(PDLO UVQNIRQJ#SRO\X HGX KN

&RQWDFW WHOHSKRQH

$EVWUDFW

%DFNJURXQG BRSHWIPWLY HPW UQPW EB D/VQLIDRXODWLRQ U706

XVHG DV DQ LQWHUYHQWLRQ IRU WUHDWLQJ VXEVWDQFH G|

DQMUDYLQJ DQG FRIGX¥FROWIHRIHFWY RI U706 RQFROMQIGHO WV

LOOLFLW GUXJ GHSHQGHQFH

OHWKRGW\VWHPDWLF UMDY MHZ\NIQOG PGHRWPRL]HG FRGWTWROOHG

SXEOUVRMMEA XD U\ WR 2WW B ®WHILQ WHMWH DIPIWWE& RI U706 RQ

DQG VXEVWDQFH PRQVWOPBSWEZRWK. Q LERW/ILFIW BORXRKRHSBQG

&UDYLQJ PHDVXUHS RVYWEREG VIIKHIVWLRQQDLUHY RU YLV

VXEVWDQFH FRQVXPSWLRUHSRHDN MXHEFE WKMQEOH YRWIDNH RU

UHODSVH FDVHV ZHUH FRQWRIHUHG BX VSRR PBW\ DHNVGS N FW

W\SH VWXG\ GHVLJQ DQG U706 SDUDPHWHUV ZHUH XVHG I

UHJUHVVLRQ

SHVXBOMMWXOWY VKRZHG WKDW H[FLWDWRU\ U706 RI WKH OHIV

VLIQLILF®XQRH®B RWDY LIQJ +HGJIHV&, WR P

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



FRP$AL WK VKDP VWLPXODWURQUHOWRWUIHRY HYPRABWBG D VLJ

DVVRFLDWLRQ EHWZHHQ WKH WRWDO QXPEHU RI VWLPXODMW

HIFLWDWRU\ OHIW '"P3)& VWLIPKPWWRR@RWKHQ FUDBYEQRWVWRBR

QRM/JQLILFDQW +RZHYHU ZKHQ H[DPLQLQJ VXEVWDQFH FR

'/3)& DQG H[FLWDWRU\ GHHS 706 G706 RI WKH ELODWHU

VLIQLILFDQW BRQXKXPGWHRE® REZWW KRR WY LPXODW

&ERQFOXVIFRY/' DWEBHWLWLYH WUDQVFUDQIRIOWEBRUYR®D®W HUN

SUHIURQWDGSGSHRUWHW R ROMHHADQ RQ UHGXFLQJ FUDYLQJ

FRQVXPSWLRQ LQXBDMDLAHQGHS HIQMERUIFH. Q7K H ECHIBWLPROR L D W H-

ZLWK VWLPXODWLRQ GRVH

.H\ZRUGMUDQVFUDQLDO PDJQHWLF VWLPXODWLRQ 6XEVWD!

6\VWHPDWLF UHQYDLE&YLOWMWWD

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



,QWURGXFWLRQ

6 XEVWDQFH GHSHQGHQFH LV D FKURQLF SVDRKLPMWUH FRG®ILHF

LQFOXGLQJ DOFRK&OQOWQAFRWD @F HRWIGRQIOWRDO VWDWLVWL

LQ WKH SUHYDOHQFH DPRQJ WKH DGXOW SRSXODWLRQ ZD

IRU GDLO\ WREDFFR VPRWRQJ D®G BIRAFHUHQW WUXHV I

XVH @UDYLQJ GHILQHG DV DQ LQWHQVH DQG X%Q@RQRMUR OO

RI WKH NH\ FKDUDFWHULVWLFV RI VXEVWDQFH GHSHQGHQFF

LPSRUWDWW. BPRWR U ¥ @&@/MRH YHHLDDSEWLQGY RI HYLGHQFH LQG

GHSHQGHQFH LV D GLVRUGHU RI WKH GRSDPLQHUJLF V\VW

VWDWH RI WKH PHVROLPEL®,GEBEEBLOHNIOIMKZIXNVLQJ SRV

WRPRDSK\ 3(7 UHSRUWHG UHGWYHRHARIKBSWHRQUW UD@GV®&UPLIILD

UHOHDVH LQ SDWLHQWYV ZLWK @XEVWDQFH GHSHQGHQFH H

%HVLGHVY WKH GRSDPLQH GHILFLHQF\ K\SRWKHVLV VXEVWD

D GLVRUGHUUWR QWIHOSRRUWH[ 3)& 7KH GRUVDO 3)& QHWZF

SUHIURQWDO FRUWH[ '/3)& DQG WKH GRUVDO DQWHULRU F

IXQFWLRQEQAGLQJ GHFLVLRPRPWNIRY ZRGOWHWKH YHQWUI

QFOXGLQJ WKH PHGLDO SUHIURQWDO FRUWH[ 03)& RUELW

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



FLQJXODWH FRUWH[ Y$&& DUH LQYROYHG BEQROH®EHF Q@ R>

LPEDODQFH RI WKHVH WZR V\VWHPV VSIKBURERD®DQJDDR\

K\SRDFWLYH H[HFXWLYH IXQFWLRQLQJ V\VWHP KDV EHHQ

GHSHQGHMW®BEHHG K\SHUDFWLYDWLRQ RI WKH YHQWUDO 3)é

FUDYL@QUHVXOWLQJ L®@ MAZKWHW B Q VMHLXSRRFWK@VOAH WO DV WK

ULJKW& > ®&®DV EHHQ REVHUYHG LQ VXEVWDQFH GHSHQGHC

FRIQLWLYH WDVRSDLOQEBHGWWLRIY HIHFXWLYH IXQFWLRQV S

QHWZRUN +RZHYHU LW KDW DOWHRNEHHQ BV REKPABRIBVHMWEIKUDH Z L

PRWLYDWLRQ ZKHUHDV WKH ULJKW '/3)& HGO/DRRHGH BEHKYCRYQ RH

VHOQKLEX W@RAHUHIRUH WKH OHIW '/3)& VKRXOG EH K\SHUD

LQFHQWLYH VDOLHRHFH QRG WHKE&E VIV KBIPHVSKHULF DV\PPHWU\

'/3)& IUHTXHQF\ SRZHU DV PHDVXUHG ZLWK HOHFWURHQFH:?

SDWLHQWYV ZLWK VXEVADQFH GHSHQGHQFH

SHSHWLWLYH WUDQVFUDQLDO PDJQHWLEF EXVL\PW ODWIPR® DWW

DQG GHHS 706 G706 KDV HPHUJHG DV D SURPLVLQJ WUHD

WR LWV SRWHQWLD® \@R7VE SSUHW B FHW D QUQ QW KRLLRIXQQIKWL A RL

SODFLQJ RYHWRWKAHLRKHWGIOHFWULF ERUWK K VE LDRNK( RFPRAKMWVHD]

HOHFWURPDJQHWLF LQGXFWLRQ 7KHDEWINWWMNVYQHXDWDE K U

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



DQG FDQ UHVXOW LQ HLWKH W HHFLWEDRWRN V R/GVERHKE EELIGRRAD

'/3)& E\ PHDQV RI H[FLWDWRU\ VWLPXODWLRQ LQ RUGHU W

FRIQLWLYH GRBPLOROYDWLQJ WKH ULJKW '/3)& RU LQKLELW

FRXQWHUEDODQFH WKH SUHVXPHG KH#HPLVGXMHUWK H P E DRI

FRQWULEKWH WX FVWERQYDQFH GHSHQDBHRE HD WKWEHIRPHEMOQ PR U H

PDOGMR VXISYHVY FRUH VWUXFWXUH RI WKH YHQWUDO 3)& (

SUHVXPHG K\SHUDFWLYLWLHYV R\ @ HNKIHPHRINDREMRP N \FDAHPV

WKH WKHUDSHXWLF HIIHFWV RI H[FLWDWRU\ '/3)& VWLPXC(

GHILFLHQF\ K\SRWKHVLVY VLQFH LQFUHDVHG GRSDPLQH UHC

VWLPXOD@®LRQ

$ VXEVWDQWUDWVXBERKYW.Q WKH ODVW GHFDGH LQYHVWLJD!

LQ VXEVWDQFH GHSHQGHQFH OHDGLQJ WIRQPIOPH/G V@& VXO WYV

UHJDUGLQJ WKH HIIHFW RI U706 LQ VXEVWDQPOK®NSHQGH

LQYHVWLIDWHG WIK@Y BIVIIHYRHW ERIDIOQR Q/ WLPXODWLRQ 1,%6

WUDQVFUDQLDO GLUHFW FXUUHQW VWLPXODWLRQ W'&6

VXEVWDQFH SGHSH@OBQFH/ LIJQLAUBYQ@J DHIWHIE W' /B)&H[FLWD V

VWLPXODWLRWEKBY WERPFPGIWEY ZHUH SHUIRUPHG WR H[SOR

RQ FUDYLQJ LQ SDWLHQWYV ZLWEMKPREWDQPH G ISXIEQGHYRIFE

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



LQFOXGHG HLIJKW VWXGLHV DQG FRIQEDOIMAH G W& KV VH DF V/ W)

DQMUDYLQJ>H@HFRWKHLUQBPAWRLY SXEOLVKHG LQ DQG ED

VKRZHG D VLIJGUIRDFDQWHDIHWW RI H[FLWDWRU\ U706 RI HLW

SDWLHQWYV ZLWK VXEV@WNDQFH GHSHQGHQFH

SOWKRXIJIKFODDRDYDQWHIIHFW RI U706 LOWHUYHQWLRQ KDV EHH

WKH HIITHFW RI GLITHUHQW U706 SURWRFROV RQ FUDYLQJ

DVVRFLDWLRQ EHWZHHQ VWLPXODWLRQ SDW/YHMOHVUIVF DQQ

LQYHVWKIHDWHBUH PHG WR H[DPLQH DVVHVV HUWNWLJIJI CHYE C

FRQVXPSWGERRLQJ HIIHFWV Rl UMGFRAREBWILIPAWD ZEWIKOL

GHSHQEHRREGXFWDQDO\PHWDHY WHKHWRIHFWYO XRIWH I THUHQ

U706 SURWRFROV 2XU UHVHDW KW RQNWMVWRLRIOAD QWK | HFW

SXEOLVKHG U706 SURWRFROV RQ MBWDYO\QLV'DVYVHW MK HU

DVVRFDPWPRWX G\ & \DUIIR X VUWDPHWKEWW D @FQ GWNSIHHFW VL]H

DVVHXVHEWBJIUHVVLRQ" KDW LV WKH PHWKRGRORJLFD

LH LVDWKMMUGHQFH IRU SX'EHWDMWKIHRQ HEFNORGRORJLFDO TX

UREXVWQHVV RRGLIMYE RBYWVKH UHGBRPMIGOBUDYWEUYHQW I

UHODWH WR D UHGXFWLRQ LQ VXEVWDQFH FRQVXPSWLRQ"

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



OHWKRGYV

ILWHUDWXUH VHDUFK

7KLV VWXG\ IROORZHG WKH 3UHIHUUHG 5HSRUWQDR O \W.HNPV

35,60 @O LWHUDWXUH VHDUFK ZDV FRQGXFWHG IRU VWXG

WRFWREHU WK HUHWIRBW[BEG LQ IRXU HOHFWURQLF GDW|

(0%%$6( :HE RI 6FLHQFH ™KHG HHBPEWLYHDUFK WHUPV FDQ E

VXSSO HPH{PWRIFR) D XW-KRD Q52 LQGHSHQGEIBCGWIQG LGHQWLII

WLWOHYV DQG H[FOXGHG DQ\ LUUHOHYDQW SDSHUV ,Q DGG

UHYLHZV ZHUH PDQXDOO\ VFVPHHQHG IRU WHOHYDQW DUWLF

,QFOXVLRQ DQG H[FOXVLRQ FULWHULD

‘H IROORZHG WKH 3,&N6W8 DREZRANEFLWDW LIRRQY RQF O XGCWLR]QT

VWXGLHYVY WKHUHIRUH VWXGLHYVY ZHWMHL¥RGOAGGLEKHHEBORB AN K

SRSXODWLRQ 3 VWXGLHV UHFUXLWLQJ DGXOW SDUWLFL:?

QLFRWLQH DOFRKRO DQG LOOLFLW GUXJ GHSHQGHQFH L H

FDQQODEMMHUYHQWLRRQ XVLQWMHUYHQMRIPSDULVRQ & VWXGI

RU QR LQWHUYHQWLRQ FRQWURO 2XWFRPHV 2 VWXGLHV

OHYHO WR WKH DGGLFWLYH VXEVWDQFH ZLWK RU ZLWKRX!

WKH SUKWIFRPR VWXGLHV LQFOXGLQJ DQ\ RXWFRPH UHODW

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI
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E\ VHBISRUW VXEVWDQFH LQWDNH RU QXPEHU RI DGGLFWLR

VHFRQGDU\ RXWFRPH 6WXG\ GHVLJQ 6 VWXGLHV 2XAWKRJ U

HLWKHU S D U DWOXEHRH FEVHRARAHUHA XN HOFW GHVLJIQ

6WXGLHVY PHHWLQJ DQ\ RI WKH IROORZLQJ FULWHULD ZHUH

RWKHU QHXURSV\FKLDWULF GLVRUGHUV H[FBIWOVUXEKWW® DO

FRQIHUHQFHY DEVWUDFWY GLVVHUWDWLRQV RU LQ ERRNYV

FDOFXODWH WKH HIIHFW VL]H DQG VWXG\ ZDV QRW SXEC

4AXDOLW\ DVVHVVPHQW DQG GDWD H[WUDFWLRQ

7ZR LQGHSHQGHOW IMXWKRUWDWHG HDFK VWXG\ DQG H[WUI

$Q\ GLVFUHSDQFLHVY ZHUH UHVROYHG YLD GAKH XXDICRQV Y IRW

WKH LQFOXGHG 5&7V ZDV DVVHVVHG XVLQJ 3K\VEPRWAKHUD S\

7KH IROORZLQJ LQIRUPDWLRQ IURP HDFK DUWLFOH ZDV H[W

WKH VDPSOH QXPEHU RI SDUWLFLSDQWYV WKH VWLPX

VWLPXODWLRQ EUDLQ WDUJHW LQYWBAQXIRMEHUURITERB Q6L HEF

W\SH RI VKDP VWLPXODWLRQ DVVHVVPHQW WLPH SRLQW

VXEVWDQFH FRQVXPSWLRQ

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



'DWD DQDO\VLV
6WDWLVWLFDO DQDO\VHW Z&RAHS SHK HROWR PG \ B i WDE /BKY H U V
$XWKRUV ZHUH FRQWDFWHG E\ HPDLO LQ FDVH RI PLVVL
PHD®(0 ZHUH FRQYHUWHG WR VWDQGDUG GHYLDW,LRQV 6'
Q VDPSOH VL]H )RU JUDSKLFDOO\ UHSRUWHG GDW
KNWS ZZZ ZHEFLWDWLRQ RUJ GXL ,)E WSE\HREXKWEWHWKH
VERUHV L H SRWWPRO@PXWLBQH/FRUHV ZHUH XVHG DV HVV
VLIHg RWERHBRUUHFW IRU EDVHOLQH -SH®IH DHQ A BIN WM\ Z¥b
LQGLFDWHY D GHFUHDVH LQ FUDYLQYJRIWQGXIEW WD Q FiR TR.GV
LOQWHUY BIOAHRPSXWHG LRQDMPOVEE®WH FUDYLQJ DQG VXEVWDC
ZHUH DVVHVVHG YLD GLIIHUHGWSHPIHWWIX RGOV IDPWRE R L BHKI& B IO
FRUUHFWV IRU D SRVVLEOH EL D8HRMZMRERG O KWDPHSIOR W Q HL\
H[DPLQHG XVEQUWDWINQVLE 6WKXGLMARZLWHKIDE FRQVLGHUH!
ORZ KHWHURJIHQBIQWH V, R W R DQG * ZHUH FRQVL
PRGHUDWH DQG KLJK OHYHO Rl KasW® GHR BrHQMD @ DI QWAL \E 1 F W |
SHUIRUPMBMXHOLQLFDO DQG PHWKRGRORJLFDO GL@HUVLW
'XUDELRILWAO6 HIIHFW®XDIWHG YE\ XVLQJ WKH FKDQJH VERU

LOWHUYHQWLR X ®PYEDWKHWRBORHAUH DYDLODEOH

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



*LYHQ SUHYLRXV HYLGH®8BRWHKWD WHUWXE\ SSHHNEIQ® DG GLIHAWL BIC

VXEVWDQF@&DWPSHGLDWH VWLPXODWIHRMPBPIHUHYWMR XZDYDIUH D

ILUVW WR LGHQWIQNOWRIBD PERNWVHHQO W Z B OL Q GVRS®! Q4G HHFW WD PH.

GHSHQGHQW YDULDEOHV $V ERWK IDFWRUV ZHWGHRXRW VL

LQFOXGLQJ DOO VWXRHVXERZRXSE W QIROAWHYV IRU HDFK DG

SHUIRUPHG VHSDUDWHO\ LQ DQ H[SOLFLWO\ HI[SORUDWRU\ |

JRU U706 SURWRFROV RQ VWLPXODWLRQ WDXUWWMUNBKDWHWY %

WKH LQIOXHQFH 0Bl SSOUIHRHHWWMAMWUWKH QXPEHU RI VHVVLRQV

VWLPXODWLRQ VWLPXODWLRQ SXOVH SHU VUBNYURWQVLR@T

6HQVLWLYLW\ DQDO\VLYV ZDW QRXWR PR WG RO/ \LQUGD N i DWW YUOH

SXEOLFDWLRQ ELDV ZDV LQYHVWLJDWHG E\ LT WASHH\FW/ ILQJ FIDXY

RPRUHKD @QUWLFOHV SH@KNXBEIWBWEVWLFDORWKUHWKRROG ZD

WDLOHG H[FHSW ARVKDWWXYR KO H @K& DREURNI WEHUAW

SHVXOWYV

6WXG\ VHOHFWLRQ

JLIXUH VKRZV WKH GHWDLOHG VHOHFWLRQ SURFHVV RI

FRPSULVLQJ SDWLHQWYV ZBHQBICAYE® BB H G D-E)O REHNRDHL WK H

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



RI LQOFOXGHG VWXGLHV

OHWKRGRORJLFDO TXDOLW\ RI LQFOXGHG VWXGLHV

7KH UHVXOwWVY RI WKH PHWKRGRORJLFDO TXDOLW\ DVVH'

VXSSOHPHQWDUXKHDEMHQ6VFRUH ZDV UDQJLQJ IURP W

PRGHUDWHTWROKMW\ RI LQFOXGHG VWXGLHYV

([FLWDWRU\ U706 RI '/3)& RQ FUDYLQJ

6HYHQWHHQ VWXGLHYVY LQYHVWLIJDWHG WkKH HIIHFWV RI H[F

D@G WLJIKW '/13Y & XVLQJ +) U706 H[FHSW2IRU RQ

WKDW HPSOR\HG L7%6 D SRWHQW I|IRUPPHWIIH]IBHW MR \W!

LOQYHVWLIDWH WKH SRWHQWLDO LQIOXHQFH RI VXEVWDOQF

VLIQLILFDQW HIITHAFW RA VXEVRD YFMHXGLHVWWRRRXBODDHELQJ O

P IRU VWXGLHYV VWLPXQRWYQYXGLGHV L) &4

IRU VWXGLHYVY VWLPXODWL@J OHIMRU N XRAEFHY VWLPXODWLQ

7TKXV PHWD\VLV ZDV FDUULHG RXW E\ LQFOXGLQJ DOO VXE

TDEOWXPPDWHISRROHG UHRHN®DOY OUVRMBIDDO\VLY IRU OHIW '

VWLPXODWLRQ VKRZGEBUDYVQJQHILHEPWWLWK PHGLXP HIIHF)

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



FRPSDUHGKRPWKWLPXODWLB®R&DO HIIHFW HVWLPDWHYV VKRZH

DQG WKH RFUHYDLCQA BIQWEWV D WERIOW DWHIQVLWLYLW\ D

+HGJHMURP WR VHH )LIXUHR H[SORUH WIOH LKRXKBW-W R

SDUDPHWHUYV DQG HIITHFWHJWHVYV XRQ YCDQULLO\W HVPAMMD SHU IR L

QXPEHU Rl SXOVHV WKH QXPEHU RUHTHOHIIERIQQYW SR T NVW\S H B (

DV WKH LQGHSHQGHQW IDFWRUV 7KH DQDO\VLV VKRZHG

VLIQLILFDQW SUHGLFWRU RI WKKHHUHOWRAWKMLOPEKPEHU RI VHV

VHVVLRQ IUHTXHQF\ DQG LQWHKaXYQYHN Z SR W QWK RQH G FOR

SXEOLFDDWLRQJIEKZKH K ZDV VXSSRUWHG E\ D QRQWLWHMWEF D C

P '"HVSLWHVDIQRQ F UGHWUHNWDRQ RQ WKH HIIHFW RI DGC

VHH Dbp&Mmbt PHWDRDOANVZDY FRQGXFWHG IRU HDFK VXEVWD

HISORUDWRU\ DSSURDFK JLYHQ SUHYLRXV HYLGHQFH WKEC

VXEVWDQFH W\SH ™ 0 G KG VD D@QDBMBOIBIHIFW GUKH GHSHQGHQ

E\ D PHALXKPWHHQRERWLQH GHSHQGH QHH HDDE DKROD G DS HIQ KB

JLIXUH 6

&RQYHUVHDQDPNWLEY LQFOXGLQJ DOO VWXGLHV IRU ULJKW

VLJIQLILFPWQMW D@QNWHIXHAHW % FRPSDUHG WR VKDP VWLPXODV

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



7R GHWHUPLQH WKH GXUDELOLW\ RI HIHFMOA\RIVOAHD W S/B Y& R

RQ WKUHH DUWLFOHWWEDWDJHSHRNXWHGE DROWRZHQGWMIOD \ EH

ODVW 706 VHVVDRQZIDYG FROORZQWKY RUDPR QWK M R-HRZMNY HU

VXPPDU\ HIITHFW HVWLPDWH LQGLFDWH® QR Y IHIQH FW\D QWJ&

,QKLELWRU\ VWLPXODWLRQ RI '/3)& DQG 03)& DQG HIIHFWV

7TKUHH DUWLFOB®SOLHG /) U706 WIRHLWIKIKW OM8l)& (IITHFW H

ZHUH KLJKO\ KHWHURDHQEIEHRKVYWKHU OHIW QRU ULJKW '/3)&

VLIQLILFBOQIWY DQWHIIHFW )XUWkKHUP RSO RVUZR J¥W WIKBLLOI®Y W L

HITHFMRQW LW X EWW\PX O/DMWLLRQ F7%6 RI OHIW 03)& FRR

ROH VWX@QYHVWLIDWLQJ /) VWLPXODWLRQ RI WKH 6)*

VLIQLILFPQW D@QWHIIHFWYV )LQDOO\ IRXU VWXGLHV XVLQJ

DQDO\VLV @LQGLFDWLQJ QR VIDIQ\LUHDRW MWHPWOIRWH G

G706 XVH¥DOWRG + FRLO DQG LV SUHVXPDEO\ DEOH WR

UHJLRQV EXW HOLFLWYV D> R@H Q| WKK/HH @ VPLMPEK® QW PEQU R

LQKLELWRU\ VWLPXODWLRQ DQG G706 WHHIUHYWVYDRQHBQIL®R\R/

(ITHFWV RI U706 DQG G706 RQ VXEVWDQFH FRQVXPSWLRQ

OHWIRDO\VLYV ZDV SHUIRUPHG WR H[SORUH ONKR QHWXEWNVDR)I

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



FRQVXPSWLRQ RI SDWLHQWYV ZLWK VXEVWDQFH GHSHQGHQF

U706 RI WKH OHIW D& H[FLWDWRU\ G706 RI WKH ELODWHUL

@QUHVXOWHG LQ D VLIQLILFDQWVHRSWEWQR @ RRPISDXHBGWDL

VWLPXODWLRQ +RZHYHGE 0D RIONKGIIORB)RRAW DQYRIWBLWRU\ G70!

WKH ELODWHUDO 3>/38RHDGEHGEQRXODIQLILFDQW HIITHFWV RQ

FRPSDUHG ZLWK VKDP VWLPXODWLRQ )LJXUH

'LVFXVVLRQ

2XU UHYLHZ ZDV EDVHG RQ SXEOLVKHG DUWLFOHYV DQG

VXEVWDQFH GHSHQGHQFH :H VA\VWHPDWLFDOO\ LQYHVWLJELC

SURWRFROV RQ FUDYLQJ DQG VXEQWONAMBREGXP YWIRIQ L B

FUDYLQJ HIIHFW RI H[FLWDWRU\ U706 RI WKH OHIW '/3)& LG

ZKLFK ZDV URERQRXWQDQHWOMYHULY +RZHYHU WKLV HIIHFW ZI

LQGLFDWHGVIEAQDR | QRBQ W I MW MWWR BRODBUIRIDU HVVLRQ LQGLFD

DVVRFLDWLRQ EHWZHHQ VWLPXODWLRQ GRVDJH L H WRW

FUDYLQJ HIITHFW ,QKLELWRU\ VWLPXODWLRQ SURWRFROV D

FUDYLQJ LOQDRDRWLARHVBBIJDUGLQJ VXEVWDIMHO PRIQNV X REWH R (

LPPHGLDWH FRGXFBEQLRIQIHFW LQ VWXGLHV XVLQJ H[FLWI

G706 RI WKH ELODWHUDO '/3)& DQG LQVXOD

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



&UDYLQJ LV D FRPPRQ WDUJHW IR WFRQWHHUHBVWREG PO LVQV |

UHODSVH LQ VXEWWARQYPHUBE & DRMWL FQO®LYAMW HHDRFWQR/IL H[F

U7TORWKH '/3)& ZKLFK LV EURDGO\ LQODODQXVHAVWK<HBWHYLR?

VHYHUDO LPSRHWDIXQW HAMWH YWD WHU HIWHQW RI WKH FXUL

WR SUHYLRXV RQHV PXVW E@RXQR&BE VDIIMHOQFEQWW GLIIHUH

DQG ULJKW '/3)& VWLPXODWLRQ EXW ULJKW '/3)& VWLPXOD

VLIH WKRDNL PXOWWEIRQ +HGJHGMPLODUO\ $ROVHRVFRRQFOXGH

WKDW QR GLIITHUHQWLDO HIIHFW RI OHIW DQG ULJKW '/3)& F

PHWDDO+RZWYHU ERWK RI WKHLU UHYLHZVVDMQOZIL\HNG EERGY

VXEVWDQWLDO DPRXQW RI WKHLU LQFOXGHG VWXGLHV IRF

RXU DQDO\VLV (QRBKEDHID WMKMDBWOULIKW EXW QRW OHIW '/3)

WR VKDP VWLPXODWLRQ ZLWWJD ODUJKRZIHNHW VVQK\ #HKGIK

ZHUH SRROHG D@QMNXKNLY PHWBZLVH RQO\ D OLPLWHG QXEF

LQFOXGHG LQ DQUWHORNM QW BP EDMBDWAKHMK IDXWKRUV REVHUYHG

FUDYLQJ HITHFWAXRIDIQ WOOwWLV PRUWHA/XGHEWDQG UHYHDOHG

EXW QRW ULJKW '/3)& VWLPXODWLRGHW VWXMRUWLRU RVRLQGRKO}

VWXGLHV LQ RXU DQDO\VLV LQYHVWLIJDWHG WKH HIIHFWYV F

GLG QRW V\VWHPDWLFDOO\ DVVHW @DWHUDOLW\ RI '"/3)& V

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



((FLWDWRU\ U706 WDUJHWLQJ OHIW '/3)& VKRZV SURPLVH LCcC

FRQVXPSWLRQ ZKLFK PD\ EH D UHVXOW RI GRSDPLQH UHOl

HIHWXYH IXQFWLRQLQJ V\VWHP &KR HW DO LQYHVWLJDWH

RU ULJKW '/3)& RQ GRSDPLQH UHOHD¥ HQQHRX Q@HKKO DWW KH\QI

WKDW RQO\ OHIW EXW QRW ULJKW VW LH XIHDWDR® VAR QHRYH

HW DO UHSRUWHG WKDW F7%6 RI WKH OHIW EXW QRW UL

LQWHUIHUHG ZISWK IRDPWQFHSD@QWQ H[HFEWLYH IXQFWLRQ V

$OWKRXJIJK RKNUUPMWWDRQ DQDO\WLYV LQGLFDWHG QR VLJQLIL

VWLPXODWLRQ HIITHFWV H[SORUDWRU\ DQDO\VHV UHYHDO}

VHHPV WR EH PRUH HIITHFWLYH LQ UHGXFXRDEXDH LYK DRUI

WKRVH ZLWK QLFRWLQH RU DOFRKRO GHSHQGHQFH $PRQJ F

WKH ULJKW '/3)& IRFXVHG R QRBRIRR WRQO \GWMEEOQHVH QAL OH Ol

VWLPXODWLRQ ZDV XVXDOO\VDBEXWLH® W @ HERWKHYHLG DS A QWG

RXU FRQFOXVLRQ WKDW OHIW EXW QRWDUYLJIXIWH 113)RWYWRX

LOQOWHUSUHWHG ZLWK FDXWLRD\ ¥IHQ F R QWROHQ G BV HRJ DVOXLBAN\WHDI

GLVHQWDQJOLQRTWKUNW IEKIVMAWNY W\VWHPDWLF LQYHVWLJD!

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



,QKLELWRU\ U706 SURWRFROV ZHUH QRW TXDQWLWDWLYHO\

DQDO\VLV@(IHFWV RI LQKLELWRU\ U706 WDUJHWLQJ '/3)& F

EDVHG RQ WKHHGNVKGQ IRMOOQEEFWEE $FFRUGLQJ WR WKH KHP

K\SRWKHVLV RI '"/3)& LQ VXEVWDQFH GHSHQGHQFH OHIW '/

UHGXFH WKH DEQRUPDO VDOLHQFH@WRHEDHGYV /IDGHE FVQ Y |

GHPRQVWUDWHG ORYHHOHRDFUDYLQJ LPAMGLRPH®) DIW& R ID

OHIW '/3)& FRPSDUHG ZLWK VKDP>V@HPFPROW WG RQK WL B QKLLQ

+] U706 RI WKH OHIW '/3)& VXSSUHVVHG FUDYLQJ DQG DV\

LQ SDWLHQWYV ZLWK QLFRWLQH GHSHQGHQFH SDUWLFXODU

DIWHU LQWHUYHQWLRY® @RBSRBWHEU DIL BQWNGIFWLRQ  +]

U706 RI WKH OHIW '/3)& LQ 0% XVHUV *KGHG@ W KR XOLRXKWHRS

VWXGLHVY DQG VLIQLILFDQW PHWKRGRORJLFDO KHWHURJ

VI\VWHPDWLFDOO\ HYDOXDWH WKH SRWHQWLDO FRQIRXQGYV

EH PDGH ZLWK JUHDW FDXWLRRY L Q HIXFHFRLNVIH OW KKWD/Y W/ IKBIC

SDWIIH@PWWUHY DQG WLPLQJ RI VWLPXODWLRQ ZKHQ FRQVL

JRXU DUWLFOHV LQP@QD®HGLYOQLRXHVRHWDWHG WKH HIITHFW)

VWXGLHYV WDUJHWH& MKGE LBQDOABHDHOWKH RWKHU WZR VW

WKH 03)& ®@®OWKRXIJKWDKHL QDWILHFW RI G706 UHPDLQHG LQ"

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



WR RXWERHW\I¥LY ZH IRXQG WKDW H[FLWDWRU\ G706 RI W

VLIQLILFRPM®OVYEBWDQFH FRQVXPSW LRWLIRRP HGWRWH O HD W

> @KLV LV LQ OLQH ZLWK DQRWWHDOU HZFKH@GW 5BV ERRZR

LQFOXGHG IDRBRRUWRMVVEBIFDXVH RI PHWKRGRORJLFDO LVVXH

RI GDLO\ G706 RI WKH ELODWHUDO '/3)& DQG LQVXOD DQG R

FRQVXPSW@RBRVVLEOR W MKWLRQLY WKDW G700 KBVWE B R Q DWKLF

UHOHDVH DQG LPSURLYHGGR $ DML @/HKWBI VEKIILEPKWRB\ FRPSHQVI

SUHVXPHG GRSDPLQHUJLF GHILFLHQF\ LQ DGGLFWLRQ +

LQWHUYHQWLRQ Q@ DG AWWHRQQQVWWLIH ZLWK UHODWLYH

HITHFWV LQGXFHG E\ G706 EH\RQG WKH GRSDPLQH V\VWHP k

$Q DWWHPSW WR DWWHQXDWH 03)& DFWLYLW\ ZKLFK LV U}

LBEXOVLYH EHKDYLRU XVLQJ F7%6 ZDV GRIJIR REWDNMIHRXWN W

ZLWKEVWDQFH SHSH@BHARB¥HU UHVXOWYV ZHUH RRMNW IVXEB SR

HITHFW XVLQJ WKLYV LSQUGRINRIGR DU B MQ @® WHEX BOX IEREGIN \L @ F-XXF

$&& DQG 2)& ZHUH VKRZQ WR EH UHGXFHG DIWHU DSSO\LQJ

RI WKH YHQWUDO 3)&&QWMWHRNGIX®W G WKDWHDVVR@IRH +] U70

WR 6)* FRRUGLQDWH RIJFUQFUADVPGSOMYHQWY ZLWK Q

D ILQGLQJ WKDW IXUWKHU XQGHUSLQV WKH UROH RI 03)& L

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



LPSXOVLYH V\VWHP PD\ EH DQRWKHU SURPLVLQJ VWUDWH

VXEVWDQFH GHXMNWXHYFWWEBWHY DUH QHFHVVDU\

7KHUH DUH VHYHUDO OLPLWDWLRQV LQ RXU UHYLHZ )LUV\

UHSRUWHG UKWWRWLRIOMXIDIO DQDORJXH VFDOH EOLQGLQJ LV

LQ WUHDWPHQW HIIHFW DQG HYDOXDWLRQ +REZHYE W5 HVKBQ

ZDV IRXQG WR EH OLPLWHG HLJKW RI VWXGUHWVURHWFRQC

RYHU GHVLJQ ZKLO®OH WKEUKWHHRG MKIHIRQ HG RXWKREKW. B & DARKZ H

DOO LQFOXGHG VWRXGILHG LW R @ ORDB/TIRIOHG7VEQ ZBHFK P

FDUWRMHU HIITHFWYV UDWKHU X QO ULNHQAWH Z KSILLEOW IRX\UI /EXWHE

DV LW LV WKH PRVW SRSXODU RXWFRPH HPSOR\HG E\ U706

VXEVWDQFH XVH LV DOVR DQ LPSRUWDQW RXWFRPH UHIOH

ZKLFK LV VXUSULVLQH®B BEOMNEKRRX IKDEREOUWWANVYWK RZHG VRPH S

UHVXOWY LQ IDYRU RI H[FLWDWRWUP &8 DW DR)®GV E WKIHW HHDE

OLPLWHG DPRXQW RDBWWKICHUHNWIRUH VKRXOG EH UHJDUGHG

KLIKO\ KHWHWR0EESDRMOPHWHUY ZHUH DSSOLHG DPRQJ LQF

SHUIRUPHGHPHAWD/LRQ ZKLFK LQGLFDWHG D UHODWMRQVKL:

FUDYLQJ HIITHFWV WKH RSWLPDO 706 SDUDPHWHUYV IRU WUH

W EH GHWHUPLQHG /DVWO\ ZH RQO\ REVHUYHG D VLJQLILF

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



RI WKH OHIW '"/3)& ZKLFK VHHPKXS WRLAZHPUJRW BEW GREORE

SRZHU VLQFH RQO\ D OLPLWHG QXPEHUXRBIWG®GDV XA UKV ILED Q

QXPEHU RIX/SRBR DURXQSEDUWLFLSDQWY LQ RQH RADWKH DC

IROXRZDOVR PD\ ELDV WKH HVWLPDWLRQ RI HIIHFW VL]H

LPSRUWDQFH IRU D VXFFHVVIX® B §¢F®XFNIHR/QDW H HHDOWFHRKQ\W J

IROXKRBZPHDVXUHPHQWY DIWHU WKH FRPSOHWLRQ RI U706 L

&RQFOXVLRQV

((FLWDWRRN WKH6OHIW '/3)& KDV DQ LPPHGLDWH FUDYLQJ DC

VXEVWDQFH GHSHGGEPBYERJ NKLNFWQMDR\ EH GRVH GHSHQGH!¢

KLIKOLJKW WKH QHHG WR RSWLPL]JH LOQWHUY HRIWLRID QWD F

FUDYLQJ DQG PFRIGXFROW HRIHFW YV

&RQWULEXWRUV

5*2 DQG .1.) GHVLIJQHG WKH VWXG\ --4= DQG 5*2 SHUIRUPF}

5*2 bQG *6. VFUHHQHG DQG H[WUDFWHG LQIRUPDWLRQ IURI

DQG SHUWKWHP PBWD\VLYV *oKHANM/ WKH GRWO\VRYV PHOWDD XV

ZURWH WKH ILUVW PDQXVFULSW --4= .1.) $0+6 DQG *6. UH

DSSURYHG WKH ILQDO PDQXVFULSW

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



$FNQRZOHGJIJHPHQWYV

7KH DXWKRUV WKDQNJDQDODOXWKRBUNVRZ KARKNLREGLO\ VKDUHG

DQDO\VLV

)XQGLQJ

1RQH

'"HFODUDWLRQ RI &RQIOLFWLQJ ,QWHUHVWYV

7TKH DXWKRUV GHFODUH QR FRQIOLFWYV RI LQWHUHVW

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



SHIHUHQFHYV

> @DLWL 5 OLVKUD %5 +RWD)UHTXHEW\ RUDIQVRWBEDQLDO

BWLPXODWLRQ RQ &UDYLQJ LQ 6XEMDNMDQEW 8 VIH XUWARSNG AKIL [

IHXURVEFL

> @BHDFRFN $ /HXQJ - /DUQH\ 6 &ROOHGJH 6 +LFNPDQ O

RQ DOFRKRO WREDFFR DYEDRDWRVARLMSBUWI XFELFWLRQ

> @R]JORZVNL /7 0DQQ 5( :LONLQVRQ '$ 3RXORV &: &UDY

DERXW XUJHV RU GHVLUHV $GGLFW %HKDY

> @RKVHQRZ '- ODUWLQ 5% (DWRQ &$ ORQWIHGQFWRBDREG

WUHDWPHQW DWWULWLRQ DQG RXWFRPHV DIWHU UHVLGHC

$OFRKRO 'UXJV

> @AXWW '- [HXIRHNGS$S (UULW]JRH ' 6WRNHV 35 7KH GRSDP

\HDUV RI KLJKV DH)XG1IBIRDWRVEDW

> @WDUWLQH] ' 6DFFRQH 3% /LX ) 6OLIVWHLQ 0O 2UORZVND

GRSDPLQH ' UHFHSWRUV DQG SUHV\QDSWLF GRSDPLQH LC

GLITHUHQFHYVY ZLWK RWEKH®R WSBSHNVKRDWE®GLFWLRQ

> @ROGVWHLQ 5= 9RONRZ 1' "\WWIXQFWLRQ RI WKH SUH

QHXURLPDJLQJ ILQGLQJYVY DQG FOLQLFDO LPSOLFDWLRQV 1]

> WF&OXUH 60 %LFNHWOVWHP B XIHQVEGEEWHWHRER FRQWULED

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



QHXURLPDJLQJ DQG FRJQLWLYH WUDLQLQJ $QQ 1 < $FDG 61

> @D\DVKL 7 .R -+ 6WUDIHOOD $3 'DJKHU $ 'RUVRODWHUD

LQWHUDFWLRQNRGWURQJ RMHOLJD UHWMMHNY CF WIFDIAQ J6FBUR 6

> @QORS . +DQORQ &$ 'RZQDU - 1RQLQYDVLYH EUDLQ VW

DQG PDMRU GHSUHVVLRQ $QQ 1 < $FDG 6FL

> @OGUHWK '$ ODWRFKLN -$ &DGHWQ-DPAWROQW/\ L G EBQRIUVPB

UHJLRQV LQ DEVWLQHQW PDULMXDQ@D XVHUV 1HXURLPDJH

> @DOR 5 8UVX 6 %XRQRFRUH 0+ /HDPRQ 0+ &DUWHU &

IXQFWLRQ DQG GLVUXSWHG DGDSWLYH FRUQUW LY H XFRRWLERI

PDJQHWLF UHVRQDQFH LPDJLQJ VWXG\ %LRO 3V\FKLDWU\

> @DOFRQL O )LQRFFKLDUR 5 VADWBFHNLURFW 5WE6 UGDW I

KHPLVSKHULF XQEDODQFH DOSKD EDQG RVFLOODWLRQ)\

DGGLFWLRQ $GGLFW %HKDY

> @DOFRQL O )LQRFFKLDUR 5 '"HFLVLRQDO LPSDLUPHQWYV

FRUWLFDO RVFLOODWLRQ XQEDODQFH 1HXURSV\FKLDWU

> @DOOHWW 0 7UDQVFUDW®LRQ P BYUHWHE VMAXRMRI

> @DQORQ &$ 'RZGOH /7 +HQGHUVRQ -6 ORGXODWLQJ 1H

ODIJQHWLF 6WLPXODWLRQ ,PSOLFDWLRQV IRU $GGLFWLRQ

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



> @WUDIHOWD7$3% BODXHWW - 'DIJKHU $ 5HSHWLWLYH WUDQ\

WKH KXPDQ SUHIURQWDO FRUWH[ LQGXFHV GRSDPLQH UHC
5F

> @RQJ 6 =LOYHUVWDQG $ *XL : /L +-VHXRXRWDV KIVHFEXNOMWR

VHVVLR@WVRQ.YH EUDLQ VWLPXODWLRQ RQ FUDYLQJ DQG F

DGGLFWLRQ HDWLQJ GLVRQDBGWAL \R U%RDH\DL 8W L$ R 6 W D

> @RNLEDUD 0 7UHYL]JRO $ 6KLR]DZD 3 &RMIGHHLUR64 (

SURWRFRO IRU FUDYLQJ LQ VXEVWDQFH DGGLFWLRQ ,V LW

> @QVHQ -0 'DDPV -* .RHWHU 0: 9HOWPDQ '- YDQ GHQ %L

Rl QR@YDVLYH QHXURVWLPXOD\WN DR \RQVFLUBXIREW KD YP 5 W)
3W

> @RKHU ' /LEHUDWL $ 7HW]ODII - $OWPDQ '* 7KH 3* 3l

6\VWHPDWLF O5HYLHEYD®\YAEY OHMKBI 35,60% O6WDWHPHQW

> @ROHV $6 .R]DN . *HRUIHAH RBE®YDLQ VWLPXODWLRQ PHWK
XVH GLVRUGHUV $P - $GGLFW
> @ROORQL & %DGDV 3 &RURQD * 'LDQD 0 7UDQVFUDQ

WUHDWPHQW RI FRFDLQH DGGLFWLRQ HYLGHQFH WR GDWH

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



> @KRJDO 6. 7HDVHOO 5: )ROH\ 1& 6SHHFKOH\ 05 7KH 3

FRPSUHKHQVLYH PHDVXUH RI PHWKRGRORJLFDO TXDOLW\ W

OLWHUDWXUH - &0LQ (SLGHPLRO

> @LIIJILQVUBHQ 6 &RFKUDQH KDQGERRN IRU VAVWHPDWLF

>XSGDWHG ODUFK @ 7KH &REKKWUWDE) H KROGDERN BFWER

> @RUHQVWHLQ 0 +HGJHV /9 +LJJLQV -3 S5RWKVMHAMD +5

DQG UDHQGRPWVV PRGH@\WD ORVLFHWBY 6\QWK OHWKRGV

> @XUWLQ DQIDHONYLY FRPELQLQRSEBEUDOWLIHED B ZE VWK RIN\DWQ G R

6\QWK OHWKRGYV

> @WHUQH -$ 6XWWRQ BUL®ROQORGHV 3 7BIX - HW DO 5H

IRU H[DPLQLQJ DQG LQWHUSUHWLQJ D®QDQH\S RR WJ DYGHRHA

FRQWUROOHG WULDOV %PM G

> @JHU 0 'DYH\ 6PLWK * 6FKQHLGHU DOQDIM8HVY GHWHBWH

VLPSOH JUDSKLFDO WHVW %PM

> @DKOHP */ %DNHU 1/ *HRUJH 06 &SOODFROE 55HHWDW

WUDQVFUDQLDO PDIJQHWLF VWLPXODWLRQ U%P6- DIXRLQLVYV

$OFRKRO $EXVH

> @DOUWLQH] * 8UEDQ 1 *UDVVHWWL $ &KDQJ ' +X 0& =l

ODIQHWLF 6WLPXODWLRQ RI OHGLDO 3UHIURQWDO DQG &L

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



$GPLQLVWUDWLRQ $ 3LORW 6WXG\ J)URQW 3V\FKLDWU\

> @DQJ < :DQJ /7)<XDQJHWLQJ :LWKGUDZDO 6\PSWRPV L

OHWKDPSKHWDPLQH :LWK 7UDQVFUDQLDO ODJQHWLF 6WLP)

-$0% 3V\FKLDWU\

> @X + =KRQJ 1 *DQ + :DQJ - +DQ + &KHQ 7 HW DO -

wWuDQVFRDIQHWLF VWLPXODWLRQ RI WKH OHIW GRUVR

PHWKDPSKHWDPLQH XVH GLVRUGHUV $ UDQGRPLVHG FO

> @X 4 6KHQ < &DR : /L < &KHQ < <DQJ : HW D@G(LWKHL

ORZ IUHTXHQF\ U706 RI GRUVRODWHUDO SUHIURQWDO FRI

PHWKDPSKHWDPLQH $P - $GGLFW

> @ ; 'X/ 6DKOHP */ %DGUDQ %: +HQGHUVRQ 6 *HRUJH

PDIQHWLF VWLPXODHWGRQVRDOMON HRUDNO SUHIURQMDIIVAH A-RQUAX B

DFWLYLW\ DQG PRGXODWHYV IXQFWLRQDO FRQQHFWLYLW\ RI

'UXJ $OFRKRO '"HSHQG

> @DQORQ &% 'RZGOH /7 &RUUHLDSSPRMVKRHIHAK 2 H/D DO

IURQWDO SROH WKHWD EXUVW VWLPXODWLRQ GHFUHDVHYV |

DQG DOFRKRO XVHUV 'UXJ $OFRKRO '"HSHQG

> @ GGRORUDWR * $QWRQHOOL 0 &RFFLRQWR O RHW 9DV DHY

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



7TUDQVFUDQLDO ODJQHWLF 6WLPXODWLRQ RI WKH 'RUVROL

'LVRUGHU 3DWLHQWYV (IIHFWV RQ 'RSDPLQH 7UDQWSRUWH

1HXURSV\FKRSKDUPDFRO

> @HUUDQHRRS / /HDXADGLQL O (UPDQL 0 %RQFL $ *DOOLF

PDIQHWLF VWLPXODWLRQ RI GRUVRODWHUDO SUHIURQWDO

1HXURSV\FKRSKDUPDFRO

> @KHQ < &DR ;: 7DQ 7 6KDQ & :D@®J XHSIIDWLWLNW DODQV

ODJQHWLF 6WLPXODWLRQ RI WKH /HIW '"RUVRODWHUDO 3UHI

LQ /RMHUP $GGLFWV %LRO 3V\FKLDWU\ H

> @O )HOLFH $ %HOODPROL ( )RUPDJJLR ( ODHN DBQIRW W |

I1HXURSK\WVLRORJLFDO SV\FKRORJLFDO DQG EHKDYLRXUDO

GHSHQGHQFH 'UXJ $OFRKRO '"HSHQG

> @QURMDN % OHLOOH 9 $FKDE 6 /DODQQH / 3RTXHW +

ODIJIQHWLF 6WLEXQBWLRYK RPFRWLQH 5SHSODFHPHQW 7KHUD

$ SDQGRPL]JHG &8RQWUROOHG 7ULDO %UDLQ 6WLPXO

> @HUUHPDQV 6& 9DQ 6FKXHUEHHN 3 'H 5DHGW 5 0DWWK\

,PSDFW Rl $FFHOHUDW H GK)UHKXH @ E\H BUHFSGIWD &/ L+YlH 7UDQVF

6WLPXODWLRQ OHDEWRYLE&XH $Q 105, 6WXG\ RQ &UDYLQJ L

$OFRHKHFBHHQGHQW 3DWLHQWYVY 30RV 2QH

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



> @DQORQ &% 'RZGOH /7 $XVWHOOH &: '"HO9ULHHW D @D LMWBORH |

JRHV XS FDQ FRPH GRZQ 1RYHO EUDLQ VWLPXODWLRQ S

FUDYLUWAODWHG QHXUDO FLUFXLWU\ LQ VXEVWDQFH GHSHQG

$

> @®HFFDQWL 0 ,QJKLOOHUL OLBWWIDOED QIHEDEFBW DO 'HI

DOFRKROLFV HIIHFWV RQ FRUWLVROHPLD DQG GRSDPLQH

3K\WLRO 3KDUPDFRO

> @ULSIO - 7TRPRYD / 5LHFDQVN\, /DPP & 7UDQVFUDQLDO

'RUVRODWHUDO 3UHIURQWQR G XFHONH[FRIWURBWHIDEKRI DQG

%UDLQ 6WLPXO

> @QXOHLQ / 'DQQRQ 3 +DGDU $ 5RVHQEHUJ 2 5RWK <

&HVVDWLRQ ,QGXFHG E\ '"HHG G6BHSGMM/ WA 8 W YROD@QIVYWUR Q LFDI W

,QVXODU &RUWLFHV $ 3BURVSHFWLYH 5DQGRPL]JHG &RQWUR

> @HOHU $& 'UHVOHU 7 -RDFKLP . "HENHUW - +HUUPDQQ |

7TKHWD % XU\WRWYW ®&WPEX® RVBV\FKRWKHUDS\ ,PSURYH 1LFRWLQ

I[URP D 3LORVS GIBHBHMEE (XU

> @ ;% +DUWZHOO .- 2ZHQV 0 /HODWW\ 7 %RUFNDUGW --

7TUDQVFUDQLDO ODJQHWLF WHB RO BW HRQRRIWNDKCH& RUWRIQ 5H

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



&UDYLQJ %LRO 3V\FKLDWU\

> @& ; ODOFROP 5- +XHEQHU . +DQORQ &% 7D\ORU -- %U|

UHSHWLWLYH WUDQVFUDQLDO PDJQHWLF O WRRX\CO WLIRDMOQK IL

LOQFUHDVYLIWG X¥PHG FUDYLQJ IRU PHWKDPSKHWDPLQH D SUL

'HSHQG

> @HUUHPDQV 6& 9DQGHUKDVVHOW 0$ 'H 5DHGW YL GX%DAE !

UHDFWLRQ WLPH YD URRE WDIWN ICX GIHWRHEISIRE G HDQOVW RSKORMOL H Q

RQH LWIEMG GRUVRODWHBTUOVHYNILRRY MDBRKRO $OFRKRO

> @HUUHPDQV 6& %DHNHQ & 9DQGHUEUXJJHQ 1 9DQGHUKI

/ HW DO 1R LRQEGXBIQEHGRISUHIWRE@WHY WODRQ RQ DOFRKRO

UHFHQWO\ GHWR HSHI9G D@OW RKIRMODLHQWY UHVXOWYV RI D QD

'HSHQG

> @®RVH -( OF&OHUQRQ )- )URHOLJHU % \VoWE® $0 3SHSEXW LKN

7TUDQVFUDQLDO ODJQHWLF 6WLPXODWLRQ U706 RI WKH 6X.

IRU &LJD U BBVWHKY DWIUR 6 6

> @LVKUD %5 1L]DPLH 6+ 'DV % 3UDKDUDM 6. (IILFDF\ RI 1

WLPXODWLRQ LQ DOFRKFRMDEHEWOQGIBQFMXBG\VEGBLFWLRQ

> @PLD] 5 /HY\ ' O9DLQLJHU ' *UXQKDXV / IUHTXHDF 5

WUDQVFUDQLDO PDIJQHWLF VWLPXODWLRQ RYHU WWH GRU

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



FUDYLQJ DQG FRQVXPSWLRQ $GGLFWLRQ

> @RKDQQ 0 :LHJDQG 5 .KDUUD] $ %REEH * 6RPPHU * -

WUDQVFUDQLDO PDJQHWLF VWLPXODWLRQ LQ QLFRWLQH GH

> BRWK <H®QD®JI+DOOHWW 0 $ FRLO GHVLJQ IRU WUDQVFUD

EUDLQ UHJLRQV - &0LQ 1HXURSK\VLRO

> &@KR 66 6WUDIHOOD $3 U706 RI WKH OHIW GRUVRODWHUL

UHOHDVH LQ WKH LRWLIRQOWXODWHDRRMWHWH] DQG RUELWRI

H

> @R -+ ORQFKL 2 3WLWR $ %ORRPILHOG 3 +RXOH 6 6WU]I

LQGXFHG LQKLELWLRQ RI GRUVRODWHUDO SUHIUBPGWDDO FR

GRSDPLQH UHOHDVHKLBXLQAD WDVHNHWD WMBORSULGH 3(7 VWX

IHXURVFL

> @ROORQL & 3DQHOOD 5 3HGHWWL 0 )UDVFHOOD $* *DP

7TUDQVFUDQLDO 0DJQHWLWHBWRPWO DWIRIQNR[ WHKEXFHYV &RFI

6WXG\ J)URQW 3V\FKLDWU\

> @DOLN 6 -DFREV 0 &KR 66 %RLOHDX , %OXPEHUJHU ' +

LQVXOD XWVWHRLOWKRHG XODWHY GRSDPLQH UHOB(D\SH OR WWRY VE

LQ KHDOWK\ KXPDQV %UDLQ ,PDJLQJ %HKDY

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI



> @DU@BPRV 7( 'RZGOH /7 /HQFK '+ OLWKRHIHU 2- 'HYUL

DO 7UDQVGLDJQRVWLF (IITHFWV RI 9HQWURPHGLDO 3UHI

6WLPXODWILRIQ@ RQLEKW\ %LRO 3V\FKLDWU\ &RJQ 1HXURVFL

> @®@DQORQ &% 5BPRQH\ 'RZGOH /7 +DPLOWRQ 6 'HOULHV :

'"HYHORSLQJ SHSHWLWLYH 7UDQVFUDQLDO ODJQHWLF 6WLP

&RFDB®YH 'LVRUGHU D 6HULHV Rl 6L[ 7UDQVODWLRQDO 6W

7KLY DUWLFOH LV SURWHFWHG E\ FRS\ULJI
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Records screened by Records excluded (o= 1015):
reading title and abstract > relevant smdy (n = 1015)
m=1175) -
¥ Full-text articles excleded with reasons
(o=129%
Full-text articles assessed for 1) Irelevant study (n = 24);
eligibiliry L [ . e
(= 160) 2} Participants with other psychiatne disorders
(m=4)
3) Participants with pathological gambling,
mfernet addiction or food cravang (n=11)%
Y
4) Single-group design study (n = 8);
Full-text articles assessed for data
exfraction 5) Study without a sham TMS orno
m=31) mtervention control group (m=1);
Study without sufficient data for 6) No outeome related to craving or substance
meta-analysis - intake (o= 5);
n=3
h T) Publizhed as conference abstract or book
. chapter (n=22;
Studies meluded lmﬂ:u
met:i-a.r_fl_vsm &) Review, commentary or study protocol
(n=28) n=47:
9) Articles not publizhed in Enghsh or
German (n=2);
10) Orerlappmg participants sample
m=4
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(A) Excitatory rTMS of the left DLPFC

Hedges'g

Amiaz R et al (2009)a Nicotine -1.008

Amiaz R et al (2009)b Nicotine 0.242
Johann M et al (2003) Nicotine -0.721
Li X et al (2013)a Nicotine -0.319
Li X et al (2017) Nicotine -0.640
Pripfl J et al (2014) Nicotine -0.620
Liang Y et al (2018) MA -1.312
Liu Q et al (2017)a MA -1.305
Su H et al (2017) MA -0.398

Shen Y et al (2016)  Heroin  -0.922
Terraneo A et al (2016) Cocaine -1.006
Sahlem G et al (2018) Cannabis-0.026
Del Felice A et al (2016)Alcohol -0.249

-0.624

Random-effects model
Heterogeneity: I¥ = 35.36 %
Test for overall effect; £ =-4.531 (P < 0,0001)

Lower
limit

-1.891
-0.492
-1.553
-1.043
-1.502
-1.358
-1.940
-2.237
-1.102
-1.809
-1.763
-0.746
-1.157
-0.894

(B) Excitatory rTMS of the right DLPFC

Hedges'g

Dieler A et al (2014) Nicotine 0.262
LiuQ etal (2017)b MA -1.611
Herreman S et al (2012) Alcohol 0.129
Herreman S et al (2013) Alcohol 0.046
Herreman S et al (2015) Alcohol -0.037
Mishra B et al (2010)  Alcohol -2.676

-0.600

Random-effects model
Heterogeneity: 12 = 89.70 %
Test for overall effect: Z=-1.412 (P = 0.158)

Lower
limit

-0.191
-2.587
-0.558
-0.461
-0.782
-3.498
-1.432

Higher
limit

0.124
0.977
0.111
0.405
0.223
0.117
-0.683

-0.373
0.305
-0.035
-0.249
0.693
0.659
-0.354

Higher
limit

0.715
-0.634
0.816
0.554
0.707

-1.853

0.233

Hedges' g and 95% CI
g
i
— —
e o
+
+
el—

L 2

-4.00 -2.00 0.00 200

™S Sham

Hedges' g and 95% CI

+

-4.00 -2.00 0.00 2.00

™S Sham

4.00

4.00

J)LIXUH D@QDWODVLV RI WKH LPPHGLDWH WIHRBEF& R @ IFH DLW IDIW

$ OHW@DO\VLV RI

VWXGLHV RVYLWKHOHMWD WRE\ R OFBUDYLQ

VLIQLILFBUWDN DQWHIITHFW ZLWK D@ E 1% Db YEVIIHLRIRT VWXGLH

HIFLWDWRU\ U706 RI WKH ULJKW '/3)& RQ FUDYLQJ

VKRZLQ.
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(A) Inhibitory rTMS of the left DLPFC

Hedges'g LoWer Higher
9D imit  limit Hedges' g and 95% CI

(D) Excitatory dTMS of the bilateral DLPFC and insula

Hedges'a it fimit

Lower Higher
Hedges' g and 95% CI

Dinur-Klein L et al (2014)a Nicotine 0119 -0.805 0.568
LiXetal 2013)b MA 1.397 0452 2.341
Dinur-Klein L et al (2014)b Nicotine -0217 -0905 0.471
LiuQetal (2017)c MA -1.092 -1.997-0.187
Addolorate G etal (2017) Alcohal 0172 -1.260 0.915
0.149 -2.290 2.587
-0.169 -0.612 0.275
400 2,00 0.00 200 400 -4.00 -2.00 0.00 2.00 4.00
Random-efiects model Random-effects mode|
Heterogeneity: 12 = 92 B1 % Heterogeneity: 17 = 0.00 %
Test for overall effect: Z = 0,120 (P = 0,905) ™S Sham Test for overall effect; Z = -0.745 (P = 0,456) ™S Sham
(B) Inhibitory rTMS of the right DLPFC (E) Excitatory dTMS of the MPFC
. Lower Higher Hedges' g and 95% CI
Hedges'g ‘-‘:‘V";' HI‘II;"":’ Hedges' g and 85% CI Hedges's Tt fimit
Trojak B et al (2015) Nicotine 0112 -0.528 0.751 Ceccanti M et al (2015)  Alcohol 0.045 -0.835 0.925
LiuQetal (2017)d MA 1329 -2.264 -0.394 Martinez D et al (2018) Cocaine  -0.302 -1.354 0.749
-0.098 -0.773 0.577
0567 -1.977 0.843
-4.00 =2.00 0.00 2.00 4.00 -4.00 2.00 0.00 2.00 4.00
Random-effects model Random-effects model
Heterogenedty: 12 = 83.82 % Heterogeneity: 12 = 0.00 %
Test for overall efect: Z = -0.778 (P =0.431) ™S Sham Test for overall effect: Z = -0.285 (P = 0.776) ™S Sham
(C) Inhibitory rTMS of the MPFC (F) Inhibitory dTMS of the bilateral DLPFC and insula
. Lower Higher , " . Lower Higher . %
Hedges'g ! TN Hedges' g and 85% CI Hedges'g LoWer Hiohe Hedges' g and 95% C1
Rose J etal (2011) Nicotine 0187 -0.885 0511
Dinur-Klein L et al (2014)c Nicotine -0.344 -1.213 0.525
Hanlon et al (2015) Cocaine 0108 -0.910 0.699
Dinur-Klein L et al (2014)d Nicotine 0345 -0.517 1.207
Hanlon et al (2017) Cocaine -0.117 -0.663 0429
0.003 -0.672 0.678
Hanlon et al (2017) Alcohol  0.087 -0.470 0.644
0065 -0.378 0.249
-4.00 -2.00 0.00 2.00 4.00 -4.00 -2.00 0.00 2.00 4.00
Random-effects model Random-effects model
Heterogeneity: 12 = 0.00 % Heterogeneity: 12 = 17.80 %
Test for overall effect: Z = -0.404 (P = 0.688) ™S Sham Test for overall effect: Z = D.008 (P = 0,994) ™S Sham

YJLIXUH
FUDYLQJ BQDBOWLV RI

DQDO\VLV RI

D@QHHOODVWYXKHR LPPHGLDWH HIITHFWV RI

RWKHU U706 S

VWXGLHV XVLQJ LQKLELWRU\ U706

VWXGLHYV XVLQJ LQKLELWRWQDMW RY WIKMWIXC

XVLQJ RYKLEAOB RI WKH 03PQDO\OHWMRI VWXGLHV XVLQJ H[F
WKH ELODWBODBOVX®)RE DQOMWWMOLY RI VWXGLHV XVW®&H H[FL\

03)& DQG )DOQPWOLVLV RI VWXGLHV XVLQJ LQKLELDWRA\ G70!

L@XOD $00 DERYH 706 SURWRFROV VKRZ LQVLJQLILFDQW H
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(A) Excitatory rTMS of the left DLPFC

Higher

(C) Excitatory dTMS of the MPFC

Hedges'g Lower . ;g Lower Higher
9 it limit Hedges' g and 96% CI Heagee' g L Hedges' g and 95% CI
nnnnnnnn 1139 2008 0241 artinez D et al (2018)  Cocaine 0569 -1638  0.500
0095 0827 08638
Geceani Metal (2015)  Aloohol 0817 413 0370
TemaneoAetal (2016)  Cocaine 1212 2084 -0330
0538 1225 0.148
0777 1527 -0028
400 200 0.00 2.00 4.00 -4.00 -2.00 0.00 200 4.00
indom-eftect
5860 % Helerogenaily. F = 0.00 %
fact: Z = -2.033 (P = 0.042) ™S Sham Test for averall effect: Z = -1.537 (P= 0.124) ™S Sham
(B) Excitatory dTMS of the bilateral DLPFC and insula (D) Inhibitory dTMS of the bilateral DLPFC and insula
Hedges'g Lower Higher Hedges'g Lower Highe )
limit  limit Hedges’ g and 85% CI it it Hedges' g and 95% CI
o Letal 2014jb  Nicotin B B ur-Kiein L et al (2014} Nicotine 0085 0779 0948
ol Letal 20 eotine Dinur-Klein L et al (2014)d  Nicotine 0352 -1214 0510
Addolorato G et al (2017)  Alcohal 4035 2203 0133
0134 0744 0476
1164 1643 0685 <&

Random-eftects model

jeterogenaity: F = 0.00 %
Test for overall effect: Z = -4.765 (P < 0.0001) ™S Sham

JLIXUH D@IDODVLY RI WKH LPPHGLDWH HIIHFWV RI U706 R
OHWDDO\VLY RI VWXGLHV XWLIQH M FL3RWRKRZY7D6VRIQLILF
RQ MAIGQJ VXEVWDQFH FRQVXPSWLRQ % LOBIQMD\ HL VH R W VLXK
XVLQJ G706 RI WKH ELODWHUDO '/3)& VKRZV D VLJQLILFI
FRQVXPSWLRQ ZLWK DQ & |IHFMDYLYHVRRI VWXBUKG XML QJ H
RI WKH 03)& VKRZLQJ D VXSSUHVVLYH EXW DQ LQVLJQLILFD
DQ HIIHFW VL]BQRI ' DDGIDVDVLY Rl VWXGLHV XVLQJ LQKLELW

VKRZV DQ LQVLIQLILFDQW HIIHFW RQ VXEVWDQFH FRQVXPS
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7TDEOH

&KDUDFWHULVWLFV RI

,QFOXGHG 6WXGLHV

6W X G\ 6WXG\ GH 6DPSOH QX $FWLYH %UDLQ ,QWHQ' )UHTXH 7RWDO  7\SH Rl $VVHVVP 0DLQ 0DLQ RXWF
VWLPXO WDUJH 507  +] WVVEWR\ VKDP  WLPH SR RKWFRPH VXEVWDQF
SXOVHV FUDYLG FRQVXPSW
ILFRWLQH GHSHQGHQFH
-RKDQQ ( &URR/YHU U706 0'/3)& 6KDP F 3UH SRV 9$6 1%
$PLD] 5 F 3DUDOOH( 56 51 U706 0'/3)& 6XUIDF 3UH G 9%$6 6HOHSRUW
66 61 LVROD) 706 P )8 FLIJIDUHWW
5RVH - H' & URR/YHU U706 6)* 0 3UH SRV 6-4 1%
VWLP X
/L ; HW D &URR/YHU U706 0'/3)& 6KDP F 3UH SRV 468% 1%
D
3ULSIO - &URR/YHU U706 0'/3)& 9HUWH 3UH SRV SRLQW 1%
VWLP X UDWLQJ
'LHOHU $ 3DUDOOH( 9 6 U706 U'/3)& L7 %! ,QWHQ" 3UH G 468 1XPEHU RI
UHGXF' 706 P UHODSVHV
P P )8
'LQXOHLC 3DUDOOH( G706 %LODW 6KDP F 3UH SRV V7&4 6HOHSRUW
HW DO '13)& )8 FLIDUHWW
DQG LG
7URMDN ' 3DUDOOH( 9 U706 U'/3)& 6KDP F 3UH SRV 9$6 3HUFHQWD
z)8 UHODSVHV
/L ; HW D &URR/YHU U706 0'/3)& 6KDP F 3UH SRV 9$6 1%
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$OFRKRO GHSHQGHQFH

OLVKUD 9 3DUDOOH( 9 6 U706 U'/3)& 6KDP F 3UH SRV $&4 1%
)8
+HUUHPD 3DUDOOH( 9 6 U706 U/3)& 7LWOH' 3UH SRV 2&'6 1%
HW DO
+HUUHPD &URRYHU U706 U'/3)& 7LWOH' 3UH SRV 2&'6 1%
HW DO
+HUUHPD 3DUDOOH( 9 6 U706 U'/3)& 7LWOH' 3UH SRV 2&'6 1%
HW DO
&HFFDQW 3DUDOOH( 9 6 G706 03)& 6KDP F 3UH SRV 9$6 'DLO\ DOFR
DO P P )8 LQWDNH
'HO )HOL 3DUDOOH( 9 6 U706 0'/3)& 6XUIDF 3UH SRV 9$6 1%
DO LVROD\ )8
+DQORQ &URRYHU F7%6 003)& F7%: 6KDP F 3UH SRV 9%$6 1%
$GGRORL 3DUDOOH( 9 6 G706 %LODW 6KDP F 3UH SRV 2&'6 7/)% WRWD
HW DO '13) & )8 GULQNV
DQG LC

0$ GHSHQGHQFH
/L ; HW D &URRYHU U706 0'/3)& 7LOWH' 3UH SRV 9%$6 1$

E
6X + HW | 3DUDOOH( 9 6 U706 0'/3)& 7LOWH' 3UH SRV 9%$6 1$
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/LX 4 HW 3DUDOOHC +)
+)
/)
/)
6
/LDQJ < F 3DUDOOHC 9
6

&RFDLQH GHSHQGHQFH

+DQORQ &URRYHU

7HUUDQH 3DUDOOH( 9
DO
+DQORQ &URRYHU

ODUWLQF 3DUDOOHC +)

DO 6

+HURLQ GHSHQGHQFH
6KHQ < H 3DUDOOH( 9

&DQQDELYV GHSHQGHQFH

6DKOHP * &URRYHU

OHIW

ULJKW
OHIW
ULJKW

1)

U706

U706

F7%6

U706

F7%6

G706

U706

U706

O U'/3)

0'/3)&

003)& F7%:
0'/3)&
003)& F7%:

03)&

0'/3)&

0'/3)&

3 3UBRVW 09%6

VWLP X!t

7TLWOH' 3UH
)8

,QODFWL 3UH
VXUIDF
1% 3UH

6KDP F 3UH

6KDP F 3UH

7LWOH' 3UH

6KDP F 3UH

SRV 9%6

SRV 9%6

SRV 9%6

SRV 9%6

SRV 9%6

SRV 9%6

SRV 0&4

1%

1%

1%

1%

1%

&KRLFH IRl

FRFDLQH L

DGPLQLVW

VHVVLRQ

1%

1%

$EEUHYLDWLRQV 9 9HUXP 6 6KDP G GD\

Z ZHSN 1B P RQYWDKY D& OHEQ@W UBO7 )BH YRQ QR ZP RUINDRY MUDUHLMKR |
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PDJQHWLF VWUBXODOMIRQGRUVDO ODWHUDO SUHIURQWDO FRUWH[ 9$6 9LVXDO DQD ORUX® W\WDBPXO B LRH
QHXWUDO FXHV H[SRVXUH 66 6KDP VWLP&IO BWDRQ/WILW K OMPRINR Q JZ E WH VQHHPEURHTIAHHE K H WOHH /BRI @ BH 69F  +L.
6XSHULRU IURQWDO JADMYLM-BXIBKWLRD@DLUH 0 3ULPDU\ PRWRU FRUWH] +]+ 1070 B LAY MREXR R RR [ Il G
H[SRVXUH +] U706 ZLWK VPRNLQJIFEHB \Z IHYEKRXXWMPRNLQJ FXHV H[SRVXUH V K DKW PO 8 706N KL WRKARNKIWA
VPRNLQJ FXHV H[BRMXUNWALRQ QDLUH FRULWPRNTR 6 XLQWHM EERKLUNWH QWL RKGIDWLRQ U'/3)& 5LJKW GRUVDO C
4XHVWLRQQDLUH RI VPRNLQJ XUJHV G706 'HHS WUDQVFUDQLDO PDJQHWLFNVRQORODM LREM \STRHR KARKR |
TXHVWLRQQDLWHVVERBS2EVLYH GULQNLSRLVWFWD GHNHUBN ¥FQOHV F7%6 FRQWLQXRXV WKHWD EXUVW VWLF
7/)% 7LPHOLQH IROORZEDFN 0% PHWKDPSKHWDPLQH 03)& OHGLDODSWHIURQWDO FRUWH[ 0&4 ODULMXD
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7TDEOH 6 XPPDU\ RI HIITHFW VL]HV IRU HDFK DQDO\VLY VKRZQ IXOO\ LQ IRUHVW SORWYV

U70BURWRFRO 2XWFRPH 7\SH RI VXEV\ (IIHFW VL]H +HWHURJHQHLW\ JLIXUH
J &, 3 , 3
,PPHGLDWH HIIHFW
([FLWDWRU\ U70 &UDYLQJ $00 VXEVWDC W R P P JLIXUH $
0/3)&
$OFRKRO W R P 1% 1$ JLIXUH 6
1ILFRWLQH WR P P JLIXUH 6
L,OOLFLW GUX W R P P JLIXUH 6
([FLWDWRU\ U70 &UDYLQJ $00 VXEVWDC W R P P JLIXUH %
U/3)&
,QKLELWRU\ U70 &UDYLQJ 0$ WR P P JLIXUH $
0'/3)&
,QKLELWRU\ RIU79 &UDYLQJ 1LFRWLQH 0% WR P P JLIXUH %
U'/3)&
J,QKLELWRU\ U706 &UDYLQJ $00 VXEVWDC WR P P JLIXUH &
([FLWDWRU\ G70 &UDYLQJ 1LFRWLQH $0 W R P P JLIXUH
ELODWHUDO '/3)&
([FLWDWRU\ G706 &UDYLQJ $OFRKRO &RF WR P P JLIXUH (
,QKLELWRU\ G70 &UDYLQJ 1LFRWLQH WR P P JLIXUH )
ELODWHUDO '/3)&
([FLWDWRU\ U70 6XEVWDQ 1LFRWLQH &R W R P P JLIXUH $
0'/3)& FRQVXPS)\
([FLWDWRU\ G70 6XEVWDQ 1LFRWLQH $0 W R P P JLIXUH %
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ELODWHUDO '/3)& FRQVXPS)

([FLWDWRU\ G706 6XEVWDQ &RFDLQH $OF W R P P JLIXUH &
FRQVXPS)\

,QKLELWRU\ RIG7® 6 XEVWDQ 1LFRWLQH W R P P JLIXUH

ELODWHUDO '/3)& FRQVXPS\

'XUDELOLW\ RI WUHDWPHQW HIIHFW

([FLWDWRU\ U70 &UDYLQJ $00 VXEVWDC W R P P JLIXUH 6

0'/3)&

$SEEUHYLDWIBRPHSHWLWLYH 7UDQVFUDQLDO PDJQHWLF VWLPXODWLRQ ©0'/3)& DEI|%UGERUR@WD®D MW
G706'HHS WUDQVFUDQLDO PDIJQHWLF VWLPXO®OBWRRWY KDP)XK D¥ CIFDQHSYFHOURDEDHO FRUWH|
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