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0HWURORJ\�KDV�EHHQ�SUHVHQW� LQ�RXU� VFLHQWLILF�NQRZOHGJH� IRU�D� ORQJ� WLPH��EXW�PRVWO\� LQ�SK\VLFDO�PHDVXUHPHQWV�
&KHPLFDO�PHDVXUHPHQW�FDQ�EH�GHILQHG�DV� D�FRPSDULVRQ�RI� D�TXDQWLW\�RI�PHDVXUDQG�DQG� UHODWLQJ� LW� WR�D�XQLW� �H�J�
PRO�NJ���:KHQ�H[SUHVVLQJ�D� UHVXOW�RI�D�PHDVXUHPHQW�� WKH�SUREOHP�RI� WUDFHDELOLW\��YDOLGDWLRQ�DQG� WKH�PHDVXUHPHQW
XQFHUWDLQW\��08��HYDOXDWLRQ�PXVW�EH�FKDOOHQJHG��,W�LV�ZHOO�NQRZQ�WKDW�08�LV�D�SDUDPHWHU�DVVRFLDWHG�ZLWK�WKH�UHVXOW
RI�D�PHDVXUHPHQW� WKDW� FKDUDFWHUL]HV� WKH�GLVSHUVLRQ�RI� WKH�YDOXHV� WKDW� FRXOG� UHDVRQDEO\�EH�DWWULEXWHG� WR� WKH�PHDV�
XUDQG��7KH�((&�GRFXPHQW���������ZLWK�LWV�DQQH[HV�JLYHV�WKH�PHWKRGV�RI�DQDO\VLV�WR�DVVHVV�WKH�FKDUDFWHULVWLFV�RI�RO�
LYH�RLOV�DQG�ROLYH�SRPDFH�RLOV�ZLWK�JLYHQ�OLPLWV��7KH�(&�GRFXPHQW�����������JLYHV�WKH�VFKHPH��WKH�DOJRULWKP��WKH
SDWKZD\�� WKH� GHFLVLRQ� WUHH� WR� GLIIHUHQWLDWH� EHWZHHQ� YDULRXV� W\SHV� RI� ROLYH� RLOV� XVLQJ� WKH� SDUWLFXODU� GHWHUPLQDWLRQV
EDVHG�RQ�OLPLWV��7KH�PDMRU�ODFN�RI�WKHVH�(&�PHWKRGV�LV�WKH�QRQ�H[LVWHQFH�RI�YDOLGDWLRQ�SDUDPHWHUV��ZKLFK�DUH�FUXFLDO
LQ�GHWHUPLQLQJ�WKH�08��DQG�LQ�DFFUHGLWDWLRQ�RI�D�ODERUDWRU\���7KHUH�DUH�VHYHUDO�ZD\V�RI�HYDOXDWLQJ��EHWWHU�WHUP�WKDQ
FDOFXODWLQJ��WKH�08��ZLWK�PRGHO�HTXDWLRQ��ZLWK�XVH�RI�D�FHUWLILHG�UHIHUHQFH�PDWHULDO��&50��DQG�ZLWK�SDUWLFLSDWLRQ�LQ
D�SURILFLHQF\�WHVWLQJ��37��VFKHPH��08�IRU�D�PHWKRG�RI�DQDO\VLV�LV�LQKHUHQW�WR�D�ODERUDWRU\�DQG�FDQ�VHUYH�DV�D�WRRO�IRU
�PHDVXULQJ�� WKH�TXDOLW\�RI�D� ODERUDWRU\��8QIRUWXQDWHO\�� WKHUH�DUH�SUDFWLFDOO\�QR�&50¢V� LQ� WKH�ROLYH�RLO� WHVWLQJ� ILHOG�
7KH�RQO\�ZD\�WR�DFKLHYH�D�XVDEOH�08�LV�WKURXJK�SDUWLFLSDWLRQ�LQ�37�VFKHPHV�

.H\�ZRUGV��&50��((&����������(&������������PHWURORJ\��ROLYH�RLO��37�VFKHPH��XQFHUWDLQW\
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/D�PHWURORJLD�o�SDUWH�GHOOD�QRVWUD�FRQRVFHQ]D�VFLHQWLILFD�RUPDL�GD�OXQJR�WHPSR��VSHFLDOPHQWH�QHOOH�PLVXUD]LRQL
ILVLFKH��/H�PLVXUD]LRQL�FKLPLFKH�SRVVRQR�YHQLU�GHILQLWH�FRPH�FRQIURQWR�IUD�OD�TXDQWLWi�GHOOD�VRVWDQ]D�PLVXUDWD�H�OD
UHODWLYD�XQLWi�GL�PLVXUD��SHU�HV��PRO�NJ���4XDQGR�YLHQH�HVSUHVVR�LO�ULVXOWDWR�GL�XQD�PLVXUD]LRQH��L�SUREOHPL�GL�ULQWUDF�
FLDELOLWi��FRQYDOLGD�H�LQFHUWH]]D�GL�PLVXUD]LRQH��08��GHYRQR�YHQLU�SRVWL�LQ�SULPR�SLDQR��²�EHQ�QRWR�FKH�08�VLD�XQ
SDUDPHWUR� DVVRFLDWR� DO� ULVXOWDWR� GHOOD� PLVXUD]LRQH� FKH� FDUDWWHUL]]D� OD� GLVSHUVLRQH� GHL� YDORUL�� FKH� SRVVRQR� YHQLU
UDJLRQHYROPHQWH�DWWULEXLWL�DOOD�VRVWDQ]D�PLVXUDWD��,O�GRFXPHQWR�&((����������FRQ�L�VXRL�DOOHJDWL��IRUQLVFH�L�PHWRGL�GL
DQDOLVL�XVDWL�SHU�YDOXWDUH�OH�FDUDWWHULVWLFKH�GHJOL�ROLL�G¢ROLYD�H�GHJOL�ROLL�G¢ROLYD�UHVLGXL�LQ�FRQIURQWR�DL�OLPLWL�SUHVWDELOLWL�
,O�GRFXPHQWR�&(�����������IRUQLVFH�OR�VFKHPD��O¢DOJRULWPR��LO�SHUFRUVR�GD�VHJXLUH�QHO�SURFHVVR�GL�GLIIHUHQ]LD]LRQH
GHL�YDUL�WLSL�GL�ROLL�G¢ROLYD��XVDQGR�SDUWLFRODUL�GHWHUPLQD]LRQL�EDVDWH�VXL� OLPLWL��/D�PDJJLRU�ODFXQD�GL� WDOL�PHWRGL�(&
FRQVLVWH�QHOOD�QRQ�HVLVWHQ]D�GL�SDUDPHWUL�FRQYDOLGDWL��FUXFLDOL�QHOOD�GHWHUPLQD]LRQH�GL�08� �H�SHU� O¢DFFUHGLWDPHQWR
GHO�ODERUDWRULR���&L�VRQR�YDUL�PRGL�GL�YDOXWDUH��RVVLD�FDOFRODUH��08��FRQ�XQ¢HTXD]LRQH�PRGHOOR��FRQ�O¢XVR�GL�PDWHUL�
DOL� GL� ULIHULPHQWR�FHUWLILFDWL� �&50��H�FRQ� OD�SDUWHFLSD]LRQH�DOOR� VFKHPD�GL�YHULILFD� HPSLULFD� FRPSHWHQWH� �37���08
FRPH�PHWRGR�GL�DQDOLVL�o� LQHUHQWH�DO� ODERUDWRULR�H�SXw�YHQLU�XWLOL]]DWR�FRPH�VWUXPHQWR�SHU� OD� �PLVXUD]LRQH��GHOOD
TXDOLWi�GHO� ODERUDWRULR��3XUWURSSR��SUDWLFDPHQWH�QRQ�FL�VRQR�&50�QHO�FDPSR�GL�YHULILFD�HPSLULFD�GHOO¢ROLR�G¢ROLYD�
/¢XQLFD�YLD�SHU�UDJJLXQJHUH�XQ�08�XWLOL]]DELOH�o�GXQTXH�SDUWHFLSDUH�DOOR�VFKHPD�GL�YHULILFD�HPSLULFD�FRPSHWHQWH�

3DUROH�FKLDYH��&50��&((����������&(������������PHWURORJLD��ROLR�G¤ROLYD��VFKHPD�37��LQFHUWH]]D

,1752'8&7,21

�1RVRWURV� �OD� LQGLYLVD�GLYLQLGDG�TXH�RSHUD�HQ� QRVR�
WURV��KHPRV� VRQaDGR� HO�PXQGR�� /R� KHPRV� VRQaDGR� UHVLV�
WHQWH��PLVWHULRVR�� YLVLEOH�� XELFXR� HQ� HO� HVSDFLR� \� ILUPH
HQ�HO�WLHPSR��SHUR�KHPRV�FRQVHQWLGR�HQ�VX�DUTXLWHFWXUD�
WHQXHV�\�HWHUQRV�LQWHUVWLFLRV�GH�VLQUD]xQ�SDUD�VDEHU�TXH
HV� IDOVR���:H�EHOLHYH� WKLV� TXRWH� E\�$UJHQWLQHDQ�ZULWHU�
SRHW�DQG�FULWLF�-��/��%RUJHV��%RUJHV���������FDQ�VHUYH�DV�D
JRRG� VWDUWLQJ� SRLQW� IRU� WKH� LQWURGXFWLRQ� RI� WKH� WRSLF� RI
WKLV�DUWLFOH��GHDOLQJ�ZLWK� WKH�PHDVXUHPHQW�XQFHUWDLQWLHV
LQ�WKH�ILHOG�RI�ROLYH�RLO�FKDUDFWHULVWLFV�DVVHVVPHQW�

7KH� WHUP� PHDVXUHPHQW� XQFHUWDLQW\� PXVW� EH� LQWUR�
GXFHG� IURP� WKH�PHWURORJLFDO� SRLQW� RI� YLHZ� DQG� WKDW� LV
ZK\�VRPH�EDVLF�WHUPV�DQG�GHILQLWLRQV�ZLOO�EH�SUHVHQWHG�
0HWURORJ\�LV�VLPSO\�WKH�6FLHQFH�RI�PHDVXUHPHQW��PHDV�
XUHPHQW�EHLQJ�WKH��VHW�RI�RSHUDWLRQV�KDYLQJ�WKH�REMHFW�RI
GHWHUPLQLQJ�D�YDOXH�RI�D�TXDQWLW\���0,56���������DQG�LW�LV
QRZDGD\V�SDUW�RI�HYHU\�VFLHQWLILF�SURFHVV� LQ�DOO� VSKHUHV
RI� VFLHQFH�� LQFOXGLQJ� FKHPLVWU\� DQG� LWV� UROH� LQ� WKH� VXV�
WDLQDEOH� GHYHORSPHQW� RI� RXU� (DUWK� �0HLQUDWK� 	� .DOLQ�

�������&RQVHTXHQWO\��FKHPLFDO�PHDVXUHPHQW� LV�D� FRP�
SDULVRQ�� TXDQWLILFDWLRQ� RI� WKH� PHDVXUDQG� �� �SDUWLFXODU
TXDQWLW\� VXEMHFW� WR� PHDVXUHPHQW�� �(85$&+(0�� �����
DQG�LWV� WUDFHDELOLW\�WR� WKH�XQLW��7KHUH�DUH�VHYHUDO� LPSRU�
WDQW� GLIIHUHQFHV� EHWZHHQ� SK\VLFDO� DQG� FKHPLFDO� PHDV�
XUHPHQW� DQG� WKH\� DULVH� IURP� WKH� IDFW� �WKDW� LQ� SK\VLFDO
PHDVXUHPHQW� WKH� LVVXH� LV� WR� FRPSDUH� TXDQWLWLHV� �H�J�
OHQJWKV�RI�GLIIHUHQW�WDEOHV��WUDFHDEOH�WR�D�XQLW��H�J��PHWUH�
DQG�LQ�FKHPLFDO�PHDVXUHPHQW�WKH�LVVXH�LV�WR�FRPSDUH�DQ
DPRXQW�RI�DQDO\WH� �H�J��FRQWHQW�RI�''7� LQ�PHDW�� WUDFH�
DEOH�WR�D�XQLW� �H�J��PRO�NJ���� WKXV�JLYLQJ� WKH� LPSRUWDQFH
WR� WKH� FDOLEUDWLRQ� RI� WKH� LQVWUXPHQWV� LQ� WKH� SK\VLFDO
PHDVXUHPHQWV� DQG� WR� WKH�PHDVXUHPHQW� SURFHGXUH� FDOL�
EUDWLRQ�LQ�FKHPLFDO�PHDVXUHPHQWV��7D\ORU�HW�DO���������
$�FKHPLFDO�PHDVXUHPHQW�KDV�PDQ\�FUXFLDO�VWHSV��DPRQJ
WKHP�VDPSOH�SUHSDUDWLRQ�DQG�VDPSOLQJ��SUHSDUDWLRQ�DQG
SK\VLFDO� FDOLEUDWLRQ� RI� WKH� LQVWUXPHQW�� PHDVXUHPHQW�
GDWD�KDQGOLQJ�DQG�UHSRUWLQJ�RI�WKH�UHVXOWV��$QRWKHU�WHUP
WKDW�PXVW�EH�XQGHUVWRRG�LV�WUDFHDELOLW\��ZKLFK��LV�D�SURS�
HUW\� RI� WKH� UHVXOW� RI� D� PHDVXUHPHQW� RU� WKH� YDOXH� RI� D
VWDQGDUG�ZKHUHE\�LW�FDQ�EH�UHODWHG�WR�VWDWHG�UHIHUHQFHV�
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)LJ�����4XDOLW\�FULWHULD�IRU�WKH�H[WUD�YLUJLQ�ROLYH�RLO��(&������������������
6O�����.DNRYRVWQL�SDUDPHWUL�]D�HNVWUD�GHYLÉNR�ROMàQR�ROMH��(&������������������

XVXDOO\� QDWLRQDO� RU� LQWHUQDWLRQDO� VWDQGDUGV�� WKURXJK� DQ
XQEURNHQ�FKDLQ�RI�FRPSDULVRQV�DOO�KDYLQJ�VWDWHG�XQFHU�
WDLQWLHV��� �,62�9,0�� ������� 7KH� QH[W� VWHS� LQ� WKH� SURSHU
XQGHUVWDQGLQJ� RI� WKH� UHVXOWV� RI� WKH� FKHPLFDO� PHDVXUH�
PHQW� LV�YDOLGDWLRQ� �RI� WKH�PHWKRG��RI� WKH� LQVWUXPHQW��RI
WKH�VRIWZDUH�WRROV�XVHG�����GHILQHG�DV��WKH�FRQILUPDWLRQ
E\�H[DPLQDWLRQ�DQG�SURYLVLRQ�RI�REMHFWLYH�HYLGHQFH�WKDW
WKH� SDUWLFXODU� UHTXLUHPHQWV� IRU� D� VSHFLILF� LQWHQGHG� XVH

DUH� IXOILOOHG�� �,62�,(&� ������� ������� (YHU\� �FKHPLFDO�
PHDVXUHPHQW�UHVXOW�PXVW�EH�DFFRPSDQLHG�E\��SDUDPHWHU
DVVRFLDWHG�ZLWK� WKH� UHVXOW�RI� D�PHDVXUHPHQW�� WKDW� FKDU�
DFWHULVHV�WKH�GLVSHUVLRQ�RI�WKH�YDOXHV�WKDW�FRXOG�UHDVRQD�
EO\�EH�DWWULEXWHG�WR� WKH�PHDVXUDQG����PHDVXUHPHQW�XQ�
FHUWDLQW\��,62�9,0��������

0HDVXULQJ� XQFHUWDLQW\�� ZKLFK�PXVW� DFFRPSDQ\� WKH
UHVXOW�RI�D�FKHPLFDO�PHDVXUHPHQW�� LV�DOZD\V�FRQQHFWHG
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WR� WKH� PHDVXUDQG�� WR� WKH� PDWUL[� FKDUDFWHULVWLFV�� WR� WKH
PHDVXULQJ���DQDO\WLFDO�PHWKRG�DQG�FRQFHQWUDWLRQ�UDQJH
DV� ZHOO�� :H� GHOLEHUDWHO\� GLG� QRW� ZDQW� WR� HQWHU� LQWR
PHDVXULQJ� XQFHUWDLQW\� GHWDLOV� OLNH� FRYHUDJH� IDFWRU�� H[�
SDQGHG�XQFHUWDLQW\�HWF���EXW�KDYH�LQVWHDG�WULHG� WR�PDNH
WKH�PHWURORJLFDO�FRQFHSW�RI�WKH�PHDVXULQJ�XQFHUWDLQW\�DV
FOHDU�DV�SRVVLEOH�

7KH�GRFXPHQW� �5HJXODWLRQ� �((&��1R����������� �((&
���������������DQG�LWV�DPHQGV�JLYH�LQWHU�DOLD�WKH�PHWK�
RGV�RI�DQDO\VLV�DQG�WKH�OLPLW�YDOXHV�QHHGHG�WR�DVVHVV�WKH
FKDUDFWHULVWLFV�RI�ROLYH�DQG�ROLYH�SRPDFH�RLO��7KH�PHWK�
RGV�GHVFULEH� WKH�ZD\�RI�SHUIRUPLQJ�FKHPLFDO�PHDVXUH�
PHQWV�LQ�WKH�TXDOLW\�ILHOG��L�H��WKH�UHVXOWV�VKRZ�WKH�TXDO�
LW\� RI� WKH� RLO� LQ� D� GHFODUHG� FDWHJRU\� ��H�J�� H[WUD� YLUJLQ
ROLYH� RLO�� DQG� WKHVH� DUH�� DFLGLW\�� SHUR[LGH� YDOXH�� 89
VSHFWURPHWU\��.�����û.��.�����DQG� LQ� WKH�SXULW\� ILHOG� �WKH
UHVXOWV� VKRZ� WKH�FRQVLVWHQF\�ZLWKLQ� GHFODUHG� FDWHJRU\��
����VWLJPDVWDGLHQHV��WUDQV�IDWW\�DFLGV��ROHLF��OLQROHLF�DQG
OLQROHQLF��� IDWW\� DFLGV� FRQWHQW��û(&1���� VWHUROV� FRPSR�
VLWLRQ�DQG�WRWDO�VWHUROV��HU\WKURGLRO���XYDRO��ZD[HV��VDWX�
UDWHG�IDWW\�DFLGV�LQ�WKH���SRVLWLRQ��DOFRKROV�

7KH� GRFXPHQW� �&RPPLVVLRQ� 5HJXODWLRQ� �(&�� 1R�
����������� �(&������������ ������ JLYHV� WKH� DOJRULWKP�
WKH�GHFLVLRQ�WUHH�KHOSLQJ�WKH�DVVHVVRU��DQDO\VW��ODERUDWRU\
PDQDJHU��RIILFLDO�LQVSHFWRU��LQ�ILQGLQJ�RU�MXGJLQJ�WKH�RO�
LYH� RLO� VDPSOH� FRQVLVWHQF\�ZLWK� WKH� GHFODUHG� FDWHJRU\�
7KHUH� LV� DQRWKHU� FUXFLDO� YDOXH� LQIOXHQFLQJ� WKH� RYHUDOO
TXDOLW\�DVVHVVPHQW���VHQVRULDO��RUJDQROHSWLF��DVVHVVPHQW�
EXW� QRW� EHLQJ� D� FKHPLFDO� PHDVXUHPHQW� LW� ZLOO� QRW� EH
GLVFXVVHG�KHUHZLWK�� )LJXUHV���DQG��� VKRZ� WKH� GHFLVLRQ
WUHH�IRU�WKH�TXDOLW\�DQG�SXULW\�FULWHULD�IRU�H[WUD�YLUJLQ�RO�
LYH�RLO�

7KHVH�PHWKRGV�RI�DQDO\VLV�KDYH�D�ELJ�GLVDGYDQWDJH�LQ
WKH�OLJKW�RI�WKH�PHWURORJLFDO�SRLQW�RI�YLHZ���WKH\�ODFN�WKH
YDOLGDWLRQ� SDUDPHWHUV�� ZKLFK� DUH� WKH� FUXFLDO� SRLQW� IRU
PDQ\� OHJDO�DVSHFWV�RI� WKH� WHVWLQJ� ODERUDWRU\�FRPSULVLQJ
WKH�DFFUHGLWDWLRQ�GRFXPHQWV��$QG�KHUH�D�VRUW�RI�FLUFXOXV
YLWLRVXV� DULVHV�� KRZ� FDQ� D� ODERUDWRU\� SRVVLEO\� FRPH� WR
WKHVH�YDOLGDWLRQ�GDWD"�7KH�RQO\��DOWKRXJK�WHGLRXV�ZD\�LV
WR�PDNH� WKH� VR�FDOOHG� LQ�KRXVH�PHWKRGV�DQG� OLQN� WKHP
WKURXJK�WUDFHDEOH�GHWHUPLQDWLRQV�DQG�FRQWURO�VDPSOHV�WR
WKH�PHQWLRQHG�PHWKRGV�RI�DQDO\VLV� IURP� WKH�GRFXPHQW�
$QG� VHFRQGO\�� KRZ� WR� UHDFK�GHWHUPLQH� DOO� WKH� QHHGHG
�PHWURORJLFDO� DQG� DFFUHGLWDWLRQ� GHPDQG�� XQFHUWDLQW\
YDOXHV�IRU�DOO�PHWKRGV�RI�DQDO\VLV"

,W�LV�ZHOO�NQRZQ�WKDW�VHYHUDO�DSSURDFKHV�H[LVW��VRPH
FRPH�IURP�WKH�XQFHUWDLQW\�EXGJHW�FRQVWUXFWLRQ�EDVHG�RQ
WKH�PRGHO�HTXDWLRQV��'HKRXFN�HW�DO���������7DUWDFFD�HW
DO��� ����� �WKH� RQO\� RQH� GHDOLQJ� H[FOXVLYHO\� ZLWK� ROLYH

RLOV� VSHFWURSKRWRPHWULF� GHWHUPLQDWLRQ��� &ODUH�� �����
3RSXODLUH�	�*LPHQH]��������6RRYlOL�HW�DO����������VRPH
XVH�&HUWLILHG�5HIHUHQFH�PDWHULDOV��&50���*OXVFKNH�HW�DO��
������� VRPH� XVH� GDWD� IURP� WKH� ,QWHU� /DERUDWRU\� &RP�
SDULVRQV��,/6��DQG�RU�3URILFLHQF\�7HVWLQJ��37��VFKHPHV��$
&50�LV�GHILQHG�DV��5HIHUHQFH�PDWHULDO��DFFRPSDQLHG�E\
D�FHUWLILFDWH��RQH�RU�PRUH�RI�ZKRVH�SURSHUW\�YDOXHV�DUH
FHUWLILHG� E\� D� SURFHGXUH�� ZKLFK� HVWDEOLVKHV� WUDFHDELOLW\
WR�DQ�DFFXUDWH�UHDOL]DWLRQ�RI�WKH�XQLW�LQ�ZKLFK�WKH�SURS�
HUW\� YDOXHV�DUH� H[SUHVVHG�� DQG� IRU�ZKLFK� HDFK� FHUWLILHG
YDOXH�LV�DFFRPSDQLHG�E\�DQ�XQFHUWDLQW\�DW�D�VWDWHG�OHYHO
RI�FRQILGHQFH���,62�9,0���������6HYHUDO�GHILQLWLRQV�H[LVW
�0DMFHQ��������DQG� ODWHO\� WKHUH� LV�D�QHHG� IRU� VRPHKRZ
PRUH�DFFXUDWH�GHILQLWLRQV�RI�&50¤V��(PRQV�HW�DO���������
,Q�WKH�ROLYH�RLO� ILHOG�WKHUH�DUH��XQIRUWXQDWHO\��SUDFWLFDOO\
QR�&50¤V��7KHUH�DUH�ZD\V��ZKLFK�D�ODE�FDQ�WDNH�WR�VROYH
WKLV�SUREOHP�ZLWK�WKH�DLG�RI�FRQWURO�VDPSOHV��9HQHOLQRY
	�6DKXTXLOOR���������EXW�ZH�FDQQRW�XVH�WKLV�NQRZOHGJH
DQG� H[SHULHQFH� DW� WKH� EHJLQQLQJ� RI� WKH� XQFHUWDLQWLHV
HYDOXDWLRQ���ZKHQ� WKH� ODE�GHVSHUDWHO\�QHHGV� LW��$OO� WKH
DSSURDFKHV�RI�XQFHUWDLQW\� HYDOXDWLRQ�DUH� WR� D�PLQRU� RU
JUHDWHU�H[WHQW�FRQQHFWHG� WR� WKH�YDOLGDWLRQ�GDWD� �+LHUUR�
����� �YDOLGDWLRQ� DQG� XQFHUWDLQW\� SDUDPHWHUV� IRU� ROLYH
RLOV�PHWKRGV���'LD]�HW�DO����������,W�VHHPV�WKH�RQO\�YDOLG
DSSURDFK�LV�WKH�XVH�RI�,/6�37�VFKHPHV��,Q�WKH�OLJKW�RI�DF�
FUHGLWDWLRQ� WKH� 37� VFKHPHV� ��$� SHULRGLF� DVVHVVPHQW� RI
WKH�SHUIRUPDQFH�RI�LQGLYLGXDO�ODERUDWRULHV�DQG�JURXSV�RI
ODERUDWRULHV� WKDW� LV� DFKLHYHG� E\� WKH� GLVWULEXWLRQ� E\� DQ
LQGHSHQGHQW� WHVWLQJ� ERG\�RI� W\SLFDO�PDWHULDOV� IRU� XQVX�
SHUYLVHG� DQDO\VLV� E\� WKH� SDUWLFLSDQWV��� �(85$&+(0�
������ KDYH� VRPHZKDW� �VWURQJHU�� LPSDFW� RQ� WKH� PHDV�
XUHPHQW� XQFHUWDLQW\� HYDOXDWLRQ� FRPSDUHG� WR� WKH� ,/6
RQHV��7KH��XQFHUWDLQW\��ZLWKLQ�WKH�GDWD�XVHG�IRU�WKH�XQ�
FHUWDLQW\� HYDOXDWLRQ�DULVHV� IURP� WKH� SRVVLEOH� LQDFFXUDWH
GHWHUPLQDWLRQ� RI� WKH� UHIHUHQFH� YDOXH�� ZKLFK� LV� LQ� WKH
PRVW�FDVHV�DVVLJQHG�YDOXH��:RQJ��������3DWULDUFD�HW�DO��
������ ÉYHJO� HW� DO��� ������ 7KRPSVRQ� 	� :RRG�� �����
7KRPSVRQ�HW�DO����������IURP�WKH�QXPEHU�DQG�ILWQHVV�RI
SDUWLFLSDQWV�DQG�IURP�WKH�TXDOLW\�RI� WKH�RUJDQLVHU�RI� WKH
37�VFKHPH��,Q� WKH�ROLYH�RLO�DUHD� WKHUH�DUH��DV� IDU�DV�ZH
NQRZ�� RQO\� �� UHOHYDQW� RUJDQLVHUV�� 2QH� LV� WKH� �,QWHUQD�
WLRQDO�2OLYH�&RXQFLO��FRYHULQJ�DOO� WKH�PHQWLRQHG�PHWK�
RGV�RI�DQDO\VLV�� ,W� UXQV� WKH�37�VFKHPH�RQFH�D�\HDU�DQG
LQYROYHV�IURP�������SDUWLFLSDQWV��ZKLFK�PXVW�EH�QDWLRQ�
DOO\�DSSURYHG�ODEV�ZLWKLQ�WKHLU�UHVSHFWLYH�FRXQWULHV��7KH
RWKHU�RUJDQLVHU�LV�)UHQFK��%LSHD���ZKLFK�GRHV�QRW�FRYHU
DOO�WKH�GHWHUPLQDWLRQV�DQG�KDV�VRPHKRZ�VPDOOHU�QXPEHU
RI� SDUWLFLSDWLQJ� ODEV� DQG� FRYHUV� DOO� W\SHV� RI� IDWV� RQ� D
PRQWKO\�EDVLV�����VDPSOHV�SHU�\HDU��
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)LJ�����3XULW\�FULWHULD�IRU�WKH�H[WUD�YLUJLQ�ROLYH�RLO��(&������������������
6O�����3DUDPHWUL�SULVWQRVWL�]D�HNVWUD�GHYLÉNR�ROMàQR�ROMH��(&������������������
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0$7(5,$/�$1'�0(7+2'6

)RU� WKH� SXUSRVH� RI� WKLV� SDSHU�� RQO\� RQH� PHWKRG� RI
DQDO\VLV�ZDV�FKRVHQ���GHWHUPLQDWLRQ�RI�SHUR[LGH�YDOXH��
DQG�WKH�37�VFKHPHV¤�GDWD�IRU�WKLV�PHWKRG¤V�UHVXOWV�ZHUH
XVHG�WR�HYDOXDWH�WKH�08�
37�6FKHPHV��7KH�37�VFKHPHV�RXU�ODERUDWRU\�SDUWLFLSDWHG
LQ�ZHUH�WZR�
� 37� VFKHPH� RUJDQLVHG� E\� WKH� ,QWHUQDWLRQDO� 2OLYH
&RXQFLO� �,2&���3UtQFLSH�GH�9HUJDUD������������0D�
GULG��6SDLQ��

� 37� VFKHPH� RUJDQLVHG� E\� %,3($�� ����� DYHQXH� /RXLV
5RFKH�� )������� *HQQHYLOOLHUV�� )5$1&(�� &2)5$&
DFFUHGLWHG�

6DPSOHV��7KH�GHWHUPLQDWLRQ�RI�3HUR[LGH�YDOXH�ZDV�SHU�
IRUPHG� LQ� �� RLO� VDPSOHV� LQ� WKH� \HDUV� ������ ����� DQG
������7KH�VDPSOHV�ZHUH�DV�IROORZV�
� ,2&�� VDPSOH� �������� �\HDU� ������� �������� �\HDU
������� �������� �\HDU� ������� �������� 	� �������
�\HDU�������

� %LSHD��VDPSOH�%���������\HDU��������%���������\HDU
�������%���������\HDU�������	�%���������\HDU�������

0HWKRGV��7KH�PHWKRGV�XVHG�ZHUH�DV�IROORZV�
� 0HWKRG�RI�$QDO\VLV���'HWHUPLQDWLRQ�RI� WKH�SHUR[LGH
YDOXH�� ((&� 1R�� ��������� $QQH[� ,,,� �((&� ��������
������

� 6WDWLVWLFDO�WRROV�
� ,62� ������� ������� $FFXUDF\� �WUXHQHVV� DQG� SUHFL�
VLRQ��RI�PHDVXUHPHQW�PHWKRGV�DQG�UHVXOWV 3DUW���
%DVLF�PHWKRG�IRU�WKH�GHWHUPLQDWLRQ�RI�UHSHDWDELOLW\
DQG� UHSURGXFLELOLW\� RI� D� VWDQGDUG� PHDVXUHPHQW
PHWKRG�� ,QWHUQDWLRQDO� 2UJDQL]DWLRQ� IRU� 6WDQGDUGL�
]DWLRQ� �,62��� *HQHYD�� 6ZLW]HUODQG� �,62� �������
������

� ,62�',6��������������6WDWLVWLFDO�PHWKRGV�IRU�XVH�LQ
SURILFLHQF\�WHVWLQJ�E\� LQWHUODERUDWRU\�FRPSDULVRQV�
,QWHUQDWLRQDO� 2UJDQL]DWLRQ� IRU� 6WDQGDUGL]DWLRQ
�,62��*HQHYD��6ZLW]HUODQG��,62�',6��������������

� *XLGHV�
� (85$&+(0�&,7$&�*XLGH�4XDQWLI\LQJ�8QFHUWDLQW\
LQ�$QDO\WLFDO�0HDVXUHPHQW��(85$&+(0��������

� +DQGERRN� IRU� FDOFXODWLRQ� RI� PHDVXUHPHQW� XQFHU�
WDLQW\� LQ� HQYLURQPHQWDO� ODERUDWRULHV� �1RUGWHVW�
������

7KH�PHWKRG�RI�DQDO\VLV���GHWHUPLQDWLRQ�RI�SHUR[LGH
YDOXH�LV�D�UHGR[�WLWUDWLRQ�ZKHUH�SHUR[LGHV��K\GUR�SHUR[�
LGHV�� SUHVHQW� LQ� WKH� RLO� WKDW� LV� GLVVROYHG� LQ� DFHWLF� DFLG
DQG�FKORURIRUP�UHDFW�ZLWK�SRWDVVLXP�LRGLGH�R[LGLVLQJ�LW
WR� IUHH� LRGLQH�� 7KH� LRGLQH� LV� WLWUDWHG� ZLWK� VWDQGDUGL]HG
VRGLXP� WKLRVXOIDWH� VROXWLRQ� DQG� WKH� SHUR[LGH� YDOXH� H[�
SUHVVHG�LQ�PHT��PPRO��RI�DFWLYH�R[\JHQ�NJ�RLO�

7KH�PHWKRG� RI� DQDO\VLV�ZDV� XVHG� WR�PHDVXUH� �� GH�
WHUPLQH� WKH�3HUR[LGH�YDOXH� LQ� WKH� VDPSOHV��*XLGHV� �(X�
UDFKHP�� ������1RUGWHVW�� ������ZHUH� XVHG� WR� FRQVWUXFW
WKH� XQFHUWDLQW\� EXGJHW� IRU� WKH� 3HUR[LGH� YDOXH� GHWHUPL�
QDWLRQ��7KH�VWDWLVWLFDO�WRROV�����,62�VWDQGDUGV��,62������

���������,62�',6��������������KHOSHG�XV�LQ�FDOFXODWLQJ
WKH� UREXVW� PHDQV� DQG� UREXVW� VWDQGDUG� GHYLDWLRQV� IRU
HDFK�37� VFKHPH�DQG� LQ� FDOFXODWLQJ� WKH� LQWUD�ODERUDWRU\
VWDQGDUG�GHYLDWLRQ�

5(68/76�$1'�',6&866,21

7KH� PHDVXUHPHQW� XQFHUWDLQW\� HYDOXDWLRQ� RI� WKH
PHDVXUDQG� $� LV� D� SURSHUW\� RI� WKH� ODERUDWRU\� ODE� SHU�
IRUPLQJ� WKH� FKHPLFDO� PHDVXUHPHQW� EDVHG� RQ� WKH
PHWKRG�0� DQG� LV� JHQHUDOO\� EDVHG�RQ� WZR� UHODWLYHO\� LQ�
GHSHQGHQW� VRXUFHV� �� WKH� PHWKRG�0�� XQGHU� ZKLFK� WKH
FKHPLFDO�PHDVXUHPHQW� LV�PDGH��DQG� WKH� ODERUDWRU\�ODE
WKDW�SHUIRUPV�WKH�FKHPLFDO�PHDVXUHPHQW��7KH�FRPELQHG
XQFHUWDLQW\�RI� WKH�FKHPLFDO�PHDVXUHPHQW�RI�PHDVXUDQG
$���X$�LV�IXQFWLRQ�RI� WKH�XQFHUWDLQW\�X0�DULVLQJ�IURP�WKH
PHWKRG� DQG� XQFHUWDLQW\� XODE� DULVLQJ� IURP� WKH� ODE�� X$� LV
FDOFXODWHG�IURP�WKH�HTXDWLRQ�

( ) ( )22

labMA uuu += �

7KHUH�DUH�VHYHUDO�ZD\V�RI�FDOFXODWLQJ�X0�
D�� IURP�WKH�&50
E� IURP� WKH�PRGHO� HTXDWLRQ� DIWHU� FRQVWUXFWLQJ� WKH� XQ�

FHUWDLQW\�EXGJHW
F� IURP�PHWKRG�YDOLGDWLRQ�GDWD
G� IURP� WKH�PHWKRG� YDOLGDWLRQ� GDWD� FRPELQHG�ZLWK� 37

VFKHPHV¤� UHVXOWV� �� IURP� WKH� RUJDQLVHUV� VLGH� �+LHUUR�
�����

H� IURP� WKH� VLQJOH�RU� IHZ�37� VFKHPHV¤� UHVXOWV� IURP� WKH
SDUWLFLSDQWV�VLGH
DQG�XODE�

I� IURP�WKH�&50
J� IURP�WKH�37�VFKHPH
K� IURP�WKH�UHFRYHU\�GDWD

7ZR� GLIIHUHQW� PHDVXUHPHQW� XQFHUWDLQW\� HYDOXDWLRQV
�WRJHWKHU�ZLWK� UHVSHFWLYH� FDOFXODWLRQV� DQG� UHVXOWV��ZHUH
XVHG�LQ�RXU�ODE��DQG�ZH�VKRZ�WKHP�EULHIO\�KHUHZLWK�

)LUVW�W\SH�RI�HYDOXDWLRQ

$W�WKH�EHJLQQLQJ�RI�RXU�ODE¤V�DFWLYLW\�ZH�KDG�WKH�ODFN
RI� YDOLGDWLRQ� GDWD�� ZH� ZHUH� QRW� LQ� SRVVHVVLRQ� RI� DQ\
&50¤V� DQG�ZH� SDUWLFLSDWHG� LQ� RQO\� RQH� 37� VFKHPH� ��
VLQJOH�GHWHUPLQDWLRQ���:H�ZHUH� IRUFHG� WR�XVH� WKH�FRP�
ELQDWLRQ�RI�E��DQG�J��FDOFXODWLRQ�DSSURDFK��:H�XVHG�WKH
PRGHO�HTXDWLRQ

b0KIO

pbl

VVMm

P  m  V)V-(V
3000 PV

3

0

×××

×××
×=

IRU�WKH�FDOFXODWLRQ�RI�WKH�SHUR[LGH�YDOXH��(DFK�YDULDEOH¤V
VWDQGDUG� XQFHUWDLQW\� ZDV� FDOFXODWHG� DFFRUGLQJ� WR� (8�
5$&+(0� JXLGH¤V� �(85$&+(0�� ������ XVLQJ� WKH� HTXD�
WLRQ� IRU� WKH� VWDQGDUG�XQFHUWDLQW\�RI� WKH� VXP��7KH�YDOXH
�9�9EO��ZDV�H[SUHVVHG�DV�'9�DQG�LWV�XQFHUWDLQW\�ZDV�FDO�
FXODWHG� OLNHZLVH�� 7KH� UHSHDWDELOLW\� HOHPHQW� �5(3�� ZDV
FDOFXODWHG�IURP�WKH�YDOLGDWLRQ�GDWD��7DE�����
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:LWK�WKH�DLG�RI�WKH�(85$&+(0�JXLGH¤V��(85$&+(0���������EDVLF�HTXDWLRQ
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DQG�VSUHDGVKHHW�FDOFXODWLRQ�PRGLILFDWLRQ�E\�.UDJWHQ��(OOLVRQ��������IRU�WKH�FDOFXODWLRQ�RI�WKH�GLIIHUHQWLDWLRQ�
)...()))...(...((),( ,2,1,2,1 nniiiM

xxxyxxuxxxyxyu −+≈
WKH�UHVXOW�IRU�FRPELQHG�VWDQGDUG�XQFHUWDLQW\�ZDV�HYDOXDWHG�DV�X$� �X39� ��������PPRO�NJ�

7DE�����7KH�VSUHDGVKHHW�UHVXOWV�IRU�WKH�FDOFXODWLRQ�RI�WKH�FRPELQHG�VWDQGDUG�XQFHUWDLQW\�IRU�39�
7DE�����5H]XOWDWL�SUHJOHGQLàQHJD�L]UDàXQD�VHVWDYOMHQH�VWDQGDUGQH�QHJRWRYRVWL�]D�3È�

DV (mL) Vp (mL) mo (mg) P (mol/mol) m (g) M (g/mol) V0 (mL) Vb REP

Value 9,9756 10,0046 50,0000 1,0004 5,0000 214,0010 5,6000 250,0082 1,0000

Uncertainty 0,0130 0,0102 0,0099 0,0011 0,0000 0,0005 0,0088 0,1517 0,0056

DV (mL) 9,9756 9,9886 9,9756 9,9756 9,9756 9,9756 9,9756 9,9756 9,9756 9,9756

Vp (mL) 10,0046 10,0046 10,0148 10,0046 10,0046 10,0046 10,0046 10,0046 10,0046 10,0046

mo (mg) 50,0000 50,0000 50,0000 50,0099 50,0000 50,0000 50,0000 50,0000 50,0000 50,0000

P (mol/mol) 1,0004 1,0004 1,0004 1,0004 1,0015 1,0004 1,0004 1,0004 1,0004 1,0004

m (g) 5,0000 5,0000 5,0000 5,0000 5,0000 5,0000 5,0000 5,0000 5,0000 5,0000

M (g/mol) 214,0010 214,0010 214,0010 214,0010 214,0010 214,0010 214,0015 214,0010 214,0010 214,0010

V0 (mL) 5,6000 5,6000 5,6000 5,6000 5,6000 5,6000 5,6000 5,6088 5,6000 5,6000

Vb 250,0082 250,0082 250,0082 250,0082 250,0082 250,0082 250,0082 250,0082 250,1599 250,0082

REP 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0056

PV 9,9971 10,0102 10,0073 9,9991 10,0081 9,9971 9,9971 9,9814 9,9911 10,0530

u(y,xi) ������ ������ ������ ������ ������ ������ ������� ������� ������
u(y)2, u(y,xi)2 0,0038 0,0002 0,0001 0,0000 0,0001 0,0000 0,0000 0,0002 0,0000 0,0031

index 0,0449 0,0271 0,0010 0,0317 0,0000 0,0000 0,0652 0,0097 0,8203

X�39� ������
8�39� ������

)LJXUH� �� VKRZV� UHODWLYH� FRQWULEXWLRQ� RI� HDFK� XQFHU�
WDLQW\� SDUDPHWHU� IURP� WKH� PRGHO� HTXDWLRQ�� ,W� FDQ� EH
FOHDUO\�VHHQ�WKDW�WKH�ELJJHVW�LPSDFW�RQ�X0� �X39�KDV�WKH
UHSHDWDELOLW\��GDWD�GHULYHG�IURP�PHWKRG�YDOLGDWLRQ��

&RPELQLQJ� WKHVH� GDWD� IRU� X0�� X39�39�  
��������������  � �������� ZLWK� WKH� XODE� GDWD� IURP� WKH
,2&������VFKHPH���ELDV�� ��������DQG�DGRSWLQJ� WKH
HTXDWLRQ

( ) ( )22

labMA uuu +=
ZH�FDOFXODWH� WKH� YDOXH�  � ��������$IWHU� FRQYHUWLQJ� WKH
FRPELQHG� VWDQGDUG�XQFHUWDLQW\� WR� WKH�H[SDQGHG�XQFHU�
WDLQW\��8��XVLQJ�FRYHUDJH� IDFWRU�RI�N ��DQG� UHSRUWLQJ��
VLJQLILFDQW�GLJLWV��WKH�UHVXOW�EHFRPHV�39� �������������
PPRO�NJ�

6HFRQG�W\SH�RI�HYDOXDWLRQ

$IWHU� WKH� VXFFHVVIXO� SDUWLFLSDWLRQ� LQ� GLIIHUHQW� 37
VFKHPHV� DQG� DIWHU� JDWKHULQJ� DOO� WKH� GDWD� IURP� FRQWURO
FKDUWV�DQG�DIWHU�FDOFXODWLQJ�WKH�LQWUD�ODERUDWRU\�� ZLWKLQ
ODERUDWRU\��VWDQGDUG�GHYLDWLRQ��ZH�ZHUH�DEOH�WR�HYDOXDWH
VRPHKRZ� PRUH� FRPSOH[� HVWLPDWLRQ� RI� WKH� H[SDQGHG
VWDQGDUG�XQFHUWDLQW\�IRU�WKH�GHWHUPLQDWLRQ�RI� WKH�SHUR[�
LGH� YDOXH��:H� XVHG� WKH� FRPELQDWLRQ� RI� H�� DQG� J��� 7KH

ODEV�XQFHUWDLQW\�FKDQJHG�DV�ZHOO��:H�XVHG�WKH�ELDV�GDWD
QRW�RQO\� IURP�D� VLQJOH��EXW� IURP�D� IHZ�37� VFKHPHV�ZH
SDUWLFLSDWHG�LQ���LQ�DOO����7KH�VDPH�JRHV�IRU�WKH�H���8VLQJ
WKH� JXLGH� �1RUGHVW�� ������� UREXVW� VWDWLVWLFV� IRU� WKH� FDO�
FXODWLRQ�RI�WKH�UREXVW�PHDQV�DQG�UREXVW�VWDQGDUG�GHYLD�
WLRQV�IRU�HDFK�37�VFKHPH���DOJRULWKP�$��,62�',6�������
�������ZH�ZHUH�DEOH� WR�FDOFXODWH�DOO� WKH�YDOXHV�DQG�VHW
WKH�IROORZLQJ�7DEOH���

$IWHU� FDOFXODWLQJ� WKH� LQWUD�ODERUDWRU\� � ZLWKLQ� ODER�
UDWRU\�� VWDQGDUG� GHYLDWLRQ� 65Z� IURP� FRQWURO� FKDUWV� ZLWK
WKH�DLG�RI��,62����������������ZKLFK�ZDV������������
ZH�KDG�DOO�WKH�QHFHVVDU\�GDWD�IRU�WKH�XQFHUWDLQW\�FDOFX�
ODWLRQ��:H� KDG� WR� FDOFXODWH� WKH� �ELDV�� XQFHUWDLQW\� XELDV
IURP�ODERUDWRU\�ELDV
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DQG�WKH�PHWKRG�ELDV��&UHI��XVLQJ�HTXDWLRQ
22 )(

refbiasbias
CuRMSu += �

:H�FDOFXODWHG� WKH�PHWKRG�ELDV� IURP� WKH�SRROHG� UR�
EXVW� UHODWLYH� VWDQGDUG�GHYLDWLRQV� IURP� WKH� VFKHPHV� DQG
WKH�ODERUDWRU\�ELDV�IURP�WKH�%LDV��GDWD�IURP�7DEOH���
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7DE�����5REXVW�VWDWLVWLFV�GDWD�IRU�VDPSOHV�IURP�GLIIHUHQW�37�VFKHPHV��/HJHQG��;UHI� �DVVLJQHG�YDOXH��;ODE� �RXU�ODEV
YDOXH��%LDV�� �UHODWLYH�SHUFHQWDJH�GLIIHUHQFH�EHWZHHQ�;ODE�DQG�;UHI��6]Y�� �UHODWLYH�UREXVW�VWDQGDUG�GHYLDWLRQ�RI
WKH�VHW��Q�ODEV� �QXPEHU�RI�ODEV�SDUWLFLSDWLQJ�
7DE�����3RGDWNL�UREXVWQH�VWDWLVWLNH�]D�Y]RUFH�L]�UD]OLàQLK�VKHP�37��/HJHQGD��;UHI� �DVLJQLUDQD�YUHGQRVW��;ODE� �SR�
GDWHN�QDÉHJD�ODERUDWRULMD��%LDV�� �UHODWLYQL�RGVWRWQL�RGPLN�PHG�;ODE�LQ�;UHI��6]Y�� �UHODWLYQL�UREXVWQL�VWDQGDUGQL
RGPLN�QL]D��Q�ODEV� �ÉWHYLOR�VRGHOXMRàLK�ODERUDWRULMHY�

<HDU 6DPSOH ;UHI ;ODE %LDV�� 6]Y�� 1R��ODEV
���� FRL������ ���� ���� ���� ���� ��
���� FRL������ ���� ���� ������ ����� ��
���� FRL������ ���� ���� ������ ����� ��
���� FRL������ ���� ���� ����� ���� ��
���� FRL������ ���� ���� ����� ���� ��
���� %B��B��� ���� ���� ���� ����� �
���� %B��B��� ���� ���� ����� ����� �
���� %B��B��� ���� ���� ����� ����� �
���� %B��B��� ���� ���� ���� ����� �

)LQDOO\�ZH�FRPELQHG� WKH�ELDV�XQFHUWDLQW\� GDWD�ZLWK
LQWUD�ODERUDWRU\�VWDQGDUG�GHYLDWLRQ�65Z�GDWD�XVLQJ�HTXD�
WLRQ

22

RwbiasPV suu += �

,Q� WKLV� ZD\� FDOFXODWHG� FRPELQHG� XQFHUWDLQW\� ZDV
TXLWH� HOHYDWHG�� VR�ZH� KDG� D� GHWDLOHG� ORRN� DW� WKH� GDWD�
$IWHU� LQVSHFWLQJ� WKH� 39� UDQJHV��ZH�GHFLGHG� WR� VSOLW� WKH
GDWD� DQG� XQFHUWDLQW\� HYDOXDWLRQ� LQ� WZR� GLIIHUHQW� FRQ�
FHQWUDWLRQ� UDQJHV�� IURP� ���� PPRO�NJ� DQG� IURP� ����
PPRO�NJ��7KH���WR����PPRO�NJ�UDQJH�KDV�WKH�FDOFXODWHG
H[SDQGHG�XQFHUWDLQW\�8�ZLWK�WKH�FRYHUDJH�IDFWRU�RI�N �
IRU�WKH�YDOXH��������RI�����PPRO�NJ��VR�WKH�UHVXOW�UHDGV
39� ������������PPRO�NJ�

)LJ�� ��� 5HODWLYH� FRQWULEXWLRQ� RI� HDFK� XQFHUWDLQW\� SD�
UDPHWHU�IURP�WKH�PRGHO�HTXDWLRQ�
6O�� ��� 5HODWLYQL� SULVSHYHN� SRVDPH]QLK� VHJPHQWRY� QH�
JRWRYRVWL�

&21&/86,216

&RQVLGHULQJ�ERWK�W\SHV�RI�HYDOXDWLRQ��LW�FDQ�HDVLO\�EH
FRQFOXGHG� WKDW� WKH� ILUVW�HYDOXDWLRQ�KDV�PXFK�VPDOOHU�8
ZKHQ�FRPSDUHG�WR�WKH�VHFRQG�RQH��,W�LV�REYLRXV�WKDW�WKH
SDUWLDO� FRPSRQHQWV� IURP� WKH� XQFHUWDLQW\� EXGJHW� KDYH
YHU\� OLPLWHG� LQIOXHQFH�FRPSDUHG� WR� WKH�UHSHDWDELOLW\�LQ�
IOXHQFH��ZKLFK�LV�DJDLQ�UHODWLYHO\�VPDOO�FRPSDUHG�WR�WKH
ODERUDWRU\� �ELDV�� LQIOXHQFH� IURP� WKH� 37� VFKHPH�V��� 2Q
WKH� RWKHU� KDQG� �� RI� D� UHDO� YDOXH� DUH� RQO\� UHSHDWDELOLW\
�ZLWKLQ�ODERUDWRU\�UHSURGXFLELOLW\��GDWD�IURP�PDQ\�\HDUV¤
FRQWURO�FKDUWV�DQG�UHVXOWV�IURP�37�VFKHPHV���LQ�WKH�ODFN
RI�&50¤V���JLYLQJ�XV�GDWD�IRU�WKH�PHWKRG�DQG�ODERUDWRU\
XQFHUWDLQW\��6R��LI�WKH�ODE�ZDQWV�WR�KDYH�UHODWLYHO\�VPDOO
8�� LW� ZLOO� KDYH� WR� HPSKDVL]H� LWV� UHSHDWDELOLW\� GHPDQGV
RQ� WKHLU�FRQWURO�FKDUWV��SDUWLFLSDWH� LQ� JRRG�37� VFKHPHV
DQG�LW�ZLOO�KDYH�WR�EH�DEOH�WR�DIIRUG�LWVHOI� WR�LJQRUH�FHU�
WDLQ� VFKHPHV¤� UHVXOWV� �WKH� RQHV� ZKHUH� WKH� PHWKRG� XQ�
FHUWDLQWLHV�DUH� UHODWLYHO\�ELJ�FRPSDUHG� WR� LWV�RZQ�SURIL�
FLHQFLHV���7KLV�LV�WKH�RQO\�ZD\�WR�UHDO��UHDOLVWLF�DQG�UHOD�
WLYHO\�VPDOO�PHDVXUHPHQW�XQFHUWDLQWLHV�

$&.12:/('*(0(176

7KH�DXWKRUV�ZLVK�WR�WKDQN�WKH�/$%6�//&��,QVWLWXWH�IRU
(FRORJ\��2OLYH�2LO� DQG�&RQWURO�� ,]ROD�� 6ORYHQLD�� IRU� LWV
KHOS� LQ� UHDOL]LQJ� WKLV�ZRUN��DQG�0UV��'DULQND�àDOLMD� IRU
YDOXDEOH�GLVFXVVLRQ��7KH�DXWKRUV�DUH�DOVR�LQGHEWHG�WR�WKH
&(175$/� (&2120,&� /,%5$5<� �&(.��ZLWKLQ� WKH� )DF�
XOW\�RI�(FRQRPLFV��)(/8���8QLYHUVLW\�RI�/MXEOMDQD��IRU�WKH
KHOS�LQ�SURYLGLQJ�DOO�WKH�QHFHVVDU\�OLWHUDWXUH�XVHG�LQ�WKH
SUHSDUDWLRQ�RI�WKLV�DUWLFOH�
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295('127(1-(�0(5,/1(�1(*2729267,�$1$/,=1,+�0(72'�=$�8*27$9/-$1-(
=1$à,/1267,�2/-à1(*$�2/-$�,1�2/-$�,=�2/-à1,+�7523,1�,=�85('%�(*6��������

,1�(6�������������35,0(5�295('127(1-$�0(5,/1(�1(*2729267,
3(52.6,'1(*$�É7(9,/$

%RMDQ�%87,1$5
8QLYHU]D�QD�3ULPRUVNHP��=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��6,������.RSHU��*DULEDOGLMHYD��

(�PDLO��%RMDQ�%XWLQDU#]UV�XSU�VL

0LOHQD�%8Þ$5�0,./$9Þ,Þ
/$%6�G�R�R���,QÊWLWXW�]D�HNRORJLMR��ROMáQR�ROMH�LQ�NRQWUROR��6,������,]ROD��=HOHQD�XOLFD��

LQ
8QLYHU]D�QD�3ULPRUVNHP��=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��6,������.RSHU��*DULEDOGLMHYD��

(ULND�%(Ç7(5
/$%6�G�R�R���,QÊWLWXW�]D�HNRORJLMR��ROMáQR�ROMH�LQ�NRQWUROR��6,������,]ROD��=HOHQD�XOLFD��

9DVLOLM�9$/(1Þ,Þ
/$%6�G�R�R����,QÊWLWXW�]D�HNRORJLMR��ROMáQR�ROMH�LQ�NRQWUROR��6,������,]ROD��=HOHQD�XOLFD��

LQ
8QLYHU]D�QD�3ULPRUVNHP��=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��6,������.RSHU��*DULEDOGLMHYD��

329=(7(.

3UHG�YVDNR�PHULWYLMR�PRUDPR�ELWL�SUHSULßDQL��DOL�YHPR��Y�NDWHUL�GHO�VWYDUQRVWL��Y�NDWHUR�SRGURßMH�IL]LßQHJD�VYHWD�
VRGL�� =GDM� SRVWDMD� VDPRXPHYQR�� GD� WYRUL� ]QDQVWYHQR� GLVFLSOLQR�� NL� ML� SUDYLPR� PHURVORYMH�� 0HURVORYMH� MH� Y� QDÈL
�]QDQVWYHQL��]DYHVWL�ÊH�GOMH�ßDVD��D�JD�NHPLNL�QLNROL�QLVPR�MHPDOL�GRYROM�UHVQR��GD�EL�VH�SUL�VYRMLK�UH]XOWDWLK��NDM�ÈHOH
SUL�PHULWYDK��]�QMLP�]DUHV�XNYDUMDOL��0HURVORYMH� MH�GHO�]QDQVWYHQHJD�SURFHVD�Y�YVHK�VIHUDK�]QDQRVWL� LQ�]DWRUHM� WXGL
NHPLMH�� .HPLMVNR� PHUMHQMH� MH� WRUHM� SULPHUMDYD� NROLßLQH� PHUMHQFD� �QSU�� DOID�WRNRIHURO� Y� ROMßQHP� ROMX�� LQ� QMHJRYD
QDYH]D�QD�HQRWR��QSU��PRO�NJ��PJ�NJ���3UL�SRGDMDQMX�UH]XOWDWD�PHUMHQMD�QDVWDQH�SUREOHP�VOHGOMLYRVWL���NDNR�VPR�ODK�
NR�]DUHV�SUHSULßDQL�� GD� MH� UH]XOWDW�QDÈHJD�PHUMHQMD�SULPHUOMLY� ]� UH]XOWDWL� GUXJLK�� NL�PHULMR� LVWR� YHOLßLQR�� LQ� VHYHGD
REUQMHQR��1D�NRQFX�XJDQNH� LQ�SR�REGHODYL�GUXJHJD�YHOLNHJD�YSOLYD�QD�NDNRYRVW�QDÈH�PHULWYH� �LQ� UH]XOWDWD����YDOL�
GDFLMH���OHÊL�RYUHGQRWHQMH�PHULOQH�QHJRWRYRVWL��201���01�MH�ODVWQRVW�UH]XOWDWD�PHUMHQMD��NL�GRORßD��]QRWUDM�NDWHULK
PHMD�RNURJ�L]PHUMHQH�YHOLßLQH�VH�VNULYD�SUDYL�UH]XOWDW� �LQ�V�NDNÈQR�YHUMHWQRVWMR���'RNXPHQW�(*6���������V�VYRMLPL
SULORJDPL�SRGDMD�DQDOL]QH�PHWRGH�]D�XJRWDYOMDQMH�]QDßLOQRVWL�ROMßQHJD�ROMD�LQ�ROMD�L]�ROMßQLK�WURSLQ�WHU�GRORßD�PHMH
]D�SRVDPH]QH�NDWHJRULMH�OH�WHJD��'RNXPHQW�(6�����������SD�SRGDMD�DQDOLWVNR�VKHPR��DOJRULWHP�LQ�SRW�]D�UD]OLNR�
YDQMH���NDWHJRULUDQMH�SRVDPH]QLK�NDNRYRVWQLK�UD]UHGRY�ROMßQHJD�ROMD�JOHGH�QD�GRORßHQH�PHMH��9HOLN�PDQNR�HYURS�
VNLK�PHWRG�MH�GHMVWYR��GD�QL�YDOLGDFLMVNLK�SDUDPHWURY��NL�VR�NOMXßQL�SUL�201��LQ�SUL�SRVWRSNX�DNUHGLWLUDQMD�ODERUDWR�
ULMD�]D�SRVDPH]QR�PHWRGR��

9Hß�QDßLQRY�]D�201�MH��QDßLQ�]�XSRUDER�PRGHOQH�HQDßEH��]�XSRUDER�&50�MHY�LQ�V�VRGHORYDQMHP�Y�VKHPDK�37�
NL�SD�VR�QDMEROM�SUREOHPDWLßQH���SUREOHP�DVLJQLUDQH�YUHGQRVWL��3UDYD�SRW�QDYDGQR�OHÊL�Y�WULNRWQLNX�PHG�YVHPL�WUHPL
�VDPR�GYHPD�SUL�YHßLQL�SUHVNXVRY�SUL�ROMßQLK�ROMLK���201�]D�SRVDPH]QR�PHWRGR�SUHVNXÈDQMD�MH�ODVWQD�ODERUDWRULMX
LQ�QDM�EL�UDELOD�]D�QMHJRYR�NDNRYRVWQR�XPHVWLWHY��QD�WUJX���$�ÊDO�MH�Y�SROMX�SUHVNXÈDQMD�ROMßQLK�ROM�SRPDQMNDQMH�XV�
WUH]QLK� &50�MHY� ]HOR� SHUHßH�� 7DNR� MH� HGLQD� SRW�� NL� MR� ODKNR� XEHUHPR� GR� RYUHGQRWHQMD� 01�� SRW� VRGHORYDQMD� Y
VKHPDK�37��0HGQDURGQL�VYHW�]D�ROMßQR�ROMH��,2&��MH�SRPDJDO�SULSUDYLWL�GRNXPHQW��(YDOXDWLRQ�RI� WKH�XQFHUWDLQW\�RI
PHDVXUHPHQWV�DQG�WKH�FULWLFDO�GLIIHUHQFH��DSSOLFDWLRQV�WR�DQDO\WLFDO�SDUDPHWHUV���NDWHUHJD�DYWRU�MH�-RVH�5DPRQ�*DUFLD
+LHUUR�� NL� V�SRPRßMR� L]UDßXQDQLK�GRORßHQLK�201� ODERUDWRULMHP�RODMÈD� GHOR��1MLKRYD��HGLQD�� VNUE� MH� WDNR� ]PDQ�
MÈDQMH�RGVWRSDQMD�RG�SUDYH�YUHGQRVWL�R]LURPD�SRYHßDQMH�WRßQRVWL��9HßOHWQH�L]NXÈQMH�QDÈHJD�ODERUDWRULMD�SUL�VRGHOR�
YDQMX� Y� VKHPDK� XVSRVREOMHQRVWL� �� ,2&��0DGULG� LQ� %LSHD�� )UDQFLMD�� VR� QDP� SRPDJDOH� SUL� SRVWDYLWYL� QDÈLK� ODVWQLK
201��NL�VH�QHQHKQR�L]EROMÈXMHMR��SUREOHP�QDMÈLENHMÈHJD�ßOHQD��

.OMXÞQH�EHVHGH��&50��(*6����������(6������������PHWURORJLMD��QHJRWRYRVW��ROMáQR�ROMH��VKHPD�37
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5()(5(1&(6

%RUJHV�� -�� /�� �������� $YDWDUHV� GH� OD� WRUWXJD��'LVFXVLxQ�
2�&��9RO��,��%XHQRV�$LUHV�
&ODUH�� -�� )�� �������� &DOLEUDWLRQ� RI� 89�YLV� VSHFWURSKR�
WRPHWHUV�IRU�FKHPLFDO�DQDO\VLV��$FFUHG��4XDO��$VVXU������
��������
'HKRXFN�� 3��� <��9��+H\GHQ�� -�� 6PH\HUV�9HUEHNH��'�� /�
0DVVDUW�� 5��'��0DULQL�� 3�� &KLDS�� 3K��+XEHUW�� -�� &URP�
PHQ��:��9DQ�GH�:DXZ��-��'H�%HHU��5��&R[��*��0DWKLHX�
-��&��5HHSPH\HU��%��9RLJW��2��(VWHYHQRQ��$��1LFRODV��$�
9DQ�6FKHSGDHO��(��$GDPV�	�-��+RRJPDUWHQV���������,Q�
WHUODERUDWRU\� VWXG\�RI� D� OLTXLG� FKURPDWRJUDSK\�PHWKRG
IRU�HU\WKURP\FLQ��GHWHUPLQDWLRQ�RI�XQFHUWDLQW\�� -��&KUR�
PDWRJU��$��������������
'LD]�� $��� /�� 9D]TXH]�� )�� 9HQWXUD� 	� 0�� 7�� *DOFHUDQ
�������� (VWLPDWLRQ� RI� PHDVXUHPHQW� XQFHUWDLQW\� IRU� WKH
GHWHUPLQDWLRQ�RI�QRQ\OSKHQRO�LQ�ZDWHU�XVLQJ�VROLG�SKDVH
H[WUDFWLRQ� DQG� VROLG�SKDVH� PLFURH[WUDFWLRQ� SURFHGXUHV�
$QDO��&KLP��$FWD�������������
(&�������������������&RPPLVVLRQ�UHJXODWLRQ� �(&��1R�
���������� RI� ��1RYHPEHU� ����� DPHQGLQJ� 5HJXODWLRQ
�((&��1R����������RQ�WKH�FKDUDFWHULVWLFV�RI�ROLYH�RLO�DQG
ROLYH�SRPDFH�RLO�DQG�RQ�WKH�UHOHYDQW�PHWKRGV�RI�DQDO\�
VLV��%UXVVHOV��%HOJLXP�
((&��������� ��������&RPPLVVLRQ� UHJXODWLRQ� �((&��1R�
��������RI���� -XO\������RQ� WKH�FKDUDFWHULVWLFV�RI�ROLYH
RLO� DQG� ROLYH�UHVLGXH� RLO� RQ� WKH� UHOHYDQW� PHWKRGV� RI
DQDO\VLV��%UXVVHOV��%HOJLXP�
(OOLVRQ�� 6�� /�� 5�� �������� ,QFOXGLQJ� FRUUHODWLRQ� HIIHFWV� LQ
DQ�LPSURYHG�VSUHDGVKHHW�FDOFXODWLRQ�RI�FRPELQHG�VWDQ�
GDUG�XQFHUWDLQWLHV��$FFUHG��4XDO��$VVXU���������������
(PRQV��+���$��)DMJHOM��$��0��+��YDQ�GHU�9HHQ�	�5��:DW�
WHUV���������1HZ�GHILQLWLRQV�RQ�UHIHUHQFH�PDWHULDOV��$F�
FUHG��4XDO��$VVXU���������������
(85$&+(0���������7KH�ILWQHVV�IRU�SXUSRVH�RI�DQDO\WLFDO
PHWKRGV�� $� ODERUDWRU\� JXLGH� WR�PHWKRG� YDOLGDWLRQ� DQG
UHODWHG�WRSLFV�
(85$&+(0��������� ,Q��:LOOLDPV��$���6��/��5��(OOLVRQ�	
0��5RHVVOHLQ� �HGV����(XUDFKHP�&,7$&�JXLGH���4XDQWLI\�
LQJ�XQFHUWDLQW\�LQ�DQDO\WLFDO�PHDVXUHPHQW���QG�(GLWLRQ�
*OXVFKNH��0��� -��:HOOPLW]�	� 3�� /HSRP� �������� $� FDVH
VWXG\�LQ�WKH�SUDFWLFDO�HVWLPDWLRQ�RI�PHDVXUHPHQW�XQFHU�
WDLQW\��$FFUHG��4XDO��$VVXU���������������
+LHUUR��-��5��*����������(YDOXDWLRQ�RI� WKH�XQFHUWDLQW\�RI
PHDVXUHPHQWV�DQG�WKH�FULWLFDO�GLIIHUHQFH��DSSOLFDWLRQV�WR
DQDO\WLFDO�SDUDPHWHUV��,22&�0DGULG��6SDLQ�
,62����������������$FFXUDF\��WUXHQHVV�DQG�SUHFLVLRQ��RI
PHDVXUHPHQW�PHWKRGV�DQG�UHVXOWV��3DUW����%DVLF�PHWKRG
IRU�WKH�GHWHUPLQDWLRQ�RI�UHSHDWDELOLW\�DQG�UHSURGXFLELOLW\
RI�D�VWDQGDUG�PHDVXUHPHQW�PHWKRG��,62��*HQHYD��6ZLW�
]HUODQG�
,62�9,0� �������� ,QWHUQDWLRQDO� YRFDEXODU\�RI�EDVLF� DQG
JHQHUDO�WHUPV�LQ�PHWURORJ\��,62��*HQHYD��6ZLW]HUODQG�
,62�',6� ������ �������� 6WDWLVWLFDO� PHWKRGV� IRU� XVH� LQ

SURILFLHQF\�WHVWLQJ�E\�LQWHUODERUDWRU\�FRPSDULVRQV�� ,62�
*HQHYD��6ZLW]HUODQG�
,62�,(&� ������ �������� *HQHUDO� UHTXLUHPHQWV� IRU� WKH
FRPSHWHQFH�RI�WHVWLQJ�DQG�FDOLEUDWLRQ�ODERUDWRULHV��,62�
*HQHYD��6ZLW]HUODQG�
0DMFHQ��1����������$�QHHG� IRU�FOHDUHU� WHUPLQRORJ\�DQG
JXLGDQFH� LQ� WKH� UROH� RI� UHIHUHQFH� PDWHULDOV� LQ� PHWKRG
GHYHORSPHQW� DQG� YDOLGDWLRQ�� $FFUHG�� 4XDO�� $VVXU��� ��
��������
0HLQUDWK��*��	�0��.DOLQ���������7KH�UROH�RI�PHWURORJ\
LQ�PDNLQJ� FKHPLVWU\� VXVWDLQDEOH�� $FFUHG��4XDO�� $VVXU��
������������
0,56���������7KH�0HWURORJ\�6\VWHP�RI� WKH�5HSXEOLF�RI
6ORYHQLD��0LQLVWU\�RI�(GXFDWLRQ��6FLHQFH�DQG�6SRUW��0H�
WURORJ\� ,QVWLWXWH� RI� WKH� 5HSXEOLF� RI� 6ORYHQLD�� /MXEOMDQD�
S��������
125'7(67���������+DQGERRN� IRU�FDOFXODWLRQ�RI�PHDV�
XUHPHQW� XQFHUWDLQW\� LQ� HQYLURQPHQWDO� ODERUDWRULHV�
ZZZ�QRUGWHVW�RUJ�
3DWULDUFD�� 0��� )�� &KLRGR�� 0�� &DVWHOOL� 	� $�� 0HQGLWWR
�������� (VWLPDWHV� RI� XQFHUWDLQW\� RI� PHDVXUHPHQW� IURP
SURILFLHQF\�WHVWLQJ�GDWD��D�FDVH�VWXG\��$FFUHG��4XDO��$V�
VXU���������������
3RSXODLUH��6��	�(��&��*LPHQH]���������$�VLPSOLILHG�DS�
SURDFK�WR� WKH�HVWLPDWLRQ�RI�DQDO\WLFDO�PHDVXUHPHQW�XQ�
FHUWDLQW\��$FFUHG��4XDO��$VVXU���������������
6RRYjOL��/��� (��,��5yyP��$��.}WW�� ,��.DOMXUDQG�	� ,�� /HLWR
�������� 8QFHUWDLQW\� VRXUFHV� LQ� 89�YLV� VSHFWURSKR�
WRPHWULF�PHDVXUHPHQW�� $FFUHG��4XDO�� $VVXU��� ���� ����
����
ÆYHJO��)���-��ÆXSXW�6WUXSL�	�,��*UDEHF�ÆYHJO���������3UR�
ILFLHQF\� WHVWLQJ�RI�FKORULGH�FRQWHQW� LQ�GLIIHUHQW� W\SHV�RI
3RUWODQG�FHPHQW��$FFUHG��4XDO��$VVXU���������������
7DUWDFFD��(���*��6DOYDWRUL�	�6��)UHPLRWWL� ��������&ULWHUL
SHU�OD�VWLPD�GHOO¤LQFHUWH]]D�GL�PLVXUD�QHOOD�GHWHUPLQD]L�
RQH� GHOO¤DQDOLVL� VSHWWURIRWRPHWULFD� GHOO¤89� QHJOL� ROL� GL
ROLYD��5LY��,WDO��6RVWDQ]H�*UDVVH��/;;;����������
7D\ORU�� 3��� (�� %XOVND�� (�� 9DVVLOHYD�� 1�� 0DMFHQ� 	� 0�
6XFKDQHN���������7UDLQ0L&��DQ� LQIRUPDWLRQ�SODWIRUP�DV
D� WRRO� IRU� WKH�HGXFDWLRQ�RI�PHWURORJ\� LQ� FKHPLVWU\��$F�
FUHG��4XDO��$VVXU��������������
7KRPSVRQ��0��	�6��/��5��(OOLVRQ���������)LWQHVV�IRU�SXU�
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