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&RPSDULQJ�WKH�5REXVWQHVV�RI�326,;�2SHUDWLQJ�6\VWHPV

3KLOLS�.RRSPDQ�	�-RKQ�'H9DOH
'HSDUWPHQW�RI�(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ�	

,QVWLWXWH�IRU�&RPSOH[�(QJLQHHUHG�6\VWHPV
&DUQHJLH�0HOORQ�8QLYHUVLW\��3LWWVEXUJK��3HQQV\OYDQLD��86$

NRRSPDQ#FPX�HGX�����MGHYDOH#HFH�FPX�HGX

$EVWUDFW
&ULWLFDO� V\VWHP� GHVLJQHUV� DUH� WXUQLQJ� WR� RII�WKH�VKHOI

RSHUDWLQJ�V\VWHP��26�� VRIWZDUH� WR�UHGXFH�FRVWV�DQG� WLPH�
WR�PDUNHW�� � 8QIRUWXQDWHO\�� JHQHUDO�SXUSRVH� 26HV� GR� QRW
DOZD\V� UHVSRQG� WR� H[FHSWLRQDO� FRQGLWLRQV� UREXVWO\�� HLWKHU
DFFHSWLQJ� H[FHSWLRQDO� YDOXHV� ZLWKRXW� FRPSODLQW�� RU
VXIIHULQJ�DEQRUPDO� WDVN� WHUPLQDWLRQ�� �(YHQ� WKRXJK�GLUHFW
PHDVXUHPHQW� LV� LPSUDFWLFDO�� WKLV� SDSHU� XVHV� D� PXOWL�
YHUVLRQ� FRPSDULVRQ� WHFKQLTXH� WR� UHYHDO� D� ��� WR� ���
QRUPDOL]HG� UDWH� DW� ZKLFK� H[FHSWLRQDO� SDUDPHWHU� YDOXHV
FDXVH� QR� HUURU� UHSRUW� LQ� FRPPHUFLDO� 326,;� 26
LPSOHPHQWDWLRQV�� � $GGLWLRQDOO\�� ���� IXQFWLRQV� DFURVV� ��
26HV� DUH� FRPSDUHG� WR� UHYHDO� FRPPRQ� PRGH� UREXVWQHVV
IDLOXUHV���:KLOH�WKH�EHVW�VLQJOH�26�KDV�D�������UREXVWQHVV
IDLOXUH�UDWH�IRU�V\VWHP�FDOOV�������RI�IDLOXUHV�DUH�FRPPRQ
DFURVV� DOO� ��� 26HV� H[DPLQHG�� � +RZHYHU�� FRPELQLQJ� &
OLEUDU\� FDOOV� ZLWK� V\VWHP� FDOOV� LQFUHDVHV� WKHVH� UDWHV� WR
������IRU�WKH�EHVW�VLQJOH�26�DQG�������IRU�FRPPRQ�PRGH
IDLOXUHV�� � 7KHVH� UHVXOWV� VXJJHVW� WKDW� 26� LPSOHPHQWDWLRQV
DUH�QRW�FRPSOHWHO\�GLYHUVH��DQG�WKDW�&�OLEUDU\�IXQFWLRQV�DUH
ERWK�OHVV�GLYHUVH�DQG�OHVV�UREXVW�WKDQ�V\VWHP�FDOOV�

����,QWURGXFWLRQ

7KH� UREXVWQHVV� RI� WKH� RSHUDWLQJ� V\VWHP� �26�
$SSOLFDWLRQ� 3URJUDPPLQJ� ,QWHUIDFH� �$3,�� LV� EHFRPLQJ
LQFUHDVLQJO\� LPSRUWDQW�� � &RVW� DQG� WLPH�WR�PDUNHW
FRQVWUDLQWV�DUH�SUHVVXULQJ� HYHQ�FULWLFDO�V\VWHP�GHYHORSHUV
WR�XVH�RII�WKH�VKHOI�FRPPHUFLDO�26�VRIWZDUH���:KLOH�PDQ\
RI�WKHVH�26HV�DUH�JHQHUDOO\�FRQVLGHUHG�UREXVW��WKH�%DOOLVWD
WHVWLQJ� V\VWHP� � KDV� SURGXFHG� UHVXOWV� VKRZLQJ� WKDW
FRPPHUFLDO�26HV�KDYH�D�VLJQLILFDQW�UREXVWQHVV�IDLOXUH�UDWH
IRU� VLQJOH� SURFHGXUH� FDOOV� ZLWK� H[FHSWLRQDO� SDUDPHWHU
YDOXHV�DW�WKH�WDVN�OHYHO��DQG�HYHQ�D�IHZ�UHDGLO\�UHSURGXFLEOH
FDWDVWURSKLF�IDLOXUH�PRGHV�>��@�

7KLV� SDSHU� FRPSDUHV� WKH� UHVXOWV� RI� PXOWLSOH� 26
LPSOHPHQWDWLRQV� WR� LQFUHDVH� WKH� XQGHUVWDQGLQJ� RI� WKHLU
UREXVWQHVV� IDLOXUH� PRGHV� DQG�� LQ� SDUWLFXODU�� LQVWDQFHV� LQ
ZKLFK� WKH\� IDLO� WR� GHWHFW� H[FHSWLRQDO� LQSXW� SDUDPHWHU
YDOXHV�� �$GGLWLRQDOO\�� D� ODUJH� VHW� RI� WHVW� GDWD� RQ�PXOWLSOH

LPSOHPHQWLRQV�RI�WKH�VDPH�$3,�RIIHUV�D�XQLTXH�FKDQFH�WR
H[SORUH� WKH� LVVXH� RI� TXDQWLI\LQJ� ODUJH�VFDOH� VRIWZDUH
GLYHUVLW\��DOEHLW�RQO\�RI�H[FHSWLRQ�KDQGOLQJ�FKDUDFWHULVWLFV�

)LUVW�� D� PXOWL�YHUVLRQ� FRPSDULVRQ� RI� %DOOLVWD� WHVWLQJ
UHVXOWV� LV� XVHG� WR� LGHQWLI\� VR�FDOOHG� 6LOHQW� UREXVWQHVV
IDLOXUHV�LQ�ILIWHHQ�26HV���$�6LOHQW�IDLOXUH�LV�RQH�LQ�ZKLFK�D
IXQFWLRQ�FDOO�SURGXFHV�QR� LQGLFDWLRQ�RI�DQ�HUURU�ZKHQ�IHG
H[FHSWLRQDO� SDUDPHWHU� YDOXHV� ZKHQ�� LQ� IDFW�� VXFK� DQ
LQGLFDWLRQ� VKRXOG� EH� SURGXFHG� WR� LPSOHPHQW� UREXVW
EHKDYLRU�� � 7KHVH� IDLOXUHV� FDQQRW� RWKHUZLVH� EH� PHDVXUHG
ZLWKRXW� D� EHKDYLRUDO� VSHFLILFDWLRQ�� � $GGLWLRQDO� UHVXOWV
SUHVHQWHG�LQFOXGH�XVLQJ�D�VLPLODU�WHFKQLTXH�WR�³GLVWLOO´�QRQ�
H[FHSWLRQDO� WHVW� FDVHV� IURP� WKH� %DOOLVWD� FRPELQDWLRQDO
WHVWLQJ�DSSURDFK��DQG�D�OLVWLQJ�RI�WKH�GDWD�W\SHV�PRVW�RIWHQ
FRUUHODWHG�ZLWK�UREXVWQHVV�IDLOXUHV�

1H[W�� 1�ZD\� FRPSDULVRQV� RI� GLIIHUHQW� 26� UREXVWQHVV
WHVWLQJ�UHVXOWV�DUH�XVHG�WR�PHDVXUH�VRIWZDUH�GLYHUVLW\�IURP
WKH� SRLQW� RI� YLHZ� RI� UREXVW� H[FHSWLRQ� KDQGOLQJ�� � :KLOH
DFWXDOO\� LPSOHPHQWLQJ� D� V\VWHP� ZLWK� DQ� 1�YHUVLRQ� 26
VHHPV�LPSUDFWLFDO�� WKH�UHVXOWV�RI� WKLV�FRPSDULVRQ�JLYH� WKH
ILUVW�ODUJH�VFDOH�H[SHULPHQWDO�UHVXOWV�IRU�XQGHUVWDQGLQJ�WKH
OHYHO� RI� VRIWZDUH� GLYHUVLW\� WKDW� LV� OLNHO\� WR� EH� IRXQG� LQ
FRPPHUFLDO�SURGXFWV��DJDLQ��OLPLWHG�WR�H[FHSWLRQ�KDQGOLQJ
FKDUDFWHULVWLFV��� � 7KH� UHVXOWV� RI� FRPSDULQJ� WKLUWHHQ� 26
LPSOHPHQWDWLRQV� �WZR� 26HV� KDG� WR� EH� HOLPLQDWHG� WR
PD[LPL]H� XVDEOH� FRPSDULVRQ� GDWD�� VKRZ� WKDW� 26
LPSOHPHQWDWLRQV� DUH� QRW� HQWLUHO\� GLYHUVH�� DQG� WKDW� DQ
DVVXPSWLRQ� RI� IDLOXUH� LQGHSHQGHQFH� VHHPV� OHVV
XQUHDVRQDEOH� IRU� 26� V\VWHP� FDOOV� WKDQ� IRU� &� OLEUDU\
IXQFWLRQV��

����%DFNJURXQG

7KLV� SDSHU� WDNHV� FRQFHSWV� IURP� WKH� ILHOG� RI�1�YHUVLRQ
VRIWZDUH� IDXOW� WROHUDQFH� DQG� FRPELQHV� WKHP� ZLWK� UHVXOWV
IURP� D� VFDODEOH� UREXVWQHVV� WHVWLQJ� PHWKRGRORJ\�� � ,W� WKHQ
DVVHVVHV�26�UREXVWQHVV�IDLOXUHV�DQG�WKH� LQKHUHQW�GLYHUVLW\
RI� PXOWLSOH� YHUVLRQ� WHFKQLTXHV� RQ� RQH� W\SH� RI� ODUJH
VRIWZDUH�V\VWHP�

��WK�$QQXDO�,QWHUQDWLRQDO�6\PSRVLXP�RQ�)DXOW�7ROHUDQW�&RPSXWLQJ��������-XQH�������0DGLVRQ��:LVFRQVLQ�
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������1�YHUVLRQ�VRIWZDUH

1�YHUVLRQ�VRIWZDUH� LQYROYHV�XVLQJ�1�GLIIHUHQW�YHUVLRQV
RI� SURJUDPV� LPSOHPHQWLQJ� WKH� VDPH� VSHFLILFDWLRQ� IRU
EXLOGLQJ� UREXVW�� IDXOW�WROHUDQW� VRIWZDUH� >�@>�@�� �*HQHUDOO\
WKHVH� V\VWHPV� XVH� DQ� LGHD� VLPLODU� WR� 1�YHUVLRQ� PRGXODU
KDUGZDUH�UHGXQGDQF\��EDVLQJ�DFWLRQV�XSRQ�D�PDMRULW\�YRWH
WDNHQ� RI� VHYHUDO� VRIWZDUH� YHUVLRQV� WR� GHWHUPLQH� ZKLFK
RXWSXW� YDOXHV� DUH� FRUUHFW�� � 1XPHURXV� H[SHULPHQWV� KDYH
EHHQ�SHUIRUPHG�WR�VWXG\�1�YHUVLRQ�VRIWZDUH�HIIHFWLYHQHVV
LQ� VHYHUDO� PLVVLRQ� FULWLFDO� DUHDV�� PRVW� QRWDEO\� LQ� WKH
DHURVSDFH� LQGXVWU\� >�@>�@>��@�� � 9DULDWLRQV� RQ� WKLV� WKHPH
KDYH� EHHQ� VXFFHVVIXOO\� LPSOHPHQWHG� LQ� VDIHW\� FULWLFDO
LQGXVWULDO�V\VWHPV�VXFK�DV�WKH�$LUEXV�IOLJKW�FRQWURO�V\VWHP�
1$6$¶V�6SDFH�6KXWWOH��DQG�UDLOZD\�FRQWURO�V\VWHPV�

$V� DQ� H[DPSOH�� D� ODUJH� UHVHDUFK� HIIRUW� LQYROYLQJ� IDXOW
WROHUDQW� VRIWZDUH� FRQWUROV� IRU� D� 1$6$� DYLRQLFV� V\VWHP
LQYROYHG� ILYH� LQGHSHQGHQW� WHDPV� RI� GHYHORSHUV� FKRVHQ
IURP�YDULRXV�XQLYHUVLWLHV�>�@���7KH\�FDUHIXOO\�FRQVWUXFWHG�D
VSHFLILFDWLRQ�DQG�SHUIRUPHG�VHYHUDO�OHYHOV�RI�WHVWLQJ�RQ�WKH
GHYHORSLQJ� VRIWZDUH�� ZKLFK� XSRQ� FRPSOHWLRQ� DYHUDJHG
DSSUR[LPDWHO\������OLQHV�RI�3DVFDO�FRGH���'HWDLOHG�DQDO\VLV
ZDV�SHUIRUPHG�RQ� WKH�FROOHFWHG�GDWD� LQ� D� ODWHU� VWXG\��DQG
IRXQG� WKDW� OHVV� WKDQ� ���� RI� WKH� IDXOWV� GHWHFWHG� FRXOG� EH
FODVVLILHG�DV�VLPLODU>��@���)XUWKHU��WKH�VWXG\�FRQFOXGHG�WKDW
DIWHU�FHUWLILFDWLRQ�WHVWLQJ�WKLV�QXPEHU�GURSSHG�VLJQLILFDQWO\�
DQG�KDG�HOLPLQDWHG�DOO�VSHFLILFDWLRQ�IDXOWV�

$QRWKHU� VWXG\� VXJJHVWV� WKDW� DQ� DVVXPSWLRQ� RI� IDLOXUH
LQGHSHQGHQFH� EDVHG� RQ� GLYHUVLW\� PD\� QRW� EH� XQLYHUVDOO\
SRVVLEOH� � >�@>�@>��@�� EXW� WKHVH� UHVXOWV� DUH� FRQWURYHUVLDO
>�@>��@>��@���0RUH�LPSRUWDQWO\��VXFK�VWXGLHV�DUH�LQKHUHQWO\
OLPLWHG�E\�WKH�KLJK�FRVW�RI�VRIWZDUH�GHYHORSPHQW��PDNLQJ
LW� SURKLELWLYHO\� H[SHQVLYH� WR� FRQGXFW� IXOO�VFDOH�1�YHUVLRQ
VRIWZDUH�VWXGLHV�LQ�JHQHUDO���6R��LW� LV�UHDVRQDEOH�WR�DVN�DQ
DVVXPSWLRQ� RI� PXOWL�YHUVLRQ� GLYHUVLW\� VFDOHV� WR� V\VWHPV
KDYLQJ�D�PLOOLRQ��OLQHV�RI�FRGH��EXW�LQ�JHQHUDO�XQGHUWDNLQJ�D
SDUDOOHO� GHYHORSPHQW� HIIRUW� RI� WKDW� PDJQLWXGH� LV
LPSUDFWLFDO�

)RUWXQDWHO\�� WKHUH�DUH�D�VRPH�FRPPHUFLDOO\�GHYHORSHG�
IXOO�VL]H� V\VWHPV� EXLOW� WR� VWDQGDUG� $SSOLFDWLRQ
3URJUDPPLQJ� ,QWHUIDFHV� �$3,V��� � 7KHVH� V\VWHPV� FDQ� EH
WHVWHG� WR� GHWHUPLQH� WKH� UHODWLYH� LQGHSHQGHQFH� RI� IDLOXUHV�
7KH� SUREOHP�RI� HYDOXDWLQJ�PXOWLSOH� YHUVLRQ� HIIHFWLYHQHVV
FDQ�WKXV�EH�UHGXFHG�WR�RQH�RI�ILQGLQJ�D�WHVW�VXLWH�ZKLFK�LV
HFRQRPLFDO�WR�GHYHORS��DQG�\HW�KDV�QRW�DOUHDG\�EHHQ�XVHG
E\�VRIWZDUH�YHQGRUV� IRU�GHIHFW� UHPRYDO�� �7KLV�SDSHU�XVHV
VXFK� UHVXOWV� IRU� UREXVWQHVV� IDLOXUHV� IRXQG� E\� WKH� %DOOLVWD
UREXVWQHVV� WHVWLQJ� V\VWHP� DSSOLHG� WR� 326,;� >�@� 26
LPSOHPHQWDWLRQV�

������%DOOLVWD�WHVWLQJ�PHWKRGRORJ\

,Q� EULHI�� WKH� %DOOLVWD� WHVWLQJ� PHWKRGRORJ\� LQYROYHV

DXWRPDWLFDOO\�JHQHUDWLQJ�FRPELQDWLRQV�RI�H[FHSWLRQDO�DQG
YDOLG� SDUDPHWHU� YDOXHV� WR� EH� XVHG� LQ� FDOOLQJ� VRIWZDUH
PRGXOHV�� � 7KH� UHVXOWV� RI� WKHVH� FDOOV� DUH� H[DPLQHG� WR
GHWHUPLQH� ZKHWKHU� WKH� PRGXOH� GHWHFWHG� DQG� QRWLILHG� WKH
FDOOLQJ� SURJUDP� RI� DQ� HUURU�� WKH� WDVN� DEQRUPDOO\
WHUPLQDWHG�� WKH� WDVN� KXQJ�� RU� ZKHWKHU� WKH� HQWLUH� V\VWHP
FUDVKHG���$�GHWDLOHG�GLVFXVVLRQ�RI�WHVW�FDVH�JHQHUDWLRQ�FDQ
EH� IRXQG� LQ� D� SUHYLRXV� SDSHU� >��@�� EXW� WKH� JHQHUDO� WHVW
PHWKRGRORJ\�LV�VXPPDUL]HG�EHORZ�

%DOOLVWD�RSHUDWHV�DW�WKH�OHYHO�RI�VLQJOH�IXQFWLRQ�FDOOV�WR
FUHDWH� UHSHDWDEOH�� VLPSOH� WHVWV� WKDW� QRQHWKHOHVV� XQFRYHU
UREXVWQHVV� IDLOXUHV�� � ,Q� HDFK� WHVW� FDVH�� D� VLQJOH� VRIWZDUH
0RGXOH� XQGHU� 7HVW� �RU�0X7�� LV� FDOOHG� D� VLQJOH� WLPH� WR
GHWHUPLQH�ZKHWKHU�LW�LV�UREXVW�ZKHQ�FDOOHG�ZLWK�D�SDUWLFXODU
VHW� RI� SDUDPHWHU� YDOXHV�� �7KHVH� SDUDPHWHU� YDOXHV�� RU� WHVW
YDOXHV�� DUH� GUDZQ� IURP� SRROV� RI� QRUPDO� DQG� H[FHSWLRQDO
YDOXHV�EDVHG�RQ�WKH�GDWD�W\SH�RI�HDFK�DUJXPHQW�SDVVHG�WR
WKH�0X7���$�WHVW�FDVH�WKHUHIRUH�FRQVLVWV�RI�WKH�QDPH�RI�WKH
0X7� DQG� D� WXSOH� RI� WHVW� YDOXHV� WKDW� DUH� SDVVHG� DV
SDUDPHWHUV��L�H���D�WHVW�FDVH�LV�D�SURFHGXUH�FDOO�RI�WKH�IRUP�
0X7BQDPH�WHVWBYDOXH��� WHVWBYDOXH��� ����� �� �� � 7KXV�� WKH
JHQHUDO�DSSURDFK�WR�%DOOLVWD�WHVWLQJ�LV�WR�WHVW�WKH�UREXVWQHVV
RI�D�VLQJOH�FDOO�WR�D�0X7�IRU�D�VLQJOH�WXSOH�RI�WHVW�YDOXHV�
DQG�WKHQ�UHSHDW�WKLV�SURFHVV�IRU�PXOWLSOH�WHVW�FDVHV�WKDW�HDFK
KDYH�GLIIHUHQW�FRPELQDWLRQV�RI�ERWK�YDOLG�DQG�LQYDOLG�WHVW
YDOXHV�� �:KLOH� DFWXDO� WHVWV� DUH� SHUIRUPHG� LQ� EDWFKHV� IRU
HIILFLHQF\�� LQ� SUDFWLFH� YLUWXDOO\� DOO� WHVW� UHVXOWV� KDYH� EHHQ
IRXQG�WR�EH�UHSURGXFLEOH�LQ�LVRODWLRQ�

7KH� %DOOLVWD� WHVW� KDUQHVV� FDWHJRUL]HV� WKH� WHVW� UHVXOWV
DFFRUGLQJ�WR�WKH�&5$6+�VHYHULW\�VFDOH�>��@�
� &DWDVWURSKLF� IDLOXUHV� RFFXU� ZKHQ� WKH� HQWLUH� 26
EHFRPHV�FRUUXSWHG�RU� WKH�PDFKLQH�FUDVKHV�RU� UHERRWV�
,Q�RWKHU�ZRUGV��WKLV�LV�D�FRPSOHWH�V\VWHP�FUDVK�

� 5HVWDUW� IDLOXUHV� RFFXU�ZKHQ� D� IXQFWLRQ� FDOO� WR� DQ�26
IXQFWLRQ� QHYHU� UHWXUQV�� UHVXOWLQJ� LQ� D� WDVN� WKDW� KDV
�KXQJ��DQG�PXVW�EH�WHUPLQDWHG�E\�IRUFH�

� $ERUW�IDLOXUHV�WHQG�WR�EH�WKH�PRVW�SUHYDOHQW��DQG�UHVXOW
LQ� DEQRUPDO� WHUPLQDWLRQ� �D� �FRUH� GXPS��� RI� D� WDVN
FDXVHG�E\�D�VLJQDO�JHQHUDWHG�ZLWKLQ�WKH�0X7�

� 6LOHQW�IDLOXUHV�RFFXU�ZKHQ�DQ�26�UHWXUQV�QR�LQGLFDWLRQ
RI�HUURU�RQ�DQ�H[FHSWLRQDO�RSHUDWLRQ�ZKLFK�FOHDUO\�FDQ�
QRW�EH�SHUIRUPHG��IRU�H[DPSOH��ZULWLQJ�WR�D�UHDG�RQO\
ILOH���DQG�ZKLFK�VKRXOG�LQ�IDFW�SURGXFH�DQ�HUURU�UHSRUW
LQ�D�UREXVW�V\VWHP���7KLV�LV�QRW�WR�EH�FRQIXVHG�ZLWK�WKH
SUREOHP�RI�QRQ�GLDJQRVDEOH�H[SHULPHQWV�GXH�WR�OLPLWHG
REVHUYDELOLW\��EHFDXVH�WKH�HUURU�UHSRUWLQJ�PHFKDQLVP�LV
IXOO\�REVHUYDEOH��DQG�LV�REVHUYHG�WR�IDOVHO\�LQGLFDWH�³QR
HUURU´� �WKLV� LV� DQ� DSSOLFDWLRQ�FHQWULF� UDWKHU� WKDQ� 26�
FHQWULF�YLHZ��

� +LQGHULQJ�IDLOXUHV�RFFXU�ZKHQ�DQ�LQFRUUHFW�HUURU�FRGH
LV�UHWXUQHG�IURP�D�0X7��ZKLFK�FRXOG�PDNH�LW�PRUH�GLI�
ILFXOW�WR�H[HFXWH�DSSURSULDWH�HUURU�UHFRYHU\���7KHVH�IDLO�
XUHV�KDYH�EHHQ�REVHUYHG�LQ�SUDFWLFH��EXW�DUH�EH\RQG�WKH
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VFRSH�RI�WKLV�SDSHU�
7KHUH� DUH� WZR� DGGLWLRQDO� SRVVLEOH

RXWFRPHV�RI�H[HFXWLQJ�D� WHVW�FDVH�� �$
WHVW� FDVH� PLJKW� UHWXUQ� ZLWK� DQ� HUURU
FRGH� WKDW� LV� DSSURSULDWH� IRU� LQYDOLG
SDUDPHWHUV�IRUPLQJ�WKH�WHVW�FDVH���7KLV
LV�D�FDVH�LQ�ZKLFK�WKH�WHVW�FDVH�SDVVHV�±
LQ� RWKHU� ZRUGV�� JHQHUDWLQJ� DQ� HUURU
FRGH� LV� WKH� FRUUHFW� UHVSRQVH�
$GGLWLRQDOO\�� LQ� VRPH� WHVWV� WKH� 0X7
OHJLWLPDWHO\�UHWXUQV�QR�HUURU�FRGH�DQG
VXFFHVVIXOO\� FRPSOHWHV� WKH� GHVLUHG
RSHUDWLRQ�� � 7KLV� KDSSHQV� ZKHQ� WKH
SDUDPHWHUV� LQ� WKH� WHVW� FDVH� KDSSHQ� WR
EH� DOO� YDOLG� �D� QRQ�H[FHSWLRQDO� WHVW
FDVH��� RU� ZKHQ� LW� LV� XQUHDVRQDEOH� WR
H[SHFW�WKH�26�WR�GHWHFW�DQ�H[FHSWLRQDO
VLWXDWLRQ� �VXFK� DV� SRLQWLQJ� WR� DQ
LQYDOLG� DGGUHVV� LQ� WKH� VDPH� PHPRU\
SDJH�DV�D�YDOLG�DGGUHVV��

����26�WHVW�GDWD

)LIWHHQ� 26� LPSOHPHQWDWLRQV� IURP� WHQ� YHQGRUV� ZHUH
WHVWHG� ZLWK� %DOOLVWD�� \LHOGLQJ� D� WRWDO� RI� ���������� GDWD
SRLQWV�RQ�XS�WR�����VHOHFWHG�326,;�IXQFWLRQV�DQG�V\VWHP
FDOOV��PRVW�V\VWHPV�GLG�QRW�VXSSRUW�DOO�WHVWHG�FDOOV��DQG�WKXV
QRW� DOO� WHVWV�ZHUH� UXQ� RQ� HYHU\�26��� � 7KH� FRPSLOHUV� DQG
OLEUDULHV�XVHG�WR�JHQHUDWH�WKH�WHVW�VXLWH�ZHUH�WKRVH�SURYLGHG
E\� WKH� 26� YHQGRU�� � ,Q� WKH� FDVH� RI� )UHH%6'�� 1HW%6'�
/LQX[��DQG�/\Q[26��WKLV�PHDQW�WKDW�*18�&�YHUVLRQ��������
DQG�WKH�*18�&�OLEUDULHV�ZHUH�XVHG�WR�EXLOG�WKH�WHVW�VXLWH�
$�VXPPDU\�RI�UREXVWQHVV�IDLOXUH�UDWHV�LV�VKRZQ�LQ�)LJXUH���
LQ� ZKLFK� DQ� DYHUDJH� IDLOXUH� UDWH� LV� FRPSXWHG� E\
QRUPDOL]LQJ� WKH� IDLOXUH� UDWH� DV� D� SURSRUWLRQ� RI� IDLOHG� WHVW
FDVHV� IRU� HDFK� IXQFWLRQ�� DQG� WKHQ� WDNLQJ� D� XQLIRUPO\
ZHLJKWHG� DULWKPHWLF�PHDQ� DFURVV� DOO� VXSSRUWHG� IXQFWLRQV�
�)RU� D� SDUWLFXODU� DSSOLFDWLRQ�� D� ZHLJKWHG� PHDQ� SHU� DQ
RSHUDWLRQDO� SURILOH� PLJKW� EH� GHVLUDEOH�� EXW� WKH� UHVXOWV
SUHVHQWHG� KHUH� DUH� JHQHULF� IRU� WKH� $3,� UDWKHU� WKDQ� DQ\
SDUWLFXODU� V\VWHP��� � 7HVW� H[HFXWLRQ� WRRN� DSSUR[LPDWHO\
WKUHH�WR�HLJKW�KRXUV�SHU�V\VWHP�

7KHUH�ZHUH�VL[�IXQFWLRQ�26�SDLUV�WKDW�UHVXOWHG�LQ�HQWLUH
RSHUDWLQJ� V\VWHP� FUDVKHV� �HLWKHU� DXWRPDWLF� UHERRWV� RU
V\VWHP� KDQJV��� � $V� DQ� H[DPSOH� RI� WKHVH� &DWDVWURSKLF
IDLOXUHV�� ,UL[����� FUDVKHV� DQG� UHTXLUHV� D�PDQXDO� KDUGZDUH
UHVHW�ZKHQ�H[HFXWLQJ�WKH�FDOO�

PXQPDS�PDOORF������������0$;,17��
5HVWDUW�IDLOXUHV�ZHUH�UHODWLYHO\�VFDUFH��EXW�SUHVHQW�LQ�DOO

EXW�WZR�RSHUDWLQJ�V\VWHPV���$ERUW�IDLOXUHV�ZHUH�FRPPRQ�
LQGLFDWLQJ� WKDW� LQ� DOO� RSHUDWLQJ� V\VWHPV� LW� LV� UHODWLYHO\
VWUDLJKWIRUZDUG� WR� HOLFLW� D� FRUH� GXPS� IURP� DQ� LQVWUXFWLRQ
ZLWKLQ� D� IXQFWLRQ� RU� V\VWHP� FDOO�� � �$�FKHFN�ZDV�PDGH� WR

HQVXUH� WKDW� $ERUW� IDLOXUHV� ZHUH� QRW� GXH� WR� FRUUXSWLRQ� RI
VWDFN� YDOXHV� DQG� VXEVHTXHQW� FRUUXSWLRQ�PLVGLUHFWLRQ� RI
FDOOLQJ�SURJUDP�RSHUDWLRQ�

$� SDUWLFXODU� SRLQW� RI� LQWHUHVW� ZDV� WKDW� SUHYLRXVO\
UHSRUWHG� UHVXOWV�ZHUH� VXEMHFW� WR� FULWLFLVP� E\�26� YHQGRUV
EHFDXVH�LQ�VHYHUDO�FDVHV�WKH�ODWHVW�DYDLODEOH�26�YHUVLRQ�KDG
QRW� EHHQ� WHVWHG�� � +RZHYHU�� ZKHQ� D� QHZHU� YHUVLRQ� ZDV
WHVWHG� WKHUH� ZDV� QRW� QHFHVVDULO\� DQ� LPSURYHPHQW� LQ
UREXVWQHVV� �H�J��� IRU� +3�8;� DQG� 41;��� � $GGLWLRQDOO\�
)LJXUH� �� UHSRUWV� UHVXOWV� IRU� '81,;� ���%� ZLWK� QR
&DWDVWURSKLF� IDLOXUHV�� � +RZHYHU�� RQ� '81,;� ���'� D
FDWDVWURSKLF� IDLOXUH� VSUDQJ� LQWR� H[LVWHQFH� GXH� WR� DQ
DSSDUHQW�FKDQJH�LQ�WKH�DLRBUDZ�OLEUDU\�IRU�WKH�FDOO�
�PSURWHFW�PDOORF����������������������

7KHUH�DUH��KRZHYHU��VRPH�TXHVWLRQV�OHIW�XQDQVZHUHG�E\
WKH� GDWD� LQ� )LJXUH� ��� � )RU� H[DPSOH�� WKH� GHVLJQHUV� RI
)UHH%6'� KDYH� WROG� XV� WKDW� WKH\� LQWHQWLRQDOO\� JHQHUDWH
$ERUW�IDLOXUHV�DV�WKHLU�SUHIHUUHG�HUURU�UHSRUWLQJ�PHFKDQLVP�
DQG�VXJJHVWHG�LW�ZDV�SRVVLEOH�WKH\�ORRN�EDG�E\�FRPSDULVRQ
EHFDXVH� RWKHU� 26� LPSOHPHQWDWLRQV� PLJKW� LQVWHDG� VXIIHU
IURP�HOHYDWHG�OHYHOV�RI�6LOHQW�IDLOXUHV����7KH�PHULWV�RI�WKH
)UHH%6'� VWUDWHJ\� LQYROYH� D� GHEDWH� DERXW� WKH� GHVLUH� WR
PDNH�HUURUV�KLJKO\�YLVLEOH�GXULQJ�GHYHORSPHQW�YV��D�GHVLUH
WR�SHUIRUP�ILQH�JUDLQ�HUURU�UHFRYHU\�RQFH�DQ�DSSOLFDWLRQ�LV
ILHOGHG�� EXW� WKDW� LV� EH\RQG� WKH� VFRSH� RI� WKLV� GLVFXVVLRQ��
)RU�H[DPSOH��WKLV�PLJKW�PHDQ�WKDW�$,;�ORRNV�EHWWHU�WKDQ�LW
UHDOO\� LV�EHFDXVH�DGGUHVV��� LV� UHDGDEOH�ZLWKRXW�H[FHSWLRQ�
OHDGLQJ�WR�WKH�SRVVLELOLW\�RI�HOHYDWHG�6LOHQW�IDLOXUH�UDWHV�IRU
18//�SRLQWHU�GHUHIHUHQFLQJ���7KHUHIRUH��LW�ZDV�LPSRUWDQW
WR�GHWHUPLQH�6LOHQW�IDLOXUH�UDWHV�HYHQ�WKRXJK�WKH\�FRXOG�QRW
EH�GLUHFWO\�PHDVXUHG�

)LJXUH� ��� � 5DZ� UREXVWQHVV� WHVWV� RQ� ��� 326,;� RSHUDWLQJ� V\VWHPV� UHYHDO� D
VLJQLILFDQW�$ERUW�IDLOXUH�UDWH�DQG�VHYHUDO�&DWDVWURSKLF�IDLOXUHV�
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����'DWD�DQDO\VLV�YLD�PXOWL�YHUVLRQ�FRPSDULVRQ

7KH� VFDODELOLW\� RI� WKH�%DOOLVWD� WHVWLQJ� DSSURDFK� KLQJHV
RQ� QRW� QHHGLQJ� WR� NQRZ� WKH� IXQFWLRQDO� VSHFLILFDWLRQ� RI� D
0X7�� VR� WKDW� WKH� VDPH� FRPELQDWLRQV� RI� SDUDPHWHU� YDOXHV
FDQ�EH�XVHG�WR�WHVW�DQ\�IXQFWLRQ�WDNLQJ�D�JLYHQ�WXSOH�RI�GDWD
W\SHV���,Q�WKH�JHQHUDO�FDVH��WKLV�UHVXOWV�LQ�KDYLQJ�QR�ZD\�WR
GHDO�ZLWK�WHVWV�WKDW�SDVV�ZLWK�QR�LQGLFDWLRQ�RI�HUURU�±�WKH\
FRXOG� HLWKHU� EH� QRQ�H[FHSWLRQDO� WHVW� FDVHV� �LQ� ZKLFK� DOO
SDUDPHWHU� YDOXHV� IDOO�ZLWKLQ� QRUPDO�� H[SHFWHG� UDQJHV�� RU
6LOHQW�IDLOXUHV��GHSHQGLQJ�RQ�WKH�DFWXDO�IXQFWLRQDOLW\�RI�WKH
0X7���+RZHYHU��WKH�DYDLODELOLW\�RI�D�QXPEHU�RI�RSHUDWLQJ
V\VWHPV� ZLWK� D� VWDQGDUGL]HG� $3,� SHUPLWV� HVWLPDWLQJ� DQG
UHILQLQJ� UREXVWQHVV� IDLOXUH� UDWHV� XVLQJ� D� YDULDWLRQ� RI
PXOWLSOH�YHUVLRQ�VRIWZDUH�YRWLQJ�

7KHUH� KDYH� EHHQ� PDQ\� HIIRUWV� WR� GHILQH� DQG� HYDOXDWH
YDULRXV� PXOWLSOH� YHUVLRQ� YRWLQJ� DOJRULWKPV� DQG� VFKHPHV
�H�J��� � >�@>��@>��@��� � 0RVW� RI� WKHVH� IRFXV� RQ� UHVROYLQJ
SUREOHPV�ZLWK�WKH�H[LVWLQJ�VWDQGDUG�YRWLQJ�WHFKQLTXHV���2I
SDUWLFXODU�FRQFHUQ�LV�KRZ�VHSDUDWH�DOJRULWKPLF�DSSURDFKHV
PLJKW�LQGXFH�GLIIHUHQW�URXQG�RII�HUURUV��OHDGLQJ�WR�VHSDUDWH
FRUUHFW��EXW�GLIIHUHQW��DQVZHUV�

:KHQ� DSSO\LQJ� YRWLQJ� WHFKQLTXHV� WR� WKH� GRPDLQ� RI
VRIWZDUH� UREXVWQHVV�� ZH� EHQHILW� IURP� RXU� VWXGLHG
GLVLQWHUHVW� LQ� WKH� IXQFWLRQDO� FRUUHFWQHVV� RI� WKH� RXWSXW�
7KXV�� UREXVWQHVV� WHVWLQJ� UHVXOWV� DUH� RQO\� FRQFHUQHG� ZLWK
ZKHWKHU�SDUDPHWHU�YDOXHV�ZHUH�LQ�IDFW�H[FHSWLRQDO��ZKHWKHU
H[FHSWLRQDO�YDOXHV�ZHUH�GHWHFWHG��DQG�ZKHWKHU�DW�OHDVW�RQH
RI� 1� 26� YHUVLRQV� UHVSRQGHG� WR� H[FHSWLRQDO� YDOXHV
JUDFHIXOO\�� EXW� QRW� WR� ZKHWKHU� WKH� IXQFWLRQ� SHUIRUPHG� DV
VSHFLILHG� �ZKLFK� LV� REYLRXVO\� LPSRUWDQW�� EXW� LV� PRUH
SURSHUO\� WKH� VXEMHFW� RI� WUDGLWLRQDO
VRIWZDUH� WHVWLQJ��� � 7KXV�� IRU� RXU
SXUSRVHV��LW�VXIILFHV�LI�DW�OHDVW�RQH�RI
1� YHUVLRQV� SHUIRUPV� H[FHSWLRQ
GHWHFWLRQ� DQG� UHWXUQV� JUDFHIXOO\�� VR
ZH� XVH� D� RQH�RI�1� FRPSDULVRQ
VWUDWHJ\� UDWKHU� WKDQ� UHTXLULQJ� DQ�0�
RI�1� PDMRULW\� YRWLQJ� VFKHPH�� � )RU
H[DPSOH��LI�DQ\�26�YHUVLRQ�UHSRUWV�DQ
H[FHSWLRQ� FRQGLWLRQ�� LW� LV� DVVXPHG
WKDW�DOO�YHUVLRQV�VKRXOG�KDYH�GHWHFWHG
WKDW� H[FHSWLRQ� �IDOVH� DODUP� UDWHV� DUH
GLVFXVVHG�VKRUWO\��

������(OLPLQDWLRQ�RI�QRQ�H[FHS�
WLRQDO�WHVWV

%DOOLVWD� XVHV� FRPELQDWLRQV� RI
H[FHSWLRQDO� DQG� QRQ�H[FHSWLRQDO
SDUDPHWHU�YDOXHV�WR�GR�WHVWLQJ���3DUWO\
WKLV� LV� WR� DYRLG� FRUUHFW� GHWHFWLRQ� RI
H[FHSWLRQDO�YDOXHV�IRU�RQH�SDUDPHWHU

IURP� PDVNLQJ� H[FHSWLRQV� WKDW� PLJKW� RWKHUZLVH� JR� XQ�
QRWLFHG�RQ�RWKHU�SDUDPHWHUV���%XW��DOVR��SDUWO\�WKLV�LV�D�VLGH�
HIIHFW�RI� VFDODEOH� WHVWLQJ� LQ�ZKLFK�DOO� IXQFWLRQV�DUH� WHVWHG
ZLWK� SDUDPHWHU� YDOXHV� WKDW� PD\� EH� H[FHSWLRQDO� IRU� RQO\
VRPH�IXQFWLRQV��IRU�H[DPSOH��D�UHDG�RQO\�ILOH�LV�H[FHSWLRQDO
IRU�D�ZULWH�IXQFWLRQ��EXW�QRW�IRU�D�UHDG�IXQFWLRQ�WHVWHG�ZLWK
WKH�VDPH�SDUDPHWHU�YDOXHV��

1�ZD\� FRPSDULVRQV� ZHUH� XVHG� WR� LGHQWLI\� DQG� SUXQH
QRQ�H[FHSWLRQDO� WHVW� FDVHV� IURP� WKH� GDWD� VHW�� � 7KH
FRPSDULVRQV� DVVXPHG� WKDW� DQ\� WHVW� FDVH� LQ� ZKLFK� DOO
RSHUDWLQJ�V\VWHPV�UHWXUQHG�ZLWK�QR�LQGLFDWLRQ�RI�HUURU�ZHUH
LQ� IDFW� QRQ�H[FHSWLRQDO� WHVWV� �RU�� ZHUH� H[FHSWLRQDO� WHVWV
ZKLFK�FRXOG�QRW�UHDVRQDEO\�EH�H[SHFWHG�WR�EH�GHWHFWHG�RQ
FXUUHQW� FRPSXWHU� V\VWHPV��� � ,Q� DOO�� �������� QRQ�
H[FHSWLRQDO� WHVWV� ZHUH� UHPRYHG� DFURVV� DOO� ��� RSHUDWLQJ
V\VWHPV�� � )LJXUH� �� VKRZV� WKH� DGMXVWHG� IDLOXUH� UDWHV� DIWHU
UHPRYLQJ�QRQ�H[FHSWLRQDO�WHVWV�

+DQG� VDPSOLQJ� RI� VHYHUDO� GR]HQ� UHPRYHG� WHVW� FDVHV
LQGLFDWHG� WKDW� DOO� RI� WKHP� ZHUH� LQGHHG� QRQ�H[FHSWLRQDO�
WKXV�VXJJHVWLQJ�D�ORZ�UDWH�RI�IDOVH�VFUHHQLQJV���:KLOH�WKHUH
LV�WKH�SRVVLELOLW\�WKDW�H[FHSWLRQDO�WHVW�FDVHV�VOLSSHG�SDVVHG
WKLV�VFUHHQLQJ��LW�VHHPV�XQOLNHO\�WKDW�WKH�QXPEHU�LQYROYHG
ZRXOG�PDWHULDOO\�DIIHFW�WKH�UHVXOWV�

������$Q�HVWLPDWLRQ�RI�6LOHQW�IDLOXUH�UDWHV

2QFH� WKH� QRQ�H[FHSWLRQDO� WHVWV� ZHUH� UHPRYHG�� D
GLIIHUHQW� YDULDWLRQ� RQ� PXOWL�YHUVLRQ� VRIWZDUH� FRPSDULVRQ
ZDV�XVHG�WR�GHWHFW�6LOHQW�)DLOXUHV���7KH�KHXULVWLF�XVHG�ZDV
WKDW�LI�DW�OHDVW�RQH�26�UHWXUQV�DQ�HUURU�FRGH��WKHQ�DOO�RWKHU
RSHUDWLQJ� V\VWHPV� VKRXOG� HLWKHU� UHWXUQ� DQ� HUURU� FRGH� RU

)LJXUH���� �0XOWL�YHUVLRQ�FRPSDULVRQV�HOLPLQDWH�WKH�HIIHFWV� IURP�QRQ�H[FHSWLRQDO
WHVWV�DQG�SHUPLW�HVWLPDWLQJ�6LOHQW�IDLOXUH�UDWHV�

1RUPDOL]HG�)DLOXUH�5DWHV�IRU�����326,;�&DOOV�����
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VXIIHU�VRPH�IRUP�RI�UREXVWQHVV�IDLOXUH��W\SLFDOO\�DQ�$ERUW
IDLOXUH����$V�DQ�H[DPSOH��ZKHQ�DWWHPSWLQJ�WR�FRPSXWH�WKH
ORJDULWKP� RI� ]HUR�� $,;��+38;����� DQG� ERWK� YHUVLRQV� RI
41;� IDLOHG� WR� UHWXUQ� DQ� HUURU� FRGH�� ZKHUHDV� RWKHU
RSHUDWLQJ� V\VWHPV� WHVWHG� GLG� UHSRUW� DQ� HUURU� FRGH�� � 7KLV
LQGLFDWHG� WKDW� $,;�� +38;����� DQG� 41;� KDG� VXIIHUHG
6LOHQW�UREXVWQHVV�IDLOXUHV�

2I�FRXUVH�� WKH�KHXULVWLF�RI�GHWHFWLRQ�EDVHG�RQ�D� VLQJOH
26� UHSRUWLQJ� DQ� HUURU� FRGH� LV� QRW� D� FRPSOHWHO\� DFFXUDWH
PHFKDQLVP�� � 0DQXDO� UDQGRP� VDPSOLQJ� RI� VHYHUDO� GR]HQ
UHVXOWV� LQGLFDWHG� WKDW� DSSUR[LPDWHO\� ���� RI� GHWHFWHG� WHVW
FDVHV� ZHUH� DFWXDOO\� 6LOHQW� IDLOXUHV�� � 2I� WKH� ���� RI� WHVW
FDVHV�WKDW�ZHUH�IDOVH�DODUPV�
� ����ZHUH�GXH�WR�326,;�SHUPLWWLQJ�GLVFUHWLRQ� LQ�KRZ
WR� KDQGOH� DQ� H[FHSWLRQDO� VLWXDWLRQ�� � )RU� H[DPSOH�
PSURWHFW��� LV�SHUPLWWHG��EXW�QRW�UHTXLUHG�� WR�UHWXUQ
DQ�HUURU�LI�WKH�DGGUHVV�RI�PHPRU\�VSDFH�GRHV�QRW�IDOO�RQ
D�SDJH�ERXQGDU\�

� ����ZHUH�GXH� WR�EXJV�LQ�&�OLEUDU\�IORDWLQJ�SRLQW�URX�
WLQHV�UHWXUQLQJ�IDOVH�HUURU�FRGHV���)RU�H[DPSOH��,UL[����
UHWXUQV�DQ�HUURU�IRU�WDQ�������LQVWHDG�RI�WKH�FRUUHFW
UHVXOW�RI�������������7ZR�LQVWDQFHV�ZHUH�IRXQG�WKDW�DUH
OLNHO\�GXH�WR�RYHUIORZ�RI�LQWHUPHGLDWH�UHVXOWV����+38;
��UHWXUQV�DQ�HUURU�FRGH�IRU�IPRG�'%/B0$;�3,��DQG
41;������UHWXUQV�DQ�HUURU�IRU�OGH[S�H�����

� ���ZHUH�GXH�WR�D�ILOHV\VWHP�EXJ�LQ�41;�������ZKLFK
LQFRUUHFWO\�UHWXUQHG�HUURUV�IRU�ILOHQDPHV�KDYLQJ�HPEHG�
GHG�VSDFHV�

� 7KH�UHPDLQLQJ�����ZHUH�LQVWDQFHV�LQ�ZKLFK�LW�ZDV�QRW
REYLRXV� ZKHWKHU� DQ� HUURU� FRGH� FRXOG� UHDVRQDEO\� EH
UHTXLUHG�� WKLV� ZDV� PDLQO\� D� FRQFHUQ� ZKHQ� SDVVLQJ� D
SRLQWHU� WR� D� VWUXFWXUH� FRQWDLQLQJ� JDUEDJH� GDWD�� ZKHUH
VRPH�RSHUDWLQJ�V\VWHPV� �VXFK�DV�6XQ26��������DSSDU�
HQWO\�FKHFNHG�WKH�GDWD�IRU�YDOLGLW\��ZKLOH�RWKHUV�GLG�QRW�
&ODVVLI\LQJ� WKH� 6LOHQW� IDLOXUHV� VDPSOHG� UHYHDOHG� VRPH

DGGLWLRQDO�VRIWZDUH�GHIHFWV�WKDW�PDQLIHVWHG�LQ�XQXVXDO��EXW
VSHFLILHG�� VLWXDWLRQV�� � )RU� LQVWDQFH�� 326,;� UHTXLUHV�LQW
IGDWDV\QFK�LQW� ILOHGHV�� WR� UHWXUQ� WKH� (%$')
HUURU�LI�ILOHGHV� LV��QRW�YDOLG��DQG�LI�WKH�ILOH�LV�QRW�RSHQ
IRU�ZULWH�>�@���<HW�ZKHQ�WHVWHG��RQO\�RQH�RSHUDWLQJ�V\VWHP�
,UL[� ����� IROORZHG� WKH� VSHFLILFDWLRQ� FRUUHFWO\�� � $OO� RWKHU
RSHUDWLQJ�V\VWHPV�ZKLFK�VXSSRUWHG�WKH�IGDWDV\QFK�FDOO
GLG� QRW� LQGLFDWH� WKDW� DQ� HUURU� RFFXUUHG�� � 326,;� DOVR
VSHFLILFDOO\� DOORZV�ZULWHV� WR� ILOHV�SDVW�(2)�� UHTXLULQJ� WKH
ILOH� OHQJWK� WR� EH� XSGDWHG� WR� DOORZ� WKH�ZULWH� >�@�� KRZHYHU
RQO\� )UHH%6'�� /LQX[�� DQG� 6XQ26� ������ UHWXUQHG
VXFFHVVIXOO\�DIWHU�DQ�DWWHPSW�WR�ZULWH�GDWD�WR�D�ILOH�SDVW�LWV
(2)�� ZKLOH� HYHU\� RWKHU� LPSOHPHQWDWLRQ� UHWXUQHG�(%$')�
0DQXDO�FKHFNLQJ�RI� UDQGRP�VDPSOHV�RI�RSHUDWLQJ�V\VWHP
FDOOV� LQGLFDWHG� WKH� IDLOXUH� UDWHV� FDXVHG�E\� WKHVH�SUREOHPV
UDQJHG�IURP����WR����RYHUDOO�

$� VHFRQG�DSSURDFK�ZDV� DWWHPSWHG� IRU�GHWHFWLQJ�6LOHQW
IDLOXUHV� EDVHG� RQ� YRWLQJ� VXFFHVVIXO� UHWXUQV� DJDLQVW�$ERUW

IDLOXUHV� LQ� IXQFWLRQV� IRU� ZKLFK� QR� HUURU� FRGHV� ZHUH
UHWXUQHG���7R�RXU�VXUSULVH�WKLV�ZDV�RQO\�VRPHZKDW�HIIHFWLYH
DW�LGHQWLI\LQJ�6LOHQW�IDLOXUHV��EXW�GLG�WXUQ�RXW�WR�EH�D�IUXLWIXO
ZD\�WR�UHYHDO�VRIWZDUH�GHIHFWV���$�UHODWLYHO\�VPDOO�QXPEHU
���������RI�WHVW�FDVHV�JHQHUDWHG�DQ�$ERUW�IDLOXUH�IRU�VRPH
RSHUDWLQJ�V\VWHPV��EXW�VXFFHVVIXOO\�FRPSOHWHG�IRU�DOO�RWKHU
RSHUDWLQJ� V\VWHPV�� � $� UDQGRPO\� VDPSOHG� KDQG� DQDO\VLV
LQGLFDWHG� WKDW� WKLV� GHWHFWLRQ� PHFKDQLVP� ZDV� LQFRUUHFW
DSSUR[LPDWHO\�����RI�WKH�WLPH�

3DUW�RI�WKH�KLJK�IDOVH�DODUP�UDWH�IRU�WKLV�VHFRQG�DSSURDFK
ZDV�GXH�WR�GLIIHULQJ�RUGHUV�IRU�FKHFNLQJ�DUJXPHQWV�DPRQJ
WKH�YDULRXV�RSHUDWLQJ�V\VWHPV���)RU�H[DPSOH��ZULWLQJ�]HUR
E\WHV�IURP�D�18//�SRLQWHU�PHPRU\�ORFDWLRQ�PLJKW�$ERUW
LI� D� E\WH� LV� IHWFKHG� IURP� PHPRU\� EHIRUH� FKHFNLQJ
UHPDLQLQJ�OHQJWK�WR�WUDQVIHU��RU�UHWXUQ�VXFFHVVIXOO\�LI�OHQJWK
LV�FKHFNHG�EHIRUH�WRXFKLQJ�PHPRU\�

7KH�RWKHU�SDUW�RI�WKH�IDOVH�DODUP�UDWH�ZDV�DSSDUHQWO\�GXH
WR� SURJUDPPLQJ� HUURUV� LQ� IORDWLQJ� SRLQW� OLEUDULHV�� � )RU
LQVWDQFH�� )UHH%6'� VXIIHUHG� DQ� $ERUW� IDLOXUH� RQ� ERWK
IDEV�'%/B0$;��DQG�IDEV��'%/B0$;��

)LJXUH��� VKRZV� WKH� DJJUHJDWH� UHVXOWV� RI�6LOHQW� IDLOXUHV
IURP� PXOWLSOH� YHUVLRQ� FRPSDULVRQV� ZLWK� HUURU� FRGHV
�ZHLJKWHG� DW� ����� SOXV� 6LOHQW� IDLOXUHV� IURP� PXOWLSOH
YHUVLRQ�FRPSDULVRQV�ZLWK�RQO\�$ERUW�IDLOXUHV��ZHLJKWHG�DW
������ �7KHVH� UHVXOWV� DUH� REYLRXVO\� DSSUR[LPDWHG�� EXW� GR
LQGLFDWH�WKDW�6LOHQW�HUURUV�FDQ�EH�SUHYDOHQW���:LWK�UHVSHFW�WR
WKH�HDUOLHU�GLVFXVVLRQ�RI�SRWHQWLDO�$,;�6LOHQW�HUURUV��LW�ZDV
IRXQG� WKDW� HUURU� FKHFNLQJ� LQ� RWKHU� DUHDV� DSSDUHQWO\�PDGH
XS� IRU� ODFN� RI� HUURU� GHWHFWLRQ� RQ� 18//� SRLQWHU� UHDGV�
JLYLQJ� LW� D�6LOHQW� IDLOXUH� UDWH� FRPSDUDEOH� WR� VHYHUDO� RWKHU
V\VWHPV��LQFOXGLQJ�)UHH%6'�

����0XOWL�YHUVLRQ�FRPSDULVRQ�RI�26�GLYHUVLW\

$Q� DGGLWLRQDO� XVH� IRU� PXOWL�YHUVLRQ� FRPSDULVRQ
WHFKQLTXHV�LV�LQ�DWWHPSWLQJ�WR�TXDQWLI\�WKH�GLYHUVLW\�DPRQJ
26� LPSOHPHQWDWLRQV� ZLWK� UHVSHFW� WR� H[FHSWLRQ� KDQGOLQJ
UREXVWQHVV�� �$QDO\VLV� LQ� WKLV� VHFWLRQ�ZDV� SHUIRUPHG� RQ� D
VXEVHW�RI�WKH�UREXVWQHVV�WHVWLQJ�GDWD���������WHVWV�FDVHV�RQ
HDFK� RI� ��� RSHUDWLQJ� V\VWHPV�� IRU� D� WRWDO� RI� �������� WHVW
UHVXOWV� LQ� DOO�� � 7ZR�26HV� �41;� ����� DQG� ,UL[� ����� ZHUH
HOLPLQDWHG� EHFDXVH� WKH\� GLG� QRW� VXSSRUW� PDQ\� RI� WKH
IXQFWLRQV� VXSSRUWHG� E\� RWKHU� 26HV�� DQG� VLPLODUO\� PDQ\
IXQFWLRQV�ZHUH�HOLPLQDWHG�EHFDXVH�WKH\�ZHUH�VXSSRUWHG�E\
IHZ�26HV���7KH�VHOHFWHG�26HV�DQG�IXQFWLRQV�PD[LPL]H�WKH
QXPEHU�RI�XVDEOH� WHVW�FDVHV�FRQVWUDLQHG�E\�D�UHTXLUHPHQW
RI�HYHU\�WHVW�FDVH�EHLQJ�VXSSRUWHG�E\�DOO�26HV�XVHG�LQ�WKH
FRPSDULVRQV�

,Q�)LJXUH����WKH�KRUL]RQWDO�D[LV�LQGLFDWHV�WKH�YDOXH�RI�1
IRU� 1�ZD\� FRPSDULVRQV�� IURP� 1 �� �GDWD� SRLQWV� IRU� ��
SRVVLELOLWLHV��RQH�IRU�HDFK�VLQJOH�26��WKURXJK�LQWHUPHGLDWH
YDOXHV� VXFK� DV� �� �GHSLFWLQJ� DOO� FRPELQDWLRQV� RI� ���26HV
WDNHQ� �� DW� D� WLPH��� WR� D� VLQJOH� GDWD� SRLQW� IRU� ���ZD\�26
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FRPSDULVRQV�� � )RU� HDFK� YDOXH� RI�1� WKHUH� DUH� WZR� VHWV� RI
GDWD��WULDQJOHV�IRU�DOO�����FDOOV��DQG�FLUFOHV�IRU�WKH�VXEVHW�RI
���V\VWHP�FDOOV��H[FOXGLQJ�&�OLEUDU\�FDOOV����7KH�GDWD�SRLQWV
IRU�PRVW�YDOXHV�RI�1�EOHQG� WRJHWKHU��EXW� WKH�UHVXOW� LV�RQH
WKDW� VKRZV� WKH� VSDQ� RI� HIIHFWLYHQHVV� IRU� YDULRXV
FRPELQDWLRQV�� ZLWK� WKH� ORZHVW� SRLQW� EHLQJ� WKH� ORZHVW
SRVVLEOH� UREXVWQHVV� IDLOXUH� UDWH� IRU� WKH� EHVW� SRVVLEOH
K\SRWKHWLFDO�FRPELQDWLRQ�RI�1�26�YHUVLRQV�H[HFXWHG�EDFN�
WR�EDFN� �PD[LPXP� DYDLODEOH� GLYHUVLW\��� DQG� WKH� KLJKHVW
SRLQW� EHLQJ� WKH� ZRUVW� RQH� FRXOG� GR� E\� K\SRWKHWLFDOO\
SLFNLQJ�WKH�VHW�RI�1�26�YHUVLRQV�ZLWK�WKH�KLJKHVW�GHJUHH�RI
UREXVWQHVV�IDLOXUH�RYHUODS��PLQLPXP�DYDLODEOH�GLYHUVLW\��

7KXV��LQ�)LJXUH���WKH�KHLJKW�RI�DQ\�SDUWLFXODU�GDWD�SRLQW
PHDVXUHV�WKH�UREXVWQHVV�IDLOXUH�UDWH�QRW�GHWHFWHG�E\�DQ\�RI
WKH� 1� 26� LPSOHPHQWDWLRQV� IRU� WKDW� SRLQW�� � 7KH� VSDQ� RI
SRLQWV� IRU� D�SDUWLFXODU�1� YDOXH� LQGLFDWHV� WKH� GLIIHUHQFH� LQ
GLYHUVLW\� DPRQJ� FRPELQDWLRQV� �OHDVW� GLYHUVH� EHLQJ� WKH
KLJKHVW��� � 7KH� JHQHUDO� GLIIHUHQFH� EHWZHHQ� WULDQJOHV� DQG
FLUFOHV� LQGLFDWHV� GLIIHUHQFHV� EHWZHHQ� DJJUHJDWH� 326,;
FDOOV� DQG� D� V\VWHP�FDOO�RQO\� VXEVHW� RI� WKH� 326,;� $3,�
)LQDOO\��WKH�GRZQZDUG�WUHQG�LQ�IDLOXUH�UDWHV�DV�1�LQFUHDVHV
LQGLFDWHV�WKH�DGGLWLRQDO�GLYHUVLW\�DGGHG�E\�HDFK�DGGLWLRQDO
26� FRQVLGHUHG� LQ� D� SRRO� RI� 1� 26� LPSOHPHQWDWLRQV� �L�H��
UHPRYLQJ� DGGLWLRQDO� FRPPRQ� PRGH� IDLOXUHV� IRU� D
K\SRWKHWLFDO�FRPSRVLWH�H[FHSWLRQ�GHWHFWLRQ�V\VWHP��

)URP� )LJXUH� ��� RQH� FDQ� VHH� WKDW� V\VWHP� FDOOV� DUH
JHQHUDOO\� IDU�PRUH� UREXVW� WKDQ�&� OLEUDU\� FDOOV� �H[FHSW� IRU
WKH�1 ��SRLQW� IRU�41;������ DW� ������ UREXVWQHVV� IDLOXUH

UDWH��� HVSHFLDOO\� WDNLQJ� LQWR
DFFRXQW�WKDW�WKH�WULDQJOH�SRLQWV�DUH
IRU� DJJUHJDWH� EHKDYLRU� RI� ���
IXQFWLRQV� WKDW� DOVR� LQFOXGHV� WKH
GDWD�IRU�WKH����V\VWHP�FDOOV�

)RU� ERWK� &� OLEUDU\� IXQFWLRQV
DQG� V\VWHP� FDOOV� WKHUH� LV� D
VLJQLILFDQW� VSDQ� RI� UREXVWQHVV
IDLOXUH� UDWHV� XS� WKURXJK
PRGHUDWHO\� KLJK� YDOXHV� RI� 1�� DV
ZHOO� DV� D� QRWLFHDEOH� GHFUHDVH� LQ
WKH� ORZHVW� SRVVLEOH� UHVLGXDO
IDLOXUH� UDWH� IRU� LQFUHDVLQJ� 1�
7KHVH� WUHQGV� LQGLFDWH� WKDW� DQ
LQFUHDVLQJ� DPRXQW� RI� GLYHUVLW\� LQ
H[FHSWLRQ� KDQGOLQJ� UREXVWQHVV� LV
DYDLODEOH�IRU�LQFUHDVLQJ�1���2U��SXW
DQRWKHU� ZD\�� )LJXUH� �� VXJJHVWV
WKDW� FDUHIXO� VHOHFWLRQ� RI� 1� 26
LPSOHPHQWDWLRQV� UHGXFHV� WKH
FRPPRQ�PRGH�UREXVWQHVV�IDLOXUHV
REVHUYHG� DV� 1� LQFUHDVHV�
)XUWKHUPRUH�� ZKLFK� 1� 26
LPSOHPHQWDWLRQV� RQH� VHOHFWV
GUDPDWLFDOO\�DIIHFWV� WKH�GHJUHH�RI

FRPPRQ�PRGH�IDLOXUH�REVHUYHG�
7R�D�GHJUHH��RQH�PLJKW�H[SHFW�D�ZLGH�VSUHDG�RI�UHVLGXDO

IDLOXUH�UDWHV�GXH�WR�WKH�IDFW�WKDW�%6'�DQG�6\VWHP�9�8QL[
LPSOHPHQWDWLRQV� KDYH� VLJQLILFDQWO\� GLYHUJHG�� DQG� WKDW
/LQX[� ZDV� VSHFLILFDOO\� GHYHORSHG� IURP� VFUDWFK� WR� DYRLG
OLFHQVLQJ�HQWDQJOHPHQWV���,Q�IDFW��WKH�GDWD�IRU�V\VWHP�FDOOV
VXJJHVW� WKDW� D� KDOI�GR]HQ� LPSOHPHQWDWLRQV� KDYH� HYROYHG
VLJQLILFDQW�GLYHUVLW\�IURP�HDFK�RWKHU�ZLWK�UHVSHFW�WR�V\VWHP
FDOOV� �WKH�ERWWRP�PRVW� FLUFOH�GHFUHDVHV� LQ� UHVLGXDO� IDLOXUH
UDWH� VLJQLILFDQWO\� WKURXJK�DERXW�1 ���� �6LPLODUO\�� WKH� IDFW
WKDW� WKH� *18� &� OLEUDULHV� DQG� %6'�EDVHG� OLEUDULHV� ZHUH
LQGHSHQGHQWO\�GHYHORSHG�KHOSHG�SURYLGH�GLYHUVLW\�

+RZHYHU��WKH�SRWHQWLDO�EDG�QHZV�IURP�D�GLYHUVLW\�SRLQW
RI� YLHZ� LV� WKDW� QR� WZR�26� LPSOHPHQWDWLRQV� DSSURDFK� WKH
V\VWHP� FDOO� GLYHUVLW\� RI� DOO� ��� 26� LPSOHPHQWDWLRQV�
6XSSRVH� WKDW�RQH�ZHUH� WR��LQ� WKH�EHVW�FDVH��VHOHFW� WKH� WZR
PRVW� GLYHUVH� 26� LPSOHPHQWDWLRQV� �$,;� DQG� )UHH%6'�
ZKLFK� DOVR� DSSHDUHG� LQ� SHUVRQDO� FRUUHVSRQGHQFH� WR� KDYH
WKH�PRVW�H[WUHPH�YLHZV�DV�WR�ZKDW�FRQVWLWXWHG�UREXVWQHVV��
,I� RQH� ZHUH� WR� PDNH� WKDW� VHOHFWLRQ� ZLWK� WKH� LQWHQW� RI
DYRLGLQJ�DOO�FRPPRQ�PRGH�26�H[FHSWLRQ�KDQGOLQJ�IDLOXUHV
DPRQJ� PXOWLSOH� PDFKLQHV� UXQQLQJ� WKH� VDPH� DSSOLFDWLRQ
VRIWZDUH��RQH�ZRXOG�RQO\�DFKLHYH� D������FRPPRQ�PRGH
IDLOXUH�H[SRVXUH�IRU�V\VWHP�FDOOV�DQG�D�������H[SRVXUH�IRU
DOO� FDOOV� WHVWHG�� DVVXPLQJ� HTXDO� ZHLJKWLQJ� DPRQJ� DOO
IXQFWLRQV�� � $QG�� LI� RQH� ZHUH� WR� SLFN� DQ\� WZR� RWKHU� 26
LPSOHPHQWDWLRQV�� WKH� FRPPRQ� PRGH� IDLOXUH� H[SRVXUH
ZRXOG�EH�KLJKHU���6HOHFWLQJ�WKH�EHVW�IRXU�RU�ILYH�RU�VL[�26

)LJXUH���� �0XOWL�YHUVLRQ�FRPSDULVRQV�RI�DOO�FRPELQDWLRQV�RI�1�26� LPSOHPHQWDWLRQV
UHYHDO�ZLGH�YDULDWLRQV�LQ�UREXVWQHVV�IDLOXUH�UDWHV�DQG�H[FHSWLRQ�KDQGOLQJ�GLYHUVLW\�
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LPSOHPHQWDWLRQV� LPSURYHV� WKH� VLWXDWLRQ� WR� D� GHJUHH�� EXW
EHFRPHV�LQFUHDVLQJO\�LPSUDFWLFDO�LQ�D�UHDO�LQVWDOODWLRQ�

$Q� DGGLWLRQDO� FRQFOXVLRQ� IURP� )LJXUH� �� DQG� RWKHU
DQDO\VLV�ZH�KDYH�SHUIRUPHG�LV�WKDW�D�VLJQLILFDQW�IUDFWLRQ�RI
$ERUW� IDLOXUHV� FRPH� IURP�&� OLEUDU\� FDOOV�� DQG� WHQG� WR� EH
FRUUHODWHG� DPRQJ� 26� YHUVLRQV�� � 7KLV� LV� SHUKDSV� QRW� D
VXUSULVH� FRQVLGHULQJ� WKDW� WKHVH� FDOOV�� PRVW� QRWDEO\� WKH
VWULQJ� KDQGOLQJ� URXWLQHV�� DUH� QRWRULRXVO\� VXVFHSWLEOH� WR
PHPRU\�RYHU�UXQ�DQG�SRLQWHU�YDOXH�SUREOHPV��DQG�KDYH�DQ
$3,� GHILQLWLRQ� WKDW� GRHV� QRW� VSHFLILFDOO\� HQFRXUDJH
UREXVWQHVV�� �6LPLODUO\� LW� LV�QRW�XQUHDVRQDEOH� WR�FRQMHFWXUH
WKDW� &� OLEUDU\� FRGH� KDV� EHHQ� VKDUHG� DQG� UHGLVWULEXWHG
ODUJHO\�XQFKDQJHG��VLQFH�PRVW�26�YHQGRUV�FRQFHQWUDWH�RQ
SRUWLQJ� DQ� 26� WR� WKHLU� KDUGZDUH� DQG� RSWLPL]LQJ
SHUIRUPDQFH� RI� V\VWHP� FDOOV� UDWKHU� WKDQ� WKH� &� OLEUDU\
IXQFWLRQV�� � 1RQHWKHOHVV�� LI� RQH� ZHUH� WR� SUHVXPH� D� KLJK
GHJUHH� RI� LPSOHPHQWDWLRQ� GLYHUVLW\� VLPSO\� EHFDXVH� &
OLEUDULHV�ZHUH� �SUHVXPHG� WR� EH�� LQGHSHQGHQWO\� GHYHORSHG
DQG� FDPH� IURP� LQGHSHQGHQW� YHQGRUV�� RQH� ZRXOG� EH
PLVWDNHQ�IURP�DQ�H[FHSWLRQ�KDQGOLQJ�SHUVSHFWLYH�

������)UHTXHQW�VRXUFHV�RI�UREXVWQHVV�IDLOXUH

*LYHQ�WKDW�UREXVWQHVV�IDLOXUHV�DUH�SUHYDOHQW��ZKDW�PLJKW
EH� IL[HG� WR� LPSURYH� WKHP"� � 6RXUFH� FRGH� WR� PRVW� RI� WKH
RSHUDWLQJ� V\VWHPV� WHVWHG� ZDV� QRW� DYDLODEOH�� DQG� PDQXDO
H[DPLQDWLRQ� RI� DYDLODEOH� VRXUFH� FRGH� WR� VHDUFK� IRU� URRW
FDXVHV� RI� UREXVWQHVV� IDLOXUHV� LV� LPSUDFWLFDO� ZLWK� VXFK� D
ODUJH�VHW�RI�H[SHULPHQWDO�GDWD���7KHUHIRUH��WKH�EHVW�WKDW�FDQ
EH� SUHVHQWHG� LV� D� OLVW� RI� GDWD� YDOXHV� WKDW� DUH� KLJKO\
FRUUHODWHG�ZLWK�UREXVWQHVV�IDLOXUHV��7DEOH����DQG�IXQFWLRQV
WKDW� KDYH� KLJK� UREXVWQHVV� IDLOXUH� UDWHV� HYHQ� DIWHU� ���ZD\
IDLOXUH�GHWHFWLRQ�FRPSDULVRQV�DUH�DSSOLHG��7DEOH����

7DEOH���VKRZV�WKDW�18//�DQG�LQYDOLG�SRLQWHU�YDOXHV�DUH
WKH� PRVW� FRPPRQ� FDXVHV� RI� $ERUW� IDLOXUHV�� ZKLFK� LV
SUREDEO\� QR� JUHDW� VXUSULVH�� � +RZHYHU�� PLQLPXP� DQG
PD[LPXP� LQWHJHU� YDOXHV� DOVR� VHHP� WR� EH� FRUUHODWHG�ZLWK

UREXVWQHVV�IDLOXUHV��ZKLFK�ZDV�QRW�DQ�REYLRXV�RXWFRPH�
7DEOH� �� VKRZV� WKH� VLJMPS�ORQJMPS� SDLU� KLJK� RQ� WKH

UREXVWQHVV� IDLOXUH� UDWH� OLVW� IRU� ERWK� V\VWHP� FDOOV� DQG� &
OLEUDU\�FDOOV���1RWH�WKDW�7DEOH���GHDOV�ZLWK�UHVLGXDO�IDLOXUH
UDWHV�DIWHU�FRPSDULVRQV��DQG�VR�UHSUHVHQWV�IDLOXUHV� WKDW�QR
26�GHDOW�ZLWK�JUDFHIXOO\���%H\RQG�WKDW��VWULQJ�IXQFWLRQV�DQG
PDWK�IXQFWLRQV�DSSHDU�RQ�WKH�&�OLEUDU\�OLVW��EXW�DUH�QRW�WKH
RQO\�FXOSULWV�

����&RQFOXVLRQV

7KLV�SDSHU�GRFXPHQWV�WKH�XVH�RI�PXOWL�YHUVLRQ�VRIWZDUH
FRPSDULVRQ�WHFKQLTXHV�LQ�DQDO\]LQJ�D�VHW�RI�ODUJH��PDWXUH�
FRPPHUFLDOO\� DYDLODEOH� VRIWZDUH� V\VWHPV�� � ,Q� WHUPV� RI
UREXVWQHVV� DVVHVVPHQW�� WKH� PXOWL�YHUVLRQ� DSSURDFK
SHUPLWWHG�LGHQWLI\LQJ�6LOHQW�IDLOXUHV��IDLOXUH�WR�LQGLFDWH�WKH
RFFXUUDQFH� RI� DQ� H[FHSWLRQDO� FRQGLWLRQ� ZKHQ� RQH� FRXOG
KDYH�EHHQ�LQGLFDWHG��ZLWK�D�UHDVRQDEOH�GHJUHH�RI�DFFXUDF\�
EXW�ZLWKRXW�QHHG�WR�FUHDWH�IXQFWLRQDO�VSHFLILFDWLRQV�IRU�DOO
���� IXQFWLRQV� WHVWHG�� � 7KH� UHVXOW� ZDV� WKH� GLVFRYHU\� RI� D
QRUPDOL]HG�6LOHQW�UREXVWQHVV�IDLOXUH�UDWH�RI����WR�����IRU
VLQJOH�26�WHVWV���$GGLWLRQDOO\��D�PXOWL�YHUVLRQ�FRPSDULVRQ
DSSURDFK�SHUPLWWHG�VFUHHQLQJ�RXW�WKH�QRQ�H[FHSWLRQDO�WHVWV
JHQHUDWHG� E\� %DOOLVWD� UREXVWQHVV� WHVWLQJ�� � $Q� DGGLWLRQDO�
XQH[SHFWHG��UHVXOW�ZDV�ILQGLQJ�VRPH�EXJV��VRIWZDUH�GHIHFWV
ZLWK�UHVSHFW�WR�UHTXLUHG�326,;�IXQFWLRQDOLW\��RQ�326,;�
FHUWLILHG��FRPPHUFLDO�RSHUDWLQJ�V\VWHPV�

$� VHFRQG� DSSURDFK� WR� XVLQJ� PXOWL�YHUVLRQ� VRIWZDUH
FRPSDULVRQV� SURGXFHG� PHDVXUHPHQWV� RI� WKH� GLYHUVLW\� RI
326,;� RSHUDWLQJ� V\VWHPV�� � ,Q� SDUWLFXODU�� PHDVXUHPHQWV
ZHUH� PDGH� IRU� WKH� UHVLGXDO� UREXVWQHVV� IDLOXUH� UDWH� WKDW
ZRXOG�UHPDLQ�LI�RQH�ZHUH�WR��K\SRWKHWLFDOO\��FRPELQH�WKH

7DEOH����'DWD�W\SHV�PRVW�FRPPRQO\�DVVRFLDWHG�ZLWK�
DERUW�UREXVWQHVV�IDLOXUHV�IRU����RSHUDWLQJ�V\VWHPV�

'DWD�9DOXH
3HUFHQW�DVVRFLDWHG�ZLWK�

UREXVWQHVV�IDLOXUHV

,QYDOLG�ILOH�SRLQWHUV�
�H[FOXGLQJ�18//�

�����

18//�ILOH�SRLQWHUV �����

,QYDOLG�EXIIHU�SRLQWHUV�
�H[FOXGLQJ�18//�

�����

18//�EXIIHU�SRLQWHUV �����

0,1,17�LQWHJHUV �����

0$;,17�LQWHJHUV �����

7DEOH����)XQFWLRQV�ZLWK�KLJKHVW�UHVLGXDO�IDLOXUH�UDWHV�
DIWHU����ZD\�IDLOXUH�GHWHFWLRQ�YRWLQJ�

6\VWHP�&DOOV &�/LEUDU\�&DOOV

VLJORQJMPS ����� ORQJMPS ����

VLJVHWMPS ����� VWUFS\ ���

FWHUPLG ����� DWDQ �����

FORVHGLU ����� IUH[S �����

UHDGGLU ����� PRGI �����

JHWHQY ����� VHWMPS �����

JHWJUQDP ����� VSULQWI �����

JHWSZQDP ����� VWUIWLPH �����

JHWJUQDP ����� VWUQFDW �����

JHWFZG ����� VWUFDW �����

FUHDW ����� SULQWI ���

H[HFOS ����� VWUQFS\ �����

H[HFYS ����� IDEV �����

VLJDGGVHW ���� WDQ �����
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PRVW�JUDFHIXO�H[FHSWLRQ�KDQGOLQJ�DELOLWLHV�RI�HYHU\�RQH�RI
1� GLIIHUHQW� 26� LPSOHPHQWDWLRQV�� ZLWK� WKH� YDOXH� RI� 1
UDQJLQJ�IURP�RQH�WR�WKLUWHHQ���7KH�UHVXOWV�ZHUH�WKDW�WKH�FRUH
VHW� RI� ��� V\VWHP�FDOOV� WHVWHG�ZHUH�PRGHUDWHO\� UREXVW� DQG
GLYHUVH�� EXW� QRW� SHUIHFWO\� VR�� 7KLV� UHVXOW� VXJJHVWV� WKDW
V\VWHP�FDOOV�KDYH�D�UHDVRQDEOH� OHYHO�RI�VRIWZDUH�GLYHUVLW\
IRU� PXOWLSOH� YHUVLRQ� SXUSRVHV�� RU� DOWHUQDWHO\� WKDW� D
GHYHORSHU� FRPELQLQJ� WHFKQLTXHV� DOUHDG\� LQ� H[LVWLQJ� 26
LPSOHPHQWDWLRQV� LQWR�D�VLQJOH�26�PLJKW�SRVVLEO\��EDUULQJ
WHFKQLFDO�KXUGOHV�� LPSURYH� WKH� UREXVWQHVV� WKDW� VLQJOH�26�
+RZHYHU�� VHOHFWLQJ� DQ\� SDLU� RI� 26� LPSOHPHQWDWLRQV� GLG
QRW� VHHP� WR� UHVXOW� LQ� WKH� KLJKHVW� SRVVLEOH� GHJUHH� RI
LPSOHPHQWDWLRQ�GLYHUVLW\�

7KH� UHVXOWV� IRU� PXOWL�YHUVLRQ� DVVHVVPHQW� RI� &� OLEUDU\
FDOOV� ZHUH� OHVV� SURPLVLQJ�� � &� OLEUDU\� FDOOV� DSSHDU� WR� EH
VLJQLILFDQWO\�OHVV�UREXVW�RQ�DYHUDJH�WKDQ�26�V\VWHP�FDOOV�
DQG� DGGLWLRQDOO\� GR� QRW� DSSHDU� WR� EH� KLJKO\� GLYHUVH� LQ
LPSOHPHQWDWLRQ���7KLV�ILQGLQJ�PHDQV�WKDW�SUHVXPLQJ�WKDW�&
OLEUDU\� LPSOHPHQWDWLRQV� DUH� GLYHUVH� VLPSO\� EHFDXVH� WKH\
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