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INTRODUCTION

3HRSOH PDNH GHFLVLRQV RQ D ®DLR\ [EQWILYL GXM
UDWKHU LQWXLWLYH KDUGO\ HYHU VFLHQWL¢{F PHW]|
RI FRQVHTXHQFHV RI LQGLYLGXDO GHFLVLRQV LV XV
PDNHU DQG KLV RU KHU FORVHVW HQYLURQPHQW I
SULYDWH SRVVHVVLRQV

'HFLVLRQ PDNLQJ LQ EXVLQHVV RUJDQLVDWLRQV |
GLIITHUHQW LVVXH DV WKH FRQVHTXHQFHV RI PLC
RUJDQLVDWLRQ LWV DVVHWYV DQG OLDELOLWLHV H
FOLHQWYV DQG EXVLQHVV SDUWQHUV ,Q WKH VKRUW
EXW VWLOO PDQDJHDEOH FRVWVY ZKHUHDV LQ WKH C
RUJDQLVDWLRQYVY JURZWK SRWHQWLDO RU HYHQ W}
PDNLQJ IRFXVHV RQ VROYLQJ PDQDJHULDO SUREOF
D PDQDJHULDO SUREOHP DV D GLIIHUHQFH GHIL
SHUFHLYHG DQG WKH GHVLUHG RXWSXW ,Q WKLV
PDNLQJ KHDYLO\ GHSHQGYVY WKH DGGLWLRQDO FRQ
WKH PDQDJHULDO SUREOHPV LQ TXHVWLRQ 3RVVL
JRDOV RI SUREOHP VROYLQJ GHILQHG XQGHILQHC
ZHOO VWUXFWXUHG LOO VWUXFWXUHG LLL WKI
KXPDQ UHODWLRQV WHFKQLFDO LVVXHV LY RUJDC
VWUDWHJILF RSHUDWLRQDO Y PDQDJHPHQW IXQFW
RSHUDWLRQV PDUNHWLQJ SURGXFWLRQ PDQDJHI
HQYLURQPHQWDO FRPPXQLFDWLRQV EXVWRPHU L
SUREOHP SURJUDPPDEOH QRQ SURJUDPPDEOH 2WKHI
VRXUFH Rl SUREOHP LQLWLDWLRQ WKH FDXVDO FKD
ZKLFK D SUREOHP LV VROYHG WKH SRVVLELOLW\ F
TXDQWL¢(FDWLRQ GHFLVLRQ RSWPRI@QW WIKWKQ B YFHOR
VROYLQJ WKH PDQDJHPHQW IXQFWLRQV WR ZKLFK W
FRPSOH[LW\ DQG RUJDQLVDWLRQDO OHYHO

&RQVHTXHQWO\ LW FDQ EH DVVXPHG WKDW PD(
D PRUH VRSKLVWLFDWHG DQG VWUXFWXUHG DSSURE
FRQWHPSODWHG GHFLVLRQ DOWHUQDWLYHV VKRXOG
RI WKH RUJDQLVDWLRQ ,W VKRXOG DOVR DQWLFLSD)
DOO DJHQWY GLUHFWO\ DQG LQGLUHFWO\ LQYROYH
WKHVH LVVXHV LQ WHUPV RI WKH '"HFLVLRQ 7KHRU\
IRUP VHSDUDWH UHVHDUFK ILHOGV WKHPVHOYHV [



UHVHDUFK SUREOHPV 7KH H[DPSOHV LQFOXGH LQWH
PDNLQJ QRUPDWLYH GHVFULSWLYH SUHVFULSWLYH
LUUDWLRQDO SUHIHUHQFH EDVHG YV SURVSHFW E
PDNLQJ HuHFWV PD[LPLVLQJ XWLOLW\ PLQLPLVLQJ UL
PDNLQJ HQKDQFHPHQW PHWKRGV FRPSOH[LW\ RI GH
LQWHUWHPSRUDO FKRLFH PXOWLFULWHULDOLW\ RI
DUH OLPLWHG WR WKH HQKDQFHPHQW RI PDQDJHUL
UHVHDUFK ¢HOG SURYLGHV HQRXJK MXVWL¢FDWLRQ
JLWHUDWXUH UHYLHZ RuHUV QXPHURXV PHWKRG)
PDNLQJ SURFHVVHV LQWHU DOLD FRPELQLQJ VHOHF
H[DPSOH WKH :HE Rl 6FLHQFH GDWDEDVH UHWXUQV
IX]]\" LQTXLU\ RXW RI ZKLFK KDYH EHHQ F\XKELOLN K |
VXFK DQ LPSUHVVLYH QXREHNYW RW ASHX G DEF DWHR QL ¢ |
SURFHGXUH IRU WKH HQKDQFHPHQWIRW RREDEHERP B
WKH KLHUDUFKLFDO DQG IX]]\ DSSURDFKHV LQ D VHT
J)LOOLQJ LQ WKH LQYHQWWRRMBLHGWU HAEDW 5 K FIV
WKH FRPSOHPHQWDWLRQ Rl WKH GHFLVLRQ WKHRU
PDQDJHULDO SURE OMRW QIKLLAR ISDVKERWHR QRJIJUD S K
XWLOLWDUWK® DRSESXPWU 0XOWLFULWHULD 0BQDJHU
0080$'(00 GHYHORSHG E\ WKH DXWKRU SURYLGH"
GHFLVLRQ PDNHUV LQ VROYLQJ WKHLU PDQDJHULDO
7KH IRUPXODWHG VFLHQWL:,F SXUSRVH ZDV DFFRF
VFLHQWL¢F PHWKRGFROWEK BKRMEKOHHBHYHORSPHQW RI
TXDOLWDWLYH TXDQWLWDWLYH PHWKRG IRU WKH HQ
DSSURSULDWH IRU PXOWLFULWHULD PDQDJHPHQW Sl
“XVWLILFDWLRQ IRU DGGUHVVW®H W R M LUHDAM IDF
DGGUHVVLQJ WKH UHVHDUFK SUREOHP LV WR ¢00 LQ
JDS ZKLFK LV WKH ODFN RI D SURFHGXUH IRU WKH
WKH ¢HOG RI PXOWLFULWHULD PDQDJHULDO SUREOH
KLHUDUFKLFDO DQG IX]]\ DSSURDFKHYV
7KH KLWKHUWR FRQVLGHUDWLR Q¥ \KIDIY¥A & WE RIQR/ W
'KDW LV WKH GHFLVLRQ PDNLQJ SUDFWLFH RI V
FRPSDQLHV"
'R WKH\ SHUFHLYH ERWK PHDVXUDEOH DQG LPP}
WKHLU GHFLVLRQ PDNLQJ SUDFWLFH"
"KDW PXOWLFULWHULD PHWKRGV IRU HQKDQFLQJ
IRXQG LQ PDQDJHPHQW VFLHQFH OLWHUDWXUH"
,V LW SRVVLEOH WR FRPELQH TXDOLWDWLYH
HQKDQFHPHQW RI PDQDJHULDO GHFLVLRQ PDNLQJ

$V Rl 1IRYH¥EHU



$V PXOWLFULWHULD PDQDJHULDO GHFLVLRQV
FKDUDFWHU KRZ WR GHVLJQ D GHFLVLRQ PDNLQJ
DOWHUQDWLYHV ZKLFK VOLJKWO\ YDU\ IURP W
VHFRQG EHVW YDULDQW "
2QH Rl WKH FKDUDFWHULVWLFV RI PDQDJHULDO
FRPSOH[LW\ 7KHUHIRUH WR DGGUHVV WKH PDLQ L
D PXOWLVWDJH DSSURDFK ZDV DJGRIS/WM 8D UW KL W B R
JLUVW OLWHUDWXUH UHYLHZ KDV EHHQ SHUIRUPHG
LQ HQWHUSULVHY RSHUDWLQJ LQ 3RODQG KDV E
UHVHDUFK ,WV UHVXOWY KDYH EHHQ VXEMHFWHG \
VWHS ZDV WR LGHQWLI\ DQG SUHVHQW WKH DFWXTE
HQWHUSULVHV +# ZLWK UHJDUG WR WKH DSSOLFDWLR
PDNLQJ SURFHVVHV 7KH WKLUG UHVHDUFK VWHS FRQ
PXOWLFULWHULD PRGHO IRU WKH HQKDQFHPHQW RI |
7KH UHVHDUFK SUREOHP ZDV VROYHG WKURXJK WK
PHWKRG DQG WKH )X]RULHWYD\W KIHRE\V G |8 RW DRV LW KIH D >
SURSRVDO LV D GHFLVLRQ PDNLQJ PRGHO WKDW RuHU\
HQFRPSDVVLQJ KRZHYHU VRPH RI WKH FULWHULD
DOWHUQDWLYH VHFRQG EHVW VROXW LR@® O CPROUWHRIHHIU
GHFLVLRQ FDQ EH IRXQG LQ WKH VFLHQWL¢F OLWHUD\
RI WKLY QRWLRQ 7KH SRVWXODWHG PHWKRGRORJ\ \
VHWV WKHRU\ DGGV D QHZ TXDOLW\ WR WKH PRGH
SURFHVVHV 7KH SUHVHQWHG DSSURDFK DOVR EURDG
¢HOG RI DYDLODEOH PDQDJHULDO GHFLVLRQ PDNLQJ H
WK WKRUTJV LQSXW WR WKH GHYHORSPHQW RI PDQDJ
,Q RUGHU WR+GHUY B ORISL WIRH WKGX®WRSRVHG GHFL\
PRGHO PHDVXUDEOH DQG LPPHDVXUDEOH GHWHUPL
SURFHVVHV QHHG WR EH LQFOXGHG LQ WKH DQDO\VL
GHFLVLRQ FULWHULD OHYHO DQG VHUYH IRU WKH LQS.
VLGH RI WKH PRGHOfV +LHUDUFKLFDO ORGXOH FRQV
A 'HFLV DR sidh Aand DecisionA ZKLFK UHAHFWV WKH DYDL
VROXWLRQV RI WKH GHFLVLRQ SUREOHP )DFWXDO D'
RQ WKH VSHFL¢FLW\ RI D JLYHQ SUDFWLFDO GHFLVLR!
PRGHO WKH FRQFUHWLVDWLRQ RI GHFLVLRQ DOWHUQ
RI WKH +LHUDUFKLFDO ORGXOH D PDWKHPDWLFDO WR!
LQWR TXDQWLWDWLYH RQHV ZDV DSSOLHG 7KH VLJ
FULWHULD ZDV JUDGHG WKURXJK WKH $QDO\WLF +LH!I
UDQNLQJV ZHUH REWDLQHG LQ DQ HYDOXDWLRQ SUR
$V D UHVXOW D GHFLVLRQ D OWHKUHQDMS HYJNV WDV LEQH
GHFLVLRQ FULWHULD ZDV FKRVHQ 7KH +LHUDUFKLFDO
WR RSWLPLVDWLRQ ZLWK UHJDUG WR D FKRVHQ SD



6LQFH WKH SUDFWLFH RI PDQDJHULDO GHFLVLRQ
GHFLVLRQ DOWHUQDWLYHY DUH WDNHQ LQWR FRQ
HQFRPSDWXYHNWMRGROOHZHOO ,WV UROH LV WR H[WHC
UHOHYDQW HOHPHQWYV RI D VHFRQG EHVW GHFLVLRQ
IRU WKLV SXUSRVH LV EDVHG RQ WKH )X]]\ VHWV WK
DSSOLHG DQ H[WHQGHG GHFLVLRQ ¢HOG LV LQGLFD
UHDOLVWLF PHDVXUHPHQW Rl WKH VLJQL,FDQFH RI \
DOWHUQDWLYHV ZKLFK H[SDQGV WKH GHFLVLRQ PDN
PDNLQJ SURFHVV

,Q RUGHU WR FRXQWHUEDODQFH DQ\ UDQNLQJ
DSSOLFDWLRQ RI YDULRXV FRPSDULVRQ VFDOHV LQ
DGGLWLRQDOO\ LQFUHDVH WKH SUHFLVLR®PRI WKH
)X]]\ ORGXOMHQ H[SDQVLRQ RI WZR IRUPHU PRGXOHV |
WKH GHFLVLRQ PDNLQJ HUHFWV Rl WKH +LHUDUFKLFI
)X]]\ ORGXOH WKH ¢QDO DQG GH¢QLWLYH GHFLVLRQ

6XFK DQ DQDO\VLV ZDV PDGH SRVVLEOH RZLQJ WR W
ODQDJHULDO 'HFLVLRQ ODNLQJ ORGHO 0080RI(00 |
PDQDJHULDO GHFLVLRQ PDNLQJ SURFHVVHV 7KH FUH|
WKH EHVW SRVVLEOH UHVXOWV Rl WKH GHFLVLRQ P
IXWXUH GHYHORSPHQW RI DQ HQWHUSULVH (QWH!I
DV D SURFHVV RI FRQVHFXWLYH FKDQJHV DLPLQJ D
D PRUH SHUIHFW DQG PRUH FRPSOH[ IRUP .DF]JPDUH

7KH PDLQ DGYDQWDJH Rl WKH SURSRVHG VROXWLRQ
PHWKRGV FRPELQLQJ )X]]\ VHWV WKHRU\ DQG $+3 |
-XVRK =DYDGVNDYV LV WKH ¥HKTRIHG KWH. PO \W R B G |
$+3 WKHQ )X]]\ WKHQ PL[HG $+3 )X]]\ 6XEVHTXHQV
SUREOHP E\ WKUHH PRGXOHV RQ D RQH DIWHU DQRWK
DOWHUQDWLYH UHMHFWHG LQ WKH +LHUDUFKLFDO ORG
QDO PDQDJHULDO GHFLVLRQ 6XFK DQ DSSURDFK UH
GHFLVLRQ UDWKHU WKDQ DQ RSWLPDO SRVVLEOH R
UHVROYHV 6LPRQYTV VDWLV¢{FLQJ GHFLVLRQ 6LPRQ

FRQFHUQV DERXW WKH TXDOLW)\ Rl ¢QDO PDQDJH!L

$ ZRUG Rl H{SODQDWLRQ RI WKH YRFDEXODU\ XVHG
7KH DXWKRU LV DZDUH WKDW WKH LGHD RI PDQDJHULL
WKH QHHGV Rl WKH SUHVHQWHG UHVHDUFK WKH WHL
GHFLVLRQ DOWHUQDWLYH FKRVHQ DV D UHVXOW R
WKH 0080$'(00 7KLV WHUP ZLOO KHOS GLVWLQJXLV
REWDLQHG IURP HDUOLHU VWDJHV RI PRGHO DSS
UHVXOWLQJ IURP WKH +LHUDUFKLFDO ORGXOH

7KH DERYH DOORZV WKAD LRUPXD® R L RAQK RV RRIQ IR J
SUHVHQWDWLRQ Rl WKH GHYHORSHG RIRGERMD UDNALQV



ORGHO 0080%$'(00 IRU WKH HQKDQFHPHQW RI PDQ
SURFHVVHV 7KH PDLQ JRDO RI WKH PRQRJUDSK ZDV
LQ WKHKMWDLOHG JRDOV RI WKH PRQRJUDSK

3URSRVDO RI D GH,QLWLRQ RI DQ LQWHJUDO PD
SUHVFULSWLYH DSSURDFK

,GHQWLILFDWLRQ RI SUDFWLFH RI PDQDJHULI
RSHUDWLQJ LQ 3RODQG

$QDO\VLV RI PXOWLFULWHULD PHWKRGV HQKDQF
VFLHQWL¢F OLWHUDWXUH

3UHVHQWDWLRQ RI PHWKRGRORJLFDO EDVHYV
OXOWLFULWHULD ODQDJHULDO 'HFLVLRQ ODNLQJ |
HQKDQFHPHQW RI PDQDJHULDO GHFLVLRQ PDNLQ
&RQVWUXFWLRQ RI D ORGXODU OXOWLFULWHULD
0080%$'(00 IRU WKH HQKDQFHPHQW RI PDQDJH
SURFHVVHV

7KH PDLQ UHVHDUFK SUREOHP WRIJHWKHU ZLWK
PRQRJUDSK OHDG WR WKH | RIHXHOWDDNL RE VHDWIKK VRIO

7KH DSSOLFDWLRQ RI D VHTXHQWLDO TXDOLWL
HQKDQFHPHQW RI PXOWLFULWHULD PDQDDHORIDVNO C
LOQOWHJUDO PDQDJHULDO GHFLVLRQV WR EH PDGH

7KH JHQHUDO UHVHDUFK WKHVLY ZLOO EH FRQ¢/{UPI
RI UHVHDUFK PHWKRGV GLVFKNWHULXBD\WHRQ & I VWKK-
JHQHUDO VXE WKHVHYV

7

,Q D G\QDPLFDOO\ FKDQJLQJ HQYLURQPHQW RI F
PDNLQJ SURFHVVHYV UHTXLUH WKH LQFOXVLRQ
FULWHULD

7KH LQFOXVLRQ RI WKH TXDQWLWDWLYH PHDVXU
FULWHULD LQWR WKLV DQDO\VLYV FDQ LPSURYH \
7KH MRLQW TXDOLWDWLYH TXB8®WRSWILWY MWWHH VUR \L
WKH VFLHQWLILF SXUSRVH RI WKLV PR@GRJUD
GHFLVLRQ WKHRU\ PHWKRGRORJ\ LQ WKH ¢HOG
E\ GHYHORSLQJ D PHWKRG Rl WKH HQKDQFHPHQ\
SURFHVVHY WKURXJK D ORGXODU OXOWLFULWE
ORGHO 0080$'(00
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&]DNRQ SS LOQWURGXFHVY WKH IROO
GHVFULELQJ WKH UHVHDUFK SURFHVYV
+t PHWKRGRORJ\ LV D VFLHQFH RI PHWKRGV ZKLF

GHVFULEHV WKHLU DSSOLFDWLRQ FKDUDFWHULVH

DSSOLFDWLRQ WR UHVHDUFK SUREOHPV DV QR

H[LVWV WKHUHIRUH PHWKRGRORJ\ D VFLHQFH RI
+ D UHVHDUFK PHWKRG LV WKH FRMESRIWVLRILBBVHQE KK

UHSHDWDEOH IRU VWXGLHV R® PVJLEHRDKOB \RI RW VY Hh
+ D UHVHDUFK WHFKQLTXH LV PRVW DSSOLFDWLR:

SURFHGXUH IRU HDFK ¢HOG RI VWXG\

7KH JHQHUDO VFLHQWLILF PHWKRG DGRSWHG L
DQDO\WLFDO DSSURDFK Rl QRPRWKHWLF FKDUDFWHU
DQG IRUPXODWH JHQHUDO ODZV RI VFLHQFH UDWKH
1LHPF]\N D S VWDWHY WKDW WKH VHDUFK IF
IURP VSHFLILF REVHUYDWLRQ IDFWV WR JHQHUD
PDQQHU RI WKHRU\ EXLOGLQJ LQ HFRQRPLFV LQFOX
DOVR DGYRFDWHVY FDXWLRQ DQG PRGHUDWLRQ LQ J
UHVHDUFK RQWR JHQHUDO SRSXODWLRQ E\ VD\LQJ
SODXVLELOLW\ UDWKHU WKDQ DEVROXWH WUXWK 1L

$V PDQDJHPHQW VFLHQFH GRHV QRW SRVVHVV LW
WRROER[ .U]J\*DQRZVNL S P HMK R & \Q HAFHIFR/@IUT
UHVHDUFK WRROV RI RWKHU ¢HOGV RI VWXG\ )RU KL,
WULDQJXODWLRQ PHWKRG ZDV XVHG IRU WKH QHHGYV
LV D ZD\ RI FRQVROLGDWLQJ NQRZO HI5 I WHHIURKKG KZ A
VHYHUDO UHVHDUFK PHWKRGV .RQIXEHMIZNDNQ s

VHH WKH VHQVH Rl WULDQJXODWLRQ LQ WKH OHJ

WKDW LQGHSHQGHQW PHDVXUHPHQWY FREBHBP WKHF
,Q WKH GLVFXVVHG UHVHDUFK WDVN WKLV LV DFFRI
DQG TXDOLWDWLYH UHVHDUFKZ\G LERHFGX ¥ WHLG VDG,
ZKLFK IROORZV WKH PXOWLSOH KHWHURJHQHRXV L
PHWKRG 6WD F]\N S

$W WKH VDPH WLPH LQ YLHZ Rl WKH LQWHUGLVFL:
SUREOHP DQG IROORZLQJ 6XA4ANRZYMWLEV MXVWSL ¢ HGS
D SOXUDOLVW PHWKRGRORJ\ 6XFK PHWKRGROR]J
XQGHUVWDQGLQJ DSSURDFK ZLWK D GRPLQDQW UROH



HPSLULFDO PHWKRGYV ZLWK HOHPHQWYV RI IRUPDC
ORUHRYHU WKLV DSSURDFK UHFHERNU®\ RD L@QW B UWQXX
6\PSRVLXP RI WKH $QDO\WLF +LHUDUFK\QHWRERUYW JJI
DURXQG WKH SHUVRQ RI ODWH 7/ 6DDW\ WKH LQYH

7TKHUHIRUH WKH VWXG\ HRASEBRUWF K RH WKARGRZDQG V

JRU LQWURGXFWRU\ UHVHDUFK WDYVN

ILWHUDWXUH RWRHDYNVHEZYV WKH SUHVHQFH RI
GHFLVLRQ PDNLQJ LQ WKH PDQDJHPHQW VFL
GHFLVLRQ PDNLQJ PHWKRGYV DSSOLHG LQ PDOQ
VFLHQWL¢{F OLWHUDWXUH RQ WKH VXEMHFW &RXC
%ODFN ER[ XSWHRDFKLQ UHVHDUFK DSSURDFK D
DWWHQWLRQ RI WKH UHVHDUFKHU LV IRFXVHG
DQG RXWSXW GDWD Rl WKH FUHDWHG DQDO\WL
PHFKDQLVP Rl GDWD SURFHVVLQJ &RXQWHG EHW

JRU TXDQWLWDWLYH UHVHDUFK WDV

BWUXFWXUHG VHOI DGPLQEVIRHUMKGHTRR O O H
TXDQWLWDWLYH GDWD RQ WKH SUDFWLFH RI
TXHVWLRQQDLUH LQFOXGHG TXHVWLRQV RI FORV
FKRLFH ZLWK UDQNLQJV RI LPSRUWDQFH  SRL
D IHZ RSHQ HQGHG IRUPDW TXHVWLRQV &RXQ\
UHVHDUFK PHWKRGYV

OL[HG W\SH WOWROEQHIDWH D JHQHUDO SRSXOD
WKH TXHVWLRQQDLUH 7KH\ ZHUH UHFUXLWHG I
LQWHUQDWLRQDO FRPSDQLHV RSHUDWLQJ LQ
TXDQWLWDWLYH UHVHDUFK PHWKRGYV
7HVWLQJ RI KN S\RRVEHVHRUP DQ DQDO\VLV RI WK
TXHVWLRQQDLUH UHVXOWYVY 7KH JRDO RI WKLV U
DQG UHODWLRQV EHWZHHQ WKH NH\ REWDLQHG U
WKH SUDFWLFH Rl PDQDJHULDO GHFLVLRQ PDNLQ
&RXQWHG DPRQJ SULPDU\ TXDQWLWDWLYH UHVHI

JRU TXDOLWDWLYH UHVHDUFK WDVN

SUELWUD@ FKRIORQ UDQGRP VDPSOLQJ RI WKH
IRU WKH GLUHFW VHPL VWUXFWXUHG LQWHUYLHZ
SUDFWLWLRQHUV RI PDQDJHPHQW RI WDFWLFDO
DV D SULPDU\ TXDOLWDWLYH UHVHDUFK PHWKRG



'LUHFW VHPL VWUXFW XWRH 0 A®WHERQHZO\ WHVW W
RQ WKH GHFLVLRQ PDNLQJ SUREOHP RI SUHVHOHF
TXDOLWDWLYH UHVHDUFK PHWKRG

-RLQW TXDOLWDWLYH TXDQWLWDWLYH

$QDO\WLF +LHUDUFKY 3BRFMKN GiH B8 8 BB PR KM R(
ORGXBHORGXODU OXOWLFULWHULD O0DQDJHUL
0080%$'(00 IRU WKH HQKDQFHPHQW RI PDQDJHUL
SUDFWLFDO DSSOLFDWLRQV WKLV UHVHDUFK PHW
RI WKH GHWHUPLQDQWY RI PDQDJHULDO GHFLVL
H[SHFWHG DQG XQGHVLUDEOH GHFLVLRQ PDNLQ
MRLQW TXDOLWDWLYH TXDQWLWDWLYH UHVHDUF|
)X]1]1\ VHW V tWIRHIRWK H FR QX W\ & R @6X @oaul & |
OXOWLFULWHULD ODQDJHULDO 'HFLVLRQ ODNLQJ |
HQKDQFHPHQW RI PDQDJHULDO GHFLVLRQ PDNLQ
LV DLPHG DW WKH FUHDWLRQ RI D VHOI FRUUHF
LQFOXGH FORVH WR RSWLPDO GHFLVLRQ DOWH
ORGXOH RI WKH PRGHO ,Q RUGHU WR LQFOXGH
RI WKH VHFRQG EHVW GHFLVLRQ DOWHUQDWLYH
GHFLVLRQ FULWHULD KLHUDUFK\ VWLOO FRXOG F
Rl WKH ¢QDO GHFLVLRQ &RXQWHG DPRQJ SULP
UHVHDUFK PHWKRGYV
%RWK $+3 DQG )X]]\ ZHWHVHPBIORUNG IRU WKH FRQ
PL[HG 3 )X]]\ ORGIOHRGXODU OXOWLFULWHULD OC
ODNLQJ ORGHO 0080%$'(00 IRU WKH HQKDQEFH
GHFLVLRQ PDNLQJ 7KH FRPELQDMWWRR GR/I Z\DKV
HPSOR\HG IRU IXUWKHU VPRRWKLQJ WKH HPHUJLQ
WKH ¢QDO GHFLVLRQ + FKRRVLQJ WKH GHFLVLRQ
WR WKH DWWDLQPHQW RI WKH PDLQ JRDO RI GHF
PDQDJHULDO GHFLVLRQ &RXQWHG DPRQJ SULP]
UHVHDUFK PHWKRGYV
7KH UHVHDUFK FRQFHSW SUHVHQWHG DERYH ZDV
IRUPHG FRQVHFXWLYH FKDSWHUV RI WKLV PRQRJUDS
SUREOHP RI PDQDJHPHQW VFLHQFH LV H[SORUHG 6
GHFLVLRQ PDNLQJ PHWKRGYV LQ WKH PDQDJHPH
TXDQWLWDWLYH UHVHDUFK LV FRQGXFWHG LQ RUGH!
PDQDJHULDO GHFLVLRQ PDNLQJ LQ FRPSDQLHV RSH
DQG PHWKRGRORJLFDO IUDPHZRUNV IRU WKH FRQV
ODQDJHULDO 'HFLVLRQ ODNLQJ ORGHO 0OS8ORI(00 |
PDQDJHULDO GHFLVLRQ PDNLQJ DUH HVWDEOLVKHG



D KLHUDUFK\ RI GHFLVLRQ FULWHULD ZKHUHDV LW\
DOWHUQDWLYHV 7KH VDPH FKDSWHU FRQWDLQV W
PXOWLFULWHULD GHFLVLRQ PDNLQJ PRGHOV XVXI
DQDO\WHG GHFLVLRQ SUREOHP WKH FRQVWUXFWLRQ
WKH DSSOLFDWRU\ SURFHGXUH ,W LV EDVHG RQ DQ
VLIQL,FDQFH UDQNV EDVHG RQ VLPXODWHG H[SHUYV
SURFHGXUH LV DOVR SUHVHQWHG JUDSKLFDOO\

$Q DWWHPSW WR SODFH WKH UHVHDUFK SUREOHP 1
VFLHQFH IROORZV

3LHWHU S VWDWHY WKDW VFLHQWL¢F UH
ZRUN ZKLFK XVXDOO\ FRQVLVWV RI VWDWLQJ WKH
GHWHUPLQLQJ RU FUHDWLQJ WKH UHODWLRQV EHW
SDUWV RU EHWZHHQ WKH H[LVWLQJ FRQFHSWV RU R
LW FDQ EH VWDWHG WKDW WKH PDIS& UHMWVHIXUEK \8
HODERUDWLRQ RI D FRPSOH[ GHFLVLRQ PDNLQJ PF
WKH SDWWHUQV DFFRUGLQJ WR ZKLFK PDQDJHUV |
SURFHVVHV RI WKHLU EXVLQHVV RUJDQLVDWLRQV |
VFLHQFH ,W DOVR IRUPV D UHVHDUEK L VRO DW HLH
ZKHQ WKH UHVHDUFKHUYV HURUW IRFXVHV RQ XQVYF
SKHQRPHQD WKDW UHO\ RQ KLV KHU RZQ UHVHDUFK |
RQ SURYLQJ WKH H[LVWHQFH Rl FRQFHSWXDO GHSHC

7KH UHVHDUFK WDVN SRVLWLRQV LWVHOI LQ W
GHFLVLRQ PDNLQJ PRGHO ZDV FUHDWHGDMWH® R @
WKH VFLHQWLILF DSSURDFK WR UHVHDUFK L H LU
LOQWHUVXEMHFWLYH FRPPXQLFDWLYHQHVY DQG YHL
XQGLVWXUEHG ARZ RI LQIRUPDWLRQ .DaxV]\ VND

$SSUHFLDWLQJ WKH EHQHILWY IRU PDQDJHPHC
DSSURDFK WR SHUFHSWLRQ UHVHDUFK DQG VROYL(
UDLVHV DQ LPSRUWDQW LVVXH RI WKH SXUHQHVV RI
VFLHQFH SS 7KH UHVHDUFKHU SRLQWV DW
LQ WZR FDWHJRULHV RI OLPLWYV
+ HIWHUQDO + LQ RUGHU WR GLVWLQJXLVK EHWZ

LQFOXGLQJ PDQDJLQJ DQG WKRVH ZLWKRXW LW &
+ LQWHUQDO = LQ RUGHU WR GLUHUHQWULDWIHR®DX AKX Q

FRPPDQG

%RWK FDWHJRULHV IDOO LOQWRGHLQOWQRZRINE P D.
ZKLFK LV DQ DFWLRQ DLPLQJ DW PDNLQJ WKLQJV |
RQH ZKR JXLGHV WKHP $W WKH VDPH WLPH WKH\ "
$FFRUGLQJ WR /LEKWDUVNL S ZKDW LV WKH |
SRZHU IUHHGRP RI PDNLQJ GHFLVLRQ RI WKH GHFL
RQO\ WR WKH PDQDJHU QRW WKH DGPLQLVWUDWR!



HQKDQFHPHQW RI GHFLVLRQ PDNLQJ SURFHVVHV Z
SUREOHP XQGHU GLVFXVVLRQ QRW RQO\ ¢WV LQWR |
WKH SXUHQHVV Rl WKH DFDGHPLF GLVFLSOLQH GHIH
$FFRUGLQJ WR WKH UHVROXWLRQ RI WKH &HQWUDC
3RODQG RQ WKH '"H¢QLWLRQ RI $FDGHPLF 'LVFLSOLQH
6FLHQFHV 3ROLVK ORQLWRG WRKH RERBL.QDQFH RI WKH 0
DQG +LJKHU (GXFDWLRQWEI 3RR® QKR I/SXWXRWS$SUHDV F
6WXG\ $FDGHPLF 'LVFLSOLQHV DQG )LHOGV RI BWXG\ LQ
-RXUQDO '] 8 RK$XIPDDIHPHQW LV D ¢HOG RI VWX
GLVFLSOLQH RI HFRQRPLFV LQ WKH DUHD RI DFDGHPL]I
VWXG\ LQ WKH DFDGHPLF GLVFLSOLQH RI KXPDQLWLHV
(QKDQFHPHQW RI PDQDJHULDO GHFLVLRQ PD
DERYHPHQWLRQHG FODVVL:;FDWLRWNKH 2AKAR K \PRINW K
RI VWXG\ PDQDJHPHQW DFDGHPLF GLVFLSOLQH RI
VRFLDO VWXGLHV $FFRUGLQJ WR WKH 2(&' FODVVL¢
DQG FRQVLGHUHG DV D IUDPHZRUN IRU TXDOL¢FDWL
/IDZ RQ +LJKHU (GXFDWILKRHQPPILRROWWVHED UFK SUREOH
¢HOG RI VFLHQFH 6RFLDO VFLHQFHV DFDGHPLF GL
VXE GLVFLSOLQH F %XVLQHVV DQG PDQDJHPHQW
JROORZLQJ WKH -RXUQDO RI (FRQRPLF /LWHUD
$PHULFDQ (FRQRPLF $VVRFLDWLRQ WKH PDLQ UHVH
GHVFULEHG E\ WKH IROORZLQJ FRGHYV
+ & ODWKHPDWLFDO DQG 4XDQWLWDWLYH OHWKRG\
, & (FRQRPHWULF DQG 6WDWLVWLFDO OHWKRGV |
« & 2SHUDWLRQV 5HVHDUFK t+ 6WDWLVWLFDO 'H
$SSO\LQJ WKH GLYLVLRQ RI PDQDJHPHQW VFLHQI
E\ &\IHUW HW DO Ss WKH PDLQ UHVHDUFHI
VWUHDP VXE GLVFLSOLQH HQKDQFHPHQW RI PDQDJF
,Q KLV DQDO\VLV RI WKH VSHFPPRLM\HR H Q M\ Y BLU
%XUQHZLF] S VWDWHY WKDW LWV PDLQ IXQ
SURMHFWLYH IXQFWLRQ 7KHUHIRUH LQ PDQDJHPHC
IHYHUWKHOHVYVY WKH\ VWLOO QHHG WR LQFOXGH WI
NQRZOHGJH WKH SUDFWLFDO RQH ZRXOG EH VXSHU¢
WKDW WKH SUDFWLFDO QRUPDWLYH GLPHQVLRQ
LOQDOLHQDEOH IHDWXUH 7KHUHIRUH DSDUW IURF
QRUPDWLYH TXDOLW\ Rl WKH SUHVHQWHG PRQRJUD
RI WKLV VWXG\ 7KH SUHVHQWHG UHVHDUFK WDVN |

03 1U SR]
8 QU SR]
VR FDOOHG .RQVW\WXFMD GOD 1DXNL >&RQVWLWXWLRQ IRU 6



RI HPSLULFDO FKDUDFWHU ZLWK D UHVHUYH RQ W
PHWKRGRORJLFDO IUDPHZRUN

'HFLVLRQ PDNLQJ DV D VFLHQWLILF UHVHDUF#
PDQDJHPHQW VFLHQFH DQG HFRQRPLFV ,Q RUGHU
IRU LWV GLVFXVVLRQ D KLHUDUFKLFDO DSSURDFK I

(FRQRPLFV DV D VFLHQFH GHDOV ZLWK EXVLQHVV
GLYLGHG DFFRUGLQJ WR PDQ\ FULWHULD HJ LQW
RU LQWHUQDWLRQDO SULYDWH RU VWPMWEHRBYQHBGW
YDULRXV IRUPV RI RZQHUVKLS HWF 7KHVH GLUHUHC
PDQDJHPHQW IUDPHZRUNV ZKLFK LQ WXUQ LQAXHQF
HFRQRPLFV FDOOHG PDQDJHPHQW VFLHQFH

"UXFNHU S VWDWHY WKDW PDQDJHPHQW LV
E\ WKH WDVNV WKDW LV LW LV D GLVFLSOLQH $QG
WR WKH YDOXHV WUDGLWLRQV P KDEBEAWRRRI ER OVWH
PDQDJHPHQW H[LVWV RQO\ LQ FHRWWMW SO/DBHRQYR U
LWV WKUHH SULPDU\ WDVNV
f HFRQRPLF SHUIRUPDQFH
+ PDNLQJ ZRUN SURGXFWLYH DQG WKH ZRUNHU DFK
f PDQDJLQJ VRFLDO LPSDFWV DQG VRFLDO UHVSRQ

3HQF SS GH¢QHV PDQDJHPHQW DV D V¢
WKDW DLP DW FRQWUROOLQJ FRPSDQ\fV UHVRXL
WRZDUGYV DFKLHYHPHQW RI SRVVLEO\ EHVW RSHUI
PRUH HUHFWLYH ELQGLQJ RI UHVRXUFHV DQG SURF
FRQGLWLRQV OHJDO HFRQRPLF VRFLDO HFRORJLF
RI EXVLQHVV RSHUDWLRQV 7KH VDPH DXWKRU GH¢
DQG FRQVFLRXV FKRLFH RI DFWLRQV WKDW DLP DW
D JLYHQ RUJDQLVDWLRQDO VWUXFWXUH PDNLQJ GHI
DQG LPSOHPHQWLQJ LW WKURXJK WKH HPSOR\HHV 3

$PRQJ WKH PXOWLWXGH RI PDQDJHPHQW GH¢ QLW
FDQ EH GLVWLQJXLVKHG LQVWLWXWLRQDO DQG
DSSURDFK PDQDJHPHQW H[HPSOLILHV D JURXS RI
ZLWK WKH DELOLW\ RI JLYLQJ LQVWUXFWLRQV LQ V
DSSURDFK HQFRPSDVVHVY DOO DGPLQLVWUDWLYH D
SHUIRUP WKH FRPSDQ\TV WDVNV DQG DFFRPS®LVK LW
GH¢{QHG DV SXUSRVHIXO GHFLVLRQ PDNLQJ DLPLQJ D
WKH DGPLQLVWUDWLRQ Rl PDWHULDO KXPDQ LQIR
FRPSDQ\fV GLUHFWRUV /LFKWDUVNL HW DO S

$WWHPSWV RI GH;QLWLRQ RI PDQDJHPHQW DOVR EULQJ LQWH
3ROLVK ODQJXDJH PDQDIJHPHQW XQGHUVWRRG DV GLUHFWLQJ
RI FRPSDQ\YV UHVRXUFHY DUH WZR GLUHUHQW ZRUGYV DQG VH!



ODQDJHPHQW LV LPSOHPHQWHG LQWR PDQDJHULD
PDQDJHPHQW 'XUOLN S HQXPHUDWHV IRX
SODQQLQJ RUJDQLVLQJ JXLGLQJ PRWLYDWLQJ DQ
DGGLWLRQDO RQH ZKLFK DFFRPSDQLHV HYHU\ PDQ
SUHVHQWHG VHW RI PDQDJHPHQW IXQFWLRQWNJILQ DOC
FRQFHSW 7DEOH VKRZV WKHLU VFRSH ZLWK UHJDL
+ LQGLFDWHG E\ WKH QXPEHU RI [V

7TDEOH
5HOHYDQFH RI PDQDJHPHQW IXQFWLRQV DW YDULRXV O

ODQDJHPHQW IXQFWLRQV

/IHYHOV——RH

PDQDJHPHOWQQRLQJ 2UJ%§%&F§%§E8WUROOLQJ '"HFLUVLRQ PD
6WUDWHJLF [[I [ [ [[ LI

Tactical i LI [l (Ll LI

Operational [ [ LI [l LI

6RXUFH &RPSLOHG RQ WKH EDVLV RI $FNRu Ss "XUOLI
PDULQR

W LV FOHDUO\ VHHQ WKDW WKH GHFLVLRQ PDNLQ.
YLWDO DW HDFK OHYHO RI PDQDJHPHQW
'XUOLN S GLYLGHV PDQDJHPHQW IXQFWL

DOO PDQDJHULDO SURFHVVHV $OWKRXJK WKLV GLY
QHHGV RI SURGXFWLRQ HQJLQHHULQJ WKH FRUH RI
IRU RWKHU W\SHV RI HQWHUSULVHV 7KH VWUXFWXU

30DQQLQJ

+ IRUPXODWLRQ RI D PDQDJHPHQW VWUDWHJ\

$IRUHFDVWLQJ RI QHHGV Rl FOLHQWYV FRVWV S

FRQGLWLRQV

+ GHWHUPLQDWLRQ RI ULVN DFFHSWDQFH

$ GHVLJQ RI SURGXFWLRQ SURFHVVHV

$ GHVLJQ DQG FKRLFH RI SURGXFWLRQ FDSDFLW|

$ SODQQLQJ RI ORFDOLVDWLRQ RI SURGXFWLRQ

$ GHVLJQ RI HQWHUSULVH VWUXFWXUHYV

2UJDQLVLQJ
GHVLJQ RI RSHUDWLRQV DQG RUJDQLVLQJ DEW
ZRUN PHDVXUHPHQW DQG VWDQGDUGLVDWLRQ
OHDGLQJ SURGXFW RU VHUYLFH GHYHORSPHQ
DGPLQLVWUDWLRQ RI FRPSDQ\ SURFHVVHV
UHVWUXFWXULQJ RI WKH V\VWHPYV

+H +H+ H+ H +H



*XLGLQJ DQG PRWLYDWLQJ
f VFKHGXOLQJ Rl ZRUN DQG SURGXFWLRQ
IVIQFKURQLVDWLRQ RI GHOLYHULHV RI SURGXFWL
+ RSWLPLVDWLRQ RI RSHUDWLRQV
&RQWUROOLQJ
+ LQOVSHFWLRQ Rl WKH HQWLUH URXWH EHWZHHQ
f FRQWUROOLQJ VWRFNV RI UDZ PDWHULDOV VX
f TXDOLW\ FRQWURO RI SURGXFWYV DQG SURFHVV
f FRQWURO RI FRPSDQ\TV ¢QDQFH
+ DVVHVVPHQW Rl ULVN OHYHO

'HFLVLRQ PDNLQJ LV QRW WUHDWHG DV D VHSDUD\
DV D SURFHGXUH WKDW LV SUHVHQW DW HYHU\ O
SURFHVYV

ODQDJHPHQW VFLHQFH LV LQVHSDUDEO\ UHODWH

RULJLQV IURP /DWLQ SUHQGHUH WR WDNH WUDQVO

KDV HYROYHG LQWR HQWUHSUHQGUH WR XQGHUWD M

RI WKH YHUE HQWUHSUHQGUH $V PDQ\ ZRUGV RI1 )

DGDSWDWLRQ LW KDV EHHQ LQFRUSRUDWHG LQWR W

7KH GHILQLWLRQ RI HQWHUSULVH KDV GHYHOR

OLWHUDWXUH /LFKWDUVNL HW DQJYLHZ BISWKH P

FRQFHSWV LQ WHUPV Rl WKH WKHRU\ RI ¢UP
1HR FODVVLFDO WKHRU\ SHUFHLYM\K DW WQWEVE
LQSXW L H IDFWRUV Rl SURGXFWLRQ FRVWV L«
IURP VDOHV Rl SURGXFWV RU VHUYLFHV SUR¢W
DW RSWLPLVDWLRQ Rl WKH UDWLR EHWZHHQ SUR,
/DQJH W LV RUJDQLVHG DFFRUGLQJ WR :t
DQG EXUHDXFUDWLF RUJDQLVDWLRQ ODUW\QLDN
RUJDQLVDWLRQDO VWUXFWXUH GLYLVLRQ RI ZF
TXDOL¢FDWLRQ EDVHG UHFUXLWRNQWH \PDS/DW B \
SURSHUW\ =LHOHQLHZVNL S $IWHU \
¢UP IROORZV VWULFWO\ )D\ROTV IRXUWHHQ
FULWLFLVP Rl WKH 1HR FODVVLFDO DSSURDFK S|
ODFN RI LQIRUPDWLRQ RI GHFLFLRRQWLIRHBY PW®&TLC
GHFLVLRQ PDNLQJ SURFHVVHV LRSBRNNHEWB E €
LQVWHDG Rl RSWLPDO VROXWLRQV DQG ODFN R
RXWSXW WUDQVIRUPDWLRQ *DOEUDLWK
ODQDJHULDO WKHRULHV RI WKH ¢UP ZKLFK DU}
LWV QDWXUH GHULYH IURP WKH 1HR FODVVLF
DVVXPSWLRQV *RU\QLD S HQXPHUDWHV

7KH FRQFHSW RI D SEODFN ER[® PRGHO KDV EHHQ HODERUDW&F



fIWKH HQYLURQPHQW RI WKH FRPSDQ\ LV QRW D
FRPSHWLWLRQ PRGHO LV KDUGO\ SUHVHQW LQ L
+ ZKHQ PD[LPLVLQJ SUR¢W FRPSDQLHV FDQ DFW
RU GHPDQG FRQGLWLRQV
tDQ HQWHUSULVH FDQQRW EH SHUFHLYHG RQO\
LQ PRVW FDVHV LW LV D FRQJORPHUDWH RI HQW
fIWKH ¢UP LV QRW VHHQ DV D *EDWER @GR E HDWQAR R
LQWHUQDO HOHPHQWY DUH VXEMHFW WR DQDO\
$ SUR¢W LV QRW WKH RQO\ QRU LV LW DOZD\V WK
*HQHUDOO\ DOO PDQDJHULDO WKHRULHV RI WKH
EH GH¢QHG DSDUW IURP WKH SHUVRQV RI LWV PLC
RI RZQHUVKLS DQG PDQDJHPHQW DFW LQ WKH
%HUOH OHDQV %DXPRO UHDOLVHG
FDQ EH YHU\ PLVOHDGLQJ DV LQGLYLGXDOV UD\
LQ WKH ¢UVW SODFH L H PD[LPLVLQJ WKHLU R
WKH PDQDJHULDO DSSURDFKHV *RU\QLD Ss
PD[LPLVDWLRQ %DXPRO JURZWK UDWH PDJLI
DQG PDQDJHUVY SUHIHUHQFH WRZDUGV VRPH W
7KH EHKDYLRXUDO WKHRU\ RI WKH ¢UP SHUFHL
DQ LQWHUDFWLRQ EHWZHHQ WKH DVSLUDWLRQV
DQG DFKLHYHPHQWY RI WKH FRPSDQ\ 7KH HF
RI DVSLUDWLRQV DQG WKHLU GLVWDQFH IUR]
%HKDYLRXULVWYV WUDQVSODQW SV\FKRORJLF
E\ XQGHUOLQLQJ WKDW DVSLUDWLRQV FDQQ
DFFHVVLEOH DFKLHYHPHQWY LQ RUGHU QRW W
DQG IRU WKH HQWHUSULVH LWVHOI &RQVHTXHQ
VLPXOWDQHRXVO\ GH¢;QHG E\ PDQ\ GHFLVLRQ F
IXO¢;OPHQW RI IRUPHU WDUJHWV LV DVVHVVHG zZ
DVSLUDWLRQV RI PDQDJHUV 7KH FULWLFLVP RI
WKH GLVFXOWLHYV LQ GH¢:;QLQJ D KLHUDUFK\ RI
HQWHUSULVHV RU HYHQ WKH PHFKDQLVP RI GH¢
DV ZHOO DV LWV OLQN ZLWK WKHLU HVFLHQF
7KH WUDQVDFWLRQ FRVW WKHRU\ DVVXPHV WKH }
RI UHJXODWLQJ WUDQVDFWLRQV QDPHO\ WKH |
LV VHHQ KHUH DV D PHFKDQLVP RI UHVRXUFH D
IUHH PDUNHW PHFKDQLVP &RDVH 7KH ¢ U
VROXWLRQ WKDQ WKH IUHH PDUNHW IHZHU WU
VLIJQLQJ WUDQVDFWLRQ DJUHHPHQWY QR QHF
FRRSHUDWLRQ SURMHFWY SUHIHUHQWLDO WUHD
WKH JRYHUQPHQW $V D UHVXOW WKH VL]H DQG
WKH HTXDOLW\ EHWZHHQ WKH FRVWV RI LQWHUQ]



DQG LWV RUJDQLVDWLRQ E\ WKH PDUNHW /LEK\
DQ HQWHUSULVH ZLOO FUHDWH EHWWHU DOORF
$SDUW IURP WKH WUDQVDFWLRQ FRVWV LW UHVX
RI WKH HPSOR\HG KXPDQ UHVRXUFHV :LOOLDPVI
OLPLWHG UDWLRQDOLW\ DQG GHFLVLRQ PDNH
WUDQVDFWLRQ FRVW WKHRU\ HPSKDVLVH WKH |
SQR ¢UPV SDUDGR[" DQG PDUNHW EDVHG UHVRXU|
RU HPSLULFDO YHUL¢{FDWLRQ WKDW LV DOPR
7KH DJHQF\ WKHRU\ GH¢QHV DQ HQWHUSULVH DV
DQG UHODWLRQVKLSY EHWZHHQ FRPSDQ\ SU
FUHGLWRUV LQVXUHUV OHQGHUV HWEF DQG LV
OHDVHUV HWEF 7KH OLQN EHWZHHQ WKHVH WZR
SHUVRQ RI WKH FRPSDQ\ PDQDJHU ,Q D FRPSOH] [
DQG DJHQWYV DUH GULYHQ E\ YDULRXV PRWLYDWL
OHYHOV RI ULVN DFFHSWDQFH %RWK VLGHV DU
GHWHUPLQDQWY Rl HQWHUSULVHYV HVFLHQF\ L H
LQIRUPDWLRQ DV\PPHWU\ LWHKL@QF WKKHEDPHYRUJ
RI DOO WKHVH HOHPHQWY FDQ QHJDWLYHO\ Duk
EXW FDQ DOVR SURYLGH D FRPSDUDWLYH DG)
EHFDXVH RI ODFN RI FRQWURO FRVWV 6XUGHM
GHVSLWH WKH FULWLFLVP WKDW SRLQWV RXW Wk
LQWHUHVWY EHWZHHQ SULQFLSDODVHVOMXDN WHQ N
IRU WKH QHHG RI WKH LP SO KRHQ WIDRVL R Q NRLIQR XPOR
PDQDJHULDO DFWLYLWLHV
7KH UHVRXUFH EDVHG WKHRU\ Rl HQWHUSULVH\
RI WKH QDWXUH RI FRPSDQLHV ,W DVVXPHV W}
RI UHVRXUFHVY FRPSHWHQFHV DQG VNLOOV WK
LWV HVFLHQF\ 7KH FUXFLDO GLUHUHQFH OLHV I
WR WKLV PRGHUQ WKHRU\ LW LV WKH HQWHUSU
UHVRXUFHV FRPSHWHQFLHY DQG VNLOOV UDWKH®
RQHV $QRWKHU LPSRUWDQW FKDQJH LV WKH LQ
VXFK DV EUDQG LPDJH UHSXWDWLRQ FOLHQW
PDQDJHPHQW VFLHQFH SDUDOOHO WR PDWHU
% DUQH\
*RU\QLD SS H[SDQGV /LFKWDUVNLfV HW
RI WKH ¢UP E\ WKH WKHRU\ RI SURSHUW\ ULJK\
GHULYHG ULJKWV DV WKH PDLQ GHWHUPLQDQW |
$FFRUGLQJ WR *DEULp -DFTXLHU SsS

7 $Q H[KDXVWLYH OLVW RI DOOHIJDWLRQV WR WKH WUDQVDFWLE



WKH LQGLYLGXDO LQLWLDWLYH ZKLFK LV RI FUX
&KDQJHV LQ SURSHUW\ ULJKWV DUH WULJJHUHG E
VWUXFWXUH DQG KXPDQ VHDUFK IRU LQFUHDVHG
XWLOLW\ VHUYLQJ IRU WKH EHQFKPDUN IRU WK
LOGLYLGXDOV :KDW LV DOVR LPSRUWDQW ZLW|
DVVXPSWLRQ RI PDUNHW QRQ LQWHUIHUHQFH LC
D JRRG FDQQRW EH VXVWDLQHG *RU\QLD S

%RURZLHFNL -DNL .DF]JPDUHN S VHH WKH H

LQYHVWPHQW DV WKH RZQHUV H[SHFW WKHLU FDSLWE

EXW DOVR DQ DGGLWLRQDO JURZWK RI YDOXH RI WKH

HFRQRP\ WKH PDLQ VRXUFHV RI YDOXDWLRQ JURZWK

VXFK DV D ORFDO DQG JOREDO FRPSHWLWLYH DGYI

FRRUGLQDWLRQ HFRQRPLHV RI VFDOH UHDFK DQG

VXSSO\ FKDLQ .R(PL VNL SS
$Q HQWHUSULVH LV D KXPDQ WHDP WKDW V\VWHP|
HDUQLQJ PRQH\ /DQJH S 'R WKL W®& HVWLRQ SYH.U

HOWHUSULVHV ZLWKRXW H[SODLQLQJ WKHLU KXPDQ D
WZR UHODWHG QRWLRQV HOQWUHSUHQHXUVKLS DQG H(

HQXPHUDWHY VXFK FRPPRQ IHDWXUHV RI
HOWUHSUHQHXUVKLS LQQRYDWLYHQHVV WKULIWLQH
DQG SURILW PD[LPLVDWLRQ 2WKHU UHVHDUFKH

FRPSHWLWLYHQHVV &]DMD 3L WNRZVNL 8uU
KXPDQ UHVRXUFHV /DQJH SRFIWRZVNL
UHJLRQDOLVDWLRQ :DFK ORUDZF]\ VNL
-HG\QDN 7HF]NH ‘\FL ODN RU FUHDWLYLW\ .RV
SRJRGD S EROVWHUV WKH LGHD WKDW HQW!
RFFXUUHQFH HQFRPSDVVLQJ SHUVRQDO DWWLWXGH
DFWLYLWLHYV :DFK S FRQ,;UPV WKDW HQW

UHVHDUFK WRSLF ZKLFK FDQ EH GHVFULEHG IURP YI
+ DV D IXQFWLRQ RI FRPSHWLWLYH EHKDYLRXUV WK
+ DV D IXQFWLRQ RI LPSOHPHQWDWLRQ RI QHZ EX)\
FKDQJHV
t DV D IXQFWLRQ RI WKH PDUNHW LWVHOI
+ DV D IXQFWLRQ RI DQ LQGLYLGXDO HQWUHSUHQH
+ DV D SURFHVV RI
, FUHDWLRQ RI QHZ PDUNHW HQWLWLHYV
, GLVFRYHULQJ RI RSSRUWXQLWLHV
+ DV D IXQFWLRQ RI SHUVRQDOLW\
f DV D IXQFWLRQ RI VPDOO DQG PHGLXP FRPSDQLH
7KH OLQN EHWZHHQ DOO WKH DERYH IXQFWLRQV WK
of HQWUHS UHFRXYGLQJ WR /LFKWDUVNL HW DO



FUHDWHV WKH HQWHUSULVH

HQKDQFHV WHFKQLFDO FKDQJH

LQWURGXFHV QHZ SURGXFWV RU VHUYLFHV

FRQTXHUV QHZ PDUNHWYV

PDNHV RUJDQLVDWLRQDO GHFLVLRQV

7KH VDPH OLQN FDQ DOVR EH WUDFHG LQ WKH GH¢
S ZKR VHHV LW DV D VHULHV RI WKH R

RUJDQLVDWLRQ 2XW RI WKH DERYH D FRQFOXVLRQ FD

HQWHUSULVH HQWUHSUHQHXUVKLS DQG HQWUHSUH

WKH GHFLVLRQ PDNLQJ IXQFWLRQ

+H +H+ +H+ H+ +H

'"HFLVLRQ PDNLQJ DV D UHVHDUFK SL

'R\OH 7TKRPDVRQ S WUDFH WKH IRUPDO
EDFN WR WKH WK FHQWXU\ 7KH\ VWDWH WKDW Wt
LQ WKH PLG DQG ODWH V ZLWK UHDVRQDEO\ V

SUDFWLFDO TXDQWLWDWLYH VWDWLVWLFDO PHWKR

REVHUYH WKH LPSRUWDQW DQG JURZLQJ VKDUH
WRSLFV LQ UHVHDUFK JUDQWYV DWWULEXWHG LQ WKH
WKDW D UHODWLYHO\ LPSRUWDQW QXPEHU RI UHVHD
¢HOG RI GHFLVLRQ PDNLQJ

$FFRUGLQJ WR WKH 2[IRUG 'LFWLRQDU\ D
UHVROXWLRQ UHDFKHG DIWHU FRQVLGHUDWLRQ"
FRQQHFWLRQ EHWZHHQ D GHFLVDREHPIOWG PQ WDH WU
FKRLFH RI D FRXUVH RI DFWLRQ %URVV S
WKH GHFLVLRQ DV D FKRLFH EHWZHHQ PDQ\ SRVVL
YDULDQWYV RU G HF LWL RY HDWOWLHEZ QRO VBIHFHW LRQ GH¢ Q

OLWHUDWXUH LV SURYLGHG E\ 6]DUIHQEHUJ E S
LW DV D QRQ UDQGRP FKRLFH RI DFWLRQ D FRQVFLF
LQLWLDWLQJ DQ DFWLRQ 6]HZF]XN S GHVFUL

D VLWXDWLRQ RI FKRLFH ,Q :ROH VNLTV GH¢{QLWLR
LW LV D QRQ UDQGRP FKRLFH EHWZHHQ GLUHUHQW

.R(PL VNL 3LRWURZVNL S LW LV D FKRLFH R
D JLYHQ VLWXDWLRQ RU D FRWQVFH B XOQBKKH BR HUYRG!
YDULDQWV RI DFWLRQ -DE&4R VNL 6]DUXFNL S

7KH\ XQGHUVWDQG GHFLVLRQ DV DQ LQWHUQDO PRY
D UHVXOW Rl WUDQVIRUPDWLRQ RI ZLVKHV LQWR JRE

8 LHUJELFNL PHQWLRQV WKDW LQ WKH 3ROLVK ODQJXDJH V
DSSURSULDWH DV LW PHDQV D FKRLFH EHWZHHQ WZR RSWL|
DOWHUQDWLYH  ZLOO EH HPSOR\HG WKURXJKRXW WKH WH[W
WKH $QDO\WLF +LHUDUFK\ 3URFHVV ZKLFK LV RQH RI WKH ED\



RUD FRQVFLRXV FKRLFH RI DFWLRQ IURP RQH RU PD(
DQG FRQVLGHUDWLRQ DIWHU .R]JLHOHFNL S
UHTXLUHVY VSHFLDO DWWHQWLRQ DV VKRUW EXW SUE
SDUW RI WKH GHFLVLRQ PDNHU

$ PXOWLWXGH RI QRWLRQV UHODRXK&G WR WHKHLVER
OLWHUDWXUH $ EDVLF VHW RI FRQFHSWV WR EH GH¢
GHFLVLRQ PDNLQJ GHFLVLRQ PDNLQJ SURFHVV GH
GHFLVLRQ PDNLQJ HQKDQFHPHQW 7KH ZRUG FORXC(
UHODWHG WR PDQDJHULDO GHFLVLRQ PDNLQJ
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J)LIXUH ODQDJHULDO GHFLVLRQ PDNLQJ ZRUG F
6RXUFH &RPSLOHG RQ WKH EDVLV RI YRFDEXODU\ GDWDEDVH FL

,Q WKHLU GLVFXVVLRQ RI WKH W\SHV RI GHFLVLRQ\
VWDWH WKDW WKH\ FDQ EH GLYLGHG LQWR PXOWLSOF
f WKH QXPEHU RI GHFLVLRQ FULWHULD VLQJOH DC
f GHFLVLRQ HQYLURQPHQW SULYDWH DQG SURIHV\
f WLPH RI GHFLVLRQ PDNLQJ LPSXOVLYH = LQWXLW

+ IDFWXDO V\VWHPDWLF
tf WKH OHYHO RI UHSHWLWLYHQHVYVY SULPDO DQG U
+f{f FKDUDFWHU RI DFWLYLW\ UHJXODWLYH FRQWUR!



JHRJUDSKLF FRYHUDJH ORFDO UHJLRQDO QDWL
WLPH VSDQ VKRUW PLG DQG ORQJ WHUP

VWDELOLW)\ Rl GHFLVLRQ HQYLURQPHQW FKRLFH
W LV GLVFXOW WR ¢QG RQH ELQGLQJ GH{QLWLRQ F

¥
T
+

VFLHQFH OLWHUDWXUH %UDGOH\ S GH¢QHV '
D VHTXHQFH RI LWV HOHPHQWYVY )LUVW D GHFLVLR
WR EH DFNQRZOHGJHG E\ LWV DJHQWYV = WKH GHF|

DV S HQWLWLHY ZLWK WKH UHVRXUFHV WR UHSUHVH
WKHP LQ YDULRXV GLUHUHQW ZD\V W\SLFDOO\ ZLWK
LOVWLWXWLRQDO SURMHFWY DFWLYLWLHY RU UHVS
GHFLVLRQ SUREOHP KDV WR RFFXU LQ D FRQWH[W W
SURYLGHVY WKH OLPLWDWLRQV WR WKH GHFLVLRQ I
RI PDWHULDO UHVRXUFHY ODFN RU OLPLWHG LQIR
HYDOXDWLRQ RI GHFLVLRQ PDNLQJ RXWFRPH RU
WKH H[LVWHQFH RI GHFLVLRQ DOWHUQDWLYHV L H
GHFLVLRQ PDNHUV WR DQVZHU DQG KRSHIXOO\ VRO

$ FKRLFH RI GHVFULSWLYH GH¥QQW\WRE RO GBEOWH
RI ZKLFK WKH DXWKRUfV RULJLQDO GH¢{(QLWLRQ SU
REVHUYH WKDW PDQ\ RI WKHVH GH¢{QLWLRQV SRLQ
PDNLQJ SURFHVVY DQG WKH UHVXOWLQJ QHFHVVLW\ F

7DEOH
2YHUYLHZ RI FKRVHQ GHFLVLRQ PDNLQJ GH{QLWLRQV LC
$XWKRU '"H,QLWLRQ
'"HFLVLRQ PDNLQJ LV D WLPH PDFKLQH [WKDW V)
D JUHDW QXPEHU RI GLYHUJHQW WLPH|VSDQV
UxENHYRZDUG PDNLQJ SODQV IRU VRPHWKLQU ZH ZLC
S LFK PD\ EH HQWHUWDLQLQJ EXW LV IXWLOH :H
SUHVHQW DQG \HW ZH FDQQRW PDNH GHFLVLRQV
H[SHGLHQW PRVW RSSRUWXQLVWLF GHFL|VLRQ # O
DW DOO + PD\ FRPPLW XV IRU D ORQJ WLFPH LI QR
XUQD®FLVLRQ PDNLQJ LV D FRQVWDQW V|[LWXDW.L
S | SHUIRUPDQFH RI PDQDJHULDO WDVNYV
'"HFLVLRQ PDNLQJ FDQ EH GH¢{QHG DV FKRLFH RI
3HQFWROXWLRQV YDULDQWV SDWKV RU GLUHFWLRQV
Ss RI YLHZ Rl WKH LQWHUHVW QHHGV RI WKH V\VWH
LV SHUIRUPHG
3ROHPSDUFﬁ;Pﬁ'H\hGH LV WR FKRRVH IURP VHWV Rl POWHUQI




'"HFLVLRQ PDNLQJ LV DQ LQKHUHQW HOHRHQW RI :
3LRWURRYMU\ KXPDQ EHLQJ $W WKH VDPH WLPH W LV RQ

Ss ,W FDQ HQFRPSDVV ERWK HYHU\GD\ VPDDPO DFWL
LQFRUSRUDWLQJ RUJDQLVDWLRQV DQG HQWLUH V

GHFLVLRQ LV WKH FKRLFH RI RQH RI SR
SUXVDN Sev\%ln?@%(g GHFLVLRQ SUREOHP 'HFLVLRQ ADNLQJ L\
DOWHUQDWLYH

6XSHUQDWLQJ GHFLVLRQV LV D VSHFLDO W\SH| RI FKRL
S | DFWLRQ

6]DUIHQ

s FHPYVIRO PDNLQU LV D FROQVFLRXV DQG QRQ UDQG

6RXUFH &RPSLOHG RQ WKH EDVLV RI OLWHUDWXUH UHVHDUFK

7KH OLWHUDWXUH VXUYH\ SURYHV WKDW LW LV
7KH LVVXH KDV EHHQ ZLGHO\ GLVEXVVHG VLQF|
GHFLVLRQ 6LPRQ DQG ERXQGHG UDWLRQDOLW:!
KH GLVFXVVHG ERWK LQ KLV HDUOLHU ZRUNV DV Z
ERWK FRQFHUQV LV SURYHG E\ WKH KXJH QXPEHU
PDQDJHPHQW VFLHQFH WKDW VWLOO GZHHFWQQROXG

%DVKDU HW DO %RX]DURXU $PRNUDQH 7FKDQJ
*RQ]DOH] 3DFKRQ 5RPHUR OLWUD 3LQWR
<DQR VDWLVILFLQJ GHFLVLRQ DQG &O
=KDQJ (OLHQV HW DO YHOLQ )RVV 3O0F
ODXHU HW DO 3H\WWDNKRYLFK 5DQG
6FKZHLVIXUWK B5DDVFK 6XQ .DUZDQ .ZRQ

$Q DWWHPSW DW FRPELQLQJ GH¢QLWLRQV IURP 71
QRWLRQ RI RSWLPDO GHFLVLRQ LQWR RNHQGHR QOWRER
JRU WKH QHHGYV RI WKH UHVHDUFK SUH®HQWHRRIGQD
D SURFHVV WKDW DLPV DW FKDQJLQJ WKH VWDWH R
GHFLVLRQ PDNHU LQ KLV RU KHU PDQDJHULDO SUDFW
UHDOLW\ RI WKH EXVLQHVYV HQYLURQPHQW EXW DC
VDWLVIDFWLRQ DERXW WKH ¢QDO GHFLVLRQ $FFRUG
Rl WKH SURSRVHG GH¢QLWLRQ WKH ¢QDO GHFLVLRQ V
DV SRVVLEOH EXW DOVR WDNLQJ LQWR DFFRXQW WKF
DQG OLPLWDWLRQV 7KHUHIRUH IURP QRZ RQ LW ZLOO
GHFLVLRQ ,W FRXOG EH GH¢QHG LQ WKH IROORZLQJ
WKH RSWLPDO SRVVLEOH VROXWLRQ WR DHPBQBBNU
DQG OLPLWDWLRQV RI WKH GHFLVLRQ PDNHU UHVRXU

7KH SURFHVV DSSURDFK WR GHFLVLRQ PDNLQJ
GH,QHG LW DV D WKUHH VWDJH SURRHV G HFRPER DG



FKRLFH ODWHU FRPSOHPHQWHG E\ LY LPSOHPHQWD
IROORZHG PRVW RI WKHP H[SORLWLQJ DQG H[SDQGL
QDWXUH RI WKH GHFLVLRQ PDNLQJ SURFHVV IURP GL
LW DV VHTXHQWLDO ZKLFK PHDQV WKDW LW LV FRPS
NHHS WKHLU RUGHU GHVSLWH WKH FKDUDFWHU RI Wtk
HPSLULFDO UHVHDUFK D QRQ VHTXHQWLDO SHUVSHFV
SUHIHUHQFH :LWWH S REVHUYHG WXDW WK
UDWKHU LQ SDUDOOHO ZKLFK UHVXOWY LQ WKHLU YL
LQ PDQDJHULDO SUDFWLFH 7DEOH SUHVHQWYVY WK
GH¢{QLWLRQV RI GHFLVLRQ PDNLQJ SURFHVYVY WKDW F

7TDEO

H

6WDJH EDVHG GH¢{QLWLRQV RI GHFLVLRQ PDNLQJ SURFHVYV
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LVLU

q

3

X
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URFHVV
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S
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,GHQWLI\LQJ DQG GH¢QLQJ WK
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3UHVHQWDWLRQ RI SRVVLEOH

DOWHUQDWLYHV

'HeQLQJ FULWHULD WKDW LQA
WLBL VROXWLRQV DOWHUQDWLYH

(YDOXDWLRQ RI SDUWLFXODU
DOWHUQDWLYHV
&KRLFH RI EHVW VROXWLRQ
,PSOHPHQWDWLRQ RI FKRVHQ
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'PVHTXHC

,GHQWL¢FDWLRQ RI WKH SURE
2EWDLQLQJ QHFHVVDU\ LQIRUF
*HQHUDWLRQ RI SRVVLEOH VR
(YDOXDWLRQ RI SRVVLEOH VR
&KRLFH RI D VWUDWHJ\ IRU SH
,PSOHPHQWDWLRQ RI WKH GHF

WLD

ODHP
DWLRQ
DXWLRQV
XWLRQV
UIRUPDQ
LVLRQ
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URH x 1 g

'LVFXVVLRQ RI JHQHUDO SULQ
EDVLV IRU GHFLVLRQ
([DPLQDWLRQ RI YDULRXV DVS

WLPEQVHTXHQFHV RI GLUHUHQW Z
6HFRQG GLVFXVVLRQ WR FRPE
WKH FODUL¢{¢HG TXHVWLRQ LQW
JHQHUDO RSLQLRQV

FLSOHV V

HFWV RI
D\V WR P
LQH RSLC
R D VPDC

\ VHTXHQ(

JHOW GLVFXOW\
WLDWV ORFDWLRQ DQG GH¢QLWLR

6XJJHVWLRQ RI SRVVLEOH VRO

XWLRQ




'"HZH

' VHTXHQ

WL

'HYHORSPHQW E\ UHDVRQLQJ F
&éﬁiVXJJHVWLRQ
YXUWKHU REVHUYDWLRQ DQG H
DFFHSWDQFH RU UHMHFWLRQ

I WKH EF

[SHULPH

*RU\Q

LD
S VHTXHQ(Q

WL

BUREOHP LGHQWL¢(FDWLRQ DQ
WKURXJK DQDO\VLV RI IRUPHU
DVSLUDWLRQV RI WKH RUJDQLYV
(@DERUDWLRQ RI GHFLVLRQ D
DLODEOH LQIRUPDWLRQ

&KRLFH RI DQ RSWLPDO RU VD
GHSHQGLQJ RQ WKH DGRSWHG
UHWXUQ WR VWHSYV LQ FDV

I~

G GLDJQF
DFKLHYH
DWLRQ D
DWHUQDW

WLVIDFW
WKHRU\
H RI IDLC
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B3UREOHP LGHQWL¢(FDWLRQ D
GHFLVLRQ SUREOHP
2EMHFWLYHV £ VSHFL{FDWLRQ
L JDWKHU DSSURSULDWH LQIR
GHFLVLRQV LLL UDQN WKH LP
$OWHUQDWLYHYV £ IRUPXODWLE
GHFLVLRQ DOWHUQDWLYHV DV
VXJIHVWLRQV H[SHULHQFH PR
DVVHVVPHQW RI DOWHUQDWLYH
&RQVHTXHQFHYV £ LGHQWL¢FDYV
Rl WKH FRQVHTXHQFHV RI HDFK
7UDGH RuV £+ HYDOXDWLRQ RI
REMHFWLYHV

8QFHUWDLQW\ FODUL¢{FDWLR
UHODWHG WR HDFK GHFLVLRQ I
XQFHUWDLQWLHV" LL ZKDW LV
DUH WKHLU SRVVLEOH RXWFRP
Rl RFFXUUHQFH RI HDFK XQFHU
FRQVHTXHQFHV RI HDFK RXWFR
5LVN WROHUDQFH =+ DVVHVVPH
FRQVHTXHQFH VHDUFK IRU FR(
FKRLFH RI OHDVW ULVN\ DOWH
Linked decisions — consideration of associated
GHFLVLRQV = ZKDW QHZ GHFLV
SHUIRUPHG GHFLVLRQ PDNLQJ

+

+
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JRUPXODWLRQ RI GHFLVLRQ S\
PDNLQJ GHFLVLRQ FULWHULD I
2EVHUYDWLRQ RI GHFLVLRQ SU
SUHOLPLQDU\ UHVHDUFK
RQVWUXFWLRQ RI D PDWKHPI
NLQJ PRGHO LQFRUSRUDWL
HQYLURQPHQW
&KRLFH RI DQ DSSURSULDWH P
$SSOLFDWLRQ DQG HPSLULFD(Q
,QWHUSUHWDWLRQ RI REWDLQ

REOHP
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REOHP T\

DWLFDO |
QJ DOO C

HWKRG C
YHUL¢F
HG UHV X




/IHYLQ $W
.LUNSD
S

NLQVRQ
W WLHFNX H

2SWLPLVDWLRQ DQG VHQVLWL
WLBOUWLFXODU SDUDPHWHUV RI
,PSOHPHQWDWLRQ RI UHVXOW

¥LW\ DQD
NKH PRG|

OLQW]E
5DLVLQJIKIE
7KpR

SS

HUJ
QL DQG
UQWQ VHT

$ LGHQWL¢FDWLRQ *# L GHFLVL
LQFRPLQJ GDWD LL GLDJQRVI
FKDQQHOV WR LGHQWLI\ WKH L
+ GHYHORSPHQW * L VHDUFK If
XHéWQﬂgQ RI QHZ VROXWLRQV RU
t BPFH + L VFUHHQ * VLIWLQ
VROXWLRQV IURP WRR PDQ\ WR
FKRLFH EHWZHHQ DOWHUQDWL
EDUJDLQLQJ DQG DQDO\VLV L
DOWHUQDWLYH E\ WKH KLHUDU

RQ UHFR
'V RI FRP
V VX H

RU UHDG\
PRGLI\LC
J RI QRQ
DQDO\VI
HV WKUT
L DXWK
FK\

6DD

W\/HTXHC)WLD

30DQQLQJ
*HQHUDWLQJ D VHW RI DOWHU
BHWWLQJ SULRULWLHV
&KRRVLQJ D EHVW SROLF\ DIW
$OORFDWLQJ UHVRXUFHYV
'"HWHUPLQLQJ UHTXLUHPHQWYV
HGLFWLQJ RXWFRPHV
'"HVLJQLQJ V\VWHPYV
OHDVXULQJ SHUIRUPDQFH
,QVXULQJ WKH VWDELOLW\ RI I
2SWLPLVDWLRQ
5HVROYLQJ FRQALFW

DDWLYHV

HU ¢ QGLC

D VAI\VWHP

6LPH
SS

YOV HTXHQG

,QWHOOLJHQFH * ¢QGLQJ REFIO
WLDOVLIQ + ¢QGLQJ SRVVLEOH FR
&KRLFH *+ FKRRVLQJ DPRQJ FR

VLRQV I}
XUVHV R
KUVHV RI

Practice of
PDQDJ
GHFLVLRQ(Q

HUKMPSLUL
PDNLQJ

GLDJQRVLV DFWLYLW\ £ FRQV

PDNHUYfV WLPH
GHVLJQ DFWLYLW\
LPH

FKRLFH DFWLYLW\

WLPH

t

Fp

t

+

FRQVXPL(Q

+

FRQVXPLQ

PLQJ VR
J PRVW

J OLWWC

6RXUFH &RPSLOHG RQ WKH EDVLV RI OLWHUDWXUH UHVHDUFK

7KH SHUVRQ PDNLQJ WKH GHFLVLRQ LV FDOOHG W

S

IXOO\ LQGHSHQGHQW

SRLQWY RXW WKDW VXFK D GH¢{QLWLRQ FDQ
GHFLVLRQ PDNHU LV

DQG IL

LOQWR DFFRXQW WKH PDQDJHUVY SUHURJDWLYHV RI

HOQKDQFHPHQW VA\VWHPV WKLV VLPSOLILFDWLRQ

PLVVLQJ

SURFHVV &RQVHTXHQWO\
GH¢{QLWLRQ VKRXOG WDNH WKH

(

WKRXJK QDPHO\ WKH UHVSRQVLELOLW\ |

ZLWK UHJDUG WR SDUWLF
IRUP WKH GHFLVLR(

DQG EHDULQJ WKH UHVSRQVLELOLW\ IRU LWV FRQVH



%URVV S SHUFHLYHV WKH GHFLVLRQ PDNH
DFTXLUHV LQIRUPDWLRQ DQG WUDQVIRUPV LW LQWHF
WKDW WKH PHFKDQLVP FRQVLVWYV RI WKUHH EDVLF F
ZLWK DOWHUQDWLYH IXWXUHV WKH 9DOXH 6\WWHP K
WKH &ULWHULRQ LQWHJUDWHY WKH RWKHU WZR FRP

7KH ¢UVW VWHS RI DQ\ GHFLVLRQ P DN G®.F ISWLRRF \
SUREOHP %UDGOH\ S SHUFHLYHV LW DV D VL
KDV RQH RU PRUH RSWLRQV WR FKRRVH IURP 7KH H[H
D QXPEHU RI SRVVLEOH FRQVHTXHQIFHRW B/RKmHH SRIUW B H
Rl WKH GHFLVLRQ PDNHUYV JRDOV ZKLOH RWKHUV I
IURP WKH H[HUFLVH RI DQ RSWLRQ GHSHQGV RQ WKH
7KHUHIRUH D GHFLVLRQ SUREOHP BRE&GHP SURDN@W HRC
DQG WKHLU FRQVHTXHQFHV $FFRUGLQJ WRLSUR®DN
SUREOHP RFFXUV ZKHQ D PDQ FKRRVHV IURP RQH RI
FKRLFH PDGH GHSHQGY RQ WKH GHFLVLRQ HFULWH !

‘LHU]ELFNL SSs REVHUYHV WK D ®FHPLHQMD O
IRFXVHG RQ WKH FRPSXWDWLRQDO KHOS LQ \JIDQWFKH U L
W K H V LW HYROYHG LQWR FRPPHUFLDOO\ XVHG 'HF
PRYHG WKHLU IRFXV IURP WKH YHU\ IDFW Rl PDNLQJ
VXSSRUW DW HDUOLHU VWDJHV RI GHFLVLRQ PDNLQJ
OHDUQLQJ IURP WKHP $OVR WKH SHUFHSWLRQ RI WKF
IURP VXEVWLWXWLQJ WKH KXPDQ EHLQJ YLD DXWRP]
LQFRUSRUDWLQJ KLP RU KHU LQWR WKH GHFLVLRQ H
ZLWK DGPLQLVWUDWLYH FUHMD WKLY HQY® MXQDIOR @ LLAL
WKH FKDQJLQJ GH¢QLWLRQV RI GHFLVLRQ PDNLQJ
VDZ GHFLVLRQ VXSSRUW DV FRQVLVWLQJ RI DQ\ DQ
DFWLYLWLHVY WKDW FRQWULEXWH WR RSWLRQ VHOHF
S ORVW FXUUHQW GH¢QLWLRQV FRQFHQWUDWH
SUREOHPY DQG WKH QHHG RI DGDSWLQJ WKH SUR
'LHU]JELFNL S SURSRVHV D GH,QLWLRQ RI GH
LV ZLGH HQRXJK WR LQFRUSRUDWH WKLV FRPSOHI[L
GHYLFHV WKDW DLG WKH XVHG >GHFLVLRQ PDNHU@ |
SURFHVV $OWKRXJK WKLV GH¢QLWLRQ HQFRPSDVVH
DXWKRUYJV RSLQLRQ LW FDQ EH H[SDQGHG RQWR PDQ

6FLHQWL¢(¢F DSSURDFKHV WR GHFLVL!

,Q WKH SDVW WZR GHFDGHYV LQQRYDWLYH UHVHDU
Rl VHYHUDO VFLHQWL¢,{F DSSURDFKHV WR GHFLVLRQ
FKRLFH WKHRU\ %HUQV /DLEVRQ /RHZHQVWHLQ
ZKLFK LQFRUSRUDWHY WKH ¢QGLQJV RI WKH JDPH W



IURP WKH SHUVSHFWLYH RI LQWHUDFWLRQV EHW.:
RU GHFLVLRQ PDNLQJ XQGHU FRPSOH[LW\ %]
OLWFKHOO IHYHUWKHOHVV RZLQJ WR WKH FRP
RI SXEOLFDWLRQV LW LV WKH GHFLVLRQ WKHRU\ V
IUDPHZRUN IRU GHFLVLRQ PDNLQJ
'R\OH 7KRPDVRQ S GHVYFURBHWKKHR UHDY
PHULWY DQG PDNLQJ RI GHFLVLRQV >«@ GHYHORSHt
PDWKHPDWLFLDQV RYHU VRPH \HDUV >«@ ZKLFK HJ
DOO WKH ELRORJLFDO FRJQLWLYH DQG VRFLDO V
GHFLVLRQ WKHRU\ LV DOVR UDLVHG E\ +DQWIRQ
D VHSDUDWH UHVHDUFK ¢HOG GHFLVLRQ WKHRU\ SUR
VWDWLVWLFLDQV SV\FKRORJLVWVY SROLWLEDO
$FFRUGLQJ WR 2NDVKD S WKH VFLHQWLV
WKDW EHFDPH WKH EDVLV IRU HVWDEOLVKLQJ WKH
UHVHDUFK DQG IRXQGDWLRQV IRU WKH GHFLVLR(
PDWKHPDWLFLDQ HFRQRPLVW WDQGHP YRQ 11}
DQG VWDWLVWLFLDQ 6DYDJH 6DOR .HLVOHU 0
GH )LQHWWL 3UDWW 5DLuD 6FKODLIHU D
6LPLODUO\ WKHUH LV QR FRQVHQW DPRQJ UHVHD
GHFLVLRQ WKHRU\ +DPPHUVWHLQ 6WHYHQW ZKR S
LOQWURGXFHG WKH QRWLRQ RI H[SHFWHG YDOXH LQ
%HUQRXOOLYV VXEMHFWLYH YDOXH +DQVVRQ
> @ @ GLYLVLRQ RI WKH GHFLVLRQ PDNLQJ
S UHIHUV WR %DUQDUG DQG KLV IRUPDOLVD)
3RU EVNL S KLIKOLJKWY WKH LPSRUWDQFH
WKHRUHP DV D PLOHVWRQH IRU LWV GHYHORSPHQ
7KUHH PDLQ UHVHDUFK DSSURDFKHV WR GHFLVL
WKHRU\ FDQ EH IRXQG LQ WKH OLWHUDWXUH QDPHO
%HOO 5DLuD 7YHUVN)\ BPLWK YRQ :LQWHUIHC
1IRUPDWLYH PRGHOV GHVFULEH GHFLVLRQ PDNL
DJHQWY DQG GHULYH IURP WKH FRQFHSW RI GHFLYV
DOORFDWLRQ DFFRUGLQJ WR WKH PD[LPLVDWLRQ |
WXUQ FDQ EH GH{QHG DV GHFLVLRQ PDNHUYV H[SHF
.HQULFN HW DO VWDWH WKDW 2XWLOLW\ EDVH
KDYH D QXPEHU RI FRQFHSWXDOO\ XVHIXO IHDW)
RI WUDQVSRVLQJ SUHIHUHQFHY LQWR TXDQWLILD
FRPSDULVRQV ZLWK WKH YDOXHV RI RWKHU JRRGV
SUHIHUHQFH EDVHG GHFLVLRQ PDNLQJ RQ UHVRXUFF
7KH VDPH DXWKRUV DOVR REVHUYH WKDW WUDGLWLR
PRGHOOHG RQ EURDG QRWLRQV RI| U DSWL RWRD PDR KRILY
WKHLU XWLOLW\ RU H[SHFWHG VDWLVIDFWLRQ .HQ



GHFLVLRQ PDNLQJ DSSURDFKHV FDQ EH IRXQG LQ D¢
.UXJPDQ 2EVWIHOG OHOLW] +XVWHG OHOYLQ
*UHHQ %URQIHQEUHQQHU B6LFKHO *DUGQHU
7KH SUREOHP DULVHV ZKHQ WKH DVVXPSWLRQ |
TXHVWLRQHG ODQDJHULDO GHFLVLRQ PDNLQJ YHU
GHFLVLRQV DERXW GLVWDQW IXWXUH H J ORQJ \
FXUUHQW UHVRXUFH DYDLODELOLW\ W H RKGRWLRIQ VN
$GGLWLRQDOO\ PDQDJHUV KDYH WR DQWLFLSDWH Gt
KXPDQ UHVRXUFHVY PDQDJHPHQW SBR G X$OWMLKRRX HIQ .
WKHVH GHFLVLRQV DUH RI PLFURHFRQRPLF QDWXUH
DSSURDFKHYV DQG DOWHUQDWLYH DOORFDWLRQ RI U]
7KHUHIRUH GHVFULSWLYH GHFLVLRQ PDNLQJ PRGH
PDNLQJ SDWWHUQV SXWWLQJ LQWR GRXEW WKH HPS
SHUIHFW UDWLRQDOLW\ SDUDGLJP 7YHUVN\ .DK
7YHUVN\ DQG WKH VLPLODULW\ RI SUHIHUHQF
LQFHQWLYH WR TXHVWLRQ WKH QRUPDWLYH DSSURD
ZKR DQDO\WHG WKH HVFLHQF\ Rl RSWLPLVDWLRQ YV
LQ IDYRXU Rl WKH ODVW RQH
7KH SUHVFULSWLYH DSSURDFK WR GHFLVLRQ PDN
GHFLVLRQ PDNLQJ WDNLQJ LQWR DFFRXQW B\ ERQDRQ
DQG ELDVHV %DURQ *LJHUHQ]JHU B6HOWHQ
SRVVLEOH UDWLRQDOLVDWLRQ RI WKH GHFLVLRQ P
GH ELDVLQJ WRROV )LVFKRu (GZDUGV YRQ :LQ
H[SODLQV WKDW EHVLGHV HQKDQFLQJ WKH TXDOLW
SUHVFULSWLYH GHFLVLRQ PDNLQJ LV WR OHDYH WKH
WKDW IROORZV KLV RU KHU SUHIHUHQFHYV DQG XQGH!
HQYLURQPHQW 7KLV DSSURDFK KDV EHHQ DGRSWHG
RI PDQDJHULDO GHFLVLRQ PDNLQJ IRUPXODWHG LQ V
7DEOH SUHVHQWY D FRPSDULVRQ Rl WKH WKUHH

7TDEOH
'"HFLVLRQ WKHRU\ DSSURDFKHV LQ PDQDJHPHQW V|

&KDUDFWHULVWLEY R PECISION THEORY APPROACHES
GHFLVLRQ PDNIRQPDWLYH "HVFULLSWLYH 3UHVFU

&KRVHQ WKHBHHWQRWM|L$SOODLY %UHKP KW (PO (BEDUGY +RZD
FRQWULEXWRWBRZDUG /HY)I¥FKRu *LJHUH®GH®H\ aXNDVLHZLF]
DOSKDBHWLBROONQVWHUQPBERWW.DKQHMDMKHVRQ 6DDW\ YRQ
5DPVH\ 5DLUOHLQ /LFKWHQWRQMHUIHOGW | =DGHFK
6DYDJH 6FKIXLIOBUSY 6HOWHQ 6LPRQ
YRQ 1HXPDQBORYLF 6WHZDUW
6WHLQPDQQ 7YHUVN\




YRFXV

KRZ SHRSO

HKRERX@®& Z K\ SH

RKEZHVR SUHSD

UH SHRS

GHFLGH ZLWEHGRGIHFDQ UHDOUWRVPDNH EHWWHU GHFI
FRQVLVWHQF\ DQG KHOS WKHP WR GR
5DWLRQDOLMREMHFWLYH VXEMHFWLYH VXEMHFW
HQKDQFLQJ REMHFWLYI
&ULWHULRQ| WKHRUHWLFBB®SLULFDO YDOLGLW\ HV[FDF\ DQC
DGHTXDF\
6FRSH all decisions DOUHDG\ DQDO)\GHE WLSFHWNRVDUJIJHWHG
decisions VSHFL¢{¢F SUREOHPV
7TKHRUHWLFDD[LRPV RI XWROQWWLYH VFLH@RFRHPDODWLYH DQG
IUDPHZRUN | WKHRU\ SV\IFKRORJ\ EH@WHMVFUL@®/LYH|{WKHRUL|
D[LRPV RI SUHIHUHQFHV D[LRPV RI GHFLVLRQ
SUREDELOLW\ WKHRU\ DQDO\VLV
ODLQ PRGHOW[SHFWHG X$\O@DLMWATV S DU D KBuURifritéri@ @eBidion
PRGHO YRQ PDNLQJ 0&'0
1IHXPDQQ (OOVEHUJTV SDUIPRGRHOV LQFOXGLQJ W
ORUJHQVWHW®VEHUJ $QDO\WLF +LHUDUFK\
BURVSHFW 7KHRBVRFHVY 6DDW\ D C
VXEMHFWLYH BHKHPWRG 7YHWKN\SQDO\WLH 1HWZRU
XWLOLW\ PRGHO7YHUVN\ BURFHVYVY 6DDW\
6DYDJH .DKQHPDQ )X]]\ ORJLF =DGHFK
%D\HVLDQ YV BRRADWVW-IXFWJPHQW 7KHRU\
+DPPRQG HW D ®eal Options Model
Naturalistic Decision % UDFK
ODNLQJ .OHLQ |  6WDQIRUG 8QL|IYHUVLW\
6FKRRO RI '"HFLVLRQ
$QDO\WVLV +RZDUG
ODWKHVRQ
9DOXH )RFXVHG 7KLQNL
.HHQH\
2SHUDWLRQDER DRORXYYV RISUHYHQWLRQ R Iprgdedivies &0 pvdcésses
DOWHUQDWLKX¥PDQ HUURUV| HQ GHEBHEGHMHI|VLRQ OL
GHWHUPLQLQR®G GHFLVLRQ|FDNQJ
preferences
([SHUWYV WKHRUHWLFDO VDJHV H[SHULPHQWDO UHVHDUFK
(PSOR\HG PHWXIRGWLWDWLYH TXDOLWDWLYH MRLC
TXDOLWDWLYH| RU
PL[HG TXDOLWDWLYH
TXDQWLWDWLYH
6RXUFH &RPSLOHG RQ WKH EDVLV RI 7DQJ S 3KLOOLSV

, Q WKH 3ROLVK OLWHUDWXUH D EL GLYLVLRQDO
DOWKRXJK QR XQL¢HG WHUPLQRORJ\ KDV E

S

GHVFULSWLYH DQG

RULHQWHG DQG IRUPDOLVHG WKHRU\ RI FKRLFH

DQG TXDOLWDWLYH

IRUPDOLVHG

7TDUJDOVNL

=LHOHQLHZVNL

S

‘DZU]
LY QR



S 5HJDUGOHVV RI WKH DGRSWHG WHUPLQR
HDFK DSSURDFK DUH VLPLODU QDPHO\ TXDQWLWD\
GHVFULSWLYH OLNH DQG PL[HG IRU SUHVFULSWLYH (¢

7KH VWDELOLW)\ RI GHFLVLRQ HQYLURQPHQW FUI
SDWWHUQ LQ WHUPV RI WKH GHFLVLRQ WKHRU\ 7KI
WKH GHFLVLRQ PDNHU RI WKH FRQVHTXHQEHV RI KL\
FHUWDLQW\ KDYH NQRZQ HDVLOVY SKIHEGWEW D DO HDOF
VSHHG ZKHQ GULYLQJ D FDU ZLOO PRVW SUREDEO\ U
GULYHU DQG SDVVHQJHUV 'HFLVLRQV WDNHQ LQ WK}
RSSRVLWH DV WKH GHFLVLRQ PDNHU GRHV QRW N
RI KLV FKRLFH RI D JLYHQ GHFLVLRQ DOWHUQDWLY
LOQYHVWLQJ LQWR D KLJKO\ LQQRYDWLYH VWDUW XS L
SURYLGH DQ\ FHUWDLQW\ RQ UHWXUQ RQ LQYHVWPE
RI ZLWKGUDZLQJ WKH PRQH\ LQYHVWHG ,Q IDFW V
DUH WDNHQ XQGHU ULVN (YHQ WKRXJK HYHU\ GHF
FRQVHTXHQFHV WKHLU VHW LV ILQLWH NQRZQ W
HWHQW DQG WKH SUREDELOLWRRIPOWHIGU RREOXE
DQG SXUSRVHIXO FRXQWHUEDODQFLQJ RI WDNHQ |
PHFKDQLVP Rl PDQDJHPHQW LQ FDSLWDOLVW HFRQR
W LV WKLV QHHG IRU D VWUXFWXUHG VFLHQWL,
RULJLQDWLQJ LQ WKH EXVLQHVV HQYLURQPHQW
FRQVWUXFWLRQ RI PRGHOV WKDW DLP DW HQKDQFLQ
DSSOLFDWLRQV RI GHFLVLRQ WKHRU\ UDQJH IURP
IRU PLFURHFRQRPLFV WR GDLO\ DSSOLFDWLRQ LQ |
¢CQDQFH SXEOLF SROLF\ PHGLFLQH DQG QRZ HYHQ
7KRPDVRQ ° 8®WLO QRZ WKH ODUJHVW MX[WDSR
DSSOLFDWLRQV KDV EHHQ SUHVHQWHG E\ .HHIHU .L!
-XVWLILFDWLRQ RI D FRQVWDQW DQG JURZLQJ
PDNLQJ PRGHOV FDQ DOVR EH IRXQG LQ WKH OLWH
PRVW PDQDJHPHQW SUREOHPV WKHWR B [S-H PWR R [FSDH
MXGJHPHQW RU LQWXLWLRQ WR SURYLGH JRRG J

S % +H DOVR VWDWHYVY WKDW PRVW PDQDJH!
LQIRUPDWLRQ WKDQ WKH\ FD\QVSRIW\G. BOODREIVWR ¥ B LHUY
WR GR VR $FNRu S % SDSSDSRUW GU

WKDW WKH IDFW WKDW PDQDJHUWR FBW RRQ HOQ/G DV (
YHU\ QHHG DQG MXVWL:;FDWLRQ IRU GHYHORSLQJ PC

® 7R SURYLGH DQ LGHD RQ WKH H[WHQVLW\ RI WKH UHVHDUFK ¢}
PRPHQW RI ZULWLQJ WKLV PRQRJIUD SKKH WHR I RIRGYFH.HEHWH &RUH
UHWXUQHG VFLHQWL¢(F ZRUQDJIRXMQR/I ZKILHF®FH *RRJC
VKRZHG FLWDWLRQV DQG *RRJOH %RRNV VKRZHG DURXC(
\HDUV



6LPRQ SURYLGHV WKH UHDVRQV IRU D PRUH |
PDNLQJ SURFHVV
+ GLVFUHSDQF\ EHWZHHQ HFRQRPLF UDWLRQD:¢

HQYLURQPHQW
f FKRLFH RI DQ RSWLPDO PDQDJHULDO GHFLVLRQ LV

HQYLURQPHQW
+ OLPLWHG QDWXUH RI KXPDQ SHUFHSWLRQ ZKLFK LC

RI GHFLVLRQ PDNHUV OHDGV W R JMKHWIXAHH BAK D Q FR:

SRVVLEOH GHFLVLRQ DOWHUQDWLYHV

2Q WKH EDVLV RI WKH DERYH 6LPRQ GUD:
PDQDJHULDO GHFLVLRQ PDNLQJ SURFHVVHV VKRXOG
GHFLVLRQ PDNLQJ FULWHULD/WRB®YW RX PG QXD G ¥
GH:;QLQJ VDWLVI\LQJ SUREOHP VROYLQJ

W LV LQWHUHVWLQJ WR VHH KRZ GHFLVLRQ PDNLQ
‘"HVWHUQ RQH )RU H[DPSOH LQ -DSDQ GHFLVLRQ P!
DQG LPSRUWDQW SDUW RI WKH RUJDQLVDWLRQDO GH
&]HNDM S REVHUYHV WKDW LQ -DSDQ PRGHU
D FRQVWDQW VHOI LPSURYHPHQW WKDW GHULYHV I
GHVFULEHV LW DV D SURFHVV Rl FRQWLQXRXV QHYH
D VIVWHPDWLF VHDUFK IRU UHDVRQV RIQDHVVW@J
WKH RUJDQLVDWLRQ RU LWV HOHPHQWV 7KLV SURF
DFKLHYHPHQW DQG LQYROYHV DOO PDQDJHULDO OH
WRROV Rl WKLV FRQVWDQW VHOI LPSURYHPHQW LV
GHFLVLRQ PDNLQJ WKDW ZRXOG FR QUWPL@ORMXV\D \L 8 WL
VFRSH DQG DW WKH VDPH WLPH GHYHORS WRROV IR
GHFLVLRQV 7KHVH UHDVRQV VHHP FRQWUDGLFWRU\
WKH XVH Rl PXOWLFULWHULD GHFLVLRQ PDNLQJ PRGH
RI PDQ\ GHFLVLRQ IDFWRUV RI YDULRXV QDWXUH E
D VPRRWK SDVVDJH WKURXJK WKH GHFLVLRQ PDNLQ
WKH YDOXDWLRQ RI H{WHUQDO H[SHUWV QRW GLUHF
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7KH HVVHQFH DQG MXVWL¢({FDWLRQ RI PXC
PDQDJHULDO GHFLVLRQ PDNLQJ

‘DFKRZLF] Ss GH¢QHV OXOWLSOH &U
0&'$ DOVR FDOOHG OXOWLSOH &ULWBHV LD WHRRLVEF
SDUW Rl WKH 2SHUDWLRQV 5HVHDUFK VFLHQWL¢:F G
ZKHQ WKH VHW Rl GHFLVLRQ DOVWQRMLGDWQWHEXW U
D PXOWLWXGH RI GHFLVLRQ FULWHULD )RU WKLV ¢
GHYHORSHG ZKLFK KHOS WKH GHFLVLRQ PDNHU LQ S
XQGHUVWDQGLQJ LWV VWUXFWXUH VRUW DQG ¢ O\
SULRULWL]H GHFLVLRQ PDNHUVY SUHIHUHQFHV DQ
RI GHFLVLRQ DOWHUQDWLYHV :DFKRZLF] S
IHDWXUHV W\SLFDO RI 0&'$ EDVHG GHFLVLRQ PDNLQ.
f D PXOWLWXGH RI JRDOV
f GLVFXOW\ RI FOHDUO\ SRLQWLQJ DW RQH DQG RQ
f VHULRXV JUDYLW\ RI WKH GHFLVLRQ SUREOHP DI
+ ORZ WROHUDQFH IRU LQHUHFWLYH RU IDXOW\ GHF
f XQDFFHSWDELOLW\ RI IDVW KHXULVWLFV DIWHU
7KH LPSRUWDQFH DQG JURZLQJ SRWHQWLDO RI 0
QRWHG E\ $FNRII S ZKR ZURWH WKDW R
D PHWKRG QRU D WHFKQLTXH LW LV RU LV EHFRPL
D FRPELQDWLRQ Rl WKH SKHQRPHQD LW VWXGLHYV
7KHUH DUH VHYHUDO UHDVRQV IRU DSSO\LQJ WKH
GHFLVLRQ PDNLQJ )LUVW PRVW PDQDJHULDO G
WKHLU ¢HOG VXEMHFW QDWXUH UDQJH HQYLURQ
VXSSRUWV WKLV WKHVLV E\ VD\LQJ WKDW D SU
VXUURXQGHG E\ RWKHU SUREOHPV LQ VSDFH DQG W
WKLV VWDWHPHQW E\ ZULWLQJ WKDW PRVW GHFLVL
DQG G\QDPLF FKDUDFWHU B6HFRQG WKH PXOWLFUL
DQG TXDOLWDWLYH GHWHUPLQDQWY RI GHFLVLRQ P
WKH VFRSH RI DQDO\VLV 7KLV LVVXH QHHGV IXUWKF
W LV LQWHUHVWLQJ WR REVHUYH KRZ WKH
SUHGRPLQDQW UHVHDUFK PHWKRGRORJ\ LQ WKH

,Q VFLHQWL¢F OLWHUDWXUH ERWK DFURQ\PV 0&'$ DQG 0&'0 |
LV QRW SUHFLVH DV 0&'$ GH;QHV DQ HQWLUH ¢HOG RI UHV}
SUDFWLFDO SURFHVV )ROORZLQJ WKLV UHDVRQLQJ 0&'0 ZRX
0&'$



HYHQ WKRXJK LWV RYHUULGLQJ FDWHJRU\ WKH VR
UHVHDUFK PHWKRGV %XUQV *URRYH S G
D IRUPDO REMHFWLYH V\WVWHPDWLF SURFHVV LQ Z
LQIRUPDWLRQ DERXW WKH :RUOG 7KH\ DOVR SRLQ\
W\SH RI UHVHDUFK PHWKRGYV
f WR GHVFULEH YDULDEOHYV
f WR H[DPLQH UHODWLRQVKLSY DPRQJ YDULDEOHYV
+ WR GHWHUPLQH FDXVH DQG HUHFW LQWHUDFWLRC
7KH TXDOLWDWLYH PHWKRGRORJ\ KRZHYHU VYV
GHFLVLRQ PDNLQJ KDV UHFHQWO\ JDLQHG VRPH DW)
+ FRQVWDQWO\ JURZLQJ FRPSOH[LW\ RI HFRQRPLF !
+ QHHG IRU H[SDQGLQJ WKH VSHFWUXP RI PDQDJ
PHDVXUDEOH RU LPPHDVXUDEOH GHWHUPLQDQWYV
QHFHVVLW\ Rl PRUH SUHFLVH PDSSLQJ Rl PXOWLF
QHHG Rl PRUH SUHFLVH UHFRJQLWLRQ DQG PRGH:
%DUNLQ S VWDWHYV WKDW WKH WHUP u
DQDO\WLFDO ULFKQHVV D PHWKRGXWRBW IERPQDVFRX
FDQ EH IRXQG E\ UHGXFLQJ LW WR TXDQWLWDWLY*H
S REVHUYDWLRQ WKDW LQ SUDFWLFH WKH W
QRW TXDQWLWDWLYH LV TXLWH RIWHQ WUXH
BWHPSOHZVND )DNRZLF] S H[SODLQV WKDW
UHVHDUFK DSSURDFKHV GHILQH WKH VHQVH RI UFH
TXDQWLWDWLYH PHWKRGRORJ\ DLPV DW XQGHUV
SKHQRPHQRQ WKH TXDOLWDWLYH RQH IRFXVHV RQ X
RI LWV SDUWLFLSDQWY 7KHUHIRUH X\DKOHL W Q R/ZO H GU |
FDQQRW EH REMHFWLYH ORUHRYHU LW LV SHUFHLYH
WKH VXEMHFWLYH VHQVHYV DQG SHUVSHFWLYHV 1HYH
S PDLQWDLQV WKDW WKH TXDOLWDWLYH PHWKRG
WHVWVY DUH QRW H[SODQDWRU\ HQRXJK ,Q WKDW F
WKDW GHHSHQ WKH XQGHUVWDQGLQJ RI UHVHDUFK ¢
DSSURDFK KDV EHHQ DGRSWHG LQ WKH SUHVHQW PR
7KH TXDOLWDWLYH UHVHDUFK LV VRPHWLPHV St
UHSUHVHQWDWLYHQHVV Rl WKH UHVHDUFK VDPSOH !
DERXW WKH QDWXUH RI WKLV W\SH RI PHWKRGV D
ZLWK HQRXJK UHSUHVHQWDWLYHQHVV = GXH H[DFWC
LV LPSRUWDQW WR XQGHUOLQH WKRXJK WKDW GUL
ZRXOG EH D PHWKRGRORJLFDO HUURU
7R VXPPDULVH WKLV GXDOLVP WKH TXDQWLWDWLY
DV D VHDUFK IRU FRPPRQ UHSHWLWLYH REMHEWL
ZKHUHDV WKH TXDOLWDWLYH DSSURDFK DLPV DW ¢ ¢
LQGLYLGXDOV WKDW FR FUHDWH WKLV HQWLW\ ,Q

+
+



RYHUDWWDEKPHQW WR RQH JURXS RI UHVHDUFK PH!

ZLOO EH HQXPHUDWHG EHORZ
*RF]HN Ss SRLQWY DVWHWHXYWMUDG® F

FRQFHQWUDWLQJ H[FOXVLYHO\ RQ WKH TXDQWLWD

LQWR DFFRXQW WKH TXDOLWDWLYH FRQWH[WXDO Il

+{ FRQFHQWUDWLRQ RQ WKH PHWKRG RI HVWLPDWL
UHVHDUFKHU RQ WKH FRPSOLDQFH ZLWK VWDW|
WKH TXDOLWDWLYH DVSHFWV RI WKH DQDO\VHC
TXDQWLWDWLYH HVWLPDWH RI WKH QXPEHU R
D VWDWHPHQW RQO\ D TXDOLWDWLYH DQDO\\
NQRZOHGJH DERXW WKH FDXVHV RI WKHVH DEHUU
WKHP LQ WKH IXWXUH

+ SDUWLDO UHMHFWLRQ RI TXDQWLWDWLYH YDULDE
SURYLGHV WKH FRQWH[WXDO TXDOLWDWLYH JUR!
HYHQ WKRXJK WKH\ FRQIRUP WR WKH TXDQWLW]I
UHSODFLQJ QRPLQDO YDOXHV ZLWK UHDO RQHYV

+ ODFN Rl GHHSHU NQRZOHGJH RQ WKH UHVHDUEK F
WKH FKDUDFWHULVWLFV RI GHFLVLRQ PDNLQJ
GHFLVLRQ PDNLQJ SURFHVV WKH GH¢{QLWLRQ RI
HWF FDQ VWURQJO\ DuHFW WKH TXDOLW\ RI WKH L
IDXOW\ HVYWLPDWLRQ RI WKH WHFKQRORJLFDO TXD
JRRG SURGXFWV WKDW KDYH EHHQ PLVWDNHQO\
REVHUYHV WKDW GDWD DUH VLP G\ RX®PEWHKY \VZEW
SURYLGHV WKHP ZLWK VLJQL¢{FDQFH

+ VRPHWLPHY WKH FKRLFH RI D TXDQWLWDWLYH P
UHVHDUFK REMHFW ZKLFK FRQVWLWXWHVY D GDQ
WKH REWDLQHG UHVXOWYV ZLOO FRQIRUP WR WK
FUHGLELOLW\ ZLOO EH GRXEWIXO WKLV LV GXH W
SXW RQ WKH PHWKRGRORJLFDO FRUUHFWQHVV UD
YDOLG LPDJH RI UHDOLW\ DQ H[DPSOH WKH F
SUHFHGHG E\ D PLQXWLRXV DQDO\VLV Rl WKH FKD
RI WKLV W\SH DUH KDUG WR GLVFHUQ EHFDXVH WK
PDVNV VKRUWFRPLQJV LQ WKH WKHRUHWLFDO D
PDNLQJ PRGHO LQ TXHVWLRQ

+ RPLWWLQJ WKH HQGRJHQRXVQHVY DQG LGHQWL¢
LOQWURGXFLQJ DV FRQWLQXRXV WKH YDULDEOHV
WKDW UHIOHFW LUUHJXODU H[SRQHQWLDO RU

$ GHHSHU DQDO\VLV RI WKLY SUREOHP FDQ EH IRXQG LQ *D
Rl 4XDOLWDWLYH 4XDQWLWDWLYH $QDO\VLV RI '"HFLVLRQ ODN|
(QJLQHHULQJ 5HYLHZ



FKDUDFWHULVWLF WKH\ PD\ EDGO\ DIIHFW WK
ZKLOH RQ WKH FRQWUDU\ WKH\ VKRXOG EH VHF
WKH FDU LQGXVWU\ FULVLV FDRVHHIUBEWHD/ VXISV I
QRWLFHDEOH UHDVRQV IRU FKDQJHYV LQ FDU GHPL
WRRO YLEUDWLRQV LQ VRPH UDQJHV RI URWDWLRC
W\SH ,,, HUURU ULVN WKH ULJKW DQVZHU WR
DQVZHUV OHDG WR ZURQJ FRQFOXVLRQV WKH I
RI DQ RFFXUUHQFH EXW QRW WKH RQH LQLWLDC(
TXHVWLRQ ZKDW LV D GHYLFH WKDW SHUIRUPV Y
FXWWLQJ GULOOLQJ GHIRUPDWLRQ RU IDFLQJ" &R
DQVZHU D ODWKH H[SODQDWLRQ DOWKRXJK D OCL
PDFKLQLQJ WRROV DUH ODWKHYV
OHDQZKLOH FRQFHQWUDWLQJ RQ WKH TXDOLWDYV

VRPH OLPLWDWLRQV %DUNLQ HOQXPHUDWHYVY WK

+

QHJDWLYH DVVRFLDWLRQV RI WKWWD WIHUP WKV R
SHUFHLYHG DV VLPSO\ QRQ TXDQWLWDWLYH WKH
XQVRXQG

LQ WKH H\HV Rl VRPH FROOHDJXHV WKH DSSOLFDW
WKH UHVHDUFK WDVN DV QRQ VFLHQWL:F EHFDXV
WKH UHVHDUFK REMHFW WR D VSHFL,F EUDQFK RI
WHDFKLQJ TXDOLWDWLYH PHWKRGV EULQJV FRX
VWXGHQWY D VHW RI IX]]\ FULWHULD UDWKHU W
LQGLFDWLRQV ZKLFK GRHV QRW HQKDQFH WKH
DSSDUDWXYV

DV WKH TXDOLWDWLYH PHWKRGV VHHP WR EH HDVL
WHQG WR EH RYHUXVHG ZKLFK LV QRW DOZD\V FR
2WKHU W\SHV RI HUURUV PD\ RFFXU ZKHQ WKH FRQ!

PRUH LPSRUWDQW WKDQ PDVV SKHQRPHQD TXDQWLYV

+

+

+H +

SS WKHVH LQFOXGH

UHVHDUFK SRSXOLVP =+ ODFN RI FRQ{UPDWLRQ RI
GDWD

JDSV LQ UHVHDUFKHUYY PDWKHPDWLFDO DQG VWL
RI GDWD JHQHUDWLRQ DQG FROOHFWLRQ SURFHV'
RU RXWGDWHG PHWKRGV RI VWDWLVWLFDO DQDO\\
ORJLFDO HUURU = FRQIXVLRQ EHWZHHQ FRUUHOD
PHWKRGRORJLFDO LQDGHTXDF\ RI WKH UHVHDUFTF
RI wbLPH VHULHY SURSHUWLHY RI UHVHDUFK
KHWHURVFHGDVWLFLW\ RI UDQGRP UHVLGXDOV
KDVW\ FRQFOXVLRQVY EDVHG RQ UHVXOW HVWLPD
FRXOG EH DYRLGHG E\ SURPRWLQJIDXEKHUMBRG



VWDWLVWLFLDQV HJ D FRPSXOVRU\ FRQVXOWDW
QDO WH[W RI WKH SDSHU ZLWK D VWDWLVWLFLDQ
3LHFK ZDUQV DJDLQVW HPSOR\LQJ UHVHDUFK
RI D PRUH FRPSUHKHQVLYH UHVHDUFK FRQWHI[W |
REVHUYHV WKDW LQ FRPSDQLHV LW FDQ EH KDUG WHF
SLQIRUPDWLRQ QRLVHV" L H VLQJXODU RSLQLRQV RI
RWKHU SHRSOH IURP WKH FRPSDQ\ +H DOVR REVHUY
FRYHUV D ODUJHU VDPSOH VRPH UHFXUULQJ RSLC
GRPLQDQW + SURGXFLQJ DQ LPDJH RI WKH FRPSDC
+RZHYHU WKLV LV QRW WKH FDVH)RR @ ORD QQE BKW B K
UHIHU WR D VSHFL¢{F ¢HOG RI WKH FRPSDQ\ H J VRF
$ JRRG VXPPDU\ RI WKLV GLVFXVVLRQ LV SURYL
REVHUYDWLRQ WKDW LQ 3RODQG WKHUH LV D WHC
EHWZHHQ *TXDQWLWDWLYH DQG 3TXDOLWHOIMWLYW"
GLVFXOW WR XQGHUVWDQG DV ERWK JURXSV DUH
LQ SUDFWLFDO DSSOLFDWLRQV LQ VRFLDO VFLHQFF
$W WKH VDPH WLPH WKH DQDOXWWRK KWKHILDW PK1V B
DUH DSSOLHG UDWKHU LQIUHTXHQWO\ OHDQZKLO
GHVFULSWLRQ RI PDQDJHULDO HQYLURQPHQW RQO\
LWV FRPSOH[LW\ WR DQ XQDFFHSWDEOH H[WHQW
$ VROXWLRQ WR WKH OLPLWDWLRQV RI ERWK PHW
TXDOLWDWLYH TXDQWLWDWLYH DSSURDFK 'L[RQ 5H\Q
EXLOGLQJ TXDQWLWDWLYH PRGHOV EDVHG RQ TXDOLWD
ZKHUHDV =DERUHN GLVFXVVHV WKHLU DGDSWD
$OWKRXJK WKH DSSOLFDWLRQ RI VE$UR R E® W \T XX
LQ PXOWLFULWHULD GHFLVLRQ PDNLQJ PRGHOV LW
GLVFXVVLRQ Rl WKH VWDWLVWLFDO KLHUDUFKL]DWLR
VWDWHY WKDW WKHUH DUH YDULRXV PHWKRGV RI \
7KH SUREOHP EHFRPHV PRUH FRPSOLFDWHG ZKHQ
DWWULEXWHY FRPH LQWR TXHVWLRQ DV ZKHQ WKH U
DQG TXDOLWDWLYH DWWULEXWHY DW WKH VDPH WLH
PHWKRGV LV SDUWLFXODUO\ H[SORLWDEOH IRU WKH
OLNX4D 3RWRFNL S DVVRFLDWH WKM LRSS UR
PDNLQJ PHWKRG ZLWK WKH W\SHV RI RUJDQLVDWLRQ
7KLV GLYLVLRQ LPSOLHY DQ HYROXWLRQ RI DSS
WRJHWKHU ZLWK GHFLVLRQ PDNHUYV JURZWK RI |
RUJDQLVDWLRQDO FOLPDWH FKDUDFWHULVWLF RI
EHWZHHQ PDQDJHUYV PDWXULW\ DQG KLV RU KHU GF
E\ *DZOLN *UJHVLN .ZLHFL VND $V WKH PDMRUL
VXFK QRWLRQV DV RUJDQLVDWLRQDO FOLPDWH DZDU
EH RI LPPHDVXUDEOH QDWXUH WKH\ IRUP DQRWKHL



TXDOLWDWLYH GHFLVLRQ PDNLQJ

IRU WKH GHYHORSPHQW RI

IDFWRUV LQWR W

PXOWLFULWHULD TXDOLWI

7TDEO

H

'"HFLVLRQ PDNLQJ PHWKRG YV W\SHV RI RUJDQLVDW.L

2UJDQLVDWRRMIOROU L WD RYDWLY

FOLPDWH=% DXWRFUD%%@QDXFU%V\@V FKQR Fugl‘JNHLJIPULFXV
'"HFLVLRQ PDNLQJ (PSOR\HH
is a result of BURFHGXUH RULHQWHuRULHQWHG PHWKRC
SRZHU SODGHFLVLRQ P LH R SUF WHFW

'"HFLVLR@HWZHHQ YBPHRIRRHV RI P ﬁl}%\z é%/ URP

PDNLQJconnectionsand| DFFRUGLQJ OH FK% RQ PDNLQJ

PHWKRGLQWHUUHOQ WM HRWQMV XL \?ENKR( V DQG DFW D
GHFLVLRQ PMNLQBVSH L RXQWHUEDODQFH\
PHWKRGYV [ptbeedr&SW VRFLDO V\VWHP RI
HPSOR\HG WKH RUJDQILVDWLRC

6RXUFH FRPSLOHG RQ WKH EDVLV RI OLNX&4D 3RWRFNL S

'"UXFNHU SsS SHUFHLYHV PDQDJHULDO Gi
GHSHQGHQW SKHQRPHQRQ ,Q KLV GLVFXVVLRQ RI WK
-DSDQHVH GHFLVLRQ PDNLQJ SDWWHUQV KH H[SORUHYV
WKH :HVW DOO WKH HPSKDVLV LV RQ WKH DQVZHU WR W
HOHPHQW LQ GHFLVLRQ PDNLQJ LV GH¢{QLQJ WKH TXF
ZKDW WKH :HVW FRQVLGHUV WKH \BHRQVLBQFNROORZVS
7KHUHIRUH WKH -DSDQHVH GHFLVLRQ PDNLQJ PHWKRG
f GH¢QLWLRQ RI WKH UHDO TXHVWLRQ + ZKDW LV W
f SXUVXH RI GLVVHQWLQJ RSLQLRQV DQG IRUPXOI
QDWXUH RI WKH SUREOHP
H[SORUDWLRQ RI WKH H[LVWLQJ GHFLVLRQ DOWHUC
DQG RQO\ VROXWLRQ
.QDOO\ ¢QGLQJ RXW DW ZKDW PDQDJHULDO OHY}
VKRXOG EH PDGH 'UXFNHU S
7KH HQWLUH SURFHVV FUHDWHY DQ DGGLWLRQDO
LQ WKH GHFLVLRQ PDNLQJ SURFHVV LW EXLOGV FRF
GHFLVLRQ DQG HOLPLQDWHY WKH QHHG RI 3VHOOL
D WKHVLV WKDW WKLV LV ZKDW PDNHV WKH GHFLVLRC
RI -DSDQHVH PDQDJHULDO GHFLVLRQ PDNLQJ DUH G
PHDVXUDEOH DQG LPPHDVXUDEOH GHFLVLRQ FULWH
+ VLPLODUO\ WR WKH :HVWHUQ FXOWXUH 7KHUHIRU
MXVWL{HG UHJDUGOHVY RI WKH FXOWXUDO EDFNJUR

BWHPSOHZVND )DNRZLF] S WULHV WR DQWLF
D VHW RI FULWHULD WR SURYLGH WKH UHSUHVHQ)\

+

1



UHVHDUFK WDVN DIWHU /LQFROQ *XED 7TDEC
TXDOLWDWLYH DQG TXDQWLWDWLYH DSSURDFK

7TDEOH
&ULWHULD RI PHWKRGRORJLFDO HYDOXDWLRQ RI TXDOLW\ R

4XDQWLWDWLYH DSSURDFK FULWHULD 4XDOLWDW

LQWHUQDO DFFXUDF\ FUHGLELOLW)

H[WHUQDO DFFXUDJF\ WUDQVIHUDELC
UHOLDELOLW\ GHSHQGDELOLW\
REMHFWLYLW\ FRQ/UPDELOLW\

6RXUFH 6WHPSOHZVND )DNRZLF] S DIWHU /LQFROQ *XE

7KH VDPH DXWKRU VXPPDUL]JHV WKH SURV DQG FRQ
FRPSDUHG ZLWK WKH TXDQWLWDWLYH UHVHDUFK WK
ZHDNQHVV QDPHO\ LW GRHV QRW OHDG WR FHUWDLC
WKDW 3FHUWDLQ NQRZOHGJH GRHV QRW PHDQ WUXWHK
LQ VRFLDO VFLHQFHV ¢HOG RI VFLHQFH FDQ DVVXU
NQRZOHGJH IRU ZKLFK WKH DSSOLFDELOLW\ UHTXL
ORUHRYHU WKH TXDOLWDWLYH DSSURDFK FDQ OHDG V
OLPLWDWLRQV RI LWV TXHVWLRQV DQG UHGXFWLRC
D FRVW DUH VFLHQWLVWY DEOH WR FUHDWH MXVW C
RQO\ PDVV SKHQRPHQD EXW DOVR WKHLU FRQWH[W

$00 Rl WKH DERYH SURYHV WKDW WKH PDQDJHUL]
WKH DSSOLFDWLRQ RI D PL[HG PXOWLFULWHULD T
UHVHDUFK PHWKRGRORJ\ KHOSV WKH GHFLVLRQ PDNF
RI TXDOLWDWLYH DQG TXDQWLWDWLYH GHWHUPLQDQ
PDNLQJ PRGHO 7KXV LQ WKH DQDO\VLV RI WKH GHFL
QDWXUH LW LV IXOO\ MXVWL{HG WR VHDUFK IRU W
WKH HQKDQFHPHQW RI GHFLVLRQ PDNLQJ DQG GHYH
QHZ PXOWLFULWHULD GHFLVLRQ PDNLQJ PRGHOV F
WKH PDQDJHPHQW VFLHQFH $ EULHI UHYLHZ RI WKF
PHWKRGV LQ VFLHQWL¢{F OLWHUDWXUH RI PDQDJHPHQ!

2YHUYLHZ RI PXOWLFULWHULD GHFLVLR
LQ VFLHQWL{F OLWHUDWXUH

GZLNOLFNL SS ORRNV LQWR WZR SUREC
VWUXFWXUH PDQDJHULDO PHWKRGVY GLUHUHQW SUH
VDPH PHWKRG SURYLGHG E\ GLUHUHQW UHVHDUFKHU
WLPH 7KH ¢UVW LVVXH LV GXH WR



+ WKH GHVFULSWLRQ VXEMHFWLYLW\ DQG WKH SHI
RULJLQDO RU VHFRQG KDQG VRXUFHV IRU KLV VWX
+ WKH IDFW WKDW VRPH FRPSDQLHV SHUFHLYH W
PHWKRGV DV D VRXUFH Rl FRPSHWLWLYH DGYDQW
&]HNDM S
+ WKH RZQHUVKLS RI VRPH PHWKRGYVY WKDW EHOF
UHVHDUFK LQVWLWXWLRQV DIWHU 7HF]NH S
7KH VHFRQG LVVXH HPHUJHV IURP WKH HYROXWL]I
ZKLFK FDQ FDXVH DQ REVWUXBWLROQBRKWORWH &R W
HYROXWLRQDU\ DSSOLFDWLRQV RI WKH DOUHDG\
IHYHUWKHOHVVY EHLQJ DZDUH RI WKHVH OLPLWDW
VELHQWL¢{F PXOWLFULWHULD GHFLVLRQ PDNLQJ PH\
SUREOHP VROYLQJ ZLOO EH XQGHUWDNHQ
7ULDQWDSK\OORX S GHFODUHV WKDW WKH
GHFLVLRQ PDNLQJ PHWKRGVY DUH WKH :HLJKWHG
BURGXFW ORGHO :30 WKH $QDO\WLF +LHUDUFK\ 3UR
+LHUDUFK\ 3URFHVV WKH (/(&75( OHWKRG DQG WKH 7
DZDUH Rl WKH FRQVWDQW G\QDPLF GHYHORSPHQW
GHFLGHG WR HPSOR\ 7U]DVNDOLNYV SS GL
PDNLQJ PHWKRGY LQWR VHYHQ JURXSV
DGGLWLYH PHWKRGYV
PHWKRGV Rl DQDO\WLF KLHUDUFKL]DWLRQ DQG U
YHUEDO PHWKRGYV
(/(&75( PHWKRGYV
3520(7+(( PHWKRGV
PHWKRGV EDVHG RQ UHIHUHQFH SRLQWYV
LQWHUDFWLYH PHWKRGYV
7KH ILUVW JURXS WKH DGGLWLYH PHWKRGV K|
PRGHOOLQJ RI GHFLVLRQ PDNLQJ SURFHVV WKURXJK
RI D GHFLVLRQ DOWHUQDWLYH LV EDVHG RQ WKH KL
KLIJIKHVW XWLOLW\ UDQN 7KH UDQNLQJ LV EDVHG RQ
IURP OHDVW WR PRVW GHVLUDEOH 3DUWLEXODU PH\
SURFHGXUH RI HYDOXDWLRQ RI GHFLVLRQ DOWHUQ]|
QRUPDOLVHG HYDOXDWLRQV RUVWRKHD GGR VRILYUD @ X @V
GHFLVLRQ PDNLQJ PHWKRGV LQFOXGH 6%$: 6LPSO
) 6$: )X]]\ 6LPSOH $GGLWLYH :HLJKWLQJ OHWKRC
$WWULEXWH 5DQNLQJ 7THFKQLTXH DQG 60$57(5 6L
7HEKQLTXH ([SORLWLQJ 5DQNV

+H + +H+ + H+ +H+ +H

7KLV GLVFXVVLRQ FDQ DOVR Edp.tRXQG LQ *DZOLN 5



7KH VHFRQG JURXS WKH PHWKRGV RI DQDO\WLF K
+LHUDUFK\ 3URFHVV $+3 ZKLFK LV FKDUDFWHULVHC
WKURXJK SDLUZLVH FRPSDULVRQV Rl WKH GHFLVL
7KH VHOHFWHG GHFLVLRQ DOWHUQDWLYH LV WKH
VLPXOWDQHRXVO\ :LHUJELFNL S SRLQWYV DW
GHFLVLRQ PDNLQJ LV TXLWH FORVH WR UHDOLW\ ZKH
LQGH[HV QHHGV WR EH IRXQG LQ WKH FRXUVH RI WKH
IXUWKHU E\ VWDWLQJ WKDW WWKN ®BDQ PK SRFW RR
PDNLQJ :LHUJELFNL S

7KH RWKHU DQDO\WLF KLHUDUFKL]DWLRQ PHW
HODERUDWHG LQ UHVSRQVH WR LWV FULWLFLVP 7
IRU UDQNLQJ WKH GHFLVLRQ PDNLQJ FULWHULD
FRPSRVLWLRQ Rl FULWHULD KLHUDUFKLHY 2WKHU H]
PHWKRGYV EDVHG RQ DQDO\WLF KLHUDUFKL]DWLRQ LQ
LQ ODJQLWXGHY RU GHFL%HOOV WR 5DWH $OWHUQDW
)X1]\ $QDO\WLF +LHUDUFK\ 3URFHVV $13 $QDO\\
)X]1]\ $QDO\VWLF 1HWZRUN 3URFHVV DQ& HQEWY7E\ O
D &DWHJRULFDO %DVHG (YDOXDWLRQ 7HF+QLTXH '\
H[SDQG WKLV VHW E\ WZR PRUH PHWKRGV 08= 30
>=HUR 8QLWDULVDWLRQ OHWKRG®@ DQG '(0$7(/
(YDOXDWLRQ /DERUDWRU\ &OXVWHU $QDO\VLV 30
7D[RQRP\@ *yUDOVNL 3LHWU]DN Ss G
PHWKRGY WKDW DOORZ QRUPDOLVDWLRQ RI GLDJQ
D FKDUDFWHULVWLFYV UDQJH .XNXaD S DGC
WKDW FDQ EH DSSOLHG IRU WKH QRUPDOLVDWLRQ F
W\SH VLJQ VL]H XQLW <DQJ HW DO SS G
WKH IRUPDWLRQ DQG DQDO\VLV RI FDXVDO GRQANV El

GLVEXVV LWV DSSOLFDWLRQ WR GHULYH VEK
GHFLVLRQ FULWHULD 0ZL ND&4&DODA&A\WLERADKH FO X"
DQDO\VLVY DV D PHWKRG WKDW FDQ EH VXFFHVVIX0OO\
KRPRJHQRXV JURXIS V¥ KMUDAWSHHAWWIF GLPHQVLRQV

7KH WKLUG JURXS WKH YHUEDO PHWKRGV FRQFHQ
GLVUHJDUGLQJ WKH TXDQWLWDWLYH YDULDEOHV )
FKDSWHU WKHLU DSSOLFDWLRQ IRU P D\WRR ibIIVINOU GH
7KH PDLQ YHUEDO PHWKRGYV DUH =$3526m 5K¥jguwafdgn
KbimZpbc >&0RVHG 3URFHGXUHV IRU 5HIHUHQFH |
=$3526 ,,,

7KH IRXUWK JURXS (/(&75( )JUHQFK (/LPLQDW
OD 5(DOLWp PHWKRGY EDVH WKH DQDO\VLV RI
PDNLQJ FULWHULD RQ IRXU SUHIHUHQFH OHYHOV
7KH LQFRPSDUDELOLW\ RI FULWHULD SURYLGHV L



KLHUDUFKL]DWLRQ PHWKRGYV ZKHUH LQGHSHQGHC
QRQ IRU WKH FRQVWUXFWLRQ RI D KLHUDUFKLFDZC
ODFN Rl UHODWLRQ EHWZHHQ WKH GHFLVLRQ PDNL:
LQFRPSDUDELOLW\ 7KH (/(&75( PHWKRGYV DQWLFLS
HTXLYDOHQFH WKUHVKROGY DQG SUHIHUHQFHV RI JLU
UXOH Rl OLPLWHG FRPSHQVDWLRQ 6XEVHTXHQW YHU!
. (/1(&75( ,Y (/(&75( ,V (/(&75( ,,, (/(&75( 75, (/(&7
(/(&75( ,,, 6' GLUHU PDLQO\ LQ WKH ZD\ RI GH¢QLQ.
RI WKH GHFLVLRQ PDNLQJ FULWHULD DQG KRZ WR F
SDUWLFLSDWLRQ RI D GHFLVLRQ PDNHU H[SHUW %X
(/(&75(7V HYROXWLRQV 48%$/,)/(; 5(*, 0( 25(67( $5*!
7$&7,& DQG 0(/&+,25

7KH ILIWK JURXS RI PXOWLFULWHULD PHWKRGV
GHFLVLRQ PDNLQJ LV 3520(7+(( 3UHIHUHQFH 5DQ]
IRU (QULFKPHQW (YDOXDWLRQV WRROV )RU HDF
IXQFWLRQ LV GHULYHG IURP WKH GLUHUHQFHV LQ }
DOWHUQDWLYHV $ VHULRXV GL&HURQFB PLHHIV OH
DOWHUQDWLYH 3DUWLFXODU PHWKRGV IURP WKLV J
(;3520 + (;WHQVLRQ Rl WKH 3520HWKHH PHWKRG (;
., YHWR (;3520 ,, YHWR 3520(7+(( ,, YHWR 6' (;352
GLuUHU PDLQO\ LQ WKH ZD\ Rl WKH FDOFXODWLRQ RI
RQH DOWHUQDWLYH RXWUDQNV RWKHUV LQ WKH H\}
D 2YHWR" RU *YHWR 6'°~ PDUN DUH FRPELQDWLRQV R
ZLWK DGHTXDWH (/(&75( PHWKRGYV

7KH VL[WK JURXS RI PHWKRGV LV WKRVH EDVHG RC
HVVHQFH RI FDOFXODWLRQV LV WR GHWHUPLQH WKH |
ZKLFK DUH WKH UHIHUHQFH SRILSQMWN WIRHTRHY WX RIG
GLVWDQFH RI HDFK GHFLVLRQ DOWHUQDWLYH IURP
WR WKH LGHDO VROXWLRQ LV DFN @BSIOLHPXPH G DWW |
PHWKRGV GLIIHU LQ WKH PHDVXUHPHQW RI WKLYV
PDNLQJ PHWKRGYV EDVHG RQ UHIHUHQFH SRLQWV L¢
3UHIHUHQFH E\ 6LPLODULW\ WR ,GHDO BROXWLRQ )
3UHIHUHQFH E\ 6LPLODULW\ WR ,GHDOHERBGXWURD
2SWLPL]DFLMD L .RPSURPLVQR 5HVHQMH >0XOWLFUL
BROXWLRQ@ %,32/$5 DQG LWV HYROXWLRQ = F
DSSOLFDWLRQV FRPELQDWLRQV RI WKH UHIHUHQ
'(0$7(/ $13 9,.25 RU %,32/$5 6' ,Q WKLV FDVH HDFK
OHYHO LV PDQDJHG E\ D VLQJOH PHWKRG

7KH VHYHQWK JURXS WKH LQWHUDFWLYH PHWKRG
RI GHFLVLRQ DOWHUQDWLYHV RU WKHLU JURXSV E\ W
SURYLGH D EDVLV IRU WKH FDOFXODWLRQV RVWBWLDU L



GLVWDQFH IURP WKH LGHDO VROXWLRQ ,I QRHGHG \
DSSUR[LPDWH VROXWLRQ LV UHDFKHG WKH VXEMHF
7KHUHIRUH WKH DSSOLFDWLRQ RI D VHOHFWHG LQW
ZLOO FKDQJH DW WKH YHU\ PRPHQW RI GHFLVLRQ F
VDWLVIDFWLRQ DW IX0O;00LQJ D JLYHQ VXE FULWHUL
DQG FDQ RQO\ EH DSSUR[LPDWHG 7KH LQWHUDFW,
67(0 '35 67(S OHWKRG IRU 'LVFUHWH '"HFLVLRQ PDN
,16'(&0 ,1WHUDFWLYH 6WRFKDVWLF 'HFLWVYRYQ RDNL
7UDGH 2uV IRU 'LVFUHWH 'HFLVLRQ PDNLQJ 3UREOHP

%XG]L VNL S H[SDQGV WKLV VHW E\ DQ
3DLUZLVH &ULWHULRQ &RPSDULVRQ $SSURDFK PHW
VWDJH DSSURDFK ¢UVW WKH GHFLVLRQ FULWHULD D
LQGH[ VHFRQG WKH SDUWLDO LQGH[HV DUH DJJUH.
IX]]\ SUHIHUHQFHV IRU HDFK SDLU RI DOWHUQDWL)
0$33%& 35%$*0$% ,'5$ DQG 3$&0%1 YHUVLRQV RI WKLV D

6RPH DXWKRUV SRVWXODWH WKH XVH RI VWDWLVW
RI GHFLVLRQ PDNLQJ H J WIGH AFXDLRWQLIMDGVLYHRDE D @
‘R(QLDN PXOWLGLPHQVLRQDO FRPSDUDWLYH D¢
VHIJPHQW YDULDEOHV 6PDJD VWRFKDVWLF PRG
RI WKLY PRQRJUDSK LV WKH HQKDQFHPHQW RI WKH C
VWDJHV $ SRVW IDFWXP HYDOXDWLRQ Rl GHFLVLRC
VWHSV ZKHUHDV WKH TXRWHG JURXS RI PHWKRGV F

7KH PXOWLFULWHULD FKDUDFWHU RI PDQDJHULDO
WKH DSSOLFDWLRQ RI PHWKRGV WKDW HQDEOH WK
WKH VDPH WLPH PRVW PDQDJHULDO DSSOLFDWLRQ
FULWHULD 7KHUHIRUH RXW RI WKH HLJKW W\SHV R
SUHVHQWHG DERYH WKH DQDO\WLF KLHUDUFKL]DWLF
IXUWKHU DQDO\VLV

&KRLFH RI PHWKRG IRU WKH PDQDJHULD
SURFHVVHV HQKDQFHPHQW

3UXVDN B6WHIDQyYZ S SRVH D YLWDO TXHV
UHTXLUH WKH DSSOLFDWLRQ RI 0&'0 PHWKRGV" 7KH\
RQH JURXSLQJ SURIHVVLRQDO SULYDWH URXWLQH
RQH JURXSLQJ HVVHQWLDO URXWLQH LPSXOVLYH
SURIHVVLRQDO HVVHQWLDO DQG HVVHQWLDO IDF\
DSSOLFDWLRQ Rl WKH PXOWLFULWHULD GHFLVLRQ F
WKH IROORZLQJ UXOHV QHHG WR EH DGRSWHG

+ SULYDWH URXWLQH GHFLVLRGYRLNVYRQ PBNXIQUH BD

RU HQKDQFHPHQW



+f PRVW SULYDWH HVVHQWLDO DQG URXWLQH IDFWX
GHFLVLRQ PDNLQJ VXSSRUW KRZHYHU LQ VRPH V¢
FDQ RFFXU
+ SURIHVVLRQDO URXWLQH DQG HVVHQWLDO LP.
PXOWLFULWHULD GHFLVLRQ PDNLQJ VXSSRUW ULJR>
GHFLVLRQ DOWHUQDWLYHV LV XVXDOO\ QHFHVVDU\
5HJDUGOHVV Rl ZKLFK PHWKRG IRU WKH HQKDQ
PDNLQJ SURFHVV LV EHLQJ FRQVLGHUHG D QHFHVVE
IRU WKH VXFFHVVIXO FKRLFH LV DQ DFFXUDWH SU
SUREOHP HQYLURQPHQW $ VSHFLDO DWWHQWLRQ VK
WKH GHFLVLRQ SUREOHP ZKLFK FRXQWYV IRU DQ LPSF
HVFLHQF\ 7KH SUHGRPLQDQW DSSURDFK LQ WKH C
&ULWHULD $OWHUQDWLYHV 8QFHUWDLQWLHVY 6WDN
BWHZDUW Ss
3UXVDN B6WHIDQyZ S REVHUYH WKDW C
HQKDQFHPHQW PHWKRGYV FDQ JXDUDQWHH IXOO\ F
VHYHUDO UHDVRQV
+ GHFLVLRQ PDNLQJ PRGHOV DUH PHUH VLPSOL¢FD!
f QRW DOO WKH GHWHUPLQDQWY RI GHFLVLRQ PDN
+ GHFLVLRQV Rl RWKHU DJHQWYV WKDW FRXOG DuHF
+ DVVHVVPHQW RI SDUWLFXODU HOHPHQWYV RI GHFL
GHSHQGHQW RQ LQGLYLGXDO SUHIHUHQFHV PRWL
H[SHUWV QRW DOZD\V SRVVHVV GHHIGLIEFOH HQYR URI
LPSHUIHFWLRQV Rl JDWKHULQJ Rl GDWD RU HYDO
XQFHUWDLQW)\ DERXW WKH FRQVHTXHQFHV RI PDC
(YHQ LI FRPSOHWH REMHFWLYLW\ DQG LGHDO FKR
QRW SRVVLEOH LW LV LPSRUWDQW WR GHWHUPLQ
VWUXFWXULQJ RI GHFELVLRQ SUREOHPV 7KHVH LQFO
+ D FOHDU GH¢QLWLRQ RI WKH GHFLVLRQ SUREOHP
f DQ DVVHVVPHQW RI GHFLVLRQ HQYLURQPHQW DV
+ D GHOLEHUDWH FKRLFH RI WKH VHW RI LQSXW YD
+ LGHQWL¢(¢FDWLRQ RI WKUHDWYV DQG XQFHUWDLQW
T
¥

+H +H+ +

FKRLFH RI D UHVHDUFK PHWKRGODROGBTXIDGY IS KMHR) RV
SRVVLELOLWLHY RI DSSOLFDWLRQ RI WKH VHOH!
OLPLWDWLRQV

SUDFWLFDO DSSOLFDELOLW\ RI RXWSXW YDULDEC
LPSOHPHQWDWLRQ OLPLWDWLRQV

DWWHPSW DW SUHGLFWLRQ RI QHZ SUREOHPV JHQ
SUREOHP

2QFH WKH DERYH FULWHULD KDYH EHHQ IXO¢(OOH
PHWKRGV IRU WKH PDQDJHULDO SUREOHP VROYLQJ

+H H +H



WKH XQFHUWDLQW\ DQG WXUEXOHQFH RI EXVLQHVYV
DSSUR[LPDWLRQ

:DFKRZLDN SS SURSRVHY DQ RYHUY
WHFKQLTXHYVY DSSOLHG WR GHFLVLRQ PDNLQJ LQ EX
KRZHYHU UHPDLQ XQDQVZHUHG L H ZKLFK PHWKRG
DJLYHQ GHFLVLRQ SUREOHP" :KDW PDNHV D GHFLVL
SURSHU RQH" 3$ EHWWHU ¢(¢QDO GHFLVLRQ ™ ZRXOG EH
KDUG WR FRQWUDGLFW WKLV DQVZHU GRHV QRW SUI
SURFHVV $GGLWLRQDOO\ WKH ZRUG SEHWWHU" V
GHFLVLRQ LQ RUGHU WR SURYLGH D SRVVLELOLW\ I]

7KH JRDO RI GHFLVLRQ PDNLQJ VXSSRUW LV QR
DQ RSWLPDO SRVVLEOH RU DQ LQWHJUDO GHFL
PDNHUYVY XQGHUVWDQGLQJ RI WKH GHFLVLRQ SU
DQG LPPHDVXUDEOH GHFLVLRQ FULWHULD FRVWYV
GHFLVLRQ DOWHUQDWLYHY DQG QHZ SUREOHPV DU
PDNLQJ SURFHVV 8VLQJ +RZDUGTYV SS
DQ DSSURSULDWH GHFLVLRQ PDNLRBLFVHW®R G D/KLF
LQIRUPDWLRQDO H[FHOOHQFH FUHDWLYLW\ VLJQL¢F
YDOXHV LOQWHJUDWLRQ DQG HYDOXDWLRQ ZLWK ORJ
RI HuRUW DQG FRPPLWPHQW WR DFWLRQ 7KLV LQ
WKDW ZLOO HQVXUH D FRPPLWWHG DQG SXUSRVHIXC
DSSURSULDWH GHFLVLRQ DOWHUQDWLYHV QHFH
DOO VWDNHKROGHUY DQG VWULFW GHFLVLRQ SURF
LPSRUWDQW HOHPHQW QDPHO\ D SURSHUO\ VHOHFW
VKRXOG DOVR SURYLGH WKH GHFLVLRQ PDNHU Z|
FODUL¢,{FDWLRQ RI PRWLYDWLRQ RI WKH GHFLVLRQV

JRU WKH QHHGV RI WKH SUHVHQWHG UHVHDUFK
WKH GHYHORSPHQW RI WKH ORGXODU 0OXOWLFULWHU
0080%$'(00 IRU WKH HQKDQFHPHQW RI PDQDJHULDO G
GHULYHG IURP /LVL VNLYV SS FDWHJRULVD
RI VROXWLRQV WR PDQDJHPHQW VFLHQFH SUREOHPYV

7TDEOH
$SSURDFKHVY WR WKH GHVLJQ RI VROXWLRQV WR PDQDJ}

3URSRVHG RUHVLJQ

SRVWXODNHSB\URDFKI—?\&JHGRPLQDQW W\SHV RI DSSOUHG UHVH

GLDJQRVWLF REVHUYDWLRQ UHJLVWUD\V
PHDVXUHPHQW WHVWLQJ RI K\SRWKHVH\

XVHV
URJQRVWLF DQDO\VLV VI\QWKHVLV PR
H[SHGLWLRXV DQG EDVH GHVLJQ

1DGOHU
GLDJQRVW
7UJFLHQL|HSWRJIQR VW




0ODUW\QL

FODVVLFD
DMQKDQFLQ
V\VWHPLF

SURJQRVW

OFODVVLFDO REVHUYDWLRQ UHJ

JHQKDQFLQJ DQDO\VLV V\QWKH
VIVWHPLF PRGHOOLQJ GHVLJQ
ISURJQRVWLF VWDWLVWLFDO WH

GHVFULSWLYH HQKDQFLQJ RUJD

LVWUDW|

VLV GHV

RI RUJDC
VWLQJ R

QLVDWLE

GHVFULSWWHILVWUDWLRQ FODVVLFDO RUJDQLVDW
HQKDQFLQJPHWKRGV
ODUW\QLDIKQFWLRQDIXQFWLRQDO SDWWHUQLQJ RSHUDWLRQ\

SDWWHUQ
GLDJQRVW
IXQFWLRQ

LQWWHPY YDOXH DQDO\VLV V\VW

D®OLDIJQRVWLF IXQFWLRQDO GHVH

ICFQDO\VLV

VWDWH LGHDOLVDWLRQ RI VHD

*UHOLN

FODVVLFD

)

FODVVLFDO REVHUYDWLRQ UHJ

HPLF RU

ULSWLR(
UFKHG V!

LVWUDW|

VIQWKHVLYV

DWRFLRORJ
V\VWHPLF

‘DZUJ\QL LEﬁSBOLRORJLFDO DQDO\VLV

DQDWLRQ

VIVWHPLF PRGHOOLQJ GHVLJQ |[RI RUJDC

PHFKDQLVWLF REVHUYDWLRQ UHJLVWUL
HQKDQFHPHQW RI SURFHGXUHV
WKIXPDQLVWLF DQDO\VLV VIQWK
IH{SODQDWLRQ
VIVWHPLE PRGHOOLQJ
YW XFWXUHV V\VWHPV
VLWXDWLRQDO PL[HG DSSURDFH}

UHVHDUFK WHFKQLTXHV WR PDQ

PHFKDQLYV HVLV GH
NKXPDQLVW
VA\VWHPLF

VLWXDWLR

6LNRUVN
GHVLJQ |RI FRPSC
WKDW LC
DJHULDO

6RXUFH &RPSLOHG RQ WKH EDVLV RI SS

7KH DSSURDFK DGRSWHG IRU WKH GHYHORSPHQW
GLDJQRVWLF IXQFWLRQDO DSSURDFK EXW DO
VLWXDWLRQDO GHVLJQ PHWKRG $Q LQLWLDO REVHUY
HQYLURQPHQW LV SHUIRUPHG LQ RUGHU WR IRUPXOD
LQ WHUPV Rl WKH +LHUDUFKLFDO ORGXOH WKH RSV
FRQIRUPV WR WKH LGHDOLVDWLRQ RI WKH SRWHQW
)X]]\ DQG PL[HG $+3 )X]]\ ORGXOHV JRHV EH\RQG 0D
FRQVLVWVY LQ D PHWKRGRORJLFDO LQQRYDWLRQ LC
PDQDJHPHQW VFLHQFH 7KH UHVHDUFK WHFKRQLTXH\
WKLV PRQRJUDSK DUH WKH $QDO\WLF +LHUDUFK\ 3UF
JRU WKH GHFLVLRQ SUREOHPV ZLWK D KLHUDUFKL
3URFHVV $+3 LV WKH DSSURSULDWH EDVLV IRU D FRP
GHFLVLRQ PDNLQJ VWUXFWXUHV 7U]DVNDOLN S
XWLOLW\ IRU GHFLVLRQ PDNLQJ WDVNV LQ D KLJKO\ X
4RV TUHEXQD S H[SODLQ WKDW E\ UHGXFLQJ
SDLUZLVH FRPSDULVRQV DQG WKHQ VI\QWKHVL]LQJ WKH
ERWK VXEMHFWLYH DQG REMHFW LD HSIMFODMNR @ IL B
MXVWL¢HG ZKHQ WKH PDQDJHU FRQHPRRIMKL DK GFHRAPLS/Q IR]



FDQ EH DSSOLHG ZKHQ WKH SUREOHP FDQ EH SUHVHQ\
KLIJKHU KLHUDUFK\ HOHPHQWY GR QRW LQWHUDFW Q
EH FRQVLGHUHG ZKHQ WKH RSWLPDO VROXWLRQ LV V
RQ WKH VXEMHFWLYH FULWHULD /DVW EXW QRW OHD
UHODWLYHO\ HDVLO\ RSWLPL]HG ZLWK UHJDUG WR D S
7KHUHIRUH $+3 ZLOO EH WUHDWHG DV WKH PDLQ UH
D ORGXODU OXOWLFULWHULD ODQDJHULDO 'HFLVLRQ ODU
HQKDQFHPHQW Rl PDQDJHULDO GHFLVLRQ PDNLQJ SURFH
DSSOLFDWLRQV IRU WKH DQDO\VLV RI LQWHUGHSHQGH
GHFLVLRQ PDNLQJ PRGHOV LQ VXFK ¢HOGV RI VFLHQFH
DQG SK\VLFV LV DQ DGGLWLRQDO DUJXPHQW LQ IDYR
,Q RUGHU WR LQFRUSRUDWH PDQDJHULDO SUREOHF
IRU VLWXDWLRQV ZKHUH PXOWLFULWHULDOLW\ LV Q
PDNLQJ VI\VWHP D IX]]\ GHYHORSPHQW RI WKH +LH
SURSRVHG 7KLV LV IROORZHG E\ D PL[HG $+3 )X]]\ H
PHWKRG IRU WKH FRQVWUXFWLRQ RI WKH )X]]\ ORG
GHYHORSPHQW WKH IX]]\ ORJLF 0DUGDQL -XVRK =DY
GLVFXVVLRQ RI PHWKRGV FRPELQLQJ )X]]\ VHWV WKHR
FDQ EH IRXQG LQ LQWHU DOLD $ZDVWKL *RYLQGDQ
5XGQLN RU ORVDGHJKL HW DO 7KH UHDVR
SRVVLELOLW\ RI LQFOXGLQJ WKH VHFRQG EHVW GHFLV
YHUVLRQ Rl WKH PRGHO 7KLV ZRXOG HQULFK WKH SU
LQWHUUHODWLRQV DQG IHHGEDFNV EHWZHHQ SDUWLTF
OHVV UHOHYDQW RQHV 7KH RSWLPDO SRVVKERMHOGHF
ORGXOH ZLOO QRW EH SXW LQ GRXEW RQ WKH FRQW
VPRRWKHQHG LQ WKH IRUP RI WKH UHVXOWLQJ LQVW
7KH ¢UVW DUJXPHQW LQ IDYRXU RI WKH DERYH V\
WKH GHFLVLRQ FULWHULD ERWK TXDOLWDWLYH DC
PXOWLFULWHULD PRGHOV PDNHV WKH GHFLVLRQ PLC
GHWHUPLQDQWYV RI GHFLVLRQ PDNLQJ SURFHVV VLP X
IX]]\ PHWKRGV IRU WKH PRGHOOLQJ RI GHFLVLRQ P
RI HQYLURQPHQWDO RFFXUUHQFHV (FRQRPLVWYV
IRU WKHLU UHVHDUFK JHQHUDOO\ XVH OLQHDU PR«
0DQ\ HFRQRPLF WUHQGV VKRZ OLQHDU FKDUDFWHUL
HDVLHU DQG DOORZV EDVLQJ WKHP RQ SUHYLRXV W
JUDFHIXOO\ DV ZHOO ZKLFK DOORZV D UHODWLYHO
GDWD RQ RXWSXW SDUDPHWHUV OHDQZKLOH WKH
VLPSOL,FDWLRQ RI UHDOLW\ %XW WRGHEKDPWIPWHDC
VKRUWHU HFRQRPLF F\FOHV DQG BB QDWFVF HKDISSHIWL |
SDUDOOHO $V D UHVXOW LQSXW GDWD VHWV IRU ¢
SUREDELOLW\ RI DQ DFFXUDWH SURJQRVLV ORUHR)



LQ WKH IXWXUH $QRWKHU DUJXPHQW LQ IDYRXU R
IRU WKH HQKDQFHPHQW RI PDQDJHULD G IBWERQLRW®
FDQ EH DVVXPHG WKDW WKH DSSOLFDWLRQ RI WKH
ORZ LQYROYHPHQW RI GHFLVLRQ PDNHUYV WLPH E;
DOWHUQDWLYHV DFKLHYHG WKURXJK IX]]\ ORJLF ¥
WKH LQWHJULW\ RI WKH ILQDO GHFLVLRQ $00 RI
GHYHORSPHQW RI D IX]]\ H{SDQVLRQ RI WKH +LHUDU
7KH LGHD LV IXUWKHU VXEVWDQWLDWHG E\ WKH FI
IRU WKH FRQVWUXFWLRQ RI WKH PRGHO ZLWK 6]DUXI
IRU D VFLHQWL¢FDOO\ MXVW L HONEIRRLRH ARD PIHMW KR G ¢
W HQFRPSDVVHV D SURSRVDO RI D FDVFDGH RI
H[HFXWLRQ RI WKLV WDVN 6]DUXFNL Ss
SRLQWYVY RI WKLV FRQFHSW D QKR ®/\K HRSDW MH U Q KO GFF
WKH PDQDJHULDO GHFLVLRQ PDNLQJ SURFHVVHV DG

7TDEO
&RPSDULVRQ RI 6]DUXFNLYVY FRQFHSW ZLWK DG

H
RSWHG U

6]DUXFENLTV PHWKRGRORJ\&RUWKWRIRQBGLQI ¢HOG RI

RI GHFLVLRQ PDNLQJ PHWKRRY FRBLFRIORILRDQDJHULD

PDQDJHULDO SUREOHPV HOQKDQFHPHQW PHWK

DGRSWH
O GHFLVI
RGV

BUREOHP IRUPXODWLRQ ,GHQWL/,{FDWLRQ RI GHFL
GHVLIQDWLRQ RI WKH SURERBPDOWNLW LMRLQVR D W KRIQP D
SUREOHP HIWUDFWLRQ GHFLVLRQ PDNLQJ

VLRQ HQ
LQ JRDO

FKRLFH RI VSHFL¢(F PHWKRGRUPXODWLRQ RI WKH GHFLVLRQ
FKRLFH RI WKH WDVN WHDFKRLFH Rl GHFLVLRQ PDNLQJ PHV
IX]]\ ORJLF
FKRLFH RI H[SHUWV IRU $+3 HYDO
9DULDQW HODERUDWLRQ )RUPXODWLRQ RI WKH $+8 GHFLVL
JDWKHULQJ RI LQIRUPDWLRBUPXODWLRQ RI D KLHUDUFK\ RI

DQDO\VLV RI LQIRUPDWLRQH[SHUW HYDOXDWLRQV R
LQYHQWLRQ RI LGHDV LGHQWL:FDWLRQ RI GHF
IRUPXODWLRQ RI YDULDQWM[SHUW HYDOXDWLRQV R
FKRLFH RI RSWLPDO YDULDRKRLFH RI WKH GHFLVLR

+LHUDUFKLFDO ORGXOH :

: PL[HG $+3 )X]]\ ORGXOH
,PSOHPHQWDWLRQ RI VHOHMPSBGE PHDUWDQYWRQ RI VH(

UHDOLVDWLRQ SODQQLQJ SRVW DSSOLFDWRU\

UHDOLVDWLRQ SODQQLQJ WKH LPSOHPH

DGMXVWLYH YHUL;FDWLR@HFLVLRQ

DVVHVVPHQW DQG UHFDSLWXG®DWLR® LR SWDHH\WPXHIMWAND
YHUL{FDWLRQ RI GHFLVL
IRUPXODWLRQ RI WKH QH
UHVXOWLQJ IURP DFFRPS

| GHFLVL
LVLRQ D
| GHFLVL
0 DOWHU
)X]1]\ ORC

PHFWHG
QWDWLR

NLRQ
RQ PDNL
[W GHFL
DLVKHG (

SURFHVYV

6RXUFH &RPSLOHG RQ WKH EDVLV RI 6]DUXFENL

S



7KH LPSOHPHQWDWLRQ SKDVH LWHP RI WKH O
IROORZLQJ WKH DSSOLFDWLRQ RHKLWKHOEBBFHWLRW RI
VFRSH RI WKH GLVFXVVHG UHVHDUFK WDVN

5RPDQRZVND Ss FDWHWIR WIDMAVMRW R B B H
PDNLQJ LQ EXVLQHVV RUJDQLVDWLRQV LQWR FRPSHYV
EDUULHUV ,Q WKH PDQDJHULDO SUDEFWLFH HDEK
D VHULRXV LPSHGLPHQW WR WHWKKRULRH RIKBIQHRE S
GHFLVLRQ PDNLQJ SURFHVVHV 7KHUHIRUH ZKHQ D ¢
PHWKRG LV LPSRVVLEOH RU WRR GLVFXOW D QHJDWLF
WKLV SXUSRVH &\IHUWTV S OLVW RI OLPLWD
RUJDQLVDWLRQDO SURFHVVHV FDQ EH HPSOR\HG 7KH
LQ JHQHUDO EXW DV GHFLVLRQ PDNLQJ LV RQH |
PDQDJHPHQW D PRGL{HG YHUVLRQ RI WKH OLVW ZLO
PDNLQJ HQKDQFHPHQW PHWKRG 7KH QHJDWLRQDO D
&\IHUWJV VWDWHPHQWY SURYLGHV DUJXPHQWYV LQ IDY
PHWKRGV $ GHFLVLRQ PDNLQJ PRGL{FDWLRQ RI &\
+ WKH FKRVHQ GHFLVLRQ PDNLQJ PHWKRG GRHV QR

EH GH¢{QHG
+ WKH DSSOLHG PHWKRG GRHV QRW RO @GRIZDVERQ

PDNLQJ HVFLHQF\ WR EH GH¢QHG
+ WKH HPSOR\HG GHFLVLRQ PDNLQJ PHWKRG UHYHL

GHFLVLRQ SUREOHP + IURP VWUDWHJILE JRDOV RI W

RI WKH GHFLVLRQ PDNLQJ SURFHGXUH LWVHOI
+ WKH DSSOLHG GHFLVLRQ PDNLQJ PRHWKHRA HIQRFR FSL

UDWKHU WKDQ WKH HQWLUH GHFLVLRQ KLHUDUFK\
+ WKH FKRVHQ GHFLVLRQ PDNLQJ PHWKRG FRQFHQW

OHYHO RQO\

+ WKH FKRVHQ PHWKRG DOORZV FKDQJHV LQ WKH FUL

PDNLQJ SURFHVV
+ WKH DGRSWHG GHFLVLRQ PDNLQJ PHWKRG IRFXV|

PDNLQJ LQVWHDG RI LWV PDLQ JRDO
+ WKH FKRVHQ GHFLVLRQ PDNLQJ PHWKRG RSWLPL]H\

UDWKHU WKDQ WKH HQWLUH GHFLVLRQ PDNLQJ SU
+ WKH DGRSWHG PHWKRG GRHV QRW FRQWDLQ VHO

%HFDXVH RI WKH PRGXODU VWUXFWXUH RI WKH GH
SURSRVHG FKRLFH RI $+3 DQG IX]]\ ORJLF PHWKRGV
)X]]\ YHUVLRQ GR IXO,0 WKH DERYH UHTXLUHPHQWYV

3LRWURZVNL SsS SURSRVHV D FRPSOH]
DSSURSULDWH GHFLVLRQ PDNLQJ PHWKRG DFFRUGLQ
WR WKH FRPSLOHG GDWDEDVH Rl WKH H[LVWLQJ DSS
RI WKH DSSOLFDWLRQ RI WKH DOJRULWKP RXW RI



RI $+3 ZDV DGYLVHG IRXU DUH RI VWULFWO\ PDQDJF
SURGXFWLRQ HTXLSPHQW DQG RQH LQ WKH ¢HOG RI ¢
RI FKDUDFWHULVWLFV VLPLODU WR PDQDJHPHQW 772
RI D FRPELQHG PHWKRGRORJ\ $+3 7236,6 DQG $+3 352
RI SURGXFWLRQ WHFKQLTXH URW KVKR PHF GH G WL EQGE
PDQDJHPHQW DQG GLUHFWO\ PDQDJHPHRWF R JDH \DX GV
WRJIJHWKHU ZLWK KLV ¢QGLQJV IURP WKH DSSOLFDWL
RI $+3 DQG IX]]\ ORJLF PHWKRGV DV ZHOO DV WKHLU F
HQKDQFHPHQW RI PDQDJHULDO GHFLVLRQ PDNLQJ SU
WKDW WKH FKRLFH Rl UHVHDUFK PHWKRGV IROORZV /
WKH FKRLFH Rl UHVHDUFK PHWKRGV IRU WKH VROXW|
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AXDQWLWDWLYH UHVHDUFK GHVL.

JURP WKH VWDWLVWLFDO SHUVSHFWLYH PDQDJHULD
WUDLWV RI D UDQGRP H[SHULPHQW DV WKH\ FDQ SU
XQGHU DSSDUHQWO\ LGHQWLFDO FRQGLWLRQV 7KH\
VFKHPHVY LQYROYLQJ RQH RU PRUH SDUDPHWHUV ZL
FDOFXODWHG IURP H[SHULPHQWDO GDWD DQG XSRC
PRGHO RI WKH H[SHULPHQWV LV FRUUHAW UM \BDQRU
WKH FRQVWUXFWLRQ RI D GHFLVLRQ PDNLQJ PRGHO
GHFLVLRQ PDNLQJ VKRXOG EH GRQH 6XFK UHVHDUFK
HQWHUSULVHY RSHUDWLQJ LQ 3RODQG LQ WKHLU HYH!
UHJDUG WR WKH XVH Rl WRROV IRU WKH HQKDQFHPHQ

7KH H[SORUDWLRQ RI WKH DERYH LVVXH ZDV DO
UHVHDUFKHUV IHHO VHULRXV FRQFHUQV DERXW ZK
PDQDJHPHQW SUDFWLWLRQHUV LV LQ VRPH ZD\ UR

H[SORLWV WKLV LVVXH ZLWK DQ DQDO\VLV RI ZKlI
PDNLQJ LQ SUDFWLFH LV QRW PHUHO\ VLPSOH DC
H[SUHVVHG E\ SHRSOH SHUFHLYHG LQ WKH VRELHW)
DQRWKHU TXHVWLRQ + KRZ NQRZOHGJHDE OWRRUH PL
IRU WKH HQKDQFHPHQW RI GHFLVLRQ PDNLQJ DQG WR
WKHVH WRROV LQ WKHLU HYHU\GD\ SURIHVVLRQDO G|

,Q WKH SUHVHQWHG UHVHDUFK WKHVH FRQFHU
UHVHDUFK SKDVH ZKLFK LV SHUFHLYHG DV WKH LQ
WDVN H[HFXWHG E\ WKH PDLQ JRDO Rl WKLV PRQRJU
DGGUHVVHG LQ WKLV PRQRJUDSK D QGHWKKHDERYSINDG
WKH TXDQWLWDWLYH UHVHDUFK WR EH OLPLWHG WR
DQG LQWHUQDWLRQDO FDSLWDO RSHUDWLQJ ORFDO

7KH TXDQWLWDWLYH UHVHDUFKR®IORZH @D W HF REDIBXF
+ VWUXFWXUHG VHOI DGPLQLVWHUHG TXHVWLRQQD
+ PL[HG W\SH VDPSOLQJ
$ WHVWLQJ RI K\SRWKHVHV

$ VWUXFWXUHG VHOI DGPLQLVWHUHG TXHVWLRQQI
WKH TXDQWLWDWLYH GDWD RQ WKH SUDFWLFH RI P
7KH SUHGRPLQDQW W\SH RI TXHVWLRQV zZDV RI FO
DQG PXOWLSOH FKRLFH TXHVWLRQV LQTXLULHV RC
JLNHUW W\SH VFDOH LQTXHVWYV $ IHZ RSHQ HQGH(
RSSRUWXQLW\ WR H[SDQG WKH VHW RI DQVZHUV ZLW



7KH TXHVWLRQQDLUH LV RQH RI WZR PHWKRGV FRQ'
UHVHDUFK SKDVH RI LQYHVWLJDWLRQ
*ROGPDQ %RXQGYV S ULJKWO\ REVHUY
JLNHUW W\SH VFDOH LQ TXHVWLRQQDLUHV GLVFRXUL
UHVSRQGHQWY %HLQJ DZDUH RI WKLV FRQFHUQ W
JLNHUW W\SH VFDOH LQ RUGHU WR DVVXUH WR ORZ
JLYH WKH UHVSRQGHQWY DQ RSSRUWXQLW\ WR GLuUH
VFDOHV DOORZ 7KLV FKRLFH LV EDVHG RROWKRIUB UV X
HQRXJK GLUHUHQWLDWLRQ RXWOLHUV ZLOO EH DWW!
LV LQ IDYRXU Rl WKH SRLQW /LNHUW W\SH VFDOH E
LQFUHDVHY PHDVXUHPHQW DFFXUDF\
LV FRQWLQXRXV
LV QRW YHU\ FRPSOH]
JDWKHUV UHVSRQVHYV UHODWLYHO\ IDVW
SURGXFHV GLUHFW QXPHULFDO UHVXOWYV UHDG\
7KH VDPH DXWKRU DOVR TXRWHV WKH UHVXOWV RI
DQ HIWHQW RI WKH SRLQW VFDOH DQG WRR ODUJH
WKH ODWWHU RQH GRHV QRW KB QK DM VPWE& 8 AH'V
UHVXOWLQJ IURP WKH VFDOH VWUXFWXUH +RZHYH!L
WKH SRLQW VFDOH DSSOLFDWLRQ UHODWHG WR WK
VXEMHFWLYLW\ DQG VXSHU¢FLDO FKDUDFWHU '\GXF
-DE4AR VND G6RELHUDM S ZULWH WKDW WKF
UHVHDUFK LV WKH DSSURSULDWH FRPSRVLWLRQ RI W
REVHUYHV WKDW ZLWKRXW GRXEW WKH EHVWKBIHVHI
HQWLUH SRSXODWLRQ ZLWK D UHVHDUFK VDPSOH
+RZHYHU GXH WR WKH KLJK FRVWV QWY ODFINORE L
DQG PDQ\ RWKHU DVSHFWV WKLV LV QRW IHDVLEOH
VL]H QHHG WR EH WDNHQ LQWR DFFRXQW 7KH VDPH Ut
RU HYHQ VLQJXODU LQVWDQFHV SURYLGHG WKH\ DUH
RU QRW WUHDWHG DV D EDVLV IRU JHQHUDOLVDWLR
S VXSSRUW WKLV RSLQLRQ VWDWLQJ WKDW D
WKH LQWHUQDO DQG H[WHUQDO YDOLGLW\ RI D VWXG\
GLUHUHQFHV LQWR VWDWLVWLFDOO\ VLIQL:;FDQW GLu
6LOYHUPDQ S VWDWHY WKDW VDPSOH FRP
TXDQWLWDWLYH UHVHDUFK DUH XVXDOO\ XQUHDEKI
DUJXPHQW LV EDFNHG E\ ODVRQ S ZKR VWD\
VDPSOH FDQ EH FUHDWHG LWV VL]H H[FOXGHV WKF
DQDO\VLV 7KLV REVHUYDWLRQ LV RI EYMNFRID® KH
TXDOLWDWLYH TXDQWLWDWLYH UHVHDUFK PHWKRGRC
7KHUH DUH VHYHUDO IDFWRUV WKDW QHHG WR EH
UHVHDUFK VDPSOH 7KH PRVW LPSRUWDQW RQHV DU|

+H + +H+ +H+ +H



W\SH Rl PRGHO UHVHDUFK TXDQWLWDWLYH RU T)»
W\SH Rl YDULDEOHY FDWHJRULFDO RU FRQWLQXF
VDPSOH VL]H ELJ YV VPDOO VDPSOHYV

VDPSOH FRPSRVLWLRQ LQGHSHQGHQW RU LQWHU
WKUHVKROG PDJQLWXGH = ZKHWKHU H[SDQGLQJ WK
ZLOO VLIQL¢FDQWO\ FKDQJH WKH REWDLQHG UHV X
+ SUREDELOLW\ RI REFXUUHQFH RI K\SRWKHVLV WH\
QX0O0 K\SRWKHVLV W\SH ,, + UHWHQWLRQ RI IDO\
DQVZHU WR WKH ZURQJ TXHVWLRQ UHODWHG WR |

+H +H+ H+ +H+ +H

$00 WKH PHQWLRQHG IDFWRUV DIIHFW WKH Ut
UHSUHVHQWDWLYHQHVYVY 5HVHDUFKHUV DOVR QHI
FRQGXFWHG UHVHDUFK DQG WKH DELOLW\ RU SRVVL
JHQHUDOLVLQJ WKHLU ¢QGLQJY RQWR D ODUJHU SRS
'Q WKHLU GLVFXVVLRQ RQ WKH FKRLFH RI VDPSOL
SRLQW DW WKH QHHG RI GHILQLQJ WKH IRFXV DC
YDOLGLW\ DQG JHQHUDOLVDWLRQ RI UHVHDUFK UHV:
UHVHDUFK VKRXOG EH HPSOR\HG WRJHWKHU ZLW}
UHSUHVHQWDWLYHQHVV RI VDPSOH SRSXODWLRQ :|
LQVLJKW LQWR D VLQJXODU HYHQW WKH TXDOLWEL
IDFLOLWDWH VDPSOLQJ HVFLHQF\ PD[LPLVDWLRQ FD(
-DE4AR VND 6RELHUDM S GLVWLQJXLVK WK
+ SXUSRVLYH VDPSOLQJ + QRQ SUREDELOLVWLF VDP!:
D VLIQL,FDQW OHYHO RI H[SHUWLVH LQ WKH ¢HO
UHVHDUFKHUYV MXGJHPHQW DSSOLHG WR UHVHDU
D VSHFL{F SUHFLVHO\ IRUPXODWHG UHVHDUFK SU
+ UDQGRP VDPSOLQJ + WKH SUREDELOLW)\ RI DQ\ VI
EHLQJ VHOHFWHG LV WKH VDPH DSSOLHG IRU |
SURYLGLQJ LQIRUPDWLRQ DERXW WKH HQWLUH JH¢
+ VQRZEDOO VDPSOLQJ + DQ LQLWLDOO\ FKRVHQ
UHVHDUFK WDVN WR WKHLU DFTXDLQWDQFHV
$ VWUDWL¢HG VDPSOLQJ + WKH WRP BRW XSIRGX OB W DXG
FROOHFWLYHO\ H[KDXVWLYH VWUDWD WRBWLF SUR
VDPSOLQJ LV FRQGXFWHG VHSDUDWHO\ ZLWKLQ HI
LV FRPSRVHG RI WKH VXP Rl VDPSOHV IURP HDFK \
+ TXRWD VDPSOLQJ + D QRQ SUREDELOLVWLFK HUVL
HOHPHQWY VWLOO QHHG WR EH PXWXDOO\ H[FO)
SRSXODWLRQ DUH VHOHFWHG + WKH\ DUH QRW F
VDPSOH VHOHFWLRQ LV DSSOLHG
,Q RUGHU WR DGRSW WKH PRVW HVFLHQW VDPSO
VDPSOLQJ ZLOO EH EULHA\ DQDO\VHG



3DWWRQ VHHVY WKH YDOXH RI SXUSRVLYH VDPSOLC
IRU LQ GHSWK VWXG\ S 7KH FKRLFH RI S
VDPSOLQJ W\SH RI WKLY PHWKRG WR EH PRUH SU
EH MXVWL,HG E\ WKH IDFW WKDW PDQDJHUV ZKR 1|
WKH TXHVWLRQQDLUH DUH SHUFHLYHG DV H[SHUWV L
H[SDQGLQJ WKH JURXS RI UHVSRQGHQW WR® WRI @\KHH
ORUHRYHU LW ZRXOG ELDV WKH UHVXOWV DV LW
H[SHUWLVH LQ PDQDJHULDO GHFLVEZRQ H QNLYGU |H SR
WR SUDFWLFDO H[HFXWLRQ RI PDQRWHLHWD O D DS 8 OG
RI H{TSHUW SXUSRVLYH VDPSOLQJ LV IXUWKHU VXSSR
D OHYHO RI XQFHUWDLQW\ LQKHUHQW LQ PDQDJHU
LQ IDYRXU LV WKH QDWXUH RI WKH UHVHDUFK WDVN
WKDW WKH VDPH PDQDJHULDO GHFLVLRQ PDNLQJ WL
FDQ UHVXOW LQ GLUHUHQW ¢QDO GHFLVLRQV OHDG
GHFLVLRQ PDNHU WKH PDQDJHU LV FUXFLDO IRU W
SUHVHOHFWLRQ RI SRWHQWLDO UHVSRQGHQWYV UHG}
D ORZ OHYHO RI H[SHUWLVH LQ PDQDJHPHQW 2QH F|
LQ IDYRXU Rl WKH FKRLFH Rl WKH VWUDWL¢{HG VDPS

ODUFXV HW DO S GHFODUH WKDW VQRZ
SRSXODU LQ RUJDQLVDWLRQDO UHVHDUFK HVSHFLI
PXOWLVRXUFH VWXGLHV 7KH PHWKRG ZDV GLVFXV
3HQURG HW DO DQG IURP WKH SHUVSHFWL
'KHHOHU HW DO OHWKRGRORJLFDO LPSURYHPH
COWUDWLRQ LVVXH ZKHQ WKH ¢UVW UHVSRQGHQW)\
E\ VHQGLQJ LW WR VHOHFWHG SHRSOH RQO\ ZHUH
HW DO 7KH PHWKRG QHHGV WR EH HPSOR\HG :
RI FRPSRVLQJ WKH LQLWLDO UHVHDUFK VDPSOH DQG
GLVFXVVLRQ RI WKH UHDVRQV FDQ EH IRXQG LQ 0D
OLPLWDWLRQV WKH DXWKRU KDV GHFLGHG WR XVH )
DSSURDFKHV WR UHVHDUFK VDPSOH FRPSRVLWLRQ E}I
UHVSRQGHQWY ZKR ZRXOG QRW EH LQWHUHVWHG L
QRWL¢FDWLRQ IURP WKHLU EXVLQHVV SDUWQHUYV

,Q RUGHU WR UHGXFH WKH ULVN RI VRPUH¥BO E
SHRSOH WHQG WR VRFLDOLVH ZLWK SHRSOH ZLWK VL
HWF  WKDW LV OLNHO\ WR RFFXU ZLWK VQRZEDO
VDPSOLQJ ZHUH DSSOLHG

'LVFEXOW\ RI UHDFKLQJ UHVSRQGHQWYV IURP RWKHU EXVLQHVV
ZDV DOUHDG\ UDLVHG E\ ODUW\QLDN VV WRQRQGH Q&L WHH WW E
SRVHV D JURZLQJ SUREOHP LQ FRQGXFWLQJ VFLHQWL¢(F UHVH



JHUQDQGHV HW DO VWDWH WKDW VWUDWL¢HG |
IDPLO\ DQG FRQVLVWYV LQ GLRIWGYQXGAKRIE MG\ WU HC
VXEJURXSV RU GLITHUHQW VWUDWD 7KH XVH RI VW
WKH HVWLPDWLRQ SUHFLVLRQ WKURXJK WKH PLQLP
VDPSOH FRPSRVLWLRQ DV ZHO OUMF WKHNVE HGXF AR R\Y
WKH HQWLUH JHQHUDO SRSXODWLRQ ZDV QRW GLYLC
IHDWXUHV SULRU WR VHQGLQJ WKH TXHVWLRQQDLUH 7
LQIRUPHG WKDW DOO IXUWKHU UHVSRQGHQWV VKR X
OHYHO ZLWK DW OHDVW RQH \HDU PDQDJHULDO HI[S
WKH UHVHDUFK SURMHFW WKLV LQIRUPDWLRQ ZDV \
WKH LQYLWDWLRQ HPDLO ,W ZDV DOVR DQPOKIGWGF KQ
D SURFHGXUH ZDV WR PDNH VXUH WKDW WKH TXHVWLR
SHUVRQV ZKR PDNH PDQDJHULDO GHFLVLRQV RQ D GD

$QRWKHU IDFHW Rl WKH VWUDWL:,HG VDPSOLQJ PHYV
ZDV WKDW WKH JHQHUDO SRSXODWLRQ RI PDQDJHUV Z
WDFWLFDO DQG VWUDWHJILF +RZHYHU DV WKHUH ZD
QR JHQHUDO FRQFOXVLRQV FRXOG EH GUDZQ RQ WKH
7KH DXWKRU LV DZDUH WKDW WKLV LV RQH RI WKH Ol

6LHJHO S GHILQHY UDQGRP VDPSOLQJ
D VPDOOHU SRSXODWLRQ WKDW KDV EHHQ VHOHFW
D ODUJHU SRSXODWLRQ WKDW LV WRR ODUJH WR D
EH DQ DSSUR[LPDWLRQ RI WKH WUDLWV RI WKH JHC
HQRXJK WR DVVXUH WKH UHVHDUFKHUTV FRPIRUW H\
RQ D ODUJHU SRSXODWLRQ ,Q WKH GLVFXVVHG L
SDUWLDOO\ HQVXUHG E\ WKH FKRLFH RI WKH LQLWLI
UDQGRPO\ WKURXJK PDLOLQJ FRPSDQLHV FKRVHC
DZDUH RI +HFNDWKRUQYV VDB SOKHMWWWRWRR @
TXHVWLRQQDLUH WR D UDQGRP JURXS RI PDQDJHUV

7KH TXRWD VDPSOLQJ LV GHILQHG E\ *VFKZHOQC
FRQYHQLHQW PHWKRG WR JHQ HURDXWHDI) VB 88 BIHD DXV
IUDPH ,Q WKH SUHVHQWHG UHVHDUFK LW ZDV GLVUH
ELDV WKDW ZDV MXGJHG WRR LPSRUWDQW IRU WKH L

3DOLQNDV HW DO S REVHUYH WKDW IRU \
VDPSOLQJ VWUDWHJILHY PD\ EH PRUHZDWXKURISEH Q
GHYHORSPHQWYVY LQ VDPSOLQJ PHWKRGYV

7KHUHIRUH IRU WKH QHHGV Rl WKH SUHVHQWHG UHV
RUGHU WR FRPSRVH DQ DFFHVVLEOH DQG UHSUHVHQ)\
RI VDPSOLQJ PHWKRGV LV D FRPEZBDWML R/® RI C8LQUS
HOHPHQWYVY RI VWUDWL¢HG DQG UDQGRP VDPSOLQJ L

7KH UHVSRQGHQWY WR WKH TXHVWLRQQDLUH ZHUHI
LQWHUQDWLRQDO FRPSDQLHYV RSHUDWLQJ LQ 3RODQC



VHFRQGDU\ TXDQWLWDWLYH UHW BD UF K RR® KRG \F RIP\S
JURXS RI TXHVWLRQQDLUH UHVSRQGHQWYV
7HVWLQJ Rl K\SRWKHVHV ZDV HPSOR\HG WR SHUIRU
DQVZHUV WR WKH TXHVWLRQQDLUH 3LHWHU S
VXSSRVLWLRQ RQ WKH H[LVWHQFH RI D UHODWLRQ
RWKHU SKHQRPHQD RU RQ WKH OLQN EHWZHHQ QR
HVWDEOLVKHG PHDQLQJ 6WDFKDN S SURYL
VFLHQWL¢F K\SRWKHVHV
+ K\SRWKHVHV KDYH WR EH DQVZHUV WR SRVHG UH
$ D K\SRWKHVLV VKRXOG EH DQ XQ DRBEIZIKER XWR B UMH.
UHVHDUFK TXHVWLRQ
+ K\SRWKHVHVY VKRXOG DERYH DOO EH UHODWHG
UHVHDUFKHG IDFWYV
+ HDFK K\SRWKHVLVY KDV WR EH YHHEWO®EOHQN HH
REVHUYHG IDFWYV
 FRQFOXVLRQV UHVXOWLQJ IURP D K\SRWKHVL
NQRZOHGJH RQ UHVHDUFKHG RFEXUUHQFHV
f+ WKHUH KDV WR EH D SUREDELOLW\ WKDW WKH IR
DQVZHU WR WKH TXHVWLRQ LW UHVHDUFKHYV
7KH PHQWLRQHG IHDWXUHV DUH YHULILHG LQ W
7KLV UHVHDUFK PHWKRG LV WDUJHWHG DW ¢QGLQJ
REWDLQHG UHVSRQVHV $QRWKHU JRDO LV WR GUDZ F
GHFLVLRQ PDNLQJ LQ HQWHUSULVHVY RSHUDWLQJ LQ
DPRQJ SULPDU\ TXDQWLWDWLYH UHVHDUFK PHWKRG\
'Q WKH SUHVHQWHG UHVHDUFK WKH TXDQWLWDWL
DV DQ LQWURGXFWRU\ SKDVH DLPLQJ DW EULQJLQJ W
H[LWLQJ LQ WKH PDQDJHULDO GHFLVLRQ PDNLQJ LQ
IURP SURYLGLQJ D FRPSUHKHQVLYH RYHUYLHZ RI WK
JRU WKH SXUSRVHV RI WKH LQWURGXFWRU\ TX
K\SRWKHVHV KDYH EHHQ DGRSWHG
+ 7KH DSSOLFDWLRQ RI PXOWLFULWHULD GHFL\
LQFUHDVHV WKH SUREDELOLW\ Rl WDNLQJ DQ L«
+ 7KH DSSOLFDWLRQ RI PXOW L RFHPHOW FEHFK R GR
QRW LQFUHDVH WKH SUREDELOLW\ Rl WDNLQJ D

, W VKRXOG EH REVHUYHG WKDW K\SRWKHVHV -
TXDQWLWDWLYH UHVHDUFK SKDVH $V VXFK WKH\ DU
TXDQWLWDWLYH SKDVH RI WKH SUHVHQWHG UHVHDL
EHWZHHQ WKH K\SRWKHVHV RI WKH TXDQWLWDWLYH
UHVHDUFK WKHVLVY WRJHWKHU ZLWK LWV JHQHUDO
IRU WKH HQWLUH UHVHDUFK WDVN WUHDWHG LQ WKL



SHVXOWYVY RI WKH TXDQWLWDWLYH UH

9HUPD % XUQHWW DQG +HQU\ SRLQW DW
VDPSOH VL]H RXW Rl ZKLFK WKH IROORZLQJ DSSO\ V
+ VWUDWL,FDWLRQ RI WKH UHVHDUFK WDUJHW JUR>
QDPHO\ WKH SXUSRVLYH H[SHUW VDPSOLQJ QDUUR:
GHFLVLRQ PDNHUV RZLQJ WR VWUDWL¢FDWLRQ WKF
f UHGXFWLRQ RI WKH QRQ UHVSR @HKR QB VWH QRXI@RKH F
RI WKH VXUYH\ SULRU WR LWV GLVWULEXWLRQ 3
VDPSOH VL]H XS WR
f UHGXFWLRQ RI WKH DOSKD OHYHO 7\SH , HUURU WR
f UHGXFWLRQ RI VWDWLVWLFDO SRZHU RI WKH WHV
+ 7\SH ,, HUURU 0DQQ &URXVH WDPWHQWEKPN D U
VWDWLVWLFDO SRZHU RI WKH WHBNWX VWD W \5 DR Y XG
EHWD OHYHO EHWZHHQ DQG
%DVLQJ RQ WKH DERYH VRPH DVVXPSWLRQV Z
D UHSUHVHQWDWLYH VDPSOH VL]H 7KHVH LQFOXGH
&HQWUDO 5HJLVWUDWLRQ DQG ,QIRUPDWLRQ RQ %.
FRPSDQLHV WKDW DUH VXEMHFW WR WKH 3ROLVK FR
7KHUHIRUH DW DQ DVVXPHG HUURU PDUJLQ D
OHYHO WKH UHTXLUHG VDPSOH VL]H WRRHYG WD PRV
DOUHDG\ PHQWLRQHG WKH TXDQWLWDWLYH UHVHD
D ODUJHU UHVHDUFK WDVN ,W DLPV RQO\ DWQSJURYLG
SDWWHUQ RI WKH 3ROLVK PDQDNKN\LVXXWKRD VST L
QRQ DSSOLFDWLRQ RI WRROV IRU GHFLVLRQ PDNL!
DPELWLRQV WR SURYLGH JURXQGV IRU JHQHUDOLVD
SRSXODWLRQ RU DQDO\VLQJ WKLV LVVXH LQ GHWDL
'XH WR WKH LQWURGXFWRU\ QDWXUH RI WKH TXDQ
RI PL[HG W\SH VDPSOLQJ PHWKRG DQG WKH SRVVLELO
SUHVHQWHG HDUOLHU D UHGXFWLRQ RI WKH LQLW
VHHPV SRVVLEOH 7KH DGRSWHG HUURU PDUJLQ F
ZHUH QRW JHQHUDOLVHG RQ WKH HQWLUH SRSXODWL
FRYHUHG RQO\ DFWLYH PDQDJHUV RI WDFWLFDO DQ

EH DGRSWHG DW D YHU\ KLJK OHYHO RI + WKLV L
WKDW SUHVXPDEO\ SRVVHVVHVY WKH FKDUDFWHULVW
UHPDLQLQJ DUH SHUFHLYHG DV SDUW RI UHVSRQG

ODFN WKH FRPSHWHQFH LQ PDQDJHULDO GHFLVLRC
H[SHULHQFH 7KH SRZHU RI WKH WHVW FRXOG WKHQ

&DOFXODWHG RQOLQH ZLWK 1DXNRZLHF RUJ $FFHVVHG oODU
KWPO!



HUURU PDUJLQ D IUDFWLRQ VL]H DQG FRQ
VDPSOH RI  UHVSRQGHQWV WXUQHG RXW WR EH VDW
WKH LQOWURGXFWRU\ TXDQWLWDWLYH UHVHDUFK SKEC
RI WKHVH REVHUYDWLRQV RQWR WKH JHQHUDO SRSX

$IWHU DQ LQLWLDO WHOHSKRQH DQQRXQFWPHQW
YHUEDO DJUHHPHQW WKH TXHVWLRQQDLUHV ZHUH V¢t
LQ WKH FRPSDQLHV RSHUDWLQJ LQ 3ROBWB OV ) W
TXHVWLRQQDLUHV ZKLFK FRQVWLWXWHY DQ DFFHSW

7KH SUDFWLFDO DSSOLFDWLRQ RI PL[HG W\SH VDPS
OLPLWDWLRQ RI WKH JURXS RI UHVSRQGHQWYV WR PDC
DV PDQDJHULDO GHFLVLRQ PDNLQJ H[SHUWV SXUSRV
ZKR DJUHHG WR DQVZHU WKH TXHVWLRQQDLUH Z
TXHVWLRQQDLUH WR RWKHU GHFLVLRQ PDNHUV 7KL
DQG KLJKHU OHYHO PDQDJHUV IL\WK HGHR WXKHMHQY DP® GG YIS
WKDW LV WR VLPLODU OHYHO PDQDJHUV LQ RWKHU
VDPH UHVSRQGHQWY DJUHHG WR VHQG OLQNV WR
H[HFXWLYHV DPRQJ WKHLU EXVLQHVV SDUWQHUV
DFFRXQWHG IRU WKH VQRZEDOO VDPSOLQJ SDUW RI W
VDPSOLQJ WHFKQLTXHV ZHUH HQVXUHG E\ UHFUXL\
PDQDJHULDO VWUDWXP RI FRPSDQ\ HPSOR\HHV RQ
RFFXSLHG PDQDJHULDO OHYHO VWUDWLILHG VDF
RSHUDQGL FRQVLVWHG LQ VWUDWL¢FDWLRQ DFWL
HPSOR\HG WR FROOHFW WKH UHVHDUFK VDPSOH 7KH
OLQN WR WKH TXHVWLRQQDLUH WR RWKHU PDQDJHU
WKHLU FKRLFH Rl VQRZEDOO UHVSRQGHQWYV LQ DQ\ .

7KH UHFUXLWHG UHVSRQGHQWY ZHUH PDQDJHPHQ
DQG LQWHUQDWLRQDO FRPSDQLHV RSHUDWLQJ LQ
IHPDOH DQG WZHQW\ HLJKW SHUVRQV PDOH
FRPSRVLWLRQ Rl WKH UHVHDUFK VDPSOH GLG QRW
¢HOG WR H[SORUH LQ VHSDUDWH UHVHDUFK

*1) Youare a:

Response (%) Responses
20.00 7
B0.00 28

woman

| I\

man
Answeraed Question 38

Skipped Question 0

JLIXUH *HQGHU FRPSRVLWLRQ RI WKH TXDQWLWDW I
6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF

7KH ODUJHVW SDUW RI WKH UHVSRQGHQWYV W
DQG \HDUV RI DJH VL[ SHUVRQV ZHUH E



WKUHH SHUVRQV ZHUH RYHU DQG WKH VDPH
EHWZHHQ DQG 6XFK UHVXOWYV )LJIJXUH VXJJIH
IURP DFWLYH SURIHVVLRQDOV ZKLFK VWUHQJWKHQ
RI WKH DQDO\VLV Rl PDQDJHULDO GHFLVLRQ PDNLQ.
IRU GHFLVLRQ PDNLQJ HQKDQFHPHQW

"2} How old are you?
Response (%) Responses
younger than 25 0.00 0
857 3
65.71 23

26-35
G645
17.14 B

857 3

Answered Question 35

46-55

older than 55

Shipped Question 0

JLIXUH $JH VSDQ RI WKH UHVSRQGHQWY WR WKH TXD
6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF

$V )LIXUH LQGLFDWHY DOO WLK\MH GHVYBSRB GHQR\

WZR SHUVRQV ZLWK ILVW F\FOH XQLYHUVL)\

WZHQW\ WZR SHUVRQV VHFRQG F\FOH XQLYH!

D ODUJH QXPEHU RI HOHYHQ SHUVRQV WKLUG |

VFLHQWL¢{F WLWOH RI GRFWRU 3K ' RU KLJKHU 6XFF

DSSUHFLDWH DFDGHPLF VHOI GHYHORSPHQW FRXOG E
*3) What is your education?

Response (%) Responses

primary 0.00 0

basle vocational 0.00 1]
technical secondary 0.00 1]
upper secondary 0.00 0
University first cycle (Bachelor, Englneer) 57 2
University second cycle (Master) 62,86 22
University third cycle (Ph.D. or higher) 3143 1
Answered Question 35
Skipped Quesfion 1]
JLIXUH (GXFDWLRQ OHYHO RI WKH UHVSRQGHQWY WR
6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF
ORVW UHVSRQGHQWYV WZHQW\ VL[ SHUVRQV ¢
RYHU LQKDELWDQWYV WKUH® SHUVRQG L
LOQKDELWDQWYV WZR SHUVRQV LQ D VPDO
DQG IRXU SHUVRQV GHFODUHG WKHPVHOYHYV

7KH ODVW FDWHJRU\ FDQ EH PLVOHDGLQJ DV DC
DUH OHDYLQJ ELJ FLWLHV IRU WKWKWHW PRWVWH WKH DQ)H Lt
PHWURSROLVY RU D ELJ FLW\ UHPDLQV WKH FHQWUH F



4} You live:

Response (%) Responses

countryside —_— 11.43 4
small city {up to 50000 inhabitants) fa— 571 2
medium city {50.000 to 150000 inhabitanis) 0.00 (]
Big ety (150004 1o 500.000 inhabitants) = 857 3
metrapolis (above 500.000 inhabitants) _— 74.29 26
Answered Question 35

Skipped Question ]

JLIXUH 30DFH RI UHVLGHQFH RI WKH UHVSRQGHQWYV WHFK

6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF

7KH DQDO\VLV RI WKH VL]H Rl WKH FRPSDQ\ HPSOR
WR SDUWLFLSDWH LQ WKH TXDQWLWDWLYH UHVHDU
WKHP WZHQW\ WZR SHUVRQV ZRUNHG IRU [
DYHUDJH \HDUO\ QXPEHU RI HPSOR\HHV LQ SDVW V
\HDUO\ QHW WXUQRYHU DW WKH HQG RI RQH RI WKHYV
LQ 3/1 + RU WRWDO DVVHWY DW WKH HQG RI RQH
HTXLYDOHQW LQ 3/1 VL[ SHUVRQV RI WKH UHVS
HQWHUSULVH DYHUDJH \HDUO\ QXPEHU RIZHPSOR\H|
SHUVRQV \HDUO\ QHW WXUQRYHU DW WKH HQG RI F
HTXLYDOHQW LQ 3/1 + RU WRWDO DVVHWYV DW WKH I
Y, + RU HTXLYDOHQW LQ 3/1 NH@ KQHWPDOWDVSR QW
DYHUDJH \HDUO\ QXPEHU RI HP DOR\EHORD S BHW \
\HDUO\ QHW WXUQRYHU RU WRWDO DVVHWY DW WKH |
RU HTXLYDOHQW LQ 3/1 DQG IRXU SHUVRQV LQ
QXPEHU RI HPSOR\HHV LQ SDVW WZR ¢(VFDO \HDUV EH«
WRWDO DVVHWY DW WKH HQG RI RQH RI WKHVH WZR
7KH GH¢;QLWLRQV RI W\SHV RI HQWHUSULVHV ZHUH
SHFRPPHQGDWLRQ RI 0D\ FRQFHUQLQJ WKH G
PHGLXP VL]JHG HQWHUSULVHV (XURSHDQ &RPPLVVLR

*5) Your workplace is: (according to the definitions below) microenterprise — average yeary number of employess in past two fiscal years
below 10 persons, yearly net lurmover or total assets al the end of one of these two years below 2 m € (or equivalent in PLN); small
enterprise — average yeary number of employees in past two fiscal years below 60 persons, yearly net turnower or total assets at the end of
one of these twe years below 10 m € (or equivalent in PLN); medium enterprise — average yearly number of employees in past two fiscal
years below 250 persons, yearly net tumaover at the end of one of these two years below 50 m € (or equivalent in PLN) or total assets at the
end of one of thase two years balow 43 m € (or equivalent in PLN), big entarprise - other.

Response (%) Responses

microenierprise — 11.43 4
smizll enterprise [ B.57 3
medium enterprise [ 17.14 6
big enterprise _— 62.86 22
Answered Question 35
Skipped Question a

JLIXUH 6L]H RI FRPSDQLHY PDQDJHG E\ WKH UHVSRQGHQW

6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF



RI WKH SDUWLFLSDQWY LQ WKH VWXG\ SU
VWUDWHILF KLJKHU OHYHO PDQDJHUV H J &KLHI ([H
*HQHUDO 'LUHFWRU HWF ZKHUHDV VHYHQ SHL
PDQDJHUV HJ +HDG RI '"'HSDUWPHQW DQG \Y
ORZHU OHYHO PDQDJHUV H J 7THDP ODQDJHU TKH .
JLIXUH EHORZ

*6) At which managerial level in your organization is your work post situated

Response (%)  Responses
functional (lower) - e.g. Team Manager p———— 1T.14 i}

aperational {medium) — e.g. Head of
I | 7
Department 20,00

strategic {(higher} — e.g. Chief Executive
Officer, Chairman of the Board, General —_— 6236 22

Director
Answered Cuestion 35

Skipped Question i}

J)LIXUH ODQDJHULDO OHYHO RFFXSLHG E\ WKH UHVSRQGHC(
6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF

AXLWH LQWHUHVWLQJ UHVXOWYV KDYH BHMOQQRE W
IDFWRUV Rl SURIHVVLRQDO GHFLVLRQ PDNLQJ KDE
RYHUZKHOPLQJ PDMRULW\ RI DJUHHG WKDW WK
RQ WKH EDVLV RI WKHLU RZQ DQB ®\WWRE@RWVWGE \V V
SRSXODU GHFLVLRQ PDNLQJ SDWWHUQ ZDV GHFLVLF
LQGLFDWLRQV DOWKRXJK LQ WKH JHQHUDO SLFW X
JDYH WKLWUDBWRWHQ WKRXJK WKH RSLOIRRISV DU K
UDQNV RI LQWXLWLRQYV LPSRUWDQFH LQ PDQDJHULL
RI WKH VHOI FRQ¢:GHQFH Rl WKH LQWHUYLHZHG GHFL)\
HIWHQW WKLV VHOI FRQ¢GHQFH LV VXEVWDQWLDWHC

RI WKH UHVSRQGHQWY SRLQWHG DW DYDLODE
LQVWLWXWLRRWWONVPERHWDQW GULYHU RI WKHLU PDC
GHFODUHG WKDW WKHLU RZQ LQWXLWLRQ FDPH

QR FRQVHQWfG/URQLWEHDFWRU $Q HTXDO QXPEHU RI
FDVH SRLQWHG DW DYDLODEOH UHSRUWV RI H[WH.L
D KLJKHU QXPEHU RI UHYV SR REHDIDY. G RIZOWLHG!
GHFOMEHG DQG VXJJHVWLRQV JLYHQ E\ VXERUGL
GLG QRW DSSHDU LQ KLJKHU UDQN WS CSCRAH. W PR Q\
WKH GULYLQJ IDFWRUV RI PDQDJHULDO GHFLVLRQ
PDQDJHUV :KHQ DQDO\VHG IURP WKH PDMRULW\ R
UDQN DGOSRV MVRLRQ $ GLVWDQWKEBIQRU H I\D DW \8 B V|
VROXWLRQV VXJIJHVWHG E\ DQ\ WRRO IRU WKH HQKD
IHYHUWKHOHVV DQ HYHQ ELJJHU QXPEHU RI UHVS
DV OHDVW LPSRUWDQW ZLWK UDQN KHOG H[ DHTXF



*7) What are the driving factors of your decision-making at work? Grade the answers from most to least influential {drag & drop).

1 2 3 4 3 G Z Responses | Total
allable repe g b naly e q

;:_‘:i;::;r:_"w R TR AT 2R o 2.86%  14.79% 22.86% 17.14% | 20.00% 17.14% 5.71% 35 1%

it 5

a demccratically reached common position of my 5 T e Ee— s | Eraae | rmoes % _—

b - y . . 14 % . 3

my own analytical assessment 77.14%  11.43% 5.71% 2. 86%n 2.86040 0% 0% 35 14%

a solution suggested by a tnol for enhancement. of 8.57% 14.29% | 5.71% 5.71% ) 20005  37.14% 35 14%

decision-making processes = - o e & o wETa | T J

the opinion of my suparior 5.71% 14.29%  14.29% 14.29% | 11.43% 14.29% 25.71% 35 1454

my own intultion 056 20.00% | 20,00%  28.57% | 20.00% 5.710 5.710% 35 1404

suggestions of my employess 0% B.57% 11.43% | 228606 | 20.00% @ 25.71% 11.43% 35 140
J)LIXUH 'ULYLQJ IDFWRUV RI PDQDJHULDO GHFLVLRQ PDNLQ.

UHVHDUFK VWDJH
6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF

7KH DERYH UHVXOWYV VKRZ QRW D YHSORIHBWE W L
FRPSDQLHV RSHUDWLQJ LQ 3RODQG LQ WKH RSLQLRQ
VXSSRUW ERGLHV 7KH WHQGHQF\ WR HPSOR\ VF
Rl GHFLVLRQ PDNLQJ LQ D PDQDJHUYV GDLO\ URXW
LV IXUWKHU VWUHQJWKHQHG E\ WKH ZLOOLQJQHV)
GHFLVLRQ PDNLQJ SURFHVVHV E\ WKH TXHVWLRQH
WKH TXHVWLRQHG PDQDJHUV PRVWO\ WHQG WR UHO
DQG LQWXLWLRQ UDWKHU WKDQ RQ SURIHVVLRQDO
'HPRFUDWLF GHFLVLRQ PDNLQJ LV QRW D FRPPRQ [
WKRXJK LW ZDV¢SHUWHKHYHBQM.QJ EXW RQO\ E\ R

“B) How often do you employ tools for enhancement of decision-making processes?

Response (%) Responses

never — 1.43 4
hardly ever . 2286 8
somelimes — 3420 12
in hatf of the cases f— 571 2
often —_— 20,00 7
almast ahways - 571 2
always 0.00 il
Answered Question 35

Skipped Question ]

YLIXUH 'LOOLQJQHVV WR DSSO\ WRROV IRU HQKDQFHPHQW

WKH UHVSRQGHQWYVY WR WKH TXDQWLWDWLYH UHV
6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF

‘KHQ DVNHG DERXW WKHLU ZLOOLQJQHVV WR DS
WRROV IRU WKH HQKDQFHPHQW RI GHFLVLRQ PDNLQJ
ZKLFK FRUUHVSRQGY WR WZHQW)\ IRXU SHU\
SUR¢{WHG IURP VXFK D GHFLVLRQ PDNLQJ DLG )LJX



QRW XVH DQ\ WRROV DW DOO SHUVRQV KDUCG
WZHOYH SHUVRQV XVHG WKHP VRPHWIHGHW KH K \PD
KDOI Rl WKH FDVHV ZKHUHDYV VHYHQ SHUVRQV
WZR PDQDJHUV GHFODUHG WKH DSSOLFDWLRQ
PRVW RI WKH FDVHV + DOPRVW DOZD\V KRZHYHU QF
VXSSRUW LQ HYHU\ GHFLVLRQ 7KH IDFW WKDW W
HPSOR\ VXSSRUW WRROV LQ WKHLU SURIHVVLRQDO ¢
RI SDUWLFXODU GULYLQJ IDFWRUV RI PDQDJHULDO G
YLIXUH H[SORUHV WKH LVVXH IXUWKHU E\ VKRZL
WRROV DUH IDYRXUHG E\ PDQDJHUV ZKR GHFODUH
UHVSRQGHQWYV FRQ¢UPHG WKDW WKH\ GLG QR\
PDNLQJ SURFHVVHV ZKLFK SURYHV WKDW KDOI |
GHFODUHG KDUGO\ HYHU DSSO\LQJ WKHP )LJXUH
WXUQ DGGLWLRQDOO\ FRQ,UPV WKH VWDWHPHQW D
UHIHUULQJ WR DQ\ GHFLVLRQ PDNLQJ VXSSRUW WRR

*4) What dacision-making anhancemant tools do you use? (you can check more than one answar )

Response (%) Responses
| dhon't use any lools supporting decision- EEE—
- 1778 [:]
making processes E—
| employ quantitative tools, based on
siatistical data (e.g. Statistica, MaiLab, SPSS, S 25.56 16
Big Drata Analysis, prognostic models, etc.)
| employ qualitative tools, based on gualitative
criteria (2.0, SWOT, SPAGE, Force Fleld e rTe 17
Analysis, scenario methods, ele.)
| emplay mixed qualitative-guantitative
multicritena tools (e.g. Analytic Hierarchy
Process, Analytic Network Process, Fuzzy —
) 8. 4
Sets, Fuzzy Logic, Artificial Neural Metwarks, — o4
ELECTRE, PROMETHEE, TOPSIS,
BIFDLAR, verbal methods, ete. )
Answered Question 35
Skipped Question [4]
YLIXUH 7\SHV Rl GHFLVLRQ PDNLQJ HQKDQFHPHQW WRR

WR WKH TXDQWLWDWLYH UHVHDUFK VWDJH
6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF

7KRVH ZKR GR HPSOR\ VXSSRUW LQ WKHLU GHFL)
TXDOLWDWLYH DQG TXDQWLWDWLYH WRROV 7KH
GHWHUPLQDQWYVY RI WKH GHFLVLRQ SUREOHP Q@&WK V.
$QDO\VLY VFHQDULR PHWKRGY DQG RWKHUV JDLQHG
VHYHQWHHQ SHUVRQV 4XDQWLWDWLYH WRROV H .
'DWD $QDO\VLVY SURJQRVWLF PRGHOV HWF IRXQ:
PDQDJHUV VL[WHHQ SHUVRQV 2IUWHG EHQIRXWLRH
PL[HG TXDOLWDWLYH TXDQWLWDWLYH PXOWLFULWHU!I
$QDOVWLF 1HWZRUN 3URFHVV IX]]\ VHWV 1X]]\ OF



(/(&75( 3520(7+(( 7236,6 %,32/$5 YHUEDO DQG RWKH
PDNLQJ PHWKRGYV

,Q TXHVWLRQ RI WKH VXUYH\ WKH UHVSRQG
SUHIHUHQFH IURP )LJXUH 7KH REWDLQHG VWD
VXE TXHVWLRQV

, KDW VSHFL¢F LQVWUXPHQWY GR \RX HPSOR\ L

., J)RU ZKDW SUHFLVHO\ GR \RX HPSOR\ GHFLVLRC

,,, *HQHUDO H[SODQDWRU\ UHPDUNYV

7KH UHVSRQVHV WR VXE TXHVWLRQ , ZHUH DQD
RWKHU VRXUFHV REMHFWLYH GDWDLBH JUH QH@¥H D BF
SUR¢WDELOLW\ UHYHQXH SHU HPSQRAHHH SRRWM Y D/
FRVWY DQG UHYHQXH LQ WKH HQWLUH SURMHEW L
QHFHVVDU\ UHVRXUFHV IRUHFDVWVY RI FRVWV UH"
DQDO\VLY DQG VWDWLVWLFDO WRROV VRPHWLPHV IR
06 ([FHO FDOFXODWLRQV RU 6:27 DQDO\VLV IRU GHF
FRPPHUFLDOLVDWLRQ Rl WHFKQRORJLHVUDNWDWV
DQDO\VLY DW WDFWLFDO PDQDJHULDO OHYHO VWD
VWUDWHJILHY , EDVH P\ SUREOHP DQDO\VLV RQ TXD
DQG XVH WKHP DV VXSSOHPHQWDU\ PDWHULDO IRU
GHFLVLRQ RU DQDO\VH WKHP P\VHOI ZLWK UHJDUCG
3HUIRUPDQFH ,QGLFDWRUV VXFK DV 5HWXUQ RQ ,QYHV
5DWH VWDWLVWLFDO FRKRUWV &XVWRPHU /LIHWLPF
GDWD DQDO\VLV 6:27 DQG VFHQDULR PHWKRGV DW

7KH UHVSRQVHVY WR VXE TXHVWLRQ ,, DQEDO\VLV R
WHFKQRORJLFDO DQG LQYHVWPHQW (HOGV
7KH UHVSRQVHVY WR VXE TXHVWLRQ ,,, JHQHUDO U

IXOO\ UHAHFWV WKH HQYLURQPHQWS YV FRPSOH[LW\
DQG TXDQWLWDWLYH GDWD KHROGW VOM®D W R URJGIHF YW R E
DGYDQFHG GHFLVLRQ PDNLQJ WRROV DUH HPSOR\
PLQH DW VWUDWHJILF PDQDJHULDO OHYHO WKH DC
EH GHVFULEHG DQG OLPLWHG WR W\SLFDO GHFLV
SUREOHP GHWHUPLQHY WKH TXHVWLRQ WKDW QHHG
GHFLVLRQ PDNLQJ PHWKRG + DV LQ VFLHQWL¢F UHV
D VXJJHVWLRQ DQG DUH FRPSOHPHQWDU\ WR PRUH F

7KH DERYH DGGLWLRQDO FRPPHQWY SRLQW DW VHY
DQG VFHQDULR PHWKRGYV DUH TXLWH UHFRJQLVHG E\ L
VLPSOLFLW\ DQG ORZ WLPH FRQVXPLQJ DSSOLFDWLRC
WKH\ DUH FRYHUHG E\ HFRQRPLF HGXFDWLRQ SURJUD
RI WKH PHWKRGV VHHPV WR JURZ ZLWK LQFUHDVLQJ \
WHUPV VLPSOH PDQDJHULDO WDVNV GR QRW IRUFH G
2Q WKH RWKHU KDQG ZLWK JURZLQJ FRPSOH[LW\ RU



WKH QHFHVVLW\ RI HPSOR\LQJ GHFLVLRQ PDNLQJ VX
7KLUGO\ PDQDJHUV VHHP WR VHH WKH YDOXH LQ F|
DQEQDO\WLV RI GHFLVLRQ SUREOHPV ZKLFK SRLQWYV
PLIHG WRROV WKDW VXSSRUW FRPSOH[ GHFLVLRQ PD
7KH GDWD RQ WKH PDQDJHUVY DVVHVVPHQW RI '
D FDXVH IRU FRQFHUQ )LJXUH VKRZVY WKDW D YD\
ZLWK WKH DFFXUDF\ RI WKHLU GHFLVLRQ PDNLQJ D
WR WKLUW\ WZR SHUVRQV 2QO\ WZR PDQDJHUV
DERXW WKH UHVXOWY DQG RQH VWDWHG VDWL)

11} How often are you satisfied with the accuracy of your managerial decisions?

Response (%)  Responses

never 0.00 0
hardly ever 0.00 o
sormetimes —_ 571 2
in haif of the cases - 286 i
often T — 52,86 22
almost always I— 28.57 10
ahways D.00 o
Answered Question 35

Skipped Question o

JLIXUH 6DWLVIDFWLRQ RI WKH UHVSRQGHQWYV WR WK

I[IURP WDNHQ PDQDJHULDO GHFLVLRQV
6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF

$W WKH VDPH WLPH D VOLJKW PDMRULW\
SHUVRQV EXW VWLOO D PDMRULW\ Rl UHVSRQGHQWYV |
WRROV IRU WKH HQKDQFHPHQW RI GHFLVLRQ PDNLC
PDQDJHULDO GHFLVLRQV )LJXUH IRXUWHHQ S

*12) State how much you agrae with the following statement: "requiar application of scientific tools for enhancement of decision-making
processes raises the accuracy of managenal decisions”:

Response (%) Responses
| totally disagree Q.00 0

| mostly disagree ] 2.86
| rather disagree - 5.71 z
| agree partially _— 3714 13
| rather agree I —— 40.00 14
| mostly agree — 1143 4
| fully agree ] 288
Answered Question 35
Skipped Question )
YJLIXUH 2SLQLRQ RI WKH TXHVWLRQHG PDQDJHUV RQ WKH UF

PDNLQJ WRROV DQG DFFXUDF\ RI ¢QDO GHFLVLR
6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF



SHUVRQV PRVWO\ DJUHH DQG RQH SHUVRQ [X¢
LPSRUWDQW WR QRWLFH WKDW TXHVWLRQ 1R yLJ:
YJLIXUH RI WKH VXUYH\ DUH NH\ TXHVWLRQV RI W
LV EHFDXVH WKH\ ERWK DUH G LWLHF W OR IDW K R FTLODAQH/
UHVHDUFK VWDJH WKH DSSOLFDWLRQ RI PXOWLFULW#
LQFUHDVHY WKH SUREDELOLW\ RI WDNLQJ DQ LQWH.
6WDEKDN{V S FRQGLWLRQ RI UHVHDUFK K\SRYV

7KH SRVW IDFWXP SHUFHSWLRQ Rl WKH UHVXOWV
UHJDUG WR GHFLVLRQV WKDW ILQDOO\ SURYHG WR
UHVSRQGHQWY WR WKH TXDQWLWDWLYH UHVHDUFK \
FRQIHVVHG WR RIWHQ WDNLQJ ZURQJ GHFLVLRQV
WKHP VRPHWLPHYV WZHQW\ IRXU SHUVRQV DQG k

$ VLPLODU QXPEHU GHFODUHG SRVW IDFWXP VDWL
PDNLQJ ZLWK UHJDUG WR QRQ RSWLPDO GHFLVLRC

*13) How often do you happen to make & decision, which after some time proves 1o be wrong?
Response () Responses
never 0.00 0

hardly ever [ 2857 10
sometimes —_—— 68.57 24
in half of the cases 0.00 v}
often ] 286
almost always 0.00 0
always 0,00 1]
Answered Question 35
Skipped Question ]
JLIXUH 3RVW IDFWXP SHUFHSWLRQ RI WKH UHVXOWYV RI GHF

WLWDWLYH UHVHDUFK VWDJH *+ FRPSOHWHO\ ZURQ
6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF

*18) How often do you happen to make a decision, which after some time proves to be less accurate than other decision alternatives
that you took into account at the time of making the decision?

Response (%)  Resy

never 0.00 0

hardly ever [ 22.86 B

sormelimes B e 7428 26

in haif of ihe cases 0.00 0
often -] 2.86

almost atways 0.00 1]

always 0.00 [v]

Answered Cuestion 35

Skipped Question il

JLIXUH 3RVW IDFWXP SHUFHSWLRQ RI WKH UHVXOWYV RI GHF

WLWDWLYH UHVHDUFK VWDJH £+ QRQ RSWLPDO GH
6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF



PDQDJHUV GHFODUHG WKDW VRKHDWHPEHNHD) FPHW W |
HLIKW SHUVRQV VDZ WKLV RSQWOR® @H XHDW\G
FRQIHVVHG WKDW RIWHQ RAL\RKRWLKRHDW GHEFHVH R

DUH YHU\ VLPLODU WR WKRVH VURPIJKLEFERQN LV W HAKH

UHVSRQGHQWVY DQVZHUV DQG D KLJK OHYHO RI FRQy¢

PDNLQJ SDWWHUQV DW OHDVW LQ WKHLU GHFODUDYV

+LJK VDWLVIDFWLRQ ZLWK WKHLU GHFLVLRQ PDN

LV IROORZHG E\ WKHLU GHFODUDWLRQ DERXW WKH

GHFLVLRQ FULWHULD LQWR PDQDJHULDO GHFLVLRQ
QHIJDWHG WKH EHQHILWY RI PXOWLFULWHULI

VXSSRUWHG WKLV VWDWHPHQW =+ HLIJKW SHUV

WR D ODUJHU HI WHQW UDWKHU DJUHH QLQH St

SHUVRQV [IXO0OO\ DJUHH $OWRJHWKHU WKH VXSSRU\

UHDFKHYVY DQ RXWVWDQGLQJ WKLUW\ IRXU RXW

JLIXUH OXOWLSOH FULWHULD DQDO\VLY DQG WKH DFFXUDF\
GHQWY WR WKH TXDQWLWDWLYH UHVHDUFK VW
6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF

JLIXUH 4XDOLWDWLYH TXDQWLWDWLYH FULWHULD DQDO\VL)\
H\HV RI UHVSRQGHQWYVY WR WKH TXDQWLWDWLYH Ul
6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYF



ORVW PDQDJHUV ZKLFK FRUUHVSRQGV WR '
WKH TXDOLWDWLYH TXDQWLWDWLYH FULWHULD DQ
PDQDJHULDO GHFLVLRQV )LJXUH 2QH SHUVRQ
UDWKHU LUUHOHYDQW WKUHH DV SDUWO\ UH¢
WZHOYH DV UHOHYDQW DQG HLJKW DV F

JLIXUHYV DQG VKRZ D GLVFQHSDOQF WRHXWZH 6@
VXSSRUW WRROV H[SHFWHG UHVXOWV Rl WKHLU DS¢
ZLWK WKH DFFXUDF\ Rl WDNHQ GHFLVLRQV 2QH RI "
H[SODQDWRU\ UHPDUNV DERYH LV OLPLWHG NQRZOF
PDNLQJ WRROV RU WKHLU GLVFXOW DSSOLFDELOLW\

$Q DGGLWLRQDO LQTXLU\ DERXW GHFLVLRQ PD
VXSSRUW WRROV ZDV LQFRUSRUDWHG LQWR WKH T
WKH NH\ IHDWXUHV WKDW ZRXOG LQFUHDVH WKHLU
WRROV LQFOXGH WKH HDVH DQG VSHHG RI DSSOLF!
GHFLVLRQ PDNHUfV LQGXVWU\ VLPSOLFLW\ KLJK F
GHFLVLRQ PDNLQJ DQG D GDWD DQDO\VLV PRGXOH
RI WKH FRPSDQ\ WDLORU PDGH FOHDU DQG HDV\ L
VKRUW SUHVHQWDWLRQ RI UHVXOWV HNVEHHRRR K ZRK
LQ SUDFWLFH LQFOXVLRQ RI TXDOLWDWLYH DQG T
FRPSDULVRQ RSWLRQV IDVW GDWD LQWHUSUHWDW
LQ WKH FRPSDQ\ 6$3 06 2vFH RWKHUV PXOWLFUL)
LVVXHV LQFOXVLRQ RI D GDWDEDVH RI FULWHULD E
RI GDWD FROOHFWLRQ SRVVLELOLW\ RI YHUL¢{FDWLF
WUDQVSDUHQF\

OHHWLQJ DOO WKH DERYH H[SHFWDWLRQV FRPSU
GHFLVLRQ PDNLQJ HQKDQFHPHQW LV GLIILFXOW
IUDPHZRUN RI WKH SURSRVHG ORGXODU OXOWLFUL
ORGHO 0080%$'(00 IRU WKH HQKDQFHPHQW RI PDQ
SURFHVVHV LV VXFK DQ DWWHPSW RZLQJ WR LWV MR

$Q DQDO\VLV Rl WKH DQVZHUV REWDLQHG LQ WKF
LQ EHORZ

$QDO\WLY DQG LQWHUSUHWDWLRQ RI TXDC

'LHWULFK 6FKXO]H SS GH¢{¢QH GHVFULS
cHOG WKDW DLPV DW SURYLGLQJ JHQHUDOLVDWLRQV
DQDO\WLFDO VWDWLVWLFV FRSHEV /WKH RXYWHBIYWK C
WKH JHQHUDO SRSXODWLRQ + WKH DO PERK ROV J0OHV U]
ZKHQHYHU UHVXOWY FDQQRW EH RIWHQ DQG SUHFL
UHSHDWDELOLW\ FDQ UHVXOW IURP XQFRQWUROOHC
LPSDFWV FDXVH GLVSHUVLRQ RI DQDO\WHG VWDWLVW



7KH VWDWLVWLFDO LQIHUHQFH RI D UDQGRP VDP
LQGLUHFW LQIHUHQFH )RU HDFK PHDINKGW GV RQBH
GHWHUPLQHG 7KLV PHDQV WKDW WKH BIOR® JAD O/RHWE
FRQ:{GHQFH LQWHUYDO DW D JLYHQ SUREDELOLW)\ O

7KH DQDO\VLV RI VWDWLVWLFDO VDPSOHV LV WD L
EHKDYLRXU RI D UHVHDUFKHG IHDWXUH RQWR WKH
EHORQJV 6XFK JHQHUDOLVDWLRQ LV SRVVLEOH RQ
IHDWXUH FRQIRUPV WR VRPH FUHGLEOH DVVXPSWLRQ
FDQ EH DFFHSWHG DV URXJKO\ WR UHDOLW\ 7KLV OF
+ SUREDELOLW\ GLVWULEXWLRQV GLVWULEXWLRQ)

WKH SRSXODWLRQ FRQWDLQLQJ WKH REVHUYHG P
+ SDUDPHWULF GLVWULEXWLRQV GLVWDWEKXWDRQW [

QRWDWLRQ WKURXJK SUREDELOLVWLF SDUD

WKH FDOFXODWLRQ RI VWDWLVWLFDO LQGH[HV

FRQ¢GHQFH LQWHUYDOV RU LQ VWDWLVWLFDO W

GLVWULEXWLRQV DUH

, QRUPDO GLVWULEXWLRQ

, BWXGHQWIV W GLVWULEXWLRQ

, F FKL VIXDUHG GLVWULEXWLRQ

, ) 6QHGHFRU WHVW

'HSHQGLQJ RQ WKH IHDWXUHV RI DQDO\VHG SRSXC
EH GLYLGHG LQWR GLVFUHWH RU FRQWLQXRXV 1R
LQ VWDWLVWLFDO DQDO\VLV LV DQ H[DPSOH RI FRQ
GLVWULEXWLRQ LV SRSXODU EHFDXVH
+ LQ H[SHULPHQWY DQG REVHUYDWLRQV DQ LPSRUWI

QRUPDO GLVWULEXWLRQ RI WKHLU YDOXHV HVSHF

LQGHSHQGHQW UDQGRP YDULDEOHV ZLWK YDULRX

GLVWULEXWLRQ * WKH FORVHU WKH KLJKHU WKH Q
$ WKH GLVWULEXWLRQ RI IHDWXUHV ZKLFK GR QRW ID

DSSUR[LPDWHG E\ QRUPDO GLVWULEXWLRQ DQ DVV.

QRUPDO GLVWULEXWLRQ UHODWLYHO\ RIWHQ OHDG
+ VRPH IHDWXUHV WKDW GR QRW FRQIRUPMW®R \QRUP|

WKDW WKH WUDQVIRUPHG YDULDEOH ZLOO EH VXE
+ D QXPEHU RI FRPSOLFDWHG GLVWULEXWLRQV FDQ

E\ QRUPDO GLVWULEXWLRQ LQ D SUDFWLFDOO\ XV
+ PDWKHPDWLFDO RSHUDWLRQV \RQVRRIHPWDI®R G VMW U

WKH XVH RI VWDWLVWLFDO WDEOHYV

7KH SUREDELOLW\ GHQVLW\ IXQFWLRQ UDQGRP
UHDO IXQFWLRQ WKDW GHVFULEHV WKH SUREDELOLW
ZLWKLQ SURSHU OLPLWY HTXDOV WR WKH OLNHOLEK
HYHQW ,W FDQ EH GHILQHG IRU RQH GLPHQVLRQTL



GLVWULEXWLRQV DQG LV FKDUDFWHULVWLF RI FF
SUREDELOLW\ GHQVLW)\ IXQFWLRQ LQ PDW&HPDWLFI
ZKHUHDV LWV FRUUHVSRQGLQJ GXVWULEXWLRQ IXQF
7KH QRUPDO GLVWULEXWLRQ FXUYH UHVXOWV IU
RI D ¢QLWH UDQGRP VDPSOH XQGHU WKH DVVXPSW
VXEMHFW WR QRUPDO GLVWULEXWLRQ FRQWDLQV DQ
7KH GLVWULEXCWLREOVXQWWLIRRRP HPSLULFDO GD\
VKRZV WKH IUHTXHQF\ Rl RFFXUUHQFH RI SDUWLFXOTC
KRZ RIWHQ XWKIMOXIHY REBF XUV 9DOXHV JURXSHG LQ |
GLDJUDP )LJIXUH D RUD KLVWRJUDP )LJXUH
RI WKH GHQVLW)\ IXQFWLRQ LV LPSRVHG
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a)Frequency diagram b) Histogram
JLIXUH 1RUPDO GLVWULEXWLRQ B)DPSOH + D GLVWI
E SUREDELOLW\@&HQVLW\ IXQFWLRQ
6RXUFH 'LHWULFK 6FKXO]H S

7KH VKDSH RI GLVVBULBXWLREMVXQR® MRKH FDOFXOD
DQG VWDQGDUG GHYLDWLRQ 7KH IUHTXHQFLHV RI
WKH KLVWRJUDP )LJXUH E IRUP D VWHS OLQH R
WRWDO RI DOO SURE DEx OlVR P GMIQH/ KWV \WRIFM PRIGW P
FXUYH + WKH GLVWULBXKWURD IXQFWWRQZKLFK WKH V

7KH DULWKPHWLF DYHUDJH RI D[ UDKHRPDVDW KB H LS.
YDOXH LQ WKH JHQHUDO SRSXODWLRQ E\ T WXQXHSDU
FDOFXODWHG IURP WKH UDQGRP VDPSOH LV RQO\ DQ L

,Q D JHQHUDO SRSXODWLRQ WKH LQGH[ ERUUHVS
D UDQGRP VDPSOH LV 1 + WKH VWDQGDUG GHYLDWL
s SDUDPHWHU FDOFXODWHG IURP WKH UDQGRP VDPS
RI UHDO YDOXH 1



(TXDWLRQ JLYHV WKH PDWKHPDWLFDO IRUPXOI
GLVWUBLEXWLRQ

[ (T
—
,Q SUDFWLFDO FDOFXODWLRQV D VWDQGDUGLVHG
IRU ZKLFK WKH H[SHFWHG YDOXHKH GDWOWDQFHLRRQF
IURP WKH DYHUDJH YDOXH LV JLYHQ LQ XQWWYV RI
GH¢QHG LQ (TXDWLRQ

7TKHQ WKH SUREDELOLW\ GHQVLW\ LV JLYHQ E\ WKl

— T
e (

7KH DUHD EHORZ WKH S URE DE IHO WK HG W QR [RW \SEHRL
IURP +’ WR’' HTBDOV DQG LV PDWKHPDWLFDOO\ GHV
RI SUREDELOLW\ GHQVLWLHV

$ QXPEHU RI VWDWLVWLFDO PHWKRGV DVVXPH WKH
JHQHUDO SRSXODWLRQ IDOOLQJ XQGHU QRUPDO GL
UDWKHU WKH SUREDELOLW\ RI LWV RFFXUUHQFH UF
WKH QRUPDOLW\ Rl VDPSOH GLVWULEXWLRQ 7KLV FD
7KH FKRLFH Rl WHVW W\SH GHSHQGV RQ WKH UHVHDU
UHVHDUFK 7KH PRVW FRPPRQO\ DSSOLHG VWDW|
QRUPDOLW\ DUH
f $FKL VIXDUHGs WHVW * IRU
f GU$JRVWLQRXDUHG WHVW % IRU
f (SSV 3XOOH\ WHVW % IRU "~
f 6KDSLUR :LONNWHVW * IRU °
f 6KDSLUR :LON ([SDQGHG WHVW * IRU YHU\ VPDOO

7KH SUDFWLFDO DSSOLFDWLRQ RI WHVWV IRU QR
RI VWDWLVWLFDO WDEOHV RU WKHLU HOHFWURQLF
6WDWLVWLFD ODWODE OLQLWDE 6366

+RZHYHU RQH FRXOG VHDUFK IRU VRPH IHDWXUHV R
RI WKH DQVZHUV WR WKH TXHVWLRQQDLUH H J )LJIXI
WKH VHQVH RI VXFK WHVWV LQ WKH FDVH RI WKH GL\
VWDJH DULVHV :KLFK IHDWXUH RI WKH UHVHDUFK ¢
GLVWULEXWLRQ DFFRXQW IR WEXWHMQVDIRKY QRIPIDHD
PHDVXUDEOH FKDUDFWHULVWLPRW WK ZWWAH Q BN ALEHAL
GLVFXVVHG FDVH VXFK D IHDWXUH GRHV QRW H[LVYV



VWDWHPHQWY LQWR QXPHULFDO FULWHULD LV SRVV
IRU WKH SXUSRVH RI WKLV UHVHDUFK
7KH JRDO Rl WKH TXDQWLWDWLYH UHVHDUFK VWE
Rl PDQDJHPHQW SUDFWLWLRQHUYV WKH DSSOLFD\
HQKDQFHPHQW PHWKRGYV LQFUHDVHVY WKH SUREDE
GHFLVLRQ + +RZHYHU DV SURYHQ LQ WKH DERYH
UHVHDUFK VWDJH UHVHDUFK UHVXOWV IRU QRUPDOL
WR VXFK PDLQ UHVHDUFK K\SRWKHVLV 7KH FRQFRU
WKH NH\ VXUYH\ TXHVWLRQV ZLOO EH FKHFNHG LQVYV
7KHUH DUH WZR TXHVWLRQV WKDW FRYHU WR WKH
TXDQWLWDWLYH VWDJH RI GLVFXVVHG UHVHDUFK WD
\RX DJUHH ZLWK WKH VWDWH P HQ@QW LEFHWRERDY DRSS GILG
Rl GHFLVLRQ PDNLQJ SURFHVVHV UDLVHV WKH DFF
RWKHU RQH LV 1R BWDWH KRZ PXFK \RX DJUHH Z
RI D ODUJHU QXPEHU RI GHFLVLRQ FULWHULD LQWF
WKH SUREDELOLW\ RI PDNLQJ D LPRRK D FAOHU D YWZ R
SURYLGHG RQ D SRLQW /LNHUW W\SH VFDOH ZLW
, PRVWO\ GLVDJUHH , UDWKHU GLVDJUHH , DJUHH
, IXOO\ DJUHH 7KH DQVZHUV FDQ EH GLYLGHG LQWR
$+ DQVZHUV VXSSRUWLQJ K\SRWKHVLV + VWDWLQJ
GHFLVLRQ PDNLQJ HQKDQFHPHQ VE LROHWHK RRS VWLDQ\
DQ LQWHJUDO PDQDJHULDO GHFLVLRQ = DQVZHUV
, PRVWO\ DJUHH , IXOO\ DJUHH ZKLFK SRLQW DW
RI WRROV IRU PDQDJHULDO GHFLVLRQ PDNLQJ HQK
$ DQVZHUV VXSSRUWLQJ K\SRWKHVLV + VWDWLQJ
GHFLVLRQ PDNLQJ HQKDQFHPHQW PHWKRGV GR#
WDNLQJ DQ LQWHJUDO PDQDJHULDO GHFLVLRQ + D
GLVDJUHH , UDWKHU GLVDJUHH ZKLFK GLVFRXUD.
PHWKRGV IRU PDQDJHULDO GHFLVLRQ SUREOHPV
7KH SURSRUWLRQ RI DQVZHUV WR HDFK JURXS RI

GLYLVLRQ
$ DQVZHUV VXSSRUWLQJ + DQVZHUYV +
$ DQVZHUV VXSSRUWLQJ + DQVZHUYV +

YRU WKH DVVHVVPHQW RI UHVSRQGHQW\XZRDQV
NH\ TXHVWLRQV .HQGDOO 6PLWK FRHIILFLHQW DO
FRQFRUGDQFH ZDV DSSOLHG

*4XV]DN /H QLDN SS PHQW L RI@ W KD W
FRQFRUGDQFH VKRZV WKH GHJUHH RI DVVRFLDWLR
PXOWLSOH MXGJHV ZKR DVVHVV WKH VIVRH VDRI &H YK |
WKWHYDOXH WKH FORVHU WKLV DVVRFLDWLRQ 7KLV P

YDOXHV DUH D SURRI WKDW WKH MXGJHV NHHS XS



(TXDWLRQ

SS
IRU VWURQJ R

WKHLU DQVZHUV &DEDAD
of KendallsWw FRHVFLHQW RI FRQFRUGDQFH

(T

ZKHUH
m QXPEHU RI MXGJHPHQWYV
IDFWRUV HYDOXDWHG E\ MXGJHV

n QXPEHU RI
S WKH VXP RI VITXDUHG GHYLDWLRQV JLYHQ E\ WKH
(T

BZIKHV\L/JI;IWDO UDQN JWKHIQVWR RD DORUUOQNY RI IDFWRU
R PHDQ YDOXH RI DOO WRWDO UDQNV (TXDWLRQ
R LV FDOFXODWHG IURP (TXDWLRQ

(T
ZKHUHHYDOXDWLRQ UDQN RU“SBtdr@W¥ YD\OWDWER®Y H
DOO WRWDO UDQNV LV GHQ

(T

ZKHRIBIV PHDQ YDOXH RI

7KHQ WKH IRUPX@DFRHYFHBOQGWORITWVRQFRUGDQFH W
IRU WKH DQDO\VLVY RI UHVSRQGHQWVY] MXGJHPHQWYV

(T

,Q SUDFWLFDO DSSOLFDWLRQV |RHGVKBIODXHWHD WRHPG
FDQ EH XVHG (TXDWLRQ

YHUVLRQ RI (TXDWLRQ
(T



JROORZLQJ &DEDA&DYV SS  V WHHD \FP@LEHY LAY
as ifw WKHQ DOO VXUYH\ UHVSRQ COH@W\ BBQR DIQEH
MXGJH DVVLIJQHG WKH VDPH RWGHUWKR QVRR @/ (
UHVSRQVHV RU DQ\ DJUHHPHQW DPRQJ WKH UHVSRQ
MXGJHPHQWY DUH UDQGR®W L QW HRIPWM S LLD WUHH © IVOHUH R |
Rl XQDQLPLW\ DPRQJ WKH UHVSRQGHQWY RU FRQ
VWDQGDUGY B6WDEU\4D S SURYLGHV WKH L
RI FRQFRUGDQFH
VXVFLHQW ” ”

JRRG W » ”

SOXV JRR\G” ”

YHU\ JRRG ” "

LGHDON ” 7

'KHQ MXGJHV SURY LG HDF WIRQX RXRQFMOHWRE K H U H
D QDWXUDOKQXPERRHDRIGWKH IDFWRUV ZLOO EH DWW!
YDOXHV 6XFK D UDQN RUGHU LV FDOOHG ZHDN RUG
FRQFRUGDQFH : QHHGYV WR LQFOXGH D FRUUHFWLRQ |

+H + +H+ H+ +H

- (T

ZKHGBHQRWHY WKH VXP Rl VIXDUHV RI GHYLDWLRQ
DQG FDQ EH IRUPXODWHG DV LQ (TXDWLRQ

ZLWK WKH UHODWLRQ QRWHG LQ (TXDWLRQ

(T

,Q WKH FDVH RI ZHDN RUGHULQJ UDQNV ZLWK WI
UHG XMHYWDKEKKH 7KHUHIRUH WKH IROORZLQJ UHODWLE

(T
,Q VXFK D FDVH WKH RRUHGI WRLRE) ERPWRWWERUUHF
IDFWRU UHTXLUHG IRU WKH Nj¥étGttatk®apiy/ ndRdasv X G J
LQ (TXDWLRQ

(T



ZKHUH

t + WKH QXPEHU R iW1HRBXSDRINW LLHG WIOHQNV D JURX:
KDYLQJ FRQVWDQW L H WLHG UDQN

g * WKH QXPEHU RI JURXSV RI WLHV IIRU WK YW R |
7KH IRUPXOD IRU .HQGDOOYV : FRHVFLHQW RI FRQF

YDOXHV WDNHV WKH IRUP DV LQ (TXDWLRQ

(T

ZKHUH
R
i

i i

WKH VXP Rl WKH UDQNV IRU REMHFW
WKH VXP RI WKRYYMDOXHY RIVHWY RI UDQNV 6
S
.HQGDOOYV : DSSOLFDWLRQV ZLWK FRUUHFWLRQ
EDFNHG E\ DQ DVVHVVPHQW RI WKH VLIJQL:FDQFH RI
$ FKL VIXDUHG FKOUBGRWHHHY WRLAWHMKRP ,WV IRU|
E\ (TXDWLRQ

+
+

(T

7KH DSSOLFDWLRQ RI .HQGDOOYV : WHVW DOORZV D

FRQVHQVXV DV UHJDUGV WZR K\SRWKHVHV

t +. + WKH FRQFRUGDQFH RI UHVSRQGHQWVY RSLQL
DUH FRPSHWHQW DQG WKHLU HYDOXDWLRQV FUHG

f + .+ WKH FRQFRUGDQFH Rl UHVSRQGHQWVY RSLQ|
,Q WKH GLVFXVVHG UHVHDUFK WDVN D UHODWLYH

PHDQV WKDW WKHUH ZHUH QR WLHV EHWZHHQ WKH RE

IRUPXODV IRU .HQGDOOYV : FRHVFLHQW Rl FRQFRUGI

IURP (TXDWLRQ WR (TXDWLRQ ,Q RUGHU WR FOD

YHUVLRQV IURP (TXDWLRQV DQG ZHUH DSSOLH

TXHVWLRQV 1R DQG 1R DUH JLYHQ EHORZ ([DP
(I[IDPSOH + DVVXPSWLRQV

fn + QXPEHU RI SRVVLEOH DQVZHUV WR TXHVWLR

fm+ QXPEHU RI D QVI2HMWWRQW K H

fn+QXPEHU RI TXHVWLRQV LQ WKH DQDO\VHG DUHI

7TDEOH GHPRQVWUDWHY DOO SRLQW /LNHUW W\
UHVSRQGHQWVY FKRLFHV RI HDFK SRVVLEOH DQVZHU
DQG 1R JRU FRPSXWDWLRQDO UHDY RIQ D ORX OFWR IORC

DWWULEXWHGVWRUWKRHDGGHG ,Q RUGHU WR FKHEN V
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TXHVWLRQV ZHUH WDNHQ LOQWR FRQVLGHUDWLRQ L
- FRHVFLHQW RI FRQFRUGDQFH ,Q 7TDEOH WKH\ DU}

7DEOH
Kendal'sWw DVVHVVPHQW RI FRQFRUGDQFH Rl UHVSRQGHQWVY DQVZ
WKH TXDQWLWDWLYH UHVHDUFK VWDJH TXHVWLF

W\SSEL\(IDILND(/)LH'%%BK%—(F}USDOX D WRRRIVMKIG JHPHQRVR IWWRXGJHPHQWYV W
1R RWRU TXHVWIRQ TXHVWINRQ
8
7
9 9
.
HQGDOBRWVFLHQW  YHU\ JRRG JRRG

m LV WKH QXPEHU RA*DXHWAMIUR/QW R W K H
6RXUFH &RPSLOHG RQ WKH EDVLV RI TXDQWLWDWLYH UHVHDUF¥

7KH FDOFXODWLRQV IRU WKH VXP RI VTXDUHG GHY
TXHVWLRQ 1R DUH H[SUHVVHG E\ (TXDWLRQ

S — — — (T

7TKH FDOFXODWLRQ SDWWHWQG RHWKHOQW QGRAH RQ FH
IRU UDQNV ZLWK QR WLHV ZLWK WKH XVH RI IRUPXO
LV H[SUHVVHG LQ (TXDWLRQ

W\ (T

$QDORJIRXV FDOFXODWLRQV IRU TXHVWLRQ 1R FI
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w (T

7KH LQWHUSUHWDWLRQ RN RRHH FDIOGWORDIWHR® FRQ G L
OHDGV WR D VWDWHPHQW WKDW WKH UHVSRQGHQW
SURYLGHG WKHLU HYDOXDWLRQV LQ D GHOLEHUDW
DQG H[SHULHQFH LQ WKH ¢HOG RI PDQDJHULDO Gt
DOORZ D VWDWHPHQW WKDW HQKDQFHPHQW RI PI
WKH XVH RI PXOWLFULWHULD VXSSRUW WRROV LV
LQWURGXFWRU\ TXDQWLWDWLYH UHVHDUFK VWDJH
GHFLVLRQ PDNLQJ HQKDQFHPHQW PHWKRGV LQFUHDYV
PDQDJHULDO GHFLVLRQ FDQ EH FRQILUPHG $W W
LQWURGXFWRU\ TXDQWLWDWLYH UHVHDUFK VWDJH
GHFLVLRQ PDNLQJ HQKDQFHPHQW PHWKRGV GRHV Q
DQ LQWHJUDO PDQDJHULDO GHFLVLRQ VKRXOG EH Ul

2Q WKH EDVLV Rl WKH UHVHDUFK UHVXOWV REWD
WKH JHQHUDO VXE WKHVLV 7 VWDWLQJ WKDW LQ
FRPSDQLHV PDQDJHULDO GHFLVLRQ PDNLQJ SURFHV\
QXPEHU Rl GHFLVLRQ FULWHULD FDQ EH FRQ:UPHG
SRVLWLYH YHUL¢FDWLRQ RI WKW KID\WQ HUKHD LQFR WEKR
TXDQWLWDWLYH PHDVXUDEOH DQG TXDOLWDWLYH
FDQ LPSURYH WKH LQWHJULW)\ RI WKH ¢QDO GHFLVLF

7KH FRQ/,UPDWLRQ RI WKH PDLQ UHVHDUFK K\SR\
VWDJH + DQG JHQHUDO VXE WKHVHV 7 DQG 7 SURYL
RI WKH ORGXODU OXOWLFULWHULD ODQDJHULDO 'HFLV
IRU WKH HQKDQFHPHQW RI PDQDJHULDO GHFLVLRQ
PRGHO FRQVWUXFWLRQ SDWWHUQ LOOXVWUDWHG
LQ &KDSWHU
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&216758&7,21 2) 02'8/$5 08/7,&5,7(5,%
0$1$*(5,%/ '(&,6,21 0$.,1* 02'(/
0080%$'(00

7KH $QDO\WLF +LHUDUFK\ 3URFHV'

7KH $QDO\WLF +LHUDUFK\ 3URFHVV $+3 PHWKRG :
.RX HW DO S VWDWHHYKDW S$SHG PDW LLQ@QL W
XVH RI ¢HOG GDWD ODERUDWRQFHH VD WY HDBSS @ [
PXOWLFULWHULD GHFLVLRQ PDNLQJ SODQQLQJ UHV
7KH FRUH Rl WKH $+3 PHWKRG LV WKH 3DLUZLVH &RP:
REWDLQHG WKURXJK H[SHUW MXGJHPHQWY *RRVVHC
MXGJHPHQW KDV DOZD\V SOD\HG D ODUJH UROH LQ
W\SH Rl VFLHQWL¢,F GDWD

7KH FRUH RI $+3 DUH SDLUZLVH FRIPEDVYHVREODU
FULWHULD VXE FULWHULD DQG WKHLU LQG IDFIKWR UV
EDVLV )RU WKLV SXUSRVH D KLMKB WGAKR LKL RIF & RR
IRUPHG 7KHLU JUDGDWLRQ FRQVWLWXWHY WKH PR
WKHVH IDFWRUV DUH DQDO\VHG LQ SDLUV RQ HDFK KL
IDFWRU IURP WKH SDLU EHORZ LV EHLQJ OLQNHG Z
VWUDLJKW DERYH ZKLFK UHVXOWV LQ D UDQNLQJ RI

$Q LPSRUWDQW DGYDQWDJH RI WKH $+3 PHWKR
LPPHDVXUDEOH TXDOLWDWLYH FULWHULD LQWR \
SDLUZLVH FRPSDULVRQV DUH HtWFW RD@MHEW W RH WHK
HQYLURQPHQW FDQ EH WUDQVSRVHG LQWR TXDQWL\
LQ WKLV ZD\ FDQ EH XVHG IRU VWDWLVWLFDO DQDO\
KLHUDUFK\ WKDW FOHDUO\ VKRZV RN KS-D UWR.E R WD B
IRU WKH GHFLVLRQ PDNLQJ SURFHVV LQ TXHVWLRQ
FRQVWLWXWHY D TXDQWLWDWLYH SURRI RI WKH VXS
LQ WHUPV RI WKH DGRSWH GE R HUIBIDFKX UIRH VF B DW H ($1+D
WRRO IRU FRPELQLQJ TXDOLWDWLYH DQG TXDQWL
PRGHO 7KLV LQ WXUQ FRUUHVSRQGV ZLWK JHQHUD
TXDOLWDWLYH TXDQWLWDWLYH UHVHDUFK PHWKRG
ORGXODU OXOWLFULWHULD 0DQDJHULDO 'HFLVLRQ Ol
WKH HQKDQFHPHQW RI PDQDJHULDO GHFLVLRQ PDNL

YLIXUH LOOXVWUDWHY D WKHRUHWLFDO H[DP
D GHFLVLRQ PDNLQJ PRGHO FRQVWUXFWHG LQ WKH ¢

7KH PDLQ JRDO OHYHO UHSUHVHQWY WKH RYHUU!
SURFHVV &\IHUW .U]DNLHZLF] SsS SURYLG



Main Goal Op Ynal possible managerial decision

Decision Cl Cc2 Cc3cC...C...C...C...C...C...C... C... C... C... C... Cn

Criteria
Decision
AlternaYes Dec. alt. A Dec. alt. A Dec. alt. A Dec. alt. A
JLIXUH 7KHRUHWLFDO H[DPSOH RI DQ $+3 KLHUDUFKLFI
6RXUFH &RPSLOHG RQ WKH EDVLV RI 6DDW\ S €

PDNH D JRDO LQ WKLV FDVH WKH PDLQ JRDO RI WK
IRUPXODWHG RQH
+ D JRDO QHHGV WR EH H[WHQVLYHO\ GHVFULEHG
+ WKH GHQRWDWLRQ DQG IRUPXODWLRQ RI JRDOV
SUDFWLFHV RI WKH VFLHQWL¢,F GLVFLSOLQH
f WKH H[SHFWHG OHYHO DQG WLPH VSDQ RI DF
LQVWDQWLDWHG
+{ QR DOWHUQDWLYH FRQWUDGLFWRU\ JRDOV H[LVW
+ HOHPHQWY EHORQJLQJ WR RQH JURXS KHUH
DOWHUQDWLYHV KDYH WR EH FRPSDUDEOH DQG H
+ WKH KLHUDUEFEK\ Rl JRDOV KDV WR EH AH[LEOH DQ
+ [URP HQWLUH V\VWHPTV SHUVSHFWLYH + LQ WKH |
WKH PDLQ JRDO Rl WKH GHFLVLRQ PDNLQJ UHPDLQ
7KH GHFLVLRQ FULWHULD OHYHO LQFRUSRUDWH
LQGLFDWRUV ZKLFK DUH XVHG IRU WKH HYDOXD
GHFLVLRQ PDNLQJ IDFWRUV 7KH OHYHO RI GHFLVLRC
GHFLVLRQV IURP ZKLFK WKH RSWLPDO VROXWLRQ VKR
LPSRUWDQW SDUHQW FULWHULD DQG VXE PUR\WHULL
LQGHSHQGHQW RI HDFK RWKHU VR WKDW WKH\ GR QR\
$+3 FDQ EH DSSOLHG WR GHFLVLRQX\WUR®@ PN WK
FKRVHQ IURP D VHW Rl DOWHUQ DWRIY® N JRQ LID & XEH/H
$QRWKHU FDVH LV ZKHQ WKH SUREOHP VWUXFWXUH FI
XSSHU HOHPHQWY GR QRW LQWHUDFW QRU DuHFW WK
Ss *DZOLN ORW\ND S REVHUYH
IRU PRGHOOLQJ GHFLVLRQ PDNLQJ SUREOHPV ZKHQ
HYDOXDWLRQ RI GHFLVLRQ YDULDQWYV



7R SHUIRUP DQ DQDO\VLV ZLWK WKH DSSOLFDWLR
WKH IROORZLQJ VWHSV KDYH WR EH SHUIRUPHG
., J)RUPXODWLRQ RI D GHFLVLRQ PDNLQJ KLHUDU
., BHOHFWLRQ RI H[SHUWV
.., ([SHUW HYDOXDWLRQV VWDJH GHFLVLRQ FU
,9 ([SHUW HYDOXDWLRQV VWDJH GHFLVLRQ DO
9 &RQVLVWHQF\ FKHFNV Rl H[SHUW RSLQLRQV
9, (YDOXDWLRQ RI GHFLVLRQ DOWHUQDWLYHYV
9,, 6HQVLWLYLW\ DQDO\VLV
7KH ¢UVW VWHS RI $+3 EDVHG GHFLVLRQ PDNLQJ |
PDNLQJ KLHUDUFK\ ,W LV FRPSRVHG RI
+ LGHQWL¢FDWLRQ RI WKH GHFLVLRQ SUREOHP
+ IRUPXODWLRQ RI JRDOV WKDW QHHG WR EH DFKL}
+ GHWHUPLQDWLRQ RI ZKLFK JURXSV RI LQGHSHQG
KDYH DQ LPSDFW RQ WKH GHFLVLRQ SUREOHP
,Q WKH VHFRQG VWHS D WHDP Rl HYDOXDWRUV QH
H[SHUW VHOHFWLRQ SURFHGXUH DV WKH FRPSR\
SUREOHP VSHFL{F 7KHUHIRUH D VHSDUDWH H[SHUW
IRU HDFK GHFLVLRQ PDNLQJ SURFHVV $ FRPPRQ |
SRVVHVV D KLJK OHYHO RI H[SHUWLVH LQ WKH ¢HOG
7KH WKLUG VWHS H[SHUW HYDOXDWLRQV VWDJH
RQ WKH VLIJQL,FDQFH RI DOO SDUHQW FULWHULD D¢
PHQWLRQHG SDLUZLVH FRPSDULVRQ SURFHVV 7KH
REMHFEWLYHV IURP HDFK SDLU Rl WKH FRPSDUHG FU
WR WKH KLJKHU QRGH Rl GHFLVLRQ KLHUDUFK\ 3D
DOO SDUHQW FULWHULD DQG VXE FULWHULD KDY
&RPSDULVRQ ODWUL[ LV FRQVWUXFWHG ,WV YDOXHYV
GHFLVLRQ FULWHULD ZLWK UHVSHFW WR WKH PDLQ J
7KH VDPH SURFHGXUH LV UHSHDWHG LQ VWHS
KRZHYHU WKLV WLPH GHFLVLRQ DOWHUQDWLYHV DU
HDFK SDLU RI DYDLODEOH GHFLVLRQ DOWHUQDWLYH\
SDUWLFXODU VXE FULWHULD DUH SHUIRUPHG 6LPLC
XQWLO DOO GHFLVLRQ DOWHUQDWLYHV KDYH EHHQ FI
LV REWDLQHG +RZHYHU WKLV WLPH LW UHSUHVHQW
ZLWK UHVSHFW WR DOO GHFLVLRQ FULWHULD VLPXO
6]DUXFNL S GH¢;QHV HYDOXDWLRQ DV D V
YDOXH RI VRPHWKLQJ ZKLFK KDSSHQV LQ WKH SU
VXEMHFW RU DQ RSLQLRQ RQ VRPHWKLQJ RU VRPHR
$+3 DSSOLFDWLRQV HYDOXDWLRQ LV D VWULFWO\ GH
VWDWHPHQWY LQ SDLUZLVH FRPSDULVRQV EHWZHH
FULWHULD RU GHFLVLRQ DOWHUQDWLYHV LQ UH



KLHUDUFK\ SDUHQW FULWHULRQ RU PDLQ JRDO RI V
WR DERYH GH¢QLWLRQ LW UHVXOWY LQ D PHDVXU
HDFK HYDOXDWHG HOHPHQW IRU WKH DFKLHYHPHQ\
$ FRPSOHWHG HYDOXDWLRQ SURFHVV UHVXOWYV LQ
GHFLVLRQ FULWHULD DQG DOWHUQDWLYHYV

7TKH TXDOLWDWLYH TXDQWLWDWLYH WUDQVLWLRQ
ZLWKLQ DQ $+3 GHFLVLRQ PDNLQJ PRGHO LV HuHFWX
f WKH )XQGDPHQWDO &RPSDULVRQ 6FDOH
f WKH 3DLUZLVH &RPSDULVRQ ODWUL]
f WKH &RQVLVWHQF\ &KHFN %KXVKDQ 5DL S S

7KH )XQGDPHQWDO &RPSDULVRQ 6FDOH LV DSSOLH
, W DOORZV WKH H[SHUWV WR H[SUHVV WKHLU SUHIHL
GRPLQDQFH RI RQH IDFWRU DERYH WKH RWKHU IURP
WKH PRVW VXLWDEOH GHVFULSWLYH WHUP WR VWDW}
WKH IROORZLQJ VHW HTXDO ZHDN VWURQJ YHU\ \

DUH DWWULEXWHG UHVSHFWLYHO\ 1XPEHUV
ZKHQ D VWULFW FKRLFH FDQQRW EH PDGH

7TKH FRQVWUXFWLRQ RI 6DDW\{V )XQGDPHQWDO &R
D ZDYH RI FULWLFLVP %HOWRQ *HDU "\HU
RWKHU GHVLJQV RI MXGJHPHQW VFDOHYV WRJHWKH
SURFHGXUH KDYH EHHQ DGPLWWHG DV ZHOO 6DDW\
JUDQHN .UHVWD $Q LOQWHUHVWLQJ GLVFXVVLF
WA\SHV RI VFDOHV ZLWKLQ $+3 DV ZHOORXBR DD OS RALDIN
IRXQG LQ *RHSHO

7KH 3DLUZLVH &RPSDULVRQ ODWUL[ LV D UHFWDQJ.
H[SHUW UDWLQJV 6DDW\ SS SURYLGHV L
H[SUHVVHG E\ (TXDWLRQV WR EHORZ (TXBDUMHRQ
jrowau. HOHPHQW RI WKH 3DLUZLVH &RPSDULVRQ ODWU!

(T

ZKHUH
1 N

[ REj N R¢

— :I_in<a“.

(TXDWLRQ VKRZV WKH 3DLUZLVH &RPSDULVRQ OC

$ GLVFXVVLRQ RI WKLV WRSLF FDQ DOVR EH IRXQG LQ *DZOLN



(T

JRU WKH FDOFXODWLRQ RI PDWUL[TV HLJHQYH
QRUPDOLVHG XVLQJ (TXDWLRQ

7KH VXP RI QRUPDOLVHG YHUVHV RI WKH PDWUL
HLIHQYHFWRU ZKLFK LV D UHSUHVHQWDWLRQ RI
HYDOXDWLRQV WKURXJK DFKLHYLQJ DOO SDLUZLVH F
HDFK” SULQFLSOH 6DDW\

6WHS ¢YH L H &RQVLVWHQF\ &KHFNV RI H[SHUW F
HDFK URXQG RI H[SHUW HYDOXDWLRQV LQ RUGHU WR
7KH &RQVLVWHQF\ &KHFN WDUJHWY DW H[FOXGLQ
&RQVLVWHQF\ 5DWLR &5 IRUPXOD LV H[SUHVVHG E\

ZKHUH

&5 &RQVLVWHQF\ 5DWLR
&, &RQVHTXHQFH ,QGH]
5, 5DQGRP ,QGH]

7KH &RQVHTXHQFH ,QGH[ &, FDQ EH FDOFXODWH
(TXDWLRQ

(T

ZKHUH
oor PDWUL[ HLJHQYDOXH
n GLPHQVLRQ RI WKH PDWUL]J

7KH 5DQGRP ,QGH[ YDOXHV 5, KDYH EHHQ HPSLULFI
7KH\ DUH DOVR GHSHQGHQW RQNWE 8 G EPQQNH R R XR
7DEOH



7TDEOH
9DOXHV RI WKH 5DQGRP ,QGH[ ZLWK UHJDUG WR PDWI

N 7 8 9
RI
6RXUFH 6DDW\ S

6DDW\ VWDWHV WKDW H[SHUW RSLQLRQV DU
SDWLR &5 YDOXH H[FHHGYV RU 7TKHUH DUF

LQFRQVLVWHQW H[SHUW RSLQLRQV ORVW $+3 VRIW
6XLWH 6XSHU 'HFLVLRQV $+3 2QOLQH 6\WWHP SUR
IRU HDFK REWDLQHG ORFDO SULRULW\ DIWHU HDEK ¢
D FDVH ZKHQ DQ H[SHUW UHDOLVHV WKDW WKH LQFF
WKH\ FDQ UHDVVHVV RQH RU DOO RI WKHLU SUHIH!
FRQVFLRXVO\ WKRXJK WKHUH LV DV D ULVN RI VHO
FRQVLVWHQW WKDQ WUXWKIXO
$Q DEVROXWH FRQVLVWHQF\ Rl H[SHUW HYDOXI
+ WKH FRQVWUXFWLRQ Rl FRPSDULVRQ VFDOHV
*RHSHO
+ WKH FKDUDFWHU RI WKH HYDOXDWLRQ SURFHVV
WR H[SHUWV DW WKH WLPH Rl SURYLGLQJ WKHLU M
RI DOO SDUHQW FULWHULD VXE FULWHULD REMHE
WR H[SHUWV DW WLPHV RI HYDOXDWLRQ WKH SRV\
VKRXOG EH UDWKHU UHVWULFWHG LQ RUGHU QRW
LPSHUIHFW UDWLRQDOLW\ RI KXPDQ MXGJHPHQW\
DSSUR[LPDWH QDWXUH RI VFLHQWL¢F UHVHDUFK
SUREDELOLW\ VKRXOG DXWRPDWLEDOO\ FDXVH
)RU WKH UHDVRQV DERYH DQ DFFHSWDEQRQOHYH«
KDV WR EH DGRSWHG EHDULWQD VO PLOQBSWYBD® @ WP
DFFXUDF\ UHVHDUFK UHVXOWV ,Q PRVWX}HH DG
E\ 6DDW\ S LV DGRSWHG ,W UHPLQGV RQH
UHVHDUFK ZKHQ VWDWLVWLFDO PHWKRGYV DUH X\
DQWLFLSDWH D UHDVRQDEOH DQG DFFHSWDEOH OHY
'KHQ HPSOR\LQJ $+3 DV D UHVHDUFK PHWKRG F
VWDWHPHQWY DUH D YHU\ GHOLFDWH PDWWHU DQG °
LQ FDVHV ZKHQ HYDOXDWLRQV FRHHRQW KH SCHRUFW SWI
LQFRQVLVWHQF\ OHYHO WKH\ VKRXOG QRW EH W
GHFLVLRQ )URP WKH PHWKRGROR QWD @ ISW ¥ ¥ SKIL
LQFRQVLVWHQW H[SHUW VKRXOG EH UHPRYHG IURP
D VWHS FDQ EH DSSOLHG RQO\ LQ VSHFLDO FDVHV D
WKH SULRULW\ RYHU UHVHDUFKHUYfV RU GHFLVLRQ

+H +H



FDQQRW EH DFFHSWHG LV DQ\ PDQLSXODWLRQ RI C
HYDOXDWLRQV KDYH EHHQ UHFHLYHG

IXPHURXV LPSURYHPHQWY RI WKH TXDQWLWDWLYF}
SURFHGXUH LQFOXGLQJ $+3 UHODWHG FDQ EH IRXQ

%»DU]JLODL D 'XV]DN .RFINRGDM % aDVRIV]N VN
DO %aDV]F]\ VNL 64aRZL VNL 6WHIDQRZVNL
%UXQHOOL &ULWFK )HGUL]]L 6]HO J *UHFR

D E RU .RFJ[NRGDM .X4&DNRZVNL /LJ ]D

$QRWKHU ZD\ RI LQGLUHFWO\ LPSURYLQJ WKH JHQF
FRXOG HUHFWHG E\ WKH IX]]JLLFDWLRQ RI WKH GHFLV
ORGXOH RI WKH SURSRVHG GHFLVLRD )XDN LORIG KR Gl HIDQ
PL[HG $+3 )X]]\ HISDQVLRQV ZLOO EH FRQVLGHUHG
7KH VL[WK VWHS LV WKH HYDOXDKLIR S KDIVE HFH B G
QDO UHVXOW RI PRGHO DSSOLFDWLRQ ZKLFK SRL
VWHS RI $+3 DSSOLFDWLRQ RULJLQDOO\ SURSRVHC
PDWULFHV KDYH EHHQ QRUPDOLVHG FULWHULD
HLJHQYHFWRU FDQ EH GUDZQ 9HFWRU YDOXHV VLJQ
FULWHULD ZLWK UHVSHFW WR WKHLU FRQWULEXWLR
RI GHFLVLRQ PDNLQJ $V D UHVXOW HDFK GHFLVLR(
UHAHFW WKH H[WHQW WR ZKLFK LW FRQWULEXWHV \
WKH GHFLVLRQ PDNLQJ SURFHVV ZLWK VLPXOWDOQ!
GHFLVLRQ DOWHUQDWLYH WKDW DFKLBOHYRWYLEOMRR
7KH VHYHQWK VWHS L H WKH VHQVLWLYLW\ DQD
PHWKRG +RZHYHU LW SURYLGHV LPSRUWDQW LQI
FKRVHQ GHFLVLRQ DOWHUQDWLYH WR FKDQJH RI ¢
BHQVLWLYLW\ DQDO\VLY DLPV DW ¢QGLQJ ZKLFK FUL
FRXOG FDXVH D FKDQJH LQ WKH UDQNLQJ EHWZHHQ
HYHQ LI WKHUH DUH UHODWLYHO\ VPDOO FKDQJHV L
7KH ¢ UVW WR PHQWLRQ WKH QHHG IRU VHQVLWLYLV
ZDV JUHQFK W ZDV DOPRVW LPPHGLDWHO\ LPSC
WKURXJK OLQHDU SURJUDPPLQJ DQG LQYHQWRU\ PR(
VFLHQFH VHQVLWLYLW\ DQDO\VOL.QDEHFDY H B GS{IDU,
PHWKRGRORJ\ IRU VHQVLWLYLW\ DQDO\VLV IRU P

ZDV SURSRVHG E\ 5LRV ,QVXD DQG ODVXGD
7TULDQWDSK\OORX ©6DQFKH] DQG 7ULDQWDSK\O
7TULDQWDSK\OORX ©6DQFKH] SS SURSF

DQDO\VLV E\ GHWHUPLQLQJ WKH PRVW FULWLFDO FL
criterionC, ZLWK WKH VPDOOHVW FKBQHH VRK HV R A BRXQW HRC
FKDQJLQJ WKH UDQNLQJ BHWA H AIQHWACHN B & W BiW QDM
RI WKLY GH¢QLWLRQ IROORZV )LUVW WKH FKDQJHYV |
QHHG WR EH GH¢QHG



ITHW, 7 IRUI j""'m DQGk " GHQRWH WKH PLQLPXP FI

FXUUHQWOZ(HIteﬂ(KIVS{ VXFK WKDW WKH UDRatdAQMII R DO W
EH UHYHUVHG (TXDWLRQ

I (T
IRU DQ\j "m DQGk i ZKHWHH[SUHVVHV FKDQJHV LQ U|

%DVLQJ RQ (TXDWLRQ  WKH PRVW FULWLFDO FULWHULR

+ WKH 3HUFBDWURWLFDO FULWHULRQ ZKLFK LV Wk
WKH VPDOOHVMKBRDIQIH WKH UDQNLQJ RI WKH EF
LV FDOFXODWHG ZKHQ WKH GHFLVLRQ PDNHU LV I
GHFLVLRQ DOWHUQDMWLYIHV XRYDGIV'S RQ {HBH|BV R W K|
IRUj " DQGk "f YDOXH

f WKH 3HUFB®W YQWLFDO FULWHULRQ ZKLFK LV WK
WKH VPDOOHVAKBRDIQIH WKH UDQNLQJ RXDQWBIGW |
ZKHQ WKH GHFLVLRQ PDNHU LV LQWHUHVWHG LQ
GHFLVLRQ DOWHUQDWLYHV |[IGW| IFRRWIU H ViSR® GV W F
"k "n YDOXH

7R FUHDWH WKH VHQVLWLYLW\ PDA}N.thIAj[ IIRRW HDF
] 'm DQGKk "f WKH IROORZLQJ FDOFXODWLR®WQY QHHG W

ZKHUH \

,Q (TXDWLR@DQGV IRU WKH SUH{HDHWHRAK R R R D WWH
PHWKRG DQG LV FDOFXODWHG E\ WKH ZHLJKWHG VXF
(TXDWLRQ

(T

*+ WKH ZHLJKW RI FULWHULRQ
+ WKH SHUIRUPDQFH P A IV WKHURIVE @ WM U/ WL YW H L

,Q WKH OLWHUDWXUH WKH 3HUFHQW 7RS 37 FULWLFDO FULWE
$7 FULWLFDO FULWHULRQ
,Q WKH OLWHUDWXUH WKH 3HUFHQW $Q\ 3% FULWLFDO FULWH!I
$$ FULWLFDO FULWHULRQ
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,Q $+3 DSSOLFDWLRQV SHUIRUPDQFH YDOKXHYV DL
H[SUHVVHG E\ (TXDWLRQ

(T
IRUjBQ\ ,...n.

$V D UHVXOW D VHQVLWLYLW\ PDWUL[ LV REWDLQH(
C FDQ EH H[WUDFWHG ,Q WKH FDVH RI 3HUFHQWDJH
WKH RQH ZLWK WKH VPDOOHVW GHFLVLRQ DOWHUQ
WRS GHFLVLRQ ,DOWKIHIEDWH YRH 3HUFHQWDJH $Q\ 3%
ZLOO EH WKH RQH ZLWK WKH VPDOOHVW GHFLVLRQ D
RI WKH GHFLVLR® DOWHUQDWLYHYV

,Q WKH VHDUFK IRU WKH PRVW FULWLFDO PHDYV
6DQFKH] S VWDWH WKDWKUHYKRDSSORG R M |
WKH PHDVXUH RI SHUIRARDQW H URA VD B MIHHHIM FRHE
PRGL¢(HG VR WKDW W K HAlARIG NA LQDIOR F KDOOQA) H ULQVD WL LY YHHQV
IURP (TXDWLRQ

- (T

ZKHUH

7KH 3HUFHQWDJH $Q\ 3% FULWLFDO SHUIRUP
DOWHBQDMWWKH GUEWHDXRIQ LW LV WKHQVPD®W®&BWWZ !
FKDQJH LWV UDQNLQJ LQ GHDDWIRMOWR EOWHUQDW!
7KH PRVW UHFHQW DSSOLFDWLRQV RI WKH $+3
PDQDJHPHQW 7KHVH LQFOXGH EXVLQHVV 2XGDK -D
RI FLWLHV :DQJ HW DO IHHVRELNKOPDQL ¢.QDQ
VXSHUYLVLRQ $GDPXV aDVDN JRYHUQD
%KDWWDFKDU\WD 2]DZD OHLGD KXPDQ UHVRXUFI
SURGXFWLRQ HQJLQHHULQJ +H\GDDUBQ 6XD]DDME
*DZOLN TXDOLW\ PDQDJHPHQW *U GD
ODURQD :LON ODANRZVND *axXV]DN *DZOLN
*DZOLN DQG RWKHUV PHQWLRQHG E\ 6DDW\
6RPH DXWKRUV TXHVWLRQ WKH RXWFRPH IURP $+¢
%HOWRQ *HDU TXHVWLRQ WKH YDOLGLW)
FRUUHFWQHVV RI $+3 DSSOLFDWLRQV $QRWKHU LV
ZLWK WKH WUDQVSRVLWLRQ Rl WKH )XQGDPHQWDO 6
ZKLFK LV WKH FRUH RI WKH PHWKRG LQ TXHVWLRQ
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MXGJHPHQW VFDOH )XQGDPHQWDO &RPSDULVRQ 6FC
DQG GLVFXOWLHV RI WUDQVSRVLQJ VRPH OLQJXLVWL
7KH UDQN UHYHUVDO SKHQRPHQRQ PHQWLRQHG
+H DUJXHG WKDW WKH VD80G KWWY R X RH WHHWAK
FULWHULD LQ WKH $+3 PHWKRG ZKLFK LV WKH EDVLV
WLPH LWV VHULRXV ZHDNQHVV $Q DGGLWLRQDO LUU
WKH ¢QDO UDQNLQJ RI DOWHUQDWLYHV "\HU D
$+3 DSSOLFDWLRQV DUH DUELWUDU\ GXH WR WKH SUL
KLJKHU OHYHOV HOHPHQWYV IURP LWV ORZHU OHYF
GHFRPSRVLWLRQ RI YDOXH IXQFWLRQV %QBUW|RWEHG
QRQ HTXLYDOHQW YDOXH IXQFWLRQV DQG UDQNLQJV
-LPHQR ORNRWRuU DGGHG DQRWKHU LVVXH + D
VKRXOG QRW LQAXHQFH WKH ¢ Q DI IGHFLY\WRIDOMCH D Q
WKH ¢QDO DJJUHJDWHG SULRULWLHV RI GHFLVLRQ D
UHYHUVDO ZKLFK TXHVWLRQV WKH SUHFLVLRQ RI $+
$QVZHUV WR PRVW RI WKH FULWLFDO UHPDUNV RI
UDWLRQDOLW\ RI GHFLVLRQ PDNHUV WKDW ZLOO F
DFFRUGLQJ WR WKHLU EHVW NQRZOHGJH DQG VHQVH
H[FOXGH WKRVH LUUHOHYDQW RAKLEWHWIBIUUGT X
QHJOHFWHG QHFHVVLW\ ZKHQ EXLOGLQJ $+3 VHWV R
XVHG WRZDUGV VHWV Rl SRWHQWLDO GHFLVLRQ DOW
"KLWDNHU 7KH FRQVWUXFWRRID RQ DXOG RVRH @ WSDR
RI UHVHDUFK LQ WKH IUDPH RI WKH $+3 PHWKRG )UL
GHYHORSPHQWYV ZKLFK DQVZHU PRVW RI WKH HDUC
DOVR SURYLGH DGGLWLRQDO UHVWUDLQWY WR 6DD\
UDLVHV WKH DFFXUDF\ RI GHFLVLRQV PDGH ZLWK W
D VROXWLRQ WR KLV HDUOLHU FULWLFLVP RI $+3 LQ
"\HU *RHSHO VWDWHV WKDW WKH RULJLQDO
Rl FRPSURPLVH ZLWK UHVSHFW WR WKH PD[LPXP QXPE
ZHLIJKW XQFHUWDLQW\ 1HYHUWKHOHVV KH SURSRVHYV
VFDOH ZKLFK NHHSV WKH ZHLJKW UDWLR DW QLQH IF
HYHQO\ GLVWULEXWHG ZHLJKWYV DFURVV WKH MXGJH|
XQFHUWDLQW)\ VWLOO SUHIHUDEOH WR WKH RULJLQD
$V WKH PHQWLRQHG OLPLWDWLRQV FRXOG SRWHQW
EDVHG PRGHOOLQJ RI PDQDJHULDO GHFLVLRQV D GH
EHHQ FRQVLGHUHG )ROORZLQJ WKH UHFRPPHQGDWLR
WKH RSWLPDO SRVVLEOH GHFLVLRQV EXW XQGHU
UHVWULFWLRQV L H LQWHJUDO GHFLVLRQV [IX]]\ H[!

$ SURSRVDO RI D PHWKRG IRU WKH QXPEHU RI $+3 GHFLVLRQ F
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PRGHO ZLOO EH HQYLVDJHG $ FRPELQDWLRQ RI $+3
HPSOR\HG E\ :RURSD\ O0X OHZVNL EXW ZLWK D UF
WKHQ OLPLWHG WR WKH HYDOXDWLRQ RI VA\VWHP IXQ

)X]]\ H[SHUW V\VWHPV LQ PDQDJHULDO G

7KH LQFUHDVLQJ FRPSOH[LW\ RI VFLHQWLILF P
ZKLFK KDSSHQV LQ D VHTXHQFH GZLNOLFNL S
RI DSSOLFDWLRQ RI D PHWKRG H[SDQG LQWR QHZ
LQFOXVLRQ LQWR WKH LQLWLDDFWRROEWR H RV KIHH ¥ PG
FDWHJRULHV Rl SUREOHPV $V D UHVSRQVHQMWH & KEN V|
DX[LOLDU\ PHWKRGY DQG WHFKQLTXHV &RQVHTXHQW
DQG H[SDQGV WKURXJK WKH LQFOXVLRQ RI QHZ PI
WKH DSSOLFDWLRQ RI DGGLWLRQDO PHWKRGV DQG
¢.QGLQJV IURP D OLWHUDWXUH VHDUFK EXW DOVR U
PHWKRGRORJ\ L H GH¢FLHQFLHV RI PDQDJHPHQW VFL

S REVHUYDWLRQV VHWH D OFQR PI3 OW R/UHY O WHW
RQ WKH HYROXWLRQ RI PDQDJHULDO PHWKRGV FDQ &
f WKH ODFN RI SDSHUV GHVFULELQJ VRPH RI PDQD.
f WKH VWDWH Rl WKH HFRQRP\
f WKH H[LVWHQFH DQG FRYHUDJH RI VFLHQWL¢:F MF
f WKH H[WHQW RI UHVHDUFKHUYTV FRRSHUDWLRQ ZL
f WKH IDFW WKDW PRVW UHVHDUFK SURMHFWYV DUH F

GLVWRUW REVHUYDWLRQ

(©00e6-)

Initial methoda with  Adding a new methob to Expansion of method compliéx
n-stage mode of as a 2nd stage ofitial through elaboration of artarnative
operation. methoda. methodc in relatonto metloda and
addtion of new methodi to methodb.
Methodologicdly mature method.

JLIXUH (YROXWLRQDU\ LQFUHDVH RI WKH UHVHDUEFK
6RXUFH O0ZLNOLFNL S



0ZLNOLFNL FRQWLQXHV E\ VWDWLQJ WKDW PDQ
HYROXWLRQDU\ FKDQJHYV S DQG EDFNV WKLV V
S RSLQLRQ WKDW RQH RI WKH IHDWXUHV Rl PHWKI
WKH RSHQQHVV WR QHZ PRGHV RI RSHUDWLRQ DQG
RI HYROXWLRQDU\ LQFUHDVH RI UHVHDUFK PHWKRGT

$V WKH HQKDQFHPHQW RI PDQDJHULDO GHFLVLF
RI VWXG\ PDQDJHPHQW LQ WKH DEDGHPLF GLVFLSO
WKDW WKH SUHVHQWHG YLHZV RQ WKH HYROXWLRQ
VFLHQWL¢F SUREOHP FRYHUHG E\ WKLV PRQRJUDSK

5 ELDV] ODFLRA& SURYLGH DUJXPHQWYV IRU
RI FODVVLFDO PXOWLFULWHULD GHFLVLRQ PDNLQJ
3UDNDVK %DUXD S DIWHU ORVWHUW 1LH
ODUGDQL HW DO DIWHU ODUDLV 'X 30HVVLV 6L
3HQJ HW DO VXJIJHVW DQ H[SDQVLRQ RI $+3
PDNLQJ PHWKRGY UDWKHU WKDQ E\ UHSODFLQJ $+:
DGRSWHG LQ WKLV PRQRJUDSK IRU WKH FRQVWUXFW

7KH SRO\YDOHQW IX]]\ ORJLF PHWKRGRORJ\ WRJI
ZDV SURSRVHG E\ =DGHFK LQ AXO\Y K RHZKFD\5 BIR S
KLV PDQ\ YDOXHG ORJLF WKHRU\ ZKLFK LV SHUFHLYH
ORJLF ,W VRRQ SURYHG WR EH XVHIXO IRU H[SHUW
LV FRQVLGHUHG DV DQ HYROXWLRQDU\ GHYHORSP]
GHFLVLRQ VXSSRUW PHWKRG DLPLQJ DW LQFUHDVLC
GHFLVLRQ PDNLQJ SURFHVV

)X]]\ ORJLF XVHV OLQJXLVWLF LQIRUPDWLRQ EDVHG
FKDUDFWHU HJ VPDOO ELJ YHU\ VPDOO YHU\ ELJ
UHSUHVHQWY D EOXUUHG IX]]\ QRWLRQ )X]]\ ORJLF
RI SRVVLEO\ ULJRURXV V\VWHPV FKDUDFWHULVLQJ WK
ZLWK V\VWHP{V OHDUQLQJ DQG WHVWLQJ DOJRULWK]I
DUH DWWULEXWHG QXPHULFDO YDOXHV ZKLFK EHEFRP
EH DWWULEXWHG DGHTXDWH IXQFWLRQV FDOOHG P
UDQJH RI YDULDELOLW\ RI WKHLU SDUDPHWHUV 7KH
VHWYV 7KHUHIRUH LQ IX]]\ ORJLF QXPHULFDO YDULDE
ZLWK DWWULEXWHG QXPHULFDO YDOXHV =DGHFK
VLPLODUO\ WR $+3 IX]]\ ORJLF FDQ EH DSSOLHG D
PHWKRG IRU WKH VXSSRUW DQG HQKDQFHPHQW RI PI

%HIRUH SURFHHGLQJ WR WKH SUHVHQWDWLRQ RI W
FRQVWUXFWLRQ WKH PDLQ FRQFWSEW\XJR G/ DWW MRIQHF
WR EH H[SODLQHG

$ OLQIJXLVWLF YDULDEOH LV DQ LQSXW RU RXWS
DVVHVVHG YLD GHVFULSWLYH QRWLRQV FDOOHG OL:
RI OLQJXLVWLF YDOXHV LV PL[HG ERWK WKURXJK OL



$ OLQJXLVWLF YDOXH LV D YHUEDO DVVHVVPHQW
ELJ VPDOO PHGLXP QHJDWLYH SRVLWLYH ROG Q°F
2XW Rl HLIJKW GH¢QLWLRQV RI IX]]\ QXPEHUV SUHV
GH /DQJH WKH IROORZLQJ VHHP WR VXPPDULVH D¢
D JHQHUDOLVDWLRQ RI D UHJXODU UHDO QXPEHU I
VLQJOH YDOXH EXW UDWKHU WR D FRQQHFWHG VHYV
YDOXH KDV LWV RZQ ZHLJKW EHWZHHQ DQG ‘LM
S )X]]1\ QXPEHUV FDQ EH DSSOLHG IRU PRGHO
XQHTXLYRFDO SURMHFWY RE REZKBQXV) S QW R [RXQD DX/
SUHFLVHO\ PHDVXUHG EXW RQO\ DSSUR[LPDWHG H
WLPH VSDQ RI LQYHVWPHQW Q FSW RYRADIEHLLD WW D Q WRXIQG
9DULDEOHV FKDUDFWHULVHG E\ IX]]\ QXPEHUV F
LQVWUXPHQWY RQO\ ZKHUHDV OG Q1OL WZSLHFUYWD B X Bl ©
ZKLFK ZLOO EH WKH FDVH RI GHFLVLRQ PDNLQJ PRG
$Q LQWHUHVWLQJ LVVXH DULVHV ZLWK WKH GH¢QLWI
YDOXH RI D OLQJXLVWLF GHWHUPLQDQW /RFOWYPD
DFFHSWDEOH WR GH¢,QH D FRQFHSW RQ WKH EDVLV R
PDGH WR LQWURGXFH D PRUHWERMHR WWXH \WUKTHX M D &)
WKH WUXH YDOXH LV VRPHWLPHV LQWHUSUHWHG DV W
UHIHUHHY DJUHHLQJ ZLWK WKH IDFW WKDW D JLYHQ V\
URRP WHPSHUDWXUH RI f& LV FRPIRUWDEOH DV D UH
VR 1HYHUWKHOHVV WKH :FRPIRUWDEOH" VWDWHPHQW
DV WKH VXEMHFWLYH IHHOLQJ RI FRPIRUW GHSHQGV
ZLQG HWF )ROORZLQJ WKH IX]]\ ORJLF FRQFHSW D WL
RI YDOXHV Rl DOO GHVFULSWLYH SDUDPHWHUV WKD\
SRSXODWLRQ RU LQ H[SHUWVY DVVHVVPHQWYV LQVWLJ
,Q KLV LQWURGXFWLRQ WR WKH )X]]\ VHWV WKHRU\
IXUWKHU GHILQLWLRQV DQG HTXDWLRQV 7KH OLC
OLQJXLVWLF YDOXHV WKDW DUH XVHG IRU WKH D\
7KLV VSDFH LV PDUNHG ZLWK FDSLWDOLND L@ LOMNV
GLPHQVLRQDO VSDFH B6RPH H[DPSOHV RI OLQJXLVW
(TXDWLRQV DQG

(T
(T

7KH PHPEHUVKLS IXQFWLRQ DQG JUDGH RI PHPEH
OLQJXLVWLF WHUP VHW HOHPHQWY LQ VSDFH 7KL
DJLYHQ IHDWXUH ZLWK WKH HOHPHQWYV RI WKH VHYV
RI' D JLYHQ HOHPHQW GHVFULEHV WKH JUDGH RI LW



(T
7KH PHPEHUVKLS IXQFWLRQ FDQ EH SUHVHQWHG L

T JUDSKLF LQ WKH IRUP RI D FRQWLQXRXV RU GLVF
¥ WDEXODU =+ LQ D WDEOH 7DEOH
1 LQ PDWKHPDWLFDO QRWDWLRQ =+ D VXP (TXDWLR
f YLD D PHPEHUVKLS YHFWRU (TXDWLRQ
J)LIXUH LYV D JUDSKLF SUHVHQWDWLRQ RI W
FRQWLQXRXVY DQG GLVFUHWH W\SHV
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J)LIXUH *UDSKLF SUHVHQWDWLRQ RI WKH PHPEHUVKLS IXQF

6RXUFH &RPSLOHG RQ WKH EDVLV RI *UJHVLN :

7TDEOH VKRZV WKH WDEXODU QRWDWLRQ RI WKH |
SXUSRVHV WKH GDWD KDYH EHHQ WDNHQ IURP )LJXU



7TDEOH

7TDEXODU QRWDWLRQ RI WKH PHPEHUVKLS IXQFW

X ¢ X X X

X

X

X

low

6RXUFH &RPSLOHG RQ WKH EDVLYVY RI H[DPSOH F

I[URP )LJXUH

(TXDWLRQ HISUHVVHVY WKH PDWKHPDWLFDO QRW

D VXP

(T

7KH LOQWHJUDO EDVHG QRWDWLRQ RI WKH PHPEHUV

(T

7KH PHPEHUVKLS YHFWRU GHVFULELQJ WKH PHP|
7KH RUGHHOHBHOQVWKH FRQW KPKI\D WHKBQV S W/

GHWHUPLQHG

(T

6RPH H[DPSOHV RI PRVW FRPPRQOLFRX®S 0OUHGVRREE
LIXUHV ~ WR  DQG FRYHU WKH IROORZLQJ W\SHV 5XW
VLQJOHWRQ PHPEHUVKLS IXQFWLRQ

WULDQJXODU PHPEHUVKLS IXQFWLRQ

Y)LIXUH

Y)LIXUH

VLPSOH *DXVVLDQ PHPEHUVKLS IXQFWLRQ )LJXUt!
FRPSRVLWH *DXVVLDQ PHPEHUVKLS IXQFWLRQ )L
$Q H[DPSOH RI D VLQJOHWRQ PHPEHUVKLS IXQFWL
E\ WKH PDWKHPDWLFDO IRUPXOD H[SUHVVHG E\ (TXD

)
+
¥
¥ WUDSH]J]RLGDO PHPEHUVKLS IXQFWLRQ )LJXUH
¥
+

;%w

1

membership

X

% %

varialklealues

$ VLQJOHWRQ PHPEHUVKLS IXQFWLRQ
6RXUFH &RPSLOHG RQ WKH EDVLV RI *U]JHVLN !

JLIXUH

X



$Q H[DPSOH RI D V\PP

(T
HWULF WULDQJXODU PHPEHU'

D ORZHt-OD®IGNDQ XESHUVOYRREQ LQ )LIXUH

A

Y8

asymmetric triangular
membership function

membership value
-

symmetric triangular
membership function

c-d c

c+d X

varialklealues
JLIXUH 7ULDQJXODU PHPEHUVKLS IXQFWLRQV V\PPH\
6RXUFH &RPSLOHG RQ WKH EDVLV RI *U]JHVLN :

7KH PDWKHPDWLFDO
(TXDWLRQ

ZKHUH

QRWDWLRQ RI D WULDQJXC

(T

A X OLHV RXWVLGH WKLV LQWHUYDO

¢ SHDN RI WKH V\PPHW
c—d ORZHUXOYPDW HM
c+d XSSHU OYPIOXHV

ULFCWULDQJXODU IXQFWLRQ

([DPSOHV RI WUDSH]RLGDO PHPEHUVKLSz I XORRAMUR Q\
VXSSRUW VXA WFHQ@/JED © GRBMBBH KRZQ LQ )LIXL

Y

trapezoidal
membership function

symmetric traj

membership valu

membership function

e

y C

z X

varialklealues

J)LIXUH 7TUDSH]RLGDO PHPEHUVKLS IXQFWLRQ\
6RXUFH &RPSLOHG RQ WKH EDVLV RI *UJHVLN :



,Q PDWKHPDWLFDO QRWDWLRQ WKH WUDSH]RLGDO F
WKH DVVXPSWLRQV SUHVHQWHG LQ WKH HTXDWLRQV

for (T
for — — (T
for — (T
for — (T
ZKHUH
c FHQWUDO YDOXH
y ORZHU VXSSRUW OLPLW
i XSSHU OLPLW
t VXSSRUW OLPLW UDQJH
s YDOXH RI WKH VORSH

SOHDVH QRWH WKB® WKH WUDSH]RLGDO PHPEHL
D WULDQJXODU PHPEHUVKLS IXQFWLRQ

$ *DXVVLDQ PHPEHUVKLS IXQFWLRGdI&Ktg@&d>s E\ D
GHYLOWLRY® PDWKHPDWLFDOO\ QRWHG k @ DUDPWWRHQY
WKH QDUURZHU WKH (EHOO" RI WKH JUDSKLF LOOXVYV

o |
© 1x)

e /N
R

2 |7 N

0 2 4 6 8 1R
varialklealues

J)LIXUH $Q H[DPSOH RI D VLPSOH *DXVVLDQ PHPEHU\
6RXUFH &RPSLOHG RQ WKH EDVLV RI 'LHWULFK 6FKXO]



7KHUH DUH WZR EDVLF W\SHV RI *DXVVLDQ PHPE
DV\PPHWULF $ VIPPHWULF *DXVVLDQ PHPEHUVKLS IXQ
GLVWULEXWLRQ FXUYH )LJXUH

$Q DV\PPHWULF *DXVVLDQ PHPEHUVKLS IXQFWLRQ L
RI WZR GLUHUHQW *DXVVLDQ FXUYHV )LJXUH

S )

0,7(5 [ N\
N, \\
0,25 / \

~

membership

0 2 4 6 8 1R
varialklegalues

J)LIXUH $Q H[DPSOH RI D FRPSRVLWH *DXVVLDQ PHPE
6RXUFH &RPSLOHG RQ WKH EDVLV RI 'LHWULFK 6FKXO]

$OWKRXJK WKH *DXVVLDQ W\SH PHPEHUVKLS IXQFW
IX]]\ SURMHFWLRQ RI D OLQJXLVWLF WHUP VHW L
IXQFWLRQ WR EH DSSOLHG IRU UHVHDUFK SXUSRVHYV
LW ZLOO EH FKRVHQ DUELWUDULO\ EDVLQJ RQ W
LQYROYHG H[SHUWV OHQGHO S ,Q QHHG R
GHFLVLRQV WKH FRPSOH[ DV\PPHWULF FKDUDFWHU
LWV XQFHUWDLQW\ VXJJHVWV WKDW SRO\JRQDO PHP
7KH DGYDQWDJHV RI SRO\JRQDO PHPEHUVKLS IXQF
f D VPDOO DPRXQW RI GDWD QHFHVVDU\ WR GH¢QH
$ WKH\ IXO¢0 WKH FRQGLWLRQ RI VXPPLQJ XS WR .
RI PHPEHUVKkSY DROX H HFTKK D O V
+ WKH\ DOORZ D IDVW PDSSLQJ RI VAVWHPYV LQS
D K\SHUVXUIDFH EXLOW Rl OLQH VHJPHQWYV
f WKH\ DOORZ D IDVW PRGLILFDWLRQ RI SDUDPHMW
IXQFWLRQ EDVLQJ RQ PRGHOTV LQSXW : RXWSXW
7KHUH DUH WZR PDLQ GLVDGYDQWDJHV RI SRO\J
GLVFRQWLQXLW\ DQG QRQ GLUHUHQWLDELOLW\ ,Q RC
VKRXOG REVHUYH WKH IROORZLQJ SURFHGXUH DW O
VIVWHP WKH VLPSOHVW IXQFWLR®NQ\WR P\SKRRMIG RE Hy
DV IRU WKH LGHQWL:FDWLRQ RI WKHLU SDUDPHWHU"
WKHUH LV D ORW RI LQIRUPDWLRQ DERXW WKH V\VW}
QXPEHU RI SDUDPHWHUV DUH DGYLVHG H J *DXVV
RUHU D KLJKHU SUHFLVLRQ Rl WKH PRGHO +RZHYHU
DSSOLFDWLRQV GXH WR LQFRPSOHWH LQIRUPDW
IXQFWLRQV QHHG WR EH DSSOLHG
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)X]]\ QXPEHUV DQG IX]]\ VHWV FDQ EH VXEMHFW W
LH VXPPDWLRQ VXEWUDFWLRQ PXOWLSOLFDWLRQ
7DNLQJ LQWR DFFRXQW WKH VXEVWDRQ PDM LDQ/JISH
WKH VFRSH Rl UHVHDUFK SUHVHQWHG HDUOLHU LQ
IXQFWLRQV ZHUH HPSOR\HG IRU IXUWKHU SURFHVVL(
YLD WKH +LHUDUFKLFDO ORGXOH RI WKH FRQVWUXTF
FDVHV ZHUH DQDO\VHG
f FDVH , + GHFLVARG¥ DOW HLYDMRLDNY VHW V
f FDVH ,, + GHFLVARQA DOWHUQBFMN YWKH\ DUH QRW

Casel+ GHFLVLRQADDAA HUWHD WLYMRLQW VHWY DQG DUH GH
(T

Final decisioD® LV D VXP RI GHFL\ALRGQV D@ HY GHWY Q¥EV |
(TXDWLRQ

(T

$ JUDSKLF LOOXVWUDWLRQ RI SB@MYRHWHE W RH MU
VXP LV VKRZQ LQ )LIJXUH

)LIXUH 3DUDPHWHUV RI VXPARRhAWZR GLVMRLQW IX]]\
6RXUFH &RPSLOHG RQ WKH EDVLV RI *U]JHVLN

,Q WKH GLVFXVVHG RDWdA | KRJY WDHVPERQIG/ DAQRG E H V
VHFRQ® EPOWHUQDWLYH GHFLVLRQV UHVXOWLQJ I
WKH GHYHORSHG PXOWLFULW HADLDF %6 B MWMLRRXD H{D R 5Q
EHORZ ([DPSOH
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([DPSOH

JROORZLQJ WKH UHODWLRQNV ITBRP (TXDWLRQV D
: ZKLFK PHDQV WKDW WKHE LW O RBAHAL\O
YD OX,H + DQG XSSBY PLPLW YDOXH 7KH
JUDSKLF LOOXVWUDWLR D RZAILWKY SDWAN RD Q@ 3+G G H V¥ XX
DOWHWQIX LYWW KRZQ RQ )LIXUH

J)LIXUH SDUDPHWHUDRIOGHFLVUIRQXOWLQJ IURP D VXP RI W,
*+ GHFLVLRQ M&WMHUQDWLYHV
6RXUFH &RPSLOHG RQ WKH EDVLV RI *UJHVLN :

Casell + GHFLVLR QADaDIAKHIUMWMULWYHFW WKH\ DUH QRW G

,Q VXFK D FDVH WKH QRWLRQ Rl LQWHUA/BHEWLR Q
A EHORQJLQJ WRLWH¥XYMGR@KHHBWRQMXQFWLRQ LQ TX
(TXDWLRQ

(T
7TKH VHW GH¢{QHG E\ (TXDWLRQ LV DOVR D IX]]\ \
GHILQHG IRY «IDODVYDIOKAHY LQ (TXDWLRQ DV D P
(TXDWLRQ DV D SURGXFW

(T
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(T

$ JUDSKLF LOOXVWUDWLRQ RI B &BQMPMRWIL RQ RI
LQ )LIJXUH

e, §)
1/,gl(X) Ya Z(X)

"
AN
04 S

0

J)LIXUH SDUDPHWHUV RIALQ¥AHUVHFWLQJ IX]]\ VHW
6RXUFH &RPSLOHG RQ WKH EDVLV RI *UJHVLN 5

<V

$ PDWKHPDWLFDO RSHUDWLRQ RI VHW LQWBUVHF
WKH IROORZLQJ IHDWXUHV YDOLG IRU IX]]\ VHWV W
+ FRPPXWDWLYLW\ + WKH RUGHU RI VHWV LQ LQWHU\
QDO UHVXOW = (TXDWLRQ
A A A A (T
+ DVVRFLDWLYLW\ + D SURGXFW RI PDQ\ VHWV FDQ
RI SDLUV Rl VHWV WKH RUGHU RI DVVRFLDWLRQ F
QDO UHVXOW + (TXDWLRQ
A A A A A A (T

¥ LGHPSRWHQFH =+ PXOWLSOH FRQMXQFWLRQV RI W
UHVXOW = (TXDWLRQ

A A A (T

+f DEVRUSWLRQ E\ DQ HPSW\ VHW * + WKH UHVXOW |
HPSW\ VHW * UHVXOWY LQ DQ HPSW\ VHW * £ (TXDW

A (T



T LGHQWLW)\ + WKH UHVXOWARIZDW K. QWY HXUMS¥EHAI I/RIQV Ri
LQ WKH X@L¥HUX B WLHRWD

(T

ZKHDHY WKH XQLYHUVH VHW RI DOO SRVVLEOH (
DOWHUQDWLYHYV

f FRPSOHPHQWDULW\ FRQWUDGLFWLRQ ztAWAKHVHKHYV X
LWV FRPSOHRPHEWOQWVHW DQ HPSW\ VHW * £ (TXD)

A A (T

ZKHUH
A+ WKH FRPSROHMAHQYMWRRI HOHPHQAVVY QRW EHLQJ SD

$ PDWKHPDWLFDO RSHUDWLRQA RdA XEH®RRQR L QWZ R
WKH XQLYHUVDO VHW RDDGBQRIWHELRQAQMXHVWSBRR®IG
E\ (TXDWLRQ

(T

7KH PHPEHUVKLS IXQFWLRXQ B HYQWIGRZRQU RO OT X DWW .
DV D PD[LPDO YDOXH DQG (TXDWLRQ DV DQ DOJF

(T
(T
6HW XQLRQ RSHUDWLRQV KDYH WKH IROORZLQJ IH
f FRPPXWDWLYLW\ + WKH RUGHU Rl VHWV LQ XQLRQ
UHVXOW + (TXDWLRQ
A A A A (T
f DVVRFLDWLYLW\ + D VXP Rl PDQ\ VHWV FDQ EH FO
RI VHWV WKH RUGHU RI DVVRFLDWLRQ RI VHWV LQ\V
+ (TXDWLRQ

A A A A A A A A A (T



f LGHPSRWHQFH *+ PXOWLSOH XQLRQV RI WKH IX]]\
+ (TXDWLRQ

A A A (T

f DEVRUSWLRQ RI DQ HPSW\ VHW * A WIK\WM KU B X-0PV8 \k
VHW * UHVXOWVAL@ WK WQRWLDO VHW

A A (T

f DEVRUSWLRQ E\ WKHWKH VHYXID W HRWAD 2AQLKR Q F
D XQLYHWUVHVWHOWY LQ WKH XQLYHUVH VHW + (TXD\

(T

ZKHWHYV WKH XQLYHUVH VHW RI DOO SRVVLEOH (
DOWHUQDWLYHYV

¥ FRPSOHPHQWDULW\ + WKH WAWHYXOW RWY KRRKRQHR
UHVXOWYV LQ D & QIXMHW VRIQV HW

(T
ZKHUH
A + WKH FRPROHPHWQHWRRI HOHPHQAVYV QRW EHLQJ SD!
JLIXUH LV D JUDSKLF LOOXVWUDBWIAIRQ RI D XQL
Y v a9
1/A1(X) 1/A 2(X)
1
Yao a¥)
0 =x
JLIXUH SDUDPHWHUV RI DAYAQIARQ RI WZR IX]]\ VHW

6RXUFH &RPSLOHG RQ WKH EDVLV RI *U]JHVLN 5

$ IX]]\ HISHUW V\VWHP FDQ EH EXLOW ZLWK WKH X
RI I1X]]\ FRGLQJ RI LQIRUPDWLRQ )X]]\ H[SHUW V\VW|
RI QXPEHUV ZKLFK SURYLGHV JURXQG IRU JHQHUDOI
D IX]]\ UHDVRQLQJ VFKHPH



Ya(x) y)

FUZZIFICATIQNFUZZY INFEREINCEODEFUZZIFICATION
of crisp val with use of inferlencle accordingly
of input vari s rules and algorithm$ to defuzzificatipn?rules
of values of vafidble y

crisp set fuzzy set fuzzy set crisp s

YLIXUH )X]]\ UHDVRQLQJ VFKHPH
6RXUFH &RPSLOHG RQ WKH EDVLV RI *UJHVLN :

)X]]\ PRGHOOLQJ LV FRPSRVHG RI WKUHH VWH:!
GHIX]]L;FDWLRQ $ VFKHPH RI IX]]\ PRGHOOLQJ LV Vk

DATABASH
b

FUZZIFICAT OF RULESY

BLOCK

DEFUZZIFICATION
BLOCK

crisp set

INFERENC

fuzzy set

J)LIXUH )X]I\ PRGHOLQJ VFKHPH]LZIAMBY ER@MSJHQEKW V
GHIX]]L;FDWLRQ DyQG FULVS RXWSXWV
6RXUFH &RPSLOHG RQ WKH EDVLV RI *UJHVLN :

)X]JL¢FDWLRQ EORFN SURFHGXUH LV SHUIRUPHG
FULVS YDOXHV DUH JLYHQ DW WKH LQSXW WR IX]]L¢FL
X yX  ,Q WKH IX]]JL{FDWLRQ SURFHVV WKH\ DUH WUDQ
WKH FDOFXODWLRQ RI WK LA+ PHP E HRIW K L S5 WX QKW L |
RXWSXW RI IX]]JLLFDWLRQ EORFN YDOXHV Rl JUDGH
SURYLGH LQIRUPDWLRQ DERXW LQISK W HDHOOXX IRV B B PS
LQSXW IX]]\ VHW

7KH LQIHUHQFH EORFN FRQWDLQV
f D GDWDEDVH RI UXOHV
f LQIHUHQFH DOJRULWKPYV
f y PHPEHUVKLS IXQFWLRQV RI YDULDEOH

7KH LQIHUHQFH EORFN JHQHYDWHV WHVXOWLIHWN RHF
IXQFWLRQ RIWHQ KDV D FRPSOLFDWHG IRUP DQG LWV
FDOOHG LQIHUHQFH 7KHUH DUH VHYHUDO ZD\V RI PL
SURFHGXUH ,Q DFWXDO DSSOLFDWLRQ WKH LQIHU



EODFN ER[ DSSURDFK ZKLFK OHDYHV WKH SUHFLVH
EH\RQG WKH VFRSH RI WKLV UHVHDUFK 2QO\ WKH L«
GDWD DUH DQDO\VHG

,Q WKH GHIX]]JL.FDWLRQ EORFN WKDW®Q PSREHG \LIQE
FULVS WDOXHYV

ODQDJHPHQW OLWHUDWXUH RYHUYLHZ UHYHDOV
GHDOLQJ ZLWK XQFHUWDLQW)\ LQ KABKHSSXJ L\F B W\
WKHRU\ 7KHVH SXEOLFDWLRQV LQFOXGH $EGXO0O0

6SKLFRSRXORYV )X ;X <DQJ .DUDWDYV
7TDODVRYD .XEOHU HW DO /L :DQJ
=KDQJ ORVDGHJKL HW DO SDPXFDU HW I
)D\HN 6KLGSRXU 'D &XQKD %HUQDUG
6DE]L HW DO =KDQJ HW DO +RZHYHU

DSSOLFDEOH VROXWLRQV WKDW H PTSXHR) F$+ 3 DY K
WKDQ DQ LPPHGLDWH FRPELQDWLRQ RYRUR I RAUKH
FRQVWUXFWLRQ SDWWHUQ RI WKH ORGXODU 0XOW
ORGHO 0080%$'(00 IRU WKH HQKDQFHPHQW RI PDQ
SURFHVVHV LV RUHUHG

BURSRVDO RI D PXOWLFULWHULD PRGHC
RI PDQDJHULDO GHFLVLRQ PDNLQJ

ODQDJHULDO GHFLVLRQV DUH LQLPRMWZKRV¥K\W @ DG
WKH ULVN Rl ZURQJ RU QRW RSWLPDO UHVXOWV R
Rl WKH EDVLEF IHDWXUHV Rl IX]]\ VHWV SUHVHQWH
$+3 PHWKRG SUHVHQWHG HDUOLHU LW LV IXOO0\ MX
PDNLQJ HQKDQFHPHQW V\WWHP PHUJLQJ ERWK PHWI
D ORGXODU OXOWLFULWHULD 0DQDJHULDO 'HFLVLRQ ¢
WKH HQKDQFHPHQW RI PDQDJHULDO GHFLVLRQ PDNL
RI WKLV PRQRJUDSK ZDV FDUULHG LQ WKUHH SKDVH
+ FRQVWUXFWLRQ Rl WKH +LHUDUFKLFDO ORGXOH
f FUHDWLRQ RI WKH )X]]\ ORGXOH
f FRPELQLQJ $+3 DQG IX]]\ VHWV PHWKRGV LQWR D

7KH +LHUDUFKLFDO ORGXOH SURYLGHV WKH ¢UVW
IURP SULRULWLVDWLRQ RI GHFLVLRQ FULWHULD Z|
ORGXOHV H[SDQG WKH VSHFWUXP RI GHFLVLRQ SDU
WKH VHFRQG EHVW GHFLVLRQ DOWHUQDWLYH $V WK
SURYLGHG LQ SUHYLRXV FKDSWHUV WKLV SDUW RI V
RI D XQLYHUVDO IRUP RI WKH PRGHO ,Q SUDFWLFDC
VXEVWLWXWHG ZLWK UHDO FKDUDFWHULVWLFV

$ VFKHPH Rl WKH PRGHO LV YLVXDOL]HG LQ )LIJXUF



N
HIERARCHICAL FUzZzZY MIXED AHP-FUZZY
MODULFE ) MODULE MODULE

I. Fuzzification
Il. Inference
I11. Defuzzification

|. Elaboration of a decisiemaking
hierarchy;

II. Selection of experts;

II1. Expert evaluations stage 1 (decision
criteria);

IV. Expert evaluations stage 2 (decision
alternatives);

V. Consistency checks of expert opinions
VI. Evaluation of decision alternatives;
VII. Sensitivity analysis

J)LIXUH 6WUXFWXUH RI WKH ORGXODU 0OXOWLFULWHULD 0
0080%'(00 IRU HQKDQFHPHQW RI PDQDJHULDO GHFLVLRQ |
6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH PHWKRGRORJLF

RI GHFLVLRQ PDNLQJ PRGHOV

&RQVWUXFWLRQ RI WKH +LHUDUFKLFDO

7KH +LHUDUFKLFDO ORGXOH EDVHG RQ WKH $QDO\
IRUPXODWHG $V PHQWLRQHG EHIRUH DQ $+3 GHFL
LQ D VHULHV RI FRQVHEXWLYH VWHSY L HVWDEO
VHOHFWLRQ RI H[SHUWV LLL H[SHUW HYDOXDWLR
HYDOXDWLRQV VWDJH GHFLVLRQ DOWHUQDWLY
RSLQLRQV YL HYDOXDWLRQ RI GHFLVLRQ DOWHUQTE

7R HVWDEOLVK D GHFLVLRQ PDNLQJ KLHUDUFK\ W}
LGHQWL{HG ,Q WKH GLVFXVVHG \PDS/SR WW HD G H PID\QLD
GHFLVLRQ WDNHQ DW WKH WDFW L FKOH GRHUF ¥ WLLRIQVSHU R
LV RSHUDWLRQDOLVHG WKURXJK VHDUFKLQJ IRU DQ\

'KDW LV WKH PDLQ JRDO RI WKH GHFLVLRQ WR E
'KDW FULWHULD DUH UHOHYDQW IRU WKH DQDO\
$UH ERWK TXDQWLILDEOH PHDVXUDEOH DQG
GHFLVLRQ FULWHULD LQFOXGHG"

$V PXOWLFULWHULD PDQDJHULDO GHFLVLRQV
FKDUDFWHU LV LW SRVVLEOH WR LQ¥DRGH L
DOWHUQDWLYHYV WKDW YDU\ VOLJKWO\ IURP W|
VHFRQG EHVW YDULDQW "

JRU WKH QHHGV RI WKH FRQVWUXFWHG +LHUDUFKL
PDNLQJ LV WR PDNH DQ RSWLPDO SRVVLEOH PDQ
VWDWHPHQW UHVXOWLQJ IURP R\WRKGH ®QRLRGIWW D R E \
SUDFWLFDO DSSOLFDWLRQV WKH PDLQ JRDO QHHG)



VWDWHPHQW H J FKRRVLQJ WKH PRVW DSSURSULDYV
PRVW SUR;WDEOH FRPSDQ\ EX\LQJ WKH PRVW HVFLF
2QFH WKH PDLQ JRDO KDV EHHQ GH¢QHG WKH GH
+HUH WKH SDUHQW FULWHULD DUH 3DUHQW FULWH
(DFK JURXS Rl FULWHULD KDV D VHW RI EHORQJLC
HQFRPSDVV 6XE FULWHULRQ 6XE FULWHULRQ
DQG 6XE FULWHULRQ 3DUHQW FULWHULRQ ZLOO
6XE FULWHULRQ 6XE FULWHULRQ DQG 6XE F
EH VXSHULRU WR 6XE FULWHULRQ 6XE FULWHULR
,Q SUDFWLFDO DSSOLFDWLRQV WKHVH JHQHUD
GHFLVLRQ SUREOHP VHSDUDWHO\ DQG VKRXOG QRW
VHSDUDWLRQ RI WKH FULWHULD LQ WKH KLHUDUFK\ W
DOWHUQDWLYHV LV DQ LPPDQHQW IHDWXUH RI WKH
UHVXOWLQJ IURP WKH LQFOXVLRQ RI LQWHUUHOD\
XQDFFHSWDEOH ELDV LQ SULRULWLVDWLRQ UHVXO
PDNLQJ SURFHVV GRXEWIXO $Q H[DPSOH RI SDUHQW |
WKH SULFH GHVLJQ SHUIRUPDQFH DQG VUDNVKW\SBQ HQ
FULWHULRQ GHVLJQ FRXOG LQFOXGH WKH ERG\ W\!
TXDOLW)\ RI ¢QLVKLQJ PDWHULDOV
$GGLWLRQDOO\ DV VHHQ LQ WKH TXDQWLWDWLYH
VKDUH RI PDQDJHUV EHOLHYH LQ LQFRUSRUDWLQJ LQW
RI PHDVXUDEOH FKDUDFWHU WRJHWKHU ZLWK WKR)
$ JUDSKLF LOOXVWUDWLRQ RI D KLHUDUFK\ Rl FULWH

JLIXUH 7KH KLHUDUFK\ RI FULWHULD RI WKH ORGXODU 0XO
ORGHO 0080%$'(00 IRU HQKDQFHPHQW RI PDQDJHULDO GHFLYV
6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH



6LPLODUO\ GHFLVLRQ DOWHUQDWLYHV QHHG WR E
PRGHO WKH\ ZLOO EH FD G\ HB FHFILRQ RAD D/HRLEYD &R Wi
DOWHUQDHFILYHRQ BOWHMIQIDWRYHHDO DSSOLFDWLRQV
GLUHUHQWLDEOH VROXWLRQV HJ 0$1 6FDQLD OHU
EORFN RI ADWV RVFH EXLOGLQJ RU VKRSSNWIP PR
RSSRUWXQLWLHY LQ UHDO HVWDWH HWF

7KH HQWLUH +LHUDUFKLFDO ORGXOH LQFOXGLQJ D
ZLWK WKH PDLQ JRDO OHYHO GLUHFW DQG LQGLULI
SURFHVV SDUHQW FULWHULD WKHLU VXE FULWHL
SUHVHQWHG LQ )LIJXUH

Main god of the decision-making Makingan integral managerial decision
Groupsof
decisbn Parent criterion 1 Parent criterion 2 Parent criterion 3
criteria
Directandindirect ’W\
stakeholc_iersof a Managerial State Empbyees Clients Shareholders
managerial Y

e . Board Administra\on
decision-making
nrocess M

= Suberiterion 1.1 Sub-criterion 2.1 Sub-criterion 3.1
DeC'S‘?” . Sub-criterion 1.2 Sub-criterion 2.2 Sub-criterion 3.2
sub-criteria Sub-criterion 1.3 Sub-criterion 2.3 Sub-criterion 3.3

Sub-criterion 1.4 Sub-criterion 2.4
Sub-criterion 1.5 ii g i \

o Decision Decision Decision Decision
Decision alterna e Ay alternaWe Ax altema Ye A, alterna e A
alternatives N

JLIXUH 7KH +LHUDUFKLFDO ORGXOH RI WKH ORGXODU 0XOW
ORGHO 0080%$'(00 IRU HQKDQFHPHQW RI PDQDJHULDO GHFL\
6RXUFH &RPSLOHG RQ WKH EDVLV RI 6DDW\ S

7KH VHFRQG VWHS RI WKH FRQVWUXFWLRQ RI WK
VHOHFWLRQ RI HYDOXDWRUV ZKR ZLOO SHUIRUP WKH !
LVVXH LV WKH VHOHFWLRQ RI H[SHUWYV ZKR ZLOO IRO
WKH KLHUDUFK\ DQG RWKHU PHWKRBREROCRWKPG® FREW
WKH WKUHDW RI ELDV LQ H[SHUW HYDOXDWLRQV FDX
WKH ¢HOG RI GHFLVLRQ PDNLQJ DQ LQGLYLGXDO LQ\
D ODFN RI FRQFHQWUDWLRQ DW ODWHU VWDJHV RI SI

,Q RUGHU WR PLQLPLVH WKH ULVN RI VXFK RFFXUU!
WKH UHVSRQGHQWVY VDPSOH WKURXJK WKH DUELWUDC



VKRXOG EH HPSOR\HG IRU D QRQ WDWGRE® RDP$OH QW \
GLUHFW VHPL VWUXFWXUHG LQWHUYLHZV )UDQNIRL
VWDWH WKDW WKH JRDO Rl DUELWUDO FKRLFH PHWK
UHVHDUFK VDPSOH ([SHUWV IRU WKLV VWDJH RI WKH
RI WKH GHFLVLRQ PDNLQJ PRGHO VKRXOG EH UHFUXL
VFLHQFH DQG SUDFWLWLRQHUV RI PDQDJHPHQW :KHQ
VFLHQFH WKH OHDGLQJ VDPSOLQJ FULWHULRQ VKRXC
WKH UHVHDUFK DUHD PDQDJHULDO GHFLVLRQ PDNLQJ
VKRXOG EH WKH EUDQFK RSLQLRQV RQ WKHLU HVFLF
WUHQGV RI WKHLU HQWHUSULVHY VLQFH LQ VHUYLF!
DV WKH SULPDU\ TXDOLWDWLYH UHVHDUFK PHWKRG

'LUHFW VHPL VWUXFWXUHG LQWHUYLHZV FOR} DOVR
H[SHUWLVH RQ WKH GHFLVLRQ PDNLQJ SUREOHP RI S
RI WKLV PHWKRG LV KLJKO\ UHFRPPHQGHG * D VSHFL
NQRZOHGJH RQ WKH SDUWLFXODULWLHV RI WKH ¢HO
JRU LQVWDQFH D SUDFWLWLRQHU RI PDQDJHPHQW
¢HOG DOWKRXJK GLUHUHQW OHYHOV DQG ¢HOGV RI F
GLUHFWRU DQG GLUHUHQW IURP WKH ¢QDQFLDO PDQ
WKLV UHVHDUFK WDVN GLUHFW VHPL VWUXFWXUHG L
TXDOLWDWLYH UHVHDUFK PHWKRGYV

2QH VKRXOG QRWLFH WKDW WKH OLPLWDWLRQ RI
GHFLVLRQ PDNLQJ SURFHVV FRQVWLWXWHY RQH RI W
6FLHQWL¢F SUDFWLFH DOORZV DVFHUWDLQLQJ WK
DOORZV WKH OLPLWDWLRQ RI WKH QXPEHU RI H[SHU\
RI KLV ZRUNV )LQDOO\ UHVSRQGH
RQ WKH DVVXPSWLRQ Rl WKHLU KLJK OHYHO RI H[S
FRQVWUXFWHG PRGHO D JURXS RI ILYH ILFWLRQD
([SHUW % ([SHUW & ([SHUW ' DQG ([SHUW ( ZDV HPS
FRQVWUDLQW DVVXPLQJ D KLJK OHYHO RI WKHLU ¢
GHFLVLRQ SUREOHP XQGHU H[DPLQDWLRQ

W QHHGV WR EH XQGHUOLQHG WKDW HYHU\ PDQDJ
FRQVWUXFWLRQ SURFHVY DQG D GLIIHUHQW VHW
HYDOXDWLRQ RI H[SHUW HYDOXDWLRQV VWDJH G
VWD JH GHFLVLRQ DOWHUQDWLYHV DV ZHOO DV
.QDOO\ WKH HYDOXDWLRQ RI GHFLVLRQ DOWHUQD
FKDUDFWHULVWLFV RI D G\QDPLF DQG LQWHUDFWL
ZLWK WKH XVH RI H[DPSOH QXPHULFDO GDWD )RU V
SUHVHQWHG PRGXOHV DUH XVHG DV H[DPSOHV DQ
XOWLPDWH IRUP RI WKH HODERUDWHG PDQDJHULDO
LQFRUSRUDWHG LQ WKH PRGHOTV FRQVWUXFW FRQV)
DQG DSSOLFDWRU\ YDOXHYV



([DPSOH UHVXOWYV IURP WKH ([SHUW HYDOXDWL
SUHVHQWHG LQ )LIJXUH 7TKH QXPEHUV LQ VTXDU
KLHUDUFK\ UHSUHVHQW WKH ORFDO SULRULWLHV RI
WKH UDWLR VFDOH ZHLJKWYV RI D VXE FULWHULD QR
LGHDO FRQGLWLRQV WKH\ VKRXOG DGG XS WR ZLWtk
WKH LPSHUIHFW FRQVLVWHQF\ RI H[SHUW DQVZHUV LC

WKDQ YHU\ VOLJKW GHYLDWLRQV FDQ EH REVHUY
J)LIXUH ([SHUW HYDOXDWLRQV VWDJH + GHFLVL
*2YHUDOO &RQVLVWHQF\ 5DWLR &5 ' H{fTSHUW RSLQL

6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH

3*OE 3ULR " VWDQGV IRU JOREDO SULRULWLHV
DQ\ SDUHQW FULWHULRQ ZLWK UHVSHFW WR WKH F
VLIQL¢FDQFH RI D JLYHQ VXE FULWHULRQ WR WKH LC
GHFLVLRQ PDNLQJ L H PDNLQJ DQ RSWLPDO SRVVL
WKH JUH\ FRORXU LQWHQVLW\ WKH KLJKHU WKH VL
LGHDO FRQGLWLRQV JOREDO SULRULWLHV RI DOO W
DOWKRXJK VLPLODUO\ WR ORFDO SULRULWLHV YHU
REVHUYHG *OREDO SULRULWLHV IRU HDFK VXE FU
HYDOXDWLRQV DUH SUHVHQWHG LQ 7DEOH ZLW
DGGLWLRQDO UHSUHVHQWDWLRQ RI QRUPDOLVHG SU



7TDEOH
*OREDO SULRULWLHV RI GHFLVLRQ VXE FULWHULD =

3DUWE)I§E 6XE 6XE 6XE 6XE 6XE 6XE 6XE 6XE 6XE 6XE 6XE
R;\I}li;ion criterion criterion criterion criterion criterion criterion criterion criterion criterion criterion criterion CRP s
SDQ [
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*2YHUDOO &RQVLVWHQF\ 5DWLR &5 ' HISHUW RSLQLRQV DUH
6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH 6\VWHP V

J)LIXUH FODUL¢{¢HV WKH VLJQL;FDRQRWHRQ M[P HWW\
REMHFWLYHV 1RUPDOLVHG UHVXOWYV RI SDLUZLVH F
WR WKHLU SDUHQW FULWHULRQ DQG RI SDUHKHN FU
GHFLVLRQ PDNLQJ SURFHVVY DUH FOHDUO\ LQGLFDWHG
HDFK ZLWK HDFK EDVLV ZLWK 6XE FULWHULRQ EHL(
WKH DFKLHYHPHQW RI DQ RSWLPDOGWERVVLEDH P HRDJI

J)LIXUH +LHUDUFK\ RI GHFLVLRQ FULWHULD * ZHLJK
*2YHUDOO &RQVLVWHQF\ 5DWLR &5 ' H{fSSHUW RSLQL
6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH



([SHUW HYDOXDWLRQV VWDJH GHFLVLRQ DOWHUQ
UDQNLQJ XQGHU IRUPHU HYDOXDWLRQV RI UHOHYI
WRIJHWKHU ZLWK WKHLU VXE FULWHULD 7KHAH[WHQMW
A AorA FRQWULEXWHV WR WKH DFKLHYHPHQW RI W
FULWHULRQ LV VKRZQ LQ VTXDBUHRRR®BE U )LHKUML R (

J)LIXUH ([SHUW HYDOXDWLRQV VWDJH + GHFLVLF
*2YHUDOO &RQVLVWHQF\ 5DWLR &5 ' H{fTSHUW RSLQL
6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH

7KH &RQVLVWHQF\ &KHFNV RI H[SHUW RSLQLRQV
FULWHULD HYDOXDWLRQ ,Q WKH SUHVHQWHG H[DP!
VHW RI HYDOXDWLRQV RVFLOODWHY EHWZHHQ C
%RWK YDOXHY DUH ORZHU WKDQ ZKLFK PHDQV |
FRQVLVWHQW DQG WKHUHIRUH UHOLDEOH ,Q WKH |
VKRXOG SHUIRUP D UHDVVHVVPHQW RI SUHIHUHQF
PDNLQJ VRIWZDUH RuHUV VXFK DQ RSSRUWXQLW\ DI\
WKH &5 YDOXH H[FHHG RQ D PRUH UHJXODU EDVLYV
KLY HYDOXDWLRQV UHMHFWHG DV QRW UHOLDEOH
7KH UHVXOWLQJ UDQNLQJ RI DOWHUQDWLYHV ZD'
DPRQJ DOO WKH ¢YH H[SHUWV 7KH DJJUHJDWH



I[URP DOO WKH FRQVHQVXY SHUFHQWDJHV RI SDLL
FULWHULD DQG VXE FULWHULD

7TDEOH SUHVHQWYV WKH &RQVLVWHQF\ 5DWLRV
SDUHQW FULWHULRQ DQG WKH PDLQ JRDO OHYHO

7DEOH
&RQVLVWHQF\ UDWLR DQG WKH FRQVHQVXV OHYHO RI H[SHU\
&ULWHULRQ &R Q VARV W H&RFQ \BI@ALRY &RQVHQVXY OHYHO
0DLQ JRDO |OHYHO YHU\ KLJK
3DUHQW FULWHULRQ YHU\ KLJK
3DUHQW FULWHULRQ YHU\ KLJK
3DUHQW FULWHULRQ YHU\ KLJK
*2YHUDOO &RQVLVWHQF\ 5DWLR &5 | HISHUW RSLQLRQV DUH

6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH 6\VWHP V

7KH UHVXOWLQJ UDQNLQJ RI DOWHUQDWLYHYV ZDV
FRQVHQVXV RI DPRQJ DOO WKH ¢YH H[SHUWYV I
5SDWLR &5 RVFLOODWLQJ EHWZHHQ DQG 7|
ZDV FDOFXODWHG IURP DOO WKH FRQVHQVXV SHU
DOWHUQDWLYHV 7DEOH SUHVHQWYV &RQVLVWHQF
HDFK VXE FULWHULRQ ZLWK UHJDUG WR GHFLVLRQ I

7DEOH
&RQVLVWHQF\ UDWLR &5 DQG WKH FRQVHQVXV OHYHO RI H[S]
&ULWHULRQ &RQVLVWHQF\ 5DWLR |&5 &RQVHRQVXV > @
6XE FULWHULRQ KLJK
6XE FULWHULRQ PRGHUDW|H
6XE FULWHULRQ KLJK
6XE FULWHULRQ PRGHUDW|H
6XE FULWHULRQ PRGHUDW|H
6XE FULWHULRQ PRGHUDW|H
6XE FULWHULRQ KLJK
6XE FULWHULRQ PRGHUDW|H
6XE FULWHULRQ low
6XE FULWHULRQ PRGHUDW|H
6XE FULWHULRQ KLJIK
6XE FULWHULRQ PRGHUDW|H
*2YHUDOO &RQVLVWHQF\ 5DWLR &5 | HISHUW RSLQLRQV DUH

6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH 6\VWHP V



7KH ILQDO UHVXOW RI GHFLVLRQ MBXMWHQ R I1ZWW |
GHYHORSHG PRGHO DULVHV DW WKH HYDOXDWLRQ RI
RI HDFK DOWHUQDWLYH GHFLVLRQLVQRIH©DWLRD +V
RSWLPDO SRVVLEOH PDQDJHULDO GHFLVLRQ * DUH RE
RI D ¢QDO UHVXOW RI $+3 HQKDQFHG GHFLVLRQ PDN\
WKH GHYHORSHG GHFLVLRQ PDNLQJ PRGHO 7KH REW
ZKLFK \LHOGHG WKH SHUFHQWDJH YDOXHV SUHVHC
GHFLVLRQ DOWHUQDWLYH WKDW FRQWULEXWHV WR
WKH PDLQ JRDO RI WKH GHFLVLRQ PDNLQJ SURFHVV
PDQDJHULDO GHFLVLRQ7KN WKHYDOWH PGID\YPVYWKDW V
FRQWULEXWHV LQ WR WKH IXO;OPHQW RI DOO Wt
UHVSHFW WR WKH DFKLHYHPHQW Rl WKH PDLQ JRDO
LW WR WKH KLJKHVW H[WHQW IURP DOO WKH DYDLOL
RI GHFLVLRQADOWHUOQMQWLYHOHDYHV WKHP RXW R
IXUWKHU H[DPLQDWLRQ KRZHYHU D YHU\ FO'RVH SR\
SURYLGHV JURXQGV IRU IXUWKHU GLVFXVVLRQ

JLIXUH 2SWLPDO SRVVLEOH PDQDJHULDO @HALVLRQ ZHL
*2YHUDOO &RQVLVWHQF\ 5DWLR &5 ' H{fSHUW RSLQL
6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH



$vV DOUHDG\ PHQWLRQHG WKH DERYH UHVXOWYV Z
FRQVHQVXV DPRQJ DOO WKH SDUWLFLSDWLQJ H[SHU\
GLUHUHQW SULRULWLVDWLRQ RI FULWHULD UHOHYDC
LQ 7TDEOH SHDVRQDEOH YDULDWLRQV LQ H[SHUW
KRZHYHU VXFK FORVH UDQNLQJ UHYV XD &dA DWX B HNWVAM H
WKDW D VHQVLWLYLW\ DQDO\VLV LV QHFHVVDU\ 7D
WKH GHFLVLRQ PDNLQJ SURFHVY REWDLQHG YLD Wi
)XQGDPHQWDO &RPSDULVRQ 6FDOH 7KH JUH\ FRORX
OHYHO RI VLIQL¢,FDQFH RI D SDUWLFXODU H[SHUW V
WKH PDLQ JRDO RI GHFLVLRQ PDNLQJ ZKHQ WKH UHV
(YHQ LI WKH JURXS FRQVHQVXV LV PRGHUDWH L
DOO WKH H[SHUWYV DUH EHORZ DWKR AWK QG LEBX S |
DUH VWLOO ERQVLVWHGWKIEGHY RI JUH\ GHQRWH Wi
RI WKH SUHIHUHQFH YHFWRU ZLWK UHJDUG WR GHF
ZLWK WKH XVH RI DOWHUQDWLYH VFDOHY DUH VKRZC

7TDEOH
([SHUW VHQVLWLYH ZHLJKWV-RItD)XWEBDRBYWDIKW GRPIS\DLRQY\RQ 6

3DUWLELS %VLRQ HFLVLRQ '"HFLVLRQ HFLVLR\%I?_F\DH

H'U/Q D WQWH UM D WO WH UQ D WO WH UR D

*URXS U

([SHUW 8.1%

([SHUW 8.7%

([SHUW 9.4%

([SHUW 9.7%

*2YHUDOO &RQVLVWHQF\ 5DWLR &5 ' H{ISHUW RSLQLRQV DUH
*URXS FRQVHQVXYV PRGHUDWH
6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH 6\VWHP V

$V GLVFXVVHG LQ WKH WKHRUHWLFDO LQWURGXFW
RI WKH $+3 PHWKRG DLPV DW (¢QGLQJ ZKLFK FULWHU
FRXOG FDXVH UDQN UHYHUVDO LQ WKH REWDLQHG U
SURYLGHY GDWD IRU WKH LGHQWL(FDWLRQ RI WKH
WKRVH RI WKH PRVW FULWLFDO PHDVXUH RI SHUIRUF



7TDEOH
S5HVXOWYV RI
+ WKH PRVW FULWLFDO FULWHULRQ

DSSOLFDWLRQ RI WKH +LHUDUFKLFDO ORGXOH R

6XE 6 XE 6 XE 6XE 6XE 6 XE 6 XE 6XE 6XE 6 XE 6 XE 6XE

Criteria FULWHRURWHRULRWHRULRWHUURWHUULRWYHROWRWHEULRWHUULRWYHRUWRWHBUURWHROWIRWHULRQ
ZHLIJKWYV

A -A n/a n/a n/a n/a n/a

A -A n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/

A -A n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/

A -A n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/

A -A n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/

A -A n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/

6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH 6\VWHP V

7KH VHQVLWLYLW\ DQDO\VLY SUHVHQWHG LQ 7DE
37
FKDQJH WKH UDQNLQJ EHWZHHAQ DX GVHRFI. \BLHAQ \DLARWHE

FULWLFDO FULWHULRQ LV 6XE FULWHULRQ

7KH 3HUFHQWDJH $0Q\

3%

C

FULWLEROHFWMWHULRE® 1A

ORZHVW YDOXH LQ WKH WDEOH

S5HVXOWYV RI

7TDEOH

FULWLFDO PHDVXUH RI SHUIRUPDQFH

AI

A

A

6 XE 6 XE 6 XE 6 XE 6 XE 6 XE 6 XE 6 XE 6 XE 6 XE 6 XE 6 XE
F U L W HRIUL LR HFUUL LRV HRUUL LRV HFUUL LRV HRUL LRV HFUUL LRV HFUUL LRV HRUUL LRV HRUUL IRV HRUUL IRVQ HRUUL IRVQH AL R

n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/;

n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/;

n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/;

n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/;

n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/;

n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/;

n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/;

n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/;

> » » » » » » » > > >

n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/;

n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a nfa A

6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH 6\VWHP V

DSSOLFDWLRQ RI WKH +LHUDUFKLFDO ORGXOH RI



7KH VHQVLWLYLW\ DQDO\VLYV SUHVHQWHG LQ 7DE
3% FULWLFDO PHDVXUH RI SHUIRUPDQFHARDE& EH IR
WKH 6 XE FULWHULRQ $ FKDQJH E\ ZLOO FK
DOWHBQBWIKYVHQJH IURP ORFDO ZHLJKW YDOXH
GHFLVLRQ APOAWWOBERDWWHKS ZLWK WKH ZHLIJKWHG VXP
WR FRXOG FDXVH UDQN UHY HA VIDHOF RALVOK ®/HKHL ¥
WRS SULRULWLVHG RQH

$V VKRZQ LQ 7DEOH WKH VHFR QREE WHD\LYY HBEH BLYH B C
UDQNLQJ RI WR GHFLYLWKQ DOWRIVUQBDWHYBIQFH 6
UHOHYDQFH RI WZR WRS DOWHUQDWLYHV IRU WKH DFI
PDNLQJ SURFHVV VXJJHVWV D SRVVLELOLW\ RI UDQN U
D GLUHUHQW FRPSDULVRQ VFDOH 7KLV LVVXH LV YLVX
RI VKDGHV RI JUH\ DQG SHUFHQWDJHV LQ WKHVH WDE

7TDEOH
([SHUW VHQVLWLYH ZHLJKWV-RE DR NHIULOQKWLF¥FH BIHGHV LR C

' bVLRQ'HFLVLRQ'HFLVLRQ'HFLVLR%R
HUQDWOWHURDWOWHURQDWOWH U DWLMYH

aswo [

SDUWLFLS

3.6%

([SHUW 3.4%
*2YHUDOO &RQVLVWHQF\ 5DWLR &5 ! HISHUW RSLQLRQV DUH
*URXS FRQVHQVXYV PRGHUDWH

6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH 6\VWHP V

7DEOH VKRZV WKH H[SHUW VHQVLWLYH UHVX
REWDLQHG YLD WKH DSSOLFDWLRQ RI WKH /RJD!
QR UDQN UHYHUVDO KDSSHQV LQ WKLVEHFRH HD\Q G
VOLJKWO\ VWUHQJWKHQHG E\ D PDUJLQDO@®Y ODUJF
A WKH JURXS FRQVHQVXV UDWLR LV ORZHU ,QGL"
FRQVLVWHQW



7TDEOH
([SHUW VHQVLWLYH ZHLJKWWV-AR 12DEOTVX B U g DBVR RY\H 6G-IDOLH/ L R C

' VLRQ‘HFLVLRQ‘HFLVLRQ'HFLVLR\%
3DUWLFLS$%§AWH%QDWOV\A—H U D WO WH U/ D \§ © WHH U® D W voH

*URXS U

([SHUW ( 2.3%

([SHUW 2.0%

([SHUW 2.1%

([SHUW 2.3%

([SHUW 2.3%

|

*2YHUDOO &RQVLVWHQF\ 5DWLR &5 ! HISHUW RSLQLRQV DUH
*URXS FRQVHQVXYV KLJK
6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH 6\VWHP V

7TDEOH VKRZV WKH H[SHUW VHQVLWLYH UHVX(
REWDLQHG YLD WKH DSSOLFDWLRQ RI WKH 6TXDUH 5F
LV WKDW ZLWK WKH DSSOLFDWLRQ RI WKHAGAnADUH 5F
A EHFRPH HTXDO LQ WKH KLHUDUFK\ RI GHFLVLRQ DC
RI VXFK SULRULWLVDWLRQ EHFRPHYVY KLIKHU WKDQ L
,QGLYLGXDO DQG JURXS H[SHUW RSLQLRQV DU

7TDEOH
([SHUW VHQVLWLYH ZHLJKWWV-RIzDQWHUQBD WLYHDEHFLNVNQR Q

' VLRQ'HFLVLRQ'HFLVLRQ'HFLVLR%
3DUWLFLS§M¢UQDWOV\A—HU,QDWOWI-HU,QDWOWI-HU,QD B"PH

*URXS U

([SHUW ( 7.7%

([SHUW 8.2%

([SHUW 8.1%

([SHUW 11.4%

([SHUW 14.2%

|

*2YHUDOO &RQVLVWHQF\ 5DWLR &5 1 JURXS H[SHUW RSLQLF

RSLQLRQV RI ([SHUW $ DQG ([SHUW % VXUSDVV WKH &5 PDUJLQ R
*URXS FRQVHQVXYV KLJK

6RXUFH &RPSLOHG RQ WKH EDVLV Rl WKH $+3 2QOLQH 6\WWHP V



7DEOH VKRZV WKH H[SHUW VHQVLWLYH UHV X
REWDLQHG YLD WKH DSSOLFDWLRQ RI WKH ,QYHUVH /L
H[SHUW HYDOXDWLRQV REWDPGBG LWFQWED Q@ YIH UDI
EHWZHHQ DA MiU @RDBEINEYV DW WKH JURXS FRQVHQV X\
7KH QHZ SULRULWLVDWLRQ 9RDYWWKBEW G FLRQ R Q LEC
KLIKHVW H[WHQW WR PDNLQJ DQ RSWLPDO SI
WKRXJK WKH JURXS FRQVLVWHQF\ Rl H[SHUW RSLQLRQ
% H[FHHG WKH PDUJLQ RI ZKLFK PDNHV WKHLU SUF

7TDEOH
([SHUW VHQVLWLYH ZHLJKWWV/R+ Balarnted Ba® WLYH GHFLVLR

3DUWLELS bVLRQ HFLVLRQ 'HFLVLRQ HFLVLR%%P\DH

H'U/Q D WQWH UM D WO WH UQ D WO WH UR D

*URXS U

([SHUW 4.7%
([SHUW 4.6%
([SHUW 7.0%
([SHUW- 10.4%
*2YHUDOO &RQVLVWHQF\ 5DWLR &5 ! JURXS H[SHUW RSLQLF
RSLQLRQV RI ([SHUW $ VXUSDVV WKH &5 PDUJLQ RI
*URXS FRQVHQVXYV KLJK

6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH 6\VWHP V

7DEOH VKRZV WKH H[SHUW VHQVLWLYH UHV X
REWDLQHG YLD WKH DSSOLFDWLRQ R DWXWN AR DK H
UHYHUVDO EHW ZHaddd IDOWW K B BWLRWVY. W\ RI DOWHUQD
7KH JURXS FRQVHQVXV UDWLR RI LV VOLIJKWO\ O
/JLQHDU 6FDOH KRZHYHU VWLOO KLJK DQG VXSHULRL
7KH JURXS FRQVLVWHQF\ Rl H[SHUW RSLQLRQV LV |
$ EUHDFKHV WKH PDUJLQ RI ZKLFK PDNHV KLV VW

7DEOH VKRZV WKH H[SHUW VHQVLWLYH UHV X
REWDLQHG YLD WKH DSS©BRPSE DR Q VRIQWEFD @H ODIX
KDSSHQV DJDLQ ZLW KAGHEHL®Y L R\QK B OVR-SU DMRLUYLHV L V|
FRQVHQVXV UDWLR RI LV VWLOO KLJK DQG VXSH
6FDOH 7KH LQGLYLGXDO DQG JURXS FRQVLVWHQFLH
WKUHVKROG ZKLFK DOORZV W KH/ IFRSQUVR YWIVH @ WWDKIHG
UHOLDEOH



7TDEOH
([SHUW VHQVLWLYH ZHLJKWWWVR |+D% DVHDREgHEHGELYH GHFLVLR

: VLRQ‘HFLVLRQ‘HFLVLRQ'HFLVLR\%
SRULILELS HbU,QlDWOWI-HU,QDWOWI-HU,QDWOV\II-HU,QD Repn

([SHUW ( 2.7%

([SHUW 5.1%

([SHUW 3.2%

([SHUW 3.9%
([SHUW 7.2%
*2YHUDOO &RQVLVWHQF\ 5DWLR &5 | HISHUW RSLQLRQV DUH
*URXS FRQVHQVXYV KLJK

6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH 6\VWHP V

7TDEOH
([SHUW VHQVLWLYH ZHLJIJKWWV-/R 12DICODISWR YW LY PIOGHFRLOHR C

' VLRQ‘HFLVLRQ'HFLVLRQ'HFLVLR%
3DUWLFLS§6§A\/&H%UQDWOW U D WO WH U/ D \§ 0 WHH U® D W AeH

*URXS U

7.0%

([SHUW (
([SHUW 10.4%

([SHUW 8.7%

([SHUW 12.5%
([SHUW 21.3%
*2YHUDOO &RQVLVWHQF\ 5DWLR &5 I JURXS H[SHUW RSLQLF
RSLQLRQV RI ([SHUW $ DQG ([SHUW % VXUSDVV WKH &5 PDUJLQ F
*URXS FRQVHQVXV PRGHUDWH

6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH 6\VWHP V

7TDEOH VKRZV H[SHUW VHQVLWLYH UHVXOWYV RI V
YLD DSSOLFDWLRQ RI WKH $GDSWLYH %DO &RPSD
DOWHUQEDWALKXBYSHQV KHUH DV ZHOO KRZHYHU GF
OHYHO RI LQFRQVLVWHQF\ RI WKH SUHIHUHQFH VWD
% 7KH JURXS FRQVHQVXV LV PRGHUDWH DV Z
SULRULWLVDWLRQ REWDLQHG E\ WKH $GDSWLYH %DC



7TDEOH
([SHUW VHQVLWLYH ZHLJKWWR I+DIEDISWQYW L6YFHD GH FLVLR

- VLRQ‘HFLVLRQ'HFLVLRQ'HFLVLR%
3DUWLFLS HbU,QlDWOV\H-IU,QDWOV\ﬂ'HU'QDWOVWHU’QD EWDH

([SHUW ( 22.6%

(ISHUW 18.9%
(ISHUW 20.2%
([SHUW 21.9%
*2YHUDOO &RQVLVWHQF\ 5DWLR &5 ! !l JURXS DQG LQGLYLGXD
*URXS FRQVHQVXYV PRGHUDWH
6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH 6\VWWHP V
7TDEOH VKRZV WKH H[SHUW VHQVLWLYH UHVX(

REWDLQHG YLD WKH DSSOLFDWLRQ Rl WKH $GDSWLY|
RI GHFLVLRQAD®@WHW @DWQWBVYQHG KRZHYHU QHLWKFE
H[SHUW HYDOXDWLRQV DUH FRQVLVWHQW ZLWK &5
WKUHVKROG LQ HDFK FDVH $OVR WKH JURXS FRQVH
DERYH PDNH WKLV KLHUDUFK\ LQDSSOLFDEOH

7TDEOH
([SHUW VHQVLWLYH ZHLIJKWWV-R+ weWIddeQDWLYH GHFLVLI

3DUWLELS bVLRQ HFLVLRQ 'HFLVLRQ HFLVLR%EWDH

HUQDWOWHURDWOWHURDWOWHURD
*URXS U

([SHUW ( 41.9%

([SHUW 34.9%
([SHUW 37.1%
([SHUW 40.7%

([SHUW 42.9%

|

*2YHUDOO &RQVLVWHQF\ 5DWLR &5 ! ' JURXS DQG LQGLYLGXD
*URXS FRQVHQVXYV PRGHUDWH
6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH 6\VWHP V



7TDEOH VKRZV WKH H[SHUW VHQVLWLYH UHVX(
REWDLQHG YLD WKH DSSOLFDWLRQ RI WKH 3RZHU &

LV UHSHDWHG LQ 7DEOH ZLWK HYHQ KLJKHU L
DQG ORZHU JURXS FRQVHQVXYV SULRULWLVDW
6FDOH QHHG WR EH UHMHFWHG

7TDEOH
([SHUW VHQVLWLYH ZHLIJKWV-RItDGIWHRH DWE Yo BBHF LV LR

3DUWLFLS LVLRQ 'HFLVLRQ '"HFLVLRQ HFLVLR%EWH

HUQDWOWHURDWOWHURDWOWHURD

([SHUW ( 16.8%

([SHUW 49.4%

2YHUDOO &RQVLVWHQF\ 5DWLR &5 ! ' JURXS DQG LQGLYLGXD
*URXS FRQVHQVXV PRGHUDWH
6RXUFH &RPSLOHG RQ WKH EDVLV RI WKH $+3 2QOLQH 6\WWHP V

7DEOH VKRZV WKH H[SHUW VHQVLWLYH UHVXZ¢
REWDLQHG YLD WKH DSSOLFDWLRQ RI WKH *HRPHWU
EHWZHHQ GHFLVARQAD GWSHIO@WDYBEYQ EXW WKH I
XQDFFHSWDEOH XS WR DQG JUR XSWRRRQ VHIQH XN R
SULRULWLVDWLRQ UHVXOWV REWDLQHG ZLWK WKH *I

,Q FRQFOXVLRQ D YHU\ FORA#&dSRVQ WLKRH) RH FLY
KLHUDUFK\ WKH UHVXOWYV RI VHQVLWLYLW\RQDO\V
WKH DSSOLFDWLRQ RI GLUHUHQW FRPSDULVRQ VFDO}
DQ DGGLWLRQDO PHWKRG IRU WKH HQKDQFHPHQW R
D IX]]\ H{SDQVLRQ Rl WKH PRGHO LQ IRUP RI D )X]]
FRUUHVSRQGV ZLWK WKH IRUPHUO\ GLVFXVVHG HYR
PDQDJHPHQW VFLHQFH E\ GZLNOLFENL




(ODERUDWLRQ RI WKH )X]]\ ORGXOH

7KH VHFRQG SKDVH HQFRPSDVVHV WKH FRQVWU'.
ORGXODU OXOWLFULWHULD ODQDJHULDO 'HFLVLRQ O]
WKH HQKDQFHPHQW RI PDQDJHULDO GHFLVLRQ PDN
WKHRU\ WKH WKHRUHWLFDO IUDPHZRUN RI ZKLFK KC

'XH WR WKH QDWXUH RI 1X]]\ RBVKD D S\SRO EFD BV \RH)G/
GHFLVLRQ PDNLQJ SUREOHP 7KHUHIRUH WKH PDLQ
EHFRPHV WDNLQJ DQ LQWHJUDO PDQDJHULDO GHFLYV
IRU WKH )X]]\ ORGXOH UHVXOW IURP SUHFHGLQJ DSS
W PHDQV WKDW WKH RXWSXW RI WKH +LHUDUFKLI
DOWHUQDWLYHVY REWDLQHG YLD $+3 + ZLOO FRQVWL)

7yWK /DXIHU 7DNiFV S VWDWH WKDW Z
D IX]]\ VHW LV UHTXLUHG DW WKH V\VWHPJV RXWSX\
+ DW WKH RXWSXW RI WKH )X]]\ ORGXOH WKH GHIX]
GHSHQGLQJ RQ WKH DSSOLFDWLRQ 7KHUHIRUH L
VHWV HDFK WKH GHFLVLRQ DOWHUQDWLYH QHHGYV
PHPEHUVKLS YHFWRU RI HDFK LQSXW &D DX AV B D @/\KIHR )
LQ WKH GHIX]]JLLFDWLRQ EORFN LQWR D VLQJXODU F

7KHUH DUH D FRQVLGHUDEOH QXPEHU RI GHIX]]L
VELHQWL¢{F OLWHUDWXUH )LOR SsS HQXF
RQHV &HQWUH RI *UDYLW\ PHWKRG &R* DOVR FDO
&HQWUH RI 6XPV PHWKRG &R6 %LVHFWRU OHWKR!
$UHD PHWKRG + %R$ OD[LPD PHWKRGV + )LUVW RI (
/RO DQG OHDQ RI OD[LPD ORO DOVRKFRI0OHQGNK® DD
WKH :HLJKWHG $YHUDJH OHWKRG :$0 $ PRUH FRPSU
FKRLFH RI WKH DSSURSULDWH GHIX]]JLLFDWLRQ PH
D IX]]\ VIVWHP KHUH D IX]]\ GHFLVLRQ PDNLQJ PRGX
7DNiFV SS

7KH & HQWUH RI *UDYLW\ &HQWUH RI $UHD &R* &
D FHQWUH SRLQW RI WKH DUHD XQGHU WKH DJJUHJ
GHIX]]L;HG RXWSXW YDOXH \ LV FDOFXODWHG E\ (TX

(T

ZKHUH

X LOQSXW OLQJXLVWLF YDULDEOHYVY FDUULHU RI OLQ
A X UHVXOWLQJ PHPEHUVKLS IXQFWLRQ FRPSRVHG
WR SDUWLFXODU IX]]\ LQWHUYDOYV



7KH PDLQ GLVDGYDQWDJH RI &R* &R$ PHWKRG
HVSHFLDOO\ WKH FDOFXODWLRQ RI FULVS YDOXH IRL

,Q WKH &HQWUH RI 6XPV &R6 PHWKRG WKH GHIX]]
LQ WZR VWHSV ¢UVW WKH JHRPHWULF &HQWUH RI
FDOFXODWHG VHFRQG WKH FDOFXODWLRQ RI WKH ZI
DUHD IRU DOO PHPEHUVKLS IXQFWLRQV 7KH PDWKHF
LV JLYHQ LQ (TXDWLRQ

(T

ZKHUH
A WKH D'UHDURDEOH
k WRWDO QXPEHU RI IX]]\ YDULDEOHYV
X FHQWUHXN RI DUHD
7KH %LVHFWRU RI $UHD %R$ PHWKRG GUDZV D Y|

WZR VXE DUHDV RI HTXDO VL]H = DV LQ (TXDWLRQ

(T
ZKHUH
P lyQys B
PD(My B
y %R$ LV D YHUWLFDO OLQH WKDW SOUWLWLRQGE WK
z % LQWR WZR HTXDO VXE DUHDYV

7KH OD[LPD OHWKRGV IRFXV RQ WKH YDOXHV ZLWK F

WKUHH PDLQ OD[LPD PHWKRGYV

¥ )LUVW RI OD[LPD )RO ZKLFK GHWHUPLQHV WKH VPL
WKH PD[LPXP PHPEHUVKLS YDOXH

t+ /DVW RI OD[LPD /RO ZKLFK GHWHUPLQHV WKH OD
WKH PD[LPXP PHPEHUVKLS YDOXH

f OHDQ RI OD[LPD ORO LQ ZKLFK WKPH®KI X]DIOXHG F
PD[LPDV RI DOO HOHPHQWYV ZLWK WKH KLJKHVW PF

N (7
ZKHUH

Xe XM Xi‘

A X + HTXDO WR WKH KH\ILJKW RI WKH |X]]\ VHW
||\/|_ + WKH FDUGLNDOLW\ RI WKH VHW



,Q WKH :HLJKWHG $YHUDJH OHWKRG :$0 HDFK P|
D ZHLJKW HTXDO WR LWV PD[LPXP PHPEHUVKLS YDO
ZLWK VI\PPHWULFDO RXWSXW PHPEHUVKLS IXQFWLR(
LW LV HDVLHU WR FRPSXWH 7KH GHIX]]L¢HG FULVS Y

(T

ZKHUH

N QXPEHU RI IX]]\ VHWV ZLWK D PHPEHUVKLS RXWS)X
. WKH YDOXH RI JUDGHV RI PHPEHUVKLS RI SDUWLF:
Y RXWSXW YDOXH IRU SDUWLFXODU IX]]\ VHWYV

$V DOUHDG\ PHQWLRQHG IRU SUHFLVH PRGHOOLQJ
SRO\JRQDO PHPEHUVKLS IXQFWLRQV DUH PRUH DGH
RQO\ ZKHQ D IXO0O SRVVLEOH IXO0O VHW RI LQIRUPDW
HQYLURQPHQW DQG GHFLVLRQ SUREOHP LV DYDLOTE
PHPEHUVKLS IXQFWLRQV ZLOO EH H[SHFWHG DW )X
DUJXPHQW LQ IDYRXU RI VIPPHWULF PHPEHUVKLS IXQ
GLUHUHQWLDELOLW\ Rl WKHLU SRO\JRQDO YHUVLRQV
UHVXOW RI GHFLVLRQ PDNLQJ LV SHUIRUPHG LQ WKH
ZKLFK SURYLGHV DQ H[WUD RSSRUWMXH WQ LU RU DK FIR
Rl GHFLVLRQ HQYLURQPHQW 7DNLQJ DOO RI WKH DE
HQKDQFHPHQW ZLWK WKH XVH RI WKH )X]]\ ORGXOH
PRGHO WULDQJXODU V\PPHWULF PHPEHUVKLS IXQFWL|
ZDV SHUIRUPHG ZLWK WKH XVH RI WKH :HLJKWHG $YH

(DFK GHFLVLRQ SUREOHP UHTXLUHV D VHSDUDWH
ORGXOHV ,Q HDFK RI LWV DSSOLFDWLRQV WKH PR
VKRZV WKH FKDUDFWHULVWLFV RI D G\QDPLF DQG LC
ZLWK H[DPSOH QXPHULFDO GDWD

([DPSOH SURYLGHV D SUDFWLFDO LQVLJKW LQWR
RI WKH GHYHORSHG PRGHO $V DOUHDG\ PHQWLRQF
)X]]\ ORGXOH FRQVLVWYV RI WKUHH EORFNYV
I IX]]JL¢éFDWLRQ EORFN
f LQWHUIHUHQFH EORFN
f GHIX]]JLLFDWLRQ EORFN

([DPSOH + DVVXPSWLRQV
f FULVS LQSXW YDOXHV * $+3 UHAXOWLQDAGEHFLVL



f WULDQJXODU PHPEHUVKLS IXQFWLRQV ZHUH DSS¢
PHPEHUVKLS DW WKH H[LW RI WKH IX]]JL;FDWLRQ EC
DV (TXDWLRQ

ZKHUH

A X OLHV RXWVLGH WKLV LQWHUYDO

¢ SHDN RI WKH VI\PPHWULFcWULDQJXODU IXQFWLRQ

c—d ORZHU XY PDW HM

c+d XSSHU OYPIOXHV

+ ,y PHPEHUVKLS IXQFWLRQV DW WKH RXWSXW RI V
DQG V\PPHWULF

f 'HLJKWHG $YHUDJH OHWKRG :$0 ZLOO EH XVHG IF
I[URP (TXDWLRQ VDPH DV (TXDWLRQ

(T

ZKHUH
N QXPEHU RI IX]]\ VHWV ZLWK D PHPEHUVKLS RXWSHX
. WKH YDOXH RI JUDGHV RI PHPEHUVKLS RI SDUWLF
Y RXWSXW YDOXH IRU SDUWLFXODU IX]]\ VHWYV
7TDEOH VXPPDULVHV WKH UHVXOWYV RI WKH DSS
RI WKH PRGHO RXW RI ZKLFK FULVAS YDOXIBDR®I GHF
GHULYHG $OoamvAUDHDWHLYHWHFWHG DV PXFK ORZ
KLHUDUFK\ DQG IHOO RXW RI WKH VFRSH RI IXUWKHF
HYDOXDWLRQV RI GHFLVLRQ PDNLQJ FULWHULD WKI
PD[LPXP &RQVLVWHOQF\ 5DWLR &5

7TDEOH
SULRULWL]DWLRQ RI GHFLVLRQ DOWHUQDWLYHYVY UHVXOWLQJ IUF
A-A £ )XQGDPHQWDO &RPSDULVRQ 6FDOH OLQHD!

' VLRQ‘HFLVLRQ'HFLVLRQ'HFLVLR%
SRR EFES H%U,QIDWOWI-I-IU,QDWOWI-HU,QDWOW}-HU,QD Repn

*URXS U

*2YHUDOO &RQVLVWHQF\ 5DWLR &5 ! HISHUW RSLQLRQV DUH
*URXS FRQVHQVXYV PRGHUDWH
6RXUFH &RPSLOHG RQ WKH EDVLV RI 7TDEOH




A DR G YDOXHV IRUP WKH FULVS LQSXW)
EORFN RI WKH )X]]\ ORGXOH RI WKH PRGHO 7KH IX
REWDLQLQJ WZR IX]]\ VHWVeRI SRWHQWA PO GHFLVLRQ

7KHVH LQWHUYDOV UHVXO WAI&hd®R MKLH 8XYID @ KB

DQG UHVSHFWLYHO\ ZLWK WKH XVH RI (TXD

WR WIKH &5 -XVWL,{FDWLRQ DV WKH &RQVLVWHQF\
LPSHUIHEW &WKH $+3 GHFLVLRQ PDNLQJ UHVXOW LV I
GHVFULEHG E\ WKH PD[LPDQD[&H?QOIF\XWBQ/FH\GSD;WJLBO&)S\
7TKHUH/RUWULDQJXODU PHPEHUVKLS IXQFWLRQ DW
EORFN ZDV GHAWHUPLQHG E\ ORZHU
YDOXHA HBQ G XSSHU OLPLW YDC
WKH JUDGHV RI PHPEHU\EKILCGRRU DA\ORVW K DLV MWYHHU Y D
3HU DQDORJLDP WKH JUDGHVARE PG R B WWRK W

LQWHUYDO DV WKH ORZHU OLPLW YDOXH RI V
A X HTXADQ@V * DQG LWV XSSHU OLF
HT XA ed/

2QFH IX]]JLLFDWLRQ KDV EHHQ DFF,RyP SSCHRVEHHGY K K |
IXQFWLRQV YLD WKH LQIHUHQFH EORFN UXOHV DQG
IXQFWLRQV DW WKH H[LW RI WKH IX]]JLLFDWLRQ EORTF
andA DUH DW WKHLU PD[LPXP 7KHUHIRUH WKHLODW JWR&H
SHDN RI WKH V\PPHWULFE oW UL D QKDY HPMRE HRIQ K L S
IXQFWLRQV DW WKH RXWSXW RI WKH LQIHUHQFH E
‘HLJKWHG $YHUDJH OHWKRG :$0 FDQ EH DSSOLHG
(TXDWLRQ 7KH FDOFXODWLRQ ZLWK QXPHULFDO GI

(T

7KH LQWHUSUHWDWLRQ RI UHVXOW IURP (TXDWLER
GHFLVLRQ IRU ERWK B HFLVLRZOIOWHUTQMVWOLVY WK H |
DYHUDJH RI ERWK GHARALRQREZ 8 WHHW QDIWFIKY BBMVUH V X C
DSSOLFDWRU\ YDOXH DV LQ WKHLU VHDUFK IRU WK
WKH PDMRULW\ RI PDQDJHUV UHTXLUH D PRUH SUHF
VROXWLRQ ZKLFK LV DQ LQWHJUDO RQH
$V H[SODLQHG EHIRUH VXFK DQ LGHDO VLWXDWL
WKH OLPLWDWLRQV RI LQGLYLIGPSHW W QB HYURX S DRRLR
LQ $+3 E\ WKH &RQVLVWHQF\ 5DWL® WQ((DIW)[[L]V\&F
= XVLQJ WKH QXPHULFDO GDWD IURP WKH VDPH
WKH WH[W WKH IX]]\ JUDGHV RIA&BPEHUMKKS WRIL &
IURP WKH +LHUDUFKLFDO ORGXOH DUH HTXDO DQ
+ ,Q VXFK D FDVH WKH GHIX]]L¢H:
andA FDQ EH FDOFXODWHG E\ (TXDWLRQV DQG Uk



A L A (T

A, A (T

,Q WKLV ZD\ DIWHU WKH DSSOLFDWLRQ RI WKH )>»
UHDO UDWKHU WKDQ LGHDO SULRULWLHV RI $+3 ¢
GLUHUHQFH OLHV LQ WKH IDFW WKDW UHDO KLHUDUF
LQFRQVLVWHQF\ Rl H[SHUWVY HYDOXDWLRQV DQG OR:
DOWHUQDWLYHV LQ TXHVWLRQ UHVSHFWLYHO\

W LV QRWLFHDEOH WKDW VXFK D UHVXOW FRXOG |
)X]]\ ORGXOH E\ VLPSO\ GHGXFWLQJ WKH 3LQFRQVLVYV
UDQNLQJ RI D JLYHQ GHFLVLRQ DOWHUQDWLYH IUR
DQ LQWHUSUHWDWLRQ LV YDOLG RQO\ LQ D XQLTXH
VIPPHWULF DQG WKHLU JUDGHV RI PHPEHUVKLS FDQ E
D XQLYHUVDO FDVH WKH VKDSHV RHPWR EHI WKILD QI
WKHLU YDOXHV FDQ YDU\ 7KLV FRXOG IRUFH WKH GH
'$0 GHIX]JL¢FDWLRQ 6XFK D VROXWLRQ WDNHV LQW
QRU HYHQ UDQN UHYHUVDO FDXVHG E\ WKH DSSOLF
WKH +LHUDUFKLFDO ORGXOH WKH LVVXH GLVFXVVHG

W R )RU WKLV UHDVRQ D PL[HG $+3 )X]]\ GHYHO
ORJLF SURFHGXUH ZDV SURSRVHG

&RQVWUXFWLRQ RI PL[HG $+3 )X]]\ ORGX

7KH DLP RI WKH PL[HG $+3 )X]]\ H[SDQVLRQ RI W
ORGXOHV RI WKH GHYHORSHG PXOWLFULWHULD PRC
GHFLVLRQ PDNLQJ LV WR LQFOXGH LQWR WKH VF
)XQGDPHQWDO &RPSDULVRQ 6FDOH 7KH DGYDQWDJHV
RI YDULRXV FRPSDULVRQ VFDOHV ZHUH GLVFXVVHG |

7KH PRGXV RSHUDQGL RI WKH PL[HG $+3 )X]]
FKDUDFWHULVWLFV RI D G\QDPLF DQG LQWHUDFW!I
H[DPSOH QXPHULFDO GDWD ([DPSOH
7KH PL[HG $+3 )X]]\ ORGXOH FRQVLVWYV RI WKH IRO

FKRLFH RI WKH VHFRQGDU\ FRPSDULVRQ VFDOH
LQFOXVLRQ RI $+3 KLHUDUFK\ UHVXOWLQJ IURP W
VROXWLRQ
f UHFXUUHQW DSSOLFDWLRQ RI WKH )X]]\ ORGXOH >
f ¢QDO GHFLVLRQ + FKRRVLQJ LQWHJUDO DOWHUQD\

HQWLUH GHFLVLRQ PDNLQJ SURFHVV

t
t



([DPSOH + WKH DSSOLFDWLRQ RI PL[HG $+3 )X]]\ 0
JLUVW D VHFRQGDU\ FRPSDULVRQ VFDOH QHHGV
VFDOHV XVHG IRU H[SODQDWRU\ SXUSRVHV FDQ EF}
7KH IROORZLQJ VWHSY QHHG WR EH SHUIRUPH
VHFRQGDU\ FRPSDULVRQ VFDOH
+ UHMHFWLRQ RI LQFRQVLVWHQW FRPSDULVRQ VFD
DFFHSWDEOH LQFRQVLVWHQF\ RI H[SHUW HYDOXD
LQGLYLGXRIOH®F K H[SHUW DIHHGWRWER &5 YHUL HG
ZLWK LQGLYLGXRO RUIQHHEXBREH UHMHFWHG FRQW!
XVHG GDWD RQO\ WKH IROORZLQJ WDEOHV REVHUY

7TDEOH
SBULRULWL]DWLRQ RI GHFLVLRQ DOWHUQDWLYHYV UHVXOW]
RI DOWHUQDWLEXH+GRBDVILRWXKWLF 6FDOH

' VLRQ‘HFLVLRQ‘HFLVLRQ'HFLVLR%
SRILTEELS HbU,QlDWOWI-HU,QDWOWI-HU,QDWOWI-HU,QD RepH

*URXS U — —

*2YHUDOO &RQVLVWHQF\ 5DWLR &5 ' H{fISHUW RSLQLRQV DUH
*URXS FRQVHQVXV PRGHUDWH
6RXUFH &RPSLOHG RQ WKH EDVLV RI 7TDEOH

7TDEOH
BULRULWL]DWLRQ RI GHFLVLRQ DOWHUQDWLYHV UHVXOW|
RI DOWHUQDWLEXH+GHAKDMR @GRRW 6FDOH
3DUWLELS bVLRQ HFLVLRQ 'HFLVLRQ HFLVLR%EMH

HUDWOWHUDWOWH U DWOWHU® D
*URXS U — —

*2YHUDOO &RQVLVWHQF\ 5DWLR &5 ' H{SHUW RSLQLRQV DUH
*URXS FRQVHQVXYV KLJK
6RXUFH &RPSLOHG RQ WKH EDVLV RI 7TDEOH

7TDEOH
BULRULWL]DWLRQ RI GHFLVLRQ DOWHUQDWLYHV UHVXOW|
RI DOWHUQDW EX HxG%l [P O DR \G

' VLRQ‘HFLVLRQ'HFLVLRQ'HFLVLR%
3DUWLFLS$%(€W-|%UQ*DWOWI-H U®D \§ DY\HH U/ D \§ © WHH U D WTAPH

*URXS U — —

2YHUDOO &RQVLVWHQF\ 5DWLR &5 ! HISHUW RSLQLRQV DUH
*URXS FRQVHOQXXYK
6RXUFH &RPSLOHG RQ WKH EDVLV RI 7TDEOH




f FKRLFH RI WKH WDEOH ZLWK WKH KLJKHVW JURX
WKH UDWLRQDOH IRU WKH DSSOLFDWLRQ RI .HQC
WKH )X]]\ ORGXOH LQ RXU FDVH /W FHOIOHZIZTOE EHH WK
WKH JURXS FRQVHQVXV RI HISHUW HYDOXDWLRQV 1

f LQ WKH FDVH RI D YHU\ FORVH JURXS FRQVHQV)>
DGGLWLRQDO PHDVXUH LV VXJIJHVWHG * FKRRVLQJ
+ LQ WKH GLVFXVVHG FDVH QR VXFK QHHG H[LVW
FRQVHQVXV RI DOO DYDLODEOH VFDOHYV DUH VLJQ!

$+3 KLHUDUFK\ UHVXOWLQJ IURP WKH FKRVHQ VF
VROXWLRQ E\ WKH FDOFXODWLRQ RI DAfHthdBIH Y D O X
UHVXOWLQJ IURP WKH +LHUDUFKLFDO ORGXOH IURP

ZKHUH

A- WKH YDOXH RI WKH GHFLVLRQ DOWHUQDWLYH UH
UDUFKLFDO ORGXOH

A'-WKH YDOXH RI WKH GHFLVLRQ DOWHUQDWLYH UH
VFDOH

(TXDWLRQV DQG SURYLGHTENOAFXEDWHB QR B [DK
VDPH GDWD DV EHIRUH

A _ (T

A _ (T

7KH REWDLQHG DYHUDJH YDOXHV RIOXWERWQL RQ VDIOR
IURP WKH VHFRQGDU\ FRPSDULVRQ VFDOH DUH XVH
)X]]\ ORGXOH XQGHU DFWXDOL]HG GDWD

APLI DAY S IRUP WKH FULVS LQSXWV LQ\
EORFN RI WKH PL[HG $+3 )X]]\ ORGXOH RI WKH SUR
SRWHQWLDO GHFLVLRQV LY. &D®EX0QWXED DL WHP
IXQFWLRQV KRZHYHU WKLV WLPH WKH JUDGHV RI PHF
DUH FDOFXODWHG ZLWK WK H X{{8 CRD QDKRAHIKFDQYD EE/MNE) W
UDQNHG LQ WKH +LHUDUFKLFDO ORGXOH DV WKH G
PRVW WR WDNLQJ DQ RSWLPDO S&3,VLEOHLP DQDNHQ
IURP WKH )XQGDPHQWDO &RPSDULVRQ 6FDOH IURP W/
EXW ZKHQ XVLQJ WKH VHFRQGDU\ FRPBDHLWRL WV SR



ZDV DWWULEXWHG WR G HEWK,RQ&B O W RMDNHQL MHR P
% DODQEMBOH 7DEOH 7KHUHIRUH GAYDUGHPHD LQRP
XQFKD@JHG EXW FKAD'GniddV IRU ,Q FDVH ZLWK Q
UHYHUVDO EHWZHH QAGahdA V IWVKG! VOW H BQ DIV X H \EF R X O C
d d

7KHei[ PHPEHUVKLS IXQFWLRQ DW WKH RXWSXW
GHWHUPADHIG E\ + ORZHU OLPL
andA Ptk d XSSHU OLPLW YDO
WKH JUDGHV RI PHPEHUVKLASP'RE HHOHRFQ YV IMRR) VD IONWV E
e 3HU DQDORJLDP WKH JUDGHV RI PF
APLLIEHORQJ WR WikH LQWHUYDODV WKH ORZHU OLPLW
PHPEHUVKLS,WXQRWXBRQY +
DQG LWV XSSHU OAPP4dN YDOXH HTXDOV

7KH FDOFXQOWRRRERIUVKLS IXQFWLRQV LQ WKH LQI
WKH VDPH FRQGLWHRBNUNKLS IXQFWLRQV 7KH\ DUH
WULDQJXODU DQG ARYartABRXW IDHXW WRIBIXHPD[LPXP 7K
JUDGHV RI PHREHUVKLSV WKHPHPEHUVKLS IXQFWLR
RXWSXW Rl WKH LQIHUHQFH EORFN DUH FRQWLQXRX
OHWKRG :$0 FDQ DJDLQ EH DSSOLHG IRU WKHLU GF

VLPLODU WR (TXDWLRQ ZLWK PRGL{HG QRWDWI

(T

ZKHUH

N QXPEHU RI IX]]\ VHWV ZLWK D PHPEHUVKLS RXWSHX

it WKH YDOXH RI'JUDGHV RI PHPEHUVKLS RI SDUWLI

Yyu RXWSXW YDOXH IRU SDUWLFXODU DYHUDJH IX]]\ "
7TKH FDOFXODWLRQ XVLQJ QXPHULFDO GDWD LV HJ!¢

(T

(TXDWLRQ UHSUHVHQWY WKH YDOXH RI WKH
DOWHWQDWLYHV FDOFXODWHG DV WKH DULWKPHWL
DO W H UG TakidA R H V

,Q RUGHU WR SURFHHG WR WKH ODVW VWHS RI V
GHFLVLRQ PDNLQJ PRGHO *+ WR FKRRVH WKH GHFLVL
UHVXOW LQ PDNLQJ DQ LQWHJUDO PDQDJHULDO GH

'"HFLVLRQ DOWHUQDWLYH LV WAHBXDNWP HZ LGHKE DV GR QHEINW WU YDA
D VHSDUDWH QRWDWLRQ ZLWK 3~ KDV EHHQ HPSOR\HG



ary PHPEHUVKLS IXQFWLRQ QHHG BMRREHL.EBUHXOBD W
PDWKHPDWLFDO QRWDWLRQ DQG (TXDWLRQV DQG
appropriateCIgD[YDOXHV

(T

ZKHdIJH&FSD[IRUiWD(YIHUDJH PLIHG GHFLVLRQ DOWHUQCL
(T

A

A (T
8VLQJ WKH DERYH JUDGHW RRHPPHEFHEUHUKMISL SXRFW L
GHIX]]LLHG Y DO XAPVamiA GHALY IERIQFDOFXODWHG ZLWK
ZLWK UHDO FDOFXODWLRQ YDOXHV LQ (TXDWLRQV

(T
A, A (T
A A (T

7KH ¢QDO GHFLVLRQ ZKLFK LV WKH ODO/W+8SWHS |
)X]]\ ORGXOH FRQVLVWYVY RI WKH P ATaNGAU HPH@QXH R 11 WK
WKH DY,HUWDIHXH ZKLFK HTXDOV A W LVVFPOIRWHW
Yart BV 7KLV FROVWLWXWHY WKH ¢ QDO V:
PDNHU WKDW WKHLYQD® LGHFHYUBQ RQH

7KH DSSOLFDWLRQ RI DOO WKUHH PRGXOHV RI W
LQGLFDWHY FKRRVLQJ W KIHV D/OKAWHH R Q B WMLKYCHVGFHREQ WILR.@
HIWHQW WR WKH PDLQ JRDO Rl WKH GHFLVLRQ PDNI
GHFLVLRQ 7KLV FRQ¢UPV WKH JHQHUDO VXE WKHVL
TXDQWLWDWLYH UHVHDUFK PHWKRG LV DSSURSULDYV
PRQRJUDSK + WKH FRPSOHPHQWDW LRG@REBV MK M IGHH R
RI FRPSOH[ PDQDJHULDO SUREOHPV E\ GHYHORSLQ
PDQDJHULDO GHFLVLRQ PDNLQJ SURFHVVHV WKURXJ
'"HFLVLRQ ODNLQJ ORGHO 0080$'(00

$V D UHVXOW SHUIRUPLQJ WKH GHFLVLRQ PDNLQJ
D KLHUDUFK\ Rl GHFLVLRQV LV REWDLQHG +RZHYH
PRGHO SRLQWYV DW RQH FHUWDLQ VROXWLRQ $QG |
)X]]\ ORGXOHV HQULFK WKH VWXG\ E\ LQFRUSRUDWLQ.



LQWR WKH DQDO\VLV LW LV LPSRUWDQW WR UHPHPE
WKH HQKDQFHPHQW RI WKH GHFLVLRQ PDNLQJ SURFF
WR EH PDGH E\ WKH PDQDJHU 7KH UROH RI WKH GHF
HISDQG WKH PDQDJHUfV DZDUHQHVYV RI WKH DYDLODE
RI WKHLU SRWHQWLDO LPSOLFDWLRQV DIWHU WKH Gl
HISHFWDWLRQ WKDW DQ\ GHFLVLRQ PDNLQJ PRGHO Z
WKH GHFLVLRQ PDNLQJ SURFHVV LV SXUHO\ LUUDWLI

&21&/8',1* 5(0$5.6

7KH SUHVHQWHG PRQRJUDSK HPEUDFHV D FRQJ
PRGHOOLQJ DQG HQKDQFHPHQW Rl WKH GHFLVLRQ PI
WKH GHYHORSPHQW RI VFLHQWL¢F GLVFLSOLQH RI PDC
JROORZLQJ WKH VFLHQFH GHYHORSPHQW FKDUD|
SUREOHPV SURSRVHG E\ 1LHPF]J\N D SS
SURSRVHG UHVHDUFK WDVN FDQ EH DWWULEXWHG DG
GHYHORSPHQW RI VFLHQFH 7KLV LV GXH WR WKH HY
OHYHO RI WKH VXE GLVFLSOLQH HQKDQFHPHQW RI PIL
IRU WKH PDQDJHPHQW ¢HOG RI VWXG\ $ GHHSHU X
LQWHUUHODWLRQV EHWZHHQRG HRLYDR RHU E D OWGHHALDV D
SURFHVVHV KDV EHHQ DFKLHYHG DV ZHOO S$Q@MPGGLW
LV WKH GHYHORSPHQW RI D PRGHO IIRNJL @K M i DX DOQCF
WKH RSWLPLVDWLRQ RI ILQDO GHFLVLRQV ZLWK U
HQYLURQPHQW 7KLV LQ WXUQ LV D SUHPLVH IRU DG
WKLV LVVXH KRZHYHU UHTXLUHV IXUWKHU UHVHDUF
ORUHRYHU WKH SUHVHQWHG UHVHDUFK SURE
D GHYHORSPHQW RI DQ H[LVWLQJ RQH VR IDU QR
7KHUHIRUH LW FDQ EH SHUFHLYHG DV LQQRYDWLYH DC
7KLV LV PDLQO\ GXH WR
+ LQWHJUDWLRQ RI PHDVXUDEOH DQG LPPHDVXUDE
SURFHVVHV LQ RQH FRPSOH[ PRGHO LQ WKH IUDP]
+ VHTXHQWLDO DSSOLFDWLR QWD WALKH TPXHDADKRVGDW
HQKDQFHPHQW RI PDQDJHULDO GHFLVLRQ PDNLQJ
+ PRGHOOLQJ Rl WKH DERYHPHQWLRQHG SURFHVV
PDLQO\ LQ WHFKQLFDO VFLHQFHV + PXOWLFULWHU
DQG IX]]\ ORJLF
+ DSSOLFDWRU\ FKDUDFWHU RI WKH UHVHDUFK WDV
WKH SURSRVHG VROXWLRQ LQ PDQDJHULDO SUDFW

&RQVLGHULQJ 1LHPF]J\NYV FRPPHQWY RQ WK
GHYHORSPHQWY LQ WKH VFLHQWL¢F UHVHDUFK SUR



GLUHFWLRQ RI WKHVH WUHQGV 2Q WKH RQH KDQG
UHVHDUFK PHWKRGYV WUDGLWLRQDOO\ EHORQJLQJ W
REVHUYHG LQ PDQDJHPHQW VFLHQFH 2Q WKH RWKHU
HFRQRPLFV VXFK DV HFRQRPHWULF PRGHOV DUH LC
RI SKHQRPHQD RI VRFLRORJLFDO RU HYHQ SV\FKROR

7KH RULJLQDOLW\ RI WKH SURSRVHG UHVHDUEK W
DWWHPSW DW DQVZHULQJ TXHVWLRQV VXFK DV 2KF
WKH VDPH WLPH WKH UHVHDUFK FRQFHSW RI WKH
FRQGLWLRQV RI VFLHQWL¢F RULJLQDOLW\
+ LGHQWL¢(FDWLRQ RI UHODWLRQV
f SURMHFWLRQ RI UHODWLRQYV
+ GHWHUPLQLQJ WKH DVVRFLDWLRQV Rl HOHPHQWYV
f+ PDWFKLQJ D PHWKRG

7KH DERYH WKHQ OHDGV WR WKH VWDWHPHQW WKD
SURFHVV RI ¢00LQJ WKH UHVHDUFK JDS IRUPXODWH:

7KMFLHQWL:(RISKISRRVMHVHQWHG PRQRJUDSK ZDV
RI WKH GHFLVLRQ WKHRU\ PHWKRGRORJ\ LQ WKH ¢|
7KLV SXUSRVH KDV EHHQ IXOO\ DEKLHYHG E\ WKH D
WR WKH GHYHORSPHQW RI D PHWKRG IRU WKH HC
PDNLQJ SURFHVVHV WKURXJK D ORGXODU OXOWLFU
ORGHO 0080$'(00 $OVR WKH PDLQ UHVHDUFK SURE
GHYHORSPHQW RI D VHTXHQWLDO TXDOLWDWLYH TX|
PDQDJHULDO GHFLVLRQ PDNLWH UDB SAUCRBILDPHHHD WR B UF
EHHQ VROYHG $GGLWLRQDOO\ WKH SURFHGXUH RI W
VXSSRUW VROXWLRQ KDV EHHQ LOOXVWUDWHG

$00 WKH UHVHDUFK WDVNV KDYH EHHQ FRQGXFWH(
EHHQ LGHQWL¢HG LQ WKH VFYMQWLEHN GQWR B B BAKW
PDQDJHPHQW VRXUFHV KRZHYHU RWKHU ¢HOGV RI
7KLV ZDV GXH WR D ZLGHU SRSXODULW\ DQG DYDL
0&'0 LQ RWKHU EUDQFKHV RI VFLHQFH H J HQJLQHF
RQ WKH SUDFWLFH RI GHFLVLRQ PDNLQJ LQ HQWHUS!
PDQDJHPHQW SURIHVVLRQDOV EWORWHIQF WRQBDK H P
7KH TXDQWLWDWLYH UHVHDUFK PHWKRGV KDYH EHH
K\SRWKHVHV DW WKH TXDQWLWDWLYH UHVHDUFK V
+ UHVHDUFK K\SRWKHVLV VWDWLQJ WKDW WKH DSS
HQKDQFHPHQW PHWKRGY LQFUHDVHVY WKH SUREDE
GHFLVLRQ 7KH UHVHDUFK K\SRWKHVLV + VWDWLC
GHFLVLRQ PDNLQJ HQKDQFHPHQW PHWKRGV GRHV Q
DQ LQWHJUDO PDQDJHULDO GHFLVLRQ KDV EHHQ UHM
HPSOR\HG WR DFFRPSOLVK WKH WKLUG UHVHDUEK
D ORGXODU OXOWLFULWHULD 0DQDJHULDO 'HFLVLRQ ¢



WKH HQKDQFHPHQW RI PDQDJHULDO GHFLVLRQ PDNL
LV FRPSRVHG RI WKUHH PRGXOHYV
+ WKH $+3 EDVHG +LHUDUFKLFDO ORGXOH LQFRUSRUL
GHWHUPLQDQWY RI GHFLVLRQ HQYLURQPHQW R
GHFLVLRQ DOWHUQDWLYHVY RQ WKH RXWSXW VLGH
$ D )X]]\ ORGXOH ZKLFK DOORZV UHFRQVLGHUDW
DOWHUQDWLYH ZKLFK LV YHU\ RIWHQ FORVH WR
+LHUDUFKLFDO ORGXOH DV D UHVXOW WKH GHFLYV
WKH UHMHFWHG EXW VWLOO LPSRUWDQW GHFLVLF
RI GHFLVLRQ FULWHULD
+ D PL[HG $+3 )X]]\ ORGXOH DQ H[SDQVLRQ DLPLQJ I
LQFRQVLVWHQFLHY GHULYHG IURP WKH FDOEXOTL
WKH )XQGDPHQWDO &RPSDULVRQ 6FDOH RI $+3 S
GHFLVLRQ
$Q LOQRYDWLYH LQSXW LQWR WKH GHYHORSPHQW
WKH DSSOLFDWLRQ RI D MRLQW $+3 IX]]\ ORJLF
PHWKRGRORJ\ $+3 DQG )X]]\ VHWV WKHRURQIRL
SUREOHPV $V DQ HUHFW D QHE PRX®W LM LIWOH W IKD1
PDNLQJ SURFHVVHV KDV EHHQ DFKLHYHG E\ MRLQL(
DOWHUQDWLYH LQFRUSRUDWLQJ WKH DUJXPHQWV L
WKH DXWKRUYV RULJLQDO GH¢{QLWLRQ RI DQ LQWHJU
$00 WKH UHVHDUFK TXHVWLRQV SRVHG LQ RUGHU V
LOQYHVWLIJDWHG 5H 7KH GHFLVLRQ WBINLDPBQDBMW
LQ FRPSDQLHV KDV EHHQ XQYHLOHG EYKH D ®M VRN LR ¢
PDQDJHUV SRLQWHG DW WKHLU QHHG WR LQFOXGH ER
GHWHUPLQDQWY DV UHOHYDQW IRU WKHLU GHFLVL
RI PXOWLFULWHULD PHWKRGV IRU HQKDQFLQJ PDQTE
PDQDJHPHQW VFLHQFH OLWHUDWXUH WKW BHNEDRPSIH
GHYHORSPHQW RI WKH GLVFLSOLQH D VHSDUDWH |
SXEOLFDWLRQV FRXOG SURYH XVHIXO 5H &RPELC
PHWKRGV RI HQKDQFHPHQW RI| PD QD ZHWKLA® RHAH. PIRR
WXUQHG RXW QRW RQO\ WR EH SRVVLEOH EXW DOV
DQG HVFLHQF\ Rl PDQDJHULDO GHFLVLRQ PDNLQJ &
KLHUDUFK\ RI GHFLVLRQ DOWHUQDWLYHV LQ WH
WKH VHFRQG EHVW GHFLVLRQ YDULDQW WR EH LQFO
7KH WKLQNLQJ SURFHVV LQFLWHG E\ WKH UHVHDU
RI WKH PDLQ JRDO Rl WKH PRQRJUDSK ZKLFK zZDV
ORGXODU OXOWLFULWHULD 0DQDJHULDO 'HFLVLRQ Ol
WKH HQKDQFHPHQW RI PDQDJHULDO GHFLVLRQ PDNL
W KDV EHHQ DFKLHYHG WKUBX R OV KH PRQRRU BH
ZKLFK KDYH EHHQ DFFRPSOLVKHG DYWH{XUJ®D O5 A D Q DHJ



GHFLVLRQ LQ WKH IUDPH Rl WKH SUHVFULSWLYH D
SUDFWLFH RI PDQDJHULDO GHFLVLRQ PDNLQJ LQ HQW
WR WKH UHDGLQHVV WR XVH WKH GHFLVLRQ PDNLQ.
UHVHDUFKHG 5H $Q DQDO\VLV Rl WKH PXOWLFUL
GHFLVLRQ PDNLQJ LQ VFLHQWL{,F OLWHUDWXUH KDV E
EDVHV IRU WKH GHYHORSPHQW PRI B ULAD®X CHIF W \OLXFROQN @
ORGHO 0080%$'(00 IRU WKH HQKDQFHPHQW RI PDQ
SURFHVVHV KDYH EHHQ SUHVHQWHG 5H $V DQ LPP
Rl DOO WKH SUHYLRXV UHVHDUFK JRDOV D ORGXO]
ODNLQJ ORGHO 0080$'(00 IRU WKH HQKDQFHPHQW
PDNLQJ SURFHVVHV WKDW LQFOXGHYV WKH VHFRQG EF
PDNLQJ RXWFRPH KDV EHHQ EXLOW
7KH SHUIRUPHG UHVHDUFK DOORZV DOO WKH WKU
YHUL¢HG
7 ,Q D G\QDPLFDOO\ FKDQJLQJ HQYLURQPHQW RI F
PDNLQJ SURFHVVHV UHTXLUH WKH LQFOXVLRQ
FULWHULD
7 7KH LQFOXVLRQ Rl WKH TXDQWLWDWLYH PHDVXU
FULWHULD LQWR WKLV DQDO\VLY FDQ LPSURYH \
7 7KH MRLQW TXDOLWDWLYH TXD QRS WIIDWH M R H\
WKH VFLHQWLILF SXUSRVH RI WKLV PR®RJUD
GHFLVLRQ WKHRU\ PHWKRGRORJ\ LQ WKH ¢HOG
E\ GHYHORSLQJ D PHWKRG Rl WKH HQKDQFHPHQ\
SURFHVVHY WKURXJK D ORGXODU OXOWLFULWE
ORGHO 0080$'(00

7KHUHWRKBHIHQHUDO U RV HADKULAK PIRIQRRVILMD SK VW |
DSSOLFDWLRQ RI D VHTXHQWLDO TXB QKNQ RHFYHIQTX
PXOWLFULWHULD PDQDJHULDO GHFLVLBRQDRBNL®QD
GHFLVLRQV FDRQ ERHH PAERGH, UPHG
7KH FRQ{UPDWLRQ RI WKH JHQHUDO UHVHDUFK W
PRQRJUDSK LPSOLHV VRPH RXWFRPHV IRU WKH SUDF
2UHULQJ WKH GHFLVLRQ PDNHUV D ORGXODU 0XC
ODNLQJ ORGHO 0080%$'(00 ZLOO HTXLS WKHP Zl
IUHTXHQW PDNLQJ RI LQWHJUDO GHFLVLRQV LQ V
7KLV LQ WXUQ ZLOO SRVLWLYHO\ DuHFW WKH FR
RI LQGXVWU\ DQG LQ EURDGHU FRQVHTXHQFH £ V
$ FRPPRQ XVDJH RI WKH GHYLVHG WRRO ZLOO |
IDXOW\ GHFLVLRQ PDNLQJ ZKLFK FRXOG PLQLPL\
S3UDFWLFDO LPSOHPHQWDWLRQ RI WKH UHVHD
PDQDJHUVY DWWHQWLRQ IURP URXWLQH GHFL



IURP WKH WDFWLFDO WR VWUDWHILF PDQDJHL
GHYHORSPHQW GLUHFWLRQV SRWHQWLDO EXVLC(
UHVSRQVLEOH FRPSDQLHV

7KH FRQVWUXFWLRQ RI WKH DFFRPSOLVKHG VWXC
2QH RI WKHVH LV WKH WHUULWRULDO VSDQ RI WKH
HOQWHUSULVHVY RSHUDWLQJ LQ 3RODQG ,W FRXOG EH
SURMHFW H[SDQGLQJ WKH WHUULWRULDO FRYHUDJH
RU JOREDO FRPSDQLHY 7KH RWKHU OLPLWDWLRQ R
VDPSOH + RQO\ WDFWLFDO DQG VWUDWHJILF OHYHO F
WKH HYDOXDWRUVY JURXS ZLWK RSHUDWVYWQQ D @MHW E
IRU IXWXUH FRPSDUDWLYH UHVHDUFK DV ZHOO DV W
DQDO\WVHG HQWHUSULVHYV

ORUHRYHU WKH TXDOLWDWLYH UHVHDUFK VWDJH ¢
RI WKH SRVVLEOH GLUHFWLRQV FRXOG EH WKH FRQ
SRWHQWLDO IXWXUH GHYHORSPHQWY RI WKH GHFL)

SS WUDFH WKH VFHQDULR DQDO\VLV PHW
WKHVH ZHUH DSSOLHG LQ WKH PLOLWDU\ DQG SKLOI
DW .DKQ ZKR ZDV WKH (UVW WR FRPELQH WK

WKHRU\ DQG D G\QDPLF GHYHORSPHQW RI WKH PHW!|
Rl WKH GHYHORSHG PRGHOYTV SRVVLEOH DSSOLFDWLI
GHYHORSPHQWY RI FRQFHLYDEOH EXVLQHVV VFHQDU
$ VHSDUDWH UHVHDUFK VKRXOG IRFXV RQ GHYLVLC
D VSHFLILF W\SH RI PDQDJHULDO GHFLVLRQ SURE
IXQFWLRQV VLPLODU WR WKH RQH RQ 0&'0 DSSOLFDW
SUREOHPV SURSRVHG E\ 3LRWURZDNIODVVLEEDWLRCG
HQULFK WKH WRROER[ RI PDQDJHUV ZKR HPSOR\ VFLF
HQKDQFHPHQW RI WKHLU GHFLVLRQ PDNLQJ SURFHV)
/IDVW EXW QRW OHDVW + DQRWKHU GHVLUDEOH ¢
PDLQ OLPLWDWLRQ RI WKLV VWXG\ ZKLFK ZDV WK
PDWKHPDWLFDO WRROER[ (YHQ LI VXFK DQ DSSURI
GHFLVLRQ SUREOHP DQG DOVR MXVWL¢{HG E\ WKH
H[DPSOHV IXUWKHU UHVHDUFK VKRXOG FRQFHQWUD
W\SHV RI PHPEHUVKLS IXQFWLRQV IRU WKH FDOF
LQFOXGLQJ WKRVH LQ WKH IX]]\ LQIHUHQFH EOR
GHFLVLRQ PDNLQJ HQKDQFHPHQW IUDPHZRUN ZLWK V
KDV DOO WKH FKDQFHY WR HYROYH LQWR DQ HYHQ
RI FRPSOH[ GHFLVLRQ PDNLQJ SURFHVVHV DW DOO
ZLWK WKH LQQRYDWLYH VFHQDULR DQDO\VLV SRVWX
DQWLFLSDWLRQ RI YDULRXV SRVVLEOH HQYLURQPHQ!
RI PDQDJHULDO GHFLVLRQ PDNLQJ FRXOG EHFRPH SF
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