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7TRZDUGYV $GDSWLYH )XWXUH &LWLHYV

3(7(5 %84/8.$6 75(<(5DQG *(5+$5' 6&+0,77
&KDLURI ,QIRUPDWLRQ $UFKLWHFWXUH 6ZLVV)HGHUDO
7HFKQRORJ\ (7+ =+ULFK 6ZLW]HUODQG
AEXV_WUH\HU_VFKPLWW #DUFK HWK] FK
&KDLURI,QIRUPDWLRQ $UFKLWHFWXUH 6ZLVV)HGHUDO
7HFKQRORJ\ (7+ =+ULFK 6ZLW]HUODQG )XWXUH &LWLHV /C
6LQJDSRUH (7+ &HQWUH B6LQJDSRUH
AEXV_WUH\HU _VFKPLWW #DUFK HWK] FK

$SEVWUSFIMW\ GHILQHG DV D XQLW\RILQKDELWDQWYV ZLWK
PHQWDQG VKRZLQJVHOI FUHDWLQJDQG VHOI PDLQWDLQ
FRQVLGHUHG DVDQ DXWRSRLHWLF VI\VWHP LI ZH WDNH LQ"
XS SURFHVVHV ZLWK XQSUHGLFWDEOH EHKDYLRXU RI LWV
SURSHUW\ FDQ OHDG WR VHOI FUHDWLRQ RI XUEDQ SDWW
DUH VWXGLHG LQ ZHOO NQRZQ YHUQDFXODU DUFKLWHFW)
PHQWV DURXQG WKH ZRUOG DQG WKH\DUH DEOH WR DGD S\
FRQGLWLRQVDQGIRUFHV 7KHPDLQUHVHDUFKREMHFWLY
SXWDWLRQDO GHVLJQ PRGHOOLQJIUDPHZRUN IRUPRGHO
FDWH FKDUDFWHULVWLFV RIDFLW\EDVHG RQDQDGDSWD
DQG VHOI JHQHUDWLRQ RI XUEDQ SDWWHUQV ZLWK DGHT;
WLRQ 7KH SDSHULQWURGXFHV D PRGHOOLQJPHWKRGROR
ELQH SODQQLQJWDVNV ZLWK LQKDELWDQWVJLQWHUDFW!I
LQJDQLQWHUFKDQJHIUDPHZRUN WR PRGHO PRUH FRPSOF
7KH UHVHDUFK \LHOGY SUHOLPLQDU\ UHVXOWYVY WHVWHG L
DUHGHYHORSPHQW RI 7DQMRQJ 3DJDU :DWHUIURQW WKF
LQWKHFLW\RIBLQIJDSRUHEHLQJWUDQVIRUPHGLQWR D Q
FRQGXFWHG FDVH VWXG\

.H\ZRUBWEDQ OHWDEROLVP 8B8UEDQ $XWRSRLHVLV &RP
, QWHUFKDQJH (PHUJHQW B8UEDQ 6WUDWHJILHYVY $GDSWI

T QWURGXFWLRQ

7KH UHVHDUFK H[SORUHV DVSHFWV RI VHOI| PDLQWHQDQFH DG
RI XUEDQ SDWWHUQV WUDQVIRUPHG LQWR D GRPDLQ RI LQWHU
LQKDELWDQWY UHSUHVHQWHG E\ XUEDQ DJHQWYV WRJHWKHU ZL



3 %8a /| 75(<(5%$1'* 6&+0,77

%$&.*5281"' $1'5(6($5&+ 48(67,216

,Q WKLY SDUWLFXODU UHVHDUFK VWXG\ WKH FRQFHSW RI DXW
WKHXUEDQ VWUXFWXUHLVY FUHDWHG WUDQVIRUPHG GLVWULE
RUJDQLVHG UHFRQILIXUHG DQG SURFHHGHG 7KLV LPSOHPHGQ
SDUDGLJPLQWR XUEDQ V\VWHPVDLPVWRJUDVSPRUHFRPSOH]
ZLWKLQ WKH FRQWHPSRUDU\ XUEDQ GHVLJQ GLVFRXUVH LQ SC
WHUQV WRJURZ RUGHFD\DFFRUGLQJWR LQKDELWDQWVY UHT?>
RIHQHUJ\ FRVWY JRRGV VHUYLFHV RUFLW\QHWZRUNV FRQQ
RUVRFLDO UHODWHG WRDQ HQWLUH XUEDQ PHWDEROLVP

,QDORQJWHUP SHUVSHFWLYH WKLV LQYHVWLIJDWLRQ WULH
WHUQDO G\QDPLFV LQ D VHOHFWHG SDUW RI WKH FLW\ RI 6LQJI
WR EHWWHU SRVLWLRQ WKHLU GHFLVLRQV ,Q VR GRLQJ VHYH
EHDGGUHVVHG :KLFK NLQG RI XUEDQ IRUPV DQG VA\VWHPV DU
WHUPV RIUDSLG FKDQJHVY VRFLDO EHKDYLRXUDO VSDWLDO
KLFK XUEDQ WHFWRQLFV DQG PRUSKRORJLHY DUH DEOH WR H
IRUFHVLQ FLWLHY VXFKDV SRSXODWLRQ JURZWK" :KDW NLQG |
WR PDLQWDLQ WKHPVHOYHV DFFRUGLQJ WR ORFDO DQG H[WHU
LQIRUPDWLRQ" ,VWKHUHDFRQYHQLHQW ZD\RIYLVXDO XQGHU
SURFHVVHVDQG XQH[SHFWHG IHDWXUHV RI RXUIXWXUH FLWLH

$OWKRXJK WKH UHVHDUFK TXHVWLRQV UHODWH WR EURDGH
PHQWY WKHQRWLRQRIWKHDXWRSRLHVLY SUHVHQWHG KHUH L
WLHVRIDQ XUEDQ VA\VWHP ZKLFK DFWXDWH WKH XUEDQ SDWWH |
OHDG WR QHZ FRQGLWLRQV RI XUEDQ FRQILIXUDWLRQV WKDW
SDUWLFXODU LW FRYHUVLQWHUQDO VSDWLDO UHODWLRQV EF
XQLWY DJHQWVLQ UHODWLRQV ZLWKDQ XUEDQ PDVV WKDW PD
UHIHUHQFLQJ ODWXUDPD 9DUHOD DQGLQDVWDWHRIG\QD
XUEDQHQYLURQPHQW LQYHVWLIJDWHG LQ WKLV UHVHDUFK VW X
ZLWK UHVSHFW WR LWV VSDWLDO DVSHFWV /XKPDQQ

352%/(067$7(0(17

YROORZLQJWKHVHIHDWXUHV RIDXWRSRLHVLVPHQWLRQHGDE
LQJWKH SUREOHP KRZWRPRGHO DQG VLPXODWH YDULRXV FRP
EDQ HQYLURQPHQWY LQ RQH UREXVW DQG FRPSUHKHQVLYH VL
WLPH ORUHRYHU WKHVHFKDUDFWHULVWLFV DQG G\QDPLFV D
DQG WKH\ DUH FUHDWLQJ QHYHU HQGLQJ LQWULFDWH SURFHV)\
WLRQ ZKLFK PDNHV D BOWDHOLYQ DR/WPHQMRI I0OX[ JURZLQJ DQ
FD\LQHUHEHYV

2WKHU DVSHFW Rl WKH SUREOHP RXWOLQHG KHUH LV WKH GH
FRQWULEXWLRQ WR DQ XUEDQ OD\RXW JHQHUDWLRQ 7R VLPSO
LWLV QHFHVVDU\WR SURFHHG KLV RUKHU GHVLJQ LQWHUYHQV
ZRUNDV LQWHUDFWLYHO\DV SRVVLEOHDQG PLQLPL]H WKH FRI
DQHQWLUHV\VWHP ORUHVSHFLILFDOO\ WKHGHVLJQHU ZRXO
WKH VI\VWHP LQDQ LQWXLWLYH ZD\
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5(6($5&+ 2%-(&7,9(6

7KH SDSHU DLPV WR HVWDEOLVK D PRGHOOLQJ ZRUNIORZ ZKLFI
WLRQHG IDFWV DQG ZRXOG DOORZ XUEDQ GHVLJQHUV DQG H[S
VRXUFHV RI GDWD H J H[WHUQDO ELJGDWD VHWV XVHU LQWH¢
HQWDSSOLFDWLRQLQRUGHUWRREWDLQ RQHUREXVW PRGHOC
PRUHFRPSOH[XUEDQSKHQRPHQDDQG G\QDPLFV 7KXV WKHPLC
LQ WKLV SDUWLFXODU UHVHDUFK VWXG\LV WR SURYLGH D IUDP
IRUDUFKLWHFWVDQG XUEDQ GHVLJQHUV ZKLFK ZLOO FRPELQH
UHTXLUHPHQWY DQG ERWWRP XS LQKDELWDQWVY FRPPXQLW\
WLRQVLQWR RQH V\VWHP DV D PRGHOOLQJ DRSODLFDWLRQ ZLW

6&23(2)7+(3%$3(5

7KH SDSHU LQWURGXFHV D PRGHOOLQJ PHWKRGRORJ\DSSURD
RIWZR GLITHUHQW DSSOLFDWLRQV IRU XUEDQ GHVLIJQHUV LQW
SKLQR *UDVVKRSSHUDQG -DYD 3URFHVVLQJDJHQW EDVHG PR
WKH XVHUYV LOSXWDQG LQWHUDFWLRQ LQ D UHDO WLPH SURF
DQGLQWHUDFWLYLW\ IHDWXUHV RI PRGHOOLQJPRUHFRPSOH]
SURSRVHD FXVWRP RULHQWHG FRPSXWDWLRQLQWHUFKDQJH I
7TUH\HU D ,QSDUWLFXODU WKH7DQMRQJ3DJDU :DWHUIUR
VHOHFWHGDVDWHVWVLWHIRUWKHH[SHULPH®W 7KHPRGHOO
ERWWRP XSVSDWLDO GHPDQGY VXFK DV DFFHVVLELOLW\ GLV\
WKH JUDSKLFDO LOQWHUIDFH VSDFLQJ GLVWDQFHY EHWZHHQ
VSUHDG RI XUEDQ IXQFWLRQVLQ RUGHU WR REWDLQ PL[HG XVH

$VDUHVXOWLQJ RXWFRPHRIWKLVY UHVHDUFK WKHVWXG\ SU
QDULRV ZLWK YDULDQWY IRUXUEDQGHVLIQHUVTFRQVLGHUDV
H[SODLQHG LQ VHFWLRQ 7KH SDSHU GRHV QRW SURYLGH ILQD
HOOLQJRIDOO PHWDEROLF XUEDQ OD\HUV VXFK DV LWV PRELC
HQHUJ\DQG ZDVWH IORZV KRZHYHU LW RXWOLQHV D EDVH IRU
ZKHUH WKHVH DVSHFWYV FDQ EHLQFRUSRUDWHG ODWHU RQ IUR
LOQWHUFKDQJH SODWIRUP /8&,

6WDWH RI WKH DUW S5HYLHZ

$V &KULVWLQH %R\HUVWDWHYV DFLW\ DQDXWRQRPRXV HQ
PHWDER®LD/AFDSWDEOH WR PDQ\ IRKHF 5K BQRBPHQD RI \WQ
HPHUJHQFHLQ WKHIUDPHZRUNRIFLWLHV DV FRPSOH[V\VWHPV
DVIURPOLFKDHO %DWW\{V ZRUN PRGHOOHG E\PHDQV RI FF
DJHQW EDVHG PRGHOV RU FRQFHSWV RI FLWLHV DV PHWDEROL
S1HW]VWDGW  %DFFLQL $FFRUGLQJ WR 9DUHOD W K H
LV VWUXFWXUDOO\OLQNHG WR LWV HQYLURQPHQW DGDSWV D
FRQGLWLRQVDQG PDLQWDLQV LWV LQWHUQDO RUJDQLVDWLRGQ
FRPSOH[RUJDQLVDWLRQLQZKLFKLQIRUPDWLRQWUDQVPLWWTE
SURFHHG UHFXUVLYHO\WKURXJK FRQWLQXDO IHHGEDFNDQG I}
OHYHOV ZLWK ZRWHKW V\VWHP

$FFRUGLQJ WR 6S\URSRXORYV LWLV QHFHVVDU\ WR XQG
WHPSRUDU\FRQWH[W ZKHUH DUFKLWHMAFRXRHWXRQ EHFKQJIDJH !
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HQYLURQBPIBRROWLQXRXVO\ FKDGDLSON LYHPHRGH/ONRURU OLY
LQJ+LV DSSURDFK DV KH FODLPV HWORUGW BRYODEROOWLHYV 2
FDO DJHQF\DQG HQYLURQPHQWDO VWLPXOXV FRQVWUXFWV FR
WKURXJK HPHUJLQJ FROOHFWLYHLQWHUDFWLRQ

7R PRGHO VXFK FRPSOH[ SKHQRPHQD RI D FLW\ LW LV QHFHV
FRXQW PXWXDO GHSHQGHQFLHV RI SDUWLFXODU XUEDQ DVSH
VLIQHUYVY LQWHQWLRQ ZKLFK FRPPXQLFDWH EHWZHHQ HDFK F
PDWLRQ 7KHFRQYHQWLRQDO PRGHOOLQJDSSOLFDWLRQV GR
IXQFWLRQDOLWLHY UHODWHG WR PXOWL OD\HUHG LQWHUZRY
VHOYHV 7KHDGYDQWDJHRIRXUSURSRVHGFRPPXQLFDWLRQ L«
IURP RWKHU FRPPXQLFDWLRQ SODWIRUPV HJ J+RZO FRPSRQ
RU )XQFWLRQDO ORFN XS ,QWHUIDFH )0, -XQJKDQQV LV W
LQFRUSRUDWH YDULRXV XUEDQ GDWD VRXUFHV RUFRQQHFWLR
SOLFDWLRQV GHYHORSHG LQ GLIIHUHQW SURJUDPPLQJ ODQJX
VFDOHV DQG GLIIHUHQW SODWIRUPV LQ RQH PRUH UREXVW V\V
WLPH FRQVXPLQJDQG QRW GHPDQGLQJ D KLJKHU FRPSXWDWL
RSHQ VRXUFHHQYLURQPHQW IRURWKHU FRQWULEXWLQJ GHYH

7KH VLPXODWLRQ RI XUEDQ JURZWK ZLWK DJHQWV LV GRQH |
OLNH 6LP &LW\ :ULJKW > @ RUUXOH VHW EDVHG XUEDQ J
(QJLQH (VUL $OWKRXJKWKHJDPHG6LP &LW\LV QRW UHODWI
WDVNV LW FDQ VHUYH DV D YDOXDEOH LQIRUPDWLRQ VRXUFH
DUHLQFRUSRUDWHG ZLWKLQ WKH HQWLUH VIVWHP 7KHUHIRU}
SURFHVV ZLWK WKH JDPH OLNH JUDSKLFDO XVHU LQWHUIDFH F1
JDPHLQDQLQWXLWLYH ZD\

OHWKRGRORJ\

7KHSURSRVHG /LIJKWZHLJKWB8UEDQ &RPSXWDWLRQDO ,QWHUF
7TUH\HU VHUYHV DV D FRPPXQLFDWLRQ DQG PDQDJHPHQW
QHO EHWZHHQ PRGHOOHG XUEDQ PHWDEROLF OD\HUV LQ JHQH
IURP GLITHUHQW PRGHOOLQJLQWHUIDFHY H J 5KLQR *UDVVK
GHVLIQHUYY SUHGHILQHG XUEDQ SDWWHUQV ODWHU GLVWULI
PRGHO ILJXUH

/8&, [,*+7:(,*+7 85%%1 &20387%$7,21 ,17(5&+$1*(

ORUHVSHFLILFDOO\ WKLVYSDSHULQYHVWLJIJDWAHVY DQ XUEDQ JUI
DQRGVSDFLQJGLVWDQFHVEHWZHHQ SDUWLFXXODU XUEDQ HOHP
VXEVHTXHQWO\UHDG E\ WKHDJHQW EDVHG JHQHUDWLYH VLPX
DV D VLPSOLILHG "HQYLURQPHQW 7KLV SDUWLFXODU OD\HU
JHRPHWULFDO GDWD VHW I[URP WKH5KLQR &$'DSSOLFDWLRQ L
WDWLRQDO VHUYLFH ZLWKLQ WKH /8&, LQWHUFKDQJH VA\VWHP D
SDUDPHWULF JHRPHWULFDO PRGLILFDWLRQV LQ *UDVVKRSSHL
FKDQJHG $V VXFK WKHPRGLILFDWLRQVDUHUHDGDQG VHQW I
ODWLRQLVIHGLQDUHDO WLPH SURFHVYV
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J)LIXUH $GHVLIQHUTV PRGHOOLQJIUDPHZRUN FRQWDLQLQJD OLEUDU\F
WUDQVIHUUHG LQWR DQ $%0 VLPXODWLRQ IRUD VXBVHTXHQW LQWHUDFYV
H[FKDQJHG E\WKH /8&, PLGGOHZDUH

SKLQR *UDVVKRSSHULVZHOONQRZQIRUVHUYLQJDV DLQWH
LRXVDSSOLFDWLRQVZLWKLQWKHUHDOPRIGLIJLWDO DUFKLWH
WR FRQQHFWS5KLQR *UDVVKRSSHU WKURXJK J+RZO WR D QXPEHR
WLRQV WKURXJK 7&43 DQG 8'3 QHWZRUNLQJ SURWRFROV )UDJXI
XVHUV HYHU DJDLQ KLW OLPLWY *UDVVKRSSHULV NQRZQ IRU E
WR KDQGOHHQRXJKJHRPHWU\WREH VXLWDEOHIRUODUJH XUE
XVHU FHQWULF 7KHUHDUH VRPH VWDUWXSV VXFK DV )OX[ RU
DLPWRSURYLGHVROXWLRQVWRRYHUFRPHWKLVE\EULGJLQJ?®
([FHO WR $XWRGHVN5HYLW 6WLOO WKHVHVROXWLRQVIRFXV
RQ:LQGRZV DV WKHLU PDLQ SODWIRUP :LWK/8&,ZHIROORZD V
SURDFK 7KHDLPLVWRSURYLGHD QHXWUDO RSHQ VRXUFH SC
ODQJXDIJHLQGHSHQGHQW IUDPHZRUN ,WKDVDPRGXODU VWU X
GHYHORSHUV WR UHSODFHPRGXOHV LQFDVHWKH\IDYRXU WR

$V D UHVXOW LW ZLOO EULQJ D FRPSUHKHQVLYH VLPXODWL
GHSHQGLQJRQDUHDO WLPHXVHUYV PRGLILFDWLRQ RURWKHU
EHHPEHGGHG VXFKDVDYHFWRUSRVLWLRQIRUYDULRXYV XUEI
GHILQLWLRQRIPDQ\YDULDEOHV RUSUH GHILQHG VKDSHV RI XU
XVHG XUEDQ WASRORJ\ LQ WKLV FDVH KRXVLQJ SXEOLFEXLOG

$%06,08/$7,2102"'(/

7KHFRUHRIWKHIJHQHUDWLYHVLPXODWLRQPRGHOLQWURGXF
LWN\SODW(RHBJHGWDELBWIAHQW EDVHG VLPXODWLRQ GHYHORSHC
SKDVHRIWKHUHVHDUFK %Xa TKHDIJHQWYVY WU\ WR DFKLHY
SULYDWHRU SXEOLFEXLOGLQJRUDVSDFH LQDVSHFLILF SUH
LWLV QRWDFKLHYHG WKHUHTXLUHG XUEDQ XQLW RUDQ DFW
UHQW GLVWDQFH UHTXLUHPHQWYV

7TKHPRGHOKDVEHHQDGDSWHGWR7DQMRQJ3DJDUVLWHIRU
SXUSRVHDQGHQKDQFHG ZLWKLQWHUDFWLYLW\A\IHDWXUHV ZKI|
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LIN\WKHLQLWLDO SRVLWLRQV RIDIHQWYV LQ UHJDUG KLV RU KH!
XVHU LQWHUIDFH $V VXFK WKHREVHUYHU FRQWUROV WKH SR
OHDVHG IURP LQ DQLQWHUDFWLYH ZD\DQG LQ D UHDO WLPH
LQLWLDO SRVLWLRQKDVEHHQ ZHLIJKWHG ZLWK DQ XVHU GHILQ
, QWKDWPDQQHU WKH XVHU VSHFLILHV WKHOHYHO RILPSRUWD
SRVLWLRQ ZKLFK UHIOHFWYVY WKH UHDO VFHQDULR PRUH SURSH
(P&LW\ PRGHO LVDYDLODEOHDV DQ RSHQ VRXUFH SODWIRUP >
SXEOLFOLFHQFH %Xa .XULOOD 7UH\HU D 7KH&$'GDW
LQIWKH7DQMRQJ3DJDU VLWHDVDQLQLWLDO JHRPHWULFDO L
WKHPRGHO IURP WKH2SHQ 6WUHHW ODS SODWIRUP

02'(//,1*352&('85(,1$ &$6(678'<

,QWKLVVHFWLRQZHDLPDWGHPRQVWUDWLQJ/8&,TVSRWHQWL
XVHG WR LOQWHUOLQN GLITHUHQW DSSOLFDWLRQV RQ GLIITHUHQ
DWLQJ VA\VWHPV LWK WKLV VHWXS ZH ZDQW WR SURYLGH PXOW
WKHFDVHVWXG\DUHD 7KH SULQFLSOHVWHSLVY WKHFUHDWLR
DQDJHQW VLPXODWLRQ ZKLFKLQFUHPHQWDOO\DGGV EXLOGL
WR WKHEHKDYLRXURILWY DIJIHQWYVY WKDW UHSUHVHQW LQKDEL
HYHU\LWHUDWLRQ WKHDWWDFKHG YLHZVY ZLOO EH XSGDWHG %
WKHLUJHRPHWU\EXWDOVR WKHFDPHUD DQJOHDW ZKLFK WKH

7KHJHRPHWU\ FUHDWLRQLVLPSOHPHQWHGLQD-DYD EDVHG
7KH W\SRORJLHV WKDW DUH EHLQJ SODFHG LQ WKH VFHQDULR
LQ 5KLQR 7KH FRPSDUDWLYH YLHZV DUH SURYLGHG E\ D -DYD
2SHQ*/ IRUGLVSOD\ $GGLWLRQDO YLHZV DUH SURYLGHG E\ %O
GHULQJDV ZHOO DV E\D ZHE YLHZHU WKDW WIKGRUHWLFDOO\ DC
FRQQHFWHG SDUWLFLSDQW LQ WKHLQWHUQHW

*HQHUDWLRQ RIS8UEDQ 3SDWWHUQV LQ 7DQMRQJ 3DJDU :DWHU

7TKHPRGHOOLQJDQG VLPXODWLRQIUDPHZRUN KDV EHHQ VHW E'
*UDVVKRSSHU GHVLIJQHUTV LOQWHUIDFHDQG WKH -DYD EDVHG L
&LW\E\PHDQV RIWKH /8&, PLGGOHZDUH SODWIRUP

5(68/76 $1'2%6(59$7,21

7KHXVHULVDOORZHGWRREVHUYHJURZWK RIWKHXUEDQDUHD
GHILQHG VSDWLDO VFHQDULRV RIYDULRXV WASHV RI VKDSHYV D!
'DWDDUH VHQW WR WKH /8&, LQUHDO WLPHDQG GLVSOD\HG LQ
FDQEHPRGLILHG E\WKHGHVLIQHUDQG LWLV XSGDWHG LQ WKF
WKLV PHWKRGRORJ\ WKH ERWWRP XSJURZWK RI WKH FLW\ LV V
WHULD RIDFFHVVLELOLW\ VSDFLQJGLVWDQFHVY GHQVLW\ V¢
SRVLWLRQV RIDIJHQWV DQG GLITHUHQW VSDWLDO VFHQDULRV I
7KH/8&, VWRUHVDQG SURFHHGY WKH GDWD IRU IXUWKHU REVH!
RWKHUDSSOLFDWLRQV VXFKDV %OHQGHULQDUHDO WLPH SU
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JLIXUH &RPELQDWLRQRI XVHU GHILQHG WA\SRORJLHVLQ RQH XUEDQ OL
EHHQ VHQW IURP 5KLQR WR WKH $%0 PRGHO GXULQJWKH VLPXODWLR

7KXV WKHIUDPHZRUNDOORZVWRFRQQHFWPRGHOOLQJ VRI\
WLRQ -DYD EDVHG DJHQW VLPXODWLRQ DQG VHYHUDO GLVSOL
GLIIHUHQW FDPHUD SRVLWLRQV LIQHFHVVDU\ ,Q WKDW PDQQ}
DQG GHDOZLWKELJXUEDQVFHQDULRVHIILFLHQWO\DQG IURP G
SRUDWLQJPRUH FRPSOH[DQG EHKDYLRXUDO XUEDQ SKHQRPH
GLVSOD\LQJ YDULRXV DVSHFWV RIWKH XUEDQ VFHQDULR DW W|

7KH XUEDQ SDWWHUQV DV LW LV REVHUYHG IURP WKH DJHQ\
DQG DGDSW DFFRUGLQJ WKH XVHUfV SUHIHUHQFHV LQ WHUPV
LQWHUDFWLRQV WKHLULQLWLDO SRVLWLRQWDQG ORFDWLRQ
IRUPDWLRQ SURFHVVEDVHGRQWKHGHVLIJQHUYJV GHILQLWLRQ |
ELQDWLRQ RIERWWRP XSDXWRSRLHWLF JURZWK WRJHWKHU Z|
WR PRGHO PRUH FRPSOH[ XUEDQ IHDWXUHV FRQVLGHULQJ WKF
7KLV FRJQLWLYHDSSURDFKRIGHVLJQ FRPSXWLQJ LQYROYLQJ
WKH PDFKLQH FDQ\LHOG PRUHDSSURSULDWH GHVLJQ VFHQDU
DQG ERWWRP XSUHTXLUHPHQWY EXWVWLOO WDNLQJLQWR DF
FRQWULEXWLRQ

7KHYROXPHVRIXUEDQPDVVDUHJIJHQHUDWHGLQ WKH $%0 PR
DFFRUGLQIJWRUDQGRP SRVLWLRQVIROORZLQJWKHORFDWLR(
VSDFLQJGLVWDQFHVDQG WKHDFFHVVLEOH GLVWDQFHV WR SD
RI WKH QHZ DGGHG YROXPHY SURFHHGY EDVHG RQ GHPDQGLQJ
E\ WKH GHVLIJQHU LQ WKH JUDSKLFDO XVHU LQWHUIDFH 7KH Kl
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YDU\LQ DFFRUGDQFH ZLWK WKH XVHUTVY SDUDPHWHU LQSXWYV 1
GLITHUHQW UHVXOWYV $OWKRXJK WKH FKDUDFWHU RI WKH OD\F
IRUHDFKLQYHVWLIJDWHG VFHQDULR ILJXUH WKHRXWFRPHYV

J)LIXUH 9DULRXV WASHV RI SUH GHILQHG XUEDQ FRQILIXUDWLRQV IURP &
PRGHO 7KH XVHULVDOORZHGWRH[SORUHHDFK XUEDQDFWLYLW\V

JLIXUH *HQHUDWLRQRIQHZEXLOGLQJVEDVHGRQDJHQWVfIORZVDQG
GLVWDQFHYV

&RQFOXVLRQV

7TKHSURSRVHGPRGHOOLQJIUDPHZRUNDOORZV WKHXVHUWR FF
&$' $%0PRGHO YLVXDOLVDWLRQZLQGRZ E\HPSOR\LQJ WKHF
/18&, ZKLFK VHUYHV DV D FRPPXQLFDWLRQDQG GDWD H[FKDQJH

',6&866,21

JRUWKHWLPHEHLQJ WKHSURSRVHG VA\VWHP KDV LQWHJUDWH(
DOJRULWKPV GHDOLQJZLWK XUEDQ PDVVDQG YROXPHV RQO\ ¢
VHOYHV DUHDEOHWR JHQHUDWH WKH EXLOGIQQJV DQG SDWWH
SURYLGLQJPRUH SUHFLVHVWUHHW QHWZRUN OD\RXW 7KHYLV
LVVLPSOLILHGDQG H[SUHVVHGLQ D KLJKHUOHYHORIDEVWUDI
HISHUWV ORUHRYHU WKHPRGHOGHDOVZLWKWKHXUEDQ JURZ
PHOWVDQGLWGRHVOQRWWDNHLQWRDFFRXQWEURDGHUDVSH
HUWKHOHVYV WKH V\VWHP FDQ EHHQULFKHG ZLWK PRUH GLYHU
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WKH /8&, PLGGOHZDUHDOORZV LW 7KHSRVLWLRQLQJRIWKHD
QHHG WR EH LPSURYHG LQ RUGHU WR REWDLQ PRUH UDWLRQDC
DFFRXQW PRUH UHDOLVWLF LQIUDVWUXFWXUH DQG XUEDQ FUL
DQG FHQWUDOLW\

)8785( :25.

%\ PHDQV RI WKH SURSRVHG PRGHOOLQJDSSURDFK LQWURGXF
FKLWHFWVDQG VWDNHKROGHUV ZLOO SURVSHFWLYHO\LGHQW!
ZLWKLQ D FLW\ ZKLFK LQIOXHQFH WKH XUEDQ FKDQJHV DQG PLJ
QRPHQRQRIVHOI PDLQWHQDQFH DGDSWDELOLW\DQG VHOI VX
DFWHULVHG DV SURFHVVHV RI WKH XUEDQ DXWRSRLHVLV %DV
H[WHUQDO VRXUFHV RI LQIRUPDWLRQ WKH VSDWLDO XUEDQ VI
DVVHVVHG VKRZLQJPRUH FRPSOH[UHODWLRQDO TXDOLWLHV
GLVFLSOLQDU\DSSURDFK RI FRPSOH[LW\ VFLHQFH IUDPHZRUN
VFLHQFH XUEDQ GHVLJQ &LWL]JHQ 'HVLJQ VFLHQFH DQG JDPH
LQWRDQDGYDQFHG XUEDQ VLPXODWLRQDQG YLVXDOLVDWLRQ
DSSURSULDWHPRGHO RIDOLYHDEOHDQG DGDSWLYH FLW\

7KH UHVHDUFK ZLOO FRQWLQXH LQ WHVWLQJDQG GHYHORSL
ODWLRQ IUDPHZRUN OLQNHG ZLWK D YLVXDOLVDWLRQ V\VWHP
%HUJHU LQWHJUDWLQJ DVSHFWV RI XUEDQ VHOI PDLQWHQ
XUEDQ SDWWHUQV EDVHG RQ ORFDO FRQGLWLRQV FRPPXQLWI
WHUQDO LQIRUPDWLRQ H J IURPVRFLDO QHWZRUNV DQG DFW
WHQGHQFLHV LQ RQH XUEDQ GHVLJQ PRGHOOLQJ SODWIRUP KI
EDQ SKHQRPHQD :HZRXOGDOVROLNHWRXVHJDPHHQJLQHV DV
%OHQGHU EDVHG VHUYLFHV WR EDNH WH[WXUHV LQ UHDO WLP}

7KHV\WWHPLVRSHQWREHHQKDQFHGE\PRUHDGYDQFHGDOJ
REMHFWLYH FULWHULD ZLWKLQ XUEDQ VIQWKHVLY PHWKRGV D'
JHQHUDWLRQ .|QLJ 7KH SURSRVHG DSSURDFK FRXOG FR(
RI &RJQLWLYH 'HVLJQ &RPSXWLQJ LQWHJUDWLQJ PRUH FRPSO!
EHGGLQJ DUWLILFLDO LQWHOOLJHQFH DQG UHFRJQLWLRQ ED\
JHQHUDWLYH PRGHOOLQJZRUNIORZ

$FNQRZOHGJHPHQWV

‘H ZRXOG OLNH WR JUDWHIXOO\ WKDQN WR DUFKLWHFW /XNia ..
GHSDUWPHQW DW WKH )DFXOW\ RI $UFKLWHFWXUH &78 LQ 3UDJ:
LQLWLRQ NLQGO\ SURYLGHG DQG GHYHORSHG LQ WKH SUHYLR>
ZKLFK ZH XVHG LQ WKLV SDUWLFXODU FDVH VWXG\

SHIHUHQFHV

3(VUL &LW\ (QJLQH’ $YDLODEOH IURP KWWS ZZZ HVUL FRP VRIW?Z
FHVVHG WK 'HFHPEHU

36KDSH'LYHU’ $YDLODEOH IURP KWWSV ZZZ VKDSHGLYHU FRP ! D
EHU

37TKH)OX[” $YDLODEOH IURP KWWSV IOX[ LR DERXW ! DFFHVVHG

%DFFLQL 3 8QGHUVWDQGLQJDQG 'HVLIQLRQ WEKOHBIHWDEROLVP RI 8UT
DQG 1 .DWVLNHY *H®JYUDSKLHV *URXQGDQYDHWBOROHUNLW)
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3UHVV

%DWW\ 07KH1HZ 6FLHQFHKR @ 7VBUMYY &DPEULGJH ODVVDFKXVHWWV /R(
(QJODQG

%R\HU 0 & 2Q ORGHOOLQJ &RP S ChH (LWFKD @/Gl BWEDQ QRHPLJIQ

%Xa 3 (PHUJHQFHLQ8UEDQ (QYLURQPHQWY $JHQW EDVHG VLPXODWLF
FRQILIXBBWLRMHVLY )DFXOW\RI$SUFKLWHFWXUH 02/$% 7KH &DELQHW F
ORGHOOLQJ &]J]HFK7HFKQLFDO 8QLYHUVLW\LQ 3UDJXH

%Xa 3 DQG .XULOOD / s(P&LW\ (PHUJHQW &LW\ VLPXODWLRQ PRGF
*LWKXE UHSRVLWRU\ KWWSV JLWKXE FRP SHWHUEXV (P&LW\! DFFHV
&ULVWLH 9 DQG %HUJHU 0 *DPH (QJLQHV IRUBUEDQ ([SORUDWLRQ

UDWLYH IRU % URDIG@ UL2 DKW OFQ BDOEOW & LWLHV 7KH &LW\ DV D 'LILWD(
30D\JURSQ@EQIJHU 6LQIJDSRUH 6LQJDSRUH

YUDJXDGD / 3J+RZO FRPSRQHQWV " $YDLODEOH IURP)RRG 5KLQR Ut
Z JUDVVKRSSHU G FRP JURXS JKRZO! DFFHVVHG WK $XJXVW

-XQJKDQQV $ 3I)XQFWLRQDO ORFN XS ,QWHUIDFH" $YDLODEOH IURP
GDUG RUJ ! DFFHVVHG VW 2FWREHU

L.OHLQ % DQG 7UH\HU / JLIKWZHLIJKW 8U@D®R HRRPABXWDWLRQ ,QWHUF
.OHLQ DQG * 6FKRLWINMHGYH 6SHFLDO ,VVXH 6LPXODWLRQ 30DWIRUP +

(7+ 6LQIJDSRUH 6(& /WG )&/ 6LQJDSRUH

.|QLJ 5 BUEDQ 'HVLJQ 6\QWKHVLV IRU %XLOGLQJ/D\RXWV EDVHG RQ
&ULWHULD 2SQWWRIUQWWRRQDO -RXUQDO RI $UFKLWHFWXUDO &RPSXWLC

IXKPDQQ 1 6\WWHPWKHRULH (YROXWLRQVWKFFRRUIR XQG .RPPXQLN
JLVFKH *LGV

IXKPDQQ 1 7KH ZRUOG VRFLHQWB YV QDAMRERQD W YRWHBODO RI *HQHUD
6\WWHPV =

ODWXUDPD + 5 DQG 9DUHOD ) - $XWRSRLHVLV DQG &RJQLWLRQ 7KH

LQU®B® 6 &RKHQ DQG O : :DUWRWWMWR QHEAWXGLHYV LQ WKH 3KLORVRSK\ RI 6F1
YRO ' 5LHGHO 3XEOLVKLQJ &RPSDQ\ 'RUGUHFKW +ROODQG %RVWRQ
ODQG

6S\URSRXORV 7 $GDSWGYH (FRORJLHV &R UUHQWFWHG BFWXKPWRI /LYLQJ
$VVRFLDWLRQ /RQGRQ

7TUH\HU / D 3(P&LW\ZLWK /8&,LQWHJUDWLRQ" $YDLODEOHIURP *LWI
JLWKXE FRP WUH\HUO HPFLW\! DFFHVVHG WK )HEUXDU\
7TUH\HU / E 3/8&, /LIKWZHLJKW BUEDQ &RPSXWDWLRQ ,QWHUFKDQJ|

%LWEXFNHW UHSRVLWRU\ KWWSV ELWEXFNHW RUJ WUH\HUO OXFL! I
9DUHOD ) BULQFLSOHV RI %LRARVIHODLAHIXIWRRYKPAROODQG ,QF 1HZ <RU!
9HUHEHV 7 ODWGBHUSODQQLQJ WKH $GDSWLYH &LW\ &RPSXWDWLRQD(

7TZHQW\ )LUVWRAVOOMX®IH 7D\ORU )UDQFLV 1HZ <RUN



