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7KH OLQLVWU\ RI (GXFDWLRQ DQG 6FLHQFH RI WKH
.DODVKQLNRY ,]JKHYVN 6WDWH 7HFKQLFDO 8QLY

3,167580(17$7,21 (1*,1((5,1* (/(&7521,8&€
$1' 7(/(&20081,8&$7,216 + ’

SURFHHGLQJYV RI WKH ,9 QWHUQDWL
, JKHYVN 5XVVLD 'HFHPEHU +

( v 3XEOLVKLQJ +RXVH
e Rl .DODVKQLNRY ,678
25' JJKHYVN



8'&
2UJDQL]LQJ &RPPLWWHH &KDLUPDQV

*UDNKRY 9DORKDPBUPDQ '6F LQ HFRQ S5HFWRU RI DD DPHNEROUNRYR®78 ,
6KFKHQ\DWVN\ $OHRNHKDLUPDQ '6F LQ HQJ .DODVKIQENHEHD W& RS ,]KHY
$ELORY S$OEBHHUMH FKDLUPDQ UHVS RUJ &6F LY/ NMQIXV.\DLAINV KH)GE N BRI WG

6FLHQWLILF &RPPLWWHH 3HHU 5HYLHZHUYV

$ELORY S$OHERMKMOPDQ &6F LQ HQJ .DODVKQLNRY ,678 ,]JKHYVN 5XVV
$EEDNXPRY .RQUWWBPWQMQJ 6DLQW 3HWHUVEXUJ (OHFWURWHFKQLFD
6DLQW 3HWHUVEXUJ 5XVVLDQ HGHUDWLRQ

$0 $NNDG OKG ®KPDOODVKQLNRY ,678 ,]JKHYVN 5XVVLDQ HGHUDWLRQ
%RJGDQRY $Q@HMWHLG HQJ .DODVKQLNRY ,678 ,]JKHYVN 5XVVLDQ )HGH
(PHO\DQ@RDGLPEULEF LQ HQJ .DODVKQLNRY ,678 ,]JKHYVN 5XVVLDQ )HG
.KRPFKHQNR $OHM[BOEAW BSK\V DQG PDWK %HODUXMNDQ 5XVVLDQ 8QLY
S5HSXEOLF RI %HODUXV

.RWRQ -DHURKODUQR 8QLYHUVLW\ RI 7THFKQRORJ\ %UQR &]HFK 5HSXE(
XEiQHN 'BY3IKE %UQR 8QLYHUVLW\ RI 7THFKQRORJ\ %UQR &]HFK 5HSXE(
XEiQNRYD +$8KD %UQR 8QLYHUVLW\ Rl 7THFKQRORJ\ %UQR &]JHFK 5HSXE
OXUDYYHYD 208P 19Q HQJ .DODVKQLNRY ,678 ,]JKHYVN 5XVVLDQ )HGHU
OXUDVKRY 6HUSER $Q HQJ .DODVKQLNRY ,678 ,]JKHYVN 5XVVLDQ HGH
SHLFKMHUWW & KLHI RSHUDWLRQV RIILFHU &21'25 GBISXWORHA RA' * HWR/BIQ\ )|

(GLWRULDO %RDUG

$ELORY S$COEHEIMWLEY HQJ .DODVKQLNRY ,678 ,]JKHYVN 5XVVLDQ )HGHUD
OXUDVKRY 6HUSEHR $Q HQJ .DODVKQLNRY ,678 ,]JKHYVN 5XVVLDQ )HGH!

3 QUWUXPHQWDWLRQ (QJLQHHULQJ FOMAWRQRQLFWREFEE GIHOINFRF
WKH ,9 ,QWHUQDWLRQDO )RUXP ,]KHYVNt 5PDKWHWIVN ' H3RHERORLWK L QtJ + 1
.DODVKQLNRY ,678 + S 0E

,661

7KLV YROXPH FRQWDLQV SHHU UHY3$HREGHPYSHUVLRIQ @V EH UQY
HQJLQHHULQJ HOHFWURQLFV WHOGERPPKOLE IBXIURQY DVEE UH DM
UXP 3, QVWUXPHQWDWLRQ (QJLQHHULQJLR@WRWUR Q LKRH/O G QL W KIOQ
IUDPHZRUN RI WKH :,9 ,QWHUQDWLRQBE &RLHQWXR HR WHNMKIGRF O Q J¢
WKH ;;, &HQWXU\ ,QWHJUDWLRQ RI I6RFRQHQFHFHPEHADWLRQ DQG]RHR
5XVVLD

3URFHHGLQJV FRXOG EH XVHIXO IR U BAFHBIQRKHWW VSAHRG HQWAR Q

7KH )RUXP ZDV IXQGHG E\ 5XVVLDQ )RXEREBWQR QVRR W R4D VHFN 13 H
MHFW 1R *
8'&

,661 « . DODVKQLNRY ,678
<« 3IXEOLVKLQJ +RXVH
RlI .DODVKQLNRY ,678



7$%/( 2) &217(176

$EEDNXPRY . ( ,QHO%H&®KH RI D QRQ ULJLG FRQQHFWLRC
SURSHUWLHV RI D FIOLQGULFDO LQFOXVLRQ

$UNKLSKRY , 2 B6KHONRYQLNRM ®QDOOMHMMHRHWE IS YE GHI
IURP 79 VFDQLVWRU XVLQJ VSDWLDO VWUXFWXUDO SDUDPH

%ULNR $ &KYDQRYD - 6HOLXWLQD 6 ,YRPRWUWYLF.REH
KDQG JUDE VWDQG IRU QHXURPXVFXODU DFWLYLW\ UHVHDU

&KXJIJXQRY : .XOLNRY 5 3HWHKRKRRORJI\,@GCSRNRW ,IRFXV
HOHFWURPDJQHWLF ZDYHV VSRWIRUPLQJ

*HYRUN\DQ@KH ZLGHEDQG PLFURVWULS DQWHQQD ZLWK F
ORZ OHYHO RI WKH 96:5

.RUREH\QLNRY $ .DPDORYD <X 71BB OO/EX RUIGQF R Q YRIDWRWL R
QHXUDO QHWZRUN /H1IHW IRU SROOHQ JUDLQV FODVVLILFDYV

OHLWLV ' 6 ODVLOLHY ' 6 .D\WLQDS5HD®EWQRM BPXRDR!
WLRQ RI &23( OLNH QHWZRUN FRGLQJ LQ )$1(7 XVLQJ QV

O\WKNLQ <X 9 OXUDYTHYD 2 9 6DQQLNRYMDSXRS &KXI
DIJDWLRQ Rl KRULIRQWDOO\ SRODUL]JHG VKHDU ZDYH LQ WK

ILNLWLQ <X $EUDPRY $ S$SEUDPRY , 5 R PIDOQIRDYR $ 7TUHIL
VLV RI PRELOH URERWY GULYHV
SDUIHQRY ' =DSRERHKMNRQWDWLRQ RI JHQHWLF DOJRULYV

LQGLYLGXDO HGXFDWLRQDO WUDMHFWRULHYV IRU OLVWHQH
BHUJXVKHY $ 2 6RWRWMNIHGSFHG PHWKRG IRU FDOFXO
LQ HQYHORSH WUDFNLQJ SRZHU DPSOLILHUYV
3RQRPDUHYD 2 6PLUQRYDLPH HRPMRYPUHYWHUSRODWLRC
SDUDPHWULF ')7
6KLU\DHY : O9LQRNXURY 1 7URILPRY(@®IHEBWURDQRY® 6
IRUFLQJ UROOLQJ RQ WKH VXUIDFH SURSHUWLHV RI SURGXT



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO JRUXP ,]JKHYVN 5XVV

2

'QIOXHQFH RI D 1RQ 5LJLG &R
RQ WKH 6FDWWHULQJ 3URSHUWLHYV

( SEEDNXPRY % &K (H

'HSW RI (OHFWURDFRXVWLF DQG 8OWUDVRQLF 7HFKQI
6DLQW 3HWHUVEXUJ (OHFWURWHFKQLFDO 8QLYHUVLW\
6DLQW 3HWHUVEXUJ 5XVVLDQ )HGHUDWLRQ
( PDLO NHDEEDNXPRY#HWX UX

SHFHLYHG -XQH

7KH LQFLGHQFH RI D SODQH ZDYHRDRYHD EWMDQWGHRIFDQILQEWKVVRQLGF
LQKRPRJHQHRXV GLVWULEXWLRQ EHWEHHQLILQEIOWYV DRWQ W IQH CERRXLAGL
FRQVLGHUHG 7KH F\OLQGULFDO LQERRVLRQ PRGHI® EW WKMHIQ Q ZWH
PHWKRG 6FDWWHULQJ LQGLFDWUHV¥HVI DQHALBHGRH IRU OG SIOMQHQ /R |
ZDYH $ VLJQLILFDQW HIIHFW R WSKH WRGSHOR QW KM VIF Q WWWH R € GV IKLHH @

.H\ZRUGWDQH ZDYH F\OLQGULFDO LOWHKRG/LREDWWHWHS HOHBBQW
LQGLFDWUL]

,1752'8&7,21

1IRQGHVWUXFWLYH XOWUDVRQLF PHWKRGVRMWKNMHU PO R I
RGV Rl QRQGHVWUXFWLYH WHVWLQJ 80 WH [RMRSQULFEE PHIW K RO3
LGHQWLILFDWLRQ RI GHIHFWV LQ YDULRXSHRDMVMIRQVROLG.
SURGXFWLRQ :LGH XVH Rl XOWUDVRQLF MW KRGV | DW DIOOH
VWUHQJWK SURSHUWLHV RI WKH PRQLWRURD W RHMMHORWJI DWR
ZDYH

W FDQ EH QRWHG WKDW WKH PRVW FRERBPRQXWLRDQNR I IGL
DUH IRUPHG GXH WR WKH LQHYLWDEOH LQHMVYWR SVIKUHWR K

%HFDXVH Rl WKH UDQGRP QDWXUH RI WKH S URFHIVIVVRU QI F
WKH PHWDO DQG SDVVLQJ WKURXJK VHYHEDIOQ EQNXWURIQW F3
ODWH WR WKH PDLQ PHWDO VFUDS E\>PHD®@ V,WI L&/L Q R WHIGW
WKH SURFHVVHV RI LQOWHUDFWLRQ RIONGRP\S D [ZDY WW WIDW
WZHHQ WKH QRQPHWDOOLF LQFOXVLRQ DQG WX HFRPHWDQ F O
FRQGLWLRQV WKDW HVWDEOLVK FRQWGQWKW\GRLIVW®EBFPHRHE
WRU DW WKH ERXQGDU\ ,Q >+ @ LW ZDV SUR SWR\H BODR W RI
ZDYH LOQWHUDFWV ZLWK ERXQGDU\ WRBLEKRFEBRQHQWR XR/I I
FRPSRQHQWY Rl WKH GLVSODFHPHQW Y HFWRW [F®IQN X RE HAUI
SURSRVDO EDVHG RQ WKH DRD G\W V AH® FHH ®RD W KR R \E R, )QQS |

< SEEDNXPRY . ( (H % &K



$EEDNXPRY . ( (H % &K
3, QIOXHQFH RI D QRQ ULJLG FRQQHFWLFRQLRE WHKH @ AFDOKVLRQ S

LV SURYHG DQG LW LV DOVRHVK®WW® UNB DM W IQH WDNOUHVE HE
H[SUHVVLRQ

vV . 'X

ZKHVYH VWUHVWX WHNEAY¥RWRU RI GLVFRQWLQX+WLSRVILY IGYLN S
QLWH V\PPHWULF PDWUL[ RI GLPHQVLRQ 1T DWQREZQ WKHWHK®

PHQWY ZKLFK KDYH1/</\PKH*I-GQ_|FPHQ®DRQWKHVH FRHIILFLHQWYV

IRUP ZKLFK PDNHV LW SRVVLEOH WR PRGHO QHZ SURFHVVF

6XFK D UHSUHVHQWDWLRQ DOORZV WR FQ®RWYNE®H]R QHV S
YDULRXV FRPELQDWLRQV RI G\QDPLF |0 H{OHPGIQWVH ZHKP AR
HQVXUHG E\ WKH FRUUHVSRQGLQJ YDOXHW RVKNKHFDRBIJRQ |
PHFKDQLFDO FRQWDFW Rl URXJK VXUIDFHV W& W YW YHWL F
QHVV DQG .7 WDQJHQWLDO FRPSRQHQWERI FROQMMDFWHDW |
FDVH ZKHQ WKHVH VXUIDFHV DUH VOILSTXWBW HIG LE/\ \B DONDAG! WV F
SOH[ DQG .7 LV SXUHO\ LPDJLQDU\ ,W IROORZNDIWRYOCAFRXQ
SUR[LPDWLRQ WKDW WKH UDQJH RI YDOXHVRRI .1WKMH® H7LV
WUDQVIHU RI WKH FRUUHVSRQGLQJ FRPSRQH@MWRUMEH G\
f WKH WRWDO WUDQVPLVVLRQ Rl WKH FRUUHWUSRRYGWEH C
ERXQGDU\ VHFWLRQ 7KH FRUUHVSRQGHOQMPH & H W DHHI W\KK-
VWUXFWXUH RI ERXQGDU\ FDQ EH HVWDEOLVKHG E\ WKH PR

)2508/%$7,21 2) 78%2%/(0

'H FRQVLGHU WKH SUREOHP RI QRUPDOO\ LL@QAFLQHWYW B\OL
LQGHU ‘H ZLOO FRQVLGHU D PRGHO RIGERFRSD FWRFIDW B G WIC
OD\HU RI LQILQLWH VPDOO WKLFNQHVV )LJIJXUH

JLY

[40)

1

A1-61-611

v

11

£2-C12-612

JLIXUHRUPXODWLRQ RI SUREOHP



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO JRUXP ,]JKHYVN 5XVV

/JHW D SODQH ZDYH LQFLGHQW RQ WKHNHRO L@GHYLWHIXSI
ZLWK SK\VLFDOUS® D BHWHFWD QJXODU FRR DG UQRWHIG VYRWWM
WIKH[LV FRLOQFLGHV ZLWK WKH ORQJLWXILE DL/ OB[ILY HRE MM IS
WKH ELVHFWRU Rl WKH RSHQLQJ DQJOH RD ®KHFDQ (PRROE I
V\VWHW] DVVRFLDWHG ZLWK WKH UHFWDQJXODU RIONQRZQ |
EHWZHHQ ZDYH YHFWRU DQ@ B[RV LILIOMH EHIGHIFVRMRHG RE\W K H

BROYLQJ WKH SUREOHP E\ WKH | LLQHILR Q1 @ B F HKRD \P\M WK
X UH LQ ZKLFK WKH F\OLQGQLWX® GWRIWFWRSLEKHGRVIWLF
ERXQGDU\ EHWZHHQ WKH GHOQHR®W D @ BFWRH HRO DVOLLVFHYSDF
LV D QRQULJLG FRQQHFWLRQ HWHD VI RAKWKH VW FVWKRU Z |
FLUFXPIHUHQFIBQQ® BHRMHHWLHQW UDQJLQHYWR®R WRDO\)

LQ LQILQLWH VSDFH D SHUINF\WWOY RDFKFREGRWEW DQQ MAK N
LQWR LW

JLIXUHQYHVWLJIJDWHG DUHD

,Q HOQOWLUH LQYHVWLIJDWHG UHJLRQ GLIITHUHQWLDO HTXEL

||WX Y
wV

,Q WKH VWDWLRQDU\ PRGH ZLWK KDUPRQHRZ SHUWKXQ EIW
IROORZLQJ IRUP

uzx '\

ZKHDH DQJXODU TUHFRPRQBWRQLDQ
BHWWLQJ WKH LQFLGHQW ZDYH DV DR} &G LWQRW DIDP $6I
HTXDWLRQ FDQ EH UHZULWWHQ DV

UzX 'V M
ZKHWVH * VWUHVV LQ LQFLGHQW SODQH ZDYH
%RXQGDU\ FRQGLWLRQV IRU QRQ ULJLG VHFWRU DUH

V,
Xj Xu—n Vouy

V:
X % — e VUt VU




$EEDNXPRY . ( (H % &K
3, QIOXHQFH RI D QRQ ULJLG FRQQHFWLFRQLRE WHKH @ AFDOKVLRQ S

5(68/76

JLIXUHV * VKRZ WKH UHVXOWV Rl WEHVEDOFX® B WY WRQQF
FRRUGLQDWHYV JLYHQ DV WKH UDWWRIRH GNR B H. GHLSGHIBA Q
ZDYHOHMQ ZWRK FRHIILE@MHBGWD QJOH RV )IQUBHAMQEMKRZ WKDW
LQFUHDVH VHFWRU GLPHQVLRQ ZLWK D QR WH BIMD FRRSW K
WRU WKH UHIOHFWLRQ LQ WKH RSERFWKRHA ®&KWHHD QLR®MDUQE
WLRQ Rl WKH GLPHQVLRQOHVV GLVSODRPMRHQW GW YHOIQLWY
YDULRXV DQJOHV RI LQFLGHQFH WKH WKMHAVD\QHOLH R IL QGG IF®
FDQ DOVR EHHQ VHHQ WKDW DQ LQFWHFO VI VBFWRDVGL PG QX
WXGH LQ WKH RSSRVLI/HF ®IQUHPMRLR GHRUKDMM LEWKH DPS

1050 0% 750 105> 0% 750
o

255° 7g0 285° 255° 700 285°

JLIXUMHSHQGHQFH RI WKH QRUPDOL]HG DPSOLWXGH RI WKH VF
DWW GO D GO E

255" 570 285°

F

JLIXUMHSHQGHQFH Rl WKH QRUPDOL]HG DPSOLWXGH/ RI WKH VF
D W M  fD M fE M fF



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO JRUXP ,]JKHYVN 5XVV

&21&/86,21

7KH REWDLQHG UHVXOWV VKRZ D VLJQLILRDQWF D\@WOHKHJ
SURSHUWLHV RI D F\AOLQGULFDO LQFOKXYERD VK HVKH] D RS O
WKH VFDWWHUHG ZDYH LQ WKH RSSRVLINH G LEHFMFVR@\ R Q
ZLWK QRQ ULJLG FRQQHFWLRQ :KHQ LQRLGHQGW BQ@QHWVLIRY
LQFUHDVLQJ LQ VL]H RI D VHFWRURZ D\R K DIOR.QL QU JV E DR QUHH
QHDU WKH IDOOLQJ DQJOH ,Q SUDFWILW HVKHK K V. QOWXH  F B
FRQWURO 7R REWDLQ PRUH DFFXUDWHQEBMW\DVDER XWR WRB Q
IHUHQW DQJOHV

7KH UHVXOWV FDQ EH XVHG WR GHYHORS RUYHRERRQ PHW
WURO GLIIHUHQW REMHFWV ZLWK GHIHFWV WKDW FDQ EH D

50)(5(1&(6

ODUJHWDQ ) - 7TKRPSVRQ 5 % WIVSULGI PRGHOQMRHUXDRMLWDD VR C
ZLWK LPSHUIHFW LQWHUIDFHYV 7Kr5RWLRDWERQTWR IGQFIXGRIRBHERQG H
QDO RI 1RQGHVWUXFWLYH ¢YDOGRWLRQ %)

$SEEDNXPRY . ( *ROXEHY $ 6 LNKVO®RGROBIQL IS URMALDB KL
QHRGQRURGQRVWH\ Y WYHUG\NK WHODRIK SIK\VNKD O OPR/G H [L\N DRV V H\[
LQKRPRJHQHLWLHV LQ VROLGY%ED Q\GH W KG-R.INJIOF @YWV RNXAD WDR G @ WO NK
QDSUDYOHQL\D XO WUD]YXNRYR\ WHNKERORJILL >3HRFHHGLQ® R3HHC
VFL WHFK FRQIHUHQFH 30DLQ GLUHFRWLR@V RI XOAPMPEWRQLE WHFK@
Ss = 6X]GDO 8665 8665 $FDGHP\ Rl 6FLHQFHV LQ 5XVVLDQ

ODNVLPRY 9 1 SBURNKR]JKGHG@KHUHN XWRQ NKH WOR\ YRIQIQG X VKH
SRYHUNKQRVW\DPL >3URSDJDWLRQ RUW ERMWINHHQ Z DRI KNOXRGO B HV G
DNXVWLND >$SSOLHG $FRXVWLEGWB@&VVLDQ

+XDQJ : G5RNKOLQ 6 |, 'DQJ < - ERXQRDW\¥RWY RLVELRIG PRGW O

RI ZDYH VFDWWHULQJ IURP -IRX bl Q DRID RIUW[K HQMWFHRX S K\CL\FHDWD 6 R EL HW\ R
GRL

6FKRHQEHUJ 0 (ODVWLF ZDV® LB HKDWHR BRI/ ROILWKB U$FR

BRFLHW\ Rl $PHULFD GRL

JHLGHUPDQ 5 )LJXHURD - & %UDJD $ 6FBWWHIRRKXLAGKDXOWD VR

ZDYHV E\ KHWHURJHQHRXV LQWHHDRAMNUDEIWKORWWRB: PX@GWL OD\H
M ZDYHPRWL

/IHNHVL] + .DWVXEH 1 O5RNKOLQ 6 |, QB MWEIIQQHYYV IRU QIBHUALR
RI LOQOWHUDFWLQJ FRSODQDU SHQQWXKBQ HGZRUBIF\WWL P MO D Q W KDEWH U RCSH
QDWLRQDO -RXUQDO RI 6ROLGV#DQG BRWUXFWXUMMMVROVWU



$UNKLSKRY , 2 6KHONRYQLNRY < . OHWHOHYD $ $
37KH DQDO\WLYV RI WKH YLGHR VLJQDOVWUWRPFWNWIXVYPDQI L WIRRJH MANHLRV

2

7KH $QDO\VLV RI WKH 9LGHR 6LJQIL
8VLQJ 6SDWLDO 6WUXFWXUDO

, 2 $UNKLSKRY6EKHONR¥YQENRHWHOHYD

J)DFEXOW\ RI &RPSXWHU (QJLQHHULQJ
.DODVKQLNRY ,]JKHYVN 6WDWH 7HFKQLFDO 8QLYHUVLW
( PDLGR#LVWRXHMWHOHYD QDPL#UDPEOHU UX
/IDERUDWRU\ RI ,QIRUPDWLRQ OHDVXULQJ 6\VWHPV
, QVWLWXWH RI OHFKDQLFV RI 8GPXUW )HGHUDO 5HVHDUFK .
( PDLOXVKHON#PDLO UX
,JKHYVN 5XVVLDQ )HGHUDWLRQ

SHFHLYHG -XQH

7KH LVVXHV RI WKH GLPHQVLRQV RIQWKHFRRUGKWD\WRAW W RQVWHHPHD
KDYH EHHQ FRQVLGHUHG )RU WKLW BXWYS\WRO EX USDUR SBWYHD PAHRV K UM
]JRLGDO YLGHR VLJQDO IURP WKH Y NGBQMWLVDRUVWW XIPWXKRDQSW K D A/H )
SRVVLEOH WR LQFUHDVH DFFXUDF\ RHQMKR Q WWKHWR\ZFO QLKW RRIQWH \& KR!
VXUIDFH

.H\ZRUGY VFDQLVWRU LQIRUPDWLRQ PHDVXKWQIR @M WHFXYDEHRVSD
VWUXFWXUDO SDUDPHWHUV

1752'8&7,21

7KH PRVW UHDVRQDEOH ZD\ WR PHD VXU HVEHQRBM HFQG/ D
WLPH VFDOH LV WR XVH WKH LQIRUP®\RQRW KAHH D ¥ X/UFIDQ@L V WF
WXUHV FRQWLQXRXV VFDQLVWRU G L\KEEFKWKHD P &KW LK FIH®D \
W\ DQG FRRUGLQDWH UHVROXWLRQ VPDOO GLRHQNORQ\ YK
ORZ FRVW $OVR LW PDNH LW SRVVLEOHVWW LAHD F X D H DAFDVH L
SURGXFWLRQ SURFHVVHV DQG GLIIHUHQW GWKIHRRP HRMR UG
QDWHY PRWLRQV WRUTXH IRUFHV SUHVVXWHP SHROMXQ
HWF ZLWKRXW PHFKDQLFDO FRQWDFW SALR\EKO MK HR IR EQIFHFHL
DFFXUDF\ Rl WKH VFDQLVWRU ,06 LV XUJHQW

,1)250%$7,210($685,16<67(0 )2% ($685,1* 2)
,0(16,216 $1027,216 2) 7h(*+7=21(6 21 74#6&%$1,6725

,Q WKH VFDQLVWRU ,06 WKH UHJLVWWWPWRR @ RRIWN RKD @H.(
]JRQHV DORQJ D SKRWRVHQVLWLYH VXUIDFAHJILW KD DWPISHOG WR

<« $UNKLSKRY , 2 6KHONRYQLNRY < . OHWHOHYD $ $



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

RI WKH XQIROGLQJ VDZWRRWK YROWDJH DQG TW K S RAARRUQ\M I/ 3
JHUR SRWHQWLDO OLQH DORQJ WKH V&D QUR/RVRK H7 RR I M/LLQ
VEFDQLVWRU WKH PRVW UDWLRQDO ZD\ WAR RARKX Y R OLVQMIHHU LHR
6$: DQG SHDN GHWHFWRU 3' ZKHUH WKH EOBY GHRWD \E D UH
IRXQG E\ UHFWLI\LQJ LQWHUURJDWLRQ VDZWRRWK YROWDJ

"D/W

w

J)LIXUMORFN GLDJUDP RI VFDQLVWRU ,06 IRU PHDVXBR®YN GLPHQ
RI WKH VFDQLVWRU ,8 + LQWHUURJDWLROQRROQX@LWE 96(8 +

7KH DXWRPDWLF HQVXULQJ RRWWB JHTRDGLIR SOLWKIG HE
WRRWK YROWDJH OHDGV WR LFSWRY E®R V & DED W HWAKDIUW R\
OHFWRU RI WKH VFDQLVWRU 6RROFHRWH W K&9 & X UV HFRQ IR
GLIIHUHQWLDWLQJ GLYLGHU K$D YD®&HW KH RXDADS KW DRV HAX L
WKHU WKH VLJQDO IURP WKH RIX®/LSXMUR D V$L D W LSXWDDP 5 QR VL
WR WKH EORFN %936 Rl WKH YLDBSIRVSSOVYWNVVEDEHUL ZELEG
PD[LPXP Rl WKH YLGHR VLJQDO MUL QWKW 6MH VQIVGHIUY RO W H
RI WKH IRUPHG LQWHUYDOV LYFPKBWXYUSIGOEH 7] 6 QHKILDAW RLU
FXLW SXOVH FRXQWHU 3& PIORBR SURFHZMRK \WR 8 WSXRD
IRUPHG LQIRUPDWLRQ LQW H ULYJXOW |R\W 1% U RS FOUQNGL B Q D'\ DIDRE
GOH IURP EHJLQQLQJ RI WKH VFDQLVWRU 6&

W FDQ EH VKRZQ WKDW LQ D VHTXHQWSBPRWRINRGHRE B
WKH VFDQLVWRU 6& WKH YLGHR VLJQDO LV IRQPHG @KLFK |

b

[
/|"EQ @ rE.O 2 °
9 W V(q'\vl! » IHE M g £<4 .
7 —|H [ B (H ( N 1/4 7 4_' DS(-I (N

[
ZKHUH FRHIILFLHQW GHSHQGLQJ E@®4G ZIU 8 WHKQIVQ® VORI W K

VFDQLVWRU DH%S—?_II_-FOFIWLY_FH%ROW]PDQQI'&’ ARG¥WDRIQAF FKDU
© 1

FRHIILFLHQW UHIOHFWLQJ WXH BXQBWHRRI RP S\HKH HFMDLQRLQY
7 + WHPSHUDWXUH L@Q .(HNéCYtQ-IBlL-WWHHI-HJVSRWHQWLDO DW WK

[ ( £+ HPLWWHU FRQV\(\LDQW}? BELDYV OYRORIDWHKH VDZWRRWK YR

PHQW RI LOWHWURDRDWRRQ K WROWOGDWMWVPWXUDWLRQ FXUU
DQFH IDFWRU RI WKH FXUUHQW YROW D JH HKSDHUFEOME MHHI\V W L
LQFUHPHQW Rl WKH VDWXUDWLRQ FXUUHQW RIzWARRIS&RWR
QDWHV Rl WKH EHJLQQLQJ DQG WKH HQG RQ WKH VFDQLVWI
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7+( 5(68/76 2) 7+( 02'(/,1* $1' 7+(,5 ',6&866,216

,Q )LIXUH WKHUH DUH GHSHQGHQFHWR IVWMKHDIOD.OKW FR|
ODWHG E\ IRUPXOD RQ LWV ILUVW DQG ¥YHEW® G Q8 UHLTDI
LOOXPLQDWLRQ

C=SELLL WL o
F K ER O
/| \
ewild \ A
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JLIXUBMKDSHV RI WKH YLGHR VLIJQDO FXUYHV DQG LWV ILU
IRU WKH OLJKW J]RQHV ZLWK GLIITHUHQW ZLGWK

7KH DQDO\VLV Rl WKHVH GHSHQGHQFHV KDV UHYHDOHG V
$W WKH FRQVWDQW ZLGWK RI WKH /=QRVWRY DESOLWX
VHFRQG GHULYDWLYHV DUH GLUHFWO\ SURSRUWLRQDO WR
'KHQ H[SDQGLQJ IURP WKH PLQLPXP /= WK HDPG® MHXG |
FRQG GHULYDWLYHV ILUVW LQFUHDVH @REQDQGHBHQE HIWG F
ZLGWK RI WKH /=[ Bl WKHM[ZHB®\NK WKH GRXEOHG YDOXH RI W
WKH VFDQLVWRU VWUXFWXUH

7LPH FRRUGLQDWH RI WKH PLGSRLQW XQLWKHONF=GHWHL
E\ WKH PRPHQW RI WKH ILUVW GHULYDWLYH RI WKH <K SDV
7LPH FRRUGLQDWH RI WKH[PUGGOH FDWKEH QA KBWHBEPLQI
WKH KDOI VXP RI PRPH@QWWRI WKRHVHFRQG GHULYDWLYH R

WKURXJK JHUR
, W VKRXOG EH QRWHG WKDW FRRUGLOQDWHWDQGSGEWNQ ¥
DQ XUJHQW DQG FRPSOLFDWHG WDWNO>GLP&E QWIVBSE Y LRENDH H



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

FRQGLWLRQV RI WKH LPDJH EOXU > @ +HUHZLWK KMWR H[WU
VFDQLVWRU LW LV HIITHFWXDO WR XVH VFKHPDWLF GLDJUDP

<
WK_|\ Nt W

JLIXUBWFKHPDWLF GLDJUDP RI WKH VFDQLVWRU ,06
IRU PHDVXULQJ GLPHQVLRQV DQG PRYHPHQWYV RI WKI

,Q WKLV SDSHU ZH SURSRVH WR XVH VSR®Y B ONKW WBXUREX
RI GHWHUPLQLQJ WKH GLPHQVLRQV DQG FRRWU GL6Q O WRIF/ \R K
VFDQLVWRU )LIJXUH E ,W LV VKRZQ LQDNWMKHNZERWNVLEOH M
PDWH WKH ZLGWK Rl WKH VLJQDO 76 OR PPGIOHWG HQ \6SL
FDOFXODWHG IURP WKH RQH GLPHQVLRQDO IXQFWLRQ RI WI

,Q WKH ZRUN > @ ILYH 663 YLGHROVLE @& D W MG VHL\S\N WR.IR
' H[WHQ@WG OXPLQBEBFHY IRXQG XVLQJ RQH:GLPHQVLRQDC
IURP WKH IROORZLQJ IRUPXODV

0

< O

7KH SK\VLFDO PHDQLQJ RI WKH 663 DSSO\LQJ WR WKH YL
©oPDWGMHVFULEHY WRWDO PDVV RI WKH YLGHR VLIJQDO
OFHQWWRLDGE*RRUGLQDWH RI LWV FHQWUH RI JUDYLW\
©GLVVLS®GMMROIA*EHVY WKH GHJUHH RI ORFDOL]DWLRQ R
DURXQG LWV FHQWUH RI JUDYLW\
OHIWHQVW)AXPHULFDOO\ HTXDO WR WKH ZLGWK RI WKH YL
OOXPLOQ®WWVFHBLEHY WKH DPSOLWXGH RI WKH YLGHR VLJ
7KH ZRUN > @ VKRZV WKDW VKRUW SXOPIHO G KUDRDURIQ ¥ ¢
HUURU E\ WKH 663 WKDQ E\ WKH GHULYDWLYHV
,Q 7TDEOH WKHUH DUH UHVXOWYV RI WHKH PH EYXWKH QW
VLIQDOV VKRZQ LQ )LIXUH E 7KH PHDWRGW HQWWWALHU H\V
VHFRQG GHULYDWLYH VLJQDO SDVVLQJ KK R X DR/ HHUWR L FSAA
E\ WKH 663 L H E\ WKH YDOXH RI WKH HWE QW RFP WKH FRE
LW LV FOHDU WKDW IRU /= ZLGWK DQIG DFFXRDW RQ WKIBD \
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LQJ WKH ZLGWK YDOXHV +RZHYHU IRU WKH JIDRURZVAML QXK
RI WK HULYDWLYH VLJQDO KDV D VLJQLIKIFOBWO)\ 6/'8HLGIY
REWDLQLQJ D UDWKHU KLJK DFFXUDF\ ZKHQ HVWLPDWLQJ W

7TDEOH KH UHVXOWY RI WKH PHDVXUHPHQWY RI WKH |

OHDVXUHG /= ZLGWK
%\ QG GHULYDWLYH %\ 663

/= :LGWK

&21&1/86,216

7KLV SDSHU FRQVLGHUV SRVVLELOLW\ RI XWHJ VSD
XQLGLPHQVLRQDO WUDSH]RLGDO VLJQDHPRQWWH IVVX®OGR
SLFWXUHV WR HVWLPDWH WKH SDUDAHWNNUWR R TAKKIH DYQOH\K
EOH VKRZV WKDW XVLQJ 663 PDNHWUWDW\SRV \WPIHDOHK WLR) 1. QV
PHQVLRQV RI WKH QDUURZ /= RQ WKH VFDQLVWRU V SKRWR

50)(5(1&(6

ILSDQRY $ O 6KHONRYQKNRYHWLFDO VFLHQFH DQG WHRKQLTXH R
PDQXIDFWKMNDWHULQEXUJ 5XVVLD 8UDO GLYLVLRQ RI 5%1 SS

3RGODVNLQ % * *XN ( * 7 K HWPLYOHWS. K/ ROBHE GEXRW AR V H BK
QLTXHV + GRL v ]

2EROHQVNRY $ * /DW\HY 6 0 VWNWMYRWDORY 6 G[SHBRBQPH LQ FU
DQG PHDVXUHPHQW GHYLFHV EDVHGQGQWQ MWKHR GPEKIDMEWRR 2@ V8 RVD. @/ 7RIE K
* GRL -27

3RGODVNLQ % * XN (0 * J GO GVY.WRIWLROL FRO SHQVDWLR G
SRVLWLRQ VHQVLWLH SKRWRGHWH F WF K QA\F IV & HKAWRXAVR B G L DRX WQHF @
$SSOLHG 3K\VLF¥ GRL 6

(JRURY 6 ) 6KHONRYQLNRY < . BVLSBMWHOHYD |]@HBWVHY 6VVOF
RSWLNR HOHNWURQQ\NK UHJLVWUB®NRRYRY KW R/RJKNID JKUHLWRWH © L DHM W
HOHFWURQLF UHFRUGHUV RI WKH D@PLQJ/SRLTRWQ RRWKRRM L'GIP NVQ WXI
SUREOHP\ PHNKDQLNL L PDWHUL DHONRKYCHEHNQ LD 2 75.$X4 GA 3, QR/BAOLFAPXYWRDI @ H
ODWHULDOV 6FLHQFH 3URFHHGLQJV RA@GEH ,QVWLWXWHVRI GXNKDDLF
WXWH RI OHFKDQLFV 8% 5%$6 LQ 5XVVLDQ

.ROHVQLNRYD 7 $ =KXN ( <X YHGTBRWSHUPLQDW L3RIQ GRALBIOMVRII
HOHPHQWYV RI REMHFW (RVWKK KR QRSIEDIQPDRIMUQDO RI (QWHUSULVH 7
SHWULHYHG IURP KWWS MRXUQDOV XUQ@EXVOVHE®HW DUWLFOH YLHZ

%DUGLQ % 9 ODQR\ORY 9 9 &KXEWHXYDODNLN 1IDGHIFRG@XQ/V,NIS\ ,9DBVLC
'"HWHUPLQDWLRQ RI VL]HV RI 0O RFROHR WRPUIHIREIR BF WY VMUXWHKRBRWDWLRC
SHWULHYHG IURP KWWS LDLUDV UX LFDJQ IXOO $UW SGI LQ 5XV

%RGURY $ 6 +DOWRELQ 9 O FRIXWRRDWLFD OO/ WHR HRAWM ZLW
SOH DQG FRPSOR[GHHUDMWIXURKOHPY RI UHPRWH VHQVLQJ RI VBKIH (DUW
WULHYHG IURP KWWS G LQIRVSDFH UXVE&LBRRQI VE wW SGI L«

.ROWVRY 3 3 ,PDJH &4ROEMWHVUWPRBWWERQ S5HWULHYHG IUR
KWWS FRPSXWHURSWLFV VPU UX .2 3') .2 SGI LQ 5XVVLDQ



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

OXU\QRY $ 9GRYLQ $ O I\DOLQ 9 ( WRSRORWVHKHN\DN UN R PFDAUL
GHWDOH\ LIREUD]KHQL\D QD R\OQRWUD WNWIR G OVW VPRDQWIURQY ROQRHRPHWU
WHUV RI LPDJH GHWDLOV RQ \WWH RED WPIHMW R RS N NFDAQ W) U RLIND 1L COW DR\
>&KHPLFDO 3K\VWLFV DQG OHYRVFIRELEXVY®@LDQ

$UNKLSRY , 2 ORGHOLQJ D QHGD\QDDX ¥ MWWX BD @ LHOHDPH QW X RU]J U
WKH EDVLV RI XVDJH Rl VSDW%XOOWHWKIQRRDWLFDYB QDR RRW H G¥8
WULHYHG IURP KWWS L]GDW LVWX UX LQGH[QSKSVYHBQY QLN DUWLFOH

/IHYLWVND\D /ORGHOLURYDQLH L DQDOL] SURVWWXQVWEHQ KRAQLW QX
RVQRYH GLVNUHWQR SODQLPHWULFK@HV DRGPRGBIOWLY Y SRHIU W B YAWMUSD W
JUDSKLF LPDJHVY EDVHG RQ WKH G LISHUWUHDD GG DRHIW WIKFH ¥ R\G H O] KH
THFKQLFDO 8QLYHUVLW\ 5XVVLD LQ 5XVVLDQ

OXU\QRY $ , ODWHPDWLFKHVNL\H PRGHOL L PHWRGXNDQEDO GI®\DSUF
HNVSHUWQ\NK JHRLQIRUPDWVLRQ®W 0¥ G VRHIWPKREDWKIHB Q IVQ F\DLO/ ARR G/
IRU H[SHUW JHRLQIRUBBWIQR® QUMWHPM@J WKHVLV  3%\\BI$BDO 7HFK
JJKHYVN 5XVVLD LQ 5XVVLDQ

$UNKLSRY , 2 $SSOLFDWIHRQ IREHGH W H UWLE VQR | E®HKWLIUVHDGN D R
HOHPHQWYV Rl JUDSKLFV LPDJH ,QQ)RBPDWINRIHYHAMQRORJI(GW 3URE
WLRQV 3URFHHGLQJV RI WKH ,QWRI@W QDWBRQD:X 6FI8IBUBRWVLERQ(DV
SHWULHYHG IURP KWWS YWLN QHW NBGIHUG GRN WEBWUXG ,7'$<6B
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S, VRPHWULF KDQG JUDE VWDQG IRU QEMXQPRPXVFXODU DFWLYL

2

, VRPHWULF +DQG *UDE 6WD
IRU 1IHXURPXVFXODU $FWLYLW\ 5]

$ %ULNR - &KYDQRYD 6 B6HOLXWLQD ( ,YDQR"

%LRPHGLFDO (QJLQHHULQJ 'HSDUWPHQW
%DXPDQ ORVFRZ 6WDWH 7THFKQLFDO 8QLYHUVLW\
ORVFRZ 5XVVLDQ )HGHUDWLRQ
( PDLO EULNR#EPVWX UX

SHFHLYHG -XQH

7KH SDSHU SUHVHQWY WKH U HDDOWLR QR KH[S HEWIMPHHH/DV WRK HVKKID Q JH |
SHGDQFH DQG WKH IRUFH RI EUXVKKERPW K H VIWIDRPM ZRHWH B P MKHWLL R D
LVRPHWULF FRPSUHVVLRQ VWDQ® HZPRUGH@B O\RGH G UXKKFKRPSORY VL
WHUV 2Q WKH GHYHORSHG VWD QG GHSHQL ZHKQWK/ I KH H ERXQW D@ HRF
WLRQ Rl WKH LPSHGDQFH VLJQDO IQRPWNKHFRRSEBGNVLRIQWMRK AR URH D\
ZDV FDUULHG RXW 7KH UHODWLR QYK LISQBHW K H HDF W/LKRHQ L IFRIHGD DIFW G
7KH XVH RI WKLV GHSHQGHQFH LWORWRHGS BUNORISY ZQWORD G OR ZF RURWF
DFFXUDWHO\

.H\ZRUBVRHOHFWULFDO DFWLYH GHYQHXYR RXRPXNDUL B KW QYL WU DVBS IC

1752'8&7,21

)XOO RU SDUWLDO IXQFWLRQDO ORVV RI XSSHUKDWWE G
D JUHDW LQIOXHQFH RQ KXPDQ DELOLWYV VW & AR W\R K RALIOH k
D GLVDEOHG SHUVRQ WR JHW EDFN DIWHW QRYD@D WKW KK C
DJH RI VXFK GHYLFHV LV OLPLWHG GXH WR WKH FRPSOH[LW

7KH PRVW PRGHUQ DFWLYH E LRRHIDMHFG BLRLLQ QDHON RH W B L
P\RJUDP +RZHYHU WKH GLVDGY D QLI UISW MK Bl WFLRRPGS OFH IX X
WHUIHUHQFH QDWXUH DQG WKH LQIORKQFOHRI VKHUMHOR UK R
VLEOH WR GHWHUPLQH WKH W\SHQKIPER YN PRIQNWO BEW KRXGWM VG

JRU GHWHFWLRQ DQG TXDQWLI\LQJ PXV 506G XMDH WWR DUQ |
SK\ (,0 WHFKQLTXH LV JHQHUDOO\ XVHG® F\W XV BDQW & LRDK
DPSOLWXGH SDVVLQJ WKURXJK WKH PXVFORODMDHB BQ@ PR
SUHYLRXV (,0 VWXGLHV LQFOXGH WKH FRIQVH®BYIDGV PR FR
ZLWKRXW WKHLU FRQWUDFWLRQ 'XHRBRXVKEBNWKB\(R RHW
LV SRVVLEOH WR GHWHUPLQH PXVFOH GLVXVH RU DWURSK\

6RPH (,0 VWXGLHV KDYH LQYHVWLJDW NGWR KIDPV/G FGTHQ P M A
QDO FKDQJLQJ > @ WLV ZHOQQ QLEAHY WKRWHW KN PIUW|
WKH SHQQDWLRQ DQJOH DQG PXVFOH WKLFNQHAKDQRKDRUH\

<« ULNR $¢ &KYDQRYD - 6HOLXWLQD 6 ,YDQRY ( .REHOHY $ G6KFKXI



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

VXFK SDUDPHWHUV DV WKLFNQHVV RI\DFUNVQ AR QGXE VHIUY LR
SUHVVLQJ IRUFH RI WKH HOHFWUR GHFXD/QUWHIP GXXHID G JWYRD D QF
WLRQV SHUIRUPDQFH ORUHRYHU LW ZDV WKRZ2\®\SWH RW PLRAY
PHQW LQ FDVH Rl WKH HOHFWULFDO LPBEWDQRELFMDL¥FXPX
> @ 7KHUHIRUH VXFK VLJQDO FDQ EH XVHE&HRRUPEQEHFMR
P\RJUDP VLJQDO RU WKHVH VLJQDOV FDQ EH UHJLVWHUHG I

$OPRVW DOO (,0 VWXGLHV FRQQHFWH G X\ OKH WFHRHD IV ) HHF ¢
ZHUH SHUIRUPHG IRU WKH ELFHSV PXVFOHXGLHV I®UHD UF
PXVFOHV ZHUH H[SORUHG GXULQJ YDULRXV RFWHRE& QRS §
D FRQWURO V\VWHP IRU URERWLF GHYOLHF HAP DIOW® VO BFH\W H R
WKDW DUH ORFDWHG RQ D VSHFLILF DWHKDB RIQWKH H ROUHDIWF
GRQH LQ WKH VWXGLHV

,Q DGGLWLRQ LQ WKH VWXGLHV WKH LPHSSHCO®RHFOIFAKRQ !
ZDV QRW IRXQG 7R LGHQWLI\ WKH GHSHQG&HQRID EGIW DIDHEQL
WLRQ SDUDPHWHUV LW LV QHFHVVDIMXWR QGIHW KHQP\M K K DVBLHI
WLRQV Rl WKH PRYHPHQW DQG HOHFWUUBNGS LV SMIGH @RN W |
PRQ W\SH Rl WKH KDQG PRYHPHQW %DVHG R G HKKH IGIDIMWMD R
WLRQ RI WKH 'LVDEOHG QDPHG DIWHU * $ G$®DQHEAKEN JUW VA
GHVFULEHG LQ OLWHUDWXUH DUH HQG JUDVYIS] LQ BXSKQFI
JUDVSV DUH XVHG LQ WKH VDPH PRYHPHQWVYFVR\ER 3 BR
PHQW 7KHUHIRUH LW LV QHFHVVDU\ WR GHVLJQ WKH VSHF

7KH DLP Rl WKLV VWXG\ LV WR GHYHORSBXWK®JLY\RB A& WDLJ
FRQGXFW WKH LQYHVWLIJDWLRQ IRU V IDMHFRKUWIQRIDW KLHP SHHGBIC
QDO DQG WKH KDQG JUDVS IRUFH 7KHVH IUHMXYOKHW ZELCRMH @
DFWLYH HOHFWURP\RJUDP FRQWURO V\VWHPV DQDORJXHV

0$7(5,%/6 $10(7+2'6
,VRPHWULF KDQG JUDVSLQJ IRUFH PHDVXULQJ VWD

7KH VSHFLDO VWDQG ZDV GHVLJQHG ARR SUHILYMRHU WK H
OHFKDQLFDO VFRSH RI WKH VWDQG FRQVDHQW RU VYV HYLHHFE
JXLGHZD\V ZLWK OLQHDU IULFWLRQ EHDULQJYV DQG JXLGHZI

JRUFH VHQVRUV ORFDWHG LQ KDQGOHV YBQGWOMHELWIKE VL
ZHUH FKRVHQ DFFRUGLQJ WR WKH DYHURDB X ¥XRDYHQ KD
JRUFH VHQVRUV DQG JXLGHZD\ ORFNV KDH)EEBPWHGHPPRUYIL
EHDULQJV IRU JXLGHZD\V DUH EROWHG LIk FRQD/ENUY XZAWMKR @/
YLGHV IUHH PRYHPHQW RI WKH XSSHU KDQGORZDIOR@G OW K
7KHUHIRUH LW DOORZV WR UHJXODWH WKH VWDQG ZLGWK

$GMXVWPHQW RI WKH ZLGWK F
FDUULHG RXW E\ LQVWDOOLQJ S

/ / WKLFNQHVVHV EROWHG LPPRYDI
W [ KDQGOH ZKLFK SUHVV RQ WKH IF

ﬁ XVH Rl  JXLGHV DOORZV WR PLQ
;‘ LQJ RI WKH VWDQG GXH WR WKH
N, Vot DFURVV WKH VWDQG 7KH XVH RI

y ZKLFK DUH DUUDQJHG LQ SDUDO
GLUHFWLRQ DOORZV WR UHFRUGC
JLIXUHQG JUDVS OHIW DQG IRBFHIDORL JUWIKKHWVWDQG
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S, VRPHWULF KDQG JUDE VWDQG IRU QEMXQPRPXVFXODU DFWLYL

6WDQG ZRUNLQJ SULQFLSOH L
WUDQVIRUPDWLRQ RI WKH IRUFI
LVRPHWULF KDQG JUDVSLQJ LG
IRUFH VHQVRUV EDVHG RQ WKI
DUUDQJHG DFFRUGLQJ WR WKH
VFKHPH (DFK VHQVRU FDUULHYV

NJ 7KHUHIRUH LW DOORZV \
JUDVSLQJ IRUFH XS WR GD1
FRUUHVSRQGY WKH PD[LPDO K
HUURU XS WR 1

JRUFH VHQVRUV DUH FRQQHF
VWDQG UHJLVWUDWLRQ XQLW
UHJLVWUDWLRQ SURFHVVLQJ I
VLIJQDOV IURP VHQVRUV WR WK
SXWHU 3& 6LJQDO LV UHJLVW

JLIXUHVRPHWULF KDQG JUDVYILIP PREGHPWRDVEKQDORJI WR GLJL

LQJ VWD QBZ KDOXSHHU KseeoH$'& ZLWK GLIITHUHQWLDO DQI
+ IRUFH VHQXRGHZDOLQHDU IULBWLRQIERPUSQDORJ '"HYLFHV GHVI

LQJ+ JXLGHZD\ ORFN IRUFH VHQVLQJ DSSOLFDWLRQV
JUDWHG FLUFXLW LV EDVHG RQ

LOQVWUXPHQWDO DPSOLILHU ZLWK XVHMRGWHKH & QO@H QW HIGA
FROWUROOHU 8QLW 0&8 YLD 6HULDO IRBLSKRBBOQOVHMVHMHI
WHUHG GDWD DQG WUDQVPLWY LW WR WKH 3& YLD 8QLYHUYV
W LV QHFHVVDU\ WR SHUIRUP FDOIUFUDWHRWRENIRHHHX ¥
HG E\ LQVWDOOLQJ ODERUDWRU\ ZHLJKWN RWDQG WRQG WH
FRPPRQ IRUFH ZDV FDOFXODWHG DV DQ DYHUDJH RI VLJQDC

([SHULPHQW

([SHULPHQWYV ZLWK UHFRUGL(
FDO LPSHGDQFH IRU YDULRXYV L
LQJ IRUFHV ZHUH FDUULHG RXYV
XVLQJ D GHYHORSHG VWDQG )
SDUWLFLSDWHG LQ WKH H[SHUL
HUDJH IRUHDUP DUP FLUFXPIHU
DW WKH ORFDWLRQ RI WKH HOHI

2QH HOHFWURGH V\VWHP ZDV
ZDV ORFDWHG LQ WKH DUHD DO
FDUSL UDGLDOLV PXVFOHV RI W
ZKLFK FDQ EH XVHG WR SRVLWL
VI\VWHPV LQ PRGHUQ ELRHOHFW
WKH IRUHDUP )LJ YHIRUH W
RI WKH HOHFWURGH V\VWHP
VFUXEEHG DQG VPHDUHG ZLWK
FRQWDFW JHO

/KH HOHFWULFDO LPSHGDQF
WHUHG E\ WKH UKHRJUDSK|
S5HR.DUGLRORQLWRU" 7R PHDV.
JLIXUMRFDWLRQ RI WKH HOH¥WIURDREG Y PSHHFDQFH GLUHFWO\




3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

JLIXUHOHFWUR G H WWO/H¥MPRRG H
+ HOHFWUW®H SODFH RI WKH U
PHQW IRU ILIDWLRQ 3DLUMORY H

UHJLRQ VSHFLDO HOHFWURGH \
GHYHORSHG )LJ LQFOXGLQ
DQG UHXVDEOH HOHFWURGHYV LC
ZLWK D FRXQWHUVXQN KHDG PELC
VWHHO PP LQ GLDPHWHU DUU
WR WKH WHWUDSRODU OHDG V!
HOHFWURGHY DORQJ WKH HGJH)\
LQJ HOHFWURGHYV LQ WKH PLGG!
(OHFWURGH V\WWHPV KDG W
WDQFH EHWZHHQ WKH HOHFWU]
PP DQG ZHUH IL[HG WR WKH
PHDQV RI UXEEHU EDQGV 7KH |
WKH LVRPHWULF FRPSUHVVLRQ
IRUPHG ZLWK WKH KHOS RI WKH
VLPXOWDQHRXVO\ ZLWK WKH PH
HOHFWULF LPSHGDQFH VLJQDO
'XULQJ WKH H[SHULPHQW WK

BB L S R g "

WKH SHULSKHU\ FXUUHQWXBORWMW XR WKR PHY WU VIBRUBHY ZDV

'LPHOVL PLOOL

[ Compression force increasin}

. Stand
Relaxation k .
compression

J 1 min

»

[ [
5 seconds 5 seconds

»

Time, sec

ZKLFK WKH IROORZLQJ DFWLR
IRUPHG + VHFRQGV * WKH YR
QRW FRPSUHVV WKH VWDQG VW
+ VHFRQGV WKH YROXQWHHI
FRPSUHVVHV WKH VWDQG OR
yLJ 7KH FRPSUHVVLRQ IRUF
LWHUDWLYHO\ LQ WKH IUDPHZRL

$Q H[DPSOH Rl UHJLVWHUHG

JLIXUBFKHPH RI H[SHULPH%V\WKH IUDPHZRUN RI RQH VW:

WKH GLITHUHQW GHJUHHV RI

WKH VWDQG ey VKRZQ LQ )LJ 2Q0 WKH JGOSKVHBL ®SRISRW
RI WKH SHULBRGV Rl WKH UHOD[HG VWDWH + LQ \HOORZ

w
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%LRLPSHGDQFH >RKR®SUHVVLRQ IRU
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T

N
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T

?
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=

mﬂmm/k

Time [s]

JLIXUH[DPSOH RI UHJLVWHUHG VLJQDOV ZLWKLQ WKH IUD
GHSHQGLQJ RQ GLIIHUHQW GHJUHHV Rl WKH VWDQG



%ULNR $ &KYDQRYD - 6HOLXWLQD 6 ,YDQRY ( .REHOHY !
S, VRPHWULF KDQG JUDE VWDQG IRU QEMXQPRPXVFXODU DFWLYL

SHVXOWYV

'LWK DQ LWHUDWLYH LQFUHDVH LQ WKH FRBEUHRNOQRQ DR
LQFUHDVH LQ WKH ELRLPSHGDQFH YDOXH ZDYDREV FKMH G U)
WKH LVROLQH LV VSHFLILF ZKLFK LYDIOQFD RG MK H Q/ W QD |
DQG LQ WKH DFWLRQ SHUIRUPDQFH DV VKRZDXHQW RDOD
VLV WKH GLIITHUHQFH EHWZHHQ WKRQVDIED O KOHW VW KQID\O LD W
RI UHOD[DWLRQ ZDV WDNHQ

%DVHG RQ WKH REWDLQHG GDWD D UHDFKVYRR X QDNHDHU\
JUHVVLRQ FXUYHV ZLWK D FRQILGHQFH LQ®HUWH\O IRU HDRE
YROXQWHHU LV GLITHUHQW DQG GLVSODEIOH WKHPHRRURQ
JUDSK )LJ VKRZV WKH UHJUHVVLRQ FXUYHV IRU WKH FRC

$V D UHVXOW Rl WKH UHJUHVVLROHWERG\VLW ZRG MK ®
FXUYH LQ@WKH IRUP RI D VHFRQG RUGHU SR\ QWRFL BIQS HW P
PHQWDO GDWD

%LRLPSHGDQFH FKDQJH >R

1 1 1 1 1 1 1 1 1

&RPSUHVVLRQ IRUFH >GD1@

JLIXUBHJUHVVLRQ FXUYH ZLWK FRQILGHQFH LQWHUYDC
LQ WKH HOHFWULFDO LPSHGDQFH GHSHQGHQFH RQ LVRF

&21&1/86,216

7KH QHHG IRU ELRHOHFWULF SURVW KRHW.W DV F RU/GL W 1 W\
FUHDVLQJ HYHU\ \HDU DQG WKH GHYHGRGHNMDMH R IL ¥ REJNNFIRF
PRUH XUJHQW 2QH RI WKH PDLQ WDVW¥XH @ XDIOLW G RU HFRW
ZKLFK LW LV QHFHVVDU\ QRW RQO\HWWRL UGIDDV VEX W D G XR ONR
RSWLPDO DUUDQJHPHQW RI WKH HOHFWWRRGHVL EWWHRD) S F
LQWHJUDWLRQ Rl WKH VHQVRUV ZKHQHNKHU BRHQMGG HRGJ WV
HWHUV Rl WKH DERYH IHDWXUHV LW LKL K EMVRPDVUE W R HRAH
WR GHYHORS VSHFLDO VWDQGV WKDBRHWZBR®D MAKMDEDUW Y R E
WKH UHFRUGHG VLJQDO DQG WKH SDUDPHWHUV RI WKH SHU

7R HQDEOH WKH UHDOL]DWLRQ RI VWXIGROVKDS5PHIGWEZ W HC
FKDQJH LQ WKH HOHFWULFDO LPSHGRQFH @ Q& RP KK UR B FHR



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

VWDQG ZDV GHYHORSHG ,Q WKH FRXWRHLBH QW HIUWWKHDWH R
EHWZHHQ WKH FRPSUHVVLRQ VWDQG IRUBHFB\OEUXSHKGDQG H
D UHVXOW RI ZKLFK LW FDQ EH XVHG WR JHQHUWMHWH FRQWU

JRU HDFK YROXQWHHU UHJUHVVLRQ FXUYHWHIZEVHWHKDW U
FDVH RI ELRLPSHGDQFH VLJQDO XVRQ\V VDR §BRWLGRD DV E D@D
FRQWURO V\WWHP IRU WKH XVH E\ GLIIHUHR@V R 3R WROR BV V
SUREOHPV RI LVROLQH GULIW WKH GLIITHUKQFHORZ VLIQDC
FKDQJHV FRXOG EH XVHG

7KXV WDNLQJ LQWR DFFRXQW WKH FE&DQ JEXUQ QN KW KHHO Si]
PDQFH RI WKH DFWLRQ ZLOO DOORZ @RYWRQD WV WRHG B W HLF
VIVWHPV EXW DOVR WR VXSSOHPHG&WHURHK QHD WKWM UIRR\RH ZI
LW LV SHUIRUPHG

50)(5(1&(6

ORRUH - =RXULGBHNRNHGLFDO WHFKQRORJ\ &5@&G3CGHYVFH& KDQGERI

5XWNRYH 6 % (OHFWULFDO RXSHI DRXAUHU IR RV WNDVS B W HE DIFQUG Ul X
OXVFOH 1HUYH = GRL PXV

5XWNRYH 6 % $DURQ 5 6KLIIPDQPRHGDQFH D/@RFOOAIW G E MRKH |
QHXURPXVFXORVF®H HDNUYH GRL PXV

&KLQ $ % *DUPLULDQ [/ 3 1LH 5 L’IXQUNRMEV BUBBPHQW R2 SWK.HP
DQLVRWURSVORYPXNFQAQHUYH =* GRL PXV

7TbuXooL $ &KLQ $ % 3DUWLGD (GHBWULFOWONRHSHGDQFH LQ ER
PXVFOH DV D PRGHO IRU WKH VWXGYVRR QRN UFROXYH R B WU HE H\QHAD V H
GRL

/L - 6SLHNHU $ - SRVHQ * ' 5X0/ON RFY$IH D FH D O WHUHPWULR @V
OLPE ZLWK XRXOBRPGBO @RI 0OXVFXORVNHOHWDO 1HXURQDO ,QWHUDFWLR

IDNDPXUD 7 XVXKDUD 7 <DPDAFRMRLG@DWLRQ RRWLRWRGLYI D E
IRUHDUP HOHFWU-IRPOU DPSRIGBIKWHFY &RQIHUHQFHSBHULHYV

=DJDU 7 .UL]DM (OHFW UG FD QGL FRIQGDUDAW KRG VNG DHW T
+ G6FKDUIHWWHU  5&0%WUZD (B0 ( SURFHHGLQJ\WGRL

B
$]LIL ¢ 'HVODXULHUV $ 5 Q5PN VRQB O LEHWHUWRUB QA LWKH UR
WHFWXRIGWLHUV LQ TKUIWILFORJI\ + GRL ISK\V
&XHVWD 9DUJDV $ *RQJiOH] BHICFWHRQ EHWZHRBRUMUFKLWEFWXUDO

WKH HUHFWRU VSLQDH PXVFOH GXURQUGOD[LRD G IR/ RWM V6B kA FRHOMV UD F
GRL

0DJDQDULV & 1 %DOW]RSRXORW ¥YLYR FKBQHBYFWVMODEHQOWWRROQ I
WLELDOLV DQWHULRU PXVFOH IGRP\UH@W[RBO DB Q [LRPXPQLD/R RH\WEED L HC
J\ DQG 2FFXSDWLRQDO 3KAVLRORLU\ v

:DONHU ) 2 'RQRIULR 3 +DUSROG RQRJIJUDSKIHD®D ILQJ RI PX&|
WUDFWLRQ DQG IDVFLFXODWLRQRIUD PRWBEBDWLRQYHALWK BRHFWUR
P XV

%ULNR $ 1 .REHOHY $& 9 6KFKXNLQ LWWHG DFWHWR® UNPISHL Y GR
SKDVH UKHRJUDP SRUWUDLW IRULEVYRH@Q@HFWWLF XMAINFDNDP BURVE
= 0 <XOGDVKHY 6 , SURCHHGL QBWV RI WKH WK 5XVVLDQ *HUPDQ &
FDO (QJLQBBULQY 6X]GDO 5XVVLD 90DGLPIDUWHND WEIHBMQEHUD |
I1LNROD\ 6WROHWRYYV



%ULNR $ &KYDQRYD - 6HOLXWLQD 6 ,YDQRY ( .REHOHY !
S, VRPHWULF KDQG JUDE VWDQG IRU QEMXQPRPXVFXODU DFWLYL

%ULNR $ 1 .REHOHY $ 9 6 KFIKHNVL QQW HUFKD QJHDEAWUR\ GXULQ

DQG ELRLPSHGDQFH 3WREBWGUBFRUGLQJ 8UDO 6\PSRVLXPQRQ %LRPI

5DGLRHOHFWURQLFV DQG ,QIRUPDWLRQ 7HFISSQRQRJ\ GBI (5(,
86%(5(,7

2UWK 7 ,PSHGDQFH FKDQJHV LQ ELFHSV ERWERQLV ®XQHG WR VIRARP HIWUILL
HOHFWULFDO LPSHGDQGFBVRMRUUWEHKYLMO 5HWULHY HGHRIRIR KWRXSWKHGQ
HGX HWG

&RXWLQKR $ -RWWD % 3LQR $ | \RHDHOHFWULFBROKDHEIRE D QRFH
LVRPHWULF FRQWUDFWLRQ RI EIMRSYWERRQEQ B IRW 33KKU\M HERN\H QR @ ICHEURH (
GRL

.DVKXUL +$QLVRWURS\ Rl KXPDQ PXVFOH YLD WRRH QWD \J UHH XHSF\G!
SHQGHQFH RI WKH LPSHGDQFH FKD@1lHR\ORGEXRLIOIO L WRKPMNWW LF5 A RQW
KWWS KGO KDQGOH QHW G

.LP 6 & 1DP . & .LP " 5\ X & < .LP < 2SWLPXFP HO&H FWURGH
ILJXUDWLRQ IRU GHWHFWLRQ RI DUMHBRKBIO®H QW KORQUFPICR (@ SIHBHDHIHA
WLQJ * GRL %)

BWHSDQRY , 6 (YJUDIRY $ 1 .DUXQGRDYL$RY/ RPENMRPRELOL
L WUDNWRU\ 2VQRY\ HUJRQRPLNL % DOALBYQORI HLIDIRYD PRA® WFR @ 5 WRHIW/L
5XVVLD 0678 030, LQ 5XVVLDQ



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

2

/HFKQRORJ\ RI 3BRLQW )RFXYV
RI (OHFWURPDJQHWLF :DYHV 6!

&EKXIXQRY 5 . XOLNRY 1 3HWXNKRY , ,

5" FHQWHU RI 5DGLh (OHFWURQLFV '"HSDUWPHQW RI 03¢
IDWLRQDO 5HVHDUFK 8QLYHUVLW\ 03¢,
ORVFRZ 5XVVLDQ )HGHUDWLRQ
( PDLO FRROLFRII#JPDLO FRP

7KH DUWLFOH FRQVLGHUV WKH W HIFFRAQLRROPRDIAQRIIWSE R LW HIR F X2AKLF XK PO
WUDQVPLW HOHFWURPDJQHWLF HQHWKD QZWE HIRRQRNPHQJPREH MIHHFK\Y
EDVHG RQ WKH SULQFLSOH RI RSHUKDWHKIR QG RYWWVENQQR QD B U GBS RO
DURXQG WKH SHULPHWHU RI WKH FODUNDV XQ\G B R VAR @ DIHG W R DRAEVRDL (Z 10
WKH SRZHU Rl WKH HOHFWURPDJ®HW IDFU HIH OB5Q B Q@R VD W QR O 5 E HQ\W
SUHVHQWY WKH UHVXOWYV R WKKHRADHMLLFFDDD PRIGHOLLH WK 2 MOR QYL P
DQG GHVFULEH WKH SURSHUWLH\L QUQ & HFKKDQRDGFRIN U £ X W LHEN\S HRU L\P SIROW
WDLQHG FKDUDFWHULVWLFV Rl WRBVIRPOBYVEWHG E\O WKMURPDOQSIWF
VKRZQ 6SRWIRUPLQJ LV WHFKQRORUOWH WQHIW \J\WQHHPDW WK Q W FIDWL
KLJK VSHHG GDWD WUDQVPLVVLRQ VWWRWPNVDQG WK JHQHUDWLRQ P

.H\ZRUSKDVHG DUUD\V PLFURZDYH DQWHD\QDHDHE W\WR RDUDRE WRIFWIWV|
* PRELOH QHWZRUNV PLFURZDYH LEGWWWURLU HQRH OAHVIM 6 R XN UF RIRID)C

1752'8&7,21

7KH EDVLV RI VSDWLDO SURFHVVLQJ WHBKGRQR QD DL\
DQG DQWHQQD DUUD\V $$ RI ZHDNO\ G LOJ6ZE WLRMWIOS B @ HRY
SXW = PXOWLSOH RXWSXW > @ 7KH DGYDIOM D/IH 7KIHGD €
YDQWDJH RI DQWHQQD DUUD\V LV WU WE RQL $/D WWRH TXQL MK
WURQLF FRQWURO Rl WKH FKDQQHO SKDVHV D @® RBXFHKWR W
SURYLGH IRUPLQJ D QDUURZ EHDP Rl WKH UDGLDWLRQ SDW

,Q WKH FDVH Rl GLUHFWHG UDGLDW L PQH-GOEBOW Q R RDKH K
VLIKW WUDQVPLWWHU UHFHLYHU ,W DOORZVWLR QMG X P HI
WLRQ $W WKH VDPH WLPH WKH UHFHRNYMUJKW RROG D\§ RIF
HOHFWURPDJQHWLF ILHOG VWUHQJWKHL VY HRHLYLHJH G R¥® VEH
SUHFLVHO\ WKH UHFHLYHU V DQWHQQD > @

7KLV DSSURDFK ZKLFK ZH FDOOHG 3VSRWIRWPE GIQHBDWN
HYHQ PRUH HIILFLHQW WKDQ EHDPIRUPLQJ )LJ

<« &KXJIXQRY : . XOLNRY 5 3HWXNKRY 1 ,QGULNRY ,



&KXIXQRY : . XOLNRY 5 3HWXNKRY 1 ,QGULNRY ,
STHFKQRORJ\ RI SRLQW IRFXVLQJ RI HOHFWURPDJQHWLF ZDY

JLIXUHKH WUDQVLWLRQ IURP EHDPIRUPLQJ WR VSRW
] D[LV PHDQV SRZHU RI HOHFWURPDJQHWLF ILHOG [ \ D[H

6327)250,1+*

6SRWIRUPLQJ WHFKQRORJ\ RU WKH WHFKQRMIRFI\ZBY I\RL (
LPSOLHV WKH XVH RI DQ DQWHQQD V\VUWARHPP WK INOIRZ @/ B $$ &
LQVWDOODWLRQ RI HOHPHQWYV RI $$ QRVWGEQQVRAHZBOBE®J
URRP LQ ZKLFK WKHUH LV QHHG WR IRUP D ORFDO SHDN F

,Q WKH DUWLFOH > @ LW LV VXJUEBVWHEGOMB XYDHR @J WKW
DURXQG D JLYHQ SRLQW DQG VSDWLDOQDRRASWHHDW HG PR U
VHYHUDO JHQHUDWRUV V\QFKURQL]HG LQXWH R 2RUNDR RS UR
DV WKH VL]H RI ZKLFK UDQJHV IURP WV KHIZ YHQUKWHY JW R HUID
FRQWURO Rl WKH SKDVHV RI WKH GLSROHV

$QWHQQD DUUD\V DV V\VWHPV ZLWK D RFRIDMY ROKDISE UL
EDVHG RQ D ODUJH QXPEHU RI VLPSOMPHEMINGD G LWKFRFWW. RQ
'LSROH $QWHQQD DFW DV VXFK UDGLBWRUW RIL 9/KGHFBQW®W)
7KH FKDUDFWHULVWLFV Rl V\PPHW UWLFTHG DEQ WWHKQHQ P R GIHWDH RA
PHQWDU\ HOHFWULF UDGLDWRU >K@& FRHGRKBWHR Z KWUHTWB &
ZDYHOHQJWK LV RI JUHDWHVW LQVKIDOH \Z\B Y B XFIKE D Q VWDRQUWV HZQ
OHQJWK LV WV UDGLDWLRQ SDWWWHULY RBN\D GAK M KRWP PR
UDGLDWLRQ RI VXFK DQ DQWHQQDDLIMW G DQKF W K 8 U$H U% HIRC
DORQJ WKH D[LV

JLIXUHKH UDGLDWLRQ SDWWHUQ RI D KDOI ZDYH YL



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

W FDQ EH DVVXPHG WKDW WKH HGCH¥WQRWRHBQBW LIEHHOE
WDLQV PXWXDOO\ SHUSHQGLFXODU FRP$&R@WH®W VWIHKNOGI\R\W
SODQH SHUSHQGLFXODU WR WKH GLUHFWBRY LRNLRIY RISWRIS
SROH WKH YHFWRU RI WKH HOHFWU LF IILHLHHODG L@ WHKE VIIDW\ 1A
RQO\ WKH YHUWLFDO FRPSRQHQW DQG LV GHVFULEHG DV IR

— LZ W NU
( UW ’—;LﬁVErBT ™M H

ZKHUH FXUUHQW LQ WKH D EBY HR L ®SGIDSHIGHIHE X P ZHDLY H
OHQIMMKLQLWLDO SKDVH Rk HGHOW UR IF DRXXUIHGE) WIR BY KNHK H G L
GLVWDQFH EHWZHHQ WKH GLSROH D QG MXODARIER W Q QUIK L
XQLW

JHW XV IL[ WKH PRPHQW RI WLPH 7KH BPYOWW XGIHFWR UV
FUHDVHV LQYHUVHO\ SURSRUWLRQDO VOR Q\HKCHJ QL \L WY DSQURRHS RE
WKH GLVWDQFH IURP WKH GLSROH $SSUR[LPDWHO\ WKLV F

HL NM
U
| WKH LQLWLDO SKDVH RI WKH FXUUHQWRLQVWK HBGRBOW KX
PDJQHWLF ZDYH DWL DURF MX 6 IGIVBRQFHHFDOFXODWHG E\ WKI
N, NUM

&RQVLGHU WKH FDYHKIZ&®&HQDW KHMAHWHOHODY ZLWK NQRZQ |
WHQQDV DUH ORFDWHG DURXQG WKH ZRRQQAHFVDHGE DVR LW K F
JHQHUDWRU YLD SKDVH VKLIWHUV $FFRUWU®IKQU D/GR DMKRIUIR U |

(; U

HE M
(LU
U
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17—~ REC 4
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JLIXUHOOXVWUDWLRQ RI WKH SRLQW LQWHUIHUHQFH RI ZDY

H VSHFLI\ D SRLQW ZLWKLQ WKH ZRUNLQJ DDHDREDWK |
SHDN RI WKH HOHFWULF ILHOG LQ LW Q5SWKBMY FIBRT\Q W Q WHKAH,

SKDWHMUH VHW ZLWK SKDVH VKLIWHWBWRILQW YWHKH DS EDV MAK RV

YLGXDO HOHFWURPDJQHWLF ZDYHV FRPLQJ IURP WKH GLSR
JRU H[DPSOH IRU FHUWDLQW\ DW D IL[HG SRLQW LQ WLP

N, NUM,



&KXIXQRY : . XOLNRY 5 3HWXNKRY 1 ,QGULNRY ,
STHFKQRORJ\ RI SRLQW IRFXVLQJ RI HOHFWURPDJQHWLF ZDY

ZKHYUHY WKH GLVWDQFH EHWZHHW® KWE&HS RIOHH O BRH Q DD Q& |
W!'O WKH IDU ILHOG IRU DOO GLSROHV 7WMKHM AR®G W RPD }
LF ZDYHV RlI DOO GLSROHV DW D JLYHQ SRLQW 7KH FRQGLV

N, NUM,Nr SN N

8QGHU FRQGLWLRQ WKH LQ SKDVH DGGIDWL BQJRY HHD |
SRLQW 7KH PRGXOH RI WRWDO HOHFWURPDJQHWLF ILHOG L1

Wl

ZKHYH+ WKH HOHFWULF ILHOG LQWHQVLW\ IRUPHG E\ WKH

,Q WKH FHQWUDO SDUW RI WKH ZRUNRAIHROQBY WHR AV IGH \
SRLQW DUH DSSUB|[LPIOWHOKHDXWRH PRGXOHV RI HOHFWUL
HDFK GLSROH DQWHQQD DW WKLV|SR(QW]| [|)(l11|H‘(Q§86LRR[LPDW
\RX FDQ ZULWH

| (oo, 1 (ol

ZKH‘LQA—! + WKH HOHFWULF ILHOG LQWHQVLW\ IRUPHG E\ WKH

7KH PRGXOH RI HOHFWULF ILHOG LQWMH®\GIDAMWDRI VK HY A
DUHD LV SURSRUWLRQDO WR WKH QXPEHUWKGHSHR® D VQ Y
GLSROH

+HUH DQG IXUWKHU WKH SRLQW ZKHUH WKH LQRIKDNVNH D
RI PD[LPXEPD[LPXBQG DOO RWKHUSKRRQAWYVRD LB B DB \
7TKH YDOXHV RI WKH LQWHQVLWLHYV DHIOEG SIRKE MKMW IR ISW KGQIWH/

GHQRWHG E\ WKH FRYJYHRGR @G LRRBI, LQGLFHV

,Q DOO WKH UHVW RI WKH ZRUNLQJ DUHRQH[FHSW LRO v
DQG WKH DIGIBGOWEWQRPIDIQHWLF ZDYHV RFFEXUV ZLWK UDQG|

| (6|SHU

e

ZKHWHLY D UDQGRP SKDVH ZKLFK KDV D XQLIREGE® GEMM ULI

PRGXOH RI WKH UHVXOWLQJ HOHFWUSFRIZR OB LIRGMW QW RWW |
WKH QXPEHU RI GLSROHVY DQG WKH FXUUHQW DPSOLWXGH R

| (5|SHU\/—1‘ (Gif

7KH HOHFWURPDJQHWLF ILHOG LQWHXH VWR RO WW K DIH WIKS
DW WKH PD[LPXP ZLWK LQFUHDVLQJ WIKRWXPEWUIRDWXSRC
WULEXWHG V\VWHP RI SKDVH FRQWUR O@®HFND Q BV HICHICDG/ D WG
SRLQW 7KLV LV GXH WR LQ SKDVH IRFXVLQJ RI HEBE&IDR/EDY F
Rl HDFK GLSROH

7KH SRZHU Rl WKH HOHFWURPDJQHWLFRILW&B HDFBRVRGIRR
LQWHQVLW\ 7KHUHIRUH

33D[ gr(6| PD[- § 1‘ (Gis "
3SHU @(6|SHU:1 ©/71‘ (Gis=l




3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

7KH UDWLR RI WKH SRZHU DW WKH SRLQW RLW BURXRUW F
WLRQDO WR WKH QXPEHU RI GLSROHV §L WKKUHH U DAMKRRZ \R W\ K
HU RI WKH PD[LPXP WR WKH SRZHU RI WKGL8HQVIERIPD\ODW S
RI WKH ZRUNLQJ JRQH DQG WKH QXPEHU RQ @WKIR O UHN \VXHG
VLQJOH DQG GRXEOH UHIOHFWLRQV RI UDGHIRWZDMNMNXAQWRPZ
REWDLQHG E\ VLPXODWLRQ LQ ODWODE G&MRXODW]LRMKHARQC
DUHD XQGHU FRQVLGHUDWLRQ LV D SDUD® ®H GH SIRSHG/ \DLJ |
WKH ZDOOV LV XQLIRUP WKH GLHOHEWOLIFVFRQV WDKNW PRI L
SRLQW FRRUGLQDWHYV DUH > @ P DV\PPHWULF OF
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J)LIXUH/KH HVWLPDWHG UHODWLRQVKLS EHWZHHQ WRAHWDRILR RI
WKH SHULSKHU\ DQG WKH QXPEHU RI GLSROHRWQWDR R QVKLIH WMIRO D

/KH DERYH UHODWLRQV DUH DSSURI[LPOWH L(
DGGLWLRQ WR GLUHFW SURSDJDWLRQ RI WUD®LRY ZDQYE \RE N F
LQ WKH ZRUN DUHD SOD\ DQ LPSRUWDRWDRBH QWRL W FIKRJX
PXWXDO LQIOXHQFH RI WKH GLSROHVLYV L@ OBZWQERWQ\ WHH
FDVH LV QRW SRVVLEOH 7KH IROORZLQI\VGF WKRQNKG KD FW
WLFV RI DQ DSSURDFK LQ SUDFWLFH

352727<3(

JRU H[SHULPHQWDO FRQILUPDWLRQ RI WKBQ&DUWHWEHDUWK
LQJ RI LWV SURSHUWLHYV D SURWRW\SH ZDRPGWHL]HORKSHG
T 17 P 2Q WKH ZDOOV RI WKH URRP WKHUYHENWWER USSR O@
GHU WR FRPSO\ ZLWK WKH LQWHUIHUHQHN FRQG I[GASRQ H+DK
DUH FRQQHFWHG WR RQH PRQRFKURPDWLUF ZILYR®WUYHQRUI



&KXIXQRY : . XOLNRY 5 3HWXNKRY 1 ,QGULNRY ,
STHFKQRORJ\ RI SRLQW IRFXVLQJ RI HOHFWURPDJQHWLF ZDY

YHVWLIDWLRQ WKH HOHFWURPDJQHWLGHIWBW GRIR UPW & \LH)GV
ZKLFK LV DOVR D KDOI ZDYH YLEUDWRU]HW WR PRIOQY M BW HAEK
HU RI WKH HOHFWURPDJQHWLF |LHOKFBMW MKH W RRMNHGHB\
VSHFLDO PHFKDQLVPV ZKLFK PDNHVUDW KB® \VHVALEPWUWR R DIQI
SDWWHUQ HQWLUHO\ LQ DQ\ FURVV L\RHDML BQD JUBPSD BRMW iE\M
)LJ DQG )LJ UHVSHFWLYHO\

JLIXUHKH SURWRW\SH RI VSRWIRUPLQJ WHFKQROR
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JLIXUHKH EORFN GLDJUDP RI WKH VSRWIRUPLQJ VA\VWHPT



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

7KH EORFN GLDJUDP RI WKH SURWRW\SHHRQQIDDWQLDEFBLXWL
D VvLIQDO JHQHUDWRU SRZHU GLYL&HUVQIGWIDWDSXK BY B VR
SROH DQWHQQD WR IRFXV WKH UDGLR ZDXBV W\W IKHY®XPE
GLSROH DQWHQQDV XVHG $ FRPSXWHU FDUULHV RXW WKH

(;3(5,0(176

7KH SURWRW\SH DOORZHG XV WR REVHUY\AWAMHP URH DAL VL
WULEXWHG GLSRO HDEQWHRDWKH REMWHDLQHG SRZHU GLVWI
PDJQHWLF ILHOG XVLQJ DQG GLSROH H@OWH Q Q B VF K)IRWIPH
L]JHG E\ D FOHDU VSRW SHDN EXW DOVYIRPEP WXKHKL BK HVHLQZ H
LQ PDJQLWXGH WR WKH PDLQ RQH OWDVXUH BHRXW RUIQWIX HK R
SODQH SDVVLQJ WKURXJK WKH PD[LPX® SRLQWH FOI® WHD V
SURRP° DQG FP DSDUW IURP WKH ZDSR®GVHWR)MIKH |DFK LU\
DOO GLSROH DQWHQQDV 7KLV IDFW HFORZRP RYQMR/ DRV ZRF |
IODW DQG HQVXUHV WKH IXOILOOPHQW R I DVWKH QRFDMWHLR Q V
GLIIHUHQW KHLJKWV WR DYRLG V\PPHWU\ DQG WKH RFFXUU

7KH ZRUNLQJ IUHTXHQF\ RI WKH H[SHULPHQWFDVWULHE RK
ZLWK D VWHS VHYHUDO WLPHV VP DB [BHW MPHIDQV WKR/H. @D ¥ H O
DQWHQQDV WKH JULG VSDFLQJ LV F®LSROHVEEWHQQDLPH
VKRXOG EH QRWHG WKDW LQ WKH ILUVW WG DISFSHIGRM RVIKWM -
WKH FHQWHU RI WKH DUHD XQEBHU FRVXG\FRW\D @& RLLLG MWXDHV
FRQG + FORVHU WR LWV HGJHFRRWV FRRUGLQDWHIRDUHWR \
WKH IRFXVLQJ RI ZDYHV LV DWWDLQDEOH DW DQ\ SRLQW RI

| D VPDOO QXPEHU RI GLSROH DQWH QE}D ¥ KIDWHD KW H G L JW
VXERUGLQDWH PD[LPXP RI SRZHU FRPPHQVXUDWR Z8WK WK
WKH QXPEHU RI GLSROH DQWHQQDV XV HGVXERIHD\GDMW VR E
PXP GHFUHDVH DQG WKH ILHOG SDWWHUQ$W OIN HY WKIOW 3R G
H[SHULPHQWY WKH IROORZLQJ YDOXHV Rl SRZHU DW WKH S
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&KXIXQRY : . XOLNRY 5 3HWXNKRY 1 ,QGULNRY ,
STHFKQRORJ\ RI SRLQW IRFXVLQJ RI HOHFWURPDJQHWLF ZDY
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JLIXUH[SHULPHQWDOO\ REWDLQHG ILHOG SDWWHUQV |
GLSROH MQW HRIEROH BQWHQQDV

,Q IDFW WKH SRZHU DW WKH SHULS KHRZHUQR U WBWHRDPIRRJ
ZKHQ WKH QXPEHU RI GLSROH DQWHQQD\D XN H®R WQFO B /IS
WKH HVWLPDWHG GHSHQGHQFHV 7KXV DFXQROSRUW GW XU
IURP WKH H[SUHVVLRQ LV WKH SRWV BREZGIUWR |RR O E DR (
WKH SRZHU DW WKH SHULSKHU\ PD[LPXPKWRQS%PEHBKRIUG S
DQWHQQDV XVHG GHSHQGLQJ RQ WKH WDVNV DVVLJQHG



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

&21&/86,21

‘H SURSRVHG 6SRWIRUPLQJ D QHZ DSSRR B PMVRUWE R B J\0S
LF HQHUJ\ DW D JLYHQ SRLQW UDWKHY WKDRY LQ DFKDM YD
LQ SKDVH IRFXVLQJ RI ZDYHV DW D JLYHQ SRLQW

6SRWIRUPLQJ DOORZV \RX WR LQFUHD YV HZ WKKRXBG Y DRQ R
WKH HOHFWURPDJQHWLF FRPSDWLELOLW\FHLWK RWKHU GHY

7KH LQFUHDVHG SRZHU FDQ EH XVHG WRVUDROVRDVWL R |
FRPPXQLFDWLRQ QHWZRUNV WR LQFUHDWRVWHKRUVBEUHGH
SRZHU WUDQVPLVVLRQ DQG IRU RWKHU WDVNYV

7KH DXWKRUV DUH FXUUHQWO\ ZRUNLQJ RMX M KK DEGOQ F
RI WUDQVIHUULQJ YLGHR VWUHDPV WRHYWKW XO/H U HDR P W\ K
EHWZHHQ WKH KHOPHW DQG WKH FRQVROH

,Q WKH ORQJ WHUP WKH LPSOHPHQWDWHRSRROQW KH PRl
PXP LQ WKH DUHD XQGHU FRQVLGHUDWYL DY MX H HIFX WALYRHP
WKH DQWLQRGHV RI WKH ILHOG DWLRB YRIUW RHS KU R B/R/V H& LW
LQ WKH FDVH ZKHUH WKHUH DUH VHYHUDO UHFHLYHUV WKD

50)(5(1&(6

%DODQLV & $OWHQQD WKHRU\ $QDUGVHE D RRCGXREIQY 2KLR 86%
‘LOH\ BRQV

BWXW]PDQ : / 7KLHOMHQWH® QD WKHRU\UBQBGGHVKI®/WHPRUH
86$ &RXULHU :HVWIRUG

1IRUGUXP $ &ODUN . -X 0\ SEDWENG ESIBPWRXAPL QJ H
WULHYHG IURP KWWSV VSHFWHRP\V\WHHHERWH Y LEHDR VRO HBOR MH P3Ol
+D\QHV 7 0P B PHU RQ GLIJLWDHONPHEFP HRUPWRB KWWS FLW!}
HGX YLHZGRF GRZQORDG"GRL UHS UHS W\SH SGI
3URQLQ 6 3LPHQRY 3 0\URYD / P R 95 G H G/DN X V K K Q\D

UDGLRHOHNWURQQ\WH VUHGVWYD 5BWINRHEIKEBD QORI RV H\OWRNMIU R
LIOXFKHQL\D H\H NRPSRQHQW\ L LVWERQANRVYVYDGLM HOMFMNWFIR @ QF WU

XWHG VI\WVWHP RI XOWUDVKRUW RPS ¥®RP RHDHF SINLERARIQENNANGS RUING
WHNKQRORJLL >5DGLR (OHFWURQHLF 1HFERQWROLRIQHV @

/ILX | =KDQJ 5 &KXD . & HQQD ZIUMOHDQYBRZHUHG FRPPXQ
HQHUJ\ EHDPILRUPIZ®DQVDFWLRQV RQ &RPPXQLFHDWLRGWRL
7&200

*ROERQ +DJKLJKL 0 + %HDPIRUPIQQI+LQ HULUBRRIZMEIGNWZRU
* 'LUHOHVYV 1HWZRUNV $ 3K\VEBDO AD\HU, QMHFKR2IBSW DY K5 R L

JHQJ - &KDQJ & : 6D\LOLU 6 /X < + -X®J % 3HOHRIXOLV
HIILFLHQW WUDQVPLVVLRQ |IRURBEHQRVRURY KB QQXDL® H@ H &R FRDQOL F
WLRQV 6RFLHW\ &RQIHUHQFH RQ 6HQVRWRQWVHDK D Q8 WIR UIRF HRE
SS + GRL 6(&21



*HYRUN\DQ $ 9
37KH ZLGHEDQG PLFURVWULS DQWHO@®RZ DIHYK G DRSDWKW I96H5THH G

2

7KH :LGHEDQG OLFURVWULS $
ZLWK &DSDFLWLYH )HHG ZLWK WKH

$ 9 *HYRUN\DQ

'HSDUWPHQW RI $QWHQQDV DQG 5DGLRWUDQVPLWWH L
BRXWKHUQ JHGHUDO 8QLYHUVLW\
7DJDQURJ 5XVVLD
( PDLO DLUSX#WJQ VIHGX UX

S5HFHLYHG -XO\

,Q RUGHU WR LQFUHDVH WKH IRWHKHDPMIEQR VWHILDSH QOWEHDQ@® B\ WKF
96:5 ” ZH SURSRVH WR XVH FDSDFHWIRUP HEH BV 16Q P X0 ®N LTRG@I ZJIHW
VKRZHG WKDW WKH XVH RI FD SRSHWDLW HQIH HUIEH F B 19 QHF \ S DIGG WK R
DQWHQQD ZLWKRXW FDSDFLWLYH IHHG ZDV

.H\ZRUBNFURVWULS DQWHQQD ZLGHEDQG DQWHQQD 96:5 FDSDFLWL

,1752'8&7,21

$QWHQQDV LQWHQGHG IRU RQERDUG UDGLR VWDWHIPV ZL
D VPDOO WKH 96:5 7KLV LV GXH WR 6VKHR Il DNFKH VDKDNNH QVQKDH
JUHDWHU WKH UDGLDWHG SRZHU DW D |RH® QO XWWSB ZIH [
VLIQDO OHYHO DW WKH LQSXW RI W KHVKHRKOLY EW VD O G G/
QRW SURWUXGLQJ ORZ SURILOH 7KH PLBWRN WRBEZS YDHUN F\Q
VH DQWHQQDV RIWHQ KDYH D UHVRQDQW YUB TUHAXFO W K VK B
HUDWLQJ IUHTXHQF\ EDQG Rl WKHYVHGBEW HRWD W [EW /® DO -
FHQW 7KHUH DUH PLFURVWULS DQWHQQDVOHXHRY HR IR S\HU

96:5 " LV RU PRUH >+ @ +RZHYHU E\ OHYIHOGRA WKH 9
WKHLU RSHUDWLQJ IUHTXHQF\ EDQG LW &V BDQOMDRWXD/O/ WX\
GHYHORS WKH ZLGHEDQG PLFURVWULS DQWHQQDV ZLWK VP
,Q WKH SUHYLRXV ZRUN > @ VXFK WKH BIBGHEDQG@®LFUF
WKH IUHTXHQF\ UDQJH RI + *+] ZDV GHYHORSHG RSH
UHODWLYH WR *+] 7KH DQWHQQD KRG D RFXDWH U
§ DW WKH XSSHU IUHTXHQF\ Rl WKH RSHUDWLQJ IUHTXH
7KH DLP Rl WKLV ZRUN ZDV WR LQFUH DN\KH{ ®F \WEKDHD & L B\WWK |
OHYHO RI WKH 96:5 ” DQG UHGXFH WKH R SHVUHDWQM ZKUB T
PDLQWDLQLQJ WKH VL]H RI LWV UHIOHFWRU

<« *HYRUN\DQ $ 9



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

$17(119" (6,*1

7KH DQWHQQD GHVLJQ LV VKRZQ LQRMWULS7 P \D QG &L
PLFURVWUBERUP DQG WKH UHIOHFWRU

,Q WKH SUHYLRXV ZRUN > @ D FRD[QQ R B B EROLHF FRU\M UATSV
DGGLWLRQDO UHFWDQJXODU PLFURVWUUSQZED \E XY 8 G KW RKID[LS
HG LQ FRORE L/HLEGHVLIJQDWLRQ Rl WKH GLPHQVLRQV RI
PLFURVWULS LVFVEREZQH QVKH ZQLGAMW KIHQGH Q JW K

7KLV PLFURVWULS LV FRQQHFWHG WR D 2KR FRDRLDO F
PLFURVWULS LV FDUULHG RXW E\ PHDQW RQ ® FQ TDFE MM IYRIC
WDQJXODU PLFURVWULS 7KLV H[FLWDMAERQ+ @® FDOOHG FDS

F
JLIXUBQWHQQD GHVLIQ® WRSIEDEAFIWIZQJIJXOBU PLFURVWUL

7+(5%$',$7,218+$5%$&7(5,67,&6 2)$a7(11$

/[HW XV FRQVLGHU WKH UDGLDWLRQ FKDUDWWHRFHW IZVHW HF VW
LQ WKH IUHTXHQF\ UDQJH + *+] ZLWK |IRUPHAGVHASTLG@LF
+)66

)LJ + DUH VKRZQ WKH IUHTXHQF\ FKDUDG6WHWHGWIRXHR
IRU GLITHUB@W YBBXHYV
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&XUYH ,QIR ,,I/
— Z PP 7/
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JUHT =
JLIXUHKH I[UHTXHQF\ FKDUDFWHULVWLFV RI WKH 96

$YDLODEOH DW KWWSV ZzZZ DQV\V RKR"WSURGXFWY HOHFWURQLFV DQV
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37KH ZLGHEDQG PLFURVWULS DQWHO@®RZ DIHYK G DRSDWKW I96H5THH G

JURP )LJ LW LV VHHQ WKDW WKH ODMHUIOHYHRFHUDYW

96:5 7 KDV WKH DQWHQ@PD ZKWIGHAFOHDGN MR D VKLIW LQ
DWLQJ IUHTXHQF\ EDQG WRZDUGV WKHR IX®&EHUIBUH TXOH® KHH |
TXHQF\ UDQJH RI + *+]Z OKID &Q AMURH DVHLBRQLILFDQW UH(

HUDWLQJ IUHTXHQF\ EDQG E\ WKH OHYHO RI WKH 96:5"
yLJ DUH VKRZQ WKDW WKH RSHUDWL®WE |UHTPFH Q¥ \LED Q

WKH ITUHTXHQF\ UDQJH RI * *+] EDQGZLGWK = 0

*+] JRU FRPSDULVRQ WKH SUHYLRXVO\ GHYHORSHG
96:5 7 LQ WKH IUHTXHQF\ UDQJH RI + *+] EDQGZLGW
WLYH WR *+] 7KDW LV WKH XVHFRIQB D/& B LRAGLIHUHD WHLIHIS |

FLHV Rl WKH DQWHQQD DQG LQFUHDVLQJ WKH RSHUDWLQJ |
)L J DUH VKRZQ WKEVDHDGY AKR QI @QQIKW FKDQJH LQ
G% 7KLV LV EHFDXVH WKH JDLQ LV P ROWD GHISIHXG KW F

FKDQJHG $QWHQQD JPPQLALWKH RSHUDWLQJ IUHTXHQF\ EL
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JLIXUHKH I[UHTXHQF\ FKDUDFWHULVWLFV RI WKH UDG

JURP )LJ LW LV VHHQOWROW W& FI FeDIMLUHIDVH RI WKH Ul
TXHQFLHV RI PRUH WKDQ *+] DQG DQKQPUHD VH] D WK HVH
FKDQJHV DUH DVVRFLDWHG ZLWK FKDQJHV LQ WKH 96:5 RI \

yLJ DUH VKRZQ WKDW WKH UDGLDWHRP S RQHW KR RSHU D
IUHTXHQF\ EDQG E\ WKH OHYHO RI WKH 96:5 ” LV LQ WK



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

HeY 7KLV PDNHV LW YHU\ SURILWDEOH WRGXVDB GVLIRHVGWHY
WHPV ZLWK D OLPLWHG VXSSO\ RI SRZHU

)L * DUH VKRZQ WKH IUHTXHQF\ FKDUD@ & MK.H W DL R
SRZHU IRU GLIKZUHQWFDOXHYV

)LJ DUH VKRZQ WKDW WKH PD[LPXP EDQGDRIQEGWK\ RN KWM K
OHYHO RI WKH 96:5 7 RO WKPIPDQWHBQQD LA WKH IUHTXHQF

+ *+] 7KH FIODHIHGVQWR D VKLIW LQ WKH ITUHTXHQF
96:5 DQ LQFUHDVH RI WKH 96:5 DQG D GHFUHDVH LQ WKH E

96

JUHT :
JLIXUHKH IUHTXHQF\ FKDUDFWHULVWLFV RI WKH 96

)LJ DUH VKRZQ WKDWHWKYN MK @PINPIDODO FKDQJH LQ V
G % 7KH KLIKHVW YDOXH RI WKH JDLQ LQOWXHORRBH WXW
96:5 7 LV REVHUYREB DW

*DLQ >G% @

JUHT :
JLIXUHKH IUHTXHQF\ FKDUDFWHULVWLFV RI WKH JI

)L J DUH VKRZQ WKDW WKH KLJKHVWTXBI®LFDVEDQ G EX N\
OHYHO RI WKH 96:5 " KDV D® PD®\WRQ & DWXLDQOK : SRZH
DOQWHQQD LQSXW + ©OORBIGEVW QR IBDDWKLRY LQ WKH IUHTXHQ
UDGLDWHG SRZHU WRZDUGV KLJK IUHTXHQFLHYX BQBELM\NKH L

$QDO\]LQJ WKH GHSHQGHQFH Rl WKHDQIGLOWIL FQ F KRQI
WKDW WKH KLJKHVW WKH EDQGZLGHB6RI W K H KIDQYWW IQK) D EW
ZLWK WKH GLPHQVLRQV RIZDi OHFWDQP®ODU PLFURVWULS
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A *HYRUN\DQ $ 9
37:KH ZLGHEDQG PLFURVWULS DQWH @®Z DIHVK G RIDFKW I9%BH5HH G

5DGLDWHG 3RZH

JUHT =
JLIXUHKH I[UHTXHQF\ FKDUDFWHULVWLFV RI WKH UDG

&21&/86,21
7KXV WKH XVH RI D FDSDFLWLYH IHHG @DWKP MWHUIR\GAB
Z10 1 PPKDV DOORZHG WR LQFUHDVH Rl WKHHYBHDQRSIZL G
WKH 96:5 7 ZLWK 0+] + *+] WR 0+] + *.

UHODWLYH WR WKH PLQLPXP RSHUDWLQJ WHKH RSGIFADWLQJ L
TXHQF\ EDQG WKH UDGLDWHG SRZHU RI WIKHLVQVOHW®B H[F
RI + G% 7KH REWDLQHG FKDUDFWH ULVIMHYAVORSMIG L2W G
EDQG DQWHQQD LQ RQERDUG UDGLR V\WVWHPV ZLWK D OLPL)

7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRBRWHGURMKMVLIIRQ 6FLHQFH )RXQ

50)(5(1&(6
XR < |/ ‘RQJ . |/ BULQWHG GRXROH 7 PR &R SRXOMHO DED/QKEQ @ P1
RSHUDWURQV7UDQVDFWLRQVY RQ $QWHQQDV DQG *#3URSDBRIWLRQ
7$3
6KDEXQLQ 6 6WDFNHG SDWFK DBMW HQQ ,WWHI GRDQV E ROQ MG & RFD

$SSOLHG (OHFWURPDJQHWLFYV DQG &BBPXQLFDWXEQRY R(EREBYRDWLL
GRL ,&(&20

/L 3 /DX . [/ IXN . 0 $ VWXGUREWHKHXZ S®I® EDQ GDWFK DQV
RQ D F\OLQGULFDO R(FR@PDIFWKRDFRQ $QWHQQDV D@G 3URSDJD
GRL 7$3

OXHHG $ ;X - OHKGL * &D Y L WQ\DE R & NFH G LHOFEEH.G-® DGV B Q VWDHF @
PDO DSSOLFDWLRQV WR ,QWHUQDWLRQDO O0XOWSWRSI# &RQDYDRRIEH
3DNLVWDQ ,((( GRL ,10,&

$QvDbUL - % 6LQJK 3 'XEH\ 6 . .KD®Q 55 8 FLVKFONOG WMPBD FNH |
DQWHQQD IRU GXDO 3HRQGH\RSE HUD WORMFWURPDIJQHWEFYVY SHMHDUFK
3,(5%
*HYRUN\DQ $ 9 7KH ZLGHEDQGY B D WA KWK®WH QRMEX DWH. R D QG
6FDWWHULQJ RI (OHFWURPDJQHWE&F ®DYHVLYS®BRFP-RUVNRH 5XVVLD
56 (0:
OXVDOH 3 ' +REUDJDGH 6 9 $QLWKDFYWRBWULS DRWHRDOGEDAO®V
VKDSHV RI FDSDFLWLYHUIGIHGWHMIQBDBWLEQDO &RQIHUHQKH RQRIOHFWU
Ss + .DQ\DNXPDUL ,QGLD ,((( GRL & (&7 (&+
7DUDQJH 9 *LWH 7 OXVDOH 3 .KNPDBWWIEE +6VRDSHG PHEFAJR VYV
ZLWK FDSDFLWLYH IHHG IRU EURDGEIVDD WEBQDPDARBIHUHQFH RQ (F
IHWZRUNV DQG &RPSXWHU &RPB%SQLFPWLR@GDLUIX&& ,QGLD , (((

(7188&



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

2

/KH 8VH RI &4RQYROXWLRQDO 1HXI
IRU 3ROOHQ *UDLQV &ODVVLI

$ .RUREH\Q+tNRYODPDORYIDODEXJ®BOVRY

'"HSW RI &RPSXWHU 6RIWZDUH
'HSW RI OHDVXULQJ &RQWURO 'LDIJQRVWLF ,QVWUXPHQWYV
'"HSW 3K\VLFV DQG 2SWLFDO (QJLQHHULQJ
'HSW ODWKHPDWLFDO 6XSSRUW IRU ,QIRUPDWLRQ 6\VW
.DODVKQLNRY ,]JKHYVN 6WDWH 7THFKQLFDO 8QLYHUVLW
,JKHYVN 5XVVLDQ )HGHUDWLRQ
( PDLODY #LQERMXOX\SUXGHQWRPHDQHL UWPL HIK#LVW X UX

SHFHLYHG -XQH

7KH FRQYROXWLRQDO QHXUDO QHW ZRUW KIK RIPHS KHHD HXLHW OM L V VR HOH
GHVFULEHG DQG DSSOLHG IRU SRIDOHRNHEGD EQV LFOWRGRIQ RDWR R QY KK
QHWZRUN ZDV QRW FKDQJHG WKH ORGGWE®H RIXIPEMIHR IZBYDRRE VI IRH
VLILFDWLRQ WDVN RXWSXWI1XP]HDRI| ZHHO ® SIDWH W KED WXKGDRS OZ2HVH F

7UDLQLQJ SKRWRV DQG WHVW ODVS¥KRWRYVSROPISQ HW ORU QIR XZUH |
7KH TXDOLW\ PHWULFV YDOXHVUHN®&BX\O/D WIH @& KoH FARHMNGA Q/JID WRO W KRD L
$FFXUDF\ SBUHFLVLRQ FERHHADOO ) 6

.H\ZRUGRPSXWHU SROOHQ DQDO\VLV SROPRQ@YRDI®DRYIO LPPHDXIWID O
ZRUN SROOHQ UHFRJQLWLRQ

1752'8&7,21

,Q PRGHUQ VRFLHW\ WKH WUHQG VDRAZIDRIG R IDWIMRARDXW L\R B
LFDO SURFHVVHV LV EHFRPLQJIXPEHWHR N DQ HD\VSXN\HLYDIO FHRPAE )
IRU WKH UHFRJQLWLRQ RI YD QMR R EFNRKFAND XM VY WR\ MLEQ
WKH SURPLVLQJ DUHDV XVLQJ WKVV MRHEPIGPRD RVAK H\W 15 FDQGIH
VWXGLHY EDVHG RQ WKH UHFRJQLMKRIQU RAKDRIDE WG U UDWQ KV

,Q WKH DUWLFOH > @ DXWKRUV UHVHDKHR KHIED B QL DDAD RALT
SROOHQ JUDLQV $Q XSGDWHG VHW RI WKUBEJREUKMKPW RR
PDFKLQH OHDUQLQJ ZHUH LPSOHPHQ®:HGLWK LW KL X600 J H6R 1

%2: &67 PHWKRG DQG WKH & 69& FODVWVWWLHODWKHLSEBW
UHDFKHG 7KLV ZDV WKH EHVW UHVXOW LIGX DVXQ WV KWDHGEY B
DFFXUDF\

,Q WKH ZRUN > @ WKHUH LV GHVFUILSSR{O30BQ/ 3B DD & W RRYDV
WKH XVDJH RI FRPSXWHU YLVLRQ IRU LQFERBYXOYHWKHVQKR

<« .RUREH\QLNRY $ .DPDORYD <X 3DODEXJLQ 0 %DVRY ,



.RUREH\QLNRY $ .DPDORYD <X 3DODEXJLQ 0O %DVRY |,
37KH XVH RI FRQYROXWLRQDO QHXUDOWHWADUML RHIHW IRU SR

DOJRULWKPV ZDV XVHG IRU DXWRPDWLRIQN K IPIKQEADOREPD D
VHWWLQJV
7KH DXWKRUV Rl WKH SDSHU > @ GHYHORSBG @ \PKHWW R @
WKH DEVROXWH GLUHFW FXUUHQW OBYWRDRM R/KFHX BB @WK HQF
LV WLHG WR WKH WLS GXULQJ DWRPLF IRRGH PRLFWRVERBV \
PLFURVFRSH WKH DELOLW\ WR LGHQWKH GHYMWDLR) WQSHWF
ZLWKRXW FRPSURPLVLQJ WKHLU WRSRJUDSKLF FKDUDFWHU
,Q WKH DUWLFOH > @ WKHUH DUMH WNWHPWW KIRW BEURDBWE
VFRSLF DQDO\VLV RI ELRORJLFDO SDRRW. FOIH D Q H \DV [EFDD/Q \
7KLV VAVWHP KDV \LHOGHG JRRG UHVDIXOWWH LIF AXXUHD FR @O IGF
LQJ SROOHQ JUDLQV XVLQJ WKLV PHWKRG LV
,Q WKH SDSHU > @ DXWKRUN IEBIOGL RG IRXNMR B B WH B UFHKF RQ
JUDLQV ,Q WKHLU ZRUN WKH\RXQVE GEWR H\ 2530® &9K bIHFERWE RS
WKH REMHFW $FFRUGLQJO\OWKHFRHYUIBIC QERIWUN FRIUWKHA
$XWKRUV Rl WKH ZRUN > @ FDUULHG RXW ZRUN RQ WKH
SROOHQ 7KH $0,7 /HLW] (UJROX[ $0& W UZIKQLFKXDDVY WITRKURY
ZLWK D VWHSSHG VWHS : < = ZLWK F R P/SRONWHIUWKRHD & U R D@HHR
FLDWHG ZLWK DQ LQWHQVLYH FRPSXW DWKILRQDROU 8 URWHHE \D F
FKLFDO DSSURDFK ,Q WKLV SDSHUSURL VGHIHG IWEK\DW/ \K DR HW |
WR SURGXFH VOLGHV PDGH ZLWK D PLFURVFRSH WKDW FRQ
,Q WKH SDSHU > @ DXWKRUV FRRGWKMHER Q QR H PKLDVV VRV LW |
RI WKH SROOHQ JUDLQV DQGWRKRG VRD [WE [W KH M X \AH B QWHKIHH
LGHQWLI\LQJ SROOHQ 7KH UHWDGWYW ULNVN® HFW RV KWK H [ FHHD ¢
/*) DQG '70 DV ZHOO DV WKH XV BIIORDHAKY LR WKH $BRERY H (
SROOHQ FODVVLILFDWLRQ $XVUDJFQLRLPRQYW RXDWQV L | L KDW LRH
$XWKRU Rl WKH SDSHU > @ GHYHORSHG V& SWZHWHHD LRAK IF |
LQ WKH FODVVLILFDWLRQ DQG DQDO\VZKLRK PRONHNVQOX B WLIQH
SOLFLW FRQWRXUV Rl WKH REMHFW DI®HWI RKPAIG WHQHE WK
LV SRVVLEOH WR FODVVLI\ SROOHQWIKRG QY UE TKLW M GHIR UD
FODVVLFDO FODVVLILFDWLRQ RI LRDNHRLGRGUVWD QFHIVRDIY
ILQHG DV DQ LGHDO ZD\ Rl GHWHUPLQLQJ WKH VLPLODULW\
,Q WKH ZRUN > @ DXWKRUV XVHBQDJPBPWER GZIKLF K QDWYRIO
PLQLQJ WKH VL]H DQG GHQVIDLQRDONMROSIMKQD @ WX HPMQLR Q
RI WKH UHOLHI RI WKH VXUIDFH Rl WXS$ISRROOW K H 7K K HIRHUN XD
ELQDWLRQ RI KLJK UHVROXWLRBRPSKWDAFRSO DX G PDJED\¥
D FODVVLILFDWLRQ DW VXEWWH WD QRO HFWRH VBB FLN& DWWV
DOVR FDUULHG RXW WKH FODVVDIR ¥ RN LRRF RO W X PIOXVWUX-PV \DOWF
ZKLFK JDYH DQ DFFXUDF\ Rl PRUH WXD RQW H UESUM \B DE LR W \S
$XWKRUV LQ SDSHU > @ FDUULHG GXWHZRQM RO VEIOR PG
'%& $Q HIIHFWLYH DXWRPDWQR RGYNHPONU VG Z DY GHHQYW DIRG
UHTXLUH XVHU VHWWLQJV DQGSDRF H QW HUH QMIFRHED WD WILKR
LQ WKH V\VWHP FDQ EH HDVLID\VH@&DBWHGD R RDY ADYH IGB
HU IRU WKLV PHWKRG WR EHDEO MR APGOR XMHVK® $WR EW \Q/
WKH SURFHVVLQJ RI FOXVWHUBGRD WRGHH OAD V7 RHE Wb DMWYHET
EDVH RI VWDLQHG 0D\ *UXQZDOG VVHR\FDWWPDQ @\F F XK DFAKAD]
$XWKRUV LQ WKH DUWLFO HDX W@ FIDW i L IGH RXW\R B i W WIDQF R
ZLWK SROOHQ 7KH\ GHVFULEHR OOMWWWR G W RV R ® DM LHW B Q V
WKH PXOWL OD\HUHG GHFRFSBRYLWDRB RIHDUHDWVIHD WAKH R
FODVVLILFDWLRQ 7KLV PHMKKG WH \FODW M G ILIOD RVQ FK@R U VW H \



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

PHWKRG ILUVW FODVVLILHVIJEREOWY QGWM \SSHHYGLL@QW R @/ \RK H LRI
WXUH ,Q WKH VHFRQG VW BlJSR Q/&HQP ¥WLICRIGWHKOD B Y EIR HYRW K
FUHDWHY VHYHUDO OD\HUVN\IRUWIKOH R VNWREBCGHLVIKH DFFXUDF

$V ZH VHH DWWHPSWV IRU DXWRPDWRRORIOOHIQHIS DR DK VF
FURSKRWRJUDSKY ZHUH PDGH 6RPH RI WRIQP KRZHF HL JW K
SUREOHP ZDVQYW FRPSOHWHO\ VROYHG L WHPLQQWUIONRRZEW
WDQLFDO DQG JHRJUDSKLFDO RULJLQ RI KR@H\FR@S XRW\HK{H |
DQDO\VLV RI SROOHQ JUDLQV

'"HWHUPLQLQJ WKH JUDLQYY EHORQJLTDXDWR | WHKG FSOHWDW |
HI[ISHQVLYH SURFHGXUH EXW LW LV VWLOO WKH PRVW DFFX

7KH UHOHYDQFH RI WKH XVH RI FRPSXWDBQ P HQPSWODLQE
ILUVWO\ E\ WKH SRVVLELOLW\ RI GHWHUV ENQUGHQWHKH\ LD FW
FRUUHVSRQGHQFH EHWZHHQ WKH QDPH RI KRHSDQWLWKATL
SODQW ,W FDQ ILQG LWV DSSOLFDWLRQ WM KMKDSOURWMLRIL K/
LWV EHORQJLQJ WR D SDUWLFXODU PRQRLQR UFRDUWVY RUILAD VRH
ILUPLQJ WKH TXDOLW\ RI KRQH\

&RPSXWHU SROOHQ DQDO\VLV LNQWFHOMHY® GWRGXFIVQROQUM
RI ERWDQLFDO DQG JHRJUD SKAWDBDIOROPHERWIUNQHERORPD S

SDO\QRORJLFDO GDWD DUH XVH/G WRHD SAUUREOUHBQ Rl RODWV
FRXQWLQJ RI SROOHQ JUDLQV OBERUUIHQMH® VILX\D O [Z KLHF 5V LYH
DXWRPDWHG SROOHQ LGHOW.WHPWLEQ BQIGQBALWWIWL EBWH
WHPSWV DW FRPSXWHU FODVVIWKADWERQ KWXHHXYHGHDGEUE
LQWR IXOO\ DXWRPDWHG V\VWHRWIRED H RAQRY RG H U D BVGOHH L I [GH-

,Q WKLV ZRUN WR VROYH WKH SROOH®QURQ R W LFRIDLY LQ
QHWZRUNV ZHUH FKRVHQ DV WKH\ KDYHH FUWHRIFKH WWXIFG H \L\QI XU
\HDUV > + @

SUWLILFLDO QHXUDO QHWZRUN RI )XNXVKLPD &RJQLWUR
DUWLILFLDO QHXUDO QHWZRUN ZKLFK ERWKRZMGYVWKG ERU
IRU LQIRUPDWLFVY 7KH FRQYROXWLRQDO QHWZRRNNINVQRUW
/H&XQ /[/H1HW > @

T+( 0(7+2' 2) 7+( (;3(5,0(17

$V D EDVH WKH DUWLILFLDO QHXUDO QGHWEZ8ON RIRWRBR
QHWOQLVW([DPSOH RI '"HHS/HOUQYKQY M [DJDSFPHZRWKH FODV VI
RI KDQGZULWWHQ GLJLWV LPDJHV ZLWKDVRYWRUQLIQJIVBPSW
VROYHG

'XULQJ H[SHULPHQWVY WKH VHOHFWHG BBWZFRWR ZOVR Q\
FKDQJHG WKH ORDGLQJ RI LPDJHV ZDV PREKH FOGDDWQIG LWR]
WDVN RXWSXW1XP DQG WKH VXEVDPSOH VL]H RI H[DPSOHV

7\SLFDO LPDJH SURFHVVLQJ XVLQJ FRQYRRZWLRQRO QH.
> @ ZKHUH WKH IHDWXUH PDSV PDWUL[HV REWDKQHG DW
UDO QHWZRUN DUH VKRZQ VFKHPDWLFDOO\

7KH IROORZLQJ SDUDPHWHUV RI WKH /¥\HG® LQH YWKHO HQ Sl
PHQWV

KWWS 'HHS/HDUQLQJ M RUJ
KWWS \DQQ OHFXQ FRP H[GE PQLVW



.RUREH\QLNRY $ .DPDORYD <X 3DODEXJLQ 0O %DVRY |,
37KH XVH RI FRQYROXWLRQDO QHXUDOWHWADUML RHIHW IRU SR

,QSXW LPDJH VL]H RI 1 5*% FRORUV ODWLWRQIKH VL
DUUD\ LV 1 1
&RQYROXWLRQDO OD\HU &RQYROXWLRQVQXWEHURQYR
GLIIHUHQW FRQYROXWLRQV IHDWXUH ILOWGHHQYWLW\OLSWDW
OD\HU RXWSXW D PXOWLGLPHQVLRQDO DUUD\ RI VLIH 1 1
6XEVDPSOLQJ OD\HU 6XEVDPSOLQJ WKHRLHUIDHO VL]
$W WKH OD\HU RXWSXW D PXOWLGLPHQVLRQDO DUUD\ RI VL
&RQYROXWLRQDO OD\HU &RQYROXWLRQVQXWEHUWRQYR
GLIIHUHQW FRQYROXWLRQV IHDWXUH ILOWGHHQWLWOLQWDW
OD\HU RXWSXW D PXOWLGLPHQVLRQDO DUUD\ RI VL]H 1 1
6XEVDPSOLQJ OD\HU 6XEVDPSOLQJ WKHRLHUIDHO VL]
$W WKH OD\HU RXWSXW D PXOWLGLPHQVLRQDO DUUD\ RI VL
'HQVH OD\HU )XOO\ FRQQHFWHG QXPEHU RIQQMXURQ\
QHXURQ DFWLYDWLRQ IXQFWLRQ $W WKH OD\HU RXWSXW D
2XWSXW OD\HU 2XWSXW QXPEHU RI QHXURQV FODVV
WLRQ $W WKH OD\HU RXWSXW D DUUD\ RI VL]JH LV GHULYH

,QSXW LPDJH )HDWXUH PDSV JHDWXUMHBIVXWH PDSV JHDSUXIWDH  $UUD\
- PDSV
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J)LIXUHPDJH SURFHVVLQJ E\ FRQYROXWLRQDO QHXUDC

(;3(5,0(176

%ORFN GLDJUDP XVHG IRU H[SHULPHQWYV LVHUKRZE UM )I

XVHG GXULQJ WKH WUDLQLQJ RI FRQYROXWLRQDO QHXUDC
WKH VXEVDPSOH VL]H RI H[DPSOHV EDWFKG6LKN

HSRFK1XP WKH QXPEHU RI LWHUDW [BW VROIQNZ H D FIKW

OHDUQLQJ UDWH JRU ILWWLQJ WK WQHXY DD JR

ULWKP 3VWRFKDVWLF JUDGLHQW GHVFHQW’  ZLWK XSGDWHU

'XULQJ WKH H[SHULPHQWY D SROOHQ JUDDRQRYVVDPS OKH H

&HQWDXUHD VFDELRVD +HOLDQWKXW RI3LAVXPHV |YRP
HDFK FODVV DUH VKRZQ LQ )LJ L®QQJIBREHWHWHWH DBOOW
DERXW DQG RI LPDJHV IURP HDFK F® DWKHUMXFSEHHW RY H

DJHV IURP HDFK FODVV LQ WKH VDPSOHYV
7KH UHVXOWYV Rl WKH WHVW VDPSOH FHQBWQWVFDWH BQ HR\
LQ 7DEOH /HWYV FRQVLGHU WKH GDWIDPQOMNEIQRP MRKL WV
DUH LQ WKH WHVW VDPSOH Rl WKNDIPS®KW @R XAUDIOVQ HW Z}
FODVV DQG VDPSOHV WR FODVVFXOBRW HGDFFRRUBHQYU MWR
RI WKH WHVW VDPSOH FODVVLILFDWLRR®Q DUH DFEXBDGD
) VFRUH



$ QUWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFV DQG 7HOHF
3URFHHGLQJV Rl WKH ,9 ,QWHUQDW HFPE@BIO )RHXP ,]JKHYVN 5XVV

,QLWLDO VHWW

/RDGLQJ DQG
QRUPDOLJLQJ
WKH WHVW|VDPSOH

(YDOXDWLURQ
/IRDGLQJ D|Q( RI QHXUDO QHWZRUN
QRUPDOL]LQ JLWWLQJ WKH
L

WKH WUDLQLQ[ ¢D9§|5,‘QDO QHWZRUN

%XLOGLQJ
D QHXUDO QHWZ&'&I&FK HSRFK

JLIXUBHORFN GLDJUDP XVHG IRU H[SHULPHQWYV

\'E

[

&ODVYV &ODVV &ODVYV &ODVYV
&HQWDXUHD VFDEL +HOLDQWKXYV 3LVXP J)DIJRS\UXP

JLIXUH[DPSOHV RI LPDJHV XVHG LQ WKH H[SHULPHQ

7TDEOHXPEHU RI LPDJHV LQ H[SHULPHQWYV

6DPSOH &ODNVV &ODVYV &ODVYV &

7UDLQLQUJ

THVW

7TRWDO




.RUREH\QLNRY $ .DPDORYD <X 3DODEXJLQ 0O %DVRY |,
37KH XVH RI FRQYROXWLRQDO QHXUDOWHWADUML RHIHW IRU SR

7TDEOKODVVLILFDWLRQ UHVXOWY IRU WKH WHVW V

7TDUJHW RXWSXW
IHXUDO QHWZRUN RAXWSXW

&0 V| &QDVV &ODVV &OD
&ODVV

&ODVV

&ODVV

&ODVV

7TRWDO

&21&/86,216

7KH UHVXOWV REWDLQHG LQ HHSMKREHQWWK R QD B/K®IL MOH
KLJK HIILFLHQF\ Rl WKH FKRVHDODOSXUD® XYHRIZRR AV RI®RX
SROOHQ JUDLQV FODVVLILFDWL® QE\SHKREK P OXKIF R ILFOMBR
TXDOLW\ PHWULFV

,Q IXUWKHU UHVHDUFKHV LW LV QHBWVUWDWL @R W RIS URXA
SROOHQ JUDLQ FODVVHV DQG WKH QXBEMHURWRRB®O MK LL\P
QHWZRUN FDQ EH XVHG LQ WKH DXWRPDWLF KRQH\ SROOHQ

$&.12:/("*0(17

7KH DXWKRUV DUH JUDWHIXO WR WKW&WDR VFRD OHWILR
KHDGHG E\ (OHQD <XU\HYQD %DODVKRYD IRUHY URY & RIOROM ¢
JUDLQV DQG IRU DFWLYH FRRSHUDWLRQ DQG FRQVXOWDWLI

50)(5(1&(6
*RQoDOYHV $ % 6RX]D - 6 6LOYD DNP BHUHGDBLWWRUISRWW $
WXUH H[WUDFWLRQ DQG PDFKL®H RIMHRUQ@QLQD]URUDY KWD BDRAY Y KI LFBO
21( H GRL MRXUQDO SRQH

+ZDQJ * 0 5LOH\ . & &KULVWRX & 7 3-DB\QOR 5 ® :RRGUWHUV

$XWRPDWHG SROOHQ LGHQWLILKIDWLRQL VDDW®EIR F CRAUL RRQU BQ 8 DF |
((( , QWHUQDWLRQDO &RQIHUHQFH BBFXUAKQRD KD 1tHV IRD G\RRE P DOQIG
86% ,((( GRL WKV

6WURK & :DQJ + %DVK 5 $VKFURIW @OWHUKBGRWRIAU -3 *UXEHWLE
PROHFXOH UHFRIJQLWLRQ@BURPHHGL@PIVFRRVWRSE\ IDWLRQDO $FDGHP\ |

+ GRL SQDV
5DQ]JDWR 0 7D\ORU 3 +RXVH - )ODJDQ 5 XWRPOQN IF U HARIRQ BV L:
ORJLFDO SDUWLFOHV LQ 3MDWWRVEORSEAFRRIODLMWVRQ HHWWERLY
M SDWUHF
.KDQJ]KLQD 1 =DP\DWLQD ( YR QO H/QV U B WQXNW WG ORIISULRVDLARKQ L

ZRUNQIRUPDWLRQ ORGHOV $HSOQDOBPWHWULHYHG IURP KWWS ZZZ IRLEJ
LMLPD S SGI

JUDQFH 'XOOHU $ : = 'XOOHU * $QHZ DSEBREIRDIFEK) WR DXWRPDYV
DQDOAXDWHUQDU\ 6FLHQFH 5HY LIBRL \%

ODUFRV - 9 1DYD 5 &QULVWYEDOSDPtUWBHHGRQGRXHQRVFEFDOD GRGEGIUt.
$XWRPDWHG SROOHQ LGHQWDILFQPWDRG YWH[QUFWHR-D RV BDR\BLLF L
GRL M PLFURQ

+DDV 1 4 $XWRPDWHG SRODWWHUIPD/A M IKIDDMY LBIOAD'N URQW\ R
SHWULHYHG IURP KWWSV WUDFH WHQQHVVHH HGX XWNBJUDGWKHYV



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

ODQGHU / /L 0 OLR : JRZONHV & & &B3BPYMLVHEIDVIBRQ RI1 JUD
WKURXJK WKH TXDQWLWDWLYH DQQD@mGVWA[RPANEKG LDPBN R U QMKHH RWD @ L¢
%LRORJLFDO 6FLHQEHVGRL UVSE

6LQKD 1 SDPDNULVKQDQ $ O $SKOVRRFP® WRERQAR | QL | BHRUH BW L D
HQFH RQ &RQYHUJHQW 7HFKQRORJSHV IRU $V%DQDFOREHS5HDRD
WHQFRQ

'DRRG $ GS5LEHLUR ( %XVK 0 D3RXOOW D QUHFRJIBLWURQFXVEC
UG ,QWHUQDWLRQDO &RQIHUHQ&3b BQ 3DWWHUQ&BBFRIQ LWH[R PR
,((( GRL . &35

.DPDORYD < % &DOFXODW LIR® WRHRARY Q W VR/Q FRDIOS R D O Bl H WJHDUL Y
VFDQQLQJ HOHFWURWHPRORURQMR SHNVWHPY LQ ODHXIDBWWULBYHG IUR
KWWS L]GDW LVWX UX LQGH[ SKS L60 IXWWLPQH GRZQORDG

IRPDHY * 9 .DPDORYD < % . RREMRWBQD DL RYHD®D \* &R P X
SROOHQ DQDOBHKHRRKRQGMWAYR >%HHNHHSL@5&@VVLDQ
.DPDORYD < % OHWKRGV DQG DREGORO FX@MIHNORD VEIRHRBWL W MWW HH

ODQXIDFWXULQX S5HWULHYHG IURP KWWS LVGBOHLEREXQOWRDGGH[ S|
LQ 5XVVLDQ

*RRGIHOORZ %HQJLR < 'HEBXWUHDAMAHOUE GIJH 86% 0,7 BSUHVV 65H
I[URP KWWS 7Z27ZZ GHHSOHDUQLQJERRN RUJ



OHLWLY ' 6 9DVLOLHY ' 6 .D\WLQD , $ELORY $ .KYRUH
S5HDO WLPH HPXODWLRQ RI &23( OLNH QHWZRUN FRGLQJ LQ )

2

5HDO 7LPH (PXODWLRQ RI &23( OLN
LQ )$1(7 XVLQJ QV

' 6 OHLWLY O9DVLOLBWLRDBELORYKYRUHQNRY

'HYHORSPHQW %XUHDX
&-6& 132 7THOHFRP
,JKHYVN 5XVVLDQ )HGHUDWLRQ
( PDLGVPHMWLV#QSRWHOHFRP UX
*'"HSDUWPHQW RI &RPPXQLFDWLRQ 1HWZRUNV DQG 6\VW
'HSDUWPHQW RI 5DGLR (QJLQHHULQJ
.DODVKQLNRY ,]JKHYVN 6WDWH 7HFKQLFDO 8QLYHUVLW
,JKHYVN 5XVVLDQ )HGHUDWLRQ
( PDLGDQLO V YDVLOLHY®IDVMWX WXQ DBIEHUXV DELORY#LVWX UX

SHFHLYHG -XQH

,Q WKLV SDSHU ZH FRQVLGHU WKH YHUVLRQORIZARPIRWBN \FIRGIL Q D WEC
PRUH HIITHFWLYH XVDJH RI WKH ZLWBHRYNVVE LROHGWXRI LM G IDVEFFSXY/VF AW H
ZRUNV Rl 8QPDQQHG $HULDO 9HKLFOW\RUNKN :H )IODLY®IJFIOGJ KRHFGL R X W
ODWLRQ RI WKH QHWZRUN FRGLQJ XVDJH DQG DQDO\]JHG LWV UHVXO\

H\ZRUGQGMWZRUN FRGLQJ % $7 0 $ 1 )O\LQQHHG KHRUL DIDWZARLLND H8/Q RD/

1752'8&7,21

'LUHOHVV QHWZRUNV DVVXPH XVLQJ FRRP EQWHGLY PW KR
QRGHV OXOWLSOH DFFHVV PHWKRGV VXFKHBVWROBF FH$VDWQ
WUDQVPLVVLRQ PHGLXP ,Q WKLV FDWH WHDBIFR HWRZRU K HDXW
RQHV DGGUHVVHG WR WKH RWKHU QRGHYV

1HWZRUN FRGLQJ 1& LV D VSHFWUWD® @IIRPBH QWNBIL G& W
PDNHV LW SRVVLEOH WR UHGXFH WK} RIQGILXPFEL FIR POWH R
WZR SDFNHWV WUDQVPLWWHG RQ WKH QHWZRRIBINLPRVAR. @D H
LV VKRZQ LQ )LIXUH 1RGH $ VHQGV SDFNHWWR/ R RRIG I$ &
1RGH % LV D 1& HQDEOHG UHOD\ 8VLQJ &Y®ROGLWN H QMW HHD ¢

WLPHVORWY LQ WUDGLWLRQDO DSSURDFK

1HWZRUN FRGLQJ LQ WKLV IRUP &23( OLNH 9WRIQF@HVXYV
889 QHWZRUNV )O\LQJ $G KRF 1HWZRUNWVPLIYVYR QRXVH
LOQWHUPHGLDWH QRGHV GURQHV > + @G, IRFUHBUFH RIRXE
GHOLYHU\ LQ )$1(7V XVLQJ VLPXODWLRQ VHWZXBUZL &R GRQQJ
> + @ 7KH IROORZLQJ VHFWLRQV FRQVLGHW MKHHHPRG BV
DQG DQDO\]H WKH UHVXOWY DQG SURVSHFWYV RI XVLQJ QHW

<« OHLWLV ' 6 9DVLOLHY ' 6 .D\WLQD , S$ELORY $ .KYRUHQNRY 9



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

| without NC 74

[T

Tl AT E OxCA -

3 with NC 3
JLIXUHKH SULQFLSOH RI &23( OLNH QHWZRUN FRGL(

(08/$7,21' (7%,/6

1IHWZRUN HPXODWLRQ VFKHPH ZLWK W KKID 8\E BQ W XS KAMQ XD
FRQQHFWHG WKURXJK WKH GLVFUHWH HYHQMDQEWGERUW VA
FKRVHQ DV D WHVWEHG IRU QHWZRUN FRRBQR®W LRKQH DDUGHY V& Y
XVH RI YLUWXDO PDFKLQHV LQVWHDGRRIHVL®RODMMIL W R G
WKH WUDQVPLVVLRQ PHGLXP LWVHOW LIVQOD YHRWZERDWLWRRS ZE
PRYHPHQW RI QRGHV LQ LW WKH VWDQGDKK RR ZHO HRI HV Y
PLVVLRQ HUURUV )LJXUH VKRZV WKH VFKHPH DQG WKH XV

Guest machine A Guest machine B Guest machine C
Ubuntu 16.04 Ubuntu 1604 Ubuntu 16.04 Guest hi
_ _ _ uest machines
ifnce: enplsy iface: enplls8 iface: enpls] e
in VirtualBox
MAC: FE:00:00:00:00:00 MAC, FEOD :00:00:00;01 AT FE 00:00:00:00:02
Bridge adapter 2 Bridge adapter 2 Bridge adapter 2
MNetwork bridge Network bridge Metwork bridge
iface: brl) iface: brl iface; br2 :
_ _ —— Host machine
T.:*;F interface T.:‘il'-' interface T.-.'i!'-' interface Ubunta 16.04
iface: tapl iface: tapl ifsce: tap2
MaAC: FE 000000 0000 MAC: FE:00:00:00:0] MAC: FEQQ:00:00:00 .02
TAP brid TAP bridge TAP bridge . ;
S l i 2 iz Modes with TAP
Wififhy node 0 | WifiFhy node | WifiFhy node 2 inN&3
© © O

JLIXUHPXODWLRQ VFKHPH

1RGHV HPXODWLRQ GHWDLOV

1RGHV LQ WKH VFKHPH DUH LPSOHPHQVEHEEDOYWWKLUWXDC
ILQX[ ZLWK D SUH LQVWDOOHG SDFNDJHK¥ ® AVOZR U N>F Ras3
DOJRULWKP ‘H XVHG *6WUHDPHU SDFNDJHLWR BNUDB QY RALUD |
EHWZHHQ QRGHV 7KLV SURWRFRO SURY IREH D RAWK/HH \D ELDO/IHAE
SDFNHW KHDGHUYV



OHLWLY ' 6 9DVLOLHY ' 6 .D\WLQD , $ELORY $ .KYRUH
S5HDO WLPH HPXODWLRQ RI &23( OLNH QHWZRUN FRGLQJ LQ )

OHGLXP VLPXODWLRQ GHWDLOV

7KH PHQWLRQHG YLUWXDO PDFKLQHV INURXXDWIRAD QU\ F
XVHG DF ZLUHOHVV VWDQGDUG 32)'0 5DWE D QE KR QV L
VWDQW 5DWH :L )L HUURU PRGHO DRQSK\W IDRIDVR CIL\MDER H & |
OD\HU IUDPH UHWUDQVPLVVLRQV WR VHH PRUH UHDOLVWLF

67$7,82'(6 6&+(0(

J)LUVWO\ ZH FRQVLGHU WKH WRSRORJIR&®H W& R FDRWHAR U NP
DSDUW W LV VKRZQ LQ )LJXUH 7KH FRPPXAPUFDMAIGR @ XBA
WKURXJK WKH UHOD\ QRGH % 1RGHV $ DQG & WUDQVPLW G|

JLIXUBWDWLF QRGHV VFKHPH

‘DWD WUDQVPLVVLRQ ZDV FDUULHG RRPNDXMAL @ I WWKRHX @Yy HIW
WHVWHG LQIOXHQFH RI WKH ELWUDWH RHPWK'DWL DEWPUDY
RQ UDWHYV DQG OESV 7KH UHVXOWY DUH VKRZQ LQ )l

12 L6

1 1.5

~
'S

without NC
------ with NC

=}
-

Coding gain
- —
— to W

o
-

1.25 2 5 1.25 2 5
Bitrate, Mb/s Bitrate, Mb/s

D E

JLIXUBHVXOWYV IRU VWDWLF UHOD\ QRGH VFKHPH
WKH GHSHQGHQFH RI DVKWMKH 5GRIG HEQ @/HO@MHHR | WKE FRGLQJ JDLQ R

'H FDQ HVWLPDWH WKH WUDQVPLVVIHRGQLYHKDOBIWWIER FR'B ¢
LV VLPSOH PHWULF GHILQHG DV D UDWMWR WKH Q/RPENMHWV ¢
VHQW SDFNHWYV
'3
63
ZKH®'% LV 3IDFNHW "HGBLYMUWKBDWRRKQW RI GHGLYHWKIG \§ B AN
FRXQW RI VHQW SDFNHWYV

2Q WKH RWKHU KDQG > @ LQWURGXFHV WHKIHDRRYPRHE W R
RI QHWZRUN FRGLQJ ,W LV WKH UDWLR RW KROHWVQXFPEGIW R
ZRUN FRGLQJ WR WKH QXPEHU RI SDFNHWV WUDQVPLWWHG

3'5



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

6
6y
ZKHBHLY FRGLOILVIDMKH QXPEHU RI WUDQVPLWWHG SDFNHW
LQJ BRIV WKH QXPEHU RI WUDQVPLWWHG SDFNHWV XVLQJ L
1R GDWD ORVV RFFXUV ZKHQ GDWD LV R\GLIQ VIRIYWMW HDG VIDV
DGYDQWDJH DW GDWD GHOLYHU\ ZLWK W®REGSD WD WH DER/ZH
WKH XVH Rl QHWZRUN FRGLQJ DW O0ESV UX M DGMUR G /K L\
KLJK VSHHG GDWD WUDQVPLVVLRQ FIiDQVRHWH[ GBIEQ®E DE)LW
SOHPHQWLQJ QHWZRUN FRGLQJ LQ WKH % $ 7F NG\ 1D WWW K HE
UHOD\ QRGH DQG SDFNHWYV DUH EHJLQQLQJ WR EH GURSSH(
2EYLRXVO\ WKH KLJKHU LV FRGLQJ JDD®PUAKH R@ LPH G LIX
JLIXUH E VKRZV D JUDSK RI WKH GHSHQUGBWHHRRI WKHH GF
QRGH :H FDQ VHH WKDW WKH UHOD\ QR®H XV H\R WHK H{ \\MLU D
FLHQWO\ ZKHQ XVLQJ QHWZRUN FRGLQJ

&*

02%,/G(/$<12'( 6&+(0(

J)LIXUH VKRZV WKH VHFRQG VFKHPH 7KXW UH GLUW/W IYQ RHI L
PHWHUV IURP HDFK RWKHU DQG WKH WHDW\RNGSHHEGKRW FHk
DORQJ D FLUFOH ZLWK D UDGLXV RI ; PHWHUV FHQWHUHG

§ o '
[ e - s gy

- RTP\ll_ -""'-u-.‘_‘_-
| .I I - --\'II
A T 4
-‘-;._-‘--""'I—u—-;_ETP.‘_l ______ -r'l"d#"""'
. o
X meters

JLIXUWRELOH UHOD\ QRGH VFKHPH

$V LQ WKH ILUVW FDVH YLGHR GDWDQRGW $D\W R PQ RIG\H &
EDFNZBWGY@EE PHWULFV DUH PHDVXUHG GHSHQGLQJ RQ WKF
$V WKH GLVWDQFH EHWZHHQ QRGHV D®E QWKGIH UDEH XV R
LQJ WKH TXDOLW\ RI GDWD WUDQVPLVYREBAVQP WRGDOOUB
LQ OLQH RI VLJKW DW : HTXDO WR HFHVRMUW UWRQWKIHV VHR®
FRQQHFWLRQ LV FRPSOHWHO\ ORVW ZLWK WKH UDQJH RI
6LOQFH WKH WUDQVPLVVLRQ ORV\RIXOBDE H REY LR XD/ BL VKR
FRGLQJ JDLQ UHODWLYH WR WKH QXPEHU RI GHOLYHUHG ST
&*3'5 _6~3 5

6, 3'5



OHLWLY ' 6 9DVLOLHY ' 6 .D\WLQD , $ELORY $ .KYRUH
S5HDO WLPH HPXODWLRQ RI &23( OLNH QHWZRUN FRGLQJ LQ )

ZKH®H.s + LV WKH FRGLQJ JDLQ UHODWLYH W3R5WKHWYXP EH
SDEFNHW GHOLYHU\ UDWLR ZLW'BRXW WK HQSDFRGIMQ & HDILY HU
FRGLQJ JDLQ )LIJXUH GHSLFWYV5 VDK GHSHGRBQEL1HN RD W
3'5 IURP WKH GLVWDQFH : EHWZHHQ QRGHV $ DQG & XVLQJ

——without NC
eeseeewithNC

Corrected coding gain
N

60 63 70 75 80 85 90 95 100 75 80 85 90 95
X, meters X, meters

D E

JLIXUBHVXOWY IRU PRELOH UHOD\ QRGH VFKHPH
3'5+ GLVWDQFH 5RSHQGHOQMMD QFH BEHSHQGHQFH

3'5 LV UHGXFHG E\ DQ DYHUDJH RI ZLWKDW KBH XDAM R |
WULEXWHG WR WKH IDFW WKDW % $ 7 0 $1RUXYHW ZRRIQNI FFRO
DQG WKH VHDUFK WDNHV UHODWLY RO \WXRIQW WDLP\HP MAKVH URHD
ZRUVH LQ PRELOLW\ FRQGLWLRQV OHDQZKUOID)IXVHDO VR
WDLQHG IRU WKH PRELOH VFKHPH 7KH PRWHIOHNMYFRH QWP
SHQGLQJ RQ WKH GLVWDQFH XVLQJ QHWZRUNWIRGIKH K1HX
UDQJH EHWZHHQ W KH5QR/GIHWVRY LDHOHGDALWK LQFUHDVHG G

&21&/86,21

$FFRUGLQJ WR WKH UHVXOWYV Rl UHDRWNFHR GPQXDDW DR
HUIXO WRRO WKDW DOORZV XVLQJ RRKWHWHI DLV PIQWW L R\) LPH
LPSRUWDQW LQ ZLUHOHVV QHWZRUNV 5RBELWHPH HDHDW ZRF
VKRZV WKDW QHWZRUN FRGLQJ KDV WKH BRRIHIHVRDE VIR UH]
ZRUN FRGLQJ UHGXFHV DPRXQW Rl WKH WUDQN®GW®HBQSD
WUDQVPLVVLRQ UHOLDELOLW\ +RZHYKH OZHJ YK B X0 WADDI K HE
IRU GHFRGLQJ WKH ORQJHU GHOD\V VWWRH AXMWXU H 2RV KHL &
HVVDU\ WR ILQG D EDODQFH EHW®WHHQHWKFLSQBEP RV\GAEWE BEF

7KH UHSRUWHG VWXG\ ZDV IXQGHG E\ BMGBFWFFRUGLQJ WROBRH UHVFE

50)(5(1&(6
$KOVZHGH 5 /L 6 < <HXQJ 5 Q |I0RHWIRWN DWW IRRKDMWREA ,QIRL
7KHRU\ + GRL
<HXQJ 5 : 1HWZRUN FRGLQJ) WKGWRUNMUYQRIQWHRBGXNERDB®QG (
QHHULQJ LQ &KLHD GRL \Y}

3DKOHYDQL 3 +XQGHEROO 0 3HGHUNMWIHN ) /X%BDQKHUL &KDUD.ID\
1RYHO FRQFHSWV IRU GHYLFNLQR @HWFRIUKNRRR®EEHDLWDRQRXQ V
0DJDJLQH + GRL 0&20



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

9LHLUD / ) 0 *HUOD 0 OLVUD $ HQG )WR GIIpRAH @M D @ X0 KB IXW/V R
FRGLQJ LQ PXOWL UDWH DQG PXB®RSRKDAHW ZHWZGRHNNWY Q HWEZRIW NV
M FRPQHW

*RVHOLQJ - *DVWSDU 0 "HEHU - K+ SK\VLFBDQWRM WD FRHW XRIINVF f
7UDQVDFWLRQV RQ ,QIRUPDWLRQG@RHRU\ 7,7

&KRX 3 $ X < 1HWZRUN FR @ILQH ORY W, RH W6 DRGSO B WR D Q G
FHVVLQJ 0DJD]LQH GRL 063

3\DWWDHY $ *DOLQLQD 2 $QGUHHKY 6 .BWGHUVWRIEKDU\SYDFW
WLRQV RI QHWZRUN FRGLQJ IRU DV Y(({WRHGU 8 DR IRRD SHHO IFIFE FVAHXGD 15 /B |
QLFDWLRQV % GRL -6$8&

.DWWL 6 B5DKXO + +X : .DWDEL ' O0+HGD®3 Q0Q WE&WREZEUR ISV D-
ZLUHOHVV QHWZRWNMFRGDQVYDFWLRQV RQ 1HWZRUGRRJ 71(7
.D\VLQD , $ O9DVLOLHY ' 6 $ELORGLYRYDQLH Y6NWWYRK )$1(7

FRGLQJ LQ (QHFV@URVY\D] =+ LQ 5XVVLDQ

.D\VLQD , % 9DVLOLHY ' 6 $SELOVRYQ $ OHLWLYV SHWIRUPDQFH HY

WHVWEHG IRU HPHUJLQJ UHOD\LQJ BQG+RRGEAMHWZBO RRWVIE®E PR WK )O\L

VKRS RQ (OHFWURQLF DQG 1HWZRUNS)J t7HFERWORZILBXVWLDL7 , (((
0:(17

9DVLOLHY ' 6 .D\VLQD , $ $SELORYDWLRQ RI R23(RULPNDH B WM X R OF
)O\LQJ $G +RF 1HWZRUNV B6LPXODWLR Q$BIBHHG Y WX @ DD @G EQ Ok Q LR,
(GV,QWHUQHW RI 7KLQJV 6PDUW 6SDFNMY DRGEG6 LW PV QUIX®OSERQ 1H

1(: $1 /IHFEWXUH 1RWHV LQ &RPSEWHW 6FLE&PR 6ZLW]JHUOD
6SULQJHU GRL B
9DVLOLHY ' 6 OHLWLV ' 6 BRILARRNYEBVHG FRBEPXQVRQ RI $2'9

+:03 SURWRFROV IRU )O\LQJ $G +RF 1HWHERYNY . RXFK PUDOWODGRRWE $
RI 7KLQJV 6PDUW 6SDFHV DQG 1H[WHFAMHUDWLRQ 1HWIRUNY IIRWGH"
&RPSXWHU 6FLBOFH + &KDP 6ZLW]HUODQG 6SULQJHWB GRL

-XQJLF ' $ %HWWHU $SSURDFK WR ORBEIOH GHVERFHBHWWERYNGQIURP |
HQVF VIX FD aOMLOMD (16& 6SULBI*URKE& NBH BPWW IWHIERU HY 6XG |

1IHXPDQQ $ $LFKHOH & /LQGQHU 0 U DSQGRIAK MKR BRELOH % IGWWk

LQJ % $ 7 0,$7) GUDSW + SHWULHYHG IURP KWWSYFDAZIZRQHV HD
B%HWWHUBDSSURDFKBWRBPRELOHBDG KRFBQHWZRUNLQJB%$70
1JDL & . <HXQJ 5 : 1HWZRUNLFF(E?GQLI—Q/\JZRJLNNRDQVIRRQL'QPOI—V\RU

'RUNVKKRS  + 6DQ $QWRQLR 86% ,((( GRL



O\WWKNLQ <X 9 O0OXUDYTHYD 2 9 ©6DQQLNRYD <X 2 &KXNKOL
37KH SURSDJDWLRQ RI KRUL]JRQWDOO\ B\®RQRGHHWG VKHDU ZDYt

2

7KH 3URSDJDWLRQ RI +RUL]JRQWDO(
LO WKH +ROORZ &\OLQGHU

<X 9 O0\WKNLQ 2 9 OXUDYJHYD <X 2 6DQQLNRY

'HSDUWPHQW RI ,QVWUXPHQWY DQG 7HFRPQQRXNW FR'U OHDVXUHF
.DODVKQLNRY ,]JKHYVN 6WDWH 7HFKQLFDO 8QLYHUVLW
,JKHYVN 5XVVLDQ )HGHUDWLRQ
( PDLO PXEP#\DQGH[ UX

S5HFHLYHG -XO\

7KH SDSHU SUHVHQWY VWXGLHV RI \WKHKR Y HIRFROPL /O (R | SSRURCSDLI]BI\E L R
6+ ZDYH LQ DQ DOXPLQXP KROORZK®GDWIQRIH B | BKHZ DWN XSOWVR\S 0RJ DWALIP
WKH ILQLWH HOHPHQW PHWKRG DUHGBRXWHRY ID® BOSXBRERDW ERQL DS
SLH]RHOHFWULF WUDQVGXFHUV ZXMQM BU\ SRLEQ W HRHIQNEMHRNF HDW RD
6+ ZDYH YHORFLW\ RQ WKH GLUHFWLRQURM BEWSDOBWLRQ LQ D KROO

.H\ZRUGY¥ ZDYH KROORZ F\OLQGHU ZDYHKRGIORUV\LBRLOQW IPRIQWDHWH Q
ZDYH WHVWLQJ

,1752'8&7,21

7TKH PRGHUQ DFRXVWLF JXLGHG ZDYH PHWKRG W& H) RQIG HR
ORQIJLWXGLQDO WRUVLRQDO RU IOH[ PN \Z\PPHW ULV PRG
IDPE ZDYHV >+ @ ,Q VWXG\LQJ WKH SURWRY\WZDWY RY & QRSM®O
DQRG KROORZ F\OLQGHUV LQ PRVW FBVHM MW HWDWWXRBG
WKH ZDYH SURSDJDWHY DUH LVRWURYLE U@OMKHVEK&H HS/DHVQW
ORFLW\ GLVWULEXWLRQ DORQJ WKH G YUHORFILRQWFEDY BHHY!
JDWLRQ DUH DOVR FDXVHG E\ LQKR RVRIDHEHFQNDCWOLG VY HLDQN WK HI VF
WURO REMHFW DQG YDULRXV W\SHV RI GHEZDFVAVYH O RH#F 1AV \K
GHU WKH LQIOXHQFH RI WKHVH |IDFWRRWDW MWK H VI XQMHE HW B /UL
WKH WHVWLQJ REMHFW WKH SUHVHQKH IGHVYMW @Il NIWIXIWVN Y
WUDQVGXFHUV XVHG WKH SDUDPHWHUV \RKM KHH IKID-WG/Z DOUHC
> + @

,W LV NQRZQ IURP OLWHUDWXUH VRXUFH§ FLUEXRIHW KD\
WLDO DQG D[LDO GLUHFWLRQV 6+ ZDYHV RU WKLADWKNYH RU
ZDYH LV WKDW WKH IXQGDPHQWDO PRGH 6+WGRH WQRGH K
DQG KDV D UHODWLYHO\ VPDOOHU DWWHQXOWLRQ BRI WKH (
ZDYH PHWKRG IRFXVLQJ PHWKRGV XVLQJ $KB VHRGBY WURRYV
PRQ DUH WKH VIQWKHWLF DSHUWXUH |IRFXMEXVWHF R G MTKRY

<« O\WWKNLQ <X 9 OXUDYYHYD 2 9 6DQQLNRYD <X 2 &KXNKODQFHYD 7



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

7)0 > + @ WKH FRPPRQ VRXUFH PHWKRG &60 >
PHWKRGV IRU FDOFXODWLQJ WKH FRRUGLQ RQHYHRIR WLKM\ IR
XVHG ZKLOH LW LV DVVXPHG WKDW LW GRHV ©BMVHKQFGJIRI (
DQLVRWURS\ Rl WKH PDWHULDO SURSIUWLUHRRWWKHSE5USH
WDNHQ LQWR DFFRXQW 1HYHUWKHOHMW/ SHMNBQFRH RQ EMRVY
GHIRUPDWLRQV RI WKH WHVWLQJ REIMKDEW. FW K M ZILXHV IY O P\
IHUHQW GLUHFWLRQV

7KLV SDSHU SUHVHQWY QXPHULFDO D Q GQH Y$HOURLFALFQ VRD QV
6+ PRGH RI D VKHDU ZDYH LQ D KROORZ WLQLUQREMAB® & D
GLDPHWHU RI PP DW D IUHTXHQF\ RI N +]

*(1(5%/ 7+(25<

$00 W\SHV RI ZDYHV FDQ H[LVW LQ VROUDBYV WHDXH H\D Y
VXUIDFH DQG VXEVXUIDFH 5D\OHLJK DQG KHB® LDD YBIYG |
3RFKKDPPHU ZDYHV LQ URGV /RQJLWXGLQXOWK\H HOONWLR
YROXPH RI WKH PHGLXP DQG FDQ SURSDJMBWH L7QU NVRWOLIBU \
VKHDU YLEUDWLRQV DUH DVVRFLBWMHEGZEWK RKM ISORSW.
VROLG PHGLXP WKDW LV FDSDEOH RI WKHVSERQDQIL|DMHRQ Gl
LH WKH UHODWLRQVKLS Rl WKH GLUHFWLR®HRR \SRLFOSIDI\D AF
H[DPSOH WUDQVYHUVH ZDYHV FDQ EHGRUKRQWDOWD ODQ\G
LIHG WUDQVYHUVH VKHDU ZDYH LVKBOSYRUMDLFOHE B |\WWKH
RVFLOODWH SHUSHQGLFXODUO\ WR WKH SEDAH RLIMQFL@H C

*XLGHG ZDYHV 3RFKKDPPHU ZDYHV JXLGHG ORHMLWXG!I
IDPE ZDYHV H[LVW LQ WHVWLQJ REMHHFVE\ DZ KEIDAKY D B HSHIVS
URGY SODWHV HWF *XLGHG ZDYHVV LQROQXUWXGUGDGL W
ULFDO DQG IOH[XUDO DQWLV\PPHWUDKHXDWHVH RRWRRQL!
VIPPHWULFDOO\ ZLWK UHVSHFW W R FWK 1D @GL Y ® HG D JIHFW LER)
GLVSODFHPHQW FRPSRQHQW SUHGRPLQDW HA\L U,H)F WOLHR[@ U DGD+
XUH RFFXUV DQG WKH WUDQVYHUVH FRP S® @BEEW WRLI R®L WSRO
PHWULFDO DQG DQWLV\PPHWULFDO ZDVY® VH[IV MQRAHG FFQDI0Q
REMHFWV LQ ZKLFK WKHUH LV RQO\ RQ@KHDPRPXMWRKQ RIS R D F
LV VIPPHWULFDO ZLWK UHVSHFW WRWKKHURM D® LGRLQJ R F WWLKR-
WLRQ RI WKH F\OLQGULFDO REMHFW ZLWK UHVSHFW WR WK

':DYHV SURSDJDWLQJ DORQJ WKH VXUIDHRHKRR W K/ UA D WH
ZDYHV 7KHVH ZDYHV KDYH HOOLSWLFDO PRWLRQ RI SDUWL

7KH W\SHV RI ZDYHV DUH VKRZQ LQ TDEONKRZ3VY W HH LR
VLRQ FXUYHV IRU DQ DOXPLQXP SODWH ZLWKOR Q\KHF NQ WK
DQ RXWHU GLDPHWHU RI PP ZKLFK DUH VWXGLHG LQ WK

,Q VWXGLHV Rl WKH SURSDJDWLRQ RI D KRHLIRQWDDDY .

N+] JURP WKH DERYH GLVSHUVLRQ GXUWHXHWF\IRWRR 2¥X
PHQWDO V\PPHWULF DQG DQWLV\PPHWWKH KRWGHR RV CKH
VKHDU ZDYH FDQ H[LVW LQ WKH WHQWW RSB REWMH RW ¥ KXQ Y
'KHQ FRQVLGHULQJ WKH WHVWLQJ REMMFIN LQJW.IKQNW RR D P FRRI
ZDYH SURSDJDWLRQ DORQJ WKH ZDYHQGIHAH W@ HDYHDPD G IHY
LW PRGHV Rl WKH ORZHVW RUGHU RI WKKHQORQ GIDVP X@ MDD A
RI WKH WRUVLRQDO ZDYH 6LQFH WKH GIQWWEWERQXRIWZ DY
ZRUN WKH YHORFLWLHV RI WKH V\P P HHWWLLF APRRGHH P W B
WKH KRUL]JRQWDOO\ SRODUL]HG VKHDU ZDYHJRUB P V DUH



O\WWKNLQ <X 9 O0OXUDYTHYD 2 9 ©6DQQLNRYD <X 2 &KXNKOL
37KH SURSDJDWLRQ RI KRUL]JRQWDOO\ B\®RQRGHHWG VKHDU ZDYt

7TDEOMDYH W\SH GHVLIJIQDWLRQ DQG GHVFULSWLRC

:DYH '"HVFULSWLRQ
/I P $[LVIPPHWULF PRGH RI JXLGHG ORQJLWXGLQDO Z|
7 P $[LV\PPHWULF PRGH RI JXLGHG WRUVLRQDO ZDY
) Q P 1RQ D[LVA\PPHWULF PRGH RI JXLGHG IOH[XUDO ZDYH Q 4
QXPEHU
$P $QWLV\PPHWULFDO PRGH RI /IDPE ZDYH P * PRGF
6P 6\PPHWULFDO PRGH RI /IDPE ZDYH P *+ PRGH RU
6+P +RULIRQWDOO\ SRODUL]HG VKHDU ZDYH P * PR
5 SD\OHLJK VXUIDFH ZDYH

6

17*URXS YHORFLW\ P V

30DWH SDUDPHWHUYV
TKLENQHVYV PP
<RXQJV PRGXOXV 03D
6KHDU PRGXOXV 03D

6+ "HQVLW\ NJ P
g $
—6
—_—$
D
6+ JUHTXHQF\ N+]
1*URXS YHORFLW\ P V
/
/—
| +ROORZ F\OLQGHU SDUDPHWHUV
/ (IWHUQDO GLDPHWHU PP
L 'DOO WKLFNQHVV PP
11— <RXQJV PRGXOXV 03D
6KHDU PRGXOXV 03D

7 "HQVLW\ NJ P

—_ JUHTXHQF\ N+]

JLIXUHLVSHUVLRQ FXUYHV RI JURXS YHORBOQWLEEY DQ XR) @MOPX KIR
F\OLQES6 YW VIPPHWULFDO PRGH RI /DPE ZPREB8HS$Rt MPW LADF AH WU EFIORU L

O\ SRODUL]HG VKHDU ZDYH / + ORQYIHW XGi QURQ VDR®GD Q LD H[XWHDWOLJIQD
HG LQ 7DEOH



$ QUWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFV DQG 7HOHF
3URFHHGLQJV Rl WKH ,9 ,QWHUQDW HFPE@BIO )RHXP ,]JKHYVN 5XVV

),1,7( (/(0(17 35(',&7,21

1XPHULFDO FDOFXODWLRQ ZDV FDUUHW &RREX W POQLIQR H\G KV
&2062/ OXOWLSK\VLFV 7KH PRGHO )LJXURLQXRREVIHFG ¥ L
OHQJWK RI P ZLWK DQ LQWHUQDO FDYIO®\ WKLFRGHMY
PP )LJRUHKH GLVFUHWL]DWLRQ VWHS IRU WKRAWHGLW H
EDVHG RQ WKH FRQGLWLRQ DW OHDVWXVYWHKHQLWH H/OHPH
PRUH WKDQ PP DQG WKH WRWDO QXPEHBE RI ILQLWH HO!
2Q WKH RXWHU F\OLQGULFDO VXUIDFH LQ W& & LRVIGRGD W |
GHIDXOW ERXQGDU\ FRQGLWLRQV /LQHHV HBDRX @G B UR DARIDL
3RLQW /RDG ZDV VHW LQ WKH IRUP VRL R W)DQ IAKEHWIIRDUP R]IL P
WKH IRUFH DFWLRQ LV VKRZQ LQ )LIXUH SX®WH DV BHFGDPH
N+] DQG LV GHVFULEHG E\ WKH IRUPXOD

8 W 8 "M” ZFRVZW EVLEZ

ZKHB8HLY WKH DPEO LWKHBWWHQXVIALW LW R HF R'H RALNVF YWHKGIWVEE\F O L |

FLUFXODU ITUHTXHQF\
7TDEOBWDWHULDO SURSHUWLHV

3DUDPHWHU 9DOXH 'LPHQVLRQ
<RXQJTV PRGXOX *3D
6KHDU PRGXOXV *3D
3RLVVRQTV UDWLR
6KHDU ZDYHKYHORFLW\ PV
"HQVLW\ ! NJ P

OD[LPXP VLIH Rl HOHPHQW
PP

SRLOQW RI DSSOLFDWLR(
R | WDQJHQWLDO IRUFH
- N

(I WHUQDO 7RWDO

PP

JLIXUH' PRGHO RI WIOH)SLIEQLWH HORISGW RRYWK LV P
SRLQW RI DSSOLFDWLRQ RI WDQIJHQWLDJRPRWKH SVYSIHRHAQWHC
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7TDEOHQSXW SDUDPHWHUYV

3DUDPHWHU 9DOXH 'LPHQVLRQ
(IWHUQDO GLDPHS¥HU RI F\OLQGHU PP
,QWHUQDO GLDPBWHU |[RI FIAOLQGHU PP
&\OLQGHU OHQJWK P
JUHTXHQF\ N +]
3HULRG Vv

'LWK VXFK IRUFH DFWLRQ D 6+ ZDYH FBAHUWMBWHH GD B b QX |
PRGH GLUHFWHG LQ FLUFXPIHUHQWLDO GLUBWWQRQ QDI@OLC
UHFWLRQV ZHUH IRUPHG LQ WKH KROORZPIHR\ONLRKE VKDSW Rt
HODVWLF GLVSODFHPHQWY SXOVH WDLNQDDWIAIOMXIGHKR IS W K)

WLRQ RI 1 KDV D GLVSODFHPHQW DPSOLWXGH RI SP
$vV DQ H[DPSOH LQ )LJXUH VKRZV WHKHHRWW DME XWLPRIQ
DQG V. $ VIPPHWULF 6 DQ DQWLV\PPHMEJZD Y¥H RD QMK H

D KRULIRQWDOO\ SRODUL]HG VKHDU ZDYH 6+ DUH REVHUYH

7TDQJHQWLDO IRUFH 1 'LVSODFHPHQW SP

3XOVH SDUDPHWHUYV

1 $PSOLWXGH i
3HULRG v
JUHTXHQF\ N +]

[

7LPH

J)LIXUBXOVH RI WKH WDQJHQWLDO IRUFH DFWLRQ FDOGROWWHG
GLVSODFHPHQWY SXOVH FDOFXQ®MWH®WHQWKKHFRURBRBYSRQ ®HIQR
WKH D[HV

7R HVWLPDWH WKH SURSDJDWLRQ YHORFEWWLQI WHKBLYWFL
WLRQ SRLQWYV HTXLGLVWDQW IURP WKHF$RDQWLRIQDW AL B

R PP DUH XVHG ZKLFK GHVFULEH WKH LFDQVMRRUFGULGROIDNVR
WHP
~y 8N ~ :
57V LE VD(
[ ©% |
\' K 5FR\D

] 5FRM ~ VD
5 >



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

ZKHYHY WKH RXWHU UDGLXV RN WKKHKROMOHRZ G LOPHGHW RI1
GHU . LV WKH DQJOH RI SURSDJDWLRQ &GLUWARWER QLRI WWKH
E KLV WKH FRRUGLQ@DWH DIOHRUH MVKSDLHG WKH WDQJHQW
WKH F\OLQGHU LV GLUHFWHG DORQJ WKH \ D[LV

P .
+RULJRQWD OO\ SRODUL]HG VKHBRULDR®VED OO\ SRODUL]JHG VKHD U

$QWLV\PPHWULFDO ZDYH $ $QWLVI\PPHWULFDO ZDYH

6\PPHWULFD

6\PPHWULFDO ZDYH 6

] A\

JLIXUHLVWULEXWLRQ RI GIWSCPDBHPAR WFR EWUWDLRHERZ JUDGXDWL
XVHG WKH GDUN EOXH FRORU FRUUHVBRQGGRWERHMIRR GVV\S R DFIK
GLVSODFHPHQWY DSSUR[LPDWHO\ SP

8VLQJ WKHVH IRUPXODV WKH DPSOLWXQRK RUKW KWHX G LIVSH
WKH KROORZ F\OLQGHU ZDV HVWLPDWHG )LJGUWS O MRHFP MK\
FRPSRQHQWYV )LJXUH $V WKH DQDO\|HKGRRAGRA 2AKRN HD |G P\
SODFHPHQW FRUUHVSRQGYV WR WKH GLOBQD MWHAHOQWY RQ WH
ORZ F\OLQGHU

,Q WKH SUHVHQWHG VLJQDOV )LJXUH \RPIHAVEODH 8P B QW
DQWLV\PPHWULF $ PRGHV RI WKH /DPE ZDWKHDQ & DWKH 6KR |
DUH REVHUYHG 7KH V\PPHWULFDO PRGH LONWKKDN BT K HIXKF
GLVSHUVLRQ LWV YHORFLW\ YDULHV IURP PW DW D I
D IUHTXHQF\ RI N+] VR RQ WKH VLJQDORZFRHEWH® R\Q/)\
DQRG KLIJK IUHTXHQF\ +) V\PPHWULF PRGH RI WKIHY /DPE¥RZD
D VIPPHWULF PRGH RI WKH /DPE ZDYH RI W\KRIVHFR®]G RU
ZKRVH YHORFLW\ LV PV ,Q WKH FLUFRX®HRU HKWAL B CP [SHL
PRGH LV UHJLVWHUHG LQ WKH IRUZDUGLRIQUS'FW KRQG ' VINDG,
WUDYHOHG E\ WKH ZDYH FRUUHVSRQGV WR PP DQG P
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7KH PDLQ GLVDGYDQWDJH LQ
$[LDO WKH SUHVHQFH RI DQ DQWLV\F
GLUHFWLRQ ZKLFK SURSDJDWHY DW D YHORF
WKH YHORFLW\ RI D KRULJRQWDC

ZDYH 7KH SXOVH VKDSH RI WKH
PRGH FRQWDLQV D ZKROH VSHFV
SbGL FLHY DQG UHSUHVHQWYV D SXO
IUHTXHQF\ FRPSRQHQW WKDW VF
WR D ORZ IUHTXHQF\ FRPSRQl
D ORZHU YHORFLW\ 7R DYRLG V
WKH DQWLV\PPHWULF PRGH RQ V

UHVXOW D EDQG SDVV ILOWHU

FXW RIl IUHTXHQFLHV RI DQG
XVHG WR DQDO\]H WKH SURSDJC
&LUFXPIHUHQWLRRULIRQWDOO\ SRODUL]HG VKt}
GLUHFWLRQ " 7KH LQYHVWLJDWHG KRUL]JRQ
VKHDU ZDYH KDG WKH H[SHFWHC

SOLWXGH RI GLVSODFHPHQWV L
WLRQ ZKLFK JUDGXDOO\ GHFUL

FKDQJH LQ WKH UHJLVWUDWLRQ

VLIQDO 7KH VKDSH RI WKH SXO

IRUP ZLWK WKH VKDSH RI WKH

YLIXUH

JLIXUBRLQWYV RQ WKH RXWHU VERHRUB RO P WHROMRKH DUULYDC
FAOLQGHU FDOFXODWHG E\ )RUPKP BB 0 VHR Ak BEKSWRsDJIDWLR
DPSOLWXGH RI HODVWLF G g4 7DYH ZDV HVWLPDWHG RQ WK

/
WY

ZKHUHV WKH GLVWDQFH 8PNV O6U1 WKH WDPH UHFRUGHG L
DQG SURELQJ SXOVHV UHVSHFWLYHO\ DV D UXOH LQ WKH ]
,W ZzDV DVVXPHG WKDW WKH GLVWDQFH WUDYHOHG E\ WK

&

(;3(5,0(17%/ 6(783

,Q H[SHULPHQWDO VWXGLHVY DQ DOXPH@XR RDO O RPRQZDL/
XVHG 7ZR W\SHV Rl PHDVXUHPHQWY ZHUH SAVROREBHBGDRA
SURSDJDWLRQ YHORFLW\ 6FKHPHV RI H[SHULPHQWDO VHW )

7KH WHFKQLTXH IRU PHDVXULQJ WKH ZEDI0®0 RVKQ ARQH D ¥ H
XQLIRUPO\ PDUNHG )LJXUH ZLWK VWHS G Q/WIKS DLW HGI
PXWK GLUHFWLRQ RI f FRUUHVSRQGLQJ WBRLQWVW DAKK
PDUNHG LQ WKH DJLPXWK + LQ W RRHDY XU HPSRM) WYV VD
D IUHTXHQF\ RI  0+] XVLQJ D KLJK IUHTXHQF\2Q2WKBSUBQ(
FHLYHG VLJQDOWR)LIXFUMHDVH WKH DFFXUDF\ Rl WK® PHDVX
IURP WKH EDOORRQ ZDOOV ZDV HYDOXDWHG 7KH VDPSOLQ.

7KH PHWKRG IRU PHDVXULQJ WKH YHORFLW\LRIJ ADNYHSYU R
ODUNLQJ RQ WKH VXUIDFH RI DQ DO XP HQXIPWK ML QGEHEX DQV M/
HYHU\ GHJUHH ([FLWDWLRQ DQG UHFHSWWRQ QRGO A DYV HAL
SRLQW FRQWDFW DW D IUHTXHQF\ RI N+] XVLPH@VORIZ U



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

WKH SURSDJDWLRQ WLPH RI WKH ZDYH KRR WERIDRIVE B WA IR
WLPH YDOXH LQWR WKH YHORFLW\ DFERH G\LWQD YW R HVGK B\ | R
ZDV PP 7R LQFUHDVH WKH DFFXUDFWRIREDOH® K BMN\Q IWW
SOLQJ IUHTXHQF\ RI WKH VLIJIQDO LQFUHDYBG RMMRD KRUIL]RQ
SRODUL]J]HG VKHDU ZDYH EZDV UHFRUGHG )LJXUH

-'LVSODFHPHQW SP

D[LDO GLUHFWLRQ
6 6
+) $ +
6

| RO 1LY LR T
AL L

1 ‘DYH SURSDJDWLRQ LQ #

7'LVSODFHPHQW SP 6 6
5"

‘DYH SURSDJDWURQ LQ
FLUFXPIHUHQWLD\O GLUHFWLRQ

7LPH PV

)LIXUKWLIQDOV REWDLQHG DW YDULRXV SRLODAQVD [RDOWEHUR KXW HR(
FLUFXPIHUHQWLDO GLUHFWLRQ )LJXUHJUHTRHQ@F\KROHODRZ WKOIQQ G
+) £+ KLJK IJUHTXHQF\ PRUH WKDQ N+] YHUVRUZRS SR GULWHF®L
I[URP SRLQW RI DSSOLFDWLRQDRI WDQJHQWLDO IRUFH )LJXUH

%RWK LQ PHDVXULQJ WKH ZDOO WKLFNQHBYHRBEWKSDHD O
WLRQ YHORFLW\ WKH SURSDJDWLRQ WLPHMURIQWKWLRQYH
SRVLWLYH WR WKH QHJDWLYH SKDVH RI WKH HODVWLF RVFI

5(68/76 $1' ',6&866,21

J)LIXUH VKRZV WKH UHVXOWYV RI PR DWOOIRIRIXWKEDADAR
WKH GLVWULEXWLRQ WKH ZDOO WKLFNQBXWW VY @R EBMHU DHIGP
FRPSRQHQW IURP WR GHJUHHV LW KDY¥DKJIWKHMD ONOHOUX |
WKH DJLPXWK FRPSRQHQW IURP WR GHIJUHHYLRBDKRUH L'
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GHJUHHV LQ WKH IRXUWK TXDGUDQW FRUUWHKWYXYRQGQLRQHN
GLUHFWLRQ DORQJ WKH D]JLPXWK IURP MWKH RQIGIL Qr XWW&H DX

IURP WR PP RQ WKH RWKHU VLGH DQGUHDXB®UD(
DQG OLHV LQ WKH UDQJH IURP WR PPN ( KKVAV DINUHRUP D \W/HK
UHVXOWY RI DOO PHDVXUHPHQWYV ZDV PP

7KLV XQHYHQQHVYV LQ WKH ZDOO WKERR®@B RV LFDQ BEHU H DS
WKH EDOORRQ VXUIDFH GXULQJ LWV PDQXI®PWX UB KRP RUXL
QHLW\ LQ WKH VWUXFWXUH RI WKH PDWHULDO

BLHIRHOHFWULF WUDQVGXFHU

$YHUDJH ZDOO WKLFNQHVYV
$[LDO VWHS PP

&LUFXPIHUHQWLD ORPNHS

$OXPLQXP EDOORRQ

JUHTXHQF\ O0+] ', 2 3%

SLHJRHOHFWULF WUDQVGRHOY FWULF WUDQVGXFHU
IRU UHFHLYLQJ IRUH[FLWDWLRQ

6KHDU ZD" "L UHFWLRQ RbKHDU zDYH
SRODULID ZDYH SURSDIDYHEBRULIDWLRGp gL XYV PP

$OXPLQXP EDOORRQ

JUHTXHQF\ N +]2 1) E

JLIXUHKH H[SHULPHQWDO VHWXS IRUDPHDVXULQJ WKH Z
IRU PHDVXULQJ WKH SURSDJDWLRQ YHORFLW\ RI WKH KRUL
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__7UDQVGXFHU SRVLWLRQ DQG VFED FWLRQ
WR PHDVXUH WKH ZD OO CTENOQHVV
(GO R R G e G e f {;F'LJUDQVGXFHU SRVLWLRQ UHFHL

“"VKHDU KRULJRQWDO ZDYH SROT

WR PHDVXUH WKH ZDYH YHORFL

f \
11y ,9
TXDGUDQW TXDGUDQW \

7TUDQVGXFHU SRVLWLRQ [FLWDWLERQ 'DQG
VKHDU KRUL]JRQWDO ZDYH SRODUL]DWLRQ

f WR PHDVXUH WKH ZD;.T-ﬁ YHORFLW\ f
‘Y- PP
f f
f
1 f L
TXDGUDQW TXDGUDQW
f
PP
————
f
P $[LDO
GLUHFWLRQ

f
. f
ODUNHG SODFHV ZKHUH WUDQVGXFHU zDVv &LUFXPIRYHOQOWLDO

WR PHDVXUH WKH ZDOO WKLFNQHVV GLUHFWLRQ

JLIXUHKH VFDQQLQJ VFKHPH IRU GHWHUPLQLQJ\ZDOO WKLFN
Rl WKH KRUL]JRQWDOO\ SRODUL]JHG VKHDU ZDYH

YLIXUH VKRZV WKH GHSHQGHQFH RI WKHOS BR®DID\WH ®
VKHDU ZDYH RQ WKH ZDYH SURSDJDWLRQ GFEXPMIFWHOW LOL®
UHFWLRQ RI WKH KROORZ F\OLQGHU Z DYHIGYE\OW R HWW PLDVO B IH,
WDQFH WUDYHOHG E\ WKH ZDYH 6L QFH MXGHBXKDYWH® ¥ XLQIQ
RXWHU GLDPHWHU WKH ZDYH RYHUFRPMHR/QD W KB DVQLQHHD \V
ZKLFK LV H[SUHVVHG LQ DQ LQFUHDVH \L @ X\FKH GR R '8 DJRPW LRF
,Q WKLV FDVH WKH VKDSH RI WKH SXOVH DYD®LHMW RIUWHHGWIR
HU WKLV GLVWRUWLRQ IRU H[DPSOH WK W IOHR ® SISRX G WHD G
WLRQ GRHV QRW KDYH WKH VDPH IRUP DW\LR) WKH KRIZLJBQ
SRODUL]HG VKHDU ZDYH LQ WKH D[LDO &MXHPHELERW DWR EH
WRUWHG E\ WKH FXUYDWXUH Rl WKH VXW\DFH VRK WV R HUKR ® Ot
WLDO GLUHFWLRQ ZDV PV WKH PLQLPRP NDHOXRIRI
GHJUHHV LQ HDFK TXDGUDQW 7KH DYH®DJHO ®HPHRIV X HYPH
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ZDV PV 7KXV WKH UDQJH RI YHORFLWAOYWDW ZDW LR @ KL
IURP PV WR PV

H)LUV 6HFRQG 7KLUG )RXUWK )LIWK 6L[WK
WHIOHKWIUHIOHFWUHIOHFVUHIOHFWUHIOHFW UHIOHFWLRQ

A A, mqﬁwwﬂﬁ%A AN AN
\/V\ V v VUV Vv

5HODWLYHDPSC]LP'\/1<GH

3UR
S XO

U 7LPH Vv

5HODWLYHDPSOLWXGH

3HULRG v
JUHTXHQF\

7LPH V

J)LIXUBLIJQDOV REWDLQHG DW RQH RI WKH SRLQWNURDKW®& H R B WX

LQJ LWV ZDOD DVXGE FAKHHNV PHDVXULQJ WKH SURSDJDWURTH®HORF
VKHDU EDYH

'KHQ HYDOXDWLQJ WKH H[SHULPHQWDREVHUXE® \Z LIV K LVWH
XODWLRQ UHVXOWY LQ WHUPV RI LQFUHMNHUHQIWERB SURBB\
WKH KROORZ F\OLQGHU 7KXV WKH PD[LPXPUHQORALGVG LY H

DQG LV PV $ PLQLPXP YHORFLW\ Rl LR® \RLW RHE VLDV
PXP ZDOO WKLFNQHVV Rl WKH DOXPLQXMWEDODQRR®\IZQWK Q
UDQJH RI WR GHJUHHV LQ WKH IRXUWX RIXDEYWUD O WR I K

DIDWLRQ LV SDUWO\ H[SODLQHG E\LQ KH URPHWS UL@ MLKSHD H LI
WLDO GLUHFWLRQ WKH ZDYH WUDVYUHKOYVRD BXHDBMMWXUGLR WY
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VXUIDFH Rl WKH KROORZ F\OLQGHU LQFUBPNRIXQWREZKIWUZ
PDQXIDFWXULQJ D F\OLQGHU DV D UHVX®W QR WWH PKYQRORY
WKH PDWHULDO PD\ KDYH RFFXUUHGUVKHWK 7IXKIHH B WHIGD WHK F

IRU DOO FDOFXODWLRQV ZDV P VLRQ WKV MG RWYOHW WH HU k
HISHULPHQWDO PHDVXUHPHQWY ZDV PV IURP PV WF
N 2;>
C \
9
TXDG Db TXDG
@ TXDGUPOW
$[LD O
GLUH

&LUFXPIH WLD O
GLUH \
AN

f f f f f f

JLIXUH5HVXOWYV RI WKLFNQHVY PHDVXUHPHQW WKH PDUNXS
VROLG OLQHV LQGLFDWH WKH OLQHV RIDWRHVKRG WRKVVZLW I

&21&1/86,216

$FFRUGLQJ WR WKH UHVXOWY RI VWXGLHVURIHEGKMKHUDRIS
ZDYH LQ D KROORZ DOXPLQXP F\OLQGHU WKH IROORZLQJ F

7KH SURSDJDWLRQ YHORFLW\ RI WKH 6+ ZOYBOGB8BE5HRBW L
WKH YHORFLW\ LV OHVV WKDQ LQ WRI® GR A AP IHUGHHUN L [ OWC
JDWHG DOXPLQXP F\OLQGULFDO REMHFRVDAAG/ D 2Z0Q G WHULG
R PP WKH GLIIHUHQFH RI YHORFLW\ ZDV PV

([SHULPHQWDO VWXGLHV DOVR VKRZRBLWQ L FUKIHD WV H ULFQ
HOQWLDO GLUHFWLRQ RI D KROORZ F\OL®\GMKHUALD O O GRKILVA/
LQFUHDVHVY WKH YHORFLW)\ LQFUHNIMMHYFHVEE RADIY W KNHU DQ ® K
WKH KROORZ F\OLQGHU

7KH UHVXOWYVY RI WKH UHVHDUFK FDQ EH XVHGWWRJGRIY H
ODUJH VL]HG F\OLQGULFDO REMHFWRDR B XD HQG LW R H WRIRJ>
DW DQ DQJOH WR WKH D[LDO GLUHFWLRQ RI WKH KROORZ F'
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:DYH YHOR

; $[LDO
GLUH

&LUFXPIHUHQWLDO
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TXDG

TXDG II
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\
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TXDG | TXDG
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O ([SHULPHQWDO UHVX_W N \

/ |
—— JLQLWH HOHPHQW S}J’HGLFWLRb !
\ T~—

7KHRUHWLFDOY\DO/XH /’

1
——— :DOO WKLFNQHVV A
3URSDJDWLRQ

JLIXUH'HSHQGHQFH RI KRUL]JRQWDOO\ SRODUL3HE S\DKIBDIW. Z@ YLH) |
KROORZ DOXPLQXP F\OLQGHU XSSHU[YHRDOMHHQ@W®Y¥EB YHUROGMN\ILC
SUHGLFWLRQ DQG WKHRUHWLFDO YDOKHUVRER Z KGO OMK LFANREDIN

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 5XVVLDQ 6FLHQFH )RXQGDWLRQ

50)(5(1&(6

=ORELQ " 9 OXUDYLHYD 2 9 RI'HOHBPWRORROQW) HHDWFXDHR XV W L
HTXLSPHQW IRU EDU LURXXVHYILQURG DHOWHWMWKQENRYSHOWBLHYHG |UF
KWWS L]GDW LVWX UX LQGH[ SKS YHVVQXMVDLDWLFOH GRZQORDG

BWUL]JKDN 9 $ +DVDQRY 5 5 3XVUBINKRQ HIFBWDWLRQHRWDQ HO|
DFRXVWLF WUDQVGXFHU XQGH U %XDIDWHN XQ GRH  PIHO\DKRKG) BN RWHRBALE Q J
LQ 5XVVLDQ

OXUDY\RYD 2 9 OXUDVKRY 6 $ G&FHWHREWW R Q VRIIRR ®IOU DRWLHR\Q |
SXPS URGV DQXOOABENII RI .DODVKQLNRY 5WBULHYHG IURP KWWS
LQGH[ SKS YHVWQLN DUWLFOH GRZQORDG LQ 5XVVLDQ



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

OXUDY\RY 9 9 %DLWHULDNRY $ O .RWROWBRFWXUDO VW DWH ORX
JDV SLSHOLQHV RQ SDUD P HWHOOWH R/IL R ORN, 6 DB R § K DAZNDRENWULHYHG [UF
KWWS L]GDW LVWX UX LQGH[ SKS YHV@QVOXMVRDWLFOH GRZQORDG

OXUDY\RY 9 9 %DOREDQRY ( 1 SHFKLOQBIODWWLF DFREXWWUP LER
FRHIILFLHQWY Rl THUURPDOGWWQFRPHWDOVKQLNMRY SOFYWULHYHG IUF
KWWS L]GDW LVWX UX LQGH[ SKS YHWWXIMY DUWQWLFOH GRZQORDG

OXUDYYHY 9 9 9RONRYD [/ 9 BODWXQRY $/ 9 BXOGPNRMDNLJID
WLRQV RI WKH VWUXFWXUDO D &R VRAXDWQOWVWIHR & XAWLWR QWKL WKH DE
RGAXOOHWLQ RI .DODVKQENR®RE78 LQ 5XVVLDQ

OXUDYJHYD 2 9 BRNRY 0 < VO KO ® Q\FH RI DWW IOHP HGVW IHHURAWR G Hi €
LF DFRXVWLF PXOWLSOH VKD GR % XHWH/RIG) RR | WE 8 DVK® XM R YG/BIQ 9
LQ 5XVVLDQ

3HWURY . 9 6RNRY 0 < OXUDYHYDHQHEWURPDJRHWLIFHERR RV W L
GHVLJQ IHDWXUHV RQ UHVXO WX @0 HWALIQQ & HUDRBM K DWHN W ¥ VEBRE J
LQ 5XVVLDQ

&ORXJK 0 )OHPLQJ 0 'LIRQ 6 JXLGHGLDFXRIKHISTQWIMWHP IRU !
VFUHHQLQJ XVLQJ VKHDU 1KRUL(R QW B O QDO IRD\DORQ G M QGWHL(
'HQJ 0 *DR * :LDQJ < /L 0 BWWIEVE PR QW RIQDFEXPXOD U

QRQOLQHDU FLUFXPIHUHQWLDO JXQGWG VADMG) DDVRSUFENFK GRULHDVLE
M XOWUDYV

/L 0 'HQJ 0O *DR * 'LDQJ < G KDRPRQLEJIRQMHPRQRQ RI FL
JXLGHG ZDYH SURSDJDWLRQ LQRXFERPSRR/ILARIXDIGU B RGRUL BABRWML R Q

M MVY
+RZDUG 5 &HJOD ) 2Q WKH SWRIEQELQL\GH RH FGAHWHIPMK. GL Z 8
IHUHQWLDO JXIZGHG, QVHW\DDWERQDB® L M QGWHLQW
+HLQOHLQ 6 &DZOH\ 3 9RJW RUVLRQDO5HIOHBFMWLGRMGRADW HV [UF
SLSH EHQG\ ,QWHUQDWERQDB®L M QGWHLQW
.KDOLOL 3 &DZOH\ 3 5HTFRWEOH @ BILGIIRN GRHFAHGELF DQG PH

SUREHY WR JHQHUDWH VL QJOMUPRWDFIWRR ZD YR XOWUDVRGAVFV [HUU
FRQWURO # GRL 78))&

'REVRQ - &DZOH\ 3 7 K HO VOXL\G WG WZIDQYH R | WRRJ VDR YDBLDQ UR
SLSHZRKHMN -RXUQDO Rl WKH $FRXVWLFDO 6RFLHWRIRI $PHULFD
$OOH\QH ' -RQHV 5 9RJW 7WR O R QQUIDIW H RGHUAHMICR@DI XVLQJ J.
WHULDOV (YDOXDW+RQ

.KDOLOL 3 &DZOH\ 3 7 KO VBSKHREIWIHR R | PHOWMKLRGY RRUW FWKH G H W H
LQDFFHVVLEQHY ORFQWHRQDWERQD®L M QGWHLQW

0\WWKNLQ < 9 OXUDYLHYD 2 9 G HBK B DIHHD W KRULWAVD RVIL /G HD @)GL S U

WHVWLQJ RI SLSHV -RXUQDO RI 3K\VLFV &EGRAWRUHQFH 6HULHYV

OXUDYHY 9 9 OXUDYHYD 2 9 6WUL]KDN PFREXVWOLWKXNL@HG ADYH
RlI SLSHV RI VPDQ@OG &ROQPHVWHHQUFWH 6HULHY ODWHULDOV 6FLHQFH DQG
GRL ;

OXUDYLHYD 2 9 6WUL]KDN 9 $ “ORENRLQ % 90XUDVKRWLE $< 9
$FRXVWLF JXLGHG ZDYH WHVWLRHQRM &6GHA MK QN 8 WRIS L-RX BIQ & DS
* 5HWULHYHG IURP KWWSV ZZZ2RQHSHWUR RUB38 MRXEQDWL BN SHL

OXUDYYHYD 2 9 J/HQYNRY 6 9 OXUDVAKIRWYHW HIFLWHG ER WA RRWU
DFRXVWLF WUDQVGXFHUV GXULRR QRUGCHEAROXNGWHDIFIRX \BW LVFEEQVSHFW
GRL 6

%XGHQNRY * $ 1HG]JYHWVND\D 2 9 =OREL®@KH BSSOMMHDHANGLIHRYD HTIL
Rl URG DQG WRUVLRQDO ZDYHV IRNSKYHMEDNQQRXBRGDWK B S HEK QURONV Y Y
* GRL % 5817 E



O\WWKNLQ <X 9 O0OXUDYTHYD 2 9 ©6DQQLNRYD <X 2 &KXNKOL
37KH SURSDJDWLRQ RI KRUL]JRQWDOO\ B\®RQRGHHWG VKHDU ZDYt

%XGHQNRY * $ 1HG]YHWVND\D 2 9 =ORELQ,QWHUD FOXIWRDY KRRY W&
ZDYHV ZLWK ORQJLWXGEXO\WDW FQ D RXVY QOWEHRQGHVWUWXFWEGRH 7HVYV
6

. XGHOD 3 G5DGJLHQVNL 0 2VWDFKRZXFWXUDO<RBDOWK PRQI6WR UL QG
RQ D FRQFHSW RI /DPE ZDYH IRFDIV LOPW ED QLD S LA MWKV W Q GF6LJ QD
+ GRL M \PVVS

0XOOHU $ S5REHUWVRQ :HOVK % *"D\&HFNL 36WUMXFNOUDO KBBRW I
XVLQJ /DPE ZDYH UHIOHFWLR Q VRDQLG WIRHWDHF RPN HEE SFRHRERR/'GW H 0D
DOV * GRL \%

%UDWK $ - GB6LPRQHWWL ) 1DJ\ 3 GHZDYHOWWBRBHYDSK\(RI SESHGHH
WUDQVDFWLRQV RQ XOWUDVRQEFVRMHUURG OHFW WGRELY DQG TBHEBXHQ

7DKHUL + 'X - 'HOIDQLDQ ) RQ R[ISSIKDPHG VWO REMHLIGHINZD Y
LQ FRPSRVLWID WHWHDONQVYDOXDWLRQ

5RVH - / 8OWUDVRQLF JXLGHG ZRYPAKFULG IR 0863 PHEOPEULGIH 8QLYF
GRL &%2

<X | 7LDQ = *XLGHG ZDYHQIKDYE A MILIM\J ELHD BRRBIRNV LWH S
VRQLFV + GRL M XOWUDYV

'DQJ : =KDQJ + /\QFK - 3 &HVQLN RHOQWDOLD®G QXPHUIHDIO YD

JXLGHG ZDYH SKDVHG DUUD\V LQWHKILYLWHR QZ VWKW IPVW B Q G\DNIEX &\ W
LQBWUXFWXUDO &RQWURO DQGHHDOGRLORQLWRNRWIFQJ

9LQRJUDGRY 6 &REE $ %DUWOHWW -HQWSEBDJDZDR¥XHO RPQLIBYM
PDJQHWRVWULFWLYH WUDQV GXF HLR QRWU B Q B M H ULRFHMH.G-IDQV IZRRQ.V

6XQ = 6XQ $ X % ) *X L OH G HZ HHOHFFDVL QJ IRQ VRHEWDID FH V
FRPPRQ VRXUFH V\QWROHIMLIFO I RFXOROQIG DQGE ILBERDWLRQ M MVY

*DXO 7 BFKXEHUW / :HLKQDFKW 9%X0O\ )UPMRINHQPWHRQ R GHIHFW\
JXLGHG ZDYHV DQG V\QWKHWLF DSHUWX® H/HRSFXK VL QUHWHIG K ® LEKKR
(GV  (:6+0 + WK (XURSHDQ :RUNV KR RWRIW QYFWXUDQt +HD OBMKW H V
))677$5 ,QULD 8QLYHUVLWp GH 1D®WE . QIHWUIWUHKBG IURP KWWSV

'DYLHV - &DZOH\ 3 7KH DS SQOILFOWLRRQJIRQ YV \FUMDKEMWALEN HR BXM
OLQHV XVLQJ JXLGCHEGDRYDPHWLRQV RQ 80OWUDVRDUIFYF) RRORHIRLF W U L
+ GRL 78))&

'DYLHV - B6LPRQHWWL ) /RZH OHZ RDYOMWKHWLFDOBNYRFXVHG JX
DJLQJ WHFKQLTXHV ZLWK DS $03 FOR\UR Q H\® R HG BIURF\W H\ELL]Q Q6 R L

'DYLHV - &DZOH\ 3 7KH D SIRG XNBIG LIRRD RU Q/A QUWHKEHK\@ L FF X B @ \I R
WLRQ JXLGHG ZDYH SL&R UBGVSIOFWMLRUOR FHHE L Q BR L
/ILX = 6XQ . B6RQJ * +H & ‘X % RQ LQ 'DPRBHQXRFHOD WM ZLW

UHFWDQJXODU SKDVHG SLHORFRBQWRD G WV /GWVE XFRG ®&LUIBDO 3URFHYV
GRL M \PVVS

=KDQJ - 'ULQNZDWHU % : ‘'LOFR[ KRHVV RQ LPBIFMWQRIDQBXVL]L

FUDFN OLNH GHIHFWV XWI(Q J XIDQWDIFWR.@LGFV DRIQ B OMW U D YIRKYIDEWQ FH U U R’
&RQWURO % GRL 78))&

3HWFKHU 3 $ 'L[RQ 6 "HOS3 G HOM F W HEHWIDFWHLAR @ KHOLW K R U
WUDVRYXQQE ,QWHUQDWERQDB®L M QGWHLQW
JOHWFKHU 6 /RZH 0 - 5DWDVVHSSFWLRQWRIHMNMWD & FUDFNVHLQ SL

JXLGHG ZBXYWHQYDO RI IRQGHVWUXFWLEYH GRLOXDWLRQ [



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

2

'LDJQRVLV RI ORELOH 5RERWYV

<X 1LNLWLQ $ S$SEUDPRY , $SEUDPRY
$ 5RPDQRY 6 7UHILORY <X 7XU\JLQ

'"HSDUWPHQW RI OHFKDWURQLF 6\VWHPV
.DODVKQLNRY ,]JKHYVN 6WDWH 7HFKQLFDO 8QLYHUVLW
,JKHYVN 5XVVLDQ )HGHUDWLRQ
( PDLO PV#LVWX UX

SHFHLYHG -XQH

7KH LPLWDWLRQ PRGHO RI WKH PRENOFMRQREBWUGGLYHHRGUGYHEJOQR \
EUXVKOHVV GLUHFW FXUUHQW %/'@R PIRGV KW L @EKHVRRGH® ,DTW FKHVYR
&ODVVLILFDWLRQ RI VLIJQDOV RI WKHRORELRG WREFWD \G UG IYDIJ DR B\ UF
PL[HG VLJQDOV OHFKDQLFDONK®EGGHOYIFVDWIHF DQIEHIHEWVKH)GLDJQR
RI WKH PRELOH URERW GULY HWHRS FKRWXQ HHDGIG WUEE FWURE QWK H |
WKHVH GHIHFWV RI PRELOH UREPW GURYKLYVWH F GQDUGRVWGF P REBH
EHHQ GHYHORSHG RQ EDVLV RI IX]]\ OR &HS H®E HPRH RO W F & QLFDIDV
WLRQ RQ GLDJQRVWLF SDUDPHWHUVRIWRELD W WIREBW QG YYHN L(OS HIW
UHVXOWYV RI PRELOH URERW G ULW W IGRDQ Q\RK/DWN. A\Q DKH GAWREKN VW R |
WKH FKDQJH LQ WKH VWDWH RI WKHHGVLYH DIIHFWV WKH GLDJQRVWL

.H\ZRUGV¥DJQRVWLFV PRELOH URERW GULYHILEUXVKOHVYV '& PRWRU

,1752'8&7,21

ORELOH URERWY ZRUN LQ H[WUHPH FRQGLWQRQYWR EZRWM) |
WKHLU GLDJQRVLV LV UHTXLUHG ORV W DRSINMH QV V&K FOWUH & H
GLDJQRVLV Rl GULYHV RI PRELOH URERWYV ,Q PRWHRXU GUL
UHQW %/'& PRWRUV DUH XVHG DV HOHFWULF PRWRUV

%/'& PRWRUV DUH D W\SH RI HOHFWULF\PRWRWR WKW R
SHUIRUPDQFH DQG WKH GHYHORSPHQW RI PLFURISHRHAHRVVR
WULF PRWRUV XVLQJ WKH VLJQDOV [RM FRM\FMEHWFHBX UBHEQ
VZLWFKLQJ VWUDWHJI\ WR PLQLPL]H WHKHK WREDWH G LRSS WH\D
URWRU SRVLWLRQ FRQWURO LV GLVFXVVHG LQDWKMWISDS HRU
DGDSWLYH FXUUHQW DQG VSHHG FRQWURQRUHGVLY® I\FMWUWH
SUHVHQWHG LQ SDSHU > @ 7ZR )DXOWRMWHPWHRWLDQ G6/LE
WRU IDXOWV ZHUH FRQVLGHUHG LQR®RCY@Q % BED YK Q Bl WIVX D ®/
WRU ZLQGLQJ IDXOWV ZKLFK DUH UHVSRQVLEOHUHRY WE&H P
$ QRYHO PHWKRG XVLQJ ZLQGRZHG )RXULHU ULGR®\WRLV SU
URWRU IDXOWV LQ %/'& PRWRUV RSHUDWLQJ XQGGWDMR QW L

<« ILNLWLQ <X $EUDPRY $ S$EUDPRY , 5RPDQRY $ 7UHILORY 6 7XU\



ILNLWLQ <X $EUDPRY $ $EUDPRY , SRPOQRY $ 7UHILORY
'LDIJQRVLV RI PRELOH URERWY GULYHV’

LF 7)5V LV SUHVHQWHG DV D VROXWLRQ PRUGSWKRHNEBUNJIR 8N \
LQJ XQGHU FRQVWDQWO\ FKDQJLQJ ORDI® HDTXH Y SHH B SRIRHY G
WLRQV DUH FRQVLGHUHG VKRUW WLPH )R XWJLHX WIWUD® VIR U |
&KRL :LOOLDPV GLVWULEXWLRQ &:' DQG WBH>&D KR KWUWID \
QHZ DOJRULWKPV IRU WKH GHWHFWLRQ %BQ&W I RDFRULNQI® X3H
URWRU IDXOWV LQ QRQ VWDWLRQDU\ RU WUDQVLX\WOWG AR U
HIWUDFW WKH IHDWXUHY DQG WR LVRGDWHQWKPH®DN & WPHRGV B
VRUV > @ 3URSRVHG D PRGHO RI D IDXOWOG&DEIORW\VWH SH
LGHQWLFDO ZHOO IXQFWLRQLQJ %/'& PRMDROUVQ@W KO O7lKIHH @ St
FRQWURO DQG GLDJQRVWLFV RI HOHFWULF PRWRWINKQAW/YV FF
GHWHFWLRQ DQG GLDJQRVLV RI HOHFWWKIH FPIRWR V¥ YZHWXKO
DGHVY WKH GHVLJQ RI PRGHO EDVHG SURMHPDURREGOW RIH Ok
WRSLF ,Q FRQWUDVW WKH GDWD GULYH®OQ G URIEHRYM@R @LON
WLYH ZD\ ZKLFK KDYH JDLQHG ORWYV R RQBWWKHHQMWQRXQV WRLPD
$ VWUDLIJKWIRUZDUG ZD\ LV WR XWLOLLK MXWM L SIUFRDAMIVR/QKD ¢
RQ LW WKH ZHOO HVWDEOLVKHG PRGHUOEMNHVHGEG WRPMK QLA & |
QRVLV VI\VWHP )RU WKLV SXUSRVH 6XEWSDCGH L,GHHQWVLLIILLHF\
FRPSOHWH VWDWH VSDFH PDWULFHVVRDWARLAHEED BRIVHD DWW
VXFFHVVIXOO\ LPSOHPHQWHG LQ PDQ\ $ QRWN WKLD O HOEL.CEL
GHWHFWLRQ RI PRELOH URERW GULYH BHWHWVF XU H§ W X?
DQG WHPSHUDWXUH VLIQDOV DQG WKH IX]]\ ORJLF

17(*5%$7,21 2) 70Q%,/B2%27 5,9(&21752/ $1°
' ,$*1267,8<67(06

7KH DXWKRUV SURSRVH WR LQWHJUDWH WWHFPRBALVOHP VR
7KH HFRQRPLF HIILFLHQF\ Rl GLDJQR\OWUR O\ BMHOPLW L \D G |
DFFLGHQW ULVN DQG UHMHFW UDWH UHGRRZWQMR® HG HHGEGKFV
RI PDLQWHQDQFH DQG UHSDLU FRVWV DQG LQFUHDVH RI VH

&ODVVLILFDWLRQ RI VLIJQDOV RI WKH PREQD® VU RERPWQRWY
WLF VLJQDOV DQG PL[HG VLJQDOV &RGWVYRODVVWKDINGHWHR
VSHHG Rl URWDWLRQ WKH DQJOH Rl URWPOWRK YRIEW R M VR
SHUDWXUH VLJQDOV OL[HG VLJQDOV IROUFPRWHK WRKEWH RQ JX
QRVLV HOHFWULFDO FXUUHQW )R UUFRWRU MM HG LD VDR \DLFVF
SDUDPHWHUV WKDW GHWHUPLQH WKH PRIGH RQ RBHRDWQRQ
WLRQ Rl WKH VXUIDFH DORQJ ZKLFK WKH URERW PRYHV DQ

7R LQYHVWLIJDWH %/'& FRQWURO D VLPXODWLRBRPRGHO
RUGLQDWHY KDV EHHQ FUHDWHG XVLQJ 6LP,Q7HFK VRIWZDL

6LPXODWLRQ PRGHO RI %/'& FRQWURO DOOSRUWRFEH W F
UHQWYV DQG EDFN HOHFWURPRWLYH IRUF G LRJJRRYWER 9DV
WHUV 7R LPSURYH GLDJQRVWLFV DFFX®%D'R\ GWRBHQRY V@ FV 5’
UDPHWHUV LV UHTXLUHG

JRU WKH SXUSRVH RI %/'& GLDJQRVWLFV WKH %JT&VIDXOW
VHV + Rl HOHFWULFDO DQG PHFKDQLFDO IDXOWV %/'& PRW

6HOHFWHG GLDJQRVWLF SDUDPHWHUV VWOWHF WIUULKF ¥FXRD®
7DEOH

3URFHVVLQJ RI GLDJQRVWLF SDUDPHW HHF P ¥ DR UHPIIDQ\G
WKH PRELOH URERW GULYH WHFKQLFD® ERB GLDVMLIRHP DW]F O
IRU GLDJQRVWLF PRGHO FRQVWUXFWLRQ



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

JLIXUBLPXODWLRQ PRGHO RI %/'& PRWRU

7TDEOHULYH IDXOWYV
OHFKDQLFDO IDX(

(OHFWULFDO IDXOWYV
FRQGXFWRU EUHDN LQ WKH ZL@WBILIDIGDWLRQ SURFHVVHV LQ W
VKRUW FLUFXLW EHWZHHQ WKIHYWIGIFQULWRUERJIVEHDULQJ FDJH I
XQDFFHSWDEOH UHGXFWLRQ| BRRWKHKHDRQWXWDOWNLRIN W BXIHVWR QR

RAR WHRWH WKIDY W BRHURWRDWLRQ

GXH WR LQVXODWLRQ DJHLQJ
SRRU FRQWDFWYV DQG FRQQHFWLRQV

7TDEOHULYH GLDJQRVWLF SDUDPHWHUYV
'LDIQRVWLF SPUDPHWHU &DXVH RI GLDJQRVWLF SDUDPH
(OHFWULF FXUUHQW RYHUORDG ZL@®OGWXDJBURKDN) RMW VKRU
THPSHUDWXUH RYHUORDG ZLQGLQJ VKRIWHW FLUFXLW DP
O9LEUDWLRQ VKDIW PLVDOLJQPHQW EHDULQJ IDXOWYV

[2*,&%//,1*8,67,&,$*1267,R2'(/ 2) "' 5,9¢(
/IRIJLFDO OLQJXLVWLF GULYH GLDJQMMVEIHF IPHRSAHY HEQWHG
IROORZLQJ VA\VWHP RI HTXDWLRQV
tw o) I W [ W
W *[ W W
=W + [ W "W W

ZKHUP AV G LD JQWR Y WIHF W R U DRRIH ®@/L

DIQRVWLF SDUDPHWHUY D VHW RI GLDJQRVWLF SDUDPH\
‘W * [ W £+ HTXDWLRQ WR FDOFXODWH WKH WWHQQWLYHFW

OL]HG OEIMWVLPH W ' £+ HTXDWLRQ WR HYDOXDWH WKH WHF

) [ W [ W £ HTXDWLRQ RI



ILNLWLQ <X $EUDPRY $ $EUDPRY , SRPOQRY $ 7UHILORY
'LDIJQRVLV RI PRELOH URERWY GULYHV’

7KH PRGHO RI GLDJQRVWLF V\VWHP )LDSSDVDEDXHR IRIY
ORJLF 7KH PRGHO DOORZV WR GHWHUPLQH DKHR VW EE 8D L
UDPHWHUV HOHFWULF FXUUHQW YLRUDWREBHODORGPREBROHL
GULYH GLDJQRVWLFV V\VWHP KDV EHHQ GHVLJQHG LQ 6LP,C

)yLJ VKRZV WKH VLPXODWLRQ PRGHORBIDWKH VG/NPLHIQ@QW VRA
ELOH URERW GULYH FRQGLWLRQ

JLIXUBLPXODWLRQ PRGHO RI PRELOH URERW GULYH RI W

)LJ VKRZV VLPXODWLRQ UHVXOWYV RI WWXKHRWHSRWDWL F
HOHFWULF FXUUHQW YLEUDWLRQ D QG GNMH K $1H IDDAMD X\

%HKDYLRU Rl WKH RXWSXW YDULDEOH FKIZWKFWNUWKIRZD W
)LJ

JLIXUBLPXODWLRQ UHVXOWY RI WKH WHPSRUDJHBWDQJHV RI
YLEUDWLRQ DQG WHPSHUDWXUH FDXVHG E\ GULYH IDX

,6&866,21

7KH UHVXOWLQJ FXUYH LPSOLHV WK DR\S RQDWKR QIO AR QI
'HYHORSPHQW RI GULYH GHJUDGDWLRQ SURBHWWKHYVLRMAXWY
« V GULYH LV LQ DODUP FRQGLWLRQ '\QDPAL¥X®JRIGGHJIU



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

WKH QDWXUH RI WKH FXUYH FKDQJH RI WKH GW QWM FIRIDSS L \
SHQ LPPHGLDWHO\ LW WDNHV SODFH ZUWK WKH LQFUHDVH

,Q WKLV ZD\ E\ DQDO\]LQJ GULYH GLDUQRNVW I FNS P Y DPHH \
IRUHVHH WKH HPHUJHQF\ VLW XDWLR QV FPKLH)E R Q HH VDK IF LESUHLOYW
QDQFH DQG UHSDLU ZRUNV ([SHULPHQW VP EMUHH ¥ EHULIQHGZ R
LQ DQG EH\RQG WKH WROHUDEOH OLPLWVW MWKHERKHH X B
YROWDJH DQG ORDG WRUTXH 7KH VLPXODWLRQ PR EBO FRH (
XVHG WR VWXG\ WKH LQIOXHQFH RI GLDJQRVWLF SDUDPHW

JLIXURRQGLWLRQ RI GULYH LQ WKH FRXUVH RI GHJUDGDWLRQ

&21&1/86,216

W IROORZV IURP WKH SDSHU WKDW DH P LEPXIODW IXRQ QIR GLt
VRIWZDUH FDQ EH HIILFLHQWO\ XVHGVIFEWD\GUE YR CPLDWRR K
DSSDUDWXV RI IX]]\ ORJLF ,W DOORZVURR GHMNIQRRMLHF 8RB
WHUV HOHFWULF FXUUHQW YLEUDWLRQ DQG WHPSHUDWXU

7UHQG Rl WKH LQWHJUDO SDUD P HMG] W IDROHD B R QMR ZFKDHAF
WHFKQLFDO FRQGLWLRQ ZLOO EH UHB BN H QL O/ RUML ¥ KR
FLGHQW SUHYHQWLYH PHDVXUHV OLNBQG KHGOQ UQ JQR F IV\RK
YHORSPHQW Rl GULYH GHJUDGDWLRQ SURFHWKHW BYIWURD V
WLRQ RQ WKH GULYH E\ UHGXFWLRQ LQ H ®MFAGJ IRFS X DWH
PRGH

7KH VLPXODWLRQ H[SHULPHQWYVY FRQILUPHGLWKHRGHQFLF
DQG WKH SURVSHFWV RI LWV DSSOLFDWLRQLRMIRNVGRDJRR W
JHWKHU HOHFWULF FXUUHQW YLEUDWMR RH\VABEWNVGE R BHWDW
URERW GULYH ,W LV H[SHFWHG WKDW XVLQH WKH UHOLOE 1|
RI GHWHFWLQJ GHIHFWV LQ WKH PRELOH URERW GULYH

$&.12:/("*0(17

7KH UHSRUWHG VWXG\ ZDV IXQGHG E\ RMABFWFERUGLQJ WREWKH UHVF

50)(5(1&(6

BHHUD 0 /LP & 3 ,VKDN 6LQIKD®G GLDJDPROW BHWGOIEWEWR LR
PRWRU FXUUHQW VLJQDWXUH D QDPRGHQDAUD QVIOEWLREQWRQSFHXUDO
DQG /HDUQLQJ 6\VWHPVGRL 711/6



ILNLWLQ <X $EUDPRY $ $EUDPRY , SRPOQRY $ 7UHILORY
'LDIJQRVLV RI PRELOH URERWY GULYHV’

&KHQJ 6 =KDQJ 3 +DEHWOHU 7 * WLRQ ©BS$BRBE6K QFR \LIGRI\DIWWL
DQG ORFDWLRQ RI VWDWRU WXUQ VORI W RW®,UDEDWND VO AIWER KV HRQ O,R
WULDO (OHFWURQLFV GRL 7,(

:DHO $ 6 'DKDPDQ , .KDOHHOLQJ+VWUDWHI0 WUWRUTXH ULSSO
%/'& PRWRXUQDO RI (OHFWULFDO (QJLQ@RHULQJ Y

ORKDPHG $ $ (KDE + ( % +LVKDBHODGEHDW FRQWEWRDYHUV IRU
GULYHV XVLQJ 362 DQG-BX)UQDWHRKQOHXMMILFDOx(QJLQHHULQJ

=KDQJ : $ IDXOW GHWHFWLRQ DQG GLDJIJQDRYHW EWXDKMHDDWRE BRWMR
WHUV WKHVLY OFODVWHU 8QLYHUVLWWHYHDRAYBGW®RQRR QWDNVUIR &DEVS
FD ELWVWUHDP IXOOWH[W SGI

5DMDJRSDODQ 6 +DEHWOHU 7 * S5HVWMUHASE * $$00HU 'LDOQRVLV

IDXOWV LQ EUXVKOHVV '& %/'& PRWDRUWL\R @RIH\U BRQ G I WLREWUXYR Q JIVZ

ULGIJHMXQWLHWK ,$6 $QQXDO OHHWLQJ &R@XNWHQ FHSE SO ERD\G LRIQW KeH
Ss & .RZORRQ +RQJ .RQJ &KLQD ,((( GRL ,$6

5DMDJRSDODQ 6 B5HVWUHSR - $ $ODOBW\-50* +DEHWEHUHFWEQJ
IUHTXHQF\ UHSUHVHQWDWLRQV IRU VGRIWHRWHQDWRWIRXQB KO WWD $10G®
LQJ FRQGLWNVRQEQQXDO &RQIHUHQFH RI ,((( ,QGEXVWULPERILOHFWURC
SS + 5DOHLJK 1& 86% ,((( GRL (&21

5DMDJRSDOD@WHFWLRQ RI URWRU DQG ORDGRIDXOMVLRQ EQEWKOWHW
DU\ DQG QRQ VWDWLREWRUPRQWKWYRYDV*HRUJILD ,QVWILWXMWG IRIRPHF k
KWWSV VPDUWHFK JDWHFK HGX KDQGOH "VKRZ IX0O0

%DH + .LP 6 I9DFKWVHYDQRV G GLDJQRXDW RG HW BBWQR Q¥ DRU W
WRUV EDVHG RQ LQMHWLPRLWDRQ®O® -RXUQDO RI )XPIV /RILFtDQG ,QWH
GRL 1_)16

%DHN * LP < .LP 6 YDXOBW VR OGIRVL\& PIRMGRHROWXBBEU SC
FKDQJH ,Q((( ,QWHUQDWLRQDO &RQIHUHQRN ®R® &RIQV 6 WWHRY &RFE S:XV
,QWHOOISIH QF H+ +RQJ .RQJ &KLQD ,((( GRL )8==x<

$EUDPRY , $EUDPRY $ 1LNLWLM) XX GWRQRPDRKQ (9 %R&H 'LDJQ
HOHFWULFDO GUQWHWQPQVLRQDO &RQIHUHQFH RQ (OMFWWREODPV' UL S ¢
Ss + 7DWUDQVND /RPQLFD B6ORYDONLD ,((( GRL ('3

$EUDPRY , %RAHN 3 $EUDPRY % 6RVQRYMLFXRWLFM. EUWUROHVV
,Q ) 7TUHEX D - %RFNR 3 )UDQNRYVNE (GV +XVRGQWH LURMDWALR QD O X&
HQFH RQ ([SHULPHQWDO 6WUBSY $@DO\VLRY\(BPRNRYHF 6ORYDNLD
FLDWHYV SHWULHYHG IURP KWW SNR]SHUIQFHQ W D B Q/IP @ HEFRD@Q R
GLDJQRVWLFV EUXVKOHVV GF PRWRUYV

&RVWD % 6 - )X]1\ IDXOW ,@HW HE WERIH ® RG GERRN) ROL¥RP S X W
WLRQDO LQWHOOLJHQFH 9RQ@FDO XJHXURIL R HWY RHBINVS DQBHAHDUQLQ.
6LQJDSRUH :RUOG 6FLHQWLILF GRL B

/XR + 30XJ DQG SOD\ PRQLWRULQJ DQG 86XNMNWEDIJF H RS R/R. B W] DRAQ
HV:LHVEDGHQ *HUPDQ\ 6SULQJHU 9LHZHJ GRL



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

2

PSOHPHQWDWLRQ RI *HQHWLF
IRU )RUPLQJ RI ,QGLYLGXDO (GXFI
IRU /LVWHQHUV RI 2Q0OLQH &

' 3DUIHQRY=-DSRUR]KNR

'"HSDUWPHQW RI $SSOLHG ODWKHPDWLFV
'"HSDUWPHQW RI ,QIRUPDWLFV
2UHQEXUJ 6WDWH 8QLYHUVLW\
2UHQEXUJ 5XVVLDQ )HGHUDWLRQ
( PDLO IGRWBLW#PDLO RVX UX

7KH ZLGHVSUHDG XVH RI PDVVLYH R SHQ HRQ OULKH | KR YWKHUY J OR EOD L
RSHQ HGXFDWLRQ DQG WKH VX\QN D HQPE®HUGHY HILRVPM G XFEID BV MR Q [
+RZHYHU LW LV FHUWDLQ WKDQ@WIWWRE RRO@VWYWH B X LKW L RR)S OMKPHH
VLGHUDWLRQ RI WKH LQGLYLESEBIQ W KD D BWHIIHQWL FQH RH \F\DLAK\ V V)
FRQVWUXFWLRQ RI DQ LQGLYLGXDZR & & X\POGNHLQRW [EG MRPHIN HF DURW 1\ FRX
SRUWDQW $FKLHYLQJ WKLV JRO@ LW WXGW B WHN DR/Q ELGHG Z K HE@X /O DOLH [
WKH SUHVHQW ZRUN D JHQHWLR DO IR MR PRIUP DR BB WH. 6 DVDK O M/D D
GHVLIJQHG WR PHHW WKH SHUVRQDO FHIBEXFBMOLLRAQIHY @H HHEF KD Q 2 & QQ
7KH UHVXOWYV RI D FRPSXWDWLRRQO®GI[SHGXPOQWUDYGE FHYRRSE MMV R U
Rl WKH SURSRVHG DOJRULWKP DUH SUHVHQWHG

H\ZRUBBVVLYH RSHQ RQOLQH FRXUVHs XRRWLEAB DRR X\UWMHV HFVBR Y L GIX
OHDUQLQJ URXWH JHQHWLF DOJRULWKP

1752'8&7,21

7KH LQGLYLGXDO HGXFDWLRQDO WUDMHF2&R WV L) PHNEL
]JDWLRQ ZD\ RI LQGLYLGXDO HGXFDWLRAKGQDRO QHHGW \UR G OFER
SHUVRQDO GHYHORSPHQW DQG VHOI LPSURY HPHDW LSOQ\DO
WUDMHFWRU\ DV D SHUVRQDO SDWK WRK UR2® LOH WWKHQ IS H |
7KHUH DUH VHYHUDO ZD\V WR UHDOL]H DRU LK)® PBIOGHX DIOK H €
WKH XVH RI YDULRXV HGXFDWLRQDO WBWKQRO BIURE/O HPHE
OHDUQLQJ JDPH EDVHG OHDUQLQJ SRUWIROLRHVNQGQRWHK
022& LQTXLU\ EDVHG OHDUQLQJ SHUVRQDO I@HFRPPW RIGU L
ZD\ LV WR IRUP DQ LQGLYLGXDO OHD U QILPQ{Q WRXRIHW B K L\W K
DFWLYLW\ RI D SDUWLFXODU VWXGHQW DWRRPWHIL[HG VWD

3XUSRVHIXOO\ GHVLJQHG DQ LQGLYLGERDO WRROQIRW \8K
SOHPHQWDWLRQ RI DQ LQGLYLGXDO OHDRW IOQ 28U R X WM H QBiC

<« 3DUIHQRY ' =DSRUR]KNR 9
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IRU OLVWHQHUV RI RQOLQH FRXUVHV’

GLIIHU QRW RQO\ LQ WHUPV RI YROXPH EXWHQ® DWKHR @ DRUL)
HOHFWURQLF OHDUQLQJ FRQWHQW

7KLV LV GXH WR WKH LQGLYLGXDO OHDOQLWEKHW\ ®FW RY
XVHG LQ WKH VWXG\ Rl WKH VDPH OHBRYMLE RE MHF\G H \VQ JR
GLYLGXDO OHDUQLQJ URXWH LQ DGKFY @A H HDW RWQRX \UW YUHL
PRYHPHQW DQG FKDQJH B6XFK DQ DSSQRBHANVALWODGMXR WK
WKH HGXFDWLRQDO SURFHVV LPSOHPHQWWR R® O KHWEDYLG
LQ WKH NQRZOHGJH DQG VNLOOV RI W KH G ROSUWIK HO DWW H QH
FHVV RU GHHSHQ WKH OHDUQLQJ SURJUDP

7KH WDVN RI RXU UHVHDUFK LV WR FRQVWURMWNFMR BS &0
RQ D JHQHWLF DOJRULWKP WKDWHYVDRG FORWMN UMK R K H DRk
WKH FRXUVH DV ZHOO DV FRUUHFWHG LI QHFHVVDU\ LQ UF

7KH UHPDLQGHU RI WKLV SDSHU LV RUJDHQWH®W KH URQRO®)
D OLWHUDWXUH UHYLHZ GHYRWHG WR WHKH ARQVFDGH BRDWRIR
LQGLYLGXDO HGXFDWLRQDO WUDMHFWRR® E D YH GG RQF OHRY H
SUREOHP RI WKH IRUPDWLRQ DQG LPSOHPH®WR W\LRDVRIGDR
JHQHWLF DOJRULWKPV $ PDWKHPDWLFDO PR GH® RHPMKRUIR
WKH PDVVLYH RSHQ RQOLQH FRXUVH LV SUBWHRQ HRG WsHIHF \8
FDO LPSOHPHQWDWLRQ Rl WKH SURSRVHG PRGHO DQG WKH

5(/$7(" . 25.6

$W SUHVHQW WKH DPRXQW RI UHVHDUFK GHYRVEKXG® OVR \
HGXFDWLRQDO WUDMHFWRU\ LQ WKH LPLS/OHE® HBXDYWR Q QFD
URQPHQW LV SHUPDQHQWO\ JURZLQJ +HUH DH & HUDHWVIHRXQW R
LQGLYLGXDO OHDUQLQJ URXWH

SHVHDUFKHUV IURP WKH 1DWLRQDO 7BYRMHE DRALRDOD &L
FRPSXWHU WHVWLQJ WR LGHQWLI\ SUREQHWXHL ® QRDLVQWH B
OHDUQLQJ SURFHVV 7KH GDWDEDVH VWRUHW EQHRWAD RILB C
ILFXOW\ %DVHG RQ WKH UHVXOWV RI WHVWYQZL WKK M/ K/HH O!
FRHIILFLHQW RI ODERU LQSXW LV FDUDXW® FROWWH GB WL QW MK |
DWHV DQ RSWLPDO LQGLYLGXDO WUDLQLQJ SURJUDP IRU HI

$ JURXS Rl UHVHDUFKHUV IURP 3RQGLFKHUU\ SWWLYHUVL
OHDUQLQJ VFKHPH 7KH SURSRVHG DS S U RIRRKW B QW REZHS MQRC
FRQWHQW Rl OHDUQLQJ 'HSHQGLQJ RQ WKH HG X\W R W LPRRYD\O
DSSURSULDWH FRQWHQW LV VHOHFWHGLIZKUFK \WDW\EHHV U
3UHVHQWDWLRQ &RQWHQW 7R VHOHFWHD\SNVXWLFXWBGE X
D JHQHWLF DOJRULWKP 2Q WKH EDIVSBVRK WK K GDIND XFSE VE B
FRUUHVSRQGV WR WKH OHDUQHU V LQWHQWLRQV > @

$ JURXS RI 7DLZDQ VFLHQWLVWYVY LQ WKHR RN WXEQ W XIALI
WKH DELOLW\ WR OHDUQ DQG WKH GXUUERR®XPWVHWROHRIF K
7KLV SUREOHP LV NH\ ZKHQ JHQHUDWHRD® KB\ L&D &ODDL W
IUDPHZRUN RI WKH VWXG\ WKH VFLHQW LW FIRGHIX PWW® |
HDFK EORFN RI HGXFDWLRQDO FRQWHQW 7KH HYD®XDWLRC
WLYH WHVWLQJ 7KH WHVW UHVXOWY DRYM N KRIWD KVFHG WR
DSSURDFK SURSRVHG LQ WKH VWXG\ LV EDRMGWKP WIQIE KNI
FDVH EDVHG UHDVRQLQJ > @

6DPLD $]RXJK HW DO ORURFFR XVHG DGIH®HWLIFOD®DW I
ZKLFK DUH DGDSWHG WR WKH OHDUQHUsBUWURJLEBODREMMR W\
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3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

LWV VWXG\ WKH\ GHYHORSHG WKH GHWRUHBWLRIQ RIVIVG PD ¢
SRVHG E\ WKH DXWKRUV DOORZV W KMROKIIDW OHR | \WCRH V WK & P
DGDSWLYH OHDUQLQJ UHVHDUFKHUV DG SROWHEKW Z B W WWKSH
VWDJH WKH SURSRVHG PHFKDQLVP LVUXWHKGE WRDIRUKR IRSIWD
JRDOV WDNLQJ LQWR DFFRXQW GDWBARGB WWB MW X\GHHQ Wi
WDLQHG ZHUH DGDSWHG XVLQJ GDWD REWDLQHG IURP VRFL

$ WHDP Rl UHVHDUFKHUV IURP WKH 8 @WHGWRZ W R $HWDI
G\QDPLF VHOHFWLRQ RI OHDUQLQJ RE MRF\WR GDNV BIGF RIQ QW KE
VWUXFWXUH GHSHQGLQJ RQ WKH LQSXW VHIQR \WR P SRIXWHS,
SODQQHG OHDUQLQJ RXWFRPHV > @

$ QXPEHU RI VWXGLHV RI VFLHQWLVWYV IURRI&KQ®DYDGKD
WDVNV LQ WKH WHVW IRUP XVLQJ JHQHWLKPPDUL@HG? D) G
LPSOHPHQWHG LQ WKH IRUP RI WKH 2QOLQH $XWRVPDWLF 7H

$ WHDP RI UHVHDUFKHUV IURP 5XVVLD SURSFOMHG GX PO
OHDUQLQJ URXWH WKDW PHHWYV WK HI RBA YOLHHPGIOQN VS B MK K
XVH GRPDLQ RQWRORJ\ RQ WKH EDVLVURI \ZHKQFAK WHGS D UIDRK
LQJ REMHFW LV FRPSOHPHQWHG E\ VHW\D RH WWDPIINM ® @G FRRA
WR WKH %ORRP V 5HYLVHG 7D[RQRP\ 7R&VIMQXRW FNR B JRR)
SURSULDWH HGXFDWLRQDO WUDMHFWRU\ I[URP WKH DYDLOD

3UDJ\D 'ZLYHGL HW DO ,QGLD IRUPHG/LAGDQLR D DQHIGH
URQPHQW XVLQJ D JHQHWLF DOJRULWKRQ@LWKH D SSOLPEW |
WKLV DOJRULWKP SURYLGHV D IOH[LEOH XXWH WRR ® IRA KW H
HU EDVHG RQ KLV OHDUQLQJ VW\OH DQGVOHNHR®WHG QBRP F
VWXGHQW V SURILOH ,QGLYLGXDO HGXRIDFERQADW W Q DRUHPH
DERXW WKH JUDGXDWHVY Rl WKH FRXUVH > @

7KXV WKH FRQGXFWHG UHYLWE MR XUHVOIP\URK B W YXHDO/RBRRIZ,
GLYLGXDO OHDUQLQJ URXWHW H QN WKKIH. IV TR WWHFPM L QY KUH B
DUH WKH PDLQ WRRO WKDWQDO®RHEEYWVRH LRGRAAW LHI KHDFONV H & W AT

352%/(0)2508/$7,21 $1,03/(0(17$7,21

$V SDUW RI RXU VWXG\ 022& KDV D PRGXQ DX F BHIX R X
XQLWV :LWKLQ HDFK XQLW WKHUH DUH IOWDUME®@H REMKEI
DUH WKH VWUXFWXUDO FRPSRQHQWY RMWWXK H®F RsX BN bl WDOH)F
/2V SURYLGHV WKH IRUPDWLRQ Rl RQH RU PRUH UHOHYDQW

W LV NQRZQ WKDW HDFK OHDUQHU RDMWKH @R %HVH CKDAK
GLVWLQJXLVK WKH IROORZLQJ W\SHV R IOWWRIGOIIMIM L&LII | K
XDO OHDUQHUV 39° $XUDO OHDUQHUYV.LOHVWKHMNG Z UQ MD-
3. 7R ZKDW W\SH HDFK RI WKH 022& ®@W WHKGHENJIJEES QRQJ
OHDUQLQJ SURFHVV XVLQJ WK®& 9% . PG RKRGRORI\ HDFK C
FRXUVH DV DQ REMHFW XQGHU VWXG\SXW SOLWPHWHWLM H G
DWWULEXWHY FKDUDFWHUL]LQJ WKH VWDWHERHWKH JLYHQ

‘H GLVWLQJXLVK IRXU JHQHUDOL]HG JURXGRP RO FQ QYWIHHDA
LQJ VW\OH 7DEOH YRU H[DPSOH WMXEH WV LRIVRR Q WRHNBNFRRW
IRU VWXGHQWY ZLWK WKH GRPLQDKM G RKDW. W W30EM RN F
PL[HG PRGDOLWLHV 7KHUHIRUH ZH SHIRBERWHVWSRHVRRP AR GF
DW WKH VDPH WLPH WDNLQJ LQWR DFFRXR®VDW & RVWH EB®BIO H (

KWWS YDUN OHDUQ FRP WKH YDUN TXHVWLRQQDLUH
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7TDEOKRPSRVLWLRQ RI IRXU JHQHUDOL]JHG JURXSV RI GLIII
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3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

TDEOMKDUDFWHULVWLFYVY DQG YDOXHV RI DWWULEXWHYV

SWWULEXWWWULEXWBRVVLEOH DWWHKHEXWWULEXVEH O'MWXHH DWWULE X!
QDPH SDUDPHWHU YDOXHV FRHIILFLHQW ZHLJKW
D *HQGHU JHPDOH D

ODOH D
D $IJH JURXS XQGHU D
* D
* D
* D
* D
D
D /HDUQLQJ VW\OH 9LVXDOOOHDUQHU

$XUDO OHPpUQHUD

5HDG ZULWH OHDWQHU

.LQHVWKHW|LF OHDUQHU

7KXV D QXPEHU RI /2 IURP WKH OLVW Rl HDFK$FERXS P X
LQJO\ IRU HDFK OLVWHQHU D XQLW PXRW/EHPB®WIDPLFROE
VSRQGLQJ WR LWV OHDUQLQJ VW\OH

7R HVWDEOLVK D UHSUHVHQWDWLYH FRIUHIHODVQLRRE RIHG!
D SDUWLFXODU XQLW GHSHQGLQJ RQ OWPWYH\PG VWKE HX V H
WKH 9$5. PHWKRGRORJ\ DOORZHG DQ DQDO\VLV RI WKH UHD

%DVHG RQ WKH UHVXOWYV Rl WKH VXUMHVUHAHWZ WOBH & HRN I
WHQW LQ WKH XQLW IRU HDFK W\SH RKHWN WWRGMWQ\Q W7 IVEDHHV |
WKH GLIITHUHQW JURXSV IRU HDFK W\SHA RA OHDRIQHU VKR X
9DU\LQJ WKP PIPWIDRPEGUQ WKH RYHUDOO FRQWHQW VWUXFW
/2V LQ WKH LQGLYLGXDO OHDUQLQJ URXWH

7TDEOHKH UDWLR RI GLITHUHQW W\SHV RI FRQWHQW L

7\SHV RI VWX GHOWY ” " "
E\ 9$5.
P P P P

9LVXDO OHDUQHUV

$XUDO OHDUQHUV

5HDG ZULWH OHDUQHUYV

LQHVWKHWLF ODHDUQHUYV

&RPSOHWLRQ RI WKH VWXG\ RI HDFK XQLRM DVVXIPPRRSD/M
WHVW WKH UHVXOWYV Rl ZKLFK DOORZ R§¥ RIROGDLD IDQB RIL
RU WKH SUHYDOHQFH RI GLITLFXOWLHYV LQ WKH FRXUVH VW’

7KXV WKH LQGLYLGXDO OHDUQLQJ URXWHMHFW22&KILGLDI
HQW W\SHV IRU HDFK RI WKH XQLWVLQ KHHLIDW O VRH LAVR RU EZ |
OLVWHQHU PRYHV IURP VWDJH WR VWDJH IURP RQH XQLW \
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ODWKHPDWLFDO PRGHO RI WKH SUREOHP

H FUHDWHG D PRGHO IRU WKH IRUPDW IDRMH RW RAUUK HL Q QW
RQOLQH FRXUVH /HW XV SUHVHQWHGHWKS$UREIOMIPD DL & B VDK
Rl WKH PDWKHPDWLFDO WRROV RI WKH JHQHWLF DOJRULWK

+DYLQJ DQDO\|HG WKH VXEMHFW DUHWKH WIOD RN ¥
FKDUDFWHUL]LQJ WKH IRUPDWLRQ SURFHVV RI WKH LQGLYL

(7 "6 &

ZKHUHVW **"WKH VHW RI VWXGHQWY OHDUQLQJWLEBQRQUSMIFWC
IRUR: WKH QXPEHUNRII\ W ®QH®WM2& ORFDWHG LQ D FORXC
FDWLRQDO HQYLURQPHQW P QWGKHAR@QYVREAMML @RI ROXWVWNW D S
o 1

(DFK XQLW RI WKH 022& FRQOYWHQW D VRBKEVILKHINO RWFR
WKH VHW RI JHQHUDOL]JHG RRQWWHKH \@ XV \ESHHU JR@ WKW D AK HUWRHX
JURXS FRQWDLQV D FHUWDIL Q" "Y&AWZKHOHE NMKH YV HRWE MRH FAR V
HDFK XQLW EHORQJLQJ WR WBH7DEOHFWgOWrY QHUDOL]HG .

7TKHQ 3 ®3,; LV D YDOLG VHW RI LQGLYLGXDO URXWHYV IR
OHDUQLQJ URXWH VKRXOG FREIILIVEAEWURQW WSSHVILB FFRW GR.|
EOH (DFK OHDU®GDQIJWRENHHBEWUW LQ WKH IRUPDWLRQ RI D
ZLWK LWV PDQGDWRU\ HQWU)A DQWRVRHIBQXHBEROHVHEB I JIRRIPS
LOQOWURGXFH WKH %YRROHDQ YDULDEOHV VRHWDHFIKIRFE RBIHOHAI
REMHFWM, ®H /2

(DFK REMHFW RI WKH VHWYV * DQG 6WWLE XW HWH S/KIDWH Q WHF
FKDUDFWHUL]H WKHVH REMHFWYV G$ WAWU IRE XSARHNNL W IUYHH GYHO ODQ |
QLWLRQ RI FKDUDFWHULVWLFY DQG YDOMBAWIRILDBD®W W HWE/X UM
HG LQ 7DEOH DQG UHVSHFWLYHO\ 7KBWWDWINER W& HRRHHWIF
DQG WKH UHODWLYH ZHLJKW RI WKHGDWW U IRFEAWDH. QM GV R ¥ YO
WKH TXHVWLRQQDLUH DQG H[SHUW ANMWKRMDWRN WKR \Ls HDQ\
HISHUWYV ZHUH DVNHG ZKR UDQNHG DWWULEXWH YDOXHV LC

7TKH ZHLJKW RI HDFK XQLW LQ WKH FRXUVH LV GHWHUPLQ

&
nK Vv

P

'8Qﬂ_W K
ZKHBH + DWWULEXWH PR HRLL BIGH®N QALICXIHRQ WKH SDUWLFX

GHQW + UHODWLYH ZHUJKRW RIQDRMNADWL EXWH

7R VHOHFW DQ LQGLYLGXDO HGXFDW LR® MR WILD®BN MAVARZF
RI WKH VWXGHQW 7KH ZHLJKW RI HDFK VWXBHQW LV GHWH

= X

‘v —, Dy

ZKH@QH + DWWULEXWH RRIRIULV MXGWM QUMH@DWLYH ZHRIKW RI I

7DEOH

,Q WKH SURFHVV RI RSWLPL]DWLRQ XQEHWGRBVLGWMXGW
VXIILFLHQWO\ ODUJH 7KH WDVN GRMNF QMRWLWHIX IMXH | DF ¥ WQ
DQ DFFHSWDEOH PRVW VXLWDEOH HIIHLRVMELD D D/FRFODSWLDREQD
PDO LQGLYLGXDO WUDLQLQJ URXWH 3 LQ [3HORKXGJEDY H®
UDPHWHUD/P «P ZH XVH WKH FODVVLFDO JHQHWLF DOJRUL



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

,QGLYLGXDO HGXFDWLRQDO WUDMHFWRU\ JHQHUDW |

‘H FRQVLGHU D JHQHWLF DOJRULWKP W KIHW ZRR UNDG Z ¥ WE>
7KH VHW RI RSWLPL]HG SDUDPHWHUV WK DW SIRKWPHE W K GRIPQR
ILODPHQW ,Q WKH FKURPRVRPH Rl HDFK LQGRYLNVNGHKOPR® S
HG 7KLV DOJRULWKP FRQVLVWYV RI WKH IROORZLQJ VWHSYV

BWHSQLWLDOL]DWLRQ IRUPDWLRQ3 RKWKARVAPWVD OK$R S
XODWLRQ LV D FROOHBWIRID \RU]MHYHWBI® YRIEMWERLUWLRQ LV \
DOJRULWKP EHJLQV ZRUN 7KH LQGLY3BKIDQHYHRIQH HD H P
RI //IURP WKH YMFRRW PRGHO WKH FKURPRVRPH FRQVLVW)
DOOHOHV Rl HDFK Rl WKH JHQHV DUH WKH YDOXHV RI ~ °

BWHSDOFXODWH WKH ILWQHVV IXQFWLRQ BRI WKH FKURPF

7KH REMHFWLYH IXQFWLRQ QXPHULFD O ®\QFKQ® D¥FWEKWDL] H
FDWLRQDO WUDMHFWRU\ LQ 022& E\ WKH IROORZLQJ IRUP X

L. ~. ~
) 3 ) 3PD[ : '8Qﬂ_WN7\/ 6[ N~ 3 [

ZKHBH YHFWRU RI VHOHFWLRQ Ri14,, Q6 MK XHQIJIEMDRRQHQF K

WKH FRYXUVHWKH ZHLJKW RI7H®FK VWXGHQW WHVW UHVXOW

) 3pp(* PD[LPXP YDOXH RI WKH=BEMHK®EWH R® QFIWIRRP DWLF
/2V

BWHBHOHFWLRQ RI WKH EHVW LQGLYLGXDOVFIKIRPPRKH F
VRPHV IRU IXUWKHU FURVVEUHHGLQJ XVMQRQ QW KRH W.KHNV
GLYLGXDOV KDYH WKH EHVW FKDQFH Rl UHSURGXFLQJ

6WHS7KH XVH Rl WKH JHQHWLF RSHUDWRU FURNVRNBU &
EHWZHHQ WZR LQGLYLGXDOV VHH )LJ &UHRQ WRIQHRA DD C
VLV RI WKH RULJLQDO RQH XVLQJ D FURVVRYHU

LLQGLYLGXDbD /2 /2 /2 /2 /2
&KURPRVRPH_}<_ &URVVRYHU
MLQGLYLGXDbD /2 /2 /2 /2 /2

JLIXURRURVVRYHU RSHUDWRU LQ D JHQHWLF DOJRU

6WHS/KH XVH RI WKH JHQHWLF RSHUDWRU PXJUWMD WIL RVGKHO >
JHQHWLF PDWHULDO VHH )LJ & UHDWVRRQRW KOHQELYV & R SRX
RULJLQDO ZLWK WKH KHOS RI D PXWDWLRQ RI LOQGLYLGXDO®

m
LLQGLYL|GXT20 /2 /2 /2 /2 /2
,/_\‘ OXWDWLRQ
MLQG LY Lle ¥Fo 12 /2 /2 /2 /2

JLIXUOXWDWLRQ RSHUDWRU LQ D JHQHWLF DOJRU|
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6WHSHSHDW VWHSV + XQWLO D QHZ JHQHUDWLRQ RI W
VRPHV LV JHQHUDWHG

6WHSSHSHDW VWHSV + XQWLO WKH HQG RI SURKWR'V FU
PRVRPH WKH RSWLPDO VROXWLRQ RI WKH SUREOHP LV IRX!

7KH FULWHULD IRU WHUPLQDWLRQ RI VREANVDHQHWLPD MBD
RI WKH UHTXLUHG TXDOLW\ WKH VROXWIKRQRIBDNDKRWILYW R XX
VHDUFK WLPH H[SLUHG

(;3(5,0(17%$/5(68/76

,Q WKLV VHFWLRQ WKH UHVXOWY RI D VLPXODWLRQ VWXC

8VLQJ WKH EXLOW LQ IXQFWLRQV RI @OWODWKE H LWE&OW R
ORZLQJ H[SHULPHQWDO SDUDPHWHUYV AKBIEWVLWKRIGW K HQSILS
DOV (DFK FKURPRVRPH LV UHSUHVHQWH® PXVWDBRICRDW L ¥ R(
7KH SUREDELOLW\ RI FURVVLQJ RYHU LV

7TKH 7DEOH LOOXVWUDWHY LQGLYLGXDKQ M MKAMHL Q H WRX
WKH H[SHULPHQW 7KH H[SHULPHQWDO HEIRXWDMURQ IRRIURX
7THFKQRORJ\ 022&V IRU WHFKQLFDO VSHFLDOWLHY DW WKH .

7KH /2 YDOXH LV 3~ LI WKLV OHDUQLQYLRBKWB®FWHDW QRW |
7KH /2 YDOXH LV 3~ LI WKLY OHDUQLQJHDENHRW URXSVHVHQ

7TDEOK[DPSOHV RI LQGLYLGXDO OHDUQLQJ URXWHYV IRU
RQ WKH EDVLV RI WKH JHQHWLF DOJRULWKP

R R Nt Y
6WXGHQW | )HPDOH & 3X%YPS 12 42 12 12 12
BWXGHQW ODOH * FXYB92 12 12 72 12 12
BWXGHQW JHPDOH t SHDG 2YLYWH, 1o 2
6WXGHQW JHPDOHR & L LQHYWRHWLE, 5 >
6WXGHQW ODOH * $XYDD 12 12 12 12 12
6WXGHQW 0DOH * $5UBO% 12 2 2 42 42
BWXGHQW JHPDOH BEYERP 2 12 12 12 12
BWXGHQW JHPDOH BEYERP 12 12 12 12 12
EWXGHQW ODDH 2 ERHNWERWLE 4o o g2 2
6WXGHQW 0DOH o CLQBEVMWKHWLE, 1o 12
6WXGHQW ODOH o PHARS SYENE o 2 g2 2




3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

TDEOHRQWLQXHG

ILVWHQHY, By $IH '%PH"DQUDCNL'E?QJ /QGLYLGXDO OHDUQLQJ URXWH
022& URXS VW\OH \{NKH VHW RI OHDUQLQJ REMHFWYVY RI GLII
6WXGHQW )HPDOH t SHDG ZUEWH, o )

6WXGHQW ODOH * ILVAEDD 15 12 12 42

6WXGHQW JHPDOH — ®  SHDG ZUJWH , ., |,

6WXGHQW ODOH * SLVADD, 15 12 12 42

([ DPSOH RI WKH RQH EHVW LQGLYLGXDO OHDHWULULR D QWRX W
ULWKP LPSOHPHQWHG LQ 0$7+/$% LV VHKRAQ LIQGXDO HGYXADI
WUDMHFWRULHY RI WKH 022& OLMWHQHU /YW XGH QW LV
. /2

JLIXUH[DPSOHV RI WKH RQH EHVW LQGLYLGXDO OHDUQ|I
RQ WKH EDVLVY RI WKH JHQHWLF DOJRULWKP

&21&/86,21

,Q WKLV DUWLFOH ZH LQWURGXFHGIODLQGEZYDG XROLWE&RF\B
WUDMHFWRULHYV RI 022& OLVWHQHUYV 7KLV BRQDROUSO®HRW® IIRU I
ZKLFK LPSOHPHQWY WKH FRQFHSW RI SHDWR®YRAD\H R IOMDBDH
DOJRULWKP DUH XVHG LQ WKLV SURSRWPHGH RVRXM QREQW K K HF
VHW RI FRXUVH OHDUQLQJ REMHFWYL QXK DWXMRH VIKIHV X MAHX (
FRPSXWDWLRQDO H[SHULPHQW VKRZ WKDW R/OKNER Q% RV KI5
YHU\ FORVH WR RSWLPDO VROXWLRQV DQG LQ PRVW FDVHYV

$&.12:/("*0(17

7KH UHVHDUFK ZDV FRQGXFWHG ZLWKXY¥E&®&BWLRISE RRW IRDWLRHSI3X MWD
1R



B3DUIHQRY ' =DSRUR]KNR 9
S,PSOHPHQWDWLRQ RI JHQHWLF DOJRULW®PJRVWUIRWMIPE®W R RILHW G|
IRU OLVWHQHUV RI RQOLQH FRXUVHV’

50)(5(1&(6

6XQDU $ 6 $EGXOODK 1 $ :KLWH 6DOLVIDYMIRG R& 022&V 3HKN RQ
DUW3UBFHHGLQJV Rl WKH WK ,QWHUQWWXBOROWHRD (BXADWHRD &RP
Ss JLVERQ 3RUWXJDO 6FL7H3UHVV GRL

3DUIHQRY =DSRUR]KNR 9 'RODORBQRA G HBY LR RQPHRW R C
DGDSWLYH PDVVLYH RSHQ RQOLQH FRXUE WM 85Q: RUNAVKMRBGXWRIDH G L @
9RO 3URFHHGLQJV RI WKH :RUNWRKRS XF® WQ W& UL®D $/S RAQDHIE. JDDNVL |

,QIRUPDWLFV IRU +LJKSEFK $SSO/MHADWILRQWUPDQ\ &(85 BHMWULHYHG
ZV RUJ 9RO SDSHU SGlI

<RXVHI $ 0 ) 6XQDU2SSRUWXQLWLHY DQG FKDOOHQJ¥H. Q SHUV
,Q$&0 :(% 6FLHQFH &RQIHUHQFH "HE KRS HQ BI$ (GX F DA/DLLRVH GR LN\
GRP :HE ,QWHUQHW 6FLHQFH S5HMWRMDHEKNIRP KWWSV HSULQWYV

+RQJ & 0 &KHQ & O &KDQJ 0 +QLQJ STHWK RBQPBUHGLREDISS U
EDVHG OHDWXLQE($6Q,QWHUQDWLRQDO &RQIMBBHQRH RQ@LDPEL7,IOR UL G
86$ SHWULHYHG IURP KWWS ZZQEWMDV RY D D ISDSHW\VF R QI H LB |

%KDVNDU 0O 'DV 0 0 &KLWBPWDDHG6IKD 7 *HOMHWLF DOJRULWKP
OHDUQLQJ VFKHPH JHQHUDWLRQ QR W HR@WMWLRQDDD URX HQDHD B Q &R |

DQG (QJLQHHULQJ + SHWULHYHG IURP KWRGDU BGBIV VHPL
E E FD E HD FIHF E SGI

+XDQJ 0 - +XDQJ + 6 &KHQ 0 < DOLJERBONW\WHRMWLQI I\S MBI\P

JHQHWLF DOJRULWKP DQG FDVYHSEDWHG\ WUMB MR @ILQ/XK DESOR FEXR LR Q V
M HVZD

$]RXJK 6 %HOODINLK 0 %RX\DNOHRBOQLQJ XV LKGEID SHQW WU D O JR |
WLRQDO -RXUQDO RI &RPSXWHU 6FLHQFH D®G 15KWZRIUHY HGH F XUR
KWWS SDSHU LMFVQV RUJ BERRN SGI

GH ODUFRV / ODUWLQH] - - *XWLEBHUB] -- 58 2WRWQFKLQR 5SXWIkH
*HQHWLF DOJRULWKPV IRUQAMRKUWYBWRBBHDIJREHBODOQR! ,QQRYD
IRUPDWLRQ DQG &RQWUWRLHYHG IURP KWWS ZZZ LMLFLF RUJ

<DR ; *RQJ *HQHWLF DWD RIHIQWHKUMD WD RIQGI RMUH PWOGMD SOH SI
VKDU&ERBS XWDWLRQDO QWHOOLJHQFH DQ@G 16IRURVFLHQFH

=KDQJ : &DR |/ <LQ < L QBRXI1KN2QE&]HE® OHDH QXQWR®WBW L F
EDVHG RQ JHQHW®UR FBIGIER QLW KRl WK H L, QWHUQDWWR QD & UPFQVHR @
3URFHVSBQJ # 'XKDQ &KLQD $&0 GRL

6KPHOHY 9 .DUSRYD 0 'XNKDQRYO$IDUQLQ$E DSRUVRDIPKHQFLQJ
YLVHG EORRPJV WD[RQRP\ DQG GRHADRIQJR QWWR OFRIE G XRWH W K PVK € F H
+ GRL M SURFV

'ZLYHGL 3 .DQW 9 %KDUDGZDM ERPPHQGDWDR QLEDVSIBWKQUMR G |
EOH OHQJWK JHQHWKXFDWORRULMWKP ,QIRUPDWLRQ 7HFKQBBRJILHV
v

<X + OLDR & /HXQJ & 'KLWH 7 HUHG SHUR/RIIDOWLDWIRZQ LQ 02
QSM 6FLHQFH RI&HBRQALQJ Y

=DSRUR]JKNR 9 3DUIHQRY 3DUIHORY¥Y GHVFULS$WERQDFIKPMRGMBR |
RQOLQH FRXUVH EDVHG RQ WKH FBRXGURQPW QRV R IL Q¥ KWK M OH.G' K IV WR
5 - +RZOHWW / &PDPDMQ,OGRYDWLRQ B6\WWHPV DQG 7HIERKQ P@REILHV
H /HDUQLQS$S + &KDP 6ZLW]HUODQG 68KL@QIHGRIQWHUQDWLRQ

B
=DSDOVND : %URJLN (HD H Q X GRIDAP ISR H:V. BH) GOQRRUWADWLRQ 6

* GRL



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

YJOHPLQJ 1 ° 1P GLIIHUHQW DWWRGXPES5.0 RGHW KRH SUHHWHLDW \ |
$ =HOPHWHMHDUFK DQG 'HYHORSPHQW LQ +LJKHU (GXGOQWRB @RIURE
HQFH RI WKH +LJKHU (GXFDWLRQ DQG BHWHUWHK OBYHDRSRHOY 66X

Ss + SRFNKDPSWRQ 4XHHQVODQG $XVWUDODVLD
0OF&DOO - *HQHWLF DOJRULRMLK P W&IRS RRGMQL A Q@D DDYUEE RESVE D L
PDWLFV + GRL M FDP

*ROGEHUJ ' YHQHWLF DOJRULWKPV LQ VHDUFK URSWRBRNWRQYLRES DQ
$GGLVRQ :HVOH\ /RQJPDQ 3XEOLVKLQJ

+ROODQG -$6DSWDWLRQ LQ QDWXUDO DQG DUMQDIORVD® XLWWHPYS C
WLRQV WR ELRORJ\ FRQWUR®DPEWL G UM LSEEL DD 7L QWHAMOOLIHQFH



BHUJXVKHY $ 2 6RURWVN\ 9 §
$ WLPH UHGXFHG PHWKRG IRU FOREN ONDWDLARNQ 1L $WRRHW DRGWD LLIQ F

2

$ 7LPH 5SHGXFHG OHWKRG IRU &DOF
LO (QYHORSH 7UDFNLQJ 3RZHU

$ 2 3HUIXYKBHYGERURWYVN)

SHWHU WKH *UHDW 6W 3HWHUVEXUJ 3RO\WHFKQLF 8QL
6W 3HWHUVEXUJ 5XVVLDQ )HGHUDWLRQ
( PDLBGHUJXVKHY DOHNVRWUWRWNVOA\BRDLO VSEVWX UX

SHFHLYHG -XQH

7R LQFUHDVH WKH HIILFLHQF\ RIWSRZHRPPSQLFDWLR QY YLVUWBRAVYV ZK
KDYH D KLJK SHDN WR DYHUDJH SR@H P HUWDMRR FWIRHE H QMHOR SHK WU P
YROYHV IRUPLQJ RI D ORZ IUHTXHQWVFRKHGYPIRRIS HS RZHQDDP §0 1D LWL
ZKLFK LV WKHQ XVHG DV D VXSSQ\LYHRWOWDVEHRIULF 5HBREXMWY RP NOKH
LWV RXWSXW VLIJQDO KDV KLJK7@HYHIDORDWBUWRBYH &DWWR QWA RBQV
SXWHU VLPXODWLRQ FDQ EH XVHG +RDHYF\F OW LPIH VW R X ODWH®R @ R [S
PXFK DV VHYHUDO KRXUV EHFDXVH RIVKIZR IFHREPSPOH M WN RLBIS PR GR
VLIQDO VSHFWUXP DSSUR[LPDWH WKW KRGV &/ X\I W ROW B ZN &V RD UGBSUL
FDO IRUP FDQ EH XVHG +RZHYHU LQ NQRWE KLDQEOWE D W LARIQW U BVEWAL
QRW WDNHQ LQWR FRQVLGHUDWLRQRIKLBKWXHD G ¥ VWHR DL DWE BBFRI
FRPSRQHQWYV 7KLV SDSHU SUHVNQB/WLR @ HRW KRBE MRX VDO \WLLIFK) B O OF
FRQVLGHUV WKH OLQHDU DQG H[$ROQR /LG KRS UR [ PRHDWR. R @YV [RQ \QR
WR GHFUHDVH WKH HUURU LQ WHW®VRUBPQ J«W KGHWHKWRBP R Q GRb LYV RAF
WKH WLPH H[SHQGLWXUH DV FRPSDNAK TYWK WRRRXWK U VWRREDW LRC

. H\ZRUGQYHORSH WUDFNLQJ PXOWLSKDVH MEBWRKH®WRGBQORIWUI
PHWKRG FRPSXWHU VLPXODWLRQ QKRWPRIPL B HEAXFMWRULRMLRQV WLPH |

,1752'8&7,21

7KH VLJQDOV EHLQJ DSSOLHG L@ \YMHFOHVV (WH&'®B R PIRXF
KDYH UDWKHU KLJK SHDN WR DYHUDJRISRRHHWUUDRE®RL | ZR U\Q
VLIQDOV WKH HQYHORSH WUD F NMWXRBHIWWRXE IFD QREMH XY H O R
HQYHORSH VLJQDO ZLWK VZLWFRKHGPRIGHWS RRMH DS OMK REK
DQ\ DSSUHFLDEOH GLVWRUWLR®V LY NXRXQO RZR | UHTGXHE FG L\
H[SHGLHQW WR XVH PXOWLSKDVHOBISLRQ S® R@XEKLF R IL D WH
DJH DQG DQ HQYHORSH VLJQDO KD QUEHH XHKQ FW BDEL W S MWKHU S
SURGXRWHUMH TXDQWLW\ RI WIKH VGBS SIODMWHRY RI WKH UHIHUH
TXHQF\ WR WKH HQYHORSH VLJQ DUWDH TXH UXHGR\W YWWIROW R A VO
/3) E\ PHDQV Rl ZKLFK DWW H Q X\DRUWRICR @ | DWDISH L IQDVUHALRRRLG-X
QHQWYV LQ RXWSXW 63$% VLIJQD Q@ MY UFDUHQ MG R VM [ TR SO)H JXIU
D UHIHUHQFH YROWDJHEIRQ ® \WROHJ RXWDY¥HWEEROWDJIH RI WKF

<« 3BHUJXVKHY $ 2 G6RURWVN\ 9 $



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

JLIXUHKH WHVIW WKINBIHUHQFH YROWDEH RI WKH IRXU S
DQG WKH RXWSXW YRHWQIHHRIDWKMH X LWV

7KH PRVW VLJQLILFDQW SUREOHP DULV HAK G RDR) K Bl WP R
WKH /3) EDQGZLGWK

,Q >+ @ ZKHUH WKH SULQFLSOHV RI 63%IWPROMHMN @W B'Y
YHORSH VLJQDO KDUPRQLF GLVWRUWLRD®VEDYARUS EQR® S
VZLWFKLQJ WLPH IRUZDUG RQ YROWDJH ®RURXWSXNW® X HRIFW
VLVWRUV DQG HOHPHQWYV RI WKH SULQW HK FEIL WROHL W DERED §
UDPHWHUV FDQ EH FRQVLGHUHG E\ PHDIYRW HREG FER RASKKDWH B D/Q
SDQLHV SURYLGH WKH WHVWHG VLPXODWQRRUWRWRGB®NH @RI \i
ZDV UHYHDOHG LQ SUDFWLFH WKH WRWDWHWRPBLH[SHBGW
QDWLRQV RI WKH YDULHG SDUDPHWHUV F\D ® K WX XK QKRRAXIURK
WKH 63%$ PRGHO XVXDOO\ LQFOXGH GR]HQV Rl WUDQVLVWRU

7KH UHSODFHPHQW RI WUDQVLVWRUVWFRRAS GRH [ FFRR@N®IVL
WR ORZHU WLPH H[SHQGLWXUH EXW DWW MKH. FD®W ONLPHIGW
FDQ EH VHHQ RQ WKH VSHFW UD M ®LDA Y DIYUHM ) LZKUFH
UHSUHVHQW WKH KDUPRQLF GLVWRUWIBBQWLPRSDWWRGHVR
GDUN WRQH KLVWRJUDP DQG VLPLO DY PERDIUDF WHWDLWY W/LKFHA
WRUV KDYH JHUR VZLWFKLQJ WLPHV OLJKRW WWRQ H HWLS/R\QRG] U
T DOG D F DQG@ 7KH DEVFLVVDV RI WKH GLDJUDPV LG
QXPEHU

7KH HUURU LQ GHWHUPLQLQJ WKH DPSOLWXNGHNLRK W& H
WKH GLDJUDPV DUH ORFDWHG WR WKH OWNVSRIVDWIHRN RV L
PLOHG E\ WKHTSURDFMWRI « G% ,Q DGGLWLRQ LQ RUGH
WKH WUDQVLVWRUV QRQH JHUR VZLWFKEQ@U XL PHV R\ XWHKIH
FRPSDUH WKH VLPXODWLRQ UHODWBGFKHVIMR@DUBPM VKRZQ
ZLWK HDFK RWKHU $V IROORZV IURP WKQ V) LFIXRISD U LXHRLF KL
REWDLQHG XVLQJ VLPXODWLRQ PRGH® HV VDK NV OBIY VLYW RX



BHUJXVKHY $ 2 6RURWVN\ 9 §
$ WLPH UHGXFHG PHWKRG IRU FOREN ONDWDLARNQ 1L $WRRHW DRGWD LLIQ F

WZR WLPHV DV FRPSDUHG ZLWK WKH WQDXQVXVWR UW KH QD W
Rl 3VORZ~ WUDQVLVWRU LV QV DQG WKHNIPWOLRQVHDP'S !
DUH OHVV E\ DQ DYHUDJH Rl  G%

'KLOH UHWDLQLQJ DQ DFFHSWDEOH VLPXODWDRWLPRFXUL
ODWLRQ WLPH UHGXFWLRQ GXH WR WD MPRIVOKAR G VIR LR F D QF
WKH FKDUDFWHULVWLFV RI WKH RXW SXWWs 3P M UJ®IN OFE B DX
DQDO\WLFDO PHWKRG ZLWK D UHODWILDMNHD L WPHROOV MELGPHH WM |
DSSUR[LPDWH VROXWLRQ ZKLFK LV UDW RKMW GORV\MKWR LK
EOH WR VLJQLILFDQWO\ UHGXFH \WKH W RW DROEWH P K HHY\& HIDS:
VROXWLRQ UHILQHPHQW XVLQJ D VLPXODWLRQ PRGHO

7KH REMHFWLYH RI WKH SDSHU LV WRDLP PHRMHHR @& KRUDFB
ODWLQJ WKH 63$% VLIQDO VSHFWUXP EWFHKDRQY WL FRQ \ZIKG IF t
UHVXOW LQ WLPH H[SHQGLWXUHVY UHGXFH QHHGHG IRU FRP

O2'(/ :,7+ 121 X526:,7&+,1*7,0(6 2)/5$16,67256

7KH PXOWLSKDVH 63% RXWSXW VLIJQIEMHVRUWKHGFEVH[BUH
> @

| 1

g WlTIP‘VLi‘@W S wap T
RXW

1

ZKHVYM + D HQYHO BS®T VL JIDONVRRWK UHWUWQPH SRODWDJH
QXPEHW WRWDO DPRXQW R% SIODWLHR RIQUEHISIUHQFH YROWDJ
PD[LPXP IUHTXWBHEW UXP

,Q RUGHU WR WDNH LQWR DFFRXQW WRWVQRW JLHU @ HZH W,

UHSODFH WKH FOIDRVEZKURKQFKDRIHY LWV YDOXH LQVWDQW
SDUDAHWBQJIJHYV WR WKH PRIEQILEOGZKILFRKWURE WUDRVLWLR
GXUDWLRQ LV VHW[t, [, WYX HVUQM T RDKKHMAFWLRQ DFFHSWV YD(

FDVEH, [ [,VLIQ | [ ZKHUH LV DQ DX[LOLDU\ IXQFWLRQ E\

WKH UHTXLUHG ODZ RI YROWDJH FKOQDBWDAXHE WIIHDHLYILL M ¢
LQJ RFFXUV 7KH )LJXUH LOOXVWUDWHM WKFHREUKDSRR G LR}

WR WKH W\SLFD® PG W [BIRD) NQRRD®ODWLRQ RI YROWDJH GUF
WRU DW WKH VZLWFKLQJ WLPH LQWHUYDO

D E

JLIXUHKH VZLWFKLQJ WLPH LQWHUYDO G@HVFULEHG E\ WKI
IRU OIDQBQG H[SRDBOSBWUR[@PDWLRQ



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

5(68/76

'LWK WKH XVH RI WKLV PHWKRG WKH &3 RYXWS&XM U/ W IQHD
ZKHQ WKH YROWDJH GURS DFURVV WULORQNWVYREG UW D8 SWRH
HLWKHU OLQHDUO\ RU H[SRQHQWLDOO\

7KH 63%$ RXWSXW VLIJQDO VSHFWUDO GLDJUDPV KRIUUHVSI
VZLWFKLQJ WLPHYV OLJKW WRQH KEVHRJDODDKEE BUH VKRZQ L(

JLIXUMSHFWUDO GLDJUDPV RI WKH 63$% RXW SPX WQM1+J B3OV LRY 3V O
ODWLRQ PRGHO GDUN WRQH DQG D@ FAKIRURWLPIHW HR P RVGKHHO WEUL IVMKV | H/WNRR
G DQIG+ WKH PRGLILHG PRGHO ZLWK OLQHRQ VQALWKEW L\Y R QWL PHIY GD &K bl
PRGHO ZLWK JHUR VZLWFKLQJ WLPHV GDUN WRQH



BHUJXVKHY $ 2 6RURWVN\ 9 §
$ WLPH UHGXFHG PHWKRG IRU FOREN ONDWDLARNQ 1L $WRRHW DRGWD LLIQ F

JLIXUBSHFWUDO GLDJUDPV RI WKH 63% R/XIW 8 X0/QH/4 3D OLPRO B IDV
WLRQ PRGHO GDUN WRQH DQG DQ WEEURJLWDWHIV PRIGW R HZ WAJID QN URWR
G DQIG+ WKH PRGLILHG PRGHO ZLWK OLQHRQ VQALWKEW L\Y R QWL PHIY GD &K bl
PRGHO ZLWK JHUR VZLWFKLQJ WLPHV GDUN WRQH

+HUH WR PDNH FRPSDULVRQ PRUH FRQYHQDHIQQWHGNDDQ!
VLVWRUVY GDUN WRQH KLVWRJUDPV ZKLFKUAHUH HQOEKR®GD
LQJ WKHVH UHVXOWYV ZLWK WKH UHN XORNDW RW RK/H PEXWDLDRNJL R Q
WKH DPSOLWXGHV RI WKH KDUPRQLFVY KDV GHFUHDVHG |IURI
$QDO\WLV RI WKH UHVXOWYV FRUUHVSRQGU®RS W SAJURJHPD
WLRQV UHYHDOHG WKDW WKH GLIITHUHQFH LQHWKHGDPP SOLW?>



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

&21&/86,21

7/KH SURSRVHG PHWKRG UHGXFHVY WKH HUURU LQ GHWHUI
LQ FRPSDULVRQ ZLWK E\ « WLPHV HARX® WWNVKBORXDOW BHT
PXFK DV « WLPHVY OHVV VLPXODWLRQ WLVPSHHWW LGHW KHW P

HVSHFLDOO\ EH XVHIXO IRU RSWLPIK®XQ RN CLUGRHABIE X X @ WL
ZLOO VXLW LQ PRVW FDVHYV

50)(5(1&(6

9DVLF 0 &KHQJ 3 *DUFLD 2 20LYHU WHYD $RBMOBH] &RERV - $7
GHVLJQ RI D PXOWLOHYHO HQYH GRSH RAKWDDNFING HQDIVB(R 5 X0 NLG RDEBNIRVQNU
RQ 3RZHU (OHFWURQLFV GRL WSHO

-LQ 4 5XDQ ; 6ZLWFK OLQHQU XREHUGVHQESBORBEWKNRBREBWLC

,Q,(&21 + WK $QQXDO &RQIHUHQF i HRA WIUKRHQ LS ,6RGPHHWIY L D D (
HQQD $XVWULD ,((( GRL LHFRQ

6DQNPDQ - 6RQJ 0 . 0D 6 PLVDMKLLSXKID FRIQF & UMGBHRIS R QR G
VOHZ UDWH HQKDQFHU IRU /7( SRZH U UDRBWILAWH R @\5 ROLBRWH B G0 H F W
+ GRL WSHO

6XQJ 6 +RQJ 6 %DQJ - 3DHN - /HH GQY&KIRRSH BRGX&OKCRVRU IR
0+] /7( 3% ZLWKRXW $& FRXSOLQJ FDS®FRLIMWRU {OFRUB QVQF W LR GH R
3RZHU (OHFWURQLFRV GRL WSHO

OHQJ ) =KX : : -LQ 4 :DQJ < 5XDQ OHG KLJKLH LIWBICHQ FR R U
VZLWFK OLQHDU K\EULG VXSSO\ PRRXIOW IR 8O REMHI/B DG RIS WIUFDFRAL,
&RQIHUHQFH $30&+ 1DQMLQJ &KLQD ,((( GRL DSPF

.REJHY $ 9 OLNKDOFKHQNR * < ORPRRANRNVVILRQQ\\H LVWRFKQL
5($ >0O0RGXODWHG SRZHU VXSSOLRNVIERE D GLRVWIOHFWDBORFDGBYERP
LQ 5XVVLDQ



SRQRPDUHYD 2 6PLUQRYD 1 3RQRPDUHY $
S7LPH GRPDLQ LQWHUSRODWLRQ XVLQJ WKH SDUDPHWU |

2

/LPH 'RPDLQ , QWHUSRODWLRQ 8VL(

2 3RQRPDUHYD 1 6PLUQRYD $ 3RQRPD

.DODVKQLNRY ,]JKHYVN 6WDWH 7HFKQLFDO 8QLYHUVLW
,JKHYVN 5XVVLDQ )HGHUDWLRQ
( PDLO SRQYD#PDLO UX

SHFHLYHG -XQH

7KH PDLQ GLUHFWLRQV RI DSSOLEQWPR® KR L 1LIQVPODVVIFDO SURF
DQDO\VLV EDVHG RQ WKH GLVFQWMEH YRHGU LHYU DU R Q Y WRKFP IRUWHL B W H L
VLIJQDO EDVHG RQ D GLVFUHWHK BREXULBIG YW Q VOV HRW R | LW KIHL YH{QV WL Q
DOJRULWKP IRU WKH WLPH VLJQD @ EDYWI® R DNKH UHWHLIGIMG] PRIXUH
VLV Rl WKH PDWUL[ VWUXFW RXH LRIUWXHDIQYWYRU® H DG PRBGWHWHIEG )SD UD
JRXULHU WUDQVIRUP LV SURSRVH® KHKPARSILR ISHI® V8 DR\D RH WWKLHF EECLWLFY
WUDQVIRUP DUH LQYHVWLJIDWHG

.H\ZRUGYJWDO )RXULHU WUDQVIRUPV IIRQUYH WBVHD BHWLIN B O D RWU)LR-XW V
IRUP PRGLILHG SDUDPHWULF GLVFUHWH H[SRQHQWLDO IXQFWLRQV

,1752'8&7,21

20H RI WKH PDLQ DUHDV RI DC SSUAFPMWIMA@Q RI'GLIPWDARR
FODVVLFDO GLVFUHWH VSHFW WX QLG WHWH & X¥U IEHDY WAJ
> + @

$OJHEUDLF IRUP RI ")7

o NG N1
6 N1 [QIfNTI

ZKHPUH) LV D GLVFUHWH VIBJQDDO ')7 FRHIILFLHQWYVY WKH VHW
WHUPLQHYVY WKH DPSOLWXGH IUHTXHQF\ D Q& I$ KBPMHQ WWH TRX H\

'Y7 DUH RIWHQ Fpom[%m—lgng 1

7,0( "20%$,1,17(532/%$7,286,1* 7+() 7

,Q WKH SDSHUV > @ WLPH GRPDLQ LQWHUWFFEDELAD WRL
SDSHUV ZH FRPSXWHS RIEGWWLRH BBTXHQFHBWRISHRGKEH L

F\ GRPDLQ VDPSOHYV

<« 3BRQRPDUHYD 2 6PLUQRYD 1 3RQRPDUHY $



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

IH[W ZHIVWXIJHURV LQ WKE RML® & OHHDIGOW Q@YK
IUHTXHQF\ VDPSIOHW DDKH@WHJIJHU SRZHU RI WZR

7KHQ ZH SHUWIRIRLQW LQYHEYMN WR REWDLQ WKH LQWHU
[owWQ WLPHV VDPSOHV

8VLQJ WKLV I[UHTXHQF\ GRPDLQ JHUR VWXQIDQ X1 @R HIUPSFOH
LOQYROYHV WZR LPSRUWDQW LVVXHV

7KH ILUVW LVVXH WR HQ¥X WH mH N HTQWMIQE SIRIOD WHBO R (
VIPPHWU\ PXVW EH PDLQW D6 Q/N G UHI XHK@IF ) HLIRP B &/ VI H G

+HUH V WKH VHFRQG LVVXH UHJDLQGLHQUSW 0PI GRE D W LW
SRODWLRQ DOJRULWKP SURYLGHV FRQUWHTW WOINXAWVSRQL
ZLWKLQ LWV IXO® WLIHKLEQWNUYQOVSHFWUDO OHDNDJH OL
ZH XVXDOO\ ZRUN [\,KQH VLHOMXHIQFRIOPDMHBR QWDLQ QRWLFHDE

LWV EHILQQLQJ DQG HQGLQJ VDPSOHWI1$V VKREAHQ )LJ
VHTXHQFH LV L@WHUBSRMXKDWHIGE EAUH VTXDUHV ERWK ZKLWE
SRLQW LQWHU YRIOBWAEH ZKLWH VTXDQHADBEEHWK B RE LF

FOHVY UHSUHVHQW WKH H[DFWO\ FR UNWKIH WH@QWHUSROWWRG
XUH WKH FLUFOHYV DUH GLIILFXOW QNGR WHAHH \ETHHDXHAH W7 KKHH\

WLRQ HUURU WKH GLIIHUHQFH HHYWZHWQLWKR ERU@BFW VD]

JLIXUHQWHUSRODWLRQUUHVXOWYV IRU
LQWHU $RQDRHGL QDDQG FRUUHFWDL Q@ MHIFSRIEPMR® Q HUUR

‘Y7 DQG ,')7 bUH WKH EDVH Rl &'6% RIPVIDIQ® G\WHVRUWKHIGP|
IROORZLQJ UHODWLRQVKLSYV > + @

I)7Y61 _1 )1;1

'I)7Y ;1 _)161



SRQRPDUHYD 2 6PLUQRYD 1 3RQRPDUHY $
S7LPH GRPDLQ LQWHUSRODWLRQ XVLQJ WKH SDUDPHWU |

ZKHUH 3 [ } [ 1 4 *+ UHSUHVHQWDWLRQ R] @ GLVFU
Q 1 LQ WKH IRUPIRGLIP HGWVMRRID O 70MBEDML MERAHNUDQV S
6, 2V V} V 14 LV WKH YHFWRU RI H[SDRY LVRIQHFR\WIMHTR. |

GLVFUHWH H[SRQHQW IGHO mq@%w HOZKLFK LV JLYHQ E

WKH PRWUL]J

« . . 1 »

) 1 « »
« »
« »

1 g .1 R 7

N

=HUR SDGGLQJ WHFKQLTXH LQ WKH IUHTXHQF\ GRPDLQ
D GLVFUHW® QLJQDO ZLWKU JHUR YDOXHG VDPI@HWKH
IUHTXHQF\ GRPDLQ =3)' > @ :LWK =§)'RIVWKKHGUMBOHWH

[ Q Q 1 LV UHSUHVHQWHG LQ WKHPRQYPLRIQOD OGIIFGHRIOMUR |
VSDFH

a 07

6 <V } V/l } )(/}1 vV 1
(—<| 1vu i;4
$V D UHVXOW RI SHUIRUPLQJd WWKH ,Y)D CRAHW KRHI YWHRHNV R UV F L
JRXULHU WUDQVIRUP "))7 RQVDOMS BLY WY HXNH. NRUIRXD\OG LV WU
WLPH D[LV DUH REWDLQHG
7KH GLVFUHWH IUHTXHQF\ )RXUMHWOWEYIRAMWI RUP LV WKH L
1

[wJ 6 "N[S SM

7KH JHUR SDGGLQJ WHFKQLTXH DSSOLHGOWR® XMKWKVSHF

1 VDPSOHV LQ WKH IUHTXHQF\ GRPDLQ =3KH DGBQRBZRQOA WF
IRU WKH SDUDPHWMHUY YDQDXH=\B)' KDV WKH IROORZLQJ VLJQI

FRPLQJV ZKLFK PDQLIHVW WKHPVHOYHV LQ LWEWPS®HPHQ
+ WKH QHHG IRU D VLJQLILFDQW H[SDQV LRQ R NV &/HHWEEOF
YDOXHYV
+ FRQGXFWLQJ QRQ SURGXFWLYH FDOFXODWLRQV RI 3, 2
+ IL[HG WLPH VWHS LQ WKH GLVFUHWL]DWLRQ



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

7KH SXUSRVH RI WKLV ZRUN

7KH SXUSRVH RI WKLV SDSHU LV WR GHERYR P BDQRMHW R R
VKRUWFRPLQJV RI VLIQDO LOQWHUSRODW IS®PQ DRHW K H FWGE PWF
JRXULHU WUDQVIRUP

,Q WKH SDSHUV > + @ D JHQHUDOL]DWLRQURIRNVNKH LC
D PRGLILHG SDUDPHWULF GLVFUHWH )RXUMHWD WQA\DWKHRUR F
WLRQ RI WKH ,")7 LV SURSRVHG

0')7 3 LQ WKH PDWUL[ IRUP LV GHVFULEHG E\ WKH IROOR:

)6t Al

ZKHUH WKHIYGIIHFPHRWIRRQDO OLQHDU VSDFH LV WIOHDIURNVN XOW
WKH YddFWEUD IDFWRU

& . 0 1]
"1
ZKHUH LV WKH YHFWRU RI H[@DLQQ\/MR(Q'l APRHMWHRPLROWRGLILHC
GLVFUHWH H[SRQHQWLDO IXQFWLRQV 0'() 3

GHJ NQ T HIE —M [NQ

N Q 1 d]
ZKLFK LV JLYHQ E) WKH PDWUL]

1 N
[ [1

a 1 - 0

« o [ . [ 1 »

« "1 "1 »

)1 [ « »
« »

« »
1 &« . 1 L1 [ 1 Y,

Q

0$,13523(57,(6 D'() 3

0'() 3 OLNH '() 3 DUH QRW IXQFW LRRIAGR IR B VXITXHHHQOA
WKH 0'() 3 PDWIM.DV\PPHWULF

0'() 3 DUH SHULRGLEDQGDSYPDDPBIEMOMH.FDOO\NFZHWKRGLF
D SHULRG

GHl N Q [S1 ,GHIl NOQ

GHJ) rN SI Q , GHI "N®Q
0'() 3 VIVWHP LV QRQ PXOWL®OLFDWLYH LQ WKH YDULD
GHl N Q (GHI[ zZN P, GHI[ N Q P B



SRQRPDUHYD 2 6PLUQRYD 1 3RQRPDUHY $
S7LPH GRPDLQ LQWHUSRODWLRQ XVLQJ WKH SDUDPHWU |

DQG PXOWLSOLFDWLYH LQ WKH YDULDEOH
GH/ NQ  GH[ OQ GHI N O Q z
$YHUDJH YDOXH RI 0'() 3 ZLWKQ UV HISKKDW WRz WHUHR YZKUHLC

! . H[S MS N
| G Ky |\{QH§S—18[Ml \ i
Q © H[8 M> N
© 1 =
DQG ZLWK UHVSMNEW QRW MDUR DEOH
1 H[S MS N @
| GBI N Q 5 .5
H M-
[© 0 Q |
7KH 0'() 3 VIVWHP LV RUWKRJRQDO LQ ERWK YDULDEOH
1. o P® L, 0" -1 Q|
’\"1 o1 v :1QP @ QZF
Y. e po_:1,°""-10

1
L, Ry 1 ®
d /4 . ©ON @
7KH 0'() 3 VIVWHP LV D FRPSOHWH W\ WBHBIPO VL QEH SMIQ
IXQFWLRQV LV HTXDO WR WKH GLPHQVLRQ RI WKH VHW RI G

&21&/86,21

$SSO\LQJ WKH PRGLILHG SDUDPHWULF GRSBERMWWHE QYWD Q
HOLPLQDWH WKH IROORZLQJ HVVHQWWBG K®HM¥FH HQ BSKOV HRG

VSHFWUXP RI D GLQ/EUWWBPBLOKYWOQ WKH IUHTXHQF\ GRPDL

+ WKH QHHG IRU D VLJQLILFDQW H[SDQV LR R NV &/HHWEESOF
YDOXHYV

+ &RQGXFWLQJ QRQ SURGXFWLYH FDOFXODWLRQV RI 3, :

+ IL[HG WLPH VWHS LQ WKH GLVFUHWL]DWLRQ

'LWK WKH DGYHQW RI IDVW KDUGZDUH '6B FXLSV VDK SL!
QLTXHV WKH DERYH WLPH GRPDLQ LQWHUSRHWD WIL RS SIDQ FL
WLRQV VXFK DV FRPSXWLQJ VHOHFW DAEFRDHWVDIPISIDHD WIDKACHN W
VSHFWUDO HQYHORSH VKDSH SURYLGLQRILQWBDSROW WD R
ILOWHUHG LQ WKH IUHTXHQF\ GRPDLQ XVLQWD\XH PIDIW
UHVDPSOLQJ

50)(5(1&(6

3RQRPDUHYD 25®]YLWL\H WHRULL L UDJUDERWNDRWPHRER®ERWIN LD C
LQIRUPDWVLRQQ\NK VLJQDORY Y SDHEFH®RSEP KW RN KVE Bl | MKDHNRKU ) X
PHQW RI PHWKRGY DQG DOJRULWKRPWPIRUL B QJVWDID S ¥ RFH S@IUDP RW U
'REFWRUDO WKHVLV .DODVKQLNRY \]KHYHXVONW B YAHY T B BK)YHLGHDIOD S\Q IRYH



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

/I\RQV 5 * 8QGHUVWDQGLQJ GLILWDG HIQDELESSHBARDWEQHK 5LYHU 8
+DOO 375

&URFKLHUH 5 ( SDEQREWLUDSNH GLIJLWDOWHK HIDO BQURFHARR @ J& C
86$ 3UHQWLFH +DO0OO

=RUDQ &RUSQHUQLHU VSHFWUDO DQDO\VLV ZOWEXURKHIV¥BU 7HNMHKEWE
=$1 6DQWD &0ODUD &% 86% $XWKRU

*XPDV & -XO\ :LQGRZ SUHVXP ))@ DDFXL HLY IBVRIOURE DEO@ QB LB HH L
LQJ DQG ,QVWUXPEOWDMWLRQ 1HZV

$OGRVKLQD , SUXWMWEPDOFQD\D SXNXV¥IWONDEF R RV WQWV3IHWHUVEXUJ
.RPSR]LWRU * 6DQNW 3HWHUEXUJ LQ 5XVVLDQ

X]QHWVRY [/ SNXVWLND PX]\NDO Q8 NRXIVQWLVF V XARIH B XWRY D& VLFQRVAN U X P |
8665 /HJIJSURPE\WL]GDW LQ 5XVVLDQ

7UDNKWPDQ $ O 7UDNIKWPRY\ WHRULL GLVNUHWQ\NK VLJQDORY
ODNKQGDPHQWDOV RI WKH WKHR U\QRNHIRWBEW WRHZ V 85@ B O \6 ARYQL HIND 15
5XVVLDQ

<DJORP $ 0 .RUUHO\DWVLRQQD\D WHRUL\D VWDWVLRQDRHUNRLVOIX
PHWHRUKRPRRUEHODWLRQ WKHRU\ Rl VWD WILBROUN W DQFERE@ H WHTRWDRROGR \
JUDG 8665 *LGURPHWHRL]GDW LQ 5XVVLDQ

B3RQRPDUHYD 2 9 3RQRPDUHY $ 9 SROQORPPHWUYDF 1)79LQ SUREOIH
GHWHFWLRQ RI WRIQDWIF&®RPSRQBOWM RFHWHWULHYHG IURP KWWS .
DUWLFOHV \HDU MRXU B DUW B B SGI LQ 5XVVLDQ

3RQRPDUHYD 2 9 3RQRPDUHY $ OXHV RI SARQVRLDVRIXR/QI BRH TYYXCH Q |
GLVFUHWH VLJQDOV E\ WKH P HWKIREU RV BHODRMWWE QLR | G DOBWHWY HNRY |
+ GS5HWULHYHG IURP KWWS L]GDW G\RER WRDIGQGH[ SKSLYHWWELE @'

3RQRPDUHY 9 $ 3RQRPDUHYD 2 9 3RQRPDUHY $HQHUDIRQBRWDRE
+HUW]HO V DOJRULWKPV DQG D V¥ BUGHK QDI DMRDBHEN.U QP G BURLFHHIW M L& X
SHWULHYHG IURP KWWS ZZZ GVSD WW DBUB/LESGHWQHBXVVLM@®XU B D

3RQRPDUHYD 2 9 1RQLQYDULD QFAVRILFWKRK WICHG IVGH F\QH X B\ R
VLIQROMWDO 6LJQDO 3URFHWHIWDULHYHG IURP KWWS ZERRXGWSB UX DU
DUW B B SGI LQ 5XVVLDQ

SRQRPDUHYD 2 9 $OHNVH\HY 9 & SRORPDWKRE IRU9P HD VX U)DQMJIWA
WUXP RI UHDO VLJQDOV E\ WKH PRWWHKRHURWWDEOQ D SRR & L F D@OLDAKUGHLVINH
* S5HWULHYHG IURP KWWSVWQGDNW UWWROHXYLLLH&ZH[ SKS YHQ 5X

3RQRPDUHYD 2 9 S3RQRPDUHY $ 9 3 R QHRRPW URIIY WK H$ VO L G L QUH Bk
HQHUJ\ GLVFUHWH WLPH VSHFOQWHK®G CRIJWRWY D6Q VRRHPFS\R Q € W Q@ X6IlD FW X U |
WULHYHG IURP KWWS L]GDW LVWBQX LQGHIEERV,DDDUWLFOH GRZQ(

3RQRPDUHY 9 $ 3RQRPDUHYD 2 9 W )RXQYBULD@HFBJIR N BHFHWRIX
SOH[ GLVFUHWH VLJQDRXUDW A LRILWKHL §XXMMLYDMOYQLYHUVEWLSN 5DGI
WULHYHG IURP KWWSV HWX WHKNDOM/HRYVYDGQRWXHNWHRBQLWD L5B6GLR
LQ 5XVVLDQ

SRQRPDUHY 9 % 3RQRPDUHYD 2 9 JRXUQHUDUHDE BA\ RASW RW URXXF
GLVFUHWH VLIQDOV7RQAKIQROWRHLIBDWHEBRYV@WWXLURYDQLH Y {OHNWURC
GRL WNHD LQ 5XVVLDQ

&RXUWQH\ & 5 3 1HLOG 6 $ :LOFR[ 3 '$SSQIURDNZIDRMHRBI %W KH E
IRU GHWHFWLRQ RI VPDOORRXRBQDOQRIDERWQBVDR|ELIWNEEDWLRBRL

M MVY
$NoD\ + JUHTXHQF\ GRPDLQ WKE @ S®IFB8 LEVIF\UHHGV H GMLPMAL MILRPJ X O |
6LIQDO 3URFHVVL@J GRL M VLISUR
%HFN 5 'HPSVWHU $ * .DOHQ,RI ILQL&KD SDAWIHWIR/ @ WHRRQDWR

ILOWHU ')7 LPSCBHERQWBWRRAVVLHJ GRL 6 :



SRQRPDUHYD 2 6PLUQRYD 1 3RQRPDUHY $
S7LPH GRPDLQ LQWHUSRODWLRQ XVLQJ WKH SDUDPHWU |

&KDSDUUR /60LJQDOV DQG VI\VWHPWEVHGRI 0OHREWRQ 86% SFDGHPLF
%

&KX & 3 6KHQ [/ 7 +ZDQJ 6 EWKP IRS WRIBHEBEIRAHR A KIQD

+ GRL M DDVUL

2QFKLV ' 0 5DMPLF 3 *H Q HPUIIRWL FIR® S RW U @] H/OK BlOQJ B W XW R O
FDQWLOHYWHUQIHDBYRFHVVLQ) GRDUW $ M VLJISUR

)DQ & 3 6X * $ 3UXQLQPI DDV RULRKKR HBUH WU RQXNRQJ JURXS
6LJQDO 3URFHVVLQY GRL M VLJSUR

)YDP $ 7 (IILFLHQW PDWFKHG MBOWQDWY IBRFHYVEMMHG FRGH
GRL M VLJSUR

JUDLOH 5 *RGLQR /ORUHQWH - HQFH $ &RP\SW H R BGEVRE K GUMHDRO\Y L
6LIQDO 3URFHVVLQJ BQG &KRIQWURO M EVSF

*URQF]\ VNL - SHFEXUVLYRURWKEMUZ WA QQI\R BBRUIMIMIB G3 BRQ GR
FHVVLQJ * GRL M VLISUR

+DMQD\HE $ *KDVHPORRQLD $ .KDGHPS$SSOLFDWMRUBPGIDQG FRPSDU
$11 EDVHG IHDWXUH VHOHFWLRQURPWWRR® DG G WE R HH( [ BHNDANWY EFY MROEDRRY L

ZLWK $SSOLFDWLR®V GRL M HVZD

+RDQJ 9 ‘DYHOHW EDVHG&VBHFQWD QD QQDOYWALEDO &KHPLV
GRL M WUDF

&KLFKDUR - ) .LODQL 0 7 JRUL WRRELQ J3WRIFHWYHO JID O

GRL

OLQJ $ % 4LQ = < =KDQJ : 6SKKWUXP/ DXWR FRUUHODWLRQ DQDO

WR IDXOW GLDJQRVLV RI URPKILQ@LFBOHPNQYWPEHDQGQENVIQDO 3URFHVV
GRL M \PVVS



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF
3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RYUXP ,]JKHYVN 5XVV

Y

(IlHFW Rl 5HLQIRUFLQJ 5RO0OLQJ RC
RI 3URGXFWY ODGH RI +HDW 5HYV

6KLU\DHYOLQRNXURUYRILBRYDUPDQRG6GKLO\DHY

31538 3HUP 1DWLRQDO 5HVHDUFK 3RO\WHFKQLF 8QLYHL
S3HUP 5XVVLD
( PDLO DOH[ VKLU\DHY SVWX#JPDLO FRP NDUPDQRYV#\DQ(
/& 37TUDQVHW’
6DLQWB3HWHUVEXUJ 5XVVLD
( PDLO VKLO\DHY#WUDQVHWVSE UX

SHFHLYHG -XQH

7KH SURFHVV Rl VXUIDFH SODVWLFL Q8 IRUP EWORQLY IRMUHGRIQWE H PR V
SURFHVVHV RI ILQLVKLQJ PDFKL QLG W &Y RGKFXW HIZ0PHRZHL.DQ L\W B OR E K
RI WKH VXUIDFH RI SURGXFWV % KD U GO \Z H\DW UHHQIMV/RN CFRFHU RAMLHR @
WKH LQYHVWLJIJDWLRQ RI WKH HIIHHAW WL FYRRIOW® # F/RE HNFR QO W WHJ FI|
KLJK WHPSHUDWXUH DOOR\V 9=K/ 90 BRI WHKQG XDWH VSAHINNHVH GJ
PLFURKDUGQHVV DQG WKH GHSWK RIKVXWRY D WURWKRQ D [) R Y WIRGDA
D URWDWLQJ DVVHPEO\ RQ D IULFVKHRDQIHD B LQ R P DVEKH @ H \ZDYWAW M &
VWHS DQG WKH VFKHPH RI WKH WIRROL PR WPHQM X<HDQA-H VRIQH WPKRHY W HV
OHYHO PLFURKDUGQHVV DQG URNRIO®HWYV WK HVGWISRZQ RV KIDK\H D XW |
DIWHU UROOLQJ LQFUHDVHV VOVJRWWK M K/H PBSI® IR WUKH [PQ FJLRPK-DQMNG.
VXUIDFH LV LQFUHDVHG E\ % DEOWAKHEPLEURWURMNYK GHVMUGHRO O
VXUIDFH OD\HU FRPSUHVVLYH UHWDGXDQJVWHIHH \P\DH VPR B HY D 8 K R VW AHC
SHUSHQGLFXODU WR WKH GLUHFWLRQ RI PRYHPHQW Rl WKH WRRO

.H\ZRUGWVLGXDO VWUHVVHV VXUIDHARHRKIPODAH@®RLR JURXIKOQHN VS CFOLVFW
QHVYVY KHDW UHVLVWDQW DOOR\V

,1752'8&7,21

7\SLFDOO\ WKH RSHUDWLRQDO SURSHUSHUWR WRALYKH D
WUHDWPHQW +7 TXHQFKLQJ WHPSHULQRVD Q@D YLOH FHR
PDLQWHQDQFH LV VRPHWLPHV QRW HQRXHY \RR \RE W PIDQV WK
LV ZK\ LQ WKH SURGXFWLRQ Rl SURFHVVHWXRAKVRVIDRID GIC
DURXQG ZLWK D UROOHU RU D EDOO 'XMWRRRORD BK\ FB DDV
VXUIDFH OD\HUV DUH JURXQG DQG W\KHIWH5B UH £ RGP SINHR/FH.\
Rl 63' LQFUHDVHV IDWLJXH VWUHQJW VZK H F®& HWRPDX VL R/
7KHUHIRUH LW LV LPSRUWDQW WR FKRRMH Y PRKG B V6 8V RWHHE
WKH UHTXLUHG VXUIDFH TXDOLW\ LQGLFDWRUYV

<« 6KLU\DHY : 9LQRNXURY 1 7URILPRY 9 .DUPDQRY 9 G6KLO\DHY :



6KLU\DHY : 9LQRNXURY 1 7URILPRY 9 .DUPDQRY 9 6KLC
S(IITHFW RI UHLQIRUFLQJ UROOLQJ RQ WHHR NV KH DDA K 15 WIRSMD @M HDVO B

7KLV WHFKQRORJ\ FDQ EH XVHG RQ F\OLQGULFQROHVYODW
LQ WKH FURVV VHFWLRQ HWF 7KHPPLQ® \OLPRWHDWULRR RHW
FRPSOH[LW\ Rl SURJUDPPLQJ SURFHVVHV LW@XW®&HQIL ¥ii @\
&1& PLOOLQJ PDFKLQH RU URERW FDQ FRSH ZLWK WKLV OLF

Q>+ @ WKH LQIOXHQFH RI WKH IHHG VEKIHNV GHISQ/ KV RH S\
DQG WKH UHVLGXDO VWUHVV OHYHO IRQJNWIHPLF URK D/AKR
IURP WKH UROOLQJ IRUFH WKH GLDPHWHU RH®KHWERQO D C
FDOFXODWLQJ WKH SDUDPHWHUV RI WRHLORG® R'HEHQGKQ
WKH VXUIDFH IRUFH 3 Rl UROOLQJ DURXQG WKIBD\EHDWDLWW |
LQFUHDVLQJ 3 IRU VWHHO : + 7 IURP WHNXP.QOMRD®M7= W
IURP W R DQG IRU WKH QLFNHO DOOR\ .K1 %078 IURF
VWXG\LQJ 56 > @ WKH LQIOXHQFH RI S W@QHV\QXFAE HWB HRG SYDH/G
VWUXFWXUH DQG SURSHUWLHV Rl WKH PDWHULDO ZDV VWX

W ZDV VKRZQ LQ > @ WKDW WG HE BDODPBIMMMLY R I RASAHH
DQG QXPEHU RI SDVVHV DIIHFW WKH IRR X HKRH 8 U HDAQ/GE GKID W«
IHFWV WKH GHSWK RI WKH KBUI HQUHGI OD\HU WREHYLHWN RL\
PLFURFUDFNLQJ RI WKH VXUINMH URXHUQ HY F UBHDWHWW 7LKH DE
SDVVHV

Q> @ IRU WKH 7L $O 9 PDWHULDO WK H ® SWKIHP HNDWLLE
OLVKPHQW RI PD[LPXP UHVLGXDO FR PKH HK\RFHV VWD HFPR/GH
D QRQOLQHDU ILQLWH HOHPHQW ZDV GH Y®\DIRRMHIZO ZQ R/G OKLIQJ
W\ $FFRUGLQJ WR WKH UHVXOWYV D H BU JHK FRPRBRISR/QYH @ W \2
DFKLHYHG HLWKHU E\ UHGXFLQJ WK H QL VRKHWHP RHW RH €D
DGGLWLRQ WR LQFUHDVH WKH GHSWKVRLVW®HFUMYV DG X DACR F
WKH GLDPHWHU RI WKH EDOO

7KH PDLQ SDUDPHWHUV DIIHFWWEH VERID QJ SQOPBW SUR M
IRUFH WKH EDOO VSHHG WKHNV®NKPLEMHUNRD O RRG JKDHWH/ RO
> @ /ROO HW DO > @ VWXGLBGDWKMW HUM RW RIKPIDER X Qk
VWUXFWXUH GXULQJ GHHS FRA®RGRMRWOWQIELRY RI6WKH SIRYD
HUV ZHUH FDUULHG RXW IRU VWH®OLQ ZK@FRQ®IOXHQFH R
UDPHWHUV RQ KDUGQHVV UR XU KWXHV $ DUONG FIDE H HOH DVQNCU 8|
H[SHULPHQWDOO\ VWXGLHG WHRPHMHOXHQFW KR WRKMOP QLI QS
VXUIDFH PLFURKDUGQHVYV DQG BRXIKRGI VO RFNB JHWKBO7 DxJ
JDWHG WKH HIITHFW Rl WKH E BQU® \GULIDPH VRIF H VXSG @ WSHAR\PLHN
DOOR)\ SUHIRUP RQ WKH URXJKQHEVODQSU WKV Y+ QD O)XH B
DQG 56 SURILOH ZHUH VWXGLH@ IIRW ZDV $YONVXGLH@ WRH> H |
SROLVKLQJ PDWHULDOV DQG EDKI)H BV HRV VDL YW HRRHTF BV REX W
WLDO KDUGQHVV RI +5& 7KHQNWUX SH@S XFUIK [ &RI5 2V K 1$
IDPEGD 7THFKQRORJLHYV

$ UHYLHZ Rl WKH OLWHUDWXUH VKRZV WKAHNDW K HG E KIBIQ Hl
WKH SUHVVLQJ IRUFH DQG WKH VSHHG RILQWH RGXES® G 6 R/KH
WKH QXPEHU Rl SDVVHV WKH GLDPHWHURR) WKH ERPBL /KW
RI YDULRXV SDUDPHWHUV GHSHQGLQJ RQ WKBWHULGIOW R I
WUHDWHG WKH UHTXLUHG SURFHVVLQJDWLWPWHNDWRSHRIDWK B8 J\
OD\HUV DQG WKH W\SH RI OXEULFDQW
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(;3(5,0(17%$/352&('85(
6DPSOHYV DQG HTXLSPHQW

6DPSOHV SODWHYV T 1 PP T 17 PP )LJ ODWHULDC

4 E
JLIXUBMDPS@2HW=K/ 90 VDPSOHE+1®R=K@& VDPSOH 1R

7KH FKHPLFDO FRPSRVLWLRQ RI WKH KLIJK WHPSHUDWXU'

7TDEOBKHPLFDO FRPSRVLWLRQ RI DOOR\ 9=K/ 90

)H K 6L 0Q 1L 6 3 &U & H OR 7L $0

I+

+ " + |7 + + s

7TDEOBKHPLFDO FRPSRVLWLRQ RI DOOR\ 9=KO0

1L 3 /D $0 SH &U &R OR 5X 7D

7KH UHVLGXDO VWUHVV ZDV PHDVXUHG UERERWL\F GAR PLEI
6WUHVV * DQG D FROOLPDWRU ZLWK D GLDPHWHU RI |

'HWHUPLQDWLRQ RI WKH GHSWK R WW K HURRROWHGEL B B &/ IZ [P\
LQJ PDFKLQH &$5/ =(,66 $&&85%$ ,,

7KH URXJKQHVV PHDVXUHPHQW ZDV FDUULHGH FPON K& LQ.
RQ PP

7KH PLFURKDUGQHVYV ZDV PHDVXUHG E\ WKH 6KLPDGVX +|

6DPSOHV ZHUH PHDVXUHG LQ WKH LQLWLD® V\WBRRIUBQG
WR WKH VFKHPHV LQGLFDWHG LQ )LJ

ORGHV RI VWUHQIJWKHQLQJ SURFHVVLQJ

7KH UHLQIRUFLQJ UROOLQJ ZDV FDUULHG RXWFRURKO® K
IL[HG LQ D VSHFLDO WRROLQJ LQ WK3 6 ULFWXRSSHEOLLVQK |
EDFN VHQVRUV ,QIRUPDWLRQ RQ WKH IRUFH \RH QWKR-J W RRO
FRRODQW , RLO ZDV XVHG

ORGHV Rl KDUGHQLQJ UROOLQJ DUH JLYHQ LQ 7DEOHV #

7KH PHVK UROOLQJ ZDV FDUULHG RXWKH VERE B FRRYR-P HfQ

GLUHFWLRQ f SHUSHQGLFXODU WR WKH PRYHPHQW RI V



6KLU\DHY : 9LQRNXURY 1

7TURILPRY 9

.DUPDQRY 9 6KLC

S(IITHFW RI UHLQIRUFLQJ UROOLQJ RQ WHHR NV KH DDA K 15 WIRSMD @M HDVO B

Z

F

JLIXUBRLQWY IRU GHWHUPLQLQJ WKHSRLYPWYXRIQRWMKHHN VXUIDFE
DOOSRLQWY RQ WKH VXUIDFH RE D G/NSHRLOPRH QM | WK 9O-KF

IURP 9=K/

RI SRLQWV RQ WKH UXQ LQ DUHD F

JLIXUH\GURVWDWLF WRR
IURP (FRUROO

+* B6/

QLJXUIﬁFKHPH RI' ILILQJ WKH VDPSOF

7TDEOHQXUOLQJ PRGHV RQ VDPSOH 1R

ORGH 1R

(1HIRUW,

NJI

5WHS PP

6SHHG PP
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7TDEOHQXUOLQJ PRGHYVY RQ VDPSOH 1R

ORGH 1R (IMRUW NJI 6WHS PP 6SHHG PP PYQLQJ "LUHFW

f
OHVK

f

7TDEOHQXUOLQJ PRGHV RQ VDPSOH 1R

ORGH 1R (ITRUW NJI 6WHS PP 6SHHG PP PYQLQJ "LUHFW

f
OHVK

f

5(68/76 $1' ,6&866,21

6DPSOHYV DIWHU KDUGHQLQJ UROOLQJ

E
J)LIXUBMDPSOHY DIWHU KDRUGH#QLRE UROOLQJ
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SHVLGXDO VWUHVVHV

7KH ORFDWLRQ RI WKH PRQLWRULQJ REMHHFWHIUQFWEKHAE;NWV
ZLWK WKH GLUHFWLRQV RI PHDVXUHPHQW LV VKRZQ LQ )LJ>
*UDSKV RI 56 GLVWULEXWLRQ LQ WKH VXUIDFH OD\HU SUI

Z E

JLIXUHRFDWLRQ RI VDPSOHV 1R + LQ WKIHR UGL B UBRFAHM RPBON H U
WUHDWPH®W WUDQVYHUVH GLUHFWLRQWHRISW® A LIFXOW U XW R QWK H P Rty
GLUHFWLRQ DORQJ WKH D[LV RI WKH WRRO PRYHPHQW

JLIXUHKH ORFDWLRQ RI VDPSOH 1R LQ WKH RQILWRBWRRH WIHUJ
DORQJ WKH D[LV RI WKH WRRO PRYHPSHIQ@GLFX®DWUWQVW KM \PR GHBHE W

4 E
JLIXUHKH GLVWULEXWLRQ RI 56 RQ WKH YXUDDER Rl VDPSOHYV
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*UDSKV RI 56 GLVWULEXWLRQ LQ WKH VXUIDER DDLU RU
VKRZQ LQ )LIJXUH

z E
F G
H I

JLIXUHKH GLVWULEXWLRQ RI 56 RQ WKH VXUIDFH RI VD
PRGH 1R PRGH ER PRGH FR PRGH R PRGH ¥R PRGH 1R
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*UDSKV Rl 2+ GLVWULEXWLRQ LQ WKH VXUIDFH OD\HU RI
VKRZQ LQ )LJXUH

F

JLIXUH7KH GLVWULEXWLRQ RI 56 RQ WKH VXUIDFH RI VI
PRGH 1R PRGH ER PRGH FR

'"HSWK RI FUXPSOH RI WKH VXUIDFH OD\HU
7KH GHSWK RI WKH FUXVKLQJ RI WKH OD\HU ZDV PHDVXUI
SRXJKQHVV

7KH YDOXHV RI 5D DUH WKH DYHUDJH RI LV HD\GLWHFMQN
DORQJ WKH D[LV RI PRYHPHQW RI WKH WHFRODYW=W/R WKH WL
PRYHPHQW RI WKH WRRO 9=K/ )RU VDPSOH 1R 9=KO0 \

JRU ORGH WKH URXJKQHVYV f YDULHV RYHU D ZLGH U]
WR WKH ODUJH VWHS PP GXULQJ SURMBH¥RUQH VERRIZW
WKH FUHVW EHWZHHQ WKH GHSUHVVLRQV



3 QVWUXPHQWDWLRQ (QJLQHHULQJ ROWRWURQLFY DQG 7HOHF

3URFHHGLQJV RI WKH ,9 ,QWHUQDW HPEBIO )RHYXP

,JKHYVN 5XVV

7TDEOHKH UHVXOWY RI WKH PHDVXUHPHQW RODNKH KSR K RO E U

ODWHULDD

6DRPSOH 1R

ORGH 1R

'HSWK RI OD\HU

7TDEOBHVXOWYV RI

PHDVXULQJ WKH URXJKQHVYV RI VD

ODWHULDO

6D

PSOH 1R

ORGH 1R

5DPBD fP f

%HIRUH SURIFHVVLQJ

%HIRUH SURFHVVLQJ

%HIRUH SURIFHVVLQJ

7KH +9 YDOXHVY DUH REWDLQHG DV DQ DYHUDJH RI

OLFURKDUGQHVYV

7TDEOBHVXOWYV RI

SRLOQ

PHDVXULQJ WKH URXJKQHVYV RI VD

ODWHULDO

6DP$SOH 1R OR

GH 1R -

%HIRUH SURFH

VVLQJ

%HIRUH SURFH

VVLQJ

%HIRUH SURFH

VVLQJ
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7KH UHLQIRUFLQJ UROOLQJ OHDGV WRWIKHLOD¥XWIBDEFWHELQ V
7KH YDOXH RI +9 IRU WKH DOOR\ 9=K/ HYWV XVHQRWG DS HRFFNH
VWHS 7KH PLFURKDUGQHVV LV DIITHFWHG E\ WKH UROOLQJ

JRU WKH DOOR\ 9=KO0 WKH YDOXH RI +9 GHSHQGV RQ WK

&21&1/86,216

7KH UHVXOWV RI WKH VWXG\ VKRZHG WKDW

+ IRU DOO VDPSOHV DQG SURFHVVLQJ P RWGKHVI RUWP DMQRQI
VTXHH]LQJ 2+ DQG HTXDOL]DWLRQ RI WKHLUHWRILOM DHQG [

+ WKH GHSWK RI WKH FUXVKLQJ RI WKH VXDQISFHVOPRA U
SDUDEOH WR WKH WROHUDQFHV IRU WKH GCRIKIQRW XUHD |
D VLIQLILFDQW GLVWRUWLRQ RI WKHLU JHRPHWU\

+ PLFURKDUGQHVV RI WKH VXUIDFH RI WKH XDPSGIQV QG
UROOLQJ LQFUHDVHV E\ %

+ WKH URXJKQHVV GHSHQGY RQ WKH URODQ®D .5 DRUWFHU @ |
OHDGVY WR D IROG RU PRUH GHFUHDVH LQ WKH 5D SDUDPH

7KH UHVXOWV Rl WKH ZRUN VKRZ WKDW WHR\H RIQ MQK R WBALLR,
HUWLHV RI WKH VXUIDFH OD\HUV RIDWKEHVDWVISG HR D QL& MVK
SDUWV PDGH RI KLJK WHPSHUDWXUH DOOR\V Rl WKH 9=K/

50)(5(1&(6

3RG]JH\ $ 9 7HNKQRORJLFKHVNL\H RVWDMRRQRORJIQBPSO\DPKHEX D O
FRVFRZ 8665 ODVKLQRVWURHQLH LQ 5XVVLDQ

%O\XPHQVKWHLQ 9 <X 6PHOOBRNDNQLND MVHNKQRORJILFKHVNRJR Q
VWDGL\DK REUDERWNL E HRRGRXRPWFWU LLQRKBIWKMD QFH PHFKDQLFV D
PDFKLQLQJ DQ@F RSARDWLRQY LD ODVKLQRVWURHQLH LQ 5XVVLDQ

=DLGHV 6 $ 1JR & & 7KH L QRO X\HKQHF M RRO GYLHYZ) NULRXHPHDW R BV W
KDUGHQHG OD\HU XQGHU VX3MUBFHHOLMVIW LI GHIRWPDVWXEQWLRQDO |,
%XLOGLQJ + GRL LQ 5XVVLDQ

=DLGHV 6 $ 1JR & & 1HZ WHIWFX @RRARQLNEOVER\W B QWKBOQOLQJ

WLF GHIRWBERDWQRB® ,QWHQVLYH 7HFKQRORJLHV LQ OHFKDGRIEDO (
LQ 5XVVLDQ

=DLGHV 6 $ 1JR & & , Q FU® DWK.ID JG WIKRHU RDWUIHR/Y NRWQBIWMIR U F
XQGHU VXUIDFH SODBMMRIEAHHGLQUWPIRVLRIQKHU (GXFDWLRQDO ,QVWLW
+ GRL LQ 5XVVLDQ

*RURKRY 9 : &KLVWRYD\D REUDERWND QUMK DQR RK WEWFREN¥R DO OR
8665 ODVKLQRVWURHQLH LQ 5XVVLDQ

*RURKRY 9 6SLULGRORRAVREYWRWGHORFKQR XSURFKQ\D\XVKFKH\
HHWKRGV RI ILQLVKLQJ VWUH QJ WK HILLQQVIN S WeRIFHDAD J RH NPHOQR-SUULLDQON

*RURKRY 9 :2EUDERWND GHWDOH\ SODVWBERKRHFWNVLR GH RR UPLUW\R V DEL
GHIRURDW.LRY 8665 7HNKQLND LQ 5XVVLDQ

3DSVKHY ' ' 8SURFKQHQL\H GHWDOH\*®PENGHYNRY WKDWHWDREDYV E\ UR
FRVFRZ 8665 ODVKLQRVWURHQLH LQ 5XVVLDQ
+DPDGDFKH + =HPRXUL = IDRXQDU PSURYRPHQMDNRIGYVXUIDFH FRQ

&U 1L OR VWHHO E\ EDOOGREXQQOVRLQUHBKREGHNINO 6FLHQFH DQG
* GRL \Y
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ORKDPPDGL ) 6HGDJKDWL 5 %RQDMGDQD®\VLV D QIGQ G\ MLH Q HPIM
ORZ SODVWLFLW\ EXKUHQ LYWHQDBWRRIQVW -RXUQDO Rl $GYD®FHG 0DQX|
+ GRL Y \

5DR ' 6 +HEEDU + 6 .RPDUDLDK 0 ,QWRSWLDEW&RDV RQ WKH H
EXUQLVKLQJ SDUDPHWHUV RQ VXNQBFHRKDHEEGR B XD 0D BDXUHDNOAHHDQ G \
ODQXIDFWXULQJ 3URFHVVHWRL

/JROO 1 + 7DP 6 & OL\D]DZD 6 X U] Q FH VWRXIIDKQLHR/QYY SRIGR GAKKEHH
EXUQLVRMQUUQDWLRQDO -RXUQDO RI ODFKLQH ¥RRGWRLDQG ODQXIDFW

(O $[LU 0 + $Q LQYHVWLJIDW LQRWHIUMW R LURRGIDMH URKXQ@LOV RIL QD F
ODQXIDFWXUH + GRL 6
(O 7TDZHHO 7 $ (O $[LU 0 + L] D$QLR@\ \RU VWIKGIGER OWLPXUQLVKLQ

WKH 7DJXFKL7WH FRIHMXBDWLRQDO -RXUQDO RI $J6YD@FHG @DQXIDFWX
GRL Vv

.ORFNH ) %IFNHU 9 "HIJQHU + JHOGKDXV % WDORKPQFH 8RI SWHRY

DQRG JHRPHWU\ SDUDPHWHUYV W& UVKR OWOHU DEHOHUBQORVEK! RVIMABRIQ, B QJIL Q HH U
* GRL \%

*ROGHQ 3 - 6KHSDUG 0 - J/LDIW BIHG ZEW KRDQGR ID QUAHVEWALXQU | C

ODWHULDOV 6FLHQFH DQG (QSLQBRULQJ $ M PVHD

/IDRXDU / +DPDGDFKH + 6DDG 6 % R X FKHOGHKKDIPQ I$F D O O\HXNWKI DT HH
PHQW RI VWHHO 2SWLPL]DWIRYLFYUDPRHAHIGULY RI WRILPH M SKSUF

IXFD / 1HDJX 9HQW]HO 6 ODULQHVEX SDUDPHWHHWVW\Q RIXZRDKH L
EXUQLVKLQJ Rl KBUBRARQHXR YWEHOQHHELQJI GRL M SUHFLVLRQH
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L QWHUQHW DGGUHVYV
KWWS LHHW LVWX UX SURFHHGLQJV ,((7

N

‘HE SXEOLFDWLRQ GDWH

THFKQLFDO HGAWBIULQWVRYD
SURRIUHDGHNQHHYD
ID\RXW EA 3DNOLQD
&RYHU GHVIEDEREXU

6LIQHG WR XVH RQ '"HFHPEHU 6L]H OE 2UC
3XEOLVKLQJ +RXVH RI .DODVKQLNRY ,]JKHYVN 6WDWH
6WXGHQFKHVND\D 6W , JKHYVN 5XVVLD



