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5HFHLY 6\ UHFHLYHG LQ WHONL V HDG- H R 8 BKKDG

. H\ZR $EVW
1DWXUDO DQG DUWLILFLDO PDWH EIDVGNG LROPOKGILEA VU R K
JUHHKIDZ & FOHFRQFUHWH DQG FHPHQW PRUWDU DUH DIIHFWHG ERWK ¢
QDWXUDO IDFWRUV NQRZQ DV 2ZMPOVK SURGH VU FWRUY ZHKD
ORGH , )UDFWXURRW FRQVLGHUDEO\ DIIHFWV WKH SURSHUWLHV RI URFN
7RXJKQHVV WKH IWHH]H SURFHVV RQ WKH SK\VLFDO DQG PHFKDQLFDO
WDNHQ LQWR DFFRXQW LQ DUHDV ZLWK WKHWEKDNHI WHK
ORGH ,, JUDFWXEHHQ FRQGXFWHG RQ WKKIDHI ISHFR\F RV W R & WHKHH W DFW X UH
7RXJKQHVYV ZRUN ZH DLPHG DW LQYHVWLJDWLKQDNZWKFAOHMHBEQ® RIHY
WHPSHUDWXUH RQ WKH PRGH , DQG PRGH ,7RUBWNKWWXUH V
JUHH]LQJ 7HPSHUD®XWSHFLPHQV ZHUH H[SRVHG WRDZ F\FOHVDRGG WHHF
DQG PRGH ,, IUDFWXUH WRXJKQHVV ZDV GHWHUPLQHG
&HPHQW ORUWDWHHILQJ WHPSHUDWKDHE EFOH IREHWKH PRGH , DQG PF
WRXJKQHVV ZDV DOVR LQYHVWLJIJDWHG 7KH GDPDJH IDF
HITHFWLYH SRURVLW\ RI FHPHQW PRUWDU DOWXDRIVV FKD
F\FOHV DQG PRGH , DQG PRGH ,, IUDFWXUH WRXJKQHVV
IXQFWIRREHO SURYLGHG E\ OXWOXWXUN ZDV LQYHVWLJID
REWDLQHG WKH PRGH , DQG PRGH ,, IUDFWXUH WRXJKQH
ZLWK LQFUHDVH LQ WWHKDZXPEHWH\RI TIKHHRGH , DQG PRC
WRXJKQ HDW KEHPLQHDUO\ ZLWK LQFUHDVH LQWXIDHE IUHH]!
F\FOH 7KH GDPDJH IDFWRU LQFUHDVHG ZAUWKZLRAFOHNV H
DQG DGGLWLRQDOO\ LWV UHODWLRQVKLS ZLWK PRGH , C
OLQHIHKDYLRU

,QWURGXFWLRQ

7KH [UB/HKIMZ SURFHVYV LV RQH RIWWKQV PO BRVRABXWBNWUHDVHY WKH VL
RI FROQBUWMMWINLRUDWLRQ LQ FROGQUBQICRUWGXKHVHWKH PHFKDQLF
ZDWHU SHULRGDRBX®ZQVHGEHI WRKBWHULDOV &UDFN SURSDJDWLRC
FRQFUHWHW IGRUBIHQH DQG WKDZSBEWOHPDEO\ WKH P DMIRIE WPKFXK D Q
UHVSHFWKHH HZADWHU SKDVH FKD GHPHEOWWIBEVADGEXULQDS UG H]LQJ

FKDQJH LQ WKH LQWHUQDO VW U&N FHRIWN iR UNY BVBHONM WM HIDQ GXR U G |
WKH FHPHQQEYRAZNDIOW OHD GV VR VEHP HIHNGI® WRDRYW IRU ILOOLQJ
IUDFWXWH #]1@QJ LQ SRURXV PDWRQENGIW NXFR @3/ L QMEEFMPL-RIDW L Q
FRQFUHWH DQG FHPHQW PRUWIPRWRFBXYUW DIOMR XVWEUVR PDNH D
PROHFXOHV LRUWRFUD ANH PUH FRWKH WWHKG\WRR RLO ZHOOW i@ VDQG
LFH FRQVHJKUQBMLQYROXPH RI ZDWHRXV VW XGILHY KRDQYGXFWHG RQ
PROHFXOHV E\ L® @QVRBEMHW D RIWKHJHHYKDZ SURFHVV RQ FRQF

B4 &RUUHVSRQGERIKRXWKRQ@L#HQJ ARMXHDRR IL U
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FHPHQW PRWHWED P D5 HWWRDEOW X GLHBHPSHUDWXUHV UHGXFWG L VKB OX
WKH HIITHFWAWWRAIDEUISHRFHVVY RQFRRSBHUNVE®HYH VWUHQJWKY FRKHV
SHUPHDELOLW\ RI FRQFUHWH DQGOHRXIEG WRDWWWKPRGXOXV G
SHUPHDELOLW)\ RI FRQEQAWHDVSMKHPHQWWDYJ FUDFNV DQG WKH
ZKHQ H[SRVHG WRKWXHSUBFHMFUDFNV LQ WKH URFN &RQVHTXH
-DFRENWQB@PLQHG WKH GHQVISRUPRWGVWKBFUHDVHG ZKHUHDYV
SDWWHUQ RI FUDWNW IIRMRMHEEB JUDYHWUMKDVHG ZTLWKFPRIWHDRQG OR
SURFHHWYDEL QLKQLIQ WFWRWIVRQV XQEHWIDQJ WHPEHUDWXUHYV
IOXRUHVFHQFH @6 K GIRW RS MGt HGBRVW VWXGLHV LQ WKLV DUHD
GDPDJHFRQFUHWHY ZLWK GLIIHRKDQM FWMUHQWWRY VXFK DV XQ
XQGHU WKH VLPXRWHRBHRKRDHIIFRWSUHVVLYH VWUHQJWK SRURVI
SURFHWHKBRPGUHVVLYH ORDGLQDQGGY DRX@EVWDDGGLWLYHWWR UH:¢
ODUJHU FRQFUHWH GHJUDGDW L RWDHHPHDHE DYUW KHVE X REH UFIRID F U HW
IUHHYK D Z F\FOH V7 KQW UHDIDMA Y HY WIX IBEEBWHQ Y H V WW.KOHW HHG | HWWH R |
ZDV PRUH SURRRRQFHEWRYV ZLWKHHWDZHSURFHVV RQ WKH PRGH
VWUHQJWK 7KH\ DOVR REVHUY HED PWXHGXWWR X RKQF KY VWEIHF R RHFW H'
GHJUDGDWLRQ UDWH Rl VSHFLRHOKWO\HLPBRIUGY DRV WRHGHVLIQLQ
IUHHYKDZ SURFHVV E\ DGGLQJ DV W DEL® MM\HRIOFREFHWNWWH DQG FHF
WR WKH FRQF U @%DHR WG P WQXHIG7 KHU HVRKEFRUN DDMHGQYHVWLJIDWL
WKH FRQFUHWH GDPDJHMWKEXDLQPSHRMKEBHHIDZ SURFHVV RQ WK
SURFHRNDBAX U HOIHWWHLFDO UHVDWWLRR®M DQGDFWXUH WRRMXNMEQH YV
REVHWKWERQFUHWH ZDRDKHIKBMAH.QJ WKH FKHYURQ QRWFKHG
GXUWHHHHF\GEOH FRP SHHGWL RJI&&1%' PHWKRG 7R WKLVDBGG
F\FOHOHFWULFDO UHVLVWLYLW\ P HD MMILKDZH FWF @\ RZWUH DSSOL
VLPXOWDQHRXV PRQLWRULQJ RISHFHPSEYWKUPMR®HG DQG PRGFH
GDPDJH > @HWSKD®J H[DPLQHG W/RKJKIDHNWWHUPLQHG LQ @QIIHUH
VWUHQJWK DQG GHIRUPDWLRQR BRG HERYDFR X DWHHH RUQY VR H H] L Q J
WULD[LDO VWUHVV DIWHIWRBZOWB8P SHUHUXWDW RQHMKH PRGH , D
F\FOHV $FFRU G LHQWIX OWRV W WHKIHU WIRX. DK DBV HHYKDZ H[SHULPHQWYV
VWUHQJWK RI FRQF WBWWHBMNHIHPYHGLEGVRXW Q& & RQ VSHFLPHQ
QXPEHU RMWIKHHPAFOHV 7KH\ DOW R DSW RWR GHIWIHMARIEDZ ¥ LA H

D IUDFWXUH FULW HUYWDNLRYU LFRQRUHW H

DFFRXQW WWHUHHHYRWDZRSEURFHVV >6SHFLPHQV

6LOLMOM DQYHVWLJIDWHFGV WRKH RAKH VSHFLPHQV XVHG LRHWHKH H
IUHHYKDZ SURFHVV RQ FHPHQW $RHSDUHERIQW P L3RILQMID. @G & H/MDHIY
GLIIHUHQW DPRXQWW VRIG SRQ] ROD&EUZDWHU ZEMAH QW DMOMLR RI
UHSRUWYV E\ LQFUHDVLGQWHKDKZH DXPBAW ® | UDWHFH R YRU WKLV
F\FOHV WKH XQLD[LDO FRPSUWWPEQW VRRWNIDIW K DIYQSUHSDUHG
WKHUPDO FRQGXFWLYLW\ RI VBHFHPRHYRXGHFU MIXMHBRUWDU LQ\
ZKLOMSRWKRV LW\ DQG ZDWHU D E VRWISEWY RED\O YBEHPINDHIHW KH EOHQ
7KH SUHVHQFH RI SR]JRODQLF PEWW URIDVOIRBH W) FB XWV MWAK WV KDH.U EXE
VWUHQJWK Rl FRQFUHWWKDZDLRQVWXWKH7KHHHIHFLPHQV ZHUH U
SURFH@WSHLY DQG )HUUHLUD LQYHVMWDIWWHG WKHIG VWRUHG LQ :
HITHFWKRIHHYKDZ SURFHVV RQ WWKKH PRIGNLFDO DQG PHFKDQLFDO
IUDFWXUHVWRXVKP$WYH SRO\PHUVB HR.@FHONWHEHOKEWRVRVLW\ GU
DQG FDUERQIDEHHLUQIRWFHG FREHAUMHKWH XQLD[LDO FRPSUHVVLYH
7KH\ IRXQG WKDW DOWKRXJK W KMLHQWIRXH K\OMYMQZMMK QRRGXOXV R
DIIHFWHG LQ VLPSOH SRO\PHUU®DWIRKSF DWW HV LLIRD ZAWH GHWHUF
GHFUHDVHG LQ FDUERG®GLDOQRURPBWKRODVWURSRVHG E\ WKH ,QWH
FRQFUHBWH > 5RFN OHFKDQLFV @&RBOHW ZLWK [
+RVVHLQL D QG LKRGDMNEHIEWHBWG RIMPHU RI PP D @& DP BW & WWKD W
WKHHHYKDZ SURFRNMWURQJWK DQGZHRFNXVHG IRU WKH XQLD[LDO FI
VWUHQJIWK S8DUWKHW HUAKD Q V DKW RV FV 20 WIKF B QGIMVD/P H VW U R
$FFRUGLQJ WR WKH UHVXOWYV R%WD]LQHMBQ DMHQYEOHDWHUH®IJWK \
WKH QXPEH®@ RIFOHV DQG IUBKJLRQRHWHU RI A D W O WO
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RI URWKH WULD[LDO FRPSHHVV LLYPH WUWMLHR@I WK WKHRGNV ZHUH XVHG
FRKHDIQREQLQWHU QDR I ULK MW IERI@ D@ DKHVHDEBBWLYH SRURVLW\ RI W
PRUWDU VSHFLPHQV ZHUH GHWHUPEQHG ZLWK WKH KHOS
RIWKEFRFN /DEIWZDKUH VDWXUDWLRQ DQG

JLIXUHD 39& SLSHV IRU SUHSDUDWLRQ RI VSHFLPHQV E VSHFLPHQV SU
PHFKDQLFDO SURSHUWLHYV

7TDEOBK\VLFDO DQG PHFKDQLFDO SURSHUWLHYV RI FHPHQW PR

%UDI]L
"UVXQLW(IITHFWL RgXCR)KV,QWHUQ[{ 8QLD[LDO
ZHLJKWSRURVL%\%ESVLREEWLRRQ;I DVWLAUWEWLR WHUQHVQLJO PSUHVVLYH
.1 P *3D DQJOH f03D UHQJWK 03D

JUHM]KIDZ H[SHULPHQW PRGH , DQG PRGH ,, IUDFWXUH W

7R SHUIRUP+X*WKDZHMHVW WKH WSHFLPH®DW 7KLV PHWKRG LV FDS

ZHUH ILUVW VDW XU DWHEHP ELLGI QWKHJ PRGBHUDQG PRGH ,, IUDFWXU

SUHVVXUH IRU K 7KH VDWXUDWHER VEHFHEHQ D FAMXIWHH WRXJKQH

H[SRVHG WR D WHP$BUMRWXUHKRQG ORDGLQJ RI WKH %UD]JLOLDQ

IUHH]LQJ DQG WKHQ DW f& IBUUXUH@®KDZ DGGLQJ

XS WR D WRWDO Rl WKDRWF\WORKHUGIHIHQVLRQOHVYV SDUDPHWHU

7KH PRGH , DQG PRGH ,, |UDFW XWHHWRMIEK OHR/ \G RV WKIEH WKH JHR

VSIPHQZD\GHWHUPLQHG SULRU WIRWHKKH TKHHJHRPHWULF FRQGLWL

WKDZ F\FOHV DQG DOVR DIWHU DHS$RLUMHG EDVHG RGWKHVH SDUL
IUHM]KDZ F\FOHV  #KKD ZI UHH XK H

H[SHULPHQW ZDV FDUUDRDBG RXW Dﬁ . ,

f&D QG WKH IUDFWXUH WRXJKQHVYV _ZDV F_PHQOXXQWQ 1RU D

VLQJO H*WHKBH]H\EQWHWWLIJDWH WKHOIHIITHPW 5 5

RWHKHBHH]LQJ WHPSHUDWXUH ZKHBHHSUHVHQWYV WAL GLKH GD\G

WKLEFENQHWV 5DIOMG WKH GLDPHWHU
JUDFWXUH WRXJKQHVYV H[SHULP

HDLG
7KH FUDFKHHYAURQ QRWFKHG %UD]JLOLDQ GLVF
&&1%' PHWKRG ZDV XVHG WR GHWHUPLQH WKH
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, I WKH QRWFK DQJOH . HTXDOVDWMRKWH MSHBHPHRYKRZYV WKH FKD!
VXEMHFWHG WR SXUH PRGH |, ZIDMXG WHKISHIFROND FWRUB 5 7TKH PR
WRXJKQHVYVY LV FDOFXODWHG IUR\PPRXIKQHVYV LV FDOFXOD@&HG IURP

_ Joo[ . %o |D[D D
& %/—, PLQ — *550 5 —<DD

ZKHUHLY WKH PRGH , IUDRWXUHWREHKR MM sHRPHWU\ IDFWRU R

H
WKLFENQHWYo WIKHG GLPHQVLRQOHYNWERLWLEDG | v JHRPHWU\ IDFW

VWUHVV FRHIILFLHQW ZKLFK LY RBOFXPHEWMHES JURPGcHOLQI EV W
PHWKRG > @

< O 7KHUHRPHWULF GLPHQVLRQV RI &
PLQ VHOHFWHG FRQVLGHULQJ WKH JHI
ZKHWHKH FRQVWDQWY X DQG Y DAWKL \FDROHAXIOP® HTGD ELWDRHP ,Q RUGI
WKH SDUDP®®LHU YD.EOH VSHFLPHQ FRUHV ZLWK D GLDPHYV
7KH SXUH PRGH ,, FRQGLWLRQV ARW &QWR BUMFRHWI PP WKLFN:
ZKHQ WKH DQJOH EHWZHHQ WKHFQRWWK DQ &KW X H FOCRADE®RMER J [ LMW
GLUHFWLRQ LV VHW WR DQ DSSVRBHEILDW H WV.HH D QIGL\D DFXMOW L QJ ¢
KDV EHHQ GHWHUPLQHG E\ WKHBUBWHWDBO ZR% XQWHGE U)LLRXW H 71
PHWKRGV )RU LQVWDQFH $\D@ZRWPHOIRQ ERWKSYLEBY RI WKH V
DQDO\]|HGORDQUBWVF VSHFLPHQ WYRVEWRROHWHALWK D GHSWK RI
HOHPHQW PHWKRG LQ RUGHU WHRWGWKHBERAQWHWKH DQJOH
FRUUHVSRQGLQJ WR WKH SXUH PRGH ,, DW GLIIHUHQW D 5

JLIXUHHRPHWU\ DQG ORDGL@J RI &&1%"' >
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JLIXUHHRPHWU\ RI &&1%"' >

7TDEOSIDOXHVIERIG Y IRU CROIGY KO W .

\
) /

JLIXURAKH DQJOH IRU SXUH PRGH ,, FRUWMDW®RR@GLQJ WR GLIITHUE
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JLIXURAKH JHRPHWU\ IDFWRW KR U R ®\SHH VDDARIR & & 1 % @>

7DEOHHRPHWULF GLPHQVLRQV RI WKH VSHFLPHQV SUHSDUHG IRU GHW|
WRXJKQHVYV
9 PF 5 PF [ PF [ PF [ PP 5 PP 3XUH PRGH ,,

JLIXUH ILQJHU PLOOLQJ ZLWK D VSHFLDO EDVH WR FUHDWH C

JLIXUBWHSY WR FUHDWH D FKHYURQ QRWFK E®@D PP GLDPHWH
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SHVXOWNVPRGVLRQ &DOFXODWHG E\ (T WKH UHG)
(IHMHFW RI QXPEHWKROZIFMHOHVDR@ PRGH ,, IUDFWXUH WRXJKQHV
PRGH , DQG PRGH ,, IUDFWXUH WRKOKHAWUH DQG UHVS|

7KH PRGH , DQG PRGH ,, ZDUFWXKRZW R X\0K HRVRVGH H, WRXIJKQHVV \
GHWHUPLQHG EHIRUH DBWE8OY.LQORXWKH UHGMXFHWLRQ WKDQ PRGH ,
F\FOHV DQG DIW®®E F\FOHV 7DIEE®DHWDWLQJ WKH OHVV:WRBDFW
DQG 7KUHH H[SHULPHIQWWV R2HVW AWRRDHY RQ WKH PRGH ,, IUDFWX
GHWHUPLQH WKH IUDFWXUH WRKRR®MYMNGDWR MDKFHK PRREBGH, IUDFW X
7KH DYHUDJH UHVXOWWRQGH JLYHQ LQ 7DEOI—%/

,Q RUGHU WR LQYHVWLJDWH WK:,H'UH%‘DWL’R L{/'[gLs EHWZHHQ
WKH PRGH , DQG PRGH ,, IUDFWXUH WRXBKQHVV DQG WKH

QXPEHU RAWIKKHHJHFOHV WKH FKDQJHV LQ WKH

IUDFWXUH WRXJKQHVV ZHUH SO RWWHE VZz WK PiREIHH F WU WRWMA I W
QXPEHU RI F\FOHV DQG WKH EHVS» P %QVHWHKPKU RO @K PRGH
SRLQWYV ZDV SORWWHG )LIXUHMUVUDF®PXUH WMRXWKRHY WERHWARIGH F\
FOHDUO\ VHHQ WKH PRGH , DOUDPWEHH MWRXWRHYY EHIRUH
WRXJKQHVV GHFUHDVHV OLQHDUUBHMKD pF FFRWKHL PRWY Ry IUDF
GHWHIDPNLRQ RI DQG U WWARHIRRIEWHO D I BEIBLY WD IBWU FH Q!

WKH QXPEHBVRDUAWI®HY LQFUHBKPQJIHV LQ WKH PRGH , DQG P
WRXJKQHVYV DIWHU +HIVEKDT\EQRO HVYU F

7TDEOBGRGH , IUDFWXUH WRXJKQHVV RI FHPHQWKMERZUM B O HBVH DRGNP WIS QAAL Q.
F\FOHV
1XPEHU RI ORGH , IUDFWXLl 03D

7TDEOGRGH ,, IUWRXIKEGHVYV RI FHPHQW PRUWDNKBERA IR D& PAO\G Q1) BUHHH | H
F\FOHV

; I1XPEHU RI ORGH ,, IUDFWX!I 03D
T
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PRGH

1XPEHU 21 &\FOH

JLIXUBRGH , IUDFWXUH WRXJKQHVVHWHKIDWV XPA FOH\E HWV KRH SRHR WYV VKRZ WK
PRGH , IUDFWXUH WRXJKQHVYV DIWHU DQG F\F
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IUDFWXUH WR
/
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e 1XPEHU 21 &\FOHV

JLIXUBRGH ,, IUDFWXUH WRXJKQHVV+WKD Y XA FKDHPE HUKRIK $IBRIGIY YWIKARZH R
PRGH ,, IUDFWXUH WRXJKQHVYV DIWHU DQG F\F
(ITHFW R IUHH]LQJ RYHPSAHRGMMKKUYUHD QG ,, YHUVXV WKH IUH
I[UHHWHKDZ SURFHVYV LQLIJXUHWDQG WKUHH ITUDFWXUI

$V PHQWLHDQHGAWKH FHPHQW WRIWWNUZHUH FDUULHG RXW DW HEC
VSHFLPHQ ZHUH \WMKIRIMHGU HYRHD Q YDIOWH Y SOD\HG RQ WKH GLD.
WHPSHUDWIXUHD QR & GXULQJ WSWHLW FDQ EH FOHDUO\ VHHQ WKF
IUHH]LQJ VRVHSVRD D F\FIOH] W R VIW PG W WHBEHH WWR XK FHPHQW PRUWD
HITHFWKRIHE ]LQJ W HPWHRIFDGHX U HGRIGUHDVH ZLWK D FRHIILFLHQW
DQG PRGHX,, IUDFWXUH WRXJKQHWQG7KH UHWXSWRWLYHO\ DV
REWDZQlHBE[gQ\MWI—MBKH lUDFW X U HWHR S HUDHWX/U HVIKQ ZV & B RIEHNA H. Q F L

.

58

IUDFWXUH

JUHH]H 7THPSHUDW XUH

JLIXUHORGH IUDFWXUH WRXJKQHEYWRIUHNBHEAW MRV P 8 R D D NSFRELH) WWK H

VKRZ WKH PHDQ PRGH , IUDFWXWDK) &I&XIKQHVV DW

0/

56

IUDFWXUH WRXJKQMR/EH

PRGH

JUHH]H 7THPSHUDWXUH

JLIXUHORGH ,, IUDFWXUH WRXJKQEVWKRUFRNBHBW QIRV\N B SR D D WSIFELH WK H
VKRZ WKH PHDQIPRRIGHUH WRXJKQBIQS & W
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'HJUDGDWLRQ PHFKDQLVP IRUPDWLRQ DQG GHYHORSPHQW
7R LQYHVWLJIDWRQWKHIF KIHQ UNDRS D SWKFH. P H Q
GDPDJH IDEBWNRUFDOFXODWHG IURKRH (JHODWLRQVKLSY EHWZHHQ W
EDVHG RQ WKH FKDQJH LQ WKPRBHHFMNQLGE H RBRHW RVLWIFWXUH WR
EHIRUH DSSO\LVIK VA H \ FlOHHV] HD QR DWADHWUDUH VKRZQ LQ )LIXUHYV
DQG F\FOHV 7IOHEGHDPDXY LW FDQ EH FOHDUO\ VHHQ ZL
IDFWRU LV GLYSOBLWE WHWEKMFWCWRDIJH IDFWRU WKH PRGH , DQG

QXPEHU RAWIKDHHFF@HV > WRXJKQHVV GHFUHDVH OLQHDUO\
GHWHUPLQDWLRQ R DQG E
. Q GQ DQG UHVSHFWLYHO\
Q 1

1
ZKHUH ' UHSUHVHQWV WKWKEDPDJH IDFWRU Q

HITHFWLYH SRURVLWQ®GMORWHRAEOHY

WHKLWLDO SRURVLW\

$V VKRZQ LQ JLIXUH DQG EDVHG RQ (T ° ZLWK
LQFUHDVH LQ WK HVOKPE HUFRH WU ¥R H

GDPDJH IDFWRU OLQHDUO\ LQFUHDVHV ZLWK D FRHIILFLHQW
RI GHWHUPLQOWLRQKLFK LOQGLFDWHV WKH

7TDEOWHKH HIITHFWLYH SRURVLW\ SHUFHQWDJH RI FHPHQ¥YWRBUDWURONSBHFQE
DIWHU DQG F\FOHV
1XPEHU RI (IIHF\SRURVL
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X 1XPEHU 21 &\FOH
)L\@;:XUHDPDJH IDFWRU DV D IXQFWLRQWKDVZKH\FROHP\EHU RI TUHH]
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JLIXUHORGH , IUDFWXUH WRXJKQHVY YHUVXV GDPDJH IDFW
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JLIXUHORGH ,, IUDFWXUH WRXJKQHVV YHUVXV GDPDJH IDF\

(YDOXDWLRQ RI GHFD\ IXQFWLRQ PRGHO
7KH GHFD\ IXQFWLRQ PRGHO ZDV ILUMW LQWURGXFHG E\
0XW O XWX RMAGRHW BUHGLFW WKH HIITHFWP Rl WKH

QXPEHU RAWIKIHAH JHQ#E REHAIQQAI F\FOHAVUHLY WKBLKBMRI WKH WRKEHN DQ
RQVKWHRFEN LQWHJULW\ ,Q WKLVGERESH@RMMIDERWFN7KH YDOLGLW
LOQWHJULW\ UHGXFWHKRRD G XPIQ @ RwW HUPHIDIHG E\ H[DPLQLQJ WKH
KHDWIRRIOLQJ F\FOHV LV PRGHID HG D WAaiSWNWPHQWDO GDWD )RU
SURFHVV DQG WKH GHJWXEDM BMWdhIHEWH DWW Ry @ IBNWNEZ BIAIOL S

SURFHVVHV LV DVVXPHG SURSREMLRQPPHWRIWKHOHRNOG WKH |
LQWHJULW\ DW WKH EHJIDQLQY FHwK D FKpnk NIQERIQuOHn Q G

H[SUHVQPHT >@ *2) RI WKH GHFD\ IXQFWLRQ PRGH
Gs E\ WKH FRHIIGHMHQUWPLRDWMRQ 5
/Gl ’ VKRZQ WKH FRHIILFLHQWV RI GH

XUN HFD\ IXQFWLR PR
ZKHUH "G ,WHBHIVDGDWLRQ GHFOéVég%()WHU G \ Q Q G
G

DFWXUH WRXJKQHVV DU
WIGH FD\ F R QWKIHD RNV L QIVQHG ULL WK Y Q

LQGLFDWLQJ WKH KLJK Y
QXPEHU RI FAFOHV UKBHYERQH SAPKH UHVXOWYV GRH DK LIPR QR WD

LV REWDLQHG E\ LQWHIUDWLRAETopmy RI FHPHQW PRUWDU IRU
L PRGH ,, IUDFWXUH WRXJKQHVV DU

ER EDVHG RQ WKH OXWOXWXUN GHFD\
ZKHUHWKB¥FD\ FRQVWDQW 1 WEW QX FBHUERI FO HDDLON RH FGK HWAKR
F\FOHWKIRFN LQWHJULW\ DIWHU,1 FOBOWXUBQWRXJKQHVYV RI WKH
WHIQLWLDO URFN LQWHJULW\ EHJBHB \DI$$ OWKDIQWK KDFVFQH WKH PF
,Q WZRWND QRWKHU UHODWLRQVKDR NOR Z 0 SIVE WU R F W KW KDXZP E HLD RY
KDOLIH ZDV GHILQHG DV D PRDVWKHM RRGHRENIDFWXUH WRXJKGQ
GXUDELOLW\ %\ GHIDQLAVLRQ WRFEEFW DKD O |
QXPEHU RI F\FOHV UHTXLUHG WR UHGXFH WKH URFN
LQWHJULVEDEHGT RQ
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1XPEHU 21 &\FOH

JLIXUHORG , IUDFWXUH WRXJKQHVV YHUVXV QXPEHU RI FA\FOHV LQ WKH

ORGH ,, IUDFWXUH WRXJKQHVARGH , ITUDFWXUH WR

1XPEHU 21 &\FOH

JLIXUHORGH ,, IUDFWXUH WRXJKQHVY YHUVXV QXPEHU RI F\FOHV LQ WKH
7TDEOHD@ILIH DQG GHFD\ FRQVWDQW RI PRGHYV , DQG PRGH ,, IUDFWXI
3DUDP +D O 'HFIFRQV
ORGH , IUDFW>
ORGH ,, IUDFW.

&RQFOXVLRQ QXPEHU R4WIKHH]FHAFOHV ZLWK D F
7KHITNWRWKIXPEHU R4WIKMHHJFHFORVGHWHUPLQDWLRQ RI 7KH P
DQG IUHH]LQJ WHPSHWE DX FNFORAXJKEBHW GHFUHDVHG E\ D
RQ WKH PRGH , DQG PRGH ,, IUDFIEMEOHWRXJKQHVV RI

FHPHQW PRUWDU ZDV LQYHVWLIJDWHBKH RR\GH V, HQBFWXUH WRXJK
DQG 4V B F\FOHV ZHRJH PBSWIDHG GEBEQ HDIWBIG LQF WHOH H L

WKH FUDPNIRR FKRIWFKHG % UDDXPLEHY BAWBMHI]FHFOHY ZLWK D F
&&1%' VSHFRLE@EQWKH PRGH , DQRI PGRRH-OMHUPLQDWAKRH PRRGH ,, IUDF
IUDFWXUH IMREHKWQHWLQHG 7KHWERXBRRQHVY GHFUHDVHG E\ D
IDFWRU ZDV H[SUHVVWBHDNFIV LX G FFYEGBVRI
SRURDIOW\ LWV UHODWLRQVKLS ZLNK7KWHK I FKPHIWWD JIHQ UHGXFW LRC
IUDFWXUH WRXJKQHGV )ZM\D @ QY HMWHMOWH WRXJKQHVYV DW WKH HQ
GHFD\ IXQFWLRQ PRGHO SUHVHQOMWHNE B KDXQV OWKDXW RIZVKH PRGH
HYDOXDWH G R E KWHMIGRZZHBWW KDW L Q G L F D WA RZHRISKOH W KR H HYK D Z

f 7KH PRGH , IUDFWXUH WRXBURPHVRIRDHFKBWRGH ,, IUDFWXU
PRUWDU GEEQHDMBIG LQFWHOHVH LQ
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f 7KH PRGH , DQG PRGH ,> QUDPFMREYHQ 6 6HOORYRO& ( - L
WRXJKQHVV RI FHPHQWO IPGRHDAWDIAD BMiE U HD H G +LJK  VWUHQJIW
ZLWK FRNRLFEHQWUPLQDWLRQ MjHHIH VME)Q;Z WHVWLQJ DQG FUDFNLQ.

UHVSHFWLYHO\ UHVHDUF

f %\LQFUHDVLQJ WKH QXPEHU @I EXBOHV =WIK¢J <0 <DQ + ' D
GDPDJRUDEMEDYHH® KRMQ SRURV LW\ RI WKHPDJH DQG GDPDJH UHVLVWI
FHPHQW PRUWDU LQFUHDVHG VWY IHOHDFOTKREHUWANKHDDFWLRQ RI OR
FRHIILFLHQW RI! GHWHUGLFOD IQRYOWRGH F\FOHV  &HPHQW DQG &RQFUHYV
IRUPDD/QBQGHYHORSPHQW RI YDULRXV FUDFNV LQ
WKH VSHFLPHQ GOWHKWR SURWHVMH]® 6KDQJ + 6 DQG 6RQJ < 3

f $ OLQHDU UHODWLRMWEHS WX ARRQEBWUHQIJWK DQG GHIRUPDW
WKH GDPDJH IDFWRU DQG WKH ¥XRGBH EIDPIPOPHEBRSUHVVLR@IDIWHU
IUDFWXUH WRXJKQHVVV RLWK FVFFRHM | EHPH@W DQG &RQFUHWH 5HV

GHWHUPLQDWLRQ RI DQG UHVSHFWLYHO\ 7KH

PRGH , DQG PRGH ,, TUDFWXUH> WaR X6 KQU-OHY R YWIRHEHO ( DQG ¢
FHPHQW PRUWDU GGFUHDWVHKIGL L WRKW Rl *7NIKMAH]H FA\FOHV RQ W
GDPDJH IDFWRU SK\WWLFRPHFKDQLFDO SURSHUWLHV RI

f *LYMMH KLJK UHOLDELOLW)\ BBRVIRRGEWURQY RPG %XLOGLQJ ODWH

ILW  *20VL@KH OXWOXWXUN GHED\@HXRFWLR®QG JHUUHLUD +$ - 0
PRGHO WKLV RRHOHOBEIMQWERH SUMKDEW QG WKHUPDO GHJUDGDWLRQ L
WKH RIQP HIITHFW RI WKHWRRPRE I3U RBIHUWMHHNMRI FDUERQ DQG JODVV |

F\FOHWHRHOPHQW PRUWDU FRQFUHWH &RQVWUXFWLRQ DQG EXLH
SHIHUHQFHV o > @ +RVVHI@GE .RRGH\DU (IHHFW
> @&DR - DQG &KXQJ / RIPRAYEABZ F\FOH RQ VWUHQJWK DQ

HYROXWLRQ GHMMKIDZ) RWFOHIM) RI ERBH@WwWHUY $ /XVKDQ VDQGVWRQH

PRUWDU VWXGLHG E\ HOHFWULFD L \ D w
&HPHQW DQG &RQFUHWH 5HVHDUFKQILth_bLL\QW DY GVEYRIHITY

> @ +DWKHZD\ $ : 7KH FRPS
> @DOHQ]D- ,PQG 6FKHUHU *$§ VXJIJHVWHG PHWKRGV INWURQRFPMHFKO
UHYLHZWRIVFDOLQJ ,, OHFKDQLVPYq&HPHQWRRAD J
&RQFUHWH 5HVHDUFK

> @ )JRZHOO 5 +XGVRQ - ;X & &l
> @ &KXQJ & : 6KRQ & 6 DQG .LP < 6XJIHVWHG PHWKRG IRU GHW

&KORULGH LRQ GLIIXVLYLW\ RI 10V h\Hy PRE WRREKBHNP HXVLQJ FUDFN
FRQFUHWHV H[SWKBE WIRAHHWHRR QWIS EWLRQ GLVF &&1%' VSHFLPHQV
DQG %XLOGLQJ ODWHULDOV

BOLK5 0 DQG $\DWROODKL 0 :

> @
> @ 9DQFXUD 0 ODF'RQDOG . DOSRFENDIPERRYLKEK WRXIJKQHVV VWXG\ X
OLFURVFRSLF DQDO\VLV RI SBRWHKHGC,RDIY BIPWHGLVF VSHFLPHC(
GLVWUHVVHV LQ SHUYLRXV FRQFU 8 L QB pt Whw KWW G bOHB R U R D EK

FOLPDWH &HPHQW DQG &RQFUHW K S&RA MRV} XUH OHFKDQLFV
> @ +DQ 7 D&KL &DR ; YUDFW
> @ 2KDPDG SDPBPRFKDQGUDQ 9 6poG 'DPDJH WR 6DQGVWRQH 8QGHU ¢

6
3RO\PHGLILHG ORUWDUV DQG &RQFy
$GPL[WXUHV +DQGERRN 6HFRQG (

>

$QGUHZ 3XEBLVKLQJ

@ OXWOXWsUN 0 $OWLQGDJ 5 D
> @ O0DVVLK $ DQG ORRPLYDQG ¢ GHFD\QWI{G{ RU WKH LQWHJULW
DUWLILFLDO VDQGVWRQH ZMAKW ZkHH VRELMHFRIHERYER\UHEWK D BOQQW F\F
-RXUQDO RI SHWUROHXP JHRPHFKDBBHRY K MPRRIOLDJ ,QWHUQDWLRQDO |

> @ 6DLWR 0 2KWD 0 DQG ,VIIHFHKPQRLEY DQG PLQLQJ VFLHQFHV

&KORULGH SHUPHDELOLW\ RI FRQFUHWH VXEMHFWHG WR IUHH]H
WKDZ GDPDJH &HPHQW DQG &RQFUHWH &RPSRVLWHYV

Q
KW \E DR &RQER ZD&\G O)HN\H HHIR F 1
GENDBRFV DIFPERPN (QILQHHULQJ
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