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'"HSDUWPHQW RI %LRFKHPLVWU\ &KRQEXN 1DWLRQDO 8QLYHUVLW\
.RUHD

5HDHFK *URXS RI 1IXWULWLRQ DQG OHWDEROLVP .RUHD )RRG 5HVFE
RI .RUHD

'"HSDUWPHQW RI SBKDUPDFRORJ\ &KRQEXN 1DWLRQDO 8QLYHUVLW\
.RUHD

% DF NJUR X QBMBIG ®&IRCHAMQ DD WIFRVY XS WR Rl WKHK Z RMLPGR V V8 RISK /DWXIGR Q
ZDV WR LQYHVWLJIJDWH ZKHWKNYV VREERHNPEBQED WER G \ARMIOM DRD Q
VXEMHFWYV ZLWK [XQ PW WRKE®IEYW FERDX/GN LS NARKEN 6 [DQ G RPL]H & O GR® E O H

S O D FHRERW WRIDLGMEM HFWYV ZLWK IXQFWLRQDO FRQVWLSDWLEQUAHDH RUDOO\
SDVQ@H RU SODFHER Q :H PRIV XWiH#I MVFDF\ D ® GF D DAEFBW RI 3WLPDU\ RX
FRHWRORQ W U DB)QY/G W HFIRFGHG D UX FRMWWWLFRRPIVL UH U H @ B WHH G RWPIS DBUHH B FER RR ©
DQG DIWHWHWKHWHUY HBEWXQ ®BEHENWEISSOHPHQWDWLRQ IDIVMIPVIVRFLDWHG
FDQW UHGPROVRQE W UDQVILWQWLLFFDQW LPSURYHPHQW LQ VWHRMRO W\SH DQG DI
SDUHGWASHWMKFHER %ORRG SDUDPHWHUV DQG FOLQLFDO ILQGLQJV IRU RUJDC
&RQFOXMLIROH UHVXOW)N FDXUILEFVWONWKKIDWH ER@ HILUARFWY LQ VXEMHFWYV VXIIHL
FRQVWLSDWLRQ

.H\: RUGQVYFXV FDRR@GVPWLSDWLRQ GHIHFDWLRQ FRORQLF WUDQVLW WLPH FOL

1752'8&7.,21 ZLGH FDULFPRQWDLQV PLQHUDOV YLW
YXQFWLRQDO FRQVWLSDWLRQ DOMVREMW®R IPRFRUIROM. FDIQZd V$IDWK DO EL
FRQVWLSDWIRRP® RQV JDMVYDOR ERWSOBY WD Y& QRL GV Q SRMQIKERHRBGWILRY D
FOLQLFDODGGDFMWHFW V BD WR bl & WUDGLWLRQDOO\ XVHG IRD LWV P
VXIIHU DEBRPLQDO GLVFRPIRUW oiw IFPM G RFOVEBEOBU UHVSLUDWRL
VWRROV DQG LQFRPSOHWH GHIHFDbWIORP ZP W R R X(\WSHIRUH.® HI®WY B © DHYWRX G L H'
LFDO RU SK\VLRORJLFDO FDXVH BEXWMVGHRG QWKH PEHQN Ny R WD SO WHERW W/ (R |
IRU LWHUERDHE® V\QKBWHRPHO XQGBH U RHQWPRIFK\SHUJOWSTHPEOROHVWHUROHF
QLVPV KDYH EHHQ LPSOLFDWHG LS WKUS lsHRBKMOY QWY R GRLY HRUD D R JH
IXQFWLRQDO FRQVWLSDWLRQ ZKLFK UHPDLQV SRRUO\ XQGHUVWRRG

$V D FRQVHTXHQFH WKHUH LV Q R&NSUHHLDHBR d\KRH 5D '\Q DYKDHO DEWAH QW R
IRU WKH WUHDWPHQW RI [IKKQE \BHLVRRDW FFORFR W MQESXONWLIRPLRQDO 8QLYHUVLW\
OLVKHG WKHUDSHXWLF DSSURDFKHV%bQ&EEHGRH 'BX KRY® R U DHR QLEQXE H
YBWLRQV DQG XVHERKIWOWBHHPIRWH\D QXBOVL.F RI .RUHD

EULQJ VDWLVIDEWRUD QWBOUBDWLYHHY UHDWPBEIWYV ZLWK

OR@HUP HIILFDF\ DUH QHFHVVDUY{PWIRO P\DRRZ dieh # NEQBWIR QWD O
FRQVWLSDWLRQ ODOQXVHRHFIM Y-B@XDU\ ,QLWLDO UHYLHZ FRI
LRV FDULBDIUXLW WUHH WKDW L Vo QUPN L ¥HY MWR RV L DB BEVEH G

EHORQJV WR WKH IDPLO\ ORZURBOBGERILY QRZDEMEWULEXWHG
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DQG MIQUBBOWIHFHQWO\ ZH UHSRUWHGWEONPEBRIDWLYHKH SURWRFRO LV U

HITHFWVFRIULPOVLQJ ORSGRPHGH BQ@VX,Z FOLQLFDOWULDOV JRY 1&7
SOVLRQ 1)Q RDA/BFDW H DQG NJ DQG
EHDJOH BDRGBOMFDWH NJ GDLS)I\WHLLJi

IHHGLQJ DQEPDIBOWK WHH WR IRXG " WLRQ R'Y) FDULF\D SDVWH ‘U
ZH REVHUYHG LQFUHDVHV LQ PXFL(%:E ﬁégﬁﬁﬁ%@ggﬁ%&u
PRYHPHQW ZKLFK XOWLPDWHO\
WUDQVL(\QN WLPH DQG LQFUHDVHG | & 8 Wa H GDLOV GRVH ZDV F
%DVHG RQ HQFRXUDDQQB DUH VXMW RN fgHH UHVXOWV RDRGHILERW BOQLI
K\SRWKHV)]H® WEFIRMIKW SURYH XYW HRQXWULWLRQDO FRRSHWLWLRQ
WKH WUHDWPHQW RI KXPDQ IXQFWLRBBYW H ¥ @TFRIEM WA R & \sWEHE W \f@"é(DLdg'F
D FOLQLFDO WULDO :H GHVIE®@HEEE® TDHOGERp RIYELVERWHoAXQJIQ -RU

SODFHERWUROOHG FOLQLFIVXEWMYEGY YHK 0F VLW HY H KEXCH@RBRORUHD
ZLWKQFWERQN® L SIMMIGR @ FGRUGLQW LR OFYHHYV FDUERKIGUDWH DFUXGH

5P H FULWHULD WHU DVK VREWH ABFBREDY DN Q
O\]HG E\ DQDO\WR B B Q HURBIKREWLE Q
0(7+2'6 '.RUHRRERGHLERUHDV XU H P HQNUM RAHHG

6XEMHFWV DQG HWKLFV DSSURYDOXVLQIOWPHD WLEFYLPHWULF PHWKRG
6WXG\ VXEMHFWV ZHUH UHFUXLQ/\/HG7|BWPQ\/kQ|D8YBQ§LL@DVoZ+U{*b8H&EHVXUHG
WHU IRU )XQFWLRQDO )RRGYV &7&?‘3% Ve Ve 1‘%'\1@_@%D‘HKH VWDQGD
8QLYHUVLW\ +RVSLWDO -HRQMX FIRECEFFCK | ZRYH P ﬂﬁ?m*"*x UH
-XQH DQG 'HF MPIEH®XORFDO QHZV&YsRHFFRUGLQJ WR WKH PHWKRG PR
DGYHUWLVHPHQW $ WRWDO RIL XWEEMpHEWNAL bh ubiiH$ W SPPWRE GIDRLEG
SDWH LQ WKH FXUUHQW VWXG\ ,o%b%(*‘i/@% L @ KRN HEGR IH R RF QW R EK L
ZHUH DJH EHWZHHQ DQG  \HDURW HPXH RRUR R @R ¥ R@&WIRQ
IXQFWLRQDO FRQVWLSDWLRIEGEGM 5P&PO\WVHIM wHYHIpSHUIRUPHG XVLQJ DQ
RRRLF WUDQVLW WLPH « K DQGPWHMM wikQEIRBERUPHGBES ZLWK DQ
FRQVHQW ([FOXVLRQ FDUJ.G’\H—ILDIXUIRU\%@JSB%GHFCBOXP PP pp D —P D
VHQVLWLYLW\ WR DQ\ LQJUHGLEQWN'YY WRE WHVWLSERIXBY XFROH WL
YLRXV KLVWRU\ RU FXUUHQW GLVMWINHVRR WwR YiH WLRRPREE/QEOQHRNMKERGY D
FDUGLRYDVFPQBQBRVOHH R\ Dwewp REDYRQRLGV
URORJLFDO GLVRUGHU G Lo Q RVINH ROPF I ER D& PR G LWMK WKH VvV
GURPH E\ 520( ,,, DKLWW®RLD RI GLYRBYVR%PRFRAW TEDWERH LRKWHHGLH
FRXOG LQWHUIHUH ZLWK WKH & HV BoRRER PR Y SEUTE B M1 2W KIPVWRB SRV
VRUSWXRK DV JDVWURLQWHVW LQD¥YXRYE RRE RIL h® WWEPRIFEw H Vv w
QO VXUJHU\ XVH RI FHUWDLI® PHGLFDWLRQV WKDW FDXVH D

WHUDWLRQ RI ERZHO PRYHPHQWYV A WK LOHWERL ZH H

NV XV H
RI DQWLSV\FKRWLF PHGLFDWLRQ ZKWKLHYUPRHWKW X G\ THLIEHRENG XUFDW H G
RI DOFRKRO RU VXEVWDQFH DEXV3RPLIAG FREERHEFER BHE FOLQI
RWKHU FOLQLFDO ULBUDWYRZ P@RMWEKWRHCGLQJ WRHDHRBD HUDQ&GRPL]DV
ERUDWRU\RUPHBWINM\EKRORJILFDO @SGQ*\'/\)’LLR](?V'G WR DVV IFEIUVMBARMH F W V
GHHPHG E\ WKH LQYHVWLJDWRUV kg;«m@ R VZ L WKWK HE W i 6Q Y HY
SDUMAERS LQ WKMGVWXGUHJIQDQFNROZFWEREA LRQ FRGH RU WKH UHV
EUHDVW $HG VYEMR FIXMH @ W HQ L%VHR‘ D VFUHHQLQJ YLVLW DW ZKLF
FRQVHRWH EHHQ W H U L @K HWK\W X\GN X BK YLD ZHUH DVVHVVHG 7KH HQUR
FRGXFWHG DFFRUGLQJ WR WKH 'HE&D DW@RWLQH@VI}/%IYW%@N DQG V
WKH *XIVGROERRG &OLQLFDO 30DFWHEYHE W E NS WSO
WLRQDO &RQIHUHQFH RQ +DUPRQLITHFRLRORX R HREMHFWY, URFHADWHG HLV
DSSURYHG E\ WKH )XQFWLRQDBZ)R WH% R BRI Y QG DOO VXEM
%RDUG )),5% RI &KRQEXN 1DWLR®GBYWBEXRYWHGLWRYWE B BHRBESDFHNE U

e

7TDEOBRPH ,,, IXQFWLRQDODOWHRQMWLSDWLRQ FU

OXVW LQFOXGH WZR RU PRUH RI WKH IROORZLQJ

D 6WUDLQLQJ GXULQJ DW OHDVW Rl GHIHFDWLRQV

E /XPS\ RU KDUG VWRROV LQ DW OHDVW RI GHIHFDWLRQV

F 6HQVDWLRQ RI LQFRPSOHWH HYDFXDWLRQ IRU DW OHDVW RI GHIHFDWLRQC
G 6HQVDWLRQ RWWDRRWHRY  EORENDIJH IRU DW OHDVW Rl GHIHFDWLRQV

H ODQXDO PDQHXYHUV WRIIBHULBEDWMWROQVWHOHDGWILWDO HYDFXDWLRQ VXSSF
I )HZHU WKDQ WKUHH GHIHFDWLRQV SHU ZHHN

/IRRVH VWRROV DUH UBUX\OA BUBDHDQWL Y HW KRXW WK

,QVXIILFLHQW FULWHULD IRU LUULWDEOH ERZHO VI\QGURPH

"&ULWHULD IXOILOOHG IRU WKH ODVW PRQWKY ZLWK VIPSWRP RQVHW DW OHDVW PR



(IIHFWOQHVV RI )LEXV FDULFD RQ IXQFWLRQDO FRQVWLS|

7DE 1XWULWLRQD LQIHVWHGGDLARQFVHULHY RI WRUHH G
ORPBUFMSVXOHY DW WKH VDPH WLPH
IXWULWLRQDO FRPSRVLWLRROWHQWWRVHFXWLYH GD\WV (DFK FDSVXOH FRQ\

&D OW/NF D OJ PDUNHUV VH DWBHG VOLANXEMHFWE WKHQ
&DUERK\GUDWH GRPLQDD\Y K DIWHU WKH LQSHVWLR(
&UXGM I VXOH R/GIRNYR DQ VADW WWDPHF XODWHG DV W
& U X WHRE WKH PDUNHUV ®BWHFMHHEXRQR] WKH P
:DWHU GHWHFWH® DL\QZWX HP XOWLSOLHG E\

ﬁ\éngp 0y &77 H[SUHVVHGSILQ KR MWIDRHY/ VPDJILQD
YLEHU OLQHVWHKRIRVK O XP E D U WK WKHE LSIH OWR
ZRWDO IODYRQRLGY JJ GU\ RXW O MMOHE QNG L OLIDFBPRABE D WG PR QB YV GHI
7RWDO SKHQROLFV FRPSRXQGV JJ 8YRMHFWLRQ JRQHV RI ULJKW OHIW D
JODYRQRLGV SKHQROV JJ GU\ 7KH VHFRQ G DID FRRQWARIBIHOMDMBHG V\P
*DOOLF DFLG J J GU\ WRPV WIXRIQQDLUHW HDMHGTUKHNQWF\QRII GHIH
$SLIHQLQ J J GU\ WLR@GHIHFDWLRQ WLPH VWRRO W
1DULQJHQLQ J J GU\ SDLQ GLVFRPURUIWLRMH BRYUDF XDWLRQ VH
IXWHROLQ J J GU\ RI LQFRPSOHWH HYDFXDWLRQ VWRRO
.DHPSIHURO J J GU\ DQG VDWLVIDMWRUD WHGQUIMWHVHSG DW
(SLWPIFKLQ J J GU\ 6WRRO FRQVLVWHQF\ ZDV LQYHVWLJDYV
&DWHFKLQ J J GU) IRUP FKDUW RQ D VZKH®H IUBARQRWHYV

AXHUFHWLQ J J GU\
&KORURJHQLF DFLG J J GU\ UDWH KDUG OXPSV KN DXVEXW OWKIPPS

OLNH D VDXVDJH RU VQDNH EXW ZLWK
1DULQJL JJ GU\
5XWL% ?J GU\ OLNH D VDXQDNH RMPRRWK DQG VRIW
ZLWK FRWDHIGIHV IOXII\ SLHFHV ZLW

*HQHBR®RVLWDR®RULHV FDUERK\GUDW H xAPRKG i WIRR OF UX G D W HE/QD DHRU DR B L\GE B U
SURWHLQ ZDWHU WD VRUNEBRERGM)UEBH

HW Lq:RVH WRSWKOWVRRGEH LQGLFDBVHV QR
PHWKRBWDO 10D RORLOVD DLW G e EHER QDO GLVFRPIRUW VFRU HV \ZFHOGH t
UXWLQ DV WKH VWDQGDUG 7RWDO SKRHQ®AILHRREORPR EXQSARRWHR QR AFR U H
&LRFDOWHX UHDJHQW DV GHXVWUQHH® @O LeH QIOHYW RAFHRWARU H KLYKWLIKHU VFRU
L D
OXWHROLY NDHRSIHURO hsLrpwRrkl o QR HY YRYIEUH REGREARDPO SDLQ
JHQLF DFLG QDULQJLQ DQG UXWLQ $FTXLW\ 83/& V\VWHP :DWHUYV
OLOLIRUG 0% 86$ ZLWK DQ $FFRIOXP3HD WH{We DQG GLHWDU\ PHDVXUHYV
PP 1 PP —P DQG D :DWHUV 6D RH W\ MYV ¥GIN/ V PLHEOWF WYURGFD&EEGE RIJUD |
4XDGUXSROH WDQGHP PDVV VSHFWURPI—WGR@DDE/VRU\ WHVWVEHP/RJ\OWV KKH P
WRFULW SODWHOHWYV WRWDO ELOLI
WKSOBFRTERNSHU GD\GD\ WKUHH WISPHYV BZDOWDP\O WUDQMIBDRVYEH WUDQ
EHIRUH PHDIXWHRY 6XEMHFWY ZHWHWWYNHOVWSEBUWEIWH $60 DWW R PYR O
WKH FHQWRXUHNNMW\A\IRU D WRWDOWRIURRXUWULNMIGANBYLENVOEKREHRWHU®
ZKLFK LQFOXGHG WKH VFUHH@QRL® J ¥'U W VO REHOHNWHQLQOEKSRSHRWHURO
ZHHNV $W HDFK YLVLW FXUNUGID WO R HISW H D WLFRQD XV K5 U K AWRH DQ Q IDMDUERPH.C
VWDWXV DQG DOFRKROGL (D/QIEN WM XZWERHH QN BIW WQ U QW HE D A I\ WRHH GNBIKGHE V H
WLYH VIPSWRRWOQWHWWDYWO DKWHUMH HIHQWO ZEEHDRUH DQG ZHMMNHU WK
DOVRVHVYXHGQHMWEKHMHN WRQQWWLRQ SHOWRGYHQW®BRQR G BWIHRVWG/ XUH D/QG SXC
VXEMHFWY ZHUH DVNHG WR FRRWNVQXN HEGK B \WUSBWAKD G I HMMVUIDENGH DV H G
WLYLWN DQG ZHUH DVNHG QRW WRRWD D @O QA MRINKNADKNHH QYFHVBILVRIGRO 36l G L
IRRGV RU GBEOWPHD WM UDRORIGMW LZAH. JKW ZWWHE KD/LQJ WKH VDPH PDFKI
WLRQQDLUHV UHOEM KBPWRD G HSB ENDW K& HUNMIGREDVV %QGHNJ PD¥DXOF
DQWKURSR@PEWUWDO VLIQV ZHUH OBWHWG/ HG EHYR G NJEQWKKIHZWUTWRWH RI
DIWHU WKH LQWHUYHQWLRQ SHULKGURIWERWK JURXSV (YHU\ IRXUWK
ZHHWKH VXEMHFWV ZHUH DGNHG VWE OoUSIBRW WF IPSP\QWYV FRPW HDW K GY DVG!
HYHQWY RU DQ\ FKDQJHV LQ WWD LEGXDLJIQ D WIKN W OMHHRYWHEDWWRQISHLRG
WHUQV DQGSWHRRPEOHYVWFH &RPSIOQWOQORNH BQG GLHW TXDOLW\ 'LHWDU\
DVVHVVHG E\ WKH QSXOPHENHEX BRMHHWAEV®REHHWLWLIBQUXVLQUVREWEZDUH 7KH
FRPSOLDQFH FDUVKFPRUWHSODFHER WHWDWWHRY 6RFLHW\ 6HRXO .RUHD

ZDV "7 RI' WKH WRwWDO GRVH ZHUH FRQVLGHUHG WR KDYH

GURSSHG RXW 6WDWLVWLFDO DQDO\VLYV
6WDWLVWILNDDDYVQIHUIRUPHG XVLQJ 6%

6WXG\ RXWFRPHYV IRU :LQGRZV 6%6 ,QVWRMMXTKH KLOWH QA

7KH SULPDUVBMRORMARHD QVLW WQPHWWHKHH BBREBXODWLRQ LQFOXXHEM BDOW U
LF WUDQVLW IWMHMHV XSIFH G L Q EHORUWXERM Y AW LK DIGEE B BSVaHD FHE®R DWWHQGHC
DQG DIWARNHWKHMH WHU Y N WL DR BLHRGY W RQH VWX G\ RNV RN B HOQ KL HRWK H
WUDQVRMWWRBHGHVFULEHG 6K\EMHHWRQ/O O WWVDRIQHE | VBDIWWSHU IRWRH G 717Q
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[Enl'ollmentj Assessed for eligibility (n=109)

Excluded (n=29)
» Not meeting inclusion criteria (n=16)
» Withdrew consent (n=13)

Y

Randomized (n=80)

'

r Y

Allocated to F. carica paste group (n=40) ‘ Allocation Allocated to Placebo group (11=40)

* Received allocated intervention (n=40) » Received allocated intervention (z=40)

h 4 h A
 —

Discontinued intervention (n=4) Follow-up Discontinued intervention (n=2)
» Withdrew consent (n=1) - o » Withdrew consent (n=1)
* Protocol violation (n=3) * Protocol violation (n=1)

) Y

ITT Analysed (n=40) Analysis ITT Analysed (n=40)

JLIXUHORZ FKDUW IRU WKIKPRBWHWUGR VX BEMIGEVEWUWLFLSDQWY HQUROOHG DOORFDWHG
&216257 JORZJUDP

SRSXODWLRQ SODFHER JURXS IDLOHG MR/KE MS$IG MWW H

'DWD DUH VKRZQ DV PHDQ \D&G VWOMREDVUBUGEY ZDWKRBQ@HZ FRORXQW IR
7KH VDPSOH VL]H ZDV VWDWLVWLNXEOHBWNW KUK ER QG MR HRE WRIBD W P HQ
SRZHU RI ZLWK DQ DOSKD R® WLRQR$E HY \WWRNGBRFRRYUS.FDW R X S
VWUDMRERORQLF WUDQVLW WWP HD QSR DFEHERNS FIDHIPIOX @D G
HG WR EH D K UHGXFWLRQ ZLWK D *HWQBQGDUEKGHDEIWHIURY VRL FVK RD W K H
VDPSOH VLMKERMHFW® WKADUSPUWHDEOH/KHUH ZHUH QR VLJQLILFDQW G|
JURXS DQG LQ WKH SODFHERP JUBNRBXSDW Q HEDMHMIE HEFKBRUDFWHULVW L
LQJ D O RV VX R XRMOR FRSWBIOVVZHLIKW ERG\ PDVV L QGHMQ) G D\OFRRNKIRD
DW 7KH WZR JURXSV ZHUH HTEDOVMD WIW LQ RUGHU WR R
WDLQ WKH JUHDW HVWQ N WDV EM\WEWF @ FBRIZ H U
GLIIHULQJ ENWZAHHGWME SODFHERRBORQI¥ WUDQVLW WLPH
ZHUH D QD ®\QHXGG IS VVGIW@WIRWT XDUHKHUH ZDV QR GLIIHUHQFH LQ WKH RYF
WHYKWH VLJQLILFDQFH RI GLIITHUHQ@AMYV XKL WG VDK R UNERW DIRKE § @ W BDOMH C
JURXDWVAHVWHG E\ D BULEAWUPRIGHOSIMEAAHHNY Rl VXSSOHPBWRDWORE WL
SDLWNEVWY RI WKH \PTHDQ H7 WHIVAWILEDW LPHY ZHUH VLJIQLIL P KN D kF KGEHRE U H
IRUPHG WR GHWHUPLQH GLITHUWRHQFHV WBGIXFHW KR QFOLDHME B W FDUWMHBIX FW LR Q
UL]JHG YDULDEOHV EHWZHHQ JURXBWRXSYDOXBRWVH WKHUH ZHUH VLJQL
FRQVLGHUHG VWDWLVWLFDOO\ VLJRQ IERDRWLF WQXEMBWRAWIL)PHDIU L FD

SDV®/H &ORQ WUDQVLW WLEPH ZDV V

5(68/76 SUR LIQG W K FD UIDADMHR KR P SD U H® KZH. W K
*HQHUDO PREWDHRVMWHULVWLFV SODFHERSJURXS
7KH VDPSOLQJ DQG WUDNLLQHEU RQL PLHIX WDHUH VXPP

IRU WKH VXERMHFRWHIK R KR VWX G & RQWRWEIWVRRAG VIPSWRPV
VXEMHFWV ZHUHH@RUGHEMBFWY ZH URD LS TFWXISSOHP ZQW MWNVREGLDQVHG ZL
FOXGHG IURP WKH FXUUHQW D QDBMELND & HFBHRRMAMEBN HQLEG DQ/R MY D O X D V
PHHW DOO RI WHKHRILQEDWNGR® ZKERWARHEHW DQG DEGRPLQDOS GLVFRPIRU
UHPDLQY®EMHFWYV ZHUH GLYLGHG FRRRGIC\VIISMEOE BB BRRROIHY)H FDULFD
LQWR WIOHSFWAWHS O D FHER XNURMVVBWYWH KDG QR VLIJQLILFDQW WUHDWPFH
IURP WK WFOWRXSWZREEMHFWY IGRPHWIKWLRQ GHIHFDWLRQ WLPH DEG



(IIHFWOQHVV RI )LEXV FDULFD RQ IXQFWLRQDO FRQVWLS|

7DE 'HPRJUIFKDUDFWHULVWL

3ODFHER JL ) FD SDVWH JU 7TRWDO

SYDOXH
Q Q Q

$JH \HDUV
6HIO ) I
+HLJKW FP “ “ “

"HLJKW NJ

%0, NJ P

$OFREBR@NHU <HV 1R /
8QLW ZHHN . . .

6PRNHU <HV 1R L
$ SLHFH GD\ “ “ . !

0 PDOHIHPDOH ERG\ PDVV LQGH]

'DWD DUH SUHVHQWHG DV PHDQ"“6

"'$QDO\]HG E\ LOWHS REGMIOMYXH UHSUHVHQWYV WKH FRRS®ULVRQ WR WKH SODFHER
A$QDO\HG ETXKWH) MWV V H[D F\§ YOO/ U BRGHWKEWY WKH FRPSDULVRQ WR WKH SODF

7TDEOMRORQ WUDQVLW WLPH

30DFHER JURXS Q ) FD SDUWRXS Q S
%DVHOLQBAHHN &KDQJF{YDOXH %DVHOLQHAHHN &KDQJHSYDOXMDH

&77 K

&77FRORQ WUDQVLW WLPH
'DWD DUH SUHVHQWHG DV WKH PHDQ"6

"&KDQJHHN+t%DVHOLQH

A$QDO\]HG EWASHMW HEHWZHHQ EDVHOLQH DQG ZHHNV LQ HDFK JURXS

'$QDO\]HG E\ O LH) HDRUWFR@GEWOW XH UHSUHVHQWY WKH FRPSDULVRQ WR WKH SODFHER

HYDFXDWLRQ VHQVDWLRQ RI LQFRKSOHRRH HYDFW DRIQRRY WAV EAER® IRDW
DPRXQW SHU GHIHFDUN LR LAY V D WSLDAFIDMRWDH/ VR F L D W H Q HIBW\RR O RFARRVGHY L V W
8VLQJ WKH %ULVWRO VWRRO VFRUH Z
6DIHW\ DQG GLHWDU\ PHDVXUHV VFRUH IURP WR “ )L QF MUSHF DW H
6DIHW\ ZDV DVVHVVHG E\ DVVHVVLQURRS YEKNOHH Y WY WK VRGO 'tV RR U H
FDUGLRJWDPRUDWRU\ WHVWV KHFWR * LQ WKH SODFHER /RZRXBDOH
DQG XULQDO\VLV YLWDO VLJE@V \DRRGVHEWR WK URISRE HVDWICAKIKMEBRRIOY D
WHUV GDWD $3R WM DFKR ¥ QWL MR QL @ BB RURIU LQGLBD@RUPDO VWRRO FRQ
VIPSWRB GYHU V H B\ UGIWEXOWE H)GR V H WL IY RUDKDPY. Q RKD QIH % ULNVRWRDP  WR
DGYHUVHZHYHQWHS RUW H & H3NU VOWR BAK SUHH V H Q WI EID @\W F O OLLD WARRO RQ L F
SHULRG 7KH UHVXOWYV RI WKH VDWH\DDWERSIY R P il PN B HWXE MO FRALY H  V \
QRUPDO UDQJH DQG QR VXENS FW\RQ@VW KSSDW HRERN BFDXFBWRI PD\ RQFUHD \
YHUVH HOHRG®GRYIMRQQLILFDQW G DIRKQUFQEMEREQHYLQJ VWRRO FRQVLVW
GLHWDU\ LQWDNH FDORULH FDUWRK\G U)BDWE BPIRWHHRQ FFOAR GRILEHM U D Q
ILEHU ZHUH REVHUYHG EHWZHHQ RIK\HOJURFBVID V& B G E\DVWWHK P DLLEWMILEQ H G\

YHQWLRY BHOHRG QHVV RI WKH GLVWDO FRORQ DQG DUH
LQ ORSHWDRD®MHMXHNDHWKLVWRORJILFDO
',6&866,21 UHYHDD wKXOD®WDWH SUHVHUYHV WKH L

2XWWXG\ LV WKH ILSOW FAUERERROBINSRQVLEOH IRU P XWLQ RBHIFIUNPW G RIQW
GRXEOHQGDROWQILMPO WR HYDEBKDWHHQWH,gDDBWLWIORQ Z HWREBDAM KIY HR L Q
FDF\)RIFDUSBPOWH WKH WUNDWW®HRMD@&W RI WKH VWRR O DVY® ALOWHNGN Z QW
FRQVWLSDWSRQHEDWZHNW R VX SSIDHSBDOWH WILRHDWPHQW 7KHVH ILQGL
ZH REVHUYHG D VWDWLVW L BFRORQDIRIRMHIQRDE) W WIRHFEX FRDRQVWHQF\ DQG
WUDQVLIW VBHPRQVWUDMWHQ BAKDI GHMFFRMDN.QGLQJV ZHUH DOVR REVHUYHG
RI UDRGIRTXH PDUNHUV UBVNURL@QWRRWMRBDWLRQ ZDV LQGXFHGREN D KL.
WUBNMWIBDQW LQFUHDVHDIQUBS UQ Y WMRO WERQ HR |1 FWR & B BIOBKD/QOMG V@ LQD O
FDQW UHGREWRRQQD® GLVFRPERUWLRE UBQ B OFARRO RRDL\F G\HHAWYRHRAR R QI K H

VHURK®& HVXOWY DUH FRQVL\BWHYVE ZRWIR DMK RRB RRQ RIRRWKHIBEV@B/DO GRI
RXV DQXBREWWKRYLEOD UXEDIFFHOMWR GHIHEDMLRMHDWHU HDVH DQG OHVV
DWHV FRORQLF WUDQVLW DQG QPSYRFBVIERKHOKDG DWLRIQQLILFDQW W!
DGGLWLRQ RXU VWXG\ VXEMHFW \FREQBWQ R IWUIL R SR U MO D @ H [ SWSRAIS WRRJP DS [
DGYHUVH HYHQWYV XQOLNH SDW L HRQRPY XYQ QGO RIOBKEDNAHMD\V SLUH WKLH. BHIG V
OD[DWLYHYV QRW DFWNLYHOWVHBWPHQW IRU WKHLU
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7TDEOHXHVWLRQQDIGHHFIDAMAWKBG WR

30DFHER JURXS Q ) FD SDVWH JURXS Q SYD®XH
%DVHOLQHZHHN &KDQJH ¢(YDOXH %DVHOLQH ZHHN &KDQJH CYDOXH

JUHTXHRQFRGHIHFDWLRQ SHU ZHHN ¢ “ “ “ “
"HIHFDWLRQ WLPH PLQ “ “ “ “ “
%ULVWRO VFRUH “ “ “ “ “ “
$EGRPLQDO SDLQ “ “ “ “ “ “
$EGRPLQDO GLVFRPIRUW * “ “ “ “ “
(IIRUW IRU HYDFXDWLRQ “ “ “ “ “
6HQVDWLRQ RI LQFRPSOHWH HYDFXDWLRQ * “ “ “
6WRRO DPRXQWY SHU GHIHFDWLRO “ “ “ “
6DWLVIDFWRU\ UHOLHI “ “
'DWD DUH SUHVHQWHG DV WKH PHDQ"6
"&KDQJHHN+t%DVHOLQH
A$QDO\]HG EWSHMW HEHWZBBG EZVWHOVQH) HDFK JURXS
'$QDO\]HG E\ O LH) HDFUWPR RHGE ODIDXE WKSUHVHQWYV WO FRRSINRIXSRQ WR WKH S
7TDEOHHNDU\N LQWDNH

30DFHER JURXS Q ) FD SDVWH JURXS Q SYD®XH

%DVHOLQH ZHHN &KDQJH (YDOXH %DVHOLQH ZHHN &KDQJH ¢(YDOXH

&DORULH NFDO “
&DUERK\GUDWH J* “ “ “ “ “
)DW J “ “ “ “ “ “
SURWHLQ J “ “ “ “ “ “
JLEHU J “ “ “ “ “ “

'DWD DUH SUHVHQWHG DV WKH PHDQ"6

"&KDQJEHN%DVHOLQH

"$QDO\]HG EWASHMW HEHWZHHQ EDNV® GIDFHK DQYBXSZHHNV

'$QDO\]HG ERLQHWGHDAW PRGBODDXE WKSUHVHQWY WKH FRPSDULVRQ WR WKH SODFHER JURXS
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BODFHER JURXS $JH JHPDOH
%HIRUH EDVHOLQH $IWHU ZHHN

1XPEHU RI PDUNHUV SUHVHQWXPEHU RI PDUNHUV SUHVHQW

&RORQ WUDQVLW WLPH K &RORQLWWDIOPH K
) FDISDWWRXS $JH JHPDOH
%HIRUH EDVHOLQH $IWHU ZHHN

1XPEHU RI PDUNHUV SUHVHQWXPEHU RI PDUNHUV SUHVHQW
&RORQ WUDQVLW WLPH K &RORQ WUDQVLW WLPH K

YLIXUBHSUHYV HIE W R RMLQINY ;G DEDIY HEVQ @HHN LQ D VXE MBBIMFOWRPRU SODFHER JURXS

FRXOG EH FRQVLGHUHG WR IONYRQHE R D WEN 6 OR R HIGERRGGMM DI E H U
DOVR UHIOHFWHG E\ WKHLU ORZ FHQLDWORR HRWHINVB W REDRHFLO@NFLQ |
“ DQG “ LQ SODFHERFDUBBUWWKH PXFLQ ,RFREHMIEQ WD Q\ UKRIRUW/R/HK D
JURXSV UHVSHFWLYHBY %UKIHVAROIHDOBRWHEDGN\ HIIHFWV RI G L H$\ODADN U QE H U
PD\ KDYH FRQWULEXWHG SDUWD\ WRYWMION FRIEGHPRWY RURF O KHDYH VDV G L U H
WLVWLFDO VLJQLILFDQFH HIITHFW RQ VPRRWK PXVFOH ZKQFK LQF
YJURP D PHFKDQLVWWRES RIHQNMAHEDNYLLWY 7KLV K\SRWKHVLEA RDOW  SAXES BLIRRMN
R) FDULFWOHFRQVWLSDWLRQ DUHVRR\GN FDLEEF®W H H@DMW DU M GV SHQG LQV
WR ARPERVLWLRQ $V KRDQ LR UDERBWHRQ GBSH GRVOWR PBD QIQGOL HW
E\ VHYHUDO SUHY)LRKVUERQVGED HYVD QUBISRUWHG DQ DQWLV SFDWAIKBVH HIIH
DPRXQWV RI FHOOXORVH SKH@RORSSBDYW®O RERYE DYXXD BOQMHRRFQ FHV LQ
QLQV ZKLFK DUH UHSRUWHG WR KXW IODMBYDOHFR P SR WMVWREHSEHU W H V W
ELRDFWLYH VXEVWDQFHV PQ@HOWRBHKOW IVO! 6 KQBIGL ) FKDKDQRO) H[WUDF
VHURWRQBOLIQR VEHQFK LQ WXUQ RADVLLERQ VW A KBRGBWWWLDO XVHG D ZDW
VHFUHWLRQ RI ZDWHU H O H®WLERB WIH/E DUUEKDRWEROKHPLFDO DQQO\VLV |
WLRQ GLIIHUHQFHV LQ ILEHU PD\VD\IRBGNWDPRQBYLFOWYRQRLGYYERAIRP DU L
6SHFLILFDOO\ WKH FRQFHPWLBW SRQIHM 2DBHLU HREHWDHFW VDYV VKRZQ LQ
J J)LEHU DSSHDUV W R VEREXW HQR/EH F BUBLIPDW H XVHG LQ WKLUWUHDNG\ |
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ELRDFWLYH VXEVWDQFHV I¥XFKQ LER7+250.6& R 6BDFHBG
@ULQJIHEOWMHRD HO S IHH B OF D W HHFKILQ 7 KEHDIWXW KR UV GIHRD BRU H. @WR HRRH @
TXHUFIFWQQURJHQLLFL QFQG WRQ'Q IWH
HQFHV LQ WKH JHRJUDSKLFDPDDURD (RI1EEOWLYDWLRQ R .
3DNLVWDQ YV CROMD URVXIOW LQ G'?“?i%H l./lp';,H 2<\ ’RHQH géZ;%RSDéf‘v
WLRQDO FRPSRVLWLRQV EQHDEBG o i @’@HCBFH Rl 1XOFWLROD.
DQWLVSDVPRGOF BFVWBOLWERERG | SRUWHG FRQYWLSDWLRQ "GR'LV 6FL
WDLER@WUDFWLRQ RI LVRODWHG UDEELW MHMXQXP ZKHUHDV ZH
REVHUYHG VSDVPRGLF DFWLYLWLHVR®Y-RYHWKRQG DYWKHRG SV H® EO K kWD -+ 4+
LOHXP OHDULQ ) 6SLOOHU 5& )XQFWLRQDO
7KUBWSHFWYV RI WKLV VWXG\ QKR X0 BV K RHFHESRUMBE8IDVGEBRW H M JDVWL
WLDO OLPLWDWLRQV LQ GUDZLQJ EURDGHU FRQFOXVLRQV )LUVW WKH
VWXG\ VD PDLIPEDNVOKHBU HDWHU LQFOXBMNRIGHRDOMLWK 6 'HYDQDUD\BRQIHZO %t
IHPDOH SDWLHQW YV HLI¥U 8 X B OWMREFIMK RPKWLHEOH IDHFDO LQFRQWLQHQFH LQ
W L RRRIDOYY W LDIRFARARL FK VHHB VWRR EﬁDWKRSK\VLRORJ\ FOLQLFDO HYDOXDW
DWHG ZLWK FXOWKHDBWBHMHRXDwXPLPHQW 3KDUPDFRO 7KGRIL DSwW

VKRX OGS EHILMEK FDXWKIHRQHWRUDO SR]E %PLY\(/L%Q BROX\W 1 %HUJHU 0< 9
RIXQFWERQDW ISIDW BRIB/RVEG FDXVH W KDUPDFRORJLFU WWKHDWRRR® VFRQV W

VWXG\ ZDV PRIWVDFRIEEHG VWORG SMMNHRPBIMEFE UHYLHZ 3HGLDGWRILFV
EHKDYLRUDO SODRRER® @EVISGRBYH G SHGYV
HUDQDO\|HMQGRPLIJHG FRGWUROOH®& LWMXGSDEV( GL /RUHQ]JR & /HURL $0 3
EOH ERZHO MQWEGURFHG WKDW RHGLRRQSBDFMERYHW DQG EHKDYLRXUDO PDQI
VSRQVH ZDV ZKLFK LV WKUHH W LLPIH UV RUKHW Y RHRQ W H BVRES 08 W LER L
IHUHQFH EHWZHHOERUXB VEREBNGODF M [
PXPOHQJ\WRERIL QI BDRX O G EGWHK Y E20LYHLUD $3 9DOHQWDR 3 3HUHLUD -$
FDXVH WKH SODFHER HIIHMPRQWRWHVBSLRRYE BBy FRHYERVDEROLF DQG ELRC
WDLQORWKLV VWXG\ VXEWHARRHWE RK R’ T LWy g JRRG &KHP 7R[LERQ
DOVR LPSURYHG FRORQLF WUD®@VLW, _V FRRYLVWHRFY RREoRB F1 -
VWLBQWODWHG V\PSWRRV F D HYIFNDWHK § O\, Q$0 *RWWOLH§+( $SOWPDO $] H
UHVSRQVHKH7 WIDPGOW VLIH ZDV SRZHUH @ W GHEWRE MU L-FSIULF )RRG &KHF
FKDQJIWIRDU\ RERGROHF AKWIDIQ QDD GRL MK
VDPSOH VL]H PLIJKW EH\WBBWMWPFRIAHYHGIW®R & =XELN / %RVH 3 6DPPDQ 1
LFDQW GLIIHUHQFHY LQ VHFRQGDUNXRXWF RIPFH OB RQW W RSOWURQDQG LQ Y
UHODWHG V\PSWRPV 7KLV PD\ EH WXMIWHFWHG LQ VWDWLVWLFDO
LQVLJQLILFDQFH IRU VRPH PHDVXUH®P\D - ODKPRRG 6 )ODYRQRLG FRQWHQ!
7UDGLWLRQDO GLHWDU\ SDwWwHUQVWVHK! NL%'BXMN@\VEB“%“E%X@W@WMLO'
FKDUDFWHUL]HG E\ KHURH@WHO HRRIGY Y F@E)LR 3LV7WDFLD LOR QWLVFKXV QW;/L
YHIJHWDEOHV +RZHYHU WKLV GLH L Qé/ Xlﬁj’ v %%@g%éLWRWH
UDSLGO\ FKDQJHG WR EH PRUH VLP U M 5\}‘1;%\(,\, AV o
FRXQWULHV ZLWK D KLJK LQWDNH 3R {HULDGpBR&0RHPMWMWIHUYWDO GLDI
FKDQRID\ FRQWULEXK@FI MR/ MK EBUHY ROHRWHERAM WHRWLFDFW  HIIHFW RQ R[LG
JDVWURLQWK\LWLQ®IOV PUIRGHUM VL DFQSOULIDPHWHUY $FWD 'LDERIWRO V
FRQVWLSDWLRQ LQ WK HY GRIHED QD SIRISKHD@WY L R Q
SRSXOPIWHR® VWXG\ SHUIRUPHG LQ BH.RUHKDORPRPINXQ ( &DQDO -5 &DPSLOC
W\ VKRZWKMKBWHYDOHQFH WMSRUWIHRGES RIQOFDHPLF DFWLYLWIURIF\W QRERIPX H R X
FRQVWLSDWLRQ IRU IXQFWLRQD®YHEGWWHIHSD WHRHH VDI VWUHSWRIRWF
IRU FRQVSWIS®GRAIRIOQW LUULWDEOHERZHO VIEBYURPH

$W SUHVHQW RWKHU WKDQ ODX®BW L )V%E)OWKSHL%'E!ULUVH\?%'DéRSPqi%\E{Hg 3HUH
- ] ‘
PRWDONMPAX @MODWQ®J IRU FRFEVUWVYLWDXW DFW REWDLOQHG )URRVDFD FWLRC

GHPRQVWY D WHINE MBAZINM FWRYHDBFHOHp s yRyHY  WKH FKROHVWHURODHPLF

DWLQJ FRORQLRXWUQRWLWHRBEWHK MhfaH shikiEWRFGQGLDEHWHY $FWD 3K\VI
7KHUH)YREBIWIFWOWH FDQ EH XVHG WR PDQIH SDWLHWYLRO

ZLWORZ V\DIDBQAWMERQVWLSDWLRQ  3HUH] & &DQDO -5 &DPSLOOR -( 5RPHLU

+\SRWULJO\FHULGD HIPEXV DERHERYWY RIQ

$&.12:/('*(0(176 H[SHULPHQWDO K\SHUWULJO\FHULGDHPL
7KLV UHVHDUFK ZDV VXSSRUWZH @K\ D JUDQW IURPGRRQWUDFWe, &,

LVWU\ IRU )RRG S$JULFXOWKVKHUDRUHVWI379QE )g23

0,)$)) .RUHD )RRG 5HVHDUFK ,QVWLWXWHpQE $<(3HWPRRG 0+ -DQED] .+ .KDQ ¢
*5((1),* $JULFXOWXUH &R /WG DQG LV GHISRSRRIBYEWHEIPMOW KN wxBoBY RQ

&OLQLFDO 7ULDO &HQWHU IRU )XQFWLREBRDEREWH oM B D bRMIBRER D U P D FF
8BQLYHUVLW\ +RVSLWDO 0 §BGRLO M MD,?S v



(IITIHEWLYHQHVV RI )LEXV FDULFD RQ IXQFWLRQDO FRQV\

6DRXGL 0 (O )HNL WBBOBURWW FROMYHHPD ERZHO IXQFWLRQV 1HXURJDVWURHQWHU

HWUDFW EKHPDWVYREDWLYH GDPDJH LQHEBEXFEBL E\ M [
PHWKDQRO LQ PDOHGZIADNVWMHGEG WBIRWS OHPEHOPHWHQ 9 &DPLOOHUL 0 %XVFLJOLR
$OWHUQDW OHG GRL ' OF.LQJLH 6 HW DO (IIHFW RI GD\V OL

DQG ERZHO IXQFWLRQ LQ IHPDOHV
&DPHUR 0O ODULQDUR 0 /RYHUR $ (OGULLHGRPRQOWGR LOUURWHE CB VERRIZARHQ W HUG

%XRQDYRJOLD & ,QHPEWMWLD/LOUDO DFWLYLW\ RIGRL M JDVWUR

JLEXV FODWH] DJDLQVW FDSUD@H3KRGSHNVOKUXRXV *XQGHUVHQ ' 2V@HFDNUG + /I
5HV GRL +DWOHEDNN -* +DXVNHQ 7 /RZ GHQVLW
/HH +< .LP -+ -HXQJ +: /HH &8 .LP '6SHBWA GIMW <OFHOOV LQ WKH FRORQ RI SD
(IIHFWV)LRKV FBDMDH RQ QRSKEBBIMIEE®HVR 'LJ 'LV 6FL GRL v
FRQVWLSDWLRQ LQ UDWV )RRG &KHP 7R[LFRO

GRL M IFW ODQDEH 1 &DPLOOHUL 0 5DR $ :RQJ ©

2K +* /HH +< 6HR 0< .DQJ <5 .LP -+ 3IDXMFLIJGBIMRDO =LQVPHLVWHU $5 +DUX!
(IITHFWWM.FRIV FSDYRWMH RQ FRQVWLSDWLRBOQ LINGE¥FKKG EQ TBDVWURLQWHVWLQDO DC
KLIXURWHLQ IHHG DQG PRYHPHQW UHY® KDFDIRQ $P EERIMQMBVIADEMYHU 3K\VL

$QLP 5HV GRL oDU * GRL DMSJL

OLQLVWU\ RI )BRG 6MQBWHIRUHBRG :DSQLU 5% 7HLFKEHUJ 6 5HJXODWLRQ
&RGH >SFLWHG $YD@DEOH IURPVHVWLQDO VHFUHWLRQ LPSOLFDWLR
KWWS IVH IRRGQDUD JR NU UHVLGXH156VMV% LRFEX® B B MVS

,Q .RUHDQ X ' :DQJ ; =KRX - <XD@Q 5&X4X %

$2$& 2IILFLDO OHWKRGV Rl $QDO\VLWUDGVWLRQWRQ&KEQHVH IRUPXOD OXEUL
86$$VVRFLDWLRQ RI 2IILFVDVW/ $QDO\W IOFRSH ERAEBEAHG UDW FRQVWLSDWLRQ LQ!
'DYLV :% 'HWHUPLQDWLRQ RI LOD/YRGRQHFULOWERWUXDFURXYY GLVWDO FROI
$QDO &KHP (WKQRSKDUPDFRO  GRL M MHS
6LQJOHWRY KRRIBBXFBOYHQWRY 50 $QDO\VLV

RI WRWDO SKHQROV DQG RWKHU R[HEDWLRQRLYXEVIMFEMMNAVDLGGIHUPHQWD
DQWLR[LGDQW E\ &LHRFOW RDYROAMY KREDUOH\ ILEHU DQG SUROLIHUDWLYH IXQF
(Q]\PRO FHOOV LQ QRSHKBHEBLGBIWY - OHG )RRG
OHWFDOI $0 3KLOOLSV 6) =LQVPHLVWHGRH#5 ODF&mMBW\ 5/

%HDUW 5: :ROIl %* B6LPSOLILHG DVVBWUPK®W RIKDBIPHQWIHFWEY RHF®IOHW DU\
FRORQLF WUDQVLW *DVWURHQWHURORUQDVHJIDEEXURQLGDVH DFWLYLW\ LQ U]
$UKDQ 3 'HYURHGH * -HKDQQQQ&% /DQ]D 0 )DYHUGL

'RUQLF & HW DO 6HJPHQWDO FRORQLPDWEFBRQNLH WLPHN )L V2¥ROBRRGH &Q &RC
SHFWXP OD[DWLYH WKHUDS\ 6XSSRUW &B®RIH &DQ
/HZLV 6- +HDWRQ .: 6WRRO IRUP VFDOH DWD XVHIXD JXLGH WR

LQWHVWLQDO WUDQVLW WLPH 6FDQG +L¥DVQVW RBHQWKDRURQP\-RI (BERGMRAILBORYLR
GRL 1RUWK $PHULFD D V\WWHPDWLF UHYLHZ
'"HLWHS®H@DPLOOHUL 0 %KDUXFKD $( %XUWR®L' M [

OF.LQJLH 6 5DR $6 =LQVPHLVWHU 655LO OHWI RIRP DRFREOHPY DQG FKDOOHQ.
FKDUDFWHULVWLFV RI VFLQWLJUDSK L E URROARIGE @H) DERZIHD PVH RGXIURHPHH @ WL IQQ F D C
KHDOWK DQG LUULWDEOH ERZHO V\QSXERAWWMEGVUSPDVWHRRSKLS WR
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2ULJLQDO $UWLFOH

5DQGRPL]HGEGREEOBRKRIPMEROOHG V
J)LFXV FDULFD SDVWH IRU WKH PDQD.
FRQVWLSDWLROQ

+\DQP WNos .I&KDQ3kD +\HAL .L®P (XQAXQJ &KRL
(X@FN 3D6UN %\XO\XQ 3BKUN' +\H -HRQ3Jk<DQJ
0LQ -XQb6eLPHH -RR6DERRDQ & KRH 0

'HSDUWPHQW RI OHGLFDO 1XWULWLRQ 7KHUDSARQER E XNSIXEWILERQ
.RUHD

+HDOWKFDUH &ODLPV ODQDJHPHQW ,QFRUSRUDWLRQ -HRQMX -I
&OLQLFDO 7ULDO &HQWHU IRU )XQFWLRQDO )RRGV &KRQEXN 1DW
5HSXEOLF RI .RUHD

'HSDUWPHQW R &URFEKXW I\DWULRQDO 8QLYHUVLW\ OHGLFDO 6FKRR
.RUHD

5HVHDUFK *URXS RI 1XWULWLRQ DQG OHWDEROLVP .RUHD )RRG 5|
5HSXEOLF RI .RUHD

'HSDUWPHQW RI 3KDUPDFRORJ\ &KR @BXBFKRWROR QB R QXL Y HRWQLEWK
.RUHD
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