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7KH WRSLFDOLWWQRUHWKHQUIVWKH IUHTXHQF\ RI
QDYLJDWLRQ GHYLFHV UHTXLUHDQH Q@MU B DVHHM X
DFFXUDF\ RI SRLQWLQJ RI VSDFH FRRP WXHF B R\ WQL\P
WDVNV RI VSDFH HQJLQHHULQJ ZHRRFMH RKW GKUHL R RV
LW LV GLIILFXOW WR IRUP R[LGHB XIHOPR W®&HWE®B FRH
7KHUHIRUH WKH PDLQ FDXVHV GRVNLRIXDAFRUDRBY B G
LQ VWDUW WRUTXH GXH WR WKHKHHDBXEGDRFAWI| ZHD|
7KH WDVN RI LQFUHDVLQJ WKH RXWY RZOU¥ H YCOUQ LE)
JHRPHWULF SDUDPHWHUV WKHVFBEQGFB XEIUPBMHN L
DGGLWLRQDO PHWKRGV Rl WKHUPBQWF KRHP IOF F@ P PL
WKHUHRI 7KHQ LI FKRRVH DV WPKHHN B URE WSHDUWLIRRQH W
PLQLPXP ZHDU LQ YDFXXP WKHQ RLIQH LWPISIR FWR Q O\ M
DQG WKH VSHHG RI VOLGLQJ IRU HDFK WRRWK VXUID
7KH SXURBIRWKHVLVY LV VROYLQJ WKH SUREOWDP @A}
RI D KDUPRQLF GULYH RSHUDWLQJYH JH QBB XWR E\JA
SDUDPHWHUYV
7KHUH DUWNMWNRHUBDFK WKLV SXUSRVH
JLOQGLQJ WKH SURILOH Rl D PDYHPXRQENDW RLD KA
LQ YDFXXP
&DUU\ RXW DQ DQDO\VLV RI W.IOHVWHHDRV PRIG\WM K HL
WKH ZHDU UDWH FRHIILFLHQW RQ WKH ZHDU YDOXH
$QDO\WLV RI PHVK TXDOLW)\ LRDWKHFRWKDBW DR
'HYHORSPHQW RI D ILQLWH HOH PHNDW HP ARG HADK H
PHVK
5HVHDUFK PHWKRGYV
7KH PHWKRG RI EORFN VHDUFRRROLQE OB UQX QK
OHWKRG RI WKH HODVWLFLWW WH RV HRW WWKUHD
OHWKRG RI ILQLWH HOHPHQW PRGHOLQJ LQ WK
SHOLDELOLW)\ LRI GWWMHEPW®HG E\ WKH VHOHFWH(
SUREOHPY SRVHG SUHOLPLQDURY NUKH LFDR\SDRDD RV L\R
DQG E\ QXPHULFDO H[SHULPHQW
6XEMHFW RI LQVHY WDRUPWDREO GULYH +' LQFOXC
DQWHQQD RI WKH VSDFHFUDIW 7BEHQI ER®PR BHRRYZ WK
7KH VFLHQWLILF QRYHOW\
7KH DSSURDFK WR WKH HVWLPDWHRQ@ LFIDW KGIL 2 B
LOQIOXHQFH WKURXJK HYDOXDWLPOIWRKREDU E\ WKH |
7KH SUDFWLFDO VLJQLILFDQFH RI WKHVLYV
7KH GHYHORSHG GHVLJQ PRGHO D OW RZWPVSHHDRFIN
WKH LQFUHDVHG ZHDU UHVLVWDQWHR QYF ®X\G WEH XGF
RI WKH KDUPRQLF GULYH ZKLFK D Q@®EZY PW\ (AKDER L
WKLV +' WR PDLQWDLQ LWV HHORNHQRJED FFEK FEAL W |
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JLIXUH + +DUPRQLF GULYH Z # + ZLWKMWMKKRKRW VO ®R)XSSFLW kt

3HUVRQDO FRQWULEXWLRQ RI WKH DXWKRU
6RIWZDUH KDV EHHQ GHYHORSHGWRDW BM H S\
WKH +'
7KH HITHFW RI WKH ZDYH HTXDMWMKH @ XDHOYLWA\Z R G
7KH VL]H RI WKH ILQLWH HOHFHK Q) PHWHVLW IGH
FRQWDFW SUHVVXUHV VLPXODW .RIH LORQKHD FR\QH R
$ FRPSXWDWLRQDO PRGHO KDV EMM Q LGPHOOHDORLS
WKH +' SDUWV LQWHUDFWLRQ
30DFH RI WKHVLV'HMWDQL]DMQROHHULQJ VXSSR
SURGXFWLRQ GHSDUWPHQW 3RO\WBWKQ I$KW R R/R
(GXFDWLRQDO ,QVWLWXWLRQ RIWERQKHGELEHIRIBY YV
S8QLYHUVLW\
30DFH Rl ,QWHUQDW@QRY DO tPEWIUOWKILEDJ QHDU
*HUPDQ\
$SSUREDWLRQ RI WKHVLV UHVXOWYV
ODLQ SURYLVLRQV RI WKH WKHWHSBQ®H®& DWQG L
 QWHUQDWLRQDO 6FLHQWLILR &RQ INMHFMDIERIQ:® 3 BI

RI VSHFLDO V\VWHPV~ LQ DQG .UDVQR\D!
 QWHUQDWLRQDO FRQIHUHQFH 36¥REREOHQWDW
RI &$'&$0&$( 6\WWHPV~ LQ .UDVQR\DUVN

SXEOLVKHG H\RUNWYV RI WKHVLY DUH SUHVHQWHG

&217(176 2) 7+(6,6
,QWURGXFURXRQGHG WKH LPSRUWDQFH R WRKBIOW K |
DQG WDVNV Rl WKH UHVHDUFK DQ®H\VHDQHE& REMHFV
7KH ILUVW FKVEWHUKHVLY ZRUN LW LV GHMRMWH
IRU LQFUHDVLQJ WKH UHVRXURH 6N WHIW\PLL@L QUK M/ KR
SDUDPHWHUV Rl WKH KDUPRQLW KK LY 8 L\D B G Q/HKPIH Q V
ZRUNV RI 5XVVLDQ VFLHQWLVWD\WQ RW¥XE K. DV OLDHEKRK D |
WR WKH GHVLJQ FDOFXODWLRQ \RKHEIXRU NNDRIVZ DRRI I



.RVWLNRY <X 9 J/\XPLQDUVNLL 6 ( KOG IR LVDHH HNW
RI WKH NLQHPDWLF DFFXUDF\HDRGUW R B LLFQ &/W L YQH IDRU
WKH ZRUNV Rl IRUHLJQ VFLHQWLVWY 5DOVRLQG&ID Q
UHVXOWV RI WKH LOYHVWLJIRWMRKHRH' WKH SRHWHR W
XVLQJ WKH ILQLWH HOHPHQW PRGHHD VRD X¢DLR O R QUL
IRUHLJQ SDWHQWYV IRU WKH DXWKRWYXKLBDRIQ, \DIGLYNDDY
WKH QHZ PDQXIDFWXULQJ FLUFXLW XVH @ EXH®R RSD §
VXUYH\ D PHWKRG ZDV GHYHORSHGF IRBDUGRWWH BV
KDUPRQLF GULYH RI GHVLJQ VWDJH

,Q DGGLWLRQ D UHYLHZ ZDV PD GH ZRH4 DRH WH\RIGANII
FROQWDFWLQJ PHWDO VXUIDFHV HLW KJWKRXSFBSR\WVW
UHVLVWDQFH WHVW 'UR]JGRY <X EDV.IMJIROVWKH ,®
YROXPHWULF ZHDU HVWLPDWLRQ@KWKHK I$W ERB 08 PAHRP
$16<6 ILQLWH HOHPHQW VLPXODWLRQ VRIWZDUH SDF

7KH VHFRQGLNKOBEWRIWHG WR WKH HYDOXDWLRQ |
RQ WKH FRQWDFW SUHVVXUHV REWWD LHQHGL PDRHH & L 11
FROQGLWLRQ WKDW WKH FDOF X ®IDSWHRE G R P WIDF WG SBH
LQ D SODQH VWUDLQ VWDWR I 2M WH -DHU IVQ [3OQ \RAELFHDRO |
RI WKH F\OLQGHUV 7KH FULWHRILW KR UNIRRWIKP P MALKQ I
FROQGLWLRQ WKDW WKH DYHUDJBAELB®G )QRQUBIYHUDJ

%HORZ LV DQ HTXDWLRQ GHVFU L BIHUIL V& H @ RRKX;
VRIWZDUH VXLWH ZKLFK FRUUHVSRQGVY WR WKH $UF

Ala
S L; AR

ZKHUH ZHDU FRHItLFDMWG®W LD 8 +K S U G DXV RF L W\
DQ@®+ SUHVVXUH DQG YHORFLW\ H[SRQHQW

JRU WKLV HTXDWLRQ WKH HILFEWORY WKH YROXP
ZHDU LV HVWLPDWHG ,Q DGGLWORG GLUHFW GHSHQ
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JLIXUH + OHVK TXDOLW)\ DQD ®W LN YBHN\DX GIWPH DD £V AWRMHIAVH P |
DYHUDJH PHDQ VWUHVV F + IL\QHGP HN.IQ HDFYH\WID JE RP B ¥ B U\DW k

TKH WKLUGLNWKGBWRHWHG WR WKH HYDOXDRILRQXBIC
YHORFLW\ FXUYHV RQ ZKLFK DQ HOQMHD@IRQW $VRARQN
WKH TXDOLW\ RI WKH WRRWK PWWKKH (X FRREH U XAFIKWSHDH
WKH GLVWULEXWLRQ RI WKH JDS WQXHKH ORDGHG DAC

TKH FDOFXODWLRQ ZDV FDUULHZRWKNW JHQWHU DMK
GHVFULEHG IROORZLQJ HTXDWLRQV
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ZKHNH LQLWLDO UDGLX\W,R4 ZD GH IRUPHWILVRBUF R H
DQJXODU FRRUGLQDWH RI WK# RGIH IFRLKHRDAMW LIRR QD C

GHIRUPDWLRQ #FLRHbuJLE@fqimv.:.L"J;-$ L ...)siEU ® <o :U;

%YHORZ LV D FDOFXODWLRQ PRGNWWRIRD KXDHK R QIH
D IOH[LEOH DQG ULJLG JHDURI VKW KWAUBPIRQMP RY DL R IOQP |
D FRXSOLQJ KDOI DOVR E\ DQDORBFRXSWKQ@ WNIEPK GH
ILIXUH EHORZ VKRZQ WKH WRRWKWR Q@WIDRING RN ROR WOK
'KHQ WKH PRPHQW GLUHFWLRQ LYGHR RO WHHFPREW DI

FRQWDFWHG E\ WKH HGJHV RGWXKHIOHJWE 6B UAK HEN QV
ULJLG ZKHHO



JLIXUH + SHVXOWY RI FDOFXODMARQWMURVWTXLYDO

JRU WKH GHYHORSHG PRGHO RI WKH KDK RRQWK
JHDULQJ DQG WKH VLGH JDS ZDV HVRMLWEW HG{ D\OR D¢
IDLOXUH RI D IOH[LEOH ZKHHO LV RWW KEHJ WHNGRZ QD [
ZDV PDGH RI WKH PD[LPXP HTXL YODOHQW W WIW \DAHHY/ [
7KH REWDLQHG UHVXOWV VKRZHG VRKPWJIMQKHHU B WHR U
LOQOFUHDVHG SURILOH FXUYDWXWR D@ W®HFU HDR G WOV
+RZHYHU DV VKRZQ LQ WKH GLDBUDWPLR@R ZNMH Q\HK
GHVFULEHG E\ HTXDWLRQ QXPEHU WXRRS U HKVX DHR Z H |

%HORZ DUH WKH UHVXOWYV RI| FRPGREX.EDGWLLQMIHW KK
JHQHUDWRU WKHQ RVFLOODWIRS QIONX GH RAVWRKGB O
UHVXOWY DUH VKRZQ LQ WKH IRWBLEXWUR®KR| WHR;
FRQWDFW SUHVVXUHV IRU WKH XS SHWH RHWK\LQLIE MRADL
DYHUDJHG VWUHVVHY DUH DOVRH LWR Q1 XIEQ R QW KZK IGA.
IRUFHVY EHWZHHQ WKH WHHWK
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JLIXUH S5HVXOWY Z + WHHWK HW RKN@DFRKQWD RMX P BRHU KRIURIL
OFRVLQH VLQXV? SURILOH GHIRUPHG E\ IR
Z [

JLIXUH S5HVXOWY Z + FRQWDINMNW IBVYW\LYDXW K H[ W RHRWXK WIDO'H

SURILOHYV ©OFRVLQH?® +t OFRVI®QEBE\VLFRWMHYV SURIL



D E F
JLIXUH + 'LVWULEXWLRQ RI FRB W DFAR GIUH WX QX VD FOFRWRI
IRUFHV

z [ \
JLIXUH =+ 'LVWULEXWLRQ RI DYARDUEKB2F E QWDFRW SQH WALQWXF
GHIRUPHG E\ IRUFHV

7TKH ILJIXUH EHORZ VKRZV WKH JURBWWERKHR |, WRFEDX® H
WKDW LQ WKH FDVH RI WKH DSSIH FDWDRQ WIL WH\H
YROXPHWULF ZHDU LV REVHUYHG

JLIXUH *+ OROXPHWULF ZHDU RILIGHIRUtSORRNVNAQBPW VL AR
GHIRUPHG E\ IRUFHV



%YHFDXVH RI WHHWK ODWHUDG'VXWKBHRWYRDLQI
RI WKH RXWSXW VKDIW DGGLWLROQDS6 VRMWDGM R B H\
RI WKH ZDYH JHQHUDWRU PDGH ZRWBUF |IRRV LEKRVLQF
DQJXODU VHFRQGV IRU D SURILORR BWDRIQMHHG UR
FRUUHODWHY ZLWK WKH YDOMKMMKY RI ZHDU WHVW REV
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,Q WKH FRXUVH RI WKH WKHVLVGZRWHO RS A B OFR G0
WKH QDWXUH RI WKH FRQWDFWPDQQIHWXG W LFR QVE € G\
VXUIDFHV YROXPH ZHDU ,Q WHKHVPROWW HR IRP D&D® \Z L
ZDYH JHQHUDWRU VKDSHV VLPXBBWLRKQH WKDS HGR W\
FRUUHVSRQGLQJ WR WKH FRVLOHWHQH XPERIL GRH
PHVKLQJ OHVV SUHVVXUH DQG Q@BRN WHPH RGXUK N
PHVKLQJ JRQH ZLWK KLJK ORDGYV LW DGL YRORHF DIWH.G KU E
ZHDU GXH WR VWLFNLQJ XQGHU VWDQGVWLOO ORDG

,Q WKH IXWXUH LW LV SODQQHG QWR ¥BQIEWY F/D WD
GULYH YDULRXV RSHUDWLQJ FRQ @PFAWLIRI RLQVED U/
RSHUDWLQJ WRUTXH $OVR ZLWKR WKH HFIWHGE W LRE R
YHORFLW\ YHFWRU Rl WKH ZD®H[VISQOHQBWRHLHWR YO
HQWHULQJ LQWR FRQWDFW GXH WR LWV H[WHQVLRC

0$,1 3529,6,216 2) 7+(6,6 $5(
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IXNLQ 56 8VDNRY 9, 9DYLORRGHOLGIVIWKEH Y BNV
WKH ZDYH JBBVUW@QLNW &IEE * £8R S ,Q 5XVV
S8VDNRY 9, /XNLQ 5 6 >3URIL®Y RN KMKFRDIWUHR OH R
PRGHOLQJ ZBDHAHK HMDQHY UHDAR.@JIV QR S
IXNLQ 5 6 .RJORYD 1, >7KH FKRSEH FRH Q\D \DVRIKW K
GHVLJQ KDUPRQLF GULYH ZLW K 5HWHKHWROHAN SXMD BH I
YRO QR S
9DYLORY '9 /XNLQ 56 8VDNRY 9 , GUHYWHKRIGFRKDG
RI GLITHUHQBHS KHB3RHY@UHDGRQ@JV QR S
9DYLORY '9 /XNLQ 56 8VDNRY 9 , GUHWKRIBFRKDG
RI GLIIHUHQWH S WWDIRVHLE * ¥R O QR S









