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30DVPD 3HSWLGH %LRPDUNHU 'LVFRYHU\ |
IDWHUDO 6FOHURVLV E\ 0$/', +72) ODVV 6S
3URILOLQJ

IDXUHQFH &RQ&MWKHULQH BEER *XHUUDRX /R\DXQVFXDO )HHDDWRODXGH
*XLOOHPRWFHQW O0HL3LHWWHHW )UDQoRDV BQY®REIDMWED ODFROM % U X @ B &/ HPHK
/H )RUHVWKARHWWH /DFRPEOH]

([SORUDWRU\ 8QLW 6DQRIL &HRMNORKYVHIpWHD@WH DODGLHY 5DUHYV $3+3 830& /D 6DOSrWULqQUH +RVSLWDO

$EVWUDFW

7KH GLDJQRVWLF Rl $P\RWURSKLF ODWHUDO VFOHURVLV $/6 UHPDLQV E
7KH DFWXDO GHOD\ EHWZHHQ WKH RQVHW RI WKH V\PSWRPV DQG GLDJ(
SDWLHQWY LQWR FOLQLFDO WULDOV DQG HDUO\ FDUH RI WKH GLVHDV
VSHFLILFLW\ UHPDLQV XUJHQW ,Q RXU VWXG\ ZH ORRNHG IRU SHSWLG
PDJOQOHWLF EHDGV & DQG & DQG 0%/', 72) PDVV VSHFWURPHWU\ DQDO\
KHDOWK\ DJH PDWFKHG FRQWUROV Q & RU & 690 EDVHG PRGHOV
EDVH RI WKH PLQLPXP RI WKH PRVW GLVFULPLQDQW SHDNV 7KHVH WZR
EHWZHHQ WKH JURXSV RI SDWLHQWY UHFRJQLWLRQ FDSDELOLW\ RYHU
DQG KHDOWK\ DJH PDWFKHG FRQWUROV ZLWK YHU\ KLJK VHQVLWL
GLVFULPLQDQW SHDNV KDYH EHHQ LGHQWLILHG E\ 0ODVV 6SHFWURPHWU\
RI PDMRU SODVPD SURWHLQV SDUWO\ OLQNHG WR WKH EORRG FRDJXOD

DVHG RQ
DRVLV LV
H  7KHUH
H ELRPDL
LV )URF
IRU $/6 C
590 EDVH
DOO FOD
YLWLHV

06 DQU
WLRQ

&LWDWIR@QUDX[ / 3HFK & *XHUUDRXL + /R\DX[' )HUUDUD 3 HW DO 30DVPD 3HSWLGH
0$/', £72) ODVV 6SHFWURPHWU\ B3URILOLQJ 3/R6 21( H GRL MRXUQDO SRQH

(GLWRW)YLG 5 %RUFKHOW 8QLYHUVLW\ Rl )ORULGD 8QLWHG 6WDWHV RI $PHULFD
5HF HL YOHDG $FFHSWH®REHU 3XEOLVKRIGHPEHU

%LRIPDUNHU "LV

&RS\ULJKW FRQUDX[ HW DO 7KLV LV DQ RSHQ DFFHVV DUWLFOH GLVWULEXWHG XQGHU WKH W
XQUHVWULFWHG XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH RUY|

JXQGLQ@XKHVH DXWKRUV KDYH QR VXSSRUW RU IXQGLQJ WR UHSRUW

&RPSHWLQJ LQAMKHUBIXNWKRUYV KDYH GHFODUHG WKDW QR FRQIOLFW RI LQWHUHVW H[LVWV /& &3
DUH QR SDWHQWV SURGXFWV LQ GHYHORSPHQW RU PDUNHWHG SURGXFWV WR GHFODUH 7KLYV

HUPV RI WK
LIJILQDO DX

+* '/ 3) D
GRHV QRW

DQG PDWHULDOV
( PDLO /DXUHQFH FRQUDX[#VDQRIL FRP

,QWURGXFWLRQ LQIODPPDWRU\ V\VWHP UHODWHG &DVSDVH
QHXURQ VSHFLILF 1)/ HQJ\PHV DQG HQJ\PH LC
$P\RWURSKLF /DWHUDO 6FOHURVLV $/6$QUVRWHELPRVWQERRMAGIUV SURWHLQ® 9*) 77
PRWRU QHXURQ GLVHDVH ZRUOGZLGH SHEBEMDPOWQHAHWKHU WKHVH FDQGLGDWH ELRPDU
OHDGLQJ WR LQFUHDVLQJ PXVFOH ZHDNG@®RXJIKQWGSRRVAGHWIWORSKHQVLWLYLW\ RU KD
7KH H[SHFWHG OLIHWLPH DIWHU GLDJQRW.INOL\G DWHD UWAR B RMHG/ DW IDVURXWLQH WHVW
ZRUVH IRU EXOEDU RQVHW SDWLHQWYV TKINNPSB WBHYQWRISHYHWKHGHUWDVH RU SUHGL
Rl WKH GLVHDVH OHDGV WR FRQVLGHU $& H-DWB HQWG URPHWKDWKISHUVSHFWLYH FRPE
WKDQ D VSHFLILF GIRQML\GHYLQJ WKLV KHWRPBRUNGHVWPDQ®&LJQLILFDQWO\ LQFUHDVH
WKH LPSRUWDQFH RI DQ HDUO\ GLDJQRYVIDF ERWXFIRU $/GLALEDPRWIM BO& DQG
FOLQLFDO GDLO\ SUDFWLFH WKHUH LV D BEFMRQWG HWR\DXEGA HR U KBLYRP HVNHIUBOLVKHG WKD
Rl WKH GLVHDVH ,GHQWLILFDWLRQ RI WSHF{RLSHBMRRIHISBWW HRU Q@ 6ZLWK FOLQLFDO U
FRXOG HQDEOH HDUO\ GHWHFWLRQ GLDREWDLQ WEERXURIJQRWUV[ BQBLVWHG /DVHU 'H
FRXOG EH KHOSIXO WR HYDOXDWH WKH HRLFBFAI BO QHAVW 0 HDWPHQWNVW YSHFWURPHWU'
WHVWLQJ Rl QHZ WKHUDSLHV LQ FOLQLFDEDWWKXDBVDQG HQULFKPHQW XVLQJ JUDIWHG S
1XPHURXV SURWHLQV ZLWKLQ WKH &6)SRUWLHDHP SODV@ D: LWERVKLY DSSURDFK D OLF
ERG\ IOXLGV ZKLFK DUH SURPLVLQJ VRXUSHSYWRIG HLRIPIQDNHUWH KERMOG SURYLGH FODVV
EHHQ VXJJHVWHG DV SRWHQWLDO $/6 SBMRMIRUWH DWW G KHDBALKRY FRQWUROV S5HFHQV
KRUPRQHV DQG JURZWK IDFWRUV ,QVXOEBHQ3RSIOLKG)ZLWK VXFFHVV WR FODVVLI\ $/6
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3HSWLGHYV DV 3RVVLEOH %LRPDNH

7TDEOHHPRJUDSKLFV RI $/6 SDWLHQWY DQG FRQWURO VXEMHFWYV

$/6 3BDWLHQWV Q +HDOWK\ FRQWUROV Q

$JH \UV OHDQ “ 6
0LQ 0D]
6H[H 0DOH
YHPDOH
5DFH &DXFDVLDQ ZKLWH
%ODFN
2WKHU
CHLIKW NJ OHDQ “ 6
0LQ 0D[
%0, NJ P OHDQ * 6
0LQ 0D[

8QFRPSOHWHG PDWFKLQJ LQ DJH UDFH GXH WR KLJK GLIILFXOWLHYV LQ UHFUXLWPHQW RI FRQWURO VXEMHFWYV
6WDWLVWLFDO DQDO\VLY ZDV SHUIRUPHG E\ W WHVW DVVXPLQJ XQHTXDO YDULDQFHV %DUWOHWW V WHVW S
GRL MRXUQDO SRQH w

PDWFKHG FRQWUROV EDVHG RQ &6@® ENVRRZQNHW BY ®DOWKLYV EDVLV WKDW ZH KDYH
+RZHYHU D GLDJQRVLV EDVHG RQ D VLPEBWKE ORRGS WH QW RZ RR DR X DM
HDVLHU WR LPSOHPHQW /HVV FRPSOH[ D&E DYNDOVINHVMPKDRI WKWHDVH GXUDWLRQ IR
OXPEDU SXQFWXUH WKH EORRG VDPSOLQWLPHDRNFRS@®DVRD\ WEREGWHG £RV \HDUV ZI
WKH SDWLHQWYV GHYLDWLRQ RI \HDUV $00 $/6 SDWLHQWYV L
:LWK WKLV DLP SODVPD ELRPDUNHUPHRENVFRWHRQVIREGXWORI WKH VWXG\ H[FHSW
GLDJQRVWLF ZDV XQGHUWDNHQ XVLQJ & RU & 7Ky GLPHORYHBYHRI $/6 LQ WKLV SDW
PDJQHWLF EHDGV DQG 0$/', 72) PDVV VSHRFUMMNPLQ BH¥BAWH VHYHUDO FOLQLFDO H
UHDG RXW ,Q D ILUVW VWHS ELRPDUNHIRERYER WMYRSzARVUEROH AEWK  $/6 VDPSOF
ZLWKLQ D WUDLQLQJ VHW RI SODVPD VDIE§8M’\P'?L9’R\6DPS§BWL%QAP\}-%[LWKVHW SHPDLQLC
$/6 DQG KHDOWK\ DJH PDWFKHG FRQWUROLWCE DR YW FRQYQCEHG WHVWLQJ VHW
PRGHOV ZHUH WHVWHG XVLQJ D VHSDUBWHS%\WVVWM}V ﬁW'—R%/bZDV FDUULHG RXW Ul

SDWLHQWV DQG FRQWURO VXEMHFWVZDQQV%@FLP&%VKBS’ ‘OO'KFPQ)EIQLG{A'/"P?@QGHQW HWKLF

QXPEHU RI SDWLHQWV LQFOXGHG LQ R F%WW\HQL{?HS§H|§|¥R/ * fOHOGgD)LLjVE\)/(SE

ELRPDUNHU GLVFRYHU\ DQG YDOLGDWLR \{Z/UA‘ }-EDV\@/Iﬁé ?KQLE,/VVWXG\ VRSV

XVLQJ HDFK WLPH QHZ UDQGRPO\ JHQHU clv\\?\ﬁw 7?40&\/ oF 0 2DV FROGXFWHG L

WKH PLQLPXP QXPEHU RI SHDNV QHFHVVDU\ MRIEODVYEN EQL] H(]‘;é WKH Wk RLoG
Z

VDPSOHV ZLWK KLJK VHQVLWLYLW\ DQG V%_‘II:UQ\}_I R WA DVDG(IJ:|VBI-(1) b%'é%LFDEOH DPHQG
7KH LGHQWLILFDWLRQ RI WKHVH ELRPDUNHUD.E& gLoqu;Wlég V DQG WKH ,&+

9=
FDUULHG RXW XVLQJ OLTXLG FKURPDWRJHBEéEE VHSOHPWLRE FRXSOHG WR
PDVV VSHFWURPHWU\

5HDJHQWYV

6XSHUSDUDPDJQHWLF VLOLFD EDVHG SDU
GHULYDWL]HG ZLWK FRPPRQ UHYHUVHG SKDVH
$/6 SDWLHQWYV DQG FRQWUROV ZHUH REWDLQHG IURP %UXNHU 'DOWRQLFV SXL
3DWLHQWYV ZLWK GHILQLWH SUREDEOH RM \QbERMDEWR B $UREDEPWRYEWULOOH $&1
DQG DJH PDWFKHG KHDOWK\ FRQWUROVD@® UNU UIKDKWRULRDHG WLE BKHG 7)$ ZHUH SXU
I1DWLRQDO S5HIHUUDO &HQWHU DW /D 6BOSWWIKIUHS5HRYV\SAMWICOLBPELVD F\ADQR K\GUR
JUDQFH $ WRWDO RI SODVPD VDPSOHW Z&4 HZ ) BXXG KB VHG WKL /DVHU%LR /DEV )U
VWX G\ IURP SDWLHQWV ZLWK $/6 VSLQDO EXOEDU DQG

KHDOWK\ YROXQWHHUY PDWFKHG E\ DJH BQROWRUL FEE GBPBOWNSKLF

IHDWXUHV Rl DOO $/6 SDWLHQWYV DQG KHDQWH\DFRQWNRO Y PG VKRBPBEGRY ZHUH FRO
WDEOH  $V WKH DJH GLVWULEXWLRQ RIFERIVMKD 1 BR&FVWRIEBD W oM @W B IZZRAYWLF VSUD\ .
VLIQLILFDQWO\ GLIIHUHQW RQH FDQ LQGHHG BRIV FKNORUH[KOPXG Hz WKIRMO RXKRXUV DIWF
GDWD ZDV ELDVHG E\ WKLV RIIVHW LQ DJH JFRRERWYHUPIQR OMOMRREWWHPSHUDWXUH $
FRUUHODWLRQ EHWZHHQ WKH LQWHQVLWHRIWW K HX DISW L G DAD W FARR MSKHHWHG  WKH SOD)
UHVSHFWLYH DJH RI WKH SDWLHQWYVY KBWLBMWDQ QIRXQ @&/ KIEDSWBHQYRWMA WLS LQ WKH PLC(

ODWHULDOV DQG OHWKRGYV
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3HSWLGHY DV 3RVVLEOH %LRPDNH

SRUWLRQ PDNLQJ VXUH QRW WR DVSLUDWHKHHNVRBPGOBY WKRP WOF K XARODV¥HM RHUH OHIW D!
WKH FHOO SHOOHW $00 FROOHFWHG ZODWDVHDWIZPHDWHOGORYKRWHGFR@WHFXWLYH UXQ'
SRO\SURS\OHQH VFUHZ FDSSHG WXEHV $4 LUKER X0O$5RWBISKH .11 FODVVLILFDWLRQ LV
5$&.6 DQG LPPHGLDWHO\ IUR]JHQ DW FXRXPEHDP FOHEHDPHMYHLQ WKH PRGHO LV HLWKE
UDQGRPL]JHG SULRU VSOLWWLQJ LQWR D GIHSHRWGL QD R ZHIOHD BOPWRDWFK VHDHFWHG 7KF
ZHOO $ SUH GHILQHG QXPEHU RI FRPPHUEDDH® PR &BIOYVDEWMHHVWKIBQZWWHVWHG DIJDLQVW
SODFHG LQ WKH VDPH UDFN IRU WUDFNLQJ WKH DFFXUDFLHV RI VDPSOH

SUHSDUDWLRQ 6 6LIJPD 7KH Z H O O 3G HVH ZIHAJHIQWW R UEHIBWALWR Q
f& XQWLO XVH 7KH LGHQWLILFDWLRQ RI ELRPDUNHUV ZDV G
FRXSOLQJ 1DQR /& BURERW )7,&5 06 7KH
ODJQHWLF EHDG EDVHG VDPSOH SUHSDHRWMIARIWRQEDEEKL'F /& VHSDUDWLRQ ZDV SHUI
72) 06 SURILOLQJ 'LRQH[ 6XQQ\YDOH 86% QDQRIORZ V\VWHP FR

7KH H[WUDFWLRQ SURWRFROV SURYLGHTHHLWR WE&ELWD WKHVILEREHEBWZHHQ WKH OLF!
DUH LPSOHPHQWHG LQ DQ DXWRPDW &QOURBBRWE\YRBERPW 'LRQKNHBXQQ\YDOH 86% DQC
DFFRUGLQJ WR WKH PDQXIDFWXUHU V SURWRMBRPYVVHMWSHFWURRPHWKYH %UXNHU 'DOWR
HIWUDFWLRQOVIWHBNRQLWULOH ZDWHU 86$7KHOYRD YWHKH BHSWLGH H[WUDFW ILOWHUHG
QDWLYH SODVPD XVHG ZDV DGMXVWHG WR WKHHWORDEGHEHRGWLQRUDQG SUH FRQFHQ'
—O RI QDWLYH SODVPD ZHUH DGGHG WRSUHPRRIXP® & RB 5&3; PP & =REUD] 6% $JL
EHDGYVY UHVSHFWLYHO\ 7KUHH LQGHSHQGHIRY HI[BWHILPHQWNMN\WXKUH GIRQIPLF DFLG LQ ZDW
IRU HDFK SODVPD VDPSOH ZLWK HDFK WL®H FHSEHDBGEHW ARZHUHQEBOXWHG RQ D UHYHUVH
& 7KH HOXDWHV ZHUH WUDQVIHUUHG WRFPQRMWKHU $ ZHORPSODWH RRP&RI SDUWLFOH V

LPPHGLDWHO\ VSRWWHG RQ @ RIBMWKSHOPMBMWNIGHD OLQHDU JUDGLHQW RI VROYHQW
H[WUDFW ZDV ORDGHG RQWR WK@& R$/IUNMRPPHW ZLWK E\ YRO IRU PLQ VROYHQ
PDWUL[ VROXWLRQ PJ PO &+&$ /DVHRIL PW DEM RAWIDONIRRI QO PLQ 7KH )7,&5 P
DFHWRQH DQG OHIW WR GU\ DW URRZADWRBSHDIWAGCUHQ )ROOHDFEKQ 06 VSHFWUD IUR

H[ WUDFW WKUHH GHSRVLWYV ZHUH UHDOL]HGDVWDSSRIURERW7KKHUEZDOMWD ZHUH FDOLEUD\
0%$/', VSHFWUD ZHUH UHFRUGHG XVLQJ D SHHYHBYWV.OH BE&HQIWUILHG SHSWLGHV 7KH 3U
675 LQVWUXPHQW $% 6FLH[ HTXLSSHG ZRWROHFWRY] ZODMVRIRHHDWHG LQ GHSRVLW PRGFH
ODVHU QP DQG RSHUDWHG LQ GHOD\HMSD HKW U VHW LGXU IOQD BD® MRKGH/& UXQ (DFK GHS
ZLWK D DFFHOHUDWLRQ YROWDJH RI ND9 P IS[QV XYW HRU QWIOH FIDRZEUWIRPLWR®H 1DQR/& DQG
XVLQJ 3HSOL][ IDVHU%LR /DEV ZDV FDURLIPG BRX®$ EHORHH%W EBWDEYVY LQ &+ &1 + 2 7)%
DFTXLVLWLRQV )RU HDFK VSHFWUXP N'YRO OBWBUIOMRRWY DWQOHMH Q2 VKK WBXJK D
GLITHUHQW ORFDWLRQV ZHUH VXPPHG 8VBEFWUIKHFVHEDIHPETKDWHBQYHU +3/& VSRWWLQ
VSHFWUD ZHUH DFTXLUHG SHU VDPSOH D @& W HFRWHAGH GP DY LPEKP, ,LIQ@HQ VL W\ ZLWK VLJ
/& 0%/, DFTXLVLWLRQV ZHUH GRQH XVLQJ
6SHFWUD 7UHDWPHQW DQG 6WDWLVWLFIRODFGD OG&1 LOQVWUXPHQW $SSOLHG %LRV\V

$6&,, ILOHV IURP 9R\DJHU '( 675 GDWD B¥WKoBEOoHIRQLWHRIFRWODVHU QP DQG RSF
WR WKH FRUUHVSRQGLQJ DXWKRU ZHUHWWRFHWWHGE OLRYPYHPRGHs QVHF ZLWK DQ
HQYLURQPHQW IRU EDVHOLQH VXEWUDFWLRQ N®QBQERB yHUA F& ORY Dl iR | $Q H[WH
GDWDVHW WR FVY ILOHV UHDGDEOH E\ XV*QI3IRTKRF 0V DVYHKRHR) /DN HZDV FDUULHG F
VRIWZDUH XVHG IRU GDWD DQDO\VLV 7KRFIDOHNE W HRQV s YRE HHARAG VIRRIFWUXP N'D
QRUPDOL]DWLRQ RI VSHFWUD UHFDOLEUPMWIRG WP DRIEWBRFVsHbUWH XPEHG VFDQV
FDOFXODWLRQ VLJQD®RQRWKH FDWUR DYRGDIHG PDSSLQJ WKH OLVW RI DOO WKH GH\V
AXDQWLILFDWLRQV RI WKHVH SHDNV LQ HF& WEHEW iR BDWHY P RRGHRI LOHWHQWLRQ WLP
PDWUL[ ZKLFK LV XVHG E\ WKH SURJUDP/&U 7H$SROPWHE QAR UPRRPIUED oXVLQJ DQ LQ KR
VWDWLVWLFDO DQDO\GLV 3UDBEEGHSBO DRRP SROHQWRIWZDUH WRROV GHYHORSHG LQ 6DQR
DQDO\VHV 3&$ IURP H[SRUWHG SHDN PD@RULYRAPHRWHIRRUPREHO IUHH GLITHUHQWLD
ZLWK B6SRWILUH ‘'HFLVLRQ 6LWH 9 SPYRWHRPLDQE-IVEXYpH DQG GHGLFDWHG WR ¢
GLVFULPLQDWLRQ DQDO\VHV ZHUH GRQH 2BwkKlig\h QLY WeZDV WKHQ PDWFKHG ZLWK WKH
BUHGLFWLYH PRGHOV IRU FODVVLILFDWVYRGIRIDRLoRORYWP WHPRBYHWH XS WR SSP WI
ZHUH JHQHUDWHG XVLQJ D 6XSSRUW &RMYRG VD FBSoH EWRc DUH DYDLODEOH RQ
SURFHGXUH 690 DYDLODEOH LQ WKH FRYUWBFRRRIARI IRWERBYH

%UXNHU 7KLV 690 EDVHG SURFHGXUH LV DQ DOJRULWKP UHO\LQJ RQ

WZR VWDWLVWLFDO DQDO\VLV PHWKRGMVD@&JI&DIHGOGVRA DO \YHNYUHV W

QHLJKERXU N11 PHWKRG 7R HVWLPDWH WK RPOUHGHFWGRQVFDISBEBMWAIRQY ZHUH SHUIRUTF
IRU XQNQRZQ VDPSOHV ZH XVHG D VWDHOSHWI FQWVVRYDDQG/OW LRIELWUDS PDVV VSHF
WHFKQLTXH ZLWK D WUDLQLQJ VHW FRQMMKMIUQJI8&R$ UDIXEBBEG FAKIRVKH® QDQRHOHFWU
VXEVHWY FRQWDLQLQJ Rl HDFK FODV\WVR®WE&HWMLRRRNLQHQB WKRIVDPH DV LQ WKH 1DQR
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3HSWLGHYV DV 3RVVLEOH %LRPDNH

VHWXS 7KH PDVV VSHFWURPHWHU ZDV VR HRWMHWHEZD L) RWKIBDPGDWD $/6 SDWLHQWYV DQC
GHSHQGHQW PRGH WR DXWRPDWLFDOO\ WALRCAKO E HWIZKHMHLQ KkW H GWAI DMKV H DQDO\WVHYV )L
DQG 2UELWUDS 06 06 DFTXLVLWLRQ IRU HDFK ELRPDUNHU RI WKH
LQFOXGHG OLVW FKDUDFWHUL]JHG E\ WK6HOHFWDRG RV SHIWYBHIXRQ VLIQDWXUHV W
VFDQ 06 VSHFWUD IURP P ] ZHUHSDWIDHQWE ILOR WKNHKH KHDOWK) YROXQWHHUV
2UELWUDS ZLWK D UHVROXWLRQ RI DWHRHORSUKH P ROZBVFDO GLDIJQRVWLF LQYRO
VHW WRZLWK D PD[LPXP LOQMHFWLRQ WLPH{ I BODRNLVDEEKWRYUDOLVWLE 7KHUHIRUH ZH V
Rl WKH OLVW ZDV WKHQ LVRODWHG IRU Iigp yRid@Q B DIHLVRIQ b QS MiKNly/ WIROE RVMIRO RS SUHGLE
LRQ WUDS XVLQJ D QRUPDOL]JHG FROOLWLRQ PK@HYNPERHU RIDW JEEBY 7R RYHUFRPH W
GHIDXOW DFWLYDWLRQ T RI ZLWKDRQ R1& ¥HWMWHERMWY RIQFOXGHG LQ RXU VWXG\ G
D PD[LPXP LQMHFWLRQ WLPH RI PV SHYMOWULOWHED IHMRNWZRUEDWD VHWV RQH IR
UHFRUGHG LQ WKH 2UELWUDS ZLWK D UHVROYWVWORQIRVHW zPWKP ] $/6 SDWLHQWYV DQG
WKH VHFRQG IRU WKH YDOLGDWLRQ FODVVLILF

/& 06 06 GDWD 3URFHVVLQJ $/6 SDWLHQWY DQG KHDOWK\ FRQWUROV I
(DFK /& 06 06 GDWD DFTXLUHG XVLQJ WKHSHDWHGSXU WRPAWMADUHJIXUH JURP HDFK RI
YHUVLRQ 7KHUPR )LVKHU 6FLHQWLIIWURDYLGHFRIOWK O XOVWHGEGLWWLYH PRGHOV ZHUE

FKDUJH VWDWH XVLQJ WKH VRIWZDUH 'MX&$ UYQE \RUG AYWKR & EHPYWE RQ VXSSRUW YHF\
WKH 06 06 SHDN OLVW 0*) ILOH ZKLFK WKLWAUBRF \G DEWMWERDRMMWLF GHWHFWLRQ ZDV \

VHDUFKLOQJ WKH EHVW QXPEHU RI SHDNV WR EH LQWHJUL

DFFHVV WKH DELOLW\ RI HDFK LQGLYLGXDO
'DWDEDVH VHDUFKLQJ FRUUHFWO\ FODVVLI\ EOLQGHG VDPSOHV WKH
'DWDEDVH VHDUFKHV ZHUH GRQH XVLQJY 'ﬂ)"(‘ﬂv (éWHU WEHRxe%YHG 7KH 690 PRGHO Qf
VHUYHU YHUVLRQ PDWUL[  6F ‘Pl GRWLR VV\HW Qf DQG VR RQ VBHEXIDWYV D
ZZZ PDWUL[VFLHQFH FRP XVLQJ WKH D WKH QXPEHU RI VHOF
FROWDLQLQJ HQWULHV 7KH VHDUFEK§L9LJ§¥H'HEBV WHHg BRURUGLQI WR WKH PRGH

SRVW WUDQVODWLRQDO PRGLILFDWLRQV v%ﬁUl—Pé?%B'HLEI VMWEWL%QQ/QBP FKDQJHV IL
RO PHWKLROLOH UHVLGXHV R[LGD F WKH 690 EDVHG PRGHO WKH FURVV

RQ SURWHLQ 1 WHUPLQDO UHVLGXHV 13&%u D Ho%ﬁ%‘%bmdf%s%%d‘” DUH YHU\ KL

RQ 1 WHUPLQDO JOXWDPLQH UHVLG XHY 'E'\URJ(5<>PW KH YDOXHV RI
SUHFXUVRU PDVV WROHUDQFH ZDV VHW nFs %‘ LD E/WH" B?PWQP WKH FODVVLILF D
LRQ WROHUDQFH ZDV VHW WR 'D ZL QV ]\? M ‘w’ 90 EDVHG PRGHOV
6FDIIROG YHUVLRQ 6FDIIROGB 3UR X B SHF\?)?OWV\VVR(;L‘:NUKRES 6D|
3RUWODQG 25 ZDV XVHG WR YDOLGDW P g KR WK S DOXHY Do
3HSWLGH LGHQWLILFDWLRQV ZHUH DFF ;{Mé %W e vSHEWLD 1Rt

HVYWDEOLVKHG DW JUHDWHU WKDQ \Qj
)'’5 OHVV WKDQ E\ WKH 6FDIIROG Egﬁfzgy ODVVLILHG UGDWWKDHVLF\|/ Lél—\;VV);C
DVVLIJQHG E\ WKH 3URWHLQ 3URSKHW DOJ g%/o

DQG DQG SHDNV IRU & VDP
DQG 7KH KLJK
SHVXOWYV GLVFULPLQDQW SRZHU RI VRPH & RU & S

KLIKOLJKWHG E\ WKH KLJK S YDOXHV REWDLQF
8QVXSHUYLVHG DQDO\VHV RI SHSWLGH WkiQBANYNWRFULSEFH $129% XVLQJ ORJ WL
EDVHG SODVPD SURILOLQJ GLIIHUHQWLBWHo$/ & SDWLHQWWk RRXG SHDNV DQG Rl WKH

KHDOWK\ YROXQWHHUV VKRZ S YDOXH ZLWK RI WKH SHDNV Wk
‘H DQDO\]HG WKH SODVPD SHSWLGH SURJHOQXYDRVHG $/BIDDWIVHQRWY\ RQH SHDN KDV D
DQG KHDOWK\ YROXQWHHUV $0O0O & OWDLVIRID OAD PSP  ZHUZAK L O H VLIJQDOV SDVV

SURFHVVHG IXOO\ DXWRPDWLFDOO\ DV VYDWXRJIJOPMREDVWEFKGD@W® ZLWKs XS DQG GRZ
DXWRPDWHG 0$/', 72) 06 DQDO\VLV $IWHU QRUPDOL]DWLRQ DQG
DOLJQPHQW RI WKH DOO SURFHVVHG VSHB®ED XQLTXH SHDNV$ ZIRPISDULVRQ EHWZH!
D VLIJQDO WR QRLVH WKUHVKROG HTXDG1RY$IJWHYWHDQW® KDIQH VRIQ HEMHHG SHDNV RYHU
DYHUDJH VSHFWUXP FRXOG EH GHWHFWR®& GHO W KHK RZ V GADRODV HBOWV DISHFWHG 690 PRGH
XQLTXH SHDNV LQ WKH & GDWDVHWWKI$/PRBWRILORVLPWLUPDWLQJI VLIQDOV 7KH H[S
GLVSOD\HG RQ )LJXUH ODWUL[HV FRQRVMDWRHQRIR WW HG L/FFWR B OQPHBL Q JLSKDNV DUWKS U +
LQWHQVLWLHV Rl DOO GHWHFWHG SHDNWKIH RRUIHSNG RQIG LQIWUPFMHEHRRSHUDWLQJ Fk
PDJQHWLF EHDGV FRDWHG ZLWK & RU & SKIQUHWRH RDEKPXIPWKHFRPPRQ SHDNV SUHY
VDPSOHV VSHFWUD SHU SDWLHQWYV E\ZXMQWX SHKNQV XEHXDI®RWHY IRU & GDWD P
XQVXSHUYLVHG VWDWLVWLFDO DQDO\WHDQG/LQRUS &L Q@EWDO PFRPSRQHQW
DQDO\VLV 3&$ 7ZR VHSDUDWH SRLQW FORXGGV FRUIBOM RQGLHZ HIOFEDVHG PRGHOV ZH!
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3HSWLGHYV DV 3RVVLEOH %LRPDNH
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JLIXUHOS$/', 72) SURILOHV UHSUHV&EQWDWQRQ& % 0$/', 72) SURILOHV UHBWHE ¥ QWAD Z\LIRK
UHVXOWV H[SUHVVHG LQ DUELWUDU\ XQLWV RI $/6 ERWWRP DQG KHDOWK\ WRS SDWI
FRUUHVSRQG WR H[FOXGHG GDWD PLVV FDOLEUDWHG VSHFWUXP

GRL MRXUQDO SRQH J

XVLQJ WKH SUHYLRXVO\ GHILQHG WUDERL®UI 'MW W (DMKHEB | RQKWYKH EDVH RIUWKH &

QHZ PRGHOV ZDV DEOH WR FODVVLI\ LWV FRUUHWSRD DR H ZDW IMKNMK Y BWDQDO\VLYV EDVH
KLJK VHQVLWLYLW\ DQG VSHFLILFLW\ 7D/EK®REV WREBW &HQ@WBLW ISXURVLOHYGFDQ DOVR DOOI
VSHFLILFLW\ REWDLQHG IURP HDFK 690 HEFOD\DH/G LR REHWOVR @WGHPFH@GLQJ RQ WKH JHQGHU

IURP & GDWD DUH DOO DW OHDVW HTXKPOOWHRDWH®D YGJIPDOW XEZOYXD O XH LQ JHQGFE
LGHQWLFDO %\ FRPSDULVRQ WKH YDOXG®RW RPDVEER EZDWHGWRRGHOM RI VLIJQLILFDQW S
VWHPPLQJ IURP & GDWD DUH VRPHZKDWKEZHBNHGL IDHQWGH @QWMVIVWLRQ 7DEOH 2Q WKH

KRPRJHQHRXV LQ SDUWLFXODU IRU WK HMHQ WIHDOIHAWHG tRZHMRGHWIGHVFULPLQDWLYH
YDOXHV DUH VWLOO KLJK ZLWK D PLQLPX\WPKRI 6 DIQEDVHGRBRWKIKDY GHILQHG IRU $/6 Gl
VHQVLWLYLW\ DQG VSHFLILFLW\ UHVSHFWKHYHGLYV DR DOBOWEHBEXHY +RZHYHU DV WKLV
DQG UHVSHFWLYHO\ ZDV QRW SUHVHQW LQ DOO RI WKH 690 EDV/I

GLDJQRVWLF LW KDV QRW EHHQ VHOHFWHG IRL
'DWD DQDO\WLY GHSHQGLQJ RQ WKH W\SH RI $/6 RU WKH

JHQGHU RI WKH SDWLHQWYV ,GHQWLILFDWLRQ Rl WKH ELRPDUNHUV
,Q WKLV VWXG\ $/6 SDWLHQWYV KDG $¥ 85U8PW RIQRPDWNHU LGHQWLILFDWLRQ LV
ZRPHQ PHQ DQG D EXOEDU RQVHW DZE8PHUHRWXVPH® XWHG 0$/',xt06 DQG )7 ,&5 06

GHWHUPLQH LI VRPH SHDNV DUH VLJQLILPMQ@W\VHMVMQZAVHVNE REQH FVHPALGHWHBLOV LQ PHW
EHWZHHQ $/6 VXEW\SHV DQ RULHQWDWHH® X\DMD/W LUVYWRPBF306 DSDONWYWRI DQG KHDOWK
& 0$/', GDWD ZDV GRQH 3/6 3DUWLDIOQGHBWQRGHDMWMHDQDO\]HG E\ +3/& 0%/', )7 ,Q
DQDO\VLV FOHDUO\ VKRZV WKDW VSLQDOPD®@Q & HEXO B\CKD W/ 61 LS WZILAMVKW VIHD[AHUD O  +3/& VLJ
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3HSWLGHYV DV 3RVVLEOH %LRPDNH

A Cumulative variability 86.04%
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JLIXUH3ULQFLSDO FRPSRQHQ@WHDIQDOWLVSULQFLSDO FRPSRQHQWYV ZKLFK DFFRXQW IRU P
GDWD VHW DUH VKRZQ $ IURP 06 GDWD RI & EHDGV VDPSOH SUHSDUDWLRQ DQG % I|URF

SDWLHQWY UHG DQG KHDOWK\ FRQWUROV JUHHQ GRW SHU SDWLHQW DYHUDJH RI
ULJKW RI HDFK 3&$
GRL MRXUQDO SRQH J

GLIIHUHQW 57 WKH ILQDO VHOHFWLRQV LIRWQMAH QMG IEER AR RQHDNUB UED WH® PDWXUH S
RQ $/6 KHDOWK\ +3/& SURILOHV FRPSDULKMRWRVRRWRK S$RWBIQ®B WKH WK\PRVLQ EHWD
)7 %\ GRLQJ VR DOO SHDNV RI WKH 69DFEHMWOE HRR@HONVWKDWM 1 WHUPLQDO SDUW DQC
EHHQ LGHQWLILH® VFRROWFRUHYV DQG DQ GRMDMWHG OWKH SODWHOHW IDFWRU  3) GHWFE
VSHFWUD DUH DYDLODEOH DV VXSSOHPHGW FKD UQHRUP DIDURIEY 7DD BVW LGHQWLILHG
DQG )LIJXUH 6 W WXUQV RXW WKDW FRBPRWIPFKEEHWZRHR Rl W®E 3) ZLWK DGGLWLR
& PDUNHU OLVWYV DQG FRUUHWS\W G GPW®D @ ISH UMD RH WKH SURWHLQ
SHSWLGHV 7KUHH RI WKH LGHQWLILHG VLJQDOV DUH WKH UHVXOW RI

SURWHLQ GHJUDGDWLRQ DQG WKH RWKHUNVFXH PDR®UH VPDOO SURWHLQYV

$00 RI WKHVH ELRPDUNHUV DUH XS UHJXODWHG LQ WKH SODVPD RI $/6

SDWLHQWYV H[FHSW WKH SHSWLGH GHULYHKHUGPDW®R V& W R U BL6Q DY BDWWG RRQ WKH FRPE
WKH FRPSOHPHQW & | IUDJPHQW & | D SHGW®WILGH OLE HRRREHR G DOKILR Q@ JZLWK QHXURSK\V
WKH GHJUDGDWLRQ RI FRPSOHPHQW & G ¥UD@PHQRQVETEXHQ@WH \WZREHQWLILFDWLRQ RI E
RWKHU LGHQWLILHG IUDJPHQWYV DUH VWHFRPL@G R RABR KWQQWUIRR WRHHDUO\ GLDJQRVL
H[WUDFHOOXODU SDUW Rl WKH LQWHJUGBQWDISKD [BGLY1HEHDO BURWHLQV DQG RU !
PHPEUDQH SURWHLQ LPSOLFDWHG LQ WK 5 GD\DR\DH O BW &6y WWHKPD VD QUG RQHWKEBW SXWDWLY |
RWKHU KDQG IURP WKH 1 WHUPLQDO SDEXW FPID@KRI| WKIQVH=SURWHLQV DUH QRW VSHF
F\WRVROLF SURWHLQ LPSOLFDWHG LQ EFRWI VHI®KHWLRQW\7 B GRWKHRLILFLW\ RI WKH"
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3HSWLGHYV DV 3RVVLEOH %LRPDNH

40 ALS patients
40 age-matched controls

——m o=~

s \
/ [ Randomization ] \

! |
| Training set Validation set |
| 30 ALS & 30 Healthy 10 ALS & 10 Healthy

|

SVM model

Validation Step
Classification of the validation set
using the SVM model /

| I
| I
| I
| I
| 1
\

N\

NS —e == =="X10

JLIXUH:RUNIORZ RI WKH 690 PRGHODW ZUDW LRMQGRPO\ VHSDUDWHG LQWR WZR GDWD
SDWLHQWY DQG KHDOWK\ FRQWUROV XVHG IRU WKH ELRPDUNHU GLVFRYHU\ VWHS LC
VDPSOHYV $/6 SDWLHQWYV DQG KHDOWK\ FRQWUROV 7KLV SURFHVV RI GDWD UDQGR
WLPHV

GRL MRXUQDO SRQH J

UHPDLQ XQVDW®@IDEWRRQVHTXHQFH GLOIARYHWQYJ VDR DJH PDWFKHG FRQWUROV VS
GLDJQRVWLF XVLQJ D ERG\ IOXLG QHFHVVWDMVWLVRHIFQYD VHANQQIL VR RIDWKH 0$/', GDWD
FRPELQDWLRQ RI ELRPDUNHUV WR UHD FKSDIWMHA Q FWRKD W HEQV ILHAULHYQ WYL DDAHG $/6 ITURP FR
VSHFLILFLW\ FRQWUROV GLIIHUHQWLDWLRQ IURP & GDWD
'"HVSLWH WKH IDFW WKDW WKH &6) L\2UIOHDQ WDV HDE WWOHV IPRVMEDO DQDOVVHV 690
SURPLVLQJ ERG\ IOXLG |IRU ELRPDWKHU PRV HOLUPK ILAMQW SHDNV DQG WR WKF
QHXURGHJHQHUDWLYH GLVHDVHV LW LV BPONGLEWVYY HPRGWABVREDDHG WEDQDQG SHDN
EORRG ORUHRYHU EORRG ZLOO DSSHDU PRDGVDSBRRGH LOUMIS D QDMDNRD RUIHVSHFWLYHO\
D FOLQLFDO VWXG\ HVSHFLDOO\ LI WKH JRRBGH¥VWR BYSQ RUHOWEE HG INBWSRHY YDOLGDYV
GUXJ )URP EORRG VDPSOH VHUXP RU SODNV@DLWQ®GLIWAGS PIYEB BASHFLILFLWLHY JUHDWH!
REWDLQHG $PRQJ WKHVH WKUHH GLIIHUHQ@KMHVRYUHF®W IRV HEG RPWDWHUWLFDO DQDO\VHV
SODVPD LV WKH HDVLHVW DQG WKH IDVW B¥WRW B LREW\N RQWKHG $WEK H/RKERMWS IF DVDKIRZY W KDV
PRUH UHSUHVHQWDWLYH RI WKH SK\VLROEWFHY BBQ EHVGLRIHDHQRQDWHG RQ WKH EI
FRDIJXODWHG EORRG )RU WKHVH GLIIHUKE@W I HOD/QRQYH IRKW DWMX GO YZADYYHG LQ WKLV GL
GRQH XVLQJ ('7$ SODVPD VDPSOHV DV UKIFRHP ROHRYG B O [LAX MAK H DQG QRQH EHORQJ
+832 SODVPD SURWHRPH SURMHFW > @ SHSWLGH VLJQDWXUH SUHYLRXVO\ FKDUDFWE}
$PRQJ WKH GLIIHUHQW PHWKRGV WKDW GIBRREN WVB®EHER \WKRMD UNHBIWLGH VLJQDWXUH
UHVHDUFK LQ ERG\ IOXLGV PDVV VSHFGWYERHWUQDMWH SDEHWEKIOPUG/6 DQG KHDOV
LQWHUHVWLQJ GXH WR LWV SRWHQWLDIOQGRISHQGH.OWE GR V AMKHHE/BQUX RW\SH RU WKH J
VDPSOHV DQG IRU ELRPDUNHU LGHQWLILBPWRBGLQRWR WHOHJQLBWHRUDWXUH EORRG SHS
9LOODQXHYD HW DO GLVFULPLQDWHG SDINIMHQ WWK ZV WD J QN SH ¥ FEHPIBQFEDVHG 0$/', 72)
DQG FRQWUROV ZLWKRXW WXPRU XVLG@ERUSHBWSRGHG WRNVUREMW PR RE\ SURWHLQV RI WK
K\GURSKRELF VROLG SKDVH DQG 0$/', 72WRDW/D YBHEW U RRIH W K@V H7 KSWHRWY HRLQW KH LGHQ)
UHDG RX@® >LWK WKLV DSSURDFK WKH OREZRPDWWN WDWYIHJRIDFWKDOO\ SDUW RI WKH SOD
EORRG SURWHRPH SDUWLFXODUO\ SHSWRWHKMUZL\WKHDPPROMHFXYPDOMDEVRWHLQV RI WK

FHQWHUHG DURXQG 'D FRXOG EH WWKHVRRURMH GRRZRWHOXOUDWHG VLJIQDO LQ $/6
UHOHYDQW ELRPDUNHUYV LGHQWLILHG DV D IUDJPHQW RI WKH FRPSO}
,Q RXU VWXG\ SHSWLGH HQULFKPHQW HIWIRYD\WLEY HD GE SRAGWMYRO®RP FRPSOHPHQW & |
SODVPD RI HDFK ZDV GRQH ZLWK PDIQBIWHG DNVDSR/WHLODNWHG ELRPDUNHUMALQ GLIIH

ZLWK WZR GLIIHUHQW K\GURSKRELF SKD¥WKW PRVRW\&F KDWDERWHKLIHG SHSWLGHV ZHUH
FDVHV 0$/', SURILOHV IURP $/6 SODVPDHYVSYHDIHIBN FOH DZKOQFK LV QRW WKH FDVH RI
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3HSWLGHYV DV 3RVVLEOH %LRPDNH

7TDEOHLVW RI WKH VHOHFWHG VLJQDOV IRU WKH 690 EDVHG PRGHOV

& 690 EDVHG PRGHOV & 690 EDVHG PRGHOV

P P

[

1XPEHU RI WLPH ZKLFK D SHDN ZDV SUHVHQW

GRL MRXUQDO SRQH w
LGHQWLILHG LQ WKLV VWXG\ P ] +:(6IFBUBRY ROEQWRDOO7RODVPD SURWHLQVY DOVR Ol
RXU NQRZOHGJH WKLV > @ IUDJPHOQMWVRIHWKWKARPBIORRNQ® EHWD ZKLFK SOD\V

& | ZDV PHQWLRQHG RQO\ RQH WLPH DV BRWBIQWDRG BHRARHUNBWILLRQDRI LQMXUHG FHOC
VWXG\ RI ELRPDUNHU GLVFRYHU\ LQ OLYHKY DQm FIKHPPWP@N RHOHBRYHG GXULQJ SODWH(
GLVHDVEV %XW XQOLNH UHVXOWV REWDLQH® KHRP SWRK QURVGBHVADWDYH DOUHDG\ EHHQ
SDWLHQWVY WKLV SHSWLGH LV GRZQ UHIR®DWMKBU\ QIRU6 HEDRSIOHQWEY @D JRHHODNW F
FRPSDUHG WR KHDOWK\ GRQRUV 7KH W ZR QMW UI ILK6G BW RILBIGN IHUWD JPH QWVLVRIRUP RI 3)
ZHUH VWHPPLQJ IURP SODVPD SURWHLQVDPKIQRK BPIYGVE BMWQ WWIOW RVWHUPLQDO SDUW RI
QHYHU FLWHG DV SRWHQWLDO ELRPDUN HWH.JXWDRV H G DIVP B/ & SHSOHM WWKH1 WHUPLQDOO\
JN[LQ DQG WKH LQWHJIUL® DOGKWKHE 2HUB3) QHMHUFKDUDFWHUL]HG E\ 6 W@ XDQ-BNPRO HL Q
IODJJHG DV SRWHQWLDO SHSWLGH ELRPDUHARHQWRQ WY B YRIRZ 1 0RHHRIYGNOIOW SURFHVVHG
LV LQWHUHVWLQJ WR QRWH WKDW WKH LQBMQMWILIQ HXEO 9KQD V,HEUXWP Dl UFRDPU NKHHIDD ®W K\ YR O X C
SODWHOHWYV ZKRVH UROH LQ LQ®&ODPRBIWRRRURVLAHREDRILHG @ Q7RXRBXVWNGRZOHGJIH

UHPDLQLQJ LGHQWLILHG ELRPDUNHUV FIRURIRUPR®G 3¥yR LVBKQWDMHGIHLQ RXU VWXG\
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3HSWLGHYV DV 3RVVLEOH %LRPDNH

7TDEOHWDWLVWLFDO GDWD IRU HDFK 690 EDVHG PRGHO

& ORGHO 1E

1E RI VLIQDOV $YJ 6W'Y
&URVV 9DOLGDWLRQ

5HFRJQLWLRQ

6HQVLWLYLW\

6SHFLILFLW\

& ORGHO 1E

1E RI VLIQDOV $YJ 6W'Y
&URVV 9DOLGDWLRQ
5HFRJQLWLRQ
6HQVLWLYLW\
6SHFLILFLW\
RYHUDOO
GRL MRXUQDO SRQH w

JLIXUH3HDN YDULDQFH DQG 5R&HASUUNVOQWDWLRQ RI WKH H[SUHVVLRQ OHYHO IRU VRPH
& SHDNV [ D[LV SHDN LQWHQVLW\ % FRUUHVSRQGLQJ UHFHLYHU RSHUDWLQJ FKDU
SRVLWLYH FODVYV

GRL MRXUQDO SRQH J

PHQWLRQHG DV SRWHQWLDO ELRPDUNHU 3 Q ®Q\ WXRO ISUKRFH VWHG\LBBOLFDWHG LQ Q!
DQG LWV YDULDQW IRUP 3)9 DUH LGYRBIWE WXFKQRN@YRR¥UHDVHG SHUPHDELOLV
ELRORJLFDO SURFHVVHV LQFOXGLQJ LQIEDRRBWL.RIQQ DQ G FIRQKA EDHLQHWILY  %6&% LV L
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3HSWLGHYV DV 3RVVLEOH %LRPDNH

7TDEOH90 EDVHG PRGHOV JHQHUDWHG ZLWK D UHVWULFWHG QXPEHU RI SHDNYV

& ORGHOV

([s $YJ 6WGHY
3HDN ZHLJKW

&URVV 9DOLGDWLRQ

2YHUDOO !
&0ODVV

&0ODVV !
5HFRJQLWLRQ &DSDELOLW\

2YHUDOO !
&0ODVV

&0ODVV !
9DOLGDWLRQ 6HW

$/6

&75/

& ORGHOV

(Is $YJ 6WGHY
3HDN ZHLJKW

&URVV 9DOLGDWLRQ
2YHUDOO

&0ODVV

&ODVV
5HFRIJQLWLRQ &DSDELOLW\
2YHUDOO

&0ODVV

&0ODVV
9DOLGDWLRQ 6HW
$/6

&75/

JRU & PRGHOV WZR SHDNV ZHUH XVHG DQG IRU & PRGHOV SHDNV ZHUH XVHG )RU HDFK VHW RI GDWD ([SHULPHQ
VSHFLILHG &URVV YDOLGDWLRQ YDOXHV DV ZHOO 5HFRJQLWLRQ YDOXHV DUH OLVWHG MXVW EHORZ WKHQ VHQVLW
LQGLFDWHG FODVV $/6 DQG FODVV FRQWURO JURXS &75/

GRL MRXUQDO SRQH w

SDWKRJHQHVLV@GRD®/® KDHPRG\QDPLF PHFRXOOMMPHWY LQ QHXURGHJIJHQHUDWLYH GLVHI
SURSRVHG DV D SRVVLEOH FD&XV# RISWWHKBRINRMOMISKLF ODWHUDO VFOHURVLV LV D S
LV WKDW WKH 3) LVRIRUP LGHQWLILHG DWHERRPDHN MK RRX$IJK GHYHDD® DUWLFOHV > {
PLIJKW EH D PDUNHU RI RQH RI WKHVH SKHQRPWBUHRWHOYHAU WARKHDQDO\]H WKHVH PL
SRVVLEOH ELRORJLFDO UROH WKLV LVRIRUPXURBEBIRYHVUR VVEHY HQ GHVWDRDYBWHWR HYDOXD
LQ SDUWLFXODU LQ WKH FRQWH[W RI WKHG$MFGLPHQUVWH $/6 SDWLHQWYV WR SDWLHQWV V
$00 WKHVH SHSWLGHV RU VPDOO SURWHIQVXPEB UQ D WX KDY 6\ FRROW WELXIHFMWG WZR GLC
ELRPDUNHUV RI WKH $/6 GLVHDVH EXW $bEDREHHGE R@QVDGHRAEGEQDWLRQ RI ELRPDUNHUYV
VXUURJDWH ELRPDUNHUV DULVLQJ IURRG6 IBQR&RIMIQRIXNVR BRUIRMMHEDXYIHWK & DQG & PDJQU
DFWLYLWLHV +RZHYHU LW LV RI LQWHUHYW PKRBIWYW RIDWKHQWNGHOQWKL /BG-DQ EH HIIl
SHDNV FRUUHVSRQG WR SURWHLQV RI WKRIP 0 BIWHMHRAK HG WHHIDRO W3\ SDWLHQWYV XVLQJ
,QWHJULQ DOSKD ,, DQG 7K\PRVLQ EHWRGHXWHZLWKXOYADWKRIX RHQVLWLYLWLHV DQG
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3HSWLGHYV DV 3RVVLEOH %LRPDNH

JLIXUH3/6 UHVXGWWDO\VLYV Rl & GDWD IURP $/6 SDWLHQWV $ VSLQDO RQVHW UHG DQG
DQG PDOH WXUTXRLVH (DFK GRW FRUUHVSRQG WR RQH SDWLHQW DYHUDJH Rl VSHFV
GRL MRXUQDO SRQH J

7TDEOHLVFULPLQDWLQJ SHDNV EHWZHHQ VSLQDO DQG EXOEDU VXEW\SHVY RU JHQGHU

6SLQDO EXOEDU VXEW\SHV *HQGHU

P ] S YDOXH P ] S YDOXH

~ o~ o~~~ ~ ~

N~~~ o~~~ ~ ~ ~ ~ ~ ~

3HDNV ZLWK S YDOXH
GRL MRXUQDO SRQH w
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3HSWLGHYV DV 3RVVLEOH %LRPDNH

7TDEOHLVW RI LGHQWLILHG SHDNYV

ORGLILFDWLRQ

P] 8QLSURWRWHLQ QBRAMXHQFH &RPPHQW
& WHUP IUDJPHQW
3 &RPSOHPHQW & (6$6//5 6 > @ RI
FRPSOHPHQW & |
JUDJPHQW > @ ZLWK
3 ,QWHJULQ DOKD3(&E(4365 /

3\UR *OX 1 WHUP
JUDJPHQW > @ ZLWK 1
DFHW\ODODQLQH

3 3ODWHOHW IDEWRY /48&/&9.77649535+,76/(9,.$*3+&37$4/,$7/.1*5.,&/'14$3/<..,,.. /I(60ODWXUH IRUP 0 +
PDWXUH IRUP ZLWK 1

4 =\[LQ 0 $$35363%,69696%3%) <

3 7K\PRVLQ EHOW® .3'0$(,(.)".6./..7(74(.13/36.(7,(4(.4$*(6
DFHW\OVHULQH
3 3ODWHOHW IDEWRY /4&/&9.77649535+,76/(9,.$*3+&37$4/,$7/.1%5.,&/'/4$3/<..,,.. /I(6PDWXUH IRUP
JUDJPHQW > @
3 3ODWHOHW 19 F#MBBUS (('*'/4&/&9.77649535+,76/(9,.$*3+&37%$4/,$7/.1*5.,&/'14$3/<..,,. PIDMXUH IRUP ZLWK

DGGLWLRQDO DD 1 WHUP

$PLQR DFLG LQ SDUHQWKHVLY DPLQR DFLG EHIRUH RU DIWHU WKH LGHQWLILHG SHSWLGH
(QWU\ IURP WKH 8QLSURW .QRZOHGJHEDVH GDWDEDVH
GRL MRXUQDO SRQH w

6XSSRUWLQJ ,QIRUPDWLRQ 7DEOH 60DVFRW VHDUFK UHVXOWV IRU WKH
ELRPDUNBYYV

JLIXUH 6%LRPDUNHU LGHQWLILFDWLRQ E\ QDQR/& 06 06

0606 6SHFWUXP RI WKH P ] 0%/, SHDNV $FRNQRZO®BIGIJHPHQWYV

& ' ( DQG )

3") 7KH DXWKRUV WKDQN $QQH J)UHGHULTXH *KX
+RFKHW IRU WKHLU VXSSRUW LQ WKH FOLQLF

7DEOH GDWUL[ Rl & GHWHFWEHG SHDNV 3LELUL IRU KHU H[FHOOHQW ZRUN UHJDUGLQJ F

7DEOH ®DWUL[ Rl & GHWHFWHG SHDNY $XWKRU &RQWULEXWLRQV

7TDEOH BLVW RI WKH XS RU GRZQ UHJXOD F%b Q/ ?gG/ HVLJQHG WKH H[SHULPHQWV
6 _*9 /)1 UIRUPHG WKH H[SHULPHQWYV
SDWLH®W¥ SHDNV % & SHDNV VSHF A ﬁ(;N 'A_T% WD /& &3 '/ :URWH WKH PDQ
QRUPDOL]HG ZLWK ORHVV DQG TXDQWLOH9§ )9 LIDW '

3")

SHIHUHQFHYV

+DUGLPDQ 2 YDQ GHQ %HUJ /+ .LHUQDQ 0& DRHMIFOOQGRP JQRMLY 6KDZ &( 6KDZ * /DFRPLV ' H!
DQG PDQDJHPHQW RI DP\ARWURSKLF ODWHUDO VF GHWPELIQD WIDR) BHYHXHXRIRODPHQW KHDY\ FKDLQ DQG |
GRL QUQHXURO ELRPDUNHUV IRU $/6 - 1HXURFKHP M GRL
7XUQHU 05 .LHUQDQ 0& /HLJK 31 7DOERW . %LRPDUNHUY 3XEOHG
DP\RWURSKLF ODWHUDO VFOHURVLV /DQFHW 1HXUR®DQXHYD GRIKLOLS - (QWHQEHUJ ' &KDSDUUR &
6 ; 3XEOHG 6HUXP SHSWLGH SURILOLQJ E\ PDJQHWLF S
OLWFKHOO 50 6LPPRQV = %HDUG -/ 6WHSKHQV +XWREQWWHG5VDPSOH SURFHVVLQJ DQG 0$/', 72) PDV!
30DVPD ELRPDUNHUV DVVRFLDWHG ZLWK $/6 DQG $WROLULKHODWLRQVKLS WRRMRQ 3XEOHG
KRPHRVWDVLV OXVFOH 1HUYH PXV GRL
3XEOHG /L <+ :DQJ - =KHQJ ;/ =KDQJ </ /L ; HW DO oODW
.UXJHU 7 /DXWHQVFKODJHU - *URVVNUHXW] - 5KRONHU GHVRWEBWHRPRHLRQL]DWLRQ WLPH RI IOLJKW PD
DQDO\VLV RI ERG\ IOXLGV IRU DP\RWURSKLF ODWHIIDIOKV POHQRWLF $HEDEVRRRUNBHWHFWLQJ VHUXP SU
GLVFRYHU\ 3URWHRPLFV &0LQ $SSO ,Q SUHVV SDUNLQVRQ V GLVHDVH (XU 1HXURO GRL
5\EHUJ + $Q - 'DUNR 6 /XVWJDUWHQ -/ -DIID 0 HWXRPHG "LVFRYHU\
DQG YHULILFDWLRQ Rl DP\RWURSKLF ODWHUDO=KLF@HURYXDNQ EL RPN HU V=KX 0 /LX & HW DO
SURWHRPLFV OXVFOH 1HUYH PXV  GRL VHUXP SURWHLQ ELRPDUNHUV LQ UKHXPDWRLG DUWKL
3XEOHG FRPELQHG ZLWK PDJQHWLF EHDGV &OLQ ([S OHG
%UHWWVFKQHLGHU - /HKPHQVLHN 9 ORJHO + 3IHLIOH 0 'RUVW - HW DO

BURWHRPH DQDO\WVLV UHYHDOV FDQGLGDWHRRDUMNXKKIIRI SXFHOWHL 7 :ROI 7 .ROOHZH . %HZF
SURJUHVVLRQ LQ DP\RWURSKLF ODWHUDO VFOHURVLV GRQLWRYXURYRI6yHWWWHRPH $OWHUDWLRQV LQ
GRL M QHXOHW 3XEOHG 6FOHURVLY 2EVWDFOHV DQG 3HUVSHFWLYHV LQ 7UD!
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3HSWLGHYV DV 3RVVLEOH %LRPDNH

3DQHO WR WKH &OLQLF 3/26 21( MR XUQDERBRQHLVFULPLQDWLQJ 3HSWLGH DVVRFLDWHG ZLWK SDQFL

3XEOHG 5HV GRL & &5 3XEOHG

3ROSLWL\D $' 4LDQ :- -DLWO\ 1 3HW\XN 9% $GNLQV -1 HW DO

'$Q7( D VWDWLVWLFDO WRRO IRU TXDQWLWDWLEWURQDO\VODW RUFNRRPLFSUBRWW 3 9DQ 'DPPH - 6WUL
%LRLQIRUPDWLFV ELBRQRIRUPDWLFV EWVSG@DWHOHWY UHOHDVH &;&/ / D QRQDOOHOLF YDUL!
3XEOHG SODWHOHW IDFWRU &;&/ DQG SRWHQW LQKLELWRU F
1HVYL]KVNLL $O0 .HOOHU $ .RONHU ( $HEHUVROG 5 $3IXWOHWELVWLFDO

PRGHO IRU LGHQWLI\LQJ SURWHLQV E\ WDQGHP .RBV-¥ VEHFVURKRWWB .$§@D0 -XQJ 1. HW DO 4X
&KHP GRL DF 3XEOHG SDWWHUQ DQDO\VLV RI WKH 1 WHUPLQDOO\ SURFHV

IDFWRU LQ VHUXP 5DSLG &RPPXQ 0ODVV 6SHFWURP
6LODQL 9 OHVVLQD 6 3ROHWWL % ORUHOOL & 'RUHWWHP$ HW3RBBOHG 7KH

GLDJQRVLV RI $P\RWURSKLF ODWHUDO VFOHURVLVRZQOVND$WBK SWRRYBLRO 3RQF] 0 5ROH RI WK

3XEOHG FKHPRNLQH SODWHOHW IDFWRU 3) LQ KHPRVWD
5DL $- *HOIDQG &$ +D\ZRRG %& :DUXQHN '- <L7KURWPHEBGHV GRL WKURPUHYV
+832 30DVPD 3URWHRPH 3URMHFW VSHFLPHQ FRGRHEFMGRQ DQG KDQGOLQJ
WRZDUGYV WKH VWDQGDUGL]DWLRQ RI SDUDPHWS®DYG HRIF DSSHOPM QS U RMIQR®HPPH - 6WUX\I 6 7KH
VDPSOHV 3URWHRPLFV SPLGRL FKHPRNLQHYVY SODWHOHW IDFWRU  &:&/ 3) DQG LW
3XEOHG 3) YDU LQ LQIODPPDWLRQ DQJLRJHQHVLV DQG FDQF
9LOODQXHYD - 3KLOLS - &KDSDUUR &$ /L < 7ROH®GRVERBZSEHMW DO 3 GMLIF\WRJIU 3XEOHG
&RUUHFWLQJ FRPPRQ HUURUV LQ LGHQWLI\LQJ FDQFHU VSHFLILF VHUXP SHSWLGH
VLIQDWXUHV - 3URWHRPH 5HV su EGRL $LGRXGL 6 %LNIDOYL $ QWHUDFWLRQ RI 3) .
3XEOHG YDVFXODWXUH D UROH LQ DWKHURVFOHURVLV
9LOODQXHYD - 6KDIIHU '5 3KLOLS - &KDSDUUR &% KWFRSAVBBPHDGIW RVMWRPDJH +  7GRL 3XEOHG
HW DO "LIIHUHQWLDO H[RSURWHDVH DFWLYLWLHV FRQIHU WXPRU VSHFLILF
VHUXP SHSWLGRPH SDWWHUQV - &OLQ ,QYHVW .KDQVDUL 3BXE®HEUODJIK % ,QIODPPDWLRQ LQ ¢

SV\FKLDWULF GLVHDVHV ,QIODPPRSKDUPDFRORJ\

/LDQJ 7 :DQJ 1 /L : /L $ :DQJ - HW DO ,GHQWV.ILFDWLRQ[RBXEOHG
FRPSOHPHQW & | GHVS$UJ DQG LWV GHULYDWLYH IRV DFXWE OHRMNFHKP kD GLEDIRR MLV XUQHU 05 ,QIOD
DQG PLQLPDO UHVLGXDO GLVHDVH DVVHVVPHQW QGHRWRRPVFXODU FKD®RHY LQ DP\RWURSKLF ODWHU

SPLF 3XEOHG 1HXURVFL GRILPFQ 3XEOHG
$Q < %HNHVRYD 6 (GZDUGV 1 *ROGPDQ 5 3HSWLGHV LQ ORZ
PROHFXODU ZHLJKW IUDFWLRQ RI VHUXP DVVRF%WDWMW® QWY K K-H$BYWR F HODMDMLDQ % 'LIJLFD\OLRJIO]
FDUFLQRPD 'LV ODUNHUV GRL 3XEOHG VSLQDO FRUG EDUULHU PRUSKRORJ\ DQG FOLQLFDO L

3XEOHG

.DQHVKLUR 1 ;LDQJ < 1DJDL . .XURNDZD 06 2NDPRIK®UWWSDO $ SRVVLEOH KDHPRG\QDPLF PHFI
&RPSUHKHQVLYH DQDO\VLV Rl VKRUW SHSWLGHV DR\RAWURSIKIRP GDWHHR® VVEDWMKRVLY OHGB+\SRWKHYV
,J$ QHSKURSDWK\ 5DSLG &RPPXQ 0DVV 6SHFWURP M PHK\GRL 3XEOHG

UFP 3XEOHG %HKDUL 0 6KULYDVWDYD 0 5ROH Rl SODWHOHWYV
1DQQL 3 0DVV 6SHFWURPHWU\ %DVHG 3URWHGQVHIRMHEG L @) 6ALYBWMDIOHEDWKRSK\VLRORJ\ ,QW - 11
JRU %LRPDUNHU 'LVFRYHU\ ,Q /LYHU $QG ,QIODPP®RVURU\ %RZHO 'LVHDVHV3XEOHG
7TKHVLV 6KULYDVWDYD 0 'DV 7. %HKDUL 0 3DWL 8 O9LYHNDC
.DZDVKLPD < )XNXWRPL 7 7RPRQDJD 7 7DNDKD®&WDVMRPXE\WMX)UBW YDULDWLRQV LQ SODWHOHWYV DQ
DO +LJK \LHOG SHSWLGH H[WUDFWLRQ PHWKRBWMUH WLRHDBIRAWWRRBKLFRODODWHUDO VFOHURVLY 80\
VXEQDQRPRODU ELRPDUNHUV IURP VPDOO VHUXP BRRSOHV - 3URWHRPH 5H\XEOHG

GRL su 3XEOHG "XSXLV / 6SUHX[ 9DURTXDX[ 2 %HQVLPRQ * -XOOLHQ
OF1LFRO $ ,VUDHOV 6- %H\RQG +HPRVWDVLV OD&H 5RO H3 @D ¥/GIDW WO BMVYRWRQLQ /HYHO 3UHGLFWV 6
LQ ,QIODPPDWLRQ ODOLJQDQF\ DQG ,QIHFWLRQ@DWEXUDW 66RHURNVULYHEM 6 21 ( MRXUQ®BRLSRQH
&DUGLRYDVF +DHPDWRO ‘LVRUG 3XEDHG
3XEOHG

JLHGOHU *0 /HLFKWOH $% .DVH - %DXPDQQ 6 &HJODUHN 8 HW DO
6HUXP SHSWLGRPH SURILOLQJ UHYHDOHG SODWHOHW IDFWRU DV D SRWHQWLDO
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