$SSOLFDWLRQ RI GHWHFWRRWHHH BDRLIVR Q F K
RELRORJLFDO PUWHKIRVYMOBWVGIRPDLQ

7\WXV %HIRPDWQ 6WDBRE¥ROWNLMFLFNL

1HQFNL ,QVWLWXWH Rl ([SHULPHQWDO %LRORJ\ 3®ROLVK $
HPDIMDEHUQDV#QHQFNL JRY SO

$XWKRU IRU FRUUHVSRQGHQFH 5RPDQ 6WDURVROVNL ,QVW
THFKQRORJ\ $NDGHPEGNDLFH SRODIDDQGIVWDURVROVNL#SROVO

L QVWLWXWEBEWUFMIBUOHVLDQ 8QLYHUVLW)\ RI 7THERQRIORI\ $
3ROD®GLE 5REHUW :RMFLFNL#SROVO SO

$SEVWUDFW

7\SLFOXRUHVEAQRWFRSFRPUDIBIMIFAR XQWV RKIBHISHQGY RQ WK
VLJQDO® D FRPSOH[7HIDWQ GAADHIDLVWLF LV VXEVWDQWLDOO\ C
SKRWRJUDSK\ RU VDWHOOLW HHGIDMWEHTUR UV Z R I FR DN RIVBMK® W |
GHVLIQHIJHDRWHLFHN@MWP D W KRRLRHOKRUHVFHQFHDRLG WRIW D S
UHPRSRPOH DDHEDE WKH RWKIMWU KEREEY L RAKKHD \X DHFRDLEUDWH ¢
PLFUR\VEFRSE H F VDROUFREP\DXWN. R\KALU Q DQRLYE F K D WELRVARRIBAW L F V
WKHPDJH DFTXLVLWLRCH SHIRLMH WHHGS ORI BR DW WR & N H V
DGYDQWWDKIHV RIQ IR UP D W @®R/QV MPRY\R/HAVRID QY ERGUHVSRQGLQJ QRI
WKHDYHOHW 7BRPDH@RGEI FRQVWUXFWHG XVLQJ DFWXDO 10X
DQG XWIQODIBE IMFWBH FRURUMIKZHD WH RIEIW. FFIRY G W W WERLY H
HVWLEPIYWWKHQ DSSOLHER FMDROWIKHIH R KR WEHDYHDB W TKRIPD L Q
SHUIRUPDQFH RI WKH SIVR®RIWNMGD® OWRELM RBIHV RI VHYHUD
VXEFHO O X O DAR @ W DREFUIAQRX MW D PRI GHIG HQ G HQWQRGQE SHQGHQW
QRL¥KHHGRLVLQJ SHUIRUPDQFH RI WKH QHZ DOJRULWKP GHS
DQREAVKH W\SH RI LP D,JHE WA MFRMHKPURAGW\K D W UMRIS BOH 8 UL W K P
IVV X SHUMRARKREY ORFDOO\ DG DSW R YU HVERNSYRGHQ®BQIXD UK ULQN
DQGRWWLPDO VXEEDQG DGDSWLYH VRIW WKUHVKROGLQJ 2UD

H\ZRUGLFURVFRSH LPDJLQJ ELRPHGLFDO LPDJLQJ DFTXL)
LPDJH GHQRLVLQWKMGVKEDGH R | W

127,&( WKLV LV WKH DXWKRU V YHUVLRQ RI D YRERHEKB WOZ|
6LIJIQDO B3URFHVVLQYUKDQGEH¥ RDHWXROAVLQJ TURPVWK N FEXBU LYK
UHYLHZ HGLWLQJ FRUUHFWDRGQGVRWKMHXHAWRODW\IRR K BDWWQ GQF
EH UHIOHFWHG LQ WKLV GRFXPHQW &KDQJHV PD\ KDYH EHHC
IRU SXEOLFDWLRQ $ GHILQLWLYH YHUYVLERLR PADG/L ADXE VAHTX
SURFHVVLQJ DQGIRRQWUBEBKWWS G| GRLMENSF
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7KHURPLQHQFH ZKIL DR DWW HBORYZ QXPEHU RI GHWHFWHG SKRW
SURE O HPD LHVHIWM /U H G O2ARMKH VFH Q FH PKLHF LSRAMFRRSMH R1 GHQRLYV
HOLPLQDWH WKLV UDQGRP LPDJH FRPSRQHQW ZKLOH UHWDL
7JUDGLWLRQDOO\ WRLYHNUDFWKFHMWBWYEYLDO WHPSRQBO DYH
'LHQHU ILQOWIILOMIGHEV H P L\(SIH@ IRFAPMFEQ RKR DQG -RK@WWRQH
QXPHU RI VKDXGLHBRQOLQHDU ILOWHU MW JWEKDRNHUGKERIYGH @H WL Q
GRPDALKH PDLQ LGHD LV WR VXHEW UD FWBRAMKS WARHIMMEFDG\GHW \D O
WKDW 7 DQG VHW WX BHRWKB OV WRH] MKR HV K R \W&YNMKR DQGE HE H
RI WKH QRLVH DQG L Q YW KNI GDURS BHIW L B WY D RVIWED YWWHIOH & L V \
FRHIILEIQHQWN DEVHQF® RWOIRPLODWLRQ Rl WKH IRSWLLYRD® W
SUREDIQRHMWHUDO PHWKREWHRDGHY HORIBRIGK WRIQDO DQG QRL
FKDUDFWHULYV W KM U BQIGR & X¥D O X HH \P\I/ L FEDAW $I&R BBR/OION
9LV X 6KLQDRPLAVKPR WKHU KRB @R BOVREBD QBSWLYH WIKWHQKR OC
W 6B U H 6 KOWDLIRNPL@AVEPS HULRU SHUIRUPDQFH D\ KW X BEQQCYIEVDE L H
DO JR ULGVIKPW 6K@MKINHFLHQF\ RI GHQRLVLQJ P IE\ BAHD NLDW KM KH
FRUUMMEBWEZRO®Q FRHIILFLHQWY DW GLIIHUHQW@HVROXWLRQ

W VKRXOG EWKMRWHMBMWYKRGHOV RI ZDYHOHW WUDQVIRU
WKHVH VFKHPHY ZHOB®WRQV® WRPWHE@ KRSLFDO G\QDPLF UDQ.
WKLV W\SH RI GDWD FRUUHVSRQGV WR OHYHOV ELWV
ZKROH GRQYHUVHO\ ZKHQ ODUJHU G\QDPLF UDQJH LV XVHG
EH VSD@ M\ HIITHFW LV D VRXUFH RI D VX UQUK HBRGHMMHE D MWD\ U F
RIGHQR IDAIRUKWKR VEHNQJIJQHG LRUG N & HQEIVARMFK LV WKH PDM
DUWLIDFW RBETXPREMY FRQVXPHU FDPMKDYKRS KR\DRGIWND X [
SUHUHTXLVLWHVL®MDXRBMVEHQFHZRHEBWRNBRISW\ RI OLJKW LV
OLPLWDWLR®FEXMWLMIFRRI RUPHGQRAMMKGOIRVHFWRKNVIRSHUDWL
ELWV G\QDPLF UD QXHQYR QW XQCUWRIEDR GEFOW VWK DY H WR KEHR P S X W
VLIJQDO DQG QRLVH FKDUDMKBWH WR. EW7& RO RDK R GFFIDV HRQ P |
DYDLODEOH EHIRUHKDQG IIRUDHF D®S% ®KEEIVH G \G B WM& WNRLR Z Q
LPDJH DFTXLVLWLRQ@DUDPHWHUYV

,Q WKW X\ FRQWWEBRPM/ DO PR G HMRP RIL @ MWL HWINRKCH R |
LPDJH DFTXLVLWLRQ SDUDPHWHUV RI D W\SH MHRGEBS\EHW H FV
ELYDULDWH VKULQ@®DWHR F®PBYMWKRRGHDEROWKUHVKROG LC
DGDSWL YWH DEEHE/HQGHQWHPPRPSBMKSIURSRVHG G HORLWHK QW RD S
$GDSWHEK@WENILJI®WQYOUGKAIQEWEWLPDO VXEEDQG RBOSWQYH \
2UDFO6KULQN



0$7(5,$/6%1" 0(7+2'6
&HOOV DQG IOXRUHVFHQFH ODEHOLQJ

068 KXPDQ ILEURESPVWXPDQGKHSMMRPDFRIOWOXRMHG RQ
GLDPHWHWP WKLFN FRYHUYQLSN VYXBFABOWXUH 3HWUL GLVK
VXSSOHPHQWHG ZLWK IHWDO ERYL@EWMN)NEG*DBERV D Q GQI
FRYLQH SXOPRQDU\ FUHZIEUNRM) G RIGDW/ROOUH EBOE K RW B YARAK D VHG 1L
OROHFXODQBIUWRERINQ&EHOOV SUHSDUHG VOLGH

&RYHUVOLSV ZIOWE& ORY H HFSI'0O OXHUW KIDNWHZUR R H3W6 6 ZL WK
0J DQG &DQG IL[HG ZLWK IRUP BO:GHBEWAH K 06F8HOOV ZHUH
VWDLQHG E\ LQFXEDWRR G ZLWKRL VR BIRYWLLRAXMSL [HH S *
FH@EVH VWDLQHG E\ LQFXE DRWR Q PRV K \INRIDW]RIF K RRIS UL D
HQGRWKHOZHDWDH FOIEODNOME P D Q XI\DIFQWUX PPHRXERY ID@MWXIE X O L Q
PRQRFORQHYV RQWARERMXQFWLRQ ZLWPR %\2H, 33 *) D QRVILE ROG W L

OLFURVFRSH LPDJLQJ

,PDJHV RI WKH HQGRWRFXKDH® B HID AV NRHUK HO GLIGHKRUHVFH
PLFURVFRSH FRSHPZFVWRM XLSSHG[ 2DW R SBEEPIPNHRIR ERIQI FW L Y H
OHQV 1$DQG D +J DUF GRAS$BOXRUHVFHQFH ZDV UHWR/WHUH
QPH[FLWDWLRQ ILOWHQP BOED \BE\LFKWRLF PQP UHPL \D\QR @

ILOWHU ORQJ SDVV %X H +ORRGHMBNVQEHIRYWHUHRMERXVLQJ D
QP H[FLWDWLRQ ILOWHMP PBQ®VSBYF¥KUBRLF PLWRRQPDQG D
HPLVVLRQ ILOWKU EABRGRFEVWRPDWLF REW EIP HILBDJLQJ
%XUQDE\ &DXVGE IRU LPDWH REHILADIPHUD ZDVEF ERORGE WR
DPELWRWSHUDWXHEWUDO T HOQMLWRKY H®WR DWWHQXBMWH WK
H[FLWDWEZRB PLBMURVFRSH DSHUWXUH GLDSKUDJP ZDV IXOO\ F
ZDV DGMXVWHB MIRORDWFK WK RI WKH REMHFWLYH ,PDJH F
URRP WHPIHRIDWMNUHHV RI LPDJHV R HWERMDLRHFNH G | XNHLGD .
IUDPH QR EDQREDILVOWRIRQ VMK DLQ RI '$3, RU 1$2 D
%2',3< )/7KHPRJH DFTXLVLWLRQ ZDV FRQWUROOHG XVLQJ
&\EHUQHWLFV 6LOYHU 6SULQJ 0' 86$%

1RLVH PRGHOLQJ LQ ZDYHOHW GRPDLQ

$ WPH VHULHV RI LPDJHV ZDN\DIPDTORDUHG MDAV LIEHHIBO Y Q WKH
SDDJUD/SR®YHUDJHE@GZHPBDEBFXODWHG DQG VXEMBKWHGGWR |
PHGLDQ [ NHUQHO 7KH EDFNJ DR & KH G X R VZPWXYHY B AL RDR H

DV D WHP W&BVOH UR W L R Q QRRILIMAQ WHRARJW HFV XGEBWMHH/PBZHUH JHQHL



IRU HOFW KOXRIU R/SKRAHHOW H @V R Vi DY¥OU L H\WP RIZDWYH Q HU DWKIKE E\
DGGLRBIRYNMAQ DGGLWRYW KIHRWKH IS@BDAVAKRHIRIUPIX O D

LY YN 3 Y[\ %V SV HT

ZKHUHN LV WKH QWV[HND\ lLQV\X/‘HKH,WQ\RlLV\WREIJSHL[HO LOQOWHQVLW\ LQ WKH UHV S
LPDBHYV D UDQGRP YDOXH IURPVDV3RLNVR/GOYWBDIOM UHEXWNVNRIQWLQJ WKH DP
%LV D XQLIRUP EDFNM R XD GRPDY DIDXWH LDRPGLVWULEXWLIRY IMRNHK D PHI
VWDQGDUG GHYLDWLRQ UHSUHVHQWLQJ WKH DPRXQW RI DGGLWLYH QRL'
7KIQRLMADJHVLEREWYDULHG DPRKOWYGRIQW. JORIOVVRQ QRLVH
WRLQ WKHIWPRRHW DQG YDULHG DPRRGWSHRIGHQMPDEODXVVLE
FRUUHYV S\RFOVGW QR @ G D U GL G HYK. B WIDROWIR $UWRW R | VXFK LPDJHV
JHQHUDWHG QROMHPSRDRVHY 2QH KKRXOWY B R WHH DAVK®D W KW P D
WKHVH WZR IRUPV RN KBRW X B OU A KIDHEVIPMG U R VEAHRS W RRW W.KH
&&' 4LPDJLQJ GH® WUSUBMGREBVKUWWXGHUHQ@BMGERZRHE RQ
WKH PHD VXUMPHL ORRIS DIMOL D O, (6 RKDLIVOM WRG\HO HG W/HKHH QR LV
ZDYHOHW GHRUPHIRMMPISODWH DQG QRLV\ LPDJHV ZHUH VXEMH
WUDQVIRUP GHFRPSRVLWLRQ OHYHOV XVLQJ ELRUWKRJRQ|

6 'z [\, [\
a HT
6" 1z [\ ]\

[I\

ZKHGHV WKKHZDYHOHW FRHIILEWHQ BLBWWKRIRQ DO 2 QEH DHW D IQHS
SL[HO LQWHQVLWIGHW HPSWRMW IQRPVJIBEY UHVSHFWLYHO\ ,Q WKH UHPLQG
FRRUGLQ®DMWHVRPLWWHG IRU FODULW\

(DFK WKBHHFRPSRVLWLRQ OWXHKEDN GRPBSRWUYHBIXHEGXBQWALR O
DSSOLFDW IDRQG RSIDNRVZ Z D Y H O HDAQ GL ® WUHHIWS K IRVBUYUHQ FH EHW Z H
WKHRLV\ DQG WHPSODWH ZDIYGDOIMG BRHRI VAL WS \/QIED/\M

PRGHOMGDZRLPHQVQRQI®PDU RIYKWIARQ/\ FRHIILFLHQWY DQG W
UHVSHFWLYH FRHIILFLHQWY DW KLJKHU GHFRPSRVLWLRQ OH

G6,L 6,L 6L
' G 6}, L HT

|
9 6, 6, . %T (|64 '[6 o &

ZKH6/%D Q65,DUH MK DYHOHW FRHIILFLHQWY WHPSODWHH PRESQRLW\L RIHV S
DW OMHQHOL QEFQG+ RUGH/ LV WKH FRUMKVGROQWGLRDIUHQW ZDYHOHW FRHI
FRDUVHU UHVROXWLRQ OHYHO LQ WKH VDPHNEBIQGI XDUH+RRWKH GHNEH
EHWZHHQ WKH QRLV\ DQG WH®IS\W DWKH DDYMDKM) TR B Q&SB UHQ W V
SKHQRPHQRORJLFDO UHJUHVVLRQ FRHIILFLHQWYV



7KHRAIILFLHQWD URDQIMWLRQ ZHUH FWRX ODWHBUXYHQYW VT
PHWKRG VHSDUDWHOLRRUOWXR GEVH FR P SRIWVISWR DG JGVRR) ILQH V
HDFK Rl WKUHH EDQGV 7KH UHWSHFEWLYH FRHIIWKHH QWHUH
WHPSODWHYV ZHAKH DMHRWDY BGLD Q MHEH SISEWMBQWO\O XH IRU WK}
WIGH | IQIFH DV D | XQHIMY HRQVRERLV\ FRHIILFLHQW DQG LWV SDU|
DQG O$ YMHIKRBUHODWLRQ LQGLFDWHG WKDW WEDH FRI®MMH S
UHSUHVHQWKBRLIVRIQYRIU L D Q F HWIEID Y H © ® WKL @ B URI\
7KNDULDQFFWIZRIQUH FDOFXODW HGVDWSHE HIQGHD \@ HYH®D W L
LQGHSHQGHXNUBRRYHWKH VHWR®IES N @/ IS0 RHD RU DXQFFHW LR Q
FRHIILIRQVEWVQRLVH OHY HBWD 6K DVUHDH \MAHWLH HRERGHLAQHIGW Z R
GLPHQVLRRWBHKWE\VKHY SRO\QRPLDOV

8,V DE7V F7\ G7V HW7\L 17V J7V K7V7\

LW7 V. M¥ N7V ON7V P7V7V QW7V R7V

STV T7VIV UWN7TV VW7V WV7V X7V HT
%V FR¥RW

%V FR¥RW

ZKH8HLY WKH YDULDQFHQWQRWMLRQ FRERUBIHYVSRQGLQJ WR WEE GHFRPSF
EDOG++ /+ RUMWDQGDUH VFDOH® @EWDRHBWH &KHE\WWKHY SRO\QRPLDO FRH|

7KH &KHE\WKHY FRHIILFLHQWYV ZHEHDRXGINX SDWGE GFWWGQ X VL
SRO\QRPLDOV GLG QRMR IGHYEDNMHLDIRPHYIXQFWLRQ HT E\
&RQVHTXHEGRMELQLQJ HTX@POR@H WD\ FDOKRFDWHOHYHO DW
Z D Y HRCRHHWI L F LG W F \R HIGI\GKRR. Y/ IO H WD @R IPKCLFOWL R RFEIDO DPR X QW
RI VLEQYBOGI QGHQWLRASHOGOOW QR LW IRHFIWDVX® HERRRQPLQ LQ D
8VLQJ WKLV LI) MRKEPBWHLRQGLQJ UXOH ZDV W RDY HPHHOWGE BPDQ (
DV GHVF WIKEHGXIEYBU R HQMS K V

$GDSWLYH WKOQHIHKRIOGHW IGRPDLQ

7R WOVEOLVK D VHW RI ORFDO ZDYHOHW WYXKMBDKAESE WV VDIE® S W
QRLVH YDULDQFH ZDVKRODORXRIIPKID® XVLQJ

Nribu 6, o« VV (i VVqG/O/J "% VVL46/ 04 &y VV HT

ZKHEHV WWKHQRLV\ ZDY H®REW FIRQH IG. FEL HEHWF R P B R GL MQAEQ-@&¥ RHYHO

+/ 6, %LV WKH FRUMWHKVGROQWGLEIUHQW ZDYHOHW FRHIILFLHQW FRDUVHU L
++ /+ RU +/ UHVBNFWERQYWDQW UHSUHVRQWLRLIVW K HTD P R XIQ MV RV K3HR MY/
GHYLDWLRQ UHSUHVHQWLQJ WKH D®R % L&, DG GE MHYRIPGIRIROR JLFD O
UHJUHVVLRQ FRHIOHYHQW®\L QHEDQERWDWHG D/D @G| X QAW IQRQDREAKHE\VKH Y
SROPLDC(



7KH H[SHFWHG YDULDQFH ZDV FDOFXODWMWZ&HFRIPEBRW HW L Rk
OHYHOV FRUUHVSRQG D@QIGWRBQMHDPAK BHWBRUBGW EDQIRV ++ /-
REWIPIRUH DFFXUDWH HVWICPFROADKD BNRUKHE BYRDBIMXMNGY FEHDD G X E

: % 6106 6, 4 VV
S B, 6, 4 VV 22 N HT

ZKHUHV WKH QHLJKE BWU RQRR &\ RZIDW K B I{DWF @ DYHED L PEVB-Q G+ RU +/
DQIG. LV WKH QXPEHU RI FRHIILFLHQWYV LQ

GLPLOD/UWBRWQG VYDYWLORAWKHDYHOHW FRHIHADFQHQODW HIGUKV L Q
IROORRIUPKOD

6/%

W B 61 HT

9% By PDBy By 97656, 5 VV

(]

ZKHUH PDPDMWXMH RSHUDWRU

S8VL@DRFDO HVWLPDWH Rl WKH VDYGDW WRGRER RO LD Q
LPSOHPH@WWBEHOHW G P DRIQGOKRRIUPX O D

1% WRF HT

6, PD[6, 797 uvig,

ZKHEHHV WKKHQRLV\ ZDYHOHW /FIRGG! ILEWE-R QEGD R WeHIMA WY WKUHVKROGHG
GHQRLVHG MR QWMNIBDYWSHUDWRA R WWHAMK DLW ILQHWHVKH ZDYHOHW
FRHIILFLHQW LV UHMHFWHG UHJDUGOHVV RI LWV YDOXH

7TKUHVKROGLQJ ZQVHIHAKNRMIPHHHG GHFRPSRVLWLRQ BWYZARY ++
GHFRPSRVLW IDRG DKHFAMGARL. VH G L PUDH HR QAMWKHY RY MG UVH ZDYHO|
WUDQVIRUP

., By, HT

ZKHEBLY WWKHWKUHVKROGHG ZDYHOBW EAEDDIQREIHNQW KIHWL Q MM H OH
ELRUWKRJRQDO ZDYHOHW

7TKHH@GRLVLQJ HIILFLHQF\ Z\DHHBRO M X ® D 06 X W LWVBWHH P SODWH
LPDJH DV WKH VWDQGDUG



|
06 ( L

1, HT
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ZKHMHY WKH WHPSODWHVLWBHHGHQRLVHG WRBHIJBIXPEHU RI SL[HOV LQ WKH
06 LY WKH PHDQ VTXDUH HUURU FDOFXODWHG IRU D QRLV\ LPDJH HT

TKHRWDO OHYHO RI QRLVH WKW J@BEHSHEHHE LBR@EEINHIIWQ D O
FRPSRQHQWWIBN 2 5HD 6 DMWHIRLVLQJ SHUIRUPDQFH ZDV DOVR

IDFWRUVWKHQUHO DWd YHQMBNYHDG RI LWV DEVROXWH YDOXH ZIL
WIGHQRLVLQJ HHH. BIURBFRVHG DOJRKRWHHWHRHHTXERWEB RORG VL]H
HYV DQGSOWKRMWKEK/RLFH LV IDARBAWRMADIO\L | LEFHFWKOHO JRULWK P
SHUIRUEBBWYVAL ODU Ydh@HHM REWDQRHX ZRWKRR G VDRIG
[ $ YJHRW OHDMWOWHG LQLR WHHURDNBIQHFUWHHDI RUIHH. JKERUKRR((
RI[ ZDV XVHG LQ DOO SUHVHQWHG FDOFXODWLRQV
7KHSURSRVHG VWBIMHKW GDGY D QWW KEHQ WHDERAWMKQ@Y/® DO H
GHSHQGHQFLWYHE WM W QF FKILVG LRIQWYWR B POV LWV REHUDW L
ORFDO GLRWWHEYHDIHRY FRHIILF IGHF\R ¥ SIRVIEBDIQRBHH YWV V X E
EDQGURF® OO\ DREIWWREHHU IRUPDQFH RI WKH SURRRS/MHGHBO JF
WBHUIRURDOER RWKRGWRKHRWKH DBD\RHG VLPLODU SULQFLSOH
$GDSWB6KULQN SHKRRVHGE ®WQG> ELYDULDWH VKULQNDJH ZLV
HVWLPDWLRQ SWIRSRYVAIKGW EWMEPQE@XUHH VRWMKDIW W @ QB 7R/
WKHSURSRVHG PXH/W K BVE H GBWD WKFHHDGHADY SUHSDUHG
KWWSXQ DHL SROVO SO aUVWDURYV ZGGSF LQGH[ KWPO

SHIHUHQFH PHWKRGYV

% ULHN®B\ F KD UW W WU LY ]IHWV \ SQ HRBILEEDNE W 6 R IMIHIN KWHG DYHUDJH
DEVROXWH Y DQOXH REARWHF SORFX@DDWHG

| 26
= HT
1.

ZKHUHV WKH QHLJKERWU RRR G\ ZIDWKBHW EBRHESLFit HRQUW+/ DQIGRDW OHYHO
/ SDUHQW.Y WKH QXPEHU RI PRE&IVLWIKHQWUYVD@VSRVH RI WKH ZHLJKW PD

7 K H L J K E RARFRSRIGWKHHEK W QBB UHVRR DVFRHIILFLHQW DQG LWV
ORZHU GHFRPSRVLWLRZHOH Y REQ BKHHKZ BWI K WX/DWRLVQH R MW HP D W
WKEL I |HUH Q F HV EEHAVD DHKHHQW KR GUHV SR Q G LRH IZB Y H @ WWD LD Q F H



ZDY HADHAV W ICPDRWHRIW KHU FRHIILFLHQWYV YKRWH FERRWHLWQ YDO
= J)RU D JLYHQ MRHFOLRALHOW SRLQW\DERY WEEF®RRHVW SRLQ
EHORZ ZHUH WDNHQ ORIV XSRALIQAIV MGRHEQWHR O DRIW IZBQ FHID H W
FRHIILZIDHQW¥ XOLVW@HGVKH IROORZLQJ IRUPXOD

|
1 6/%

V6 PO HT

ZKHYHY WKH VHW RI| ZDJZEKRW H- R RIDWHAMVMZIWW KLQ D PRYLQJ ELQGRZ ZLWK
DQ&GLY WKH YDULDQFH FRUUHVSRQGLQJ WR WKH WRWDO QRLVH LQ WKH |

7TKHMVWRQHLIJKERUKR REQWHI[& ZLZBBHA RSWLPLJHGWHKMK UH
GHQRLVLOQD GFHUIRIR IXUWKHU LPSURYH WKH GHYLRDWLRQF H
HPSLULFDO QR LV A DYDRXLDIMVRIHG AISJIRPWH DQG QRLVH LPDJH ZD
WKH YDULDWQREM HRT FRUUHVSRQGLQJ WR VY DSXD/IYVD EXIQWIERIDYB \R (
DQ HVIVRIRAWWHRLVH YDULDQBRHR WIRP ISHIWURWR VRIW WMKHHVKRC
SURXHB GHVFULERQGMKR¥XJOG QRWH WKDW WKUHVKROGLQJ ZC
FRUUHVSRQGLQJ WRQ G Q HY @G GI IR WHHIDFKGR/I WK U/H6 DRLGO BU O\
ZDYHOHW UHFRQ§ WNXFX\AHBRWH RPEFXWHG DV LQ WKH SURSRVH
6HYHUDO YDULDQWYV RI| %DYWYU FRGLEDN IX'H UFEKRVBIWHH G
SURY WG KEINQ/RLVLQJ SRIUWRMDQVFHQ W HE VWIRRCHOLMR @ RO W K H
YDULDQFH ZDV LPSOHPHQWHS RMRMTENUD Q 6 WK HQ SIURB\RMHIG P H\
HT ZLWKORFDO R$@M DIKREWDKWRRSWLPL]HG LQ WHD®mN RU]BEHUIR

RI[ ZDV XIMPH G KH VXHDOHFROE8RMMHONXHQWO\ WKH VLIQDO YDUL
XVLQJ WKH IROORZLQJ HTXDWLRQ

6/%

% "B, 61 HT

%" "8y PDB By W

ZKHUHM WKH YDULDQFH FRUUHVSRQGLQJ WR WKH WRWDO QRLVH LQ WKH

TKHOWMHADOH GHSHQGHWKEBY HPRWIAHHHONMW M PSOHPHQWHG L
DOJRULWKP LQ WKH WKUHVKROGLQJ VWHS
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ZKHEH YV WWKHQRLV\ ZDYHOHW /FIRGIG! ILIWED YED R WOBH NoH® W K H
FRUUHV SRR ®RAY\ SDUHQW ZARMHOHW BRIVIRIOPUMORQ OHYHO LQ WKH VDP}
UHVSHFWLE/HIOX LGV KUHVKROGHG GHQRLVHG FRXQWHUSDUW

U6,

7KUHVKRDG LHIHF YWCGHGF PMSRVLWRBOQHYIBROGLQJ WRQGQHY W G
HDFK RI WKUHH EDQGYV :B¥HGHW QMERQMWIRPD FXZBHWHRQ
H[HFXWHG DV GHVFULEHG LQ WKH SUHYLRXV SDUDJUDSKV
7KHHS IRURBQ¥FKH SURSRVSGDSNWERRGQN D U 6XHUBOW R
FRPSDUSBUWRURIRUAH OH YRYHOQKNMWH 2Y@FBHKUMMREDO VRIW
WKUHVKRPYGLRIOLHG VHSDUDWHO\ DW WZR OHYQG®V PRUGU HRAS
HDFK Rl WKUHH EDQG V K+ W KUY HYBER O-G V X RUGIL Pl KHF X O D W HRG
WKH URU EMMHEMHQHW FRHIILFLHQWY Rl WKH GHQRLVHG LPD
WHPSODWH HPWDKIRIX O @ (QIRFAOH KMUKLIEND Q & D G/XEW LW KERMH V KQURLW X H
XVH LOMUPYKPWHRDOH DQRDDGWAHS HQ G MQBR YN OBHFHW ERHQ L FL H

5(68/76
1RLVH PRGW@&IQYHDBGW GRPDLQ

7KHRQZPYPRGHDOWGZHD YHOHW G R P IBLE HDQVORWHRU | XD B WLRBOH
IXQFWLRE WWHEHBEMWIQRLV\ FRHIILFLHQWY DQG WKHLU SDUHQW
DKLJKHU GHFRPSRWZARLB BFRPBROLWLRQ OHYHOV FROUUQUGIVSRQ
DQG HDFK RI WKUHH EDQGKH +GHSH QIMpKIBH LROFFHW LR Q
FRHIILFLHQWY RQWRB BRLVHZBUMNHRG HOHHEVLRQ MWZ R KHE\
SRO\QRPMWXMVRRIGKHTD 7KH UHVSHFWLYH SORWV RI WKH YDUL
DQG VXUIDFHV FRUUHVSRQGLQDUMRVWREQILV}NWILOGREBEWRPL
SRO\QRBUBYWEHIBF XUDWH UHSUHVHQWDRMLR® HR ¥ DUKLHD GRS H R
FRHIILFLG GOWOHW GHFRPSRVLWLR®QLIOH YKV ERE QRPQGD V
FRPSULVHRGI IILFLHQW V 7HERKT KLY RUGHU ZDV WKH ORZHVW RC
DFFXUDWH DQG IOH[LEOH UHSUHVHQWDWLRQ Rl WKH YDULDQ



"HQRLRLQPOXRUHVFHQFH PLFURJUDSKYV

7KHHGRLVLQJ HIILFLHQF\ Rl WEHBVSWRSYRWHEE RIQXERURIONRKIRFDN
PLFURJUDSKVY DQ GV KR PHIDUFEGE QERV RE6ULLYQN 6QGQNUDFO6KULQ
1RLV\ GDWD ZHUH JHQHUDW B G| MVL-QGM_RWRIKE WHRP 50BN W K
RI WKH M®REWHK HV HF R/ P 1S O BRRQIAH IRDWRRIOFGL DSSDUBHWXV  )LJ
QXFOHROA DAWLQ ILPDRHYWEXOLQ ILODPHI@MMERSADVPLF UHWL
)LIJ( PLWRFKRQQOQULDRXBDHL* DPIQG HQGRVYBRPHY XEMHFWLYH
HY DO X DWHSRIQ IRIUR ER@EMHG [ZRDVUKHNFRMLQ ILPLDPEHQ® WLWRFKRQG L
yLJ LQGLFDWHY WKDW WKH SURSRVHG DOJRULWKP PD\ SH
IRU *DXVVLUD@MBEQRLVMRU 3RLVVRQ QRLVH U HNVISHRQRLWHQ\
HIFLHQF\ Rl WKHVDOURHOW MR YDWWSBDIHQPOLIXRQHVFHQFH
DPRXQW DQG W\SH RV WKKIHQSRH.WY IHOUPPIIRQA G\ R/FF XBYONHHGEG RQ W K H
IROOREKGBWHJRKUWIPKRG HUD@QGICOHRIR LV ILOID AV I L F

+LJK HIILFLHQF\

7 K HL XK RWW GIHAAR LV L Q J Rl I WKIHHSBRSRVHG DOJRULWKP ZDV R
JLI$% RWKRDL DSSDUDWXV DWQG MXE OHHROLH PRKH HHON FLHQF\
LQFUHDWMIEHZYM® RI DG G XWLR@QURMY 6 H S FAQGH QIBER IRV R Q
QRLVH FRXOG7EMH®RWRGQFH RI WIOHRSURERNABNW KWK D Q
SHUIRURDBEHD Q6 KMWJI& DQG DQG $GDSW6EKWAQNQ®G) LIKLV
VXSHURREWWD U6 KU GDNS \B FARBRWW S U RDERBDHHHEO V RQIYR L V H
KLJK ORIYBRVVH UH\QIHFWRXBG\ D ONKR GR\R B RW KIGHADIGRLRPHLGN K |
EHWWHU WKDQ)LM BFDGEULZXKNFRY WKH PRVW HIILFLHQW DOV
SURSRNRHKGVERBHWWKIH GLIIHUHQFH LQ SHUIRUP®RUFHD® HVFKIHI D \
QRLVH OHKHHOVRSRVHG DOJRULWKP ZDV E HWWW K HWKIDIE F\IWD F
OHYHO L QYDA LUPWHG\ RQG E\ DW WKHIOLFEZHWDW\GRHY HO

ORGHUDWH HIILFLHQF\

,PDJRY DFWLQ ILODPHQWY WXEXOLQ ILODPHQW\QGXGGRBEOD\
J)LM & * ZHUH GHQRLVHG ZLWKERWR &H WIS RM HYEDHOIR\U L WK P
UHVSHFWIPPHEHSHR GHQFH RI R RHEHINRHFIDEGR\W DG QBRLOAH
VOLGKWH QG HAEH YRH®R/L RV R @ KURHL WHAPRL OVKRIRWAHULEHG LQ WKH S
SDUDJ$RBSEFUHQMH FLREWDZOWR) LQFUB DBGH W.IQZD \Q PPIRAN
SURQRXQPFWGERDURIBEXFOHL ' )LDQG SR MEX QWHKLIP D JRID F W L Q
ILODPHQWYV 7KIHHS IRUPDQFH RI WKH S U RPDRMHEE G/OVIHRUKLAMKORQ Z
SHUIRURPQNWDQ@GOKYLE & DQG $GDSWEKWLYN KHIWLFLHQF\ RI
WKH SURSRVH® URRWWHIMHKERSIQU IRKBD DG BK W. GN $) LDW



ORZ@HYHO RI| DG G LDWLXYIRIDMR LWL & BOMMR | B<H TRMWYQHBRWBIF O6 KUL QN
ZDV WKHWKHHFR G EHV V) MIKIHRDKRLK PH VH\Y REWRWW KRG YDULHC
GHSHQGLQJ RQ WKH ELRORJLFDOPDVAUIXFWHXQF\ RURP WRWR
WKH KLIKHVW QRLVH OHYH® D[@G LURPQF\ WRRVR 2QH PD\
QRWHWKHODIA IUDFWLRQ RIREWPRQHG @RWWH%LYD& &ZDOUWQLN )L
QHJDWLYH DW ORZ OHYHOV RI QRLVH 7KLV HIGKFMAEKBGLFD'
FRXUVH Rl BHUIQERIML@HWKRG

IRZ HIILFLHQF\

7KH ORZHVW GRQRDXIE®.REWBWU QWA HNQGRVRBPHY ZLWK DOO
RI WKHVWHGPINVOJRULWRZHYHU WRKHRHWKAH ISQRSRVHG PHWKRC
ZDV EHW WHY I WKIRBED SWE6KULGQN D®BEYD@PEKULI& RY RUK H
ZKROH UDQJH Rl QRLVH OHYHOV 6LPLODUO\ WR WWHKHLPDJH
IUDFWLRQ Rl QRLVH UHPRYHG E\ WKH ODWWHU PHWIORG ZDV
DOREBEWDEQHGDSW6KULQN WO BHWWR QIENJ®ENS HRQGHQW DQG VL
LQGHSHQGHRMVBRULYR DOJRULWKPV ZHUH RXNLSBIQXRGPWG E\
WKHVH FRQOMKNH FEWRYGDOIRM LIWIKRSRVHG PHWKRG SHUIRUPH
EHWWHU WKDQDKU DK GEKLUDNY KZHMAFR GLIITHUHQ P [EDIVFLHQF\

R +RZH DO RZR LO/HHWHIOH GLIIHUHQFH ZDVLPRUH ®PDRQRXQF
HIILFLRIQF\

',6&866,21 $K21&/86,216

,Q WHKWKXBMGHVFOLEHYGDSWRYHOERL\GHH)J DOJRULWKP IRU I
PLFURVFRS\7KPDURSYRVHG WHFKQ LWXEL Y\DLLPLLIDVD WODAK W BQ WK PH
GHVFWIQEBGHYLRXV @8 0B MM WG MR U HVE DWWLHERYQH O H W
FRHIILF4RIZHYHY FRQWUDVW WR W K@ G®RIW KRXKIVQGRPWNE GHQRL
DOJRUBWKP&ZKLFK HV@RIP\DIW IS D GL PHIMMIRGBVKHQ WUDQVIRUPHG
WUDQVIRUPHG GDWD ER QY WEEMHIWSLOHEOR PHEIQ R D R IGRED L Q
LPDJH GHREWRAGHDY D IXQFWLRQ RI WKH R2RKBRIOHEOL\RG SPOQ D P
DPQDO\DEWRDO |10RRUHR/AHBEREUWE® D &&' FDPEUHQFH WKH
LPDJHV PROBUBPRX QWY BHSHIQTHDW 3RLVYQB® SEQGHQAWQDDXV
QRLWZHKLFK FRWRWOSRAM ®FTXLVLWIKRQHISHPWHW HQRLVH LV WK
IRU HDFK P D WZWQZW/KEGHRI WRBIGLXVYHGW V \DFROWIKQ XK RIQW K & J
ZDYHOHW GRPDLQ



7KHHSIRUPDQFH RI WKH SURSRVHG D\OXIHR ULHUK RUPD\Q FAR
$GDSW6KO@DQBLYDUGK@LOW®BWLPDO VXEEDQG DGDSWLYH VR
2UDFOBKWILQN RIEHRORPLFDBJUFRMWDLQLQJI HLIKW W\ISHV
VXEFHOOXODU VWUXFWXUHV 7KH SHUIRUPDQFH RI WKH SUR
LPDJHG VWUXFWXUH ZDBWEWBXMYHRED LFVHRIFFROJL VWUXFWXUH'
EHFDXVPDWRHLW\ RI WKH QRLWK ADKHUBGRRUHBWVKHO\ WKH Z
SHUIRUPDQFH ZDV REVWU¥MNGRMEP BMKH W VKIRROG EH QRWHG W
IRUPHUXWWUY XFWH FKDDD®RIVHQWHGQBD\O FRPSOH[LW\ WKH\ FRC
UHJLRQV WKH ODWWHU FRPSULVHV D VHW RI7KKMXHM LVRO
F R U U V\OECHMWLZRHH QH WKHHHEE WYLV BIRIM ILFLHQWY DW R®LIVIFDBDEW D®IG
EHWZHHQ WKHLU PDJQLVDXGHWYDIW RGURDWDEMIE ¥ RO CO-DUJHU RE
QXFOHROL HW®RBRPHAWRDOWU X FWXUHV D UBV PBIG & HZHMY WOl IGWE \
FRHIILFLHQWYV DOSSHRUWUMMBHQZKLHFK FRUUHVSRQGV WR X
FRHIILFLRQWW K HOKMY VBB S UR SRV G DIG MRRUILIGE KEPHON VRIJU
W KD MW MHHY WHG LQ WKLV VWXG\

2QH RI WKH SRVVLEO H DY D\GHBEDR BIVHIR IS \WHHHAN. PRIW L R Q
VLIGBPIGHQGHQW 3RLVVRQ IQRHNGJ WR LOWWKHWMKIREMHG PHV
RIITHUHG VXSHULRU GHQRLWK B JFRBD W RIUEXVOLFROZ FRAQPRIQRU
LPDJH\BURRR QJ P RW /@W FEROF N J IDRDXENGTKRUVR RW 2DYHOHW WK U
XVH® WKLYDWWEGWHFWO\ DGRSWHG |URP WKSEHPRI\D RS FR QY|
LQGHSHQGHQWRQR LFKHRYDYHXHV IRU IXUWKHRB U RYWRWHPHD VR
PD\FRPEL Q Hs URISHRPHAVBEKRGARUH VRSKLVWLFDWHG ZDYHOHW
GHYHORSHGGIHRSH P GCHB®RXEDWH. Q V XQELDVHES 3L @ QHV W L P D
PXOWMDJH :LHQHU @LIONMMHI DGB R D RKHHAVOE IGOOWERHEL HY DQG W
FRQVWUXIPMVLPBQ HRU RMRGHODRILRQVKLS EHWZHH @ KD WYH OGO D
GRPIIL@O DOVR EH LQYHVWLIJDWHG LQ WKH IXWXUH

$FNQRZOHBJIJPHQW

7KLV UHVHDUFK ZDV VXSSRUWHG E\ 1&1HQ@ROH VKJIUDQW
% 1= DQG (67 7% DQG E\ 32,5UDQW

*H&21BSSHU 6LOHVLDQ &HQWHU IRU &RPSXWDWLRQDO 6FLHQF



SHIHUHQFHYV

>@' /| 'RQRKRO --RKQVWRQH ,GHDO V SDDAYLHDAOH VID G\DKSWLIDWM |
%LRPHWULND SS KWWS G[ GRL RUJ ELRPHW

>@' /| 'RQRKRO --RKQVWRQH $GDSWLQJ WR 8QNQRZQ 6PF
6KULQNDJH RFRXKBDEPHULFDQ 6WDWLVWLFDO $¥VRFLDWLRQ
KWWS G[ GRL RUJ

> @' / 'RQRKRQRHVLQJVEKWHRVWROGUORYIRMWLRQ 7KHRU\
SS KWWS G[ GRL RUJ
> @ * &KDQJ % <X 0 9DWWHUOL 6SDWLDOO\ $GDSWLYH :I
ORGHOLQJ IRU ,PDJH "AULRQAWDROH 3UYUKRFHVVLQJ SS
KWWS G[ GRL RUJ

> @ * &KDQJ % <X 0 9DWWHUOL $GDSWLYH :DYHOHW 7KUF
&RPSUHVVIERQ 7UDQVPDJH SURFHVVLQJ SS
KWWS G[ GRL RUJ

> @/ 6HQGXUSHOHVQLFN %LYDULDWH 6KULBRNDHEB )KQRWVYRQ
([SORLWLQJ ,QWHUVFEGHDEBHRIHQRBRFHVVLQJXSS

KWWS G[ GRL RUJ 763
> @/ 6HQGXUG6HOHVQLFN %LYDULDWH VKULQNDJH ZLWK OR
6LD® 3URFHVVLQJ /HWWSEHUV KWWS G[ GRL RUJ /63

> @ - 3RUWLOOD -9 :PWQHOUIBK®BLPRQFHOOL ,PDJH 'HQRLVLQ
OL[WXUHNVXRYLDQV LQ WKH ;@Y HOMNRD RP BLURFHVVLQJ

Ss KWWS G[ GRL RUJ 7,3

> @$ 3L]XULFD : 3KLOLSV (VWLPDSWHMHWRH BU R EDEILQILAV ¥

LQ PXOWLUHYVRMGVERQWILEDQG L PO JH EMQRHVAWRFHVVLQJ
Ss KWWS G[ GRL RUJ 7,3

> @0 6 &URXVHLRZDN* 2DUDQLXN»DVHKBOFHWDWLVWLFDO 6LJC
8VLQJ +LGGHQ ODUNRYUCREBHQDVO,AURFHVVLQJXIS
KWWS G[ GRL RUJ

> @* )DQ*; ;LD ,PDJH 'HQRLVLQJ 8VLQJ D /RFDO &RQWH[WXI
WKH :DYHOHW ,(RPDAIQJQDO 3URFHVVLQJ /HWSASHUV
KWWS G[ GRL RUJ

> @( 3 6LPRQFHOOL 6WDWLVWLFDO PRGHOV IRU IMBRDJHV F
LQ 6LIJQDOV 6\VWHPYV &RPSXWHUYV &R Q MAN HEQY FE 1D RSRHF
&RQIHUHQFH RQ 3DFLILF *URYH SX$

KWWS G[ GRL RUJ $&66&




> @( 3 6LPRQFHOOL ORGHOLQJ WKH -RLQW 6WDWLVWLFV R
3URF 63, ( WK $QQXDO OHHWLQJ '"HQY BB &2
KWWS G[ GRL RUJ

> @ 5 6WDURVROVNL &RPSUHVVLQJ KLJK ELW WHSWR W PP
(OHFWURQLF &RQIHUHQFH RQ &RPSXWHU 6FLHQFH $S3 &RQI
KWWS G[ GRL RUJ
> @7 %HUQDV ' %BVEHAY-FRELQVRQ % 5DMZD 3UHFLVLRQ
PHDVXUHPHQW LQ ELRORJLR®D ® RV LOAFO FPLFRIRVER S\
KWWS G[ GRL RUJ M

> @7 %HUQDV 5 6WDBHRERQWRIQ % 5DMZD $SSOLEQWLRQ
FKDUDFWHULVWLFV DQG KLVWRJUDP SDFNLQJ IRU FRPSUHVYV
&RPSXWHU OHWKRGVY DQG 3URJUDPV LQ $%$RPHGLFLQH
KWWS G[ GRLMREBSE

> @) /XLVLHU 7 %OX 0 8QVHU $ 1HZ 685( $SSURDFK WR
2UWKRQRUPDO :DYHOQHW UROQNIVKRGGROHVVLQJ SS

KWWS G[ GRL RUJ 7,3

> @5 :LUHVWDP $ %LELF - /IWW 6 %URFNVWHGW ) 6Wn
GDWD E\ BRPHOEWILOWHULQJ $EYSIOOLFID WELARHX XN R GIGLJKPDJL Q
ODJQHWLF 5SHVRQDQFHQH LQ OHGLFL SS

KWWS G[ GRL RUJ PUP




)LIXUHV DQG 7DEOH

7TDEOH
GRHIILFLWERKWHRIVKHY SRO\QRPLDO PRGHO URZV HT FRUL
FRHIILFLWEKWWRULDQFH PRGHO FROXPQV HT DW WKH U
GHFRPSRVLWLRQ WUDQVIRUP
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EDQG
&K FI
HT & ' ( & ' ( & ' (
5 FI
HT
D ( ( ( ( ( ( ( ( (
E ( ( ( ( ( ( ( ( (
F ( ( ( ( ( ( ( ( (
G ( ( ( ( ( ( ( ( (
H ( ( ( ( ( ( ( ( (
l ( ( ( ( ( ( ( ( (
J ( ( ( ( ( ( ( ( (
K ( ( ( ( ( ( ( ( (
L ( ( ( ( ( ( ( ( (
M ( ( ( ( ( ( ( ( (
N ( ( ( ( ( ( ( ( (
o ( ( ( ( ( ( ( ( (
P ( ( ( ( ( ( ( ( (
Q ( ( ( ( ( ( ( ( (
R ( ( ( ( ( ( ( ( (
s ( ( ( ( ( ( ( ( (
T ( ( ( ( ( ( ( ( (
u ( ( ( ( ( ( ( ( (
v ( ( ( ( ( ( ( ( (
w ( ( ( ( ( ( ( ( (
X ( ( ( ( ( ( ( ( (




: s
R, \
&\ [ \ \
v \\‘ !u\ \\ VA
‘&-:_e.‘\*‘ ‘\w-‘\# R \\\\ \\
\s\ \\
\\‘

e 5
R
\“ ‘\\ l\ @\

'§ N

Noise energy (stdev)

D coeff.

)LJ

'HSHIQGFH RI QRLVH RQ W YA-DOW WKGIHQRIRUP FRHIILFLF
WHKHUSMFRPSRVLWLRQ OHYHO RI WKH ++ EDQG X@H RD QWKH FR

PRGHO HAHSUHVHQWHG WY DI B WLIRQNRUIDWY LARHYY B D V DRPIHIMGS
DQG 3RLVVREWDRIQAMEEKWEQIJKHY SRO\QRPLDO SDQHO %

HT



)LJ 5HSUHVHQWDWLYH WHPSODWH LPDJHV RI *ROJL VWUXFW;
WXEXOLQ ILODPHQWYVY ' HEPERRFKRRLGULBWYL FXQOOF®MHL * DQ
+ XVHWHRQHUDWLRQ RIRDRLINRULRDKIFH VT D W& D D)G

LQGLWBIMHLRQV VKR ZDOIGY HVE HPWUYPPO\7TKH LPDJHV ZHUH REYV
IURP WKH OXUSRWHDEH ,GDWDES PXUSK\ODE ZHE FPX HGX VHU®



YLJ SHIJLRQYKWDJIH RI DFWLQJLEBRPMDPWYLQIJ QRLVHDDG
SURFHVVHG ZLWK 2UDFO6KULQN $ &IIBD®EWKKHUESQRS BV HG LYD.
' 7KH UHVSHFWLYH WHPSODWH QRLVHOHVV+LFBJH LV LQFC



YLJ SHIJLR@HMDJH RI PLWRFKRQGULD )LJ ) ¥RQWDQGLQJ QR
SURFHVVHG ZLWK 2UDFO6KULQN $ &$OISIVWHKHLOMR IRV PG YIDC
7KH UHVSHFWLYH WHPSODWH OQRLVHOHVV+LFBJH LV LQFC
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I[URP WKHJDFPD 6KV LRIN*R O

$GDSWH6KULQEKWA @QNMHMQGEDWKH SURSRVHG DOJRULWKP

SORWWHG DV D

QRLVH UHPRYHG

JUDFWLRQ RI

yLJ

7KH

WKH ¥ D DGV WEH B R DGRV QRH

IXQFWLRQ RI

UHSUHVHQWHG ZLWK WKH UHVSHFWLYH FRHIILFLHQW HT
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IURP WKH LPDJHV RI

QRLVH UHPRYHG

JUDFWLRQ RI

yLJ

$GDSWEKULQEKUWA GNBQGEGDWKH SURSRVHG DOJRUWHIWKRHQFV KM

SORWWHG DV D

WKH PDJQLWXGH RI DGGLWLYH

IXQFWLRQ RI

UHSUHVHQWHG ZLWK WKH UHVSHFWLYH FRHIILFLHQW HT
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)L )JUDFWLRQ RI QRLVH UHPRYHG IURP WKH LPDJHV RI DFV
$GDSWEKULQEKUWA GNBQGEDWKH SURSRVHG DOJRULWKP

7KH
SORWWHG DV D IXQFWLRQ RI WKH PDJQLWXGH RI DGGLWLYH
UHSUHVHQWHG ZLWK WKH UHVSHFWLYH FRHIILFLHQW HT
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)L )J)UDFWLRQ RI QRLVH UHPRYHG IURP WKH LPDJHV RI

$GDSWEKULQEKUWA GNBQGEDWKH SURSRVHG DOJRULWKP

WXE
SORWWHG DV D

7KH
IXQFWLRQ RI WKH PDJQLWIG/H RQ QRGVYWLYH
UHSUHVHQWHG ZLWK WKH UHVSHFWLYH FRHIILFLHQW HT
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)LJ JUDFWLRQ RI QRLVH UHPRYHMGKHIQBRSWRMPLPDUHW LFIXC
2UDFOG6KUIS@GND SWE6KULQNK 9 BWIYDUNKH SURSRVHG DOJRUL)
GHRWRLQJ HIILFLHQF\ LV SORWWHG DV D IXQFWLRQ RI WKH PD

3RLVVRQ QRLVH \ D[LV UHSUHVHQWHG ZLWK WKH UHVSHFWL



)LJ  )UDFWLRQ RI QRLVH UHPR YAHG RUFK R QMKKH TUBDATHAK (R |
$GDSW6KULQBK W @NAQGDWKH SURSRVHG DOJRULWKP ' 7KH
SORWWHG DV D IXQFWLRQ RI WKH PDJQLWXGH RI DGGLWLYH
UHSUHVHQWHG ZLWK WKH UHVSHFWLYH FRHIILFLHQW HT



)LJ JUDFWLRQ RI QRLVH UHPRYHG IURP WKH LPDJHV RI
$GDSWH6KULQEKWL @QNMMQGDWKH SURSRVHG DOJRULWKP 7KH

SORWWHG DV D IXQFWLRQ RI WKH PDJQLWXRBR® QRDWGGLWDMH
UHSUHVHQWHG ZLWK WKH UHVSHFWLYH FRHIILFLHQW HT



)LJ JUDFWLRQ RI QRLVH UHPRYHG IURP WKH LPDJHV RI H
$GDSWH6KULQEKWL @QNMMQGDWKH SURSRVHG DOJRULWKP 7KH
ORWWHG DV D IXQFWLRQ RI WKH PDIJQLWXGH RI DGGLWLYH
UHSUHVHQWHG ZLWK WKH UHVSHFWLYH FRHIILFLHQW HT



$SSOLFDWLRQ RI GHWHFWRUWHIH BIRLIVR Q JF K
RELRORJLFDO PIWHUDNOBYKFRIP@ L Q

7\WXV %HUQDV 5RBRE HWWD URWHRLGWNLL

&RQIOLFW RI LQWHUHVW VWDWHPHQW
1RQH

SROH RI WKH IXQGLQJ VRXUFH

7KH VWXG\ VSRQVRUV ZHUH QRW LQYROYHG LQ WKH VWXG\ G
LQWHUS UWVYEDWIDR 2UR WIKGHI RI WKH PDQXVFULSW RU LQ WKH C
PDQXVFULSW IRU SXEOLFDWLRQ

+LIJKOLIKWYV
x :H SURDPRWHA ZD GREEMHQRLVLQJ DOJRULWKP IRU ELRORJLFI
x tHFRPSRWHVH FKD WGCLAWB®RBPAMPIFM DFTXLVLWLRQ SDUDPH)
x $OJRULWKP H[BQ& LWRIBMWRRUUHODWLRQ Rl ZDYHOHW FRH
x $OJRULWKP RXWSHGD WB K UR\YKH B 2YDEFEOKBWKIUQ I ND Q G



