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Abstract

Battery energy storage systems (BESS) that are integrated with the electricity grid have proven to be
a suitable solution for reducing costs by providing flexible demand, but are often uneconomical when
used solely for this purpose. Despite the research efforts showing the benefits of an energy-integrated
harbor-area smart grid (HASG), the integration of onboard BESS in synergy with shore power connec-
tions has not been considered in the literature. Moreover, not from the financial perspective of the
vessel owner.

This thesis addresses the integration of onboard BESS with a shore power system. More specifically,
by presenting a cost-effective energy management system (EMS) that uses a stochastic approximation
to define the charging and discharging decisions based on electricity prices. Additionally, the system
takes the uncertainty of wind power production into account and reduces the power strain on the
grid. Besides this, the research provides an analysis of the battery parameters that influence the cost-
reducing ability of the EMS. As a result, the additional cost reduction presented while at berth may
allow for previously uneconomical investments in onboard BESS for SSCV operators.

The wait-and-see (WS) approach was applied to provide an optimal energy scheduling solution
with regard to uncertainty in wind power generation. Within the WS, three strategies were applied.
By optimally scheduling a 5MWh BESS, the arbitrage, arbitrage + peak shaving, and peak shaving
strategies respectively achieved a 1.4%, 15.7%, and 10.2% yearly reduction in electricity costs for the
vessel operator during a 100-day stay in port.
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LQIUDVWUXFWXUH WR EHQHILW IURP WKH RQERDUG KLJK FDSDFLW\ % (66

&ROG ,URQLQJ +RW 7RSLF

ORVW ODUJH YHVVHOV UHO\RQ 'LHVHO *HQHUDWRUV '* WR SURYLGH DX[L¢
WKHLU VWD\ @Q $QWWRXJK WKLV LV VWLOO WKH PRVW FRPPRQO\ XVHG PH\
IRUVXSSO\LQJ WKLY SRZHU WKURXJK D VKRUH VLGH SRZHU VXSSO\ RU FF
WKH VKLS..V JULG @LDTRLAMDEBOGHUY WKH '* XVHOHVVY DQG FROG KHQFH
LURQL@ >&ROG LURQLQJ HQDEOHV VKLSVY DW EHUWK WR VLJQLILFDQWO
WKH YHVVHO ZLWK UHQHZDEOH HOHFWULFLW\ ZKLOH @ K HXWKN IS HADRQR RIQ W
D PDMRU EHQHILW Rl VKRUH SRZHU LV WKH HOLPLQDWLRQ RI HQJLQH QRL
30 >@

,QDGGLWLRQ WR WKHPDQ\DGYDQWDJHV WKHUHDUHDOVR GLVDGYDQV
VDU\LQIUDVWUXFWXUH WR IDFLOLWDWH WKH KLIJK SRZHU UHTXLUHPHQW
FRVWVIRUFRQVWUXFWLQIJWKHRQERDUG DQGVKRUHSRZHUFRQQHFWLT
LFV 3(@ ,QDGGLWLRQ WR WKH VKLS RZQHU WKH SRUW DXWKRULW\ PD\ ¢
VWRUDJH VI\VWHP LQ RUGHU WR PLWLJDWH WKH VWUDLQ RQ WKH JULG DV
RI'WKH VKRUH SRZHU BR GGMKWWRPHIWYV IRU WKH KLIK SRZHU UHTXLUHPH
FDQ GHOD\ WKH FRQVWUXFWLRQ RI VKRUH SRZHU E\ VRPHWLPHV \HDUYV

$QRWKHU FRVW DVSHFW IRU WKH YHVVHO RSHUDWRU DUH HOHFWULFLYV
WKHHFRQRPLF YLDELOLW\RIFROG LURQLQJ 7KHVHFRVWY FRPSULVHRI
DUHVXEMHFW WR WKH GD\ DKHDG SULFHV IRUWKHLU HQHUJ\ ZKLFKDUH W
(3(; ZKLOH FRQQHFWHG WKV KRWIHSFROLG>LURQLQJ ERWK WKH DYHUDJH
SULFHV LPSDFW WKH RSHUDWLRQDO FRVWV IRUWKH YHVVHO 7KH SULFH
ZLOO RQO\ NHHS LQFUHDVLQJ LQ WKH IXWXUH GXH WR WKH LPSDFW RI 5(
>@ 6LQFH5(6 KDYH QHDU JHUR PDUJLQDO FRVWY WKH\ FRPH ILUVW LQ W
RSHUDWLRQDOO\H[SHQVLYH IRUPV @I 130 WKW X I K MWK LISWRLCGOKF WHRROOCW LQ L
DYHUDJH HOHFWULFLW\ SULFH WKH YRODWLOLW\ ZLOO LQFUHDVH %HVL
LQFUHDVH LQ UHDO ZRUOG SULFH YRODWLOLW\ FDQ DOUHDG\EH REVHUY
DWRU 762 7THQQHW DOVR REVHUYHG LQFUHDVHG YRODWLOL@&\ |@RP W
RUGHU WR XWLOL]JH PRVW 5(6 DQG UHGXFH FRVWY LW LV WKHUHIRUH HV
RSWLPL]JH WKHLU HQHUJ\ XVH DFFRUGLQJ WR HQHUJ\ SULFHV

*ULG UHODWHG FRVWV FRQVLVW RIWUDQVSRUW FRVWYV ZKLFKDUH EDVF
DVSHFLILHG SHULRG :KLOHLQ SRUW SRZHU FRQVXPSWLRQ YDULHV GHS
WLPH /LIWLQJ ORDGV DQG PRYLQJ WKH  FUDQHV UHVXOWY LQ VKRUW SHD
VKRUW SHDNV ODVWLQJ QR PRUH WKDQ PLQXWHY UHVXOW LQ LQFUHDV
/IRFDOO\ SURGXFHG HOHFWULFLW\IRU5(6 LV RIWHQ DYDLODEOH DW UHGX
SHDNV LQ SRZHU GHPDQG ZLWK % (66 RU VKLIWLQJ WKH SHDNV WR SHULR
HQHUJ\ FDQ UHVXOW LQ ORZHU FRVWV RIHOHFWULFLW\IRU WKH YHVVHO |



 QWURGXFWLRQ

UHQHZDEOH HQHUJ\ LWLV LPSRUWDQW WR FRQVLGHU XQFHUWDLQW\ LQ !

% (66 HTXLSSHG YHVVHOV DQG VKRUH SRZHU DUH OLNHO\ WR SOD\ D VL
RSPHQWV LQ WKH PDULWLPH VHFWRU $W WKH VDPH WLPH WKH FRPELQ
SRWHQWLDO WR SURYLGH ILQDQFLDO LQFHQWLYHV IRULQYHVWPHQWV L«
WULFLW\ FRVWY $GGLWLRQDOO\ WKH EDWWHU\ FDQ DFW DV D EXIIHU GX
WKHUHE\ UHGXFLQJ QHFHVVDU\ WKH SHDN SRZHU FDSDFLW\ Rl WKH JULG
RI QHZ VKRUH SRZHU ORFDWLRQV LQ FRQJHVWHG SRUWV ZKLOH DOVR U
RSHUDWRU ,W LV WKHUHIRUH IXQGDPHQWDO WR XQGHUVWDQG WKH V\Q
H[SORUH WKH JDS LQ WKH DFDGHPLF OLWHUDWXUH ZKLFK ZLOO EH GHVFU

*ULG QWHJUDWHG 9HVVHOV 2SSRUWXQLWLHV DQG FKD
'LWKLQ WKH HOHFWULF PRELOLW\ VHFWRU PDQ\ UHVHDUFK HIIRUWYV FDC
XWLOL]DWLRQ LQ HOHFWULF YHKLFOHV (9V 7KH XWLOL]DWLRQ RI WKH E
VHUYLFHV WR WKH JULG WKLV W\SHRIXWLOL]DWLRQLYV FDOOHG YHKLFOF
DUH RQO\ XVHG DV D PHDQV RI WUDQVSRUWDWLRQ IRU RI WKHLU OLIHW
EDWWHULHV RQ ZKHH® V8MKDQ JEMUWKH EDWWHU\ LQ RWKHU ILHOGV FDQ
FRVW RI RZQHUVKLS DQG RSHQ Q@®Z>BXVLQHVV PRGHOV >

7KH ILHOG Rl 9*, FDQ EH GLYLGHG LQWR WZR PDLQ FDWHJRULHV ZKLFK
WKHLU SRZHU IORZ WR DQG IURP WKH JULG :KHQ WKH FDU FDQ RQO\ GHWF
WKH FDWHJRU\ RI JULG WR YRKHMEL OLW\SWR SURYLGH SRZHU WR WKH JU
FDOOHG YHKLFOH W@® J¥, G VIDECH WR FRQWULEXWH WR WKH UHOLDELOL
DQFLOODU\ VHUYLFHV VXFK DV IUHTXHQF\ UHVSRQVH LQ VKRUW WHUP D
DQG GHPDQG ED@QHBLGURYLGLQJ VXFK VHUYLFHV WKH YHKLFOH LV DEO
WKH RZQHU ZKHUHE\ WKH FRVW RI RZQHUVKLS RI@VK:H W KKQ RDKL ¥ LUHODHV(
QHZ PDUNHW RI 9*, WKH LQGLYLGXDO (9 RZQHU RU DJJUHJDWRU FDQ EH(
QLWLHV WKURXJK UHQHZDEOH HQHUJ\ VWRUD@H DRB 'B2LEHEDH DY ¥ LAV
JULG FRQQHFWHG YHKLFOHV DFW DV D QHZ UHVRXUFH IRUDQFLOODU\ VHI
DQG GRZQ UHJXODWLRQ RI SR@H WK BRURBSMRLRO +V DEOH WR IDFLOLWDYV
IOH[LELOLW\ IRU WKH SHQHWUDWLRQ RI LQWHUPLWWHQW UHQHZDEOH HQ
SUREOHPV OLNH JULG FRQJHVWLRQ E\GHOD\LQJRUHYHQ FLUF&PYHQWLQ

7KH SRWHQWLDO IRU VKLS RSHUDWRUV LV SRWHQWLDOO\ PXFK KLJKHL
UDGLFDOO\ GLITHUHQW WKDQ WKRVH RI (9V &RPSDUHG WR (9V WKHUH DI
LQWHJUDWLRQ )LUVWRIDOO VKLSVKDYHORQJHUWLPHV FRQQHFWHG W
ORDG %HVLGHV WKLV WKHVWDWH RI FKDUJH 62& DQG VFKHGXOHDUHR
JXUWKHUPRUH RQERDUG %(66 DUH HTXLSSHG ZLWK D KLJKHU HQHUJ\ DQ
KDYH WKH SRVVLELOLW\ WR ZRUN LQ FRQMXQFWLRQ ZLWK RWKHU ORDGYV
JOH[LELOLW\ LV DQRWKHU LPSRUWDQW DVSHFW VKLS WR JULG LQWH

,QDQRYHUYLHZ RI QHZO\ EXLOW K\EULG DQG | X® QRMHVFW KD ? XHD\OM HRO
EDWWHU\ HTXLSSHG VKLSV FXUUHQWO\LQ XVH RU XQGHU FRQVWUXFWLR/
YHVVHOV RUWXJV WKH UHPDLQLQJ SDUW FRQ®W LAMXUWW.HY PLDWHIBP R Q GVR
PRVW REYLRXV VKLSV WR EH HOHFWULILHG VLQFH WKH\ UHTXLUH UHODW
RIWHQ 2WKHU XVHV IRU %(66 FDQ EH REVHUYHG LQ YHVVHOV ZLWK KLJK
IRUWXJV DQG RIIVKRUH YHV® HMXK\R ZYHWHKDRMOQHEWMHQ QRQ YDULDEOH ORDGYV
YHVVHOV PLIJKW EHQHILW IURP DQ RQERDUG % (66 E\ JHQHUDWLQJ RQERD
VKDIW WDNH LQ XWLOL]JLQJ WKH PXFK PRUH HIILFLHQW WZR VWURNH PDL
DX[LOLDU\ HQJLQH V 7KHUHIRUHLQ D IXWXUH IOHHW PRVW VKLSV FDQ E

,QDIXWXUH VFHQDULR WKH ODUJH QXPEHU RIHOHFWULF DQG K\EULG "
HQHUJ\ IOH[LELOLW\ WR WKH SRUW (VWLPDWLQJWKH H[DFW HQHUJ\ IOHII
FDQ SURYLGH WR WKH HOHFWULFLW\ JULG LV GLIILFXOW WR PDNH $ URX
FDQ KRZHYHU EH PDGH 7R VWDUW RII DQ DQDO\VLV RI WKH QXPEHU RI GI
RQERDUG %(66 SRZHU DQG HQHUJ\ FDSDFLW\ 2Q VDWHOOLWH LPDJHV IUR



 QWURGXFWLRQ

ZHUH FRXQWHG LQ WKH 5RWWHUGDP SRUW DUHD $VVXPLQJ WKDW RI WK
SURFHVV RIGRFNLQJ XQ GRFNLQJ RURWKHUZLVH QRW DEOH WR EH FRQ(
DVHOHFWLRQ RI YHVVHOV )URP WKLV VHOHFWLRQ ZHDVVXPH WKDYV
RQERDUG % (66 RI 0:K ZKLFK LV HTXLYDOHQW WR WKH FDSDFLW\ RI

> @€@ KHQDVVXPLQJDQDYHUDJH 62& RI WKLV ZRXOG DPRXQW WR D |
7KH WRWDO ZLQG WXUELQH FDSDFLW\ WKDW LV FXUUHQWO\LQVWDOOHG
GDP LV 0: DV VKRZQGLQSPEWOWY WKH PD[LPXP ZLQG JHQHUDWLQJ FRQGL
KRXUV RI WKH WRWDO PD[LPXP ZLQG HQHUJ\ JHQHUDWHG LQ WKH SRUW DI
KLOH WKLV IXWXUH VFHQDULR ZLOO QRW EH FRQVLGHUHG LQ WKH WKHYV
SRZHU FRQQHFWHG YHVVHOV DQG VPDUW YHVVHO JULG LQWHJUDWLRQ P
FORVHU

ODQ\ FKDQJHV DUH RFFXUULQJ ZLWKLQ WKH ODQGVFDSH RI VXVWDLQD
RILQYHVWPHQWY LQ K\EULG DQG HOHFWULF YHVVHOV LV UHVXOWLQJ LQ
YHVVHOV $GGLWLRQDOO\ VXVWDLQDEOH SROLFLHVY DUH GULYLQJ WKH
SRUWV 7KH FRPELQDWLRQ RI WKHVH WHFKQRORJLHY RSHQV D JDS IRU .
YHVVHOV ZKLFK LWVHOILV D QHZ WRSLF ZLWKLQ WKH VFLHQWLILF OLWHL
FRVW UHGXFWLRQ DSSHDU SURPLVLQJIRU YHVVHO RSHUDWRUYV PDQ\ TX
VHFWLRQ ZLOO IRFXV RQ WKH PRVW LPSRUWDQW TXHVWLRQV



SHVHDUFK 2ZEMHFWLYHYV

SHVHDUFK 2EMHFWLYHYV
7KH UHVHDUFK REMHFWLYHV DUH SURYLGHG LQ WKLV VHFWLRQ 7KH DQV:

SHVHDUFK 4XHVWLRQV
6KLSV DUH FXUUHQWO\ QRW XWLOL]JLQJ WKH IXOO SRWHQWLDO RI RQERD
$v D UHVXOW Rl WKH LQFUHDVLQJ SHQHWUDWLRQ RI 5(6 WKH HOHFWULF
LV PRYLQJ WRZDUGYVY HYHU LQFUHDVLQJ YRODWLOLW\LQ SULFHV )XUWK
VLIQLILFDQW FKDOOHQJHV WR WKH FDSDFLW\ RI WKH HOHFWULFLW\ JULG

7KHVFLHQWLILF OLWHUDWXUH GHVFULEHV XVH FDVHV IRU % (66 LQ D 5 (¢
YHKLFOHV ZLWKLQ WKLV VA\VWHP LV JLYHQ DV ZHOO <HW WKH V\QHUJ\ EI
ZHOO VWXGLHG $GGUHVVLQJ WKLV EA\DQVZHULQJ WKH UHVHDUFK TXHV\
RQERDUG % (66 DQG FRQWULEXWH WR PRUH HIILFLHQW DQG HFRQRPLF XVl

+RZWRGHYHORS D FRVW HIIHFWLYH HQHUJ\ PDQDJHPHQW VWUDYV
VHPL VXEPHUVLEOH FUDQH YHVVHO 66&9 WRLQFUHDVH WKH HFRQRT
WKH VKLS RSHUDWRU ZKLFK XVHV FROG LURQLQJVHUYLFH YLD DQ R

TREHDEOHWRIRUPXODWHDQDQVZHU WR WKLV UHVHDUFKTXHVWLRQ WK
,Q WKDW UHVSHFW WKH PDLQ UHVHDUFK TXHVWLRQ ZLOO EH DQVZHUHG
TXHVWLRQV

SHVHDUFK VXE TXHVWLRQV
KDWMQHUJ\ PDQDIJHPHQW VWUDWHILHY FDQ EH SHUIRUPHG FRQVLGH
FRQVWURLWYWWNM VKRUH SRZHU FRQQHFWLRQ WKHJULG DQG WKH %(66

7KH HQHUJ| PDQDJHPHQW VWUDWHJl XVHV WKH JHQHUDWHG ZLQG SR.
7KLV UHVXOWV LQ D PRGHO ZKLFK ED\GH/ RQLWKEB ERVAKDWWEUSUH V|
7KH UHVXOWV RI ZKLFK D SUHVHQOQWHG LQ FKDSWHU

KLFK WASH RI VXSSRUW VHUYLFHV DQ @ kB WK REMW5 DWHAIURPCHFOIKPFWULFLW
JHQHUDWHHFRQRPLFEHQHILW WR XWKHV KIRORGSIHWIFDQELRU XVLQJI DQ RQE

7KLV VXE TXHVWLRQ SURYLGHV LQIRUPDWLRQ RQ WKH PRVW VXLWDE
RSHUDWRUV FDQ RIITHU WKHLU EDWWHU\|FDSDFLW\| 7KHDQVZHU WR WK
VWXGlI| RIHOHFWULFLW\| PDUNHWYV LQ FKDSWHU

KDW IDFWRUV L RI®W HRFEG MEHU I\ DQG SRZHU VSHFLILFDWLRQV IRU DQ
IRU9HVVHO WR *ULG SDUWLFLSDWLRQ

7KLV VXE TXHVWLRQ ZLOO EHDGGUHVVHGE\|D VHQVLWLYLWIDQDOI\VL
LQ FKDSWIHUHUHQW YDULDWLRQV LQ FKDUJH GLVFKDUJH UDWH DQG
WR TXDQWLIl\ WKH RSWLPDO EDWWHU\ VL]H

KDW LV D VXLWDEOH VFHQDULRWBPAIKHDIMA RQIPHWKRGDWD VFHQDUL
KLVWRULFDO GDWD™"

6FHQDULR JHQHUDWLRQ LV D QHFHVVLW| WR UHWDLQ FRPSXWDWLRQD
PLQJ SUREOHP <HW WKHUH DUH PDQI DSSURDFKHV WWRKIHVQHD DM H V F
UHYLHZHG 7KH PHWKRGV DUH FRQGHQVHG LQWR YLDEOH PHWKRGV
DQG DUH WHVWHG RQ WKH ZLQG GDWD WRILQG WKH PRVW VXLWDEOH



7TKHVLV RXWOLQH

fKHVLV RXWOLQH

2XWOLQH
$QVZHULQJ WKH UHVHDUFK TXHVWLRQV ZLOO EH DSSURDFK&IGDES\ IROORZ
WHWURYLGHVY DQ HODERUDWH RYHUYLHZ RI WKH VWDWH RI WKH DUW RI Y
PDQDIJHPHQW VWUDWHILHVY DQG XQFHUWDLQW\ DSSURIDF® IFR Q Q0DCGHJE\
DGGUHVVLQJ WKHJDS LQ WKH OLWHUDWXUH DQG SURYLGH D VXPPDU\ RQ
VFLHQWLILF OLWHUDWXUH

&KDSWSHWRYLGHY WKH SUREOHP GHILQLWLRQ LQ ZKLFK DOO QHFHVVDU\
GLVSDWFKRIDQRQERDUG EDWWHU\DUH GHVFULEHG 7KLVLQFOXGHVDG
LQFOXGLQJ WKH REMHFWLYH IXQFWLB 8\DFUG ER QD WK Bl CFLKRW ¥ Q&IXDSWRHDLF K
VFKHGXOLQJLQDQHQYLURQPHQW ZLWK XQFHUWDLQ ZLQG JHQHUDWLRQ
PHWKRG WR UHGXFH WKH FRPSXWDWLRQDO HIIRUW )ROORZHG E\ WKUH#
i PHDQV FOXVWHULQJ WR UHGXFH WKH QXPEHU RI VFHQDULRV DQG FDOF X

7KHFDVHVWXG\LVDGGUHWYVAKGEER B®&D SWKHHW SHFLILF HOHPHQWY WKDW

DUH GHVFULEHG 7KH UHVXOWYV IRU WKH FDVH MW ®®\OR DW KEHH WRXQFRR RF @
DQG GLVFXVVLRQ DUH JLYHQ LQ FKDSWHU

J)LIXUH JORZFKDUW OHWKRGRORJ\



6WDWH RI WKH

7KH OLWHUDWXUH UHYLHZ LQ WKLV FKDSWHU DLPV WR SURYLGH D WKHR
LQWHJUDWHG YHVVHOV FRVW UHGXFLQJEDWWHU\ HQHUJ\ PDQDJHPHQW
SDUWLFXODU WKH VWDWH RI WKH DUW LQ WKHVH DUHDV ZLOO EH UHYLH
FXUUHQW OLWHUDWXWDHD GHFFMKMOQWKH ODWHVW GHYHORSPHQWY LQ YH\
6HFWLRZLOO IRFXV RQ HQHUJ\ VFKHGXOLQJ PRGHOV DQG WKH PDUNHWV L
VI\VWHPV %(66 FDQ EH XWLOL]W®&H \DWEHFM IRRQVKH DUW LQ XQFHUWDLQ
HQHUJ\VFKHGXOLQJPRGHOV ZLOO EH UHYLHZHG $IWHU LGHQMWIO\LQJ WK
RXWOLQH WKH FRQWULEXWLRQV RI WKLV GLVVHUWDWLRQ

9HVVHO JULG LQWHJUDWLRQ

7KH LQWHJUDWLRQ RI YHVVHOV DQG SRZHU JULGV LV D IDLUO\ QHZ FRQF
PXOWLSOH VWXGLHY KDYH ORRNHG DW YHKLFOH WR JULG LQWHJUDWLRQ
KDV EHHQ SHUIRUPHG RQ WKH LQWHJUDWLRQ RI VKLSV ZLWK WKH HOHFV
HUHQF®>*V RQH RI WKH IHZ VWXGLHVY WKDW H[SORUH WKH EDWWHU\ HOH
ERDW WR JULG LQWHJUDWLRQ ORVW RWKHU VWXGLHV ZLWKLQ WKH VWD
JULGY 6PDUW JULGY DUH LQWHJUDWHG VA\VWHPV LQ ZKLFK GLITHUHQW O
FRPPXQLF®WHKH PDLQ JRDO RIDVPDUW JULG LVWRLPSURYH WKH HIILFL
DFRVW HIITHFWLY®@ R QSHHHUVPH@FARXQG WKDW LPSURYHG HQHUJ\ PDQDJHF
FDQ GHFUHDVH HOHFWULFLW\ FRVWYV E\ 7KH XOWLPDWH PHWKRG E\
LPSURYLQJ WKH EDODQFH RIHOHFWULFLW\VXSSO\DQG GHPDQG ZLWK WK
DEOHWRDGMXVW WKHLU GHPDQG ED&HG RQ HOHFWULFLW\VXSSO\ >

LWKLQ VPDUW JULGY WKHUH DUH RSSRUWXQLWLHV IRU VKLS RSHUDYV
VPDUW ORDG YHVVHOV DUH DEOH WR FRQWULEXWH WR IOH[LELOLW\ LQ W
> @ )XUWKHUPRUH LW FDQ DOVR KHOS VPRRWK @ K% >XGLHRIDL@GE R IQWNKKIHL K
SDFLW\RI YHVVHOV WR IXQFWLRQ DV VPDUW ORDGY RQ D V\VWHP VFDOH
HOQHUJ\ KX®V 2KH PDLQ UHDVRQ IRUVKLS RSHUDWRUV WR DGRSW WKLV QH?:
LQFHQWLYH WKDW LV SURYLGHG IRUWKH VKLS RSHUDWRU DQG WKH LQIUI
WKH (XURSHDQ IUDPHZRUN GHVFULEHG E\ 'LUHFWLYH (& ZLOO DOOR
WR SURYLGH GHPDQG UHVSRQVH EDVHG RQ YD@WLBEBBAWHQMM O\ RKVYIOEHL. O
YHVVHOV WR DFW DV VPDUW ORDG DQG DOORZLQJD SRUW WR IXQFWLRQ D
ZRUN IRU KRZ WKLV FDQ EH VWXGLHG )XUWKHUPRUH WKH SDSHU FRQVLG
SRVVLELOLW\IRU SDUWLFLSDWLRQ LQ WKH VPDUW JULG

7KH +DUERXU $UHD 6PDUW *ULG +$6* LV D VXEFDWHJRU\ RI VPDUW JU
REMHFWLYHV DQG IXQFWLRQDOLWLHY DV D VPDUW JULG EXW GLIIHUV L
FRQFHSW RI D +$6* ZDV ILUV® SYBIRERYHGE QI WKDW D IXWXUH VFHQDULR Z
DQG DOO HOHFWULF VKLSV $(6 UHTXLUHV D KDUERU DUHD JULG DUFKLW
VXIILFLHQW SRZHU VXSSO\IRUERWK FROG LURQLQJDQG WKH FKDUJLQJ R
XVHRIRQ VKRUH %(66 WKDW SURYLGHV DQFLOODU\ DQG EDODQFLQJ VHU
DQGHQDEOLQJHQHUJ\DUELWUDJH DQG SHDN VKDYLQJ :KHUHDV WKH SD
IDFLOLWDWH WKHJURZLQJQXPEHURI$(6 DQG K\EULG YHVVHOV WKH DXW
%(66 Rl WKHVH YHVVHOV LQ WKH +$6* :KLOH WKH RSSRUWXQLWLHV IRU H(
WKHPDLQ IRFXVRIWKHSDSHULVRQWKHJULGLQIUDVWUXFWXUH RIWKH ¢
DQHZ VA\VWHP DUFKLWHFWXUH )XUWKHUPRUH WKH SDSHU GRHV QRW WR'



9HVVHO JULG LQWHJUDWLRQ

YHVVHO RSHUDWRU

$ PRUHLQ GHSWK VWXG\ RQ WKH FRQWURO RI D %X 66Q @ OLNV$S D 5W |$ URY
RQ VKRUH EDWWHU\ LV XVHG IRUWKH UHOLDEOH RSHUDWLRQ RI WKH VPD
SURYLGHDQ DGGLWLRQDO VRXUFH RI SRZHU WKDW PLWLJDWHY WKH QHJL
VKRUH SRZHU FRQQHFWHG YHVVHOV 7KLV ZLOO DOORZ SRUWV ZLWK OL|
FROG LURQLQJ EHUWKY ZLWKRXW DQ H[WHQVLYH UHGHYHORSPHQW RI W
SURSRVHG WRSRORJ\ WKH HFRQRPLF DVSHFW LV RQO\ GHVFULEHG YHU\
WR PLWLJDWH WKH DIRUHPHQWLRQHG LQYHVWPHQWY LQ HOHFWULFDO LC
ZLWKRXW DGGUHVVLQJWKH FRVWV RIJULG UHLQIRUFHPHQWY ZLWK WKH
HUJ\PDQDJHPHQW V\VWHP GHVFULEHG E\ WKH SDSHU XVHV D VLPSOH UXO
VWDWH RI FKDUJH DQG SRZHU GHPDQG WR FRQWURO WKH FKDUJH DQG G
2WKHU IDFWRUV VXFK DV UHQHZDEOH HQHUJ\ JHQHUDWLRQ GD\ DKHDG ¢
WDULIIV DUH QRW FRQVLGHUHG $V SUH@HIQWRI®G WK @ ISHW DMKHR QRFX D RY
WKH SRUW...VJULG DV D ZKROH DQG QRW RQ WKH EHQHILWY WR WKH VKLS

:KHUHDV SUHYLRXV UHIHUHQFHY H[SORUHG WKH @\VWH RP RQHWKRHIHO%WE
HQHUJ\ FRQWURO DQG WKH SRVLWLYH LPSDFW RI 30XJJHG LQ (OHFWULF ¢
VKRUH % (66 GLVFXVVHG LQ WKH DIRUHPHQWLRQHG SDSHUV WKLV PRUH F
RQERDUG EDWWHULHYV :KLOHWKHSDSHUHPSKDVL]HV WKDW ORFDOO\ SU}
RI'SURYLGLQJIJUHHQ HOHFWULFLW\WR EHUWKHG YHVVHOV WKURXJK FRO
LPSDFWRILUUHJXODU HQHUJ\ SURGXFWLRQRQ WKHJULGDQG WKH QHFHYV
$PRQIJVW RWKHU FRQWUROODEOH HQHUJ\ FRQVXPHUV VXFK DV UHHIHUV
E\D GD\ DKHDG VFKHGXOLQJ DOJRULWKP WKDW EDVHV LWV GHFLVLRQ RQ
DV ZLQG VSHHG WHPSHUDWXUHDQG HOHFWULFLW\ SULFH (UURUV LQ Wtk
DFRQWURO ORRS XVLQJ UHDO WLPH SRZHU PHDVXUHPHQWY WR SURYLGH
SDSHU 3(9 FRQWULEXWH WR WKH JULG E\ SURYLGLQJ DQFLOODU\ VHUYLF
SRUW ZKLFK DGGV WR WKH UHOHYDQFH RI XVLQJ %(66 +RZHYHU WKH SUF
DGGHG EHQHILWY RI GHPDQG FRQWURO IURP D JULG FRQGXFLYH VA\VWHP
FRVWEHQHILWY IRUWKH SURYLGHUV RI WKLV IOH[LELOLW\

'LWKLQ WKH DFDGHPLF OLWHUDWXUH D JHQHUDO FRQVHQVXV IRU WK
IRXQG 7KH XVH RI RQ VKRUH %(66 DQG 3(9 WHFKQRORJLHY DUH SURYLGI
PDQG UHVSRQVH LQ D VXSSO\DQG GHPDQG LPEDODQFH DV D UHVXOW RI
UHJDUG WKH FRVW EHQHILWYV IRU WKH LQGLYLGXDO SURYLGHUV RI WKLV I
IRUD %(66 EXW ORRN DW WKH SUREOHP IURP D VA\VWHP SHUVSHFWLYH ,[IP
LQ WKH SDSHUV DUHUHODWLYHO\VLPSOH GHWHUPLQLVWLF RQHYV EDVHG
IDFWRUV VXFK DV SULFHV UHQHZDEOH HQHUJ\ JHQHUDWLRQ RU XQFHUW



%DWWHU\ HQHUJ\ PDQDJHPHQW VWUDWHJILHV

%DWWHU\ HQHUJ\PDQDJHPHQW VWUDWHJILHYV

$ SUHUHTXLVLWH IRUD YLDEOH EXVLQHVV FDVH IRU % (66 XWLOL]DWLRQ G
WKHDELOLW\WR UHGXFH WKH FRVWYV RI HOHFWULFLW\IRUWKHLQGLYLGX
PDQ\VWXGLHV KDYHEHHQ SHUIRUPHG RQ HQHUJ\ PDQDJHPHQW V\VWHPYV
LQJ RQ WKH SUHYLRXV VHFWLRQ WKLV FKDSWHU ZLOO HODERUDWH RQ W
H[SORUH ZKLFK DSSURDFK LV PRVW UHOHYDQW WR WRH EB\SD VDX GR G HR/U
GHWHUPLQLQJ WKH PRVW VXLWDEOH ZD\ IRUD YHVVHO RSHUDWRU WR XW
PDQQHU D VWXG\ZDV SHUIRUPHG RQ WKH ODQGVFDSH LQ ZKLFK VXFK D V\
DVWXG\RQ HOHFWULFLW\PDUNHWYV LQ WKH 1IHWKHUODQGV DQG D VWXG\ F
JLHV ZKLFK FDQEHIRXQG LQ $SSHQGL[ % DQG $SSHQGL[ & RI WKLV GLVVHU
EHKLQG WKH PHWHU W\SH % (66 DUH VHHQ DV WKH PRVW DSSURSULDWH P}

6LQFH VKRUH FRQQHFWHG EDWWHU\ HTXLSSHG VKLSV DUH HIITHFWLYHO
DJH GHYLFHV ZH GLYH GHHSHU LQWR WKLV VXEMHFW 7KH GLIIHUHQFH E}
RQ VKRUH %(66LVWKHDELOLW\RID %70 VI\VWHP WRGR VHOI FRQVXPSWLR
,Q WKLV XVH FDVH WKH EDWWHU\DFWV DV DQ HQHUJ\ EXIIHU WKDW FDQ E
RQ WKHREMHFWLYH RI WKH VIVWHP ,Q RUGHU WR ORRN DW WKH SRWHQMW
IROORZLQJ DUWLFOHY ZHUH FRQVXOWHG 7KLV SDUDJUDSK DLPV DW OL\
ZLWKLQ WKH UHDOP RI FRVW UHGXFLQJ %70 %(66 DQG H[SORUHV WKH JD*¢
OLWHUDWXUH

7KH XVH RI %70 VIVWHPVY RFFXUV RQ D YDUL®WHRILHZIVOMK/H HIHF IRHIQRIFRLAHE
HILWV RIHQHUJ\ DUELWUDJH IRU D KRPH EDVHG JULG FRQQHFWHG PLFUR
7KH SDSHU PDNHV XVHRI D GHWHUPLQLVWLF OLQHDU SURJUDPPLQJ PHWK
IRUWKH EDWWHU\ LQ RUGHU WR PD[LPL]JH WKH HFRQRPLF EHQHILWYV E\V
LQYHVWPHQW FRVWY $V D UHVXOW WKH RSWLPDO VL]HRI WKH %(66 LV G

&RQWUDU\WR WKH VPDOO WUHGRP RV WV RVBERCE®R VW LELOLW\ RI JHQHUDWL
IRU % (66 LQ LQGXVWULDO DSSOLFDWLRQV WKURXJK RITHULQJ SULPDU\ FF
HQHUJ\DUELWUDJH LQ WKH GD\ DKHDG DQG LQWUDGD\ PDUNHWYV ZLWK V
RSHUDWRU W XVHV D OLQHDU SURJUDPPLQJ PHWKRG WR ILQG WKH RSWI
PDUNHWYV ZLWK SHUIHFW IRUHVLJKW +HUHDIWHU LW DQDO\WVHV WKH RSW
FRVWY LQ WKH PRGHO 7KH XVH RI UHQHZDEOH HQHUJ\ JHQHUDWLRQ LV
VWXG\ 5HIHU® @FVR GHVFULEHYVY D JDS LQ WKH OLWHUDWXUH UHJDUGLC
GLIITHUHQW LQGXVWULDO ORDG SURILOHVY 7KH /3 DSSURDFK XVHG LQ WK
DQG VLPSOH ZD\ FDOFXODWLRQ PHWKRG WR ILQG WKH RSWLPDO YDOXH
DFFRXQW WKH XQFHUWDLQW\ VXUURXQGLQJ WKH SUREOHP :KHUH LWLV
RSWLPDO VROXWLRQ ZLWK SHUIHFW KLQGVLJKW PDNLQJDQDFFXUDWH Gl

8QFHUWDLQ FLUFXPVWDQFHY FDQ KRZHYHU EH PRGHOHG ZLWK DOWHUC
YLRXVO\PHQWLRQHG FDVHVY PDNH XVH RI OLQHDU &URV HWDY DPARRIBELHW KRR
RI G\QDPLF SURJUDPPLQJ '3 DQG PL[HG LQWHJHU OLQHDU SURJUDPPLQ.
VKDYLQJ 7KH V\VWHP UHJDUGV D VPDUW JULG ZLWK PXOWLSOH GRPHVWL
JHQHUDWLRQ WKURXJK ZLQG DQG 39 DW YDULRXVY QRGHYV 7KHPDLQ REMH!|
KXEV DV WR UHGXFH WKH HQHUJ\ KXE..V FRVWY 8QFHUWDLQ EHKDYLRU
ORQWH &DUOR DSSURDFK )XUWKHUPRUH WKHQXPEHU RIVFHQDULRV LV
WLRQ PHWKRG ZKLFK DOORZV IRU D PRUH WLPH HIILFLHQW FDOFXODWLRC

<HW DQRWKHU DSSUR®D EKUIAPKXH[BSGRUHY HQHUJ\ DUELWUDJH RSWLPL]DV
YLGXDO FRQWURO RI D % (66 XVLQJ D ODUNRY GHFLVLRQ SURFHVV 0'3 IR
DUELWUDJH 7KH FDVH VWXG\ RI WKLY SDSHU DLPV WR JHQHUDWH UHYHQ
LQ WKHIUHTXHQF\ UHVSRQVH PDUNHW LQ FRPELQDWLRQ ZLWK HQHUJ\ D
UHTXLUHVY WKH RSHUDWLRQ LQ PRUH WKDQ RQH PDUNHW DOORZLQJ WKH
SHQGLQJ RQ IDYRUDEOH FLUFXPVWDQFHYV LQ WKH PDUNHW $OWKRXJK W
EDODQFLQJDELOLW\RID %(66 WKHXQFHUWDLQ QDWXUH RI5(6LV QRW W|



%DWWHU\ HQHUJ\ PDQDJHPHQW VWUDWHJILHV

&RQWUDU\ WR HDUOLHU V@ ¥RIGPWM. GHUV HHWHKY GDO 5(6 7KH DLP RI WKI
UHGXFH HQHUJ\ FRVWV IRU FRQVXPHUV E\ GLVSDWFKLQJ KRPH EDWWHUL
HQHUJ\PDQDJHPHQW VA\VWHP VXFK WKDW ZLQG SRZHU JHQHUDWLRQ LV VYV
DEOH WDULIIVIRUWKHEDWWHU\RSHUDWRU )URP WKH SHUVSHFWLYH RI
FXUWDLOHG WKXV WKHFR RSWLPLIDWLRQ EHQHILWYV ERWK SDUWLHV $G(
wbDuULIIVIRUHOHFWULFLW\ DOORZLQJ WKH (06 WR GLVSDWFK WKH EDWW
UHVXOW RILQFUHDVHG SHDN SRZHU GHPDQG

ORVW EHKLQG WKH PHWHU DSSOLFDWLRQV DUH XWLOL]LQJ VRPH IRUP
WKH EDWWHU\ 6HOI FRQVXPSWLRQ RI HQHUJ\ IURP WKH EDWWHU\ LV D
UHVHDUFK SDSHUV FRQVLGHU VHOI JHQHUDWLRQ DQG FRQVXPSWLRQ IUR
LQ WKH VAIVWHP 2Q DQ LQGXVWULDO VFDOH KRZHYHU WKHVH DVVHWYV C
ZKLFK FKDQJHV WKH EXVLQHVY FDVH IRU VHOI FRQVXPSWLRQ 5HJDUGLQ
%70 HQHUJ\ PDQDJHPHQW VA\VWHPV IRFXV RQ KRPH@\ERHPW[SRROH WHIH
EHQHILWYV Rl %(66 IRUWKH ORDG SURILOHV RI *HUPDQ VPDOO PHGLXP HQ
VKLSSLQJ VHFWRU UHPDLQ XQH[SORUHG ORUHRYHU WKH VFLHQWLILF Ol
UHYHQXH VWUHDPV IURP VHOOLQJ HOHFWULFLW\ EDFN WR WKH JULG DQG
%70 HQHUJ\ VWRUDJH WKH VHOI FRQVXPSWLRQ ORDGV DQG FRQVWUDLQW
VKLS DUH QRW FRQVLGHUHG ,Q WKLV FDVH WKH VWRUHG HOHFWULFLW)
EHQHILWFDQ EH PHDVXUHG E\WKH SULFHWKDW ZRXOG RWKHUZLVH KDYH
JDSLQ WKHVFLHQWLILF OLWHUDWXUH IRUHQHUJ\PDQDJHPHQW VWUDWH
RI D VKLS



B8QFHUWDLQW)\ LQ (QHUJ\ 6FKHGXOLQJ

SQFHUWDLQW\ LQ (QHUJ\ 6FKHGXOLQJ

7KH IRFXV RI WKLY UHVHDUFK LV WR GHYHORS DQ HQHUJ\ PDQDJHPHQW V
DFFRPSOLVK D FRVW UHGXFWLRQ IRUD YHVVHO RSHUDWRU WKURXJK VP
LQ WKHLOQWURGXFWLRQ WKLV LV D QRYHO PHWKRG RI GLVSDWFKLQJ D
WKH OLWHUDWXUH 7KH EURDGHU WKHPH RI VPDUW HQHUJ\ VFKHGXOLQJ
VHFWLRQ WKH VWDWH RI WKH DUW RI XQFHUWDLQW\ ZLWKLQ HQHUJ\ VFK

,Q D IXWXUH HQHUJ\ VIVWHP WKH HQHUJ\ ZLOO LQFUHDVLQJO\ EH SURC
WRPHUV DUH FKDUJHG GLITHUHQW WDULIIV GHSHQGLQJRQ ZKHWKHU WKH
ZLQG HQHUJ\ RU LI LW LV SXUFKDVHG IURP WKH JULG ,Q WKLV ILUVW FD\
ZLQG VSHHG SDWWHUQV $V LW LV LPSRVVLEOH WR DFFXUDWHO\ SUHGLF
WKH XQFHUWDLQ QDWXUH RI ZLQG VSHHG KDV WR EH WDNHQ LQWR DFFRX
HOHUJ\ VFKHGXOLQJ ZLWK SHUIHFW KLQGVLJKW FDQ EH GHVFULEHG ZLWk
KDQGOLQJ XQFHUWDLQW\LY GHVFULEHG E\ VWRFKDVWLF SURJUDPPLQJ

6WRFKDVWLF SURJUDPPLQJ FDQ JHQHUDOO\ EH FDWHJRUL]HG E\ WZR V
ZDLW DOBQBMKH DQBRIERZO®> 7KH ILUVW H[DPSOH LQGLFDWHY WKDW D C
DIWHU WKH UHDOL]DWLRQ RI WKH XQFHUWDLQW\ ZKLOH LQ WKH KHUH DC
ZLWKRXW SULRU NQRZOHGJH RI WKH XQFHUWDLQ SDUDPHWHUV ,Q HLWK
WKHVH FRPSXWDWLRQV DUH D VHW RI VFHQDULRV LQFOXGLQJ WKHLU UH
PHWKRG E\ ZKLFK WKHVH VEFHQDULRYV DVYFHGDAHRWH® HVW BWYRQLEHG E\

7KH UHYLHZ SD®HULRHY JHQHUDO RYHUYLHZ DQG WKH VWDWH RI WKH
PHWKRGVIRULQWHJUDWHG HQHUJ\ VA\VWHPV ZLWK ZLQG SRZHU JHQHUDW I
VFHQDULRIJHQHUDWLRQ PHWKRGV LQ SXEOLFDWLRQV DUH 6DPSOLQJEDYV
JHQHUDWLRQ 7KHVH WKUHH VXE FODVVLILFDWLRQV DUH VDPSOLQJ ED
EDVHG PHWKRGV

JLIXUHSURYLGHV DQ RYHUYLHZ RI WKH YDULRXV VFHQDULR JHQHUDWLF
VWRFKDVWLF SURJUDPPLQJ $V FDQ EH VHHQ WKHUH DUH PDQ\ PHWKRG)
ODUJH VHW D VHOHFWLRQ RI WKUHH PHWKRGV HDFK ZLWKLQ D GLIITHUHC
HODERUDWHRQ 7KLV ZDV PRWLYDWHG E\WKHIDFW WKDW WKH VFRSH RIV
JRRG ZRUNLQJ PRGHO UDWKHU WKDQ ILQGLQJ WKH SHUIHFW VFHQDULR .
DVHOHFWLRQ RI WKH PRVW SRSXODU W@& AX@G KXH K ®M KW HBEUO® M XU H
GLVFXVVHG LQ 6HFWLRQ
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JLIXUH &ODVVLILFDWLRQ RI VFHQD@LR JHQHUDWLRQ PHWKRGYV >

&ODVVLFDO VHOHFWLRQ

$VDPSOLQJ EDVHG VFHQDULR JHQHUDWLRQ PHWKRG W\SLFDOO\ XVHV D \
IRULWY XQFHUWDLQW\ IHDWXUHV 7KHVH IHDWXUHV DUH VXEVHTXHQWO\
WLF SURSHUWLHYVY ORQWH &DUOR VDPSOLQJLV RQHRI WKHPHWKRGV WKI

7TKH SDSHUGRX¥HV D VHOHFWLRQ RI WZR PHWKRGV IRU GHVFULELQJ WK
JHQHUDWLRQ +LVWRULFDO ZLQG VSHHG GDWD IURP RQH \HDU LV XVHG W
GHVFULEHV XVLQJ WKH FODVVLFDO VHOHFWLRQ PHFKDQLVP EDVHG RQ S
WR PDLQWDLQ WKHLQWHU WHPSRUDO UHODWLRQ EHWZHHQ WKH JHQHUD'
GLVWULEXWLRQ IXQFWLRQ &') EDVHG RQ GHFLOHV 8VLQJ WKLV PHWKRG
VXEVHTXHQWO\ UHBNMPRE EOBXVWHULQJ PHWKRG 7KLV LV D GLVWDQFH E
WKDW FOXVWHUYV EDVHG RQ VLPLODU IHDWXRHNQV KH XVDNFFRWUR BW KR & \EN @
GHVFULEHG LQ WKH SDSHU

:KLOH WKH LQWHUWHPSRUDO UHODWLRQVKLS DQG WKH RYHUDOO SURI
PHWKRG UHOLHV RQ D FOXVWHULQJ PHWKRG WR GHWHUPLQH WKH UHGXFF}
SUREDELOLWLHYV

$5,0%

6LPLODU WR WKH SUHYLRXV PHWKRG IRUHFDVW EDVHG VFHQDULR JHQH!
WR UHSOLFDWH WKH VWRFKDVWLF IHDWXUHV RI WKH GDWD WR JHQHUDW
XQFHUWDLQ SURSHUWLHY 7KH DXWR UHJUHVVLYH PRYLQJDYHUDJH $5(



B8QFHUWDLQW)\ LQ (QHUJ\ 6FKHGXOLQJ

SUHGLFWLRQ PRGHO

,Q UHIHUH @FMQ>$5,0$ VFHQDULR JHQHUDWLRQ PHWKRG LV XVHG WR JHC
JHQHUDWHG VFHQDULRY DUH VXEVHTXHQWO\ UHGXFHG E\ D SUREDELOLYV
" VFHQDULR UHGXFWLRQ WHFKQLTXH )RU WKH FDVH VWXG\ VFHQDUL

VFHQDULRV

. PHDQV FOXVWHULQJ

:KHUHDV SUHYLRXV PHWKRGV JHQHUDWH VIQWKHWLF VFHQDULRYV EDVHG |
GDWD DQRWKHUDSSURDFKLVWRJHQHUDWHVFHQDULRY E\VHOHFWLQJ K
E\>@ $VPHQWLRQHG EHIRUH WKHPDLQ UHDVRQ IRUXVLQJVFHQDULRVL
RULJLQDO GDWD VHW ZLWK D VPDOOHU VHOHFWLRQ WKHUHEV\UHGXFLQJ W
PRVW RI WKH GDWD UHODWHG WR WKH RULJLQDO GLVWULEXWLRQ +LVWR
UDQGRPO\ VDPSOLQJ IURP D KLVWRULFDO GDWD VHW 7KLV FDQ KRZHYHL
HYVSHFLDOO\ ZKHQ WKH PHWKRG LV DSSOLHG WR UHVXOW LQ D VPDOO QXP

2Q0H SRSXODU PHWKRG WR UHGXFH WKH QXPEHU RI KLVWRULFDO VFHQD!
UHVXOWYV LV EHOWVMBO X V@R PIHDIQY FOXVWHULQJ FDQ EH XVHG WR UHGXF
VIQOWKHWLFDOO\ JHQHUDWHG VFHQDULRV DV ZHOO DV UHGXFLQJ D KLVWF
RQ WKHODWWHU DSSURDEK

ORGHOOHUV RI XQFHUWDLQW\PRGHOOLQJIDFHD FKRLFH ZKHQ LW FRPH
(LWKHU D VFHQDULR JHQHUDWLRQ PHWKRG WKDW JHQHUDWHY VIQWKHW
KLVWRULFDO GDWD VHW FDQ EH XVHG RU WKH PRGHOOHU FKRRVHV WR \
KLVWRULFDO GDWD KDV VHYHUDO EHQHILWY ZKHQ FRPSDUHG WR WKH V\(
DW FRPSOH[ VHTXHQFHV RI ZLQG GDWD LW LV LPSRUWDQW WKDW WKH Ut
UHDOLVWLF 7KH XVH RI KLVWRULFDO GDWD ILUVWO\ JXDUDQWHHYV WKD
LV DFFXUDWH VLQFH WKH VFHQD® L B HDFRX®M\O WRKHFEEBWNHBC RFFXUUHQF
VHTXHQFH FDQ UHVXOW LQ D KLJKHU OHYHO RI FRQILGHQFH IURP WKH PF
UHDVRQ WKDW LW GRHV QRW XVH ... VIQWKHWLF.. GDWD DQG WKHPRGHO X

7KH OLPLWDWLRQV IRU XVLQJ KLVWRULFDO GDWD DUH WKH OLPLWDWLF
QLTXHVIRUVFHQDULR JHQHUDWLRQ :KHUHDV RWKHU WHFKQLTXHV DUH D
FDQ VXEVHTXHQWO\ EH UHGXFHG WR PDW K WRH HRRN.HUQWE& HG BRE H DBXW |
WDNH WKH IDFW WKDW FOXVWHULQJ PD\DOVR UHVXOW LQ D ...VIQWKHWLF
RI WKH PRGHO XVHU 7KLV FDQ KRZHYHU EHDYRLGHG E\ FKRRVLQJ DQ DFV
FHQWHU

SHIHUHQ®BHDQDO\VHV WKH LPSDFW RI ZLQG SRZHU VFHQDULR UHGXFWL
WKH DXWKRUV VKRZ WKDW FRPSDUHG WR SHD N BBPIQY IS\W UDRIUGP Y YWHKIHD EH ¥ V
VFHQDULR FOXVWHULQJ 7KH SHUIRUPDQFH ZDV EDY HGE RQVWRDMKR/GV L FIL
ODFNV LQ SHUIRUPDQFH LV ZLWK UH I PH® ®N\R FNDKH WNULKRIHW \PLIRAUFHHO L N H C
WKH XSSHU DQG ORZHU ERXQG VFHQDULRYV >

6LPLODU WR WKH SUHYLRXV @HWKRGN BHOHQUMHREKVVWHULQJ EXW LQ WKL
ELQHG ZLWK G\QDPLF WLPH ZDUSLQJ '7: IRU EXLOGLQJ VFHQDULR JHQH
ZLQG SRZHU SURGXFWLRQ IURP PXOWLSOH VLWHY ZLWK VLPLODU WLPH VFH
WKH RYHUDOO VFHQDULR JHQHUDWLRQ FDOFXODWLRQ 7KH YDULRXV VF
GD\ DKHDG VWRFKDVWLF XQLW FRPPLW SUREOHP

/IDVWO\ UHIH&/{ SQRMEGHV DQLQ GHSWKUHYLHZRISHUIRUPDQFH RIWKH
 WUHYLHZY HODVWLF GLVWDQFH IXQFWLRQV ZLWKLQ WKH WLPH VHULHV F
ZDUSLQJ %DU\FHQWHUDYHUDJLQJDQGN PHGRLGVPHWKRGY 7KHUHYLH
VRXUFH FOXVWHULQJ SDFNDJH IRU 3\WKRQ SURYLGHG LQ WKH WVOHDURQ



8QFHUWDLQW)\ LQ (QHUJ\ BFKHGXOLQJ

&RQVLGHUDWLRQV RIN PHDQV FOXVWHULQJ

7KHN PHDQV FOXVWHULQJ PHWKRGV LV D UHODWLYHO\VLPSOH FOXVWHU
LQ JHQHUDO LV WKH JXDUDQWHH RI FRQYHUJHQFH DQG WE®DWLIQ¥FHDVLO'
i LV PDQXDOO\ FKRVHQ DQG GHSHQGHQW RQ WKH VWDUWLQJ SRVLWLRQ
HVSHFLDOO\ ZLWK ORZ @ X PRERIMWX@RDOWHO\ LW LV SRVVLEOH WR E\SDVV PRV
VWDUWLQJ ZLWK GLITHUHQWQ® EWYDO\8RQ Y MKIRQXPIRMWU RI FOXVWHU FHQ\



SHVHDUFK JDS

SHVHDUFK JDS

,Q RUGHU WR PDNH D FRQWULEXWLRQ WR WKH VFLHQWLILF OLWHUDWXUF
DQREGDGGUHVVHG 7KHUHIRUH WKUHH ILHOGYV ZLWKLQ WKH KDUERU HQH
H[SORUHG LQ VHFWLRQV

9HVVHO WR *ULG

J)LUVWO\ WKHUHLV D EURDGO\DFFHSWHG FRQVHQVXYVY ZLWKLQ WKH VFLHC
LQDIXWXUHJULG ZLWK D KLIJIKVKDUHRIUHQHZDEOH HQHUJ\ VRXUFHV :L\
DUH PDQ\ VWXGLHV UHJDUGLQJ WKH JULG LOQWHJUDWLRQ RIHOHFWULF Yl
ERWK WKH EHQHILWY ZLWK UHJDUG WR WKH HOHFWULFLW\JULG DV ZHOO
EHH[SHFWHG ZKHQ EDWWHU\ HTXLSSHG YHVVHOV DUH DEOH WR SURYLGH
EDWWHU\ FDSDFLW\ RQ ERDUG D YHVVHO DQG D PRUH UHOLDEOH RSHUDMW
RI WKH EDWWHU\ :KLOH JULG LQWHJUDWLRQ RI EDWW@& WD\QHEX MBISHHG YH V|
YHVVHO RSHUDWRU FHOQWHUHG DSSURDFK ZKHQ LW FRPHV WR HOHFWULFI

6PDUW JULGY DQG FROG LURQLQJIRUP WKH VWDWH RI WKH DUW ZLWKL
ILHOG UHVHDUFK HITRUWYV UHJDUGLQJ HQHUJ\ PDQDJHPHQW LV PDLQO\ S|
5HIHUHQ®BHKLJIJKOLJKWYV WKH LPSDFW RI IOH[LEOH ORDGVY RQ WKH JULG LQ
VWRUDJH LY UHSHDWHGO\DGGUHVVHG DV EHL Q@ D@0 HAMRQIU RYQL & K RAUKH. V
%(66 LV EHLQJ FRQVLGHUHG ,Q DSSOLFDWLRQV ZKHUH RQERDUG EDWWH
JULG UHVHDUFK RQO\ FRQVLGHUV \@K 19 EDMRAYHHUW XRVHWR EB@WUV DIJDLQ RQ
WKH EHQHILWY WR WKH JULG $V D UHVXOW DQ LQGLYLGXDO SHUVSHFW
LPSURYLQJWKHILQDQFLDO EHQHILWV IRUWKH VKLS RSHUDWRU

JXUWKHUPRUH WKH UHDVRQ ZK\ IOH[LELOLW\ ZLOO EHFRPH PRUH LPSR
LOQWURGXFWLRQ RI PRUH 5(6 :KHUHDV WKLV WRSLF LY PHQWLR@HG LQ VR
DQG ® GR QRW FRQVLGHU WKH LQIOXHQFH RI5(6 LQ WKHLU UHVHDUFK

(QHUJ\ DUELWUDJH FRXOG GHOLYHU VLIJQLILFDQW FRVW UHGXFWLRQV
FRPPRQO\ GLVFXVVHG WRSLF LQ WKH OLWHUDW X @HZ WKKRXIW RQ@\OGC HKWEH
DQDO\VLV RI WKHFRVW LPSDFW 7KH SRVVLELOLW\WR SHUIRUP SHDN VKL
UHYLHZHG SDSHUV EXW WKH DVSHFW ZDV FRQVLGHUHG PRVWO\IURP D JLU
DOORZ SRUWDXWKRULWLHY WR GHOD\ WKHLQYHVWPHQWY LQ HOHFWULF

7TDEOH &RPSDULQJUHOHYDQW VWXGLHV ZLWK UHJDUGV WR 9HVVHO WR *U

9HVVHO WR *ULG

5HI 2Q ERDU?!(6 (QHUJ\ (OHFWULFLWULG 3HDN
% (66 SUELWUDBRYW UHGXFWDRBXFLYKIDYLQJ
> @ 7 3 7 3 3 3
> @ 7 7 3 7 3 3
> @ 3 3 7 7 3 7
> @ 7 7 7 7 3 3
7KLV VWXG\ 3 3 3 3 3
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%DWWHU\ (QHUJ\ ODQDJHPHQW 6WUDWHJILHV

7KHRSSRUWXQLW\IRU XVLQJ RQERDUG %$(66 DVIOH[LEOH ORDGVY ZRXOG D
HQHUJ\ IOH[LELOLW\ ZKHQ FRPSDUHG WR GRPHVWLF IOH[LELOLW\ $V WK
ODUJHU WKDQ WKHLU KRPH FRXQWHUSDUWY ,Q WKH UHYLHZHG OLWHUD!
DIJHPHQW VWUDWHJI@H YV X@KDDIRBEXV RQ KRPH X GHFRQMALIBHULQJ WKH XVH
%(66 IRULQGXVWULDO XVH LW GRHV QRW UHVHPEOH WKH KRWHO ORDG R

5HQHZDEOH HQHUJ\ VRXUFHV VXFK DV VRODU 39 DQG ZLQG GHSHQG R
HUJ\ SURGXFWLRQ DQG DV D UHVXOW DUH VXEMHFW WR XQFHUWDLQW\ |,
VWRFKDVWLF QDWXUH RI UHQHZDEOH HQHUJ\JHQHUDWLRQ LQ WKH DQDO\
LHV UHFRJQL]H WKLV LPSRUWDQFH QRW DOO UHYLHZHG SDSHUV FRQVLGF
DQDO\VLV ZDV PDGH ZLWK SHUIHFW KLQGVLJKW WKLV PD\ OHDG WR D SR
RI WKH EHQHILWYV RI WKH VI\VWHP

OXOWLSOH SDSHUV LQFOXGHDQ DQDO\WLV RI WKH HITHFWV RI WKH EDW!'
HUJ\FDSDFLW\LQ WKH RSWLPL]DWLRQ SUREOHP :KHUHDV VRPH IDLO WR
FRQVLGHU YHVVHO WR JULGDSSOLFDWLRQVLQ WKHIXWXUH WKHEDWWH
UHVSHFW WR WKHLQYHVWPHQWY QHHGHG 6LQFH WKHEDWWHU\VL]H DQGC
WKH SRZHU HOHFWURQLFVY DQG RWKHU FRQYHUWHUY QHHGHG 7KHUHIRU
VRPH VRUW WR GHWHUPLQH WKH LQIOXHQFH RI EDWWHU\ SDUDPHWHUYV R
YHVVHO RSHUDWRU

7TDEOH &RPSDULQJ UHOHYDQW VWXGLHV ZLWK UHJDUGYVY WR %DWWHU\ HQHUJ\

%DWWHUI (QHUJI
ODQDIJHPHQW 6WUDWHJI
,QGXVWULRG O6WRFKDVWLWWHD\ $KHDG

SHI 6FDOH (QHUJWROXWLRQ]LQJVFKHGXOLQ]J
> @ 7 3 3 7 3
> @ 7 3 " " "
> @ 7 7 7 3 7
> @ 3 7 7 3 3
> @ 7 3 3 7 "
7KLV VWXG\ 3 3 3 3 3




SHVHDUFK JDS

&RQWULEXWLRQV
7KLV VWXG\ ZLOO ILOO WKH JDS LQ WKH OLWHUDWXUH E\ H[SORULQJ WKH F
WR JULG LQWHJUDWLRQ :KLOHWKLV LY GRQHWKURXJKDYHVVHO RSHUD\
DOVR DGGUHVV RWKHU EHQHILWY WR WKH HOHFWULFLW\ JULG 7KH YHVV
RILQGXVWULDO VFDOH $V WKH YHVVHO ZLOO EH RSHUDWLQJ LQ D +$6*
HQHUJ\ PDQDJHPHQW V\VWHP 7KH VWUDWHJI\ RI WKLV (06 LV EDVHG RQ GI
SRZHU UHODWHG FRVWY /RFDOO\SURGXFHG ZLQG HQHUJ\ ZLOO SDUWO\
WKLV LV DQ XQFHUWDLQ SURFHVV WKHPRGHO ZLOO GHDO ZLWK WKH VWR
GRQH WKURXJK D VWRFKDVWLF SURJUDPPLQJPHWKRG LQ ZKLFK DQ RSWLI
RQ XQFHUWDLQW\ LQ ZLQG SRZHU JHQHUDWLRQ DQG FHUWDLQ GD\ DKHD!
ZLQG JHQHUDWLRQ LV SUHVHQWHG WKURXJK D VHW RI UHSUHVHQWDWLY }
RIRFFXUUHQFH 7KH VFHQDULRV ZLOO EH JHQHUDWHG WKIURMNDIQWKUHH G
FOXVWHULQJ 21 WKHVH PHWKRGV WKH PRVW VXLWDEOH PHWKRG ZLOO E
D VWRFKDVWLF DSSUR[LPDWLRQ ZLOO EH IRXQG $V WKH VFRSH RI WKLV ¢
D ZKROH LW ZLOO DLP WR ILQG DSSURDFK WKH VWRFKDVWLF VROXWLRQ
PLQLPL]H WKH FRVWV RI HOHFWULFLW\ IRU WKH YHVVHO RSHUDWRU 7KL\
LQ WKH PRVW FRVW RSWLPDO ZD\ WKURXJK HQHUJ\ DUELWUDJH RQ WKH C

%DVHG RQ WKH VWDWH RI WKH DUWDQG WKHUHYLHZHG DUWLFOHV WK
EXWLRQV WR WKH VFLHQWLILF OLWHUDWXUH

7$ FRVW UHGXFLQJ (06 IURP D YHVVHO RSHUDWRU SHUVSHFWLYH ZLOO
VKRUH SRZHU FRQQHFWHG YHVVHOV ZKLFK LV D QRYHOW\LQ WKH ILH

Z'HYHORSLQJ DQ LQGXVWULDO VFDOH GD\ DKHDG HQHUJ\ DUELWUDJH
OLPLWDWLRQV DQG FDSDFLW\ WKDW GHDOV ZLWK XQFHUWDLQW\LQ U

Z6HQVLWLYLW\DQDO\WVHV IRUWKH YHVVHO RSHUDWRU RQ WKH HIITHFW\
& UDWHDQG FDSDFLW\ RQ WKH FRVW UHGXFLQJ DELOLW\RI % (66

Z(YDOXDWLRQ RI WKH DSSOLFDELOLW\RI WKUHH ZLQG VFHQDULR JHQH
76WRFKDVWLF DSSUR[LPDWLRQ WR ILQG WKH HOHFWULFLW\ FRVW UHG



SUREOHP 'HILQLWLRQ DQG )R

7KLV VHFWLRQ ZLOO GHVFULEH WKH FRPSOHWH HQHUJ\ VI\VWHP RI WKH V
GLYLGXDO PRGXOHV FRQWULEXWLQJ WR SURYLGLQJ SRZHU WR WKH YHV\
SUREOHP ZLOO EH GLVFXVVHG 7KHVWUXFWXUHRIHDFK XQLW RI WKH PHQ
ZKLFK LQFOXGHVY H{TWUDFWLQJ WKH UHODWLRQV EHWZHHQ GLIITHUHQW XQ
WKHIXQFWLRQV RIHDFK PRGXOH DV ZHOO DV LWV LQWHUDFWLRQV ZLWK
WKH SUREOHP IRUPXODWLRQ LV HIWUDFWHG ZKLFK LQFOXGHV WKH REM

FRQVWUDLQWY RI WKH XQLWY DQG RWKHU HTXDWLRQV WKDW PXVW EH FR
RSHUDWLRQ RI WKH VA\VWHP

JLIXUH (QHUJVIORZV WKURXJK VA\VWHP

7KH ZLQG SRZHU JHQHUDWLRQ V\VWHP
$ ORFDO ZLQG SDUN LV RQH Rl WKH WZR SURYLGHUV RI HOHFWULFLW\ WR
WR WKH YHVVHOAVKE RWAKE WKRXVHV WKH SRZHU FRQYHUWHUYV ZKLFK DGI
IUHTXHQF\ DFFRUGLQJ WR WKH UHTXL UH RRGWHNL R IGWRKHVWHG/ BN & K A KOHH | W
LQ )LIXUHKLFK DOOREY;DURE " “™"WR IORZ WR WKH YHVVH® KRRMHRYHU W

HTXLSSHG ZLWKDQHQHUJ\PHWHU VR WKDW WKH HQHUJ\ RI WKH ZLQG IDU
JULG DOORZLQJIRU GLITHUHQW WDULIIV



7KH ZLQG SRZHU JHQHUDWLRQ V\VWHP

7KH KRXUO\HQHUJ\ SURGXFWLRQ RI WKH ZLQG SDUN
7KH DPRXQW RI SRZHU SURGXFHG E\ WKH ZLQG IDUP LV PDLQO\ GHWHUP|
GULYLQJ WKH WXUELQH 6LQFH GDWD UHODWHG WR HQHUJ\ SURGXFWLRQ
WKH SRZHU SURGXFHG LV GHGXFHG WKURXJK WKH FXUUHQW ZLQG VSHHG'

7KH SRZHU SURGXFHG E\ ZLQG WXUELQHV LV GHVFULEHG E\ WKH SRZHU
WXUHU 7KH SRZHU FXUYH UHODWHY SRZHU WR ZLQG VSHHG DW WKH KXE K
GDWD LV RIWHQ PHDVXUHG DWDQ DUELWUDU\KHLJKW DQ HPSLULFDO PH\
WKH KXE KHLIJKW IURP PHDVXUHG ZLQG VSHHGYV

$V WKH VXUIDFHURXJKQHVV RIWKHHDUWKLQIOXHQFHVY WKHDLUIORZR
ZLQG VSHHGV DV WKH ZLQG VSHHG LV PHDVXUHG FORVHU WR WKH JURXQ
VKHDU DQG ZLOO EH XVHG IRU WKH HIWUDSRODWLRQ DW WKH ZLQG VSHH(
SODFH WR SODFH WKH VXUIDFH URXJKQHVYV RI YDULRXY ODQGVFDSHYV Gl
+HOOPDQ H[SRQHQW RQH LV DEOH WR DSSUR[LPDWH WK VXUIDFH URXJK(

TR FRQFOXGH WKHZLQG VSHHGVY DW KXE KHLIJKW LW IOPH XQ W IVRS@ R GVDXW
UHIHUHQF i DG MWMK(H UDWLR EHW ZH H\) QI GHKUXHEQKNHD K IKMIRZNQ LQ HTXDWLRC

> @

$IWHU WKLY FDOFXODWLRQ WKH ZLQG SRZHU SURGXFHG E\WKH ZLQG S
WKH SRZHU FXUYH YDOXH E\ WKH QXPEHU RI WXUELQHV )LQDOO\ UHVXC
ERXQG E\D PLQLPXP DQG PD[LPXP SURGXFWLRQ

w usSrs

uv W



(QHUJ\ VFKHGXOLQJ SUREOHP IRUPXODWLRQ

(QHUJ\ VFKHGXOLQJ SUREOHP IRUPXODWLRQ
/ILVW RI VIPEROV

6\PERO '"HILQLWLRQ

6HWV DQG 9HFWRUV

Y 6HW RI WLPH SHULRGV"KRYL]RO OHQJWK

X 6HW RI UHGXFHGWEHWQDWYLRYV

A, 'XUDWLRQ RI WLPH SHULRG K

| 9HFWRU ZLWK WKH VFHQ®WXR SUREDELOLWLHYV
g, 'LQG VFHQD-U R/ VHWt X

'"HFLVLRQ YDULDEOHYV

U &KDUJH SRZHU p: @q p X

W« | 'LVFKDUJH SRZH i ¥0: @p X

UG 3RZHU IORZ WKURXJK VKRIUUHYSRZHY >0: @
6WDWH YDULDEOHYV

IA (QHUJ\ VWRUHG LQ ®(05:6K @AW LPHp X

Sm | %LQDU\ YDULDEOH UHODWHG WR FKDUJLQJ

tm | %LQDU\ YDULDEOH UHODWHG WR JULG SRZHU H[FKDQJH

SDUDPHWHUV FRVWYV
yceL 'D\ DKHDG SULFH GDWD:BK\W® WLPH

MK *2 WDULII IRUORFDO ZLQG SRZHU >- 0:K@
yAD *2 WDULII IRUJULG SRZHU >- 0:K@

s ORQWKO\ SRZHU SHDN JULG WDULII >- 0:@
Va <HDUO\ SRZHU SHDN JULG WDULII >- 0:@
o8 *ULG LPSRUW FRWWYU:EK\@ WLPH

kY :LQG LPSRUW FRV3VODKA@W L P H

b- ORQWKO\JULG FRVWYV >- 0: @

b* <HDUO\JULG FRVWYV >- 0: @
3DUDPHWHUV % (66

A OD[LPXP EDWWHU\ FDSDFY¥YW\g30XK @

Jo (QHUJ\ LQ EDWWHU\SDWK\@LPM -q p X

Ug &KDUJH HIILFLHQF\ >S X @

e 'LVFKDUJH HIILFLHQF\ >S X @

Oy 6WDQGE\ HIILFLHQF\ >S X @

3RZHU SDUDPHWHUYV

'LQG SDUN SRZHU JHQHUDWLRR ¥ 0: @
3RZHU GHPDQG RI YHMVWH Qg0 X@
3RZHU LPSRUW IURP QUL G0 X@

OD[LPXP SRZHU LPSRUW IURPYIUH@ %X0: @
3RZHU H[SRUW WRr3uUY G ¢ 0@

OD[LPXP SRZHU H[SRUW-WR Y U-IgG1 X0 : @
OD[LPXP SRZHU VKRUH SRZH iy FDHEOQHX>0: @
OD[LPXP FKDUJH SRZHIUY>0q@ X

OD[LPXP GLVFKDUJH SREZMU-g Q@

s clElssls e




&RQVWUDLQWYV

2ZEMHFWLYH IXQFWLRQ
7KHPDLQ REMHFWLYH RI WKH (06 LV WR PLQLPL]JH FRVWV IRU WKH RSHUDYV
SDWFKLQIJWKH %(66 LQDQRSWLPDO ZD\WRPLQLPL]JHWUDQVSRUW FRVWYV
RQ WKH '$0 7KH REMHFWLYH IXQFWLRQ LV IRUPXODWHG WR EHDGDSWDEC
WKH YDULDEOH ..V... DQG WKHLU FRUUHVSRQGLQJ SUREDELOLWLHYV DV Z

kgl $ | $ Awr BY | by U

IuR musS

&RQVWUDLQWYV
7KH SRZHU EDODQFH FRQVW HRQMXWHQ WKBOIMORQ@ SRZHU IORZVY DUH LQ ED

W US UL US ) crpY -gp X
7KHJULG EDODQFH EROQOVWEBVYQWKH SR ZHUKRRINWIQHMKHH W QR GH

i Un i Une Wy -rpyY -gpX

7KH JULG LPSRUW FZRQWKWELLIDLDQM YDLLPLLDAEOWKH DPRXQW R1 SRZHU WKDW \
FDQ H[SRUW WR WKH JULG DQG SUHYHQWV VLPXOWDQHRXV LPSRUWLQJ DG
ZRUNV E\ VHWWILLIGY DQ% LN,! +RZHYHY RW, H[FHHG FHUWDLQ OLPL
RUERWK KDYH D YDOXH JUB/ZWNO GVEBD @ RWKKHIDQG EUHDNLQJ WKH ELQE
UHVXOWLQJLQ DQ LQIHDVLEOH VROXWLRQ

Uy ¢ tm U -rpY -qpX

6LPLODU WR WKH SUHYLRXV FRYWW EDQPW \ tif BARDMEBRVH QW VLPXOWDQF
LPSRUWLQJDQG H[SRUWLQJ RIHOHFWULFLW\WR WKH JULG DQG OLPLWV

hitmfl U -rpY -guX

7KH VKRUH SRZHU VHUYLFH
&ROG LURQLQJ LV WKH PHWKRG E\ ZKLFK WKH YHVVHO UHFHLYHV HOHFW!
DQG HOHFWULFLW\LPSRUWHG IURP WKH JULG DUHHFRRX WRIWHG\EWSERZHU
LVERXQG E\ SRZHU OLPLWDWLRQV DV VWDWHG E\ (TXDWLRQ

ULt U -rpY -gpX

7KH SRZHU IORZ RI WKH FROG LURQLQJIDFLOLW\LV XQLGLUHFWLRQDO P
I[URP WKH JULG VLGH WR W KHPYHYWYR\® EFHK® K HD RN H

7KHEDWWHU\ HQHUJ\ VWRUDJH V\VWHP
,Q RUGHU WR UHGXFH WKH FRVWYV RI HOHFWULFLW\IRU WKH YHVVHO RSH!I
WURO WKH SRZHU GHPDQG RI WKH YHVVHO WKURXJK WLPH 6LQFH WKH OF
FDQ WKHUHIRUH QRW EH FRQWUROOHG WKH RQO\GHFLVLRQ YDULDEOH L
RQERDUG % (66

7KH %(66 VWDWH RI FKDUJH LV GHVEZEKLEKG BFEXBEBW MWKH FKDUJH DQG |
HIILFLHQRELHYV >

. . A m A
In 1 I mAL Um | U\f'%JFmAi,Tm “rpyY -qp X



&RQVWUDLQWYV

(TXDWLRQWQG OLPLW WKH PD[LPXP FKDUJH DQG GLVFKDUJH UDWHV
YDULBE®WHHYHQWY VLPXOWDQHRXV FKDUJLQJ DQG GLVFKDUJLQJ ,W ZRI
U WKHQ DQGWIl WKHQ +RZHYHU LQ WKH VLW¥GLRME RHJ FDHM BK/L F K
WKH OLPLWV RU DVWKBERVREK OG EHDERGWKK XV YLRODWLQJ WKH ELQDU\ FRQV\

W e snrR -rpyY -gpX

Lﬁlsmrﬁlml -rpyY -qguX

7TKHIROORZLQJHTXDWLRQVHQVXUH D EDWWHU\RSHUDWLRQ UHPDLQV .
DQG GRHV QRW DOORZ GLVFKDUJLQJ EHORZ 62&

-t d A crpY -quX
-t b -TRY -qpX

7TUDQVSRUW FRVWYV RI HOHFWULFLW\
7KH WUDQVSRUW IHHV IRU HOHFWULFLW\ DUH GHWHUPLQHG E\ WKH '62 $
PRQWK EDVLV WKH\ DUH QRW LQFOXGHG LQ WKH RSWLRIDQ& WK SUREOF
PD[LPXPJULG LPSRUWHGJSBEMHGREQAGWKH PD[LPXP JULG FRVWV IRU Wk
7KH WUDQVSRUW FRVWVY DV FDOFXODWHG DUH JLYHQ LQ HTXDWLRQ

B ytry,, -rpY -qupX

7KH WRWDO FRVW RI HOHFWULFLW\
7KH FRVW RI HOHFWULFLW\ IURP WKH WZR GLIIHUHQW VRXUFHV LV GHWH
GD\ bDKHDG PDUNHW DQG WR WKH VRXUFH RI HOHFWULFLW\ :KHQ HOHFWU
JXDUDQWHH RI RtDUE FREPWIYHG LQ DGGLWLRQ WR WKH GD\ DKHDG SULF!

B 9SO PN

,Q WKH VLWXDWLRQ LQ ZKLFK WKH YHVVHO LV SDUWLDOO\ RU IXO0\ VX
JXDUDQWHH RI RULJLQ FHUWLILFDWHY DUH ERXJKW IURP D EHOJLDQ UHQ
(TXDWLRQ

h yeOL yAP  rpy



SQFHUWDLQW\PRGHOOL

(QHUJ\ RSWLPL]DWLRQ FDQ EH GLYLGHG LQWR WZR VFKRROV GHWHUPLC
WHUPLQLVWLF RSWLPL]DWLRQ ZRUNV ZLWK FHUWDLQ SDUDPHWHUYV DV C
SRVVLEOH 6LQFH UHQHZDEOH HQHUJ\ VRXUFHY DUH VXEMHFW WR QDW X
VWRFKDVWLF PRGHOV DUH XVHG WR JHQHUDWH D PRUH UHDOLVWLF UHS
IRUHFDVWHG D OHYHO RI XQFHUWDLQW\VXUURXQGV WKLV IRUHFDVW 7K
WKH TXDOLW\ RI WKH VLPXODWLRQ E\UHSUHVHQWLQJ WKH UHDO ZRUOG \

7KH DLP RI WKLV FKDSWHU LV WR SURYLGH WKH QHFHVVDU\ LQIRUPDWL]F
PLQJ SUREOHP GHVFULEHG E\ WK H FIKWHFKWY % &/\HLUQLAK®ISW BB G LQWR WZR F
7KH ILUVW 6 HERWMARIQLEHV WKH XQFHUWDLQ SDUDPHWHUV DQG WKH QHFHVV
$V JHQHUDO IRUPXODWLRQ IRUWZR VWDJH VWRFKDVWLF SURJUDPPLQJ L)
WH[W IRU DSSO\LQJ DSSUR[LPDWLRQ PHWGEGRBRU B W HRPQREXDIY KRHDRW MRHU L Q J
PHWKRG WKDW LV LV XVHG WR UHGXFH WKH QXPEHU Rl KLVWRULFDO VFH
WKH SURYLGHG ZLQG GDWPUIRRWKHFW MRHQY/WYV D VXLWDEOH PHWKRG IRU V
LV IRXQG WR JHQHUDWH VFHQDULRYV IRUWKH VWRFKDVWLF SURJUDPPLQJ

$SSUR[LPDWLQJ 8QFHUWDLQW\

SQOFHUWDLQ SDUDPHWHUYV

,Q&KDSWHKH LPSRUWDQFHRIGHDOLQJZLWK XQFHUWDLQW\LQ WKH GLVSD
SURSRVHG HQHUJ\ VFKHGXOLQJ SUREOHP WKUHH SDUDPHWHUYV HOHFWU
WKH SRZHU RI WKH ORDG FDQ EH FRQVLGHUHG DV WKH XQFHUWDLQ SDUDPF
RSWLPLIDWLRQ RQO\RQH SDUDPHWHU LV FRQVLGHUHG WR EH XQFHUWD
HOHFWULFLW\ PDUNHW RQO\ H[LVW DIWHU WKH KRXU WLPH KRULJRQ 61l
RQO\FRQFHUQ D GD\ DKHDG VFKHGXOLQJ SUREOHP 7KLV WDNHV DZD\ Wk
SUREOHP ZLOO QHYHU H[FHHG WKH SUHYLRXVO\ PHQWLRQHG KRXU SHU
FHUWDLQ 6HFRQGO\ WKHHQHUJ\GHPDQG RIWKH YHVVHO LV UHODWLYHC
LQ SRZHU GHPDQG WKDW GR QRW KDYH D ELJ LPSDFW RQ WKH DYHUDJH |
GHDOLQJ ZLWK WKDW XQFHUWDLQW\ QRW D SULRULW\ $V D UHVXOW ZL
XQFHUWDLQW\ YDULDEOH LQ WKH VWRFKDVWLF SURJUDPPLQJ SUREOHP

,Q &KDSWBULRXV PHWKRGV ZHUH UHYLHZHG IRUDGGUHVVLQJ ZLQG XQF
LQJ SUREOHP 7KLV UHVW RI WKLV FKDSWHU ZLOO IRFXV RQ WKH VWRFKD\
ZRUN IRU WKH VWDJH VWRFKDVWLF SURJUDPPLQJ SUREOHP LQFOXGLQJ
WURGXFWLRQ WR WKH YDULRXY PHWKRGV RI JHQHUDWLQJ ZLQG VSHHG VF
WKH FKRVHQ RSWLPL]DWLRQ PHWKRG

6WRFKDVWLF SURFHVV RI ZLQG
,Q GHDOLQJ ZLWK WKH DFFXUDWH PRGHOLQJ RI ZLQG SRZHU JHQHUDWLR
LW PXOWLSOH PHWKRGY KDYH EHHQ GHVFULE® GGHY FWUKHE 19 WVHKWIHW XGJLH | |
DSSURDFKHV IRU GHDOLQJ ZLWK XQFHUWDLQW\LQ ZLQG JHQHUDWLRQ LQ
ILUVW PHWKRG LV DFFXUDWH IRUHFDVWLQJ VSHHGV ZKLFK ZLOO QDWXUD
7KH PDLQ GLVDGYDQWDJH LV WKH GLIILFXOW\ RI DFFXUDWHO\ IRUHFDVW
URQPHQWDO IDFWRUV DQG WHFKQLFDO FKDOOHQJHV VXUURXQGLQJ WKH
ZLQG JHQHUDWLRQ ZLWK SUHGLFWDEOH SRZHU JHQHUDWLRQ VXFK DV JD
VWRFKDVWLF SURJUDPPLQJ ,Q WKLY PHWKRG PXOWLSOH ZLQG VSHHG VI



$SSUR[LPDWLQJ 8QFHUWDLQW\

7KH RSWLPDO GLVSDWFK RI WKH EDWWHU\ VAVWHP LV VXEVHTXHQWO\ RS\
FOXGLQJ WKHLU UHVSHFWLYH SUREDELOLW\RIRFFXUUHQFH >

‘LWKLQ XQFHUWDLQW\SURJUDPPLQJWKHGHFLVLRQPDNHUFDQ FKRRVF
WKH PRVW RSWLPDO VROXWLRQ 7KHWZR PRVW SRSXODUPHWKRGYV DUH
WLF 3URJUDPPL@J BKRHPDLQ GLIIHUHQFH EHWZHHQ WKH WZR DSSURDFKH
ULVN $V D UHVXOW Rl WKH ZRUVW FDVH VFHQDULR DSSURDFK RI 52 WKL
GLVSDWFK 7KH 52 DSSURDFK LV YHU\ HIITHEWLYH IRU V\VWHPV WKDW PD\ (
WR D KRVSLWDO EXW GXHWR LWV FRQVHUYDWLYHQHVV LW DOPRVW QHYH
JRU WKH 63 VROXWLRQ D ODUJH QXPEHU RI VFHQDULRV LV UHTXLUHG W
LQFUHDVHY WKH FRPSXWDWLRQDO GLIILFXOW\ &RPSXWDWLRQDO FRPSC
WUDGH RIl EHWZHHQ WKH WZR PHWKRGV ,Q WKH FDVH RI WKLV GLVVHUYV
WR SXUFKDVH SRZHU IURP WKH JULG WKH PDLQ ULVN LQ YLRODWLQJ WK
LQFUHDVH LQ FRVW ZKLFK GRHV QRW DIIHFW WKH RSHUDWLRQ RI WKH YH\
RQ WKH ODWWHU DSSURDFK GXH WR LWV KLJKHU FRVW RSWLPDOLW\ DQG
UHGXFLQJWKH QXPEHU RI VIFFIODQY WD X VIWHUWRRHPHWKRG GHVFULEHG LQ

6WRFKDVWLF SURJUDPPLQJ

6WRFKDVWLF SURJUDPPLQJ GHVFULEHY WKH ILHOG RSWLPL]DWLRQ LQ ZK
LV XQFHUWDDOQ@Q@\ YDULDQW RI VWRFKDVWLF SURJUDPPLQJ H[LVW 7KLV U
FRPPRQ IRUP ZKLFK LV DWZR VWDJH VWRFKDVWLF SURJUDPPLQJ SUREO|
PHWKRG WR ILQG D FRVW HITHFWLYH VROXWLRQ XQGHU XQFHUWDLQ FLUF
RQ WKHERXQG VXUURXQGLQJ WKLV VROXWLRQ 1HYHUWKHOHVV D JHQHU
ZLOO EH SURYLGHG EHORZ VLQFH WKH UHTXLUHPHQWY IRU GRLQJ WKH I
PDQ\VLPLODULWLHYV

$VWKHQDPH VXJJHVWYV WZR VWDJH VWRFKDVWLF SURJUDPPLQJFRQVL
SUREOHP WKHILUVW FHUWDLQ VWDJH FRQVWLWXWHY WKH GD\ DKHD(
WDLQ FRQvVwWUDLQWY 7KHILUVW VWDJH GHFLVLRQV DUH PDGH SULRU WR
> @ 7KLV KHUH DQG NQRZ GHFLVLRQ LV WKHUHIRUHLQGHSHQGHQW RI W

7TKH VHFRQG VWDJH FRQFHUQV WKH XQFHUWDLQ SDUW ZKLFK LV GHVF!
FRUUHVSRQGLQJ SUREDELOLW\ /RIJLFDOO\ WKH VHFRQG VWDJH RWKHU?Z
LV PDGH DIWHU WKH UHVXOWY IURP WKH ILUVW VWDJH DUH SURYLGHG
JUDSKLFDOO\LQ DVFHQDVKRZWUMHW ZR VYWHIH VFHQDULR WUHH $W WKH
WUHH WKH ILUVW VWDJH GHFLVLRQ LV PDGH $IWHU WKLY DOO WKH UDC
WKH VHFRQG VWDJH QRGH DUH FDOFXODWHG ,W VKRXOG EH QRWHG WKD
VFHQDULRYV



$SSUR[LPDWLQJ 8QFHUWDLQW\

JLIXUH 6FHQDULR WUHH

7KH VFHQDULRVY LQ WKH VHFRQG VWDJH FDQ HLWKHU EH UHSUHVHQWHC
FRQVLVW RI RQH WLPK ¥WHS, @\WKHEKBVH RI WKLY SUREOHP D WLPH VH!
PXOWLSOH VWHSV DUH FRQVLGHUHGYD QS @H S Q MWK QVDMVEVERSTY F B A Iy WY
WKH VFHQDULRUYGH[WDRWDO QXPEHU RI FRQVLGHUHG VFHQDULRYV 7KH F|
UHSUHVHQWH® B\ » Y SLQDOO\ HYHU\RDRYDFHRUUHVSRQGLQJ SUREI
WKH VXP RI ZKLFK VRRXWGEREDELOLW\ LV GHVFUI@EHG LQ HTXDWLRQ

u W vy udédpd $
T
$IWHU LGHQWLI\LQJ WKH VFHQDULRY DQG SUREDELOLWLHY WKH WZR '
FDQ EH IRUPXODWHG DV VKRZQ*LQ H@XDWHMHRDEHQWLILFDWLRQ RI VFHQD!
GRQH WKURXJK D VFHQDULR JHQHUDWLRQ DOJRKHVWKMRVG R GFEAEKHG K QV&H
FRUUHVSRQGLQJ VFHQDULR SUREDELOLWLHY DUHFDOFXODWHG ZLOO DO

Rglgkgxd FE[ AR
VXEMHEW &R

vl
ZKHUH

Vv WLQLPLJHT B\ )
VXEMHFWWR \ K
\ pu U - pu
7KH ILUVW DQG VHFRQG VWDJH Y[DRQG E OHHW B H A VB HQ-ROW HEKE\YDU LD EO
FK T 7 DQG DUHYHFWRUVDQGPDWULFHV ZLWK NQRZQ YDOXHYV

WKH YDOXHV*LQ FDQ EXW GR QRW KDYH WR EH GHSHQGHQW RQKWKH VWRF
ODWWHU SDUW Rt WK'*H SURH 5 HPW ¥ MROGIWRHE O H P

(TXDWLRQV FDQDOVREHGHVFULEHG LQ WKH GHWHUPLQLVWLF IRUP
XVHG E\ WKH VROYHU 7KLV UHVXOWY @Q HTXDWLRQV



$SSUR[LPDWLQJ 8QFHUWDLQW\

OLQLPLM x F[ $ T B\

K

VXEMHF¥ WR
7 [ \ é K - pu
[w]\V  p” - pu

7KH GHWHUPLQLVWLF HTXLYDOHQW FDQ HLWKHU EH GHVFULEHG LQ D I
ZD\ ,Q WKH QRGH YDULDEOH IRUPXODWLRQ LY GHFLVLRQ SRLQW EDVHG
WZR IRUPXODWLRQV GLIIHU IURP HDFK RWKHU LQ WHUPV RI VLIH DQG HDV
IRUPXODWLRQLY UHODWLYHO\FRPSDFWDQG PRUHHDVLO\VROYHG IRUD
KDV QHLWKHU Rl WKHVH SURSHUWLHV LWV VWUXF@®XUH LV PRUH VXLWHG

$ QRGH YDULDEOH IRUPXODWLRQ ZLOO EH XVHG LQ WKLV GLVVHUWDWL
VROXWLRQ DQG GHFRPSRVLWLRQ PHWKRGV VXFKDV %YHQGHU ...V DUH WKI
RIWKHDSSUR[LPDWLRQ SUR¥YY®GHRURRBHFGLRPFW VROXWLRQ IXUWKHU PR

7KLV VHFWLRQJDYHDQ RYHUYLHZ RI WKH UHTXLUHPHQWY IRU KDQGOL!
SUREOHPV $IWHU FRQVLGHULQJ WKH SDUDPHWHUV LQ WKLV RSWLPL]DWI
SDUDPHWHU WR EH FRQVLGHUHG XQFHUWDLQ LQ WKH ILQDO RSWLPL]DW!|
RI WKH VFKHGXOLQJ SUREOHP 63 ZDV FRQVLGHUHG WR \LHOG WKH PRVW
SHUVSHFWLYH +RZHYHU GXH WR WKH FRPSOH[ QDWXUH RI 63 D DOWHUC
VROXWLRQ ZLOO EH SURYLGHG LQ 6HFWLRQ

6WRFKDVWLF DSSUR[LPDWLRQ

7KH XVH RI D VWRFKDVWLF PHWKRG OHDGV WR PRUH LQVLIJKW LQWR EHK!
:KLOH WKLV PD\ OHDG WR PRUH UHDOLVWLF UHVXOWYV LW LV FRQVLGHUFE
WKH VWRFKDVWI&F PRWKRGWLRQ WKH ZDLW DQG VHH :6 VROXWLRQ DQC
WKH H[SHFWHG YDOXH ((9 FDQ SURYLGH WKH ERXQGV RI WKH 63 VROXW
RI DFWXDOO\ FDOFXODWLQJ WKH 63 VROXWLRQ 7KH UHVXOWLQJ ORZHU
WKH GHWHUPLQLVWLF DSSURDFK RIDSSUR[LPDWLQJ WKH 63 ZLOH VWLOO
FKRLFHIRUWKHDSSUR[LPDWLRQ DSSURDEFK

7TKHUHOHYDQFH DQG DFFXUDF\ RI WKH VWRFKDVWLF PHWKRG DUH DV VI
9DOXH RI 3HUIHFW ,QIRUPDWLRQ (93, LVFRPPRQO\XVHG IRUWZR VWDJF
HYDOXDWLRQV %HVLGHV WKLY PHWKRG WKH 9DOXH RI WKH 6WRFKDVWL
DGGHG EHQHILW RI WKH VWRFKDVWLF DSSURDFK RYHU WKH GHWHUPLQLV

IDVWORMWKHRI VDPSIDOWVPHQW LV XVHG WR MXGJH WKH RXWFRPH TXDOLW
GDWD IRU ZKLFK WKH VFHQDULR V@ HUKHQROW KH@BWLWBG PRUPXODWLRQ |
UHOHYDQFH RI WKHVH PHWKRGV ZLOO EH SURYLGHG LQ WKH IROORZLQJV

(ISHFWHG 9DOXH
JLIXUHVKRZVY WKH UHODWLRQ EHWZHHQ WKH YDULRXV DSSUR[LPDWLRQV F
WR ULJKW WKH VROXWLRQ EHFRPHV LQFUHDVLQJO\ OHVV RSWLPDO $V I
VROXWLRQ UHVSHFWLYHO\ SURYLGH WKH XSSHU DQG ORZHU ERXQG RI WK
(93, DQG 966 WKH (9 :6 DQG ((9 VROXWLRQV KDYHWR EHIRXQG 7KHIROOR
HDFK LV FDOFXODWHG

7KH ([SHFWHG 9DOXH (9 SURYLGHV WKH UHVXOW WKDW FRUUHVSRQGV
QDULR ,Q WKLV VROXWLRQ WKHPHDQ YDOXH RI WKH VFHQDULRV LV FDOF
ZLWK WKH FRUUHVSRQGLQJ SUREDELOLW\DQG VXEVHTXHQWO\DGGLQJ D
DQ LQSXW IRUWKH GHWHUPLQLVWLF SUREOHP@KLKK HRAXX®WRQ RW KK H
VROXWLRQ LQ SURYEGHG LQ HTXDWLRQ
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J)LIXUH 5HODWLRQ EHWZHHQ WKH YDULRXV VWRFKDVWLF DSSURDFK PH

7KH GHWHUPLQLVWLF IRUP RI WKH H[SHFWHG @DOXH LV GHVFULEHG LQ

J[a ;» WL JI> @bv; >fJ>@ A @
'qHW 1

:DLW DQG 6HH VROXWLRQ
(TXDWLRGHQRWHY WKH :6 VROXWLRQ ,W WKLV VROXWLRQ LV WKH RSWLP
WKH DFWXDO YDOXH RI WKHMDD URX\K QMH QW HR W U\ Y D @KHH B HVHH @ WV LIR \
GLIIHUHQW RSWLPDO VROXWLRQ 7KAV VHW P 6 MIY$HGHGIQIRFMNWHHGUE | H V
WKH :6 VROX®&LRQ >

\Xa » YL@ vb ;. >f A @
"oguw '
$VLWKROGY WUXH WKDW HYHU\ RSWLPDO VROXWLRQ IRU WKH YDULR X\
RSWLPDO LW LV@LYHQ WKDW >

\X XU

7KH GLIIHUHQFH EHWZHHQ WKH :6 VROXWLRQDQG WKH 63 SUREOHP LV F
,QIRUPDWLRQ (93, 7KLV YDOXHLV GHVFULEHG LQ 6XEVHFWLRQ

([SHFWHG UHVXOW RI WKH ([SHFWHG 9DOXH VROXWLRQ

7KH ((9 TURP HTXDWYRQOFXODWHG E\IL[LQJ WKH ILUVW VWDJH YDULDEOF
VROXWIGRY¥XH VHFRQG VWDJH LV VXEVHTXHQWO\VROYHG WKURXJK VWRF¥
VFHQDULRYV 7KH UHVXOWLQJ YDOXH LV OHVV RSWLPDO WKDQ WKH 63 VR
VXE RSWLPDO YDOXH 7KH UHVXOWLQJ RXWFRPH WKHUHIRUH UHIOHFWYV

> @

JJ[a ; >f AN @

$V WKH UHVXOWLQJ YDOXH LV OHVV RSWLPDO WKDQ WKH 63 DSSURDFK

XU JJ[

,WFDQ EHFRQFOXGHG WKDW XQGHU ZHDN FRQGLWLRQV WKH ORZHU E
WKH :DLW DQG 6HH VROXWLRQ ZKLOH WKH ([SHFWHG UHVXOW RI WKH ([S|

> @
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([SHFWHG 9DOXH RI 3BHUIHFW ,QIRUPDWLRQ
7KH H[SHFWHG YDOXH RI SHUIHFW LQIRUPDWLRQ GHVFULEHY KRZ PXFK Wi
WR SD\IRUD SHUIHFW IRUHFDVW RI WKH XQFH@WDLQ YDULDEOH DERXW W

7TKHH[SHFWHG YDOXHRISHUIHFW LQIRUPDWLRQ UHSUHVHQWY WKH TXD
SD\IRUREWDLQLQJ SHUIHFW LQIRUPDWLRQ DERXW WKH IXWXUH ,WFRQV
IRUHFDVWYV

,Q WKH FDVH VWXG\ RI WKLY SDSHU ZLQG VSHHGYVY DUH DVVXPHG WR E
ZLQG VSHHGV RIRQH\HDU DUH VXPPDUL]JHG E\ GLIITHUHQW VFHQDULRV L
FRQVWDQW WR IOXFWXDWLQJ 6LQFH WKHVH VFHQDULRY KDYH D UHODW
VFHQDULRVY WR DFFXUDWHO\IRUHFDVW WKH IXWXUH LV UHODWLYHO\ ORZ
UHSUHVHQWHG E\D OLQH WKHQ LW PHDQV D EHWWHU SUHGLFWLRQ UHVX
7KH YDOXH RI WKHYIBEQYH®RIRUWBWHR/@GHFW WR WKH VWRFKDVWLF VROXWL
(93,

$VVXPLQJD PLQLPL]DWLRQ SUREOHP WKHREMHFWLYH IXQFWLRQ IRU W
SUREOHP LV GHPRAILQ ZKGFK\ VX SHIHAFFULISEM YV WKDW LW FRQFHUQV WKH VW
2Q WKH RWKHU KDQG WKHREMHFWLYH IXQFWLRQ IRU ZK2F KQZKHBHK LV QR
WKH 3HUIHFW ,QIRUPDWLRQ LV G HQ RWH® BWIWXISH UVGEHWSERQ DOO GHFLVL
SHUIHFW LQIRUPDWLRQ DERXW WKH IXWXUH $ SUREOHP WKDW LV VROYH
WKH ZDLW DQG VHH VROXWLRQ )RUDPLQLPL]DWLRQ SUREOHP WKH (93,

J[UNg pRA% P4 XU ¢\ X

9DOXH RI WKH 6WRFKDVWLF 6ROXWLRQ
7KH YDOXH RI WKH VWRFKDVWLF VROXWLRQ GHVFULEHY WKH DGGHG YDO
WHUPLQLVWLF DSSURDEFK

,QFRPSDULQJWKHVWRFKDVWLF PHWKRG ZLWK WKH GHWHUPLQLVWLFD
QHHGV WR EH FODULILHG ,Q WKLV DSSURDFK WKHUDQGRP YDULDEOHYV IL
WKH FRUUHVSRQGLQJ H[SHFWHG YDOXHV 6ROYLQJ WKLV GHWHUPLQLVW
ILUVW VWDJH YDULDEOHV ZKLFK ZLOO WKHQ EHIL[HG WR WKH RULJLQDO
VXOW LY D SUREOHP WKDW LV VROYHG VFHQDULR EA\VFHQDULR 7KHRSWL
LV GHVFUMEHBIGHEMMG HVFULEHY WKH GHWHUPLQLVWLF DSSURDFK RI WKLV S

&DOFXODWLQJ WKH YDOXH RI WKH VWRFKDVWLF IRUD PLQLPL]DWLRQ S

[XXg pChe RA J3[¢ XU

6LPLODU WR HTWBWNVRMRFKDVWLF VROXM,F@VLK\/RGJI-WVHNJKIEHGGEGHVFULEH
WKH VWRFKDVWLF DSSURDFK \LHOGVY EHWWHU UHVXOWYVY WKDQ WKH GHW
7KHUHODWLRQ EHWZHHQ WKH TXDOLW\ PHWULFV GLVFXVVHG LV VXPPDUI

2XW RI 6DPSOH $VVHVVPHQW

7KH RXW RI VDPSOH DVVHVVPHQW GHVFULEHVY WKH UHDO ZRUOG YDOXH F
E\ XVLQJ GDWD IRU ZKLFK WKH PRGHO ZzDV QRW WUDLQHG 6LQFH DOO VF
GDWD WKLV LV ZKDW WKH PRGHO KDV EHHQ .. WUDLQHG ... IRU KHQ XVL(
IUDPHZRUN DQ DVVHVVPHQW RI WKH HITHFWLYHQHVYV RI WKH VWRFKDVWL

ORUHRYHU D FRPSDULVRQ EHWZHHQ GLIITHUHQW PHWKRGV VXFK DV VW
PDGH XVLQJ RXW RI VDPSOH VLPXODWLRQV
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6FHQDULR UHGXFWLRQ

$ KLVWRULFDO GDWD VHW ZLOO EH XVHG WR VROYH WKH VWRFKDVWLF SUF
RIEHLQJ FRPSXWDWLRQDOO\ GLIILFXOW WR VROYH ,Q RUGHU WR PLWLJI
QHHGV WR EH FKRVHQ 7KH SURFHVV RI FKRRVLQJD VHW WKDW VWLOO FRC
RI WKH RULJLQDO VHW LV FDOOHG VFHQDULR JHQHUDWLRQ ZKLFK ZLOO E

3RSXODU PHWKRGV IRUDGGUHVVLQJ VFHQDULR JHQHUDWLRQ DUH ILW)
VXEVHTXHQWO\JHQHUDWLQJ D UDQG@®P WDLRFOWHUR P AWKKR & HAWOO \LHOG
SURSHUWLHV IRUD UHOLDEOH VROXWLRQ LW UHTXLUHV D ODUJH GDWD V
LQ ZKLFK SUREDELOLW\ GLVWDQFH UHSUHVHQWYV WKH WUXH GLVWULEXW
UHOLDEOH VROXWLRQ DQG\LHOGVY D PRUH VWDEOH VROX®LRQ ZLWK UHV:

,Q &KDSWWHKH WKUHH PRVW FRPPRQ PHWKRGV ZLWKLQ VFHQDULR JHQ
FRPSDUHG ,Q WKLV FRPS8DQNVVRIXWHMRYIQEG WR EH D VXLWDEOH PHWKRG |
7KH ILUVW UHDVRQ LV LWV VWDWLVWLFDO FHUWDLQW\ ZLWK UHJDUGV WF
WKH ZLQG VSHHGY VLQFH QR VIQWKHWLF GDWD LV EHLQJ JHQHUDWHG E
DFWXDO KLVWRULFDO RFFXUUHQFH RI WKH GDWD UHVXOWY LQ D KLJKHU
WKLUG DUJXPHQW LV WKDW WKLV IRUP RI FOXVWHULQJ LV KLJKO\YHUVD
WRS RIDOWHUQDWLYH VFHQDULR JHQHUDWLRQ PHWKRGYV

PHDQV FOXVWHULQJ

7KH HVVHQPHRBRY FOXVWHULQJ LV PLQLPL]LQJ WKH (WOROARHD\FERVWO Q |
FOXVWHUFHQWHUV DQG WKH GDWD GDWD WKDW KDV WR EH FOXVWHUHG 7
E\LGHQWLI\LQJ FHUWDLQ SDWWHUQV FRO@HFWLQJ WKHVH LQ YDULRXV F

JLIXUH &OXVWHULQJ IORZFKDUW

$OJRULWKIPQHUDO DOJR U LIWKHPD)XQMHEBOIRVWVWEHULQJ >

5DQGRPO\ VERHFWY DV LQLWLDO FOXVWHU FHQWURLGYV

UHSHDW
$VVLIQ HYHU\ GDWD SRLQW WR WKH FORVHVROXXMNVWWU FHQWHU WK
"HWHUPLQH WKH QHZ FHQWURLG IRUHDFK FOXVWHU

XQWUROH SRVLWLRQ RI WKH FHOWURLG VWDI\V IL[HG

2EVHUNMERW ZKLFK PDUJLQDO EHQHILW GHFUHDVHYV

'"HWHUPLQLQJ FOXVWHU FHQWHUYV

'"HWHUPLQLQJ WKH RSWLPDO QXPEHU RIFOXVWHUV LVDQLPSRUWDQW SDI
DSSURDFK 7KHPRVWFRPPRQ PHWKRG IRUGHWHUPLQLQJ WKLV LV E\ XVL!
UHOLHV RQ PHDVXULQJ WKH LQHUWLD RU YDULDQFH RI WKH GDWD SRLQW
FOXVWHM VSV WKH QXPEHU RI FOXVWHUYV LV LQFUHDVHG WKHLU UHOHYD!
SRLQW WKH PDUJLQDO EHQHILW RI PRUH FOXVWHU FHQWHUY ZLOO GHFUF
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GURSV ZKLFK LV LQGLFDWHG E\ WKH ...HOERZ.. LQ WKH JUDSK 7KH QXPEI
FULWHULRQ.. SURYLGHV LQIRUPDW@RQ DERXW WKH LGHDO N YDOXH >

$OJRULWKRH (OERZ PHWKRG >

,QLWLDOL]H
UHSHDW
,QFUHDVH YDOXH
OHDVXUH WKH VXP RI (XFOLGHDQ GLVWDQFH RU ,QHUWLD
XQWMWOHDFKHYV VWRSSLQJ YDOXH
2EVHUNOERY ZKLFK PDUJLQDO EHQHILW GHFUHDVHYV

,Q)LIXUMKH HOERZ FULWHULRQ LV DSSOLHG WR WKH VHW RI KLVWRUL
GRHV QRW VKRZ D FOHDU LQIOHFWLRQ SRLQW D OLQHDU GHFUHDVH LQ U
$ N YDOXH RI ZDV WKHUHIRU FKRVHQ

JLIXUH (OERZ FXUYH IRU KLVWRULFDO ZLQG GDWD

'"HWHUPLQLQJ &OXVWHULQJ OHWKRG

7KUHH FOXVWHULQJ P H WPKFDRW M VB KLFOWKWHULQJ ZLOO EH WHVWHG 7KH
ZLOO EH GHWHUPLQHG E\ WKH ORZHVW LQHUWLDO YDOXH JLYHQ WKH VDF
W\SHV WKDW ZLOO E UXFROR SHHWHIGND RIKID Q' VOPXL\FWDILIFH QWHU $YHUDJLQJ
N PHDIQYGRIW '\QDPLF 7LPH :DUSLQJ 6RIW '7: N PHDQV

(XFOLGHDQ N PHDQV FOXVWHULQJ LV WKH OHDVW FRPSOLFDWHG PHWK
GHVFULEHG LQ $QDRVWLAMKPY LQ WLPH VHULHY FDQ KRZHYHU VKRZ WHPSR
WKH (XFOLGHDQ DOJRULWKP LV DSSOLHG RQVXFKGDWD LWUHVXOWYV LQ
GDWD ZLWK UHJDUGVY WR SDWWHUQ (XFOLGHDQ N PHDQV FOXVWHULQJ L\

7KH LQWURGXFWLRQ RI '\QDPLF 7LPH :DUSLQJ '7: GHDOV ZLWK WKLV S
WKH GDWD LQ WLPH LQ RUGHU WR PDWFK RWKHU WLPH VHULHV 5HVXOWI
VKDSH RI WKH RULJLQDO GDWD %\ FDOFXODWLQJ WKH VXP Rl WKH VTXDL
WDQFH EHWZHHQ HDFK HOHPHQW LQ ; \®R W® B RLHFDUIHPHNVZDRISQW L IRY PV WK
RI WKH RWKHU WZR PHWKRGYV

,Q '%$ N PHDQV FOXVWHULQJ WKH EDU\FHQWHUV DUH VKLIWHG ZLWK '7
FOXVWHU FHQWURLG IRUPV WKHDYHUDJH YDOXH RID JURXS RIWLPH VHU
$YHUDJILQJ '%$ DOJRULWKP WKH VXP RIVTXDUHG '7: GLVWDQFH EHWZH'
LQWKHFOXVWHU DWH PLQLPL]HG >

/IDVWO\ 6RIW '7: N PHDQV FOXVWHULQJ LV VRPHZKDW VLPLODU WR WKH
RI''7: ,W GLIIHUV KRZHYHU LQ RQH NH\ DVSHFW ,Q WKH VRIW '7: DOJRUL
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'7: GLVWDQFHY DUH PLQLPL]JHG EHWZHHQ WKH EDU\FHQWHU DQG WKH VH!
FHOQOWURLGY KDYH DQ DYHUDJH VKDSH WKDW PLPLFV WKH VKDSH RI WKH P
ZKHUH WHPSRUDO VKLIWVY RFFXUD®@RQJVW WKH PHPEHUYV >

&DOFXODWLQJILQDO VFHQDULRYV

$V ZLQG GDWD VKRZV OLWWOH SDWWHUQVY UHVXOWLQJ VFHQDULRYV DIW|
VLPLODU WR WKH RULJLQDO GDWD (YHQ ZLWK '7: WKH UHVXOWLQJ VFH(
DYHUDJH ZLQG VSHHG RI WKH VHOHFWHG FOXVWHUV $V VWDWHG LQ WKHF
VPDOO QXPIEHY HURXWOLHUY ZLOO EHDGGHG WR RQH RI WKH FOXVWHUV
FOXVWHU FHQWHU LV FKRVHQ QRU WKH H{WUHPHV RUWKH PRVW YRODWL
RXWZHLJK WKH GLVDGYDQWDJHV DV LI ZLOO EHHDVLHU WR FRPSDUH WKH
YDULRXVDYHUDJH ZLQG VFHQDULRY 7KH SHUIRUPDQFH RI WKH (06 GXULC
WHVWHG E\ VHSDUDWHO\ E\ DSSO\LQJ VLPSOH KHXULVWLFV WR WHVW WK
WKDW ZLOO EH DSSOLHG WR WKH VWRFKDVWLF DSSURDFK ZLOO EH FKRVF
WR WKH FOXVWHU FHQWHU WKLV LV DOVR QDPHG ...LQHUWLD...

&DOFXODWH SUREDELOLW\
J)LQDOO\ WKH SUREDELOLW\ RI VFHQDULR SHU FOXVWHU LV GHWHUPLQHG
HDFK FOXVWHU 7KH JHQHUDO HTXDWLRQ LV VKRZQ LQ (TXDWLRQ

QXPEHU RIVFHQDULRY SHU FOXVWHU
WRWDO QXPEHU RI VFHQDULRYV
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