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$SSURYDO RI WKH WKHVLV
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VXEPLWWSHE &HN\1 g=.g6(LQ SDUWLDO IXOILOOPHQW RI W
W GCGHIJWHDH/WHU RI 6FLHQFH LQ OROHFXODU %LRORJ\ D
OLGGOH (DVW 7THFKQE\FDO 8QLYHUVLW\

3URI 'U +DOLO .D0oBsodbdoODU
'HDQ *UDG XDWH WKKPDRODRIG $SSOLHG 6FLHQFHYV

3URI 'U $\GHJ*O *|]HQ
+HDG RI 'HSDRWHFHQQMU BQRBO*HQHWLFV

$VVRF 3URI 'U dD+GDUO 'HYULP 6RQ
6XSHUYROCRHFXODU %LRORJ\ DQG *HQHWLFV 0(78

SURI 'U ODKLQXU 66X SNMYDLWRIR
&KHPLVWU\ '"HSDUWPHQW 0(78

([DPLQLQJ &RPPLWWHH OHPEHUYV

$VVRF 3URI 'U OHKPHW 6RPHO
% LR ORJLEDHV6 I A8

$VVRF 3URI 'U dD+GDUO 'HYULP 6RQ
OROHFXODU %LRORJ\ DQG *HQHWLFV 0(78

3URI 'U (UGR+DQ (GUHI +DNNO
YDFXOW\ Rl $JULFXOWXUH 6HOO0OXN 8QLYHUVLW\

$VVRF 3URI 'U %DOD *U '"HGHR=+OX
%LRWHFKQRORJ\ '"HSDUWPHQW $QNDUD 8QLYHUVLW\

$VVRF 3URBVOOKDQ **QHO
&KHPLVWU\ '"HSDUWPHQW $KL (YUDQ 8QLYHUVLW\

'‘DWH



, KHUHE\ GHFODUH WKDW DOO LQIRUPDWLRQ LQ WKLV GRF
SUHVHQWHG LQ DFFRUGDQFH WIKWKDIDFBERAGEBXFWXOBOVR)GH
WKDW DV UHTXLUHG E\ WKHVH UXOHV DQG FRQGXFW , KD
DOO PDWHULDO DQG UHVXOWY WKDW DUH QRW RULJLQDO W

1DPH 6XUQDPH 'RUXNFDQ g]N|VH

6LIJQDWXUH

LY
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gJN|[VH '"RUXNFDQ
ODVWHU RI 6FLHQFH OROHFXODU %LRORJ\ D
6 XSHUYLVRU $VVRF 3URI 'U dD+GDU '"HYULI
6 XSHUYLVRU 3URI 'U ODKLQXU 6 $NND\I

-DQXDU\ SDJHV

,QFUHDVHG KXPDQ SRSXODWLRQ FOLPDWH FKDQJH DQG
FDWLYH DSSURDFKHV LQ DJULFXOWXUDO SURGXFWLRQ 1
DOORZ QHHGHG LPSURYHPHQWY SRVVLEOH

7KLV JHQH HGLWLQJ WHFKQRORJ\ LV FDOOHG &5,635 &DV
WKDQ WKDW RI WKH RWKHU RRQURIILHDP RXE R HD ¥ G=1) . @DJQ & H'’
&5,635 &DV PRGHO LV GHYHORSHG EDVHG RQ WKH LQQDW
DQG DUFKDHD WKDW GLUHFWO\ GHJUDGHVY QXFOHLF DFLG\
HGLWLQJ Rl SRWDWR JOI\D\R PGLWVNBWH LDMDOALRIDEDWKRIHQV
DJULFXOWXUH 7KH REMHFWLYH RI WKLV UHVHDUFK LV W]
WHFKQLTXH IRU HGLWLQJ WZR SRWDWR JHQHV HXNDU\RWL
YDFXRODUH®@YMWWINOPM 7KH H,) ( ZKHQ PXWDWHG JHQHUD
9,09 SUHYHQWY DFU\ODPLGH V\QWEKWWLQJ WKXWW B OD@RG L X
DOWHUQDWLYH DJDLQVW FDQFHU )RU ERWK RI WKH JHQH
WHVWHGWMRYWHBHNF Rl JHQHUDWLQJ PXWDWLRQV ,Q WKLV U
FRQGXFWHG LQ SRWDWR SURWRSODVWYV $ KLJK SHUFHQW
ZHUH REWDLQHG PRQRMG FSIORQM/OHWV JURZQ LQIRRUO OR
GD\V DQG ORZHU FHQWULIXJDWLRQ VSHHG GXULQJ WKH L
&5,635 &DV WHVWV LQ YLWUR DQG RSWLPL]JH LQ YLYR VW.
SURWRSODVWY WKDW FDQ EH XVHG IRU UHJHQHUDWLRQ

H\ZRUBRWDWR 6 WXEHURVXP J51% &5,635 &DV H{(,)
Y



3$7$7(6'( &5,635 &$6 *(1 'h=(1/(0( <gl17(0g
8<*8/%$0%$6,

g]N|VH 'RUXNFDQ
<eNVHN /LVDQV OROHN+OHU %L\RORML YH *HQHW
7H] 'DQOUPDQO 'Ro 'U dD+GDUG 'HYULP 6RQ
2UWDN 7H] 'DQOWPMQELAXEI6 $NND\D

2FDN VD\ID

%e\e\HQ Q<IXV LNOLP GH+LULNOL+L YH VX WHPLQL JLEL GF
\HQL JHUHNVLQLPOHU VRQ \OOODUGD DUWPOUWOU %X QHC
*UHWPHN oRN E«+KDELULQMHNMDPLUGW LU

%X JHQHWLN P+eKHQGLVOL+L \|QWHPLQLQ |QHPOL ELU ELOH
WHNQL+LQLQ =)1 OHU YH 7$/(1 OHU JLEL GL+HU SURJUDPOD
JIVWHUPLGUWLU &5,635 &DV PBGIHVOL 5 NO VDX O O DR@NIO\H L
Q*NOHLN DVLWOHUL GR+UXGDQ SDUoDOD\DQ EDNWHUL YH |
* ]JHULQH NXUXOXGXU 'HRNVLULERQ+<NOHLN DVLW '1$ SDW
HOYHULUOL RODELOLU &%,%635UD&BNO URPBROIQ:- DEDMXOODQDQ
GH+LGOWLULOPLG ELU RUJDQL]PD *'2 SDWDWHV «UHWPH NC
ES LNL SDWDWHV UHIHUDQV JHQLQL KHGHIOH\HELOLU |N
H,) ( YH YDLRXR@MNWD] HQ]JLPL 9,QY LNL WHN NOODYX] 51
ROXUWXUPDN LoLQ 7DOQVNOBQWIHAGOVI51$ ODUGDQ YH

WUDQVNULSVL\RQ NXOODQOODUDN *UHWLOGL &DV SURWH
LoLQ LQOMWDINR N UOuUWOUOOGO YH &DV SURWHLQLQLQ F
VHoPH YH VLQGLUPH NDSDVLWHVLQL J|VWHUGL &DV WL
VJ51%$ ODU NXOODQDUDN D] PLNWDUGD NRUXQPXU SURWRSH
RODUHDWoHHINOHUWLUPH\H oboOuboGO DQFDN EX EDuDUOV
JHUHNWLUGL

$QDKWDU .HOLPHOHU 3DUDWHV 6 WXEHUVRXP J51% &5,635
YL



'"HGLFDWHG WR P\ SDVW DQG IXWXUH
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JLUVW DQG PRVW LPSRUWDQWO\ , ZRXOG OLNH WR H[SUH:
$VVRF 3URI 'U dD+GDU 'HYULP 6RQ DQG FRVXSHUYLVRU 31
FRQWLQXRXV KHOS FOIG ¥XGSBUWDQELGDQDGYLVHV DQG P
IULHQGVKLS GXULQJ P\ JUDGXDWH VWXGLHV , ZRXOG DOVR
WR LGHDV DQG KHOSLQJ PH YLD EUDLQVWRUPLQJ LQ P\ S
KLJKHU OHQMQQRI DMQG LQVWLOOHG FUHDWLYLW\ LQ PH %}
VWXGHQW WR KDYH DQ DGYLVRU ZKR JDYH PH WKH IUHF
H[SHULPHQWY DQG DW WKH VDPH WLPH WKH JXLGDQFH WR
WR UKVBIQ®RKHU HQGOHVYV HQHUJ\ WR ZRUN DQG JHQHUDWL
ZLOO FRQWLQXH P\ 3K' DFFRUGLQJ WR KHU NQRZOHGJH DQC

, DOVR WKDQN WR $0L g QFHPHKPHWR+OX IRU VXSSRUWLQJ

, ZRXOG H[SUHV\& PUHALDAMHILRHQDWR DOO P\ ODEPDWHYV 'U §
'U $\UH $1'$d g=.(7(1 'U =HPUDQ 0867%$)$ 'U 6DLW (5'26%$1
OXUDW .,/,d DQG 6HGD 12+87 IRU WKHLU FRQVWDQW VXSS
HQFRXUDJHPHQW HYHUSWMVMIOHVSDIWLHQENKROGGXULQJ P
RWKHU SURMHFWYV
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7TDEOHSURYLGHYV DQ RXWOLQH RI WKH YDULRXV GHYLFL}

UHVHDUF K« « &« «««&&CKE KK KKK L LK KKK LKL LK K
7TDEOH7DEOH VKRZV FRQWHQW IRU 06 PHGLXP ««««««««c

7TDEOH70 VROXWLRQ J / H[FHSW ZKHQ QBNMWRWIBEQHRC
WR WKH RULJLQDO SURWRFR O « ««aaa « & & & & & « «

7TDEOH/LVW RI VEEDHWHAEGBBVRROV WR GHVLJQ &5,635 &DV

V\WH PAVEZ EZZ ZZZ ZZ I X X XXX %% «

7TDEOH3ULPHUV XVHG WR PDNH J518% ( J51% ( J5:

J51$ 9 UL AU K KK L K
7DEOH 2YHUODSSLQJ 3&5 FRQGLWLRQV DQG FRPSRQHQ
7DEOH'RXEOH GLJHVMRLR ORPBRQHQWY DQG V\VWHP PHF

7TDEOH(FR5, DQG ;PD, UHVWULFWLRQ HQ]J\PHV XVHG LQ

VROXWLR Q « &« &« EEEEEE K E R LKL LKL L

7DEOH7 '1$ /LJDWLRQ VROXWLRQ FRPSRQHQWYV DQG V\

PHFKDQLFVCUUUUAUUK AL L L L L L L L LLCLLLLLLL &«
7TDEOH /% EURWK PHGLXP ZLWK NDQDP\FLQ &&xxPSLFLOOL(
7TDEOH &RORQ\ 3&5 FRQGLWLRQV DQG FRPSRQHQWYV «««:

7TDEOH %VD+, %VD:, DQG 6SK, UHVWULFWLRQ HQ]J\PHYV

VROXWLRQV « & &« &« & &K LLKLLLLLLLL LKL RLLL €«
7TDEOH 6DPSOHV IRU GLIHVWLRQ DQG FRQFHQWUDWLRC

7TDEOH 'LIJHVWLRQ RI WKH VDPSOHV DPRXQW DQG FRQV



7TDEOH &RPSRQHQWYV IRU GLIHVWLRQ RI SODVPLGYV ZLWK VD

EDV JB51 P ««aeehd & KK K K &K &K K KKK K LKL KKK K
7DEOH 51%$ VIQWKHVLY BRPBWQR QW V W « « €« € € &« «

7TDEOH SHDFWLRQ FRPSRQHQWYV IRU LQ YLWUR WUDQVFULSW

W HPS ODW H « « « &« K&K KKK KKK KK KLKKKLLLLLL KL &K
7TDEOH &73% 6ROXWLR Q «««&&&KKKKKKLLK KK WK

7TDEOH 3ULPHUV IURP JHQHV (,) ( DQG 90QY VIHJXHQFHV 3&5 I

VIS5 1PV« ECE LKL L LK €K« «

7TDEOH 4 3&5 FRQGLWLRQV DQG FRPSRQHQW YV ««««&««KK KK
7TDEOH % XIIHUV DQG JHO IRU &DV P51% JHO €« &« & &« K«
7TDEOH % XIIHUV IRU J518BUHO *3HO (« « « « € € « « € « «

7TDEOH 5HDFWLRQ FRPSRVLWRQ RI &DV DQG J51%$ WR LQ YLV

R ZZZZZZZZZZZZZZZZZZZZZZZZ XXX Z R X
7TDEOH ,Q YLWUR GLIJHVWLRQ UHDFWLRQ RI '¥$ ZLWK &DV Q
7TDEOH 6ROXWLRQV XVHG IRU SURWRSODVW LVRODWLRQ «««:

7TDEOH 6WRFN VROXWLRQV LQ PHGLXP XVHG WR PDNH % IRL

SURWRSODVW YV ««& & &KL LKL KKK LKL LKL KK KK KL LL KK

7TDEOH 3URWRSODVW WUDQVIHFWLRQV « &« & € & € & « & & «
7TDEOH 3&5 VHWXS RI DIWHU WUDQVIHFWLRQ SURFHGXUH«««
7TDEOH $QQHDOLQJ UHDFWLRQ ZLWK VDPSOHV RI ( ( 9 DQG
7TDEOH 7KHUPDOF\FOHU SURFHGXUH RI DQQH®&OLQJ VWHS «««««

7TDEOH &RPSRQHQOQWWEGRWXFOHDVH , SURWRFRO «««««««« «
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JLIXUH(XNDU\RWLF 30DQW &HO O ««««&«K KKK KKK LK KKK K
JLIXUH &5,635 PHFKDQLVP LQ D SURNDU\RWLF FHOO «««
JLIXUH&5,635 SURNDU\RWLF GHddd Q¥i«RHFKDQkVP
JLIXUHL1+(- SDWKZD\ & UA&LKLLLLLLLLL & &
JLIXUH6HOHFWLQJ WDUJHW VHTXHQ&EHOBOQG«GHVLIQLQJ
JLIXUH%DVLF SODVPLG UHJLR QV &« & &« & &« & QL& € & & & «

JLIXUH3RWDWR G6RODQXP WXEHURVXR) GLY VD UHBMAZWD KG |
LWV WUDGLWLRQDO \HOORZ SKHQRW\SH ««&«««««««««

JLIXUH3RW\YLUXV < GLVHDVH LQIHFWHG SRWDWR «««««
JLIXUH$FU\ODPLGH VIQWKHVLY LQ SRWDWRHV FRRNHG
JLIXUH 6FKHPDWHFIRBDVHSDUDWH VWXGLHV LQ WLVVXH
JLIXUHSRWDWR SURWR 8§ QO «W RN kSR W H Q K

J)LIXUH FBRWIWER SURWR SQOMMW WKW LSRWHQF\
)LIXUHDVW DVVHPEO\ FKDUW RI D QH)Z B35 EXLOG E\ F
JLIXUHS8& J51% '1$ WHPSODWH YHFWR U «««&«&««&KCKK
JLIXUHS)*&S FR&DV XVHG DV H[SUHVVLRQ YHFWRU «««««

JLIXUH$IWHU GD\V RI JURZWK 3HSVL&R SRWDWR SOCL

VXFURV H « « « &« « &K K KKK KKK K KKK KKK KL KL KK LLK

JLIXUH3HSVL&R SRWDWR SODQWYV LV VKRZQ LQ 06 PHG

GD\V((((((((((((((((((((((((((((((((((((((((((((((((((((((((((

[LL



JLIXUH FBRBRSWMIEHEAR SRWDWR SODQWYV LV VKRZQ LQ 06 Pt
VXFURVH DIWHU CD\WKUAAELLL L LK LLCLL K

JLIXUH 7ZR ZHHNV DJHG 3HSVL&R SRWDWR FURSV WUDQVP
ZLWK VXFURWHEBDRXPR € « &« «KKLLKKKLLL L LK

JLIXUH 3HSVL&R SRWDWR FURSV DUH ZHHNV DJHG DQ
LOWHUPHGLDWH 06 PHGLXP WRJIJVBLALWKFINNX¥HRRH IXQJ

LOIHFWLROQV®AAAAAAALLLLLLLLLLLLLLLLLK &K
JLIXUH2YHUODSSLQJ 3&5 UHVXOWYV RI GHVLUHG J51% FDVHW

JLIXUH'RXEOH UHVWULFWLRQ HQJ\PH FXW ZLWK (FR5, DQG ;
SODVPLG DQG XQF X W d=Re@ WellR @ « cxeeaeeaeess « «

JLIXUH3HSVL&R SRWRBWREGODQWYV
JLIXUH/HDYHV IURP 3HSVL&R ZHUH VOLFHG LQ HQ]J\PH VROX
JLIXUH3BURWRSODVWY DIWHU PHVK ILOWHULQJ ««&«&«&«& LK

JLIXUH 3HSVL&R SRWDWR SURWRSODVWY IURP OHDYHV RQ

[LLL
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$PS%DQWLELRWLF DPSKLFLOLQ UHVLVWDQFH
%3EDVH SDLU

%6$%RYLQH 6HUXP $OEXPLQ

&&' FKDEFRXSOHMBHGHY

&5,635 &0AFOXVWHUHG UHJXODUO\ LQWHUVSDFHG
&5,63PDVVRFLDWHG SURWHLQ FDV

FU514#85,636 HULYHG 51%

&7$%FHW\OWULPHWK\O DPPRQLXP EURPLGH

'1$ GHR[\ULERQXFOHLF DFLG
G173GHR[\QXFOHRWLGH WULSKRVSKDWHYV

'6% GRXEWOMUDQG EUHDN

(,) ( (XNDU\RWLF WUDQVODWLRQ LQLWLDWLRQ ILC
*02V+JHQHWLFDOO\ PRGLILHG RUJDQLVP
J51$+JXLGH 51$ DOVR UHIHUUHG WR DV D VLQJO
+'5 KRPRORJ\ GLUHFWHG UHSDLU

,37* VRSURS\WKLRJDODFWRS\UDQRVLGH
.DQ5DQWLELRWLF NDQDPD\FLQ UHVLVWDQFH

.E NLOR EDVH SDLU

/% [XUBAHWDQL

0&6 PXOWLSOH FORQLQJ VLWH

[LY



0(*$ OROHFXODU (YROXWLRQDU\ *HQHWLFV $QDO\VLYV
0(6 1PRUSKRHMRBQHVXSOIRQLF DFL
0J PDJQHVLXP

0/2 0,/'(: 5(6,67$1&( /2&86
06+0XUDVKLJH DQG 6NRRJ

1+(- QRIORPRORJRXV HQG MRLQLQJ
25, RULJLQ RI UHSOLFDWLRQ
330+tSURWRVSDFHU DGMDFHQW PRWLI
3&5*3RO\PHUDVH &KDLQ 5HDFWLRQ
3'6 SK\WRHQH GHVDWXUDVH

3(* SRO\HW IO\THQR O

3(7 SUHMQ]\PH WUHDWPHQW

5%*(1V51% JXLGHG HQGRQXFOHDVHYV
51$ ULERQXFOHLF DFLG

6'63%*( VRGLXP GRGHRB\ROYXPUDOMHLGH JHO
HOHFWURSKRUHVLV

6,3,) SK\WRFKURPH LQWHUDFWLQJ IDFWRU 3,) 6RO\F
661 VHTX WGHFLQXFOHDVH

7$( WWAHWD W H

7$/(1VWUDQVFULSVOLRG Bif VAIEYWDRMURQXFOHDVHV
7%(WULV ERUDWH ('7$

7*6 W UIOKF bQ6H

[Y



WUDFUWUDEWLYDWLQJ &5,635 519%
90QYDFXRODU LQYHUWDVH

=)1V]LQF ILQJHU QXFOHDVHYV

[YL
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'1$ ITUHH HGLWLQJ

'XH WR JURZLQJ SRSXODWLRQ FOLPDWH FKDQJH OL
GLIILFXOW FLUFXPVWDQFHVY FUHDWH DYH®RE $REWYWOH HX
SURGXFLQJ PRUH SURGXFWV LQ OHVV VWRUDJH ZKLOH
WKH ORFDO RU LQWHUQDWLRQDO ODZV IRU WKH SURG
PRGLILHG RUJDQLVPV .DQFKLVZDP\ *HQAMVLFD OO
KDYH EHHQ DFFHVVLEOH IRU PRUH WKDQ WZR FHQWX
PDQ\ RI WKHVH REMHFWLYHV EXW *02V DUH QRW SHU
PDQ\ QDWLRQV :XQGHUOLFK DQG *DWWR 7KLV KD
IRHQHZHG DQG PRUH DSSURSULDWH WHFKQLTXHV WKEC
WKH IXWXUH DQG PHHW WKH UHTXLUHPHQWY HVWDEOL

&HOO IXQFWLRQ

7KH FHOO LQFOXGHYV VHYHUDO SDUWV FRQWDUBLQJ JH
GLVFRYHUHG LQ WKH QXFOHXV WKDW LV WKH FHOO V
'1$ LV DUUDQJHG DV FKURPRVRPHV LQ WKH QXFOHXYV
LQIRUPDWLRQ LQ DV D OHQJWK\ PROHFXOH RI '1$ ZLW
FKURPDWWLQFWXUH $Q LOOXVWUDWLRQ RI D SODQW FH
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JLIXUH(XNDU\RWLF 30DQW &HOO 5HHFH HW DO

*HQHWLF PXWDWLRQV DUH FUXFLDO IRU VWXG\LQJ FHOO
ELR6ROLPHFKDQLVPV ZHUH H[SORUHG DQG XQGHUVWRRG E
+RZHYHU UDQGRP PXWDJHQHVLV FDQ FRQWULEXWH WR PD
LV WKHUHIRUH UHVWULFWHG OD HW DO EXW LQYHUV
DOORZ SDUHWHNXWBUEH WDUJHWHG LQ RUGHU WR VWXG\ Wt
DOORZV ILUVW WKH WKH PXWDQW SKHQRW\SH WR EH GLVF
UHYHUVH JHQHWLFV LV WR GLVFRYHU WKH VHW RI SURWHL
*ULITLWKYVY HW DO

*HORPH HGLWLQJ PHWKRGV

$OWHUQDWLYH WHFKQRORJLHV KDV EHHQ UDSLGO\ LQFUF
VSRQWDQHRXV PXWDJHQHVLV )RXU WHFKQLTXHV RI JHQF
PHIJDQXFOHDVHV JLQF ILQJHU QX FROMIDY@MMRILENLNH FWWRID Q V F
QXFOHDVHV 7$/(1V DQG WKH FOXVWHUHG UHJXODUO\ LQW



UHSHDW &BVERFLDWHG SURWHLQ &DV  <LQ HW DO
LQYHUVH JHQHWLFV ZKHUH LQ YLWURQBMHAWHWGLYR UDQ

SURJUDPPDEOH QXFOHDVHV VXFK DV =)1V 7%$/(1V DQ
JXLGHG HQGRQXFOHDVHV 5*(1V PD\ SURPRWH JHQRPI
HITHFWLYHQHVV RI KRPRORJRXV UHFRPELQDWLRQ 7Kl
WKHUH DUKIDOIOYHUBY EQ RSWLPL]IDWLRQ OD HW DO

=)1V ZHUH WKH ILUVW LQWSEPORAQSWRIUDAFPREQAH
661V WKDW RIIHUHG D PDMRU DGYDQFH LQ WKH GRP
VWUDQGHG EUHDNV '6%V FRXOG KR PHEDX\OHRG DEW L&BQ V
FRXOG EH UHVWRUHG URLGHKRBRREORURHNVHHQRUMRLQLQJ

1+(- RU WKH KRPRORJRXV GLUHFWHG UHSDLU +'5

*DXWLHU JRU LQVWDQFH =)1V KDYH EHHQ XVHG

PHWKRG LV UHVWULFWHG RZLQJ WR SUREOHPV LQ PDQ
5DPLUH] HW DO

7KH RWKHU LQVWUXPHQW IRU JHQRPH SURFHVVLQJ 7
NQRZOHGJH JDLQHG VWXG\LQJ ;DQWKRPRQDV ORVFR
H/VHQFH ;DQWKRPRQDV EDFWHULD VHFUHWHYV 7$/ HIIF
VHFUHWLRQ V\WVWHP ZKHQ LQWHUDFWLQJ ZLWK D IRUH
WKH DWWDFN WKH EDFWHULDOPRVWXWQHINHOQOBY RI WEEYV
WKLIWHFKQLTXH KDV EHHQ PXFK HDVLHU WR XVH WKDQ
WDQGHP UHSHDW GRPDLQV RI 7$/ SURWHLQV LV UHTXL

2Q WKH RWKHU KDYGC WE&EFBER®R ORI\ KDV EHHQ XQGHU
GLVWLQFW ILHOGVLYQVUHHFKRIQQWXHBDY EHKHQ VKRZQ WR
FDSDFLW\ RI PDQ\ GLVWLQFW VSHFLHVY WR DOWHU JHQ



&5,635 &DV

1DWXUDO LPPXQH VI\VWHP LQ EDFWHULD

7KH &5,635 &DV WHFKQLTXH GVDIRFKND QR Q (D ELOFQDUH. D FDK
VIVWHP XVLQJ EULHI 51$ WR JXLGH RYHUVHDV QXFOHLF D
&5,635 KDV EHHQ UHFRJQL]JHG LQ WKH (VFKHULFKLD FROL
,VKLQR HW DO &5,635 FKDLQV DUH\\WHMPHBHPHQW YV
EDFWHULD ,W FRQVLVWV RI EULHI SDOLQGURPLF '1$ FOXV
VEDOOHG VSDFHUV 7KHVH DUH GLVWLQFWLYH VSDFHUV

DVVRFLDWLQJ ZLWK &5,635 DQG PDNLQJ &DV SURWHLQV -L
DO 7KHVH DMRB ZARMK QU$SKHOLFBWHWLO D ®@ XEDHDVHYV

7KHUH ZLOO EH VHYHUDO UHDFWLRQV LQ WKLV IUDPHZRUN
EDFWHULD )LJXUH IDE LOOXVWUDWHY WKH V\VWHF
ZLOQWNRROV WKH JHQHWLF PHPRU\ IRU SULRU EDFWHULD DV
RU DFWLYDWH WKH EDFWHULDO SKDJH ,I WKH VSDFHU LV
FRSLHG WR WKH &5,635 IUDPHZRUN 7KLV ZLOO SURYLGH
GHULYHG 51% FRDSEBYQLQJ WKH DGGLWLRQDO VWUXFWXUH
DFLG -LQHN HW DO 'LHGHQKHIW HW DO YLIXU|
SURYLGHV D PRUH FRPSUHKHQVLYH RYHUYLHZ RI WKLV PHW
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Stage 2: CRISPR RNA processing

JLIXUH &5635 PHFKDQLVP LQ D SURNDU\RWLF FHOO /
PHFKDQLVP UHDFWYV ZKHQ D EDFWHULXP LV DVVDXOV
FRQVLVWY RI EULHI SDOLQGURBB OHEG WHES-DNIDMRWW EZH
UHSHWLWLRQ 7KHVN DAKHH \&PHFUBQ HWS DRJHHU YDU LR XV
JHQHV WKDW SURGXFH &DV SURWHLQV 6XFK VSDFH!
SUHFHGLQJ EDFWHULDO DVVDXOWY DQG DFNQRZOHGJI
IRUHLJQ '1$ ZLOO EH FRSLHG LQS\ORF MKH V& B,@GBE TQHKE Q 7\
D FROOHFWLRQ REAHBEUWIYHHIG&516¥5 FU51$V ZKLFK DUH V.
WKH DWWDFNLQJ QXFOHLF DFLG VHTXHQFHV )LJXUH
RYHUYLHZ RI WKH V\VWHP

7TKUHH &5,635 HGLWLQJ HQJ\PRVWHWHVHRXNOKHGNVEHLQ

ODNDURYD HW DO &5,635 FDWHJRU\ ,, ZDV GL°
S\RJHQHV -LQHN HW DO DQG LV EHOLHYHG WR E
&DV IRUPHUO\ &VQ IRU RYHUVHDV "1$HWH®@I® VLO

W LV EHOLHYHG WKDW 7\SH , DQG ,,, DUH PRUH F
FKDUDFWHULVWLFV DV ZHOO 7KH\ KDYH GHGLFDWHG
FU51$ XQWLO LW PDWXUHV EHIRUH HDFK FU51$ IRUPV
DFNQRZIH DQG FOHDYH QXFOHLF DFLGV LQ DGGLWLRQ



$QRWKHU PHWKRG VKRZQ LQ ILIJXUH SHLV HW DO
VWUXFWXUHV

&5,635 7\SH ., 6\VWHP

$FTXLVLWLRQ RI RYHUVHDV '1$WBMW IWKWW&S6BBHORF 18 3.\6 3¢
PHGLDWHG SURWHFWLRQ :LHGHQKHIW HW DO 'KHQ T
YLUXV WZR NLQGV RI VKRUW 51$ ZLOO EH JHQHUDWHG 7K
GXULQJ FU51$% ELRJHQHVLV LV WUDQVQRDMHE IL@® WUDQV
FRPSULVH DQ DWWDFNLQJ QXFOHLF DFLG VHULHV 7KHVH V
SURWHLQV GXULQJ WKH GLVWXUEDQFH VWDJH D QXFOHDV
VLWSHFLILF '1$ LGHQWLILFDWLRQ DQG FOHDY®JH WKH LQW
DQG D GLVWLQFW WUDFU51$ ZKLFK LV SDUWO\ VXSSOHPH
FRUUHVSRQGLQJ VWUXFWXUH UHFRJQL]HG DV WKH 51$%$ PDC
VWUXFWXUBFIMQG DWULIQV&5,635 518 WUDFU51$ FRQVLVWLQ
QXFOHRWSBIDGHW ZLOO GLVFRYHU LWV GHVWLQDWLRQ ZLWHK
HW DO
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JLIXUH &5,635 SURNDU\RWLF GHIHQVH PHFKDQLVP
WUDQVFULEHG DQG REWDEQBGSL QWKR RBJBRXWIFUS51$ E
WZR GLVWLQFW NLQGV RI EULHI 51$ ZLOO EH JHQHUD
YLUXV &U51$ ZLOO FRPSULVH DQ DWWDFNLQJ QXFOHL
VWDJH VXFK WZR 51$V ZLOO FWR\WWIHQ DF B QK 6 W&XOUH
ZLOO EUHDN WKH GHVWLQDWLRQ '1$ ZKHQ WKH FRUU
UHIHUHQFH 51% J51$% ILQGV LWV GHVWLQDWLRQ LQVL
EH GLVDEOHG 5HLV HW DO

"KHQ WKH VWUXPWKUPXEVOHDQYHGHKDYV -LQHN HW DO
DGMRLQLQJ 1** SURWRVSDFHU SDWWHUQ 3%$0 DV VKR.
&DV KDV WZR HIIHFWLYH ORFDWLRQV 5XF9 DQG +1+ =
'1$ ILEHUV ZLOO EHRYV WKAHVAH BORHADAMKLRQYVY 0D HW DO



7KH +1+ GRPDLQ ZLOO VSOLW WKH BPRREEOHROVWODOD \GIW\ HUK
LV VSOLW E\ WKH 5XY& ILHOG -LQHN HW DO '6% FDC
HLWKHU WKURXJK WKH 1+(- RW WXY¥ FEHURFHEOYH WR- HUURU D
SUHYDOHQW SDWK 8VXDOO\ WKLV SDWK FRQWULEXWHYV

I[UDPHVKLIW WR GLVWLQFW PXWDWLRQV 7KH YLUXV PD\ E
J)LIXUH $GGJIJHQH E VKRZV WKLV V\VWHP
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JLIXUH1+(- SDWKZD\ $ VWUXFWXUH ZLOO EH IRUPHG E
DV ZHOO DV &DV WKDW ZLOO KROG RQ D EULHI DGMDF
WZR HIIHFWLYH ORFDWLRQV HDFK ZLWK RQH VXSSOHTF
WKH KRRRRORJRXV HQG MRLQLQJ 1+(- PHFNIQIDWFGZLOC



EUHDN 7KLV SDWK OHDGV WR YDULRXV PXWDWLRQV OLN
IUDPKILIW FKDQJHV $GGJHQH E

BWXGLHV KDYH VKRZQ WKDW E\ DOWHULQJ WKH J51$% WR \
FDQ EUHDN DQ\ '1$ VHTXHQFH DW D VSHFLILF SODFH -LQH
<RX FDQ GR WKLV E\ LQFRUSRUDWARHB DORWKHUG ESBW R/IH
7KHUH DUH PDQ\ GLVWLQFW YDULDEOHYV DIIHFWLQJ WKH &I
ERWK WKH $J5MWHP FRPELQDWLRQ DQG WKH 3$0 DUHD ZLW
LQVWDQWO\ XSVWUHDP RI WKH GHVWLQDWLRQ DUHD /LQ
GRPDLQV DUH FOHDUHG WR SBRBKIEGHD TG DD QUKIHEQ WIR
GLIIHUHQW YDULDQW LQ WKH LQLWLDO VHULHV -LQHN HW |

DO 6WHUQEHUJ HW DO 7KLY KDV EHHQ SHUIRUP
VSHFLHQFOXGLQJ EDFWHULD \HDVW FURSV OLYHVWRFN
FHOOV :RR HW DO &KR HW DO &RQJ HW DO
JULHGODQG HW DO /IHPD\ HW DO ODOQR\ HW DO

,Q FRQWUDVW WRHND WKLH & 5WeFBBEKQ&DY PHFKDQLVP FDQ DLI
DW RQFH 3DQ HW DO ZKLFK KDV D KXJH EHQHILW
FRPSOLFDWHG DQLPDO LOOQHVVHYV LQGXFHG E\ PXOWLSOH
DUHDV VXFK DV IXQGDPH@MBO PHEXEDWVLRQROHRWKKFWLR
WHFKQLTXH FDQ EH XVHG



&5,635 &DV H[SHULPHQWYV

7KHUH DUH GLVWLQFW PHWKRGV WR VWDUW XS DQ H[S
RI &5,635 &DV &5,635 &DV FDQ BEXD G VHHGG WRD \J W(
UHGXFWLRQ Rl JHQH DFWRXWW\ PR DHDW X H B H NDFRAFINR C
UHGXFH WKH GHVWLQDWLRQ JHQH H[SUHVVLRQ 7KH
PDQLSXODWLRQ LQYROYH GLVWLQFW SDUWV RI &5,63
UHVHDUFK ZDV WR DOWHU JHQHV ZLWK J51%$ V WKURX
&DV HQJ\PH DQG RU &DV P51%$ WUDQVFULSWV )RU
P51%$ DQG J51%$ SODVPLGYV DUH XVHG WR SURGXFH PD\
VXSSOLHG WR KRVW FBOOR EZHKIXVHG WR SURGXFH WUI
E

'LIITHUHQW WHFKQLTXHV RI WUDQVPLVVLRQ FDQ EH
SURWRSODVWLF WUDQVIHFWLRQ FDUULHG RXW LQ W}
WREDFFR DSSOHWDEHWRX\FIHV WKL QD DQG 3HWXQ
&DV SURWHLQ ZLWK VJ51$J5Uf FBRHLDDYKAOHDWU H
WUDQVPLVVLRQ RI &DV DQG J51$%$ VRPH RI WKHVH C
ODOQR\ HW DO ‘RR HW DO & D&/X FPEBX § OV G W 50 &
KRZHYHU KDYH EHHQ LPSOHPHQWHG LQ ZKHDW =KDQ.
ZHUH ERWK XVHG ZLWK VJ51%$ EXW WKH DXWKRU
XQGHUVWDQGLQJ Rl WKLV LQ SRWDWR FURSYV

7KH QH[W VWDJH LV WRUSHNN DI G HOVHWLQQ WALRIKD M $
GLVWULEXWLRQ WHFKQLJIXHHSB\G EHHGIY VHB HE WRREQ V W L
JUDSK LQ WKLV PHWKRG Rl VXJJHVWHG PHDVXUHV 7K
EH XVHG LQ WKH H[SHULPHQWJBXVW HEGH VBRI \R I G RIUQ W&
EH XVHG LQ WKH H[SHULPHQW EHIRUH GHYHORSLQJ J5
FRQWULEXWH WR GHFUHDVHG FOHDYDJH RZLQJ WR SD\



A. Choose species

l

B. Select the gene and
region to be targeted

l

Aaldated’ C. Select gRNAs based on gRNA
o i f'(\ predicted “on-target” design
. and “off-target” activity Software

l

JLIXUHBHHFWLQJ WDUJHW VHTXHQFH DQG GHVLJQLQJ J51% V

%HIRUH VHOHFWLQJ J51% V WKH LGHQWLILFDWLRQ RI WK
JHQH PXVW EH SHUIRUPHG LQ RUGHU WR PDQLSXODWH JF
V\VWHP 7R VHOHFWHFHMWVOU\LWRLWDUJHW DOO 3%$0 JHQHYV
UHJLRQ EHIRUH FKRRVLQJ ZKLFK ORFDWLRMDUWYHWRVW SU
FRQFHSWLRQ 7KHUH DUH YDULRXV YDULDEOHV WKDW QHH
J51% V 2QH RI WKH PRVW LPSRHUWDQYWKYRQULDIEWKM 151% SI
WR WKH GHVWLQDWLRQ VHTXHQFH W LV DOVR HVVHQWLDC



GRHV QRW ILW RWKHU JHQR FID @ORHGWERWYV U HMX @W LI

7KHUH DUH YDWRXVRWEWUXGHQJ J51$3V$IIXFKHDV &5,
HW DO D VRIWZDUH LQVWUXPHQW ZKHUH &5,63
GHVWLQDWLRQVORBBWNVRDWH QWRW LQKHUHQWO\ D FULW
IXW X UMDRIJHW JHQHW WEKDWD WRXGO B\ EH)WHUVHFWLRQ |
SDUWLFXODU VWUDLQV WKDW FDQ EH XVHG IRU IXL
UHSURGXFWLRQ =KDQUDWWHWY DUH RIFULWLFDO YDU]
VXFK DV FOLQLFDO VW XG\LRI\S UHKHH QWP W@ H V W. WU RORW D
J51% V

7R EXLOG WKH GHVLUHG J51$ V LQ WKH H[SHULPHQW
LQWR D YHFWRU )RU LQVWDQFH WKLV FDQ EH DFFRP.
LQVHUWLQJ EORFNLQIGROEZXKRWH.LQWRS SODWNDLODEO}
OLPLWDWLRQ UHTXLUHPHQWY &DV DQG J51$ V GLVW
FRQVLJQPHQW VHOHFWHG IRU WKH H[SHULPHQW 2SW
PLJKW EH QHFHVVDU\ IRU H[DP SR CIWW K$U R \SRISJQ P
VSHFLILF WDUJHW VSHFLH $GGJHQH E

7KH ILQDO SKDVH LQ WKH &5,635 &DV WHVW ZLOO EF
JRU WKLV LQWHQW GLIIHUHQW WHFKQLTXHV FDQ EH
GLVWLQFWHQHOWLEHOBLVFRYHUHG LQ WKH FRUUHVSRQ(
FHOOV LQ PDQ\ VSHFLHV 6RPHVRSHWBHN FAKOW K HP B | SEH
SHUIRUPHG GXH WR ODFN RI H[SUHVVLRQ RI J51% V

J51$ V DQG &DV PDHUWGRPM MRKH FOHDYDJH &HOOV I
KRPR]J\JRXV ZKHUH ERWK DOOHOHV KDYH EHHQ FKDQ
RQH RI WKH DOOHOHV KDV EHHQ DGMXVWHG OHWKRGV
KDYH EHHQ PRGLILHG ZLOHQWHORRQHWWH YH[SOIHWWRKR G
LPSOHPHQWHG LQFOKGMDBHVPOWEK IRU 1+(- IL[HG '6Y%
OLPLWDWLRQ GLJHVW IRU +'5 IL[HG '6%V DQG IRU +'5 |



DQG OLTXLG HOHFWURSKR UHMLR QATRGI BB S\OHTXFMWLR Q DG
3&5 DPSOLILFDWHRM DQWLRPWHTXHQFLQJ $GGJHQH E

3ODVPLGYV

30DVPLGYV DUH WLQ\ GLVWLQFW '1$ PROHFXOHV IURP FlI
UHSURGXFH VHSDUDWHO\ $V WLQ\ OLQHDUHYRXE®W VW UD (
LQ EDFWHULD EXW FDQ VRPHWLPHV EH GLVFRYHUHG LQ
$OWKRXJIJK SODVPLGY FRPSULVH RQO\ D WLQ\ DPRXQW RI
DOQOWLELRWLF UHVLVWDQFH KDV VRPH XVHIXO FKDUDFWHUL

$UWLILFYPIOGSODUH IUHTXHQWO\ XVHG DV YHFWRUV LQ PRC
ZLOO KDYH D '1$ SOXJ IURP DQRWKHU RULJLQ 7KLV ZLC
UHFRPELQDQW '1$ 7KHQ WKH SODVPLG LV WUDQVIHUUHG
SURGXFHV DQG UHSOIQAMD VEHFWH UEERPELIYQ D JLYHQ FHO
QXPHURXV FORQHV LW LV FDOOHG JHQH FORQLQJ 8VXDO
SDUWV PDNLQJ LW YHU\ EHQHILFLDO 9HFWRUV RIWHQ KDY
UHSOLFDWLRQ RULJLQ 2URI AKKH HY PPWR UY HQV MRV FHOO
SURGXFHG D PXOWLSOH FORQLQJ VLWH 0&6 ZLWK PDQ\
FRPSRQHQWY FDQ EH DWWDFKHG DQG D WHPSODWH WKD\
JHQHUDOO\ DOVR WROHUDQW WR DQWLHEHLRWHFWKI$SPS5 .|
VHOHFWDEOH PDUNHU LV RIWHQ DQ DQWLELRWLF UHVLVWLE
FRORQLHV ZKHUH WKH UHFRPELQDQW SODVPLG LV SODFHC
5HHFH HW DO



JLIXUH%DVLF SODVPLG UHJLRQV

SRWHBWRDOXP WXEHURVXP

+LVWRUN\ DOG GHVFULSWLRQ

3SRWBWBDQXP WXBHWRMXMVR WKH 6RODQDFHDH JURXS
JHQHUDOO\ DFNQRZOHGJHG E\ LWV W\SLFDOO\ \HOORZ
VKRZQ LQ )LIJXUH 20G )DUPHU V $OPDQDF

SRWDWR LV UDWHG WKH ZRUOG V ILIWK ODUJHVW IRRC
GLHWDU\ LPSRUWDQFH DQG SURGXFHV SHU KHFWDUH LC
LPSRUWDQW DV IDVIBRGRFERE RWWKH PRVW LPSRUWDC(
VWDUFK PDQXIDFWXULQJ (00LV HW DO THWUD
KHWHUR]J\JRVLW\ RI FXOWLYDWHG YDULHWLHY PDNHV V
WUDGLWLRWHDHOGE QB WWRAFXOM] GXWKRQL HW DO 7K



UHSURGXFWLRQ WHFKQLTXHV LQ ZKLFK RQO\ RQH RU D IH.
LQWR DQ DULVWRFUDWLF FRQWH[W DUH RI JUHDW FRQFH
*0 KDV OHQJWK\ EHHQ D FREPRRURSXVWGE G HFKDQ EXWHH S UR
WKURXJK UREXVW LQFOXVLRQ RI '1$ FRQWHQW %DUUHOO F

+RZHYHU WKH FRPPHUFLDOL]DWLRQ RI WKH *0 SODQWYV Sl
OHQJWK\ DQG FRVWO\ GHUHJXODWLRQ SKDVH LQ (XURSH
PHWKRGVY WKDW GR QRW LQWURGXFH RU PDLQWDLQ UHFRP
EHHQ SURPLVLQJ DQG GHEDWH LV EHLQJ KHOG DERXW ZK
WKDW VKRXOG EH FRQWUROOHG DV *02V -RQHV :DOW]

J)LXUH 3RWDWR 6RODQXP WXEHURVXP LV D PDMRU FURS
IRU LWV WUDGLWLRQDO \HOORZ SKHQRW\SH $OPDQDF E



&5.635 &DV_HGLWLQJ LQ SRWDWR

,Q SODQW VWXGLHV DQG UHSURGXRWULRHG WO NWXOH
IHDWXUHV DQG WR FUHDWH [UHYVK GRDUF WYDGJ \P X YR M
6'0 KDV UHFHQWO\ EHHQ LPSOHPHQWHG 7KH 6'0 PHW
VSHFLILF LQ FRPSDULVRQ ZLWK FKHPLFDW DRFGE GHQWLE
ZLWK QXPHURXV PXWDWLRQV EURXJKW WKURXJKRXW
FRQVWUXFWVY FDQ EH VWDEO\ LQWHJUDWHG LQWR W
H[SUHVVHG WUDQVLHQWO\ WR FUHDWH PXWDWLRQV
SUHVHQWDUHQLRFHILQJHU QXFOHDVH =)1 7$/ HIIHFW
DQG FOXVWHUHG UHJXODUO\ LQWHUVSDFHG VKRUW SD
DVVRFLDWHG HQ]\PH &DV  6FKLPO DQG 3XFKWD

&5,638DV GHYHORSPHQW KDV UHRHQQ\WH UB VQH BHF DX\
DPRUH MNMHHRGO\ BIQGFERQYW PHWKRG IRVSBHFQHBEDW
FRQVWUXFWY UHODWLYH WR =)1 DBV7$FHWKR G LQVKKH
SODQWV ZDV ILUVW UHFRUGHG DV HIIHFWGXKBQ/HW\D @

7KH WHFEKQLTXH LV IRFX\IGG BQ$D \EISLLS] VAIQN B HD
JXLGH VWUXFWXUH FRPSOHPHQWLQJ D GHVWLQDWLR!
VFDIIROG WKDW FDQ FDXVH PXWDWLRQV LQ WLRIQVWLQ
ZLWK D &DV QXFOHDVH -LQHN HW DO 7KH VXEVF
LV UHVWRUHG WKURXJK WKH FHOO V RR ®RDRWD¥K HHE
MRLQLQJ 1+(- RU E\ KRPRORJRXV UHFRPELQDWLRQ
VXVFHSWRLEOWWDNH DQG RIWHQ FDXVHV WR UDQGRP L
FDQ OHDG FHOO IHDWXUH WR EH NQRFNHG RXW

3RWDWR RIIHUV DQ RSWLPDO FKDQFH IRU JHQRPH HC
PHWKRORJ\ DQG UHDJHQWYV $V ROMHRUWGE H URSWW RIBil
HIWUHPHQUMILQ/&’GHDQG FDQ EH UHJHQHUDWHG ZLWK
EUDQFK DQG URRW FHOOV %DQHUMHH HW DO &K



SRWDWR FXOWLYDUV KDYHHGBGUWBDWHIBG VBRXQ R EEXW HRIWXM U
WHFKQLTXHV RI GLVWULEXWLRQ KDYH DOVR EHHQ HIIHFW L

6LPLODU WR RWKHU FURS RUJDQLVPV WKDW KDYH HIIHFWL
FHOO FRQYHUVLRQ LV HIIHFWLYH DRDBSWRHGGE BWUXFW X
GLSORLG 5+ LV DFFHVVLEOH PDNLQJ SRWDWR DQ RSWLPD!
PHFKDQLVP 3RWDWR *HQRPH B6HTXHQFLQJ &RQVRUWLXP
ODXQFK KDV LQFUHDVHG SRWDWR VWXGLHV DQG RIIHUHC
RSHUDWLRQD®*6B8IQRPLFYKH GDWDEDVH RI WKH SRWDWR J
FRQVXPHUV WR VFDQ IRU JHQHV Rl FRQFHUQ LQ WKH UHFH
VHTXHQFHV WKDW FRPELQH LGHQWLILF 7KH FDSDFLW\ WR
RU JHQH IUDJPHQWVQRPH RHI FBRW PFMWMRDDHLQIRUPDWLRQ IR
UHDJHQWYV IRU GQD SURFHVVLQJ &XUWLQ HW DO 9R)

+HUH ZH XVHG WKH &5,635 &DV PHFKDQLVP WR HII
NQRFNRXWV LQ SRWDWR SURYLGRUDJI MVYHR M B W DIH®RLIH DF
UHVHDUFK DWLRQ RU UHVHPEODQFH ZLWK D SDUWLFXODU |
HW DO

H(,) ( DOG 90QY JHQHYV

HE) (

,Q FORQDOO\ SURSDJDWHG SODQWV VXFKLDYFESPWDWRHYV
EHFDXVH WKH\ KDYH D KLJK SUREDELOLW\ RI EHLQJ WU
JHQHUDWLRQV )RU VHHG SRWDWR PDQXIDFWXUHUV SRWD
PDVVLYH FKDOOHQJH DQG IUHVK VWUDLQV RI WKH YLUXYV |
$PHWDLEQ ODWHVW \HDUV WKDW FDXVH GHYDVWDWLQJ WXE
QHJDWLYH HIIHFW RQ WKH TXDOLW\ RI VHHG WXEHUV DQC
WUDGH UHVWULFWLRQV 6HHG FHUWLILFDWLRQ SURJUDPV
GHFUHDVYLKRIIFBGEHQFH EHORZ ILQDQFLDO WKUHVKROGV EXW



WKH SUHYDOHQFH RI VWUDLQV WKDW FDXVH PLOG IF
GXULQJ YLVXDO ILHOG LQVSHFWLRQV %HFDXVH RI WK
$PHULFDQRWHHGER SLQGXVWU\ V PRVW VLIJQLILFDQW SUI
ODWHVW VWXG\ GLVFRWHUHG RRUHRUWWKKD @@PRQHFDQ V
GHWHFWDEOH 39< DPRXQWYVY *UD\ HW DO DQG WI
LQFUHDVLQJ ,Q KHURXHEHDKEHHUWWLF VWUDLQ KDV PF
PDQ\ FXOWLYDUV DUH QR ORQJHU FXOWLYDWHG GXH '
QHFURVLV 5ROODQG HW DO <RX FDQ VHH WKLV
%UXFH :DWW 8QLYHWXIXMWRRRE RDUQ

2QH Rl WKH PRVW HIIHFWLYH PHWKRGV IRU PDQDJLQJ
SODQW VWUHQJWK .KHWDUSDO HW DO 5HVLVWD
UHFRJQL]JHG 39< YDULHWLHV KDYH EHHO® WHMHRUDQ ] HC
FXOWLYDUV ZLWK VHYHUH UHVLVWDQW KDYH EHHQ S
SDUWLFXODUO\ LQ (XURSH 3C®HODWNBEXH® DQG %DUBR
7KRXJK LQWURJUHVVLRQ RI UHVLVW DQHQ WHQ HRWF EXQWWR
WKH FRVW RI RWKHU EHQHILFLDO FXOLQDU\ DQG KRU\
IRU FXUUHQW SODQWY WKH DFFHSWDQFH RI GXUDEOH
KDV EHHQ UHVWULFWHG 'RXFKHV HEN W®H UH D OLKNV Wk
WKH 8QLWHG 6WDWHV DQG &DQDGD 86'$ 5XVVHV
RYHU \HDUV HDUOLHU WHQGV WR JURZ PRUH FRPI
JHQHWLF HQJLQHHULQJ LV DQ DSSHDO LR RHMDLDRVMH W R
FDQ OHDG WR WKH JURZWK RI RSSRVLWLRQ WR GLVHE
IHDWXUHV 1XPHURXV VWXG\ RUJDQL]DWLRQV KDYH X
FRQVWUXFWY WR GHYHORS JHQ/H W\WHDIOO \S R QDWFRIHH HZ
DIILOLDWH 1DWXUHODUN KDV PDUNHWHG D GXUDEOH
PXWDWLRQ FRXSOHG ZLWK WKH %W LQVHFWLFLGDO SL
WKLV FURS 1HZOHDI < ZDV H[WHQVLYHO\ LQWURGXHF

SIOMXJK VHFWRU ZRUULHV DERXW WKH SUHVHQF
FDXVHG WKH LWHP WR EH ZLWKGUDZQ DQG WUDQVJHQI



VHFWRU .DQLHZVNL DQG 7KRPDV 'HYHORSLQJ GXU
LQWUDJHQLF DYSWRBFKODIKHW MY FRQYHUWHG XVLQJ JHQHYV
JHQRPH FDQ WDFNOH ERWK WKH LVVXHV Rl SUHVHUYLQJ W
DFFHSWLQJ WKH LQGXVWU\

,QQXPHUDEOH SODQWY KDYH UHFRJQL]JHG DQG LPSOHPHQW
JHQHV PDQ\ FHQWXULHVY DQG WKHVH JHQHV KDYH ODWFE
PROHFXODU VWDJH VWXGLHG LQ 7UXQLJHU DQG $UDQGD
DORQJ ZLWK YLUDO LQIHFWLRQ WKH H[WUHPHO\ SUHVHUY
IDFWRU ( SHHUIRUPV DQ LPSRUWDQW SDUW 7kH SURWHLQ
WDJ RI P51%$ DQG KHOSV WKH FDUULHU ULERVRPDO FOXVW

6HYHUDO FURS SDUDVLWHV VWU DRRW & 15U % VHM RZALMWK
DOVR LQWHUIHRHWH@ KR, DOHQW @WAHUIPQRNE RWWKKIHYLUDO
YLD D SDOLIQRHHE SURWHLQ 93J /HRQDUG HW DO 6FK
FRPPXQLFDWLRQ LV HVVHQWLDO IRU HIIHFWLYH YLUXV LQI
YLUXV JHQRP R QVUDHBFULFICBWLERHQ OD PRER O LMH\O ®DR HW DO
.DQJ HW DO S5REDJOLD DQG &DUDQWD

OXWDWLRQV DW WKH H,) ( ORFXV KDYH DGYDQFHG LQ VR P
ZLWK 93] OHD GLHVILWRDOW XHLQJIV & ¥ KBIWFHEE Bl LH I QB0
WRPDWR ORF lee SV SHEF®/ ISRMWO\ RITHU DGGLWLRQDO YLUXV \
RI SRW\YLUXV DQG KDYH EHHQ VKRZQ WR HQFRGH RUWKRC
DO .DQJ HW DO ,Q UHODWLRQ WR SHSSHU D
DO OHWM/¥XFHW1DP PHORQ 1LHWR HW DO
UHFRJQL]JHG DV UHFHVVLYH VWUHQJWK DOOHOHV DW WKI
1IDWXUDOO\ FXUUHQW GXUDEOH YDULDQWV RI H,) ( YDU\ M>
DPLQR FRGH IURE QHKMWUIORMYXUH Rl WKH SURWHLQ 3UHGL
IUDPHZRUN RI PXULQH DQG ZKHDW H,) ( VHYHUDO RI WKHYV
LQ WKH SURWHLQ UHJLRQ H[SHFWHG WR FRQQHFW WR 93J
DO .DQJ HWXDIBO HW BO ORQJLQJR HW DO 1



,QWLPDWH NQRZOHGJH RI KRZ PRGLILFDWLRQV LQ WK!
YLUXV WROHUDQFH ZKLOH QRW LQWHUUXSWLQJ WKH
SURYLGHVWUMNFKQMWDW IRU YLUXV FRPPDQG LQ PDQ\ H
VSHFLHV RI SODQWVY ,Q D JURYYQVWSRS XYHIDMERQR ®
VWUHQJWK DOOHOHV PD\ EH XVHG WR TXLFNO\ SLFN S
<HDP HW DO YOHRU MRYHH B [LMWHQFH RI WKH VHQ
SRWDWR JHQH WUDQVJHQHVLV RI DQ H,) ( GHILFLHQF!
WR FRQINGHAWHWXP SRW\YLUXV VWUHQJWK LQ YHJHW
SODQWYV WKDW KDYHQ W UBX®E8GLRENHE XV 8V LI/ Y\RIOQW
SRWDWRHV WKLV WHFKQLTXH RI WUDQVPLWWLQJ YL
WDFNOH YLUXV GLVHDVH LVVXHV

JLIXUH3RW\YLUXV < GLVHDVH LQIHFWHG SROLDWR %U>
%WXJZRRG RUJ



90QY

JUHTXHQWO\ FROOHFWHG SRWDWR WXEHUV 6RODQXP W
WHPSHUDWXUHV UDQJLQJ IURP  KDRJY HNAV WR HVON UGIW A K E
GHFUHDVLQJ VSURXWLQJ DQG GHFRE®SRY LOWNRHD VHRP EDTFE
KRXVLQJ DOVR SURYLGHV SHUVRQDO FXVWRPHUV DQG WKH
GLVWULEXWLRQ FKDLQ RI IUHVK WXEHUV &ROG KRXVL
FRQFHQWUDWLRQ RI VXJDU UHGXFWLRQ PDI@D\ VXJDU D¢
LQFUHPHQWDO VWDUFK GHWHULRUDWARKH GD VZRIGI GLHDLLR)Q
&,6 'DOH DQG %UDGVKDZ 7KLV LV LQGHHG D UHFXUU
WKH SRWDWR LQGXVWU\ EHFDXVH &,6 KDV D QHJDWLYH LP¢
DG RWKHU JRRGV WKDW HQWDLO SURFHVVLQJ DW WHPSHUL
DSSUR[LPDWHO\ PLOOLRQ NJ RI SRWDWRHV DUH KDQGOH
VXFK DV JUHQFK UROOV DQG FKLSV .HLMEHWYV DFFRU
UHGXFMWIRQV UHVSRIHHWGO FR® SRWDWRHV WKURXJK WKH 0
ZLWK IUHH DPICARDDFLGY FUHDWLQJ YBRRGXFWNOWKDI Wk
EODFNHQ JUHQFK UROOV WR EURZQ 6WDGOHU HW DO

FRPSULVH KWMWN] RDIPRKWOROPEBH &$6 5SHILVWU\N 1R

QHXURWRI[LQ DQG SRWHQWLDO KXPDQ FDUFLQRJHQ )ULHG
ELRFKHPLFDO DQG PROHFXODU FRQFHQWUDWLRQV &,6 EL
GHILQHG 6FLHQWLVWV DHFRBEOQIHF®WHE JHQHWLF WUDLW
YDULRXV TXDQWLWDWLYH WUDLW ORFL 47/V FRQWDLQLQ
OLQNDJH PDSSLQJ 1IJHOH HW DO 'XULQJ &,6 QX
SURFHGXUHV DORQJ ZLWK VWDUFEQSURGXRWLRPHD\QGEF PRE
IRUPDWLRQ GXH WR JOXFRVH DQG IUXFWRVH K\GURO\VLV
LQ LQFUHDWMWLRUH® OWGXEHUV UHGXFWLRQ LQ VXJDU TXDQW
RSHUDWLRQV Rl FHUWD L Q CXUFRW H L 6 W FEXRK/ TRRBUR V H
SKRVSKDWH VIQWKDVH VXFURDR\SRRWS KINGHDFK B VISE DML
DUH FDXVLQJ WKHVH PROHFXODU RFFXUUHQFHV OF.HQ]L
JHQHUDWHG E\ WKHVH HQJ\PDWLF UHDFWLRQV LV XOWLPDW



ZKHUH JOXFRVH DQG IUXFWRVH DUH HYHQ IXUWKHU K
7KH FRQFHQWUDWLRQ RI VXJDU UHGXFWLRQ ZLWKLQ
RSHUDWLRQ RI WKH YDFXRODU LQYHUWDVH HQJ\PH 9,
KHPRMMQLF SURFHVVHV E\ FR@WWROHD ISR SRUHWVYROQUBR. |

7KH ODLOODUG UHDFWLRQ DV ZHOO FRQWULEXWHV WR
SUHYDOHQW YLDEOH DPLQR DFLG LQ SRWDWR WXEHU
$FU\ODPLGH LV D SRWHQWLDOO\ FDUFLQRJHQLF DQG Q
SHFHQWO\ WKH )RRG 6WDQGDUGY $JHQF\ )6$ SXEOL'
HOHYDWHG FDSDFLW\ IRU DFU\ODPLGH SURGXFWLRQ
FRPSRX@ONMULWLRQDO FRQVXPSWLRQ )6$% 6LOHC
WXEHUV OHDGV WR D GHFOLQH LQ WKH FDSDFLW\ IRU
DFFHVVLELOLW\ RI VXJDU GHFUHDVH <H HW DO
GHFUHDVH RULWODQNHHQWWK GH Q

OLQLPL]LQJ WKH DYDLODELOLW\ RI WR[LQV VXFK DV
EHFRPLQJ D FRQFHUQ IRU SRWDWR PDQXIDFWXUHUV
SURJUDPV DUH DLPHG DW JHQHUDWLQJ FROGFFIGLSSHL
VXJDU FRQFHQWUDWLRQV GXULQJ VKRUW SURFHVVLQ
OXOWLSOH QDWLYH B6RODQXP VSHFLHV LQFOX

Q [ GHPRQVWUDWHG WKH DELOLW\ WR GHFUHDVF

KRW FKLFRHDUWQ BW DO 7KURXJKRXW IUHH]H FRQ
SURGXFHG UHVWULFWHG SURJUHVV WREZDVIBE FX6WW
WKDW GHPRQVWUDWH GHFUHDVHG UDWHVY Rl FRQFHQV
IHYHUWKHOHV VX \ZQWHKHEREW GQ&B WKHUH VHHPV WR E
FRPPRQ FXOWLYDU WR GDWH 7KHUHE\ IRU HLWKHU W
RQH RI WKH PRVW VLJQLILFDQW DQG FRQWLQXRXV LVV



JLIXUH$SFU\ODWVWWMKHVLY LQ SRWDWRHYVY FRRNHG GXH WR FF
RI WKH SRWDAW& BVE&& LQ ZKLFK WKH 9 QY JHQH LV LQDFWL
WKH :W DQG :W SRWDWRHV LQ ZKLFK WKH 9 QY JHQH LV DI

/LVVXH FXOWXUH

*URZWK RI SODQWYV LQ YLWUR

7LVVXH FXOWXUHMRODGIRXLEWVYRBPU GHYHORSPHQW HQYLL
YLWUR GHYHORSPHQW RI WLVVXH FHOOV RU WKH HQWLU]
FOLPDWLF FLUFXPVWDQFHV W ZRXQW EBRQHVXIARWIMKQLUN
DQG 6NRRJ 7TKRUSH 7LVVXH FXOWXUH DOORZV
LQGHSHQGHQW FURSVY WR GHYHORS ,W UHDOO\ LV D VLJQL



ELRWHFKQRORJ\ VXFK DV JHQHWLF HQH LQFMHKHHAH JR W K
UHJHQHUDWLRQ RI SODQWV LQ YLWUR +XVVDLQ HW DC

 PSRUWDOW &URS . PSURYHPHQW 7RRO

7LVVXH FXOWXUH KDV HQDEOHG D ELJ DPRXQW RI VHF
DQG LV UHJDUGHG WR EH WKH PRV®J HIURBW L B9 G G\DWDL
XVHG IRU VHYHUDO UHDVRQV VXFK DV SODQW FXOWL"
PHWDEROLWH PDQXIDFWXULQJ GLVHDVH DEROLWLRQ
ZLWK UHJDUG WR VDOW WROHUDQFH PRLOYWXUH DQG
YLIXUH GHPRQVWUDWHY D JUDSK IRU YDULRXV VWX

$QRWKHU RI WKH ODWHVW HOHPHQWYV Rl SODQW FHOO
WUDQVIRUPDWLRQ WKDW DOORZV JHQHV ZLWHKWHVLUI
FURSV DQG WUDQVJHQLF SODQWY WR GHYHORS 7K
WRWLSRWHQWLDOLW\ RI SODQW FHOOV LQ RUGHU WR
HYHQ D VLQJOH FHOO FDQ FRQYH\ WKH FRPSOHWH JH
VRPHOPNM FDQ FKDQJH WKHLU RZQ HQYLURQPHQW JUR.
DO



JLIXUH 6FKHPDWLF LPDJH IRU VHSDUDWH VWXGLHV LQ WLV

2SWLPLIDWLRQ RI WLVVXH FXOWXUH

$V RI ZKHQ WKH *HUPDQ SK\VLRORJLVW *RRWOHLE +D|
FXOWLYDWH LQWDFW EDFWHULD IURP IORZHUV LQ WKH VD
FXOWLYDWLRQ KDV EHHQ JUHDWO\ 6ASHRDBGF KHPLFDLAYN HV
FLUFXPVWDQFHY QHHG WR EH DFKLHYHG LQ RUGHU WR RSW



%URDGO\ VSHDNLQJ WKH PHGLXP PXVW WKHUHIRUF
PDFURQXWULHQWY PLFURQXWULHQWY YLWDPLQV L
QLWURJHQ JURZWK UHJXODWRUV VROLGLI\LQJ LQK
QXWULWLRQDO VXEVWDQFHV OHGLXP S+ WHPSHUDW X
DOVR HVVHQWLDO LQ WKH VHWWLQJ 7KH 6:D@GL DRYGP H
(OVKDKHGXVVDLQ HW DO OXUDVKLJH DQG 6NRRJ
WKH PRVW ZLGHO\ XVHG ZLWKLQ YLWUR FXOWLYDWI
RUJDQLVPV +XVVDLQ HW DO

2EMHFWLYLWLHY RI SUHVHQW VWXG\

KHQHYHU D SURFHGKXKH HEBERW EEHQ XVHG DV D SRWDWR
WKLY FDQ FOHDU XS WKH RSSRUWXQLW\ RI SURGXF]
DFFRUGLQJ WR ULJLG OHJLVODWLRQ ZKHQ LW JRHV \
OHIWRYHU GLIITHUHQW '1$ IURP VKD®SLQJ PHWKRGV $C

'1$ IlUHH DOWHUDWLRQ ZLWK &5,635 &DV KDV QRW
VLIQLILFDQW SODQW SRWDWR WR WKH DXWKRU V FRP
WR XVH WKLV IUHVK WHFKQRORJ\ IRU IXQGDPHQWDO
SDUWLFXODU JHQHV 7KLV ZDV UHFRUGHG HIIHFWLYHC(
&DV SURWHLQ DQG J51%$V DQG WKHLU VXEVHTXHQW
‘RR HW DO 7R DFFRPSOLVK WKLV JRDO WKLV VW

7U\LQJ @\ BQO FXOWLYDWLRQ RI SRWDWR VHHGV |
7KH WLVVXH FXOWLYDWLRQ V\WWHP IRU WKH UHJH
SRWDWR SURWRSODVWYV LV LPSOHPHQWHG
*XLGH 51$ JHQHWLFDOO\ PRGLI\LQJ ZKLFK PD\ DLFP
&ORQHG J51%$ DQOBWYVR WUDQVFULSWLRQV



&5,635 &DV LQ YLYR JHQHWLF PDQLSXODWLRQ RI &
WUDQVFULEHG J51%$V E\ WKH SRO\HWK\OHQH JO\FHUF
VHOHFWHG SURWRSODVWY ZLWK WKH PDUNHUV 90QY D



&+$37(5

0$7(5,$/6 $1' 0(7+2'6

ODWHULDOV

LWV

7TDEOHSURYLGHYV DQ RXWOLQH RI WKH YDULRXV GHYLFL}

LWV )XQFWLRQ 6XSSOLHU
30DVPLG OLC 30DVPLG 4,% (1
*HQH-(7 30DVPI 30DVPLG YHUPF
LW
OLQ(OXWH *HO ( | '1$ *DWKHU 4,$%(:
3$*(
7DT '1$ 3RO 5RXWLC 1HZ (QJODQ
DSSOLFDWLRQV
4 +RW 6WDUW +L &RORQ 1HZ (QJODQ!
'1$ SRO\PHUDVH DSSOLFDWLRQV
+L6FULEHE 7 VJ51$ WUDC 1HZ (QJODQ
<LHOG 51$ 6\QWKHMLRP SODVPLG LQ YLWUR
51$V OHJDF FOHDQXS RI ' | 7TKHUPR
NLW 3XULILFDWLRQHDFWLRQ 6FLHIQW

+L6FULEH70 7 $5 &DV P51$ L 1HZ (QJODQ
WUDQVFULSWILRQ

&DV 1XI 6LWH VSHFLIL| 2UL*(
'1$ ZLWK &DV



OHWKRGYV

([SHULPHQWYV ZHUH FDUULHG RXW 1J$WBQEH&BBUWYG SRW
SURWRSODVWLF VHSDUDWLRQ DQG WUDQVIHFWLRQ

BWHULOL]JHG DQG FXOWLYDWHG SRWDWR SODQWYV ERWK R
KDV DOVR EHHQ WKH VSUHDG RI SRWDWR FURSV ,Q WKH
H[SHULPHQWDWLRQWKIUE XKDWGBRHMGUDQVFULSWLRQ DQG LQ
&DV QXFOHDVHV LQFOXGLQJ WKH QHDOLQJ RI SULPHUV U
VHTXHQFLQJ GLJHVWLRQ RI SODVPLGV RI J51$ DQG &DV

%HIRUH 7 (QGRQXFOHDVH , WHSRQ M E HW KQW IOHH\NSUHUQ \PIHHQ W
J51$ DQG &DV LQ YLYR ZLWK WKH WUDQVIHU RI GHWDFKHG

SRWDWR

'XULQJ WKLV UHVHDUFK 3HSVL&R SRWDWR SODQWV ZHUH
ZHUH /DG\ 20\PSLD DQG /DG\ $PDULO®IO D HAPHW BHOX Y AKH G
,QWHUQDWLRQDO 3RWDWR *HQRPH 6HTXHQFLQJ &RQVRU
SXEOLVKHG WKH SRWDWR JHQRPH VHTXHQFH LQ 7KH ¢
RQH Rl WKH SDLUHG PRQRSORLI:& 3KXUHMWOEHURVXP
JURXS® JHQRPH DVVHPEO\ LV 0% SHUFHQW RI ZKLFK
JHQHWLF PDS DQG LQFOXGHYV JHQHVY DQQRWDWHG $
SXEOLVKHG %$& DQG HQWLUH JHQRPH VKRWJXQ VHFWLRQV
5+ 5+ (53



6WHULOLIDWLRQ RI SRWDWR VHHGV

7ZR WHFKQLTXHVY KDYH EHHQ FRQGXFWHG WR VWHULC
ZDV HWKDQRRO\ZKEKOGRYDWH ZDV WKH RWKHU WHFKQL’
ERWK WHFKQLTXHV

GWHUQZUIWWIFROFLXP K\SRFKORULWH

P/ RQH WKLUG KASRFKRRWDWH ZDV EOHQGHG ZLWK
DQG FRQWLQXHG WR UHVW 2QH P/ RI VXSHUQDWDQMW
SHUFHQW HWKDQRO B6HHGV ZHUH SEW LL@) FADXEKH W X8 H( S
RQH P/ Rl HWKDQRO K\SRFKORULWH VROXWLRQ ZDV
D WRWDO RI ILYH PLQXWHV ORQJHU GXUDWLRQ VHHG
ZHUH WDNHQ (WKDQRO ZDV DGGHG WR UDWHGFEQW®
SHUIRUPHG WZLFH WKH FOHDQLQJ PHDVXUHV 6HHGYV
RYHUQLJKW RU FOHDQHG ZLWK P/ WKHQ ZDWHU D>
(DFK VHHG KDV EHHQ SXW ZLWK 06 PHGLXP LQ DQ DXW

GWHUQ LW W IHRVKD QRO

,Q D P/ HSSHQGRUI ERWWOH RQH P/ HWKDQRO D
VHHGY DQG LQFXEDWHG RQ D VKDNHU IRU PLQXWH\
VWHULOH KRRG DQG DGGHG DQG LQFXEDWHG RQH P/ R



PLQXWHV 7KH HWKDQRO ZDV OLIWHG DGGLQJ RQH P/ RI1 ¢
WXEH D FRXSOH RI RFFDVLRQV EHIRUH WKH HWKDQRO ZDV
WXEH ZDV NHSW ZLWK WKH FRYHU DFFHVVLEBHHRU ZDVKL(
FXOWLYDWHG RU GHSRVLWHG DW IRXU GHJUHHYV FHQWLJUD

6RZLOJ RI SRWDWR VHHGYV

9DULRXV WHFKQLTXHV KDYH EHHQ XVHG WR VRZ SRWDWR V

SRWDWR VIBHBY RQ 06

JRU SODQW URIKIHQEXDDALRIQJH 6NRRJ 06 PHWKRG LV WKH
DQG ZLGHO\ XVHG IXQGDPHQWDO WLVVXH GHYHORSPHQW F
XVHG LQ WLVVXH FXOWXUH RI WKH 06 PHGLXP LQYHQWRI
GHVLJQDWHG VWRFNIMAW@XWLR® W LWYOWUQMDOWH UHDG\ 6W|
GHSRVLWHG 7R SUHSDUH / RI D PHGLXP WKH GHVLUHG DF
PL[HG

SHWUL GLVKHV ZHUH PL[HG P/ RI 06 bDJDUD VHH WDEOH
VXFURVH DQG NHRW WRIGQXWRY DBBHRHGYV ZHUH SODQWHG ZL
SODFHG LQ GD\OLJKW IRU KRXUV DQG GDUN URRP IRU f



7TDEOH7DEOH VKRZV FRQWHQW IRU 06 PHGLXP

6WRFN VRORWLEQDQWK 06 6WRFN . IRU

HIFHSWLRQVPHELXP

P/

06 ODMRU 6DOWYV
1+12 J
.12 J
&D&O+ 2 J
0J62 +2 J
.+ 32 J
06 OLQRU
+ %2 PJ
0Q62 +2 PJ
=Q62 +2 PJ
¢ PJ
1DOR2 +2 PJ
&R&O+ 2 PJ
&X62 +2 PJ
06 9LWL
7TKLDF +&/ P
1LD P
*O\F P
B\ULGF +& P
2WKHU FK
6 XFL N
$JII N
JH ('7$% 6RO P
1D ("7
JH62 +2
IRWS#+ ZDV DGMXVWHG WR DQG DXWRFODYHG

$PRXQW 5HTXLUHG IRU P/ 6WRFN

P/



SURSDJDWLRQ RI SRWDWR

7KH SURSDJDWLRQ Rl SRWDWR VHHGV ZDV DFFRPSOLVKHG
WKH VWHP IURP *HUPLQL FURSY DOUHDG\ FXOWLYDWHG 7K
DJDUDU DQG SHUFHQW VXGURWVH FR[HY DR ZODFED\OLJIKV
KRXUV GDUN URRP

3RWDWR SODQWV RQ VRLO

6RPH RI WKH SRWDWR FURSVY ZHUH WUDQVPLWWHG ZLWK IX
06 bJbu WKUHH SHUFHQW VXFURVH $IWHG WFR DAKH WKH\
VRLO IRU ODWHU VXUIDFH VWHULOL]DWLRQ

6RLO ZDV SURSRUWLRQDOO\ FRPELQHG ZLWK YHUPLFXO
':DWHU ZDV SXW RQH WR WZR KRXUV LQ WKH FRQWDLQHU X
ORZHU SDUW 3RWDWIRFSGDIQW M DKIXY 8§ ODHH) B DQG SODFH
IRU KRXUV DQG GDUN URRP IRU  f& IRU HLIJKW KRXUV

6HHG JHUPLQDWLRQ

JURP WKH SURWRFRO GHVFULEHG LQ 7RWLSRWHQF\ RI SR
VHHG JHUPLQDWLRQ ZDV WRUWKHP WM\CRWESFRWEDREI FKDUW
SURWRSODVW )LJXUH 6KHSDUG - DQG 7TRWWHQ 5RJ
Rl OHVRSK\OO &4HOO ,VRODWLRQ 3UROLIHUDWLRQ DQG 5HJ



SODQWYV SHWULHYW® 3URPZKMVWRU RUJ VWDEOH

06 DJDU VXFURVH SKWDPWRIWBRSYHUPLQDWLRQ W
PHGLXP ER[HV 7DEOH SRRWV ZHUHPWGILXW®PGZDWE& P
SDUW RI WKH K\SRFRW\O 30DQ®WHWLRRWDBWR UER[HR ZR

LQ KRXUV RI GD\OLJKW DQG HLJKW KRXUV RI GDUN D
GRQH



JLIXUH3RWR SURWRSODVW WRWLSRWHQF\ 6KRZV WKH HQWLU
VFKHGXOHG WR IROORZ GXULQJ WKLV UHVHDUFK 6KHSDUG -



J)LIXUH FBRWIWR SURWRGQPED \6W RZRWALISR HQWLUH S
ZDV VFKHGXOHG WR IROORZ GXULQJ WKLV UHVHDUEFK



7TDEOH7O0

VROXWLRQ J

/| HIFHSW ZKHQ QBRMWFRWIBEQOROXWL
WR WKH RULJLQDO SURWRFRO

P/ VWRFN VROXWLRQ ZHUH

PO VWRFN VROXWLRQ =

70
&RPSR! I &RPSR! IEE
ODFURQX 9LWD
&D&O f 1LFRWL
12 7KLDPLC
1+ 12 3\ULGRJL
1+ + 32 YROLF —
1+ 6. % LF —
0J62 t + ' & 3DQWR —
OLFURQX &KROLQH —
B — *O\F —
+ %2 &DFHLQ K\
0062 f + /| &\VW —
=Q62 % ODOLF
1D OR2 t — $VFRUE —
&X62 % — O\F LQR
&R&O ft — S5LERI —
YH62 f 2 W K
1D F (" 6 XFL
$JI
S
VWRFN VROXWLRQV PJ
+2 1DR2[ +2 DQG &R&K® PJ
PDGH IRU WKH UHVW
J 0Q62 [+ 2 ZDV XVHG LQVWHDG
J51% &DV

ODNLQJ J51%$V DQG 3ULPHUYV

6SDFHUVY DQG RWKHU GHWDLOV IRU VJ518%

VRZQ LQ 7DEOH IURP WKH XVH RI VRIWZDUH WHFKQLTXH)

DQG

ZHUH



4XHULHV ZHUH IRU H(,) ( LV 3*6& 'O* LQ FKURH
WR DQG 90QY LV 3*6& 'O* LQ FKUR
IURP WR

7R ILQGQODBQNRHUV IRU DPSOLILFDWLRQ RI WKH 3RO\F
DURXQG WKH WDUJHW RI &5,635 VJ51% ZDV DOLJQHG

(QVHPEOH ZKHUH WKH WDUJHW ORFDWLRQ ZDV IRXQG
WKLV 6WHSV DUMHFUWRIRG HREULBXWEBELQJ WKH J51%$V DC

7TDEOH/LVW RI VEEDHWHAEGBVRROV WR GHVLJQ &5,635 &DV

7TRRO JHDW XUHYV ‘HE $GGUHVVHYV

&5,635 | VJ51$ GHVLJQLQJ SWHMCLFWURWQSRIPLW HGX
'HVLJQ RIVLWH WDUJHWLQJ DIJDLQVW D
OLPLQXHPE&HU RI UHIHUHQFH
JHQRPHV LQFOXGLQJ $UDELGRSVLYV
WKDOLDQD

&D¥))LQGBHXNOMDWXUHG SUHICWRWELRDZRIUIJHQRPH QHW
SRWHQWLWE RIDUJRWMLQEHU
DJDLQVW PDQ\ UHIHUHQFH
JHQRPHV VJ51$ GHVLJQLQJ
3$0 W\SH RBWGRQHUHQW
&5,635 &DV YDULDQWYV

&&7RS vVJ51%$ WDUJHW VHOKWWBRQFURIVSU FRYV XQL
WDUJHW SUHGLFWIKHLGHOEHUJ GH

&+23&+230XOMDWXUHG 7DUKWW Y LWHKRSRKRS FEX XLE
&5,635 7$/(1V VIVWHPV
21IVLWH WDUDHYWV® P D Q\
UHIHUHQFH JHQRPHV

&5,63 'HVLIJQ HYDOX KWWS FULV
JXLGH VHTXHQFHV IRU WKH



&5,635 &DV V\VWHP DQG
SUHGLFWNVNRYHRWIIUIJHWLQJ

( &5,63 OXOMDWXUHG 'HVIKWW@J BB RUJ (
&5,635 FRQVWUXFW&S5, 88 HIGIIDFKW LR Q
RI RMLWH WDUJHWLQBWDWIHBWW LY SU KWPO
OLPLWHG QXPEHU RI JHQRPHYV

&5237 &5,635 &DV WDUJIJHMWW.SVHY ZIZQDWIOHODE RUJ &523
LQSXW VHTXHQFH SUKFSRIFBDRH KRV P
RIVLWH WDUJHWLQJ

VI51% GHVLJQL
&5,633 SUHGLFWNRQ HR MWRIKIHWE QFEL K]DX HGX FQ FULVS

&5,635VHADNUMSWFLILF VIS5 1KEMNMSLIELRFRQGXFWRU RUJ SD
WRRO 3UHGVEWHR QHOHIVWPELRBE,B35VHHN

WDUJHWLQJ KWPO
&5,635 &5,635 &DY51%V KWWS JHQRPH DUL]JRQD HGX F
3/$17 GHVLIJQLQJ WRRO OLPLWHG WR SODQWYV
6<17+(*2 &5,635 &DY51%V KWWSV GHVLJQ VIQWKHJR FRP

WRRO GHVLIJQLQJ WRRO OLPLWHG WR SODQWYV

$OOHDOLQOJ RI UHYHUVH DQG IRUZDUG SULPHUYV

$QQHDOLQJ RI UHYHUVH DQG IRUZDUG SULPHU zZDV SHUIRU
QXFOHRWLGHYV 7ZR SURWRFROV ZHUH XVHG IRU WKLV SXU:
HW DO /L HW DO 90 @V ONY)ZSUDRHUYV ZHUH XVHG W]
J51% 90QY )ZG DQG 90QY 5HY SULPHUV ZHUH XVHG V
(,) ()ZG DQG (,) ( 5HY SULPHUV ZHUH XVHG WR PDNH J51$%



DQG (,) ( 5HY SULPHUV ZHUH XVHG WR PDNH J518% $
UMMULFWLRQ HQ]J\PH DQG RWKHU LQIRUPDWLRQ LV JLYF

7DEOH3ULPHUV XVHG WR PDNH J51% ( J518% (

J51% 9 3ULPHUV (,) ()ZG DQG (,) ( 5HY ZHUH XVHG
(,) ()ZG DQG (,) ( 5HY ZHUH XVHGONQR PDBIHD QBE1$0QY 5}
ZHUH XVHG WR PDNH J51% 90QY )ZG DQG 90QY 5HY 2
BHTXHQFH UHVWULFWLRQ HQ]J\PH VXEFORQLQJ YHFWR

3ULF 6HTXF 5HVWL | 6XEFO
(QI\PH 9HFWRU

(b)) ()ZG | $*T$*7*$TT7$T*$T$*&*T&*TSTTT**TT77$* VI S8&
() (5H | *&7&755558&5S5758"S&"E&"7S7&$TSS7, J51%
() ()ZG | $*7$*7T*$T7T7$*T&*T7$*7T*7&&**78&7$*7777$*$*& %VE S8&
() (5H | *&7&75585875 588 " $&5& 7558 5& 78874 J51
90QY )ZG$*7$*7*$T7T7T7TT$$***$&TT&E&**7T**&*7777%*$*, %VL S8&
90QY *BT8&TESSBE&* &&FEE* *$F*T8E&&TTSSSSHT J51
90 QY )ZIG$*7$*7T*$T7T77*$$*7*&T7T*&$T*&**T7&*7777$*$*% 65 S8&

J51

90QY *T7TE&TS$S$&* S8 & &PT*&STTEISST&E&T

BURWRFRO IRU DQOHDOLQJ RI UHYHUVH DQG IRUZ
VWUDQG

7KHVH SULPHUV DUH OLNH FRQQHFWLRQV EHWZHHQ Wt
WRJHWKHU WR PDNH DQ RYHU®DROSLEEESI&5 LRRQWWIPYH
HJ 3ULPHU 3ULPHU%IODNVW RRX3DLOBUSXUFKDVH W
FRPSOHPHQW HDFK RWKHU %\ XVLQJ WKH RQOLQH WF
SULPHUV ZLOO KDYH D f & 7P ZLWK ZR®H S\RUHN R RVGK +
SRUWLRQ 7KH HQG SULPHUV ZLOO KDYH QR DGGLW
ORFDWLRQV ZLWK UHVWULFWLRQV 20LJRV KDYH EHHQ



Y)LIXUH)DVW DVVHPEO\ZZFXS1$WERLCG GBY RYHUODSSLQJ 3&5 ¢
3&5 SULPHUV 3ULPHU5 DQG 3ULPHU) WKH FXVWRP JXLG}
LQWR D QHZ J51%$ LQ WKH ILUVW URXQG RI 3&5 /L HW DO

SRO\PHUDVH FKDLQ UHDFWLRQ 3&5

3&5 LV D '1$ VWUDQ®R® PHOLKIRFD ODWHSUDPWUVXEK DV '1$
SRO\PHUDVH QXFOHRWLGHVY GHR[\QXFOHRWLGHV G173 E
'1$ WHPSODWH ZHUH UHTXLUHG WR SHUIRUP 3&5 /L HW
WHPSODWH DV S8& BJ51$ )LIJXUH GLISBDBVPLIGWBIWHW R)>
3&5 SURFHVV 7DEOH EOHQGHG VWDPWOGRIG SDWUWNVEH IR
KHDWHG WR PLQRWHV WR GHQDWXUH WKH FHOOV DQG H
8VXDOO\ WKH WHPSHUDWXUH LV IL[HG WRWW®&RU VPDOOHU



VWURQJHU IRU & EXW OHVV SDUWLFXODU ZLOO EH
FDQ UHVSRQG DW WKLV WHPSHUDWXUH DQG FRQQHFW
DURXQG EDVHV FRPSOHPHQWLQJ WKH H@{ID@FEB SD
UDLVHG WR DERXW & ZKLFK LV LGHDO IRU UHSOLF
SRO\PHUDVH RQO\ SURGXFHV '1$ 8 QWL RHH® RXH KRWLIRRES
'1$ DUH SURGXFHG WKLV PHWKRG ZLOO EH UHLWHUDYV
FRQGXFWH

JLIXUH S8& J51% '1$ WHPSODWH YHFWRU 30DVPLG X
J51%$ FDVHWWHY E\ RYHUOD S SLBLI$ 3&RBVVDVILHP B8P -HQ
6BKHHQ $GGJHQH SODVPLG KWWS Q
55,'$GGJHQHB



7DEOH 2YHUODSSLQJ 3&5 FRQGLWLRQV DQG FRPSRQHQWYV

&RPSRQHQW —/ 5SHDFWLRQ
. BWDQGDUG 7DT 5H —/
PO G17 -
—0 )RUZDUG -
—0 5HYHUV -
7HPSODW C
7DT1$ 3RO\PI -
1XFO IUHH : 8SWR
7HPSHL "XUDL
fo PLQ
fo VHF F\F
f VHF
f VHF
f PLQ
fi KR

5HV W WOLIEM) MRLQ Q

,Q RUGHU WR OWDHP S\GKIHMW BI5/1 £ QWR WKH SODVPLG UHVWL
UHDFWLRQV ZHUH SHUIRUPHG DIWHU 3&SFRBERDWH GL\
SODVPLG DFWLYLW\ ZDV D -HQ 6KHHQ GRQDWLRQ $GGJHQ
WDEOH DQG WDEOH VRGX O L RMW L R UHWS/RQIMVHWL R Q
HVWDEOLVKHG 7KH (FR5, DQG ;PD, UHVWULFWLRQ HQJ\PH\

7KH FRQWHQW ZDV ZHOO EOHQGHG DQG LQFXEDWHG DV

GHQDWXUHG DW 7& IRU PLQXWGIR X EBOW HRUX WV KRH MKMW
H[SUHVVLRQ SODVPLG WKH OLJDWLRQ PHWKRG EHJDQ DQ
DQG LQFXEDWHG DW &7 IRU RYHUQLJKW KRXUV WKHQ

PLQXWHYV



JLIXUHS)Y& SFR&DV XVHG DV H[SUHVVLRQ YHFWRU J5]
LOQWR WKLV SOD&BVG RRBEKOQULWPR &DV& ZDV D JLIW IUR

BKHHQ $GGJHQH SODVPLG KWWS Q W
55,' $GGJHQHB

7DEOH'RXEOH GLMRIYXWRRQ FRPSRQHQWY DQG V\VWHP |

(FR5, —/

:PD —/
EXWOE6PDUW:! —
"1$ -
IXFOHDVH )I 8SWR
,QFXEDWL KR
'"HQDWXUDW PLQ
 QFXEDWLRQ 7| f

"HQDWXUDWLRQ f



7TDEOH(FR5, DQG ;PD, UHVWULFWLRQ HQ]J\PHV XVHG LQ GRXI
SHVWULFWLRQ VLWHYV LV JLYHQ DV ZHOO DV EXIIHUV DQG V

SHVWULFWLRQVWULFWLR @ MILMH 6RXUFH
HQJ\PH
(FR &XW6P (VFKHULF
'PD &XW6S ;DQWKR

PDOYDFHDUXP

7DEOH7 '1$ /LJDWLRQ VROXWLRQ FRPSRQHQWY DQG V\VWHI

7 '1$ /LIDVH %XIIHU —/
9HFWR! SF
,QVHU" SF

7 '1%$ /LJ —
1XFOHDVH ) 8SWR
,QFXEDW f
'"HQDWXUD' f
,QFXEDWLRQ KR
'"HQDW XUDWLR PLQ

TUDQVIRUPDWLRQ

7KH WUDQVIRUPDWLRQ RIFRRKRSHWBQW FHOICHGLRXWR 7KH DI
FUHDWLQJ FRPSHWHQW VFHOKY FDENALW\SRD¥AD®YVLWR SLI
HIWUDFHOOXODU (JHRARVY. F PDMWVWHRUU DO VWUDLQ LV D KHOS
PXOWLSOH UHDVRQV DV FRQYHUVLRQ RI YDULRXV YHFWR
VWUDQGHG '1$ IURP O RU SKBJHPLG YHFWRRUWDRBYQWU

IURP FROJRP ,QYLWURJHQ ZDV XVHG LQ WKLV H[SHULPHQ
WUDQVIRUPDWLRQ ZDV FDUULHG RXW VHYHUDO RFFDVLRQV



&RPSHWHQW FHOOV

&RPSHWHQW FHOOV KDYH EHQ)XQWNNSW QR WRH LRMHP K
ZLWK FRPSHWHQW EDFWHULD O IRU HDFK WXEH LQ'
PLQXWHV DW & IRU VHFRQGV EHIRUH KHDW VKR
IRU ILYH PLQXWHV $GGHG %VEWLIRW K GVBIGIGY HG WX.RMW H G
KRXUV DQG PLQXWHV DW OHDVW PLQXWHV IRU
WKH LWHP ZDV WKHQ SODWHG RQ DJDU VKHHWY VHH V

7TDEOH /% EURWK PHGLXP ZLWK NDQDP\FLQ DRRISLFLOO
J51% /% EURWK ZLWK DPSLFLOOLQ zZzDV VHUYLFHG DQ
EURWK ZLWK NDQDP\FLQ ZDV VHUYLFHG

J518 &DV
&RQV $PRX &RQV $PRX
1% % P 1% % =
$PSLF PJ ¥ .DQDP PJF
&R BR.G \

&RORQLHV VWXGLHG ZLWK FRORQ\ 3&5 ZHUH XVLQJ 4
SRO\PHUDVH 1HZ (QJODQG %LRODEV WR GHWHUPLQ|
UHFHLYLQJ J51%$ LQ WKH YHFWRU 7KH UHDFWLRQ ZDV
SULPH&EWREBR UHYHUVH SULPHUV 6HQWHJHQ 7XUNH\ V
SURYLGHVY D VROXWLRQ IRU WKH FRORQ\ 3&5



7DEOH &RORQ\ 3&5 FRQGLWLRQV DQG FRPSRQHQWYV

&RPSRQHQWYV —/ 5HDFWLRQ
. 4 SHDFWLF —
. 4 +LJIK *& (F —

PO G1: -
—0 )RUZDU -
—0 S5HYHU) -
7THPSODYV Q
4 +RW 6W )LGHOLW\ '1$ : -
1XFO UHH : 8SWR
7HPSHUDWXUH 'XUDLWRQ
f PLQ
f VHF F\F
f& VHFRQGYV
f& VHFRQGYV
f PLQ
f KR
/RDGLQJ RI FROROQ\ 3&5 SURGXFW RQWR DJDURVH JH
7KH SURGXFW ZDV ORDGHG RQWR DJDURVH JHO DIWHL

HOHFWURSKRUHVLV LVGID/VWALBBXQVURKNM WKBWVL]HV RI W
PDFURPROHFXOHV 7KH '1$ PROHFXOHV SRVLWLYHO\ ORDG
DQRGH ,Q D JUHDWHU YHORFLW\ WKDQ WKH ODUJHU PROH
DJDLQVW WKH DQRGH 7KH OHQEIMM(NUPILQYKE PR OR O WQHDW \F
QRUP ZLWK D ODGGHU $ G\H (WKLGLXPEURPLGH LV LQW
QRWLFHDEOH LQ D 89 OLJKW 7KH '1$ UHDFWV ZLWK WKLV
ZLWK WKH ORDGLQJ EXIIHU DQG (WKLGLXPEURPLEOH $ OR|
FRORULQJ WKDW VKRZV KRZ VRRQ WKH PROHFXOHV KDYH
SURSRUWLRQ RI JO\FHURO WKDW UDLVHV WKH VSHFLPHQ
D



JRU WKH SURGHWIERIQWID@AEZRRVH JHOI W AR BURPIY H

PO RI RQBFHWDWH7$( ZDV FKRSSHG DQG IX0OO\ GLV
SRXULQJ LQWR D OHYHUDJHG MHOO\ IUDPH /LTXLG KL
DERXW PLQXWHV ,W ZDV PRYHG WR DQ HOHIFHWUR SKI
RI [ 7$( DIWHU WKH JHO ZDV UHPRYHG ODVWHU PL[ Z
ORDGLQJ 7ZR / Rl ORDG EXIIHU ZHUH XVHG IRU HDFK
ZHUH VXSSOLHG ZLWK WKH PDVWHU PL[ LQ WKH UHPD|
IDOHG ZLWK '1$ ODGGHU

JRU PLQXWHV JHO HOHFWURSKRUHVLY ZDV H[HFXWH
DIWHU JHO HOHFWURSKRUHVLVY VSRWV ZHUH VKRZQ

2YHUQLJKW FXOWXUHYV

7R REWDLQ D ODUJH TXDQWLW\ RI SODYXWL X QFHX B R/XRI@!!
IURP IDYRUDEOH FRORQLHV ZDV WUDQVPLWWHG LQ C
SURGXFHG ZLWK NDQDP\FLQ RU DPSKLFLOLQ )RU KR
&7

.VRODWLRQ RI SODVPLGYV

7ZR LQGXVVSUHBOVAHWMEZWMR H KRRODWH SODVPLGV
OLQLSUHS NLW IURP 4,$SUHS 6SLQ OLQLSUHS .LW IUR

OLQLSUHS NLW IURP *HQH-(7 3ODVPLG OLQLSUHS .LW



$ GHWDLOHG H[SODQDWLRQ RI WKH 4,$SUHS 6SLQ OLQLSUH:

+DUYBYWIOG O\WLQJ EDFWHULD

7KH FXOWXUH RI WKH (SSHQGRUI EDFWHULD ZDV SRXUHG R
LQ IXOO VSHHG 6XSHUQDWDQW KDV EHHQ WKURZQ DZD\ ,\
ZDV VXSSOHPHQWHG ZLWK / U HW K 486 QOIVRIQD VARLORAR IOR/@
$GGHG UHYHUVHG VRIWO\ DQG UHPRYHG O O\WLV VROX!

SUHSDUH FOHDUHG O\VDWH

,Q DGGLWLRQ WR WUHDWPHQW / RI @HXAWUWAL]DWLR
RFFDVLRQV E\ UHYHUVDO &HQWULIRUEBWHW PD[LPXP YHOR!

3UHSDUH ELQGLQJ FROXPQ

&ROXPQ SUHSDWDLRQ VROXWLRQ RI O ZDV LQWURGXFI
FROXPQ DQG FHQWULIXJHG DW PD[LPXP YHORFLW\ IRU IR
WKURXJK ZDV GLVPLVVHG



%Q@G SODVPLG '1$ WR FROXPQ

&OHDUHG O\WDWH ZDV WUDQVPLWWHG IRU RQH PLC
FHQWULIXMIGUR®ORZ IRU D VSLQMHW WR GU\ ZDV UHPF
PLQXWH

(OXWH SXULILHG SODVPLG '1%$

&ROXPQ ZDV PRYHGP®E®HDMGHW K /VRI QXFOHDVH IUHH .
LOWURGXFHG DQG FHQWULIXJHG IR R&EQHP BDOIXW H RCRQ W
I[IUHH]HU ZHUH WKHQ HYDOXDWHG ZLWK QDQRGURS DQ
IRU JHO HIWUDFWLRQ

BHTXHQFLQJ

6HTAHLQJ ZLWK 633'. SULPHUV WR 6HQWHJIJHQ %LROL
XVLQJ WKH LVRODWHG SODVPLG ZLWK J51%$ FDVHWW
$SSHQGLFHV )LIJXUH



'LIJHVWLRQ RI 3ODVPLGYV

SHVWULFWLRQ HQJ\PHVVPUG @®HHIMARQU 53 YIVULFWLRQ H
EDFWHULDO HQGRQXFOHDVHV WKDW DFNQRZOHGJH DQG E
EDFWHULD

7KH\ EHQHILW IURP LQQDWH HQ]J\PHVY WKDW VSOLW WKH "1$%$

SHVWULFWLRQ HQJ\PHV IRU LQVAOR@LH D U INIGHO H PSHLG
FRQVWUDLQW HQJ\PH %VD+, 1HZ (QJODQG %LRODEV %VD
KDYH EHHQ XVHG IRU J51%$ DQG &DV KDV EHHQ XVHG IRU 6
VHH FKDUW

'LJHVWLRQ ZDV FRQGXFWHG RR QGWIBEQ LJBHS$ T ODOWLPQDS W WDKD
%VZ, DQG 6SK, 6DPSOHV ZHUH WDNHQ LQ DFFRUGDQFH Z
GLVSOD\V WKH LQWHQVLW\ DQG FDOFXODWLRQ DQG WKH
LQFXEDWLRQ $OVR SHUPLWWHG WR RSHUDWHBHOXQGLJIJHVWH (
'LJHVWHG VDPSOHV ZHUH VXEVHTXHQWO\ SHUPLWWHG WR
SHUFHQW DJDURVH JHO B6HYHUDO RFFDVLRQV SODVPLG GL
ERWK J51$V DQG &DV LW ZDV FRQGXFWHG WKH VHFRQG W
9*& SFR&DV 6B6KHQ HW DO “HQ 6KHHQ GRQDWLRQ $G(
7ZR SDUDOOHOV ZHUH XVHG IRU ILYH J LQ HDFK WHVW )
UHVWULFWLRQ HQJ\PH DQG D OLWWOH OHVV IRU %VZ, ZHUHI
FRPSRQHQWNMIDRVLRQ FRQWURO RI &DV SODVPLG ZLWK J51
SURFHGXUH $IWHU OLJDWLRQ ZH XVHG ;ED, DQG 1UX, IR
ZRUNV ;ED, DQG 1UX, FRXOGQTW FXW WKH OLJDWHG SODVI
S)*&SFR&DV SOBN,PDGG;1UX, GLIHVWLRQ JLYHV WZR EDQG
UHVXOW 6DPSOHV ZHUH LQFXEDWHG DW & RYHUQLJKW



7TDEOH %VD+,

%VD:, DQG 6SK, UHVWULFWLRQ HQ]J\PHYV

VROXWLRQV S5HVWULFWLRQ VIQBHWRXWBHYHQ DV ZHOO

SHVWULFWLRQ/WULFW LR @ MLMH 6 RXUFH
HQJ\PH
% VI &XW6P | %DF
VWHDURWKHUPRSKLO.
&3:
% VL &XW6P | %DF
VWHDURWKHUPRSKLO.
6S &XW6P [ 6WUHS)
SKDHRFKURPR[JHQHV

7DEOH 6DPSOHV IRU GLIJHVWLRQ DQG FRQFHQWUDWLRG

—J

6DPSOHV &RQFHOQWUDWLRQROXPH IRU
( QJ

( QJ

9 QJ

9 QJ

7TDEOH 'LIJHVWLRQ RI WKH VDPSOHV DPRXQW DQG FRQV

&RQV

(

(

9 9

‘13

% VI

%VE

6S

&XW6P

1XFOHDVH )

7R\




7TDEOH &RPSRQHQWV IRU GLIJIHVWLRMW IIWEROD \OCRUGW G W K
&DV J51%

&RPSRQHQWYV 9ROXPH
/JLJIDWHG &DV JE |

ETL

1U

&XW6P

1XFOHDVH ) 8SWR

7R

*O\FHURO VWRFNYV

*O\FHURO ZDV VWRUHG LQ VDPSOHV ( O RI JD\FIBURD QG «
O RI EDFWHULD 7KH\ ZHUH WKHQ SODFHG LQ

*HO HIWUDFWLRQ

7KH EDQGYVY ZHUH VOLFHG DQG HYDOXDWHG LQ 89 OLJKW 7
&DW 1R ' IURP 4,$JHQ ZDV XVHG FR®FFRUGDQFH ZL
Rl VROXELOL]LQJ IOXLG KDV EHHQ XVHG 6DPSOHV ZHUH HY
JHO HIWUDFWLRQ XQLW H[SHULPHQW ZDV FRQGXFWHG



J51% . O 9LWUR 7UDQVFULSWLRQ

J51$V IURP SODVPLG +L6FULEHE 7 4QXWRMN AU K LW HOF
1HZ (QJODQG %LRODEV ( 6 ZHUH XVHG IRU LQ YLW
ZHUH ODXQFKHG DQG SODFHBLOXWHDWREORMRE IR® JH
FRQFHQWUDWLRQ LQ QDQRGURS WXEHV $V ZDWHU F
GHQVLW\

%HIRUH EHLQJ WHVWHG ZLWK QBIQYRGURGS DRIDQ® UM X.
SODFHG RQ ERDUG 7KH VI\QWKHVLV SURWRFRO IRU 51
XVHG IRU HDFK WHVW 51% VIQWKHVLVY PHWKRG ZDV
UHVSRQVH IRU VKRUW WUDQVFULSWV $Q DPBWLWLRC
SHUIRUPHG 1DQRGURS ZHUH XVHG IRU VDPSOHV ZHUH

7TDEOH 51% VIQWKHVLYVY UHDFWLRQ ZLWK FRPSRQHQWYV

&RPSRQHQWYV 9ROXPH

173 % XIIF -

7THPSODYV —

7 51%$ 3RO\PHI!

1XFOHDVH ) 8SWR

7RWDOSQ 9R -

&OHDQLQJ 518V

JRU RQO\ WKH FOHDQLQJ RI 51$V OHJDFOHDU70 NLW 3X
JLVKHU 6FLHQWIFFDRPHRMUDDWFHLSWLRQ UHDFWLRQ NLV
KDV EHHQ VHOHFWHG LRQWHDQRW URIS VRS GIIOX VEH U H
VWDJH DQG WKHQ &RQJHODWHG DW



&DV O 9LWUR 7UDQVFULSWLRQ

7R PDNH &DV P51$%$ 1HZ (QJODQG %LRODEV XVHG D SURG X
DQG JHQH DVVHVVPHQW +L6FULEH70J$3B&4 ®@FIRBQNLW ZLWK
'1$ PRGHO $V VKRZQ LQ WDEOH UHDFWLRQ ZDV ODL¢
FRQGXFWHG ZLWK VRPH OLPLWDWLRQV DFFRUGLQJ WR W]
RPLWWHG DQG VXEVWLWXWHG E\ 51%HNWGUPMG\PRQFHQ)
SHVHDUFK FOHDQLQJ

7KH UHPDLQGHU RI WKH SURWRFRO IURP SKDVH ZDV FDUU
6DPSOHV ZHUH HYDOXDWHG E\ QDQRGURS DIWHU WKLV

7TDEOH 5SHDFWLRQ FRPSRQHQWY IRU LQ YLWUR WUDQVFULSW

5HDFWLRQ FRPSRQHQWYV 9ROXPH

1XFOHDVH ) —

; $5&% 173 —_

7THPSODYV —

7 51%$ SRO\PH —

7TRWDO —

. VRODWLRQ RI SODQW '1$%

SURWRFRO EDVHG LVRODWLRQ RI SODQW '1$ ZDV FRQGXF\
SURFHVVLRUEKHMWMWWULPHWK\O DPPRQLXP EURPLGH &7%%
VWHULOL]J]HG DV SHU 7DEOH 8VH RI P/ RI &7%$%
PHUFDSWRHWKDQRO



8VH DQG FHQWULIXJDWLRQ RI / R SURWRSODVWYV
GLVFDUGLQDWEAWXSBUWSVL&R OHDI KDV EHHQ XVHG L
WXEHV WZR WXEHV SHU VDPSOH ZLWK P/ LQ SODQV
GLVKHV 6DPSOHV ZHUH FHQWULIXJHG IRU D PLQXWH
WUDQVIHUUHG WR DRRWIGRUWWRHHQVXUH WKDW QR\
FRQWLQXHG B5HYHUVHG DQG PL[HG /| RI &7%$% 10X
EXIIHU DQG LQFXEDWHG DW & IRU PLQXWHV PL[
SKDVH WKH WZR (SSHQGR UIRW XTH\K 24DPHS @VHU BVGRV R D\M W
FKORURIRUP LVRDP\O DOFKRO / RI DQG EOHQC
ZHUH QR VWDJHV LQ WKH HQYHORSH &HQWULIXJHG |

7KH DTXHRXV SKDVH ERWWRP SKDVH RAOWWX BB Q ¥ GHELHUY
/ LVRSURSDQRO PL[HG DQG FHQWULIXJHG IRU Pl

EHHQ VSLOOHG RXW $GGHG / HWKDQRO FRPELC
IRU WZR PLQXWHV DW J 7KHQ OLT®IUGDTEEY RGBH O O
PO 7ULV S+ UHVXVSHQGHG DW / 1DQRGURS ZDV

SUHSDUH WKHP IRU 3&5

%HIRUH 3&5 ZDV FRQGXFWHG VDPSOHV J ZHUH S|
JHO
SULPHUV GLOXWHG WR PRO [ U3WKMH L\ \Z\W UM L P H Q

DGGLQJ ZDWHU

SRUWLQJ FRPELQHG VDPSOHV 7DEOH VKRZV WKH ¢
SHUPLWWHG WR RSHUDWH WZR SHUFHQW DJDURVH RQ
EXITHU '1$ ,, KDV EHHQ XVHG 6DPSPHYXWRXOBWRSHDBD

JROORZLQJ WKLV VDPSOHV ZHUH SHUPLWWHG WR RSH
DW 9 IRU PLQXWBYHODFXIHHO EDQGYVY DQG VHW
SURWHLQ SXULILFDWLRQ '1$ HIWUDFWLRQ IURP DJDUR



$GGHG / R 17 VROXWLRQ IRU HYHU\ PJ DIJDURVH JHC

SURWRFRO H[FHSWLRQV

&HQWULIXIJHG IRU RQH PLQXWH UDWKHU WKDQ VHFRQGYV
7ZLFH (OXWLRQ VWDJH ODVW VWDJH LQ ER[ EHIRUH QDQRC

6WHS (OXWHG GG+W2R QRW EXIIHU 1( DV LQ SURFHGXUH

7DEOH &7%$% 6ROXWLRQ

5HDJHQW SPRXQW )LQDO FRQFHQWUDWLRQ
7ULV 0 ¢ P P
1D&O P P
(‘7% P P
&79% :
GG2® 8SWR P/
PHUFDSW

7DEOH 3ULPHUV IURP JHQHV (,) ( DQG 90QY VHTXHQFHV 3&
DQG VJ51$V

SULPHUYV GHTXHQFHe o 3&5 VI51%
() ()Z | $° 79" 7°$7737 978& " &*7&*7$777 71777 $7°$79& & T& T$7
() (5F [ *2787355388$5375&"$& &8 757857537, 1**

) ( ) S 7S 7779 1&* 7719 71 " 71&& " T&IS* 7777 E | $"7& 778 7 7&& "7«
() (5 "R 7873555873 " S&&* " SRIETISSE " $&TISSTE 1+

90QY 3 76 71" $777779% " "$& 711 && 1 *&* 717177 E | 77765 " "3&77&& T
90QY R 78735558 Q&SR& 55 7&ISSSS7TRSETS 1*x

900Y 3 75 7177735 71" & 71 &S 71 & "1 1&* 17177 E

T*$$*7*&T7T*&$7T*&**7

90QY Y78 T7T$3$$&*$$8&*&PT*&$*8&$&TTEISS T 1**

$V VKRZQ LQ 7DEOH 3&45 UHDFWLRQ ZDV ODLG XS



7DEOH 4 3&5 FRQGQW® IFRRPEPQHQW YV

&RPSRQHQW —/ BHDFWLRQ
4 S5HDFWLF —
;4 +LIK *& (CQ —
PO G1° —
—0 )RUZDU -
—0 5HYHU) -
7HPSODYV Q
4 +RW 6W LGHOLW\ '"1$ ¢ -
1XFO UHH 8SWR
THPSHU '"XUDL
f PLQ
f VHF F\F
f& VHFRQQGV
f& VHFRQQGV
f& PLOXWHV
f KR

&DV P51% *HO ROH DJDURVH JHO

7KHVH ZHUH SHUPLWRUBDWEHKSEH DAHH R\YXIULQJ DJIDU
WKH YDOXH RI &DV P51%$ WUDQVFULSWV 7DEOH Gl
EXIIHU DQG JHO ,W ZDV XVHG WR FUHDWH WKH SURWF
1IDWLRQDO 'LDJQRVWLFV XVHI® DWKH L G U HSIDWRW HR ®OH (
SUHSDULQJ SURFHGXUH

8QWLO GLVVROYHG DJDURVH DQG ZDWHU ZHUH KHDWF
DERXW & :DUPHG EXIIHU [ 0236 DQG IRUPDOGHK\
LQWURGXFHG *HO5HG70 *HO @DV GIRIZQW 6PW DAH KERX UH'
ZDV UHDG\ IRU VLROIQWDOWPISDKY DQG ERLOHG WR & 6l
/O WZR J VSHFLPHQ RI &DV ZDV WDNHQ RXW /
ER[ IRU PLQXWHV $GGHG VSHFLPHQ EXIIHU 1R
HOHFWURSKRUHVLY ZDV WKHRQIBHUP PW@XMEHWR RSHUD)



7TDEOH % XIIHUV DQG JHO IRU &DV P51% JHO

%XIITHUV *HO &RPSRQHQWYV $PRXQW
[ 0236 JHO 0 0236 S+
EXITHU / S+ ZDV DGMXVWHG ZLWK
1D2+
0 VRGLXF
PO ('7: P
JIJUPDOGHK\GH $JDU
DIJDURVH JH( 1XFOHDVH P
DJDL [ 0236 EXIIHU P/
JRUPDOGHK) P
*HOS5H P
6DPSOH EXII 'LPHW\OIRUPDP
P ( JRUPDOPLQ
IRUPDOGHK\GH
[ 0236
6DPSOH EXIIt *O\FHURC
P( ('7% PO ('7 O IURP 0
0 ('7%
%URPRSKFE O
;\OHQH O
GG+
1RWH GLPHW\OIRUPDPLGH ZDV XVHG UDWKHU WKDQ IRU

J51%$ JHO GHODWXULQJ 3%$*( 8UHD *HO

7KH\ ZHUH SHUPLWWHG WR RSHUDWH RQ GHQDWXULQJ 33$*(
RI J51%$ WUDQVFULSWV $FFRUOGLDEOXRKIBG $ 6HROPADVHW DO
J51%$ JHO EXIIHUV DUH PHQWLRQHG LQ WDEOH

*HO ZDWXSQHRQ WZR JHOV ZLWK RQH[ 7%( EXIIHU ,1 DQ\ OH
YHULILHG

&RPEV ZHUH GHOHWHG DIWHUZDUGY :HOOV KDYH EHHQ U
EHIRDSSO\LQJ WKH JHO WR SUHYHQW 85(% 6DPSOHV ZHUH



/ VSHFLPHQ DQG | GG+ 2 / ORDG EDODQFH ZHL
WKHUPDO EORFN DW & IRU D FRXSOH RI PLOXWHYV D¢
WR WKH VSHFLPHQV 7KLV ZDV GRQH LQ D KRRG

7TDEOH % XIIHUV IRU J518UHO *3H0 (

% X IUN &RPSRQHQWV $PRXQW
[ 7ULV %R 7ULV EDV
7%( EXIIHI %RULF $FL
(‘7% P
PO IURP 0| S+
/RDGLQJ EX '"LPHW\OIRUPDP j
(7% O IURP
.\OHQH F\DQ /
%URPSKHQRO /
*O\FHURQG j
1IRWH "LPHW\OIRUPDPLGH ZDV XVHG UDWKHU WKDQ

,Q 9LWUR "LIJHVWLRQ RI '1$ ZLWK &DV

'1$ GLJHVWLRQ ZLWK &DY¥ YZDWJI RRLQGRFWRIGGDQFH ZLW
GLJHVWLRQ RI '1$ ZLWK &DV QXFOHDVH DQG VJ51$ 6

2UL*HQH 7KH BWUHSWRFRFFXV S\RJHQHV &DV QXFOF
GLJHVWLRQ RI L\QWYID/QGR G RIXE QHVBKS& TOVEDB G DQG
7DEOH VKRZV WXS DJI® MNHMNRD RHAWK R G



7TDEOH 5HDFWLRQ FRPSRVLWRQ RI &DV DQG J51%$ WR LQ YLV

&DV J518% 1%

5HODW
&RQFHQ — — Q
9RO — — —
J)LQDO &RQ Q Q Q

&DV J51%V ( ( 9 DQG 9 DQG 'l$ SURWRSODVWV VR
GHYHORSHG

$t&DV ILQDO GHQVLW\ RQH 0
$J51$%$ ILQDO GHQVLW\ RQH 0
$'1$ SURWRSODVWYV ILQDO FRQFHQWUDWLRQ 0

6DPSOHV ZHUHRPEURAH®OOQG FHQWULIXJHG DW & IRU DQ K
LQFXEDWLRQ $IWHU WKDW KHDW DW f& IRU PLQ WR GH

$ IUDJPHQW DVVHVVPHQW ZLWK JHO HOHFWURSKRUHVLV
SHUIRUPHG

7DEOH ,Q YLWUR GEWWRWLRIQ'IMHDLWK &DV QXFOHDVH

&RPSRQHQWYV 9ROXPH
1XFOHDVH ) —
[ &DV QXFOHDVH —

—0 VJ —/ q QO
—0 &DV 1XFOHDYV —/ q Qf
Q0 VXEVW! —0 a Q

SLLQFXEDWH IRU PLQXWHV D
7R’ -



,VRODWLROQ RI SURWRSODVWY DQG WUDQVIHFWLRQ

7KH SUWYDRWHUQDWLYHV ZHUH GHYHORSHG IRU S
WUDQVIRUPDWLRQ PHQWLRQHG LQ 7DEOH DQG
PHQWLRQHG LQ $SSHQGLFHV LQ 7DEOH DQG KDYH

VHSDUDWLRQ

7TDEOH 6ROXWLRRY XWVRIWRSODVW LVRODWLRQ

6ROXWLRQV
(Q]\PH 6ROXWL

3(* BROXWLR

. 6ROXW P
S+ DGMXV'
ZLWK

oDO
P
S+ DGMXV'
ZLWK
%

&RPSRQHQWVSPRXQWB6WHULOL]DW
&HOOXOD

ODFHURHQ]\P
ODQQLWRC

1PRUSKI P
HWKDQHVXOIRQLERF
DFLG 0(6 PO S+ PO
6ROXWLRQ
&D&O —
%RYLQH 6HU X
%6 $
SRO\HWK\OHQH * JLOWHU
&D&O P
ODQQLWR P
'LVWLOH 8SWI
P/
PO 0(6 S+ J)LOWHU
PO 1D DQG VWRL
PO &D
PO .é&
ODQQLWR YLOWHU
0J&0 [ + 2 DCVWRUHC
0(6
[ 9 I
RI DOO
VWREN

VROXWLRQYV



7TDEOH FRQWARIGXWLRQV XVHG

1RWH

% $ 3

6WRFN VROXWLR

IRU

*OXFRVH

PJ

P

/

IURP

PJ PO
VWRFN
VROXWLRQ

IURP

PJ PO
VWRFN
VROXWLRQ

7TDEOH 6WRFN VROXWLRQV LQ PHGLXP XVHG WR PDNH %
URWRSODVWYV

&ERQFHQWUDWLREWREBN 9ROXPH P
PHGLXP [ [ VWRFN WR
PHGLXP [
ODFUR (Ot PO PJ J P
&D&O | P
.12 P
0J62 [ + P
1D+ 32 P
+ 2
1+ 6: P
YH1ID (' P
PO
OLFUR (O 0 PJ J
&R&O | P
&X62 | P
+ %2 P
., P
0Q62 [ + P
1D OR2 P
+ 2
=Q62 | P

O RI
PDNH

SURWRSODVW LVRODWLR

IR L



. VRODWLRQ RI SURWRSODVWYV

6XUIDFH VWHULOL]DWLRQ RI OHDYHV

7ZR DOWHUQDWLYHYV ZHUH GHYHORSHG WR FRQGXFW

FDOFLXP K\SRFKORULWH DQG DOFRKRO PO /HDY
WRRIDO VHFRQGV WR )DOFRQ WXEHV ZLWK HWKDQR(
WKHQ WUDQVSRUWHG LQ D 3HWUL GLVK WR D VR

GLSSHG IRU PLQXWHVY 7KHQ OHDYHV ZHUH WUDQVSH
GLVK \HGSDWIBBHG LQWR IUHVK VWHULOL]HG ZDWHU D
SUHSDUHG WR EH PRYHG WR D UHPHG\ IRU SUHHQ]\
VWHULOL]DWLRQ 3(7 PHWKRGYV DQG FRPSRQHQWV FDQ

SUHSDUDWLRUWRWRBORWRBQD

$OXPLQXP IRLO ZDV SXW DURXQG SURSDJDWHG *HUPLC
GD\V WR WKH VDPH SODFH /HDYHV ZHUH FXW LQWR \
VROXWLRQ ZDV WUDQVIHUUHG WR ODUJH 3HW&L GLVK
RYHUQLJKW 3(7 VROXWLRQ LQ VWHULOH FRYHU ZDV U
RI FHOO ZDOO HQ]\PH VROXWLRQ P/ ZDV LQVLGH DQC
USP IRU f & ZLWK SDUDILOP RYHU



&ROOHFWRSORBVWVR

SURWRSODVWLF FROOHFWLRQ ZDV FRQGXFWHG ZLWK FK
SURFHGXUH :RR HW DO $IWHU RYHUQLIJKW WUHDWPH(
VROXWLRQ ZHUH UHPRYHG

(Q]\PH IOXLG ZDV UHPRYHG E\ FXWVKD@G 6 HEH J/WRIV R S DDW M
ZLWK IXQQHO DVQ/GH LLLGDA HUG ZSWHK DOFRKR O (WKDQRO
WXEHV SURWRSODVWV ZHUH JDWKHUHG $W USP SURW
& IRU RQH PLQ

6XSHUQDWDQW KDV EHHQ VHSDUDRKV HGY D PG RD:HIRIXDQRF
KDV EHHQ LQVHUWHG

&HQWULIXJHG IRU RQH PLQ DW & DW USP EHIRUH UHPR
)DOFRQ WXEH P/ ZDVKLQJ IOXLG ZDV DGGHG DQG I Z
(SSHQGRUI WXEHVY DQG E\ XVLQJ D KHPRF\WRPHWHU FDOFX

OLFURVFRS\

JRU WKH FDOFXODWLRQ DQG HIDPLQDWLEBQHI SHBRMWRSODV
XVHG GXULQJ WKLV UHVKRUWHKY FE8 QFHAWP ILFUR \HFSRLS\  /LIKW P
LV D NRB2Q ELRORJLFDO LQVWUXPHQW XVHG WR GHWHF
QRWLFHDEOH WR WKH QDNHG H\H XVLQJ OLJKW $ KHPR
PLFURWR$DOFXODWH SURWRSODVWYV

,Q ODERUDWRULHV WKDW IGRXRUAMKFK QHHHPNFURQFRSIHBWL D
WR XVH 7KLV PLFURVFRS\ ZDV XVHG IRU SURWRSODVWLF H



PLFURVFRSH FRPSULVHV Rl WKH\WH LYQIWRIPQ QSIDO MIK WD | C
GLFKURLF EHDP VSOLWWHU RU PLUURU DQ HPLWWHG ¢
6FLHQWLILF OHQV

%RWK WKH LOOXPLQDWHG DQG WKH HPLWWHG EHDP Zl
LQ HGXRUHVFHQFH %WLARRXVR®) RQ WKH VDPSOH WKU]
OHQV EHDP Rl WKH H[FLWDWLRQ ZDYHOHQJWK 7KH LC
UDQJH VR WKDW RQO\ WKH IUHTXHQFLHV XVHG WR H[F]
EHDP VSOLWWHU RU ZOLYH RU HI[F LOHIFWMR W KD QG RQO\ Ut
GHWHFWRU WKH KHDW SURGXFHG IURP WKH VDPSOH

UHIOHFWHG OLJKW V ZDYHOHQJWKV IURP WKH VDPSOH
WKURXJK WKH H[RRWBWERQFHQWBULQD XWLOL]JHV D &&
FRPSXWHU VFUHHQ WR GHWHFW WKH HPLWWHG OLJKW

7JUDQVIHFWLRQ

7TUDQVIHFWLRQ ZDV FRQGXFWHG DIWHU SURWRSODVYV
OD0J UHVENGHSURWRSODVWY 3HWUL GLVKHV KDYH EH
LQ WDEOH DQG 0D0OJ UHVXVSHQGHG SURWRSODVW
SLSHWWLQJ FRPELQHG LQ WKLYV ZHOO

%HIRUH SXWWLQJ RQ WKH FRYHU / 3(* ZDNRUQW UR C
PLQXWHV : ZDV WKHQ ZLVHO\ DQG YHU\ JHQWO\ LG
YLUVW P/ WKHQ P/ P/ DQG P/ ZLWK P/ LQ \

WUDQVPLWWHG WR D )DOFRQ WXEH DQG DW & IRU I
SHVXVEHQRBBIXWLRQ LQ WKUHH P/ % DQG WUDQVIHUUH
GLVKHV DQG LQFXEDWHG WKHP GXULQJ WKH RYHUQLJk
WKH PDWHULDO RI SURWRSODVW WUDQVIHFWLRQ 3HWL



7TDEOH 3URWRSODVW WUDQVIHFWLRQV

([SHULPHQW &RQWHQW $PRXQW
&DV Pt /
J51. /
3URWE /
3URWE /
SURWRSODVWV SHU / LQ ODJQHVLXP VROXWLRQ

JROORZLQJ WUDQVHBVWGRYUH SPODURWRRROZDY FRQGXFWHG 68

([FHSWLRQV IURP WKH SURFKBGEWH &$%H FWRBWH[WUDFWLR
EXIITHU SURGXFW ZDV LQWURGXFHG DQG EOHQGHG E\ UHYH
PLQXWHV PL[HG DIWHU PLQXWHV E\ UHYHUVDO 1DQR
VDPSOHY DQG SUHSDUH WKHP IRU 3&5 (Y&UIVDDPSOH ZDV
HVWDEOLVKHG LQ DFFRUGDQFH ZLWK 7DEOH

7TKHQ 3&5 SURGXFWV ZHUH SHUPLWWHG WR RSHUDWH V
HOHFWURSKRUHVLYVY 7KHUH ZHUH WZR JHOV SURGXFHG RQ
ZHUH SHUPLWWHG WR RSHUDPDWMIK ®W ZHYWH RWLFRGQXWI HY D
LQ 89 OLJKW ([WUDFWLRQ RI WKH JHO ZDV WKHQ FDUULHG

7TDEOH 3&5 VHWXS RI DIWHU WUDQVIHFWLRQ SURFHGXUH

5HDJHQW &DV P51%$ DQG J51%
7HPSOD) C
1XFOHDVH ) 8SWR
YRUZDUG J
5HYHUVFH i
[ ' UHDP 7DT i

G173 | I
'"UHDP 7D

7R I



'1$ HIWUDFWLRQ IURP DJDURVH JHOV

'LWK VRPH FLUFXPVWDQFHV $DRYWOR¥RDX FFI9R RMEIERX H L
385 &OX®QZDV SHUIRUPHG IRU '1$ H[WUDFWLRQ ,Q
FHQWULIXJDWLRQ ZDV XVHG IRU RQH PLQXWH &HQWU
PLQXWH WR GU\ VLOLFD PHPEUDQH DQG LQFXEDWHG |
,QVWHDGHRI| EXIQXFOHDVH IUHH ZDWHU ZDV XVHG IRU
ZHUH WKHQ IURJHQ & YRQRHJIJKRWIDW DKHDG ZLWK 7 (C
DVVD\ WKH QH[W GD\ VDPSOHV ZHUH TXDQWLILHG E\ Q

7 HOGROXFOHDVH , DVVD\

7 (QGRQXFOMDWMH KDV EHHQ XVHG WR GHWHUPLQH
(QGRQXFOHDVH , DVVD\ ZDV FRQGXFWHG DIWHU JHO |
EHHQ GRQH E\ &DV 7 (QGRQXFOHDVH , SURYLGHV W
FOHDYHV SDLUHG '1$ 7KGQHDWWLIMJ SURY IGGLHE VLR Q UH
(QGRQXFOHDVH , 7KH SURWRFRO XVHG 7 (QGRQXFOH!
%LRODEV WR GHWHUPLQH JHQRPH WDUJHWLQJ HIILFL
*HO IUDJPHQWY KDYH EHHQ HYDOXDWHG



SURWRFRO

$OOHDOLQJ UHDFWLRQ

7KH ILUVW VWDJH ZDV WKH VDPSOHV ( ( 9 DQG % DQQI
RXWOLQHG LQ 7DEOH WKH VWDWHPHQW ZDV ODLG XS

7DEOH $QQHDOLQJ UHDFWLRQ ZLWK VDPSOHV RI ( ( 9 DQG

SHDJHQWYV 9RO X PH
1% C

[ 1(% %) —
GG+ 8SWR
7R —

+\EULGL]DWLRQ FRQGLWLRQ WKHUPRF\FOHU

7TKHUPRF\FOHU DQQHDOLQJ ZDV DFFRPSOLVKHG DV RXWOLCGQ

7TDEOH 7TKHUPDOF\FOHU SURFHGXUH RI DQQHDOLQJ VWHS

6BWHS 7HPSHUDWXUBSDPS 5DWH 'XUDWLRQ
,QLWLDO 'F 8 Pl
$QQHI JURP &% &7
JURP &% &7

+R 8 +R



$GGHG 7 HOGRQOXFOHDVH DQG LQFXEDWHG

7KH ODVW VWDJH ZDWWIRR QQF RUBFRRIDXNFO 5LV H 7DEOH
UHDJHQWY 7ZR SHUFHQW RI DJDURVH ZDV FRQGXF
DVVHVVPHQW ZLWK JHO HOHFWURSKRUHVLY 6DPSOHV

7TDEOH &RPSRQHQWYV IRU 7 (QBR@QXFOHDVH , SURWR

SHDJHQW YV 9RO XPH
$QQHDOHG 38 J
7 (QGRQX J
7R J
,QFXEDW P

 QFXEDWLRQ &



&+$37(5

5(68/76

*URZWK DOG SURSDJDWLRQ RI SRWDWR SODQWYV

30DQWV IURP ERWK WLVVXH DQG VRLO FXOWLYDWLR
SRWDWR FURSV ZHUH XVHG WR FRQGXFW WKH WHVW\
EHHQ WHVWHG RQH ZLWK KHVBRFERA UDLQG RQHKEZDQWR !
VHHPHGHWWUR\ DOO WKH SODQWVY Rl SRWDWR VHHGOL
PHWKRG ZDV GKYSR¥YXPBBURWH VWHULOL]JHG VHHGV ZH!I

GLVSOD\V 3HSVL&R SRWDWR VHHGOLQJV JURZQ IF
PHGLXP

JLIXUH $IWHU GD\V Rl JURZWK 3HSVL&R SRWDWR SODQV
VXFURVH



TKURXJKRXW WKH H[SHULPHQWY WKH SURSDJDWLRQ RI SR
FRQWDLQLQJ 06 PHGLXP ZLWK VXFURWURSWHIDYHGD\V R
HYROYHG DV VKRZQ LQ WKH FKDUW DQG WKH SURSDJDWLRC

$

JLIXUH3HSVL&R SRWDWR SODQWYV LV VKRZQ LQ 06 PHGLXP
GD\V



%

J)LIXUH HERKIWIL &R SRWDWR SODQWYV LV VKRZQ LQ 06
VXFURVH DIWHU GD\V

3RWDWR SODPMGLRP 70

30DQWYV ZHUH WUDQVPHEWHG DVR HWKWRZQLQJ SRWDWFR
PHGLXP VXFURVH )LJXUH B € WRRU/RASLY/D W bl Y QRHPIL WA
06 LQWHUPHGLDWH ZLWK VXFURQN WZRHGHBNM D JO G LR ]
ODWHULDO DQG OHWKRGV FKDSWHU 6KMBG®UI IRU WIR
WR VL[ ZHHNV ZKHUH SURWRFRO ZLWK FKDQJHV ZDV S



JLIXUH 7ZR ZHHNV DJHG 3HSVL&R SRWDWR FURSV WUDQVP
ZLWK VXFURWHGEGDXPO

3RWDWR SODQWV RQ VRLO

,QIHFWHG ZLWK SDWKRJHQV SRWDWR FURSV IURP WKH 06

J)LIXUH GLVSOD\V SODQW FURSV IURP 06 LQWHUPHGLDW |
ROG 3HSVL&R



J)LIXUH 3HSVL&R SRWDWR FURSV DUH ZHHNV DJHC
LOQOWHUPHGLDWH 06 PHGLXP DJDUIZXWQKDWX EQRWAHAWWR Q

J51% &DV

0DQ\ VWXGLHV KDYH EHHQ FRQGXFWHG LQ WKLV FKDS
DQQHDOLQJ UHVWULFWLRQ DQG OLJDWLRQ UHDFWI
GLJHVWLRQ J51$ DQG &DV LQ YQWE@GHWUY B Q\QF VLBW LR
J51$ DQG &DV WUDQVFULSWV ZHUH SODQQHG WR GH(
SURWRSODVWY WUDQVIHFWLRQ EHIRUH WKH ODVW
(QGRQXFOHDVH , DVVD\ EXW WKHUH DUH R/@RPGIX &/K R X
ILQDO SURGXFWV WR ILQLVK WUDQVIHFWLRQ DVVD\

O YLWUR FORQLQJ

$W ILUVW ZH VWDUWHG WR SURGXFH RXU RZQ WDUJH\
&ULVS5S &DV SURFHGXUH DFFRUGLQJ WR WKH RYHU
SULPHUVHH®DWRODEYV 7XUNH\ ZKLFK ZH SUHYLRXVO\
IUDJPHQW LQ WKI SBHVPLG $V VKRZQ LQ WKH ILIXUH
SURGXFH J51% IUDJPHQWYV RI WKH GHVLUHG OHQJW|
UHSHDW WKH H[SHULRKQW WEHFHHNMEOW WMWK FRUUHFW



JLIXUH2YHUODSSLQJ 3&5 UHVXOWV RI GHVLUHG J51$ FDVHV
(,b) (B 9 90QYB 9 90QYB

'LIJHVWLRQ RI SODVPLGYV

$IWHU SURGXFGQJI5SWKHUGBHRHQWY ZH FXW SODVPLG S)*&BS
WKH GHVLUHG HQ]J\PHV (FRU, DQG ;PD, WR FRQVWUXFW W
FDQ VHH LQ WKH ILIJXUH \RX FDQ VHH WKDW SODVPLG
FXWWLQJ ZLWK WKH GHM&dUHBSHQTX*HHWH WKR DUDJPHQWYV DL
GHVLUHG OHQJWK DQG ZH WULHG WR LQVHUW WKH J51% Il
SURGXFHG E\ OLIJDWLRQ +RZHYHU DV D UHVXOW RI ORQJ

UHVXOWYV 7KHUHIRUH VLJOIG LEQ QRW IGHY WXB WI1HRWQN GR B DXGU
SDUWV Rl WKH H[SHULPHQWV



JLIXUH'RXEOH UHVWULFWLRQ HQJ\PH FXW ZLWK (FR5, I
SODVPLG DQG XQFXW FRQWURO

. VRODWLRQ RI 3URWRSODVWYV

SRWDWRIS GCLHRWWRIODVW LVRODWLRQ

JRU SURWRSODVW VHSDUDWLRQ SRWDWR FURSV IURF
XVHG 7KHUH ZHUH RQH PRQWK RI SODQWV )LJXUH
LVRODWH SURWRSODVW

$OVR XVHG ZHUH 3HSVL&BUGKNDDGW MV WRHRJHAOS XW IRU W
GD\V LQ WKH GXVN IRU WKH SUHSDULQJ RI SURWRSOD\



JLIXUH3HSVL&R SRWDWR SODQWYV 7KHVH SODQWV ZHUH R
SODFHG LQ GDUN IRU SURMRSIGRANWKIWVERBODWLRQ SUHSDUDW

SUHSDUDWLRQ IRU SURWRSODVW LVRODWLRQ

IHDYHV ZHUH SXW LQ WKH VROXWLRQ RI 3(7 DQG RU HQ]J\I
3URWRSODVW LVRODWLRQ ZDV ILUVW FRQGXFWHG RYHUQL
EHIRUH WKHVRQNWLRQ DV PHQWLRQHG LQ WKH RULJLQDO
JRUZDUG WR WHVWLQJ GLVWLQFW WHFKQLTXHV IRU SUR
WHFKQLTXHV ZHUH WULHG WKH ILUVW ZDV OHDI VOLFLQJ I
FDUYLQJ LQ HRQ\PEQR OKWMLWKLUG ZDV OHDI FDUYLQJ LQ

HQ]\PH WUHDWPHQW )RU RYHUQLJKW WUHDWPHQW OHDYH
ZHUH SXW LQ D VKDNHU ZKLOH OHDYHV VOLFHG LQWR HQ]
RYHUQLJKW WUHDWPHQW

/IHDYMWWRA 3HSVL&R ZHUH VOLFHG LQWR HQJ\PH VROXWLRQ
RYHUQLJKW WKHUDS\ DV VHHQ LQ ILJXUH



JLIXUH/HDYHV IURP 3HSVL&R ZHUH VOLFHG LQ HQ]J\PH \

)XUWKHUPRBHSVID&R OHDYHRWQ GMNBWHID SWRWRSODVW V|
XVHG )RU WKUHH GD\V OHDYHV ZHUH SXW LQ GDUN
'KHUHXSRQ OHDYHV ZHUH VOLFHG DQG SXW LQ DQG ¥
$UDELGRSVLV ZLWKRXW OHDYHV EHKQZIHMWW U DG D]HHEV
70 FURSV LQ 3HSVL&R KPMGEBHQURB®DIDWHG 3HSVL&]
VHYHUDO ZHHNV SUHVHQW DQG ILYH GD\V EHIRUH SU
VRLO KDG EHHQ WUDQVPLWWHG WR 06 PHGLRR /HDY}
\HOORZLVK DQG JUHHQLVK FRORXU DIWHU HQJ\PH RSF
SURWRSODVWYVY IURP OHDYHV RI 3HSVL&R RQ 06 PHGL)
70 3URWRSODVWYV IURP 3HSVL&R SODQWV RQ WKH 06
KDYH DK ERXIQFLIJKW-BORMBIGYEURWRSODVWY UHODWLYH \
3HSVL&R OHDYH¥KHWRHP WKH\ GR QRW DSSHDU WR EH D
KDYH PRUH GHDG FHOOV /HVV FHQWULIXJDWLRQ U
SURWRSODVWVWVHGKBQVWKHIIRIWORZLQJ SURWRFROV



JLIXUH3URWRSODVWYV DIWHU PHVK ILOWHULQJ 7R WKH OHI
06 PHGLXP 7R WKH ULJKW SURWRSODVWYHGRPP3IHSVL&R
'HDG FHOOV DOJHPRRGLXRQLOWUDWLRQ

6XUYLYLOJ SURWRSODVWYV

JRU SURWRSODVWHHWNRORBR®ERIRWDWR VHHGOLQJV ZKLFK ZlI
GDUN LQDTXG 06 PHGLD ZHUH WHVWHG 7KH GHWDLOV RI W
SUHVHQWHG LQ WKW KOFbGWH BHFOAWLR Q@G OH)LJXUH SUHVHQ
VHHGOLQJVY XVHG IRU SURWRSODVW LVRODWLRQV )LJXU
IUDFWXUHG SURWRSODVWYV

7KH LQWDFW SURWRSODVWYV DSSHDUHG ODUJHU DQG VSKH!
WR WKH WEFHYWHBHFWLRQ DQG IROORZHG E\ HQJ\PH V
OHVK ILOWHUHG DQG FHQWULIXJDWHG VDPSOHV ZHUH DC(
LOQOWDFWQHVYVY RI WKH SURWRSODVWY 7KH VDPSOHYV JURZQ



DSSUR[LPDWHO\RWRISQWDSFWRBRSODVWYV P/ QHYHUWK
QXPEHU RI SURWRSODVWY ZHUH VXIILFLHQW IRU 3(* WI

2Q WKH RWKHUWUWRDG VHHGOLQJY GLG QRW \LHOG IXQF!
)LIXUH $ %

PP PP

& PP ' —P

JLIXUH 3BRWDWR SURWRSODVWYV LVRODWHG IURP 06 PH(
[



&+$37(5

&21&/86,21

7KH &5,635 &DV V\VWHP KDV DIIRUGHWRUHDWDOF BIQU
PLQLFBYW DFFXUDWH JHQH HGLWLQJ LQ QHDUO\ DQ\
FDQ EH LPSOHPHQWHG LQ DQ\ VSHFLHV WR FHOOV D
DJULFXOWXUH PHGLFLQH DQG SRWHQWLHDH SURFFHDVO/ MG
0 VLIQLILFDQW SODQWVYV VXFK DV SRWDWRHV ZLWK W
H[FHOOHQW EHQHILWYV LQ DJULFXOWXUH DQG PDQXIDF
PDQ\ QDWLRQV RZLQJ WR YDULRXV RYHUVHDV '1$ OHIW

'KHWKHU WK RHWRRG &DV FDQ DFKLHYH SHUVRQDO
REH\ WKH ULJLG ODZV ODLG GRZQ E\ ZRUOGZLGH DQG
SODQWV LQ DJULFXOWXUH WKDW DUH PRUH VXLWHG W
DQG YLUXVHWSRBWRQWRKY H[LVWHQFH RI JHQH LQFO;
IRU JHQH HGLWLQJ DV GLVFUHWH PXWDJHQHVLV PHWK
LQ WKH VA\VWHP :LWK HLWKHU WKH VSHFLILF JHQH SUI
PHWKRG JHQHV EB BOD@WMWG RDQ KRXW WKH LQWURG:
. KDWRGLD HW DO

:KLOH WKH &5,635 &DV VFKHPH DSSHDUV EULJKW LC
HIFOXGHG IURP WKH *02 OHJLVODWLRQ VRPH YDULD
FRPPXQLW\ UHTKKEWBYV AMRRPP FRRWIKIHQG KRZ WKH VFKHPH
JDLQ SXEOLF UHFRIWHMW URIQRRH SIBRFHVVLQJ W ZLO(
WKDW *02V DUH QRW GHHPHG WR EH WKH XOWLPDWH .
ZLWK WKH DOWHUHGHSI®EFQYW W RKOGVXR D EIDGUHJLHU WR



WKDW WKLV VFKHPH KDV IRU WKH ZDWHU FRQVXPSWLRQ RI
SHUFHSWLRQ RI FRPPXQLWLHYVY RI WKH SODQWV WKDW KDYH

7KH SULPDU\ JRUBDUFKX WKUW WHR HVWDEOLVK D &5,635 &
SRWDWR FURSV XVLQJ WLVVXH FXOWXUH WR SURSDJDWH D
SURWRSODVWYVY $V ZHOO DV LQ YLWUR WUDQVFULSWLRQV
FORQLQJ RI J51%3V WEBDWWERXWGFRIRERWHQWY RI WKH PDUN
FRQGXFWHG

,Q IDFW $W ILUVW ZH ZHUH YHU\ IRFXVHG RQ SURGXFLQJ L
DQG &DV SODVPLG EDFNERQH IUDJPHQWV EXW WKH IDF
FRQVLVWHQWO\ QHIJDWLYRRIRPRXQQY V8 R H3Y H QUMHDE \KIXR U P D W
YLWUR 7KHUHIRUH ZH VHQW LW WR DQRWKHU FRPSDQ\ W]
KDG EXW ZKHQ WKH\ IDLOHG ZH EHJDQ WR TXHVWLRQ WK
DQG VHQW WKHP WR VHTXHQFLQ@51$7KHD JRHILW B WZAHHG HV K
SURGXFHG FRUUHFWO\ DV D UHVXOW RI WKH VHTXHQFH E>
GHIHFWLYH 7KHUHIRUH ZH KDYH IRXQG WKH UHDVRQ ZK\
FRPSOHWHG

7KHQ ZH UHTXHVWHG D QHZ SODVPLGKDURP DXBE\GS R QHW EXN :
SODVPLGVY GXH WR FXVWRPV SUREOHPV 7KHUHIRUH ZH KI
FORQLQJ SURFHVYV

,Q WKLV UHVHDUFK LVRODWHG SURWRSODVWY IURP SRWI
GHOLYHU &DV P51$ DQG J51% LQ WIKHR WHDNANW IZYHHU N H R AL \RKDGY/
WLVMKXRZLQJ SODQW FURSV VSUHDG RI SODQW FURSV WKU|
I[URP WI1IYWNXIHQJ FURSV WR UHJHQHUDWH SODQW FURSV 0L
IRFXVHG RQ WKH UHQRZQHG SDSHU 6KHS®DNGVNYV RI OHVRE
SRWDWR 7TKHVH SURFHGXUHV KDYH EHHQ SXUVXHG VHYH!
SRWDWR SURWRSODVWY LVRODWLRQ PHWKRG EXW KDYH Q



W ZDV GLIILFXOW WR LVRODWH SRW DMWR HQM WR SWOKRK
KDYH EHHQ WHVWHG DIWHU VHYHUDO IDLOHG HIIRUWYV
SURWRSODVWLF FRQILQHPHQW VHYHUDO SDUDPHWHU"
GLVWLQFW DOWHUQDWLYHV FHQ@W VX H FX\U WY ¥ ORI
RQ VRLO ZHUH WHVWHG

$ IHZ RI WKHVH YDULDEOHV ZHUH OLNHQHG WR WKH LC
WKDW HIIHFWLYHO\ LVRODWHG SRWDWR SURWRSODVW
VXEPLWWHG LQ WKL W HKEBEWHDKF¥KUDXGLEBOWDFW LVRODW
IURP WKH XVH RI RQH PRQWK ROG 06 PHGLXP JURZWK
IRXU GD\V WKDW ZHUH VOLFHG VWUDLJKW LQWR HQ]J\F
DQG RWKHU FURSV : HBWFIHG ZDQMULDQA®WLRQ YHOR

7KH WLVVXH FXOWXUH PRGHO XVHG IRU WKH EDVLV F
H[SHFWHG UHVXOWLQJ LQ D JUHDW B8HGDDR IWHK®MU Z\DN|
PHGLD WKH FURSY ZHUH UHORFDWWRIIYRP\0®OBGED RL
PLFURQXWULHQWY YLWDPLQV KRUPRQHV DQG HQ]J\PH
WKH SRWDWR OHDYHYV

7TKHUH ZHUH DOVR D QXPEHU RI RWKHU DGGLWLYHV L
IRU $SUDELGRSVLVY DQG RWKHRESPFRSR QVWEKW 5RWDGV K DC
WKH SRWDWR FURSV IURP VRLO DSSHDUV WR EH D VWL
SURWRSODVWY DV ZHOO DV XVLQJ DOWHUQDWLYHV Z1
$UDELGRSVLVY DQG RWKHU FURSV

'XULQJ FORPHQV WWRXEOHVKRRWLQJ KXJH VHFWLRQV
RSWLPL]H WKH SURFHGXUH IRU LVRODWLRQ RI SRWDW
RSWLPL]DWLRQ SURFHGXUH ZHUH XQGHUWDNHQ MXVW
SURWRSODVWVSQDWKLGRQ @MKLFK LQFOXGHV RULJLQI
S)*&BSFR&DV

ORUHRYHU VXFFHVVIXO LQ YLWUR MRE ZLWK DOO WKF
WHVW ZRXOG DOORZ WUDQVJHQLF SOVIMWWVWIWHREH ZRU



SRWHQWLDOVMRHE ILEDWMLBODQW ZLOO EH DQ RSWLPL]HG
&DV DQG J51%$ DV SURWRSODVW LVRODWLRQ IRU SRWDWR
UHVHDUFK LQGLFDWHG WKDW : ZDVKLQJ VROXWLRQ DQG U
LQ D JUHDWHU GWRSRKHWEGRSURWRSODVWY XVLQJ RQH PRQV
OLJKW WKHUDS\ IRU IRXU GD\V WKDW ZHUH VOLFHG VWUD
XVHG IRU SRWDWR DQG RWKHU FURSYV

7KH QH[W VWDJH WR HGLW SDUWLFXODU JHQHWY RI SRWDWF
YLYR &5,635 &DV WKURXJK H[WUDFWHG DQG WUDQVI
UHJHQHUDWLQJ SRWDWR FURSV 7KH XVH RI &DV SURWHL
ZULWWHQ J51% DJDLQVW WKH PDUNHU JHQHV ZLOO OHDG
FRORXU FKDG&KBD QIJHNKY HIITHFWLYH DV VKRZQ LQ WKH RYHU
DQG +DPHHG HW DO JXUWKHU VWXGLHV VKRX
QXFOHDIMHFRPSOH[ DQG &DV P51% J51%

7KH &5,635 &DV PHFKDQLVP ZLOO PRVW@WDEDEO\ KDYH
GLVWLQFW ILHOGYVY LQ WKH IXWXUH QRW MXVW LQ WKH DU
IHZ \HDUV WR FRQVXPH IRRGV ZKHUH &5,635 &DV PHWKRC
SODQWYV ,Q DGGLWLRQ WR DJULFXOWXUH LW EZQOO PRVW
RWKHU DUHDV VXFK DV PHGLFLQH DQG DQLPDO WUHDWPHC

7KH JURXQGEUHDNLQJ LPSDFW SURGXFHG E\ WKH &5,635 ¢
XVH RQ FXOWXUDO UHFRJQLWLRQ DV ZHOO DV RQ WKH OC
SODQWYV DOWHUH&DR WHW KRG B®IH H[FOXGHG IURP WKH *O0:
WKLV ZLOO KDYH D PDMRU HIIHFW RQ WKH IDFWRU\ IDUPLQ.



5()(5(1&(6

$EHOHQGD -$ 1DYDUUR & 3UDW 6 JURP WKH
FROQOWUROOLQJ W)XRBHIMWRUZFRWULRQLIQWELRWHFKQRO

$GGIHQH D $JDURVH *HO (OHFWURSKRUHV

KWWSV 7Z7ZZ DGGJHQH RUJ SURWRHRWPEIHOHOHFWUI

$GGIHQH E &5635 &DV *XLGH $GGJHQH
KWWSV Z7Z7ZZ DGGJHQH RRHVRWEB/SU JXLGH

$QGHUVVRQ 0 7XUHVVRQ + 20VVRQ 1 )IOW $ 6
HW DO *HQRPIR\WDWRLPIODE5,68BERQXFOHRSU
GHOLYHU\ 3K\VLR® 30DQWSSO

%DQHUMHH $ . 3UDW 6 DQG +DQQDSHO ' -

WUDQVJHQLF SRWDWR 6 WXEHURVXP / VVS DQGI
WXPHHFY PHGLDWHG WUDQVIRUPHDWLRYQD LIATDEDM ©OF
KWWS OLQONLQJKXE HOVHYLHU FRP UHWULHYH SLL €

%DUDPSXUDP 6 DQG =KBIQW BGYDQFHSHEQ SODQW \
- $ %LUFKOHU HG OHWKRGY ORKYDL®WDE®H DV
KWWS ZZZ VSULQJHUOLQN FRP LQGH]

%DUUHOO 3- OHL\DODJKDQ 6 -DFREV -0( &RQQHU
ELRWHFKQRQRPLPQGQJHRWDWR LPSURYHPHOW 30D

%OHQNLQVRS 5 <DGD 5 ODUDQJRQL $ OHWI
WHPSHUDWXUH VZHHWHQLQJ LQ SRWDWR WXEHUV G

+

%RUODXJ 1 ( (QGHQJ ZRMW S KKXIQVH RI ELRWHF
WKH WKUHDW RI DQWLVFLHQFH4HDORWU\ 30DQW 3K
%BULWW $% OROHFXODU JHQHWLFV RI '1$ UHSDLI
6FL

&DYDWRUWD - 5 6DYDJH $ ( <HQP 0,0 *UD\ 6 O
SRVLWLYH GDUZLQLDQ VHOHFWLRQ DW VLQJOH DPL
UHVLVWDQFH - ORO (YRO



&KDNUDYDUWBU%VNIDQJ *XVWDIVRQ 9 DQG 5HJDQ 6
WUDQVIRUPDWLRQ LQQSRWDWRN HDBEFHIR FBPKHY IRWDWR 5H)

&KR 6: .LP 6 .LP -0 .LP -6 7DUJHWHG JHQRPH HC
KXPDQ FHOOV ZLWKJXWUIGHG@DWQGRQGXFOHDVH 1DW %LRW
GRL QEW

&RQJ / 5DQ )$ &R[ 'HMQFR 5%PDELE 1 +VX 3' :X ; -LDQJ
ODUUDIILQL /$ =KDQJ ) OXOWLSOH[ JHQRPH HQJLQHF
&5,635 &DV VA\VWHPV 6FLHQFH

GRL VFLHQFH

&XUWLQ 6 - 9R\WDV ') DQG 6WXSDU 5FURSVY *HQRPH

ZLWK GHVLJQHU QXFOHDVHV 30DQ@WDLIFERROGH DW
KWWSV ZZZ FURSVY RUJ SXEOLFDWLRQV WSJ DEVWUDFW\

'DOH 0)% %UDGVKDZ -( 3UKRUBHMV VL@ 1L DSVWRY LBDX W H
SRWDWR 7UHQGV #Q 30DQW 6FL

'L&DUOR -( 1RUYLOOH -( ODOL 3 5LRV : $DFK - &KXUF
HQJLQHHULQJ LQ 6DFFKDURP\FHYDNHVUWYLNPD H DXFIOML R 5
$FLGV 5HV GRL NQWDW U J

'RXFKHV ' 6 obbv ' -DVWU]JHEVNL . DQG &KDVH 5 :
SRWDWR EUHHGLQJ SURJUHVV LQ WKH 86% RYHU WKH OD

'XQFDQ & +DPPRQG ' =DOHZVNL - &XGQRKXIVN\
7KRUQWB@RMNRXW - /DYULJ 3 G5RBIBIEH* -DQG JHOGPDC
J)LHOG SHUIRUPDQFH RI WUDQVJHQLF SRWDWR ZLWK U
%HHWOH DQG YLUXVHW +RUWVFLHQFH

(OOLV 53 &RFKUDQH 03 'DOH 0)% 'XIIXV &DFH\QQ $ ORU!
50 6ZDQVWRQ -6 7LOOHU 6% BWDUFK SURGXFWLRQ
JRRG $JULE

JULHGODQG $( 7]XU <% (VYHOW .0 &RODLDFRYR 03 &K
+HULWDEOH JHQRPH HGLWLQJ&DY &V\NWHIIFD QMDWLD D
OHKMR GV GRL QPHWK



JULHGPDQ O &KHPLVWU\ ELRFKHPLVWU\ DQG VI
- $JULF )RRG &KHP

*DR = -RKDQVHQ ( (\HUV 6 7KRPDV &/ 1RHO
KH SRW\YLUXV UHFHVVLYH UHVLVWDQFH JHQH
WUDQVODWLRQ LQLWLBPMHRQ M BWIRIUFN LQL L @ CIHIVO -

*LQJUDV $ & 5DXJKW % DQG 6RQHQEHUJ 1
HITHFWRUV BRH FRBXLISW PHQW WR ULERVRPHV DQG UHJX(
5HY %LRFKHP

*UD\ 6 0 'H%RHU 6 + /RUHQ]JHQ - .DUDVHY $ 9
6LQJK 53 %RXFKHU $ DQG :X + 3RWDWR Y
HYROWKQ@HDW WR SRWDWR FURSV L&) HDRAHX 8 G L SVHAGL B |
30DQW 'LV#

*ULIILWKV $-) OLOOHU -+ B6X]XNL 7' /HZRQWLQ 5& *
JHOQHWLFV ,Q OLOOHU -+ HG $Q ,QWURGXFWLRQ W]
JUHHPDQ DQG &RPSDQ\ 1HZ <RUN

+DPHHG $ %LODO 5 /DWLI ) (FN - 9 -DQGHU
51$IPHGLDWHG VLOHQFLQJ RI HQGRJHQRXV 90QY JH
FRQQGXFHG VZHHWHQLQJ LQ SRWDWR 6RODQXP W X
%LRWHFKQRORJ\ 5HS R UMRWL Y% \

+DPHUQLN $ +DQQHPDQ 5 -DQVN\ 6 L QWURJL
JHUPSODVP ZLWK H[WUHPH UHVLVWDQFH WR FROG V
&URS 6FL+

+LUVRK' +DPLOWRQ -3 &KLOGV ./ HW DO

PLQLQJ VHTXHQFHV JHQRW\SHVY DQG SKHQRW\SHV

30DQW *HQRPH K$MDEDDEORSIWRUJ SXEOLFDWLRQ\
SODQWJHQRPH

+XVVDLQ $ 4DUVKL $, 1D]JLU + 80ODK , 30DQ
BWDWXV DQG 2SSRUWXQLWLHYV ,Q /HYD $ 5LQDOGI
30DQW LQ YLWUBSXOWXUH ,Q7HFK

,VKLQR < 6KLQDJDZD + ODNLQR . $PHPXUD O 1DNLE
VHTXHQFH RI WKH LDS JHQH UHVSRQVLEOH IRU
FRQYHUVLRQ LQ (VFKHULFKLD FROL DQG LGHQWLILF



,QYLWURJIHQ %DFWHULDO 6WUDLQ 2QH 6KRWE&E 723
FROL KWwWSsSV 2z7272Z WKHUPRILVKHU FRP RUGHU FDWDORJ
0D\

"LQHN 0 &K\OLQVNL . )RQIDUD , +DXHU 0 'RXGQD -$ &k
SURJUBBPD 6XPIXLGHG '1$ HQGRQXFOHDVH LQ DGDSWL
LPPXQLW\ 6FLHQFH GRL VFLHQFH

-LQHN 0 -LDQJ ) 7D\ORU ': 6WHUQEHUJ 6+ .D\D ( 0D ( f{

=KRX . /LQ 6 .DSODQ 0 ,DYDURRBDHMH V&KDRXEGCOWLHU (
BWUXFWXUHV Rl &DV H Q GRIGPOHDG/ HFR QIR YVIPD® [5R §

DFWLYDWLRQ 6FLHQFH GRL VFLHQFH

-RQHV +' 5HIXODWRU\ XQFHUWDLQW\ RYHU JHQRPH F

.DQFKLVZDP\ &11$IUHH JHQRPH HGLWLQJ PHWKRGV IRU \
LPSURYHPHQW 30DQW &HOGRAHS v

.DQJ % & <HDP , )JUDQW] -' OXUSK\ -) DQG -DKQ
SYU ORFXV LQ &DSVLFXP HQFIRIBMVRQ® M BWEWO BW LR @ k
LOQWHUDFWYV ZLWK 7REDFFR HWFK YLUXV 93J 30DQW -

.DQJ % & <HDP , /L + 3HUH] .: DQG -DKQ 00
H[SUHVVLRQ RI D UHFHVVLYH UHVLVWDQFH JHQH JHQHUD
LQ SODQW \%% LI3FWHFRKQRO -

.DQLHZVNL :. DQG 7KRPDV 3 ( 7KH 3RWDWR B6WR
*

HLMEHWYV 0 3RWDWR SURFHVVLQJ IRU WKH FRQVXPF
FKDOOHQJHV 3RWDWR 5HV

.KHWDUSDO 5. ODLIVRWQKXY&KDOKRXE % 'LQDQW 6
+ DQG 9DUPD $ %UHHGLQJ IRU UHVLVWDQFH WR S

'LVHDVH &RQWURO +DGLGL $ .KHWDUSDO+ 5. DQG .RJ
6W 3DXO OLQQHVRWD $36 35(66

IDE 7' &5,635 V\VWHPV LQ SURNDU\RWLF LPPXQLW\ 7tk
KWWS UQD EHUNHOH\ HGX FULVSU KWPO $FFHVVHG -XQ

/JHRQDUG 6 30DQWH ' :LWWPDQ@L® O0'DLJIDGI®XOW
IDOLEHUWH - ) &RPSOH[ IRUPDWLRQ EHWZHHQ SRW!



HXNDU\RWLF LQLWLDWLRQ IDFWRU ( FRUUHODWHYV

+

JHPD\ 0/ 7UHPEOD\ 'O ORLQHDX 6 R1HQR XI® QWL Q

IDFWRFRFFDO S3KDJHV BYVLQJ $&6,636\QWK % LR
GRL DFVV\QELR E

/L ;4 OROHFXODU FKDUDFWHUL]DWLRQ DQG ELR
WKH SURFHVVLQJ TXDOLW\ RI SRWDWRHV &DQ - 30D

/L )y 1RWYLOQ $DFK - OFFRUPDFN 0 =KDQJ ' ¢
- OXOWLSOH[ DQG KR P RPHRGRXW HG! B R BRLPFHD WG
$UDELGRSVLV DQG 1LFRWLDQD EHQWKDPLDQD XVLC
%LRWHFKQRORY\ GRL QEW

ILQ < &UDGLFN 7- %URZQ 07 'HVKPXNK + 5DQMDAQ

9HUWLQR 30 6WHZDUW )- %DR * & S\\BIB 15 J&IDW  \
DFWLYLW\ ZLWK LQVHUWLRQV RU GHOHWLRQV EHW
VHTXHQFHV 1XFOHLF $FLGV GRV QDU JNX

/ILX : <XDQ -6 DQG 6WHZDUW & 1 $GYDQFH

ELRWHFKQRORJ\ i1DW 5HY + *HQHYWLODEOH DV
KWWS Z7ZZ QFEL QOP QLK JRY SXEPHG

0D ; =KX 4 &KHQ < /LX%%35 &DV 3O0ODWIRUPV IRU
(GLWLQJ LQ 30DQWY '"HYHORSPHQWYV DQG $SSOLFD
GRL M PROS

ODNDURYD .6 +DIW '+ %DUUDQJRX 5 %URXQV 6- &

ORLQHDX 6 ORMLFD )- :ROYBEXQ GHNXRMWS) .RRQLQ (

(YROXWLRQ DQG FODVVLIFDWLRW HPNVW KBIW 5 HB 50 L F
GRL QUPLFUR

ODOQR\ 0 9LROD 5 -XQJ 0+ .RR 2- .LP 6 .LP

1DJDPDQJDOD .DQFKLVZDPIHEH HWQFR®O\ (GLWHG *UL

DQG $SSOH 3URWRSODVW 8VLQJ &5,635 &DV 5LERQ>
GRL ISOV

O0DO]DKQ $ /RZGHU / 4L < 30DQW JHQRPH HGI
&5,635 &HOO %LRVFL GRL Vv



ODUFRWULJLDQR - *LQJUDV $ & 6RQHQEHUJ 1 DQ
&RFU\WWDO VWUXFWXUH RI BKHGPBY\SHURWHLRL$H,) FDER X
WRPHWEKW &HOO +

OF&DQQ /& %HWKNH 3& 6LPRQ 3LDWLRQWRQNLLYHG YAKW S
FRORU DQG WXEHU FRWRRVWHION WRXE HWV FRRIOGLOG SRWDWF
JHUPSODVP - $JULF )RRG &KHP

OF.HQJLH 0- 6RZRNLQRV -5 6KHD ,0 *XSWD 6. /LQGODXI

,QYHVWLIJDWLRQV RQ WKWMDVROBQ®XBB¥FHG LQYH
S\URSKRVSKRU\ODVH LQ SRWDWR FORQHYGXEW® YDU\LGC
VZHHWHQLQJ $P - 3BRWDWR 5HYV

ORQJLQJR $) 'KDOLZODXGKXUKWWY /\RQ $ 6DGRZ -
+RIIPDQ ': B5REHUWXV - ' 6DQG %URBQVY@UXFWXUH RI
WUDQVODWLRQ LQLWLDWLRQ IDFWRU H,) ( IURP ZKHDW
30DQW 3K\VLRO

ORVFRX 0- %RJGDQRYH $- $ VLPSOH FLSKHU JRYHU
E\ 7$/ HIIHFWRUV 6FLHQFH VFLHQFERL
OXUDVKLJH 7 6NRRJ ) $ SHYLVHG OHGLXP IRU 5DSL

$VVD\V ZLWK 7REDFFR 7LVVXH &XOWXUHV 3K\VLRORJL
GRL M W E [

OXWKRQL - .DELUD - 6KLPHOLVDVRPHOLVQKHULWDGRH
FXOWLYDWHG SRWDWR DQG LPSOLFDWLRQV LQ FRQYHOQ\

+

11 JHOH 7 +HQNHO 6 +|UPLOOHU , 6DXWHU 7 6DZRGQ\
ODWKHPDWLFDO PRGHOLQJ RI WKH FHQWUDO FDU

$UDELGRSVLVY UHYHDOV D VXEVWDQWLDO UHJXODWRU\ L

ZKROH SODQW FDUERQ PHWDEROLVP 30DQW 3K\VLRO

1IHNUDVRY 9 6WDVNDZLF] % :HLJHO ' -RQHV -'* .DPRXC
PXWDJHQHVLY LQ WKH PRGRDDRODXQW QL RRWAHER D EHQW K
HQGRQXFOHDVH 1DW %LRWHFKQRO

1LFDLVH 9 *DOORLV -/ &KDILDUHYUDSGOHQ /0 ¢
%URZQLQJ .6 &DQGUHVVH 7 &DUDGWWD&D /K *DOO

&RRUGLQDWHG HFQ& LWHPHHRPW IRYHHY) ( DQG H,) * IDFW
SRW\YLUXV LQIHFWLRQ LQ $UDELGRSVLV WKDOLDQD )(%¢



1LHWR & ORUDOHV 0 2UMHGD * &OHSHW &
3XLJGRPHQHFK 3 3LWUDW 0 &DDRAXDEY 0- 'RJLI
$UDQGD 0 $ DQG %HQGDKPDQH $ $Q H,) ( DO
DQ XQFDSSHERDOQBGERQODWHG 51$ YLUXVHQ PHORQ

1ILVKLPDVX + 5DQ )$ +VX 3' .RQHUPDQQ 6 6KHKDW

5 =KDQJIXVYHNL 2 &U\WWDO VWUXFWXUH RI &DV
51$ DQG WDUJHW '1$ &HO®RL M FHOO
3*6& *HQRPH VHTXHQFH DQG DQDO\VLV RI WKH

+ $YDLODEOH DW OWWNGLKZIRZY QFHEHRPHG

20G )DUPHUTV $OPDQBWWSV 3RINDWRPDQDF FRP QH.
QHZV WCESERQY DWHBHRWY CHW R H VOMCH G

3DQ & <H / 4LQ / /LX ; +H < :DQJ - &KHQ / /X *
PHGLDWHG HIILFLHQW DQG KHULWDEOH WDUJHWHG F
DQG OMQWHUDWLRQV 6FL 5HS GRL VUHS

3ODLVWHG 5/ +DOVHW '( %URGLH % % 60DFN
SDGGRFN . 0 DQG 3HFN O : (YD D PLGVHDVR
YLUXWVLVWDQW YDULHWRURRK XY WVWWRF W DEFO H \WRWN 5

SRWDWR YLUXV < 39« SRW\YLUXV 39«< 2FW|
KWwWSV z7zz7zZ LSPLPDJHV RUJ EURZVH GHWDLO FIP"LP

4XHWLHU ) 7B W S5SWHBBEKQRORJ\ FORVHUUWR WKH
WDUJHWHG JHQRPH HGEWLQJ 30DQW 6FL

5DPLUH] &/ )ROH\ -( :ULOKWFKS$) OXDIORDU 6+ &RUQ

'LQIUH\ 5- 6DQGHU -' )X ) 7RZQVHQG -$ &DWKRPHC
8QH[SHFWHG IDLOXUH UDWHV IRHGARGXK ODQJBVV
1DW OHWKRGV GRL QPHWK

5HHFH -% 8UU\/$ &DLQ 0/ :DVVHUPDQ 6$ OLQRUVN'
&DPSEHOO %LRORJ\ 1LQWK HGQ 3HDUVRQ %HQMDPL

5HLV $ +RUQEORZHU % 7]HUWDWLMQG 7DU&HYHE *I
(GLWLQJ $ 1HZ (UD LQ OROHEWODBY %IRORJIE ERE V
DQEGRXUFHV |HDW XFUHLVB W QW D-UIHVORPGE L\WQE Z

HUDPROHRXA®RDKRI\ $FFHVVHG -XQH



SREDJOLD & DQG &DUDQWD & 7UDQVODWLRQ LQLW
SODQW 51$ YLUXV LQIHFWLRY 7UHQGYV 30DQW 6FL

5ROODQG 0 /DFURL[ & %ODQFKDUG $ %DOGZLQ 7
3RWDWR 9LUXV < 39< [URP LWV GLVFRYHU\ W
9LURORJLH

5XIIHO 6 'XVVDXOW 0 + 3DIORLRLKP®QHREXU\SREDIOLD
& DQG &DUDQWD & $ QDWXUDO UHFHVVLYH UHVL
YLUXV < LQ SHSSHU FRUUHVSRQGV WR WKH HXNDU\RWL
30DQW - +

5XIIHO 6 *DOORLV -/ J/HVD&H 0/ DKH WHDAHDQWDH
SRW\YLUXV UHVLVWD QFKHJMWRH DRRY RUWKRORJXH RI WKI
H,) ( JHQH ORO *HQHW *HQRPLFV

6DDG ,0$ (OVKDKHG 0% 30DQW 7LVVXH &XOWXUH OHC
05/ HGV S5HFHQW 3D AKVYLAVUR &XOWXUH ,Q7HFK SS

6DSUDQDXVNDV 5 *DVLXQDV * )J)UHPDX[ & %DUUDQJRX 5
7KH 6WUHSWRFRFFXV WKHUPRSKLOXV &5,635 &DV V\

LQ (VFKHULFKLD FROL 1XFOHLF $FLGV SHV

GRL QDU JNU

6FKDDG 0 & $QGHUEHUJ 5 - DQG &DWBHRLIWRQ - &
LQWHUDFWLRQ Rl WKH WREDFFR HWFK YLUXV 1,D SURW|
IDFWRU H,) ( LQ MAEMW LE DMWWMHPR 9LHRORJ\

6FKLPO 6D 3 XFKW O5HYROXWLRQL]LQJ SODQW ELRORJ\ F
JHQRPH HQJLQHHULQJ E\ &5,635 &DV 30DQW OHWKRGYV

6FLHQWLILF (SLIOXRUHVLFHRNHFESHFRHURRVKHU
6FLHQWLILF KWWSV Z7ZZ WKHUPFRLHMKHH FAFRPOQR HQ KRP
DRO\WLYD GHIAMDWQRLQIJFHQSMMHRIERAR@&RPBXODU
IOXRUHVFHQFHRKQGDWPHWPAHMEWPLFURVFRS\ HSLIOXRUHVF
PLFURWRAEHY KWPO $FFHVVHG -XQH WK

6KDKLQ ($ 7RWLSRWHQF\ RI WRPDWR SURWRSODVWYV
GRL %)



6KDQ 4 :DQJ < /L - =KDQJ < &KHQ . /LDQJ = =KDQ.
/| *DR & 7DUJHWHG JHQRPH PRGLILFDWLRQ RI F
&DV VI\VWHP 1DW %t RWHFKQRO

6KDUPD 6 . '"%RAMVHU - GH HW DO &RQVWUX
FKURPRVRPBGBH SVHXGRPROHFXOHV IRU SRWDWR LQ
ZLWK JHQHWLF DQG SK\WLFDG PDBYDLODEOH DV
KWWS 727Z7Z SXEPHGFHQWUDO QLK JRY DUWLFOHUHOQ(
OWUWHHQGHUW\SH DEVWUDFW

6KHSDUG -7TRWWHQ 5 ( OHVRSK\OO &HOO 3U
30DQW 3K\WLRORJ\ GRL Ss
BRORPFODFNEXUQ 50 DQG %DUNHU + % UH|

SRWDWRHYV 6RODQXP WXEHURVXP HBXOBYLBZSRIRW B
+HUHGLW#

6SULQJHU 10 ,VRODWLRQ RI SODQW '1$ IRU 34
RUJDQLF H[WUDFWLRQ DQG &7$% &ROG 6SULQJ +DU|
GRL SGE SURW

BWHLQ 1 3HURYLF 'LRXPOHEWUDFNSHHO® 6WUHQJ
DQG *UDQHU $ 7KH HXNDU\RWLF WUDQVODWL
PXOWLDOOHOLF UHFHVVLYH %\PRYLUXV UHVLVWDOQFF

+

BWHUQEHUJ 6+ 5HGGLQJ 6& -LRKEQD +“®MHHQH'1$
LOQWHUURJDWLRQ E\ WWKKIGHES, 613G BOXFOHDVH &DV
GRL QDW XUH

6 XEEXUDM 6 &KXQJ 6- /HH & 5\X 60 .LP '+ .LP -6 ¢

6LMHUHFWHG PXWDJHQHVLV WER SSGIDWIQ LD VWHK\E WXIVAL

GHOLYHU\ RI SXULILHG UHFRPELQDQW &DV ULERQX
GRL \%

6XPPHU + *UDPHU 5 'URJH 3 'HQDWXULQJ XU
HOHFWURSKRUHVLV ([SUHD 3GR(L - 9LV

6\PLQJWRQ /6 *DXWLHWWUDQG'EXEMHW HQG UHVHFW
SDWKzZD\ FKRLFH $QQX 5HY GRQHW  DIHXXHIW Y



7TKRUSH 7% +LVWRU\ RI SODQMK@RIOUVXH FXOWXUH ORO

7UXQLJHU 9 DQG $UDQGD O SHFHVVLYH UHVLVWDQ
9LUXV 5HV#

86'$ SRWDWR RKWDODWLVWIGHKY PDOQQOLEBRUQHOO HG
YLHZ'RFXPHQW,QIR GR"GRFXPHQW,'

:DOW] ( HEOWHG &5,635 PXVKURRP HVFDSHV 86 UHJX

"HEE '- %URZQ &0 IOXRUHLVFHQFH PLFURVFRS\ OHWKRG"
GRL B

‘LHGHQKHHW QEHEW 6+ 'RXGQD JXLGHG IHQHWLF VLOHQF]I
VIVWHPVY LQ EDFWHULD DQG DUFKDHD 1DWXUH
GRL QDW XUH

‘RR -: .LP - .ZRQ 6, &RUYDODQ & &KR 6: .LP + .LP 6*
&KRH 6 .LP -6 IUHH$JHQRPHQHSQAWQWY ZLWK SUHDVVHF
&5,638DV ULERQXFOHRSURWHLQV 1DW %LRWHFKQRO
GRL QEW

'XQGHUOLFK 6 *DWWR .$ &RQVXPHU SHUFHSWLRQ F
RUJDQLVPV DQG VRXUFHV RI LQIRUPDWLRQ $GY 1
GRL DQ

'LH . =KDQJ - <DQJ < ZLGHHQARFGLFWLRQ RI KLJKO\ V
JXLGH 51$% VSDFHU&DNRY GI5D8BHG JHQRPH HGLWLQJ LQ PR
DQG PDMRU FURSY ORO GRDQW PS VVX

LRQJ ; 7DL *RMHDEMROLQJ 3 (IMTHFWLYHQHVV RI1 VH
TXDOLW\ WUDLWV GXULQJ WKH HDUO\ VWDJH LQ WKH S
%UHHG =

<H - 6KDN\D 5 B6KUHVWKD 3 5RPEPHOALILE 0

6LOHQFLQJ RI WKH HFQB 6QENUWWRWLDOO\ /RZHUV WKH

JRUPLQJ 3RWHQWLDO RI 3RWDWR -RXUQDO RI $JULFXC
+ GRL MI

<HDP , .DQJ % & /LQGHPDQ : )UDQW] -' )DEHU
$OVISOIFL K $36 PDUNHUV EDVHG RQ SRLQW PXWDWLR(



DOOHOHY DW WKH SYU ORFXV HQFRGLQJ H,) ( LQ &I

+

<LQ + .DXIIPDQ .- $QGHUVRQ '* '"HOLYHU\ WHF
HGLWLQJ 1DW 5HXRIWXJ 'LVEBRE

<RR '6 &KR +< BKHHQ - $UDELGRSVLV PHVRSH
YHUVDWLOH FHOO V\VWHP IRU WUDQVLHQW JHQH H
+ GRL QSURW

=KDQJ < /LDQX=:D®RIRQ& /LX - &KHQ . 4LX -/ *DR
(IILFLHQW DQG WUDQVJHQHIUHH JHQRPH HGLWLQJ L
RI &5,635 &DV '1$ RU 51$% 1DW  &RPPXQ
GRL QFRPPV
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$ S8& J51% SODVPLG VHTXHQFH ESV
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&*$*T&**T*&TTTTTTT&T$*$&&&S*&TTTRTT*TS&SSS*TT**&$
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FHET QTR FTSTESTT &S &S&T****8&$*$T**7$$*&&&T&&R
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&$$$$788&TTSS&* T*$*TTT7T&*TTE&SET*$*&*T&$*$RE&&*T S’
$ESS*$7&SSS *STRTTRTT*$*$T&&TTTTTTT&T*&*&*T$ST&T*&
7*&T77*8 5558555555588 S&& QTSRS & T**TTT*TTT*&&*™
$7&$$*$*&73&&SSRTETTTTT&LE*$$**TSSRT**&TT&S*&$*$*&*
&3*$738&8&$$$73&7T*78&TT&TS*T*7T$* TIST$E&$&&$&TT
&$3$*$$&TET* TS & $&&*&ETSESTSLETE*KTET*&T$$T&E&T*TT S
&S*T**&T*&T*& &S T**&*$TS$*T&*T*T&TTSR&* **TT**$&T&$
$*$&*FTS*TTSRE*STSS**&* &S &**T&***&T*$F&******77
E*T*8$EPES*REKS* BT T *$*&*$$8*$L&THLSLE*$$RT*$*$7$
&&TS&$*&*T*$*&TST*$*$$$*&*&&S&*&T TRGRIFS$$*
FEAFGESTFITSTRE TS &L TR LSS & &SN

$FH G RTTRES  * $SSRTRET* ¥ TSTRTTTSTS*T&&T*T&***77
T&*&&$&ETET*S&TT*$*&*T&*STTTTT*T*$T*&TE*T&S****** &
*rF & E&TST**$SSSSE &S LSS KETTTTTS&* Y TT&&T* &
QTTTT*&T**&&TTTT*&T&S$&ST*TT&TTT&&T * & T TIHITISETE,

*Tr ST $S8ETSTTSEETRETTT*$*T*$*&T*$TSR&*&TE*&&*&$*
B&* SR GRS EFRP R GFTES T S R G S TGS



%+S)*&SFR&DV SODVPLG VHTXHQFH ESV

*$STTRETE*S*TSE&* TS *$TR&STTTSSSTTRTS*$**&*&*&&*$TS
TRETETETTSS* *7T$*&*$* QTR TTSBETHFST7S$&S***7$$77
$$&TSTSS&**T&&TSS* *7T$*&*$T7**&SSS&S*&TSTTST***7$77
$T* AT TTRTTTST*&**$&S&T*$&**&TTTST*&&T*&$**T&*&*
$*&*STR R FTEEFRKE **R*T&*$&$**&&T*$T&TS*T$$&STS
*$T PRILETRF LTS TSSTTTSTR&TS*¥TTT*&*&*&T$TSTTTT* 77
TT&TST&*&*TSTTSSST*TSTSST 7T TR AWI7&$7$$$%%&&&
$7&T&ESTSSSTSS&*T&ST*&STTS&ST*TTS$TT$TT7$&ST*&TT$S$&*
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7T&$$T&TTSS*$SS&TTTSTT*&&SSST*TTT*$$&*$T&T*&S*T&S&T
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WFWDJDDDDDDDJFDFFIDFWFIIWIFFDFWWWWWFDDJWWJD\



DDF*$%&&*&$7*&$*&$&77&$DDWFDFWDFWWFIJWFWFWDDFFDWDW
FWDDJFJFWJIWJJW D MWDV \Y WD D J B MAWDIWWAWDY WY DDBDDDJIJFFWDW
JFFFDWWWDWDWWDWWJDDWWWWWWFFFDDFWDDDJDWWWWD W\
WFIWIJIWIJIIJDDFWDDDDFDDWIJDFFIWFWFIWWWFWDFJIJDWFJDJDYV
FWFWWDDWW D D WIbRW IDDMDODOFR D WIR MWDMWW\Y DI FIJDWJJFDDDFDJF)
JWIIWWFWWWDWJFJIJDFDFWIDFIJIIJFWWWDWIFFWIFDJIWFJFJDJ

LY 90QYB ESV

JDDWWFFWFIJDIJWDFIWDJIJDWFFDWWWDDDWWFWDJDJIJFIJFJIFFJD
WFWDJDDDDDDDBBbpWMWWMWWHRDWIWWIDWDDFIJIDFWDIJFFWWDWV
DDF*$%&&*&$7*&$*&$&77&$DDWFDFWDFWWFIJWFWFWDDFFDWDW
FWDDJFIFWIWIJIWDFWWWWJDDIJDWWIWWDDWDIJFWWDDDWJJJFI
JFFFDWWWDWDWW DWW WDDMNWWNWNRMWAWDRY DRECFDN DVCFDMIBWF W FD F D F
WFIWIJIWIJIIJDDFWDDDDFDDWIJDFFIWFWFIWWWFWDFJIJDWFJDJDYV
FWFWwDDWWDDWDJJIJDWDDFDJIJIWDDWWDDFWDWDDFJIJWFFWD
JWIIWWFWWWDWJFWIAADIEWFD FJDBWIWWIHFYBFFWDFFIFFFJIJJ



" +3(7 HQJ\PH DQG ZDVKLQJ VROXWLRQ J / H[FHSW ZK&F
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(¥*HO UHVXOW RI LQ YLWUR HQ]J]\PDWLF GLIJHVWLRQ RI &DV J5



