
;9,, ,0(.2 :RUOG &RQJUHVV
0HWURORJ\ LQ WKH 6UG 0LOOHQQLXP

-XQH 55ð5:/ 5336/ 'XEURYQLN/ &URDWLD

81&(57$,17< 5(/$7(':,7+ 7+( 86( 2) /,1($5
5(*5(66,21 $1$/<6,6 )25 7+( &255(&7,21 2) &$/,%5$7('

,167580(176

$1 61 5LEHLUR�/ -1 21 0LPRVR�/ -1 $1 6RXVDÁ DQG 01 31 &DVWUR�

�1DWLRQDO /DERUDWRU\ RI &LYLO (QJLQHHULQJ/ /LVERQ/ 3RUWXJDO
Á0DGHLUD 5HJLRQDO /DERUDWRU\ RI &LYLO (QJLQHHULQJ/ )XQFKDO/ 3RUWXJDO

$EVWUDFW

/LQHDU 5HJUHVVLRQ $QDO\VLV +/5$, LV D WHFKQLTXH
FRPPRQO\ DSSOLHG LQ PDQ\ GLIIHUHQW EUDQFKHV RI VFLHQFH1
7KH SUHVHQW VWXG\ LQYHVWLJDWHV WKH XVH RI /5$ LQ 0HWURORJ\
DQG DLPV WR GHYHORS D PDWKHPDWLFDO DSSURDFK WR DGHTXDWHO\
WDNH LQWR DFFRXQW LWV FRQWULEXWLRQ IRU WKH XQFHUWDLQW\ EXGJHW
LQ D PHDVXUHPHQW1

,Q D FDOLEUDWLRQ LQYROYLQJ PDQ\ VWDQGDUGV DQG
PHDVXULQJ LQVWUXPHQWV/ WKH /5$ WHFKQLTXH LV DQ LPSRUWDQW
WRRO IRU WKH HVWLPDWLRQ RI FRQYHQWLRQDO WUXH YDOXHV EDVHG RQ
FHUWLILFDWH UHVXOWV1 7KLV VWDWLVWLFDO WUHDWPHQW XVXDOO\ LQWHQGV
WR UHGXFH WKH HUURUV PHDVXUHG LQ WKH FDOLEUDWLRQ SURFHVV LQ
RUGHU WR DFKLHYH ORZHU UHVLGXDO HUURUV1 7KH RSHUDWLRQ/
KRZHYHU/ LQWURGXFHV VWDWLVWLFDO XQFHUWDLQWLHV/ ZKLFK FDQ EH
RI VLJQLILFDQFH ZKHQ FRPSDUHG ZLWK WKH XQFHUWDLQW\
FRQWULEXWLRQV IURP RWKHU LQSXW TXDQWLWLHV1

7KLV GRFXPHQW DOVR SUHVHQWV WKH UHVXOWV RI D
PHDVXUHPHQW XQFHUWDLQW\ HYDOXDWLRQ UHODWHG WR WKH
FDOLEUDWLRQ RI D OHQJWK PHDVXULQJ PDFKLQH/ LQFOXGLQJ WKH
/5$ FRQWULEXWLRQ EDVHG RQ WKH DSSOLFDWLRQ RI WKH
PDWKHPDWLFDO H[SUHVVLRQ SURSRVHG1 7KH UHODWLYH LQIOXHQFH RI
WKLV FRQWULEXWLRQ LV DOVR LQYHVWLJDWHG1

.H\ZRUGV= &DOLEUDWLRQ/ /LQHDU 5HJUHVVLRQ $QDO\VLV/
0HDVXUHPHQW 8QFHUWDLQW\

41 ,1752'8&7,21

7KH FDOLEUDWLRQ RI LQVWUXPHQWV XVHG IRU PHWURORJLFDO
SXUSRVHV UHVXOWV LQ PHDVXUHPHQW HUURUV DQG UHODWHG
XQFHUWDLQWLHV DV SUHVHQWHG LQ FDOLEUDWLRQ FHUWLILFDWHV1 7KH
VXEVHTXHQW XVH RI VXFK LQVWUXPHQWV XVXDOO\ VXJJHVWV WKH
FRUUHFWLRQ RI UHDGLQJV VR WKDW WKH V\VWHPDWLF HIIHFWV
GHWHUPLQHG E\ WKH FDOLEUDWLRQ PD\ EH UHGXFHG1 7R
LPSOHPHQW WKLV SURFHGXUH /LQHDU 5HJUHVVLRQ $QDO\VLV LV
XVXDOO\ DSSOLHG1

$V WKLV WHFKQLTXH DIIHFWV WKH PHDVXUHPHQW UHVXOWV/ LW
PXVW EH FRQVLGHUHG DV DQ DGGLWLRQDO VRXUFH RI XQFHUWDLQW\ WR
EH WDNHQ LQWR DFFRXQW LQ WKH PHDVXUHPHQW XQFHUWDLQW\ EXGJHW
DQG/ WKHUHIRUH/ D PRGHO IRU LWV HYDOXDWLRQ LV QHHGHG1

7KH SUHVHQW VWXG\ LQYHVWLJDWHV WKH XVH RI /5$ LQ
0HWURORJ\ DQG DLPV WR GHYHORS D SUDFWLFDO PDWKHPDWLFDO
H[SUHVVLRQ WR DGHTXDWHO\ WDNH LQWR DFFRXQW LWV FRQWULEXWLRQ
IRU WKH XQFHUWDLQW\ EXGJHW LQ D PHDVXUHPHQW1 $Q DSSOLFDWLRQ
WR WKH PHDVXUHPHQW XQFHUWDLQW\ HYDOXDWLRQ UHODWHG WR WKH
FDOLEUDWLRQ RI D OHQJWK PHDVXULQJ PDFKLQH DQG WKH UHVXOWV
REWDLQHG +QDPHO\/ PHDVXUHPHQW XQFHUWDLQWLHV DQG WKH
UHODWLYH LQIOXHQFH RI WKLV LQSXW TXDQWLW\, DUH DOVR GLVFXVVHG LQ
WKH SDSHU1

51 7+( 0$7+(0$7,&$/ 02'(/

7KH IXUWKHU XVH RI FDOLEUDWHG VWDQGDUGV DQG PHDVXULQJ
LQVWUXPHQWV IRU PHWURORJLFDO SXUSRVHV FRPPRQO\ LQYROYHV
WKH QHHG RI FRUUHFWLRQ RI WKH UHDGLQJV XVLQJ /5$ VWDWLVWLFDO
WUHDWPHQW1

,Q WKLV W\SH RI DQDO\VLV LW LV FRPPRQ WR XVH WKH UHIHUHQFH
YDOXHV/ [L +FRQYHQWLRQDO WUXH YDOXHV ZLWK VWDQGDUG
XQFHUWDLQW\ JLYHQ E\ r L[,/ DQG WKH DYHUDJH YDOXHV RI
UHDGLQJV/ \L +)LJXUH 4,/ WDNHQ IURP DQ LQVWUXPHQW XQGHU
FDOLEUDWLRQ/ ERWK H[SUHVVHG LQ D FHUWLILFDWH/ WR HVWLPDWH WKH
FRUUHFWLRQ RI WKH LQVWUXPHQW UHDGLQJV +ZLWKLQ WKH LQWHUYDO RI
FDOLEUDWLRQ, XVLQJ WKH H[SUHVVLRQ RI WKH OHDVW VTXDUHV PHWKRG
JLYHQ E\=

LL ;< 43 55 ò +4,

7KXV KDYLQJ DQ HVWLPDWH RI WKH FRHIILFLHQWV + 35 DQG 45 ,
HQDEOHV DQ HVWLPDWH RI WKH FRUUHFWHG YDOXHV WR EH HYDOXDWHG/
DFFRUGLQJ WR WKH QH[W HTXDWLRQ1

L[L\ 4E3E ò +5,
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)LJ1 4 0 /5$ 5HIHUHQFH YDOXHV/ L[ / PHDVXUHPHQW DYHUDJHV/

L\ / DQG UHIHUHQFH YDOXHV XQFHUWDLQW\/ [L 1

1RZ VXEVWLWXWLQJ [\ 4E3E ð DQG LPSRVLQJ WKH
WUDQVODWLRQ RI [ 3 WR [ [ +LQ RUGHU WR HOLPLQDWH WKH
FRYDULDQFH EHWZHHQ WKH WZR FRHIILFLHQWV 3E DQG 4E ,/
WUDQVIRUPV HTXDWLRQ +5, LQWR H[SUHVVLRQ +6,1

õ ô[L[\L\ ðò 4E +6,

ZKHUH WKH FRHIILFLHQW 4E LV JLYHQ E\ WKH OHDVW VTXDUHV
PHWKRG >4@=
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4L

5[L[

Q

4L

\L\[L[

4E +7,

7KH FRUUHFWLRQ RI WKH UHDGLQJV RI DQ LQVWUXPHQW XVLQJ D
FDOLEUDWLRQ FXUYH EDVHG RQ /5$ DQDO\VLV +)LJXUH 5, PHDQV
WKDW/ IURP HDFK UHDGLQJ -L\ +RU IURP DQ DYHUDJH YDOXH

EDVHG RQ P UHDGLQJV,/ WKH H[SHFWHG UHIHUHQFH YDOXH/ -L[ /

FDQ EH IRXQG/ L1H1/ WKH H[SHFWDQF\ > @-_-Ö
L\L[( 1

7KH ZD\ WR GR WKLV LV WR VROYH H[SUHVVLRQ +6, IRU WKH
TXDQWLW\ ZDQWHG + -L[ , DQG/ WKHUHIRUH/ REWDLQ WKH IXQFWLRQDO
UHODWLRQVKLS IRU WKH PHDVXUDQG=

õ ô
4E
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-
\L\[L[

ð
ò +8,

[L

\L

[L-

\L-

X + ,  "[L-

)LJ1 5 0 ([SHFWHG UHIHUHQFH YDOXH/ -L[ / REWDLQHG IURP D
PHDVXUDQG/ -L\ / DQG /5$ XQFHUWDLQW\ WR EH IRXQG/ õ ô-L[X 1

7KLV IXQFWLRQDO UHODWLRQVKLS PD\ EH XVHG DV EDVLV IRU WKH
HYDOXDWLRQ RI WKH XQFHUWDLQW\ FRPSRQHQW GXH WR WKH
PDWKHPDWLFDO SURFHVV/ XVLQJ WKH /DZ RI 3URSDJDWLRQ RI
8QFHUWDLQW\ >5/6@ RU E\ DSSO\LQJ WKH YDULDQFH RSHUDWRU1 :H
KDYH RSWHG IRU WKH IRUPHU1

61 81&(57$,17< (9$/8$7,21

7KH PRGHO SUHVHQWHG LQ +8, FRQWDLQV IRXU LQSXW
TXDQWLWLHV=

õ ô õ ô4E/-//- \L\[ILTIL[   +9,

7KH /DZ RI 3URSDJDWLRQ RI 8QFHUWDLQW\ DSSOLHG WR +9,
\LHOGV WKH JHQHUDO IRUPXODWLRQ=
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ZKHUH U LV WKH FRUUHODWLRQ FRHIILFLHQW1

,Q RUGHU WR FRPSXWH WKLV XQFHUWDLQW\ LW LV QHFHVVDU\ WR
HYDOXDWH WKH GHULYDWLYHV DQG WR HVWLPDWH WKH XQFHUWDLQW\ RI
HDFK LQSXW TXDQWLW\ DQG DVVRFLDWHG FRUUHODWLRQ FRHIILFLHQW1
7KH GHULYDWLYHV UHODWHG WR WKH JLYHQ PRGHO +8, DUH=
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7KH XQFHUWDLQW\ RI WKH LQSXW TXDQWLWLHV/ õ ôLTX / FDQ EH
REWDLQHG EDVHG RQ WKH IROORZLQJ DUJXPHQWV=

6LQFH /5$ LV EDVHG RQ D VHW RI Q FDOLEUDWLRQ SDLUV +[ L/ \L,/
HDFK RQH EDVHG RQ N UHSOLFDWHV/ WKH XQFHUWDLQW\ UHODWHG WR \
LV HYDOXDWHG E\/

õ ô
Q

5V\5X  +<,

ZKHUHDV WKH HYDOXDWLRQ RI WKH XQFHUWDLQW\ UHODWHG WR WKH
FRHIILFLHQW 4E >7@ \LHOGV=
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5[L[

5V5X 4E
+43,

,Q WKH ODVW WZR HTXDWLRQV/ V5 LV WKH YDULDQFH RI WKH UHVLGXDOV
REWDLQHG E\ /5$/ LMH / HVWLPDWHG XVLQJ HTXDWLRQ +44,1
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 ¦¦H +44,

7KH XQFHUWDLQW\ RI HDFK [L FDQ EH REWDLQHG IURP WKH
FDOLEUDWLRQ FHUWLILFDWH HLWKHU GLUHFWO\ RU/ LI WKH H[SDQGHG
XQFHUWDLQW\ LV GHFODUHG +ZLWK D FRYHUDJH IDFWRU RI N,/ XVLQJ
WKH H[SUHVVLRQ= õ ô N2[LL[X  1 $SSO\LQJ WKH /DZ RI
3URSDJDWLRQ RI 8QFHUWDLQW\ WR WKH VWDWLVWLFDO H[SUHVVLRQ RI

WKH DYHUDJH/ ¦ 
 

Q

4L
L Q[[ 2 / WKH XQFHUWDLQW\ RI WKLV TXDQWLW\ LV

JLYHQ E\= õ ô
Q

5
[L[5X  1

)LQDOO\/ WKH XQFHUWDLQW\ UHODWHG WR -L\ / ZKLFK LV WDNHQ DV
DQ DYHUDJH RI P UHDGLQJV/ FDQ EH REWDLQHG IURP=

õ ô
P

5V
L\

5X  - +45,

,Q WKH ODVW FDVH/ QRWLFH WKH XVH RI WKH VDPH HVWLPDWH V/
UHVXOWLQJ IURP WKH /5$ FXUYH/ VLQFH RQH RI WKH FRQGLWLRQV
UHTXLUHG IRU LWV DSSOLFDWLRQ LV WKDW WKH VWDQGDUG GHYLDWLRQ RI
WKH SRSXODWLRQ GLVWULEXWLRQ PXVW EH FRQVWDQW WKURXJKRXW WKH
GRPDLQ1 7KLV DVVXPSWLRQ FRPELQHG ZLWK WKH IDFW WKDW -L\
EHORQJV WR WKLV GRPDLQ/ MXVWLILHV WKH DERYH UHVXOW1

7KH ODVW JURXS RI HOHPHQWV WKDW QHHG WR EH HVWLPDWHG DUH
WKH FRUUHODWLRQ FRHIILFLHQWV1 7KH JHQHUDO H[SUHVVLRQ XVHG LQ
VWDWLVWLFV WR HYDOXDWH WKHVH FRHIILFLHQWV GHSHQGV RI WKH

YDULDQFHV DQG FRYDULDQFH RI WKH TXDQWLWLHV XQGHU VWXG\/
DFFRUGLQJ ZLWK +46,1
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VV

/FRY
/  +46,

7KH PDWKHPDWLFDO PRGHO +8, VKRZV WKDW WKHUH DUH IRXU
LQSXW SDUDPHWHUV DQG/ WKHUHIRUH/ VL[ SDLUV RI FRPELQDWLRQV WR
EH WUHDWHG1 +RZHYHU/ WZR RI WKHVH SDUDPHWHUV FDQ EH
LPPHGLDWHO\ FRQVLGHUHG DV LQGHSHQGHQW IURP WKH
RWKHUV= -L\ / DV LW UHSUHVHQWV WKH UHVXOW RI D VHW RI

LQGHSHQGHQW PHDVXUHPHQWV SHUIRUPHG ZLWK WKH FDOLEUDWHG
LQVWUXPHQWV> DQG [ / ZKLFK UHVXOWV IURP WKH YDOXHV RI WKH
UHIHUHQFH VWDQGDUG/ [L1 7KH UHPDLQLQJ WZR LQSXW SDUDPHWHUV

JLYH RULJLQ WR D VLQJOH FRHIILFLHQW/ õ ô > @
õ ô õ ô4

4
4 E

E/FRY
E/

VV \
\\U  /

ZKLFK LV QXOO/ VLQFH LW FDQ HDVLO\ EH SURYHG WKDW
> @ 3\  4E/FRY >8@1

7DNLQJ LQWR DFFRXQW WKH UHVXOWV SUHVHQWHG/ WKH H[SUHVVLRQ
+9, DSSOLHG WR WKH IXQFWLRQDO UHODWLRQVKLS +8, ILQDOO\ JLYHV WKH
VTXDUH RI WKH /5$ XQFHUWDLQW\=
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ZKLFK LV LQ DFFRUGDQFH ZLWK >9@1

71 &$/,%5$7,21 (;$03/(

7KH FDVH XQGHU VWXG\ LV UHODWHG ZLWK WKH FDOLEUDWLRQ E\
GLUHFW FRPSDULVRQ RI WKH PHDVXUDQG/ RI D 40GLPHQVLRQDO FR0
0RUGLQDWH PHDVXULQJ PDFKLQH LQ WKH UDQJH RI 3 PP WR 433
PP/ XVLQJ DV UHIHUHQFH VWDQGDUGV JDXJH EORFNV1

,Q DGGLWLRQ/ LW FDQ EH UHIHUUHG WKDW WKH LQVWUXPHQW WR EH
FDOLEUDWHG KDV D UHVROXWLRQ RI 314PP/ WKDW WKH EORFN JDXJHV
ZHUH FDOLEUDWHG LQ DQ DFFUHGLWHG ODERUDWRU\ DQG WKDW WKH
FDOLEUDWLRQ FHUWLILFDWH LVVXHG VWDWHV DQ XQFHUWDLQW\ RI=

õ ô P/743<4543;7[<88 / P¸
¹
·¨

©
§ ðòðr 11( +48,

ZKHUH / LV WKH OHQJWK H[SUHVVHG LQ PP DQG WKH XQFHUWDLQW\ LV
JLYHQ ZLWK D FRYHUDJH IDFWRU RI 51331

7KH VWXG\ WRRN DV UHIHUHQFH D VHW RI HLJKW EORFN JDXJHV
+JLYLQJ RULJLQ WR Q ; FDOLEUDWLRQ SDLUV,/ ZLWK QRPLQDO YDOXHV
EHWZHHQ 4 PP WR 433 PP/ DQG HDFK FDOLEUDWLRQ SDLU ZDV
DFKLHYHG IURP DYHUDJHV REWDLQHG IURP 43 UHSOLFDWLRQV
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+N 43,1 7KH PHDVXUHPHQWV ZHUH PDGH LQ D ODERUDWRU\ XQGHU
FRQWUROOHG WHPSHUDWXUH DQG KXPLGLW\ FRQGLWLRQV
+53�& r 316�& DQG 83 (UK r 8 (UK, LQ RUGHU WR OLPLW LWV
LQIOXHQFH LQ WKH OHQJWK PHDVXUHPHQW1 7KH UHVXOWV WKDW ZHUH
REWDLQHG DUH VKRZQ LQ WDEOH 41

7$%/( 4 0 &DOLEUDWLRQ SDLUV DQG UHSHDWDELOLW\

&RQYHQWLRQDO
WUXH YDOXHV
[L +PP,

0HDVXUHPHQWV
DYHUDJH YDOXHV

\L +PP,

5HSHDWDELOLW\

+PP,
31<<<<8 31<<<< 81; � 43 ð 9

5133335 513333 <1; � 43 ð 9

8133336 71<<<< 816 � 43 ð 9

43133338 <1<<<; :14 � 43 ð 9

58133338 571<<<: :14 � 43 ð 9

7<1<<<<3 7<1<<<4 :18 � 43 ð 9

:71<<<<3 :71<<;: 81; � 43 ð 9

<<1<<<;< <<1<<;7 :1; � 43 ð 9

7KH DQDO\VLV RI WKH UHVLGXDOV XQGHU *DXVV00DUNRY
FRQGLWLRQV VKRZHG WKDW /5$ FRXOG EH DSSOLHG1 :LWK WKHVH
SDLUV/ WKH FRHIILFLHQW E4 DQG WKH FRUUHFWLRQ HTXDWLRQ FDQ EH
REWDLQHG XVLQJ +7, DQG +8,/ UHVSHFWLYHO\=

<<<<;845:13 4E +49,

õ ô
<<<<;845:13

7<<76:866L\7<<<:6:866L[
1-

1-
ð

ò +4:,

7KH H[SUHVVLRQ +4:, DOORZV WKH FRUUHFWLRQ RI D VLQJOH
UHDGLQJ DQG DOVR RI WKH DYHUDJH RI P UHDGLQJV SHUIRUPHG
ZLWK WKH FDOLEUDWHG LQVWUXPHQW1 +RZHYHU/ WKLV FRUUHFWLRQ KDV
DQ XQFHUWDLQW\ FRQWULEXWLRQ JLYHQ E\ +47,1 7R FDOFXODWH LW/
WZR JHQHUDO VWHSV PXVW EH IROORZHG1

7KH ILUVW VWHS LQ HYDOXDWLQJ WKH XQFHUWDLQW\ LV WR ILQG WKH
YDOXHV RU WKH H[SUHVVLRQV WKDW DUH WDNHQ LQWR DFFRXQW1 ,Q WKLV
SDUWLFXODU FDVH/ L[ LV WKH JDXJH EORFNV FRQWULEXWLRQ REWDLQHG
IURP õ ô> @ P5/[<88 P( / Q LV WKH QXPEHU RI SDLUV XVHG LQ
WKH /5$ +Q  ;,/ WKH YDOXH RI WKH FRHIILFLHQW E4 LV JLYHQ E\
+49, DQG WKH V5 HVWLPDWH LV EDVHG RQ +44,/ ZKLFK JLYHV=

5PP<43785885V ð� 1 +4;,

7KH VHFRQG VWHS LV WR XVH WKHVH UHVXOWV/ DQG REWDLQ WKH
H[SUHVVLRQ IRU WKH /5$ XQFHUWDLQW\ DFFRUGLQJ ZLWK +47,=

õ ô

õ ô 5PP643<349:96<

57<<76:866L\
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/1-
+4<,

ZKHUH / LV DSSUR[1 HTXDO WR -L[ DQG UHSUHVHQWV WKH OHQJWK
H[SUHVVHG LQ PP1

7KLV XQFHUWDLQW\ GHSHQGV RQ WZR TXDQWLWLHV/ -L\ DQG P1
7KHUHIRUH/ IXUWKHU DQDO\VLV VKRXOG UHYLHZ WKHLU LQIOXHQFH1

7KH TXDQWLW\ P UHSUHVHQWV WKH QXPEHU RI UHSOLFDWHV/
QDPHO\ 43/ WKHUHIRUH WKH XVH RI +4<, UHVXOWV LQ XQFHUWDLQW\
YDOXHV ZKLFK/ LQ WKLV FDVH/ YDULHV IURP 6183;[4308PP
+PLQLPXP DW 66 PP OHQJWK, DQG 91399[4308PP +PD[LPXP
DW 433 PP OHQJWK,1 &RQVLGHULQJ 4 PP VWHSV EHWZHHQ
FRQVHFXWLYH FRPSXWDWLRQV/ )LJXUH 6 VKRZV WKH UHVXOWV
REWDLQHG LQ WKH UDQJH RI 4 PP WR 433 PP/ ZLWK WKH H[SHFWHG
PLQLPXP YDOXH DW 66 PP + [ ,/ WKH JOREDO PD[LPXP DW
433 PP +DQG D ORFDO PD[LPXP DW 4PP,1

/5$ XQFHUWDLQW\ LQ WKH FDOLEUDWLRQ UDQJH

0313333:
03133339
03133338
03133337
03133336
03133335
03133334

3
3133334
3133335
3133336
3133337
3133338
3133339
313333:

3 43 53 63 73 83 93 :3 ;3 <3 433
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FH
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)LJXUH 6 0 /5$ XQFHUWDLQW\ LQ >4 PP/433 PP@

:LWK WKH NQRZOHGJH RI WKHVH H[WUHPH YDOXHV/ D VWXG\ FDQ
EH FDUULHG RXW LQ RUGHU WR HYDOXDWH WKH LQIOXHQFH RI WKH
TXDQWLW\ P LQ WKH /5$ XQFHUWDLQW\ +4<,1 &RQVLGHULQJ WKHVH 6
YDOXHV +4 PP/ 66 PP DQG 433 PP, DQG D SDUDPHWULF VWXG\
RI P EHWZHHQ 4 DQG ;3/ )LJXUH 7 VKRZV WKDW IRU UHDGLQJV
EHWZHHQ 4 DQG 43 DQ LPSRUWDQW JDLQ FDQ EH DFKLHYHG ZLWK D
GHFUHDVH LQ /5$ XQFHUWDLQW\/ ZKHUHDV IRU P JUHDWHU WKDQ 43
WKHUH LV QR VLJQLILFDWLYH JDLQ LQ XQFHUWDLQW\ GHFUHDVH +IRU P
KLJKHU WKDQ 43/ WKH JDLQ LQFUHDVH UHODWLYH WR D VLQJOH
PHDVXUHPHQW LV ORZHU WKDQ 43 (,1

/5$ XQFHUWDLQW\ YV1P +GLPHQVLRQ RI VHW,

3
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3133335
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3133339

313333:

313333;

313333<
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P +GLPHQVLRQ RI VHW,
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/HQJWK  4 PP /HQJWK  66 PP /HQJWK  433 PP
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$QRWKHU LQWHUHVWLQJ DQDO\VLV UHVXOWV IURP WKH FRPSDULVRQ
EHWZHHQ WKH /5$ FRQWULEXWLRQ DJDLQVW RWKHU PDMRU
FRQWULEXWLRQV WR WKH XQFHUWDLQW\ HYDOXDWLRQ/ DV LV WKH FDVH
ZLWK WKH UHIHUHQFH EORFN JDXJH XQFHUWDLQW\/ WKH LQVWUXPHQW
UHVROXWLRQ DQG WKH LQVWUXPHQW UHSHDWDELOLW\1 )LJXUH 8 VKRZV
WKH DEVROXWH YDOXHV RI WKHVH FRPSRQHQWV IRU WKH FDVH ZKHUH
P 43/ H[SUHVVHG IRU WKH SRLQWV WDNHQ LQ WKH UHJUHVVLRQ
DQDO\VLV/ VKRZLQJ WKDW /5$ FRQWULEXWLRQ LV WKH KLJKHVW1 7KH
SRLQWV UHODWHG ZLWK WKH JOREDO XQFHUWDLQW\ ZHUH HVWLPDWHG
QHJOHFWLQJ WKH WHPSHUDWXUH HIIHFW/ VLQFH WKLV FRQWULEXWLRQ
GHSHQGV RQ IDFWRUV WKDW DUH H[WHUQDO WR WKH FDOLEUDWHG
LQVWUXPHQW +ODERUDWRULDO URRP DPELHQW WHPSHUDWXUH
EHKDYLRU,1

0DMRU FRQWULEXWLRQV WR WKH JOREDO PHDVXUHPHQW
XQFHUWDLQW\ +ZLWKRXW WKH WHPSHUDWXUH LQIOXHQFH,
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5HIHUHQFH EORFN JDXJHV XQFHUWDLQW\
5HSHDWDELOLW\ XQFHUWDLQW\ FRPSRQHQW
,QVWUXPHQW UHVROXWLRQ XQFHUWDLQW\
/5$ XQFHUWDLQW\
0HDVXUHPHQW XQFHUWDLQW\ ZLWKRXW WHPS1 LQIOXHQFH

)LJXUH 8 0 ,QWULQVLF FRQWULEXWLRQV WR PHDVXUHPHQW
XQFHUWDLQW\

7KLV VLPSOH H[DPSOH XQGHUOLQHV WKH W\SH RI LQIRUPDWLRQ
WKDW FDQ EH REWDLQHG E\ WKH HYDOXDWLRQ RI WKH /5$
XQFHUWDLQW\ FRQWULEXWLRQ/ QDPHO\/ WKH UDQJH DQG VHOHFWLRQ RI
SRLQWV DQG QXPEHU RI UHSOLFDWHV WKDW VKRXOG EH FRQVLGHUHG LQ
WKH FDOLEUDWLRQ SURFHVV/ WKH VHOHFWLRQ RI WKH QXPEHU RI
UHSOLFDWHV WR XVH LQ RUGHU WR SHUIRUP PHDVXUHPHQWV ZLWK WKH
LQVWUXPHQW XQGHU VSHFLILHG DFFXUDF\ DQG WKH DELOLW\ WR
FRPSXWH PHDVXUHPHQW XQFHUWDLQWLHV FRQVLGHULQJ WKH /5$
FRQWULEXWLRQ1

81 &21&/86,21

&RQVLGHULQJ WKH ZLGH XVH RI /5$ DV D WHFKQLTXH DSSOLHG
LQ WKH FRUUHFWLRQ RI YDOXHV IURP PHDVXULQJ LQVWUXPHQWV/ WKH
LPSOHPHQWDWLRQ RI WKH PDWKHPDWLFDO DSSURDFK SUHVHQWHG LQ
WKLV VWXG\ LV VFLHQWLILFDOO\ UHOHYDQW DQG KDV D EURDG UDQJH RI
DSSOLFDWLRQ1

7KH FRPSXWDWLRQ RI WKH XQFHUWDLQW\ UHODWHG ZLWK WKH XVH
RI /5$ FDQ EH QXFOHDU/ GHSHQGLQJ RQ WKH UHODWLYH
LPSRUWDQFH RI LWV YDOXH LQ D PHDVXUHPHQW RYHUDOO XQFHUWDLQW\
EXGJHW/ EXW LWV XVH KDV QRW EHHQ UHSRUWHG RIWHQ1

7KH VWXG\ FDUULHG RXW LQ WKLV SDSHU DLPV WR GLVFXVV DQG
ILQG D SUDFWLFDO H[SUHVVLRQ IRU WKH /5$ XQFHUWDLQW\
FRQWULEXWLRQ WR WKH PHDVXUHPHQW VWDQGDUG XQFHUWDLQW\/ DQG WR
VWXG\ WKH LQIOXHQFH RI LWV SDUDPHWHUV1

:KHQ LW LV LQWHQGHG WR JR IXUWKHU DQG REWDLQ WKH
PHDVXUHPHQW H[SDQGHG XQFHUWDLQW\ WR D FHUWDLQ FRQILGHQFH
OHYHO/ WKLV FRQWULEXWLRQ FDQ DFTXLUH D ODUJHU LPSRUWDQFH/
QDPHO\/ GXH WR WKH UROH RI WKH GHJUHHV RI IUHHGRP LQ WKH
GHWHUPLQDWLRQ RI WKH FRYHUDJH IDFWRU +:HOFK06DWWHUWKZDLWH
IRUPXOD >5/6@,1

&RQVLGHULQJ WKH H[DPSOH JLYHQ LQ WKLV ZRUN ZKHUH WKH
QXPEHU RI GHJUHHV RI IUHHGRP LV ORZ= 9 +  Q ð 5 ,/ LW ZDV
VKRZQ WKDW WKH /5$ XQFHUWDLQW\ ZDV WKH PDMRU FRQWULEXWLRQ
WRZDUGV WR WKH ILQDO XQFHUWDLQW\ UHVXOW1 7KXV/ LI WKLV YDOXH LV
WDNHQ LQWR DFFRXQW LQ WKH HYDOXDWLRQ RI WKH QXPEHU RI
HIIHFWLYH GHJUHHV RI IUHHGRP +:HOFK06DWWHUWKZDLWH IRUPXOD,/
FHUWDLQO\ D ORZHU YDOXH ZRXOG EH REWDLQHG/ OHDGLQJ WR D
FRYHUDJH IDFWRU FRQVLGHUDEO\ KLJKHU WKDQ WKH XVXDO N 5133
+<8( RI FRQILGHQFH OHYHO,1 $Q LPSRUWDQW FRQFOXVLRQ WR EH
GUDZQ LV/ WKHUHIRUH/ WKDW WKH QXPEHU RI SDLUV FRQVLGHUHG LQ
WKH /5$ DQDO\VLV LV DQ LPSRUWDQW SDUDPHWHU WR EH FRQVLGHUHG
ZKHQ VSHFLILHG OHYHOV RI DFFXUDF\ QHHG WR EH DFKLHYHG1

5()(5(1&(6

>4@ 6HQ/ $1 DQG 6ULYDVWDYD/ 01 %5HJUHVVLRQ DQDO\VLV1 7KHRU\/
PHWKRGV DQG DSSOLFDWLRQV%/ 6SULQJHU09HUODJ/ 1HZ <RUN/
86$/ 4<<31

>5@ %*XLGH IRU WKH H[SUHVVLRQ RI XQFHUWDLQW\ LQ PHDVXUHPHQW%/
,62/ %,30/ &(,/ ,)&&/ ,83$&/ 2,0// 4<<81

>6@ %([SUHVVLRQ RI WKH XQFHUWDLQW\ RI PHDVXUHPHQW LQ
FDOLEUDWLRQ%/ ($0 7235/ ($ 0 (XURSHDQ &R0RSHUDWLRQ IRU
$FFUHGLWDWLRQ/ 4<<<1

>7@ 0RRG/ $1 HW DO1/ %,QWURGXFWLRQ WR WKH WKHRU\ RI VWDWLVWLFV%/ 6UG
(G1/ 0F*UDZ0+LOO ,QWHUQDWLRQDO (GLWLRQV/ 6LQJDSRUH/ 4<:71

>8@ -RKQVRQ/ 11 DQG /HRQH/ )1 %6WDWLVWLFV DQG H[SHULPHQWDO
GHVLJQ LQ HQJLQHHULQJ DQG WKH SK\VLFDO VFLHQFHV1 9RO1 ,%/ 5QG
(G1/ -RKQ :LOH\ ) 6RQV/ 86$/ 4<::1

>9@ 0LPRVR/ -1 %&HUWLILFDomR GH PDWHULDLV GH UHIHUrQFLD%/
+5HVHDUFK 6WXG\,/ /DERUDWyULR 1DFLRQDO GH (QJHQKDULD
&LYLO/ /LVERD/ 4<<<1

$XWKRUV=
1DWLRQDO /DERUDWRU\ RI &LYLO (QJLQHHULQJ/
$Y1 GR %UDVLO/ 434/ 4:330399 /LVERD/ 3RUWXJDO1
7HO1 .. 684154 ;7763 33/ )D[ .. 684 54 ;77 63 74/
(0PDLO= DVULEHLUR#OQHF1SW/ MPLPRVR#OQHF1SW/ PSFDVWUR#OQHF1SW1

0DGHLUD 5HJLRQDO /DERUDWRU\ RI &LYLO (QJLQHHULQJ/
5XD $JRVWLQKR 3HUHLUD GH 2OLYHLUD/ 610DUWLQKR/ <3330597 )XQFKDO/
3RUWXJDO1 7HO1 .. 68415<4 :9 85 56 2728/ )D[ .. 68415<4 :9 86 ;8/
(0PDLO= MDVRXVD#OUHF1SW
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