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SHEHLYFHE UXD U ,GHQWLI\LQJ MRLQW VHWV LV HVVHQWLDO LQ HQJLC
SHEHLYHG LO 585UvaG IREFQDVVLILFDWLRQ DQG VORSH VWDELOLW\ DQDO\VLV LQ P
SFEHSWHSU L o EDVHG RQ GLS DQG GLS GLUHFWLRQ HQKDQFHV WKH XQ
SXEOLVKHG U200 H HQVXUHW\WIWDPL@IH ZDOOV 7KLV VWXG\ SUHVHQWV D Q

LQWHJUDWLQJ WKH +DUPRQ\ 6HDUFK +6 DQG 3DUWLFGC
DOJRULWKPV WR FODVVLI\ MRLQW VHWV LQ WKH 6XQJ

FKDUDFWHULVWLFV ZWHUH )R@BIBDIMLKHE&E XPHIWKRG ZLWK W

’ MP H HOERZ PHWKRG VAHITHAWEQXVDNIHRXILQJ VROXWLRQ 7R RSWL
M\ ZRUGV ZDV FRPELQHG ZLWK +6 DQG 362 DQG MR I4RXG®WD ZHUH

&DOLPDONDEDV] DQG 6LOKRYXMNI/WW GBBR MW UDKWHHIGHW K D V
&OXVWHULQJ PHWKRG )&0362 PHWKRG RXWSHUIRUPHG DOWHUQDWLYHV DFKLHY
"RLQW VHW UHVSHFWLYHO\ LQGLFDWLQJ VXSHULRU FOXVWHUL
FRQWUDVW+6WKHWKRRG SHUIRUPHG ZR UWMH MKDIQWRDUBO R
RYHUDOO 7KH ILQGLQJ6ERIIHFAYMWHKION FEOVVLILHV M
3DUWLFOH VZDUP RSWIRWPWYLRRJ UHOLDEOH LQVLJKWY LQWR URFN PDVV EHKD\
DOJRULWKP WKH IHDWXUHV DQG DGY®QWRBWHR®R | LMKHV)EFRQFOXGHG
+DUPRQ\ VHDUFK DOJRUISNKRSHG DSSURDFK KDV VLJQLILFDQW SRWHQWLDO IRU HII
HQJLQHHULQJ 7KLV LPSURYHG FOXVWHULQJ DSSURDFK
VXSSRUWLQJ VDIHU DQG PRU}

)X11\ PHWKRG

,QWURGXFWLRQ

7KH SUHVHQFH RI ZLGHO\ G L\GWHUUEMW HRU VWMQUXBWXRQO DQG SHUVL
SODQHV LQ URPN PEWXHDMO SODPRWVHLQSURFNVH VORSH VWDELOLW\
PDVVHV DUH QDWXUDO RU L QG)MAHER YWRD QYRR WDH HFWUEYLVWLY LW\
VWUHQJWK VWDELOLW\ DQG PFAXNIG 5RORZ 4X¥BELWDUHVLIQDWLRQ
FODVVLILHG E\ RULJLQ JHRPHWR\II DG P WBKEMEWBRRWWHWKRG IRU HYIL
W\SHV LQFOXGH EHGGLQJ SODQHRFMRPOWYV [IDXIDONLW\VKHDG UHILQL
JRQHV FOHDYDJH QROLDWLA®Y VDARSPP @@WWKHLU QDWXUDO VWDWH
IROGY OHDGV WR VWURQJ MRG®WH RSVM R RQ W HW WD WDIWH QRW UD
DQLVRWURBKH LQKHUHQW UD Q GJRVKHAY IRQB VIVWHPDWLF SDWWHUQ
XQFHUWDLQW\ RI MRLQWV JUHBWRRKHNMHWWVXURFE N W DIWHWFWRQLF VWL
GHIRUPDWLRQ VWUHQJWRVUDH QPHIHROOL WWAR PAWUHRY OLWKRORJLFDO
EHKDYLRU DQG IDLOXUH PRGHVGEMWWHQEXQN RO BBRHMWNY LQ URFN F
KDYH LQWHJUDWHG XQPDQQHG DWW BLPDOYN KLFRMHRG HBIWWHPDWLF MR
ZLWK GMLPRIQVLRQDO UMOH¥WUYEMWZRUNY RU DQLVRWURSLF FOXVW
WRPRJUDSK\ ' (57 WR LPSIWDFYWRUMRUV®MK DV VWUHVV ILHOGYV
FKDUDFWHUL]DWLRQ 7KLV LQW HLWIDIW QRIQV HERBKESQ PR D REXQWMDWIHQ WR V\
GHWHUPLQDWLRQ RI SURSHUWLMHWV XIPKE LDV W BWE W X® K B HSHUYHVOHRSN D

E &RUUHVSRQGUGE JDDXMNORHL O #6JPIDN.CIDHE R P
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URFN PDVV PRGHOV E\ GHILQLQESRERPH® BUNVSMRWK DY FOXVWHULQJ
MRLQW RULHQWDWLRQ VSDFLQMRRQ® \SHQVURMHOBREINHR@Y -LPHQ
SDUDPHWHUV DUH HVVHQWLDO |RQWXPGYXAHG M VQRXBO WISSSU\RDFK FRF
URFN PDVV FODVVLILFDWLRQ V\VRHDRW BQG ¥EHBWGDIO FOXVWHULQJ |
VIVWHP DQG VWDELOLW\ DVVHVBFMQWRL QY \HXQ)\HIIRHHW HIEOW KH EHV\
SURMWN®: KHQ DQDO\]LQJ MRLQW DBBBSWDRDHFEILOMHUVURXSLQJ MRLQW
DLP WR FDWHJRUL]H MRLQWYV LHMDR X\DVENVGINW KEHHHBHRE®RGY VWDQ
VLPLODU RULHQWDWLRQV IX]]\ HTXLYDOHQW FOXVWHULQJ DQG
&ODVVLI\LQJ MRLQWV ZLWK VEKRUROUJKWDQDFWKHLIW VGFDQWDJIHV D
LQWR WKH VDPH JURXS LV DQ HI4HOWLW HBEHW QR 8 GIRMUKH FOXVWHUL
VWDWLVWLFDO DQDO\VLV RI URPONRMRWEWWQTGRGH®BDESHELD IX]]\ &
WHUPLQDWLRQ GLVWULEXWLRQ FQ¥WWBUE® 8 D\& SRIRDHFE RWISQJ URXJK
MRLQW VHW RULHQWDWLPQWHRQWR YSK B J6 PIQMLABWLMT XBEBHDRXQG WK D
SURMHFW I6F@PRIBYRSRVHG D FRXQ®/L)QJ DUH G\QDPLF FOXVWHULQJ DC
DSSURDFK IRU FODVVLI\LQJ MRLQX\WHG URE NG RRPUNDEDGIAR QIR RN PLOQ/V G X
ZKLFK LV VLPSOH DQG XVHIX0O +RRHWKHLWHKIHGURKSLYBQVLWLYLW\ W
UHVXOWV DUH LQIOXHQFHG EERWKHWHWKRENUBKAXLVWH DQ LQLWLD
H[SHULHQFH LQWURGXFLQJ VRPHKOFK HOLRQ MXEDGWW®LYDWNFWY WKH
6KDQOH\ DQGEDKWWEH REMHFWPWMW KREGAW GRIWHFW ORFDO RSWLPDO
WR DGGUHVV WKH VXEMHFWLYLWXERSWIHPDQ WHRXBU@ILVEBDRRG DOVR
JURXSLQJ RI WKH FRXQWLQJ GPIMWKRGQDWURXHU WKH QXPEHU RI
LPSURYLQJ LWV RSWLPL]DWLRQ QRDNW BR DAV GHWHF®OARQ FKDOOHQJ
> @UHVHQWHG D FUXFLDO FULWHUIRRQ GBUHROD WKILIWLRUREKOMP QXPHU
GRPLQDQFH RI MRLQWV XVLQJ WBMHFRRQWLWQDWHHWKXRERQGXFWHG Lt
7KLV FULWHULRQ LV EDVHG RQ SDRSRPHEHSRWVIHQHUBDRGIEWLRQV W
IURP WKH 3RLVVRQ GLVWYIGE XVRISRAOLPRRHIQQ WL ID® FOXVWHU@RJ FHQ
LPSURYHG WKH DSSURDFK GHYHDRS HGHEHBKBRBUY DRRQGXFWHG YDO
ODKWDE +RZHYHU WKH GHQVLMOXRWISRO HARLKDNV D DQGHOWMKHIG R
VLIJQLILFDQW LPSDFW RQ WKHFRRXQWWOULWWERKYLTSHFHQWO\ VRPH
YXUWKHUPRUH WKH VDPSOLQJ YRPVUH G VKRB © B WKKRGVLIHNH VRIW FRP
WKH UHIHUHQFH FLUFOH ZLOO LPA-B/WB MNH WKIHV WQ B \VD/A.JREDLWIKRPY WR VR
RXWFRPH® ILHOG RI PIQQABUWQJ WKDW LQYROY!
7KHVH FKDOOHQJHV KDYH GULRK® MR RHPKDD WP © KNG K\GUDXOL|
PHWKRGYV WKDW HIILFLHQWO\ FPDWWEHYV URFN P D \@@ N\DRIL@QW M@ DO
7KH FOXVWHULQJ DSSURDFK FRBMPE®QWXWIDGNVIHRG LWKWWD OLQWHJUDW.L
FDWHJRUL]DWLRQ HIIHFWLYHO\DOSRULMVKAHW ZWWIKV DJHHBOXVWHULQJ
+DUULVR®MSSOLHG WKH WUDGLWLHROQOD DIX]P &RZHUIXO WRRO IRU RS
PHDQV FOXVWHULQJ PHWKRG W FEXWAX GO JUKE & BRHYEBIBER DQMW@D O
JURXSLQJ EDVHG RQ IX]]\ WKHRD\Q D®YH&HRO XOMHHWRMRLQWY EDVHG R
WKH VSKHULFDO QDWXUH RI MROEQYIWHK HBBHUMWQWHG EQGGIVXUIDFH P
GLUHFWLRQ DQG GLS DQJOH WKHFSRHRVK 8 GWKDHV DLW LW BWRL® BHH FRO
LQ KDQGOLQGDWSKHWDPPOK DQGWE&HURMOWDWLYH VFDOH FKDRV RSWLPL
> @PSURYHG WHKHDIRM\ BOJRULWRRWWRIULQY @®G HWHDMS®OLHG
HIILFLHQWO\ KDQGOH GDWD ZLWK @®HWSKHDIQAM & RORDXFWRBHRWKHU K
+DPPDK DQG &®DYBH[WHQVLYHONR/ WREDBOEH )&0 FOXVWHULQJ VWDEL!
WKH VHOHFWLRQ RI GLVWDQFHLPHBDAOWOH\F OGXNW MR QUK FHOWHUV DQ
PDMRU LQIOXHQFHPRQ QVKPHMWKE&QYYHUJHQFH $GGLWLREWLAOQIHGRQJ |
FODVVLILFDWLRQ UHVXOWYV TXDQWXP SDUWLFOH VZDUP RSWLPL]D
+RZHYHU WKLV DSSURDFK UHSURSHUW DIRFRO IVBDUBK PDWHULDOYV
RSWLPL]DWLRQ ZKHUH WKH LQLWDN® DFD RQ\E HIRDGBPRIQBWHWD W H G W K
VLIQLILFDQWO\ LQIOXHQFHV W KHK HUBNVXW WRO H=KRXUMD QSWLPL]DWLRQ
ODHY] BRQGXFWHG D FRPSDUDW LH[K LIEQ WOAVDL K XML EDSDELOLW\ LQ VRC
IRXU SURPLQHQW JURXSLQJ WHMHEGQLOXBY SQRBOHYW LQ JHRWHFKC
QHLJKERU DOPRDQWKPX]]\ WKHRURXPR®L >HV@MIOR\HG WKH 362 DQG -
YHFWRU GLJLWARG@L JXHPHIPEG 6 LRMHDMUDKHXULVWLF DOJRULWKPV WR RS
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GHVLJQLQJ UHLQIRUFHG SUHFDBD® HRRHQMAHIOHRNGH GH O BPIHDWMHJIUDWHG PD
7KHVH DOJRULWKPV DUH HIILFLIDGWURDH KWIR W B HHG MVAPWILRQJIJURFN PD\
VHDUFK FDSDELOLWLHV LQ ERM KFRH[BLORIQDPMIXAQY SP@QGVWHULQJ VX
H[SORLWDWLRQ S KD\@HP REEK\DW U DMMHIFB/ROQO UHJUHVVLRQ DQG UDQGRP IR
WKDW FRPELQLQJ WKH *HQHWLFLBESURYEVMEKBUHG LFMWNKH DFFXUDF\ K
3DUWLFOH 6ZDUP 2SWLPL]DWLRKIIHMAW L YFHDEDHEWF MY WHULQJ LQ HQKEL
HIIHFWLYH DSSURDFK IRU VROYAMRIKERRSOHDUQIYRUMRUBFEYWY <R(
SUREOHPV 5H]DHL>D X BNID\GULIDDB@KDQFHG DK .PHWKRG IRU URFN
SUHGLFWHG WKH XQLD[LDO FRPIURXBILYH VWWIHRI WWKB8&61IHXWURVRS
Rl URFNV E\ LQWHJUDWLXXJ]W K H $$IRIM WKHP 1HMSURGHPRQVWUDWLQJ LF
,QIHUHQFH 6\WWHP $1),6 ZLWBEQ®KHIIERQH@A\F WKURXJK RSWLPL]FH
$OJRULWKP *$ DQG 3DUWLFOH BARWMH Q8 WD@EIH R BRGR® XOW\RHPDIW H G
362(VPDHLO]DGHK B QEBQMKWKEGXEMEW KRG LQWHIED WD MREMQW GHWHFV
DQ DGYDQFHG IX]]\ FOXVWHULQ8V DB DRPR&GLING $OH[1IHW &11 IRU F
XVLQJ HYROXWLREDWHN G RISMLIPQPIMBICRD) KLHUDUFEDNBG GABRVWWULQ
WR FODVVLI\ MRLQWY DW WKH BXSEDLF KV X QEHO GBRLHYPHG KLJIJK D
/IRUHVWDQ 7KH PHWKRG GHPRRYWRYHEH GV R\ WRQOBGHHEW LRIQF DIV L R
SHUIRUPDQFH EDWR&CREL QDMNILMHVERNSUHKHQVLYH UHYLHZ RI WKH OLW
+DUDEDY]L OKRXHWWH HYDOXDW LG AWBHOMNWILDHGEDIHG GHIULVWLQJ VWXGL
HW>D@HYHORSHG YDULRXV SUHGLEMDWHHRE HOVALQEHFWLRQDO GDWD
XWLOL]HG)&9P1),611 DQG QRQORKHNDAIUHPHQWY GXULQJ WKH FOXV\
UHJUHVVLRQ WR HVWLPDWH WK@¢iS WRIFIN FBDWOX @QKHHORODEERRWD ®RI GLUF
LQGH[ OHYHUDJLQJ VLPLODU KGHUIHGG DRBQY DXV IURWP WKDW RI FR
MRLQW FKDUDFWHUL]DWLRQ@ /RWHDOTREG RU]IQXPMUR®DO GDWD GXH WH
GHPRQVWUDWHG WKDW WKH 3DUWQ6E O3 ¢ AWUUE 2WWR O LRDWDL. R'RGKHULFDO
362 DOJRULWKP DQG PHWDKBEGUWHWNHVPWWIK\WRGNS E\ H[SOLFLWO\
SHUIRUP EHWWHU LQ VROYLQJ FRPBAHWPRQD®JI FKOIDUDFWHULVWLFV RI
SUREOHPV 1L NDN&MWPDRIQMW UDW HG WEBMEIRVHG FOXVWHULQJ IUDPHZR
WKH FRPELQDWLRQ RI *HQHWLFVROIJRUIHWKEBIRYLWRKS HQVXUHV D PRI
BDUWLFOH 6ZDUP 2SWLPL|DWLR®OLIBROHFDUHSEMVHQWDWLRQ RI MF
UHIHUHQFHG IRU VROYLQJ FRRSOOILILFORWIKHGROQFLQI WKH U
SUREOHXPNW D®SWLPL]HGEDY HGOJHRPHFKDQLFDO UHOHYDQFH RI W]
URFN PDVV FODVVLILFDWLRQ PREHWRFKRRIQV 362 *$ DQG

*12 7TKHLU ILQGLQJV LQGIRPBWHG WKBPWQOQMKHYWXGLHY DQG UHYLHZV
PRGHO DFKLHYHG VXSHULRU SRYWRBPMHGF HHOXX¥WHUILQJ PHWKRGV F
WUDLQLQJ DGYRFDWH@HYROBDWEGRQVWRYIMWMRLQW VHWYV LQ URFN PDV)
WUDGLWLRQDO PHWKRGY @LDBAXH RSEWLPDO LQLWLDO FOXVWHULQJ
GHPRQVWUDWHG WKDW XVLQJ PG VRISRG\P L B3 WPBFIR®WWS S WKIHF & 7K L
PRGHO HQKDQFHG ZLWK WKH *UWWXGR ®ILRBMRIEHMYOOFOXVWHULQJ PH
*:2 DQG 3DUWLFOH 6ZDUP 2SWLEHIPWILIRIQJIZSMRLQW VHW FDWHJRULH
DFKLHYHG VXSHULRU SHUIRUPDRRPELQHYUWRHFMOLQPRRYKMHDUFK +6
%DENJHDN SKHQRPHQRQ LQ EODSWUWILRSHVRZWURQRSWWPLIDWLRQ 362
WKH &KDGRUBPDQY RWQ@IOYHORSHHUIRUPDQFH PRHDIXY]\E& DGGUHVVLQJ '
WKHPHD®62 PHWKRG LQWHJUD®ILRLIW BWELRGY RSIVH [LR/AV K QEIUR IBWPKRN K R
SDUWLFOH VZDUP RSWLPL]|DWLRZDYLMWSKSODRE WK HRWVWER\ MRLQW VH)
DVVHVV URFN PDVV TXDOLW\ 7iHBMWX WHW XQWWYK M KKLHXQ FRSSHU PL
VWURQJ DOLJQPHQWHDRBWWZHHQ

FOXVWHULQJ DQG FRQYHQWLRQ®mODWHEDRYIOR/ DIX® O HW\KR GV
FODVVLILFDWLRQQXUWVFREFRXUMDF\ THR®RIJLFDO VWXGLHG DUHD

UHOL DEIDQ \WW @AW URGXFHG D '%

6
EDVHG DSSURDFK IRU LGHQWLI\L ‘ N %%%V[BSR%gggk‘
MRLQW SDUWLWLRQV &RPSDUD \V QgéﬂNKH(DVM,$
&PHDQV FOXVWHULQJ UHYHDO w

DFKLHYHG KLJKHU DFEXUDF\ E\ PnggﬁﬂlfagﬂN;XH
RXWOLHUV OHDGLQJ WRQRHW
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ORQIJLWXGHYV DQG 1 ODWLWXGHRX D B8 BIQGHGMMD RILRQP H[WHQGL
R PHWHUV DERYH XVHD @QHYIHDHOHYDWLRQ RI P WR WKH ILQDC
DGGLWLRQ WR FRSSHU WKH GHSRVLIKSHRQWDRQY ORBHKEIRKHY DUH
YDOXDEOH PLQHUDOV LQFOXGLQUQPRABLEHEWQIBWEOFHRONMY BGHQLQJ WKFE
VLOYHU &RSSHU LV WKH SULPDRS HRXWEXRMY RR WEHRBIRE N PHD/WVZLWKL
ZKLOH PRO\EGHQXP LYURRQX\WFIWE HAMHKGI DPEQLQJ DUHD LV KLJKO\ IUDFW.
JHRORJLFDO UHVRXUFH RI WKH XGCHISIRUIPWIHR PHHVAM DRDWBG SMRRSHUWLH
HEHHG PLOOLRQ PHWULF WRQWLWW ZKWK DRFWRYHHBYYVY 5DWLQJ 5
UHVHUYH RI DSSUR[LPDWHO\ DESWURWM. DOV BOHUDJIJHQGLFDWLQJ D F
JUDGH RI TKEXLQH GHVLIQ LQ&DPLWMWHRURVY WKH PLQH

-’ ”»“:_- -
2 N RN A N e
JLIXUHRFDWLRQ RI 6XQJXQ FRSSHU PLQH

7KH 6XQJXQ FRSSHU PLQH ORHADWHE2WLIWKE Q2WKHKLFK DFFHOHUD
SUPLBNKWDU PDJPDWLF EHOW ZBPMMKHUWUQLIEBROMVNVHY UHGXFH VXL
FKDOOHQJHV LQ URFN VORSH DQMDERQGUWDVGEHXADWRUDSHUPHDELOLW
FRPELQDWLRQ RI JHRORJLFDO WRSERQULOBKNHROMRXRLYKQHDW WR VORS
LOGXFHG DQGUHBDDWKIBULQFWRBHOWRKHLQJ PHFKDQLVPWKDIZQFOXGL
JHRORJLFDO IUDFWHZRUISREB®&VUIIMWOHWPLIFHKDO ZHDWKHULQJ WKURXJ
LIQHRXV URFNV LQFOXGLQJ JU B QIREIDIVRIGXF H @ QOG- IDRIQIAFDWLRQ DQG
GLRULWH KLJKO\ SRURXV YRORURMFAODMWVLFVXRRKPDIMR@ODQW URR
DQG K\GURWKHUPDOO\ DOWHUHG PX@OIWD/Q HRWKOU B EX@ 6 GBIFU R EM D Q/\M
PHFKDQLFDO VWUHQJWK DOO VRKHZKLFKQ FIRROQNVRLEMRMRWY 7KH KLJK
GLUHFWO\ WR VORSH LQVWDEL @\ MRKHWMIVRIJM LEFODIJWGE LQFUHD
WRSRJUDSK\ FKDUDFWHUL]HG BODQYBPBSZNORBHNQBELWRSSOLQJ IDLO)
HOHYDWLRQV UDQJLQJ IURP "WRWHFKQHMDHOUM QYHVWLIDWLRQV |
DERYH VHD OHYHO DQG LWV GHHIJL D) FARR/MSU NDWVLOHA VYV W UHQ JW K
UHVXOWLQJ IURP IOXYLDO HURVERQJIXQGPWHE®QR Q UH D DLW EHW ZH
IXUWKHU LQWHQVLI\ JUDYLWDWLORB@DORDSBRORIIFWE OAMKDIMAHY DQG W

OLQLQJ RSHUDWLRQV H[DFH U E DWRX Q/&KHDM HRK DXAUUOWHKQHIHWOHYDWH WKI
E\ JHQHUDWLQJ DLUERUQH SDUWDE® XD MWHW RIQIBXN D BLSE® \J DAKHHY Q X PHU R X
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SRUSK\ULWLF LJQHRXV URFNV BE@DQW VFHWWLFQ O KIROWWXE\ GDWD Z
GHWHUPLQLQJ URFN PDVV VWUHEHQRK PO GLRYWKBOB®OXQORGHFRSSHU P
VWDELOLW\ 7KHVH MRLQWYV FIFR PBDWLO F A LQUWRHPBFRHHY WXL U N HB Z
IRUPLQJ VWUXFWXUDOO\ YXO QH BB BKHR GRIGRHIV VWKWK QKD BHRORJLFLC
SHUPHDELOLW)\ DQG UHGXFH VK HDUK WEHQUMNK D8SHRIGILHFW ILHOG DS
RQ WKHSLS DQG RULHQWDWLRQU WMRRMHV LPD\ WEEWQDWHHY VXFK DV
SODQDU ZHGJH RU WRSSOLQJ IBKAWWRHVYDRB HRQW WKW AKMMNXQUH S
WKH GHYHORSPHQW RI FLUFXODWG FRPGOH FRDWWHDWYRQ WKH FC
DIIHFWLQJ PLQH EHQFKHV DQG VHOQRISEHO/HAVL RIHH DBHVROXWLRQ PHDVXUHF
*LYHQ WKHVH FKDOOHQJHV SBHWKVRLQEIPQW L LIGADWWLWRRHQWDO ELD)\
FODVVLILFDWLRQ DQG JHRWHRKQLEDW H G VIVH WA B ROWHIAMER Q R
MRLQWY DUH HVVHQWLD@HRR HQ¥IXWKQHDRK M RQLR@JFKDUDFWHUL]HC
VWDELOLW\ RI URFN VORSHV LQ GV} BWQBRQ@ PPH\DH QW 0 UHIOH ER[SORW\
$ FRPSUHKHQVLYH PDQDJHPHQW RONUHFWHIG GFIRWBORAKGHVH ER[SORWYV
ZLWK FROMR@WRRWYLQJ Rl JHRW RKKWOLADWD YIDIXHY DUH SUHVHQW LQ
HQYLURQPHQWDO FKDQJHV FD @ DRIMLLFIOONMH Q\QXMWWDKELD WKH GLS GDW
ULVNV DQG HQKDQFH WKH VD IHW\ R HROLALIQD RS ISWHIWHR@VGHYLDWLRQ
HOLPLQDWHO MHKUWNV HURRWWKH GDWDED
OHWKRGRORJ\ VI\VWHPDWLFDOO\ LGHQWLFRWHHVH R:

$OWKRXJK XS WR  FKDUDFwHULY REVZ v MR %QiKLFKFvaGDS
EH UHFRUGHG LQ WKH ILHOG RQ %‘a ® v_dS'L$'[ AP
DQG GLS GLUHFWLRQ DUH FRPP wh ‘B W=

;

JLIXUHODSSLQJMRIWQRHDFH VXUYH\LQJ PHWKRG ZLWK D FRPSDVV FOLQRPHWI
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7KH6FRUH VWDWLVWLF ZDV XWL=O=LAE\§UWR HOLPLQDWH
RXWOLHUV IURP 6/F Ri HG DDWODY R7 K RZ Q
WKH VWDQGDUG VFRUH LV D VWIDWIGAYLEBDO ESIPHALX B/ QYK D W

FDOFXODWHV WKH H[WHQW WR ZK Lfoky o RP W RHSERB-R MW 1Bk [ THUV
IURP WKH PHDQ RI D GDWDVHW HJSUHVVHG LgUWHUPv

R I

VWDQG GHYLDWLRQV ,W LV XWL®PCYHRERGPR ©GYHRMRWERPRT WKH GDWD
VSHFLILF VWDWLVWLF LV ZLWKLQ DVMKH SRXQ® W DOKBWR H[FBHGHG W
RXWOLHU LQ FRPSDULVRQ WR WGHY UB\WDRQVQIU RS WE H 7/KHHDQ ZHUH FF
IRUPXOD (TXDWLRQ IRU WKLV BY® GRDOW HRQ HQWIOA WWFDXIBEH G IURP W

E\ $JJDUZDO @W DO HOLPLQEDWLQJ WKHVH RXWOLHUV D
= [ 1 GDWDVHWY ZHUH UHWDDEE&d8 IRU WK
VXPPDUL]HV WKH PHDVXUHG SDUDPHW
ZKHUH
TDEOHOSXW SDUDPHWHUV DOG WKHLU VWDWLVWLFDO FKDUDFVW
-RLQW MH}XPEHU RI1 9DOXHV
FKDUDFVVHB@%VVLHMNDVFHND[LPI OLQLP OHEL 5DQ 6WDQGDUG
'L 'HJL

'LS GLL 'HJL

7KH RULHQWDWLRQ RI MRLQWYD UK WKHUGWMLIFPWLRFWRVLDG YV FRUUH
JHRPHFKDQGRDWUXFWXUDO DQDMEBYV[ISVUWHKF SO BAMMHVH GLUHFWLRC
LQ WKH FRQWH[W RI URFN PDVWEXKDWYDVF\WUHHLPDWKRI®DDMGDOO\ IRUP:
VORSH VWDELOLW\ VWXGDRVOH W l,k/(&/ XG\ WKH HTXDO

XSSHU KHPLVSKHUH SURMHFWLRQ FKQLTXH LV

HPSOR\HG WR PDWKHPDWLFDOQO) 5 HYQROXDWH WKH

RULHQWDWLRQ RI MRLMOPWVFD@RMLFK DU

UHSUHVHQWHG DV SROHV LQ VWHUHRJIUDSKLF SURMHFWLRQV

JLIXUH 7KH VSDWLDO RULHQWDWLR% RI D MRLQW LV
FKDUDFWHUL]JHG E\ WZR IXQGDPHAEWBY¥HspubPHWHUV 'Ls
GLUHFWLRIQH D]J]LPXWKDO DQJOH .RHBVXWHEWLRQ RI WKH MRLQW
FORFNZLVH IURP WKH QRUWK UDQJL,QJ W

'LS DQJO/HKH LQFOLQDWLRQ IURP w%h%K%W'ﬁeé\'N H N{RLQW

SODQH UDQALWB>UBM D &DUWHVIZE8BVH HTXDWLRQV GHVFULEH W
FRRUGLQDWH V\VWHP RIKH X\HGF RRIPOHOOVWAM VRR UWKH XQLW QRUPDO
WR LQGLFDWH WKH GLUHFWLRQ RRO QWHAWMY 8OD GH | 7@ H vVWKH \RRUHQ W |
LV HVVHQWLDO IRU DFFXUDWHOW K@®WHHPVY IQR QD OWK$DF¥EDWKIBH A HV XOW
RULHQWDWLRQ DQG LV FRPPROOKHQ[SYVWRNMHEWKGLRORQWHR HXOSBEHMTXELC
GLUHFWLRQ FRVLQHW I RKNHDQRR POW YHFKHUH DOORZIVOQWHURBRIBDBKLY
LV GHIL®@H Glyidpd(; 4Z K H Ugdt; D Q\G UHSUHVHQWDWLRQ RI WKH MRLQWYV
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7KLYV VWXG\ XWLOL]JHV VWHUHRJI z R
YLVXDOO\ LOQOWHUSUHW WKH RULHQ\ MRLQWYV
7TKHVH SORWY DUH LQVWUXPHQWDC WKH
JHRORJLFDO VWUXFWXUH DQG LGF NLDO

NLQHPDWLF IDLOXUH PRGXWH 6SHFL
LOOXVWUDWHY WKH VWHUHRJUDSKLF
FROOHFWHG IURP WKH 6XQJXQ FRS!
UHYHDOLQJ WKH GLVWULEXWLRQ DQ!
MRLQW RULHQWDWLRQV

North MRLQW VHWYV
X W
NWHUQV RI

J)LIXUMBHSUHVHQWDWLRQ RI YHFWRU GDW
VSDFH > @

D E
JLIXUHBFDWWHU RI MRLSKH GLIDAW BVERBEPIHQVLRQDO VSDFH HTXLYDOHQW WR
KHPLVSKHUH

2SWLPDO QXPEHU RI FOXVWHUYWHUSUHWDWLRQ DQG ODFN RI D Sl

'"HWHUPLQLQJ WKH RSWLPDO Q r lkE ﬁ ‘%)R%(RHWGDDLQD F
IXQGDPHQWDO VWHS LQ GDWD L \U Eﬂq K Hy%(
LQIOXHQFHV WKH DFFXUDF\ DQ l KI%
FOXVWHULQJ UHVXOWYVY ,Q WKL | H9 EB g W R\%KH RYRUD

ZDV HPSOR\HG WR LGHQWLI\ WKH \/XLWDEOH QXPEHU
RI FEMVW 7KH HOERZ PHWKRG LV ;D ZLGHO\ __
UHFRJQL]JHG DSSURDFK IRU VHQHEWSEQUWWKLE LPDO

QXPEHU RI FOXVWHUV E\ DQDO\]LQJ/WiH i SHUFHOWDJIH RI

YDULDQFH H[SODLQHG LQ UHODWH}\K/{% WR WKH QXPEHU RI
FOXVWHUV 7KLV PHWKRG VXJJ VIEKRRVLQJI WKH

QXPEHU Rl FOXVWHURWKKHU A OX&W/@AHIUG BRRI GDWD ZLWKLQ HDFK JURX
GRHV QRW OHDG WR D VLJQLILFDQ +%%?Y%W@%§/@W§QWQKH
PRGHOLQJ %\ SORWWLQJ WKH SHUF H YDUL

H[SODLQHG DJDLQVW WKH QXPEHU R2 FIOXINWG PV D\WY KR MW GD®/ DV HW
FOXVWHUV ZHUH REVHUYHG WR FD Dy, V \Wi}. D O
DPRXQW RI YDULDQFH IEQQWFDWE(?%K#H\VL'?bE%yWQQU\'L
FRQWULEXWLRQ WR LQIRUPDW L<R@F’ ®B\S D HRLOWEDIMIRRKE Q W K H

+RZHYHU EH\RQG D FHUWDLQ SRLQ H W
YDULDQFH H[SODLQHG E\ HDFK QH%%)W\W#H%QfL@#LUQIE@%&SND SRLQWY
FRQVLGHUDEO\ IRUPLQJ DQ HOERAWKIKESMRAEH QMXWHLDQFH LV VXEVW

JUDSK ,GHQWLI\LQJ> WRKRHEDERZOPRUIEW WKDIU RXKHH ZL WKY@OX HWKH )
LV RIWHQ FKDOOHQJLQJ GXH EWRRAHWW VUXEMHEWQWH®\ KLIK LQGL
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VHSDUDWHG FOXVWHULQJ VWUX&WMNDW XU R KYLHEF AEENRKHRIGEH Q W H U

HITHFWLYHO\ TXDQWLILHV WKH RSWEPDGQ) FOFXVIRIH @XPESE L 11HUHQFH
E\' EDODQFLQJ H[SODLQHG YDULSD@BQWD%Q{@Q\H%%HSQNKH FOXVWHU FHQ\

FRPSOH[LW\
>F% *7KH GLIIHUHQFH EHWZHHQ WKH W

)X]]V FOXVWHULQJ %\ PLQLPL]LQJ WKH REMHFWLYH IXQTF

7KH )X]]\OHDQV )&0 FOXVWHUWHKYH )&0 DOJRULWKP LWHUDWLYH
WHFKQLTXH LV D ZLGHO\ UHFRJ9DPHEE Wb\ SFRY%QG FOXVWHU
XWLOL]JHG DSSURDFK IRU IX]]\ FREPREHR Y QYK D HULQJ DFFXUL
GLYHUVH ILHOGV ,QLWLDOO\ LQWUW@%FﬁBCEW%HjéHN)‘MN WHFKQLTXH
> @Q ZLWKLQ WKHLU GRFWRY S PRSEZNUVRU D PRU
)&0 KDV VLQFH JDLQHG H[WHQVL Y} LsEs(b'iFé P*V?L % wBDWD SRLQ
wy&0

DQDO\VLV GXH WR LWV |0H[LEL5D\)§WE56)['§;§ R Ry [exv Ry
KDQGOLQJ XQFHUWDLQW)&® FOXV DOJRULWKP

LV D GDWD FOXVWHULQJ DOJRULLWWKE' B g)AG R WUM/L\XYLKF?'Q FOXV
D GDWDVHW LQWR F FOXVWHUV PHN\EH \U&LJ HDEW U W IRk YH RS
D VSHFLILF PHPEHUVKLS JUDGH YRY ¥ F7d<>k\YV\/-A’YJHL"/RWLYH SURFHV\

SULPDU\ REMHFWLYH RI )&0 LV WRSEFRDOV\HRW FR@WWMRGHOREMHEWLYH |
GDWD REMHFWYV LQWR F \GLVWAHEW VKPR W HEYH Bl K WKWHUKR
PD[LPLILQJ FAOQWUDU VLPLODUEWRWHRY PYH FRPSXWHG XVLQJ WKH |
PLQLPL]L GO X \QMHU VKFH. GDUALIWAH W wg’%: o3¢ =
UHSUHVHQWHG DV D $DWWDL[ $ GH |
R ZKHUH HDF K. CROMSL IS\RH\D W mexug
H[SUHVVHG DV ZKH

D "D D PP°D7KH REMHFWLYH |X@£WFB@VWHU FHQWHU

)&0 ZKLFK JXLGHV WKH FOXVWHU va
PLQLPL]LEFDKYWHD GLVWDQFH DQU [é\kﬁ ECRWRISKKEW IRU WK
LQWBXVWHU VHSDUDWLRQ LV IRUP v IROORZV

s —GtG?UGDWD SRLQW

CR LT T ig:®:¢§; J*7RWDO QXPEHU RI GDWD SRLQWYV
P 7KH XSGDWHG PHPEHUVKLS PDWUL]J
ZKHUH XVLQJ WKH IROORZLQJ HTXDWLRQ

X+tPHPEHUVKLS PDWUL[ LQGLFDWLQJ WKH PHREHUVKLS
YDOXHV RI HDFK SDWWHUQ YHFWBH ”ﬁu (l-ﬂJE%FK FOXVWHU

Y*tFOXVWHU FHQWHU PDWUL( FRQWDLQIA@‘I‘YWKH FRRUGLQDWHYV
RI WKH FOXVWHU FHQWURLGYV UH

ZKH
fyptPHPEHUVKLS Y&GOM WHW@H HFWRU WR
W HEHF O X VW H U (% +XSGDWHG PHPEHUVELGDWDOXH RI W

@.+* 6TXDUHG (XFOLGHDQ GLVWD QFHS RHWY BRAD YK U DW LWHUDWLRQ U
SDWW H UKD Q6 BRBX BPWHUY FHQWHU@&+HXFOLGHDQ GLVWEGTHVDHSWZIHHG W K

W LV LPSRUWDQW WR QRWH WkBRCRERXBWBE FH@¥HY
JUDGHV PXVW VDWLVI\ WKH XQLWF:WRQ\DW WXPEWU R QROMMOHU V
WKDW WKH VXP RI PHPEHUVKLS Y&@%@UHWLW%@&\A&%\%WWHS
SRLQW DFURVV DOO FOXVWHUV HTXDO (XFOLGHD O

GLVWDQFH BN ®3ZWMWe WX M EEWRU D7$§ UDWLYH SURFHVV LQ WKH
FOXVWHU FHQWHU LV FDOFXODY GQ@N/*EIMWW?(@%%Q)%\ZY HSV &DOF

HTXDWLRQ QWHUV ™ 'XVLQJ (TXDWLRQ 8s
e i PHPEHUVKLS PDWUL[ XVLQJ (TXDWLRQ
Lz Fosliz Fog 7KHVH WZR VWHSV DUH UHSHDWHG L

ZKHUH IROORZLQJ FRQYHUJHQFH FULWHULRQ

R+IHDWXUH YHEWRWRISWKOW N
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ZKHUH 7KH VHOHFWLRQ RI 362 SDUDPHWHU\
A H Y, H ULFDO VWXGLHV DQG
SEREMHFWLYH IXQFWLRQ YDOXH @\&é&@*@%bf‘?ﬁ% VLPLODU JHRWHFKC
0+t3UHGHILQHG WKUHVKROG LQGLPDEBEWIRIFWHWH RE8QY Y HAFHUWLD ZHLJKW

WROHUDQFH DGRSWHG WR PDLQWDLQ D VXLWDEO
7KH YDULDEOH U GHQRWHV HORKDOWH [ DRBRODRER@ SH[SORLWDWLF
2QFH WKH FKDQJH LQ WKH REMHRWUYH DXGEWK WG VIDP DD SDWLR 'S5

WKDOQ WKH )&0 DOJRULWKP LV FRBKLBHGKP OO\ UHGXFH WKH LQHI

FRQYHUJHG DQG WKH ILQDO E®HXWWMWLRRYQWHHHUHEGSURPRWLQJ

PHPEHUVKLS PDWUL[ DUH REWDLRPHEPXP QXPEHU RI LWHUDWLRQV 0D

DW DQG WKH VZDUPWVWR 36 ZD
SDUWLFOH VZDUP RSWLPLEDWHRQRQ $PHOLPLQDU\ WULDOV DLP}
DOJRULWKP FRQYHUJHQFH VWDELOLW\ DQG F

7KH 3pUWLFOH 6zpup 2swLBLiDWIRE' 362
DOJRULWKP LV DQ RSWLPL]DWLF =~ rim = = "©‘ -
WKH FROOHFWLYH EHKDYLRU RI
E\ .HQQHG\ DQG (BBIUKDU?2 LV
VWRFKDVW L E 5\R-SX GRIBW/ILRPQ ] D W L
7KLV DOJRULWKP HPXODWHYV ED
REVHUYHG LQ ELUG IORFNV ZKl w
WR ILQG RSWLPDO SDWKV IRU V
362 D VZDUP Rl SDUWLWBEW LU
VROXWLRQV IRU WKH RS@(IDFIKD
SDUWLFOH PRYHV ZLWKLQ WKH
LWV LQGLYLGXDO H[SHULHQFH
LQWHOOLJHQFH JDLQHG IURP ST s umtmte e cpom
SHUIRUPDQFH ZLWKLQ WKH VZ[ e

ntire population

VWHSV RI WKH 362 DOJRUNKP I J

,QLWLDOL]DWLRQ 3DUWLFOHYV
WKURXJKRXW WKH VHDUFK VSD
SRVLWLRQ DQG YHORFLW\ ,QL
DVVLIJQHG WR SDUWLFOHV ED

IXQFWLRQ HYDOXDWLRQ J)LIXUHORZFKDUW RI 362 DOJRULWKP
3DUWLFOH ORYHPHQW 7KH YHORFLW\ RI HDFK SDUWLFOH

LV DGMXVWHG DFFRUGLQJ WR ,W V+BXJPR@®Ws MPORKLW\6 LVGJRULWKP
GLVWDQFH IURP LWV SHUVRQDO EHVW VROXWLRQQ/ DQvG ,WV

GLVWDQFH IURP WKH JOREDO EHVWUR Q\HE’FB(%(/ HRVYEKH DOJRUL!
E\ DQ\ SDUWLFOH LQ WKH vzOUypW lL'EOHRSWLPL]DWLRQ Pt
XSGDIWHAN SRVLWLRQ XVLQJ WKHSQR.S@\VH@OFEXOMIH@(TJHGW DO@JRULWKP L

Update velocity and
position
—

Particle Population
Assessment

) IHU
Has the algorithm
termination
condition been
met?

YHORELW\ SDUWLFXODUO\ HIIHFWLYH IRU PDQDJ
)W GHPRQVWUDW

(YDOXDWLRQ DQG 8SGDWH § %@@% é

SDUWLFOH V QHZ SRVLWLRQ L H|W|E|erQF\ ZKHQ Gt

REMHFWLYH IXQFWLRQ ,I D EHW R WIDW KIRV W\

7KH SDUWLFOH XSGDWHV LWV SQMSR@M@ LEN\X/\M@RR/)&WLLEQIQO LPSURYLVI
DQG ILWQHVV ,I WKLV VROXWIERQ PXVHHW®HAQY WKBQ PRPSRVH QHZ

SUHYLRXVROREDROQ WKH JOREBGHRAVMW BFRUGOWLRW PLPLFV WKH ZD\ D F
DQG ILWQHVV DUH DOVR XSGDWH®HZ VRQJ E\ EOHQGLQJ GLIIHUHQW F

7JHUPLQDWLRQ 7KH VWHSV RI PRyHPH, W>E) leQx s\ B Yy SBRPHFWVWKH |
DUH UHSHDWHG XQWLO D WHUPMWIHv P SLWIREOIHy QRWHY DQG Vi
VXFK DV B5HDFKLQJ WKH PD[LP)HFOIQRW\ZHGHFUN WKHLU OLPLWHG PHPI
LWHUDWLRQV RU DFKLHYLQJ DDG&HS/ LFURIFSE LOW PWW Y BDR®HBH O@PHQWYV H
JLIXUWKRZV WKH IORZFKDUW R{HWKMHSZ6LZ RI WKH +6 DOJRULWKP DUF
DOJRULWKP ,QLWLDOL]DWLRQ RI +DUPRQ\ OHPR

+DUPRQ\ OHPRU\ +0 LV LQLWLDOL

UDQGRPO\ JHQHUDWLQJ PXOWLSOH VF
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SUREOHP GHVFULEHG E\ (TXDW|
OHPRU\ 6L]H +06 LV GH¥IL@HG L

[ Initialize the optimization problem and algorithm parameters ]
c c c -
i T¢ 13

R I: 18 |

T Initialize harmony memory Separate data based on objectives ]
A& AE AE ¢
[F: T¢ 1350

v
ZKHUH

T +GHQRWHYV WK # GHIE X M LIRIQWKCH
IRU BFXROXWLRQ

+06 LV WKH WRWDO QXPEHU RI
VWRUHG LQ PHPRU\

&UHDWLQJ D QHZ KDUPRQ\ IUR
KDUPRQ\ VROXWLRQ LV JHQH!I [(f"mk*f;ggmg;:;';gg;bwdm
WKH H[LVWLQJ VROXWLRQV VV :
OHPRU\ +0 7KLV LV GRQH E\ l
VHOHFWLRQ PHPRU\ FRQVLG
DGMXVWPHQW WR H[SORHH

HITHFWLYHO\

8SGDWLQJ WKH +DUPRQ\ OHPRU
VROXWLRQ LV HYDOXDWHG X

IXQFWLRQ ,1 WKLV QHZ VROX"VL“‘JI_'L?]'X‘EJ ﬁZFREt‘ﬁ’\X)"FW ;6 DOJRULWKP
WKDQ WKH ZRUVW VROXWLRQ FXUUHOWOV LQ“WKH +0

UHSODFHV WKDW VROXWLRQ HQV W 4
DOzZD\V UHWDLQVHWKH EHVW KDL;P %QéRWﬁ% ME@ d) FOXVWHULQJ

7HUPLQDWLRQ &RQGLWLRQ 6WHSYV HSH

G DUH U DWHG
XQWLO WKH WHUPLQDWLRQ FR 'W‘L%/ HBW‘PWR%(WZWG&FORGHO LV
FRQGLWLRQV DUH W\SLFDOO\ [RJ\ML;YQMVM)G EMVLUWY DELOLW\ WR FRP
GHVLUHG OHYHO RI DFFXUDF\ RYHPIBEKLED OED[@LMWP RI 362 ZLWK WKH
QXPEHU Rl LWHXDWOR®VWUDWHYHMKEHLOLW\ RI )&0 8QOLNH WUDGL
IORZFKDUW RI WKH +6 DOJRULWKRGHOV VXFKPHWNQY¥6RU P3BR2QV

7KH FRQWURO SDUDPHWHUV RE WK +BIVPIR %HH%WMD—U*V DQG D
+6 DOJRULWKP ZHUH FDUH|XOOV'¥99&S‘|=|V¥WYH13 IBH\}?Q/LM’J BRI QW IR
HIlHFWLYH EDODQFH EHWZHH &@6 QGOHV R
H[SORLWDWLRQ 7KH +DUPRQ\ 0 WY\ D B@ H V PRUH UHOLDEO
5DWH +0&5 ZDV VHW WR LUVIj_!]L NHR VIDULDELOLW\ )X
RI KITXDOLWR QAR OXWP PHPRU\ R7'5RXO'D RSWLPL DWALRQ QRATHUV [
LQWURGXFH PRGHUDWH YDULDEEGRYW\ M EQBR:DQ,@FYH“J%%QJ'T:W( FRPSDUF
GLYHUVLW\ WKH 3LWFK $GMva/‘Blgg'3ué \ﬁﬁvﬁ PDNLQJ LW PR
DVVLJQHG D YDOXH RI 7KH P‘bgL QDWD ZLWK FRPSOH]
LWHUDWLRQV OD[LW ZDV IL[HG LQ\K?RZL %KVL‘% BS WK WOBRH WKH SU
KDUPRQ\ PHPRU\ VL]H +06 @DV QQ\J\/R\W/'RWKPEDVH
RQ SUHOLPLQDU\ WHVWLQJ DLPHGQDM.DBSWWRRILQHILQH WKH QXPE
DOJRULWKPLF SHUIRUPDQFH DQGSDPRIGFOMUIRMIXFDWLRQ DQG DOJRUL

EHKDYLRU 'DWD 3UHSURFHVVLQJ 1RUPDOL]JH
RULHQWDWLRQ GDWDVHW WR HQVXUF
FDOFXODWLRQV

)&0 ([HFXWLRQ $SSO\ )&0 WR REWDI]
IX]]\ PHPEHUVKLS YDOXHVY DQG FOXVW

362 2SWLPL]DWLRQ ,QLWLDOL]H
UHSUHVHQWLQJ FDQGLGDWH FOXVWH!
WKH ILWQHVY RI HDFK SDUWLFOH EDYV
YDOLGLW\ LQGH]

WKH SUREOHPYV FRGYWHQVQRQ

) —

Z2z h

[ Generate a new harmony for the memory ]

Is the new harmony better
than the one stored i
memory?

Update harmony memory

Has the stopping
condition been met?
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BRVLWLRQ DQG 9HORFLW\ 8SGDWH F 8 SGHXWFID LSTHDMLEOMWDQFH EHWZHH (
YHORFLWLHY DQG SRVLWLRQV EDVHIBQRQ BIHU VYRGDWKBIQRSYHUD OO PHDQ
JOREDO EHVW VROXWLRQV

&RQYHUJHQFH &KHFN ,WHUDW H/ {vR iV} YW B Q@WK UaR \f V. PIAFHX OD W H G

FROQYHUJHQFH FULWHULD DUH PVMWRQORZ¥p[LpxP
LWHUDWLRQV RU PLQLPDO FKDQJH LQ ILWQHVV

)LQDO &OXVWHULQJ $VVLIQ GDWDO SRLQWVs WR FOXVWHUV
EDVHG RQ RSWLPL]HG IX]]\ PHPEHqJVléLS YD X H Vv

(YDOXDWLRQ 9DOLGDWH FOX\égH’@ J UHVXOWYV XVLQJ
LQGLFHV VXFK%BXO®WLHWDO VNL
+DUDEDV] DQG 6LOKRXHWWH VFRUHSWSHFLILF GDWD SRLQW

&OXVWHU FULWHULD HYDOXDWRRGE FOXVWHU

(YDOXDWLQJ WKH SHUIRUPDQFH*RIQEORERAKMGY

PHWKRGV LV HVVHQWLDO WR HQWXOXPRHKHRHRAPHYWHUHQHYVYV
DFFXUDF\ DQG SUHFLVLRQ RI WKHFFDISS@RMQL&‘LMM%lFIIXﬁ-MNZHHQ D GDW
7KLV VWXG\ HPSOI-R\XWN\EOJJ*/HKI{(HCPCD'IVM@U@ FWKH FOXVWHU FHQWURLG

IRU WKLV SXU SROAHD ESODQ LQGM &+,
'DYLWRXO,@GH|[ '%, DQG WKH 6 DRRYHWREPH FOXVWHULQJ VROXWL

6FRUH 7KHVH LQGLFHV SURYLEéHKLF]%PEﬁW%M' \@LWWD“”@GQ@RZ
LOVLIKWY LQWR WKH FOXVWHUE >W:'ﬂ/\}“‘x REH TXH@WO\ D
UREXVW FRPSDULVRQ RI GLIIH WUP&)H*W AW H 7L LEDWHV PRUH «
&DOL@BNDEDV] ,QGH| &+, FOXVWHUV UHIOHFWLQ
UHFRJQL]HG PHWULF WKDWVMHD%&UWV\H@ Hr QHNQGH[ "%,
DQG VHSDUDWLRQ RI FOXVWHUWY RPBQ\WWVWWR‘%W R/ R L @WQBH?
EHWZHODOVWHU  YDULDQEGIX VW R UM GMMWHU GLVWDQFHV RSURYLGLQJ
YDULDQFH SURYLGLQJ DQ LQGIPBYWYRY RRPRRF W QY DQRG VHSDUD!
FOXVWHUV DUH VHSDUDWHG IURF2 HDFK RWKHU ,W LV
IRUPXODWHG D® IROORZV t

ee :0FC(; &$ L—Ei |:-|\_\|8‘\_
%=HEF*=N= >EJCL I- e

CF s,
ZKHUH ZKHUH
55, + EHWZFHODQ/WHU YDULDQFH UHSTHARTEWP I HRK{YWHUV A
RYHUDOO GLVSHUVLRQ DPRQJ GLIEHYWIOM COXMWHRNDVEUBIQEHWZHHQ WK

55 +ZLWRODQVWHU YDULDQFH LQGLFOIWXYWVWKY wrRwDO
YDULDQFH ZLWKLQ FOXVWHUV EDOEXODWHG DV

N+*tQXPEHU RI FOXVWHUYV

1+WRWDO QXPEHU RI GDWD SRLQWY, | ~WE&
03
7KH WRWDE)OE(H/\WZHHJB@[&ULGQIFUQHG
ZKHUH
D¥ @
; ‘@+*$YHUDJH GLVWDQFH EHWZHHQ HDFK !
L3 S I I (R = B EDQG LWV FHQWURLG
'« ‘@+DYHUDJH GLVWDQFH EHWZFHHQ HDFK ¢
ZKHUH DQG LWV FHQWURLG
JytQXPEHU RI GDWHE' BAXgWMU Q WK+ HXFOLGHDQ GLVWDQFH EHWZHHQ W
| y*FHQW UR EGF 2 X WWH U FOXVEN Q3 V

| +tRYHUDOO PHDQ RI WKH GDWD $ ORZHU "%, YDOXH LQGLFDWHYV EH\
SHUIRUPDQFH DV LW FW)OHFMY OR
GtWKH QXPEHU RI FOXVWHUYV GLVWDQFHV D@® XV WHHIU VIHBDMKHD W LR Q
6LOKRXHWWH 6FRUH PHDVXUHV WKH |
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FOXVWHUV E\ DVVHVVLQJ WKH VERQORQLMR SKBIHWD P KQSR IGODW BARHW 7 KH
LWV RZQ FOXVWHU FRPSDUHG WRDRMEKHID &EORRWHBMDEWHLVFKDQJH

FDOFXODWAHG DV FRUUHVSRQGLQJ WR IRXU FOXVWHUYV
R HOERZ VKDSH %H\RQG WKLV SRLQW
5[[KQAEJCE:5;L " DX i .
K N ITRI RII DQG EHFRPHV QHDUMI[ISDUDOOHC
ZKHUH LQGLFDWLQJYV MKIDWKHQBOXYREHU RI FOX

R IXUWKHU GRHV OQORW VLJQLILFDQWO
5+*6LOKRXHWWHEY®GDWE BRLOMH FOXVWHULQJ VROXWLRQ

f¢xPHDQ GLVWDGFGDIWB FS RIKHW WR DOO RWKHU
SRLQWV ZLWKLQ WKH VDPH FOXVWHU

>+ PLQLPXP DYHUDJH GIY@&DWBH IURP WKH
SRLQW WR SRLQWV LQ WKH QHDUHVW QHLJKERULQJ FOXVWHU

7KH 6LOKRXHWWH VARRIH UDLQKHV IURP
SRVLWLYH YDOXHV LQGLFDWH WKDW GDWD SRLQWY DUH ZHOO
PDWFKHG WR WKHLU RZQ FOXVWHU DQG SRRUO\ PDWFKHG WR
QHLIJKERULQJ FOXVWHUV LPSO\LQJ KLJK FRKHVLRQ DQG
VHSDUDWLRQ 1HJDWLYH YDOXHV VXJIJHVW WKDW GDWD SRLQWYV
DUMHLNHO\ DVVLIQHG WR WKH ZURQJ FOXVWHUV +LJKHU
6LOKRXHWWH 6FRUHVY GHPRQVWUDWH D PRUH

H_RﬁL‘J/HQ D YDU||:|IIDI(5|FFHW§_HYUHFHQWDJH YHL
FOXVWHULQJ VEABWKDWHGO DQG F i &PEHU AR

FOXVWHUYV
7KH WHKYBPGIXDWLRQ PHWULFV &+,

LRL?RE&VF\HXVWHULQJ PR

LW\ ,Q WKLV

' 0,

6LOKRXHWWH FROOHFWLYHO\ )%iolfgéf%jﬁg
IUDPHZRUN IRU DVVHVVLQJ FOXVWH b
VWXG\ WKHVH LQGLFHVY DUH HPSGRMHG RORX\EWHEDbQH WEWRFHVYV KD\
SHUIRUPDQFH RI YDULRXV FOXVRMKHPUILMRAWHOINVWMIWKPWROGGLWY TXDOL)
WR GHWHUPLRMHO WAOK\RBMULQJ WWUQWHRUBRXV PHWKRGV $QDO\]ILQ
XWLOL]LQJ D FRPELQDWLRQ R VWPRHNDH PHIRHQ W VR IWKKHYV@/XWD HQDEOH
HQVXUHV D FRPSUHKHQVLYH DQEOYVYWRURLQD HYOOOADWLRQG DVVLIQP
RI WKH FOXVWHULQJ UHVXOoOwV WDNLQJ LQWR DFFRXQW RQYHHMLQIG-

'HVSLWH WKHLU ZLGHVSUHDGORVHUDHDRK MKW KGHDWD V JHRPHWUI
HPSOR\HG FOXVWHULQJ YDOLGLWRFDYGUR®YV KRDAHVEBHFLYILAXDO TXDO
OLPLWDWLRQV%RX®GGLDY ULHMGH|[ PBYKRIGY FDQ VRPHWLPHV EH LQVXIIL
RYHUO\ VHQVLWLYH WR FOXVWIOW RMHHUYBROXPOQRIPGPWRWDOQG LWV F
SHUIRUP ZHOO ZKHQ FOXVWHUV GDUWUDRESWOROQWVR D EGWHHVY WKLV V
7KH &DGDQWNED LQGH] ZKFOHWH DUH DYDLODEOH WR DVVHVV FC
FRPSXWDWLRQDOO\ HIILFLHQW WKLXPNWERDYWKEHOXYWOVWMHY RI WKUF
DQG PD\ PLVUHSUHVHQW SHUIRBPOBX®DWHG VR IXYAHOXDWH WKH HIIL
VKDSHG GLVWULEXWLRQV 7KH HWDBKROMXVWH ULRHIIRBWK®RE 8VLQJ W
WKRXJK PRUH UREXVW UHOLHVWK® DQSYBIIEBYY WDYFROXVWHUHG E
ZKLFK FDQ EH VNHZHG XQLRRWORSWLFRDOQE&NHPEBXVWHUV IRU WKH Ul
GDWD GLVSHUVLRQ 7KHUHIRUHGDUMDWHE®/WHRRZ \P YVHKW LK@V VLILFDWLR
LQGLFHV SURYLGHV D PRUHXVERIDGPHDIMWAVKPV HIITHFWLYHO\

FRPSUHKHQVLYH DVVHVVPHQW RURFONXKWREQWQ & BPWHOLQWREIREKU GLVW!
SUHVHQWY WKH HYD O XdbW HREQGHHYADU L F

SHVXOWYV FOXVWHULQJ $FFRUGLQJ WR WKH WDE
'"HWHUPLQLQJ WKH RSWLPDO QRREHYUHRE WEKHVWHOLOMRZLQI YDOXHV II

.R H + &DOLC
7KH ILUVW VWHS LQYROYHG F@%ﬁgé{ BJ \ﬁ Q\Q(P w 6LOKR>
LQWR FOXVWHUV UDQJLQJ IURP - H UHV X
FOXVWHULQJ VROXWLRQ WKH H Fr’: \J/ 9 [y HVD K\EULC
\
FRg e

DV LOOXVWURWHI®D VLIPG RQ WKH gvgﬁ}%{%lﬁP %{H%‘]RULWI
IF \{ UL{NK LWHULD F

SUHVHQWHG LQ WKH SUHYLRXYV
WKDW IRXU FOXVWHUV DUH WK
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JLIXUHBWHUHRJUDSKLF SORW RI WKH FOXVWHULQJ UHVXOW IX]]\ F(

7TDEOHYDOXDWLRQ PHWULF YDOXHV IRU FOXVWHULQJ XVLQJ WKH |

9DOXHV RI FULWHULD RI GDWD
6LOKF '‘DYL %R X! &DOL:+DUD

OHWKRG

)X]1]\ DOJ ) &0

2SWLPL]ILQJ IX]]\ FOXVWHULQRXVRQY +6+DQBRQ\ OHPRU\ ©6L]H

362 DOJRULWKPYV OD[LPXP lXPEHU Rl ,\WHUDWLRQV 0D[L
7KLV VWXG\ H[SORUHG WKH SR} % %‘8%@ 5DRV\GHW;%&2(
WKH +DUPRQ\ 6HDUFK +6 DQG }Eﬁ{ o SDUDP)HWHUV -
2SWLPL]DWLRQ 362 DOJRULWK LBt
OHDQV )&0 DOJRULWKPV 7KH ,Ql]JG LP)‘;?PM’\{XPE
GHYHORS DQ XQVXSHUYLVHG FO %gééﬂ'v RL%‘( [D e es
URFN MRLQWY X\OLGHF \8 B & DIUHR [ e
VWXGLHY &RQVHTXHQWO\ LW Z MV IﬁLRQH AN
WKH FRQWURO SDUDPHWHUV RI 'yWLQJ ohis
FRQWURO SDUDPHWHUYV VLJQLI Y S
RSWLPDO UHVXOWYV DQG FRQY @@\ ey
DOJRULWKPV +RZHYHU LQ WK F R o WK
HTXDWLRQV DQG UXOHV DUH RI HU HIK N

HISHUW MX G J PIH@&U UDRAG WHFLKOQDL
WISLFDOO\ XVHG GHSHQGLQI RQ M bWHVW{ﬂ/H E?QL{JDW*K‘MHU YDOXH

+6 DOJRULWKP WKH NH\ FRQW 3363 oYL W L}’H DV

7DEOBDUDPHWHU YDOXHV IRU WKH +6 DQG 362 DOJRULWKPV
OHWDKHXULVWL F\B6 USDIMD R P SDHIXH V

+06

OD[LW

+0&5

3$5

+6

36
'5
OD[LW

362
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JLIXUH LOOXVWUDWHYEDWKIHG GXWHIWRWILWY ORZHU FRVW ,W V LPSRU
RSWLPL]IDWLRQ SURPHYWHVHQVWWHREKH. PDO YDOXH LV GLPHQVLRQOHVYV
VWHUHRJUDSKLF SORW RI WKH RGXMW HWD\VQURQHYXRORMHW VRWUWWDEBDOL]HV
PHWKRGV $V MKRD® WRH)&® EHWZHHQ WKH RXWFRPHV RI WZR FRQ\
FOXVWHULQJ SURFHVV UHDFKHGWVWRDRSOWUPW RDBRWWHDRWHILP XP DFFFE

LWHUDWLRQV \LHOGLQJ D YDXXKURIVKRZ\) WRKQWUD®OW FOXVWHULQ
WKH &2 PHWKRG DFKLHYHG LWNIIRIFWILNFBO\FRODNVLILHG WKH URFN |
DIWHU LWHUDWLRQV UHVXOWLCH AQVIBD WWOWIKRBOBQRPJIROD\
7TKHVH ILJXUHV FOHDUO\ LQGLSDWWHQWKDWHNVKBIXBBHULQJ UHVXOW
DOJRULWKP FRQYHUJHY IDVWHUHWRDDWHHR GFDIOWRULWKMHQWLRQHG

C E
JLIXUH%HVW FRVW(SHU(LWHUDWL R B)&RYE GHIF &M\ DOJRULWKPV

C E |
JLIXUH&RPSDULVRQ RI WKH FD X&ONMHHWERER)® B WK REWKR&O 362 PHWKRG

7TDEOHYDOXDWLRQ PHWULFV IRU GLITHUHQW FOXVWHULQJ PHW

(YDOXDWLRQ FULWHULD
&DOL:+DUD 'DYL %R X!

InEERV.VEVA »Wal
&OXVWHULQJ PHWRRGT

) &C
Y&C 36
)&C +¢
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D E F
JLIXUH7KH UHVXOWV UHODWH WR WKH FXUUHQW UHVHDUF' YLHYDOXDWLRQ
%RXOGLQ FUEWOILRBMPDEDV] FEIBWOKRRBWWH FULWHULRQ

"'LVEXVVLRQ EHWWHU FKDUDFWHUL]H MRLQW RU

%DVHG RQ WKH UHVRBOQMBQSUH PSDFWV VORSH GHVLJQ
ULVN P ILW W R W LKRE U DR U F
JLIXUHLW LV HYLG H Q36 2WRHDWK R % ) (LR IReL Gy
RXWSHUIRUPY WKH RWKHU DSS lHW §>W}MNH|H§{ Q Q
MRLQW VHW GDWD $FPRRIXGLQLU E DELOLW\ R
JLEDO VHWWLQJV
FULWHULRGB6WN RHWERG ZLWK
YDOXH RI DEKLHYHV WKH E DQEH
DPRQJ DOO PHWKREN )&BQHYHU%%FML&L%%P
PHWKRG VKRZV QR LPSURYHPHQW RRW S\DRIHZW W R/ WRKILFDQWO\ LQIO.
VWDQGDUG )&0 6SHFLILFDOO\ EWKB Y LRUSERWREERNQJ QHFHVVLWDWL
RXWSHUIRUPN6 VKN KRG LO WKLV ODNVWHWERYLRQ 7KLV VWXG\ LQWUR
ZLWK D YDOXH RI 7KH 362 D®ORKYMWWHLF BDKDHOEKRG LQWHJUDWLQ.
WKH HIILFLHQF\ Rl WKH )&0 PHWRSWLIFRABWURQ WBR 20 KRQK )€]Q\ &
+6 DOJRUDWKRVKH %RXOBVQ LQWR[HQKDQAH DFMDR/Y DFFXUDF\ 'LS D
GHFUHDVHV IURP WR GHUBBWLAD @KMD IURP VWHSV RI W
&DOL#FNDEDV] FULWHBGR ® QWKML Q&0 UDPS ZHUH DQDO\JHG XVLQJ )&
)&0 PHWKRGV UDQN ILUVW DQG WHFRRZL LDIGHK FIROEDPRY JF O X MXKU L Q
DQG UHVSHEWLYHO\ BRYWRIDMHOTRWKSWLPL]H )&0 +DUPR
)&0+6 PHWKRG SHUIRUPV &DRUVH+WKDDD & KH632 PLQLPL]JHG FOXVWHUL
PHWKRG EDVHG RQ WKLV FULW HWIVRKY VHS D QIXQR RO GLEN LD O L Q VN L
VLOKRXHWWH FULVEER L PG W KRIGHD U)BBDYV] DQG VLOKRXHWBEH LQGLFH
GHPRQVWUDWHY VXSHULRU SHURUWPORG HR X W8 K W RDKG RWKHUV DFK
'Q FROWUDWSE PMMIKR&O\LHDGIWMRXOGLQ LQGH] +KLIKHVW
ORZHU UHVXOWYV FRPSDUHG WR+WUBERWKNBRN$SURDFKHYQG RSWLPD
ZLWK D VL GKRXD\GWH RD &RYDIOMHHOF\ &RPWDDBEWULRQDO FOXV
LQ FOXVWHULQJ SHUIRUPDQF HP HWHK RNGAM F LRI LPKABG )&0 DSSURDF
HYDOXDWLQJ GDWD FOXV@®EBRULQHRHBKRGHWO 7 KIBHQWLILHY QRLVH DQG
FOXVWHULQJ PHWKRG FRQVLVWREDWON FOPRROMWDDWWREY $GGLWLRC
VXSHULRU SHUIRUPDQFH DFURVNODBOLWKBWH GHPIROQVMWWIRQH VXS HU
FULWHULD W VOLJKWGEU RXISHHRIGP VD Q/K H DRMWK HDVLO\ LPSOHPH
PHWKRGYV LQ DFEXUDWHO\ DVVLFRP@IOWRRQW OV MWR\R GAR WXFKL DV 0$7/:
QHDUHVW QHLJKERUYV *LYHQ LWV VWURQJ SHW&RUPDQFH
7KH SUDFWLFDO LPSOLFDWLRROWWRRGNBHHYHRSRNBGKLIKO\ HIITHFW
)&0362 FOXVWHULQJ PHWKRG DBRAN SBBWQWXGDDWVLILFDWLRQ ZLW
VLIJOLILFDQWRUROLG WHMAQJ RSHRDWILRIVRQ EURDGHU FRPSDUDWLY
$FEXUDWH LGHQWLILFDWLRQ RI RIRAIOVD W HWNDID\YID PEROEBBWLRQV
UROH LQ DVVHVVLQJ URFN PDVVF GEHKBMURQJ 8SWEPY LR
HIFDYDWLRQ IVQ\GJ BIW M XUH'QJ WKH VWIDE IVOWNG\RIUHVHQWHG D QRYHO K
XQGHUJURXQG VWUXFWXUHV 7 K5 HORIDRKE HE® VEHORX N ID0& D Q G
SHUIRUPDQFH HQDEOHY JHRWHBRQWHRFO HH®ZIDUHPH 2B WALRL]DWLRQ 3
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FODVVLILFDWLRQ RI MRLQW VHWWKHQGRRERDRIW \R WM QWPWXBEY Rl UD
7KH NH\ FRQWULEXWLRQV RI WKW RN i@ FORKRIH RRDOWHNH <X *RQJIFKHC
LQWHJUDWLRQ RI 362 WR RSWLPXHERD X¥WHU PREW ADRK DA
HQKDQFH WKH FRQYHUJHQFH EHKI@SRRMH Rl )&0gHR WKH 2EHUPD\HU .
DSSOLFDWLRQ RI FRPSUHKHQVLY#Z YADDXWVGIHMWL QQ G EBEHRDWKR IRU SDUWL
HYXOXDWH FOXVWHULQJ TXDOLWDWOEGBQDWLR@MIKH -RXUQDO RI 5RFN C
GHPRQVWUDWLRQ Rl WKH PHWKRQEYJ BFIHHRQFHYHQHVV LQ
UHDRUOG PLQLQJ VFHQDULRV ,ZgMWly FRPSEOQH[gkHQ - :DQJ 4 =KDQ
RYHUODSSLQJ GDWD +DQ &RPSUHKHQVLYH FKDUDFWH
7KH SURSRWMAG PREIVKRG RXWSI'FLDDR\U/PI-HLG_QJ RI RULHQWDWLRQ GDWD $
WUDGLWLRQDO FOXVWHULQJ DERRWDWE&PR (RYIHUYEHURPI RHRORJ\
FRPSDFWQHVYV DQG VHSDUDWLRQ SURYLGLQJ D PRUH

DFFXUDWH UHSUHVHQWDWLRQ RJ MBLU@W RILHQWDWLRQM\ BEMUFWLYF
DGYDQFHPHQW KROGV GLUHFVMSSLCPLEH@L\WRW\M@QNQDICR\\}LV RI GLVFRQWL
JHRWHFKQLFDO HRREXQBHOLQUQ, GAYIW \PSRVLXP OSURFN

SODQQLQJ DQG VDIHW\ DVVHYVRHQW, Rl F(’LQLQXJUUDQ - ) X

H[FDYDWLRQV FOXVWHU DOJ LWKP IRU WKH DXWRPDWL
JXWXUH UHVHDUFK FDQ H[SOR Wy fy @W é’ PV LRLUBDO RI 5REN C

GHHS OHEDW®IGQIHDWXUH H[WUDFVl @641. w¢< WK H

FOXVWHULQJ IUDPHZRUN WR KDQGOH UH FRP

SOH
JHRORJLFDO GDWDVHWYV ORUHR Y %KP IRUZMQR(E(I
PHWKRG WR ' RULHQWDWLRQ G g{ F‘g i ]F(QJLQHHULQJ
SHUIRUPDQFKHAL WHWRD KHXULVW L LRQ
WHFKQLTXHV VXFK DV *HQHWLP $@<JFR><ULWK|BQHRJU FUH\ ,PSOHPHQW
ROl 2SWLPLJHU FRXO0G IxUwRHGXOWLy DY b RM4H FRXVWHULQJ PHWKRG

JHQHUDOLIDELOLW\ DQG UREXVVERYNYR L S Y SRV L orny - 020!

SHIHUHQFHYV > @LPHGRJGULJXH] 5 6LWDU 1
VSHEFEWUDO PHWKRG IRU FOXVWHULQJ RI U

> @X 1 /ILDQJ = =KDQJ =
'HYHORSPHOW DOG YHUL”—':L%?’%&%% LR\BESHFFXUQDO RI 5RFN OHFK

GLPHQVLRQDO HTXLYDOHQW GLVF IUDFWXUH QHWZRUN
PRGHOOLQJ EDVHG RQ WKH ILQLWHLROAFRHGEW PHWRKR|G\ VSHFWUDO FOX\
(QJILQHHULQJ *HRORJ\ LGHQWLILFDWLRQ Rl URFNMRENVFRQWLC

> @XQDLG 0 S$EGX0ODK 5 s se&HEBBRFPEWEQHHULQY

800ODK $ ODKPRRG 6 6D DUL 5 > @ODP($1 * )HQJIVKDQ 0 $ &KHQJFK
$VVLIQLQJ UHVLVWLYLW\ YDOXHV WR WURFN-OTKKDOIBWR GHKDIYBWLRG 1 * =
LQGLFHV XVLQJ LQWHJUDWHG XQPDQQH& DHULDDWMBRIFDMHWQYGPHWKRG IRU |
HOHFWULFDO UHVLVWLYLWLFWRBRRRERPBPSRP QW RIWIHER WD WL RRK RQ MR IRQW VL (

*HRFDUWR ,QWHUQDWLRQDO (QILQHHULQJ *HRORJ\

> @DWWDKL + BUHGLFWLRQ RPVE@RGH6VWDEKBOQWY XVLQKHQ - 3 +DQ
DGDSWLYHX]QHKQRHUHQFH V\VWHP: EDVHXG ;RQ )XHD&®YV FOXVWHU DQDO\
FOXVWHULQJ -PYWXRGBGY RI OLQLQEDWHYE RQ URXJK VHW IRU JURXSLQJ RI
(QYLURQPHQW &HQW B6RXWK 8QLY 6FL 7HFKQRO

> @FKPLGW *H | XVJAKMWWDPDINGY @RQJ 6 'RQJ ) =KDQJ = <DQJ % -
OLQHUDO 3HWURJU OLWW OXD@WGH[ GRPLQDQW JURXSLQJ RI U

GLVEROWL HV EDVHG RQ WKH FRI
> @KDQOH\ 5 - ODKWDE 0 3 P HW @H$PQI¥‘H I-QJJVWXG\IRNQN)HH)(DXQ\DQJ\

DQG DQDO\VLV Rl FOXVW-RNYQIOR
WKH ,QWHUQDWLRQDO $VVRFLDWL éngR&/'#ﬁd%\%/gé@DGﬁPFF@o?HFKQRORJ\

*HRORJ\ > @XL ; <DQ PHDXQIV\ &

> GDKWDE 0 $ <HIXODOS 7 0 FOX% W %O\VLV EDVH)((SSRQ YDULDEOH

UHMHFWLRQ FULWHULRQ IRU GHILQL @5 RVYWWLLJQ I%ldk%&)i{%fﬁ

GDWDs50® 86 5RFN OHFKDQLFV *HR

6\PSRVISSP $50% $508% < DQJ 4 &KHQ - 6RQJ
QV DOJRULWKP EDVHG RQ SDU

> @KHQ - 3 6KL % ) :bQJ 4 RSWEWL] WRRQO IRU WKH LGHQWLILFDWLR
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VHWRFN OHFKDQLFY DQG 5RFN (QJLQH@®KDWJIL ) $UDE $PLUL $ 5 .DPNDU
8VLQJ D FRPELQDWLRQ RI JHQHWL
> @ * : ;X = + =KDQJ : /L 6

%UWLFOH VZDUP RSWLPL]DWLRQ DOJRU
$Q HQULPKHID®VY FOXVWHULQJ PHWK

G qﬁ;gﬁg%%%musmooﬂmm\aaq GDW
I[UDFWXUHV ZLWK PHOLR®DH® QL 'L\‘RAE% F YLURQPHQW

_RXUQDO RI *HRVFLHQFHYV > @H]DHL 0 $VDGL]DGHK 0 3UH
. QHG FRPSUHVVLYH VWUHQJWK R

> @RQJ 6 :DQJ 4 &KHQ -

SXDO < D Q& FOXVWHULQ?'—% l%l[g@ LQWH®E UDONRR RGO QI D QC

? wYpLiDWLROQ

EDVHG RQ TXDQWXP SDUWLFOH
DOJRULWKP IRU WKH JURXSLQJ RI ¥ RENP®IMRRQEHRXLW\ VHWKRDKULDU
.6&( -RXUQDO RI &LYLO (QJLQHHUL@ISWLPLIHG IX]AXHPHPRYDHX]D\QFH
> ® & =KDO - =KDOJ [LPXP OLNHOLKRRG HVWLPDWLRQ FO

txBlofu Iy s 808 roxiliERNE 61 AR UURRIARR IS (oS
N’

VHWV $ URXURDO RI 5RFN OHFK
“HRWHFKQLFDO (QJLOHHULQJ FD 3RO\WHFKQLFD &LYLO (QJL

> @ / 0 &KHQ - 3 :DQJ 4
'@b 7RUDEL $WDHL 0
)X]1\ P&DQV FOXVWHU DQDO\ Iif H WRFN POVV GLIIDEL
PXWDWLYH VFDOH FKDRV RSWLPL] Q \6%11%%(’,”'§’XOWLSOH UH.
JURXSLQJ RI GLVFFRFWL QX EKD QUHWY %a@ﬁmHFKDQLBRFrN@ﬂ_QHHULQJ ‘
5RFN (QJLQHHULQJ

> @QJ 4 +XDQJ 5 :DQJ &KHQ PWIL - 6D\DGL § 5  ORXVI
. =KDQJ OXOWL(?’DUDPH 6LPXOWDQHRXV 2SWLI
URXSLQJ RI 'LVFRQWLOXLWLHV L F\<NL8|¥é Do B G, KO 3D UW LF
JPSURYHG ,62'$7$  $COIRWK WKDW L ﬂz i ZSWLPI-_HQD(WQFE)@ R s

BUREOHPV LQ (QJLQHHULQJ (QYLURQPHQW

> @KLUD]\ $ +H]DUNKDQL $ _6
KDNPDUGDQ 6 5RRNLPHD QV I%@L'H\Pd,“KV\?DU / —DUH OLU]JDHL

i:OXVWHULQJ DQG JHQHUDO UHJU NRA:USDEUBVEI&)F?)B\
PHWKRGV IRU FRSSHU PLQHUDOL é IUMLQLQJ DQGC
&KDKRDUVDNK-JUBDEH -HRORML %OW L

URQPHQW

> : =KRQJ =
> @LNDHLO 5 +DJKVKHQDV 6 6
$WDHL 0 3HUIRUPDQFH SUH§Q9 % KH MRESg;beVQLIS\
VDZ PDFKLQH XVLQJ LPSHULDOLVW, % WULFV IRU *
DQG IX]]\ FOXVWHUHXQUDOHERBS X WH R,RXUFHV
$SSOLFDWLRQV
> @ROJ 7 &KHOQ - =KDOJ : :LDQ @DEDYE = OLUJHKL '"HKJKDQL +

- $ PHWKRG IRU PXOWLY Ws E’r‘ GHGD'mlBLElSDgFg}]’VLDRQ%
GRPLQDQW SDUWLWLRQLQJ RI GLV \'};UUMQDEQQH
EDVHG RQ DUWLILFLDO5RAN BRGR QPHQW
OHFKDQLF W

DQ < &KH - D = :DQJ 7 O0X

> @ [/ 0 &KHQ - 3 :DQJ 4 F@% N $S)S®Q2H:B&/XNR\%-18LQJ
YX]]\ P&DQV FOXVWHU DQDO\ IB g @ DP HRU\ LQ URF!
PXWDWLYH VFDOH FKDRV RSWLPL] BR é F“J RIRTHU 6W

JURXSLQJ RI GLVFFRFWL QX EKD QUHWY

5RFN (QJLQHHULQJ
> @DUHDQ $ 3RRUPLU]DHH @xXbQ R<LQ - BRI 7 &KHQ - =KR:

>
XQ < WLWLRQLQJ RI
LQYHUVLRQ RI 5HOL GLVSHUVLRQ E?( pgyg\ﬁ %%%\;Q%R% SSBRISE DO IR U
F
U
>

FHV

WUDYHO WLPHV XVLQJ SDUWLFO
DOJRULRKKIQ DO RI OLQLQJ DQG (QY

+ @QJ 5 < =KDQJ / *DR %
*URXSHG PD KLQH OHDUQLQJ PHWKRGV IF
> @RXVDYL 6 6 I1LNNKDK 0 §/DU WHUV LQ D WXQQHO ERULC
FRPSDUDWLYH VWKBXRIVWIR POWR A \ 800V FOX\
RSWLPL]LQJ FRVW RI UHLQIRUFHG F ua‘%'ﬁﬁ &Q@éxdé,&tf@ LOHHULO.
_RXUQDO RI 0LQLQJ DQG (QYLURQP :
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> @QJ 5 :DQJ + <H - 'X 6 IX®1E LQWHUQDWLRQDO FRQIHUHQFH RQ C
1IHXWURVRSKLF JHQHWLF DOJRULWIKR® QG SISVV DISBHOH.FDWLRQ LQ

FOXVWHULQJ DQDO\VLYV RI([LSFR-IF(NNGLVI&B%WEQ&(LV%\DMJ;I%VUVDGL $ +HPDWL $K
6\VWHPV ZLWK $SSOLFDWLRQV 2SWLPL]LQJ HI WUHPH OHDUQLQJ PDF

> @& * &DR % =KX : /LQ = %BVYLQJ BIDRIWVBLFOH VZDUP RSWLPL]DWLRQ '
L < ,GHQWLILFDWLRQ RUDGARFBIQIP@WRY 0LQLQJ DQG (QYLURQPHQ!
GLVFRQWLQXLW\ IURP ' SRLQW FORXGV XVLQJ LPSURYHG

IX]]\ BHDQV DQG FRQYROXWLRQDQ (QHWZRUN
/ 7KH EHKDY
%XOOHWLQ RI (QJLQHHULQJ *HROR \%’&ELS% %&NBFQ{%QB?QJ\E&RQMUHQFH RO
SURJUDP PR J %HUOLQ +HLGHOEHU
> @JDUZDO 9 *XSWD 9 6LQJK %S UWBK@UPD %HUOLQ +HLGHOEHUJ
6KDUPD 1 $SULO 'HWHFWLRQ R g WLDO RXWOLHU E\
XVLQJ LPSURRUIE WHVWG , @WHUQDWLF@%{ =DO RAPOLHY /RIDQDWKDQ

&RQIHUHQFH RQ 7UHQGV LQ (OHFWURQL \%wﬁlﬁyﬁéWEEVRSWLPL]DWLRC

&2(, SS (((

* ; *DR ; = =HQJ$Q .
> @QJ / 1 < JLX
LPSURYRMHD QV FOXVWHULQJ PHWKR\%?%V%}(F@%H]L%D\%'WLWZSV%EE%\DV\(/TQSE% gi
JURXSLQJ RI GLVFRGHLE BIEWS REM

OHFKDQLFV*HRPHFKD(SISF%%OQSRVLXP@DJKVKHQDV 6 6 +DJKVKHQDV 6 6 °
$50% + OLNDHLO 5 3XJOLHVH |/ 7L

OLFDWLRQ RI KDUPRQ\ VHDUFK

Esgg\ﬁvFngvSRQ' RI FOX?/KV\?HRUN DQDO\VYQRL%'?\)’V%/VLP[F\MP?QFH PRELIMEYiow

UHVHDUFK DQ DQDO\VEWUDWEJFURWOTXHNL 7 +DUDEDV] - $ G
0D QD JHMRXQ\WD O PHWKRG IRU FOXWRRBXDQQADAWVYRYY LQ
> @GROIVVRQO $ $FNHUPDQ o0  »UVRZYWHWREY PQE OHWKRGV

7R FOXVWHU RU QRW WR FOX¥W@YLHRZ 'WR DOWVRKOGKRH ' : $ FO
HVWLR'Q VHSDUDWLRQ((P HDIY® VB F W BRW W HRU®
> @®H]GHN - & (KUOLFK 5 )xooQPOWI\DRQ@MHOOLIHQFH
7KH IX]PHPQV FOXVWH BIRPS DWW HRIVLW KR XVVHHXZ 3 - 6LOKRXHWWHYV D
*HRVFLHQFHV WR WKH LQWHUSUHWDWLRQ DQG YDOLGD
> @QQHG\ - (EHUKDUW 5 "REYROEER YW DREEQDBMRDWLFV

SDUWLFOH VZDUP R3SWRPHHIBWDREY RIQ
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