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$EEUHYLDWLRQV

$16, $PHULFDQ�1DWLRQDO�6WDQGDUGV�,QVWLWXWH

$6&,, $PHULFDQ�6WDQGDUG�&RGH�IRU�,QIRUPDWLRQ�,QWHUFKDQJH

$60( $PHULFDQ�6RFLHW\�RI�0HFKDQLFDO�(QJLQHHUV

&$' &RPSXWHU�$LGHG�'HVLJQ

&$0 &RPSXWHU�$LGHG�0DQXIDFWXULQJ

&&' &KDUJH�&RXSOHG�'HYLFH

&&: &RXQWHU�FORFNZLVH

&00 &R�RUGLQDWH�0HDVXULQJ�0DFKLQH

&: &ORFNZLVH

'�+ 'HQDYLW�+DUWHQEHUJ�QRWDWLRQ

'%% 'RXEOH�%DOO�%DU

',1 'HXWVFKHV�,QVWLWXW�I�U�1RUPXQJ��*HUPDQ\

',6 'UDIW�,QWHUQDWLRQDO�6WDQGDUG

'// '\QDPLF�/LQN�/LEUDU\

'0,6 'LPHQVLRQDO�0HDVXULQJ�,QWHUIDFH�6WDQGDUG

(79(� (QYLURQPHQWDO�7HPSHUDWXUH�9DULDWLRQ�(UURU

)($ )LQLWH�(OHPHQW�$QDO\VLV

)06 )OH[LEOH�0DQXIDFWXULQJ�6\VWHP

,62 ,QWHUQDWLRQDO�2UJDQLVDWLRQ�IRU�6WDQGDUGLVDWLRQ

/$1 /RFDO�$UHD�1HWZRUN

/%% /DVHU�%DOO�%DU

/6& /HDVW�6TXDUHV�&LUFOH

/9'7 /LQHDU�9DULDEOH�'LIIHUHQWLDO�7UDQVIRUPHU

0=& 0LQLPXP�=RQH�&LUFOH

1$6 1DWLRQDO�$HURVSDFH�6WDQGDUG��86$

1& 1XPHULFDO�&RQWUROOHU

�HTXDO�WR�&1&��&RPSXWHULVHG�1XPHULFDO�&RQWUROOHU�

185%6 1RQ�8QLIRUP�5DWLRQDO�%�6SOLQH

3/& 3URJUDPPDEOH�/RJLF�&RQWUROOHU

37% 3K\VLNDOLVFK�7HFKQLVFKH�%XQGHVDQVWDOW��*HUPDQ\

6)6 )LQQLVK�6WDQGDUGV�$VVRFLDWLRQ

787 7DPSHUH�8QLYHUVLW\�RI�7HFKQRORJ\��)LQODQG
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6\PEROV

DW $QJOH�RI�OLQH�W
EW $SSURDFK�DQJOH�RI�WKH�SRLQW�W
ML 3RVLWLRQ�DORQJ�WKH�OLQH

TL $QJOH�DW�D�PHDVXUHPHQW�SRLQW�L
$ 3URWRW\SH�PDWUL[

G (VWLPDWH�YHFWRU�RI�GHYLDWLRQ�W\SH�PDJQLWXGHV

GLUW 'LUHFWLRQ�RI�URWDWLRQ�^��LI�FRXQWHU�FORFNZLVH�_����LI�FORFNZLVH`

IW )HHGUDWH�RQ�WKH�IHDWXUH�W
L 0HDVXUHPHQW�SRLQW�QXPEHU

O[ 7KH�KDOI�RI�WKH�WRWDO�ZLGWK�RI�WKH�PHDVXUHPHQW�DORQJ�[�D[LV
P 0HDVXUHPHQW�GDWD�YHFWRU

SGHYLDWLRQBW\SH 3URWRW\SH�YHFWRU�RI�GHYLDWLRQ�W\SH
5W 5DGLXV�RI�WKH�FLUFOH�W
V 6WDQGDUG�GHYLDWLRQ

W )HDWXUH�QXPEHU

9 &RYDULDQFH�PDWUL[

[� &HQWUH�SRLQW�RI�WKH�PHDVXUHPHQW��WKH��
VW
�FRRUGLQDWH

[��W &HQWUH�SRLQW�RI�WKH�FLUFOH�W�RU�SRVLWLRQ�RI�WKH�SRLQW�W��WKH��VW�FRRUGLQDWH
[L 7KH��

VW
�FRRUGLQDWH�LQ�SRVLWLRQ�L

\� &HQWUH�SRLQW�RI�WKH�PHDVXUHPHQW��WKH��
QG
�FRRUGLQDWH

\��W &HQWUH�SRLQW�RI�WKH�FLUFOH�W�RU�SRVLWLRQ�RI�WKH�SRLQW�W��WKH��QG�FRRUGLQDWH
\L 7KH��

QG
�FRRUGLQDWH�LQ�SRVLWLRQ�L
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�� ,1752'8&7,21

���� *HQHUDO

7KH�DSSURDFK�RI� WKLV�ZRUN� LV� WR� UHSUHVHQW�D�QHZ�PHWKRG� IRU�DQDO\VLQJ�PDFKLQH� WRRO

PHDVXUHPHQWV��)LJXUH���VKRZV�D�EORFN�³([WHUQDO�JHRPHWU\�LQVSHFWLRQ´��ZKLFK�LV� WKH

DUHD� WKLV�SDSHU�FRQFHQWUDWHV�RQ��7KH� UHVXOWV�RI� WKH�ZRUN� DUH�GLVFORVHG�E\� WZR�ZD\V�

ERWK�DV�D�VRIWZDUH�SURJUDP�DQG�LQ�ZULWWHQ�IRUP�LQ�WKLV�WKHVLV�

+HUH��VRPH�PHDVXUHPHQW�PHWKRGV�DQG�JHQHUDO�DFFXUDF\�LVVXHV�DUH�SUHVHQWHG�LQ�D�OHYHO

WKDW� LV� VHHQ� WR� EH� UHOHYDQW� WR� WKH�ZKROH�ZRUN��$OVR� WKH�PRWLYDWLRQ� IRU� WKH� ZRUN� LV

EHLQJ�VWDWHG��2EMHFWLYHV�RI�WKH�SDSHU�DQG�UHVWULFWLRQV�DUH�GHVFULEHG�LQ�FKDSWHUV�����DQG

����

7KH� UHDGHU� PXVW� NQRZ� WKDW� D� JUHDW� HIIRUW� LV� SXW� ZRUOG�ZLGH� RQ� LPSURYHPHQW� RI

DFFXUDF\� RI�PDFKLQH� WRROV��0HFKDQLFDO�� HOHFWULFDO� DQG� VRIWZDUH� VROXWLRQV� DUH� EHLQJ

GHYHORSHG�WR�DFKLHYH�KLJKHU�DFFXUDF\��$�TXHVWLRQ�DULVHV��³:K\�DOO�WKLV�HIIRUW"´�7KLV

SDSHU� LV� QRW� JRLQJ� WR� JLYH� DQ� DQVZHU� WR� WKLV� TXHVWLRQ�� EXW� LW� WULHV� WR� SURPRWH

GHYHORSPHQW�LQ�WKLV�ILHOG�E\�RIIHULQJ�D�QHZ�HFRQRPLFDO�DQG�UREXVW�DQDO\VLV�PHWKRG�

0DFKLQH�WRRO��

�

$[HV�

�
'ULYHV�

�

&RQWUROOHU�

�

7HPSHUDWXUH�

PHDVXUHPHQW�

�

7RRO�ZHDU�

PHDVXUHPHQW�

�

([WHUQDO� JHRPHWU\�

LQVSHFWLRQ�

�

'HYLFH�

�
$QDO\VLV�

�

)LJXUH��� 4XDOLW\�IHHGEDFN�ORRSV�LQ�D�PDFKLQH�WRRO

���� 1HHGV

0DQXIDFWXULQJ�V\VWHPV�DUH�QRW�PRGHUQLVHG�QRU�HQKDQFHG��LI�WKHUH�DUH�QR�HFRQRPLFDO

EHQHILWV� WR� DFKLHYH�� 0RGHUQ� PHDVXULQJ�� DQDO\VLV� DQG� FRPSHQVDWLRQ� V\VWHPV� IRU

PDFKLQH� WRROV� FDQ� RIIHU� D� FRXSOH� RI� HQKDQFHPHQWV� WKDW� ZLOO� OHDG� HLWKHU� WR� ELJJHU

LQFRPH�RU�VPDOOHU�FRVWV��7KHVH�HIIHFWV�FDQ�EH�VHHQ�DW�D�FRPSDQ\�OHYHO�DQG�DW�D�OHYHO�RI

WKH�ZKROH�VRFLHW\�

������ 6\VWHP�DXWRPDWLRQ

,I� D� VSHFLDOLVW� FDUULHV� RXW� PDFKLQH� WRRO� PHDVXUHPHQWV�� DGYDQWDJHV� JDLQHG� ZLWK� DQ

DQDO\VLV� WRRO��DUH�QRW�FUXFLDO��$�VSHFLDOLVW� FDQ� LQ�PRVW�FDVHV� WXQH� D�PDFKLQH� WRRO�E\

URWH� ORRNLQJ� DW� WKH� PHDVXUHPHQW� UHVXOW� JUDSKV�� ,W� LV� JRRG� WR� QRWLFH� WKDW� QRW� DOO

VSHFLDOLVWV�LQWHUSUHW�UHVXOWV�WKH�VDPH�ZD\�DQG�WKXV�PHWKRGLFDOQHVV�LV�PLVVLQJ�
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+RZHYHU��LI�PDFKLQH�WRRO�PHDVXUHPHQWV�FDQ�EH�DXWRPDWHG�>FKDSWHU������@��DQ�DQDO\VLV

WRRO�EHFRPHV�HVVHQWLDO��7KH�ZKROH�IROORZ�XS�FKDLQ�FDQ�QRZ�ZRUN�DXWRQRPRXVO\��ERWK

PRQLWRULQJ�DQG�WXQLQJ�WKH�SURGXFWLRQ�V\VWHP�>FKDSWHU������@��:LWKRXW�DQ�DQDO\VLV�WRRO

WKH�VSHFLDOLVW� VKRXOG�DQDO\VH�HDFK�PHDVXUHPHQW�PDQXDOO\� DQG� WKHQ�VWRUH� WKH� UHVXOWV�

7KH�ZRUN�LV�H[WHQVLYHO\�PRQRWRQRXV��DQG�WKH�ULVN�IRU�KXPDQ�HUURUV�LV�JUHDW��$OVR�WKH

UHSHDWDELOLW\�RI�UHVXOWV�VXIIHUV�IURP�XQDYRLGDEOH�LQDFFXUDFLHV�RI�KXPDQ�LQWHUSUHWDWLRQ�

$XWRPDWLRQ� LV� D� WRRO�� XVHG� WR� DFKLHYH� KLJKHU� JRDOV� LQ� SURGXFWLRQ� V\VWHPV�� MXVW� OLNH

SURGXFWLYLW\�� XVDELOLW\� HWF�� )URP� WKH� SRLQW� RI� YLHZ� RI� DQDO\VLQJ� WKH� PDFKLQH� WRRO

PHDVXUHPHQWV�� DXWRPDWLRQ� LWVHOI� LV� D� JRDO��7KH� JHQHUDO� DGYDQWDJHV�� FODLPHG� ODWHU� LQ

WKLV�FKDSWHU��FDQ�EH�DFKLHYHG�E\�PHDQV�RI�DXWRPDWLRQ�

������ &RVWV�RI�GHVLJQ

0DQXIDFWXULQJ� IDFLOLWLHV� FDQ� JLYH� IHHGEDFN� WR� WKH� SURGXFW� GHVLJQ� GHSDUWPHQW�� 7KLV

JLYHV� WR� WKH� GHVLJQ� EHWWHU� NQRZOHGJH� RQ� SRVVLELOLWLHV� DQG� HTXLYDOHQW� FRVWV� RI� WKH

SURGXFWLRQ��:LWK�D�IUHTXHQW�PHDVXULQJ�WKLV�LQIRUPDWLRQ�FDQ�EH�XS�WR�GDWH�DQG�UHOLDEOH�

:KHQ�WKLV�LQIRUPDWLRQ�LV�DYDLODEOH�LQ�DQ�HDUO\�VWDJH�RI�GHVLJQ��LW�LV�SRVVLEOH�WR�VHOHFW

WKH� ULJKW� NLQG� RI� D� PDQXIDFWXULQJ� PHWKRG� DQG� D� URXWLQJ� IRU� JDLQLQJ� ERWK� DQ

HFRQRPLFDO�DQG�IOXHQW�PDQXIDFWXULQJ�SURFHVV�

0DFKLQH WRRO

,QVSHFWLRQ GHYLFH

$QDO\VLV

&DSDELOLW\

GDWDEDVH

'HVLJQ

GHSDUWPHQW

)LJXUH��� &DSDELOLW\�LQIRUPDWLRQ�IORZ�WR�WKH�GHVLJQ

7KH� IHHGEDFN� WR� WKH� GHVLJQ� UHTXLUHV� D� PHDVXULQJ� V\VWHP�� DQDO\VLV� DQG� QHWZRUN

GDWDEDVH�WKDW�FDQ�EH�XWLOLVHG�E\�GHVLJQ�WRROV��7KH�PHDVXUHPHQW�LQIRUPDWLRQ�KDV�WR�EH

VKRZQ� WR� WKH� GHVLJQHUV� LQ� WHUPV� RI� WKH� FDSDELOLW\� RI� D� PDQXIDFWXULQJ� SURFHVV� WR

SURGXFH�TXDOLW\�IRU�VSHFLILF�IHDWXUHV�>'RQPH]�����@��,Q�RWKHU�ZRUGV�D�GHVLJQHU�KDV�WR

EH�DEOH�WR�GUDZ�SDUWV�XVLQJ�WKH�IHDWXUHV�LQ�&$'��FRPSXWHU�DLGHG�GHVLJQ��DQG��DW� WKH

VDPH�WLPH�� WR�NQRZ�KRZ�DFFXUDWHO\� WKRVH� IHDWXUHV�FDQ�EH�PDQXIDFWXUHG�DQG�DW�ZKDW

FRVW�

������ (FRORJLFDO�DVSHFWV

+LJKHU�SURGXFWLRQ�DFFXUDF\��EHWWHU�VXUIDFH�TXDOLW\�DQG�ULJKW�ILWWLQJV�JLYH�D�ORQJHU�OLIH

WR� D� SURGXFW� DQG� DOVR� ORZHU� WKH� FRQVXPSWLRQ� RI� HQHUJ\�� )UHTXHQW� PDFKLQH� WRRO

PHDVXUHPHQWV�DQG�FRPSHQVDWLRQV�KHOS�WR�DFKLHYH�DOO�WKHVH�JRDOV��6KRUW�FRPSHQVDWLRQ

LQWHUYDOV�NHHS�GHYLDWLRQ�UDQJH�ORZ�DQG�NQRZQ�LQ�DGYDQFH�VR�WKDW�WKH�IXQFWLRQDOLW\�RI

GHYLFHV�� SURGXFHG� E\� WKRVH�PDFKLQHV�� LV� ZKDW� WKH� GHVLJQHU� KDG� RULJLQDOO\� SODQQHG�

$ELOLW\�WR�SURGXFH�SDUWV�RI�KLJKHU�DFFXUDF\�JLYHV�EHWWHU�HIILFLHQF\�LQ�JHQHUDO�
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%HFDXVH� WKH�PDQXIDFWXULQJ� SURFHVV� LV� EHWWHU� XQGHU� FRQWURO�� WKHUH� DUH� OHVV� GHIHFWLYH

SDUWV�DV�ZHOO�DV�OHVV�ZDVWH�DQG�OHVV�XVHOHVV�SRZHU�XS�WLPH�RI�PDFKLQHV��7KLV�HQKDQFHV

HFRORJLFDO�VLGH�RI�WKH�SURGXFWLRQ�LWVHOI�

������ *HQHUDO�SURGXFW�TXDOLW\�QHHGV

0DQ\�QHZ�SURGXFWV� KDYH� QRZ�EHHQ� GHVLJQHG�PRUH� DFFXUDWHO\� WKDQ� EHIRUH� DQG� WKXV

DOVR� UHTXLUH� D� PRUH� H[DFW� PDQXIDFWXULQJ� SURFHVV�� )UHTXHQW� PHDVXUHPHQWV� RI

PDQXIDFWXULQJ�WRROV�FDQ�JXDUDQWHH�WKH�FDSDELOLW\�RI�WKH�PDQXIDFWXULQJ�SURFHVV��:KHQ

PHDVXULQJ�LV�FRPELQHG�ZLWK�FRPSHQVDWLRQ�RI�PDFKLQH� WRROV��RQH�FDQ�DOVR�DFKLHYH�D

KLJKHU�HQG�TXDOLW\�RI�WKH�SURGXFWV�

7KHUHIRUH��FRPSHQVDWLRQ�DQG�PHDVXULQJ�KDYH�WZR�EHQHILWV��WKH\�DVVXUH�WKDW�WKH�UDQJH

RI� YDULDWLRQ� LV� VPDOO� DQG� SXW� WKH� DYHUDJH� OHYHO� RI� YDULDWLRQ� ORZHU�� 7KLV� PDNHV� WKH

PDQXIDFWXUHG�SURGXFWV�WR�ILW�ZLWK�LQ�D�JLYHQ�VSHFLILFDWLRQ�

+LJKHU�PDQXIDFWXULQJ�DFFXUDF\�PDNHV�LW�SRVVLEOH�WR�GHVLJQ�SURGXFWV�RI�KLJKHU�TXDOLW\

GHPDQGV�� 7KLV� DJDLQ� FDQ� RIIHU� ERWK� EHWWHU� IXQFWLRQV� DQG� KLJKHU� SHUIRUPDQFH� RI� WKH

HQG�SURGXFWV�

������ $YDLODELOLW\�RI�PDFKLQLQJ�FDSDFLW\

:H�FDQ�KDYH�WKUHH�VFHQDULRV��WKH�ILUVW�RQH�LV�WR�XVH�PDFKLQH�WRROV�ZLWKRXW�DQ\�RU�ZLWK

IHZ� LQVSHFWLRQV�� LQVSHFW� PDFKLQHV� RIWHQ� ZLWK� FRQYHQWLRQDO� PHWKRGV� RU� LQVSHFW

PDFKLQHV�RIWHQ�ZLWK�DQ�DXWRPDWLF�V\VWHP�

:KHQ�QR�LQVSHFWLRQV�DUH�GRQH��WKHUH�H[LVW�D�JUHDWHU�SRVVLELOLW\�RI�VXGGHQ�EUHDNGRZQV�

IDXOW\�SURGXFWV��DQG�XQVDWLVIDFWRU\�TXDOLW\��7KRVH�ZLOO�RFFXU�ZLWKRXW�DQ\�ZDUQLQJ�DQG

WKHQ� UHTXLUH� IDVW� DFWLRQV�� EXW� XQIRUWXQDWHO\�� LW� LV� QRW� DOZD\V� SRVVLEOH� WR� JHW� VHUYLFH

VWDII� DV� IDVW� DV� LW�ZRXOG� EH� GHVLUHG�� 7KLV�ZLOO� OHDG� WR� LQFUHDVHG�PDFKLQH� GRZQWLPH�

)UHTXHQW�LQVSHFWLRQV�ZLWK�FRQYHQWLRQDO�LQVSHFWLRQ�HTXLSPHQW�JXDUDQWHH�KLJK�SURGXFW

TXDOLW\�� EXW� LW� LV� H[SHQVLYH� LQ� WHUPV� RI� VHUYLFH� SHUVRQQHO� WLPH� DQG� GRZQWLPH� RI

PDFKLQH�WRROV�

$XWRPDWLF�LQVSHFWLRQ�SURFHGXUH�FDQ�SHUIRUP�FKHFNV�ZKHQ�LW� LV�PRUH�FRQYHQLHQW��IRU

H[DPSOH� WKH� VPDOO� KRXUV� RI� HYHU\� ILIWK� GD\�� 7KH� LQVSHFWLRQ� WLPHV� FDQ� EH� VFKHGXOHG

DFFRUGLQJ�WR�WKH�SURGXFWLRQ�TXHXH��DQG�WKH�LQVSHFWLRQ�WLPH�LWVHOI� LV�VKRUWHU� WKDQ�RI�D

FRQYHQWLRQDO� LQVSHFWLRQ�� %XW� DJDLQ�� IUHTXHQW� WHVWV� JXDUDQWHH� TXDOLW\� FDSDELOLW\� RI

PDFKLQH�WRROV�

������ 4XDOLW\�V\VWHPV

4XDOLW\� V\VWHPV� UHTXLUH� WKDW� DW� OHDVW� WKH� DFWLRQV� RI� WKH� SURGXFWLRQ� GHSDUWPHQW� DUH

GRFXPHQWHG��$OVR�WKH�KLVWRU\�RI�D�VLQJOH�SURGXFW�PXVW�EH�WUDFHDEOH�LQ�VRPH�ILHOGV�OLNH

DYLDWLRQ�LQGXVWU\��7KH�IROORZ�XS�RI�PDFKLQH�WRROV�LV�QRW�XVXDOO\�GLUHFWO\�UHTXLUHG�LQ�D

TXDOLW\�V\VWHP��%XW�IURP�WKH�SRLQW�RI�YLHZ�RI�WKH�SURGXFW�TXDOLW\�DQG�WKH�JHQHUDO�OHYHO

RI�DFWLYLWLHV��UHJXODU�IROORZ�XS�RI�PDFKLQH�WRROV�ILWV�YHU\�ZHOO�LQ�TXDOLW\�V\VWHPV�DQG�LW

VXSSRUWV� RWKHU� DFWLRQV�� WKDW� H[LVW� WKHUH� DOUHDG\� QRZ�� ,QGHHG�� ,62����� UHTXLUHV� WKDW

³PRQLWRULQJ� DQG� FRQWURO� RI� VXLWDEOH� SURFHVV� SDUDPHWHUV� DQG� SURGXFW� FKDUDFWHULVWLFV´

VKDOO�EH�FRQWUROOHG�>6)6�(1�,62�����������G@�

:KHQ�D�IROORZ�XS�RI�PDFKLQH�WRROV�LV�GHWHUPLQHG�WR�EH�D�SDUW�RI�D�TXDOLW\�V\VWHP��DQ

DXWRPDWLF�LQVSHFWLRQ�DQG�DQDO\VLV�V\VWHP�FDQ�IXOILO�WKRVH�UHTXLUHPHQWV��)ROORZ�XS�DQG

WUDFHDELOLW\�DUH�LPSRUWDQW�IRU�D�TXDOLW\�V\VWHP��7KH�TXDOLW\�V\VWHP�UHTXLUHV�WKDW�HDFK
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PHDVXUHPHQW�DQG�FRPSHQVDWLRQ�DFWLRQ�PXVW�EH�UHFRUGHG�LQ�D�GDWDEDVH�>6)6�(1�,62

�����������DQG�������@��7KLV�RIIHUV�LQIRUPDWLRQ�IRU�RWKHU�V\VWHPV�DQG�DFWV�DW�WKH�VDPH

WLPH�DV�D�UHSRUWHU�RI�WKH�TXDOLW\�V\VWHP�

���� $FFXUDF\�RI�PDFKLQH�WRROV

7KH� DFFXUDF\� RI� D� PDFKLQH� WRRO� LV� EDVHG� RQ� LWV� IRXQGDWLRQ�� IUDPH�� VOLGHV�� GULYLQJ

V\VWHP� DQG� FRQWUROOHU�� (DFK� FRPSRQHQW� FDXVH� LWV� RZQ� NLQG� RI� GHYLDWLRQV� LQ� WKH

UHDOLVHG�PRWLRQ�RI�D�PDFKLQH��0HDVXUHPHQW�RI�DFFXUDF\�LV�VLJQLILFDQW�WR�PDFKLQH�WRRO

EXLOGHUV� DQG� WKHLU� HQG�XVHUV�� EHFDXVH� WKH� DFFXUDF\� RI� PDFKLQH� WRROV� LV� WR� EH� VHHQ

GLUHFWO\�LQ�WKH�TXDOLW\�RI�WKH�SDUWV�PDQXIDFWXUHG�ZLWK�WKRVH�PDFKLQHV��2QH�LPSRUWDQW

LVVXH�LQ� WKH�DFFXUDF\�RI�PDFKLQH� WRROV� LV� WKHUPDO�EHKDYLRXU��EHFDXVH� LW�FDXVHV�VRPH

FKDQJHV�LQ�DOO�PHFKDQLFDO�FRPSRQHQWV�

0DFKLQH� EXLOGHUV� DQG� FRQWUROOHU� LQGXVWU\� PDNH� FRQWLQXRXV� ZRUN� WR� LPSURYH

FRPSRQHQWV� LQ� RUGHU� WR� PDNH� QHZ� PDFKLQHV� PRUH� DFFXUDWH� DQG� DIIRUGDEOH� WR

PDQXIDFWXUH��,QWHUHVWV�RI�PDFKLQH�WRRO�EXLOGHUV�DQG�HQG�XVHUV�GLIIHU�IURP�HDFK�RWKHU�

7KH�VFRSH�RI�GHYHORSPHQW�LQ�PDFKLQH�WRRO�EXLOGLQJ�LV�WR�PDNH�QHZ�PDFKLQHV�EHWWHU�LQ

WKHLU� SHUIRUPDQFH� DQG� DFFXUDF\��7KH�GXUDELOLW\�RI� WKRVH� FKDUDFWHULVWLFV� LV� QRW� LQ� WKH

GLUHFW�LQWHUHVW�RI�D�PDFKLQH�WRRO�EXLOGHU��(QG�XVHUV�LQVWHDG��DUH�LQWHUHVWHG�QRW�RQO\�LQ

DFFXUDF\�RI�QHZ�PDFKLQHV�EXW�DOVR� WR�NQRZ�WKHLU�FXUUHQW�VWDWH�� ,QIRUPDWLRQ�VKDOO�EH

XVHG�WR�ILOH�WKH�FRQGLWLRQ�RI�PDFKLQHV�DQG�WR�DGMXVW�WKHP�

,QDFFXUDFLHV� DULVH�PDLQO\� IURP�PHFKDQLFDO� SDUWV� RI�PDFKLQHV��7KHVH� GHYLDWLRQV� FDQ

KRZHYHU�EH�FRPSHQVDWHG�LQ�VRPH�DPRXQW�E\�D�FRQWUROOHU��'HYHORSPHQW�RI�QXPHULFDO

FRQWUROOHUV�KDV�RIIHUHG�IOH[LEOH�FRPSHQVDWLRQ�PHWKRGV�IRU�PDFKLQH�WRRO�EXLOGHUV�DQG

HQG�XVHUV��2QO\�PDFKLQH� EXLOGHUV� KDYH� VR� IDU� KDG�PHDQV� DQG� NQRZOHGJH� WR� H[SORLW

WKLV� QHZ� IHDWXUH�� EXW� IRU� HQG�XVHUV� DWWDLQLQJ� PHDVXULQJ� LQIRUPDWLRQ� KDV� EHHQ� WRR

FRPSOLFDWHG� D� WDVN��+RZHYHU�� WKHVH� FRPSHQVDWLRQV� GR� QRW� RIIHU� D�PHDQ� WR� HQKDQFH

DFFXUDF\�RI�D�QHZ�PDFKLQH�RQO\��EXW�DOVR�D�EHWWHU� WRRO� WKH\� DUH� IRU�PDLQWDLQLQJ� WKH

JRRG� DFFXUDF\� RI� PDFKLQHV�� 7KRURXJK� UHVHDUFK� KDV� EHHQ� FDUULHG� RXW� WR� VWXG\� WKH

SRVVLELOLWLHV� WR�ERWK� FRPSHQVDWH�PDFKLQH� WRROV� DQG� FR�RUGLQDWH�PHDVXULQJ�PDFKLQHV

>6FKHOOHNHQV�HW�DO������@�

���� 0DFKLQH�WRRO�PHDVXUHPHQWV

0DFKLQH� WRRO� PHDVXUHPHQWV� DUH� FDUULHG� RXW� LQ� RUGHU� WR� H[DPLQH� DFFXUDF\� RI� WKH

PRWLRQV�RI�D�PDFKLQH�WRRO��+HUH�LW�PHDQV�WR�PHDVXUH�WKH�PRWLRQ�RI�D�WRRO�LQ�UHODWLRQ�WR

WKH� RQH� RI� D� WDEOH�� 7KXV� LW� LQYROYHV� VOLGHV�� D� GULYLQJ� V\VWHP� DQG� FRQWUROOHU� HIIHFWV�

7\SLFDOO\� WKH� H[DPLQDWLRQ� RI� DFFXUDF\� LV� SHUIRUPHG� IRU� D� QHZ� PDFKLQH� GXULQJ

LQVWDOODWLRQ�� LQ� WKH� DFFHSWDQFH� RI� WKH� GHOLYHU\�� DIWHU� FROOLVLRQV�� DQG� DIWHU� PDMRU

VHUYLFHV�

+RZHYHU��LQ�VRPH�FDVHV�WKHVH�PHDVXUHPHQWV�DUH�SHUIRUPHG�UHJXODUO\�WR�HQVXUH�TXDOLW\

RI�SURGXFWLRQ�DQG�WR�IXOILO�UHTXLUHPHQWV�RI�WKH�TXDOLW\�V\VWHP��7KLV�SUDFWLVH�KDV�VSUHDG

RXW�IURP�DYLDWLRQ�LQGXVWU\��ZKHUH�LW�ZDV�ILUVW�XVHG�WR�IROORZ�WKH�VWULFW�UHTXLUHPHQWV�RI

WKH�VDIHW\�UHJXODWLRQV�

5RXJKO\��PDFKLQH� WRRO�PHDVXUHPHQWV� FDQ� EH� GLYLGHG� LQWR� WZR� FDWHJRULHV�� 7KH� ILUVW

RQH� RI� WKRVH� LV� VWDWLF� PHDVXUHPHQWV�� DQG� WKH� VHFRQG� RQH� WKH� G\QDPLFDO� RQHV�� 7KH

KLVWRU\�RI�PHDVXUHPHQWV�VWDUWV�IURP�WKH�VWDWLF�PHDVXUHPHQW�DV�DOO�WKH�ODWHO\�LQWURGXFHG

PHWKRGV� DUH� G\QDPLFDO�� 6RPH� IL[HG� SRLQWV�� ZKHUH� PDFKLQH� VWRSV� DUH� PHDVXUHG� E\
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VWDWLF� PHDVXUHPHQWV� DQG� FRQWLQXRXV� SRVLWLRQLQJ� GDWD�� DUH� FROOHFWHG� E\� G\QDPLFDO

PHDVXUHPHQW�

1XPHURXV� RWKHU� FODVVLILFDWLRQV� DOVR� H[LVW�� )RU� WKLV� VWXG\� LW� LV� UHOHYDQW� WR� GLYLGH� WKH

VXEMHFW� LQWR� GLUHFW� DQG� LQGLUHFW�PHDVXUHPHQWV�� 'LUHFW�PHDVXUHPHQW�PHDVXUHV� DFWXDO

SRVLWLRQLQJ�RI�D�WRRO��DV�D�PDQXIDFWXUHG�SLHFH�LQ�D�PDFKLQH�LV�PHDVXUHG�LQ�WKH�LQGLUHFW

PHDVXUHPHQW�� +RZHYHU�� ERWK� W\SHV� FDQ� EH� HLWKHU� VWDWLF� RU� G\QDPLFDO�� ,QGLUHFW

PHDVXUHPHQW� LQYROYHV�PRUH� HUURU� VRXUFHV� WKDQ� GLUHFW�PHDVXUHPHQW�� L�H�� FXWWLQJ� DQG

IL[LQJ� IRUFHV� DQG� HUURUV� RI� D� PHDVXULQJ� PDFKLQH�� 8VXDOO\� D� FR�RUGLQDWH� PHDVXULQJ

PDFKLQH��&00��LV�XVHG�WR�PHDVXUH�WKRVH�SLHFHV�DQG�LW�LV�W\SLFDOO\�RQH�RU�WZR�GHJUHHV

OHVV� DFFXUDWH� WKDQ� WKH� GLUHFW� PHDVXUHPHQW� GHYLFHV�� +RZHYHU�� LQGLUHFW� PHDVXUHPHQW

UHYHDOV� LPSRUWDQW� LQIRUPDWLRQ� RQ� UHDO� DFFXUDF\� RI� SURFHVV� HVSHFLDOO\�ZKHQ�PDWHULDO

DQG�WRROLQJ��HTXLYDOHQW�WR�WKRVH�LQ�UHDO�SURGXFWLRQ��DUH�XVHG�

���� +\SRWKHVLV�DQG�REMHFWLYHV

7KH� UHVHDUFK� SUHVHQWV� D� QHZ� V\VWHP� WR� DQDO\VH� PDFKLQH� WRRO� PHDVXUHPHQWV�� 7KH
PHWKRG� LV� IDVW�� HDV\� WR� XVH�� UHOLDEOH�� DQG� DSSOLFDEOH� WR� D� QXPEHU� RI� PHDVXUHPHQW
PHWKRGV�� )XUWKHUPRUH� LW� VXSSRUWV� G\QDPLF�PHDVXUHPHQWV� FRQWUDU\� WR�PRVW� H[LVWLQJ
PHWKRGV�NQRZQ�WKLV�IDU�
0HDVXUHPHQW�PHWKRGV�GHYHORSHG�GXULQJ�WKH�ODVW�GHFDGH��KDYH�FUHDWHG�VLJQLILFDQW�QHZ

SRVVLELOLWLHV�IRU�PHDVXUHPHQW�RI�DFFXUDF\�RI�PDFKLQH�WRROV��7KLV�SRWHQWLDO�VKRXOG�EH

H[SORLWHG�WR�LPSURYH�WKH�TXDOLW\�RI�PDQXIDFWXULQJ��7KLV�PHDQV�WKDW�WKH�PHDVXUHPHQW

LQIRUPDWLRQ� LV�XVHG� WR� ILOH�TXDOLW\� FDSDELOLW\� OHYHO� RI�PDQXIDFWXULQJ� WRROV�� WR� IROORZ

WKH�FRQGLWLRQ�RI�PDFKLQH�WRROV��DQG�WR�DGMXVW�WKHP�ZKHQ�IHDVLEOH�

7KH� DQDO\VLV� DQG� IROORZ�XS�PHWKRG� GHVFULEHG� LQ� WKLV� SDSHU� XWLOLVHV� D�ZLGH� UDQJH� RI

FXUUHQWO\� DYDLODEOH� PHDVXUHPHQW� PHWKRGV�� $OO� WKH� UHVXOWV� DUH� JDWKHUHG� XQGHU� RQH

V\VWHP�� WKDW� FDQ� ILOH� WKH� TXDOLW\� FDSDELOLW\�� IROORZ�XS� PDFKLQH� WRROV�� DQG� JLYH� WKH

WXQLQJ� LQIRUPDWLRQ�� ,W� LV� SURYHG� WKDW� WKLV� V\VWHP� JLYHV� UHVXOWV� HTXLYDOHQW� WR� DOUHDG\

HVWDEOLVKHG� PHWKRGV� DQG� WKH� LQQHU� XQFHUWDLQW\� RI� WKH� V\VWHP� LV� GHWHUPLQHG� E\

H[SHULPHQWV�

$GYDQFHG�DQDO\VLV�WKHRULHV�KDYH�EHHQ�GHYHORSHG�WR�DQDO\VH�PDFKLQH�WRRO�HUURU�RULJLQV

EDVHG�RQ�PHDVXUHPHQW�VHWV��7KHVH�PHWKRGV�ZRUN�ZHOO�ZKHQ�PHDVXUHPHQWV�DUH�FDUULHG

RXW� LQ� D�ZD\� WKH� DQDO\VLV�PHWKRG� UHTXLUHV�� +RZHYHU�� WKLV� FDXVHV� LQ�PRVW� FDVHV� WKH

PHDVXUHPHQWV� WR� EH� ODERULRXV� DQG� WLPH�FRQVXPLQJ�� 7KH� PHWKRG� SUHVHQWHG� KHUH� LV

HDV\�WR�XVH�DQG�DSSOLFDEOH�ZLWKRXW�PRGLILFDWLRQV�LQ�PDFKLQH�VKRSV�

7KH�ZRUN�JRHV� IRUZDUG� LQ�SKDVHV��ZKLFK�DUH�EDVHG�RQ� WKH�ZRUN�RI�DQ�HDUOLHU�SKDVH�

(PSLULFDO� SDUW� RI� WKH� ZRUN� JLYHV� IHHGEDFN� WR� ILUVW� SKDVHV� DQG� WKXV� DOWRJHWKHU� WKH

SURFHVV�LV�LWHUDWLYH��&RQFUHWH�REMHFWLYHV�RI�WKH�WKHVLV�ZRUN�DUH�WKH�IROORZLQJ�

��� &UHDWH�WKHRU\�IRU�DQDO\VLV
��� 'HYHORS�VRIWZDUH�EDVHG�RQ�WKH�WKHRU\
��� 6KRZ� WKDW� WKH� DQDO\VLV� V\VWHP� JLYHV� FRQVLVWHQW� UHVXOWV� IRU� GLIIHUHQW� GLUHFW

PHDVXUHPHQW�PHWKRGV
��� 6KRZ�WKDW�GLUHFW�IUHH�IRUP�PHDVXUHPHQWV�FDQ�EH�XVHG�LQVWHDG�RI�WHVW�SLHFHV
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���� 5HVHDUFK�DSSURDFK

7KLV�UHVHDUFK�KDV�EHHQ�FDUULHG�RXW��XVLQJ�WKUHH�GLIIHUHQW�UHVHDUFK�DSSURDFKHV�WR�YHULI\

WKH�SURSRVHG�PHWKRG��)LUVW��D�VLPXODWLRQ�PRGHO�KDYH�EHHQ�XVHG�WR�YHULI\�WKH�SUHVHQWHG

PRGHO�� VHFRQGO\�� FRQWUROOHG�H[SHULPHQWV�DUH� UXQ� LQ�D� ODERUDWRU\�� DQG� WKLUGO\�� D� ILHOG

VWXG\�KDV�EHHQ�PDGH�WR�VXUYH\�WKH�JHQHUDOLW\�RI�WKH�SURSRVHG�V\VWHP��>&ODVVLILFDWLRQ

EDVHG�RQ�-lUYLQHQ�DQG�-lUYLQHQ�����@

7KH�DSSURDFKHV�VXSSRUW�HDFK�RWKHU�DQG�SXVK�WKH�UHVHDUFK�IRUZDUG��(YHQ�RI�SULQFLSDOO\

WKH� SURSRVHG� PHWKRG� ZRXOG� EHKDYH� MXVW� SHUIHFWO\� FDQ� H[SHULPHQWV� LQ� FRQWUROOHG

HQYLURQPHQW�EULQJ�XS�VRPH�QHZ�DVSHFWV��6WLOO��DIWHU�FRQWUROOHG�WHVWV��ILHOG�VWXGLHV�PD\

UHYHDO�SKHQRPHQD�QRW�DQWLFLSDWHG�DW�WKH�EHJLQQLQJ�RI�WKH�VWXG\��)LHOG�VWXGLHV�FDQ�DOVR

VKRZ� KRZ� ZHOO� WKH� V\VWHP� FDQ� EH� JHQHUDOLVHG� WR� GLIIHUHQW� HQYLURQPHQWV� DQG� KRZ

VHQVLWLYH�LW�LV�WR�FRPPRQ�GLVWXUEDQFHV�

���� 6FRSH�RI�ZRUN

7KH� ZRUN� IRFXVHV� RQ� WKUHH�D[LV� PLOOLQJ� PDFKLQHV�� 7KH� UHVXOWV� DUH�� KRZHYHU�

DSSOLFDEOH�IRU�D�JUHDWHU�YDULHW\�RI�PDFKLQHV�KDYLQJ�DW�OHDVW�WZR�OLQHDU�D[HV��5RWDWLRQDO

D[HV�DUH�QRW�FRQVLGHUHG�LQ�WKLV�ZRUN�

7KH� SUHVHQWHG� DQDO\VLV� PHWKRG� KDQGOHV� JHRPHWULFDO� DQG� VRPH� VHUYR� WXQLQJ� UHODWHG

HUURUV�� ,W� GRHVQ¶W� GHDO�ZLWK� WKHUPDO� EHKDYLRXU� DQG� FRPSHQVDWLRQ�� 7KHUPDO� DQG� WRRO

ZHDU� FRPSHQVDWLRQV� DUH� FRQVLGHUHG� WR� EH� D� VHSDUDWH� WDVN� WKDW� KDYH� D� KLJKHU� XSGDWH

IUHTXHQF\� DQG� D� FORVHU� LQWHJUDWLRQ� ZLWK� D� PDFKLQH� WRRO� >)LJXUH� �@�� 7KXV� LW� LV� QRW

SUHIHUDEOH�WR�LQYROYH�WKHVH�GHYLDWLRQ�VRXUFHV�ZLWK�JHRPHWULFDO�HUURUV�

7KH� DQDO\VLV� PHWKRG� KDQGOHV� DOO� WKH� PHDVXUHPHQWV� LQ� D� SODQH�� ,W� GRHV� QRW� DQDO\VH

WKUHH�GLPHQVLRQDO�HUURUV�WKRXJK�WKDW�NLQG�RI�DQ�DQDO\VLV�FDQ�DFKLHYH�KLJKHU�DFFXUDF\

DQG�H[DFWQHVV��+RZHYHU��SODQDU�DQDO\VLV�FDQ�RIIHU�JRRG�JHQHUDOLW\��HDVH�RI�XVH��JRRG

YDULHW\�RI�DYDLODEOH�VWDQGDUG�PHDVXUHPHQW�GHYLFHV�DQG�IDVW�FRPSXWDWLRQ�
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�� $9$,/$%/(�722/6

���� 4XLFN�PHDVXUHPHQW�PHWKRGV

7KH�PHDVXUHPHQW�PHWKRGV� LQWURGXFHG�KHUH�DUH�DSSOLFDEOH� WRJHWKHU�ZLWK� WKH�DQDO\VLV

PHWKRG� SUHVHQWHG� ODWHU��7KH\� DOO� DOVR� RIIHU� VRPH�SRWHQWLDO� WR� EH� XVHG� DXWRPDWLFDOO\

ZLWKRXW�KXPDQ� LQWHUYHQWLRQ� HYHQ� LI� WKLV� IXQFWLRQDOLW\�KDVQ¶W� EHHQ�SURYHG� DQG� WHVWHG

WKLV�IDU���'RXEOH�EDOO�EDU��FURVV�JULG�HQFRGHU�DQG�FR�RUGLQDWH�PHDVXULQJ�PDFKLQH�KDYH

EHHQ�XVHG�LQ�WKH�SUDFWLFDO�SDUW�RI�WKLV�ZRUN�

������ 'RXEOH�EDOO�EDU

'RXEOH� EDOO� EDU� �'%%�� ZDV� GHYHORSHG� LQ� WKH� HDUO\� ��¶V� DQG� LW� KDV� EHFRPH

LQFUHDVLQJO\�FRPPRQ�GXULQJ�WKH���¶V��'%%�LV�EDVHG�RQ�D�YHU\�DFFXUDWH� OLQHDU�VFDOH�

ZKLFK�PHDVXUHV�FKDQJHV�LQ�UDGLDO�GLUHFWLRQ�GXULQJ�D�FLUFXODU�PRWLRQ�

)LJXUH��� 'RXEOH�EDOO�EDU�>%U\DQ�����@

7KH�PRVW� LPSRUWDQW� OLPLWDWLRQ�RI� WKLV� GHYLFH� LV� WKDW� LW� LV� RQO\� FDSDEOH� RI�PHDVXULQJ

SRLQWV�LQ�FLUFXODU�WUDFH��7KH�PHDVXUHPHQW�W\SH�LWVHOI�FDQ�EH�HLWKHU�D�FLUFXODU�WHVW�RU�D

VWDWLF� PHDVXUHPHQW�� $� FLUFXODU� WHVW� LV� D� G\QDPLF� PHDVXUHPHQW� ZLWK� D� FRQVWDQW

IHHGUDWH��$�VWDWLF�PHDVXUHPHQW�LQVWHDG�LQYROYHV�VRPH�SRVLWLRQLQJV�LQ�D�FLUFXODU�WUDFH�

7KH�ERWK�WHVW� W\SHV�DUH�YHU\�IDVW� WR�DFFRPSOLVK�DQG� WKH�GHYLFH� LWVHOI� LV� UDWKHU�FKHDS�

7KH�HYDOXDWLRQ�RI� UHVXOWV� LV�ZHOO� VWXGLHG�DQG�PDQ\�RI� WKH�PRVW� VLJQLILFDQW� IRUPXODH

FDQ� EH� IRXQG� LQ� OLWHUDWXUH� >.DNLQR� HW� DO�� ����@�� 6WDQGDUGLVDWLRQ� RUJDQLVDWLRQV� KDYH

DOVR� SXEOLVKHG� VRPH� VWDQGDUGV� FRQFHUQLQJ� GRXEOH� EDOO� EDU�PHDVXUHPHQWV�� 7KH�PRVW

LPSRUWDQW� RI� WKRVH� DUH� ,62������ DQG� $16,� %����������� 7KLV� HQVXUHV� XQLILHG

SUDFWLFHV� LQ� EDOO� EDU� PHDVXUHPHQWV� DQG� PDNHV� LW� SRVVLEOH� WR� UHOLDEO\� ILQG� PDQ\

PDFKLQH�WRRO�GHYLDWLRQ�W\SHV�RXW�RI�WKLV�VLPSOH�PHDVXUHPHQW�



��

,W� LV� SUHIHUDEOH� WR�PHDVXUH� D�ZKROH� FLUFOH�ZLWK� WKLV� GHYLFH�� 7KDW�ZD\� LW� JLYHV�PRUH

DFFXUDWH�DQG�UHOLDEOH�UHVXOWV��,W�LV�SRVVLEOH�WR�PHDVXUH�RQO\�SDUWLDO�FLUFOHV�WKRXJK�DQG

VRPHWLPHV� LW� LV�PRUH�FRQYHQLHQW� IURP�WKH�SRLQW�RI�YLHZ�RI� WKH�PHDVXUHPHQW� VHW�XS�

7KLV�FRQFHUQV�PRVW�RI�DOO�ODWKHV��WKRXJK�ZLWK�VRPH�VSHFLDO�HTXLSPHQW�LW�LV�SRVVLEOH�WR

PHDVXUH�WKH�ZKROH�FLUFOHV�LQ�ODWKHV�WRR��ZKLFK�LV�WKHUHIRUH�UHFRPPHQGHG��6HPLFLUFOH

PHDVXUHPHQW�KDV� VRPH� OLPLWDWLRQV�� FRQFHUQLQJ�ERWK�GHYLDWLRQV�ZKLFK� FDQ�EH� IRXQG�

DQG�WKH�DFFXUDF\�RI�DQDO\VLV�

7KH�FRPSDULVRQ�EHWZHHQ�'%%�DQG� ODVHU� LQWHUIHURPHWHU�KDV�EHHQ�VWXGLHG� LQ�SUDFWLVH

>2NVDQHQ� ����@��7KH� UHVHDUFK� KDV� VKRZQ� WKDW� GRXEOH� EDOO� EDU� UHOLDEO\� UHYHDOV�PRVW

GHYLDWLRQV�� +RZHYHU�� LW� FDQQRW� ILQG� UHOLDEOH� YDOXHV� IRU� VWUDLJKWQHVV� RU� DQJXODU

GHYLDWLRQV�

������ &URVV�JULG�HQFRGHU

7KH�FURVV�JULG�HQFRGHU� LV� D� UHODWLYHO\�QHZ�GHYLFH��PDNLQJ� LW�SRVVLEOH� WR�SHUIRUP�DOO

NLQGV�RI�IUHH�IRUP�WHVWV�LQ�D�SODQH��LQFOXGLQJ�FLUFXODU�WHVWV��7KH�GHYLFH�EHORQJV�WR�WKH

FDWHJRU\�RI�TXLFN� WHVW�GHYLFHV��EXW� LW�KDV�DOVR�YHUVDWLOH�FDSDELOLWLHV� WR�DVVLVW� LQ�VHUYR

DGMXVWPHQWV�

7KLV�GHYLFH�LV�EDVHG�RQ�WKH�ZRUNLQJ�SULQFLSOHV�RI�RSWLFDO�VFDOHV��7KHUH�DUH� WZR�OLJKW

VHQVLWLYH�VHQVRUV�DQG�OLJKW�VRXUFHV�ZLWK�D� OHQV�V\VWHP�LQ�WKH�UHDG�KHDG��RQH�IRU�ERWK

PHDVXUHPHQW� GLUHFWLRQV�� 7KH� UHDG� KHDG� VFDQV� RYHU� D� FURVV�JULG� SODWH�� ZKLFK� KDV� D

ZDIIOH� OLNH� SDWWHUQ� HQJUDYHG� RQ� LW�� 7KH� JURRYHV� UHIOHFW� WKH� OLJKW� EDFN� WR� RSWLFDO

VHQVRUV�� FDXVLQJ� D� VLQH� ZDYH� IRUPHG� HOHFWULFDO� VLJQDO�� 7KLV� VLJQDO� LV� FRXQWHG� RQ� D

VSHFLDO�FRXQWHU�FDUG�DWWDFKHG�LQ�D�FRPSXWHU�

7KH�DFFXUDF\�RI�WKH�GHYLFH�GHSHQGV�KHDYLO\�RQ�WKH�DFFXUDF\�RI�WKH�SODWH��:KHUHDV�WKH

PHDVXUHPHQW� IHHGUDWH� GHSHQGV� RQ� WKH� EDQGZLGWK� RI� WKH� FRXQWHU� HOHFWURQLFV� DQG� WKH

GLVWDQFH�EHWZHHQ�WZR�HQJUDYHG�OLQHV�RQ�WKH�SODWH��1RZDGD\V�LW�LV�SRVVLEOH�WR�DFKLHYH

DQ�DFFXUDF\�RI�����P�DQG�D�IHHGUDWH�DURXQG����P�PLQ�ZLWK�WKLV�GHYLFH�>+HLGHQKDLQ

����@�

)LJXUH��� &URVV�JULG�HQFRGHU�>+HLGHQKDLQ�����@

2QH�RI� WKH�GLVDGYDQWDJHV�RI� WKLV�GHYLFH� LV� WKH�DFFXUDWH�PHDVXUHPHQW�DUUDQJHPHQW� LW

QHHGV�DQG�LWV�OLPLWHG�PHDVXULQJ�UDQJH��FXUUHQWO\�����PP�RQ�.*0����>+HLGHQKDLQ

����@���$�FRPSDUDWRU�V\VWHP�LV�DOVR�DYDLODEOH�XVLQJ�WKH�VDPH�WHFKQLTXH��,W�KDV�D�ORQJ
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PHDVXUHPHQW�OHQJWK�DQG�D�VKRUW�PHDVXUHPHQW�UDQJH�LQ�FURVV�GLUHFWLRQ��WRR��FXUUHQWO\

����PP�LQ�OHQJWK�DQG��PP�LQ�ZLGWK�ZLWK�90����>+HLGHQKDLQ�����@��

7KH�PHDVXUHPHQW�SODWH�KDV�WR�EH�DOLJQHG�ZLWK�PDFKLQH�WRRO�D[HV��7KLV�VKRXOG�EH�GRQH

ZLWK�DQ�DFFXUDF\�RI�����GHJUHHV�WR�JXDUDQWHH�WKDW�WKH�PHDVXUHPHQW�FDQ�EH�FRPSOHWHG

ZLWKRXW�ORRVLQJ�WKH�HIIHFWLYH�PHDVXUHPHQW�VLJQDO��7KH�DOLJQPHQW�HUURU�RI�����GHJUHHV

FDXVHV�DOVR�����P�VFDOLQJ�HUURU�DQG�KDOI�D�PLOOLPHWUH�GHYLDWLRQ�SHUSHQGLFXODU� WR� WKH

SODWH��7KLV�HUURU�FDQ�EH�REVHUYHG�LQ�PHDVXUHPHQW�UHVXOWV��EXW�DV�LW�FRPHV�WR�PDFKLQH

WRROV�LW�LV�RI�OLWWOH�FRQVHTXHQFH�

������ &R�RUGLQDWH�PHDVXULQJ�PDFKLQH

%RWK� WHVW� SLHFHV� DQG� RUGLQDU\� ZRUN� SLHFHV� FDQ� EH� PHDVXUHG� ZLWK� D� FR�RUGLQDWH

PHDVXULQJ�PDFKLQH� �&00�� LQ� RUGHU� WR� HYDOXDWH� WKH� DFFXUDF\� RI� D�PDFKLQH� WRRO��$

&00�PHDVXUHPHQW�LV�QRW�D�UHDO�TXLFN�WHVW�PHWKRG��EXW�LI�WKRVH�PHDVXUHPHQWV�ZRXOG

EH� DFFRPSOLVKHG� DQ\ZD\� WR� JXDUDQWHH� WKH� DFKLHYHPHQW� RI� WROHUDQFH� JRDOV�� D� SURSHU

DQDO\VLV� FRXOG� DW� WKH� VDPH� WLPH� XWLOLVH� WKRVH� UHVXOWV� PRUH� HIILFLHQWO\� WR� UHYHDO

GHYLDWLRQV�RI�D�PDFKLQH�WRRO�

)LJXUH��� &00�PHDVXUHPHQW

&00� LV� QRW� VR� DFFXUDWH� D� SLHFH� RI� HTXLSPHQW� OLNH� RWKHU� TXLFN� FKHFN�PHDVXUHPHQW

PHWKRGV��7KLV�KDV�WR�EH�FRQVLGHUHG�ZKHQ�HYDOXDWLQJ�D�PHDVXUHPHQW��'HYLDWLRQV�LQ�D

&00� LWVHOI� FDXVH� VLPLODU� NLQG� RI� GHYLDWLRQV� WR� EH� IRXQG� LQ� DQ� DQDO\VLV�� 7KHVH

GHYLDWLRQV�VKRXOG�EH�GLVWLQJXLVKHG�IURP�WKH�VLPLODU�NLQG�RI�GHYLDWLRQV�RI�D�PDFKLQH

WRRO�

7KH�VLPSOHVW�ZD\�WR�KDQGOH�WKLV�SUREOHP�LV� WR�XVH�D�&00�ZKLFK� LV�RQH�RUGHU�PRUH

DFFXUDWH�WKDQ�WKH�PDFKLQH�WRRO�WR�EH�LQVSHFWHG��7KLV�LV�QRW��KRZHYHU��UHDOLVWLF�LQ�PRVW

FDVHV��7KLV�LV�EHFDXVH�&00
V�DUH�QRW�FRPPRQO\�VR�DFFXUDWH�DV�LW�ZRXOG�EH�QHHGHG�IRU

WKH�DQDO\VLV�RI�PDFKLQH�WRROV��$QG�ZKHQ�DQ�DFFXUDWH�HQRXJK�&00�LV�DYDLODEOH��RQH

VKRXOG� UHPHPEHU� WKDW� WKH� GHYLDWLRQV� IRXQG� RXW� E\� DQ� DQDO\VLV� EDVHG� RQ� &00

PHDVXUHPHQWV�DUH�SDUWO\�FDXVHG�E\�WKH�&00�LWVHOI��:KHQ�WKH�XQFHUWDLQW\�RI�D�&00

LV� NQRZQ�� WKH� XQFHUWDLQW\� KDV� WR� EH� DGGHG� WR� WKH� XQFHUWDLQW\� HVWLPDWH� RI� GHYLDWLRQ

UHVXOWV�DFKLHYHG�IURP�WKH�PHDVXUHPHQW�

,I�D�SURGXFWLRQ�&00�XVHG�LQ�PHDVXUHPHQWV�GRHVQ
W�LQ�DOO�UHVSHFWV�IXOILO�WKH�QHHGV�RI

DFFXUDF\� LQVSHFWLRQ� RI� PDFKLQH� WRROV�� LW� LV� SRVVLEOH� WR� XVH� WKH� VXEVWLWXWLRQ� PHWKRG

>,62�7&��:*��@��:H� KDYH� WR� KDYH� D� VWDEOH� NQRZQ� WHVW� SLHFH�� ZKLFK� LV�PHDVXUHG

ZLWK�D�&00��KDYLQJ�D�KLJK�JUDGH�RI�DFFXUDF\��1RZ� WKLV� VDPH� WHVW�SLHFH� VKRXOG�EH

PHDVXUHG�ZLWK�D�SURGXFWLRQ�&00��7KH�PHDVXUHPHQW�UHVXOWV�DUH�FRPSDUHG�ZLWK�HDFK

RWKHU� DQG� GLIIHUHQFHV� EHWZHHQ� WKH� SRLQWV� RI� D� KLJK� JUDGH� PHDVXUHPHQW� DQG� D
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SURGXFWLRQ�PHDVXUHPHQW�DUH�FDOFXODWHG��7KH�PHDVXUHPHQW�VKRXOG�EH�UHSHDWHG�LQ�RUGHU

WR�ILQG�RXW�WKH�VWDELOLW\�RI�D�SURGXFWLRQ�PDFKLQH��,I�VWDELOLW\�LV�JRRG�HQRXJK��L�H��RQH

GHFLPDO�OHVV�WKDQ�H[SHFWHG�DFFXUDF\�RI�WKH�PDFKLQH�WRROV�WR�EH�LQVSHFWHG��WKH�PHWKRG

FDQ�EH�XVHG��7KH�GHYLDWLRQ�EHWZHHQ�PHDVXUHPHQW�VHWV�ZLOO�EH�XVHG�WR�FRPSHQVDWH�DOO

WKH�VXEVHTXHQW�PHDVXUHPHQW�UHVXOWV�RI�WKH�WHVW�SLHFHV�RI�D�SURGXFWLRQ�&00��7KH�WHVW

SLHFH�XVHG�IRU�FRPSDULVRQ�DQG�WKH�DFWXDO�WHVW�SLHFH�IRU�SURGXFWLRQ�KDYH�WR�EH�HTXDO�RU

YHU\� FORVH� WR� HTXDO�� $OO� WKH� PHDVXUHPHQW� SDWKV�� PRYHPHQW� GLUHFWLRQV� DQG� SURELQJ

IRUFHV�HWF��KDYH�WR�EH�HTXDO��WRR�

�������� 7HVW�SLHFHV

$�YDULHW\�RI�GLIIHUHQW� WHVW�SLHFHV�KDV�EHHQ�XVHG� WR�HYDOXDWH� WKH�DFFXUDF\�RI�PDFKLQH

WRROV�� 7KHUH� DUH� VHYHUDO� QDWLRQDO� �$16,�$60(� %������ ',1������ 1$6� ����

9',�9'4�������DQG�LQWHUQDWLRQDO��,62��������������������VWDQGDUGV�RQ�KRZ�D�WHVW

SLHFH� VKRXOG� EH� PDFKLQHG� DYDLODEOH� DQG� PDQ\� FRPSDQLHV� KDYH� DOVR� WKHLU� RZQ

UHFRPPHQGDWLRQV��7KH�JUHDW�YDULHW\�RI�SLHFHV�KDV�EHHQ�FDXVHG�E\�GLIIHUHQW�NLQGV�RI

QHHGV�DQG�PHDVXUHPHQW�SRVVLELOLWLHV�DYDLODEOH�

)LJXUH��� ,62�����,,�WHVW�SLHFH�>,62������,,@

7KH� ,62� ����� WHVW� SLHFH� DERYH� FDQ� UHYHDO� YDOXHV� IRU� FLUFXODULW\�� F\OLQGULFLW\�

FRQFHQWULFLW\��FRD[LDOLW\��IODWQHVV�DQG�SHUSHQGLFXODULW\��3HUSHQGLFXODULW\�RI�WKRVH�W\SHV

RQO\� LV� D� UHDO� GLUHFW� HUURU� RI� D� PDFKLQH� WRRO�� 2WKHU� GHYLDWLRQV� DUH� PRUH� RU� OHVV

FRQVHTXHQFHV�RI�RWKHU�XQNQRZQ�HUURUV�RI�D�PDFKLQH�WRRO��7KXV�WKH�VWDQGDUG�LWVHOI�GRHV

QRW�WHOO�LQ�GHWDLO�KRZ�WR�DQDO\VH�WKH�PHDVXUHPHQW�GDWD��,W�PHUHO\�SUHVHQWV�D�PHWKRG�IRU

PDQXIDFWXULQJ�WKH�SLHFH��OHDYLQJ�FRQFOXVLRQV�WR�WKH�PHDVXUHU�

$�VSHFLDOO\�GHVLJQHG�WHVW�SLHFH�DW�7DPSHUH�8QLYHUVLW\�RI�7HFKQRORJ\�KDV�EHHQ�XVHG�LQ

VRPH�UHVHDUFK�>$QGHUVVRQ�����@>2NVDQHQ�����@��7KLV�WHVW�SLHFH�LV�GHVLJQHG�WR�UHYHDO

SRVLWLRQLQJ�HUURU��VTXDUHQHVV�DQG�EDFNODVK�LQ�WZR�D[HV�DW�D�WLPH��XVXDOO\�LQ�[\�SODQH��

7KH� HYDOXDWLRQ� RI� WKH� WHVW� SLHFH� LV� D� VWUDLJKWIRUZDUG� SURFHVV� ZLWK� WKH� DLG� RI� D� FR�

RUGLQDWH�PHDVXULQJ�PDFKLQH�



��

)LJXUH��� 787�WHVW�SLHFH�>$QGHUVVRQ�����@

0XOWLSOH�GLIIHUHQW�WHVW�SLHFHV�FDQ�EH�XVHG�LQ�RUGHU� WR�UHYHDO� WKH�ZDQWHG�FROOHFWLRQ�RI

GHYLDWLRQ� RI� D�PDFKLQH� WRRO�� )RU� LQVWDQFH�� WKUHH� GLIIHUHQW� NLQGV� RI� WHVW� SLHFHV� ZHUH

XVHG�LQ�D�UHVHDUFK�SURMHFW�WR�DGDSWLYHO\�FRUUHFW�HUURUV�RI�D�WXUQLQJ�FHQWUH�>0RX�HW�DO�

����@�� (DFK� WHVW� SLHFH� UHYHDOHG� VRPH� GHYLDWLRQ� W\SHV� DQG� WKXV� WKH� LQIRUPDWLRQ�

REVHUYHG� IURP� LQGLYLGXDO� WHVW� SLHFHV�� VXSSRUWHG� HDFK� RWKHU�� )HDWXUHV� LQ� WKH� SLHFHV

ZHUH� FKRVHQ� LQ� WKH� ZD\� WKDW� WKH\� GHWHFW� XQDPELJXRXVO\� FHUWDLQ� GHYLDWLRQ� W\SHV�

,QIRUPDWLRQ�� JRW� RXW� RI� WKH� PDFKLQHG� WHVW� SLHFHV�� WRJHWKHU� ZLWK� WHPSHUDWXUH

LQIRUPDWLRQ��ZHUH�XVHG�WR�FRPSHQVDWH�D�WXUQLQJ�FHQWUH�

�������� :RUNSLHFHV

$V� WKH� VSHFLDOO\� GHVLJQHG� WHVW� SLHFHV� FDQ� LQFOXGH� RQO\� VXLWDEOH� IHDWXUHV� WR� GHWHFW

GHYLDWLRQV�RI�D�PDFKLQH�WRRO��WKLV�LV�QRW�QHFHVVDULO\�WKH�FDVH�LQ�ZRUNSLHFHV��+RZHYHU�

LW� LV�SRVVLEOH� WKDW�DOVR� WKRVH�SLHFHV� LQFOXGH�IHDWXUHV� WKDW� UHYHDO�VRPH�GHYLDWLRQV�RI�D

PDFKLQH� WRRO�� ,W� LV� FRPPRQ� WKDW� D� PDFKLQH� WRRO� FDQ� EH� SDUWO\� DQDO\VHG� E\� XVLQJ

LQIRUPDWLRQ� IURP� D� ZRUNSLHFH� RQO\�� ,W� UHTXLUHV� WKDW� WKH� ILQLVKLQJ� SDUW� RI� D

PDQXIDFWXULQJ� SURFHVV� LV� ZHOO� NQRZQ�� L�H�� GLUHFWLRQ� RI� PDFKLQLQJ�� GLUHFWLRQ� RI

DSSURDFK��WRRO��RULHQWDWLRQ�DQG�SRVLWLRQ�LQ�D�PDFKLQH�

$WWHQWLRQ� LQ� WKH� DQDO\VLV� RI� ZRUNSLHFH� PHDVXUHPHQWV� VKRXOG� EH� IRFXVHG� RQ� WKH

LQFRPSOHWHQHVV�RI�WKH�UHVXOWV��7KH\�UHYHDO�RQO\�D�SDUW�RI�GHYLDWLRQV�RI�D�PDFKLQH�WRRO



��

DQG�WKXV�PHUHO\�GHWHFW�SUREOHPV�RI�D�PDFKLQH�JHQHUDOO\�PRUH�WKDQ�VKRZ�H[DFW�YDOXHV

IRU� VRPH� FHUWDLQ� GHYLDWLRQV��$QRWKHU�PDWWHU� LV� WKDW� DOVR� WKH� DQDO\VLV�PHWKRG� KDV� WR

FRSH�ZLWK�WKLV�LQFRPSOHWH�LQIRUPDWLRQ�

0DFKLQLQJ� FRQGLWLRQV� PD\� FKDQJH� FRQVLGHUDEO\� EHWZHHQ� PHDVXUHPHQWV�� ZKHQ

RUGLQDU\� SURGXFWLRQ� SLHFHV� DUH� XVHG� IRU� D� TXDOLW\� IROORZ�XS�� 7KH� LQIRUPDWLRQ� RQ

FKDQJHV� LQ� WKH� 1&�SURJUDP�� FRROLQJ� DQG� WRROLQJ� VKRXOG� DEVROXWHO\� JR� XS� WR� WKH

DQDO\VLV�SKDVH��:LWKRXW�SURSHU�EDFNJURXQG�LQIRUPDWLRQ�FUXFLDO�PLVLQWHUSUHWDWLRQV�FDQ

HDVLO\�RFFXU�

������ 8QL�7HVW

7KH�8QL�7HVW� HTXLSPHQW�ZDV� GHYHORSHG� WR�PHDVXUH� ERWK�PDFKLQH� WRROV� DQG� URERWV

>+DDV�����@��7KLV�GHYLFH�FDQ�PHDVXUH�DOO�WKH�VL[�GHJUHHV�RI�IUHHGRP��ZKLFK�PDNHV�LW

SRVVLEOH� WR�PDNH�D�FRPSOHWH� DQDO\VLV� RI� D�PDFKLQH�� ,W� DOVR� DOORZV� WKH�XVHU� WR�PDNH

PXOWLSOH�WHVWV�RQ�RQH�VHWWLQJ��7KH�GLVDGYDQWDJH�LV�WKDW�EHFDXVH�RI�PDQ\�MRLQWV��QHHGHG

WR�PHDVXUH�DOO�WKH�GHJUHHV��WKLV�GHYLFH�LV�QRW�DV�DFFXUDWH�DV�WKH�FRPSHWLQJ�PHWKRGV�

)LJXUH��� 8QL�7HVW�,,�>0HLW]�����@

7KH� ILUVW� YHUVLRQ� RI� WKH� 8QL�7HVW� LV� HTXLSSHG� ZLWK� DQ� DLU� EHDULQJ� DQG� WKLV� OLPLWV

RULHQWDWLRQ� RI� WKH� GHYLFH�� ,W� FDQ� EH� XVHG� RQO\� LQ� D� KRUL]RQWDO� SODQH�� 7KH� QH[W

JHQHUDWLRQ� RI� 8QL�7HVW� XVHV� LQVWHDG� D� KLJK� SUHFLVLRQ� PHFKDQLFDO� EHDULQJ�� ZKLFK

DOORZV�IUHH�PHDVXULQJ�DQJOHV�>0HLW]�����@�

7KH�GHYLFH�FRQVLVWV�RI�PDQ\�PHFKDQLFDO�DQG�PHDVXULQJ�SDUWV��ZKLFK�FDXVH�HUURUV� LQ

PHDVXUHPHQW�UHVXOWV��+RZHYHU��WKHVH�HUURUV�FDQ�PRVWO\�EH�FRPSHQVDWHG�LI�DQ�DFFXUDWH

HQRXJK�FDOLEUDWLRQ�PHWKRG�LV�DYDLODEOH��7KH�FRPSHQVDWLRQ�FDQ�EH�FDUULHG�RXW�IRU�HDFK

D[LV� LQGLYLGXDOO\� E\�PHDQV� RI� D�PHDVXUHPHQW� VRIWZDUH�� (DFK� D[LV� LV�PHDVXUHG� DQG

FRPSHQVDWLRQ� WDEOHV� IRU� ERWK�PRYHPHQW� GLUHFWLRQV� DUH� FRPSRVHG�� 6RPH� HUURUV� ZLOO

VWLOO� UHPDLQ� EHFDXVH� RI� WKH� GLIIHUHQFHV� LQ�PHDVXUHPHQW� IRUFH�� WHPSHUDWXUH� YDULDWLRQ

DQG�RWKHU�FKDQJHV�LQ�HQYLURQPHQW��,W�LV�SRVVLEOH�WR�PDNH�WKLV�GHYLFH�DFFXUDWH�HQRXJK

IRU�PDFKLQH�WRRO�LQVSHFWLRQV�E\�WKH�PHDQV�RI�WKRURXJKO\�JRRG�PHFKDQLFDO�GHVLJQ�DQG

VRIWZDUH��3UHOLPLQDU\�SUDFWLFDO�WHVWV�KDYH�VKRZQ�JRRG�UHVXOWV�IRU�WKLV�GHYLFH�



��

������ /DVHU�WUDFNLQJ

�'�ODVHU�WUDFNLQJ�GHYLFHV�DUH�YHUVDWLOH�SLHFHV�RI�PHDVXULQJ�HTXLSPHQW��EXW�LQ�JHQHUDO

WKH\� DUH� QRW� \HW� DFFXUDWH� HQRXJK� IRU� PHDVXUHPHQWV� RI� PLOOLQJ� PDFKLQHV� HWF�� 7KLV

SUREOHP� FRQFHUQV� HVSHFLDOO\� WKH� DQJXODU� HQFRGHU� QHHGHG� LQ� WKH� GHYLFH��ZKHUHDV� WKH

ODVHU�LQWHUIHURPHWHU�SDUW�LV�VLPLODU�WR�DQ�RUGLQDU\�ODVHU�PHDVXUHPHQW�GHYLFH�DQG�WKXV

DFFXUDWH� HQRXJK��$� VWDQGDUG� ODVHU� WUDFNHU�PHDVXUHV� WKUHH� SRVLWLRQ� FR�RUGLQDWHV� RI� D

WDUJHW� UHWURUHIOHFWRU�� 0DQXIDFWXUHUV� RIIHU� WZR� PRGHOV�� RQH� ZLWK� D� OHVV� DFFXUDWH

DEVROXWH� GLVWDQFH� PHDVXUHPHQW� DQG� DQ� RWKHU� RQH� ZLWK� GLIIHUHQWLDO� GLVWDQFH

PHDVXUHPHQW�� 3RVLWLRQDO�PHDVXUHPHQW� DFFXUDF\� RI� D� ODVHU� WUDFNHU� LV� EHWWHU� WKDQ� ��

�P�P�DQG�UHSHDWDELOLW\�LV�EHORZ����P�P�>3UHQQLQJHU�HW�DO������@�

1RZDGD\V�D�ODVHU�WUDFNHU�FDQ�RIIHU�DFFXUDF\�ZKLFK�LV�YHU\�ZHOO�FDSDEOH�IRU�LQVSHFWLQJ

URERWV��6RPH�VWXGLHV�KDYH�EHHQ�FDUULHG�RXW�WR�PHDVXUH�HYHQ�RULHQWDWLRQ�DQJOHV�ZLWK�D

VLQJOH�EHDP�ODVHU�WUDFNHU��7KH�PHWKRG�LV�EDVHG�RQ�D�UHWURUHIOHFWRU��KDYLQJ�ZLUHV�ILWWHG

LQ��7KRVH�ZLUHV�FUHDWH�VKDGRZV�LQ�D�GHWHFWLRQ�&&'�DQG�WKH�LQIRUPDWLRQ�FDQ�EH�XVHG�WR

GHWHUPLQH�DQ�RULHQWDWLRQ�DQJOH�RI�WKH�UHWURUHIOHFWRU��>3UHQQLQJHU�HW�DO������@

������ 0XOWLIXQFWLRQ�ODVHU�LQWHUIHURPHWHU

:LWK�D�VLQJOH�ODVHU�LQWHUIHURPHWHU�GHYLFH�LW�LV�SRVVLEOH�WR�PHDVXUH�SRVLWLRQLQJ��SLWFK�RU

\DZ�RI�DQ� D[LV�HDFK� DW� D� WLPH��'HYHORSPHQW�ZRUN�KDV�EHHQ�GRQH� ODWHO\� WR� FRPELQH

WKRVH� PHDVXUHPHQWV� LQ� D� VLQJOH� UXQ�� 7KLV� KDV� EHHQ� UHDOLVHG� E\� FRPELQLQJ� WKUHH

UHWURUHIOHFWRUV� DQG� FRUUHVSRQGLQJ� ODVHU� OLJKW� VRXUFHV� WRJHWKHU�� 7KXV� LW� LV� SRVVLEOH� WR

FDSWXUH� DOO� WKRVH�PHDVXUHPHQWV� LQ�RQH� UXQ�XVLQJ�ROG� WHVWHG�PHDVXULQJ�SULQFLSOHV��$

GHYLFH� KDV� EHHQ� GHYHORSHG�� XVLQJ� WKLV� SULQFLSOH� DQG� GLRGH� ODVHUV� WR� VWXG\� WKH

EHKDYLRXU�RI�WKH�V\VWHP��3RVLWLRQLQJ�PHDVXUHPHQW�UHVXOWV�KDYH�EHHQ�JRRG�EXW�QR�JRRG

UHVXOWV�KDYH�\HW�EHHQ�DFKLHYHG�IRU�DQJXODU�HUURUV�ZLWK�WKLV�PHWKRG��>$ERX�=HLG�HW�DO�

����@�

7KH� VDPH� PHDVXUHPHQW� FDQ� EH� UHDOLVHG� DOVR� E\� XVLQJ� 'RSSOHU� ODVHUV�� 7KH

PHDVXUHPHQW� LV� QRW� DV� DFFXUDWH� DV�ZLWK� D� ODVHU�LQWHUIHURPHWHU�� EXW� WKH�PHDVXUHPHQW

LQVWDOODWLRQ�LV�VRPH�ZKDW�HDVLHU�

������ $XWRFROOLPDWRU�ODVHU

3ULQFLSOHV� RI� DQ� DXWRFROOLPDWRU� FDQ� EH� XVHG� WR�PHDVXUH�PDQ\� GHYLDWLRQ� DQJOHV� RI� D

PDFKLQH� WRRO� DW� WKH� VDPH� WLPH�� )XUWKHU� RQ� WKLV� FDQ� EH� FRPELQHG� ZLWK� VWUDLJKWQHVV

PHDVXUHPHQW�� 7KH� PHWKRG� UHOLHV� RQ� WZR�GLPHQVLRQDO� SKRWRGHWHFWRUV�� ZKLFK� GHWHFW

GHYLDWLRQ�RI�OLJKW�UHIOHFWHG�EDFN�IURP�WKH�PHDVXULQJ�KHDG��7KH�KHOLXP�QHRQ�ODVHU�RU�D

FROOLPDWHG� YLVLEOH� ODVHU� GLRGH� FDQ� EH� XVHG� DV� D� OLJKW� VRXUFH��:LWK� WKLV�PHWKRG� LW� LV

SRVVLEOH� WR� PHDVXUH� ODWHUDO� VWUDLJKWQHVV�� YHUWLFDO� VWUDLJKWQHVV�� SLWFK�� \DZ� DQG� UROO

HUURUV�

7KH� DFFXUDF\� RI� WKH� DXWRFROOLPDWRU� ODVHU� GHSHQGV� JUHDWO\� RQ� WKH� DFFXUDF\� RI

SKRWRGHWHFWRUV� DQG� EHDP� SRLQWLQJ� VWDELOLW\� RI� WKH� ODVHU�� 5ROO� PHDVXUHPHQW� LV

HVSHFLDOO\�VHQVLWLYH� WR�DOO�HUURU�VRXUFHV�DQG� WKXV� LWV� UHOLDELOLW\� LV� UDWKHU� ORZ�� >1L�DQG

:X�����@



��

������ /DVHU�EDOO�EDU

/DVHU� EDOO� EDU� �/%%�� LV� D� NLQG� RI� D� IXUWKHU� GHYHORSPHQW� RI� '%%�� 2ULJLQDOO\� WKH

PHWKRG� ZDV� GHYHORSHG� WR� PHDVXUH� FR�RUGLQDWH� PHDVXULQJ� PDFKLQHV�� EXW� LW� LV

DSSOLFDEOH�IRU�PDFKLQH�WRROV�DV�ZHOO�>7LNND�����@�

/%%�FRQVLVWV�RI�D�WZR�VWDJH�WHOHVFRSLQJ�WXEH�ZLWK�D�SUHFLVLRQ�VSKHUH�PRXQWHG�DW�HDFK

HQG�� $� KHWHURG\QH� GLVSODFHPHQW� PHDVXULQJ� LQWHUIHURPHWHU� LV� DOLJQHG� LQVLGH� WKH

WHOHVFRSLQJ� WXEH� DQG� PHDVXUHV� WKH� UHODWLYH� GLVSODFHPHQW� EHWZHHQ� WZR� VSKHUHV�

%HFDXVH� RI� WKH� ODVHU� LQWHUIHURPHWHU� PHDVXULQJ� SULQFLSOH� LQVWHDG� RI� WKH� /9'7�

PHDVXULQJ� UDQJH� FDQ�EH� JLYHQ� LQ� ����PLOOLPHWUHV� FRPSDUHG� WR�PLOOLPHWUHV� LQ�'%%�

7KH�DFFXUDF\�RI�PHDVXUHPHQW�LV�DOVR�YHU\�JRRG��'HWHUPLQDQW�HUURU�VRXUFHV�DUH�EDOOV�

EDOO�VRFNHWV�DQG�XQFHUWDLQWLHV�LQ�HQYLURQPHQWDO�FRPSHQVDWLRQV�RI�ODVHU�

)LJXUH��� /DVHU�EDOO�EDU�>6FKPLW]�DQG�=LHJHUW�����@

%HFDXVH�RI�WKH�ZLGH�ZRUNLQJ�UDQJH�RI�/%%��LW�LV�SRVVLEOH�WR�XVH�WKHP�LQ�D�WULODWHUDWLRQ

DUUDQJHPHQW��7KLV�PDNHV�LW�SRVVLEOH�WR�PHDVXUH�WKUHH�GLPHQVLRQV�VLPXOWDQHRXVO\��7KH

GLIILFXOW\�LQ�WKH�DUUDQJHPHQW�LV�WR�FRQVWUXFW�D�WKUHH�SRLQW�FRQWDFW�RI�DOO�WKUHH�EDUV�WR�D

VLQJOH�EDOO�DWWDFKHG�LQ�D�PRYLQJ�SDUW�RI�D�PDFKLQH�WRRO��VSLQGOH�RU�WXUUHW���6LPLODUO\��LW

LV�SRVVLEOH� WR�XVH� MXVW� WZR� ODVHU�EDOO� EDUV� DQG�PHDVXUH�ZLWK� WULDQJXODWLRQ� LQ� D�SODQH

>7LNND�����@

)LJXUH���� 7ULODWHUDWLRQ�ZLWK�WKUHH�/%%V�>6FKPLW]�DQG�=LHJHUW�����@

7KH� PHWKRG� RIIHUV� SUHFLVH� DFFXUDF\� PHDVXUHPHQW� ZLWK� KLJK� VDPSOLQJ� UDWH�� 7RGD\

7HWUD�3UHFLVLRQ�,QF��RIIHUV�FRPPHUFLDOO\�D� ODVHU�EDOO�EDU�FDOOHG�2PQL*DJH
�
��EXW� WKH



��

GHYLFH� LWVHOI� DQG� WKH� PHWKRGRORJ\� LQYROYHG� LQ� WKH� PHDVXUHPHQW� DUH� VWLOO� XQGHU

GHYHORSPHQW�>.UXOHZLFK�����@>6FKPLW]�DQG�=LHJHUW�����@�

������ /DVHU�FLUFXODU�WHVW

$� PHWKRG� KDV� EHHQ� GHYHORSHG� WR� XVH� DQ� RUGLQDU\� GRSSOHU� ODVHU� >/LRWWR� DQG�:DQJ

����@� WR� SHUIRUP� D� FLUFXODU� WHVW� >:DQJ� DQG� *ULIILQ� ����@�� 7KHUH� DUH� VRPH

GLVVLPLODULWLHV� WR� RWKHU� FLUFXODU� WHVWV� LQ� WKH� WHVWLQJ� SURFHGXUH� DV� ZHOO� DV� LQ� WKH

PHDVXULQJ�SULQFLSOHV��7KH�V\VWHP�LV�EDVHG�RQ�D�IODW�PLUURU�RQ�D�PDFKLQH�WRRO�VSLQGOH

DQG� RQ� WZR� WHVW� UXQV� WKDW� DUH� SHUIRUPHG� LQ� ULJKW� DQJOH� WR� HDFK� RWKHU�� 7KXV� FUXFLDO

IDFWRUV�IRU�WKH�DFFXUDF\�DUH�WKXV�WKH�IODWQHVV�RI�WKH�PLUURU�DQG�WKH�SHUSHQGLFXODULW\�RI

WKH�WXUQ�RI�WKH�PLUURU��$OVR�WKH�V\QFKURQLVDWLRQ�RI�WKH�WZR�UXQV�KDYH�WR�EH�SHUIRUPHG

ZHOO�� 7KLV� FDQ� EH� GRQH� HLWKHU� E\� JLYLQJ� D� VLJQDO� IURP� WKH� FRQWUROOHU� YLD� 3/&

�SURJUDPPDEOH�ORJLF�FRQWUROOHU���RU�WKH�PHDVXUHPHQW�GHYLFH�LWVHOI�FDQ�GHWHFW�WKH�VWDUW

RI� WKH� PHDVXUHPHQW� DXWRQRPRXVO\�� ,Q� RUGHU� WR� GHWHFW� WKH� VLJQDO� DXWRQRPRXVO\� WKH

SHUIRUPHG� UXQV� PXVW� EH� SODFHG� LQ� D� ��� GHJUHH� DQJOH� WR� WKH� PDFKLQH� FR�RUGLQDWH

V\VWHP�

7KH�EHQHILW�RI�WKH�GHYLFH�LV�WKDW�PXOWLSOH�RWKHU�WHVWV�FDQ�EH�SHUIRUPHG�ZLWK�WKH�VDPH

HTXLSPHQW� DV� ZHOO�� ,W� LV� SRVVLEOH� WR� PHDVXUH� SRVLWLRQLQJ�� SLWFK�� \DZ� DQG� HYHQ

VTXDUHQHVV�ZLWK�VXLWDEOH�RSWLRQV��7KH�PHDVXUHPHQW�GHYLFH�LWVHOI��GRSSOHU�ODVHU��LV�DQ

DFFXUDWH�GHYLFH��KRZHYHU�PHDVXUHPHQW�LQVWDOODWLRQ�LQHYLWDEO\�FDXVHV�VRPH�GHYLDWLRQV

LQ�WKLV�PHDVXUHPHQW�PHWKRG��7KH�V\VWHP�ZLWK�GLIIHUHQW�NLQGV�RI�RSWLRQV�LV�REWDLQDEOH

DW�2SWRG\QH�,QF�

�VW UXQ

�QG UXQ

\

[

/DVHU KHDG

)ODW PLUURU

2SWLFDO
DGDSWHU

0DFKLQH
VSLQGOH

&LUFXODU
WRRO SDWK

)LJXUH���� /DVHU�FLUFXODU�WHVW

������� &LUFXODU�WHVW�ZLWK�D�VFDQQLQJ�SUREH

2QH�RI�WKH�HDUOLHVW�TXLFN�WHVW�PHWKRGV�KDV�EHHQ�VR�FDOOHG�.QDSS¶V�WHVW��$�FLUFXODU�WHVW

PHWKRG� EDVHG� RQ� DQ� DFFXUDWH� PDVWHU� ULQJ� DQG� VFDQQLQJ� PHDVXULQJ� KHDG� ZDV

LQWURGXFHG� LQ� WKH�PLG� ����¶V� >.QDSS� DQG�+URYDW� ����@�� 7KLV� GHYLFH� LV� FDSDEOH� RI

SHUIRUPLQJ�D�FLUFXODU�WHVW��EXW�LW�VXIIHUV�IURP�QRLVH�DQG�IULFWLRQ��2QO\�D�IL[HG�GLDPHWHU

WHVW�FDQ�EH�DFFRPSOLVKHG�E\�WKLV�GHYLFH�

$� ORW� RI� YDOXDEOH�ZRUN�ZDV� GRQH� WR� LPSURYH� DQDO\VLV� RI� WKHVH�PHDVXUHPHQWV�� 7KLV

WKHRU\� LV� VWLOO� YDOLG� IRU� RWKHU� TXLFN� WHVW� PHDVXUHPHQWV�� 2ULJLQDOO\� WKH� WHVW� UXQ� ZDV

GHVLJQHG�WR�EH�DFFRPSOLVKHG�ZLWKRXW�D�FRPSXWHU��DQG�DQ�DQDORJXH�SORWWHU�ZDV�XVHG�WR

UHFRUG�WKH�PHDVXUHPHQW�GDWD��/LNHZLVH�DQDO\VLV�RI�UHVXOWV�ZDV�WR�EH�SHUIRUPHG�E\�DQ

RSHUDWRU�
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)LJXUH���� &LUFXODU�WHVW�ZLWK�D�VFDQQLQJ�SUREH�>.QDSS�DQG�+URYDW�����@

������� 7RXFK�SUREH�DQG�DQ�DUWHIDFW

$� WRXFK� SUREH� FDQ� EH� XVHG� WR�PDNH� D� TXLFN� WHVW��ZKHQ� SUREH� LV� XVHG� WR�PHDVXUH� D

NQRZQ�DUWHIDFW��7KLV�PHDVXUHPHQW�GDWD�FDQ�EH�XVHG�OLNH�D�&00�PHDVXUHPHQW��EXW�WKH

DUWHIDFW�PXVW�EH�VSHFLDOO\�GHVLJQHG�IRU� WKLV�SXUSRVH��$QDO\VLV�DQG�GDWD�FDSWXUH�PXVW

EH� LQWHJUDWHG� LQ� D� QXPHULFDO� FRQWUROOHU� WR�PDNH� WKLV�PHDVXUHPHQW�PHWKRG� IHDVLEOH�

7KLV� NLQG� RI� D� V\VWHP� FRXOG� ILW�ZHOO� LQ� IOH[LEOH�PDQXIDFWXULQJ� V\VWHPV�� EXW� VSHFLDO

DWWHQWLRQ�PXVW�EH�IRFXVHG�RQ�TXHVWLRQV�FRQFHUQLQJ�FOHDQOLQHVV�RI�WKH�DUWHIDFW�DQG�WKH

WRXFKLQJ�SUREH�

)HUUHLUD� DQG� /LX� >)HUUHLUD� DQG� /LX� ����@� KDYH� XVHG� D� PHWURORJ\� SDOOHW� ZLWK� WZR

GLIIHUHQW�OHQJWK�WRXFK�WULJJHU�SUREHV�WR�GHWHUPLQH�WKH�DFFXUDF\�RI�D�PDFKLQLQJ�FHQWUH

LQ� WKUHH� GLPHQVLRQV�� 7KH\� XVHG� WKLV� PHDVXUHPHQW� SODWIRUP� DOVR� WR� WUDFN� WKHUPDO

EHKDYLRXU�RI� D�PDFKLQH�E\� UHSHDWLQJ�PHDVXUHPHQWV� DIWHU� D� FHUWDLQ� SHULRG� ���� WR� ��

PLQXWHV��GXULQJ�WKH�KHDWLQJ�DQG�FRROLQJ�F\FOH�

)LJXUH���� 0HWURORJ\�SDOOHW�ZLWK�WRXFK�WULJJHU�SUREH�>)HUUHLUD�	�/LX�����@

,QVWHDG�RI�D�PHWURORJ\�SDOOHW�PHQWLRQHG�DERYH��D�KROH�SODWH�FDQ�EH�XVHG�DV�D�UHIHUHQFH

WDUJHW�>7KHXZV�������S����@��$�SODWH�ZLWK�KROHV�DW�D�GLVWDQFH�RI���PP�WR�HDFK�RWKHU

ZDV� XVHG� LQ� D� VWXG\� SHUIRUPHG� DW� WKH� 7HFKQLFDO� 8QLYHUVLW\� RI� (LQGKRYHQ�� $FWXDO

GLVWDQFHV� EHWZHHQ� WKH� KROHV� ZHUH� FDOLEUDWHG� E\� 37%� �3K\VLNDOLVFK� 7HFKQLVFKH

%XQGHVDQVWDOW��� 7KHXZV� UHSRUWV� WKDW� D� UHSHDWDELOLW\� RI� IURP� ����P� WR� ����P� ZDV

DFKLHYHG�LQ�D�GLUHFWLRQ�RI�D�VLQJOH�D[LV�
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$� VOLJKWO\� UHYLVHG� YHUVLRQ� IURP� WKH� DERYH� LV� WR� XVH� PHDVXULQJ� SUREHV� LQVWHDG� RI� D

WRXFK� WULJJHU�SUREH�� 7KXV� LW� LV� SRVVLEOH� WR� FDSWXUH� PHDVXUHPHQW� GDWD� ZLWKRXW

LQYROYHPHQW� RI� D� QXPHULFDO� FRQWUROOHU�� $� WKUHH� GLPHQVLRQ� SUREH� KDV� EHHQ� XVHG� WR

PHDVXUH� SRVLWLRQ� RI� SUHFLVLRQ� EDOOV� ORFDWHG� LQ� D� FDOLEUDWLRQ� IUDPH� >7DMEDNKVK� HW� DO�

����@��7KH�SUREH�FRQVLVWHG�RI�WKUHH�OLQHDU�YDULDEOH�GLIIHUHQWLDO� WUDQVIRUPHUV��/9'7�

DVVHPEOHG� LQ� ��� GHJUHH� DQJOH� WR� HDFK� RWKHU� LQ� RUGHU� WR� PHDVXUH� GHYLDWLRQV� LQ

GLUHFWLRQV� RI� WKH� WKUHH� D[HV�� 7ZR� UHSHDWHG� PHDVXUHPHQWV� LQ� RQH� EDOO� ZHUH� XVHG� WR

GHFUHDVH�WKH�HIIHFW�RI�UHSHDWDELOLW\�HUURUV�LQ�WKLV�H[SHULPHQW�

������� 6XPPDU\�RI�PHDVXUHPHQW�PHWKRGV

7ZR�FDWHJRULHV�FDQ�EH�IRXQG�LQ�WKHVH�VR�FDOOHG�TXLFN�PHDVXUHPHQW�PHWKRGV��G\QDPLF

DQG� VWDWLF�PHWKRGV��'\QDPLF�PHDVXUHPHQWV� DUH� GRQH� LQ�UXQ� L�H�� GXULQJ�PRWLRQ� DQG

VWDWLF�PHDVXUHPHQWV�VWRS�RQ�D�WDUJHW�SRLQW�ZKHUH�WKH�PHDVXUHPHQW�YDOXH�LV�FDSWXUHG�

7RXFK�SUREH�ZLWK�DQ� DUWHIDFW� LV� WKH�RQO\�GHYLFH�RI� WKH�SUHYLRXVO\�SUHVHQWHG� FKRLFHV

ZKLFK� FDQ� GR� VWDWLF� PHDVXUHPHQWV� RQO\�� 7KH� RWKHU� GHYLFHV� FDQ� SHUIRUP� ERWK

PHDVXUHPHQW�W\SHV�GHSHQGLQJ�RQ�WKH�FXUUHQW�QHHG�DQG�XVHG�VRIWZDUH�

7DEOH����$SSOLFDELOLW\�RI�PHDVXUHPHQW�PHWKRGV

0HDVXUHPHQW�PHWKRG
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z  �'HYLFH�FDQ�PHDVXUH�WKH�GHYLDWLRQ�

�  �'HYLFH�FDQ�IDLUO\�ZHOO�PHDVXUH�WKH�GHYLDWLRQ�XQGHU�UHVHUYH�

{  �'HYLFH�FDQQRW�PHDVXUH�WKH�GHYLDWLRQ�

$  �'HYLFH�ILWV�ZHOO�IRU�PDFKLQH�WRRO�FDOLEUDWLRQ�DQG�DFFHSWDQFH�WHVWLQJ�

%  �'HYLFH�LV�DGHTXDWH�IRU�GDLO\�LQVSHFWLRQV�RI�PDFKLQH�WRROV�

&  �'HYLFH�FDQ�EH�XVHG�IRU�GDLO\�LQVSHFWLRQV�LI�DFFXUDF\�UHTXLUHPHQW�LV�ORZ�
��

 �$SSOLFDELOLW\�GHSHQGV�JUHDWO\�RQ�WKH�FRPSOH[LW\�RI�D�ZRUNSLHFH�
��

 �'HYLDWLRQ�FDQ�EH�PHDVXUHG�ZHOO�ZLWK�RSWLRQDO�HTXLSPHQW�
��

 ���EDU�DQG���EDU�V\VWHPV�FDQ�PHDVXUH�WKHVH�GHYLDWLRQV�ZHOO�
��

 �5HFWDQJXODU�IHDWXUHV�LQ�DQ�DUWHIDFW�HQDEOHV�PHDVXUHPHQW�RI�VWUDLJKWQHVV�



��

7KLV�ZRUN�FRQFHQWUDWHV�ODWHU�PRVWO\�RQ�G\QDPLF�PHDVXUHPHQWV��$QDO\VLV�RI�G\QDPLF

PHDVXUHPHQWV� LV� QRW� D� ZHOO� VWXGLHG� ILHOG� DQG� WKXV� RIIHUV� \HW� XQUHYHDOHG� SRWHQWLDO�

6RPH�FRPSDULVRQV��EHWZHHQ�PHDVXUHPHQW�PHWKRGV�DUH�SUHVHQWHG�LQ�7DEOH���

&ODVVLILFDWLRQ�RI�GHYLDWLRQV�LV�PDGH�DFFRUGLQJ�WR� WHUPLQRORJ\�XVHG�HOVHZKHUH�LQ� WKLV

SDSHU��7KLV�WHUPLQRORJ\�GLIIHUV�WR�VRPH�H[WHQW�IURP�WKH�FRPPRQO\�XVHG�PDQQHU��EXW

KHUH�LW�LV�MXVWLILHG�WR�VXVWDLQ�FRQVLVWHQF\�WKURXJKRXW�WKH�ZRUN�

$FFXUDF\�OHYHOV�DUH�DV�ZHOO�GLVSXWDEOH��EHFDXVH�H[DFW�YDOXHV�DUH�GLIILFXOW� WR�JLYH�IRU

PRVW�PHWKRGV��+RZHYHU�VRPH�FODVVLILFDWLRQV�DUH�PDGH�EDVHG�RQ�WKH�JLYHQ�XQFHUWDLQW\

DQG�HYDOXDWLRQ�RI�WKH�PHWKRGRORJ\��&ODVV�³$´�PHDQV�WKDW�WKLV�GHYLFH�FHUWDLQO\�PHHWV

DFFXUDF\�UHTXLUHPHQWV�RI�D�PDFKLQH�WRRO�LQVSHFWLRQ��LI�RQO\�XVHG�SURSHUO\��&ODVV�³%´

FDQ�EH�XVHG�IRU�GDLO\�LQVSHFWLRQV�ZLWKRXW�JUHDW�FRQFHUQ�WRZDUGV�DFFXUDF\��EXW�WXQLQJ

DQG� FRPSHQVDWLRQV� VKRXOG� EH� FDUULHG� RXW� EDVHG� RQ� WKHVH� PHDVXUHPHQWV� RQO\� LI

WUXVWZRUWKLQHVV�LV�DVVXUHG�E\�VRPH�RWKHU�PHDQV��7KLV�UHOLDELOLW\�FDQ�EH�WUDFNHG�GRZQ

IRU�H[DPSOH�E\�D�SUHYLRXV�FRPSDUDWLYH�PHDVXUHPHQW�EHWZHHQ�WKH�GHYLFH�LQ�TXHVWLRQ

DQG�D�FDOLEUDWLRQ�OHYHO�GHYLFH��&ODVV�³&´�GHYLFHV�FDQ�EH�XVHG�LQ�HYHU\GD\�LQVSHFWLRQV�

LI� UHOLDELOLW\� KDV� EHHQ� EHIRUHKDQG� DVVXUHG� E\� FRPSDUDWLYH� PHDVXUHPHQWV� DQG� WKH

DFFXUDF\�UHTXLUHPHQW�LV�QRW�VSHFLDOO\�KLJK��&RPSHQVDWLRQV�DQG�WXQLQJV�VKRXOG�QRW�EH

GRQH�EDVHG�RQ�WKHVH�PHDVXUHPHQWV�RQO\�

���� 7KHUPDO�HIIHFWV

7KHUPDO�GULIW� LV� WKH�PRVW� VLJQLILFDQW� VLQJOH� VRXUFH�RI� JHRPHWULFDO� HUURUV� LQ�PDFKLQH

WRROV��7KHUPDO�GULIW�DORQH�FDQ�FDXVH�HYHQ�PRUH�WKDQ������RI�WKH�RYHUDOO�HUURU�>:HFN

HW�DO������@��0HDQV�WR�UHGXFH�WKLV�HIIHFW�FDQ�EH�FODVVLILHG�LQ� WKUHH�JURXSV��ZKLFK�DUH

���� UHGXFWLRQ� DQG� LQVXODWLRQ�� ���� WHPSHUDWXUH� FRQWURO� DQG����� FRPSHQVDWLRQ��7KH� WZR

ILUVW� FDWHJRULHV�DUH�PRVW�FRPPRQO\�XVHG� LQ�SUDFWLVH�ZKLOH� FRPSHQVDWLRQ�KDV�EHHQ� D

SRSXODU� UHVHDUFK� REMHFW�� %U\DQ� >����@� VSHDNV� IRU� D� WHPSHUDWXUH� FRQWURO� PDLQO\

EHFDXVH�RI�WKH�GLIILFXOWLHV�LQ�RWKHU�PHDQV�H[SODLQHG�EHORZ�

6WDQGDUG� GUDIW� ,62�',6� ������ GHVFULEHV� WKH� PHWKRGV� WR� PHDVXUH� WKHUPDO� GULIW� DQG

HQYLURQPHQWDO�WHPSHUDWXUH�YDULDWLRQ�HUURU��(79(���7KHVH�PHDVXUHPHQWV�FDQ�EH�XVHG

WR�HYDOXDWH�DQG�WR�TXDQWLI\�WKH�WKHUPDO�VWDELOLW\�RI�D�PDFKLQH�WRRO��7KXV�LW� LV�D�EDVLV

IRU�WKH�IXUWKHU�GHYHORSPHQW�LQ�WKH�WKHUPDO�HUURU�UHVHDUFK�

������ 5HGXFWLRQ�RI�WKHUPDO�HIIHFWV�E\�GHVLJQ

7KH� ILUVW� DQG� PRVW� LPSRUWDQW� EDVLV� WR� PDNH� DQ� DFFXUDWH� PDFKLQH� WRRO� LV� QDWXUDOO\

GHVLJQ��'HVLJQ�IRU�WKHUPDO�EHKDYLRXU�LV�QRW�DQ�H[FHSWLRQ�DQG�WKXV�JRRG�GHVLJQ�DORQH

FDQ� DOUHDG\� SURGXFH� D� JRRG� HQRXJK� EHKDYLRXU�� %DG� WKHUPDO� GHVLJQ� FDQ� KDUGO\� EH

FRPSHQVDWHG� E\� DQ\� PHDQV� DW� DOO� EXW� JRRG� GHVLJQ� FDQ� EH� LPSURYHG� ZLWK

FRPSHQVDWLRQ�

+HDW�VRXUFHV�FDQ�EH�HLWKHU�LVRODWHG�RU�WKHLU�SRZHU�UHGXFHG�LQ�VRPH�FDVHV��)($��ILQLWH

HOHPHQW� DQDO\VLV�� LV� DQ� LPSRUWDQW� WRRO� LQ� WKLV� DUHD� WR� VWXG\� EHKDYLRXU� RI� GLIIHUHQW

VWUXFWXUHV��'LIIHUHQW� GLVSRVLWLRQV� RI� KHDW� VRXUFHV� DV�ZHOO� DV� IUDPH� VWUXFWXUHV� FDQ� EH

UHODWLYHO\�IDVW�H[DPLQHG�ZLWK�)($��/DWHO\�KHDW�SLSHV�KDYH�EHHQ�VXFFHVVIXOO\�XVHG�WR

WUDQVIHU� KHDW� DZD\� IURP� VRXUFH� DUHDV� >=KDQJ� HW� DO�� ����@�� 7KLV� PHWKRG� HTXDOLVHV

WHPSHUDWXUH�GLVWULEXWLRQ�DQG�VKRUWHQV�FRQVHTXHQWO\�WKH�ZDUP�XS�WLPH�



��

������ &RPSHQVDWLRQ�RI�WKHUPDO�HIIHFWV

$OO�WKH�FRPSHQVDWLRQ�PHWKRGV�DUH�EDVHG�RQ�PHDVXUHPHQW�RI�WHPSHUDWXUH�LQ�D�PDFKLQH

WRRO� ERG\� RU� GULYHV�� 7KLV� WHPSHUDWXUH� LQIRUPDWLRQ� LV� XVHG� LQ� GLIIHUHQW� PRGHOV� WR

FDOFXODWH� WKH� FRPSHQVDWLRQ� DPRXQW�� *HQHUDOO\� RQO\� WKH� WKHUPDO� EHKDYLRXU� RI� D

PDFKLQH�WRRO� LWVHOI� LV�PRGHOOHG�DQG�FRPSHQVDWHG� OHDYLQJ�HIIHFWV�RI�D�ZRUNSLHFH�DQG

WRRO� XQWRXFKHG�� 7KH�PRGHOOLQJ� RI� D� ZRUNSLHFH� WKHUPDO� EHKDYLRXU� LV� D� FRPSOLFDWHG

WDVN�LQ�LWVHOI�DQG�ZRXOG�QHHG�D�QHZ�PRGHO�IRU�HDFK�QHZ�ZRUNSLHFH�W\SH�PDNLQJ�WKXV

FRPSHQVDWLRQ� UDWKHU� ODERULRXV�DQG�GLIILFXOW� WR� UHDOLVH� LQ�SUDFWLVH��$� WRRO� LV� HDVLHU� WR

PRGHO�EXW�WKH�PHDVXUHPHQW�RI�LWV�DFWXDO�WHPSHUDWXUH�LV�GLIILFXOW�WR�DUUDQJH�

7KH�ILUVW�DQG�WKH�PRVW�VLPSOH�ZD\�LV�WR�XVH�D�VLQJOH� WHPSHUDWXUH�VHQVRU� LQ�HDFK�D[LV

DQG� FRPSHQVDWLRQ� XVLQJ� D� OLQHDU� PRGHO� IRU� HDFK� D[LV� SRVLWLRQLQJ�� 7KLV� VFKHPD� LV

DYDLODEOH�LQ�PRGHUQ�QXPHULFDO�FRQWUROOHUV�DQG�WKXV�LW�LV�HDV\�WR�LPSOHPHQW��+HUH�KDYH

WR�EH�UHPHPEHUHG�WKDW� WKH�XQFHUWDLQW\�RI� WKH�H[SDQVLRQ�FRHIILFLHQW�RI� WKH�VFDOHV�DQG

WKH�ZRUNSLHFH�DUH�YHU\�KLJK�>%U\DQ�����@��7HPSHUDWXUH�PHDVXUHPHQW�LWVHOI�LQYROYHV

XQFHUWDLQW\�WRR�DQG�WKXV�WKH�RYHUDOO�DFFXUDF\�RI�WKH�FRPSHQVDWLRQ�LV�ORZ�

5HFHQWO\� QHXUDO� QHWZRUNV� KDYH� EHHQ� XVHG� WR� PRGHO� WKHUPDO� EHKDYLRXU� RI� PDFKLQH

WRROV�>/LQJ�����@��7KLV�PHWKRG�RIIHUV�D�FKDQFH�WR�XVH�PDQ\�VHQVRUV�SHU�D[LV�DQG�HYHQ

WR� SODFH� WKHP� RII� WKH� D[LV�� EHFDXVH� WKH� FDOFXODWLRQ� PHWKRG� LWVHOI� FDQ� ILQG� RXW� WKH

LPSRUWDQFH� RI� HDFK� VHQVRU�� 'HSHQGLQJ� RQ� WKH� VWUXFWXUH� RI� D� QHXUDO� QHW� XVHG�� WKH

V\VWHP� FDQ� PRGHO� DOVR� QRQ�OLQHDULW\� DV� ZHOO� DV� G\QDPLF� EHKDYLRXU� LQ� WLPH�� 7KH

PHWKRG�LV��KRZHYHU��VRPHZKDW�FRPSOLFDWHG�DQG�QHHGV�DQ�H[SHUW�WR�WXQH�LW��1RZDGD\V

LW� LV� SRVVLEOH� WR� SXUFKDVH� D� V\VWHP� OLNH� WKLV� DQG� LW� ZLOO� EH� DVVHPEOHG� ODWHU� LQWR� WKH

FXVWRPHU¶V�PDFKLQH�

0DQ\�VWXGLHV�KDYH�EHHQ�PDGH�WR� LQFRUSRUDWH�FRPSHQVDWLRQ�RI� WKHUPDO�HIIHFWV� LQWR�D

JHQHUDO�PRGHO�WRJHWKHU�ZLWK�RWKHU�JHRPHWULFDO�HUURUV��7KH�EHQHILW�RI�WKLV�DSSURDFK�LV

WKDW� WKLV�ZD\�QRW�RQO\� WKH�SRVLWLRQLQJ�HUURU� LQ�GLUHFWLRQ�RI�DQ� D[LV�EXW�DV�ZHOO�RWKHU

WKHUPDO� UHODWHG� GHYLDWLRQV� DUH� FRPSHQVDWHG�� 7KH� PRGHO� SDUDPHWHUV� DUH� VROYHG� LQ

FRQWLQXRXV� WKHUPDO� VWDWHV� DQG� WKHQ� WKHVH� SDUDPHWHUV� DUH� XVHG� WR� FRPSHQVDWH� D

PDFKLQH�WRRO�>'RQPH]�HW�DO������@�>)HUUHLUD�DQG�/LX�����@�>7KHXZV�����@��3DUDPHWHU

HVWLPDWLRQ� KDV� WR� EH� FDUULHG� RXW� WR� HDFK�PDFKLQH� WRRO� LQGLYLGXDOO\�� %HFDXVH� RI� WKH

FRPSOH[LW\� WKLV�NLQG�RI�DSSURDFK�KDVQ¶W�EHFRPH�SRSXODU� LQ�SUDFWLVH��7KH� DPRXQW�RI

SDUDPHWHUV� WR� UHYHDO� LQFUHDVHV� ZKHQ� GLIIHUHQW� NLQGV� RI� G\QDPLF� WKHUPDO� VWDWHV� DUH

PRGHOOHG�DQG�VWLOO� WKLV�NLQG�RI�D�PHWKRG�FDQ�KDUGO\�DFKLHYH�JRRG�JHQHUDO� UHOLDELOLW\

DQG�UREXVWQHVV�

���� $QDO\VLV

7KH�DLP�RI�DQDO\VLV�LV�WR�GHWHUPLQH�SDUDPHWULF�HUURUV�IURP�D�PHDVXUHPHQW�GDWD��7KH

DQDO\VLV�RI�PHDVXUHPHQW�UHVXOWV�FDQ�EH�DFFRPSOLVKHG�PDQXDOO\��VHPL�DXWRPDWLFDOO\�RU

IXOO\� DXWRPDWLFDOO\�� 7KHVH� VWHSV� SUHVHQW� GLIIHUHQW� SKDVHV� LQ� WKH� GHYHORSPHQW� RI

WHFKQRORJ\� DQG� FDOFXODWLRQ� FDSDFLW\� DYDLODEOH�� 3UHYLRXVO\� PHDVXUHPHQW� HTXLSPHQW

DQG�PHWKRGV�RIIHUHG�PHDVXUHPHQW�UHVXOWV�GLUHFWO\��7KLV�ZDV�PDLQO\�EHFDXVH�LW�ZDVQ
W

SRVVLEOH� WR� LQWHUSUHW� PRUH� FRPSOLFDWHG� NLQG� RI� PHDVXUHPHQW� UHVXOWV� ZLWKRXW

FRPSXWLQJ�SRZHU��7KH�VLWXDWLRQ�KDV�FKDQJHG�ZLWK�WKH�GHYHORSPHQW�RI�FRPSXWHUV�DQG

QRZ�WKHUH�DUH�QR�PRUH�UHDVRQV�WR�XVH�VHOI�HYLGHQW�PHDVXUHPHQW�PHWKRGV�MXVW�EHFDXVH

WKH\�DUH�HDVLHU�WR�XQGHUVWDQG�IRU�D�KXPDQ�

7KH� FRPSOLFLW\�RI� DQ� DQDO\VLV� DOJRULWKP�GHSHQGV� RQ� WKH�PDFKLQH� WRRO� VWUXFWXUH� DQG

PHDVXUHPHQW� GDWD� SUHVHQWDWLRQ�� ,W� FDQ� EH� TXLWH� VLPSOH� DV� LQ� WKLV� ZRUN�� ZKHQ� RQO\
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&DUWHVLDQ�WKUHH�D[LV�PDFKLQH�WRROV�DUH�FRQVLGHUHG�DQG�PHDVXUHPHQWV�DUH�UHGXFHG�WR�D

SODQH�� 7KH� ZRUN� ZRXOG� EH� VLJQLILFDQWO\� PRUH� FRPSOH[� RQ� KH[DSRG� PDFKLQH� WRROV

>6RRQV�����@�

������ 0DQXDO�LQWHUSUHWDWLRQ

6RPH�PHDVXUHPHQWV� DUH� LQWHUSUHWHG� GLUHFWO\� E\� D� SHUVRQ� ZLWKRXW� DQ\� DVVLVWDQFH� RI

FRPSXWHUV��0RVW�FODVVLFDO�VWDQGDUGLVHG�PHDVXUHPHQWV�DUH�DQDO\VHG� WKLV�ZD\��0DLQO\

WKLV�LQYROYHV�WDNLQJ�RQO\�D�FRXSOH�RI�GLVFUHWH�PHDVXUHPHQW�SRLQWV�LQVWHDG�RI�VFDQQLQJ�

7KHVH�PHDVXUHPHQWV�DUH�XVXDOO\�DOVR�SDUDPHWULF�DQG�WKXV�UHYHDO�RQH�GHYLDWLRQ�W\SH�DW

D�WLPH��7KLV�PDNHV�D�KXPDQ�LQWHUSUHWDWLRQ�SRVVLEOH��EXW�ORRVHV�VRPH�LQIRUPDWLRQ��$QG

HYHQ�WKRXJK�WKH�LQWHQWLRQ�LV�WR�PHDVXUH�MXVW�RQH�GHYLDWLRQ�W\SH��VRPH�RWKHU�GHYLDWLRQV

FDQ� HDVLO\� LQWHUIHUH� LQ� WKH� PHDVXUHPHQW�� 3DUWO\� WKHVH� UHVWULFWLRQV� DUH� FDXVHG� E\

PHDVXUHPHQW�HTXLSPHQW��ZKLFK�GRHVQ
W�KDYH�WKH�FDSDELOLW\�RI�FDWFKLQJ�PHDVXUHPHQW

SRLQWV�LQ�KLJK�IUHTXHQF\�

0DFKLQH WRRO

,QVSHFWLRQ GHYLFH

2SHUDWRU

)LJXUH���� +XPDQ�LQWHUSUHWDWLRQ�RI�PDFKLQH�WRRO�PHDVXUHPHQWV

*RRG�H[DPSOHV�RI�KXPDQ�LQWHUSUHWDWLRQ�DUH�PHDVXUHPHQW�RI�VTXDUHQHVV�DQG�UXQRXW�RI

D� VSLQGOH� �',1� ������� :H� FDQ� WKLQN� WKLV� LV� WKH� FDVH� DOVR� ZKHQ� D� FLUFXODU� WHVW� LV

UHFRUGHG� E\� DQ� DQDORJXH� SORWWHU� DQG� WKHQ� LQWHUSUHWHG� E\� D� SHUVRQ�� $OVR� D� '%%

PHDVXUHPHQW�UHFRUGHG�E\�D�FRPSXWHU�FDQ�EH�FODVVLILHG�LQWR�WKLV�JURXS�ZKHQ�QR�IXUWKHU

DQDO\VLV�LV�PDGH�

������ 6HPLDXWRPDWLF�DQDO\VLV

$�VHPLDXWRPDWLF�DQDO\VLV�FDQ�ILQG�RXW�VHSDUDWH�GHYLDWLRQ�YDOXHV�DQG�D�FDSDELOLW\�YDOXH

IRU�WKH�FXUUHQW�WHVWHG�SDWK�EDVHG�RQ�D�PHDVXUHPHQW��6WLOO�VRPH�LQWHUSUHWDWLRQ�LV�OHIW�IRU

WKH�XVHU�DQG�KH�PXVW�HYDOXDWH�WKH�UHOHYDQFH�DQG�UHOLDELOLW\�RI�UHVXOWV�

$� FRPELQDWLRQ� RI� ODVHU�LQWHUIHURPHWHU�PHDVXUHPHQW� DQG� JHQHUDOO\� DYDLODEOH� FDSWXUH

VRIWZDUH� EHORQJV� WR� VHPLDXWRPDWLF� DQDO\VLV�� ,W� FDQ� JLYH� UHVXOWV� IRU� SRVLWLRQLQJ

DFFXUDF\�DQG�DOVR�JLYH�VRPH�XQFHUWDLQW\�HVWLPDWHV�IRU� WKRVH�YDOXHV��%XW� LW� ODFNV�DQ\

DELOLW\� WR� WHOO� UHDVRQV� IRU� GHYLDWLRQV� LW� KDV� REVHUYHG�� 7KLV� FDQ� FDXVH� VHULRXV

PLVLQWHUSUHWDWLRQV�ZKHQ�VRPH�DQJXODU�HUURUV�H[LVW�LQ�D�PDFKLQH�WRRO�
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,QVSHFWLRQ GHYLFH

0DFKLQH WRRO 2SHUDWRU

$QDO\VLV WRRO

)LJXUH���� 6HPLDXWRPDWLF�DQDO\VLV�RI�PDFKLQH�WRRO�PHDVXUHPHQWV

$�IHZ�SLHFHV�RI�DQDO\VLV�VRIWZDUH�DUH�FRPPHUFLDOO\�DYDLODEOH�IRU�'%%�PHDVXUHPHQWV�

7KHVH�SLHFHV�RI�VRIWZDUH�DOVR�EHORQJ�WR�D�VHPLDXWRPDWLF�JURXS��EHFDXVH�DOWKRXJK�WKH\

JLYH� VRPH� HVWLPDWHV� RI� GLIIHUHQW� GHYLDWLRQ� W\SHV�� WKHUH� LV� QR� LQIRUPDWLRQ� RQ� WKH

UHOLDELOLW\�RI�WKRVH�UHVXOWV�QRU�DUH�WKRVH�YDOXHV�SXW�EDFN�RQ�D�QXPHULFDO�FRQWUROOHU�IRU

FRPSHQVDWLRQ�SXUSRVHV�

7KH�DQDO\VLV�PHWKRG�SUHVHQWHG�LQ�WKLV�WKHVLV�DOVR�EHORQJV�WR�WKLV�JURXS��7KLV�DQDO\VLV

JLYHV�UHVXOWV��ZKLFK�DUH�UHDG\�IRU�FRPSHQVDWLRQ�DQG�LW�DOVR�UHYHDOV�WKH�XQFHUWDLQW\�RI

WKRVH�HVWLPDWHV��EXW�LW�ODFNV�WKH�DELOLW\�WR�FRPSHQVDWH�PDFKLQH�WRROV�DXWRPDWLFDOO\�

������ )XOO�DXWRPDWLF�DQDO\VLV

$� IXOO� DXWRPDWLF� DQDO\VLV� FDQ� ILQG� RXW� GHYLDWLRQ� YDOXHV� DQG� DOVR� HVWLPDWH� WKHLU

UHOLDELOLW\�� ,W� FDQ� DVN� IRU� DQ� DGGLWLRQDO� PHDVXUHPHQW� ZLWK� QHZ� SDUDPHWHUV� ZKHQ

QHHGHG�WR�HQVXUH�WKH�UHOLDELOLW\�RI�UHVXOWV��7KLV�W\SH�RI�DQ�DQDO\VLV�FDQ�VWLOO�ZRUN�RQO\

LQ� RQH� SODQH�� WKRXJK� LW� FDXVHV� KLJKHU� XQFHUWDLQW\� YDOXHV� IRU� GHYLDWLRQ� HVWLPDWHV�

7KHUHIRUH�D�WKUHH�GLPHQVLRQDO�DQDO\VLV�LV�SUHIHUUHG�

)XOO�DXWRPDWLF� DQDO\VLV� FDQ� HLWKHU� GR� WKH� FRPSHQVDWLRQ� LWVHOI� RU� LW� FDQ� RIIHU

FRPSHQVDWLRQ� LQIRUPDWLRQ�� ZKLFK� FDQ� EH� DFWLYDWHG� ZLWKRXW� D� KXPDQ� LQWHUYHQWLRQ�

&RPSHQVDWLRQ�FDQ�EH�SHUIRUPHG�HLWKHU�E\�D�PDFKLQH�WRRO�FRQWUROOHU�LWVHOI�RU�LW�FDQ�EH

GRQH�EHIRUH�E\�D�SRVWSURFHVVRU�RI�DQ�RII�OLQH�1&�SURJUDPPLQJ�WRRO�

,QVSHFWLRQ GHYLFH

0DFKLQH WRRO 2SHUDWRU$QDO\VLV WRRO

)LJXUH���� )XOO�DXWRPDWLF�DQDO\VLV�RI�PDFKLQH�WRRO�PHDVXUHPHQWV

7KLV�W\SH�RI�DQDO\VLV�LV�QHHGHG�IRU�IOH[LEOH�PDQXIDFWXULQJ�V\VWHPV��EHFDXVH�LW�PDNHV�LW

SRVVLEOH� WR� PHDVXUH� PDFKLQH� WRROV� EHWZHHQ� ZRUNSLHFHV� ZLWKRXW� LQWHUUXSWLRQV�

0HDVXUHPHQWV� FRXOG� HYHQ� EH� FRPSOHWHG� DW� QLJKW� DIWHU� DOO� WKH� VFKHGXOHG� SLHFHV� DUH

PDFKLQHG� DQG� WKXV� ORRVH� QR� YDOXDEOH� PDFKLQH� WLPH� DW� DOO�� 7KH� DQDO\VLV� DQG

FRPSHQVDWLRQ�F\FOH�FRXOG�EH�UHDOLVHG�ZLWKRXW� LQWHUUXSWLRQ�LQ�SURGXFWLRQ��%HFDXVH�RI

WKH�VKRUWHQHG�PHDVXULQJ�WLPH�IUHTXHQW�WHVWV�DUH�IHDVLEOH��7KLV�DJDLQ�NHHSV�PDFKLQHV�LQ

FRQWURO�DOO�WKH�WLPH�DQG�DOVR�QDUURZV�WKH�GHYLDWLRQ�UDQJH�

&XUUHQWO\� WKHUH� DUH� QR� DYDLODEOH�PHDVXULQJ� HTXLSPHQW� QRU� DQDO\VLV� VRIWZDUH� LQ� WKLV

OHYHO��+RZHYHU��WKLV�ZLOO�EHFRPH�SRVVLEOH�LQ�WKH�QHDU�IXWXUH��EHFDXVH�DQDO\VLV�PHWKRGV
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KDYH�EHHQ�GHYHORSLQJ� ODWHO\�DQG��RQ� WKH�RWKHU�KDQG�� IOH[LEOH�PDQXIDFWXULQJ� V\VWHPV

KDYH�EHFRPH�PRUH�FRPPRQ��%HFDXVH�WKRVH�V\VWHPV�DUH�H[SHQVLYH�DQG�LQWHQGHG�WR�EH

XVHG����KRXUV�D�GD\��LW�LV�LPSRUWDQW�WKDW�WKH\�FDQ�EH�XWLOLVHG�GXULQJ�WKH�PD[LPXP�WLPH

DQG� WKDW� WKH\� DUH� SURGXFLQJ� KLJK� TXDOLW\� DOO� WKDW� WLPH�� 7KLV� PHDQV� IXOO�DXWRPDWLF

PHDVXUHPHQW��DQDO\VLV�DQG�FRPSHQVDWLRQ�

������ $QDO\WLF�JHRPHWU\�QRWDWLRQ

7KH�ILUVW�PHWKRG�WR�UHSUHVHQW�HUURUV�RI�D�PDFKLQH�WRRO�KDV�EHHQ�JHRPHWULFDO�DSSURDFK

>/RYH� DQG� 6FDUU� ����@�� &RPSDUHG� WR� WKH� 'HQDYLW�+DUWHQEHUJ� PHWKRG� SUHVHQWHG

EHORZ�� WKLV�QRWDWLRQ�FDQ� OHDG� WR� ORQJ�HTXDWLRQV� LI� WKH�ZKROH�PDFKLQH� LV�PRGHOOHG� DW

RQFH�

7KH� EDVLF� SULQFLSOHV� RI� WKLV� PHWKRG� DUH� KRZHYHU� VROLG�� EXW� WKH� SUREOHPV� DUH� PRUH

UHODWHG� WR� FXPEHUVRPH� QRWDWLRQ� RI� D� VROYHG� SUREOHP�� %HFDXVH� D� PRUH� FRQYHQLHQW

PHWKRG� KDV� EHHQ� IRXQG�� WKLV� ROGHU� ZD\� KDV� EHHQ� IRUJRWWHQ�� 7KH� EDVLF� IRUPXODH� RI

JHRPHWULFDO� QRWDWLRQ� DUH� KRZHYHU�PRUH� LQWXLWLYH� DQG� DOVR� WKH\� FDQ� EH� IOH[LEO\� XVHG

ZLWK�GLIIHUHQW�FRQGLWLRQDO�VWDWHPHQWV�

7KH�ZRUN�SUHVHQWHG� ODWHU� LV� EDVHG� RQ� JHRPHWULFDO� QRWDWLRQ��$OVR� EHFDXVH� WKH�ZKROH

DQDO\VLV�ZRUNV� MXVW� LQ�D�SODQH�� WKH�FRPSOLFLW\�RI� VROYHG� HTXDWLRQV� LV� QR� LVVXH� DW� DOO�

&RQGLWLRQDO� VWDWHPHQWV� XVHG� LQ� ODWWHU� HTXDWLRQV� WDNH� LQWR� DFFRXQW� FKDQJHV� LQ� WKH

IHHGUDWH�DQG�PRWLRQ�GLUHFWLRQ�

������ 'HQDYLW�+DUWHQEHUJ�QRWDWLRQ

$�V\VWHPDWLF� DSSURDFK� WR�PRGHO� ORZHU�SDLU�PHFKDQLVPV�� FDOOHG�'HQDYLW�+DUWHQEHUJ

�'�+��QRWDWLRQ�>'HQDYLW�DQG�+DUWHQEHUJ�����@��KDV�EHHQ�VXFFHVVIXOO\�XVHG�LQ�URERWLFV

DQG�DOVR�LQ�PDFKLQH�WRRO�PHDVXUHPHQWV��0RVW�RI� WKH�UHFHQW�ZRUN�KDV�EHHQ�EDVHG�RQ

WKLV� WKHRU\�� EHFDXVH� QRWDWLRQ� RIIHUV� JRRG� WRROV� WR� PRGHO� VWUDLJKW� DQG� LQYHUVH

NLQHPDWLFV�

0DWUL[� QRWDWLRQ� VXSSRUWV� WUDQVODWLRQV� DORQJ� D[LV� DQG� DQJXODU� WXUQ� DURXQG� MRLQWV�� $

MRLQW� LV� FRXSOHG� ZLWK� DQ� DUP� DQG� D� VLQJOH� PDWUL[� SUHVHQWV� WKLV� SDLU�� 7KLV� PHWKRG

VXSSRUWV�ZHOO� WKUHH�GLPHQVLRQDO� V\VWHPV� DQG� LW� FDQ�PRGHO� DOVR� HUURUV� LQ� MRLQWV� DQG

DUPV��6WUDLJKW�NLQHPDWLFV�IURP�MRLQW�YDOXHV�WR�DQ�DFWXDO�SRVLWLRQ�RI�D�WRRO�SRLQW�LV�ZHOO

EHKDYLQJ� DQG� HDV\� WR� FDOFXODWH�� +RZHYHU�� LQYHUVH� NLQHPDWLFV� LV� LQ� PRVW� FDVHV

FRPSOLFDWHG� WR� HYDOXDWH� DQDO\WLFDOO\� DQG� WKDW� LV� ZK\� GLIIHUHQW� DSSUR[LPDWLRQV� DUH

ZLGHO\�XVHG�

%HFDXVH�'�+�QRWDWLRQ�GRHV�QRW�QDWLYHO\�XVH�GLIIHUHQW�SDUDPHWHUV�GHSHQGLQJ�RQ�PRWLRQ

GLUHFWLRQ��QRU�GR�WKH�GHYHORSHG�PHWKRGV�EDVHG�RQ�'�+��VXSSRUW�WKDW��7KXV�WKH�V\VWHPV

DUH�LQVHQVLWLYH�WR�GLIIHUHQW�NLQGV�RI�UHYHUVDO�HUURUV��1HLWKHU�GR�WKH�V\VWHPV�KDYH�VSHHG

GHSHQGHQW� SDUDPHWHUV�� ZKLFK� KDPSHUV� GHWHFWLRQ� RI� VHUYR� EDVHG� HUURUV�� 7KHVH

GHILFLHQFLHV� DUH� QRW� DFWXDOO\� 'HQDYLW�+DUWHQEHUJ¶V� IDXOW�� EXW� WDNLQJ� WKHVH� PDWWHUV

DORQJ� ZRXOG� IRUFH� RQH� WR� VSOLW� FDOFXODWLRQV� LQ� PDQ\� SDUWV� GHSHQGLQJ� RQ� PRWLRQ

SDUDPHWHUV�

(YHQ� LI� PRGHOOLQJ� D� PDFKLQH� LV� UDWKHU� D� VWUDLJKW� IRUZDUG� SURFHVV� E\� XVLQJ� '�+

QRWDWLRQ�� LW� FDQ� KDUGO\� EH� H[SHFWHG� WKDW� WKLV� PRGHOOLQJ� FRXOG� EH� LPSOHPHQWHG� LQ

RUGLQDU\�PDFKLQH�VKRSV��+RZHYHU��JRRG�UHVXOWV�KDYH�EHHQ�UHSRUWHG�LQ� WKH�86�LQ�WKH

PLG� ��¶V� >)HUUHLUD� DQG�/LX� ����@� >'RQPH]� HW� DO� ����@��5HVHDUFK� JURXSV� WHVWHG� WKH

V\VWHP�LQ�ODERUDWRU\�FRQGLWLRQV�DQG�DFKLHYHG�UHPDUNDEOH�HQKDQFHPHQWV� LQ�DFFXUDF\�

7KH�ERWK�JURXSV�KDG�LQWHJUDWHG�D�WKHUPDO�FRPSHQVDWLRQ�LQ�WKHLU�DOJRULWKPV��+RZHYHU�

WKHUPDO�FRPSHQVDWLRQ�GLGQ¶W�WDNH�DGYDQWDJH�RI�'�+��LW�ZDV�PHUHO\�D�SXUH�SRVLWLRQLQJ
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FRUUHFWLRQ�DGGHG�WR� WKH�JOREDO�PRGHO��'RQPH]�FODLPV�WKDW� WKLV�NLQG�RI�DQ� LQWHJUDWHG

DOJRULWKP�FDQ�JLYH�DFFXUDF\�HQKDQFHPHQWV�XS�WR����WLPHV�

0RUH� WKRURXJK� H[SODQDWLRQ� RQ� XVLQJ� ULJLG� ERG\� NLQHPDWLFV�ZLWK�'�+� QRWDWLRQ� ZDV

FRPSOHWHG� IRU� WKUHH� D[HV� PDFKLQHV� >$QGHUVVRQ� ����@� DQG� IRU� ILYH� D[HV� PDFKLQHV

>7KHXZV�����@>6RRQV�HW�DO������@��7KHXZV�LQWHJUDWHG�D�WKHUPDO�FRPSHQVDWLRQ�LQ�KLV

V\VWHP� DQG� JRW� UDWKHU� JRRG� UHVXOWV� �L�H�� ���� UHGXFWLRQ� LQ� JHRPHWULFDO� HUURUV� DQG� LQ

WKHUPDO�HUURUV�PRUH�WKDQ�������+RZHYHU��KH�SRLQWV�RXW�WKDW�WKH�PHDVXUHPHQWV�QHHGHG

IRU�WKLV�PHWKRG�DUH�UHDOO\�ODERULRXV�DQG�WKDW�PDQ\�FRPSOLFDWHG�LVVXHV�DUH�LQYROYHG�LQ

WKHUPDO�FRPSHQVDWLRQ��%HFDXVH�RI�WKH�PDQ\�SDUDPHWHUV�DQG�XQNQRZQ�YDULDEOHV�LQ�WKH

WKHUPDO� VWDJH� RI� D� PDFKLQH� WRRO�� $QGHUVVRQ� KDV� FRQFOXGHG� WR� UHFRPPHQG� PDNLQJ

PHDVXUHPHQWV� LQ� D� WKHUPDO� VWDJH�ZKLFK� FRUUHVSRQGV� WR� QRUPDO�PDFKLQLQJ� VLWXDWLRQ�

%DVHG� RQ� WKH� DQDO\VLV�PRGHO� D�ZKROH� IROORZ�XS� V\VWHP� RI� D�PDFKLQH� WRRO� KDV� DOVR

EHHQ�SURSRVHG�>)LJXUH���@�

*HRPHWU\ 0DFKLQH 7RRO

*HQHUDO 0RGHO

6RIWZDUH (UURU
&RPSHQVDWLRQ

0HFKDQLFDO
$GMXVWPHQW

$FFHSWDQFH�
5HMHFWLRQ

&RPSOHWH &DOLEUDWLRQ

(VWLPDWLRQ DQG 6HOHFWLRQ RI
6LJQLILFDQW 3DUDPHWHUV

'HVLJQ &RPSOHWH &DOLEUDWLRQ

'HVLJQ 3HULRGLF ,QVSHFWLRQ

3HULRGLF ,QVSHFWLRQ

,QGLYLGXDO 0RGHO

$QDO\WLFDO DQG�RU (PSHULFDO 0RGHO
IRU 7\SH 'HSHQGHQW (UURUV

&KRLFH 'HVFULSWLRQ (UURUV DQG WKHLU
,QGHSHQGHQW 9DULDEOHV

7\SH 'HSHQGHQW 0RGHO

)LJXUH���� $�PDFKLQH�WRRO
V�TXDOLW\�FRQWURO�V\VWHP�ZLWK�UHVSHFW�WR�LWV
TXDVLVWDWLF�HUURUV�>6RRQV�HW�DO������@

���� &RPSHQVDWLRQ�DQG�DGMXVWLQJ

$QDO\VLV�UHVXOWV�RI�GHYLDWLRQV�RI�D�PDFKLQH�WRRO�VKRXOG�EH�XVHG�WR�DGMXVW�WKH�PDFKLQH

WR� SURGXFH� EHWWHU� TXDOLW\�� 7KHVH� DFWLRQV� FDQ� EH� FDOOHG� HLWKHU� DGMXVWPHQWV� RU

FRPSHQVDWLRQV�� $GMXVWPHQWV� FKDQJH� WKH� SDUDPHWHU� YDOXHV� LQ� D� FRQWUROOHU� RU� LQ� D

PDFKLQH� WRRO� LWVHOI�� &RPSHQVDWLRQV� LQVWHDG� DUH� DGGLWLRQDO� FRUUHFWLRQV�� ZKLFK� DUH

DGGHG�WR�WDUJHW�SRVLWLRQV�



��

������ $GMXVWPHQWV

1XPHULFDO� FRQWUROOHUV� RIIHU� D� SRVVLELOLW\� WR� DGMXVW� VHUYRV� E\� SDUDPHWHUV�� 7KXV� LW� LV

SRVVLEOH� WR� DGMXVW� VHUYR� PLVPDWFKLQJ� DQG� DOVR�� WR� FHUWDLQ� H[WHQW� WKH� VHUYR� ODJ

DXWRPDWLFDOO\��+RZHYHU��EHFDXVH�PDQ\�IDFWRUV�DUH�LQYROYHG�LQ�VHUYR�WXQLQJ�WKH�YDOXHV

VKRXOG�QRW�EH�FKDQJHG�ZLWKRXW�FDUHIXO�FRQVLGHUDWLRQ��7KXV�HYHQ�LI�WKH�DQDO\VLV�PHWKRG

FDQ�UHYHDO�WKLV�W\SH�RI�GHYLDWLRQV��WKH\�DUH�QRW�DSSOLFDEOH�IRU�IXOO�DXWRPDWLF�DGMXVWLQJ�

0DQXDO� DGMXVWLQJ� LV� QHHGHG� WR� UHGXFH� VRPH� JHRPHWULFDO� GHYLDWLRQV�� 7KH� VPRRWKHVW

DQG� WKH� EHVW� ZD\� WR� UHGXFH� WKH� VTXDUHQHVV� DQG� FOHDUDQFH� HUURU� LV� WR� DGMXVW� WKHP

PDQXDOO\��HYHQ�LI�PHDQV�DOVR�WR�FRPSHQVDWH�WKHP�H[LVW��0DQXDO�DGMXVWLQJ�ZDV�HDUOLHU

QHHGHG�WR�WXQH�VHUYRV��WRR�

$GMXVWPHQWV� DQG� FRPSHQVDWLRQV� FRYHU� SDUWO\� HTXLYDOHQW� GHYLDWLRQV�� 1HYHUWKHOHVV

WKHVH�PHWKRGV� DUH� QRW�PXWXDOO\� H[FOXVLYH��&RPSHQVDWLRQV� FDQ� EH� XVHG� WR� ILQH� WXQH

UHPDLQLQJ�DPRXQW�RI�GHYLDWLRQ�DIWHU�DGMXVWPHQW�

������ &RPSHQVDWLRQ

&RPSHQVDWLRQ�RI�D�PDFKLQH�WRRO�SDWK�FDQ�EH�UHDOLVHG�E\�FRPSHQVDWLRQ�WDEOHV��E\�DQ

H[WHUQDO� FRUUHFWLRQ� RI� D� IHHGEDFN� YDOXH� DQG� E\�PRGLI\LQJ� DQ� 1&�SURJUDP�� $OO� WKH

PHWKRGV� KDYH� EHHQ� XVHG� WR� VRPH� H[WHQW�� EXW� FRPSHQVDWLRQ� WDEOHV� DUH� WKH� PRVW

FRPPRQ�

&RPSHQVDWLRQ� UHTXLUHV� DOZD\V� VRPH� FRPSXWLQJ� WLPH��ZKLFK� KDV� WKLV� IDU� HIIHFWLYHO\

KLQGHUHG� LPSOHPHQWDWLRQ� RI� VRSKLVWLFDWHG� FRPSHQVDWLRQV�� +RZHYHU� VLWXDWLRQ� KDV

FKDQJHG� ODWHO\� DQG� QRZ� D� JUHDW� YDULHW\� RI� FRPSHQVDWLRQ�PHWKRGV� LV� DYDLODEOH�� 7KH

VXSHULRULW\�RI�D�FRPSHQVDWLRQ�PHWKRG�FDQ�EH�GHWHUPLQHG�E\�ORRNLQJ�DW�FRPSHQVDWLRQ

LQWHUYDO�� UHQHZDO� WLPH� DQG� UHVROXWLRQ�� (DVH� RI� XVH�� PDQDJHPHQW� RI� FRPSHQVDWLRQV�

LQIRUPDWLRQ�IORZ�DQG�FRPSDWLELOLW\�ZLWK�RWKHU�V\VWHPV�DUH�LPSRUWDQW�SDUDPHWHUV�ZKHQ

FKRRVLQJ�D�FRPSHQVDWLRQ�PHWKRG�

�������� &RPSHQVDWLRQ�WDEOHV

&RPSHQVDWLRQ�WDEOHV�DUH�VWRUHG�LQ�WKH�QXPHULFDO�FRQWUROOHU��/RRN�XS�W\SH�WDEOHV�KDYH

FRPSHQVDWLRQ� DPRXQWV� VWRUHG� DW� FHUWDLQ� LQWHUYDOV��'HSHQGLQJ� RQ� WKH� FRQWUROOHU� W\SH

FRPSHQVDWLRQ�YDOXHV�EHWZHHQ�WKH�VWRUHG�SRLQWV�DUH�HLWKHU� LQWHUSRODWHG�OLQHDUO\�RU� WKH

ZKROH� LQWHUYDO� KDV� D� IL[HG� YDOXH� >)LJXUH� ��@�� &RPSHQVDWLRQ� FDQ� HLWKHU� FRUUHFW� WKH

VDPH�D[LV��ZKLFK�GHWHUPLQHV�WKH�ORRN�XS�SRVLWLRQ�LQ�WKH�WDEOH�RU�VRPH�RWKHU�D[LV��7KLV

HQDEOHV�FRPSHQVDWLRQ�RI�VTXDUHQHVV�HUURU��7DEOHV�RI�WKHLU�RZQ�FDQ�EH�GHWHUPLQHG�IRU

ERWK�PRWLRQ�GLUHFWLRQV��ZKLFK�LV�XVHG�WR�FRPSHQVDWH�UHYHUVDO�HUURUV�

)DQXF ��&
R
U
UH
F
W
LR
Q

6LHPHQV ���'

3RVLWLRQ

)LJXUH���� $�ORRN�XS�WDEOH
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%HFDXVH� FRPSHQVDWLRQV� DUH� VWRUHG� LQ� D� FRQWUROOHU�� VRPH� EHQHILWV� DUH� EHLQJ� JDLQHG�

)LUVWO\�� VHUYR� DOJRULWKP� LV� DGDSWHG� ZLWK� FRPSHQVDWLRQV� DQG� WKXV� WKH� H[LVWHQFH� RI

FRPSHQVDWLRQV� GRHV� QRW� GHWHULRUDWH� WKH� G\QDPLF� SHUIRUPDQFH� RI� WKH� VHUYR� V\VWHP�

6HFRQGO\�� WKH� FRPSHQVDWLRQ� DOJRULWKP� LV� DOO� WKH� WLPH� DZDUH� RI� UHDO� PRWLRQV� RI� D

PDFKLQH� WRRO� �VSHHG�� GLUHFWLRQ�� DQG� WKXV� FDQ� XVH� WKH� H[DFWO\� ULJKW� FRPSHQVDWLRQ

PRGHO��$QG�ODVW��EXW�QRW�OHDVW��WKH�FRPELQDWLRQ�RI�D�FRQWUROOHU�DQG�D�PDFKLQH�WRRO�LV�DQ

LQGHSHQGHQW�XQLW��ZKLFK�KDV�D�VWDQGDUGLVHG�LQWHUIDFH��1&�SURJUDP��WR�DQ�XSSHU�OHYHO�

7DEOHV�FDQ�EH�XSGDWHG�DOVR�GXULQJ�WKH�UXQ�WLPH�ZLWKRXW�D�SRZHU�XS�RU�UHVHW��7KHXZV

>7KHXZV� ����@� XVHG� WKLV� SURSHUW\� WR� FRPSHQVDWH� WKHUPDO� HIIHFWV� LQ� UHDO� WLPH�� 7KLV

HQDEOHV�DOVR�DXWRPDWLF�FRPSHQVDWLRQ�RI�JHRPHWULF�HUURUV�

�������� ([WHUQDO�FRUUHFWLRQ�RI�WKH�IHHGEDFN�YDOXH

,I�FRPSHQVDWLRQ�WDEOHV�DUH�QRW�DYDLODEOH�RU�UHTXLUHPHQWV�IRU�FRPSHQVDWLRQ�DUH�VR�KLJK

WKDW� WDEOHV� DUH� QRW� DGHTXDWH�� LW� LV� SRVVLEOH� WR� EXLOG� DQ� H[WHUQDO� FRPSHQVDWLRQ� XQLW�

ZKLFK�DGMXVWV�IHHGEDFN�YDOXHV�WR� WKH�FRQWUROOHU��7KLV�V\VWHP�FDQ�HDVLO\� LQYROYH�ERWK

JHRPHWULFDO�DQG�WKHUPDO�FRPSHQVDWLRQV�>'RQPH]�HW�DO�����@�

7KLV�SUDFWLFH�RIIHUV�JUHDW�IOH[LELOLW\��EXW�LW�KDV�VRPH�GUDZEDFNV��(YHQ�LI�WKH�VHUYR�ORRS

SHUIRUPDQFH�LV�QRW�GLUHFWO\�GHWHULRUDWHG��WKH�OLYLQJ�IHHGEDFN�PDNHV�WKH�WXQLQJ�RI�VHUYR

SDUDPHWHUV� GLIILFXOW�� ,I� QHZ� FRPSHQVDWLRQ� YDOXHV� DUH� QRW� FDOFXODWHG� ZLWK� WKH� VDPH

IUHTXHQF\�DV�QHZ�SRVLWLRQ�ORRS�WDUJHW�YDOXHV��XQH[SHFWHG�VHUYR�EHKDYLRXU�FDQ�RFFXU�

%HFDXVH� WKLV� NLQG� RI� D� V\VWHP� FDQ� VWURQJO\� UHGXFH� WKH� G\QDPLF� FDSDELOLW\� RI� D

PDFKLQH�WRRO��LW�LV�QRW�OLNHO\�WKLV�V\VWHP�ZLOO�EHFRPH�PRUH�FRPPRQ��+RZHYHU��LW�FDQ

EH�YHU\�XVHIXO�LQ�ODERUDWRU\�FRQGLWLRQV�ZKHQ�QHZ�FRPSHQVDWLRQ�PHWKRGV�DUH�WHVWHG�

�������� 0RGLILFDWLRQ�RI�D�1&�SURJUDP

$�1&�SURJUDP�FDQ�EH�PRGLILHG�LQ�VXFK�D�ZD\�WKDW�WKH�HUURUV�REVHUYHG�LQ�D�PDFKLQH

WRRO�DUH�FRPSHQVDWHG�ZKHQ�WKH�SURJUDP�LV�UXQ�>7DNHXFKL�DQG�:DWDQDEH�����@>6SDDQ

����@>0DKEXEXU�HW�DO�����@��7KH�EHQHILW�RI�WKLV�PHWKRG�LV�WKDW�LW�LV�DSSOLFDEOH�DOVR�WR

ROGHU�FRQWUROOHUV��+RZHYHU��WKLV�PHWKRG�KDV�DOVR�VRPH�GUDZEDFNV��ZKLFK�KLQGHUV�LW�WR

EHFRPH�D�SULPDU\�FKRLFH�IRU�FRPSHQVDWLRQ�SXUSRVHV��)LUVWO\�� OLQHV� LQ�D�1&�SURJUDP

PXVW� EH� VSOLW� LQ� PDQ\� VPDOOHU� OLQHV� WKXV� LQFUHDVLQJ� WKH� SURJUDP� VL]H�� 6HFRQGO\�� D

QXPHULFDO�FRQWUROOHU�KDV�GLIILFXOWLHV�WR�VKLIW�EHWZHHQ�WKHVH�QHZ�OLQHV��EHFDXVH�LW�WULHV

WR�DFKLHYH�DOO�WKH�QHZ�FRUQHU�SRLQWV��7KLUGO\��DGPLQLVWUDWLRQ�RI�ULJKW�YHUVLRQV�RI�1&�

SURJUDPV�FDQ�HDVLO\�EHFRPH�GLIILFXOW�WR�KDQGOH�

$�QHZ�1&�SURJUDP�FRGLQJ�PHWKRG�ZLWK�185%6��1RQ�8QLIRUP�5DWLRQDO�%�6SOLQH�

HWF�� FDQ� KHOS� WR� H[SORLW� WKLV� PHWKRG�� +RZHYHU�� WKLV� FDQQRW� EH� VHHQ� WR� EH� D� QDWLYH

FRPSHQVDWLRQ�PHWKRG�IRU�QXPHULFDO�FRQWUROOHUV��EXW�FDQ�EH�DSSOLFDEOH�WR�VRPH�VSHFLDO

WDVNV�
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�� 0$7+(0$7,&$/�02'(/

���� ,QWURGXFWLRQ

5DZ�PHDVXUHPHQWV�RI�PDFKLQH�WRROV�WKHPVHOYHV�GR�QRW�UHYHDO�HUURUV�RI�PDFKLQH�WRROV�

6RPH�NLQG�RI�D�PHWKRG�LV�QHHGHG� WR� ILQG�RXW�VHSDUDWH�GHYLDWLRQ�YDOXHV�DQG� WR�PDNH

GLIIHUHQW�NLQGV�RI�PHDVXUHPHQWV� FRPSDUDEOH�ZLWK� HDFK�RWKHU��7KHVH� VHSDUDWH�YDOXHV

FDQ�WKHQ�EH�XVHG�WR�IROORZ�XS�DQG�GLDJQRVH�PDFKLQH�WRROV��7KLV�FDOFXODWLRQ�VKRXOG�EH

DXWRPDWLF�DQG�UHOLDEOH�WR�EH�DEOH�WR�VHUYH�KLJKHU�IXQFWLRQV�ZLWK�ULJKW�LQIRUPDWLRQ�

���� 7DVNV

7KH�FDOFXODWLRQ�PRGHO�LQFOXGHV�GLIIHUHQW�WDVNV�WR�FRPSOHWH��7KHVH�DFWLRQV�SUHSDUH�UDZ

PHDVXUHPHQW�GDWD�IRU�DQDO\VLV�DQG�DOVR�HVWLPDWH�VHQVLWLYLW\�RI�UHVXOWV��$QDO\VLV�FDQ�EH

GLYLGHG�LQWR�WKH�IROORZLQJ�WDVNV�

��� FODVVLI\�DUUD\�RI�PHDVXUHPHQW�SRLQWV�WR�DQDO\VLV�IHDWXUHV

��� FDUU\�RXW�SRVVLEOH�FR�RUGLQDWH�WUDQVIRUPDWLRQV

��� GR�URXJK�ILOWHULQJ�RI�PHDVXUHPHQW�GDWD

��� HYDOXDWLRQ�RI�GHYLDWLRQ�YDOXHV

��� HVWLPDWLRQ�RI�WKH�DFFXUDF\�RI�UHVXOWV�

7KHVH�WDVNV�DUH�GHSHQGHQW�RQ�WKH�DFWXDO�DQDO\VLV�PHWKRG�XVHG��EXW�LQ�VRPH�ZD\�HDFK

PHWKRG�KDV� WR�KDQGOH� WKHVH� WDVNV�� ,W� LV�PRUH� D�TXHVWLRQ�RI�FDOFXODWLRQ�DQG� IXQFWLRQV

XVHG�WR�SHUIRUP�WKRVH�WDVNV�

���� 0HWKRGV

7KH�FDOFXODWLRQ�PHWKRG�IRU�WKH�HYDOXDWLRQ�RI�GHYLDWLRQ�YDOXHV�PXVW�EH�FKRVHQ�EHWZHHQ

GLIIHUHQW� VHDUFK�DOJRULWKPV�DQG� WKH�DQDO\WLFDO� VROXWLRQ��:LGHO\�XVHG� VHDUFK�PHWKRGV

DUH� QHXUDO� QHWZRUNV�� JHQHWLF� DOJRULWKPV� DQG� WUDGLWLRQDO� VWHSSLQJ� VHDUFK� DOJRULWKPV�

:KHQ�DQ�DQDO\WLFDO�VROXWLRQ�LV�DWWDLQDEOH��LW�RIIHUV�D�PRUH�DFFXUDWH�UHVXOW�FRPSDUHG�WR

GLIIHUHQW� VHDUFK� DOJRULWKPV�� 6HFRQGO\�� FRPSXWLQJ� WLPH� LV� FRPPRQO\� VKRUWHU� IRU� DQ

DQDO\WLFDO�PRGHO��%HFDXVH�RI�WKLV�WKH�DQDO\WLFDO�PRGHO�LV�DOZD\V�SUHIHUUHG�ZKHQ�LW�MXVW

LV�SRVVLEOH�WR�DFKLHYH�

������ $QDO\WLFDO�PRGHO

:KHQ� D� SURFHVV� PRGHO� LV� QRQ�OLQHDU�� LW� LV� JHQHUDOO\� YHU\� FRPSOLFDWHG� WR� ILQG� DQ

DQDO\WLFDO� VROXWLRQ�� ,Q� WKRVH� FDVHV� D� JHQHUDO� DSSURDFK� LV� WR� OLQHDULVH� D�PRGHO� LQ� WKH

RSHUDWLQJ�SRLQW��7KLV�RIIHUV�D�UHODWLYHO\�VLPSOH�FDOFXODWLRQ�IRU�D�VROXWLRQ�ZLWK�D�SULFH

RI� OLPLWHG� VROXWLRQ� VSDFH�� ,W� LV� VRPHWLPHV� DOVR� SRVVLEOH� WR� UHVROYH� DQ� RULJLQDO� QRQ�

OLQHDU�HTXDWLRQ�RIIHULQJ�H[DFW�VROXWLRQV� LQ� WKH�ZKROH�SDUDPHWHU�VSDFH��8QIRUWXQDWHO\

WKLV� LV� SRVVLEOH� RQO\� LQ� UDUH� FDVHV� DQG� LW� LV� DOVR� ODERULRXV�� 7KLV� WKHVLV� SUHVHQWV� D

OLQHDULVHG�PRGHO��ZKLFK�JLYHV�UHOLDEOH�UHVXOWV�ZLWK�QRUPDO�PDFKLQH�WRROV�>FKDSWHU����@�

7KH�ILWWLQJ�SURFHGXUH�LV�DQ�HVVHQWLDO�SDUW�RI�WKH�DQDO\WLFDO�VROXWLRQ��7KH�PRVW�FRPPRQ

PHWKRG�LV�WR�XVH�OHDVW�VTXDUHV�ILWWLQJ��ZKLFK�LV�XVHG�LQ�WKLV�ZRUN��WRR��7KH�EHQHILW�RI

OHDVW�VTXDUHV� LV� WKDW� LW� LV� IDVW� DQG� UHOLDEOH� WR� FRPSXWH� DQG� VROXWLRQV� DUH� JHQHUDOO\
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UREXVW�� 7KH� ELJJHVW� GUDZEDFN�� WKDW� LV� FRPPRQO\� SUHVHQWHG�� LV� WKDW� LW�PLQLPLVHV� WKH

HUURU��ZKLFK�GRHV�QRW�KDYH�FOHDU�SK\VLFDO�EDFNJURXQG� WKXV�QRW�EHLQJ� UHOHYDQW� WR� WKH

SUREOHP��+RZHYHU�OHDVW�VTXDUHV�ILWWLQJ�ZRUNV�ZHOO�WR�JLYH�D�JRRG�DYHUDJH�UHVXOW��EXW

FDQQRW�WHOO�RU�UHVWULFW�WKH�PD[LPXP�HUURU�

7KH�&KHE\VKHY� QRUP� KDV� DOVR� EHHQ� XVHG� WR� HYDOXDWH� GHYLDWLRQ� SDUDPHWHUV� LQ� VRPH

FDVHV�>7DMEDNKVK�HW�DO������@��7KLV�ILWWLQJ�PLQLPLVHV� WKH�PD[LPXP�HUURU�DQG�LV� WKXV

WKHRUHWLFDOO\� WKH� EHVW� ILWWLQJ� SURFHGXUH�� ,W� GRHVQ¶W� QHFHVVDULO\� JLYH� WKH� EHVW� UHVXOW� LQ

DYHUDJH��EXW�LW�JLYHV�D�YDOXH�IRU�WKH�PD[LPXP�HUURU�DQG�DOVR�PLQLPLVHV�LW��7KHUH�LV�D

GUDZEDFN� WKRXJK� WKDW� WKH� PHWKRG� LV� YHU\� VHQVLWLYH� WR� PHDVXULQJ� HUURUV� DQG� QRLVH�

7KXV� LW� UHTXLUHV� ILOWHULQJ��)LOWHULQJ�RQ� WKH�RWKHU�KDQG� FDQ� FDXVH� VLPLODU� SUREOHPV� LQ

DXWKHQWLFLW\�DV�PHQWLRQHG�HDUOLHU�ZLWK�WKH�OHDVW�VTXDUHV�ILWWLQJ�

,I�UHSHDWDELOLW\�RI�PDFKLQH�WRROV� LV�RQ�D� OHYHO� ODWHU�UHSRUWHG�LQ� WKLV�ZRUN�� WKHUH� LV�QR

SUDFWLFDO� GLIIHUHQFH� LQ� DFFXUDF\� EHWZHHQ� ILWWLQJ� PHWKRGV�� 7KH� TXHVWLRQ� LV� PHUHO\

FRPSXWDWLRQDO�DQG�RI� UHOLDELOLW\��6RPH�RWKHU� VWXGLHV� >7DNDPDVX�HW� DO�� ����@� DV�ZHOO

KDYH�UHFRPPHQGHG� WKH�XVH�RI� WKH� OHDVW�VTXDUHV�PHWKRG� LQ�RUGHU� WR�VHSDUDWH� IHDWXUHV

IURP�&00�PHDVXUHPHQWV��7KXV�WKH�OHDVW�VTXDUHV�PHWKRG�LV�KHUH�WKH�FKRLFH��EHFDXVH

LW�RIIHUV�WKH�KLJKHVW�HIILFLHQF\�

������ *HQHWLF�DOJRULWKPV

$� JHQHWLF� DOJRULWKP� FDQ� YDU\� LWVHOI� E\� WZR� GLIIHUHQW� PHWKRGV�� PXWDWLRQ� DQG

LQKHULWDQFH�� ,QKHULWDQFH� FRPELQHV� SURSHUWLHV� RI� WZR� SUHGHFHVVRUV�� 0XWDWLRQ� LV� D

UDQGRP�FKDQJH�LQ�SDUDPHWHUV��+HUHE\�WKLV�PHWKRG�XVHV� LQKHULWDQFH�WR�VHDUFK�D� ORFDO

PLQLPXP� DQG� PXWDWLRQ� MXPSV� DURXQG� WKH� SDUDPHWHU� VSDFH� WR� ILQG� D� QHZ� JOREDO

PLQLPXP�VHDUFK�VWDUW�SRLQW��7KH�PHWKRG�KDV�EHHQ�IRXQG�WR�EH�XVHIXO�LQ�FDVHV�ZLWK�D

YHU\�ODUJH�SDUDPHWHU�VSDFH�DQG�GLIILFXOW�QRQ�OLQHDU�HTXDWLRQV�

������ 1HXUDO�QHWZRUNV

1HXUDO� QHWZRUNV� DUH� PXOWL�OD\HU� PRGHOOHUV�� ZKLFK� FRPELQH� QRQ�OLQHDU� WUDQVIHU

IXQFWLRQV�ZLWK�D�OLQHDU�VXPPD��$�OD\HU�FRQVLVWV�RI�FHOOV��ZKLFK�HDFK�ILUVW�DGG�YDOXHV

IURP� FHOOV� RI� D� SUHFHGLQJ� OD\HU�ZLWK� DQ� LQGLYLGXDO�ZHLJKW� DQG� WKHQ� WKLV� VXP� LV� SXW

WKURXJK�D�WUDQVIHU�IXQFWLRQ��7KH�PRVW�LQWHOOLJHQW�SDUW�RI�WKHVH�PHWKRGV�LV�WKH�V\VWHP�WR

WXQH�ZHLJKWV�IRU�FHOOV��7KLV�NLQG�RI�D�V\VWHP�FDQ�PRGHO�DOVR�QRQ�OLQHDULWLHV��,W�ILWV�IRU

SUREOHPV� ZLWK� XQNQRZQ� XQGHUO\LQJ� HTXDWLRQV�� D� TXLWH� ODUJH� SDUDPHWHU� VSDFH� DQG

PRGHUDWH�DFFXUDF\�UHTXLUHPHQWV�

$� SUHYLRXV� UHVHDUFK� KDV� EHHQ�PDGH� HDUOLHU� WR� FRPSDUH� QHXUDO� QHWV� WR� DQ� DQDO\WLFDO

PRGHO�LQ�D�GRXEOH�EDOO�EDU�DQDO\VLV��7KH�VWXG\�FRPHV�WR�WKH�FRQFOXVLRQ�WKDW�ZKHQ�DQ

DQDO\WLFDO�PRGHO�LV�DYDLODEOH�LW�FDQ�RIIHU�EHWWHU�UHVXOWV�WKDQ�D�QHXUDO�QHW��>7RUYLQHQ�HW

DO������@

*HQHUDOO\�QHXUDO�QHWV�DUH�XVHG�LQ�WKH�FDVHV�LQ�ZKLFK�GHSHQGHQFLHV�DQG�IXQFWLRQV�IURP

LQLWLDO�YDOXHV�WR�REVHUYDWLRQ�DUH�XQNQRZQ�RU�HVSHFLDOO\�GLIILFXOW��7KHUH�DUH�PDQ\�FDVHV

LQ�ZKLFK� WKHVH�GHSHQGHQFLHV� DUH�NQRZQ� LQ� WKHRU\�� EXW� LQ�SUDFWLVH� WKH� DSSOLFDWLRQ�RI

WKHP�LV�VR�FRPSOLFDWHG�WKDW�QHXUDO�QHWV�DUH�XVHG�WR�PRGHO�WKH�EHKDYLRXU��+RZHYHU��WKH

UXOH�RI�WKXPE�LV�WKDW�QHXUDO�QHWV�VKRXOG�EH�XVHG�RQO\�ZKHQ�DQDO\WLFDO�PHWKRGV�DUH�QRW

DSSOLFDEOH��%HFDXVH�D�QHXUDO�QHW�VWUXFWXUH�GRHV�QRW�UHDOO\�NQRZ�WKH�EHKDYLRXU�EHKLQG�D

SKHQRPHQRQ�LW�FDQQRW�JLYH�DV�JRRG�UHVXOWV�DV�D�JRRG�DQDO\WLFDO�PRGHO�GRHV�
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������ 6HDUFK�DOJRULWKPV

7UDGLWLRQDO�VHDUFK�DOJRULWKPV�VWULGH�RYHU�WKH�SDUDPHWHU�VSDFH�XVLQJ�D�NQRZQ�OLQHDU�RU

QRQ�OLQHDU� IXQFWLRQ� WU\LQJ� WR� ILQG� D� JOREDO� PLQLPXP� RU� PD[LPXP� GHSHQGLQJ� RQ

UHTXLUHPHQWV��7KH�VHDUFK�DOJRULWKP�FDQ�HLWKHU�XVH� UHDO�GHULYDWLYH� LQIRUPDWLRQ�RI� WKH

XQGHUO\LQJ� IXQFWLRQ�� HVWLPDWH� D� GHULYDWLYH� ZLWK� WZR� VXEVHTXHQW� SRLQWV� RU� QHJOHFW� D

GHULYDWLYH�� 6HDUFK� DOJRULWKPV� DUH� HIIHFWLYH� VROXWLRQ� SURYLGHUV� ZKHQ� DQ� DQDO\WLFDO

VROXWLRQ�LV�QRW�DFKLHYDEOH�IRU�VRPH�UHDVRQ��:HDNQHVVHV�RI�WKHVH�PHWKRGV�DUH�WKDW�WKH\

FDQ�ILQG�MXVW�D�ORFDO�VROXWLRQ�DQG�WKDW�FRPSXWLQJ�WLPH�FDQQRW�EH�HVWLPDWHG�DQG�LW�FDQ

EH�UDWKHU�ORQJ�

���� 0RGHOOLQJ�RI�GHYLDWLRQV

������ 3ULQFLSOHV

7KH� DQDO\VLV� LV� EDVHG� RQ� WKH� XVH� RI� IHDWXUHV�� (YHU\� PHDVXUHPHQW� LV� ILUVW� VSOLW� LQWR

IHDWXUHV� DQG� WKHQ� WKH\� DUH� KDQGOHG� WKH� UHTXLUHG�ZD\��2ULJLQDO�PHDVXUHPHQW� GDWD� LV

ILUVW�VSOLW�LQWR�IHDWXUHV��WUDQVIRUPHG�WR�D�ORFDO�FR�RUGLQDWH�V\VWHP��GHYLDWLRQ�SURWRW\SHV

DUH� EXLOW� IRU� HDFK� IHDWXUH� DQG� GHYLDWLRQ� DQG� WKH� SURWRW\SHV� DUH� WKHQ� ILW� WR� WKH

WUDQVIRUPHG�PHDVXUHPHQW�

������ 0RGHOOLQJ

%HIRUH�LQGLYLGXDO�IHDWXUHV�FDQ�EH�GLVWLQJXLVKHG�WKH�PHDVXUHG�SDWKV�KDYH�WR�EH�NQRZQ�

7KLV�FDQ�EH�DFKLHYHG�HLWKHU�E\�GUDZLQJ�PHDVXUHPHQW�SDWKV�LQ�DQ�DQDO\VLV�SURJUDP�RU

E\� LPSRUWLQJ� WKHP� IURP� D� PHDVXUHPHQW� SURJUDP� ILOH�� IRU� H[DPSOH� '0,6

�'LPHQVLRQDO�0HDVXULQJ�,QWHUIDFH�6WDQGDUG��>$16,�&$0�, ����@�

7KH�PHDVXUHPHQW�SDWK�LV�MXVW�RQH�VLGH�RI�WKH�PRGHOOLQJ�LQIRUPDWLRQ�QHHGHG��EHFDXVH

WKH� PDQXIDFWXULQJ� LQIRUPDWLRQ� LV� DOVR� UHTXLUHG�� $JDLQ� WKLV� FDQ� EH� PRGHOOHG� LQ� WKH

VDPH� ZD\� DV� WKH� PHDVXUHPHQW� SDWKV� DERYH�� $W� OHDVW� PDFKLQLQJ� GLUHFWLRQV�� WRROV�

SRVLWLRQLQJ� RQ� WKH� PDFKLQH� WRRO� WDEOH� DQG� IHHGUDWHV� KDYH� WR� EH� PRGHOOHG� LQ� WKH

PDFKLQLQJ�LQIRUPDWLRQ�GDWDEDVH�

�������� )HDWXUHV

7KH� W\SHV� RI� IHDWXUHV� KDQGOHG� E\� WKH� DQDO\VLV� DUH� UHVWULFWHG�� EHFDXVH� HYHU\� IHDWXUH

KDQGOHG�QHHGV�LWV�RZQ�NLQG�RI�IRUPXODH��,Q�WKLV�WKHVLV�ZRUN�RQO\�IHDWXUHV�LQ�RQH�SODQH

DUH� VWXGLHG�� 7KH� IHDWXUHV� XVHG� DUH� OLQH�� DUF� DQG� SRLQW�� ,QIRUPDWLRQ� UHTXLUHG� E\� WKH

IHDWXUHV�LV�SUHVHQWHG�LQ�WDEOH���
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7DEOH����)HDWXUH�LQIRUPDWLRQ

$UF /LQH 3RLQW

2UGHU�QXPEHU 2UGHU�QXPEHU 2UGHU�QXPEHU

3ODQH 3ODQH 3ODQH

)HHGUDWH )HHGUDWH )HHGUDWH

7RRO 7RRO 7RRO

&HQWUH�SRLQW�[�\�] 6WDUW�SRLQW�[�\�] 3RVLWLRQ�[�\�]

5DGLXV /HQJWK %RUH�KROH�UDGLXV

'LUHFWLRQ $QJOH

6WDUW�DQJOH $SSURDFK�DQJOH $SSURDFK�DQJOH

6WRS�DQJOH

0DWHULDO�VLGH 0DWHULDO�VLGH

������ )HDWXUH�VHSDUDWLRQ

0HDVXUHPHQW�GDWD�LV�FRPPRQO\�MXVW�D�ORQJ�OLVW�RI�FR�RUGLQDWHV�ZLWKRXW�LQIRUPDWLRQ�RQ

ZKHUH� LW�ZDV�REWDLQHG��&00�PHDVXUHPHQW� UHVXOWV� DUH�RULJLQDOO\� VWRUHG�E\� IHDWXUHV�

EXW� WKLV� LQIRUPDWLRQ� LV� HDVLO\� ORVW� ZKHQ� WUDQVSRUWLQJ� PHDVXUHPHQW� LQ� D� FRPSDWLEOH

GDWD�ILOH� IRUPDW�� 7KH� FURVV� JULG� HQFRGHU� PHDVXUHPHQW� GRHV� QRW� HYHQ� KDYH� WKLV

LQIRUPDWLRQ��EHFDXVH�LW� LV� MXVW�D� WLPH�EDVHG�FDSWXULQJ�GHYLFH�ZLWKRXW�DQ\�NQRZOHGJH

RI�WKH�DFWXDO�PHDVXUHG�VKDSH�

7KH�PHWKRG�XVHV�UHFRJQLWLRQ�]RQHV�>)LJXUH���@� WR�VHSDUDWH�SRLQWV�EHORQJLQJ� WR�HDFK

IHDWXUH��,I�D�SRLQW�KLWV�LQ�D�VWDUW�]RQH�RI�WKH�ILUVW�IHDWXUH��D�FROOHFWLRQ�RI�GDWD�SRLQWV�IRU

WKLV�IHDWXUH�LV�VWDUWHG��7KH�FROOHFWLRQ�ZLOO�FRQWLQXH�XQWLO�D�SRLQW� LQ� WKH�HQG�]RQH�RI�D

IHDWXUH�LV�IRXQG��7KLV�VWDUWV�D�VHDUFK�RI�D�VWDUW�]RQH�RI�WKH�QH[W�IHDWXUH��7KLV�FRQWLQXHV

XQWLO�DOO�WKH�IHDWXUHV�DUH�FROOHFWHG�

FROOHFWLRQ�RI�SRLQW�

VWDUW�VWDUW� HQG�

HQG�

�D

D
DD

FROOHFWLRQ�RI�DUF�

FROOHFWLRQ�RI�OLQH�

�D

�D

$UF�� /LQH�� 3RLQW��

)LJXUH���� 5HFRJQLWLRQ�]RQHV

$� SUHGHILQHG� FRQVWDQW� D�� UHFRJQLWLRQ� OHQJWK�� LV� XVHG� WR� GHWHUPLQH� WKH� OHQJWK� RI
UHFRJQLWLRQ�]RQHV��7KH�UHFRJQLWLRQ�OHQJWK�GHSHQGV�RQ�WKH�GDWD�SRLQW� LQWHUYDO�DQG�WKH

FHQWULQJ� RI� D� PHDVXUHPHQW�� 7KH� KLJKHU� WKH� FDSWXUH� IUHTXHQF\� DQG� WKH� EHWWHU� WKH

FHQWULQJ�� WKH� VPDOOHU� FDQ� WKH� UHFRJQLWLRQ� OHQJWK� EH�� 7RR� VPDOO� D� UHFRJQLWLRQ� OHQJWK

FDXVHV�ORRVLQJ�RI�IHDWXUHV��DQG�IXUWKHUPRUH�IDLOXUH�RI�DQDO\VLV��EHFDXVH�QR�SRLQWV�KLW

LQ�D�]RQH�DQG�D�WRR�ORQJ�RQH�OHWV�XQQHFHVVDU\�PDQ\�SRLQWV�WR�EH�QHJOHFWHG�

$� SRLQW� LV� GHWHUPLQHG� WR� ORFDWH� LQ� D� SRVLWLRQ� ZKHUH� WZR� VXFFHVVLYH� SRLQWV� LQ� D

FROOHFWLRQ� DUHD� RI� WKH� SRLQW� DUH� FORVHVW� WR� HDFK� RWKHU�� 7KH� DYHUDJH� RI� WKRVH� WZR
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PHDVXULQJ�SRLQWV�LV�XVHG�ODWHU�WR�VWDQG�IRU�DV�WKH�UHDO�ORFDWLRQ�RI�WKH�SRLQW��$�SRLQW�LQ

&00�PHDVXUHPHQWV� LV� SUHVHQWHG� E\� D� ERUH� KROH��7KH� KROH� LV� UHFRJQLVHG� E\� DQ� DUF

UHFRJQLWLRQ� V\VWHP� DQG� WKH� SRLQW� ORFDWLRQ� LV� LQWHUSUHWHG� WR� EH� WKH� FHQWUH� SRLQW� RI� D

FDOFXODWHG�OHDVW�VTXDUHV�FLUFOH�

7KH� IHDWXUH� UHFRJQLWLRQ� OHDYHV� DOZD\V� VRPH�PHDVXUHPHQW�SRLQWV� IURP� WKH� VWDUW� RI� D

OLQH�RU�DQ�DUF�QHJOHFWHG��7KLV� ORRVHV� LQIRUPDWLRQ�RQ�WKH�EHKDYLRXU�RI�D�PDFKLQH�DQG

WKDW� LV� ZK\� WRR� ORQJ� UHFRJQLWLRQ� ]RQHV� VKRXOG� EH� DYRLGHG�� 2Q� WKH� RWKHU� KDQG� WKH

DQDO\VLV�SUHVHQWHG�LQ� WKLV� WKHVLV�FRQFHQWUDWHV�RQ� ORZ� IUHTXHQF\�JHRPHWULF�HUURUV�DQG

WKXV�WUDQVLHQWV�RFFXUULQJ�MXVW�LQ�D�VZLWFK�RI�IHDWXUHV�FDQ�GLVWXUE�WKH�DQDO\VLV�DOJRULWKP�

:LWK�WKLV�LQ�PLQG��LW�LV�PRUH�DGYLVDEOH�WR�ZULWH�RII�VRPH�SRLQWV�ULJKW�DW�WKH�VWDUW�RI�D

IHDWXUH�

������ ,QWHUQDO�GDWD�IRUPDW

7KH� PHDVXUHG� GDWD� FDQ� EH� UHDG� LQ� &DUWHVLDQ� FR�RUGLQDWHV�� <HW�� WKLV� IRUPDW� LV� QRW

VXLWDEOH�IRU�DQDO\VLV�DQG�LW�KDV�WR�EH�UHGXFHG�WR�D�GLIIHUHQFH�EHWZHHQ�D�WDUJHW�IRUP�DQG

D� PHDVXUHG� SDWK� RQO\�� 7KLV� SUHSDUDWLRQ� PDNHV� LW� SRVVLEOH� WR� XVH� WKH� OHDVW� VTXDUHV

PHWKRG�SUHVHQWHG�ODWHU�

7KLV�UHGXFWLRQ�LV�LPSOHPHQWHG�LQ�DUFV�E\�FDOFXODWLQJ�IRU�HYHU\�PHDVXUHPHQW�SRLQW�WKH

GLIIHUHQFH� EHWZHHQ� WKH� PHDVXUHG� SRLQW� DQG� WKH� WDUJHW� SRLQW� LQ� WKH� GLUHFWLRQ� RI� WKH

UDGLXV��7KH�GLIIHUHQFH�EHWZHHQ�WKH�PHDVXUHG�SRLQW�DQG�WKH�WDUJHW�SRLQW�LQ�WKH�GLUHFWLRQ

RI�WKH�QRUPDO�RI�WKH�OLQH�LV�XVHG�IRU�OLQHV��%XW�IRU�SRLQWV�ZH�XVH�WKH�GLVWDQFHV�LQ� WKH

GLUHFWLRQ�RI�ERWK�&DUWHVLDQ�D[HV�LQVWHDG�

7DUJHW�SDWK�

0HDVXUHG�SDWK�

7DUJHW�
SRLQW�

�

0HDVXUHG�
SRLQW�

)LJXUH���� 0HDVXUHPHQW�GHYLDWLRQ�>+|OVl�����D@

,Q�DGGLWLRQ�WR�WKH�PHDVXUHPHQW�GHYLDWLRQ�DOVR�WKH�SRVLWLRQ�ZLWKLQ�WKH�IRUP�KDV�WR�EH

FDOFXODWHG��6R�IRU�DUFV� WKLV� LV� WKH�DQJOH�IRU� WKH�PHDVXUHPHQW�SRLQW��IRU� OLQHV� LW� LV� WKH

SRVLWLRQ�RQ� WKH� OLQH� IURP� WKH� VWDUWLQJ�SRLQW� DQG� IRU�SRLQWV� LW� LV� QHJOHFWHG��7KHVH� DUH

QHHGHG�ODWHU�ZKHQ�FDOFXODWLQJ�GHYLDWLRQ�SURWRW\SHV�IRU�WKH�PHDVXUHPHQW�DQDO\VLV�
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���� $QDO\VLV�RI�GHYLDWLRQV

$Q� RZQ� NLQG� RI� EHKDYLRXU� FDQ� EH� IRXQG� IRU� HYHU\� GHYLDWLRQ� W\SH�� 7KH\� DUH� DOVR

UHIOHFWHG�GLIIHUHQWO\�RQ�HDFK�IHDWXUH�W\SH��7KH�ILUVW�WKLQJ�QHHGHG�WR�VWDUW�WKH�DQDO\VLQJ

ZRUN� LV� WR� ILQG� WKH� IRUPXODV�� ZKLFK� FKDUDFWHULVH� WKHVH� SKHQRPHQD�� 7KH� IROORZLQJ

NLQGV�RI�PDFKLQH�WRRO�GHYLDWLRQV�DUH�FRQVLGHUHG�LQ�WKH�DQDO\VLV�

x� %DFNODVK
x� &\FOLF�HUURU
x� /DWHUDO�SOD\
x� /LQHDU�VFDOLQJ�HUURU
x� 6HUYR�PLVPDWFK
x� 6HUYR�ODJ
x� 6WUDLJKWQHVV���QG�
x� 6TXDUHQHVV
x� 0HDVXUHPHQW�RIIVHW

x� 0HDVXUHPHQW�URWDWLRQ

x� 7RRO�FRPSHQVDWLRQ
x� 8S�PLOOLQJ�GHIOHFWLRQ

7KH� GHYLDWLRQ� W\SHV� WR� EH� DQDO\VHG� KDYH� EHHQ� VHOHFWHG� DPRQJ� WKH� GHYLDWLRQV

FRPPRQO\�IRXQG�LQ�PDFKLQH�WRROV��7KH�VHOHFWHG�GHYLDWLRQV�DUH�RI�JUHDW�LPSRUWDQFH�IRU

WKH�TXDOLW\�FDSDELOLW\�RI�D�PDFKLQH�WRRO��WKH\�SRVVHVV�D�UHJXODU�GHYLDWLRQ�SDWK�DQG�DUH

GLVWLQJXLVKDEOH�IURP�HDFK�RWKHU�LQ�IDYRXUDEOH�FRQGLWLRQV��+RZHYHU��WKHUH�DUH�QR�PDMRU

REVWDFOHV� WR� SUHYHQW� WDNLQJ� RWKHU� GHYLDWLRQ� W\SHV� LQ� DQDO\VLV� DV� ORQJ� DV� WKH\� KDYH� D

UHJXODU�GHYLDWLRQ�SDWK�DQG�DUH�GLVWLQJXLVKDEOH�ZLWK�XVHG�PHDVXUHPHQW�PHWKRGV��7KH

GHYLDWLRQ� GHVFULSWLRQ� KHUH� LV�PDLQO\� EDVHG� RQ� WKH� ZRUN� GRQH� IRU� D� GRXEOH� EDOO� EDU

PHDVXUHPHQW�DQDO\VLV�LQ�.DNLQR
V�ODERUDWRU\��.\RWR�-DSDQ�>.DNLQR�HW�DO�����@�

7KH� WKUHH� ODVW�GHYLDWLRQV��PHDVXUHPHQW�RIIVHW�� URWDWLRQ�DQG� WRRO�FRPSHQVDWLRQ��GRQ
W

WHOO� DQ\� LQIRUPDWLRQ� RQ� WKH� FRQGLWLRQ� RI� D� PDFKLQH� WRRO�� <HW� WKH\� KDYH� WR� EH

FDOFXODWHG��EHFDXVH�RWKHUZLVH� WKH� DQDO\VLV� SURFHVV�ZRXOG� WU\� WR� H[SODLQ� WKRVH� HUURUV

ZLWK�UHDO�GHYLDWLRQV�RI�D�PDFKLQH�WRRO��7KXV�WKHVH�GHYLDWLRQV�DUH�PHDVXUHPHQW� ��QRW

PDFKLQH�WRRO���VSHFLILF�

������ 'HVFULSWLRQ�RI�GHYLDWLRQ�W\SHV

�������� %DFNODVK

%DFNODVK� LV� DQ� HUURU�PRWLRQ�RFFXUULQJ�EHFDXVH�RI� D� FOHDUDQFH� LQ� D� WUDQVPLVVLRQ� DQG

ORVW�PRWLRQ�FDXVHG�E\�DQ�HODVWLFDO�GHIRUPDWLRQ�RI�D�GULYLQJ�PHFKDQLVP��7KLV�GHYLDWLRQ

W\SH�LQFOXGHV�WKXV�� LQGHHG�� WZR�GLIIHUHQW� W\SH�RI�HUURU�VRXUFHV��&OHDUDQFH�LV�FRQVWDQW

UHJDUGOHVV�RI�VSHHG��DFFHOHUDWLRQ�DQG�IRUFHV��ZKHUHDV�WKH�ORVW�PRWLRQ�LV�GHSHQGHQW�RQ

WKH� IRUFH� DLPHG�DW� D� WUDQVPLVVLRQ� >.DNLQR� HW� DO� ����@��7KH� GLUHFWLRQ� RI� WKH� HUURU� LV

RSSRVLWH�WR�WKH�PRWLRQ�GLUHFWLRQ��,I�WKH�GHYLDWLRQ�DPRXQW�LV�QHJDWLYH��WKLV�GHYLDWLRQ�LV

XVXDOO\�FDXVHG�E\�WRR�ELJ�D�EDFNODVK�FRPSHQVDWLRQ�YDOXH�LQ�D�QXPHULFDO�FRQWUROOHU�

3LWFKLQJ�RI�DQ�D[LV�FDXVHV�DOVR�PRWLRQ��ZKLFK� ORRNV� OLNH�EDFNODVK��7KH�DPRXQW�RI�D

GHYLDWLRQ� FDXVHG� E\� SLWFKLQJ� LQFUHDVHV� IXUWKHU� DZD\� IURP� WKH� SLYRW� SRLQW�� 7KLV� IDFW

FDQ�EH�XVHG�WR�GHWHFW�SLWFKLQJ�ZKHQ�VXVSHFWHG�
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�������� &\FOLF�HUURU

&\FOLFDO�GHYLDWLRQ�FDQ�EH�FDXVHG�HLWKHU�E\�DQ�HUURU�LQ�D�EDOO�VFUHZ�ZLWK�DQ�LQWHUYDO�RI�D

EDOO� VFUHZ� SLWFK� �GUXQNHQQHVV�� RU� D� PLVDOLJQPHQW� RI� D� WUDQVPLVVLRQ� V\VWHP� ZKHQ

URWDU\�HQFRGHUV�DUH�XVHG��*HQHUDOO\�QR�F\FOLFDO�HUURU�FDQ�RFFXU�LI�OLQHDU�HQFRGHUV�DUH

XVHG��7KH�GLUHFWLRQ�RI�WKH�HUURU�LV�SDUDOOHO�WR�WKH�GLUHFWLRQ�RI�WKH�D[LV�KDYLQJ�DQ�HUURU

VRXUFH�

�������� /DWHUDO�SOD\

:KHQ�DQ� DQJXODU� HUURU� LV� SUHVHQW� LQ� DQ� D[LV�� LW� FDXVHV�GHYLDWLRQ�� QDPHG�KHUH� ODWHUDO

SOD\��/DWHUDO�SOD\�LV�GHSHQGHQW�RQ�WKH�PRWLRQ�GLUHFWLRQ�DQG�LWV�GLUHFWLRQ�LV�QRUPDO�WR

WKH�D[LV�FDXVLQJ�WKH�HUURU��/DWHUDO�SOD\�FDQ�PRVW�UHOLDEO\�UHYHDO�WKH�UROOLQJ�RI�DQ�D[LV�

,Q�WKLV�FDVH�WKH�DPRXQW�RI� WKH�GHYLDWLRQ�LQFUHDVHV� WKH� IXUWKHU�DZD\�WKH�PHDVXUHPHQW

SODQH�LV�IURP�WKH�SLYRW�SRLQW�

<DZLQJ�RI� DQ� D[LV� FDQ� DOVR� FDXVH� ODWHUDO� SOD\� LQ� VRPH� FDVHV�� EXW� LW� GHSHQGV� RQ� WKH

GLVWDQFH�EHWZHHQ�WKH�PHDVXUHPHQW�VHWWLQJ�DQG�WKH�SLYRW�SRLQW��*HQHUDOO\�ODWHUDO�SOD\

GRHVQ
W�UHOLDEO\�GHWHFW�WKH�H[LVWHQFH�RI�D�\DZLQJ�

3LWFKLQJ�LV�QRW�GHWHFWHG�E\�D�ODWHUDO�SOD\��EXW�LW�FDQ�EH�VHHQ�LQ�D�EDFNODVK�YDOXH�

�������� /LQHDU�VFDOLQJ�HUURU

8QLIRUP�H[SDQVLRQ�RU�FRQWUDFWLRQ�RI�D�PRWLRQ�RI�D�PDFKLQH�WRRO�FDQ�RFFXU�� LI�D�EDOO

VFUHZ�ZDUPV� XS� LQ� D�PDFKLQH� HTXLSSHG� MXVW�ZLWK� URWDU\� HQFRGHUV� RU� D� OLQHDU� VFDOH

H[SDQGV�EHFDXVH�RI�KHDW��7KH�H[SDQVLRQ�KHUH�LV�D�OLQHDU�GHYLDWLRQ�DQG�WKXV�SUHVXPHV

FRQVWDQW� ZDUP� ULVH� DOO� DORQJ� WKH� PHDVXUHPHQW�� 7KH� GLUHFWLRQ� RI� WKH� GHYLDWLRQ� LV

SDUDOOHO�WR�DQ�D[LV�KDYLQJ�WKH�HUURU�

,W�LV�W\SLFDO�IRU�OLQHDU�VFDOHV�WR�KDYH�VRPH�DPRXQW�RI�VFDOLQJ�HUURU�ZKHQ�LQVWDOOHG�LQ�D

PDFKLQH�WRRO�EHFDXVH�RI�WHQVLRQV�LQ�IL[LQJ�DQG�GLIIHUHQFH�LQ�WHPSHUDWXUH�FRPSDUHG�WR

FDOLEUDWLRQ� FRQGLWLRQV�� ,Q� VRPH� VFDOHV� WKLV� H[SDQVLRQ� RU� FRQWUDFWLRQ� FDQ� EH� DGMXVWHG

PHFKDQLFDOO\��EXW�LW�FDQ�DOVR�EH�DGMXVWHG�E\�SDUDPHWHU�FKDQJHV�LQ�D�FRQWUROOHU�

7KH� EDOO� VFUHZ� LV� PRXQWHG� ZLWK� D� SUH�WHQVLRQ� DQG� WKLV� VKRXOG� DEVRUE� WKH� WKHUPDO

H[SDQVLRQ� HIIHFW�� +RZHYHU�� LW� LV� SRVVLEOH� WKDW� VRPHWLPHV� SUH�WHQVLRQ� LV� QRW� WLJKW

HQRXJK�DQG�WKXV�ZDUPLQJ�XS�RI�D�VFUHZ�FDXVHV�HUURU�LQ�PDFKLQHV��ZKLFK�KDYH�URWDU\

HQFRGHUV�RQO\�DVVHPEOHG�DW�WKH�HQG�RI�D�EDOO�VFUHZ�RU�D�VHUYR�PRWRU�

�������� 6HUYR�PLVPDWFK

:KHQ�WKH�SRVLWLRQ�ORRS�JDLQV�IRU� WKH�WZR�D[HV�DUH�QRW�HTXDO��PLVPDWFKLQJ�RI�VHUYRV

RFFXU�� 7KHQ� WKH� PRUH� ULJLG� D[LV� PRYHV� DKHDG� RI� WKH� RWKHU� RQH� DQG� LW� FDXVHV� EDG

IROORZLQJ�RI�D�FLUFXODU�SDWK��7KH�SUREOHP�LV�HVSHFLDOO\�GLIILFXOW�ZKHQ�WKH�ZHLJKWV�RI

WKH� D[HV� DUH� JUHDWO\� GLIIHUHQW�� EHFDXVH� LQ� WKDW� FDVH� LW� LV� YHU\� GLIILFXOW� RU� HYHQ

LPSRVVLEOH�WR�WXQH�ERWK�D[HV�HTXDOO\��:KHQ�VHHNLQJ�WKLV��WKH�WXQLQJ�FDQ�HLWKHU�HQG�XS

LQ�RVFLOODWLRQ�RU�VOXJJLVK�WRWDO�SHUIRUPDQFH�

�������� 6HUYR�ODJ

,W� LV�FKDUDFWHULVWLF�IRU�D�VHUYR�V\VWHP�WKDW� LW�KDV�VRPH� ODJ� WR�D�FRPPDQGHG�SRVLWLRQ�

7KLV�ODJ�LV�WKH�ELJJHU�WKH�KLJKHU�WKH�VSHHG�LV��7KXV�FLUFXODU�SDWKV�ZLOO�UHPDLQ�WRR�VPDOO

ZLWK�KLJK�IHHGUDWHV�DQG�D�VPDOO�UDGLXV��,QFUHDVLQJ�RI�D�SRVLWLRQ�ORRS�JDLQ�ZLOO�UHGXFH

WKLV�GHYLDWLRQ��EXW�LW�KDV�RWKHU�UHVWULFWLRQV��ZKLFK�XVXDOO\�OLPLWV�DGMXVWPHQWV�

$�IHHG�IRUZDUG�FRQWURO�HOLPLQDWHV�WKLV�GHYLDWLRQ�ZKHQ�XVHG�DW�������)HHG�IRUZDUG�LV

QRW�� KRZHYHU�� DYDLODEOH� LQ� DOO� FRQWUROOHUV� DQG� HYHQ� ZKHUH� LW� H[LVWV� LW
V� QRW� DOZD\V

SRVVLEOH�WR�XVH�LW�DW�������7KLV�LV�EHFDXVH�RI�OLPLWDWLRQV�LQ�WKH�FDOFXODWLRQ�SRZHU�RI�D
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FRQWUROOHU�DQG�ULJLGLW\�RI�D�PDFKLQH�WRRO��1HYHUWKHOHVV�WKLV�LV�D�SRZHUIXO�WRRO�WR�UHGXFH

VHUYR�ODJ�

�������� 6WUDLJKWQHVV

6WUDLJKWQHVV�RI�WKH�JXLGH�ZD\V�FDQ�GLIIHU�PDQ\�ZD\V�IURP�DQ�LGHDO�VWUDLJKW�OLQH��7KH

PRGHO�XVHV��KRZHYHU��RQO\�D�VHFRQG�RUGHU�FXUYH�WR�PRGHO�WKH�VWUDLJKWQHVV�HUURU��7KLV

FDQ� H[SODLQ� RQO\� PDMRU� VWUDLJKWQHVV� HUURUV�� OHDYLQJ� KLJKHU� IUHTXHQF\� YDULDWLRQV

QHJOHFWHG�� ,W� LV� D� FRPSURPLVH� EHWZHHQ�PRGHOOLQJ� UHDOLW\� DQG� WRWDO� UHOLDELOLW\� RI� WKH

DQDO\VLV� V\VWHP�� 7KH� RXWFRPH� LV� WKDW� WKH� PRGHO� FDQ� UHYHDO� SUREOHPV� LQ� WKH

VWUDLJKWQHVV� RI� WKH� JXLGH�ZD\V�� EXW� LW� FDQQRW� WHOO� H[DFWO\� KRZ�PXFK� DQG�ZKHUH� WKH

SUREOHPV�OLH�

6WUDLJKWQHVV� GHYLDWLRQ� SRLQWV� RXW� LQ� WKH� GLUHFWLRQ� RI� QRUPDO� WR� WKH� D[LV� KDYLQJ� WKH

VWUDLJKWQHVV�HUURU�

�������� 6TXDUHQHVV

6TXDUHQHVV� HUURU� LV� D� QRQ�SHUSHQGLFXODULW\� EHWZHHQ� WKH� WZR� D[HV� WHVWHG�� $� EDG

DVVHPEO\�RI� D�PDFKLQH�� SRRU�PDFKLQLQJ� TXDOLW\� RI� WKH� SDUWV� RI� D�PDFKLQH� WRRO� RU� D

FROOLVLRQ� FDQ� FDXVH� WKLV� GHYLDWLRQ�� 7KLV� LV� WKXV� D� VWUXFWXUDO� SUREOHP� DQG� FDQ� EH

DGMXVWHG�HLWKHU�PHFKDQLFDOO\�RU�XVLQJ�FRPSHQVDWLRQ�WDEOHV�LQ�D�QXPHULFDO�FRQWUROOHU�

7KH� VDJJLQJ� RI� DQ� D[LV�� XVXDOO\� D� VSLQGOH� KHDG�� FDXVHV� DOVR� WKH� VDPH� NLQG� RI� D

SKHQRPHQRQ��7KH�GHYLDWLRQ�SDWK�LV�QRW�H[DFWO\�WKH�VDPH�DV�LW�LV�IRU�D�VTXDUHQHVV�HUURU

RI�WKH�D[HV�VXSSRUWHG�LQ�WKH�ERWK�HQGV�RU�WKH�ZKROH�OHQJWK��EXW�WKH�PHWKRG�ZLOO�H[SODLQ

WKLV�GHYLDWLRQ�E\�JLYLQJ�D�KLJKHU�YDOXH�IRU�D�VTXDUHQHVV�GHYLDWLRQ�

�������� 0HDVXUHPHQW�RIIVHW

:KHQ�PHDVXULQJ�HLWKHU�GLUHFWO\�D�PDFKLQH�WRRO�RU�D�WHVW�SLHFH��D�WKHRUHWLFDO�]HUR�SRLQW

GRHVQ
W�KLW�H[DFWO\�LQ�WKH�VDPH�SRLQW�ZLWK�WKH�UHDO�ILWWHG�]HUR�SRLQW��0HDVXUHPHQW�GDWD

LV�WUDQVIHUUHG�WR�D�WKHRUHWLFDO�]HUR�SRLQW� WR�PDNH�GDWD�YLVXDOO\�PRUH�SOHDVLQJ�WR� ORRN

DW�

���������0HDVXUHPHQW�URWDWLRQ

/LNH� WKH�PHDVXUHPHQW� RIIVHW� MXVW� EHIRUH�� D� URWDWLRQDO� RULHQWDWLRQ� RI� D�PHDVXUHPHQW

GRHVQ
W�DXWRPDWLFDOO\�DJUHH�ZLWK�WKH�WKHRUHWLFDO�RQH��5RWDWLRQ�DQJOH�LV�XVHG�OLNHZLVH�WR

WXUQ�WKH�PHDVXUHPHQW�GDWD�LQWR�D�PRUH�VXLWDEOH�SRVLWLRQ�IRU�WKH�YLVXDO�LQWHUSUHWDWLRQ�

���������7RRO�FRPSHQVDWLRQ

'LIIHUHQFHV�LQ�D�WRRO�UDGLXV�FDQ�EH�FDXVHG�E\�EDG�SUHVHWWLQJ�RI�D�PLOOLQJ�WRRO�RU�LQWR�D

VPDOOHU�H[WHQW�E\�WKH�HUURUV�LQ�WKH�PHDVXULQJ�SUREH�FDOLEUDWLRQ��7KLV�GHYLDWLRQ�H[LVWV

RQO\�LQ�PDFKLQHG�SLHFHV��GLUHFW�PHDVXUHPHQWV�GR�QRW�KDYH�WKLV�GHYLDWLRQ�W\SH�DW�DOO�

/LNH� WKH� WZR�SUHYLRXV�GHYLDWLRQV�� DOVR� WKLV� LV� MXVW� D�PHDVXUHPHQW� VSHFLILF� LVVXH� DQG

GRHVQ
W�UHIOHFW�DQ\�SUREOHPV�RI�D�PDFKLQH�WRRO�

���������8S�PLOOLQJ�GHIOHFWLRQ

0DFKLQLQJ�RI�WHVW�SLHFHV�LQFOXGHV�ERWK�GRZQ��DQG�XS�PLOOLQJ��'HSHQGLQJ�RQ�WKH�WRRO�

UDZ�PDWHULDO�DQG�PDFKLQH�WRRO�LWVHOI�FDQ�PLOOLQJ�PRGH�FDXVH�GLIIHUHQW�GHIOHFWLRQV��:H

PDNH�WKH�DVVXPSWLRQ�WKDW�WKLV�GHIOHFWLRQ�LV�VLPLODU�WR�WKH�GLUHFWLRQ�RI�ERWK�D[HV�DQG�LW

GHSHQGV� VROHO\� RQ� WKH� PLOOLQJ� PRGH�� 7KLV� GHYLDWLRQ� W\SH� GRHVQ¶W� H[LVW� LQ� GLUHFW

PHDVXUHPHQWV�



��

������ )LWWLQJ

7KH�GHYLDWLRQ�SURWRW\SHV�DUH�FRPELQHG�LQ�WKH�IRUPDW�RI�D�PDWUL[��ZKLFK�ZLOO�EH�ILWWHG

WR�WKH�PHDVXUHPHQW�GDWD��:KHQ�FROOHFWLQJ�WKLV�PDWUL[�LW�KDV�WR�EH�WHVWHG�LI�WKH�PDWUL[

LV� OLQHDUO\�GHSHQGHQW�DIWHU�HDFK�GHYLDWLRQ� W\SH�YHFWRU�� ,I� WKLV� LV� WKH�FDVH� WKLV� W\SH�RI

GHYLDWLRQ� FDQQRW� EH� DQDO\VHG� DQG� LW� LV� UHPRYHG� IURP� WKH� PDWUL[�� 7KHQ� WKH� QH[W

GHYLDWLRQ�W\SH�LV�DGGHG�WR�WKH�PDWUL[�DQG�WHVWHG��7KLV�LV�UHSHDWHG�IRU�HYHU\�GHYLDWLRQ

W\SH��7KH�ILQDO�SURWRW\SH�PDWUL[�FDQ�EH�SUHVHQWHG�DV�
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1RZ�LW�LV�SRVVLEOH�WR�FDOFXODWH�WKH�HVWLPDWHV�IRU�GHYLDWLRQV�G�FROOHFWHG�LQ�D�YHFWRU� LQ
WKH�VDPH�RUGHU�DV�ZH�FROOHFWHG�GHYLDWLRQ�SURWRW\SHV�IRU�WKH�PDWUL[�$��7KH�HVWLPDWLRQ
LV� EDVHG� RQ� WKH� XVH� RI� WKH� OHDVW�VTXDUHV� ILWWLQJ�� ZKLFK� LV� MXVWLILHG� LQ� FKDSWHU� ������

:KHQ� WKH� PHDVXUHG� GLIIHUHQFH� WR� WKH� WDUJHW� SDWK� LV� PDUNHG� DV�P�� ZH� ZLOO� JHW� WKH
IROORZLQJ�NLQG�RI�D�IRUPXOD�

G $ P � ���

+HUH�
�
� PHDQV� SVHXGRLQYHUVH�� ,I� ZH� DVVXPH� WKDW� DOO� WKH� GDWD� SRLQWV� KDYH� WKH� VDPH

YDULDQFH�V��DQG� WKDW� WKH\�DUH�DOVR� LQGHSHQGHQW��ZH�FDQ�XVH� WKH� IROORZLQJ� IRUPXOD� WR
HVWLPDWH�WKH�XQFHUWDLQW\�RI�RXU�UHVXOWV�

9 $ $ V7 �� � � � � ���

7KH�DVVXPSWLRQ�RI�LQGHSHQGHQW�SRLQWV�DQG�HTXDO�GHYLDWLRQ�LQ�HDFK�SRLQW�GR�QRW�IXOO\

PHHW� UHDOLW\�� EXW� WKH� YDOXH� DFKLHYHG� XVLQJ� WKLV� IRUPXOD� FDQ� KRZHYHU� HVWLPDWH� WKH

UHOLDELOLW\�RI�UHVXOWV��,W�LV�PRUH�MXVW�IRU�DQ�LQWHUQDO�XVH�RI�D�PHWKRG�WKDQ�WR�EH�VKRZQ

IRU�D�XVHU�DV�D�ILQDO�HVWLPDWH�RI�WKH�UHOLDELOLW\�

,W� LV� PRUH� VHFXUH� WR� LQFOXGH� DOVR� H[WHUQDO� VRXUFHV� RI� HUURU� LQ� WKH� HVWLPDWLRQ� RI

UHOLDELOLW\�� 3UDFWLFDO� H[SHULPHQWV� VKRXOG� EH� GRQH� WR� UHYHDO� WKH� UHDO� UHOLDELOLW\� RI� D

PHWKRG�DQG�WKLV�YDOXH�FDQ�ODWHU�EH�XVHG�DV�WKH�ILQDO�UHOLDELOLW\�RI�WKH�PHWKRG�

������ 3URWRW\SHV

1RWDWLRQ�IRU�LQGLYLGXDO�GHYLDWLRQ�W\SHV�IRU�DUFV�LV�ODUJHO\�EDVHG�RQ�WKH�ZRUN�RI�.DNLQR

>.DNLQR� ����@��$GGLWLRQV�PDGH� IRU� WKLV� V\VWHP� DUH� URWDWLRQ�� WRRO� FRPSHQVDWLRQ�� XS

PLOOLQJ�GHIOHFWLRQ�DQG�VHUYR�ODJ��1RWDWLRQ�RI�YHFWRUV�DQG�SRLQWV� LV�PDGH�MXVW�IRU� WKLV

V\VWHP��EXW� LW�QDWXUDOO\� LQKHULWV�SULQFLSOHV�IURP�KDQGOLQJ�RI�DUFV� >+|OVl�����F@��7KH

IRUPXODV�SUHVHQWHG��XVH�WKH�IROORZLQJ�QRWDWLRQ�

L 0HDVXUHPHQW�SRLQW�QXPEHU

W )HDWXUH�QXPEHU

IW )HHGUDWH�RQ�WKH�IHDWXUH�W
O[ 7KH�KDOI�RI�WKH�WRWDO�ZLGWK�RI�WKH�PHDVXUHPHQW�DORQJ�WKH��

VW
�D[LV
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�������� 3URWRW\SHV�IRU�DUFV

7KH�IRUPXODV�XVHG�WR�FDOFXODWH�WKH�GHYLDWLRQ�SURWRW\SHV�IRU�DUFV�DUH�SUHVHQWHG�KHUH�IRU

[�D[LV�XVLQJ�WKH�QRWDWLRQ�

5W 5DGLXV�RI�WKH�FLUFOH�W
[��W &HQWUH�SRLQW�RI�WKH�FLUFOH�W
[� &HQWUH�SRLQW�RI�WKH�PHDVXUHPHQW

GLUW ^��LI�FRXQWHU�FORFNZLVH�_����LI�FORFNZLVH`

TL $QJOH�DW�D�PHDVXUHPHQW�SRLQW�L

7KHVH� IRUPXODV� FDQ� EH� JHQHUDOLVHG� WR� RWKHU� D[HV� MXVW� E\� UHSODFLQJ� WKH� HTXLYDOHQW

YDULDEOHV�ZLWK�WKHLU�FRXQWHUSDUWV�

&HQWULQJ�

SDUF FHQWULQJ[ L LB � � FRV� �T T ���

5RWDWLRQ�
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7RRO�FRPSHQVDWLRQ�
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8S�PLOOLQJ�GHIOHFWLRQ�
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6TXDUHQHVV�
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7R� XVH� WKHVH� IRUPXODV�� D� YDOXH� IRU� WKH� F\FOLF� GHYLDWLRQ� SLWFK� �SLWFK[�� KDV� WR� EH

GHWHUPLQHG� EHIRUHKDQG�� 7KH� UHVXOWV� FDQ� EH� FRQYHUWHG� DIWHU� ILWWLQJ� WR� D� PRUH
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�������� 3URWRW\SHV�IRU�OLQHV

7KH�VSHFLILF�YDULDEOHV�XVHG�IRU�OLQHV�DUH�

DW 7KH�DQJOH�RI�OLQH

ML 7KH�SRVLWLRQ�RQ�WKH�OLQH

[��W 6WDUWLQJ�SRLQW�RI�WKH�IHDWXUH�W
%HFDXVH� WKH� FRVLQH� DQG� VLQH� IXQFWLRQV� DUH� QHHGHG� LQ�PRVW� GHYLDWLRQV� WKH� IROORZLQJ

QRWDWLRQ�LV�XVHG�
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�������� 3URWRW\SHV�IRU�SRLQWV

7KH�VSHFLILF�YDULDEOHV�XVHG�IRU�SRLQWV�DUH�

EW 7KH�DSSURDFK�DQJOH�RI�WKH�SRLQW

[��W 3RVLWLRQ�RI�WKH�SRLQW�W
L ,QGH[�IRU�GHYLDWLRQ�LQ�WKH�GLUHFWLRQ�RI�WKH��
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7RRO�FRPSHQVDWLRQ��XS�PLOOLQJ�GHIOHFWLRQ��VHUYR�PLVPDWFK�DQG�VHUYR�ODJ�DUH�QHJOHFWHG

IRU�SRLQWV�

���� 5HOLDELOLW\

7KH�UHOLDELOLW\�RI�WKH�UHVXOWV�LV�D�FUXFLDO�LVVXH��EHFDXVH�WKH�PHWKRG�LV�VHQVLWLYH�WR�QRLVH

DQG� GLIIHUHQW� PHDVXUHPHQW� PHWKRGV� FDQ� JLYH� VOLJKWO\� GLIIHUHQW� UHVXOWV�� 7KH� XVHU

VKRXOG�JHW�DQ�HVWLPDWH�RI�UHOLDELOLW\�IRU�HDFK�UHVXOW�WR�EH�DEOH�WR�EHWWHU�FRPSUHKHQG�WKH

UHDO�UHOHYDQFH�RI�LW�

5HOLDELOLW\� KHUH� PHDQV� XQFHUWDLQW\� RI� WKH� PHWKRG�� 8QFHUWDLQW\� LV� FRPSRVHG� RI

XQFHUWDLQWLHV� RI� WKH� FDOFXODWLRQ� LWVHOI� DQG� XQFHUWDLQWLHV� RI� D� PHDVXUHPHQW� DQG� D

PDFKLQH�WRRO��8QFHUWDLQWLHV�DUH�KHUH�FODVVLILHG�LQWR�WZR�FDWHJRULHV�� ,QQHU�XQFHUWDLQW\

FRQVLVWV� RI� XQFHUWDLQWLHV� DULVLQJ� IURP� WKH� FDOFXODWLRQ� DQG� WKH� DQDO\VLV� PHWKRG

SULQFLSOHV��([WHUQDO�XQFHUWDLQWLHV�DUH�FDXVHG�E\�WKH�PHDVXUHPHQW�PHWKRG��PHDVXULQJ

GHYLFH��QDWXUDO�YDULDWLRQ�RI�D�PDFKLQH�WRRO��DQG�PDWHULDO�HWF�
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������ ,QQHU�XQFHUWDLQW\

�������� 'HILFLHQW�DQDO\VLV

7KH�DQDO\VLV�PHWKRG�FDQ�H[SODLQ�MXVW�D�FRXSOH�RI�GLIIHUHQW�GHYLDWLRQ�W\SHV�DQG�OHDYHV

PDQ\� RWKHU� GHYLDWLRQ� W\SHV� LQWDFW�� 7KLV� FDQ�� LQ� IDYRXUDEOH� FRQGLWLRQV�� FDXVH

FRQVLGHUDEOH�HUURUV�LQ�WKH�DQDO\VLV�UHVXOWV��,W�LV�SRVVLEOH�WR�HVWLPDWH�JRRGQHVV�RI�ILWWLQJ

YLVXDOO\��EHFDXVH�LI�GHYLDWLRQ�W\SHV��ZKLFK�FDQQRW�EH�DQDO\VHG��H[LVW�LQ�D�PHDVXUHPHQW

D� ORZ�JUDGLHQW� GLIIHUHQFH� VKRXOG� RFFXU� EHWZHHQ� ILWWHG� DQG� UHDO�PHDVXUHPHQW� FXUYH�

7KLV� YHULILFDWLRQ� RI� QHJOHFWHG� GHYLDWLRQ� W\SHV� FDQ� EH� DXWRPDWHG� IRU� H[DPSOH� LQ� WKH

IROORZLQJ�ZD\��7KH�GLIIHUHQFH�EHWZHHQ�WKH�DQDO\VHG�UHVXOWV�DQG�WKH�UHDO�PHDVXUHPHQW

GDWD�LV�ILUVW�ORZ�SDVV�ILOWHUHG�DQG�WKHQ�WKH�PLQLPXP�DQG�WKH�PD[LPXP�RI�WKH�ILOWHUHG

GLIIHUHQFH� DUH� VHDUFKHG�� 7KH� GLIIHUHQFH� EHWZHHQ� IRXQG� PD[LPXP� DQG� PLQLPXP� LV

WKHQ�FRPSDUHG�WR�D�WRWDO�FLUFXODULW\�YDOXH�RI�D�PHDVXUHPHQW�DQG�RQ�WKLV�EDVLV�RQH�FDQ

MXGJH�ZKHWKHU�WKH�DQDO\VLV�LV�JRRG�HQRXJK�

�������� 5HFRJQLWLRQ�]RQHV

7KH� OHQJWK� RI� UHFRJQLWLRQ� ]RQHV� DIIHFWV� WKH� UHVXOWV�� /RQJ� ]RQHV� FDQ� FDQFHO

PHDVXUHPHQW�GDWD��ZKLFK�ZRXOG�KDYH�EHHQ�QHHGHG�IRU�DQDO\VLV��%XW�DOVR�D�VKRUW�]RQH

FDQ� OHDYH�EDG� WUDQVLHQW�SRLQWV� LQVLGH� WKH�DQDO\VLV�DUHD�DQG�KHUHE\� FDXVH�EDG� UHVXOWV�

7UDQVLHQW�SRLQWV�FDQ�HDVLO\�EH�REVHUYHG�YLVXDOO\�LQ�D�PHDVXUHPHQW�JUDSK�OLNH�WRR�ORQJ

]RQHV��WRR��'LIIHUHQFHV�LQ�DQDO\VLV�UHVXOWV�FDXVHG�E\�GLIIHUHQW�OHQJWK�RI�UHFRJQLWLRQ�DUH

PRUH�GLIILFXOW� WR�ILQG��EHFDXVH�LW� LV�VSHFLILF� WR�D�VLQJOH�PHDVXUHPHQW�DQG�FKDQJHV� LQ

PHDVXUHPHQW�JUDSK�DUH�ORFDWHG�LQ�D�VKRUW�DUHD�DQG�GR�QRW�KDYH�DQ\�UHSHWLWLYH�QDWXUH�

7KLV�DOVR�TXLWH�VHYHUHO\�SUHYHQWV�WKH�DXWRPDWLF�KDQGOLQJ�RI�WKLV�XQFHUWDLQW\�VRXUFH��,W

LV�SRVVLEOH� WR� MXVW�KDYH�D� OLPLW�IRU�D�PD[LPXP�GLVWDQFH�RI�D�SRLQW� WR�D� ILWWHG� IHDWXUH

DQG�LI�WKLV�OLPLW�LV�H[FHHGHG�WKH�V\VWHP�VKRXOG�DQQRXQFH�D�ZDUQLQJ�RQ�D�SRVVLEOH�WRR

VKRUW�D�UHFRJQLWLRQ�]RQH��7RR�ORQJ�D�GLVWDQFH�ZRXOG�PHDQ�LQ�WKLV�FDVH�WKDW�SRLQWV�IURP

VRPH�RWKHU�IHDWXUH�DUH�LQFOXGHG�LQ�WKH�DUHD�RI�WKH�FXUUHQW�IHDWXUH�

�������� 6LQJXODULW\�DQG�URXQGLQJ

6RPH� HUURUV� LQ� WKH� DQDO\VLV� DUH� FDXVHG� E\� SXUH� URXQGLQJ� HUURUV� LQ� FDOFXODWLRQ�� 7KH

PHWKRG� LV� EDVHG� RQ� PDWUL[� PDQLSXODWLRQV� DQG� ELJ� PDWUL[HV� FDQ� VRPHWLPHV� EHKDYH

EDGO\�� HVSHFLDOO\�ZKHQ� WKH\� DUH� FORVH� WR� D� VLQJXODU� SRLQW�� 7KHVH� VLQJXODU� SRLQWV� DUH

DOVR� LQ� RWKHUZLVH� EDG� IRU� DQ� RYHUDOO� SHUIRUPDQFH� RI� WKH� PHWKRG�� EHFDXVH� DW� WKRVH

SRLQWV� LW� EHFRPHV�YHU\� VHQVLWLYH� WR� D�PHDVXUHPHQW�XQFHUWDLQW\� DQG� RWKHU� VRXUFHV� RI

XQFHUWDLQW\��$OWRJHWKHU�LW�PHDQV�EDG�EHKDYLQJ�RI�WKH�PHWKRG�LI�D�PDWUL[�LV�FORVH�WR�D

VLQJXODU��,Q�WKLV�FDVH�6LQJXODULW\�LV�FDXVHG�E\�WZR��RU�PRUH��GHYLDWLRQ�W\SHV��ZKLFK�DUH

YHU\�VLPLODU�LQ�WKHLU�EHKDYLRXU��7KHUHIRUH��WKH�PHWKRG�FDUHIXOO\�VHOHFWV� WKH�GHYLDWLRQ

W\SHV� WR�EH� LQFOXGHG� LQ� WKH�FDOFXODWLRQ�DQG�DEDQGRQV� VRPH�RI� WKHP�� LI� VLQJXODULW\� LV

FORVH��7KLV�FDXVHV�VKRUWKDQGHG�DQDO\VLV��EXW�WKH�RYHUDOO�SHUIRUPDQFH�RI�WKH�V\VWHP�IRU

WKH� LQFOXGHG� GHYLDWLRQV� LV� EHWWHU�� 7KH� UHVWULFWLRQ� PHQWLRQHG� LQ� �������� VKRXOG� EH

QRWLFHG�KHUH�

�������� $PELJXRXV�GHYLDWLRQ�W\SHV

,I�D�VLQJOH�GHYLDWLRQ�W\SH��ZKLFK�LV�DQDO\VHG�E\�WKH�PHWKRG��FDQ�EH�FDXVHG�E\�PXOWLSOH

UHDVRQV� LQ� D� UHDO� PDFKLQH� WRRO�� WKH� UHVXOWV� FDQ� EH� PLVXQGHUVWRRG�� 6RPH� QRW

GRFXPHQWHG�FKDQJHV�LQ�D�WHVW�DFFRPSOLVKPHQW�FDQ�DOVR�FDXVH�YDULDWLRQ�LQ�UHVXOWV�

$�JRRG�H[DPSOH�RI�WKLV�LV�EDFNODVK��EHFDXVH�LW�LV�FDXVHG�E\�D�UHDO�FOHDUDQFH�LQ�D�EDOO

VFUHZ�DQG�E\�HODVWLFLW\�LQ�D�GULYH�V\VWHP��7KLV�PHDQV�WKDW�HYHQ�LI�WKH�EDFNODVK�VKRXOG
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VWD\� FRQVWDQW� LQ� GLIIHUHQW� VLWXDWLRQV�� LW�� LQGHHG�� YDULHV� GHSHQGLQJ� RQ� WKH� IHHGUDWH�

DFFHOHUDWLRQ�IRUFHV��PDWHULDO�DQG�WHPSHUDWXUH�RI�D�PDFKLQH�WRRO�

7KHUH� LV� DOVR� UHDVRQ� WR�SD\� DWWHQWLRQ� WR�GLIIHUHQW� DQJXODU�GHYLDWLRQV��ZKLFK� DUH�KHUH

H[SODLQHG�RQO\�E\�D�VLQJOH�GHYLDWLRQ�W\SH��WKH�ODWHUDO�SOD\��DQG��SDUWO\��E\�WKH�EDFNODVK�

+RZHYHU��WKHUH�H[LVW�UROOLQJ��\DZLQJ��DQG�SLWFKLQJ�LQ�DOO�WKH�D[HV�RI�D�PDFKLQH��7KXV

MXVW� D� VPDOO� GLIIHUHQFH� LQ� WKH� FHQWUH� SRLQW� RI� D� PHDVXUHPHQW� FDQ� FDXVH� VLJQLILFDQW

FKDQJHV� LQ� WKH� YDOXH� RI� WKH� ODWHUDO� SOD\� DQG� EDFNODVK�� LI� WKRVH� DQJXODU� HUURUV� DUH

SUHVHQW��7KLV�DPELJXRXVLW\�LV�FDXVHG�E\�WKH�LQFDSDELOLW\�RI�WKH�PHDVXUHPHQW�PHWKRGV

RSHUDWLQJ�LQ�RQH�SODQH�RQO\��,W�LV�SRVVLEOH�WR�DQDO\VH�DQJXODU�GHYLDWLRQV�LQ�D�SODQH�LQ

JUHDWHU�GHWDLO��EXW�LQ�VXFK�D�FDVH�ZH�HDVLO\�IDFH�WKH�VLQJXODULW\�SUREOHPV�

������ ([WHUQDO�XQFHUWDLQW\

�������� 0HDVXULQJ�GHYLFH

$� PHDVXULQJ� GHYLFH� LWVHOI� KDV� VRPH� XQFHUWDLQW\�� WKDW� FDQ� EH� HLWKHU� V\VWHPDWLF� RU

VWRFKDVWLF��6WRFKDVWLF�HUURUV�DUH�QRW�JHQHUDOO\�D�ELJ�SUREOHP�IRU�DQ�DQDO\VLV�PHWKRG�

EHFDXVH�WKHVH�GHYLDWLRQV�DUH�ILOWHUHG�E\�WKH�XVH�RI�DQ�DYHUDJH�DQG�OHDVW�VTXDUHV�ILWWLQJ�

%XW� WKHQ� DJDLQ�� V\VWHPDWLF� HUURUV� FDQ� FDXVH� VLJQLILFDQW� GLIIHUHQFHV� LQ� WKH� DQDO\VLV

UHVXOWV��EHFDXVH�WKRVH�HUURUV�FDQ�MXVW�ILW�WR�ORRN�OLNH�VRPH�VSHFLILF�GHYLDWLRQ�W\SH�DQG

WKXV�WKH�PHDVXULQJ�GHYLFH�HUURUV�ZLOO�EH�H[SODLQHG�E\�WKH�PDFKLQH�WRRO�GHYLDWLRQV�LQ

WKH�DQDO\VLQJ�SURFHVV��7KHVH�W\SHV�RI�HUURUV�FDQ�WKXV�FDXVH�VHULRXV�PLVLQWHUSUHWDWLRQV

DQG�WKH\�VKRXOG�EH�VWXGLHG�FDUHIXOO\��7KH�WHPSHUDWXUH�PHDVXUHPHQW�DQG�FRPSHQVDWLRQ

DUH�RI�JUHDW�LPSRUWDQFH�LQ�WKLV�PDWWHU�

�������� 0HDVXULQJ�PHWKRG

$�PHDVXULQJ�PHWKRG�LQYROYHV�VRPH�DVVXPSWLRQV�DERXW�WKH�EHKDYLRXU�RI�D�PDFKLQH��$

GLUHFW� PHDVXUHPHQW� GRHV� QRW� SURGXFH� DQ\� IRUFH� DJDLQVW� WKH� FXWWLQJ� KHDG� DQG� WKH

LQVSHFWHG�SDWKV�PD\�QRW�DOZD\V�EH�FKDUDFWHULVWLF�RI�WKH�WDVNV�H[HFXWHG�E\�D�PDFKLQH�

7KLV� FDXVHV� GLVVLPLODU� LQVSHFWLRQ� UHVXOWV� FRPSDUHG� WR� D� UHDO� VLWXDWLRQ�� ZKLFK�� RI

FRXUVH��LV�WKH�WDUJHW�RI�RXU�UHDO�LQWHUHVW�

$�FRPSDULVRQ�EHWZHHQ�GLIIHUHQW�PHDVXULQJ�PHWKRGV�KDV�WR�EH�FDUULHG�RXW�LQ�RUGHU�WR

VROYH�ZKLFK�PHWKRGV�ILW�WKH�FXUUHQW�VLWXDWLRQ�WKH�EHVW��,W�LV�SRVVLEOH�WKDW�YHU\�GLIIHUHQW

PHWKRGV�� IRU�H[DPSOH�D�FURVV� JULG� HQFRGHU� DQG� D� WHVW� SLHFH�� JLYH�RXW� VLPLODU� UHVXOWV

DQG�WKXV�ERWK�PHWKRGV�DUH�NQRZQ�WR�EH�YDOLG�IRU�WKH�PDFKLQH�LQ�TXHVWLRQ��(YHQ�LI�WKH

UHVXOWV�DUH�QRW�VLPLODU��LW�LV�SRVVLEOH�WKDW�WKH\�KDYH�VRPH�FRUUHODWLRQ�DQG�FDQ�WKXV�EH

XVHG�ZKHQ�WKLV�GHSHQGHQF\�LV�WDNHQ�LQWR�DFFRXQW�

�������� /RFDO�WHVWLQJ

0RVW� TXLFN� WHVW� PHWKRGV� IRU� PHDVXULQJ� D� PDFKLQH� WRRO� DUH� TXLWH� QDUURZ�UDQJH�

0HDVXUHPHQW�GDWD�FDQ�WKXV�FRYHU�WKH�PDFKLQLQJ�VSDFH�RQO\�SDUWO\�DQG�VRPH�DUHDV�DUH

OHIW� EH\RQG� WKH� PHDVXUHPHQW�� ,W� LV� SRVVLEOH� WR� UHSHDW� PHDVXUHPHQWV� LQ� VHYHUDO

SRVLWLRQV� LQ� D� PDFKLQH� WRRO� WDEOH�� EXW� WKLV� DQQXOV� WKH� IDVWQHVV� DQG� HDVLQHVV� RI� D

PHWKRG��7KDW�LV�ZK\�D�VLQJOH�PHDVXUHPHQW�LV�RIWHQ�XVHG�WR�VWDQG�IRU�WKH�ZKROH�SODQH�

HYHQ� LI� LW� FDQ� FRYHU� LW� RQO\� SDUWLDOO\�� 7KLV� FDXVHV� QDWXUDOO\� GLVWRUWLRQ� LQ� WKH

PHDVXUHPHQW� DQDO\VLV� UHVXOWV� DQG� WKH\� FDQ� SUHVHQW�ZHOO� RQO\� WKH� DELOLW\� RI� WKH� DUHD

UHDOO\�PHDVXUHG��+RZHYHU��LW�LV�SRVVLEOH�LQ�PDQ\�FDVHV�WR�PDNH�WKH�PHDVXUHPHQW�LQ�D

ZD\� WKDW� RQH� PHDVXUHPHQW� RQO\� FDQ� SUHVHQW� WKH� ZKROH� SODQH� RI� WKH� PDFKLQH� ZHOO

HQRXJK��1HYHUWKHOHVV��WKLV�UHVWULFWLRQ�DSSOLHV�WR�DOO�TXLFN�WHVW�PHDVXUHPHQWV�
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�������� 7HPSHUDWXUH

7HPSHUDWXUH� LV� DOZD\V� DQ� LPSRUWDQW� IDFWRU� LQ� PDFKLQLQJ� DQG� PHDVXUHPHQWV�� ,W� LV

PHQWLRQHG�WR�FRQWULEXWH�PRUH�WKDQ�����RI�WKH�RYHUDOO�HUURU�>:HFN�HW�DO������@��7KLV

HPSKDVLVHV�KRZ�FRQFHUQHG�WKH�XVHU�VKRXOG�EH�DERXW�WKLV�PDWWHU�ZKHQ�SHUIRUPLQJ�WKH

WHVWV�

7KH�WHVW�SLHFH�PDFKLQLQJ�RU�D�GLUHFW�PHDVXULQJ�RI�D�PDFKLQH�WRRO�KDV�WR�EH�FDUULHG�RXW

LQ� VHWWOHG� WHPSHUDWXUH� ZKLFK� HTXDOV� WR� QRUPDO� RSHUDWLQJ� FRQGLWLRQV�� ,W� UHTXLUHV� WKH

ZDUP�XS� RI� D� PDFKLQH� WRRO� DQG� DWWHQWLRQ� SDLG� WR� SRVVLEOH� RXWHU� GLVWXUEDQFHV�� IRU

H[DPSOH�VXQVKLQH��DQ�RSHQ�VWUHHW�GRRU�DQG�D�KHDW�VRXUFH�RI�RWKHU�PDFKLQHV��)URP�WKH

SRLQW�RI�YLHZ�RI�WKLV�PHWKRG��LW�LV�LPSRUWDQW�WR�SXUVXH�FRQGLWLRQV�FORVH�WR�WKH�RUGLQDU\

VLWXDWLRQ��DQG�QRW� WR�JHW� WKHP�EHWWHU� WKDQ� WKH�RQHV�ZKLFK� UHDO�SURGXFWLRQ�XQGHUJRHV�

7KLV�FRQFHUQV�HVSHFLDOO\�WKH�WHPSHUDWXUH�OHYHO��KRZHYHU�WHPSHUDWXUH�IOXFWXDWLRQV�KDYH

WR�EH�PLQLPLVHG�

:KHQ�D�WHVW�SLHFH�LV�PHDVXUHG�E\�D�&00��LW�DJDLQ�UHTXLUHV�SD\LQJ�FDUHIXO�DWWHQWLRQ�WR

WHPSHUDWXUH��7KH�XVHU�PXVW�FRPSO\�ZLWK�WKH�JHQHUDO� UXOH�RI�PHDVXUHPHQWV� WR� OHW� WKH

SLHFH�WR�EH�PHDVXUHG�WKRURXJKO\�DEVRUE�WKH�URRP�WHPSHUDWXUH��WR�XVH�ULJKW�H[SDQVLRQ

FRHIILFLHQWV�DQG�DFFXUDWH�WHPSHUDWXUH�PHDVXUHPHQW�

*HQHUDOO\� HUURUV� RQ� WKH� WHPSHUDWXUH� OHYHO� GXULQJ� PDFKLQLQJ� RU� PHDVXULQJ� DQG

LQDFFXUDF\�LQ�H[SDQVLRQ�FRHIILFLHQWV�FDXVH�D�IDOVH�VFDOLQJ�IDFWRU�UHVXOW�LQ�WKH�DQDO\VLV�

)OXFWXDWLRQ�RI�WHPSHUDWXUH�GXULQJ�PDFKLQLQJ�RU�PHDVXULQJ�LQFUHDVHV�XQFHUWDLQW\�RI�DOO

DQDO\VLV� UHVXOWV��EHFDXVH� LW� FDXVHV� DQ� LUUHJXODU�GHYLDWLRQ�SDWK��ZKLFK� FDQQRW�EH�ZHOO

H[SODLQHG�E\�DQ\�NQRZQ�GHYLDWLRQ�W\SH�

�������� 0DFKLQLQJ�WHVW�VSHFLILF

0DWHULDO

'LIIHUHQFHV� LQ�PDWHULDO� FDXVH� GHYLDWLRQV� LQ� WHVW� UHVXOWV�� (YHQ� LI� WKH� ODVW� FXW� LV� WKLQ�

GLIIHUHQFHV�LQ�PDFKLQHDELOLW\�DQG�IRUFHV�DULVLQJ�IURP�FXWWLQJ�FDXVH�GHYLDWLRQ�LQ�SLHFHV

WR�VRPH�H[WHQW��7KXV�LW� LV�DGYLVDEOH� WR�XVH�DOZD\V� WKH�VDPH�UDZ�PDWHULDO�ZKHQ� WHVWV

DUH� UHSHDWHG� DQG� DOVR� WR� XVH� H[DFWO\� WKH� VDPH� PDWHULDO� DV� IRU� RUGLQDU\� SURGXFWLRQ

SLHFHV��7KLV�ZD\�D� WHVW�SLHFH�ZLOO�UHIOHFW� WKH� UHDO�VLWXDWLRQ�RI� WKH�SURGXFWLRQ�TXDOLW\�

7KH�HIIHFWV�FDQ�EH�IRXQG�E\�D�&00�PHDVXUHPHQW�DQG�WKHQ�FRUUHFWHG�LI�QHFHVVDU\�

0DFKLQLQJ�SDUDPHWHUV

7KH�GHSWK�RI�WKH�ODVW�FXW�LQHYLWDEO\�KDV�DQ�LQIOXHQFH�RQ�WKH�ILQDO�GLPHQVLRQV�RI�D�WHVW

SLHFH��$�PRGH�IRU�D�FRUQHU�DSSURDFK��VHUYR�WXQLQJ�SDUDPHWHUV��DSSURDFK�GLUHFWLRQV�LQ

DQ�1&�SURJUDP�DQG�VPDOO�IOXFWXDWLRQV�LQ�WKH�SURJUDPPHG�IHHGUDWH�KDYH�WKHLU�LPSDFW�

WRR�

7KH�WLJKWQHVV�RI�WKH�IDVWHQLQJ�RI�D�WHVW�SLHFH�LQ�D�IL[WXUH�FDXVHV�VRPH�FKDQJHV�LQ�WKH

GLPHQVLRQV�RI�WKH�UDZ�PDWHULDO�DQG�WKXV�ODWHU�DOVR�LQ�WKH�ILQDO�SLHFH��7KH�VLJQLILFDQFH

RI�WKLV�HUURU�VRXUFH�GHSHQGV�JUHDWO\�RQ�WKH�XVHG�PDWHULDO�DQG�FODPSLQJ�PHFKDQLVP�

6XUIDFH�TXDOLW\

:KHQ�PHDVXULQJ�D� WHVW�SLHFH�LQ�D�&00��VXUIDFH�TXDOLW\�FDXVHV�GHYLDWLRQV� LQ� UHVXOWV

GHSHQGLQJ�RQ� WKH� LQWHUYDO�RI�PHDVXUHPHQW�SRLQWV�DQG� WKH�GLDPHWHU�RI�D�SUREH��7KXV

WDNLQJ�D�JUHDWHU�DPRXQW�RI�SRLQWV�ZLWK�LQ�D�PHDVXUHPHQW�FDQ�UHGXFH�WKH�LQIOXHQFH�RI

EDG�VXUIDFH�TXDOLW\�

7KLQ�ILQLVKLQJ�FXWV�FDXVH�VPDOO�IRUFHV�DQG��DFFRUGLQJO\��GHIOHFWLRQV�DUH�QRW�ELJ�HLWKHU

EHFDXVH�RI� WKH�UHODWLYH�KLJK�VWLIIQHVV�RI� WKH�PDFKLQH�WRROV��+RZHYHU�� WKRVH� ILQLVKLQJ

FXWV� SURGXFH� IRUFHV� ZLWK� VWURQJ� SHULRGLFDOO\� YDULDEOH� FRPSRQHQWV�� 7KH� UHODWLRQVKLS
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EHWZHHQ� WKH� YDULDEOH� IRUFH�� YDULDEOH� GHIOHFWLRQV� DQG� WKHLU� LPSULQWV� RQ� WKH�PDFKLQHG

VXUIDFH�LV�UDWKHU�FRPSOH[�>7OXVW\�����@�

7RRO�ZHDU

$�ZURQJ� SUHVHW� YDOXH� RI� D� WRRO� LV� WR� EH� WDNHQ� LQWR� DFFRXQW� LQ� DQDO\VLV� DV�ZHOO� DV� D

SRVVLEOH�VOLJKWO\�IDOVH�WRXFK�SUREH�GLDPHWHU��%XW�QR�DWWHQWLRQ�LV�SDLG�RQ�WKH�ZHDU�RI�D

WRRO�GXULQJ�PDFKLQLQJ��7KLV� LQHYLWDEO\�FDXVHV�VRPH�GHYLDWLRQ� LQ� WKH� UHVXOWV��EXW� WKLV

DPRXQW� ZLOO� EH� LQGLVFHUQLEOH� VPDOO�� EHFDXVH� RQO\� WKH� ZHDU� GXULQJ� ILQLVKLQJ� FDQ� EH

REVHUYHG�

&00�GHYLDWLRQV

*HQHUDO� FRQFHUQ� RQ�&00�PHDVXUHPHQW� DFFXUDF\� DQG� XQFHUWDLQW\� LV� QDWXUDOO\� YDOLG

KHUH�� ,W� FRQFHUQV� DOO� WKH� HQYLURQPHQWDO� DVSHFWV� DV�ZHOO� DV� JRRG�PHDVXULQJ� SUDFWLVH�

6\VWHPDWLF�DQG�UDQGRP�HUURUV�RI�D�&00�DIIHFW�LQ�GLIIHUHQW�ZD\V�WKH�DQDO\VLV�UHVXOWV

FRUUHVSRQGLQJO\�FDXVLQJ�V\VWHPDWLF�DQG�UDQGRP�HUURUV�WKHUH�

6\VWHPDWLF� &00� HUURUV� FDQ� HYHQ� EH� VHHQ� GLUHFWO\� LQ� DQ� DQDO\VLV� UHVXOW�� (VSHFLDOO\

ZKHQ�D�WHVW�SLHFH�LV�PHDVXUHG�H[DFWO\� LQ� WKH�VDPH�RUGHU�DV� LW�ZDV�PDQXIDFWXUHG�� WKH

VDPH� W\SH� RI� GHYLDWLRQV� LQ� D�PDFKLQH� WRRO� DQG�&00�DUH� DGGHG� WR� HDFK� RWKHU�� 7KH

DPRXQW�RI�D�GHYLDWLRQ�LQ�D�&00�LV�VXEWUDFWHG�IURP�WKH�YDOXH�RI�D�PDFKLQH�WRRO�DQG

WKLV�YDOXH�LV�VKRZQ�DV�WKH�UHVXOW�RI�DQ�DQDO\VLV��7KLV�SKHQRPHQRQ�RFFXUV�RQO\�ZKHQ�DQ

HUURU� VRXUFH� LQ� D� &00� FRUUHVSRQGV� WR� D� GHYLDWLRQ� W\SH� KDQGOHG� LQ� DQ� DQDO\VLV�

RWKHUZLVH�V\VWHPDWLF�HUURU�FDXVH�MXVW�UDQGRP�HUURU�RI�DQ�DQDO\VLV�WR�LQFUHDVH�

5DQGRP�HUURUV�RI�D�&00�FDXVH�XQFHUWDLQW\�RI�WKH�UHVXOWV�WR�LQFUHDVH��5DQGRP�HUURUV

FDQQRW� FDXVH� DQ\� V\VWHPDWLF� HUURU� LQ� WKH� DQDO\VLV� UHVXOWV�� EXW� WKH\� FRUUHVSRQGLQJO\

DULVH� UDQGRP� HUURUV� LQ� WKH� DQDO\VLV� LQVWHDG�� %HFDXVH� DQDO\VLV� H[DPLQHV� RQO\� ORZ

IUHTXHQF\� GHYLDWLRQV� LQ� D� PDFKLQH� WRRO�� WKH� DQDO\VLV� LV� DOVR� PRUH� VHQVLWLYH� WR� ORZ

IUHTXHQF\� UDQGRP� HUURUV� LQ� D� PHDVXUHPHQW�� ZKHUHDV� KLJK� IUHTXHQF\� HUURUV� KDYH

DOPRVW�QR�LQIOXHQFH�DW�DOO�

������ 'HYLDWLRQ�LQ�SUDFWLFDO�WHVWV

3UDFWLFDO�WHVWV�LQ�YDULRXV�FRQGLWLRQV�DUH�SHUIRUPHG�WR�GHWHUPLQH�XQFHUWDLQW\�HVWLPDWHV

IRU� GLIIHUHQW� GHYLDWLRQ� W\SHV�� %HFDXVH� XQFHUWDLQW\� FRQVLVWV� RI� PDQ\� HOHPHQWV�

GHGLFDWHG� WHVWV� DUH� SHUIRUPHG� WR� ILQG� RXW� YDOXHV� IRU� LQGLYLGXDO� XQFHUWDLQW\� VRXUFHV�

+RZHYHU��WKH�WHVWV�FDQ�PDLQO\�UHYHDO�RQO\�WKH�UHSHDWDELOLW\�RI�D�PHWKRG��QRW�DEVROXWH

DFFXUDF\�

6LQFH�WKH�VRXUFHV�RI�HUURUV�DUH�VR�YDULRXV��LW�LV�QRW�QHFHVVDU\�WR�WU\�WR�GHWHUPLQH�DOO�WKH

LQGHSHQGHQW�VRXUFHV��,QVWHDG��VRPH�W\SLFDO�WHVW�H[SHULPHQWV�DUH�DUUDQJHG�WR�ILQG�RXW�D

FRPELQHG� YDULDWLRQ� RI� WKH� PHWKRG� LQ� FXUUHQW� FRQGLWLRQV�� 7KHVH� H[SHULPHQWDOO\

DFKLHYHG�FRPELQHG�XQFHUWDLQWLHV�FDQ�EH�XVHG� ODWHU� WR�GHWHUPLQH� WKH� WRWDO�XQFHUWDLQW\

RI�WKH�PHWKRG�

6LQJOH�&00�UHSHDWDELOLW\

$�&00�UHSHDWDELOLW\�WHVW�XQFRYHUV�D�XQLWHG�XQFHUWDLQW\�RI�VLQJXODULW\�DQG�URXQGLQJ�

VXUIDFH�TXDOLW\�DQG�&00�UDQGRP�GHYLDWLRQV��$�VLQJOH�WHVW�SLHFH�LV�PHDVXUHG�PXOWLSOH

WLPHV�LQ�WKLV�WHVW��7KHQ�WKHVH�PHDVXUHPHQWV�DUH�DQDO\VHG�DQG�WKH�DQDO\VLV�UHVXOWV�DUH

FRPSDUHG�ZLWK�HDFK�RWKHU��IURP�ZKLFK�D�GHYLDWLRQ�LV�FDOFXODWHG�
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7HVW�SLHFH�UHSHDWDELOLW\

0DQ\�FRSLHV�RI�WHVW�SLHFHV�DUH�PDQXIDFWXUHG�LQ�D�VLQJOH�PDFKLQH�WRRO�LQ�FRQGLWLRQV�DV

FORVH�WR�HDFK�RWKHU�DV�SRVVLEOH��7KH�SLHFHV�DUH�PHDVXUHG�ZLWK�D�&00�DQG�DQDO\VHG�

7KLV� WHVW� SXWV� WRJHWKHU� XQFHUWDLQWLHV� RI� VLQJXODULW\� DQG� URXQGLQJ�� WHPSHUDWXUH�

PDWHULDO��VXUIDFH�TXDOLW\��FODPSLQJ��WRRO�ZHDU�DQG�&00�UDQGRP�GHYLDWLRQV�

0DFKLQLQJ�SDUDPHWHU�LQIOXHQFH

7KH�WHVW�SLHFHV�DUH�PDQXIDFWXUHG�ZLWK�GLIIHUHQW�PDFKLQLQJ�SDUDPHWHUV�� L�H�� WKH�GHSWK

RI�D�ILQLVKLQJ�FXW�DQG�WKH�PRGH�RI�FRUQHU�DSSURDFK��WR�GHWHUPLQH�WKHLU�LQIOXHQFH��7KH

UHVXOWV�DFKLHYHG�FDQ�EH�FRPSDUHG�WR�WKH�UHVXOWV�REWDLQHG�E\�D�WHVW�SLHFH�UHSHDWDELOLW\

H[SHULPHQW�

&URVV�JULG�HQFRGHU�UHSHDWDELOLW\

7KH� VDPH� PDFKLQH� LV� PHDVXUHG� UHSHDWHGO\� LQ� WKH� VDPH� SRVLWLRQ� DQG� SODQH� ZLWK� D

FURVV�JULG� HQFRGHU�� 7KH� UHVXOWV� DJDLQ� DUH� FRPSDUHG� ZLWK� HDFK� RWKHU�� 7KH� YDULDWLRQ

REVHUYHG� LV� D� FRPELQDWLRQ� RI� XQFHUWDLQWLHV� DULVLQJ� EHFDXVH� RI� VLQJXODULW\� DQG

URXQGLQJ��WHPSHUDWXUH�DQG�PHDVXULQJ�GHYLFH�
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�� (03,5,&$/�3$57

���� 9DOLGDWLRQ�VRIWZDUH

$�VRIWZDUH�SURJUDP�ZDV�GHYHORSHG�WR�DVVLVW� WKH�YDOLGDWLRQ�RI� WKH�SUHVHQWHG�PHWKRG�

7KH�PDLQ�IUDPH�DQG�WKH�XVHU�LQWHUIDFH�RI�WKH�SURJUDP�ZHUH�FUHDWHG�E\�XVLQJ�0LFURVRIW

9LVXDO�%DVLF� ���
�
��$� FDOFXODWLRQ�PRGXOH�ZDV� FRPSLOHG� LQWR� D� G\QDPLF� OLQN� OLEUDU\

�'//��ZLWK�0LFURVRIW�9LVXDO�&������
�
�

������ 'DWDEDVH�VWUXFWXUH�DQG�GDWD�IORZ

7KH� DQDO\VLV� V\VWHP� LQYROYHV� LQIRUPDWLRQ� IURP� WKUHH� VRXUFHV�� 7KXV� GDWDEDVH� LV

GLYLGHG� LQ� WKUHH� VHSDUDWH� DUHDV�� ,W� PDNHV� LW� SRVVLEOH� WR� SK\VLFDOO\� GLVWULEXWH� GDWD

VWRUDJH� FORVH� WR� WKHLU� QDWLYH� VRXUFHV�� /LQNV� WR� WKRVH� VRXUFHV� DUH� GHWHUPLQHG� LQ� WKH

DQDO\VLV�SURJUDP��ZKLFK�JDWKHUV�WKLV�LQIRUPDWLRQ�WRJHWKHU�WR�IRUP�D�PHDQLQJIXO�ZD\�

'DWDEDVHV�DUH�LQ�0LFURVRIW�$FFHVV���
�
�IRUPDW�

0HDVXUHPHQW�
0HDVXUHPHQW

6FDQ

6HVVLRQ

7DUJHW

$QDO\VLV�
&DSDELOLW\

&RQWURO GHYLDWLRQ

&RQWURO OLPLW

'HYLDWLRQ W\SHV

/6&

0DFKLQHV

0DFKLQH 7\SHV

0=&

5HOLDELOLW\

5HVXOW

:RUNSLHFH

$QDO\VLV�SURJUDP
$QDO\VLV

)ROORZ�XS

)LOH ILOWHUV

3DWK HGLWRU

'HVLJQ�
&LUFOH

'LUHFW

)HDWXUH

3LHFH

3RLQW

3RVLWLRQLQJ

9HFWRU�

)LJXUH���� 'DWDEDVHV�LQ�WKH�DQDO\VLV�V\VWHP

7KH�GHVLJQ�GDWDEDVH� LQFOXGHV� LQIRUPDWLRQ�RQ�GLPHQVLRQV�RI�PHDVXUHG�SLHFHV�� ,W� KDV

GDWD�ERWK�IRU�UHDO�ZRUNSLHFHV�DQG�WHVW�SLHFHV�DV�ZHOO�DV�SDWKV�RI�GLUHFW�PHDVXUHPHQWV�

7KH�ILHOGV�LQFOXGHG�LQ�WKH�GDWD�VWUXFWXUH�DUH�SUHVHQWHG�LQ�7DEOH���

7KH�PHDVXUHPHQW�GDWDEDVH�VWRUHV�GDWD�SRLQWV�IURP�D�PHDVXULQJ�HTXLSPHQW��'DWD�LV�QRW

VWRUHG� LQ� WKH� QDWLYH� IRUPDW� RI� D�PHDVXULQJ� GHYLFH� EXW� LQ� D� JHQHULF� IRUPDW�ZKLFK� LV

H[SODLQHG� LQ�FKDSWHU��������&XUUHQWO\� WKH� DQDO\VLV� SURJUDP�KDQGOHV�SUHSURFHVVLQJ�RI

UDZ�PHDVXUHPHQW�SRLQWV��HYHQ�WKRXJK�LQ�VRPH�FDVHV�SURFHVVLQJ�FRXOG�EH�GLVWULEXWHG

LQWR�D�VHSDUDWH�SURJUDP�

7KH�DQDO\VHG�UHVXOWV�RI�PHDVXUHPHQWV�DUH�VWRUHG�LQ�DQDO\VLV�GDWDEDVH��7KH�UHVXOWV�DUH

XVHG� IRU� WKH� IROORZ�XS� RI� LQGLYLGXDO� PDFKLQH� WRROV�� FRQWURO� OLPLW� PRQLWRULQJ� DQG

FRPSDULVRQV� EHWZHHQ� PHDVXULQJ� PHWKRGV�� 7KLV� GDWDEDVH� LV� QDWLYH� IRU� WKH� DQDO\VLV

SURJUDP�DQG�LW�XVHV�WKLV�GDWD�VWRUDJH�DOVR�IRU�LQWHUQDO�VHWWLQJV�DQG�FRQILJXUDWLRQV�
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������ $QDO\VLV�SURJUDP

7KH� DQDO\VLV� SURJUDP� LV� FDSDEOH� RI� UHDGLQJ� PHDVXUHPHQWV�� DQDO\VLQJ� WKHP� LQ� WKH

HDUOLHU�SUHVHQWHG�ZD\��VWRULQJ�UHVXOWV�LQ�D�GDWDEDVH�DQG�VKRZLQJ�UHVXOWV�LQ�ILJXUHV�DQG

JUDSKV��,W�KDV�RZQ�IXQFWLRQV�WR�UHDG�GLIIHUHQW�ILOH�IRUPDWV��WR�HGLW�PHDVXULQJ�SDWKV�DQG

WR�IROORZ�XS�PDJQLWXGHV�RI�GHYLDWLRQV��$�VDPSOH�FDVH�RI�WKH�XVDJH�RI�WKLV�VRIWZDUH�LV

JLYHQ�LQ�DSSHQGL[����

)LJXUH���� $QDO\VLV�UHVXOWV�LQ�ILJXUHV�DQG�LQ�JUDSK

*HQHULF� LQQHU�GDWD� IRUPDW�HQDEOHV� WKH�XVH�RI�ERWK�GLUHFW� DQG� LQGLUHFW�PHDVXUHPHQWV�

7KHUH� DUH� WZR�SKDVHV�ZKHUH�KDQGOLQJ�GLIIHUV�EHWZHHQ� WKHVH� WZR�PHWKRGV�� ILOH� LQSXW

DQG�H[LVWHQFH�RI�WRRO�FRPSHQVDWLRQ�

'LUHFW�PHDVXUHPHQWV�KDYH�SDWK�LQIRUPDWLRQ�LQFOXGHG�LQ�D�PHDVXULQJ�ILOH�DQG�WKLV�GDWD

LV� XVHG� DV� LW� LV�� ,QGLUHFW� PHDVXUHPHQWV�� LQVWHDG�� UHTXLUH� SUHGHILQHG� LQIRUPDWLRQ� RQ

WDUJHW� SDWKV�� 7KH� RSHUDWRU� LQSXWV� WKLV� LQIRUPDWLRQ� XVLQJ� D� VLPSOH� ��'� SDWK� HGLWRU

IXQFWLRQ�

7RRO�FRPSHQVDWLRQ�LV�XVHG�IRU�PDFKLQHG�LQGLUHFW�WHVWV��)RU�HDFK�WRRO�WKDW�LV�GHILQHG�LQ

D�SDWK�DQ�LQGLYLGXDO�GHYLDWLRQ�LQ�D�WRRO�UDGLXV�LV�FDOFXODWHG�XVLQJ�WKH�PHWKRG�SUHVHQWHG

HDUOLHU��7KLV�FDOFXODWLRQ�LV�GLVDEOHG�IRU�GLUHFW�PHDVXUHPHQWV�

������ /RQJ�WHUP�IROORZ�XS�RI�GHYLDWLRQ�PDJQLWXGHV

7KH� SURJUDP� JLYHV� DQ� RSSRUWXQLW\� WR� IROORZ�XS� PDJQLWXGHV� RI� HLWKHU� LQGLYLGXDO

GHYLDWLRQV�RU�TXDOLW\�FDSDELOLW\�YDOXHV��7KLV�LV�D�VWUDLJKWIRUZDUG�TXHU\�LQ�D�GDWDEDVH�WR

VKRZ�D�WUHQG�DFFRUGLQJ�WR�VRPH�FODVVLILFDWLRQ�NH\V��7KH�WUHQG�LV�GUDZQ�LQ�UHVSHFW� WR

WLPH��DQG�UHDO�ILJXUHV�DUH�DOVR�VKRZQ�LQ�D�WDEOH�

8VHU�GHILQHG�FRQWURO�OLPLWV�DUH�FRPELQHG�WR�WKLV�IXQFWLRQ�LQ�RUGHU�WR�JLYH�DQ�DODUP�LI

RQH�RI�WKH�LQGLYLGXDO�GHYLDWLRQV�ULVHV�DERYH�D�FHUWDLQ�OLPLW��7KLV�FKHFN�RI�ZDUQLQJV�LV

UXQ�HDFK�WLPH�DIWHU�DQDO\VLV�RI�D�VLQJOH�PHDVXUHPHQW�DQG�DW�D�VWDUW�XS�RI�WKH�SURJUDP�

$OO�WKH�PHDVXUHPHQWV�DUH�LQFOXGHG�LQ�WKLV�UHYLHZ�DQG�HDFK�HTXLSPHQW�W\SH�LV�VKRZQ

E\� LWV� RZQ� FRORXU�� 7KXV� FRPSDULVRQ� EHWZHHQ� PHDVXUHPHQW� PHWKRGV� EHFRPHV

DSSOLFDEOH��,W�LV�SRVVLEOH�WR�FRPSDUH�GHYHORSPHQW�RI�UHVXOWV�LQ�UHVSHFW�WR�WLPH�DQG�ZLWK

HDFK�RWKHU��(YHQ�WKRXJK�LQ�PRVW�FDVHV�WKLV�LV�QRW�DEVROXWHO\�QHFHVVDU\�DIWHU�ILUVW�LQLWLDO
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WHVWV�� KRZHYHU�� WKH� SRVVLELOLW\� LV� VRPHWLPHV� ZHOFRPH� ZKHQ� XQH[SHFWHG� EHKDYLRXU

RFFXUV�

7KHVH�VLPSOH�WRROV�DUH�LQWHQGHG�WR�HDVH�WKH�V\VWHPDWLF�PRQLWRULQJ�RI�D�PDFKLQH�WRRO

FRQGLWLRQ�� ,W� IRUFHV� WKH�XVHU� WR�VDYH�GDWD� LQ� WKH�H[DFW�VDPH� IRUPDW�HYHU\� WLPH�DQG� LW

DOVR�VWRUHV�YLWDO�LQIRUPDWLRQ�RQ�WLPH�DQG�FRQGLWLRQV�RI�WKH�WHVW�

���� 7HVWLQJ�SURFHGXUH

7KH� DQDO\VLV� V\VWHP� KDV� EHHQ� WHVWHG�ZLWK� UHDO�PDFKLQH� WRROV� DQG�ZLWK� VLPXODWLRQV�

3UDFWLFDO� WHVWLQJ�KDV�EHHQ�PDGH�ZLWK�GRXEOH�EDOO�EDU�� FURVV�JULG�HQFRGHU�� WHVW�SLHFHV

DQG� ODVHU�LQWHUIHURPHWHU�� &RPSDULVRQ� EHWZHHQ� PHWKRGV� DQG� UHSHDWDELOLW\� RI� UHVXOWV

KDV� EHHQ� DFFRPSOLVKHG�� $Q� LQGLYLGXDO� FDVH� LV� SUHVHQWHG� ZKHUH� DQDO\VLV� UHVXOWV� DUH

IXOO\�XVHG�WR�FRPSHQVDWH�D�PDFKLQH�

������ 6LPXODWLRQV

&RPSXWHU�VLPXODWLRQV�ZHUH�ILUVW�XVHG�WR�HYDOXDWH�IXQFWLRQDOLW\�RI�ERWK�WKH�DOJRULWKP

LWVHOI�DQG�WKH�SURJUDPPLQJ��6LPXODWLRQ�SURJUDP�SURGXFHG�PHDVXUHPHQW�ILOHV��ZKLFK

ZHUH� UHDG� E\� WKH� DQDO\VLV� SURJUDP�� 7KH� UHVXOWV� RI� DQDO\VLV� DQG� LQLWLDO� YDOXHV� RI

VLPXODWLRQ�ZHUH�WKHQ�FRPSDUHG�ZLWK�HDFK�RWKHU�

)LJXUH���� ,QLWLDO�YDOXHV�DQG�SURGXFHG�JUDSK�LQ�VLPXODWLRQ

7KH�VLPXODWLRQ�DOJRULWKP�LV�D�VLPSOH�VWHSSLQJ�HQJLQH��,W�ILUVW�UHDGV�WKH�WDUJHW�SDWK�GDWD

DQG� EDVHG� RQ� WKLV� LQIRUPDWLRQ� LW� FUHDWHV� WDUJHW� SRLQWV� DORQJ� WKH� SDWK� ZLWK� D

SUHGHWHUPLQHG� VWHS�� ,W� VWDUWV� WR� VWHS� WKHVH� WDUJHW� SRLQWV� DQG� DGGV� WR� WKHP� GHYLDWLRQV

ZKLFK�WKH�XVHU�KDV�JLYHQ��7KLV�ZD\�LW�FDQ�WDNH� LQWR�DFFRXQW�FKDQJHV�ERWK� LQ�PRWLRQ

GLUHFWLRQ�DQG�IHHGUDWH�

6LPXODWLRQ� LV� QRW� XVHG� WR� HYDOXDWH� VXSHULRULW\� RI� DQDO\VLV�� EXW� RQO\� WR� YDOLGDWH

FRUUHFWQHVV�RI� IXQFWLRQV�DQG� ORJLF� LQ� WKH�DQDO\VLV�SURJUDP��%HFDXVH�RI� WKH�QDWXUH�RI

WKH�SUREOHP�DQG�WKH�DVVXPSWLRQ�RI�WKH�VLPXODWLRQ�WKDW�QR�RWKHU�GHYLDWLRQ�W\SHV��H[FHSW

WKH�JLYHQ�RQHV�H[LVW�LQ�WKH�PHDVXUHPHQW�GDWD��DQDO\VLV�UHVXOWV�VKRXOG�DJUHH�ZLWK�LQLWLDO
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YDOXHV�RI�WKH�VLPXODWLRQ�LQ�SUHFLVLRQ�RI�FRPSXWDWLRQDO�DFFXUDF\��$Q�H[DPSOH�LV�JLYHQ

LQ�DSSHQGL[����

������ 3ULPDU\�SUDFWLFDO�WHVWV

:KHQ�VLPXODWLRQV�KDG�JLYHQ�DFFHSWDEOH�UHVXOWV��WKH�DQDO\VLV�V\VWHP�ZDV�XVHG�WRJHWKHU

ZLWK� D� GRXEOH� EDOO� EDU� DQG� D� FURVV�JULG� HQFRGHU� WR�PHDVXUH� D� VLPSOH� [\�WDEOH�� 7KH

WDEOH� LV� HTXLSSHG� ZLWK� D� QHZ� 6LHPHQV� ���'� FRQWUROOHU� DQG� WKHUHIRUH� LW� LV� HDV\� WR

LPSOHPHQW�DUWLILFLDO�GHYLDWLRQV�LQ�WKH�PDFKLQH��7KLV�ZDV�PDGH�E\�XVLQJ�FRPSHQVDWLRQ

WDEOHV� WR�FUHDWH�D�NQRZQ�DPRXQW�RI�VTXDUHQHVV�HUURU�� VFDOH�HUURUV�DQG�EDFNODVK��7KH

PDFKLQH�ZDV�PHDVXUHG�DJDLQ�DQG�WKH�DFKLHYHG�UHVXOWV�ZHUH�FRPSDUHG�WR�WKH�RULJLQDO

DQDO\VLV�UHVXOW�

7KLV�WHVWLQJ�PHWKRG�ZDV�XVHG�WR�HQVXUH�WKDW�DVVXPSWLRQV�PDGH�LQ�VLPXODWLRQ�SURJUDP

DQG� WKH�DQDO\VLV�DUH�YDOLG�ZLWK� UHDO�PDFKLQH� WRROV��%HFDXVH� WKH�XVHG�PDFKLQH� LV�QRW

PHFKDQLFDOO\�RI�D�KLJK�OHYHO��UHSHDWDELOLW\�LQ�UHVXOWV�ZDV�QRW�H[SHFWHG�WR�EH�HVSHFLDOO\

JRRG��+RZHYHU��WKLV�SKDVH�PRUH�RU�OHVV�LV�DEOH�WR�VKRZ��ZKHWKHU�WKH�UHVXOWV�KDYH�WKH

ULJKW�PDJQLWXGH��EXW�LW�LV�QRW�FDSDEOH�RI�LQGLFDWLQJ�UHSHDWDELOLW\�RI�WKH�DQDO\VLV�V\VWHP�

������ 5HSHDWDELOLW\

0HDVXUHPHQW�VHWV�DUH�UHSHDWHG�ZLWK�WKH�VDPH�PDFKLQH�WRRO� LQ�RUGHU� WR�HYDOXDWH�KRZ

ZHOO� WKH�PHDVXUHPHQW� UHVXOWV� UHSHDW� WKHPVHOYHV�� (DFK�PHDVXUHPHQW�PHWKRG� KDV� LWV

RZQ�NLQG�RI�D�UHSHDWDELOLW\�IRU�HDFK�GHYLDWLRQ�W\SH�DQG�WKXV�WHVWLQJ�LV�PDGH�VHSDUDWHO\

IRU�GRXEOH�EDOO�EDU��FURVV�JULG�HQFRGHU�DQG�D�FR�RUGLQDWH�PHDVXULQJ�PDFKLQH�

7HVW� SLHFH�PHDVXUHPHQWV� DUH� UHSURGXFHG� LQ� IRXU� ZD\V�� )LUVW� VHYHUDO� WHVW� SLHFHV� DUH

PDFKLQHG�ZLWK�WKH�VDPH�PDFKLQH�WRRO�DQG�ZLWK�WKH�VDPH�VHWWLQJV��6HFRQGO\��WKH�GHSWK

RI� WKH� ILQLVKLQJ� FXW� LV� FKDQJHG� LQ� RUGHU� WR� FKDQJH� WKH� FXWWLQJ� IRUFH�� ZKLFK� LV� DQ

XQNQRZQ�SDUDPHWHU� LQ� WKH� DQDO\VLV��7KLUGO\��&00�PHDVXUHPHQW� LV� UHSHDWHG�ZLWK� D

VLQJOH� WHVW�SLHFH��)RXUWKO\�� WKH�VDPH� WHVW�SLHFHV�DUH�PHDVXUHG�ZLWK� WZR�GLIIHUHQW�FR�

RUGLQDWH�PHDVXULQJ�PDFKLQHV�� RQH� RI� WKHP� UHSUHVHQWLQJ� D� KLJK� DFFXUDF\�PHDVXULQJ

PDFKLQH�DQG�WKH�RWKHU�RQH�EHLQJ�D�VWDQGDUG�&00�

������ 7KHUPDO�EHKDYLRXU

:KLOH� WKHUPDO� EHKDYLRXU� LV� WKH� PRVW� LPSRUWDQW� VLQJOH� VRXUFH� RI� HUURUV� RI� PDFKLQH

WRROV��LWV�HIIHFW�PXVW�EH�VWXGLHG�HYHQ�LI�WKH�SUHVHQWHG�PHWKRG�GRHVQ¶W�KDQGOH�WKHUPDO

HUURUV��$OO�WKH�RWKHU�WHVWV�H[SODLQHG�KHUH�DUH�FDUULHG�RXW�LQ�PDFKLQHV��ZKLFK�KDYH�EHHQ

ZDUPHG�XS�

7KHUH�KDV�EHHQ�FDUULHG�RXW�D�WHVW�SURFHGXUH�GXULQJ�ZKLFK�D�PDFKLQH�WRRO�LV�PHDVXUHG

FRQWLQXRXVO\�ZLWK�D�GRXEOH�EDOO�EDU��$W� WKH� VWDUW�RI� WKH� WHVW� WKH�PDFKLQH� WRRO� LV� LQ�D

FROG�VWDWH�DQG�GXULQJ�WKH�WHVW�LW�LV�EURXJKW�WR�WKH�ZDUPHG�XS�VWDWH��,WV�WHPSHUDWXUHV�DUH

UHFRUGHG�GXULQJ��EHIRUH��DQG�DIWHU�WKH�WHVWLQJ�

������ &RPSDULVRQ

$� IHZ�PDFKLQH� WRROV� DUH�PHDVXUHG�ZLWK� D� ODVHU�LQWHUIHURPHWHU�� D� GRXEOH� EDOO� EDU�� D

FURVV�JULG� HQFRGHU� DQG� E\� PDFKLQLQJ� D� WHVW� SLHFH�� 7KH� UHVXOWV� DFKLHYHG� IURP� HDFK

PHWKRG�DUH�FRPSDUHG�ZLWK�HDFK�RWKHU��7KH�GRXEOH�EDOO�EDU�LV�VHOHFWHG�WR�EH�WKH�EDVLF

V\VWHP�RI� WKH�PHDVXUHPHQW�� EHFDXVH� LW� LV� SURYHQ� WR� EH� D� UHOLDEOH�PHWKRG� >2NVDQHQ
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����@�DQG�EHFDXVH� LW�JLYHV� WKH�RSSRUWXQLW\� WR�DQDO\VH� DOPRVW�DOO� WKH�GHYLDWLRQ� W\SHV

>.DNLQR�����@��ZKLFK�WKH�QHZ�SUHVHQWHG�PHWKRG�FDQ�DOVR�UHYHDO�

&RPSDULVRQV�EHWZHHQ�PHWKRGV�RIIHU�UHDO��DEVROXWH�LQIRUPDWLRQ�RQ�WKH�DFFXUDF\�RI�WKH

UHVXOWV��:KHQ�WKLV�NLQG�RI�KDUG�SURRI�LV�UHTXLUHG��WKH�UHIHUHQFH�PHWKRG�KDV�WR�EH�ERWK

ZHOO�HVWDEOLVKHG�DQG�VWDQGDUGLVHG��7KLV�SUHUHTXLVLWH�QDUURZV�DEVROXWH�FRPSDULVRQV�WR

LQFOXGH�EDFNODVK��VFDOH�HUURU�DQG�VTXDUHQHVV�RQO\��2Q�WKH�RWKHU�KDQG�FRPSDULVRQV�FDQ

DOVR� UHYHDO� GLIIHUHQFHV� EHWZHHQ�PHDVXUHPHQW�PHWKRGV�� 7KLV� ODWWHU� FRPSDULVRQ� W\SH

FDQ� FRPSULVH� DOO� WKH� GHYLDWLRQ� W\SHV�� ZKLFK� DUH� KDQGOHG� LQ� WKH� FXUUHQW� DQDO\VLV

PHWKRG�

/DVHU�LQWHUIHURPHWHU� PHDVXUHPHQWV� DUH� LQWHUSUHWHG� DFFRUGLQJ� WR� WKH� ,62� �����

VWDQGDUG��3RVLWLRQLQJ� HUURUV� DQG�EDFNODVK�YDOXHV� DUH� FRPSDUHG� WR� HTXLYDOHQW� YDOXHV�

DFKLHYHG�RI�FURVV�JULG�HQFRGHU�DQG�WHVW�SLHFH�PHDVXUHPHQWV�

'RXEOH�EDOO�EDU�PHDVXUHPHQWV�DUH�DQDO\VHG�XVLQJ�WKH�VRIWZDUH�VXSSOLHG�E\�5HQLVKDZ

SOF��DQG�PHDVXUHPHQW�LQVWDOODWLRQ�IRU�'%%�LV�VHWXS�DFFRUGLQJ�WR�,62�������VWDQGDUG�

'RXEOH� EDOO� EDU� GHYLFH��PHWKRG� DQG� LWV� UHOLDELOLW\� KDYH� DOUHDG\� EHHQ� VWXGLHG� UDWKHU

WKRURXJKO\� >%U\DQ� ����@� >.DNLQR� HW� DO�� ����@� >2NVDQHQ� ����@�� 2NVDQHQ� SUHVHQWV

UHVXOWV� ZKLFK� VKRZ� WKDW� EDFNODVK�� VTXDUHQHVV� DQG� VFDOH� PLVPDWFK� DJUHH� ZHOO� ZLWK

ODVHU�LQWHUIHURPHWHU�DQG�ZLWK�VTXDUH�QRUPDO�PHDVXUHPHQWV��&RPSDULVRQ�EHWZHHQ�WKH

DQDO\VLV� UHVXOWV� DFKLHYHG� IURP�5HQLVKDZ� DQDO\VLV� SURJUDP� �5HQLVKDZ� %DOOEDU� 'DWD

$QDO\VLV�������DQG�WKH�PHWKRG�SUHVHQWHG�LQ�WKLV�ZRUN�DUH�DOVR�SUHVHQWHG�

,PSRUWDQW� FRPSDULVRQ� LV� FRQFOXGHG� EHWZHHQ� WKH� WHVW� SLHFH� DQG� FURVV� JULG� HQFRGHU

PHDVXUHPHQWV��7KH\�FDQ�ERWK�UHYHDO�VLPLODU�GHYLDWLRQ�W\SHV�LQ�D�PDFKLQH�WRRO��EXW�WKH

FRQGLWLRQV�DQG�FRPSOLFLW\�RI� WKH�PHDVXUHPHQW�SURFHVV�GLIIHU�VLJQLILFDQWO\� IURP�HDFK

RWKHU� >VHH� FKDSWHU� �����@�� 7KH� WHVW� SLHFH� XVHG� LQ� WKLV� FRPSDULVRQ� LV� GHVFULEHG� LQ

FKDSWHU�������

������ &RPSHQVDWLRQ

:KHQ�SDUDPHWULF�GHYLDWLRQV�� EDVHG�RQ�PHDVXUHPHQW� DQG� DQDO\VLV�� KDYH� EHHQ� IRXQG�

WKHVH�YDOXHV�DUH�XVHG�WR�FRPSHQVDWH�WKH�PDFKLQH�WRRO��&RPSHQVDWLRQ�WDEOHV�DUH�EXLOW

RQ�LQIRUPDWLRQ�RI�DQDO\VLV��DQG�VHUYR�JDLQ�LV�DOVR�WXQHG�RQ�WKH�EDVLV�RI�WKH�UHVXOWV�

*HRPHWULF�GHYLDWLRQV�FRPSHQVDWHG�ZLWK� WDEOHV�� FDQ�EH� DFWLYDWHG�E\� D� VLQJOH� UXQ��$V

DJDLQ� WKH� VHUYR� WXQLQJ� QHHGV� LWHUDWLRQV�� EHFDXVH� WKH� YDOXHV�� DFKLHYHG� IURP� WKH

DQDO\VLV��WHOO�RQO\�WKH�GLUHFWLRQ�RI�FKDQJH��QRW�WKH�DPRXQW�RI�FKDQJH�

,W�LV�FRPPRQ�LQ�UHVHDUFK�UHSRUWV�WR�XVH�UHDOO\�ROG�DQG�EDG�EHKDYLQJ�PDFKLQHV�LQ�RUGHU

WR� GHPRQVWUDWH� IXQFWLRQDOLW\� RI� FRPSHQVDWLRQV�� 7KLV� ZLOO� EH� WKH� FDVH� KHUH�� WRR�

,QGXVWULDO� FRPSDQLHV� DUH� QRW� ZLOOLQJ� WR� WXQH� WKHLU� PDFKLQHV� LI� QRW� UHDOO\� QHFHVVDU\

HVSHFLDOO\� LI� VRPH�ULVNV�H[LVW��6PRRWK�IXQFWLRQDOLW\�RI� D�FRPSHQVDWLRQ� VFKHPH�PXVW

EH�DW�ILUVW�VKRZQ�EHIRUH�WKH�LQGXVWU\�LV�ZLOOLQJ�WR�H[SHULPHQW�QHZ�DSSURDFKHV��2Q�WKH

RWKHU� KDQG� LW� LV� QDWXUDO� WKDW� ZKHQ� JHRPHWULFDO� HUURUV� DUH� VPDOO�� WKHUPDO� EHKDYLRXU

GRPLQDWHV�DQG�WKXV�WKHUH�LV�QR�LQWHUHVW�WR�UHPHG\�MXVW�RQH�SDUW�RI�WKH�SUREOHP�

������ &URVV�JULG�HQFRGHU�WHVW�SDWK

7KH�FURVV�JULG�HQFRGHU�DQG�WKH�DQDO\VLV�PHWKRG�HQDEOH�WKH�XVH�RI�IUHH�WHVW�SDWK�IRUPV�

+RZHYHU��VRPH�UXOHV�KDYH�EHHQ�DSSOLHG�WR�WKH�WHVWLQJ�RI�WKH�PHWKRG�LQ�RUGHU�WR�XQLI\

WKH�UHVXOWV��7KH�SDWK�XVHG�KDV�VLPLODU�IRUPV�ZLWK�WKH�WHVW�SLHFH�VR�WKDW�WKH�DQDO\VLV�FDQ

DOVR�ILQG�VLPLODU�GHYLDWLRQ�W\SHV�LQ�WKH�WHVW�

7KH�ZKROH�SDWK�LV�GULYHQ��XVLQJ�WKH�VDPH�IHHGUDWH��EXW�PXOWLSOH�WHVWV�FDQ�EH�SHUIRUPHG

ZLWK� RWKHU� IHHGUDWH� VHWWLQJV�� $OO� WKH� PDFKLQH� WRROV� DUH� PHDVXUHG� DW� OHDVW� ZLWK� ���



��

PP
�PLQ� DQG� ����

PP
�PLQ� IHHGUDWHV� ZKHQ� VRPH� WHVWV� DUH� GRQH� DOVR� ZLWK� �����

PP
�PLQ�

6LPLODU�WHVW�SDWK�LV�XVHG�IRU�DOO�WKUHH�SODQHV�

��� PP
�����

)LJXUH���� 7\SLFDO�FURVV�JULG�HQFRGHU�WHVW�SDWK

������ 7HVW�SLHFH

$Q� RZQ� WHVW� SLHFH� ZDV� GHVLJQHG� DQG� XVHG� LQ� ERWK� UHSHDWDELOLW\� WHVWV� DQG� LQ

FRPSDULVRQ�� 7KLV� ZDV� GRQH�� EHFDXVH� WKH� VWDQGDUGLVHG� WHVW� SLHFHV� GR� QRW� KDYH

VXIILFLHQWO\� ULFK� IHDWXUHV� WR� UHYHDO� DOO� RI� WKH�GHYLDWLRQV� WKH� DQDO\VLV� V\VWHP�KDQGOHV�

7KH�PDLQ�GLIIHUHQFH�LV�WKDW�WKLV�QHZ�SLHFH�KDV�D�ZHOO�GHILQHG�LQQHU�PDFKLQLQJ�>7DEOH

�@�

6LPSOHU� WHVW� SLHFHV�ZHUH� XVHG� DW� ILUVW�� EXW� XQIRUWXQDWHO\� WKH� UHVXOWV� GLG� QRW� LQGLFDWH

JRRG�EHKDYLRXU��7KH�ILUVW�SUREOHP�DULVHV�EHFDXVH�RI�WRRO�FRPSHQVDWLRQ��,I�D�WHVW�SLHFH

LQFOXGHV�RQO\�H[WHUQDO�PDFKLQLQJ�DQG�LI�WKHVH�PDFKLQHG�VXUIDFHV�OLH�UHODWLYHO\�FORVH�WR

HDFK�RWKHU�LQ�WKH�GLUHFWLRQ�RI�RQH�D[LV�� WKH�GLVWLQJXLVKLQJ�RI�VFDOH�HUURUV� IURP�D�WRRO

FRPSHQVDWLRQ�HUURU� LV�GLIILFXOW��7KDW�PHDQV� LQ� WKH�PDWUL[�QRWDWLRQ��ZKLFK� LV� XVHG� LQ

WKLV� ZRUN�� WKDW� PDWUL[� $� >)RUPXOD� �@� DSSURDFKHV� WR� D� VLQJXODULW\� SRLQW�� $QG
IXUWKHUPRUH�WKLV�FDXVHV�ODUJH�GHYLDWLRQV�LQ�UHVXOWV�

)LJXUH���� 1$6�����WHVW�SLHFH�>1$6����@
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1$6�����WHVW�SLHFH�>)LJXUH���@�RIIHUV�D�JRRG�VHOHFWLRQ�RI�IHDWXUHV��7KHUH�LV�FLUFXODU

DQG�OLQHDU�LQWHUSRODWLRQ��&LUFXODU�DQG�OLQHDU�LQWHUSRODWLRQV�DUH��KRZHYHU��LQVWUXFWHG�WR

EH�PDGH�LQ�RQH�GLUHFWLRQ�RQO\��EXW�WKLV�GUDZEDFN�FDQ�HDVLO\�EH�UHYLVHG�MXVW�E\�DGGLQJ

RQH�PRUH�OHYHO�WR�ERWK�VXUIDFHV��ZKLFK�ZRXOG�EH�PDFKLQHG�LQ�UHYHUVH�GLUHFWLRQ��/LQHDU

LQWHUSRODWLRQV�DUH�DOVR�DW�DQ�DQJOH�RI����GHJUHHV�ZKLFK�RIIHU�D�JRRG�LQGLFDWLRQ�RI�WKH

EHKDYLRXU� RI� D� PDFKLQH� LQ� LQWHUSRODWLRQ�� 7KLV� 1$6� SLHFH� LV� FOHDUO\� EHWWHU� IRU� WKH

SXUSRVH�RI�WKLV�ZRUN�WKDQ�WKH�,62������WHVW�SLHFH�>)LJXUH���@��EHFDXVH�1$6�KDV�DOVR

OLQHDU�LQWHUSRODWLRQV�

$�WHVW�SLHFH�SUHVHQWHG�LQ�,62���������RIIHUV�HTXDO�IHDWXUHV�DV�WKH�1$6�SLHFH�IURP�WKH

SRLQW�RI�YLHZ�RI� WKH�DQDO\VLV�PHWKRG�LQ�XVH��+RZHYHU�� WKH�WHVW�SLHFH�FDQ�IOH[LEO\�EH

XVHG�WR�GLVFRYHU�HUURUV�RI�URWDU\�D[HV�DV�ZHOO�>.QDSS�����@�

+RZHYHU��DQ�RZQ�WHVW�SLHFH�ZDV�GHYHORSHG�IRU�WKLV�VWXG\��7KLV�ZDV�GRQH�LQ�RUGHU�WR

JHW� ZHOO� GHILQHG� LQQHU�PDFKLQLQJ� DQG� D� VWUDLJKW� DQJOH� OLQHDU� LQWHUSRODWLRQ�� 6WUDLJKW

DQJOH�OLQHDU�LQWHUSRODWLRQ�ZDV�XVHG�WR�JHW�DVVXUHG�HVWLPDWHV�IRU�VTXDUHQHVV��7KLV�ZD\

VWUDLJKW�OLQHV�VKRXOG�QRW�VXIIHU�DW�DOO�RI�DQ�LQFRPSOHWH�VHUYR�WXQLQJ��,QQHU�FLUFOHV�DUH

PDFKLQHG�E\�XS��DQG�GRZQ�PLOOLQJ��7KXV� WKH\�RIIHU�DQ� LQGLFDWLRQ�RI�D�GHIOHFWLRQ� WR

WKH�GLUHFWLRQ�RI�ERWK� D[HV�� QRW� MXVW� RQH� D[LV� DV� WKH� JURRYH� LQ� WKH�1$6�SLHFH��2XWHU

FLUFOHV�DUH�PDFKLQHG�LQ� WZR�GLUHFWLRQV��XS��DQG�GRZQ�PLOOLQJ��DV�ZHOO��(GJHV�RI� WKH

SLHFH�DUH�PDFKLQHG�ZLWK�OLQHDU�LQWHUSRODWLRQ�ERWK�LQ�XS�DQG�GRZQ�PLOOLQJ�GLUHFWLRQV�
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6XUIDFH )

6XUIDFH (
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6WDUW SRLQW

6XUIDFH (

6XUIDFH )

6XUIDFH$

6XUIDFH %

6XUIDFH &

6XUIDFH '

5 ���� �(�

5 �� �)�

5 ���� �&�

5 ���� �'�

6WDUW SRLQW

%ODQN IL[WXULQJ�
%RUH KROHV DQG VSRW IDFLQJ IRU

0� VFUHZV

%ODQN ���[���[��
$OXPLQLXP

)UHH VXUIDFH

$ $

,QWHUVHFWLRQ$�$�

=HUR SRLQW RI1&�SURJUDP� VHW E\ PLOOLQJ
WRRO WR WKH IDFH RI WKH EODQN

��

)LJXUH���� $�WHVW�SLHFH�XVHG�LQ�WKH�VWXG\
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7DEOH����&RPSDULVRQ�EHWZHHQ�1$6�����DQG�RZQ�WHVW�SLHFH

)HDWXUH�HOHPHQW 1$6���� 2ZQ�SLHFH

&LUFXODU�LQWHUSRODWLRQ�&&:�ZLWK�XS�PLOOLQJ z z

&LUFXODU�LQWHUSRODWLRQ�&&:�ZLWK�GRZQ�PLOOLQJ { z

&LUFXODU�LQWHUSRODWLRQ�&:�ZLWK�XS�PLOOLQJ { z

&LUFXODU�LQWHUSRODWLRQ�&:�ZLWK�GRZQ�PLOOLQJ � z

/LQHDU�LQWHUSRODWLRQ�DORQJ��
VW
�D[LV�ZLWK�XS�PLOOLQJ z z

/LQHDU�LQWHUSRODWLRQ�DORQJ��
VW
�D[LV�ZLWK�GRZQ�PLOOLQJ { z

/LQHDU�LQWHUSRODWLRQ�DORQJ��
QG
�D[LV�ZLWK�XS�PLOOLQJ z z

/LQHDU�LQWHUSRODWLRQ�DORQJ��
QG
�D[LV�ZLWK�GRZQ�PLOOLQJ { z

'LDJRQDO�LQWHUSRODWLRQ�ZLWK�XS�PLOOLQJ z {

'LDJRQDO�LQWHUSRODWLRQ�ZLWK�GRZQ�PLOOLQJ � {

z  �7KH�SLHFH�FRQWDLQV�WKH�IHDWXUH�

�  �7KH�SLHFH�FDQ�FRQWDLQ�WKH�IHDWXUH�ZLWK�PLQRU�PRGLILFDWLRQV�

{  �7KH�SLHFH�GRHV�QRW�FRQWDLQ�WKH�IHDWXUH�

7KH�SLHFHV�ZHUH�PDFKLQHG�RI�DOXPLQLXP��$/6,�0*7���� DQG�D� VLQJOH�HQG�PLOO� WRRO

ZDV�XVHG�WR�PLOO�DOO�WKH�IRUPV��,Q�WKLV�FDVH�LW�LV�SUHIHUDEOH�WR�XVH�MXVW�RQH�WRRO��EHFDXVH

WKDW� ZD\� WKH� WRRO� UHODWHG� HUURUV� DUH� EHLQJ� UHGXFHG�� $� FRRODQW� ZDV� XVHG� GXULQJ

PDFKLQLQJ��$�EODQN�ZDV�IL[HG�ZLWK�WZR�0��VFUHZV�WR�SUHYHQW�PDMRU�GHIRUPDWLRQV�LQ�D

SLHFH�� 7KH� VDPH� KROHV�ZHUH� XVHG� LQ� &00�PHDVXUHPHQWV� DOVR� WR� IL[� SLHFHV� RQ� WKH

PHDVXUHPHQW�WDEOH�

7KH�VL]H�RI�D�SLHFH�FRXOG�QDWXUDOO\�EH�VFDOHG��EXW�KHUH�DOO�WKH�SLHFHV�DUH�RI� WKH�VDPH

VL]H�� ���PP� [� ���PP�� 7KH� VDPH� VL]H� RI� SLHFHV� VSHHGV� XS� &00� PHDVXUHPHQWV�

DOORZLQJ�WKH�XVH�RI�D�VLQJOH�PHDVXULQJ�SURJUDP�DQG�IL[WXUHV�

���� 5HVXOWV

������ 6LPXODWLRQV�DQG�SULPDU\�SUDFWLFDO�WHVWV

6LPXODWLRQ� WHVWV� ZHUH� UXQ� WR� YDOLGDWH� WKDW� DOJRULWKPV� LQ� WKH� DQDO\VLV� VRIWZDUH

FRUUHVSRQG� WR� D� WKHRUHWLFDO� PRGHO�� 2QO\� WKH� GHYLDWLRQ� W\SHV� LQWURGXFHG� LQ� FKDSWHU

�������ZHUH�XVHG�LQ�WKH�VLPXODWLRQ��7KXV�WKH�UHVXOWV��DFKLHYHG�ZLWK�WKH�DQDO\VLV��DJUHH

FRPSUHKHQVLYHO\�ZLWK�LQLWLDO�YDOXHV�JLYHQ�WR�WKH�VLPXODWLRQ�

3ULPDU\� WHVWV��SHUIRUPHG� LQ� WKH�[\�WDEOH��ZHUH�FDSDEOH�RI�VKRZLQJ� UHVXOWV� LQGLFDWLQJ

DQ�DFFHSWDEOH�OHYHO�RI�EHKDYLRXU�IRU�WKH�V\VWHP��7KH�WHVW�PDFKLQH�KDG�WUDSH]RLG�OHDG

VFUHZV�ZLWKRXW� DXWRPDWHG� OXEULFDWLRQ� DQG� WKLV�� WRJHWKHU� ZLWK� ZRUQ� VOLGHV�PDGH� WKH

EHKDYLRXU� RI� WKH� PDFKLQH� FKDQJH� FRQWLQXRXVO\�� 7KXV� WKH� PDFKLQH� ZRXOG� JLYH

VLJQLILFDQWO\� GLIIHUHQW� YDOXHV� IRU� EDFNODVK� LQ� WKH�PRUQLQJ�ZLWK� ERWK�ZHOO� OXEULFDWHG

VOLGHV�DQG�OHDG�VFUHZV��FRPSDUHG�WR�WKH�DIWHUQRRQ��ZKHQ�LW�ZDV�DOUHDG\�UXQQLQJ�GU\�

$�VKRUW�WHVW�ZDV�DOVR�SHUIRUPHG�ZLWK�D�KLJKO\�DFFXUDWH�PLOOLQJ�PDFKLQH��XVLQJ�D�FURVV�

JULG�HQFRGHU�DQG�WZR�GLIIHUHQW�PHDVXUHPHQW�SDWKV�>+|OVl�����E�S����@��7KLV�WHVW�ZDV

LQWHUSUHWHG� WR�JLYH� DFFHSWDEOH� UHVXOWV�FRQVLGHULQJ� WKH� VL]H�RI� WKH� WHVW�SDWK� >7DEOH��@�

7KH� ILUVW� WHVW�SDWK�ZDV� D�FLUFXODU� WHVW�ZLWK�&:�DQG�&&:�GLUHFWLRQV�DQG� WKH� VHFRQG

SDWK�ZDV�D�WULDQJOH��7KXV�LW�ZDV�QRW�HYHQ�SRVVLEOH�WR�JHW�UHVXOWV�IRU�DOO�GHYLDWLRQ�W\SHV�

EXW�WKH�UHVXOWV�RI�EDFNODVK��VFDOH�HUURU�DQG�VTXDUHQHVV�DUH�FRPSDUDEOH�



��

7DEOH����3ULPDU\�WHVW�UHVXOWV�>+|OVl�����E�S����@

&LUFOHV 7ULDQJOH'HYLDWLRQ

W\SH [�D[LV \�D[LV [�D[LV \�D[LV

&DSDELOLW\ FLUFXODULW\������P VWUDLJKWQHVV�����P

$[LV�VSLNH ���P ���P � �

%DFNODVK ���P ���P ���P ���P

&\FOLF�HUURU ���P ���P � �

/DWHUDO�SOD\ ���P ���P � ���P

6FDOH�HUURU ����P�P ���P�P ����P�P �����P�P

6HUYR�PLVPDWFK ������P �

6TXDUHQHVV �����P�P �����P�P

6WUDLJKWQHVV ���P ���P � �P ���P

������ 5HSHDWDELOLW\

7KH�VWDWLVWLFV�RI�UHSHDWDELOLW\�WHVWV�DUH�FDUULHG�RXW�LQ�D�ZD\�WKDW�LQGLYLGXDO�UHVXOWV�DUH

FRPSDUHG�ZLWK�WKH�FRPPRQ�DYHUDJH�RI�HDFK�VHW�LQ�WKH�FRPSDULVRQ��8QFHUWDLQWLHV�DUH

VKRZQ�ZLWK�WKH�FRYHUDJH�IDFWRU����5HVXOWV�RI�WKH�ILUVW�D[LV�DQG�WKH�VHFRQG�D[LV�DV�ZHOO

DV� DOO� EDFNODVK� YDOXHV� DUH� FRPELQHG� WRJHWKHU� LQ� RUGHU� WR� PDNH� WKH� UHDGLQJ� RI� WKH

UHVXOWV�HDVLHU�

�������� 5HSHDWDELOLW\�RI�FURVV�JULG�HQFRGHU�PHDVXUHPHQWV

&URVV�JULG�HQFRGHU�PHDVXUHPHQWV�ZHUH�UHSHDWHG�ZLWK�WKH�VDPH�PDFKLQH�WRRO�WZLFH�LQ

DOO� WKUHH� SODQHV� ZLWK� WZR� GLIIHUHQW� IHHGUDWHV�� 7LPH� EHWZHHQ� PHDVXUHPHQWV� LV

DSSUR[LPDWHO\� WZR� KRXUV�� EXW� WKH\� DUH� PHDVXUHG� ZLWK� QHZO\� VHWXS� PHDVXUHPHQW

LQVWDOODWLRQV��,Q�HDFK�FDVH�WKH�DFKLHYHG�DQDO\VLV�UHVXOWV�DUH�FRPSDUHG�ZLWK�HDFK�RWKHU�

7KH�GLIIHUHQFHV�DUH�FROOHFWHG�WRJHWKHU�DQG�WKH�GHYLDWLRQ�YDOXHV�IRU�HDFK�GHYLDWLRQ�W\SH

DUH�FDOFXODWHG��&DOFXODWLRQV�DUH�SUHVHQWHG� LQ�DSSHQGL[����7KH�IROORZLQJ� UHVXOWV�ZHUH

DFKLHYHG�

7DEOH����5HSHDWDELOLW\�LQ�FURVV�JULG�HQFRGHU�PHDVXUHPHQWV

'HYLDWLRQ�W\SH 8QFHUWDLQW\���V� 8QLW

6TXDUHQHVV ���� DUFVHF

6FDOH�PLVPDWFK ��� �P�P

6FDOH�HUURU ��� �P�P

%DFNODVK ���� �P

6WUDLJKWQHVV ��� �P�P

6HUYR�PLVPDWFK ����� �P�PD[�IHHG�>PP�V@�

6HUYR�ODJ ����� �P�PD[�IHHG
�
�UDGLXV�

&\FOLF�HUURU ���� �P

$[LV�VSLNH ���� �P

/DWHUDO�SOD\ ���� �P

5DQGRP�HUURU ���� �P



��

�������� 5HSHDWDELOLW\�RI�FR�RUGLQDWH�PHDVXULQJ�PDFKLQH�PHDVXUHPHQWV

$�PHDVXUHPHQW� RI� D� VLQJOH� WHVW� SLHFH� ZDV� UHSHDWHG� VHYHQ� WLPHV� ZLWK� WKH� VDPH� FR�

RUGLQDWH�PHDVXULQJ�PDFKLQH��)RXU�RI� WKRVH�PHDVXUHPHQWV�ZHUH�GRQH� MXVW� DIWHU� HDFK

RWKHU��L�H��ZLWK�DQ�LQWHUYDO�RI�WKUHH�KRXUV��7KUHH�ODVW�RQHV�ZHUH�UHSHDWHG�VLPLODUO\�DIWHU

IRXU�GD\V��0HDVXUHPHQWV�ZHUH�GLYLGHG�WKLV�ZD\�IRU�SUDFWLFDO�UHDVRQV�DQG�WR�VLPXODWH�D

W\SLFDO� DUUDQJHPHQW� LQ� ZRUNVKRSV�� 7KH� PHDVXUHPHQWV� DUH� FRPSOHWHG� GXULQJ� RQH

ZHHN��ZKLFK� FDQ�EH� UHJDUGHG� DV� D�PD[LPXP� WLPH� IRU� D� WHVW� SLHFH� WR�ZDLW� IRU� D� FR�

RUGLQDWH� PHDVXUHPHQW�� ,Q� ERWK� PHDVXUHPHQW� VHWV� WKH� SLHFH� KDV� EHHQ� SODFHG� DQG

RULHQWHG�VLPLODUO\��7KLV�PDFKLQH��XVHG�LQ�PHDVXUHPHQWV��6LS�&00���UHSUHVHQWV�D�KLJK

DFFXUDF\�GHYLFH�RI�LWV�RZQ�FODVV��&DOFXODWLRQV�DUH�SUHVHQWHG�LQ�DSSHQGL[���

7DEOH����6KRUW�WHUP�UHSHDWDELOLW\�LQ�KLJK�JUDGH�&00�PHDVXUHPHQWV

'HYLDWLRQ�W\SH 8QFHUWDLQW\���V� 8QLW

6TXDUHQHVV ���� DUFVHF

6FDOH�PLVPDWFK ��� �P�P

6FDOH�HUURU �� �P�P

%DFNODVK ��� �P

6WUDLJKWQHVV ��� �P�P

6HUYR�PLVPDWFK ����� �P�PD[�IHHG�>PP�V@�

6HUYR�ODJ ����� �P�PD[�IHHG
�
�UDGLXV�

&\FOLF�HUURU ��� �P

$[LV�VSLNH ���� �P

/DWHUDO�SOD\ ����� �P

5DQGRP�HUURU ���� �P

7RRO�FRPSHQVDWLRQ ���� �P

8VLQJ�WKH�H[DFWO\�VDPH�&00��PHDVXUHPHQWV�ZHUH�UHSHDWHG�DIWHU�ILYH�PRQWKV��7KUHH

GLIIHUHQW� WHVW� SLHFHV� ZHUH� PHDVXUHG� DQG� WKHLU� UHVXOWV� ZHUH� FRPSDUHG� WR� WKH� HDUOLHU

DQDO\VLV�UHVXOWV��&DOFXODWLRQV�DUH�SUHVHQWHG�LQ�DSSHQGL[���

7DEOH����/RQJ�WHUP�UHSHDWDELOLW\�LQ�KLJK�JUDGH�&00�PHDVXUHPHQWV

'HYLDWLRQ�W\SH 8QFHUWDLQW\���V� 8QLW

6TXDUHQHVV ��� DUFVHF

6FDOH�PLVPDWFK �� �P�P

6FDOH�HUURU �� �P�P

%DFNODVK ��� �P

6WUDLJKWQHVV ��� �P�P

6HUYR�PLVPDWFK ���� �P�PD[�IHHG�>PP�V@�

6HUYR�ODJ ��� �P�PD[�IHHG
�
�UDGLXV�

&\FOLF�HUURU ���� �P

$[LV�VSLNH ��� �P

/DWHUDO�SOD\ ���� �P

5DQGRP�HUURU ���� �P

7RRO�FRPSHQVDWLRQ ���� �P

$QRWKHU�FR�RUGLQDWH�PHDVXULQJ�PDFKLQH��=HLVV�80&���6��ZDV�XVHG�WR�PHDVXUH�RQH

RI� WKH� WHVW� SLHFHV� WR� GHWHUPLQH� LWV� UHSHDWDELOLW\� FRPSDUHG� WR� WKH� KLJK� JUDGH� &00�
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=HLVV�80&���6� UHSUHVHQWV� VWDQGDUG� OHYHO� RI� D�&00��ZKLFK� LV�ZLGHO\� DYDLODEOH� LQ

LQGXVWULDO� FRPSDQLHV�� )LYH� PHDVXUHPHQWV� ZHUH� FRPSOHWHG� XVLQJ� WKH� VDPH

PHDVXUHPHQW� LQVWDOODWLRQ�� 7KHVH� PHDVXUHPHQWV� ZHUH� UHSHDWHG� FRQVHFXWLYHO\� DQG

VKRXOG� WKXV� EH� FRPSDUHG� WR� VKRUW� WHUP� UHSHDWDELOLW\� UHVXOWV� RI� D� KLJK� JUDGH� &00

>7DEOH��@��&DOFXODWLRQV�DUH�SUHVHQWHG�LQ�DSSHQGL[���

7DEOH����6KRUW�WHUP�UHSHDWDELOLW\�LQ�VWDQGDUG�JUDGH�&00�PHDVXUHPHQWV

'HYLDWLRQ�W\SH 8QFHUWDLQW\���V� 8QLW

6TXDUHQHVV ���� DUFVHF

6FDOH�PLVPDWFK �� �P�P

6FDOH�HUURU �� �P�P

%DFNODVK ��� �P

6WUDLJKWQHVV ��� �P�P

6HUYR�PLVPDWFK ����� �P�PD[�IHHG�>PP�V@�

6HUYR�ODJ ����� �P�PD[�IHHG
�
�UDGLXV�

&\FOLF�HUURU ���� �P

$[LV�VSLNH ��� �P

/DWHUDO�SOD\ ���� �P

5DQGRP�HUURU ���� �P

7RRO�FRPSHQVDWLRQ ���� �P

�������� 5HSHDWDELOLW\�RI�WHVW�SLHFHV

0XOWLSOH� FRSLHV� RI� VLPLODU� NLQGV� RI� WHVW� SLHFHV�ZHUH�PDQXIDFWXUHG� E\� WZR� GLIIHUHQW

PDFKLQH�WRROV�LQ�RUGHU� WR�FRPSDUH�UHVXOWV�EHWZHHQ�WKH�SLHFHV��&RQGLWLRQV�GXULQJ�WKH

PDFKLQLQJ�ZHUH� NHSW� VLPLODU� EHWZHHQ� WKH� SLHFHV� LQ� D�ZD\� LW� LV� SRVVLEOH� LQ� RUGLQDU\

PDFKLQH� VKRSV�� 7KXV� WKH� IROORZLQJ� IDFWRUV� ZHUH� NHSW� WKH� VDPH� LQ� DOO� SLHFHV�� WRRO�

IL[WXUH��PDWHULDO�DQG�1&�SURJUDP��0DFKLQH�WRROV�GLG�QRW�KDYH�D�WHPSHUDWXUH�FRQWURO�

EXW� D� ZDUPLQJ� F\FOH� ZDV� XVHG� EHIRUH� WKH� PDFKLQLQJ� RI� WKH� ILUVW� SLHFH� DQG� WKH

VXEVHTXHQW�SLHFHV�ZHUH�PDFKLQHG�MXVW�DIWHU�HDFK�RWKHU�

7DEOH����7HVW�SLHFH�UHSHDWDELOLW\�LQ�KLJK�JUDGH�&00�PHDVXUHPHQWV

'HYLDWLRQ�W\SH 8QFHUWDLQW\���V� 8QLW

6TXDUHQHVV ��� DUFVHF

6FDOH�PLVPDWFK �� �P�P

6FDOH�HUURU �� �P�P

%DFNODVK ��� �P

6WUDLJKWQHVV �� �P�P

6HUYR�PLVPDWFK ���� �P�PD[�IHHG�>PP�V@�

6HUYR�ODJ ��� �P�PD[�IHHG
�
�UDGLXV�

&\FOLF�HUURU ��� �P

$[LV�VSLNH ��� �P

/DWHUDO�SOD\ ��� �P

5DQGRP�HUURU ���� �P

7RRO�FRPSHQVDWLRQ ��� �P
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7ZR� GLIIHUHQW� IHHGUDWHV� ZHUH� XVHG� LQ� ERWK� PDFKLQH� WRROV�� EXW� FRPSDULVRQV� ZHUH

FRPSOHWHG�EHWZHHQ�VLPLODU�SLHFHV�XVLQJ�WKH�VDPH�&00��&DOFXODWLRQV�DUH�SUHVHQWHG�LQ

DSSHQGL[���

������ 7KHUPDO�EHKDYLRXU

7KH�EHKDYLRXU�RI�D�VLQJOH�PDFKLQH�WRRO�LV�VWXGLHG�GXULQJ�LWV�ZDUP�XS�SHULRG��$�GRXEOH

EDOO� EDU� LV� XVHG� LQ� WKLV� FDVH� WR� PHDVXUH� WKH� PDFKLQH� WRRO� EHFDXVH� RI� LWV� VKRUW

PHDVXUHPHQW� F\FOH�� 7KH� DFKLHYHG�PHDVXUHPHQW� UHVXOWV� DUH� DQDO\VHG� E\� WKH�PHWKRG

SUHVHQWHG�LQ�WKLV�ZRUN

7KH� WHPSHUDWXUH� YDOXHV� RI� VHUYRPRWRUV�� VFDOHV�� EDOOVFUHZ� QXWV�� PDFKLQH� ERG\� DQG

URRP� WHPSHUDWXUH� DUH� UHFRUGHG� GXULQJ� PHDVXUHPHQWV�� 3W����� WKHUPDO� UHVLVWRUV� DQG

+3�GDWD�ORJJHU�LV�XVHG�WR�IROORZ�WKH�VWDWH�RI�WKRVH�HOHPHQWV��7KH�GXUDWLRQ�RI�WKH�WHVW�LV

IRXU�KRXUV�DQG�WRWDOO\����LQGLYLGXDO�PHDVXUHPHQW�UXQV�DUH�FRPSOHWHG�GXULQJ�WKDW�WLPH�

%HFDXVH� WKH� VWURQJHVW� LQFUHDVH� LQ� WHPSHUDWXUH� LV� REVHUYHG� LQ� WKH� \�D[LV� VHUYRPRWRU�

WKLV� WHPSHUDWXUH� LV� XVHG� ZKHQ� VWXG\LQJ� WHPSHUDWXUH� GHSHQGHQF\� RI� LQGLYLGXDO

GHYLDWLRQ�W\SHV�

7KH� DFKLHYHG� UHVXOWV� DUH� SUHVHQWHG� LQ� GHWDLO� E\� JUDSKV� LQ� DSSHQGL[� ��� /LQHDU

GHSHQGHQF\� EHWZHHQ� WKH� WHPSHUDWXUH� DQG� WKH� DPRXQW� RI� GHYLDWLRQ� LV� FDOFXODWHG� IRU

HDFK�GHYLDWLRQ�W\SH��7KHUH�LV�D�VLJQLILFDQW�UHODWLRQ�IRXQG�LQ�WKH�VFDOH�PLVPDWFK�DQG�WKH

VFDOH� HUURU� ZKHQ� RWKHU� GHYLDWLRQ� W\SHV� GR� QRW� LQGLFDWH� VHQVLWLYLW\� WR� WHPSHUDWXUH

FKDQJHV��7KH�H[SDQVLRQ�UDWH�RQ�WKH�[�D[LV�LV�IRXQG�WR�EH�LQ�WKLV�FDVH����SSP�DQG�RQ

WKH�\�D[LV����SSP�SHU�GHJUHH�FHQWLJUDGH�

7KHUPDO� VHQVLWLYLW\� RI� WKH� VFDOH� HUURU� SOD\V� D� VLJQLILFDQW� UROH� DOVR� LQ� ODWWHU� VWXGLHV

EHWZHHQ� GLIIHUHQW� PHWKRGV�� 7KLV� SKHQRPHQRQ� LV� FOHDUO\� LGHQWLILHG� WR� EH� WKH� PRVW

LPSRUWDQW�VLQJOH�HUURU�FDXVH�RI�PDFKLQH�WRROV�E\�PDQ\�UHVHDUFKHUV�>FKDSWHU����@�DQG

WKXV�WKHUH�VHHPV�WR�EH�QR�UHDVRQ�WR�GHVSLWH�LW��ZKHQ�XVLQJ�WKLV�QHZ�PHWKRG��HLWKHU�

������ &RPSDULVRQ

7KH� FRPSDULVRQ� EHWZHHQ� GLIIHUHQW� PHWKRGV� LV� SUHVHQWHG� LQ� WHUPV� RI� ELDV� DQG

XQFHUWDLQW\�� %LDV� VKRZV� DYHUDJH� GLIIHUHQFH� EHWZHHQ� PHWKRGV� DQG� WKXV� LQGLFDWHV

ZKHWKHU�D�V\VWHPDWLF�WUHQG�H[LVWV�EHWZHHQ�PHWKRGV��7KH�XQFHUWDLQW\�YDOXH�LV�D�UDQJH

ZKHUH� UHVXOWV� VKRXOG� IDOO� LQWR� D� UHODWLRQ� ZLWK� WKH� EDVLF� DQDO\VLV� PHWKRG�� 7KLV

XQFHUWDLQW\� LV� JLYHQ� DVVXPLQJ� QRUPDO� GLVWULEXWLRQ� RI� GLIIHUHQFH� DQG� ���� FHUWDLQW\

OHYHO��7KXV�WKH�VLJQLILFDQW�YDOXH�LV�WKH�XQFHUWDLQW\��WKH�ELDV�YDOXH�LV�MXVW�D�WRRO�IRU�WKH

GHYHORSPHQW�RI�WKH�PHWKRG�

�������� 'LIIHUHQFH�WR�QDWLYH�'%%�DQDO\VLV�PHWKRG

([DFWO\�WKH�VDPH�GDWD�ILOHV�ZHUH�DQDO\VHG�E\�WKH�PHWKRG�SUHVHQWHG�KHUH�DQG�ZLWK�WKH

DQDO\VLV�SURJUDP�VXSSOLHG�E\�5HQLVKDZ�SOF��7KH�JLYHQ�UHVXOWV�ZHUH�VXEWUDFWHG�IURP

HDFK�RWKHU�DQG�WZR�FKDUDFWHULVWLFV�ZHUH�FDOFXODWHG�IRU�HDFK�GHYLDWLRQ�W\SH�

$YHUDJH�GLIIHUHQFH�UHYHDOV�D�ELDV�EHWZHHQ�PHWKRGV��8QFHUWDLQW\�YDOXH�JLYHV�D�UDQJH

ZKHUH�UHVXOWV�RI�WKH�QHZ�PHWKRG�ZRXOG�IDOO�FRPSDUHG�WR�WKH�QDWLYH�'%%�DQDO\VLV�LQ�D

FDVH�ZKHUH�GLIIHUHQFH�EHWZHHQ�PHWKRGV�ZRXOG�EH�QRUPDOO\�GLVWULEXWHG�
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7DEOH����� 'LIIHUHQFH�EHWZHHQ�QDWLYH�DQG�QHZ�DQDO\VLV�PHWKRG�LQ�'%%�PHDVXUHPHQWV

'HYLDWLRQ�W\SH %LDV 8QFHUWDLQW\ 8QLW

6TXDUHQHVV ����� ���� DUFVHF

6FDOH�PLVPDWFK ���� ��� �P�P

6FDOH�HUURU ���� ��� �P�P

%DFNODVK ����� ��� �P

6WUDLJKWQHVV ����� ��� �P�P

6HUYR�PLVPDWFK ����� ���� �P�PD[�IHHG�>PP�V@�

6HUYR�ODJ � � �P�PD[�IHHG
�
�UDGLXV�

&\FOLF�HUURU ����� ���� �P

$[LV�VSLNH ��� ��� �P

/DWHUDO�SOD\ ����� ���� �P

5DQGRP�HUURU � � �P

7RRO�FRPSHQVDWLRQ � � �P

7KXV�WKH�PRVW�VLJQLILFDQW�GLIIHUHQFHV�FDQ�EH�IRXQG�LQ�D�VFDOH�PLVPDWFK�DQG�LQ�DQ�D[LV

VSLNH��7KH� DQDO\VLV� UHVXOWV� GLIIHU� IURP�HDFK� RWKHU�� EXW� RQ� WKH� JLYHQ� DFFXUDF\� RI� WKH

PHDVXUHPHQW� GHYLFH� DQG� HYHQ� LQ� UHODWLRQ� WR� WKH� QHHGHG� DFFXUDF\� LQ� D�PDFKLQH� WRRO

LQVSHFWLRQ�WKHVH�GLIIHUHQFHV�DORQH�ZRXOG�QRW�EH�FUXFLDO�

$OO� WKH�PHDVXUHPHQW� VHWV� LQ� WKLV� FRPSDULVRQ� DUH� WDNHQ� IURP� D� VLQJOH�PDFKLQH� WRRO

PHDVXUHPHQW� VHVVLRQ�� ZKLFK� LQFOXGHV� DOWRJHWKHU� VL[� PHDVXUHPHQWV� KDYLQJ� GLIIHUHQW

SODQH� DQG� IHHGUDWH� FRPELQDWLRQV�� $� GHWDLOHG� VXPPDU\� RI� UHVXOWV� LV� SUHVHQWHG� LQ

DSSHQGL[���

�������� 'LIIHUHQFH�EHWZHHQ�FURVV�JULG�HQFRGHU�DQG�'%%

0HDVXUHPHQWV�ZHUH�FROOHFWHG�IURP�VL[�GLIIHUHQW�PDFKLQH�WRROV�>DSSHQGL[���@�LQ�RUGHU

WR�FRPSDUH�GRXEOH�EDOO�EDU�DQG�FURVV�JULG�HQFRGHU�PHDVXUHPHQWV�ZLWK�HDFK�RWKHU��$OO

WKUHH� SODQHV� ZHUH� PHDVXUHG� LQ� HYHU\� PDFKLQH� XVLQJ� WZR� GLIIHUHQW� IHHGUDWHV�� 2QH

PDFKLQH�ZDV�PHDVXUHG�WZLFH�DQG�WKXV�WKH�WRWDO�QXPEHU�RI�PHDVXUHPHQWV�ZHUH����

7DEOH����� 'LIIHUHQFH�EHWZHHQ�'%%�DQG�FURVV�JULG�HQFRGHU�PHDVXUHPHQWV

'HYLDWLRQ�W\SH %LDV 8QFHUWDLQW\ 8QLW

6TXDUHQHVV ���� ��� DUFVHF

6FDOH�PLVPDWFK ��� ��� �P�P

6FDOH�HUURU �� ��� �P�P

%DFNODVK ���� ��� �P

6WUDLJKWQHVV ���� ��� �P�P

6HUYR�PLVPDWFK ���� ���� �P�PD[�IHHG�>PP�V@�

6HUYR�ODJ � � �P�PD[�IHHG
�
�UDGLXV�

&\FOLF�HUURU ���� ��� �P

$[LV�VSLNH ��� �� �P

/DWHUDO�SOD\ ���� ��� �P

5DQGRP�HUURU � � �P

7RRO�FRPSHQVDWLRQ � � �P

6RPH� RI� WKH� PHDVXUHPHQWV� LQFOXGH� FOHDU� DQRPDOLHV� IURP� WKH� PRGHOOLQJ� SULQFLSOHV

XVHG� LQ� WKH� DQDO\VLV� DQG� WKXV� GLIIHUHQFHV� EHWZHHQ� PHWKRGV� DOVR� UHDFK� UDWKHU� KLJK
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YDOXHV��7KHVH�FDVHV�DUH��KRZHYHU��LQFOXGHG�LQ�WKH�FRPSDULVRQ��EHFDXVH�WKLV�ZRXOG�DOVR

EH�WKH�FDVH�LQ�HYHU\�GD\�LQVSHFWLRQV��2QH�VDPSOH�FDVH�LV�WKH�PHDVXUHPHQW�SDLU�KDYLQJ

,'V� ��� DQG� ���� ZKLFK� KDYH� VXIIHUHG� IURP� D� ORRVH� VSLQGOH� ORFNLQJ� GXULQJ� WKH

PHDVXUHPHQW�� 7KHUHIRUH�� DFKLHYHG� YDOXHV� VKRXOG� UHOLDEO\� GHVFULEH� WKH� GLIIHUHQFH

EHWZHHQ�'%%�DQG�FURVV�JULG�HQFRGHU�PHDVXUHPHQWV�ZKHQ�DQDO\VHG�E\�WKH�SURSRVHG

PHWKRG�

+HUH� WKH� PRVW� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH� PHWKRGV� FDQ� EH� IRXQG� LQ� VFDOH

PLVPDWFK�� VFDOH� HUURU�� VWUDLJKWQHVV�� DQG� D[LV� VSLNH��$OVR� GLIIHUHQFH� LQ� VTXDUHQHVV� LV

FRQVLGHUDEOH�� EHFDXVH� WKLV� GHYLDWLRQ� ZDV� H[SHFWHG� WR� EH� UHOLDEOH� LQ� WKH� DQDO\VLV�

$OWRJHWKHU�GLIIHUHQFHV�DUH�ODUJHU�WKDQ�FDQ�EH�DFFHSWHG��+RZHYHU��GLIIHUHQFHV�EHWZHHQ

PDFKLQH� WRROV� DUH� ELJ� >VHH� DSSHQGL[� �� DQG� ��@� DQG� WKLV� IDFW� EULQJV� XS� VRPH

REVHUYDWLRQV�

7KH�QHZ�DQDO\VLV�V\VWHP�EHKDYHV�EDGO\�ZKHQ�UHSHDWDELOLW\�RI�WKH�PDFKLQH�WRRO�LV�EDG�

,W�FDQQRW�H[SODLQ�GHYLDWLRQV�FRUUHFWO\�DQG�UHSHDWV�EDGO\�EHWZHHQ�PHDVXUHPHQWV��7KLV

LV�UDWKHU�QDWXUDO�FRQVLGHULQJ�WKH�OLPLWHG�FROOHFWLRQ�RI�GHYLDWLRQV�LW�KDV�WR�XVH�

2QH�FRPSDULVRQ�FDVH� LV�VKRZQ� LQ�7DEOH�����5HVXOWV�RI�'%%�DQG�FURVV�JULG�HQFRGHU

PHDVXUHPHQWV� LQ� [\�SODQH� ZLWK� ERWK� ���
PP
�PLQ� DQG� ����

PP
�PLQ� IHHGUDWHV� DUH

FRPSDUHG� WR� HDFK� RWKHU�� *HQHUDOO\� UHVXOWV� DUH� FRQVLVWHQW�� EXW� GLIIHUHQFHV� LQ� VFDOH

PLVPDWFK� DQG� VFDOH� HUURU� DUH� ODUJH�� 7KXV� WKLV� LQGLYLGXDO� FDVH� DJUHHV� ZHOO� ZLWK� WKH

JHQHUDO�UHVXOWV�VKRZQ�LQ�7DEOH����

7DEOH����� &RPSDULVRQ�FDVH�EHWZHHQ�'%%�DQG�FURVV�JULG�HQFRGHU�LQ�[\�SODQH

�����
PP
�PLQ��,'���� ���

PP
�PLQ��,'����0HDVXUHPHQW�

'%% *ULG 'LIIHUHQFH '%% *ULG 'LIIHUHQFH 8QLW

6TXDUHQHVV ������ ����� ��� ����� ����� ���� DUFVHF

6FDOH�PLVPDWFK ���� ����� ����� ���� ���� ����� �P�P

6FDOH�HUURU�[ ����� ���� ���� ��� ���� ���� �P�P

6FDOH�HUURU�\ ����� ���� ����� ����� ���� ���� �P�P

%DFNODVK�[� ��� ��� ��� ��� ��� ��� �P

%DFNODVK�\� ���� ���� ��� ��� ���� ��� �P

%DFNODVK�[� ��� ��� ��� ��� ��� ��� �P

%DFNODVK�\� ���� ���� ���� ���� ��� ���� �P

6WUDLJKWQHVV�[ ��� ��� ��� ��� ���� ��� �P�P

6WUDLJKWQHVV�\ ���� ��� ��� ���� ��� ��� �P�P

6HUYR�PLVPDWFK ��� ��� ��� ��� ��� ��� �P�PD[�IHHG >PP�V@�

6HUYR�ODJ � ��� � � ��� � �P�PD[�IHHG��UDGLXV�

&\FOLF�HUURU�[ ��� ��� ���� ��� ��� ���� �P

&\FOLF�HUURU�\ ��� ��� ��� ��� ��� ���� �P

$[LV�VSLNH�[ ��� ���� ��� ��� ��� ��� �P

$[LV�VSLNH�\ ��� ���� ��� ��� ��� ��� �P

/DWHUDO�SOD\�[ ���� ���� ���� ���� ���� ���� �P

/DWHUDO�SOD\�\ ��� ��� ���� ��� ��� ���� �P

5DQGRP�HUURU � ��� � � ��� � �P

7RRO�FRPSHQVDWLRQ � � � � � � �P

%RWK�FURVV�JULG�HQFRGHU�DQG�'%%�PHDVXUHPHQWV�DUH�ORFDO�DQG�WKXV�LQ�PDFKLQH�WRROV

ZKHUH�GHYLDWLRQ�YDOXHV�FKDQJH�TXLFNO\�LQ�D�VSDFH�DOVR�WKH�DQDO\VLV�UHVXOWV�HDVLO\�YDU\

FRQVLGHUDEO\��$OO�WKH�PHDVXUHPHQWV�ZHUH�QRW�SHUIRUPHG�H[DFWO\�LQ�WKH�VDPH�SRLQW�RI

PDFKLQLQJ� VSDFH� IRU� SUDFWLFDO� UHDVRQV� DQG� WKH� PHDVXUHPHQW� GLDPHWHU� RI� FURVV� JULG
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HQFRGHU� LV� MXVW�����PLOOLPHWUHV�ZKHQ�'%%�FDQ� HDVLO\� FRYHU�����PLOOLPHWUHV��ZKLFK

ZHUH�JHQHUDOO\�XVHG�GLDPHWHUV�LQ�WKH�WHVWV�

�������� 'LIIHUHQFH�EHWZHHQ�WKH�WHVW�SLHFH�DQG�'%%

7KH�WHVW�SLHFH�UHVXOWV��PHDVXUHG�LQ�D�KLJK�JUDGH�FR�RUGLQDWH�PHDVXULQJ�PDFKLQH��ZHUH

FRPSDUHG� WR�HTXLYDOHQW�GRXEOH�EDOO�EDU�PHDVXUHPHQWV��%HFDXVH�RI� WKH�QDWXUH�RI� WKH

WHVWV� WKHVH� FRXOG� QRW� KDYH� EHHQ� UHSHDWHG� MXVW� DIWHU� HDFK� RWKHU� DQG� WKXV� WKH� WKHUPDO

VWDWXV�RI�WKH�PDFKLQHV�KDV�GLIIHUHG�EHWZHHQ�WKH�WHVWV��/LNHZLVH�FKDQJHV�LQ�WKH�&00

DUH�SUHVHQW�LQ�WKHVH�UHVXOWV�

7KH� FRPSDULVRQ�ZDV� UXQ� RQ� IRXU� GLIIHUHQW�PDFKLQH� WRROV�PDNLQJ� DOWRJHWKHU� ��� WHVW

SDLUV��2QH�RI�WKH�PDFKLQH�WRROV�KDG�RQO\�RQH�SLHFH�LQ�FRPSDULVRQ�DV�WKH�UHVW�RI�WKHP

KDG� WKUHH� RU� PRUH� WHVW� SLHFHV�� 7KH� FRPSDULVRQ� ZDV� FRQGXFWHG� LQ� [\�SODQH� RQO\

EHFDXVH�RI�WKH�PHFKDQLFDO�VWUXFWXUH�RI�PDFKLQH�WRROV�LQ�WKH�VFRSH�

0RUH�GHWDLOHG�YDOXHV�DUH�SUHVHQWHG�LQ�DSSHQGL[����%HFDXVH�RI�WKH�ODUJH�YDULDWLRQ�RI�WKH

WHVW�SLHFHV��D�VLQJOH�WHVW�SLHFH�RI�HDFK�PDFKLQH�WRRO�ZDV�VHOHFWHG�WR�SUHVHQW�WKH�ZKROH

VHW��7KH�SLHFH�FDVH�ZDV�VHOHFWHG�IURP�WKH�PLGGOH�RU�HQG�RI�WKH�PDFKLQLQJ�VR�WKDW�WKH

PDFKLQH�ZRXOG�KDYH�UHDFKHG�WKHUPDO�HTXLOLEULXP��2Q�RQH�RI�WKH�PDFKLQHV�WKHUH�ZDV

RQO\� RQH� WHVW� SLHFH� PDFKLQHG�� DQG� WKXV� WKDW� VLQJOH� SLHFH� KDG� WR� EH� XVHG� LQ� WKLV

FRPSDULVRQ�

7DEOH����� 'LIIHUHQFH�EHWZHHQ�'%%�DQG�WHVW�SLHFH�PHDVXUHPHQWV

'HYLDWLRQ�W\SH %LDV 8QFHUWDLQW\ 8QLW

6TXDUHQHVV ��� �� DUFVHF

6FDOH�PLVPDWFK ���� �� �P�P

6FDOH�HUURU �� ��� �P�P

%DFNODVK ���� ��� �P

6WUDLJKWQHVV ���� �� �P�P

6HUYR�PLVPDWFK ����� ���� �P�PD[�IHHG�>PP�V@�

6HUYR�ODJ � � �P�PD[�IHHG
�
�UDGLXV�

&\FOLF�HUURU ���� ��� �P

$[LV�VSLNH ��� ��� �P

/DWHUDO�SOD\ ����� ��� �P

5DQGRP�HUURU � � �P

7RRO�FRPSHQVDWLRQ � � �P

'LIIHUHQFHV� EHWZHHQ� WKHVH� WZR� PHDVXUHPHQW� PHWKRGV� DUH� JHQHUDOO\� UDWKHU� ODUJH�

WKRXJK�GLIIHUHQFHV�LQ�EHKDYLRXU�EHWZHHQ�WKH�PDFKLQH�WRROV�FDQ�EH� IRXQG��(VSHFLDOO\

GLIIHUHQFHV�LQ�VFDOH�HUURUV�DUH�VR�ODUJH�WKDW�WKH\�FDQQRW�EH�DFFHSWHG��2WKHUZLVH�UHVXOWV

VKRZ�FRQVLVWHQW�WUHQG�HYHQ�LI�WKH�DFKLHYHG�XQFHUWDLQW\�YDOXHV�DUH�KLJK��7KLV�EHFRPHV

HYLGHQW� ZKHQ� ORRNLQJ� DW� WKH� FRPSDULVRQV� RI� LQGLYLGXDO� PDFKLQH� WRRO� UHVXOWV� LQ

DSSHQGL[�����6RPH�PDFKLQH�WRROV�KROG�VR�ODUJH�GHYLDWLRQV�WKDW�HYHQ�WKRXJK�WKH�UHVXOWV

DUH�LQ�WKH�VDPH�UDQJH��GLIIHUHQFH�EHWZHHQ�WKHP�UDLVHV�WKH�DYHUDJH�YDOXH�VKRZQ�DERYH�
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�������� 'LIIHUHQFH�EHWZHHQ�WKH�WHVW�SLHFH�DQG�WKH�FURVV�JULG�HQFRGHU

,QGLYLGXDO� FURVV� JULG� HQFRGHU� PHDVXUHPHQWV� ZHUH� FRPSDUHG� WR� WKH� DYHUDJH� RI

FRUUHVSRQGLQJ�WHVW�SLHFH�PHDVXUHPHQW�UHVXOWV��%HFDXVH�WKH�IRUP�RI�WKH�WHVW�SLHFHV�DQG

WKH� SDWK� RI� WKH� FURVV� JULG� HQFRGHU� KDYH� VLPLODU� HOHPHQWV�� UHVXOWV� DUH� H[SHFWHG� WR

FRUUHVSRQG�WR�HDFK�RWKHU�EHWWHU�WKDQ�'%%�DQG�&00�PHDVXUHPHQW�SDLUV�

7DEOH����� 'LIIHUHQFH�EHWZHHQ�WHVW�SLHFH�DQG�FURVV�JULG�HQFRGHU�PHDVXUHPHQWV

'HYLDWLRQ�W\SH %LDV 8QFHUWDLQW\ 8QLW

6TXDUHQHVV ��� �� DUFVHF

6FDOH�PLVPDWFK �� ��� �P�P

6FDOH�HUURU ���� �� �P�P

%DFNODVK ����� ��� �P

6WUDLJKWQHVV ���� �� �P�P

6HUYR�PLVPDWFK ����� ���� �P�PD[�IHHG�>PP�V@�

6HUYR�ODJ ���� ���� �P�PD[�IHHG
�
�UDGLXV�

&\FOLF�HUURU ���� ��� �P

$[LV�VSLNH ��� ��� �P

/DWHUDO�SOD\ ����� ��� �P

5DQGRP�HUURU ��� ��� �P

7RRO�FRPSHQVDWLRQ � � �P

7KH� WHVW� SLHFHV� WR� EH� LQFOXGHG� LQ� WKH� FRPSDULVRQ� ZHUH� VHOHFWHG� VLPLODUO\� WR� WKH

FRPSDULVRQ�EHWZHHQ�'%%�UHVXOWV��7KH�JURXQGV�IRU�WKH�HOHFWLRQ�DUH�WKH�VDPH�DV�ZHOO�

&RQWUDU\� WR� H[SHFWDWLRQ� UHVXOWV� DUH� QRW� EHWWHU� WKDQ� FRPSDUHG� WR� '%%�� $FKLHYHG

GLIIHUHQFHV� DUH� DERXW� DW� WKH� VDPH� OHYHO�� 6TXDUHQHVV� HUURU� KDV� D� VLJQLILFDQWO\� ODUJH

GHYLDWLRQ� HYHQ� WKRXJK� VLPLODU� NLQG� RI� WHVW� SDWKV� VKRXOG� QRZ� JLYH� SDUDOOHO� UHVXOWV�

'HWDLOHG�YDOXHV�DUH�SUHVHQWHG�LQ�DSSHQGL[���

2QH� FRPSDULVRQ� FDVH� EHWZHHQ� FURVV� JULG� HQFRGHU� PHDVXUHPHQW� DQG� WHVW� SLHFH

PHDVXUHPHQW�LV�VKRZQ�LQ�7DEOH�����7KH�FDVH�KHUH�LV�PHDVXUHG�LQ�[\�SODQH�DQG�LW�KDV

EHHQ�DFFRPSOLVKHG�ZLWK� WKH� IHHGUDWH�RI����
PP
�PLQ��7KH� UHVXOWV�DUH�QRW�FRQVLVWHQW� IRU

VFDOH�PLVPDWFK��VFDOH�HUURU�DQG�VWUDLJKWQHVV��EXW�WKH�UHVXOWV�IRU�RWKHU�GHYLDWLRQ�W\SHV

DUH�FORVHU�WR�HDFK�RWKHU�
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7DEOH����� &RPSDULVRQ�FDVH�EHWZHHQ�FURVV�JULG�HQFRGHU�DQG�WHVW�SLHFH�LQ�[\�SODQH

,'����� ,'�����0HDVXUHPHQW

*ULG &00 'LIIHUHQFH 8QLW

6TXDUHQHVV ����� ����� ���� DUFVHF

6FDOH�PLVPDWFK ���� ���� ���� �P�P

6FDOH�HUURU�[ ���� ���� ����� �P�P

6FDOH�HUURU�\ ���� ����� ����� �P�P

%DFNODVK�[� ���� ����� ���� �P

%DFNODVK�\� ���� ���� ���� �P

%DFNODVK�[� ���� ����� ���� �P

%DFNODVK�\� ��� ��� ��� �P

6WUDLJKWQHVV�[ ��� ���� ���� �P�P

6WUDLJKWQHVV�\ ���� ���� ���� �P�P

6HUYR�PLVPDWFK ���� ���� ���� �P�PD[�IHHG >PP�V@�

6HUYR�ODJ ��� ���� ���� �P�PD[�IHHG��UDGLXV�

&\FOLF�HUURU�[ ��� ��� ���� �P

&\FOLF�HUURU�\ ��� ��� ��� �P

$[LV�VSLNH�[ ��� ��� ��� �P

$[LV�VSLNH�\ ��� ��� ��� �P

/DWHUDO�SOD\�[ ���� ���� ��� �P

/DWHUDO�SOD\�\ ��� ��� ���� �P

5DQGRP�HUURU ��� ��� ��� �P

7RRO�FRPSHQVDWLRQ � ���� � �P

8S�PLOOLQJ�GHIOHFWLRQ � ���� � �P

������ &RPSHQVDWLRQ

&RPSHQVDWLRQ�FDVH� >DSSHQGL[���@�ZDV�FRPSOHWHG�RQ�D� VLPSOH� WZR�D[LV� WDEOH��ZKLFK

ZDV�FRQWUROOHG�E\�WKH�6LHPHQV����'�QXPHULFDO�FRQWUROOHU��7KH�QHZ�FRQWUROOHU�RIIHUHG

DOO� WKH�SRVVLELOLWLHV� WR�FRPSHQVDWH� WKH�PDFKLQH��EXW� WKH�ROG�PHFKDQLFDO�FRQVWUXFWLRQ�

RQ� WKH� RWKHU� KDQG�� FDXVHG� HQRXJK� GHYLDWLRQV� WR� FRUUHFW�� $W� WKH� VWDUW� WKH� WDEOH� ZDV

PHDVXUHG�E\�D�GRXEOH�EDOO�EDU�DQG�WKHQ�DQDO\VHG�E\�WKH�QHZ�PHWKRG��$FKLHYHG�UHVXOWV

ZHUH�WUDQVODWHG�WR�FRPSHQVDWLRQ�WDEOHV�>FKDSWHU��������@�DQG�IHG�LQWR�WKH�FRQWUROOHU�

7KH�VHFRQG�FKHFNLQJ�RI�WKH�DFKLHYHG�UHVXOWV�ZHUH�PHDVXUHG�E\�D�FURVV�JULG�HQFRGHU�

%HFDXVH�WKH�UHVXOWV�VWLOO�VKRZHG�VRPH�SRWHQWLDO�IRU�IXUWKHU�HQKDQFHPHQW��QHZ�DQDO\VLV

YDOXHV� ZHUH� XVHG� WR� DGMXVW� FRPSHQVDWLRQ� WDEOHV�� 7KLUG� PHDVXUHPHQW� UXQ� UHYHDOHG

FLUFXODULW\�YDOXH�RI����P��ZKLFK�LV�RQH�VHYHQWK�SDUW�RI�WKH�RULJLQDO������P�

(YHQ�LI�WKH�PDFKLQH�FRQFHUQHG�GRHV�QRW�ZHOO�UHSUHVHQW�WKH�UHDO�VWDWH�RI�PDFKLQH�WRROV

LQ�HYHU\�GD\�XVH��LW�FDQ�VWLOO�VKRZ�WKH�FDSDELOLW\�RI�D�FRPSHQVDWLRQ�VFKHPH��,W�KDV�WKH

D[HV� LQYROYHG� DQG� WKH� EDVLF� SKHQRPHQRQ� EHKLQG� LV� UDWKHU� VLPSOH�� 7KLV� WHVW� FDQQRW�

KRZHYHU�� VKRZ� KRZ� D� PDFKLQH� WRRO� ZRXOG� DFW� XQGHU� D� ZRUN� ORDG� ZKHQ� KHDYLO\

FRPSHQVDWHG�RU�LWV�LQIOXHQFH�RQ�WKH�VXUIDFH�TXDOLW\�
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7KH�NH\�WRSLFV�LQ�WKH�GLVFXVVLRQ�SDUW�DUH�WKH�GLIIHUHQFHV�IRXQG�EHWZHHQ�WKH�GLIIHUHQW

PHDVXUHPHQW�PHWKRGV��7KH�DVVXPSWLRQ�KDV�EHHQ�WKDW�VLPLODU�UHVXOWV�FDQ�EH�DFKLHYHG

ZLWK�GLIIHUHQW�PHDVXULQJ�PHWKRGV��EXW�H[SHULPHQWV�KDYH�VKRZQ�WKDW�JHQHUDOO\� WKLV�LV

QRW�WUXH�

$W�ILUVW��WKH�GLIIHUHQFH�EHWZHHQ�WKH�PRWLRQ�PRGHV�RI�PDFKLQH�WRROV�LV�EHLQJ�GLVFXVVHG�

7KLV� LV� D� UDWKHU� LPSRUWDQW� LVVXH� ZKLOH� LW� LQYROYHV� DQ� DVVXPSWLRQ� WKDW� WKH� GHYLDWLRQ

W\SHV�XVHG�LQ� WKLV�ZRUN�DUH�QRW�XQLYHUVDO�� L�H�� WKH\�ZRXOG�EH�YDULDEOHV�RI�VRPH� WKLUG

PRWLRQ�YDULDEOHV�OLNH�IHHG�DFFHOHUDWLRQ��FXWWLQJ�IRUFH�HWF��,W�LV�LQHYLWDEOH�WKDW�PDFKLQHV

EHKDYH�GLIIHUHQWO\�GHSHQGLQJ�RQ� WKH�FXUUHQW�PRWLRQ�VW\OH��EXW� LWV� VLJQLILFDQFH� WR� WKH

PDJQLWXGH�RI�WKH�XVHG�GHYLDWLRQ�W\SHV�LV�DQ�LQWHUHVWLQJ�TXHVWLRQ�

%HFDXVH�WKH�PRGHO�VHHPV�WR�ZRUN�EHWWHU�RQ�VRPH�PDFKLQHV�WKDQ�LQ�VRPH�RWKHUV��WKH

UHDVRQV� IRU� WKLV� DUH� DOVR� EHLQJ� VHDUFKHG�� 6L[� VHSDUDWH� PDFKLQLQJ� FHQWUHV� ZHUH

PHDVXUHG�GXULQJ�WKH�VWXG\�DQG�WKH\�GLVFORVH�VRPH�UHJXODULW\�LQ�WKH�SHUIRUPDQFH�RI�WKH

DQDO\VLV�PHWKRG�

���� 6WDWLF�DQG�G\QDPLF�PHDVXUHPHQWV

7UDGLWLRQDOO\�PDFKLQH�WRROV�DUH�PHDVXUHG�LQ�D�ZD\�WKDW�WKH�PRYHPHQW�LV�VWRSSHG�DW�D

PHDVXULQJ� SRLQW�� %XW� LQ� GRXEOH� EDOO� EDU�� FURVV� JULG� HQFRGHU� DQG� WHVW� SLHFH

PHDVXUHPHQWV�WKH�PDFKLQH�LV�PRYLQJ�DOO�WKH�WLPH��7KLV�VHHPV�WR�JLYH�VRPH�LQIOXHQFH

LQ�WKH�PHDVXULQJ�UHVXOWV�DV�ZHOO�

7KXV�� WKH� UHDVRQ� IRU� GLIIHUHQW� UHVXOWV� LV� QRW� LQ� WKH� PHDVXULQJ� GHYLFH�� EXW� LQ� WKH

PDFKLQH�WRRO�LWVHOI��,W�PRYHV�GLIIHUHQWO\�DQG�WKH�PHDVXULQJ�GHYLFH�VHQVHV�WKLV�PRWLRQ�

7KH� HUURU� LV�PDGH� LQ� WKH� LQWHUSUHWDWLRQ��ZKHQ� WKHVH� WZR�GLIIHUHQW� GHYLDWLRQV� DUH� SXW

WRJHWKHU��,QGHHG��WKH�TXHVWLRQ�LV�DERXW�WZR��RU�PRUH��GLIIHUHQW�SDUDPHWHUV�IRU�D�VLQJOH

GHYLDWLRQ�W\SH�GHSHQGLQJ�RQ�WKH�XVHG�IHHGUDWH�

*HQHUDOO\� WKLV� LV� DQ� DFFHSWHG� WUXWK� IRU� EDFNODVK�� 7KH� *(� )DQXF� ��� FRQWUROOHU�� IRU

H[DPSOH��KDV�VHSDUDWH�FRPSHQVDWLRQ�YDOXHV�IRU�FXWWLQJ�DQG�UDSLG�IHHGUDWHV��7KH�UHDVRQ

IRU� WKLV� LV� WKH� LQGLYLGXDO� EHKDYLRXU� GHSHQGLQJ� RQ� WKH� IHHGUDWH�� %HFDXVH� WKH

PHDVXUHPHQW�RI�SRVLWLRQ� DFFXUDF\� DFFRUGLQJ� WR� ,62������ LV� SHUIRUPHG�E\� VWRSSLQJ

WKH� PRWLRQ� WR� WDNH� WKH� PHDVXUHPHQW� SRLQW�� WKH� DFKLHYHG� UHVXOWV� LQHYLWDEO\� GLIIHU

FRPSDUHG�WR�G\QDPLF�PHDVXUHPHQWV��7KH�VDPH�SKHQRPHQRQ�LV�IRXQG�LQ�VRPH�HDUOLHU

VWXGLHV��WRR�>6SDDQ�����@>2NVDQHQ�����@�

���� 0RWLRQ�IULFWLRQ�DQG�LQWHUSRODWLRQ

$� PDFKLQH� WRRO� LV� DVVXPHG� WR� PRYH� VPRRWKO\� GXULQJ� WKH� PHDVXULQJ�� 7KXV� LW� LV

SRVVLEOH� WR� GHWHUPLQH� ZKLFK� VLGH� ORRVH� PRWLRQ� GHYLDWLRQV� DIIHFW�� +RZHYHU� WKLV

DVVXPSWLRQ�GHSHQGV�QRZ�JUHDWO\�RQ� WKH�G\QDPLF�EHKDYLRXU�RI� WKH�PDFKLQH� WRRO�DQG

DOVR�RQ�WKH�1&�SURJUDP�

7KH�PRWLRQ�PRGH�VHWWLQJ�KDV�DQ�LQIOXHQFH�RQ�KRZ�WKH�PDFKLQH�WRRO�DFWV�LQ�FRUQHUV��,Q

WKH�FRQWLQXRXV�FXWWLQJ�PRGH��*����LW�PRYHV�VPRRWKO\��EXW�LW�GRHV�QRW�UHDFK�WKH�H[DFW

FRUQHU� SRLQW�� ([DFW� VWRS� �*���� PRWLRQ� PRGH� JXDUDQWHHV� WKDW� WKH� FRUQHU� SRLQW� LV

UHDFKHG��EXW�QRZ�PRWLRQ�RI�D[HV� LV�QRW�DV� VPRRWK�DQ\PRUH��$Q\ZD\� WKH�H[DFW� VWRS
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VHWWLQJ� KDV� EHHQ� XVHG� WR� HQVXUH� JRRG� EHKDYLRXU� IRU� WKH� IHDWXUH� UHFRJQLWLRQ�� 5RXQG

FRUQHUV�ZRXOG� VSRLO� WKH�DQDO\VLV�GDWD�EDGO\��)LJXUH���� VKRZV� JUDSKLFDOO\�GLIIHUHQFH

EHWZHHQ�WKHVH�WZR�PRGHV�

)LJXUH���� 0RWLRQ�SDWK�LQ�FRUQHU�ZLWK�*����EODFN��DQG�*����JUH\�

0DFKLQH� WRROV� EHKDYH� LQGLYLGXDOO\� LQ� FRUQHULQJ�� 'HFHOHUDWLRQ� RI� PRWLRQ� RI� WZR

GLIIHUHQW� PDFKLQH� WRROV� LV� VKRZQ� LQ� )LJXUH� ���� 2Q� WKH� \�D[LV� WKH� [�SRVLWLRQ� LV

SUHVHQWHG� DQG� RQ� [�D[LV� WKH� FRUUHVSRQGLQJ� WLPH�� %RWK� PDFKLQHV� DUH� UXQ� ZLWK� WKH

IHHGUDWH� RI� ����
PP
�PLQ� DQG� H[DFW� VWRS� PRGH� DFWLYH�� 6LJQLILFDQW� LQ� WKH� JUDSK� LV

ZDYLQHVV�RI�WKH�PRWLRQ�RI�WKH�VHFRQG�PDFKLQH�FRPSDUHG�WR�WKH�ILUVW�RQH�

)LJXUH���� 'HFHOHUDWLRQ�RI�PRWLRQ�LQ�WZR�GLIIHUHQW�PDFKLQH�WRROV

6XFK� D� EHKDYLRXU� DORQH� LV� QRW� D� GLIILFXOW\� IRU� WKH� DQDO\VLV�PHWKRG�� %XW� LI� LW� FDXVHV

FOHDUDQFHV�WR�GULIW�LQ�DQ�XQNQRZQ�SRVLWLRQ��LW�LV�LPSRVVLEOH�IRU�WKH�DQDO\VLV�PHWKRG�WR

GHWHUPLQH�WKH�PDJQLWXGH�RI�EDFNODVK�DQG�ODWHUDO�SOD\��)XUWKHUPRUH��WKLV�SUHYHQWV� WKH

RWKHU�GHYLDWLRQ�YDOXHV�WR�JHW�UHOLDEOH�HVWLPDWHV�DV�ZHOO�

(YHQ�LI�VLPLODU�1&�SURJUDP�ZDV�XVHG�WR�PDFKLQH�WHVW�SLHFHV�ZLWK�WKRVH�PDFKLQH�WRROV

VSRNHQ� DERYH�� WKH� EHKDYLRXU� LQ� PDFKLQLQJ� LV� HYLGHQWO\� GLIIHUHQW�� 7KLV� FRQFHUQV

DSSURDFK�GLUHFWLRQV��7KXV�WKH�PRGHOOHG�SDWK�LQ�WKH�WHVW�SLHFH�HYDOXDWLRQ�IRU�WKH�VHFRQG

PDFKLQH�KDG�DSSURDFK�GLUHFWLRQV�RSSRVLWH�WR�SURJUDPPHG�GLUHFWLRQV�LQ�YHFWRU�IHDWXUHV

>VHH�)LJXUH���@��1RUPDOO\�SDUW�GHVFULSWLRQ� VKRXOG� UHIOHFW� WKH�DFWXDO�PDFKLQLQJ�SDWK�

7KLV�UHYLVHG�DSSURDFK�JDYH�FOHDUO\�EHWWHU�UHVXOWV�DQG�DOVR�UHVXOWV�ZKLFK�FRUUHVSRQG�WR

*��

*��
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RWKHU�PHWKRGV�� ,W� VHHPV�� EDVHG� RQ� WKHVH� H[SHULPHQWV�� WKDW� WKLV�PDFKLQH� WRRO� SXVKHV

FOHDUDQFHV�LQ�D�GHFHOHUDWLRQ�SKDVH�WR�WKH�RWKHU�HQG�WKDQ�RULJLQDOO\�H[SHFWHG��)RU�DOO�WKH

RWKHU� PDFKLQH� WRROV� H[SHFWHG� EHKDYLRXU� JDYH� EHWWHU� UHVXOWV� DQG� ZDV� XVHG� IRU

FRPSDULVRQ�HWF�

,W� VKRXOG� EH� QRWHG� KHUH� WKDW� WKLV� H[FHSWLRQDO� PDFKLQH� WRRO� ZDV� QRW� ROG� QRU� LQ� EDG

FRQGLWLRQ��,QVWHDG�LW�ZDV�DOPRVW�D�EUDQG�QHZ�PDFKLQLQJ�FHQWUH��ZKLFK�FDQ�EH�DVVXPHG

WR�EH�UDWKHU�FRPPRQ�LQ�LQGXVWULDO�FRPSDQLHV�QRZDGD\V�

���� (UURQHRXV�DVVXPSWLRQV�LQ�WKH�PRGHO

7KH� FXUUHQW� DQDO\VLV� PRGHO� FDQ� KDYH� IDXOWV� RQ� IRXU� OHYHOV�� HUURUV� LQ� GHYLDWLRQ

SURWRW\SHV�� PLVVLQJ� RI� HVVHQWLDO� GHYLDWLRQ� W\SHV�� ZURQJ� ILWWLQJ� SURFHGXUH�� DQG� WKH

QHJOLJHQFH� RI� VL[� GHJUHH� GHYLDWLRQV��$Q\� RI� WKHVH� DORQH� FDQ� FDXVH� VHYHUH� HUURUV� LQ

UHVXOWV�

7KH�PRGHO�RSHUDWHV�VROHO\�LQ�WZR�GLPHQVLRQDO�VSDFH��OHDYLQJ�WLPH�GHSHQGHQW�DQG�WKH

HIIHFW� RI� WKH� RWKHU� D[HV� XQWRXFKHG�� 6HYHUH� DQJXODU� HUURUV� DUH� KDQGOHG� E\� D� VLPSOH

GHYLDWLRQ�W\SH�RI�ODWHUDO�SOD\��7KLV�FDQ�LQWHUSUHW�FOHDUDQFH�LQ�UROO�PRWLRQ�DQG�LQ�VRPH

FDVHV�DOVR�LQ�\DZ��3LWFK�RI�DQ�D[LV�LV�OHIW�WR�EH�FRPELQHG�ZLWK�EDFNODVK��7KLV�PHWKRG

GRHVQ¶W�RIIHU�D� WRRO� WR�VHSDUDWH� WKH�SLWFK�RI�DQ�D[LV� IURP�EDFNODVK�RI� WKH� VDPH�D[LV�

/LNHZLVH�PDQ\�RWKHU�HUURUV� LQ�VL[�GLPHQVLRQDO�VSDFH�DUH� OHIW�QHJOHFWHG��7KLV� VKRXOG

QRW�� KRZHYHU�� EH� D� FUXFLDO� GLVUHJDUG�� VLQFH� RQO\� WZR� RI� WKH� PDFKLQH� WRRO� D[HV� DUH

PRYLQJ�GXULQJ�WKH�WHVW�SURFHGXUH��7KXV�LW�LV�MXVWLILDEOH�WR�H[DPLQH�DOVR�RQO\�WZR�D[HV

DW�D�WLPH�LQ�WKH�DQDO\VLV��7KH�WHVW�LV�WKHQ�UHSHDWHG�LQ�WKUHH�SODQHV�VR�WKDW�DOO�WKH�D[HV

FDQ�EH�FRYHUHG�

/HDVW� VTXDUHV� ILWWLQJ� SURFHGXUH� ZDV� VHOHFWHG� LQ� FKDSWHU� ���� WR� FDOFXODWH� GHYLDWLRQ

YDOXHV�� 5HODWHG� WR� WKLV� LV� WKH� VXSHULPSRVLQJ� SULQFLSOH�� XVHG� LQ� WKH� PRGHOOLQJ� L�H�

GHYLDWLRQ�W\SHV�DUH�VLPSO\�DGGHG�WR�HDFK�RWKHU��6XSHULPSRVLQJ�LV��KRZHYHU��D�ZLGHO\

DFFHSWHG�PHWKRG�>)HUUHLUD	/LX�����@�>.DNLQR�HW�DO�����@�>0RX�HW�DO�����@�DQG�LW�KDV

DOVR�FOHDU�JHRPHWULFDO� MXVWLILFDWLRQ��'HYLDWLRQV�DW� WKH�HQG�RI� WKH�PRWLRQ�DUPV�DUH� VR

VPDOO�WKDW�WKH\�GR�QRW�KDYH�DQ\�UHDO�VLJQLILFDQFH�IRU�WKH�SODFH�RI�PRWLRQDO�HOHPHQWV�VR

WKDW�LW�ZRXOG�FKDQJH�WKH�EHKDYLRXU�RI�VRPH�RWKHU�GHYLDWLRQ��7KXV�FRUUHODWLRQ�EHWZHHQ

GHYLDWLRQ�W\SHV�FDQ�EH�QHJOHFWHG��ZKLFK�QDWXUDOO\�VLPSOLILHV�WKH�SUREOHP�VLJQLILFDQWO\�

/HDVW�VTXDUHV� HYDOXDWLRQ�� RQ� WKH� RWKHU� KDQG�� LV� D� UREXVW� PHWKRG� HYHQ� LI� LW� FDQQRW

JHQHUDOO\�JLYH�WKH�EHVW�UHVXOW��7KH�&KHE\VKHY�QRUP�>7DMEDNKVK�HW�DO������@�LQHYLWDEO\

JLYHV� EHWWHU� UHVXOWV� LQ� WKHRU\� DQG� LQ� LGHDO� FRQGLWLRQV�� %DVHG� RQ� WKH� H[SHULPHQWV�

FDUULHG�RXW� LQ� WKLV�VWXG\�� WKRVH� LGHDO�FRQGLWLRQV�ZRXOG�KDUGO\�HYHU�FRPH� WUXH� LQ� UHDO

LQGXVWULDO�PHDVXULQJ�FDVHV�

0LVVLQJ�VRPH�GHYLDWLRQ�W\SH�SURWRW\SHV�LV�UDWKHU�SUREDEOH��7KH�TXHVWLRQ�LV��ZKHQ�DUH

WKRVH�PLVVLQJ�W\SHV�VLJQLILFDQW�DQG�ZKHQ�FDQ�WKH\�EH�QHJOHFWHG��$Q�H[DPSOH�FDVH�LV

VKRZQ�EHORZ��$�&00�PHDVXUHPHQW� LV� DQDO\VHG�ZLWK� DQG�ZLWKRXW� HVWLPDWLRQ�RI�XS

PLOOLQJ�GHIOHFWLRQ�
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6WUDLJKWQHVV [ ���� ����� ������ �P�P

6WUDLJKWQHVV \ ���� ���� ���� �P�P

6HUYR PLVPDWFK ���� ����� ����� �P�PD[�IHHG >PP�V@�

6HUYR ODJ ���� ���� �P�PD[�IHHG
�
�UDGLXV�

&\FOLF HUURU [ ���� ���� ���� �P

&\FOLF HUURU \ ���� ���� ���� �P

$[LV VSLNH [ ���� ���� �P

$[LV VSLNH \ ���� ���� �P

/DWHUDO SOD\ [ ����� ���� ���� �P

/DWHUDO SOD\ \ ���� ���� ����� �P

7RRO FRPSHQVDWLRQ ����� ����� �P

5DQGRP HUURU ���� ���� �P

8S PLOOLQJ ����� �P

,W�LV�FOHDU�WKDW�PLVVLQJ�HVWLPDWLRQ�RI�XS�PLOOLQJ�GHIOHFWLRQ�FDXVHV�ODWHUDO�SOD\�WR� WDNH

SODFH�WR�H[SODLQ�WKH�GHYLDWLRQ�REVHUYHG�LQ�WKH�PHDVXUHPHQW�GDWD��:KHQ�XS�PLOOLQJ�LV

LQFOXGHG�ODWHUDO�SOD\�YDOXHV�FRPH�PXFK�FORVHU�WR�HTXLYDOHQW�YDOXHV��DFKLHYHG�LQ�'%%

PHDVXUHPHQW��+RZHYHU��LW�KDV�DOVR�VRPH�LQIOXHQFH�RQ�RWKHU�GHYLDWLRQ�W\SHV�DQG�WKLV

LQIOXHQFH�LV�QRW�RQO\�SRVLWLYH��7KLV�LV�D�UDWKHU�W\SLFDO�FDVH��:KHQ�D�QHZ�GHYLDWLRQ�W\SH

LV�LQFOXGHG�LQ�WKH�DQDO\VLV��VRPH�SDUWLFXODU�GHYLDWLRQ�W\SHV�EHKDYH�EHWWHU��EXW�JHQHUDO

EHKDYLRXU�VXIIHUV��7KLV�LV�FDXVHG�E\�WKH�IDFW�WKDW�WKH�SURWRW\SH�PDWUL[�FRQYHUJH�FORVHU

WR� VLQJXODULW\� DQG� WKXV� XQFHUWDLQW\� YDOXHV� IRU� HDFK� GHYLDWLRQ� W\SH� ULVH�� 7KH� FDVH� LQ

TXHVWLRQ� KHUH� LV� HVSHFLDOO\� GLIILFXOW�� EHFDXVH� ODWHUDO� SOD\� DQG� XS� PLOOLQJ� GHIOHFWLRQ

UHVHPEOH�HDFK�RWKHU�VR�PXFK�

'HYLDWLRQ�SURWRW\SHV�DUH�UHDOO\�VLPSOH�HTXDWLRQV�SUHVHQWHG�LQ�FKDSWHU��������,W�LV�VWLOO

SRVVLEOH� WR�KDYH�HUURUV� LQ� WKHP�� WKRXJK� LW� LV�KLJKO\�XQOLNHO\��6WLOO� WKH�EHKDYLRXU� OLNH

H[SODLQHG� HDUOLHU� FRQFHUQLQJ� FOHDUDQFHV� FDQ� EH� XQGHUVWRRG� DV� DQ� HUURU� RI� WKH

FRUUHVSRQGLQJ�IRUPXOD��7KLV�EURDGHQV�WKH�FRQFHUQ�WR�DOO�WKH�RWKHU�GHYLDWLRQ�W\SHV��WRR�

%HFDXVH� WKH� HTXDWLRQV�DUH� VR� VLPSOH� WKH\�GR�QRW�GUDZ� DWWHQWLRQ� WR�PDQ\� UHDO�ZRUOG

SK\VLFDO� UHODWLRQVKLSV� ZKLFK� GR� H[LVW� LQ� PDFKLQH� WRROV�� &KDQJLQJ� RI� EDFNODVK

PDJQLWXGH� LQ�SURSRUWLRQ� WR� IHHGUDWH� FRXOG�EH� H[SODLQHG�E\� D� VWLIIQHVV�RI� D� EDOO�UDFH

VFUHZ� DQG� OXEULFDWLRQ��7KLV� MXVW� FUHDWHV� QHZ� SDUDPHWHUV��ZKLFK� H[SDQGV� WKH� VL]H� RI

SURWRW\SH� PDWUL[� FDXVLQJ� VLQJXODULW\� SUREOHPV�� ,I� ZH� LQFUHDVH� WKH� QXPEHU� RI

PHDVXUHPHQWV��ZLWK�LQGLYLGXDO�WHVW�SDUDPHWHUV���WKLV�SUREOHP�FDQ�EH�RYHUFRPH��7KLV

LV�D�YHU\�OLNHO\�IXWXUH�WDUJHW�IRU�GHYHORSPHQW�



��

���� &R�RUGLQDWH�PHDVXULQJ

&R�RUGLQDWH� PHDVXULQJ� KDV� VKRZQ� WR� LQYROYH� PDQ\� XQFHUWDLQW\� VRXUFHV�� 7KLV

H[SHULHQFH� LV� DQWLFLSDWHG� IURP� WKH� YHU\� EHJLQQLQJ�� EHFDXVH� HYHQ� WKH� SURPLVHG

DFFXUDF\� RI� D� &00� LV� JHQHUDOO\� UDWKHU� FORVH� WR� WKRVH� D� JRRG� PDFKLQH� WRRO� FDQ

DFKLHYH��%HVLGHV�QRZ�WKH�DQDO\VLV�PHWKRG�LV�VHQVLWLYH�WR� MXVW� WKRVH�HUURUV�ZKLFK�FDQ

EH�H[SHFWHG�WR�EH�IRXQG�DOVR�LQ�D�&00��7KH�PDFKLQLQJ�SURFHVV� LWVHOI�DOVR� LQFOXGHV

PDQ\�PRUH�XQFHUWDLQWLHV�WKDQ�D�GLUHFW�PHDVXUHPHQW�

$Q�LQWHUHVWLQJ�UHVXOW��KRZHYHU��LV�WR�QRWLFH�WKDW�QR�VLJQLILFDQW�GLIIHUHQFH�FDQ�EH�IRXQG

EHWZHHQ�WKH�WZR�&00V�XVHG�LQ� WKH�VWXG\��7KH�DQDO\VLV�PHWKRG�PDVNV�EHKLQG� LWVHOI

WKH�VLQJOH�SRLQW�DFFXUDF\��ZKLFK�GLIIHUV�D� ORW� LQ� WKHVH� WZR�PHDVXULQJ�PDFKLQHV��7KH

PLGGOH�JUDGH�&00�FDQ�DFKLHYH�D�WKUHH�GLPHQVLRQDO�XQFHUWDLQW\�RI����������P����� Â

��
��
�/��ZKHQ�WKH�KLJK�JUDGH�&00�ERDVWV�ZLWK�D�WKUHH�GLPHQVLRQDO�XQFHUWDLQW\�RI���

����� �P� �� ���� Â� ��
��
� /��� %HFDXVH� WKH� PRUH� SUHFLVH� PDFKLQH� ZDV� DOVR� QHZHU�

WUDQVIHUULQJ�RI�SRLQWV�IURP�WKDW�RQH��ZDV�D�ORW�HDVLHU�WKDQ�IURP�WKH�ROG�&00�

7KH�VWDELOLW\�RI� WKH� UHVXOWV� LV�QRW�HVSHFLDOO\�JRRG��(YHQ� WKRXJK�ERWK� WKH�FR�RUGLQDWH

PHDVXULQJ�PDFKLQHV� DUH� ORFDWHG� LQ� DLU�FRQGLWLRQHG� URRPV�� WKH� DQDO\VLV� UHVXOWV� GLIIHU

IURP�WLPH�WR�WLPH�VXUSULVLQJO\�PXFK��7KLV�LV�QRW�WKH�IDXOW�RI�&00V�EXW�PHUHO\�RI�WKH

VHQVLWLYLW\�RI�WKH�DQDO\VLV�PHWKRG��7KLV�VHQVLWLYLW\�VKRZV�WKH�ZRUVW�EHKDYLRXU�LQ�VFDOH

HUURUV�� ZKLFK� RQ� WKH� RWKHU� KDQG� VHHPV� WR� EH� WKH� ZHDN� SRLQW� RI� WKH� ZKROH� DQDO\VLV

V\VWHP�

���� 'HYLDWLRQ�W\SHV

6FDOH� PLVPDWFK� DQG� VFDOH� HUURU� EHKDYH� WKH� ZRUVW� RI� DOO� WKH� GHYLDWLRQ� W\SHV�� 7KLV

SKHQRPHQRQ� FDQ� PRVWO\� EH� H[SODLQHG� E\� WKHUPDO� EHKDYLRXU�� 6FDOH� HUURU� LV� PRVW

VHQVLWLYH� WR� WKHUPDO� FKDQJHV� DQG� WHPSHUDWXUH� ZDV� QRW� FRQWUROOHG� LQ� PRVW� RI� WKH

PHDVXULQJ�FDVHV��&URVV�JULG�HQFRGHU�WHVWV�KDG�D�GLDPHWHU�RI�����PLOOLPHWUHV�DQG�WKH

ZLGWK� RI� WKH� WHVW� SLHFHV�ZDV� ����PLOOLPHWUHV�� 7KLV�PHDQV� WKDW� WKH� VDPSOH� IRU� VFDOH

HUURU�ZDV�WDNHQ�IURP�D�ORFDO�DUHD�RI�D�PDFKLQH�WRRO�DQG�WKXV�LW�LV�QDWXUDO�WR�EH�IRXQG

VR�VHQVLWLYH�

6TXDUHQHVV� HUURU� VKRXOG� EH� UHOLDEOH� WR� HVWLPDWH� DQG� WKHUHIRUH� DFKLHYHG� UHVXOWV�ZHUH

VRPHKRZ�D�GLVDSSRLQWPHQW�� ,W� VHHPV� WKDW� LQ� VRPH� VLQJOH� FDVHV� QRW� HYHQ� WKH� GRXEOH

EDOO�EDU�DQG�FURVV�JULG�HQFRGHU�JLYH�FRQJUXHQW�UHVXOWV��,Q�VXFK�FDVHV�LW�LV�SUREDEOH�WKDW

'%%�JLYHV�HUURQHRXV�UHVXOWV��EHFDXVH�RI�VRPH�LUUHJXODULWLHV�LQ�FLUFXODU�LQWHUSRODWLRQ�

7KH�FURVV�JULG�HQFRGHU�PHDVXUHPHQW�RIIHUV�D�SRVVLELOLW\�WR�UXQ�FRQVHFXWLYHO\�DORQJ�D

VLQJOH�D[LV�DQG�WKXV�WKH�UHVXOWV�VKRXOG�UHYHDO�WKH�SXUH�PHFKDQLFDO�VTXDUHQHVV�

%DFNODVK�YDOXHV�FRPH�RII�UDWKHU�ZHOO�LQ�WKLV�JURXS�DQG�WKH�UHVXOWV�FDQ�EH�FRQVLGHUHG

VXFFHVVIXO��6RPH�SUREOHPV�VWLOO�H[LVW�EHFDXVH�RI� WKH�SUREOHPV�GHVFULEHG� LQ�SUHYLRXV

FKDSWHUV��FRQFHUQLQJ�ORVW�PRWLRQ��+RZHYHU��LI�D�SDUWLFXODU�PDFKLQH�WRRO�WR�EH�UHJXODUO\

WHVWHG�LV�ILUVWO\�YHULILHG�WR�EH�FDSDEOH�RI�JLYLQJ�JRRG�YDOXHV�ZLWK�WKH�FXUUHQW�PHWKRG�

WKH�UHVXOWV�FDQ�EH�H[SHFWHG�WR�EH�UHOLDEOH�DOVR�LQ�WKH�IXWXUH�

6HUYR� UHODWHG� GHYLDWLRQV�� VHUYR�PLVPDWFK� DQG� VHUYR� ODJ�� DUH� GLIILFXOW� WR� FRPSDUH� WR

DQ\�RWKHU�PHWKRG�EHFDXVH�WKRVH�GR�QRW�H[LVW��6HUYR�PLVPDWFK�YDOXH�FDQ�EH�FRPSDUHG

WR�'%%�PHDVXUHPHQWV�DQG�WKH\�VHHP�WR�FRUUHVSRQG�WR�HDFK�RWKHU�UDWKHU�ZHOO��5HVXOWV

DUH�WKXV�VDWLVIDFWRU\�

/DWHUDO�SOD\�YDOXHV�EHKDYH�ZHOO�RQ�VRPH�PDFKLQH�WRROV��EXW�LQ�VRPH�FDVHV�WKH\�VHHP

WR�ZDQGHU� WRR�PXFK��8S�PLOOLQJ�GHIOHFWLRQ�LV�UHODWHG�WR� WKLV�HUURU� W\SH� LQ�PDFKLQLQJ



��

WHVWV��7KH�H[LVWHQFH�RI�HVWLPDWLRQ�RI�XS�PLOOLQJ�GHIOHFWLRQ�HQDEOHV�FRQJUXHQW�UHVXOWV�WR

'%%�PHDVXUHPHQWV�EXW�JHQHUDOO\�LW�VOLJKWO\�LQFUHDVHV�UHSHDWDELOLW\�YDOXHV�

$[LV� VSLNH� YDOXHV� DUH� LQ� WKLV� FDVH� PRUH� MXVW� IRU� LQIRUPDWLRQ�� QRW� WR� EH� XVHG� IRU

FRPSHQVDWLRQ�HYHQ�LI�LW�LV�IHDVLEOH�LQ�VRPH�FRQWUROOHUV��7KH�UHVXOWV�FDQ�EH�VHHQ�WR�EH

VDWLVIDFWRU\�H[FHSW�LQ�PDFKLQHG�WHVWV��7KH�VDPSOLQJ�UDWH��GLVWDQFH�EHWZHHQ�PHDVXULQJ

SRLQWV��LV�QRW�KLJK�HQRXJK�RQ�WKH�WHVW�SLHFHV�DQG�WKXV�WKH�UHVXOWV�DFKLHYHG�IRU�WKHP�DUH

KLJKO\�XQUHOLDEOH�

5DQGRP� HUURU� �YLEUDWLRQ�� YDOXH� UHYHDOV� WZR� WKLQJV�� QDPHO\� JRRGQHVV� RI� ILWWLQJ� DQG

UHDO� YLEUDWLRQV� RI� D� PDFKLQH� WRRO�� 7KH� DFKLHYHG� YDOXHV�� KRZHYHU�� VHHP� WR� UHSHDW

WKHPVHOYHV� UDWKHU� ZHOO� DQG� DOVR� WR� FRUUHVSRQG� WR� '%%� UHVXOWV�� 7KLV� YDOXH� LV� QRW�

KRZHYHU��HVSHFLDOO\�XVHIXO�IRU�FRPSHQVDWLRQ��EXW�LW�FDQ�EH�XVHG�WR�IROORZ�WKH�JHQHUDO

FRQGLWLRQ�RI�D�PDFKLQH�WRRO�

6WUDLJKWQHVV� YDOXHV� KDYH� D� ODUJH� UHSHDWDELOLW\� DQG� DOVR� WKH\� DUH� QRW� JHQHUDOO\� ZHOO

FRQJUXHQW� WR� RWKHU� PHDVXUHPHQW� PHWKRGV� HLWKHU�� %HFDXVH� VWUDLJKWQHVV� HUURU� ZDV

HVWLPDWHG�E\�D�VHFRQG�RUGHU�FXUYH��WKH�H[SHFWDWLRQV�IRU�WKLV�GHYLDWLRQ�W\SH�ZHUH�QRW�VR

JUHDW� HLWKHU�� 7KH� PRVW� LPSRUWDQW� UROH� IRU� WKLV� GHYLDWLRQ� LV� MXVW� WR� GHWHFW� LI� VRPH

VWUDLJKWQHVV�UHODWHG�SUREOHPV�H[LVW�LQ�D�PDFKLQH�WRRO��QRW�WR�UHYHDO�DFWXDO�VWUDLJKWQHVV

YDOXHV��2Q� WKH� RWKHU� KDQG�� FDSWXULQJ� RI� SXUH� VWUDLJKWQHVV� GDWD� GRHV� QRW� UHTXLUH� DQ\

VSHFLDO� DQDO\VLV�DQG� WKXV� WKLV� GDWD� LV� HDV\� �IURP� DQDO\VLV� SURJUDP�SRLQW� RI� YLHZ�� WR

UHWULHYH�LI�D�PHDVXUHPHQW�GHYLFH�MXVW�VXSSRUWV�LW��7KH�DQDO\VLV�SURJUDP�LWVHOI�LQFOXGHV

D�SRUWLRQ�WR�FDSWXUH�MXVW�VLPSOH�VWUDLJKWQHVV�GDWD�RI�D�OLQHDU�PHDVXUHPHQW�

0HDVXUHPHQW� LQVWDOODWLRQ� UHODWHG� HUURUV�� RIIVHWV�� URWDWLRQ�� WRRO� FRPSHQVDWLRQ� DQG� XS

PLOOLQJ� GHIOHFWLRQ� JLYH� JRRG� UHSHDWDELOLW\�� 7KLV� LV� D� JRRG� VLWXDWLRQ� LQ� RUGHU� WR� JHW

UHOLDEOH� UHVXOWV� RI� UHDO� GHYLDWLRQ� W\SHV�� 8S� PLOOLQJ� GHIOHFWLRQ� KDV� VRPH� SUREOHPV

GLVFXVVHG�HDUOLHU��EXW�EHFDXVH�RI� WKH� DFKLHYHG�EHQHILWV�� LW� VKRXOG� VWLOO�EH� LQFOXGHG� LQ

WKH�DQDO\VLV�VHW�

���� )XUWKHU�GHYHORSPHQW

7KH�V\VWHP�SUHVHQWHG�KHUH�KDV�REYLRXVO\�VRPH�WDUJHWV�IRU�GHYHORSPHQW��7KH\�FRQFHUQ

WKH� DQDO\VLV� V\VWHP� LWVHOI� DQG� WKH� LQWHJUDWLRQ� RI� LW� LQWR� D� VKRS� IORRU� FRQWURO�� � 7KH

RXWORRN� LV� WKDW� WKLV� NLQG� RI� DQ� DQDO\VLV� V\VWHP�ZLOO� EH� LQWHJUDWHG� LQWR� D� VKRS� IORRU

FRQWURO�SURYLGLQJ�ERWK�IHHGEDFN�WR�DQ�RSHUDWRU�DQG�DXWRPDWLF�WXQLQJ�RI�PDFKLQH�WRROV�

������ 'HWDLOV�LQ�PRGHOOLQJ

7KH�FROOHFWLRQ�RI� WKH�GHYLDWLRQ� W\SHV� LQFOXGHG� LQ� WKH�DQDO\VLV�QRZ� LV� IDU�DZD\� IURP

FRPSOHWH�� 7KH� TXHVWLRQ� LV�� ZKLFK� QHZ� GHYLDWLRQ� W\SHV� DUH� VLJQLILFDQW�� ,I� PDQ\

LQVLJQLILFDQW� DQG� UDUHO\� RFFXUULQJ� GHYLDWLRQ� W\SHV� DUH� LQFOXGHG� LQ� WKH� PRGHO�� WKH

JHQHUDO�EHKDYLRXU�RI� WKH� V\VWHP�ZLOO�GHWHULRUDWH� �L�H�� FRQGLWLRQ�RI�GHYLDWLRQ�PDWUL[��

2Q�WKH�RWKHU�KDQG�LI�D�FUXFLDO�GHYLDWLRQ�W\SH�LV�PLVVLQJ�IURP�WKH�XVHG�PRGHO��UHVXOWV�RI

WKH�RWKHU�GHYLDWLRQ�W\SHV�FDQ�VXIIHU�DV�ZHOO�>7DEOH���@��&ROOHFWLRQ�RI�GHYLDWLRQV�LV�WKXV

D�FRPSURPLVH�EHWZHHQ�D�JHQHUDO�JRRG�EHKDYLRXU�DQG�FDSDELOLW\� WR�H[SODLQ�UHDOLW\� LQ

GHWDLO�

1RW� DOO� WKH� GDWD� FRPLQJ� RXW� RI� PHDVXUHPHQW� GHYLFHV� LV� XVHG� LQ� WKH� DQDO\VLV�� 7KH

FXUUHQW�V\VWHP�XWLOLVHV�RQO\�SRVLWLRQ��EXW�PDQ\�RI�WKH�GHYLFHV�SURYLGH�DOVR�VSHHG�DQG

DFFHOHUDWLRQ� LQIRUPDWLRQ�� ,W� LV� UDWKHU� SUREDEOH� WKDW� WKLV� GDWD� FRXOG� EH� XVHIXO� LQ� WKH

DQDO\VLV�RI�D�VHUYR�V\VWHP�



��

6RPH� GHYLDWLRQ� W\SHV� GR� QRW� HYHQ� PDWFK� WR� WKH� FXUUHQW� ILWWLQJ� SURFHGXUH�� /HDVW�

VTXDUHV� ILWWLQJ� FDQQRW� PRGHO� IUHTXHQF\� YDULDWLRQV�� %XW� LI� WKH� WUDFH� RI� GHYLDWLRQ� LV

UHJXODU� LQ� IUHTXHQF\�� LWV� SKDVH� FDQ� EH� IRXQG�� 7KLV� SXWV� OLPLWV� WR� D� VHOHFWLRQ� RI

GHYLDWLRQV�WR�EH�LQFOXGHG�RU�WKHQ�HOVH�WKH�ILWWLQJ�PHWKRG�KDV�WR�EH�FKDQJHG��7KLV�OHDGV

HDVLO\�WR�VHDUFKLQJ�DOJRULWKPV�DQG�WKXV�IXUWKHU�WR�JUHDWHU�QHHG�RI�FRPSXWDWLRQDO�WLPH�

7KH�ZRUN� LQ�KXQWLQJ�PRUH�DQG�PRUH� VSHFLILF�GHYLDWLRQ� W\SHV�ZLOO�QHYHU�FRPH� WR�DQ

HQG��7KLV�LV�D�SDUW�RI�WHFKQLFDO�HYROXWLRQ�DQG�LW�FUHDWHV�PRUH�H[DFW�PRGHOV�DQG�PRUH

H[DFW�PDFKLQH�WRROV��0DFKLQH�WRROV�REH\�FDXVH�DQG�HIIHFW�UHODWLRQVKLSV�WKDW�DUH�ZLWKLQ
RXU� DELOLW\� WR� XQGHUVWDQG� DQG� FRQWURO� DQG� WKDW� WKHUH� LV� QRWKLQJ� UDQGRP� RU
SUREDELOLVWLF�DERXW�WKHLU�EHKDYLRXU��>%U\DQ�����@

������ 7KUHH�SODQH�PRGHO

(DFK� SODQH� LQ� DQDO\VLV� LV� PRGHOOHG� DQG� KDQGOHG� QRZ� LQGLYLGXDOO\�� 4XLWH� D

VWUDLJKWIRUZDUG�SURFHVV�LV�WR�FRPELQH�DOO�WKUHH�SODQHV�LQ�RQH�VHW�DQG�VROYH�LW�WRJHWKHU�

7KLV�MXVW�LQFUHDVHV�WKH�VL]H�RI�PDWUL[�DQG�WKXV�H[WHQGV�FRPSXWLQJ�WLPH��EXW�LW�VKRXOG

QRW� UHDOO\� EH� WKH� SUREOHP�� 7KLV� VROXWLRQ� LV� D� NLQG� RI� �ò�GLPHQVLRQDO� PRGHO�� 7KH

EHQHILW�FRPSDUHG�WR�UHDO���GLPHQVLRQDO�PRGHO�ZRXOG�EH�WKDW�LW�VWLOO�ZRXOG�QRW�UHTXLUH

DQ\�PRGHOOLQJ�RI�PDFKLQH�WRRO�VWUXFWXUH�DQG�WKDW�LW�ZRXOG�EH�FRPSXWDWLRQDOO\�OLJKWHU�

5HOLDELOLW\�RI�WKH��ò'�PRGHO�FRXOG�EH�VOLJKWO\�EHWWHU�WKDQ�WKDW�RI��'�PRGHO��7KLV� LV

EHFDXVH� �ò'� PRGHO� FDQ� XWLOLVH� PHDVXUHPHQW� GDWD� IURP� WZR� SODQHV� LQ� RUGHU� WR

FDOFXODWH� WKH� HVWLPDWH� IRU� RQH� GHYLDWLRQ� W\SH�� WKDW� LPSURYHV� WKH� FRQGLWLRQ� YDOXH� RI

PDWUL[�$�>FKDSWHU������@�
)LYH�D[HV�PDFKLQHV� FRXOG� KDYH� VRPH� DWWHQWLRQ� KHUH� WRR�� EXW� WKH�PRGHO� GRHVQ¶W� VXLW

WKHUH�VR�ZHOO��,W�LV�SUREDEO\�EHWWHU�WR�VHDUFK�IRU�VROXWLRQV�HTXDO�WR�WKH�UHVHDUFK�PDGH�LQ

(LQGKRYHQ�8QLYHUVLW\�>7KHXZV�����@>6RRQV�����@>6SDDQ�����@�

������ :RUNSLHFH�IROORZ�XS�LQ�LQGXVWU\

'HVSLWH� UHOLDELOLW\� RI� WKH� UHVXOWV� DFKLHYHG� IURP� WHVW� SLHFHV�ZHUH� QRW� DOO� VDWLVIDFWRU\�

YHU\� LQWHUHVWLQJ� DSSURDFK� LV� WR� XVH� RUGLQDU\� ZRUNSLHFHV� LQ� D� IROORZ�XS� RI�PDFKLQH

WRROV�� 7KLV� UHTXLUHV� WKDW� D� VXLWDEOH� &00� LV� DYDLODEOH� DQG� WKDW� D� SDUW� RI� WKH� SLHFHV

ZRXOG�DQ\KRZ�JR�WR�LQVSHFWLRQ��1RZ�MXVW�WKH�PHDVXULQJ�SURJUDP�LV�GHVLJQHG�VR�WKDW

FDSWXUHG�GDWD�SRLQWV�FDQ�EH�XWLOLVHG�LQ�WKH�DQDO\VLV��7KLV�ZD\�LW�LV�SRVVLEOH�WR�FROOHFW

FRQWLQXRXV� FRQGLWLRQ� GDWD� RI�PDFKLQH� WRROV� ZLWKRXW� ORRVLQJ�PDFKLQLQJ� WLPH� DQG� DW

UHODWLYHO\�ORZ�FRVW�



��

&00�

:RUNSLHFH LQVSHFWLRQ

0DFKLQH WRRO LQVSHFWLRQ

0DFKLQH WRRO 2SHUDWRU

$QDO\VLV WRRO
:RUNSLHFH

)LJXUH���� :RUNSLHFH�LQ�D�FRQGLWLRQ�PRQLWRULQJ�RI�D�PDFKLQH�WRRO

3UDFWLFDO� WHVWV� FDQ� VKRZ�KRZ�ZHOO� WKH� V\VWHP� FDQ� DQWLFLSDWH� IDXOWV� LQ�PDFKLQHV� DQG

GRHV� LW� WHOO� WKH� ULJKW�PDJQLWXGH� RI� GHYLDWLRQV�� LI� WKH\� GR� H[LVW�� 7KHUH� DUH� UDWKHU� ELJ

GRXEWV�RQ�KRZ�WKLV�NLQG�RI�D�V\VWHP�ZRXOG�ZRUN��EXW�LW�DOVR�RIIHUV�VXFK�ELJ�EHQHILWV

WKDW�LW�LV�ZRUWK�ZKLOH�WU\LQJ��7KHUH�DUH�WZR�FUXFLDO�SUDFWLFDO�DVSHFWV��ZKLFK�KDYH�WR�EH

VROYHG�EHIRUH� DQ\�RWKHU� DFWLRQV�� QDPHO\� WKH� HDV\� LQWHJUDWLRQ� WR�&00�PHDVXUHPHQW

UHVXOWV� DQG� FKHFNLQJ� WKDW� IHDWXUHV� VXLWDEOH� IRU� DQDO\VLV� H[LVW� RQ� ZRUNSLHFHV�� ,W� LV

SUREDEOH�WKDW�WKH�UHVXOWV�GR�QRW�DW�RQFH�FRUUHODWH�ZHOO�WR�GLUHFW�PHDVXUHPHQW��EXW�VRPH

NLQG� RI� FDOLEUDWLRQ� RU� GHWHUPLQDWLRQ� RI� UHOLDELOLW\� IRU� HDFK� LQGLYLGXDO� PDFKLQH� WRRO

KDYH�WR�EH�SHUIRUPHG�ILUVW�

7KH�V\VWHP�ZRUNV�EHVW�LI�&00�LV�LQWHJUDWHG�LQ�D�SURGXFWLRQ�V\VWHP��L�H��LW�LV�SDUW�RI�D

)06��IOH[LEOH�PDQXIDFWXULQJ�V\VWHP���7KLV�ZD\� IHHGEDFN� LV� DFKLHYHG� IDVW� DQG� HYHQ

PRUH� LPSRUWDQW� LV� WKDW� SURGXFWLRQ� UHODWHG� GDWD� VWD\V� DWWDFKHG� WR� D� PHDVXUHG� SLHFH�

$OZD\V��ZKHQ�D�ZRUNSLHFH�LV�WDNHQ�RXW�RI�D�V\VWHP�WKHUH�H[LVWV�D�FHUWDLQ�ULVN�RI�VRPH

FUXFLDO�LQIRUPDWLRQ�EHLQJ�ORVW�RU�PLVLQWHUSUHWHG��,QWHJUDWHG�&00�VROYHV�PRVW�RI�WKHVH

SUREOHPV�DQG�PDNHV�WKH�PHDVXULQJ�SURFHVV�UHSHDWDEOH�

������ $XWRPDWHG�GDWD�FROOHFWLRQ�DQG�DQDO\VLV

,Q� RUGHU� WR� JHW� RXW� WKH� IXOO� SRZHU� RI� WKH� DQDO\VLV� V\VWHP�� PHDVXUHPHQWV� VKRXOG

GHILQLWHO\� EH� DXWRPDWHG�� $XWRPDWHG�PHDVXUHPHQWV� FRXOG� EH� UXQ� DW� QLJKW� RU� GXULQJ

VRPH�RWKHU�LGOH�WLPH��0HDVXULQJ�UXQ�VKRXOG�WDNH�QR�PRUH�WKDQ����PLQXWHV�RI�PDFKLQH

WLPH�� 6KRUW� PHDVXULQJ� F\FOH� DQG� QR� KXPDQ� VHW�XS� WLPH� ZRXOG� HQDEOH� IUHTXHQW

LQVSHFWLRQV��:KHQ�WKLV�NLQG�RI�GHYLFH�ZRXOG�EH�SDUW�RI�D�)06��LW�FRXOG�HFRQRPLFDOO\

VHUYH� PDQ\� PDFKLQH� WRROV� DQG� WKH� ZKROH� PHDVXULQJ�DQDO\VLV�PRQLWRULQJ�

FRPSHQVDWLRQ�F\FOH�FRXOG�EH�DXWRPDWHG�>FKDSWHU������@�

$�VLQJOH�PHDVXULQJ�GHYLFH�SODFHG�LQ�D�VWRUDJH�SDOOHW�FRXOG�VHUYH�DOO�PDFKLQLQJ�FHQWUHV

DWWDFKHG�WR�D�V\VWHP��$�GHYLFH�ZRXOG�FRQVLVW�RI�WZR�PDLQ�SDUWV��7KH�DFWXDO�PHDVXULQJ

LQVWUXPHQW� ZRXOG� EH� ORFDWHG� RQ� D� SDOOHW�� 7KLV� LV� WKH� LQWHOOLJHQW� SDUW� RI� WKH� V\VWHP�

(YHU\�PDFKLQH�WRRO�ZRXOG�WKHQ�KDYH�MXVW�D�VLPSOH�DWWDFKLQJ�WRRO�LQ�WKHLU�PDJD]LQHV�

7KH� GHYLFH� LWVHOI� FRXOG� EH� LPSOHPHQWHG� XVLQJ� HLWKHU� GHVLJQ� SULQFLSOHV� RI� 8QL�7HVW

>FKDSWHU������@�RU�ODVHU�EDOO�EDU�>FKDSWHU������@��7KHVH�ERWK�KDYH�SRVVLELOLW\� WR�HQLVOH

DOO�WKH�PHDVXULQJ�FRPSRQHQWV�RQ�WKH�SDOOHW�VLGH�DQG�WKH\�FDQ�SHUIRUP�IUHH�IRUP�WHVW

UXQV�
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UDGLR

0DFKLQH WRRO

0HDVXULQJ SDOOHW

$QDO\VLV VWDWLRQ

)06 FRQWUROOHU

1&

3&

UDGLR

)LJXUH���� $XWRPDWLF�PHDVXUHPHQW�LQ�)06

$�)06�FRQWUROOHU�KDV� LQ� LWV�ZRUN�TXHXH�RUGHUV� IRU� UHJXODU�PDFKLQH� WRRO� LQVSHFWLRQV

ZLWK�D�ORZ�SULRULW\��7KH�PHDVXULQJ�SDOOHW�DQG�FRUUHVSRQGLQJ�1&�SURJUDP�RI�D�WHVW�UXQ

DUH�WUDQVIHUUHG�WR�D�PDFKLQH�WRRO�LQ�WKH�VDPH�ZD\�DV�DQ�RUGLQDU\�ZRUNSLHFH��$�WRXFK

RI� D� VSLQGOH�ZRXOG� ILUVW� ZDNH� XS� WKH�PHDVXUHPHQW� GHYLFH�� 7KH� VSLQGOH� ZRXOG� WKHQ

DWWDFK�WR�WKH�DFWXDWRU�RI�WKH�PHDVXULQJ�GHYLFH�DQG�SHUIRUP�WKH�WHVW�UXQ��'XULQJ�WKH�UXQ

D�VLPSOH�FRPSXWHU�RQ�D�SDOOHW�ZRXOG�FROOHFW�GDWD�DQG�VHQG�LW�YLD�D� UDGLR�/$1��ORFDO

DUHD� QHWZRUN�� WR� WKH� DQDO\VLV� DQG� IROORZ�XS� VWDWLRQ�� 'DWD� LV� DQDO\VHG� WKHUH� DQG� LI

QHFHVVDU\� D� QHZ� FRPSHQVDWLRQ� WDEOH� LV� FRPSRVHG�� 7KH� QHZ� FRPSHQVDWLRQ� WDEOH� LV

WUDQVIHUUHG� WR�D�QXPHULFDO� FRQWUROOHU�YLD�)06�FRQWUROOHU�DV� LW�ZHUH� DQ�RUGLQDU\�1&�

SURJUDP� >3LKODQHQ� DQG� 7RUYLQHQ� ����@�� $IWHU� FRPSHQVDWLRQ� LV� DFWLYDWHG� D� VHFRQG

PHDVXUHPHQW�IRU�YHULILFDWLRQ�FDQ�EH�DFFRPSOLVKHG�



��

�� &21&/86,216

$�XQLYHUVDO�PHWKRG�IRU�HYDOXDWLRQ�RI�PDFKLQH�WRRO�PHDVXUHPHQWV�LV�SUHVHQWHG�LQ�WKLV

ZRUN��7KH�PHWKRG� FDQ� DQDO\VH� D� YDULHW\� RI�PHDVXUHPHQWV� WKDW� LQFOXGH� G\QDPLFDOO\

FDSWXUHG� GDWD� SRLQWV� EXW� KDYH� WKHP� MXVW� LQ� RQH� SODQH�� 7KH� JUHDW� SRWHQWLDO� RI� WKH

DQDO\VLV� V\VWHP� OLHV� LQ� HQDEOLQJ� DQ� DXWRPDWHG� IROORZ�XS� RI� SDUDPHWULF� HUURUV� LQ

PDFKLQH� WRROV��7KH� FRQFUHWH� REMHFWLYHV� RI� WKH� WKHVLV�ZRUN��ZKLFK� DUH� VHW� LQ� FKDSWHU

�����DUH�DFKLHYHG�DV�IROORZV�

��� &UHDWH�WKHRU\�IRU�DQDO\VLV
7KH�QHZ�WKHRU\�LV�GHYHORSHG�EDVHG�RQ�WKH�ZRUN�GRQH�HDUOLHU�IRU�FLUFXODU�WHVWV��7KH

WKHRU\�LV�H[SDQGHG�IRU�WHVW�SLHFHV�DQG�OLQHDU�IHDWXUHV�

��� 'HYHORS�VRIWZDUH�EDVHG�RQ�WKH�WKHRU\
7KH�DQDO\VLV�SURJUDP�>DSSHQGL[���@�LV�GHYHORSHG�DQG�WHVWHG�GXULQJ�WKH�ZRUN�ZLWK

HPSLULFDO�FDVHV�

��� 6KRZ� WKDW� WKH� DQDO\VLV� V\VWHP� JLYHV� FRQVLVWHQW� UHVXOWV� IRU� GLIIHUHQW� GLUHFW
PHDVXUHPHQW�PHWKRGV
,W�LV�VKRZQ�WKDW�GLIIHUHQW�GLUHFW�PHDVXUHPHQW�PHWKRGV�ZLWK�GLIIHUHQW�WHVW�SDWKV�FDQ

JLYH�FRQVLVWHQW�UHVXOWV�

��� 6KRZ�WKDW�GLUHFW�IUHH�IRUP�PHDVXUHPHQWV�FDQ�EH�XVHG�LQVWHDG�RI�WHVW�SLHFHV
,W�LV�VKRZQ�WKDW�GLUHFW�IUHH�IRUP�PHDVXUHPHQWV�GR�QRW�QHFHVVDULO\�JLYH�FRQVLVWHQW

UHVXOWV�ZLWK�WHVW�SLHFHV�

,W� LV�VKRZQ� WKDW� WKLV�ZD\�GLIIHUHQW�PHDVXULQJ�PHWKRGV�FDQ�EH�XVHG�VLGH�E\�VLGH� DQG

WKH\� FDQ�RIIHU� FRPSDUDEOH� UHVXOWV��+RZHYHU�� VRPH� UHVHUYDWLRQV� DERXW� WKLV� VWDWHPHQW

DUH�IRXQG�DV�ZHOO��'LUHFW�PHDVXUHPHQWV�DQG�LQGLUHFW�PHDVXUHPHQW�GR�QRW�QHFHVVDULO\

JLYH� FRQJUXHQW� UHVXOWV�� 7KH� VDPH� FDQ� HYHQ� RFFXU� EHWZHHQ� GLIIHUHQW� GLUHFW

PHDVXUHPHQW�PHWKRGV��7KLV�OHDGV�WR�WKH�FRQFOXVLRQ�WKDW�WKH�FXUUHQW�PHWKRG�VKRXOG�EH

FDOLEUDWHG�LQGLYLGXDOO\�IRU�HDFK�PDFKLQH�WRRO�LQ�ZKLFK�LW�ZRXOG�EH�XVHG�IRU�DXWRPDWLF

PRQLWRULQJ�� &DOLEUDWLRQ� PHDQV� KHUH� FRPSDULVRQ� EHWZHHQ� GLUHFW� DQG� LQGLUHFW

PHDVXULQJ�PHWKRGV�

,QHYLWDEO\� VWDWLF� DQG� G\QDPLF�PHDVXUHPHQWV� EHKDYH� GLIIHUHQWO\� DQG� WKH\� FDQ� UHYHDO

GLIIHUHQW�GHYLDWLRQ�W\SHV�LQ�D�PDFKLQH�WRRO�DV�ZHOO��'\QDPLF�PHDVXUHPHQWV�KDYH�WKLV

IDU� IDFHG� WKH�SUREOHP� WKDW�QR�SURSHU� DQDO\VLV� V\VWHP�KDV�EHHQ� DYDLODEOH� WR� HYDOXDWH

WKHP��7KLV�ZRUN�RIIHUV�QRZ�RQH�PHWKRG�WR�HYDOXDWH�WKHP�LQ�RUGHU�WR�UHYHDO�SDUDPHWULF

HUURUV�LQ�D�PDFKLQH�WRRO�

&URVV�JULG�HQFRGHU�>FKDSWHU������@�KDV�EHHQ�VKRZQ�WR�EH�D�SRZHUIXO�WRRO�WR�GHWHUPLQH

HUURU�VRXUFHV�LQ�PDFKLQH�WRROV��,W�LV�QRW�RQO\�IRU�LQVSHFWLRQ�RI�JHRPHWU\��LQGHHG�VRPH

PRUH�VXLWDEOH�WRROV�IRU�WKLV�SXUSRVH�GR�H[LVW���EXW�LW�HQDEOHV�PDFKLQH�WRRO�EXLOGHUV�WR

VHH�GHHS�GRZQ�WKH�DFWXDO�PRWLRQ�RI�WKHLU�PDFKLQHV��%HFDXVH�RI�D�KLJK�VDPSOLQJ�UDWH

DQG�JRRG�DFFXUDF\�LW�ILWV�YHU\�ZHOO�IRU�WXQLQJ�VHUYRV�

2QFH� DJDLQ� WKH� JUHDW� LPSRUWDQFH� RI� WKHUPDO� H[SDQVLRQ� LV� EHLQJ� VKRZQ�� :LWKRXW

FRQWURO�RI�WKHUPDO�FRQGLWLRQV�DOO�WKH�RWKHU�DFWLRQV�WR�LPSURYH�DFFXUDF\�DUH�GRRPHG�WR

IDLO��+RZHYHU��WKH�SKLORVRSK\�RI�WKLV�ZRUN�LV�WR�VHSDUDWH�JHRPHWULFDO�DQG�VHUYR�HUURUV

IURP� WKHUPDOO\� LQGXFHG� GHYLDWLRQV� >)LJXUH� �@�� 7KHUPDO� FRQWURO� RU� FRPSHQVDWLRQ

VKRXOG�EH�FRPSOHWHG�DV�D�WDVN�WKDW�LV�LQWHJUDWHG�WR�D�PDFKLQH�WRRO�LWVHOI��,QVSHFWLRQ�RI

JHRPHWULFDO�HUURUV�DQG�VHUYR�WXQLQJ�VKRXOG�LQVWHDG�EH�PDGH�ZLWK�DQ�H[WHUQDO�GHYLFH�

7KHUPDO� FRPSHQVDWLRQ� YDOXHV� FDQ� EH� XSGDWHG� HYHU\� ��� PLQXWHV� ZKHQ� JHRPHWULFDO

FRPSHQVDWLRQ�WDEOHV�KDUGO\�ZRXOG�EH�XSGDWHG�PRUH�RIWHQ�WKDQ�RQFH�D�PRQWK�
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,QWHUHVWLQJ� ZRUN� LQ� WKH� IXWXUH� LV� LQWHJUDWLRQ� RI� WKH� SURSRVHG� DQDO\VLV� PHWKRG� LQ� D

IOH[LEOH�PDQXIDFWXULQJ� V\VWHP�� &00� RU� H[WHUQDO� DXWRPDWLF�PHDVXULQJ� SDOOHW� FRXOG

WDNH� FDUH� RI� WKH� DFWXDO� PHDVXULQJ� SURFHVV�� $Q� DQDO\VLV� VWDWLRQ� RIIHUV� PRQLWRULQJ

LQIRUPDWLRQ� RQ� WKH� VWDWXV� RI� PDFKLQH� WRROV� DQG� FUHDWHV� FRPSHQVDWLRQ� WDEOHV� ZKHQ

QHFHVVDU\��$�)06�FRQWUROOHU�VFKHGXOHV�LQVSHFWLRQV��RIIHUV�WHVW�SURJUDPV�DQG�DFWLYDWHV

QHZ�FRPSHQVDWLRQV�
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3HUVSHFWLYH��*DLWKHUVEXUJ��0'��86$���������S�

/LRWWR�*�� DQG�:DQJ� &�3��� /DVHU� 'RSSOHU� GLVSODFHPHQW�PHWHU� �/''0�� DOORZV� QHZ

GLDJRQDO�PHDVXUHPHQW� IRU� ODUJH� DVSHFW� UDWLR�PDFKLQH� WRRO� HDVLO\� DQG� DFFXUDWHO\�� �
UG

,QWHUQDWLRQDO�FRQIHUHQFH�RQ�/DVHU�0HWURORJ\�DQG�0DFKLQH�3HUIRUPDQFH��+XGGHUVILHOG

8.��������SS���������

/RYH�:�� DQG� 6FDUU�$��� 7KH� GHWHUPLQDWLRQ� RI� WKH� YROXPHWULF� DFFXUDF\� RI�PXOWL�D[LV

PDFKLQHV�� 3URFHHGLQJV� RI� WKH� ��
WK
� 07'5� &RQIHUHQFH�� 0DQFKHVWHU� 8.�� ������ SS�

�������

0DKEXEXU�5���+HLNNDOD� -��� /DSSDODLQHQ�.�� DQG�.DUMDODLQHQ� -��� 3RVLWLRQLQJ� DFFXUDF\

LPSURYHPHQW�LQ�ILYH�D[LV�PLOOLQJ�E\�SRVW�SURFHVVLQJ��,QWHUQDWLRQDO�-RXUQDO�RI�0DFKLQH

7RROV�DQG�0DQXIDFWXUH��9RO�����1R����������SS���������

0HLW]� .��� (LQ� QHXHV� 0H�JHUlW� ]XU� NRPELQLHUWHQ� VWDWLVFKHQ� XQG� G\QDPLVFKHQ

*HRPHWULHDQDO\VH� XQNRQYHQWLRQHOOHU� :HUN]HXJPDVFKLQHQVWUXNWXUHQ�� 3K'� WKHVLV�

,QVWLWXW�I�U�)HUWLJXQJVWHFKQLN��78�*UD]��$XVWULD�����������S�

0RX�-���'RQPH]�0�$��DQG�&HWLQNXQW�6��$Q�DGDSWLYH� HUURU� FRUUHFWLRQ�PHWKRG�XVLQJ

IHDWXUH�EDVHG�DQDO\VLV�WHFKQLTXHV�IRU�PDFKLQH�SHUIRUPDQFH�LPSURYHPHQW��3DUW���	���

-RXUQDO�RI�(QJLQHHULQJ�IRU�,QGXVWU\��9RO�������������SS���������

1$6� ����� 8QLIRUP� FXWWLQJ� WHVWV� ±� 1$6� VHULHV�� 0HWDO� FXWWLQJ� HTXLSPHQW

VSHFLILFDWLRQV��$HURVSDFH�,QGXVWULHV�$VVRFLDWLRQ�RI�$PHULFD��:DVKLQJWRQ�'&��86$�

��������S�

1L�-��DQG�:X�6�0���$Q�RQ�OLQH�PHDVXUHPHQW�WHFKQLTXH�IRU�PDFKLQH�YROXPHWULF�HUURU

FRPSHQVDWLRQ��-RXUQDO�RI�(QJLQHHULQJ�IRU�,QGXVWU\��9RO�������������SS�������

2NVDQHQ� 3��� .DNVRLVQLYHOVDXYDPLWWDXV� NRQHLVWXVNHVNXNVHQ� WDUNDVWXNVHVVD� MD

NXQQRQVHXUDQQDVVD� �LQ� )LQQLVK��� /LF�� 7HFK�� 7KHVLV�� 7DPSHUH� 8QLYHUVLW\� RI

7HFKQRORJ\�����������S�



��

3LKODQHQ� 5�� DQG� 7RUYLQHQ� 6��� $XWRPDWHG� PDFKLQH� WRRO� HUURU� FRPSHQVDWLRQ� RQ� 3&�

EDVHG� QXPHULFDO� FRQWUROOHUV�� 3URFHHGLQJV� RI� WKH� ��
WK
� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ

3URGXFWLRQ�5HVHDUFK��9RO�����2VDND�-DSDQ��������SS�����������

3UHQQLQJHU� -�3��� )LO]� .�0��� 9LQF]H� 0�� DQG� *DQGHU� +�� 5HDO�WLPH� FRQWDFWOHVV

PHDVXUHPHQW�RI� URERW�SRVH� LQ�VL[�GHJUHHV�RI� IUHHGRP��0HDVXUHPHQW��9RO�����������

SS���������

6FKHOOHNHQV�3���5RVLHOOH�1���9HUPHXOHQ�+���9HUPHXOHQ�0���:HW]HOV�6�� DQG�3ULO�:��

'HVLJQ� IRU�SUHFLVLRQ��&XUUHQW� VWDWXV� DQG� WUHQGV��$QQDOV�RI� WKH�&,53��9RO�� ���1R���

������SS���������

6FKPLW]� 7�� DQG� =LHJHUW� -��� 3UHPDFKLQLQJ� FRPSXWHU� QXPHULFDO� FRQWURO� FRQWRXU

YDOLGDWLRQ��3UHFLVLRQ�(QJLQHHULQJ��9RO�����1R����������SS�������

6)6�(1� ,62� ������ 4XDOLW\� V\VWHPV�� 0RGHO� IRU� TXDOLW\� DVVXUDQFH� LQ� GHVLJQ�

GHYHORSPHQW�� SURGXFWLRQ�� LQVWDOODWLRQ� DQG� VHUYLFLQJ�� 6XRPHQ� 6WDQGDUGLVRLPLVOLLWWR

6)6�U�\���+HOVLQNL�)LQODQG����������S�

6RRQV� -�$���7KHXZV�)��&�� DQG�6FKHOOHNHQV�3�+���0RGHOOLQJ� WKH� HUURUV� RI�PXOWL�D[LV

PDFKLQHV��D�JHQHUDO�PHWKRGRORJ\��3UHFLVLRQ�(QJLQHHULQJ��9RO�����1R����������SS����

��

6RRQV�-�$���(UURU�DQDO\VLV�RI�D�KH[DSRG�PDFKLQH�WRRO���
UG
�,QWHUQDWLRQDO�FRQIHUHQFH�RQ

/DVHU�0HWURORJ\�DQG�0DFKLQH�3HUIRUPDQFH��+XGGHUVILHOG�8.��������SS���������

6SDDQ� +�$�0�� 6RIWZDUH� (UURU� &RPSHQVDWLRQ� RI� 0DFKLQH� 7RROV�� 3K'� WKHVLV�

8QLYHUVLW\�RI�(LQGKRYHQ��1HWKHUODQGV�����������S�

7DMEDNKVK�+���$EDGLQ� =�� DQG� )HUUHLUD� 3�0��� /f� SDUDPHWHU� HVWLPDWHV� IRU� YROXPHWULF

HUURU�LQ�PRGHOV�RI�PDFKLQH�WRROV��3UHFLVLRQ�(QJLQHHULQJ��9RO�����1R����������SS������

���

7DNDPDVX�.���*XR�%�:���)XUXWDQL�5��DQG�2]RQR�6���%DVLF�FRQFHSW�RI� IHDWXUH�EDVHG

PHWURORJ\�� 3URFHHGLQJV� RI� �
WK
� ,PHNR� 6\PSRVLXP��0HWURORJ\� IRU� TXDOLW\� FRQWURO� LQ

SURGXFWLRQ��9LHQQD�$XVWULD��������SS���������

7DNHXFKL�<�� DQG�:DWDQDEH�7���*HQHUDWLRQ� RI� ��D[LV� FRQWURO� FROOLVLRQ�IUHH� WRRO� SDWK

DQG�SRVWSURFHVVLQJ�IRU�1&�GDWD��$QQDOV�RI�WKH�&,53��9RO�����1R����������SS��������

7KHXZV� )�&��� (QKDQFHPHQW� RI�PDFKLQH� WRRO� DFFXUDF\�� 7KHRU\� DQG� LPSOHPHQWDWLRQ�

3K'�WKHVLV��8QLYHUVLW\�RI�7HFKQRORJ\�(LQGKRYHQ��1HWKHUODQGV�����������S�

7OXVW\� -��� &RPPHQWV� WR� WKH� SDSHU� RI� .XUWRJOX� $�� DQG� 6RKOHQLXV� *��� $QQDOV� RI� WKH

&,53��9RO��������������S�����

7RUYLQHQ�6���+|OVl�-��DQG�*X�.�<���8VLQJ�PDWKHPDWLFDO�PHWKRGV��QHXUDO�QHWV�DQG�FDVH

EDVHG� UHDVRQLQJ� LQ� WKH� DQDO\VLV� RI�PDFKLQH� WRRO� TXLFN� WHVWV�� 3URFHHGLQJV� RI� WKH� �WK

,QWHUQDWLRQDO�'$$$0�6\PSRVLXP��.UDNRYD�3RODQG���������S�



��

:DQJ� &�� DQG� *ULIILQ� %��� 1RQ�FRQWDFW� FLUFXODU� WHVW� XVLQJ� D� ODVHU�EDOOEDU�� SXEOLFLW\

PDWHULDO�RI�2SWRG\QH�,QF���&RPSWRQ�&DOLIRUQLD�86$����������S�

:HFN�0���0F.HRZQ� 3��� %RQVH� 5�� DQG�+HUEVW� 8��� 5HGXFWLRQ� DQG� FRPSHQVDWLRQ� RI

WKHUPDO�HUURUV�LQ�PDFKLQH�WRROV��$QQDOV�RI�WKH�&,53��9RO��������������SS���������

=KDQJ�%���/L�<��DQG�=KXDQJ�<���5HGXFLQJ�WKH�WKHUPDO�GHIRUPDWLRQV�RI�PDFKLQH�WRROV

E\�KHDW�SLSHV��3URFHHGLQJV�RI�WKH�&,53��6HSW��������SS���������



��
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$EEUHYLDWLRQV��XQLWV�DQG�IRUPXODH�XVHG�LQ�DSSHQGLFHV

0HDVXUHPHQW�,'�QXPEHU�ORRN�XS�WDEOH

,' 1DPH 0DFKLQH 'HYLFH &RPPHQW 'DWH )HHG PP�PLQ

�� 0DNLQR $�� � 77(. 0DNLQR $�� *ULG (QFRGHU *�� ���������� �������� �������

�� 0DNLQR $�� � 77(. 0DNLQR $�� *ULG (QFRGHU *�� ���������� �������� �������

�� 0DNLQR $�� � 77(. 0DNLQR $�� *ULG (QFRGHU *�� ���������� �������� ������

�� 0DNLQR $�� � 77(. 0DNLQR $�� *ULG (QFRGHU *�� ���������� �������� ������

�� 0DNLQR $�� � 77(. 0DNLQR $�� *ULG (QFRGHU *�� ���������� �������� ��������

�� 0DNLQR $�� � 77(. 0DNLQR $�� *ULG (QFRGHU *�� ���������� �������� �������

�� 0DNLQR $�� � 77(. 0DNLQR $�� *ULG (QFRGHU *�� ���������� �������� �������

�� 0DNLQR $�� � 77(. 0DNLQR $�� *ULG (QFRGHU *�� ���������� �������� ������

�� 0DNLQR $�� � 77(. 0DNLQR $�� *ULG (QFRGHU *�� ���������� �������� ������

�� 0DNLQR $�� � 77(. 0DNLQR $�� *ULG (QFRGHU *�� ���������� �������� �������

�� 0DNLQR $�� � 77(. 0DNLQR $�� *ULG (QFRGHU *�� ���������� �������� �������

�� 0DNLQR $�� � 77(. 0DNLQR $�� *ULG (QFRGHU *�� ���������� �������� ������

�� 0DNLQR $�� � 77(. 0DNLQR $�� *ULG (QFRGHU *�� ���������� �������� ������

�� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; *ULG (QFRGHU *�� �GHIDXOW� ��������� �������� ������

�� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; *ULG (QFRGHU *�� ��������� �������� �������

�� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; *ULG (QFRGHU *�� ��������� �������� ������

�� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; *ULG (QFRGHU *�� ��������� �������� �������

�� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; *ULG (QFRGHU *�� ��������� ������� ������

�� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; *ULG (QFRGHU *�� ��������� ������� �������

�� 0DNLQR $�� � ,QVWUXPHQWDULXP 0DNLQR $�� *ULG (QFRGHU ���������� ������� ������

�� 0DNLQR $�� � ,QVWUXPHQWDULXP 0DNLQR $�� *ULG (QFRGHU ���������� ������� �������

�� 0DNLQR $�� � ,QVWUXPHQWDULXP 0DNLQR $�� *ULG (QFRGHU ���������� �������� ������

�� 0DNLQR $�� � ,QVWUXPHQWDULXP 0DNLQR $�� *ULG (QFRGHU ���������� �������� �������

�� 0DNLQR $�� � ,QVWUXPHQWDULXP 0DNLQR $�� *ULG (QFRGHU ���������� �������� ������

�� 0DNLQR $�� � ,QVWUXPHQWDULXP 0DNLQR $�� *ULG (QFRGHU ���������� �������� �������

�� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; &00 3LHFH � � 'DHZRR ���������� ������� ������

�� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; &00 6WHSZLVH FKDQJH ���������� ������� ������

�� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; &00 6WHSZLVH FKDQJH ���������� ������� ������

��� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; &00 3LHFH � � 'DHZRR ���������� ������� ������

��� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; &00 6WHSZLVH FKDQJH ���������� ������� ������

��� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; &00 6WHSZLVH FKDQJH ���������� ������� ������

��� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; &00 3LHFH � � 'DHZRR ���������� ������� ������

��� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; &00 6WHSZLVH FKDQJH ���������� ������� ������

��� 'DHZRR � )DVWHPV 'DHZRR $&(�+��; &00 3LHFH � � 'DHZRR ���������� ������� ������

��� 0DNLQR $�� � 77(. 0DNLQR $�� &00 3LHFH � � 0DNLQR ���������� �������� ������
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��� 0DNLQR $�� � 77(. 0DNLQR $�� &00 3LHFH � � 0DNLQR ���������� �������� �������

��� 0DNLQR $�� � 77(. 0DNLQR $�� &00 3LHFH � � 0DNLQR ���������� �������� ������

��� 0DNLQR $�� � 77(. 0DNLQR $�� &00 3LHFH � � 0DNLQR ���������� �������� �������

��� 0DNLQR $�� � 77(. 0DNLQR $�� &00 3LHFH � � 0DNLQR ���������� �������� �������

��� 0DNLQR $�� � 77(. 0DNLQR $�� &00 3LHFH � � 0DNLQR ���������� �������� ������

��� 0DNLQR $�� � 77(. 0DNLQR $�� &00 3LHFH � � 0DNLQR ���������� �������� �������

��� 0DNLQR $�� � 77(. 0DNLQR $�� &00 3LHFH � � 0DNLQR ���������� �������� ������

��� 0DNLQR $�� � 77(. 0DNLQR $�� &00 3LHFH � � 0DNLQR ���������� �������� ������

��� 0D]DN )+���; � 7.. 0D]DN )+���; *ULG (QFRGHU �������� �������� ������

��� 0D]DN )+���; � 7.. 0D]DN )+���; *ULG (QFRGHU *���� SDWK FRUUHFWLRQ �������� �������� �������

��� 0D]DN )+���; � 7.. 0D]DN )+���; *ULG (QFRGHU *���� SDWK FRUUHFWLRQ �������� �������� ��������

��� 0D]DN )+���; � 7.. 0D]DN )+���; *ULG (QFRGHU �������� �������� ������

��� 0D]DN )+���; � 7.. 0D]DN )+���; *ULG (QFRGHU �������� �������� ��������

��� 0D]DN )+���; � 7.. 0D]DN )+���; *ULG (QFRGHU �������� �������� �������

��� 0D]DN )+���; � 7.. 0D]DN )+���; *ULG (QFRGHU �������� �������� ������

��� 0D]DN )+���; � 7.. 0D]DN )+���; *ULG (QFRGHU �������� �������� �������

��� 0D]DN )+���; � 7.. 0D]DN )+���; *ULG (QFRGHU �������� �������� ��������

��� 0DNLQR $�� � 77(. 0DNLQR $�� &00 3LHFH � � 0DNLQR �������� �������� �������

��� 0DNLQR $�� � ,QVWUXPHQWDULXP 0DNLQR $�� &00 3LHFH � � 0DNLQR $�� �������� �������� ������

��� 0DNLQR $�� � UHSHDWV 0DNLQR $�� &00 3LHFH � � 0DNLQR ��������� ������� �������

��� 0DNLQR $�� � UHSHDWV 0DNLQR $�� &00 3LHFH � � 0DNLQR ��������� ������� ������

��� 'DHZRR � UHQHZDO 'DHZRR $&(�+��; &00 3LHFH � � 'DHZRR ��������� ������� ������

��� 'DHZRR � UHQHZDO 'DHZRR $&(�+��; &00 3LHFH � � 'DHZRR ��������� ������� ������

��� 'DHZRR � UHQHZDO 'DHZRR $&(�+��; &00 3LHFH � � 'DHZRR ��������� ������� ������

��� 'DHZRR � UHQHZDO 'DHZRR $&(�+��; &00 3LHFH � � 'DHZRR ��������� ������� ������

��� 'DHZRR � UHQHZDO 'DHZRR $&(�+��; &00 3LHFH � � 'DHZRR ��������� ������� ������

��� 0DNLQR $�� � �QG UHSHDWV 0DNLQR $�� &00 3LHFH � � 0DNLQR ��������� �������� �������

��� 0DNLQR $�� � �QG UHSHDWV 0DNLQR $�� &00 3LHFH � � 0DNLQR ��������� �������� �������

��� 0DNLQR $�� � �QG UHSHDWV 0DNLQR $�� &00 3LHFH � � 0DNLQR ��������� �������� �������

��� 0DNLQR $�� � �QG UHSHDWV 0DNLQR $�� &00 3LHFH � � 0DNLQR ��������� �������� �������

��� 0DNLQR $�� � �QG UHSHDWV 0DNLQR $�� &00 3LHFH � � 0DNLQR � &00 %DWFK ��������� �������� �������

��� 0DNLQR $�� � �QG UHSHDWV 0DNLQR $�� &00 3LHFH � � 0DNLQR � &00 %DWFK ��������� ������� �������

��� 0DNLQR $�� � �QG UHSHDWV 0DNLQR $�� &00 3LHFH � � 0DNLQR � &00 %DWFK ��������� �������� �������

��� 0DNLQR $�� � =HLVV 0DNLQR $�� &00 3LHFH � � 0DNLQR � =HLVV �������� ������� �������

��� 0DNLQR $�� � =HLVV 0DNLQR $�� &00 3LHFH � � 0DNLQR � =HLVV �������� ������� �������

��� 0DNLQR $�� � =HLVV 0DNLQR $�� &00 3LHFH � � 0DNLQR � =HLVV �������� ������� �������

��� 0DNLQR $�� � =HLVV 0DNLQR $�� &00 3LHFH � � 0DNLQR � =HLVV �������� ������� �������

��� 0DNLQR $�� � =HLVV 0DNLQR $�� &00 3LHFH � � 0DNLQR � =HLVV �������� ������� �������

��� 0LWVXL 6HLNL � 2< ���������� 0LWVXL 6HLNL *ULG (QFRGHU ��������� �������� ������

��� 0LWVXL 6HLNL � 2< ���������� 0LWVXL 6HLNL *ULG (QFRGHU ��������� �������� �������

��� 0LWVXL 6HLNL � 2< ���������� 0LWVXL 6HLNL *ULG (QFRGHU ��������� �������� ������
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��� 0LWVXL 6HLNL � 2< ���������� 0LWVXL 6HLNL *ULG (QFRGHU ��������� �������� �������

��� 0LWVXL 6HLNL � 2< ���������� 0LWVXL 6HLNL *ULG (QFRGHU ��������� �������� ������

��� 0LWVXL 6HLNL � 2< ���������� 0LWVXL 6HLNL *ULG (QFRGHU ��������� �������� �������

��� 0LWVXL 6HLNL � 2< WHVW SLHFH 0LWVXL 6HLNL &00 9HU\ ILUVW SLHFH �������� �������� ������

��� 0LWVXL 6HLNL � 2< WHVW SLHFH 0LWVXL 6HLNL &00 &ROG PDFKLQH �������� �������� ������

��� 0LWVXL 6HLNL � 2< WHVW SLHFH 0LWVXL 6HLNL &00 :DUP PDFKLQH � �� PHDVXUHPHQW �������� �������� ������

��� 0LWVXL 6HLNL � 2< WHVW SLHFH 0LWVXL 6HLNL &00 :DUP PDFKLQH � �� PHDVXUHPHQW �������� �������� ������

��� 0LWVXL 6HLNL � 2< WHVW SLHFH 0LWVXL 6HLNL &00 :DUP PDFKLQH � �� PHDVXUHPHQW �������� �������� ������
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6FDOH �P�P VFDOH PLVPDWFK EHWZHHQ WZR D[HV

6FDOH + �P�P VFDOLQJ HUURU RI WKH ILUVW D[LV

6FDOH 9 �P�P VFDOLQJ HUURU RI WKH VHFRQG D[LV

%DFN 3+ �P EDFNODVK DW SRVLWLYH HQG RI WKH ILUVW D[LV

%DFN 39 �P EDFNODVK DW SRVLWLYH HQG RI WKH VHFRQG D[LV
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$�VDPSOH�FDVH ��� $SSHQGL[���

$�VDPSOH�FDVH

7KH� VDPSOH� FDVH� SUHVHQWHG� KHUH� FRQVLVWV� WZR� PDLQ� SKDVHV�� ILUVW� WKH� FUHDWLRQ� RI� D

VLPXODWHG� PHDVXUHPHQW� FDVH� DQG� VHFRQGO\� WKH� DQDO\VLQJ� RI� WKLV� PHDVXUHPHQW�� $

VLPXODWHG� FDVH� LV� XVHG� KHUH� WR� KDYH� H[DFW� YDOXHV� IRU� GHYLDWLRQ� W\SHV�� 7KXV� ZH� FDQ

FRPSDUH�WKH�UHVXOWV�RI�WKH�DQDO\VLV�SKDVH�GLUHFWO\�WR�WKH�LQLWLDO�YDOXHV�JLYHQ�EHORZ�

, 6LPXODWLRQ�RI�WKH�PHDVXUHPHQW�FDVH

6RPH�GHYLDWLRQ�W\SHV�DUH�ILUVW�FKRVHQ�WR�EH�LQFOXGHG�LQ�WKH�VLPXODWLRQ��7KH�WHVW�SDWK

WUDFH�LV�FKRVHQ�WR�EH�VLPLODU�WR�WKH�%$6�WHVW�SLHFH�IRU�QXPHULFDOO\�FRQWUROOHG�PLOOLQJ

DQG�GULOOLQJ�PDFKLQHV�>%$6@��7KH�WHVW�SLHFH�GHVFULEHG�LQ�WKH�%$6�JXLGH�LV�DOWHUHG�VR

WKDW� WKH� WHVW� LV�SRVVLEOH� WR�SHUIRUP�ZLWKRXW�DFWXDO�FXWWLQJ�E\�D�FURVV�JULG�HQFRGHU�RU

VRPH�RWKHU�IUHH�IRUP�FDSDEOH�PHDVXULQJ�GHYLFH��$OVR�DQRWKHU�FLUFOH�IRUP�LV�DGGHG�WR

WKH� WHVW� WUDFH� LQ� RUGHU� WR� KDYH� FLUFXODU� LQWHUSRODWLRQ� ERWK� LQ� FORFNZLVH� DQG� FRXQWHU�

FORFNZLVH�GLUHFWLRQV�

7DEOH����� ,QLWLDO�PDJQLWXGHV�RI�GHYLDWLRQV

'HYLDWLRQ W\SH 0DJQLWXGH

%DFNODVK [ �� �P

%DFNODVK \ � �P

/DWHUDO SOD\ [ � �P

6FDOH HUURU [ �� �P

6FDOH HUURU \ �� �P
6HUYR PLVPDWFK � �P

6TXDUHQHVV �� DUFVHF

9LEUDWLRQ � �P

'HYLDWLRQV� DUH� XVHG� LQ� WKH� VWHSSLQJ� HQJLQH� RI� WKH� VLPXODWRU� VRIWZDUH� WR� FUHDWH� D

PHDVXUHPHQW� FDVH�� ZKLFK� UHPLQGV� UHDO� PHDVXUHPHQW� FDVHV�� 7KH� VLPXODWLRQ� FDVH� LV

VDYHG� LQWR� WKH� $6&,,� ILOH� DV� D� ORQJ� OLVW� RI� FR�RUGLQDWH� SDLUV�� 7KH� SRVLWLRQLQJ� ILOH

FRQVLVWV�DOWRJHWKHU������OLQHV�LQ�WKLV�FDVH�

)LJXUH���� 6LPXODWHG�PHDVXUHPHQW�FDVH
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,, $QDO\VLV

7KH� DQDO\VLV� SURFHVV� JRHV� IRUZDUG� VWHSZLVH�� %HFDXVH� WKH� FRPSXWHU� SURJUDP�PDNHV

WKH�DFWXDO�ZRUN�DQG�EHFDXVH�WKH�SURFHVV� LV� LQWULFDWH��QRW�DOO� WKH�GHWDLOV�DUH�GHVFULEHG

KHUH��+RZHYHU�DOO�WKH�PDLQ�WDVNV�DUH�GHVFULEHG�LQ�VXFK�D�OHYHO�WKDW�WKH�UHDGHU�VKDOO�EH

DEOH�WR�UHSOLFDWH�WKH�DQDO\VLV�SURFHVV�

�� 0RGHOOLQJ�RI�WKH�WKHRUHWLFDO�SDWK

$�GHVFULSWLRQ�RI� WKH�SDWK� HOHPHQWV� LV� FUHDWHG�� ,W� FRQVLVWV� OLVW� RI� IHDWXUHV� LQ� RUGHU� RI

DSSHDUDQFH� DQG� WKHLU� DWWULEXWHV�� 3DWK� GHVFULSWLRQ� KDV� DOVR� LGHQWLILFDWLRQ� ILHOGV� DQG

GHILQLWLRQ� RI� WKH�PHDVXUHPHQW� SODQH�� 7KLV� LQIRUPDWLRQ� LV� UHTXLUHG� SULRU� UHDGLQJ� WKH

SRVLWLRQLQJ�ILOH��7KH�SDWK�FDQ�EH�VWRUHG�LQ�WKH�GDWDEDVH�IRU�WKH�ODWHU�XVH�

)LJXUH���� 7KH�VFUHHQ�WR�VHW�XS�DWWULEXWHV�RI�D�IHDWXUH

)LJXUH���� 7KH�VFUHHQ�WR�OLVW�DOO�WKH�IHDWXUHV�LQ�WKH�SDWK�GHVFULSWLRQ

�� 5HDGLQJ�LQ�WKH�SRVLWLRQLQJ�ILOH

7KH� SRVLWLRQLQJ� ILOH� LV� UHDG� LQ� WKH�PHPRU\� DV� FR�RUGLQDWH� SDLUV�� ,I� QHFHVVDU\�� D� FR�

RUGLQDWH�FRQYHUVLRQ�RU�VFDOLQJ�WR�DQRWKHU�PHDVXULQJ�XQLWV�DUH�PDGH�



$�VDPSOH�FDVH ��� $SSHQGL[���

�� 6SOLWWLQJ�WKH�PHDVXUHPHQW�WR�IHDWXUHV

:H�FDOFXODWH� WKH�ORFDWLRQ�RI� WKH� ILUVW�FR�RUGLQDWH�SDLU� LQ� UHODWLRQ� WR� WKH�VWDUW�]RQH�RI

WKH�ILUVW�IHDWXUH�>)LJXUH���@��,I�WKH�SRLQW�LV�ORFDWHG�LQVLGH�WKH�VWDUW�]RQH��ZH�FRQVLGHU

WKLV�SRLQW�DV�WKH�VWDUW�RI�WKH�IHDWXUH��,I�LW�GLGQ¶W�OLH�LQVLGH�WKH�VWDUW�]RQH��ZH�SURFHHG�WR

WKH�QH[W�FR�RUGLQDWH�SDLU�DQG�FKHFN�ZKHWKHU�WKDW�RQH�LV�LQVLGH�WKH�VWDUW�]RQH�

$OO� WKH� FRQVHFXWLYH� FR�RUGLQDWH�SDLUV� DUH�QRZ�PDUNHG� WR�EHORQJ� WR� WKH� ILUVW� IHDWXUH�

(YHU\� SRLQW� LV� FKHFNHG� ZKHWKHU� LW� OLHV� LQVLGH� WKH� HQG� ]RQH� RI� WKH� IHDWXUH�� ,I� WKLV

KDSSHQV��WKH�SRLQW�LV�PDUNHG�WR�EH�WKH�ODVW�SRLQW�RI�WKH�FXUUHQW�IHDWXUH�DQG�ZH�VWDUW�WR

VHDUFK�IRU�WKH�VWDUW�]RQH�RI�WKH�IROORZLQJ�IHDWXUH�

�� &RQYHUVLRQ�WR�ORFDO�FR�RUGLQDWH�V\VWHPV

7KH� SRLQWV� EHORQJLQJ� WR� HDFK� IHDWXUH� DUH� FRQYHUWHG� WR� WKH� FRUUHVSRQGLQJ� ORFDO� FR�

RUGLQDWH� V\VWHP�� 0HDVXUHPHQW� SRLQWV� DUH� SUHVHQWHG� ZLWK� WZR� FRPSRQHQWV� WKH

IROORZLQJ�ZD\�

7DEOH����� /RFDO�FR�RUGLQDWH�V\VWHPV

)HDWXUH W\SH �
VW
FRPSRQHQW �P� �

QG
FRPSRQHQW �S�

$UF UDGLDO GHYLDWLRQ IURP QRPLQDO

UDGLXV

DQJXODU SRVLWLRQ

9HFWRU GHYLDWLRQ IURP YHFWRU LQ

SHUSHQGLFXODU GLUHFWLRQ

SRVLWLRQ DORQJ YHFWRU

3RLQW GHYLDWLRQ LQ GLUHFWLRQ RI �
VW
D[LV GHYLDWLRQ LQ GLUHFWLRQ RI �

QG
D[LV

�� 6HDUFK�RI�WKH�VXVSHFWHG�F\FOLF�GHYLDWLRQ�SLWFK

6HFWRUV� IURP� DUFV� DUH� VHOHFWHG� VR� WKDW� WKH\� EHVW� UHIOHFW� F\FOLF� GHYLDWLRQ� EHKDYLRXU�

6HDUFK�]RQH�RI�WKH�ILUVW�D[LV�LV�DURXQG�WKH�ILUVW�D[LV�DQG�WKH�VHDUFK�]RQH�RI�WKH�VHFRQG

D[LV�DURXQG�WKH�VHFRQG�D[LV�>)LJXUH���@��6HDUFK�]RQH�KDV�WR�EH�ORQJ�HQRXJK�WR�RFFXS\

DW�OHDVW�RQH�IXOO�F\FOH�RI�WKH�ORQJHVW�SLWFK�WR�VHDUFK�IRU�

'LIIHUHQW�SRVVLEOH�SLWFKHV�DUH�VWRUHG�LQ�D�FRQILJXUDWLRQ�DUUD\��(DFK�SLWFK�LV�ILWWHG�WR�WKH

PHDVXUHPHQW� GDWD� XVLQJ� WKH� VDPH� PHWKRG� DV� LV� SUHVHQWHG� IRU� WKH� DFWXDO� GHYLDWLRQ

ILWWLQJ��5HVLGXDO�EHWZHHQ�RULJLQDO�PHDVXUHPHQW�GDWD� DQG� ILWWHG�GDWD� LV� FDOFXODWHG� IRU
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FKRLFH��7KH�VDPH�FDOFXODWLRQ�LV�PDGH�LQGLYLGXDOO\�IRU�ERWK�D[HV�
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�� &DOFXODWLRQ�RI�WKH�WKHRUHWLFDO�SDWK�WUDFH

:H� FDQ� FDOFXODWH� EDFN� QRZ� D� WKHRUHWLFDO� SDWK� WUDFH� EDVHG� RQ� WKH� DQDO\VLV� UHVXOWV

DFKLHYHG� LQ� WKH� SUHYLRXV� SKDVH�� 7KLV� SDWK� WUDFH� FDQ� EH� XVHG� WR� FRPSDUH� DQDO\VLV

UHVXOWV� WR� RULJLQDO� PHDVXUHPHQW� GDWD� DQG� LW� LV� QHHGHG� WR� FDOFXODWH� WKH� HVWLPDWH� RI
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DQ�RYHUVKRRW�RU�DQ�XQGHUVKRRW�KDV�RFFXUUHG��,I�D�FRQWURO�OLPLW�RYHUVKRRW�KDV�RFFXUUHG�

D�QRWLILFDWLRQ�LV�JLYHQ�WR�WKH�RSHUDWRU�



$�VDPSOH�FDVH ��� $SSHQGL[���

��� 3UHVHQWLQJ�RI�WKH�UHVXOWV

&DOFXODWHG�UHVXOWV�DUH�VKRZQ�WR�WKH�RSHUDWRU�>)LJXUH���@��7KH�IROORZLQJ�UHVXOWV�>7DEOH

��@� DUH� DFKLHYHG� IRU� WKLV� SDUWLFXODU� FDVH�� 7KH� PD[LPXP� GLIIHUHQFH� EHWZHHQ� WKH

DQDO\VLV�UHVXOWV�DQG�WKH�LQLWLDO�YDOXHV�RI�WKH�VLPXODWLRQ�>7DEOH���@�LV�WKLV�WLPH����

7DEOH����� $QDO\VLV�UHVXOWV

'HYLDWLRQ W\SH 0DJQLWXGH

%DFNODVK [ �� �P

%DFNODVK \ � �P

/DWHUDO SOD\ [ � �P

6FDOH HUURU [ ���� �P � SHU WKH ZLGWK RI WKH SDWK�

6FDOH HUURU \ ���� �P �SHU WKH KHLJKW RI WKH SDWK�
6HUYR PLVPDWFK ��� �P

6TXDUHQHVV �� DUFVHF

9LEUDWLRQ � �P

)LJXUH���� 6FUHHQ�IRU�DQDO\VLV�UHVXOWV



([DPSOH�SULQWRXW ��� $SSHQGL[���

([DPSOH�SULQWRXW�RI�WKH�DQDO\VLV�VRIWZDUH

Tampere University of Technology
Institute of Production Engineering

Version: 1.2.10

FeatureCheck

Measurement Session: Makino A55 / TTEK Machine: Makino A55
Date: 13.10.1997 18:31:41 Measured By: Jouni Hölsä
Customer: TTEK Device: Grid Encoder
Piece Name: Makino A55 xy 400mm/min Origin of Measurement: x:0 , y:-480 , z:-377

Feature Points Feedrate Tool Feature Points Feedrate Tool
Vector  286 400 mm

min Circle  456 400 mm
min

Circle  456 400 mm
min Point  1 400 mm

min

Circle  456 400 mm
min Circle  456 400 mm

min

Point  1 400 mm
min Vector  217 400 mm

min

Vector  413 400 mm
min Vector  413 400 mm

min

Vector  413 400 mm
min Vector  412 400 mm

min

Point  1 400 mm
min Vector  412 400 mm

min

Vector  413 400 mm
min Vector  412 400 mm

min

Vector  412 400 mm
min Point  1 400 mm

min

Vector  278 400 mm
min

Circularity LSC: 5 µm Straightness LS: 3 µm

Scale mismatch (x-y): -3 µm/m Vibration: 1 µm

Squareness: -12 µm/m Servo Mismatch (x-y): 0,78 µm

Servo Lag: 1,07 µm

Positional Accuracy x: Positional Accuracy y: 1 µm

Axis Spike x: 1 µm Axis Spike y: 1 µm

Backlash x+: 0 µm Backlash y+: 2 µm
Backlash x-: 1 µm Backlash y-: 2 µm

Cyclic error x: 0 µm Cyclic error y: 1 µm
Pitch x: Pitch y:

Lateral Play x: 0 µm Lateral Play y: 0 µm

Scale error x: 17 µm/m Scale error y: 20 µm/m

Straightness x: -1 µm / 140mm Straightness y: 0 µm / 140mm

G61

CW CCW Scale 5,0 µm



$QDO\VLV�SURJUDP�VHWXS ��� $SSHQGL[���

$QDO\VLV�SURJUDP�VHWXS

<RX�FDQ� LQVWDOO� WKH�DQDO\VLV�SURJUDP�GHVFULEHG� LQ� WKLV� WKHVLV� WR�\RXU�FRPSXWHU� IURP

WKH� HQFORVHG� &'�� 7KH� SURJUDP� UHTXLUHV� 3&�FRPSDWLEOH� FRPSXWHU� ZLWK� :LQGRZV

���17��RU�QHZHU��RSHUDWLRQ�V\VWHP�DQG���PHJDE\WHV�IUHH�VSDFH�LQ�WKH�KDUG�GLVN��5XQ

VHWXS�H[H�LQ�WKH�URRW�IROGHU�WR�VWDUW�WKH�LQVWDOODWLRQ�
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