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Abstract

How can robots without expressive faces or bodies convey emotions? Why would it be useful if robots
could express emotion? In the context of human-robot interaction, could emotional expression lead to a
greater comprehension of robotic behaviors and intents? These are questions addressed by the field of
affective robotics, which seeks to develop and establish naturalistic social interaction between robots and
humans. Emotions can provide a natural communication modality to augment the multi-modal capabilities

of social robots in a variety of domains.

Historically, the emphasis in the field has been on facial and bodily expressions, relying heavily on
anthropomorphic or zoomorphic robot appearances. This presents a challenge, as most robots are
designed with functionality in mind, often lacking expressive faces and bodies, which limits their ability to
effectively convey emotions. This study investigates the potential for appearance-constrained robots to

convey emotions through variations in motion, light, and sound parameters.

We conducted an experiment where participants rated the emotional qualities of a non-humanoid,
faceless robot’s behaviors, which were manipulated through variations in motion, light, and sound
parameters. Our approach is unique in that it adopts a bottom-up methodology similar to the work of Jack
et al. [44] on facial expressions. By systematically varying individual features and observing the resultant
emotional perceptions, we aimed to discern the specific affective contributions of each parameter. Using
machine-learning based regression models, we sought to predict the perceived emotional qualities based

on these systematically varied parameters.

Our findings reveal that variations in motion parameters, particularly speed, significantly influence the
perceived intensity of arousal, joy, and dominance. Light temperature was found to affect the perceived
intensity of anger and joy, while sound pitch influenced perceptions of surprise and fear. The regression
models showed varying degrees of success, with the random forest models often outperforming linear
models but also exhibiting a higher tendency to overfit the training data. The linear models, while less
prone to overfitting, struggled to capture the full complexity of the emotional responses. These findings
suggest that non-anthropomorphic robots can indeed convey emotional qualities through controlled
variations in their behaviors, though the strength and clarity of these emotions remain limited. Future
research should focus on enhancing the expressiveness of these parameters and testing the models with

new data to better understand their generalizability and effectiveness.
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ORVW LPSRUWDQW IHDWXUHV RI WKH EHVW UHJUHVVLRQ PRGHO IRU VX
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QWURGXFW

7KH PRUH XELTXLWRXV DQG DXWRQRPRXV URERWV EHFRPH WKH PRUHLQW
KXPDQV WR EH DEOH WR LQWHUDF@® Z$ MARW & H® H\WM R FWDARKA LM\ D BL D O
LQWHOOLJHQFH $, VIVWHP LVLQWHUSUHWDEOHLILWV ZRUNLQJ SULQFLSOH
FRPSUHKHQVLEOH ODQJXDJH ZLWKRXW FRPSURPLVLQJ WKH VI\VWHPTV YDC
LQWHUDFWLRQ +5, LQWHUSUHWDELOLW\UHIHUV WR WKH WKH H[WHQW WR
SURFHVVHV RI D URERW DUH XQGH U® W RGG P BFHK MHRY WEH DQMWMHWSUHWDELOLW
HQKDQFHV WKH QDWXUDO DQG IOXLG LQWHUDFWLRQ EHWZHHQ KXPDQV DQ
XVHUV

+RZHYHU GXHWR WKHGLYHUVHUDQJHRIWDVNV DQG HQYLURQPHQWYV LQ Z
WR SUHSURJUDP EHKDYLRUV WKDW JXDUDQWHH LQWHUSUHWDELOLW\LQ DOC
SRVVHVV WKH FDSDELOLW\WR OHDUQ DGDSW DQG FKDQJH WKHLU EHKDYL
IHHGEDFN RI D KXPDQ WR PD[LPL]@ LQWVM WHIXKWDHERPBDQW\I>PSOLHYV WKDW ZH Q!
QRW RQO\FDQ XQGHUVWDQG XV EXWDUHDOVR HDV\WR XQGHUVWDQG &F
URERW EHKDYLRU PRUHLQWHUSUHWDEOH WRLPSURYHPXWXDO XQGHUVWD

7RDGGUHVV WKH JDSLQ PXWXDO XQGHUVWDQGLQJEHWZHHQ KXPDQV DQC
VLIJQDOVFDQEHFRQVLGHUHG (PRWLRQDO H[SUHVVERQDQE GUMFDURKGIB\ =\F
> @V D G\QDPLF PXOWLPRGDO EHKDYLRUDO SDWWHUQ WKDW WUDQVFHQ
H[SUHVVLRQV VHUYH DV VRFLDO IHHGEDFN VLJQDOV DQG & DPWBEEYV RI HP
FRQWH[W RI URERWLF OHDUQLQJ HPRWLRQV PD\ SURYLGH LQVLJKWYV LQWI
OHDUQLQJ SURJUHVV (PRWLRQDO GLVSOD\V DOVR @D PLIOG. WRGMAU HEDGE B F\!
EXLOGLQJWUXVW DQG DIILQLW\ EHWZHHQ URERWYV DQG KXPDQ WHDFKHUYV >

%DFNJURXQG DQG ORWLYDWLRQ

3UHYLRXV HIIRUWV LQ WKH GHYHORSPHQW RI DXWRQRPRXV LQWHOOLJHQW
HPXODWLRQ RI KXPDQ FRIJQLWLYH IDFXOWLHV LQFOXGLQJSUREOHP VROY
ODQJXDJH DQG YDULRXV FRJQ L@ L¥YRIZSIYRIFH OMHVODWLYHO\ VPDOO VDPSOH |
KDYHH[SORUHG WKH SRWHQ@WGE O RIWIR RWLEBYFPH VKRZLQJ WKDW HPRWLRQ
LQIOXHQFH RQ KLJK OHYHO F R QDWW KHHSIPRAHV \HPR W LRQV QRW RQO\ PDN
PRUH HQJDJLQJ EXW DOVR KDYH D FRQVLGHUDEOH LPSDFW RQ KRZ ZHOO L
(IIHFWLYH KXPDQ FRPPXQLFDWLRQ GHSHQGV RQ HPRWLRQDO VNLOOV SDUWL]
HPRWLR@V $V D UHVXOW KXPDQV GHSHQG RQ WKHLU HPRWLRQDO VNLOOYV
EHKDYLRUDO WDVNV LQFOXGLQJEXW QRW OLPLWHG WR UHDVRQLQJ SUREOH
PHPRU\ OHDUQLQJ DQG FUHDWLYLW\ &RQVLGHULQJWKH UROH WKDW HPF
FRPSHOOLQJPRWLYDWLRQ WR GHOYH LQWR WKH LQWHJUDWLRQ RI HPRWL
ZLWKLQ WKH FRQWH[W RI +5,

$ITHFWLYH &RPSXWLQJDQG +XPDQ 5RERW  QWHUDFWLRAQ
$IIHFWLYH FRPSXWLQJLV D PXOWLGLVFLSOLQDU\ILHOG WKDW LQYHVWLJC
VWDQGLQJRIKXPDQ HPRWLRQV LQIOXHQFHLQWHUDFWLRQV EHWZHHQ KX
WR KDUQHVV HPRWLRQV WR HQKDQFH FDSDELOLWLHV DQG WUDQVIRUP KXP
VHQVLQJDQG DIIHFWL®&H MWWD QY WKIIHAN I EHOG H[SHUWYV DJUHH WKDW HPRWLRC
VRFLDOO\ LQWHUDFWLYH URERWV WR FUHDWH QDWXUDO DQG IOXLG KXPD
VXSSRUWHG E\ VHYHUDO VWXGLHV > @



&KDSWHU ,QWURGXF

(PRWLRQDO H[SUHVVLRQ FDQ WKHUHIRUH EH VHHQ DVDQ LPSRUWDQW
HQJDJHPHQW DQG DOLJQV WKH JRDOV RI KXPDQV DQG URERWV :KHQ U
ZLWK KXPDQ H[SHFWDWLRQV DQG H[SHULHQFHV LW FXOWLYDWHV IDPLC
LPSURYHV XQGHUVWDQGLQJI@ | NXRERKHDRRDHLRBPRWLRQDO GLVSOD\V LQC
KXPDQV IRUP PHQWDO PRGHOV RI WKH URERWTV LQWHUQDO VWDWH DO
PRUH HIITHFWLYHO\LQ D KXPDQ OLNHPDQQHU WKXV IDFLOLWDWLQJ FRP

OHWKRGV IRU ,PSOHPHQWLQJ (PRWLRQVLQ5RERWYV
7TKHLPSOHPHQWDWLRQ RIHPRWLRQV LQ URERWV LV D PXOWLIDFHWHG
WR ERWKHOLFLWDQG H[SUHVV HPRWLRQV 7KHFDSDFLW\RID URERW"
RQDIIHFWLYH FRPSXWLQJ PHWKRGV $IIHFWLYH FRPSXWLQJLQ URERWL
LQFOXGLQJ VIPEROLF NQRZOHGJHUHSUHVHQWDWLRQ FRJQLWLYH PRC
QHWZRUNV DQG UHLQIRUBHFHQW®WLOHIROPDLAWDSSURDFKHY OLNH VIPEROLF
HQDEOH URERWV WR SHUIRUP GLYHUVH WDVNV KRZHYHU WKH\DUH VK
WKURXJK H[SORUDWLRQ DQG IHHGEDFN SDUWLFXODUO\LQ XQVWUXFW X

ODFKLQH /HDUQLQJ 0/ DSSURDFKHV LQ FRQWUDVW IRFXV RQ DGD
LOQWHUDFWLRQ 5HLQIRUFHPHQW OHDUQLQJ 5/ DVXEVHWRIO/ LV SD
WR OHDUQ YLD WULDO DQG HUURU FRQVWDQWO\LQWHUDFWLQJ ZLWK
DFWLR@V #KLV OHDUQLQJ SURFHVV LVLQWHJUDO IRUD URERW WR DFFXUL
LQLQWHQVLW\DQG WLPLQJ DOLJQLQJWKHHOLFLWDWLRQ SURFHVV ZL\

$IWHU WKH HOLFLWDWLRQ SURFHVV WKH QH[W UHTXLUHPHQW LV WKDW
HPRWLRQLQ DQ LQWHUSUHWDEOH PDQQHU ,Q WKLV VWXG\ WKH H[SUHV
DQWKURSRPRUSKLFURERWY L H URERWV WKDW UHVHPEOH KXPDQV L¢
WKH\KDYH EHHQ WKH SULPDU\ W\SHRIURERWYV XVHG LQ VWXGLHV WKD
H[SUHVVLRQV LQ WKH FRQWH[W RI +5, ,Q WKHVH VWXGLHV QRQ YHUEDO F
IDFLDO H[SUHVVLRQV DQG JD]H SOD\VLJQLILFDQW UROHV > @

&KDOOHQJHV ZLWK $SSHDUDQFH &RQVWUDLQHG 5RERW
+RZHYHU WKH PDMRULW\RIURERWY FEXUUHQWO\LQ XVHDUH QRQ KXP
YHQWLQJ WKHP IURP XVLQJVDLG QRQ YHUEDO FRPPXQLFDWLRQ PHWKR
QRQ KXPDQRLG URERWY WKDW ODFN WKH H[SUHVVLYH IDFHV DQG ERGLH
PRQO\XVHG L@+%SSHDUDQFH FRQVWUDLQHG URERWV DUH W\SLFDOO\ GH
RYHU IRUP UHVXOWLQJLQD OLPLWHG DELOLW\WR XWLOL]HIDFL@O RU VF
$IHZH[DPSOHV RI WKHVH URERWV DUH VKRZQ EHORZ

JLIXUH ([DPSOHV RIDSSHDUDQFH FRQVWUDLQHG URERW\

7KLV OLPLWDWLRQ SUHVHQWYV D VLIJQLILFDQW FKDOOHQJHLQ +5, $SS}t
WKH PRVW SUHYDOHQW YDULHW\ RI URERWV DUH WKH OHDVW FDSDEOH F
SHUFHLYHG DV 10 XL G@ Q& @DUWVXUKDHUHQW QRQ DQWKURSRPRUSKLF FKD
WKHLU FDSDFLW\ WR FRQYH\ HPRWLRQV LQ D PDQQHU FRPSUHKHQVLEOH !
IRULQFUHDVHG H[SORUDWLRQ RIDOWHUQDWLYH H[SUHVVLRQ PRGDOLW

$OWHUQDWLYH ([SUHVVLRQ ORGDOLWLHV IRU $SSHDUDUC
%HFDXVHRIWKHLQKHUHQW PRUSKRORJLFDO OLPLWDWLRQVRIDSSHDUDC
WKURXJK DOQOWKURSRPRUSKLF PRGDOLWLHV VXFKDV IDFLDO H[SUHVVLRQ
WR H[SORUH DOWHUQDWLYH H[SUHVVLYHPRGDOLWLHYV ZKLFKLQFOXGH |
HITHFWLYH WKHVHPRGDOLWLHVFDQEHLQLPSURYLQJWKHDELOLW\RIDS:
HPRWLRQV D YDULHW\RIGHVLJQ SULQFLSOHV DQG WHFKQLTXHV PXVYV
GHVLIQRIH[SUHVVLRQV WKDW DOORZDSSHDUDQFH FRQVWUDLQHG URER



5HVHDUFK 2EMHFWLYH DQG 6FRSH

WKXV IRVWHULQJHQJIJDIJLQJLQWHUDFWLRQV ZLWK KXPDQ XVHUV

5HVHDUFKHUVKDYHLQYHVWLIJDWHG YDULRXV PHWKRGV WKURXJK ZKLFKDS
DEOHWR FRPPXQLFDWH HPRWLRQV E\ XVLQJ DOWHUQDWLYH H[SUHVVLYH PR
HWF > @ 7KHFKDOOHQJH KHUHLY QRW RQO\LGHQWLI\LQJ WKH VSHFL
WKDW FRXOG SRWHQWLDOO\ FRQYH\ HPRWLRQV EXWDOVRLQ HQVXULQJV
KXPDQ XVHUV *LYHQ WKHLQKHUHQW YDULDWLRQLQKRZLQGLYLGXDOV SH
OHYHO RIDEVWUDFWLRQ DW ZKLFK WKHVH URERWYV H[SUHVV HPRWLRQV LV
GLITHUHQW IHDWXUHV RI WKHVH DOWHUQDWLYH PRGDOLWLHV LQ FRQYH\L
XQGHUVWDQGDEOH WR KXPDQV

SHVHDUFK 2EMHFWLYHDQG 6FRSH

&RQVHTXHQWO\ WKLV VWXG\ZLOO IRFXVRQLQYHVWLIJDWLQJWKHUHODWL
WKHPRGDOLWLHV RIPRWLRQ OLJKW DQG VRXQG DQG WKHHPRWLRQDO SH
IDFHOHVVY URERW 8QOLNH WUDGLWLRQDO DSSURDFKHV WKDW GHVLJQ H[SL
WKH SHUFHSWLRQ RXUPHWKRGRORJ\HPSOR\V D ERWWRP XSDSSURDFK 7K
H[SORUHV KRZ YDULDWLRQV LQ SDUDPHWHUV LQIOXHQFH HPRWLRQDO SHU
DERXW WKHRXWFRPHYV

%DVHG RQWKLY DNH\DVSHFWRIWKLYUHVHDUFKLVWRGHWHUPLQH ZKHWK
TXDOLWLHY SHUFHLYHG LQ WKH URERWYfV EHKDYLRUV EDVHG RQ FKDQJHYV
IDFWRUV VXFKDVVSHHG OLJKWLQWHQVLW\ DQG VRXQG SLWFKDFURVV WKH
PRWLRQ OLJKW DQG VRXQG ZHDLPWRHVWDEOLVKD TXDQWLWDWLYHOLQ
HPRWLRQDO TXDOLWLHV WKH\ FRQY H\

7TRDFKLHYHWKLY ZHZLOODQDO\|HKRZFKDQJHVLQHDFKSDUDPHWHULQIO.
HPRWLRQVDQG WKHHPRWLRQDO GLPHQVLRQV RI SOHDVXUH DURXVDO DQG
DSSURDFK DOORZV IRUD FRPSUHKHQVLYH HYDOXDWLRQ RI HPRWLRQDO U
GLPHQVLRQDO PRGHOV RIDIIHFW

7KH GDWD IRU WKLV VWXG\ZLOO EHFROOHFWHG IURP DVDPSOHRI SDUWI
ZDWFK YLGHRV RI WKHURERW GLVSOD\LQJEHKDYLRUVY FKDUDFWHUL]HG E\"
DQG VRXQG SDUDPHWHUYV 3DUWLFLSDQWY ZLOO WKHQ UDWH WKH LQWHQVLYV
LQHDFKVFHQDULR

7KH XOWLPDWH JRDO RI WKLV UHVHDUFK LY QRW RQO\WR HQKDQFH RXU XQC
URERWV FDQEHLQWHUSUHWHG HPRWLRQDOO\E\KXPDQV EXWDOVR WR JD
WKH GHVLIJQ RIHPRWLRQDOO\H[SUHVVLYHURERWY 7KLV HQKDQFHPHQW Z
LQWHUDFWLRQV EHWZHHQ KXPDQV DQG URERWYV SDUWLFXODUO\LQ VLWXDW
EHQHILFLDO

SHVHDUFK 4XHVWLRQV
JROORZLQJ WKLV WKHPDLQ REMHFWLYHRIWKLY VWXG\LYWRDGGUHVV WKH

054 &DQ YDULDWLRQVLQPRWLRQ OLJKW DQG VRXQG SDUDPHWHUV RI Wl
IDFHOHVV URERW LQIOXHQFH WKH SHUFHLYHG HPRWLRQDO TXDOLW

7TRFRPSUHKHQVLYHO\DGGUHVV WKLVRYHUDUFKLQJTXHVWLRQ ZHZLOOEU
IRFXVLQJ RQHDFKPRGDOLW\DQG WKHFRPELQHG HIIHFWYV

54 +RZ GR YDULDWLRQV LQ PRWLRQ SDUDPHWHUV VSHHG URXQGQH
SHUFHLYHG HPRWLRQDO TXDOLWLHV RI WKHURERWfV EHKDYLRU"

54 +RZGRYDULDWLRQV LQ OLJKW SDUDPHWHUYV OLJKW WHPSHUDW XL
LQIOXHQFH WKH SHUFHLYHG HPRWLRQDO TXDOLWLHV RI WKH URER\

54 +RZGRYDULDWLRQVLQ VRXQG SDUDPHWHUV SLWFK LQWRQDWLRQ
HPRWLRQDO TXDOLWLHVY RI WKHURERWTV EHKDYLRU"

54 &DQ UHJUHVVLRQ PRGHOV WUDLQHG ZLWK IHDWXUHY GHULYHG 11U/
URERWYV PRGDO EHKDYLRUV HIIHFWLYHO\ SUHGLFW WKH SHUFHL
EHKDYLRUV"






SHODWHG :RLU

7TRHQDEOH URERWV WR FRQYH\HPRWLRQV HIITHFWLYHO\ LWLV HVVHQWLDO
$FFRUGLQJ WR WKH -DPHVY /DQJH WKHRU\ RI HPRWLRQ HPRWLRQ LV FRPPR
SVI\FKRORJLFDODVSHFWV LQFOXGLQJVXEMHFWLYHH[SHULHQFHV H[SUHVVL
ERGLO\PRYHPHQWY DQG YHUEDO FRPPXQLFDWLRQ DQG SK\VLRORJLFDO U
UDWHDQG UHV&®LYUPWWRAQY DUH ZLGHO\ UHFRJQL]JHG DV FHDWWIO WR KXF
VHYHUDO SURPLQHQW SV\FKRORJLFDO DSSURDFKHV FRQWULEXWH WR RXU X

7KHVH WKHRULHV VLJQLILEFDQWO\ FRQWULEXWH WR RXU XQGHUVWDQGLQ
HPRWLRQV DQG KRZ ZH SHUFHLYH WKH ZRUOG +RZHYHU LW LV OHVV FOH
QRQ KXPDQ HQWLWLHV LQFOXGLQJDQLPDOV SODQWYV DQG DUWLILFLDO D
DQG LQDQLPDWH REMHFWV 7KH VWXG\RIHPRWLRQV LQ URERWLFDQG DUWL
VXFK DV ZKDW WKHVH DJHQWY PHDQ DV HPRWLRQDO DQG KRZ EHVW WR VW X |
TXHVWLRQV LV YLWDO IRUDGYDQFLQJRXUNQRZOHGJHRIHPRWLRQV LQ QR
ZLWK KXPDQV

7KHRULHV RI (PRWLRQ DSSOLHG WR $IIHFWLYH 5R/

2XU XQGHUVWDQGLQJ RIHPRWLRQV LV HQULFKHG E\ VHYHUDO LQIOXHQWL
DSSURDFK HPSOR\V FDWHJRULFDO PRGHOV RI HPRWLRQ DLPLQJWR LGHQ)
E\GLVWLQFW PHFKDQLVPV UHVXOWLQJLQ XQLTXH PHQWDO VWDWHYV ZLW
DSSURDFK NQRZQDV WKHDSSUDLVDO PRGHO RIHPRWLRQ FRQWHQGV WKDW |
IURP WKHHYDOXDWLRQ RI VWLPXOLLQ WHUPV RIJRDO FRQJUXHQFH H[SH
FDXVDO DWWULEXWLRQ 3V\FKRORJLFDO FRQVWUXFWLRQLVW YLHZSRLQWV U
RQJRLQJ FRQWLQXRXVO\VHYROYLQJFRQVWUXFWLRQ SURFHVV UDWKHU WKI|
SURSRVHWKDW HPRWLRQV DULVHIURP FRIQLWLYHDQG SHUFHSWXDO HOHPH(
SURFHVVHV )XUWKHUPRUH VRFLDO FRQVWUXFWLRQLVW DSSURDFKHV SH
HOWLWLHY LQIOXHQFHG E\ VRFLRFXOWXUDO IDFWRUV DQG GHOLPLWHG E\ S

7KHVH WKHRULHV PDNH VXEVWDQWLDO FRQWULEXWLRQV WR WKH ILHOG RI
RI KXPDQ FRIJIQLWLRQ HPRWLRQV DQG SHUFHSWXDO SDUDGLJPV 1RQHW!
IUDPHZRUNV DSSO\ WR QRQ KXPDQ HQWLWLHV HQFRPSDVVLQJQRW RQO\DQ
LVPV EXW DOVR URERWV FRPSXWHUV DQGLQDQLPDWH REMHEWYV 7KH H[DP
DQG RWKHU DXWRQRPRXV DUWLILEFLDO HQWLWLHY SRVHV SLYRWDO TXHVW
DVHPRWLRQDO DQG ZKDW DUH WKH PRVW HIIHFWLYH PHWKRGRORJLHYV IR
DUWLILFLDO EHLQJV" 7KHVH LQTXLULHV DUHLQGLVSHQVDEOH IRUDGYDQF
WHUUDLQ LQKDELWHG E\QRQ KXPDQ HQWLWLHY DQG WKH FRQVHTXHQFHV R

&DWHJRULFDO 7KHRULHV RI (PRWLRQ

$FFRUGLQJ WR ((HDIF& IXQGDPHQWDO HPRWLRQLVDQLQGLYLVLEOH EXLOGLQ
FDXVHG E\GHGLFDWHG PHFKDQLVPV UHVXOWLQJLQ VSHFLILFH[SHULHQFF
LGHQWLILHYV VL[ SULPDU\HPRWLRQV MR\ VDGQHVYV DQJHU IHDU VXUSULVH
XQLYHUVDOO\DQG LQQDWHOVNUHFRJQL]HG 7KLV LG KD XKMHKWDURM VDNV L Q
WKDW IDFLDO H[SUHVVLRQV DUH D XQLYHUVDO ODQJXDJHIRU FRQYH\LQJL
FXOWXUDO ERXQGDULHYV 7KH XQLYHUVDOLW\K\SRWKHVLY SRVLWV WKDW WKI
H[SUHVVHG WKURXJKLGHQWLFDO IDFLDO PRYHPHQWYV LQ DOO FXOWXUHV HQ
DQLOOXVWUDWLRQRI(NPDQYV VL[EDVLFHPRWLRQV LY SUHVHQWHG



&KDSWHU S5HODWHG

D-R\ E6DGQHVYV F)YHDU G$QJIHU H'LVIXVW [ 6XUSULVH

JLIXUH (NPDQYV VL[ EDVLF HPRWLRQV > @

ODQ\VWXGLHV LQDIIHFWLYH URERW L¥ V@WHQIRWW & HE { RFRIDHWDR)GHHWD [E
WKHVHHPRWLRQV DUHLQWXLWLYH HDVLO\XQGHUVWRRG DQG FRQYHQ
UHJUHVVLRQ )XUWKHUPBR @YW JIJAXHOWMKDMWWAVIX® VL[ EDVLF HPRWLRQV RIIHU
LQWXLWLYH +5, DV WKH\DUHLQQDWH IOHHWLQJHPRWLRQDO UHDFWLR
FXOWXUHVY 6RPH VWXGLHVY DGRSW (NPDQYVY PRGHO VLPSO\ EHFDXVH I
FRPPXQLW\> @

2WKHU UHVHDUFK HQGHDYRUV DLP WR H[SORUH KRZD VLQJOH PRGDOLW
HPRWLRQV E\ YDU\LQJ VSHFLILF SD U @PHYWHIAW ) RDDVHH BPKSRYHY KD SH FKDQ.
LQYROYLQJFKDQJHVLQ VSHHG RULHQWDWLRQ IOXLGLW\ DQG PRYHP
HPRWLRQV 6LPLODUO\ 6FK@HRNONRLUMEGE MXMLDY VRXQG VHTXHQFHV WR HQ
GLVSOD\RISULPDU\HPRWLRQV OLNHMR\ VDGQHVV DQGIHDU DV ZHOO D
GLVDSSRLQWPHQW DQG FXULRVLW\

,QIJHQHUDO WKH FKRLFH RI FDWHJRULFDO HPRWLRQ PRGHOV LV GUI
LOQWXLWLYHO\SHUFHLYHEDVLFHPRWLRQV ZLWKRXW H[WH @V +RZWYHUW QL
PDQ\DUWLFOHVY FKDOOHQJH WKHVH PRGHOV SDUWLFXODUO\EHFDXVE
H[SUHVVLRQV UDLVLQJGRXEWV DERXW WKHLD DG@GS OWKH EDQYWUWRRW
FXOWXUDO LQWHUSUHWDWLR@VMRHDRLROH [SKIHOMHVRIGEHY XVLQJI WKH
SURPLVLQJUHVXOWVLQHPRWLRQ UHFRIJQLWLRQ IRUURERWLFDJHQWYV
FRQVLGHUDWLRQ ZKHQ HYDOXDWLQJ WKH HITHFWLYHQHVV RI HPRWLRQL

'LPHQVLRQDO 7KHRULHV RI (PRWLRQ
,QDGGLWLRQ WR FDWHIJRULFDO HPRWLRQ PRGHOV VRPH VWXGLHV IRFX
PRGHOLVWKHFLUFXPSOH[PRGHORIDIIHFW )LIJXUH @D 8 GOILYNHHDRIBW B FR 5
PRGHOV WKHFLUFXPSOH[PRGHO GRHV QRW WUHDW HPRWLRQV DV GLVW
DWZR GLPHQVLRQDO VFDOH WKHDURXVDO DFWLYDWLRQ RIDQHPRYV
H[SHULHQFH 9DOHQFH UHSUHVHQWLQJ SOHDVXUH GLVSOHDVXUH LV G
IURP KLIK DURXVDO WR ORZDURXVDO LVUHSUHVHQWHG YHUWLFDOO\
FHQWUDO SRLQW IRUPLQJD FLUFXODU SDWWHUQ

SHVHDUFKHUV IDYRULQJ WKLV PRGHO DUJXH WKDW LW LV YDOXDEOH I
RIWHQ VHHQDV D PRUHSUHFLVHWRRO IRUHYDOXDWLQJKRZDFFXUDWI
6WURKPHLHU®@MWPIOQHG VSHFLILF VKDSH SDUDPHWHUY WR VWXG\ WKHL
DURXVDO LQ DQ HPSLULFDO VWXG\ 7KH\IRXQG WKDW ZKLOH SDUWLF|
HPRWLRQV WKH\WHQG WR DJUHH PRUH ZKHQ LW FRPHV WR GLVWLQJXI
KLIKYV ORZDURXVDO 7KLV VXJIJHVWYV WKDW WUHDWLQJ HPRWLRQV DV
PRGHO SURYLGHV D EHWWHU ZD\WR DVVHVV HPRWLRQ SHUFHSWLRQ

,QVSLUHG EA\ WKLV DSSURDFK 6@QR PRNHCOWROBW HPRWLRQV ZLWKLQ W
RI WKH YDOHQFH DURXVDO VSDFH DUH VLPLODU WR HDFK RWKHU EXW (
7TKH\VXJIHVWHG WKDW IRFXVLQJ RQ IRXUHPRWLRQV FRXOG EHVW UHSUH
LOQWURGXFLQJ XQQHFHVVDU\ FRPSOH[LW\ @R OPLOM WER\ DMMHE/R/DW KK HR\E
RIDURXVDO ZKHQ SRUWUD\LQJ VLPXODWHG VDGQHVV RUIHDU FRPSDU|
SDUWLFLSDQWV WR FDWHJRUL]H HPRWLRQV WKH\PHDVXUHG SHUFHLY|
DIlTHFW FDWHJRUL]DWLRQ

7KH SOHDVXUH $URXVDO DQG 'RPLQDQFH 3% PRGHO )LJXUH E L
GLPHQVLRQDO WKHRU\RIHPRWLRQ IUHTXH@W£R FRWGLE L QWR RHKQ VWP IR GBI\



5RERWLF $SSHDUDQFH DQG ORUSKRORJ\

D&LUFXPSOH[PRGHO RIDIIHFW > @ E3%$' WKHRU\RIHPRWLRQ > @

FDQ EH HIITHFWLYHO\ FDSWXUHG ZLWKLQ DWKUHH GLPHQVLRQDO FRRUGLQ
IUDPHZRUN :LWKLQ WKH 3$'PRGHO JHQHUDO PRRG W\SHV DUH FDWHJRUL]HG
VWDWHYV DUH UHSUHVHQWHG DV G\QDPLF ' YHFWRUV 7KH SOHDVXUH FRP:
WKH DIIHFWLYH EDODQFH VSDQQLQJIURP SRVLWLYH WR QHIJDWLYH $URXV
UDQJLQJ IURP H[FLWHG WR FDOP /DVWO\ GRPLQDQFHLQGLFDWHV WKH G}
HQYLURQPHQW UDQJLQJIURP ZHDN WR VWURQJ > @

9DULRXV VWXGLHY KDYH HPEUDFHG WKH 3%$' PRGHO DV D IRXQGDWLRQD
LPSOHPHQW HPRWLRQDO WKHRULHY¥ )@Q&EH5DQ BRY HIDDWHWWMONADG IHUHQFH W
33 PRGHODQG XVHLW WR PDS PRWLRQ IHDWXUHV VXFKDV MHUNLQHVY DFWL
PRYHPHQWYV LQ URERWYV $QRWKHU DSSURDFkK S@®RRKNHOQWHGWEK H B Q'W\RDEHD*
ZLWKIX]J\ORJLFLQD KXPDQRLGURERWWRVLPXODWHLQWHUQDO HPRWLRQDC
RYHU WLPH

2WKHU VWXGLHV LQGLUHFWO\HPSOR\WKH 3$' PRGHO XVLQJPHDVXUHYV EL
2QHVXFKH[DPSOHLVWKHVHOI DVVHVVPHQW PDQLNLQ 6$0 DQRQ YHUEDOS
GLUHFWO\PHDVXUHY SOHDVXUH DURXVDO DQG GRPLQDQFHDVVRFLDWHG Z
GLYHUVHV@LAXGIIZRUNV RI %HWKEH@DQBZWXQSKARFLNRY D H@ DHUEHF N
DQG %DUWQHFN> @ DQG 7DQHWDO > @ XWLOL]H6$0DQG GUDZ XSRQ WKF

S5RERWLF $SSHDUDQFH DQG ORUSKRORJ\

$V WKLV WKHVLY DGGUHVVHV WKH GHVLJQ RIHPRWLRQDO H[SUHVVLRQV IRU D
LPSHUDWLYH WR HVYWDEOLVK FOHDU FULWHULD IRUFODVVLI\LQJ GLIIHUHQ
LQ WKLV FODVVLILFDWLRQLV WKHGLITHUHQWLDWLRQ EHWZHHQ KXPDQRLG
KROGV VLIJQLILFDQFH LQ WKLV FRQWH[W LV :PRUSKRORJLFD® \@PLODULW
ORUSKRORJLFDO VLPLODULWN\UHIHUV WR WKH HIWHQW WR ZKLFK REVHUYDEOI
WKRVH RI D KXPDQ /LPE FRQILIXUDWLRQ FRQVWLWXWHY RQHDVSHFW RIV
IHDWXULQJOLPE VWUXFWXUHV DNLQ WR KXPDQV ZKLOHQRQ KXPDQRLG URER
WDLORUHGWRWKHLULQWHQGHG IXQFWLRQV )XUWKHUPRUH KXPDQRLG UREI
KXPDQ IDFLDO H[SUHVVLRQV VXFK DV H\HV D PRXWK RUD UHDOLVWLF ID
SRVVHVV XQLTXH RUVSHFLDOL]HGIHDWXUHV UHOHYDQW WR WKHLU VSHFLII

7R FODULI\WKH ERXQGDU\ EHWZHHQ KXPDQRLG DQG QRQ KXPDQRLG FKEC
LVWLQJ OLWHUDWXUH RQ WKLV WRSLF LW L\»F@XHFWEKG OV RODPRIQIRGIHH WHR
LPSOHPHQWDWLRQV LQYROYLQJDIIHFWLYH H[SUHVVLRQV LQWR WKUHH I X<
RUQRQ KXPDQRLG URERWVY DQG DSSHDUDQFH FRQVWUDLQHG URERWV W
DIIHFWLYH H[SUHVVLRQ DQWKURSRPRUSKLF RUKXPDQRLG URERWY WKDW K
DIIHFWLYH H[SUHVVLRQ DQG WUDGLWLRQDO DQWKURSRPRUSKLF URERW\
DIIHFWLYH H[SUHVVLRQV ZLWK FRQYHQWLRQDO IDFLDO H[SUHVVLRQV $QH
*DSSHDUDQFH FRQVWUDLQHG ~ $\¥ SHEUSBHWKHB QM BERXWWKDLQHG URERWV C
HUDWHO\HQJLQHHUHG WR EH DQWKURSRPRUSKLFDQG ODFN WKH DELOLW\ \
FRQWDFW 7KXV *DSSHDUDQFH FRQVWUDLQHG  VHUYHVDVDQDGGLWLRQDO |
URERWYV



&KDSWHU S5HODWHG

JLIXUH 7KH 6$0 XVHG WR PHDVXUH SOHDVXUH WRS DURXVDODQG

D$WODV > @ E$VLPR> @ F3HSSHU > @ G1DR > @

HL&XE > @ | $PHFD > @ J6RSKLD> @ K*HPLQRLG'.> @

JLIXUH ([DPSOHV RI KXPDQRLG URERWY VRUWHG E\GHJUHH RI PRU

,QJHQHUDO DSSHDUDQFH FRQVWUDLQHG URERWYV DUH QRW HQJLQHH
DQG ODFN WKH DELOLW\WR H[KLELW IDFLDO H[SUHVVLRQV RU PDNH H\}
DUHLQKHUHQWO\QRQ KXPDQRLG QRQ JRRPRUSKLF DQGIDFHOHVV &
JLJXUH FDQEHUHJDUGHG DV ERWK QRQ KXPDQRLG DQG DSSHDUDQFH F
VSHFLILF WDVNV ZLWKRXW H[SUHVVLYH FDSDELOLWLHV LQPLQG SRVVHYV
'XHWR WKHLQKHUHQW PRUSKRORJLFDO OLPLWDWLRQV RIDSSHDUDQF
PD\EH XVHG IRUWKH GHVLJQ RI HPRWLRQDO H[SUHVVLRQV ([DPSOHV R
LQFOXGH GHYLFHV VXFK DV WK@& *URERW §DEXKRLIFDHD QHUV VXFK DV WK
> @ :RRGLH> @ DQG3RVW SODQW> @ DPRQJRWKHUV

&RQFHUQLQJWKHGLITHUHQWLDWLRQ EHWZHHQ KXPDQRLGDQG QRQ KX
DFOHDUGHILQLWLRQ IRU ZKDW TXDOLILHV DV D KXPDQR:G @GKRPRWR$BFR U
URERWV GUDZ GLUHFW LQVSLUDWLRQ IURP KXPDQ FDSDELOLWLHV DQG GF



ORGDOLWLHV RI ([SUHVVLRQ

D5RERWLF SURWRW\SHOD D& > @ F6KLPL> @ G.LS > @

H:RRGLH> @ I6RFLDO URERW SURBRERWLF ER[>K@QIHHWLQJODFKLQH > @

JLIXUH ([DPSOHV RIDSSHDUDQFH FRQVWUDLQHG DQG WKHUHIRUH QR

7KHVH URERWY FRPH LQ YDULRXV VLIHV DQG VKDSHV UDQJLQJIURP IXOO VL]
KHDGV WKDW VLPXODWH KXPDQ VHQVLQIJDQG H[SUHVVLRQ 7KH NH\HPSKD
VLIQLINLQJ WKDW IRUD URERW WR EH FODVVLILHG DV DKXPDQRLG LW PXV)
VKDSH &RQVHTXHQWO\ D KLJKGHJUHH RIPRUSKRORJLFDO VLPLODULW\ LYV

IXPHURXV PHWULFV DUHHPSOR\HG WRJDXJH DQWKURSRPRUSKLVP LQF
SHUFHLYHG UHVHPEODQFH WR KXPDQV ([DPSOHV RIVXFKPHWW@FV LQFO X(
DQG WKH5R&@6ERWK RI ZKLFK HQFRPSDVV FULWHULD WR HYDOXDWH DQWKUR!
RI KXPDQ OLNHQHVYV )XUWKHURRWHU RBEXEBGLDHPMHM /ARG LQ D SUHOLPLQDU\ YV
URERWV LQWR WKUHH JURXSV EDVHG RQ WKHLU OHYHO RI VLPLODULW\ WR KX
*URXS PRGHUDWH VLPLODULW\ RUKXPDQRLG *URXS DQG KLJK VLPLC
UHVXOW DQ\URERWIDLOLQJWRPHHW WKHFULWHULD IRUDQGURLGV RU K>
LQFOXGLQJ]RRPRUSKLF URERWYV

%DVHG RQ WKHVHGHILQLWLRQV LWFDQEHLQIHUUHG WKDW D QRQ KXPDC
RUIDFH SURYLGHG WKDW WKHVH FRPSRQHQWYV VLIJQLILFDQWO\GLYHUJH IUR
DZLGHVSHFWUXP RIQRQ KXPDQRLG URERWV LQFOXGLQJ]RRPRUSKLF URER
VHDUFKDQG UHVFXH URERWYV LQGXVWULDO URERWV LQFOXGLQJURERWLFD
DQG RWKHU URERWLF VI\VWHPYV DV ORQJDV WKH\GLVWLQFWO\GHYLDWH IUF

ORGDOLWLHV RI ([SUHVVLRQ

$V GLVFXVVHG LQ 6HFWLRQ DSSHDUDQFH FRQVWUDLQHG URERWV IDFH
PRGDOLWLHY WR VLPXODWH HPRWLRQDO H[SUHVVLRQ 'HSHQGLQJ RQ WK
WKH DELOLW\WR H[SUHVV HPRWLRQV WKURXJK PRUHDEVWUDFW PRGDOLW
HWF 7KHVH PRGDOLWLHY DV RSSRVHG WR DQWKURSRPRUSKLF PRGDOLW
ODQJXDJH DQG JDLW PD\QRW LPPHGLDWHO\EHHIIHFWLYHLQ FRQYH\LQJ DI
UHVHDUFK KDV IRFXVHG RQ HVYWDEOLVKLQJ WKH FRQQHFWLRQV EHWZHHQ HD
FRPPXQLFDWH VSHFLILF HPRWLRQDO LQIRUPDWLRQ 7KH RYHUDUFKLQJ R
XVLQJ WKHVHPRGDOLWLHY LQ WKH GHVLJQ RIDSSHDUDQFH FRQVWUDLQHG L
FRQYH\LQJ HPRWLRQV

ORWLRQ
(SOH\HW L JKOLJKW WKH LPSRUWDQFH RIPRYHPHQW DV D KLIJKO\HIIHFWLYF
PRUSKLVPDQG DWWULEXWHG PHQWDO VWDWHY LQFOXGLQJHPRWLRQDO VW
HPRWLRQV WKURXJKPRYHPHQW LY ODUJHO\EDVHG RQ WKHGHJUHHV RIITUHHC
WKHDFWLRQ 7KLV LVLPSRUWDQW EHFDXVHDSSHDUDQFH FRQVWUDLQHG
LQ WKHLUGHJUHHV RITUHHGRP GHSHQGLQJRQ WKHVSHFLILF DSSOLFDWLF
SHUIRUP

7KLV UDLVHV WKH IXQGDPHQWDO TXHVWLRQ RIKRZLQGLYLGXDO PRWLR
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DIIHFWLYH IHDWXUHV $F PR UgH KGIIWS R HLGP HWWGDVA. ]H RI WKH PRYHPHQW FDQ
DURXVDO )XUWKHUPRUH WKH\VXJJHVW WKDW IRUYDOHQFH LIWKHURE|
DQG LWV PRYHPHQW SDWWHUQ LV HUUDWLF RUXQVWDEOH LW ZRXOG EH
FRPSRQHQWY PRYH VPRRWKO\DQG PDLQWDLQ DQ RSHQ DQG XSULJKW SR\
7KLV FRQFHSW GUDZV LQVSLUDWLRQ IURP SODQW EHKDYLRU ZKHUH SRVL
VWDQGLQJ XSULJKW DQG RSHQLQJ XS ZKLOH QHJDWLYH HPRWLRQV DUH
EHQGLQJGRZQ DQG ZLWKHULQJ

&RQVLVWHQW ZLWK WKLV VWXG\ SWKBQYHVWRUBWHG/\WRHMLDGI PDWLF S|
WR DURXVDO DQG YDOHQFHLQ HPRWLRQDO VWDWHY 7KH\IRXQG WKDV
FRUUHODWH ZLWK DURXVDO 6HYHUDO VWXGLHV KDYHDOVR LQGLFDWF
IRUYDOHQFH )RUH[DPSOH MR\FDQ EHH[SUHVVHG E\PRYLQJIRUZDUG
PRYLQJ EDFNZDUG LQGLFDWHY VXUSULVH VKDPH RUIHDU /HDQLQJYV
DQ[LHW\ SDQLF DQGIHDU ZKLOHOHDQLQJWKHZKROHERG\IRUZDUG FDC
FRQFOXVLRQV KDYH EHHQ GUDZQ UHJDUGLQJ ZKLFK NLQHWLF RU VWU?>
DVLGHIURP WKHRULHQWDWLRQ RI WKHPRYHPHQW 7KHDXWKRUV GHVL
RQ ELRORJLFDO PRWLRQ VWXGLHVY WKDW GHPRQVWUDWHG UHODWLRQ
SDUDPHWHUV VXFKDV YHORFLW\DQG RULHQWDWLRQ

JXUWKHUPRUH D VWXGYPEG@HYCHHBEHW@BDYDOLGDWHG D VHW RI XQLPF
H[SUHVVLRQV IRUEDVLFHPRWLRQV VXFKDV MR\ VDGQHVV IHDU DQG DC
RXWSXWPRGDOLWLHYV 7KH\GHYHORSHG PHWDSKRULFDO GHVLJQ JXLGHC
WKURXJK PRYHPHQW 7R H[SUHVV MR\ PHWDSKRUV OLNH MR\ LV XS~ L
HPSKDVL]LQJ WKHLPSRUWDQFHRIFRQYH\LQJ YLWDOLW\DQG SRVLWLYF
SVDGQHVV LVGRZQ "3VDGQHVV LV SDVVLYH "DQG3VDGQHVV LV D EXUGHC
ODFNRIYLWDOLW\ SDVVLYHQHVY DQG UHWLFHQFH 7KHPHWDSKRUZ3IHD
DQG *HVFDSLQJ  PRYHPHQWY UHIOHFWLQJWKHH[SHULHQFH RIEHLQJ ¢
IRUDQJHU VXFK DV :DQJHU LV KRW IOXLG LQ D FRQWDLQHU “3DQJHU L\
LV DJJUHVVLYH DQLPDO EHKDYLRU “~"VKDNLQJDQG IRUZDUG PRYHPHQ\
FROQOWDLQHUDQGDQLQQHU VWUXJJOH DV ZHOO DV IDVW PRWLRQ WRZDL

,Q WKHLU DQDO\VEV GRRLIMGHW FAPSUHKHQVLYH RYHUYLHZ RI WKH H
DFWHULVWLFV RIDIIHFWLYH PRYHPHQW RQ WKH DWWULEXWLRQ RI HPR
SUHYLRXV VWXGLHV )LUVW WKH\QRWH WKDW SHUFHLYHG LQVWDELOL
ZKLOH SHUFHLYHG VWDELOLW\LV DVVRFLDWHG ZLWK SRVLWLYH HPRWLR
> @XUWKHUPRUH UHVHDUFKHUV FRQVLVWHQWO\ILQG WKDW DFFHOHL
ZKLFK DOLJQV ZLWK WKH ILQGLQJV Rl @HDWEMFR@W & HD\SWOKFANLY SU
LP HW>sD@RRLM HWA@XOJHVW WKDW YHORFLW\ FRQWULEXWHVY WR DURX"
LVDVVRFLDWHG ZLWK SRVLWLYH HPRWLRQV DQG VL]HRIWKH PRYHPHC
DQG DURXVDO )RUH[DPSOH IDVWDQG MHUN\PRYHPHQWYV DUHDWWULE
PRYHPHQWVY DUH OLQNHG WR DQJHU 2Q WKH FRQWUDU\ VPDOO DQG VORZ
DQG IHDU DOLJQLQJZLWK WKH PHWDSKRU® %UW¥XHOQWR GHE \U R KQHEUPHRW
WHQG WR HYRNH SRVLWLYH HPRWLRQV ZKLOH VKDUS DQG DQJXODU PR
HPRWLRQV VXSSRUWLQJWKH K\SRWKHVHY SUHVHOWBGEGSERWRGOH L
<DPDGD @XUWKHUPRUH SRE®LIKIOWIKWN VRFLDO DWWULEXWLRQV UHOD
SHUFHLYHG JRDO GLUHFWLRQ VXFK DV DQLPDF\ ZKLFK FRQWULEXWH
SHUFHLYHG LQWHQWLRQDOLW\

W LVHYLGHQW WKDW GUDZLQJLQVSLUDWLRQ IURP ELRORJ\SURYLGH
PHQWYV +RZHYHU DFFRUGLQJA/®LFIOMIQRPHSHUQFLSOHY FDQ DOVR EH X\
PRYHPHQWY FRQYH\IRUHVLJKW DQG LQWHOOLJHQFH DQG HQKDQFH \
VLIJQLILFDQW DGYDQWDJH RI XVLQJDQLPDWLRQ SULQFLSOHV LV WKHLU
QRQ ELRORJLFDOO\LQVSLUHG VWUXFWXUHV OLNH GURQHYV 1HYHUWKHC
LQ WKH OLWHUDWXUH DQG D ODFN RI FRPSDUDWLYH VWXGLHV FKRRVLQ
H[SUHVVLYHPRYHPHQW FDQ EH D GDXQWLQJWDVN IRUGHVLIJQHUV 7Kl
GLIIHUHQW VWUDWHJILHY DUH VXLWDEOH GHSHQGLQJRQ WKH GHVLUHG
PRUSKRORJ\



ORGDOLWLHV RI ([SUHVVLRQ

7DEOH 6 XPPDU\ RI FKDUDFWHULVWLFVY RI PRWLRQLQ WHUPV RIDIIHF

ORGDOLW\ &KDUDFWHULVWLFVLQ $IIHFW $SWWULEXWLRQ

5RXQGHG PRYHPHQW SDWWHUQV FRQYH\ SRVLWLYH YDOHQFH
6KDUSDQG DQJXODU PRYHPHQW SDWWHUQV FRQYH\ QHJDWLYH YDOI
+LJKVSHHG LV SHUFHLYHG DV PRUH SRVLWLYH ZLWK URXQG PRYHPH
+LIJKVSHHG FRQYH\V KLJKHU DURXVDO UHJDUGOHVV RIPRYHPHQW
ORWLRQ$FFHOHUDWLRQ DQG FXUYDWXUH DOVR LQIOXHQFH YDOHQFH
SBHUFHLYHG LQVWDELOLW\OHDG WR QHJDWLYHHPRWLRQ DWWULEXYV
SBHUFHLYHG VWDELOLW\LVDVVRFLDWHG ZLWK SRVLWLYH HPRWLRQ |
)DVWDQG MHUN\PRYHPHQWY DUH DWWULEXWHG WR MR\
/DUJH IDVW DQG MHUN\PRYHPHQWV DUHDWWULEXWHG WR DQJHU
6PDOODQG VORZPRYHPHQWYV DUHDWWULEXWHG WR VDGQHVV DQG I

/ILIKW
/ILJKWV DUH D YHUVDWLOHDQG SURPLVLQJYLVXDO WRRO ZLWK ZLGHVSUHD (
DV FRPSXWHUV YHKLFOHVY KDQGKHOG GHYLFHV DQG URERWYV 7KH\DUH >
RITHULQJEHQHILWY VXFKDV VLPSOLFLW\ UHDGDELOL®\ 7KQ ¢ DG MXW WWBIEQ OW
HQDEOHVY OLJKWV WR VHUYH DV HITHFWLYH VLIJIQDOLQJPHFKDQLVPV IRU GLII
$OWKRXIK WKH FRUH GHVLJQ RIPRVW DSSHDUDQFH FRQVWUDLQHG URERWYV G
OLJKWDQG FRORU IRUHPRWLRQDO GLVSOD\V LWPD\VRPHWLPHVY EH SRVVLE
LQWHUIDFHV WR H[SORLW WKH SRWHQWLDO EHQHILWYVY RIOLJKWDQG FRORU

D:RRG\> @ E+XVN\> @ F200\> @ G5RRPED > @

JLJXUH ([DPSOHV RIDSSHDUDQFH FRQVWUDLQHG URERWY DXJPHQWHG ZLW
H[SUHVVLRQ

YHWHOCDBW®RUHG XVLQJ OLJKW SDUDPHWHUV VXFK DV FRORU SDWWHUQ
WR H[SUHVV HPRWLRQV DQG DIIHFWLYH VWDWHY EDVHG RQ SUHYLRXV VWXGL
DWWULEXWRRO>FRORUVY HJ EOXH JUHHQ WHQG WR HYRNH SRVLWLYH D(
FRORUV HJ \HOORZ RUDQJH DUHDVVRFLDWHG ZLWK QHIJDWLYLW\DQG SK
PHQWDU\ FRORU VFKHPHV DQG WKHLQIOXHQFH RIOLJKW SDWWHUQ PRWLRQ L
DURXVDO ZHUH DOVR HI[DPLQHG 7KHVH YDULDEOHY ZHUH FRQGHQVHG LQW
DQG FRPSOHPHQWDU\ DQG RQH QHXWUDO PRWLI SODLQ ZKLWH 7KH SDUW
DWWULEXWHG WR WKHVH PRWLIV

7KHUHVXOWV RI WKLY VWXG\VKRZHG WKDW FRORU VLJQLILFDQWO\LQIO
:DUP FRORUV UHFHLYHG ORZHU YDOHQFH UDWLQJY FRPSDUHG WR FRPSOH
FRORUV UHFHLYHG ORZHU DURXVDO UDWLQJY FRPSDUHG WR ZDUP DQG FRP
SURGXFHG ORZHU DURXVDO UDWLQJV FRPSDUHG WR WKH ZDUP PRWLI )XUWKH
EHWZHHQ DURXVDO DQG WKHPRWLRQ RIOLJKW SDWWHUQV 7KLV VXJJHVW
VWDWHV FDQ SRWHQWLDOO\N\LQFUHDVH WKHLQWHUSUHWDELOLW\RIHPRWL

ORUHRYHU VHYHUDO VWXGLHV KDYH H[SORUHG WKH LPSRUWDQFH DQG |
PXOWLPRGDO FRQWH[W FRPSDUHG WR RWKHU PRGDOLWLHY OLNH VRXQG I
<DPDGD @WXGLHG WKH LPSDFW RI FRORU VRXQG DQG YLEUDWLRQ RQ KXP
DSSHDUDQFH FRQVWUDLQHG URERW 7KH\IRXQG FRQIOLFWLQJPDSSLQJV EF
WKHOLWHUDWXUH EXW WKH\VHOHFWHG PDSSLQJVY WKDW UHFHLYHG VXSSK
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FRORUHPHUJHG DV WKHPRVW LPSRUWDQW PRGDOLW\IRUH[SUHVVLQJ
H[SUHVVLQJ MR\ HIITHFWLYHO\

+RZHYHU /|110OHUBKW ODOHQJIJHG WKHVH ILQGLQJV E\ VAIVWHPDWLFDOG
XQLPRGDO DQG PXOWLPRGDO H[SUHVVLRQV IRUEDVLF HPRWLRQV XVLQ
XQLPRGDO XVHRIFRORU ZDV IRXQG WR EH WKH ZHDNHVW SUHGLFWRU RI H
VRXQG SHUIRUPHG HTXDOO\ZHOO &RPELQLQJFRORUDQGPRWLRQ VLJQ
DFFXUDF\DQG SDUWLFLSDQWVYT FRQILGHQFH LQ LGHQWLI\LQJ WKH UR
FKRRVLQJRXWSXW PRGDOLWLHY EDVHG RQ WKH VSHFLILF HPRWLRQV WR
DOO HPRWLRQV HTXDOO\ ZHOO

7TDEOH 6 XPPDU\ RI FKDUDFWHULVWLFV RI OLJKWLQ WHUPV RI DI

ORGDOLW\ &KDUDFWHULVWLFV LQ $IIHFW $SWWULEXWLRQ

:DUP FRORUV FRQYH\ QHJDWLYH YDOHQFHDQG KLIJIKDURXVDO
&RRO FRORUV FRQYH\ SRVLWLYH YDOHQFH DQG ORZDURXVDO

/ILIKW
3RVLWLYH FRUUHODWLRQ EHWZHHQ DURXVDODQG PRWLRQ RI Ol
OXOWLPRGDO XVHRIOLJKWDQG PRWLRQ OHDGV WR LPSURYHG D
BRXQG

6RXQG VHUYHV DV D YHUVDWLOH PHDQV RI FRQYH\LQJ ERWK SUDFWLFDO
URERW GHVLJQ 5RERWYV QDWXUDOO\JHQHUDWH QRLVH GXULQJ WKHLU
DXGLWRU\VLIJQDOV LQFOXGLQJVLPSOH QRQ OLQJXLVWLF XWWHUDQFHV
+RZHYHU ZKLOHVSHHFKLVDIDPLOLDUPRGHRIKXPDQ FRPPXQLFDWLRQ
URERWYV DQG FUHDWH XQUHDOLVWLF H[SHFWDWLRQV EH\RQG WK H®&U H[SL
VXJIJHVWV WKDW 1/8V FRXOG VHUYH DV D YLDEOH DOWHUQDWLYH PHDQV

6\QWKHWLF 1/8V UHPLQLVFHQW RIVRXQGV XVHG EMILFWLRQDO QRQ K:
ILWWLQJIRUP RIFRPPXQLFDWLRQ ([DPSOHV LQFOXGHVRXQG FOLSV IL
FKDUDFWHUV OLNH :DOO ( 5 ' %% DQG 7UDQVIRUPHUV ZKLFK HIIHFWL
LQWHUQDO VWDWH 'HVSLWHLWYV SRWHQWLDO UHVHDUFK KDV VKRZQ WKI
FRQYH\DIIHFWLYHLQIRUPDWLRQ FRPSDUHG WR WKH XVH RIPXOWLSOH PR
WR YDULRXV FRQVWUDLQWY WKDW UHQGHU WKH VRXQG OHVV VXLWDEOF

D%XPEOHEHH E % % F5 ' G:DOO (

JLIXUH ([DPSOHV RIURERWLF FKDUDFWHUV IURP SRSXODU PRWLRQ SL

,Q WKHLU VWXG\ >HRB@PHYHBDKRZ SHRSOH SHUFHLYH WKH IXQFWLRQDO
FRQYH\HG E\URERW VRXQGVDQG ZKHWKHU WKHVH SHUFHSWLRQV DUH
ILFWLRQ PRYLHV 7KH UHVXOWYV UHYHDOHG D VLIJQLILFDQW JDS EHWZ|
WKH VRXQGV DQG KRZWKH\ZHUH DFWXDOO\LQWHUSUHWHG 3DUWLFLS|
VRXQGV DV SRVLWLYH ZKLOHB3QHXWUDO DQG *QHJIJDWLYH VRXQGV Zt
QHXWUDO RUQHJIJDWLYH )XUWKHUPRUH VRPHVRXQGVY ZHUH PLVWDNH
ZKHQ WKHLULQWHQWLRQ ZDV HPRWLRQDO 7KHVHILQGLQJV KLJKOLJK!
PD\IDFHLQ DFFXUDWHO\ LQWHUSUHWLQJDQG FDWHJRUL]LQJ XQLPRG
HPRWLRQDO QDWXUH RI VRXQGV FDQ EHHDVLO\FRQIXVHG DQG PLVWDN€
PHVVDJH

+RZHYHU 6RQJDQGS <®@PRPESMVH WKDW DIIHFWLYH VRXQGYV SDUWLFXOD!
UROH LQ WKH GHVLJQ RI VIQWKHWLF H[SUHVVLRQV RI HPR@WLRRWFK/ KH



(PRWLRQ BUHGLFWLRQ ORGHOLQJ

VXJIHVWV WKDW ZKHQ EHHS VRXQGV ZLWK ULVLQJLQWRQDWLRQ DUH HPLV
WKH FRPSXWHU DV H[SUHVVLQJ GLVDJUHHPHQW UHJDUGOHVV RI WKH GXL
VRXQGV ZLWK GHFUHDVLQJLQWRQDWLRQ DQG ORQJHU GXUDWLRQ DUH LQWH
LQWHUSUHWDWLRQV HVVHQWLDOO\UHSUHVHQW HPRWLRQV FKDUDFWHUL]
DURXVDO

6RQJDQG <DPD@BWDIXH WKDW WKH VDPH SULQFLSOHV DSSO\ ZKHQ VXEVWL
KHVLWDWLRQ ZLWK HPRWLRQV VXFK DV DQJHUDQG VDGQHVYVY %DVHG RQ W
NHV\UHFRPPHQGDWLRQV IRU XVLQJ VRXQG )LUVW ZKHQ H[SUHVVLQJDQJHU
YLEUDWLRQ DUHUHFRPPHQGHG 6HFRQG ZKHQ H[SUHVVLQJVDGQHVYV DIDO
ZKHQHYHU SRVVLEOH WKH\VXJJHVW XVLQJPXOWLSOH PRGDOLWLHYVY LQVWH
DOLJQLQJ ZLWK WKHUHFRPPHQGDWLRQV RI/|[ITOHUHWDO > @

,QIDFW /|IIOCHUWBGHWDOHYHUDO FRQFOXVLRQV DERXW WKH SHUFHLYHG FRQI
RIHPRWLRQV ([SHULPHQWDO UHVXOWV OHG WR WKHFRQFOXVLRQ WKDW VR X(
LQFOXGLQJVRXQGLQDWULPRGDO H[SUHVVLRQ GRHV QRW LPSURYH FODVVLIL
+RZHYHU WKHDXWKRUV IRXQG WKDW VRXQG SOD\WDQLPSRUWDQW UROH LC
FRQWUDVW VRXQG KDG D QHJDWLYHLPSDFW RQ FRQILGHQFH VFRUHV IRU IH
IRUWKDW SDUWLFXODU HPRWLRQ 7KHVHILQGLQJV VXSSRUW WKHLU LQLWLI
VXJIHVWLQJ WKDW VRXQG FDQ EH EHQHILFLDO EXW PD\ QRW XQLYHUVDOO\L

7TDEOH 6 XPPDU\RI FKDUDFWHULVWLFV RIVRXQGLQ WHUPV RIDIIHFV

ORGDOLW\ &KDUDFWHULVWLFV LQ $IIHFW $SWWULEXWLRQ

7KH XVH R11/8V PLJKW EH PRUH VXLWDEOH WKDQ WKH XVH RI VSHHEK
8QLPRGDO XVH RIVRXQG LV LQVXIILFLHQW IRUDFFXUDWH HPRWLRQ
6RXQGY FDQ EH HUURQHRXVO\LQWHUSUHWHG DV FRQYH\LQJ D IXQF)
6RXQGV DUH EHWWHU DW FRQYH\LQJ QHIJDWLYH HPRWLRQV
5LVLQJLQWRQDWLRQ LV DWWULEXWHG WR DQJHU
)DOOLQJLQWRQDWLRQLV DWWULEXWHG WR VDGQHVYV

6RXQG

(PRWLRQ 3UHGLFWLRQ ORGHOLQJ

([LVWLQJ UHVHDUFK LQ HPRWLRQ SUHGLFWLRQ PRGHOLQJ SURYLGHYV XVHI
KXPDQ HPRWLRQDO UHDFWLRQVEDVHG RQ REVHUYDEOH GDWD 7KLV VHFWLR(
DGYDQFHG NQRZOHGJH LQ WKLV DUHD IRFXVLQJRQ VWXGLHVY WKDW HPSOF
HPRWLRQDO TXDOLWLHY XVLQJ GDWD IURP KXPDQ VXEMHFWYV 1RWDEO\ ZKL
LQXQGHUVWDQGLQJDQG SUHGLFWLQJHPRWLRQVLQ YDULRXV FRQWH[WV W
WKHVH PRGHOV WR DSSHDUDQFH FRQVWUDLQHG URERWY 7KHVH URERWYV ¢
SUHGLFWLRQ PRGHOLQJEHFDXVHRIWKHLULQKHUHQW UHVWULFWLRQV LQ H|
VWXGLHYVY ZH SUHVHQW D WKHRUHWLFDO IRXQGDWLRQ IRUDGGUHVVLQJ WKH
VSHFLILFDQG UHODWLYHO\ XQH[SORUHG GRPDLQ

JLUVWO\ ZHH[SORUH WKHZRENLEFK BRREOWHXQIHY WKH XQLYHUVDOLW\RIIDF
HPRWLRQ WKURXJK D ERWWRP XS PRGHOLQJDSSURDFK 7KLV VWXG\KLJKOLJ
SHUFHSWLRQ DQG SURYLGHV D UREXVW IUDPHZRUN IRU XQGHUVWDQGLQJ
LOWHUSUHWHG DFURVYV FXOWXUHYV

1H[W ZH H[DPLQH WKH UHVHDYF& KL AXQDGIGWUB@VHY WKH LQKHUHQW YD
XQFHUWDLQW\LQ FRQWLQXRXVO\SUHGLFWLQJHPRWLRQDO VWDWHYV %\LQFR
OL[WXUH 5HJUHVVLRQ PRGHOV WKLV VWXG\RIIHUV D QRYHO SHUVSHEWLY
SUHGLFWLRQ DQG XQGHUVFRUHV WKH LPSRUWDQFH RIDFFRXQWLQJIRU XQF

%RWWRP 8SORGHOLQJRI (PRWLRQDO 5HSUHVHQWDWLRQV
7TKH VWXG\ E\ -DFNGHKWOOHQIJHY WKH XQLYHUVDOLW\ RIIDFLDO H[SUHVVLR
LOQQRYDWLYH ERWWRP XS PRGHOLQJDSSURDFK 7KLV DSSURDFK LV KLJKO\ I
UREXVW PHWKRG IRUFDSWXULQJ WKH QXDQFHV RIHPRWLRQDO H[SUHVVLRQ
RXUJRDO RI XQGHUVWDQGLQJ KRZYDULRXY SDUDPHWHUV LQIOXHQFH SHUF
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7TKHDXWKRUV XVHG D FRPSXWHU JUDSKLFVY SODWIRUP WR UHFRQVW
HPRWLRQV KDSSLQHVV VXUSULVH IHDU GLVJXVW DQJHU DQG VDGC
"HVWHUQDQG (DVWHUQ FXOWXUHY FDWHJRUL]JHG WKRXVDQGVY RIIDFLD
JHQHUDWLYH JUDPPDUV WR UDQGRPO\ JHQHUDWH DOO SRVVLEOH WKL
ZHUH WKHQ FDWHJRUL]HG E\ REVHUYHUV DFFRUGLQJ WR WKH HPRWLR
SURFHVV FDSWXUHG WKH VXEVHWYV RIIDFLDO PRYHPHQWY WKDW FRUU
UHSUHVHQWDWLRQV RI WKH VL[ EDVLF HPRWLRQVLQLQGLYLGXDO REVH

7KH UHOHYDQFH RI WKLY DSSURDFK OLHV LQ LWV DELOLW\ WR PRGH:
XS EDVHG RQLQGLYLGXDO DQG FXOWXUDO SHUFHSWLRQV %\ OHYHU
PD\EH SRVVLEOHWRLQYHVWLJDWH KRZVSHFLILF EHKDYLRUDO SDUDP|
TXDOLWLHV -XVWDV WKHDXWKRUV RI WKLV VWXG\XVHG UDQGRP IDFL
LQHPRWLRQ SHUFHSWLRQ D VWXG\FDQ PDQLSXODWH YDULRXV PRGD
HPRWLRQDO TXDOLWLHVY DUHLQWHUSUHWHG E\ KXPDQ REVHUYHUV

2QHRI WKH NH\DVSHFWV RI WKLY UHVHDUFK WKDW LV SDUWLFXODUO\ U
IUDPHZRUN WR H[SORUH WKH HQWLUH VSDFH RI SRVVLEOH IDFLDO H[S!
DOORZHG WKHP WR LGHQWLI\ VSHFLILF IDFLDO PRYHPHQWY WKDW ZHL
HPRWLRQV ZLWKLQ HDFK FXOWXUDO FRQWH[W 7KLV VIVWHPDWLF YDU
RI SRVVLEOH HPRWLRQDO H[SUHVVLRQV HQVXUHV WKDW ILQGLQJV DUH
EHKDYLRUDO SDUDPHWHU VSDFH )XUWKHUPRUH E\XVLQJ WKHDJJUHJI
KXPDQ VXEMHFWY VLPLODU WR KRZWKHDXWKRUV DJJUHIJDWHG LQGL"
SUHGLFWLYH PRGHO PD\EHFRQVWUXFWHG WKDW UHIOHFWV WKH FROOF

ORGHOLQJB8QFHUWDLQW\RI (PRWLRQ 3UHGLFWLRQV
'‘DQIHWD@GGUHVV D FUXFLDODVSHFW RIHPRWLRQ SUHGLFWLRQ V\VW
LOKHUHQW LQ SUHGLFWLQJ HPRWLRQDO VWDWHY 8QOLNH WUDGLWLI
FHUWDLQW\ WKLV VWXG\ LQWURGXFHV D QRYHO SDUDGLJP WR HVWLP
OL[WXUH5HJUHVVLRQ *05 7KLVDSSURDFKOHYHUDJHV LQWHU UDWHU"
SURYLGLQJD PRUH QXDQFHG XQGHUVWDQGLQJRIHPRWLRQDO H[SUHVYV

,QWKHLU VWXG\ WKH DXWKRUV XVH®@WZXKKILF (K B RRQGDDN. QEDPAYHOW LPRGD C
VSROQWDQHRXVY HPRWLRQDO LQWHUDFWLRQV 7KHLU ZRUN LV IRFXVHG R
XQGHUVWDQG KRZHPRWLRQV I IOXFWXDWH GXULQJLQWHUDFWLRQV 7KH\
UDWHU YDULDELOLWN L H GLIIHUHQFHV LQ KRZ GLIITHUHQW UDWHUYV SFH
XQFHUWDLQW\ %\ LQWHJUDWLQJ WKLY YDULDELOLW\LQWR WKHLU *0
DFFXUDWHO\UHIOHFW WKH QDWXUDO IOXFWXDWLRQVLQ HPRWLRQDO
DOO SUHGLFWLRQV ZLWK HTXDO FRQILGHQFH WKHLUPRGHO DGMXVWYV
DPRQJUDWHUYV

.H\DVSHFWV RI WKHLU PHWKRGRORJ\ WKDW DUH SDUWLFXODUO\UHOH
ELOLVWLF PRGHOV VSHFLILFDOO\*DXVVLDQ OL[WXUHORGHOV WR FDSYV
GDWD 7KHHPSKDVLVRQ FRQVLGHULQJLQWHU UDWHU YDULDELOLW\DV
RIYDULDELOLWANLQ LPSURYLQJWKHDFFXUDF\DQG UREXVWQHVV RI SUL
RQFRQWLQXRXV HPRWLRQ SUHGLFWLRQ RYHU WLPH XWLOL]JLQJ WKH 5
LOWHUDFWLRQV WKH DSSURDFK RI LQWHJUDWLQJ YDULDELOLW\DQG
DSSOLFDEOH

$OWKRXIK'DQIJHWDO IRFXVHGRQWKHG\QDPLFDVSHFWRIHPRWLRQ S
WKHLU PHWKRGRORJ\DQG ILQGLQJVY SURYLGHDIRXQGDWLRQDO XQGH
SUHGLFWLRQ DV ZHOO 7KHLU HPSKDVLV RQ SUREDELOLVWLF PRGHOLQ
RITHU YDOXDEOH LQVLJKWV IRU LPSURYLQJ WKH DFFXUDF\DQG UHOLD
UHOHYDQFH XQGHUVFRUHVY WKH SRWHQWLDO EHQHILWY RI LQWHJUDW
HPRWLRQ SUHGLFWLRQ UHVHDUFK VXFK DV WKHVWDWLF HPRWLRQ SUF
WKHVLV






OHWKRG

7KLV FKDSWHU RXWOLQHVY WKH PHWKRGRORJ\ XVHG LQ WKLV VWXG\WR LQYHV
OLJKW DQG VRXQG SDUDPHWHUV LQIOXHQFH SHUFHLYHG HPRWLRQDO TXDOL
WR GHYHORS SUHGLFWLYH PRGHOV WKDW FDQ DFFXUDWHO\ FRUUHODWH Wt
UHVSRQVHV XWLOL]LQJD ERWWRP XS DSSURDFK 7KH VWXG\LQYHVWLJD)
DQG VRXQG FDQ VLIJQLILFDQWO\DOWHU WKH SHUFHLYHG HPRWLRQV FRQYH
%\ VIVWHPDWLFDOO\ PDQLSXODWLQJ DQG DQDO\]LQJ WKHVH SDUDPHWHU
UHODWLRQVKLSY WKDW GULYH HPRWLRQDO SHUFHSWLRQ LQ KXPDQ URERW

TR DGGUHVV WKH UHVHDUFK TXHVWLRQ ZH GHVLJQHG DQ H[SHULPHQWRE L
RQ WKHURERW XVHG WKHGHYHORSPHQW RI EDVH EHKDYLRUV IRU WKH UF
UHVSRQVHV DQG WKHWUDLQLQJ RIPDFKLQH OHDUQLQJPRGHOV IRU SUHGL
HOQVXUH WKH FODULW\ UHSOLFDELOLW\ DQG YDOLGLW\RIRXUILQGLQJV SUF
DQG DSSOLFDWLRQVLQ HPRWLRQDOO\H[SUHVVLYH URERWYV

ODWHULDOYV

7KLV VHFWLRQ GHVFULEHVY WKH PDWHULDOV XVHG LQ WKH VWXG\ IRFXVLQ.
ZDV SURJUDPPHG 7KLV VHFWLRQ GHWDLOV WKH URERWTTV SK\VLFDO FKDUDF
IRULWY VHOHFWLRQ HPSKDVL]JLQJKRZLWY GHVLIJQ VXSSRUWY WKH VWXG\Y

SRERWDQG 3URJUDPPLQJ
7KH URERW XVHG LQ WKLV VWXG\ LV WKHP%RW DQ HGXFDWLRQDO URERW
LOWURGXFH FKLOGUHQ WR WKHEDVLFV RIURERWLFV LQFOXGLQJPHFKDQLF
EDVHG SURJUDPPLQJ 7KHP%RWNLW FRPSULVHVDQ P&RUHPDLQ FRQWURO E
XOWUDVRQLF VHQVRU DOLQH IROORZHU VHQVRU WZR 77 JHDUHG PRWRU\
/(ERDUG 7KH P&RUH ERDUG LQWHJUDWHY YDULRXV VHQVRUV EX]]JHU OLJK\
WUDQVPLWWHU DQG UHFHLYHU IRXU5- SRUWY DQGD86% 7\SH % SRUW | W
RUYLD WKHEORFN EDVHG $3,LQ P%ORFN PDNLQJLWLGHDO IRUHGXFDWLF

7TKHP%RWLQ LWV VWDQGDUG FRQILIXUDWLRQ DV LOOXVWUDWHG LQ )LJIX
VHQVRUPRXQWHG RQ LWV IURQW 7KLV FRQILIJIXUDWLRQ SURGXFHV D SDUHI
EODQFH WR H\HVDQG WKH VHPLFLUFXODU SHUIRUDWLRQ RQ WKHIUDPH PLPLI
DSSHDUDQFH LQ 6HFWLRQ VXIJIHVW WKDW WKH P%RW LQ LWV VWDQGDUG |
DQDSSHDUDQFH FRQVWUDLQHG URERW +RZHYHU YDULRXV EXLOG FRQIL.
JLIXUH RINTHU GLITHUHQW OHYHOV RIDSSHDUDQFH FRQVWUDLQWY 7KHVH
FRPSRQHQWYV DWWDFKHG WR WKH URERWY{V IUDPH

TRHQVXUH WKDW WKHP%RWFDQEHFRQVLGHUHGDVDQDSSHDUDQFH FRQV
ZHUHLPSOHPHQWHG 6LQFH WKHIDFH OLNH SDUHLGROLD SULPDULO\VWHPV I
SHUIRUDWLRQ UHPRYLQJRUDOWHULQJ WKHVH HOHPHQWY FDQ VLJQLILFC
RI WKLV VWXG\ WKHURERW ZDV QRW UHTXLUHG WR DYRLG REVWDFOHV DC
VHQVRU $GGLWLRQDOO\ WKHIURQW SHUIRUDWLRQ ZDV REVFXUHG ZLWK Z
URERW ZLWK WKH FRQFHSW RIDQ DSSHDUDQFH FRQVWUDLQHG GHVLJQ

JXUWKHUPRUH VLQFH OLJKW VHUYHV DV RQHRIWKHH[SUHVVLYHPRGDOL
QHFHVVDU\DGMXVWPHQWY ZHUH PDGH WR WKH P&RUH FRQWURO ERDUG 7K



&KDSWHU OHWKRC

DO9DULDQW E9DULDQW FODULDQW GO9DULDQW

JLIXUH 'LITHUHQW EXLOG FRQILIXUDWLRQ IRUWKHP%RYV

P&8RUHLV SRZHUHG RQ DUHG /(' OLJKW ORFDWHG DW WKHFHQWHU RI WKH
ORQJDV WKH ERDUGLVLQ RSHUDWLRQ ORUHRYHU WKHP&RUH KDV D %O
EOXHIODVKHV WR LQGLFDWH WKDW WKHFRQWURO ERDUG LV QRW FRQC
WKDW WKHVH OLIJIKWY GR QRW LQWURGXFH ELDVHV RUDIIHFW WKH LQWHL
SULPDU\5*% /(" OLIKWV RQ WKHFRQWURO ERDUG WKH VHFWLRQV RI W
ORFDWHG RQ WKHP&RUH FRQWURO ERDUG ZHUH FRQFHDOHG ZLWK ZKLW

%DVH %HKDYLRUV

$VRXWOLQHG LQ 6HFWLRQ WKLY VWXG\DGRSWV D ERWWRP XS DSSURI
WKHDYDLODEOH PRGDOLWLHVY RQWKHP%RW L H PRWLRQ OLJKW DQG
DWWULEXWLRQ 7R GR WKLV WKUHH EDVHEHKDYLRUV IRUHDFKPRGDOLMW
IHDWXUHY DUH H[SUHVVHG LQ WKH URERW 7KH VHOHFWLRQ RI WKHVH
OLWHUDWXUH UHYLHZ DV GHWDLOHG LQ 7DEOHYV DQG

7KH GHVLJQHG EHKDYLRUV H[KLELW D TXDVL SHULRGLF QDWXUH LQ
VWRFKDVWLF SDWWHUQV LQ WKH EHKDYLRUVY WR FUHDWH D QDWXUDO
QDPHG *ZDQGHU " PHWDSKRULFDOO\UHSUHVHQWLQJ WKHURERWTV DFW
EHKDYLRUV IRUOLJKWDQG VRXQG DUH FDOOHG:EOLQN "  DQG33EHHS "~ Ul
SURYLGHD GHWDLOHG GLVFXVVLRQ RQ WKHGHVLIQDQG UDWLRQDOHE
RITHULQJLQVLIKWYVY LQWR WKHLULPSOHPHQWDWLRQ

'DQGHU

7KHZDQGHU EDVH EHKDYLRU LV D SURJUDPPHG EHKDYLRU IRU WKH URI
VHHPLQJO\UDQGRP RUH[SORUDWRU\PDQQHU 7KHZDQGHU EHKDYLRU LV
RI'DIRUZDUG PRYLQJ VHIPHQW DQG D WXUQLQJ VHIPHQW 7KH F\FOH
EHKDYLRU

,QSXW 3DUDPHWHUYV
7KLV EHKDYLRULVLQIOXHQFHG E\VHYHUDO LQSXW SDUDPHWHUYVY WKDW
ZLOO PRYHLQ D FHUWDLQ ZzD\ DQG ZKHWKHU LW ZLOO VWD\ ZLWKLQ WKH

7TDEOH :DQGHU LQSXW SDUDPHWHUYV

SDUDPHWHU '"HVFULSWLRQ 9DOLG 5DQJH

/m> iBQM 7RWDO GXUDWLRQ LQ VHFRQGV IRU ZKLFK WKH ZDQGH
UXQV

bi VAM"QmM/b %RROHDQ IODJ WR NHHS WKH URERW IZInYBKH 2D Q HQF
ZLWK EODFN OLQHV

r M/2 aT22/ %DVH VSHHG RI WKH URERW ZKLOH ZPRIGHULQJ LQ R
SRZHU
r M/2°aHQT2 &KDQJHLQ VSHHG RYHU WKH IRUZDUG PRYLQJ VHIPHQ

rM/22_QmM/M2bBRQWUROV KRZURXQGHG RU VKDUS \WKH WXUQV DUH

r M/2 *v+H2 _ i2 JUHTXHQF\RIVZLWFKLQJEHWZHHQ PRIYLRJ IRUZDUG DG
LQJ LQ F\FOHV SHU VHFRQG RU +]

&RQWLQXHG RQ WKH QH[W




%DVH %HKDYLRUV

7TDEOH &8RQWLQXHG IURP SUHYLRXV SDJH

3DUDPHWHU '"HVFULSWLRQ 9DOLG 5DQJH
r M/2 *v+H2ai M/6W® QGDUG GHYLDWLRQ RI WKH YDULPDELDOLW\LQ F\FOH GX
.2pB iBQM

r M/2 aT22/ai M/6W@ QGDUG GHYLDWLRQ RI WKH YDULDEDOLW\LQ ZDQGHU \
.2pB iBQM

r M/2°S? b2 'HOD\ RU SKDVH VKLIW EHIRUH VWDUWLQJ WKH ZDQGHU EH
LQ VHFRQGYV

%HKDYLRU ([HFXWLRQ

$VPHQWLRQHG EHIRUH WKH ZDQGHU EDVH EHKDYLRU FRPELQHV VWUXFWXU
DGMXVWPHQWY WR DFFRXQW IRU LQSXW YDULDELOLW\ 7KLV UHVXOWYV LQ
VRPHZKDW XQSUHGLFWDEOH SDWK ZKLFKPDWFKHV WKHPHWDSKRULFDO FF

7R YLVXDOL]H WKH H[HFXWLRQ RI WKH ZDQGHU EDVH EHKDYLRU WKH OF
SUHVHQWHG 7KLV GLDJUDP IRFXVHV RQRXWOLQLQJWKH GHFLVLRQ PDNLQ.
EHKDYLRU VXFK DV KRZWR UHDFW WR HQYLURQPHQWDO ERXQGDULHV ZK
WRDGDSW WKHEHKDYLRURYHU WLPH $ GHWDLOHG GHVFULSWLRQ RI WKH
FRPSOHWHFRGH RIWKH ZDQGHU EDVH EHKDYLRU FDQ EHIRXQG LQ $SSHQGL]

JLIXUH /RJLFIORZ GLDJUDP RIWKHZDQGHU EDVHEHKDYLRU

%OLQN
6LPLODU WR WKHZDQGHU EDVHEHKDYLRU WKHEOLQN EDVHEHKDYLRU LV D
URERWWRJHQHUDWH UHSHWLWLYHEOLQNLQJOLJKW SDWWHUQV ZLWK YDULF
DQGUDQGRPQHVYV ,WFDQ FUHDWHD ZLGHUDQJH RIEOLQN SDWWHUQV EDVH
VWUXFWXUHG LQWR F\FOHVY FRQVLVWLQJRIDOLJKWY RQ VHIPHQWDQG OLJ

,QSXW 3DUDPHWHUYV

7KHEOLQNEDVHEHKDYLRULVLQIOXHQFHG E\VHYHUDO LQSXW SDUDPHWHUV
ORRN ,WFDQDOVREHQRWHG WKDW PRVW RIWKHVHLQSXW SDUDPHWHUYV D
EDVHEHKDYLRU 7KLV ZDVDQLQWHQWLRQDO GHVLJQ GHFLVLRQ WKDW ZD\
EOLQN EDVH EHKDYLRU DQG WR NHHS WKHFRGHDV FRQVLVWHQW DV SRVVL]



&KDSWHU OHWKRC

7TDEOH %OLQN LQSXW SDUDPHWHUYV

SDUDPHWHU '"HVFULSWLRQ 9DOLG 5DQJH

/m> iBQM 7RWDO GXUDWLRQ LQ VHFRQGV IRUZKLFK WKH EOLC
UXQV

#HBMFh2KT2 im7DUJHW WHPSHUDWXUH RI WKH OLJKVIOVLJGXULQJ WKH EC
FRQWUROOLQJWKH FRORU

#HBMFaHQT?2 '"HWHUPLQHVY KRZ WKH EULJKWQHVYV R] WEH OLJKWYV FKD
WLPH

#HBMFGB;?ibPMBb@MV/IZRERI OLIKWY RQ WLPH WR OLJKWW1RII WLPH LQ HD

_ 1BQ

#HBMF*v+H2 i25DWH DW ZKLFK WKH EOLQN F\FOHV RPAXU LQ +]
#HBMF*v+H2ai M/QWA&JRGXFHV UDQGRP YDULDWLRQ WR,WKH F\FOH GXUL
.2pB iBQM

#HBMFh2KT2 im,Q@URGXFHV UDQGRP YDULDWLRQ WR;WKH WDUJHW W}
ai M/ /.2pB iBQM

#HBMFS? b2 $OORZV GHOD\LQJ WKH VWDUW RI WK EHKDYLRU LQ V

%HKDYLRU ([HFXWLRQ

6LPLODUWR WKHZDQGHU EDVH EHKDYLRU WKHEOLQNEDVHEHKDYLRU
EHLQJRQDQG RII FRQWUROOHG E\ WKH OLJKWV RQ WR RITUDWLR DQG F!
WKH OLJKWYV RQ VHIPHQWY FDQ YDU\EDVHG RQ WKH VORSH SDUDPHWHU
XQSUHGLFWDELOLW\ DQG WKHEHKDYLRUFDQDGDSW RYHUPXOWLSOH |

7TRYLVXDOL]HWKH ORJLFIORZRIWKHEOLQN EDVHEHKDYLRU WKH ORJI
7KLV GLDJUDP IRFXVHV RQ RXWOLQLQJWKH GHFLVLRQ PDNLQJ SURFHVYV
DVKRZWRDOWHUQDWHEHWZHHQ WXUQLQJWKH/("OLIJIKWV RQDQG RII ZKI
F\FOH GXUDWLRQV EDVHG RQLQSXW SDUDPHWHUV DQG UDQGRP YDULDYV
YDULDEOHV WKH ORJLFIORZ DQG WKH  FRPSOHWH FRGH RI WKH EOLQN
6HFWLRQV) DQG$ UHVSHFWLYHO\

JLIXUH /RJLFIORZ GLDJUDP RI WKH EOLQN EDVH EHKDYLRI

%HHS
)LQDOO\ WRIJHQHUDWH D EDVHEHKDYLRU EDVHG RQ WKHVRXQG PRGDO
WR 1/8V ZHUH XVHG WR GHVLJQ WKH EHHS EDVH EHKDYLRU 7KLV SURJU



([SHULPHQWDO 9DULDEOHYV

JHQHUDWH D UHSHWLWLYH EHHS VRXQG ZLWK YDULRXVY SDUDPHWHUV FRQ'
6LPLODU WR WKHZDQGHUDQG EOLQN EDVHEHKDYLRUV WKHEHHS EDVH EI
FRQVLVWLQJRIDVRXQG VHIPHQWDQG D VLOHQFH VHIJPHQW 7KH NH\GLIIHUFE
LVWKDW WKHEHHS EDVHEHKDYLRU KDV WKHDGGHG FDSDFLW\ WR HLWKHU SC
WKHVLOHQFH VHIPHQW

,QSXW 3DUDPHWHUYV

7KHEHHS EDVH EHKDYLRU WDNHV VHYHUDO LQSXW SDUDPHWHUV WKDW GHIL
OLNH $0OO0O RIWKHVHLQSXW SDUDPHWHUV DUHDQDORJRXV WR WKRVH RI WKl
RIWKIRT_ M/IQKaQmM/S gK#¥88BWDPHWHU ZDVDGGHG WR HQDEOH WKH URE|
VHPLWRQHRIMIBHLtYHQ WKH SBRED EMOQWAQMM/S Q# #BHBiv

7TDEOH %YHHS LQSXW SDUDPHWHUYV

3DUDPHWHU '"HVFULSWLRQ 9DOLG 5DQJH

/m> iBQM 7RWDO GXUDWLRQ LQ VHFRQGV IRUOZKNLFK WKH EHHS EH
UXQV

#22TSBi+? %DVH SLWFK IUHTXHQF\ RI WKH EHH[SBOASBRIQG LQ +]

#22TaHQT2 '"HWHUPLQHV KRZWKH SLWFK RI WKH EH55 VRXQG FKDQJHV F
WLPH

#22TaQmM/hQaBERM+ER@R | WKH GXUDWLRQ RI VRXQG WR1YLOHQFH LQ HDFK F

_ iBQ

#22T*v+H2_ i2 5DWHDW ZKLFK WKH EHHS F\FOHV RFPXU LQ +]
#22T*v+H2ai M/ J@VURGXFHYVY UDQGRP YDULDWLRQ WR;WKH F\FOH GXUDWLTF
.2pB iBQM

#22TSBi+?ai M/ J@VURGXFHV UDQGRP YDULDWLRQ WR;WKH SLWFK

.2pB iBQM

#22T_ M/QKaQmMMREDELOLW\ RlI SOD\LQJ D UDQGRP®RWH GXULQJ WKH V
S Q# #BHBiv GXUDWLRQ

#22TS? b2 $OORZV GHOD\LQJ WKH VWDUW RI WKI;EHKDYLRU LQ VHFR

%HKDYLRU ([HFXWLRQ

$V PHQWLRQHG EHIRUH WKH EOLQN EDVHEHKDYLRU FRPELQHV VWUXFW XL
DGMXVWPHQWY WR DFFRXQW IRU LQSXW YDULDELOLW\ 7KLV UHVXOWYV LQ
VRPHZKDW XQSUHGLFWDEOH SDWK ZKLFKPDWFKHV WKHPHWDSKRULFDO FF

7TRYLVXDOL]HWKHORJLFIORZRIWKHEHHSEDVHEHKDYLRU WKHORJLFIOR
7KLV GLDJUDP IRFXVHV RQ RXWOLQLQJ WKH VWHSV LQYROYHGLQ JHQHUDWL(
FRQGLWLRQVDQG SDUDPHWHUYVY (DFKVWHSLVGHVFULEHGLQ VHTXHQFH LQC
WDNHQ GXULQJ WKH HIHFXWLRQ RI WKH EHKDYLRU $ GHWDLOHG GHVFULS
IORZ DQG WKHFRPSOHWH FRGH RI WKHEHHS EDVHEHKDYLRU FDQ EHIRXQG
UHVSHFWLYHO\

([SHULPHQWDO 9DULDEOHYV

,Q WKLV VHFWLRQ ZH ZLOO LQWURGXFHDQG GLVFXVV WKH VHOHFWLRQ RI WK
YDULDEOHY $GGLWLRQDOO\ ZHZLOO GHWDLO WKHPHWKRGRORJLFDO FR(
UREXVWQHVV DQG UHOLDELOLW\ RI WKH H[SHULPHQWDO GHVLJQ LQFOXG
UDWLRQDOH EHKLQG WKH FKRVHQ SDUDPHWHUYV

&RQWUROOHG 9DULDEOHYV
7KHFRQWUROOHG YDULDEOHV LQ WKLV VWXG\DUH D VXEVHW RIWKHLQSXW SI
VHW WR D FRQVWDQW YDOXHWRHQVXUH FRQVLVWHQF\DQG LVRODWH WKH F

SDUDPHWHUW/ D *MHH2ai M/ "/.2pBUBQIMHG WR FRQWURO WKH UDQGRPQHYV
EHKDYLRUV HQVXULQJ WKDW WKHEDVHEHKDYLRUV DSSHDU QDWXUDO :H |



&KDSWHU OHWKRC

JLIXUH /RJLFIORZ GLDJUDP RI WKHEHHS EDVHEHKDYLRU

JHUR DQGAM"QmMNOHW WR WUXH $ FRPSOHWH EUHDNGRZQ RI WKHFRQW
WKH\ZHUH VHW WR LY SURYLGHG LQ $SSHQGL[6HFWLRQ )

,QGHSHQGHQW 9DULDEOHYV
,Q WKLV WKHVLY WKHLQGHSHQGHQW YDULDEOHY FRQVLVW RI VHOHFWH(
EHKDYLRUV DV H[SODLQHG LQ 6HFWLRQ $IWHU FDUHIXO H[DPLQDW |
KDYLQJ WKH PRVW VLIQLILFDQW LQIOXHQFH RQ WKH YDULDELOLW\ RI WK

$:DQGHUM/2 aT22M/2° _QmM/MEBD *v+H2 2
1 %OL@NBMFh2KT2#HBNFaHOBMF*v+H2 2
T%HHB22TSB#22 TaH@I2T*v+H2 _ i2

7TKHVH SDUDPHWHUYV ZHUH LGHQWLILHG WKURXJK REVHUYDWLRQDO D\
LPSDFWRQ WKH YDULDELOLW\RIWKHURERW VY EHKDYLRUV 7KH GHFLVLEF
ZDV GULYHQE\D QHHG WR EDODQFH WKHFRPSUHKHQVLYHQHVV RIEHKDYL
RQ VDPSOLQJ FRPSOH[LW\ $ ODUJHU VHW RI SDUDPHWHUV ZRXOG LQF
JUHDWHU QXPEHU RI VDPSOHV FRPSOLFDWLQJWKHH[SHULPHQWDO GH\

6LQFH ZH DUH ORRNLQJ WR PDQLSXODWH WKHVH LQGHSHQGHQW YDULD
WR WKH VHOHFWLRQ RI YDOXHV IRU HDFK YDULDEOH LQ WKH H[SHULPH
YDULDEOHV WKDW HQVXUH HDFK VDPSOH SRLQW LV VSDFHG WR PLQLPL]H F
WKHLQGHSHQGHQFH DPRQJ YDULDEOHYV

ORUHRYHU HDFKRIWKHVH YDULDEOHV LVERXQGHG WRPD[LPL]H WKHY
UHDFKLQJH[WUHPHV WKDW FRXOGDGYHUVHO\DIIHFW WKH EHKDYLRUV
WKHURERW{V EHKDYLRUV UHPDLQHG ZLWKLQ DUDQJH WKDW LV ERWK IXQ
7TKHERXQGV ZHUH VHOHFWHG EDVHG RQ SUDFWLFDO REVHUYDWLRQV DC

7TDEOH %RXQGV RIWKHLQGHSHQGHQW YDULDEOHV DQG WKHL

SDUDPHWHU %RXQGYV ORWLYDWLRQ

r M/2°aT22/ [30 ;100 ] 6SHHGV EHORZ FRXOG UHVXOW LQ LQVX
SRZHU FDXVLQJWKH URERW WR EDUHO\ PF
GHVLUDEOH IRU WKH ZDQGHU EHKDYLRU

&RQWLQXHG RQ WKH QH[W ¢




([SHULPHQWDO 9DULDEOHYV

7TDEOH &RQWLQXHG IURP SUHYLRXV SDJH

3DUDPHWHU %BRXQGV ORWLYDWLRQ

#22TSBi+? [100 >x1000>% )UHTXHQFLHVY EHORZ +]ZHUH WRR GHHS IRU W
WR SURGXFH ZKLOHIUHTXHQFLHV DERYH +1]:
KLJK SLWFKHG DQG XQSOHDVDQW IRUKXPDQ OL

rM/2°_QmM/M It b 7KHVH YDOXHV DUH LQKHUHQWO\ EHWZHHQ D

#HBMFEh2KT2" im 2 SODLQHG LQ 6HFWLRQ

#HBMFaHQT2 f 1;0;1g &RQWLQXRXV YDOXHVY OHG WR XQH[SHFWHG L«

#22TaHQT2 FKDQJHV LQ EULJKWQHVV DQG YDOXHV EH\RQ
KDG VLPLODU GLVUXSWLYH HIITHEFWYV

r M/2 *v+H2_ i205 >x6 >X 5DWHVY EHORZ +]UHVXOWHGLQ SHULRGV ORQ

#HBMF*V+H2 2 GHVLUHG TXDVL SHULRGLFHIIHFW HJ DSHULR

#22T*v+H2  i2 LVWRRORQJIRUD VHFRQG YLGHR 5DWHVD

UHVXOWHG LQ SHULRGYVY VKRUWHU WKDQ VHF
WKHEHKDYLRUWRRUDSLGWREHSHUFHLYHG DV

6DPSOLQJ OHWKRG
7TKHVDPSOLQJRIWKHLQGHSHQGHQW YDULDEOHYV @D V IGIRQMHHAWK RG ERIBDSY
HOQVXUH WKDW HDFK VDPSOH SRLQW LV VSDFHG WR PLQLPL]JHFRUUHODWLRQ
DPRQJYDULDEOHV 7KLV SURSHUW\LV FUXFLDO ZKHQ H[DPLQLQJWKHLPSDFW
RYHUODS RUXQGXHLQIOXHQFHIURP RWKHUYV

ORUH GHWDLOV DERXW WKH LPSOHPHQWDWLRQ Rl WKH VDPSOLQJ PHW
PXOLWFROOLQHDULW\ Rl WKH LQGHSHQGHQW YDULDEOHY FDQ EH IRXQG L
ZHUH JHQHUDWHG XVLQJ WKH 4XDVL ORQW HFBIARK VEHE\P RIGK 6 R RS G MWHKRFXR]
FDQEHILQGLQ $SSHQGL[B6HFWLRQ $

'"HSHQGHQW 9DULDEOHYV
7TKHGHSHQGHQW YDULDEOHVY ZHUH VHOHFWHG WR PHDVXUH WKHHPRWLRQDO
RQWKHSHUFHSWLRQ RIDJURXS RI KXPDQ REVHUYHUYV 7KHVH YDULDEOHV PH
GLVWLQFW zZzD\V WKHLQWHQVLW\RIFDWHJRULFDO HPRWLRQV WKH 3%$"' GLPH
WKHURERWTV HPRWLRQDO VWDWH

SDUWLFLSDQWV UDWHG WKHLQWHQVLW\RIKDSSLQHVV VDGQHVYV DQJHU |
E\WKHURERWYfVY EHKDYLRU $GGLWLRQDOO\ SDUWLFLSDQWY FRXOG VHOF
WKH\ SHUFHLYHG DQ HPRWLRQ QRW FRYHUHG E\ (NPDQYfV VL[ EDVLF FDWHJI
XVLQJD SRLQW/LNHUWVFDOH 9HU\/RZ /RZ $YHUDJH +LJK DQG 9HU\ +LJK
WKHHPRWLRQ ZDV QRW SHUFHLYHG DW DOO 7KHVHOHFWLRQRI(NPDQYVE
ZRUN LQ WKHILHOG RIDIIHFWLYH URERWLFVY DV GHVFULEHG LQ 6HFWLRQ

ORUHRYHU WKH SDUWLFLSDQWY UDWHG WKH 3$' GLRHQVKRQ@S XPR®HAOKH 6 ¢
LVZLGHO\UHFRJQL]HG IRU LWV HIIHFWLYHQHVV LQ FDSWXULQJ WKH FRUH G|
6HFWLRQ 7KH 6%$0 LV SDUWLFXODUO\VXLWDEOH IRU WKLV VWXG\ EHFD X\
UHGXFHVY WKH FRJQLWLYH ORDG RQ SDUWLFLSDQWY PDNLQJLWHDVLHU IR
SHUFHSWLRQ RI WKHHPRWLRQDO TXDOLWLHV RI WKHURERW

6LQFH WKHHPRWLRQDO LQWHQVLWLHY DUH PHDVXUHG RQ/LNHUW VFDOHYV |
XVLQIJWKH6$0 ZHFDQ WUHDW DOO WKH GHSHQGHQW YDULDEOHV DV LQWHL
DQ\1 $ UHVSRQVHYVY ZDV WUHDWHG DV ]JHUR 7KLVDOORZVIRUPRUHIOH[LELOL
XOWLPDWHO\FHQWHUV RQ FRQVWUXFWLQJD ERWWRP XS PRGHO E\PDQLS
PHDVXULQJ SDUWLFLSDQWVY HPRWLRQDO SHUFHSWLRQV RI WKH URERW XVL

)LQDOO\ WKH SDUWLFLSDQWY SURYLGHG RSHQ HQGHG UHVSRQVHV DERXW
FDXVHV RI WKHURERWTV HPRWLRQDO UHDFWLRQV LQ WKHYLGHR HVSHFLDOC
JRDOV GHVLUHV RURYHUDOO ZHOO EHLQJ $OWKRXJK WKLV ZDV PHDVXUH
VFRSH RI WKLV WKHVLY :KLOHDSSUDLVDOV RITHUYDOXDEOH TXDOLWDWLYH |
WKHURERWTV EHKDYLRU WKHIRFXV RI WKLV WKHVLV LV RQTXDQWLWDWLY't
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