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7KH $SSOLFDWLRQ RI ODWHULDO 5HTXLUHPH
6\VWHP WR $LUFUDIW 3DUWV ,QYHQW

% \
$GHO $EXOJDVVHP *KREEDU

$ WKHVLV VXEPLWWHG IRU WKH '"HJUHH RI '"RFWR

'HSDUWPHQW RI $HURQDXWLFDO &LYLO DQG OHFKI
&LW\ 8QLYHUVLW\
IRQGRQ

-X0\



$%675%$&7

$V WKH WLWOH LPSOLHV WKH DSSOLFDWLRQ RI 053 L
WKH KXJH FRVW Rl SDUWV KROGLQJ LQ DQ HYHU H[SD
SDUWV GHPDQG XQSUHGLFWDEOH SDUWV W\SLFDO R
FRQWURO LV LQYHVWLJDWHG ERWK WR LOOXVWUDWFE
GHSHQGHQW GHPDQG LQYHQWRU\ DQG RWKHU DSSOL
IRUHFDVWLQJ ZLWK D VSHFLILF H[SORUDWLRQ LQWR V
,Q RUGHU WR LQYHVWLJDWH EXUUHQW DLQNH@WMRR'S HW
DQBDLQWHQDQFH VHUYLWR RUSORUMDWKRQVWDWXV F
ZRUOGZLGH 7KLV UHVSRQVH VKRZHG EXUUHQW LQYH
DQG WKDW EHWWHU V\WVWHPV ZHUH UHTXLUHG OHDC
H[SHULHQFHG QDPHO\ ORW VL]H DQG IRUHFDVWLQJ F
053 KDG PDGH VRPH LQURDGY LQWR WKH DYLDWLRQ
SUHYHQWHG LWV JHQHUDO XSWDNH

7KURXJK D FDVH VWXG\ RI .70 XNfV ZRUNVKRS SUDFW
DSSO\ YDULRXV VROXWLRQV WR ORW VL]H DQG IRUHF]
SUDFWLFH SXWWLQJ IRUZDUG D VPDOO VFDOH 053 \
SURFHVV ZH SUHVHQW WZR SUHGLFWLYH PRG&®V D
DQG D 3UHGLFWLYH (UURWUWO)RKHFPRGHO®V DEGHIOHLU SU
VHYHQWHHQ ORW VL]H DQG WKLUWHHQ IRUHFDVWLQJ
PDQDJHPHQW WKURXJK DSSURSULDWH HVWLPDWHV R
VLILQJ ZH IRXQG WKDW XQGHU DOPRVW DOO RSHUD
PHWKRGV JLYH WKH EHVW SHUIRUPDQFH 6LPLODUO\ |
DQG WKH &URVWRQ PHWKRGV ZRUN EHVW IRU IRUHFDYV



£ER &LtOWQLJIJMILWLtI 4RG

PJ PRWKHU /IDQXGD DQG PJIDWKHU IWEXOJDVYV

DQG SDWLHQF|

IKHLU FRQWLQXDO EHO

KDL EHHQ WKH PDLQ 6RXUFH RI LQVSLUDWLRC



$FNQRZOHGJHPHQ

$FNQRZOHGJHPHQWYV

, ZRXOG ILUVW DQG IRUHPRVW OLNH WR WKDQN P\ VX
DP JUHDWO\ LQGHEWHG IRU KLV LQYDOXDEOH JXLGDQ
WKLV UHVHDUFK )LH PDGH VXEVWDQWLDO FRQWULEX
DQG FUHDWLQJ QHZ LGHDV 7KH FRPSOHWLRQ RI WK
ZLWKRXW KLV GHWDLOHG DGYLFH FRQVWUXFWLYH FU

, bP DOVR H[WUHPHO\ JUDWHIXO WR 'U /RXLVH 6ZLIW
8QLYHUVLW\ RI (DVW $QJOLD ZKRVH LQYDOXDEOH NQ
SURYHG WR EH RI LQHVWLPDEOH YDOXH WR WKH FRPS

7TKH ZLOOLQJ SDUWLFLSDWLRQ RI GLITHUHQW DYLD
EH DFNQRZOHGJHG DQG WKH\ DUH OLVWHG LQGLYLGX
Rl 5R\DO 'XWFK $LUOLQHV ./0 XN VWDII KRZHYHU ZDV
WKDQN ODQ %DUWKRORPHZ LQ ORJLVWLFV %DUU\ 7D
$ODQ 'ROSKLQ WKHLU ZRUNVKRS VXSHULQWHQGHQW

WR SURYLGH XV ZLWK YDOXDEOH GDWD DQG LQVLJIKW\

, HLSUHVV P\ VLQFHUHVW JUDWLWXGH WR P\ WHDFKHU
P\ VWXGLHV IURP SULPDU\ VFKRRO WR XQLYHUVLW\
HQFRXUDJHG DQG LQVSLUHG PH DQG SUHVHQWHG PH
P\ KRUL]RQV

$ VSHFLDO LQGHEWHGQHVYVY LV GXH WR P\ IDPLO\ H\
6DOPD P\ VLVWHUY DQG P\ EURWKHUV ZKR KDYH DO.
HQFRXUDJH PH

, ZRXOG DOVR OLNH WR WKDQN P\ IULHQGV $EGDUUD]
%DUUHWW |IRU WKHLU VXSSRUW DQG DVVLVWDQFH
)LQDOO\ , WKDQN *RG IRU KLV PHUFLHY DQG EOHVVLQ



"HFODUDWLRC

'HFODUDWLRQ

, KHUHE\ JUDQW SRZHUV RI GLVFUHWLRQ WR WKH 8QL
FRSLHG LQ ZKROH RU LQ SDUW ZLWKRXW IXUWKHU UH
VLQJOH FRSLHV PDGH IRU VWXG\ SXUSRVHV V XE

DFNQRZOHGJHPHQW



/LVRM FRQWHQW

/1,67 2) &217(176

&KDSWHU
,1752'8&7,21
7KH FRQWH[W
5HVHDUFK PHWKRGRORJ)\
5HVHDUFK REMHFWLYHYV
'DWD VRXUFHV
B3UHGLFWLYH PRGHOV SURSRVHG
7KHVLV OD\RXW

&KDSWHU
$,5&5%$)7 0$,17(1$1&( $1' &$7(*25,6$7,21 2) 3$576
,QWURGXFWLRQ
$LUOLQH PDLQWHQDQFH UHTXLUHPHQWYV
$LU RSHUDWRUVY FHUWLILFDWHY IRU PDLQWHQD
7KH GHYHORSPHQW RI D PDLQWHQDQFH VWHHULC
3ULPDU\ PDLQWHQBQFH SURFHVV
+DUGAMWLPH
2Q FRQGLWLRQ '&

&RQGLWLRQ&PRQLWRULQJ

$LUFUDIW LQYHQWRU\ FDWHJRULVDWLRQ
&RPSRQHQWYV

SRWDEOHV

5HSDLUDEOHYV

SHFRYHUDEOHV

([SHQGDEOHV

3DUWV FODVVLILEDWLRQ

7KH QDWXUH RI WKH $%& DQDO\VLV
ODVWHU PLQLPXP HTXLSPHQW OLVW 00(/
JHDG WLPH /7

,QVXUDQFH VSDUHYV



JLMRN FRQWHQW

6 XPPDU\

&KDSWHU
5(25'(5 32,17 523
,QWURGXFWLRQ
,QYHQWRU\ FRQWURO V\VWHP
'HPDQG W\SH FKDUDFWHULVWLFV
7KH 523 FRQFHSW
BHOHFWLQJ WKH UHRUGHU SRLQW
,QYHQWRU\ PHDVXULQJ SURFHGXUHYV

R $YHUDJH DJJUHJDWH LQYHQWRU\ YDOXH

'HHNV RI VXSSO\
,QYHQWRU\ WXUQRYHU
ILPLWDWLRQV RI WKH 523 LQYHQWRU\ V\VWHP
7KH PHWKRGRORJ\ RI DYLDWLRQ LQGXVWU\ VXUYF
$QDO\VLV RI VXUYH\ ILQGLQJV
5HDVRQV IRU QRW XVLQJ 053
2WKHU W\SHV RI LQYHQWRU\ FRQWURO XVHG
OHWKRGV RI LQYHQWRU\ PRQLWRULQJ
$FWLRQ WDNHQ ZKHQ D pVWRFNRXWY RFFXUV
'HJUHH RI DXWRPDWLRQ RI WKH RUGHULQJ V\VWH
&DSDFLW\ SODQQLQJ DQG VFKHGXOLQJ
'"HJUHH RI VDWLVIDFWLRQ ZLWK WKH H[LVWLQJ LQ
6SDUH SDUWV FODVVLILFDWLRQ
&RPSRQHQW UHSDLU FRQWUDFWYV
&KDQJLQJ WKH IOHHW VL]H
6XPPDU\ RI FRQFOXVLRQV

&KDSWHU
0$7(5,%/ 5(48,5(0(176 3/$11,1* 053
 QWURGXFWLRQ
053 EDFNJURXQG
7KH 053 FRQFHSW
%LOO RI PDWHULDO %20



JLMRN FRQWH QW'

ODVWHU VFKHGXOH 06
7KH 053 LQYHQWRU\ UHFRUGYV

053 SDUDPHWHUYV

30DQQLQJI3KRUL]RQ

/HDG WLPH DQG VDIHW\ VWRFN

/IRW VL]LQJ &RQVLGHUDWLRQV /6

7KH 053 UHSODQQLQJ V\VWHPV

7RS GRZQ SODQQLQJ

%RWWRP XS UH SODQQLQJ

523 YHUVXV 053 V\VWHP

7KH PHWKRGRORJ\ Rl WKH DYLDWLRQ LQGXVWU\ \
053 VRIWZDUH DQG LQYHQWRU\ UHFRUGV

053 RXWSXW UHSRUW VWDWHPHQW

/HDG WLPH SXUFKDVLQJ DJUHHPHQW

7KH 053 WLPH EXFNHW

7KH 053 SODQQLQJ KRUL]JRQ

053 ORW VL]H PHWKRGYV

053 VDIHW\ VWRFN

7KH ELOO RI PDWHULDOV

053 UHSODQQLQJ V\VWHPV

053 053 ,,

'HJUHH RI DXWRPDWLRQ RI WKH RUGHULQJ V\VWH
6SDUH SDUWV FODVVLILFDWLRQ

&RPSRQHQW UHSDLU FRQWUDFWYV
&KDQJLQJ WKH IOHHW VL]H

%HQHILWV RI VXFFHVVIXO LQVWDOODWLRQ RI 053
5HDVRQV IRU WKH XQVXFFHVVIXO XVH RI 053 V\VV
'LVFXVVLRQ DQG FRQFOXVLRQV

&KDSWHU
/0 XN SURILOH
,QWURGXFWLRQ
&RPSDQ\ EDFNJURXQG
'RUNVKRS LVVXHV DQG SDUWV FRQWURO



/LW RI FRQWHQ\

,QYHQWRU\ FRQWURO V\VWHP XVHG
6XPPDU\

&KDSWHU
053 635($'6+((7 &$/&8/$7,216
, QWURGXFWLRQ
%DFNJURXQG
':RUNERRN IHDWXUHYV
053 :RUNERRN GHVLJQ
&RPSRQHQW PDLQWHQDQFH DVVHPEO\
%LOO Rl PDWHULDOV
ODVWHU VFKHGXOH
ODLQ 053 VSUHDGVKHHW FDOFEXODWLRQ
053 LQYHQWRU\ UHFRUG
2UGHU UHOHDVH UHSRUW
,OOXVWUDWLYH H[DPSOH
$GYDQWDJHV RI 053 VSUHDGVKHHWYV
'LVDGYDQWDJH RI 053 VSUHDGVKHHWYV
(YDOXDWLRQ DQG FRQFOXVLRQ

&KDSWHU
053 /27 6,=,1* 0(7+2'6
,QWURGXFWLRQ
ILWHUDWXUH UHYLHZ
/IRW VLILQJ WHFKQLTXHYV
*URXS RQH LQFUHPHQWDO KROGLQJ FRVWYV
,QFUHPHQWDO $SSURDFK ,&$
,QFUHPHQWDO 2UGHU 4XDQWLW\ $SSURDFK ,24
*URXS WZR PLQLPLVLQJ KROGLQJ DQG RUGHULQ.
'DJQHU :KLWLQ $OJRULWKP ::$
6LOYHU OHDO 60
ORGLILHG 6LOYHU OHDO 060
/JHDVW 8QLW &RVW /8&
%RRNELQGHU DQG 7DQ +HXULVWLE



ILVW RI FRQWHC

%RRNELQGHU DQG 7DQ +HXULVWLF

*URXS WKUHH HTXDO RUGHULQJ DQG KROGLQJ
3DUW 3HULRG $0OJRULWKP 33$

,QFUHPHQWDO 3DUW 3HULRG $OJRULWKP ,33$%
3DUW 3HULRG %DODQFLQJ 33%
SHULRGLF 2UGHU 4XDQWLW\ 324
(FRQRPLF 2UGHU 4XDQWLW\ (24

ORGLILHG (FRQRPLF 2UGHU 4XDQWLW\ (24
*URXS IRXU VHW ORW VL]H WR FXUUHQW SHULR
IRW IRU /RW /)]

JLIHG 2UGHU 4XDQWLW\ )24
([SHULPHQWDO IDFWRUV DQG DVVXPSWLRQV
2UGHULIR FRVW

30DQQLQJ KRIMUL]JRQ OHQJIWK

&RHIILFLHQW RI YD&BIDWLRQ LQ GHPDQG
$QQXDO XWDIH YDOXH

OLQLPXP RUGHI2Z2 TXDQWLW\

([SHULPHQWDO UHVXOWYVY DQG DQDO\VLV
$QDO\WLFDO FRPSDULVRQV RI ORW VL]LQJ PHWK
*HQHUDO OLQHDU PRGHO DSSURDFK

7KH HIIHFW RI DQQXDO XVDJH YDOXH

7KH HIITHEFW RI RUGHULQJ FRVW

7KH HIIHFW Rl WKH FRHIILFLHQW RI YDULDWLRQ
7KH HIIHFW Rl SODQQLQJ KRUL]RQ

7KH HIIHFW Rl PLQLPXP RUGHU TXDQWLW\

/RW VL]H SUHGLF\W&¥H FRVW PRGHO
,OOXVWUDWLYH H[DPSOH

'LVFXVVLRQ DQG FRQFOXVLRQV

OHWKRGY HYDOXDWLRQ

BWDWLVWLFDO DQDO\VLY DQG SUHGLFWLYH FRV\

&KDSWHU
63$5( 3$576 )25(&$67,1*
,QWURGXFWLRQ



/LVRM FRQWHQW

ILWHUDWXUH UHYLHZ

5HODWHG UHVHDUFK

$LUOLQH IRUHFDVWLQJ VI\VWHPV UHYLHZ
'HPDQG IRUHFDVWLQJ WHFKQLTXHV

6HDVRQDO GHPDQG

'LQWHU V PHWKRG $: O:

BHDVRQDO 5HJUHVVLRQ ORGHO 650
&RPSRQHQW VHUYLFH OLIH UHSODFHPHQW WHF
07%5 DQG 07%?2

‘HLJKWHG &DOFXODWLRQ RI '"HPDQG 5DWHV :&':
‘HLJKWHG 5HJUHVVLRQ 'HPDQG )RUHFDVWHUV
 QWHUPLWWHQW DQG HUUDWLF OXPS\ GHPDQG
&URVWRQYIV PHWKRG

6LQJOH ([SRQHQWLDO 6PRRWKLQJ 6(6
(ISRQHQWLDOO\ :HLJKWHG ORYLQJ $YHUDJH (:0
7UHQG $GMXVWHG ([SRQHQWLDO 6PRRWKLQJ 75
‘HLJKWHG ORYLQJ $YHUDJHV :0%$

'RXEOH ([SRQHQWLDO 6PRRWKLQJ '(6
$GDSWLYH 5HVSRQVH 5DWH 6LQJOH ([SRQHQWLI
JRUHFDVW DFFXUDF\ PHDVXULQJ WHFKQLTXHV
([SHULPHQWDO IUDPHZRUN

([SHULPHQWDO GHVLJQ DQG GDWD FROOHFWLRQ
([SHULPHQWDO IDFWRUV

6HDVRQDO SBULRG OHQJWK

3ULPDU\ PDLQWBEBDQFH SURFHVV

'HPDQG VL]H DQG DYHUDJK WSLPH LQWHUYDO IDF
BRXUFHV Rl GHPDQG OXPSLQHVV LQ DLUFUDIW SI
$LUFUDIW XWBBL]DWLRQ UDWH

&RPSRQHQWIV RYHUKDXO OLIH &2/
([SHULPHQWDO UHVXOWYV DQG DQDO\VLYV
6RXUFHV RI GHPDQG YDULDELOLW\

7KH HYDOXDWLRQ RI IRUHFDVWLQJ PHWKRGV
*HQHUDO OLQHDU PRGHO DSSURDFK

7KH HIIHFW Rl VHDVRQDO SHULRG OHQJWK



ILVW RI FRQWHC(

7KH HIIHFW RI SULPDU\ PDLQWHQDQFH SURFHVV
7KH HIIHFW RI VTXDUHG FRHIILFLHQW RI YDULDW
7KH HIIHFW RI DYHUDJH LQWHU GHPDQG LQWHUY
3UHGLFWLYH HUURB()BUHFDVWLQJ PRGHO
,OOXVWUDWLYH H[DPSOH

'LVFXVVLRQ DQG FRQFOXVLRQV

6RXUFHV RI OXPSLQHVV

OHWKRGV HYDOXDWLRQ
BWDWLVWLFDO DQDO\VLYV DQG SUHGLFWLYH HUU

& K DISH U
&21&/86,216 $1' )857+(5 5(6($5&+
&RQFOXGLQJ UHPDUNYV
6XPPDU\ Rl OLPLWDWLRQV DQG UHFRPPHQGDWLR

$33(1',&(6

$SHQGL[ $

7KH LPSOHPHQWDWLRQ RI WKH VXUYH\ DQG REVWDFOH
6XUYH\ UHVSRQGHQWY DLUOLQH RSHUDWRU DQG PDLQ
$7 5HVSRQVHV UHFHLYHG

$ $SRORJLHV UHFHLYHG &RPSDQ\ XQDEOH WR FRPS

$ 1R FRUUHVSRQGHQFH UHFHLYHG

$ &RPSDQLHV QR ORQJHU LQ RSHUDWLRQ

$ &RPSDQLHV ZLOOLQJ WR FR RSHUDWH EXW UHSOI
$ &RPSDQLHV HDJHU WR UHFHLYH FRQFOXVLRQV RI
$ 6XUYH\ TXHVWLRQQDLUHYV

$SHQGL[ %

9LVXDO %DVLF ORGXOH IRU 053 6SUHDGVKHHW &DOFXO
% O 7DEOH RI URXWLQHV FRQWDLQHG LQ 9%$ IXQFW
% 9%$ UXQQLQJ WLSV

% 5DWH RI H[FKDQJH

$SSHQGL[ &

9LVXDO %DVLF ORGXOH IRU/RW/¥&PH 3UHGLFWLYH &RVW
7DEOH RI URXWLQHV FRQWDLQHG LQ9%$ IXQFWLRQV PI



/ILVW RI FRQWH

$SSHQGL[
9LVXDO %DVLF ORGXOH IRU 3UHGLBWOYH (UURU )RUHF

7DEOH RI URXWLQHV FRQWDLQHG LQ 9%$ IXQFWLRQV F
$SSHQGL[ (
&®SDFW 'LVN &RQWHQWYV

38%/,&%$7,216
SXEBDWLRQV LQ MRXUQDOYV
3UHVHQWHG SDSHUV DQG FRQIHUHQFH SURFHHGLQJV

5()(5(1&(6



/LW RIILIXUHV

/,67 2) ),*85(6

&KDSWHU

YJLIXUH
YLIXUH
YLIXUH
YJLIXUH
YJLIXUH
YLIXUH
YLIXUH
YLIXUH

& K D/8H U
JLIXUH
YJLIXUH
Y)LIXUH
YLIXUH
YLIXUH
YLIXUH
Y)LIXUH
YJLIXUH
JLIXUH

& K D/SH U
YLIXUH

&KDSWHU

YLIXUH
JLIXUH
YJLIXUH
YLIXUH
JLIXUH

&RQWLQXRXV UHYLHZ V\VWHP UHRUGHU SRL
7TKH LPSOHPHQWDWLRQ RI 053 523 VA\VWHPV
7TKH LPSOHPHQWDWLRQ RI 053 523 V\VWHPV
'RUN GRQH SXUHO\ DXWRPDWLFDOO\ PDQXD
S5SHDVRQV IRU LQDSSURSULDF\ RI LQYHQWRU\
&RPSRQHQW VA\VWHPYV FODVVLILFDWLRQ
SHSDLU FRQWUDFW DJUHHPHQWYV

&KDQJLQJ WKH IOHHW VL]H RU DGGLQJ QHZ W

&RPSDULVRQ Rl VWRFN OHYHO SDUWV ZLWK (
053 SODQQLQJ KRUL]JRQV OHQJWK

6DIHW\ VWRFN OHYHOV

053 UHSODQQLQJ IUHTXHQF\

'"HJUHH Rl ZRUN GRQH SXUHO\ DXWRPDWLFDO
'RUN GRQH SXUHO\ DXWRPDWLFDOO\ PDQXD
(IIHFW RI FKDQJH LQ IOHHW VL]H
%HQHILWV RI 053

5HDVRQV IRU XQVXFFHVVIXO XVH RI 053 V\VW

2YHUKDXO FRPSRQHQW SDUWYV ORJ %UDNH &

&RPSRQHQW PDLQWHQDQFH DVVHPEO\ ZRUNYV
%LOO RI PDWHULDOV OD\RXW

ODVWHU VFKHGXOH ZRUNVKHHW

, QYHUWHU XQLW DVVHPEO\ 053 VSUHDGVKHH
2UGHU UHOHDVHV UHSRUW FRQWHQWYV



/ILVW RIILIXUH

JLIXUH D 053 SXOO GRZQ PHQX
JLIXUH E 053 ORW VL]H PHWKRGV GLDORJ ER]J|

&KDSWHU
YJLIXUH

&KDSWHU
JLIXUH
YJLIXUH
JLIXUHG
JLIXUH
JLIXUH
JLIXUH
YLIXUH
Y)LIXUH
JLIXUH
Y)LIXUH

BUHGLFWLYH FRVW PRGHO GLDORJ ER]

$75 1RVH :KHHO RYHUKDXO VHUYLFH UHFRU
%$HO 1RVH :KHHO RYHUKDXO VHUYLFH UHF
JRNNHUO ODLQ :KHHO RYHUKDXO VHUYLFH
JRNNHUO 1RVH :KHHO RYHUKDXO VHUYLFH |
JRNNHUO SHIULJHUDWLRQ %UDNH 8QLW R\
JRNNHU62 ODLQ :KHHO RYHUKDXO VHUYLFH Ul
JRNNHU 1RVH :KHHO RYHUKDXO VHUYLFH UF
7KH IRUHFDVWLQJ VSUHDGVKHHW FDOFXODW
&DWHJRULVDWLRQ RI GHPDQG SDWWHUQV

SURSRVHG SUHGLFWLYH HUURU IRUHFDVWLQ.



/LMW WDEOHYV

1,67 2) 7$%/(6

&KDSWHU
7DEOHW 2YHUKDXO FRQWURO FDWHJRU\ VXPPDU\
7DEOH &KDUDFWHULVWLFV RI DLUFUDIW VSDUHV
7DEOH /LVW Rl VHOHFWLYH LQYHQWRU\ FRQWURO S
7EOH ,QYHQWRU\ W\SHV DQG FODVVLILFDWLRQV
7EOH &KDUDFWHULVWLFV Rl WKH $%& FODVVLILEDW
& K D/§H U

7DEOH 'HJUHH RI DXWRPDWLRQ DQG PDQXDOO\ FDUL
& K D/SH U

7DEOH &RPSDULVRQ RI RUGHULQJ WHFKQLTXHV RI V
7DEOH 053 VRIWZDUH SDFNDJHV XVHG E\ DYLDWLRQ
&KDSWHU

7TDEOH OD +HXULVWLF RI %RRNELQGHU DQG 7DQ
7DEOH OE +HXULVWLF RI %RRNELQGHU DQG 7DQ
7TDEOH (QYLURQPHQWDO IDFWRUYV

7TDEOH 6XPPDU\ RI PHWKRGVY DYHUDJH WRWDO FRVYV
7TDEOH D /RW VL]LQJ WRWDO FRVW SHUIRUPDQFH
7TDEOH E /RW VL]LQJ WRWDO FRVW SHUIRUPDQFH FR
7TDEOH F /RW VL]LQJ WRWDO FRVW SHUIRUPDQFH FR
7TDEOH $ VXPPDU\ RI ORW VL]H PHWKRG SHUIRUPDQF
7TDEOHYy $ VXPPDU\ RI $129% UHVXOWYV IRU ORW VL]H ¢
7TEOH D &RHIILFLHQWYV RI ILWWHG PRGHOV D PDLQ H
/DEOH E &RHIILFLHQWYV RI WKH ILWWHG PRGHOV FR
7TEOH F &RHIILFLHQWY RI PRGHO ILWWHG WR )24 GDW

& KDSHU
7TDEOH $ VXPPDU\ RI ./O XN ZRUNVKRS RYHUKDXO FR



/LW RI WDEOH

7TDEOH'HPDQG SDWWHUQ FDWHJRULVDWLRQ D VXPPDU

7TDEOH(QWIRQPHQWDO

IDFWRUV

7DEOH$I¥XPPDU\ Rl $129% JHMPFWRUYVRUE2 YDOXHV
7DEOHS$SE XPPDU\ RI $129% $J H VIXFONVRILY ORKUH V

TDEOH&MRIIILFLHQWY RI ILWWHG PRGHOV 6RXUFHV RI1 C
7TDEOHS$ VXPPDU\ RI DYHUDJH IRUHFDVW ®&GFFXUDF\ E\ T
7TDEOHS$ VXPPDU\ RI DYHUDJH IRUHFDVW BPFFXUDF\ E\ T
7TDEOHS$ VXPPDU\ RI DYHUDJH IRUHFDVW &FFXUDF\ E\ P
7TDEOHS$ VXPPDU\ RI DYHUDJH IRUHFDVW #O’fFFXUDF\ E\ P
7TDEOHS$ VXPPDU\ RI DYHUDJH IRUHFDVW&DFFXUDF\ E\ Z
7TDEOHS$ VXPPDU\ RI DYHUDJH IRUHFDVW+DFFXUDF\ E\ Z
7TDEOHS$ VXPPDU\ RI DYHUDJH IRUHFDVW DFFXUDF\ E\ T
7DEOHS$ VXPPDU\ RI DYHUDJH IRUHFDVW DFFXUDF\ E\ P
7TDEOHS$ VXPPDU\ RI DYHUDJH IRUHFDVW DFFXUDF\ E\ Z

7TDEOH(YDOXDWLQJ

IRUHFDVW PHWKRG E\ GHPDQG

SDV

7TDEOHS$ VXPPDU\ RI $129% UHVXOWYV IRU IRUHFDVWLQJ
7DEOHS$ VXPPDU\ RI $129% UHVXOWYV IRU IRUHFDVWLQJ
7TDEOHS$ VXPPDU\ RI $129% UHVXOWYV IRU IRUHFDVWLQJ
7TDEOHS$ VXPPDU\ RI $129% UHVXOWYV IRU IRUHFDVWLQJ
7TDEOHS$ VXPPDU\ RI $129% UHVXOWYV IRU IRUHFDVWLQJ
7DEOHS$ VXPPDU\ RI $129% UHVXOWYV IRU IRUHFDVWLQJ
7TDEOHS$ VXPPDU\ RI $129% UHVXOWYV IRU IRUHFDVWLQJ
TDEOH&RHIILFLHQWY RI ILWWHG PRGHOV PDLQ HIIHFW
TDEOH&MREIILFLHQWY RI WKH ILWWHG PRGHOV 0$3( FR
TDEOH&MFIILFLHQWY RI WKH ILWWHG PRGHOV 0$3( FR

TDEOH&MIILFLHQWYV RI ILWWHG PRGHOV PDLQ HIIHFW
TDEOH&MREIILFLHQWY RI WKH ILWWHG PRGHOV 0%’ FRQ
7TDEOH&MFIILFLHQWYV RI WKH ILWWHG PRGHOV 0%’ FRQ
TDEOH&MIILFLHQWYV RI ILWWHG PRGHOV PDLQ HIIHFW
TDEOH&RHUIFLHQWY RI WKH ILWWHG PRGHOV 0( FRQWL
7TDEOH&RHIFLHQWY RI WKH ILWWHG PRGHOV 0 FRQWI
TDEOH&MIILFLHQWY RI ILWWHG PRGHOV PDLQ HIIHFW
TDEOH&MREIILFLHQWY RI WKH ILWWHG PRGHOV 03( FRQ
TDEOH&MIILFLHQWYV RI WKH ILWWHG PRGHOV 03( FRQ



/LW R1 WDEOH

7TDEOH&RHIILARLHOWWHG PRGHOV PDLQ HIIHFW PHDVXU
7TDEOH&RHIILARHWWHY ILWWHG PRGHOV 06( FRQWLQXH
7TDEOH&RHIILARHYWH ILWWHG PRGHOV 06( FRQWLQXH
TDEOH&RHIILARHQWWHG PRGHOV PDLQ HIIHFW PHDVX!
7TDEOH&RHIILARHWWH ILWWHG PRGHOV 506 ( FRQWLQXI
TDEOH&RHIILARHYKWY ILWWHG PRGHOV 506 ( FRQWLQXI
TDEOH&RHIILARHIQWWHG PRGHOV PDLQ HIIHFW PHDYV X!
TDEOH&RHIILARH@KMWY ILWWHG PRGHOV 66( FRQWLQXH
7TDEOH&RHIILARHYWHY ILWWHG PRGHOV 66( FRQWLQXH:



*ORVDU\ RI WHUP

*/266$5< 2) 7(506

$ $YHUDJH 'HPDQG

$, $YHUDJH LQWHU 'HPDQG ,QWHUYDO

$0%$66 $GYDQFHG ODWHULDOV $OOREFDWLRQ 6FKHC
$129% $QDO\VLV 21 9DULDQFH

$2 $LUOLQH 2SHUDWRU

$2* $LUFUDIW 2Q *URXQG

$3,8&6 $PHULFDQ 3URGXFWLRQ DQG ,QYHQWRU\ &F
$556 (6 $GDSWLYH 5HVSRQVH 5DWH 6LQJOH ([SRQH
$63/ $GYDQFH 6SDUHV 3URYLVLRQLQJ /LVW

$7% $LU 7UDQVSRUW $VVRFLDWLRQ

$85 $LUFUDIW 8S8WLOL]DWLRQ 5DWH

$89 $QQXDO 8VDJH 9DOXH

$: $GGLWLYH :LQWHU

% $ H %ULWLVK $HURVSDFH

%20 %LOO 21 ODWHULDOV

%7 + %RRNELQGHU 7DQ +HXULVWLF 2QH

%7 + %RRNELQGHU 7DQ +HXULVWLF 7ZR

&$$ &LYLO $YLDWLRQ $XWKRULW\

&& &DUU\LQJ &RV W

&0 &RQGLWLRQ ORQLWRULQJ

&0$ &RPSRQHQW ODLQWHQDQFH $VVHPEO\

&2/ &RPSRQHQWYV 2YHUKDXO /LIH

&3$% &ULWLFDO 3DWK $QDO\VLV

&33 &XPXODWLYH 3DUW 3HULRGV

&9 6TXDUH &RHIILFLHQW RI 9DULDWLRQ RQ 'HF
&9' &RHIILFLHQW RI 9DULDWLRQ LQ 'HPDQG

(6 'RXEOH ([SRQHQWLDO 6PRRWKLQJ

(", (OHFWURQLF 'DWD ,QWHUFKDQJH

(,3 (QG ,WHP 30DQV

(24 (FRQRPLF 2UGHU 4XDQWLW\



*ORDUWA RI WHUPYV

(33 (FRQRPLF 3DUW 3HULRG
(:0% ([SRQHQWLDOO\ :HLJKWHG ORYLQJ $YHUDJH
)$$ JHGHUDO $YLDWLRQ $GPLQLVWUDWLRQ
)+V )O\LQJ +RXUV

A )O\LQJ /DQGLQJIV

)23 J)LIHG 2UGHU 3HULRG

)24 JLIHG 2UGHU 4XDQWLW\

)35 JLIHG 3HULRG 5HTXLUHPHQWYV

)61 )DVW 60RZ DQG 1RQ PRYLQJ

*/0 *HQHUDO /LQHDU ORGHO

+0/ +LJK OHGLXP /RZ

+7 +DUG 7LPH

L $79 ,QWHUQDWLRQDO $LU 7UDQVSRUW $VVRFLD
& JWHP &RVW

L &$ ,QFUHPHQWDO $SSURDFK

L& ,QFUHPHQWDO ,QYHQWRU\ &RVW

L7 ,VVXH ,QWHUYDO 7HFKQLTXH

24 ,QFUHPHQWDO 2UGHU 4XDQWLW\

.3 ,QYHQWRU\ 3RVLWLRQ

,3& ,OOXVWUDWHG 3DUWV &DWDORJXHV

3 ,QLWLDO 3URYLVLRQLQJ 'DWD

.33 , QFUHPHQWDO 3DUW 3HULRGV

,33% ,QFUHPHQWDO 3DUW 3HULRG $OJRULWKP
-$5 “-RLQW $YLDWLRQ 5HTXLUHPHQWYV

-7 -XVW ,Q 7LPH

.10 5R\DO 'XWFK $LUOLQHYV

1$1% /IRRN $KHDG /RRN %DFN

Y /IRW )RU /RW

/3&0 /IRW VL]H 3UHGLFWLYH &RVW ORGHO

/3" /IRILVWLF 30DQQLQJ 'RFXPHQW

/6 /IRW 6L]H

/7 /JHDG 7LPH

17& /IHDVW 7RWDO &RVW
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*ORVDU\ RI WHUP

/IHDVW 8QLW &RVW
OHDQ $EVROXWH 'HYLDWLRQ

OHDQ $EVROXWH 3HUFHQWDJH (UURU
OHDQ (UURU

OLQLPXP (TXLSPHQW /LVWYV
ODLQWHQDQFH DQG (QJLQHHULQJ ODQDJHPI
0DQ +RXUV

ODVWHU OLQLPXP (TXLSPHQW /LVW
ODLQWHQDQFH 6HUYLFH 2UJDQL]DWLRQV
OLQLPXP 2UGHU 4XDQWLW\

OHDQ 3HUFHQWDJH (UURU

ODLQWHQDQFH 5HSDLU DQG 2YHUKDXO
ODWHULDO 5HTXLUHPHQWY 30DQQLQJ
ODQXIDFWXULQJ 5HVRXUFH 30DQQLQJ
ODVWHU 6FKHGXOH

ODLQWHQDQFH 6WHHULQJ *URXS

OHDQ 7LPH %HWZHHQ )DLOXUH

OHDQ 7LPH %HWZHHQ 2YHUKDXO

OHDQ 7LPH %HWZHHQ 5HPRYDO

OHDQ 7LPH %HWZHHQ 8QVFKHGXOHG 5HPRY
OHDQ 6TXDUH (UURU

ORGLILHG 6LOYHU OHDO 2QH

ORGLILHG 6LOYHU OHDO 7ZR
OXOWLSOLFDWLYH :LQWHU

2UGHULQJ &RVW

2ULJLQDO (TXLSPHQW ODQXIDFWXUHUYV
2Q +DQG

2UGLQDU\ /HDVW 6TXDUH

2UGHU 5HOHDVHV 5HSRUW

3UHGLFWLYH (UURU JRUHFDVWLQJ ORGHO
30DQQLQJ +RUL]JRQ

3ULPDU\ ODLQWHQDQFH 3URFHVV

3HULRG 2UGHU 4XDQWLW\
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*ORVVDU\ RI WHU

3DUW 3HULRG $0OJRULWKP
3DUW 3HULRG %DODQFLQJ

4XDQWLW\

5DQGRP $FFHVV OHPRU\

5RRW OHDQ 6TXDUH (UURU

5H 2UGHU /HYHO

5H 2UGHU 3RLQW

SHFRPPHQGHG 6SDUHV 3URYLVLRQLQJ /LVW
BRFLHW\ RI $XWRPRWLYH (QJLQHHUV
6LQJOH ([SRQHQWLDO 6PRRWKLQJ

6FDUFH 'LIILFXOW DQG (DV\ WR 3URFXUH
BWRFN .HHSLQJ 8QLWYV

6LOYHU OHDO

BHDVRQDO 3HULRG /HQJWK

6HDVRQDO 5HJUHVVLRQ ORGHO

6DIHW\ 6 WRFN

6XP Rl 6TXDUHG (UURUV

7UHQG $GMXVWHG ([SRQHQWLDO 6PRRWKLQ
7XUQ $URXQG 7LPH

(24 GLYLGHG E\ WKH DYHUDJH ZHHNO\ GHPD
8QLWHG 6WDWH $LU )RUFH

9LVXDO %DVLEF IRU $SSOLFDWLRQV

9LWDO (VVHQWLDO DQG 'HVLUDEOH
‘HLJKWHG &DOFXODWLRQ RI '"HPDQG 5DWHYV
"HLJKWHG ORYLQJ $YHUDJHV

‘HLJKWHG 5HJUHVVLRQ 'HPDQG )JRUHFDVWH!
'DJQHU :KLWLQ $OJRULWKP



&GKDSWHU 2QH L, QWURGXFWLR

,1752'8&7,21

H DLP RI WKLV &KDSWHU LV WR SURYLGH DQ
SURSRVH WKH YLDELOLW\ RI DGDSWLQJ WKH ODW
053 WR DLUFUDIW SDUWV LQYHQWRU\ ZLWK VSt
VL]ILQJ DQG IRUHFDVWLQJ 7KH &KDSWHU HQGV ZLWK V

7KH FRQWHI[W

BHUYLFH SDUWV DUH D PDMRU H[SHQVH IRU FRPSDQLI
DQQXDO SURILWYV 7KH FRPPHUFLDO DYLDWLRQ LQGXV
ELOOLRQ LQ VSDUH SDUWV ZRUOGZLGH $ FRQVHUYD\
LQYHQWRU\ LV ELOOLRQ GROODUV SHU \HDU PRUF
WKH ZRUOGYV DLUOLQHV EHWZHHQ DQG DQG |
UHGXFWLRQ LQ LQYHQWRU\ E\ RSHUDWRUV FRXOG IUF
RSHUDWLQJ H[SHQVHYV

ODLQWHQDQFH DQG LQYHQWRU\ FRQWURO SUREOHPV K
LQ WKH DUHD RI DLUOLQH RSHUDWLRQV UHVHDUFK |
TXDQWLWDWLYH WHFKQLTXHV WR FRQWURO WKH FRV
SDUWV DQG WR LPSURYH RYHUDOO HTXLSPHQW XWLO
DLUFUDIW FRPSRQHQW PDLQWHQDQFH DLUOLQHV PXV
LQ RUGHU WR ORZHU FRVW PDLQWDLQ TXDOLW\ DQG
ZKHQ DQ DLUFUDIW FRPSRQHQW LV UHPRYHG IRU PDL(
WKH DLUFUDIW E\ D OLNH FRPSRQHQW WDNHQ IURP V\
DOORZ WKH DLUFUDIW WR EH UHWXUQHG WR VHUYLFH
LOQFXUUHG :KHWKHU IURP DQ LQ KRXVH VKRS RU D P
PRUH SUHGLFWDEO\ WKH VSDUHV DUH UHSDLUHG DQG
WKDW QHHG WR EH FDUULHG LQ VWRFN ZKLOH DW WKH
RXW Rl VWRFN VLWXDWLRQ



&KDSWHU 2QH SQUMRGXFWLRQ

7KH DLUFUDIW VSDUH SDUWV LQGXVWU\ LV XQVXUH

JURZWK RWKHUV IDFH XQFHUWDLQ IXWXUHV DQG PDC
KXJH LQYHQWRULHYVY RI VSDUH SDUWYV ZKHQ WKH\ FDQ
VWRUDJH DQG XSNHHS WR RWKHUV 7KH DLUOLQHV LQ
\HDUV IURP WKH GRRU RI UHFHVVLRQ KDV EHHQ VHHN
SDUWV DQG RYHUKDXO VKRSV ZKLOH VWDUW XS DLUC
LQ WKLV DUHD 7KHUH LV D KXJH SHQW XS GHPDQG |
LQYHQWRULHY PDQDJHG LQ D PRUH HIILFLHQW ZD\ OR®
WKH\ QHHG 7KH SDVW YLHZ RIl pLlI ZH QHHG LW JHW V
LQ WKHLU HIIRUW WR EH PDVWHUV RI WKHLU RZQ GH\
DLUFUDIW EHLQJ ODWH WKH DLUOLQHV EXLOW XS D
RYHUKHDGV OLNH SD\LQJ IRU SURSHUW\ WD[HV VWRUL
PDQDIJHPHQW MXVW WR NHHS VSDUHV RQ WKH VKHOI ¢
SDUW VR DOO DLUOLQHYV DUH QRZ IRFXVHG RQ UHGXEF
WKHUH DUH VHYHUDO FKDOOHQJHV IDFLQJ WKH DLUC
VRSKLVWLFDWHG LQYHQWRU\ FRQWURO V\VWHPV HVVH
GDWD UDSLGO\ FKDQJLQJ SURGXFWV HTXLSPHQW IC
LOQOWURGXFWLRQ RI UHJXODWRU\ FKDQJHYVY DUH DOO LP¢

JRU YDULRXV UHDVRQV KRZHYHU PRVW PDQXIDFWXUH
WR ROGHU PHWKRGV Rl UHRUGHULQJ FRPSRQHQW SDU
IRUP RI WKH WUDGLWLRQDO 5HRUGHU 3RLQW V\VWHF
ODWHULDOV H[SORVLRQ %20 523 SODQV IRU URXWLQ
%20 H[SORVLRQ LV SHUIRUPHG IRU WKH SXUSRVH RI
FRPSRQHQWVY QHHGHG LQ VXSSRUW RI WKH FXUUHQ!
FRQWLQXHVY WR EH LQ ZLGH XVH LQ WKH DYLDWLRQ LC
\HW WKH GHILFLHQF\ RI 523 IRU SODQQLQJ GHSHQG
GHPRQVWUDWHG E\ PDQ\ RSHUDWRUV 7KH 523 LV C
XQQHFHVVDU\ H[FHVV RI SDUWV RU VWRFNRXWYV

JHZ FRPSDQLHV FDQ ERDVW WKDW WKH\ DFKLHYH WK
LOQYHVWPHQWY ZKLFK DUH QRWRULRXVO\ GLIILFEXOW W
SUHGLFW OHDG WLPHV IRU UHSOHQLVKPHQW SDUWYV I[
WR PHDVXUH DQG WKH ORW VL]H RI SDUW LQYHQWRULF



&KDSWHU 2QH L, QWURGXFWLR

8QSUHGLFWDEOH SDUWV ZKLFK IRUP VSRUDGLF RU LC
VNHZHG GLVWULEXWLRQV DUH FRPPRQ LQ SDUWV LQ
FRQWURO PHWKRGRORJ\ LV QRW DSSURSULDWH IRU VX
LQ LQYHQWRU\ PDQDJHPHQW LV WRR RIWHQ QHJOHFW
QRUPDO GHPDQG GLVWULEXWLRQ 0DQ\ RWKHU VWDC
PDQDJHPHQW DQG FRQWURO DOVR WDNH QRUPDOLW\ F
WKLV

'LWK LQYHQWRU\ SUREOHPV DULVLQJ ZKHQ SHULRGLF
VSDUH SDUWV VKRXOG EH VWRFNHG DW WKH DLUFUL
GHPDQGY DQG DV WKH GHPDQG UHTXLUHPHQW EHFRPF
XVH VXFK FODVVLFDO LQYHQWRU\ PHWKRGV DV WKH 52
VWDUW PRYLQJ WRZDUGYV D V\VWHP SUHIHUUHG E\
ODWHULDOV 5HTXLUHPHQWY 30DQQLQJ VI\VWHP 053 ¢
KDYH FODLPHG WKDW WKH V\VWHP LV EHWWHU GHVLJC
7KLY DUIJXPHQW LV GHYHORSHG LQ WKLV VWXG\

SHVHDUFK PHWKRGRORJ\

7R LQYHVWLIJDWH WKH FXUUHQW DIQUWGIQQHR (RS B WIF
PDLQWHQDQFH VHUYZHW HE RYHDA@BWBWRLQ® GNWHQVLYH TXF
WKH FXUUHQW VWDWXV RI 053 DQG 523 LQ FRPSDQLHV
RI DLUOLQH RSHUDWRUYV DQG PDLQWHQDQFH VHUYI
ORRNV DW WKH EHQHILWY DQG FRVWV LQFXUUHG WKU
SUREOHPV 7KH UHVSRQVH WR WKH VXUYH\ OHG XV WR
WKRVH FRPSDQLHV QDPHO\ ORW VL]H DQG IRUHEDYV
FRQFHSW 7\SLFDOO\ H[SHULHQFHG SUREOHPV ZHUH K
SHUIRUPDQFH SRRU VHOHFWLRQ RI ORW VL]H PHWKR
LPSRUWDQFH RI 053 LQSXW SDUDPHWHUV WKH HIIHF
SUHVFULSWLYH PHWKRGV IRU VHWWLQJ WKHP H[LVW I
FODULI\ WKH HIITHFW LQSXWV KDYH RQ 053 SHUIRUPDQF

L, QWHUPLWWHQW GHPDQG LV VIQRQ\PRXV ZLWK WHUPV VXFK DV OX
WKH WKHVLY ZH FRPH DFURVV WKHVH ZRUGYV



&KDSWHU 2QH L, QWURGXFWLR

SHVHDUFK REMHFWLYHV

7KH REMHFWLYH Rl WKLV VWXG\ LV WR ORRN DW WKH
DQG KRZ WKH 053 DSSOLFDWLRQ FRPPRQO\ XVHG LQ
FDQ EHQHILW LW ,Q DGGLWLRQ WKLV VWXG\ LQWHQ
UHJDUGLQJ LOQWHUPLWWHQW GHPDQG
f $V WKH GHJUHH RI GHPDQG OXPSLQHVV YDULHV |
VL]H DQG IRUHFDVWLQJ DIIHFWHG E\ WKLV YDULDMW
GHPDQG OXPSLQHVV ZRXOG OHDG WR D EHWWHU S
XVHG E\ DLUOLQH RSHUDWRUV"
f $IWHU HYDOXDWLQJ WKH LPSDFW RI GHPDQG OXP.
DQG IRUHFDVWLQJ FDQ D JHQHUDO SDWWHUQ E
LQWHUPLWWHQFH"

'‘DWD VRXUFHV

7KH ORJLFDO H[WHQVLRQ RI 053 WR VSUHDGVKHHWYV L
5R\DO 'XWFK $LUOLQHV ./0 XN IRUPDOO\ $LU 8. 6DPS
WKHLU IOHHW RI )RNNHU %$H DQG $75 DLUFUDIW ZHU
OHYHOV IRU HDFK FRPSRQHQW WKHQ JURXSHG LQ PR
XVDJH 'DWD IURP D WRWDO RI WKLUW\ ILYH FRPSRQH!
WR WHQ \HDUV IURP -DQXDU\ WR -XQDUG WIQRH U
DQERQGLWLRQ PRERWEBRQEOWAD ZKLFK FRXOG EH H[SH
DV D UHVXOW RI DLUFUDIW XWLOLVDWLRQ KDYH EHF
GHPDQG GDWD DLUFUDIW RSHUDWLRQ GDWD L H 10\L
ZDV DOVR FROOHFWHG IRU WKH VDPH WLPH SHULRGYV

SUHGLFWLYH PRGHOV SURSRVHG

2ZLQJ WR WKH XQSUHGLFWDEOH QDWXUH RI GHPDQG
DLUOLQH RSHUDWRUV DUH VWLOO ORRNLQJ IRU VXSHL
SURYLGH PRUH HFRQRPLFDO DQG VPRRWKHU SODQQLQ
WZR PRGHOV QDPHO\ D /RW VL3 03DBGLEVBIUHG KRV MY
JRUHFDVWLQQ) 0ORGAHO G WR EHQHILW DLUOLQH RSHUDV
VHUYLFH RUJDQLVDWLRQV 7KH PRGHOV LQ WKHLU S



&EKO®WHU 2QH L, QWURGXFWLR

WKLUWHHQ IRUHFDVWLQJ PHWKRGYV UHVSHFWLYHO\ J
FRVWY DQG SODQQLQJ QHHGV 7KLV DSSURDFK LV FR
ZKLFK DLPV WR HYDOXDWH GLIITHUHQW ORW VL]H DQC(
LQWHUPLWWHQW GHPDQG DQG ZKLFK EHWWHU PHHWYV
DSSOLHG WR WKH GDWD SURYLGHG E\ ./0 XN

7TKHVLV OD\RXW

&KDSWHUVWY®R RYHUYLHZ RI DLUFUDIW UHJXODWLRQ D
JHQHUDO GHVFULSWLRQ RI UHOHYDQW OLWHUDWXUH L
&KDSWHEMIKQWHZLWK D EULHI GHVFULSWLRQ RI WKH 5
D VXUYH\ H[DPLQLQJ WKH UHODWLYH VXFFHVV RI WKLV
&KDSWHWBHRVXULEHY WKH EDENJURXQG RI 053 LWV IH
DLUFUDIW PDLQWHQDQFH $ VXUYH\ DQDO\VLV IROOR
LQFXUUHG WKH QDWXUH RI WKH LPSOHPHQWDWLRQ

LPSOHPHQWDWLRQ

&KDSWHSUHYHQWY DQ RYHUYLHZ RI WKH DLUOLQH RSl
UHVHDUFK ,W ORRNV LQWR LWV EDFNJURXQG DQG WKHI
&KDSWHMWNYHQWY DQ 053 VSUHDGVKHHW XVLQJ D 9LV
DV DQ HDVLO\ LPSOHPHQWDEOH DQG UHOLDEOH DS
VSUHDGVKHHW PRGHO LV EDVHG RQ WKH UHVXOWV RI

RI ZKRP IRXQG VWDQGDUG 053 V\VWHPV LPSRVVLEOH
HQYLURQPHQWDOO\

&KDSWHUSVUHYHQWY WKH UHVXOWYV RI DQ LQYHVWLJDYV
HDFK ORW VL]H PHWKRG IROORZHG E\ D GHVFULSWLRC
PR G H3®O0

&KDSWHB BIHYKWWY WKH UHVXOWYV LQ WZR SDUWV 7Kt
WKLV LQWHUPLWWHQW GHPDQG GDWD FROOHFWLRQ D\
VHFRQG SDUW SUHVHQWYV WKH UHVXOWV RI WKH XMW
LQWHUPLWWHQW GHPDQG IROORZHG E\ D GHVFULSW
IRUHFDVWI3QUOPRGHO

&KDSWHU GODZN SULQFLSDO FRQFOXVLRQV IURP WK
UHFRPPHQGDWLRQV DUH PDGH IRU IXUWKHU ZRUN



&KDSWHU 2QH L, QWURGXFWLR

,Q DGGLWLRQ WR WKLV OD\RXW DQG RZLQJ WR VSD
SUHVHQWHG LQ WKH DWWDFKHG &' GLVN DW WKH EDFN



&GKDSWHU 7ZR $LUFUDIW PDLQWHQDQFH UHJXODWLRQ

$,5&5%$)7 0$,17(1$1&( 5(*8/$7,21 $1' &$7(*25,6$7,21 2)
3$576

 QWURGXFWLRQ

Q WKH HDUO\ GD\V RI DYLDWLRQ PDLQWHQDQFH U}
H[SHULHQFHG HQJLQHHUV LQ FROODERUDWLRQ ZLW
RUH WHFKQLFDOO\ DGYDQFHG LW ZDV UHFRJQL]H(
GHiHORSLQJPDLQWHQDQFHSURJUDPPHVDQG SDUWV

BRRQ DIWHU WKHLU LQFHSWLRQ ERWK WKH &LYLO
$YLDWLRQ $GPLQLVWUDWLRQ )$$%UZRVWRGEIQFH/E/CGWKW 3K
FRQWLQXLQJ FDSDELOLW\ RI WKH DLUFUDIW RU FRPS
PDQQHU WKURXJK D UDQJH RI RSHUDWLRQV GHWHUPL
RSHUDWLRQV IRU ZKLFK LW ZDV GHVLJQHG  (DFK
DLUZRUWKLQHVV FHUWLILFDWH DWWHVWLQJ WR WKH |
LV VDIH WR IO\ > @

5HIXODWRU\ FRQWURO RQ DLUFUDIW DQG HTXLSPHQW
ZLWKLQ WKH DLUOLQH FRPSDQLHV WR HFRQRPLVH R
VLIQLILFDQW LQYHVWPHQW WKLV LQYROYHV ,Q WKLYV
GHWDLO ZLWK VSHFLILF UHIHUHQFH WR FRPSRQHQW
WRJHWKHU ZLWK D EDVLF LQWURGXFWLRQ WR WKH W]
DYLDWLRQ LQGXVWU\

$LUOLQH PDLQWHQDQFH UHTXLUHPHQWYV

7KH DLUFUDIW PDLQWHQDQFH ZRUNORDG LV JHQHUDYV
PDLQWHQDQFH SURJUDP 7KHVH SURJUDPV LQFOXGH

URXWLQH LQVSHFWLRQ PLQRU VHUYLFHV DQG WHVW)
LQWHUYDOV VFKHGXOHG PDLQWHQDQFH WKDW LQFO
SHULRGLF RYHUKDXOV DQG VSHFLDO LQVSHFWLRQ T
XVXDOO\ JHQHUDWHG E\ LQVSHEWLRQV SLORW UHSRU\



&KDSWHU 7ZR $LUFUDIW PDLQWHQDQFH UHJXODWLRQ

,Q RUGHU WR SHUIRUP WKH PDLQWHQDQFH ZRUN SUF
WKUHH OHYHOV > @ 7KH ILUVW OHYHO LV WKH ILUVW
PLQRU PDLQWHQDQFH WDVNV 7KH VHFRQG OLQH PDL
UHSODFHPHQWY Rl OLPLWHG OLIH HTXLSPHQW 7KH WI
PDMRU MREV ZKLFK FDQQRW EH KDQGOHG E\ WKH LUV

7R FRQIRUP ZLWK &%$ JXLGHOLQHV VRPH FRPSDQLHV
WKDW FDOO IRU URXWLQH LQVSHFWLRQV DW OHDVW H
DV N$Y FKHEN PDQGDWHG E\ WKH &%$%$ RFFXUV HYHU
ZHHN u$T FKHFNV LQYROYH D YLVXDO LQVSHFWLRQ R
HQJLQHVY DQG FRQWURO VXUIDFHV p(7 FKHENV DUH S
DQRG HQWDLO D WKRURXJK YLVXDO LQVSHFWLRQ SOX’
KRULIRQWDO VWDELOL]JHUV DQG DLOHURQV p&1M1 DQG
IRXU \HDUV UHVSHFWLYHO\ DQG UHTXLUH WDNLQJ WKI
D WLPH

7KH &$$ LV UHVSRQVLEOH IRU FHUWLI\LQJ FDUULHUYV

,QVSHFWRUV DUH DVVLJQHG WR HDFK DLUOLQH DQG
GLUHFWLYHV DQG JHQHUDO PDLQWHQDQFH SURFHGXL
UHSDLUV DLUFUDIW PDLQWHQDQFH WDNHV SODFH

WKRURXJKQHVYV 7KH IUHTXHQF\ Rl WKHVH FKHFNV GH!
DQG QXPEHU RI WDNH RII DQG ODQGLQJ F\FOHV DQ
DSSURSULDWHO\ HTXLSSHG %HFDXVH HDFK DLUFUDIW
IHZ VDYLQJV FDQ EH DFKLHYHG E\ FRPELQLQJ IDFLOLW

$LU RSHUDWRUVY FHUWLILFDWHYV IRU PDLQWHQDQ

7KH &%$%$ KDV SURYLGH PRVW DLUOLQH RSHUDWRUV D
ZLWK VRPH VFKHPH JXLGHOLQHY NQRZQ DV &%$3 > @
WKH IROORZLQJ KHDGLQJV VSHFLILF WR LQYHQWRU\ FF
$FFRXQW PXVW EH WDNHQ RI WKH RSHUDWRUTfV 0LQ
WKDW HVVHQWLDO VSDUHV WR VXSSRUW WKH UHFW
RSHUDWLRQ DUH SODFHG ZKHUH WKH\ DUH PRVW OLN
WR HQVXUH WKDW VXFFHVVLYH GHIHFWYV ZLOO EH SU



&KDSWHU 7ZR $LUFUDIW PDLQWHQDQFH UHJXODWLRQ

7KH &%$% PD\ UHTXLUH WKH H[DPLQDWLRQ RI VSDUHYV
DJUHHPHQWY HQWHUHG LQWR WR HQVXUH WKDW DC
EHLQJ PDGH :KHUH QHFHVVDU\ WKH &%$$ PD\ UHTXIL
PDGH

7KH QHFHVVDU\ PDWHULDO WR SHUIRUP WKH VFRSH
UDZ PDWHULDO DQG DLUFUDIW FRPSRQHQWV LQ
UHFRPPHQGDWLRQV XQOHVV WKH RUJDQLVDWLRQ
SURYLVLRQLQJ SURFHGXUH 7KLV ZDV DOVR VSHFLIL
-$5 > @

7TKH GHYHORSPHQW RI D PDLQWHQDQFH VWHHULQJ

,Q PLG UHSUHVHQWDWLYHV RI YDULRXV DLUOLQHF
ODLQWHQDQFH (YDOXDWLRQ DQG 3URJUDP '"HYHORSPH:
LOQWHU DLUOLQH PDQXIDFWXUHU SURFHGXUHV IRU GH\

DLUFUDIW W ZDV VXEVHTXHQWO\ GHFLGHG WKDW
VKRXOG EH DSSOLHG WR DOO QHZO\ GHYHORSHG DLUF
ZDV XSGDWHG DQG FHUWDLQ SURFHGXUHV VSHFLILF
GRFXPHQW UHVXOWHG LQ 06* ,Q PLG WKH $LU 7
WKH LQWHQWLRQ RI IXUWKHU XSGDWLQJ SURFHGXUHYV
PDNH UHFRPPHQGDWLRQV IRU FKDQJH DQG LPSURYHPI
E\ WKH $7% DQG DSSURYHG E\ WKH )$$ LQ ODWH
GHYHORSLQJ VFKHGXOHG PDLQWHQDQFH UHTXLUHPH
DLUFUDIW 7KLV LV NQRZQ DV 06*

:KLOH 06* KDV EHFRPH D PDLQVWD\ RI FRPPHUFLD
PDQXIDFWXUHUV FRUSRUDWH RSHUDWRUV DQG UHSDLI
VXFK UHOLDELOLW\ FHQWUHG PDLQWHQDQFH EHOLHY
UHJXODU LQWHUYDOV UDWKHU WKDQ WR LQVSHFW Wtk

> -

,PSOHPHQWDWLRQ RI WKH UHFRPPHQGDWLRQV JHQHUL
UROH RI DQ DLUOLQH RSHUDWRU LQ GHYHORSLQJ D
FODULW\ RI WKH 06* SURFHVV SURYLGHV D VPRRWK W



&KDSWHU 7ZR $LUFUDIW PDLQWHQDQFH UHJXODWLRQ

PDQSRZHU SDUWV WRROLQJ JURXQG HTXLSPHQW D
06* LV EDVHG RQ D FRQVLVWHQW DQG ULJRURXV DS
FRPSRQHQW ,W LV GHFLVLRQ WUHH DQDO\VLV DW Z
3:KDWYJV WKH FRQVHTXHQFH RI D VSHFLILF KDUGZDLU
DLUFUDIW" 2QFH WKLV FRQVHTXHQFH LV DVVHVVHG (
DQG HYDOXDWHY HDFK RQH V HIIHFWLYHQHVV 2QFH T
DIWHU IUHTXHQFLHY DGRSWHG IRU VLPLODU KDUGZD
FRQVHUYDWLYH IUHTXHQF\ LV LQLWLDOO\ DGRSWHG D
7KLV ZRUN > UHVXOWHG LQ WKH UHFRJQLWLRQ RI
FDOPRGGLWLRQ PRGIWRRHN®IDSSO\LQJ WR FRPSRQHQ
FKDUDFWHULVWLFKDE)NVRERW RQ EFREERQJ

3ULPDU\ PDLQWHQDQ@6E8 SURFHVYV

7KH WKUHH SULPDU\ PDLQWHQDQFH SURFHVVHV UHFR
WLPH RQ FRQGLWLRQ DQG FRQGLWLRQ PRQLWRULQJ
LQYROYH DFWLRQV GLUHFWO\ FRQFHUQHG ZLWK Sl
PRQLWRULQJ GRHV QRW +RZHYHU WKH FRQGLWLRQ F
OHDG WR SUHYHQWLYH DFWLRQ LI VKRZQ WR EH QHF
PDLQWHQDQFH DUH GHILQHG DV IROORZV

+DUG WLPH +7

7KLV LV GHILQHG DV D SUHYHQWLYH SURFHVV LQ ZK
OLPLWHG WR DQ DFFHSWDEOH OHYHO E\ WKH PDLQV
DFFRUGLQJ WR WLPH LQ VHUYLFH 7KLV WLPH PD\ EH
WKH QXPEHU RI ODQGLQJYV 7KH SUHVFULEHG DFWLR!
SDUWLDO RYHUKDXO DQG RU UHSODFHPHQW DFFRU
GRFXPHQWDWLRQ VR WKDW WKH LWHP LV UHVWRUHG
VSHFLILHG 79 HHUIDRA@AHY WKDW D FRPSRQHQW EH RYHUKI
UHJDUGOHVV RI WKH FRPSRQHQWITV FRQGLWLRQ DQG
DJH

2Q FRQGLWLRQ 2&

7KLV LV DOVR D SUHYHQWLYH SURFHVV EXW RQH LQ
VSHFLILHG SHULRGV WR DQ DSSURSULDWH VWDQGDU



&EKOWHU 7ZR $LUFUDIW PDLQWHQDQFH UHJXODWLRQ

FRQWLQXH LQ VHUYLFH 7KH LQVSHFWLRQ RU WHVW P
IXQGDPHQWD @ &IXWSRVHHPIRYH DQ LWHP EHIRUH LWV |
SKLORVRSK\ Rl XV2& XOWXIOUHYLEKHFNY DQG WHVWV R
LQWHUYDOV ZLWK SDUWV VXFK DV ZLUHV EXOEV E
UHSODFHG GXULQJ RYHUKDXO

&RQGLWLRQ PRQLWRULQJ &0

7KLV LV QRW D SUHYHQWLYH SURFHVV KDYLQJ QHLW
EXW RQH LQ ZKLFK LQIRUPDWLRQ RQ LWHPV LV FROO
DQDO\WHG DQG LQWHUSUHWHG RQ D FRQWLQXDO ED!
SURFHGXUHV

)W LV FRQYHQLHQWL ®HUP DMRIFEWRY WIR FODVVHV C
LQIRUPDWLRQ DQG LQGLUHFW LQIRUPDWLRQ 'LUHFW L
ZKLFK GLUHFWO\ GHWHUPLQHV IDLOXUH IRU H[DPSOH
LQ D EHDULQJ ,QGLUHFW LQIRUPDWLRQ ] RQ WKH RW
ZKLFK LV LQIOXHQFHG E\ WKH FRPSRQHQW FRQGLWLF
IDLOXUH SURFHVV IRU H[DPSOH DQ RLO DQDO\VLV RI
FDVHV WKH SRLQW RI FRQFHUQ LV WR SUHGLFW JL
FRQGLWLRQDO IDLOXUH WLPH GLVWULEXWLRQ DV DQ L
7KH &$$ KDV LPSRVHG D FRQWLQXDO UHSRUW UHTXLUF
FDUULHU KDYLQJ D FHUWDLQ ODWLWXGH ZKLFK LW FI
7DEOH VXPPDULVHV WKH RYHUKDXO FRQWURO FDWH



&KDSWHU 7ZR $LUFUDIW PDLQWHQDQFH UHJXODWLRQ

& DWHJRU\ ODLQWHQDQFH $FWLRQ SHTXLUHPHQWYV SHVWULFWLRQV
+DUG 7LPH 2YHUKDXO 5HSODFH LWHP Dw Y¥¥HBKIOLXG Z LVWIOP HIHUR WLP HYT WKH L)\
LQWHUYDO

2& FKHHNYVY DW VSHFLILHG WLPH LQWHUYFDKXMHV N P XVW JLYH UHDVRQD|

5H)JXODUO\ VFKHGXOHG 2RR®EDWBWDREXBDQFH Rl VDWLVIDFWRU\ RS

2Q &RQGLWLRQ
2YHUKDXO UHTXLUHG ZKHQ LWH@WLE [WKHGYH[W FKHFN

VSHFLILHG OLRRLARKW FRPR UW DWD
2& GDWD PXVW DVFHUWDLQ FRQW

DLUZRUWKLQHVY DQG RU VKRZ UH(

GHJUDGDWLRQ IDLOXUH LPPLQHQ

1R VFKHGXOHG RYHUKDXO RU UHSDbBbDUOXUH PXVW KDYH QR GLUHFW

&RQGLWLRQ
HITHFW RQ IOLJKW VDIHW\

L WHP LV RSHUDWHG WR IDLOXUH
0ORQLWRULQJ 1R

+LGGHQ IXQFWLRQV PXVW K
RYHUKDXO FRQWURO

UHJXODUO\ VFKHGXOHG YHULILFDW

'DWD FROOHFWLRQ HYDOXDWLRQ

UHTXLUHG IRU RYHUKDXO VXUYHLO

7TDEOH 2YHUKDXO FRQWURO FDWHJRU\ VXPPDU\

$LUFUDIW LQYHQWRU\ FDWHJRULVDWLRQ

7KH LWHPV WKDW DUH W\SLFDOO\ IRXQG LQ DLUFUDIW

FRQVXPDEOH UHSDLUDEOH DQG FULWLFDO VSDUH
DQG YDULHW\ Rl GHPDQG IRU DLUFUDIW PDLQWHQDQ
UDQGRP DQG GHSHQGHQW GHPDQG 7KH UDQGRP GHPI
UHVXOW LQ WKH QHHG IRU HPHUJHQF\ UHSDLUV ZK
JHQHUDWHG E\ VFKHGXOHV IRU WKH RIl OLQH UHSDLU
SDUW 7KHUH DUH WKUHH PDMRU JURXSV RI VSDUHV L

7KHVH&RPIS R Q5-HFRY H IDDFESHYGDEOHYV

&RPSRQHQWYV
7KHVH LQFOXGH 5RWDEOHY DQG 5HSDLUDEOHV

5RWDEOHYV
$ URWDEOH LV DQ LWHP WKDW EHDUV DQ LQGLYLGXDO
RU E\ WKH PDQXIDFWXUHU S5RWDEOHV HJ K\GUDXOLF
WR UHSODFHPHQW RQ WKH DLUFUDIW RU HQJL@R RQ I



&KDSWHU 7ZR $LUFUDIW PDLQWHQDQFH UHJXODWLRQ

RQ& EDVLV $IWHU D UDWDEOH LV UHPRYHG IURP WKH
WR DQ RYHUKDXO VKRS IRU LQVSHFWLRQ DQG UHSEL
VHUYLFHDELOLW\ DFFRUGLQJ WR HVWDEOLVKHG SURF
HISHFWDQF\ 8QGHU QRUPDO FRQGLWLRQV WKHLU OLI}L

SHSDLUDEOHYV

$ UHSDLUDEOH VSDUH LV DQ LWHP WKDW LV HFRQRPL
WKDQ WKH OLIH RI WKH DLUFUDIW RU HQJLQH O5HSDLL
EUHDNGRZQ 5HSDLUDEOH LWHPV FDQ EH HFRQRPLFD(
RI WLPHYVY OS5HSDLUDEOHV DUH LWHPV FRQGLWLRQHG W
UHSDLU SURFHVVHYV

SHFRYHUDEOHYV

7TKHVH VSDUHV GR QRW KDYH D GHWDLOHG SDUWV E
FRQGLWLRQ RQH RU PRUH WLPHV E\ D UHIXUELVKLQJ \
UHILOOLQJ RU FRQWHQW UHSODFHPHQW

(ISHQGDEOHYV

6SDUHV ZKRVH FRVW RI UHSDLU LV KLIJKHU WKDQ WKH
([SHQGDEOHV FRQVXPDEOHV LWHPV ZKLFK DUH GLVFI
WKH PDQXIDFWXUHU WKHVH LWHPV DUH VXEMHFW WR
SURFHGXUH H[LVWLQJ ([SHQGDEOHV DUH IXUWKHU FO

T ODQGDWRU\ UHSODFHPHQW

f 2Q 4RQGLWLRQ UHSODFHPHQW LWHP

f OLVFHOODQHRXV KDUGZDUH LWHPYV

f %XON PDWHULDO



&GKDSWHU 7ZR $LUFUDIW PDLQWHQDQFH UHJXODWLRQ

SLUFUDIW 68|5|:Lﬁ_|Q/RPLF$))O/Q)KRUL]61I-GULDOHSUHFLBLWPISDUDWLYH

5SHFRYHUDEBSDLULXPEHU 8QLW &RVW

5RWDEOH <HV <HV <HV <HV +LIKHVW

&RPSRQOHQWH | ypEGHYV <HV 1R EXW <HV
+LIKHU
5DUHO\ <HV

5SHFRYHUDEOH <HV 1R 1R 1R FLIK
([SHQGDEOH 1R 1R 1R 1R CHoHUDOO\ IRz
7DEOH &KDUDFWHULVWLFY RI DLUFUDIW VSDUHV

7KH DLUOLQH VWRFN FRQWURO SUREOHP LV VRPHZKDW
'LGH YDULDWLRQV LQ XQLW FRVW
/IRZ DQG RU XQSUHGLFWDEOH GHPDQG
/HQJWK\ GHOLYHU\ OHDG WLPHYV
$OWKRXJK IURP D ILQDQFLDO DVSHFW WKH DPF
HVWDEOLVKPHQW RI D VWREN RI H[SHQGDEOH VSDI
UHSDLUDEOHV WKH UDQJH DQG TXDQWLWLHV RI H[St
7KH W\SHV Rl H[SHQGDEOH VSDUHV JHQHUDOO\ GHEL
FDWHJRULHYV
a /LQH PDLQWHQDQFH LWHPV RQ DLUFUDIW D SDU
HQJLQH GXULQJ DLUFUDIW PDLQWHQDQFH
a KRS PDLQWHQDQFH LWHP RIlI DLUFUDIW D SDU\
ZKLFK KDV EHHQ UHPRYHG IURP WKH DLUFUDIW IRU
VHUYLFH ZLWKRXW LWV IXO0 RYHUKDXO UHSDLU F\I
a 2YHUKDXO LWHP D SDUW ZKLFK LV UHTXLUHG IR
HQJLQH UDWDEOH RU UHSDLUDEOH XQLW
6RPH H[SHQGDEOH VSDUHV DUH LQGLYLGXDO LQ WKHL
VRPH RFFDVLRQDOO\ PHHW PRUH WKDQ RQH VLWXDWLE
H[SHQGDEOH VSDUHV DUH QRW XVXDOO\ DV VHULR
URWDEOH UHSDLUDEOH UHFRYHUDEOH LWHP 7KLV LV E
PHW E\
+ (LWKHU WKH ILWWLQJ Rl WKH QH[W KLJKHU DVV}
+ /RFDO PDQXIDFWXULQJ RU



&KDSWHU 7ZR $ LUFUDIW PDLQWHQDQFH UHJXODWLRQ

¥ S5HPRYDO IURP WKH QH[W KLJKHU DVVHPEO\ DV

3DUWV FODVVLILFDWLRQ

%HIRUH FRPSXWHUV SD\LQJ HTXDO DWWHQWLRQ WR
IRFXV ZRXOG EH RQ D IHZ H[SHQVLYH DQG IDVW PRYL
KRPRIJHQHRXV JURXSYV EDVHG RQ WKHLU SDUWLFXODLU
VHOHFWLYH LQYHQWRU\ FRQWURO G6HYHUDO SURFHG?>
JURXSY DUH DYDLODEOH D IHZ RI ZKLFK KDYH EHHQ O

7HFKQLTXH '"HVFULSWLRQ %DVLV IRU IRUPXODWLRQ
$%& 3DUHWR UXOH $QQXDO XVDJH YDOXH RI WKH S
9(" 9LWDO HVVHQWLDO DRGLHY¥DORBAHRI WKH SDUWYV
)61 )DVW VORZ DQG QRQ BRFIRJUDWH RI WKH SDUWYV
+0/ +LJK PHGLXP ORZ 8QLW SULFH RI WKH SDUWV
6'( 6FDUFH GLIILFXOW D @® R HPR GWRENKDE WLPHV
7DEOH /ILVW Rl VHOHFWLYH LQYHQWRU\ FRQWURO SURFHGX

BHYHUDO QRQ FRVW FULWHULD KDYH EHHQ LGHQWLI
PDLQWHQDQFH LQYHQWRULHYVY > @ $PRQJ WKHP DUH
VXEVWLWXWDELOLW\ DQG FULWLFDOLW\ ,Q GLVFXV\
FULWLFDOLW\ VHHPHG WR VXP XS WKHLU IHHOLQJV DE
WDNHV LQWR DFFRXQW VXFK IDFWRUV DV WKH VHYHUL
WKH LWHP FRXOG EH SXUFKDVHG DQG ZKHWKHU WKHU
WR EH VHHQ ZKHWKHU LW ZRXOG EH IHDVLEOH WR GLV

7KH SXUSRVH RI VSDUHV FODVVLILFDWLRQ LV WR SUR
HLWKHU ZLWKLQ D VLQJOH DLUOLQH RU LQ FRQMXQFW
VXSSRUW IRU WKH PDLQWHQDQFH DQG RYHUKDXO RI V
LWHPVY DUH VWRFENHG 7KHVH LWHPV DUH FODVVLILHC
FODVV % DQG H[SHQGDEOHV FODVV & 7KH LQYHQ
7DEOH



&KDSWHU 7ZR $LUFUDIW PDLQWHQDQFH UHIJXODWLRQ

&ODVV 7\SH '"HVFULSWLRQ
$ 6SDUHV $LUFUDIW URWDEOHV VHULDOLVHG DQG O
% 6SDUHYV $LUFUDIW UHSDLUDEOHV JURXQG HTXLSPF

& 6SDUHV $LUFUDIW H[SHQGDEOHV JURXQG HTXLSPH
& ODLQWHQDQFHWWREDNVYVG LWHPV EROWV QXWV ZDVKHU)\
& ODLQWHQDQFHHMNWERFNWY SDLQWY RLOV DQG JUHDVHYV
& 5DZ PDWHULD®XON LWHPV FDUSHWY VKHHW PHWDOV Y
& *HQHUDO VXS&BPPWUFLDO LWHPV UDJV GHWHUJHQWYV
& 7TRROV $LUFUDIW WRROV FRPPHUFLDO WRROV

7TDEOH ,QYHQWRU\ W\SHV DQG FODVVLILFDWLRQV

7KH QDWXUH RI WKH $%& DQDO\VLV

7KH $%& DQDO\VLVY LOOXVWUDWHG LQ 7DEOH LV
QDPHG DIWHU D , OK 8HQWXU\ ,WDOLDQ HFRQRPLVW
DOO LQYHQWRU\ WR RQH RI WKUHH FDWHJRULHYV
UHTXLUHPHQWY LQ WHUPV RI WKH GHJUHH RI FRQWUR
DWWULEXWHYV ZKHQ GHVFULELQJ WKH FDWHJRULHV 71
6WRFN .HHSLQJ 8QLWV 6.8V 7KH VHFRQG LV WKH SHU
IRU E\ WKDW FDWHJRU\ RI LQYHQWRU\ S QYHQWRU\ YD
TXDQWLW\ GHPDQGHG SHU SHULRG RI WLPH XVXDOO\
ZH H[SUHVV WKH WKUHH FDWHJRULHV DV IROORZV

4AXDQWLWIADOXH'HIJUHH RYSHV RI6DIHW\ 2UGHULQJ

*URXSV
216.8V 21  &RQWURSMFRUGWWRFN 3URFHGXUHV
$ LWHPV Ly &RPSOHWH _ &DUHIXO DFFXUDWH
$FFXUDWH IUHTXHQW UHYLHZV
% LWHPV L RUPDGERPSOHWH \\ (LRUPDO RUGHULQJ
$FFXUDWH VRPH H[SHGLWLQJ
& LWHPV 6LPSOMLPSOLILIDMmIH 2YCHU SHULRGLFDOON
WR \HDU VXSSO\
7DEOH  &KDUDFWHULVWLFV RI WKH $%& FODVVLILEDWLRQ V\VWHF

7KH VXUYH\ VKRZV WKDW VRPH FRPSDQLHYV PD\ XVH PRUH WKDQ WI|



&KDSWHU 7ZR $LUFUDIW PDLQWHQDQFH UHJXODWLRQ

ODVWHU PLQLPXP HTXLSPHQW OLVW 00 (/

7KLV LV D OLVW RI LWHPV WKDW DUH SHUPLWWHG W|
ZKLOH VWLOO PDLQWDLQLQJ WKH GHVLUHG OHYHO RI
RSHUDWLRQV ZKLOVW RSHUDWLQJ ZLWKLQ D FRQWU
UHSODFHPHQW DQG VHUYLFLQJ
7KH 00(/ LV D OLVW ZKLFK PD\ EH SURGXFHG E\ WKH
$LUZRUWKLQHVV $XWKRULW\ DQG FRYHUV DOO DLUEFEL
PRUH IXOO\ LQ &$3 > @
JRU DQ RSHUDWRU WR GHYHORS D OLQLPXP (TXLSPHQ
RZQ RSHUDWLRQ KH PXVW XVH 00(/ 7KH 0(/ PXVW E
DSSOLFDEOH 00(/ EXW PD\ LQFOXGH DGGLWLRQDO T
DGGLWLRQDO RU PRGLILHG RSHUDWLRQDO SURFHGXU
PDWWHU SULQFLSDOO\ IRU IOLJKW RSHUDWLRQ GHSDL
KDV UHVSRQVLELOLW\ IRU HQVXULQJ WKDW DLUFUDIW
NQRZQ WR VRPHFREBWUDQUCRIBWHQOMWKDREKWADQ EH FDWHJR
WKUHH FRGHV DV IROORZV
$ IOLJKW FDQQRW EH GLVSDWFKHG IRU FRPPHUFLD
$ IOLJKW FDQ VRPHWLPHV EH GLVSDWFKHG IRU
LQRSHUDWLYH
$ IOLJKW FDQ DOZD\V EH GLVSDWFKHG IRU FRF
LQRSHUDWLYH

/IHDG WLPH /7

7KH GLVWDQFH RI DQ DLUOLQH IURP WKH VXSSO\ VRX!
OHDG WLPHV LQYROYHG LQ VWRFN UHSOHQLVKPHQW

LQLWLDO VWRFNV WKDW WKLV IDFWRU LV LQWHUSUHW
PDOQXIDFWXUHUVY OHDG WLPHYV

,QVXUDQFH VSDUHV

7KHVH DUH LWHPV KHOG E\ HLWKHU WKH DLUOLQHV R
DIJDLQVW VHULRXV GHOD\ RI WKH DLUFUDIW VKRXOG D
VXUIDFHVY ODQGLQJ JHDU GRRUV ZLQJ WLSV HWF %
VKRXOG EH KHOG HLWKHU E\ WKH PDQXIDFWXUHU RU



&KDSWHU 7ZR $LUFUDIW PDLQWHQDQFH UHJXODWLRQ

URXWHV ,QVXUDQFH VSDUHV FDQ EH UHFRYHUDEOH R
I[URP DLUOLQH VSDUHV KROGLQJV

ORVW DSSOLFDWLRQV IRXQG LQ WKH OLWHUDWXUH I
LOQOYHQWRU\ FRQWURO SURFHGXUHV EHFDXVH FODVVLI
MXVW RQH FULWHULRQ LV LQDGHTXDWH IRU PDQDJL
IROORZ WZR H[DPSOHV RI DSSOLFDWLRQV LQYROYLQJ

5DPDQL DQG .ULVKQDQ .XWW\ > @ KDYH XWLOLVHG D
ZKHUH QRW RQO\ WKH DQQXDO YDOXH RI WKH XVDJH |
WKH SDUWV DUH FODVVLILHG LQWR QLQH FDWHJRULH
VHUYLFH OHYHOV LV VSHFLILHG

7KHUH DUH VHYHUDO ZD\V E\ ZKLFK WKH FULWLFDOLW
FDOOHG FULWLFDO LI WKH ORVV Rl RSHUDWLRQ FDXVF
.1 D VXEVWLWXWH SDUW LV UHDGLO\ DYDLODEOH WKt
'K\EDUN > @ KDYH LGHQWLILHG VHYHUDO QRQ FRV\
PDLQWHQDQFH LQYHQWRULHV $PRQJ WKHP DUH
VXEVWLWXWDELOLW\ 7KH\ KDYH GHYHORSHG D SROL
SDUWV %\ WKLV PHWKRG SROLFLHV IRU DOO WKH FI
HVWDEOLVKHG $IWHU WKLV WKH PDLQWHQDQFH PDQD
EHVW VXLWHG IRU HDFK RI WKH FDWHJRULHYV

6 XPPDU\

7KH EDVLF SXUSRVH RI WKLV &KDSWHU ZDV WR SURY
SUHVHQW LQ D SURSHU SHUVSHFWLYH WKH QHHG IRU

RI SDUWV LQ VHOHFWLYH LQYHQWRU\ FRQWURO SURF
&$%$ DQG )$$% UHIXODWLRQV ZHUH H[SORUHG 7KHQ WK
ZDV LQWURGXFHG H[SODLQLQJ WKH FRPPRQO\ XVHG
UHVHDUFKHUV LQ WKH DUHD RI VSDUH SDUWYV PDQDJHI
D IRXQGDWLRQ IRU WKRVH ZKLFK DUH WR IROORZ



&KDSWHU 7KUHH 5HRUGHU SRLQ

5(25'(5 32,17 523

,QWURGXFWLRQ

QWLQXRXVO\ PRQLWRUHG DQG SHULRGLF V\VW

QAUGHU ODWBFKQQIXHV :LWK [E DFANYG K IQFW RUR

YHUDJHV UDWKBGR WKDIRUHFDVW RI SDUWV U
QHYHUWKHOHVV WKH\ DUH VWLOO ZLGHO\ XVHG E\ DY
RUGHUV EHFDXVH WKH\ DQVERD RMHR FROMNIHTBKEEWLR Q
RIWHQ VDWLVIDFWRU\ IRU LQGHSHQGHQW GHPDQG LQ
DYLDWLRQ SDUWV LQYHQWRULHYV

,Q RUGHU WR PDNH DQ DVVHVVPHQW RI WKH FXUUHQV
LQGXVWULHY WRGD\ ZH LQWURGXFH WKH EDFNJURXQ
IHDWXUHV LQ RUGHU WR FRQWUDVW LW ZLWK WKH 05
UDWLRQDOH RI RXU VXUYH\ WR WKH DLUOLQHV 7KH \
VXUYH\ UHVSRQVHV WR 523 LQ ERWK DLUOLQH RSHU]
VHUYLFH RUJDQL]DWLRQV 02 7KH VXUYH\ VKRZV WKI
WKHLU H[LVWLQJ V\VWHP ZHUH ORRNLQJ IRU DOWHUQ
V\VWHP ZKLFK LV WKH VXEMHFW RI WKH QH[W &KDSWH I

,QYHQWRU\ FRQWURO V\VWHP

,Q WKLV VHFWLRQ ZH VWDUW ZLWK D GHVFULSWLRQ RI
SURFHHG ZLWK WKH PHFKDQLVP RI WKH 523 V\VWHP

'HPDQG W\SH FKDUDFWHULVWLFV

'HSHQGHQWLBHRPRYGHPDQG IRU FRPSRQHQWYV GHULYH
LWHPV RU RFFXUV ZKHQ WKH QHHG IRU D FRPSRQHQW
WKH DYLDWLRQ LQGXVWU\ WKLV HYHQW LV W\SLFDOO
WKLV FRPSRQHQW HJ FRPSRQHQW SDUWV DQG UDZ P
,QGHSHQGHQR¥FXHWRDDKHQ WKH GHPDQG IRU WKH FRPSI
FRPSRQHQWY RU HYHQWV H J VSDUH SDUWV DQG ILQL



&KDSWHU 7KUHH 5HRUGHU SRLQ!

7KH 523 FRQFHSW

7KH WUDGLWLRQDO LQYHQWRU\ FRQWURO V\VWHPV DU
RU SHULRGLF $V VSDFH GRHV QRW SHUPLW D GHWDL
LQYHQWRU\ FRQWURO V\VWHP LQ XVH WRGD\ ZH WD
PRQLWRUHG V\VWHPV

7TKHEFRQWLQXRXV UHYLWMEDWVMHREKLFK WKH UHPDLQLQJ
UHYLHZHG HDFK WLPH D ZLWKGUDZDO LV PDGH IURP L
WLPH WR UHRUGHU RU QRW ,Q SUDFWLFH WKHVH UH"
PD\ EH GRQH RQO\ IUHTXHQWO\ VXFK DV RQ D GDLO\ E
7KLV W\SH RI VI\VWHP LOOXVWUDWHG LQ )LIXUH
SXUFKDVLQJ PHWKRGV 7KH V\WWHP UHTXLUHV FRQWL
7KLV FRQWLQXRXV UHYLHZ VWWWPVHY VRWP H W HBH R UKD
VI\VWHP DV ZHRW GMUNVKRLQW V\VWHP 523

$V WKH )LIXUH VKRZV WKH GRZQZDUG VQRSLQJ ¢
LQYHQWRU\ ZKLFK GHSOHWHY DW D IDLUO\ VWHDG\ U
WKH KRUL]JRQWDO O4 QKL WWDVQIHZ SODFHHEG IRKH RQ KDQG
WR GURS WKURXJRRX@WQEDWKWLRHBGHU LV UHFHLYHG

OHDG WLPH WKH RQ KDQG LQYY@WRU\ MXPSV YHUWLF]
7TKHQYHQWRU\ SRVLDVARR VKRZQ LQ )LIXUH W FRUL
LQYHQWRU\ H[FHSW GXULQJ WKH OHDG WLPH -XVW LC
VWDUW R WKHL QHDDWHIPKHE\VL]H Rl WKH QHZ VFKHGXC
OLQB H[FHRG6E\ WKLV VDPH PDUJLQ WKURXJKRXW WKH

OHDG WLPH ZKHQ WKH VFKHGXOHG UHFEBLSWRQRQYH
DIJDLQ 7KH NH\ SRLQW KHBH)RW ¥LWEKQHG KRLPGIDQUHZ K H V
UHRUGHU

OHDVXUHV WKH LWHPYV DELOLW\ WR VDWLVI\ IXWXUH GHPDQG UHC
DV WKH LQYHQWRU\ RQ KDQG SOXV RQ RUGHU PLQXV EDFN RUGHU\



JLXUH &RQWLQXRXV UHYLHZ VA\VWHP UHRUGHU SRLQW VA\VWHP OD\RXW

2Q KDQG
LQYHQWRU\



&EK®EWHU 7KUHH 5HRUGHU SRLQ

6HOHFWLQJ WKH UHRUGHU SRLQW

7TKH UHRUGHMTIRDGMRBRG GXULQIXIOMK ®WAREDQFH |
VWRBENRUH IRUPDOO\ WKH UHRUGHU SRLQW LV

5 'O7 66

ZKHBHY WKH UHRX AWUWSRLOWHUDJH GHPDRQO@EHBAVLQJ

WKH VDIHW\ VXVRNFENH[NMHQEFEGDOO\ GHWHUPLQHG WKH UH
VHOHFWRQFHUQV WKH WBIHW\ VWRFN OHYHO

,QYHQWRU\ PHDVXULQJ SURFHGXUHV

‘KHUH LQYHQWRU\ LV QHFHVVDU\ WR WKH DLUFUDIW P
DV D QDWXUDO FRQVHTXHQFH RI WKH RSHUDWLQJ V\'
KDYH RYHUDOO LQYHQWRU\ PHDVXUHPHQWYV E\ ZKLFK
DQ HVWDEOLVKHG WDUJHW > @ WKHVH PD\ EH H[SU]I
LOQYHQWRU\ YDOXH ZHHNV Rl VXSSO\ DQG LQYHQWR
GHVFULEHV HDFK RI WKRVH WRRO PHDVXUHPHQWYV

$YHUDJH DJJUHJDWH LQYHQWRU\ YDOXH

, V. WKH DYHUDJH WRWDO YDOXH RI DOO LWHPV KHOG
IRXQG E\ PXOWLSO\LQJ WKH QXPEHU RI XQLWV RI HDF
REWDLQ WKH YDOXH RI HDFK LWHP DQG WKHQ DGGLQ
YDOXH WHOOV PDQDJHUV KRZ PXFK RI D ILUP V DVVH
HIWHQW PDQDJHUV FDQ HYDOXDWH DYHUDJH DJJUH.
LQGXVWU\ FRPSDULVRQ RU E\ PDQDJHULDO MXGJHPHQ\

"HHNV RI VXSSO\

‘HHNV RI VXSSO\ HTXDO WKH DYHUDJH DJJUHJDWH LQY
ZKHUH PDQDJHUV DOVR ZDQW WR NQRZ WKH GHPDQG |
VXSSO\ PHDVXUHYV



&KDSWHU 7KUHH 5HRUGHU SRLQ

,QYHQWRU\ WXUQRYHU

(TXDO WR DQQXDO LVVXHV GLYLGHG E\ DYHUDJH DJJI
WXUQRYHU WKH OHVV LQYHQWRU\ IRU WKH VDPH DPR
LQ ORZHU LQYHQWRU\ FDUU\LQJ FRVWYV

ILPLWDWLRQV RI WKH 523 LQYHQWRU\ V\VWHP

,QGHSHQGHQW GHPDQG LQYHQWRU\ V\VWHPV DUH Y
LQWURGXFHG LQ WKH V WKH\ KDYH SURYHG D YDOX
1IRQHWKHOHVV WKHUH DUH VRPH FLUFXPVWDQFHV LQ
FLUFXPVWDQFHV ZH FDQ OLVW ZHDNQHVVHV RI LQGHS!

f 7KH\ DVVXPH WKDW GHPDQG IRU DOO LWHPV LV L
SDUWV GHSHQGV RQ WKH FRPSRQHQW SDUWV HQ
%20

f 7KH\ DVVXPH WKDW GHPDQG LV UHODWLYHO\ VWD
IRUHFDVW

f ,QGHSHQGHQW GHPDQG V\VWHPV FDQQRW EH X
FDOFXODWLRQV IRU UHRUGHU OHYHO UHRUGHU TX
ILJXUHV UDWKHU WKDQ IXWXUH SODQV HYHQ ZKH
FHUWDLQW\

f 5HRUGHU OHYHO FDOFXODWLRQV DVVXPH OHDG W
,Q UHDOLW\ WKH OHDG WLPH FDQ EH YDULHG E\ H
XUJHQF\ RI DQ LWHP

7KHVH REVHUYDWLRQV UHLQIRUFH WKH YLHZ WKDW L
ZHOO LQ WKH DLUFUDIW SDUWV LQYHQWRU\ HQYLUR!
VSHFLILF VLWXDWLRQV 7KH UHRUGHU FRVW IRU H[DF
TXDQWLW\ VXJIJHVWV RUGHU VL]HV ZKLFK DUH VR ODU
DUH XVHG 6FKRQEHUJHU > @ KDV UHDFKHG WKH VDP

7KH PHWKRGRORJ\ RI DYLDWLRQ LQGXVWU\ VXUYH\

7KH FRPSDQLHV XVHG LQ WKLV VXUYH\ YDU\ VLJQLILFI
PHWKRG RI RSHUDWLRQ E\ $2 DQG 02 DV VKRZQ LQ
FRYHUHG DYLDWLRQ FRPSDQLHV Rl ZKRP UHSO



&EKOEWHU 7KUHH 5HRUGHU SRLQ'

HIDPLQHG WKH XVH RI WKH 523 V\VWHP DQG H[DPL:
FRPSDQLHVY LQFOXGLQJ VWUDWHILHV IRU FKDQJH ¢
DOUHDG\ XWLOLVLQJ 053 DQG GHVFULEHG LWV DGYDQ

(XURSH O0LGGOH (DVW S$IULFD /DWLQ $PHULFD &DULEEHDQ $VLD1IBDMKLSPHULFD
RUOG &RQWLQHQWYV

JLIXUH 7KH LPSOHPHQWDWLRQ RI1 053 523 VA\VWHPV E

$LUOLQH &RPSDQLHV ODLQWHQDQFH 2UJDQL]DWLRQV
7\SH RI 2SHUDWLRQ

JLIXUH 7KH LPSOHPHQWDWLRQ RI1 053 523 VA\VWHPV E\ V



&KDHW 7KUHH 5HRUGHU SRLQ\

$QDO\VLV RI VXUYH\ ILQGLQJV

7KH IROORZLQJ UHVXOWV DUH EDVHG RQ D VXUYH\ RI
VHUYLFH RUJDQL]DWLRQV

SHDVRQV IRU QRW XVLQJ 053

$ ODUJH QXPEHU RI 02 RlI $2 ZHUH DZDUH RI C
QRU LQYHVWLIJDWHG LW IXUWKHU 7KH VXUYH\ VKRZF
EHOLHYHG WKH V\VWHP ZDV PRUH VXLWHG WR RWKF
SHUFHQW RI ERWK VHFWRUV LQGLFDWHG WKDW 053

EHFDPH RXWGDWHG RU XQVDWLVIDFWRU\ R1 $2 DOU
V\VWHP FRPSDUHG WR RI 02 <HW WKH VXUYH\ VKRZH
RI LOWHUYLHZHG FRPSDQLHY EHOLHYHG 053 WR EH XQ°
7TKHUH ZDV RQO\ D VPDOO WHFKQLFDO GHSDUWPHQ
7TKHLU FRPPHUFLDO EXVLQHVV ZDV PDLQO\ DG KRF
'XH WR XQFHUWDLQ IDFWRUV DQG RU XQSUHGLFWI
1R ELOO RI PDWHULDOV %20 FRXOG EH GHYHORSF
(DFK MRE ZDV XQLTXH ZLWK D GLIITHUHQW ZRUN VF
$V WKH\ ZHUH D VHUYLFH RUJDQL]DWLRQV WKHLU

H H+ H+ H+ H+

JLYH SHUFHQW Rl ERWK RUJDQL]DWLRQV EHOLHYHG WK
ZRUN VLQFH
f ORVW RI WKH SDUWV UHTXLUHPHQWY ZDV XQVFKH(
f 7KH PDMRULW\ RI DLUFUDIW FRPSRQHQWYV XQGHUZ]
f $LUIUDPH SDUWV GHPDQG ZDV XQSUHGLFWDEOH
f +HDY\ PDLQWHQDQFH DQG OLQH PDLQWHQDQFH LQ
f 9HU\ IHZ VSDUH SDUWV UHTXLUHPHQWY FRXOG EH

(LIJKW SHUFHQW RI ERWK RUJDQL]DWLRQV ZHUH VDWL
SHUFHQW RI ERWK RUJDQL]DWLRQV ZHUH XQDEOH WR
UHDVRQV L H

f J)LODQFLDO UHVRXUFHYV

f ,OQDGHTXDWH VWDII WUDLQLQJ IRU 053 LPSOHPHQW

¥ 7LPH RU RWKHU UHVRXUFH FRQVWUDLQWYV

¥t /DFN RI PDQSRZHU



&KDSWHU 7KUHH 5HRUGHU SRLQ!

¥ /DFEN RI VXSSRUW IRU SURMHFW

7KUHH SHUFHQW RI $2 VDLG WKDW WKH 053 V\VWHP ZC
XS RI D GDWD EDVH WRR FRPSOLFDWHG 7KUHH SHUFH
LQYHVWPHQW LQ DQ 053 V\VWHP ZDV QRW ZDUUDQWHG

2WKHU W\SHV RI LQYHQWRU\ FRQWURO XVHG

W ZDV QHFHVVDU\ WR NQRZ ZKLFK RWKHU W\SH RI LQY
VXUYH\ VKRZHG WKDW WKH PRVW XVHG LQYHQWRU\ V\!
IRU DERXW RI 02 DQG RI $2 $ERXW RI FRPSDC
VIVWHP WKDW RI LQYHQWRU\ IRUHFDVWLQJY] DQG X
f .DQEDQV SXOO V\WWHPV NQRZQ DV -,7
f 6FUDS
f 6LJQLILFDQW WUDFHDELOLW\ DV UHTXLUHG E\ ODZ
| 5RWDEOH SRRO RI VSDUHV RQ DLUFUDIW ! 8QVHU
| 4XDUDQWLQH VWRUHV ! 5HSDLU IDFLOLW\ ! 6HUY
|  QWR LQYHQWRU\ ! 2Q WR DLUFUDIW

7KH VXUYH\ UHVXOWYVY VKRZHG WKDW PRVW FRPSDQLHYV
Ssbuwvy 6RPH RI WKHVH FRPSDQLHVY ZHUH ORRNLQJ IRl
WKHLU QHHGY 7KH\ HVWLPDWHG IXWXUH GHPDQG E!
FRQWUDFW LQIRUPDWLRQ DQG ORRNLQJ DW VFKHGXO
SUHSDUHG PDQXDO IRUHFDVWYV IRU H[SHQVLYH LWHF
VFKHGXOHG PDLQWHQDQFH SURJUDPPHYV

OHWKRGYV RI LQYHQWRU\ PRQLWRULQJ

(FRQRPLF PDWHULDO SURYLVLRQLQJ LV QRUPDOO\ PHE
ZLGHO\ XVHG ILQDQFLDO WRRO WR NQRZ KRZ ZHOO DG
> @ HVSHFLDOO\ LQ KLJK XVDJH SDUWV RYHU D JLYH:
QHDU YHQGRUV DQG GHDOHUV ZLOO XVXDOO\ KDYH D
FRPSDQLHV ZKLFK DUH DW D FRQVLGHUDEOH GLVWDQF
ODUJHU VWRFNV DQG KHQFH KDYH D ORZHU VWRFN WX!I
7KH VXUYH\ LQGLFDWHG WKDW DERXW DQG RI
UDYHUDJH DJJUHJDWH LQYHQWRU\ YDOXHY 6HYHQ SHU



&KDSWHU 7KUHH 5HRUGHU SRLQ!

RI VXSSO\Y ,QYHQWRU\ WXUQRYHU ZDV XVHG E\ DER.:
([DPSOHV RI WKH PRVW FRPPRQ IRUPXODV XVHG E\ WKI

$ $YHUDJH DJJUHJDWH LQYHQWRU\ YDOXH DYHUDJ
PDLQWHQDQFH DQG QRW LQ KRXVH UHSDLU SLSHOL

f ,QYHQWRU\ WXUQRYHU UHFHLSWV SHU DLUFUDI
DYHUDJH

$ :HHNV RU PRQWKV RI VXSSO\ DYHUDZHHNGWURD
PRQWKO\ FRQVXPSWLRQ

(LJKWHHQ SHUFHQW RI FRPSDQLHV RSWHG IRU DQ D
PHQWLRQHG DERYH 2QH FRPSDQ\ VWDWHG WKDW WKH
YDOXH IURP WKH SXUFKDVH OHGJHU UHFRUGLQJ DOC
FDOFXODWLQJ WKH YDOXH RQFH WKH SURJUDP KDG

PHDVXUHG WKHLU LQYHQWRU\ SHUIRUPDQFH RQ D PRQ

I %DODQFH RQ KDQG YV IRUHFDVWHG EDODQFH RQ
f 6HUYLFH OHYHO
+ ,QYHQWRU\ WXUQRYHU PRQH\ LVVXHG | QXPEHU I

7KH UHPDLQGHU ZHUH XVLQJ DQ LQYHQWRU\ UDWLR
DFTXLVLWLRQ FRVW GLYLGHG E\ DLUFUDIW YDOXH 71
WR KDYH D ORZ LQYHQWRU\ EXW WKH ULVN RI VKR
LQYHQWRU\

$FWLRQ WDNHQ ZKHQ D pVWRFENRXWY RFFEXUV

7KLY VXUYH\ TXHVWLRQ DLPHG WR HVWDEOLVK ZKDW
VWRFN RI VSDUH SDUWV ZDV GHSOHWHG 1RUPDOO\
FODVVLILFDWLRQ RI VWRFN KDG GHSOHWHG ,I WKH L
FRPSDQ\ ZRXOG H[SHGLWH LW LI WKH LWHP KDG DOUH
LW ZRXOG WKHQ LVVXH D QHZ RUGHU LI WKH VWRFN
ZDV D WLPH FRQVWUDLQW WKH FRPSDQ\ ZRXOG QHHG
RI FODVVLILFDWLRQV VXFK DV URWDEOHV RU UHSDLU
RUGHU ZRXOG QRW EH QHFHVVDU\ ORUH DSSURSULDW



&KDSWHU 7KUHH 5HRUGHU SRLQ!

EH WDNHQ WKHQ ERUURZLQJ LI QR LWHPV ZHUH DOL
WDNHQ ZRXOG GHSHQG XSRQ WKH FLUEXPVWDQEHV Z
QRW

7KH VXUYH\ UHVXOWV LQGLFDWHG WKDW  HRSHG LAARHP
ERUURZIRBDRBOSHQGLQJ RQ WKH VSHFLILF FLUEXPVWD
QRWLFHG WKDW VRPH FRPSDQLHV H[SHGLWHG RQO\ Z
DQG RlI $2 6FKPDKO DQG $QDQG > @ VWDWHG WK
WKH JUHDWHVW UHGXFWLRQ LQ LQYHQWRU\ 7ZHQW\ )
$2 XVHG HH[SHGLWHYT DQG HEX\Yf RQO\ ZKLOH DERXW
EX\LQJ H[FOXVLYHO\ ,W ZDV IRXQG WKDW WKRVH DF
RUJDQL]DWLRQV UDWKHU WKDQ WKH DLUOLQH RSHUD
KROG D ODUJH LQYHQWRU\ 7KH\ RUGHUHG RQO\ ZKDW
LWHPV DV WKH LQYHQWRU\ UHTXLUHPHQWY GHSHQGH(

'HIJUHH RI DXWRPDWLRQ RI WKH RUGHULQJ V\VWHF

&RPSDQLHV ZHUH DVNHG DERXW WKH GHJUHH RI V\VV
GLIILFXOW WR FODVVLI\ WKH UHSOLHV GXH WR YDU\I
UHSOLHV PHQWLRQHG RQO\ WKH DFWXDO RUGHULQJ
FRPSOHWH V\VWHP )RU WKLV UHDVRQ ZH GLYLGHG W
SHUFHQWDJH RU VA\VWHP GHVFULSWLRQ DV VKRZQ LQ

7TDEOH VKRZV WKDW RI FRPSDQLHVY LQ WKH ILUVYV
DXWRPDWLEF TKLUWHHQ SHUFHQW RI FRPSDQL

RI WKHLU V\VWHP DXWRPDWHG DQG DERXW Rl WKI

ZHUH DOPRVW WRWDOO\ YDULHG EHWZHHQ WR

FRPSDQLHV KDG D VI\VWHP SUHGRPLQDQWO\ PDQXDO E

'HJUHH R
DXWRPDWISRKQVRPDWX\VERPDWXVRPDWXWRPDWIDR XDO 0DQXDO

02 UHVSRQVHYV

$2 UHVSRQVHV §
7DEOH 'HJUHH RI DXWRPDWLRQ DQG PDQXDOO\ FDUULHG RXW ZR!
J)LIXUH VKRZV WKH VHFRQG JURXS DQG E\ ORRNLQ

KLIKHVW SHUFHQWDJH EHORQJV WR WKRVH FRPSDC(
DXWRPDWLFDOO\ DV PDWHULDO UHDFKHG WKH UHRUGI



&KDSWHU 7KUHH 5HRUGHU SRLQ

RUGHUV WKDW ZHUH UHYLHZHG DQG UHOHDVHG PDQXL
Rl 02 UHSUHVHQWHG WKH IHZ FRPSDQLHV ZKR XVHG '
V\VWHP ZKLFK LV GHVLJQHG WR HOLPLQDWH WKH SK\
ZLWK RUGHULQJ VKLSSLQJ UHFHLYLQJ DQG LQYRLFLC

1R '"HVFULSWLRQ
$00 RUGHUV DUH JHQHUDWHG DXWRPDWLFDOO\ DV |
RUGHUYVY DUH UHYLHZHG DQG UHOHDVHG PDQXDOO\
$00 RUGHUV DUH JHQHUDWHG DXWRPDWLFDOO\ DV |
RUGHUYVY DUH UHYLHZHG PDQXDOO\ DQG UHOHDVHG DXMW
/IRZ FRVW SDUWV FRQVXPDEOHVY DUH UHRUGHUHG DX
Ssbuwv URWDEOHY DUH UHRUGHUHG PDQXDOO\
7KH VA\VWHP LV RQO\ FDSDEOH RI GRLQJ D VWRFN FKF
PDQXDOO\ SHUIRUPHG

JLIXUH RUN GRQH SXUHO\ DXWRPDWLFDOO\ PDQXDOO\

&DSDFLW\ SODQQLQJ DQG VFKHGXOLQJ

1RUPDOO\ FRPSDQLHY GHYHORS WKHLU FDSDFLW\ UHT
IO\LQJ KRXU RU E\ PRQWKO\ EXGJHW 7KH VXUYH\ VKR
XVHG D PRQWKO\ EXGIJHW ZKHUHDYV Rl $2 XVHG PD



&KDSWHU 7KUHH 5HRUGHU SRLQ

RlI 02 XWLOLVHG PDQ KRXUV SHU IO\LQJ KRXU 7ZR S
WKDW WKH\ XVHG ERWK PHWKRGV 6RPH FRPSDQLHV
SODQQLQJ ZKLFK LQFOXGHG

)O\LQJ KRXUV DQG FKHFN F\FOHV

JRUHFDVWLQJ EDVHG RQ SDVW KLVWRU\ RU XVDJH
$ UDWLR V\VWHP

&RQWUDFW UHODWHG GHFLVLRQV PDGH WKURXJK
FROQWUDFW UHTXLUHPHQWYV

= =+ +H+ +H

$V WKLV TXHVWLRQ ZDV PRUH DSSURSULDWH IRU DLUC
RUJDQL]DWLRQV QRW VXUSULVLQJO\ RI WKH ODWW
PDLQWHQDQFH FRQWUDFWY GLIITHULQJ LW ZDV GLIILFX

'HIJUHH RI VDWLVIDFWLRQ ZLWK WKH H[LVWLQJ LQ

$ERXW RI FRPSDQLHY TXHVWLRQHG XVHG D FRPSXW
SHUFHQW RI1 02 DQG Rl $2 ZHUH XVLQJ D UHRUGHL
FRPSDQLHV ZHUH VDWLVILHG ZLWK WKHLU H[LVWLQ.
EHOLHYHG WKDW WKHLU LQYHQWRU\ V\VWHP ZDV DSSI
V\VWHP EXW ZHUH ORRNLQJ WR LPSURYH LW 7KH |
GLVVDWLVILHG ZLWK WKHLU LQYHQWRU\ FRQWURO VV\
7TKHVH FRPSDQLHV SURYLGHG YDULRXV UHDVRQV IRU \
/IHVV WKDQ VDLG WKDW LW ZDV GXH WR VHFWR
UHJXODWLRQ GHUHJXODWLRQ VHOI UHJXODWLRQ L
SURYLVLRQLQJ DQG DJHLQJ DLUFUDIW SURJUDPV 7.
LOQWHJUDWHG V\VWHP DQG ZHUH ORRNLQJ IRU D VLQ.
WKHLU V\VWHP ZDV RXW RI GDWH HLWKHU EHFDXVH
JURZQ DQG WKHLU PHWKRGV QR ORQJHU SURYLGHG Ji
WHQGHG WR FKDQJH TXLFNO\ DQ LQYHQWRU\ VWUDW!
/IHVV WKDQ UHSUHVHQWHG FRPSDQLHV ZKR JDYH RWI
'LITLFXOWLHY LQ H[SHGLWH KDQGOLQJ XQXVHG LW
7KHLU V\VWHP ZDV EDVHG RQ D IL[HG VHUYLFH OF
OHYHO
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+LJK LQYHQWRU\ FRVW EXLOG XS DV WKHLU V\VWF
KLJK OHYHO UHRUGHU SRLQW ZLWK VDIHW\ VWRFN
7KH VIVWHP JHQHUDWHG D ORW RI SDSHU ZRUN ZK
+LJK YDOXH u$Y LWHPV ZHUH VWLOO RUGHUHG PDC
7KHUH ZHUH QR %20 RU 053 IDFLOLWLHV
SHSRUWLQJ URXWLQHV ZHUH LQDGHTXDWH

6WRFN PDQDJHPHQW IDFLOLWLHV ZHUH LQDGHTXD'
$ PRUH H[SHGLWLRXV VI\VWHP WR UHGXFH LQYH(
QHHGHG

" $LUOLQH &RPSDQLHV
" ODLQWHQDQFH 2UJDQL]DWLRQV

'LIILFXOW\ LQ 7RR PXFK PDQXDO (QYLURQPHQW 6\WWHP LV QRW 7KH VIVWHP LV RXW
IRUHFDVWLQJ LQSXW FKDQJHV LQWHJUDWHG Rl GDWH

5HDVRQ
YLIXUH 5HDVRQV IRU LQDSSURSULDWHQHVV RI LQYH

6SDUH SDUWV FODVVLILFDWLRQ

7KH VXUYH\ VKRZHG WKDW WKH PRVWu¥WRPRRE@ F® MW\
VI\VWH®7$%$ RU ,$7% FODVVLILFDWLRQ ZKLFK GHVLJQDW
URWDEOHV 6L[W\ SHUFHQW RI $2 XVHG WKLV PHWKRC
(YHQ VR WKHUH ZHUH VWLOO RWKHU FODVVLILFL
OHVV WKDQ DQG H[DPSOHV RI WKHVH FODVVLILFDW
6RXUFH RI WKH SDUWYV
IRZ 07%5 07%85



&KDSWHHY H/ 5HRUGHU SRLQ'

%DVHG RQ LQGLYLGXDO UHTXLUHPHQWV RI PDL
PDQDJHPHQW L H pKDUG WLPHY VKHOI OLIH RU P
$Q RYHUKDXO V\VWHP

f DLUFUDIW VWDQGDUG SDUW

f QRQ VWRFNHG %RHLQJ $LUEXV 0' HWEF SDUW
f VWRFNHG %RHLQJ $LUEXV 0' HWF SDUWYV

f FRPPHUFLDO LWHPV HWF

%\ IXQFWLRQ RI WKH FRPSRQHQW

f HOHFWURQLFV DLUIUDPH

f QRQ HOHFWURQLFV DLUIUDPH

f HQJLQH

6SDUHV LQVXUDQFH IRU OHDVH DQG UHQWDO

7ZHQW\ SHUFHQW RI PDLQWHQDQFH VHUYLFH RUJDQ
LQDSSURSULDWH IRU WKHLU FRPSDQLHV DV WKH\ FDU!

21 &RPSDQ\ 5HVSRQVHV

6WDQGDUG $LUOLQH $00& /HDGWLPH 9DOXH &ULWLFDOLW2RWKHU 1RW $SSOLFDEOH
6\VWHP

7\SH Rl &0ODVVLILFDWLRQ

JLIXUH &RPSRQHQW VA\VWHPYV FODVVLILFDWLRQ
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&RPSRQHQW UHSDLU FRQWUDFWYV

2QFH VSDUH SDUWV KDYH EHHQ VHQW IRU UHSDLU W
ORQJHU ZLWKLQ WKH FRPSDQ\ ZLWK UHJDUG WR WLP
WKHUH LV DQ DJUHHG XSRQ UHSDLU WLPH LQ WKH FRC
7KH VXUYH\ VKRZHG WKDW PRUH WKDQ RI ERWK RU.
RQO\ DV LOOXVWUDWHG LQ )LIXUH IHVV WKDQ

WLPH SHQDOW\ FODXVH JXDUDQWHHG ZDUUDQWHG

ILQDQFLDO FRVW FRPSHQVDWLRQ RU E\ VXSSO\LQJ W
I[IUHH RI FKDUJH XQWLO WKH IDXOW\ RQH ZDV UHSDLUH
02 UHOLHG VROHO\ RQ WKH FRQWUDFWRU DV WKHUH
WLPH OLPLW RU SHQDOWLHYV LI WKH UHSDLU WLPH ZDV

7\SH Rl $JUHHPHQW

JLIXUH 5HSDLU FRQWUDFW DJUHHPHQWYV

&KDQJLQJ WKH IOHHW VL]H

'KHQ QHZ W\SHV RI DLUFUDIW DUH LQWURGXFHG WK
DLUOLQH ZLWK LQLWLPDOHSURXYGYDRREOHQUSODWSB B/URY L\
UHFRPPHQGHG VSDUH\63U RO/ LRRIILY W IOAL\SWD BQ QL QJ

7KHVH UHIHUHQFHV IRU LQLWLDO SURYLVLRQLQJ XVXI
PDLQWDLQ DLUFUDIW 7KH RULJR @D O CHVIRX ISSIRQ W HP R QF
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PDQXDOV IRU FRPSRQHQWYV ILWWHG WR WKH DLUFUDI'
SDUWV UHTXLUHG EDVHG RQ UHOLDEOH LQIRUPDWLRC(
OLIH OLPLWYV 7KH FRVW RI RSHUDWLQJ ROGHU DLUFL
DYDLODELOLW\ EHFRPHY JUHDWHU DQG WKH SULFH IR
)LIXUH VKRZHG WKH IROORZLQJ FRXUVHV RI DFWL
f ,Q PRVW FDVHV FRPSDQLHV DVNHG WKH PDQXIDF
£3' ZKHQ QHZ DLUFUDIW ZHUH LQWURGXFHG RU W
SUHYLRXV W\SHV RI WKH VDPH DLUFUDIW WR FDOF?>

f $v WKLV TXHVWLRQ LV PRUH DSSURSULDWH IRU
VHUYLFH RUJDQL]DWLRQV RI WKRVH PDLQWHRQL
TXHVWLRQ GLG QRW DSSO\ WR WKHLU EXVLQHVYV
RSHUDWRU V DLUFUDIW PDLQWHQDQFH RU EHFDXV
ZDV QRW UHOLDEOH 7KHVH FRPSDQLHV GLG QRW R

" $LUOLQH &RPSDQLHV
* ODLQWHQDQFH 2UJDQL]DWLRQV

’
([SHULHQFH RI SUHYLRXV W\&ER¥VXOWDWLRQ ZLWK &RQVXOWDWLRQ ZLWRWWESHOLFDEOH
PDQXIDFWXUHU RSHUDWRUYV

&RXUVH RI $FWLRQ

JLIXUH &KDQJLQJ WKH IOHHW VL]H RU DGGLQJ QHZ W

6 XPPDU\ RI FRQFOXVLRQV

7TKH UHVXOWY DQDO\VLV RI WKH 523 VI\VWHP VXUYH\ F
SRLQWYV



&KDSWHU 7KUHH 5HRUGHU SRLQ

T 7ZHQW\ QLQH SHUFHQW RI FRPSDQLHV VXUYH\HG L
WKH LPSOHPHQWDWLRQ RI 053 7KHVH FRPSDQLHV
ZHUH FXUUHQWO\ XVLQJ SDUW RI LW RU ZRXOG
XQDEOH WR GR VR IRU ILQDQFLDO UHDVRQV $V R
053 V\VWHP zZDV QRW DSSURSULDWH IRU DLUFUDIW

f 6DIHW\ VWRFN ZDV IRXQG WR EH WKH PRVW F
VSHFLILFDOO\ IRU LPPHGLDWH UHSODFHPHQW WR |

> @

¥ :KHQ VWRFNRXWY RFFXUV VXUYH\ UHSOLHV LQG
H[SHGLWH ERUURZ RU EX\ VWREFEN GHSHQGLQJ
FRQVXPDEOHV H[SHQGDEOHYV RU URWDEOHV UHS

f $ ODUJH SHUFHQWDJH RI FRPSDQLHV KDG D IXOO\
FRPSDQLHVY KDG D PDQXDO V\VWHP ([SHQGDEO
DXWRPDWLFDOO\ UHYLHZHG ZKHUHDV WRS YDOXH
ZHUH PDQXDOO\ SURFHVVHG

f )LIWN\ QLQH SHUFHQW RI WKH FRPSDQLHV ZHUH V\
PRQWKO\ EXGJHW RU ERWK ZKHUHDV WKH UHPDLC(
FRQVXPSWLRQ KLVWRU\ RU FRQWUDFW

f $W OHDVW Rl FRPSDQLHV ZHUH GLVVDWLVILHG
VDWLVILHG ZHUH VWLOO ORRNLQJ IRU LPSURYHPH(
VIVWHP DQG FRQVLGHULQJ LPSOHPHQWLQJ DQ 053

$ 7KH PRVW FRPPRQ FODVVLILFDWLRQ DQDO\VLV XV
DLUOLQH V\VWHP SOXV YDOXHYT DQG $%& DQDO\VL\
WKDW KDYH WKH JUHDWHVW DQQXDO H[SHQGLWXUF
FRPSRQHQW VKRUWDJHV > @ 7KXV FRPSDQLI
EDVHG RQ WKHLU UHTXLUHPHQWYV $2* 0(/ DQG QR
FRVW SDUW FRXOG MXVW DV HDVLO\ FDXVH IOLJKW



&KDSWHU 7KUHH 5HRUGHU SRLQ

GLG QRW DSSHDU WR FODVVLI\ FRPSRQHQWYV LQ
SHUIRUPHG DV FRQWUDFWRUYV

¥ ,Q WKH FDVH RI IOHHW VL]H FKDQJHV

D &RPSDQLHV UHOLHG VROHO\ RQ WKHLU H[SHULFE
SDUDPHWHU KDG WR EH FKDQJHG WR PHHW UHTX

E +LVWRULFDO GDWD KDG WR EH XVHG WR LGHQW
TXDQWLW\

F 6SDUHV LQYHQWRU\ OHYHOV DQG URWDEOHYV IO

f ,Q WKH FDVH RI D QHZ W\SH RI DLUFUDIW EURXJ

UHFRPPHQGDWLRQV RI WKH DLUFUDIW PDQXIDFWXU

D &RVW UHPRYDO UDWH DQG HVVHQWLDOLW\

E ,00XVWUDWH G 3&XKWNKFDOH@ORUIKHY SDUWYV UH’
RU UHSDLU

F *XLGHOLQHV DERXW LWHPV DQG TXDQWLWLHV V
VWREN O(/ $2*

G 07%85 DQG 07%) GDWD IRU UHSDLUDEOH DQG U
H[SHFWHG IDLOXUH UDWHYV

f ,1 KLVWRULFDO GDWD ZDV XQDYDLODEOH WKH |
FXVWRPHU ZRXOG SURYLGH WKHP ZLWK WKH KLVWHF
RUJDQL]DWLRQV

tf 7KH IHZHU WKH W\SHV RI DLUFUDIW WKH RSHUDWEF
ZLOO EH :KHQ GLIITHUHQW W\SHV RI DLUFUDIW DUH
EH VWRFNHG > @

J)LQDOO\ VXFK FRQFOXVLRQV UHLQIRUFH WKH YLHZ W
DLUFUDIW SDUWV LQYHQWRU\ HQYLURQPHQW ,Q RUGH
PRYHG WR DGDSW WKH 053 VIVWHP WR WKLV FRPSOH]
RI WKH IROORZLQJ &KDSWHUV



&KDSWHU )RXU ODWHULDO UHTXLUHPHQW

0$7(5,%$/ 5(48,5(0(176 3/$11,1* 053

,QWURGXFWLRQ

DQXIDFWXULQJ FRPSDQLHV EHJDQ E\ FRQWUF

UHRUGHU SRLQW WHFKQLTXH *UDGXDOO\ WK

FRPSRQHQWY KDG GHSHQGHQW GHPDQG DQG \
WR FRQWURO WKH GHSHQGHQW LWHPV PRUH HIIHFW
LQGHSHQGHQW GHPDQG LQYHQWRU\ FRQWURO V\VWH
DVVHPEOHG WR PHHW UHSDLU SODQ UHTXLUHPHQWV |
6XFK SDUHQW FRPSRQHQW GHSHQGHQW UHODWLRQV
PDWHULDOV JUHDWO\ LQFUHDVH WKH FRPSOH[LW\ RI
QHHGYV WR EH DGDSWHG VSHFLILFDOO\ WR DLG WKH P
DQG VFKHGXOLQJ UHSOHQLVKPHQW RUGHUYV

'H EHJLQ WKLV &KDSWHU ZLWK D EDVLF GHVFULSWLRC
IROORZHG E\ D EULHI FRPSDULVRQ RI DQ 053 DQG D W
RUGHU WR LQYHVWLJDWH WR ZKDW H[WHQW WKH 053 \
DYLDWLRQ RSHUDWLRQ DQG PDLQWHQDQFH ZH LQWUR
FRPSDQLHYV

053 EDFNJURXQG

SHFHQW DGYDQFHV LQ FRPSXWHU WHFKQRORJ\ DQG
PDLQWHQDQFH DQG UHSDLUV IURP EHLQJ LVRODWHG
EHFRPLQJ LQWHIJUDWHG IXQFWLRQV ZLWKLQ WKH HQW
ZLWK VSHFLILF DSSOLFDWLRQV WR FHUWDLQ LQGXVWI
RI XVLQJ WKHP DQG vwDUW DOWHULQJ WKH SDFNDJH
KDSSHQHG &UWMMXL MX®! 3SDWK $CQDO WA 1 L&JS3BW DSSHDUHC
XVHG IRU DSSOLFDWLRQVY OLNH DLUFUDIW PDLQWHQDC
GDWD RYHU D YHU\ ORQJ WLPH VFDOH ZDV ZDQWHG 3l
UHTXLUHPHQWY RWKHU WKDQ WKRVH QRUPDOO\ VHUYF
DOORZ WKHP WR GR WKHVH MREV 6R LW ZDV WKDW &



&KDSWHU )RXU ODWHULDO UHTXLUHPHQW

ILHOGY 7KH VDPH ZH EHOLHYH ZLOO KDSSHQ WR 053
PDOQXIDFWXULQJ DSSOLFDWLRQV EXW LW FRXOG ZHOO
VHFWRUV VXFK DV LQ DLUFUDIW SDUWYV LQYHQWRU\

7KH VWDQGDUG DUJXPHQW DJDLQVW XVLQJ D PDQXIC
DLUFUDIW PDLQWHQDQFH HQYLURQPHQW LV WKH WZF
PDQXIDFWXULQJ DQG DLUFUDIW PDLQWHQDQFH DUH VX
SURGXFW RU FRPSRQHQW FKDQJHV ODQXIDFWXUHUV K
EHFDXVH Rl UHHQJLQHHULQJ UHVXOWLQJ LQ GHVLJQ F
FDVH Rl WKH DLUOLQH PDLQWHQDQFH HQYLURQPHQW
RFFXUUHQFHV )RXUFDXG > @ IRXQG WKDW WKHUH L
EHWZHHQ UHSDLU UHPDQXIDFWXULQJ DQG VWDQGDUG
FRPSDUDEOH LQ SODQQLQJ H[HFXWLRQ DQG RSHUDWL

7KH 053 FRQFHSW

053 LV D WHFKQLTXH IRU GHWHUPLQLQJ WKH TXDQWI
GHSHQGHQW GHPDQG LWHPV QHHGHG WR VDWLVI\ PI
VFKHGXOLQJ WHFKQLTXH WKDW KDV DV RQH RI LWV PI
WR WKH QHHG GDWH PHDQLQJ PDWHULDO VKRUWDJH
DYRLGHG

053 EUHDNV D FRPSRQHQW LQWR LWV PDQ\ SDUWYV DQ(
WKRVH SDUWV WR FRPH LQWR VWRFN ZKHQ QHHGHG
FRPSRQHQW RU VXEDVVHPEO\ WR HYHU\ RWKHU SDUW
ZKROH 7KH NH\ LQJUHGLHQWYV RI 053 DUH ELOO RI PD
UHFRUGYV

%8, RI PDWHULDO %20

%20 LV D GLDJUDP RU UHFRUG WKDW VKRZV DOO WKF
FRPSRQHQW UHODWLRQVKLSY DQG XVDJH TXDQWLWL
VXEDVVHPEOLHY DQG PDWHULDOV WKDW JR LQWR DC
WKH SDUW QXPEHUV DQG TXDQWLW\ UHTXLUHG SHU D!
SDUWV FDQ EH UHVSRQVLEOH IRU HQG LWHP FRPSRC(
PDWHULDO PDQDJHU WR NQRZ WKH ELOO RI PDWHULDO



&KDSWHU )RXU ODWHULDO UHTXLUHPHQW

WR GHWHUPLQH ZKLFK SDUWYV DUH VXEMHFW WR IDLO X
WKH FRPSRQHQW .QRZOHGJH RI WKH %20 ZLOO DOVI

UHSODFHPHQW VKRXOG EH VWRFNHG DV VSDUH
RYHUKDXO 7KHUH DUH WZR W\SHV Rl %20 IRUPDWV H
GLITHUHQW ZD\

f $ VLQJOH OHYHO ELOO VSHFLILHV UHTXLUHPHQW\
sbuwv WKDW DUH QHHGHG WR DVVHPEOH D SDUF
TXDQWLW\ UHTXLUHG LQFOXGLQJ WKH SDUW QXPEF

f $ PXOWL OHYHO ELOO VKRZV WKH SDUHQW DQG DC
WKH SXUFKDVHG SDUWYV

,Q WKLV VWXG\ ZH RQO\ LQWHQG WR XVH VLQJOH O
DVVHPEOLHYV

ODVWHU VFKHGXOH 06

7KH PDVWHU VFKHGXOH GULYHV 053 DQG LV WKXV WKt
HUURUV ZLWKLQ WKH 06 VXFK DV KLJK IRUHFDVWL(
SHUIRUPDQFH 7KH 06 LV D VWDWHPHQW RI ZKDW WK
SODQQHG EXLOG VFKHGXOH E\ TXDQWLW\ DQG GDWH |

7KH 053 LQYHQWRU\ UHFRUGYV

053 LQYHQWRU\ UHFRUGV LQ KLHUDUFKLFDO RUGHU DU
*URVV UHTXLUHPHQWYV
6FKHGXOHG UHFHLSWV
3URMHFWHG RQ KDQG LQYHQWRU\
1HW UHTXLUHPHQWYV
30DQQHG RUGHU UHFHLSWYV
30DQQHG RUGHU UHOHDVH

*URVYV UHTXWKH BWMRWAD O QHHGYV IURP DOO VRXUFHV
6FKHGXOHGWKH HPDSWAW LDOV DOUHDG\ RQ RUGHU IURP
WKH TXDQWLW\ DQG SURMHFWHG WLPH RI UHFHLSW
SURMHFWHG RQ KIWMKGE R@QYKQWRWBEDODQFH OHVV DOOR
EDFN RUGHUYV



&KDSWHU )RXU ODWHULDO UHTXLUHPHQW

I1HW UHTXLWHKRH@QWAY ILIXUH DIWHU DOORZLQJ IRU DYD
ORJLF RI 053 WKDW JURVV UHTXLUHPHQWY PLQXV WK
UHFHLSWV \LHOG WKH QHW UHTXLUHPHQW

3ODQQHG RUGWKHUPBWIHSWNYWOV WKDW ZLOO EH RUGHUH
VLPLODU WR D VFKHGXOHG UHFHLSW

SODQOQHG RUGHUG UHIWIBYVH KHQ DQ RUGHU IRU D VSHFL
EH LVVXHG 7KH UHOHDVH GDWH LV WKH UHFHLSW GDW
SObQQHG RUGHU UHOHDVHV WR FDOFXODWH JURVYV Ul
WKH ELOO RI PDWHULDO IRU PDQ\ OHYHOV XQWLO ZH
QHHGHG LQ WKH DVVHPEO\ RI RXU FRPSRQHOQRWIRRIQL V
WKH SODQQHG RUGHU UHOHDVHV DW RQH OHYHO WKI
OHYHO LQ WKH FDVH RI PXOWL OHYHO %20

7KH ORJLF RI 053 FDOFXODWLRQ ZLOO EH GLVFXVVHG
DFWXDO LOOXVWUDWLRQ

053 SDUDPHWHUYV

BHYHUDO SDUDPHWHUV PXVW EH SUH DVVLJQHG WR HD
SODQQLQJ IDFWRUV WKH\ LQFOXGH

7KH SODQQLQJ KRUL]RQ
/JHDG WLPH DQG VDIHW\ VWRFN
/IRW VL]LQJ FRQVLGHUDWLRQV

30DQQLQJ KRUL]JRQ 3+
7KH SODQQLQJ KRUL]JRQ UHIHUV WR WKH VSDQ RI WLP
GDWH RYHU ZKLFK PDWHULDO SODQV PD\ EH JHQHUD
ZHHNYV ZHHNV RU HYHOQ ZHHNV GHSHQGLQJ XS
FRPSRQHQWY LQYROYHG ,W VKRXOG HTXDO RU H[FH
ORQJHVW WLPH VHTXHQFH UHTXLUHG E\ DQ\ SDUHQW F
EH LQDGHTXDWH UHVXOWLQJ LQ ODWH RUGHUV DQG F|

/IHDG WLPH DQG VDIHW\ VWRFN

/IHDG WLPH WKH VXSSO\ WLPH RU QXPEHU RI WLPH EXI
DQG UHFHLYLQJ WKH SDUWV 053 XVHV SODQQHG OHD



&KDSWHU )RXU ODWHULDO UHTXLUHPHQW

7LPH EXFNHW UHIHUV WR WKH XQLWV RI WLPH LQWR Z
LV XVXDOO\ UHSUHVHQWHG LQ ZHHNV GD\V RU PRQWK

6DIHW\ W&VR¥NWKH TXDQWLW\ RI VWRFN PDLQWDLQHG
XQH[SHFWHG IOXFWXDWLRQV LQ GHPDQG DQG RU VXS
FRQVLGHUHG DV D W\SH RI LQVXUDQFH SROLF\ WR FI
HYHQWYV EH WKH IDLOXUH RI D YHQGRU WR PHHW D S
LQFUHDVH LQ GHPDQG IRU WKH FRPSRQHQW WR EH UHS
053 FDQ LQFOXGH SODQQLQJ RI VDIHW\ VWRFN EXW
FRPPRQ SUDFWLFH :KHQ LQFOXGHG WKH TXDQWLW\ R
WKH RQ KDQG TXDQWLW\ RU DGGHG WR JURVV UHTXL
VDIHW\ VWRFN LV DGGHG WR 053 WKH UHVXOWLQJ RY!
RUGHU UHOHDVH DQG GXH GDWHV GHVWUR\ LWV FUHGL

/JRW VL]LQJ &RQVLGHUDWLRQV /6

/IRW VL]H LV WKH SURFHVV RI VSHFLI\LQJ WKH RUGHU \
PHWKRG EH SUH DVVLIJIQHG WR HDFK LWHP EHIRUH WK
DQEQG SObDQQHG RUGHU UHOHDVHYVY 7KH SDUDPHWHUV R
&KDSWHU VHYHQ

7KH 053 UHSODQQLQJ V\WVWHPV

5H SODQQLQJ LV WKH 053 VIVWHP SURFHVV ZKLFK WHC
H[SHFWV WKH SODQQHU WR UHDFW DQG UHVROYH FF
PHVVDJHV WR DOHUW WKH SODQQHU WR RUGHU LQFL
7KHVH FDQ EH VXPPDULVHG DV

$ 2UGHUV ZKLFK VKRXOG KDYH EHHQ UHFHLYHG EXW

$ 2UGHUV DOUHDG\ SODFHG EXW ZKLFK DUH QRZ QHF

$+ 1HZ RUGHUV QHHGHG LQ OHVV WKDQ WKH SODQQLGC
1DPHO\ WKHUH DUH WZR EDVLF DSSURDFKHV WR UH S
SODQQLQJ DQG ERWWRP XS UH SODQQLQJ

7TRS GRZQ SODQQLQJ
+DV WZR WRROV 5HJHQHUDWLYH DQG 1HW &KDQJH



&K®O®HWHU )R XU ODWHULDO UHTXLUHPHQW

5HIHQHUDOWQLYHH TXLUHPHQWY DQG GXH GDWHV DUH WR
LV UXQ DW VSHFLILHG LQWHUYDOV LQ WLPH DQG WKH
QHZ SODQ 7KLV LQYROYHV UHVFKHGXOLQJ DQ\ RSHQ
FUHDWLQJ SODQQHG RUGHU UHOHDVHV IRU IXWXUH UH
LQYHQWRU\ DQG RSHQ RUGHUV 7KH UHJHQHUDWLYH
DQDO\VLV RI HDFK DQG HYHU\ LWHP LGHQWLILHG LQ W
RSHUDWHG LQ ZHHNO\ DQG RFFDVLRQDOO\ PRQWKO\ Ut

f 6WDUWV IURP ODWHVW YHUVLRQ RI 06

f 5H H[SORGHV ULJKW WKURXJK 053 VIVWHP SURFI

f /LPLWHG IUHTXHQF\ Rl UH SODQQLQJ

1HW FKOS3BJHLV DQ RQ OLQH VI\VWHP WKDW FRQWLQXRX\
VFKHGXOH LQYHQWRU\ DGGLWLRQV DQG RWKHU WUD
ORJLF EXW QHW FKDQJH V\WVWHPV UH SODQ RQO\ WKF
SUHYLRXVO\ SODQQHG +RZHYHU WKH\ PD\ WDNH PRUH
DFWLRQ QRWLFHV VRFMHWLRPR\QKHYRXYIQE WWR DV

$ 2Q OLQH PDWHULDO UHTXLUHPHQWY SODQ

$ ([SORGHV RQO\ QHW FKDQJHYV

$ 3URFHVVLQJ RQ OLQH RU RYHUQLJKW

+ ORUH UHDFWLYH EXW PRUH QHUYRXV

%RWWRP XS UH SODQQLQJ

$OVR KDV WZR WRROV 3HJJHG 5HTXLUHPHQWY DQG )LL
3HJJLQJ UHTDIOHPH QWM XVHU WR LGHQWLI\ WKH VRXU
JURVV UHTXLUHPHQWY 7KHVH JURVV UHTXLUHPHQWYV
DVVHPEOLHV RU IURP LQGHSHQGHQW GHPDQG LQ WKH
7KH WHFKQLTXH RI SHJJLQJ LV XVHIXO LQ WKDW LW DC
SODQQLQJ VWHSV LQ WKH HYHQW RI DQ XQH[SHFWHG
GHOLYHU LQ WKH SODQQLQJ OHDG WLPH %\ UHWUDFL
GHWHFW ZKDW RUGHUV DUH OLNHO\ WR EH DIIHFWHG
DFWLRQ

JLUP SODQQI® RRIGMKH PDWHULDOV SODQQHU WR IRU
SDUWLEXODU ZD\ WKXV RYHUULGLQJ ORW VL]H RU O



&KDSWHU )RXU ODWHULDO UHTXLUHPHQW

SODQQHUV ZRUNLQJ ZLWK 053 VI\VWHPV WR UHVSRQC
SUREOHPV W LV DOVR XVHG WR UHGXFH WKH V\VWHP

$FWLRQ QRWLFRPSXWHU JHQHUDWHG PHPR LQGLFDWLQ
DGMXVW WKH GXH GDWH RI D VFKHGXOHG UHFHLSW D
QXPEHUV IRU LWHPV QHHGLQJ DWWHQWLRQ

$FWLRQ EXPMKAMUH LV D QRQ JHUR TXDQWLW\ LQ WKH
RUGHU UHOHDVH URZ WKH\ FDOO LW WKH DFWLRQ EXF
$Q RUGHU LQ WKH DFWLRQ EXFNHW LV WKH FDOO WR U

523 YHUVXV 053 V\VWHP

7TKH WZR DSSURDFKHV KDYH GLIIHUHQW SDWWHUQV R
VWRFNV DUH JHQHUDOO\ ORZ EXW ULVH DV GHOLYHULF
VWDUWY 6WRFN LV WKHQ XVHG GXULQJ RYHUKDXO DQ!
D QRUPDO ORZ OHYHO 7KLV SDWWHUQ LV VKRZQ LQ )
UHODWHG WR PDLOQWHQDQFH SODQV VR KLJKHU OHYH
GXULQJ RYHUKDXO EXW DUH UHSOHQLVKHG DV VRRQ
J)LIXUH E

,Q D VWXG\ FRQGXFWHG E\ 5LW]PDQ HW DO > @ WKH)
LQ WKH %20 LQFUHDVH 053 LQFUHDVLQJO\ VXUSDVYV
LOQYHQWRU\ IRU WKH VDPH OHYHO RI HQG LWHP VHUYLI
UHODWLYH VXSHULRULW\ RI 053 DOVR LQFUHDVHV %U!
053 DQG 523 V\VWHPV WKDW ZKHQ WKH WHPSRUDO St
UHTXLUHPHQWYVY XVHG LQ 523 V\VWHPV ZLOO RIWHQ U
LQIRUPDWLRQ ZKLFK PD\ UHVXOW LQ EDFNRUGHU RU H]



&KDSWHU )RXU ODWHULDO UHTXLUHPHQW

JLIXUH &RPSDULVRQ RI VWRFN OHYHOV D 6WRFN OHYHO
SDUWV ZLWK 523 VA\VWHP



&KDSWHU )RXU ODWHULDO UHTXLUHPHQW

'KHQ WKH GHPDQG IRU DQ LWHP FDQ EH FDOFXODWHG
DV LQ WKH FDVH RI DLUFUDIW FRPSRQHQW RYHUKDXO
LW ORRNV IRUZDUG DQWLFLSDWLQJ IXWXUH RUGHUYV
ZKHUHDV WKH 523 XVHV KLVWRULFDO DYHUDJHYV DQG \
VXPPDUL]HG DV IROORZV 7DEOH

ODLQ IHDWXUHYVY FRPSDULSR® 053

'"HDOV ZLWK 8VHG DYHUDJHYV LWK OXPS\ GHPDQG
/IRRNYV %DFN SDVW JRUZDUG IXWXUH
'"HPDQG XVHV 6PRRWK XQLIRUP BROWEQXRXX¥FWXDWLQJ G|
SHTXLUHV %20" 1R <HYV

,QYHQWRU\ LV ODLQWDLQHG 5XQ RXW

5S5SHFRPPHQGVY RUGHAUWDGWWHY WR &RPSOHWH

$FWLYDWHYV IRU DQ@QRGBHGRUGHU DW D W3IRHWLEBVHBORQ SODQV P
H[SHFWHG UXQ RXWRUGHUY EDVHG RQ QHHG

6KRZV IXWXUH R UGIHRUQW $00 LQ KRUL]RQ
&DQ EH UH SODQQH®R" <HYV
7TDEOH &RPSDULVRQ RI RUGHULQJ WHFKQLTXHV RI WKH 523 DQG

7TKH PHWKRGRORJ\ RI WKH DYLDWLRQ LQGXVWU\ VXI

$V ZH PHQWLRQHG HDUOLHU LQ &KDSWHU WKUHH WKL
RXW RI DLUOLQH RSHUDWRU DQG PDLQWHQDQFH
HPHUJHG WKDW DYLDWLRQ FRPSDQLHV ZHUH EXUU}
523 ZKLOVW KDG DGRSWHG WKH 053 VI\VWHP 7KH L
H[DPLQH WKH H[SHULHQFH DQG VXFFHVVHV RI WKRVH
053 VIVWHP 7KH VXUYH\ LQGLFDWHVY WKDW 053 LV QR
SDUWV LQYHQWRU\ +RZHYHU LW LV PRUH GLIILFXOW
HQYLURQPHQW WKDQ LQ D FRPPHUFLDO HQYLURQPH
XQSUHGLFWDEOH %XW LI WKH REVWDFOHV DUH XQGH
PDQDJHPHQW 053 FDQ EH VXFFHVVIXOO\ LPSOHPHQWH
7KH VXUYH\ FRQVLVWV RI HLJKW DLUOLQH RSHUDW
RUJDQLVDWLRQV ZKR DFNQRZOHGJHG WKH LPSOHPHQW
Rl UHSOLHV IURP WKH WZHQW\ WKUHH FRPSDQLHV WK
PDLQ IHDWXUHV Rl WKH 053 V\VWHP



&KDSWHU )RXU ODWHULDO UHTXLUHPHQW

053 VRIWZDUH DQG LQYHQWRU\ UHFRUGYV

7KH VXUYH\ VKRZV LQ 7DEOH WKDW DW WKH WLPH F
Rl WKH 053 VIVWHP ZHUH EHLQJ XVHG ILIWHHQ FRPSD
SDFNDJHV VXSSOLHG E\ D YHQGRU DQG HLJKW KDG Gt
053 FRQFHSWLRQ GHVLJQHG E\ D FRQVXOWDQW WR VD
W ZDV WKXV LPSRUWDQW WR NQRZ LI WKRVH FRPSD
ILQHWHHQ XVHG WKH VDPH %XW IRXU FRPSDQLHV k
UHFRUGV ZKLFK DUH OLVWHG EHORZ
$ 6HUYLFH OHYHO WKDW PHDQW RQ DYHUD
VDWLVILHG
$ &RQVXPSWLRQ IRUHFDVW EDVHG RQ H[WUDSRODWL
f 7UHQG DQDO\WLYV L H VWDWLVWLEDO DQDO\VLV R
$ 7LPH JDWHYV
D $VVHW FKHFN DOWHUQDWLYHV
E 3DUWV JURXSV WR HQDEOH SUH PRGLILEDWLRQ
$ )RRIQ FRQGRDWLRQLDOV D UHSODFHPHQW LQGH[ Z
SHUFHQWDJH RI UHPRYDOV DGGLWLRQDO SODQQLQ

053 RXWSXW UHSRUW VWDWHPHQW

6RPH FRPSXWHU SDFNDJHV RFFDVLRQDOO\ JLYH H[WUL
ZD\ WKH SDFNDJH GRHV WKH FDOFXODWLRQ RU EHFDX
7KH VXUYH\ VKRZHG WKDW HLJKW FRPSDQLHV DFFHSW
ILIWHHQ RQO\ DFFHSWHG D FRPSXWHU VWDWHPHQW L
FRPSDQLHV XVHG PDQXDO FDOFXODWLRQV DORQH

/IHDG WLPH SXUFKDVLQJ DJUHHPHQW

$v JOREDO FRPSHWLWLRQ LQFUHDVHV FRQWUDFWRUYV
RI FRVW TXDOLW\ DQG WHFKQRORJ\ EXW DOVR RQ W
FRPSHWLWLRQ KDV EHFRPH LQFUHDVLQJO\ LPSRUWDQ
GHWHUPLQHG IROORZLQJ GLVFXVVLRQV DQG QHJRWLD
FRPSDQ\ DQG ZLWK LWV VXSSOLHUYV

7KH VXUYH\ VKRZHG WKDW WKLUWHHQ RI WKH FRPSDQI
E\DJUHHPHY®W RI WKH FRPSDQLHV XVHG SDVW GDWD



&KDSWHU )RXU ODWHULDO UHTXLUHPHQW

H[SHULHQFH RI WKH PDUNHW DQG XS GDWHG LW LI FKD
ILYH XVHG ERWK PHWKRGYV

1R &RPSDQ\ QDPH 7\SH RI RSHUDWLRRIWZDUH QDPH
$HURPH[LFR $LUOLQH RSHUDWRWUKRXVH GHYHORSHG
$*867% ODLQWHQDQFH RUBIDQEVDWLRQ
$LUZRUN ODLQWHQDQFH RUJDRRXDWLRHY HORSHG

%ULVWRO $HURVSDPODWHQDQFH RUIDNQEGDWLRQ
%ULWLVK $LUZDSVUOLQH RSHUDWRS&E 3$&

&URVVDLU $LUOLQH RSHUDW®RW26

'HH +RZDUG &R ODLQWHQDQFH RUIDNQLYDWLRQ

'HOWD $LUOLQHY¥LUOLQH RSHUDWRWUKRXVH GHYHORSHG
"HXWVFKH /XIWKDLQWRQH RSHUDWRUKRXVH GHYHORSHG
'RZW\ $HURVSDPHWLQWHQDQFH RU&OGRYDWLRQ
+XQWLQJ $LUFUDDWQWHQDQFH RUID @BUYDWLRQ

7$7 (XURSHDQ $8LUGDLIQHV RSHUDWRUKRXVH GHYHORSHG
IRFNKHHG $ & 6B0IDYQWHHQDQFH R UJDIBIBYDWLRQ

078 ODLQWHQD @AW OLQH RSHUDWRWUKRXVH GHYHORSHG
IDWLRQDO $LUPCRONIQWHHQDQFH RU%BQ&EDWLRQ

IRUPD DLU *DUDH®WHQDQFH R UJPEQ LWVEBN LR Q

2+0$% ODLQWHQDQFH RUIJDRRXDWLRHY HORSHG
3DUNHU %HUWHDDSHQURHQDQFH RUJDRRXDWLRHYHORSHG
5RO0OV 5R\FH 6HUYLFWMQDQFH RUJQ,IVDWLRQ
6KDQQRQ $HURWDDLRHVHQDQFH RUBEBQLVDWLRQ

6LPHUD ODLQWHQDQFH RUJPEQLVDWLRQ
6XQGVWUDQG $IHDRYHNMHRIDQFH RUIDNLVDWLRQ

6ZLVVDLU $LUOLQH RSHUDWRSS3

7TDEOH 053 VRIWZDUH SDFNDJHV XVHG E\ DYLDWLRQ FRPSDQLH



&KDNSHU )RXU ODWHULDO UHTXLUHPHQV

7KH 053 WLPH EXFNHW

$QGHUVRQ V VXUYH\ > @ VXJJHVWV WKDW WKH YDVW
WLPH EXFNHWV RI RQH ZHHN %XW RXU VXUYH\ UHYHD
RI ILYH FRPSDQLHV WKH 053 WLPH EXFNHW ZDV VKRZC
LV FDOFXODWHG RQ D PRQWKO\ EDVLV VLQFH 10\LQJ
PRQWK 2QO\ VL[ DSSOLHG ZHHNO\ WLPH EXFNHWV EH
LQYROYHG RU WKH\ XVHG ZHHNO\ WLPH EXFNHWV IR
MREVY 6LJQLILFDQWO\ WZHOYH FRPSDQLHV VWDWHG
WKLY UHIOHFWHG WKH EDWFK TXDQWLW\ RI WKHLU Z
DSSURSULDWH SHULRG

7KH 053 SODQQLQJ KRUL]JRQ

7KH VXUYH\ VKRZV WKDW WKH PRVW SRSXODU SODQQL
\HDU RU OHVV ZKLOH RQO\ ILYH XVHG D \HDU KRUL]
PRQWK SHULRG 2QO\ WZR FRPSDQLHV XVHG D WZR \
ZKHUHDV $QGHUVRQ V VXUYH\ > @ VKRZHG WKDW WKH
XVHG LQ 053 V\VWHPV ZDV RI WKH RUGHU RI ZHHNYV
FRQFOXGHG WKDW DV WKH KRUL]JRQ LQFUHDVHV QHU
LPSURYHYV

ORQWKYV 2QH <HDU 7ZR <HDUV 7KUHH <HDUV

30DQQLQJ +RUL]JRQ /HQJIWK

YLIXUH 053 SODQQLQJ KRUL]JRQV OHQJWK
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053 ORW VL]H PHWKRGYV

,Q RUGHU WR HQDEOH 053 WR FDUU\ RXW LWV H[SORVL
PXVW EH DFFHVVLEOH WR RU SDUW RI LWV FRPSXW!|
FRPSDQLHV XVHG PRUH WKDQ RQH PHWKRG DQG WKH E
$+ (FRQRPLF RUGHU TWREBDQWPWWKRG ZDV XVHG E\ WZHC
I 7KORW IRU ORMFKQLTXH LV SUREDEO\ WKH VLPSOF
WHFKQLTXHV DQG HOHYHQ FRPSDQLHV ZHUH XVLQJ
$ 6LQEMHG RUGHU2BXBRWVYWQRW H[DFWO\ PDWFK U}
JHQHUDWHY KLJK LQYHQWRU\ DQG FUHDWHV LQYH
XVHG WKLV PHWKRG
$ 7KH[HG SHULRG UBSXRUGRHQWYVY VXSSO\ IRU D JL"
SHULRGV HDFK WLPH IRU H[DPSOH D PRQWK VXS
FRPSDQLHV DSSOLHG )35 XVLQJ UHJXODU RUGHU\
7KH\ WKXV NQHZ ZKDW WR RUGHU ZKHQ LW ZDV ¢
UHTXLUHG
$ )L[HG RUGHRSHHWG D IL[HG WLPH EHWZHHQ RUGH!
UHTXLUHG WR PHHW WKH GHPDQG LQ WKDW SHULRG
7D UW SHULRG3B®RIFOVLWAP FRPSDQLHV XVHG WKL
$V SRIWLRG RUGHBPATWHREWIW\Y H\ VKRZHG WKDW QF
WKLV PHWKRG
 J)RUOMIDH/W XQ@RWDBBUWDFK WKH VXUYH\ LQGLFDWF
XVHG WKLV PHWKRG
$ :DJQHU :KLWLQ $PIRQLMKW QRQH RI WKH FRPSDQL
XVLQJ WKLV PHWKRG
$ 2QH FRPSBOQUMWWSBULRG3BDODQFLQJ
ODLQWHQDQFH RUJDQLVDWLRQV EHOLHYHG WKHVH PH\
GHDOW ZLWK VPDOO TXDQWLWLHV VR WKH\ SUHIHUUH
VPDOO ORW VL]H

+H

053 VDIHW\ VWRFN

7KH VXUYH\ VKRZHG WKDW IRXU FRPSDQLHV GLG QRW
DOUHDG\ DSSOLHG VDIHW\ VWRFN WR WKHLU 053 V\VW|I
WZHQW\ WKUHH ZHUH DSSO\LQJ VDIHW\ VWRFN SURFHG
DQG FRVW 2QO0\ RQH DSSOLHG VDIHW\ VWRFN PHWKRG



& KDFSW)R X U ODWHULDO UHTXLUHPHQV

XVLQJ WKHP DW ORZ OHYHO DQG VHYHQ UHVWULFV
FRPSRQHQW OHYHO ,Q :HPPHUORY(fV > @ VXUYH\ F
FRPSDQLHV XVHG VDIHW\ VWRFN DW DOO OHYHOV IL
ILYH FRPSDQLHY DSSOLHG VDIHW\ VWRFNV VWULFWO\

$ ODUJH QXPEHU RI FRPSDQLHV XVHG VDIHW\ VWREFN
FDOFXODWHG IURP H[SHULHQFH VLPSO\ E\ JXHVVLQJ
VXUYH\ VKRZHG WKDW PRVW FRPSDQLHV XVHG D YDU
XVLQJ VWDWLVWLFDO PHWKRGYV HLJKW FDOFXODWLQ.
DQ DYHUDJH E\ UHYLHZLQJ KLVWRULFDO XVDJH 7KH
FRPSDQ\ VLPSO\ JXHVVHG W ZDV DOVR IRXQG WKDW
EHFDXVH WKH\ ZHUH PDLQWHQDQFH RUJDQL]DWLRQV
UHFHLYHG DQG WKXV VDIHW\ VWRFN ZDV QRW XVHG

$O0 OHYHOV /'R Z OHYHOV JLQLVKHG JRRGV OHYHO HQG LWHP 'HSHQGV RQ PDWHULDOLPSRUWDQFHDQG FRVW
6WHDG\FRQVXPSWLRQ PDWHULDO

6DIHW\ 6WRFN 8VHG

JLIXUH 6DIHW\ VWRFN OHYHOV

7KH ELOO RI PDWHULDOV

7KH ELOO RI PDWHULDOV SURFHVVRU VRIWZDUH SDFN
VWDWXV ILOH VR WKDW WKH UHTXLUHPHQWYVY H[SOR
LQYHQWRU\ OHYHOV RI DOO FRPSRQHQWYV 7KH VXUYH\



&K®O®HWHU )RXU ODWHULDO UHTXLUHPHQW!

%20 VRIWZDUH SDFNDJHV )RXU GLG QRW XVH WKH %2
DSSOLFDEOH WR WKHLU EXVLQHVV
7KH WZR PHWKRGV Rl VSHFLI\LQJ FRPSRQHQW UHTXLUI
%20 DQG PXOWL OHYHO %20 7KH VXUYH\ UHSOLHV VKR.
f 6L[ XVHG D VLQJOH OHYHO %20
f 1LQH ZHUH XVLQJ PXOWL OHYHO %20
¥f J)LYH XVHG ERWK PHWKRGYV
¥ 7TKUHH GLG QRW XVH DQ\ RI WKRVH PHWKRGV LQ Z
DSSOLFDEOH

053 UHSODQQLQJ VA\VWHPV

7KH VXUYH\ VKRZHG WKDW QLQHWHHQ XVHG WRS GRZQ
JXUWKHUPRUH RI WKH WZHQW\ WKUHH FRPSDQLHV VXI
053 V\VWHP DQG WZR GLG QRW :LWK WKH UHJHQHUD
XVXDOO\ GRQH RQ D ZHHNO\ EDVLV EXW WKH GLDJUD
GLIIHUHQW WLPH EDVHV ZHUH EHLQJ XVHG 7KH PRVW

RU ZLWK WKH QH[W GDLO\ RU $FFRUGLC
+DPLG HW DO > @ RI UHVSRQGHQWY ZHUH XSGDWLQ
PHWKRG $ IXUWKHU VWXG\ E\ $QGHUVRQ > @ IRXQG Wi
06 RQ D ZHHNO\ UHSODQQLQJ F\FOH ZKLOH XSGDV
/ID )RUJH DQG 6WXUU VWXG\ > @ IRXQG WKDW XSG
ZKLOH GLG VR GDLO\

'LWK UHJDUG WR WKH 1HW FKDQJH 053 VI\VWHP WKH V
FRQGXFWHG E\ $QGHUVRQ > @ LQGLFDWHG WKDW
FKDQJH DSSURDFK 7KH ODWHU VWXG\ E\ /D)RUJH DQG
QHW FKDQJH ,Q RXU VXUYH\ ZLWK DYLDWLRQ FRPSDQL
FKDQJH 053 EDVHG RQ ZHHNO\ UHSODQQLQJ
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'DLO\ 2QFHDZHHN 7ZLFHSHUZHHN 7KUHHWLPHVSHUZHHN ORQWKO\ 1RW $SSOLFDEOH
5HSODQQLQJ %DVLV

JLIXUH 053 UHSODQQLQJ IUHTXHQF\

053 053 ,,

'LWK WKH H[WHQVLRQ RI PDVWHU VFKHGXOLQJ WR G
VXSSRUW RI EXVLQHVV SODQQLQJ LQ ILQDQFLDO WHL
ILQDQFLDO IHDWXUHV WR WKH FORYMEXOIRFRVEXW\VWIH PH |
30DQQLOBB FHVSRQVHVY WR RXU VXUYH\ VKRZ WKDW

f (OHYHQ XVHG 053

+ (LJKW ZHUH XVLQJ 053 ,,

$ )JRXU ZHUH XVLQJ ERWK V\VWHPV

'"HJUHH RI DXWRPDWLRQ RI WKH RUGHULQJ V\VWH

$V PHQWLRQHG HDUOLHU LQ &KDSWHU WKUHH LW ZD\
QrRW DOO RI WKHP UHIHUUHG WR WKH VDPH VHW RI F
GLYLGHG WKH DQVZHUV LQWR WZR JURXSV DV VKRZQ
)LIXUH LQGLFDWHYV WKDW QLQH FRPSDQLHV KDG E
RSHUDWLQJ DXWRPDWLFDOO\ ZKLOH ILYH KDG DSSUF
DXWRPDWHG )LJXUH LQGLFDWHYV WKDW WKUHH FR
DXWRPDWLFDOO\ DV PDWHULDO UHDFKHG WKH UHRUGHI
UHYLHZHG DQG UHOHDVHG 7KUHH FRPSDQLHV RSHUDYV
FRQVXPDEOHYV DQRG PDQXDOO\ IRU KLJK FRVW SDU



& KDFBW )R XU ODWHULDO UHTXLUHPHQW

FRPSDQLHVY D WRWDO RI WZR KDG D IXOO\ DXWRPD
UHDFKHG WKH UHRUGHU OHYHO EXW ZKRVH RUGHU\
DXWRPDWLFDOO\ YLD DQ (', VIVWHP 6XFK D V\VWHP

LPSDFW RQ WKH ILQDQFLDO SHUIRUPDQFH IRU D QXPE
ZULWLQJ WKLV WKHVLV PDQ\ DLUOLQH SXUFKDVLQJ

RXWPRGHG 7KH ,QWHUQHW KDV RSHQHG XS QHZ RSSF
PDQDJH WKHLU VXSSO\ FKDLQV > @

$XWRPDWHG $XWRPDWHG $XWRPDWHG $XWRPDWHG

'"HJUHH RI $XWRPDWLRQ

JLIXUH '"HIJUHH RI ZRUN GRQH SXUHO\ DXWRPDWLF

(s LV WKH FRPSXWHU WR FRPSXWHU H[FKDQJH RI EXVLQHVV GRFX



& KDFW )R XU ODWHULDO UHTXLUHPHQW

6\WVWHP 2SHUDWHG

1R '"HVFULSWLRQ

$00 RUGHUYVY DUH JHQHUDWHG DXWRPDWLFDOO\ DV PDW
DUH UHYLHZHG DQG UHOHDVHG PDQXDOO\

$00 RUGHUYVY DUH JHQHUDWHG DXWRPDWLFDOO\ DV PDW
DUH UHYLHZHG PDQXDOO\ DQG UHOHDVHG DXWRPDWLFD
/IRZ FRVW SDUWV FRQVXPDEOHVY DUH UHRUGHUHG DX\
Ssbuwv URWDEOHV DUH UHRUGHUHG PDQXDOO\

7KH VA\VWHP LV RQO\ FDSDEOH RI GRLQJ D VWRFN FKH

PDQXDOO\ SHUIRUPHG

J)LIXUH RUN GRQH SXUHO\ DXWRPDWLFDOO\ PDQXDOO\

6SDUH SDUWV FODVVLILEDWLRQ
7KH VXUYH\ VKRZHG WKDW WKH PRVW FRPPRQ FODVVL
DQDO\VLY 7KLUWHHQ FRPSDQLWW XY UG KD MHKHE K R\
GHVLJQDWHG FRQVXPDEOHV UHSDLUDEOHV DQG URMW
VRPHWLPHV MORZQWBLQ W FDWILWLIKW GLVSDWFK DQG
LPSRUWDQFH Rl WKH FRPSRQHQW DV WR ZKHWKHU LW
UHSUHVHQWY FRPSDQLHV ZKR PD\ KDYH DSSOLHG OHD
RUGHULQJ LWHP IURP WKH VXSSOLHU EXW LQ IDFW C
7KHUH ZHUH VHYHQ F R PrOIOQRHDWIHKIRI KK VYHESE S0 B WL FUR P



&KDSWHU )RXU ODWHULDO UHTXLUHPHQW

WKHVH WKHUH ZHUH VWLOO RWKHU FODVVLILFDWLRQV
IROORZV

f 6XE FDWHJRU\ $ = GHSHQGLQJ RQ WDUJHW VHUYL

OHYHO

tf :DUUDQW\ OLDELOLWLHY QHZ SDUWV DUH LVVXHG

¥ ,QVXUDQFH IRU VORZ DQG IDVW PRYLQJ VWREFEN
7TKUHH FRPSDQLHVY EHOLHYHG WKLV TXHVWLRQ ZDV QR
FRQWUDFW ZRUN

&RPSRQHQW UHSDLU FRQWUDFWYV

7KH VXUYH\ VKRZV WKDW VL[WHHQ FRPSDQLHV ZRUNH(
ZRUNHG WR DQ DJUHHG WLPH EXW DOVR PRQLWRUHG

1RQH RI WKH FRPSDQLHV ZRUNHG WR DQ DJUHHG WL
FRPSDQLHV ZRUNLQJ ZLWK DQ DJUHHG WLPH SHQDOW\
VROHO\ RQ D FRQWUDFW ZKHUH WKHUH ZDV QR DJUHHP

&KDQJLQJ WKH IOHHW VL]H

3:KDW KDSSHQHG ZKHQ WKH DLUOLQH FKDQJHG WKH
DLUFUDIW LQWR VHUYLFH DQG ZKDW DFWLRQ ZRXOG
UHFRUGHG"  )LJXUH VKRZV D YDULHW\ RI FRXUVHYV F
f JRXUWHHQ FRPSDQLHV XVHG WKHLU H[SHULHQFH R
RU UHODWHG WKH PDQXIDFWXUHU V LQLWLDO SURY
ZRXOG EH UHTXLUHG DQG ZKLFK ,Q PRVW FDVHYV
UHFHLYHG IURP WKH PDQXIDFWXUHU ZLWK WKHLU R
f (LJKWHHQ FRPSDQLHV DVNHG WKH PDQXIDFWXUHU
ZKHQ QHZ DLUFUDIW ZHUH LQWURGXFHG
f 6HYHQ FRPSDQLHV XVHG RU FRQVXOWHG RWKHU F
HQJLQH W\SH
f 7ZR FRPSDQLHV EHOLHYHG WKDW WKLV TXHVWLRQ
EHFDXVH WKH\ FDUULHG RXW RWKHU RSHUDWRUYV
EHOLHYHG WKH PDQXIDFWXUHU V GDWD ZDV QRW UF



&KDSWHU )RXU ODWHULDO UHTXLUHPHQYV

([SHULHQFH RI SUHYLRXV &RQVXOWDWLRQ ZLWK &RQVXOWDWIRQ BEWELRYEEH
W\ASHV PDQXIDFWXUHU RSHUDWRUYV

&RXUVH RI $FWLRQ

JLIXUH (IHMHFW RI FKDQJH LQ IOHHW VL]H RU LQWURGXFWLR(

HQHILWY RI VXFFHVVIXO LQVWDOODWLRQ RI1 053

7KH VXUYH\ LOQOGLFDWHG WKDW WZHQW\ WZR FRPSDQLI
XVDJH DQG D IXUWKHU RQH KDG RQO\ UHFHQWO\ LQVYV
WLPH WR DVVHVV LWV PHULW 1LQHWHHQ VDZ DQ LPS
SURFHVV RI GLVFRYHULQJ LWV XVH 7KHVH WKHQ ZHUL
WKH VXFFHVVIXO LQVWDOODWLRQ RI 053 LOOXVWUD
SUHYLRXVO\ SXEOLVKHG DUWLFOHV > @
7R VXPPDULVH WKH VXUYH\ VKRZHG WKDW WKH PRVW
ZHUH UHGXFWLRQ RI LQYHQWRU\ FRVWV LPSURYHG V
RI FRPSRQHQW VKRUWDJHV E\ DQG UHVSHFWL
WKHUH ZHUH RWKHU EHQHILWY QRW WDUJHWHG LQ RX!
 $FKLHYLQJ EHWWHU WXUQ DURXQG WLPH
f 6KHOI VWRFN ZDV GUDVWLFDOO\ UHGXFHG DQG LQ
f 7KH LQYHQWRU\ WXUQRYHU UDWH ZDV LQFUHDVHG
¥f 053 PLQLPLVHG RXWOD\ ZKLFK RSWLPLVHG FDVK I(
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1RW <HW

%HQHILWV RI 6XFFHVVIXO ,QVWDOODWLRQV

1R 'HVFULSWLRQ
5HGXFWLRQ LQ LQYHQWRU\ FRVWYV
,PSURYHPHQW LQ VFKHGXOLQJ HIIHEFWLYH
$ELOLW\ WR UHVSRQG PRUH TXLFNO\ WR P
,QFUHDVH LQ RQ WLPH FXVWRPHU GHOLYH
SHGXFWLRQ LQ RYHU WLPH FRVWYV
5HGXFWLRQ RI FRPSRQHQW VKRUWDJHV
5HGXFWLRQ RI WKH XVH RI LQGLUHFW ODE
5HGXFWLRQ RI WKH XVH RI GLUHFW ODERYX

JLIXUH %HQHILWYVY RI1 053

SHDVRQV IRU WKH XQVXFFHVVIXO XVH RI 053 V\V

, I IRU DQ\ UHDVRQ DQ 053 V\VWHP IDLOHG LW ZDV II
VWDWHG E\ &0RGH > @ %ORRG > @ EHOLHYHG WK
IHHOLQJV RI GHVSDLU DERXW 053 KDG WURXEOH ZLWI|
V\VWHP LWVHOI ORUH UHFRPPHQGDWLRQV DQG LPSL

> @
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7KH VXUYH\ VKRZHG RQO\ VL[ RXW RI WZHQW\ WKUH
FRPSDQLHY LQGLFDWHG WKDW WKH UHDVRQ IRU QRYV
V\VWHP ZDV PDLQO\ GXH WR ODFN RI WUDLQLQJ X
SDUWLFXODUO\ %20 DQG LQYHQWRU\ GDWD 2QH FRPS
PDQDIJHPHQW FRPPLWPHQW WR WKH SURMHFW 7KH V.
FRPSDQLHVY ZKR GLG KDYH SUREOHPV LQ WKH HDUO
XOWLPDWHO\ RYHUULGGHQ WKHVH REVWDFOHYV

1RW DSSOLFDEOH
7\SHV Rl 5HDVRQV

1R '"HVFULSWLRQ

/IDFN RI WRS PDQDJHPHQW FRPPLWPHQW WR WKH S
/IDFN RI HGXFDWLRQ WUDLQLQJ LQ 053 IRU WKRVH
WR XVH WKH VA\VWHP

8QUHDOLVWLF PDVWHU VFKHGXOH

,QDFFXUDWH GDWD SDUWLFXODUO\ %20 GDWD DQG

JLIXUH 5HDVRQV IRU XQVXFFHVVIXO XVH RI 053 VI\VWHP

'LVFXVVLRQ DQG FRQFOXVLRQV

7KH 053 VXUYH\ VKRZV WKDW WKH V\VWHP LV QRZ EH
QXPEHU RI DLUOLQH RSHUDWRUV DQG PDLQWHQDQFH
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$LUOLQHV LQ SDUWLFXODU EHOLHYH WKDW WKHLU LQC
Rl IRXU PDUNHW FKDUDFWHULVWLFV

D 3DUWV QHHGHG ZRUOGZLGH

E 'HPDQG XQSUHGLFWDELOLW\

F 7UDFHDELOLW\ Rl SDUWV IRU VDIHW\ UHDVRQV

G 7KH KLJK FRVW Rl QRW KDYLQJ D SDUW $2*
2QH RI WKH PDLQ SXUSRVHV RI WKLV &KDSWHU KDV Et
LV EHLQJ DSSOLHG LQ DLUFUDIW PDLQWHQDQFH DQG
LWHPV QHHGHG IRU VFKHGXOHG PDLQWHQDQFH FDQ EF
WKDW WKH 053 VIVWHP FDQ EH XVHG WR FRQWURO W]
UHGXFH WKH SRVVLELOLW\ RI VWREN VKRUWDJHYV

3UHVHQWO\ RQO\ FRPSDQLHV XVH WKH 053 V\VWHP
XVH WKH 523 VIVWHP LW LV FOHDU WKDW DSSUR[LPD\
ZHUH FRQVLGHULQJ LPSOHPHQWLQJ WKH 053 V\VWHP
7KHUH ZHUH PDQ\ LVVXHV UDLVHG E\ WKH FRPSDQLHYV
ZLWK LPSOHPHQWLQJ RU FRQWUROOLQJ VSDUH SDUW\
VKRZHG RQO\ VL[ RXW RI WZHQW\ WKUHH FRPSDQLHV D
7KH 523 DQG 053 VXUYH\ UHVSRQVH VXJIJHVWV WKH Q}
WZR W\SHV DV UDLVHG E\ WKRVH RUJDQLVDWLRQV L
SUREOHPV DULVLQJ IURP PDQDJHPHQW LQ FRQWUDVW °
JLUVWO\ WKH PDQDJHPHQW VRXUFHV FLWHG E\ FRPS
IDLOXUH ZHUH

f ,OQDGHTXDWH VWDII WUDLQLQJ IRU 053 LPSOHPHQW
7LPH RU RWKHU UHVRXUFH FRQVWUDLQWYV
IDFN Rl PDQSRZHU
IDFN Rl VXSSRUW IRU WKH SURMHFW
JLQDQFLDO UHVRXUFHYV
7KH ILUVW IRXU UHDVRQV FDQ RQO\ EH VROYHG RU RY
WKH LPSOHPHQWDWLRQ RI WKH 053 V\VWHP LQ DQ DL
UHTXLUH HQWLUH UHRUJDQLVDWLRQ RI WKH SODQW
HVVHQWLDO 6XUYH\ ILQGLQJY LQGLFDWH WKDW D NH\
LQ D FRPSUHKHQVLYH 053 HGXFDWLRQ DQG WUDLQL
LPSOHPHQWDWLRQ

t
T
T
T
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,Q WKH HYHQW RI LQVXIILFLHQW ILQDQFLDO UHVRXUF
VPDOO VEDOH 053 VSUHDGVKHHW ZKLFK FRXOG DEW
XQDEOH WR LQFRUSRUDWH ODUJHU DQG PRUH FRPSUHI

BHFRQGO\ WKH WHFKQLFDO VRXUFHV RI GLIILFXOW\ R
UHDVRQV UDQJHG IURP WKH XQSUHGLFWDEOH FRQVX
UHTXLUHPHQWYV EHLQRQXPOR/FGIERMMH® DIQFH WR WKH

FRPSDQLHV DOVR KDG GLIILEXOW\ IRUHFDVWLQJ ZLWK
GHDOW ZLWK LQ &KDSWHU HLJKW ZKHUH ZH GLVFXVV \
UHODWLRQ WR WKHVH SULPDU\ PDLQWHQDQFH SURFHV

$GGHG WR WKHVH GLIILFXOWLHYV H[SHULHQFHG E\ FRP
WKDW PRVW FRPSDQLHV ZHUH XQVDWLVILHG ZLWK WE
VXUYH\ UHVXOWYV VKRZHG WKDW WKH PRVW FRPPRQ P
1)/ DQG )24 ZKLFK FOHDUO\ SURGXFHG YHU\ KLJK LQYF
RI LQOWHUPLWWHQW GHPDQG $QRWKHU UHDVRQ JLYHC
HFRQRPLFDOO\ DV HDFK MRE ZDV XQLTXH ZLWK LWV G
WKDW QLQHWHHQ FRPSDQLHV DSSOLHG %20 VRIWZDU]I
SUREOHP )RU WKLV UHDVRQ VLQJOH OHYHO ORW VL]H
VHH &KDSWHU VHYHQ

)LQDOO\ ZH HQG WKLV &KDSWHU E\ VXPPDULVLQJ WKH

30DQQLQJ KRUL]JRQ OHQJWK WKH VXUYH\ VKRZHG
GHSHQGLQJ RQ WKH W\SH RI ZRUN LQ KDQG LQ DFF
‘H LQWHQG WR ORRN DW WKH HIIHFW Rl WKLV IDEFW
ZLWK WKH GHPDQG YDULDWLRQ

$IWHU HDFK UHSDLU LW LV QHFHVVDU\ IRU D |
PRGLILFDWLRQ SURJUDPV ZHUH FRPPRQ RFFXUUH(
WKH DPHQGHQ®G RWWRBEDQOG@WKH EXLOGLQJ RI QHZ ¢
DYDLODEOH GDWD IURP WKH PDQXIDFWXUHU RU RV
IRXQG WR EH D JRRG PHWKRG IRU URWDEOHV UHSD
5HSODFHPHQW SDUWV DQG RWKHU UHSDLU PDWHU



&KDSWHU )RXU ODWHULDO UHTXLUHPHQW

VWUXFWXUH DV RUGHU GHSHQGHQW GHPDQGV 7
LOQYHQWRU\ DQG FRVW FRQWURO RI UHSDLUV DOR
LQIRUPDWLRQ IRU UHYLHZ DQG DQDO\VLV

‘H IRXQG WKDW WKH UHJHQHUDWLYH 053 V\VWHP
ZHHNO\ EDVLV %DUUHWW > @ VXJIJHVWV WKDW LQ)
053 UH SODQQLQJ DQG WKDW WKH ZLGHO\ DFFHSW
UXQV PD\ QRW DOZD\V EH WKH EHVW DOWHUQDWL)
HDFK WLPH D FKDQJH LV SRVWHG DQG H[SORGHG W

&UHGLELOLW\ LQ WKH 053 VIVWHP FDQ RQO\ EH DF
PDQDJHPHQW FRPPLWPHQW H[LVWV ZLWK FRQWLC
DFFXUDWH GDWD HVVHQWLDO WR DFKLHYLQJ H[FHO

6RIWZDUH YHQGRUV DQG FOLHQW FRPSDQLHV DOL
053 VRIWZDUH SURGXFW FDQ H[DFWO\ PHHW WKH
VI\VWHP QRW GHVLJQHG E\ D XVHU ZLOO RQO\ EH KD

6DIHW\ VWRFNV VKRXOG RQO\ EH FRQVLGHUHG LI C
PLQLPLVH WKH DLUFUDIW RQ JURXQG WLPH DQG I
$2* 1R *R ,WHPYV

2SHQ URYLIHUY PXVW EH FRQWUROOHG E\ D UHPLQ(
DQG ZDUUDQWLHV LQ VRPH FDVHV

7TKH DSSOLFDWLRQ RI 053 ZLOO SURYLGH WKH IUDPHZF
IRU SDUWV LQYHQWRU\



&KDSWHU )LYH .10 XN SURILOH

/0 XN SURILOH

 QWURGXFWLRQ
H DLP Rl WKLV &KDSWHU LV WR SURYLGH DQ RYt
DUWLFLSDWHG LQ WKLV UHVHDUFK VWXG\ IURP
SURILOH RI ./0 XN IROORZHG E\ D EDVLF RXWOL
VIVWHP DQG RWKHU WHFKQLFDO IHDWXUHYV

&RPSDQ\ EDFNJURXQG

$LU 8. /LPLWHG ZDV HVWDEOLVKHG LQ -DQXDU\ ya
,VODQG $LUZD\V $LU $QJOLD DQG $LU :HVW 7KH &RPS
&RPPRQZHDOWK 6KLSSLQJ &RPSDQ\ V FRQJORPHUDWH

GLYLVLRQ RI %ULFRP *URXS SLF $ IXUWKHU FKDQJH R
ILPLWHG DV RQH RI D JURXS RI FRPSDQLAYLELWKLEL
7UDQVSRUW +ROGLQIKH FIDBHW DBSRZQHUVKLS RI $LU 8
ZDV VKDUHG%$7+EQG E\ ./0 ZLWK WKH RZQHUVKLS
&DOHGRQLD ,QYHVWPHQWVY DQG <DWWHQGRQ ,QYHV
GHUHJXODWLRQ ZLWKLQ (XURSHDQ DLUOLQHV LQ -XO\
%$7DQG ./0 ZKHUHE\ ./O DFTXLUHG WKH %$ MIKQ® SHKRO
8. +tROGLQJV /LPLWHG UHVXOWLQJ LQ ./0 RZQLQJ R

,QLWLDOO\ WKH HQJLQHHULQJ IXQFWLRQ ZDV FDUULH

ILPLWHG $LUOLQH +RZHYHU LQ -DQXDU\ DV GH
(QJLQHHULQJ /LPLWHG ZDV HVWDEOLVKHG DV D ZKRO
*URXS )XUWKHUPRUH LQ $SULO WR FRQWLQXH W
8. (QJLQHHULQJ /LPLWHG ZDV UHQDPHG p./0 XN (QJLQH

/0 XN (QJLQHHULQJ HPSOR\HG SHUVRQQHO DW |
6WDQVWHG DW 6FKLSKRO DQG RQ WKH (GLQEXUJK |

7KH SULPH IXQFWLRQ DQG SXUSRVH RI ./0 XN (QJLQH
HQJLQHHULQJ VXSSRUW WR ./0 XN WR HQDEOH LW WR



&KDSWHU )LYH ./0 XN SURILOH

VFKHGXOHG FRPPHUFLDO DLU VHUYLFHV WKURXJKRXW
(QILQHHULQJ KDV JRQH WKURXJK D PDMRU LQYHVWPHDC
DW 6FKLSKRO 6WDQVWHG DQG 1RUZLFK DLUSRUWYV ©6F
XVHG IRU OLQH DQG OLJKW PDLQWHQDQFH DLUFUDIW
1RUZLFK 7KH LQYHVWPHQW ZLWKLQ ./0 XN (QJLQHHUL
WKH DLUFUDIW PDLQWHQDQFH PDUNHW VHFWRU ZLWK
DQG VHUYLFH RI WKLUG SDUWLHV 7KLV LQFOXGHV DC
KDQJDUV RIILFH DFFRPPRGDWLRQ DQG WHFKQLFDO L
1RUZLFK

J0 XN (QILQHHULQJ KDV EHFRPH D VXFFHVVIXO pRQH

RQ %RHLQJ VHULHV %$HO 5- VHULHV )R]
) ODUN DQG $75 DLUFUDIW 7KLV VHUYLFH LV S
GD\V D ZHHN IRU GD\V RI WKH \HDU 1RUZLFK DOVR I

FROOHJH RIIHULQJ WUDLH QOWRXRYIHYJ IXE PNRDFHBUH
WKH DERYH DLUFUDIW W\SHV WRJHWKHU ZLWK DQFLOC

"RUNVKRS LVVXHV DQG SDUWV FRQWURO

/0 XNJV HQJLQHHULQJ ZRUNVKRSV DUH IXOO\ HTXLSSF
Rl DLUIUDPHV XQGHUFDUULDJHV SQHXPDWLEV K\GUL
DYLRQLF FRPSRQHQWY ZKHHOV DQG EUDNH XQLWYV
7KH 30DQQLQJ GHSDUWPHQW V GXW\ LV WR FRQWUR
DLUFUDIW 7KH 7HFKQLFDO 5HFRUGV GHSDUWPHQW
FRPSXWHU VR WKDW ZKHQ D SDUW QHHGV UHSODFLQ
ZD\ SUHSDUDWLRQV FDQ EH PDGH IRU DLUFUDIW VEKH
‘H GHULYHG WKH IROORZLQJ SRLQWV RI SUDFWLFH LQ
LQWHUYLHZ ZLWKZMDYNGKRRBG MDEIEOBR W LU BH/D 6XISIS O\
GLIILEXOWLHYV ZLWK D IDLUO\ RXWPRGHG V\VWHP DUH

$ ./0 XNYV ZRUNVKRS FRPPHQFHV ZLWK WKH GLVDVV
DQG WKHQ PDNHV D OLVW RI SDUWV QHHGHG WR E|
IRU DYDLODELOLW\ RI VWRFN WKURXJK D FRPSXWHL
YLIXUH
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&K®WHU )LYH ./0 XN SURILOH

+

JRU SDUWV ZKLFK KDYH QLO VWRFN D PHVVDJH ZL
PDLQ VWRUH LQ RUGHU WR SURFHHG ZLWK DQ RU
VLWXDWLRQ DQ $2* SURFHGXUH LV H[SHGLWHG E
WDNHQ E\ WKH VXSSOLHU PDQDJHU

7KH SHUFHQWDJH DYDLODELOLW\ RI SDUWV RQFH
SURFHVVY L H GLVPDQWOHG GLIIHUV [IRU H[DPSOF
DUH VWRFNHG IRU HQJLQH SDUWV D ILIJXUH RI I
DYLRQLFV LW GHSHQGHG RQ WKH SDUWV W\SH WK
UHSRUWHG LQ VWRFN %UDNH XQLWYV DQG ZKHHOV
ZLWKLQ WKH VWRUH KDYLQJ D KLIJIK FRQVXPSWLRQ

7KH FRQVHTXHQFHV RI QRW KDYLQJ SDUWYV UHDG\
WKH ZKROH ZRUNVKRS DV ZRUN ZRXOG EH GHOD\
SUREOHPV UHJXODUO\ RFFXUUHG ZLWK IHZ LPSURY
ZDV UHSRUWHGO\ WKH RXWGDWHG V\VWHP FXUUHQV

'XH WR FRPSRQHQW SDUW GHSHQGHQFH LQ PRVW
QRW EH VWDUWHG XQWLO DOO SDUWV UHTXLUHG Z
KROG WKURXJK VKRUWDJH RI SDUWV DQRWKHU MR
MREV EHLQJ EDFNORJJHG

6KRUW OHDG WLPHV ZHUH DQRWKHU PDWWHU IRU |
WLPHV WR JHW WKH EHVW YDOXH IRU PRQH\ :LWK C(
WKHUH LV OHVV FKDQFH RI D FDQFHOOHG RUGHU LC

:LWK DOO WKHVH SUREOHPV RYHUKDXO WDUJHW\
EUDNH XQLWV DQG ZKHHO FRPSRQHQWV #

)LQDOQ\Q HVE&BIL Q DHGIDYFKDG PRUH FRPSODLQWYV RI
WKDQ GLG WKH ZRUNVKRSV ZLWK PRUH GHDGOLQH:
DLUFUDIW UHDG\ WR 10\



&KDSWHU )LYH ./0 XN SURILOH

,QYHQWRU\ FRQWURO V\VWHP XVHG

7KH VWRFN UHSOHQLVKPHQW RI DLUFUDIW H[SHQGDE¢
GHPDQGYVY UHFHLYHG IURP WKH LQYHQWRU\ FRQWUROOI
ZLWKLQ WKH LQYHQWRU\ VA\VWHP DQG WKH HVWDEOLYV
OHYHOV LV WKH UHVSRQVLELOLW\ RI WKH LQYHQWRU'
DGG GHOHWH RU DPHQG UHRUGHU OHYHOV RQ WKH L
WKH UHRUGHU OHYHO IRU H[SHQGDEOHY DQG URWDEOF

f $Q\ LWHP ZLWK DQ DQQXDO XVDJH RI RQH RU OHV\

t

1

ZKHUH WKH LWHP LV FULWLFDO WR WKH RSHUDWI
DSSURYHG E\ WKH SODQQLQJ DQG ORJLVWLFV PDQD

7KH UHRUGHU OHYHO LV FDOFXODWHG DV TXDQW
DQQXDO TXDQWLW\ XVHG EXW LW VKRXOG QRW
PD[LPXP VWRFN OHYHO IRU H[SHQGDEOHV ZLOO EH |

7TKHUH ZLOO EH D UHRUGHU OHYHO VHW IRU ]JHI
UHTXLVLWLRQ 7KH PD[LPXP VWRFN OHYHO IRU URW
WKH VWRFN KROGLQJ OHVV WKH VXP RI DOO RXWVYV

"KHUH WKH 523 IDOOV ZLWKLQ WKH DERYH FULWH
VXSSOLHV RIILFHU VKRXOG SURFHHG WR SODFH D
LOQYHQWRU\ VA\VWHP RU PDQXDOO\

7KH TXDQWLW\ RUGHUHG ZLOO EH GHWHUPLQHG E\

D 7KH WRWDO RUGHU $XDQQ@QWD ® DAVBPAHHSO XV W
RSHQ DQG XQIXOILOOHG UHTXLVLWLRQV

E 7KH ILUVW GHOLYHU\ RQ DQ\ RUGHU VKRXOG QR
TXDQWLW\ RQ DQ\ RSHQ DQG XQIXOILOOHG UHTXL

F 7KH VHFRQG DQG VXEVHTXHQW GHOLYHULHV VKF

'"HOLYHULHYVY VKRXOG EH SODQQHG VR WKDW VWRF
DQ\ WLPH DOVR WDNLQJ LQWR DFFRXQW DQ\ H[LVW
GHOLYHU\ GDWHV ZKHQ SODQQLQJ GHOLYHULHYV DJD



&KDSWHU )LYH ./0 XN SURILOH

8OWLPDWHO\ WKH PDWHULDO UHTXLUHPHQW LV OLV
DSSURYHG VXSSOLHUV LQ RUGHU WR REWDLQ WKH UH
SULFH

6 XPPDU\

/O XN EHOLHYHV WKDW LWV FXUUHQW LQYHQWRU\ V
LQYHQWRU\ FRVWYV :LWERWKM 'KMUFXHGKHWMH BWKOIRZ D
SRVVLELOLW\ RI LQYHVWPHQW WKURXJK WKH HVWDEC
ZKLFK KDV VRPH HOHPHQWYV RI WKH 053 V\VWHP ZLWHk
FRPSRQHQW RYHUKDXO ZRUNVKRS DQG WKH PDLQ SDU!
DOO SDUWV UHTXLUHG KDYH WR FRPH RQ D GDLO\ EDVI
'KDWHYHU WKH QDWXUH RI WKH ./0 XN LQYHQWRU\ PD
SURYLGH XV ZLWK GHWDLOHG GDWD WKH DQDO\VLV R
WKH QH[W WKUHH &KDSWHUYV



&KDSWHU 6L][ 053 VSUHDGVKHHW FDOF)

053 635($'6+((7 &$/&8/$7,216

,(QWURGXFWLRQ

LV &KDSWHU SUHVHQWYV D) \0%DB O/ SUDH/D 6 M R H HY/G
9%$DV DQ HDVLO\ LPSOHPHQWHG DQG UHOLDEOH
7KH ZRUN LV EDVHG RQ WKH UHVXOWV RI DQ 053 \

Rl ZKLFK IRXQG VWDQGDUG 053 V\VWHPV LPSRVVLEOH
HQYLURQPHQWDOO\ 7KLV VWXG\ ZLOO GHPRQVWUDWH
DOWHUQDWLYH IRU D VPDOO EXVLQHVV XQDEOH WR LG
053 VIVWHP ,W ZLOO VKRZ WKHLU HIIHFWLYH XVH DV [
LPSURYHPHQW LQ PDLQWHQDQFH DQG LQYHQWRU\ FR¢
SUHVHQWHG ODWHU LQ WKLV &KDSWHU

%DFNJURXQG

2XU VXUYH\ VHH &KDSWHU WKUHH > @ KDV VKRZQ
DOUHDG\ XVLQJ VRPH HOHPHQWYV RI1 053 RU DUH ZHLJKL
DJDLQVW LWV FRVW %XW DQG WKH SRLQW ZDV HPSKI
VXEVWDQWLDO 7KH DYHUDJH FRVW RI DQ 053 V\VWHP
VPDOO FRPSDQLHV WR IRU ODUJHU FRPSDQLHYV

'XULQJ WKH ODVW IHZ \HDUV WKH XVH RI HOHFWURQLF
DQG VFLHQFH SUREOHPVY KDV LQFUHDVHG ZLWK WKH D
FRPSXWHU KDUGZDUH VHH > @ 7KH LQWURGXFWL
DGGHG SUREOHP VROYLQJ FDSDELOLWLHV WR VSUHDC
FRPSOH[ PDQLSXODWLRQVY DQG QXPHULFDO FRPSXWDW
SURJUDPV VWHPV IURP WKHLU DELOLW\ WR SHUIRUP U}t
WLPH DQG WKH DYDLODELOLW\ RI EXLOW LQ SURFHGXU

6\VWHP WRROV KDYH EHHQ VWHDGLO\ PRYLQJ IURP PD
WR WKH PLFURFRPSXWHU 7KHUH DUH VHYHUDO UHDVR
RI' WKH PLFURFRPSXWHU UHODWLYH WR WKH PLQLFI



&K®OWHU 61L] 053 VSUHDGVKHHW FDOF?>

IDPLOLDULW\ WKH GHFUHDVLQJ FRVW RI FRPSXWHUYV
VRIWZDUH SDFNDJHV DQG DSSURDFKHV > @ 7KH 053
SDFNDJH ,W LV GHVLJQHG WR GR TXLFN DQG OLPLWH
053 UHODWHG WDVNV DQG WR RSHUDWH ZLWKLQ D VS
1RYHOO 4XDWWUR 3UR RU OLFURVRIW ([FHO 8VLQJ |
SODQQLQJ DQG SURGXFWLRQ VFKHGXOLQJ KDV EHHQ
DFKLHYLQJ LPPHGLDWH UHVXOWV > @ LQFRUSRUDWLC
DQG VSHFLDOLVHG PHQXV ,W DOORZV WKH XVHU WR |
ZKDW ZRXOG KDSSHQ IRU DV PDQ\ VFHQDULRV DV DUH
WRRO FDQ EH XVHG LQ FDVHV RI PXOWLSOH WUDQVI
SUHVHQWDWLRQ RI LQIRUPDWLRQ LQ D IRUP PRUH XQf
VLPXODWLRQ XVLQJ YLVXDO UHSUHVHQWDWLRQ IRU HD
YRU VPDOO ILUPV WKDW ILQG FRPPHUFLDO 053 SDFNDJ
053 VSUHDGVKHHW > @ ZKLFK RQ WRGD\T{V KDU
WKRXVDQG SDUWV2DQG RQ WRPRUURZYJV VHYHUDO WKI
RQ KDUGZDUH DQG VRIWZDUH FRVWY > @ 6SRQVHOO}
PRGHO XVLQJ RYHUODSSHG VFKHGXOLQJ FDQ VLJQLILF
SURGXFWLRQ RSHUDWLRQ $QG DFFRUGLQJ WR )UD]H
SURJUDPV WKHLU ORZ FRVW DQG PDQDJHUVY JURZL
H[SHFWDWLRQV IRU WKHLU EHLQJ WKH VROXWLRQ LQ W

"RUNERRN IHDWXUHYV

7TKH ZRUNERRN WKH HOHFWURQLF HTXLYDOHQW RI D W
RU ILOH W\SH ZLWKLQ WKH OLFURVRIW ([FHO SURJUD
ZRUNVKHHWY FKDUWV DQG 9LVXDO %DVLF IRU $SSOl
QDPH DSSHDUV RQ D WDE DW WKH ERWWRP RI WKH ZRU
WKUHH QXPEHUHG ZRUNVKHHWY %XW WKH QXPEHU R
PHPRU\ WKH PD[LPXP LQ WKH PRVW UHFHQW ZRUNERRI
FDQ VZLWFK EHWZHHQ VKHHWY HDVLO\ DQG HQWHU G
QDPLQJ WKH VKHHWY VHSDUDWHO\ IRU HDV\ GLVWLQF)
FUHDWHG ZLWK FRQWHQWY SDJHV ERXQG RU XQERXQ
VHSDUDWHO\ LQVWHDG DOO VKHHWYV PD\ EH DFFHVVL



&KDSWHU 6L][ 053 VSUHDGVKHHW FDOFX

VDYHG RQ FRPPDQG 7KH VPDOOHU WKH QXPEHU RI ZF
JUHDWHU WKH VSHHG DQG WKH ORZHU WKH 5%$0 UHTXLL
9%% WDLORUHG E\ OLFURVRIW WR DFW DV D PDFUR OD
UHSHWLWLYH WDVNV E\ UHFRUGLQJ XVHU NH\VWURNHYV
DSSOLFDWLRQV RIIHUV D PRUH IOH[LEOH ZD\ WR UHD
WRROV WR PDNH OLFURVRIW ([FHO ILW FXVWRPHU VSHF

053 :RUNERRN GHVLJQ

2XU 053 VSUHDGVKHHW SURJUDP KDV EHHQ ZULWWHDQ
DFURVV WKH OLFURVRIW SURGXFW IDPLO\ HJ ([FHO
ZRUG SURFHVVLQJ 7KH 9LVXDO %DVLF ORGHO ZDV V]
%HUU\JV 'DWD > @

053 VWDUWV E\ GHWHUPLQLQJ ZKDW SDUWY DUH UHTX
ZKHWKHU WKHUH LV DQ\ QHHG IRU VHUYLFH VSDUH SI
PDWHULDO WR REWDLQ D OLVW RI WKH SDUWV LQ WKH
LV LQ VWRFN DQG RU RQ RUGHU FDQ EH GHWHUPLQHG
ZKHQ H[LVWLQJ RUGHUV QHHG WR EH H[SHGLWHG DQG

/HW XV VHH KRZ WKLV FRXOG EH LPSOHPHQWHG RQ RXlL
XVHG LV OLFURVRIW ([FHO IRU :LQGRZV ,Q UHDOLYV
ZRUNVKHHWY WKDW SHUFIRRPRI QW L POV QRM SBMEDVERHD O V \
RI PDWHULPDV W20 VK HRBXGHHU U H O BBV Bl @ GU B SFROUDF X O D
RI HDFK FRPSRQHQWYV UHTXLUHPHQWY RQ VHSDUDWH
PRYH EHWZHHQ VKHHWYV E\ FOLFNLQJ WKH PRXVH RQ W
VKHHW VHH )LIXUH W R

7KH QLQH GLIIHUHQW FRPSRQHQWV WHVWHG LQ WKLYV
HOHFWULFDO LQVWUXPHQWDWLRQ DQG DYLRQLFV FRPS
FRPSRQHQW KDYLQJ LWV RZQ LQYHQWRU\ GDWD ILOH

UHSUHVHQW ZHHNV FKRVHQ WR VLPSOLI\ WKH FDOFXO
VL]H DQG UHFRUG Rl WKH SURMHFWHG RQ KDQG EDODQ
EDODQFH RQ KDQG SHULRG LV DOZD\V DW JHUR /HDG V

JRU FRQVHFXWLYH UXQQLQJ RI 053 VSUHDG VKHHW VHH $SSHQGLJ[ ( IRU GHWDLOHG 1XQ
JURP ./0 XN FRPSRQHQWY RYHUKDXO ZRUNVKRS



&KDSWHU 6L][ 053 VSUHDGVKHHW FDOF)>

ZLWK QR RYHUGXH RUGHUV IRU VLPSOLFLW\ 7KH PD
FDOFXODWLRQV DUH UHYLHZHG LQ WKH IROORZLQJ VXE

&RPSRQHQW PDLQWHQDQFH DVVHPEO\

)LIXUH LV D YLHZ RI WKH FRPSOHWH FRPSRQHQW L

UHSODFHPHQW SDUWV ,QGH[HG FRPSRQHQWYV ZLW
HIDPSOH OLVWHG LQ WKH 06 ZHUH DOO VFDQQHG 11U
PDQXDO IRU WKH QLQH VSDUH SDUWV XVHG 7KHVH ZHL

%LOO RI PDWHULDOV

7KH %20 RU SDUWV OLVW LV DQ RUGHUHG OLVW RI DC
FRPSRQHQW 7KH %20 )LJXUH VKRZV WKH OHYHOV
UHIHUULQJ WR WKH ILQDO FRPSRQHQW XQLW RU HQG

7KH QXPEHUV RQ WKH ULJKW RI WKH SDUW QDPHV VKR:
FRPSRQHQW 7KLV H[DPSOH VKRZV D UHODWLYHO\ VLP¢
XVXDOO\ PXFK PRUH FRPSOLFDWHG LQYROYLQJ PDQ\ P

ODVWHU VFKHGXOH

7KH 053 VSUHDGVKHHW XVHV D PDVWHU VFKHGXOH 06
GHPDQG IRU SDUWV QHHGHG WR RYHUKDXO FRPSRQHC
S H[SORGH™ WKH 06 XVLQJ D %20 VKHHW )LJXUH V|
,QYHUWHU 8QLW $ VWY MKEU\FDODVH WKH 06 GHVFULEHYV HD
LWV SDUW QXPEHU WLPH EHWZHHQ RYHUKDXOV UHSI
DLUFUDIW W\SH DQG RSHUDWRU V QDPH 7KHUH LV R’
053 LQSXW VSUHDGVKHHW FDOFXODWLRQV OHDG WLP
WKHPVIROPHRXP RUGHU TXD@Q® SDWMPFRARYWRY KGHG E\ W
VXSSOLHU

obLQ 053 VSUHDGVKHHW FDOFXODWLRQ

7R UXQ WKH 053 FDOFXODWLRQ WKH XVHU PXVW GHGL
VSDUH SDUWV OLVWHG LQ WKH 06 ,Q 053 WKH PDVWI
DVVHPEOLHV LV H[SORGHG GRZQZDUG XVLQJ WKH %
UHTXLUHPHQWY IRU WKH FRPSRQHQW SDUWYV DQG OLV\
LQ WKH SODQQLQJ KRUL]JRQ $IWHU DGMXVWPHQWV IR
VFKHGXOHG UHFHLSWV WKH UHVXOWLQJ QHW UHTXLL



&KDSWHU 6L] 053 VSUHDGVKHHW FDOF’

RUGHUV 7KH SURFHVV RI GHWHUPLQLQJ WKHVEBRRWGH
VLILQD WXUQ OHDGV WR WKH UHTXLUHPHQWYVY DW WKF
JLYHQ ODWHU LQ WKLV &KDSWHU WKH VSUHDGVKHHW

053 LOQYHQWRU\ UHFRUG

7KH 053 LQYHQWRU\ UHFRUG LQ )LJXUH UHFRUGV W
UHTXLUHPHQWY VFKHGXOHG UHFHLSWV SURMHFWH
UHTXLUHPHQWY SODQQHG RUGHU UHFHLSWV EHJLQQ
LQYHQWRU\ SODQQHG RUGHU UHOHDVHV FDUU\LQJ FFR
RI WKH UHFRUG GLYLGHV WKH IWWHKH HE XEMHRKWQ R HPBID
UHSUHVHQW ZHHNV EXW ZKLFK FDQ EH H[SUHVVHG LQ
7KH SDUW QXPEHU DQG GHVFULSWLRQ LGHQWLI\ WKH
WLPH WKH ORW VL]H PHWKRG DQG WKH VDIHW\ VWR
PLQLPXP RUGHU TXDQWLW\ WKH FDUU\LQJ DQG RUGHU
EH VHOHFWHG HDFK WLPH D GLIIHUHQW ORW VL]H PF
ODQDJHPHQW PXVW VHOHFW WKRVH TXDQWLWLHV LQ D
IDFWRUV ZKHQHYHU FRQGLWLRQV VXFK DV OHDG WLPFL
IROORZV

*URVV UHTXLWRHP HQWWRVY UHTXLUHPHQWY DUH WKH
GHULYHG I URP WKH FRPSRQHQW V SDUHQW DVVHPE
6FKHGXOHGURZF-HLSWVYHWLPHY FDOOHG RSHQ RUGH
RUGHUV WKDW KDYH EHHQ SODFHG EXW QRW \HW F
WKH VFKHGXOHG UHFHLSW FRXOG EH LQ RQH RI VH’
DFWXDOO\ EHLQJ SURFHVVHG E\ WKH YHQGRU RU
UHFHLYLQJ GHSDUWPHQW
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&KDSWHU 6L][ 053 VSUHDGVKHHW FDOF?>

3URMHFWHG RQ KINRZ LQY®QMRWK VFKHGXOHG UHF
ZLWKGUDZDO DQG UHFHLSW PXVW EH HQWHUHG L
LQYHQWRU\ FDQ WKHQ EH SURGXFHG W\SLFDOO\ R
FDOFXODWLRQ 2WKHU HQWULHV LQ WKH URZ VKRZ
7KH UHFRUG WKXV WDNHV LQWR DFFRXQW WKH LQY
VFKHGXOHG UHFHLSWV SODQQHG UHFHLSWV DQG
UHODWLRQVKLS LV H[SUHVVHG DV
B65 *5 35 BA
& % & & %

ZKHUH

3URMHFWHG RQ KDQG LQYHQWWU\ EDODQFH DW W

65 6FKHGXOHG UHFHLSW R$SHQ RUGHU GXH LQ ZHH
*SWWURVV UHTXLUHWHQWY LQ ZHHN
3 530DQQHG UHPMLSW LQ ZHHN

6KRUWDRY 7KH SURMHFWHG RQ KDQG LQYHQW
FKHFNHG DJDLQVW WKH VHOHFWHG VDIHW\ VWRFN
ZLOO DSSHDU LQ WKH FXUUHQW ZHHN LI LW LV JUH
DSSHDU 7KLV WHVW LV ZULWWHQ E\ WKH IRUPXOD
I1HW UHTXLURZHQWYFFXUULQJ RQO\ ZKHQ FRPSRQH
WKDQ VDIHW\ VWRFN QHW UHTXLUHPHQWY VKRZ \
DYDLODEOH WR WKH VDIHW\ VWRFN OHYHO ,Q SUD
WKH SURMHFWHG RQ KDQG LQYHQWRU\ SOXV VF
UHTXLUHPHQWY WRJIJHWKHU ZLWK SODQQHG UHFHLS'
30DQQHG RUGHRABBHDLGBEWHG R UG3IHAS WIHUFHH LGGMZV S D L
RUGHUV QRW \HW UHOHDVHG 30DQQLQJ WKH UHF
SURMHFWHG RQ KDQG EDODQFH IURP GURSSLQJ EH¢
, | QR VDIHW\ VWRFN LV QHFHVVDU\ RIWHQ WKH FD\
RB25MLV WR RIITVHW D QHJDWLYH SURMHFWHG RQ KLC
7KLV IDFWRU LV SURJUDPPHG DQG FRQWUROOHG E\
ORW VL]H LV IRUPDOLVHG



&KDSWHU 6L] 053 VSUHDGVKHHW FDOF?>

%HIJLQQLQJ LOQREQWRIKH EHJLQQLQJ LQYHQWRU\ LV
OHIW RYHU IURP WKH SUHYLRXV ZHHN HQGLQJ LQY
SOXV VFKHGXOHG UHFHLSWV IRU WKH FXUUHQW ZHF
(QGLQJ LQYHQWRU\ URZ (QGLQJ LQYHQWRU\ LV
LQYHQWRU\ SOXV SODQQHG RUGHU UHFHLSWV IRU V
$YHUDJH LQYRQWRUSYHUDJH LQYHQWRU\ LV WKH V
EHJLQQLQJ LQYHQWRU\ GLYLGHG E\ WZR

30DQQHG RUGHIRZUHOHDWYHYQHG RUGHU UHOHDVHYV
IRU D VSHFLILHG TXDQWLW\ RI WKH SDUW LV WR E}
GDWH PLQXV WKH OHDG WLPH $ 9%$ ORGXOH ZD)\
RSHUDWLRQ EDVHG RQ WKH OHDG WLPHV JLYHQ E\ \
WKH VSUHDGVKHHW )LJXUH 7KH SODQQHG RUG
PHWKRG DQG SODQQHG OHDG WLPH FRXOG HDVLO\
&DUU\LQJURRVW &DUU\LQJ FRVW ZDV SURJUDPPHG
WRWDO FDUU\LQJ FRVW IRU WKH VHOHFWHG SODQQ!|
2UGHULQURRVW 2UGHULQJ FRVW ZDV SURJUDPPHG
WRWDO DPRXQW RI RUGHULQJ FRVWV IRU WKH HQWL
7RWDO UFRAZW 7RWDO FRVW LV WKH VXP RI ERWK FC

2UGHU UHOHDVH UHSRUW

053 LQYHQWRU\ UHFRUGY DUH FRPSLOHG IRU HYHU\ S
7TKHVH UHFRUGYV WRJHWKHU UHSUHVHQW WKH FXUUHQ\
SULQWHG RXW LQ KDUG FRS\ RU GLVSOD\HG RQ D FRP¢
255 QYHQWRU\ SODQQHUV XVH WKH FRPSXWHU JHQHUL
IRU WKRVH SDUWV PDNLQJ WKH QHFHVVDU\ GHFLVLI
HISHGLWLQJ RSRHRGS5RWKKEHRIEW X&HD VSDUH SDUW GHVFUL
SDUW QXPEHU TXDQWLW\ UHTXLUHG OHYHO RUGHU
SDUWLFXODU RUGHU DV VKRZQ LQ )LJXUH



JLIXUH 2UGHU UHOHDVHY UHSRUW FRQWHQWYV



&KDSWHU 6L][ 053 VSUHDGVKHHW FDOF

,OOXVWUDWLYH H[DPSOH

7KH IROORZLQJ H[DPSOH LOOXVWUDWHY KRZ DW WKH
JUHDWO\ VLPSOLI\ WKH LQYHQWRU\ SODQQLQ@JY ISUW F\
8QLW $VVHPEEH XVHG WR GHPRQVWUDWH WKH RYHUD
7KH DQDO\VLV EHJLQV ZLWK WKH WRS OHYHO SDUWV |
06 ZRUNVKHHW WR HDFK FRPSRQHQWYV UHTXLUHPHQ\
SURYLGHV XV ZLWK WKH JURVV UHTXLUHPHQWYV IRU H
FRPSRQHQW ,Q WKLV SDUWLFXODU H[DPSOH D SODC
EXFNHW RI RQH ZHHN ZHUH XVHG 7KH LQIRUPDWLRQ Z
DLUOLQHV VXUYH\ VHH &KDSWHU IRXU > @

7KH PDLQWHQDQFH SODQQLQJ IRUHFDVW VKRZV WKD
,QYHUWHU $VVHPEO\ IRU RYHUKDXO LV DOPRVW ZHHNC
WRJHWKHU ZLWK WKH ELOO RI PDWHULDO DOORZV X\
QHHGHG )RU WKH VDNH RI FODULW\ %O K% A DWW Jt
QXPEHU RQO\

2QFH WKH JURVV UHTXLUHPHQWVY DUH NQRZQ WKH
UHTXLUHPHQWY DUH PDWFKHG DJDLQVW WKH SURMHI
UHFHLSWV VWDWXV 2QFH WKRVH WZR HOHPHQWV I
UHTXLUHPHQWY FDQ EH GHWHUPLQHG 7KH ILUVW OLC
JURVV UHTXLUHPHQWY IRU WKH DVVHPEO\ WR EH XQI
URZ GLVSOD\V WKH VFKHGXOHG UHFHLSWV ,Q SUDF
RU RUGHUV IRU PDWHULDOV DOUHDG\ SODFHG GXH
UHTXLUHPHQWY ,Q WKLV H[DPSOH WKH VDIHW\ VWRFN
UHFHLSWV SUH SODQQHG 7KH ILUVW IRUPXOD WR E
LQYHQWRU\ ZKLFK LV HTXDO WR WKH SUHYLRXV SHU
VFKHGXOHG UHFHLSWV OHVV JURVV UHTXLUHPHQWYV
SURMHFWHG DYDLODELOLW\ LV OHVV WKDQ JHUR L H
VFKHGXOHG IRU UHFHLSW LQ WKDW SDUWLEXODU ZH*
UHPDLQV SRVLWLYH QR UHSOHQLVKLQJ DFWLRQ LV
HQFRXQWHUHG RXW RI EDODQFH FRQGLWLRQ DV LQ .
JHQHUDWLQJ FRPSXWHU SODQQHG RUGHUV ,I WKHVH
WKH QXPEHU RI SDUWV VWLOO WR EH RUGHUHG DV Vit
WLPH WKH 053 VSUHDGVKHHW ZLOO OHW XV NQRZ ZKH



&KDSWHU 6L][ 053 VSUHDGVKHHW FDOF>

,Q WKH HYHQW RI D VKRUWDJH WKH SODQQHG RUGHL
ZLWK WKH VXIILFLHQW TXDQWLW\ ORW VL]H YLD D SO
7KH QH[W VWHS LV WR VHOHFW WKH+883 @R LWHK HP
ZRUNVKHHW BDMBWFXRRMVRG $OJRBEPWKRH 3FB8 ORW VL]H
OLVW 7KH 053 PHWKRG GLDORJ ER[ RSHQV VHH )LIXU
VHOHFWHG ,Q WKH 30DQQLQJ +RUL]JRQ ER[ W\SH ¢

LQ 2UGHULQJ &RVW W\SH 3 ~ LQ OLQLPXP 2UGHU 4XD(
32.” 7KH GLDORJ ER[ FORVHV DQG WKH ORW VL]H TXDC
053 VSUHDGVKHHW 9%$ UHFRJQLVHG D QHW QHHG RI

SDUWV IURP ZHHN WR $ FRPSXWHU SODQQHG RU(
ZHHN IRU SDUWYV DJDLQ LQ ZHHN IRU SDUW)
ZHHN 2QFH TXDQWLWLHYV WR EH UHFHLYHG KDYH EH!

WLPH ZKHQ RUGHUV VKRXOG EH SODFHG $ 9%$ ORGXC
WKLV RSHUDWLRQ DXWRPDWLFDOO\ DFFRUGLQJ WR \
VKRZQ RQ WKH WRS OHIW Rl WKH VSUHDGVKHHW OHDC
UHOHDVH URZ VKRZV WKDW WKH ILQDO GDWH WR SOD
ZHHNV DQG UHVSHFWLYHO\

7KHVH FRPSXWHU SODQQHG RUGHUV ZLOO QRZ EH XVt
WKHUH DUH ORZHU OHYHO SDUWV OLQNHG ZLWK WKH
PXOWLOHYHOHG ZLWK WZR FRPSRQHQWY EHLQJ UHTXI
WKH RUGHUV IRU DQG SDUWYV DUH PXOWLS
UHTXLUHPHQW RI DQG

7KH FDOFXODWLRQ IRU WKH UHVW RI WKH VSDUH SDU
SUHVHQWHG RQ WKH IROORZLQJ ZRUNVKHHWY ZLWKLC
XVHG WR SURGXFH )LJXUH ZLWK UHJDUG WR WKH 05
QLQH FRPSRQHQWY LQFRUSRUDWLQJ PRVW ORW VL]H
WKH DWWDFKHG &' GLVN DW WKH EDFN RI WKLV WKHVL
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&KDSWHU 6L][ 053 VSUHDGVKHHW FDOF:

$GYDQWDJHV RI 053 VSUHDGVKHHWYV

7KH FRPSXWLQJ HQYLURQPHQW LQ JHQHUDO HVSHFL
EHFRPLQJ PRUH XVHU IULHQGO\ ,QWHUIDFHV DUH EH
DOPRVW DOO DSSOLFDWLRQV GHYHORSHG WRGD\ IHDW
DQG HDVLO\ REWDLQDEOH RXWSXWV > @ $V D UHVXO
SDUWV LQYHQWRU\ FRQWURO 7KH IROORZLQJ DUH VRF
f +DUGZDUH DQG VRIWZDUH FRVWV DUH ORZHU FRP:
WKLV LV WKH JUHDWHVW DGYDQWDJH
$ 8VHUV FDQ FXVWRP GHVLJQ WKH VFUHHQ GLVSOD!
PRVW VXLWHG WR PHHW WKH QHHGV RI WKHLU FRPS
+{ $ VSUHDGVKHHW FDQ FUHDWH EHWWHU FEKDUWV
> @ VKRZLQJ WUHQGVY DQG FRPSDULVRQV PRUH H
$ 053 VSUHDGVKHHWYVY SURYLGH VRPH EDVLF UHSRUW
RI QHHGHG SDUWV SXUFKDVHG RU VHOI PDQXIDFW>
f ODFURV DOORZ DXWRPDWHG SURFHVVLQJ DQG HOL
7KH KLJK DYDLODELOLW\ RI PLFURFRPSXWHUV DC
SURGXFWLRQ VFKHGXOLQJ WHFKQLTXHV PXFK PRU
> @
$ 7KH VXFFHVVIXO DSSOLFDWLRQ RI VSUHDGVKHHW
DSSOLFDWLRQV KDV GHPRQVWUDWHG WKDW WKH V
LQ WKH 053 HQYLURQPHQW > @
+ 6SUHDGVKHHWY DUH FRPSDWLEOH ZLWK RWKHU
DFFRXQWLQJ DQG SXUFKDVLQJ ZKLFK FDQ VKDUH F
7KH PDMRU DGYDQWDJH RI XVLQJ VSUHDGVKHHWYV
FDSDFLW\ SODQQLQJ LV WKDW FRQVLGHUDEOH WLPF
SUHYLRXVO\ PDQXDO PHWKRGV 3:KDW LI f LV VLPSC
FUHDWHG > @

+H

+

'LVDGYDQWDJH RI 053 VSUHDGVKHHWYV

6SUHDGVKHHWY PD\ EH SHUFHLYHG DV WRR OLPLWH¢
DSSOLFDWLRQV RU VXFK DSSOLFDWLRQV FRXOG UHTX
LPSOHPHQWHG LQ WKH VSUHDGVKHHW W PD\ VLPS(



&KDSWHU 6L][ 053 VSUHDGVKHHW FDOF

VSHFLDOLVHG SDFNDJH UDWKHU WKDQ D VSUHDGVKHH!'
DXWKRUV H[WRO WKH YLUWXHV RI VSUHDGVKHHWYV '
VXLWDEOH IRU VSUHDGVKHHW WUHDWPHQW DQG RWKH
RI 053 VSUHDGVKHHWY PD\ EH QRWHG
f 8QOLNH PRVW PRGHUQ 053 V\VWHPV WKH 053 VSUI
QRW GHVLIQHG DV DQ LOQOWHIJUDWHG GDWDEDVH 053
WR WKH QXPEHU RI SDUWV LW FDQ KDQGOH 7KLV G
5%0 FDSDFLW\
7TKH DERYH PHQWLRQHG OLPLWDWLRQ KDV EHHQ UHVRC(
XSJUDGLQJ RI 3&TV DQG WKH H[WHQVLRQ RI 5%0 PHPRU

(YDOXDWLRQ DQG FRQFOXVLRQ

*LYHQ WKHLU DGYDQWDJHV DQG GLVDGYDQWDJHV D¢
DYDLODELOLW\ FRPSDUDWLYH ORZ FRVW KLJK SHUII
VSUHDGVKHHWY WKH HIIRUWV RI 053 VSUHDGVKHHW !
9%$% DSSOLFDELOLW\ DQG WKH DFFHSWDQFH RI 053 VSL
LQYHQWRU\ FRQWURO FRXOG OHDG WR WKH LPSOHPI
DSSURDFK ZH KDYH EHHQ LQYHVWLJDWLQJ

$Q\RQH ZLWK D EDVLF NQRZOHGJH RI FRPSXWHU SURJL
VIVWHP RQ VSUHDGVKHHWY > @ 7KH V\VWHP GHVFUL
WR PHHW WKH VFKHGXOLQJ QHHGV RI VPDOO FRPSDC
OLPLWHG UHVRXUFHV 6RPH FRPSDQLHV FRXOG XVH LW
IXO0 IHDWXUHG 053 V\VWHP

7KH 053 VSUHDGVKHHW LV D JRRG zZD\ WR REWDLQ
LQIRUPDWLRQ $OWKRXJK LW LV QRW D FRPSOHWH LQ
WKH RXWSXW LV JHQHUDOO\ UHOLDEOH DQG XVHIXO
RUJDQLVDWLRQV KDQGOLQJ UHODWLYHO\ IHZ FRPSRQH
ZKLFK RQ KDQG LQYHQWRU\ LV PLQLPDO

$V PDQ\ FRPSDQLHV EHOLHYH WKDW DQ 053 RSHUDWLFE
WKUHH > @ SHUKDSV WKH JUHDWHVW EHQHILW RI
LQH[SHQVLYH LQWURGXFWLRQ WR WKH FRQFHSW RI 05
PDWHULDO LQYHQWRU\ UHFRUGVY DQG SODQQLQJ LQIF
DQG FRPSRQHQW FRVWV 2XU SURSRVDO VKRXOG SUR)



&KDSWHU 6L] 053 VSUHDGVKHHW FDOF:

DV WKH\ JURZ DQG JDLQ UHVRXUFHV WKH\ FDQ WKHQ
VA\VWHPYV

‘H DUH QRZ DEOH WR SURFHHG WR WKH DVVHVVPHQW
&KDSWHU



&KDSWHU 6HYHQ 053 ORW VL]LQJ PHW

053 /27 6,=,1* 0(7+2'6

,QWURGXFWLRQ

H VLPSOH DFW RI SXUFKDVLQJ LV EHFRPLQJ
PDQDJHPHQW LQ WKH DLUOLQH LQGXVWU\ ,W KD
FRVW RI RZQLQJ WKH SDUW DQG ZKLFK PHWKRG \

DQG WKHUHE\ UHGXFH RYHUDOO FRVWV 3XUFKDVLQJ
PDNH RUGHU TXDQWLW\ GHFLVLRQV IRU SDUWV WKDYV
HFRQRPLF RUGHU TXDQWLW\ (24 IRUPXODH DUH RI O
UHODWLYH FRQVWDQF\ Rl GHPDQG RYHU WKH SODQQI
VI\VWHP E\ PDQ\ DLUOLQH RSHUDWRUV DQG PDLQWHRQI
WKH YDOLGLW\ RI PDQ\ RI WKH ORW VL]H PHWKRGYV

DVVXPSWLRQ RI LQWHUPLWWHQW GHPDQG

,Q WKLV &KDSWHU ZH VWXA\QWKH CSHPIRW® R QY F\HLL]@ | \
LQYHQWRU\ HQYLURQPHQW RI DLUFUDIW PDLQWHQDQF
KDYH EHHQ FRQVLGHUHG :KDW IROORZV LV D FRPS
GHWHUPLQLQJ DSSURSULDWH SXUFKDVH TXDQWLWLHYV
GHPDQGV IURP DLUOLQH FRPSRQHQW RYHUKDXO ZRUN
ORW VL]LQJ PHWKRGV UHVSRQG WR GLIIHUHQW FRPEI
DYLDWLRQ PDLQWHQDQFH 9LVXDO H[DPLQDWLRQ RI V
DQG VXEVHTXHQWO\ WKHVH YLVXDO REVHUYDWLRQV |
DQG FODULILHG WKURXJK VWDWLVWLFDO DQDO\VLV X)

)LQDOO\ D XVHIXO WRRO KDV EHHQ GHYHORSHG WKUR
FRVW PRGHO ZKLFK PD\ SURYH XVHIXO WR D UDQJH R
GHDOLQJ ZLWK HUUDWLF GHPDQGYVY ZKHQ HYDOXDWLC
HITHFWV RI VXFK RSHUDWLQJ IDFWRUV RQ ORW VL]L(
SUHVHQWHG WR LOOXVWUDWH WKH SHUIRUPDQFH RI
UHFRPPHQGDWLRQV DUH LQFOXGHG WR HQDEOH DLUOI
WR FKRRVH DQ DSSURSULDWH ORW VL]H PHWKRG IRU V



&EK®EWHU 6HYHQ 053 ORW VL]LQJ PHW

I[LWHUDWXUH UHYLHZ

7TKH QDWXUH RI WKH RYHUKDXO RI DVVHPEOLHYV DQG
SRVVLEO\ UHTXLUHG SDUWYVY DUH DYDLODEOH DW WKH
LQ D ODUJH QXPEHU RI SDUWV EHLQJ UHWXUQHG WR
FUHGLW WR WKH LQYHQWRU\ EDODQFH 7KXV FDUULH
SDUW LQYHQWRULHYVY NHHS VWRFNV DV OHDQ DV SRV
FRVWY DQG VXSSO\ DUH FULWLFDO HOHPHQWYV IRU D
DGKHULQJ WR OHDVLQJ FRQGLWLRQV DQG ORFDO Fl
DLUOLQHVY KDYH UHVSRQGHG E\ VWRFNLQJ RQO\ HVV]
OLVW UHTXLUHPHQWYV 0(/

/RW VL]LQJ LQ DQ 053 HQYLURQPHQW KDV UHFHLYHG
FRQWURO OLWHUDWXUH > @ 6HYHUDO PHWKRG)
JHQHUDWHG UDQGRPO\ IURP D QRUPDO GLVWULEXWLF
IURP DLUOLQH RSHUDWRUV RU PDLQWHQDQFH VHUYL
GHPDQG IRU VSDUH SDUWV LQ PRVW DLUFUDIW PDLQ\
E\ D GHJUHH Rl GXPSLQHVVY GXH WR QDWXUDO VHD)
7KLV LV LQ FRQWUDVW WR QRUPDO LQGXVWU\ ZKHUH
LV PRUH FRQVWDQW

6LOQFH WKH LQWURGXFWLRQ RI 053 WKH SUREOHP RI
(24 KDV VKLIWHG IURP VTXDUH URRW IRUPXODH ZLWK
FDOFXODWLRQV XVLQJ GLVFUHWH SHULRG GHPDQGYV

WKDW EDWFK VL]LQJ GHFLVLRQV DUH UHDO DQG FULYV
WKDQ 3HFRQRPLFDOO\ EDVHG® ZKLOH &ROHPDQ > @
WHFKQLTXH ZKHWKHU E\ DSSUR[LPDWLRQ RU RSWLPL
RWKHU WKDQ VSHHG RI FRPSXWDWLRQ G6HYHUDO VW
WKHVH PHWKRGV XQGHU YDULRXV FRQGLWLRQV 2QH
KRUL]JRQ ZKLFK FDQ LQIOXHQFH WKH HYDOXDWLRQ R
> @ VWDWHG WKDW WKH FKRLFH RI WKH QXPEHU RI
PHWKRGYV FRVW SHUIRUPDQFH %UHJPDQ > @ DOVR )\
KRUL]JRQ DQG WKH YDOXH RI WKH FDUU\LQJ FRVW FDC
ORW VL]H PHWKRG ZKHUHDV *DLWKHU > @ IRXQG
VFKHGXOH ZDV DQ XQLPSRUWDQW IDFWRU LQ FKRRVL
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KDQG 1\GLFN DQG :HLVV > @ UHFRPW HGE®H G GN% B OD/
DQELOYHU OHPBWKBGY DV QHLWKHU DUH DGYHUVHO\
KRUL]JRQ

7KH LQFUHDVH LQ UHTXLUHPHQW OXPSLQHVV KDV D \
RI WKH ORW VL]LQJ PHWKRG %RENR DQG :K\EDUN >
FRHIILFLHQW RI YDULDWLRQ LQ GHPDQG LV TXLWH D
WKHLU H[SHULPHQWDO VLPXODWLRQ ZLWK KLBHODWVRH I
8QLW &RVWHWIHKRG SHUIRUPHG EHWWHU DV WKH FRH
+RZHYHU LQ IROORZ XS VWXGLHV 5LWFKQ®RUB@GE QW |
2UGHU 4XDQWIHWMAKRB2 SHUIRUPHG PXFK EHWWHU DV W
GHPDQG LQFUHDVHG ZKHUHDV %RH DQG <LOPD] >
JHQHUDWHG ORZHU FRVWV DQG DSSUR [LPIIWH G KWW L\
$OJRULWKPYHU$ FORVHO\ %RRNELQGHU DQG + QJ > ¢
:'$ WHQGHG WR SURYLGH D PRUH HFRQRPLFDO VROXYV
KLJK 2Q WKH RWKHU KDQG WKH\ PDLQWDLQ WKDW D
JUHDWHU HFRQRP\ WKDQ D VKRUW RQH ZKHUHDV &KI
KRULJRQ LV ORQJ ::$ LPSOHPHQWDWLRQ LV QRW SUD
6ULYDVWDYD >3@UVOIHRU LRRG $0 WRRU EW KFFD R3/3$ WR WKH
DV LW ZDV VHHQ WR SHUIRUP ZHOO XQGHU FRQGLWLF
@ FRQFOXGHG WKDW 6LOYHU OHDO DQG WKH PRGLI!
FDVHV RXWSHUIRUP DOO RWKHU ORW VL]LQJ PHWKRG
2WKHU VWXGLHV > @ KDYH FRQFOXGHG WKDW D\
SHUIRUPDQFH RI WKH (24 PHWKRG UHPDLQV SRRW %
IRU /RW DIQG[HG 2UGHU 4XDBMWWRGWZHUH TXHVWLR
FRQVLVWHQWO\ FUHDWHG KLJK FRVW DQG SRRU SHU
IRXQG WKDW /)/ DSSHDUHG WR SURYLGH EHWWHU UH\
FRVW ZDV KLJK DQG SODQQLQJ KRULJRQ VKRUW

/IRW VLILQJ WHFKQLTXHV

$Q H[WHQVLYH DPRXQW RI ZRUN KDV EHHQ SXEOLVKH{
OLWHUDWXUH DGGUHVVHG LQ WKLV VHFWLRQ ZLOO S|
WKH 053 VIVWHP 6HYHQWHHQ ORW VL]LQJ PHWKRGV
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LOQWR IRXU JURXSV DFFRUGLQJ WR WKH NLQG RI O
TKURXJKRXW WKLV &KDSWHU WKH IROORZLQJ QRWDWL

& LV WKH VWDQGDUG VSDUH SDUW FRVW LQ ..V !

UW QXPEHU RI IXWXUH SHULRGV ZKRVH GHPDQG U
WKH RUGHU WR EHLUHFHLYHG LQ SHULRG

G WKH DPRXQW GHPDQGHG SURMHFIWHG QHW"UHT

GL QUKH DPRXQW GHPDQGHG SURMHFWHG QHW UH
RI IXWXUH SHULRGYV

&& LV WKH LQYHQWRU\ FDUU\LQJ FRVW H[SUHVVH(
HQGLQJ LQYHQWRU\ LQ SHULRG

2&MV WKH RUGHULQJ FRVW RU FRVW RI SODFLQJ D

) LLV WKH PLQLPXP FRVW IRU SHULRGV WKURXJK

GM LV UHTXLUHPHQWY GHPDQG w.Q D UHSOHQLVKF

7 OQXPEHU RI SHULRGV UHDFKHG E\ WKH EDVLF 60

G LV WKH DYHUDJH GHPDQG SHU SHULRG IRU WKH
6M WKH SURILWDEOH UHSOHQLVKPHQW W KDWK HLGY K
WKH ODUJHVW EHQHILW PD[LPXP RFFXUUHQFH
FXUUHQW UHSOHQLVKPHQW
LV D FRQVWDQW ZKRVH YDOXH GHSHQGV XSRQ
WMWKH WLPH VWDUW RI SHULRG DW ZKLFK WKH C
2M ORW VL]H Rl WKH ODVW UHSOHQLVKPHQW WR D
WMWLPH DW ZKLFK WKH WK VHFRQG WR ODVW Ut
L WKH SHULRG LQ ZKLFK DQ RUGHU LV WR EH UHF
1 QXPEHU RU RUGHUV SOPFHG LQ WKH LQWHUYDC
+Q DEFFXPXODWLYH RI FDUU\LQJ FRVW IRU OHQJWK
7QIOHQJWK RI WKH WK F\FOH
'Q DFFXPXODWLYH RI GHPDQG

*URXS RQH LOQFUHPHQWDO KROGLQJ FRVWYV

,QFUHPHQWDO $SSURDFK ,&$

7KH )UHHODQG DQG &ROOH\ > @ ORW VL]LQJ PHWKRG
WKH ORW VL]H E\ WKH UHTXLUHPHQWYFR HFXERDO/ LY}
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FRVWRI FDUU\LQJ WKH QH[W SHULRGYV UHTXLUHPHQ
RUGHULQJ 7KLV LV EDVHG RQ DSSO\LQJ WKH IROORZL

L& GMQA) &&

,QFUHPHQWDO 2UGHU 4XDQWLW\ $SSURDFK ,24

7KLV PHWKRG Rl ORW VL]LQJ SUHVHQWHG E\ %RH DQC
DQG HDV\ WR XQGHUVWDQG ,W LQR OMXKH \L. Q\FKUHH FSHHPVD
FDUU\LQJ WKDW SHULRGYTV GHPDQG LV OHVV WKDQ RL
LWKHULRG XQGHU FRQVLGHUDWLRQ WKDW SHULRGTYV
RUGHUHG IRU SHULRG RQH LI

2& ! && LGM

$00 UHTXLUHPHQWY IRU SHULRGVY LQ D JLYHQ F\FOH D

*URXS WZR PLQLPLVLQJ KROGLQJ DQG RUGHULQ.
UHSOHQLVKPHQW ,QWHUYDO

:DIJQHU :KLWLQ $OJRULWKP ::$

7KLV DOJRULWKP > @ ZDV GHVLJQHG WR ILQG RSW
NQRZQ GHPDQG DQG YDU\LQJ RUGHULQJ DQG LQYHQ\
SODQQLQJ KRUL]JRQ 7KH FDOFXODWLRQ SURFHGXUH
SODQQLQJ KRUL]JRQ DQG ZRUNLQJ EDENZDUGV WR WK
SHULRG WKDW DFKLHYH WKH 3SEHVW  RU RSWLPXP RU
RUGHU FRVWYV DQG LQYHQWRU\ FDUU\LQJ FRVWV 7KF
GHFLVLRQ IRU H[DPSOH DW RQH SRLQW KDV HIIHFWYV
EH WDNHQ DW ODWHU GHFLVLRQ WLPHV L H ZKHWKH!L
RIODUFKXD\ GHSHQGV YHU\ PXFK RQ WKH VL]H RI WKH
EHJLQQLHEURD U\

7KH PHWKRG KDV EHHQ XVHG DV D VWDQGDUG IRU P
RWKHU ORW VL]LQJ WHFKQLTXHV 7KH EDVLF PRGHO

WKH IROORZLQJ IRUP
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7KH FRPSXWDWLRQDO HIIRUW LV VLJQLILFDQWO\ UH
SURSHUWLHV GHULYHG E\ :DJQHU DQG :KLWLQ ZKLFK
$ SURSHUW\ RM)SOHQLVKPHQW RQO\ WDNHV SODFH ZKH
$ SURSHUWNKMIRI LV DQ XSSHU OLPLW DV WR KRZ ILC
LQFOXGH LWV GNHY 0L WHSKDGWWYYVKPHQW TXDQWLW\
FRVWV EHFRPH VR KLJK WKDW LW LV OHVV H[SHQVL
VWDUW RIWSHWLR®R LQFOXGH LWV UHTXLUHPHQWYV
SHULRGV HDUOLHU +RZHYHU LI RQH LV LQWHUHV
ILUVW UHSOHQLVKPHQW TXDQWLW\ LW PD\ QRW EF
SODQQLQJ KRUSIRRBHBWHRWZR WKDW LIMRWHD S
UHTXLUHPHQWY DUH VR ODUJH WKDW

28&
& [&&

G M
f WKHQ WKH RSWLPDO VROXWLRQ ZLOO EH WR KDY
SHULRG WKDW LV WKH LQYHQWRU\ PXVW JR WR
SHUMRR&EHUH WKLV KDSSHQV FDQ EH XVHG DV D KR
ILUVW UHSOHQLVKPHQW
7KH ::$ KDV UHFHLYHG H[WUHPHO\ OLPLWHG DFFHSWD(
GLIILFEXOW\ XQGHUVWDQGLQJ WKH PHWKRG DQG IUHT
FRQVXPLQJ ZKHQ DSSOLHG > @ ,Q WKLV UHVHDUEFK
WRR FRPSOH[ IRU SUDFWLFDO XVH DQG ZDV HDVLO\
$SSOLFDWLRQV 9%%$ VHH &KDSWHU VL[ > @ $ JUHDW
DULWKPHWLF EXW WKH ORJLF LV QR PRUH FRPSOH][ I
FXUUHQW FRPSXWHU WHFKQRORJ\ > @

6LOYHU OHDO 60

7TKH 6LOYHU OHDO PHWKRG > @ UHTXLUHV WKH Gl
SHULRG DV D IXQFWLRQ RI WKH QXPEHU RI SHULRGV W
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WKH FRPSXWDWLRQ ZKHQ WKLV IXQFWLRQ ILUVW LC
WKURXJK WKH SODQQLQJ KRUL]JRQ DQG FRQVLGHUV L
LQ WKH FXUUHQW RUGHU $V HDFK IXWXUH SHULRG L
DUH FRPSXWHG DV WKH VXP Rl WKH RUGHULQJ FRVW)\
IXWXUH UHTXLUHPHQWY GLYLGHG E\ WKH QXPEHU R
DYHUDJH WRWDO FRVWV SHU SHULRG LQFUHDVH WK
UHTXLUHPHQWY XS WR WKH SHULRG ZKHUH FRVWYV

GHILFLHQW LQ FHUWDLQ FDVHV QDPHO\ ZKHQ WKH ¢
ZKHQ WKHUH DUH PDQ\ SHULRGV RI JHUR GHPDQG
IRUHFDVW KRUL]JRQ WR VHOHFW WKH FXUUHQW UHSO
DOJRULWKP > @ %ODEFENEXUQ > @ GHPRQVWUDWHV
DERXW IXWXUH GHPDQG HLWKHU WKH EDVLF 60 PHWK
XVHG LQVWHDG RI WKH ::$ IRU UHDVRQV RI FRVW HIIH

ORGLILHG 6LOYHU OHDO 060

7TKIPRGLILHG 6LOYHWPHOWBEBG060 @ LV GHVLIQHG WR H
SHQDOWLHV RI WKH RULJLQDO 60 PHWKRG LQ FRQGL)
KLIK QXPEHU RI SHULRGV ZLWK QR GHPDQG 7KH ILUY
ZLWK WKH FRQGLWLRQV RI VKDUSO\ GHFUHDVLQJ GHP
RIWHQ VXJIJHVW D VLQJOH UHSOHQLVKPHQW WR FRY
ORGLILFDWLRQ RQH H[DPLQHV ZKHWKHU WRWDO FRVW
SURSHUO\ WLPHG UHYOWRH VEPHEHW RII SHULRGV UHDF
PHWKRG D VHFRQG UHSOHQLVKPHQW ZLOO HHILPSOHEF

7KH IROORZLQJ VXPPDULVHV WKH ORJLF RI PRGLILFDW
6WHS , QLWLDOLVDWLRQ
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&DOFXODMWRP HTXDWLRQ . ZKGE®HHOHFWKH OHQJ\
SODQQLQJ KRULJRQ LV VPDOOHU RU HITIXW®&HWBH Q X
SODQQLQJ KRUL]JRQ LV PRUH WKDQ SHULRGYV
BWHS
3HUIRUP WKH EDVLF 6LOYHU OHDO KHXVYLR®WH F ,F MG
KHXULVWLF ILQGV D ORFD/MD XY LIPX PW KV RV WPKHIH G X
FXUUHQW UHSOHQLVKPHRQW 71 B)QRGV L\ VW OD B XKW K
LI <HV JR WR VWHS
Ll 1R ORRS EDFN WRUR¥IKHNVWHS E\ZDWKQ LW
ZLWK WKH EDVLF 60 PHWKRG
6WHS ORGLILFDWLRQ SURFHGXUH
8VLQJ HTXDWLRQEMRWFDOFXODWH PD[ ,I6RH)FHRIG P
2& && OHW WKH PD[LPXP RFFXU IRU 7KHQ WKH
UHSOHQLVKPHQW L6WH[FHRESERE W KHQRJHWXUQ@ WR \
LQFUHDVHG E\ D XQLW
,Q FDVHV RI IUHTXHQW SHULRGV ZLWK QR GHPDQG W
IUHTXHQWO\ WKDQ QHFHVVDU\ 7R HOLPLQDWH WKLV
LV PDGH WR HOLPLQDWH WKH YHU\ ODVW UHSOHQLVKTF
D PRGLILFDWIORQ $GOHRRWHBQHUDOO\ LW DWWHPSWYV |
WXUQ ZRUNLQJ EDFN LQ WLPHO6WHRAYV PRGLILFDWLRQ
7KH PRGLILFDWLRQ ORJLF LV VXPPDULVHG DV IROORZ\
6BWHS ORGLILFDWLRQ 060 $
7KH LQLWLDO WLPLQJ RI UHSOHQLVKPHQWY LV VS
RQH (YDOXDWH WKH FRVW VDYLQJV RI HOLPLQDWL

VDYLQR& &R4A W 2

$UH WKH VDYLQJV I "
LI <HV PRPEW®HVKH UHS O HADNDDIGP BIR) W FD W VWAHLSP |
LI1R JR WR VWHS
BWHS
.V PRGLILFDWLRQ % WR EH XVHG"
LI1R VWRS WKH SURFHGXUH
LI <HV JR WR VWHS DQG FRQVLGHU WKH VHF
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6WHS ORGLILFDWLRQ %
$UH ZH QRZ FRQVLGHULQJ WKH YHU\ ILUVW UHSC
LI <HV WKHQ VWRS EHFDXVH E\ GHILQLWLRC
HOLPLQDWHG
LI 1R HYDOXDWH WKH FRVW VDYLQJV RI HOLI
XQGHU FRQVLGHUDWLRQ 7R GR WWLV ®RHA WKI
WLPH RI WKH FXUUHQW WHSOWIJHVRPWEW FXUUF
DQwM\W WKH WLPH RI WKH LPPHGLDWHO\ SUHFH(
$UH WKH VDYLQJV ! !

LI <HV PRPEW®HVKH UHSO HOND\QIGP H € A\ FDOM WAL
VWHS FRQVLGHULQJ WKMMJHSOHQLVKPHQW DW
Ll 1R UHF\FOH WKURXJK VWHS FRQWMGHULDQ

/IHDVW 8QLW &RVW /8&

7KLV DOJRULWKP > @ DWWHPSWV WR FRPSXWH IR
FKDUJHDEOH WR RUGHUV DQG VWRUDJH 7KDW RUGHU
SDUW LV PLQLPLVHG 7KH /8& LV DQ LWHUDWLYH WU
RUGHU TXDQWLW\ E\ DVNLQJ ZKHWKHU LW VKRXOG HT:
RU VKRXOG EH LQFUHDVHG WR FRYHU WKH QH[W SHUL
VR RQ $ L SDUW FRVW LV FDOFXODWHG IRU HDFK V\
FDUU\LQJ FRVWV E\ WKH FXPXODWLYH ORW TXDQWLW\
WKH ORZHVW SDUW FRVW 7KH SURFH V\QILYGWKRI@QWUW QS
XQWLO WKH HQG RI WKH SODQQLQJ KRUL]JRQ LV UHDFI
DOORZV XV WR FRPSDUH WKH RUGHULQJ FRVWV WR
EDVLV ,W LV DSSOLFDEOH WR VSDUH SDUWV ZLWK KL

%RRNELQGHU DQG 7DQ +HXULVWLF 2QH %7+

+HXULVWLEF +0 TV VWRSSLQJ UXOH LV EDVHG RQ OL
E\ HIDPLQLQJ WKH 60 VWRSSLQJ UXOH VHH HTXDWLI
ZKHUH WKHUH LV VKDUSO\ GHFUHDVLQJ GHPDQG ©6R .
VL]H IRU SHULRG WR FRYHUSWHHRGNP RQGVKRNWKH Q}

Q
>RF AF G @ QBPRFFFA LG @ Q
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7KH 3VWRSSLQJ UXOH" RI WKH 60 PHWKRG FDQ WKXV E
Q
RF QFF[G:w FF M G
L

JRU WKH GLIILFXO®W GRIPFEASDWWHUQ WKH UHODWLRC

0]0)
RF OQBF >FRF ,Q@ FP "RE @
L

7KH VWRSSLQJ UXOH IRU WKH 60 PHWKRG ZLOO QHYHL

7TKXV WKH KHXULVWLF ZLOO VXJJHVW XVLQJ D VLQJOL!

Q
HQWLUH WLPH KRUL]RQFD[Q/G GG VER R GWK M/ K XADHAWULFR Q

VHWWLQJ VWRSSLQJ UXOH IRU +, LV
RF QFF[G:L

$ VXPPDU\ RI WKH +, LV VKRZQ LQ 7DEOH D

BWHSO 7HWGQt

6WHS D ,IGRWR6WHSOK 2WKHUZLVH JRWR6WHSOF
K /JHW 7Q@ 7QDQG JRWR 6WHS
F/HWu7 DQG JRWR 6WHS

BWHD ,| 7TAL 7A RFIFFHQYRAWOSRK 2WKHUZLVH JRWR
E/HW QD@G JRWRGB6WHS

6 W H/$IWWKHORWD\QIG HEHR S G

7TDEOH D +HXULVWLF RI %RRNELQGHU DQG 7DQ
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%RRNELQGHU DQG 7DQ +HXULVWLF 7ZR %7+

+HXULVWLF + LV EDVHG RQ D FRPELQHG 60 DQG /8¢
E LV SDUWLDOO\ VXJIJHVWHG E\ WKH /8& ZKLFK
WURXEOHVRPH WR 60 7KH /8& FULWHULRQ IXQFWLRQ 1

75884 Q>RF FF< ~L 9MGLO9<MGL

L

%HFDXVH WKHUH DUH H[DPSOHV RI RWKHU VLPXODWH(
GR ZHOO > @ +HXULVWLF DWWHPSWV WR FRPEI
ZKLOH HOLPLQDWLQJ WKHLU UHVSHFWLYH GUDZEDFN
GLYLGHG LQWR WZR SDUWV RQH SDUW UHWDLQLQJ VR
WKH RWKHU VRPH IHDWXUHV RI WKDW RI WKH /8& 7KH

Q
IL Q 2& Q7KH RWKHU SDUW | Z UHWDLQV WKH WHUP

/18& 7R DJUHH GLPHQVLRQDOO\ ZLWK IL L I © LV WD

I Q "FF<-L ? L @G&/GM 9 =GL

L Mo,

7/KH FULWHULRQ IXQFWLRQ IRU +HXULVWLF LV WKXV

) Z R F e FF .. > LL@GIN_!' ) L
(@]

WV VWRSSLQJ UXOH LV GHULYHDBKEF K THO.®VY. QUR

) QL
RFQ GAFF>0 0 @ik =4 Lec<cM <6 < G
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6WHBHPWQ ) G? +[ ) RF
6WHSHW @
D ,I GARWRG6WHS K JRWKRHEWH § H

E /HW7A 7Q? DQG JR WR 6WHS

F /HW 7Q DDRGIORWRG6WHS
BWHS D /WWGA

E /HW +ABABEF?2"Q 7A@ [GA

F ,F )YA7ARRAR 'A
6" ,1)Q!)2?2 JR WR6WHSE 2WKHUZLVH JRW
BWHS /HW WKH ORW VL]H EH 'Q? DQG6WRS

7TDEOH E +HXULVWLF RI %RRNELQGHU DQG 7DQ

*URXS WKUHH HTXDO RUGHULQJ DQG KROGLQJ FI

3DUW 3HULRG $OJRULWKP 33%

7KH SDUW SHULRG DOJRULWKP KDV UHFHLYHG FRQ
SURGXFWLRQ RSHUDWLRQV PDQDJHPHQW OLWHUDWXU
KDV WKH LPSRUWDQW DGYDQWDJHV RI VLPSOLFLW\ D«
RUGHU WKDW LV SODFHG DQG UHSHUWH S REULRIDNWHOW R k
3DUW SHULRGY DUH D PHDVXUH RI LQYHQWRU\ DFFXP;
WKH QXPEHU RI SDUWV LQ LQYHQWRU\ E\ WKH QXPEHU
FDUULHG 7KH WHUP SDUW SHULRG UHIHUV WR RQH S|
&RPSXWDWLRQ RI WKH SDUW SHULRGV LV DV IROORZV

7KH DGGLWLRQDO QXPEHU RI SDUW SHULRGV F

UHTXLUHPHQWBWRXIUMK$HULRG ZLWK D SUHVHQW RU

LQFUHPHQWDO SDD@GSHWERGEXQIBWHG DV IROORZV

)33 GLQ Q
7KH WRWDO QXPEHU RI SDUW SHULRGV FUHDWHG

VLQJOH RUGHU EXPX®HDALLY H F® IDWV K HW TKG®W W& 3\8\ L
WKH VXP BYDRNKHYV
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FSs <-,SS

*URXSLQJ IXWXUH GHPDQG UHTXLUHPHQWV LQWR
DV WEMFUHDWHG LV OHVV WKDQ D SUHGHWHUPLQHOZ
LV FDOBHRBQRRHF SDUW BEGLRG GH3IBQHG DV WKDW
ZKLFK LI FDUULHG LQ LQYHQWRU\ IRU RQH SHULRC
WR WKH FRVW RI RUGHULQJ ,W LV FRPSXWHG DV IF

33 222
( FALF

7KH RUGHU LV VXFFHVVLYHO\ LQFUHDVHG DV ORQJ

&33 (33

'KHQ D IXWXUH GHPDQG UHT&IIEHRRQ® W® FUFDMMVF By
SHULRGYTV UHTXLUHPHQW LV H[FOXGHG DQG WKH RUG
SHULRG EHFRPH WKH VWDUWLQJ SRLQW IRU GHWHUP
SURFHGXUH LV WR LQFUHDVH HDFK RUGHU VL]H XQWL(
H[FHHGY WKH FRVW RI SODFLQJ D VHSDUDWH RUGHU

, QFUHPHQWDO 3DUW 3HULRG $0OJRULWKP ,33%

7KLV LV DQ LQFUHPHQWDO YHUVLRQ DQG D PRGLILFD\
PHWKRG ,33%$ LV HDV\ WR XVH IRU ERWK HVWDEOLVKI
WKH VHQVLWLYLW\ WR RUGHU TXDQWLW)\ > @ ,W
JHQHUDWHG E\ FRPELQLQJ IXWXUH GHPDQG UHTXLUHF
VDPH RUGHU DV ORQJ DRDWQFWKRADRGWDOOUIR GROWRBUHD
LQFOXVLRQ LV OHVV WKDQ WKH FRVW RI SODFLQJ D V
7KLV FDQ EH DFFRPSOLVKHG HDVLO\ E\ FRQWLQXDOO\
IROORZLQJ FRQGLWLRQ LV VDWLVILHG

33 (33
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7KH ,33% DVVXPHV WKDW IRU D JLYHQ SODQQHG RU!
LWHUDWLYHO\ DGGLQJ WKH SURMHFWHG UHTXLUHPHQ
ORW VL]H LV HYDOXDWHG WR GHWHUPLQH LI LW LV DF
LWHUDWLRQV FRQWLQXH DQG WKH UHTXLUHPHQW RI V
WKH ORW VL]IH RUGHU TXDQWLW\ , D WULDO ORW VL
EHFRPHVY WKH VWDUWLQJ SRLQW IRU FUHDWLQJ D QHZ

3DUW 3HULRG %DODQFLQJ 33%

7KH SDUW SHULRG EDODQFLQJ DOJRULWKP 'HODWWHL\
GLVFUHWH DQG WLPH YDU\LQJ GHPDQG G DAMDVW. W RWD
&RVW PHRWKRG 7KLV 33% WHFKQLTXH VHOHEWYV WKD\
SHULRG FRVW QKIBUEQ B TNDXO/M RHKGIW URXW L QMR RN F O X (¢
$KHDG /RRN %DIFWN LOSWHQGHG WR SUHYHQW VWREN FRY
EHLQJ FDUULHG IRU ORQJ SHULRGV Rl WLPH DQG WR N
LQ SHULRGV ZLWK YHU\ ORZ UHTXLUHPHQWYV 7KH D
FRQGLWLRQV H[LVW WKDW 7%$/% FRUUHFWV 7KH ORR
FRYHULQJ DQ DGGLWLRQDO SHULRG LV XQHFRQRPLFD(
WKH GHVLUDELOLW\ RI EXWWLQJ WKH ORW VL]H DGGL
E\ WKH RUGHU WR WKH QH[W ORW 7KH SULPDU\ DGYD
/$7% IHDWXUH WHQGV WR JURXS WKH RUGHUV WRJHW
7KLV PHWKRG LV DSSOLFDEOH WR KLJK SULFHG VSDUI
GLVDGYDQWDJH RI WKH PHWKRG LV LWV FRPSOH[LW\
SDUDGR[LFDOO\ HDV\ WR SURJUDPPH 2Q WKH RWKHU
PDQ\ FRPSRQHQWYVY PD\ EH DIIHFWHG JHQHUDWLQJ D
PXOWLSO\ WKHVH SUREOHPV DIIHFWLQJ ERWK TXDQW!]
IHDWXUH FRQVLVWY RI D VHULHV RI WHVWV 7KH WHV
DURXQG HDFK UHSOHQLVKPHQW SHULRG GHWHUPLQH!
VDYLQJV FDQ EH DFKLHYHG E\ PRYLQJ WKH UHSOHQLVE

SBHULRGLF 2UGHU 4XDQWLW\ 324

7KH 324 ORW VL]H HTXDOV WKH WRWD G RH HWK/H RIX WAXLU
SHULRGV EHJLQQLQJ ZLWK WKH ZHHN RI WKH UHFHLSYV
SURMHFWHG RQ KDQG EDODQFH IURP WKH SUHYLRXYV .
LIQRUHG 7KLY DPRXQW UHVWRUHV QKHHND | HARUWWKRER
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UHTXLUHPHQWY ZKHUH WKH SURMHFWHG RQ KDQG L
VWRFEN QWAAHKN 2QH ZD\ \ QR D\CHE@HFWVBRQGLYLGH WKH (:
DYHUDJH ZHHNO\ GHPDQG DV VKRZQ 7/ QLN TXPX\QRHG R |
WKH QHDUHVW LQWHJHU YDOXH JUHDWHU WKDQ ]JHUR
PHWKRG ZKHQ WKH 324 LV OHVV WKDQ RU HTXDO WR R

(22
$YHUDHHNO\ 8VDJIH

7HR R Q
7KH WHFKQLTXH KDV VHYHUDO JRRG IHDWXUHV )RU H]J
LQYHQWRU\ E\ DGMXVWLQJ ORW VL]HV DV UHTXLUHPH
QR UHVLGXHV RU UHPQDQWV RI XQXVHG ORW VL]H LQ
TXDQWQWKHWIRGY GRHV QRW PHDQ WRBWUL® GRW G MU PIHV
SHULRGY DUH WRWDOOHG EHJLQQLQJ ZLWK WKH ILUV
UHFHLYLQJ D ORW VL]H LQ D SHULRG ZKLFK KDV QR
FRPSXWHG E\ WKH WRWDO QXPEHU RI RUGHUV DQG W
LQYHQWRU\ H[LVWV WKH FDUU\LQJ FRVWV IRU WKLV L

(FRQRPLF 2UGHU 4XDQWLW\ (24

7KH (24 ZKLFK EDODQFHV WKH LQYHQWRU\ FDUU\LQJ
DVVXPSWLRQ RI FRQWLQXRXV VWHDG\ UDWH GHPDQG
ZKHQ WKH DFWXDO GHPDQG DSSUR[LPDWHV WKLV DV\
QRQ XQLIRUP WKH GHPDQG WKH OHVV HIIHFWLYH (24\
ZH QHHG WKUHH LQSXWV VBK MW N HFDIIH L &8 PRXGECMUKDDN
RUGHULQ& FRWWRUPXOD LV VWDWHG DV

(24 [G[RF

7KH EDVLF LGHD RI WKLV PHWKRG LV WR ILQG WKH R
FRVW SHU XQLW SHU SHULRG DQG EHVW EDODQFHV V
SODFHG DJDLQVW WKH FRVWY UHODWHG WR WKH VLI]H
EHHQ EDODQFHG SURSHUO\ WKH WRWDO FRVW LV PLQ
LW PD\ QRW JLYH WKH EHVW UHVXOWY EHFDXVH WKH
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RI WKH EDVLF DVVXPSWLRQV RI WKH PRGHO :KHQ WK
SRLQWYVY VKRXOG EH WDNHQ LQWR DFFRXQW VXFK DV
SHULRG RU H[FHVVLYH FDUU\LQJ FRVWYV IURP RUGHUL
KDQG WRIJHWKHU ZLWK WKH RUGHU TXDQWLW\ LV QRW
RUGHU WR EH SODFHG ZLOO EH LQFUHDVHG WR PHHW
VHW WR FKHFN LI QR SDUWYV DUH RQ KDQG DQG WKH G
LV SODFHG LQ WKDW SHULRG EXW PRYHG DKHDG WR \
RFFXUV $ FKHFEN LV PDGH WR VHH LI WKH (24 HTXDOV
RUGHU TXDQWLW\ LV WKH (24 ,1 WKH (24 LV OHVV WK
TXDQWLW\ LV LQFUHDVHG WR PHHW WKH FXUUHQW G
PDNHV QR DWWHPSW WR ILQLVK WKH HQG RI WKH SOL
JHUR WKH WRWDO FRVW LV FRPSXWHG E\ WKH WRWDO
OHYHO

ORGLILHG (FRQRPLF 2UGHU 4XDQWLW\ (24

7KLV PRGLILFDWLRQ LV EPREGRPRE RIKGHEG TVQRING R Z
(24 053 > ZKLFK DOORZV WKH (24 WR H[DPLQH W
SODFHPHQW RI WKH RUGHU $V LW FRYHUV WKH GHPD
GHPDQG LV DFFXPXODWHG XQWLO D WRWDO FORVHVW
WKHQ GHWHUPLQHG E\ ILUVW XVLQJ HTXDWLRQ W
LQWHJHU YDOXH 'HPDQG LV DFFXPXODWHG XQWLO FXI
/HW SHUEHR@®KH SHULRG LQ ZKLFK WKLV ILUVW RFFXUV
LQ ZKLFK ZH DUH WU\LQJ WR GHWH UP LDHKWBGIH R & @/HHY
WKH GHPDQG LIQHHWKRGRUGHU 2T XV HWGLYJ RRUZKLF
FORVHU WR (24 ,1 (24 LV H[DFWO\ KDWKZD\REBWZHFXD
FKRVHQ WR EH M! DV VKRZQ LQ HTXDWLRQ DQG

L -2 A2 4

(24
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*URXS IRXU VHW ORW VL]H WR FXUUHQW SHULRG

IRW IRU /RW /)]

1)/ LV DQ RUGHU TXDQWLW\ WHFKQLTXH ZKLFK JHQHUD
DOzZD\V HTXDO WR WKH QHW UHTXLUHPHQWY LQ HDFK
QHW UHTXLUHPHQWYV WRJIJHWKHU WR WUDGH RIl WKH R
PHWKRG VRPHWLNFNHYVHMDFORPRIGH IRLQ BV OQWKH VLPSOHVW
VWUDLJKWIRUZDUG RI DOO RI WKH ORW VL]LQJ PHWKF
SHULRG FRYHUDJH RI QHW UHTXLUHPHQWYV ZKLFK Pl
PD[LPLVHVY WKH QXPEHU RI RUGHUVY SODFHG $V WKHU]I
WKH SHULRG WKH EDODQFH ZLOO IDOO WR JHUR LQ Z
QXPEHU RI RUGHUV RYHU WKH SODQQLQJ KRUL]JRQ

HISHQVLYH SDUWV ZLWK VPDOO RU QHJOLJLEOH RUGH!

JL[HG 2UGHU 4XDQWLW\ )24

)24 LV DQ RUGHU TXDQWLW\ WHFKQLTXH DSSOLFDEOH
WR EH RUGHUHG HDFK WLPH > @ 7KH QHW UH
DVVLIJQHG IL[HG ORW VL]H ,I WKH QHW UHTXLUHPHQW:'
WKH DPRXQW VSHFLILHG LQ WKH ORW VL]H LV RUGHU
QHW UHTXLUHPHQWY $ IL[HG ORW VL]H LV DOZD\V FF
GHULYHG IURP VRPH UHVWULFWLRQ LQ WKH PHWKRG R
PLQLPXP RUGHU TXX®WRW\PH®WXRG JHQHUDWHV D KLJ
LQYHQWRU\ VLQFH LW FUHDWHY LQYHQWRU\ UHPQDC
UHTXLUHPHQWYV

([SHULPHQWDO IDFWRUYVY DQG DVVXPSWLRQV

,Q WKLV &KDSWHU ZH H[DPLQH WKH HIIHFW RI VHYHQ'
PDLQWHQDQFH LQYHQWRU\ V\WWHP LQ DQ H[SHULF
HQYLURQPHQWDO IDFWRUV DQG XQGHU ZLGHVSUHDG C
RQ QLQH GLIIHUHQW FRPSRQHQWYV RI D )RNNHU DQG
WKH\ GLG D ODUJH DPRXQW RI GDWD RQ KLVWRULFDC
UHTXLUHPHQWY FRVWV DQG OHDG WLPHV EHLQJ FROO
$00 RI WKH ORW VL]LQJ PHWKRGV HPSOR\HG LQ W}
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FRQYHQWLRQDO 053 GHFLVLRQ PDNLQJ SURFHGXUH\
REVHUYDWLRQV SHU ORW VL]H JLYLQJ D WRWDO R
SHUIRUPDQFH

7KH IROORZLQJ ILYH HQYLURQPHQWDO IDFWRIGHDHQH
FRVW 2& SODQQLQJ3KRDIQ®RDOHQUDIKI YDOXH $89
YDULDWLRQ LQ DEFBMQRBXRRUGHU T»DQWH DFWRRO YD
$89 &9DQ®R2 ZHUH XVHG WKH\ DUH WDNHQ D& DRR¥ DU
3+ DUH VHOHFWHG DV FDWHJRULFDO IDFWRUV 7KH ID|
RWKHU UHVHDUFK VWXGLHV VLQFH DV WKLV VWXG\ L)
YDULDEOHV ZHUH FRYDULDWHY UDWKHU WKDQ FDWHJ
ILYH IDFWRUV DQG D GHVFULSWLRQ IROORZV

J)DFWRHVFULSWLRQ /HYHOV 9DOXHV 8QLWYV

2& 2UGHULQJ FRVW 6WHUOLQJ

3+ 30DQQLQJ KRUL]JRQ ORQWKYV ZHHNYV
$89 $QQXDO XVDJH YDOXH WR 6WHUOLQJ

&9’ &RHIILFLHQW RI YDULDWLRNR

022 OLQLPXP RUGHU TXDQWLWR (DEK

7DEOH (QYLURQPHQWDO IDFWRUYV LQGLFDWHY FRYDULDWHV |

2UGHULQJ FRVW 2&

&RVW VWUXFWXUH UDWLR DWQIRWLD BHYBDYDLO MWK FY
SHUIRUPDQFH PHDVXUH LV WRWDO FRVW 7KH PDLQ

RUGHULQJ FRVW SHU LWHP FRVW ERWK FUHDWHV DQG
FRVWY DUH DFWLYDWHG SHU SDUW SHU SHULRG ZKLF
VLIH PHWKRGV ,Q WKLV VWXG\ WKH RUGHULQJ FRVWV

30DQQLQJ KRUL]JRQ OHQJWK 3+

7KLV LV WKH QXPEHU RI SHULRGV IRU ZKLFK WKH IF
SODQQLQJ KRUL]JRQ XVHG E\ DYLDWLRQ FRPSDQLHV >
\HDU KRUL]RQ ,Q WKLV VW%GDMKRUSGBW & U® 1L KHRW M|
YDULDEOH FDUU\LQJ FRVW && 7KH && ZDV VHW WR
SDUW SHU SHULRG FDUU\LQJ FRVW VR SODQQLQJ KR
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VHOHFWHG LQ FRQMXQFWLRQ ZLWK D FDUU\LQJ FRVW
VLILQJ PHWKRG 7KH G\QDPLF GHPDQG ZDV FROOHFWH

&RHIILFLHQW RI YDULDWLRQ LQ GHPDQG &9

7K 9' FDSWXUHV WKH GHJUHH RI OXPSLQHVV LQWHUP
D SXUFKDVHG SDUW LQ DQ 053 HQYLURQPHQW ,W LV |
UHTXLUHPHQWY GLYLGHG E\ WKH RYHRIDJH SHSIURG HIG
UHODWLYHO\ VPRRWK @B'PRRQRG UBWSILFAKY.CCH UDWKH U
HQYLURQPHQW ZLWK SHULRGV RI JHUR GHPDQG $V Wi
OXPSLQHVV DQG WKH QXPEHU RI SHULRGV ZLWK ]HL
GHFUHDVH 7KLV LQFUHDVH LQ UHTXLUHPHQW OXPS
SHUIRUPDQFH RI WKH ORW VL]LQJ SURFHGXUHV > @

$QQXDO XVDJH YDOXH $89

$QQXDO XVDJH YDOXH GHILQHV WKH ILQDQFLDO LPS
GLPHQVLRQ ZKLFK PDNHV XVH Rl WKH $%& FODVVLIL]
QRQ PRYLQJ FDWHJIRUL 8 9 VW HH BXKIDS WHRU DX DO XVD.
FRVW 7KLV JLYHV WKH WRWDO DQQXWNBPXNRYWRIDIOMNRP
YDULHG LQ WKLV VWXG\ IRU HDFK FRPSRQHQW DV HDI
GLIIHUHQW VSDU® SDUWYV

OLQLPXP RUGHU TXDQWLW\ 024

7KLV IDFWRU KDV EHHQ KLWKHUWR LJQRUHG (RUY LQVX
GRHV QRW DSSO\ IRU VRPH FRPSRQHQWY DQG LV RQO
UDQJH IURP RQH WR RQH KXQGUHG LQ WKLV UHVHDUFF

,Q DGGLWLRQ WR VHYHUDO YDU\LQJ IDFWRUV GHVFUL
WKDW DUH KHOG DV FRQVWDQW LQ WKH EDVH H[SHULI
WKURXJKRXW WKLV UHVHDUFK
7KH UHSOHQLVKPHQW OHDG WLPH LV NQRZQ DQG
RUGHULQJ GHFLVLRQV DUH PDGH WKH\ FDQ EH RII
VKRUWDJHY ZLOO QRW RFFXU
7TKHUH DUH QR TXDQWLW\ GLVFRXQWYV
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7KH LQYHQWRU\ FDUU\LQJ FRVW SHU SDUW SHU W
KRUL]JRQ EDVHG RQ HQGLQJ LQYHQWRU\ OHYHOV D
IURP RQH SHULRG WR DQRWKHU ,QYHQWRU\ OHYH
JHUR IRU DOO VSDUH SDUWYV

$Q RUGHULQJ FRVW LV LQFXUUHG LQ WKH SHULRG
7RWDO LQYHQWRU\ FRVWV GXULQJ WKH SODQQLQJ
FRVWY SOXV WKH WRWDO RUGHULQJ FRVWYV

([SHULPHQWDO UHVXOWYV DQG DQDO\VLV

7KH UHVXOWV RI WKLV VHFWLRQ DUH GLYLGHG LQWRF
GLVEFXVVHV WKH FRPSDULVRQ Rl ORW VL]H PHWKRGV L
W R DQG VXEVHTXHQWO\ WKHVH YLVXDO REVHUY]
H[DPLQHG DQG FODULILHG WKURXJK VWDWLVWLFDO D
XVHG WR H[SODLQ WKH YDULDWLRQ DWWULEXWDEOH
LQWHUDFWLRQV 7DEOHV DQGJHQISUH Y HQWYBDUXPR
UHVXOWV DQG VMKMW HWRK RI WKH PDLQ IDFWRUV
LQWHUDFWLRQV 'XH WR VSDFH OLPLWDWLRQV WKH
UDQNLQJV RI WKH ORW VL]LQJ PHWKRGV XQGHU HDFK
WKH\ DUH DYDLODEOH RQ WKH DWWDFKHG &' GLVN DW

$QDO\WLFDO FRPSDULVRQV RI ORW VL]LQJ PHWKR

7TKH PHDQ WRWDO FRVW DYHUDJHG RYHU VHYHUDO UX
WKH SHUIRUPDQFH LQ WHUPV RI WKH WRWDO FRVW |
GLIIHUHQFHY DQG SHUFHQWDJH LQFUHDVH LQ WRWDO
WKH :DJQHU :KLWLQ $OJRULWKP ::$ LV DOVR SURYLGIH
RIWHQ WDNHQ DV D EHQFKPDUN DJDLQVW ZKLFK WR

PHWKRGYV
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/IRW VL] YHUDJH WRWDO
PHWKRG FRVW LQFUHDVH
%

060

% 7+

33%

% 7 +

60

060

33%

/18 &

(24

5DQN

,338%
322
(24
&S
)24
Y

7TDEOH 6XPPDU\ RI PHWKRGVY DYHUDJH WRWDO FRVW

7KH VXUYH\ RI 053 XVHUV LQ WKH DYLDWLRQ VHFWRU
XVHG ORW VL]H PHWKRGV DUH (24 /)/ )24 /8& 33%
DQG UHVSHFWLYHO\ ZLWK OLWWOH RU QR DS
,Q RWKHU VHFWRUV +DGGRFN DQG +XELFNL > @ PDG
UHSRUWHG WKDW WKH PRVW SRSXODU ORW VL]LQJ PI
IURP PRVW SRSXODU WR OHDVW SRSXODU ZHUH /)] )2
DQG 60 ,Q WKLV VWXG\ ZH LQWHQG WR H[DPLQH WKH
XVHG E\ WKH DYLDWLRQ LQGXVWU\ DQG ZKDW ZRXOG
ZKLFK DUH DOPRVW LJQRUHG ODLQWHQDQFH FRPSD
PHWKRGV DUH QRW DSSOLFDEOH WR WKHP DV WKH\ GF
PLQLPXP LQYHQWRU\ DQG DOVR VPDOO ORW VL]HV

7DEOHVY D WR F GHVFULEH WKH UHODWLRQVKLS E
FRVW O9LVXDO H[DPLQDWLRQ Rl WKHVH UHVXOWV VKR:
RUGHU FRVW LQFUHDVHV WKH WRWDO LQYHQWRU\ FR
E\ DOO PHWKRGV ,W ZDV REVHUYHG WKDW DV LWHP FI
SRLQW QRWLFHG ZDV WKDW WKH KLJKHU WKH LWHP F
FRVW SHUIRUPDQFH RI WKH ORW VL]H PHWKRGV )XU\
XVXDOO\ LQFXUV KLJKHU FRVWY WKDQ D SODQQLQJ KR
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‘XH WR WKH ODUJH QXPEHU RI PHWKRGV WHVWHG LQ
UHVXOWY DQDO\VLYVY ZLWK WKRVH PHWKRGV ZKLFK DU
VWDUWLQJ ZLWK WKH (24 PHWKRG ZKLFK VHHPV WR
YDULDELOLW\ RI GHPDQG ZLWKLQ WKH GDWD XVHG LQ
FRQFOXGHG WKDW DV WKH GHPDQG YDULDELOLW\ LQF!
UHPDLQV SRRU 2QH ELJ UHDVRQ IRU WKLV LV WKDW
TXDQWLW\ WKXV EXLOGLQJ XS LQYHQWRU\ FRVW EXW
DQG ZLGHO\ XVHG DV LQGLFDWHG LQ WKH VXUYH\ WRW

7KH /)/ WHFKQLTXH LV SUREDEO\ WKH VLPSOHVW RI V
PLQLPLVHV LQYHQWRU\fV FDUU\LQJ FRVWV DQG FDQ
GHPDQG ZKLOH PD[LPLVLQJ WKH QXPEHU RI RUGHUYV
DOPRVW Rl WKH DLUOLQH FRPSDQLHV ZHUH XVLQJ
/Y DQG )24 PHWKRGV ZHUH WKH SRRUHVW WRWDO FRV
GLG SHUIRUP VOLJKWO\ EHWWHU WKDQ ::$ LQ FHUWDL(
(DUOLHU LQ WKH VXUYH\ > @ ZH IRXQG WKDW PRVW F
FODVV LWHPV LWHPV ZLWK KLJK DQQXDO XVDJH RU
DPRXQWYV ZKHUHDV (24 ZDV XVHG IRU & FODVV LWHF

)24 JHQHUDWHYV D KLJKHU OHYHO RI DYHUDJH LQYHQ)
ZKLFK RFFXU EHFDXVH WKH )24 GRHV QRW H[DFWO\ P
VPDOO SHUFHQWDJH RI DLUOLQH FRPSDQLHV WR XVH |
PHWKRG DSSHDUV WR SURYLGH EHWWHU UHVXOWYV WK
ERWK ORZHU DQG KLJK GHPDQG DV D VKRUW SODQQL
VHOHFWHG®G24QRVBYV )24 DIJDLQ RXWSHUIRUPHG WKH

REVHUYHG IRU WKH ORQJ SODQQLQJ KRUL]JRQ&R®I ZHHF
RFFXUUHG ZLWK QR OLPLW WR WKH RUGHULQJ FRVW
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/RW VL]H /IRZ &&'"' 024 IRZ & /IRZ & 9"

0OHWKRGYV 2 & 2 & 2 & 2& 2 & 2 &

% 7 +

% 7 +
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LQGLFDWHY ORZHVW PHWKRG 7& SHUIRUPDQFH VKRZQ LQ EROG
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7TDEOH E /RW VL]ILQJ WRWDO FRVW SHUIRUPDQFH FRQWLQXHG

/RW VL]H +LIK& 9" 024 /IRZ & +LIJK& 9" 024 +LJK, &

OHWKRGYV
3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3

% 7 +
% 7 +

(24

33%
33%

60

LQGLFDWHY ORZHVW PHWKRG 7& SHUIRUPDQFH VKRZQ LQ EROG
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/RW VLIH +LIK& 9" IRZ &

OHWKRGV 3+ 022

2& 2 & 2 & X O
X

324
338%$
33%

60

LQGLFDWHY ORZHVW PHWKRG 7& SHUIRUPDQFH VKRZ
7TDEOH F /RW VL]ILQJ WRWDO FRVW SHUIRUPDQFH FR

,Q WKLV UHVHDUFK /8& ZDV IRXQG WR SHUIRUP EHWMW
LWHP FRVW DQG KLJK FRHIILFLHQW YDULDWLRQ ZKHGC

E 7KH VXUYH\ IRXQG WKDW RI FRPSDQLHV XVHG
IRXQG WR RXWSHUIRUP WKH PHWKRG ::$ X@GHDQIs VLV
2& ZLWE+ R | PRQWKYV 7DEOH D ,Q .DQHWTIV H[SH

IRXQG WKDW WKH 33% PHWKRG ZDV EHWWHU OLPLW
UHODWLYHO\ OXPS\ GHPDQG

)LQDOO\ IRU WKH 33% PHWKRG WKH VXUYH\ VKRZHG
WKHVH PHWKRGV EXW RXU UHVXOWYVY VKRZHG 33% WR
SURYLGLQJ WKH ORZHVW WRWDO FRVW RI DOO WKH
VKRZHG WKDW 33% RXWSHUIRUPHG WKH ::$ PHWKRG X
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DQG ORZ LWHP FRVW IRU ERWK SODQQLQJ KRULJRQ R
KLJK

7KH SHUIRUPDQFHV RI WKH UHVW Rl WKH PHWKRGV DU
GHVFULEHV WKH IDFWRU OHYHO LQ ZKLFK WKH EHVW F

OHWKRG(/RZ +LJK 3+ 3+ IRZ +LJK /RZ +LJK
% SRRU JRRG SRRU JRRG SRRU JRRG SRRU JRRG
060 JRRG JRRG JRRG SRRU JRRG SRRU SRRU JRRG
060 JRRG SRRU SRRU JRRG SRRU JRRG JRRG SRRU
60 JRRG SRRU SRRU JRRG SRRU JRRG JRRG SRRU
% 7+ SRRU JRRG SRRU JRRG SRRU JRRG ! JRRG
% 7 + JRRG SRRU JRRG JRRG SRRU JRRG SRRU
(24 JRRG JRRG JRRG SRRU JRRG SRRU ! JRRG
024 JRRG SRRU JRRG SRRU SRRU JRRG SRRU JRRG
,33% SRRU JRRG JRRG SRRU JRRG SRRU SRRU
324 JRRG JRRG JRRG JRRG JRRG SRRU SRRU JRRG
,&$ SRRU JRRG JRRG JRRG JRRG SRRU JRRG SRRU

6XSHUVFULSW LQGLFDWHY WKDW WKH PHWKRG SHUIRUPV EHWWHU

6 XSHUVFULSW LQGLFDWHY RUGHU FRVWV EHWZHHQ DQG
7TDEOH $ VXPPDU\ RI ORW VL]H PHWKRG SHUIRUPDQFH ZLWKLQ S

*HQHUDO OLQHDU PRGHO DSSURDEFK

7DEOH VKRZV WKH JHQHUDO OLQHDU PRGHO */0

GHSHQGHQW YDULDEOH DQQ® &V K3Hs 8 9§ G&OBHEER HAXW UYHD U L
DSSURSULDWH WR LQYHVWLJDWH WKH VLJQLILFDQFH

DOO PHWKRGV WKH UG DQG WK RUGHU LQWHUDFWLRC
ZHUH HOLPLQDWHG IURP WKLV DQDO\VLV 7DEOH s
DQG UHSKRWYWORWKMIDFK Rl WKH PDLQ IDFWRUV DQG WK
WKLY VWXG\ ZH KDYH GHYLVHG D QHZ DSSURDFK WR
FRPSDUHV DQG HYDOXDWHV WKH ORW VL]H PHWKRGYV |
RI WKH PRGHO DQG RI LWV IXQFWLRQ ZLOO EH GLVFX
JLUVWO\ KRZHYHU WKH H[SHULPHQWDO UHVXOWV QF
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IDFWRU DQDO\VLV RI YDULDQFH $ QDWXUDO ORJDULW
ZDV XVHG WR RYHUFRPH WKH SUREOHP RI QRQ FRQVW
VHH > @

7DEOHVY D WR F JLYH WKH VLJQLILFDQW FRHIILFLH
IDFWRUV H3FHSG IRIWQLILFDQW PDLQ HIIHFWV IRU D
SHUIRUPDQFRB+IDWWNWUIRQILFDQW IRU PRVW PHSWKRGYV

DQG 324 KRZHYHU LW ZDV QBW IO KB Q W/ C
7KLV VKRZV WKDW DOO WER& 3H [ S$HEUE P HIDAED KIMDYFHY B U \
VLIQLILFDQW HIIHFW RQ WKH ORW VL]H PHWKRGV W
LQGHSHQGHQW YDULDEOHV JLYH GLIIHUHQW SHUIRUPI
$ VLIQLILFDQW LQWHUDFWLRQ EHWZHHQ IDFWRUV $ T
PHDQ YDOXH Rl WKH GHSHQGHQW YDULDEOH GLIIHUV
WKH[ &9'LQWHUDFWLRQ LQGLFDV&EYVCMISHW GVKRQF R/IKH L
3+ 6R D VLIQLILFDQW LQWHUDFWLRQ LPSOLHV WKDW I
YDULDEOHV FRXOG EH VHOHFWHG LQ VXFK D ZD\ WKI
PLQLPLVHG

7DEOH DOVR LQGLFDWKRY 3MKRLWD®® HP HQMW R G U FADLR G
H[FHSW IRU WKH /)/ PHWKRG ZKHUH LW ZDV IRXQG WR
PHWKRGV H[FHSW )242&W 1§18 ZLIW W UDFIWILRIMQW DW WKH
IRU )24 LW ZDV RQO\ PDWIL QDR \RIOJZOVLIFRXIME WR EF
VLIQLILFDQW ZLWK WKH WKUHH PHWKRGV ,&$ ,24 DQ
ZDV LQVLJQLIZFDRL QMKHUDFWLRQ ZDV QRW VLJQLIL
PHWKRGV (24 (24 /8& 33$%$ 060 %7)8 ::$ 7KH 33%
ZDV PDUJLQDOOS VLJQLEKADMWIRU DOO RWKHU PHWKR:
OHYHO )RU PHWKRGV RWKHU WKD @ HQ24%&9DIDe/ 324
VLIQLILFDQW DW WKH RU OHY B OY[&PL QDD KL NKKCH
VLIJQLILFDQW IRU DOO PHWKRGV H[FHSW IRU )24
7KH )24 PHWKRG KDV DQ DGGLWLIRQD DK H QREIH.SH GIGIH® \
024 ZDV VLJQLILFDQW DQG WKHUH ZHUB+RWXHU VL
$89[ 02D@®'[ 024 7KDW LV WKHORR HSIHISH.GI@W RRY WKH
3+ $89 DQG &9



7TDEOH $ VXPPDU\ RI XQEDODQFHG $129% */0 UHVXOWV IRU ORW VL]H SDUDPHWHUV S YDOXHV

JDFWRU%W7+ %7+ (24 (24 )24 ,&$ 24 ,33% 1)/ /18& 324 33% 33% 60 060 060 %
2& R RRRR RRRR RRR R RRR R RRRR RRR2222 R RRR R RRR
3+ R RRRR RRR R RRR R RRR R RRR2 222 R RRR2 222 R RRR
$89 R RRR R RRR 2 222 2222 R RRRR RRRR RRRR RRRR RRRR RRRR RRR R RRR
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$V UHSRUWHG DERYH WKH VLJQLILFDQW WHUPV ZHUH
)24 ,Q WKH QH[W IHZ VHFWLRQV ZH H[DPLQH IRU HDF
RQ WKH WRWDO FRVW

7KH HIITHFW RI DQQXDO XVDJH YDOXH

JURP 7DEOH D WKH BRHILVFERQMWRYHORDG VLPLODL
DSSUR[LPDWHO\ H[FHSW )24 DQG /)/ +RZHYHU Ii
FRHIILFLHQW LV RIIVHW E\ D $BHJDDL I Hi &FIRWLIQ EFILHDQAM \
WKLV HIIHFW UHGXFHV )RU )24 D®689LY WKFAKFA@REZIHBL!
DQG UHVSHFWLYHO\ EXW WKHUH LV QR VXFK RII
GLIIHUHQFHV RQO\ LQ FSFOHIRUF IHDFW VR DIQBRIRAK H
FRHIILFLHRBOR/I ORZHU IRU KLJKHU RUGHULQJ FRVWV

7KH HIITHFW RI RUGHULQJ FRVW

7KH FRHIILREH@FVYHDVH ZLWK RUGHULQJ FRVW DV HJ[!
OLQHDU ,Q SDUWLFXODQZ &WK D GG || HUW @PH EHW WKIDQ
DGMDFHQW RUGHULQXR &ERWWV RMPEOWLIQRILFDQW IRU
LQWHUDEMIIRRIRY VKRZV WKDW WKH BRB GHFIUHPAMHR | DDV
LQFUHDVHVY 7DEOH E 7KLV LV WR EH H[SHFWHG |
SURSRUWLRQ RI LWHP FB\WALV7RLVHMX GWFR XD QKDHD G
LWHP FRVW ZKLFK VWULFWO\ GHSHQGV RQ ZKHWKHU \
KLIJREULY QHHGHG WR RUGHU WKLV SDUW

7KH HIITHFW RI WKH FRHIILFLHQW RI YDULDWLRQ |

,Q WKLV VWXG\ WEE' ERHSRVFILWOYWH R2' HLDHKLEKHKHU \
FRVWV +RZHYHU WKH SRVLWLYH FRHIILFLHQW LV R
$89[ &9'L H IRUSODUWKWH FRHIBOF LEKWRRPRIV QHJIDWLY!
VXJIJHVWHG WKDW WKH UHDVRQ WKDW WKLV PD\ GLIIH
VWXG\ DFWXDO GDWD ZHUH XVHG ,Q RWKHU ZRUGV W
OXPSLQHVV LQ WKH DLUFUDIW PDLQWHQDQFH HQYLUF
DQG UHVXOWYV ZKHUH IDFWRUV DQG GHPDQG GDWD DL
WKDW WKHUH DUH PLQRU GLIIHUHQFH\W & Q @BKHWHI AR H
WKH\ DUH VLJQLILFDQW &EXWQ PUKHHD RMA KUK QMW IR LILF
DQG LV XVXDODA KIXEBUWRU 6R DV RUGKAUKDRY PRVUW
LPSDFV&ID®BGNHYV PRUH GLIIHUHQFH IRU D VKRUWHU SC



&KDSWHU 6HYHQ 053 ORW VL]LQJ PHW

)24 JLYH D QRIPWHYIHFLHQW EXW WKHBWHDXMHOOWRY QO
PRUH QHJDBBWINTEKDRUWR TKH2EQWHYD¥WRRQGRWR EH
VLIQLILFDQW ZLWK WKH ,&% ,24 DQG ,33% PHWKRGYV

EDVHG RQ WKH LQFUHPHQWDO YHUVLRQ RI PHDVXUHF
LQFUHPHQWDO FRVWV VDYLQJV JHQHUDWHG E\ FRPEL
FXUUHQW UHTXLUHPHQWY LQ WKH VDIPGFR H 8HIUMDMOQR
FRVW FUHDWHG E\ WKHLU LQFOXVLRQ LV OHVV WKDQ
SHULRGTV UHTXLUHPHQW

7KH HIIHFW RI SODQQLQJ KRULJRQ

$ SODQQLQJ KRUL]JRQ RI PRQWKVY UHGXFHV 3RWDO
HTXDO WR ZHHNV EXW WK % HQR LD M VX VIXDGLF\D O
YHU\ LQWHUPLWWHQW GHPDQG WKH DGYDQWDJH RI D
WKH SDWWHUQ LV WKH VDPH EXW LV H[DJJHUDWHG 7
DGYDQWBHI)RIO WR LV RIVRW E\OEROIHIJH

7KH HIITHFW RI PLQLPXP RUGHU TXDQWLW\

7KH )24 PHWKRG LQFOXORMY DR RWKUIHSIFOFW RWY UHV X
7DEOH DOO WKH PDDQ4HDHAWVLIKQF®XGQRILFDQW D
LQWHUDPFWILRQY MREH|[ 024D @®D'[ 024 )XUWKHU DQDO\VLV
LQWHUDFWLRQV DUH VKRZQ LQ 7DEOH FO2B Q& KGIH P F
ORZHU WKH WRWDO FRVW ZL®®IEGOPRUH VR ZLWK KLJ

7TDEOH F &RHIILFLHQWYV RI PRGHO ILWWHG WR )24 GD

024
0 HWKRG 2& 022

FRHIILFLHQZW& 28 2 & 28

3+ 022
/RJ $89 022% 9" 022
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/IRW VLIH SUHGLFWLY3&E6RVW PRGHO

7KH ORW VL]H SUHGLFWLYH FRVW PRGHO DV LWV QD
RSWLPXP FRVW RI DQ\ LWHP VHOHFWHG WRJHWKHU ZL
%\ HOQWHULQJ LQ WKH SUHSDUHG GLDORJ ER[ 2®& KH OF
3+ $89 &bPQQWR2 VHH )LIJXUH @ WKH DGDSWHG YLV
9%% UXQV WKURXJK D FRPSOH[ VHULHV RI FDOFXODW|
VWDWLVWLFDO SURFHGXUH */0 ILWWHG WR WKH GDWD
ORJ WRWDO FRVW IRU DQ\ JLYHQ VHW RI IDFWRUV DQ
XVHG DUH VOLJKWO\ GLIITHUHQW WR WKRVH JLYHQ L«
HOLPLQDWHG RQH E\ RQH 7KHVH FRHIILFLHQWY DUH

VHYHQWHHQ ORW VL]H PHWKRGYV 7KH SUHGLFWLYH FR
ORW VL]H PHWKRG EDVHG RQ WKH ORZHVW WRWDO F
VHFRQG 7KH SURFHVV PD\ EH GHPRQVWUDWHG E\ WKH

,OOXVWUDWLYH H[DPSOH
JRU WKLV H[DPSOH WKH )24 PHWKRG LV VBEDHHARAWHG D

DVVXPHV IDFWR& YDDXHYV $RIO OR89 &9
o) D QG
7DEOH UHPLQGV XV WKDW WKH )24 PHWKR&S8&DV IL

&9' DQP®@2 DOO LQWIHUDKMY ZANDQESWKRID @RI IDFWRUYV
ZLOO DOO GHSHQG RQ WKH OHYHO RI0®@X H CBOMDQIMAVQY
ERWK$ORDQE®' 7KH FRQVWDQW WHUP LQ WKH ILWWHG
HVWLPDWHG SDUDPHWHUV IROORZ

(IIHFWE&RI... LV JLYHQ E\

(IITHFW+RI SHULRGV LV JLYHQ E\

&RHIILFLH®WIRM ORJ

&RHIILFL&9Q WR |

&RHIILFIORQWVR |

$GGLWLRQDO FR#BIOLRUHEIW RI| ORJ

$GGLWLRQDO ERHIRLUFRHQW R

$GGLWLRQDO GRHIRWFBRHQW RI

&RHIILFLH®89[RO AR J

&RHIILF L&HOQMWO R2
7KH HVWLPDWHG ORJ WRWDO FRVW LV WKHQ JLYHQ DV



&KDFBWG6HYHQ 053 ORW VL]LQJ PHW

IRJ 7& [

7KH ORJ WRWDO FRVWV HVWLPDWHG LQ WKLV ZD\ IR
GLVSOD\HG LQ DVFHQGLQJ RUGHU DV LQ )LJXUH
$SSHQGL[ ( DQG IRU GHWDLOHG IXQFWLRQ GHVFULSW

AMBM[@

M § gOH (GLW 9LHZ ,QVHUW )RUPDW ORROV '‘DWD :LQGRZ +HOS
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GLVLDOL , 2. y. 8§ tOLFWR!ROO (OLFHL /RW

JLIXUH BUHGLFWLYH FRVW PRGHO GLDORJ ER]

'LVFXVVLRQ DQG FRQFOXVLRQV

7KH UHVXOWYV RI WKLV LQYHVWLJIJDWLRQ OHDG XV WR
EHOLHYH WKDW RXU FRQFOXVLRQV ZLOO DVVLVW LQ
DQG IDFWRUV IRU WKH GHPDQG OLNHO\ WR EH HQFRXC



&EKOEWHU 6HYHQ 053 ORW VL]LQJ PHW

OHWKRGYV HYDOXDWLRQ

$ ODUJH QXPEHU RI DLUOLQH FRPSDQLHV VWLOO XVH
/I )24 /8& 33% DQG 33% ZLWK OLWWOH RU QR DSSI
PHWKRGV XVHG LQ WKLV VWXG\ ,QGHHG VLPSOLVWL
VXFK DV /)/ (24 DQG )24 DUH WKH PRVW FRPPRQO\ H
ZKR EHOLHYH WKDW WKH LPSOHPHQWDWLRQ RI DQ\
HQYLURQPHQW ZRXOG EXLOG XS DQ XQQHFHVVDU\ LQ
HYLGHQFH WKDW WKH XVH RI WKH /)/ )24 DQG (24 PHW
PDLQWHQDQFH LQGXVWULHV ZKHUH D KLJK YDULDWL
PHWKRGY FRQVLVWHQWO\ FUHDWH KLJK FRVW DQG S
UHPDLQLQJ SRRU DV WKH GHPDQG YDULDELOLW\ LQFI
(24 PHWKRG ZKLOH PDQ\ DLUOLQH RSHUDWRUV VWL
FRPSDQLHV $FFRUGLQJO\ LW LV UHFRPPHQGHG WKI
WKHVH PHWKRGV :H ILQG WKDW WKH /)/ WHFKQLTXH
KLJK FRVW LWHPVY DOUHDG\ UHDOLVHG E\ D IHZ D
SHUIRUPDQFH RI (24 G&OWHWQIFRHDWHYJ DRH /)/ KDV

SHUIRUPDQFH LPSURYHPHQW DV GHPDQG$BHBRBHORAX
RUGHU FRVW LW HYHQ RXWSHUIRUPV WKH ::$ DQG 060

(YLGHQFH HPHUJHV LQGLFDWLQJ WKDW WKH LPSOHPH
ZRXOG EH WKH PRVW EHQHILFLDO RUGHU PHWKRG L
UHYHDOV WKDW ERWK PHWKRGV ZHUH FRQVLVWHQWO
ZDV PRVW SURQRXQFHG ZKHQ GHPDQG®9ISDWWHWEW ZH
VHOHFWLRQ Rl RWKHU PHWKRGV PLJKW VWLOO EH X
FHUWDLQ VWUHQJWKY XQGHU GLIIHULQJ HQYLURQPHQ!

6WDWLVWLFDO DQDO\VLY DQG SUHGLFWLYH FRVW I

,Q DGGLWLRQ WKLV UHVHDUFK VKRZV WKDW WKH OHY
WRWDO LQYHQWRU\ FRVW 7KH UHVXOWYV LQEILLFODQVH W
FRVW LV VLIJQLILFDQW WKDW DV GHPDQG YDULDELO
LQFUHEV KDY PRUH HIITHFW ZLWK D ORQJ SODQQLQJ K
VKRUW RQH RI PRQWKY 7KLV ZDV REVHUYHG LQ PR
DQG 060 7KH DQQXDO XVDJH YDOXH IDFWRU WRR KD\



&KDSWHU 6HYHQ 053 ORW VL]LQJ PHW

ORW VL]LQJ SHUIRUPDQFH $HQHQPWWHNYV DY WQ RDHD ¥R
H[SHFWHG KRZHYHU WiOH L) FRFWD VHAVG XFHV DV

)LQDOO\ DV PDQ\ DYLDWLRQ FRPSDQLHV ZHUH IRXQG
RI ORW VLIH PHWKRG FDOFXODWLRQV > @ WKLV V!
GHILQLQJ WKH UHODWLRQVKLS EHWZHHQ WKH WRWDO
RUGHU WR HQDEOH WKH PDQDJHPHQW SUDFWLWLRQH!
GHPDQG IOXFWXDWLRQV $V VXFK D PRGHO ZDV SUHVI
HDUOLHU FRXOG EH RI JUHDW EHQHILW WR DLUOLQF
RUJDQLVDWLRQV W ZLOO HQDEOH WKHP WR VHOHFW
WKDW EHVW PHHWV WKHLU F\FOLFDO GHPDQG IRU S
YDULDWLRQV RI IDFWRU LQSXW IRU H[DPSOH LQ WKH
2Q0H GLUHFWLRQ Rl IXUWKHU UHVHDUFK KRXBWUWAR
'LVFRX@WMFKDVH 'LVFRXQWY IDFWRU DQG DQ H[DPL
DGGLWLRQDO SDUDPHWHU RQ ORW VL]LQJ PHWKRG SH
PRGHO SUHVHQWHG KHUH

$OWKRXIK ZH KDYH XVHG GDWD IURP RQH SDUWLFXOI
WKHVH ILQGLQJV PD\ EH DSSOLFDEOH HOVHZKHUH DV
GHPDQG SDWWHUQV DV DLUOLQHYV



&K®O®HWHU (LIKW 6SDUH SDUWYV IRUHF

63$5( 3$576 )25(&$67,1*

,QWURGXFWLRQ

I HPDQG IRUHFDVWLQJ LV RQH RI WKH PRVW
PDQDJHPHQW )RUHFDVWV ZKLFK IRUP WKH ED\
OHYHOV DUH SUREDEO\ WKH ELJJHVW FKDOOHQ

DV WKH RQH FRPPRQ SUREOHP IDFLQJ DLUOLQHV WKL
WKH VKRUW WHUP SDUW GHPDQG IRUHFDVW ZLWK WK
KLJK FRVW Rl PRGHUQ DLUFUDIW DQG WKH H[SHQVH
HQJLQHV DQG DYLRQLFV FRQVWLWXWH D ODUJH SDL
RSHUDWRUV 7KHVH SDUWV WKRXJK ORZ LQ GHPDQ
XQDYDLODELOLW\ FDQ OHDG WR H[FHVVLYH GRZQ WLI
GHDO ZLWK LQWHUPLWWHQW GHPDQG ZKLFK WHQGYV '
JHUR YDOXHV 7KLV WRSLF KDV UHFHLYHG H[WUHPH
LQGXVWU\

JRUHFDVWLQJ WKH GHPDQG IRU SDUWV ZLWK KLJKO\
PDLQ REMHFWLYHV VLQFH VRPH RI WKH WUDGLWLRQD
VXFK ODUJH HUURU PDUJLQV WKDW LQ PDQ\ FDVHV
PDQDJHUV ILQG WKHP XVHOHVV ,Q RXU UHFHQW VXU"
RDLUOLQH PSHADDYQVMRWEDQFH VHUYVLHWHRDDD ORV B RQ R
ZHUH PHQWLRQHG LQ UHODWLRQ WR GHYHORSLQJ VH
PRVW FRPSDQLHV IHOW WKH VHUYLFH SDUW IRUHFDV\
VXFK WKH\ WULHG WR RXWJXHVV WKH IRUHFDVW 6H
LPSOHPHQW WKH 053 V\VWHP WKH VHUYLFH SDUW |
VIVWHP ZLWKRXW DQ\ UHYLHZ DQG ILQDOO\ ILUPV P
GHYHORSPHQW RI UHOLDEOH IRUHFDVWV RZLQJ WR Wk
H[SHULHQFHG HUUDWLF RU OXPS\ GHPDQG

7KH PDLQ VSHFLILF REMHFWLYHV LQ WKLV UHVHDUFK

f 7R DQDO\WH WKH QDWXUH DQG VRXUFHV RI D OXP:

f 7R FRPSDUH WKH SHUIRUPDQFH RI IRUHFDVWLQJ F

GRPDLQ RI DSSOLFDELOLW\ DFFRUGLQJ WR OHYHO



&KDSWHU (LIJKW 6SDUH SDUWYV IRUHF

DSSOLHG WR D FRPPRQ@ VDHPSOKRKDSWHU WZR®
FRPSRQHQWYV
+ 7R DQDO\WH WKH EHKDYLRXU RI GLIIHUHQW IRUH
OXPS\ DQG XQFHUWDLQ GHPDQG ZH DUJXH WKDW
PHWKRG VKRXOG YDU\ ZLWK WKH OHYHO DQG W\SH
OXPSLQHVYV
$ )LQDOO\ EDVHG RQ WKH IRUHFDVW DEFXUDF\ PH
VWDWLVWLFDO DQDO\VLY D SUHGLFWLYH PRGHO |
WKLUWHHQ IRUHFDVWLQJ PHWKRGV DQDO\VHG

ILWHUDWXUH UHYLHZ

7KLV VHFWLRQ LQYROYHG WZR GLVWLQFW IRFXVHV ZK
SDUW ZLOO FRQVLGHU WKH YDULHW\ RI OLWHUDWXU
GHPDQG 7KH VHFRQG ZLOO GLVFXVV WKH SUDFWLFDC
GHPDQG LQ WKH DLUOLQH LQGXVWU\

SHODWHG UHVHDUFK

,Q RUGHU WR GHWHUPLQH VXLWDEOH VSDUH SDUW LQ
VFKHGXOHV DQG SDUWV IRUHFDVWLQJ WKDW IHHG LQ
GHPDQG LV UHSRUWHG DV D PDMRU SUREOHP E\ VRP
LPSOHPHQWHG WKH 053 VIVWHP 7KLV LV GXH WR WKH
WKH DLUOLQH VHFWRU ZKHUH VXFK DQ LQWHUPLWWHDQ
WKDW DSSHDU DW UDQGRP LQWHUYDOV OHDYLQJ P
OLWHUDWXUH LQFOXGHV D UHODWLYHO\ VPDOO QXPE
GHPDQG XQFHUWDLQW\ SUREOHP > @ :DWVR
DYHUDJH DQQXDO LQYHQWRU\ FRVW UHVXOWHG IURI
SDUDPHWHUV RI VHYHUDO OXPS\ GHPDQG SDWWHUQV
WKH &URVWRQ PHWKRGY DUH WKH PRVW IUHTXHQWO\
GHPDQG > @ ,Q SUDFWLFH WKH VWDQGDUG PHWK
LV WKH VLQJOH H[SRQHQWLDO VPRRWKLQJ PHWKRG

WH[WV VXJJHVW WKH OHVVHU NQRZQ DOWHUQDWLYH F
VWXG\ -RKQVWRQ DQG %R\ODQ > @ XVLQJ D ZLGH UI
DQ LPSURYHPHQW LQ IRUHFDVW SHUIRUPDQFH XVLQJ



&KDSWHU (LIKW 6SDUH SDUWYV IRUHF

ZLWK WKH VWUDLJKW +ROW (:0$ PHWKRG 2Q WKH RW
H[SHULPHQWDO VLPXODWLRQ IRXQG WKDW (:0$ DSSHD
OXPSLQHVV :LOOHPDLQ HW DO > @ FRQFOXGHG WK
VXSHULRU WR H[SRQHQWLDO VPRRWKLQJ XQGHU LQW
RWKHU PHWKRGVLOKBK D\D&QKBURPHWKRGY ZHUH XV
IRUHFDVWLQJ LQWHUPLWWHQW GHPDQG %RWK PHWKR
UHVXOWV > @ DQG IRU WKDW UHDVRQ QHLWKHU LV L
=KDR DQG /HH > @ FRQFOXGHG LQ WKHLU VWXG\ V
LQFUHDVH WRWDO FRVWV DQG UHGXFH WKH VHUYLFH
VHOHFWLRQ RI IRUHFDVWLQJ PHWKRG KDV D VLJQLILF
UHVXOWV VKRZ WKDW IRUHFDVWLQJ HUURUV LQFUHDV
IDFW WKDW WKH H[LVWHQFH RI IRUHFDVWLQJ HUURU |
EHHQ UHSRUWHG LQ VHYHUDO RWKHU VWXGLHV >

$LUOLQH IRUHFDVWLQJ VA\VWHPV UHYLHZ

'HPDQG IRU DLU WUDQVSRUW YDULHV ZLWK WLPH DV I
LQ GDLO\ ZHHNO\ DQG DQQXDO GHPDQG ZKLFK UH\
FRPSHWLWLYH PDUNHW LQ ZKLFK PRVW RSHUDWRUV (
WKHVH SHDNV DV IDU DV LV UHDVRQDEO\ SRVVLEOH

PD[LPLVHG DW WKHVH SHDNV DQG WKH PDLQWHQDQFH
UHTXLUHG IRU FRPPHUFLDO DFWLYLWLHV > @ 7KH FR
DLUFUDIW PDLQWHYDBDFWHGHRQHEXU UHFHQW DLUOLQH!
ILQGLQJV ZHUH SRWHQWLDOO\ KHOSIXO IRU FDUU\LQJ

7KH VXUYH\ VKRZV WKDW D VPDOO QXPEHU RI FRPS
IRUHFDVWLQJ V\VWHP RI WKRVH KDG GLIILFXOW\ LC
WKHVH FRPSDQLHV ZHUH ORRNLQJ IRU D EHWWHU IRU
DYLDWLRQ LQGXVWU\ WKH XVDJH SDWWHUQV IRU PR\
IXWXUH GHPDQG E\ FRQVLGHULQJ DYDLODEOH PDLQWI
DW VFKHGXOHG PDLQWHQDQFH SODQV VRPH FRPSD
H[SHQVLYH SDUWV URWDEOHV UHSDLUDEOHYV JRUHF
SDWWHUQV VXFK DV I10\LQJ KRXUV RU SDUWV GHPDQG
DOO GHSDUWPHQWY LQ WKH WHFKQLFDO GLYLVLRQ
IRUHFDVWHG IOLJKW KRXUV F\FOHV WKH QXPEHU DQG



&K®O®WHU (LIKW 6SDUH SDUWYV IRUHFI

DQG WKH IOHHW VL]H SXWU¥FKDVKIOVW GBI IHMWNHRQ 8/HW H U
TXDQWLW\ RI VWRFN QHFHVVDU\ IRU WKH SDUWLFXOD!I
DLUFUDIW DUH LQWURGXFHG WKH DLUIUDPH DQG HC
UHFRPPHQGHG VSDUHV SURYLVLRQLQJ OLVWLQJ 563/
KRXUV ZKLFK LQFOXGH IRUHFDVW XVDJH LQIRUPDWLR!
PDLQ EDVH IORDW WR PDLQWDLQ DLUFUDIW $OVR WK
SURYLGH RYHUKDXO PDQXDOV IRU FRPSRQHQWYV ILW
DVVHVVPHQW RI SLHFH SDUWV UHTXLUHG EDVHG RQ |
FRPSRQHQWVY RSHUDWLRQDO DQG OLIH OLPLWV 2W
(QILQHHULQJ ODQDJHPHQW ,QIRUPDWLRQ 6\VWHP 0(O,!
IRUHFDVW PHWKRGV ZKLFK PDLQO\ XVH DQ H[SRQH
RSHUDWRUYV DOVR XVHG $GYDQFHG ODWHULDOV $OORF
LV XVXDOO\ GHYHORSHG LQ KRXVH DQG LV D IRUHFDVW

7KH VHUYLFH OLIH RI FRPSRQHQWY LV DQRWKHU IR
SODQQLQJ LV EDVHG DURXQG I0\LQJ KRXUV ORUH FRP
WKH PDMRU IDFWRU IRU WKHLU IRUHFDVWLQJ RI GHPD
EHWZHHQ UHPRYDO RYHUKDXO 07%5 2 LV XVHG IRU IR
ODLQWHQDQFH VHUYMWW RMMRIDRUWMBDNWQXLWK WKH KH
GHSDUWPHQW H J HYHU\ VL[ PRQWKY RU RQH \HDU
UHSDLUV :LWK WKLV LQIRUPDWLRQ WRJHWKHU ZLWK S
VXSSRUW WKHLU WXUQ DURXQG WLPHYV

)W ZDV IRXQG WKDW PRVW FRPSDQLHV UXQ WKHLU IR
+RZHYHU IRUHFDVWLQJ V\VWHPV JHQHUDOO\ GHSHQG F
WR DLUFUDIW SDUWV EHLQJ SUHH IGQ A RUMHEGEKGIIUWD R @ PIRIC
XQSUHGLRWDBOKWHPY IRUHFDVW WKH\ ORRN DW ZKDW
GR WKLV PDQXDOO\ EHFDXVH WKH\ DUH RQO\ PDQDJLQ
ZKLFK PDNHV XS DERXW RI WKH FRVW %HVLGHV I
XVH DQ DGGLWLRQDO SODQQIS®DRFEPWEY Q@DBHES MAW
SHUFHQWDJH RI UHPRYDOV 2QFH WKH\ EHOLHYH WKDV
IURP SURGXFWLRQ GHSDUWPHQWY WKH\ VWDUW WR R
RQO\ D IHZ LWHPV VXFK DV ZKHHOV DQG EUDNH SDU
H[SHULHQFH GLIILFXOWLHV LQ UHODWLQJ LQVXIILFLHQ
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WR VXLW WKHLU ZRUN HQYLURQPHQW DQG QHHGV 6R
WKH PDMRU SUREOHP KHQFH DQ LQDELOLW\ WR VWRF
WLH LQ WR IRUHFDVWV HVSHFLDOO\ LQ WKRVH FRF
PDMRU DLUFUDIW W\SHV DQG KDYH ODUJH IOHHWYV 2V
EXW WKDW WKH\ DUH ORRNLQJ IRU RQH WKDW LV PRUFL
$ EHWWHU IRUHFDVWLQJ VI\VWHP LV VWLOO QHHGHG IF

'"HPDQG IRUHFDVWLQJ WHFKQLTXHYV

7TKLUWHHQ IRUHFDVWLQJ PHWKRGYVY KDYH EHHQ FRQVI
DFFRUGLQJ WR WKH NLQG RI WLPH VHULHV W\SH WKH\
GHVLIQHG WR SURYLGH D PHDQV WR DQDO\VH KLVWF
UHTXLUHPHQWY RU GHPDQG 7KH PHWKRGV XVHG LQ W

6HDVRQDO GHPDQG

'LQWHUYV PHWKRG $: O0:

'LQWHUJV PHWKRG > @ LV D IRUHFDVWLQJ WHFKC
H[KLELWLQJ WUHQG DQG VHDVRQDOLW\ 7KLV PHWK
LQFRUSRUDWHY D QXPEHU RI DGMXVWPHQWY IRU WKH
WZR W\SHV RI VHD\DRGEGOLOVHPYMIHRA DKQLFK DVVXPHV Wi
HIITHFWV DUH RI| FRROVOWMDLGW AW BDAHE KDL FK DVVXPHV W
HITHFWV DUH SURSRUWLRQDO LQ VL]H WR WKH ORFL
'LQWHUJVY PHWKRG EHFDXVH ZH DVVXPH WKDW HLWKH
HIITHFW WKH UDWH Rl FKDQJH EHLQJ HLWKHU DQ LQFU
7R GHPRQVWUDWH WKLV PHWKRG 62HU 8 B WH §HDWR QIX®
Rl VHDVRQV LQ WKH WLPH6BHULHWRUIRR Q%X OWED@® G D
IRU ZHHN®3/GDWD,Q WKH PXOWLSOLFDWLYH FDVH ZK
XVHG WKH XSGDWLQJ HTXDWLRQV DUH

JON ... N7 60 NBS
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‘KHUH

'H FDQ XVH WKH IRUHFDVWLQJ I XQRNWLEP@ IS¢ HTR® WR E
LQWR WKH IXWXUH ZBKRGHUIKH IRUHFDVW IRV WLPOVOEHU

REWDLQHG LQ HTXDWLRQ E\' PXOWLSO\LQJ WKH F
W N JLYHQEY\ WKAHWPRVW UHFHQW HVWLPDWH RI WK
WKLV WLPHJISHUQ EGOMKNMBSYPRRWKLQD $DWQISPHWHEBND

HTXDWLRQV DQG FDQ DVVXPH DQ\ YD
D

7KH H[SHFWHG EDVH OHYHO RI WWH WSEHDWHGLHY HOD)
ZKLFK WDNHV D ZHLJKWHG DYHUDJH Rl WKH IROOR?Z

7B :KLFK UHSUHVHQWYV WKH H[SHFWHG EDVH
SHUWMRBIRUH REVHUYLQJ WKH DRPWNXLDOMY EO'XH DW

W S
WLPH VHULHV DWMWHP HR BENVHRIW RIGQ J

7TKH HVWLPDWHG SHU SHVLRSGIWWHQGXYLRLRWRUTXDWLRQ

VHDVRQDO DGMXVWPHQW IDFWRU IRU HDFK WLPH SHU|I
WDNHV D ZHLJKWHG DYHUDJH RI WKH IROORZLQJ WZR 1

6 BSKLFK UHSUHVHQWYV WKH PRVW UHFHQW VHDV|
WLPH SWMRFIEFXGV
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2 KLFK UHSUHVHQWY DQ HVWLPDWH RI WKH V

SHUWMBGBGVHU REO/JHUYLQJ

(TXDWLRQV WR FDQ UHDGLO\ EH DGDSWHG IRU W
DQG EHFRPH

) N ( N7 60 NBS
( DAW 6 BS 2 D ( 7 BW

60\ 'O (O O \ 60BS

6HDVRQDO 5HJUHVVLRQ ORGHO 650

7KH 6HDVRQDO 5HJUHVVLRQ ORGHO > @ LV DQRWKHU
VHULHVY IRU PRGHOOLQJ GDWD ZLWK VHDVRQDO HIIHFW
IXQFWLBWKDW GHVFULEHV WKH WUHQG FRPSRQHQW RI
DGMXVWPHQWUDHFWRUVHDVRQ LV PDGH E\ DYHUDJLQJ
WR LWV WUHQG HVWLPDWH IRU REVHUYDWLRQV LQ OLI!I
\HDU 7KH IROORZLQJ PRGHO LV WKHQ XVHG WRWDNH

ZKHYVHV WKH VHDVRQDO DGMXVWPHQWWDFWRU DVVRF

< I W \6
| W % % |

'KHUHWHSUHVHQWY D UDQGRP GLVWXUEDQFH WHUP
8VLQJ D OLQHDU WUHQG IXQFWLRQ LQ HTXDWLRQ

IXQFWLRQ ZHUH FRPSXWHG XVLQJ RUGLQDU\ OHDVW V1
+HUH DJDLQ WKH UHVXOWV ZH REWDLQ XVLQJ WKLV I
([FH® RO Y, QUS D UW L FeRIDILMWUZMVER V'V L E OVHL P R VG BRI Q
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OHDVW VTXDUH HVWLPDWHV RI WKH FRHIILFLHQWYV LC
DGMXVWPHQW IDFWRUV DV ZHOO

&RPSRQHQW VHUYLFH OLIH UHSODFHPHQW WHFK!

7KH XVHV RI VHUYLFH OLIH WHFKQLTXHV UHTXLUH HVW
WKH SDUW O07%5 07%2 GHULYHG IURP KLVWRULFDC
ODQGLQJV )JXWXUH VSDUHV GHPDQG LV WKHQ DVVXP
IO\LQJ KRXUV

07%5 DQG 07%2

OHDQ WLPH EHWZHHQ UHPRYDOV LV D VWDWHPHQW R
WKH VXPPDWLRQ RI LWV GHPDQG SHUIRUPDQFH WKH
PDOQXIDFWXUHU RU WKH DLUOLQHYV RZQ HQJLQHHULQ.
YDU\ ZLGHO\ DQG FDQ EH XVHG IRU GHYHORSLQJ FRF
EDVLF PRGHO > @ FDOFXODWLRQ XVHG LQ WKLV VW
SDUDPHWHUYV

3 B RI DLUFDYHMNWDJH IOLJKW WRXWY SHU DLW UDIW
07%9 OHQIJWK RI WLPH RYHU ZKLFK WKH IOLJKW KR

7KH GHPDQG KLVWRU\ 10\LQJ KRXUV LV WKH PDWKHPEL
GHQRPLQDWRU PXVW DOZD\V FRUUHVSRQG WR WKH OF
DUH DYHUDJHG $YHUDJHG IOLJKW KRXUV PD\ UDQJH I
ZH DVVXPHS& MKMW WR DQG 7DEOH LOOXVW
07%5 UDQJHV

0DQ\ DLUOLQH RSHUDWRUV KDYH GLIIHUHQW 07%5 D
RSHUDWLRQDO XVDJH 7KLV ZRXOG LQFOXGH KRZ RIW
OHQJWK RI WKH UXQZD\ KDUGHU XVH RI EUDNHV DQG :
WHPSHUDWXUHVY 6RPH RSHUDWRUV SHUIRUP PRGLILED
RYHUKDXO $QWHH R (FMPRUQI ZDV KRXUV EXW IROOR
WR WKH EHDULQJV WKH RYHUKDXO OLIH LQFUHDVHG
+RZHYHU DV D FRPSRQHQW JHWV ROGHU WKLV ZLOO
7KXV FRPSRQHQW IDLOXUH UDWHV LQFUHDVH DV WKH
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"HLIKWHG &DOFXODWLRQ RI '"HPDQG 5DWHV :&'5

7KH PRYLQJ DYHUDJH IRUHFDVWYV IDU® \ZIHPLLIKDWH G HAH
SUHYLRXVO\ WHVWHG E\ ODUNODQG > - DQG NQRZQ L
EDVHG XSRQ WKH DVVXPSWLRQ RI D FRQVWDQW GHPD
EHWZHHQ SDVW DQG IXWXUH GHPDQG SRSXODWLRQYV
DFWLYLW\ LQ HDFK SHULRG 7KH WRWDO GHPDQG IRU I
GLYLGHG E\ WKH WRWDO DFWLYLW\ RI WKH DLUFUDIW
IRUHFDVW UDWH 7KH IRUHFDVW IRU D IXWXUH SHUL
DYHUDJH IRUHFDVW UDWH E\ WKH SODQQHG DFWLYLW\
7KH WRWDO QXPEHU RI GHPDQGYV GXULQJ WKH H[SHUL
10O\LQJ KRXUV WR JLYH DQ DYHUDJH GHPDQG UDWH 7K
SODQQHG QXPEHU RI 10\LQJ KRXUV IRU WKH SUHGLFWL
RI GHPDQGY VR WKH FXUUHQW PHWKRG FDOFXODWHYV

6 D
'HPDQG UDWHON

¢ 9%

‘KHUH
= GHQRWWREWHWUHBIYHG QXPEHU RI GHPDQGV GXULQJ W

IK REVHUYHG 10\LQJ KRXUV GXULQJ WKH H[SHULHQFH

N WKH QXPEHU RI TXDUWHUV PRQWKV RU ZHHNV LQ\
JRUHFDVWY DUH WKHQ PDGH E\ VLPSO\ PXOWLSO\LQJ W

SUHGLFWHG GHPDQGVOKOMNMHPDQG UDWHO N

IK NSUHGLFWHG 10\LW 8 IKRVWOUWHIRH WLRIG

$ VLPSOH zZzD\ WR PDNH WKLV PRGHO PRUH UHVSRQVL
PRUH KHDYLO\ WKDQ ROGHU REVHUYDWLRQV
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‘'HPDQG UDWHON

$ .DOPDQ ILOWHULQJ DSSURDFK > @ \DXJJHVWV ZHLJK\

'HLIKWHG 5HJUHVVLRQ 'HPDQG )RUHFDVWHUV :&

7KLV PHWKRG > @ FRQVLGHUV IRUHFDVWY EDVHG RQ |
HLIKW TXDUWHU ZLQGRZ D UHJUHVVLRQ PRGHO LV ILV

$ $%

$ PRGHO LV WKHQ XVHG WR SUHGLFW WKH GHPDQGV I/
7KH GHSHQGHQW YDULDEOH LQ WKLV VWXG\ LVKWKH I/

LOQOGHSHQGHQW YDULDEOHY DUH DVVXPHG WR KDYH DI
SFDXVHG® WKH UHVXOWY REVHUYHG LQ WKH SDXMW ,Q

WKH PDLQ LQGHSHQGHQW YDULDEOH 7KLV PD\ FRQW!
GDWD DV VKRZQ LQ HTXDWLRQ WKURXJK WKH DSS
7KH ZHLJKWHG UHJUHVVLRQ IRUHFDVWHU LV VSHFLILH
REVHUYDWLRQ RI WKH PRVW UHFHQW HLJKW TXDUWHL

KRXUV LQ WKH VHTXHQFH GM G G DQG IKL IK
IDFWRUV XVHG ZRXOG EH ZL Z DQG Z WR DVVLJQ
TXDUWHUV E\ VHWWLQJ WKH ~ZM" HTXDO WR L
Z Z z Z Z

Z DQG Z f

7TKH VXP RI "~z °
/IHW WKH QRWDWLRQ A EH GHILQHG WR PHDQ WKH

ZHLIJKWHG PHDQ GHBDYQHQ E\
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DQG WKH ZHLJKWHG PHDQ IOV MLEEKRXUV LWHP SURJUL

» ;;ZZ$
‘H GHILQH

; , 1 GI$Z G Z;, Z0$
DQG

[A - D ] B
7KHQ

$ bQeGc - | MW L

)W LV LPSRUWDQW WR XQGHUVWDQG WKDW WKH DSSI
GHPDQG IRUHFDVWHUV RYHU WKH ZHLJKWHG GHPDQG
LQFOXVLRQ RI D QRQ JHUR LQWHUFHSW LQ WKH PRGHC
7KLV IHDWXUH LV LPSRUWDQW LW GHSDUWV IURP [
EHWZHHQ GHPDQG DQG IO\LQJ KRXUV > @

, QWHUPLWWHQW DQG HUUDWLF OXPS\ GHPDQG

&URVWRQYV PHWKRG

&URVWRQ > @ GHYHORSHG D PHWKRG IRU IRUHFDVYV
GHPDQG ZKLFK KH VKRZHG WR EH VXSHULRU WR VLQ.
PHWKRG IRUHFDVWYVY WKH WLPH ESHWRIBHWKHR B L HE XWX C
LQGLYLGXDO WUDQVDFWLRQVA WHSD@M® VGH®\D 3GV RF Kk K

SHULRG WKHQ WR QSMYMAIPIDOV KEFKDQJHG 1 DMGHPDQC
WKHQ WKH HVWLPDWHY DUH XSGDWHG E\ WKH HTXDWL
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7KH FODVVLF ZRUN RQ LQWHUPLWWHQW GHPDQG IR
FRUUHFWHG E\ 5DR > @ ZKHUHLQ LV GHVFULEHG W
WHEKQLTXHV IRU HYWLPDWLQJ GHPDQG VL]H DQG GHPI
WKLV DSSURDFK UHVXOWV LQ ORZHU VWREFN OHYHOV
FRPSDUHG WR WKH XVH RI H[SRQHQWLDO VPRRWKLQJ
QRWDWLRQ SDUDOOHOV WKDW RI &URVWRQ /HW

[ ELQDU\ LQGLFDWRU Rl GHPDQG DW WLPH

] VLIH RI GHPDQG

\ [ ]JGHPDQG IRU DQNLWHP DW WLPH

MPHDQ YDOXH RI GHPDQG ZKHQ QRQJHUR

S DYHUDJH QXPEHU RI WLPH SHULRGY EHWZHHQ GHPI

D VPRRWKLQJ SDUDPHWHU

\WH[SRQHQWLDO VPRRWKLQJ HVYWLPDWH RI PHDQ GHFPF

\ HISRQHQWLDO VPRRWKLQJ HYWLPDWH PDGH LPPHG

T WLPH LQWHUYDO VLQFH ODVW GHPDQG

SVMURVWRQIV HVWLPDWH RI PHDQ LQWHUYDO EHWZH

JW&URVWRQTV HVWLPDWH RI PHDQ GHPDQG VL]H

\ &URVWRQYTV HVWLPDWH RI PHDQ GHPDQG SHU SHUL

&URVWRQTY PHWKRG PDNHV VHSDUDWH H[SRQHQWLDO

RI D GHPDQG DQG WKH DYHUDJH LQWHUYDO EHWZHH

HVWLPDWHYV DIWHU GHPDQGV RBNXQR LG HP @G LHNZKBHR

LOQFUHPHQWY WKH FRXQW RI WLPH SHULRGV VLQFH WKI
, I\
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T L %
KHUH D LV D FRHIILFLHQW EBWZHRHRPHUR QI & R H V

VLIH DQG LQWHUYDO SURYLGHV WKH IRUWFDVW RI PHD

\ ] LS

7TKHVH HVWLPDWHY DUH RQO\ XSGDWHG ZKHQ GHPDQG

6LQJOH ([SRQHQWLDO 6PRRWKLQJ 6(6

6LQJOH H[SRQHQWLDO VPRRWKLQJ LV FODLPHG WR E
IRUHFDVWLQJ ORZ DQG LQWHUPLWWHQW GHPDQG EF
NQRZQ DV VLPSOH H[SRQHQWLDO VPRRWKLQJ 7KLV Pt
> @ WDNHV WKH IRUHFDVW IRU WKH SUHYLRXV SHUL

PDGH LQ SUHGLFWLQJ WKHBUMNY) RKDWS HVLREKH IRDE K
QH[W SHULRG LV

YOL YW D ' )

$QRWKHU zZD\ Rl ZULWLQJ HTXDWLRQ LV

)O@ D' D)W

ZKHUH WKH SOSRBHMWHXDWLRQ FDQ DVVXPH DQ\ Y
D

W FDQ EH VHHQ WKDW WKH QHZ IRUHFDVW LV VLPSO\
IRU WKH HUURU WKDW RFFXUUHG LQ WKH ODVW IRUHFI
6LQFH WKH)@DWOWXHRWRNQRZQ ZH FDQ XVH @GIKWH WIKUWHV W R

IRUHFDVW ) = DQG WKHQ SURFHHG XVLQJ HTXDWL

([SRQHQWLDOO\ :HLJKWHG ORYLQJ $YHUDJH (:0$

7KLV PHWKRG GHYHORSHG E\ +ROW > @ LV XVXDO¢
7KLV PHWKRG LV RIWHQ DQ HIIHFWLYH IRUHFDVWLQJ
OLQHDU WUHQG ‘H LQWHQG WR XVH WKLV PHWKRG DV



&KDSWHU (LIKW 6SDUH SDUWV IRUHF

WR LQFUHDVH LQ IOHHW VL]H ZKLFK PHDQW DQ LQFL
HIWHQVLRQ WKH VSDUH SDUWV GHPDQG WRR 7KLV F
LQWHUPLWWHQW GHPDQG > @

$IWHU REVHUYLQJ WKH YD O XHVR)IOWRKHWW . PAHH W I B IGH F RIP

HvVvWLPDWH RI WKH EDVH OHYHO RI WKH WLPH VHULHV

GHFUHDVH WUHQ® SHKW SRUHROVWLQJ IXQFWLRQ L
UHSUHVHQWHG E\

) N ( N7W

ZKHUH

( D' @®?@

U . .. $P

'H FDQ XVH WKH IRUHFDVWLQJ IXQFWLRQ® WQPHT SBWILRC
LOQWR WKH ITAIMWWXUH ZKHAWWR RQ 7KH IRUMFDRWOIRU WL

LV WKH EDVH OHYWO0OJ DYH RN SVWKH RIGSHFWHG LQIOXI

GXULQJ WKW LPHI[V8 BIUYRGWE\ \'KH VPRRWKLR JD Q@D P HW
HTXDWLRQ DQG HTXDWLRQ FDQ DVVXPH DC

D

7TUHQG $GMXVWHG ([SRQHQWLDO 6PRRWKLQJ 7%

7KLV PHWKRG > @ KDV EHHQ XVPADL@WFHRDWQBKGON SL
RYHUKEBRO HQYLURQPHQWY W LV UHODWLYHO\ VLPSO
PLQLPDO FDOFXODWLRQV 7KH XSGDWHG HTXDWLRQV T

)OO 667

67 D @ D[ 67,B@
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6SW D ['W ? D [6$ B,

ZKHUH

W FXUUHQW SHULRG

W SUHYLRXV SHULRG
DOSKD D ZHLJKWLQJ IDFWRU W\SLFDOO\ KHOG
DFWXDO FXUUHQW SHULRG GHPDQG

6% VPRRWKHG DYHUDJH GHPDQG

7 WKH WUHQG LQ WKH GHPDQG SDWWHUQ

67 WKH VPRRWKHG WUHQG

) IRUHFDVWHG DYHUDJH GHPDQG

"HLIKWHG ORYLQJ $YHUDJHV :0$%

$ PRYLQJ DYHUDJH WHFKQLTXH > @ LV RQH LQ ZKLFK
WKH DYHUDJH UHFHLYH HTXDO ZHLJKWLQJ +RZHYHU
IRUHFDVW E\ DVVLJQLQJ GLIIHUHDHN JEKMLE G WPR YALR) JW B
HIWUDSRODWLRQ WHFKQLTXH LV D VLPSOH YDULDWLF
DOORZV IRU MXVW VXFK ZHLJKWLQJ WR EH DVVLJQHG
WKH IRUHEDVWLQJ IXQFWLRQ LV UHSUHVHQWHG E\

| O Z[G Z G BNG.

ZKHUH DQs Z $OWKRXJIK WKH :0$ RIIHUV JUHDW

PRYLQJ DYHUDJH LW LV DOVR D ELW PRUH FRPSOLFDW
N ZH PXVW DOVR GHWHUPLQAWMYDP GIXHDWREB QVKH Z#HRZIK®

JLYHQ YDNOXZH RADQ[KNB TV 6RO YGHWHUPLQH 2W KK DAVD O
PLQLPLVHV WKH 0$3( RU RWKHU PHDVXULQJ DFFXUDF\ |

'RXEOH ([SRQHQWLDO 6PRRWKLQJ '(6

7KH GRXEOH H[SRQHQWLDO VPRRWK LQURWY B FK GHTBKR &
LV XVHG IRU IRUHFDVWLQJ WLPH VHULHV GDWD WKDW
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VLPLODU WR WKRVH RI GRXEOH PRYLQJ DYHUDJHV
WHFKQLTXH LV VXPPDUL]JHG E\ HTXDWLRQV WKUR X
YDOXHVY WKHPVHOYHYVY DUH QRW WKH IRUHFDVWYV WKH
WKH IROORZLQJ QRWDWLRQ LV DGRSWHG

$WLV WKH VLQJOH H[SRQHQWWMNO WAL MRRRWKHG YL

$ LV WKH GRXEOH H[SRQHQWIMNWOWNL NRRRWKHG Y
7KH VLQJOH H[SRQHQWLDOO\ VPRRWKHG YDOXH LV QR:

$WDG @® $ WBJ

(TXDWLRQ LV XVHG WR FRPSXWH WKH GRXEOH H[SR

$W Ds$0D $0OB@

(TXWLRQ LV XVHG WR FRPSXWH WKH GLIIHUHQFH E
YDOXHYV

D $ $@
(TOWLRQ LV DQ DGGLWLRQDO DGMXVWPHQW IDF

PHDVXUHPHQW WKDW FDQ FKDQJH RYHU WKH VHULHYV

)LQDOO\ HTXDWLRQ LV XN 8i6UW R GR/D NOWRKW K R U M A/DX

) N DW E N

,Q RUGHU WR DSSO\ IRUPXODVsoese ndQEBXYN EYD OX BV OR
+RZHYHU WZKHQR VXFK YDOXHV H[LVW 7KXV WKHVH YL
DW WKH RXWVHW RI WKH PHWKRG «&sleVok BEGb EHH XARD M |
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GWU E\ XVLQJ VRPH DYHUDJH RI WKH ILUVW IHZ YDC
ZHLIJKWLQJ IDFWRU W\SLFDOO\ KHOG

$GDSWLYH 5HVSRQVH 5DWH 6LQJOH ([SRQHQWLDUC

7KLV PHWKRG > @ KDV DQ DGYDQWDJH RYHWUWR(6EHQ
PRGLILHG LQ D FRQWUROOHG PDQQHU DV FKDQJHV L
HTXDWLRQ IRU IRUHFDVWLQJ ZLWK WKH PHWKRG RI $
6(6 H[FHSOVLWKDMBOMFHG E\

| © © !
ZKHUH
o, ¥
$ ( OM @$A
0 S?2(W? 2
(W GW )

,Q HTXDWISRGHQRWHY D VPRRWKHG HVWLPDWH RI IRUH
ZHLJKWHG D¥WBDIEH VRKH ODVW (RUHPROWWOH QGRW RV I
VPRRWKHG HVWLPDWH Rl WKH DEVROXWH IRUHFEDVW H
RIOWBD)QG WKH ODVW DEVR®@XWHXDRVUHFD VW L Q O GLUFDRWU
YDOXBVRVHG IRU IRUHFDWWILQJGFHUQRG DV DQ DEVRO
UDW ISRDRIGN , QVWHDWZRIFRX0OG KDWE& MVKBWLRQ ‘H
DO®HFDXVH $556(6 LV RIWHQ WRR UHVSR@WQ®@H WR

LOQWURGXFH D VPDOO ODJ RI RQH SHULRG ZKLFK DOC
IRUHFDVW LQ D PRUH HERRQW BDUYDWLFHWAHDO QHW 2HHQ [

DQG , , GHQRWHV DEVROXWH YDOXHV
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JRUHFDVW DFFXUDF\ PHDVXULQJ WHFKQLTXHYV

7KH IRUHFDVW HUURU FRVW LV GHILQHG WR EH WKH F
vVDWLVI\ WKH F\FOH VHUYLFH OHYHO :KHQ IRUHFDVW |
VDIHW\ VWRFN DQG WKH VL]H RI ODVWHU 6FKHGXOH O0¢
VDIHW\ VWRFN FRVWV DQG WKH 06 FKDQJH FRVWV 7
LQFUHDVH LQ WRWDO FRVWYV DSSHDUV WR EH GHSHQG
IRUHFDVWLQJ PHWKRGV XVHG $ FRPPRQ JRDO LQ WKF
LV WR PLQLPL]JH WKHVH GHYLDWLRQV RU HUURUV LQ W
GLIIHUHQFH EHWZHHQ WKH DFWXDO YDOXH DQG ZKDW
SHUIRUPDQFH FDQ EH HYDOXDWHG E\ FRPSXWLQJ DQ\
HUURU )J)LOGHV DQG %HDUG > @ VXJJHVW WKDW D
FRQVLGHUHG LQFOXGLQJ UHODWLYH HUURU PHDVXUHYV
ORVW IRUHFDVW HUURU PHDVXUHV FDQ EH GLYLGHG L
UHODWLYH HUURU PHDVXUHV > @ 7KH IROORZLQJ L
DFFXUDF\ PHDVXUHYVY 6SHFLILF VXJIJHVWLRQV ZLWK UH
, I'WLV WKH DFWXDO Y DWX@®BIRU WWKLH HRIHHEFIDR/GVY WUUR U

WKH IRUHFDVW HUURU IRU WKDW SHULRG LV WKH GL
IRUHFDVW

'KHQ HYDOXDWLQJ SHUIRUPDQFH 1 UWRX-QW L(R BBIO RERN H
WHUPV :H FDQ GHILME KW HDYRZHQURU PHDVXUHV

OHDQ (UURU %LDV

OHDQ $EVROXWH 'HYLDWLRQ

OHDQ 6TXDUH (UURU
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5RRW OHDQ 6TXDUH (UWRB@ (

6XP RI 6TXDUHG (UURUYG6( A H
L L

1H[W DUH VRPH RI WKHOPRUMHMIFRVPWRHL{UURU PHDVXUHYV
OHDQ 3HUFHQWDJH (UUBRWB ( W

JROORZLQJ WKH DGMXVWPHQW IRB(JHQRM XDWA RWKH H

3( ) [ IRUDOO'W !

EH UHZULWWHQ DV
3( ) [ IRU DOO'W

OHDQ $EVROXWH 3HUFH3WBDJIH (UURU

7TKH PHDQ DEVROXWH SHUFHQWDJH HUURU LV RQH R \
SUDFWLWLRQHUV DQG DFDGHPLFLDQV 2QH GLVDGYD
PHWKRG KDV D ELDV IRU HVWLPDWHYV WKDW DUH EHOF

ZD\V WR FRUUHFW WKLYV ODFN RI VIPPHWU\)VQE\ZWKH V
DYHUDJH'RDP®WKLFK ZRXOG EH UHZULWWHQ DV

7KH PRGLILFDWLRQ Rl 0$3( PD\ EH WKH PRVW DSSURS
SUDFWLFDO FRQFHUQV DQG GRHV VR LQ D VLPSOH DQC
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([SHULPHQWDO IUDPHZRUN
7KLV VHFWLRQ LV SUHVHQWHG LQ WZR SDUWV DV IROO

([SHULPHQWDO GHVLJQ DQG GDWD FROOHFWLRQ

7KH VDPSOH GDWD XVHG LQ WKLV VWXG\ FRQVLVW RI
SDUWV ZKLFK DUH XQSUHGLFWDEOH RU UDQGRP 7KF
UHVHDUFK NHSW UHFRUGV RI ZHHNO\ GHPDQG OHYHO
GHPDQG GDWD GLVSOD\HG RQ KLVWRULFDO FDUGV LV
WKHQ JURXSHG LQ PRQWKO\ DQG TXDUWHUO\ LQWHUY
FRPSRQHQWYV ZHUH WHVWHG GXULQJ D VSDQ RI WKUH|

DV VKRZQ LQ 7DEOH $V WKH GHPDQG IRU WKHV
HLWKHU E\ 10\LQJ KRXUV RU IOLJKW ODQGLQJV WKH W
DPRXQW RI GDWD DYDLODEOH DQG GHSHQGHG RQ 10\l
OLPLWHG WKH VDPSOH WR SDUWV WKDW KDG YDOLG C
QRW 2QO0\ UHFXWDLG VEHBHFGREAG LWLRQ BB QAKNRKLQJ
FRXOG EH H[SHFWHG WR RFFXU URXWLQHO\ DV UHVXO
WKLV VWXG\ $V VXFK SDUWV ZHKB UGWYDRRIQGH® LIRE\
PRQLWRRIZGYHU WKH QDWXUH RI WKH GDWD HPSOR\HC
VHDVRQDO DQG LUUHJXODU UDQGRP IOXFWXDWLRQ FK
GHPDQG GDWD DLUFUDIW RSHUDWLRQ GDWD LQ WHUF
VHUYLFH ZHUH DOVR FROOHFWHG IRU WKH VDPH WLPH
,Q WKLV VWXG\ ZH IRXQG QIWF DB'SR RES([LBHIEHY WHRH YWV HV K
SUHYLRXV VWXGLHV > @ WR EH SUDFWLFDO DQG
VSUHDGVKHHWY ZHUH GHVLJQHG VHH )LIXUH IRU
SHULRG GBHQHWK QXPEHU RI PRQWKYV TXDUWHUV RU ;
VHULHY GDWD ZHUH GLYLGHG LQWR DQ :LQLWLDOLVDW
ZDV WKHQ XVHG WR HVWLPDWH DQ\ SDUDPHWHUV DQG
PDGH IRU WKH IROORZLQJ WHVW VHW 7KLV SURFHGX
KRULJRQ $FFXUDF\ PHDVXUHV DUH FRPSXWHG IRU WKH
$V ZLWK DQ\ IRUHFDVWLQJ WRRO LWV SHUIRUPDQFH ¢
SHUIRUPV DQ DXWRPDWLF FRPSDULVRQ DJDLQVW WKH
ZD\ LV 7KHLO V  VWDWLVWLF > @ 7KLV VWDWLVWLF
IRUHFDVWLQJ PHWKRGV ZLWK QDLYH DSSURDFKHV DQC



&KDSWHU (LIJKW 6SDUH SDUWV IRUHF
ODUJH HUURUV DUH JLYHQ PXFK PRUH ZHLJKW 8VKDQ \

VWDWLVWLF LV GHILQHG DV
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ZKHUH IRUHFDVW)BEDIOWLYH FKDQJIH

DQG DFWXDO UBBOWERHAFKDQJIH

7KLY SURYLGHV UHVXOWV WKDW IDOO LQWR HDVLO\
VXPPDUL]J]HG DV IROORZV

8 WKH QDLYH PHWKRG LV DV JRRG DV WKH IRUHFDV
8 WKH IRUHFDVWLQJ WHFKQLTXH EHLQJ XVHG LV EH
WKH ¢ VWDWLVWLF WKH EHWWHU WKH IRUHFDVWLQJ \
8 ! WKHUH LV QR SRLQW LQ XVLQJ D IRUPDO IRUHF

PHWKRG ZLOO SURGXFH EHWWHU UHVXOWYV

%HIRUH PDNLQJ SUHGLFWLRQV XVLQJ D IRUHFDVWLQJ
YDOXHNY "RYGWKDW PLQLPLVH WKH IRUHFDVWLQJ DFFXL
¢ VWDWLVWLF UDQJH UXOHV WKHUHIRUH Z6HRO®BSOLH
6LQFH KRZHYHU WKH GHPDQG IOXFWXDWLRQV DUH W\¢
FKRRVLQJ WKH ULJKW VPRRWKLQJ YDOXHWRBRRWKILQUV
&RQVWDQW 3IDUWBERAMRMMHUWKH VFRSH RI WKLV UHVHDUF
ZDV EDVHG RQ D FURVVHG H[SHULPHQWDO IDFWRU UDV
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