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AbstracfTKLVSDSHUVXPPDUL]JHVVRPHRIWKHGLVFXVVL
RQVWKDW
RFFXUUHG LQ D ZRUNVKRS LQ :HVW 9LUJLQLD 868
ZKLFK ZDV VSRQVRUHG E\ WKH 1DWLRQDO 6FLHQFH
YRXQGDWLRQ16) LQ YHEUXDU\
7KHIRDORIWKHZRUNVKRSZDVWRH[SORUHWKHRSSRU
WXQLWLHVDQG
FKDOOHQIJHVIRUDSSO\LQJV\VWHPVHQJLQHHULQJLQOD
UJHHQWHUSULVHVDQG
VRPHRIWKHLVVXHVWKDWVWLOOSHUVLVW7KHPDLQ
WRSLFVRIWKHGLVFXVVLRQ
LQFOXGHGFKDOOHQJHVZLWKHODERUDWLRQDQGDEV
WUDFWLRQLQODUJHV\VWHPV
LQWHUIDFLQISK\VLFDODQGVRFLDOV\VWHPVDQGWKH
QHHGIRUD[LRPDWLF
TUDPHZRUNVIRUODUJHHQWHUSULVHV:HVXPPDUL]HW
KHVHPDLQSRLQWVRI
GLVFXVVLRQGUDZLQISDUDOOHOVZLWKGHFLVLRQPD
NLQJLQRUJDQL]DWLRQVWR
LQVWLIDWHUHVHDUFKLQWKHVHGLVFXVVLRQDUHDV

Keywords*HFLVLRQ DQDO\VLV
HQIJLQHHULQJ IUDPLQJ YDOXHFUHDWLRQ

VA\VWHPV

,,1752'8&7,21:487+2::4+<"
+(SXUSRVHRIWKLVSDSHULVWRUHIOHFWRQWKHRSS

RUWXQLWLHV
DQG FKDOOHQJHV WKDW OD\ DKHDG LQ WKH
ILHOG RI VA\VWHPV

HQJLQHHULQJIRFXVLQJRQDZRUNVKRSWKDWZDVVS
RQVRUHGE\
WKH861DWLRQDO6FLHQFH)RXQGDWLRQ16)7KHZRU
NVKRS VWDUWHG ZLWK D GLVFXVVLRQ DERXW
WKH *KDW" +RZ" :K\" RI V\VWHPV HQJLQHHULQJ
JKHUH DUH PDQ\ GHILQLWLRQV RI V\VWHPV
HQJLQHHULQJDQGWKHSXUSRVHKHUHLVQRWWRSU
RYLGHDXQLI\LQJ
GHILQLWLRQUDWKHUDSURSRVHGGHILQLWLRQWKD
WZLOOEHFRQVLGHUHG
LQWKLVSDSHUV\VWHPVHQILQHHULQJLVXOWLPDW
HO\DERXWGHULYLQJ YDOXH IURP D JLYHQ
SKHQRPHQRQ ZLWKLQ WKH FRQWH[W RI D V\VWHP
RI VXEV\VWHPV ,QGHHG ZKDW ZH GR LQ V\VWHPV
DQDO\VLVVWDUWVZLWKWKHLQYHVWLIDWLRQRIV
RPHSKHQRPHQRQWKDW
FRXOGEHURRWHGLQPDQ\ILHOGVLQFOXGLQJPHGLF
DOHOHFWULFDO
SK\VLFDORUHYHQDFRJQLWLYHEHKDYLRUDODQGW
KHSXUSRVHLVWR
GHULYHYDOXHIURPWKLVSKHQRPHQRQ,QDODUJHH

QWHUSULVHZH DUH GHDOLQJ ZLWK PXOWLSOH
SHRSOH DQG PXOWLSOH VXEV\VWHPV DQG
LQWHUGLVFLSOLQDU\ DUHDV WKDW LQWHUIDFH
ZLWK HDFK RWKHU DW FHUWDLQERXQGDULHV

7KH QH[W TXHVWLRQ LV *K\"" 7KLV LV DQ HDV\
TXHVWLRQ EDVHG RQ RXU SUHYLRXV GHILQLWLRQ
WR GHULYH YDOXH ,QGHHG
HYHU\ERG\ DJUHHV WKDW V\VWHPV HQJLQHHULQJ
SURYLGHV PDQ\ RSSRUWXQLWLHYV IRU WKH GHVLIQ
RI ODUJH VFDOH V\VWHPV ORVW
SHRSOHDVNWKLVTXHVWLRQKRZHYHULQWHUPVRI
ZK\GRZHQHHG WR FKDQJH IURP WKH FXUUHQW
V\VWHP" K\ LV WKH FXUUHQW
DSSURDFKQRWDGHTXDWH"7KHDQVZHUWRVRPHRI
WKHVHTXHVWLRQV
ZLOOEHGLVFXVVHGLQWKLVSDSHU

7KHRWKHUTXHVWLRQLVKRZV\VWHPVHQILQHHU
LQJFDQSURYLGH
YDOXHLQDJLYHQHQWHUSULVH"$QGWKHDQVZHULV
WKURXJKDVHW
RIWRROVSURFHVVHVQHZWKHRULHVDQGDORJLFW
KDWHQDEOHVD

($EEDVLVZLWKWKHGHSDUWPHQWRILQGXVWULDODQG6\VWH
PV(QILQHHULQIDQG
3XEOLF3ROLF\DWWKHSQLYHUVLW\RI6RXWKHUQ&DOLIRUQLD
/RV$QJHOHV&S$SH
PDLODOLDEEDV#XVFHGX
A. Abstraction and Elaboration

%HFDXVHZHDUHGHDOLQIJZLWKDODUJHV\VWHPD
PDMRUSDUWRI WKH ZRUNVKRS FRQVLGHUHG
DEVWUDFWLRQ DQG HODERUDWLRQ RI YDULRXV
VXEVWWHPV ZKDW LW LV ZK\ ZH ZLOO EH

HPSKDVLILQ) DQG ZKDW ZH ZLOO EH
GHHPSKDVLILQJ LQ WKH DQDOWLV  DQG
FRQVLGHUDWLRQV 'LIIHUHQW SHRSOH ZLOO
DEVWUDFW DQG HODERUDWH
GLIITHUHQWVXEFRPSRQHQWVEDVHGRQWKHLUWUD
LQLQJDQGFRPIRUW OHYHO

$ PDLQ FRQVLGHUDWLRQ LQ WHUPV RI
DEVWUDFWLQJ DQG

HODERUDWLRQLVWKDWHQJLQHHUVZRUNLQJLQRQ
HVXEV\VWHPPD\ KDYH OLPLWHG NQRZOHGJH RI
RWKHU VXEV\VWHPV 7KHVH RWKHU VXEV\VWHPV
DUH WKHQ SHUFHLYHG DV EODFN ER[HV ZLWK
OLPLWHG NQRZOHGJH RI WKH LQWHUIDFHV
EHWZHHQ VXEV\VWHPV 6R RQH UHVHDUFK
TXHVWLRQ LV KRZ RQH FRQGXFWV DEVWUDFWLQJ
DQG
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HODERUDWLQIJLQLWLDOO\"+RZGRHVRQHFRQGXFW
DEVWUDFWLRQDQG
HODERUDWLRQDWWKHEHJLQQLQJRIDORQJOLIHF\FO
HLQWKHGHVLIQ
RIDODUJHV\VWHPVXFKDVDVSDFHVKXWWOH"7KHF
XUUHQWSURFHVV DOORFDWHV UHTXLUHPHQWYV
WR WKH GLIHUHQW VXEV\VWHPV DQG WKHQ
QHJRWLDWHV PDUJLQV DERYH RU EHORZ WKH
UHTXLUHPHQWV DQG LWHUDWHV 8VXDOO\ D
SWUXVWHG' SHUVRQ ZLWK KLJK H[SHUWLVH LV
LQYROYHG2IFRXUVHWKHUHKDVEHHQUHFHQWOLW
HUDWXUHGLVFXVVLQJ
WKHORVVRIYDOXHDQGVRPHHWKLFDOLPSOLFDWLR
QVWKDWPLIKWDULVH
E\WU\LQJWRPHHWDUELWUDU\GHVLJQUHTXLUHPHQ
WV>@>@
SIUDPHLVDOLPLWHGGHVFULSWLRQRIWKHZRUOGW
KDWILOWHUVZKDW LV UHOHYDQW ,W LV KHOSIXO
EHFDXVH LW SURYLGHV IRFXV RQ WKH
LPSRUWDQWLVVXHVDWKDQGEXWDWWKHVDPHWL
PHLWRPLWVVRPH
GHWDLOWKDWPLJKWEHFRPHUHOHYDQWODWHU7K
HIUDPHUHTXLUHVWKH
GHFLVLRQPDNHUWRWKLQNDERXWZKDWLVWDNHQ
DVILYHQZKDWLV
WREHGHFLGHGQRZDQGZKDWZLOOEHGHFLGHGXSR
QODWHU

‘HFDQWKLQNRIHDFKGHFLVLRQPDNHUZLWKLQDV
XEV\VWHPDV
DSHUVRQWKDWPDNHVGHFLVLRQVDQGLQVRGRLQJL
GHQWLI\LQJDQ DSSURSULDWH IUDPH *ZKDW LV
WDNHQ DV JLYHQ ZKDW LV WR EH
GHFLGHGQRZDQGZKDWLVWREHGHFLGHGODWHU'D
VVKRZQLQ)LJ

A.Interfacing Physical and Social Systems

7KH EHKDYLRUDO DVSHFWV LQFOXGH
FRIQLWLYH EHKDYLRUV
LQFOXGLQJGHFLVLRQWUDSVVXFKDVDQFKRULQJUH
SUHVHQWDWLYHQHVV KXPDQFRPSXWHU

LQWHUDFWLRQ DQG SV\FKRORJ\ DPRQJ RWKHUV 7KH
PXOWLSHUVRQ FRPSRQHQW LQFOXGHV WRSLFV
OLNH LQFHQWLYH VWUXFWXUHV
SULQFLSOHDJHQW IRUPXODWLRQV FRRSHUDWLYH
DQG FRPSHWLWLYH JDPH WKHRU\ DQG PRUH ,W LV
NQRZQ WKDW PDQ\
LQFHQWLYHVWUXFWXUHVPLIKWUHVXOWLQXQLQ
WHQGHGFRQVHTXHQFHV

DNHDV
ROLF\ JLYHQ
'HFLVLRQ

WUDWHIJ

'HFLVLRQV ) REXVRQLQ

WKLVDQDOV

DFWLFD HELGH
'HFLVLRQ /DWH

)LI7KHIUDPHLGHQWLILHVWKHERXQGDULHVRIWKHG
HFLVLRQ

8QGHUVWDQGLQIWKHGLITHUHQFHEHWZHHQDQ
DO\WLFDOFRPSOH[LW\
DQGRUJDQL]DWLRQDODQGVRFLDOFRPSOH[LW\DV
GHSLFWHGE\)LJ LV DQ HVVHQWLDO FRPSRQHQW RI
VIVWHPV HQIJLQHHULQJ $GGLWLRQDOO\ WKH\
QHHG WR XQGHUVWDQG EHKDYLRUDO GHFLVLRQ
DQG RUJDQL]DWLRQDO WKHRULHV DV ZHOO DV
SULQFLSDODJHQW PHFKDQLVP GHVLIQV WKDW
DGGUHVV WKHVH LVVXHV ZKHQLI VHWWLQJ
REMHFWLYHV
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FRXOGLQYROYHOHYHOV x y

2UJDQLIDWLRQDO&RPSOH[LW\
+0XOWLSOHVWDNHKROGHUV
+&RQIOLFWLQJ2EMHFWLYHV
+*DPH7KHRU\ HIRWLDWLRQ
+ OHFKDQLVP'HVLIQ
+,QFHQWLYH6WUXFWXUHV
+2UIDQL]DWLRQDO7KHRU\
+,QGLYLGXDODQGRUJDQL]DWLRQDO
GLIIHUHQFHV

1 9DOXHV

"1 'LIIHUHQWIUDPHV
+3ULQFLSOH=+ $JTHQW

+LJK

This is the
right model

/RZ

SQDO\WLFDO&RPSOH[LW\

'HIJUHHVRISRZHUDQGUHVRXUFHV

/RZ +LJK
" '8QFHUWDLQW\
7 "QDPLFV
70DQ\LQWHUUHODWHGIDFWRUV
~0DQ\DOWHUQDWLYHV

COXOWLSOHLQWHUUHODWHGGHFLVLRQFULWHULD

)LISQDO\WLFDOFRPSOH[LW\YVRUJDQL]DWLRQDOFRPSOH[LW\6RXUFH6 WUDWHIJLF'HFLVLRQV*URXS

»$:,2087,&)5$0(:25.6

GHULYHV FRQGLWLRQV E\ ZKLFK WKH JURXS VKRXOG RSHUDWH LI LW

0XFK RI WKH UHVHDUFK IRUPXODWLRQV WKDW ZRUN DW WKH
ZILVKHVWRPHHWWKHLUFRUUHVSRQGLQJFRQGLWLRQV

LQWHUVHFWLRQRIJURXSGHFLVLRQVLGHQWLILHVDVHWRID[LRPVDQG
7KHIORZGRZQRIUHTXLUHPHQWVLQV\VWHPVHQILQHHULQIJLV
DQH[DPSOHRIDQD[LRPDWLFDSSURDFKIRFXVLQJIRQWKHLQWHUIDFH

EHWZHHQ SK\VLFDO DQG VRFLDO V\VWHPV 7R
LOOXVWUDWH FRQVLGHU
WZRVXEV\VWHPVZRUNLQJRQSK\VLFDODVSHFWVRI
DGHVLIQ2QH JURXS LV UHVSRQVLEOH IRU
DWWULEXWH X DQG WKH RWKHU LV
UHVSRQVLEOHIRUDWWULEXWHY7KHKLIKHUWKHY
DOXHVRIXDQGY WKH PRUH LV WKH YDOXH IRU WKH
RUJDQL]DWLRQ 4XLWH RIWHQ WKH
SK\VLFDOV\VWHPWKDWSURGXFHVDKLIKHUYDOXH
RLYPLIKWUHVXOW LQ D ORZHU YDOXH RI Y DQG
YLFH YHUVD 2QH SRVVLEOH GHVLIQ

DQGDQRWKHUFROGLQYROYHOHYHOV x y ZKHUH Xx

Xy y

$V\VWHPVHQILQHHUGHDOLQIDWWKHLQWHUIDF
HPLJKWEHWDVNHG ZLWK PHGLDWLQJ EHWZHHQ
WKH WZR VXEFRPSRQHQWYV :KDW
FXUUHQWO\ KDSSHQV LQ PDQ\ RUIDQL]DWLRQV LV
WKDW VXE FRPSRQHQWV DUH WKHQJLYHQ
UHTXLUHPHQWYV )RU H[DPSOH VXE

JURXSZRXOGEHUHTXLUHGWRH[FHHGDWKUHVKRO
X
GOHYHO ~7DQG
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VXEJURXSZRXOGEHUHTXLUHGWRH[FHHGWKUHVKR

OGOHYHO yr

7KLV PLJKW OHDG WR WKH FKRLFH RI GHVLJQV
WKDW PLIKW EH OHVV
SUHIHUUHGWRWKHRUJDQL]DWLRQ)LJ

7RLOOXVWUDWHFRQVLGHUWZRGHVLIQV$DQG%
VXSHULPSRVHG RQ FRQWRXUV RI FRQVWDQW
YDOXH LQ D GHVLIQ VSDFH RI WZR
DWWULEXWHVXDQGYZKHUHPRUHRIHDFKDWWULE
XWHLVSUHIHUUHGWR

$Q D[LRPDWLF DSSURDFK FRXOG UHTXLUH WKH
IROORZLQJ GHVLGHUDWXP
Axiom: There will be no design that lies within the acceptable
target region that is less preferred to one outside the target
region.
, ] WKH RUJIDQL]DWLRQ ZLVKHV WR IROORZ WKLV
D[LRP WKHQ WKH
UHTXLUHPHQWY FDQQRW EH VHW LQGHSHQGHQWO\
IRU HDFK VXE
FRPSRQHQW WKH UHTXLUHPHQW UHJLRQ PXVW EH
ERXQGHG E\ D FRQWRXU RI FRQVWDQW
SUHIHUHQFH 7KLV OHDGV WR WKH IROORZLQJ
7KHRUHP
Theorem: If axiom 1 is satisfied, then the requirement region
must be defined by a contour of constant preference.
7KLV LPSOLHV WKDW DQ RUJDQL]DWLRQ PXVW
GHFODUH WUDGHRIIV
DPRQJUHTXLUHPHQWVLQVWHDGRIVHWWLQJWKHP
LQGHSHQGHQWO\RU HDFK SK\VLFDO
VXEFRPSRQHQW 7KH V\VWHPYV HQJLQHHU ZRXOG
FRPPXQLFDWH WKH WUDGHRIIV DQG KHOS VHOHFW
WKH GHVLJQ WKDW
ZRXOGEHPRVWSUHIHUUHGWRWKHRUJDQL]DWLRQ

0y $.7,218/32,1762)',6&866,21

7KH ZRUNVKRS KHOSHG HVWDEOLVK UHVHDUFK
GLUHFWLRQV IRU
V\VWHPVHQILQHHULQJVXFKDVWKHQHHGIRUDVRX
QGWHUPLQRORJ\ E\ ZKLFK PXOWLGLVFLSOLQDU\
WHDPV VKRXOG RSHUDWH WKH UHDOL]DWLRQ RI
WKH SKHQRPHQRQWRYDOXH FRQFHSW RI V\VWHPV
WKH TXDQWLILFDWLRQ RI YDOXH DIJJUHIDWLQJ
JURXS SUHIHUHQFHV VKDULQJ UXOHV
QHJRWLDWLRQV ~ H[FKDQIH RI  SD\PHQWV
LQFHQWLYH
VWUXFWXUHVDQGFRUSRUDWHXWLOLW\IXQFWLRQ
VZHUHDOOSRLQWVWKDW
ZHUHUDLVHG2WKHUWRSLFVDOVRLQFOXGHGWKHF
KDQJHRIIUDPHDV
ZHJRGRZQDQRUJDQL]DWLRQDQGKRZWKUXVWPLIK
WFRPHIURP EHORZ DQG ZKHWKHU  WKH
RUJDQL]DWLRQDO KDV WKH FDSDELOLW\ WR
DOORZIRUIUDPHFKDQJHVDWWKHGLITHUHQWOHYH
OV"2WKHUWRSLFVRI GLVFXVVLRQ DOVR LQFOXGHG
KRZ WR GHILQH YDOXH PHDVXUHV IRU
WUDGHRIIVDQGLQGLIIHUHQFHFXUYHVIRUDQRUJDQ

OHVV'HVLIQ%OLHVZLWKLQWKLVUHJLRQDQGWKHU
HIRUHPHHWVWKH
WDUJHWUHTXLUHPHQWVWKDWKDYHEHHQVHWEX
WLWKDVDORZHUYDOXH
WKDQGHVLIQ$ZKLFKLVRXWVLGHWKLVUHILRQEXW
OLHVRQDKLJKHU
YDOXHFRQWRXU7KXVWKHGHVLIQWKDWZRXOGEH
LQGXFHGE\WKLV UHTXLUHPHQW UHILRQ LV OHVV
SUHIHUUHG WKDQ RQH WKDW ZRXOG EH
UHMHFWHG E\  WKH UHTXLUHPHQW 7KLV
GLIIHUHQFH LQ FKRLFH
LIDWLRQDVZHOO DV KRZ V\VWHPV HQILQHHUV
UHFHLYHVKDUH LQIRUPDWLRQ TURP
GLIIHUHQWGLYLVLRQVWRPDNHGHFLVLRQV

7KH ZRUNVKRS DOVR EUDLQVWRUPHG QXPHURXV
RWKHU LVVXHV
LQFOXGLQJ+RZGR\RXFKDQJHDFXOWXUHRUGLUHFW
LRQ"+RZGR
\RXNQRZLIV\VWHPVHQJLQHHULQJZRUNV"+RZGRZH
NQRZ WKDW WKLV LV QRW RQO\ DQHZDSSURDFK
EXWD EHWWHU DSSURDFK"
‘KDWFDQZHFKDQJHLIZHKDGWKHIOH[LELOLW\WRV
WDUWRYHU" :KDW FDQ ZHFKDQJH LIZHFDQQRW
VWDUW RYHU":KDW DUH WKH FRIQLWLYH
OLPLWDWLRQV DQG LPSOLFDWLRQV RI
DEVWUDFWLRQ DQG HODERUDWLRQ" +RZ GR ZH
LGHQWLI\ WKH FRPPRQ GHQRPLQDWRU
NQRZOHGJHEDVHIRUDV\VWHPVHQJLQHHU":KDWLV
WKHFRVWRI
JLYLQIXSPRGXODULW\WUHDWLQJHDFKVXEFRPSRQ
HQWDVDEODFN
ER[LQGHSHQGHQWO\"+RZGR\RXPDNHJRRGLQWHUID
FHV",.VWKH H[LVWLQJ VWUXFWXUH RI PRGXODULW\
ORFNHG LQWR WKH VXQN FRVW
SULQFLSOH"+RZGRHVFRUSRUDWHVWUXFWXUHDOO
RZIRULQWHUIDFLQJ
DQGFKDQJHRIIUDPHVRPHFRPSDQLHVDUHULJLGVRP
HVD\ZDLW
WLOOQH[WWLPHRUQH[WSURGXFWRWKHUVKDYHP
RUHIOH[LELOLW\7KH
UROHRIKHXULVWLFVDQGLQWXLWLRQYVWKHRU\D
QFKRULQIDQGGHVLIQ IL[DWLRQ DQG
UHTXLUHPHQWV YV YDOXH ZHUH RWKHU LVVXHV
WKDW DURVH LQ WKH EUDLQVWRUPLQJ +RZ GR ZH
DGGUHVV WKH FXUUHQW HGXFDWLRQ JDSV" ,6(
GHSDUWPHQWV WHDFK 252SWLPL]DWLRQ
EHFDXVHRISHUFHSWLRQVDQGUDQNLQIV

,9 &21&/86,21

6\VWHPVHQJLQHHULQJSURYLGHVPDQ\RSSRUWXQ
LWLHVIRUYDOXH
FUHDWLRQLQODUJHHQWHUSULVHV,WLVKHOSIXOW
RWKLQNRIDV\VWHPV
HQJLQHHUDVRQHZKRPDNHVGHFLVLRQVZLWKLQWK
HFRQWH[WRID V\VWHP IRUPHG RI PXOWLSOH
VXEV\VWHPV %HFDXVH RI WKH
PXOWLGLVFLSOLQDU\ QDWXUH RI WKLV HIIRUW
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FDUH PXVW EH WDNHQ ZKHQ FRQVLGHULQJ WKH 3URIHVVRUSEEDVLVDXWKRUDQGFRDXWKRURIPXOWLSOH
IUDPH WKDW D V\VWHPV HQJLQHHU UHVHDUFKSDSHUVDQGLV

3 T ’
LQFRUSRUDWHVZKHQGHDOLQJZLWKWKHGLITHUHQ e x o VRl JENQGDWLRQVRIHFLVLRQSQDOWLV ZIWKSRQD

LQWHUIDFHV DW ERWK WKH SK\VLFDO DQG
VRFLDOOHYHOVVKRXOGDOVREHFRQVLGHUHG)LQD
OO\WKHUHLVURRP IRU UHVHDUFK RQ D[LRPDWLF
GHULYDWLRQV WKDW LQFRUSRUDWH
EHKDYLRUDODVSHFWVDQGOHDGWRGHVLUDEOHSU
RSHUWLHVLQWVWHPV HQJLQHHULQJ

$&.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
JRXQGDWLRQRUWKH)HGHUDO*RYHUQPHQW

50(5(1&(6
/6XPPHUVZKDW\RX5HDOO\QHHGWRNQRZ1HZ<RUN7LPHYV -
DQWK
5$ +RZDUG DQG $ ( SEEDV )RXQGDWLRQV RI 'HFLVLRQ
$QDO\VLV3HDUVRQI<
YRQ 1HXPDQQ - 2 0RUJTHQVWHUQ 7KHRU\ RI *DPHV DQG
(FRQRPLF%HKDYLRUQGHG3ULQFHWRQS8QLYHUVLW\3ULQFHW
RQI-
/6DYDJH 7KH 7KHRU\ RI 6 WDWLVWLFDO 'HFLVLRQ -RXUQDO RI
WKH
$PHULFDQ6WDWLVWLFDO$VVRFLDWLRQSS
$ (SEEDV )RXQGDWLRQV RI (XOWLDWWULEXWH 8WLOLW\
&DPEULGIH 8QLYHUVLW\3UHVV,Q3UHVV
-(0DWKHVRQDQGS5$+RZDUGSQLQWURGXFWLRQWRGHFLVLRQ
DQDOWLYV ,Q 5 $ +RZDUG - ( 0DWKHVRQ HGV 7KH 3ULQFLSOHV
DQG $SSOLFDWLRQVRI'HFLVLRQ$QDO\WLV 9RO,6WUDWHILF
'HFLVLRQV*URXS OHQOR 3DUN &$  5HSULQWHG TURP
ODWKHVRQ - ( DQG 5 $
+RZDUGSUHSRUWE\WKH(XURSHDQ/RQJ5DQJH30DQQLQIGHUYL
FH 6WDQIRUG5HVHDUFK,QVWLWXWH5HSRUW
* § +DJHOULJJ )XQGDPHQWDOV RI 'HFLVLRQ ODNLQJ IRU
(QILQHHULQJ 'HVLIQ DQG 6\WWHPV  (QILQHHULQJ
6HOISXEOLVKHG $UOLQIWRQ9$
5/ HHQH\ *URXS SUHIHUHQFH D[LRPDWL]DWLRQ ZLWK
FDUGLQDO XWLOLW\0DQDJHPHQW6FLHQFH
5/ HHQH)RXQGDWLRQVIRUJURXSGHFLVLRQDQDO\VLV'HFLVLR
Q $QDO\VLV
$QDO\VLV+
&KDLQORQWH&DUORSSSURDFK3UHFLVLRQ(QILQHHULQJ

SOL(SEEDVLV3URIHVVRURLQGXVWULDODQG6\VWHPV(QJLQH
HULQIDQG3XEOLF 3ROLF\ DW WKH 8QLYHUVLW\ RI 6RXWKHUQ
&DOLIRUQLD +H UHFHLYHG KLV 3K' LQ 0DQDJHPHQW 6FLHQFH
DQG (QILQHHULQJ IURP 6WDQIRUG $QLYHUVLW\ ZKHUH KH
DOVRUHFHLYHGKLV06GHJUHHLQ(OHFWULF(QILQHHULQJDQGO
6LQ(QILQHHULQJ
(FRQRPLF6\VWHPVDQG2SHUDWLRQV5HVHDUFK

+HKDVGLUHFWHGWKH | DWLRQDO&HQWHUIRUSLVNDQG(FR
QRPLF$SQDO\VLVRI 7HUURULVP (YHQWV&5($7( DQG FXUUHQWO\
GLUHFWV WKH &HQWHU IRU ,QWHUGLVFLSOLQDU\ 'HFLVLRQV
DQG  (WKLFV(&'( DW  WKH  8QLYHUVLW\  RI
6RXWKHUQ&DOLIRUQLD
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