQJLQJ��IULFWLRQDO�FRHIILFLHQWV�DQG�ZHUH�HDFK�FRQGXFWHG�XVLQJ�DQ�HQWUDQFH�VSHHG�RI����NP�K����

PSK���ZLWK�RQH�H[FHSWLRQ±WKH�ZHW�-HQQLWH�WR�ZHW�DVSKDOW�PDQHXYHU�XVHG�DQ�HQWUDQFH�VSHHG�RI���

NP�K�����PSK����7KH�YHKLFOH�VSHHG�DQG�EUDNH�DSSOLFDWLRQ�SRLQWV�ZHUH�FKRVHQ�VXFK�WKDW�WKH�LQLWLDO

VXUIDFH�WUDQVLWLRQ�ZRXOG�EH�DFFRPSOLVKHG�DW�DSSUR[LPDWHO\����NP�K�����PSK����



�� 

)LJXUH�����%UDNLQJ�LQ�D�WXUQ�	 )LJXUH���� � -�WXUQ�PDQHXYHU�� �$SSURDFK� LV 
WDQJHQW�WR�D������P������IW��UDGLXV�FXUYH� 

%UDNLQJ�LQ�D�FXUYH�RI�NQRZQ�UDGLXV��)LJXUH����DQG�LQ�WKH�-�WXUQ��D�PDQHXYHU�GHVLJQHG�WR 

REVHUYH�KRZ�D�YHKLFOH�UHVSRQGHG�WR�D�VXGGHQ�DQG�VHYHUH�VWHHULQJ�LQSXW�TXLFNO\�IROORZHG�E\�D�EUDNH 

DSSOLFDWLRQ��)LJXUH�����RFFXUUHG�RQ�VXUIDFHV�ZLWK�XQLIRUP�IULFWLRQDO�FRHIILFLHQWV���'U\�DVSKDOW�FXUYH 

DQG� -�WXUQ� WHVWLQJ� ZDV� FRQGXFWHG� DW� ��� NP�K� ���� PSK��� ZKLOH� ZHW� -HQQLWH� FXUYH� WHVWLQJ� ZDV 

FRQGXFWHG�DW����NP�K�����PSK�� 

7KH� ODQH� FKDQJH�PDQHXYHU� � LQYROYHG� D� KLJK� VSHHG� VLQJOH� ODQH� FKDQJH� IURP� D� XQLIRUP 

FRHIILFLHQW�VXUIDFH�WR�D�VSOLW�PX�VXUIDFH��DQG�ZDV�GHVLJQHG�WR�DSSUR[LPDWH�D�FROOLVLRQ�DYRLGDQFH 

PDQHXYHU�LQ�ZKLFK�D�YHKLFOH�WUDQVLWLRQV�IURP�D�KLJK�FRHIILFLHQW�RI�IULFWLRQ�URDGZD\�ODQH�WR�D�VSOLW 

KLJK�FRHIILFLHQW�RI�IULFWLRQ�URDGZD\�ORZHU�FRHIILFLHQW�RI�IULFWLRQ�VKRXOGHU�ODQH��)LJXUH������6LQJOH 

ODQH�FKDQJH�WHVWLQJ�ZDV�FRQGXFWHG�DW����NP�K�����PSK�� 



�� 

)LJXUH�����6LQJOH�ODQH�FKDQJH�PDQHXYHU� 

$OO�VWRSSLQJ�ODQHV�ZHUH�����P�����IW��ZLGH��PDUNHG�ZLWK�FRQHV�VSDFHG�����P�����IW��DSDUW�� 

)RU�HDFK�PDQHXYHU��WKH�WHVW�GULYHU�ZDV�DOORZHG�WR�PDNH�VWHHULQJ�LQSXWV�DV�QHFHVVDU\�WR�PDLQWDLQ�ODQH 

SRVLWLRQ���7KH������P������IW��UDGLXV�FXUYH��-HQQLWH�FXUYH��VWUDLJKW�OLQH�VWRSV�RQ�-HQQLWH��DVSKDOW�DQG 

VSOLW�PX��-�WXUQ��DQG�ODQH�FKDQJH�ZHUH�FRQGXFWHG�RQ�ODQHV�ZLWK�D�RQH�SHUFHQW�OHIW�WR�ULJKW�FURVV�VORSH 

DQG�QHJOLJLEOH�ORQJLWXGLQDO�VORSH���7KH�ZHW�FRQFUHWH�PDQHXYHU�ZDV�SHUIRUPHG�RQ�D�ODQH�ZLWK�D�RQH� 

KDOI�SHUFHQW�GRZQZDUG�ORQJLWXGLQDO�VORSH�ZLWK�QR�FURVV�VORSH���7KH�JUDYHO�VWRSSLQJ�PDQHXYHU�ZDV 

FRQGXFWHG�RQ�D��ODQH�ZLWK�D�RQH�SHUFHQW�GRZQZDUG�ORQJLWXGLQDO�VORSH�ZLWK�QHJOLJLEOH�FURVV�VORSH� 

)LQDOO\��WKH�JUDVV�VWRSV�ZHUH�SHUIRUPHG�RQ�DQ�XQHYHQ�JUDVV�ODQH�ZLWK�DQ�DSSUR[LPDWH������XSZDUG 

ORQJLWXGLQDO�VORSH�DQG�QR�FURVV�VORSH� 

�����6WRSSLQJ�'LVWDQFH�&RUUHFWLRQ 

7KH�WDUJHW�VSHHGV�VSHFLILHG�IRU�HDFK�PDQHXYHU�ZHUH�FKRVHQ�WR�UHIOHFW�DYDLODEOH�VSDFH��UHDO 

ZRUOG�XWLOLW\��DQG�VDIHW\�FRQVLGHUDWLRQV���$OWKRXJK�WKHVH�VSHHGV�DUH�OLVWHG�LQ�7DEOH����WKH�DFWXDO 

VSHHGV� REVHUYHG�ZKLOH� WHVWLQJ� YDULHG� VOLJKWO\�� �$V� D� UHVXOW�� WKH� DFWXDO� VWRSSLQJ� GLVWDQFHV�ZHUH 

DGMXVWHG�WR�UHSUHVHQW�WKH�GLVWDQFHV�RI�WKRVH�PDQHXYHUV�DV�LI�WKH\�KDG�EHHQ�UXQ�DW�WKH�WDUJHW�VSHHG 

XVLQJ�WKH�IROORZLQJ�H[SUHVVLRQ�>��@� 



�� 

V ) ' FRUUHFWHG VWRSSLQJ GLVWDQFH 
Y � 

V ) ' WDUJHW î V
DFWXDO ZKHUH Y

WDUJHW ' WDUJHW LQLWLDO YHKLFOH YHORFLW\ 

Y � Y
DFWXDO ' DFWXDO LQLWLDO YHKLFOH YHORFLW\ 

DFWXDO 
V
DFWXDO ' DFWXDO VWRSSLQJ GLVWDQFH 

������%UDNH�$SSOLFDWLRQV 

7ZR�EUDNH�DSSOLFDWLRQ�WHFKQLTXHV�ZHUH�XVHG�LQ�WKLV�VWXG\�����³SDQLF´�DQG����³EHVW�HIIRUW�´ 

3DQLF�DSSOLFDWLRQV�LQYROYHG�D�UDSLG�IRUFH�DSSOLFDWLRQ�RI�RYHU�����1������OEV��WR�WKH�EUDNH�SHGDO� 

7KHVH�VWRSV�ZHUH�H[SHFWHG�WR�EH�YHU\�UHSHDWDEOH��WKHUHIRUH�RQO\�WKUHH�SDQLF�VWRSV�IRU�HDFK�FDVH��$%6 

DQG�GLVDEOHG�$%6��ZHUH�FRQGXFWHG���%HVW�HIIRUW�VWRSV�UHTXLUHG�WKH�GULYHU�WR�PRGXODWH�SHGDO�HIIRUW 

DV�QHFHVVDU\�WR�DFKLHYH�WKH�VKRUWHVW�SRVVLEOH�VWRSSLQJ�GLVWDQFH�ZKLOH�PDLQWDLQLQJ�YHKLFOH�FRQWURO�DQG 

ODQH�SRVLWLRQ���1R�PRUH�WKDQ�RQH�ZKHHO�SHU�D[OH�ZDV�SHUPLWWHG�WR�ORFN�GXULQJ�EHVW�HIIRUW�VWRSV�WR 

HQVXUH�YHKLFXODU�VWDELOLW\�ZDV�PDLQWDLQHG���7R�DOORZ�WLPH�IRU�GULYHU�IDPLOLDUL]DWLRQ�ZLWK�D�JLYHQ 

YHKLFOH¶V�EUDNLQJ�DELOLW\��VL[�EHVW�HIIRUW�VWRSV�ZHUH�UXQ�IRU�WKH�PDQHXYHUV�WKDW�UHTXLUHG�WKHP���7R 

HOLPLQDWH�GULYHU�YDULDELOLW\�HIIHFWV��RQO\�RQH�SURIHVVLRQDO�WHVW�GULYHU�ZLWK����\HDUV�H[SHULHQFH�VHUYHG 

DV�GULYHU�IRU�DOO�WHVWLQJ�FRQGXFWHG�IRU�WKLV�VWXG\��� 

:LWK�WKH�H[FHSWLRQ�RI�WKH�WUDQVLWLRQDO�VWRSV�RQ�WKH�$%6�WHVW�FRXUVH��HDFK�WUDQVLWLRQ�PDQHXYHU 

RQO\�LQFOXGHG�WKUHH�$%6�DVVLVWHG�VWRSV���7UDQVLWLRQDO�PDQHXYHUV�ZHUH�GHVLJQHG�WR�HYDOXDWH�$%6 

UHDFWLRQ�WLPHV�DQG�UHVSRQVHV�WR�VXGGHQ�FKDQJHV�LQ�URDGZD\�IULFWLRQDO�FRHIILFLHQWV���)RU�WKLV�UHDVRQ� 

LW�ZDV�XQQHFHVVDU\�IRU�GLVDEOHG�$%6�VWRSV�WR�EH�FRQGXFWHG� 

7KUHH�$%6�DQG�GLVDEOHG�$%6�SDQLF�VWRSV�ZHUH�SHUIRUPHG�RQ�WKH�JUDVV�DQG�ORRVH�JUDYHO 

VXUIDFHV���'DWD�FROOHFWHG�IURP�VWUDLJKW�OLQH�EHVW�HIIRUW�VWRSV�PDGH�RQ�WKHVH�VXUIDFHV��DW�WKH�ORZ�WHVW 

VSHHGV�VSHFLILHG�LQ�WKH�WHVW�SODQ��ZHUH�QRW�H[SHFWHG�SRVVHVV�UHDO�ZRUOG�VLJQLILFDQFH���%HVW�HIIRUW 

VWRSV��WKHUHIRUH��ZHUH�QRW�FRQGXFWHG�RQ�JUDVV�DQG�JUDYHO� 

�%UDNLQJ�LQ�D�FXUYH�DQG�-�WXUQ�PDQHXYHUV��DV�ZHOO�DV�WKH�VLQJOH�ODQH�FKDQJHV��GLG�QRW�UHTXLUH 

SDQLF�VWRSV�ZLWK�WKH�$%6�GLVDEOHG�DV�LW�ZDV�H[SHFWHG�WKDW�WKH�YHKLFOHV�ZRXOG�TXLFNO\�ORFN�WKHLU�IURQW 



�� 

ZKHHOV�DQG�VNLG�RXW�RI�WKH�LQWHQGHG�VWRSSLQJ�ODQH����'LVDEOHG�$%6�SDQLF�VWRSV�ZHUH�OLNHZLVH�RPLWWHG 

IURP�ZHW� DVSKDOW�� GU\� DVSKDOW�� ZHW� SROLVKHG� FRQFUHWH�� DQG� GU\� FRQFUHWH�PDQHXYHUV� GXH� WR� WKH 

H[FHVVLYH�WLUH�ZHDU�H[HFXWLQJ�VXFK�VWRSV�ZDV�H[SHFWHG�WR�LQFXU���)RU�WKHVH�HLJKW�PDQHXYHUV�RQO\�WKUHH 

$%6�DVVLVWHG�DQG�VL[�EHVW�HIIRUW�GLVDEOHG�$%6�VWRSV�ZHUH�FRQGXFWHG� 



�� 

�����52$'�75$16'8&(5�3/$7(�5(68/76 

%UDNH�HIILFLHQF\�DQG�IURQW�UHDU�EUDNH�IRUFH�GLVWULEXWLRQV�ZHUH�PHDVXUHG�IRU�WKH�QLQH�WHVW 

YHKLFOHV�XVLQJ�WKH�957&�573����7KH�YHKLFOHV��ZHUH�HDFK�HYDOXDWHG�DW�WKHLU�UHVSHFWLYH�*9:5V���'XH 

WR�WKH�IDFW�WKDW�EUDNLQJ�IRUFHV�DUH�LQGHSHQGHQW�RI�YHKLFOH�ZHLJKW��573�WHVWLQJ�ZDV�QRW�FRQGXFWHG�IRU 

WKH�OLJKWO\�ODGHQ�ORDGLQJ�FRQGLWLRQ���$GGLWLRQDOO\��WKH�IXOO\�ODGHQ�ORDGLQJ�FRQGLWLRQ�ZDV�H[SHFWHG�WR 

DOORZ�JUHDWHU�ORQJLWXGLQDO�GHFHOHUDWLRQV�WR�EH�UHDFKHG�EHIRUH�ZKHHO�ORFNXS��LQFUHDVLQJ�WKH�QXPEHU 

RI�GDWD�SRLQWV�DYDLODEOH�IRU�EUDNH�V\VWHP�SHUIRUPDQFH�DQDO\VLV� 

%UDNLQJ�HIILFLHQF\�GHVFULEHV�D�YHKLFOH¶V�DELOLW\�WR�XVH�WKH�DYDLODEOH�VXUIDFH�IULFWLRQ�SULRU�WR 

ZKHHO�ORFNXS���2QH�PHDVXUH�RI�WKLV�HIILFLHQF\�LV�WKH�UDWLR�RI�ORQJLWXGLQDO�GHFHOHUDWLRQ�WR�WKH�VXUIDFH 

FRHIILFLHQW�RI�IULFWLRQ��WKHUHIRUH�WKH�PD[LPXP�GHFHOHUDWLRQ�D�YHKLFOH�FDQ�DFKLHYH�LV�DWWDLQHG�ZKHQ 

WKH�WZR�YDOXHV�DUH�HTXDO���$�EUDNH�V\VWHP�LV�VDLG�WR�RSHUDWH�DW������HIILFLHQF\�ZKHQ�WKH�ZKHHOV�RI 

ERWK�D[OHV�UHDFK�WKH�SRLQW�RI�LPSHQGLQJ�ORFNXS�DW�WKH�VDPH�WLPH��DV�PD[LPXP�EUDNLQJ�IRUFH�LV�EHLQJ 

JHQHUDWHG�DW�HDFK�ZKHHO�� 

� 2Q�D�WHVW�WUDFN��WKH�H[WHQW�WR�ZKLFK�D�YHKLFOH¶V�VWRSSLQJ�GLVWDQFHV�DUH�UHGXFHG�GXH�WR�WKH 

SUHVHQFH�RI�$%6�LV�ODUJHO\�GHSHQGHQW�RQ�WKH�YHKLFOH¶V�EUDNLQJ�HIILFLHQF\���$�YHKLFOH�ZLWK�D�KLJK 

EUDNLQJ�HIILFLHQF\�VKRXOG��LQ�WKHRU\��HQDEOH�WKH�GULYHU�WR�DFKLHYH�VWRSSLQJ�GLVWDQFHV�YHU\�VLPLODU�WR 

$%6�DVVLVWHG�GLVWDQFHV�ZKHQ�WKH�$%6�LV�GLVDEOHG��DVVXPLQJ�GULYHU�LV�DEOH�WR�PRGXODWH�WKH�EUDNHV 

VXFK�WKDW�XVH�RI�WKH�DYDLODEOH�VXUIDFH�IULFWLRQ�LV�RSWLPL]HG���,Q�WKH�UHDO�ZRUOG��IHZ�SHRSOH�KDYH�WKH 

DELOLW\�WR�PRGXODWH�EUDNHV�LQ�WKLV�IDVKLRQ��HVSHFLDOO\�LQ�D�SDQLF�VWRS�VLWXDWLRQ�� 

$�YHKLFOH�ZLWK�SRRU�EUDNLQJ�HIILFLHQF\�SUHYHQWV�WKH�GULYHU�IURP�XVLQJ�WKH�IXOO�FDSDFLW\�RI�WKH 

XQGHUEUDNHG�D[OH�GXH�WR�SUHPDWXUH�ZKHHO�ORFNXS���7KLV�ORFNXS�DOVR�UHVXOWV�LQ�D�ORVV�RI�GULYHU�FRQWURO 

DQG�LQGXFHV�GLUHFWLRQDO�LQVWDELOLW\�LQ�WKH�YHKLFOH���,W�LV�LPSRUWDQW�WR�QRWH�WKDW�HYHQ�LI�D�YHKLFOH�LV 

HTXLSSHG�ZLWK�D�EUDNH�V\VWHP�WKDW�LV������HIILFLHQW��LI�WKH�GULYHU�LV�XQDEOH�WR�PRGXODWH�WKH�EUDNHV 

FRUUHFWO\��WKH\�ZLOO�ORFN�DOO�IRXU�ZKHHOV�DQG�ORVH�FRQWURO�RI�WKH�YHKLFOH� 



�� 

8VLQJ�GDWD�FROOHFWHG�IURP�WKH�573��EUDNH�GLVWULEXWLRQ�ZDV�SORWWHG�DV�D�IXQFWLRQ�RI�YHKLFOH 

GHFHOHUDWLRQ��ILJXUHV���DQG���UHSUHVHQW�WKH�UHVXOWV�RI�WKH�WHVW�YHKLFOH�³'´���)RU�WKLV�YHKLFOH¶V�SDUWLFXODU 

WHVW� VHW�� HOHYHQ� VQXEV�ZHUH�PDGH�ZLWK� WKH�YHKLFOH� IXOO\� ODGHQ� DQG� LWV�$%6�GLVDEOHG�� �)LJXUH�� 

LQGLFDWHV�WKDW�WKH�WHVW�YHKLFOH�ZDV�IURQW�ELDVHG��WKH�IURQW�ZKHHOV�ZRXOG�ORFN�EHIRUH�WKH�UHDU�ZKHHOV� 

JLYHQ�D�VXIILFLHQW�EUDNH�SHGDO�IRUFH�LQSXW��DQG�WKDW�DV�WKH�ORQJLWXGLQDO�GHFHOHUDWLRQ�LQFUHDVHG��WKH 

FRQWULEXWLRQ�RI�WKH�UHDU�EUDNHV�GHFUHDVHG��GXH�WR�WKH�UHGXFHG�QRUPDO�IRUFH�RYHU� WKH�UHDU�D[OH��� 

)LJXUH���SUHGLFWV�EUDNLQJ�HIILFLHQF\�YHUVXV�VXUIDFH�IULFWLRQ�IRU�WKH�VDPH�YHKLFOH�GXULQJ�WKH�VDPH 

VWRSV�� � 7KLV� SORW� LQGLFDWHV� WKDW� EUDNLQJ� HIILFLHQF\� UHPDLQHG� TXLWH� XQLIRUP� ZKHQ� WKH� VXUIDFH 

FRHIILFLHQW�RI�IULFWLRQ�UDQJHG�IURP�����WR�������$V�WKH�VXUIDFH�IULFWLRQDO�FRHIILFLHQWV�LQFUHDVHG�DERYH 

�����EUDNLQJ�HIILFLHQF\�LQFUHDVHG�VOLJKWO\� 

$QWLORFN�EUDNH�V\VWHPV�DUH�GHVLJQHG�WR�RSWLPL]H�YHKLFOH�EUDNLQJ�IRU�WKH�DPRXQW�RI�DYDLODEOH 

WLUH�URDG�VXUIDFH�IULFWLRQ�WKURXJK�WKH�PRGXODWLRQ�RI�EUDNH�OLQH�SUHVVXUH�DQG�WKXV�ZKHHO�VOLS���%HFDXVH 

WKH�573�RQO\�SURYLGHV�D�VPDOO�VQDSVKRW�RI�WKH�EUDNLQJ�IRUFHV�EHLQJ�DSSOLHG�WR�WKH�SODWHV��LW�ZDV 

GHHPHG�LQDSSURSULDWH�WR�FRQGXFW�573�WHVWLQJ�ZLWK�WKH�$%6�DFWLYH���$OWKRXJK�WKH�HIIHFW�RI�KDYLQJ 

DQ�$%6�UHPDLQ�DFWLYH�GXULQJ�ORZ�WR�PRGHUDWH�GHFHOHUDWLRQV�ZRXOG�KDYH�EHHQ�WUDQVSDUHQW��WKH�$%6 

ZRXOG�QRW�KDYH�F\FOHG���ZKHQ�WKH�$%6�EHJDQ�WR�RSHUDWH�DW�KLJKHU�GHFHOHUDWLRQV�WKH�UHVXOWLQJ�IRUFH 

PHDVXUHPHQWV�PD\�KDYH�EHHQ�PLVOHDGLQJ���� 

)LJXUH�����%UDNH�GLVWULEXWLRQ�DV�D�IXQFWLRQ�RI 
YHKLFOH�GHFHOHUDWLRQ��WHVW�YHKLFOH�³'´�� 



�� 

)LJXUH�����%UDNLQJ�HIILFLHQF\�DV�D�IXQFWLRQ�RI�VXUIDFH 
FRHIILFLHQW�RI�IULFWLRQ��WHVW�YHKLFOH�³'´�� 

&RQVLGHU�WKH�H[DPSOH�RI�D�YHKLFOH�ZKRVH�IRXQGDWLRQ�EUDNH�V\VWHP�LV�IURQW�ELDVHG�DQG�ZKRVH 

IURQW�ZKHHOV�KDYH�H[FHHGHG�WKH�DQWLORFN�EUDNH�V\VWHP¶V�DOORZDEOH�ZKHHO�VOLS�WKUHVKROG�MXVW�SULRU�WR 

WKH�YHKLFOH�SDVVLQJ�RYHU�WKH�573����,I�WKH�$%6�ZDV�LQ�WKH�SURFHVV�RI�UHOHDVLQJ�IURQW�EUDNH�OLQH 

SUHVVXUHV��WR�UHGXFH�ZKHHO�VOLS��DW�WKH�WLPH�RI�WKH�GDWD�DFTXLVLWLRQ�VQDSVKRW��WKH�DPRXQW�RI�WLUH�IRUFH 

EHLQJ�JHQHUDWHG�DFURVV�WKH�573�DW�WKH�IURQW�ZKHHOV�PD\�EH�TXLWH�ORZ���7KH�573�FRPSXWHU�GRHV�QRW 

UHFRJQL]H�WKDW�WKH�UHGXFWLRQ�RI�EUDNLQJ�IRUFH�DW�WKH�IURQW�ZKHHOV�LV�GXH�WR�WKH�RSHUDWLRQ�RI�WKH�$%6� 

LW�VLPSO\�FRPSDUHV�WKH�EUDNLQJ�IRUFHV�RI�WKH�IURQW�WR�WKH�UHDU�RI�WKH�YHKLFOH�RYHU�D�YHU\�VKRUW�SHULRG 

RI�WLPH���'XH�WR�WKH�IDFW�WKDW�WKH�UHDU�EUDNLQJ�IRUFHV�ZHUH�XQDIIHFWHG�E\�WKH�PRGXODWLRQ�RI�WKH�IURQW 

OLQH�SUHVVXUHV��WKH�573�ZRXOG�LQWHUSUHW�WKH�YHKLFOH¶V�EUDNH�V\VWHP�DV�EHLQJ�PRUH�UHDU�ELDVHG�WKDQ 

LW�DFWXDOO\�ZDV���1RWH�WKDW�LI�LW�ZDV�SRVVLEOH�WR�LQFUHDVH�WKH�573�VDPSOLQJ�LQWHUYDO��DYHUDJH�EUDNLQJ 

IRUFHV�DW�HDFK�ZKHHO�PD\�EH�EHWWHU�GHWHUPLQHG�GXH�WR�WKH�LQFUHDVHG�QXPEHU�RI�GDWD�SRLQWV���7KLV 

DFWLRQ�ZRXOG�IDFLOLWDWH�WKH�XVH�RI�$%6�RQ�WKH�573�DV�LW�ZRXOG�SURYLGH�D�PRUH�DFFXUDWH�UHSUHVHQWDWLRQ 

RI�WKH�YHKLFOH¶V�EUDNH�IRUFH�GLVWULEXWLRQ�DQG�HIILFLHQF\�ZLWK�WKH�$%6�DFWLYH�� 

2YHUDOO��WKH�EUDNH�HIILFLHQFLHV�RI�WKH�WHVW�YHKLFOHV�UDQJHG�IURP����WR�������2Q�WKH�DYHUDJH� 

WHVW�YHKLFOH�EUDNH�HIILFLHQFLHV�ZHUH�JUHDWHVW�ZKHQ�WKH�VLPXODWHG�VXUIDFH¶V�IULFWLRQDO�FRHIILFLHQW�ZDV 

������DSSUR[LPDWHO\�WKDW�RI�GU\�DVSKDOW���(DFK�YHKLFOH�ZDV�IRXQG�WR�EH�IURQW�ELDVHG��ORFNLQJ�LWV�IURQW 

ZKHHOV�ILUVW�ZKHQ�WKH�DYDLODEOH�VXUIDFH�IULFWLRQ�ZDV�H[FHHGHG�DW�KLJK�GHFHOHUDWLRQV��� 



��� ��� ��� ��� ��� ��� ��� ��� ��� 

�� 

���� 

� )RU�HDFK�YHKLFOH��EUDNLQJ�HIILFLHQF\�ZDV�TXLWH�FRQVLVWHQW�DFURVV�WKH�UDQJH�RI�VXUIDFH�IULFWLRQ 

FRHIILFLHQWV���2Q�WKH�DYHUDJH��WKH�KLJKHVW�DQG�ORZHVW�EUDNH�HIILFLHQFLHV�GLIIHUHG�E\������SHUFHQW� 

7DEOH���LQFOXGHV�WKH�EUDNH�HIILFLHQFLHV�IRU�HDFK�RI�WKH�WHVW�YHKLFOHV�IRU�FRHIILFLHQWV�RI�IULFWLRQ�UDQJLQJ 

IURP�����WR�������5HFDOO�WKDW�DOO�YHKLFOHV�ZHUH�HYDOXDWHG�DW�WKHLU�UHVSHFWLYH�*9:5V� 

7DEOH�����7HVW�9HKLFOH�%UDNLQJ�(IILFLHQF\�����DV�D�)XQFWLRQ�RI� 
6XUIDFH�&RHIILFLHQW�RI�)ULFWLRQ� 

9HKLFOH 
&RHIILFLHQW�RI�)ULFWLRQ 

$ �� �� �� �� �� �� �� Q�D Q�D 

% Q�D �� �� �� �� �� �� �� 

& Q�D �� �� �� �� �� �� �� 

' Q�D �� �� �� �� �� �� �� 

( �� �� �� �� �� �� �� Q�D 

) Q�D �� �� �� �� �� �� �� 

* �� �� �� � �� � �� � 

+ Q�D �� �� �� �� �� �� �� 

, Q�D �� �� �� �� �� �� �� 

� � �

�� 

�� 

�� 

Q�D 

�� 

�� 

Q�D 

�� 

����� 1RWH���WHVW�YHKLFOHV�ZHUH�HDFK�HYDOXDWHG�DW�WKHLU�UHVSHFWLYH�*9:5V� 



�� 

6' 

�����7(67�75$&.�5(68/76 

�����&RPPHQWV�RQ�WKH�5HSRUWLQJ�RI�$%6�3HUIRUPDQFH�5HVXOWV 

7KH�UHVXOWV�UHSRUWHG�LQ�WKLV�VHFWLRQ�XVHG�VWRSSLQJ�GLVWDQFH�DQG�YHKLFOH�VWDELOLW\�DV�PHDVXUHV 

RI�EUDNLQJ�SHUIRUPDQFH���$�YHKLFOH�\DZLQJ�RXW�RI�FRQWURO�ZLWK�LWV�ZKHHOV�ORFNHG�PD\�VWRS�LQ�D�YHU\ 

VKRUW�GLVWDQFH��ZKLOH�D�VWDEOH�YHKLFOH��LWV�GLUHFWLRQDO�FRQWURO�PDLQWDLQHG�WKURXJKRXW�WKH�GXUDWLRQ�RI 

WKH�VWRS��PD\�UHTXLUH�D�YHU\�ORQJ�GLVWDQFH�WR�FRPSOHWH�LWV�VWRS���(DFK�FRQGLWLRQ�SUHVHQWV�GLIIHUHQW 

VDIHW\�FRQFHUQV�DQG�GHPRQVWUDWHV�ZK\�VWRSSLQJ�GLVWDQFH�DQG�GLUHFWLRQDO�VWDELOLW\�PXVW�EH�HYDOXDWHG 

WRJHWKHU�ZKHQ�GLVFXVVLQJ�$%6�SHUIRUPDQFH� 

$�QXPEHU�RI�FKDUWV�SURYLGH�VWRSSLQJ�GLVWDQFHV�REVHUYHG�ZLWK�IXOO\�ODGHQ�WHVW�YHKLFOHV�LQ�WKLV 

VHFWLRQ�RI�WKH�UHSRUW���7KHVH�FKDUWV�UHSUHVHQW�D�VDPSOH�RI�WKH�FRPSOHWH�VWRSSLQJ�GLVWDQFH�FKDUW�VHW 

IRXQG�LQ�WKH�DSSHQGL[���,I�D�OHJHQG�LV�QRW�LQFOXGHG�ZLWK�D�JLYHQ�FKDUW��WKH�UHSRUWHG�VWRSSLQJ�GLVWDQFHV 

ZHUH�FROOHFWHG�XVLQJ�$%6�DVVLVWHG�SDQLF�EUDNH�DSSOLFDWLRQV���,I�D�OHJHQG�LV�SURYLGHG��³$%6´�UHIHUV 

WR�DQ�$%6�DVVLVWHG�SDQLF�VWRS��³)XOO�3HGDO´�UHIHUV�WR�D�SDQLF�VWRS�ZLWK�WKH�$%6�GLVDEOHG��DQG�³%HVW 

(IIRUW´�UHIHUV�WR�WHVW�GULYHU�PRGXODWHG�VWRSV�PDGH�ZLWK�WKH�$%6�GLVDEOHG� 

7KLUWHHQ�RI�WKH�HLJKWHHQ�VWRSSLQJ�PDQHXYHUV�UHTXLUHG�$%6�DVVLVWHG�VWRSSLQJ�GLVWDQFHV�WR�EH 

FRPSDUHG�WR�WKRVH�PHDVXUHG�ZLWK�WKH�$%6�GLVDEOHG���7R�IDFLOLWDWH�WKLV�FRPSDULVRQ��WKH�IROORZLQJ 

HTXDWLRQ�ZDV�XVHG� 

6'$%6�GLVDEOHG −6'$%6$%6�6WRSSLQJ�'LVWDQFH�,PSURYHPHQW  ����× 
$%6�GLVDEOHG 

ZKHUH� 

6'$%6�GLVDEOHG� �VWRSSLQJ�GLVWDQFH�DFKLHYHG�ZLWK�DQ�$%6�GLVDEOHG��SDQLF�RU�EHVW�HIIRUW� 

6'$%6� �VWRSSLQJ�GLVWDQFH�DFKLHYHG�ZLWK�WKH�DVVLVWDQFH�RI�DQ�$%6 



�� 

��������$OWKRXJK�WKH�QLQWK�WHVW�YHKLFOH�ZDV�WR�EH�VXEMHFWHG�WR�WKH�HQWLUH�$%6�WHVW�PDWUL[��FRPSOHWLRQ 

RI�DOO�OLJKWO\�ODGHQ�WHVWV�ZDV�QRW�SRVVLEOH���)RU�WKLV�UHDVRQ��PDQ\�FKDUWV�IRU�WKLV�ORDGLQJ�FRQGLWLRQ 

LQFOXGH�VWRSSLQJ�GLVWDQFHV�IRU�HLJKW�YHKLFOHV�RQO\�� 

�����6WUDLJKW�/LQH�6WRSV�RQ�8QLIRUP�&RHIILFLHQW�6XUIDFHV 

3DQLF�EUDNH�DSSOLFDWLRQV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�$%6�UHVXOWHG�LQ�WKH�VKRUWHVW�VWUDLJKW�OLQH 

VWRSSLQJ�GLVWDQFHV�RQ�WKH�GU\�FRQFUHWH�DQG�ZHW�SROLVKHG�FRQFUHWH�VXUIDFHV�IRU�DOO�QLQH�WHVW�YHKLFOHV 

DW�ERWK� ORDGLQJ�FRQGLWLRQV� �)LJXUH����VXPPDUL]HV� WKH�*9:5�VWRSSLQJ�GLVWDQFHV�PDGH�RQ�GU\ 

FRQFUHWH����$QWLORFN�EUDNHV�DOVR�IDFLOLWDWHG�WKH�VKRUWHVW�VWRSSLQJ�GLVWDQFHV�RQ�WKH�ZHW�-HQQLWH��)LJXUH 

����DQG�ZHW�DVSKDOW�VXUIDFHV�IRU�HDFK�YHKLFOH�ZKHQ�IXOO\�ODGHQ� 

)LJXUH����� �6WUDLJKW� OLQH� VWRSSLQJ�GLVWDQFHV )LJXUH����� �6WUDLJKW� OLQH� VWRSSLQJ�GLVWDQFHV 
REVHUYHG�RQ�GU\�FRQFUHWH���7HVW�YHKLFOHV�ZHUH REVHUYHG�RQ�ZHW�-HQQLWH���7HVW�YHKLFOHV�ZHUH 
IXOO\�ODGHQ�WR�WKHLU�UHVSHFWLYH�*9:5V� IXOO\�ODGHQ�WR�WKHLU�UHVSHFWLYH�*9:5V� 

2Q�ZHW�DVSKDOW��IRU�WKH�OLJKWO\�ODGHQ�ORDGLQJ�FRQGLWLRQ��HLJKW�RI�WKH�QLQH�YHKLFOHV�VWRSSHG�LQ 

WKH�VKRUWHVW�GLVWDQFH�ZLWK�$%6���7KH�WHVW�GULYHU¶V�PLQLPXP�EHVW�HIIRUW�VWRSSLQJ�GLVWDQFHV�ZHUH����� 

OHVV�WKDQ�WKH�$%6�DVVLVWHG�VWRSV�ZLWK�YHKLFOH�³+´�RQ�ZHW�DVSKDOW���2Q�ZHW�-HQQLWH��IRU�WKH�OLJKWO\ 

ODGHQ�ORDGLQJ�FRQGLWLRQ��VHYHQ�RI�WKH�HLJKW�YHKLFOHV�VWRSSHG�LQ�WKH�VKRUWHVW�GLVWDQFH�ZLWK�$%6����7KH 

WHVW�GULYHU¶V�PLQLPXP�EHVW�HIIRUW�VWRSSLQJ�GLVWDQFHV�ZHUH������OHVV�WKDQ�WKH�$%6�DVVLVWHG�VWRSV�ZLWK 



�� 

YHKLFOH�³$´�RQ�ZHW�-HQQLWH���/LJKWO\�ODGHQ�VWUDLJKW�OLQH�VWRSV�RQ�ZHW�-HQQLWH�ZHUH�QRW�SHUIRUPHG�ZLWK 

WHVW�YHKLFOH�³,´� 

�����6WUDLJKW�/LQH�6WRSV�RQ�2II�URDG�6XUIDFHV 

�������*UDVV 

�6HYHQ�RI�WKH�QLQH�WHVW�YHKLFOHV�ODGHQ�WR�*9:5�VWRSSHG�LQ�WKH�VKRUWHVW�GLVWDQFH�ZKHQ�D�SDQLF 

EUDNH�DSSOLFDWLRQ�ZDV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�$%6�RQ�WKH�JUDVV�VXUIDFH��)LJXUH�������7KH�$%6� 

DVVLVWHG�VWRSV�ZHUH�DQ�DYHUDJH�RI������VKRUWHU�WKDQ�WKRVH�PDGH�ZLWK�WKH�$%6�GLVDEOHG�DW�*9:5� 

7KLV�SHUFHQWDJH�GURSV� WR������ LI� WKH� VWRSSLQJ�GLVWDQFHV�RI�YHKLFOH�³,´�DUH�QRW� LQFOXGHG� LQ� WKLV 

FRPSDULVRQ���8QOLNH�WKH�RWKHU�YHKLFOHV��WHVW�YHKLFOH�³,´�ZDV�HYDOXDWHG�RQ�YHU\�ZHW�JUDVV�DW�*9:5� 

DQG�LQ�VRPH�DUHDV�VWDQGLQJ�ZDWHU�ZDV�SUHVHQW���7KHVH�WHVW�FRQGLWLRQV�H[SODLQ�ZK\�WKH�GLVDEOHG�$%6 

VWRSSLQJ�GLVWDQFH�ZDV������SHUFHQW�ORQJHU�WKDQ�WKDW�REWDLQHG�ZLWK�$%6�IRU�WKLV�YHKLFOH���$OWKRXJK 

VNLG�QXPEHUV�ZHUH�QRW�DYDLODEOH��LW�LV�UHDVRQDEOH�WR�DVVXPH�WKH�ZHW�JUDVV�SRVVHVVHG�D�PXFK�KLJKHU 

SHDN�WR�VOLGLQJ�FRHIILFLHQW�RI�IULFWLRQ�UDWLR�WKDQ�ZKHQ�GU\��JHQHUDOO\�VSHDNLQJ��JUDVV�FRYHUHG�GLUW�LV 

QRW�KRPRJHQHRXV�DQG�DWWHPSWLQJ�WR�REWDLQ�VNLG�QXPEHUV�ZRXOG�\LHOG�KLJKO\�YDULDEOH�UHVXOWV����$ 

ODUJH�SHDN�WR�VOLGH�UDWLR�SUHGLFWV�ZKHHO�ORFNXS�ZLOO�VLJQLILFDQWO\�UHGXFH�DYDLODEOH�EUDNLQJ�IRUFH�IURP 

ZKDW�LW�ZRXOG�EH�LI�WKH�ZKHHOV�ZHUH�QRW�ORFNHG��DV�LQ�DQ�$%6�DVVLVWHG�VWRS���9HKLFOH�³,´�ORFNHG�DOO 

IRXU�ZKHHOV�RQ�WKH�ZHW�JUDVV��WKHUHIRUH�LW�LV�QRW�VXUSULVLQJ�WKH�GLVDEOHG�$%6�VWRSSLQJ�GLVWDQFH�ZDV 

VLJQLILFDQWO\�ORQJHU�WKDQ�WKDW�RI�WKH�$%6�DVVLVWHG�VWRS� 



�� 

)LJXUH����� �6WUDLJKW� OLQH� VWRSSLQJ�GLVWDQFHV 
REVHUYHG�RQ�JUDVV���7HVW�YHKLFOHV�ZHUH�IXOO\ 
ODGHQ�WR�WKHLU�UHVSHFWLYH�*9:5V���1RWH��WKH 
JUDVV� ZDV� YHU\� ZHW� ZKHQ� WKH� EUDNLQJ 
SHUIRUPDQFH�RI�YHKLFOH�³,´�ZDV�HYDOXDWHG� 

,Q�FRQWUDVW�WR�WKH�UHVXOWV�REWDLQHG�DW�*9:5��VL[�RI�WKH�HLJKW�YHKLFOHV�VWRSSHG�LQ�WKH�VKRUWHVW 

GLVWDQFH�ZLWK�WKH�$%6�GLVDEOHG�ZKHQ�OLJKWO\�ODGHQ���$W�WKLV�ORDGLQJ�FRQGLWLRQ�WKH�$%6�DVVLVWHG 

VWRSSLQJ�GLVWDQFHV�ZHUH�DQ�DYHUDJH�RI�����SHUFHQW�ORQJHU�WKDQ�WKH�GLVDEOHG�$%6�SDQLF�VWRSV�DFURVV 

WKH�HLJKW�YHKLFOH�WHVW�JURXS���7HVW�YHKLFOH�³,´�ZDV�QRW�HYDOXDWHG�RQ�WKH�JUDVV�ZKHQ�OLJKWO\�ODGHQ� 

�������/RRVH�*UDYHO 

2Q�ORRVH�JUDYHO��HDFK�RI�WKH�QLQH�YHKLFOHV�VWRSSHG�LQ�WKH�VKRUWHVW�GLVWDQFH�ZLWK�D�SDQLF�EUDNH 

DSSOLFDWLRQ�DQG�GLVDEOHG�$%6��UHJDUGOHVV�RI�ORDGLQJ�FRQGLWLRQ���6WRSV�PDGH�RQ�WKH�JUDYHO�ZHUH 

OHQJWKHQHG�FRQVLGHUDEO\�ZKHQ�WKH�$%6�ZDV�DFWLYH���������ZKHQ�WKH�WHVW�YHKLFOHV�ZHUH�IXOO\�ODGHQ 

�)LJXUH�����DQG�������ZKHQ�OLJKWO\�ODGHQ���7KH�IXOO\�ODGHQ�SHUFHQWDJH�GURSV�WR�������LI�WKH�VWRSSLQJ 

GLVWDQFHV�RI�YHKLFOH�³,´�DUH�QRW�LQFOXGHG�LQ�WKLV�FRPSDULVRQ���$V�ZLWK�WKH�JUDVV�VXUIDFH��WKH�JUDYHO 

ZDV�YHU\�ZHW�ZKHQ�WHVW�YHKLFOH�³,´�ZDV�HYDOXDWHG��XQOLNH�IRU�WKH�RWKHU�YHKLFOHV���7KLV�PD\�H[SODLQ 

WKH�������VWRSSLQJ�GLVWDQFH�LQFUHDVH�ZLWK�$%6�ZKHQ�FRPSDUHG�WR�WKH�GLVWDQFH�REVHUYHG�ZLWK�WKH 

$%6�GLVDEOHG��� 



�� 

)LJXUH����� �6WUDLJKW� OLQH� VWRSSLQJ�GLVWDQFHV 
REVHUYHG�RQ�ORRVH�JUDYHO���7HVW�YHKLFOHV�ZHUH 
IXOO\�ODGHQ�WR�WKHLU�UHVSHFWLYH�*9:5V���1RWH� 
WKH� JUDYHO� ZDV� ZHW� ZKHQ� WKH� EUDNLQJ 
SHUIRUPDQFH�RI�YHKLFOH�³,´�ZDV�HYDOXDWHG� 

7KH�$%6�LQGXFHG�VWRSSLQJ�GLVWDQFH�LQFUHDVH�PD\�EH�EHVW�H[SODLQHG�E\�H[DPLQLQJ�WKH�WLUH�WR� 

URDGZD\�VXUIDFH�LQWHUDFWLRQ�GXULQJ�WKH�EUDNLQJ�PDQHXYHU���,W�LV�JHQHUDOO\�DFFHSWHG�WKDW�WKH�SORZLQJ 

RI�D�YHKLFOH¶V�WLUHV�LQWR�D�GHIRUPDEOH�VXUIDFH�VXFK�DV�ORRVH�JUDYHO�JHQHUDWHV�JUHDWHU�VWRSSLQJ�IRUFHV 

WKDQ�LI�WKH�ZKHHOV�ZHUH�DOORZHG�WR�FRQWLQXH�WR�UROO�RYHU�WKH�VXUIDFH��DV�LQ�DQ�$%6�DVVLVWHG�VWRS�� 

6WRSSLQJ� GLVWDQFHV� PDGH� RYHU� WKH� JUDYHO� VXUIDFH� WKHUHIRUH� UHSUHVHQW� DQ� LQKHUHQW� $%6� GHVLJQ 

FRPSURPLVH���7R�SUHVHUYH�WKH�GULYHU¶V�DELOLW\�WR�PDLQWDLQ�GLUHFWLRQDO�FRQWURO�RI�WKH�YHKLFOH�ZKLOH 

EUDNLQJ��WKH�ZKHHOV�PXVW�QRW�EH�DOORZHG�WR�ORFN���%\�SUHVHUYLQJ�WKLV�FRQWURO��KRZHYHU��VWRSSLQJ 

GLVWDQFHV�PDGH�RYHU�WKH�JUDYHO�WHVW�VXUIDFH�ZHUH�H[WHQGHG�� 

�����7UDQVLWLRQ�6XUIDFH�%UDNLQJ 

7KH� WUDQVLWLRQ� VWRSSLQJ� PDQHXYHUV� ZHUH� GHVLJQHG� WR� GHWHFW� JURVV� GHILFLHQFLHV� LQ� $%6 

SHUIRUPDQFH�WKURXJK�WKH�REVHUYDWLRQ�RI�XQXVXDOO\�ORQJ�VWRSSLQJ�GLVWDQFHV�DQG�YHKLFOH�LQVWDELOLW\� 

)RU�HDFK�RI� WKH�QLQH�YHKLFOHV�� HYDOXDWHG�RYHU� WKUHH� WUDQVLWLRQV�� QR�DSSDUHQW� VKRUWFRPLQJV�ZHUH 

UHYHDOHG���)LJXUH����SUHVHQWV�W\SLFDO�UHVXOWV���7KLV�ILJXUH��VKRZV�WKH�VWRSSLQJ�GLVWDQFHV�UHFRUGHG�RQ 

WKH�ZHW�DVSKDOW�ZHW�-HQQLWH�WUDQVLWLRQ�VXUIDFH�IRU�WKH�WHVW�YHKLFOHV�DW�WKHLU�UHVSHFWLYH�*9:5V� 



�� 

)LJXUH����� �6WUDLJKW� OLQH� VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ� WKH� ZHW� DVSKDOW�ZHW� -HQQLWH 
WUDQVLWLRQ� VXUIDFH�� � 7HVW� YHKLFOHV�ZHUH� IXOO\ 
ODGHQ�WR�WKHLU�*9:5V� 

�����$%6�7HVW�&RXUVH�%UDNLQJ 

$OO�QLQH�WHVW�YHKLFOHV��XQGHU�ERWK�ORDGLQJ�FRQGLWLRQV��VWRSSHG�LQ�WKH�VKRUWHVW�GLVWDQFH�ZKHQ 

WKH�WHVW�GULYHU�XWLOL]HG�D�SDQLF�EUDNH�DSSOLFDWLRQ�ZLWK�$%6�RQ�7HVW�3DG���������DQG������2Q�7HVW�3DG 

����HLJKW�YHKLFOHV�VWRSSHG�LQ�WKH�VKRUWHVW�GLVWDQFH�XVLQJ�$%6�DVVLVWHG�SDQLF�EUDNH�DSSOLFDWLRQV��DV 

VKRZQ� LQ�)LJXUH� ��� IRU� WKH�*9:5� FDVH� �WKH� EUDNLQJ� SHUIRUPDQFH� RI� WHVW� YHKLFOH� ³,´�ZDV� QRW 

HYDOXDWHG�RQ�WKLV�VXUIDFH����:KHQ�OLJKWO\�ODGHQ��WKH�VKRUWHVW�VWRSSLQJ�GLVWDQFH�REVHUYHG�RQ�$%6�7HVW 

3DG����IRU�YHKLFOH�³+´�RFFXUUHG�ZKHQ�WKH�GULYHU�XWLOL]HG�D�SDQLF�EUDNH�DSSOLFDWLRQ�ZLWK�WKH�$%6 

GLVDEOHG���,Q�WKLV�FDVH�WKH�$%6�DVVLVWHG�SDQLF�VWRS�LQFUHDVHG�WKH�YHKLFOH¶V�VWRSSLQJ�GLVWDQFH�VOLJKWO\ 

�������RYHU�WKH�GLVDEOHG�$%6�SDQLF�VWRS�� 



�� 

)LJXUH����� �6WUDLJKW� OLQH� VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ�$%6�7HVW� 3DG� ��� �ZHW��� � 7HVW 
YHKLFOHV�ZHUH�IXOO\� ODGHQ� WR� WKHLU� UHVSHFWLYH 
*9:5V�� �9HKLFOH� ³,´� EUDNLQJ� SHUIRUPDQFH 
ZDV�QRW�HYDOXDWHG� 

�����6SOLW�PX�6XUIDFH�%UDNLQJ 

8QGHU�ERWK�ORDGLQJ�FRQGLWLRQV��VHYHQ�RI�WKH�QLQH�WHVW�YHKLFOHV�DFKLHYHG�WKH�VKRUWHVW�ZHW 

DVSKDOW�ZHW�HSR[\�VSOLW�PX�VWRSSLQJ�GLVWDQFHV�ZKHQ�WKH�GULYHU�XVHG�DQ�$%6�DVVLVWHG�SDQLF�EUDNH 

DSSOLFDWLRQ��VHH�)LJXUH����IRU�WKH�IXOO\�ODGHQ�UHVXOWV����:KHQ�WKH�$%6�ZDV�GLVDEOHG�DQG�D�SDQLF�EUDNH 

LQSXW�DSSOLHG��HDFK�WHVW�YHKLFOH�GHYLDWHG�IURP�LWV�VWRSSLQJ�ODQH�E\�\DZLQJ�RXW�RI�FRQWURO��LQ�IDFW��WHVW 

YHKLFOH�³)´�VSXQ������IRU�ERWK�ORDGLQJ�FRQGLWLRQV����:LWK�$%6��KRZHYHU��WKH�GULYHU�KDG�QR�SUREOHP 

PDLQWDLQLQJ�FRQWURO�RI�HDFK�YHKLFOH�ZKLOH�EUDNLQJ�GXULQJ�WKH�PDQHXYHU���7KHVH�UHVXOWV�SURYLGH�D 

FOHDU�GHPRQVWUDWLRQ�RI�KRZ�EHQHILFLDO�WKH�DVVLVWDQFH�RI�$%6�ZDV�IRU�WKLV�WHVW�FRQGLWLRQ�� 

7KH�VKRUWHVW�VWRSSLQJ�GLVWDQFHV�IRU�YHKLFOH�³+´�DQG�³,´�ZHUH�DFKLHYHG�ZLWK�D�SDQLF�EUDNH 

DSSOLFDWLRQ�DQG�GLVDEOHG�$%6���)RU�YHKLFOH�³+´��WKH�GLVDEOHG�$%6�SDQLF�VWRSV�SURYLGHG�OLJKWO\�ODGHQ 

DQG� IXOO\� ODGHQ� VWRSSLQJ� GLVWDQFHV� ������ DQG� ������ VKRUWHU� WKDQ� WKH� $%6�DVVLVWHG� VWRSV� 

UHVSHFWLYHO\���7KH�VDPH�EUDNH�DSSOLFDWLRQ�DQG�GLVDEOHG�$%6�DOVR�UHVXOWHG�LQ�WKH�VKRUWHVW�VWRSSLQJ 

GLVWDQFHV�IRU�YHKLFOH�³,´��DOWKRXJK�ZLWK�PXFK�OHVV�GLIIHUHQFH�ZKHQ�OLJKWO\�ODGHQ���7KH�GLVDEOHG�$%6 



�� 

SDQLF�VWRSV�SURYLGHG�OLJKWO\�ODGHQ�DQG�IXOO\�ODGHQ�VWRSSLQJ�GLVWDQFHV�������DQG������VKRUWHU�WKDQ 

WKH�$%6�DVVLVWHG�VWRSV��UHVSHFWLYHO\��IRU�WHVW�YHKLFOH�³,´���%RWK�RI�WKHVH�YHKLFOHV��KRZHYHU��GHYLDWHG 

QHDUO\���P�����IW��IURP�WKHLU�����P�����IW��ZLGH�VWRSSLQJ�ODQH��XQGHU�HDFK�ORDGLQJ�FRQGLWLRQ��ZLWK 

WKH�$%6�GLVDEOHG�GXH�WR�\DZ�LQGXFHG�E\�WKH�ODQH¶V�WZR�IULFWLRQDO�FRHIILFLHQWV� 

)LJXUH� ���� � 6WUDLJKW� OLQH� VWRSSLQJ� GLVWDQFHV 
REVHUYHG�RQ�WKH�ZHW�DVSKDOW�ZHW�HSR[\�VSOLW�PX 
VXUIDFH���7HVW�YHKLFOHV�ZHUH�IXOO\�ODGHQ�WR�WKHLU 
UHVSHFWLYH�*9:5V�� �1RWH�� WKH� HSR[\� VXUIDFH 
ZDV� UHFRQGLWLRQHG� SULRU� WR� WKH� EUDNH 
SHUIRUPDQFH�HYDOXDWLRQ�RI�YHKLFOHV�³+´�DQG�³,´� 

7KH�ORQJHVW�VWRSSLQJ�GLVWDQFHV�UHFRUGHG�GXULQJ�WKH�VSOLW�PX�VXUIDFH�EUDNLQJ�WHVWV��ZLWK�WKH 

H[FHSWLRQ�RI�YHKLFOH�´)´�DW�HDFK�ORDGLQJ�FRQGLWLRQ��UHVXOWHG�IURP�EHVW�HIIRUW�VWRSV�PDGH�ZLWK�WKH 

$%6�GLVDEOHG���7KLV�LV�EHVW�H[SODLQHG�E\�UHFDOOLQJ�WKH�ZKHHO�ORFN�OLPLWDWLRQV�LPSRVHG�E\�WKH�EHVW 

HIIRUW�FULWHULD±QR�PRUH�WKDQ�RQH�ZKHHO�SHU�D[OH�ZDV�DOORZHG�WR�IXOO\�ORFN�LI�D�UXQ�ZDV�WR�EH�GHHPHG 

YDOLG���6XFFHVVIXOO\�IXOILOOLQJ�WKLV�UHTXLUHPHQW�SURYHG�WR�EH�YHU\�GHPDQGLQJ�IRU�WKH�WHVW�GULYHU��DV 

FRQVLGHUDEOH�DWWHQWLRQ�WR�EUDNH�SHGDO�PRGXODWLRQ�ZDV�UHTXLUHG�WR�SUHYHQW�XQZDQWHG�ZKHHO�ORFN�RQ 

WKH�HSR[\�VLGH�RI�WKH�VWRSSLQJ�ODQH���$V�D�UHVXOW��WKH�PLQLPL]HG�ZKHHO�ORFN�LQFUHDVHG�YHKLFXODU 

VWDELOLW\��QR�YDOLG�EHVW�HIIRUW�VWRS�HYHU�UHVXOWHG�LQ�ORVV�RI�FRQWURO�GXH�WR�H[FHVVLYH�\DZ��EXW�H[WHQGHG 

WKH�VWRSSLQJ�GLVWDQFHV�IRU�HLJKW�RI�WKH�QLQH�YHKLFOHV� 



�� 

� 

7KH�ODUJH�VWRSSLQJ�GLVWDQFH�GLIIHUHQFHV�EHWZHHQ�WKH�$%6�DVVLVWHG�DQG�EHVW�HIIRUW�VWRSSLQJ 

GLVWDQFHV�IRU�YHKLFOH�³+´�ZHUH�PRVW�OLNHO\�GXH�WR�WKH�H[WUHPHO\�ORZ�IULFWLRQDO�FRHIILFLHQW�RI�WKH 

UHVXUIDFHG�HSR[\�SDG�DQG�WKH�WHVW�GULYHU¶V�XQIDPLOLDULW\�ZLWK�LWV�FKDUDFWHULVWLFV���7KH�VXUIDFH�PDGH 

LW�PXFK�PRUH�GLIILFXOW�IRU�WKH�WHVW�GULYHU�WR�SUHYHQW�ZKHHO�ORFN�XS�WKURXJK�EUDNH�IRUFH�PRGXODWLRQ 

ZLWK�WKLV�YHKLFOH�WKDQ�ZLWK�WKRVH�GULYHQ�SULRU�WR�LW���$V�WKH�GULYHU�EHFDPH�PRUH�IDPLOLDU�ZLWK�WKH 

VXUIDFH�� DIWHU� YHKLFOH� ³+´� WHVWLQJ�ZDV� FRPSOHWH�� WKH� GULYHU�ZDV� DEOH� WR� EHWWHU�PRGXODWH� SHGDO 

DSSOLFDWLRQV� WR� RSWLPL]H� EUDNLQJ�� � 7KLV� LV� LQGLFDWHG� E\� WKH� VLJQLILFDQW� GHFUHDVH� LQ� WKH� $%6� 

DVVLVWHG�QRQ�$%6�EHVW�HIIRUW�VWRSSLQJ�GLVWDQFH�GLIIHUHQWLDO�IRU�YHKLFOH�³,´�ZKHQ�FRPSDUHG�ZLWK�WKH 

UHVXOWV�REWDLQHG�IURP�YHKLFOH�³+´� 

�����%UDNLQJ�LQ�D�&XUYH 

7ZR� WHVWV� LQYROYHG�EUDNLQJ� LQ�D�FXUYH�RI�NQRZQ� UDGLXV�� VWRSV�PDGH�RQ� WKH�ZHW� -HQQLWH 

������P������IW��UDGLXV�FXUYH�DQG�GU\�DVSKDOW������PHWHU������IW��UDGLXV�FXUYH���1RQH�RI�WKH�WHVW 

YHKLFOHV�\DZHG�RXW�RI�FRQWURO�DQG��ZLWK�RQH�H[FHSWLRQ��VWRSSLQJ�GLVWDQFHV�RQ�WKH�ZHW�-HQQLWH�FXUYH 

ZHUH�IRXQG�WR�EH�VKRUWHVW�ZLWK�$%6�DVVLVWHG�SDQLF�DSSOLFDWLRQV�DW�ERWK�ORDGLQJ�FRQGLWLRQV��)LJXUH 

������7KH�VWRSSLQJ�GLVWDQFH�DFKLHYHG�E\�WHVW�YHKLFOH�³$´�XVLQJ�D�EHVW�HIIRUW�SHGDO�DSSOLFDWLRQ�ZDV 

�����VKRUWHU�WKDQ�WKH�FRPSDUDEOH�$%6�DVVLVWHG�GLVWDQFH�RQ�WKH�ZHW�-HQQLWH�FXUYH�ZKHQ�OLJKWO\�ODGHQ� 

1RWH�WKDW�WHVW�YHKLFOH�³,´�ZDV�QRW�HYDOXDWHG�RQ�WKLV�FXUYH�ZKHQ�OLJKWO\�ODGHQ� 

(LJKW�RI�WKH�QLQH�WHVW�YHKLFOHV�ZHUH�VWRSSHG�LQ�WKH�VKRUWHVW�GLVWDQFHV�XVLQJ�$%6�DVVLVWHG 

SDQLF�EUDNH�DSSOLFDWLRQV�RQ�WKH�GU\�DVSKDOW�FXUYH��)LJ�������7KLV�WUHQG�ZDV�QRW�REVHUYHG�IRU�WHVW 

YHKLFOH�³,´��DV�LWV�$%6�DVVLVWHG�VWRSV�ZHUH�REVHUYHG�WR�EH�ORQJHU�WKDQ�WKH�GULYHU¶V�EHVW�HIIRUWV�ZKHQ 

OLJKWO\� ODGHQ�DQG�DW�*9:5��������DQG��������UHVSHFWLYHO\�� �$QDO\VLV�RI�YHKLFOH�³,¶V´�EUDNLQJ 

SHUIRUPDQFH��LQGLFDWHG�WKDW�ZKHQ�D�SDQLF�EUDNH�LQSXW�ZDV�DSSOLHG�ZKLOH�WKH�YHKLFOH�ZDV�H[SHULHQFLQJ 

D�KLJK�ODWHUDO�DFFHOHUDWLRQ��WKH�$%6�ZRXOG�UHOHDVH�EUDNH�OLQH�SUHVVXUH�DW�DOO�IRXU�ZKHHOV�DQG�KROG�LW 

YHU\�ORZ�GXULQJ�WKH�ILUVW�IHZ�VHFRQGV�RI�WKH�EUDNLQJ�PDQHXYHU���$V�WKH�YHKLFOH�VFUXEEHG�RII�VSHHG� 

OLQH�SUHVVXUHV�ZHUH�JUDGXDOO\�DOORZHG�WR�EXLOG���,W�ZDV�QRW�XQWLO�ODWH�LQ�WKH�EUDNLQJ�PDQHXYHU�WKDW 

EUDNH�OLQH�SUHVVXUHV�ZHUH�DOORZHG�WR�LQFUHDVH� WR�D� OHYHO�JUHDW�HQRXJK�WR�VLJQLILFDQWO\�DIIHFW� WKH 

YHKLFOH¶V�ORQJLWXGLQDO�GHFHOHUDWLRQ���,W�VKRXOG�EH�QRWHG�WKDW�WHVW�YHKLFOH�³,´�ZDV�WKH�RQO\�YHKLFOH 



�� 

ZKRVH� $%6� LQFOXGHG� WKH� FDSDELOLW\� WR� PRQLWRU� WKH� YHKLFOH¶V� ODWHUDO� DFFHOHUDWLRQ�� � )XUWKHU 

LQYHVWLJDWLRQ�LV�QHFHVVDU\�WR�GHWHUPLQH�ZKHWKHU�WKLV�IHDWXUH�FRQWULEXWHG�WR�WKH�DSSDUHQWO\�H[WHQGHG 

VWRSSLQJ�GLVWDQFHV� 

)LJXUH����� �6WRSSLQJ�GLVWDQFHV�REVHUYHG�RQ )LJXUH����� �6WRSSLQJ�GLVWDQFHV�REVHUYHG�RQ 
WKH�������P������IW��ZHW�-HQQLWH�FXUYH���7HVW WKH������P������IW��UDGLXV�GU\�DVSKDOW�FXUYH� 
YHKLFOHV�ZHUH�IXOO\� ODGHQ� WR� WKHLU� UHVSHFWLYH 7HVW� YHKLFOHV� ZHUH� IXOO\� ODGHQ� WR� WKHLU 
*9:5V� UHVSHFWLYH�*9:5V� 

�����-�WXUQ�6WRSSLQJ�0DQHXYHU 

7KH�-�WXUQ�PDQHXYHU�ZDV�GHVLJQHG�WR�REVHUYH�$%6�EUDNLQJ�SHUIRUPDQFH�ZKLOH�D�WHVW��YHKLFOH 

ZDV�XQGHUJRLQJ�KDUG�FRUQHULQJ���(DFK�$%6�SUHYHQWHG�LWV�UHVSHFWLYH�WKH�WHVW�YHKLFOH�IURP�\DZLQJ�RXW 

RI�FRQWURO��DQG�DOORZHG�VHYHQ�RI�WKH�QLQH�YHKLFOHV�WR�SHUIRUP�DV�H[SHFWHG���9HKLFOHV�³&´�DQG�³,´�GLG 

H[KLELW�QRWHZRUWK\�EUDNLQJ�EHKDYLRU��VHH�)LJXUH����IRU�WKH�IXOO\�ODGHQ�YHKLFOH�VWRSSLQJ�GLVWDQFHV�� 



�� 

)LJXUH������-�WXUQ�VWRSSLQJ�GLVWDQFHV�REVHUYHG 
RQ�GU\�DVSKDOW���7HVW�YHKLFOHV�ZHUH�IXOO\�ODGHQ 
WR�WKHLU�UHVSHFWLYH�*9:5V� 

7HVW�YHKLFOH�³&´�GHYLDWHG�DQ�DYHUDJH�RI�����P������IW��IURP�LWV�LQWHQGHG�VWRSSLQJ�ODQH�LQ�DOO 

WKUHH�$%6�DVVLVWHG�SDQLF�VWRSV�ZKHQ�OLJKWO\�ODGHQ����7KLV�YHKLFOH¶V�VWRSSLQJ�GLVWDQFHV�ZHUH�QRW 

QRWLFHDEO\�H[WHQGHG��KRZHYHU��DQG�WKH�$%6�ZDV�QRW�FRQVLGHUHG�WR�EH�UHVSRQVLEOH�IRU�WKLV�RFFXUUHQFH� 

)RU�WKLV�FDVH��LW�ZDV�EHOLHYHG�WKDW�WKH�ODWHUDO�URDG�KROGLQJ�FDSDFLW\�RI�WKH�WHVW�YHKLFOH�ZDV�H[FHHGHG 

DV�LW�HQWHUHG�WKH�-�WXUQ��LQGXFLQJ�XQGHUVWHHU���7KH�XQGHUVWHHU�FRQGLWLRQ�VXEVLGHG�DV�WKH�YHKLFOH�ZDV 

VORZHG��DQG�WKHUH�ZDV�QR�H[FHVVLYH�\DZ�SUHVHQW�WKURXJKRXW�WKH�VWRS��� 

:KHQ�IXOO\�ODGHQ��WHVW�YHKLFOH�³,¶V´�-�WXUQ�VWRSSLQJ�GLVWDQFH�LQFUHDVHG�������RYHU�WKH�OLJKWO\ 

ODGHQ�GLVWDQFH���7KLV�LQFUHDVH�ZDV�IDU�JUHDWHU�WKDQ�WKH�DYHUDJH�LQFUHDVH�RI�WKH�RWKHU�YHKLFOHV������� 

DQG�LWV�FDXVH�LV�XQNQRZQ���7KH�WHVW�GULYHU¶V�VWHHULQJ�DQG�EUDNH�LQSXWV�ZHUH�QHDUO\�LGHQWLFDO�IRU�ERWK 

ORDGLQJ�FRQGLWLRQV��\HW�WKH�YHKLFOH¶V�EUDNLQJ�SHUIRUPDQFH�GLIIHUHG�VLJQLILFDQWO\� 

����6LQJOH�/DQH�&KDQJH�RQWR�D�6SOLW�PX�6XUIDFH 

7KH�VLQJOH�ODQH�FKDQJH�WHVW�ZDV�GHVLJQHG�WR�HYDOXDWH�$%6�SHUIRUPDQFH�GXULQJ�DQ�DJJUHVVLYH� 

WUDQVLHQW��EUDNH�DQG�VWHHU�PDQHXYHU��� 



�� 

7KH�REMHFWLYH�RI�WKLV�PDQHXYHU�ZDV�WR�ORRN�IRU�WKH�SRVVLEOH�EUDNLQJ�SHUIRUPDQFH�GHJUDGDWLRQ 

RI�$%6�HTXLSSHG�YHKLFOHV�QHDU�WKH�OLPLW�RI�ODWHUDO�DGKHVLRQ���,I�WKH�PDQHXYHU�HQWUDQFH�VSHHG�FDXVHG 

D�YHKLFOH�WR�H[FHHG�LWV�ODWHUDO�URDGKROGLQJ�DELOLW\��H[FHVVLYH�\DZ�IROORZLQJ�WKH�GULYHU¶V�VWHHULQJ 

UHYHUVDO�ZRXOG�RFFXU���)RU�VRPH�UXQV��WKH�GULYHU�ZDV�XQDEOH�WR�UHJDLQ�FRQWURO�RI�WKH�YHKLFOH��DQG�WKH 

YHKLFOH�ZRXOG�VSLQ�RXW���7KLV�ZDV�QRW�FRQVLGHUHG�WR�EH�DQ�$%6�GHILFLHQF\��DV�$%6�FDQQRW�FUHDWH 

ODWHUDO�IRUFH���$OWKRXJK�$%6�LV�GHVLJQHG�WR�UHGXFH�WKH�LQFLGHQFH�RI�VSLQRXWV��LW�FDQQRW�FRPSOHWHO\ 

SUHYHQW�WKHP���([FHVVLYH�\DZ�DQG�RU�ORVV�RI�FRQWURO�UHVXOWV�VWLOO�RFFXUUHG�LI��IRU�D�SDUWLFXODU�UXQ��WKH 

WHVW�GULYHU�VWHHUHG�VR�DV�WR�H[FHHG�WKH�OLPLW�RI�ODWHUDO�DGKHVLRQ��L�H���WKH�PDQHXYHU�GHPDQGHG�PRUH 

ODWHUDO�IULFWLRQ�IURP�WKH�YHKLFOH�WKDQ�LW�ZDV�DEOH�WR�GHOLYHU��ZLWK�RU�ZLWKRXW�$%6�� 

2QH�RI�WKH�PDMRU�EHQHILWV�RI�$%6�LV�WKDW��XQOLNH�FRQYHQWLRQDOO\�EUDNHG�YHKLFOHV��LW�DOORZV�WKH 

GULYHU�WR�FRQWURO�WKH�SDWK�RI�WKH�YHKLFOH�ZKLOH�SHUIRUPLQJ�KDUG�DQG�RU�SDQLF�EUDNLQJ���'ULYHUV�ZLOO 

JHQHUDOO\�XVH� WKLV� DGGLWLRQDO�SDWK� FRQWURO� WR� DYRLG� FUDVKHV� DQG�RU� URDGZD\�KD]DUGV�� �+RZHYHU� 

RFFDVLRQDOO\��GULYHUV�ZLOO� VWHHU� WKHLU�$%6�HTXLSSHG�YHKLFOH�RQWR�D�PRUH�³GLIILFXOW� WR�GULYH�RQ´ 

VXUIDFH� WKDQ� WKH\�ZRXOG� KDYH� RWKHUZLVH� GULYHQ� RYHU� E\� JRLQJ� VWUDLJKW� DKHDG�ZLWK� D� QRQ�$%6 

HTXLSSHG�YHKLFOH���7KH�VLQJOH�ODQH�FKDQJH�PDQHXYHU�ZDV�GHVLJQHG�WR�VWXG\�ZKDW�PLJKW�KDSSHQ�ZKHQ 

WKLV�VLWXDWLRQ�RFFXUV���$V�H[SODLQHG�LQ�WKH�SUHFHGLQJ�SDUDJUDSK��WKH�H[FHVVLYH�\DZ�DQG�ORVV�RI�FRQWURO 

UHVXOWV�WKDW�ZHUH�VHHQ�IRU�VRPH�YHKLFOHV�LQ�WKLV�PDQHXYHU�GR�QRW�QHFHVVDULO\�LQGLFDWH�$%6�SUREOHPV� 

8QOLNH�PRVW�RI�WKH�RWKHU�PDQHXYHUV�XVHG�LQ�WKLV�SURJUDP��$%6�DVVLVWHG��EUDNLQJ�SHUIRUPDQFH 

LQ�WKH�VLQJOH�ODQH�FKDQJH�WHVW�ZDV�QRW�FRPSDUHG�ZLWK�GLVDEOHG�$%6�SHUIRUPDQFH���7KHUHIRUH�UHVXOWV 

IURP�WKLV�PDQHXYHU�FDQQRW�EH�XVHG�WR�GUDZ�FRQFOXVLRQV�DERXW�WKH�SHUIRUPDQFH�RI�$%6�YHUVXV�QRQ� 

$%6�HTXLSSHG�YHKLFOHV� 

7KH�$%6�DVVLVWHG�EUDNLQJ�SHUIRUPDQFH�RI�WKH�WHVW�YHKLFOHV�FRXOG�QRW�EH�FRPSDUHG�WR�WKHLU 

SHUIRUPDQFH�ZLWK�$%6�GLVDEOHG�EHFDXVH�GLVDEOHG�$%6�SDQLF�EUDNLQJ�ZRXOG�KDYH�FDXVHG�WKH�WHVW 

YHKLFOHV�WR�ORFN�WKHLU�IURQW�ZKHHOV�DQG�VNLG�RXW�RI�WKH�WHVW�FRXUVH�ZLWKRXW�PDNLQJ�D�ODQH�FKDQJH���%\ 

QRW�PDNLQJ� WKH� ODQH� FKDQJH�� QR� SRUWLRQ� RI� WKH� YHKLFOH� ZRXOG� KDYH� EHHQ� GULYHQ� RQWR� WKH� ORZ 

FRHIILFLHQW�SRUWLRQ�RI�WKH�WHVW�VXUIDFH���$V�D�UHVXOW��WKH�GLVDEOHG�$%6�YHKLFOH�ZRXOG�DFKLHYHG�VKRUWHU 

VWRSSLQJ�GLVWDQFHV���+RZHYHU��WKLV�LV�QRW�WKH�VLWXDWLRQ�WKDW�WKLV�WHVW�PDQHXYHU�ZDV�DWWHPSWLQJ�WR 



�� 

VLPXODWH�� � 7KHUHIRUH� FRPSDULVRQV� RI� D� YHKLFOH¶V� $%6� HQDEOHG� YHUVXV� $%6� GLVDEOHG� EUDNLQJ 

SHUIRUPDQFH�IRU�WKLV�PDQHXYHU�DUH�QRW�PHDQLQJIXO� 

7KH�EUDNLQJ�SHUIRUPDQFH�RI�HDFK�$%6�GXULQJ�WKH�VLQJOH�ODQH�FKDQJH�RQWR�D�ZHW�DVSKDOW�ZHW 

HSR[\�VSOLW�PX�VXUIDFH�ZDV�IRXQG�WR�EH�DFFHSWDEOH���)LJXUH����VKRZV�WKH�IXOO\�ODGHQ�YHKLFOH�VWRSSLQJ 

GLVWDQFHV�UHFRUGHG�IRU�WKLV�PDQHXYHU���7KH�VWRSSLQJ�GLVWDQFHV�RI�YHKLFOH�³+´�DQG�³,´�ZHUH�PRVW 

OLNHO\�H[WHQGHG�GXH�WR�WKH�YHU\�ORZ�FRHIILFLHQW�RI�IULFWLRQ�RI�WKH�QHZO\�UHFRQGLWLRQHG�HSR[\�VXUIDFH� 

7HVW�YHKLFOH�³,´�ZDV�QRW�HYDOXDWHG�DW�WKH�OLJKWO\�ODGHQ�ORDGLQJ�FRQGLWLRQ� 

)LJXUH� ���� � :HW� DVSKDOW� WR� ZHW� DVSKDOW�ZHW 
HSR[\� VSOLW�PX� VLQJOH� ODQH� FKDQJH� VWRSSLQJ 
GLVWDQFHV���7HVW�YHKLFOHV�ZHUH�IXOO\�ODGHQ�WR�WKHLU 
UHVSHFWLYH�*9:5V�� �1RWH�� WKH� HSR[\� VXUIDFH 
ZDV� UHFRQGLWLRQHG� SULRU� WR� WKH� EUDNH 
SHUIRUPDQFH�HYDOXDWLRQ�RI�YHKLFOHV�³+´�DQG�³,´� 

)LYH�YHKLFOHV��XQGHU�YDULRXV� ORDGLQJ�FRQGLWLRQV�� H[SHULHQFHG�H[FHVVLYH�\DZ�DQG� ORVV�RI 

FRQWURO�ZKLOH�DWWHPSWLQJ�WKH�ODQH�FKDQJH�GXULQJ�RQH�RU�PRUH�WHVW�UXQV���)RU�WKHVH�YHKLFOHV��7DEOH�� 

SURYLGHV�WHVW�GULYHU�FRPPHQWV�LQGLFDWLQJ�ZKHWKHU�YHKLFOH�FRQWURO�ZDV�ORVW��ODQH�GHYLDWLRQ�RU�GHJUHHV 

RI�YHKLFOH�URWDWLRQ�DW�WKH�HQG�RI�WKH�VWRS��DQG�VSHFLILHV�WKH�DFWXDO�PDQHXYHU�HQWUDQFH�VSHHGV���,W�LV�QRW 

EHOLHYHG� WKDW� WKH� DQWLORFN� EUDNH� V\VWHPV� ZHUH� UHVSRQVLEOH� IRU� WKH� ORVW� FRQWURO�� UDWKHU� WKDW� WKH 

PDQHXYHU�LPSRVHG�KDQGOLQJ�GHPDQGV�WKDW�H[FHHGHG�WKH�FDSDELOLWLHV�RI�WKH�WHVW�YHKLFOHV��� 



�� 

7KH�VLQJOH� ODQH�FKDQJH�ZDV�GHVLJQHG� WR� UHFRUG�$%6�UHVSRQVHV� QHDU� WKH� OLPLW�RI� ODWHUDO 

DGKHVLRQ�� �7KH� IDFW� WKDW� VRPH�YHKLFOHV� H[KLELWHG� H[FHVVLYH�\DZ�XSRQ�FURVVLQJ� WKH�KLJK�WR�ORZ 

FRHIILFLHQW�WUDQVLWLRQ�GXULQJ�RQH�RU�PRUH�UXQV�IRU�D�JLYHQ�WHVW�VHULHV�ZDV�WKHUHIRUH�QRW�VXUSULVLQJ� 

,I�WKH�ODWHUDO�URDG�KROGLQJ�FDSDFLW\�RI�D�YHKLFOH�ZDV�H[FHHGHG�DV�LW�FURVVHG�WKH�WUDQVLWLRQ�OLQH��DIWHU 

WKH�WHVW�GULYHU¶V�FRXQWHUFORFNZLVH�VWHHULQJ�UHYHUVDO���WKH�YHKLFOH�ZRXOG�\DZ�GXH�WR�LWV�URWDWLRQDO 

LQHUWLD����)XUWKHUPRUH��WKLV�\DZ�ZDV�OLNHO\�H[DFHUEDWHG�E\�WKH�YHKLFOH¶V�WHQGHQF\�WR�SXOO�WRZDUG�WKH 

KLJKHU�FRHIILFLHQW�VXUIDFH�ZKLOH�EUDNLQJ�LQ�WKH�VSOLW�PX�ODQH���,I�WKH�WLUHV�WKDW�WUDQVLWLRQHG�RQWR�WKH 

ORZ�FRHIILFLHQW�HSR[\�ZHUH�XQDEOH�WR�DFKLHYH�WKH�ODWHUDO�IRUFHV�QHFHVVDU\�WR�SUHYHQW�VOLGLQJ�GXH�WR 

WKHVH�HIIHFWV��WKH�GULYHU�ZRXOG�ORVH�FRQWURO�RI�WKH�YHKLFOH���:LWK�WKH�H[FHSWLRQ�RI�YHKLFOHV�³+´�DQG 

³,´�ZKHQ�OLJKWO\�ODGHQ�DQG�YHKLFOH�³&´�DW�*9:5��HDFK�YHKLFOH�ZDV�DEOH�WR�VXFFHVVIXOO\�FRPSOHWH 

DW�OHDVW�RQH�UXQ�LQ�ZKLFK�ORVV�RI�FRQWURO�ZDV�QRW�H[SHULHQFHG�DW�WKH�GHVLUHG�WHVW�VSHHG� 

7DEOH���GHPRQVWUDWHV�WKDW�WKH�PDQHXYHU�HQWUDQFH�VSHHGV�IRU�D�JLYHQ�WHVW�VHULHV�ZHUH�YHU\ 

VLPLODU��RIWHQ�GLIIHULQJ�E\�OHVV�WKDQ�����NP�K����PSK����,W�ZRXOG�WKHUHIRUH�DSSHDU�WKDW�WKH�PDQQHU�LQ 

ZKLFK�WKH�WHVW�GULYHU�QDYLJDWHG�WKH�YHKLFOHV�WKURXJK�WKH�FRXUVH��WKH�SKDVLQJ�RI�WKH�VWHHULQJ�DQG�EUDNH 

LQSXWV�� WKH�PDJQLWXGH� RI� WKH� VWHHULQJ� LQSXWV�� DQG� WKH� SRLQW� LQ� WLPH�ZKHQ� WKH� VWHHULQJ� UHYHUVDO 

RFFXUUHG��ZRXOG�EH�WKH�PRVW�VLJQLILFDQW�IDFWRU�LQ�GHWHUPLQLQJ�ZKHWKHU�D�YHKLFOH�ZRXOG�EH�DEOH�WR 

FRPSOHWH�WKH�PDQHXYHU�ZLWKRXW�H[FHVVLYH�\DZ���)RU�H[DPSOH��7DEOH���LQGLFDWHV�WKDW�ZKHQ�OLJKWO\ 

ODGHQ��YHKLFOH�³&´�VXFFHVVIXOO\�FRPSOHWHG�WKH�ODQH�FKDQJH�PDQHXYHU�DW������NP�K�������PSK���EXW 

LQVWDELOLW\�FDXVHG�WKH�YHKLFOH�WR�GHYLDWH�IURP�LWV�LQWHQGHG�VWRSSLQJ�ODQH�E\�����P�����IW��DW������NP�K 

������PSK���DQG�VSLQ������DW������NP�K�������PSK���� 
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7DEOH�����6LQJOH�/DQH�&KDQJH�5HVXOWV�


9HKLFOH 

*9:5�5XQ�1XPEHU /LJKWO\�/DGHQ�5XQ�1XPEHU 
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8QIRUWXQDWHO\��WKHUH�ZDV�GDWD�IURP�RQO\�RQH�WHVW�VHULHV��FRPSULVHG�RI�WKUHH�UXQV��DYDLODEOH 

WR�DVVHVV�WKH�DFFXUDF\�RI�WKLV�K\SRWKHVLV���7KH�VWHHULQJ�DQG�EUDNH�LQSXWV�DVVRFLDWHG�ZLWK�WKH�OLJKWO\ 

ODGHQ�ORDGLQJ�FRQGLWLRQ�RI�YHKLFOH�³&´�SURYLGH�RQO\�D�OLPLWHG�LQGLFDWLRQ�DV�WR�ZKHWKHU�WKH�YHKLFOH 

ZRXOG�EH�H[SHFWHG�WR�ORVH�FRQWURO�GXULQJ�D�JLYHQ�UXQ��VHH�)LJXUH����� 

300 

S
te

er
in

g 
W

hl
 A

ng
le

 (
de

g)
 

P
ed

al
 F

or
ce

 (
lb

f) 200 

100 

0 

-100 
0 1 2 3 4 5 6 7 8 

400 

200 

0 

-200 

-400 

-600 

No loss of control 
10 ft out of lane 
180 degree spin 

0 1 2 3 4 5 6 7 8 
Time (s) 

)LJXUH������6LQJOH�ODQH�FKDQJH�GULYHU�LQSXWV�IRU�WHVW�YHKLFOH�³&´���7KH�YHKLFOH�ZDV 
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7KH�PDJQLWXGH�DQG�UDWH�RI�WKH�EUDNH�DSSOLFDWLRQ�DQG�ILUVW�VWHHULQJ�LQSXW�RI�WKH�ILUVW�UXQ�OD\ 

ZLWKLQ�WKH�YDOXHV�RI�WKH�WZR�ODWHU�XQVWDEOH�FDVHV���7KH�VWHHULQJ�UDWH�RI�WKH�FRXQWHUVWHHU�LQSXW��WKH 

VWHHULQJ�LQSXW�WKDW�LPPHGLDWHO\�IROORZHG�WKH�VWHHULQJ�UHYHUVDO��ZDV�QHDUO\�LGHQWLFDO�IRU�DOO�WKUHH�UXQV� 

KRZHYHU�WKH�PDJQLWXGH�ZDV�VOLJKWO\�KLJKHU�IRU�WKH�UXQ�LQ�ZKLFK�WKH�YHKLFOH�GHYLDWHG�����P�����IW� 

IURP�LWV�LQWHQGHG�VWRSSLQJ�ODQH�� �7KH�PDJQLWXGH�RI�WKLV�VWHHULQJ�LQSXW�ZDV���������FRPSDUHG�WR 

�������IRU�WKH�ILUVW�UXQ��DQG��������IRU�WKH�WKLUG���7KH�SKDVLQJ�RI�WKH�VWHHULQJ�LQSXW�EUDNH�DSSOLFDWLRQ 

ZDV�QHDUO\�LGHQWLFDO�IRU�WKH�ILUVW�WZR�UXQV��KRZHYHU�WKH�EUDNH�DSSOLFDWLRQ�ODJJHG�WKH�VWHHULQJ�LQSXW 

E\����� VHFRQGV� LQ� WKH� WKLUG� UXQ��7KLV� ODJ�PD\�KDYH�FRQWULEXWHG� WR� WKH�YHKLFXODU� LQVWDELOLW\� WKDW 

XOWLPDWHO\�UHVXOWHG�LQ�UXQ�QXPEHU�WKUHH¶V�VSLQ��� 

6XFFHVVIXOO\�FRPSOHWLQJ�WKH�ODQH�FKDQJH�PDQHXYHU�DW�RQH�VSHHG�\HW�ORVLQJ�FRQWURO�DW�DQRWKHU 

YHU\�VLPLODU�VSHHG�ZDV�H[SHULHQFHG�E\�WKH�WHVW�GULYHU�ZLWK�HDFK�RI�WKH�ILYH�YHKLFOHV�OLVWHG�LQ�7DEOH 

����'XH�WR�WKH�DEVHQFH�RI�DSSURSULDWH�LQVWUXPHQWDWLRQ��VWHHULQJ�LQSXW�FRPSDULVRQV�IRU�YHKLFOHV�³(´� 

�³)´��³+´��DQG�³,´�ZHUH�QRW�SRVVLEOH���6WHHULQJ�LQSXW�YDULDELOLW\�DQG�VWHHULQJ�LQSXW�EUDNH�DSSOLFDWLRQ 

SKDVLQJ�DUH�WKH�PRVW�SUREDEOH�FDXVH�RI�WKLV�SKHQRPHQRQ��KRZHYHU�WKH�ODFN�RI�VWHHULQJ�LQSXW�GDWD 

SUHYHQWHG�IXUWKHU�DQDO\VLV� 
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�����+80$1�)$&7256�&216,'(5$7,216 

(DFK�WHVW�YHKLFOH�SURYLGHG�WKH�GULYHU�ZLWK�EUDNH�SHGDO�DQG�DXUDO�IHHGEDFN�ZKLOH�WKH�$%6�ZDV 

F\FOLQJ���7KH�WHVW�GULYHU�ZRXOG�RIWHQ�H[SHULHQFH�YLEUDWLRQ�DQG�RVFLOODWLRQ�RI�WKH�SHGDO�DQG�HDVLO\�KHDU 

WKH�RSHUDWLRQ�RI�WKH�VROHQRLG�YDOYHV�DQG�$%6�SXPS�PRWRU���7KH�H[WHQW�WR�ZKLFK�WKHVH�VLJQDOV�ZHUH 

LQ�HYLGHQFH��KRZHYHU��YDULHG�IURP�YHKLFOH�WR�YHKLFOH���(YHQ�WKH�YHKLFOH�ZKRVH�$%6�KDG�YLUWXDOO\ 

WUDQVSDUHQW�SHGDO�IHHGEDFN��YHKLFOH�³*´��SUHVHQWHG�WKH�GULYHU�ZLWK�YHU\�DSSDUHQW�DXUDO�FXHV���7KH 

SRLQW�LV�WKDW�LQ�HDFK�FDVH��WKH�YHKLFOH�³WROG´�WKH�GULYHU�WKH�$%6�ZDV�RSHUDWLQJ� 

:KDW�PDNHV� WKLV� LQWHUHVWLQJ� IURP�D�KXPDQ� IDFWRUV� VWDQGSRLQW� LV� WKDW� WKH� DQWLORFN�EUDNH 

V\VWHPV�RI�VRPH�YHKLFOHV�ZHUH�IRXQG�WR�WUDQVPLW�GLIIHUHQW�FXHV�XQGHU�GLIIHUHQW�GULYLQJ�FRQGLWLRQV� 

,I�DQ�$%6�ZDV�DFWLYDWHG�RQ�D�YHU\�ORZ�FRHIILFLHQW�VXUIDFH�VXFK�DV�HSR[\��LW�ZRXOG�JR�LQWR�D�GHHS 

F\FOH�WR�NHHS�ZKHHO�VOLS�DW�DQ�DFFHSWDEOH�OHYHO���7KH�FRUUHVSRQGLQJ�SHGDO�IHHGEDFN��RQ�VRPH�YHKLFOHV� 

ZDV�PXFK�PRUH�SURQRXQFHG�GXULQJ�GHHS�F\FOLQJ�DQG�FRXOG��SRWHQWLDOO\��VWDUWOH�DQ�XQIDPLOLDU�RU 

XQVXVSHFWLQJ�GULYHU���7KH�UHVXOW��GHSHQGLQJ�RQ�WKH�VHYHULW\�RI�WKH�FRQGLWLRQ�QHFHVVLWDWLQJ�WKH�EUDNH 

DSSOLFDWLRQ��FRXOG�EH�WKDW�WKH�GULYHU�OLIWV�WKHLU�IRRW�DQG�UHOHDVHV�WKH�EUDNH�SHGDO���(YHQ�LI�WKH�GULYHU 

UHDSSOLHV�WKH�EUDNHV��WKLV�DFWLRQ�ZLOO�UHVXOW�LQ�GUDPDWLFDOO\�LQFUHDVHG�VWRSSLQJ�GLVWDQFHV� 

7KH�SUHOLPLQDU\�UHVXOWV�RI�1+76$¶V�/LJKW�9HKLFOH�$%6�5HVHDUFK�3URJUDP�7DVN�����LQGLFDWH 

WKDW� EUDNLQJ� SUDFWLFH�PD\� LQIOXHQFH� D� GULYHU¶V� DELOLW\� WR� DYRLG� D� FROOLVLRQ� LQ� D� FUDVK� LPPLQHQW 

VLWXDWLRQ�ZLWK�$%6���:KHQ�FRPELQHG�ZLWK�WKH�IDFW�WKDW�$%6�EUDNH�SHGDO�IHHGEDFN�PD\�YDU\�ZLWK 

UHVSHFW�WR�URDG�FRQGLWLRQ��SUDFWLFH�PD\�KDYH�LPSRUWDQW�LPSOLFDWLRQV��� 

$Q�$%6� DOORZV� D� GULYHU� WR�PDLQWDLQ� GLUHFWLRQDO� FRQWURO� RI� WKHLU� YHKLFOH� DQG� HQKDQFHV 

YHKLFXODU�VWDELOLW\�ZKLOH�EUDNLQJ��KRZHYHU�LW�UHTXLUHV�WKH�GULYHU�WR�PDLQWDLQ�SRVLWLYH�IRUFH�RQ�WKH 

EUDNH�SHGDO�WKURXJKRXW�WKH�HQWLUH�GXUDWLRQ�RI�WKH�VWRS���7R�SUHYHQW�WKH�GULYHU�IURP�EHLQJ�VXUSULVHG 

E\�$%6�EHKDYLRU�DQG�LWV�UHVXOWLQJ�SHGDO�IHHGEDFN��LI�DQ\��GULYHUV�VKRXOG�EH�HQFRXUDJHG�WR�SUDFWLFH 

$%6�EUDNLQJ�XQGHU�PDQ\�URDG�FRQGLWLRQV�DQG�PDQHXYHUV���6XFK�EUDNLQJ�SUDFWLFH��KRZHYHU��VKRXOG 

FRQVLVW�RI�PDQHXYHUV�FRPSDWLEOH�ZLWK�WKH�GULYHU¶V�OHYHO�RI�VNLOO� 
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7KH� UHVXOWV�RI� WKLV� VWXG\� LQGLFDWH� WKDW� IRU�PRVW� VWRSSLQJ�PDQHXYHUV��PDGH�RQ�PRVW� WHVW 

VXUIDFHV��$%6�DVVLVWHG�SDQLF� VWRSV�ZHUH� VKRUWHU� WKDQ� WKRVH�PDGH�ZLWK�EHVW� HIIRUW� RU� IXOO� SHGDO 

DSSOLFDWLRQV�ZLWK�WKH�$%6�GLVDEOHG��VHH�7DEOH������)XUWKHUPRUH��WKH�YHKLFXODU�VWDELOLW\�GXULQJ�WKHVH 

VWRSV�ZDV�DOPRVW�DOZD\V�IRXQG�WR�EH�VXSHULRU�ZLWK�$%6���$OWKRXJK�LW�ZDV�QRW�VSHFLILFDOO\�TXDQWLILHG 

LQ�WKLV�VWXG\��WKH�DEVHQFH�RI�H[FHVVLYH�\DZ�ZKLOH�EUDNLQJ�HQKDQFHG�WKH�HDVH�DW�ZKLFK�WKH�GULYHU�FRXOG 

PDLQWDLQ�ODQH�SRVLWLRQ��HVSHFLDOO\�ZKHQ�FRPSDUHG�WR�VWRSV�PDGH�ZLWK�SDQLF�EUDNH�DSSOLFDWLRQV�DQG 

WKH�$%6�GLVDEOHG�RQ�VSOLW�PX�DQG�ORZ�FRHIILFLHQW�VXUIDFHV� 

7DEOH�����$%6�3HUIRUPDQFH�6XPPDU\� 

6XUIDFH 

$%6�6WRSSLQJ�'LVWDQFH�%HQHILW� 
�RU�'LVDGYDQWDJH��2YHU�WKH 
6KRUWHVW�QRQ�$%6�6WRS���� 

/LJKWO\�/DGHQ )XOO\�/DGHQ� 

'U\�&RQFUHWH�6WUDLJKW�/LQH 

:HW�3ROLVKHG�&RQFUHWH�6WUDLJKW�/LQH 

:HW�$VSKDOW�6WUDLJKW�/LQH 

:HW�-HQQLWH�6WUDLJKW�/LQH 

*UDVV�6WUDLJKW�/LQH 

/RRVH�*UDYHO�6WUDLJKW�/LQH 

$%6�7HVW�3DG��� 

$%6�7HVW�3DG��� 

$%6�7HVW�3DG��� 

$%6�7HVW�3DG��� 

:HW�$VSKDOW�:HW�(SR[\�6SOLW�PX 

'U\�$VSKDOW�&XUYH 

:HW�-HQQLWH�&XUYH 

����� 
3HUFHQWDJH�FDOFXODWHG�XVLQJ�HLJKW�WHVW�YHKLFOHV� 
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7KH� RQH� H[FHSWLRQ� WR� WKLV� WUHQG� RFFXUUHG� RQ� WKH� ORRVH� JUDYHO� VXUIDFH�� ZKHUH� VWRSSLQJ 

GLVWDQFHV�ZLWK�$%6�ZHUH�H[WHQGHG�E\�DQ�RYHUDOO�DYHUDJH�RI������SHUFHQW�RYHU�WKH�GLVDEOHG�$%6�IXOO 

SHGDO�DSSOLFDWLRQ�VWRSV���7KH�$%6�LQGXFHG�VWRSSLQJ�GLVWDQFH�LQFUHDVHV�ZHUH�UHFRUGHG�IRU�DOO�YHKLFOHV 

DW�ERWK�ORDGLQJ�FRQGLWLRQV���%UDNLQJ�SHUIRUPDQFH�RQ�WKLV�VXUIDFH�WKHUHIRUH�FRPSULVHV�DQ�DUHD�LQ 

ZKLFK�IXWXUH�HIIRUWV�WR�LPSURYH�$%6�PLJKW�EH�IRFXVHG� 

7KH�IDFW�WKDW�WKHUH�H[LVWV�D�FRQGLWLRQ�LQ�ZKLFK�$%6�FRQWLQXHV�WR�FRQWULEXWH�WR�LQFUHDVHG 

VWRSSLQJ�GLVWDQFHV��RQ�ORRVH�JUDYHO��GHPRQVWUDWHV�FRPSURPLVHV�LQ�$%6�GHVLJQ�VWLOO�H[LVW���7KDW�VDLG� 

PRVW�SDVVHQJHU�YHKLFOHV�VSHQG�IDU�PRUH�WLPH�RQ�VPRRWK��SDYHG�URDGV�WKDQ�WKH\�GR�WUDYHOLQJ�RYHU 

³VRIW´�URDG�VXUIDFHV�OLNH�JUDYHO�DQG�OLJKWO\�SDFNHG�VQRZ�� 

2QH�ZD\�WR�RSWLPL]H�$%6�RSHUDWLRQ�IRU�GHIRUPDEOH�URDG�VXUIDFHV�ZRXOG�EH�WR�LQFUHDVH�WKH 

ORQJLWXGLQDO�ZKHHO�VOLS�WKUHVKROG���7KLV�ZRXOG��KRZHYHU��LPSHGH�D�YHKLFOH¶V�DELOLW\�WR�WXUQ�GXULQJ 

DQ�$%6�DVVLVWHG�VWRS��WKHUHE\�UHGXFLQJ�RQH�RI�WKH�IXQGDPHQWDO�DWWULEXWHV�RI�$%6±HQDEOLQJ�WKH�GULYHU 

WR�HIIHFWLYHO\�EUDNH�DQG�VWHHU�VLPXOWDQHRXVO\���(IIRUWV�WR�UHVROYH�WKLV�FRPSURPLVH�PD\�LQFOXGH�WKH 

XVH�RI�DGYDQFHG�URDGZD\�VXUIDFH�GHWHFWLRQ���(YROXWLRQ�RI�WHFKQRORJ\�LQ�WKLV�GRPDLQ�ZRXOG�HQDEOH 

DQ�$%6�WR�DGDSW�LWV�FRQWURO�DOJRULWKP�WR�PHHW�D�YHKLFOH¶V�EUDNLQJ�KDQGOLQJ�GHPDQGV�EDVHG�RQ�WKH 

URDGZD\�VXUIDFH�FRQGLWLRQ���8WLOL]LQJ�VXFK�WHFKQRORJ\��KRZHYHU��PXVW�QRW�FRPSURPLVH�D�GULYHU¶V 

DELOLW\�WR�UHWDLQ�GLUHFWLRQDO�FRQWURO�RI�WKH�YHKLFOH� 

7KLV�VWXG\�DOVR�HVWDEOLVKHV�WKDW�DQWLORFN�EUDNH�V\VWHPV�LQFOXGH�FRPSURPLVHV�RI�VWRSSLQJ 

GLVWDQFH�YHUVXV�YHKLFXODU�VWDELOLW\���0RVW�DQWLORFN�EUDNH�V\VWHPV�PDLQWDLQ�YHKLFXODU�VWDELOLW\�ZKLOH 

EUDNLQJ�E\�PLQLPL]LQJ�H[FHVVLYH�\DZ���,Q�D�FXUYH��WKLV�VWDELOLW\�PD\�EH�FUHDWHG�E\�VDFULILFLQJ�WKH 

VKRUWHVW�DWWDLQDEOH�VWRSSLQJ�GLVWDQFH���:LWK�WKLV�VDLG��PRVW�WHVW�YHKLFOHV��RQO\�RQH�H[FHSWLRQ�ZDV 

REVHUYHG��ZHUH�VWRSSHG�LQ�VKRUWHU�GLVWDQFHV�ZLWK�$%6�WKDQ�ZLWK�$%6�GLVDEOHG�EHVW�HIIRUW�DWWHPSWV 

IRU�PDQHXYHUV�WKDW�LQYROYHG�EUDNLQJ�DQG�VWHHULQJ��RU�VWHHULQJ�DQG�EUDNLQJ����8QGHU�WKHVH�FRQGLWLRQV� 

$%6�SUHYHQWHG�ZKHHO�ORFNXS�DQG�PLQLPL]HG�\DZ�IRU�HDFK�RI�WKH�QLQH�YHKLFOHV� 

$V�GLVFXVVHG�LQ�WKH�VLQJOH�ODQH�FKDQJH�UHVXOWV��ILYH�RXW�RI�QLQH�YHKLFOHV�\DZHG�RXW�RI�FRQWURO 

IRU�DW�OHDVW�RQH�WHVW�UXQ�ZKHQ�WKH�GULYHU�VWHHUHG�WKHP�RQWR�WKH�ZHW�DVSKDOW�ZHW�HSR[\�VSOLW�PX�ODQH� 



�� 

+RZHYHU�� WKH� REMHFWLYH� RI� WKLV� PDQHXYHU� ZDV� WR� ORRN� IRU� WKH� SRVVLEOH� EUDNLQJ� SHUIRUPDQFH 

GHJUDGDWLRQ�RI�$%6�HTXLSSHG�YHKLFOHV�QHDU�WKH�OLPLW�RI�ODWHUDO�DGKHVLRQ���,I�WKH�PDQHXYHU�HQWUDQFH 

VSHHG�FDXVHG�D�YHKLFOH�WR�H[FHHG�LWV�ODWHUDO�URDGKROGLQJ�DELOLW\��H[FHVVLYH�\DZ�IROORZLQJ�WKH�GULYHU¶V 

VWHHULQJ�UHYHUVDO�ZRXOG�RFFXU���)RU�VRPH�UXQV��WKH�GULYHU�ZDV�XQDEOH�WR�UHJDLQ�FRQWURO�RI�WKH�YHKLFOH� 

DQG�WKH�YHKLFOH�ZRXOG�VSLQ�RXW���7KLV�LV�QRW�FRQVLGHUHG�WR�EH�DQ�$%6�GHILFLHQF\��DV�$%6�FDQQRW 

FUHDWH� ODWHUDO� IRUFH�� �$OWKRXJK�$%6� LV� GHVLJQHG� WR� UHGXFH� WKH� LQFLGHQFH� RI� VSLQRXWV�� LW� FDQQRW 

FRPSOHWHO\� SUHYHQW� WKHP�� � ([FHVVLYH� \DZ� DQG�RU� ORVV� RI� FRQWURO� UHVXOWV� VWLOO� RFFXUUHG� LI�� IRU� D 

SDUWLFXODU�UXQ��WKH�WHVW�GULYHU�VWHHUHG�VR�DV�WR�H[FHHG�WKH�OLPLW�RI�ODWHUDO�DGKHVLRQ��L�H���WKH�PDQHXYHU 

GHPDQGHG�PRUH�ODWHUDO�IULFWLRQ�IURP�WKH�YHKLFOH�WKDQ�LW�ZDV�DEOH�WR�GHOLYHU��ZLWK�RU�ZLWKRXW�$%6�� 

8QOLNH�PRVW�RI�WKH�RWKHU�PDQHXYHUV�XVHG�LQ�WKLV�SURJUDP��$%6�DVVLVWHG��EUDNLQJ�SHUIRUPDQFH 

LQ�WKH�VLQJOH�ODQH�FKDQJH�WHVW�ZDV�QRW�FRPSDUHG�ZLWK�GLVDEOHG�$%6�SHUIRUPDQFH���7KHUHIRUH�UHVXOWV 

IURP�WKLV�PDQHXYHU�FDQQRW�EH�XVHG�WR�GUDZ�FRQFOXVLRQV�DERXW�WKH�SHUIRUPDQFH�RI�$%6�YHUVXV�QRQ� 

$%6�HTXLSSHG�YHKLFOHV� 

,W�ZDV�QRW�WKH�LQWHQW�RI�WKLV�VWXG\�WR�FRPSDUH�LQGLYLGXDO�YHKLFOHV�RU�DQWLORFN�EUDNH�V\VWHPV 

WR�RQH�DQRWKHU���7KH�WHVW�PDWUL[�ZDV�GHVLJQHG�WR�H[DPLQH�WKH�LQIOXHQFH�$%6�KDV�RQ�D�JLYHQ�YHKLFOH¶V 

EUDNLQJ�SHUIRUPDQFH���,QGLYLGXDO�V\VWHP�FRPSDULVRQ�ZRXOG�KDYH�QHFHVVLWDWHG�PXOWLSOH�VDPSOHV�RI 

WHVW� YHKLFOHV� LGHQWLFDO� LQ� HYHU\� ZD\� EXW� $%6�� � (QYLURQPHQWDO� FRQGLWLRQV� DQG� WHVW� VXUIDFH 

WHPSHUDWXUHV�ZRXOG�DOVR�KDYH�EHHQ�UHTXLUHG�WR�EH�WLJKWO\�FRQWUROOHG��PRQLWRUHG��DQG�GRFXPHQWHG 

WKURXJKRXW�WKH�WHVWLQJ�WLPH�OLQH���'XH�WR�WKH�WLPH�UHTXLUHG�IRU�FRPSOHWH�LQVWUXPHQWDWLRQ�DQG�WKH 

QXPEHU�RI�YHKLFOHV�LQ�WKH�WHVW�IOHHW��VXFK�DQ�HYDOXDWLRQ�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH� 

7KH�UHVXOWV�RI�WKLV�VWXG\�DUH�LQ�DJUHHPHQW�ZLWK�SUHYLRXV�VWXGLHV�WKDW�KDYH�VKRZQ�WKDW�$%6 

LQFUHDVHV� VWHHULQJ� FRQWURO� DQG� RIWHQ� GHFUHDVHV� VWRSSLQJ� GLVWDQFH�� � 2YHUDOO� VWRSSLQJ� GLVWDQFH 

LPSURYHPHQWV��DFURVV�WKH�QLQH�YHKLFOH�WHVW�IOHHW��ZHUH�VHHQ�RQ�DOO�VXUIDFHV�H[FHSW�ORRVH�JUDYHO�DQG� 

XQGHU�WKH�OLJKWO\�ODGHQ�ORDGLQJ�FRQGLWLRQ��JUDVV���7HVWLQJ�VHHPV�WR�LQGLFDWH�WKH�LQFUHDVH�LQ�VLQJOH 

GULYHU�UXQ�RII�URDG�FUDVKHV�LV�QRW�GXH�WR�GHILFLHQFLHV�RI�$%6�KDUGZDUH���3UHOLPLQDU\�LQYHVWLJDWLRQ 

RI�1$66�&'6�FUDVK�UHSRUWV��7DVN���RI�1+76$¶V�/LJKW�9HKLFOH�$%6�5HVHDUFK�3URJUDP��VKRZV�WKDW 

FUDVKHV�RFFXU�PRVW�RIWHQ�RQ�GU\��SDYHG�URDGZD\V���7HVW�WUDFN�UHVXOWV��KRZHYHU��UHYHDOHG�WKDW�$%6 
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SHUIRUPDQFH�ZDV�JHQHUDOO\�VXSHULRU�WR�GLVDEOHG�$%6�SHUIRUPDQFH�RYHU�WKHVH�VXUIDFHV���7KH�YDU\LQJ 

EUDNH�SHGDO�FXHV�JHQHUDWHG�GXULQJ�DQ�$%6�DVVLVWHG�VWRS��REVHUYHG�GXULQJ�WHVWLQJ���DQG�WKH�SRVVLEOH 

ODFN�RI�GULYHU�IDPLOLDULW\�ZLWK�WKHP��GR�SURYLGH�VRPH�SRWHQWLDOO\�YDOXDEOH�LQVLJKW�LQWR�WKH�SUREOHP� 

KRZHYHU��DV�QRWHG�LQ�VHFWLRQ�����RI�WKLV�UHSRUW� 

,W�VKRXOG�EH�UHFRJQL]HG�WKDW�WKH�VSHHGV�XWLOL]HG�LQ�WKLV�VWXG\�GXULQJ�RII�URDG�VXUIDFH�WHVWLQJ 

ZHUH�TXLWH�ORZ���$QWLORFN�EUDNH�V\VWHP�SHUIRUPDQFH�RQ�WKHVH�VXUIDFHV�DW�HOHYDWHG�VSHHGV�PD\�UHYHDO 

GLIIHUHQW�UHVXOWV�WKDQ�WKRVH�SUHYLRXVO\�REVHUYHG���³1+76$¶V�/LJKW�9HKLFOH�$%6�5HVHDUFK�3URJUDP 

7DVN����7HVWLQJ�WKH�(IIHFWV�RI�$%6�:KHQ�3HUIRUPLQJ�5RDG�5HFRYHU\�0DQHXYHUV´�ZLOO�H[SORUH�WKLV 

K\SRWKHVLV�DQG�LQWURGXFH�WZR�QHZ�EUDNH�DQG�VWHHU�PDQHXYHUV� 

:H�EHOLHYH�WKLV�VWXG\�KDV�HVWDEOLVKHG�WKDW�$%6�EUDNLQJ�SHUIRUPDQFH�GHILFLHQFLHV�DUH�QRW 

UHVSRQVLEOH�IRU�WKH�DSSDUHQW�LQFUHDVH�LQ�$%6�HTXLSSHG��VLQJOH�YHKLFOH��UXQ�RII�WKH�URDG�FUDVKHV� 

1+76$¶V�/LJKW�9HKLFOH�$%6�5HVHDUFK�3URJUDP�ZLOO�FRQWLQXH�LWV�H[SORUDWLRQ�RI�DOO�SODXVLEOH�UHDVRQV 

DV�WR�ZK\�WKH�FUDVK�GDWD�VWXGLHV�GR�QRW�VKRZ�WKDW�$%6�LV�LPSURYLQJ�DXWRPRELOH�VDIHW\���7DVNV�� 

WKURXJK���DQG�7DVN���DUH�FXUUHQWO\�XQGHUZD\��DQG�WKH�UHVXOWV�ZLOO�EH�IRUWKFRPLQJ� 
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7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�/DUU\�-ROOLII�IRU�KLV�WHVW�GULYLQJ��/DUU\�$UPVWURQJ�IRU�YHKLFOH 

LQVWUXPHQWDWLRQ��'DYH�'DVKQHU�IRU�GDWD�SURFHVVLQJ��DQG�7KDG�*DUGQHU�IRU�GLDJUDP�UHQGHULQJ���7KHLU 

FRQWULEXWLRQV�WR�WKLV�VWXG\�DUH�JUHDWO\�DSSUHFLDWHG� 



�� 

�����5()(5(1&(6� 

��	 0DFKHU�� )UDQN� (�� � ³6DIHW\� LV� D� 6WDQGDUG�� 1RW� $Q� 2SWLRQ�´� 5HPDUNV� WR� $XWR� 3UHVV 
$VVRFLDWLRQ���'HWURLW��0,��1RYHPEHU���������� 

��	 &KDUOHV� )DUPHU�� $GULDQ� /XQG�� 5HEHFFD� 7UHPSHO�� (OLVVD� 5�� %UDYHU�� � ³)DWDO� &UDVKHV� RI 
3DVVHQJHU�9HKLFOHV�%HIRUH�DQG�$IWHU�$GGLQJ�$QWLORFN�%UDNH�6\VWHPV�´�$UOLQJWRQ��9$�� 
,QVXUDQFH�,QVWLWXWH�IRU�+LJKZD\�6DIHW\������ 

��	 (OOHQ�+HUW]�� -XGLWK�+LOWRQ��'HOPDV�-RKQVRQ�� � ³$Q�$QDO\VLV�RI� WKH�&UDVK�([SHULHQFH�RI 
3DVVHQJHU�&DUV�(TXLSSHG�ZLWK�$QWLORFN�%UDNLQJ�6\VWHPV�´�1+76$�7HFKQLFDO�5HSRUW��'27 
+6����������0D\������ 

��	 (YDQV��/HRQDUG���³$%6�DQG�5HODWLYH�&UDVK�5LVN�8QGHU�'LIIHUHQW�5RDGZD\��:HDWKHU��DQG 
2WKHU�&RQGLWLRQV�´�6$(�SDSHU����������:DUUHQGDOH��3$���6RFLHW\�RI�$XWRPRWLYH�(QJLQHHUV� 
����� 

��	 .DKDQH��&KDUOHV���³3UHOLPLQDU\�(YDOXDWLRQ�RI�WKH�(IIHFWLYHQHVV�RI�$QWLORFN�%UDNH�6\VWHPV 
IRU�3DVVHQJHU�&DUV�´�1+76$�7HFKQLFDO�5HSRUW��'27�+6����������'HFHPEHU������ 

��	 (G� +LOWQHU�� &KXFN� $UHKDUW�� DQG� 5LFKDUG� 5DGOLQVNL�� ³/LJKW� 9HKLFOH� $%6� 3HUIRUPDQFH 
(YDOXDWLRQ��3KDVH�,,�´�1+76$�)LQDO�5HSRUW��'27�+6����������0D\������ 

��	 (G� +LOWQHU�� &KXFN� $UHKDUW�� DQG� 5LFKDUG� 5DGOLQVNL�� ³/LJKW� 9HKLFOH� $%6� 3HUIRUPDQFH 
(YDOXDWLRQ�´�1+76$�)LQDO�5HSRUW��'27�+6����������'HFHPEHU������ 

��	 $PHULFDQ� 6RFLHW\� IRU� 7HVWLQJ� DQG� 0DWHULDOV�� � ³6WDQGDUG� 7HVW� 0HWKRG� IRU� 'HWHUPLQLQJ 
/RQJLWXGLQDO�3HDN�%UDNLQJ�&RHIILFLHQW�RI�3DYHG�6XUIDFHV�8VLQJ�D�6WDQGDUG�5HIHUHQFH�7HVW 
7LUH��6HFWLRQ����&RQVWUXFWLRQ��9RO���������5RDG�DQG�3DYLQJ�0DWHULDOV��9HKLFOH�3DYHPHQW 
6\VWHPV������� 

��	 $PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV���³6WDQGDUG�6SHFLILFDWLRQ�IRU�D�5DGLDO�6WDQGDUG 
5HIHUHQFH�7HVW�7LUH�´������$QQXDO�%RRN�RI�$670�6WDQGDUGV��6HFWLRQ����&RQVWUXFWLRQ��9RO� 
�������5RDG�DQG�3DYLQJ�0DWHULDOV��9HKLFOH�3DYHPHQW�6\VWHPV������� 

���	 $PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV���³6WDQGDUG�7HVW�0HWKRG�IRU�6NLG�5HVLVWDQFH�RI 
3DYHG�6XUIDFHV�8VLQJ�D�)XOO�6FDOH�7LUH�´������$QQXDO�%RRN�RI�$670�6WDQGDUGV��6HFWLRQ 
���&RQVWUXFWLRQ��9RO���������5RDG�DQG�3DYLQJ�0DWHULDOV��9HKLFOH�3DYHPHQW�6\VWHPV������� 

���	 $PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV���³6WDQGDUG�6SHFLILFDWLRQ�IRU�6WDQGDUG�5LE�7LUH 
IRU�3DYHPHQW�6NLG�5HVLVWDQFH�7HVWV�´������$QQXDO�%RRN�RI�$670�6WDQGDUGV��6HFWLRQ���� 
&RQVWUXFWLRQ��9RO���������5RDG�DQG�3DYLQJ�0DWHULDOV��9HKLFOH�3DYHPHQW�6\VWHPV������� 
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�����	 6RFLHW\� RI� $XWRPRWLYH� (QJLQHHUV�� ,QF�� ³6WRSSLQJ� 'LVWDQFH� 7HVW�3URFHGXUH��6$(�-��� 
6(3���´�������6$(�+DQGERRN��9RO�����3DUWV�DQG�&RPSRQHQWV������� 
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Table A1--Test Vehicle Stopping Distances (Lightly Laden) 

Vehicle 
A 

ABS On 
41.9 

Dry Concrete 
Full Pedal Best Effort 

n/a 50.6 

Wet Polished Concrete 
ABS On 

23.1 
Full Pedal Best Effort 

n/a 30.4 

Wet Asphalt (Straight Line) 
ABS On 

30.0 
Full Pedal Best Effort 

n/a 38.0 

Wet Jennite (Straight Line) 
ABS On 

53.9 
Full Pedal 

105.6 
Best Effort 

49.4 
ABS On 

12.2 

Grass 
Full Pedal Best Effort 

13.3 n/a 
ABS On Full Pedal Best Effort 

32.6 

Loose Gravel 

24.0 n/a 
B 44.1 n/a 50.1 23.0 n/a 26.0 31.1 n/a 41.6 55.9 98.3 71.7 13.9 10.9 n/a 29.9 21.1 n/a 
C 45.1 n/a 48.8 24.5 n/a 31.1 33.5 n/a 41.4 49.9 102.0 62.3 16.5 14.1 n/a 27.3 23.0 n/a 
D 41.9 n/a 44.6 22.8 n/a 28.4 31.1 n/a 31.7 58.8 117.0 77.6 13.7 12.7 n/a 31.3 23.3 n/a 
E 42.3 n/a 50.3 25.3 n/a 28.5 31.1 n/a 32.8 44.7 79.2 55.8 14.2 12.8 n/a 29.7 23.4 n/a 
F 43.9 n/a 46.9 25.2 n/a 33.0 34.2 n/a 36.8 53.0 93.6 61.0 13.0 12.6 n/a 27.8 22.4 n/a 
G 43.0 n/a 49.0 31.9 n/a 35.5 34.8 n/a 40.5 57.3 99.2 78.3 15.7 17.3 n/a 32.1 25.3 n/a 
H 47.9 n/a 48.6 30.0 n/a 34.9 33.2 n/a 31.7 52.1 96.5 68.1 18.2 16.8 n/a 33.9 25.7 n/a 
I 44.1 n/a 49.0 25.1 n/a 29.4 32.6 n/a 37.7 n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Vehicle 
Wet Asphalt/Wet Jennite Wet Jennite/Wet Asphalt Wet Asphalt/Wet Jennite/Wet Asphalt ABS Pad 0 ABS Pad 1 ABS Pad 2 

ABS On Full Pedal Best Effort ABS On Full Pedal Best Effort ABS On Full Pedal Best Effort ABS On Full Pedal Best Effort ABS On Full Pedal Best Effort ABS On Full Pedal Best Effort 
A 30.6 n/a n/a 32.0 n/a n/a 24.1 n/a n/a 19.4 20.5 n/a 21.5 21.9 n/a 21.2 22.3 n/a 
B 25.5 n/a n/a 22.6 n/a n/a 26.0 n/a n/a 19.4 22.2 n/a 21.5 22.5 n/a 21.6 23.0 n/a 
C 37.6 n/a n/a 27.1 n/a n/a 29.0 n/a n/a 20.8 22.3 n/a 22.4 23.8 n/a 22.9 24.4 n/a 
D 31.8 n/a n/a 28.1 n/a n/a 24.6 n/a n/a 19.1 20.1 n/a 20.8 22.9 n/a 21.6 22.9 n/a 
E 33.2 n/a n/a 25.2 n/a n/a 26.6 n/a n/a 20.3 21.6 n/a 23.4 25.1 n/a 24.1 25.1 n/a 
F 38.0 n/a n/a 25.4 n/a n/a 26.4 n/a n/a 20.2 23.9 n/a 23.2 25.8 n/a 24.2 28.5 n/a 
G 34.9 n/a n/a 30.0 n/a n/a 29.7 n/a n/a 22.2 23.8 n/a 23.7 25.4 n/a 24.6 25.1 n/a 
H 39.0 n/a n/a 29.0 n/a n/a 31.9 n/a n/a 23.5 23.5 n/a 25.3 25.9 n/a 26.4 27.2 n/a 
I n/a n/a n/a n/a n/a n/a 28.7 n/a n/a 21.2 24.0 n/a 23.8 25.6 n/a 23.9 26.2 n/a 

Vehicle 
A 

ABS On 
22.3 

ABS PAD 3 
Full Pedal Best Effort 

23.6 n/a 
ABS On 

21.3 

Split-mu 
Full Pedal Best Effort 

25.4 30.9 

Dry Asphalt (Curve) 
ABS On 

33.2 
Full Pedal Best Effort 

n/a 40.7 

Wet Jennite (Curve) 
ABS On 

61.3 
Full Pedal 

n/a 
Best Effort 

59.1 
ABS On 

35.5 

J-turn 
Full Pedal Best Effort 

n/a n/a 

Single Lane Change 
ABS On Full Pedal Best Effort 

42.6 n/a n/a 
B 22.8 23.6 n/a 19.6 21.9 35.8 35.1 n/a 41.7 58.5 n/a 75.7 39.8 n/a n/a 50.5 n/a n/a 
C 24.2 25.0 n/a 20.1 24.5 32.4 36.5 n/a 50.0 56.6 n/a 67.5 45.0 n/a n/a 53.3 n/a n/a 
D 22.1 22.4 n/a 18.9 25.8 29.3 30.9 n/a 38.3 56.8 n/a 75.9 34.6 n/a n/a 48.5 n/a n/a 
E 24.0 24.3 n/a 18.5 23.5 31.2 34.7 n/a 36.9 49.4 n/a 60.1 42.4 n/a n/a 46.2 n/a n/a 
F 25.8 28.8 n/a 22.2 35.2 32.7 36.5 n/a 43.0 51.5 n/a 70.8 46.8 n/a n/a 55.6 n/a n/a 
G 25.5 29.6 n/a 24.1 30.3 35.7 34.7 n/a 43.5 61.0 n/a 78.7 40.1 n/a n/a 56.4 n/a n/a 
H 28.0 27.5 n/a 33.0 25.5 57.6 36.5 n/a 39.4 48.0 n/a 62.4 44.3 n/a n/a 64.5 n/a n/a 
I n/a n/a n/a 27.0 23.9 34.0 52.8 n/a 43.1 n/a n/a n/a 43.3 n/a n/a n/a n/a n/a 

All stopping distances are given in meters. 



Table A2--Test Vehicle Stopping Distances (GVWR) 

Vehicle 
A 

ABS On 
48.2 

Dry Concrete 
Full Pedal Best Effort 

n/a 56.5 

Wet Polished Concrete 
ABS On 

25.7 
Full Pedal Best Effort 

n/a 32.1 

Wet Asphalt (Straight Line) 
ABS On 

33.3 
Full Pedal Best Effort 

n/a 39.7 

Wet Jennite (Straight Line) 
ABS On 

42.9 
Full Pedal 

61.7 
Best Effort 

54.3 
ABS On 

16.1 

Grass 
Full Pedal Best Effort 

20.1 n/a 
ABS On Full Pedal Best Effort 

29.8 

Loose Gravel 

22.9 n/a 
B 53.3 n/a 64.8 25.9 n/a 38.4 36.5 n/a 41.1 67.9 107.1 91.6 15.5 15.9 n/a 26.9 21.8 n/a 
C 46.7 n/a 52.4 24.0 n/a 27.4 34.3 n/a 42.6 49.0 94.5 67.5 15.5 16.5 n/a 29.7 26.4 n/a 
D 45.9 n/a 50.7 25.1 n/a 33.7 32.9 n/a 40.9 54.3 98.2 70.0 14.8 15.8 n/a 27.6 22.9 n/a 
E 48.5 n/a 53.6 27.1 n/a 33.1 35.1 n/a 40.7 51.9 71.1 65.2 17.7 19.1 n/a 30.0 24.7 n/a 
F 48.9 n/a 58.7 27.4 n/a 34.7 34.4 n/a 43.8 50.1 94.0 68.6 15.1 14.4 n/a 30.9 24.1 n/a 
G 43.6 n/a 52.9 30.0 n/a 36.8 36.1 n/a 45.6 54.0 77.6 74.2 17.6 18.0 n/a 33.3 25.9 n/a 
H 49.6 n/a 52.0 28.6 n/a 42.6 35.9 n/a 39.8 41.6 66.4 65.8 18.3 17.0 n/a 31.0 25.3 n/a 
I 48.0 n/a 55.6 25.4 n/a 34.9 36.5 n/a 47.1 59.8 103.4 86.3 23.2 33.1 n/a 34.1 25.5 n/a 

Vehicle 
Wet Asphalt/Wet Jennite Wet Jennite/Wet Asphalt Wet Asphalt/Wet Jennite/Wet Asphalt ABS Pad 0 ABS Pad 1 ABS Pad 2 

ABS On Full Pedal Best Effort ABS On Full Pedal Best Effort ABS On Full Pedal Best Effort ABS On Full Pedal Best Effort ABS On Full Pedal Best Effort ABS On Full Pedal Best Effort 
A 29.9 n/a n/a 28.4 n/a n/a 27.3 n/a n/a 20.8 23.7 n/a 22.1 24.7 n/a 22.3 24.7 n/a 
B 34.4 n/a n/a 25.7 n/a n/a 29.5 n/a n/a 21.8 25.9 n/a 23.6 27.1 n/a 22.9 27.1 n/a 
C 33.1 n/a n/a 26.3 n/a n/a 27.8 n/a n/a 21.8 25.1 n/a 22.9 25.9 n/a 23.1 25.1 n/a 
D 30.1 n/a n/a 27.2 n/a n/a 24.9 n/a n/a 20.4 23.4 n/a 23.5 25.1 n/a 22.0 24.0 n/a 
E 36.2 n/a n/a 27.4 n/a n/a 26.1 n/a n/a 21.8 24.2 n/a 23.6 26.2 n/a 24.3 26.4 n/a 
F 36.4 n/a n/a 27.0 n/a n/a 27.2 n/a n/a 23.2 26.3 n/a 25.0 27.9 n/a 24.7 28.6 n/a 
G 32.8 n/a n/a 28.1 n/a n/a 29.0 n/a n/a 21.9 25.1 n/a 21.9 26.4 n/a 24.1 28.9 n/a 
H 39.8 n/a n/a 29.8 n/a n/a 33.2 n/a n/a 23.2 25.7 n/a 26.5 29.7 n/a 26.6 29.6 n/a 
I 36.9 n/a n/a 30.7 n/a n/a 30.6 n/a n/a 22.9 24.1 n/a 24.0 24.8 n/a 23.9 26.1 n/a 

Vehicle 
A 

ABS On 
23.3 

ABS PAD 3 
Full Pedal Best Effort 

26.0 n/a 
ABS On 

20.5 

Split-mu 
Full Pedal Best Effort 

21.1 31.9 

Dry Asphalt (Curve) 
ABS On 

46.4 
Full Pedal Best Effort 

n/a 47.5 

Wet Jennite (Curve) 
ABS On 

48.2 
Full Pedal 

n/a 
Best Effort 

59.7 
ABS On 

35.8 

J-turn 
Full Pedal Best Effort 

n/a n/a 

Single Lane Change 
ABS On Full Pedal Best Effort 

40.2 n/a n/a 
B 25.7 26.9 n/a 19.0 25.0 37.7 37.5 n/a 45.8 59.8 n/a 89.5 43.0 n/a n/a 55.2 n/a n/a 
C 24.2 25.8 n/a 23.0 30.2 39.0 37.5 n/a 56.0 45.7 n/a 68.3 41.8 n/a n/a 60.5 n/a n/a 
D 22.6 25.2 n/a 20.5 21.7 32.4 32.5 n/a 48.1 46.5 n/a 65.1 35.9 n/a n/a 44.4 n/a n/a 
E 25.6 27.2 n/a 19.8 25.9 29.9 35.7 n/a 50.7 53.2 n/a 80.0 46.4 n/a n/a 45.5 n/a n/a 
F 27.6 29.3 n/a 23.6 35.1 30.9 38.4 n/a 52.0 51.6 n/a 74.0 40.6 n/a n/a 54.2 n/a n/a 
G 26.7 31.8 n/a 24.2 28.8 42.2 36.9 n/a 52.1 55.5 n/a 81.0 45.9 n/a n/a 57.8 n/a n/a 
H 29.1 30.2 n/a 36.8 31.6 73.5 42.1 n/a 49.7 49.0 n/a 79.0 49.0 n/a n/a 75.7 n/a n/a 
I n/a n/a n/a 24.4 24.2 35.6 58.9 n/a 52.9 42.5 n/a 93.4 64.5 n/a n/a 74.2 n/a n/a 

All stopping distances are given in meters. 



�� 

)LJXUH�$��� �6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG�RQ�GU\�FRQFUHWH���7HVW�YHKLFOHV�ZHUH 
OLJKWO\�  ODGHQ��  � 7HVW�  VSHHG�  ZDV  
���NP�K�����PSK�� 

)LJXUH�$����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ� ZHW� SROLVKHG� FRQFUHWH�� � 7HVW 
YHKLFOHV�ZHUH�OLJKWO\�ODGHQ���7HVW�VSHHG�ZDV 
���NP�K�����PSK�� 

)LJXUH�$��� �6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG�RQ�GU\�FRQFUHWH���7HVW�YHKLFOHV�ZHUH 
IXOO\�ODGHQ�WR�WKHLU�UHVSHFWLYH�*9:5V���7HVW 
VSHHG�ZDV����NP�K�����PSK�� 

)LJXUH�$����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ� ZHW� SROLVKHG� FRQFUHWH�� � 7HVW 
YHKLFOHV�ZHUH� IXOO\� ODGHQ� WR� WKHLU� UHVSHFWLYH 
*9:5V���7HVW�VSHHG�ZDV����NP�K�����PSK�� 
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Figure A5.  Straight line stopping distances
observed on wet asphalt.  Test vehicles were
lightly laden.  Test speed was 80 km/h
(50 mph).

Figure A6.  Straight line stopping distances
observed on wet asphalt.  Test vehicles were
fully laden to their respective GVWRs.  Test
speed was 80 km/h (50 mph).

Figure A8.  Straight line stopping distances
observed on wet Jennite.  Test vehicles were
fully laden to their respective GVWRs.  Test
speed was 64 km/h (40 mph).
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Figure A7.  Straight line stopping distances
observed on wet Jennite.  Test vehicles were lightly
laden.  Test  speed was 64 km/h
(40 mph).  Vehicle “I” braking performance was
not evaluated.
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Figure A10.  Straight line stopping distances
observed on grass.  Test vehicles were fully
laden to their respective GVWRs.  Test speed
was 40 km/h (25 mph).  Note: the grass was
very wet when the braking performance of
vehicle “I” was evaluated.

Figure A9.  Straight line stopping distances
observed on grass.  Test vehicles were lightly
laden.  Vehicle “I” braking performance was
not evaluated.  Test speed was 40 km/h
(25 mph).

Figure A12.  Straight line stopping distances
observed on loose gravel.  Test vehicles were
fully laden to their respective GVWRs.  Test
speed was 56 km/h (35 mph).  Note: the
gravel was wet when the braking performance
of vehicle “I” was evaluated.

Figure A11.  Straight line stopping distances
observed on loose gravel.  Test vehicles were
lightly laden.  Test speed was 56 km/h
(35 mph).  Vehicle “I ”  braking performance
was not evaluated.
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)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ� WKH� ZHW� DVSKDOW�ZHW� -HQQLWH 
WUDQVLWLRQ�VXUIDFH���7HVW�YHKLFOHV�ZHUH�OLJKWO\ 
ODGHQ���7HVW�VSHHG�ZDV����NP�K�����PSK��DW 
WKH� PDQHXYHU� HQWUDQFH� JDWH� DQG� ��� NP�K 
���� PSK�� DW� WKH� WUDQVLWLRQ�� � 9HKLFOH� ³,´ 
EUDNLQJ�SHUIRUPDQFH�ZDV�QRW�HYDOXDWHG� 

)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ� WKH� ZHW� -HQQLWH�ZHW� DVSKDOW 
WUDQVLWLRQ�VXUIDFH���7HVW�YHKLFOHV�ZHUH�OLJKWO\ 
ODGHQ���7HVW�VSHHG�ZDV����NP�K�����PSK��DW 
WKH� PDQHXYHU� HQWUDQFH� JDWH� DQG� ��� NP�K 
����PSK��DW�WKH�WUDQVLWLRQ��9HKLFOH�³,´�EUDNLQJ 
SHUIRUPDQFH�ZDV�QRW�HYDOXDWHG� 

)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ� WKH� ZHW� DVSKDOW�ZHW� -HQQLWH 
WUDQVLWLRQ� VXUIDFH�� � 7HVW� YHKLFOHV�ZHUH� IXOO\ 
ODGHQ� WR� WKHLU� *9:5V�� � 7HVW� VSHHG� ZDV 
���NP�K�����PSK��DW�WKH�PDQHXYHU�HQWUDQFH 
JDWH�DQG����NP�K�����PSK��DW�WKH�WUDQVLWLRQ� 

)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ� WKH� ZHW� -HQQLWH�ZHW� DVSKDOW 
WUDQVLWLRQ� VXUIDFH�� � 7HVW� YHKLFOHV�ZHUH� IXOO\ 
ODGHQ�WR�WKHLU�UHVSHFWLYH�*9:5V���7HVW�VSHHG 
ZDV� ��� NP�K� ���� PSK�� DW� WKH� PDQHXYHU 
HQWUDQFH� JDWH� DQG� ��� NP�K� ����PSK�� DW� WKH 
WUDQVLWLRQ� 
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)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ� WKH�ZHW� -HQQLWH�ZHW� HSR[\�ZHW 
DVSKDOW�WUDQVLWLRQ�VXUIDFH���7HVW�YHKLFOHV�ZHUH 
OLJKWO\� ODGHQ�� � 7HVW� VSHHG� ZDV� ��� NP�K 
����PSK��DW�WKH�PDQHXYHU�HQWUDQFH�JDWH�DQG 
���NP�K�����PSK��DW�WKH�WUDQVLWLRQ��1RWH��WKH 
HSR[\�VXUIDFH�ZDV�UHFRQGLWLRQHG�SULRU�WR�WKH 
EUDNH�SHUIRUPDQFH�HYDOXDWLRQ�RI�YHKLFOHV�³+´ 
DQG�³,´� 

)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ�$%6�7HVW� 3DG� ��� �ZHW��� � 7HVW 
YHKLFOHV�ZHUH�OLJKWO\�ODGHQ���7HVW�VSHHG�ZDV 
���NP�K�����PSK�. 

)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ� WKH�ZHW� -HQQLWH�ZHW� HSR[\�ZHW 
DVSKDOW�WUDQVLWLRQ�VXUIDFH���7HVW�YHKLFOHV�ZHUH 
IXOO\�ODGHQ�WR�WKHLU�UHVSHFWLYH�*9:5V���7HVW 
VSHHG�ZDV����NP�K�����PSK��DW�WKH�PDQHXYHU 
HQWUDQFH� JDWH� DQG� ��� NP�K� ����PSK�� DW� WKH 
WUDQVLWLRQ�� 1RWH�� WKH� HSR[\� VXUIDFH� ZDV 
UHFRQGLWLRQHG�SULRU�WR�WKH�EUDNH�SHUIRUPDQFH 
HYDOXDWLRQ�RI�YHKLFOHV�³+´�DQG�³,´� 

)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ�$%6�7HVW� 3DG� ��� �ZHW��� � 7HVW 
YHKLFOHV�ZHUH� IXOO\� ODGHQ� WR� WKHLU� UHVSHFWLYH 
*9:5V���7HVW�VSHHG�ZDV����NP�K�����PSK�� 
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)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ�$%6�7HVW� 3DG� ��� �ZHW��� � 7HVW 
YHKLFOHV�ZHUH�OLJKWO\�ODGHQ���7HVW�VSHHG�ZDV 
���NP�K�����PSK�� 

)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ�$%6�7HVW� 3DG� ��� �ZHW��� � 7HVW 
YHKLFOHV�ZHUH�OLJKWO\�ODGHQ���7HVW�VSHHG�ZDV 
���NP�K�����PSK�� 

)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ�$%6�7HVW� 3DG� ��� �ZHW��� � 7HVW 
YHKLFOHV�ZHUH� IXOO\� ODGHQ� WR� WKHLU� UHVSHFWLYH 
*9:5V���7HVW�VSHHG�ZDV����NP�K�����PSK�� 

)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ�$%6�7HVW� 3DG� ��� �ZHW��� � 7HVW 
YHKLFOHV�ZHUH� IXOO\� ODGHQ� WR� WKHLU� UHVSHFWLYH 
*9:5V���7HVW�VSHHG�ZDV����NP�K�����PSK�� 
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³,´� 

)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ�$%6�7HVW� 3DG� ��� �ZHW��� � 7HVW 
YHKLFOHV� ZHUH� OLJKWO\�� � � �  7HVW� VSHHG� ZDV 
��� NP�K� ���� PSK��� 9HKLFOH� ³,´� EUDNLQJ 
SHUIRUPDQFH�ZDV�QRW�HYDOXDWHG� 

)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG�RQ�WKH�ZHW�DVSKDOW�ZHW�HSR[\�VSOLW� 
PX�VXUIDFH���7HVW�YHKLFOHV�ZHUH�OLJKWO\�ODGHQ� 
7HVW�VSHHG�ZDV����NP�K�����PSK����1RWH��WKH 
HSR[\�VXUIDFH�ZDV�UHFRQGLWLRQHG�SULRU�WR�WKH 
EUDNH�SHUIRUPDQFH�HYDOXDWLRQ�RI�YHKLFOHV�³+´ 
DQG�³,´� 

)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG� RQ�$%6�7HVW� 3DG� ��� �ZHW��� � 7HVW 
YHKLFOHV�ZHUH� IXOO\� ODGHQ� WR� WKHLU� UHVSHFWLYH 
*9:5V�����7HVW�VSHHG�ZDV����NP�K�����PSK�� 
9HKLFOH� ³,´� EUDNLQJ� SHUIRUPDQFH� ZDV� QRW 
HYDOXDWHG� 

)LJXUH�$�����6WUDLJKW�OLQH�VWRSSLQJ�GLVWDQFHV 
REVHUYHG�RQ�WKH�ZHW�DVSKDOW�ZHW�HSR[\�VSOLW� 
PX�VXUIDFH���7HVW�YHKLFOHV�ZHUH�IXOO\�ODGHQ�WR 
WKHLU� UHVSHFWLYH� *9:5V�� � 7HVW� VSHHG� ZDV 
���NP�K�����PSK����1RWH��WKH�HSR[\�VXUIDFH 
ZDV� UHFRQGLWLRQHG� SULRU� WR� WKH� EUDNH 
SHUIRUPDQFH�HYDOXDWLRQ�RI�YHKLFOHV�³+´�DQG 
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)LJXUH�$�����6WRSSLQJ�GLVWDQFHV�REVHUYHG�RQ 
WKH������P������IW��UDGLXV�GU\�DVSKDOW�FXUYH� 
7HVW�YHKLFOHV�ZHUH�OLJKWO\�ODGHQ���7HVW�VSHHG 
ZDV����NP�K�����PSK�. 

)LJXUH�$�����6WRSSLQJ�GLVWDQFHV�REVHUYHG�RQ 
WKH�������P������IW��ZHW�-HQQLWH�FXUYH���7HVW 
YHKLFOHV�ZHUH�OLJKWO\�ODGHQ���7HVW�VSHHG�ZDV 
��� NP�K� ���� PSK�. 9HKLFOH� ³,´� EUDNLQJ 
SHUIRUPDQFH�ZDV�QRW�HYDOXDWHG� 

)LJXUH�$�����6WRSSLQJ�GLVWDQFHV�REVHUYHG�RQ 
WKH������P������IW��UDGLXV�GU\�DVSKDOW�FXUYH� 
7HVW� YHKLFOHV� ZHUH� IXOO\� ODGHQ� WR� WKHLU 
UHVSHFWLYH�*9:5V���7HVW�VSHHG�ZDV����NP�K 
����PSK�� 

)LJXUH�$�����6WRSSLQJ�GLVWDQFHV�REVHUYHG�RQ 
WKH�������P������IW��ZHW�-HQQLWH�FXUYH���7HVW 
YHKLFOHV�ZHUH� IXOO\� ODGHQ� WR� WKHLU� UHVSHFWLYH 
*9:5V���7HVW�VSHHG�ZDV����NP�K�����PSK�� 
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³,´� 

)LJXUH� $���� � -�WXUQ� VWRSSLQJ� GLVWDQFHV 
REVHUYHG�RQ�GU\�DVSKDOW���7HVW�YHKLFOHV�ZHUH 
OLJKWO\� ODGHQ�� � 7HVW� VSHHG� ZDV� ��� NP�K 
����PSK�� 

)LJXUH�$�����:HW�DVSKDOW�WR�ZHW�DVSKDOW�ZHW 
HSR[\�VSOLW�PX�VLQJOH�ODQH�FKDQJH��VWRSSLQJ 
GLVWDQFHV�� �7HVW�YHKLFOHV�ZHUH� OLJKWO\� ODGHQ� 
7HVW�VSHHG�ZDV����NP�K�����PSK����9HKLFOH 
³,´�EUDNLQJ�SHUIRUPDQFH�ZDV�QRW�HYDOXDWHG� 
1RWH�� WKH� HSR[\� VXUIDFH� ZDV� UHFRQGLWLRQHG 
SULRU�WR�WKH�EUDNH�SHUIRUPDQFH�HYDOXDWLRQ�RI 
YHKLFOH�³+´� 

)LJXUH� $���� � -�WXUQ� VWRSSLQJ� GLVWDQFHV 
REVHUYHG�RQ�GU\�DVSKDOW���7HVW�YHKLFOHV�ZHUH 
IXOO\�ODGHQ�WR�WKHLU�UHVSHFWLYH�*9:5V���7HVW 
VSHHG�ZDV����NP�K�����PSK�� 

)LJXUH�$�����:HW�DVSKDOW�WR�ZHW�DVSKDOW�ZHW 
HSR[\� VSOLW�PX� VLQJOH� ODQH� FKDQJH� VWRSSLQJ 
GLVWDQFHV���7HVW�YHKLFOHV�ZHUH�IXOO\�ODGHQ�WR 
WKHLU� UHVSHFWLYH� *9:5V�� � 7HVW� VSHHG� ZDV 
���NP�K�����PSK����1RWH��WKH�HSR[\�VXUIDFH 
ZDV� UHFRQGLWLRQHG� SULRU� WR� WKH� EUDNH 
SHUIRUPDQFH�HYDOXDWLRQ�RI�YHKLFOHV�³+´�DQG 


