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Abstract²7KLV SDSHU KLJKOLJKWV VRPH RI WKH 

QRUPDWLYH LVVXHV 

WKDWPLJKWUHVXOWE\VHWWLQJLQGHSHQGHQWWKU

HVKROGVLQULVNDQDO\VHV 

DQGSDUWLFXODUO\ZLWKVDIHW\UHJLRQV$VHFRQGRE

MHFWLYHLVWRH[SODLQ 

KRZVXFKUHJLRQVFDQEHVSHFLILHGDSSURSULDWHO\L

QDPHDQLQJIXOZD\ :H VWDUW ZLWK D UHYLHZ RI WKH 

LPSRUWDQFH RI VHWWLQJ GHWHUPLQLVWLF 

WUDGHRIIV DPRQJ WDUJHW UHTXLUHPHQWV :H WKHQ 

VKRZ KRZ WR 

GHWHUPLQHVDIHW\UHJLRQVIRUULVNDQDO\VLVDSSU

RSULDWHO\XVLQJXWLOLW\ 

IXQFWLRQV 
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(&,6,21 DQDO\VLV LV D ULJRURXV QRUPDWLYH 

PHWKRG IRU 

'HFLVLRQ DQDO\VLV KDV EHHQ DSSOLHG LQ 

QXPHURXV DUHDV 

LQFOXGLQJLQGXVWULDOHQJLQHHULQJGHVLJQDQG

LQGXVWULDOULVNDQG 

UHOLDELOLW\DQDO\VLV2IWHQGHYLDWLRQVRIH[SH

FWHGXWLOLW\RFFXU 

LQRUJDQL]DWLRQVIRUVLPSOLFLW\RUIRUWDFWLFD

ODQGRSHUDWLRQDO 

GHFLVLRQV6RPHRIWKHPRVWFRPPRQGHYLDWLRQV

UHVXOWIURP 

WDUJHWEDVHGLQFHQWLYHVGHVLJQE\WKUHVKRO

GUHTXLUHPHQWVDQG VHWWLQJ WKUHVKROG 

VDIHW\ UHJLRQV LQ ULVN DQDO\VLV 7KH IORZ GRZQ 

RI UHTXLUHPHQWV LQ HQJLQHHULQJ GHVLJQ LV D 

FRPPRQ DSSURDFK WR FHQWUDOL]LQJ GHVLJQ 

GHFLVLRQV EXW LI FRQGXFWHG 

LQFRUUHFWO\LWPLJKWDOVRSRVHLVVXHVZLWKWK

HRYHUDOOGHVLJQ 

7KH SXUSRVH RI WKLV SDSHU LV WR GUDZ 

DWWHQWLRQ WR WKH LPSOLFDWLRQV RI VHWWLQJ 

DUELWUDU\ PXOWLYDULDWH WKUHVKROG 

UHTXLUHPHQWV LQ LQGXVWULDO HQJLQHHULQJ 

DSSOLFDWLRQV DQG WR SURYLGH VRPH 

SHUVSHFWLYH RQ QRUPDWLYH PHWKRGV IRU 

VHWWLQJ WKUHVKROGV ,Q SDUWLFXODU ZH 

VKDOO GLVFXVV GHWHUPLQLVWLF WKUHVKROGV 

LQ D GHVLJQ GHFLVLRQ DV ZHOO DV WKUHVKROGV 

VHW 

LQGHSHQGHQWO\IRUVDIHW\UHJLRQVLQULVNDQDO\

VLV 
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(1*,1((5,1*'(6,*1 

 
$($EEDVLVSURIHVVRURI,QGXVWULDODQG6\VWHPV(QJLQHH

ULQJDQG3XEOLF 3ROLF\ DW WKH 8QLYHUVLW\ RI 6RXWKHUQ 

&DOLIRUQLD /RV $QJHOHV &$ 
DOLDEEDV#XVFHGX 

PRUHRIHDFKDWWULEXWHLVSUHIHUUHGWROHVVR

YHUWKHGRPDLQRI WKH DWWULEXWHV 7KH OHYHO 

VHWVLVRSUHIHUHQFH FRQWRXUV 

FRUUHVSRQGLQJ WR WKLV SUHIHUHQFH PXVW 

KDYH D QRQSRVLWLYH VORSHDVVKRZQLQ)LJ 

,I UHTXLUHPHQW WKUHVKROGV DUH VHW 

LQGHSHQGHQWO\ IRU HDFK DWWULEXWH VXFK 

WKDW HDFK DWWULEXWH PXVW H[FHHG D 

WKUHVKROG 

YDOXHWKHQWKHDFFHSWDEOHGHVLJQVDUHOLPLW

HGWRWKRVHLQWKH UHFWDQJXODUVKDGHG 

UHJLRQ 1RZ FRQVLGHU WZR GHVLJQ 

FRQILJXUDWLRQV A DQG B VXSHULPSRVHG RQ WKH 

FRQWRXUV RI 

FRQVWDQWYDOXH'HVLJQBOLHVZLWKLQWKLVUHJL

RQDQGWKHUHIRUH 

PHHWVWKHWDUJHWUHTXLUHPHQWVWKDWKDYHE

HHQVHWEXWLWKDVD 

ORZHUYDOXHWKDQGHVLJQAZKLFKLVRXWVLGHWK

LVUHJLRQDQG\HW 

OLHVRQDKLJKHUYDOXHFRQWRXU7KXVWKHGHVLJ

QWKDWZRXOGEH 

LQGXFHGE\WKLVUHTXLUHPHQWKDVDORZHUYDOX

HWKDQRQHWKDW ZRXOG EH UHMHFWHG E\ WKH 

UHTXLUHPHQW 7KLV GLIIHUHQFH LQ FKRLFH 

FRPSULVHV D YDOXH JDS D ORVV RI YDOXH WR WKH 

GHVLJQ 

HQWHUSULVH,WLVSODXVLEOHWKDWWKHVHUHTX

LUHPHQWVDUHSK\VLFDO 

UHTXLUHPHQWVEXWTXLWHRIWHQUHTXLUHPHQW

VDUHVHWDUELWUDULO\ 

7R DYRLG WKLV W\SH RI EHKDYLRU D VLPSOH D[LRP 

PXVW EH LQWURGXFHG 

$[LRPThere shall be no design outside the requirements region 

that is preferred to a design within the requirements region. 

$[LRP  QHFHVVLWDWHV DVVLJQLQJ WUDGHRIIV 

WR GHVLJQ UHTXLUHPHQWV DQG DOLJQV WKH 

YDOXH IXQFWLRQ DSSURDFK IRU HQJLQHHULQJ 

GHVLJQ ZLWK WKH UHTXLUHPHQWV DSSURDFK 7KH 

IROORZLQJSURSRVLWLRQUHVXOWVIURP$[LRP 

3URSRVLWLRQIf $[LRP is satisfied by the requirements for 

all possible designs, then the requirements must define a space 

that is bounded by a contour of constant value as determined by 

the corporate value function. 
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3URSRVLWLRQ  LOOXVWUDWHV WKH 

LPSRUWDQFH RI FRQVWUXFWLQJ D 

YDOXHIXQFWLRQDQGDVVHVVLQJUHSUHVHQWDWL

YHWUDGHRIIVDPRQJ WKH GHVLJQ UHTXLUHPHQWV 

7KH SURSRVLWLRQ DOVR LPSOLHV WKDW 

WKUHVKROGUHTXLUHPHQWVFDQQRWEHVHWLQGH

SHQGHQWO\IRUHDFK 

DWWULEXWHDQGPXVWEHDVVRFLDWHGZLWKWKH

WUDGHRIIVDPRQJVW WKHP 

,,, 08/7,9$5,$7(6$)(7<7+5(6+2/'6,15,6.$1$/<6,6 

1RZFRQVLGHUWKHFRPPRQULVNVFHQDULRSORW

WKDWLVZLGHO\ 

XVHGLQULVNDQDO\VLVDQGWKDWLQFRUSRUDWHV

WZRD[HVVHYHULW\ 

RIDFRQVHTXHQFHDQGWKHSUREDELOLW\RIORVVRU

SUREDELOLW\RI 

VXFFHVVRIDQDWWDFNDVVKRZQLQ)LJ7KHILJXUHV

KRZVIRXU UHFWDQJXODU UHJLRQV WKH ERWWRP 

OHIW UHJLRQ LV FRPPRQO\ 

FRORUHGJUHHQDQGUHIHUUHGWRDVWKHVDIHUHJL

RQ7KHWRSULJKW 

UHJLRQLVFRPPRQO\FRORUHGUHGDQGUHSUHVHQW

VDGDQJHU]RQH 

DQGWKHUHPDLQLQJWZRUHJLRQVDUHXVXDOO\FRO

RUHGRUDQJHDQG 

UHSUHVHQWLQWHUPHGLDWHULVNUHJLRQV 

 

A. What is the Problem with This Formulation?  

7KHUHDUHVHYHUDOLVVXHVZLWKWKLVUHSUH

VHQWDWLRQ)LUVWRIDOO 

LWLVLPSRUWDQWWRREVHUYHWKDWDQDWWDFN

PLJKWKDYHPXOWLSOH 

SRVVLEOHFRQVHTXHQFHV)RUH[DPSOHDQDWWDF

NPLJKWLQYROYH PXOWLSOH OHYHOV RI 

VHYHULW\ ZLWK GLIIHUHQW SUREDELOLWLHV 

5HSUHVHQWLQJ DQ DWWDFN VFHQDULR E\ RQO\ 

RQH SRLQW LQ WKLV JUDSK LV WKHUHIRUH 

PLVOHDGLQJ  7KLV LPSOLHV WKDW DQ DWWDFN 

VKRXOGEHDFORXGRISRLQWVRQWKLVVSDFHDQGQ

RWMXVWRQHSRLQW UHSUHVHQWLQJ RQO\ RQH 

SRVVLEOH ORVV VFHQDULR ZLWK D JLYHQ 

SUREDELOLW\ 

6HFRQG HYHQ LI D VXFFHVVIXO DWWDFN 

UHSUHVHQWHG RQO\ RQH ORVV SRLQW WKH 

FRQWRXUV UHSUHVHQWHG E\ WKLV FKDUW 

FDQQRW EH 

PHDQLQJIXO7KHFKDUWLPSOLHVWKDWZHDUHLQG

LIIHUHQWEHWZHHQ 

WZRVFHQDULRVKDYLQJWKHVDPHSUREDELOLW\RI

VXFFHVVEXWRQH KDV D ODUJHU GDPDJH 7R 

LOOXVWUDWH )LJ  UHSUHVHQWV WKUHH 

SRVVLEOH DWWDFN VFHQDULRV A B DQG C 7KH 

FKDUW VKRZV 

 

LQGLIIHUHQFHEHWZHHQSURVSHFWVBDQGCDVWKH

\ERWKOLHLQWKH 5HG UHJLRQ ,W LV QRW SRVVLEOH 

WR FRQVLGHU WKRVH VFHQDULRV 

HTXDOO\EHFDXVHDOWKRXJKWKH\KDYHWKHVDPH

SUREDELOLW\RQH 

KDVDPXFKKLJKHUVHYHULW\IRUWKHFRQVHTXHQF

H7KHUHIRUHC 

ZRXOGEHDPXFKZRUVHVFHQDULRWKDQ%EXWWKH\

OLHLQWKH 

VDPHUHJLRQDQGKDYHWKHVDPHULVNFRGH8VLQJU

HFWDQJXODU 

UHJLRQVLVPLVOHDGLQJDQGUHFWDQJXODUFRORUF

RGHVWRUHSUHVHQW ULVN LV LQDSSURSULDWH 

DQG PLVOHDGLQJ )XUWKHUPRUH LW LV 

GLIILFXOWWRSURYLGHDWUDGHRIIEHWZHHQSURED

ELOLW\RIVXFFHVV 

DQGVHYHULW\RIDFRQVHTXHQFHZLWKRXWFDOFXO

DWLRQVXVLQJWRROV 

VXFKDVXWLOLW\YDOXHV7RLOOXVWUDWHZHZLOO

QRZVKRZKRZWR FDOFXODWH LQGLIIHUHQFH 

FRQWRXUV DQG GHPRQVWUDWH WKDW WKH 

LQGLIIHUHQFHUHJLRQVGHILQHGE\UHFWDQJXODUF

RQWRXUVLQ)LJ 

FDQQHYHURFFXUZLWKUHDVRQDEOHXWLOLW\IXQF

WLRQV 

7RVWDUWFRQVLGHUDVFHQDULRZKHUHWKHUHL

VFKDQFHRID ORVVRU GDPDJH RI VHYHULW\ ZRUWK  

0LOOLRQ DQG D  

FKDQFHWKDWWKHVFHQDULRZRXOGQRWRFFXUUH

VXOWLQJLQORVV 

1RZVXSSRVHZHZLVKWRLGHQWLI\WKHVHYHULW\RI

WKHORVVl  
ZLWKSUREDELOLW\WKDWZRXOGPDNHXVLQGLIIHU

HQWWRWKLV 

0LOOLRQORVVVFHQDULR8VLQJWKHSULQFLSOHRI³J

DLQVRPHORVH 

VRPH´LIZHDUHLQGLIIHUHQWDQGLIWKHQHZORVVK

DVDORZHU 

SUREDELOLW\RIRFFXUUHQFHWKHQZHVKRXOGH[SH

FWWKDWWKHORVV YDOXH l  ZRXOG EH PRUH WKDQ  

0LOOLRQ )LJ  VKRZV WKLV 

VFHQDULR,QGLIIHUHQFHEHWZHHQWKHWZRVFHQD

ULRVLPSOLHVWKDW 

WKHH[SHFWHGXWLOLW\RIHDFKGHDOPXVWEHHTXD

O7KHUHIRUHZH 

QHHGWKHXWLOLW\YDOXHVRIWKHSURVSHFWVLQY

ROYHG 

6XSSRVH WKDW D GHFLVLRQ PDNHU KDV DQ 

H[SRQHQWLDO XWLOLW\ 

IXQFWLRQZLWKULVNDYHUVLRQFRHIILFLHQWJHTX

DOWR  )RU 

H[DPSOHWKHXWLOLW\IXQFWLRQKDVWKHIRUPU x  e 

x 

7KHH[SHFWHGXWLOLW\RIWKHGHDORQWKHOHIW

KDQGVLGHRI)LJ 

LV 
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)LJ,QGLIIHUHQFHEHWZHHQWZRGHDOVKDYLQJGLIIHUH

QWSUREDELOLWLHV RIORVV 

 

:HFDQUHSHDWWKHVDPHDQDO\VLVIRUGLIIHUHQ

WSUREDELOLWLHV 

RIORVV)LJVKRZVWKHGHDOVIRUDORVVSUREDELOL

W\RI 8VLQJ VLPLODU DQDO\VLV DV DERYH VKRZV 

WKDW WKH LQGLIIHUHQFH 

ORVVDPRXQWIRUDSUREDELOLW\RILV 
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)LJ,QGLIIHUHQFHEHWZHHQWZRGHDOVKDYLQJGLIIHUH

QWSUREDELOLWLHV RIORVV 

 

%\UHSHDWLQJWKHVDPHVWHSVIRUYDULRXVSUR

EDELOLWLHVRIORVV ZH FDQ JHW WKH 

LQGLIIHUHQFH FRQWRXU IRU DOO YDOXHV RI 

SUREDELOLW\ RI ORVV YV ORVV )LJ  SORWV WKH 

LQGLIIHUHQFH 

FRQWRXUIRUORVVHVDQGSUREDELOLWLHVRIORVV

WKDWDUHHTXLYDOHQW WR D  FKDQFH RI ORVLQJ  

PLOOLRQ ,W LV FOHDU WKDW WKH 

LQGLIIHUHQFHUHJLRQLVQRWUHFWDQJXODU 

VKDSHVRIWKHVHFRQWRXUVZRXOGYDU\EDVHGRQ

WKHULVNDYHUVLRQ FRHIILFLHQWWKDWLVXVHG 

$QRWKHUSUREOHPZLWKWKHUHFWDQJXODUUHSU

HVHQWDWLRQRI)LJ 

LVZK\WKHUHLVDFXWRIIWKUHVKROGUHJLRQLQWK

HILUVWSODFH,I ZH DUH JLYHQ D ORVV SUREDELOLW\ 

DQG D FRQVHTXHQFH ZLWK VHYHULW\ VXFK DV B 

RU C WKHQ D VPDOO UHGXFWLRQ LQ ORVV 

SUREDELOLW\ZLOOUHVXOWLQDFKDQJHRIWKHULV

NVLWXDWLRQIURP 

5HGWR2UDQJH7KLVVXGGHQFKDQJHLQVWDWHRIWK

HULVNUHVXOWV LQ D UHGXFWLRQ LQ UHDGLQHVV 

DQG DOHUW ,W LV EHVW WR WKLQN RI UHDGLQHVV 

DQG SUHSDUDWLRQV DV D GHFLVLRQ DERXW 

DOORFDWLRQ RI 

 

 

)LJ7UDGHRIIFRQWRXUVEHWZHHQSUREDELOLW\RIORVVDQGVHYHULW\RIORVV 
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UHVRXUFHVXVLQJIXOOSUREDELOLW\GLVWULEXWL

RQVLQVWHDGRIFXWRII WKUHVKROGYDOXHV 

 

,9 &21&/86,21 

0XOWLYDULDWH WKUHVKROGV DUH ZLGHO\ 

XVHG LQ LQGXVWULDO HQJLQHHULQJ 

DSSOLFDWLRQV ,QGHSHQGHQW WKUHVKROGV 

VKRXOG QRW 

EHVHWDORQHEXWVSHFLILHGZLWKWUDGHRIIVDPR

QJWKHWKUHVKROG 

YDOXHVXVLQJLVRSUHIHUHQFHFRQWRXUV,QGHWH

UPLQLVWLFVHWWLQJV WKLV UHTXLUHV D 

GHWHUPLQLVWLF YDOXH IXQFWLRQ ,Q 

SUREDELOLVWLF 

VHWWLQJVWKLVUHTXLUHVDXWLOLW\IXQFWLRQ6

HWWLQJLQGHSHQGHQW WKUHVKROGV RYHU HDFK 

YDULDEOH RU DWWULEXWH RI LQWHUHVW FDQ 

UHVXOWLQORVVRIYDOXH 

$&.12:/('*0(17 

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1DWLRQDO 

6FLHQFH )RXQGDWLRQ DZDUGV &00,  DQG &00,  7KH 

YLHZV LQ WKLV ZRUN DUH WKRVH RI WKH DXWKRU 

DQG GR QRW QHFHVVDULO\ UHSUHVHQW WKH 

YLHZV RI WKH 1DWLRQDO 6FLHQFH 

)RXQGDWLRQRUWKH)HGHUDO*RYHUQPHQW 

5()(5(1&(6 

$QDO\VLV 

 

 

 
 

$OL($EEDVLV3URIHVVRURI,QGXVWULDODQG6\VWHPV(QJLQHH
ULQJDQG3XEOLF 3ROLF\ DW WKH 8QLYHUVLW\ RI 6RXWKHUQ 
&DOLIRUQLD +H UHFHLYHG KLV 3K' LQ 0DQDJHPHQW 6FLHQFH 

DQG (QJLQHHULQJ IURP 6WDQIRUG 8QLYHUVLW\ ZKHUH KH 
DOVRUHFHLYHGKLV06GHJUHHLQ(OHFWULF(QJLQHHULQJDQG0
6LQ(QJLQHHULQJ 

(FRQRPLF6\VWHPVDQG2SHUDWLRQV5HVHDUFK 
+HKDVGLUHFWHGWKH1DWLRQDO&HQWHUIRU5LVNDQG(FR

QRPLF$QDO\VLVRI 7HUURULVP (YHQWV&5($7( DQG FXUUHQWO\ 

GLUHFWV WKH &HQWHU IRU ,QWHUGLVFLSOLQDU\ 'HFLVLRQV 

DQG (WKLFV'(&,'( DW WKH 8QLYHUVLW\ RI 

6RXWKHUQ&DOLIRUQLD 
3URIHVVRU$EEDVLVDXWKRUDQGFRDXWKRURIPXOWLSOHU

HVHDUFKSDSHUVDQGLV 

FRDXWKRURI³)RXQGDWLRQVRI'HFLVLRQ$QDO\VLV´ZLWK5RQD

OG+RZDUG+HLVD 
PHPEHURI,1)2506DQGDVHQLRUPHPEHURIWKH,((( 
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