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+\GURJHQ EOHQGLQJ DPSORIQRIEDWHIVY? LFLBHONQHYV

"LONXBEOHRQJIIDQIUFIKDR- BN GEKRQUUD QNS KHQ J

P6WDWH .H\ /DERUDWRU\ RI $GYDQFHG ODULQH ODWHULDOV 1LQJE
(QILQHHULQJ &KLQHVH $FDGHP\ Rl 6FLHQFHV 1LQJER &KLQD

E H\ /DERUDWRU\ Rl 2LO *DV (TXLSPHQW RI WKH OLQLVUWWWWRI (G X
&KHQJGX &KLQD

FHSDUWPHQW RI ODWHULDOV 6FLHQFH DQG (QJLQHHULQJ 8QLYHU

©“HSDUWPHQW Rl OHFKDQLFDO (QJLQHHULQJ 8QLYHUVLW\ RI &DOJ

&RUUHVSRQGLQJ DXWKRU < )UDQN &KHQJ ( PDLO IFKHQJ#



$SEVWUDFW
5HSXUSRVLQJ H[ILVWLQJ QDWXUDO SBY IS&ISY OLQUIR PIIRML & YGIUT
DFFHOHUDWHG GHYHORSPHRW\RUKRIGE QREGYOHCARQIRWPHN PDLQV I
DPSOLILHU RI VHLVPLF ULVN WR WKH SLSHOLQHYV +HUHLQ
ULVN DQG UHVLOLHQFH ORVV RQ RSHUDWLQJ SLSHOLQH
WRSRORJLFDO V\VWHPV LQ WKH ZERIRIR QIHHVGX & W S HPQR (
HOHYDWHY IDLOXUH ULVN RI WKH SLSHOLQHV ZLWKDWKH ID|
FHUWDLQ VHQVIZWLYHVNURRYQQUIWDWLRQ LV SUWHERDbWUBJIH®RU L
GDPDJH WR WKH SLSHOLQHV UDWKHU WKDQ E\ HIWUHPH VHI
SLSHOLQHV LV WRSRORJ\ GHSHQGHQW ZLWK PDLQ WUXQNOL
VFDOH ULVN VSDQQLQJ IURP SLSH PDWHVRPIW BBHYURGEWWU R G
, WLV SURSRVHG WKDW HYDOXDWLQJ WKH H[LVWLQJ SLSHOLC

ULVN



+\GURJHQ ZLOO EH D FULWLFDO SOD\HU LQ HQHUJ\ WUDQ
GHQVLW\ DQG FRPSDWLELOLW\ ZLWK UH@HZDEROH PRBIK JW K
FRXQWULHY KDYH GHYHORSHG WKHLU QDWLRQDO K\®WRJIHQ
SRWHQWLDOO\ FRQWULEXWH XS WR 6FNRIQUGWKE RWOW RHHE
UHTXLUHV H[WHQVLYH LQIUDVWUXFWXUH |RIK I$ U RGXFINILIRQIL
(QHUJ\ $JHQAGNVKBWWVURXQG NP RI SLSHOLQHV ZLOO EH
3DUWLFXODUO\ WKH PDMRULW\ Rl WKHP ZLOO FRPH IUF
H[LVWLQJ QDWXUDO JDV SLSHOLQHV
%OHQGLQJ K\GURJHQ LQWRIH)U\GWIGQD VSDERHBLERWLYH VW I
K\GURJHQ WUD®@VSRUWKH 8. JRYHUQPHQW SURSRVHG WR VXS
K\GURJHQ LQWR *UHDW %ULWDLQ?KB V+\GH S W/RI\L 5X\R MRIG WQ H\N
K\GURJHQ FRXOG EH VDIHO\ EOHQGHG LQWR D QDWXUDO JDV
ZLWKRXW PRGLILFDWLRQV WR HQGUDQFHDWKHSS6LDQE
SURJUHVVLYHO\ LQFUHDVHG K\GURJHQ EOHQGLQJ IGRA W
“XSLWHU SURMHFW IXUWKHU SWRB\R V8 8 HRVBEXR/QV UQ V&R WK
QHWZRURZDGD\V K\GURJHQ EOHQGLQJ LQ QDWXUDO JDV WU/
ORQJ GLVWDQFH WUPIQVISE U MW RGHUDWLQJ SURMHFWYV DL
QHWZRUNV DQG WULDO GHPRQVWUDWLRQV
1DWXUDO JDV SLSHOLQHV ZHUH GHVLJQHG DQG RSHUDWH
K\GURJHQ RU K\GURJHQ FRQWDLQLQJ JDV PL[WXUHV )URP
K\GURJHQ JDV PRFEHFDPENRUE RQ VWHHO VXUIDFH DQG GLVV
XQGHU SLSHOLQH RSHUDMRRN FRQ GHQUIHRQYDWH LQWR WKH
ZLWKLQ LURQ ODW WILFHX PX@® WBG PMFRPFURVWUXFWXUDO W
GLVORFDWLRQV DQG VHFRQGDU\ SKDVH SDUWLFOHV 7KH PH

E\ + HIIHFW 6RPHWLPHV FUDFNV DUH LQLWLDWHG ZIQVK WK



DGGLWLRQ WR WKH + HIIHFW RQ PDWHULDO SHUIRUPDQFH W
HQG XVH RSHUDELOLW\ DQG UHJXODWRU\ EOHQGLQJ OLPLW
SURMHFWYV
+\GURJHQ LQGXFHG PDWH U L DG &6 D UHEIRKIBR® D W LW 6 LSALR
GHYHORSLQJ RYHU ZHHNV PRQULIQYW RSHHDPMQRBDSBYSHOLQH\
E\ HHWHUQDO ORDGLQJ VXFK DV VKHVPRX SO XQWHGILHF/D B FN
K\GURJHQ H[SRVXUH DQG H[WUHPH VHLVPLF ORDGLQJ PD\
SLSHOLQH VHLVPLF GHVLJQ DQG WHFKQLFDO VWDQGDUGV .
K\GURJHQ HIIHFW RQ PDWHOHDD QN RSHUBLHNVKDYH EHHQ FR(
WKH K\GURJH Q@ HSIHHFMQH VHLVPLF | DIQOEX ¥ WRIGHODHOMLGIL HQ F H
+RZHYHU WKH V\QHUJLVP EHWZHHQ K\GURJHQ DQG VHLVPLF
SLSHOLQH VDIHW\ LQ K\GURJHQ VHUYLFH E\ WKH H[LVWLQJ V
7KLV VWXG\ DWWHPSWV WR XQGHUVWDQG KRZ K\GURJHQ
QDWXUDO JDV SLSHOLQH LQIUDVWUXFWXUH ZRUOGZLGH +HL
JDV WUDQVPLVVLRQ SLSHOLQHV IURP WKH *OREDO *DV ,QIUL
VHLVPLF KD]JDUGV DQG DFWLYH IDXOWV IURP WKH *OREDO (D
RSHUDWLQJ QDWXUDO JDV SLSHOLQHV WR VHLVPLF KD]D
‘H WKHQ HVWLPDWH DQQXDO DMLVPYBODGOWWHEG SOREWEEOR W
DFURVV SLSHOLQHV ZLWK YDULRXV K\GURJHQ EOHQGLQJ
H[SRVXUH WLPHV L H DQG \HDUV  ZKLFK DUH UHS
HYDOXDWH WKH HIIHFW RI LVRODWHG DQG FRPPRQ IDXOW P
SLSHOLQHV 2XU ILQGLQJV VXJIJHVW WKDW D FURVV VFDOH S
K\GURJHQ HIIHFW RQ GHJUDGDWLRQ RI PDWHULDO SURSHUW

SLSHOLQHV ZKHQ UHSXUSRVHG IRU K\GURJHQ VHUYLFH



Results
+LJKO\ QRQ XQLIRUP H[SRVXUHV RI JOREDO QDWXUDO JDV SI
7KH VHLVPLF KD]DUG H[SRVXUHYVY DUH DVVHVVHG DBURVYV

WRWDO OHQJWK RI DSSUR[LPDWHO\ PLOOLRQ NP LQ WK
SLSHOLQH GDWD IURP WKH *OREDO *DV ,QIUDVWUXFWXUH 7
JOREDO VHLVPLF KD]DUG PDS YHUVLRQ DQG WKH *(
FRPELQHG WR GHYHORS D JOREDO PDS LOOXVWUDWLQJ W
DFFHOHUDWLRQ 3*$ DQG DFWLYH IDXOW WUDFHVYLRQ RSHUD
8VLQJ WK KHUFHQWLOH RI 3*$ VDPSOHG DORQJ HDFK SLSHOLQ
6+(/V DUH HVWBDHOQRVXKHG RMD EO\ SLSHOLQHV RI N
DVVLIQHG WR 6+(/ RU 2EYLRXVO\ WKH VHLVYVRORKF GRR{DXGLHI
$V LQGLEFDWHBQGQ([WHQGHG 'DWD 7DEOH WKH 8QLWHG 6WD
VFDOH IROORZHG E\ &KLQD DQG 5XVVLD ORUH WKDQ N
RYHU NP LQ &KLQD DUH H[SRVHG WR 6+(/ ERXQWULHYV
DV 7«UNL\H ,UDQ 3DNLVWDQ DQG *UHHFH RQ WKH $OSLGH
=HDODQG DURXQG WKH FLUFXP 3DFLILF VHLVPLF EHOW VK
HISRVXUH OHYHO) SU®HKOBUQHYV SLSHOLQH IDXOW LQWHUVHF
IDXOW FURVVLQJ ULVN SRLQWYV PRUH WKDQ KDOI RI ZKLFK D
,UDQ DQG®GLJWDORG ([WHQGHG 'DWD 7DEOH 7TKHUH DUH
6+(/ RU DVMVMHHRBKIHQUHVXOWY WHOO WKDW WKH SLSHOLQH

HISRVXUH WR KLJKHWLYHLVPLF KD]DUGYV
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)L $QDO\WHV RI VHLVPLF KD]DUG H[SRVXUHV Rl ROHOREDQJP@PBWAL
RSHUDWLQJ QDWXUDO JDV SLSHOLQHYV SHDN JURXDLIHI B BRMOHIDEO
JDV SLSHOLQHYV DUH VKRZQ DV EOXH SRO\OLQHVY DQG DFWLYH IDXO
VHLVPLF KD]DUG PDS DQG UHSUHVHQWYV 3*$ RQ UHIHUHQFH URFN FR
\HDPMXXPEHU Rl SLSHOLQHV H[SRVHG WH GDWHBROQ® & HV WRILE X ]IRU
RI RSHUDWLQJ QDWXIRVOHID W BLSSHQMWAHLFDWLRQ RI 1D XOWFHEHRVVLQ.
RI IDXOW FURVVLQJ ULVN SRLQWYV H[SRVIEGVWREXW LHRUWHRBR MW YIHVYP E FKK
Rl SLSHOLQHY DQG IDXOW FURVVLQJ ULVN SRLQWYV



6HLVPLF IDLOXUH ULVN DW SLSHOLQH IDXOW FURVVLQJV HQ}

7KH DQQXDOL]JHG SLSHOLQH 44tDEDXVHGSER BRELIDQWLBY \
GLVSODFHPHQW DW YDOLG IDXOW FURVVLQJ ULVN SRLQ
)LJV D E DQ@HOO DV ([WHQGHG 'DWD 7DEOH (DFK GDWD
UHDOL]DWLRQV \LHOGLQJ IDLOXUH SUREDELOLW\ HVW
DQG H[SRVXUH WLPH VFHQDULRV $W VSHFLILF H[SRVXUH W
LQFUHDVHG IURP WR  RIWKHVGYKWWHEX WRZDP UGV JUHD)
DULWKPHWKFR;® WOKHSHUFHQWLOH RI DQQXDOL]MGe&LSHOLQH
DQG WKISHUFHQWLOH RI DQQXDOL]JHG SLESHPLQRBFIHDWH HE

a a DQG a UHVSHFWLYHO\ 7KH UHVXC
EURING LIKW VNHZHG DQG PXOVVKEG D QMRO\OL KW WO W RZ IHWQ K
IDXOW FURVVLQJ ULVN SRLQWV DQG VHLVPLF KD]DUG H[SRV]

FRQWULEXWHV GLVSURSRUWLRQDWHO\ WR WKH XSSHU WDL
PDUNHGO\ LQKUKHDP VN FRPSDREYHZ WRGLFDWHY WKDW K\GURJH
WKH VHLVPLF ULVN IURP ORFDO UHJLRQV WRZDUGV D EURDG
FURVVLQJ ULVN SRLQWYV

7DNLQJ WKH H[SRVXHBV WL H @ IH[ DWSGHIS HMQIGFHQW VHLVP
DPSOLILFDWERY IRBWDUFK ULVN SRLQW L DUH FDORX®DWHG
G DQGEBAG ([WHQGHG 'DWD 7DEOH  $V WKH K\GURJHQ H[SRV
\UV 55" ou55%Y; -¢55"Y; DQG 855" H[FHHG XQLW\ LQGLFDWLC
LQFUHDVH LQ WKH XSSHU WDLO DQQXDOL]JHG VHLVPLF IDLO
LQFUHDVH RI WKH EOHQGLQJ UDMWLER ;IERP V855" SW:DLVHYV
DQGf 85, ;s UHDFK DQG UHVSHFWLYHO\ VKRZLQJ V

HISRVXUH HIWHQGV WKH XSSHU WDLO RI WKH ULVN GLVWULE



+LVWRJUDPV RI DQQXDO SLSHO
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)L $QDO\WLV UHVXOWYV RI WKH DQQXDDLBHEFWSWERBBODBRW RD VOKKH) D GQ X
IDLOXUH SUREDELOLW\ ZLWK WKH H[SRVXUH WLPHV Bl FDWHIAORXG \F
SORWWRRMWISHHQGHQW ULVN DR S®RIIEPRWLRIQFIPFBALRUG VHLVPLF ULVN

)XUWKHW WBOWH \DV WKH UHIHUHQFH WKH FRPELQHG Vt
IDFWRHV,,- LV FDOFXODWHG DFURVV IDXOW FURVVLQJ ULVN
KDJDUG OHYHDV MWQGHHRHQEGHG "BV, 70POEHY QRQ PRQRWI
RYHU WKH VLWKH 6U(¥ N SRLQWY H[SRVHG WR 6+(/ VKRZ WKH |
ZLWK  W6H-"%- ; RI +RZHYHU 6+(/V DQG SURGXF
F85,-Y%: RI DQG UHVSHFWLYHO\ LQGLFDWLQJ OfF
K\GURJHQ LQGXFHG VHLVPLF ULVN DPSOLILFDWLRQ UHPDLQ
FRQG LWL RyGKS,,, 2L WK « D Rvi D&, ", 04 < D Rvl
5HJDUGOHVV RI ZKHWKHU K\GURJHQ LV EOHQGHG LQ WKH SL

DUH DOUHDG\ H[SRVHG WR DQ H[WUHPHO\ KLJK VHLVPLF ULV



*OREDO VHLVPLF ULVN ODQGVFDSH RI SLSHOLQHV VKDSHG E
7KH JOREDO VHLVPLF ULVN ODQGVFDSH RIWSIFSUHFOH@W VOIH
DQQXDOL]HG IDLOXUH SUREDELOLW\ DFURVV DO®RVYBIGIXE HD X
WKH YDULDELOLW\ FDXVHG E\ OLPLW HGH@P®RUEH W RD ¥ DPSIHD N D
SRLQWY DFURVV FRXQWULHV 8QGHU WKH UHIHUHQFH VFHC
H[SRVXUH WKH QDWLRQDO ULVN OHYHOV YDU\ E\ QHDUO\
IURP ( LH LQ )UDQFH WR ( L H JLUQ &K LC
DDQG ([WHQGHG 'DW.LVIKEGHRJHAHUIHQGLQJ UDWULIRV WK/ H
QXPEHU RI YDOLG IDXOW FURVVLQJ ULVN SRLQWYV 5HJLRQV :
VHLVPLF EHOWYV LQFOXGL@MEKH $BGBNUD @P®GDBRQLYQD 3D
FLUFXP 3DFLILF DQG $OSLGH EHOWV 2QO\ HLJKW FRXQWUL
VHLVPLF ULVN ODQGVFDSH LV GRPLQDWHG E\ D OLPLWHG QX
(OHYDWHG K\GURJHQ EOHQGLQJ UDWLR VXEVWDQWLDOO
LQFUHDVHG IDLOXUH ULVN DW W8 H F L IRUFVHH BRRAXUIH DOH DIOR 8 |
ZKHQ WKH K\GURJHQ EOHQGLQJ UDWLR LQFUHDVHV IURP
DQQXDOL]HG IDLOXUH SUREDELOLW\ H[FHHGLQJ ( L H
FRXQWULHV H[FHHGLQJ ( DI BQG IMVWIORRHE LQWD 7
&RXQWUDKVJELEMKVHOLQH ULVN LQFOXGLQJ &KLOH 3HUX DQ
IDLOXUH SUREDELOLWLHV RI WKHVH FRXQWULHYV DOUHDG\ D

LQFUHDVH LV REVHUYHG DLRRGHRXODWH LEDYVEZOWEH ULVN

g IBLITWSTOT EHEFRPHY PRUH WKDQ GRXEOHG LQ &KLQD DQG

LQ ,UDQ DQG ,WDO\ VKRZLQJ WKDW K\GURJHQ EOHQGLQJ UH

FRXQWULHV WKDW DUH FRQYHQWLRQDOO\ LGHQWLILHG DV V
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)LJ *OREDO VHLVPLF ULVN ODQGVFDSH FKDUDFWHUL]J]HGOEWWKH WK
K\GURJHQ EOHQGLQJ DQG E \HRWWRJH{SRYKQYGELQJ DQG F \HDUV R
K\GURJHQ PQBQIBLRYY Rl HHSRKXGWRJIHQ EOHQGLQJ DQG \HDUV RI H]J

$SURORQJHG H[SRVXUH WR K\GURJHQ LQFUHDVHY DWW H DQ
JUHDW EOHQGLQJ UDWLRV )RU K\GURJHQ EOHQGLQJ DQ
LQFUHDVHYV WKH QXPEHU RI FRXQWULHYV ZLWK WKH DQQXDOI

PRGHUDWHO\ IURP )WR PQOV([WHHXGHQ@ 'DWD 7DEOH +R

EHPR PRUH REYLRXVO\ ZLWK RI K\GURJHQ EOHQGLQJ L
FRXQWULHV H[FHHG DQG)LJ HMBEEG([WHQGHG 'DWD 7I
¢ %%¢ " YLQFUHDVHV IURP L H ( W R
&KLQD IURP L H ( WR ( LQ 7+UNL\
(  WR ( LQ ,UDQ 7KH PHGLDQ RI WKH DQQX
FRXQWULHV LQFUHDVHV E\ ZKLOH WKH UDWLR EHWZHHI

I[URP DSSUR[LPDWHO\ WR 7KLY FRQYHUJHQFH GRHV QRYV



FRQFHQWUDWHG ULDEUKRKDWEOS RMOHWREZBGAWLOXUH SUREDEL

LQIUDVWUXFWXUH

5HVLOLHQFH ORVV RI IDLOHG SLSHOLQHV JRYHUQHG E\ WRSH
JRU WKH SLSHOLQHV ZLWK YDOLGDWHG IDXOW FURVVL
SLSHOLQH LV FRQYHUWHG LQWR D ZHLIJKWHG XQGLUHFWH!
LOWHUPHGLDWH VHIPHQWDWLRQ SRLQWY DUH UHSUHVHQWH
UHSUHVHQWHG DV OHQIJWK ZHLJKWHG HGJHV /RJLFDO IDLO?
ULVN SRLQWYV 7KH VHLVPLF IDLOXUH RI SLSHOLQHYV DW D ID.
RI WKH FRUUHVSRQGLQJ ORJLFDO IDLOXUH FRQQHFWRU 7K|
QRGHYV SK\WVLFDO HGJHV DQG ORJLFDO IDLOXUH F
7TDEOH 7KH QXPEHU RI FRQQHFWRUV UHIOHFWYV WKUHH SDL
ZLWK YDULRXV IDXOWYV /LQHDU WUXQNOLQHYV FRPSULVH \
EUDQFKHG QHWZRUNYV DFFRXQW IRU xNP %\ FRQWUDV
VA\VWHPV RQO\ EXW H[WHQG xNP ZLWK RI QRGHYV
WKH IDXOW FURVVLQJ SLSHOLQH LQIUDVWUXFWXUH LV GRPL
UHJLRQDO DQG QDWLRQDO SLSHOLQH QHWZRUNV UHIOHFW W
7R OLQN WKH SRLQW OHYHO VHLVPLF IDLOXUH ULVN ZLW
UHVLOLHQFH LV FKDUDFWHUL]HG ZLWK WZR FRPSOHPHQWD
DEVRUSWLYH FDSDFLW\ 7KH UHVLVWDQFH FDSDFLW\ GHVFUL
ORDGLQJ ZLWKRXW IDLOXUHV ZKHUHDV WKH DEVRUSWLYH F
UHWDLQV FRQQHFWLYLW\ IROORZLQJ IDLOXUH DW IDXOW FU
HIWHQW WR ZKLFK QRGHV LQ D SLSHOLQH QHWZRUN UHPDL
SDWKYV

, W LV DVVXPHG WKDW WKH VHLVPLF IDLOXUH DW HDFK I



LQGHSHQGHIQW HPHEW QG EF[WHQGHG 'DWD 7DEOH  VKRZ W
SKDVH VSDFHV IRU OLQHDU WUXQNOLQHVY EUDQFKHG QHWZR
KRULJRQWDO D[LV UHSUHWVR & WL QB & DFLRIHBHMEHMMRINQ\D DU W L F
UHSUHVHQWY UHWDLQHG SK\VhE D:Q ¢FtR @ R H B WDLO/G. 3¢ D WHHW K H

UHWDLQHG OHQJWK ZHLJKWHG QHWZRUN LQWHJULW\ DQG WE

$EVRUSWLYH FDSDFLW\ SKDVFH
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)L 6HLVPLF UHVLOLHQFH DQDO\VLYV RIDRVREROPWHGES W RY HFBIS OALOMX\USF
GLDJUBPW +HDW PDSV RI VHLVPLFHDHMMO OXHQ R VWKH UAH IPYRPYHUUHVL(

K\GURJHQ EOHQGLQJ UDWLRY DQG K\GURJHQ H[SRVXUH WLPHV IRU
QHWZRUNV UHVSHFWLYHO\

(DFK SRLQW UHSUHVHQWY RQH FRQQHFWRU IDLOXUH FDVI
WKH QRUPDOL]HG DEVRUSWZRH UMD ®BRLRAN RS B LIKW FRU!
DVWURQJHU UHWHQWLRQ RI ERWK IXQFWLRQDO DQG SK\VLFI

VWDWHYV DSQURIFDNHHG ORFDWLRQ GHSHQGHQFH 'LDPRQGV |



ZKHUHDV KRUL]JRQWDO DQG YHUWLFDO Kk DDUQ/GG HBRSWHE W KWHLO
LV VHHQ WKDW WKH OLQHDU WUXQNOLQBIW HH KL EALRQ QHKFHW®]
EULGJH $FFRUGLQJO\ RQO\ DOWRR®IKss UHPDLQ DW D
UHVSHFWLYHO\ %UDQFKHG QHWZRUNV DUH DOVR EULG.
FODVVLILHG DV EULGJHV EXW RFFXS\ D EURDG LQWHUPHGL
RI )DLOXUHV RQ SHULSKHUDO EUDQFKHV DIIHFW OLPLW!
RI VWUXFWXUDOO\ FHQWUDO FRQQHFWRUV FDXVH PXBK ODU.
SURQRXQFHG VWUXFWXRODO U HRIXFRIDWHFAWRUV: RUB: BULGJHYV
J pce DOQOG w DUH XS WR DQG UHVSHFWLY]
VIVWHPV DEVRUE PRVW LVRODWHG IDLOXUHV WKURXJK DO
RXWO\LQJ VWDWHY UHYHDOV UHVLGXDO WRSRORJLFDO ERW\
7KH QRUPDOL]HG UHVLNW\WRPB QFKHFDWEKFEMYFHQWLOH RI IDL(
TXDQWLILHG DQG FRPELQHG ZLWK WKH FRUUHVSRQGLQJ DE
UHVLOLHQFH 7KH UNNXOWGE [HIBKMXRHEIQVPQF UHVLOLHQFH G
ZLWK LMGKUBEDRJHQ EOHQGLQJ UDWLR DQG H[SRVXUH WLPH
VWURQJO\ RQ SLSHOLQH WRSRORJ\ 5HGOWLYH WR WWKKH ED\
OLQHDU WUXQNOLQHYV H[SHULH Q BH{ FAUKHD \DIDQUII HWRWP G URSW R L
WKH FRQGLWILRQ Rlr>"s 7KH EUDQFKHG QHWZRUNV VKRZ DQ |
ZLWK ; GHFUHDVLQJ IURP W R HTXLYDOHQW WR D
PHVKHG QHWZRUNV UHPDLQ FRPSDGHWUWMBULQHVURRHQW WF
ORVV RI RQO\ ,W LV WKXV VHHQ WKDW WKH K\GURJHQ H]
DOO V\VWHPV ZKLOH WKH SLSHOLQH WRSRORJ\ HR QKR W KH
VIVWHP OHYHO FRQQHFWLYLW\ ORVV ,W LV QRWHG WKDW W

&URVVLQJV ZLWKLQ WKH HQWLUH SLSHOLQH VA\VWHP PD\ QHY



&RUUHODWHG V\VWHPLF YXOQHUDELOLW\ XQGHU FRPPRQ ID>

7KH IDLOXUH FRQQHFWRUYV DUH JURXSHG E\ DFWLYH IDXO\
FRPPRQ IDXOW PXOWL SRLQW IDLOXUH VFHQMHYIHRQNDUM HQ G
LGHQWLILHG RQ SLSHOLQH VA\VWHPV J/LQHDU WUXQNOLQ'F
EUDQFKHG QHWZRUNV FRQWDLQ VHWYV DFURVYV VA\VWHPV

VI\VWHPVY ORUH HYHQW VHWV LQ WKH PHVKHG QHWZRUNYV U
FRPSOH[LW\ LQFUHDVLD® WWKHY G LIDEKOMWK R R &/ AMKVCH¥F WYV D SLSH

D &XUWKIDWRW VHLVP 5DLQFORXG QRRWLQt
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)L 6HLVPLF UHVLOLHQFH XQGHU FRPPRKIQD WX ERW W KB W IH IS\RRIQFVU IHD\LIX
VKRZLQJ WKH PHDQ VHLVPLF UHVLOLHQFH RI SLSHOWXH WRANQDBIPVRXQL
IXQFWLRQ RI WKH K\GUERIH@ HORXCGXIEBRW.RH QRQOLQHDU WRSRORJLF

OXOWL SRLQW IDLOXUHV RQ D SLSHOLWIODODIOR QRDV FIRP RH
UHVLOLHQFH RI WKH SLSHOLQH DV FRPSDUHGLZLWHK)GVRO!
((WHQGHG 'DWD 7DEOH VKRZV WKHLBERDQLGHIOLRAIHVUHYEB U
IDXOW PXOWL SRLQW IDLOXUH VFHQDULRY DV D IXQFWLRQ |
SRROHG RQ DOO SLSHOLQH WRSRORJLHYVY DQG LQFOXGH RQO
ORJLFDO IDLOXUH FRQQHFWRUV &RORUHG OLQHV UHIHU WR
DQG DQRG WKH KRULJRQWDO GDVKHSGLOL R+ -GLIHQ R YWRHNV WK

K\GURJHQ EOHQGLQJ ZLWK 44V QRUIQGHBEMKUXQGIIDEQHDVLQ

IURP XQGHU WKH EDVH FRQGLWLRQ L H ORBV 7K&k



VPDOOHU GHFUHDVH IURP WR HTXLYDOHQW WR
UHPDLQV UREXVW ZLWK WKH UHVLOLHQFH GHFUHDVLQJ IURI
7KH K\GURJHQ H[SRVXUH DOVR LQFUHDVHV WKH OLNHOLK
7DEOH JRU OL\QMHDY RMPXQROHQMHY IURP WKH EDVH YDOX
7KH SUREDELOLW\ LQFUHDVHV IURP W R DQG IURP
QHWZRUNV UHVSHFWLYHO\ 7KXV K\GURJHQ H[SRVXUH LQF
LQGLYLGXDO SRLQWY EXW DOVR WKH SUREDELOLW\ WKDW P
VDPH IDXOW HYHQW 2YHUDOO FRPPRQ IDXOW HYHQWYVY DP
WRSRORJLFDO UHGXQGDQF\ Rl SLSHOLQHV EXIIHUV WKLV HI
UHPDLQV WKH JUHDWHVW VHLVPLF UHVLOLHQFH HYHQ XQGH!
7R IXUWKHU LQYHVWLIJDWH WKH FRQWULEXWLRQ RI SLSH(
FRQQHFWLYLW\ ORVV RI HDFK PXOWL FRQQHFWRU MRLQW ID
LVRODWHG FRQQHFWR)WJ D IE)GU {W HING W KR DO DEEREL@HV | D ).ROU
VWDWHY GHILQHG DV WKH GLIIHUHQFH EHWZHHQ WKH DFWXD
UHPRYDO RI PXOWLSOH ORJLFDO FRQQHFWRUV DQG $WKH OR
SRVLWLNYGGLBDWHUVIJLVWLF WRSRORJLFDO LQWHUDFWRRQ ZK
JUHDWHU FRQQHFWLYLW\ ORVV FRPSDUHIGQ W/IRF D WR ® DWH/GX L
RYHUODSSLQJ LQWHUDFWLRQV ZKHUH PXOWLSOH IDLOXUHV
DOLPLWHG DGGLWLRQDO ORVV +DOI YLROLQ VKDSHV VKRZ W
OLQH PDWUNVLQHDU WUXQNOLQHYV DQG EUDQFKHG QHM ®WRUNV
WKH PHDQ YDOXHV RI DQG UHVSHFWLYHO\ 2QO\
OLQHDU WUXQNOLQHV DQG LQ EUDQFKHG QHWZRUNV VKF
WKDW LQLWLDO IDLOXUHV RDXWN PR \@ RW ER Q QW FWLLYELWY D R
UHJLPH ZKHUWGH WWKHLEXWLRQ LV VKLIWHG WRZDUGV JHUR D¢

EHPRF VOLJKWO\ SRVLWLYH L H RI MRLQW IDLOXU



DQ&S: ;LV XS WR 7KH ODUJHVW SRVLWLYH LQWHUDFW
ZKHUH FRPPRQ IDXOW HYHQWY DVVRFLDWHG ZLWK WKH 3XI
QRPLQRDOO\ DOWHUQDWLYH URXWHV OHVKHG QHWZRUNV W

UHGXQGDQF\ LV QRW QHFHVVDULO\ VSDWLDOO\ LQGHSHQGHC

Discussion
+\GURJHQ EOHQGLQJ HOHYDWHYVY WKH VHLVPLF IDLOXUH ULVN
7KLV VWXG\ LQYHVWLIJDWHY WKH LQWHUDFWLRQ Rl K\G
HISRVXUH WR KLJK SUHVVXUH K\GURJHQ JDV ZLWK WWH VHL)
IDLOXUH ULVN DQG UHVLOLHQFH 7KH UHVHDUFK RXWRRRHNVV
VWUXFWXUDO YXOQHUDELOLW\ GHJUDGLQJ WKH PDWHULDO
WR H[WHUQDO JHRKD]DUGV VXFK DV VHLVPLF IDXOW GL\
DFFXPXODWLRQ RYHU WLPH $V LQGLFDWHG LQ )LJ QHDUC
LOQWHUVHFW DFWLYH IDXOWYV DQG DERXW WZR WKLUGV RI W
LQ KLJK VHLVPLF KD]JDUG UHJLRQV 6+(/V DQG 3SDUWLFX¢
EHHQ UHFRJQL]J]HG DV RQH RI WKH PDMRU WKUHDWYV WR SLSH
SLSHOLQH IDLOXUH SUREDELOLWLHY LQ )LJ VKRZ WKDW WK
JDV SLSHOLQHV LV JRYHUQHG E\ WKH LQWHUDFWLRQ EHW
GHJUDGDWLRQ RI SLSH VWHHO 7KH K\GURJHQ H[SRVXUH PDL
FURVVLQJY UDWKHU WKDQ ZRUVHQV D VPDOO QXPEHU RI FHL
LQGXFHG VHLVPLF ULVN HIITHFW GRHV QR QIHFGH RV D/UHHLA\PER |
HISRVXUH 7KLV QRQ PRQRWRQLF UHODWLRQVKLS XQGRXEWF
21 SDUWLFXODU FRQFHUQ VRPH UHJLRQV ZLWK UHODWLYHO
$XvwuDOLD DQG *HUPDQ\ PD\ HISHULHQFH SURQRXQFHG HQ

WHUP K\GURJHQ H[SRVXUH 7KLV VXJIJHVWV WKDW SLSHOL(



FRQYHQWLRQDO VHLVPLF JHRKD]DUGV PD\ VXEVWDQWLDOO
OHDGLQJ WR FDWDVWURSKLF FRQVHTXHQFHYV

7KH UHVXOWLQJ LOQOFUHDVH LQ VHLVPLF IDLOXUH SUREDEL
DIIHFWHG SLSH VHIPHQWY RSHUDWH LQ WKH FULWLFDO VLW
UHVLOLHQFH ORVV RQ WKH SLSHOLQHYV VKRZV WKDW WRSROF
LQWHJULW\ UHPDLQV D ORFDO YXOMNWVEHP LALG B QG VBRXDW L
LVRODWHG IDLOXUHV WKH PHDQ UHWDLQHG WHUPLQDO FRQ
IRU PHVKHG QHWZRUNV VKRZLQJ WKH SURWHFWLRQ FDSD|
SUHGRPLQDQWO\ QHIJDWLYH WRSRORJLFDO LQWHUDFWLRQV
IDLOXUHV RIWHQ FDXVH OHVV FRQQHFWLYLW\ ORVV WKDQ W

<HW V\VWHP UHGXQGDQF\ RITHUV RQO\ FRQGLWLRQDO SUF
GLVWXUEDQFHYVY S5RXWHV WKDW DUH GLVWLQFW LQ JUDSK V¢
FRPPRQ HYHQW VLPXOWDQHRXVO\ UHPRYLQJ QRPLQDOO\ DC
UHWIKLQKHU PHDQ UHVLOLHQFH XQGHU FRPPRQ IDXOW VFHQ
IDLOXUH VWDWHY H[KLELW SRVLWLYH WRSRORJLFDO LQWHUI
H[SHFWHG IURP LVRODWHG IDLOXUHV :KHQ WKH K\GURJHQ F
LQFUHDVHYVY WKH IUDJLOLW\ DW VSDWLDOO\ UHODWHG FUR)
GHSHQGHQF\ WUDQVIRUPLQJ ORFDO GHJUDGDWLRQ LQWR V
EH HYDOXDWHG DFURVYV PDWHULDO VWUXFWXUDO DQG V\VW

LQ WRSRORJLFDO DQG JHRJUDSKLF VSDFH

,PSOLFDWLRQV IRU LQWHJULW\ DQG VDIHW\ PDLQWHQDQFH R
([LVWLQJ QDWXUDO JDV SLSHOLQHV RIIHU HVVHQWLDO LQ
DQG GHSOR\PHQW DYRLGLQJ LQL@FIRIO/W XENWDQW GHG LIFDY

SLSHOLQHV ,Q KLJK SUHVVXUH JDVHRXV HQYLURQPHQWYV |



SURSHUWLHV RI SLSH VWHHOV PD\ RFFXU OHDGLQJ WR WK
UHGXFHG GXFWLOLW)\ DQG IUDFWXUH WRXJKQHVV DQG LQFU
FUDFNLQJ 7KH K\GURJHQ LQGXFHG PDWHULDO GHJUDGDWLR
HYROXWLRQ RI WKH PDWHULDO SURSHUWLHV XQGHU WKH K
ZKHUH WKH SLSHOLQH H[SHULHQFHV

$ SLSHOLQH FRQVLGHUHG VXLWDEOH IRU K\GURJHQ EOHQ
DQG VHLVPLF VHWWLQJ PD\ FKDQJH LWV FRQGLWLRQ GXULC
OLPLWVY DQG VKRUW GXUDWLRQ GHPRQVWUDWLRQV FDQQRW
VXLWDELOLW\ DFURVV D ZLGH YDULHW\ RI JHRKD]DUG UHJL
GLPHQVLRQV L H VHLVPLF JHRKD]DUG LQIUDVWUXFWXUH F
IDXOW H[SRVXUH 7KH DVVHVVPHQW WHFKQLTXH LV VKLIWLQ
ORFDWWQBMIEHQGHQW SLSHOLQH IUDJLOLW\ WKDW SRWHQW
)DXOW FURVVLQJV ORFDWHG DW EULGJH FRQQHFWRUV WKD
PXOWLSOH QRPLQDOO\ DOWHUQDWLYH URXWHY WR WKH VDP
'HSHQGLQJ RQ WKH ULVN SURILOH DFWLRQV PD\ LQFOXGH
LQVSHFWLRQV SUHVVXUH UHGXFWLRQ WDUJHWHG UHLQIR
$OWHUQDWLYH SDWKV VKRXOG EH FUHGLWHG DV HIIHFWLYH
LQGHSHQGHQW

3LSHOLQHV UHSXUSRVLQJ IRU K\GURJHQ VHUYLFH VKRXO(
WKDQ DJDLQVW LQLWLDO FDSLWDO LQYHVWPHQW DORQH 7t
K\GURJHQ HQHUJ\ DQG DYRLGHG SLSHOLQH FRQVWUXFWLI
UHTXLUHPHQWY IRU LQWHJULW\ PDQDJHPHQW DQG ULVN PL
WUDQVLWLRQ VWUDWHJI\ LQ VRPH VDVWHRQ J ZKHVHDYHRWHK IR G

K\GURJHQ LQIUDVWUXFWXUH WR SUHYHQW HYROYLQJ LQWR (



Methods
'DWD VRXUFHYV

'H FRPSLOHG D JOREDO LQYHQWRU\ RI RSHUDWLQJ QDW:
,QIUDVWUXFWXUH 7UDFNHU **7 PDLQWDLQHG E\ *OREDO (
FRPSULVHG RSHUDWLQJ QDWXUDO JDV SLSHOLQHV ZLWK

PLOOLRQ NP 7KH GDWDEDVH SURYLGHG VSDWLDOO\ H[SO
LQFOXGLQJ SLSHOLQH DQG VHIJPHQW QDPHV FRXQWULHV RU
FDSDFLW\ GLDPHWHU DQG UHSRUWHG OHQJWK 7KLV LQYHQ
IRU VXEVHTXHQW DQDO\VHV RI VHLVPLF KD]JDUG H[SRVXUH I

6HLVPLF JURXQG PRWLRQ KD]JDUG ZDV FKDUDFWHUL]HG XV
*OREDO 6HLVPLF +D]DUG 0DS 9HUVLRQ ZKLFK SURYLGHYV
UHIHUHQFH URFN VLWH FRQGLWLRQV IRU D S URHE\DHEEQ DWW IR ¢
R PURSFWLYH IDXOW JHRPHWULHYV ZHUH REWDLQHG IURP W
7KH SURFHVVHG GDWDVHW FRPSULVHG PDSSHG IDXOW \
LGHQWLW\ VOLS W\SH DFWLYLW\ FODVV DQG SRVLWLRQDO
EHWZHHQ RSHUDWLQJ QDWXUDO JDV SLSHOLQHV DQG PDS:
KDUPRQL]HG WR WKH :RUOG *HRGHWLF 6\VWHP FRRUGLQ

PLVVLQJ HPSW\ RU XQXVDEOH JHRPHWULHV ZHUH H[FOXGHG

6HLVPLF KD]DUG H[SRVXUH RI SLSHOLQHYV

‘H VDPSOHG 3*$ YDOXHVY DORQJ HDFK SLSHOLQH JHRPHWU\
SLSHOLQH ZDV WUHDWHG DV D FRPSOHWH OLQHDU REMHFW
FXPXODWLYH JHRGHVLF OHQJWK EHIRUH VDPSOLQJ 7KLV DS
DORQJ WKH HQWLUH SLSHOLQH DQG DYRLGHG WKH GLVSUR:

PXOWLSOH JHRPHWU\ VHIPHQWY 6DPSOLQJ LQFOXGHG WKH



WKDQ xNP ZHUH UHSUHVHQWHG E\ D VLQJOH VDPSOH DW Wt
WKH UDVWHU FHOO FRQWDLQLQJ HDFK VDPSOLQJ ORFDWLRQ
DQG YDOXHV H[FHHGLQJ xJ ZHUH H[FOXGHG 7KH WK SHUF
XVHG DV WKH SLSHOLQH OHYHQgV H;L FMISFV B LSHRW X BID B\ WYUH. G \
H[SRVXUH DORQJ D SLSHOLQH ZKLOH UHGXFLQJ VHQVLWLYLW
H[SRVXUH OHYHOV 6+(/V DREH GHIHQHGDEDVHG RQ & (/

> J J ¢ J e/ J J 6+(/ J

,GHQWLILFDWLRQ RI IDXOW FURVVLQJ ULVN SRLQWYV

‘H LGHQWLILHG SRWHQWLDO IDXOW FURVVLQJ ULVN SRI
LOQOWHUVHFWLRQVY EHWZHHQ RSHUDWLQJ QDWXUDO JDIWOSLSHC
LQGH[ ZzDV ILUVW XVHG WR VFUHHQ IDXOW WUDFHV ZKRVH \
ZKLFK H[DFW OLQH LQWHUVHFWLRQV ZHUH FDOFXODWHG IRL
LOQWHUVHFWLRQV ZHUH UHWDLQHG GLUHFWO\ ZKHUHDV PXO\
FURVVLQJ FDQGLGDWHY :KHUH D SLSHOLQH DQG IDXOW RYH
VHIPHQW zZzDV UHSUHVHQWHG E\ D VLQJOH LQWHULRU SRLQW

7KH FRQWLQXRXV 3*$ UDVWHU zZzDV VDPSOHG DW HDFK F
FKDUDFWHUL]H WKH ORFDO VHLVPLF KD]DUG (DFK SRLQW Z
VHLVPLF KD]DUG H[SRVXUH OHYHOV XVLQJ WKH 3*$ WKUHVKF
YDOLG UDVWHU YDOXHV ZHUH UHWDLQHG DV 1R 'DWD 7R DY
RU FORVHO\ VSDFHG JHRPHWULHY FDQGLGDWH SRLQWYV DV\
GHGXSOLFDWHG XVLQJ D NP GLVWDQFH WKUHVKROG $ VHH
SURMHFWLQJ WKH SRLQWYVY WR D PHWULF FRRUGLQDWH V\VW|
HDFK FOXVWHU :KHUH PXOWLSOH FDQGLGDWHYV RFFXUUHG Z

WKH SRLQW ZLWK WKH KLJKHVW YDOLG ORFDO 3*$ $IWHU HJ[F



ULVN SRLQWYV ZHUH UHWDLQHG IRU WKH VXEVHTXHQW V&t

&DOFXODWLRQ RI VHLVPLF IDLOXUH SUREDELOLW\
JRU SLSHOLQHV FURVVLQJ DFWLYH IDXOWV WKH DXQVHKD O L
E\ SRWHQWLDO VHLVPLF IDXOW GLVSODFHPHQW ZHUH FDOFX
Jtad leo &0 'S,

Z*»s Fras
leo L FT Lt&ryHsr’ 77?5 't

ZKHUH GHQRWHY WKH HTXLYDOHQW DQQXDO VHLVPLF RFFXU

6HLVPLF +D]DUG 0ODS VYHUVLRQ DVVXPLQJ D MWWWHRC
FRQGLWLRQDO IDLOXUH SUREDELOUW\ gja YaH@ 1 K id 1V YRKHIP  \
SLSHOLQH GLDPHWHNMKH RM@&DLQLQJ VKHIOW WKH. RNEGIR\DW LXPIP
>03D@LV WKH IDWLJXH FURDVNWKIHHDXPMW@GLVE OW PHIRH QIVX &
FURVVLQJ DGIDH WHKIHDE&@WBURIHQ EGCGHQYGWEH KDGWRIHQ@H[SR)
>\UV @

,Q WKLV VWXG\ ZH DSSOLHG WKH VHLVPLF IUDJLOLW\ PRGI

, IRU K\GURJHQ EOHQGHG QDWXUDO JDV SLSHOLQHV 7k
HYROXWLRQ RI IDLOXUH SUREDELOLW\ XQGHU VHLVPLF ORDG
WKH QRQOLQHDU GHJUDGDWLRQ RI SLSHOLQH VWHHO LQTF
UHGXFWLRQ LQ IUDFWXUH WRXJKQHVY DQG FRUURVLRQ GUL
H[SRVXUH

JRU HDFK IDXOW FURVVLQJ ULVN SRLQW WKH FRUUHVSRQ
EH WKH LQSXW RI VHLVPLF IUDJLOLW.\VPWKEH OL [HEH SAOUUBIHFRHAG!

IURP WKHGDWBDVNWQRWKHU IL[HG SDUDPHWHU WKDW FDQ EH
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ZKHEH,LV WKH SLSHOLQH IDXOW FURVVLQJ DQ:Xa&H ZD\DG@
WUHDWHG DV D VWRFKDVWLF SDUDPHWHU WR UHSUHVHQW
&RQVLGHULQJ WKH GLYHUVLW\ RI WUDQVPLVVLRQ VIDWHPV
DVVXPHG WR IROORZ D XQLIRUP GLVWULEXWLRQ ZLWKLQ D
03D@ )DXOW Gt YDBYDFHPHKWHQWHG VWRFKDVWLFDOO\ XVLC
DYHUDJH VXUIDFH GLVSODFHPHQW UHODWLRQVKLS GHYHORSS
Z'%t; L FSArEr&a{ EB TV

ZKHUHLVY PRPHQW PDJQLWXGH ZKLFK FDQ EH DVVLJQHG EI
LQWHQVLWA1FQarEVHVYSUHVHQWY WKH UHVLGXDO YDULDELOL
GLVSODFHPHQW UHODWLRQVKLS %HFDXVH WKH RULJLQDO L
DORQJ WKH VXUIDFH UXSADXU MW UWBW HGHDXOW LN\QOWRFKDVWLF
GLVSODFHPHQW LPSRVHG DW HDFK ULVN SRLQWYV

7KH K\GURJHQ EGHQEA GJGUWRWHR H{ORWUXGHIMQAHGE DV GHW
VFHQDULR SDUDPHWHUV UHSUHVHQWLQJ HQJLQHHUHG K\G
EOHQGLQJ UDWLR ZDV VSHFLILHG DW IRXU OHYHOV
WLPH ZDV GHILQHG DW WKUHH OHYHOV DQG \HD U\
K\GURJHQ LQWHJUDWLRQ DQG RSHUDWLRQDO H[SRVXUH VFH
WKLFNQB®® IDWLIXH PUBIFWUWHDM HG DV WZR K\GURJHQ EOH(
GHJUDGDWLRQ SDUDPHWHUVS®RMWFRIHEPELBDRBOQPRBWOR QD (

DGRSWHG WR PRGHO WKH IDW:EIXE GHD KN GWRIMK FRHXWDY LG L
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ZKH%wLVVWG4FUDFWJ@R?@Kmeme»WFou:ORDGLQynNHHXH
VWUHVY UDWWKH K\GURJHQ |XJDFMWKH ¥0/BDEVYV LQWH@®VLW\ |
v @

+\GURJHQ GHVWDELOL]HV WKH SDVVLYH ILOP DQG HQKEL
DFFHOHUDWLQJ FRUURVLRQ DQG SURPRWLQJ WKH LQLWLD
$FFRUGLQJO\ FRUURVLRQ GHSWK LV PRGHOHG DV D WLPH G

WKH HITHFWV Rl K\GURJHQ H[SRVXUH

55 L q—F B — ) X

b—,L '4—||S E-|§A|__p Y

rg§wa = Brar@&s
TLRwra=Basa?au 1Z;
tavra = BPauds
ZKHYHLY WKH GHVLJQ VKHOO WKLFNQ@MW KBBHSLHH®H QW VF R-UPU
GHSWK «3PIPMOWKH FRUURVLRQ UDWH XQ&H®>KE3 UIRJ MK HUW HPF
HISRQAQW WKH K\GURJHQ HIIHFW FRHIILFLHQW ZKLFK LV (
K\GURJHQ EOHQGLQJ UDWLR
$ ORQWH &DUOR VLPXODWLRQ IUDPHZRUN LV LPSOHPHQW
GHPDQG IDXOW GLVSODFHPHQW RSHUDWLQJ FRQGLWLRQWV
GHIJUDGDWLRDR LSVUIRDFH WUBW¥N VLIH DQG GHVLJQ VKHOO WKLFT!
ORQWH &DUOR VDPSOH VL]IH D FRQYHUJHQFH DQDO\VLV ZDV
1 WR 1 7KH FRQYHUJHQFH EHKDYLRU ZDV HYDOXDW

WK SHUFHQWLOH RI WKH FRQGLWLRQDO IDLOXUH SUREDELC

7KH UHVXOWYV ([WHQGHG 'DWD 7DEOH LQGLFDWH WKDW W



HYHQ DW VPDOO VDPSOH VL]HV ZKEHUHDYN HVKHE X8 % HUORDE

FRQYHUJHQFH :KHQ 1 WKHgUHQDWILRMH VGKIF LDHVH B B QRFIH
LV UHGXFHG WR LQGLFDWLQJ WKDW WKH WDLO GLV
WKLV VWXG\ 1 LV DGRSWHG DV WKH EDVHOLQH ORQWH &I

FRPSXWDWLRQDO HIILFLHQF\ DQG VWDWLVWLFDO FRQYHUJH(

3LSHOLQH VI\VWHP WRSRORJ\

2Q WKH EDVLV RI **,7 GDWD PXOWLSDUW SLSHOLQH IHDW
OLQH VHJPHQWY DQG SURMHFWHG WR D UHG&RRYDLGHIQQQD
FRRUGLQDWH GHYLDWLRQ RI ULVN SRLQWV HDFK RI WKHP
FRUUHVSRQGLQJ SLSHOLQH JHRPHWU\ 5LVN SRLQWVY SURMI
FRQVROLGDWHG DV D FRPPRQ WRSRORJLFDO IDLOXUH ORFD

WRSRORJ\ ZDV UHSUHVHQWHG DV D ZHLJKWHG XQGLUHFWHG
AL @ap e pOA 18
ZKHUHGHQRWHYV WKH QRGH VHW LQFOXGLQJ SLSHOLQH V

VHIPHQWDWLROFRREQUWWHY SK\VLFDO SLSHOLQH HGEPHV ZHL.

FRPSULVHV JHUR OHQJWK ORJLFDO IDLOXUH FRQQHFWRUV L!
WHUPLQDOV ZHUH GHILQHG DV GHJUHH RQH SK\WLFDO QRG
DX[LOLDU\ QRGHVY DVVRFLDWHG ZLWK ORJLFDO IDLOXUH FRQ

Rl SLSHOLQH V\VWHP WKUHH JHQHUDO WRSRORJLFDO W\SHYV

XLt @ [Lrd <off” "—eeZcot
NeXPt @ plra "fe..Stt f-_™"e ST
JPra feSHf—m™".
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ZKHWYHLY WKH QXPEHU RI EDVHOLQH W HMUP UGB 0 H/RIGHWV L\ K3H_



RI LQGHSHQGHQW F\F@ H&LVOQWKKHWRNWDZAR QXPEHU RI HGJHV
LQFOXGLQJ SK\WVLFDO HGJHV D Q&G ORI WO WIRWVOXWO H & R BMQUH A
LV WKH QXPEHU RI FRQRHFWRG LFDRASHRWQ BQWDF\FOLP WWUXFV

LOQGLFDWHYVY WKH SUHVHQFH RI RQH RU PRUH DOWHUQDWLYH

6HLVPLF UHVLOLHQFH XQGHU LVRODWHG ORJLFDO FRQQHFW
7KH VHLVPLF IDLOXUH RI SLSHOLQH DW IDXOW O-LUPRLNQMLW) LU RL
RI FRUUHWOSRIQ6EDQJDLOXUH FRQQHFWRU
Paly 0 F HoO 'St;
ZKHWMAY LY WKH ORJLFDO IDLOXUH FRQQHFWRU ID\YR¥LDKHH G

VHLVPLF GDPDJHG WRSRORJ\ $ ORJLFDO FRQQHFWRU ZDV LC

UHPRYDO LQFUHDVHG WKH QXPEHU RI FRQQHFWHG FRPSRQH

sak poy P ok o

, S U
nals I S WKHUZLVH

ZKHUHLV WKH EULGJIH ;LQVGMFIOW RXPEHU Rl FRQQHFWS$H G FRP
YDOXH 85 LQGLFDWHY WKDW VHLVPLF IDLOXUH IRGILSLEHO LW
OHDVW RQH SUHYLRXVO\ FRQQHFWHG SDRWr RIQ WIKAD \&§ HVH @&
DOWHUQDWLYH SDWKV SUHVHUYH QHWZRUN FRQQHFWLYLW\
,Q WKLV VWXG\ VHLVPLF UHVLOLHQFH LV GHILQHG DV Wk
IXQFWLRQDO DQG SK\WLFDO FRQQHFWLYLW\ XQGHU VHLVPL
UHVLVWDQFH DQG DEVRUSWLYH FDSDFLW\
(1) 6\VWHP UHVLVWDQFH FDSDFLW\
6\WVWHP UHVLVWDQFH FDSDFLW\ GHVFULEHV WKH DELOLW\ F
ORDGLQJ ZLWKRXW IDLOXUH $ QRUPDOLLHIG/ \GHWIQM G HRWQL WK

RI FRQGLWLRQDO IDLOXUH SUREDELOLW\



gLsF 1 4 SV,

ZKHUH 4 GHQRWHV WKH FRQGLWLRQDO IDLOXUH SUREDELOL
FURVVLQJ ULVN SRLQWDQJHWHIYBRG X HWHR ZLWK KLJKHU YDO
FDSDFLW\ WR UHPDLQ RSHUDWLRQDO XQGHU VHLVPLF GLVW)
(2) 6\VWHP DEVRUSWLYH FDSDFLW\

6\VWHP DEVRUSWLYH FDSDFLW\ ZDV GHILQHG DV WKH D
FROQQHFWLYLW\ DIWHU WKH IDLOXUHRVKDXOW XGR WK JUUY M
WR/ HUPLQDO FROQOMHWWILYH®\OHQJIJWK ZHLIKIWHEG OHWIZIRUHNGLQ
FRPSRQHQW;¥HBH DGRSWHG WR FKDUDFWHUL]H V\VWHP D

FRPSOHPHQWDU\ SHUVSHFWLYHYV

A ™ . ?.

A:_é;Dé _ f 8. hag o

Xéhlﬁg A . B"TM‘ SW
& ;pé _
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ZKHU*—gh@g>réi’.&/ WKH UHWDLQHG WHUPLQDO FRQQHFWLYLW\ FI
SLSHOLQH DW IDXOW FDRGOUWH ELVNOIRHOWHURLYRD DHRIGIHK
DVVLIQHG WR WHUPRQYV®GDLIQGLFDWRU IXQFWLRA HQEDO WHF
UHPDLQ FRQQHFWHG ,DEHQ RWW KWK IWHW RI1 SK\VLFDO WHUP
WRSR@,:RBHQRWH WKH VHW RI WHUPLQDO SDLUV FRQQHFWH
SLSHOLQH VSHFLILF VXSSO\ GHPDQG DQG IORZ GDWD ZHUH
HTXDO ZH"_L.ILKSW\,(éhIégs LQGLFDWHY WKDW DOO EDVHOLQH WHU]I
ZKHUHDY D YDOXH RI LQGLFDWHY WKDW QRQH RI WKZREDVH
WHUPLQDO OL@f FR QWIXIQWO RQID\ RQH yWhRAKRH QIR BH LUH GXF
ELQDU\ PHDVXRQ BIFRQB'LQXLW\ )RU ENMQFEEIHE WHMWHZRNIW \

SURSRUWLRQ RI WHUPLQDO SDLUV WKDW UHP D j £ fDXSAWOOUDHOR



WKH DELOLW\ RI DOWHUQDWLYH SDWKV WR SUHVHUYH WHUP

FRQQHFWRU

JXUWKHUPRUH UHWDLQHG OHQJWKLIM FIOW I & OPHWHAR UN L
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ZKHUH ; LV WKH OHQJWK ZHLJKWHG QHWZ\R B W D Q VOHQWIWWK R |
HGJHVY FRQWDLQHG LQ FRQQOHFWWGO/RKRPBRWBQVW K\VERP@ OH !
VIVWHP 3NP@ WKH QXPEHU RI FRQQH EW B GHVRRERQ MIEWVS U
EDVHOLQH OHQJWK ZHLJKWHG QHWZRUN LQWHJULW\ UHWDL
FURVVLQJ ULVN SRLQW L 9DOXHV DSSURDFKLQJ LQGLFDWH
YDOXHV LQGLFDWH WKDW WKH SK\WLFDO SLSHOLQH OHQJWHK

FRPSRQHQWYV

8OWLPDWHO\ UHWDLQHG R B4APIW W DFORFPXSIRIOMKEV VL] H

)
k_v+ hag . .

peGahagT 7 s
k_v- h

ZKHUH,: ; LV WKH WRWDO SK\VLFDO SLSHOLQH OHQJWK FRQW
RI JUDSKKLY PHWULF PHDVXUHV WKH SURSRUWLRQ RI WKH OI
LPPHGLDWHO\ DIWHU VHLVPLF IDLOXUHIRI SLSHOLQH DW IDX

‘H WKHUHIRUH GHILQHG D FRPSRVLWH QRUPDOL]JHG V\VWt
ZHLIJKWLQJ WKH WKUHH FRPSOHPHQWDU\ GLPHQVLRQV RI UH

xankgprankgPccanag e
\NéAﬂg u itr;

ZKHUsh W, DQJIHV TURP  WR ZLWK ODUJHU YDOXHV LQGLFDWI

MVR DEVRUE WKH LVRODWHGLZRLOMN UM WIDOQ 1 QB D\O VAR IQR) IF R\Y |



(3 6HLVPLF UHVLOLHQFH

JRU IDXOW FURMYRQSLGHWONGRMWWHP M WKH FRUUHVSRQC
RSHUDWLRQDO ZLWK ZKREREFDOVMWHWWKH EDVHOLQH VA\VWHP FR
WKH FRQQHFWRU IDLON Z WWKH SSUIRSEHIDH LQOH. W\ V W R\R hRYH MWDV Q V
EDVHOLQH FRQQHFWLYLW\ $ QRUPDRLBG WHKHWHHIR UH GLHILE
HISHFWHG SURSRUWLRQ RI VIVWHP FRQQHFWLYLW\ UHWDLQFt

haly gESF g wanag ‘ts;

ZKHUM@:Wé@HQRWHV WKH VHLVPLF UHVLOLHQFH RI SLSHOLI
FURVVLQJ UWLU/OYNIFRLQWOXHYVY LQGLFDWH D JUHDWHU FDSDFL
VHLVPLF GLVWXUEDQFH $ YDOXH RI LQGLFDWHY WKDW V\VYV
WKH FRQQHFWRU UHPDLQVY RSHUDWLRQDO RU EHFDXVH LWV
WRSRORJ\ $ YDOXH RI LQGLFDWHYVY FHUWDLQ FRQQHFWRU I|

FRQQHFWLYLW\

6HLVPLF UHVLOLHQFH XQGHU FRPPRQ IDXOW PXOWL SRLQW I

*LYHQ WKDW VHLVPLF IDXOW GLVSODFHPHQW[WB\Q &/HG JW
LVRODWHG ORJLFDO FRQQHFWRU IUDPHZRUN WR HYDOXDWH
PXOWL SRLQW IDLOXUH VFHQDULRV )DXOW FURVVLQJ ULVN ¢
D SLSHOLQH V\VWHPFRRBFHXUWR QIHEGY B Q \D

Bab [« D" f—Z-1¢;L"_ Mt

ZKHUMH, GHQRWHY DOO IDXOW FURVVLQNM"PLZNG BRRIWHY MWK B L
DVVRFLDWHG ZL)\RKFBRNRXSRL@WWYBQVRLQW IDLOXUH VWDWF

VXEVHW

i C aéd ‘tu;



NagkiN 0 ¢ N >sF : 42 tv;
gbi iDagiNi

ZKHUH WKH ULVN SRLIQW® BRGWDHID WG RDLOLQJI ULWNSRLOW
GHQRWHY MRLQW IDLOXKH FRUREDESRQGLWQRIGDPDIJHG WRSR
VLPXOWDQHRXVO\ UHPRYLQJ DOO ORJLFDO IDLOXUH FRQQHF
hadki n F[§99%« D i_ tw,

7KH UHWD L QWG® KWHULRLID F RQ.QHBWWDILVPHG OHQJIWK ZHLJ
LQWHILMWRQG UHWDLQHG ODU JHY;WAERIMS B B RO 4 XMOIE RC
WKH GHILQLWLRQV LOQWURGXFHG IRU LVRODWHG FRQQHFWR
i ZDV WKHQ GHILQHG DV IROORZV

xahadaipand@arccanadar o
Wéhé—dal u X

7KH VHLVPLF UHVLOLHQW¥R @3 LWISHODLQ R Q@ \MEBFRQHIIL QGG H

WKH H[SHFWHG SURSRUWLRQ RI VIVWHP FRQQHFWLYLW\ UHW

hah | N hadawanadai ty;
iCay,

ILPLWDWLRQV DQG VFRSH RI LQIHUHQFH

6HYHUDO OLPLWDWLRQV GHILQH WKH VFRSH Rl RXU PHWK]I
LQIUDVWUXFWXUH LQYHQWRU\ EXW ODFNV KDUPRQL]JHG LQI
TXDOLW\ SUH H[LVWLQJ GHIHFWV RSHUDWLQJ SUHVVXUH I
DFWLYH IDXOW JHRPHWULHY DOVR YDU\ LQ VSDWLDO DFFXUD
FURVVLQJV VKRXOG WKHUHIRUH EH LQWHUSUHWHG DV JOREL
WKDQ HQJLQHHULQJ JUDGH UHSUHVHQWDWLRQV RI LQGLYL
PDSSHG FURVVLQJ LQGLFDWHY SRWHQWLDO H[SRVXUH WR V
QHFHVVDULO\ UXSWXUH GXULQJ WKH DVVHVVPHQW SHULRG

7KH DQQXDOL]J]DWLRQ IUDPHZRUN DOVR LQYROYHV VLPSES



RFFXUUHQFH UDWH DVVXPHV D VWDWLRQDU\ 3RLVVRQ SUF
UHFXUUHQFH LQWHUYDOV VOLS UDWHV HYHQW FOXVWHULC
PDIJQLWXGH RQ 3*$ DQG HVWLPDWLQJ GLVSODFHPHQW IURP |
FDSWXUH UXSWXUH OHQJWK VSDWLDO VOLS YDULDELOLW\ R
LV OLNHZLVH UHSUHVHQWHG WKURXJK VHPL HPSLULFDO UHC
UHSODFH SLSHOLQH VSHFLILF PDWHULDO WHVWLQJ DQG LQ
HTXDWLRQ FRQVWUXFWYVY MRLQW VWDWHY E\ PXOWLSO\LQ
WKH VKDUHG HYHQW WKHUHE\ DVVXPLQJ FRQGLWLRQDO LQ¢
VHLVPLF GHPDQG VRLO UHVSRQVH DQG SLSHOLQH FRQGLWLF
WKHUHIRUH EH WUHDWHG DV JOREDOO\ KDUPRQL]JHG VFUHHC
SUHGLFWLRQV

)LRDOO\ WKH UHVLOLHQFH PHWULF FDSWXUHYV UHVLVWDC
UHWHQWLRQ EXW QRW K\GUDXOLF IORZ VXSSO\ GHPDQG ZzI
VHUYLFH ORVVHVY W WKHUHIRUH UHSUHVHQWY LPPHGLDWH
IXOO SRVW HDUWKTXDNH VHUYLFH UHFRYHU\ 6\VWHPLF VH
QHWZRUN ZLGH FRQQHFWLYLW\ GLVUXSWLRQ DULVLQJ IURP
ERXQGDULHYV ZH SURYLGH D JOREDOO\ KDUPRQL]JHG EDVLV II

DQG SULRULWL]LQJ SLSHOLQH VA\VWHPV IRU GHWDLOHG LQYF
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