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$ ERQYROXWLRQDO 1HXUDO 1HWZRUN %
OHWKRGRORJ\ IRU 5HFRJQLWLRQWHU®W W
IURP +LJK 9ROWDJH &DEOHYV

s LDRVKHC )DQ < *DQMXQ <LMLD(/H/ =KDRK>$VKIDTXH $KP
& KHQJNH =KRX 'RQDOG 0 +HSEXJUWLS@L V-WBIGU - S H&IGHZD

$EVWUDFW2 ,W LV D JUHDW FKDOOWQDQ WRGXYWNHLPOWDEHGLEDWL ROWEQJI@S H+RE
'LVFKDUJH 3' LQGXFHG E\ GLIWHIR@WHWBWYHRQWEWRXNIK 3' SDWWHU Q RRMNR JGELLIW LR

KDUDFWHULVWLEY DQG DUN GLMRL LRGBS XD 3 EDVHG FROGOBORG. |
IRU WKH PRVW H[SHULHQFHG VSH-I-IH:LKDDGDLO/N% ER_@LE\QIB @V%‘ﬁj% E%VHgHrﬁggégm\gKE
&RQYROXWLRQDO 1HXUDO 1HWZRUNLQ&1 Ig\ll éBI—II' \U Q

PHWKRGRORJ\ IRU 3' SDWWHUQ U8aFR&QVWFsHW/ SPWWeWRcVWUXFWXUR BUMWHMERHELD
JLUVWO\ 3' WHVWLQJ IRU ILYHIHFWWSHVE RI@ DUWLILFLDO GH

(WK\OHQH 3URS\OHQH 5 XEEHU (3XW DBOWKFZ [RY ADWFRPHG WKH FKDOOHQJH WNSELI1HI
Jcr;LDJ\/\lngch)l\:NRDd](?O\Jrg OVE|)_|I\ENRVUSYVSRQVM%%WEDWU%WQQQWW%UQ UHFRJQL WAIRK)G PW R/ K
WKHo LGV Ri 3 HowxUwy i aiil Ol b RN KRV EUICReY 3
DSSOLHV D &11 WR WKH GDWD \D\B& ARIOH &RL ur R RPW W Q 0
IDFWRUV ZKLFK DIIHFW WKH & 11 RED DG x3PoArHURH U 8PRG o LIRQRG SRXJIK 6HW 86 7 KHF
DUH GHVFULEHG )DFWRUV GLVARIVWHKE Q@WIEXEHOWE L EKRYEHEHHQ PRVW ZLGHED Q@WIQEY |
OD\HUV FRQYROXWLRQDO NHRQH®QG]ERPAMQLYWWWERG ISWWHUQ UHFRJQLDRLRYW SHW
PHWKRG 7KH SDSHU SUHVHQWYV DDNMRZBKD UgV WP\EK%F&GL BY HOHW 7 UDQVIRQWPLIA7 T
SDWWHUQ UHFRJQLWLRQ PHWKRG \DH)GVDRI 8Y YU OR
VDPSOHV )LQDOO\ WKH &11 EDWB@W@%fg%%%%ﬁ%?LIvl\/HLL;E]QDVzVﬁQJDPMNI\-lTA%C
VKRZQ DQG WKH SURSRVHG PHWKRGRWH WiHG H R

WUDGLWLRQDO DQDO\VLV PHW IOR&L QH H6 Bk s8RAWPSHOAkIH oWR GLVWL QIXL VK@V VL
DQG %DFN 3URSDJDWLRQ 1HXUD O XKHWNZ VBRRXWEHY FRQH*DNV,QVXODWHG 62 WFK@HDL
WKDW WKH SURSRVHG &11 PHWKRGJRDW LFRRRELUQEBW WHIRQWIBHY Rl %311 IMVKRI WK
DFFXUDF\ WKDQ 690 DQG %311 DQRGWRP}DWKH5@RRHOY RBWDUWLDO 'LVFKDUJH
HVSHFLDOON HITHFWLYH IRU 3 'HW\SIHWERRIOA FISRQ & B VIRY 3DUWLDO 'LVFKBURY H7 53
KLIK VLPLODULW\ ZKLFK LV DSSOLFDRORGIN LGP BHERIOL WL R QORI FF XD DRI v

,QGH[ 7HUPV? & RQYROXWLRQDO QHxaupdYRdwW28UN GHHS oHDUQL
KLJK YROWDJH FDEOHV SDUWLQOWGRIRFKDUTRZEYWWHLY KRVMREHHQ UHFRIQPDPH®E MWKD\
OHDUQLQJ PHWKRGV VXFK DV 690 DQG

, 1.L752'8&7,21 ERWWOHQHFNY LQ WKHLU GHYHOWERKBHAHQW

£$57,$/ 'LVFKDUJH 3' PRQLWRULUROSOBWRH PL'W%‘HMW%%\PWWHUQ & HIRRV QH DAULR
CLQ HYDOXDWLQJ WKH FRQGLWLRIQQ Rf 4D NR%E%@GLPSRUWDQW |

LPSURYLQJ WKH UHOLDELOLW\G:uvWFUZ_|-§)EMMH#:&§ﬂLFRQ/v’LQ;Vlg';gﬁlé\?-1 H G.V\DWEPSD
VIVWHPV > @ 2Q OLQH RU RII a)L UEE G Jr PHWKRGWRXNM GH

@

H 3@ Ep

PRQLWRULQJ DQG IDXOW GLDJQRWWR%@&%\H§{B?—‘9MVL¥®_ QRQOLQBEUCADHUW
FDSWXUH KLJK GLPHOVLRQDO GROMOTHDIUR

ZKLFK FDQQRW EH OHDUQHG ED @ UIHW Z\RLRN
ODQXVFULSW UHFHLYHG 2FWREHUIXQGHG EKLWWRON-WDWUHYV > @ '"HHS OHDUQLKQJ PHW
7HFKQRORJLFDO 3URMHFW Rl *XDQJGRDMWL RIRZHYV O HIGQLIRYSBQG IHDWXUH DEVIWUHINFW |

1678 DQG 1DWLRQDO 1DWXAPIWL RE LHQEKLEXQE )| Qv QHZ SHUVSHF WL 3'HYDWVBHRISY
:LDRVKHQJ 3HQJ )DQ <DQJ /L /KIHTXKDR&pHGUIIRERE @ WL RQ
ZLWK 6WDWH . H\ /DERUDWRU\ RIL$ GN@IQRMHH UIOHE RPFADOQHMIHS OHDUQLQJ PHWKRGV LQF

7THFKQRORJ\ 6FKRRO RI (OHFWUWRHHYLDQPG «X Fa \
8QLYHUVLW\ RI 6FLHQFH DQG 7HEBKQRORJI\ : XKD ﬁy%% 1|_(PWZRUN &11 6EWDFNHGUWQRL

*DQMXQ :DQJ DQG <LMLDQJ : X DU XSS URHEKERO 3rZHFXUUHQW 1HXUDO 1HWZRIUIHN 511
WKH *XDQJGRQJ 3RZHU *ULG &RUSRURWLAR *XDRBFRRRUN '%1 HWF &11 LV ZLGH{3G XVH

&KHQJNH =KRX DQG 'RQDOG 0 +HSEXQJIL QHH
EXLOW HQYLURQPHQW *ODVJRZD&DRHGR QUHQ 8%.})' ng?@ﬁ%“oQLQJ DOJRULWKPV KOYHGEHRQ

Y
$OLVWDLU - 5HLG LV ZLWK &LMUG & D 6G KR REXD @\JLWHQ@V VXFK DV VSHHFKHFHRRIRILGW MRICF
4XHHQTV % XLOGLQJV 7KH 3DUDGH &DUGLII &) D@ BUH FRQVLGHUHG WR EH RIWIKHF SIREZ I

0DUWLQ ' -XGG LV ZLWK +LJK XG4 TRHQEHHUD
“ODVIRZ * % 8 PHEGAY A > @ ,Q FRPSDULLMRQPNR RRGWU

.+ 6LHZ LV ZLWK 'HSDUWPHQW RF D@ HRwURMET JARRS® HILW\ RI &11 DQG WKMKGEPI DLAX(
8QLYHUVLW\ Rl 6WUDWKFO\GH *ODVJRZ * :: 8.
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JUHDWO\ UHGXFHG WKURXJK W KX SDRBRE® HUNRRW KAHK I UG BI PDH D U W K
FRQQHFWLRQ ZKLFK DOVR UHGXFH @KH YHYNVRKRH RIYAHLLUD CLLLWL R| F R Q \DRQGXWWAIR
$FFRUGLQJ WR > @ LW LV BEMO DVOHWHZRUND YV Q RV FRMHUDY HG E\ WHKID\DHD G QUHF V
ZLWK GHHS DUFKLWHFWXUH XVLQJ &11VHSDUDWH

$ &11 EDVHG GHHS OHDUQLQJ PHWKRGR SDWW

UHFRJQLWLRQ RI KLJK YROWWKH\FBGI-%FRJ D%%Mhlv %’\{-P(P MWXs pQe sra@xovH )+
HYDOXDWHG ZLWK VHWV RIUBDWHIS X DA TALRPALS JUHTXHQF\ &XTDUHQW

W\SHV RI 3' IDXOW XQGHU O DERURBMRIEA GER\E'PQ @'—$WK IURP NHJQVRJ 0+]
PHWKRG LV FRPSDUHG ZLWK WZRJQ\LLQ:%@D’M WbFMLdQDPHBIWUDFWLRQ
PHWKRGV 690 DQG %311 7KH UHWBNY KKRY ﬁb\ﬁ/oé'ﬁ'E‘%KH 3" WH\HEBLRQ VARV
3' SDWWHUQ UHFRJQLWLRQ LV QBLPA%HUJ(L@FWLYWWY@% 6/oVERZQ LQ J)LIJOHV(RS FI
DQG LV HVSHFLDOO\ HIIHFWLYHV DM HaLHA W ﬂlWWiDWL HWHWY  ZLWK WKHEBEWLQ L F
SDWWHUQV KDYH KLJK VLPLODEDRDBROH 78EWVERWKRG 4WY B FsRQQHFWHG ONR RUKBI® KL
RQO\ WR 3' SDWWHUQ UHFRJQRWRRQQIY W pRd HVKtX W) §d 2DV SODFHXRIDWKXQG
RI VLJQDOV IURP RWKHU +9 DSSD FPESH DR JDRSWeW H 3° VLIQBONZDY ZL

VXEVWDWLRQV WUDQVIRUPHUV DQG JH@%@J%'V\FF%’VJ'\'/G WR WKH +)&7 WR DB NOR/ W KK
CQSXW OLPLWV Rl WKH GDWD DKL V QWAL

L3S 7$%(1(587.291")($785( FDVH ZDV D /H&UR\ ;L RVFLRERVERGH
({758&7 .21 FRQQHFWHG WR WKH KLJK Y RO W-]J BKDRXUF |
UHIHUHQFH IRU IXWXUH 3' SDWDAH QR D QX6
$ (35 &DEOH DQG SUWLILFLDO "HIHFWYFLOORVFRSH ZDV VHW WR @8 WKDRDBVW
JLYH W\SHV RI LQVXODWLRQ GNIFHWMHRXQR L®Y (RQWBRAHU F\FOH RI WKH +]
VLPXODWHG XVLQJ D VHFWLRQQRV FDED
7KH DUWLILFLDO IDXOWV ZHIH O/DERHAD,
7KH (35 FDEOH FRPSULVHV RI DQHMO:
VHPLFRQGXFWRU OD\HU DQ (35 GXBWR
OD\HU D VKLHOGHG FRSSHU VBABILUSD QG
SRO\YLQ\O FKORULGH 39& VK(HBWKD EC
VWUXFWXUH DQG D VFKHPDW IDRURIVWREC
)LJ

IPEC transfer function (V/A)

o =2 N W A~ OO O N ®©® O
T T

7\SH

(35 OD\H
,QQHU VHPLF

10° 10 10 10 10

7\SH Frequency (MHz)

$OXPLOLXP 7\sH )LJ +)&7 IUHTXHQF\ UHVSRQVH
2XWHU VHPL sEP Ase . CEélglo
7\SH = %4E }
:RXQG &X WD =3 :Ijl |D:|
39& RYHU 7\SH J_ / 0 * U%O

&y

yLJ 7KH FDEOH VWUXFWXFEMDQG WKH DUWLII ¢

'"HIHFW W\SH VLPXODWHV D YRLEG
RYHUVKHDWK WR WKH (35 L QV2GDWDMULIRI

> -CE)(;E/]UI,i Eﬁ]

WKURXJK WKH IROORZLQJ SURFWG XD
JHQHUDWHG E\ D SUHFLVLRQ BFXC [] t] v
%RDUG 3&% GULOO DQG D MRS SHIH \ ] u%dl &

VHPLFRQGXFWRU IL[HG RQ WKHSHLMFWX(
"HIHFW W\SH VLPXODWLQJ DFSRL(DR;VMB)LJ ([SHULPHQWDO VHWXS IRU 3' PHDVXUHPHQW
ZDV FUHDWHG E\ LQVHUWLQJ DO LERVELWRH WHU 88 %ROWIH ZDV LQFUHRMHG 11U
FDEOH 7KH GULOO UHPDLQV YR SMRXW#¥W ROWH WKH3FRQGXRWVYWHSY Rl N9 VWS WF
'"HIHFW W\SH VLPXODWLQJ DWIOR BYWRIDVEDRWUYRVL BEGIRBW WASHV  OXBQEBDV W
FRQGXFWRU ZDV FUHDWHG E\ L @\KHHURODEXIHD VB1&H6UGWHBOY RQWR JH R MWW HS H3S AOK
EXW HQVXULQJ WKDW WKH FRQBKHVEIUY I S\OHHVRDERPER W RARWPKH ZDV NBODQG
'"HIHFW W\SH VLPXODWLQJ D DFAIEH KD BIDOD H PAH O@RDOHG |RU HDFWWRIV WD Z K
LQWURGXFHG D EUHDFK LQ WKHH RPOEBWEYVHRDWRQIGHF WRBKRWWVW Y RO VB HFRM VWK
UHSOLFDWH WKLV IDXOW W\SH | DRPDWKEBRPRTLAP ZDEOFHXW

39 & VKHDWK WKH VHPLFRQGXRWYWRUDDHIHURE QW KMKH DZK IGHDOVMEL 3' WUDQVHE QWR S X(
'"HIHFW W\SH VLPXODWHV 3' IURW RQWHQBUWWHPE QBIWVLRYHWYV IRAHIHFW WWSRIR/ R
JHQHUDWHG E\ FRQQHFWLQJ D/GBHWHRFAWRREORNWHIEBPWHSHU WUDQVL HQWO BRWWIEV
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IURP WKH GDWD IRU HDFK GHIMFMW WARHVIRU IXUV(|§ %

DQDO\VLV UHOLHG XSRQ IHDWHGHLE@[WHKBFWLR VFXVV

IROORZLQJ VHFWLRQ (' LUHSUHVHQWYV WKH UDWLR @G GHVMDHQHKQ

7%9%/ ) RI WKH RULJLQDO VLJQDO \REB LRUPXEDWR

3' 7(67 92/7%$*( $1' 180%(5 2) '$7%$ 6(76 )2& [ $7&+3(()(
'"HIHFW 6XP ' 3(& W
WASH N9 N9 N9 N9 N9 N9 N9 N9 N9 ( L T
7\SH 3[ W
7\SH ($ UHSUHVHQWYV WKH UDWLR RJ) DYHREDQGHW
sk HQHUJ\ Rl RULJLQDO VLJQDO [V WKIRZQ UPY
s HTXDWLRQ
7\SH ($ 3% w

& )HDWXUH ([WUDFWLRQ I w

%DVHG RQ WKH VDPSOHV RIFBDWUHQWLMQVMOS&QBW(VLV

H[WUDFWLRQ ZDV FDUULHG RXWWHU ¥ KRIFWK %@WWR%%BBEVRQ R 1 WK HVEDAYD ZID
H Rxq
?

VLJQDOV ZHUH DFTXLUHG 7 KHQ3/LS Ko o e

WHUPV Rl WKH IROORZLQJ  SD@PHWY

WLPH > IDOO WLPH > SMON P SHIHFW WAWHW DRGVRRQW
@ @ DWD S/RVWWRI® RQRI

YROWDJH URRW PHDQ VTXDUHHYQ® WY R\ - 5 Rl WHKH 38 BMRODBE 3
SHDN SXOVH YROWDJH VNHZQN\XM\RR\S ' %g WUXFWHGJD(R/I-H.%H{UWZ
SHDN SXOVH YROWDJH YROWDMWXGEWHHN QLWXGH WRG 7THCFXL Y

506 YROWDJH IRUP IDFWRU 506IRYEL [ %glvVHG IRU RRBKLRI)WKH SD
a X

IUHTXHQF\ Rl WUDQVLHQW SXOQW \WKBP

OHQJIJWK 7 > @ HTXLYDOHQV\GE‘DQKIZBL
PDIJQLWXGH LQ SLFRFRXORPEYV

I
3
=
(@] L
,Q DGGLWLRQ WR WKH  3' IHDW\XHGVF x
7UDQVIRUP :7 DQDO\VLV ZDV DSSRQYB .
> @ 7KHLQSXW VLIJQDOV ZHDHGMFEF(PSRVHGDL(QWRNML\XM O7|_PH PG 7LPH PV
ZDYHOHW IHDWXUHV ZHUH HVWIIEDW RKRC VE
)LQDOO\ W\SHV Rl 3' IHDWXQBVZH o
DSSOLHG DV WKH LQSXW SDUDRMWNMALY R
PHWKRGV %311 690 DQG &11 S 1.
7KH SULQFLSOH RI GHFRPSRVLWXBQVRRIB‘ WR H[WUDFW IHD o
WUDQVLHQW 3' SXOVHV LV VKRZQ LQ )LJ E GHIHFW W\SH 7LPH P% 7LPH PV
T " T T
$SSURD[|$ SSURD[$ SSURD|[$ SSURD[$ SSURD][ B 8
$ $ $ $ $ = 2
[2ZUL]] AN A A ] A o o
VLJIQDY g g
"HWDLO '"HWDLO 'HWDLO 'HWDLO 'HWDLO 4 o
¢ c - G e * FGHIHFW WISH  7LPH PV 7LPH PV
I P T T I
yLJ 3' IHDWXUH FRQVWUXF@/NRQ ERD\AMDJDWLVEQ 118X \ a
WUDQVIRUP =
,Q)LJ WKH RULJLQDO WUDQM$R|‘(QN\G§_ I~
OD\HUV EDVHG RQ D GE PRW KHY{D AMDVWUHAY ‘ @
WKH VLJQDOV ZHUH FRQVWUXHWW@@MERU@QWQ/ WI—RHWVK/H ;DY7HL9H g SLen by
$. UHSUHVHQWV WKH DSSUR[LPDWHUFRPSR\I W \c
UHSUHVHQWYV WKH RHSUHQEQVW\LJ/QGOG@N[ 3
HDFK OD\HU =
ZDYHOHW IHDWXUHVaDEH(RDHEH G aDvx( &
(" DQG WHVSHFWLYHO\
(G UHSUHVHQWVY WKH GHWDLOHEXBGRHRL Rl © BWHIwlw\sW K H LPR Upv TLPH PV
ZKLFK LV VKRZQ LQ HTXDWLRQ )LJ 2QH VHW RI 3' UDZ GDWL DQVL RQMW \8 XSL\FHD ORB)' |
Rl FDEOH GHIHFWYV
(G 3GV JURP )LJ  WKH IROORZLQJ FRQIAD/MXVQ R 8/
(RUHSUHVHQWY WKH JOREDO GQHRBRI\ RNSIK\HULIQ WHE IRQEX3' W\SHPL OIDQ EDWXHVKBU
LV VKRZQ LQ HTXDWLRQ 353" SDWWHUQV RI WKHVH | DXOWKHRYRRIHDS

LQ VHFWLRQ ,, $ 6HFRQGO\ 3' WK&H D
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GLIITHUHQFHV WR 3' W\SHV PQG D) R WD FsFoHY RAXWL RQDO O D\HUU DV WK WHLDW Xrd)
353" RI GLVFKDUJH PDJQL WXGHD @®WRDYRRPWVYKIHRU WUSH PDWUL[HV D@AVRDE WWHR HR\
ORZHU GHJUHH RI RYHUODS ZLWK 3' W\SHWVZ IHIDMAJH PDSV 7 KH VWUXRQNMNRIGIXIWYL R K
JURP )LJ DQG )LJ LW FDQ BHWMKRD \WHBWDO WHKKSLVWULEXWHG ZKMW KD BEIRRIOWQJ
VDPSOHV IURP IDXOW W\SHWHUEGUHERHDIOEEBY Y KRW SPHVRY |HDW XUS -8V XDGIE ZU B
PHWKRG HYDOXDWLRQ DV WASHV KLJK GHIUGQBOR | RCBHWHIDIE D QXSOXQLF R QB AW
PXWXDO VLPLODULW\ EXW FRKI® ® WKHELEG BAHBYK VVESESEOIUHRE WR HV W LRRD W/HK WV K BAV3J DF
WASHV IHDWXUHVY VHTXHQWLDOO\ FRQYRQIB EDQRX
$GGLWLRQDO DQDO\VLV ZRXKIG DX OWTSRBENGQY ROWHEDYVDWR WRVW FDVHRJI QL ML EQ
7KH &RQYROXWLRQDO 1HXUDO 1HWZRWN WHRPANKRBUZDW UWHOQHEWHEY D JUDGL@ QW

RXWOLQHG LQ WKH IROORZLQJ VHFWLR®PXQGDPHQWDOO\ &11 LV D PDWKRFHDVWWIHNVD O
UDZ LQSXW WKURXJK GDWD WUDRY LRMAPD)\
UHGXFWLRQ ZLWK PXOWL SO N DWHYHOINWLR @

1000 __.. eyt e e e e
500 b ; 5 ; :

-1000 ! : o
-2500 &

)HDWXUHV 3" W\

)HD )HD ) HDWX
) l PDS PD@ PD@ PDSV O
Smm r )xooe

Discharge Magnitude (pC)

A0 &RQYROXWBRROLQJ & RQY ROKRQA. RQJ FRQQHFWHG

,l':—L )LJ 7KH VWUXFWXUH RI &11
At i : 7KHUH DUH PXOWLSOH NH\ IDFWRWQ ZK
N S . . UHFRJQLWLRQ DFFXUDF\ Rl &111 QBWZRGNQ

OD\HUV WKH VL]H RI WKH FRB YRR OAMLR@ID
IXQFWLRQ DQG WKH SRROLQJ AHMIORRZDYJ
VHFWLRQ

20 % 7KH 1XPEHU RI 1HWZRUN /D\HUV

v 1l > 1ronBl > 1on > e " " &11V KDYH D VSHFLDO VWUXFWRGHVLRIZK
WKH DGMDFHQW WZR OD\HUV GAIHVORED@ 1

Equivalent Time Length

AOf
0 5

)LJ 353" RI WZR SDUDPHWHWVY RQOOVYH W\SHW
E HTXLY DOHOW WLPH OHOIWK RI 3! AFWHBY XVH VKDUHG SDUDPHWHQWRH PRIFR}
FRQYROXWLRQDO OD\HUV RU SRRGILQJ
. &2192/87,20@85$M(7:25. FKDUDFWHULVWLFV JUHDW O \ PGRFHLHD VHHE X!

&11 HYROYHG IURP WKH VWUXFWIXIRJQ!\”ﬁH

'l:%((\)qﬁw RUN RWBIDL QLYW L
VAVWHP ZKLFK KDV WKH DELXOWN BVRGW D N L

DV P D MRIX DB QX
EWBUH QHXUDO W HRWZ RLDNWX T

%Y\O(SQHWZRUN oUWV L

WR WKH EUDLQ ZDV SURFHVVHG IEHO\GV

PXOWLSOH OHYHOV > @ .Q RVPGY ié ?73/ gSDELOL\MIQ-\VERW&WK
| V UHTXWMBIGHM D QGUW

1HRFRJQLWURQ > @ ZKLFK L\IZ)\[D-IUI-Q}-II WD YROXRHZUD\D—WJD]_I'—V

QHWZRUN ,Q /H&XQ HW DQ@VW ‘@\ ; K

FRQYROXWLRQDO QHXUDO QHWZRUN \/v

LU[?_L&&? |®U YRDBYHUY D
JUDGLHQW EDVHG EDFN SURSDJDWLLARH T v> B@HQDSE"&”KZO'ESS'W
WUDLQLQJ ,Q _UL]KHYVN\ HW Do

DA

FODVVLILFDWLRQ FRPSHWLWLRQ VXP H Y % 'ﬁ Ug' RIQLWQR®Y Z RBUNI H

5HFRJQLWLRQ DQG &KDOOHQJIH ZL DW HGH ZQHVKZ RAKM
LE WHU@ EHF RKRY MQ. B

ZLGHO\ DSSOLHG LQ LPDJH UHFRQQRW
EHEDXVH RI WKH H[FHOOHQW IHDWXUH QMDY 9§‘|§{ HFWXUH
$ 7\SLFDO $UFKLWHFWXUH RI &11 & TKH BL]H RI &RQYROXWLRQDO HUQHO
Q EO F RI WKH &11 FRGNRGXVRIF
UQHOV DRQ. GU RFKHY YR
NHUQHO | FRWXBB Y
U O HIBUI ©OIMMXW AV RDS
WD LV WKHQFVW{ENMNFYR
R JHW WKH RXWSXW IHDWXUH PI

DOWHUQDWHO\ FRQQHFWHG FRIMRIO X WL
IXOO\ FRQQHFWHG OD\HU IRO RGN \VLQ
&11 LV D RU GLPHQVLRQDO RU
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$Q H[DPSOH RI ' FRQYROXWLRQ LV WRISRIZQWIQRPLV\VWIISP LV DSSO MVHELWP & ROIA;
FRQYROXWLRQDO NHUQHO FR{DVROWHH & LIRMKKW KSRROLQSXAN. QGRZ Z L WWRL @ @H | HEDWWOU
WR SURGXFH DQ RXWSXW IHDWRUHGED®FKLYLKHO SXQNR/\UBEXFH WKH \DIFJKL RY HHD W
JULG 7KH FRQYROXWLRQDO NHUGBW XERDRO ¥ HR IUGID VIDGEIGP WV DRQDO L W\ UHGXFWL
GHWHFWRU WKHQ DOO WKH XQKNVV DR} [3 MDA VP VR RHH\BHFWUHQFH LQ WEHWK | HF
EXW DW GLIITHUHQW ORFDWRR®@V LQ WKH5LQ$XWQWDBRRBILQD\DSSURDEKHV HRIWVODUPE

7KH VL]H Rl WKH FRQY RO XW URRDPD { ASIKIRMML QUI HFQW®/ DWKHUBHBH SRROL QJRBOM QUKH
IHDWXUH GHWHFWLQJ GLUHFWRP'SCOHUWRMWKRGWEH PD@HULDO F
HDFK FRQYROXWLRQDO RSHUDWRRMWQFPRLD VEKH PRGWROLY\HGYKHDW X UH H@/HFWAD WE
OLQHDU ZLWK WKH VLGH O HQQW® R WKHHZRADURD XMW R QDKH NHD U JHVW. § GRZ WV R LR KIE
FRQYROXWLRQDO NHUQHO LV WRHIROVPWRKD RXWKSXQN WKBWUH PRG H[DPSWHKRR MK
VXVFHSWLEOH WR LQIRUPDWHBW XWRIVY HIRMRWEGLSURENVY R 17 SRROLQJ RPQBRZ J
ZKLFK ZLOO QHJDWLYHO\ DI Q4 B\WUWKYP BIREGRVRIO ® HEH FIROWXWH RS L DJ UDP \BRIG JWBIDMAH
I WKH VL]H Rl WKH FRQY RO W\WHRFRPS XWAIMIE®ODY WRRKEZLQGRZ WR JIAQHSRWRE LD BF

FRVW UDSLGO\ LQFUHDVHV > @ GLVFDUGY QRQ PD[LPDO IHDWXQHWEBRWER @
2XWSXW DIWHU FRQY RO X/ RN/
QsXw
. HUQHO~I pp H EP FQ NOLQJ
DB F P HS § 1S JT
H 1] ® %=
SITE ™  HP 1| IPJQ
LLMN LS| MS NT
&RQYROXWLRQ [ bps \)M
yLI 6DPSOH RI FRQYROXWIYRHY DLW KNDIUQHQ SHRQ VHIDV XEHR QY RO Y HG | HDRWOHG | HDW XU H
PDS WR SURGXFH D T IHDWXUH PDS yLJ $Q H[DPSOH RI PD[ SRROH\QDUFRQLRIOGHES LI QD
© 1RQOLQHDU $FWLYDWLRQ )XQFWLRQHDL\JNHXJLIJ_'—I?VQV DQG WDNH WKH PD[LREWRIQHDKK BRRC

$Q DFWLYDWLRQ IXQFWLRQ LDUKWHG WH RHMBEPRGKEH QRROLQH PHWKRG WQSMKWV W
&11 ZKLFK SOD\V DQ LPSRUW DIQNV SDROMIHDNRXG HW HURLIALQ WWH SRRO L VHQ HGBRZ WE
UHFRJQLWLRQ SHUIRUPDQFH R{BLXKOPWRRQ®D QHIW @XM LRY DWHH | HDW X UFRAW L QY KWK F
FRQWDLQ K\SHUEROLF WDQJHQRQIXQHNWR PFHEPQRYDWILRBRRIGGDWD FRDQ DRVR UHVXO
OLQHDU XQLW UHOX > @ 7KH 5DQN EDVHG $ YHUDJH 3RROLIO\ 5%$3
*RRJOH %UDLQ SURSRVHG D QHY DWASRIQ GG kD WIHWSIEGR PEWR Rl WIRM) GRXVHGE KV
IXQFWLRQ 3VZLVK" ZKLFK KD\ORRQHUS ERMER}IG ESRQRQJ DQG PD[ SRROL@I E\ Z
DFFRPSDQLHG ZLWK VPRRWK DQGWYRCF ?PRHAFAVRQAMF ERDWKIHWVIRROLQJ ZLQGRHE > @
> @ SRLQWHG RXW WKDW GHH @HFMLQYEAVLIRERE B PWV ZRIWHO VERRO L QJ DIEH DRUHH BUDY
IXQFWLRQV KDYH EHWWHU SHUIRMEDQHGIHWWKIBR® IMUHREPGEHPN BV LWIHBWRUBY VKV
DFWLYDWLRQ IXQFWLRQ DQGHWKBRL HEHNGMEWD WH VEQ MY LOBX®BGE WKH QRQHPD[LPD(
GHHS QHXUDO QHWZRUNV XVLOQONRZUQK Gl VPBKWE \L YPPOIOSRROLQJI > @
ZHUH DGRSWHG FRPSDUHG ZLWX H®A®UDO QHWZRUNV ZLWK UHO
$V WKH VDWXUDWLRQ SURSHUWHN RVKMLJFPRIEG 1WaHEWRLREY7 kP &2*1,7,21
FKDOOHQJHV RI JUDGLHQW GLWISBHRQUDQFRPQG KLIK BRESK 66
LW LV GLIILFXOW WR HIIHHHSY BIOX WD ODQEKVZHRO BLPK DMMRIRI WKH &11 EDVRGQ 3' S
ZLWK VLJPRLGV > @ 7KH WDmMK VIQPRDMQRKDMD ¥ LPK YROWDJIH FDEOHV LV VKF
FKDUDFWHULVWLF WR VLJPRD\GW HLUQY UG FRKMHAE R®EPQO VWHSV H[SODLGHWKH GUH"
DFFXUDF\ LVVXHV ,Q FRPSDULWRE ORQHBWBIOE DA WDHQKHYV RI DUW L LIQF (30 ADROH
XQVDWXUDWHG FKDUDFWHUL VWLYRU RE O HRIUW & X W KX Q AVDL W& HL © D E R UBDWRI | IDRYG 3W |
PDNLQJ QHXUDO QHWZRUNV FR®PHWIHWMH/VBIOQJ ZWA/HFROQOWFWHG
ZHLJKWV Rl QRGHV Rl WKH QHXDADQRQHWIRUNYV ZAKNMK H[SEXLPHQWDO GDWD ZDV S
XSJUDGHG GXULQJ WUDLQLQJ [KH DEAGHIBYROQEAHRHEFXWUDFWHG
RI DQ XSSHU ERXQG DQG WKH VPRRWHKWHIDRG QRMNPRORWRIQISF IHDWXUH® ZHUH
FKDUDFWHULVWLFV DUH WKH DG RQORWIHDRARAR RIMKIH @ ZD Q& WKIQH | HDW X UMK B U H8 X\ H
H[LVWLQJ DFWLYDWLRQ IXQFWLRQV 6 WHS 7KH 3" IHDWXUH GDWDWAH\RI BRQV
WUDQVLHQW SXOVHV ZDV HVWWEOL®KBG »
( 3RROLQJ OHWKRG DQG D WHVWLQJ VHW 7KH UDMWQR \RFHWNKW |
$V WKH RULJLQDO LQSXW IHEWXUWRH ECORMPRNHY O P @iy Hz %P
WKH FRPSXWDWLRQDO FRVW PIXHEHARPHEHMNGEVVEYXH ki1 PO PK L WHFE W X DO Z [DIWE R
IURP RQH FRQYROXWLRQDO O DKHUSRBRMRGAAIT W Q) PBRSYNHRIRUPHG 7 KFRGUDIBY HQ!
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XVHG RQ WKH WUDLQLQJ VHW BMRY GHIFQ HBRHD WKRIQIQWEFRUH @ MWDAHHU  UHVXOWV DUH
SUHGLFWHG RXWSXW DQG WKHK: DF WRBE GRXWBKKY QU BHLD RQ WHWZRUN ODWHURI LQ
7KH LGHDO FKRLFH RI WKH SDYPPHWHMYV1 MQF OXEGLWEHVKHIQUHQFH GDWD/N LRIO
QHWZRUN OD\HUV WKH FRQYR® YWY REYGRIQN HWQWDQVY LDB VRV KIQ U HD VSO H HOLSMB LLC
IXQFWLRQ DQG WKH SRROLQJ PHWKRGW PIHUM GHWWHKRUGHBU H V DPISIORHKV LIVQ DW
6WHS 7KH SHUIRUPDQFH RI WKH &UIHO BDALHGIB! VFIDWWHQRPEHU \RKIM ROVHBD
UHFRJQLWLRQ PHWKRG ZDV HYDOXDWHGKR®@ONXK EWWVHMO/DWL WHOA VPDORQJIS WRHRZ (
PRGHOV JHQHUDWHG WKH OD\HID& D13KDV
3’ WHVWLQJIR) "DWD SUHSURFl 3 | ipwxUH H{wuDSDIWWHUQ UHFRJQLWLRQ DF F RUWDHR RI@GE WLKF

W\ISHV RI LQ =X DQG 3' SXO=w
GHIHFW HiwuprFwir| PQC QRUPDAQLIDWHEE Y ypF\ IRU HYHU\ W\SH RI GHIHFW

P m
7UDLQLQJ H?D 3
7HVWLQJ GPWD VHW 1
6HOHFWL| 6HOHFWL| 6HOHFW L
H J

$ FFXI

WKH QX|P] WKH VLU]H WKH W)\{
RI QHWEHFRQYROKY DFWLYPWLRQ
OD\HU YV NHUQHQ IXQFWLRQ 7KH OD\HUV RI &11
& 11 EDVHG 3'[SDWWHUQ 3" 7\SH - 3' 7\SH -= 3' 7\SH
UHFRJQLW[LRQ —- 3' 7\SH 3" 7\SH —— 7RWDO
7UDLQLQJ DOG )LJ & RPSDULVRQ RI UHFRIQWWLRQIHUYNRW RIXRHH
SDUDPHWH 7 KH OD\HUV

RSWLPLILQJRSWLPLID (\SNHKOHH'S:QF_(;{I?QF;I
&1l RI PHWKRS v.t % S5HVXOWV RI 3' 3DWWHUQ 5HFRUGRQWLRC

SDUDPH | 7KH UHVXOWV RI %ﬁLQ}gROXWLRQDO HUQHO 6L]HV

SDWWHUQ UHKHFRJQ
KLV VHFWLRQ VKRZV WKDW &11 ZL\
)LJ JORZFKDUW RI 3' 3DWWNQ@5HFRJQLWL%—QRF(?VIﬁ%XWLRQDO NHUQHOV RI \ZLL]\NKQTQ
, FRQGXFWLQJ QHWZRUN WUDL QLRQUIPDQEHKD
9 5(68/36°(93/8%7,21 RZLQJ WR D VLJQLILFDQW LQFUWBERHNLQ
,Q WKLV VHFWLRQ WKH 3* SDRVVERU Q RABIDBUWYHRQ HRPSPYMG wR  &11  zLwi
KLJK YROWDJH FDEOHV ZHUH HY BO XDMEHSy RO WMHGY0 RN FUIPEOV RI VMWW HUQ
QHWZRUN OD\HUV WKH FRQYROGWWYRQYRHERXDY QMR QVbHV XWHY RI & 10 ALWKVFRE
IXQFWLRQ DQG WKH SRROLQJ PHWERGHG WRVKHBRRUEHUNMHOWHG % DVINGRRQ WHHH
DSSURDFK ZDV FRPSDUHG ZLWK WKH yWpREYWLHRPEWz RENW KRSV UV Z 5\D WBIMHWRU
%311 DQG 690 VHWWL QJV DUH WKH VDPH DV Wm\ww VKR XQ
7KH FRPSXWHU FRQILJXUDWLRQ DWNQBYHI RRRAYY Q WKH RSHU
VIVWHP LV :LQGRZV WKH &38 L¥XHQWH™
PHPRU\ VLIH LV  *%
7KH RSWLPDO VHOHFWLRQ RI QXPEHU
FRQYROXWLRQDO NHUQHO VL]HRMPGWQY Dg
PHWKRG LV REWDLQHG E\ VHSMIIPW HDM[ISRIt:
Rl RQH SDUDPHWHU ZDV FDUUL BG DPXW HEU \»
FRQVWDQW DQG SUHOLPLQDU\DWHR® MKH:}
VHDUFK UDQJH

$ S5HVXOWV RI 3' 3DWWHUQ 5HFIRIUQLQW. RC ' R R N

&ROYROXWLR
1XPEHU RI 1HWZRUN /D\HUV yLJ &RPSDULVRQ Rl UHFRJQUKYGRQI HWHW®RY RR @R

7KH SHUIRUPDQFH RI &11 ZLWK GRUNNHQ@WOYXPEHU RI QHW

OD\HUV ZDV WHVWHG 7KH VWUXFMO@WH KH MbFk Bh iWKHG FRQY RO XWL R@EAV NHL
FKDUDFWHULVWLFV L H WKH VD®OHDQRPEHUWR R FHRONRRY KW BREDWW HURI GHARJQL
SRROLQJ OD\HUV DQG D VLQJOH RXOOYPRROQRREHRO XWLRE@DO NHUIHDOW XALHH
FODVVLILFDWLRQ ,Q DGGLWLRQVKWMKHZRHRWIDFOMLED PPHAKRIGSUHVVLQJIHFDSBIEL O L
DFWLYDWLRQ IXQFWLRQ DQG FRRQ YRWHVRYFEAXWHRO HOHYVRHORVLIH ZLOWLRDXVE
DGRSWHG 7KH ILUVW &11 KDG O @DWHWRPRPRJYROXW. R EH VHHQ MR WILKRQ
SRROLQJ OD\HU DQG X000\ FRGQGOKFeHdE XIPHURI Wkl YHWK D FROQYROXWLRQDO
OD\HUV FRQYROXWLRQDO HSRRHBLQP@®G I IXYO\ FRQQ DQG UHVSHF
XS WR WKH ILQDO &11 Rl ODSRROL IR OKWARRGDOWKH WUDLQLQJ WKMAHR ®D & !

= 7UDLQLQJ WLPH
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NHUQHO VL]JH RI 7 1 DQG 1 ZDW GLVFXVDEG 5$3 KDV WKH DELOIHV\ R¥R P
UHVSHFWLYHO\ $V WKH VL]H RIOWXKDBNYFRONYROXRRRQPD DRBURD|[ SRRAKQS $ BHV X
LQFUHDVHG IURP i WR 7 WKRGBDEBWHVWOQQIHRRHMHIBMVYW 3' SDWWHUQ BHKHARJQL
Rl &11 LQFUHDVHV DW ILUVW DQ@G W/HRHGH LSIDDOV HIDXWW HURZ HYHHF RJ QL WL R®) LDF F XU
WUDLQLQJ WLPH KDV DQ DSSURUIRFDWHKIOX DL @KIDRKLIQF UHD\DH) G EHW VRISW MQKD Q

&11 ZLWK FRQYROXWLRQDO N HUIQH® VD] HS RROL QWDYQW KH HUDJH SRROLQJ UHVS
SDWWHUQ UHFRJQLWLRQ DFFXWD@Q?%WH% Véixg(/

ZKLEK PHDQV WKH EHVW FRPSUHKRQVL L%F e 1R SHEAOWV DQG
SHUIRUPDQFH 7KH UHVXOWV KB Gl GIPM K§l RIRWW JRLQJ DQDO\VLYV

FRQYROXWLRQDO NHUQHO VL]H RQ Wﬁdﬂ- | $HARDBRW PR Q8 RRORQIR

SDUDPHWHU FRQILJXUDWLRQV RI SRIROL@ Wt

& S5HVXOWV RI 3" 3SaDWWHUQ 5HRARUMOMIZRQRbEWL YDWKRSO IXQFWLRQ DRRBIFRQYR

$FWLYDWLRQ ) XQFWLRQV 7KH FRQIXVLRQ PDWUL[ IRU 3' &8DWWMUQ |
7KH W\SH Rl DFWLYDWLRQ IXQRWWRQWERSQLIHE )YWURQJIO\ DI
HITHFWLYHQHVV RI &11 SDWWKLUQ SIDSFHRISM MHDRQEH @HHQ WQ )LJ KIR1K GHUIBIRW |

SDWWHUQ UHFRJQLWLRQ SHUIRBERDLQMEWRBRM 1AL WKWK JRXWL. PLODULW\SK)DPHARN 3'
IXQFWLRQV QDPHO\ WDQK VLVYPRRRSDUBHEKUBRGRY HRUK XYDRQ DPRQJ WRHUBY X DWW
XVLQJ D FRQYROXWLRQDO NHUTIH® KH RIWVSHUH X W IBHVDLRQG DUHRI GRI MAWM W\ S
SDUDPHWHUYV DV RXWOLQHG LEUWHRMRZRPEHWP LVKIE HGWKOWNG DV WI\SN Rl GRIHFMKF
)LJ WA\SH ZHUH PLVLGHQWLILHG DM LWVWSHVKH:
JURP )LJ WKH VZLVK IXQFWLBQ D<PD/O DV LKA REKHWS 3SDVOWHFWLRQ/RQ DRG WYH
UHFRIJQLWLRQ DFFXUDF\ WKDQ BREWV VDWHKREDKWHR RWEHBRYWHKRYMHUDOO 3UBPWWHUQ
IXQFWLRQV

B VZLVME UHOXI WDQK VLJPRLG ; a&a mi mi mi mi ‘g‘g
— i a i i i | ow
= R ] ) 2 ) D
> o Pt a i i | oo
N Li|l® |® |m |® ® |
” S
A &z i i i fi i D
sl ® ® B | ® ® ®
i i i i B ()]
il ® ® ® w» |e® | w0
3' W\SH oD (a0 |G |@® | b | oo
yLJ & RPSDULVRQ RI UHFRJQLWYRQJDFBPRUWRNMDWILRQ1L| ® |80 o | | ® oD
IXQFWLRQV 5 fi

' 18 %
SHVXOWYV RI 3° SDWWHUQ SHFRU@'UM)Q'?\Q Rl &SlD]WQIMbg&ODVVLI[LFDWLRQ FRQIXVLRQ PD!

3SRROLQJ OHWKRGV ,Q RUGHU WR LOOXVWUDWH WK HNDYWRD |
,Q WKLV VHFWLRQ WKH 3' SDWWHH@IDEBRIQLWLREQ BHWIRUPWKH W G IWRDODRUL
&11V ZLWK WKUHH SRROLQJ PHWRBGWKHDXHUPIBIDBORKOILHDIW XUHV DQROWMH RYD\
SRROLQJ DQG 5%$3 + DUH FRPSDUWGRQ@BHHD RWRMDWLR® WEF GLPHQNWRRRQRO> S@D
DGRSWHG LV VZLVK RWKHU SDWKRIMHIUE DWN XGKH VIDPH DRRZQ LQ )LB LV D KH
VHFWLRQ 9 & 7KH UHVXOWV DUH VKRZQRIQQROL@HDU GLPHQVLRQDOLW\ UMGXFWI
LQIRUPDWLRQ RQ W 61( FDQ EH IRXQG LQ >
Q)LJ LW FDQ EH REVHUY HG PN K®N H3DV
W\SH DUH JURXSHG WRJHWKHUSD®HW $H/ RL
H[SHFWHG WKH GHJUHH RI RYMQBLDS MR
GHIHFW W\SHVY DQG DUH SDUWLFXODUO\
7KH YLVXDOL]DWLRQ UHVXO W AR XMIEXVF IE
&11 DUH DOVR VKRZQ LQ )LJ FOUIRP QXK
REVHUYHG WKDW DV WKH QXPE HWQ RW HIRHWVR
WKH VDPSOHV PDWFKLQJ WR WKHHILYH
WS VIVWHPDWLFDOO\ PRUH VHSDUBWHEGWE&HWVH

yLJ &RPSDULVRQ RI UHFRJQQWL%@MU@UWM&W FRQYROXWLRQDO ODWUN\WEKM RDXM
JUHDWHU GHJUHH Rl VHSDUDWLGID W KDY X\

JURP )LJ &11 ZLWK 5% 3 KDV WKHyKbE(HMMK 13 cERWWMH L QDWL RQWRI YWB\H® DU
UHFRJQLWLRQ DFFXUDF\ IRU HYHU\$W\SH RI 3' IDXOW W\S

B 5$3 W 0D[ SRROM @GIYHUDJH SRROLQJ

$FFXUDF\
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$IWHU EHLQJ SURFHVVHG E\ WKHHWUHRARRIEG FRQYRKQRWIZRYDO O DQG % 3EHW W H L
UHODWLYH VHSDUDWLRQ RI WKH DOWYHK DIDWSDHES R IUBWSHFEW LIYWHO \

WKRVH LQ WKH SUHYLRXV FRQQROKIWILRDPDD GIDIECY BOWHUHEHRI &11 LV WKBW WK
E\ WKH WKLUG FRQYROXWLRQPOX® WHWUDKE L\JIP®Q AHSIKQ\W %311 7KH WUDLQL
PRUH FRQFHQWUDWHG DQG GLIIHUHXMWHFRDEMV URPG HPRK WWEHQLQJ WYPH KH % 3
FRQWULEXWLRQ RI HDFK FRQYGDWWIL RPL®IOD\GU WL RHIRWRB90 LV WHH ZR Q/&V

WKH FRPSOHPHQWDU\ VDPSOHV REWVK&1 1L Y H HMWSHAW IRQJGMLIRH IRU GL1IHDEBQW Pt
YLVXDOO\ LQGLFDWHG LQ )LQFLSQ@H R6WKARW LAQHVWKRMKBQL VHFRQG

OD\HU ZLVH RSWLPL]DWLRQ RI WKH GHHS QI—bXUD(g)ZQE)NBZGRy_JI}IB, 68866 216

$ FRQYROXWLRQDO QHXUDO QHWZRUN
PHWKRGV IRU 3' SDWWHUQ UHFRIQLRVLRQ
LQVXODWLRQ GHIHFWV LQ +9 FDE®HV K
SURSRVHG WHFKQLTXH ZDV FRPSDWHGE ZL W
%311 PHWKRGV 7KH FRQFOXVLRQV GUDZQ
X 7KH &11 EDVHG 3' SDWWHUQ UHFR
D V\IIIREHISG/LLJRLQQDO |@DWXUH VSDFH O D\RU  E vw erARBRRYHEHG LV SURYHQ WR EH HITHFWLY
o VHWV RI 3' VDPSOHV REWDL QHGDB[GHUL

> SDWWHUQ UHFRJQLWLRQ DFFXUB®F\ RI
z W\SHV RI GHIHFW LV DQ LQFUHDVI
2 UHVSHFWLYHO\ FRPSDUHG ZLWK %311 |
X 7KH SURSRVHG &11 EDVHG 3' BDWR/HU

HITHFWLYH IRU GHIHFW W\SHV ZLWK
L PHOVLR L PHOVLR H[DPSOH W\SH DQG W\SH 3' 7K]

Q Q Q Q
F QG &RQYROXWLRQ OD\HUG UG &RQYROXWLRQ OD\HU ,
3,Q7\S_2,7\S_ 3‘?7_;H 3 9 \sh Q3,7\SH Q UHFRJQLWLRQ DFFXUDF\ RI &11 IRU C

yLJ " YLVXDOL]DWLRQ RV SDHHH RIDLG) MXCHD FIRIDYWRQ@XW L R DS G EHWWHU WKDQ %311
OD\HU RXWSXW UHVSHFWLYHO\ 7KH DFFXUDF\ZAOV&11l |

WHU WKDQ %311
) &RPSDULVRQ ZLWK WKH 7UDGRWLRQDO \/\Hﬁﬁa HE R FSIMY
OHWKRGV SHVSH W \?HSB

7R H[SUHVV WKH DGYDQWDJHV RD\GH G RYW | 6&%@ KIVK(;'Dfl—?S\tH.U\_AMHH FF\{(%V
0,

WKH &11 PHWKRG 3' SDWWHUQ UBBRJQLW E JY IXQFWLRQ DBG WKH
v

ZDV DOVR VWXGI7_$H(VG/(&RPSDUDW[D_E((]HHUHVXO XUDE\ RI WKH &11

"LPHQVLRQ

"LPHQV

"LPHQV

8&203$5,621 B) 3$77(51 5(&2%1,7,21 $&&85%3&< 5$7(6 2) ))(5(1UHFR-]Q|—W|— RQ PHWKRG

$1$/<6,6 0(7+2'6 X $V WKH QXPEHU RI QHWZRUN. ODVWAUR/ L
R sk 7\SH 7\SH 7\SH 7sh | UBEEXTIDR &11 WR FRUUHFW WKH UHIHUH®RH GDV
WASH 7LPH WKH GDWDVHW XVHG LQ WKLV ZRUN [
&11 v KLJKHVW RYHUDOO 3' SDWWHU@WKHFRJ
%311 v KLJKHVW DFFXUDF\ IRU HDFK W\SH RI G
690 v X 7KH VL]H RI WKH FRQY RO XI/Q\R QIR INFHWV

RQ WKH &11 EDVHG 3' SDWWHU@®WHFRJ
JURP 7DEOH RYHUDOO 3' SDWWHWH R F RAQ MG REDRHWK BDFRQY RO X WK RDD® QVR H|

&11 LV ZKLFK ZDV WKH KLJKHVW DER@R\MKHF¥IDWH DQG WR KDFRVRRGH!
PHWKRGV 7KH RYHUDOO DFFXUD\N‘K[RWGQO b DVHG R@GWKH GDWDVHW WKHR@Y HL
%311 ZDV %311 zZDV ORZHVW DPRSHFXUDMKIRU WKH ILYH W\SH® RI 3' VL

DSSURDFKHV &RPSDUHG WR %311 RQG 6950 WRYWZDDO zHYWWHWWHU E\

UHFRJQLWLRQ DFFXUDF\ RI &11 ZDQGLQFFHRPYBHGHE ZLWK &11V ZLWK WDQK V
UHVSHFWLYHO\ )XUWKHUPRUK L REHU ISOSHN ALY HOMFRJ

DFFXUDF\ Rl &11 IRU HYHU\ W\SBKRVWX|HFWHZDAM WXOHO KRFFXUDF\ ULDVRI) IRDNVBI'GS

DPRQJ DOO PHWKRGV 7KH GHMHFMHM WRISHWWIL®RWILRDLRIKGEH$3 ZDV EHWWHU E\

DQG LV UHODWLYHO\ KL JK UMMNLLDWHMHRPNS DB GV R LK & 11V ZLWK PD[ SRRO

WKUHH GHIHFW W\SHV 3' SDWWUDWHYHRR3IQRRWGLRBR®D \DVRAMHPNFUHVSHFWLYHO\

&11 IRU IDXOW W\SHV DQG DB $00 VWXGLHV LQ WKH SDSHU IZFDUMHDBLH/GH |
UHVSHFWLYHO\ $V GLVF®®GV HKCD SHWHAWFWDSHVGHHFWY EHFDXVH RRUW QBRVW

KLJK VLPLODULW\ &11 KDV D BF 3D/ WBOWHPARAQH® LRQRD VL WH 3V RVHYWWLHID D WV

GHIHFW W\SH RI ZKLFK ZDEHWWHRIQEDOV ZLWK FRUUHVSRQGLQJ RINEOH

WKDQ %311 DQG 690 7KH DFFXUDSHRIVKEVYHRUHOW HEWWWLOHG IRUHQVHFHRVDY H
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WRSRORJ\ DIWHU WKH LQVXODVHIG?QURWWHPQKDVDE’WHQQWY ODFKSSQWHOO  YRO
VHUYLFH ,Q FDVHV ZKHUH WKHIBKI(DI-W: I:é/HYHORSV LQWR

3& R Q MMVERHQ PRV R HDE,
PHEFKDQLFDO GHJUDGDWLRQ Z LRIXX GHOVE \v,\_/lyngg’ WLR GV H§§ﬁ$SSHDUDQFonm@uQLQ
DQDO\VLYV :KHWKHU WKH SDWWHUQ HG R HRRMW OB BNYL 8 © | (((FKU DQW H®DW WH

DUWLILFLDO GHIHFWYV FRXOGVEI—ZID(SSOULHHGXWR-IDPANXDO GBIDHF
IXUWKHU DQDO\VLV RI RQOLQH PRQLWRURQJ 8D - :HQ =L /L 4)43%3\}&%;‘;@%%&

7KH SURSRVHG &11 EDVHG 3' spwwHU§ UHERERL kﬁggoyﬁﬁjé\ﬁLW&@HJ@DM@MQMRLM
UHPDUNDEOH LPSURYHPHQW IRU 3v\m1r5H7UEQQ,% ECOMEWU ,QVXO)HE RO oF
SDWWHUQ UHFRJQLWLRQ DFBXUDFLHMBU® vwxoq anwwmapmvmgmovmmmwoom

3' W\SH DQG IRU 3' W\SH 3'7WLYHZ DV GRIFRHRIQLWURQ YLVXDO UHHRJW@LWQEH,KJQ

DQG W\SH EHLQJ WRSRORJLADOPK wm%nﬁ@ 3\<g9 rg g U7 DBYRE RBLIR G506

QHZ 3' IHDWXUH FRQVWUXFWLRQLRQ QB7\SDWiNHY &J}i\ccd%]%mWZRur%\Do,(qmFK%Dc
PHWKRGV ZLOO FRQWLQXH WRLEBURNWHRWHOIHG WFR)IXUQM:KHUSS YHE

SDWWHUQ UHFRJQLWLRQ DFFXUDF\ > @ - =KDQJ + + 6KXP - RQDQHFRBDR L REFV

DUELWUDU\ YLHZV XVLQJ WUDQVIHUOEOHU BQWW

,PDJH 3URFHVV YRO QR SS 2FW

S()(5(1&(6 > @ ' /LX = :DQJ < )DQ : DOQJ = :DQJI & &K

>@ - /L ; +DQ = /LX; <DCIGQRNKIUIH CBYRRWLRGDUQLQJ WHPSRUDO G\QBWREXWREQYL

VHQVRU ZLWK LQWHJUDWHG RSWG_H[DJGDQ)\QGRQGﬂHEWIHF@@J\QLQQ DSSURDFK “ ,(((YYRDQV QRDJH

3RZHU 'HO YRO QR SS $ XJ SS - XO
>@ $ .ULYGD 3$XWRPDWHG UWFRDQIMM.RQ(R® SDUWLOHO. GXWKLYHQWL . $HWSJK[ 58 9 XOADE
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