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6 FKHP DMfF UHSUAVHQUIMIRQ Rl WWH FRP SXMIMRCDOZ RINGZ & DCFHUG P HOD R
W\ WP DWFD@ HWIP D\ WH DRMYDMRQ VBAXY R WH FKHP RVHOVRY UHFHSVRY/

DVWNH VIQJ B FHOUHVROMRQ

* IDSKIFDAGMAMRO R WHVFS 1$ VHT CDBVHW XVHG 1Q \KLY DQDOMY

3K\ GIHQHE \WHH UHSURVHQIQY \WWH 2 5V VHTXHQRH UBHDMRQUKISY DQG \WHU
GHMAIRQ WDV 1Q  GMIPWFDQFHUWSHY & RBUHG FIUFBN UHSUHVHQAKH
P RUWSH DQG EUDQRK FREUUHSUAVHON WH VRXUFH IQRUP DURQ

&KREG GDIWDP  UHSUHAVHQI GLIHHQAMNSHY R WP RY H SUAWMQI GlLIHHQA
2 5V DD VIQI ® FHOUHVROMRQ

&KRG ADIWDP  UHSUAVHQIY GLIHHQANSHY R FHOEHY H SURWMQI GlLIHHOA
2 5V DAD VIQI B FHOUHVROMRQ

GRIUDP LGV WH FKURP RVRP DOBFDMRQ R DOWH IXQRIRQDCR 5V IQ
KXP DQV 5 HG @HV UHSUHVHQAIXQRIRQDOR 5V UHIDE® GHWRNG 1Q P DD QDA
FHOY WP RURUFHOMHY ZKHUDV R\ DQ @HV UHSUHVHOAR LY WDWDUH CRW
GHWRWG LQDQ. WP RUWSHY RUFHOIRHY XQGHULQYHM DURQ

7RS 80 $3 GVIDMY AMIPAWFHTIOU FOMMY 1Q \WH IQEFDWG QI ®I FHO)
VWP RUGDIBVHW 0 DUNHLY 1RUHDFK. FOMMUDUH IQGEFDWMG 1Q \WH W[ W 0 IG3BH
80 $3V GHSIEWY WH UHOWH H SUHWIRQ R \WH UHSUVHQIMYH 2 5V 1Q \WH
IQAFDMG QI ® FHOWP RUGCDEVHW YRR ' HOUW KIMRIWDP V GHSIEWGY
\KH QRWP DO HG H SUMWIRQR! WH IQAFDMG 2 5V

80 $3 ICMVIDM/ GVWCFWFHOOU FOMMY DQG WHDMWH H SUHHWIRQ R \WH
UHSUHVHQIBAMYH 2 5V 1Q \WH IQEFDWG VIQ) B FHOMP RUGDEVHW

%DUIUDSK UHSUMVHQIY \WH SHUFHQIBUH R 2 5 SRVMYH P DO CDQWFH 1O \WH
IQAFDMG WP RUMQI®! FHOGDBVHW 1) 3. 0 DORWKP ZDV XVHG IRUWKH

GHMP IQDURQR! 2 5 DRIYDUIRQ \ADAXY

( WP DIRQ R WH 2 @OARY  WHSHYRUH DWKH MQJ ®f FHOURVRGMRQ UHYHDBIG
SUHYIRXV XQUHSRWMG FDQFHUDWRFIDWMG RIDARY  UHFHSWRY  UHSUHVHQMG
KHUH DV 3 IH FKDW

* HQH 6 HAQ DUDIRQ $QDOWMY * 69%  UHYHDBIG WH IXQRURQDOUHBIYDGRH R
\WH IQEFDWG RIDARY UFHS\RY 1Q WP RUUHDWMG SURFHWHY IQAFDMG KHUH
DV WH $ G(YIDOSBW

&HBOU ILHTXHRA R H SBHHWHG 25V OUHD YDUHV DRRW P XO56! WP RU
WSHV GHSIFWG KHUH DV D SHFFHQMI H EDUJ UDSK

$ 80%$3 SBWGHSIFIY \WH QVIPWFHO@U FOMMY VHI UHI DIMG EDVHG RQ
WHU WDQUFUSWP HV RYHUID\ HG ZIW \WH P RBFXOU IGHOMW R GLIHHOA

FOMMY % 90DUJUDSK UHSUAVHQIDD \WH QXP EHUR! FHTW LQ GLIHHOAP RBFXOU




VXEWSHY R EBUDWWDAQRP D & © KINHU SBMUHSUMVHOIY WH P HADQ
H SUHHWRQ R \WH EUHDW/FDUAQRP D DWRFDIMG 25V 1Q \WH IQAFDMG
FRQAURQY

&RUHDMRQ SBW GHSIFWY WH H SUWMRQ VP IOUMHV EHEHHQ EUDWA
FDUFIQRP D DAWRFAIDIMG 2 5V

80 $3V UHSUAVHOMNKH FHOXOUH SHWMRQR! 2 5V 1Q EGHDWWDUAGQRP D DBQ)
ZIW \WH GHOAW KMRIWP V GHSIFWY WH QRP DO HG H SSHWIRQ R \KH
IQAFDMG 2 5 V 1Q VIQ) B FHOEWDWFDUAGQRP D GDBMVHW

* UDSKIFDO IGMIDMRQ GHSIRY \WH QXP EHUR FHOY DQG UHIDE® GHMAMG
25VIQKHDAK\ DQG P DO QDONEUHDWHSIWHIDCFHOY

3 HIFHQMIH EDUJWDSK GHSIFIQ] WH UHOMYH SURSRMRQ R GAMWRMG 2 5V 1Q
\KH 1QAFDWWMG KHDAK\  DQG P DO CDOAHSIMWHIDOFHY 7KH 9 HQQ GDIWP RQ
\WH W KWAHSIFW WH QXP EHUR RYHUDISSICQJ 2 5V 1Q WH IQAFDWG FRQAMIRQY

%DUJWDSK GHSIFWDY \WH FRUHDMRQ EHEHHQ \WH LQAFDWG 2 5V H SUHWMRQ
DQG* 69$ VFRUHV

6 FKHP DI UHSUHVHQIMIRQ GHSIFMGY \WWH VWIDWI\ HP SB HG IRU GLLIHUHQWDA

JHQH H SUWMRQ DQDOWY [Q ZKIEK WH P DO QDQAMFHTY Z HMH VHI UHI DG
EDVHGRQP HADQ2 5 H SHHWIRQ

+HDW DS GHSIPY FOMMU ZIVH HQUEKP HOVR \WH  SURP IQHQWEIR®J LEDG
IXQRIRQY

$ERYH 5 HSUNVHQBAMYH JHQH RQREJ IHV GHSIFUD) \WWH IXQRIRCDAP SRWDGRH
R %6 &$ DWRFADMG 25V IQ NH  EIRRIIFDXP RBFXOU SIRFHWHY  94HBZ
0 HDVFDSH SEWGHSIFIY \WH FOMMU IQRWP DURQ R \WH VIQJ B FHOEWDWA
FDUFQRP D GCDBVHW

$ 0 RQRFBI JHHIDWG SVHXGR WP SRIDOWDWIPRY R P DO QDQWEWDW)
HSWHIDO FHYY $UWRZKHDGY IQAFDWY WH QUHFARQ R \WH FHoOU

QUHHOMMRQ % 80 $3 SEWHSUAVHOID \WH QXP EHUR DRAYH 2 5 JHQHV
SHUP DDQDQMHD & 80 $3 SEWGHSIPWY WH UHDMYH FHOXOUMP QHW
DFIRW DOP DO CDQAEHDWMADFIQRP D FHOY 80 $3 SEWGHSIFWD \WH

WP RUMBI HV R \WH FHQ DFIRW WH SVHXGR WP SRUDORDIRRLY

$ 6FDIMUSGNGHSIAWY WH FRUHDMRQ EHE HHQ FHBOUWMP GHW DQG FHO
QUHHOMMRQ WH SRIQV SWHXGRWPH % 6FDWU SBWGHSIFWY \WH
FRUMHDMRQ EHEHHQ P HDQ H SUWWIRQ Rl EVDWFDUAGRP D DWRFIDIMG 2 5 V
DQG FHOGLIHHQIDIRQ WP H SRONV SHXGRWP H & 6 FDWHU SBWGHSIEWY
WH FRUHDMRQ EHEHHQ FHBOU IHTXHQAHY R H SUIAWHG 2 5V 1Q EBDW
FDUAQRP D DQG FDQFHUFHOGL HHQIDMRQ WP H SRIQV SVHXGR WP H

7RS 0 RQRFOI JHQHDMG SVHXGR \WP SRIDOWDWRRY R P DO CDQAEWDWA
HSIWHIDOFH@ R GP IQDO$ P RBFXOU VXEWSH GHSIPWY \WH GHFUDWH 1Q
FHOOUMP GHW GXUQ) WH FHOXOUGL HHQIMRQ WP H FRXWH $ WRZ KHDGV
IQEAFDU \WH GLHAIRQ Rl FHOOUGLHHQIMRQ ¥RWP 80 $3 UHSUHVHON
\WH GHFUHDVH LQ WH QXP EHUR DRIYH 2 5 JHQHV SHUP DD QDQWAHD O IQDCH
VXEWSH GXUKQJ \WH SVHXGR WP SRIDOADVRRY




6FDMU SBW GHSIFWMY DQ RYHDO GHUDWH 1Q WH HSUHWMRQ R
UHSUMVHQEBAYH 2 5V DBQJ \WH SVHXGR \MP SRIDOWDVPRY  1Q WH LQAFDMG
FRQAURQY

$ 6 FDWHUSGWEHSIEWG) WH QHI DIYH FRUHOMRQ EHE HHQ FHBXOUMP QHW
DQG FHOGL HHQIDIRQWP H SRIQN SVHXGRWP H % 6 FDWHUSGWEHSIEWD) \WH
QHIDWH FRUHDMRQ EHEHHQ FHBOU IITXHR R H SUHWHG 25V DQG
FDQFHU FHOGL HHQIDIRQ WP H SRONV SVHXGRIP H 1Q EHDWFDIAIQRP D &
6 FDWMUSBWGHSIEWD] \WH SRVMYH FRUMDMRQ EHE HHQ FHO@UIHTXHQAHV R
H SUMWHG 2 5 V 1Q EBHDWFDUAQRP D DQG FHBOUWWP QHW

$ 3VHXGR 7HP SRIDOMDWRRY R KHDGK OGP IQDOEUHDWVHSMWHIDOFHDY
$WRZ KHDGV IQAFDIY WH QUHAIRQ R FHOOU GLIHHQIDIRQ % 80 $3
UHSUAVHOV \WH QXPEHU R DRWYH 25 JHQHV [Q KHDEX\ OGP LQDO EBHDWA
HSIWHIDOFHDY GXUQ) WH SVHXGR \WP SRIDOWDMPRY & 80 $3 GHSIFW
FHOOUVMP QHW DBQ) \WH SHVXGRWP SRIDOADVIRRY 1QWH KHDEK OGP 1D
EU-DWHSIWHIDOFHDY

6 FDWU SBW GHSIFWY H SUHWIRQ G QDPIEV R UHSUAVHOBMYH 25V R
KHDGM\ OP LQDOFH® DBQI \WH SVHXGR \WP SRIDOWDVRRY 1Q WH IQAFDWG

FRQAMRQYY

$ 6FDWMU SBWGHSIEWY WH FRUHDMRQ EHEHHQ FHOOU WP QHW DQG
SVHXGR WP H IQKHDEM  EDWIHSIWHIDOEDMMHW6 6 FDWMUSEWEHSIEG) \WH
FRUHDMRQ EHE HHQ FHOI@UIHTXHQAHY RN H SUMHG 2 5 V DQG SVHXGR P H
IQ KHDEX\ EUHDW HSMKHIDO CDBVHW & $ 6 FDWMU SBWGHSIFWY  \KH
FRUMDMRQ EHE HHQ FHOXOUIUHTXHQAHY R \WH H SUMHG 2 5V DQG FHBOU
AP GHW [Q EUHDVWHSAKMHIDOEDEVHW

+HDRDS DBQ ZMW WH FHOOU FOMMIQ) FROPQV GHSIEWY WH
VHIUUDIRQ R FHO EDVHG RQ 25 H SUAWWIRQ XY 1Q EBDVWFDUFAGRP D
NAXH GHUYHG VIQJ B FHOEDBVHW

+HDFDS DBQ ZMW WH FHOOU FOMMIQ) FROPQV GHSIEWY WH
VHIUUDIRQ R FHO EDVHG RQ 25 H SUIHWWIRQ XV 1Q EBDVWFDUFGRP D
VIQJ B FHOEDIVHWR FLLFXOMQ) \MP RUFHDY Rl EBHDWWFDUFIGRP D

+HDRDS DBQ ZMW WH FHOOU FOMMIQ) FROPQV GHSIEWY WH
VHIUUDIRQ R FHO EDVHG RQ 25 H SUHWWIRQ XY 1Q EBDVWFDUFGRP D
VIQJ B FHOEDIMVHWR | SDIHQAGHUYHG [ HQRIUDIW R EBHDVWWADURGRP D

+HDW DS GHSIPWY \WH DYHIDIH 25 1YH GLIHHQAMAI QOWUHY UHSUHVHQID)
QWPWHQUEKP HOAR WP RUUHDWG 2 5 V 1Q EBDWWDUAQRP D \WVXH GHUYHG

VIQJ B FHOEDEVHW

+HDW DS GHSIFWY WH DYHDIH 25 ILYH GLIHHQAMI CDMUHV UHSUVHQUGY
QWPWHQUEKP HOAMR WP RUUHDWG 2 5V 1Q EDVWWFDUIAGRP D FILFXOMZY
\MP RUFH@ R EBHDW\FDUAIQRP D

+HDW DS GHSIRMQ) \WH DYHUDIH 25 1lYH GLHBHQAI QDMUHYV UHSUHVHQUCD
AQARW HQUUEKPHOWV R WP RUBHDWG 25V 1IQ EUHDW FDUHACRP D
SDIHONGHUYHG [ HORIUWDIW Rl EBHDWWFDUHCQRP D




+HDW DS GHSIFWY WH FRVGQH VP LOUW EHEHHQ WH V5 1$ VHTXHQAQ)
CODVHV GHUYHG 25 FHOME VWQDWMUHV DQG VMDWMHG 7&* $  SDWHQNV
FRRW

7RS . DSOQO0 HHUSBWGHSIFWY SDIHQWV VXIYLYDOQ WH LQAFDMG JURXS
VHI UHI DWG EDVHG RQ FRVIGH VIP IOUNW \RZ DBV 2 5 HQUEKP HQMAI CDMUAV
IQHUHG IIRP WVXH GHUYHG V5 1$ VHTXHGAQ) SURILEY R P DO QDQAFHTY
YRWP  &RP SDUVRQ R WH WP RUMBI HV EHE HHQ R SURP IQHQAFCOMMY
UHSUAVHQIQ) 7&* $ SDIHQWV FRKRIV Z W GMICPW/XYLYDO

7RS . DSOQ0 HHU SBMGHSIFWY SDIHQA VXILYDOIQ \WH LQAFDIMG JURXS
VHI UHI DWG EDVHG RQ FRVIGH VIP IOUNW \RZ DBV 2 5 HQUEKP HQMAI CDMUAV
IQHUHG IURP MIQI B FHOWDQUFUSWRQDOSWRIARY R AUFXOMQ] WP RU FHOY
YRWP  &RP SDUVRQ R WH WP RUMBI HV EHE HHQ \ZR SURP IQHQAFOOMMY
UHSUAVHQIQD 7&* $ SDIHQW FRKRIV Z W GMICPW/XYLYDO

7RS . DSOQ 0 HHU SBWGHSIFMGY SDMHQN VXIVYDOIQ WH IOQAFDWG JURXS
VHJ UHI DWG EDVHG RQ FRVICH VP IOUW \RZ DBV 2 5 HQUEKP HOAMI COMUHYV
IQHUHG 1URP WDQVRUSWP IF SR R EBHDWMADUAICRP D SDHOAGHUYHG
[ HRIWWCDMIVHW YRWP & RP SDUVRQ R WH WP RUMBI HY EH HHQ \IR
SURP IOHOWFSMMY UHSUHVHQUD 7&* $ SDIHQW FRKRWV Z W GMIPAWXIYLYDO
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7KH QXP EHUR! ) XQRIRCDODQG 3 VHXCGR 2 (ARY IHFHS\RY DRURW GLLIHUHOA
VSHARV

7 KH \DEGI FRQBIQV IQIRUP DIRQ DERXWINH GCDBVHW XVHG 1Q WV VWG, WDOR
FROMIQV IQRUP DIRQ DERXWINH \RBOQXP EHUR UHFHS\RY H SUMWHG IQ HDFK
CDIVHW

7KH \BEGI FROBIQV IQRWP DURQ DERXW\WH GLIHHQN2 5V H SUHWAWHG 1Q
QUHHQWMSHY Rl VDP SBV

7KH WEG! FROBIQV IQRP DIRQ DERXWKH SVHXGR WP H 25 IBHTXHQR 25
H SUHWIRQ 6\WMP GHW DQG' LIHHQIMRQ IRU/ XP ICDCH SRSXOMRQR EU-DW)
FDUFQRP D CDBVHW
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$FFHW 85/

7KH WEG! FRQBIQV IQRWP DIRQ DERXVWKH CDEVHW XVHG [Q \KY VWG W
DOR FRQBIQV WH LQRP DIRQ DERXW\WH QXP EHU DQG IGHQMW R WH
H SUAWWHG FKHP RUFHSWRY  IXQRIRQDO2 5V 3VHXGR25V 9 5V 7 5V
7 5VDQG7$$5V IGHQMHG IQWHVH CDBVHW

5

~

7KH WDEGI FRQEIQV LQRWP DIRQ DERXWWH IXQRIRQDOUHBIYDGRH R \WH
FDQFHU DWRADIMG 25V WFRQBIQV WH FRUMDMRQ YDOHV IRUWH 2 5
H SUHWWIRQ DQG \WH * HQH VHWYDUDURQ DQDOMY * 69 VFRUMAV R \WH
LQAFDMG WP RUUHDWG VL CDXWUAV

7 KH \WEGI FRQBIQV 1Q RUP DRQ DERXVWNH XSUHI XDWMG DQG GRZ QUHI XDWMG
JHQHV 1Q GLIHHQNFOMMY R %5 &$

7 KH \BEG! FRQEIQV WH L1Q RUP DURQ DERXVWKH SDUDP HMMLY XVHG IRUSVHXCR

\WP SRUDODQDOMY B\ 0 RQRFBI RQ EUHDWWFDUAGRP D DQG KHDGM  EDWA
HSMHIDOCDWVHWV

85/ KWBV GUYHJRRIGIFRP GUYHX

IRGHY D4 W J42G94KIB\DB YIS2 (OK+(2
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6 HXUDAP SBP HQIMRQ
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6 \BANAFDCDCDOMY

5(68/76

: IGHVSUWHDG DRYDMRQ R WH 2 (ORRY UHFHSWWRU J HCH  UHSHURILH 1Q P DO QDO
FHO

$ EHUDMRQ R \WH *RCH WHFHS\RURQH FHOXX®! 1Q FDQRHU




" HUDWHG FHOOU 25 IBHTXHR DQG H SIWIRQ GXUQ) FDQRFHU FHO
QLlHHQIDIRY

&HOOU 25 IWHTXHCA WD %6 &$ VP RY IQR VXEJURXSV Z M AYHU HOA
SDWHQAVXWYLYDO
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,1752' 8&7,21
20IDFWRU\ UHFHSWRUYV

20 DFWRHEHSWRIW DUHDOVRQRZ®V VP HOUWHFH S WIRWHN K H
VHYHQ WUDQV B HR EWEK@RQ V VWL ¥O:DW EHI\ORD P LIGW KD PPDOLD Q
JHQR M) ® UBIH V S R QI\RIBEHAUHF H LW KRG PR O H F X3 H F'D RWHK W RWD H
LOFWLYRMWE DR W ULPRIW MEKIEMH O RIORY KID P LRIY S UR WHRIXE OHG
UHFHSWR&S/ 7KHED VYR U X FRADXQW\ S LR O CD FWHRAH F\RRY [RAW V
VHYHQGURSKREDBD VP HRERMILWMELV X ERGEHWZ MHGRQVHUYHG
F\VWH ILQM KH[W U D F HOORIVGNRLD V H U OKNER V\ ODLWIBR ®H WHUPLQD O
UHJLRQGH Y HPIODRE VG T X H QB W W KIWHR Q VH U §\HKB5 IDPLO\
7KW HTXHR DH L @F L GRU P IMWDKIHS/HR WIHR 1B ¥ X FLLFCBAR U \\EDHG IR W\H
OHDWBURSROGRQREVLQVKSIODVPBP E U DJWRA KWKZE VF D Q FMQ
ELQGRGR UDDIDEFRXS ALQUWKKGIHFEHVVVDSIURWRIOQNFWRBHSWRU
SURWHBUGBRVLWLRYMWGHHHEBPEUDQ@HX FBEZD\WKRQYHQSURMHFWYV
R X W VW &FHH O Q & KRIW KHHQS U R M B EW KUKEHH O GKLVO O BEKHPLFDO
R X W WL BHH O/ & FIXMD QR G R UPDROAWH FW @ E W HALMBKY/B U LDE R KMD Q JH V
LQ WKH FHOOXODU PDFKLQHU\ ZLWKRXW HQWHULQJ WKH FHO
7 K HR O | D FRADRARDVGHINSHYD E K H @ KRR O H FRXID §ID U W L\FKKEDIHW @ W R
FRUUHVSRRGANHWKHHFH PWRHFXOKD QU@ V L Q DIPH. @FF LF® Q
F K D QWHIR F NHKVD D) & K B D W/IHAKK H P L FADKIDMINRY KR F N 7 WH D kB
ODUQMPERWGLIIHRMGEWHFH S \®RWKP DQDV LQVKRDPPDOLDQ
JHQRRZHLAKHSUH\DIS@EW R[L P D VRHVOKIH Q HVW KIHHQRPHRZHYHU
Q RIVIROW K HY/RIW H @ &/ RIIHE H SW QR MW H[ S U H VIVRIEK Q FW LRFFRW G L Q J
W B QD Q D O \W/ILG/D WEH U L YHRSRV K HX PD ®H QR P BIUR M MKW D QX\D Y H
DSSUR[LPDWMKQFWURQDBRR G L@®BOIDFWRAHSWQB\KHHPDLQLQJ
FDQGLGDWENWWXGRJIHQKHYXPERWHFH SHVRURAIM |HYBSBRLHV
FDQ EH VXPPDADEBE LQ
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7DE®  7KHQXP EHUR ) XQRRCDADQG 3 VHXGR 2 MRRY  UHFHSWRY DRIRW GALIHHQW/SHHHY

6 SHLHV 1 XP EHURI LOWFW2 5V 1 XP EHURI SVHXGRIHOHV

+XP DQ

&KIP SDJ HH

"RJ

2 SRWXP

3OWSXV

$ ODUQMPEIRUG L I 1 H (RKDQ BVF WHRFUH S B/IRRIWD /MY W HPG LVFULPLQDWLQ
EHWZHHPDQGLIIHREERWD VSRV V LEOHY L Q JOH D FWHRAH SWD BEW
DEWLYBDWHGH QXK@ WHUVL P LRGR UDWY WX F WXXUNMAK H UPRRRKG R U V
DFWLPRBUWHKRQW\SHRGRIWHFHS\WRYMKMXPERIBRPELQDMNQRQV
SHUP X W RVRIOR Q FWHRAUH S MYRHUGAD UWHRHO | D FUNHRFUA\ S WRAUHNB E QR
UHFRJ@IQBLIIHUHBKNW DM UWDD UQKPERIRG R UPROH F X60XH K
GLYHWM2ZWWN[SUHVPDRIP LW NKHD SDFRIRO IDFWRRMER QRD ®@BHOLF
H[SUHVVORQMHXURQ®D[LPXP5 H[SUHVVYDRQDEQOK®NXURQ
SRSXODWLIPRE@®R UWRQW FWHRQM BQHF LU DRGI QVLWKXMAOIDFWRU\
UHFHSWRU DFWLYDWLRQ LV D GXDO REMHFWLYH GHVLJQ SUR

7KHPDPPDORDQD FWHRFAH SMRWHAR Q V IRMKX/Q G URIG Y | | H WH & BV
KLJKEOLY HUN FH SIKR EMURI] S U H VGBI IGV WIXERRR P S D U RN KERWV\H

% DV RGN K N MU X P\@ SRS R J UBIS\KW B L BWKVHLYRHE N SADFEIHYO DV VLILH G
LQWR Y HGDOWUDFMI WVRIVOLXFE VR GRUDBMH S IERUY RPHURQDVD O
UHFHSWRWYQ® 5V WU QH DV V RFFHEWRIBVI RUPSBSWLGH
UHFHSWRUV )35V DQG WKH PHPEUDQH JXDQ\O\O F\FODVH *
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2GR UNGWH S AMRENE D W HJRUQ WHGUHID V$H% DQ& 7KHDYHUDJH
OHQILWERXW* DPLQ@RELMHVLGHHELIIHUHQKHDIHD DW K \GHK\H
WRDULDMWILRQ& W HUPUB BIDG2EHND UHG H Q VEIDIV RGNV K IFRQVHUYH G
PRWY KFIXV+730<L QK HUMMW U D FOHFORISK<O B9 $ , & R WU H V DI W H
HQBWUDQVPHRERHADI O 6<PRVBIUHVBIWWHQRBITO )67&66+
PRWSLUHVBIWWEHJILQ ®RIZQIJDQB0/13)ZKLAKSUH VH@WH 7KH

2 5VD UK U WKGHDV VILQMHEED VD/Q & O D VW H F H S WHRKJ ® D MM F H SDWRHJ V

W K RAZKL DKUIRR X Q@ T X DIVQIEP D O NLH/ KHKR/H U RRIODWD VU H F H SEHRAUR/Q J

WR WKH QRQ ILVK VSHFLHV VXFK DV PDPPDOV ELUGV DQG DI

SRPHURQUWHNPHOS WRVNUHODVVLOAWRBRD MRWRXSWVDQG 5V

9 5VEHORMRODY¥RF3&5W QKD YKL J KEL\YY HUWHX H QFA\0 LWKH
FRQVHIGRHPOGL® KHP 5VD UM[S UHVMVN EHS L HO LRRWQKHL SRVLWLYH
OD\RUWKHL2 9 S5VEHORMRODXWRI*3&5VDQ&DYBHODUUKMVHUPLQDO
H[WUDF KQREODRUAKM R L QHRCGKWMUD QV P H FSHDUBDM KHHFH SWRWHLQ
YLD F\VWHLQH ULFK OLQNHU UHJLRQ

7UDMHPLQH DV V RIHMHGAER $5VZ H UW KBIF FL G H Q & D Q\WIUIR MRS
*3 &5 VW KIODWDHG L V WILHITRXAK B R WK HD UBDIF W L YED W H IDFPH. QWX/FIKV
SKHQ\OHW K SOW PUMLD\I$ W COPQ @AW R S D PRDAHEG!I S WWLIBFHH SW R U V
)35VDUSIUHVR@W L Q F&H R P R VARRHLRW K HWRK UR P R LRBPXP D Q V
DQGWEKKURPRMVRWHKHRXVHAKHERGIMHTXHRBEOHQRWERXW
DPL@ELGY GV QW U R QIOHHWNH F H S BVIRBLPW L YIDWR-UBP \O BWSI\B L G H V
OHPEUDEBPQ\G\POD®H UHFH SBVWRBLOR WAOHAH RAULH F H SWWHRIIWH
DEWLYDWHG E\ JDV DQG RWKHU OLJDQGV OLNH XURJXDQ\OLQ

%DV HHRENVKHODVVLIWKRNOL B QUHRRAH S MRRDIWDARKRI | L FHOOPMD HQ R P H
SBURMHBYW IRWKHIIRPHQFODKMRRIRHQF OIRWROBRXIL,; ., IRUPDW
ZKHUMX5 UHSUHWHAIKBINRRMVD PH) UH S UH WHIQHYR/L OX L Q JWHHWAR B WA


http://f1000.com/work/citation?ids=8761312&pre=&suf=&sa=0
http://f1000.com/work/citation?ids=2957282&pre=&suf=&sa=0
http://f1000.com/work/citation?ids=305645&pre=&suf=&sa=0
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GHQRWIK@S E | DRLADO D AHBKIHODRH DQB LD Q QW HIHHSIUHV IBQW L Q J
LQGLYLOPXBBPEHLRW[DPSOH $ LWQ@5IJHQRIIDPLOYXEIDRLO\
DOG LV WKH ILUVW LVRIRUP RI WKLV IDPLO\

20IDFWRU\ UHFHSWRUV RXWVLGH QRQ ROIDFWRU\ WLVVXH
20IDFWRBMSVRW KU L Q FALKSHDROR V H QM RWHR® D QR U J D Q IDPW
GHWBBWYHUDB RHHQYLUR QFNBMPE® U VWRNOW Y L DFO XIRIREE
WR[LSWHG D V@S WHI H F HQ MW H VB R ZWKY Y25 VH [S U HMAW R SLBD 0 O\
QRQ ROIDAEWRKENVHWUD QIBNGIORASH/E& D YGIL | 1 H H H® WRWFH O O
ELRORIXNGPWR RIQWIR K N HW V DIWR FOW WG W LH)BIR Q WFX QBRIO O X O D U
VLIJQDOLQJ PHFKDQLVPV

([SUHVVLRQ LQ 7LVVXHY DQG 6LJQDOOLQJ 3DWKZD\V

7KHROIDFWHRAH QWBU LWHSRUWMR{SUHM®RXVHKLWHQGURZQ
DGLSRMIY ¥XIGZAKH ULNYD X VHYG X FRUOR R O WWL K H H S REJG\DWRK D W

25 ( LH[SUHVMIM)GPDPDUGLRP\RRBMNY SR QRUECH G X FRYLR Q
FRQW UDRWRHVKH[SOD KWEBMPLORE O\ DQB5 + DUBWHSRUWHG
WRQFUHRDVHWUDQVREBEOHNOBOHYRBRONAB[SUHVIVGLEG QMALV VKB OV
DQSUR[LARXEXOHFHMIWXPDQY5 ) 25: GHFUHBAMMMURWRQLQ
VHFUHVWIRFGH[SUHVVHES XOPRQDUX URHQG RAOIIYHGK X P D Q
WUDFKHR EH 8 QW KHHIBXIPNWOHR O | D FIWHRAUH SOV RI\R Z\RHH [ S U HVIVH G

Y D U L RALY VKRB VO X Q BW R V WINWEBIG L S ROMYHUW DOLYDDQ GV

7KH\ KDYH DOVR EHHQ UHSRUWHG WR KDYH D UROH LQ HPEU\

6SHUP &KHPRWD[LV

7UDQV F U LCSQ\DROPHIDL W K R Z\@ K DWW VWY Y\HH FR PRV WUDQVWEBKS W
WLVDSBIUWRRKMHRVHRXVRIOID FWMRAHRWEB U ZKHRFW L YEDIWHG

OLJDQWDRHOBQ SHWFKHPRWD[LV,QKXPDQXKH®@OIDFWHAHSWR U
25 ' ZKLAKH[SUHVIV@{SHUP DWRKHR®FW L YD\WWZ JDEXUIJHRQDO
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GLUHFSWMFAKHPRWD[BSDUWRWKHRZROIDFWHRRHSHVRY VD QG
25" FRQWURO WKH VZLPPLQJ VSHHG RI WKH VSHUP

LGQH\)XQFWLRQ DQG EORRG SUHVVXUH UHJXODWLRQ

ORXVROIDFWRBMSWRU ZKLFKVH[SUHVYBGHQB&[WDJORPHUXOIL
DSSDUBWOBEKHQFW L YID\WWE JD6@G$S W W HV SR QWRIEHIMHMF UHW LR Q
D Q & K YWH J X O VWHR/Q WVRURORBGH VV X Us& ) $VZ KH Q E V R UE®MX H
EORRODDIQLPSRUWBQWG L | | HBHKQWL R O FBILEBHVAKLWFIKQ F O X G H
LQIODPPDWLRQ DQG PHWDEROLVP

+\SR[LD VHQVLQJ

2/)5 LWPLFHHFH®WBWI[SUHVIMRGJIHWYH Q V DALMY FIKMK H D U W
DQGXQJDQ@G5 ( SUHVH@WPDQ@YXHOQFWLYDB®E)SW H G X AHWH
DLUZREVW U XEFEWLLRWKBINFHSRBRUVLQG X FHERQW U IDFRUELR
UHOHDVH RI ,/ ZKLOH 25 $* LQKLELWV KLVWDPLQH LQGXFHG

OXVFOH UHJHQHUDWLRQ

2/)5 ZKHQFWLYDWHBPDXVBE QFUHIW KLH W U D FrH® GOKHDYDHUO V
DQGURPRPARV\VPH J U D VEUP® FBIQMBAR JHQ HWIKUS\ D\ DQR @ &
PXVFOHJHQHUDWERQZKHGE[SUH VIV &P D\ON H O PIVRE O DAKWD
DFWLYDWHG E\ DOGHK\GH UHVXOWYV LQ WKH UHGXFWLRQ

2EHVLW\ DQG IDW UHGXFWLRQ

25VH[SUHVVYCRODOR Q WVHRE HVIIRMAJ25 ' KD YEHHHWQH S R ZWWWK H
HDWEGXKDYLBQRWWG XFWDRIRCOOWGLSRVLKMRS5VV XFBRV25 3
25 6 DQG 25 & KDYH DOVR EHHQ UHSRUWHG WR KDYH D URO
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'RXQG KHDOLQJ KDLU JURZWK DQG VNLQ K\SRSLIPHQWDWLR(
SHFHSWR®7 ZKHQFWLYD\WBGGDOQRBHHNWHYWLEBROLHHUDWLR!
PLJUDWIHRI® Q HUDKVER R\ IDQUR Q Z R X QkGH D O L QUK LWH F H DO/ R
SURPRWKWURZWKKDLIROOLWRXW GXFKQUWRVY5 $ SURPRWHYV
F\IWRNL@GH®IOROL | HRIDW DM@ B8 JHQ H RIBUILR® HO D Q R EXHIQV
DFWLYBD\WWGLJDRQBEORKVUDOLF\ORY H% ZKHOQFWLYDWHBQRQ\O
DOFRKRO VKRZV SURSHUWLHV VLPLODU WR 25 $

)JXQFWLRQ DV WKHUDSHXWLF SRWHQWLDO

7KHDFWLYRMKRENVR X W WK RIDWH QML UR @B EE WU R YWRSD YD
SK\VLRO DIAGDAW KR SK\VLBRRBFKHRO® I DAWRFHS2BRY LD
SRW H & WRMIDURIEHQD GRCHUF HKWH @ F W L YD WH@GG U DYROSRR QW UR O
WKWMXPRPHBS OROL I H UBWIHRFQ W RW L\DSUR P L WLKHIU D SAHDXWIHRV
IRFROEQQFRQFHNVKIUHFHSWRBEWLYBWHGR HDQW® F U H DRHD/O
SUROLIHUDGWLIR@WLEBRPLODI S®Y LD WD UURIIR X QGHDORQ G
2/)5 KDV D UROH LQ IDW UHGXFWLRQ

20IDFWRU\ UHFHSWRUV LQ &DQFHU

7KHFWRBE HVRERK D YEH HHOD U O HIS R WARB ®F O L QLHFOBY D QF H
7KHHYSUHVVQRRQ ROIDAWRNGIIDWLPSRUWRQE&K\VLR PROHEXOD
SURFHWXHFEW SHUFKHPRWDIRX KXGHDOLQIXVFOHIHQHUDQGRQ
HYHIQFEDQF HEFR U GLRY KHU H Y LIRKKS/R WWAH VK D YKL JK[SUHVIQR Q
FDQFHURXW\DME RP S D UWHR K HQRIU POWDWRUH[DPSQH ( LV
XSUHJXOOMWHKBDVRISURVWDWHRBUPLOBUEDRD FMKRZW K H
XSUHIJXRIABLR @5 & DQB5 + DUKSUHIXO@WEGQRPEBULQDU\
FHOOV UHVSHEWLYHO\
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25 $ ZKHQDFW L YED WLHAGU RKQDHECHOHODE S R WMRB ®U R DBIHOOWROLIHUDWLR
L& HSDW R FHIDWOAX . @ERPPL ODE RO R UFHFQ@FRIH @ KIHH F H 2 % R%
L\D FW L YIEO\WWH B H QW KFD Q FFHHUR Q G H U DRSHR\S W RORLWH RY@ W R VW D W H
FDQFBWEWLYRWBERQ E\HQGRJIJH@RROWLVW\GUR[\DQGURVWHQHG
UHV X Q@HIX UR HQ G/REF DALY HH U H QUHLYCHDWKE D FW LRSDOFRW LR Q
25VL@LYHIKAW LR PR GHREMNVY HVH QVKHD PHHFHSWRW L YEDWH G
LRQRQGPHODQRADD QVOHD MW KBFWLY RWMLRWL SURMQBUDWLY
SUR DSRSWRWLF SDWKZD\V

7KHDFWLYRMERQE\KHOLRQORPISRSWIRFRWPDPWORFDQFHU
1RWDBXW R KHISUHVVEROL ILAWKMX PRU \DW D QWERXG VKDY H

E H HIQG H Q WDLVBLRMBH @ WR.IPIUKN H25V ( LW PDIO@WHQWXKQRHQGRFULQ]
FDUFLQRPD&Y LEFRORURPWPEE*5 LEURVWDWFHBQG5 % LQ
EUHDRDWFLQRPD$SO® KHY¥R O OH FWHLYQIGWKHG HRIWKBRWHQWLDO
WKHUDSHXWLF DQG GLDJQRVWLF IXQFWLRQ Rl WKHVH HFWRS
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0 DWMUDY DQG 0 HWMRGV

&DQFBBHO® &RPSXWDWARWNDIORDN KB HWHFRIFKGPRVHQVRU\
UHFHSWRU DFWLYDWLRQ VWDWXV IURP VF51$ VHTXHQFLQJ GI
&DQF&HRHGRP S X W DIRRN)I DERE V HVERG H QW/KSHR W H © MHLIPDROVHQ VR U\
UHFHSWQBFWLYDWDR@EDQ FGHW D VWWREWDQE X QORW P DWR RW
KXPDQ VSHRHIRRYVHQMRUHSMBH U WX RILEKD \P D Q X DFOXQAD WHRE
SXEOGBWDEDVHYKH+XPD@OIDFWRW\Z[SORUHRUGGEDWDEDVH
KWWSV JHQRPH ZHL]PDRQGEW WG \KRIZGHE X Q&5 QR WBRIDIO

W D NCHAD Z3 0 P D W D \L[Q SIX@WK L FAKKIHH Q HD\D BH GEDQ IR U P D WHHIRDD Q JH G
LQURZNQGROXPQWVSHFWRHQYXW KDWKIH SE VWD WUHSUHVHQW YV
VL Q FOIDONVQ FGHRH G W LOVHNKEOHW G\WKRQ 1RWDRGHHOOV

Z K L FIKX D OW KL Q J DUHIWWZHHIULKDY HIGQV KX EVH T GHREWVWDEDP\V LV
&D Q F&RH @/ L Q)3 HOV D%LRFRQGOFWR BN KHHYV W L P R WVIKRHQ
JHQBIFW L Y\DWDL WEYHDW HFRPPHEO®BWIBH)3.0 YDOXHRWKIHWLYH
JHQHMRUWKBRZQVWVWBHIRYQFMPHRWLOBHNVYDW  IRGDWD

VFDORQ@RUPDOL LW HRWIHREX FWVQRQ X VW B GIHHISIHLV LR KW F K
VWHS LV PHQWLRQMGHEHORZ

'DWD &ROOHFWLRQ
7KHBDQ7XPRILQJO K FSHMHOQRQ QRUP D®APHOVZDMEWDLQRB
&DQFHUKNWDWS ELRFF KUEPX HGX FQ &P QFRIRBOS KRAD OMW S
DFURWDNULRK®QQMHYG F H OBDAWU RRAYVO WWSX® IRZIHVU X1V HIGR W K H
DQDO\MK{A:DQFGHRHSDSHEZD@H SO H P HROQMBHIW K R&BIW D V@ WIVF K
WKL QLPRRPERIPDOLIJGBQMW \WHDVW,QDGGLWRREADOLIQDQW
F H O\® Ki-H D OBAUKH BIBW W KFHH@EDWE D R E W D LQRIRBKLLVY 0@ GAX VL Q J
+XPDROIDFWRWSORWKRWGKWWSY JHQRPH ZHL]PDMKMHDFVLO K
RI25V )XQFWLREDO 3VHXRRVDQWKHIRUUHVSRRBGWQJ
VHTXHQFHN DN RIQU R XIBL W H WXWXWHOILRY 5 7 5 7 5 7$$5

ZDV DOVR REWDLQHG DQG XVHG LQ WKH DQDO\VLV
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) UXWH 6 FKHP DU UHSUHVHOIMRQ RN \WWH FRP SXIMRCDY. RINGZ - & DQRHUG P HO R
W\ WP DUFFD@ HWP DM WWH DRRYDURQ VWYY R WH FKHP RVHOVRY UHFHSVRY DVWKH VIQJ G FHO

UHVROMRQ




'DWD 3URFHVVLQJ
7KHDQDOSBVISHOQS MWD Z30P DW WIKPRQ W DH QM@ R ZIVQ BH 080/
LQFROXPQKH(QVHPEGYHUFRRQYH WWRHD D PHVQ5 XVLQVKH
SRUJ +V HJ GE~ OLEUDU\

'RXEOHW $QDO\VLV

7RHQV XW KWYKAHL Q FAHHD YD F W XD IODI®RIX ED® DO Y\DMWYH U | R UWPVH.® J
WKHWKRQ SDFNDYWUXEOHWKWWSY JLWKXE FRP DOORQNOH
TKLIDEFNDIHSOWBZ30RY3.0 PDWIUKLEKWOFHD@&VY R D/Q BGH Q H\Q
FROXMBP@WGHWXNWKRXWEIWKIRURID&G69I L OMKBRWQ WERHQE®VRXEOHW

6 FR WH) R X E GGHWD WBIXRYD OV HVH Q H U BAMNVHW X O B IVIHSSEDW R
WKGDWRLPWHBURMWKWNELPRGD YW U LBXHNHROW LER X EXOW DW H
HTXDOV WR 758( ZHUH UHPRYHG DQG WKH UHPDLQLQJ FHOOV

1)3.0 FXWRII

7RL G H QAKILIFK Q DWBIF WD QK L PKUHQ D FWIBYHSDFNDJH ZDV

LQ VW D\CKAMHRG6LIR FR Q GIXBEWRIW VLR KH HQ HVK BRIVYW KPHG LD Q
1)3.0 YDOXHZHUFRQVLGIMDA®WINEH\QGHYWUBHHPRYHGEHUHQFH
UHFRPPHQGAW)B.0 | WRHOMHEFSW HVIMHEBHAK LKKDEHHQRDOLGDWHG
ZLWHIQ FRGRRHQ F CBRMIPRAKHIR P W UQX FVB X WH QG-DVREBY LR W K H
(18&2'( FHOOQHWLYDFNIZRU MY ORUHQH OGNYW®LRI.0 RU30
YDOXHV

6HXUDW ,PSOHPHQWDWLRQ
7TKHHXUDMWVLREZDWKVHER®YFDOQAUPDOLELWH R U HRBX FINQ & Q
FOXVWHULQJ


https://github.com/allonkleinlab/scrublet

2EMHEW &UHDWLRQ

7KH QSIXWHOPDW UKL FRQWDEQWYNGHWRZD/QGRQ GRREABW
FROXPRNVFRQYHUVDRVR 6 H X UREMHEWX VL QWK HQEXIDOXEWLRQ
&UHDWHBHXUDW2EMHFW

1RUPDOLIDWLRQ DQG YDULDEOH IHDWXUHYV
'‘DWEZDVORQRUPD QMK WWKXH QGIO9DULDEOHYR B WXRAEVHW R
LGHQWLI\ WKH YDULDEOH IHDWXUHYVY LQ WKH GDWD VHW

'LPHQVLRQ 5HGXFWLRQ
% H | RUWHHG X FALKGHL P H Q V WA@Y & B UGL Q HDUDQ V IRUP®EH DOH'DWD
X Q F WS IRMMK WMU D Q VI R IBXM\E & XD FWAIRVEVHW B HUIRBWALQFLSDO
FRPSRQHQW DQDO\VLV

&OXVWHULQJ

.11 JUDSK EDWVSG REFKOWKHXFOLGHD Y ZXOMKYV HGOQVKHQEXLOW
IXQFWLR Q& O RBW XUDKMF O XV WHHWERY U WRKSWL PEVNGL Y X RXYDLQ
DOJRULWKP

%LRPDUNHU  GHQWLILFDWLRQ
7TKH IXQFWLRQ J)LQG$OOODUNHUYV LGHQWLILHY DOO WKH SRVYV

80%$3V
7KHGHWHRWQIRBW LBQYDSO/HXGR 25918V7 59V7 59V7I$$56ZHUH
KLIKOLJKWHG LQ WKH 80%3V



&HOO &ODVVLILFDWLRQ

%DVRQ@VKHRHN3.0 YDOXWKAH ZOWHDO DV VRLVERN\G. W IHH D WHDNHR Q@
WKHSUHVREBY ,IWKFHRXQW)3.0 YDOXHIRDSDUW LFAKIJHDWHU
WKDQ WKHQ WKDW FHOO ZDV FODVVLILHG DV 3RVLWLYH

*HQH 6HW 9DULDWLRQ $QDO\VLV

,MLVD QRQ SDUDRBWXSHURHWHK®RGH IR W KH Q FW LLRO®MW K Z D\
HQULFKRHMQKHKHPRYVHQWFHS WIRKI&9$ SDFNDIHHUVLRQ ZDV

LQ VW DAKOHRB6LIR FR Q G XK MDROWD O \WDLVS H U | R URWMIGY B X U WHHIH
VLJQDWMIPHIQ JL R JIH QHE\RISW RMIGOF OH I THUHQWLD WDRQ JH

'1$ UHSDLW7 +\SR[LDQIODPPDWLRINLRHOWDVWBVROLIHUDWLRC
AXLHVFHQFH DQG 6WHPQHVV

3K\ORJHQ\ WUHH FRQVWUXFWLRQ
7KHSK\ORJWQHEB\RQVWUXFVEHI® ILMRIWZYBKMVLRQ  7KH
IDVWBTXHQEIRQ OXQF W 28 §DHUBGIR D G®HYE H UXIV H\E R R Q V WAUKKHE W
SK\ORJHWHWHKFNHTXH Q@HUBHO L JRWICYX V FDE &K\ 0/D O JR UZDWK P
XVH@RRQVWUKEFWYORIJHYHWKHBEWREQLSXO D@ KMY¥HUGR QH
XVLQJ DQ LQWHUDFWLYKWWRH RIWROH ALFQ/GH

,GHRJUDP
7TKH5VLGHQWLRURSIVQ X P ROUQYE D Q FHHUOOQ QAU KK U WIK@IDO\VHG
EDVHREQWKHIKURPRVEBRY W UL EXXWIRR@XVKE8(SLIHQRBHRZVHU
YHUVLRQ7TKHJ JHQRRHKXPDQUWHOHPWHG HUHQRHLITHUHQW
GDWDYHWKNS ORD®WKI®E UR/QH Q WIXUWH W KRQ B&V DQWKRHWKHU
ZDW KIHz HQ V2 5E MCH-® RADW LRXO D@HMY XPRUV7KRWZR FRBPRHP H
ZDIXVH@GRLVFULEHNMANMHBQFHU DVVBHDQWR®@ FDRY¥HMRFLDWHG
25V


https://itol.embl.de/

OHWDVFEDSH

'LITHUHQWQEH)S UH V\OLQRMO \ X VYV Q) FXVWRP E¥IUQEWLOMWK®EJ
'LOFR[ VRMAKAA WL PR WWRW VL WQEREDQFEHQHWKRZIMQIQLILFDQW
XS RU GRZIXODWEREOQ QEXWRIIS YDOXH ZHUWHY HIB\D Q Q SIRW

WKH OHWDRMWSH PHWDVPODRDRIZLWK WKH FOXVWHU LQIRUPD

3VHXGR 7HPSRUDO 2UGHULQJ

&H OMVEHH FLVR R GV 1 I H U H QWMULIDNVH ERADBMHLA-RQ V WZUL WVAMIHR Q R F O H
SDFNDJKLNRPSXW D MR RQIRWZ OLHNWUWBISH EH G GELI) HRGD

XVHU GHJIH@HEA WVWRHQHUD ®\WH X @R PRHORWK BY@ FFRXQ W R W K
EUDQFEK®GLQEDIUHUHGWRFW VREYVGMRQ G H U WWKBHQIEQ 1HIV K H

25 H[SUH VR WYRIQF HO O XD ¥ H GHKUHEQH FY\W FHHOB DI HTHUH QMRUDWLRQ
Z K L FKKGHH J URIMW H P QIHIWVIVFIKQ G L YR B R D OG B QR KBHHHW HUPIRQDW LR Q
W KVHW D US/RLLEERIM/ KU D M HR WIRRDJWD EQ@ P S X VE H G H URUIVY BAHH Q. @WK H

' VSDEBWFKLHEX®LQQ QE XX QPWVRIGRRIY R F OK HF H & &IODWY K H
KLJKNDWRKN W H P QDAY HIWW KVHW D US/RILEIV KWMU D M HFWR B DRV L R Q

W KFH O OG0 I T X HIDF®/ K PIHD &I [SUH V8 DRQZHUBIO R VDWW R '@ & H
SVHXGR WLPH

&ODVVLILEDWLRQ Rl EXON WXPRU SURILOHVY EDVHG RQ VLQJO
*HQHUDRMDR@H JUDHQHBUHVVLR@DWXKKBWU ERQM UPDWRRY
ERWWKER5 H[SUHV\DLQR@ K HLKWO D WH @ B KWDHDTUX H QIEIRHRWL Q JOH FHO O
VHTXHQGE D@D YBWM U IR WPHE O REM[S UH V\GLIRMD W WI&[* $D Q G
VLQJOHE BHORDM) FEDW D VAHW\B RIJIWUDQVIRORM G730 DQG® KH
HVWLPBWIKR®O O26ADHTXHZBMHU | R UBFPIIVGRE ) 3.0 FXWRI
7KLFULW HRWEKSBIVWLP RWERQ Y H Q RA5 \DLFMWD NKD O L J @ B Q@ V
DS S OZKIGUH V X O QVHEEL Q PDW LRG R Z Q V WRIGDOWPW H]Y & @J LV
DQABWKHUZL&HXVWRQLKHEHV X QW EQQ PDW PDEHU IR DPH® J
FXWVRIQWKGHQGURJQPRVRDVHV FOXVWHERXSBPDOLJFEBQW YV


http://metascape.org/

VHJIJUHJBDWHRGF H O O2G0IDBI T X H @FHILRE W D LR M IGQ FHHD O EXBV H G
VLIQDWXWHQH U EWMHCH U D DIGEH (7AW BDEQ@ X VIWHEU R M HE MY IKRIQ
REWDMAHQGDWRWKHE*$ EXONXPRBURIZDWG HWHUPOQHESD LUZLVH
FRVLQH VLPLODULW\ ZKLFK ZDV FDOFXODWHG E\ WKH JLYHQ
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'KHUH $ DQG % DUH WKH WZR LQGHSHQGHQW YHFWRUYV
/DVW®\R/HJ U H IJW WHEHX OND W LIRS OFHD/A HREQV L Q J O HL @ HHOURBH G

V L JQ D WOKBHBIX V WRIQMKER V \QLHP L OPWWR B HU IR UPWE LOIWWLQJ
ROWKGH QG UR XD LY\DWDL P IRWALIRHD W L H QB P H V X QW RED V
SHUIRUPHG XVLQJ WKH .DSODQ OHLHU HVWLPDWRU

FRICHUPLOUW $ % 22

ST %

6WDWLVWLFDO DQDO\VLYV

*U D S K LLFEDAOX V WDULDB/DLIRRWO)W W &6 W DSADM- N D JFHKVEB Y D ORPXHN R HIGQ

W KY W XIGUX DQG LQWKIHIXUHMW®R YDOXHV 7 ”
DQG ” UHVSHFWLYHO\

&RGH $YDLODELOLW\

7 K HH Q WALRJBHS X W DSVLSRHIL. GF R P S OHH\W 6 D Q D WERWONERGRHY H U\

D Q D O S\HLW R UKPEHEEH HSU R Y LRGW & W KIXHES R VK Y W KIQHD P&D Q FH U
6PHOKONWSY JLWKXE FRP VLGGKDQW &DQFHU VPHOO

$Q 5 SDFNDJH HQDEOLQJ 25 EDVHG VWUDWLILFDWLRQ RI WKH
H[SUHVVLRQ EDVHG JMQMK MKW EBWXUHWKXE FRP NULVKDQ JX!


https://github.com/siddhant18241/Cancer-smell
https://github.com/krishan57gupta/ORsurv

5 HVXQOV
'LGHVSUPB®LYDRVWRK®O IDFWRLURHSWRIUMWHSHUWRRDGILIQDQW
FHOOV
,Q& D QFFHKODWD ZH @ R ZH)/ W D E O DVVW{ & WH O D\ B KIH W KWWV K H
JHQRPHHWDERRE PR W HRFAR PKILMI KBV | X Q F VD IQREWDBUWVHV VL Q J
VRPWUDQVWKDIMUGRWK S S R WHRGH [S U H VW K IBRIGI M X FFKO DMWY K H
ROIDFWRENSWRHWFWLYDQVORQ ROQFWUS HWD \S UH Y L REXHHQ
UHSR UVQMIGE L W H UIDQR' R UIHD V HW KBV V HV V RHV@ M25 WUDQVEVLSWYV
DFKLHEWE R | LD KEXIYID P S OZK\L FKKD Y WR\Z @& U D Z E COFLNWARX Q D BADRH
UHY MMXOP S R UMD Q@ WP D WQ RAPRHE OSTHQ B O WRKHH S U H VR MRQHD U H
W U D Q \LRAURLYERD G G UBI@B Y HU F /KSR E \HED Q F H U ZARHUIONOW R 2 W
KD ¥ HH®H Y H O RVOHIGOWRQ V L G HW KIMF MR.QY \DW/D BRI WK HP RVHQV R U\
ROIDFWRU\ DQG WDVWH UHFHSWRUV DFURVV SPLQXWXPRUV DW

2YHUW@&DW XY DO XWWH{SUHVRLRQ PDOLJGBEHQ®VVF51$6HT
GDWDWDWHWRVELIIHWKXOWUS 2D FW KGD W DX HURE W D VQKEFG L P D U\
WDYNW RFW XPDIDNHX UHKR QV@AKHR Q GRPEDGHEW LN & HDWSUHVHQW
WKHTURHQV XWHKLFU X PQBW.0 VFEFRPBIX V HWGH V S H F WLLWWK KBEH RS
WKEZRUNIQREDYGHY HO RK®OG UJHMEVFWRBEN SWQHWHSHUDAR L UH
VLQJOH FHOO)UHMRO XWLRQ



) UXUWH

-l O
© M
© o
M~ o
N o
n %
O 0

vV
RWHW51$ VHT CDIBVHW XVHG IQ KLY DCDO
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OCML @BRCA ©CRC OCESC @ GLIOMA OESCC CLUAD OPADC @PRAD @®SKCM @ASTR OGBM @RCC @NSCLC

=== Both tumor and cell line === Cell line === Tumor

YUXH 3K\ GIHQHME WHH UBHSUHVHQIG) WH 2 5 V VHTXHQRH UHDMRQUKISVY DQG \WHUGHMAIRQ
WDMVIQ  GMIPWDQRHUWSHY & RBUHG FILFBN UHSUHVHQAKH WP RUWSH DQG EUDQRK FREBU
UHSUAVHQW \KH VRXUFH LQIRUP DIRQ



,QRUGW B HW H UW K\&8-H F L I @ B\WAO X VR IWLKIMS H Q V2 5 M_AHHED R R NDM\G

W K HBLLLY W U LIERKUWARNRMD L RK\P RS DD GR X QREX W K B WU WIDX. BRDUWVH

H[SUHVROQ@QW\SRHUHFH SWRRWKBUM[SUHVRRQBW K RQ HRHJ

IHZ25VOLRH % DQG5 + ZHURIQ®Y{SUHVVPBOLJEDE HWWXKVY O H

RWKBURH $ ZDVRXQ@RH [SUHVVBHGH GH.OI H WKK@WUS HY. J X U H
7KHLU UHVXOWYVY DUH VXPPDULVHG LQ WKH IRUP RI FKRUG

YUXH &KRGGADIWDP UHSUAVHONY GLIHHQMSHY R WP RY H SUAWWQ) GLIHHQAR 5V DD
VIQ) B FHOMVROMRQ



) LUXH  &KRWGEADIWP UHSUHVHQI GlLIHIHQMWASHY Rl FHOIEHY H SUAWIQI GLIHHQAR 5V DAD

VIQJ B FHOUHVROMRQ



,ORUGWMRQ G HU\V.\E B\H3 K L BE WU VD DR Z DS BWW LIFHXQORFOLEE H
PDSSHBKHVHFHS WRMWKH] KXPDQHIHUHGBHR PLOVKHD VK8
(SLIHQRBHRZVHIHLGHR JGHMPS LFWLRXQUH L VR Q AV KEIH VAD \ W R

X QG HUWWKB-RGR P R VR P\D\® U LREV WHURHIF H S WKRHUN V XF@WM 2. QG\L F D W H
WKBWURPRVRPZD KL JKI®Q U L FXIHVBKK HFPO WRKGIL V W U LEEINMW HR/ @
UHFHSWRUV FDQ EH VHHQ RQO\ RQ RXW RI FKURPRVRPHV

YUXH GRIDP GV WH FKURP RVRP DOBFDMRQ R DOKH IXQRURQDCR 5 V IQ KXP DQV
5 HG @HV UBHSUHVHQWXGPURCDCR 5 V UHIDE® GHMPRG LQ P DO QDQNFHTY \MP RURUFHOIHV
Z KHUDV P\ DQ @HV WHSUVHQMRR LY WDWDUH QRAGHWMRRNG [Q DQ. WP RUWSHV RUFHOGIRHY XQaHU
LQYHAN DIRQ



$SDUWR PX Q FW LRRIQJ D 8 WHRFUH S WIRWIVR YAKBHIF H S WDRPW D \ SOMHEHG R
RO IDFWHRAH S WRDMIP L QBV VR F LDMAHS W RE5NVI R P H U R QW N\SHO
UHFHSVRRIUAD Q & D VWHH H S BVHRUBLO \HRY D O X DRAWHIGHHL B U H V \T IKRYQ
UHVX\OKRY KBWOAKIEVH[SUHVYDRQJQLILEDRFRQ WWRWKH U V
JLIXUH 7KH25VDOWKRD KLJEHJURKNDULDEQRKMYSUHVYDQRQ
GLIIHWXPWERP HRIWKHDP S WHWKR ZKHUMD VWHFHSMRG ZDV
IRXQWBEHH[SUHVRBQ\QV KHH OPH @0 ®RH&HU YADQFKMRBRPHURQDVDO
UHFHSWRBVDQG1 5 ZHURXQERH[SUHVIMW&HE % FHOD&H
OHODQRADXUH1R QR IW KGID W DAKHRVE WEH{ S U H VR ISR®I XB®IDFWR U\
UHFHSWRUYV
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YUXH  7RS 80 $3 GVIDMY AMIPWHBOUFCMMY 1Q WH LOGEFDMG Q) B FHOXP RU
CDEBVHW 0 DUHY IRUHDFK FOMMUDUH IQEFDWMG LQWH M W 0 IG3BI 80 $3V GHSIFW \WH
UHOMYH H SUWWRQ R \WH UHSUMVHQIAMYH 2 5 V 1Q \WH IQEFDWG VIQ) B FHOMP RUCDEMVHW YRIRP
" HQUW KMRI UDP V GHSIFWG \WH CGRUP DO HG H SHWMRQR! WH IQAFDMG 2 5V



)UXH 80 $3 LOMIDMY MPWHBOUFOMMY DQG UHOMYH H SUWMRQR! \WH UHSUMVHQIBAYH
2 5V 1Q\KH IQAFDWG VIQI B FHOMP RUGDIVHW



TKHIWRWRXOQWKLAK\SRHUHFHIWR R X QVGE HH [ S U H VIMEAIKGL A\ SRHI
WXPRWHQWLRQHGDEOH/ KHGHWDWOHEG6RQ VL VWKEOQ  HHIW KH
UHFHSWRUHVVHAWKWDPHFD EHIRXQGBIW KWHXSSOHPH@W DU\
6,B7TDE@®N DFFHVVLQJ WEURXJK WKLV

7DE®  7KH\WE®I FRQBIQV LQIRUP DURQ DERXVKH CDVIVHW XVHG IQ\KIY VWG, ,\WDOR FROBIQV
LQIRUP DMRQ DERXVWKH \RBAQXP EHUR UHFHSVRY H SUAWHG LQ HDFK GDBVHW

$ FFHWIRQ 7\ SH 25V [ S25V[7 5] 7 5V[ 7$$5[ 9 5V
* 6 ( $FX\M OP SKREOWE GXNHP ID
* 6 ( $FX\M P\ HRG GXN-P ID

* 6 ( $FX\M P \ HRG GXN-P ID

* 6 ( $FX\WM P\ HRIG GXN-P ID

* 6 ( &KURQIE P\ HBJ HQRXV BXNHP 1D
* 6 ( & RBUHABCFDGRHU

* 6 ( YUHDWFDQRHU

* 6 ( YUHDWDQHU

* 6 ( YUHDWFDQAHU

* 6 ( $WIRA\RP D

* 6 ( * (REOVRP D

* 6 ( * (REOVRP D

* 6 ( * @RP D

* 6 ( * RP D

* 6 ( 2 WRGHQGRIMRP D

*6( +HDG DQG QGHAN FDQHHU

* 6 ( 5 HQDCFHQFDUAGRP D

* 6 ( / XQJ DGHQRFDUAGRP D

( 07%% 1 RQ P DOFHOOQ) FDQRHU

* 6 ( 2 YDUDQ FDUFIGRP D

* 6 ( 3 RAWIWM FDQFHU

* 6 ( 0 HDQRP D

* 6 ( 0 HDQRP D



https://drive.google.com/drive/u/0/folders/1azQ5tq2gQOdzVQhgUyaP2vgpOElyhHEO

* 6 ( $ GHRODUWKDEGRP \ RVDUFRP D
'53 %4RGFKRDOHRDUFDUACRP D

* 6 ( &KWRQE P \ HRIHQRXV BIXN-P [D
* 6 ( &KWRQE P \ HRIHQRXV BIXN-P [D
* 6 ( &KURQIE P\ HRIHQRXV BXN-P D
* 6 ( &KWRQE P \ HRIHQRXV BXN-P [D
* 6 ( &KWRQE P\ HRIHQRXV BIXNHP [D
* 6 ( &KWRQE P \ HRIHQRXV BIXN-P ID
* 6 ( & RBUHRBICFDQRHU

* 6 ( YUHDWDQHU

(53 &HNM[ FDQRHU

* 6 ( * (REDWRP D

* 6 ( * RP D

* 6 ( ( VRSKDJ HDO/TXDP RXV FHOFDUFIGRP D
"'53 / XQJ DGHQRFDUAGRP D

"'53 / XQI DGHQRADWAGRP D

'53 / XQI DGHQRADUACRP D

* 6 ( / XQJ DGHQRFDUAGRP D

'53 1 RQ VP DOFHOOQI FDQAHU
'53 1 RQ VP DOFHOOQI FDQAHU
'53 1 RQ P DOFHOOQ) FDQRHU

* 6 ( 3 DQRUHDWE GXPBICDGHQRFDUFIGRP D
* 6 ( 3 IRWIW FDQAHU

* 6 ( 0 HDCRP D

* 6 ( 0 HDCRP D

( 07%%

0\ [ RG GBRVDURP D




2QFHHREWD LVQK#HE S UH VY DRQRIV HFH S WREN W XB K URR/XOWLSOH
WXPRIUNWFRPSX WHBFWLYDQGROQFW LYW RRKAFHROL QB .0
VFRUMMXUH7 KHFHXK®\WBPHGLID®.0 VFRUHZHFRQVL GMRHDG W L Y H
DQ® KHH Y WUIHQ D FWK YAX WIRII I LR QORKXPDQQKDEHHOHSRUQY HG
WKH OLWHUDWXUH DIWHU YDOLGDWLRQ RQ (1&2'( GDWD

) UXWH  %DUIUDSK UHSUMVHQIG) WH SHIFHQBUH R 2 5 SRVMYH P DI QDQWFHD 1Q \WH IQAFDWG
\MP RUMQI ® FHOCDWMVHW 1) 3. 0 DORUKP Z DV XVHG IRUWH GHMP ICDIRQR! 2 5 DRYDURQ
AR



2YHUDIOMKKZIRUNIZRED YHGHQWLRS5HGXPBWD LY R QW KHRQ O\
ZHUBHSRURMW KEHHLBSUHVVQRKGU H Y LFRODQ/FOILWW H UKW X HIHD @ D \
WKDW &DQFHU 6PHOO ZRUNIORZ KDV LGHQWIAUHG QRYHO 2

YUXWH (WP DURQR \WH 2 CDRPRY UHSHWRILH DVWKH VIQJ B FHOUHVROMRQ UHYHDBIG SUHYIRXV
XQUHSRUWMG FDQFHUDWRADWG RIDARY  UHFHSVRY  UHSUAVHQMG KHUH DV 3 1H FKDW



1R ZL R U GW RG H QAKIDIWR @/H HWHHF H SDVSOD \ IMKHAHQ BHWD ULDW LR Q
$QDO\VI6WS ZDVSHUIRUBHIBL QR XU WHMHDF Y IUJ Q D W XKKIHUWH V X O W V
LQGLFDKWDAVL J QL | BERG W B WIKBHE W H EBMDG HP S O L A.DWMKIGE RFH V V
VXFRWWHPQRMWDVWIDWDWDRR@LIIHUHQWLXWHRHZ25V
ZKHB[SUHVYHGHQ YR Q@WK W K 2\ K\ MUFD X V MQKIPRWR JUHV VLR Q
ZKLORPHHUH[SUHVNVNGMKSD W K ZDKW S R QNRIAE RUHH G X FRVWR® R U
SURJUHVAKLHRED $ VFRUIKRW HF H S V&R B WKK H/ILU Q D W.XALH W.Q
6XSSOHPHQWDUG , BORPEEKLFK FDQ EH DFFHVV#G WKURXJK WKI

YUXH  * HQH6 HV® DUDIRQS QDOMY * 69$  UHYHDGIG \WH IXQRIRCDOHBIYDQRH R \WH
IQGFDWG RIDARY UHFHS\WRLY 1Q WP RUUHDWG SURFHWHVY IQAFDMG KHUH DV \IH $ @X(YIDCSEW


https://drive.google.com/drive/u/0/folders/1azQ5tq2gQOdzVQhgUyaP2vgpOElyhHEO

$EHUUDWLRQ RI WKH 3RQH UHFHSWRU RQH FHOO UXOH  LQ ED
,QDQR U FIR® G LW KFQ H QH[S UH VIVWRQ K\ OX OD QUM IGK 8 VO\D W L Y H
HQYLUR Q@BHQSW HVVURIEY W U RRDHIGU H FRHBHV RRXGDIER U GWRI H V W
LIWKLVDSSOLADIERD OLJEHOBNHYVW L P BMFEO O NI X HRIF \
FR H[SUHASWH)R DS DU W LFFHCIEKM3 . 0 VFREB M KH Z D\ U H DWHKQ

W KDXW J H WKW WHH FH S W R WL QWK DWW W LFFHXERDWH V XUHW WIKD W
FDQFHURMERHYRWEHARQH U H FRIGHY RUDOGHVL W [S U H VR XIOW L S O H
UHFHSDARQFH[FH B KAD VRIW X P RIHO DANRHKHH U Y R XWW BB J X U H

) LUXUH &HOBOUIHTXHR R H SUAWWHG 2 5V OUHD YDUHY DRRW P XQ5G! WP RUWSHY
GHSIFWMG KHUH DV D SHIFHQUMW H EDUJ UDSK



7K M6 UH B DWW FGW DR U WAKHHRIDAM\D O \PMIGR X UH V XIOMKR Z M/& H
PD[LP X®PH O DIWAXQGIG DRQWIAE WUDQV EH IRIMHW\G RGL I THBB®@WW H U V
IRUP HEGWWKK HRPIRD HF X RBDW \/HRG H QXKIH W WHKEBH U WPIRLOH F WO SHY
PRUMWHVSRQRIHESWHVKILIKPRX REYV$IWBHEISOWRDQQ :KLWQH\
SDLUZWWE WWKR Q | HUARRIQIH 8§ WID® XQHRV L J QL | UFHV@W VR EWDLQH G
EHWZHHQ WKH 25 H[SUHVVLRQ DQGLWKHHPROHFEXODU VXEW\SH

YJUXH  $ 80$3 SBWEHSIFUWY \WH CMIPWAHBOUFCMMY VHI UH) DIMG EDVHG RQ WHU
WDQVFUS\RP HV RYHUD)\ HG Z W \WH P RBFXOUIGHQMY RN GlLIHHOWFOMMY % 9%DUJI UDSK
UHSUAVHQUQY \WH QXP EHUR! FHOY 1Q GLLIHIHQAP RBFXOUVXEWSHY R EBDWWDUIACRP D &
© KIMNHUSGWHSUAVHQI) \WH P HADQ H SUAWWIRQ Rl WH EUHDVWFDUFIGRP D DWRFIDIMG 2 5 V 1Q \WH
IQEFDWG FRQAMRQY



)X UWIDHRUUH QW OIS H U | R WPRIKGH ZIK L K VK D YIMW H Q G MVQRF \
HISUHVV WROBHXMKHU

YUXH  &RUHOMRQ SBWEHSIFW) WH H SUHWIRQ VIP [OUMAV EHE HHQ EBHDW
FDUFIQRP D DWRFIDMG 2 5V



2QHH[DPSRPRMVKIHR H[SUH2AWH®&/ KR ZEH O RK HVWH V X & WWHKMHID U O\
L Q G L MDRADAKW X PRH G B HYRMR O ORRKIRIQH UHFRQWHROKQOHKH HG
DUUBRRLQWRZ DWE&EWHB[BUHVYELQJ ZKLOUKIHHBPQUERLQAQWRZD UGV
WKHFHHE[BUHVY5 @J )HZFHOM\G L FDIWANHKEH D@ U RDAMA KRHQ HAK L F K
DUH H[SUHVVLQJ ERWK RILWKWHVH UHFHSWRUYV

YUXH 80 $3V UHSUVHQID \WH FHOOUH SUMWIRQ R & R UHSUHVHQEMYHV 2 5V IQ EBDW
FDUFIQRP D DBRQJ Z W \KH GHQUW KIMRI UDP V GHSIFWY \WH QRWP D@ HG H SUHWIRQR \KH
IQEFDWG 2 5 V 1Q VIQI B FHOEWHDWFDUAGQRP D CDBVHW



3DVWHSRHWD/O X DWKIBFW LY BW DK HP RV HQMRAHS IMRHD O WK \

WLV VXHYHD/OKBEWLYBWDRKHP RV HQVWRUHS WRH B OWIKY V X HV

UHY HDAOKBHE WL YR WX R Q2 B\OHK H U H ZRAUHHD P L QMKBH[ F O X VIR LKA\

25V H[SUHVIMW&P R&R/P S D U W IDYCHMLYWH DNOKNBBWHX PERID FW LY DWH G

25 JHQHWW\VWHP D WLFROMYKAD O L J Y V@MOHDV XE |UDRWKR@ H
RXW RI ZHUH GHWHFWHG X QHKHDOWK\ FHOOV

%YUHDVW (SLWKHOLDO &HOOV

YUXWH  * UDSKIFDAGMIDIRQ GHSIFWY \WH QXP EHUR FH@ DQG UHIDE® GHWMRRNG 2 5V 1Q
KHDE®X\ DQG P DO QDQNEBDWHSIWHIDOFHDY



7 KH VU V XL@\VB V. VKRN S U H VR MRS VL \P R UBIH O DAWRHKBAX PIRHUO O V
W\SRAKHGLIIHWHOMVY25VWKDWH[SUHVV@GGI!IH VDO ®AH\EH
7LVVX7& DQAGRUPDUNXPPDULJEMMEOHS$SOVRKHHQGLDJUDP
UHSUHVHG®DWMWIKNRPPRQXPERU25VLOVKHBHIITHFRQWLWLRQV
JLIXUH

7DEGI  7KH\WE®I FRQEBIQV LQIRUWP DURQ DERXVKH GlLIHIHQAR 5 V H SURWHG 1Q GLIHIHQMSHY R

\VDP SBV
6DP SO 2 5V H SIHWWHG
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YUXWH  3HFHQEIH EDUJWDSK GHSIEWG \WH UHDMYH SURSRMRQ R GHMAMG 2 5 V 1Q \WH
IQEFDWMG KHDEM DQG P DO QOQWHSIKHIDAFHT 7 KH 9 HQQ GDIWDP RQWH W KWEHSIEW \WH
QXP EHUR RYHWDSSIQJ 2 5 V 1Q WH IQAFDMG FROGMRQY



7 KHR X U WHH®! SIKRB¥ UFFR P P RRQ@V K HR/RHQ G L W/ BIR(W WLIKHMB H F W H G
IRWKAHRKHUR@BH FW L YDIWELKR@O NBRQ RHLUO D WA Y RI@IREIH

SUR WXPRRQDWXEHW QY DVAHRWD V V8D RIOWL | QISP D YK R Z
DQLQYHUWI® DMIVRKK25 H[SUHVVILRRUH 6RPH5VDUBRVLWLYHO\
FRUUHQZDWMGHPQBUMHUHQIQOWLRRIHQRBDYWEIFROWUDVWLQJ
LPSOLFDWLRQV LQ WKH DFWLYDWLRQ Rl FDQFHU UHODWHG E|

YUXH  9%DUIWDSK GHSIFUD \WH FRUMDMRQ EHE HHQ WH IQAFDMG 2 5 VH SUHHWIRQDQG* 69$
VFRUAV



FRPHSUHYLBHSRKBWYWELQNHK®5 DFWLY 2 UWIPR@ WRR@HFDQRQLFDO
PROHFXOREBH VARFK H MK HYBIW K Z\I KEHU H [FD\WY FGW I\DRWVD LW LD O O\
V'S GIOW VM MBHV X QWHYBQI IHYKD VW DWRWRAWXHH G LB[SUHVVLRQ
YDOXBW RP S X\ H\E KIDFKO X VDAHED V HRED FXWRQW KPMWG LIF®IO O V

Z H U®BID E HIDWMKAL JKQ@ RZPHGLDQ 3+LJKOVBIRZJLIXUH $IWWHKDW
'LOFRHYBAS HU | R URK® FKO X VEMNLZ MHK&HL JBQ G RED W H FRILD.O V

3 YDORMWRII ZDWSSODE® KHHV X QWQ&WKBDVYIFR & D QU H
ZHURRQV LGB WHSUHJ X QZIXWGEK 8HH Q HW/D Y L LRIOFK D QJH ZHUH
FRQVLGHGHRGE QUH J XTKTHAVG\VEQ LRHWS UH I X ORB RBQUH I XBIRWWY G
ZLW KDFEKO X VIWAHHRQ W LR @HS SO H P HIDVED WIS , B 7 D E OTHRD F F HIVW
FOLEN RBG/WKLV

YUXWH  6FKHP DUF UHSUAVHQEMRQ GHSIEWD) \WH WDWI\ HP SB HG | RUGLIHIHQIDQ) HCH

H SUHWVMRQ DQDOMY 1Q Z KIFK \H P DO QDQWAHTY Z HUH VHJ UH) DWIG EDVHG RQP HADQ2 5
H SUHWWIRQ


https://drive.google.com/drive/u/0/folders/1azQ5tq2gQOdzVQhgUyaP2vgpOElyhHEO

, QR U G\M B G H QWVKIH Q HZ\L W K IDEFKO X VEAHHDIR Y RK L FSKO W K RIBURW H L Q
QHWZRHWD V PIREH YD H U | R UPHI\G D V ALDES B HIHH QBIQ Q R WIDOVG R Q

D Q D O UH.WR XAKAHKKH O WR G H QMQLU\L FEKLHR® RR DFDROOIRQY EBW K Z D\ V
H\PROHFSOREHWHKHIM W U LBFBCGHE O BWHRBT OMUDQVFULSWLRC
RU WUDQVODWLRQDO UHJXIOIXWHRQ DXWRSKDJ\ HWF

YUXWH  +HDW DS GHSIFWY FOMMUZ VH HQUEKP HOAR WH SURP IQHQWEIRE LEDAXQRIRQY



YUXWH  $ERYH 5HSUMVHQEMYH JHQH RQOREI IHY GHSIE) \WH IXQRIRQDAP SRMUGFH R %6 &$
DWRADWG 2 5 VIQNA EIRBJIFDXP RBFXOUSIRFHWHY  %HBZ 0 HIVFDSH SBWEHSIEWD) \WH
FOMMUIQRUP DIRQR! \WH Q) B FHOEUHDVWWADUFACRP D CDWVHW



'HEUHDVHBOOXDDUUHTXHQFQ GH[SUHVVIGRQLFDQFHAHOO
GLIIHUHQWLDWLRQ

&DQFAMOXQ/GH WIR/ HQWISY. B H QUHMSELLFR J U D® R U Q@MW U D WEK®® X0 D U
GH GLIIHU H:E@WICDQVIWREQ G H U WWKEHR B Q 11 6V KFHH O O2GOMAUNV LY DW LR Q
IUHT X HIQ@ KFIR Q WRII[FD Q F H UGHHIGIQ H Q Y\RIUZ WILFSY H X @R PSR UD O
DQDO\XDRVYSHUIRUREM% UHDF\DW FE DW DX\HVP R QR FOKHG DW DV H W
FRQWBHWIDWLEQ®NM I HBRQWFWODHINK 5 D W LO-DEW DIOME
ZDWHPRYIHN® W KBIQ D O WLLYRHX Q G H U Z\HKQNA H D W)RHIP K&V H X G R
WHP S POD®RQAYHHGARS H FWIKAW D ISRILR KIHO JIRUZWHRVD UW L Q J
SRLQ@WKIEWVHADVGHWHUPE\QMIGHE9$ VFRURMVKHMWHP QB @@
GLIITHUHQ WK BG\LL RHU RRO¥FWHP QEQE LI HUHQMIUDIWRID V
FRPSXVWIQG@VKRFHOKD/Y LWXHD O XBIHDWHKWKMHGLFQORHVKLV
GLIIHUBBMYVVLIQYRG YBNVWHP QHIWR/S FKWR W K BHVBIV VLI QYK E
GLIIHUHQVIRSWINRNY\D Z H DI R 2R PMK D WH P QIHYG LI THUH QWD W LR Q
LQ Y H UBWHRB\R UWR B BROMOKHUH U R R H ONOKIODWEH HEQV V L JIQRAIGK H L U

VW H P QSH/R/S H BIWIEKK U WK IHYUL GO/ UF-DHV H JROR B R G H UDQVWEL J K
VWHPQHEDVHRGNV K LB UH V7 KREH &/G DBAX O W L PIDWWH. O B IHVBK L J K
VWHPQHBDVFRQV L GBWWHIGHW D USWRLQCRMWY KSIV H X B/Ri P S FOUCDAD \ V L V
ORQRFQHMOGMIGURBLEUDQFKIWKXFLGWWHOBUJH@FGLIIHUHQWLDC
SDWKRORJLFDO VWDJHY HQWDLIQIXUHPROHFXODU VXEW\SHV



YUXWH  $ 0 RQRFG!I JHHIDWMG SVHXCR WP SRIDOADVYIRRY R P DO QDQWV EBHDWWHSIWHDIDO

FHO $WRZ KHDGV IQAFDIY \WH QUHRIRQ R WH FHO@UGLI HIHQIDIRQ % 80 $3 SBW
UHSUAVHQID) \WH QXP EHUR! DRYH 2 5 JHQHV SHUP DD QDQWFHDE 80 $3 SGWEHSIPWG) \WH
UHDMYH FHOOUWMP QHW DRURW DOP DO CDQAEWHDVWADUAIQRP DFHTY ' 80 $3 SBWEHSIEWY

\KH WP RAMIUHV Rl WH FHQ' DRIRW \WH SVHXGR WP SRUDOADVIFVRY



$QHIJDWRYW HODWLRDDREVHUNMHNBKLIMNLIQLISFDQWMD O XH

EHWZHHQHP QB ® VHXG R W DRSH F WKIDM FH @ @0 R V LLAWIV
VWHP QSIWR'S FRUOWMMWL PHRZHYWHB25 H[SUHVYDRQHIZVWXPLQRU
FRUUHODWLROQWRK/ LIQLIBENDQWE RDUIVEK HX\E RP2HW KR QW U D U\
QRVLIQLIERDQYWOBDWLRQS YDOXH ZDWEVHUKMHWEZMKIE
IJUHT X HSHBH OO RDUWKKSVH X WRPH. JXUH 7KH[D MW RIMKH
YDOXHNRHQWLRG@XSGSOHPHTQIVEDWG, B7DECAKLAO @HDFFHVVHG
WKURXJK WEsH JLYHQ

YJUXH  $ 6FDMUSEWEHSIPWG) WH FRUHOMRQ EHE HHQ FHOOUMMP QHW DQG FHO
QUHHQMMRQ WP H SRIQN SVHXCRIP H % 6 FDWHUSEWEHSIEWG) \WH FRUHDMRQ EHE HHQ P HDQ
H SUWMRQR EUHDWWDUAGRP D DWRFIDIMG 2 5 V DQG FHOGEL HIHQIDIRQ WP H SRONV
SHXGRIPH & 6FDWHUSBWEHSIEWG) WH FRUHDMRQ EHE HHQ FHBX@UI HTXHQAHV R
H SUMVHG 2 5 V 1Q EHDWWFDURIGRP D DQG FDQPHUFHOGL HHQIDMRQ WP H SRION SVHXGR WP H


https://drive.google.com/drive/u/0/folders/1azQ5tq2gQOdzVQhgUyaP2vgpOElyhHEO

8SRQFORVHAVSHRWIGRZLYVEREBRS X BDXNRIREOHODHREVHUYHG
WK D/\WGIXPERIR5VSHBH@DVGHF O LIWKFH GO R JUHWKHEW LR H

$J D LMPKAH QZOK\L FKKD YKL JKW H P QYHDVOVAIHW MYLKQY P L QDR S X O ZWU R Q

X V HEB\D VW D US/RILEDB Y HXW R P S BRQOD@ \MLIWKUH 0R U H RIYROU O VR
REVHUYHG WKDW WKH 25 H[SUHVVLRQ GHFUKNDMHMDORQJ ZLW

YUXH  7RS 0 RQRFGIJHQHIDWMG SVHXGR WP SRIDOADVIFRY R P DO CDQAEUHDVWHSIWWHIDO
FHOY R OP QDG P RBFX@UVXEWSH GHSIFWQ \WH GHFUHDVH 1Q FHBOUMAMP GHW GXUQ) FHO@U
QUHHQIMRQ WP H FRXUH $ WRZ KHDGV IQAFDU] \WH QUHAIRQ RN FHOXOUGL HIHQIDMRQ
YRWRP 80 $3 UHSUMVHON \WH GHFUHDVH 1O \WWH QXP EHUR! DRIYH 2 5 JHQHV SHUP DO QDQWFHD
OP IQDCH VXEWSH GXUQ) SVHXGR \MP SRUIDOADVRRY



YUXWH 6 FDWHUSEW GHSIEWD DQ RYHDOGHFUHDVH IQWH H SUMWRQR! UHSUVHQEAMYH 2 5V
DEQ WWH SVHXGR WP SRIDOADVIPRY 1Q\WH LQEFDMG FRQAURQY/



6LPLOBDYV XDM\VMWK BWRPELPROHFXYXXPW\ZRB\REVHULY@BIGLQPD O
VXESRSXWRERHROQX®HB QKIDY'W QHJD WIRYWHJ HZDWKKSY H XGRWLPH
5 SYDOXH TKHDFWREYHRXQWPHOOGRHFUHIEZYWWLPH

5 SYDOXH $ VWURRVLWRYHHODWLRYDOXH

ZDV REVHUYHG EHWZHHQ DFWLYH 25 FRXQW)SH XWHHOO DQG F

JUXH  $ 6FDMUSEWEHSIPWG) WH QHI DWYH FRUHDMRQ EHE HHQ FHBOUWMP GHW DQG FHD
QLHHQIMRQ WP H SRIQN SVHXGRIP H % 6 FDWMUSGWEHSIEWG) WH QHI DIYH FRUHDOMRQ
EHE HHQ FHOXOUIHTXHQR. R H SUAWHG 2 5 V DQG FDQRFHUFHOEL HIHQIDIRQ WP H SRONV

SVHXGRIP H IQ EBDVWWDUIAGRP D & 6 FDWHUSBWEHSIEWG) WH SRVMYH FRUMHOMRQ EHE HHQ
FHO@UIHTXHQAHY R H SUHWHG 2 5 V 1Q EBHDWFDUAGRP D DQG FHOOUVMP QGHW



7KH H[DFW YDOXHV IRU /I XPLQDO $ GIBACCHWHW LV VXPPDUL]JHG

7DEGI  7KH\WE®I FRQBIQV LQIRWP DMRQ DERXVKH SVHXGRWP H 25 IBHTXHQR 25 H SUWRQ
6 WP CGHW DQG' LLIHIHQIDMRQ IRU/ XP ICDCH SRSXOMRQ RN EBHDWWFDUFIGRP D CDUVHW

, SVHXGRWP H | 25 FRXQW 25 H SIHWIRQ 6 WP QHW " UTHHOWDWRQ
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,ORU G\W BK H FNK D WF& H F OLL\R 8 \DFS S O L MDREHDHOWVQIG\ L Y LR R O Y H
VDPI$VHX®R PSRIUDIO AN HUIRURPGDEK HD O®/IXW D VKM HD O W K\
OXPLPBOOKLBIRWXFRRUUHODMWDRQYN 1RVLJIQLIUFD@MDLR Q
IRXQGEKHDOWXRLEDBDOBDWFWRSHWSHBHOQSVHXGRWLPH S
YDOXH 1HLWEKGWVYLIQLIUFD@MONREVY H U EH B Z MK W2 Y\¥E H U
FHOO DQG VWHPQHVV 5 )LBXYHBOXH



JUXH  $ 3VHXGR7HP SRIDOADMPRY R KHDIK OGP ICDCEUHDWWHSIWHIDOFH $ WRZ KHDGV
IQEFDU] \WH QUHAIRQ RN FHOXOUGLIHHQIIMRQ % 80 $3 UHSUAVHON \WH QXP EHUR DRYH 2 5
JHQHV IQKHDE®M O LQDCEUHDMHSIWHIDOFHDY GXUQ) SVHXGR WP SRIDODMPRY & 80 $3
GHSIEW FHOOUWWP QHW DBQI \WWH SHVXGRMP SRUDORDMIPRY 1Q\WH KHDEM\ O LQDCEBDW
HSWHIDOFHQ



YUXUH 6 FDWHUSEW GHSIEW H SHWMRQ G QDP IEV R UHSUHVHQEMYH 2 5V Rl KHDBM OP QDO
FHO' DEQ \WH SVHXGR \MP SRIDOADVIRRY 1Q WH LOAFDMG FRQAMRQY



YJUXH  $ 6FDMUSEWEHSIEG) \WH FRUHOMRQ EHE HHQ FHOXOUMAMP QHW DQG SVHXGR P H
IQKHDEK EWDWWSIKHIDOEDWMAWY. 6 FDWMUSEWEHSIEWD \WH FRUMOMRQ EHE HHQ FHOIOU
IUHTXHQAHV RN H SUAWHG 2 5 V DQG SVHXGR WP H 1Q KHDAK\ EVHDWWHSMHIDOCDWVHWE, 6 FDWHU
SBWEHSIFWQ \WH FRUHOMRQ EHE HHQ FHOXOUIUHTXHQFHV R WH H SUAWHG 2 5V DQG FHBOU
WP GHW 1Q EUDVWWHSIWWHIDOEDWVHW



&HOOXGDIWHTXHYMUDWRESWXPRUGWRXEJURXIWELYHUJHQW
SDWLHQW VXUYLYDO

TKIWXPRQYLURGPHEWNXUWEISOE®S HWK H URHEEM F X WIKBHHWHFWDELO L\
RIFDQFWYHFRIAVFWKUREKIKOMUDQVFULIIREBWBVKHRAMMKRYHUDOO
GHFOLQWKHHOOX®DRXMPEHU H[SWHXWMERIQ FHUGQIITHUHQWH DWLRQ
DVNH® XOWLYDIUVYDIMHD VFPOBHXVHBBHFRQY RREBEKXVHNSUHVVLRQ
SUR I D@QHER X Q0 13J U H BIDWH. A IQWEKYV WWOOQURYN) ¥ D WMOAIU H B B @Y FBHXUO N
GDWDADRREWD LQRIPE*$DQGWHRUUHVS RQILYBREIBWVWDOFXODWHG
7KLIY3.0 PDWODRDFRQYHUWNME. Q POWDILWIKOWXWRKHUH LV

DQG RWKHUZLVH LV 7KLV ELQDU\ PDWULPXDODN VXEMHFWHG



) LUXWH +HDW DS DRQI Z W \WH FHOOUFGWMMUQ) FRAP Qv GHSIRGQ] \WWH VHI UHI DWRQRI
FHQ@ EDVHGRQ2 5 H SUHWMRQWBMYY 1Q EBHDWNFDUFICRP D \IWAVXH GHUYHG VIQJ ®f FHQEDIMVHW



YJUXWH  +HDW DS DBQ) Z W \KH FHBOUFOMMIQ) FROP QV GHSIFWQ WH VHI UHI DIRQ R
FHO EDVHGRQ2 5 H SUAWMRQ VBV 1Q EBDVWADUAGRP D VIQJ B FHOEDIVHWR FILFXOMG) WP RU
FHO R EGDWDURACRP D



YUXWH  +HDW DS DRQ Z M \WH FHOMUFGMMIQ) FROP Qv GHSIFWQ \WH VHI U DIRQR
FHQY EDVHGRQ2 5 H SUMWRQWBWY 1Q EVDVWWADUFGRP D QI B FHOEDWVHWR SDUHQNGHUYHG
[ HQRJWDIW R EBHDWFDUAIQRP D



2QFMW KE® XV WHDNGRDW K6 FHQWW I B D WXWHRHY H D BAMD N WEH
DY HURIHD FKO X VWDHPLS G K H WH. J Q D WDHWIBIV F R Q Y RFOQUWK G $
GDWDJXUH

) LUXUWH + HDW DS GHSIFWY WH DYHUIDIH 2 5 1LYH GLHWHQWAI CDWUHY BHSUHVHQI) GWICRW
HQUEKP HOAR \WP RUUBHDWG 2 5 V 1Q EHDVWADUACRP D \IWWXH GHUYHG Q) G&f FHOQEDMVHW



) UXWH + HDW DS GHSIFWY WH DYHIDIH 2 5 1LYH GLIHWHQWAI CDWUHY BHSUHVHQID GWCRW
HQUEKP HOAR \WP RUUBHDWG 2 5 V 1Q EBHDVWNFDUACRP D FILFXOMQ \WWP RUFHQY R ELHDWV

FDUFIQRP D



) UXWH + HDW DS GHSIFWY WH DYHIDIH 2 5 1LYH GLIHWHQWAI CDWUHY BHSUHVHQID GWCRW

HQUEKP HQAR P RUIHDWG 2 5 V 1Q EUHDVWDUFIGRP D SDWHQAGHUYHG [ HQRJWDIW R EBDW
FDUAGRP D



7KHFRVLOHVW ZQRWK2E FHQW UL® D WHXHBHM V MKBRQXPERU
H[SUHVVHG 25 JHQHV SHU FHOO KDUERUV D JRRGXSIWHRIQRVLYV

YUXWH  +HDW DS GHSIFWQ WH FRVICH VIP LOUNWY EHE HHQWH V5 1 $ VHTXHCQAQ) COWVHW
GHUYHG2 5 FHQME VW QDWUHY DQG WIDIMHG 7&* $ SDWHON FRKRW



7KH25 FHQWLLIR D W2XHUHBWRMHRQ7HRG$ EXOMUD Q V F U LESWHDPLVE V
FDUFLQ®RPWDQ QR W DMME U Y YD R U P MW BREQV D LRXHOGN B S WVHL H Q W
JUR X SV VWU H DWVZIRD MRWR XISIVY VLI Q L | LE D QWCQUAWE WREDELOLWLH
JLIXUH

YUXWH  7RS . DSOQO0 HHUSGWEHSIEWD SDMHQMN VXWYLYDAQ WH IQAFDMG J URXS VHI UHI DG
EDVHG RQ FRVICH P LOUMW \RZ DBV 2 5 HQUEKP HQWAI CDMUHY LQHWHG ILRP \WAXH GHUYHG
V5 1$ VHTXHAQ) SWRIAY R P DD QDQNFHD YRWRP & RP SDUVRQ R WH WP RUMBI HV

EHE HHQ R SURP ICHQWFOMMY UHSUHVHQI 7&* $ SDMHQW FRKRUV Z W GMICPW/XIYLYDO



YUXH 7RSS . DSOQO0 HHUSBWEHSIEWG) SDWHQMW VXULYDAQ \WH IQEFDMG J URXS VHI UH) DWWG
EDVHG RQ FRVIGH VP LOUW \RZ DBV 2 5 HQUEKP HONL QDWMUAV IQHUHG IRP QI Bl FHO
WDQVFUSIRCDCSURIEY R FLFXOMZ) WP RUFHTY  YRWRP & RP SDUVRQ R WH \MP RUIB HV

EHE HHQ I R SURP LOHQWFGOMMY UHSUHVHQIG 7&* $ SDWHQW FRKRWV Z WY GMIGRW/XIYLYDO



YUXWH  7RS . DSOQO0 HHUSGWEHSIEWD SDMHQMN VXWYLYDAQ WH IQAFDMG J URXS VHI UHI DG
EDVHG RQ FRVIGH P LOUW\RZ DBV 2 5 HQUEKP HQWAI QDWUHY IQHUHG ILRP WDQUVFUS\RP LF
SURILEY R EVHDWWDUAGRP D SDWHQAGHUYHG [ HORI IDIWEDBVHW YRWRP & RP SDUVRQR! \WH

WP RUMIBI HV EHE HHQ \EZ R SURP LCHQWFGOMMY UHSUMVHQIQ) 7&* $ SDUHQW FRKRWV Z W GMIGRW
VXYDO



,QFOLQ%EDBPWKEFRWW L QIKDEFPNVQMW H¥X V HIR W KIHV V H V V RHDKMH
EUHDDWAAUD 2M W H YV XMXW YHY K WSD W L AIOWYMD PW XPRUID GLQJ

FD QX UWKHGW VWL Q IKQWHEHDGE R W KHHHSUHVR MRSV 3D W LHIRW SV
SRVVHVW KELII KHRV LQWH W B2 QWK FHQWULE® D VX XK WHRVZIHRIO O XOD U
25 IJUHTXHQFLHV SRVVHVYV D JRRG SURJQRVLYV IRU EHWWHU V;



" IWVFXWIRQ
'"\WUHJ X O DQWKRQQ FHHQY L U R Q P QUEWKHHF W RE[ISFJ H VR IRROQD FW R U\
UHFHS W-RHUWHH F H SKVORVE# HEU H Y L RIX\SRWWRID G Q FWIERIQ I HUH QW
W L V VIXHHWS R QNRIZERXHKGH D O P & W D E RIOR. WP R ZDVIDIWWR PD X V MQKIH
VHQRIVP HQ@ROLWW XIGH OWRQ G H U WWIHR 8 MV K HWHHF H SIMEROUQ/FEH U
DQDO\]LQJ VLQJOH PDOLJQDQW FHOOV RI  GLIIHUHQW FI

‘H KHUMHSRUW XPRU SX5L ID\P R Q2K L FIKQ @\ P H U Bl KDYBHHQ
PHQWLRQHIQ FE UWH UDKN XY WH GW L UR WWNL QGK B WR Y LEEGIN U J H

FD W D ORIFXH P RV H QVHREUH\S BVIRWRB/DVQY X P RRWW L Q FBHHOBV RO XWLRQ
6LQRIBVVSHEFL I VKREGNJI KHH[$ U H V VRRXP RW KZ R UMD H D/WWCDW K D' W
WKWXPREHFREWOLERS + H[SUHVIVEGH FDW FAHUE HX V HIR W K H
GLDIJQRBXWERNOMAHH ( LWVQ'$ DSSUREIHGP D URBHLR V WDQHH U
3URJQRWINCLER 5VZDWHLQ I RDMZHE EW D MWOKGE V WWDQFY Y B ® S V
VLPSEWW UDFWK@D ULFKRHG@MW 5 FHQW R DFH F X ODWD W.)XJUSH S
WXPRU VDPSOHYV

7 K LXR URO H DUKAR\ZW KIEK Q F WRLIRH)Q HDZ D A\U RPWOD WH QN L U R QHEQ W

W K XAX J J H WK\D MIQ HAD X D Y P X O W LS@AHW DRGYR Q G H U VW IDHIFRS

UHO H YRRME KD Q L @WILFKKWYR Q\UH YR V LLRU®QR G H QWVHKMHHRVMO LID Q G V
WKB/Q LW RH WL RDMHD FW MWHCHVHVRVW H FH SDABWWR YBQWL WXPRU
WKHUDEBWHWDVWBHVLGQXDVDLQBWW K RIKHLFKRY RWK D DB \
KRPRORUWRBKER GBXMM D UAR LEFO O &IODW Q G H QRARXRNZ @& R G\Q

V X FKD V MWK HY HJ D RIGVQ F WRIGN KR40 | D FWHRAUH SFADRELHX V HIR B U X J
WKHUD S\

, QW KV W XZGHP D NWH Y HRIDH U Y DA H IS G IQEKQY KSIRWH QWO DWLRQVK L S
EHWZHHQGHVSUHDPSUHVVRRQ ODUJHWSHFWURIP25V DQG
H[SDQVLRQ GLIRHEQFOBRYHRSLWKS U VHQW KD OLJ G B Q oV



VRIDWKH[SHULPNQ®D®RWKIEUHGLEWDBMXPRU UFRRO MW DU
SDWKZDWWHO®V DRK HR WHKIPID MR RLWKHGHQWASVBGRUSKDQ
UHFHSWWRKUHU H LRIRK G BMRG H O L Q WIKWRRIQW U L EQWXREBEWROR J\
LGHQW L RIWEKWUR QR DWW W D J R QVKMWNAWHESU Z D: B V V X VHK\Y WH
FDQFHU VBHWID EIRON F U P HFRXIBMMKSR W HE8 YGB OH Q RRKY LR W V
WKHFBIQFHU V SIFMREIF/DVWWLQ AHKSHU H V H B WXDLVPMKFHH O O X O D U
FRX@W[SUHVYIMNZLWKXPRHGQI IHUHQWKBWHRIMHP SRUWBQW
IXQFWLRQDOO\ YDOLGDWH WKHVH ILQGLQJV E\ WKH ORVV RI |



%% ,2* 5$3+<

<RXQ) - 0 7UDWN % - 7KHVHQWR VP HOJHQRP IFV R YHUMEUDM RGRIDQAHAHS\RLY
+XP ORO* HHW 5 =

5\X 6 ( HWO2 GRIDQMHHS\RLY FROBIQQ) FRQVHWYHG DP IGR DFAIG VHTXHQFHV IQ
WDQWP HP ELDGHGRP DIQ - QVSM\ GMIDPWH SIWWIRQ SDWHLGY IQ P DP P DIDQWAXHY 0 RO

&HW 5

I+

UXWK & ) +DO5 $ 2 CDPRY UHFHSVRUMDIIENQJ \R \KH SOVP D P HP EUDQH &HD0 RO
JUIH6FL 5 +
+DD5 $ 2 DRRY UHFHS\WRUIQMDRIRQY Z MW RKHUBHFHSRY $QQ 1 < $FDG 6FL
+
SQMQV *  6IPRAVGHERXD) 0 2 MDPRY BFHSWUMIQDEY 0 HWRGY & HOIARO
+
6IOD7H[HID & 6 &HIXHWD 1 0 ) 6 $ 6IOD) HIHID $ & 8 QDYHMY \WH
RIDARY VHOH 1URP \WH JHQH R RGRUSHIFHSURQ &KHP 6HQMHV 5 +
KDD 6 <RWKINDZD . 7RXKDWD . &KHP RVHQWRY \LJQD DQG WHUUHFHS\RY 1Q \WH
RIDARY QHXWDOAVMP 1HXWRVAHQFH 5 =
2 (RRY 5 HFHS\WRU DQRYHYIEZ 6 AHGAH WHRAW RSIEV DW
KWBV ZZZ VAHGFHAWHRWARP \RSIFV P HAFGH DQG GHQIVAWY RIDARY UHFHS\RU
) BIVFKHU - %HHU+  6WRFDQQ - 0 DP P DIDQRIDARY UHFHS\RY ) URQWE.HD
IHXRFL 5
-IDQ < HWOO RBFXOUSIRIEY R DAYDWG RIDARY GHXURQY IGHQMHY RGRIDQNHFHS\RY/
IRURGRWIQYIYR 1IDWLIHXWRWVL 5 =

XN/ % 2 (OARY UBHAHSWRY DQGRCRUFRAQ) IQPDPPDY 1 XWS5HY %

QAVEXWMRQ6
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3IFN + HWDO' XDODRIYMAV Rl RGRIDQN RQRIDARY DQG QXFEDUKRIP RCH UHFHS\RLY -
URO&KHP 5
* VP DQ *  HWO7KHRIDPRY UHFHSVRUJHGQH VXSHUDP I© GCDWBIP IQQ) FOWLIEDIRQ DQG
QRPHFODMH ODPP * HQRPH 5  +
. IDXEXUW  +XP DQRIDARY UHFHS\RUIDP L0V DQG \WHURGRIDQW &KHP  %ARAYHLY

+
 XUKDWKL7 /RZH* *RG* + 6XSSUMWRQR RGRIDQAHVSROHY B\ RGRIDQV1Q
RIDARY WFHSWUFHO 6FHQFH 5 +
2 (MARY 6\\WP $CDRP\ 2 YHYIEZ 2 CDRRY ( SIWHDXP 2 CDRRY 1 HYH DQG \WH
&UEUWRP 3OW DV KWBV HP HAFIGH P HOVFDSH FRP DIE®H RYHYLLZ !
ODQE % *RAM 3 $ 9PN/ % 7KHKXP DQRIDARY WHHSWRUIHQHIDP 1O 3 URF
1IDWBFDG6A86$ 5  +
5MgUH 6 &KDBW ) OHIJH' 6SHKUO  5RAWXH , ) RWP\ CBHSWAH UHFHS\WRUDH
SURMQV DUH D QRYHADP IO R YRP HRODVDOFKHP RHQRY 1DMH 5 =+
+H + 4 HWDO) XQRIRCDOFKDUDAWUL DMRQ R \KUHH P RXVH IRUP \ CBHSWEH UHFHS\RWY 0 RO
3KDWPDFRO 5 =
) HGP HWHU ( HVWDO:  IGHVSUWHDG HARSIE H SIHWIRQR RIDARY UHFHS\WRUIHQHY %0 &
* HRPIEV 5
/HH 6 - ' HSRRUMMH , +DMA+ 7KHIDSHXWE SRMQIDCR HARSIE RIDARY DQG VM
UBFHSWRY 1DWSHY ' XJ' MFRY 5
0 DQMQRWY 6 HWDO) XGRIRCDGFKDUDRMU, DARQ R \WH HARSIED® H SUIHWHG RIDRRY
BHFHS\RU $7  IQKXP DQP \ HRIHQRXV BXN-P ID &HOD HDX' MFRY 5
6SHKU- HWDO* SURMQ FRXSBIG UHFHSWRUMI QDA YID 6 UF NQDVH LQGXFHY HQERIHQRXV
KXP DQWDQUHQABHFHS\RUSRWQIDODQ@RGWSH 7539 FKDQOHDRINWDURYQ - %4RO
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&KHP 5 =
: HDQG , HWDO&BQIQ) DQG IXQAMRGDAH SUWIRQR! D P\ FIF QXFOREH J DWG FKDQQHO
IURP PDPPDIQVSHP 1DMH 5 +
) BUHO& HWDO51$ 6HT $QDOVYV R +XP DQ7WHP IQDIDQG' RYWDCE RRW DQIM Z MK D
) RAXVRQ&KHP RHFHS\WRWY 3/R6 21(
IHUWIIHU 7 HWDO&KHP RHQVRY &D G QDP IEV FRUMDWM Z M GYHWH EHKDYIRIDO
SKHQRWSHV IQKXP DQVSHP - URO&KHP 5 ot
+ DU DQQ & HWDO6 SHIP $PYDMY 2 GRURXV 6 XEWBIGRHV 1Q + XP DQ) RAFXOU) GG DQG
9 DJIQDOE HAAIRY |, GHOMEFDURQE\ * DV &KURP DRJWDSK\ 2 (DRRP HW DQG&D P DIIQ)
&KHPSOVKHP 5 +
IHXKDXV ( 0 ODVKX\RYD $ 9DUERXU- : RIMY ' +DW 1 RYHOXQAURQR
EHU DUHD 1Q\WH QXFBXVR PDMHVSHP DR|RD - &HOBFL 5 =
) BUHO& HWDO&KDUDPMU] DURQ R \WH 2 IDRRY 5 HFHSVRWY ( [ SUTAWHG IQ+ XP DQ
6 SHUP D] RD ) IRQMO RO%RVL 5
300 QEN - / HWDO) XQRIRCDCH SUMWIRQR! \WH RIDARY WL QDT Vi P 1Q WH NIGCH,
3RF1DWBFDG6FL86$ 5  +
. DBH % HWO2 IDRRY VDAY FRP SRQHQW DQG RIDARY UHFHS\RY DUH H SUWHG IQ
WEX®! FHDY R WH KXP DONGQH $UFK URFKHP %RSK\V 5+
30]QEN - / HWO2 MDRRY WHFHSWRUUHVSRQAQ \R JXWP [FUREIRI GHUYHG VLI QDY SO\ VD
UR®! LQ UHQIQ VHFUHMIRQ DQG EBRG SUMWXUH BHI XOMRQ 3 URF 1 DA FDG6 FL8 6$

*
6DQMR 0 ' DPIDQR 6 &RPPHQBUY 2 [\ JHQUHIXOMRQR EUHDWIQ) WWURXIK DQ

RIDARY UHFHSWUDRYDWGE\. ORIMW ) ROVLIHXWRVAL 5

=KRX 7 &KIHQO 6 .DBHP 6 ODWXQDPL+ 61Q)® FHORDQUFUS\WP H DCDOMY R
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P RA\HFDIRIGERG JBP XVFHD - 3BKMRO/RQG 5 +

$IVHGEHU :©  + HWDO' HIQQ) DQRIDARY UHFHS\WRUIXQRIRQIQDILZ D WP RRW P XVFO!
FHO 6FL5HS 5

ODUPDQ ( & 0 HADO2 IDPRY UHFHSWRUI HQHY FRRSHUDM Z M SURRFDGKHUQ J HCHV 1Q
KXP DQH WHP H REHMW * HQHVIXW 5

) BUHO& O DQMQURWY 6 2WWWRG 6 +DMA+  * MHPDQ * ([ SHWMRQSWRIGIR
HARSIE RIDARY UHFHS\RWY GHMP IQHGE\ GHHS VHTXHGAIQY 3/R6 21( ™
3IFKDYDQMVE 9XUKROGHU7 - 3DYDW * . ' HAWDWHR P\ RIEHUEWDQRKIQ) YID

P XVF®! VSHALE H SUWRQR \WH RIDARY UHFHSWRUP 25 1Q G \AIRSKIE P XVF®! DGV \R
SURMAIRQ DJ DIQMP HFKDQEDOAHW 6 NHBMWO XVFBI 5

*UWIQ& $ .DDEADU. $ 3DYDK * . 025  SURP RMV P XVFG! UHI HOHIWRQ DQG
UHJ XOWN FHODGKHMIRQDQG P LIDIRQ ' HY &HOD 5 =

. DBH % HWDO25 + UHIXOWV \WH GLIHHQIMRQR KXP DQP \ REOWWHIY E\ W @DQG
DOHK CH $UK URKHP %URSK\V 5 +

&KRTXHWH $ & HWDO$ WRFIDURQ EHE HHQ RIDARY UHFHS\RUIHQHY HDUGY EHKDYIRUMDIW
DQG DASRVIW UHVXOV IURP \KH 4 XHEHF ) DP IO 6\WMG. 3K\ MRO%-KDY 5 +

-DUEN , HWDO1 RYHOFRP P RQFRS\ QXP EHUYDUDMRQ |RUHDU® RQVHWH WHP H REHMW RQ

FKRPRRPH T  IGHOMHGE DJHQRP HZIGHDQDOWY +XP ORO* HHW 5 +

' HQEED 0 1 HZ® QVFRYHIHG RIDARY UHFHSVRWY 1Q HSIGHUP DONHUDMZRA, \MV DUH DWRADWMG

Z W SURDHIDRQ P 1JUDIRQ DQG UH HSWHID® DIRQ R NHIDILRA MV -, QYHW HUP DIRO
5

OXWH ' HADO$ A QIXHIF VDQEDE RRG RERIDQAQGXFHY Z RXQG KHDIR SIRFHWHV 1Q

KXP DQNHIDIRA WV YID \WH RIDARY UHFHSWU2 5 $7 - ,QvHWW HUP DIRO


http://f1000.com/work/bibliography/3789846
http://f1000.com/work/bibliography/3789846
http://f1000.com/work/bibliography/3789846
http://f1000.com/work/bibliography/3789846
http://f1000.com/work/bibliography/3789846
http://f1000.com/work/bibliography/4702499
http://f1000.com/work/bibliography/4702499
http://f1000.com/work/bibliography/4702499
http://f1000.com/work/bibliography/4702499
http://f1000.com/work/bibliography/4702499
http://f1000.com/work/bibliography/4702499
http://f1000.com/work/bibliography/4702499
http://f1000.com/work/bibliography/4702499
http://f1000.com/work/bibliography/4702499
http://f1000.com/work/bibliography/8761636
http://f1000.com/work/bibliography/8761636
http://f1000.com/work/bibliography/8761636
http://f1000.com/work/bibliography/8761636
http://f1000.com/work/bibliography/8761636
http://f1000.com/work/bibliography/8761636
http://f1000.com/work/bibliography/8761636
http://f1000.com/work/bibliography/8761636
http://f1000.com/work/bibliography/8761636
http://f1000.com/work/bibliography/15223
http://f1000.com/work/bibliography/15223
http://f1000.com/work/bibliography/15223
http://f1000.com/work/bibliography/15223
http://f1000.com/work/bibliography/15223
http://f1000.com/work/bibliography/15223
http://f1000.com/work/bibliography/15223
http://f1000.com/work/bibliography/8762379
http://f1000.com/work/bibliography/8762379
http://f1000.com/work/bibliography/8762379
http://f1000.com/work/bibliography/8762379
http://f1000.com/work/bibliography/8762379
http://f1000.com/work/bibliography/8762379
http://f1000.com/work/bibliography/8762379
http://f1000.com/work/bibliography/8762379
http://f1000.com/work/bibliography/3672354
http://f1000.com/work/bibliography/3672354
http://f1000.com/work/bibliography/3672354
http://f1000.com/work/bibliography/3672354
http://f1000.com/work/bibliography/3672354
http://f1000.com/work/bibliography/3672354
http://f1000.com/work/bibliography/3672354
http://f1000.com/work/bibliography/8762328
http://f1000.com/work/bibliography/8762328
http://f1000.com/work/bibliography/8762328
http://f1000.com/work/bibliography/8762328
http://f1000.com/work/bibliography/8762328
http://f1000.com/work/bibliography/8762328
http://f1000.com/work/bibliography/8762328
http://f1000.com/work/bibliography/8762328
http://f1000.com/work/bibliography/8762328
http://f1000.com/work/bibliography/8761634
http://f1000.com/work/bibliography/8761634
http://f1000.com/work/bibliography/8761634
http://f1000.com/work/bibliography/8761634
http://f1000.com/work/bibliography/8761634
http://f1000.com/work/bibliography/8761634
http://f1000.com/work/bibliography/8761634
http://f1000.com/work/bibliography/8761634
http://f1000.com/work/bibliography/8761634
http://f1000.com/work/bibliography/7868256
http://f1000.com/work/bibliography/7868256
http://f1000.com/work/bibliography/7868256
http://f1000.com/work/bibliography/7868256
http://f1000.com/work/bibliography/7868256
http://f1000.com/work/bibliography/7868256
http://f1000.com/work/bibliography/7868256
http://f1000.com/work/bibliography/7868256
http://f1000.com/work/bibliography/7868256
http://f1000.com/work/bibliography/7868256
http://f1000.com/work/bibliography/8761559
http://f1000.com/work/bibliography/8761559
http://f1000.com/work/bibliography/8761559
http://f1000.com/work/bibliography/8761559
http://f1000.com/work/bibliography/8761559
http://f1000.com/work/bibliography/8761559
http://f1000.com/work/bibliography/8761559
http://f1000.com/work/bibliography/8137759
http://f1000.com/work/bibliography/8137759
http://f1000.com/work/bibliography/8137759
http://f1000.com/work/bibliography/8137759
http://f1000.com/work/bibliography/8137759
http://f1000.com/work/bibliography/8137759
http://f1000.com/work/bibliography/8137759
http://f1000.com/work/bibliography/8137759
http://f1000.com/work/bibliography/8137759

+
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P HOUHFHS\RLY 1Q \WH KXP DQ \VFDG!
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* WRQ $ HWDOO HVHQPHSKDIE GRSDP ICHU IF GHXURQY H SUHW D UHSHWRILH Rt RIDARY
UHFHS\RWY DQG UHVSRQG VR RGRIDQAMH P RBFXGV %0 & * HRP IV 5

+DQFKDM 1 . HWDO6 QI B FHORDQUFUS\RP [EV UHYHDY UHFHSVRUMDQVIRUP DIRQY GXUQ)
RIDARY QHXWRIHQHMY 6FHQAH 5 +

*RI6 $ .OH+ - 3OQWROMBIFRP SRXQEV VHQURY FXHV IRUKHDEK DQG QXUMRGDO
YDOH' 6AHQFH 5  +

"UAHU: - 7KHDUHD FRGH K\ SRIHVY UHYIMVMG RIDARY UHFHS\RY DQG RMHUUHDWG
WDQVP HP EUDCH UHFHSVRW P D\ IXQRIRQ DV \WH OW\AL IW 1Q D FHOVXUDFH FRGH IRU

DWHP E@Y HPEURV 3WRF1DWBFDG6FL86$ 5

I+

DY 1 .RR- 2IDPRY BFHSRY IQQRQ FKHP RVHQWRY \WVXHY %0 %5 HS
+
5DQDQL 0 HWO5 HYMUD) RIDARY UHFHS\RY DV SXWMYH GUYHWY R FDQRHU SYHWRQ
SHHUBMEZ ~ DSSIRYHG@ HBRP H2 SHQ5HY 5
6DJ * HWDO6WKPMD® UHDWMG RGRIDQAD DQGV R \WH RIDARY BHFHSWRU2 5 (

ALIHHAUD® SURP RM P FEMBMY HP HJ HOFH DQG WP RUIURZ\WW 2 QFRBUJHW 5 *
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