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� ,QWURGXFWLRQ
7KH TXDOLW\ RI IRRG SURGXFWV LV D IUDJLOH WKLQJ� EHFDXVH RI WKHLU RZQ QDWXUH� 7KH\
DUH VXVFHSWLEOH WR VSRLODJH� ORVV RI QXWULHQWV� DQG FKDQJHV RI VHQVRU\ SURSHUWLHV VXFK
DV FRORU� oDYRU DQG RGRU� &RQVHTXHQWO\ VWDELOLW\ VWXGLHV DUH URXWLQHO\ FRQGXFWHG
LQ WKH IRRG LQGXVWU\ DV D SDUW RI HDFK SURGXFW GHYHORSPHQW SURJUDP� ZKHWKHU LW
LQFOXGHV QHZ SURGXFW� D SURGXFW LPSURYHPHQW� RU D FKDQJH LQ W\SH RU VSHFLnFDWLRQ
RI DQ LQJUHGLHQW� 6RPH VWXGLHV FHQWHU RQ WKH UDWH RI GHJUDGDWLRQ� DQG RWKHUV RQ
HVWLPDWLQJ WKH VKHOI OLIH� WKH OHQJWK RI WLPH UHTXLUHG IRU WKH SURGXFW WR EH XQnW IRU
KXPDQ FRQVXPSWLRQ� %\ XQnW IRU KXPDQ FRQVXPSWLRQ LW LV PHDQW WKDW WKH SURGXFW
H[KLELWV HLWKHU SK\VLFDO� FKHPLFDO� PLFURELRORJLFDO� RU VHQVRU\ FKDUDFWHULVWLFV WKDW
DUH XQDFFHSWHG IRU UHJXODU FRQVXPSWLRQ� 7KH PDQXIDFWXUHU DWWHPSWV WR GHYHORS D
SURGXFW ZLWK WKH ORQJHVW VKHOI OLIH SUDFWLFDO� FRQVLVWHQW ZLWK FRVWV DQG WKH SDWWHUQ
RI KDQGOLQJ DQG XVH E\ GLVWULEXWRUV� UHWDLOHUV� DQG FRQVXPHUV� ,QDGHTXDWH VKHOI
OLIH GHWHUPLQDWLRQ ZLOO OHDG WR FRQVXPHU GLVVDWLVIDFWLRQ RU FRPSODLQWV� $W EHVW�
VXFK GLVVDWLVIDFWLRQ ZLOO HYHQWXDOO\ DmHFW WKH DFFHSWDQFH DQG VDOHV RI EUDQG QDPH
SURGXFWV� $W ZRUVW� LW FDQ OHDG WR PDOQXWULWLRQ DQG HYHQ LOOQHVV� )RU WKHVH UHDVRQV�
IRRG SURFHVVRUV SD\ JUHDW DWWHQWLRQ WR DGHTXDWH VWRUDJH VWDELOLW\ RU VKHOI OLIH�
$ YHU\ SUDFWLFDO XVH RI SURGXFW VKHOI�OLIH LQIRUPDWLRQ LV IRU RSHQ�GDWLQJ SXUSRVHV�

2SHQ GDWHV DUH SODFHG RQ WKH ODEHOV RI IRRGV DQG EHYHUDJH SURGXFWV WR DVVLVW FRQ�
VXPHUV LQ WKH RYHUDOO SURFHVV RI GHFLVLRQ�PDNLQJ DQG SXUFKDVH� $ YDULHW\ RI GDWHV DUH
FXUUHQWO\ XVHG� ZLWK WKH H[FHSWLRQ RI SDFN GDWH� HDFK LV EDVHG RQ WKH VKHOI OLIH VWDE�
OLVKHG IRU WKH SURGXFW� (DFK FRXQWU\ KDV LWV RZQ UHJXODWLRQ� EXW WKH PRVW FRPPXP
RSHQ GDWHV DUH WKH IROORZLQJ�

q VHOO�E\ RU SXOO GDWH� WKH GDWH DIWHU ZKLFK WKH IRRG FDQ QR ORQJHU EH VROG
DV IUHVK� WKH ODVW GDWH D UHWDLO VWRUH VKRXOG RmHU WKH IRRG IRU VDOH SURYLGHG LW
KDV EHHQ VWRUHG DQG KDQGOHG SURSHUO\� EXW QRW WKH ODVW GD\ LW FDQ EH HDWHQ
ZLWKRXW ORVV RI TXDOLW\� 7R DOORZ IRU D UHDVRQDEOH SHULRG RI KRPH VWRUDJH DQG
XVH� WKH SXOO GDWH VKRXOG EH FRQVLGHUDEO\ HDUOLHU WKDQ WKH HQG RI VKHOI OLIH�

q XVH�E\ RX H[SLUDWLRQ GDWH� WKH ODVW GD\ D IRRG PD\ EH DFFHSWDEOH IRU LWV
LQWHQGHG XVH�

q IUHVKQHVV RU TXDOLW\ DVVXUDQFH GDWH� WKH GDWH DIWHU ZKLFK WKH SURGXFW IDOOV
EHORZ RSWLPXP TXDOLW\ OHYHO� $IWHU WKLV GDWH� WKH IRRG ZLOO EH HGLEOH EXW ZLOO
ORVH TXDOLW\� *RRG PDQXIDFWXULQJ SUDFWLFH ZRXOG VHW WKLV GDWH HDUOLHU WKDQ WKH
HQG RI VKHOI OLIH WR DOORZ IRU QRUPDO YDULDWLRQV LQ KRPH VWRUDJH FRQGLWLRQV�

q SDFN GDWH� WKH GDWH WKH SURGXFW ZDV SDFNHG RU SDFNDJHG LQ WKH LPPHGLDWH
FRQWDLQHU LQ ZKLFK LW ZLOO EH VROG� ,W GRHV QRW SURYLGH DQ\ VSHFLnF LQIRUPDWLRQ
DV WR WKH TXDOLW\ RI WKH SURGXFW ZKHQ SXUFKDVHG RU KRZ ORQJ LW ZLOO UHWDLQ LWV
TXDOLW\ DIWHU SXUFKDVH�

:KHQ RQH WDONV DERXW GHWHUPLQLQJ WKH VKHOI OLIH� FKHPLFDO� SK\VLFDO� PLFURELRORJ�
LFDO� DQG QXWULWLRQDO DQDO\VHV DUH IXQGDPHQWDO EXW HTXDOO\ LPSRUWDQW DUH WKH VHQVRU\
FKDUDFWHULVWLFV RI WKH SURGXFW� )RU WKLV UHDVRQ� VHQVRU\ HYDOXDWLRQV DUH FRQGXFWHG LQ
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IRRG H[SHULPHQWDWLRQV WR GHWHUPLQH WKH VKHOI OLIH� ,Q VXFK H[SHULPHQWV� D VDPSOH RI
SURGXFW XQLWV LV VWRUHG DQG SHULRGLFDOO\� DW SUHHVSHFLnHG HYDOXDWLRQ WLPHV� D VDPSOH
RI XQLWV LV FROOHFWHG IURP WKH RQHV VWRUHG DQG VXEMHFWHG WR VHQVRU\ HYDOXDWLRQV E\ D
WUDLQHG SDQHO� (DFK SDQHOLVW LV DVNHG WR MXGJH HDFK SURGXFW
V DWULEXWH VHSDUDWHO\ E\
UHIHUHQFH WR D UDWLQJ VFDOH� IRU LQVWDQFH� D VHYHQ SRLQW UDWLQJ VFDOH YDU\LQJ IURP � WR
�� %HFDXVH RI WKH GHVWUXFWLYH QDWXUH RI WKH HYDOXDWLRQV� XQLWV WKDW KDYH DOUHDG\ EHHQ
HYDOXDWHG DW D JLYHQ WLPH FDQQRW EH UHVWRUHG WR EH HYDOXDWHG ODWHU RQ� 7KH XVXDO
VWDWLVWLFDO DSSURDFK WR DQDO\VH WKLV NLQG RI GDWD DQG HVWLPDWH WKH VKHOI OLIH LV WR nW D
UHJUHVVLRQ OLQH UHODWLQJ WKH VFRUHV �\� DQG WKH SUHHVSHFLnHG WLPHV RI HYDOXDWLRQ �[��
$Q HVWLPDWH RI WKH VKHOI OLIH LV REWDLQHG E\ VROYLQJ WKH nWWHG UHJUHVVLRQ HTXDWLRQ IRU
[ DQG UHSODFLQJ WKH VFRUH �\� E\ D FXW�Rm SRLQW �ZKLFK LQGLFDWHV SURGXFW ?IDLOXUH��
SUHYLRXVO\ FKRVHQ E\ WKH IRRG FRPSDQ\� *DFXOD DQG 6LQJK ������ SUHVHQW H[DPSOHV
LQ ZKLFK UHJUHVVLRQ PRGHOV DUH LPSOHPHQWHG WR HVWLPDWH WKH VKHOI OLIH� +RZHYHU� WKLV
DSSURDFK RmHUV GLnFXOWLHV VLQFH LQ JHQHUDO� WKH DVVXPSWLRQ RI QRUPDOLW\ DQG KRPR�
FHGDVWLFLW\ � EDVLF UHTXLUHPHQWV RI UHJUHVVLRQ DQDO\VLV �'UDSHU DQG 6PLWK� ����� �
DUH QRW YDOLG IRU VHQVRU\ VFRUHV �*DFXOD DQG 6LQJK� ������ *DFXOD DQG 6LQJK ������
VXJJHVW VRPH WUDQVIRUPDWLRQV RI WKH H[SHULPHQWDO GDWD WR D QHZ VFDOH ZKHUH WKH
QRUPDOLW\ DVVXPSWLRQ PD\ EH DSSUR[LPDWHO\ VDWLVnHG� $OWHUQDWLYHV WR RYHUFRPH
WKH YLRODWLRQ RI WKH FRQVWDQF\ RI YDULDQFH DVVXPSWLRQ LQFOXGH WKH XVH RI YDULDQFH�
VWDELOL]LQJ WUDQVIRUPDWLRQV DQG ZHLJKWHG OHDVW VTXDUHV �'UDSHU DQG 6PLWK� ������
+RZHYHU� LW VHHPV WKDW WKHVH WZR SURFHGXUHV DUH QRW YHU\ KHOSIXOO WR RYHUFRPH WKH
SUREOHP ZLWK WKLV SDUWLFXODU NLQG RI GDWD �*DFXOD DQG 6LQJK� ������
$Q DOWHUQDWLYH DSSURDFK LV WR nW D SDUDPHWULF OLIHWLPH PRGHO VXFK DV :HLEXOO�

ORJQRUPDO� WR WKH IDLOXUH GDWD �0HHNHU DQG (VFREDU� ������ %XW� LQ WKHVH H[SHUL�
PHQWV� RQH GRHV QRW KDYH WKH ?WLPH WR IDLOXUH� RI D JLYHQ XQLW� )RU D XQLW HYDOXDWHG
DW D SUHHVWDEOLVKHG WLPH� RQH RI WKH WZR VLWXDWLRQV FDQ KDSSHQ� WKH VFRUH LV HLWKHU
OHVV WKDQ RU HTXDO WR WKH FXW�Rm SRLQW RU JUHDWHU WKDQ WKH FXW�Rm SRLQW FKRVHQ E\
WKH IRRG FRPSDQ\� ,Q WKH IRUPHU FDVH WKH ?IDLOXUH WLPH� LV VRPHZKHUH EHWZHHQ WKH
VWDUW RI WKH H[SHULPHQW DQG WKH SUHVHQW WLPH RI HYDOXDWLRQ� ,Q WKH ODWWHU FDVH� WKH
SURGXFW LV VWLOO JRRG IRU FRQVXPSWLRQ DQG LWV ?IDLOXUH� ZLOO WDNH SODFH VRPHWLPH DIWHU
HYDOXDWLRQ� 7KXV� GDWD FRPLQJ IURP WKHVH VHQVRU\ HYDOXDWLRQV DUH HLWKHU OHIW RU ULJKW
FHQVRUHG �/DZOHVV� ������ *DFXOD ������ DQG *DFXOD DQG .XEDOD ������ VXJJHVW WKH
XVH RI D ?VWDJJHUHG GHVLJQ� WR LPSOHPHQW ZHHNO\ VHQVRU\ HYDOXDWLRQV� 7KH LQWHU�
YDOV EHWZHHQ HYDOXDWLRQV DUH ODUJHU DW WKH EHJLQQLQJ RI WKH H[SHULPHQW DQG VPDOOHU
WRZDUGV WKH HQG� 7KH QXPEHU RI XQLWV VDPSOHG LQFUHDVHV WRZDUGV WKH HQG RI WKH
H[SHULPHQW� 7KH LGHD LV WR JHW FORVHU WR WKH ?UHDO� IDLOXUH WLPH� *DFXOD DQG .XEDOD
������ SUHVHQW H[DPSOHV RI GDWD FRPLQJ IURP WKHVH H[SHULPHQWV� (YDOXDWLRQ WLPHV
DUH XVHG DV DSSUR[LPDWLRQV WR WKH UHDO IDLOXUH WLPH� 6KHOI OLIH LV WKHQ HVWLPDWHG XVLQJ
WKH :HLEXOO GLVWULEXWLRQ� 7ZR SUREOHPV FDQ EH SRLQWHG RXW� ��� WKH IDLOXUH WLPH
PRGHO �LQ WKLV FDVH� :HLEXOO� LV QRW XVHG DSSURSULDWHO\ VLQFH WKH HYDOXDWLRQ WLPHV
DUH n[HG DQG �DV D FRQVHTXHQFH� ��� WKHUH LV D JUHDW ULVN RI XQGHUHVWLPDWLQJ WKH VKHOI
OLIH�
7KH SUHVHQW LQYHVWLJDWLRQ ZDV PRWLYDWHG E\ D UHDO VLWXDWLRQ H[SHULHQFHG E\ WKH

DXWKRUV DQG� WR RYHUFRPH WKRVH GLpFXOWLHV� DQ DOWHUQDWLYH DSSURDFK LV SURSRVHG� ,Q
WKLV DSSURDFK WKH ULJKW DQG OHIW FHQVRUHG GDWD DUH LQFRUSRUDWHG QDWXUDO\� ,Q DGGLWLRQ�
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WKH PRGHO DVVXPHV D :HLEXOO IRU WKH XQGHUO\LQJ GLVWULEXWLRQ RI WKH IDLOXUH WLPH� %\
XVLQJ WKLV PRGHO� DOO WKH LQIRUPDWLRQ DYDLODEOH LV LQFRUSRUDWHG�
7KH SDSHU LV RUJDQL]HG DV IROORZV� ,Q 6HFWLRQ � ZH LQWURGXFH WKH PRWLYDWLQJ �UHDO�

VLWXDWLRQ DORQJ ZLWK VRPH EDFNJURXQG LQIRUPDWLRQ� ,Q 6HFWLRQ �� WKH SURSRVHG PRGHO
LV SUHVHQWHG� 7KH GHVFULSWLRQ RI WKH VLPXODWLRQ VWXG\ DQG WKH UHVXOWV LWVHOI DUH LQ
6HFWLRQ �� ,Q 6HFWLRQ � WKH SURSRVHG SURFHGXUH LV DSSOLHG WR DQDO\VH WKH VHQVRU\
GDWD FRPLQJ IURP WKH PRWLYDWLQJ VLWXDWLRQ� 7KH SDSHU FRQFOXGHV ZLWK D GLVFXVVLRQ�

� 0RWLYDWLQJ VLWXDWLRQ
6HQVRU\ HYDOXDWLRQV ZHUH FRQGXFWHG E\ D IRRG FRPSDQ\ DW WKH ODERUDWRU\ OHYHO LQ
RUGHU WR GHWHUPLQH WKH VKHOI OLIH RI D PDQXIDFWXUHG GHKLGUDWHG SURGXFW� VWRUHG DW
GLmHUHQW HQYLURQPHQWDO FRQGLWLRQV� 7KUHH DWWULEXWHV ZHUH HYDOXDWHG E\ WUDLQHG SDQ�
HOLVWV� RGRU� oDYRU� DSSHDUDQFH� 7KH PDLQ FKDUDFWHULVWLFV RI WKLV VWXG\ DUH SUHVHQWHG
QH[W�
([SHULPHQWDO GHVLJQ� $ ORW RI SURGXFW XQLWV ZDV VDPSOHG IURP WKH SURGXFWLRQ
OLQH DQG WKH XQLWV ZHUH UDQGRPO\ DVVLJQHG WR RQH RI WKH IROORZLQJ VWRUDJH FRQGLWLRQV�

q UHIULJHUDWLRQ� WKHVH XQLWV ZHUH NHSW XQGHU UHIULJHUDWLRQ DW � � & �DSSUR[LPDWHO\��
7HPSHUDWXUH DQG KXPLGLW\ OHYHOV ZHUH QRW FRQWUROOHG EXW DYHUDJH ZHHNO\ YDO�
XHV ZHUH UHFRUGHG FRQWLQXRXVO\� 7KHVH XQLWV ZHUH XVHG DV UHIHUHQFH �FRQWURO�
GXULQJ WKH WULDOV�

q URRP WHPSHUDWXUH DQG KXPLGLW\� DYHUDJH ZHHNO\ OHYHOV ZHUH UHFRUGHG FRQWLQ�
XRXVO\�

q HQYLURQPHQWDO FKDPEHU �� WHPSHUDWXUH DQG KXPLGLW\ OHYHOV FRQWUROOHG DW �� � &
DQG ��� UHSHFWLYHO\�

q HQYLURPHQWDO FKDPEHU �� WHPSHUDWXUH FRQWUROOHG DW �� � &� +XPLGLW\ OHYHOV
ZHUH QRW FRQWUROOHG EXW DYHUDJH ZHHNO\ YDOXHV ZHUH UHFRUGHG�

7KH ODVW WZR FRQGLWLRQV ZHUH XVHG LQ RUGHU WR VLPXODWH DQ DJJUHVVLYH VWRUDJH
HQYLURQPHQW� 5HVHDUFKHUV H[SHFWHG WR UHJLVWHU D VKRUWHU VKHOI OLIH XQGHU WKRVH FRQ�
GLWLRQV ZKHQ FRPSDUHG ZLWK VWRUDJH XQGHU URRP WHPSHUDWXUH� ,Q DGGLWLRQ WR WKH
YDULDEOHV PHQWLRQHG �UHODWLYH KXPLGLW\� WHPSHUDWXUH�� WKH ZDWHU DFWLYLW\ LQ HDFK
HQYLURQPHQW �D � � ZDV DOVR PHDVXUHG� 7KLV SDUDPHWHU LV GHnQHG E\ WKH UDWLR RI WKH
ZDWHU YDSRU SUHVVXUH RI IRRG VXEVWUDWH WR WKH YDSRU SUHVVXUH RI SXUH ZDWHU DW WKH
VDPH WHPSHUDWXUH D �  S S � ZKHUH S YDSRU SUHVVXUH RI VROXWLRQ DQG S �  YDSRU
SUHVVXUH RI VROYHQW �XVXDOO\ ZDWHU�� ,W LV QRZ JHQHUDOO\ DFFHSWHG WKDW WKH ZDWHU UH�
TXLUHPHQWV RI PLFURRUJDQLVPV VKRXOG EH GHnQHG LQ WHUPV RI WKH ZDWHU DFWLYLW\ �D � ��
7KH D � RI PRVW IUHVK IRRGV LV DERYH ����� ,Q JHQHUDO� EDFWHULD UHTXLUH KLJKHU YDOXHV
RI D � IRU JURZWK WKDQ IXQJL� IRU H[DPSOH� 0RVW VSRLODJH EDFWHULD GR QRW JURZ EHORZ
D �  ����� ZKLOH VSRLODJH PROGV FDQ JURZ DV ORZ DV ����� -D\ ������ SUHVHQWV D WDEOH
ZLWK DSSUR[LPDWH PLQLPXP D � YDOXHV IRU JURZWK RI LPSRUWDQW PLFURRUJDQLVPV LQ
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IRRGV� 6RPH UHODWLRQVKLSV KDYH EHHQ VKRZQ WR H[LVW DPRQJ D � YDOXHV� WHPSHUDWXUH
DQG QXWULWLRQ� 7KDW LV ZK\ WKRVH YDOXHV ZKHUH DOVR UHFRUGHG GXULQJ WKH H[SHULPHQW�
/DERUDWRU\ 3DQHO� )RUW\ nYH ���� VXEMHFWV ZHUH WUDLQHG IRU WKH VHQVRU\ FKDUDFWHU�
LVWLFV RI WKH SURGXFW EHIRUH WKH PDLQ WULDO VWDUWHG� 6HQVRU\ HYDOXDWLRQV ZHUH PDGH
LQLWLDOO\ DQG WKHQ HYHU\ ZHHN WKHUHDIWHU� (DFK ZHHN� QHDU HLJKW WUDLQHG VXEMHFWV
ZHUH VHOHFWHG WR IRUP WKH WHVW SDQHO�
7HVW 3URFHGXUH� (YDOXDWLRQV ZHUH SHUIRUPHG ZHHNO\� (DFK ZHHN� RQH XQLW ZDV
VDPSOHG IURP HDFK RQH RI WKH IRXU VWRUDJH FRQGLWLRQV� (DFK SDQHOLVW ZDV RmHUHG
VLPXOWDQHRXVO\ D VHW RI WKUHH XQLWV� RQH ODEHOHG DV UHIHUHQFH �FRQWURO� DQG RWKHU
WZR WHVW XQLWV ODEHOHG ZLWK D WKUHH GLJLWV QXPEHU� 2QH RI WKH WZR WHVW XQLWV ZDV
DOZD\V D ?EOLQG� UHIHUHQFH� 7KHUHIRUH� DW D JLYHQ ZHHN� HDFK SDQHOLVW ZDV RmHUHG
LQ UDQGRP RUGHU� WKUHH VHWV RI XQLWV WR EH HYDOXDWHG� QDPHO\ >5(� %5(� 5@� >5(�
%5(� &+�@ DQG >5(� %5(� &+�@� ZKHUH 5(� %5( DQG 5 VWDQG UHVSHFWLYHO\ IRU
?UHIHUHQFH��?EOLQG UHIHUHQFH� DQG ?URRP WHPSHUDWXUH DQG KXPLGLW\�� &+L VWDQGV
IRU ?FKDPEHU L� L ���� :LWKLQ D JLYHQ JURXS� WKH UHIHUHQFH XQLW �5(� ZDV DOZD\V
HYDOXDWHG nUVW� )RU WKH RWKHU WZR �%5(� 5� &+� RU &+��� WKH RUGHU ZDV UDQGRPL]HG�
$OO XQLWV ZHUH GHVFDUGHG DIWHU HYDOXDWLRQ�
0HDVXUHPHQW 6FDOH� 3DQHOLVWV ZHUH DVNHG WR FRPSDUH HDFK WHVW XQLW �LQFOXGLQJ WKH
?EOLQG� UHIHUHQFH� ZLWK WKH UHIHUHQFH DQG DVVLJQ D VFRUH RQ D VHYHQ�SRLQW VFDOH �� WR ��
LQGLYLGXDOO\ WR HDFK DWWULEXWH� �  ?QR GLmHUHQFH�� �  ?YHU\ VOLJKW GLmHUHQFH�� �  
?VOLJKW GLmHUHQFH�� �  ?GLmHUHQW�� � ? ODUJH GLmHUHQFH� � ?YHU\ ODUJH GLmHUHQFH��
� ?WRWDO GLmHUHQFH��
&ULWHULRQ RI )DLOXUH� 7KH PDQXIDFWXUHU DGRSWHG WKH IROORZLQJ IDLOXUH FULWHULRQ�
IRU HDFK DWWULEXWH� SURGXFW XQLWV VFRUHG ����� RU � ZHUH FRQVLGHUHG XQnW IRU KXPDQ
FRQVXPSWLRQ�
)ROORZ XS WLPH� XQLWV VWRUHG DW URRP WHPSHUDWXUH� FKDPEHUV � DQG � ZHUH IROORZHG
IRU ��� �� DQG �� ZHHNV UHVSHFWLYHO\� 7DEOH � VKRZV SDQHO VFRUHV IRU XQLWV VWRUHG LQ
FKDPEHU � ��� � &� ����� HYDOXDWHG DW WKH ��� � ZHHN�
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7DEOH �� 3DQHO VFRUHV IRU XQLWV VWRUHG LQ HQYLURQPHQWDO FKDPEHU � ��� � &�����
��� � ZHHN SDQHOLVW �FRGH QXPEHU�

DWWULEXWH VWRUDJH FRQGLWLRQ �� �� �� �� � �� �
RGRU UHIULJHUDWHG � � � � � � � � � �

&+$0%(5 � � � � � � � �
oDYRU UHIULJHUDWHG � � � � � � �

&+$0%(5 � � � � � � � �
DSSHDUDQFH UHIULJHUDWHG � � � � � � �

&+$0%(5 � � � � � � � �
� � � � � 	 
 � � 
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,W VKRXOG EH QRWLFHG WKDW WKH EOLQG UHIHUHQFHV ZHUH XVHG RQO\ WR FKHFN WKH FRQ�
VLVWHQF\ RI SDLQHOLVWV
 MXGJHPHQW� ,Q RWKHU ZRUGV� WKHUH ZDV QR LQWHUHVW LQ VWXG\LQJ
WKDW VWRUDJH FRQGLWLRQ�
6LQFH DWWULEXWHV ZHUH VFRUHG VHSDUDWHO\� LW LV SRVVLEOH WR KDYH D SURGXFW XQLW

FODVVLnHG DV XQnW UHJDUGLQJ RQH SDUWLFXODU DWWULEXWH DQG nW UHJDUGLQJ DQRWKHU RQH�
$FFRUGLQJ WR WKH IDLOXUH FULWHULRQ DGRSWHG E\ WKH PDQXIDFWXUHU� DW D JLYHQ

SUHHVWDEOLVKHG HYDOXDWLRQ ZHHN RQH RI WKH IROORZLQJ VLWXDWLRQV �IRU HDFK DWULEXWH�PLJKW
KDSSHQ� LI WKH DWWULEXWH
V VFRUH LV OHVV WKDQ RU HTXDO � �WKUHH� WKHQ RQH NQRZV WKDW
WKH SDUWLFXODU XQLW KDV EHFRPH XQnW IRU KXPDQ FRQVXPSWLRQ LQ D PRPHQW VRPH�
ZKHUH EHWZHHQ WKH EHJLQQLQJ RI WKH WULDO DQG WKH HYDOXDWLRQ ZHHN� 2Q WKH RWKHU
KDQG� LI WKH DWWULEXWH
V VFRUH LV JUHDWHU WKDQ � WKHQ� WKDW XQLW LV VWLOO nW IRU FRQVXPS�
WLRQ �UHJDUGLQJ WKDW DWWULEXWH�� 8QIRUWXQDWHO\� EHFDXVH RI WKH WULDO
V GHVWUXFWLYH
FKDUDFWHULVWLF� WKH IROORZ XS RI WKDW XQLW LV LQWHUUXSWHG�
7R HVWLPDWH DSSURSULDWHO\ WKH VKHOI OLIH RI WKDW IRRG SURGXFW LW LV GHVLUDEOH WR

LQFRUSRUDWH ERWK WKH LQIRUPDWLRQ FRQWDLQHG LQ WKH ULJKW DQG OHIW FHQVRUHG GDWD� :H
ZLOO DGGUHVV WKLV SUREOHP LQ WKH IROORZLQJ VHFWLRQV�

� $ 6WDWLVWLFDO 0RGHO IRU 6HQVRU\ 'DWD
6XSSRVH D VDPSOH RI 1  A BC D E Q F IRRG SURGXFW XQLWV LV WDNHQ IURP WKH SURGXFWLRQ
OLQH DQG VWRUHG XQGHU D JLYHQ HQYLURQPHQWDO FRQGLWLRQ� 7KHVH XQLWV ZLOO EH HYDOXDWHG
E\ D WUDLQHG SDQHO DW SUHVWDEOLVKHG HYDOXDWLRQ WLPHV LQ RUGHU WR GHWHUPLQH LWV VKHOI
OLIH�
/HW ~ G �L  �� ���� N� EH WKH HYDOXDWLRQ WLPHV �n[HG�� 7KHQ� DW WKH HYDOXDWLRQ WLPH

~ H � Q H XQLWV DUH VDPSOHG IURP WKH WRWDO 1 DQG VXEMHFWHG WR D VHQVRU\ HYDOXDWLRQ
E\ Q I SDQHOLVWV ZKR VFRUH HDFK DWWULEXWH �RGRU� oDYRU� DSSHDUDQFH� XVLQJ D � SRLQW
UDWLQJ VFDOH �IRU LQVWDQFH� � WR ���
7KH HYDOXDWLRQ LV GHVWUXFWLYH� FRQVHTXHQWO\ WKHVH Q I XQLWV FDQ QR ORQJHU EH IRO�

ORZHG LQ WLPH� 1H[W DW ~ J � Q J XQLWV DUH VDPSOHG IURP WKH 1 b Q K XQLWV OHIW DQG
HYDOXDWHG E\ Q L SDLQHOLVWV� 7KLV SURFHVV LV UHSHDWHG WKURXJK WKH ODVW HYDOXDWLRQ
WLPH ~ M ZKHQ WKH UHPDLQLQJ Q M XQLWV DUH nQDOO\ HYDOXDWHG�
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/HW =� � EH WKH VFRUH DVVLJQHG WR WKH M � � SURGXFW XQLW �M  �� ���� Q � � HYDOXDWHG DW
WKH WLPH ~ � �L  �� ���� N��
(DFK RI WKH Q � XQLWV HYDOXDWHG DW D JLYHQ WLPH ZLOO EH FRQVLGHUHG DV XQnW IRU

FRQVXPSWLRQ �UHJDUGLQJ D SDUWLFXODU DWWULEXWH� GHSHQGLQJ RQ WKH VFRUH DVVLJQHG E\
WKH SDQHOLVW� /HW XV UHIHU IRU D PRPHQW WR WKH UHDO VLWXDWLRQ GHVFULEHG LQ 6HFWLRQ �� ,Q
WKDW FDVH� WKH M � � XQLW HYDOXDWHG DW WLPH ~ � ZLOO EH FRQVLGHUHG XQnW IRU FRQVXPSWLRQ
�UHJDUGLQJ WKH DWWULEXWH EHLQJ HYDOXDWHG� LI = � �  ����� RU �� ,I� RQ WKH RWKHU KDQG�
= � � ! � WKHQ WKH DWWULEXWH ?IDLOXUH� ZLOO RFFXU VRPHWLPH LQ WKH IXWXUH EXW ZH ZLOO QRW
EH DEOH WR NQRZ ZKHQ DW WKH SUHVHQW WLPH� ,W VKRXOG EH HQIDVL]HG WKDW LW LV SRVVLEOH
WR KDYH D XQLW EHLQJ FRQVLGHUHG ?XQnW� UHJDUGLQJ LWV oDYRU EXW ?nW IRU FRQVXPSWLRQ�
UHJDUGLQJ LWV DSSHDUDQFH�
:H FDQ GHnQH D QHZ UDQGRP YDULDEOH < � � � JLYHQ E\

< � �  � � LI = 	 
 � � �L�H�� LI VFRUH � ��
� LI = � � w � �L�H�� LI VFRUH w ���

7KHUHIRUH� DW HDFK n[HG WLPH ~ 
 ZH KDYH D UDQGRP VDPSOH RI VL]H Q 
 IURP D
UDQGRP YDULDEOH < 
 � ZKHUH <
 � LV %HUQRXOOL GLVWULEXWHG ZLWK SUREDELLW\ S 
 JLYHQ E\

S 
  3 �< � �  ��  3 �� � 7 � � � ~ � �
�
ZKHUH 7 � � LV WKH IDLOXUH WLPH RI WKH M � � XQLW HYDOXDWHG DW ~ � �
7KXV� LQ D HTXLYDOHQW ZD\� <� � FDQ EH GHnQHG DV

<� �  � � LI � � 7 � � � ~ �
� LI 7 � � ! ~ � �

2U
3 �< � �  V � � �  3 �� � 7 � � � ~ � �  �b 5�~ � �� LI V � �  �

 3 �7 � � ! ~ � �  5�~ � �� LI V � �  �� ���
ZKHUH 5��� LQ ��� LV WKH UHOLDELOLW\ IXQFWLRQ �1HOVRQ� ������
7KH PDLQ SXUSRVH KHUH LV WR HVWLPDWH WKH VKHOI OLIH RI D IRRG SURGXFW� WDNLQJ LQWR

DFFRXQW VRPH VHQVRU\ TXDOLW\ FKDUDFWHULVWLFV� ,I ZH WDNH D EHWWHU ORRN DW WKLV SUREOHP�
ZH VHH WKDW LQ IDFW WKH VKHOI OLIH LWVHOI LV D UDQGRP YDULDEOH ZKRVH EHKDYLRU IRU HDFK
DWWULEXWH IROORZV VRPH XQGHUO\LQJ GLVWULEXWLRQ� 2QH ZD\ WR WDFNOH WKLV SUREOHPD
LV WR HVWLPDWH SHUFHQWLOHV RI HDFK VKHOI OLIH GLVWULEXWLRQ �FRQVLGHULQJ HDFK DWWULEXWH
VHSDUDWHO\� DQG WKHQ SLFN RQH IRU HDFK DWWULEXWH WR UHSUHVHQW WKH ?DWWULEXWHV
 VKHOI
OLIH�� ,I WKH PDQXIDFWXUHU GHFLGHV WR KDYH RQO\ RQH YDOXH UHSRUWHG DV D VKHOI OLIH IRU
WKH SURGXFW� WKH PLQLXP YDOXH FRXOG EH FKRVHQ�
:KDW LV UHDOO\ LPSRUWDQW LV WR HVWLPDWH FKDUDFWHULVWLFV RI WKH VKHOI OLIH GLVWULEX�

WLRQ� VXFK DV SHUFHQWLOHV� IUDFWLRQ ?GHIHFWLYH RX XQnW� DW D JLYHQ WLPH W � �JLYHQ E\
) �W � �  � b 5�W � ��� WR OLVW D IHZ� 7KDW FDQ EH GRQH E\ SRVWXODWLQJ DQ XQGHUO\LQJ
GLVWULEXWLRQ IRU WKH IDLOXUH WLPH 7 DQG ZULWLQJ GRZQ D OLNHOLKRRG IXQFWLRQ WDNLQJ
LQWR DFFRXQW WKH GLVWULEXWLRQ RI WKH UDQGRP YDULDEOH < � � � 7KLV DSSURDFK LV SUHVHQWHG
LQ 6HFWLRQ ����
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��� :HLEXOO IDLOXUH WLPH GLVWULEXWLRQ
,W LV DVVXPHG WKDW WKH IDLOXUH WLPH 7 � � RI WKH M � � XQLW HYDOXDWHG DW WLPH ~ � �n[HG�

KDV D :HLEXOO GLVWULEXWLRQ� ZLWK SDUDPHWHUV m� H p w �� DQG
q WKH SDUDPHWHUV m� DQG p DUH GHnQHG E\

m�  H[SI;� nJ  H[SI; �� n 	 �; 
� n 
 � ��� �; �
 n � J� ���
� M  �� �� ���� Q � � DQG p  H[S�o� o w �

q ;�  �; �� � ; �� � ���� ; �� � LV D �T��� YHFWRU RI FRYDULDWHV UHODWHG WR WKH M � � XQLW
HYDOXDWHG DW ~ �

q n  �n � � n � � ���� n � � � LV D �T��� YHFWRU RI SDUDPHWHUV DVVRFLDWHG WR WKH FRYDULDWHV�
1RZ XVLQJ WKH IDFW WKDW IRU D :HLEXOO GLVWULEXWLRQ ZLWK SDUDPHWHUV m DQG p�

5�W�  H[SIb�m W� � J DQG < � � KDV D %HUQRXOOL GLVWULEXWLRQ ZLWK SUREDELOLW\ S � JLYHQ
E\ ���� WKH OLNHOLKRRG IXQFWLRQ LV JLYHQ E\

/�t�  
��� � �  !"# $ % & '
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ZKHUH t e  �n e � p��
0D[LPXP OLNHOLKRRG HVWLPDWHV DUH REWDLQHG E\ GLUHFW PD[LPL]DWLRQ RI WKH ORJD�

ULWPXP RI H[SUHVVLRQ ���� 7KH H[SUHVVLRQV RI WKH nUVW GHULYDWLYHV DUH�f #/�t�
#t g h i j k l m n  opq r s t t uv nv s t t uv w x yz � ���

ZKHUH�

#/�t�
#n  {|} ~ � � �|� ~ � ; �� ���� ��� b��b V � � �H � �~ � H;� n� � � � V � � H� H � � � � � ;� n � � � �~ � H;� n� � ��
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#/�t�
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7KH HOHPHQWV RI WKH )LVKHU ,QIRUPDWLRQ PDWUL[ ,�t� ��T���d �T���� DUH JLYHQ
E\
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ZLWK , 
 
 � , 
 	 DQG , 	 	 ZLWK GLPHQVLRQV �T���d�T���� �T���d� DQG �d� UHVSHFWLYHO\�
0D[LPXP OLNHOLKRRG HVWLPDWRU LV REWDLQHG E\ LPSOHPHQWLQJ QXPHULF RSWLPL]D�

WLRQ PHWKRGV VXFK DV WKH ZHOO NQRZQ 1HZWRQ�5DSKVRQ DOJRULWKP� ,Q WKLV ZRUN ZH
KDYH XVHG D PLQRU DGMXVWPHQW WR WKH 1HZWRQ�5DSKVRQ SURFHGXUH� VRPHWLPHV XVHG
LQ VWDWLVWLFDO SUREOHPV� FDOOHG )LVKHU
V 6FRUH �0F&XOODJK DQG 1HOGHU� ������
,I At  � An ) � An * � ���� An + � Ao� , LV WKH PD[LPXP OLNHOLKRRG HVWLPDWRU RI t  �n ) � n * � ���� n + � o� ,

WKHQ
q IRU D JLYHQ VHW RI FRYDULDWHV ;-  �; ). � ; *. � ���� ; +. �� WKH PD[LPXP OLNHOLKRRG
HVWLPDWH RI WKH SHUFHQWLOH W/ 0 1 2 LV JLYHQ E\

AW/ 0 1 2  �
Am1 >b OQ��b S� @ 3 45

�
ZKHUH� Am6  H[SI;7 8nJ DQG Ap  H[SIAoJ

q XVLQJ PD[LPXP OLNHOLKRRG ODUJH VDPSOH WKHRU\ �DV\PSWRWLF QRUPDOLW\� DQG
WKH GHOWD PHWKRG�&R[ DQG +LQNOH\� ������ LW LV SRVVLEOH WR nQG WKH H[SUHVVLRQ
RI WKH DV\PSWRWLF YDULDQFH HVWLPDWRU99 DU�AW: ; < = � � = > , ? @ �t� = A SDUD t  Bt C � ���

ZKHUH = LV D YHFWRU RI GLPHQVLRQ �T��� d � JLYHQ E\

=  DEEEEEF
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7KHUHIRUH� ��� FRQnGHQFH LQWHUYDO �DV\PSWRWLF� IRU W� � � � LV
8%  AW� � � � � ��� ��� � 	9 DU�AW� � � � � 
 � � 
 � ���
/%  AW� � � � b ��� ��� � �9 DU�AW� � � � � � � � 
 ���

q HTXLYDOHQWO\� IRU D JLYHQ VHW RI FRYDULDWHV ;�  �; �� � ����; �� �� WKH PD[LPXP
OLNHOLKRRG HVWLPDWRU RI WKH IUDFWLRQ GHIHFWLYH LQ W � � )� �W � �� LV JLYHQ E\

A)� �W � �  �b A5� �W � �  �b H � � � � � ;� �n �  !"
����

q PDNLQJ XVH RI WKH DV\PSWRWLF QRUPDOLW\ SURSHUW\ RI WKH PD[LPXP OLNHOLKRRG
HVWLPDWRU DQG WKH GHOWD PHWKRG �&R[ H +LQNOH\� ����� ZH JHW WKH H[SUHVVLRQ
RI WKH ��� FRQnGHQFH LQWHUYDO IRU WKH IUDFWLRQ GHIHFWLYH A)# �W $ �  �b A5# �W $ ��

8%  �b % A5# �W $ � & ' ( ) * + , - . / 01 2 3 4 56 7 8 9 : ; <
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ZKHUH A� DQG T9 DU�A�� LQ ���� DQG ���� DUH JLYHQ E\
A�  OQ�b OQ A5U �W V � � � ����T9 DU�A�� � = W , X Y �t� = Z SDUD t  [t \ � ����

DQG = LV D YHFWRU RI GLPHQVLRQ �T��� d � JLYHQ E\

=  
]^^_ H̀ ; ab

bbbbbbb
H̀ OQ�W V H;b n �

c dde � ����

:H SRLQW RXW WKDW H[SUHVVLRQV ���� DQG ���� ZHUH FDOFXODWHG DSSO\LQJ WKH DV\PS�
WRWLF QRUPDO GLVWULEXWLRQ WR WKH WUDQIRUPDWLRQ � �H[SUHVVLRQ >��@�IRU ZKLFK WKH UDQJH
LV XQUHVWULFWHG� 7KHQ� WKH FRQnGHQFH LQWHUYDO IRU WKH IUDFWLRQ GHIHFWLYH LV IRXQG DS�
SO\LQJ WKH LQYHUVH WUDQVIRUPDWLRQ� 7KLV SURFHGXUH VXJJHVWHG E\ .DOEoHLVFK DQG
3UHQWLFH ������ SDJH ��� SUHYHQWV WKH RFFXUHQFH RI OLPLWV RXWVLGH WKH UDQJH >���@�
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� 6LPXODWLRQ 6WXG\
7KLV VHFWLRQ SUHVHQWV VLPXODWLRQ UHVXOWV IRU WKH :HLEXOO PRGHO ZLWK QR FRYDULDWHV�

;�  �; �� � ���� ; �� �  �; �� � s ��� �n[HG� DQG�
n  �n � � n � � ���� n � � � s �n � ��

7KHUHIRUH�
m�  H[S�; �� n � �  H[S�n � �  m�

DQG p  H[S�o� IRU DOO M  �� �� ���� Q 	 DQG L  �� �� ���� N�
&RQVHTXHQWO\� t  �n � � o� � LV WKH YHFWRU RI SDUDPHWHUV WR EH HVWLPDWHG E\ PD[L�

PXP OLNHOLKRRG�

��� 'HVFULSWLRQ RI WKH 6LPXODWLRQ 6WXG\
6RPH EDVLF TXHVWLRQV KDG WR EH DQVZHUHG LQ RUGHU WR LPSOHPHQW WKH VWXG\�
�� :KLFK YDOXHV RI m DQG p �DQG FRQVHTXHQWO\ RI n 
 DQG o� VKRXOG EH XVHG
LQ WKH VLPXODWLRQV"
2XU PDLQ SXUSXVH ZDV WR VWXG\ WKH ?TXDOLW\� RU ?SHUIRUPDQFH� RI WKH HVWLPDWHV

REWDLQHG E\ WKH PRGHO SURSRVHG LQ VLWXDWLRQV ZKLFK LPLWDWH WKH UHDO GDWD DYDLODEOH
DV FORVH DV SRVVLEOH� 2XU HPSKDVLV ZDV LQ JHWWLQJ JRRG HVWLPDWHV RI SHUFHQWLOHV DQG
IUDFWLRQ RI GHIHFWLYHV� $V PHDVXUHV RI ?TXDOLW\� RU ?SHUIRUPDQFH�� ZH XVHG�

q WKH DEVROXWH ELDV % I� � �
 � � AX � � 1J b �UHDO YDOXH RI X� ZKHUH AX � DUH WKH HVWL�
PDWHG SDUDPHWHU YDOXHV IRU HDFK RI WKH 1 VDPSOHV JHQHUDWHG�

q WKH UHODWLYH ELDV 5% I�DEVROXWH YDOXH RI %��� UHDO YDOXH RI X�J[�����
q WKH VWDQGDUG GHYLDWLRQ �6'� DQG WKH PHDQ VTXDUH HUURU �06(��
7R JHW D nUVW JXHVV RI WKH UDQJH RI YDOXHV WR EH XVHG LQ WKH VLPXODWLRQ� WKH PRGHO

SURSRVHG ZDV nWWHG WR WKH UHDO GDWD VHW� 7KH SDUDPHWHUV HVWLPDWHV DUH VXPPDUL]HG
LQ 7DEOH ��

7DEOH �� 3DUDPHWHUV HVWLPDWHV IRU WKH :HLEXOO PRGHO DSSOLHG WR WKH UHDO GDWD
DWWULEXWH

RGRU oDYRU DSSHDUDQFH
VWRUDJH FRQGLWLRQ Am Ap Am Ap Am Ap
URRP WHPS�DQG KXPLGLW\ ������ ��� ������ ��� ������ ���
HQYLURQPHQWDO FKDPEHU � ������ ��� ������ ��� ������ �
HQYLURQPHQWDO FKDPEHU � ������ ��� ������ ��� ������ �



��

)RU HDFK VWRUDJH FRQGLWLRQ� WKH DYHUDJH YDOXH RI WKH HVWLPDWHV REWDLQHG IRU m
� xAm� ZKHUH ������ ������ DQG ������ IRU VWRUDJH FRQGLWLRQV URRP WHPSHUDWXUH DQG
KXPLGLW\� FKDPEHU � DQG � UHVSHFWLYHO\� 6LPXODWLRQV ZHUH LPSOHPHQWHG XVLQJ m  
������ m  ����� DQG m  ������ p YDOXHV UDQJHG IURP ��� WR �� ZLWK LQFUHPHWV RI
VL]H �  ���� 1RWH WKDW WKH YDOXHV SUHVHQWHG LQ 7DEOH � DUH LQFOXGHG LQ WKLV UDQJH�
�� :KLFK VDPSOH SODQV VKRXOG EH LPSOHPHQWHG LQ WKH VLPXODWLRQ VWXG\"
%\ ?VDPSOH SODQ� ZH PHDQ� WKH QXPEHU RI ZHHNV RI IROORZ�XS �QZ�� WKH QXPEHU

RI SDQHOLVWV DOORFDWHG WR HDFK ZHHN �QS� DQG WKH WRWDO QXPEHU RI SURGXFW XQLWV XQGHU
WHVW �1  QZ d QS��
2QFH DJDLQ WKH LGHD ZDV DOVR WR PLPLF WKH VFHQDULRV IRXQG LQ WKH UHDO GDWD VHW�

7DEOHV �� � DQG � VXPPDUL]H WKH VDPSOH SODQV XVHG�

7DEOH �� 6FHQDULRV FRQVLGHUHG LQ WKH VLPXODWLRQ VWXG\� m  ���� DQG p  ��� WR ��
LQFUHPHQWV RI ��� FKDUDFWHULVWLFV RI HDFK VDPSOH SODQ

VDPSOH SODQ 1 � � � QZ � � � QS � � �
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7DEOH �� 6FHQDULRV FRQVLGHUHG LQ WKH VLPXODWLRQ VWXG\� m  ����� DQG p  ��� WR ��
LQFUHPHWQV RI VL]H ��� FKDUDFWHULVWLFV RI HDFK VDPSOH SODQ

VDPSOH SODQ QXPEHU 1 T U V QZ T W V QS T X V
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6DPSOH SODQV ODEHOOHG ?,� LQ 7DEOHV �� � DQG � DUH H[DFWO\ WKH RQHV LPSOHPHQWHG
LQ WKH VHQVRU\ HYDOXDWLRQV RI WKH GHKLGUDWHG SURGXFW PHQWLRQHG LQ WKH SUHYLRXV
VHFWLRQV�
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7DEOH �� 6FHQDULRV FRQVLGHUHG LQ WKH VLPXODWLRQ VWXG\� m  ����� DQG p  ��� WR ��
LQFUHPHQWV RI VL]H ��� FKDUDFWHULVWLFV RI HDFK VDPSOH SODQ

VDPSOH SODQ QXPEHU 1 � � � QZ � � � QS � � �
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�� :KLFK VWHSV ZLOO EH IROORZHG LQ WKH VLPXODWLRQ VWXG\"
,Q WKH SURSRVHG PRGHO� WKH XQGHUO\LQJ GLVWULEXWLRQ RI WKH IDLOXUH WLPH LV D

:HLEXOO EXW LQ D UHDO WHVW VLWXDWLRQ� LQ IDFW ZKDW LV REVHUYHG LV WKH VFRUH DVVLJQHG
E\ WKH SDQHOLVW WR D JLYHQ SURGXFW XQLW� ,Q WKH PRGHO SURSRVHG LQ 6HFWLRQ �� WKH
UHVXOWV DUH GLFKRWRPL]HG DFFRUGLQJ WR WKH FXW�Rm SRLQW VWDEOLVKHG E\ WKH FRPSDQ\�
,Q RWKHU ZRUGV� WKH UHVXOW LV HLWKHU ]HUR RU RQH GHSHQGLQJ RQ WKH ?IDLOXUH� WLPH �7�
EH ORFDWHG EHIRUH RX DIWHU WKH HYDOXDWLRQ WLPH �~��
,Q WKH VLPXODWLRQ VWXG\ ZH DVVXPHG WKDW WKH HYDOXDWLRQV ZHUH LPSOHPHQWHG

ZHHNO\� ,Q DGGLWLRQ� WKH WRWDO IROORZ�XS WLPH LV QZ ZHHNV DQG QS SDQHOLVWV DUH
UHTXHVWHG ZHHNO\ WR FRPSRVH WKH ODERUDWRU\ SDQHO�
7KH PDLQ VWHSV IROORZHG DUH JLYHQ EHORZ�
q VWHS �� FKRRVH D VHW RI SDUDPHWHUV YDOXHV m DQG p� DQG RQH RI WKH VDPSOH
SODQV OLVWHG LQ 7DEOHV �� � DQG ��

q VWHS �� JHQHUDWH D UDQGRP VDPSOH RI VL]H 1 QZd QS RI IDLOXWH WLPHV W� IURP
D :HLEXOO �m� p� ZHUH m  H " DQG p  H# � YDOXHV RI m DQG p ZHUH FKRRVHQ LQ
VWHS ��

q VWHS �� GLFKRWRPL]H WKH UHVXOWV DQG VWRUH WKHP LQ D YHFWRU �<�� 7KH GL�
FKRWRPL]DWLRQ LV GRQH E\ FRPSDULQJ HDFK RI WKH 1 IDLOXUH WLPHV W ZLWK WKH 1
HYDOXDWLRQ WLPHV ~ �~ DVVXPHV YDOXHV IURP � WR QZ ZHHNV�� ,I W! ~ WKHQ < ��
RWKHUZLVH < � �IDLOXUH KDV DOUHDG\ RFFXUHG ��

q VWHS �� FDOFXODWH WKH PD[LPXP OLNHOLKRRG HVWLPDWRU RI n DQG o �RU� m DQG p�
XVLQJ WKH GLFKRWRPL]HG GDWD DQG HSUHVVLRQ ����

q VWHS �� XVLQJ WKH SDUDPHWHUV HVWLPDWHV FDOFXODWHG LQ VWHS �� nQG WKH HVWLPDWHV
RI SHUFHQWLOHV DQG IUDFWLRQ RI GHIHFWLYHV�

q VWHS �� VWRUH WKH YDOXHV FDOFXODWHG LQ ��
q VWHS �� JHQHUDWH DQRWKHU UDQGRP VDPSOH DV LQ VWHS � DQG UHSHDW VWHSV � WR ��
q VWHS �� VWHSV � WR � VKRXOG EH UHSHDWHG XQWLO ���� VDPSOHV KDYH EHHQ JHQHU�
DWHG� 7KHQ� EDVHG RQ WKH ���� UDQGRP VDPSOHV� FDOFXODWH IRU HDFK SHUFHQWLOH
DQG IUDFWLRQ RI GHIHFWLYH RI LQWHUHVW�
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^ WKH DYHUDJH RI WKH ���� YDOXHV HVWLPDWHG�
^ WKH VWDQGDUG GHYLDWLRQ �6'� EDVHG RQ WKH ���� YDOXHV�
^ WKH DEVROXWH ELDV �%�� WKH UHODWLYH ELDV �5%� DQG WKH 06( �PHDQ VTXDUH
HUURU��

7KHVH VWHSV ZHUH LPSOHPHQWHG IRU HDFK RQH RI WKH VDPSOH SODQV OLVWHG LQ 7DEOHV
�� � DQG ��

��� 6LPXODWLRQ 5HVXOWV
7DEOHV � DQG H � SUHVHQW WKH VLPXODWLRQ UHVXOWV IRU SHUFHQWLOHV RI D :HLEXOO �m�p��

ZLWK m  ���� DQG p  ��� DQG ��� UHVSHFWLYHO\�
$OO WKH FRPSDULVRQV ZHUH GRQH WDNLQJ VDPSOH SODQ ?,� DV WKH UHIHUHQFH� VLQFH

WKDW ZDV WKH VDPSOH SODQ XVHG LQ WKH UHDO GDWD VHW�
)RU WKH :HLEXOO ������ ���� SODQV ,,� 9 H ,9 SUHVHQWHG EHWWHU UHVXOWV WKDQ SODQ ,�

FRQVLGHULQJ DOO WKH SHUIRUPDQFH PHDVXUHV�6'� 5% DQG 06(��
7KH UHVXOWV REWDLQHG ZLWK SODQ ,, ZKHUH H[SHFWHG VLQFH WKH VDPSOH VL]H IRU WKLV

FDVH ZDV GRXEOHG� 2Q WKH RWKHU KDQG� SODQV ,9 DQG 9 JHQHUDWHG UHVXOWV PXFK PRUH
SUHFLVH DQG ZLWK VPDOOHU ELDV� ,Q RWKHU ZRUGV� WKH WHVW FRXOG KDYH EHHQ LPSOHPHQWHG
ZLWK D VKRUWHU IROORZ�XS WLPH ��� RX �� ZHHNHV�� %XW WKH SULFH RQH ZRXOG KDYH WR
SD\ LV WR DORFDWH �� LQVWHDG RI � SDQHOLVWV HDFK ZHHN�
)RU WKH :HLEXOO������ ���� WKH UHVXOWV DUH SUDFWLFDOO\ WKH VDPH� +HUH� SODQV ,9

DQG 9 LQYHUW SRVLWLRQV� 3ODQV ,,� ,9 DQG 9 KDYH EHWWHU PHDVXUHV RI SHUIRUPDQFH
�RQFH FRPSDUHG WR SODQ ,� ZKHQ ZH HVWLPDWH SHUFHQWLOHV�
6LPLODU UHVXOWV ZKHUH IRXQG IRU RWKHU YDOXHV RI p� IRU LQVWDQFH p  ���� ��� DQG ��
7DEOH � VKRZV WKH UHVXOWV RI WKH VLPXODWLRQ VWXG\ FRQVLGHULJ D :HLEXOO ZLWK m  

���� DQG p  ���� 7KH TXDQWLWLHV HVWLPDWHG ZHUH IUDFWLRQV RI GHIHFWLYHV FDOFXODWHG
DW GLmHUHQW SRLQWV LQ WLPH�
+HUH� LW LV QRW SRVVLEOH WR LGHQWLI\ VDPSOH SODQV ZLWK EHWWHU SHIRUPDQFH WKDQ

SODQ , IRU DOO PHDVXUHV FDOFXODWHG� )RU LQVWDQFH� IRU D :HLEXOO ������ ���� SODQV ,,�
,9 DQG 9 DUH EHWWHU WKDQ SODQ , ZKHQ ZH WDNH LQWR DFFRXQW WKH 6' DQG 06( �RQH
H[FHSWLRQ LV SODQ 9 IRU W �  �� ZHHNV��
)RU WKH :HLEXOO ������ ���� SODQ ,, KDV EHWWHU SHUIRUPDQFH WKDQ SODQ ,9 DQG 9�

%XW� SODQV ,9 DQG 9 DUH QRW EHWWHU WKDQ SODQ , ZKHQ DOO PHDVXUHV RI SHUIRUPDQFH
DUH FRPSDUHG� )RU LQVWDQFH� IRU SODQ ,9� WKH ELDV DVVRFLDWHG ZLWK WKH HVWLPDWH RI
W �  � DQG �� ZHHNV DQG WKH UHODWLYH ELDV IRU �� ZHHNV DUH ERWK ODUJHU WKDQ WKH RQHV
REWDLQHG IRU SODQ ,�
7KHUHIRUH� ZKHQ WKH TXDQWLW\ WR EH HVWLPDWHG LV WKH IUDFWLRQ RI GHIHFWLYHV� WKH

UHVXOWV KDYH VKRZQ WKDW IRU WKH :HLEXOO ������ p� SODQ ,, KDV WKH EHVW SHUIRUPDQFH
UHJDUGLQJ DOO SHUIRUPDQFH PHDVXUHV� 3ODQV ,9 DQG 9 KDYH DOVR JRRG SHUIRUPDQFH
EXW LW GHSHQGV DOVR RQ WKH LQGLFDWRU FKRRVHQ IRU WKH FRPSDULVRQ�
7KH UHVXOWV IRU RWKHU YDOXHV RI p �������� DQG �� DUH YHU\ VLPLODU WR WKH RQHV MXVW

GHVFULEHG�
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7DEOH �� 6LPXODWLRQ UHVXOWV ����� VDPSOHV�� SHUFHQWLOHV W� RI D :HLEXOO ZLWK m  ����
DQG p  ���� � � � � � � � 	 
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� 0RWLYDWLQJ ([DPSOH 5HYLVLWHG
7KH DQDO\VLV RI WKH GDWD FRQVLVWHG RI WZR SDUWV�
�� IRU HDFK VWRUDJH FRQGLWLRQ DQG DWULEXWH VHSDUDWHO\� WKH PRGHO SURSRVHG LQ
6HFWLRQ � ZDV nWWHG DQG LWV DGHTXDF\ ZDV FKHFNHG� 3HUFHQWLOHV DQG IUDFWLRQ RI
GHIHFWLYHV ZKHUH WKHQ HVWLPDWHG�

�� WKH UHVXOWV DUH WKHQ FRPSDUHG ZKHQHYHU SRVVLEOH ZLWK WKH RQHV REWDLQHG E\ WKH
XVXDO DSSURDFK RI nWWLQJ D UHJUHVVLRQ OLQH UHODWLQJ WKH VFRUHV DQG WKH HYDOXDWLRQ
ZHHNV� ,Q WKLV FDVH� WKH VKHOI OLIH LV REWDLQHG E\ LQYHUVH UHJUHVVLRQ�

��� 5HVXOWV REWDLQHG ZLWK WKH SURSRVHG PRGHO ZLWK WKH
:HLEXOO DV WKH XQGHUO\LQJ GLVWULEXWLRQ

?5RRP WHPSHUDWXUH DQG KXPLGLW\� VWRUDJH FRQGLWLRQ�
7DEOH � SUHVHQWV WKH SDUDPHWHU HVWLPDWHV REWDLQHG ZLWK WKH SURSRVHG PRGHO nWWHG

WR WKH GDWD FRPLQJ IURP WKH ?URRP WHPSHUDWXUH DQG KXPLGLW\� VWRUDJH FRQGLWLRQ�

7DEOH �� 3DUDPHWHU HVWLPDWHV IRU WKH FRQGLWLRQ ?URRP WHPSHUDWXUH DQG KXPLGLW\��
DWULEXWH HVWLPDWHV

An � Ao Am  H �� � Ap  H ��
RGRU ����� ���� ������ ���

�S ����� �
oDYRU ����� ���� ������ ���

�S ����� �
DSSHDUDQFH ����� ���� ������ ���

�S �������� �� � 	 
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)LJXUH � SUHVHQWV WKH SORW RI WKH KD]DUG IXQFWLRQ IRU HDFK DWULEXWH� IRU SURGXFWV
VWRUHG DW WKLV FRQGLWLRQ� 1RWH WKDW WKH DWULEXWH ?DSSHDUDQFH� LV WKH RQH ZKLFK
GHWHULRUDWHV VORZHU WKDQ WKH RWKHUV XQWLO WKH ��4 5 ZHHN� 7KH RWKHU WZR DWULEXWHV
KDYH VLPLODU EHKDYLRUV�
0RGHO DGHTXDF\ ZDV FKHFNHG E\ XVLQJ WKH WHVW VWDWLVWLF & �/HH� ������ 1R HYL�

GHQFH RI ODFN RI nW ZDV IRXQG �S YDOXHV ZHUH ����� ���� DQG ���� ZLWK PRGHOV nWWHG
WR ?RGRU�� ?oDYRU� DQG ?DSSHDUDQFH� UHVSHFWLYHO\��
7DEOHV �� DQG �� SUHVHQW HVWLPDWHV RI SHUFHQWLOHV DQG IUDFWLRQ GHIHFWLYHV FDOFX�

ODWHG DW VSHFLnF WLPH SRLQWV UHVSHFWLYHO\� 7KH FRQnGHQFH LQWHUYDOV DUH ZLGH� LPSO\LQJ
D ORZ SUHFLVLRQ DVVRFLDWHG ZLWK WKH HVWLPDWHV�
,I WKH IRRG FRPSDQ\ GHFLGHV WR VWDEOLVK DV WKH VKHOI OLIH WKH SHUFHQWLOH �� IRU WKLV

VWRUDJH FRQGLWLRQ WKHQ� IRU HDFK RQH RI WKH DWULEXWHV ZH KDYH�
q RGRU� HVWLPDWHG VKHOI OLIH LV ��� ZHHNV ���� FRQnGHQFH LQWHUYDO�>���� ���@��
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7DEOH ��� 3HUFHQWLOHV HVWLPDWHV IRU HDFK DWULEXWH �?URRP WHPSHUDWXUH DQG KXPLG�
LW\��

DWULEXWH HVWLPDWHV
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)LJXUH �� (VWLPDWHG KD]DUG IXQFWLRQ IRU HDFK DWULEXWH �?URRP WHPSHUDWXUH DQG
KXPLGLW\���

q oDYRU� VKHOI OLIH LV ��� ZHHNV �>�������@��
q DSSHDUDQFH� VKHOI OLIH LV ��� ZHHNV �>���� ���@��
,I ZH WDNH LQWR DFFRXQW WKH WKUHH DWULEXWHV WRJHWKHU� WKH VKHOI OLIH VKRXOG EH ���

ZHHNV �WKH VPDOOHVW RQH��
7KH IRRG FRPSDQ\ HVWLSXODWHV D ?VHOO E\�GDWH RI �� ZHHNV� VLQFH WKLV GDWH LV

VXSSRVHG WR DOORZ D UHDVRQDEOH SHULRG RI KRPH VWRUDJH DQG XVH� LW LV IDLU WR VD\ WKDW
WKH VKHOI OLIH LV JUHDWHU WKDQ WKLV ?VHOO E\� GDWH�
2QH VKRXOG NHHS LQ PLQG WKDW WKH GDWD WKDW KDV EHHQ DQDO\VHG LV UHODWHG RQO\ WR

WKH ?VHQVRU\ TXDOLW\ FKDUDFWHULVWLFV� RI WKH SURGXFW�
7DNLQJ LQWR DFFRXQW WKH UHVXOWV SUHVHQWHG LQ 7DEOH ��� DW DIWHU �� ZHHNV RI VWRUDJH�

ZH H[SHFW WR KDYH�
q RGRU� IUDFWLRQ GHIHFWLYH HVWLPDWH RI ��� �>�����@�� ,Q RWKHU ZRUGV� LW LV H[�
SHFWHG WKDW ��� RI WKH SURGXFWV ZLOO H[SHULHQFH D GHFUHDVH LQ WKH TXDOLW\ OHYHO
UHJDUGLQJ WKLV DWULEXWH�

q oDYRU� ��� �>�����@��
q DSSHDUDQFH� ��� �>�����@��
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7DEOH ��� )UDFWLRQ RI GHIHFWLYH HVWLPDWHV DW W � ZHHNV �?URRP WHPSHUDWXUH DQG KX�
PLGLW\� VWRUDJH FRQGLWLRQ�� � � � � � � � � � � � 	 � � � �
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&KDPEHU � ��� � &� ��� UHODWLYH KXPLGLW\�DQG &KDPEHU ��WHPSHUDWXUH
FRQWUROOHG DW �� � &��

,Q WKLV VLWXDWLRQ� LW ZDV DVVXPHG WKDW 7 � � � WKH WLPH WR IDLOXUH RI WKH M � � XQLW
HYDOXDWHG DW ~ � �n[HG HYDOXDWLRQ WLPH� KDV D :HLEXOO �m� � p� GLVWULEXWLRQ �p w ��
ZKHUH�

m�  H[S�; 	
 n 	 �; �� n � �
DQG p  H[S�o� IRU DOO M  �� �� ���� Q 
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7DEOH ��� 3DUDPHWHU HVWLPDWHV IRU WKH PRGHO ZLWK D ?GXPP\� YDULDEOH IRU FKDPEHU
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7DEOH ��� 3DUDPHWHU HVWLPDWHV RI WKH :HLEXOO GLVWULEXWLRQ �IRU HDFK FRQGLWLRQ�
DWULEXWH

RGRU oDYRU DSSHDUDQFH
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)LJXUH � SUHVHQWV WKH HVWLPDWHG KD]DUG IXQFWLRQV IRU WKH DWULEXWH ?oDYRU�� IRU

HDFK VWRUDJH FRQGLWLRQ� 0RGHO DGHTXDF\ ZDV FKHFNHG IRU HDFK FRQGLWLRQ�DWULEXWH E\
XVLQJ WKH WHVW VWDWLVWLF & �/HH� ������ ,V DOO FDVHV WKHUH LV QR HYLGHQFH WR FRQFOXGH
WKDW WKH PRGHOV DUH LQDGHTXDWH �VPDOOHVW S YDOXH  ������
7DEOHV �� DQG �� SUHVHQW WKH SHUFHQWLOHV DQG IUDFWLRQ GHIHFWLYHV HVWLPDWHV IRU

HDFK FRQGLWLRQ�
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)LJXUH �� +D]DUG IXQFWLRQ SORW �?oDYRU�� IRU SURGXFWV VWRUHG LQ FKDPEHUV � DQG �
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7DEOH ��� 3HUFHQWLOHV HVWLPDWHV �AW� ZHHNV� �VWRUDJH FRQGLWLRQV� FKDPEHUV � DQG ��
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+HUH� WKH UHVXOWV VHHP WR LQGLFDWH WKDW XQLWV VWRUHG LQ FKDPEHU � ��� � &� KDG WKH
DWULEXWHV GHWHULRUDWHG IDVWHU WKDQ WKRVH SURGXFWV VWRUHG LQ FKDPEHU ��
6R� DV ZH KDYH GRQH LQ WKH FDVH RI WKH VWRUDJH FRQGLWLRQ ?URRP WHPSHUDWXUH DQG

KXPLGLW\�� LI WKH IRRG FRPSDQ\ GHFLGHV WR XVH DV D VKHOI OLIH WKH SHUFHQWLOH �� WKHQ
�VHH 7DEOH ����

q IRU XQLWV VWRUHG LQ FKDPEHU � ��� � & DQG �����
^ ?RGRU�� ��� ZHHNV ��� GD\V� �>��� ZHHNV� ��� ZHHNV@��
^ ?oDYRU�� ��� ZHHNV �� GD\V� �>��� ZHHNV� ��� ZHHNV@� DQG
^ ?DSSHDUDQFH�� ��� ZHHNV ��� GD\V� �>��� ZHHNV� ��� ZHHNV@��

q IRU XQLWV VWRUHG LQ FKDPEHU ���� � &��
^ ?RGRU�� � ZHHN �� GD\V� �>��� ZHHNV� ��� ZHHNV@��
^ ?oDYRU�� ��� ZHHNV ���� GD\V� �>��� ZHHNV� ��� ZHHNV@� DQG
^ ?DSSHDUDQFH�� ��� ZHHNV ��� GD\V� �>��� ZHHNV� ��� ZHHNV@��

��� 7KH 8VXDO $SSURDFK
?5RRP 7HPSHUDWXUH DQG +XPLGLW\� FRQGLWLRQ�

:H KDYH DOUHDG\ PHQWLRQHG WKDW WKH XVXDO DSSURDFK WR HVWLPDWH WKH VKHOI OLIH LV
WR nW D OLQHDU UHJUHVVLRQ PRGHO� )RU WKH UHDO GDWD VHW XQGHU VWXG\ ZH KDYH�

\ � �  n � � n � ZHHN � � � � � L  �� ���� �� �ZHHN� M  �� �� ��� Q � ����
ZKHUH�

q \ � � LV WKH VFRUH RI WKH M � 	 XQLW HYDOXDWHG DW WKH L � 	 ZHHN�
q ZHHN� LV WKH LQGHSHQGHQW YDULDEOH UHSUHVHQWLQJ WKH HYDOXDWLRQ ZHHNV� 7KHUH�
IRUH� ZHHN 
  �VW�ZHHN� ���� ZHHN � 
  ��� 	 ZHHN�

q Q � LV WKH QXPEHU RI UHSOLFDWHV �RX MXGJHV� DW WKH L� 	 ZHHN�
7KH UHVXOWV RI WKH nWWHG PRGHO DUH LQ 7DEOH ���
7KHUH LV QR LQGLFDWLRQ RI ODFN RI nW ��WK FROXPQ RI 7DEOH ���� 6R� ZH FRQFOXGH

WKDW� LQ IDFW� WKH VFRUHV GHFUHDVH OLQHDUO\ LQ PDJQLWXGH ZLWK WKH ZHHNV�
7KH WKLUG FROXPQ RI 7DEOH �� SUHVHQWV WKH HVWLPDWHV �XVLQJ LQYHUVH UHJUHVVLRQ�

RI WKH VKHOI OLIH� ,Q IDFW� WKRVH DUH WKH ZHHNV LQ ZKLFK WKH PHDQ VFRUH UHDFKHV WKH
YDOXH WKUHH ����
7KHUHIRUH� WKH HVWLPDWHG VKHOI OLIH LV ��� �� H �� ZHHNV UHVSHFWLYHO\ IRU WKH

DWULEXWHV ?RGRU�� ?oDYRU� DQG ?DSSHDUDQFH� UHVSHFWLYHO\� ��� FRQnGHQFH LQWHUYDOV
ZHUH DOVR FRQVWUXFWHG �'UDSHU DQG 6PLWK� ���� � SDJH ����
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1RWH WKDW IRU &KDPEHU �� WKHUH LV QR LQGLFDWLRQ RI ODFN RI nW�
7KH SRLQW HVWLPDWHV IRU WKH VKHOI OLIH DUH ��� �� H �� ZHHNV IRU ?RGRU�� ?oDYRU�

DQG ?DSSHDUDQFH� UHVSHFWLYHO\�
2Q WKH RWKHU KDQG� IRU &KDPEHU � WKHUH LV DQ LQGLFDWLRQ RI ODFN RI nW IRU WKH

DWULEXWH ?DSSHDUDQFH� �S ������� 7KH XVXDO UHVLGXDO SORWV ZHUH FRQVWUXFWHG WR
LGHQWLI\ SRVVLEOH YLRODWLRQV RQ WKH PRGHO DVVXPSWLRQV� 7KH\ DOO LQGLFDWHG SUREOHPV
ZLWK WKH KRPRFHGDVWLFLW\ DVVXPSWLRQ� 7KH VKHOI OLIH SRLQW HVWLPDWHV DUH �� DQG ��
ZHHNV IRU WKH DWULEXWHV ?RGRU� DQG ?oDYRU� UHVSHFWLYHO\� 7KHVH YDOXHV DUH VPDOOHU
WKDQ WKH RQHV REWDLQHG IRU &KDPEHU ��
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��� 5HVXOWV &RPSDULVRQ
7DEOH �� SUHVHQWV WKH VKHOI OLIH HVWLPDWHV IRU ?URRP WHPSHUDWXUH DQG KXPLGLW\�
FRQGLWLRQ� DFFRUGLQJ WR HDFK RI WKH WZR DSSURDFKHV� VLPSOH OLQHDU UHJUHVVLRQ DQG WKH
SURSRVHG PRGHO�
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DWXUH DQG KXPLGLW\� FRQGLWLRQ�� � � � � � � � �
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7KH YDOXHV VKRZQ LQ FROXPQ � RI 7DEOH �� ZHUH FDOFXODWHG E\ LQYHUVH UHJUHVVLRQ�
,Q RWKHU ZRUGV� WKH\ ZHUH REWDLQHG E\ PDNLQJ ?6FRUH �� LQ WKH nWWHG UHJUHVVLRQ
OLQH �6FRUH D�E 
 :HHN� DQG WKHQ VROYH WR nQG WKH ZHHN YDOXH�
/HW XV DVVXPH IRU D PRPHQW WKDW WKH XVXDO PRGHO DVVXPSWLRQV �QRUPDOLW\ DQG

KRPRFHGDVWLFLW\� DUH YDOLG� 7KHQ� VLQFH WKH PHDQ DQG PHGLDQ DUH WKH VDPH LQ WKH
1RUPDO GLVWULEXWLRQ LW LV IDLU WR VD\ WKDW� WKH HVWLPDWHG IUDFWLRQ RI GHIHFWLYHV DW
ZHHNV �� �RGRU�� �� �oDYRU� DQG �� �DSSHDUDQFH� DUH DOO ����
7KH WKLUG FROXPQ RI 7DEOH �� VKRZV WKH IUDFWLRQ RI GHIHFWLYH HVWLPDWHV DW ZHHNV

��� �� DQG ��� FDOFXODWHG ZLWK WKH SURSRVHG PRGHO� ,Q RWKHU ZRUGV� XVLQJ WKH
SURSRVHG DSSURDFK� WKH IUDFWLRQ RI GHIHFWLYHV DW ZHHNV ��� �� DQG �� DUH ���� ���
DQG ��� UHVSHFWLYHO\�
1RZ� LQ RUGHU WR KDYH FRPSDUDEOH UHVXOWV� WKH VHFRQG FROXPQ SUHVHQWV WKH VKHOI

OLIH HVWLPDWHV� FDOFXODWHG ZLWK WKH SURSRVHG DSSURDFK� 7KHUH� LW ZDV DVVXPHG WKDW
WKH FRPSDQ\ KDV FKRVHQ WKH SHUFHQWLOHV ��� DV WKH VKHOI OLIH YDOXHV�
$V 7DEOHV �� DQG �� SUHVHQW VLPLODU UHVXOWV FDOFXODWHG IRU FKDPEHUV � DQG �

UHVSHFWLYHO\�
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� 'LVFXVVLRQ
7KH WZR DSSURDFKHV GLVFXVVHG LQ WKLV DUWLFOH KDYH ERWK VWURQJ DQG ZHDN SRLQWV�
7KH VKHOI OLIH HVWLPDWLRQ YLD OLQHDU UHJUHVVLRQ PRGHOV UHODWLQJ WKH VFRUHV DQG WKH

�n[HG� HYDOXDWLRQ WLPHV KDV WKH DGYDQWDJH RI EHHQ YHU\ HDV\ WR LPSOHPHQW DQG WKH
UHVXOWV DUH HDV\ WR LQWHUSUHW� ,Q DGGLWLRQ� WKHUH LV D JUHDW QXPEHU RI FRPHUFLDO
VRIWZDUHV DYDLODEOH ZKLFK GHDO ZLWK UHJUHVVLRQ DQDO\VLV DQG PRGHO FKHFNLQJ�
2QH RI WKH GUDZEDFNV DVVRFLDWHG ZLWK WKLV DSSURDFK LV WKH PRGHO DVVXPSWLRQV�

7KH GDWD DQDO\VLV DQG WKH DQDO\VLV RI VLPLODU NLQG RI GDWD LQGLFDWH WKDW� DW OHDVW� WKH
KRPRFHGDVWLFLW\ DVVXPSWLRQ LV QRW YDOLG IRU GDWD DULVLQJ IURP WKHVH VLWXDWLRQV� ,Q
RWKHU ZRUGV� WKH SDQHOLVWV DOO VHDP WR ?DJUHH� DW WKH EHJLQLQJ RI WKH VWXG\� $V WKH
WLPH JRHV RQ DQG WKH SURGXFWV
 DWULEXWHV VWDUW WR VKRZ VRPH NLQG RI GHWHULRUDWLRQ�
WKH YDULDELOLW\ RQ WKH VFRUHV LQFUHDVHV� %XW ZH EHOLHYH WKDW WKH PDLQ GLVDGYDQWDJH
RI WKLV DSSURDFK LV WKH GLpFXOW\ WR HVWLPDWH SHUFHQWLOHV DQG IUDFWLRQ GHIHFWLYHV DW
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FKRRVHQ WLPH SRLQWV� 7KLV LQIRUPDWLRQ LV FUXFLDO WR VXSSRUW PDQDJHUV GHFLVLRQV� LQ
SDUWLFXODU� WKH RQHV DVVRFLDWHG ZLWK GHWHUPLQLQJ WKH VKHOI OLIH� 0RUHRYHU� VLQFH WKH
VKHOI OLIH HVWLPDWH LV REWDLQHG LQ WKLV FDVH E\ LQYHUVH UHJUHVVLRQ� LW LV YHU\ GLpFXOW WR
LQFRUSRUDWH FRYDULDWHV LQ WKH PRGHO DQG WKHQ FRQVWUXFW FRQnGHQFH LQWHUYDOV IRU VXFK
TXDQWLW\�
2Q WKH RWKHU KDQG� WKH DSSURDFK SURSRVHG LQ WKLV DUWLFOH LQFRUSRUDWHV ERWK WKH

LQIRUPDWLRQ FRQWDLQHG LQ WKH ?IDLOHG� DQG ?XQIDLOHG� XQLWV� 0RUHRYHU� LW SURYLGHV
HVWLPDWHV RI SHUFHQWLOHV DQG IUDFWLRQ RI GHIHFWLYHV� &RYDULDWHV DUH HDVLO\ LQFRUSRUDWHG
LQ WKH PRGHO LI QHFHVVDU\�
6RPH OLPLWDWLRQV ZH FDQ UHFRJQL]H LQ RXU DSSURDFK� )LUVW� DV LQ PRVW RI WKH SDUD�

PHWULF VWDWLVWLFDO PHWKRGV� LI RQH FKRRVHV DQ LQDSURSULDWH XQGHUO\LQJ GLVWULEXWLRQ�
WKH UHVXOWV �DV ZLWK WKH UHJUHVVLRQ DSSURDFK� FRXOG EH WRWDOO\ XQUHOLDEOH� $QRWKHU
OLPLWDWLRQ KDV WR GR ZLWK WKH GLFKRWRPL]DWLRQ LPSOHPHQWHG� :H DUH QRW XVLQJ DOO
WKH ?VFRUH LQIRUPDWLRQ� DYDLODEOH�
,Q ERWK DSSURDFKHV� WKH VKHOI OLIH HVWLPDWH ZLOO EH KLJKO\ DmHFWHG E\ WKH WKH

FXW�Rm SRLQW FKRVHQ E\ WKH IRRG FRPSDQ\�
:H DOVR VHH VRPH LVVXHV IRU IXUWKHU UHVHDUFKHV�
q RQH SRVVLELOLW\ LV WR WU\ WR PRGHO WZR DWULEXWHV WRJHWKHU� LQ RWKHU ZRUGV� WR
ZRUN ZLWK WKH MRLQW GLVWULEXWLRQ RI WKHLU WLPH WR IDLOXUH�

q LQ RXU DSSURDFK ZH GLG QRW TXHVWLRQ WKH ?VFRUHV� JLYHQ E\ WKH SDQHOLVWV �ZH DV�
VXPHG WKDW WKH\ ?QHYHU IDLO��� 2QH SRVVLELOLW\ LV WR LQFRUSRUDWH ?FODVVLnFDWLRQ
HUURUV��

7R VXPPDUL]H� ZH EHOLHYH WKDW RXU DSSURDFK ZLOO SURYLGH D PXFK QHHGHG SUDF�
WLFDO DSSURDFK WR VHWWLQJ UHDOLVWLF DQG HFRQRPLF ?RSHQ GDWHV� XVHIXO IRU SURGXFLQJ
PDQXIDFWXUHG SURGXFWV VXEMHFW WR VHQVRU\ HYDOXDWLRQV�

$FNQRZOHGJPHQWV
7KH DXWKRUV ZRXOG OLNH WR WKDQN &$3(6�%UD]LO IRU WKH nQDQFLDO VXSSRUW RI WKLV

UHVHDUFK�

5HIHUHQFHV
&R[� '�5�� +LQNOH\� '�8��������7KHRUHWLFDO 6WDWLVWLFV� /RQGRQ� &KDSPDQ DQG
+DOO�

'UDSHU� 1�� 6PLWK� +������� $SSOLHG 5HJUHVVLRQ $QDO\VLV� �UG�HG� 1HZ <RUN�
:LOH\�

*DFXOD� 0�&� -U�������� ?7KH GHVLJQ RI H[SHULPHQWV IRU VKHOI OLIH VWXG\�� -RXU�
QDO RI )RRG 6FLHQFH���� SS� ��������
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*DFXOD� 0�&� -U�� .XEDOD� -�-��������?6WDWLVWLFDO PRGHOV IRU VKHOI OLIH IDLOXUHV��
-RXUQDO RI )RRG 6FLHQFH� ��� SS���������

*DFXOD� 0�&� -U�� 6LQJK�-� �������6WDWLVWLFDO 0HWKRGV LQ )RRG DQG &RQVXPHU
5HVHDUFK� 1HZ <RUN� $FDGHPLF 3UHVV�

-D\� -DPHV 0�������� 0RGHUQ )RRG 0LFUR�%LRORJ\� �WK�HG� 1HZ <RUN� &KDS�
PDQ 	 +DOO�

.DOEoHLVFK� -�'�� 3UHQWLFH� 5�/�������� 7KH 6WDWLVWLFDO $QDO\VLV RI )DLOXUH 7LPH
'DWD� 1HZ <RUN� :LOH\�

/DZOHVV�-�)��������6WDWLVWLFDO 0RGHOV DQG 0HWKRGV IRU /LIHWLPH 'DWD� 1HZ
<RUN� :LOH\�

0HHNHU� :�4�� (VFREDU� /�$� ������� 6WDWLVWLFDO 0HWKRGV IRU 5HOLDELOLW\ 'DWD�
1HZ <RUN� :LOH\�

0,1,7$%� 6WDWLVWLFDO 6RIWZDUH� Y���� 0LQLWDE ,QF�� �����
6$6� 6WDWLVWLFDO $QDO\VLV 6\VWHP� :LQGRZV YHUVLRQ� �����
6HEHU� *�$�)�� :LOG� &�-� ������� 1RQOLQHDU 5HJUHVVLRQ� 1HZ <RUN� :LOH\�


