,QWHUQDWLRQDO -RXUQDO RI (QJLGC
9RO ,VVXH

$QDO\WLF BRBRWBPRQMGHG +\SHUEROLF 5RWDWLQJ 'LVFV
'LIIHUHQW %RXQGDU\ &RQGLWLRQV

9 <bocdHuUbP

8QLYHUVLW\ RI dXNXURYD 'HSDUWPHQW RI OHFKDQLFDO (QJLQH
(PDLO DGGHELWMEX HGX WU

S5HFHLYH$&SGDWH
$FFHSWHOM®DGDWH

$EVWUDFW

7KH H[DFW HODVWLF UHVSRQVH RI D FRQYHUJHQW G LYIHA JHQ W HIG SFHOUWERC
VWXGLHG XQGHU GLIITHUHQW ERXQGDU\ FRQGLWLRQV 6 R >O0Q @/GIRN\DWV RU H/
SDUDPHWUNFSHWKREUPHG WR LQYHVWLIJDWH HODVWLF UHVSRQVHVDRI WKR
VWDWLRQDU\ GLVF VXEMHFWHG WR LQWHUQDO H[WHUQUDBPBH®»UHDVXR\MP WD
PRXQWHG D ULJVEGWRBHVHIRKKMHU PD\ IUHHO\ H[ISDQG RU FRQWDLQV D ULJI

.H\ZRUEDFW VROXWLRQ 9DULDEOH WKLFNQHVV )XQFWLRQDOO\ JUDGHG

,QWURGXFWLRQ

$QDO\WLFDO DQG QXPHULFDO VWXGLHV RQRRBBW XPQDLAF\HJ U
7KHUH DUH QXPHURXV VWXGLHVY RQ VWDWLRQDU\ URWDWLQJ
DQ LVRWURXIRFPROMQBR®Y PDWHULDO LQ WKH DYDLODEOH OL
SHUIRUPHG DQD@\WREHI®N\SHV Rl WKRVH PDWHULDO JUDGLQ
SRZHU UXOH RU DQ H[SRQHQWLDO YDULDWLRQ RU D OLQHD
VROXWLRQ WR WKH SUREOHP )RU LQVWDQFH LI WKH ZHWD GLC
IXQFWLRQ > @ DV LQ WKH SUHVHQW VWXG\ WRB>XFKIHUI
W\SHV ZLWK FRQVWDQW FRHIILFLHQWY )RU OLQHDUO\RYDU\L
K\SHHRPHWULF IXQFWLRQY G,UQW K FHMHWHRIULPKG E\ DQ H[SRQH
@ WKHQ :KLWWDNHU .XPHU IXQFWLRQV RU JUREHQLXV VHL
WKRVH XQOLNH JHQHUDO XVH Rl SRODU F\OLQGULFD®FRRU(
DOVR EH XVHG WR JHW FORVHG IRUP VROXWLRRY VIR QXN DR
VROXWLRQ RI VXFK SUREOHPV VHSDUDWLRQ RI YDULDEOHV V
LPSOHPHQWHG LQ WKH VROXWLRQ@ BGREHGRUHDDELWEEDU I UH
F\OLQGULF PRQRFOLQLF PDWHULDOV WKH DQDO\WLFD®@ VRO X
VHULHV > @ +RZHYHU LQ JHQHUDO IRU RWKHU W\SHV RI J
VROR® WHFKQLTXHV
,Q WKH OLWHUDWXUH HVSHFLDOO\ DQDO\WLFDO VWXGLHV F
SUHVVXUH DUH UHODWLYHO\ ODUJH $V D UHVXOW WKH VFK
DGYDQFHG UHVXOWV ZLWK WKH DYINLOTHAOHD\ O WKH U DRAXR)
VWDWLRQDU\ URWDWLQJ XQLIRUP GLVNV VXEMHFWHG @R DQ
WKH FRQWLQXRXVO\ YDULDWLRQ RI WKH WKLFNQHVV RI WKH



$XWKRU $XWKRU DQG $XWKRU

RXWHU SUHVVXIUDHK WKRH HOWVRRMHIDWZ RQ DW D FRQVWDQW DQJXO
FRQGLWLRQV DUH VFDUFH ,Q WKH SUHVHQW VWXG\ WKRVH HI

+RUJDQ DQG @KIDYH H[SOLFLW VROXWLRQV IR U DURONWWILEN QG
+RUJDQ DQG &KDQ > @ LQYHVWLIJDWHG WKH HIIHFWV RI PDW
HODVWLF LVRWURSLF KROORZ FLUFXODU F\OLQGHUV RW GLVI
VSHFLDO FDVH RI D ERXOXMVEHSRI)QEBILIYI PRG WKH UDGLDO F
FRQVWDQW 3RLVVRQYV UDWLR ZDV H[DPLQHG ,W ZDV VKRZQ
F\OLQGHU RU GLVN LV VLJQLILFDQWO\ GLIIHUHQW IURP WK
PDRXP KRRS VWUHVV GRHV QRW LQ JHQHUDO RFFXU RQ WK
IRU WKH KRPRJHQHRXV PDWHULDO =HQNRXU > @ VWXGLHG D
GLVFV ZLWK FRQVWDQW WKLFNQHVRUDMORW HE&L\WNWPN N B DK W
H[SRQHQWLDO YDULDWLRQ RI ERWK HODVWLFLW\ PRGXOXV D
RI D SDUDEROLF IXQFWLRQ IRU GLVNV PDGH RI IXQFWLRQDO
VWXG\ IRU VXK K GING FIZLMQJ %D\DW HW DO Z>G@VVEDVE)XCNVR
ERWK DQDO\W IDRPIDO DAMLG D/ HODVWLF VROXWLRQV IRU D[LV\I
SDUDEROLF DQG K\SHUEROLF D RDFENQHF W B ORYHIGHE\ ZOKN B G
GLVF ZLWK YDU\LQJ WRPBNQNVXLWEWRQVIREJP WKLFNQHVV 3
WKHUPRHODVWLF SUREOHP RI D FLUFXODU DQQXOXV PDGH R
JUDGLHQW 7KHLU D QUHGYR P QYQR\OHILIO BIMXDWLRQ QHLWK
WKH JUDGLHQW RI PDWHULDO SURSHUWLHV QRU GHPDGGV SI
KRPRJHQHRXV VWUXFWXUH =HQNRXU DQ G.>X0W W\DD WO 3 RAW LW KRS
QXPHULFDO DQDO\VLWVHRRHWH LWKBIQKG\SHMBPHUTV IXQFWLRQV
DQDO\WLFDO VWXG\ dDOOO®OR+OX HW DO > @ SHUIRUWPHG D
PDGH RI IXQFWLRQDOO\ JUDGHG P DW MWILEOW \ER FDG/X/0CRY IQW K
YDU\ UDGLDOO\ DV D IXQFWLRQ RI D VLPSOH SRZHU UXOH ZLV
HW DO > @ JDYH DQDO\WLFDO IRUPXODV IRU XQLIRUP URWI
VXFK DV HYSDWWLUBBH DW ERWK VXUIDFHV XQGHU URWDWLRQ
DQDO\WLFDO VROXWLRQ WR VWXG\ MRHFWRRIQODWOW LFU FGH
D[LV\PPHWULF GLVNV ZLWK YDULDEOH WKLFN@HYNG ,Q KH B OW
VRPH YLUWRPOLQXE *HQHUDBOXVYROKWLDRR HRTIX D WELFRRIDM. Q. (Z HHUDr
REWDLQHG E\ LPSRVLQJ WKH FRQWLQXLW\ FRGRIP\WLRY VWRW H
ZLWK JOREDO FRQGLWLR®V JDYH MDRIFRWMDHIEIO\WLFDO VROXWI
K\SHHRPHWULF IXQFWLRQV WR HODVWLF DQDO\VLV RI H[SROQ
VXEMHFWHG WR LQWHUQDO DQG H[WHUQDO SUHVVXUHV .KR
PHFKFQO VWUHVVHV DV DQ DQDO\WLFDO VROXWLRQ RI WKH
F\OLQGHU PDGH RI H[SRQHQWLDOO\ IXQFWLRQDOO\ JUDGHG
SUHVHQWHG\IOQ GI®HUL SWREIGLQDWH VWHAWHPH \) R K RY 1S 6 UMKLIFW O
RI WKH HOOLSWLFDO FRRUGLQDWH V\VWHRKRPRY HIQURX \H TRALDG
GLIIHUHQWLDO HTXDWLRQ ZLWK FRQVWDQW FRHIILFICH@\BW WL
DQG H[SR@QHAQW LPRQYHUWHZ WRRRZMKH UDGLDO GLUHFWLR
%R+D > @ SUHVIRQW H& UPXFRO\DH/GOPUZ DUSRHEGU URWDWLQJ XQL
GLIIHUHQW ERXQGDU\ FRQGLWLRQV

$ OLWWOH QXPEHU RI H[DF VA WQDXGE SHWH \SWHWHH QW GQU RWKTHN i R/AD
LQWHUQDO SUHVVXUH RQ WKH HODVWLF EHKDYLRU RIHMGKH YI
PDWHULDO )*0 XQGHU GLIIHUHQW ERXQGDU\ FRQGLWRRQV P
NQRZV WKH FORVHG IRUP IRUPXODV ZKLFK FRQVLGHU WKH |
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FRQWLQXRXVO\ YDU\LQJ WKLFNQHVV SURILOH PLJKW HHLVW L
DXWKRU WR DFFRPSOLVK WKLV VWXG\

,Q WKLV ZRUNDWWH FHUDHAWS RHOVH R1 D URWDWLQJ GLVN PDGH
VWXGLHG E\ H[WHQGLQJ RI WKH VWXG\ LQ 5HIHUHQFH > @
YDU\LQJ K\SHUEROLF WKLFNQHWYVSBSURRLOIH D(GRGS KoUAERENIF QI
SURILOHV WRJHWKHU ZLWK XQLIRU®DSU R UDOGL @ K VD ®OH & W,
JUDGDWLRQ SDWWHUQ $V VWDWHG DERYH DV D VSHFLDO D¢
WKH FRHIILFLHQWY RI WKH JRYBQ®WLQ J7 KI'X ID/OLRRY \E RRRAPH ¥
VROXWLRQV WR WKH &DREIHW®\EBYRQGLNBHHQWLDO HTXDWLR
FRPSULVHV ERWK FRQWLQXRVO\ YDULDWLRQV RI HODVWLF
FROQWLQXRXVRON WRHLBKMIFRNDHVYV Rl WKH GLVF H[FHSW YDULD
WKH OLWHUDWXUH DOO HIIHFWV DIIHFWLQJ WKH HODVWLF E
LQWHUQDO DQG H[WHUQDO SUHVVXUHV HORGX®L @I H ROV R
IRXU SK\VLFDO ERXQGDU\ FRQGLWLRQV DQG SUHVHQWHG LQ |

RYHUQLQJ HTXDWLRQ DQG LWV VROXWLRQ

7KH JRYHUQLQJ HTXDWLRQ ZKLFK LV LQ WKH IRUP RI D VHI
HTXDWLRQV ZEWKIYPUHDBWHDUH REWDLQHKGVE\OB FHPRHLQVAL QUK
FRQVWLWXWLYH HTXDWLRQV DQG HTXLOLBEWXRVNTXKDWH RYRW I
IXQFWLRQDOO\ JUDGHG PDWHULDOV DQG DWDWPOIWGLVFORDE
UHGXFHG WR WKH VROXWLRQ RI D VHFRQG RUGHU QRQKRP
FRHIILFLHQWY DV IROORZV

. [ i
X W%a U >80 a; oyl T 5 i
Q,NE Q,N Vil = ’EQ“'N'—é%é; Fé-E A0A ,L

éU:é;

"4 :4,k5? ‘o
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ZKHUHV WKH UDGLDQRNFRR WEHQDWGLDO LG/LWSKIHD BREMRRQ TV U
GHILWKWY WKEBRQ@RHOW WKH FRQVWDQW WIQI X\OCH) <RKMR K VWRR G »
&NLV WKH GHQVILQ WHTWPKH UDGEH®HQW FDOOHG 1DYLHU HTX
WKH LQKRPRJHQHLW\ Rl WKH PDWHULDOV DQG WKH URWDWLF
UHIHUUHG WR\DYDEBRHQEWREOHPY 7KH FRPSOHWH VROXWL
KRPRJHQHRXV DQG SDUWLFXODU VROXWLRQV

)RU D VSHFLDO FDVH E\ LQWURGXFLQJ D VLPSOH SRZHU PI
KRPRIJHQHRXV QRQKRPRJHQHRXV GH IR U A QR\& DXCFHIWT YXCR W HRI®I G
HTXDWLRQ ZLWK FRQYMWIP@WRZR/HIRBEPRYMIXWLRQ )RU DQ\ R
JUDGLQJ SDWWHUQ ZKLFK FDXVHV YDULDEOH FRHIILFLHQW)
QXPHULFDO WHRKHA TEO\ LRHBRIGWORRYHQHR XV GLIIHUHQWLDO
DV DQ (XOHU &DXFK\ HTXDWLRQ LI LW FDQ EH ZULWWHQ LQ W

&ETUAT, E&TU'T, E&UT, L B:T;
ZKHBHs DQBDUH UHDONMP®XHG FRQVWDQWY $VVXPLQJ D KRPR
IRUPURIILT D JHQHUDO VRODXMAKRUHRXDXWOAR®D LV JLYHQ E\

ZKHWHT, LV WKH SDUWLFXODU VROXWLRQ ZKLFK PD\ EH IRXC

SDUDPHWHDWHDWDRRWY Rl WKH FKDUDFWHULVW LIFQH FRRW HY Q
ODz
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DUMHVHG WR FDOFXODWH ERWK &/ B&&UDELDD: DQG UKHRSRIH VI WQW \
UDGLDO DQG WDQJHQWLDO VWUDLQVY UHVSHFWLYHO\

'LVF JHRPHWU\ DQG PDWHULDO JUDGLHQW

7KH GLVN QEXRVYHUDGLXV DD GH RRAWHG® BE\DGLEV VLY VG/EK@RW HAGF
V\PPHWULF ZLWK UHVSHFW WR WKH PLG SODQH DQG LWV
K\SHUEROLFDOO\ IRUP JLYHQ E\

s a
DNLtb@A
ZKHOYLV WKH WKLFNQHVV RI WKH GLVF DW WKH RXWHU VXUI

SURILOH LV REWDIIRAB@MMNWWKIHQW K\SHUEROLF GICAFNDQSU RRUOH
| PrD GLYHUJHQW K\SHUEROLF GLVF SURILOH LV UHDFKHG )L
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'LYHUJHQW SURILOH

T
T 1
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W

&RQYHUJHQW SURILOH

JLIXUHM\SHUEROLF GLVN SURILOHV

$ PHWHBODPLF SDLU LV PL[HG UDGLDOO\ SURYLGHG WKDW L!
JUDGLQJ RIX®HULWR FUHDWH D QHZ LVRWURSLF EXW QR ORQ
DWWUDFWLYH PDWHULDO SURSHUWLHV HVSHFLDDQ®\OR EDWHKIG
WKH LQQHU VXUIERN DRE DODAG! DMD OV K HH R XIWDHIH ¥ XDUQ G F R X 8o
PDWHULDO SURSHUWLHYV YDU\ E\ REH\LQJ HLWKHU
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ORHIRUP HOMROXMFLRQ\G LRBVW *0

,Q WKH EHORZ WKH LQWHUQDO H[WHUQDO XQLIRUP SUHVVXU
)RU VPDOO GHIRUPDWLRQV WKH VXSHUSRVLWLRQ SULQFLSO
WKH VWUXFW X URD & Q@B DAKRHO ) W HG WKDW WKRVH HTXDWL
XVHG GLUHFWO\ IRU F\OLQGULFDO YHVVHOV %HFDXVH WKH
VWUHVV DVVXPSWLRQ ZHUH XVHG LQ WKH VROXWLR®DUWAR J
FRQGLWLRQV VKRIMUMQ IYIRIP WKRVH BRX QOBE\ FIRIQ G RILHRVQK/H !
ZLWK YDU\LQJ WKLFNQHVV DVVXPSWLRQ GR QRW PDWWHU IF
VWDJH RI WKH VXEVWLWXWLR@HM WKH RGPS WIGDIORIV/P KDWY
SODQMUDLQ DQG WKH SODLQ VWUHVV HTXDWLRQV PD\ BH HPS

ZLV})I;K DQ(GZL\AEZ’;B&—_ KH PD\ JHW WKH UHWYODWDM QRED WH H USRGD WE H

VRWKRQV $V LW KR/XNOGREZID UHSODﬁmewammuw@%FHe Z

WR JHW WKH SODQH VWUHVV UHVXOWV IURP WKH SODLQ VW
JUDGHG PDWHULDO LV FRRSRYE GRIVWRR FDWHULP LV DVVXP]
WKH UDGLDO GLUHFWLRQ LW PD\ EH IXQFWLRQDO WR XVH

3RLVVRQ V UDWLRV LQ FDOFXODWRR §¥R X® 6 FH WHDWHERIDOR FT
WKH HTXDW LR QAWIRDL @ K \BHOD)IRY VLPSOLFLW\ LQ ZKDW IROOF
WKH SODQH V\WJ H\DY BH REFOMPEOH WKDW LI (T D LV HPSOR\
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JLIXUMARXQGDU\ FRQGLWLRQV FRQVLGHUHG LQ WK

,QWH U QD OXQ[W RWM D GXHRAWV

7KH GLIIHUHQWLDO(RTXDMWLRRQYMNE QR SUHVVXUL]HG GLVN Z
WKH ERXQGDWAE RQGLWLROQFLsfeT:> L Flg KHUHY WKH LQWHL
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$IWHU VXEVWLWDQWR WKH VEYXW LRBPIGZLOO KDYH WKH IROOI

IRUPHG VROXWLRQV IRU WKH UDGLDO GLVSODFHPHQW DQG L
VWUHVV RFFXSLHV PRUH YROXPH LW LV QRW SUHVHQWHG KHL

%5




$XWKRU $XWKRU DQG $XWKRU

5., . 5.5 . . .
t=627 > 7% | 727 7 8 Fs;:>:] EUFtAFaeFN:I EUFtAE&;

< = F>;'U:l EUFt4°F &;
6627 © 6';51[5_-:72’7 T3 .95::0:a> 726 ? ;?28:a> 26 >
F > D
020 ;¥H:a> 26 ;7 -
. G107 66,15 706 7 Tiig08 o 87 6 6.5 £706 7 7580,
& i E S c
0?0 620

$V VWDWHG DERYH OGRKFHRW LQFRUSRUDWH WKH WHUPV UH(
SRLVVRQYYVY UDWLR DW WKH ILQDO VWDJHRU ¥XEMW LWLXWNORW
+RZHYHU IRU WKH UDGLDODG LWS D\D RHHAFFHHQW DL WIR XV H

. 0
o ' 0 2
aLS? L5?'

WR WUDQVIRUWPRPTWKH SODQH VWUHVV WR WKH SODQH VWUDL
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HULILFDWLRQ RI WKH SUHVHQW IRUPXODYV

7KH SUHVHQW IRUPXODV DUH DSSOLHG WR XQLIRX\P FEOW RV L
DOG UHVXOWYV DUH SUHVHQWHG LQ 7DEOH LQ D FRQFLVH PIL
DQG %& SUHVHQW IRUPXODV FRLQFLGHV ZLWK WKH IRUP:
LVRWURSLF DQG KRPRJH@HRXV PDWHULDO >

1RZ ZH PD\ FRQVLGHU LVRWURSLF DQG LQKRPRJHQHRXV PD
FRQVLGHU (T E $W WKH ILOQDO VWDJH RI VXEVWLWXWLR
3RLVVRQ V UDWLR LV QRW REVHUYH G R7 EHVWHD@RW RURDH\G WK
VWUHVV WR WKH SOD QHOE/RVKDHGQ GLHIHFHNVION IR\ F\OLQGULFD(
ILUVW WHUP UHSUHVHQWY WKH LQQHU SUHVVXUH HIIFMAWH RQ
HIWHUQDXWISWHMFW )RU XBLIRUP G LB/ NBH FZRRHKY
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1RZ (T LV DYDLODEOH IRU ERWK XQLIRUP GLVFV DQG F\OLQ
%& )LJ +RUJDQ DOGBWRBRVHG IRUPXODV IRU OLQHDU HOL
ROLQGHUV RU GLVF\ PIDGHGRADIWSIRZB M R Q G RAXEMH B\PH @& KIRQ
HTXDWLRQ IRU UDGLDO VWUHVV LV UHZULWWHQ KHUH E\ XVLC
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(TV FRLQFLGHV H[DFWO\ Zi WBROXOWAURR-FBMNHRQ DU YKRZQ L

XPHULFDO H[DPSOHYV

7KH JHRPHWULFDO SURSHUWALHW ARL W HDSIL VAt wD Ul LV W KH
WKLFNQHVV DW WKH RXWHU UDGLXV Rl WKHGURE W)IRH GWKH |
GLVF SIURSLOIRU WKHWIQLARQRVYV GLYPD SHWRIR®BR\HG ODWHULL
RPHWDO DQG FHUDPLF DUH XRUHMHFQWHHVETWE@®UH SUHVHQ\
)LJ VKRZV WKH HODVWLF UHVSRQVH RI WKH GLVN KDYLQJ G
HIWHUQDO SWHWNXUMXENREWHG WR WKH HTXDO LQWHUQDO I
VWUHVV LV REVHUYHG DW LQQHU VXUIDFH RI GLYHUJHQW GL\
DW WKH LQQHU VXUIDFH )RU HTXDO LQWHHQWOKDSHU ERWOHB
JLYHV WKH PD[LPXP UDGLDO VWUHVV LQ WKH YLFLQLW\ RI W
REVHUYHG IRU GLYHUJHQW K\SHUEROLF SURILOHV DQG HTXI
VXUIDFH RI WKH GLVF

)LJ VKREXH YDULDWLRQ RI WKH UDGLDO GLVSODFHPHQW ZLW
GLVF SUVRELOBB& SUHVHQW WKH PD[LPXP UDGLDO GLVSODFH
GLYHUJHQW K\SHUERDLFWBIE\@ )RR DOG GHW FDRGRDLQIJXODU Y
%& RIIHUV PD[LPXP UDGLDO GLVSODFHPHQW LQ WKH YLFLQLW
)LJ VKRZV WKH YDULDWLRQ RI WKH UDGLDO VWUHVV ZLWK D
SURILOHV OD[LPXP UDGLDO VWUHRYWKFFXQQHUWVWKH FFH FIRQ
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SURILOM&DQR¥WS& PD[LPXP UDGLDO VWUHVV LV ORFDWHG DW W
WKH FRQYHUJHQW GLVF SURILOH ZKLOH DW WKH LQQHU VXU
PDJQHWRIBFRPHY  WLPHV KLJKHU WEKB®@MNX@LIFRUWUP VEKIHR IER M QL
FRQGEMELRQ[LPXP UDGLDO VWUHVV LV REVHUYHG DW WKH LQ
GLVF ZKLOH LW LV ORFDWHG DW WKH RXWHU VXUIDFH IRU FR
)LJ VKRZV WKH YDULDWLRQ RI WKH KRRS VWUHVV ZLWK DQJ
SURILOKAE )RD[LPXP KRRS VWUHVV RFFXUV DW WKH LQQHU V
%& DQB& LW LV REVHUYHG DW WWKH XYW ALRH WJRL Q KH GLYQI U J
UHQGHUV WKH PD[LPXP PDJQLWXGH Rl WKH KRRS VWUHVV

'Q JHQHUDO ZKHQ MXVW URWDWLRQ LV FRQVLGHUHG UDGLDC
' QFUHDVLQJ FRQVWDQW DQJX®DIH KN\ Q RRA LN D O/\KRI HOWHDVH |
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JLIXUHODVWLF UHVSRQVH RI WKH GLVN KDYLQJ GLIITHUHQW
SUHVVXUHYV
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JLIXUADULDWLRQ RI WKH UDGLDO GLVSODFHPHQW ZLWK DQJ>
SURILOHYV

JLIXUADULDWLRQ RI WKWK DQUBRODMWYHORFAW\ ERXQGDU\ FR
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JLIXUADULDWLRQ RI WKH KRRS VWUHVV ZLWK DQJXODU YHOR

&QFOXVLRQV

,Q WKLV ZRUN WKH H[DFW HODVWLF UHVSRQVH RI D FRQWLQ>
QRQKRPRJHQHRXV PDWHULDO LV VWXGLHG DQDO\WLFDOO\ E
EHKDYLRU RI WKH GLVN VXFK DWW\ QWHORGDQD QR \W PMWLR@D DV
YHORFLW\ XQGHU IRXU SK\VLFDO ERXQGDU\ FRQGLWLRQV $
YDULDWLRQ Rl WKH UDGLDO GLVSODFHPHQW UDGLDO DQG
SUHVVXUHYHORBXKWDURU FRQYHUJHQW GLYHUJHQW K\SHUERO|
$V LW LV REVHUYHG IURP WKH OLWHUDWXUH WKDW H[GVWFLQJ
PDGH RI D IXQFWLRQDOO\ JUDGHG PDW HWR)XOWG PR P FRIQGLWQR!I
HLWXBURW, & ,Q WKH GHULYDWLRQ RI VRPH H[DFW IRUPXO
JHQHUDOO\ WDNHQ DV HTXDO WR HDFK RWKHU )RU WZR SK\
GRHV QHYHU KROG )R G LRWRHY E QRO B QBERFRIQLYVWLQJ IRUPXC
GLVFV ZLWK YDU\LQJ VHFWLRQV DQG PDGH RI HYHQ DQ LVRW
'XH WR WKRVH UHDVRQV WKH SUHVHQW VWXG\ RIIHURUPRPS!I
HBEUHVVLRQV RIIHUHG LQ WKLV VWXG\ PD\ EH GLUHFWO\ XVH
LQFOXGLQJ PDWHULDO WDLORULQJ DQG RSWLPL]DWLRQ SURE
YHU\ KHOSIXO WR WKH VFKR ODUW LRI W/IKH LT LYFOND X Bl B © H. FUDHW Ki

SHIHUHQFHYV
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> @RUJDQ & DQBKEMKPQYHY¥VXUL]JHG KROORZ F\OLQGHU RU GLVN
LVRWURSLF OLQHDUO\ HODVWLF PDWHULDOV -RXUQDO RI (

> @RUJDQ & DQBKEKDWWHYY UHVSRQVH RI IXQFWLRQDOO\ JUL
URWDWL@®RXGQWDWOVRI (ODVWLFLW\

> @HQNRRUSQDO\WLFDO VROXWLRQV JR D GHGVDQQ RO MY SRIQHA
ERXQGDWIWREXYWUQDWLRQDO -RXUQDO RI 6WUXFWXUDO 6W

> @UDVPDQDQG7$RQUWKH SODQH VWUDLQ DQG SODQH VWUHVYV
URWDWLQJ VROLG VKDIWSPWBRYRDED 6LVE SUREOHPYV

> @HQNRRUODVWLF GHIRUPDWLRQ RI WKH URWDWLQJ IXQFWL
FDVLQRXUQDO RI ODWHULDOV 6FLHQFH

> @D\ODWSDOHHBDKBUHD PR XGIDQG 0D KEIADO\VLY RI IXQFWLRQDO
URWDGWMNY ZLWK YDOHFEOR VEKLFH\OHDAWFK &RPPXQLFDWLR

> @HQJ DQG& ; )7KHUPRHODVWLF DQDO\VLV RI D IXQFWLRQDOC
JUDGBIBSO®W ODWK OHFRK

> @=HQNRXU $ 0 DRQGEWRKEV IXQFWLRQ R WK LFR\WQ B WV QIQ DXL

XVLQJ
H[DFW DQG QX P H(UQLIIM IR B MEKIR G V

> @DLESLIDGHDDRG -RPHK]®PGEIORVHG IRUP VROXWLRQ IRU EHQC

RI
IXQFWLRQDOO\ JUDGHG FLUFXODU SODWHV XQGHU DV\PPHYV
3URFHHGLQJV RI WKH ,QVWLWXWLRQ RI 0HFKKIQQIFMIO (QJLQ
(QJLQHHULQJ 6FLHQFH

> @DOO0GRYOMNWADQG 6\BWUHVY DQDO\VLV RI IXQFWLRQDOO\
DQDO\WLFDO DQG Q¥PWD LOFHFX V@ OPDON 6 IR@LVF D

> @KREDQL$ VHPRDO\WLFDO VROXYWDRR® \RKHMPRHODVWLF FU
IXQFWLRQDOO\ JUDGHG URWDWLQJ GLVNWW®WHWNR DX\IURDBOH
RBEGYDQFHG 'HVLJQ DQG ODQXIDFWXULQJ 7THFKQRORJ\

> @GHMOG S$EBGLURWOLPQDQG *KODQ@DEWLF DQDO\WLV RI H[S

GLVNV
VXEMHFWHG WR LQWH U @BQ \I QB OH { WUHRISHIDQ S REKVUNDOWLHR | ( G

> @GHMDE 5DVWRRRQG $ EIFW HIOIDMWR.F DQDO\VLV RI URWDWL
IXQFWLRQDOO\ JUDVWEHGQOMIWIRQIDDDOVRXUQDO RI (QJLQHHULC

> @RUVKLGY $5 DIQB $KIHZLDQBO\W LFD G WRIDXMRLR Q QB UV &/HIII
IXQFWLRQDOO\ JUDGHG URWDWLQJ F\OLQGH &RQVEIMMHEWH G
OHFKDQLFV )OXa6V +HDW6%1

> @EEDUL 0 6RRQEEARPU*HOHUDO VROXWLRQ IRU PHFKDQI
VWUHVVHV LQ D IXQFWLRQDOO\ JUDGHG KROVWRVWMOQRBEV
$SSO OHFK *

> @H® 6([DFW WKHUPRHODVWLF DQDO\VLV RI IXQFWLRQDOO\
DUELWUDU\ PDWOHHHFIKD® U BY RDWGRQQFHG ODWHULDOV DQG

> @00GOHDOB WR&EORVRHEODVWRBEXWDRQMWBW DB VEDPGH RI D
WD G L DXCQOR\W L RUDOEREIRY H U 156Q7 ,QWHUQDWLRQDO -RXUQDO RI ,
6FLHQFH (QJLQHHULQJ @8HGE L7TIHF K QWROHR J \

> @RXQJ : & DQG %XSRDBNRUPXODV IRU 6WB HYMIDGREEY 6V WIKL (
(GLWLRD <RUN

> @RZHU $SPOLHG OHFKDQDRORU ORGLEM QFLV



