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6WDWH GHSHQGHQW $VVHW $OORFDWLR

5H]ID %UD®UINLIDYRRG 3LUED\HVK 1HJKDE

BQL6$S %XVLQHVV 8QLYHUVLW\ RI 6RXWK $XVWUDOLD
EHSDUWPHQW RI ,QGXVWULDO (QJLQMHHUNHA] .RF 8QLYHUV

"meZ trts

JRUWKFRPI(RURBKIBDQ -RXUQDO RI )LQDQFH

$%6753&RKDQJHV LQ PDUNHW FRQGLWLRQV WKHYV IFQWVHK S OWOIRQ PH\
GHYLDWH IURP WKH UDQJHV SUHGHBQW® EE FRY D WLHUF BY HUDH HDV
DVVHW DOORFDWLRQ VWUDWHJIEMYXVWLEY R RRYGW FRRPLR WHIOLO/R EDWKLR
WKH LQYHVWPHQW RSSRUWXQLW\ VHW W/ IF\R GG BWURSIDRSE RVNWD [
EDVHG RQ PDFKLQH OHDUQLQJ \WWDIVHN/ODI®I® BV VWW UL EURDW BB\
SRUWIROLR FKRLFH LQ D QHZ SHULRG @REQHOHR REKLWUL B SWLARIDAK I
UHODWH VWDWH YDULDEOHV WRUSRIOWIRRGR OZHLII KMWKH UBWKHQ
VXEVHTXHQWO\ HYWLPDWLQJ WKH SRYR\WIADQRAKIRLF B P RIQH RVH\M KR
YDULDEOHY DQG SRUWIROLR ZHLJIOWY TLW KRN \E XDWLRP [RQ JUBI@AX S
ZLWKRXW ILWWLQJ D PRGHO ZLWK DEIQHNVGWRX BBRD R QU B GWK\R X @
SDUDPHWHUV 7KH HPSLULFDO UHVX®PG VQRUFHBVSRKRZROKR KU R/S\RF
JHQHUDWHY D PRUH HIILFLHQW RXWFRRGEVFRESDUW G REXWWWIDGLW
REMHFWLYH IXQFWLRQV DFURVYV GLIIHUHQW VDPSOH SHULRGV

-(/ FODVVLIRFDWLR®

.H\ZRUGSGRUWIROLR RSWLPL]DWLRQ WDRQ®DBDDVIWWHWODRE RALWN DR |
PDUNHW VWDWH PDFKLQH OHDUQLQJ DUWLILFLDO QHXUDO QHWZF

&RUUHVSRQGLQJ DXWKRU 5H]D EUDGUDQLD#XQLVD HGX DX
'H WKDQN 7DOLV 3XWQLQV *DERU 5XGR{EUIZEKR LWHQRLORQ JDW ELMK G H
SREHUW (OOLRWW ,KVDQ %DGVKDKF BLXD@W W D W WKKIQ D P QW 6 $ D IQEBWSHIFKW
FRPPHQWY DQG GLVFXVVLRQV



,QWURGXFWLRQ

7KH PHDQ YDULDQFH IUDPHZRUN RI ODUNMRIIQL]HG D VKK HE HRRQQ B
PRGHUQ SRUWIROLR WKHRU\ ,QVSLUHELRQW RIOX FURIMPH GRIWND LVQAY B\
RSWLPL]DWLRQ IRU WKHLU DVVHW DLOI®QFRF DWURY\S DR BDOHPRD@ 6 LEESK
DOORFDWLRQ FDQ EH UHYLVLWHKDBQIHIXDDILOLFERW QW RV X Q I NHO
DFURVYV DOO PDUNHW FRQGLWLRQV 1\VWRZS YOG \HFR QRFL FLDGE
FRQGLWLRQV FKDQJH RYHU WLPH DQW BSSIRUWWQWWRH NWV\LOW L\D
WKDW WKH PHDQV YDULDQFHV F RV LRI QCRHWH IV GD KILHBI KR @ FRRYLGFH UL
FRQGLWLRQV DUH OLQNHG WR DV\O-O/R IHWLRI® 8 UR PHVYWH BXGE QG
ZHLJKWV +DUYH\ DQG 'DKOTXLVWVKRZ WX HDIERAS RWUHAYDIQDHD RAVWXAGIL\M |
DOORFDWLRQ WR H[SORLW WKH SHMW ®&HWXOEL\D D\WQ'G RK HGKIH FR P 1BQ MA
RSSRUWXQLW\ VHW LQ ERWK VLQJOH/DHEHRIE VW QG P %DW 16 B3KDQRD

%UDQGW DQG &0ODUD $QJ DQG PAHNIPDWQ *XILGRPDQ L
DQG 7XUNLQJWRQ 1\WWUXS ODGVHQ DQG /LQGVWURPYV DC

7KH SXUSRVH RI VWDWH GHSHQGHWYQR WIYN H W ®YDRW D WH. RQ MVRIEGDMHA
FROQOGLWLRQV RU VWDWHYV DQG PLWKHDWK DMXE PG DFW R+ BDZAHYHAL
GLIILFXOW WR PRGHO D FRQGLWLROD® IRHW XVWRD BEWVY W Q LIRUWR R\Y LP
VWUDWHILHY XQOHVV VWURQJ DNWXIPESWVLIRRYY RRQDWWHWY WIBW XV @/
SUHGRPLQDQW DSSURDFK LQFOXGHYGD2®WEZR VWHSIBURWIDY VP REHROU
IHDWXUHV RI WKH UHWXUQ GLVWUIRRBWLIPED® HRGWIWKAHLR GHWR HRIHP L
DSSURDFK GRHV QRW JXDUDQWHHRW®HPRBW LKD@®G DEHFOPOML 8 DI [THRW
YDULDEOHV PD\ SUHGLFW GLIITHUHQREMRFWQWHN IKIQEMWRQQW XV HK

%UDQGW $OWHUQDWLYH DSSURDRKH VW RFIOX\GW LG XPUHRILLFIDFCP E

%UHQQDQ 6FKZDUW] DQG /DJQDGRQG 9LFHLWUDPSEHD@G &BPC
DQG 9LFHLUD RU VHPL QR QDS®LUDD P AW WilF DRHAVMK R GV DE
DQG &0ODUD ZKLFK KDYH OLPLW DWIMRIW HL @ DK B EXOHP\E XV HRG D

UHTXLUH ILWWLQJ D OLQHDU WKGEHDHBHWIG IE@MHD R L MKHHU RV IORD/QY S
ZKROH UHWXUQ GLVWULEXWLRQ IDW YCHUG RS S H H G QRN LB ISURRZAPH O
YDULDEOHYV PD\ FKDQJH RYHU WLPH

,Q WKLV SDSHU ZH SURSRVH D GLIIH OHDNMWEZRSMRBEK XN LSRIZSHWWAO
OHDUQLQJ WRRO WKDW XVHV VW QWWHDFIUEDBDOS$RUWRRG L BHFMWMLO K \G
SUREOHP 7KLV DSSURDFK DV D QRQ SDDOPIRVUWLIR ®HRVE R GJ KA/ LA
LQYHVWRU DW WKH EHJLQQLQJ RI MOKHDLPR &N W FZH QW S HFH R\G DA LQN
YDULDEOHV WR WKH GDWD ZLWKRXWKHRXMWLPDWLSO DWIQQJSD WDSHPW I
WKH GDWD ,Q WKLV DSSURDFK W¥HRQDHNWR|WID X B WIRRIADIP RHE
6KDUSH UDWLR DV D PHDQ YDKH DRHMKRW LXOV MM WWKIQHF VKLR @/ RULF D

6HH H J OHUWRQ )DPD DQG JUHQRKEROG %HHEBQIO/ :HLQEDFK
.DQDV &RVWD DQG .ZRQ DQG $QJ DQG %HNDHUW
3HUIRUPDQFH UDWLRV DUH FRQIQGREBWLRQ WKUP XQHO L OL WK DK/ HWK H  F
SURSRUWLRQDO WR WKH UDWLR BIIRHEH DOZDIUE WRWILYE | XKRIG\ DRJRG XN bl -
DVVHW DOORFDWLRQV VHHV\HHDORDUIKRHQO LD QKU UHEIUDH VBRUWREHOOL D
5DFKHY DQG 6WR\QRY



YDULDEOHYV DQG UHWXUQV WR WU MWHL PDFKIDQERHDUQHQU @RWG A
XVHG DW WKH EHJLQQLQJ RI WKH MQYBWOWRM QY BWDIWRGY ZKHDEW K
HVWLPDWH WKH RSWLPDO ZHLJKW IRU WKH SHULRG DKHDG

,Q WKLV DSSURDFK LQVWHDG RI ILUVWVREBWORIQW KHR PAHRING\. WL
GLVWULEXWLRQ DQG VXEVHTXH@W OWAKDW B FIVHHN/U L7 HQV NR. SWW. R Bl OH
FRQGLWLRQDO UHWXUQ GLVWULEXRVZRQJEQE® GVUEFVBOHGHFWGE B JR'
LPSRUWDQW EHFDXVH WKH UHODWURQWKDS BHW ZFHRFGS Q/H([H I 8@ BW/L R
GLVWULEXWLRQ + DQG WKH SUHBQRWRS \E HW DHNY W@ R HV\ QMGH.IY Q GX D
SUHGLFWRUV 7KHUHIRUH ZH DWRR® \WWRIG DREVEH YWR QD CP Q\RLYHFG X
UHWXUQ GLVWULEXWLRQ DV DQ LIHNVRIURMNGLDYS WVRDHFE LHQ RML O MU ZI
VHOHFW VSHFLILF VWDWH YDUKLEGHOHDYVQLRH GHWIZRIDN RY W H HR
DQG DOVR WKHUH LV QR OLPLWDWOR® RQHWEKIHQ QXRE HUS WL KM DW HF
GLIIHUHQW IURP WKH WUDGLWLRQDOYPRAM KRGAK RF KD VAHRAHGAWILLRR® R
RI VWDWH YDULDEOHV SOD\ DQ LPSRIRFD@WRILROH LQ WKH FRQGLW

‘H H[DPLQH WKH SURSRVHG PHWKRG HWPSVHLFROWOLVMWL QD RIQWHK W6
3RRU 6 3 LQGH[ DQG WKH 86 EHQFK FERONG WRIGHY\DEBUFRRSB
SHUIRUPDQFH WR WKDW RI WK UH HRSWLE DV LR D\DHOWP Bl /G R BIVW LR @ WF
ZKR KDV D PHDQ YDULDQFH XWLOU®WDRQ FDLER B D MOPRK HDAV I R/K R @ K DS,
WUDGH RII EHWZHHQ WKH GHVLUHG UK HDX\GHD@G URX N S,HU DRSWGR QA
DUH ZLGHO\ XVHG LQ WKH OLWH UR W SRH \I MR &/ KR RUEREHFIPL YW R VKR
RI RXU SURSRVHG SURFHGXUH (DFKHQHW IRILNPND @ BH IHIDWQR HA\D 5 & UF
DQG ULVN GLIIHUHQWO\ EHFDXVH LRV UBWRWURR/UIDIV A OGLXI OHDWH. R \P
ZH XVH 6KDUSH OHDQ $EVROXWH 'HY&DBA RIQD @ %D FKHX ODW ERYL ZK
ERWK VIPPHWULF DQG DW\P®WR BIPFS ORWIRRM SRSXODU VIMOWH YDL
WKH GLYLGHQG \LHOG RI WKH 6 3Q0G DQ@QGHPB WKBGMHWUMBGHRE M
7KH GDWD FRYHUV IURP -DQXDU\ WR WKH HQG RI '"HFHPEHU

$V ZHOO DV RXU $11 EDVHG DSSURQ@F® PHNBERS®\ WY UHHHD MKPIDGINN
PHWKRGY HVWLPDWH WKH PRPHQWKN RIVUBW XUQWRPHPQOD®TWIR EB
WKH UDWLRV ZKHUHDV WKH WKPD® LIRSS DRIGF R LVQMPH.] D /WRIY WWH.
RSWLPDO SRUWIROLR ZHLJKWV ,Q WRRGHOV EKHEF & AKPDQ N RWR KR GL
ZLWK RQH ODJ LV XVHG WR HVWIKRHUMD WKE& RRPHOWR @G EHHVQ K K P D
PRGHO LV XVHG WR HVWLPDWH P R PMIQHV M XK N WIDFWHR YDRIR.® I O H.\D F\C

7KH 6KDUSH UDWLR LV YDOLG IRU WKIHUSRNXWI@D IDRU A KQRR.E PIDROIOD GG L QW H \ B
YDULDQFH FDQ H[SODLQ WKHLUOGERWXRIEGWHRBQW KBWHYHW X UYL G R )R W ||
/HODQG .DW DQG %URRNV $J DONLG ® Q® G D5IONK D DQXIQ UHW
KHDY\ WDLOV RU SUHVHQW NXUWRWKN RBMHFYZIQHY VX QFM DR Q6 IDRQSH/ DWR
RI ULVN DQG LQFRUUHFW LQYHVWP ZE8WOGNHFR Y QRQVP LARD R/Y.IRQF R P KV KHK L6
DOWHUQDWLYH SHUIRUPDQFH U DRWLIRW XKLCHY H) FEWH HQDP S R $IR \LIDG* ILQLW & KDL W
OHDQ $EVROXWH 'HYLDWLRQ 0$' .RQQRID@P BPPIRPGL WKH ULVN P
UHGHILQHG S5HFHQWO\ DV\PPHWULHADYH STHARPHW 8 R S IDHHQ @ID@W HUD W L R
&RQGLWLRQDO 9D5 &9D5 ODUWLQ FDFWNYHDEORZQVERKOWWN DQG 5DFK

LQFOXGHV WKH WUXQFDWHG PRPW@WW FHREY S LRWHIRQHMHG WR WDLO HYHQ



WKLV SDSHU ,Q WKH WKLUG E H GGFOXPIDRIHWRIH\F KPRIGV KRG XE/IHV Bl ® RQH®D
DSSURDFK WKDW DYRLGV WKH HVWILRQWLURYHRIXWEWY FORIEE GWURGEW
UHODWLRQVKLS EHWZHHQ VWDWHKHYREMBEW®WHY HD IQX® FDWIVRIQV LZH WK
H[SHFWHG XWLOLW\ WKDW ZRXOGQA LPSGIQFA \WAP WOWHKM RQ W R HD BFHRXQ
WKH ULVN SURILOH RI WKH LQYHWVRR W DPISD I HVX®WYV IM\R Z HADKCH O X (
SHULRGV VKRZ WKDW DOO UDWLRRVBIGHS$1WU HEDWHG DISISQ RZBIF X VW RWIK |
ZHLJKWV FRPSDUHG WR WKH WUDGRW VRO IKIOW KRS O R U WK B PESRX
&9D5 UDWLR LV XVLQJ RXU DSSURDFK EZ®BUHDV LW ENVHC
RQ WKH ILUVW VHFRQG DQG WKLUGS EGQFKRREZNVK DM WS KIF W PG
UDWLRV XVLQJ $11 FRPSDUHG WR WKH EGQFKE@D WNH YW IDRMW RIQW®
SRUWIROLR FKRLFH EXW WR FDSWZXWHIQQW MHWH QRDQQ DEWBIY DIEDWK

YHZ UHVHDUFK VWXGLHV UHODWHM BWHW BOLREDHM KYRW GIUDABEWYD)
%UDQGW VXJIJHVW D VHPL QRQ SDWD®BWURF \PW DWW R & BVRL DREWDR
EHVW YDULDEOHV WR GLUHFWOM HMMLP DO/RK WV Kl H FRHISQWL®\D @ DERRUME IR
SURYLGH D OLQHDU SDUDPHWULF SRWWDIRRQRWKRIO G F\S H QG H Q\FKID I
ZHLIJKWVY RQ WKH SUHGLFWRU YDWH MEDHYQ RQ KK DBOW W D® & WXIX
XVH D VWRFKDVWLF SURJUDPPLQJ DQG %&KMEW QG ®@ KBRHLWD |
IRFXV RQ SDUDPHWULF VSHFLILFRMW VRDWRI Y\DKUH. IMERQ QW DG G DWPK.IF \S
DGYDQWDJH RI RXU DSSURDFK LW MFK B WWLKR G W B DIWOIOA QRRQHS VR
GHSHQGHQFLHY EHWZHHQ VWDWR YBULDWOHYVKDV Z¥ QO SRUWRB 8 R
RI WKH RSWLPDO SRUWIROLR FK RIRFH LR/QQW KWHOZIQRADH U HHWXWIY [EE.O N
$11 WKDW KDV VKRZQ H[FHOOHQW B HRQRU® MQ¥HW @ IS 0 /WD D@ © H.I
ILHOGY 7KH LPSRUWDQW IHDWXUH RIW1RD ®NVDLRD ¥ XL QYD EOGHHD URU q
WKDW LW FRQVLGHUV SDWWHUQNOLQAORGILARD QRIQOL @ HIVZ HDHG YR
GLIILFXOW RU LPSRVVLEOH WR GOIFLIDPWGDMMK OQ @HEOEL W HRWK RVGRV PL
UHODWLRQV EHWZHHQ LQSXW DQG R SMZARPWDNVWDQJ WM H © B QG H.RLS/»
5RMDV DPRQJ RWKHUV 7KHUHIRUH FFRP BREKBSWWN D 1D EDLWHLE
QXPEHU RI VWDWH YDULDEQBVIHD WHHD WH & UVRDX\ELRY VHYWWHQ D O
YDULDEOHYV DUH XVHG LQ DVVHWWLR®@REQ VOIHRXQ DQ @ I$W 7 R/URIOW IRWRY
0DODQGUL HW DO XVH SXEORRLEQDQFWUDPOHV HADRY IGRH @I WWDD GS |
DOORFDWLRQ 7KH\ VKRZ WKDW ZLWIQNWYRUDNY HQIS K WHQDWODE I Bl U
SXEOLF PRRG RQ ILQDQFLDO WLPH \LHDOLIRW G LLDQ D GIGV VDIO[W PLQKQE
VHQWLPHQW LQIRUPDWLRQ LQWR PDVNHWJYWHZE KT XH\R Z PISKIIRW H
SHUIRUPDQFH 2XU VWXG\ HIWHQGV W KEINV® GWHIIDUNRDOFH ER S WRVSIRA
DVVHW DOORFDWLRQ LQ SRUWIROLR PDQDJHPHQW

7KH XVH Rl $11 DV D FRPSOH[ VWDW IRV WGKNDEPHWER® $R$ UFDYHEHR KR/
D EODFN ER[ WKDW SURYLGHVFB IRV WWHD WRIVY.DKWDIEOWR W®&H RQWIR
LOQOWHUSUHWDWLRQ RI VWDWLVWGHPQFFRBAG VS UD FG\H W IURIGH URU VEE

7KH SRVVLELOLW\ RI LQFRUSRUDWO®RY QU UNKHQMTEMXURI RIQEIXIWD YD LPD F
6LQFH WKH SURSRVHG PHWKRG LWIRDVSIGDRQD®IG GULWUMHIORBVLGDWOHYDQ
LQIRUPDWLRQ VHW RYHU WLPH FWREQYRHIUWKQVWIKCHSHB SZBILEKUB RRXU SRS
IDFLOLWDWH FRPSDULQJ WKH SHUIRR@DQ PHHRKR &YV DSSURDFK ZLWK WULI



XQGHUVWDQG WKHLU SRUWIROLR FHKBRGRIWE @ IPRE HD & OGDH GV WMKHU R
FRPSXWHU VFLHQFH WR XQGHUVWDIDGLDHWWWW®R QW KH WRJUPEV) RH WB
IXQFWLRQV LQ SRUWIROLR DGYLFH

7KH ILUVW DQG VHFRQG PHWKRGV FRIBGIOREWRZER QR F WS R QW B Q FK\
GHWHUPLQH WKH UHODWLYH LP®SDIAWR\R I BXMWFIGRMAD WRW DX LB EOH R
WKH UHODWLRQVKLS )RU WKLV ZPHXWKR® KH WHQ V GWALYWWR ® QDIO\N
DQG LV DQ LGHDO DSSURDFK WR HQEPLRIHWKKHLE 5D H AWR IRDQQD QWG WIS
RQ WKH RXWSXW LQ D QRQOLQHDU PRGHWK)R U ESBIFWWRQ @M R SR
WKH PRVW FRPPRQ SHUIRUPDQFH 20UV U R \XAVOHVBVL Q) B WHI\H [RRQRAFTF
3HUPXWDWLRQ ,PSRUWDQFH PHWKRGNVBIOM T XMKRZWS MRWHRQ VL PH (
VSUHDG LV WKH PRVW OHDVW LR DRWLQIQEKLIDIS W WD W H RY Dl B DIDERZHH (
DQG GLYLGHQG \LHOG 7KH VHQVLWPHMWKR G QBRQVILWP X VW& H WLKHC
&RQQHFWLRQ :HLJKW DQG 3HUPXWDW L\R @ KPIR WW B QFHU H PWILR®L R/
WUHQG DQG GLYLGHQG \LHOG RQ 6KV VS UIDW SR UM G VI I HUH@W WK
LQFOXGH HFRQRPLF WXUEXOHQFH Y LQDMWBHQG+D QG MEQYEKBQIH)
WKH 6KDUSH UDWLR 7KH H[FHSWLRQLWPW QDW) HID WIHQ BK RY HU U H
6KDUSH UDWLR 'XULQJ WKH SRVW FULVLERMHU RR GWKHV Ht VW IDVQIE Y [
D SRVLWLYH UHODWLRQ ZLWK 6KIDW S D WRIR WKRZARMW WHEH Q VS B
FRPSDUHG WR + ,QWHUHVWLRY®\ L6 H RO WSW\W DG H. \Y DW W
UHFHQW VDPSOH SHULRG RI +

7KH FRQWULEXWLRQ Rl WKLV SDSHUW. WY MR YROORIYURDBEYWWOR FZR
DOORFDWLRQ XVLQJ $11 ZKLFK EXDWGE VYD FLROFESIOHM RRGHHID MV DQH
ZHLJKWV GLUHFWO\ DQG ZLWKRXME XWIWR® RULRQW RILYKD BRGNO QN
LV QRQ SDUDPHWULF DQG FDSWXU® V\QRW & LXTHDLWD ECISY QRIEQFR H W I
$11 PDNHV LW SRVVLEOH IRU WKH L @OHVWRDWWR YIDYI O OH W DQH Bl
H[SODQDWRU\ SRZHU RQ UHWXUQ SUHWLNWLRQSXMY OGDRBGWHQULRIL)
DGGLWLRQDO QRLVH :H VKRZ WKH UREXWKRHEGY X VRIQR XHP S URISFRD/G
YDULRXV SHUIRUPDQFH UDWLRV 6HFR@HWKREYVLDHRREHNE HI WRPU |
VFLHQFH WKDW KHOS WR LQWH UXU KW DWIQH QRXWHRRBLRXH\WQ\XPB €
HFRQRPLFV VXFK DV $11 E\ DQDOWD®QLMEOH ¥ CR Q XM IQHF HU RV SR XM
SDUWLFXODUO\ LPSRUWDQW DV ]PBFKQQHQDHFHORLQG WRRQRPLEM F
EODFN ER[ WKDW FDQQRW EH XVH® GV HFHRQRHP IWFKLHYM HW IS W H MV DY |
DQG VKRZ WKH UHODWLYH LPSD FW RU SMUBID\E LIRQ ® \G WIKDEK ® R/VIAS U P B
UDWLR XVHG E\ SUDFWLWLRQH U VGLH HSYRG\W (RFOHL R/ IDIBW L\FKIR Z W V& D RY
GLUHFWLRQ RI WKH LPSDFW RI WKG6K B WSN K DADIUR. DEDAH W W @R YGHHUINV W1
VXJIJHVW WKDW SUDFWLWLRQHUY\ZE®R WNGWAKRIU SR UNDKNHARH WKVR DX\D
VHQVLWLYLW\ RI WKHLU SRUWIRORBV WRDWKW K MR FAHYDLLPLHDE @ HM &
LPSOLFDWLRQ RI WKHVH ILQGLQJVRRQVDWKLDQN Q) RUVIVRSW MK RKX G 8 K
YDULDEOHYV LQ WKHLU FRQGLWLRQB G LBWDHEW 00O\ RADUN HR/QR Y ILQ W
SURSRVH LQ WKLV VWXG\ LV DQ DRS ¥8R D RKDIQWE ZKI\FKHZ D D@ Q B B HEDH
LQ WKH LQIRUPDWLRQ VHW RYHU WLPH



7KH SURSRVHG SRUWIROLR FKRLFH DB WDRPFW R W IE HELHH Q ALM\OP Y @ DP
RI GLIIHUHQW DVVHW FODVVHV DQGDWHRQ ZLWK &HIYHUBQWS KUY
DVVXPSWLRQV 7KLV LV D FKDOOHQWLRD OV DDN JEHX MRWR PMKRI| LGDNRE
VWDWLVWLFDO SURSHUWLHYV Z®&HQHDWUDKCILWHMQRQ DRI RIKFK BIAY
PRPHQWYVY PD\ IDLO ,JQRULQJ WKH RWDDLWOHVROIW WQ KXUHRORVVHW K
D VXIILFLHQW NQRZOHGJH RI WKH U R\ WQ RQNPHOLLEND E 9\ ZHDH. @ W D, DL
DGGUHVV WKLV FKDOOHQJH DQ G BQ RSB MFKKHH X \DHD & | POHF X [MQ\HD @/
WR FRQVWUXFW RSWLPDO SRUWIROLRY EDVHG RQ GLIIHUHQW PDUI

7KH UHVW RI WKH SDSHU LV RUJDQH]JHQHDRXB GRRIAWI R ML B HFWRERGH F
RSWLPL]DWLRQ SUREOHP DQG GLVFXVV RXHW $VIREBERWVHGEKR QW KRIED
WHFKQLTXHY 6HFWLRQ SUHVHQ@QRXY WHRSHRR/SLGW PHDAMK RES OIQFRD WH.R

SRUWIROLR &KRLFH 3UREOHP

‘H FRQVLGHU D VLQJOH SHULRG L QMMMAL/R\GROUO ZHK[FS HPFOWIDRL IR \R K 1D FSH
8 ic» RI QH[W SHULRG TV.$R UW.LR TKH UBQ/XYQUH WKH YHFWRUV RI ¢
ZHLIJKWV DQG UHWXUQV Rl WKH DR/ HW \F RQHLSHR\QD/G @'Q DKWHHF\S R
". 7KH RSWLPDO SRUWIROLR ZHLJKWV DUH REWDLQHG E\ VROYLQJ

&1 .ﬁ . on
-};s >8: ¢ ¢s>5 6?

% R64

+HUH ;-5 L—= LV D SHUIRUPD® FHs IDDRGLRs GBRGRWH WKH UHZDUG D (
‘BG4

WKH SRUWIRQLRHYBWKWRYHO\ ZLWEK WZR FEQWAKDL LWV VRIFRQV W |
GHVFULEHV WKDW QR OH YSHWHDVHQWL H UPQ WO EE YHWWRU DQG WKI
QHJDWLYLW\ VKRZV WKDW VKRUW VHOOLQJ LV QRW DOORZHG

"KHQ SHUIRUPDQFH UDWLRY DUH XWHGNDXV QV & H VRAEWLHERWLLYRHQ | X\ FANJL
WR EH QRUPDO DQG WKH SDUDPHWHUWR® W BR PSHQME FRV HAGK M VWL IW X
7KHUHIRUH WKH WUDGLWLRQDO UROYRWGYRY IV RV ¥ W 8 B HVUNRFE B /W
/LQ &RUQXHMROV DQG 7+WsQF+RI WKHLWNWXWXH 8B D QPHWFHUR/
PDWUL[ DUH HVWLPDWHG DQG VHFRBGW MWHKHVHNGNVILE® Y W HA\GK B DSUHLA R
WKH LQYHVWRUYV SUREOHP LV RSWLPL]HG

7KHUH DUH YDULRXV PHWKRGV WR HVW,IPR®WH FRPBER Q DEGD @ PRE H
XQFRQGLWLRQDO PRPHQWYV DUH ILWVWHGPRBMR D @G FWNORRS I$X VDRIU
HVWLPDWH PRPHQWY GXULQJ WKH RX® RXMDFPIS® HDRMBUIRRHEG LM Bl &I
DSSURDFK LV EDVHG RQ D IDFWRVYV RR@WIKG RROPHIQWFK MVKH HW U PN WHHC
YDULDEOHYV GXULQJ WKH LQ VDPSOH SNWIRGH ¥OHQ D®WEHVHD WH. PO
WKH PRPHQWYV GXULQJ WKH RXW RI VDMSIOH /SNBROQREKRN] &KDDKF
GLVDGYDQWDJH RI WKHVH DSSURIIFAKWM IVF X\D DWK DRW P Q RH.D KK IR I VK R B
DVVXPHG +RZHYHU WKH UHWXUQ GLVWKLHE XMWLRQ W HED BH KM@
UHODWLRQVKLSY EHWZHHQ YDULDEOH\ WNYHL Q VWIXPRIGYWR EHY \ULPB
WKH WZR VWHS PHWKRGV OHDG WR R Q@ RREZIO®W DRQPR G 8 DURPWM WA



,Q WKH QH[W VHFWLRQ ZH SURSRVH IO P )R RORGLEBDHGP R G HL 1G LLUY
VWDWH YDULDEOH YHFWRU WR WHKH WSWLWDR QS R U WRRGI QRN X HD. Q IGWD/
DVVXPSWLRQV DERXW UHWXUQV ,Q KMKIWRMDSED RDFHU IZRIGXWR $HLY F
PD[LPL]LQJ WKH SHUIRUPDQFH UDMH\R \RKH RBWULRDW B/AKWDWI ROLR
FRQGLWLRQHG RQ WKH VWDWH RIWKK M RHD BFX KW H QR XWAKM DWVKHL Y CPLRL®
RSWLPDO ZHLJKWV IRU WKH FXUURI@\R | SMIKHRSD S QUWEH WRBZ ULKBQ
WKH SURSRVHG DSSURDFK FRPSDUHG WR PHQMOL RIL B € /X DE\S DRIBIF]

$11 IRU 3BRUWIROLR &KRLFH 3UREOHP

,Q WKLV VHFWLRQ ZH EULHIOVZBHNLHIZ 1$ UDWL OL BIRY® U BOCQU B D FKH\@ H
7KHQ ZH SURSRVH D VWDWH GHSHQGHOQOROPBR GH®R URK RWDINQD W & H\F |
WKH RSWLPDO SRUWIROLR ZHLJKWMHDW N WDWHFWO\ GHSHQGHQW R

$11

$UWLILFLDO 1HXUDO 1HWZRUNSBHBWMWHY @ WOHIRUQL@IL RQRRQ RVHW |
QRQOLQHDU PRGHO WKDW KDV VKRZQ@R[BHOOHDW RSH DIRLE DQNHD
YDULRXV ILHOGV LQFOXGLQJ )LQDQFHV RRWIQEHHIBD\HUV $1L0Q FRW
KLGGHQ OD\HUV ZKLFK LQFOXGH QRGHV RU QHXURQV DV VKRZQ LC

>, QVHUW )LJIXUH KHUH@

,QSXWV DUH PXOWLSOLHG E\ ZHRUKWG®JH\D OIDQHGS \QHEW IVR.WWNX &/ 1G] K.\
DFWLYDWLRQ IXQFWLRQV LQ WKH PN IGRENQ LD WHKH KR GHE\H Q$ P\ LY D \
KLJKO\ QRQOLQHDU 7KHUH DUH YDULRKGE RQQWW HRSXUB R D HOPIEW KH
WDQK VLJPRLG DQG UHFWLILHG ClGH® Q) RGQHW DIHY 8P X @ YW S R WG
EHWZHHQ KLGGHQ DQG RXWSXW OD\HUW DXWGQDJDUHIDAVWHER QQWR
IXQFWLRQ 7KH ILQDO YDOXH RI WHKMHLRXWS®PWQ B W KB W \LNWGRES@ L
WKH ZHLJKWV Rl WKH QHWZRUN LQVNYDUR XR/SWW P UB\GLRQY Q 7KGI VR
EDFNSURSDJDWLRQ %3 7KH QXPEHGHWHQBXOHDB ES RXW SQNP BHRG
WKH GDWD VDPSOH DQG WKH GHVLUMKG GYMEHERLRXWBRIWY SURY S
WKH QXPEHU RI KLGGHQ QRGHV EXW D@ G [WRVIVQ YRIY B X PLEMW LRIJ GER
QRLVH UDWKHU WKDQ LQIRUPDWIRRQAHRPUWEHVGRXWD S UTRK$R @ H BNV D\SF
DQG GHWHUPLQH WKH PRGHO WRMDMLMR HVWIKWWHY WKH RSWLPDO SR

2SWLPDO 3RUWIROLR :HLJKWV DQG $11

‘H XVH WKH /DJUDQJLDQ PXOWLSOLHUFRGXFKRG QHRZ {REIHGHY EBIR E ORH |
/DJUDQJLDQ IXQFWLRQ LV ZULWWHQ DV IROORZV



eL'>8 T .5 ?EAaf Fs;FA{

7KH IROORZLQJ V\VWHP RI HTXDWLRQWFHVXDBK FWK®RZVWWN R B VI LEEDANH

GHULYDWLYHV RI (T JLYHV WKIHWS RR WY ROWRH RSIKMWVYL.]DWLRQ ¢
6KHUDOL DQG 6KHWW\
OBQLr
”5 FslLr
AV L
Rr
ARTr

+HUHLY WKH YHFWRU RI SD/MUW. D@ GIKOUHPHIOW. YHVH DPX®@WLSOLFDWL
WKDW WK#&8 UXQPFWVREFRQFDYH DV D SURSHUVKHRARHUWRD R QQ/F/H DUWL
LQ WKH SRUWIROLR RSWLPL]DWLRQ SWRERNRWIHRRRQFOXGH WKH IF

BURSRVLWLWRHUH H[LVWV D R&HAVKKIDWROXWLRIQH %3V Y WHP DQ
WKHQVROYHV RSWLPL]DWLRQ 3UREOHP

7KLY SURSRVLWLRQ VXJIJHVWYV WKDWWWD LY H RXIKDWRLPR[LRQRHWY
WKDQ RSWLPL]JLQJ B3UREOHP 'H SURQ G WESHRGRR 1% R LQ WAWKKLHY/
RSWLPLIDWLRQ\S DREHOAHPRU RI PDUNHW VWDWH RRDGLMWMRQV WK DW Z
NQRZQ LQ WKH OLWHUDWXUHWE&DMWGWKW WWH 6 HFMWAXGU QWPIRPH Y\U W L B

DPRQJ RWKHUV $LW 6DKDOLD DGO SHWUDWVKGERNEZ WKDWQWIK LWH P HC
HILVWV EHWZHHQ VWDWH YDULDEORVLDEGRUSRUDWH LMW B WRHL FrHD U
/IDJUDQJLDQ IXQFWLRQ ZH UHWRWHKW RHVSRUWHM R O LARCESISHR YBHFXWCRAUNV |
E.®;

cLEG

'H DVVXPH WKDWE WKW QRW W/ILR® YDULDQW KRZHYWDWW KH WLLIPEHO
LPSRVH WKH LPSOLHG YDULDWLRQWXUQHW KWHDS RXWONRQ@R Q STKWRDFFHW U
E:®XVLQJ $11 ZKLFK SURYLGHV WKH SRUW RROXRHF ¥ ®/IDAHHHY O L BIEW

,Q RXU SURSRVHG $11 WKH L'Q QMEVVWHKUIH WLW PIRMHX Y Bl G EDV GRVH D FW
IXQFWLRQ LQ WKH KLGGHQ OD\HU RQH XDH IVRKN WILIPRL @ |1 0OF MWLLY B
VLQFH LW H[KLELWYV WKH EHVW RRGHREQHB RAHM & RARH AFHR QOW B DA
D VLIPRLG IXQFWLRQ LQ WKH RXWMKIXWWRGHRPWKBRMW KLIG G H QD W/MH\H
YDOXHV EHWZHHQ DQG LQ WKH RXWSXW IQKRK@&HNYV RIKWK B @QAHRZAR W
QHIJDWLYLW\ RRQWRUEH QWWLVILHG DXWRPDWLFDOQHGRFWKWRDJU

gl '>d [, .>5 (?E&N Fs;

6LIJPRLG IXQFWLRQ JHQHUDWHY RXWSBKM PROVOX R EXOVZUH DG W LDYDW L BRQ G X
SHUFHSWURQ QHWZRUNV $0SD\GLQ



+HUYD 9¥ ZKHUHV WKH QXPEHU RI VWpWHs¥DDKBBBWW KIHQG@XPEHU F
DVVHWMBHRQRWHYV WKH QXPEHU RI WUDGLQJ GD\V LQ WKH LQYHVW

$00 KLVWRULFDO REWH.UsYADABD R QEMH | B H SSHEMHREEBNGHAG D 7KLV VHW

RI ILQLWH KLVWRULFDO REVHUWYQIBWWRAWREZDUG/ PQGVULYN\XDDG W1
WKH DVVRFLDWHG /DJUDQJLDQ D VQDHIXEM WHRQRRS TRUWIRDOR]EABLL
UDQGRP YDULDEOHV DQG WKHLU XQZ6 URRQMHSXR 8OO MWK HL ¥D UL
UDQGRP IXQFWLRQ ZLWK XQNQRZQ SURREIDEK®G LMD\ UTKHULIDIER UXQ FWKLLF
SHULRGV LV RSWLPLJHG DV WKH IL@B O/ REWM EWX W i SFEMWY|IRFOQ R, @ H I
ZKLFK LV WKH RXWSXW RI WKH $V1 BR\GKGHQISEMW WRH ¥ RIOORZ ¥ Q U RIEE

i
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ZKLFK LV DQ DYHUDJH RI®PUURQ DO®® KXQWWRURRNO VDPSPH REVHU)
S4846GKH JRDO RI WKH $11 LV WR PD[HPLRWYTRI WE B GEHLAYZTR WK H XX F
REMHFWLYH IXQFWLRQ (T LV FRPSXRUWHE 2ALRX] WK 8 OR ¥ IS WL C
SHUIRUPD @ FOH) G DWKHR FIR @ ¥ WKL BRQVWUDLQW LV PXOWLSOLHG E\ V
4DQG DGGHG WR WKH SHUIRUPDQFH UPWO R ESHDVARE RIUKSH QB RAKN
DGGLWLRQDO QHWZRUN ZHLJKW 7KH RQHVEDRUNS UAREDKWYLRQH RS W
ZKLFK LV WKH PRVW FRPPRQ PHWKRGS®VFBWLR Q0 P DDV WU R IDDGO
WKH RSWLPL]DWLRQ DOJRULWKPS ZRID¥KH ZKK IF KI URGQ R QW VEHIH FSHRY\
WKH JUDGLHQWYV WR RSWLPLWMKIXQBELROLWKP ZH R SMHPD WL WH®I\ |
E\ JHQHUDWLQJ D VHTXHQFH RI QHW GRUIQ\EMLYI®W I OE WKHE HR QVUQ R
WKH IXQFWWRB LWHUDWLRQ SURFHVV KREQIWMUBRQ VI DBURIMADEA B/ DW

LB Ls 2QFH WKH QHWZBRUWHILVWKHDQQM® L W H & DWKIDRAQ H ZIHE 0D
XV WR REWDLQ SRUWIROLR ZHLJKWWKHR Q DWZRZ NMHW LR S X \B VU H FHW O
7KH SURSRVHG $11 DV D PRGHO WR ILQIGV WKWD RSIW L P B O/ B RZ DKMV ).

7KH DLP RI WKH VWRFKDVWLF JU D GRZQM G5 HIV® 8 Q20 R H W K R G L W D\QRQ RIS W
LWHUDWLYHO\ E\ JHQHUDWLQJ D V HATLXR-DQ/¥ H GR J WRELXHNLVR\D ¥ IEMR/HED RUH &/ Kb
VXEVHW Rl WKH GDWD 7KH DOJRUYWRR QA RS \R E KIHE WWKYHHU HX Q ¥ VOLRR QP SRR
PHW 7KH OHDUQLQJ UDWH LV FRQVHIGBIW HR QDK | DNVK\W HSO Gt ERMIERR) FORNWP SHOW K
ZKHQHV WK HEUDMWHUBML RVEH QXPEHU BILMMHBRQYVUWOQ QWQGH GR FURVYV YDO
WKH EHVW SDUDPHWHUVY RQ WKH WUDLQLQJ VHW

‘H FRQWURO WKH QXPEHU RI QRGHVU\W8GLRWEH B HDWRFL FW R GVSDDO PG DW
WKH REMHFWLYH IXQFWLRQ YDOXHHRYHRIL & WDKK IRYH B URWVF\N VY JWSRU RDO NP +
DYDLODEOH XSRQ UHTXHVW

7R PD[LPL]H IXQFWLRQ LW VRJ HHURL HHGHUW KDH He RV RV EHV VGIXWP MULFD OO\ L

WKH SRVLWLYH JUDGLHQW GLUHFWLIBQ—@BHN‘@IE@GVDRCOQF!—IFBDVPIDI-HLP[X[PGS_FHLQQN‘

JHUR LQ RSWLPDOLW\ VR WKH DOYRULMWKP GRHV QRW HQG DV ORQJ DV

7UDLQLQJ UHIHUV WR WKH SURFRH\\D WD FER GRHICFLKQ. W IOHH REQ HQ Y DWRLRRO V
IXQFWLRQ 7KH REVHUYDWLRQ GDWDHWWHBDMWH® KHR G H R FIWVN DQREZ WY KOHV | 1Y
HWUDLQHG PRGHOY UHVSHFWLYHO\



> QVHUW )LIXUH KHUH®@

W VKRXOG EH QRWHG WKDW DFFRUELQULWRLW®&H RIKHRSL LRIFO@DWIC
WKH ULVN IXQFWLRQ LQ WKH OHDUQL QULS MR RHVFRAVDAQ | WO KW LRQ\ L |
IRUPV VXFK DV URRW PHDQ VTXDUH H®R RBRWs X6/(H ORSQLUXNQFWLREV
EHFDXVH ZH GR QRW XVH WKH RSWIQP W& 5 R I\ URXLIQRI SBHILRIFKHAAY DNVQW
WKH SHUIRUPDQFH UDWLRV QXPHULRDOO\, Q QK MWK IV R XM LW K HZBI HID
EXGJHW FRQVWUDLQW LQWR WKH REMBF\WLUYHURQBEWLR QX QRMEL W & H.
IRU WKH OHDUQLQJ SURFHVV 7R R SAML PROH RVZK K HX DUF DVG IRHOQ VX B HW
RSWLPXP XVLQJ SDUWLDO GHULYDWLY KW BDQBWXS G DW WXD W KHU RW Y
SRUWIROLR ZHLJKWYV DV WKH QHWZR UNJR\ X ®/ISKWWVBI® 5RMDVKL
HQVXUHV WKDW WKH OHDUQLQJ SURFH GV W Q QF KHE & WMZHHAFVQL R/G HR I
ZHLJKWY DQG WKH XQREVHUYDEOH RSWLPDO ZHLJKWYV

$OJRULWKP SURYLGHV WKH WUDLQLQIGSREA AMAIKGEK U W HRU DWKIHR W RUb
RSWLPLIDWLRQ DOJRULWKP

$OJRULWKP $11 WUDLQLQJ IRU WKH WUDLQLQJ SHULRG

6 WD
ZLWK WKH UDBWGR

94 4 ZUDQGRP LQLWLDO ZHLJKWV IRU WKH 1HWZRUN
ZKLOWMWRSSLQJ FULWHULRQ LVGRRW PHW

IRUP ZsWR6 GR

REVHUYLQJ WKH YHFWRU RI VWDWH, YDULDEOHYV
¢ZE:5; REWDLQLQJ SRUWIROLR ZHLJKWV IURP WKH QHW
¢>5Z ¢ ¢>5 FRPSXWLQJ SRUWIROLR UHWXUQV XVLQJ UHDC
UHWXUQVY

@ FRPSXWLQJ WKH /DJUDQJLDQ IXQFWLRQ
HQG

FDOFXODWLQJ WKH REMHFWLYs# (IKQFWNVRQJ Dboa@vVv

ILQGLQJ SDUWLDO GHULEYD@EPHV

9 Z9EI!—£DQG'1 zsu'(:aé XSGDWLQJ QHWZRUN ZHLJKWYV

b
HQG

UHWXWQ@DLQHG QHWZRUN
6WRS

,Q RWKHU ZRUGV ZH XVH $11 DV DRQEMFIWLEBLMFXVRE@ GVR@R QVEK KLFRPISX W H
DQG XVHG LQ IHZ ILHOGV VXFK DUWLQUHRWRUY ORIRRWORWR\INP& VE HW DC
HW DO



6R IDU ZH KDYH VKRZQ KRZ WR WUDLQDWYXHWNM I Q@ @GSIRQG | V&AHRZW |
VSHFLILF SHUIRUPDQFH UDWLR : HWOMW HWKIHU WRJEDQ QW Gl B U 1Z B Q IEK WK
DYDLODEOH DW WKH EHJLQQLQJ BRWWHR®H BLRGE JWWN\H \/ Y WPKORV @ HZS
ORUH IRUPDOO\

i>s L E"fss5; Ty

,Q WKLV VHFWLRQ ZH SURSRVHG DQ $QWEDWVWKWP B ®®REDM IURQWAK
RSWLPDO SRUWIROLR ZHLJKWW & LALMANRXWED XVK QU QIUWDWHG Y D W IUD E
RWKHU GDWD ZLWKRXW ILWWLQJGL PRIGHIOYDLW IO BOIHVHW R & B BVHU DR
DQ\ SDUDPHWHUVY 6LQFH WKH PHW&KRGWLYY FHFRWPHPER RWPHHIF R Q® H XORH
YDULDEOHY LQ WKH LQIRUPDW L WE H/ QW WZIRIUN LR/I S\RWVH/ IPEDGFH LEHH DX
LUUHOHYDQW VWDWH YDULDEOHYV PISLWL FDH OAHY /GWARP SD RIS RWAHG
WKDW RI WUDGLWLRQDO PHWKRGV XVLQJ YDULRXV SHUIRUPDQFH LU

(PSLULFDO $SSOLFDWLRQ

'DWD DQG 9DULDEOH &RQVWUXFWLRQ

‘H FRQVWUXFW SRUWIROLRV XVLQJ WKHQBNW QB BBGE B QEKPRIWN W I3
JRYHUQPHQW ERQG LQGH|[ 'DLO\ MHWHK®E QVRPQ5WIKIQ\LM L) G KRHPW PQ
FRYHU WKH SHULRG IURP WKH EHJLQQLQJ RI -DQXDU\ WR WKH F

7KHUH DUH YDULRXV HFRQRPLF YD $DLBENOOHVFDEWWUKDWIK HE MNMW® W K F
SUHGLFW WKH PRPHRWRORRZHWXW QWKDOLD DQG %UDQGWQ DQ
IRXU SRSXODU VWDWH YDULDEOHWOMKHRGWIDEKKGVE VSURGK] WWKHGY
DQG DQ 6 3 ,QGH[ WUHQG RU PRRWRWERPR LD/EKHN W kR 3 WXWDHVWNLIR |
OHDVW ILUVW DQG VHFRQG PRPHQWY RI BRIDGVE§ @D V VBRI HXE IUFHWMRAUN

7KH GHIDXOW VSUHDG LV WKH PR QW¥&S$0 \DRIG I$1H5HQEFW HEG W R H B R UIRR K
7KH WHUP VSUHDG LV WKH PRQWKRY GLI\HDUHQPK EHWIZ Y HQ DA W
ODWXULW\ 5DWHV 7KH GDWD WR FR{WHDEX BW HVIHRP WSKIHH PHEG BIQ G G5
6W /RXLV GXULQJ RXU VDPSOH SHUORRGG LG BQ B LS R G I\ EH OWED WL |
,QGH[ ZKHUH WKH GLYLGHQG WRHRWGI BDLBWRA WK KV EH VXP, RG HILR

PRQWKV GLYLGHG E\ WKH FXUUHQW 88 WHK® \RD M KH JIVBH [GLMLER
GDWD RYHU RXU VDPSOH SHULRG |URPLEREHIRAQ 6\RI00HOHG X VB ¥ K E © D\

6RPH RI WKH YDULDEOHV RQ PHNGS USHIHEG LEDVDEFHEHQ W\ L Q FYDXFE®H DWSURU H Q
JHUVRQ DQG +DUYH\ GHIDXOW VSUHD.G L PDPOQ GD @\G D)RJEHIMMFKK DQG
ELOO \LHOG )DPD DQG 6FKZHUW  7KHHWDMR® PQIBV+HRWYSUHGLFWLQJ YDUL
VTIXDUHG UHWXUQ DQG RU ODJJHGI YDULDWDHGF K BERAHVOYHD QG 6 WQPED X J

6FKZHUW "KLWHODZ GHIDXIOMWHWODHEDG +DEYHAGHQG \LHOG
DQG GHEW WR HTXLW\ UDWLR GIFSKZNUDELOLW\)RQBR QY DWK & F$fK [DW DWW U
ODJJHG FRYDULDQFHV ODJJHG FURWW SQBGNFWQY R I: RRROMBULGV H % R O O HW
&DPSEHOO +DUYH\ DQG GHIDXODWYIBUHDG DQG GLYLGHQG \LHO



WKH ORJ RI WKH UDWLR Rl WKH FXUUBKWQWHG,QGH[,Q8MHO HRWHQ DN
PRQWKYV

7KH VDPSOH LQFOXGHYV GDLO\ REFRQE&D\VWIRFWWRI WKHPR QWK D
VWDWH YDULDEORBANARYWWLREY )LIXUH DQG 7TDEOWMW VBRBDHNKH
SHULRG

>, QVHUW )LJIXUH KHUH@

>, QVHUW 7DEOH KHUH@

7DEOH VKRZV WKDW WKH 6 3 ,Q GMD KEVUG HGLH K IHWDR. RIQUD KID @ OV
LQGH[ DV H[SHFWHG %RWK LQGLV¥NNZIQBWY D.X P\l R DL VE XKRWU QWK D V8
VXJIJHVWV WKDW LW LV YHU\ |DVG MWDK WRRSOD ZKGOWRWWKKHE RA C
NXUWRVLV LQ H[FHVV RI D YDOXH Rt% QRO DR LLVD\QWHK/AV - DUHTXHWo
IRU WKH UHWXUQV RQ 6 3 DQG WEHOPRRO\GRWEHVHV W& 0 W KM M/
GLVWULEXWHG

$11 EDVHG DSSURDFK YHUVXV 7UDGLWLRQDO 2SWLPDO 3RUWI

$V WKH REMHFWLYH IXQFWLRQ LRUP B®&EM LRIOLRRFKRU AHG IWDRXMVRXNG
WKLV VWXG\ ZH FKRRVH VL[ SRSXR FR GH UR WKBIQEXWSHIMRURD QF F
DSSURDFK FRPSDUHG WR WUDGLWLRQDU®POWERBRRBNFHGREH YLHU Q RWU
WKH W\SH RI SHUIRUPDQFH PHDV XUHH Y#H DWW HREX DO$S H. ROHDR) BEF RO)

OLQLOD[ <RXQJ *LQL 6KDOLW DQBNE{QWECICAKIHY DQ @ 9@LF

DQG 5DFKHY %LJORYD RMHDBO® SHUIRUPWQRM PHDVXUHV DUH
OLWHUDWXUH HJ %LJORYD HW DQG 2UWREHDQHOBW HWVD DO D
VIPPHWULF DQG DV\PPHWULF PHDVXPBUY\ BS S\WKQHG/H B FSOMRYLIE\H D @G\
FRQVWUXFWHG

‘H XVH UROOLQJ PRQWK \HDU REVHW Y D IWHRMNRIW R B \MDPXSIOH
WHVW WKH WUDLQHG PRGHO RAQHWHRIM IR @ X BL:QI0 WRDSBQRAY KW DWKB W |
DQG RXW RI VDPSOH VHWV HYHU\ @RQMIGR 2JVIKIUW UDAKRZYI DK U
VHWV

‘H XVH WZR WHUPV Rl uSHUIRUPDQFH RHDWHKWHIDMQ B DESG\UIRUPDQFH UD\
‘H FRQVLGHU &9D5 AUWKWSQGDRMHWBEKHY ZH XY HaWRQBLS B DR AHNYHLU
RXU SURSRVHG SURFHGXUH LV QRW VHQVLWLYH WR WKHVH VHWWLQJV
,Q HPSLULFDO DSSOLFDWLRQV FIRPPRKL QR GHF UQH QN KWMRRCR/O H. W DLPVS O H
VDPSOH DQG RXW RI VDPSOH ZKLFK XVXBOODWRR@\DLQHVSBOWLY HR\ WKH



> QVHUW )LIXUH KHUH@

7KLV DSSURDFK SURYLGHV IRXU \HDWPROQNMBWX®ILYH RRQYXDIUYDP:
HQG RI RXU VDPSOH LQHHAHPBERW EUHDN RXU VDPSOH VDRPQOQLQWT
DQG RXW RI VDPSOH DV WKH UROONKH PRY®RUM FHMMR Z X'R UWPRD W Q|
‘H GLG QRW UROO WKH ZLQGRZV P RUMHU M HINKX DQWKGR\UWKDIQI B FHXUH Q|
SURYLGH PRUH LQIRUPDWLRQ WR WKH WWB LYDHG PRGHO JLYHQ ZH

‘H DSSO\ RXU GHVLJQHG $11 WR FRQVWUXBFEWHP RQWK B \PHRIINMNVR O$\R \
ZH XVH VWDWH YDULDEOHYV DW W RN EHWXYUQLMR IRW KD WVKVRR QDK 6 E
WKH PRQWK RYHU WKH WUDLQ I$@J RBIMWK D QG WKIHMH W QDLIAHGVY § QU
IRU HDFK SHUIRUPDQFH UDWLR WEBW\ QUDINH R K MV K B\DQWHZLY B R G DKL
DQG JLYH DQ HVWLPDWLRQ IRU WKHWR BRQ RHKOD S RW KH RROURSZML J KKH
WKDW PD[LPL]H WKH DVVRFLDWHGQG WIDR\QHRG IRQ DVKHYPDURR QWKW I
GHVFULEHV WKHVH VWHSV IRU WHVWLQJ LQ HDFK UROOLQJ ZLQGR:

$OJRULWKP $11 IRU WHVWLQJ GXULQJ RXW RI VDPSOH SHULRG

6 WD
ZLWK HDFK UBWGR
ORDG WKH WUDLQHG RHMRPREMNIRULWKP

IRUP Z6 EAWVRHQG RI RXW RI VDPSOHGRULRG
REVHUYLQJ WKH YHFWRU RI VWDW4H YDULDEOHYV
A E:"S; REWDLQLQJ SRUWIROLR ZHLJKWV IURP WKH QHWZRUI
¢>5Z ¢ ¢>5 FRPSXWLQJ SRUWIROLR UHWXUQV XVLQJ UHDOL]JHC

UHWXUQVYs
8 i FDOFXODWLRQ RI WKH UDWLR ZLWK SRUWIROLR UHWX!I
HQG

UHWXBRQW RI VDPSOH VHULHYV RI UDWLR YDOXHYV
6WRS

,W LV LPSRUWDQW WR LQYHVWLIJDWH]ZWHR®&HRJI XWKH U BWIL RD RXK
WUDGLWLRQDO PHWKRGV :H HPS@ERQWKBBHNVU DG WKLIHR QLY W HVWA KR
UHWXUQV DUH ILWWHG LQWR D 9HFWR/K H X \§ RADHISGHN \BIHMUH. RGH\6 PG
DUH XVHG WR HVWLPDWH PRPHQWIRI QGEX B DQLPW]KH SRIX\WRRKR.V QR F & OU

2XW RI VDPSOH SHULRGV DUH * + JRU HDFKDRBW REVDPSOH
$11 LV WUDLQHG RYHU WKH SUHYLRXYV PRQWKYVY RI REVHUYDWLRQV

7KH LQIRUPDWLRQ IRU VWDWH Y DKH BRGIHVY RXVDFFRPQWHBEOH DW WKH HQG

JRU H[DPSOH VHH &KHQ 7VDL ODQG&HDQ DQG &RRSEMDNO .UROO /HY\
DQG %YHNDHUW DQG +RGULFN H VDFPHROSS RWKOHAKY WKDW XVH WK



DSSURDFK LV XQFRQGLWLRQDO WG QFRH WHK\HD WWWWWLIFP DIMDLEROH R | DRIRIP B &
PHWKRG ZKLFK LV FRQGLWLRQDO WL PIHF WHRWL A R GRH ONVIK\H YP\RHPGH QAR VU
YDULDEOHV GXULQJ WKH LQ VDPSOH SNWIRGH ¥OHQ D®WEHVHD WH. PO
WKH PRPHQWY DQG PD[LPL]H SHUIRUP BQMHSHYRBKNHGW KL QG \W KW K
SDUDPHWULF PHWKRG SURSRVHG E\ LYPDMHG R/S MW PID® ZHLJKW VX GHG
VWDWH YDULDEOHV ,Q WKLV EHWER® DN P D[Q FH[]SHGF W K G L QW LLAL WI
REWDLQ WKH FRHIILFLHQWYV L@ H YOLWUHDIEWD A R GAHRD SARKIDNVY RUDH GRDZHHL K
FRHIILFLHQWY DQG VWDWH YDUUBER® VRDEKIRX ¥ H G5 WRL B Y WMLKPHD W/ X4 WA
WKLV DSSURDFK WKH H[SHFWHG X\®XOGW\P D& L\W KW (R EWIBIIF M L QAV RX Q
PRPHQWY RI WKH UHWXUQ GLVWULEXWIRRD D GHWHD U DWNDRUGR VST
WKUHH EHQFKPDUN PHWKRGV WKDW ZH XVH LQ WKLV VWXG\ DUH D

%HQFKPDUN AHWKRGZH FDOFXODWH PRQWKO\ FORPHQMD/W B HD @ IY BI ¥
XVLQJ GDLO\ UHWXUQV RYHU WKH L) RFROWXID\SPIRRRGW V DIXGEH WK
DXWRUHJUHVVLYH SURFHVV ZLWK RRYHODUKI$E Q VDM SID B$SHRR RIEY
RI VDPSOH SHULRGV WKH HVWLP DHHAGY VO R SLHOS B G DAUKIH XY H BEOW R4
PRPHQWYVY :H XVH WKH PRQWKO\ H\GDLPDD W H&\RREDYW M WAR D/QE ¥GQ)
PD[LPL]JH WKH SHUIRWR D&HWHWPWQRVWKH RSWLPDO ZHLJKWV SHU
VDPSOH SHULRG

%HQFKPDUN PBIWRRGUVW VWHS ZH FDOFXODW HGPRRWDKIQ D B R P HRDWA
RI DVVHWV XVLQJ GDLO\ UHWXUQV RYHN WRWRQ RREBOHVEKIDW. RQF
VWDWH YDULDEOHV WKDW ZH K®HID X&W G/ 8§ Q HDIGL VWKIHS @ UY LLGHH Q GV K
DQG WKH 6 3 ,QGH[ WUHQG DQG UHJIKW VRI RRDMKO Y B B PBIEXAHW F
VDPSOH SHULRG 'XULQJ WKH RXWVRGV\D®BSDHHV SHQE RGND WHK Y THYIMD
XVHG WR HVWLPDWH PRQWKO\ PRPW & ® \P R:HHXQWWH WKRH \PLRPX\U B @AHHE D
DVVHWY DQG FRQVHTXHQWO\ PD[LPL]HQW KWKSIHR SRULPID@F HHU D MW R \S
GXULQJ WKH RXW Rl VDPSOH SHULRG

%HQFKPDUN PHVWOIORZLQJ %UDQGW HW DO VZ HY FRBLWING B UHW K H
&55%$ XWLOLW)\ IXQFWLRQ ZLWK I SUHV SHFHLQ LRISWL P\ NHS\W K B PHH & H
IXQFWLRQ RYHU LQ VDPSOH SHULR®VY WR R W DH® W R R GRS WKDAV FH
ZHLJKWVY GHSHQGHQW RQ WKH VWDMRHG Y DPHDEOH W K H HRXMWL RD W B B

6HH &KDQ .DUFHVNL DQG /DNRQLVKRN V IRU WKH DSSURDFK DPRQJ F
2XU UHVXOWV DUH QRW VHQVLWLYH WR WKH FKRLFH RI ODJV

7KH UHWXUQV RI DVVHWYVY DUH DVVRPBGGWRWKIDLEXVDLRRO \WH. NROOULRIV W KH
VXJIJHVWHG E\ .RW] HW DO WR VLPXODWH GDLO\ UHWXUQV

,Q RUGHU WR PD[LPL]H 6KDUSH *LWQLPD{DBNERBKBSSZRDIRIO-DRYZXRISHVWHG
7«WsQF- ‘H XVH .RQQR DQG <DPDJRRLJW 0$' DRIBNHKR® OKR ZH IROORZ
DQG 8U\DVHYTV DSSURDFK WR RS® URIQHUSIMD 5L QQISOOL VIKHMH DSSUR
LWHUDWLYHO\ H[SORUH WKH SRURQRWEK R VHDIWFGH Q WUIR@®W WIHWX B Q GO BRHAD
UDWLR

‘H DOVR H[DPLQH WKHLUBENIY EDQFRRDUN IRU LQYHVWRK WRK® RD/WH \H [ \
%UDQGW HW DO 7KH SHUIRSPORFHWHUNDRW XLWELWKDWWDYNIRZHU
S D U D FOHMWHEU



WKH QHZ VWDWH YDULDEOHYV DW WKKHERSWQPDQJIJSRUMDRRK LFHPDHRIK
GXULQJ WKH RXW RI VDPSOH SHULRG

7R FRPSDUH WKHVH EHQFKPDUN PHWKRGWKHLRPRQRXOD\SHRSRNBE HG
SRUWIROLR ZHLJKWV IURP HDFK EHQFWRDBRPBRW®WHUBRBO W/IHR® LRV \U
SHUIRUPDQFH UDWLRYV GXULQJ WKH RXAMURRGD PXS/HEG SQUERGQGV¥ KB H

DQG WR FDOFXODWH WKH PRPHQWWHWRKREWXUWR PDOICP LI B
IXQFWLRQ DQG HVWLPDWH WKH OX®H DB UVRRW H D LIDUW KHG 8§ QWL PIRQ \B
DQG ZH PD[LPL]H WKH SHUIRUP W/QRHVWP\E ORIVSE X URGY \ZIKALLFGDILV

PRQWKYVY )RU WKH EHQFKPDUN PRIG XY HD @/& W \WM V' W HPDDNUH.® Q. I VA DV
SRUWIROLR ZHLJKWYV GXULQJ VLPLODU RXW RIROMPKS\O H H5 B O NVRGX/V Hl
$11V RYHU WKH VDPH PRQWK RI RXW RI VDPSOH SHULRGYV

7TDEOH UHSRUWYV WKH GHVFULSXYHY HRWWHMNAKY B/H B VRR P Y& HHRUEDWD IL
PHWKRGYVY DFURVV WKH ZKROH RXW RI WKRZVHWKXHHUVYRBOQRILFDOFH C
PHDQ GLIITHUHQFH EHWZHHQ WKH X\DIAXH¥1RIEWKHG PWWRYR ® D[Q 8 LYW
PHWKRG WKDW JHQHUDWHY WKH KUNKHAKMIOPGDO-QWV. RH D@ & HJ B MAL\W VE |
ZH XVH $11 WR ILQG WKH RSWLPDO ZRHGV KWW FR[EFPLEWHG XWR RIVEKH
DSSURDFK WKH DYHUDJH 6KDUSH UDWIQRV KODEDMAWLREKHWHDYV LW
EDVHG RQ WKH EHQFKPDUN PHWKRG RG EDYBG RQ WKHEEWE
RQ WKH EHQFKPDUN PHWKRG 7TKHS5ED QRGO UDSWULARY HZFKHL @ W LLQFIURE

DQG XQGHU WKH EHQFKPDUN PHWKRG WEDVHB @G SUR WHK
7KLY LQGLFDWHY DERXW LPSURYH DPHEWYLQVWHUH U5 DU RLWQAFFJGHHE
XQGHU WKH EHQFKPDUN PHWKRG WR XVLQJ $11 EDVHG DSSU

>,QVHUW 7DEOH KHUH@

$GGLWLRQDOO\ RI WKH WKUHH EHQRKREWNVY. QW & HE Y WHKCHN H K QU BIW/ I
ZKLFK LV DQ LQWHJUDWHG DQG SDWMPHW D UE DEGHM D URR GH O HIFQV
SRUWIROLR ZHLIJKWYV 7KH VHFRQG EHVWRRWWRE QIVOEBIQFKRD BN F
WKH XQFRQGLWLRQDO EHQFKPDUN PHWKR®G®GYH& K UM 2R K\MWFHRBWYWW 7KK
VKRZ WKH LPSRUWDQFH RI FRQVLGMKH DWWHNVINDOARF RW WMRIOH SRJIR

,Q DGGLWLRQ WR WKHVH WKUHR RARP\GLGHLR O\DVDDEVH @ F KSFROUUMNIR OZHR \D @V W |
DQG VWRFN SRUWIROLRYV ZKLFK DU HFRRP/PRRIDX B WRW K LBHHD F W DWVLLRF Q3-RUOAV [ RIO
\ ZKHUH [ DQG \ GHQRWH WKH ZH L JIKWOH [LIQSHW K HER QRSl MKGHG 3Q WKH SR
‘H XVH WKH VWDWLF ZHLJKWV HD © B UMW RIDW RU U MAX X QY VWIRQ EREISMMRUPDQFH
VDPSOH SHKHRPGWDQ YDOXHV RI GLITHUHQW S HWRRBRWPR®@LFR UDUWHL RV | R 0 Q\RKZH

%HQFKPDUN \6WDWSIH 0%’ OLQLOD][ *LQL Y &9D5 SDFKH
%HQFKPDUN \6OWDWSIH 0%’ OLQLODJ[ *LQL Y &9DP QG 5DFKH
%HQFKPDUN \6WDWSIH 0%’ OLQLODJ[ *LQL Y &9D5 SDFKH

&RPSDULQJ WKHVH UHVXOWY ZLWWRKRHKRMBQW RIDEOEB UDYGERNVDIMHY JW KIDW
ILQG WKH RSWLPDO ZHLJKWYV FRPSDWHWG KWARDWYR FV\WY YW LHFGD $VYRUR DRAK WKL W



LQWHJUDWLRQ RI HVYWLPDWLRQ DQI® RWRWU R GWORQ/M®& H VW KR ZEH

DQG WKH LQWHJUDWHG YHUVLRQ W EM Q¥FKI? DWHO BWWRAEGKLS [
PRPHQWY DQG PDUNHW VWDWH YDULPEWHHL 1 \E OR QHDHN DX EHWHWX |
FDSWXUHV WKH QRQOLQHDU UHODWHRRRUBHRIHR @QHLEKWN XUUQD
DSSURDFK ,Q RWKHU ZRUGV LPSURY H FEDYW G RS DORD B B V¥ RP\S DX/
EHQFKPDUNV LV QRW RQO\ GXH WR GRIRUWHAIR WKMRLWH RU WRB
YDULDEOHV GLUHFWO\ WR WKH HVW\L FRDWKHEG ZMWLD WWVWEBE GRH H D PR
6WDQGDUG GHYLDWLRQV RI YDOXHWHRIDWRLWHRY RERWM. @HRG EENQF K
QHJDWLYH VNHZQHVV GLVDSSHDUV IRU 6KDUWBRIVIEOD Y FD A G \GHD KK/H §
FRPSDUHG WR EHQFKPDUN PHWKRGW IRD @® FKHIR Ul DO @ KLFW LR K HF
FORVH 7KH VNHZQHVV DQG NXUWRRGYV RBOWHLQBIGIHU BMQIFG PSILU NP |
FDVHV H[FHSW WKH VNHZQHVV LQ &9PEBEHYQG 5DFKHY DQG NXUWRVI

7R GHPRQVWUDWH WKH SHUIRUPDQFH R IWRKEHHRIFIKEDUNGP AM\WW R B G
IRU HDFK \HDU ZH FRPSXWH WKHRPRQWXIOG IDYHWIBDQ W mRIHMIXRKG U D WL
VHULHV RI PHDQV LQ )LJXUH 7 KBIOS\HOW YV DIQRSZ DI KIRW VL Q 0000 B R WM
PHWKRG SURYLGHV KLJKHU YDOXHV IRU SHUIRUPDQFH UDWLRYV

>, QVHUW )LJIXUH KHUH@

‘H IXUWKHU SUHVHQW WKH SHUIRUPDQE®JRYXEKID BIQ H\D RH GV RIS SAK
VDPSOH SHULRG L H + + + DQG SHHLRGIVQDIUDE
DVVRFLDWHG ZLWK LPSRUWDQW HFRIQRP+F DBBUILR® Q PIEIX GHW B
EXEEOH + VWDUWHG ZLWK D EXORE PO ) NGIDVWQ B QISOHKELHG \Z L ¥ &

LV DVVRFLDWHG ZLWK WKH SRVWLQE&SHEH\R GV KH. QHEFOQW JHRZI
UHVXOWV IURP VXEVDPSOHV FRQILXW RXWDPGOHQSWUURG WKH DKR
HDFK UDWLR LV KLJKHU ZKHQ ZH XVH $PHWRRGD UHG DIOR RWKN IDIO & |
DQG IRU DOO UDWLRV WKH GLIIHUBQREREKWZOH S 1R HD@G YW RN HH R
SRVLWLYH DQG VLJQLILFDQW 7KLS\SWRDFKVMWNV UREXWWNVKS BXWSR
WUDGLWLRQDO PHWKRGV LQ GLIIHUHQW HSLVRGHV RI WKH PDUNHYV

>, QVHUW 7DEOH KHUH@

7R JHW DQRWKHU LQVLIKW LQWR BPRRSDQGVRWYKRIUWKH)) BKREBBRNY GZ
SRUWIROLR ZHLJKWYVY RYHU WKH ZKROH RXOVRIRMDAKSOM ZHOORGVIR
EHQFKPDUN PHWKRGYV VKRZV WKH DYHUDJH RI @ KH LRIKQW KROI\ WM K M/ 16

LQGH[ RYHU HDFK \HDU IURP WIRQW WIRHU EQHOYMLY 2RWBEHQF
DQG $11 EDVHG PHWKRGV XVIZ®H RYOIJKoW DB BHVKPHWARQG LQGH[ LV

‘H WKDQN DQ DQRQ\PRXV UHIHUHH IRU WKLV VXJIJHVWLRQ
7KH UHVXOWY IRU RWKHU UD®@GERD/Y DUBDBCH KW R ®/ IWHHTC\HYVMP LE&MWR D Q R W
WKH REMHFWLYH IXQFWLRQ LV D XWLOLW\ IXQFWLRQ



6 3 LQGH[ 7KH UHVXOWV VKRZ W KW HY KM ZGIL BKW \E RDHW KAHH WK
FORVHVW EHQFKPDUN L H EHQFKPD DN ZKLFROOREZDW KB RDPH UT
ZHLJKWY RQ HTXLW\ LQGH[ GHFUHDVH G)&UDQE W RIFURDBNFIR FD IFAXHE &
H[SHFWHG +RZHYHU GXULQJ WKH SRUW FR ISR ZHR G K WK HD Y 1D IDLIDUA
EHQFKPDUN FRPSDUHG WR WKH $1WEBVIHIRBRWHKR G 11 E®NVHBND §
FDSWXUH WKH LQIRUPDWLRQ VHW EH\8 DWW HAUKD/Q RW KAHK IE HROEAVK P
EHQFKPDUNYV DQG DUH DOPRVW VMPHI BHLRXMY WROPHT XQ VE\RGHK
WKH 'RWFRP EXEEOH DQG WKH *)& DQG L QFRHWYKH \DHWHDDDH G VD WKH
LQ HDFK PHWKRG $OVR WKH ZHLJKBMYHR®HMVXWWD Q QG HK IRFX [DYH
SHUIRUPDQFH RI WKHVH EHQFKPDUNV BFWP SDIUM GDER HRWKHU PHWKF

>, QVHUW )LJIXUH KHUH@

,Q WKLV VWXG\ ZH KDYH XVHG HUAL @IMDPWAH RIDW KBIERSW LEP D GV B R UG
LQWHUHVWLQJ WR H[DPLQH WKWDWHOE®H YRIQL 8 S D FRWU RD Q4D KJ IV LDF
QRQOLQHDU DSSURDFK D OLQHDHV WRHIWHKHWVERRS RW WGE PUHD WHRIVH R Q
YDULDEOHY GRHVY QRW UHYHDO HNFFKAH. RE WXHD G \UHH O QIO RWQIVF D Q RHA
VFLHQFH WR XQGHUVWDQG EHWBNHY VRIQHW.HS CSFHW | R U VIX®IF Y \WUICDMH. |
UHSRUW DQG GLVFXVV WKLV LPSDFVR\RQ FRRBRWYKSHEGKR U BB QU BIWULD
SUDFWLWLRQHUV DQG DFDGHPLFV LQ ILQDQFH

6KDUSH 5DWLR DQG 6WDWH 9DULDEOHYV

7KH XVH RI QHZ VWDWLVWLFDO PBWHKRGRWYRREK DIQVG $H Y W PR Y R @
SUREOHPV 7KLV DGYDQWDJH LV GXKR GWRDW IGHWAR-PLIO Bl FLLVD\L R\ WE HW
20GHQ DQG -DFNVRQ +RZHYHU DU UFIR® DHIHARHGN B W B F K%OD\D
H[FHVVLYH FRQQHFWLRQ ZHLJKWW LAXWRKWKUHR Y QGBIX B QWM RH ILQVX
UHVSRQVH YDULDEOH 1HYHUWWHBB® VP RGHDHUBEY HWDWURG RQ \PD
ILQDQFH ZKHUH SUDFWLWLRQHUV \GLHON MRREB KGYHRRI R G D W MR

6HYHUDO PHWKRGY KDYH EHHQ L QWMKDRG X BHH® W QI \F R/AKSHX WRHSR V WIDHJ
YDULDEOHY DQG WKHLU UHODWLYH FRQ \QUIXEXVOLRE W ZRRJ NWK H HPR C
J)LQDQFH DSSOLFDWLRQV :H XVI©DWILIRY I? H\WER G W D\QRF HL GG R K RV KIH
REWDLQHG YDOXHV RI WKH 6K D WDSH5E WE\R QR HAWHL RQ) VAW PHIWAKIR BKILVF |
WR EH WKH PRVW VXFFHVVIXO WR G HDHNW K IDQH DAEIOH V. ALSR D WIDHOF R
-DFNVRQ DQG FDOFXODWHG XVEIBUJNNVKEH HWIFLRPQOGV HP 6 WKHREZ R
H3HUPXWDWLRQ ,PSRUWDQFHY PHWKRIR ZKY WK OLLW FRIPRMRQ HQ WUKHL
KHOSV XV WR PHDVXUH WKH UHOY\EL D) DPSWRILQVUDW K H RR SIDFDWRIT YD
WKH YDOXHV RI D VWDWH YDULDERSD R QG MYBXIRVAAQ R DWR YW \QD GRD

5HVvXOWV IRU RWKHU SHUIRUPDQFH UDWLRY DUH DYDLODEOH XSRQ UHTX
7KH DOWHUQDWLYHY DUH 3DUWLDOGSHULYDWLYHb/U\BBQ VLPEBSRXIORKPH W
SHUWXUE PHWKRG <DR HW DO Q B BVRGILOBIQREH WIKWIRGL YHN HW DO D
DQG '"HDWK VKRZV &¢RQQHFWLRQ :HULIKHWKEBVIRUPY EHWWHU WKDQ R
‘H WKDQN DQ DQRQ\PRXV UHIHUHH IRU WKLV VXJIJHVWLRQ



PHWKRG FDQ EH XVHG DV WKH URBXV®QHERWKRPHMNXRWGKHZHD FHOPR
LQVLIKW ZLWK UHVSHFW WR WKH BJHO DY/ WKIHLPB B XMW RQ MHK R | 61K B/WNE

,Q M&ERQQHFWLRQ :HLIJKWVYT DSSURDFKSXWKHGS5 D VRW KOHQ VIXPS R WWYKOHU
ILOQRBIWZRUN ZHLJKWYV FRPLQJ LQ DQG RMNW)RU KIDGGEHQW@RVGH Y DRJI
FDOFXODWH WKH 5, PHDVXUH DV

A
44 LI Syé Sa 1z
O@s
+HUS$ oD BGs LOQGLFDWH WKH ILQDO QHWZRUE Z € GJK VGEHID &R KHW D\
QHWZRUN ZHLJKW EHIVZBABQWKLIG REK\BRWERFOGIR ZHLIJKWV XVHG WR

UDWLBHVSHFWLYHO\ :H XVH WKH HVWIIRDMMGCGHQRW X¥KEN ZAH3.0 K W\Q |
WKH 5, PHDVXUH IRU HDFK VWDWH YDULDEOH

,Q WKH pM3HUPXWDWLRQ ,PSRUWDOQNWIDOBWWKRIE RWK 5L QDD LRXHE RQ
YDULDEOHYV DUH XVHG WR FRPSXVRKW SXW MU HIQHF® \DRR U8 SEONV N G RQ
VHYHUDO UHSHWLWLRQV DQG WKKH¥VRALDWKHGL §ERWHYDU B B® 19 H
GLIIHUHQFH EHWZHHQ WKH DYHUDJHQRS WKH VHRUQRHI YRR UMK HHUX\
QHWZRUNV IRU HDFK VXEVDPSOH D Q GUWKEORIWLWRY BRPRXW HR MAKDHP B
WKDW LV WKH YDOXHHRW 6K Q WSKHX U D WEDIR RWBIY H UMDWH IDEQHZ YHUVLF
YDULDEQKIFRUHSHWLWLRQV 7KH VFRUH 6KDUSHISBWKWLRQ VEDN HG
VWDWH YDULDEOH LQFOXGL@ELW KR PSHQMIFMH 'GP B W DW B QFIHU R D & @/HD V

ELY FDOFXODWHG DV IROORZV

A
S .
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,Q ERWK PHWKRGVY WKH ODUJHU VBROOHORZBDWO XIHP B R 6 WIDQ@GLH B WY
VWDWH YDULDEOH LQ GHWHUPLQ@HQW®SR UHWV VRIOA.IRWAHI. BKW U H) G DARIC

>, QVHUW 7DEOH KHUH@

7TDEOH UHSRUWY WKH YDOXHV IR&W B3MURXWIBWQREG FWEROQWHQB KW ¥
$ DQG % UHVSHFWLYHO\ 7KH UHVXOWVWUHRR BFRRYWK MDHOVOKRGE/N DB H(
WKH ZKROH SHULRG DQG JLYH XV QUVFLIGKRLNUWMKHODWD WH LYAFDS.R.WW D @ ¥
WKH 5, YDOXHV RI VWDWH YDULDEOHWIBUH HRMTKYDO DLISHB B R B FKHWKR RG |

6LQFH ZH KDYH RQO\ WZR D V¥ WW FR/OILRAY HR/XIUQORINWZ RP SILKID ¥ R QIR RXW S XW
ZHLIJKW [ IRU RQH DVVHW FODVRWWHKH BRVUMWRBOARBRVAHLYKW IRU WKH



LQIOXHQWLDO VWDWH YDULDEOH QGKHVUWKMKCPVRYW WQL P BEOW D QY\W RVAW
6KDUSH UDWLR DFURVY DOO VXEVDRPG ®RHYV HEFHSEXIRWLQW KK LFIXPS B I
LV WKH PRVW LPSRUWDQW RQH IRCSCOHRIAHRG ¥ \RWUH@G 2@ WKH VDI
VSUHDG LV WKH VHFRQG PRVW LPSRUWDRRMIDULD EOHG ZXIHUHDY \G&
LV WKH VHFRQG PRVW LPSRUWDQWKRZVLIWEKOMW WU NXBP DMH U P DESDU
OHDVW LQIOXHQWLDO VWDGKD YBH LDEVDIHR/ 1L ROKWRYE HRED AL Q B 1Y K E W
\LHOG

7KH UHODWLYH LPSRUWDQFH DSSURP®KR G RHKW GRWHFW HRRVDDE R I
LPSDFW RI YDULDEOHV RQ WKH 6KDUS®VUDNWYRW Y R QRO WR. VZ HDORGQ
PHWKRG ZKLFK LV DQ LGHDO DSSURDFKLWRD B IRQ HWW K HL 53 DI\
LQGHSHQGHQW YDULDEOH RQ WKH R XWWSKK WDLUQ RXFRIPGOHS$ HQ G QMG

7KH VHQVLWLYLW\ DQDO\VLV LWIEKH LWSDEG VS RH WHPO\D D WAKRD® VHR 21X
D PRGHO RQ WKH YDOXH RI WKHWMXRGWRLAQ REXK BMKIHH VIDIPW LRU OLSXK T X®
RI D VWDWH YDULDEOH DV WKHURYS/XD RD QUKHRS 1D OXHYVYDQ G HBKI
UDWLR LV REVHUYHG LQ HDFK VF QDL DER HVK B UHD O/ X VDR WRK\Y R H&D V
WKH UDQJH RI FKDQJHV LQ 6KDUSH WWIBWR ¥ DNILQEWHNVKE RKDQON
WKH YDOXHV RI D VWDWH YDULDEQM E\VWIDOAD DG G HIY LDRWMLLRD 1 D Q (
UDWLR XVLQJ WKH $11 RYHU WKH RXW HRQ W DFFKDOH s H QLW & W H M WSLCP
UDWLR DJDLQVW WKHVH YDULDW L RRWHI RIJV H\DKFRKZ QW_IDW) . NDJWL D E O H

7KHD[LV VKRZV WKH H[SHFWHG UDQRHHUWSKHDW SHJHQ L B HLD X\KM VY ¢
RU GLYLGHQG \LHOG LV VKLIWHG VRPHEZKXRHRIEWWHZHHH® PDQUPX:
GHILQHG EDVHG RQ WKHLU GHYLDWYRDWLRA®Y? WKL S PRI Q\R QV W R D
6KDUSH UDWLR LQFUHDVHY RU GHEWUBE®HVL BV MX®JI M B OXPHGRD RQ R \
DFWXDO YDOXHV 7KH SORWY UHY MX®M WKB MWRIQCH § HR YV LWHO/D WL RRG
FKDQJHV LQ HDFK VWDWH YDULDEOH

> QVHUW )LIXUH KHUH@

J)LIXUH D VKRZV WKH SORW IRU WKHWKH '"RWSHBPRRU BN KFW KW C
ODUFK WR 2FWREHU 7KH ODWJRVW §KIQWS H RICDOARLZRH G CEQ JGIL Y
SRVLWLYH FKDQJHV LQ DOO VWBWHW BQLOKDUHS/HKDIYW LR QIHIIDMLLYY
YDULDEOHY KDYH D GLITHUHQW LPSDFWKRQIJWKHRBKIHIBNOUND WER H I
VSUHDG GLYLGHQG \LHOG GHFUHD\WH VB 0BDWVH UWHK HQKIDUSLHY H C
LQFUHDVH GHFUHDVH WKH 6KDUSH UDWLR

7KH SORW IRU WUHQG DQG GLYLGHGGFKMHDIG LQVR UHDGI BOV I KRV
QHJDWLYH HIIHFW RQ WKH 6KDUSIBLWD\EHR GVKIDHD B SRV W L Y H FR/AKIDR
RSSRVLWH IRU WKH H[WUHPH QHJDWL®B FKKH H{W WIQP W UHHI ® WIQYCH
WUHQG GLYLGHQG \LHOG GHFUHDVH LQFUHDVH WKH 6KDUSH UD)



7KH SORWV IURP WKH SHULRG + WH X)J& SBE RYZKIHFKLIPQPMXIGE
UHVXOWY 7KH 6KDUSH UDWLR LV PRJHGYVMOQVHYE YH HORE WQIBQGH
JXUWKHUPRUH DQ\ SRVLWLYH RUYQHUIDWQMHKBK B QD HM 1 QWILQ\HVIWPES!
UDWLR 7KLV QHJDWLYH HIIHFW LV HTXPHIO\WIYRQWRXWPLFIHVEL RRQ LER W
"XULQJ WKLV SHULRG GHIDXOW VSUHDG BW 8RYWEH QX DIUFSGIGU IO

JLIXUH F VKRZV WKH VHQVLWLYLW\ SORRQ WY VEBRYW Z)IAWKHWH RS
D DQG E WUHQG DQG GLYLGHQN ROQH®® HK B K BIUS K HU O VUL RH V WR IZF
SRVLWLYH UHODWLRQ EHWZHHQ WH B WH R/ WDIQ/GHWYKDHLLLD E P $IVFIVQ IGV W
RQH VWDQGDUG GHYLDWLRQ YDULDBR®YS HQUW WHRHEY DERXEO HV S
VSUHDG KDV D QHJDWLYH UHODWLRQ RZLYWKU B R /U K \D E QRVW VWKIHO
VSUHDG KDV D SRVLWLYH UHODWLRQLDLWWKVEKDOSH IRU WKH H[WUH

7KH VHQVLWLYLW\ SORWV IRU WKH SHELRGU WR WKRVH JRUHNVKE 9
LQ SDQHO F ZKHUH WKH UHODWLR QB DEHGV BK B Q S\W UHIMVEL R QURU I6 LEY
+RZHYHU WKHLU LPSDFW RQ 6KDUSH HDWR® LS/DO MV X\DKOOUPD | R B UNG
IRU ZKLFK WKH 6KDUSH UDWLR YDU KXI®W QWM WVRD @D UBSBWER QW' O
WKH ODUJHVW 6KDUSH UDWLR UMQHEHWVHRG GHRIDLVDMY N SYLDHID. ® WILIRR
EULQJY GRZQ WKH 6KDUSH UDWLR E\ Fi® ROHI DWRL Y HS FKEFE QW IZ@ LGOH
KDYH OHVV LPSDFW RQ WKH 6KDUSH UHOWWRL RFGI ZR WIS B DG SHD U W
RQ 6KDUSH UDWLR LV OHVV FRPSDUHG WR WKDW Rl WKH SRVW *)&

,Q JHQHUDO VHQVLWLYLW\ SORWWMHU® MSXHDBG \WLXJWKHVPWR XYW OMU
YDULDEOH IRU WKH 6KDUSH UDWHR FRWRI UG APWR RQV IRH W KW D W SDY
RQ 6KDUSH UDWLR LV GLITHUHQWVWWKH BWW VRD®\G OUK B WULLQRESO/X GXIUH F F
FKDQJHV LQ WHUP VSUHDG YDOXHYVGXHWRIDH DW KHWIR{V 8K B U ISWHL U CEWM U
KDV D QHJDWLYH UHODWLRQ ZLWHQWKKN YWHDW VR P LLO/D G H®@ S D\E W OREQ |
RYHU WKHVH FULVHV DQG WKHAKUYWHH®&DWLICRIQW KH. W R \6W D U& B @@ H 1]
KRZHYHU WKH LPSDFW RI GLYVGHOQHEQA HRG WY H) RRVIW WHFH R

+ 7KH FKDQJLQJ UDQJH IRU WKH 6 KDR>SHW ¥ SWLHRDIGY DVQ. G LELDY!
IRU WKH VXEVDPSOH SHULRGV WKDW HWQ FOXGHYQW MH H FSRQ/R\P £ F& FRJHLQ
\LHOG LV D PRUH LPSRUWDQW GHWHUP L@QW QY8 URH D6 DISYHH U /\K HR HF
PRVW UHFHQW SHULRG RI + GHIDX\XMWMISDHRD/&EWY WKH PRVW

2XU UHVXOWYV IURP WKH VHQVLWILKY WKHDIQQ GL\QLW DQH7 PEQWL VWKQ
WKH PRVW LPSRUWDQW GHWHUPLQD@W RISE&KDGSE QD WLRLGRQGRZ
SURYLGH IXUWKHU VXSSRUW IRU WKRVW. QBER U WKQW GBHUDRRE o/HVIRL
RI +



,Q VXPPDU\ LQ WKLV VHFWLRQ ZHVMNR GRWWEW RIKHNWWHIEG B U IDKF
PRVW LPSRUWDQW GHWHUPLQDQW R{QFKMH R&D UGS HS RDW LRO LRV AKX L
GLUHFWLRQ RI WKHLU LPSDFW RE& WKH \6H DB/ Q\I W VR YIHWVLVH W R B ¥
WKH 6KDUSH UDWLR DV WKHLU RW&KH ¥ W MWD M B PADIUR @ B/KHRK O® @ RAC
SRUWIROLRYVY WR WKH YDULDW LLR QO JXKKHMHR PDUKBEB HIVQ G K & JE/UIRL
QRW UHO\ RQ D VLQJOH RU D VSHPLILE WRPEUQHRLRIR LR/ \U B WIHF M
YDULHV RYHU WLPH 7KLV DOVR KLBRKOGIGIRWW KRICH D IGLYFKQ MWD OHR \R | WY
W\SH RU QXPEHU Rl VWDWH YDULDEOHV LQ WKH LQIRUPDWLRQ VHW

7LPH YDU\LQJ SHUIRUPDQFH RI UDWLRYV

7KH TXHVWLRQ RI ZKLFK SHUIRUP DQRHPWOW 0 R PLH/Q W KKID E HY RVQ UR B HH
HPSOR\ WKH RSWLPDO SRUWIROLR FKRDMHXREB\HOAKRYHWI RUKAD R K W
SHULRG WR VKHG VRPH OLJKW RQ WBWHUIUIMWKKHUG EVUDNVYEROONM Sz
WKDW RXWSHUIRUPV RWKHU UDWLR®QDRUZH D O WK RIL FOG/\W Kk LADRA\RHNG. (¢
WKDW ZH REWDLQHG XVLQJ RXU $1RVEDWR G @HEBSWRID ZK LFKHUDMPL R\
UDWLRV LV WKH EHVW UDWKHU WRI|H)DWLEIHD A KBEHNWK\H U DVMKLHRU Bl FLVR M

JRU HDFK UDWLR GXULQJ WKH RXW RXWH R\SKOHH RSSHWILRRIEO  Z H P RQWWK
$11 EDVHG PHWKRG DQG FRPSXWH PR®WHK D YHHW XH P\R QADIEO\H U HWM
UDWLR LQ SDQHO D DQG WKH QXPEHWHRI VPRI W K VK WKW W HWW KK QJ
FRPSDUHG WR RWKHU UDWLRYV BOQ GHM@HD \EK R ZK\W KUDKW %0 WK/H NI R P C
JHQHUDWH KLJKHU PRQWKO\ UHWXUWNKHFBRB D SH GJ PAWRL R WHKDHIUQ U DVK
+RZHYHU B5DFKHY DQG OLQLOD[ DUH QBIVQW® H ED EMERIVW\M KIDXAV 6 IHQ
5DFKHY DUH WKH EHVW UDWLRV IRU HIYGEFWERBOAK\D @ZWRWRKHU RJ
EHWWHU LQ RWKHU PRQWKYV ,QWRHIRHWWQQJIO\ PRKDWISW D § GVIKWH UEDIC
VL[ UDWLRV &9D5 LV RQO\ VOLJKWI PRIWSIH ETWHKQQW PR YWKFHD V |
EXW LW UDQNV WKLUG IRU SHUIRUPDQFH

>, QVHUW 7DEOH KHUH@

,Q )LIXUH ZH VKRZ ZKLFK UDWLR RXWIS HUKR UPXF AH\HY RRV KOH Q. 0LBY
WKH EHVW UDWLR IRU PRQWKYV DBHUERQ¥HQWUBRWH®@®BVWGG\ G X!
UDWLR LV WKH EHVW UDWLR GRUDRDQJ&DQWGLDIWHU V2RHWIOHR RMMCK HIUQ
0$'" SHUIRUP WKH EHVW GXULQJ WKHRXWSHKIFOH 5OWKHY DQ® L*RQ LL
SHULRG

7TKHVH ILQGLQJV VKRZ WKDW IUHTXHQFRWDRDD EBWWWUR BUN XFHRW V)
RI WKH ILQDO RXWFRPH EDVHG RQ WKRDW RH WM. RV L,RH RVDKINUQZR U GV

7R FRQILUP WKLV ZH LQYHVWLHDMYWHQOQWKR|I UWVKFPWY R QRIKDL I RW WK H L
UDQN WKH UDWLRV ZLWK UHVSHRKWW OARUHMAX X G Q D QBS/ WHHSROU YV WNKKIH



EHWZHHQ WKH UDQNV LQ 7DEOH TFHROFROQWHEDWORMHYWQQVVYXQLI
LV QR UHODWLRQVKLS EHWZHHQ WHKHMH QW QNRPJIW KHK H\QHE UGIIAK R\

ZKR VKRZ WKDW WKH OHDGLQUWWWWULEAY DQHVWHK FVPRN WUIRIGNF
UDWLRV 2XU UHVXOWYV LQ 7DE@&H VXWEHWHW \R | WODWL. RWK HVI QHRTX 1D QR
WKH PDQDJHUV DQG WKH\ VKRXOG QRWQIRANM R @ DQWVLIG PRI \&HIU R E

> QVHUW )LIXUH KHUH@

&RQFOXVLRQV

,Q WKLV SDSHU ZH FRQWULEXWH W\R DAWK/HH V@ LINCHOUFDRDXMLHR @R G \V SWDR
SURFHGXUH XVLQJ $11 WR GHWHUPL@QVWRQGLRVLRQD® $RGW CRMLR)
RI WKH FRQGLWLRQDO UHWXUQ GRWW@QL EWKWHL B R UDNDI® O/LXFE ¥ K RX A 19 W2
DSSURDFK ZH IRFXV GLUHFWO\ RQ W KKWG/HBE Q\EHQ ¥ W RW MW K 1B SLROUB/
UHVXOWV IRU D SRUWIROLR RI ERQG DWB G/ WRWKR® RLFSRUWKRQ LR}
LQ D EHWWHU SRUWIROLR FRPSRVLW LR QQZLHNEDIV 1 B M DMK-DLQ YV IODX\W |
DSSURDFKHYV

7KH SUHVHQWHG UHVXOWYV KDYH LR PR QW DIQWW L PKSLIO0H DWVKLFR G VQ IDRRL
RI WKH DOORFDWLRQV UHVXOWYV L@ P KQHFRSGWLPIDRQ 5RURH R & RREW F
LPSURYH VLJQLILFDQWO\ ZKHQ WKH QRQDQE GRD WL RO [ERY & H HHQN VW,
7KH SURSRVHG PHWKRG LV D QHZ UREXWQL Q $ SWKRDW¥ K. PEDRE G \R §/ PH
UHWXUQ E\ WDNLQJ LQWR DFFRXQW D O@GWKHO 6 WHH/QERIOW LRIVL R HAM
WR WKH VWDWH YDULDEOHV 7KIQKHYH® YRV WERQW DIVQIG QDIQH WUH®D |
WKH VWDWH YDULDEOHVY DQG UHWX BR@W FHDWXHH YDULDEOH QRQOL

)XUWKHUPRUH ZH HPSOR\ QRYHO PWWRRBVY WWDW LVX\WVF DRR PRAEHH|
QHWZRUNV DQG DQDO\]H WKH UHRQ®WKDKH SH SIDAW. R | IV W B WAHR QDWD ¥
DOORFDWLRQ :H ILQG WKDW WURQ\G DRSR GWDLEM GG WHHORG. @ L)GI\WWY
+RZHYHU WKH GLUHFWLRQ DQG PDJQLWXGH RE WMDKINLWXLB B B FAWWRKKL
UHOLDEOH WR XVH D VLQJOH RW DULDHOHVFLBRPEQ QDWILRQDRI WD
SUHGLFWLQJ SRZHU PD\ FKDQJH ZKLOH WRKHWGWIDFFLFV Rl WKH PDU

,Q WKLV VWXG\ ZH FRQVLGHUHG D VIRDJQALSHV LKRHU PHWHBLBHUQRB
$V D IXWXUH UHVHDUFK RXU SURFSBYURGFDQVEX HW/EIREIMVEL @ IR
KDV SUHIHUHQFHV RYHU WHUPLQDQLDHD@RRO X VW & D R VID KIHHUDREDAHK MG
LQ D ORQJ WHUP LQYHVWPHQW KRUL]JRQ



$SSHQGL]

$SSHQGL[ $ 3HUIRUPDQFH 5DWLRV

7DEOH $HUIRUPDQFH UDWLRV ZLWK UHZBDGVPHQMHUNVNVN PHDVXUHYV

SHUIRUPDQFH 5DWLR 3DUL

6KDUSH 6KDUSH (' I, F' €7/

c

0$' .RQQR DQG <DPDJRNL L F"' L

OLQLOD[ <RXQUlEN\ LQLL ;|

*LQL 6KDOLW DQG' dyLWEIKIDNEL .1/

&9D5 ODUWLQ HW: DOFI; I C FODS5I UE:rs;

5DFKHY %LJORYD HW BODS5IL«\' (Fl; . CF9DS5II( CUE:rs;

IRWHHZDUGY IRU DOO WRYH[FFWHDPW H &I BOFEHWR ,Q 5DFKHY UHZHD® G DLUMVO B GP HIDWAK U |
(7/ ZKLFK LV FD®OFXODWHGRDM 5? ZKHUHF:
$OVR ULVN PHDVXUHV LQ &9D5(DRQIR BDWKMHY DRLGIXEM I RQME HE\ULVN SDUDPHWHU

$SSHQGL[ % 3URRI RI SURSRVLWLRQ
/HWO L BXVLQJ WKH DVVXPSWLRBZRI ARKQNQ X&RHQ AMOKDODLW\ R
oB. ;" UF "Rt C As:

1RZ VXSSRVH LQ FRQWUDU\ WR WHK\NK RS MW LH D QWYL BK IS WDKIHLS IR IHYW
FRQVWUBLQWBYQ6GR ZH FB® BREES VXIILFLHQWO\ VPDOQ ™WR ILQG |

O0B:Y% F YUVXFKBWWKDRW: 7KXV
oB:Y%:TFo6@B:%F Y At
LIB:Y:TFUY Fo!@®:Y150 : ’

*LYHQ WKH DVVEBSWLRQWMKDERYH LQHTXB OILMGBALP,SOBHYV WKDW
FRQWUDBGLFWE::X P BY, 7KXV LBY LDOFBY



SHIHUHQFHYV
$JDUZDO 9LNDV DQG 1DUD\DQ < RDLR 'HFLVERQNV, Q QRBETXHOW I+ H G .
5HYLHZ Rl )LQDQFLDO &WXGLHYV

$LW 6DKDOLD <DFLQH DQG OLFKDHOHFWURQGRU 3R ¥ HOIBROUIRE BBIRE.
RI )LQDQFH +

$O0SD\GLQ (WKH®PWURGXFWLRQ WR ODFKLQH /HDUQLQJ Q¥GDSWLY
/HDUQLQKH 0,7 3UHVYV

$QJ $QGUHZ DQG *HHUW %HNDHUW $ O°G R E DIMQIR @ FILVD © | I$F DO B\
-RXUQDO %
%DUEHULV 1LFKRODYV 3 QYHVWLQY KRIH V@ K H G7EW [5B(DH) R O QR |
J)LQDQFH +
%D]DUDD ORNKWDU 6 +DQLI ' 6KHUWDOL DEE CKINWDKD 3D R MDIP P

7KHRU\ DQG $OJRKIQ WIKPHA 6RQV

%HNDHUW *HHUW DQG S5REHUW - +REWDRERH &RPIKOMOWW HQL (LB
RQ (TXLW\ DQG )RUHLJQ KFHKDRIIHQMIURHW.\) DO F H

%LJORYD $OPLUD 6HUJLR 2UWREHOQL6VBRYDMMRR]DU 7 350 FKUHK Q v CiC
WR 5LVN (VWLPDWLRQ TIQH3RIWIRIDA RI7TRRBWIROLR GDQDJHPHQW

%ROOHUVOHY 7LP S*HQHUDOL]HG WXWRVNBGHERWWREIOMRIQ G |
(FRQRPHWULFV %

%ROOHUVOHY 7LP S5REHUW ) (QJOH DQG -i$MUHWO03URRIOGIULREGHO
7LPH 9DU\LQJ &RRXUIQD@F RV SROLWLFDO £fFRQRP\

%UDQGW OLFKDHO : DQG 3HGUR 6DQR/ BHRMDANMLRQ E¥' $IADPHRWRQ'
6SDFHRXUQDO RI )LQDHFH

%UDQGW OLFKDHO : HGUR 6DQWD &ODG3DU DRHWYR Y VHHROU WD R® IDF
([SORLWLQJ &KDUDFWHULVWLFV 5 IHWVNWERYLHR VR VHEWQRODRI §WXIG/

+

%UHLPDQ /HR 35 DGR QRUHDW® L' Q J

%UHQQDQ OLFKDHO - (GXDUGR 6 6FKZDUWJLFQ$V ¥R QDHWO RFI
-RXUQDO RI (FRQRPLF "\QDPLFY¥ DQG &RQWURO

%UHQQDQ OLFKDHO - (GXDUGR 6 6FKZDUW]RD QGHIRQXO Gb LN P)XC
LQ 6WUDWHJILF $VVHW $OORFDW IDRQEG JUREUDPW\ QRGBGZQG H&DPEHM
3UHVV %

&DPSEHOO -RKQ < S6WRFN 5HW %B RV QDG RW K HQDHLUFAL B o/ Y KR @YK

+



&DPSEHOO -RKQ < DQG /XLV 0 9LFHLRODWIROLRRHPALVARW VR K H ¢
S5HWXUQV $UH 7U4XHD OD/VBIWWLQV -RXUQDO RI{HFRQRPLFV

&DPSEHOO -RKQ < DQG /XLV 0 9LFHLUDHUP %RORE ¥KRBMQ GFRQ\R/MRLYF
SHYLHZ +

&DPSEHOO -RKQ < DQG /X&WWDVWHBHE WY VHW $OORFDWLRQ 3RUYV
7THUP ,QYHYWRWE 8QLYHUVLW\ 3UHVV 1HZ <RUN 1<

&DPSEHOO 5DFKHO 5RQDOG +XLVPDQ @ QR UWHROLIRHGHOMNFWLRQ2I
5LVN JUDPHRRUQDO Rl %DQNLQJ )L@DQFH

&DPSEHOO -RKQ < <HXQJ/ &KDQ DQG /MLUVOH DRGHHOLIRI 6 W UB VOE
$OORFDWXBQDO RI )LQDQFLDG (FRQRPLFV

&KDQ /RXLV . & -DVRQ .DUFHVNL DQGRBWHRODR RGMWIKRNDWLRQ®2
&RYDULDQFHYV DQG &KRRYKRBBLMWKIHIZLRIN)DROBLDO+x6WXGLHV

&KHQ +VLQ +XQJ +VLHQ 7DQJ 7VDL DQMGLPH@QOWD.Q- 9DQRDQFH =
BHOHFWLRQ 8VLQJ &DXFK)\+t6FKIDIUH @ DFIRFIR P WH\RQ *

&KHQ BKLX BKHQJ s3UHGLFWLQJ WIRH RFAHLEFUIBWRFEOGNU N MW
,QGLFDWRUQDO RI %DQNLQJ )LOQDQFH

&RUQXHMROV *HUDUG DQGSYWKD |[DWLERB-OHWKRRBY LQ §D@EQEGEJL
8QLYHUVLW\ 3UHVYV

&RVWD *LRUJLR DQG 5R\ + .ZRQ S WASRIV]ID VB D R Q WX Q3R-JUN DR OR B N:
6ZLWFKLQJ )UDPHZWUWDWLYH )LQDQFH

'DKOTXLVW O0DJQXV DQG &DPSEHOO 50 SNVWWHNA $ O7GKRORKERYD G DRAW
*OREDO &DSLWHDO ODUNHWYV

'LHEROG )UDQFLV ; -RRQ +DHQJ /HH D Q@6 HJILHP\WM F&ZHLQV BK L B 1 QZH. DNFK
9DU\LQJ 7UDQVLWLRBFBUEREDE ROAOHWHV XUDWLRQV "\QDPLFV DQG )

'LPRSRXORV <DQQLV 3DXO %RXUUHWPDB @G GRYWOQY/ HW &ULWBWYHDR
1IHWZRUNV ZLWK *RRG *HQHXYXDOD]BWR RIQVVEHILMWWHUV

'LPRSRXORV ,RDQQLV - &KURQRSRXORV /$IN&KURGQRISRYXD® XL 6 WU R
ORGHOV WR 6WXG\ 5HODWLRQVKLSVUTHWHNVHDQ/G B3E BFROQIFHH@WY 18 D /D
LQ $WKHQV &LWRORHHFBO ORGH®OLQJ

(QJOH S5REHUW ) S$XWRUHJUHVVIPLAV S ROV KWV R/QB DWW R U RAK
8QLWHG .LQJGRPFRDIPPAMLBOFD -RXUQDO RI WKH (FRQRPHWULF 6RI

(UQVW &RUQHOLD ODUWLQ *URVVPIHIXQ OOWHSEKLILDY H6HKKW HBW B (DG
SBRUWIROLR 6HOHFWLRQ XQGHU ,&XDHUQOQ W IOPQYDNEG W RKRQGIOW |
6HUYLFHV 7THFKQRORJ\ ODDJHPHQW



)DPD (XJHQH ) DQG .HQQHWK 5 JUHRGE ([SHFWNGGH\GREANYBIO/GYVU
RI )LQDQFLDO (FRQRPPLFV

222 36 XVLQHVV &RQGLWLRQV DQG ([B3 PMRESBHIDXOU @V )R Q DEQ\FR
(FRQRPLFV #

)DPD (XJHQH ) DQG * :LOOLDP BRKAHYW D QG R QUODNILRIQ )L QD QF |
(FRQRPLFV  +

)DULQHOOL 6LPRQH ODQXHO )HWXWLUKRHDRLD QR ERMMH DIOR. COHDWW
6KDUSH 5DWLR 2SWLPDO $VVHW $ORIRFHHWER@XBRMO RII%HDBQWQ:
J)LQDQFH +

J)DULQHOOL 6LPRQH ODQXHO )HUXHIZKRH®P IDDQXR/ZXRVBHQQE RO A W/WWN\L
$VVHW $OORFDWLRQ $LG 6\VWHP GHP3HAQ R WADKAMVS BF D R-RAXW @ D (
RI 2SHUDWLRQ 5HVHDUFK

JHUVRQ :D\QH ( DQG &DPSEHOO 5 +DUBRIQRPLF S5Z¥N SSOHPOMBA\RQ
RI 3BROLWLFDO (FRQRP\

JUHQFK .HQQHWK 5 * :LOOLDP 6FKZHUW (D RBFNREHBWRFNWDBWKI
SRODWIRNUWADO RI )LQDQFLDO (#RQRPLFYV

*DUVRQ * 'DYLG 3 QWHUSUHWL Q8 LHXASWWL 1 HFL DROY N W/BH QH B W/

+

*XLGROLQ ODVLPR DQG $00DQ 7LPPHUPP@®HU 0XOGBALYDW L BQ/GIF
6ZLWFKRXUQDO RI (FRQRPLF "\QDPLFV D@G &RQWURO

+DQQDK /DXUHQ :DUUHQ 3RZHOO DQG/DPWMAUIOF Y%A/ W\ (V WILRPG
6WRFKDVWLF 2SWLPL]DWLRQ ZL@HS$®QDDEHNULY® ELG K LMD WH ROWDRD N |
6\VWH PV

+DUYH\ &DPSEHOO 5 $7KH 6SHF LA WLDWERRQWRD & RQ GANWIUREDO ||

+

.DDVWUD ,HEHOLQJ DQG OLOWRQ %R\GUN IRU'HRUBIGDYW DQIHN QD
(FRQRPLF 7LPHHOHIRARP SXWLQJt

.DQDV $QJHORYV 3$ OXOWLYDULDMKHWoRY JLRH 5HDW AKIRYU ES\W @ F

ODUNHW WKH ,QWHUHQW KBD@MHWRLRG RX WBXWQDO Rl 7TKHRUHWLFDO
+

.DW +DUU\N O DQG &KULV %URRNYV RI ®*+HAKH H WXOQNGL YOVGHF D ®H INUXRUBH
,PSOLFDWLRQV 1RXUQ@DNBGI\RWBOWHUQDWLYH ,QYHVWPHQWYV

.HLP 'RQDOG % DQG 5REHUW ) 6WDREDXQKWKH 6\3BHA B LIFQVG QR BH
-RXUQDO RI )LQDQFLDO (FRQRPLFV



.RQQR +LURVKL DQG +LURDNL <DPDRHDNDWLRQ3GRD @ IRREOLRRO XSWHL P |
DQG ,WV $SSOLFDWLRQV WRQDRMMRHOQWREGENLBQENHW -~

.RW] 6DPXHO 1 %DODNULVKQDQ DQRBQMRIUPORXY GRAQYVRQULDWH
9ROXPH ORGHOV DOXQESE®LFIVERQN -RKQ :LOH\ 6RQV ,QF

.ULW]PDQ ODUN G6HEDVWLHQ 3DJH DQG '@©KLLU® \7 X |P\SLALIFVDRVQ RQV |F
6WUDWHIMHYFLDO $QDO\WVW -RXUQDO

.UROO <RUDP +DLP /HY\ DQG +DUU\ 09DODDNFEHLWHUV XV QLHBIG
OD[LPL]DWKRQRXUQDO RI )LQRQFH

/IDERUGD 5LFDUGR DQG -RVH 20PRWLRQ:32EBW bDLD, WAMHHID, DY @& R §/D
-RXUQDO RI )RUHFDVWLQJ

/JHN 6RYDQ $0ODLQ %HODXG 3KLOLSSHD¥WBUPQDEFRN@G®LYV 'LEP RBROM
(QYLURQPHQWDO 9DULDEOHV LQ 7URXW $EXQTGOMWHFORGHQY BWYRY

+

/HN 6RYDQ ODUF 'HODFRVWH 3KLA®NVSSERIRXHDQDXRDQOQDWG '6WRISKE
E 3$SSOLFDWLRQ RI 1HXUDO 1HWZRODNW LWR \WORLGHDRQ K FIBFDRIL
ORGHOOLQH4

JHODQG +D\QH ( 3% H\RQG OHDQ 9 DXULHDRMHGW 3HU IR ULIFRDQQ/R A P 6
'RUOBLQDQFLDO $QDO¥WV -RXUQDO

0DODQGUL /RUHQ]JR )UDQN = :LQJ &DINO RDMMED(2UN H@LPIERU L&ED U OR
ORRG+'ULYHQ $VVHW $OORFDWLRQ WEKPH@SRIUNBREWIRDLRQDIRF
&RIQLWLYH &RPSXWDMWLRQ

ODONLHO %XUWRQ * DQG $WDQX 6DKBHHWXUQHIRE LB Q XFIEAO \ ¥ MAN -|
+

ODUNRZLW] +DUU\ 33RKEW | RRXLLRQ ®KDORIIF AL IQED@ F H

ODUWLQ 5 'RXJODV 6YHWOR]DU =DHM 5D FKH3K LD KD HZSHNILLAFD ©L |
DQG ([WUHPH 5LVN7KHQ®DHNRPWHRW.LOPRWW ,QFRUSRMNBWYDRZWKH 4

OHUWRQ S5REHUW & 32Q (VWLPDWLQ OMKIHN HNS H$ @ HGS G R WIX
L QYHVW LJDYWIRID RI )LQDQFLDO (RRQRPLFV

1\VWUXS 3HWHU +HQULN ODGVHQ D®G&RWWI RIOCQERVAEWPPL]DWLRIDE
ODUNHW 5HXIPHWLWDWLYH )L@DQFH

20GHQ -XOLDQ ' DQG 'RQDOG $ -DPEB\ORFN %R[, ODXPHQDWD Q & LW
&RQWULEXWLRQV LQ $UW [FREODX AKX WRCG HBIQIZRUNYV -



20GHQ -XOLDQ ' OLFKDHO . -R\ DQG BXVUWG &RPSIMKLVRQ R$DI$
AXDQWLI\LQJ 9DULDEOH ,PSRUWDQF¥Y &QLG U V6LIAL¥Q DBRAIER ¥ DMEDO 1 H
ORGHOOLQJ +

2URRMORR\MDGLG $IVKLQ /DZUHQFH 9 6S8GHWJIDAB SODHDWLGL @D N
1HZVYHQGRU , 36 REOMHEVDFWLR Q¥

2UWREHOOL 6HUJLR 6HEDVWLDQPROYLWBRL O0DUFREIVROGR BHDEE
IRU )LIHG ,QFRPH ODUNHWYV ZLWK$@RREQV]BRWL2RQUDQVER QY DHV HDUF

3\R 6XMLQ DQG /HH -DHZRRN 3 ([ S OR\L BMLQQIJ 70KDHF KR D 1 L/\NHND Q!
(QKDQFH WKH %ODFN+/LWWHUPDQ )UBRPHDRBEN LEYBLOGNQEGH LQBO FaR >

+

SRFNDIHOODU 5 7\UUHOO DQG 6WDDRQNODM GKNMDYWYSLVN |R&R OFK
'"LVWULEXRXIR@NVO Rl %DQNLQJ DQG )LQDQFH

5RMDV 5D~OHXUDO:1HWZRUNV $ 6\VWHRARDVOUHUQFURQRKRWLRXQVLQH

6FDUGL OLFKHOH DQG /DZUHQFH : +HDQUGRUULUFDO 0RGHM BR ISKOW
BULPDU\ BURGXFWLRQ $ 1HXUPROIRMWERONROHBE GMIKIG\ ~

6FKZHUW * :LOOLDP 3K\ '"RHV @&W R BN HO RY N B X LOFRXI\G DOL W \
J)LQDQFH +

6KDOLW +DLP DQG 6KORPR <LW]KDNL \ DQ® MIX® *AQLLF LIRIURM | RIOWLN
7KH -RXUQDO RI )LQD@FH

6KDUSH :LOOLDP ) 30X W X D RH) XRXGURHDD RRU PBXQWFLHY H V V

6KHLNK $EGXOODK = DQG -LDQ[LRQJ &P LR Q V3 RH JIIPAHJ RK B | OHR P LFF
$VVHW &ODVV DQG 3RUMHMR ORRUTIDO RRUPDYFN WL QJ

9DSQLN 90DGLPLU 33ULQFLS QOMNURILELV RKHRILPL]QWRREGVRU (
6 - /LSSPDQQ SGYDGQFHN LQ 1HXUDO ,QIRUPDWLRQ 30ORBHUQLQJ
.DXIPDQ 6DQ ODWHR &$

9LOODUUXELD *DEULHO -XDQ ) 'H 3DIJH2DEGR LEKWDPFP RVR DHQGV ) HLLFC
IHWZRUNV 8VHG LQ 2SWILPRKX|DRFIRRRP BWRROHPV ~

:KLWHODZ S5REHUW ) 37LPH 9DUQDMWLIR QNS IDRVEDSRYRIQU DID\VG L RV
ODUNHW SHRMHXURIMIQDO RI )LQDHFH

'LQJ )UDQN = (ULN &DPEULD DQG 5RW/( $VNWGBIWFI§0ORFDIWLRIQO DI
BHQWLPHQW (9 L&RPSXWDWLRQDO ,QWHOOLX QFH ODJD]LQH

<DR -LQJWDR 1LFKRODV 7HQJ +HDQ /HH33RUHMPIMMGNERE DO YOO
ODUNHWLQJ 'DWD 8VLQJIRXXQDO RHWXRURDWLRQ 6FLHQFH DQG (QJ



<RXQJ ODUWLQ 5 3$ OLQLPD[ 3RUWLRG DR BH®&HBWERRQQ 3 XERD
ODQDJHPHQW B6FLHQEH



Hidden layer
Input layer Output layer

JLIXUKBWUXFWXUH RI WKH $UWLILFLDO 1HXUDO 1HWZRUN $11

7KLV ILJXUH VKRZV D JHQHUDO VMMWZXRWNXUS$LR| $WW.LQ E PIXGEH \I HOQUSD
RXWSXW OD\HUV ZLWK VRPH IXQXFYWLRQM P®OVKLE RLEGHQ DL BKW VQ
LQWR QRGHV LQ WKH KLGGHQ OD\HU QRWHRQKD YWHK DX\Q BWQR QD WB
RXWSXWV DUH XVHG LQ D ORVV ]MQFNH FOR ZV VEK RSWLB DP® W R DRLIM
HGJHV Rl WKH QHWZRUN 7KH SUHGLFWVYB8JSWEHUQKPE HH RIP B URKC
EXW WKHUH LV D ULVN RI RYHUILWWRQJLFWSWX URE U QRN H [IFDHW K E



Hidden layer

Output layer

Input layer

»l//"

v(’ ‘\V(

VONVE
\

Lagrangian function

L

L= 1/)(x,R) + ,u(x,e -1)

State variables

Sigmoid functions

JLIXUHBWUXFWXUH RI WKH SURSRVHG $11 WR HVWLPDWH SRUWIROL
7KLV ILJXUH VKRZV WKH VWUXFWXUB RRGHD GRVYLIRHW®W IR®L B HAKIRLU
LQFOXGHV VWDWH YDULDEOHV 6LJPRLG KHQRXYM BRW DV H RYVWGRIOQ R
WR FRQVWUXFW WKH /DJUDQJLDQ IXQRWRRGR WKW HRXWSWW RR WK H
UDWIDRQG WKH FROYWHKBLERQVWUDLQW LV PXOWLS Qi D® & \DVEIGH &GD J
WR WKH UDWLR



Default Spread
Dividend Yield

1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015
Year Year

Default Spread Dividend Yield

%107

Term
Trend

1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015
Year Year

Term Spread Trend

JLIXUH/LPH VHULHV RI VWDWH YDULDEOHYV

7KLV ILJXUH VKRZV PRQWKO\ WLPH FN\H U'HH D XSOOR WS URID IR X' WG BIY B
6SUHDG DQG 7UHQG 'HIDXOW 6SUHDGHH® WKRIGPRQWKD\ [5Q G HIH
&RUSRUDWH %RQG <LHOGV 'LYLGHQG RL HGH® A \6 SOURHID G LIY\. GHIQHG |
GLIIHUHQFH EHWZHHQ WKH UDWHV RQ WX DIQ/&\ 5THDHV 7 IDHIIEV XUH @ B (
WKH UDWLR RI WKH FXUUHQW 6 3 ,QGH[ HHUHDUBIYGRWKH DPYRQMDE
VDPSOH LV IURP -DQXDU\ WR 'HFHPEHU



| 1o yvaio \io v v Vv avsiu

5 vears rolling
S years rouin;

= | 13 years (156 months) 60 months

13 years (156 months) I 60 months

1 Training set (in-sample) lTest set (out-of—sample)l | | 1 )

Tan 10RA Tan 1000 Tan 2004 Tan 20NQ Tan 2014 Nar IN1R

J)LIXUHSDPSOH SHULRG SDUWLWLRQLQJ DQG UROOLQJ ZLQGRZV
7KLV ILJXUH VKRZV KRZ WKH HQWLUH HMPHPREHHUS H U LR GS B U WDLQAKLER WD H
LQ VDPSOH DQG WHVW RXW RI VID\P RO H5 DWDIP YOHW W HQXIVIHU R P\ HDQ
WUDLQLQJ VHW DQG WKH IROORZIMHW L YH UR D QR DUWKKHR W RW VL
WKH HQG RI WKH VDPSOH LQ 'HFHPEHIRXU WAKLMODOSURIDNFK DEQHR
RXW RI VDPSOH VHWV RI + + + DQG +



J)LIXUB11 EDVHG YHUVXV WUDGLWLRQDO HVWLPDWHV RI SRUWIROL
7KLV ILJXUH GLVSOD\V WKH WLPHMLQHUWKMY BURBER VRGP $DIF B DVIHVEL B !
DV WKUHH WUDGLWLRQDO PHWKRGW®V EHCRFKHPOW N R |, Q HEHQUFE Y D
XVLQJ DQ $5 SURFHVV EHIRUH PD[LPLHUGDWKB §H QFRUPCOUQNF R HUA
IRXU IDFWRU PRGHO XVHG WR HVWLPEFWKGW K'H | PRPMQWS/UHIKE [T+
'LYLGHQG <LHOG DQG 7UHQG %HQFKPDRPSSURDERVHR KRVWEHES P

LQ ZKLFK SRUWIROLR ZHLJKWV \BY H BUUBEMOX B QW LEP\DRDH GPX §
XWLOLW\ IXQFWLRQ ZLWW'HW\DN. G0 BRD EHVGAKPOIUN PHWKRGWBUH H[
DSSURDFKHV DUH XVHG IRU WKH IRXU RX®W RI VDRPSOHDOIBULRGV

WR HVWLPDWH RSWLPDO ZHLJKW W IDR)G | RR PHSIXRKH PVR IQMV K D ORAH +
VDPSOH SHULRG DQG IRU HDFK DDMW XR HE KHRSW URWUQ $HD D QB GIVWD
LQ EHQFKPDUN PHWKRGV 7KH SORWWBURRKE RKISHWRGQWRDO DH KDDL
\HDU IURP W R



JLIXUBSWLPDO SRUWIROLR ZHLJKWYV

(DFK SORW VKRZV WKH DYHUDJH RWWRH WMKM I6PDW H QB S W L BDSR 7 M
\HDU XVLQJ WKH SURSRVHG $11 EDVHGQ PGB0 RPIFKKR'G \Z DYOE BI\Q FKK
ZHLJKW RI WKH %RQG ,QGH[ LV HTXDO WG H[ W, IOHEHLFIKPD RN R I W
PRPHQWY RI UHWXUQV DUH HVWLPDWHG XMLW X H @ K$BU SHSWIRWHR V Z

EHQFKPDUN PHWKRG D IRXU IDFWRRHPRGH O KH/ HIBFW R URN WQ PO)
6SUHDG 7HUP 6SUHDG 'LYLGHQG <LHOGDNVGIG RWH YE& H %SHDQMPR-DAY
SURSRVHG E\ %UDQGW HW DO LFOWZOK LHF YK WBLRPUDWM R G DRV Z @ 1L MWD/

E\ PD[LPL]LQJ D &55%$ XWLOLW\ IXQBEW LR QHMDNIOWIRMNEERQBRPBWN P}
H[SODLQHG LQ WKH WH[W 7KHVH DRSSW RD AMOPS O H KVHRBGMR U WK FE

* DQG + WR HVWLPDWHWBYGPHRP SRWW IWRBOHRY 2B XIK
IRU HDFK PRQWK )RU HDFK RXW RIWILIR SWKHSHWILRG D QD LR HEDR/K]
$11 DQG HVWLPDWH WKH SDUDPHWHUW W @ KERRZQWKMD D X HRIIDW K RRA VW
HVWLPDWHG RSWLPDO ZHLJKWV RI WKH 6 3WR ,QGH[ RYHU HDFK \H]I



JLIXUHBHQVLWLYLW\ DQDO\VLYV IRU DWDRWH @ DMK BOHQ DWEZ RQWW 6}
3bQHOV D WR G GLVSOD\ WKH VHW.QWGYLWURRBKBWHNH DWW IUR. D¥
VDPSOH SHULRGV RI + + * PG\ )RU HDBKVWVHF
VDPSOH SHULRG WKH SULRU \HDU VY IRV KDWH VHDFPSSADRH F5G1 WLAR @/ |
UDWLR DV WKH SHUIRUPDQFH UDWLRWIHWXV¥YDWK B E.OH VWO D&/ WKKHH Y.
DW WKH EHJLQQLQJ RI HDFK PRQWKVRILIWEKWHRWWHRREWRBOB SRUMF
FDOFXODWH WKH PRQWKO\ DYHUDJHERHW IDH) ¥ KEDHIPSHD Q B'W LIRQ G KWWV YD
FKDQJH WKH YDOXHV RI RQH VWD WH LY®HU M\DKE-O M DDCPURW R IDRMW KHHAJ W/
DFWXDO GDWD 7KH UDQJH RI FKDYIWHKN VWDQGDNGGGHY IZIKW URQL R
‘H FRPSXWH WKH UDQJHV RI FKDQJHKD®RIHYKIDQY §B QXOHWL R | DN R H QMW
FXUYH LQ HDFK SDQHO VKRZV WKH VHQWVDWHYLD LDEODO\VLYV IRU WK



)LIXWHAHVW SHUIRUPHG UDWLR RYHU WLPH

7KLV ILIXUH VKRZV WKH SHUIRU P DIQH\HWU DAL GRVWK KIDQV HIDHRKKH B R @/\M K
RXW RI VDPSOH SHULRGV RI + * WKHDRWGLRU = \HDU
PRQWKO\ GDWD WR HVWLPDWH WKHLRIAKRLFHL R HBEK FHUVKYH PR
ZH XVH WKH VWDWH YDULDEOHYV DMWKWIKRIKWHILYDRRYO HRV HDFE&E WKEGV
HDFK UDWLR DQG HVWLPDWH WKH REWRRNMN RORERWURWLXR @WLJKRWAD
FRPSDUH WKH UHWXUQV DQG LGHOWXIOWWEH @ HUK R URIDIEHY W DPVRICR
ILIXUH GLVSOD\V KRZ WKLV UDWZLWRL BVRNVHBOMMHEGR W HFIWIHDWQRTUDV



7TDEOHHVFULSWLYH VWDWLVWLFV RI UHWXUQV DQG VWDWH YDULDE
7KLY WDEOH SUHVHQWY DQQXDIGO\|HE BXWYEV LKW LW KHVEVBWLV@/E&HY L
,QGH[ 7KH WDEOH DOVR VKRZWMH @RXBUVLWW WYH Y\ADW D W/E @ W\ FD/V RIIR W/ (
6SUHDG LV WKH PRQWKO\ GLITHUHQPB EBIWHEBHXRUOBRGDWHI IR QB Q
'LYLGHQG <LHOG LV WKH ORJ GLYLGHR[G WRHSTHEFA &DWHIRGRUWW K H
GLIITHUHQFH EHWZHHQ WKH UDWHV RQ@DWXOQG/\ SBHIMMHVUBDRGXWK K& R
,QGH[ PRPHQWXP YDULDEOH 7UHQGFKVUMIQW OR3 RI VDIGHUDWYRORI
DYHUDJH ,QGH[ OHYHO RYHU WKH SUHYLRXV PRQWKYV

OHDQ OHGLDQ BWG'HY BNHZQHVYV

6 3
%RQG

'"HIDXOW 6SUHDG
'LYLGHQG <LHOG
7HUP 6SUHDG
7UHQG




7DEOHS11 EDVHG YHUVXV WUDGLWLRQDO HVWLPDWHY RI SRUWIROL
7KLV WDEOH VKRZV WKH GHVFRLOGHMH VYD W WDWR D W PEYHRS XWKLH) $ NVKI IR
DV ZHOO DV E\ WKUHH EHQFKPDUN P HRRFRHQW VQR E MG FWXPLDQM PUHHW K
$5 SURFHVV EHIRUH PD[LPL]LQJ WKHEHJUARPPDR PFHHWBWRGRYV 1K
PRGHO XVHG WR HVWLPDWH WKH PRBEQWIG 7RHUIPD BWBHD G QE®XGH
7UHQG %HQFKPDUN LV EDVHG RQ WEH%DNQEWWWW FDOOSSURDER ¢
ZHLJKWYV DUH GLUHFWO\ HVWLPDWHIGP X]VIQZJDV &WIHE HX WD O L BVE Q M Q FT
SDUDPHWIHW'RWDLOV RI EHQFKPDUN PHWKRGVHDPHWKR QU LIQIHG X \QH
IRXU RXW Rl VDPSOH SHULRGYV + + HVWEPDWHQRBSWLPDO
ZHLJKWYV DQG FRPSXWH WKH UDWLRV $SRUH BBHEK PR QW& | RRI HIAKK LR
\HDUVY GDWD DUH XVHG WR WUDHQ W RI WG HEWWERB WBNWKRHG EDVD
WKH VXPPDU\ VWDWLVWLFV Rl PRQWKOWKHBOXKRBH SHWIIRRI® DRY F H
S3HUIRUPDQFH UDWLRV DUH 6KDUSH O KHAYQIZe&B\X2@RQ&DPIEI PO H5
WKDW WKH PHDQ GLIIHUHQFH EHWZHHQ BH Q FEKOP/HGN DLS/S VW RDFIK LIFQ®
JHUR DW WKH DQG OHYHOV UHVSHFWLYHO\

OHWI OHI 6WG 6NHZ . XUW

3DQHO $ 6KDUSH UDWLR

$11 EDVHG PHWKRG
%WHQFKPDUN
%WHQFKPDUN
%WHQFKPDUN

3DQHO % 0$' UDWLR

$11 EDVHG PHWKRG
%WHQFKPDUN
%WHQFKPDUN
WHQFKPDUN

3DQHO & OLQLOD[ UDWLR

$11 EDVHG PHWKRG
%WHQFKPDUN
%WHQFKPDUN
%WHQFKPDUN

3DQHO ' *LQL UDWLR

$11 EDVHG PHWKRG
%WHQFKPDUN
%WHQFKPDUN
%WHQFKPDUN

3DQHO ( &9D5 UDWLR

$11 EDVHG PHWKRG
%WHQFKPDUN
%WHQFKPDUN
%WHQFKPDUN

3DQHO ) 5DFKHY UDWLR

$11 EDVHG PHWKRG
%WHQFKPDUN
%WHQFKPDUN
WHQFKPDUN




7DEO®#11 EDVHG YHUVXV WUDGLWLRQDO HN WH Q@ I/'WWHX\E RD BRONMMR O L
7KLV WDEOH VKRZV WKH PHDQ YDD[XRLRH® IGK \$HYJ RUKH & KM URD WID
RI DQG XVLQJ $11QFKEZBOND DHWKRGHN
,Q EHQFKPDUN PHWKRG PRPHQW\VDRI $5H W XSIRF BVW HN VRIUHD MIH|
WKH SHUIRUPDQFH UDWLRV ZKHUHDW LQ FEMHRUF KARDBUHND PHWHIGR & R

PRPHQWYV 7KH IDFWRUV LQFOXGH VHIGHQ® 6ISHBI® ® QTH 0P HEB® HBD B
LV EDVHG RQ WKH SDUDPHWULF DSSURDFEK ZXLRERYRIGWHE R QLD Q 18 IV
GLUHFWO\ HVYWLPDWHG XVLQJ VWD&55 Y XWLLIDHOH MV XOIFGVER © I L WIK]
RULW'HWDLOV RI EHQFKPDUN PHWKRGYV MHW KHR[G D DIUHH B VIHG WK
RXW RI VDPSOH SHULRGV WR HVWQ B DARIP RSWH. RADKCH S RIDWLIR D ILR UZ H
HDFK RXW RI VDPSOH SHULRG DD LIRUGDDFE DDMW XK HWE KWHRSW URUW Q
WKH SDUDPHWHUV Rl WKH EHQFKPD BKIPHSMHK RGV 03 HUWIR P PIQHH B¢
DQG 5DFKHY 7KBO0MPBARBQGLFDWH WKDW WKH PHDQ GLIIHUHQFH E
EHQFKPDUN LV VLJQLILFDQWO\ GLIIHUHQW IURKF YHBW LD'W QXK H

OHWI

3DQHO $ 6KDUSH UDWLR

$11 EDVHG PHWKRG
%WHQFKPDUN
WHQFKPDUN
%WHQFKPDUN

3DQHO % 0$' UDWLR

$11 EDVHG PHWKRG
%WHQFKPDUN
%WHQFKPDUN
%WHQFKPDUN

3DQHO & OLQLOD[ UDWLR

$11 EDVHG PHWKRG
%WHQFKPDUN
%WHQFKPDUN
%WHQFKPDUN

3DQHO ' *LQL UDWLR

$11 EDVHG PHWKRG
%WHQFKPDUN
WHQFKPDUN
WHQFKPDUN

3DQHO ( &9D5 UDWLR

$11 EDVHG PHWKRG
%WHQFKPDUN
%WHQFKPDUN
%WHQFKPDUN

3DQHO ) 5DFKHY UDWLR

$11 EDVHG PHWKRG
%WHQFKPDUN
%WHQFKPDUN
%WHQFKPDUN




7TDEOHBHODWLYH LPSRUWDQFH RI W KWVVRV DIWKHH YeIKWDLLCSHHO U B WDIVR G H W I
7KLV WDEOH UHSRUWYVY WKH UWWODDWHN Y DBEBRBEPWH QRHG BW HUPHDEIKQ J
IRXU RXW RI VDPSOH SHULRGYV + * ,Q BDQHO Q> WKH
H&ERQQHFWLRQ :HLIJKWVY PHWKRG VXJJHNW K& HE W(RGIHIIDOBQGDVDIHN!
PHWKRG ILQDO YDOXHV RI WKH QHWLZRIN AHNH & VDW 1B W WHIGH WHRD & DRO
VWDWH YDULDEOH ,Q 3DQHO % MWKNWRB URP\X%WMLIPRD@® , P S R UW DXQUHH
5,V ,0 WKLV PHWKRG WKH YDOX®HY VYKREZJIWKHK B KB B MDVOIXEI W KWLIQ D B
DQG VKXIIOLQJ WKH FRUUHVSRQGLQJW VR/®W Hb WHWD DHE QN MK HR XPW Ok
FRPSXWHG IRU DOO IRXU RXW RI BDRFHO®HYS DUHR G SHUIH NQO@BRHANM |
PHWKRGYVY DUH H[SODLQHG LQ WKH WH[W

6WDWH YDULDEOH $¥HUDJH +
+

I+
I+

3DQHO $ &RQQHFWLRQ :HLJKW OHWKRG

"HIDXOW 6SUHDG
'LYLGHQG <LHOG
7HUP 6SUHDG
7UHQG

3DQHO % 3HUPXWDWLRQ ,PSRUWDQFH OHWKRG

"HIDXOW 6SUHDG
'LYLGHQG <LHOG
7HUP 6SUHDG
7UHQG




7DEOFSDQNLQJ RI SHUIRUPDQFH UDWLRV

7KH $11 EDVHG PHWKRG LV XVHG IRU WKH IRXU RXW RI ¥DPSOH SHL
DQG + WR GHWHUPLQH RSWLPDO ERUSRBWLROZRL UKWX DX G
PRQWK 3HUIRUPDQFH UDWLRV DV LWKH WE RE FSWULREHO HFRQ FIMULHR ® KLDQL
OLQLOD[ *LQL &9D5 DQG 5DFKHY )RU H DH B FRXWD R/IL RD RVKAHHSIH RIUR ¢
GDWD DUH XVHG WR WUDLQ $11 7HUDWB ERGHW &P B ¥ HSRW W VRIOH. R RJGIWY|
ZLWK HDFK SHUIRUPDQFH UDWLR WRLYRHG RV KH ZKR O RKRX WDRV LR P OH
EDVHG RQ WKH PRQWKO\ DY HUDJHHSHRW XU ® K H. @ YSIEHD R D P R @ WDKOW
RI VDPSOH SHULRGV IUHTXHQF\ WKRMI KH 8 WUPRQRDKEOAHU B BWX IUR) K [
SDWLRV LQ SDQHO E DUH UDQNHG EDWHW KR WIXWHHI UH DX K Q M\ HAL W
UHWXUQV GXULQJ WKH ZKROH RXW RI VID BSIOK \ERIQ [FR® SHCD WDEQ H
YDOXH LQ SDUHQWKHVLV EHWZHHBWXIUR VY DYDNQHOU LMV DQISQINNM EX
E

3DQHO D ORQWKO\5HWX3IDRQHO E )JUHTXHQF\

5DQN

5DWLR 9DOXH 5DWLR 9DOXH
EDFKHY OLQLOD]
OLQLOD] *LQL
&9D5 0%
0% SDFKHY
*LQL &9D5
6KDUSH 6KDUSH

&RUUHODWLRQ Rl VDPSOH SHUKRGZKR ORR R MWV




