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‘H KDYH LQYHVWLIJDWHG GLIITHUHQW SDUDOOHO SURJUDPPLQJ
VLPXODWLRQV :LWK WKH VLPSOH GDWD VWUXFWXUH DQG WKH \
FKRLFH RI WKH GDWD GHFRPSRVLWLRQ DQG WKH FROOHFWLYH
EHFRPHV WKH PRVW LPSRUWDQW DVSHFW RI SDUDOOHO SURJUDF
WKH SUREOHP VL]H DQG WKH V\VWHP FKDUDFWHULVWLFV WKH F
WKH VOLFH PRGHO FDQ EH PRUH HIILFLHQW WKDQ WKH PRUH FFR
FROXPQ PRGHO +RZHYHU RXU DQDO\VLV SURMHFWYVY WKDW WKH
LI WKH UDWLR RI FRPSXWDWLRQ VSHHG WR WKH FRPPXQLFDWLR
DQG VHYHUDO EHQFKPDUN WHVWY DOVR VKRZ WKDW WKH VFDOD
DQ LPSRUWDQW IDFWRU DV WKH SUREOHP VL]H JURZV VXJJH
VFDWWHU JDWKHU PHWKRG ZRXOG EH OHVV SUDFWLFDO

.H\ :RUGCDUDOOHOL]DWLRQ 6WUDWHJ\ 7XUEXOHQW &KDQQHO )OI
'RPDLQ '"HFRPSRVLWLRQ 6FDODELOLW\

,LQWURGXFWLRQ

7XUEXOHQW ERXQGDU\ OD\HU IORZV DUH IUHTXHQWO\ REVHUYHC
QDWXUH ZKHUH YLVFRXV IOXLG IORZV IDVW RQ WKH VXUIDFH

KLJKO\ QRQOLQHDU G\QDPLFV DQG FRQWDLQ FRPSOH[ \HW ZHOO
ZKLFK DUH XELTXLWRXVO\ IRXQG LQ WKH QHDU ZDOO UHJILRQ
QRWRULRXVO\ FKDOOHQJLQJ IRU LWV GHPDQG RQ YDVW FRPSXWLI
WKH OHQJWK DQG WKH WLPH VFDOHV RI IORZ PRWLRQV 1RW VX!
IDVWHVW VXSHUFRPSXWHU KDV EHHQ LQFUHDVHG E\ VHYHUDO R
> @ WKH KLIKHVW 5H\QROGV QXPEHU IRU WKH GLUHFW QXPHULF
OD\HU IORZV KDV JURZQ PHUHO\ OHVV WKDQ WLPHV IRU WKH VI

$OWKRXIK QXPHULFDO VLPXODWLRQV DW ORZ 5H\QROGV QXPEHL
G\QDPLFV RI WXUEXOHQW ERXQGDU\ OD\HUV WKH FXUUHQW UDC
PRVW DSSOLFDWLRQV RU H[SHULPHQWYV 2QH RI WKH REVWDFO
QXPHULFDO VLPXODWLRQV LV WR GHYHORS DQ HIILFLHQW SDUDC(
XS WR GDWH VXSHUFRPSXWHUV 3UHVHQWO\ PRVW RI ODUJH VLP
PHPRU\ VA\VWHPVY DQG XVH WKH PHVVDJH SDVVLQJ PRGHO VXFK
PDQ\ IORZ VROYHUVY DQG DOJRULWKPV ZHUH GHYHORSHG D IHZ C
HOHPHQW PDFKLQHVY RU YHFWRU PDFKLQHYVY ZHUH GRPLQDQW SOI

7TKHUHIRUH ILQGLQJ HIILFLHQW SDUDOOHOL]DWLRQ VWUDWHJLH)



PRUH DSSOLFDWLRQY DGRSW SDUDOOHO FRPSXWLQJ +RZHYHU |
VWUDWHILHYVY WKDW XVHG WR EH DGHTXDWH RQ VPDOO WR PLG V
FRVvwW DW WHUD RU SHWD VFDOH FOXVWHUV ZKHUH WHQV RU |
WKURXJK FRPSOH[ QHWZRUN WRSRORJ\

,Q DGGLWLRQ WR WKH WUDGLWLRQDO VLQJOH QRGH RSWLPL]DW
GHYLVH FOHYHU SDUDOOHO VLPXODWLRQ VWUDWHJILHV IRU HDFK
DQG UHVWULFWLRQV 2QH FDVH RI W\SLFDO VLPXODWLRQ QRZDG
XQLWYV RU ZDOWQKPEMN KRXIUV RQ PRVW VXSHUFRPSXWHUV Wk
VLPXODWLRQ SURJUDP LV D FULWLFDO LVVXH HVSHFLDOO\ LQ Wi

6SHFWUDO $OJRULWKP

,Q WKLV VWXG\ FKDQQHO IORZ VLPXODWLRQVY DUH FKRVHQ IRU \
WHVWHG IRU YDULRXV SDUDOOHOL]DWLRQ VWUDWHJILHVY 8VXDOO
WR EH IXOO\ GHYHORSHG DQG KDYH WZR SHULRGLF GLUHFWLRQ\
JRYHUQLQJ HTXDWLRQV XVHG LQ WKLV VWXG\ DUH WKH LQFRPS
GLYHUJHQW IUHH FRQGLWLRQ :LWK WKHVH FRQGLWLRQV DQG W
FDQ EH VLPSO\ UHDUUDQJHG LQ WKH ZDYH VSDFH DV
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+HUPD QBEDUH WKH ZDOO QRUPDO YHORFLW\ DQG WKH ZDOO QRUPI
GHQRWHYV WKH YDULDEOHVHRUMKHQ@WBYHIWKSDERQODRGHDU WHUPV
BWRNHV HTXDWLRQUD QEXEYVFRUSMWH FRRUGLQDWHV RI WKH SHULR
WKH SHULRGLF VSDQZLVH GLUHFWLRQ DQG WKH QRQ SHULRGLF |

,Q WKHLU ILUVW '16 RI D W X HEAX ® @ W FHKK® QWKHHO| RORR Z.IL®J VS HF W

DSSO\ G IRUZDUG ))7V RQ YHORFLW\ FRPSRQHQWY DQG YRUWLF
FRPSXWH QRQOULQH®Q S KIMUPNO VSDFH
DSSO\ G EDFNZDUG ))7V RQ WKH QRQOLQHDU WHUPV| FRPSRQHQ
DSSO\ EDFNZDUG &KHE\VKHY WUDQVIRUPV IRU HDVLHU GLIITHUHQWL

XSGDWH WKH ZDOO QRUPDO YHORFLW\ DQG WKH ZDOO| QRUPDO YRL
IRU WKH QRQOLQHDU WHUPYV DQG WKH &UDQN 1LFROVRQ PHWKRGYV

FRPSXWH RWKHU YHORFLW\ DQG YRUWLFLW\ FRPSRQHRWYV IURP WK

DSSO\ IRUZDUG &KHE\WKHY WUDQVIRUPV RQ WKH QHZ YHORFLW\ DQ
UHWXUQ WR VWHS

'XULQJ WKH VWDJH DQG WKH GLPHQVLRQ RI HDFK FRPSRQ
GLUHFWLRQ 7KLV LQFUHDVHV WKH FRPSXWDWLRQDO WLPH VL
DVVRFLDWHG ZLWK WKH QRQOLQHDU WHUP FDOFXODWLRQ 3GH D



'‘DWD '"HFRPSRVLWLRQ DQG &ROOHFWLYH &RPP

JRU WKLV FKDQQHO IORZ WKH GDWD VWUXFWXUH EHFRPHV UHJX
WKH PRVW SULPDU\ DVSHFW RI SDUDOOHOL]DWLRQ VWUDWHJ\ 11
RQ WKH ))7vV ZKLFK DUH HVVHQWLDOO\ JOREDO RSHUDWLRQV D
LQHIILFLHQW WR FRQGXFW JOREDO RSHUDWLRQV GLUHFWO\ DF
GHFRPSRVLWLRQ PRVW VLPXODWLRQV XVH FROOHFWLYH FRPPXC
WR EH PRUH IDYRXUDEOH WR WKH JOREDO RSHUDWLRQV > @ > @

)LUVW ZH KDYH FRPSDUHG WZR SRSXODU GDWD GHFRPSRVLWLRC
IRU GLITHUHQW SUREOHP VL]HV $OVR WZR GLIIHUHQW FROOHFW
PHWKRG DQG DOO WR bOO PHWKRG DUH UHVSHFWLYHO\ DSSOLH:
FRPSDULVRQ

7TKH QHWZRUN SHUIRUPDQFH LV DQRWKHU FULWLFDO IDFWRU R
SURJUDPPLQJ (YHQ IRU WKH VDPH 03, FDOOLQJ IXQFWLRQV WK
ZLGHO\ RQ HDFK V\VWHP UHVXOWLQJ LQ QRWLFHDEOH GLIIHUH
WHVWHG WKH VDPH SDUDOOHOL]DWLRQ VWUDWHJ\ RQ IRXU GLIIH

,Q JHQHUDO WKH VOLFH PRGHO LV HDVLHU WR LPSOHPHQW VLQI
$OVR WKH QXPEHU Rl FROOHFWLYH FRPPXQLFDWLRQV LQ WKH \
FROXPQ PRGHO +RZHYHU WKH PD[LPXP QXPEHU RI 3(V WKDW FD
WKH GLPHQVLRQ VL]H LQ WKH GLUHFWLRQ RI SDUWLWLRQLQJ 7R
PRUH 3(V IRU WKH VDPH VL]H SUREOHP DOEHLW PRUH FRPSOH[
WKH FROXPQ PRGHO XVHV PDLQO\ G ))7V WKH H[SDQVLRQ RI P}t
RQH GLUHFWLRQ VDYLQJ WKH PHPRU\ VSDFH IXUWKHU ,Q RWK
UHGXFH WKH FRPSXWDWLRQ WLPH RQ HDFK 3( IRU WKH VDPH \
VLPXODWLRQV WKDW FDQQRW EH UXQ ZLWK WKH VOLFH PRGHO T

SHVXOWYV

2XU VWXG\ VKRZV WKDW ZKHQ WKH VDPH QXPEHU RI 3(V LV XVI
PRVW FDVHV WKDQ WKH FROXPQ PRGHO PDLQO\ WKDQNV WR WK
VLPSOHU FRPPXQLFDWLRQ SDWWHUQV :KHQ DVVRFLDWHG ZLWK
FROXPQ PRGHO FDQ EH HIIHFWLYHO\ VFDODEOH +RZHYHU WKH F
UHVWULFWL®R EZKHQRYD@XPEHU RP AW MR EQWHJIHU GLYLGLQJ R
GLPHQVLRQ FOHDQO\ WR XVH VLPSOH FRPPXQLFDWRUV RU WRR
DGGLWLRQDO FRPPXQLFDWLRQ FDOOLQJV LQWURGXFHG E\ WKH
PRGHO WKH DFWXDO SHUIRUPDQFH DGYDQWDJH DSSHDUV RQO\
WLPHV RI WKH PD[LPXP QXPEHU RI 3(V WKDW FDQ EH XVHG LQ WK

$ YHU\ VLPSOH DQDO\VLY FDQ EH FRQVLGHUHG WR HVWLPDWH Wtk
DQG WKH FROXPQ PRGHO $VVXRHLUW KW WHWIXP S B BRI K WQMW LV

FRPSXWDWLRQ WLWHNIKRHU XQ@AL W FRPSXWDWLRQ WLPHM RWKHG &KHE
XQLW FRPPXQLF®WLERE WKH WVARNVODELOLW\ UDWL R HRV SAHRPWPLNHTG D \
+HUH ZH IXUWKHU DVVXPH WKDW UHJDUGOHVYV RI PHPRU\ VKDSH

WLPH DQG VR GRHVY HDFK DOO WR DOO FDOOLQJ &RQVLGHULQJ W
WLPH FDQ EH HVWLPDWHG DV
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1RWH DLKDXW XDOO\ OHVV WKDQ GXH WR WKH ODWHQF\ Rl FRPP)
DFWXDO SURJUDPPLQJ DQG WKH KDUGZDUH FRDOLYPWDELRBEOWK
7DEOH VKRZV WKH HVWLPDWHG WRWDO WLPH FRQVXPSWLRQV I
REWDLQHG IURP WKH VLPXODWLRQV RQ ;7 ,W LV LQWHUHVWLQ.
FROXPQ PRGHO IRU WKH VDPB LYXNEBOORI 23X VWEKHRWNKHU KDQG
VXIILFLHQWO\ KLJK WKH DGYDQWDJH RI XVLQJ WKH FROXPQ PRG
W.QFUHDY HQRIWXQWILW PRGHUDWHO\ \@RQEUHH B V@ V ZKL@HD UO\ IRU W
UDQJH 7KHUHIRUH W KBWKIMWPXPNDOWHKHRIFROXPQ PRGHO PRUH
DY LQFUHDVHV $OVR QRWH WKDW WRQLRWKHIR POLAKH QHYW W & H SU-
WKH VLQJOH QRGH SHUIRUPDQFH DQG WKH QHWZRUN SHUIRUPDQ

7DEOH (VWLPDWHG RYHUDOO ZDOO FORFN WLPH SHU VWHS R
FRGLQJ 1RWH WKDW WKH VFDODELOLW\ RI FRPPXQLFDWLRQ SC
SHUIRUPDQFH

1 W u Wk u W u
R I D D
3(V 60LFH PRG&EROOXPQ PRGEHILFH PRGEBROXPQ PRGHO

2Q VKDUHG PHPRU\ PDFKLQHV FRPPXQLFDWLRQ WLPH LV QHJOLJ
DQRG 2SHQ0O3 EDVHG SDUDOOHOLVP FDQ EH HIILFLHQWO\ DSSC
FRQFHSWXDOO\ VLPLODU WR WKH 2SHQO0O3 EDVHG SDUDOOHOLVI
VI\VWHPV WKH FRPPXQLFDWLRQ FRVW XVLQJ WKH VFDWWHU JDW



WUDQVIHU WKH ZKROH GDWD FKXQNV WR HYHU\ 3( WKURXJK D OL
WR DOO PHWKRG LV PRUH FRPSOH[ EXW HDFK 3( GHDOV ZLWK LW
GDWD VL]H VPDOOHU DV WKH QXPEHU RI 3(V LQFUHDVHV DQG V
ORUHRYHU WKH DOO WRDOO PHWKRG QHHGV RQH OHVV URXQ
VFDWWHU JDWKHU PHWKRG
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RI 3(V

J)LIXUH 7KH VFDODELOLW\ FXUYHV IRU FRPPXQLFDWLRQ SHUIR
VL]H wVu VTXDUHVY UHSUHVHQW WKH DOO WR DOO PHWKRG DQ
PHWKRG 'LITHUHQWO\ FRORUHG OLQHYV PDUN IRXU GLIITHUHQW S
DQG ;7 +HUH WKH VOLFH PRGHO LV XVHG IRU WKH GRPDLQ GHFI

2XU UHVXOW LQGHHG VKRZV WKDW IRU WKH VDPH GHFRPSRVLW
EHWWHU WKDQ WKH VFDWWHU JDWKHU PHWKRG LQ JHQHUDO )|
GLITHUHQW FRPPXQLFDWLRQ SHUIRUPDQFH GXH WR GLITHUHQW K|

KHQ WKH SUREOHP VL]H LQFUHDVHV WKH EDQGZLGWK EHFRPH
ZKHUH PRVW RI WKH VXSHUFRPSXWHUV VKRZ GHFHQW VFDODELO
WUHHY W\SH LOWHUFRQQHFW WRSRORJ\ ZKLFK SHUIRUPV SRRUC
FRPPXQLFDWLRQ WR WKH RYHUDOO WLPH FRQVXPSWLRQ RQ ;7 ,
WLPH EHFRPHYV GRPLQDQW DV WKH VL]H RI GDWD FKXQNV VKULQ
VHYHUHO\ UHVWULFWV WKH RYHUDOO SHUIRUPDQFH HYHQ WKRX
7KH VDPH WUHQG FDQ EH IRXQG RQ RWKHU PDFKLQHV WRR

JRU ODUJHU SUREOHPV WKH VFDWWHU JDWKHU PHWKRG FDQQR
PHPRU\ RQ RQH 3( ,Q IDFW HYHQ IRU WKH DOO WR DOO PHWKRG
XVHG LV DOVR GHFLGHG EDVHG RQ WKH VL]H RI PHPRU\ RQ HDFK
3( PHPRU\N LV *% DW OHDVW 3(VuUWVKR XO G EREXWHHPG WR UXQ D

&RQFOXVLRQ

(YHQ WKRXJK WKH EHVW SDUDOOHOL]DWLRQ VWUDWHJI\ IRU WKI
GHFLVLRQ DFFRUGLQJ WR WKH SUREOHP VL]H DQG WKH V\VWHP



PRGHO LV SUHIHUUHG IRU WKH GDWD GHFRPSRVLWLRQ ZKHQ PR
LQWHUHVW DQG WKH DOO WR DOO PHWKRG FDQ EH HIITHFWLYHO\
WKH FROXPQ PRGHO ZLWK WKH DOO WR DOO PHWKRG ZLOO EH D¢
ODUJH DV ORQJ DV WKH VFDODELOLW\ RI FRPPXQLFDWLRQ LV J
FRPELQLQJ WKH DOO WR DOO DQG WKH VFDWWHU JDWKHU PHWK
DOOHYLDWH WKH FRPSOH[LW\ DQG WKH UHVWULFWLRQ RI WKH SX

7TDEOH &RPSDULVRQ RI WLPH FRQVXPHG RQ FRPPXQLFDWLRQV I
SUREOHP RQ ;7
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J)LIXUH 7KH SUREOHWP ML]H @GWHQRZXUH IRU RWKHU LQIRUPDWLF
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@ . ,ZDPRWR 1 .DVDJL DQG < 6X]XNL 'LUHFW QXPHU
FKDQQHO IORZV DMWRBHBMGLQM6\RE WKRDUW &RQWURO RI 7XU
7TRN\R ODUFK SS

@ - /LP 3@ RQWURO Rl ZDOO ERXQGHG WXUEXOHQW VKHD
3K ' 7KH8QNMYHUVLW\ Rl &DOLIRUQLD DW /RV $QJHOHYV

@ - :X 3 QYHVWLJDWLRQ RI GLIIHUHQW SDUDOOHO PRGH
3DU&)' :DVKLQJWRD ' &
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