ODVWHU 7KHVLV (/( )0,

SURWRFROV LQ
AXDQWXP &U\SWRJUDSK\ 6\VWHPV

,PSOHPHQWDWLRQ RI 6RIWZDUH IRU
6HFUHW .H\ ((WUDFWLRQ

E\
'DOLHO /MXQJJUHQ

$ ODVWHU RI 6FLHQFH 7KHVLV LQ
(OHFWULFDO (QJLQHHULQJ

6XSHUYLVRU 3K /LF ORKDPHG %RXUHQQDQH .7+
6XSHUYLVRU DQG ([DPLQHU $VVRFLDWH 30RVRBQGHUV .DU

6WRFNKROP )HEUXDU\



SURWRFROV LQ
AXDQWXP &U\SWRJUDSK\ 6\VWHPV

,PSOHPHQWDWLRQ RI 6RIWZDUH IRU
6HFUHW .H\ ((WUDFWLRQ

E\
'DQLHO /MXQJJUHQ

$ ODVWHU RI 6FLHQFH 7KHVLV LQ
(OHFWULFDO (QJLQHHULQJ
0 6F ( (

6XSHUYLVRU
3K /LF ORKDPHG %RXUHQQDQH .7+
6XSHUYLVRU DQG ([DPLQHU
$VVRFLDWH 3URI $QGHUV .DUOVVRQ .7+

/IDERUDWRU\ RI 3BKRWRQLFV DQG OLFURZDYH (QJLQHHULQJ
'HSDUWPHQW RI (OHFWURQLFV
5R\DO ,QVWLWXWH Rl 7THFKQRORJ\ .7+
6WRFNKROP 6ZHGHQ



$SEVWUDFW

SURWRFROV LQ 4XDQWXP &U\SWRJUDSK\ 6\VWHPV
,PSOHPHQWDWLRQ RI 6RIWZDUH IRU 6HFUHW .H\ ([WUDF\

E\
'DQLHO /IMXQJJIJUHQ

7KH UHODWLYHO\ QHZ WHARKQRORIRRSWRIUDEK\FXUUHQWO\ VXEMHFW WR YDVW
GHYHORSPHQW 'XULQJ WKH ODVW GHFDGKD Y YHHIRO\WMBRXBUQ\ JRRG DQG
SURPLVLQJ UHVXOWV Rl H[SHULPHQWDO HBURK JXLOVZK ARQWHW EXWH WR GHHSHU
NQRZOHGJH ZLWKLQ WKH ZLGHU UAXBRQUPRERIROBIRVLRQ

4XDQWXP FU\SWRJUDSK\ LV WKH DUW RI GUWNH\Z>BMWZHWEFWZR SDUWLHV
E\ PRGXODWLQJ GLIJLWDO ELWV LQWR SBKBGOAREEMWIBNMMM SHKRWRQV DUH
VHQW RYHOGWKBWKDQWXPKDQQHOH DQ RSWLFDO ILEHU 3DUWLFOHV OLNH SKRWF
UXOH XQGHU WKH ODZV Rl TXDQWXP SK\VERV SOk DQWSUHID FL JBHG
WKERFORQLQKHRUHR DQ HIIHFW DQ\ HDYHVGURSSLQJ DWWHRSWHGQ EH GL

&ODVVLFDO FU\SWRJUDSK\ V\VWHPV UHO\ K&RGLWHKHEKOINSFRWROYLQJ
FHUWDLQ FODVVHV RI PDWKHPDWLFDO SUREYHRIUDSHQEBRE FQRW KDYH
WKRVH OLPLWDWLRQV RQO\ SK\VLFDGIPOAWNBOHGJH IRU V

7KH ZRUN SHUIRUPHG DW .7+ KDV UHDFKHG BHYHORBUIRIRARPSXWHU
FRQWUROOLQJ VRIWZDUH LQ RUGHU WR/BXWRPODW2GRPELWUNQUILQJ WKH VR
FDOOBINH\ $GGLWLRQDO FODVVLFDO FRPPXQLFDVR.RQVLD WHEBORXD U\ W
NH\IURP WKH UDZ NH\ 7KLV FRPPXQLFDWLRQNKSKEOGHRDQIQHDG LW
UHTXLUHV WKHSORWRIFR&EMVH SURWRFROV LQFOXGH VRIWZDUHD@EBDW FDQ JRYH!
SXEOLF GLVFXVVLRQ DQG DOJRULWKP\S MK BIANEDALNH FRMAM/IN H\

7KLV ODVWHU V 7KHVLV UHSRUW ZLOO WKQBHRUIEQDIRHWKRGV Rl WKHVH
FRPPXQLFDWLRQ SURWRFROV DQG LQIRUP DERKWLRSICHHFPARUNL@GI WKLV
VRIWZDUH 6HYHUDO PHUHMIREWFIFEDLDWURRU FRUUHFWLRQ DUH LQYHVWLIDWHG
(YHQWXDOO\ VHFUHW LQIRUPDWLRQ LV IOHHONNGVOKEXYLREBURFHVYV KRZHYHU
WKLV LQIRUPDWLRQ FDQ EH LIQRUHG E\VXMRG RUQIDHKFSOHILFDWLRQ
ZKHUH WKH NH\ LV FRPSUHVVHG E\ KDVK DXQRRUWREY NGWAR WK DQ DUELWUDULO\
KLIK VHFXULW\ OHYHO

7KH VRIWZDUH LV FDSDEOH RI VLPXODWDRQWWKRFKBROHO X0 QG WKXV WKH
FRPSOHWH NH\ GLVWULEXWLRQ SURFHV@VQHOXEHQY SHRIWRAR.QJ SURWRFROV
DUH LPSOHPHQWHG :H LQYHVWLJDWA \WBW BV KEMM DEOH 2WKHU VLPXODWLRQ
UHVXOWYV DUH XVHG WR GUDZ FRQFOXVLROQWDRER)XSNDPBOQRBPEOWLHV

LL



$FNQRZOHGJIJHPHQWYV

%HOLHYH LW RU QRW EXW \RX DUH QRZ FRIRUBIBURFIDZRRB! UHTXLUHG IRU
WKH 0 6 (( GHJUHH )LUVW , G OLNH WR \WSSUHEULPWNLRJ VXFK D JRRG FKRLFH
LQ WKH VHOHFWLRQ RI D WKHVLV SURBRVDOYREHW KMDE QHEHDO JRRG WLPH
7KLV LQ VSLWH RI VRPH UHDO ODWH KRXGHQHRH WK LLEODO UHSRUW WR EHFRPH
UHDG)\ , VXSSRVH , PXVW YH EHHQ WKH KR\ VREIHAQELIVK WLPH "

7KLV ZRUN ZRXOG KDYH EHHQ QHLWKHU $RVIILE®HRRRUHHYE OWV ZLWKRXW
P\ VXSSRUWLQJ VXSHUYLVRU DGGGHRRDYBYVRQ@KDQNY 6SHFLDO WKDQNV
DOVR WR P\ VXSHORKDRHG%RXUHQQDZKR V EHHQ NLQG WR H[SODLQ PDQ\
WKLQJV VR ERWK WR FRQIXVH DQG WR.GOPRNWEXMKENXEDWWHU $SSUHFLDWLRQV
DOVR WRJEHUWMWNHQKDYOXW WKH 8QLYHUVLW\ RI +HOVLQNL )LQODQG IRU KHOS
GLVFXVVLRQV DQG YDOXDEOH IHHGEDFNJGIMGHEDFOOURRQEHVKHRU\ DQG
IRUPXODV Rl VHFWLRQ  ZQQNWMRUKHDG Rl 4XDQWXP 2SWLFV JURXS
IRU KDYLQJ PH LQYHVWLJIDWH FRGLQJ

$OVR WKDQNV WR DOO 3K' VWXGHQWYV DWIRIKM GHSDUPMPREYV IORRU
KRFNH\ GLVSXWHV , KDG WZR URRPPDWH® WA LIPH\RAM B ON BDQINY
DQGOIIRU WKH FRPSDQ\

7KH SHUVRQ ZKR VXIIHUHG PRVW IURP P\ ORAMAKKRRUSRAEW P\ VZHHW
6DUD, WKLQN VKH HQGXUHG ILQDOO\

'DQLHO

$ VWRUP\ ZLQWHU GD\ LQ )HEUXDU\ WKH \HDU RI

LLL



/DEOH RI & RQWHQWYV

$EVWUDFW
$FNQRZOHGIHPHQWV
3URMHFW DQG 3DSHU 2UJDQL]DWLRQ

&KDSWHU  4XDQWXP ,QIRUPDWLRQ
,QWURGXFWLRQ
7KH &RPSXWHU &KDOOHQJH

&KDSWHU &ODVVLFDO &U\SWRJUDSK\
,QWURGXFWLRQ
BHFUHW NH\ &U\SWRV\VWHPV
3XEOLF NH\ &U\SWRV\VWHPV
H\'LVWULEXWLRQ DQG 3URWRFROV
6HFXULW\ LQ &ODVVLFDO &U\SWRJUDSK\
5DQGRP %LW *HQHUDWRUV

&KDSWHU  4XDQWXP &U\SWRJIUDSK\
,QWURGXFWLRQ

4XDQWXP 3K\VLFV ,QWHUSUHWDWLRQ RI &RGLQJ
1RQ 2UWKRJRQDO %DVHV
3RODUL]JHG &RGHG ,QIRUPDWLRQ
3KDVH &RGHG ,QIRUPDWLRQ
4XDQWXP .H\'LVWULEXWLRQ 3URWRFROV
7KH %% 6FKHPH
7KH % 6FKHPH
2WKHU 6FKHPHV
(DYHVGURSSLQJ ORGHOV
,QWHUFHSW 5HVHQG
%HDPVSOLW
2WKHU $WWDFNV

LY

LL
LLL
YL



&KDSWHU .H\ $JUHHPHQW IURP 6KDUHG ,QIRUPDWLRQ
7KH &KDQQHOV $XWKHQWLFDWLRQ
6LIWLQJ

5HFRQFLOLDWLRQ
&ODVVLFDO &RGLQJ 8VHIXO"
%LQDU\ 6HDUFK DQG 3DULW\ &KHFN 'LVFDUG (UURUV
%LQDU\ 6HDUFK DQG 3DULW\ &KHFN &RUUHFW (UURUV
&DVFDGH DG KRF %LQDU\ 6HDUFK

3ULYDF\ $PSOLILFDWLRQ
4XDQWXP %LW (UURU 5DWH DQG %LW 5DWH OLPLWV
6HFXULW\ DQG (DYHVGURSSHU ,QIRUPDWLRQ 5HVWUDLQWV

&KDSWHU  ([SHULPHQWDO 4XDQWXP &U\SWRJUDSK\
7KH 4XDQWXP &U\SWRJUDSK\ 6\VWHP DW (/(
([SHULPHQWDO 5HVXOWV DQG &KDOOHQJHV

&KDSWHU ,QWHUIDFH IRU 4XDQWXP &U\SWRJUDSK)\ 6\VWHP
,QWURGXFWLRQ

6RIWZDUH ,PSOHPHQWDWLRQ
3URJUDP 6WUXFWXUH
6LPXODWLRQ Rl 7KH 4XDQWXP &KDQQHO
*UDSKLFDO 8VHU ,QWHUIDFH

6LPXODWLRQV
(UURU &RUUHFWLRQ 3URWRFROV
SULYDF\ $PSOLILFDWLRQ 3URWRFRO
6\VWHP 3HUIRUPDQFH

&KDSWHU &RQFOXVLRQV
([SHULPHQWDO 4XDQWXP &U\SWRJUDSK\
)XWXUH RI 4&"

%LEOLRJUDSK\
$SSHQGL[ $ IRWDWLRQV
$SSHQGL[ % 3URJUDP BWUXFWXUH



SURMHFW DQG 3DSHU 2UJDQL]DWLRQ

7KLV SDSHU FRPSOHWHV D GLSORPD ZRUN VNEFDO/WHIBLOQPSDW IRU WKH
UHTXLUHPHQWYV Rl WKH DFDGHPLF GHJUHDFID\MMEHRNBEERO (QILQHHULQJ
7KH SURMHFW ZDV FRQGXFWHG LQ WKH 4XIR\SXPA\2SVKHFYDERUDWRU\ RI
3KRWRQLFV 5R\DO ,QVWLWXWH RI 7HFKQRARIUHQHDYMRQIURMHFW WRZDUGV D
UHDOL]DWLRQ RI D UHDO 4XDQWXP &U\SWRIVRISB\VBRIWHRURMHFW D SDUWLDO
JRDO ZDV WR EXLOG XS D VRIWZDUH LQSHUULPHEWDOWKBGWXP FU\SWRJUDSK\
VIVWHP EXLOG LQ WKH ODE 7KH VRIWZDid MVRKFOROG BWIDEYKH 4& VIVWHP DQG
HDYHVGURSSLQJ DWWHPSWV DV ZHOO DNUHRDFDMMARU WHHH [SPSOHPHQWHG
FRPPXQLFDWLRQ SURWRFROV $ ILUVW VWS XDVQMBIEHARPK WKH ULFK WRSLF
RI TXDQWXP FU\SWRJUDSK) E\ OLWHUDW QB DUEHUPDGNHYU FRQFUHWH ZRUN
ZDV VHW RXW LQ RUGHU WR UHDFK WKBHROGRY XL DEVIWRLSDWLRQ

- ODNH VRIWZDUH WRROV IRU H[WUDFWLR@VRUIUDBKEXWNH\FU\S
ODWODH-RGH

- ,PSOHPHQ®WODHE-RGH IRU HUURU FRUUHFWLRQ DQG SUQYDF\ DPSOLILFDWLR
LQ D UHDO FU\SWRJUDSKLF V\VWHP

- 6LPXODWH D TXDQWXP FU\SWRJUDSK\ V\VWHPQER RIKH SUHVH
HDYHVGURSSLQJ DQG HYDOXDWH SHUIRUPDQFH

- (YDOXDWH WKH VRIWZDUH LQ RUGHU WD 6ROVIWBSWHWYVKRI SUJHDO
LPSOHPHQWDWLRQ

7KH ILUVW FKDSWHU JLYHV DQ LQWURGXERQRRUDQ® @RWPY,QVRUPDWLRQ
DOVR GHVFULELQJ SUHYLRXV ZRUN DQGLHWXWH USRIWIHELOLY FKDSWHU
&ODVVLFDO &U\SWRJUDSK\ LV WUHDWHGHLWKRYGMR WRHUBIGBIBVRI 4XDQWXP
&U\SWRJUDSK\ 4& ZKLFK LV WKH VXEMHFW+RUFKDSWISODLQHG WKH PDLQ
SULQFLSOHV EHKLQG 4& DQG GLIIHUHQWHS U RFERDY OLAEMDSWHU LV
SUHVHQWHG WKH PHWKRG RI REWDLQL G NHS EHWWEWMD WHHXSDUWLHV VKDULQJ
FRPPRQ LQIRUPDWLRQ WKDW LV RQO\ SHUMQWHABRQFIUOLDWLRQ PHWKRGV DUH
SUHVHQWHG WKH PRVW EPSRDESDYR/ LQYHVWLIDWHG LV WRHLIPHDEKRG RI
DPSOLILFDWIR@SWHU SUHVHQWYV H[SHULPHQWDO ZRWKLSHGIRAMRHGQIWR
SDUWLFXODU IRU WKH ODERUDWRU\ EHLGUWIBEGHEHDWKHRILEQEUIDFH DQG
VRIWZDUH LPSOHPHQWDWLRQ LV GHVFULERGHWHXHEKZEWHKUVLPXODWLRQV
HYDOXDWLQJ WKH SHUIRUPDQFH Rl WKH SHIRWRFRRVHTKBELSIK FRQFOXVLRQV LQ
FKDSWHU

+DSS\ UHDGLQJ
4 'DQLHOMXQJJUHG®WRFNKRGHPEUXDU\

7KH JURXS VKRUWO\ WKHUHDIWHU IRUPRIGDMEHNUMURDQORP (OHFWURQLFV
DQG 4XDQWXP 2SWLFV DW WKH VDPH GHSDUWPHQW

YL



SURWRFROV LQ 4XDQWXP &U\SWRJUDSK\ 6\VWHPV

&KDSWHU
4XDQWXP ,QIRUPDWLRQ

QWURGXFWLRQ

$ YHWHUDQ LQ WKH ILHOG $UWXU (NMUAM B@SRWIBQAHAOIRUWUXO\
UHYROXWLRQDQRYDWLRGVZDV WDONLQJ DERXW WKH UDSLGO\ RQFUHDVLQJ DUH
4XDQWXP ,QIRUPDWLRQ ,Q (LQVWHLQ 3RBROGMNSDRSRVHG WKH IDPRXV
(35 SDUDGR[ WKDW QRZ V\PEROL]HV WKH PDQVWXR RMEKDLFV $W WKH VDPH
WLPH WKH ILUVW EULFN LQ WKH IRXQGBRREQMRUWZRSDOBLG QDPHO\ WKH
7XULQJ PDFKLQH LQYHQWHG E\ $0DQ 7XULQN TIQGRRRASKWDY EHFRPH WKH
ODUJHVW EXVLQHVV Rl WKH ZRUOG WRGD\

$OWKRXJIK NQRZOHGJIH LQ TXDQWXP SK\VLARULXQBHBWWDQGLQJ Rl WKH
VROLG VWDWH WHFKQRORJ\ LQ WKH FRPBYWRIQ\SURKH\MQKDWP UHPDLQHG D
FODVVLFDO SURFHVV :LOO D FKDQJH HYHDKBID AUHARPEKDQWXP SK\VLFV
FRXOG UHYROXWLRQL]H WKH ZD\ ZH FRPPXWWFD@/RURDVEBRF 7KH LPSRUWDQW
QHZ REVHUYDWLRQ LV WKDW LQIRUPDW LHRDAL R IQRKH LGHSHIQPEODZY XVHG WR
VWRUH DQG SURFHVV LW 7KH QHZ DSSURDQARUPDWIER@/DNDMDYLQJ WKRVH
TXDQWXP SURSHUWLHV LW LV UHDOO\ HT)XQHESHGVZLVAK V- KDY EH JDLQHG E\
HQFRGLQJ LQIRUPDWLRQ LQ LQGLYLGXDO TXBRQWKE YRWGP\ZKDW KDSSHQV
ZKHQ WUDQVPLVVLRQ DQG SURFHVVLQJ RURDHRLUFHIGVERDXDIQMVXP HIIHFWV
ZLWKRXW FODVVLFDO FRXQWHUSDUWV"

)RU H[DPSOH ZKLOH FODVVLFDO ELWV PRMWKNINERREXRFBOO\ H[FOXVLYH
YDOXHV RI DQG WKHQ VXSHUSRVLWLRIWRIVIMROBXRWEYELW RI LQIRUPDWLRQ



SURWRFROV LQ 4XDQWXP &U\SWRJUDSK\ 6\VWHPV

WR KDYH WKH VWUDQJH SURSHUW\ R ?EXQ@QMDQBIRRVOLFKLY PD\ EH VHHQ DV
D WKUHDW RU DQ RSSRUWXQLW\ 7KH TXDGWRPH\NRYFDVKRYH D ORQJ ZD\
WR JR EHIRUH WKH\ FDQ ULYDO WKH FQDNV LBBI®HRNRQMBIND WKH\ KDYH VKRZQ
SRWHQWLDOV DOUHDG\

4XDQWXP FU\SWRJUDSK\ WKH WRSLF Rl WKH.\PSDSHPDWX W DUHD RI
TXDQWXP LQIRUPDWLRQ DQG KDV EHHQ YH[SNYEFHPWXO7K® LVVXH IRU WKLV
DSSOLFDWLRQ LV QR ORQJHU ZKHWKHU TKD@RUPVFUBWRAUOS LW FDQ EH
PDGH UREXVW DQG SUDFWLFDO HQRXJK IRBHRRFAFMUFLD SHVIRUPHG ERWK LQ
DFDGHPLD DQG LQ FRPSDQLHV )RU IXUWKHHRLGMYI RGFW R\

7/KH &RPSXWHU &KDOOHQJH

7KH LGHD WKDW QDWXUH FDQ EH FRQWURZHIH GW Q& IRD@KBXOHY HO LV D
SRZHUIXO PRWLYH IRU SK\VLFLVWV DQG HRDILQHAXNQWKEHP R QIRUPDWLRQ LV
WUXO\ LQWHUGLVFLSOLQDU\ DQG JDWRHHJUVNSDUBYHHUVHOEY RI LQWHUHVWYV

OD\EH WKH PRVW LQWULJXLQJ FKDOOHQJHURDWXBQWXPWRIBHYHORS D
FRPSXWHU LQ SRVVHVVLRQ RI HQRUPRXV FBREPRIVWH\QJ ISRXIWHI YV GLUHFWLRQ LV
WDNLQJ SODFH DOPRVW HYHU\ GD\ DOWKRXHIKWW/RGED\FBBBXOLPLWHG WR
LQGLYLGXDO JDWHYV DQG IOLS IORSV VWDWHYV

AXDQWXP PHFKDQLFV IDU IURP SXWWLQJ ODRMNMVDROFRIRKEXWDWLRQV ZLOO
SURYLGH FRPSOHWHO\ QHZ PRGHV IRU FRREXQYDVORRYLWEHRYXWKDW FDQ
SHUIRUP WDVNV DW PRVW LQ SRO\QRPLDOQWDOMW LKLY UASBRUNDEOH IHDW KDV
EHHQ SURYHQ IRU TXDQWXP FRPSXWHUV

6R LI TXDQWXP FRPSXWHUV EHFRPH WUXH WMDWKDO®HRIQWRGD\ V
FU\SWRJUDSK\ DOJRULWKPV ZLOO IDLO WRRBBRYLEBVWWHREXUBV WKHVH DUH
EDVHG RQ WKH IDFW WKDW WRGD\ V FRPSQVARBSXWIWPRWYBG SHUIRUPDQFH
OD\EH LW ZLOO HYHQ EH HQRXJK ZLWK WKHQHIRQHUQWLERXMNHU Rl WRGD\ V
FODVVLFDO FRPSXWHUV WR EUHDN WKHJBEIO4RDQWKP\FUBIWROUDSK\ LV QRW
YXOQHUDEOH WR WKLV WKUHDW )XUWKHU UHDGLQJ > @



SURWRFROV LQ 4XDQWXP &U\SWRJUDSK\ 6\VWHPV

&KDSWHU
&ODVVLFDO &U\SWRJUDSK\

QWURGXFWLRQ

&U\SWRJUDSK)\ LV WKH DUW Rl HQFU\SWLRYISETHOVPHW/ DQMY 7KH ULYDO WR
FU\SWRJUDSK) LV FU\'SWDQDO\WLYV WKHFARSHHRIVEHMDNZ®&B VFLHQFH RI VHQGLQJ
VHFUHW PHVVDJHV DQG NHHSLQJ WKHP VERBHNFMWRVRQBHWL FRPELQHG E\
WKHVH WZR EUDQFKHV LQWR ZKDW V FDEEHR GG \SWRORDRI\ RULILQV IURP
DQFLHQW *UHHN ,W PHDQV ?KLGGHQ ZRURBI WKHKYFUWRIRH LV DV ORQJ DV WKH
ZULWWHQ ZRUG LW VHOI DQG FDQ EH |IRBRFNMPEQ\ WH[W

8QWLO QRW ORQJ DJR FU\SWRJUDSK\ ZDWPRRWQVEHFRQAWVDU\ 'XULQJ
WKH SDVW FHQWXULHV WKHUH KDV EHH®YHYAROVIREH XREKHUQGHYHORSLQJ RI
VHFUHW FRPPXQLFDWLRQ +RZHYHU WKH UBBNDERHDBG@WREUDSK\ VWDUWHG
PDQ\ \HDUV EHIRUH RXU WLPH WUDLOV RDG}IBRPRDQCRWRU  \HDUV DJR
7KH\ ZURWH GRZQ VHFUHW PHVVDJHV RQ SRSGIG\FOI@BHUBIZLWK D FHUWDLQ
GLDPHWHU 2QO\ D SHUVRQ SRVVHVVLQJ \WKROLQEMU GLNPKIWHU FRXOG WKHQ
UHDG WKH PHVVDJH

+RZHYHU IRU WKH SDVW GHFDGHV WKHUHDKO\F EKBQJH GBDBJ IURP
EHLQJ PLOLWDU\ EXVLQHVV FU\SWRJUDSB\ \K BRP3XWHIWRBNLRQ GHYHORSHG
LQWR D FLYLO PDWWHU DV ZHOO $Q\RQHH HFDWK RRUGE WRMHUQHW VKRSSLQJ
GLVWDQFH EDQNLQJ HWF NQRZV WKH LRSBDWSHRSDRWRYKDYH DFFHVV WR
VHFXUH FRPPXQLFDWLRQ



SURWRFROV LQ 4XDQWXP &U\SWRJUDSK\ 6\VWHPV

(QFU\SWLRQ LV WKH SURFHVV RI WDNLQV M SOME®FIBAEOLQJ LW VR WKDW
LW EHFRPHV XQUHDGDEOH WR DQ\RQH HJABSUWHRHLY BX\EKR WDV D NH\ WR
GHFU\SW LW (QFU\SWLRQ SURGXFHV D FILSRHUWHRVWHUIHBQJ D FLSKHUWH[W
EDFN LQWR D SODLQWH[W LV FDOOHG GWRQ\SWLRYXH KQEHBWLRQ LQWR D
FLSKHUWH[W LV MXVW WR PDNH VXUH WKCRD QQRMD YHDGURBEHPHVVDJIH 6HH
)LIXUH

(DYHVGURSSHU
?(YH
30DL o (QFU\SWI "HFU\SWL ZULchLJSEQ
WHWE g WH[W
&LSKHUWH[W WUDQVII j

6HQGHU 2%( SHFHLYHU ?'

)LIXUH 7KH EDVLF SUREOHP RI GLVWULEXWLQJ D.RHH\ EHWZHHQ $O
DQG %RE LV WR PDNH D VDIH WUDQVIHUSSHQS IDWHNHPSWE BR
SODLQWH[W PHVVDJH LV HQFU\SW XV L QBL\EKHUNY [AWQRAEOD D

SHUVRQ ZLWK WKH VDPH NH\ FDQ GHFU\S&D LA ANPMR\IDIH

,Q RUGHU WR PDNH WKH WHUPLQRORJ\ DRW\SMWARRJONERQRUPI FOHDU ZH
KDYH VHYHUDO SOD\HUV DFWLQJ RQ WKHHIVHQGHRORFWKWY LQIRUPDWLRQ %RE LV
WKH DXWKRUL]HG UHFHLYHU DQG WKH BBEBURNRRVARDNVMWACRIBPHG (YH

7KHUH DUH VHYHUDO FU\SWRV\VWHPV DRQ WKWRHFPHDWAHED $OLFH DQG
%RE VKDUH D NH\ WKDW FDQ ORFN DQG XQ@RRFNBD RBVWR-HEH GLVWULEXWHG
WR DXWKRUL]JHG LQGLYLGXDOV LQ VRPH 2DD 2FHMRKKDYV QR SUREOHP WR
HQFU\SW D PHVVDJH 7KLV LV WKH ?NH\ SSREIHPIKY RKBZ WR VDIHO\
GLVWULEXWH D NH\ EHWZHHQ WZR SDUWOMYVKERGIIHEKPRORI\ SURWRFROV FDQ
DFFRPSOLVK WKLV WDVN ,Q DQFLHQW BRRHBVHAREWWZ BNDYRLO\ GRQH WKURXJK D
FRXULHU WUXVWHG E\ ERWK SDUWLHV RGOS WRAEKH VWK RRVW VHFUHW ZD\
DOWKRXJK YHU\ XQSUDFWLFDO

‘H VKDOO ILUVW EULHIO\ SUHVHQW WZRVOYNAMY FARPBUDBWHQGLQJ WKH
PRVW SRSXODU SURWRFROV Rl WRGD\ 78W RNARWHR DPRAW U LIFH\V
WKH VDPH NH\ LV XVHG IRU HQFU\SWLRQ DRB SXEFOULEWERGU\SWRV\VWHP
LQFOXGHV WKH YHU\ SRSXODU 56$% DOJRURIDMP PRI EKRNY B GLIIHUHQW
NH\V DUH XVHG IRU HQFU\SWLRQ DQG GHFU\SWLRQ

6HFUHW NH\ &U\SWRV\VWHPV

6HFUHW NH\ FUUSWRV\VWHPV DOVR FDORHBNKPRHRUHBDIRULWKPY ZKHUH WKH
HQFU\SWLRQ NH\ FDQ EH FDOFXODWHG HBWURNWKBQEGHALFH YHUVD 7KH\
DUH RIWHQ WKH VDPH 7KHVH PDWKHPDW HADQ UBO WKW KPKHUVHQGHU DQG
UHFHLYHU DJUHH RQ D NH\ EHIRUH WKH\ FRIQFXRIPIX QLK WHFXULW\ UHOLHV RQ



SURWRFROV LQ 4XDQWXP &U\SWRJUDSK\ 6\VWHPV

WKH VHFUHF\ RI WKH NH\ LI DQ\RQH JHM KRER RDBBIOWNR UHDG WKH FLSKHUWH[W
PHVVDJHV 7KH NH\ PXVW UHPDLQ VHFUHWYHQVREGHW WRPRRQLFDWLRQ ,Q
PDWKHPDWLFDO QRWDWLRQ WKH HQFU\SWDREB@GHGRAMNSWLRQ

H P =F
GF=P

ZKHUH, DQG&, LV WKH HQFU\SWLRQ NH\ DQG WKH GHFB\SUWHRD NH\ UHVSH

7KH 'DWD (QFU\SWLRQ 6WDQGDUG '(6 LV DQ DHHRIHIWRNH\ FU\SWRJUDSKLF
SURWRFRO 7KH DOJRULWKP LV D EORFN\SWSKHUEMKDWHHEBBFNV RI D
PHVVDJH $OWKRXJK TXLWH ROG WKLV \WRGRUBWRPNOHNVLROH Rl WKH KLIKHVW
OHYHOV RI VHFXULW\

3XEOLF NH\ &U\SWRV\VWHPV

3XEOLF NH\ FU\SWRVA\VWHPV LV DQ DV\PPHWUKF KHUBDOURKY NH\ XVHG IRU
HQFU\SWLRQ LV GLIIHUHQW IURP WKH NSWKRBG) IRIWBHEPRUH WKH GHFU\SWLRQ
NH\ FDQQRW ZLWKLQ D UHDVRQDEOH DPRXQWRRIDVWLFHRPEMWHUY EH
FDOFXODWHG IURP WKH HQFU\SWLRQ NHPDRIKHIGH Bl QFUASRY BRE LR
$Q\RQH FDQ WKHQ HQFU\SW D PHVVDJH XVHRFMEWLBREMHF EXW RQO\ D
VSHFLILF SHUVRQ FDQ GHFU\SW WKH PISYWIVRQ K RWWSSULHV WKH HQFU\SWLRQ
NH\ IRU HQFU\SWLRQ RI PHVVDJHV DGGUHVEHEWRQREQ7BQG PRVW SRSXODU
SXEOLF NH\ FU\SWRJUDSK\ SURWRFRO LV WKH 56$ V\VWHP

(QFU\SWLRQ DQG GHFU\SWLRQ LV GHQRWHG
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7KH WZR NH\W DUH JHQHUDWHG XVLQJ WKHUOWAMR GHIR) WRBR&KLQHVH

5HPDLQGHU 7KHRUHP ZHOO NQRZQ DOJRULWHKPRVLE) @DWMKHRISHD LV WR

FKRRVH WZR ODUJH SULPI$ QREEHDRZLQJ RQO\ WKH SURGITRNVWKHVH

QXPEHUV LW LV KDUG WR VROYH IRU WKH M@RJ\BRVRGNERKFKRVHQ

UDQGRPO\ 7KH GHFU\SWERQ RBIDFXODWHS KD /HWH DQ® EHFRPH

SXEOLF 7KHVH WKHQ PDNH XS WKH SXEOLRVKHP DR ED@KHQFU\SW D

PHVVDJH +RZHYHU RQO\ WKH SHUGFQQGRALOSW WKH PHVVDJH 7KH SULYDWH

NH\ G FDQQRW HDVLO\ EH FDOFXIEYEIG IURP

H\'LVWULEXWLRQ DQG 3URWRFROV

,Q RUGHU WR GLVWULEXWH NH\V ZH SURVERABCSIHRVQRFRO LV D VHULHV RI
VWHSV LQYROYLQJ WZR SDUWLHV RU FRERP SEHVIKIQ NS MWR IDF WDVN 3URWRFROV
FDQ IRU H[DPSOH XVH WKH DOJRULWKPV G REIBHEHG/RERXAVULEXWH NH\V )RU
WKH FDVH Rl TXDQWXP FU\SWRJUDSK)\ D QMVERVWZALEYYWMRH GLVWULEXWLRQ RI D
UDZ NH\ RYHHBUFWDQQHBBIH JLIXUH  'HVSLWH WKH QDPH RI WIKKLFKDQQHO
VWULQJ RI ELWV PLIKW QRW EH IXOO\ \%RE HIYYBONR-DDQIBH LQ VRPH ZD\ WR
GLVWLOO IURP WKH UDZ NH\ D VHFUHW EHWZKBIQHEKRDWZR SDUWLHV 7KLV
DJUHHPHQW KDV WR EH LQ IRUP Rl SXEOLF EHRRENEDFBOLRGO DQG %RE
SHUIRUPHG RSMEOEKDQQHEND\ LQIRUPDWLRQ VHQW KHUH ZLOO EHFRPH NQRZQ W
WKH HDYHVGURSSHU 7KH WDVN Rl WKH SHRWRERD ILDPMRIFRD WKLV
FRPPXQLFDWLRQ
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(YHU\RQH LQYROYHG LQ D SURWRFRO PXVRRRQRIGNKBOSRRWIRH VWHSV WR
IROORZ LQ DGYDQFH 1RWH WKDW (YH ZLQOWKHIVEDRWRFRQR )RU D
FU\SWRJUDSKLF SURWRFRO FDQ EH VDLB SRV VIKEXO®/RBR PRUH RU WR OHDUQ
PRUH WKDQ ZKDW LV VSHFLILHG LQ WKH IVRVAETROD SQMBMUWDLQO\ WU\ WR
DWWDFN DQ SURWRFRO DQG OHDUQ VRPHW.QIRUNDMWERQWIRPW IRU $OLFH DQG
%RE EHLQJ DEOH WR HVWLPDWH WKH DPRBQMRRI AGEN DQVRIBUHW NH\ LV
GLVWULEXWHG VHFXUH FRPPXQLFDWLRQ FDQ EH JXDUDQWHHG
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)LIXUH $ SURWRFRO LV D FROOHFWLRQ RI GHWRHWLRQV VHWWLQJ
ERXQGV RI FRPPXQLFDWLRQ DOORZHG EHW&HHQ WEIRWARISDU

WR DJUHH RQ WZR LGHQWLFDO VKDUHG NRMOWHEFHWQWRQH LQY
SURWRFRO PXVW NQRZ WKH SURWRFRO DQ@RORDEBRIVKE VWHS
DGYDQFH

6HFXULW\ LQ &ODVVLFDO &U\SWRJUDSK\

)XOO VHFXULW\ FDQ EH DFKLHYHG EHWZHBQ/ MR (O MIKMILWPKDVUH D FRPSOHWHO\
VHFUHW NH\ %\ GHILQLWLRQ D NH\ LV RRQNHOGMYHBUFRP S| DQ HDYHVGURSSHU KDV
QR RWKHU PHWKRG LQ ILQGLQJ WKH NH\ \REOBWBELQDQGHRP JXHVV IRU HDFK

DQG HYHU\ ELW PDNLQJ XS WKH NH\

,QWHUHVWLQJO\ WKH RQO\ FLSKHU WKD FYSWBORYHGWRK EH VHFXUH LV
WKH 2QH 7LPH 3DG 273 ,Q WKH 273 WKH NH)LDR\DWRIR PHVVDJH LWVHOI DQG
WKH FLSKHU LV DWWDLQHG E\ FRPSXWLQJ \EKW R6VRKHPF/VDIH E\ WKH
UHVSHFWLYH ELW RI WKH NH\ ,Q WKLWNED\LIY QHH®AG WR HQFU\SW D ELWV
ORQJ PHVVDJH 7KH NH\ PXVW EH WUXO\ WD QERPUDWHTRE\ D SVHXGR UDQGRP
JHQHUDWRU VHFWLRQ RWKHUZLVH EV¥KFUEIENGEOPDR73 V DUH RI FRXUVH
D ELW LPSUDFWLFDO DQG WKHUHIRUH UB BHION\XD'W® REpI @VHWKH PHVVDJIH
LWVHOI 7KH NH\ LV RQO\ WR EH NQRZQ EDGVMHKNHOEHUYBIU DQG PXVW EH
GHOLYHUHG RYHU D VHFXUH FKDQQHO 7K MHEFRO\RM@EE RU DQ DWWDFNHU
FRXOG VXFFHHG WR EUHDN WKH PHVVDJH

7KH ZHDN OLQN IRU FODVVLFDO FU\SWRJHDSKVLWRWEBW YB8HHG RU UDWKHU WR
WKH ORZ FRPSXWDWLRQDO SRZHU Rl WRGI(® BRFSMMHKRY $Q FODVVLFDO
FU\SWRJUDSK\ DUH KDUG WR EUHDN EHFIQMGWKBEQHHPRRQW RI FRPSXWLQJ
SRZHU DQG WLPH WR EH FUDFNHG )RU WYSHRVDOMY LDQEW IDVW TXDQWXP
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FRPSXWHUV EHFRPH WUXH WKHQ FODVVLEDEH BSRAG DBIRWPVKRXOG \RX
VD\ ZKHQ WKLV KDSSHQV WKHQ TXDQWXP BUEHWRKHREOPYROXWLRQ

SDQGRP %LW *HQHUDWRUV

7KH JHQHUDWLRQ RI NH\V LV GHILQLWHM ¥H R PRYDWIRQMLQ FUINSWRORJ\ 2QO\
LQ D VIVWHP ZKHUH WKH NH\ LV EXLOG EDQXPEHYOWHIMGRP LW LV SRVVLEOH WR
UHDFK VHFXULW\ L H D NH\ WKDW LV FRpPSOBBRGIO\EXQERUBWWDFNHU 7R JHW
WKHVH UDQGRP QXPEHUV ZH FDQ QRW XVHHXKIR URGBERRHI8EHUDWRUV XVHG
E\ FRPSXWHUV 7UXO\ UDQGRP QXPEHUV DURP GWHKHHQWRREXWHU
GHWHUPLQLVWLF QXPEHUV PRVWO\ XVHG URBRWHYXODSVUIRQHYX 3VHXGR
UDQGRP QXPEHUV DUH JHQHUDWHG E\ DOJRARRWKBV WKIKHRIHWH UDQGRP
7KH\ DUH DFWXDOO\ GHWHUPLQLVWLF QXRHRIEY WBFSPIMMWIPIXLWVHOI ZLWK D
FHUWDLQ SHULRG QRW JRRG IRU FU\SWIRQGRBKYXREXDMIUFDQ EH GHULYHG
RQO\ IURP WKH HQY LURIFRMNMRIWDIKH SK\VLFV ZRUOG VXFK DV WKH WKHUPRHOHFWU
QRLVH RYHU D GLRGH

7KHUHIRUH LQ WKH LPSOHPHQWHG ODWODEQGBRJMHDW WACHHUINWRU
UDQGQ ZLOO XVHG RQO\ IRU VPDOO VLPXODWLRQWQRPLVMDRQVHYQG ODUJH
VLPXODWLRQV ZH KDYH WR XVH DQ HWHVMRDOURRLXKHIHQEWD .V SRVVLEOH WR
JHW WUXO\ UDQGRP ELWV 7KLV JHQHURQRYI EW BCEWRLAMKH VHULDO SRUW RI WKF
3& H XVH WKH UDQGRP QXPEHU JHQHUDWRWIDR® XK BDRWHJIR & ILOHV
DUH SURYLGHG WR KDQGOH WKH FRPPXQLADWI®@RUWK3WKEDWDWLRQV DUH
PDGH LQ WKH SURJUDP LQ WKH SURVSHRYHQWRWXBRV PEIHXVH Rl WKH GHYLFH
7KLV LV FRQFHUQHG ZLWK LQ &KDSWHU
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&KDSWHU
AXDQWXP &U\SWRJUDSK\

QWURGXFWLRQ

7KH SDVW FHQWXU\ SK\VLFLVWV KDYH GLMBRYFXHBAZKPARWOG (YHU\WKLQJ
VXUURXQGLQJ XV DQG LQIOXHQFLQJ RXKHODDHEV RFWXDENVXP PHFKDQLFV
BWLOO WKRXJK PRVW RI PDQNLQG V FRPPXQEFARY/ERDVVLEDO SK\VLFV DQG
LQIRUPDWLRQ SURFHVVLQJ $OUHDG\ UHDQUXBE SK\W/KBV\VTRRUH WKDQ D
UDGLFDO VLGHWUDFN RI FODVVLFDO SK\VVRVEIODIQVLEMZDSR RIIHUHG IRU
LQIRUPDWLRQ SURFHVVLQJ

4XDQWXP FU\SWRJUDSK\ LV DPRQJ WKH ILIDSBQIFDWEZRQYGNVR XVH WKH
WKHRU\ Rl TXDQWXP SK\VLFV W KDV IRU OHRWRRZPBQMHH DJH 4XDQWXP
FU\SWRJUDSK\ LV EDVHG RQ WKH SRVWXO DNWAL FRD OT XIKIVWXIRVEBA
PHDVXUHPHQW SHUWXUEV D VRDRIEMG +HLVHQEHUJV XQFHUWDLQW\ )RU H[DPSOF
WKLQN Rl VHQGLQJ SKRWRQV D SDUWMASG! IRUSHERAONMRILQJ WKH SURSHUWLH
RI TXDQWXP PHFKDQLFV FRGHG ZLWK GLVI\@DEL |IMIMEBN SRODUL]IDWLRQ VWDWHV
| WKH UHFHLYHU LQ VRPH ZD\ FDQ WHOQVLKDAH\BH HBRMWRWXUEHG GXULQJ
WUDQVPLVVLRQ KH FDQ DOVR WHOO ZHGWWKR LIDARPHRIREVRULBRW 7KLV LV
SRVVLEOH LQ TXDQWXP FU\SWRJUDSK\ 6HWARPPEWMFKMIFHRRSURWRFROV KDYH
EHHQ SURSRVHG WKH ILUVW LQ WKH PL®&\SWRIDDSKXXWVHYV WKH VHHPLQJO\
OLPLWLQJ EXW SRWHQWLDO SURSHUW\ VWHBHUVPHIEXXDNPAGHP DQG WXUQV
WKLV LQWR D XVHIXO SURFHVV ZKHUH DQ\RIDFHYGURESHHIDRO KHU SUHVHQFH
7KXV +HLVHQEHUJV SRVWXODWH KDV JLYNE XVH/ROMSRVDWW RI VHFXUH DQG
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SULYDWH FRPPXQLFDWLRQ ODWKHPDWLFLODVPSBHHFUQFRMEVLRQV WR WKH
SUREOHP RI VHEXULW\ $OEHLW D VAVWHPHEXQH YMKDERUMY ZHDNHVW OLQN DQG
WKH PDWKHPDWLFDO VROXWLRQV DUH EDZHBRGWVKBYGEXROREG\ KDUG LQ WKH
VHQVH RI WRGD\V FRPSXWLQJ SRZHU :LWK JWSRZHRPSYMIHDVLQJ DW
UHPDUNDEOH SDFH DQG FRQVLGHULQJ WE®&VSENVDERQUXP RFRPSXWHUV
FODVVLFDO FU\SWRJUDSK\ PD\ KDYH RQH G HED QUWXPPEU\SWRJUDSK\
GRHV QRW KDYH WKDW OLPLWDWLRQ DQ KDYHVIFARSSHWRDXQOLPLWHG
FRPSXWLQJ SRZHU VKH ZLOO VWLOO HbZOLHLSKMGE EVWKH O

7KH ILUVW NH\ GLVWULEXWLRQ VFKHPH IRRIUBSIQVZER BXEOLVKHG LQ

7KH SURWRFRO LV EHVW NQRZQ LQ WKSMWRKDRDSKP FRRPXQLW\ DV WKH
%% SURWRFRO ,W ZDV SURSRVHG E\ %HQEUHVMED Q&LIADN\EH WKH ILUVW
WLPH TXDQWXP HIIHFWV Rl QDWXUH KDY [S@RBEYHEL WHEWMHHD IXQGDPHQWDO
DGYDQWDJH LQ LQIRUPDWLRQ SURFHVVLQU S|[IRWRBERWQRZQ DV % ZDV
SURSRVHG > @ 7KLV VFKHPH XVHV D GLIIBKBIQMVURYRSHUWAKDQ SRODUL]DWLRQ
Rl WKH SKRWRQ HQFRGLQJ WKH ELWV EBXVWHGVRRMKKH2ADPHESULQFLSOHV DV
%% 7KH WZR SURWRFROV ZLOO EH H[S®DSRH{E LONKKIW\FFKHPHV KDYH DOVR
EHHQ SURSRVHG WKDW XVH HQWDQJOHRPDDWWDWHAR RQ@ KRPVWDWHV

6R KRZ GRHV TXDQWXP FU\SWRJUDSK\ ZRUNRPSOWWKI)¥ZHU WR WKLV
TXHVWLRQ ZLOO WDNH WKH UHVW RI WIQH[WRDS\MBODRE WREHYHU ZH ZLOO
QRZ ILUVW GHVFULEH WKH XQGHUO\LQJY SURFHGXUHV EULHIO

,QGLYLGXDO SKRWRQKVRDQWDUH HQFRGHG LQ RUWKRJRQDO TXDQWXP VWDW|
WR FDUU\ LQIRUPDWLRQ DERXW HLWKH@QGVLRIHLWRRG R®H Rl VHYHUDO QRQ
RUWKRJRQDO EDVHV 7KHVH ELWV PDNH X&.RVKH\FZAKSINSRMEQV FDQ IRU
H[DPSOH EH HQFRGHG LQ VWDWHV Rl SRODUKBVBLRQRISSKIRI +HLVHQEHUJIV
XQFHUWDLQW\ QRZ HQVXUHV WKH VHFXWMVRRI BXN QRAV@GQ E\ LW VHOI DV ZH
ZLOO XQGHUVWDQG ODWHU

5DQGRP ELWV DW $OLFH DUH HQFRGHG RQBIR)BKRIVREWH SEFRMRFROV
PHQWLRQHG DERYH 8VXDOO\ DQ RSWLFOIQURANYLRQ\WKBLXR IRU WKHVH
SKRWRQV 7KH ODVHU JHQHUDWHG SKRWRQRUBRMBK\WKEKHD IVEIE FDOOHG WKH
4XDQWXP &KDQQHO ZKHUH (YH PLIKW WU\ RIRHHERRIWB QR S6¥H )LIXUH
7KHVH SKRWRQV DUH WKHQ UHFHLYHG DQEHBHFRGHGENVWIRE $FFRUGLQJ WR
WKH SURWRFRO $OLFH DQG %RE WKHQ DDUHMDFMRRYHRIRG&H ELWV VHQG
RULJLQDOO\ E\ $OLFH 7KLV SURFHGXURQ\WRWKHCRUPRVBMWHY RYHU WKH 3XEOLF
&KDQQHO FDQOMGS$OLFH DQG %RE QRZ HDFK VKDUH D YHUVMRQ@ WKH ELW
DOEHLW WKH\ DUH QRW H[DFWO\ WKH VER 5 DM\HHQR BREBBRRUUHFWLRQ
LV DSSOLHG ZKHUH (YH ZLOO OHDUQ D@GRYGLBRERWL MIRMRB\ 7R UHGXFH WKH
HDYHVGURSSHU V LQIRUPDWLRQ BWUMBRIRI®HLRDWLR@SSOLHG ZKHUH
WKH NH\ LV FRPSUHVVHG $IWHU WKLV IDQBONREHE. GOMEDUH D FRPSOHWHO\
VHFUHW NH\ RQ ZKLFK (YH DV DQ DUELWRBEQWORNEQIBOAIRVLRQ 2QFH WKLV
VHFUHW NH\ LV HVWDEOLVKHG LW FDQ EHNXVRAGDWNRIFYZKMWPRHWULF NH\
FU\SWRJUDSKLF WHFKQLTXHV WR OHW WKRXQUERVSDUVHRNHWRP YXUWKHU
LQWURGXFWRU\ UHDGLQJHJ > @ > @ BCYBRFHSG H ®
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)LIXUH  'LDJUDP Rl WKH EDVLF IORZ LQ WKH LQIRWVABWLRQ SURFH
TXDQWXP FU\SWRJUDSK\ 7ZR FKDQQHOV WKHVBXRYDWH 4XD
&KDQQOQHO DQG WKH 3XEOLF &KDQQHO DUH WHFRXQ OBENMHUDO V
6LIWLQJ (UURU FRUUHFWLRQ DQG 3ULYDBU$P SBIHGHINVIARD
GLVWULEXWH D ILQDO VHFXUH NH\ EHWHAMHEOWHKHH XR BRE WL

$Q HDYHVGURSSHU (YH LV PDOLFLRXVO\ WHURKDORIDYI\RQ ER

4XDQWXP 3K\WWLFV ,QWHUSUHWDWLRQ RI &RGLQJ

6R KRZ DERXW WKLV FRGLQJ Rl WKH ELWXNMMMHR/ TXD QMO EHVW XQGHUVWDQG
WKLV E\ ILUVW EULHIO\ VWDWLQJ WKHSIDESHYDAWHY RBHXDBI J > @

$ SKRWRQ FDQ IRU H[DPSOH EH HQFRGHG LQVALRYKIRU SRODH 7KHVH
RSWLFDO SURSHUWLHV DUH H[DPSOHV RI D SBERWRRE) VAINDMWHVXRQWXP VWDWH
EH GHOQRWHBGLEHDQG OHW XV GLVFXVV WKH FDVH Rl SRRODUIODAMRRQTYR/ DWHV
ML DQGEL DUH RUWKRJRQDO LI WKHLU LHQ®&HUW\SHREXEVWVR JHUR $ EDVLF
SURSHUW\ LV WKDW WZR TXDQWXP VWDWHSRVDOLERR LGHEXSHV
DML DML 4XDQWXP VWDWHY UXOHV XQGHU WKH 6FRURGLQJHU HTXDWL

1)
) =2

ZKLFK LV OLQHDU 7KHUHIRWH RQEBWHKUH VROXWLRQV WR WKLV HTXDWLRQ WKH
DML D MLLV DOVR D VROXWLRQ IRU DOO BVBIQE FKRLFHX RIR PHDVXUH

OHDUQ WKH VBVDDQGD RI ML WKHQ TXDQWXP PHFKDQLFDO ODZV WKH
FRPSOHPHQWDU\ SULQFLSOH VD\V WKDW\ZM ZIWBWSHYWMODEXUHPHQW LV VDLG
WR EH LQGHWHUPLQLVWLF ,Q D SKRWRNROWHFDIRH ZVRB SKRLVK DV WKH SKRWRC
LV DEVRUEHG E\ WKH GHWHFWRU ,QV\WMDR3 INWXGRRLREDEK DY W DIWH

JLYHQ BDM DQG LQ VWO MM :H FDQQRW IRU VXUH WHOO LQ ZKDW VWDWH D(
LQGLYLGXDO SKRWRQ VHQW WR XV LV ZMWVRREWVERNDVFRDQDIVLQJI LWV VWDWH
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$OVR NQRZQ LV WKDW QR TXDQWXP VW DSV FHFWVEN FRROHSURSHUWLHV EXLOG
XS WKH PDLQ IRXQGDWLRQV ZKHUHXSRQ TXEIQWMR\FV\SWRJIUD

1 WZR VXSHUSRVHG VWDWHYV DUH RUWKRIRQI MR HYRK@\RRH
FDVH LPSO\LQJ WKLV LV ZKHQ RQH RI WXHRERHNLFHBRWYG WKH RWKHU LV
HTXDO WR RQH ERRDXM ,Q WKLV FDVH WU\LQJ WR PHDVXIUHVIRVWDWH
VH LI LW LV LQWWWEYHI UHVXOW ZDAD\BUREDELOLW\ JLYH WKDW LW ZDV LQ WKH
VWDWH Rl HIWRHEL GHSHQGLQJ RQ ZKDW VWDWH LW ZDV LQ@W&HLFH YHUVD
RWKHU KDQG LI WZR VWDWHV DUH QRQ RBRWMHKRIRQIMMYR/BIDEKWK Dy
GLIHUHQEW MLDQGAL + ML + ML WKHQ PHDVXMUQNR VHH LI LW
ZDV LQ VWDMAHLOO JLYH ZLWK D SUREBELODW\ RWKDW LW ZDV LQ HLWKHU
VWDWHVIRIRUML 7KLV LV D UDQGRP JXHVV $ FRQFOXVLRQ PO EH PDGH
PHDVXUHPHQW WR JLYH D GHWHUPLQLVWWRUBR/ XONRURMHRDYBVVXPSWLRQ RI
ZKDW VWDWH WR WHVW DJDLQVW 7KLWYKRDRMGDKDWRVRLEBIRIDOOHO ZLWK WKH
VWDWH WR EH PHDVXUHG 4XDQWXP FU\SWRSUBSKUXVIEHWIRHRUWKRJIJRQDO DQG
QRQ RUWKRJRQDO VWDWHV WR FRGH ELVHFEQBMWR JXDUDQWHH

)RU FRQYHQLHQFH RU PD\EH DV DQ HIIRUWQ®WXFDNQERUPBWLRQ HYHQ
PRUH IXQ " SK\LFLVWV GHYHORSLQJ TXDQRQRDQIRRIEKIHG WXELWHUP
2TXDQWXP ?ELW %\ WKDW LV PHDQW MX\GV ZXDIN IMPIRRIRQWLRQ LQ IRUP RI
D GLIL\EDWHSUHVHQWHIXBEQWXPWDWH Rl DQ DWRP LRQ RU SKRWRQ ,Q WKH VDPF
ZD\ DV D ELW LV D XQLW RI LQIRUPDWLR@RUPBODRQYLEDOXELW LV D EDVLF XQLW RI

LQIRUPDWLRQ LQ D TXDQWXP LQIRUPDWLRBIWSREBRQDFRUDWLRQ ZH KDYH
IRUWKH TXEL®RWIL L H ELWV DQG FRGHG LQ TXDQUWIFOBEIDWHV

1RQ 2UWKRJRQDO %DVHV

$OLFH QRZ FRGHV KHU UDQGRP ELWV LQWR\RIWRRIRERW VQDGGLWLRQ

VKH VHQGV WKHP UDQGRPO\ LQ HLWKHU R@HR R QXR EIRGIRUS EDVH FRQVLVWYV
RI WZR RUWKRJRQDO VWDWHV y DQJOH yDRRE SD WHRGVDWERI®/KH RWKHU WZR
RUWKRJRQDO VWDWHV Rl WKH RWKHU ETRIY BHBQMMKDW D SKRWRQ ZLOO EH
VHQG LQ HLWKHU RQH RI DOO IRXU SROME |DWIRGIDERH\RDDOHG

VFKHPH

JLIXUH  7ZR QRQ RUWKRJRQDO EDVHV DUH XVHG PQG FKRVHQ UDQGR
E\ $OLFH ZKHQ HQFRGLQJ KHU ELWV 7KHUELUNSDOGIQWHG E\
RUWKRJRQDO VWDWHYV LQ HLWKHU RQERLQ/WHEDVUBY VKR

SHPHPEHULQJ IURP WKH SUHYLRXV GLVFXVVHREQWDWDRHIRXEH SHUIRUPHG
XVLQJ DQ RUWKRJRQDO VWDWH L H WEBHWDARHEEDGHWRUWRLQLVWLF WKLV LPSOLH
WKDW %RE KDV WR PHDVXUH LQ WKH VDRHEBDMUHDPEBEWUNMH PHDVXUHPHQW
RXWFRPH 7KDW LV ZLWK XQLW SUREDROLM\HMMRIBUME ADNFYHQW E\

$OLFH ,I KH XVHV WKH ZURQJ EDVH KHWKB@® BHAHIMMKHL SUREDELOLW\
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DQG WKLV ELW LV WKHQ QRW XVHIXO @REHPREXGBMWHBPO®OQQFRPLQJ SKRWRQV
XVLQJ D UDQGRP FKRLFH Rl EDVH 6R  R{MNVEKHOWIMFHLYH WKH FRUUHFW ELW
$IWHU WUDQVPLVVLRQ RI DOO ELWV %RBEEXQEHSNROEGORHD ZKDW EDVHV KH
XVHG DQG $OLFH ZLOO JLYH LQIRUPDWLROASDEKHRIIZREIDVXUHG LQ FRUUHFW
EDVH 7KH\ NHHS RQO\ WKRVH ELWV ZLWK EDWHWARBAZFKQQDHYHU WHOO ZKDW
UHVXOW KH JRW DQG LI WKHUH LV QR HIPOHYG QRESHEOREE DQG %RE ZLOO QRZ
VKDUH D FRPPRQ UDQGRP ELW VWULQJ

7KH DUWLILFH XVLQJ WKLV FRPSOLFDWHBASDRFHBXHYGURSEHU FDQ EH
GHWHFWHG (YH ZLOO IDFH WKH VDPH SURBGMHEZDY PZRDWEDVH WR PHDVXUH
LQ | VKH XVHVL@WHUFBREBUHVHQBWVUDWHJI\ WUHDWHG LQ GHWDLO ODWHU |
HDYHVGURSSLQJ VKH ZLOO LQWURGXFH HWRIHHDEHRRMWVKLY VWUDWHI\ LV IRU (YH
WR FXW WKH ILEHU GHWHFW DOO SKRMRQYR ®HRE UrXMQ® \WROI Rl WKH FDVHV
VKH KDYH ZLOO UHVHQW LQ WKH ZURQJ EXNGO DB WKHM6RERQJ EDVH RQ
DGGLWLRQDOO\ RI WKH SKRWRQV 7KHUMIBUH LQMUUWAGXFHG EHWZHHQ $OLFH V
DQG %RE V YHUVLRQ Rl WKH NH\ DQG (Y HEMPEHIBHWHFW

3RODULJHG &RGHG ,QIRUPDWLRQ

‘H FRQWLQXH GLVFXVVLQJ SRODUL]DWLRQQREBMH\QHEXRZWIR HQFRGH )RU
H[DPSOH ZH FDQ FKRRVH IRXU GLIIHMHQW WDMWINVL ZKHUH— LV

KRUL]JRQWDO SRODUYBWIREDOHIW FLUFXODW WRQON FLUFXODQQJ

EHORQJV WR WKH OLQHDU SRODIQGI®EBVHEHORQJ WR WKH FLUFXODU EDVH

C 7KHVH WZR EDVHV DUH QRQ RUWKRJRQD@GDIRWXDIFMN ZHWKXV GHILQH
WKDM¥L ML ML DQGML 7KLV GHILQLWLRQ LV DJUHHG EHWZHHQ $OLFH DQG
%RE $OLFH WKHQ FKRRVHV IURP RQH RHWKWYHQRRGMWEW V RU V DQG WKH
WDVN IRU %RE LV WR GHFRGH WKLV LQTREPDAVLAYHI WHQW LQ OHIW RU ULJKW
FLUFXODU SRODUL]DWLRQ KH UHFHLY HIDWKHH BRCH MPWCEEWMHR FLUFXODU EDVH
IRU PHDVXULQJ DQG IRU TXELWV VHQWRLQ]RBWBCFBRAMUKIDWLRQ KH ZLOO KDYH
UHFHLYHG WKH ELW RQO\ LI KH XVHG UBRINRQJIXODU SRODUL

3KDVH &RGHG ,QIRUPDWLRQ

7KH TXELWV FDQ DOVR EH HQFRGHG LQ WKM/BKDVMF}RIPHD OLNH GLVFXVVHG
DERYH ZH QHHG IRXU GLIIHUHQW SKDVHV EHDQG FRGHHBVEXV GHILQH WKH
IROORZLQJ WZR QRQ RUWKRJRQDO EDVHYQGHRVEDRIPREIRDQ XVH WKH
DQJOH¥LY MLy ML y DQG ML y 7KH ELWV DUH HQFRGHG HDFK LQ
WZR RUWKRJRQDOMWINGEML UHVSHFWMYIH DQG ML 6HH )LIXUH

7KH SULQFLSOH LV WKH VDPH KHUH $DQERPRRRQHVRI WKH WZR EDVHV WR
HQFRGH KHU ELWV %RE UDQGRPL]HV KLV RHBKNUHRHWDQQ@XODU RU GLDJRQDO
EDVH DQG ZLOO HQG XS ZLWK Rl WKH%EREYFRWRIPHDVXUH LQ UHFWDQJXODU
SRODUL]DWLRQ LQ RUGHU WR UHFHLYH BRIKWFRUQERW BLDOR® y DQG IRU

yDQG yWKH FRUUHFW ELW LV UHFHLYHBVRUMREQIGLDIJRQDO SRODUL]DWLRQ



SURWRFROV LQ 4XDQWXP &U\SWRJUDSK\ 6\VWHPV

)LIXUH 3KDVH HQFRGLQJ XVLQJ WZR QRQ RUWKRJRQDO EDVHV 7KH
ELWV DQG DUH UHSUHVHQWHG E\ RUWHKRIRQBDD RAQHDRINWVKH
EDVHV DV VKRZQ LQ WKH ILIXUH

4AXDQWXP .H\'LVWULEXWLRQ 3URWRFROV

6HYHUDO VFKHPHV RU SURWRFROV KDYH\EHN® SURSBYRSHUNID. HV Rl TXDQWXP
PHFKDQLFV WR HQFRGH LQIRUPDWLRQ 7KH RARWRE\FRRPRYKFHHSRODUL]DWLRQ
SKDVH RU SKDVH GLIIHUHQFH :H ZLOO GSWBBWERDMRBWURWRFRO ZRUNV 7KH
LGHDV EHKLQG DUH DOUHDG\ SUHVHQWHG QKW KMNVME \F DECERW\/
WUDQVPLVVLRQ RYHU WKH TXDQWXP FKDQRQBQ @HUKVHHQ DXOWH VWHSV
UHFRQFLOLDWLRQ DQG SULYDF\ DPSOLLEDVRIRDARPSDWR SH\ GLVWULEXWLRQ
SURWRFRO +HUH WKRXJK ZH VKDOO UNRWIKHFWRRKPHNOYKBW DUH SDUW Rl WKH
VR FDOQH®/LGURFHGXUH

7KH %% 6FKHPH

7KH %% SURWRFRO ZDV WKH ILUVW SURWRHR® W@ BEQYMVY EDVHG RQ
HQFRGLQJ RI WKH TXELWV E\ XVH Rl SRRDUHMDRERE RO WNH\ GLVWULEXWLRQ
WKH VWDWH VFKHPH LV XVHG DV FRGLEBRYKNUHHYAHHFKRXU SRVVLEOH VWDWHYV
LQ WZR EDVHV )RU D EDVLF TXDQWXP NHURWREREXVHHRQDEOH W EHILQV
ZKHQ $OLFH VWDUWV WR VHW WKH SRORWRDWLRRORRVIWKHIBRP WKH IRXU
GLIIHUHQW VWDWHV DQG VHQGV WKHP WR %RE > @

$OLFH VHQGV D UDQGRP VHTXHQFH Rl SKRWE}VRILMKVHE FRODULIDWLRQ
EDVH UHFWDQJXODU RU FLUFXODUY ZKHUHDQG U $OLFH UHFRUGV
WKH VHQW ELWV DQG WKH WLPH WKH\ ZHUH VHQW

%RE PHDVXUHV WKH SKRWRQV SRODUL]DVHIR®IQBRHDRUWKER® ZR EDVHV
%RE UHFRUGV WKH GHWHFWLRQ RXWFRP M DM VWHE MVERKHSXION HV

$OLFH DQG %RE WKHQ SXEOLFO\ FRPSDUE WKHLYHED FHW XAHDQW DQG NHHS
RQO\ WKH GDWD IURP WKH PHDVXUHPHQWWZKH VB RWKED XM HEL.PLODU O\
WKH\ DJUHH WR GLVFDUG ELWV ZKHUH %RIEWEGEHBHVWRY DD\ SKRWRQ D
IDLUO\ FRPPRQ HYHQW ZLWK H[LVWLQJ GHWHFWRUV

7KH UHVXOWLQJ ELQDU\ NH\ VKRXOG WKHQ$BH FMKBQD AR ER (YHQWXDOO\
HUURUV KDV WKRXJK EHHQ LOQWURGXFHG VRQBEHFEM GBWHHFWRUV DQG
HDYHVGURSSLQJ PLIKW KDYH WDNHQ SODFH

$OLFH DQG %RE QRZ SHUIRUP HUURU FRBUBIEFWMRRR PIMRHUWURUV WKH
HUURU FRUUHFWLRQ PHWKRG ZLOO QRWDBXD DEOHRWR FRMUHFAQ LI HUURU
FRUUHFWLRQ SHUIRUPHG ILQH WR PDQKBUURKM NPSALEWY WH FRPSUHVVHG
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DVI\PSWRWLFDOO\ LQWR D JHUR OHQJWKANHENDERB/W KXY KRV UHYHDOHG KHU
VHOI E\ LQWURGXFLQJ WRR PDQ\ HUURU'G LARMLBQNGVKHQ

2WKHUZLVH WKH\ QRZ VKDUH D FRPSOHWHO\ HUURU IUHH NH

$OLFH %DVH cC C C Cc C C CcC C
(QFRGL( | —~ O U | U «— | < O O < UL | O O

%LW

0
#RE %DVH C C c cccc

SHFHLYHG
ELW

$ % 6DPH
EDVH 4 4 4 4 4 4 4 4

$OLFH Lisw ELwv

0]
#RE - Lsw ELWY

$% (UURU
FRUUHF 4

$ % (UURU IUHH
NH\

7DEOH  ([DPSOH RI D TXDQWXP NH\ GLVWULEXWLRQJBURWRFRO 7K
DUH WZR QRQ RUWKRJRQDO SRODUL |DRIURX OMVD\VRIG
OLQHDU )DLOXUH LQ GHWHFWLRQ Rl B SKRWRQ LV PDUNH

7/KH % 6FKHPH

7KH % VFKHPH ZDV SURSRVHG E\ %HQQHWHQ® LIXHVV,\EKXVHV D VOLIKW

PRGLILFDWLRQ RU PD\EH RQH VKRXOG VRGRYLPEOHURER WZR VWDWHV W LV

WKHUHIRUH FDOGM@MWRKHPHQ WKLV VFKHPH $OLFH FKRRVHV UDQGRPO\ EHWZHH(

RQO\ WZR QRQ RUWKRJRQDO VWDWHYV D @ESKRVERQWKRI HREREEHH )LIXUH

$V WKHVH DUH QRQ RUWKRJRQDO WKHUHE LRUQR HZDVRRERAUEHWHUPLQLVWLF

GHFRGLQJ 6WLOO D PHDVXUHPHQW FDQVEHLSHY KLPHG WKB WLPH IDLO WR JLYH

DQ UHVXOW DQG WKH RWKHU KDOI JLYHMVRKHFRQUERYW DU XARGHG DV

ML DQG ML ZKHUHML y DQG ML y $Q\ RWKHU WZR QRQ RUWKRJRQDO

VWDWHV ZRXOG ZRUN B6BEDXMHWR GHWHFW LI WKHUHAZD W WIBQW DV

WKLV LV RUWKRJIRQDO WR WKH EDVH %\ W/ KiH WXYPRYADVIKPMR GHWHFW LI

WKH VWIIWHEDV VHQW | KH XVHV WKH ZURQJ EDVBQXH@ERQFIHNVLYH UHVXOW

" 9%\ WKLV LV PHDQW WKDW KH GRHV QRW/RM\DWFDODQ)\ISRE H[DPSOH $OLFH

VHQGV WR %RE D  WKHQ KH PLIKW JHVQ HQOFRBEA@X\RYHDUHVXOW " EXW QHYHU D
$ SKRWRQ ZLOO QHYHU WULJJHU %RE \XGHWWRMRIURQIHEDVH EXW ZLOO

WULJJHU LI WKH\ XVH WKH VDPH EDVH %R IR SIEN FRFKDQQHO LI KH

GHWHFWHG D SKRWRQ DW DOO RU LI KHFRRIBVARRP FHMVRINPHQWY ZKHUH

%RE UHFHLYHG D SKRWRQ LV NHSW DOQ@RVWEMJIFRUVHRERQRI WKH VHQW ELW

VHTXHQFH DUH VLPSO\ LIQRUHG 7KH\ ZLORRARRQOHVBDUBEG NH\ 7KH

VHFXULW\ RI WKLV VFKHPH UHOLHV RQ MXKEIWIBFRHVBKIR 369 VAURWRFRO L H WKH
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SUREOHP WKDW HYHQ (YH GRHV QRW NQRR IFHBKRVUHEDQ&VWKHUHIRUH VKH
LOQWURGXFHVY HUURUV

JLIXUH %% VFKHPH 3KDVH HQFRGLQJ XVLQJ WZRBERQ RUWKRJIRQ
EDVHV 7KH ELWV DQG DUH UHSUHVHQRIR® BOQRIDRYWWKDQG

DUH LQ WXUQ RUWKRJRQDO WR HLWKHQREBVRMNIRHVKHRZOX UL

LQ WKH ILIXUH

2WKHU 6FKHPHV

7KHUH DUH QXPHURXYV ZD\V WR LPSOHPHQW.DXBEUDFMQFRG2QH ZD\ IRU HDV\
UHDOL]DWLRQV PDGH IRU DQ H[SHULPHQMQFRBGEQIH\SKDYWMWHUIHUHQFH 7KDW
LV ZH GHWHFW SKDVH GLIIHUHQFHV EVAHNQHKRVHRQRH BHW LV HDV\ WR GHWHFW
DQG WKHUHIRUH XVHG LQ H[SHULPHQW¥UIKHINZLQ OXEM&HY GHWDLO LQ &KDSWHU

$QRWKHU VFKHPH LV WKH SURWRFRO Z2WIKHKLFFHEV. @®HY%% DQG %
$V LQ %% $OLFH FKRRVHV EHWZHHQ WZKR GIXHUWRDVEDKHHUH DUH  GLIIHUHQW
VWDWHYV DQG DV LQ % WKH WZR VWDWBIVH. QRRKQLRUWERWRYDO 7KLV JLYHV D
WRWDO RI VL[ VWDWHYV $QRWKHUW/ ISVRIDRARCHPHKNVHYV ERWK FLUFXODU
UHFWDQJXODU DQG GLDJRQDO SRODUMDWDRRQNRWNCHRIWEH RE/DWHV

)LQDOO\ DQRWKHU RQWINHWWHKHPH > @ WKDW XVHV HQWDQJOHG VWDWHYV
HQFRGH WKH TXELWV %HOO V LQHTXDOLW\FNQLVXDMEXWBKLQG RXW LI DQ\
HDYHVGURSSHU PLIKW KDYH EHHQ LQWHRUDQYLHQIUH @/& DYKB W

(DYHVGURSSLQJ ORGHOV

7KH VHFEXULWA RI TXDQWXP FU\SWRJUDSK\ WBONHWKRQV VBKHHUHQW QRQ
RUWKRJRQDO VWDWHY FDQQRW EH GLVWDEUXYWKBHEY FLWNQIRZAKZKDW EDVH
WR XVH IRU GHWHFWLRQ RI WKH SKRWRQYJ $WV\WBEPEVGERSOL WKHUHIRUH
LQWURGXFH HUURUV LQ WKH WUDQVPLWHRGHNEK DRHAD) EHREOHP IRU $OLFH
DQG %RE LV WR ILQG RXW WR ZKDW GHJUREWVORQ KDY $QIRH V DQG %RE V
VKDUHG ELWV +RZ PXFK FDQ VKH JDLQ E\ HOWKHVEKRSOHD DQG ZKDW
PHWKRGV GRHV VKH KDYH DW GLVSRVDO" ARl JRIVVIXQ WIWDPRVLW\ LV YHU\
LPSRUWDQW DV ZH ZLOO VH ODWHU WKHRPEBKUMMR QDRQVEH ELWV LQ SULYDF\
DPSOLILFDWLRQ UHOLHV RQ WKLV DPRXBVWKHVZDORXGMIEYE LW LV
GHILQHG DV WKH IUDFWLRQ RI %RE V WHVKDS BIVDV QHG B\ (HDYHVGURSSLQJ WKH
TXDQWXP FKDQQHO 7KHUH DUH QR JHQHUBCPBMIMKREBMAVIRRXQW DQG LW KDV
WR EH DVVXPHG WKDW (YH KDV HYHU\ PHWBROLOPERDERHYHU ZH ZLOO
KHUH UHVWUDLQ WKLV DUJXPHQW WR R\ ¥R @HYQIQDOYD FNYDQVPLWWHG
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TXELWV LQGLYL@GRBEGOH@YPGEROOHFWDWM/DFNY DUH EULHIO\ VWDWHG LQ WKH
FRQFOXGLQJ VHFWLRQ

W LV KDUG WR H[DFWO\ HVWLPDWH WKH YWQREQKLE JKDWH DD LY HVW
+RZHYHU ZH FDQ FDOFXODWH IRU GLIIHUNQRONXSSMKIERRQGRZLQJ WZR
VHFWLRQ ZH OO H[SODLQ WZR GLIHUHQW. FOSOURDKBQ®IEHDYHVGURSSLQJ
QDPHOLQWHUFHSWH B EHDPVSOLMZLOO GHULYH IRUPX@BRZIRYHU
WKHVH HVWLPDWLRQV DUH VWUDLJKWIRURBUE DQB MVRSEBWIRQV RI
SHUIRUPHG PRUH ULJRURXVO\ ZLWK FRQVWEHRDQYFRVHVEBBENMOEOH ZD\V RI
DWWDFNV 6HH SDSMINEQKDXV > @ 7KH JRDO LV WR JHW D@ X®S#HU ERXQG R
H[SHFWHG DYHUDJH LQIRUPDWLRQ (YH DEKRW FRGURGFWKB NU\ 7KWIUDFWLRQ
LV D IXQFWLRQ Rl WKH HUURUV UDWH KHMUBDWYHHNGVRSSUQIDGH WR WKH VLIQDO
7ZR ERXQG DUH JLYHQ LQ WKLV VHFWLRRHRQH AR/ ZMUHH WR EH GLVFDUGHG LQ
WKH HUURU FRUUHFWLRQ SURWRFRO DQ{FWHKE RUBRUMRIKARUDFWLRQ Z U W
1,QU RI VLIWHG ELWV RI ELWV OHDUQHRQNRRIBRWIRYHRUIUHFWLRQ DUH QR
OHDNHG LQIRUPDWLRQ DERXW WKH SRVLWLRQ Rl HUURUV

TORJ+ H H IRWIE
WJXG'F”} IRU £H

,Q WKH UHPDLQLQJ SDUW RI WKLV SDSHBEMUHNBRKGGNRE DXBHRKQG

‘H ZLOO QRZ LQVWHDG WXUQ WR ZKDW , UHRPEOMRXQE WKHY LV
GLVFXVVHG LQ >@ E\ %HQQHW HW DO 7KHWXRQ ROHIONRIGP IRU ERWK
LOQWHUFHSW UHDIQGEHDPVSOLWJILYHQ E\ WKH IUDFWLRQ

Wesof X+YEm+ Hy + | m -m+ + H 1,

,Q RUGHU WR GLVWLOO D ILQDO NHXHZIKBK FHOHRIWHKKH VLPSOH HVWLPDWH D
WKHRUHWLFDO PD[LPXP DOORZHG HUURUNIMAURGH BRWLPDWH WKH ERXQG LV

WKHVH OLPLWV DSSO\ IRU HUURU FROQIRQLROPDW GVUHDWHG LQ &KDSWHU

7KLV LV ZK\ WKH ODWWHU LV FDOOWGWHH FUXGH HVWL

,Q WKH IROORZLQJ GHULYDWLRQV DUH DVEXPHEOWAHIWMGYWHEKQRORJ\
DYDLODEOH EXW FRQVLVWHQW ZLWK TXRBWRD PIORHEDQMRUE OLIKW SXOVHV IRU
DQ DUELWUDULO\ ORQJ WLPH EHIRUH PHDVXULQJ WKHP

,Q WKH SURFHHGLQJ VHFWLRQV ZH KDYH EMYXPIOG WRBMAZH)JOH SKRWRQV
DQG GHPRGXODWH WKHP HDFK ZLWK WKHEL@IRUPDWERDHRIHY WKLV LV QRW
UHDOO\ WKH FDVH VLQFH LW LV GLIIN@WHASK BMRQIDWKHUHIRUH H[LVWLQJ
VFKHPHV UHOLHV LQ ZHDN SXOVHV LQVWXDEHVKHDD ZDA HQ LQWHQVLWA RI
W\SLFD®O\ SKRWRQV SHU WUDQVPLVVLRQ 7KH SURERRIDPRUWISKRWRQV
DUH VHQG ZLOO WKHQ BH JIYBQBYU H[KLELWV D 3RLVVRQLDQ GLVWULEXWLRQ RI
W LV LPSRUWDQW WKDW WKLV LQIRUPDWLRQ DERSRURGHE F\VRQO\ RQH VLQJOH
SKRWRQ :H ZLOO VHH WKDW GXH WR WKDQVWRKK/ISKEWRQYMQYVLWLYH WR WKH
EHDPVSOLW DWWDFN

,QWHUFHSW 5HVHQG

$VVXPH WKDW (YH KDV D SHUIHFWO\ HIILFIHQ@WEHRHEFWRHVHQG (YH
LOQWHUFHSWV VHOHFWHG OLJKWSXOVHVENHQY)GVKUBRGK WHKHP ILQ EDVHV
UDQGRPO\ FKRVHQ E\ KHU 6HH )LJXUH )ROVHHDEKWE&X SUREDELOLW\
DSSUR[LPDWHQ@YH V SHUIHFWO\ HIILFLHQW GHWHFWRQVGHWIFWXEBHBIG L
SKRWRQ :KHQ WKLV RFFXUV (YH UHVHQG DGEH¥IDSWRSVRY WRH VDPH ZD\ 7R
DYRLG VXVSLFLRQ (YH V UHVHQW SXOVHAN MRRXQEF IBM BRIWX QR HDYHVGURSSLQJ
KDG WDNHQ SODFH L H \LHOG WKH VOFHNVHAMHLROQINUYERE DV VKH KDG
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%XW DV VKRZQ LQ SUHYLRXV VHFWLRQKPVSREIDNWUHRHAW E\ (YH ZLOO EH
PRGXODWHG LQ WKH ZURQJ EDVH DQG JURM BsREUFRUHRYKOWHDFK RI WKHVH
LQWHUFHSW UHVHQG ELWV DUH QRW ZRUQVK FRHHZNHRIEY MRE® $OLFH V ELWV
ZLWK SUREDELQLWURP WKH SDSHU E\ %HQQHW > @ FDQ WHOHEWREG WKD
%RE QRZ FRQVHUYDWLYHO\ HVYWLPDWH \WKDRWILHREPHR WK BIGLDVN KDYH
EHHQ VXEMHFWHG WR WKLV HDYHVGURSSLQJ Wi BWHRUZKMVH SLFNHG XS E\
%RE 7KH VHFRQG WHUP LV DQ DUELWUDUD®DREDKTIFBEDEE %RE FDQ QRZ
GUDZ WKH FRQFOXVLRQ WKDQ (YH FDQQRWHMYKBQHDUQHG PR

X QWHUFKSWHOT H\/_"' v T \/_H 1,

ELWV RI WKH NH\ 2] FRXUVH LQ D SUDFLADQUBHUGDOMDUULYH IURP RWKHU
QDWXUDO FDXVHV DV GHWHFWRU IDLOXHR\QRERAIHYQIG IEEFDXVH (YH FRXOG
XVH WKH NQRZOHGJH RI WKLV WR UHILQRUKEW BV YBUWBWRBSIBSOLFH DQG %RE
FRQVLGHULQJ DOO HUURU ELWV DV GXH WR HDYHVGURSSLQJ

(YH

G
'HWH Q VSHVH(

:URQJEDVH RIWI

$oLF/Qﬁ /\—K %Rl

)LIXUH ,QWHUFHSW 5HVHQG DWWDFN 7KH ILEHWRQVY FXW DQG SKRW
DUH GHWHFWHG DQG UHVHQW E\ (YH VWUMUDRBNYR FRYHU K

%HDPVSOLW

7KLV DWWDFN EHDPVSOLW LV GXH WR WRVIHWH \QRDWSIKR VLQJOH SKRWRQ
VWDWHYV (YH KDV D SDUWO\VLOYHUHG PYDORQWRGHYQ HITXVKDW GLYHUWV D
IUDFWLRQ RI WKH OLJKW WR KHUVHOIQORWSTILOW BB KEBILVWXUEHG WR %RE
6HH )LIXUH ,Q RUGHU WR DYRLG ZDVWIXE\IGHRBEDXWDWLQJ SXOVHV LQ WKH
ZURQJ EDVLV VKH VWRUHYV KHU SXOVHEREN N HIEHEFBILBPQGDQQRXQFHG ZKDW
EDVHV WKH\ XVHG 7KHQ VKH PHDVXUHYV RWKHHEDIMH V7 KIQUMKDUH VHYHUDO W\SHV

Rl YHUVLRQ RI WKLV DWWDFN WR WKLQNIRMWWKH RRVAAQUKIHDNV IRU HDFK
VXFFHVVIXOO\ GHPRGXODWHG ELW DW %Rk SURBM BXR,LYWAKE TXDQWXP
WUDQVPLVVLRQ FRQYMXBRHRNVIXO SXOVHV $OLFH DQG %RE FORHHVWLPDWH WKD
KDV OHDUQHG OHVV WKDQ

YenopvsorwWt 4m - m 1,

ELWV RI LOQIRUPDWLRQ 7KH VHFRQG WHYRW? 3OEM RBHYLDWLRQ DOORZDQFH IRU
(YH KDYLQJ PRUH WKDQ DYHUDJH OXFN LQQUKNWBMBPS\EOLWW
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(YH
$QDON

o [

EHDPVSOI

$OLF )LEH %Rl

JLIXUH ~ %HDPVSOLW DWWDFN O0XOWL SKRWRQ TMELDVV DUH VSOLW ZL
IUDFWLRQ JRLQJ WR (YH 6KH ZLOO PHDVRWRQYFROGQIHBUQ
VRPH ELWV

2WKHU $WWDFNV

7KHVH HDYHVGURSSLQJ DWWDFNV SUHVHQWKIG ZDIHWKIRSOMKHD DFW RQ
LQGLYLGXDO VLIQDOV RQO\ +RZHYHU TXDRQWORZPHARNKITFINY WKDW DUH PRUH
JHQHUDO (YH FDQ WDNH D KHOSLQJ DX[L@WYWKNPTXQ@WRYRQWDFW ZLWK WKH
VLIQDO VLIQDO ELW LQIRUPDWLRQ SKRWRQWHRUDARBWDYEHVKHQ SHUIRUP D
PHDVXUHPHQW RQ WKH KHOSLQJ TXDQWXPVREMIMRLYR MERV)WKH RULILQDO
VLIQDO 6KH PD\ DOVR GHOD\ WKH PHDVXHBBHQWWRY\KHB KQ RUGHU WR WDNH
DGYDQWDJH Rl WKH LQIRUPDWLRQ WR EH WK BQEOEBEUVEXVVLRQ <RX FDQ
DOVR XVH VHYHUDO KHOSLQJ TXDQWXP WM \ZKIROHWR_SQREHDW WKH VDPH WLPH
DQG IURP WKHVH FRUUHODWHG PHDVXUHPRRWW&HDIHY PRUHLY UHIHUUHG WR
DVFRKHUHEDYHVGURSSLQJ $ VLPSOHU DWWDFN SUREMYOMGL VG YT\

DQG LV FDERBTHFWDYHVGURSSLQJ
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&KDSWHU

H\ $JUHHPHQW IURP 6KDUHG
QIRUPDWLROQ

7KH &KDQQHOV $XWKHQWLFDWLRQ

%\ NH\ DJUHHPHQW ZH UHIHU WR WKH SURFBIGKUHYFRY@KYAFUHW NH\ LV DJUHHG
XSRQ EHWZHHQ WZR SDUWLHV 7KH NH\ LZGREOIWKIR EBILNQFLSDWLQJ DFWRUV
SRVVLEO\ XVHG LQ IXUWKHU VHFXUH FRPRARGUFBWHEPHYYDIHV $ NH\ LV
SHUIHFWO\ VHFUHW LI DQ\ HDYHVGURSSKUXDNIQR/IRWKBUWBQGRP JXHVV IRU
HDFK ELW LQ WKH NH\ $ EORFN GLDJUDP SRIRWREREDHRVHNH\ GLVWULEXWLRQ LQ
TXDQWXP FU\SWRJUDSK\ LV VKRZQ LQ )LIXUBSRVHKRI 8%LV FKDSWHU LV WR
H[SODLQ DOO VWHSV DQG FRQFHSWV VIRRZRH. QDVEZKIN GEBIRIIH VLIWLQJI LV
PDGH IURP ELWV REWDLQHG E\ %RE DIWHU | GI{FREXQD\SKRY/RQV 7ZR
FKDQQHOV DUH QHHGHG LQ RUGHU WR PDWHBURMHR ERO FRPSQHWH

YRU WUDQVPLVVLRQ Rl WKH SKRWRQSUZM DKM HIXDKIVXP &KDQQHO
34& LH DQ RSWLFDO ILEHU 7KLV FKDQQHEIGMYRRR/DDQG LPSHUIHFW SULYDF\
7KLV EHFDXVH DQ DGYHUVDU\ FDQ WDPSHY \ZRNWKKBQG I YOHVHQW DOWKRXJIK
XQGHU FHUWDLQ UHVWULFWLRQ RI TXDQKRK GG FED QEWHGMWKDW H[FHVVLYH
WDPSHULQJ RQ WKH FKDQQHO FDQ UHVXERPRRQURBBUIROM. GHWZHHQ $OLFH
DQG %RE EXW LW FDQ QRW IRRO WKHP MDWRHVKKQNHD VHEUHW NH\ ZKHQ LQ
IDFW WKHLU VWULQJV DUH GLIIHUHQWRRLRMEHUZLVH FRPSU
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7KH 3XEOLF &KDQQB& LV XVHG E\ WKH SURWRFRO WROHPKIRDIH
LQIRUPDWLRQ EHWZHHQ $OLFH DQG %RE DD JISBUANHYW KHINHFKDQQHO LV
DVVXPHG WR KDYH SHUIHFW DXWKHQWLFLAML\E RWOQY SUKDWHYH FDQ RQO\
OLVWHQ WR WKH FKDQQHO EXW QRW FRRQMQEKROLONR SPDEH DQG %RE FDQ
EH VXUH WKDW WKH LQIRUPDWLRQ H[FKDQRQONKH\X I RVRKIPQQHO KDV QRW
XQGHUJRQH DQ\ PRGLILFDWLRQ EXW WK H IHIOWWEHFRFROMORAGVWR (YH 7KH
SXEOLF FKDQQHO WUDQVPLWYV LQIRUPDW\Y/REOD EFRDDWHQWSR VXSSOHPHQWHG
E\ FODVVLFDO HUURU FRUUHFWLQJ FRGHDQHZDBBSHURI DUYHFXUH SXEOLF
FKDQQHO RQ ZKLFK HDYHVGURSSLQJ LV WUNDPEBBIOLED\DHDUO\ LPSRVVLEOH
7KH DVVXPSWLRQ WKDW SXEOLF PHVVDJH®\WBIGQR WY BH ¥R XPSRUWDQW
UHVWULFWLRQ EHFDXVH RWKHUZLVH ERXOG-OHDU@EBWZNHQ $OLFH DQG %RE
DQG LPSHUVRQDWH HDFK Rl WKHP WR WKIG RVKKIQUHQG! XRXZOWK RQH NH\
VKDUHG ZLWK $OLFH DQG DQRWKHU RQH Zi@IHBhRD & KREHIRXOG EH QRQH
ZLVHU ,| PHVVDJH DXWKHQWLFLW\ FDQ §RWKEHSHQIREFOIGURSHUWLHV RI WKH
FKDQQHO LW FDQ EH SURYLGHG E\ D VHRXHORQBDILFBDMFKHPH ,Q WKLV FDVH D
VPDOO QXPEHU RI LQLWLDOO\ VHFUHW EMRHBIHRWRABBIGWR EH XVHG IRU
DXWKHQWLFDWLRQ ,QLWLDO VHFUHW EERVEQNAHRAME WRNVDQRBDUW RI WKH
SURWRFRO H[FHSW SHUKDSV IRU ZKDW LVPEBMGMEKLWRSXPSOFH FKDQQHO
DXWKHQWLFDWLRQ IHDWXUH

VWLPDWHGIROHDNDJH
@Rl (GXULQJ]HFRQFLOLDWLRQ . \
VWLPDWHLGIR \ ((WUDBHEXULWA
g)HDNDﬂ}KI:L[g& rO— &RPSUHVVLRQ
v
~——— LQDO 'LVWLOQ
EYEEJV&LVFWD\ BN, g e
RGN
{ B6LIWL( j?[HFRQFLOLJ-)EBpSOULFD

Q ULy

Y \ Y
,QFRQFOXVLYH (UURUV  2,QVHFX ,QIR
UHVXOW H1, ELWV V1,ELWV
1,1,ELWV

)LIXUH 'LDJUDP RI WKH EDVLF IORZ RI LQIRUPDWLRQ LQ WKH
FRPPXQLFDWLRQ SURWRFRO 7KH UDZ NH\ RQGHAMDBRHY GENHU

VLIWLQJ UHFRQFLOLDWLRQ DQG SULHPHRDASWKH FDWISXW D

VHFXUH NH\ FDQ EH VKDUHG EHWZHHQ ERWKYSDDIMR WM

ELWV DUH WKURZQ DZD\ WKURXJKRXW WKWAURDWRRRO %RE H

DQG FKRRYHWY RUGHU WR FDOFXODWH WKH ILQDODERPSUHVVLRQ UDWLR
OHYHO RI VHFEXULW\

$00 VWHSV RI WKH NH\ DJUHHPHQW SURYWRKRRIGGDDHNMHRZIQILIXUH TKH\
DUH LQ RUGHU VLIWLQJ UHFRQFLOLDWRRQ G RUIFRYRYVHEPSOLILFDWLRQ 7R
ILQG D VHFXUH NH\ WKH UDZ NH\ KDV WRWXRGHHY IRWYBHYHIDFK VWDJH ZLOO EH
H[SODLQHG KHUH LQ WKLV FKDSWHU : B @0 WBPHHWIRUMIKOLW LPHV

7KH SXEOLF FKDQQHO LV XVHG IRU WKH IROORZLQJ WDVNV
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ODNLQJ WKH VLIWHG NH\ LQIRUPDWLRQ IORR IURPHYMGHRERXW ZKLFK
EDVHV ZHUH XVHG IRU HDFK VLJQDO

$QQRXQFHPHQW RI ELW SRVLWLRQV IRU HEXKVEERSDIURY\ KL UHYHDOHG
DOVR H[FKDQJH Rl WKH RXWFRPH Rl DOO SDULW\ FKHFNV

)RU GLVFDUGLQJ HUURUV H[FKDQJH RIRLEMBRWERMERFDU G
'HFODUDWLRQ RI WKH KDVK IXQFWLRQ XVHGMLRYKH DFWXDO

2SWLRQDOO\ XVLQJ WKH LQLWLDO VHFUMWLFEWMY FRARPXDONRWQRRQ
WUDQVPLVVLRQ RI DQ HQFU\SWHG KDVKHG NH\

6LIWLQJ

$OLFH DQG %RE XVH WKH TXDQWXP FKDQQHO WR WUDQVPIRURQVRLFDW/RQ 7K
EDVLFDOO\ D VHTXHQFH Rl UDQGRPO\ FKRVHQ EIMVFK DURBPREXTRINMG E\ D VHW
RI TXDQWXP VWDWHV RI D SKRWRQ ZKLFK LV WKNQ RVBDQKRIRYBG BXBQWXP
VWDWHYV EXLOGV XS D EDVH LQ ZKLFK HLWKHU YRIWDEDZFEHRRGWE BAFRPSOLVK
WKLV HJ %% DQG % ZDV GHVFULEHG LV WKH SUHYLRXV FKDSWHU

7KH IXQGDPHQWDO LGHD EHKLQG WKH VFROIPHFHKIVQYR SFERVPDWLRQ RI
ZKDW EDVHV DUH XVHG DIWHU WUDQVPLY\RIRGKDREK BBV LEREVEGRHV
DQQRXQFH WKH UHVXOW RI KLV PHDVXUHRBNOWYHWIZGBGKXVH RI WKLV
LQIRUPDWLRQ EHFDXVH $OLFH DQG %RE R WKRVH \EFRMYBKHUH $OLFH DQG
%RE XVHG WKH VDPH EDVH WR PRGXODWH KH) SKRMARBXGZWYHY DOVR IRU
WKHVH ELWV PHDVXUHG LQ WKH FRUUH FoR EE BBQVQRIV B MIGH WKDW (YH KDV
QRW EHHQ WDPSHULQJ ,QGHSHQGHQW RI (YHDYHWXBURSSUQR VKH ZLOO
LQWURGXFH HUURUV | VKH XVHV WKH REDPOGGKR\BRUVDFKH ZLOO LQWURGXFH
RQ DYHUDJH D PLQLPXP RI HUURUV $V $@LBBUBBIE WR XVH RQO\ WKH ELWV
PHDVXUHG LQ WKH FRUUHFW EDVLV WKUV\WRRW\M YW ZDERHMYWURGXFH HUURUV LI
VKH WULHV WR PDQLSXODWH WKH WUDQVPRVH\R DL @D EHHGHRVHFWHG E\ $OLFH
DQG %RE

7KH SURFHGXUH Rl WKURZLQJ DZD\ ELWV QRWHPFRWXMIFVG EQVLV LV FDOOHG
VLIWLQSLPLODUO\ WKH\ DJUHH WR GLVFDUG WKREW GHWWRANRUHDLOHG WR
GHWHFW DQ\ SKRWRQ D FRPPRQ HYHQW ZHRVWRHN VSOQWEHWH ELWV WKURZQ
DZD\ ZLOO EH FODVVLILHG DV LQFRQFOXVLYH UHVXOW

7KH UHVXOWILQMHEH\ LV EDVLFDOO\ WKH VHTXHQFH Rl ELWV UHPDLQLQJ DIWHL
LQFRQFOXVLYH ELWV KDYH EHHQ UHPRYHG |URBDMKH EHPEIEE IRRHG
7KH IUDFWLRQ RI LQFRQFQKXBHBHEGW\RQ WKH FKRVHQ 4& VFKHPH IRU % DQG
%% LQ DYHUDJH RQH KDOI RI WKH UHSHIBKHHE VSV 7BMM

6WLOO WKH VLIWHG NH\ FRQWDLQV HGXFRUY BN LVKHDYHYBURSSHU RU
DULVLQJ IURP QRLVH LQ WKH GHWHFWRW WKH@GURFMVWAHARILGLVWLOOLQJ D
SHUIHFWO\ VHFUHW NH\ VKDUHG EHWZHNQ\FO UHH RQE- R BURP WKH VLIWHG NH\
D QHZ NH\ ZLWKRXW HUURUV
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5HFRQFLOLDWLRQ

5HFRQFLOLDWLRQ LV WKH SURFHVV REFRUAMHFEQURHNBQE %RE V YHUVLRQ RI
WKH VLIWHG NH\ 5HFRQFLOLDWLRQ LV BIQERKHRIRWBMERD DQG DSSOLHG LQ
RUGHU WR ILQG LGHQWLFDO NH\V IRU ERWK SDUWLHV

,Q TXDQWXP FU\SWRJUDSK\ WKH VHFXULWSURSBILWLHY RIKWKH FKDQQHO
FRQQHFWLQJ $OLFH DQG %RE 1RLVH LV HEMURERBDEE LRSWHIHFW FKDQQHO
DQG HYHQ PRUH HUURUV DUH LQWURGXFNGHEYWKEURSSHILRMKH PHWKRGV
LPSOHPHQWHG DQG LQYHVWLIJDWHG LQ WKBPVROSOBWH\R B KHUH DUH
EDVHG BIEOLELVFXVVLRQH[FKDQJLQJ SDULW\ ELWV Rl WKH NH\ EHWZHHQ WZR
SDUWLHV 7KLV FRPPXQLFDWLRQ LV KHOGKDQRHUKBE3XEOLF

7KHUH DUH VHYHUDO PRUH RU OHVV VXARIDFPRP FHWKRENRU FRUUHFWLRQ
HIILFLHQWO\ 7KH PHWKRG MXVW PHQW L REIGPDNWNDWFKRIQG SDULW\ FKHFN
SURFHGXUH 7KH GLVWLQFWLRQ EHWZHH®@Q® BRI KR ULHFRVILRY PHWKRGV
VKRXOG EH SRLQWHG RXW $ ZHOO NQRZQVVSEDRDBRLMY FRAPXQLFDWLRQ
LQWURGXFHV UHGXQGDQF\ LQ WKH VLIQDQ EVRXWWJRQWR®LQ{UURU IUHH
LQIRUPDWLRQ 7KLV SURFHGXUH FRUUHFWIXOQHRURI AREXY] DSSOLHG WR
HUURU FRUUHFWLRQ LQ TXDQWXP FU\SVXRIGHISE\LQQGANDY ZLOO EH GLVFXVVHG
LQ WKH ILUVW IROORZLQJ VHFWLRQ 7KNVRDM [SYRROHRZDVWKH FRGH ZRUGV
PXVW EH NQRZQ WR ERWK VHQGHU DQG WWFHE YHURUVH VEHFQVPLVVLRQ $
VIVWHP WKDW KDV WKH GHPDQG RQ ERWK.SDWWREWHRIMKMDUBIRUPDWLRQ SULRU
WR NH\ GLVWULEXWLRQ LV UDWKHU FDOOMNGID NOLMIRZLYHFUHW LQIRUPDWLRQ
FDQ EH VHHQ DV WKH ILUVW SDUW Rl WKMAVRFRQJ MSORPHQWDWLRQV FRGLQJ
VHHP WR EH RQO\ RI WKHRUHWLFDO LQ@IMUIBNY DW R[SHLQPNH\ GLVWULEXWLRQ
VIVWHPV EXW LI ZH KDYH WKH FRQVWU 05 @R ERWKEDARR KD PXVW DQ\ZD\
VKDUH VRPH LQLWLDO LQIRUPDWLRQ WKHIRZHQKDAMWHRHYQG FRGLQJ LV
QDWXUDO +RZHYHU DV ZLOO EH QRWLFI® GBMDESHRE BYHQ WKRXJK QR
LQLWLDO LQIRUPDWLRQ DERXW FRGH AAW&Y RU VXFK LV DOO

'XULQJ UHFRQFLOLDWLRQ LQIRUPDWLRQIWHKHAKDGIHGRSXEOLF FKDQQHO
DQG WKXV DOO LQIRUPDWLRQ LV FRQVLGHUMB WRH EHDXQRIQRSSHU
)XUWKHUPRUH WKH 3& LV DVVXPHG WR EH HUGURU VWDQEDUG FRGHG
FRPPXQLFDWLRQ $OVR ZH DVVXPH WKH LQSRURDMGE RYWUINRH 3& FDQQRW EH
DOWHUHG E\ (YH VKH FDQ RQO\ ZLUHWDS {M\EN GURSHQUQHV Rl WKH SXEOLF
FKDQQHO RSHQV XS D SUREOHP LQ WKH RFHFRQRHDZD@VWRAYSBLQLPLIH WKH
LQIRUPDWLRQ WKDW WKH HDYHVGURSSHWKHHVITRIQWIFBIGHDIWFLHQWO\ FRUUHFW
DOO HUURUV LQ %RE V NH\ ORRVLQJ RV EFRDQOVUSFWILEQH K\ WKHQ PXVW
ZH ORRVH DQ\ LQIRUPDWLRQ"

8QFRQGLWLRQDOO\ WKHUH LV D PLQLPXP DPRXRQY RKDMRUP/ WR EH
H[FKDQJHG EHWZHHQ $OLFH DQG %RE LQ RYWGEWY DRG-EUMNFWLWKHU WKLV
LQIRUPDWLRQ FDQ EH LQ IRUP Rl ELWV QHENHGVWRGYFHPQG %RE KDYH WR
DJUHH WR ORRVH LQ IRUP RI LQWURGXFECAUNENQGBRELRY 7KLV DOVR VWDQG
LQ FRQQHFWLRQ WR WKH 3ULYDF\ $PSOLIUFMSHRY B8R MKH DPRXQW RI ELWV
XVHG IRU VHFXULW\ FRPSUHVVLRQ ZKLFK @D0/IEHNEBDWBIOFXODWH IRU WKLV
ERXQG LQ LQIRUPDWLRERQRUVIPPHWULFKDQQH®6& OLNH WKH 3ULYDWH
4XDQWXP &KDQQHO 34& ,| $OLFH DQG GQRE MMM EHIRUH UHFRQFLOLDWLRQ
WKLV FRUUHVSRQGV WR D NGRIDHRUBKRIQQRQ LQIRUPDWLRQ /HW VHQGHU $OLFH
HQWURS\ EH GHOBWHEEHUB : ° LV WKH VWULQJ RI ELWV VHOW\D@&H KHUH
UDQGRP SURFHVV GHILQLQJ HLWKHU RBI DV GE\HFQWWRISYDQGRP YDULDEOH ; LV
D IXQFWLRQ RI LWV S P | SUREDELOL\@\ RE) GHOEQH® E\
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+; =-§ SOR®

ZKHUH LV WKH OHQJWK RI WKH DOSKDEHW, LQ@QDH\FONEFH > @ )RU D
ELQDU\ VIPPHWULF FKDQQHO ZLWK SDREDEL 8 LDYHIVEUDD N QWURS\
IXQFWLRQ

+; =+gS=-SORXIS- -SORJ-S
, | HDFK ELW VHQG E\ $OLFH LV UDQGRPO\M)® ERBYSEQEH.V FOHDU WKDW
+ $ :|$|

ZKHUBM QDQ®LV WKH QXPEHU RI ELWV VHQW E\ $0OLRHWKDMVARRN KGWYKH
LQIRUPDWLRQ ELWV DQG KDYH HTXDGHSUREDELOLW\ WK

+; =--OR}- --ORJ--— =

DQG VR
+ 3 =Q+; =Q

7KH UHFHLYHU FRXOG EH HLWKHU %RE FROHYKH GU\ERGHYBFRWH WKH
NQRZOHGJH SLFNHG XS DQ\ UHFHLYHU Kb REYOID@HRD) RIKM 3ULYDWH 4XDQWXP
&KDQQHO +HQFH RQ WKH UHFHLYHUV VLGERRJ VRPHZKBIQEHO WKH REVHUYHG
DPRXQW RI HQWURS\ Rl $OLFHV VHQG L@QRUPMGRGHFIMH ,| ZH

LOQWURGXFH WKH SUREDELOLMR@VIKHHHDRIOHO WKH FRQGLWLRQDO HQWURS\ RI
JLYHB®) LV GHILQHG E\

+ ;2 =-HORH- - HORJ - H

7KXV JLYHQ WKH REVHUYHG N@RZGHBIHG WKH PXWXDO LQIRUPDWLRQ EHWZHHC
2 DQG ,; 2 ZLOO EH WKH DPRXQW RI LQIRUPDWLR® WKINWSYURYILIGHOH

DERXW YDULDBEOH WKH UHFHLYHG LQIRUPDWLRQ FRUWUHEHVYBROQGHQWVER WK
$OLFH

,; 2 =+; -+;[2 = +HORH+ -HORJ -H

7KLV LV WKH PXWXDO 6KDQQRQ LQIRUPDWH R EEHNMKHH RQ\GOIYHU SUHIHUDEOH
%RE RQ WKH VLIWHG NH\ EHIRUH HUURBZLFMRIUHBEWRURGHIHGE 21 %

ZKHUPb LV %RE V UHFHLYHG ELW VHTXHQFH WRMRHZWKZULOHD HIFRUPDWLRQ
EHWZHHQ $OLFH DQG %RE

s =0 $2=%

1 2 UHSUHVHQWYV WKH NQRZOHGJH IURP (YH Q@ PHDARIHRHDWHY GURSSLQJ
KDYLQJ ELW VWZHXDYH
l( :! $ 2 :(

1RZ ZH DUH UHDG\ WR FDOFXODWH WKH PUQKRRBRIPRXRMRR EH HIFKDQJHG
$IWHU WKDW %RE KDYH UHFHLYHG $OLFKH/ 2NGOLKDYHELRWYQO\ D
IUDFWLBRI WKHVH ZLOO EH FRIJUAHRMGLIIHUHQFH , 4, ZLOO WKXV EH WKH
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DPRXQW RI LQIRUPDWLRQ FRUUHVSRQGLQURYR-REWHQ@RUBDMKH HUURU ELWV
RFFXUULQJ ZLWK DHUTRXM Rl

1y - g =+ $2=% =14 ; |2
7KH PLQLPXP QXPEHU RI HFKDQJHG ORVWMAIEUWYV LV WKHU
1po=1y - ,g =1y-HORH - HORJ - H

,Q RWKHU ZRUGV (YH V LQIRUPIFKDRJHOHGKHIRSA SOLFH V V\§ LERIQ
LW V ZD\ WUDQVIHUUHG UHFHLYHG DQREJBIFR@ELOHG E\ %

7KH TXHVWLRQ LV QRZ KRZ FORVH ZH FDQLBHLYR @/ KWURUPFRUUHFWLRQ
SURWRFRO 2EYLRXVO\ ZH ZDQW WR ORBRRBMIRQLWWERY VQEOH VWKHUHIRUH
VHWV D ORZHU OLPLW :H ZLOO VHH WIKR®DVKEGHU® BRIBWRHU\ FORVH WR
WKLV 6KDQQRQ OLPLW IRU ODUIN HORRW FRPSXWDWLRQDOO\ HIILFLHQW FRPSDU
WR FRGLQJ EXW QHYHUWKHOHVV VDYH\OPRREIHWRI RVKMKRUDIH\ W LV PRVW
LPSRUWDQW WR NHHS WKH ELW UDWH DVKURKJRVHSRUVMEGHS LQ WKH 4&
VIVWHP

7KH SHUIRUPDQFH RI HUURU FRUUHFWLRQ IEDRVHUPW RRKRY WR WKH
6KDQQRQ OLPLW ZLOO EH LQYHVWLJIDVXNGN KD WITRWHRIENRUR/ ZLOO EH FRUUHFWH
WKLV GHSHQGV RQ WKH FRUUHFWLRQ DI@YRUDWHKRVEVRMAAQY RI WKH DOJRULWKF
DUH QHFHVVDU\ 7KHUH LV D ULVN ZLWK WRFDRDQRWUDROVHUURUV FDQ EH
FRUUHFWHG DW DOO ZLWKLQ D OLPLWRG\Q%PHHS RUWDIQWBMDUDPHWHU LV WKH
PD[LPXP HUURU BRQWHP(5 ZKHUH EHORZ DOO HUURUV DUH FRIHMAFWHG 'LI
DSSURDFKHV Rl UHFRQFLOLDWLRQ FDQIEFLREQWH RURHFRQIXPLQJ :H FDQ
LQYHVWLIDWH KRZ PDQ\ LWHUDWLRQV DVUHBMHERQRNELDMDRE ZLWKRXW HUURU
UHPDLQLQJ ,Q RWKHU ZRUGV ZKDW LV WKH VXFFHVV UDWH

W VKRXOG EH UHPHPEHUHG WKDW RI FRKUWHRMKISHY FOXBGHVLUHG
HUURUV QDPHO\ QRLVH LQ FKDQQHO DQEGHENRQ\HDYHNRERESHU 7KHVH
HUURUV FDQQRW EH GLVWLQJXLVKHG [URPRHEHFHRRWKBW\VXOB WKDW WKH\
DULVH IURP (YH DQG WKDW WKH LQIRUP DWW R MHRHKENIRER HUURU FRUUHFWLRQ
LV DW OHDVW DOO WKH HUURU ELWV RRUV&S ZHERQBDWIHIML DGGLWLRQDO
LQIRUPDWLRQ E\ ZLUHWDSSLQJ WKH SX Kl E K PXSXYMHRS WKLV OHDNDJH ORZ
$IWHU UHFRQFLOLDWLRQ GHILQH WKH NAAHMQLED \FHKDDOIGOHREME\
GHQRWH WKH DPRXQW RI LQIRUPDWLRQ H[F&DTKHG, REMWKW B/KH
H[SHFWHG DPRXQW RI 6KDQQRQ LQIRUPDVWRIRSEBW ANDHEMHREQ
‘H ZLOO DVVXPH WKDW $OLFH DQG %RE QRDOVKHWA ZIGMIQVBLFHUWDLQ
SUREDELOLW\ :H ZLOO DOVR DVVXPH WKIRNHDY NQRZOISEIHWLRQV

,Q WKH FDVH Rl HUURU FRUUHFWLRQ WEHRH\IDWRBMWIQPZH) @ IWHU
UHFRQFLOLDWLRQ ,Q WKH FDVH Rl HWIRU&SRRPROLGRU ERWK ZD\V RI
UHFRQFLOLDWLRQ LV WKDW $OLFH DQ® BYREDKL. 610 (RIDBRQWHEH(S
XVHG ODWHU IRU SULYDF\ DPSOLILFDWLRQ

7R VXPPDUL]JH ZH LQYHVWLJIDWH KRZ WKHIOVELRIKDIHDBEW DXWKHQWLFLW\
3& EXW QR SULYDF\ FDQ EH XVHG WR URVWRIRP\DKWUROVPLVVLRQ RYHU D
FKDQQHO ZLWK QR DXWKHQWLFLW\ DQG BR&HUIHFW SULYDF\

‘H ZLOO QRZ H[SODLQ KRZ FRGLQJ FDQ EH XWWHEDRH ZBHVWLRQHG LQ WKH
FRQWH[W RI TXDQWXP FU\SWRJUDSK\ HUURU FRUUHFWLRQ

&ODVVLFDO &RGLQJ 8VHIXO"

,Q FODVVLFDO FRPPXQLFDWLRQ OLQHDDLEGREHVREOE FROYROXWLRQDO FRGHV
DUH DSSOLHG DV D VWDQGDUG DSSURDFK.RR) HU@RUDFRQURAKDQWXP
FU\SWRJUDSK\ HUURU FRUUHFWLQJ FRGHNTXD\VQR\VEHPQXVAH D@/ LV EDVHG RQ
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DVVXPSWLRQV WKDW D IHZ HUURUV DUH FIRDH DIGINKDMKBIQURUV DUH QRW
VSLWHIXOO\ LQWURGXFHG E\ DQ ULYDO IRWPD@MGRL GISWHFWRUV DQG ILEHUV
IRU H[SHULPHQWDO TXDQWXP FU\SWRJUDSKNZKLKRHUDRXISUREDELOLW\ WRR
KLJK IRU FRQYROXWLRQDO FRGLQJ WR PDREHWLQMMKDVBEHPH KDV WKH
SRVVLELOLW\ WR WDPSHU ZLWK WKH ELWXDQ@YWKEKRQYBWHZH LQGHHG
UHDOL]H WKDW FRGHV DUH VXVFHSWLE®HWHFODY YRB\ MROIOXVW UHSODFH WKH
ELWV VHQW E\ $OLFH ZLWK ELWV E\ KHU FKRKFH FDQGVXESUHVV WKH
FRPPXQLFDWLRQ HQWLUHO\ LQMHFWLQJ BQRIRMHKHBEKIRREGH ZRWWHDG RI WKH
UHDO RQH 7KLV FDQ KRZHYHU EH LPSHGHE ERBHGQAIQRWADWLRQ RQ WKH
SXEOLF FKDQQHO DIWHU WKH UHDO EIGV WHPBHRYFHHULW KHD BAED SRVIK LV
IDFWRSSOLFDWLRQ ZD\ (YH GRHV QRW KDYH WKERIEQD QYKBUFRGH ZRUGV
DW WKH WLPH Rl WKH ELW VHTXHQFH WUDQVPLVVLRQ

6R LI (YH LQ D SULRUL NQRZV WKH FRGH VIRGGFOWRVEADO® FRGLQJ HUURU
FRUUHFWLRQ ZRXOG QRW EH SRVVLEOHLWXRKXRGFRRXUNHQMMKH FDVH ZKHQ
$OLFH DQG %RE LQLWLDOO\ VKDUH VHRIHVDVQIBQRDWKRERGH ZRUGY WKHQ ZH
UHIHU WR WKH NH\ GLVWULEXWLRQ DV PHNH\ZHRDQIIRWFIGHW $OLFH DQG %RE
LQLWLDOO\ VKDUH DQ\ VHFUHW LQIRURDWHR@KRW (Y ABHKKDVH NQRZOHGJIH RI
WKH VHFUHW FRGH ZRUGV WKHQ QRBRVETFRIRRGRQDEDQQHU ZRXOG QRW
EH DSSOLFDEOH $00 WKHVH DUJXPHQWV &DNQWRKEHGWENDWHRQ RI
DXWKHQWLFDWLRQ

$ VROXWLRQ LV IRU $OLFH WR UDQGRPOVIFRBRVKHDARGHEG LQIRUPDWLRQ
UHSUHVHQWLQJ WKH LQIRUPDWLRQ LQ [ BQWRM 34REHDWA ZXEOLFO\ DQQRXQFH
WKDW KH UHFHLYHG WKH LQIRUPDWLR@ BXDEMWKKE XKH®BRGH ZRUG RQ WKH
SXEOLF FKDQQHO ZKHUH (YH FDQQRW DEDMIGHARGA®AREUURU FRUUHFW KLV
LQIRUPDWLRQ ,Q WKLV ZD\ $OLFH UHYHBRX\® WKPIFRGRQZRUGY RQO\ ZKHQ LW
LV WRR ODWH IRU (YH WR KDYH DQ\ SUDMRYIWBOLRYHVRHLBULYDWH FKDQQHO
WUDQVPLVVLRQ $QRWKHU FULWHULD VBRDW HFSMIR DESLWEW. RQ LV WKH VLIWLQ
SURFHGXUH +HUH ZH UDQGRPO\ XVH RQONYDR) RIVMKBJEL EHFDXVH RI WKH
ZURQJ EDVH ELW PHDVXULQJ :H GR QRW LRKRGKEQWY QZRA0 IDOO DZD\ LQ WKLV
VWHS 7KHUHIRUH FRGLQJ KDV WR EH DESOLHG DIWHU VLIW

$OWKRXJIK FRGLQJ LV D ZRUNDEOH ZD\ LWKINPBFODYWFRO FRGLQJ DVVXPHV
ORZ HUURU UDWHV DQG FDQ WKHUHIRUHLBRVQ\EB\DSBMRIBJHFW HUURUV LQ D
TXDQWXP FU\SWRJUDSK\ WUDQVPLVVLRQ :XQ@D®H.Q83GDQF D W\SLFDO
FRQYROXWLRQDO FRGH :H FDOFXOBWHWWYHIB(SY UDYRY WKLV ZH PXVW
ILQG WKH ELW ORVV RI FRGLQJ 7R ILQGVOKHY RRPSILBMMWIN DPSOLILFDWLRQ ZH
QHHG WR HVWLPDWH WKH IQORIRBWAMRQ(YH GXULQJ UHFRQFLOLDWLRQ 7KH
LQIRUPDWLRQ ORVV IRU HUURU FRUUHFWLR®HL\FRGHQDWHISDWRN\  IRU
FRQYROXWLRQD&.FERGLQJ

JHW XV EULHIO\ JR WKURXJK DQ H[DPSOHLRIGROURUIFEMHFWLRQ %HQQHWW
HW DO >@ $IWHU WUDQVPLVVLRQ RI $DVAR BRE RMAXHOKH SULYDWH FKDQQHO
$OLFH DQG %RE ILUVW DJUHH WR XQLIRURWSKAWNLXH\\DSSO\ D UDQGRP
SHUPXWDWLRQ RQ WKH NH\ WR UDQGRPOURUXWSDERM/BEISDRHY WKH FRGHV
WR DQG WUDQVPLWYV WKH UARRE RYHU WKH SXEOLF FKDQQHO WKHUHE\ JLYLC
DZD\ DW PRMW MELWV RI LQIRUPDWLRQ WR[ (YHWREERXYY[ WR FRUUHFW
DOO HUURWR.QHFRYRKLV FDQ EH GRQH LI WKH\FRBH.FLHQWO\ HIIHFWLYH WR
FRUUHFW DOO HUURWUYV FRQVLGHUDEO\ VKRUWWKHWKDRY VWLOO LQIRUPDWLRQ
WKDW (YH GRHV QRW NQRDOQGRXWH PHWKRG Rl SULYDF\ DPSOLILFDWLRQ FDQ El
DSSOLHG WR GLVWLOO D VHFUHW NHZ EWKRPS UHPRAMANRI [ MZKHUH
(YH ZLOO KDYH DW PRVW RQH ELW RI [ MRDIPB®/ERY/RPHQ $SOLFH DQG %RE

,Q D WUDGLWLRQDO QRQ SRVW IDFWR WHVRQWEL RY A KHHQPGERYHU WKH
SXEOLF FKDQQHO WK . ESEDFKWWUDQVPLVVLRQ LV JLYHQ E\
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[| N
& = | =
T T N+Q
ZKHUN LV WKH OHQJWK R MDQ® LV WKH OHQJWK RI WKH FRGHG LQIRUPDWLRQ
M [ MQ M [ M7KH FRGH UDWM GHILQHG DV

6KDQQRQ KDV VKRZHG WKH WKHRUHWLFDOMKBSBBEPH) IEHPDKEVSRVW IDFWR
FRGLQJ FDVH ,Q WKH VDPH ZD\ LW FDQ EHKMKRZQFWIKYHVPN&RELW\
DFKLHYDEOH E\ FRQYROXWLRQDO FRGIHQ M. VUDHDVEKWKB P[SUHVVLRQ

N 5
&=+ ; -ORJ + JH -H No- +;
F

DQG ZH FDQ VROYH IRU WKH PDI[LPXP LQIRURBWYRCGRUDHHFUDQVPLVVLRQ
Q M [ M)RUD %6& ZH NQRZ WKDW KHQFH

Q=) [|=N. -2
C-ORJ+ JH-H

[HWIEH WKH IUDFWLRQ RI ELWV ORVW WR (YH WKHQ ZH KDYH
T:Q:
N

“ORJ + JH -H
QRZLQ&ps ZH FDQ ILQG WKH IUDFWLRQ RI ELW UDWWR GHRGLI\HU GRUI

FRUUHFWLRQQG NQRZIOQW@H FDQ IRUP WKH IUDEWRLEQWY FRPSUHVVHG E\
SULYDF\ DPSOLILFDWLRQ GXH WR HUURRDPRIRCHEWDRQJILD IRU

We= - &mps= - +; -ORJ+ JH -H =ORJ + ,/H - H
DQG

=T= -
o -ORJ + JH - H

1RZ WKH H[SUHVVLRQ IRU WKH PD[LPXP QRDWBIQLRD® ENWHW XS 7KLV LV
DFWXDOO\ WKH DFKLHYDEOH UDWH XVLGUFRAYROXVRIREROUFFWLRQ DQG ZLWK
SULYDF\ DPSOLILFDWLRQ EDVHG RQ WKHRIGVRUP PWWREGRVV

SpyeH= - U -Wp= - -&ps -T=
e 0
-ORJ + H -H % - N
§ -ORJ+ H-Hj

5,eH LV SORWWHG LQ )LIXUH  :H ILQG WM BN D RRXW &RGLQJ FDQ
QRW EH XVHG IRU HUURU UDWHV H[FHHGRYKWKRRYBWXEW,ZLOO EH IXDUDQWHHG
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WR FRUUHFW DOO HUURUV XS WR WKIAKHH URDSD EIRMR OKPL\SULYDWH
TXDQWXP FKDQQHO 34& LV VKRZQ IRU FRPISDULYHRQ EDQG

&= - -+ H =— +HORH+ -HORJ -H

. [—— 5, %LWUDWH /RZHU ERXQG IRU C&RGLQJC
AN & 4XDQWXP &KDQQHO %6& & .

1RUPDOL]JHG ,QIRUPDWWUDQ

Il 1 1

(UURU UDW

)LIXUH 7KH VROLG OLQH UHSUHVHQWV DQ ORZHU ERXQG RQ WKH
SHUIRUPDQFHRRLY ROXWLRRBIIHUURU FRUUHFWLRQ LQ WHUPV RI
QRUPDOL]JHG 6KDQQRQ LQIRUPDWLRQ ELW UBBWHLOMKH PHWK
JXDUDQWHHG FRUUHFW DOO HUURUV XSPWWR, PRI HUURU UDWH O

7KH GRWWHG OLQH LV WKH FDSDFLW\ IRULE EKQQQHNOP P46&/

OLNH WKH 34& VKRZQ KHUH IRU FRPSDULVRQ

W ZRXOG EH RI LQWHUHVW WR ILQG FREGH\D DRISV D FKKB FMDQQRQ FDSDFLW\
DQG LQ WKLV ZD\ EH FRPSDUDEOH WR WKH FDVFDGH PHWKRG

‘H QRZ WXUQ RXU LQWHUHVW WR D PRUH RIFESQB SURFBIGHUBQG SDULW\
FKHFNV DV D FRPSOHPHQW WR FRGLQJ

%LQDU\ 6HDUFK DQG 3DULW\ &KHFN ‘LVFDUG (UURUV

,Q WKH IROORZLQJ WKUHH VHFWLRQV WHKUHREBURFHAUEDRE S BHVHQWHG
7KH\ DUH DOO YDULDWLRQV Rl WKH VLREQHPHUHBRG AKHUHRRX FRPSDUH WKH
SDULW\ ;25 RI D VXEVHW RI ERWK YHUVNRQNTRRIH@KH ELWKH SDULWLHV DUH QRW
PDWFKLQJ WKHQ \RX NQRZ DQ HUURU RFFXIRAHGI ORGWRD ELQDU\ VHDUFK RQ
WKDW VXEVHW ZLWK VXEVHTXHQW SDUIKM HKHRNV (RKIMIEWMW ZLOO EH OHIW
ZLWK DQ HYHQ QXPEHU RI HUURUV RU QRQH FXQ\EBUWRFHHXG VHYHUDO WLPHV
SURFHHGHG E\ D UDQGRP SHUPXWDWLR@RQGBRRB\BIKXWV OMRDURXQG WKH HUURU
ORFDWLRQV

7KLV ZD\ RI HUURU FRUUHFWLRQ FDQ EBWHORMWHERGR\ODQB SDULW\ FKHFN
PDWULFHV 7KH GLIIHUHQFH LQ RXU FDVMWERXSBE BANLWKIWH H[FKDQJHG RQO\
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DIWHU UDZ GDWD WUDQVPLVVLRQ DQG QW WEDIGDWHU ZRRSOUH WKLV ZLWK
WKH SRVW DQG QRQ SRVW IDFWR VLWXDWAXRAY HRULERGKBI SEHYLRXV VHFWLRQ
$SSO\LQJ SDULW\ FKHFN PDWULFHV DQG VHQGKBILORHPZWMRQ ZRXOG EH
LQHIILFLHQW LQ WKH VHQVH WKDW (YH WKHQQHEXWYDDEDXLPXFK RI
LQIRUPDWLRQ 6HQGLQJ SDULW\ FKHFN PDVKHL SV WIRIFRXIOQWXP FKDQQHO
ZRXOG EH OLNH FRGLQJ DQG ZLOO QRWELWHIBYAK BHQGKQJ WKH SDULW\ FKHFN
PDWULFHV RYHU WKH SXEOLF FKDQQHO ZRXIHE&EIHMYRI (WKHNDEROH FKHEN
PDWUL[ $ EHWWHU ZD\ LV WKHUHIRUH IRW$OERRSDQB BRRFNV Rl WKHLU ELW
VHTXHQFHV DQG EDVHG RQ WKLV UHVXOW $@RE D QRRNQSNIIMWA ELWV KH
QHHGV IRU IXUWKHU HUURU FRUUHFWLRZLOQ WKHS ZZRZDHWKH DPRXQW RI
LQIRUPDWLRQ VHQW RYHU WKH SXEOLF FKDQQHO

7KH PHWKRG RI WKLV VHFWLRQ UDWKHUWBINFGUG FRURMFMLQJ 7KLV LV
PDLQO\ WKH ELVHFW DQG GLVFDUG SURYFRATS RIKDBVSK@ V RHHHD UIXPHQW IRU
$OLFH DQG %RE WR DJUHH DERXW GLVFIN G ZEXDE WKMEDRW JDLQ DQ\
NQRZOHGJH IURP WKH SXEOLF FKDQQHO GEMEXQMRRDBHPHPZLOO FROOHFW DOO
LQIRUPDWLRQ VHQG RYHU WKH SXEOLF FRISDQH®\ EDRKLWIEKHFNHG (YH ZLOO
KDYH DOVR KDYH WKDW ELW ,Q RUGHU MEHUNGRFNQRZME WKLV SDULW\ ELW
$OLFH DQG %RE DJUHH WR GLVFDUG RQWSRYGLQMBORFRULKLY UHGXFHV KHU
LQIRUPDWLRQ Rl WKH RWKHU ELWV LQ WKH EQRBSWORWLIR Rl GLVFDUGLQJ
HUURUV LV WKDW $OLFH V DQG %RE V RHGZ GHOLEN VKRRYALOLDWLRQ <HW WKLV
FDQ EH FRPSHQVDWHG E\ WKH IDFW WKDWQRHYPIBORBWYRQYH DQG WKXV QR
H[WUD SULYDF\ DPSOLILFDWLRQ FRPSUHWRRQ VRQHMEIHGURKH LGHD Rl WKH
QH[W PHWKRG DULVH IURP KHUH ZKHUH IRMRURRNORO VUNUBXJIK SXEOLF
GLVFXVVLRQ EXW ZKHUH WKH NH\ OHQJWK DHFBUQYHARGFYDLDWLRQ &DQ WKH
ILQDO ELW UDWH EH PDGH KLJKHU DOORXILQDPRWK KFP SIBIMVKRUWHQLQJ WKDQ
QR FRPSUHVVLRQ EXW ZLWK NH\ VKRUWHRLGUNVFKVHG/ LIIDWKH VHFWLRQ RI
SULYDF\ DPSOLILFDWLRQ

%LQDU\ VHI
LITTID TP T]
@ - .
R e e T o0 °
—o 0-———- °

-0 oo
'LVFDUGHG
NITNAN NI

JLIXUH  7KH GLVFDU@UURU FRUUHFWLRQ E\ ELQDU\ VHDUFK DQG
SDULW\ GLVFORVXUH RQ D FKRVHQ VXE ERRFHNURRW EHWH)

PDUNHG LV LGHQWLILHG E\ IXUWKHU EXVMERQY H EORFBXEOLF
SDULW\ FRPSDULVRQ DV VKRZQ 7KH VRON®/ @ @BDWFHSHEVHQ
SDULW\ FKHFN DQG WKH GDVKHG OLQH DVPEVRRHDIWEK R{L

HUURU FRUUHFWLRQ UHPLQGV Rl WKH FRRIDMWHU GIWLUBMWEQG

$OVR VKRZQ DUH WKH UHPDLQGHU ELWV HH@HEHORRHHD YH E

1RZ ZLOO IROORZ D GHVFULSWLRQ RI WKH SUHRWRERMGESDDLW\ FKHFN
UHPRYLQJ HUURUV $VVXPH WKDW $OLFHUMPR @MRBEBVRLRQ HDEKWDY H
ZKHUH D IUDARIRCKHVH DUH LQ HUURU IRU %RE 7KHQ B KBYHRWRWD

3HUIRUP D UDQGRP SHUPXWDWLRQ Rl WKBW LWWWHMDBIGRY OXKVKXIIOH
WKH HUURUV WR GHDO ZLWK HYHQWXDO HUURU EXUVWV
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'LYLGH WKHELWV LQWR EORFNVR] MLJH HELWV 7KHQ ZH ZLOO KDYH

LQ DYHUDJH RQH HUURU LQ HDFK EORFN LARFRS XMKHH\ERIRSDRQ ERWK
$OLFH V DQG %RE V VLGH &RPSDUH DGO SDUMIRDWEKVIGLVFDUG RQH
ELW IURP WKDW EORFN DQG JR RQ WR WK IS E®RPNVY PDWFK
WKHQ D IXUWKHU ELVHFWLRQ LV XQGHUMBDRIN U XFELWKEMGVWQWR WZR
VXE EORFNV WKH SDULW\ Rl RQH VXE EGRBNQWWENHEHNIRG/KHU SDUW\
2QO0\ RQH VXE EORFN ZLOO QRZ KDYH SDULWFDRIBAFGHVER W [URP WKDW
VXE EORFN DQG GR IXUWKHU ELVHFWLRQUQRVEDUZR\KEKIFHIVRQ WKH
VXE EORFN ZLWK PLVV PDWFKLQJ SDULW\ & RQV@MXHLRQIK WZR ELWV
DUH OHIW LQ RQH VXE EORFN WKHQ EFRWEHWKRAAD BGWE B )LIXUH

1RZ DOO EORFNV DUH H[DPLQHG DQG ZH QRZFMWIKRYWDRK BOHQ
QXPEHU Rl HUURUV RU QRQH 7R UHPRYH WKI}RWAHPDHOHQIV HVKH
SURFHGXUH DERYH VWHSV DQG 7KH QXPEAVY RUWKUD LV EDVHG RQ
WKH HUURUHBHMMHPDWHG LQ WKH EHILQQLQJ )RU HEBHDMMHVRMWLRQ LQ
EORFN VL]H WR DW,PRVW

$00 RWKHU SURWRFROV H[SODLQHG ODWHM ERQVWELR@NISWHROORZLQJ
SULPLWLYH LQWHUDFWLYH SURWRFRO UWED\BQLBGYRDQG @ VEPHQ VWULQJ RI
ELWV :KHQ VWRDQI%% KDV RGG QXPEHU RI HUURUV LQWHUDFMED ELQDU\ VHDUF
ILQG DQ HUURU E\ H[FKDQJLQJ IHZEBIMWRDRYGIRIWKH 3&

$OJRULWKP
%LQDU\

$OLFH KDV ELWVH®$TI J* %RE KDV ELW VH
o0 | J* %R UHFHLYHV $OLF WKH SDULW\ Rl WKH IL
WKH VWSLQJ
%R GHWHUPLQHV ZKHWKHU DQ RGG QXPEHURLBW
ILUVW KDOI RI RU LQ WKH VHFRQG E\ FREBD{A5QIXA|
RI WKH ILUVW KDOI RI B&XLWKWARHE SDULW\ $EIGFRBIE\
7KLV SURFHVV LV UHSHDWHGO\ DSSOLHBPWRHEKD
$Q HUURU ZLOO EH IRXQG DQG GLVFDUGHZ.VER 1
QXPEHU Rl HUURUV RQH ELW LV DJUHHG WR EH GLVFDUGHG

7KH GLVFDUG SURWRFRO LV H[SODLQHG DGHMKHIOV IMKVWARHISVHXGR FRGH RI
$OJRULWKP  :KHQ H[DPLQLQJ WKLV HUURHWRBRGHFWERBRPHV REYLRXV WKDW
D ORW RI YDOXDEOH ELWV DUH ORVWERSIWKBWH\ QKEOMVQR LQIRUPDWLRQ LV
ORVW WR WKH HDYHVGURSSHU $V D FRQYHTWHQRUPBWDRBGRHQVR

HUURU FRUUHFWLRQ HTXDOXURVKHHIFPRUH KRZ ODUJH LV WKE BYVDFWLRQ
ZKLFK WKH NH\ LV VKRUWHQHG" ,V WKHUHGD@DREEMYNERA®Y DO GHULYHV LQ
> @ D IRUPXOD IRU WKLV OLPLW

Ye=—H- HORH

‘H ZDQW WR GHULYH WKH QRUPDGLHRBIEWKIWDMBHURU FRUUHFWLRQ PHWKRG MXV
OLNH LQ WKH SUHYLRXV VHFWH KO FHRRGLQDYDF\ DPSOLILFDWLRQ
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LéD:T:
DQG ZH FDQ QRZ ZULWH

SyeH= - Ye -Yp= - —H HORH

$OIJRULWKP
'LVFDUG SURWRFRO

$OLFH KDV ELW VHSTXHQEH %RE ELW VHTXHQFHI*
%RE FKRRVH EORFNSQHQMNZKHUHLY WKH%(5 M
‘KLOH9, 1 'R
3DV %RE GHWHUPLQHV D QHZI ; WKDW KD!
SURSHUW\ Rl UDQGRPO\ SHUPXWLQJ WKH ELWV Rl DQ LQSXW
VHTXHQFH
%RE VHQ®R $OLFH $OLFH FRPSXYQHB/%RE %
$OLFH DQG %RE LQGHSHQGHQWO\ GH\=
IORF1 S, EORFNV E\ VXEVHTXHQWO\ IS, S
S HELWV IUR®QG6 HWHEH WKH VHW RI ELWV LQ
)RU L N
. $OLFH DQG %RE PDNH 9, % E\ FKRRVL(S,
UDQGRP ELWV VWDUWLQJ ZLWK WKH ILXINW@FELW LQ HDFK VHT
IURP WKH NH\/HW/4 EH WKH VHW RI €L Wi/ %Q
6XEWUDFW WKHVH ELWV IURP W% LQ NF.
%949, WR PDNH %4
ODNH EOR9,, 1 % E\ DIDLQ FKRRVLQJ WS, EL\

IURP.
JL N ol JSZKHUSS, WKH® . 5 5T %t
%RE VHQG SDULW\ RI D@, L N WFSOLF %R

UHFHLYHV LQIRUPDWLRQ ZK9, ZHUH LQ HUUF
EORFNV ZLWK RGG RI HUURUV
%R UXQ%LQD' RQ HDFK HUURU9, WR UHPRYF
HUURU ,Q DOO RWKHU EORFNV %RE GMQRVSIC
IRU WKDW EORFN %RE(V WR $OLFH DQG VKH
VDPH
- MM

(QG $00 HUURUV IRXQG

5,cH LV SORWWHG LQ )LIXUH  :H ILQG IR, YRIMDERRY 1R ELWV ZRXOG
UHPDLQ LQ WKH ILQDO NH\ IRU HUURU BDWMBGXFHRIGH GDBMLFLVKRZQ

IRU FRPSDULVRQ

‘H ZLOO WDNH D ORRN DW ZKDW KBBEHEWMHZHJURUV ZH ILQG LQVWHDG RI
GHOHWH WKHP 7KH FKDQJH LV WKDW (YH QRZCHGH JDLEVNQJ WKH
LQIRUPDWLRQ VKH OHDUQHG E\ OLVWHEKRQQHOWARPBXGCRBWLRD 7KLV LV
ZLOO EH ERXQGHG DZD\ IURP JHUR
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(UURU UDW

)LIXUH 7KH VROLG OLQH UHSUHVHQWV DQ ORZHU ERXQG RQ WKH
SHUIRUPDQFH IRGLWHKBJGIHMURWURU FRUUHFWLRQ LQ WHUPV RI
QRUPDOL]JHG 6KDQQRQ LQIRUPDWLRQ ELW UWBBVHLOMXKH PHWK
JXDUDQWHHG FRUUHFW DOO HUURUV XPMR KR) HUURU UDWH O

7KH GRWWHG OLQH LV WKH FDSDFLW\ IRULF EKQQQHAP P&H\&/

OLNH WKH 34& VKRZQ KHUH IRU FRPSDULVRQ

%LQDU\ 6HDUFK DQG 3DULW\ &KHFN &RUUHFW (UURUV

7KLV PHWKRG LV YHU\ PXFK WKH VDPH DV ARKHFGSUHYHRXY LV WKDW KHUH ZH
FRUUHFW WKH HUURUV IRXQG LQVWHD®KRI SHRFHELQHIKHP PRGLILFDWLRQ RI
WKH ELVHFW DQG GLVFDUG SURWRFRO WXKDV®ZBED\SURSRYVBGVEORVLQJ WKH
SDULW\ RI EORFNV Rl ELWV DQG GLVFDNGUKH BUWRWRIMKDFRUUHFWHG || ZH QRZ
GR QRW GLVFDUG ELWV ZH KDYH WR FDOHRXOQWH (RRUFBIWLRQ DERXW WKH NH\
IURP WKH SXEOLF FKDQQHO SDULW\ ELWZH[RRYEMRDWPRYH WKLV [UDFWLRQ RI
LQIRUPDWLRQ IURP $OLFHV DQG %RE V NF\ DRSWKHFSWNMED FRPSUHVVLRQ
SDUW

7KH TXHVWLRQ LV QRZ FDQ WKLV FRPSUHMVERGRPSYRRIDEHG E\ WKH
IDFW WKDW WKH NH\ LQ WKLV FDVH ZLGCEGRW)BR MKREMWHQWKH VDPH QXPEHU
RI ELWV DIWHU UHFRQFLOLDWLRQ DWEMRDW WKW XHQURXH ZLOO DOPRVW EH WK
VDPH 6LPXODWLRQV KDYH VKRZQ WKDW Wi HELH HROEY FH \EHWY ZHHQ WKH WZR
DSSURDFKHV ,Q IDFW GLVFDUGLQJ HUURUV LV EHWWHU

7KH SVHXGR FRGH LQ $OJRULWKP  H[SODBXQW \RKFRIURFWLQJ HUURUV )RU
D EULHI RYHUYLHZ ZH UHIHU WR WKH @IXNAAGHNFWLBWLRQGR! GLVFDUGLQJ HUURUV
7KH SURFHGXUH LV DOPRVW WKH VDPH H[EHSVE MKD\DRERIRER/KRXOG
EH OHIW XQFKDQJHG DQG WKH IRXQG HUHRERBUMFWKEXDE HOLSSHG 6HH
)LIXUH
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%LQDU\ VH

LIl

&RUUHFWH

JLIXUH  7KHFRUUHRVWURU FRUUHFWLRQ E\ ELQDU\ VHDUFK DQG SDULW\
GLVFORVXUH RQ D FKRVHQ VXE EORFN RIRMKELWH] FIBBINHEG

LV LGHQWLILHG E\ IXUWKHU ELVHFWLYBLRGREXEGLYL BDRQW\
FRPSDULVRQ DV VKRZQ 7KH VROLG OLQH WFISHG\SIDWW\D PD

FKHFN DQG WKH GDVKHG OLQH D PLVV PDWBKH$@OMR VKRZQ

UHPDLQLQJ ELWV DIWHU FRUUHFWLRQ

$OIJRULWKP

&RUUHFW SURWRFRO

$OLFH KDV ELW VESTXHQFH %RE ELW VHTXHQFHJ*
%RE FKRRVH EORFNSQHQMNZKHUHLY WK%(5 M
'KLOH9,,* 'R

3DV %RE GHWHUPLQHV D QHzZl ; WKDW KD

SURSHUW\ Rl UDQGRPO\ SHUPXWLQJ WKH ELWV Rl DQ LQSXW

VHTXHQFH

%RE VHQW®WR $OLFH $OLFH FRPSXYQB/%RE %
$OLFH DQG %RE LQGHSHQGHQWO\ GHN\=
IORFLS, EORFNV E\ VXEVHTXHQWO\ fS, S

S H ELWV IURP® QG /HWHEH WKH VHW RI ELWV LQ

)RU L N )
. $OLFH DQG %RE PDNH 9, % E\ FKRRVL(S,

UDQGRP ELWV VWDUWLQJ ZLWK WKH ILXNMRQFELW LQ HDFK VHT

IURP WKH NH\/HW4 EH WKH VHW RI EL¥WV%Q
6XEWUDFW WKHVH ELWV IURP W% LQ NF-.
%9629, WR PDNH %

ODNH EOR9,, 1 %¢E\ DIDLQ FKRRVLQJ WS, EL\

IURP.
L N %l JSZKHUSKS, WKH® ., 5 5T %t
%RE VHQG SDULW\ RI DO, L N WESOLF %R

UHFHLYHV LQIRUPDWLRQ ZK9, ZHUH LQ HUUF
EORFNV ZLWK RGG RI HUURUV
%R UXQ%LQD' RQ HDFK HUURU9, WR FRUUHF
HUURU
- MM

(QG $00 HUURUV IRXQG
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7KH SUREOHP RI WKH FXUUHQW PHWKRG LWHKRZUMRKIFDOBXAM)IRUPDWLRQ
OHDNHG WR (YH /HW XV IRU VLPSOLFLW\ DWDPWIRRDWLRABWLQJ WKLV
LQIRUPDWLRQ ZLOO EH JLYHQ E\ WKH QXPEIBHEILE) WKIBEBWHYLRXV PHWKRG

T=—H- HORH

1R ELWV ZLOO EH WKURZQ DZD\ WKXV
W=
‘HG QRZ OLNH WR GHULYH WKH QRUPDGOLIHGI KIDYHDWH SULYDF\
DPSOLILFDWLRQ WKH FRPSUHVVLRQ
U,=T=—H HORH

JURP WKHVH WZR IUDFWLRQV ZH FDQ IRUPBAWHUENUHRUPLQJ

5,eH= -y -UYy,= - —H- HORH

N 5, %LWUDWH /RZHU ERXQG IRU C&RUUHFV
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(UURU UDW

)LIXUH 7KH VROLG OLQH UHSUHVHQWV DQ ORZHU ERXQG RQ WKH
SHUIRUPDQFH IRERWKHFWHQURWWIURU FRUUHFWLRQ LQ WHUPV RI
QRUPDOL]JHG 6KDQQRQ LQIRUPDWLRQ ELW UBBWHLOTKH PHWK
JXDUDQWHHG FRUUHFW DOO HUURUV XSPWWR, PRI HUURU UDWH O

7KH GRWWHG OLQH LV WKH FDSDFLW\ IRULE EKQQQHOP P46&/

OLNH WKH 34& VKRZQ KHUH IRU FRPSDULVRQ
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5,H LV SORWWHG LQ )LIXUH  :H ILQG B, YRIMDERRY  $00 ELWV LQ WKH
UHFRQFLOHG NH\ LV FRPSUHVVHG IRU HLQIRW KIDMHONHF HHG RDISDFLW\
VKRZQ IRU FRPSDULVRQ

)LQDOO\ JRLQJ EDFN WR WKH FRPSDULVRQREMVRHWKRGSUBLYFDUGLQJ
HUURUV ZH FDQ DUJXPHQW IRU WKH DG YKH) WDJBIS YWIHQWRIYHW EHWZHHQ WKH
WZR PHWKRGV )RU GLVFDUGLQJ HUURUWLIRD BEYMK\BORFNOGLYLVLRQ WKH NH\
OHQJWK GHFUHDVHV DQG JLYHV OHVV EDQDW\ FKIDENYK DRG/SVKHUH DUH OHVV
XQQHFHVVDULO\ UHPRYHG ELWV IRU HYHUM. IV UM LLRQ RMHW WKH FRUUHFWLQJ
HUURUV PHWKRG 7KH GLVFDUGLQJ HUURYUYHPRIWKRE BLURWIIO KDYH UHPRYHG
OHVV HUURUV WKDQ (YH KDV OHDUQHG WFRR'WIRD SREOKH GRUUHFWLQJ HUURUV
PHWKRG 'LVFDUGLQJ HUURUV LV IRU WKDWHKMOVEBVWRQIAY \2I FRXUVH WKLV
GHSHQGV RQHRZHVWLPDWHG

&DVFDGH DG KRF %LQDU\ 6HDUFK

$ EHWWHU UHFRQFLOLDWLRQ DOJRULWKRKDVY EBM@FBORSRWAR&LILHG YHUVLRQ
RI FRUUHFWLQJ HUURUV E\ ELQDU\ VHDUIRFN Y QW SBIWKRG-EDV ILUVW SUHVHQWHG
E\ %UDVVDUG 6DOYDLO LQ > @ DWVFRQRZGHROM\\SKRYH WKDW WKH FDSDFLW\ IRU
UHFRQFLOLDWLRQ SURFHVVHV EHORQJESWWHDWNEKHRHIDYW\VDRSURDFKHYV WKH
6KDQQRQ OLPLW 7KH FDVFDGH PHWKRG UVDBEWYEDQHE FOHBHQWDWLRQV DQG LV
QRW RSWLPDO <HW WKH FDSDFLW\ LWY RUQRDRVAFKDRQHMFRGLQJ 7KH EDVLF
FKDQJH RI LGHD FRPSDUHG WR SUHYLRXE Y QWMRHARENULYW KHRHUURU ORFDWLRQ
IRU HDFK HUURU IRXQG LQ DQ LWHUDWERBQDIREQIVHDKNKLWR DOO SUHYLRXV
SDVVHV WR FRUUHFW HYHQ RQH PRUH HRURRX)RG BIHA HUURU ZLOO EH IRXQG
DQG FRUUHFWHG 5HPHPEHIIGRIAVKIOMOHDYH HDFK EORFN ZLWK HYHQ QXPEHUV R
HUURUV RU QRQH ZH ZLOO VHH KRZ WK L&H RQMD \J\INVWKHHVWDUWLQJ SRLQW
RI WKH D QHZ LWHUDWLRQ WKDW ZLOO HDNM{SRBRAD QA GHWRI EORFNV IRU
IXUWKHU HUURU VHDUFK &DVFDGH ZRUNW LQ VHYHUDO SDVV

6R LQ HYHU\ SDVV HDFK WLPH DQ HUURORFNRXQG/LKRDUHVSRQGLQJ HUURU
SRVLWLRQ ZLOO DOVR EH IRXQG LQ D KGRV RI D SUHYLRX

&DVFDr
3ow [ [T DXIXXIX] | XX |
D E F GH I
o LLIITTNX MX [ DX |
D #E Fa —
3DVV< |
6 LIX |f||||1|l><|l><|
D7 H
o||||I|||I|||I||||$OOFRU
a a a a

4 FRUUHFWHG ELW
; HUURU ELW
—> WUDFHG HUURU ELW

JLIXUH  7KH FDVFDGHUURU FRUUHFWLRQ E\ ELQDU\ VHDUFK DQG
SDULW\ GLVFORVXUH RQ D FKRVHQ VXE EDRENGRL WWH MIRQO\

RQH IRXQG DQG FRUUMEWE@E@\3DVV $ UDQGRP SHUPXWDWLRQ

RI' WKH NH\ LV WKHQ FDUULHG RXW SUDRV W) WRAM WAVPD B4

WZR HUURUV E DQG J DUH IRXQG EXW QREHDRRRRQUHRWHG
HUURUV DQG WKHLU SRVLWLRQV LQ WHKaAH VIIE H R GDVER



BURWRFROV LQ 4XDQWXP &U\SWRJUDSK\ 6\VWHPV

PRUH HUURUV D DQG | WR FRUUHFWLQDERQ WKR ILUVW DQG
WKH ODVW EORFN LQ WKH ILQDO VWD WRAFRUURBW WK G

$OIJRULWKP

&DVFDGH SURWRFRO

&KRRVH EORFN GHEDWKG RQ AM(HI
3DVM\  ODNH D WHPSRUDU\ . ! ZLWIN=IORFL S,

EORFNV Rl VPDOOHU9, L N IURP WKH RULJLC
.11 J' LQ WKH IROORZLQJ ZEEHAVKH VHW RI ELWV|LQ
)RUL N

ODNH EOR9,] % E\ FKRRVLS, UDQGRP ELWV IURP
JHW4 EH WKH VHW RI ELWV%Q

6XEWUDFW WKHVH ELWV IURP WKH WHP% LQ NI
Y9679,

ODNH EOR9,. T % E\ FKRRVLS, UDQGRP ELWV IU

QRZ VPDOOHU WHPSRUDU\ NH\ )

JL N %l J ZKHUSKS, WKH® . % % %t
6HQG SDULW\ Rl DO©® HORFNVWROLFHOVR VHQG WKH ELW
SRVLWLRQV IRU HDFK EQRFKH@GOLFALOO DOVR NQRZ WKH
EORFNV
$OLFH FRPSDUH %REV SDULWLHV ZLWK KHIRUGHKH
DERXW ZKLFK EORFNV ZHU9, LH EORFNV ZLWK R
HUURUV
%REJXQWLQDWRQ HDFK HUURWEORFN
3DV
'R VWHSWR ZLWKM M DQGS, S,

,Q VWF HUURUV LQ ELW 0 . ;' ZLOO EH IRXQG IR
EORFBIM9," £LEN,)

19,1
. &RUUHFW DOO HI( LG9, $00 WKH E(9,* IRU £X<N
EORFNV LQ SUHYLRXV SDVVH( . ) ZLOO QRZ KI
RGG QXPEHU RI HUURWBH AWWH VHW Rl WKHVH EORFNV
%R UXQ%LQD RQ RQH EORF9 FRUUHVSRQGLQ:
VPDOOX DQG FRUUHFWV RQH DGGLWLEK¢T . " Et
WKH SRVLWLRQ Rl WKLV HUURU RUI9,* IURP HD
SDVX  M/HW EH WKH VHW RI WKHVH EORFNV
&RPSXW9¢ (D9 (E9 ?(C9 LH WKH VHW RI EC
X NFRQWDLQLQJ RGG QXPEHU RI HUURUV D@
SRLQW IROORZHG E\ FRRSKMELQIWRO®  7KHQ DOO
EORF9” X N ZLOO DIWHU FRPSOHWLN KDYH |
HYHQ QXPEHU Rl HUURUV RU QRQH
5HSHDVWHS

(OVHEUHDN
(QG $00 HUURUV IRXQG
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7KLV EORFN ZDV SUHYLRXVO\ OHIW DIWHIL\FKQDY \HHTUBKPEHU Rl HUURUV
EXW QRZ DV WKH DFWXDO HUURU LV FRDWHRWNGEZHREORWBMADQ RGG QXPEHU RI
HUURUV LW FDQQRW KDYH QRQH  %LQOUMG@HBYMKKDWIERSRFN DIJDLQ DQG RQH
PRUH HUURU ZLOO EH IRXQG 7KLV QHZ NUNRUQPDOMR IKBYH D FRUUHVSRQGLQJ
HUURU LQ DQ RWKHU EORFN WKDW FDQ HHVBRHUHFWHG \LGWREHVV LV
FRQWLQXHG XQWLO QR PRUH HUURUV DDMM RIKPIGIRREWK RN SDVVHY QHHGHG
LV GHWHUPLQHG E\ $OLFH DQG %RE EHIRVHGH[REXMHR 1 UEBR WWDWH
VKRZQ RSWLPDO WKDW WKH EORFN VL]HADBK H\BRYSPHERGRU

+RZ DOO WKLV ZRUNV FDQ HDVLHVW EHXXQGEUBNBRBA\WWKH SURWRFRO
GHVFULSWLRQ VHH $OJRULWKP  6HH DOVR )LIXUH

‘H QRZ OLNH WR GHULYH WKH ELW UDWE IRIR WKHKRZFRORSRI LW LV WKH WKH
6KDQQRQ OLPLW 7KH IRUAXEDQIEH GHULYHG IURP >@ DV D ERXQG RQ WKH
PD[LPXP LQIRUPDWLRQ OHDNHG ,W LV JLYHQ E\

e+ oM TopE 0, - o H 0ope 08 o
S oRE L %4
¢ Hg P é Hgg

ZKHUHE LV WKH QXPEHU RI SDVVHV WR UHDFK JHWRUHUHRRQM\WHDWLRQ
S HLV WKH EORFN VL]H LQ ELWV XVHG U@ WKH YIROXWH FDVV KDV
EHHQ H[SHULPHQWDOO\ IRXQG JRRG IRU WKH ILUVW SDVV

5, %LWUDWH /RZHU ERXQG IRU C&DVFDGH
FN & 4XDQWXP &KDQQHO %68 & 1

1RUPDOL]HG ,QIRUPDWWUDQ

(UURU UDW

)LIXUH 7KH VROLG OLQH UHSUHVHQWYV DQ ORZHU ERXQG RQ WKH
SHUIRUPDQFH IRRDMHHFHJURU FRUUHFWLRQ LQ WHUPV RI QRUPDOL]JHG
6KDQQRQ LQIRUPDWLRQ ELW UDWH 7KH BEQWREJ IFRUUNBW

DOO HUURUV XS WR DQ HUBRVWRIDWHKELPRWWHG OLQH LV WKH

FDSDFLW\ IRU D ELQDU\ VIPPHWULF FKDQMHE 348& VBRYK

KHUH IRU FRPSDULVRQ

‘H QRZ HQG E\ FDOFXODWLQJ WKH QRUPBQLIHEEYW BRBVWDQW QXPEHU
RI ELWV WKURXJK WKH UHFRQFLOLDWLER BUWRFAVOEHFDNKHRZQ DZD\ 7KXV
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We=

:H KDYHRU SULYDF\ DPSOLILFDWLRQ WKH FRPSUHVVLRQ
WUp=T

8VLQWKHVH WZR IUDFWLRQV ZH FDQ ZULWH

SueH= - U -Up =
4t H Pope o® ;HHQ,OR@QXQ -0
e Hg g ¢€eHgg

5.,-H LV SORWWHG LQ )LIXUH :H ILQG B, YRDDERX®/ $00 ELWV Rl WKH
ILQDO NH\ VKDUHG E\ $OLFH DQG %RE ZRX0G IRM FRREIHVDWHY H[FHHGLQJ WKLV
YDOXH 7KH FDS®EMMKRZQ IRU FRPSDULVRQ

7KLV YDOXH LV H[WHQVLRQDOO\ KLIJKHU WRDMRAROVRSUKHMHSNHG DQG
VLPXODWLRQV ZLOO VKRZ WKDW WKLV SUNRWRBROHLY WBRFWKER FDSDFLW\ DV
H[SHFWHG /HVV LQIRUPDWLRQ LV OHDNHG&/ RRE WHVWRRQH WKH VWDUWLQJ
EORFN OHQJIRK RSWLPDO UHFRQFLOLDWLRQ SHUIR BEDEHR RRYADUFH 1R
DFKLHYHG E\ FKRRWEQWKDW HDFK EORFN FRQWDLQ RQH HUURU

‘H QRZ WXUQ RXU LQWHUHVW WR WKH QHPRSOMHEDBURCDEKHUH \RX
FRPSUHVV WKH NH\ E\ WKH DPRXQW RI EL\WWKDQ'RYADWLHROHFWHG WR KDYH
DFTXLUHG GXULQJ HUURU FRUUHFWLRQ SOX\QIRUPDWPREQUDLRHG E\
HDYHVGURSSLQJ RQ WKH TXDQWXP FKDQQHO

SULYDF\ $PSOLILFDWLRQ

7KH IXQGDPHQWDO SUREOHP LQ TXDQWXP ARSWRWIDFRWK D SHUIHFWO\ VHFUHW
NH\ EHWZHHQ WZR SDUWLHV $OLFH DQG %RE HFPMAVGERISKU (YH FDQ
FROOHFW SDUWLDO NQRZOHGJH DERX\WDWL BQLXDWIBPSOWIR| GLVWLOOLQJ KLIKC
VHFUHW LQIRUPDWLRQ VKDUHG EHWZHHQ@ IEZRISDIAMVRURPIRUPDWLRQ WKDW LV
QRW IXOO\ VHFUHW )RU WKLV LV XXBGYNRBVBDBRXTFWLRQN.UVW
LQWURGXFHG E\ &DUWHU DQG :HJPDQ 3UDYDFDWPSQ E\ SXEOLF

GLVFXVVLRQ ZDV ILUVW LQWURGXFHG EG/EMIBBREWUWULIYY BUDQG > @
0DQ\ RWKHU SDSHUV FRYHU WKLV WRSLF HJ >@ > @

‘H ZLVK WR UHGXFH (YH V LQIRUPDWLRQ RRDVEHWBDUFRODORZ DPRXQW E\
FRPSUHVVLQJ WKH NH\ /HW $OLFH DQG %RE YBDLDERMIDQE ELW ORQJ
VWULQJ ZKLOH WKH HDYHVGURSSHU OHDQM®RP FRULDBERWIG =
SURYLGHV DWARRSAW/V R LQIRUPDWARIQML M Q W7KH H[DFW HDYHVGURSSHU
GLVWULEXY/LRQ JHQHUDOO\ XQNQRZQ WR $OLFH DQG YERERICALFHK VI %R
DJUHH RQ D SXEOLFO\ FKRVHQ UDQGRP FRASUHNMVLRQ IXQRFWDQG
FDOFXODSVHUHVSHFWI%H QRWE % (YH V SDUWLDO LQIRY FRIM/LRQG
KHU FRPSOHWH NQRZOHBGIA RLYH KHU DUELWUDULO\ LQIRUPDIKIERQ DERXW
VL]H RIZLOO GHSHQG RQ DPRXQW RI LQIRUPDWORQINPHODEDH EXRV WR D
VXUSULVLQJO\ VPDOO HWHQW RQ WKHRRLOBRIDEBROOMEMLWKH VHFEXULW\
FRPSUHVVLRQ SDUDPHWHU UHVWUDLQLQRWPRKNVDRRXMYRRD [KY(YH RQ WKH
ILQDO NH\

7KH HOHJDQW UHVXOW LV WEDWOREHOIOG %RE FDQ GLVWLOO D IUDFWLRQ RI
U QW ELWV ORQJ VHFUHW NH\ ZKLOH NHHSLQO(RH RONYEREVIHER %W
VPDOOHU WKD@Q ELWV 7KLV LV TXLWH UHPDUNDEOHARE)ERQMRQBRG
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%,- 7KH IXQFWLRE FKRVHQ IURP D VHW RI XQLYHUVDO GHIVRHGERIRQV
EHORZ ,W LV WKH FRPSOHWH FKDRWLAOOMA SIIFSHIRG WKBW ZLOO DFFRPSOLVK
WKH UHVXOW 1RWH DIDIGIOVEKDNDRZQ WR (YH

JHW. 1 $ % EH WKH VKDUE® ORQJ NH\ DIWHU SULYDF\ DPSOLILFDWLRQ ,Q
JHQHUDQ@V VHOHFWHG UDQGRPO\ IURP DQ DSSURBWLBYHQ RWEHUXNVR
DYRLG WKDW (YH NBRIRUH GHFLGLQJ DERXW KHU LQIRUPDWRR®,NQRZOHGJH DE
,QWHUHVWLQJ DUH WKH.ERXQ@E®RERUROODU\ LQ > @ WKH IROORZLQJ LV VWDWHG

&RUROODHWI,, EHD UDQGRP ELWWUL@IWRKQLIRURGLVWULEX®RYRQ
{ }° OHW [ 9, IRUDQDUELWUDMDOHVGURSSXQBWLRQI J°® | JW
IRUVRPHAQ OHWQ W\EHD SRVLWMMHWSDUDPHWEQGHW QW ,I $OLFH
DQG%REFKRRVH ) 9, DVWKHMNMHFUHW\ ZKHUH LVFKRVHQWUIDQGRP
IURP D XQLYHUVIB@DVRI KDVKIXQFWLRQIRP |  J2WR JY WKHQYHV
H[SHFWHGIRUPDWLRERXWKMHFUMMN.  JLYH® DQG: VDWLVILHV

,Q RWKHU ZRUGV WKLV IRUPXOD ZLOO EHRQ(XESHLERYXPIBVLRQ RQ $OLFH V
DQG %RE V VKDUHG ELWV DIWHU SULYD® BBS@EHLFDBHRQELWUDULO\ VPDOO E\
FKRRVLDODUJH HQRXJK 1RWH WKDW WKLV UHTRQUBIERYRVAGHSUP DWL
\RX QHHG RQO\ WR NQRZ DQ XSSHW ERXQG IRU

:KDW LV WKHQ D XQLYHUVDO KDVK IXQFWLRQ"

'HILQLWLREFODYVRI IXQFWLR®W6LV XQLYHUVDO LI IRU DQ\ GRAVLQFW
LQ$ WKH SUREDELOLWA WKDW LV DW PRVMREKHQ LV FKRVHQ DW
UDQGRP IURPFFRUGLQJ WR WKH XQLIRUP GLVWULEXWLRQ

)RU VKRUW \RX FDQ VD\ WKDW D KDVK IXQRVHEARY WDV WKH ELWV WKH
RXWSXW ELWV DUH D FKDRWLF SHUPXWDWUIRY R LSRR WYSXW FKDQJH ZLOO
SURYLGH D ODUJH RXWSXW FKDQJH :KHOQLRg-XOQIRYPBMW UDQGRP IURP

WKLV FODVV HOHPHQWV ELWV DUH PDSSHEN\WPKRHERDGHRMWHIDFK HOHPHQW

LV XQLIRUPO\ GLVWULEXWHG WV D VRBFWIR@QHIZD) (XH NQRZ WKH ZKROH

NH\ HIFHSW RQH ELW WKHQ WKH RXWSXWWHOOUDRRINRFARFESDUHG WR WKH
RXWSXW ZKHUH WKH LQSXW ELWV DUH WRWKHRUQRWDWHRQXH KDYH IRU WKH

KDVK IXQFWLRQ J'V® | J“

1, 1, W1 T1, Ji,

7TKXV WKH NH\ LV FRPSUHVVHG E\ D WPWNLROQXRY T J ELWV )RU D
GLVFXVVLRQ RQ KRZ WR HVWLPDWH RI \WKHGWRURBIWHRMEWLRQ DQG

7KH KDVK IXQFWLRQ XVHG LQ WKH LPSOHPNQR{DILVRQR@I SURBUDP RI
FKDSWHU LV D VLPSOH ;25 PXOWLSOLFDVELR® B WHBGRIM ELQDU\ PDWUL|
7KLV LV DQ H[DPSOH Rl WKHXEQRBMUMDO OLQHDU KDVK IXQFWLRQV > @ WKDW UHT
1,01, VL]JH PDWULFHV FRQWDLQLQJ UDQGRP VMQGVHYHEPOHODVVHV RI
KDVK IXQFWLRQV WR XVH 8QLYHUVDO KDM®HXDFEW VVL]H
PDWULFHV 2| FRXUVH FRPSXWDWLRQV DWHKRBKH XWANRIY/ZDOOHU PDWULFHV
DQG WKHUH DUH RWKHU FODVVHV RI KBVK YKQFWHRDEGMIR DAV EXW WKH FODVV RI
OLQHDU IXQFWLRQV XVHG KHUH DUH KRZPMEWHDV\ WR LPSO

$V D VXPPDU\ FDQ EH VDLG WKDW SULYDF\ZDPED IDMFIWHRTDVW VWDJH LQ
TXDQWXP FU\SWRJUDSK\ SURWRFRO OHDVHMDQBBELWKDUHG\ E\ $OLFH DQG



3URWRFROV LQ 4XDQWXP &U\SWRJUDSK\ 6\VWHPV

%RE MXVW DV GHVLUHG 7KH OHYHO RI REEX ROWEHSH@EERH RIOO

QRZ LQYHVWLIDWH WKH HIHFWLYH ELW E)DWHNHUIHBWHYIHFRQFLOLDWLRQ
WHFKQLTXHV DQG DOVR ZLWK FRQVLGHYBWERBDVBEINN EMWRWDKVH LQ WKH VWHSV
RI VLIWLQJ DQG SULYDF\ DPSOLILFDWLRQ 5HYLHZ )LIXUH

AXDQWXP %LW (UURU 5DWH DQG %LW 5DWH
OLPLWV

7KHUH DUH VHYHUDO IDFWRUV LQ ZRUN LSWAH OTSKOQYWWRHR) WKDW ZLOO
FRQVLGHUDEOH GHFUHDVH WKH ELW UDWHR WREHSQOEHD SJURHPHQW EHWZHHQ
$OLFH DQG %RE RQ D SHUIHFWO\ VHFUHWDWNVRIAGINHIWABBLQLQJ WKH ELW UDWH R
WKH WUDQVPLVVLRQ LV DUH ORVVHV GMKHGSWRERWHRQOFLHQF\ DQG WKH
ZHDN SXOVHV LQWH@WMRGXFHG E\ $OLFH V ODVHU WR HQPXBHRQKDW DW PD|
SKRWRQ DW D WLPH LV FRGHG ZLWK WKH IB®WHWRIRRIRBIWLRQ FRXUVH DOO
HDYHVGURSSLQJ DWWHPSWV LQWURGXFHLRQUBURFHYXW BOVRIEYWURGXFHV
HUURUV

7KH FROOHFWHG UDWH RI IDORDBOBRBINKH TXDQWXP ELW HUURU UDWH 4%(5 ||
s LV WKH GHWHFWRU TXDQWXPWKHMRYUIDIH QXPEHU Rl SKRWR@V SHU SXOVH
WKH FKDQQHO ILEHU DWWHQXDWLR® RRHHIWALEQWPIDMYGRQ OHQIWK WKHQ WKH
UDZ ELW UDMH %RE LV

5 =hAmH¥ %

ZKHU% LV WKH ELW UDWH RQ $OLFH V VLGH

+RZHYHU WKH NH\ GLVWULEXWLRQ LV Ol WRHGEKI}RRALWRIBPXH LWVHOI EXW
UDWKHU WR WKH HGEU URWHEKLFK DQ XSSHU ERXQG H[LVW DERYMH ZKHUH QRW D(
HUURUV FDQ EH FRUUHFWHG ZLWKRXW GEHWVUHBR ]QURVKRIESWUIHFW YLVLELOLW\
WK#&%(5 HLVJILYHQ E\

He— 3o
3s+H¥ hm

ZKHUBL LV WKH GDUN FRXQW SUREDELOLW\ IRU WKH GHWHFWRU

‘KHQ %RE KDYH UHFHLYHG DQG GHFRGHG W&HRURDPMRQWWHAGOO HQG XS
ZLWK D QXPEHU Rl UDZ ELWV 'HSHQGLQJ RERGIKPI FKRMAB D FRQVWDQW
IDFWRU RQ DYHUDJH Rl ELWV ZLOO EHRGROD\BVRQ/KIQ GXR) FDVH DERXW
7KHVH VLIWHG ELWV ZLOO VWLOO FRQWRLWYHKIWERUWDRFFNUURU UDWH DQG KDV
WR EH FRUUHFWHG $OVR WKH UDZ NHVIHFRBMW/SHE KIPWWR EH FRPSUHVVHG E\
SULYDF\ DPSOLILFDWLRQ WR JDLQ VHEMRY SO0 MWKWYHROOHFWLYH RXWFRPHYV |
WKH ZRUN Rl WKH NH\ GLVWLOODWLRQLSURYHR PROQIVRBKEVGLVFXVVHG LQ WKH
SDSHU ZH ZLOO LQ WKLV VHFWLRQ FRQFHOMUDDMMHREYKMYGHFUHDVH LQ ELW UDW
IURP %RE KDYLQJ WKH UDZ ELWV WR WKHWMDIBHBEIGHLDBWDHHQ $OLFH DQG
%RE 7KH GHFUHDVH LQ ELW UDWH RY HUBMKFX3AZHZ DD \BHFWLRQ

$V D SHUIRUPDQFH PHDVXUH RQ WKH SURKFRVRGD CADHIGA \EH W
UDWHH WKH UDWH LQ WKDW JLYHV WKH GKW WRWH IGHEOIHBWYHRU FRUUHFWLRQ
DQG SULYDF\ DPSOLILFDWLRQ 7KLV HIINFIYVQE\W UDWH

50 = U - Y - WS

HIl
ZKHUS LV WKH UDZ ELW UDWH 7KLV LV D ORZBEKERXQEWMQEAMWHIDWH :H ZLOO
GHULSH, IRU DOO SURWRFROV DV D IXQFWLROQ-RIRVKH\FHMRU BBWEXH RQ
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WKH HUURWUPEDO UHDFK JHUR 7KLV LV WKH PD[LPXR, HKHRY DOW/H
HUURUV DUH FRUUHFWHG 7KH IUDFWLRELR) EIKM\W DETL@E RGWHS LV

y=-
7KH IUDFWLRQ RI ELWV ORVW LQ HIHURUHABHDWHELIRQUH IRU DOO IRXU PHWKRGV

YECOL ORI + H - H
L'LSFLVFDLLE_H_ HORH

L’ERUUH DVFDGH
F — YiIF -

7KH FRPSUHVVLRQ VL]H LQ SULYDF\ DPSOLQEMVWRAQ\ GRIPHQG RQ WKH
LQIRUPDWLRQ OHDNHG GXULQJ UHFRQARQLDKH RQIFEXMDWORR (YH REWDLQHG
E\ ZLUHWDSSLQJ WKH TXDQWXP FKDQQHO WRUXBHWHFWLRO  RQ WKH
ODWWHU LQIRUWPDWIR E\

WEORJ + H H

,Q WKLV WKHRUHWLFDO GLVFXVVLRQ ZH GRIDRWFXVHAMD GRABUHVVLRQ IRU
SULYDF\ DPSOLILFDWLRQ HHYAHPSOLHV WKDW (YH NQRZV DW PD[LPXP RQH ELW
RI WKH ILQDO NH\ VKDUHG EHWZHHQ $OLFHFRESUMMVERDKHY JLYHQ E\

Up WT J ZKHURM LV WKH IUDFWLRQ Rl ELWV OHDNHG GXURQJ YRUURHKFRUUHF
GLIIHUHQW PHWKRGV ZH KDYH

RGLQL
netet

- +ORJ + H- H

-ORJ + H -H

(EYFPUOR) + H- H

FUMELH- HORH+ORJ + H- H

H ..
oo + -~ orE_?
e Hg
& - - H "0 0.8
+ -———————DORE—xq +ORJ + H H
g @ e Hgo

‘H ZLOO QRZ ORRN DW VRPH SORWYV FRP $DIHFWLGH IBUM Q\VSVHY KHUH
QRUPDOLJHG WR IRU HDV\ FRPSDULVRQ O ASWKHNWRKDQQH

&= - -+gH =— +HORH+ -HORJ - H

$00 SORWV DOVR VKRZ DQ XSSHU ERXQGKHHYDNHECHH EHHOARDPDQFH IRU DOO
SURWRFROV 7KLV LV EDVHG RQ WKH PLQLEPWFR QKFEHUHA3 B/R EH H[FKDQJHG
RYHU WKH 3& LQ RUGHU WR FRUUHFW DNG&E AEXNRHG TKYLVEBPNLRQ
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53]’?:%‘%” +\W5 = -HORH - HORJ -H+ORJ + H H 5
Y a

5, (THFWL%LWUDWH /% IRU C&RGLQJC (UL

B 5, (THFWL%LWUDW 7

,,,,,,, & AXDQWXP &KDQQHO %6& &

1RUPDOL]JHG 6KDQQRQ ,QIRUPIWUDQ

49%(5 LOQWURGXFHG E\ (

)LIXUH 7KHFRGLQSURWRFRO V\VWHP SHUIRUPDQFH 7KH \ D[LV
VKRZV WKH SUHVHUYHG IUDFWLRQ RI EL\.WG ELWKIBWWQRUPDOL
DFKLHYHG E\ %RE V DIWHU GHPRGXODWLRYKRZY VROHE DLQ
ORZHU ERXQG /% IRU WKH HUURU FRUYHBWLRQ@KBILPLW
GRWWHG OLQH VKRZV WKH EHVW SHUIRUQGQNFKHDERMKHHE=OH D
OLQH WKH FKDQQHO FDSDFLW\
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5., (THFWL%LWUDWH /% IRU C'LVFDUGC (Ul

I 5HII (IIHFWL%LWUDW B

_______ & 4AXDQWXP &KDQQHO %68 &

1RUPDOL]JHG 6KDQQRQ ,QIRUPIWUDQ

4%(5 LQWURGXFHG E\ (

JLIXUH 7KHGLVFDB®RWRFRO V\VWHP SHUIRUPDQFH 7KH \ D[LV
VKRZV WKH SUHVHUYHG IUDFWLRQ RI EL\WG ELWKIBD@RUPDOL
DFKLHYHG E\ %RE V DIWHU GHPRGXODWLRWKRAY/ ROHG DLQ
ORZHU ERXQG /% IRU WKH HUURU FRUYHBWLRQ@KBILPLW
GRWWHG OLQH VKRZV WKH EHVW SHUIRUQBQFKHDERMKHEEOH D
OLQH WKH FKDQQHO FDSDFLW\

S (IIHFWL%LWUDWH /% IRU C&RUUHFWC (

N 5, (IHFWL%LWUDV .

_______ & 4AXDQWXP &KDQQHO %68 &

1RUPDOL]JHG 6KDQQRQ ,QIRUPIWUDQ

4%(5 LQWURGXFHG E\ (

)LIXUH 7KHFRUUHBWRWRFRO V\VWHP SHUIRUPDQFH 7KH \ D[LV
VKRZV WKH SUHVHUYHG IUDFWLRQ RI EL)NG ELWKBQRUPDOL
DFKLHYHG E\ %RE V DIWHU GHPRGXODWLRYKRZAY VROHEG DLQ
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ORZHU ERXQG /% IRU WKH HUURU FRUYHBWLRQ@KBILPLW
GRWWHG OLQH VKRZV WKH EHVW SHUIRUQGQNF¥KHDERMKHHE=OH D
OLQH WKH FKDQQHO FDSDFLW\

5, (IHFWL%LWUDWH /% IRU C&DVFDGHC (L

B 5, (IHFWL%LWUDW 7

,,,,,,, & 4XDQWXP &KDQQHO %6& &

1RUPDOL]HG 6KDQQRQ ,QIRUPIWUDQ

4%(5 LQWURGXFHG E\ (

)LIXUH 7KHFDVFD@&WRWRFRO VI\VWHP SHUIRUPDQFH 7KH \ D[LV
VKRZV WKH SUHVHUYHG IUDFWLRQ RI EL\.WG ELWKIBWWQRUPDOL
DFKLHYHG E\ %RE V DIWHU GHPRGXODWLRYKRZAY VROHE DLQ
ORZHU ERXQG /% IRU WKH HUURU FRUWHEBWLRQ@KBLPLW
GRWWHG OLQH VKRZV WKH EHVW SHUIRUQGQNF¥KHDERMKHHE=OH D
OLQH WKH FKDQQHO FDSDFLW\

,W LV FOHDU IURP WKH JUDSKV WKDW DN/H-SBEHWAA AU RBEES %0H QQHW
DQG 6DOYDLO 6LPXODWLRQ UHVXOWYV XRYGUHIORLRIRGKSUBE/RFROV JLYH D
JUDSK O\LQJ LQ EHWZHHQ WKH ORZHU DQG KXSSHAUOPRERQGYHULILHG E\
VLPXODWLRQ LQ VHFWLRQ  H[FHSW IRLY/FRAANQP IBHPKQWHG

20H Rl WKH FRQFOXVLRQV IURP ODVW VHRWIYRG\ GIRFOMVERQWLRQ ZDV
WKDW LQGHHG LW PRUH HIILFLHQW VAR CHRWW MRUFRBVWERND.QJ UHFRQFLOLDWLRQ
EHFDXVH WKLV ZLOO EH FRPSHQVDWHG ER®/KHRASDHVMGEWIDQG WKH
DGYDQWDJH RI EHLQJ DEOH WR FKRRVH GX$URWRFRONGIROHIIWK &DVFDGH
DOVR ZRUNV FORVH WR WKH 6KDQQRQ DLPVW JRIRIGIBITFSUIR BAK

7R JHW D JULS Rl WKH GLIIHUHQFH EHWZBIRIQVUHPK YARQIUHEBWLQJ HUURUYV YV
GRLQJ PRUH RU OHVV FRPSUHVVLRQ FRPSDQB )LIXUH 7KH 1LQDO
HIIHFWLYH ELW UDWH ZLOO EH KLJKHU IRU FDVFDGH
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5 5DZ ELW UDWH
[ ..5 $OLFM6REVKDUHG LQIR UDWH

[] .-5 (YHCVLQIR UDWH

[ J5 6HFXULW\ FRPSUHVVLRQ ELWV UDWH
5, )LQDO HIIHFWLYH ELW UDWH

i\ 5 GLVFDUG
HIl
e |:|

U, 3UHVHUYHG IUDFWLRQ

J)LIXUH 7KH HIIHFWLYH ELW UDWH ZLOO GHFUHD® WR RQO\ D VPD
IUDFWLRQ Rl ZKDW LV UHFHLYHG E\ %RE DV8 QRAWHFWLRQ

VHFEXULW\ FRPSUHVVLRQ ZLOO UHGXFH (YID¥ RQRZPOHOUHOVR

VPDOO YDOXHT +HUH

&DVFDGH

FDVFDG GLVFDUG
5 K5

\/D

Us U, 3UHVHUYHG IUDFWLRQ

)LIXUH &RPSDUHG WR GLVFDUGLQJ HUURUV D WMF®HRQ RI ELWV Z

ORVW GXULQJ UHFRQFLOLBXWURQ &DVFDGH ZLOO HQG XS
ZLWK D ODUJHU IUDFWLRQ RI ELWV SUHVHUYHG
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6HFXULW\ DQG (DYHVGURSSHU ,QIRUPDWLRQ
SHVWUDLQWV

$ FRPPRQ IHDWXUH Rl WKH NH\ GLVWULEXVWHA{EGFXRRESYWNU LV WKDW WKH
HDYHVGURSSHU (YH FDQQRW OHDUQ DQ\WKZQWKFERMWQWKIRSKFLQJ HUURUV
DPRQJ WKH VLIWHG ELWV :H KDYH OHDU@EWHIRRVRBAWWAKH UHFRQFLOLDWLRQ
SURWRFROV KDV DQ XSSHU OLPLW RQ EKIH K DIRJHIDYRWIREDQ EH FRUUHFWHG
DQG LI ZH DOVR ZDQW WKH HIIHFWLYHSRMDMBEH WRR BFHNRH WKLY OLPLW LV HYHQ
ORZHU 7KXV WKH SULYDF\ DPSOLILFDWLRR BDWHS) ZDRWRFDWLF WHVW IRU
HDYHVGURSSLQJ ,I (YH LQWURGXFH WRRAPDRY 6 UbRREZLEDD. HQG XS ZLWK QR
NH\ DW DOO WKH ZKROH UHPDLQLQJ SBRRSRHWKH HKHQ WKH HUURU UDWH LV
DERYH WKH VRPH VSHFLILF OLPLW EDVHG RE®D@RH O RMRKFUDWH SOXV
VWDWLVWLFDO IOXFWXDWLRQV WKH FRGQFAQKWBQWNRDWK¥HALQH LV IDU IURP
LUUHOHYDQW $Q DWWDFN LV GHWHFWBGWELWK KLIJK SUREDEL

%HFDXVH Rl SURSHUWLHV RI SULYDF\ DREGLQERB\WWDROMHA GKRZHYHU IURP
ZKHUH WKH HUURUV DULVH DV ORQJ DV $DIBHHDRGHWRE NBDQNKDW LV ORQJ
HQRXJK IRU WKH DSSOLFDWLRQ 7KH VHFEHLBW\FOMHBOZR\M[FHHG D VSHFLILF

YDOXH LI WKH ELW UDWH LV, BRERYHQQUBDLQWDLQLQJ D ORQJHU ELW VHTXHQFH

ZRXOG LQ SUDFWLFH DQ\KRZ UHTXLUH D ORZHHIURDQNXYR E

<HW LQ D PRUH UHDOLVWLF FRQGLWLRQ WRP FHMHEUVOUBPROGHWHFWRU
LPSHUIHFWLRQV HYHQ ZLWKRXW HDY HVGRHREEPEJ VERHWKHHPDFDQ LPSURYH
WKH TXDOLW\ RI WKH FKDQQHO OLPLWHG BRQULEVWHHKDOE WKH HYLGHQFH RI
WDPSHULQJ 7KHUHIRUH LW LV XQVDIHWIR/EXRRDEN BRODRDXVHY UDWKHU DOO
HUURUV VKRXOG EH WUHDWHG DV LI WRHFDRXV H DYRR/G PRSSHU

6RPH IXQGDPHQWDO UHTXLUHPHQWYV FDQ EH VWBXUH S/ DERXVIXDQWXP
FU\SWRJUDSK\ GLVWULBXNUURQV,IDUH IRXQG LQ WKH VLIWHG, NMKRQOHQJIWK
DIWHU HUURU FRUUHFWLRQ UHYHRQEQNPMPRRXA D QHZ NHEIRVV FDQ
EH GLVWLOOHG E\ SULYDF\ DPSOLILFDWLROWR@ZHUREBBHQLKDV OHVV

WKDJ""ELWV RI 6KDQQRQ LQIRUPDWLRQ , {KKBD@MHEH LQ FRPSOLDQFH ZLWK
WKH VHFXULW\ UHTXLUHPHQWYV IRU WK& DB\WXQG DSSOLFDWLR

7KH VWHS QRZ LV WR FRPEDQES,,s WR VHW D YDOXH IRU WKH VHFXULW\
SDUDPHWHU , LV WKH LQIRUPDWLRQ DYDLODEOH WR EXHVRGHIQ/KEL ILQDO N

PDNLQJ LW VDWLVN\- Sy, *°° ZH KDYH SXW DQ UHVWDVRWRQW®
JXDUDQWHHG ZLWK D SUREREZODWIRW EH HFHHGHG > @ &RQWLQXHG ZH KDYH

,( < -JlH OQ
DQGR/
J>- ORJ - S\/D|H’(W36Q
1y

9%\ VHWWLFHQG FKRRJLQRP WKLV IRUPXOD ZH FDQ ZLWHKSS/REDEM®) W\
NH\ WKDW LV VHFXUH XS WR DQ DUELVS}JRUDQGHRRBIHIOREK DIUHHG XSRQ E\
$OLFH DQG %RE EHIRUH GLVWULEXWLRQ RI DQ\ NMXHEKBIVH WHBEMREH VHW LQ

WKH LQWHUIDFH RI WKH VLPXODWLRQ SURJUDP RI FKS&51) BEOSSOXY LWK
DQ HVWLPDWSORFH DQG %RE FDQ QRZ IL[ D YDOXH IRU WKH LQDD FRPEUHVVLRQ
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SDUDPHWHUV DUH VHW DFFRUGLQJ WR WKHVH GLXIHFWEY KL VEHIREMIIR@FVKH
VHFXULW\ UHTXLUHPHQWV ZLOO EH PHW

+RZHYHU WKHUH DUH QR FRQGLWLRQV XQGHUSOKEN DEE %REVKRIVODHOBV
WKHLU NH\ ZLOO EH FRQVWUXFWHG 2QH FDQ JOORBOVEXWNLQ G DMZWODLYKHUHE\
VHWWLQJ D PLQLPXP OLPLW RQ WKH UHFRQFLONE\ SHVOMQEXW LRG| RBH\ WKHQ
KDYH WR FDOFXODWH IRU D PLQLPXP YDOXH RI W& IQRPESQLRH ESMRYVELQJ
WKLV GHVLUHG ILQDO OHQJIWK ZLWK D FHUWDLQ BWREDEVSEXIV)E BIKKUBBHQWY
VDWLVILHG
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&KDSWHU

([SHULPHQWDO 4XDQWXP
&U\SWRJIUDSK)

7KH 4AXDQWXP &U\SWRJUDSK\ 6\VWHP DW (/(

4XDQWXP &U\SWRJUDSK\ KDV IRU ORQJ QRZSHQVWAHEGEMEKBURXQG 7KH ILUVW
VXFFHVVIXO WUDQVPLVVLRQ RI TXDQWXP ELQY\D WRRIXSEDFHHQQHW DQG
%UDVVDUG HW DO > @ 7KH H[SHULPHQWRAOUDSEQWXRVAB\EXNLOG DW WKH
'HSDUWPHQW RI (OHFWURQLFV .7+ LV D RIKD®GB0\ ?86WXS > @ 7KH
QDPH ERUURZHG IURP FRPSXWHU LQGXVWBDXVHFRWHQ\BMHP SDUWV DUH
YHU\ HDV\ WR FRQQHFW W LV DQ DXWR kS EGDYFIECRE MEWQWHUIHURPHWHU
ZLWK IDUDGD\ PLUURUV WKDW GRHV QRW QAHEKB@UMMHQRHV\VWHP XVHV
SKDVH HQFRGLQJ Rl WKH % SURWRFRO 3KDSWHHQRREE®YHU SRODUL]DWLRQ
HQFRGLQJ EHFDXVH WKH SKDVH RI D SKBMYAQ YW EMMEEWKH SRODULIDWLRQ LQ
WHOHFRP ILEHUV 7KH ELUHIULQJHQFH RiIIHEMURIDQIGH VMY LURQPHQW PDNHV
SRODUL]DWLRQ IOXFWXDWH PRUH UDQGRPO\

$00 UHDOL]DWLRQ XVLQJ SKDVH FRGLQEGVFERHHPANYHDUHURPYAWULFDO VHWXSV
XVLQJ D ODFK =HKQGHU LQWHUIHURPHWHU @8V %REVKRYODFHLEKHOVRQ
LQWHUIHURPHWHU ZLWK RQH ORQJ DUP JRIGDMMRIBALNFXVHG LQ WKH FXUUHQW
LPSOHPHQWDWLRQ 6HYHUDO SUREOHPV DVHMR®PHEDEWXWRIPQ OLFKHOVRQ
LQWHUIHURPHWHU DQ LQFRQYHQLHQFH XQGpUWZRVBDRKURPHWHUV LV WKDW
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WKH\ KDYH WR EH DGMXVWHG WR HDFKABMKMIQLIRRGGOWWRHUHQFH DQG WKH\
PXVW KDYH WKH VDPH SDWK OHQJWKY RKL\XM. QRROGKR@D LQWHUIHURPHWHU
‘H ZLOO QRZ WXUQ WR DQ H[SODQDWLRQ HRIIMKXHHVHMKEH VH 7KH
SULQFLSOH LV WR JHW LQWHUIHUHQFH ANDAREXEMNYHURBEMZRG $OLFH FDQ
FKDQJH WKH SKDVH RI WKHVH SXOVHVQFMVKY\FRQWWUNXFWALYH RU QRW FDQ EH
GHWHFWHG WKXV $OLFHV DQG %REV LQGRSHQGH BMDMKRIEFD) FDUU\
LQIRUPDWLRQ IURP $OLFH WR %RE %RE MDUKE/ \BY QSDQWBXOVH LQWR WZR
SDUWV RQH JRHV WR $OLFH DQG UHWXUQVFRGNG!I PRENCWMKHU RQH LV
UHIOHFWHG E\ %RE V DSSDUDWXV DQG SKDXHRRGKOIKMNE DIZR SXOVHV
XQGHUJR FRQVWUXFWLYH LQWHUIHUH DM BYRED BRERWHZIMWEHRW ,Q WKLV ZD\
%RE ZLOO JHW D GHWHFWLRQ LI KH FKRRXHH V7 MHKBXOVKWRSKJ EDFN IURP
$OLFH FDUULHV KHU VHFUHW LQIRUPDVWA\RRQQND@/KB. WKPSR QIRUPDWLRQ DERXW
RQH ELW LV WUDQVSRUWHG E\ RQO\ RQIDMERQ XDV SFSNEQWXY WR DVVXUH WKLV
W LV GLIILFXOW WR JHQHUDWH VLQJQHH SKRWR@J WHHHPHR UHOLHV LQ ZHDN
SXOVHV LQVWHDG 7KHVH ZHDN SXOVHV ZM\OVKRYH SKRWROW SHU
WUDQVPLVVLRQ 7KH SUREDELOLW\ WKDVRQZ®BH PRQW SKR® WKHQ EH JLYHQ
E\x D ODVHU H[KLELWV D 3RLVVRQLDQ GLVAKLN.ZX®ORR) RRXUVH GHFUHDVH
WKH ELW UDWH SHUIRUPDQFH IRU WKH KIVWHRUDIARORDWHU WK
SKRWRQ ZLOO DUULYH DW %RE

<«

&
‘ A6WUF HDN 4R

—
, £ oA
'HOD L e A T J
6LQJOH SK :
QWHUIHU  ,QWHUIHUHQF
E"g)\gz/l'\ 3opsotwgh R D1 0
Dfl DfZ

JLIXUH  30XJ DQG 30D\ V\VWHP DW 'HSDUWPHQWRI (OHFWURQLF
7+ XVLQJ SKDVH HQFRGLQJ LQ WKH %% VFBW®H SXION HD

IURP %RE LV VSOLW LQWR WZR SXOVHV R(RP FRRIY EDFN |
PRGXODWHG DQG WKH RWKHU RQH LV UHIENARMRREGHODYRED QG
%RWK SXOVHV ZLOO LQWHUIHUH DW % RE DS LD FERXIVLID|

RUD LQ HLWKHU RQH RI WKH EDVHV HERS GEGKO BRRIFK)

7KH SURFHGXUH FDQ EH GHVFULEHG E\ WKHVH PDLQ VWHSV
- %RE VHQGV D SXOVH IURP WKH ODVHU
$W & ILEHU FRXSOHU WKH SXOVH LV VBOLIHOQMHNEHIXJIK )DUDGD\
OLUURUV )0 )0 WKHQ RQWR WKH ILEHU WKIQWAIRIQFNOX RQWR WKH ILEHU
‘KHQ SDUW RI WKH VWURQJHU SXOVH VSOLVEHYHREWEYDFKVKH
GHWHFWRU WULJJHUV $OLFH V SKDVH PRGZRDWW RSB VAKWR WKH ZHDNHU
SXOVH

%RWK SXOVHV DUH UHIOHFWHG DW )DUDGDG PDUNVRHQIOWIB® E\
DWWHQXDWRU $ WR WKH VLQJOH SKRWRQ OHYHO
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‘KHQ WKH SXOVHV DJDLQ UHDFKHV & RQW3RQWSXOWKHRHV YLD )0

%REV 3KDVH ORGXODWRU 30 ZKHUH LW DFVKLWHMV D SKDVH

7KH ZHDN SXOVH ZLWK D SKDVH VKLIWHJ QLMK VKMNOWURQJ SXOVH ZLWK
D SKDVH VKLIW RI %RE

)RU FRQVWUXFWLYH LQWHUIHUHQFH %RELZKRMRYPODWHRQLNLQFH KH

VHQGY WKH LQLWLDO SXOVH FDQ JDWH KLGHWIHPWRE) SKRWRQ
WR VHOHFW RQO\ SXOVHV ZLWK WKH UMIKR\QWLPLQJ LQIRUPD

&RPSXW &RPSXW

)LIXUH 30XJ DQG 30D\ V\VWHP DW 'HSDUWPHQWRI (OHFWURQLF
.7+ XVLQJ SKDVH HQFRGLQJ Rl WKH %% VFE&HPHVNKIKH

PDVWHU GHOD\ SXOVH JHQBQOWRUH IXQFWLRQ JHQHUDWRUV

3* . DQG 3f DUH SXOVH JHQHUDWRUV $3' LV WKH 6LQJOH 3KRWRQ
'HWHFWRU $YDODQFKH 3KRWR 'LRGH $LVDQ DWWHQXDWR

)LIXUH VKRZV D PRUH GHWDLOHG EORFKIGLBYUDROQRY WHWXS 6RPH
LOQVWUXPHQW HTXLSPHQWYVY DUH VKRZQ DV ERPSXWHWUNKNREZDRWR EH
FROQQHFWHG WR WKH VA\VWHP LQ RUGHU WK DXQM®RPBRQALERD WKH NH\
GLVWULEXWLRQ VHWXS 7KHVH FRPSXWHWVRQLBHGBEVRUQEREZ SURJUDP
DQG ODWODE VRIWZDUH $00 HYHQWXDQ® WK DQIY FRWKIPRGXODWRUV ZLOO EH
FRQWUROOHG E\ WKH FRPSXWHUV 7KH AREBXRBOQHEVWAHEG MR/ HDFK RWKHU E\ D
SXEOLF FKDQQHO LQ IRUP Rl QXOO PRGHPK7&3 ,3 RU VXF

([SHULPHQWDO 5HVXOWYV DQG &KDOOHQJHV

$V DOO FODVVLFDO FRPPXQLFDWLRQ V\VRINPKKORLSBREDWRND QVPLVVLRQ VR GR
WKH TXDQWXP FU\SWRJUDSK\ V\VWHP $ VA\VWHRQYHRHWKDQ LWV ZHDNHVW OLQN
7KH 4& VA\VWHP SHUIRUPDQFH LV OLPLWHG A\ WKHFRESRQWQWY 1RLVH DULVHV
GXULQJ JHQHUDWLRQ WUDQVPLVVLRQ BQTXBAWKPWNMRDARIWWRKHUH ZLOO QRW
EH D IXOO FRUUHODWLRQ EHWZHHQ VHEWG//IQRDODQG UHFH

)RU D FU\SWRJUDSK\ VIVWHP ZKHUH WKH EBYMAHBXWMYDQFEDVHG RQ WKH
DELOLW\ Rl GHWHFWLQJ DQ HDYHVGURSSHD SUREOHPWUREXSYHUVDU\ LV
GHWHFWHG E\ KHU LQWURGXFWLRQ Rl QRKVN GRMVKREHFBIYWLQJIXLVKHG IURP
WUDQVPLVVLRQ QRLVH" W FDQ W ,W MDWKMR NIRYIDQBIF}RLVH DV FRPLQJ IURP
DQ HDYHVGURSSHUV DFWLYLW\ ,Q &KDSWHKDW HROHBUWIRIGUDWHY DERYH D
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VSHFLILF OLPLW WKH NH\ ZLOO EH FRPUIVHEREFRRPIRWDWLRQ LV
WHUPLQDWHG

7R WKLV GDWH 4& KDV EHHQ H[SHULPHQWREOMSTRY R@\MDLPSRUWDQW
WHFKQRORJLFDO FKDOOHQJH LV WKH GHNMHDRSRNRQY ERXNRVEHIN ZKRVH QRLVH
OLPLWV WKH SUDFWLFDO WUDQVPLVVLREFBIRWBEFEVIRGDGAWUHILVWHU D
SKRWRQ HYHQ ZKHQ QR SKRWRQ LV SUHVHY\WODRFHULLHWE $3' DQG
VRPHWLPHV IDLO WR UHJLVWHU D SKRWRQ QUERRQWKHVRQWMTXHQFH 7KH PDLQ
WHFKQLFDO OLPLWDWLRQV LV WKH SHUIRBRERQFHQRWIALRN GHWIXDQWXP
HIILFLHQF\ GDUN FRXQWV DQG WLPH UHVROXWLRQ

B6RPHZKDW VXFFHVVIXO GHYHORSPHQW WRZBRGV EBYWWEHHGHWSRUWHG
IURP (/( DW .7+ WKH V\VWHP RSHUDWLQJ DWHQRWE IUWGIFRP ZLQGRZ

QP XVHV JDWHG ,Q*D$V $3'V DV VLQJOH SMRVFR®E 7KH HUURU UDWH LV
SUHVHQWO\ IRU DQ WUDQVPLVVLRQ GLWAROEK RIQWRQYLWVRH
JLIXUH  7KH GHWHFWRU LV FXUUHQWBQ®RROEGDWGRILYHV D TXDQWXP
HIILFLHQFSRI DQG D GDUN FRXQW SUREBDEMILWYE  ZKHUBl gV WKH
GDUN FRXQW UDWH @QGY WKH JDWH ZLGWK %\ IXUWKHU RSMHPL]JDWLRQV O
LPSURYLQJ GHWHFWLRQ HOHFWURQLFV IREEQIVMYMEHWEYHNMUBRVPLVVLRQ
GLVWDQRH RAIP ZRXOG QRW VHHP XQIHDVLEOH )RU D REHJASRURXRQ
WKLV VAVWHP VHWXS VHH > @ DQG > @

8QVDIH UH
6DIH UHJ

4%(5 F>(

7UDQVPLVVLRQ G/ >.P(

)LIXUH 7KH (/(( V\VWHP SHUIRUPDQFH ([SHULPHQWDB UHVXOWYV D
REWDLQHG IRU DQG NP RIILEHU OHRUWKNVQRKHLY OLPLWHG

WR NP WKHQ WR PDQ\ HUURUV DUH LQWURERKXQGHRW MRD

LI WKH OLPLW LV VHW DW GHSHQGLQJDRQ RYKBHIONRUIP
HVWLPDWH XVHG 7KH GRWWHG OLQH VKRZWSHB REAPDQEDL

ZLWK WLPHV GHWHFWRU LPSURYHPHQWV
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&KDSWHU

,QWHUIDFH IRU 4XDQWXP
&U\SWRJUDSK\ 6\VWHP

QWURGXFWLRQ

,Q RUGHU WR FRQWURO WKH H[SHULPHQ@(® 8HNQWEEPOHWRSERVWULEXWH D NH\
ZH QHHG VRPH VRIWZDUH LPSOHPHQWDWLRQUO7KPSTRIREDWH QG VLPXODWH
DOO VWHSV IURP WKH VHQGLQJ Rl WKH BYEGRPKELMWEAMUNG WKH VLIWLQJ HUURU
FRUUHFWLRQ DQG SULYDF\ DPSOLILFDWLRR \BKI® DEFRWEPGU\SWRJIUDSK\
VFKHPH GHVFULEHG HDUOLHU :H KDYH V@XRREMRIWHEDQWHNNEDW FRPPXQLFDWH
ZLWK HDFK RWKHU DQG WKH H[SHULPHQWI® RBIMWXS KAOILULPSOHPHQWHG
SUHVHQWO\ DQG ZLOO EH WUHDWHG LCR@KH IROORZLQJ VHFW

7KH SXUSRVH Rl WKH PDLQ VRIWZDUH SURGLS)R. SBLEDURRED WR PDNH XS
D JUDSKLFDO XVHU LQWHUIDFH IRU ERWK$BFBICDQEFWREDU\ SDUDPHWHUV DUH
VHW DQG WKH UHVXOWLQJ NH\ LV SUH\WBXEG VIKWISUEDIFDP VKRXOG XWLOL]H
WKH UHFRQFLOLDWLRQ HUURU FRUUHRKERSUISYIFWVRPSOLDFBWLRQ VWHSV WR
GLVWLOO WKH ILQDO VHFUHWO\ VKDUEG LHWEKRW LIEF/WKDWAVHP RQO\ XVH RQH
FRPSXWHU KRVWLQJ ERWK $OLFH DQG %REF BWIVRQRLERPIRW@HHQ $OLFH V DQG
%RE V VRIWZDUH DUH DOORZHG RXWVLGRI WKHH \BUBWRFRXOHLY SDUW ZH
KHUHDIWHU UHIHU WR DV WKH VRIWZDUHKHPERIGH HQ\WDWOREGQ DO
WKDW DOORZV HDV\ VLPXODWLRQV
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7KH VHFRQG SDUW RI WKH LQWHUIDFH VRIWHBIUHAR ZKDMKE VRIWZDUH WR
KDUGZDUH LQWHUIDFH ,Q RWKHU ZRUGWH\RKWRDLGFBX SRWR FRQWURO DOO WK
ODE LQVWUXPHQWY WKDW LQ LWV WXUGKDUHDWRYWURDEHEIVHWXS 7R
DFFRPSOLVK WKLV ZH ZLOO XVH /DEYLHZ \BROQBIRINPRQWDW XVHV D GDWD
DFTXLVLWLRQ ERDUG '$4 RQ WKH FRPSX®HU WR UQYMBXPHQWY DQG UHFHLYH
GDWD IURP WKH VDPH 7KLV SDUW RI WKRNRWZEDLR PEERQWUROOHG E\ KLIKHU
RUGHUV IURP WKH PDLQ SURJUDP

7KH DEVWUDFWLRQ OHYHO LV VHW DW Wik (EX\WHL EXWDRRGRR GDWD
VHTXHQFH LV JHQHUDWHG E\ WKH ODEY LHZHWR MPXDVIXPEPODWLRQ DQG VHQW
RYHU WKH SULYDWH FKDQQHO WR EH UHPWUREGWBHWRERQLGKHQ E\ WKH
SURWRFRO LQ WKH PDLQ SURJUDP XVLQJNIDKK BOZFEDWDIRP6RE V VLGH WKH
ILQDO NH\ ZLOO EH GLVWLOOHG PDNLQQIXVHHRRQVKOLDMMRQ DQG SULYDF\
DPSOLILFDWLRQ SDUWV

$QRWKHU IHDWXUH WKDW LV LPSOHPHQWNGMKH\BEHOMRWERUIAPXODWH WKH
TXDQWXP FKDQQHO $ VLPXODWHG SULYDWN PROQYROVEBISOMR KDUGZDUH
SURJUDP DQG WKH ILEHU FKDQQHO VHWXSFP® REWRREKRRXH WR VLPXODWH
GLIIHUHQW VWUDWHJLHV Rl WKH HDYHVED®B ESHDEYH WRXSEUIRUP VLPXODWLRQV
WHVWLQJ WKH SHUIRUPDQFH RI GLI1HURKH SIFRYXRIEREMWVHFUHDWLRQ UDWH DJIDLQ\
GLIIHUHQW WROHUDWHG OHYHOV RQ R® RULNGRID EQARUBBYE[BHUY XV
LQWURGXFHG E\ (YH

7KH REMHFWLYH LV WR VXSSO\ D XVHU LRCHRG DO LYWHNVTHEWKH TXDQWXP
FU\SWRJUDSK\ VIVWHP VHWXS LQ WKH ODEUDR WIXTHVDOSIWR/ \RX DQDO\JH WKH
SHUIRUPDQFH RI SURWRFROV DQG WR JRYHRPSOLULFRWORQXWXUH HUURU
FRUUHFWLRQ PHWKRGV FDQ EH LPSOHPHQVGIE DEH WASRUNROQ@NYHVWLIDWH LV
WKH XSSHU OLPLW Rl WKH TXDQWXP ELVGXRHERE\ (PPHVNWQBQRHLQJ DEOH WR
GLVWLOO D VHFXUH NH\ :H DOVR ORRN KRUVIREFD@ GIRIRBWHNQRZQ
4%(5 LH E\ZKDW IUDFWLRQ GR ZH VKRUWHQURXERPALOXDWQRRQ DQG SULYDF\
DPSOLILFDWLRQ $V OR@d(BV VH®PDLQV EHORZ WKH OLPLW ZH FDQ DFWXDOO\ IRUJ
DERXW WKH HDYHVGURSSLQJ WDNLQJ SQPRHDDOGXWH. GE\UBIBEHLW ZLWK D
UHGXFHG ELW UDWH )XUWKHUPRUH ZH ZRIQVK BQVRWIGPDRIRUPDWLRQ (YH KDV
OHDUQHG DIWHU FRPSOHWLQJ DOO VWHSWVH FRESEUHGREWR FONXDO
LQIRUPDWLRQ +RZ JRRG LV WKH VHFXUINM\ RRWEHIIH@GBQW HDYHVGURSSLQJ
DWWHPSWV" )RU SUDFWLFDO SXUSRVHV WMV LFYO MMOQWDWRVGURSSLQJ WR
LQGLYLGXDO DWWDFNV DQG WKHUHIRUH ROOWHURHSWBQ®QGRI
EHDPVSOLWRLLQYHVWLIDWHG

6RIWZDUH ,PSOHPHQWDWLRQ

,Q WKH H[SHULPHQWDO V\VWHP VHWXS WKPRBXEGDWBAGLRQLQY WKH %
VFKHPH KHQFH WKH SUDFWLFDO SURWRPRRRH.-FEROMPBICHVBIGMEQZRUNY ZLWKLQ
WKH IUDPHV RI WKLV VFKHPH <RX FRXO® WX MWKDVP SGHPHUQWDWLRQ LV MXVW D
UHDOL]DWLRQ RI WKH SXEOLF FKDQQHI&\RDB!M/R/ KRN FMMFXUH DIWHU LW KDV
EHHQ WUDQVPLWWHG RYHU WKH SULYDWIB@EKIEXEHIOF FHYQYHOV ZHUH
GLVFXVVHG LQ VHFWLRQ DQG

7KH SURJUDP HPERGLHV D JUDSKLFDO XVHUXQRMLROFWKBW VHUYHV DV D
FRPPDQG ZLQGRZ 7KLV IXQFMQWRUIDFHR@\ KDQGOHV SDUDPHWHU FKRLFHV
DQG UHVXOW JUDSKLFV DQG WKHUHIRUBVLD YA/ I XORMDIRBIPOGYKDW
UHDOL]HV WKH SURR/RPRMUIDSKLFDO ZLQGRZV FDQ EH RSHQHG ZKLFK UHSUHVHQ
HDFK $OLFH V DQG %R& WDAH®BH Rl WKH NH\ IRU HDFK VLGH LV VKRZQ KHUH DQG WKF
GHYHORSPHQW WKURXJK WKH SURWRFRO ®ORYEDGMG NFRPPRQQ EH
IROORZHB FRPPXQLFDWLRQ ZKDWVRHYHOLEHWXHBEQRE LV DOORZHG H[FHSW
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ZLWKLQ WKH UXOHV RI WKH SURWRFRCE B QYMRBXIKQMWVRRKGEW DV WKH\ UHVLGH
RQ WKH VDPH FRPSXIWAGLVWRQRWL PDLQWDLQHG EHFDXVH RI GHVLUHG IXWXU
SRVVIEMWLHV RI SXWWLQJ $OLFH DQG %RE RQ UNFSBIIRVHWARHP SXE H
FKDQQHO \RX ZLOO MXVW KDYH WR LQVPHAUDW N RPKHUSIIR.DEDH HUURU [UHH
FRPPXQLFDWLRQ FKDQQHO OLNH D JHUR PREBPIPWNCKHISKXROM ,QWHUQHW
SURWRFR® ,3 RU VXFK

7KH VWHSV SHUIRUPHG DUH LQ RUGHU WKHQMUDGRRELBOLFH V
WUDQVPLVVLRQ Rl WKH ELWV %RE V UHRMSWILRQ @ WKAREIFILRLDWLRQ
FRUUHFWDRGQODVW SULYDF\ DPSOLIKFIMALR@HSY ZHUH WUHDWHG LQ &KDSWHU
$OVR VHH )LIXUH

$V GLVFXVVHG WKBFSYR/DUW RIl ZLWK WKH LQSXW RI WHHUHZHENWS HLWK
IURP/DEYLHZ LH D UBDWUDQVPLVVLRQ LQ WKH TXDQWXP FKDQQHO RU IURP
VLPXODWIRQELW VHTXH@RHUDWHG E\ $OLFH FRPHV HLWKHU IURPWWUXO\ UDQGRP ¢
JHQHUDWHG E\ DQ H[WHUQDO UDQGRP ELRODHEBIEDIVRYLFRQRW IRU VPDOO
VLPXODWLRQV IURP D SVHXGR UDQGRP JHQBPERMISRYRGHORDIY H EHHQ
PDGH IRU IXWXUBHERSQWDWLRQV RI WKH H[WHUQMBYE KXHG! IRU WKH
PRPHQWL RZ $OLFH DQG %RE KDYH RQH YHUVLRQ HDFHE RMVKKHY DD EIQYRW
WKH VDRBM RYHUHG LQ &KDSWHU WKH UDZ ELWV DUH/QRI RXENUWDNHQ
%RE VXSSOLHV $OLFH ZLWK NQRZOHGJH RPN BDYHW KNHEBVHV RQ %RE V
VLGI$ OLFH FRPSDUHV DOO EDVHV ZLWK KHUV WQRQVERBY W&IBAREDWHOOLQJ
ZKLFK TXELWV ZHUH PHDVXUHG RRWHKHAVKO\YH DURXQG Rl WRHIELWV
HYHQWXDOO\ FRQWDLQLQJ HUURUV

7KH VWHSV UHBDRQHQHUURU FRUUHFWLRQ WR UHFRQELDNDFKH NH\ DQG
DPSOLILFDWLRQ WR PDNH WKH NH\ PRUHHIDNAU I BQ®IBHPDWLRQ WR DQ
DFFHSWDEOH ORZRZHWKBVH SUIBQFUSESY DUH SUDFWLFDOO\ LPSOHPHQWHG ZLOC
GLVFXVVHG LQ WKH IROORZ&igH ®WRWLUIRQW

,Q WKH *8, ZLQGRZ WZR LPSRUWDQW SDUDFHRQFHVIDLYDIHHFXULW\

,RODQG o, RV WKH PD[LPXRMUDWHG OHYHO Rl WKH 6KDQQRQ LQIRUPDWLRQ

(YH RQ WKH ILQDOMMROG EH FKRVHQ YHU\ VPDOO LQ WKH RUGHU RI DW PRVW
S,oWHOOV XV ZLWK ZKDW SUREDELOLW\ WRHHEBIGXBQYRWRHEH YHU\ VPDOO
LQ WKH RUGHU Rl DW PRVW

)RU WKH SUBP WR ZRUN LQ SUDFWLFH \RX QHHG WR) GR<KMRPFMXBEQW R
TXDQWXP ELW HUURU R®OWBQW WKBUSBRWR ZRUN DV UHDOLVWLF DV SRVVLEOH
WKHVH WHVWV VKRXOG EH FKRVHQ E\ PN G5 IRER[HBIFEKRQLUVW
WHVEE7,04%(5 EHRUH DQ\ VHFXUH NH\ WUDQVPLVVLRQR.WRDEHNKH
TXDQWXP ELW HUURU UDWH RI WKBWKHIMYRH GHRBFNW.FLHQF\ 7KH RWKHU
WHVIB74%(5 EHRUH HUURU FRUUNAWHR®/LPDWH WHKMIBEWXIKLYV
HVWLPDWH LVRXVH@ WKH VL]H RIRFKDEQJWK DQG RWKHU SDUDPHWHUV IRU W}
UHFRQFLOLDWLRQ SYRWRARDKHVH WHRW\FRRWHQ WKDBUR OO ZRUN
DQ\ZD\ ZLWK YDOXHV VHW LQ WKH FDVH BORARDQRXOFWHDL SOUDPHWHUV
DUH H[SODLQHG PRUH LQ VBEEMBLRQ

3URJUDP 6WUXFWXUH

'LWKLQ WKH IUBPWXH SURWRRRH LQIRUPDWLRQ ZLOO EH H[FKDQJHG EHWZHHQ $0l
DQG %REKH SRIUDP LV GHVLIJQHG IRU %RE WR DFW DV Xy RM/KMNOLZRUSDUW

%RE LV WKH RQH ZKR WDNHV DFOWARYRQEGREFPDWLRQ IURP $OLFH ZKHQ QHHGHG Lt
RUGHU WR SURFHHG ZLWK WRKLSUFRWRFR® WRESSRVLWH ZD\ RI WKH
QRPH@PWXUH SUHVHQWO\ XVHG LQ WKH OLWHEXYWXWVHQFRPRINQKMOHVV
HIILFLHQW LQ DQ LPSOHPHQWDWLRQ SRAGINMW (HZ GDOSUHQFH LQ SUDFWLFDO
XVH ZKLFK GLUHFWLRQ WKH LQIRUPDWLRQ WUDYHOV
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$ PRGHO Rl WKH SURMDWKHRIUDP VWUXFWXUH GLDJUDP FDQ EH IRXQG
DWWDFKHG LQ $SSHBEL{8%XQFROTFLQWHUIDFHAEDAADLQ FZKR LV WKH
ERVV IXQFWLRQ GHVLIQHG WR EH RQOHIEMKHRGVEERIRARTPMKH\ UHVLGH
DW WKH VDPH FRPSXWHU LQ IXWXUH WKHGFOQVEHPYIBSBUPRGLILFDWLRQ RI
WKH FR@KH IXQRQY RIGLFH DQG %RE DUH LPSOHPBIFMHGH\BHFWLYH
ERE P %RE KDV URX\EREBBURWRFROB[[[[[[[ PQEREBJUDSKLFV WKDW
KDQGHV WKH SURWRFRO DQG WKH JUDSKHF'SWHXSWFMKEY MON LQ D VHSDUDWH
ZLQBZ [[[[[[ VWDQGV IRU WKH QDPH Rl HLWKHU RQHHEHOWHWSHHRIGLI
SURWRNRLPSOHPH@®WWED GHFRUUHF\@LVFDUGKH VDPHRYWLQHV H[LVW IRU
$OLFAKHVH IXQEWLDUKEBG IRU XVLQJ DQ DUJNRHNINRAMMYLFH.Q
RUGHU WR PDNH HDFK IXQFWLRQ SHUIRUP GLDRUSQMXERREWHFW RULHQWHG
FODVV SURJUDPPITH QDPHRI WKH GLIIHUHQW PHWKRG\UIP WRIGHR
$SSHQGL[ % DURMVHQ WR SURYLGH D KLQW Rl WKHLU IXQFWLRQ

7KH SXBLF FKDQQHO LV LPSOHPXEDUARKLIBQG WKH SULYDWH IRIDQQHO
VLPRDWLR@TXDQWXPFK IKHQ XVLIQWKH UHDO TXDQWXP FKDQEHO L
TXDQWXPFKAEDOV IRU DQRWKHU OOEMVHRBTXDQWXPRKBW HVWDEOLVKHV
WKH FRQQHFWLRQ WR WKH H[SHS$UPHBWMDWBDOXSKBEWLFFK BRHV LV
WR IRUZDUG DOO RUGHU IURP %RE WR $MIFHHDEHIIFBDVRQ) WZR
FRPSXWHUV ODWHU WKLV VKRXOG EH WKHFKEQDHI XEYFMMERDWFRGH IRU
(WKHUQHW FRQQHFWLRQ RU VXFK

0 DLQ 6WHSV LQ 3URJUDP &RGH

6WDUWLQWHUIDFHFDCRDLQ PWKDW LQ LW V WXUQ
FDODWLFH P

$OLFH LQLWLDWBYLEHWRDODXDQWXPFKZHUH
WKH UDQGRP ELWV DUH JHQHUDWHG WKHVH DUH VHQG RYHU
TXDQWXP FKDQQHO

%RE UHFHLFBIMQ PFIDOMRE P WKDW LQ WXUQ FDOOV
TXDQWXPFKDRE&RE PUHFHLYHVY WKH ELWV

3LIRWRBRERE FOIDOVJHEREBSURWRFROBFDVFDGH P
WKDW LQ WXMWMIFHBSURWRFROBFDVFDQHS P

WKH SURWRFRO FRQQHFWLRQ LV7KR RDORIEQUVKHG
VWHSV DUH SHUIRUPHG

L 6LIWLGRPSDUH EDVHV
LL SHRQELDWIHR®U FRUUHFWLRQ
LLL3ULYDF\ DB&ILFDWLRQ

(QG ERE PVHQGV KLV NH\ EPEN@RPDLQ PDOVR
UHFHLYHV NH\DORPH P

7DEOH ODLQ VWHSV LQ WKH 4XDQWRBD&K\SW
,QWHUIDFH D EDVLF VWDWHIORZ GHVFBWHIRE WKH FRQQH
EHWZHHQ WKH URXWLQHYV PDNLQJ XBKANRB\BVRIIDIRS

VIRXOG Rl FRXQRMEH GRQH LQ D UHDO LPSOHPHQWDWLRQ



3URWRFROV LQ 4XDQWXP &U\SWRJUDSK\ 6\VWHPV

VXLWHG IRU VHFXUH FRPPXQLFDWLRQ TRL\RWWHS LV RQ
VLPXODWLRQ UHDVRQV VR WKDW $OLFHRDQ&H %RE V NH\V
FRPSDUHG IRU HUURUV

6LPXODWLRQ RI 7KH 4XDQWXP &KDQQHO

,QRUGHU WR LIDVHYWIKH SHUIRUPDQFH RI GLIIHUHQW GGREMRARD\QILFH ZRX
QRW EHLQJ UHTXLUHG WR XVH WKH UHDO 7R¢D{RAXP [FXNDQYQERN WK
VLPXODWH WKH FKDQQHO DQG GLIIHUHQWDHFNYHRGKIREBSGIPEQWDWLRQ
LV YHU\ VLPSDEKDQWXPFK IR/ OVR LPSOHPHQWHG WKH SRODUL]DWLRQ PRGXODWRL
GHPRGXODWRU WKDW LV WKH ELWV $OILFHEWR EHINKHUWDXFYRP O\ ZLWK HLWKHU
FKRLFHURFWDQJIXORBLDIRQDERODUL]DWKROLY VDY HREDMEMRWRQV
7KHVBKRWRQRDQ WKHQ EH GBPRGIG E\ %RE LQWR ELWV E\ FKRRVLQJ LQ WKH VDP!
ZD\ HLWKHU SRODUL]DWLRQ EDVLV UD@SRFOVKH RRIUEKREW EDVH KH ZLOO UHFHLY'
WKH FRUUHVSRQGLQJ ELW LI KH FKRRVHYLDAIPRY BR/HKLKHNQRIH
UHFHLYH DRMEBN (YHQUXQYH FRXOG DOVR KDYH EHHQ HDYHVGURSSLQJ DQG
FKDQJHG WKH YDOXH Rl VHYHUDO ELWV RRWD BKDRAHR VERN S DQG LQWURGXFHG
HUURGKLV LV L®SPHQWHG E\ VLPSO\ IOLSSLQJ WKH ELVD LSKRUMRDMIRKLQ
WKH SUREDELOLW\ VHW E\ D SDBPAHWHUKH WZR LQGIQEXD DWWDFNV
LQWHUFMSWH@®RE&HDPVSOLWW

7KH SDUDPHWHU\RXWES]M/WKH SULYDWH FKDQQHO DUH WKHSKRWRQ LQWHQV
WKH GHRIHFINLFLHGF\WKH%(5 IRU FKD@QBQG GHWHFWRU 40Q% WKH
LQWURGXFHG EVKHHLPSHPHQWDWLRQV Rl WKHVH SDUDPHWHU\G DUH VWUDLJKWI
WKH SKRWRQ LQWHQVLW\ WHOOV KRZ PDRREXDDMHERXWGIEHFH V VLGH DQG
VHQW RYHU WKH FKDQQHO WKH GHWHEM/RIK HISURRBQEL GLBOWKDW D SKRWRQ LV
GHPRGXODWHG DW DOO DQGAWEH BKBPQREIO WKH HUURUV LQWURGXFHG E\ WK}
GHWHFWRU DW %RE V VLGH E\ IOLSSLQN KIMVEHBHEYREDEL®LW\ VHW E\ D
SDUDPHWHU YDOXH

*UDSKLFDO 8VHU ,QWHUIDFH

7R RSHQ WKH LOQWHUIDFH ZLRIGREHUXQFHRDDWODE<RXU ILUVW FKRLFH LV

KRZ PDQ\ ELWV \RX ZDMWHEWR VWDUW RIl ZLWK DQG VHQEWRWLRE H

\RXOLNH WR FKHFN WKH TXDQWXP FKDQQHOURUHUMR T XIDYVHXRE PXVW DOVR
VSHFLI\ KRZ PDQ\ ELWV \RX ZDQW WR XVH KRN WHHN \URWYWLRDWHE.RI

%\ IUDFWLRQ \RX®YREXRRVH KRZ PDQ\ ELWV EHIRUH HUUIRY\AHRXBEWHRQ WK
XVHG WR HVYWLPBWH WKHDQG VR WKH EORFN OHQJWKV XVHG 0QUNKH SURWRFRO
WKHRE IRUD/LPXODWODQWXPKDQQHODO RXW FRUUHVSRQGLQJ $RXDPHWHUYV
FDQ FKRRVH ZKDW HUURU FRUUBFWRRXVBUR®EHAR \RX ZDQW WR GR SULYDF\
DPSOLILFDWLRQ

7KHUH DUR WHAFXULW\ SDUDPHWHUV WKHOPDRRXGWRIRURBWRIRQ

(YH RQ WKH ILQDO NH\ DQG WKH SYREDEQILWKDW WKLV YDOXH ZLOO DFWXDOO\
EH HIFHHGHG %RWK FDQ EH FKRVHQ DUB[SHIDMH Q! BRA DMPDO NH\ UDWH DV
ORIDV WK¥W%(5 LV EHORZ D PD[LPXP YDOXH GLVFXVVHG LQ VHFWLRQ

7KH YOXH IRU SDUDBB®YERPQRLVMHHGY XVHG DV D VHHG IRU DOO SVHXGR
UDQGRP QXPEHUV JHQHUDWHG LQ,WHN SUKERWARH WR UHSHDW D VLPXODWLRQ
ZLWK H[DFWO\ WKH VDPH RWWERBBUDPHWHR LMWVKNOW UDQGRP QIHG ZL
EH XVH&XQ D VLRDWLRQ E\ SUHVVLQJ 6WDUW 6LPXODWLRQ
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Quantum Cryptography Interface
Simulates The Quantum Channel by Option

Number of raw bits sent by Alice: I 2000

[T Initiation test for an Estimate of Channel QBER

MNurker of test bits: I 4000

¥ Sifted bits test to estiwate QBER before error correction

Fraction of sifted bits used: I 01

¥ Simulate Quantum Channel [otherwise Labwiew) :

FPhoton Intensity: 01
Detector efficiency: 1
Channel Quantwm Bit Error Rate [QBER) : 0
Eve Eavesdropping Cuantww Bit Error Rate (QBER) : 003

Error Correction Protocol: Icascade vl

¥ Perform Privacy Awplificarion

Tolarated Information on Eve for Final Key (maxirum) : 1e-010

Probability that Finsl Key is unsafe (maximum) : 1e-010

[T Draw graphics

Random noise seed (0 = random): I i

Estimate of QBER from QC: 0.00 %

3ifting of Raw key

—-Key length: [A-B Info) 97 [bits]
-Key errors: 40
-Leaked information: (Ewve's Info) 249 [bits]

Reconciliation

—-Key length: (A-F Info) 897 [hits]
-Key errors: a
—-Leaked information: (Ewve's Info) 4658 [bits]
Start Simulation |
Privacy bmplification
-Final key length: [A-B Info) 362 [bits]
-Final key errors: a Feset |
—-Leaked information: (Ewve's Infao) 1le-020 [bit=]
Total True QBER for this transfer: 3.61 % Hem |
Per cent length remaining final kevy: 15.1 %
=» Probably Eve is listening! CPlLHime: 7611 5

But =t£ill the key iz likelwy secure, QBER < 15%

JLIXUH  $ VDP®KBWDWODES8, RI WKH 4XDQWXP &U\SWRJUDSK\
6LPXODWLRQ 3URIH®W IURP RQH VLPXODWLRQ DSSHDUV LQ WKH
ORZHU OHIW ER]

6LPXODWLRQV

7KUHHRI WKH UHERORILRQ SURWRFROV SUHVHQWHG LQ &KBGWHGE DUH LPSO}
[[[BSURWRFROBGLVFDUG[BSURWRFRO FRUUHFWIRQG[[[BSURWRFROB

FDVFDGH PLVFDUGLGHWRUV D@RUUHFWHQWRUV DUBHMRSQWHG PDLQO\ IRU
FRPSDULVRQ UHRDRENGH/ WKHRYW HIIHFWLYH PHWKRGFQRUMMR WKH
6KDQQRQ OLPLW DV GLVFX\KHG HDUBUHUHG EDWPRQV
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(UURU &RUUHFWLRQ 3URWRFROV

JURP VHFWLRQ  ZH VDZ WKHUH H[LVW GLURQWQRUHYWMPERRIH D

VLPSOHU DQG D FUXGH)LYKUWLRQG )LIXUH VKRZV VLDWLRQV YHULNLQJ

WKH SHUIRUPDQFH RI WKH'ISUFRWEFG@DVFDGIRU ERWK HVWLPRNM/HV

QRUPOL]HG LQIRUPDWLRQ LV FDOFXODWHG NGRXLQYMEKBLYRPERIG WKH ILQDO

NH\ OHQJWK UHVXOWLQJ IURP VLPXODWLRRIRUDGYHHUJEQWKH VDPH

DS®LHV IRU (YH V LQIRUPIBMMVRQRZ ZH FRPSDUH WKH HVWLPDWH RI KHU DFTXLUH
QXPEHU RI ELWV ZLWK WKH VLIWH&HBLOHQIQYRH EHWZHHQ WKH FXUYHV FDQ EH
VHHQ DV WKB NBBUHW LQIRUPDWLRQ WKDW FDQ EH HNWVDIPWWHG [URP WKH
FRPSUHVVLRQ E\ SULYDF\ DPSGKHFEIMRRY WKXV VKRZ WKH VWDWH DIWHU HUUF
FRUUHFWLRQ EXW EHIRUH SULYDF) RESOKHNVPDASREWRFARQG ZLWK WKH

FUXGHU HVWLPDWH ZH REWDLQ D B®XQGIEWHQFH KHUH FRPSDUHG WR WKH
WKHRUHWLFDO LV GXH WR WKH SRRUNLVIBURIFFHRRI 7KIXPBIRMVDU

DSSOLHV WR WKH VLPSOH HVWLPRRGD UHE QR

6KDQQRQ ,QIRUPDWM%(5 %HIRUH 3ULYDF\ $PSOl

BHQW ELW -

$0/($OLFH %RE PXWXDO LQ
.................. v &UXGHU HVYWLPDWH RI
D U 6LPSOH HVWLPDWH RI ]

1RUPDOL]JHG 6KDQQRQ ,QIRUPIWUDQ'

4%(5 >

)LIXUH 'LVFDUGSURWRFRO 7KH VROLG OL$IH RHKRZDQG

%RE V PD[LPXP PXWXDO LQIRUPDWLRY IRW Gt URDRAYMK

Z UW WKHRUUDWH (YH VOWMIRIH LV FRQVHTXHQWO\4WFUHDVLQJ
\RPH SRLQW WKH FXUYHV PHHW DQG WKHUPDWERYHYKBW LQ
FDQ EH HIWUDFWHG IURP WKHMPNW\TBH DFKLHYHG RQH IRU
HDFK HVWLPDWH RI (YHV LQIRHNWVIDRGPRZHU WKDQ WKH
WKHRUHWELRHEQ HUURU FRUUHFWLRQ DWOWMRIEWSKDQQRQ

) RU WREBVFDGHRWRFERH LQVWHDG ILQG WKH FRUUHVSHRIIBEQJ OLPLWV
7KH VLPXODWLRQ GRMW @RWXJIK UHVROXWLRQ WR VHH WRIDMV/LIQUIBFW WKHVH OL
FORVH WR EXW QRW DW WKH WKHRUHWLFDO OLPLWV
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7KH LRUPDWLRQRVW WR (YH GXULQJ HUURU FRURINMAD SRRV E FRIOH.V
FDOFXODWHG LQ WKH VRIWZDUH LPSOHRMQMKMQREEENFRKEDVIL W\ FKHFENV

6KDQQRQ ,QIRUPDWM%(5 %HIRUH 3ULYDF\ $PSOl

BHQW ELW

49 SOLFH %RE PXWXDO LQ
L . &UXGHU HVWLPDWH RI
7 6LPSOH HVWLPDWH RI

1RUPDOL]JHG 6KDQQRQ ,QIRUPIWUDQ'

L 1 1 1

4%(5 >

)LIXUH &DVFDGHURWRFRO 7KH VROLG OLYIH FHKRZDQG

%REYV PXWXDO LQIRUPDWLRQ EHLQJ FRQVUWRQYW DEHFDXVH HU
FRUUHF\(WHHSY NQRHGJIH LV FRQVHTXHQWO\ LQWUMRNRELIYZ

UDWH $W VRPH SRLQW WKH FXUYHV PHHW \DM{PEHWKHUHYV QR
LQIRUPDWLRQ WKDW FDQ EH H{WUDFWHGRORP WKHDUMNH\ 7
DFKLHYHG RQH IRU HDFK HVWLPDWH RIQYHKKW\Q IRUIF NN UR

FORVH WR WKH WKHRWHMFBOURU FRUUHFWLRQ DW WKH 6KDQQRQ
OLPLW

3ULYDF\ $PSOLILFDWLRQ 3URWRFRO

7KH SULYDF\ DRE FDWLRQ VWHS LV LPSOHPHQWHG E\QUWHHEBRVIOCKIHOU X
IXQFWLRQ DV VWDWHG LQ7¥BRWLR@® PDWUL[ LV FQ@ENIFRIQUDQGRPO\
FKRVHY DQG V ,WV VLHAY, :H PDNH D PRGXQRVH PXOWLSOLFDWLRQ
EHWZHHQ WKLV KDVK IXQFWLRQ DQG WKHOUIQBREFLOXE RPKV D
FRPSUHVVHG NH\ KRSMIXFXUH DQG ZLWK, CRBQUIPKWHLY FIFXODWHG E\
FRXQWLQJ SDULW\ FKHENV PLQXV WKH QXPEHGH®LELANMWGPDWHG E\ D
IRUPXOD EDVHG RQ WKH HUURUWUENAHGHGAURP WKH SDUDPHWHUV VHW LQ WKH X\
LQWHUIDFHDQG,pn 7KH DFWXBIUURU BDMWHZHOO NQRZQ VLQFH LW LV HDV\ WR
FRXQW KRZ PDQ\ HUURUV KDYH EHHQ FRUUHFWHG

7KH HIIHFWLYH EI5/, UDANH FDOFXODWHG LQ IMHERWRIHG LQ )LIXUH
DQG JIXUH VLP®H DQG FUXGH HVWLADWB RIBRWLRQ VHQGERYV DV
WKH UDZ NH\ DRGPXODWLRQV IRU HDFK HUUR YDOHHSORWFXDWLRQV
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DUH OBWRP HDFK VLPXODWLRQ WR WKH RWHELDOHN BUGHQKIMABRY H

DYHUDQJ LV QHFHV¥OUR VKRZQ LV WKH ELW UDWHV ZLWK HWH FRUUHFWLRQ
6KDQQRQ OLPLW ZLWK DQG ZLWKRXW VHFXUDNRWHR REUINYNM BIRQHVH

VLPRDWHG FXUYHV GR QRW QHFHVVDULO\KHEDRZABRROE FERAX@DWHG IRU

HDFK SURWRFRO LQ VHFWLRQ

6HQW ELW R

Swi (IIHFWLYH %LW 5DWH IRU &DVFDSH SURWRFRO
T Sui (IIHFWLYH %LW 5DWFDREGRBVRBR .

5 erxod HUURU FRUUHFWLRQ DMPEEDQQRQ
I - " Bgerod HUURU FRUUHFWLRQ DRMWPEADQQRQ A

1RUPDOL]HG (IIHFWLYH %LWWUDQ'

4%(5 F>C

JLIXUH  8VLQ WKMLPSOHVWLPDWW \RIPXODWLRQV WKHQ JLYH
WKHVH HIIHFWLYH ELWGIMAWBMBIREEDVFDGSURWRFROH
FDVFDGHRWRBRZRUNV YHU\ FORVH WR WKH XSSHU ERXQG IRU HUURU
FRUUHFWLRQ DW WKH 6KDOQR@OHRIVWRU ODWHW WKDQ

\RX ZRXOG LQ SUDFWLFH KDYH WR WU DR \FQWIERM/WRU
REWDLQ DQ\ XVHIXO NH\ OHQJWK
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- 6HQW ELW R

——  Sw (IHFWLYH %LW 5DWH IRU &DVFDSH SURWRFRO
- |7 S (IHFWLYH %LW 5DWHADRGRNVRBR 1

""""""""" 55 erxo€ HUURU FRUUHFWLRQ DWPERDQQRQ
B oo 54 erxed HUURU FRUUHFWLRQ DWPEEDQQRQ 1

1RUPDOL]HG (IIHFWLYH %LWWUDQ'

4%05  F>(

)LIXUH 8VLQ WKIHUXGHVWLPDWW RIPXODWLRQV WKHQ JLYH

WKHVH HIIHFWLYH ELWAIMNMRBMBREEFDVFDGHURWRFROA
FDVFDGHRWRPRZRUNV YHU\ FORVH WR WKH XSSHU ERXQG IRU HUURU
FRUUHFWLRQ DW WKH 6KDIRQRRPSMWOUR WR )LIXUH

DQG JXUH DQG WKH ORZHU ERXQG RQ WKH SHUIRURDQFH IRU WKH W
SURWRFROV

6\VWHP 3HUIRUPDQFH

‘H KDYH QRZ LQYIDWWG WKH ELW UDWH GHFUHDVH IURP WR{HMKWDUWLQJ VWD.
GLVWULEXWLRQ SURFHVV KDYLQJ WKHQIDZ FWINHWR MIKHL.Q D VHFXUH NH\
30RWV VKRZLQJ WKLV UHVXOW ZHUH SUBNXQGMBRGLRRH SUHFH

+RZHYHU IRMDODSUDFWLFDO UHDOL]DWLRQ PRUH LEM/MIFHDOARIUDERXOG
LQWR DFFRXQW WKH H[WHQVLYH GHFUKDVKH QXRGNWXPWAHEGIHD UH
PDLQ\ WKUHH UHDVRQV IRU WKLV ELW UDVBMHDRQVLQWNQN W\ KRl RQO\
W\SLFEZDX RQ WKH.IJKWSX@KHY PHDQV VRKDWKH DYHBR@\ HYHU\

WK SKRWRQV DUH VHQWLUBRRARY HDFK WUDQVPLVVLRQ WR HQVXUH WKDW QRW
WKDQ RQH SKRWRQ LV VHQEHBO@® EHADYH WKH ILEHU ORVV GHVFULEHG E\ WKH
ILEHU DWWHQXDWLR@ FERIE/WRBW.EHU OHZZIWK IUDFWHRQ@LOO UHDFK
%REV GHWHRNWRWKLRSEMQHFN ZH KDYH WKH GHWH FWA_ RVXH | & HIRBERY
IDD WR UHJLVWHU SKRVIRQ@REWY SXW UHVWULFWLRQV WR WKHKDELEV UDWH DFKLHYDE

5 =Y%=hmi?Y

ZKHUMIUHTXHQF\ VHQW RXW E) BOVFKH I BIFRILELORYW LQ WKH 34% DQG
LV WKH RULJLQDO ELW UDWH
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7KH SUREOHP DERXW WKH SKRWRQ LQWH @G LRCHIEYFREFRIHDIN Y
LV D WUDGWR EH FRQFHUQHG ZLWK 2| FRRGVALRHBY R .JK DV SRVVLEOH
HTXD WR EXW ZH FIRYQ HOVUHQHUDWH VLQJOH SKRWRQV WKHUHIRUH ZH VHW
LQWHQVLW\ WR VRPH ORZHU YDOXH W RHDN \JOWH QAKERM IRQMBDQ RQH SKRWRQ LV
VHQGKLV LV LRSWDQW UHPHPBEHBLADYHVGURSSLQJ VWUDWHJ\ Rl EHDPVSOLWWL
(YH ZIOO OHDUQ PRUH LQIRUPDWLRQ ZQWK\KXIKMWMKLY GHFUHDVHV WKH ELW
UDWH RI $OLFH DQG %RE DQG WKH\ JHW RARXKDWR | EABREHL2D DOZD\V
EH VRPH RSWLPDO YRM¥HWRU(YH OHDUQV D VPDOO DPRXQW RIR.QIRUPDWLRQ IUI
EHDPVSOLWWLQJ DW WKH VDPH WLPH DY $OLEH. DQGWRERK D UDWH

1 RUEHUWWNHQKDXV RI +HOVLQNL 8QLYHUVLW\ KDWLUBWHQWEKIDY HV
SUREOHP LQ GHWNIL@G SHUPLVVLRQ ZH KDYH ERUURZH® RIPDNRIWRPHH
SUHGLFWLRQV 7KH WKEBENMWEXDG DQG GHULYDWLRQV DUH EMIRQG WKH VFRSH |
WKHVBYQFH WKRUR LV QRW \HIW\BMES ZH ZLOO QRW UHSURGXFH DQ\ IRUPXODV
UDWKHU RQO\ SUHVHQW VRPH UHVXOWYV RI LQWHUHVW

[

(IHFWLYH %LW 5DWVHF ELWL

3KRWRQ LQWIx >SKRWIWUDQ'

JLIXUH  (IIHFWLYH ELW UDWH IRU WKH ZKROH TXD@XXXP VA\VWHP YH
WKH SKRWRQ LQWHQVLW\ IRU GLIIHUHQW ILEHU @HYRWKY >

DQG ZLWK WHKHDGURWRFRO L@DUDPHWHOXHY GHWHFWRU
HIILFLHQF\  ILEHU ORVV FRQWWDSB% NP@ GDUN FRXQW
UDWa4p0n $OIQPHQW HUURU EHWZHHQ ILEHOXV DQ
DGGLWLRQDO FRQVWDQWKBRRXURHE% WKH RSWLPDO YDOXH IRU
WKH SKRWRQ LQWHQVLW\ IRU HDFK WUDQ@XPVMRSRE. BDVWDQFH

LQ WKH VHQVH WKDW (YH LV DOORZHG DHVPPRM@WVRSRVVLEO
SKRWRQV WR HDYHVGURS DW WKH VDPHGMVPHFDNDYREDZAOO
LQIRUPDWLRQ TXELWV DV SRVVLEOH

,Q WKHVHDFRODWLRQV PRUH VRSKLVWLFDWHG DWWABFSW LEDAHIE R GQWH
EHDPVSOLWWLQJ DUH FRQVLEMUBEB LQ SRVVHVVLRQ RI D ILEHU ZLWKRXW
DWWHQXDWLRQ @EFEQIJNEKH RULILQDO ILEHU ZLWK WKLY RQ® FREWDREH
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RYHU WKH LQWHQVLW\ DQG WKH SXOVHRDTKH URBFHLPMGYE, BQRZV IRU
ORQJHU ILEHU OHQJWKV D ODUJHU DPRXDRWWR SHRMIRENQLXVH KHU
SHUIHFW ILEHU WROWDMUDUDFWLRQ Rl SKRWRQV WR PHD\RKIWREDQG UHVHQG V
ZLWKRXW DQ\ DWWHQXDWRRQEWY DRIDWKLY QRW WRIKIDSEEQ SR NHHS
GRZQ WKH LQWHQVLW\ IRU ORQJHU OHGHVIOWR| DUKHIDERMUNHG LQ )LIXUH
IRU GLIIHUBBMYIWKY Rl WKH7KHEHSRWRQ LQWHQVLW\ FRUUWMRSRRBLQ
PD[LPXP RSWLPELW UDRIHWKDW VSHFLIDAQEWIVKRXOG DOZD\V EH FKRVHQ
‘H FDQ VHH LQ VORMVSVKDW WKH HIIHFWLYH ELW UDWH LV KDAPKIDQUGHU RI
WKDW LI ZH UHTXLUH D ELW UDWH RUHREIDEMWKIFRQ D IUHTXRQF\

N+] LV QHHGHG IRU WKH ODVHU SXOQWRLMY VRQHISBURY Rl WKH
TXDQWXP VA\VWHP
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&KDSWHU
&RQFOXVLRQV

([SHULPHQWDO 4XDQWXP &U\SWRJUDSK\

7R WKLV GDWH H[SHULPHQWDO TXDQWXP BEBNSY/RURYSKY KIDV/LEOH LQ VHYHUDO
ODEV DOO RYHU WH{SHIRIPEIGOWHWXSY DUH FXUUHQWO\ DEOH WR JHQHUDWH VLIW}
DW DQ DFFHSWDEOH ELW UDWH DQG ZLVMKHORY NMEHRUQB®WHYY SDSHU LV D
SDUW RI WKH QH[W VWHSIDWH LRQENWIZKDW FLUFXPVWDQFHV LW LV SRVVLEOL
LPSOHPHQW SUDFWLFDO SURWRFROV WKEDNQD | HRPHY DIWWMBIXE\ VHFUHW NH\V
7KLV VWHS UHTXLOIER/FRAPXQLFDWLRQ WKDW LV FRQWUROOHG E\ SURWRFROV
7KH GHPD®® SURVIRFRV WR KDYH KLJK VXFFHVV SUREDEQOIWRH.Q UHFRQFLOL
NH\ DQG WR SURGXFH NH\V DW D K$ER>BMWYWHBMWRGHSEBUIRUPDQFH FDQ EH
VDLG WKDW WKH PRVW LPSRUWDQW WDNEUW WRAMH)BOMBHWKDQ WR GHFUHDV!I
WKH HUURUTBMEHVWRHUER UUHFW LR QQMFRWIRFEBFRUUHFWYV HUURUV IDLU
ZHOO LQ IDFW FORVH WR WKH 6KDQQR{FOHBMN 1DNE WKH®/H RI WKH SURWRFRO L
DURXQG RQH KDOI DW PRGHVW HUUKUY UEBWAIYIDVH LQ ELRYUBIDMMKH
TXDQWXP FKDQOBIFOXGLQJ WKH GHWHFWRU LV LQ ™KW RQGHDRHY WKDW
ZRUN WRZDUGV RSWLPL]DWLRQ RI WKH ODVHOHU7EBILBX EULGEHARPPXQLFDWLRQ
SDUW RI TXDQWXP NH\ GLVWULEXODWRGQ L@QVWHWIWKHVLY VKRXOG EH SRVVLEOH
LPSOHPHQW WR ZRUN DW VSHHGV KLIJK HORHIRDWR ERMWVEHH@HFN LQ WKH
RYHUDOO V\WVWWHP SHURUWPBYMHWLPH FR@VSPUY Rl WKH SURWRFRO VHHPV WR
EH SULYDF\ DPSOLILFDWLRQ GXH WR WKV KRREDH{LWQRIXBYKHU
LOQYHVIWLLRQV WRZDUGV IDVWHU SURFHVVLOBXOWDMBUKQIMARRY WR VSHHG
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XS WKH SURWRFRO SHUIRUPDQMHRZHNHKVMIKRHDGEXH WR FRPSXWDWLRQDO
SURFHVVLQJ LV QRW GLUHFWO\ FRPSDUMQHORWKL\GKH W[ SOWH RI WKH SURWRFR!
W LV RK IRU WKH SURWRFRO WR EH HHFXWHE®WI QRBRRALQKHDYEH RI

UDZ ELWV LQ RUGHU QRW WR VLQN WKH RI DA ENHH BV W VIVHHPY QRW WR EH D
SUREBHP

)XWXUH RI 4&"

7RGD\ DV HYHU\RQH LVXBLWIRQWKH QHW WKH GHPDQG RQ VHFXIDMWDLY LQFUHDVLQ
IDVW SDRMVKLQ WUDGH HDBWEU\SRIUDSK\ LV PRUH LPSRUWDQW WKDQ HYHU
‘KHQ LQRUPDWLRQ LV VHQG IURP ERQNDEJ PDFKLQHV RU VXFK LQIRUPDWLRQ KDV
WR EH HQFU\SWHG LRSWDQW WKDW QR RQBGEIXR/ VAORXUHDG WKHANYVDJIH

LW LV HYHQ PRUH LPSRUWDQW WR EH VEKW SHOWROARX PUKHWUXVWLQJI RQ WKH
RWKHU VLGH Rl WKH FRPPXQLAWUHRQVAL@HHG IRU VHFXUH FRPPXQLFDWLRQV

7KH PDLQREOMQHFN RI WRGD\ V FU\SWRJUDSK\ DO.JRBIQVKRXL Y MW K¥R XWX UH
LPSURYHPHQWYV RI FRPSXWH TXSOWERFSXWLAYHU FRPHV WUXH RU HYHQ LI
FODVVLFDO FRPSXWHUV EHFRPH HQRXJK |ICROTNYMRDGFWRGEBIUDSK\ PD\

KDYH PHHW LWV BIBWRKQMWR $UWXU (NHUW ZKRP ZH TXRWHG LQ WKH LQWURGXFW!
KH VWDWHW BHDQHHEKRZ\XS TXDQWXPU\SWRJUDSKNEH. PSOHPHQWHG

ULJK®ZD\ ,I \RX UHDOZDQWVRRIRUVRPHWKLQXDWSHUIHFWMIFXUBAH

NQRZRI QR RWKHESWLROKDQIXDQWXFU\SWRJUDSKBR IDU VBRRG
H[SHULPHQWDO UHVXOWV KDYH VKRZ WKDORWQGHHIERPHEBUEJ DEOH WR
LPSOHPHQW V\VWHPV ZLWK SHUIRUPDQFH RNHRRFVHIHIFHDDUHQVEYHUD

JURXSV DURXQG WKH ZRUOG ZRUNLQJ WRZEWEWNVKKMIRRPHDW
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%LEOLRJUDSK\

>@- $GjPHN ?)RXQGDWLRQ RJI&REDA\,QWHUVFLHQFH ,6%1

>@& + %HQQHWW ?24XDQWXBUERESWR/LQJ DQ\ WZR QRQ RUWKRJIRQDO VWDWHYV
3K\VLF\BHYLHZHWWHU

> @& + %HQQHWW ) %HVVHWWH * %UOVYMDOBP ROGQ ?([SHULPHQWDO
4AXDQWXP &U\SWRJUDSRV &U\SWRJUDSK\ YSS

> @& + %HQQHWW * %UDVVDUG ?4XDGWRBSRUBWOLF NH\ GLVWULEXWLRQ

DQG FRLQ WR\BURFHHGL&IV((( ,QWHUQDWLERDIBIUHQRI
&RPSXWHWBWWHPWQGLIQDBURFHVVLGDQJIJDORUH §&LD

> @& + %HQQHWW * %UDVVDRSHEX &J0 0DXUHU ?*HQH)HIS 3ULYDF\
$PSOLILFDWLRQ ,((( 7UR®R/ 7KHRU\

> @& + %HQQHWW * %UDVVDUREHOVWE ?+RZ WR UHGXFH \RXU HQHP\ V
LQIRUPDWLEGEY DQFH\D&U\SWRORBURFHHGLBIRU\SWR $X IXVW
JHFWXUH 1RWHV LQ &RPSXWHU 6FLH@®EHLGRO 9HUODJ %HUOLQ
Ss

> @& + %HQQHWW * %UDVVDUG -0 5REHUWPSGULYDFVERQ E\ 3XEOLF
'LVFXVRQ 6,30 -RXUQDRQ&RPSXWLQ@RO 1R $SULO SS
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>@ %RXUHQQDQHENRQ $ +HQLG .DUOVVRQ-RQVVRQ 7 JOWH'
IMXQIUHQ BXQGEHI([SHULPHQWVREEJ :DYHOHQJIWIQP ?30XJ DQG
30D\ 4XDQWXP &U\SWRJUDSK\ 6\WWHPV 6XEFH SYWRESROD
SUHVHQWIRARRQ4(/6 %EDWLPRUH

> @ %UDVVDUG O8DLO ?6HFUHW .H\ SHFRQFLOLDWMEIBYBXEOLF
$GYHQWXWEU\SWRORB5285<37 IHFWXUH 1RWERPSXWHU
6FLHQFMRO 6SULQHU 9HUODY SS

>@ %UX{ 1 /*WNHQKDXV ?24XDQWXFVAJLERWILURP 3ULQF\SWR
3UDFWLFDOLWLHV
KWWS [[[ ODQO JRY DUFKLYH TXDQW SKDQBK

> @& &DVKLQ 8 0 ODXUHU ?/LIQRIRUPDWLRQ 5HFRQFLOLDWLRQ DQG 3ULYDF\
$PSOLILFDWERRI &U\SWRJUDSK\

> @ (NHUW ?4XDQWXP &WBSBKR EDVHG RQ %HOO V BRKHRNEHPY LHZ
/[HWWHU

> @DPPLQ ?&RGLQJ DQG ,QIRUPDWLR BIKHRMLBDGQIOHZRRG
&OLIIV1 - 6%1

>@b - +XJKHV : 7 %XVOWNU 38 .ZDLW * * /XWKHU f 0 RUDQ -(
IRUGKRRV & 3HWHREY & 0 6LPPRQV ?6HFXUH &RPPXQLFDWLRQV XVLQ
AXDQWXP &U\SWRJUDSK\ ,QWHUQBQLSHERURVEDOLIRUQIRV
$ODPRDWLRQMDERUDWRU\

>@ *LEVRQ ?([SHULPHQWDO HYDOXDWLRQ RIWRDQSKXR\RZMEP IRU
QP  ODVWHUWI 6FLHQFHKHVLWHOLD 5HVHDUFK $% DQG /DERUDWRU\ RI
3KRWRQLFV DQG OLFURZOMHBIES RI (OHFWURQLFV .7+

> @ .DUOVVRQ ?4XDQWXP ,QIRUPDWLRQWBDREH\GHDV ,PSOHPHQWDWLRQV
DQG 3RVVLEOH ,PSDFW RQ &RPPX@EBDWPRREYV 7XWRULD®

>@l / *WNHQKDXV ?(VWLPDWHYV IRU SUDFWLFRDODIROQWXP FU\SWR
KWWS [[[ ODQO JRY DUFKLYH TXDQW $XKDQBK

>@l / *WNHQKDXV ?6HFXQUOWW HDYHVGURSSLQJ LQ TXDQWXP FU\SWRJUDSK\
3K\WVLF\BHYLHZ$ 9RO SS

> @& ODUDQG '37 RZQVHQG ?4XDQWXRWVULERWRYHU GLVWDQREY DV
DV NP 2SWLFAWWHBXIXVW 9RO 1R SS

> @ 0X OOHU+HUW] % +XWWQHU : 7ONVYHELQGHQ 1 *LVLQ®DRI DQG
30D\ V\VWHPV IRU TXDQWXP FU\SV$BIIBRKX /HWW

> @ - 3KRHQL[DQG ¥ RZQVHQG ?4XDQWXP &UESKR +RZ WR %HDW WKH
&RGH %UHDNHUV XVLQJ 4XDQWXP QREXTHRFRUBKNVLFV 9RO
IR SS
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>@ * 3URDNLV 0 6BIKL ?&RPPXQLFDWLRQV V\VWHPV @UHQWHBHQJ
+DOO  ,6%1

>@ S5LERUG\ **DXWLHU *LVLQ 2 *XLQQDUG + =ELQGHRP RSXMECPS]
30D\ 4XDQWXP .HLVWULBWLEXEPLW\HEWURQHWWHUV

>@ ) 5LHQGHDX ?6PWLRQ GH 3URWRFROHV GH &U\SWRJUDBSYWHHWUXDQWLTXH
RI 6FLHQFHKHVL\BQLYHUVIGYBRQUHDOpPSDUWPHQRREPDWLTXH HW GH
S5HFKHUFKH2BRMQEOH )DRX@&W $UWV HW GHV 6FLHQFHV

> @%h 60XWVN\HDR 3 & 6XQ/ 7DQFHYVNL 6 )DLQPBIEQVH ROWLHU
$QMD\VLV Rl 4XDQWXP &U\SWRJUDSKLF 6\WVWHPV 8&6

> @%h 60XWVN\ ?.HVWRODWLRQ LQ 4XDQWXP &U\SWRJIUDSKU\ZRQYL
8&6' &D OLIRUQLD

> @6 BOXWVN\ 3@&Q < OD]XUHRM 5DR < )DLQPDQ ?(IIHFW RI FRDQQH
LPSHUIHFWLRQ RQ WKH VHFUHF\ FDSDFLUKSRYRIURSBRINEP FWRIP
ORGHUQSWLFV

> @6 OXWVN\HDR 3 & 6XQ < )DLQPDQ ?6HFXULW\ RI TXDQRWBPIKI\SW
DJDLQVW LQGLYLGXDGROVWWEEFNVYHZ 9ROXPH 15

> @6 6FKQHLHU @3$85 &U\SWRJIUDSK\ 3URWRFROV $OJRUBVER®BH DQG 6RXUF
LQ & -RKQ :LOH\ 6RQV ,6%1

> @ 6WLQ@RQ ?&U\SWBSK\ 7KHRU\ DQG 3UDFWLFH &5& 3UHVV ,6%1

> @ 7DQFHYVNL % 60XWVN\ 5 5DR 6 )DLQPMWRRM®RI WKH &RVW RI (UURU
&RUUHFWLRQ LQ 4XDQWXPDEBKREMRIDQVPL\GELRPRO

\Y

@ ' 7 RZQVHQG ?4XDQWXP &UESKRRQ 2SWLFDO )LEHU 1HASZREND
JLEHUHFKQRORIRO

\Y

@ =ELQGHQ + %HFKPDQQ 3DVTXLQXERL* 5LRUG\ ?4XDQWXP
FU\SWBDSK\ $SSO3K\VLF\%b

\Y

@ =ELQGHD *LVLQ% +XWWQHU $0XU 7LW@H3UDFWLFDO $VSHFWV RI
4XDQWXP &U\SWRJIUDSKILPWHIL BRYVLVXEPLWWHGRWERI\SWRJIUDSK\

> @ 3 :L OOLDPW 6&OHDUZDWHU ?([SORUDWLRQV LQ 4XDQWXP &RPSXWLQJ
6SULQJFBIUODAVSHFLDOO\ SS ,6901 ;

\Y

@K\VLF\ZRUOGDUFK 263(&,$/ ,668( 4XDQWXP ,QRUPDWLRQ
LOBXGLQJ =HOLQJHU ?)XQGDPHQWDOV RI TXDQWXP LQIRUPDWLRQ
. 7LW@H 5LERUG\ 1*LVLQ ?4XDQWXP RIVBSK\
' 'HXWVFK $ (NHUW ?24XDQ\RRBXWDWLRQ
' 'LOLQFHQR % 7HURDMFRKHUHQFH WKHOREVRDFXDQWXP
FRPSXWDWLRQ
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SURWRRRLQ 4XDQWXP &U\SWRJUDSK\ 6\VWHPV

$SSHQGL[ $
1RWDWLRQV

6\PEROV

y )UHTXHQF\ >+]@

| )LEHU QM

X 3KRWRQ ,QWHQVLW\ 15 Rl SKRWRQV\SG# SXOVH
s 4XDQWXP HIILFLHQF\

m )LEHU DWWHREXERQVWDQW

5 coun3KRWRQ GHWHFWRU GDUN FRXQW UDWH

p7 3KRWRQ GHWHFRMHRELGWK

; $OLFH V UDQGRP YDUBDEOH IRU
< %REV UDQGRP YDULBEOH IRU
= (YHV UDQGRP YDULDEOH IRU

$ $OLFH YV VHQG VWULQJ RI ELWV
% %REV UHFHLYHG VWULQJ RI ELWV
( (YHV HDYHVGURSSHG VWULQJ RI ELWV

9y $OLFH V DQG %RE V WVKDWH®EUZ NHRUIWHVSRQGY WR

9, $OLFH YV DQG %RE V WKDUMGUMNLIFRIQUHVSRQGY WR

9, $OLFH YV DQG %RE V WKDUMEGUBMHBLDWLRQ FRUUHMSRQGV WR
9, $OLFH YV DQG %RE V WKDUMEGUSULYDB BREJHVSRQGY WR
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1, 5DZ NH\ OHQJWHRI ELWV

1, 6LIWHG NHAQJWKURI ELWV

1, 5HRQBHG NH\ OHQIWHKURIWBRUUHFWIURR) ELWV
1, )LQD NH\ OHQINWKHU SULYDFYDPEDWLRIRI ELWV

s SOLFH V DQG %RE V VKDUHG ,QIRUPDWLRQ
.. (YHV HVWLPDWHG ,QIRUPDWLRQ

, . $OLFH V DQG %RE V@RORBIGL]HBRUPDWLRQ
_ (YH V HVWLPQRHEDOL]HBRUPDWLRQ

HUURU UD(B
1URI HUURUV FRUUHFWHG

(DYHVGURSSHU LQIRUPDWLRQ IURRVEQE DRRSIBAL
(DYHVGURSSHU LQIRUPDWLRQ DRFWIHIIIMSWDFN RQ 34&

X Y (DYHVGURSSHU LQIRUPDWLRQ IURP DQ\ DWWDFN RQ 34&
(DYHVGURSSHU LQIRUPDWLRQ GXH WR (OHBNRER{UYIHFIE RQ
(IWUD VDIHW\ PDUJLQ VHFXULW\ SDUDPHWHU

3ULYDF\ DPSOLILFDWLRQ FRPSUHVVLRQ VL]H

<e-Hdg<Xx IT

,(WI (YHV PD[LPXP WROHUDWHG LQIRUPDWLRQ RQ ILQDO NH\
Scooin SUREDELOLW) WIKDW[FHHGHG
Siom S(QVDIHSUREDELOLW,\MDQRW H[FHHGHG

% %LW 5DWH VHQW E\ $OLFH >ELWV VHF@
5 5DZ %LW 5DWH DW %RE >ELWV VHF@
5. (IIHFWLYH %LW ISBWAYHRQYIUDWEL WYF @

U )UDFWLRQ RIGRWYLQ ILEHU

U )UDFWLRQ RI %LWV ORVW GXH WR 6LIWLQJ

Ur JUDFWLRQ RI %LWV ORVW GXH WR (UURU &RUUHFWLRQ
Up JUDFWLRQ RI %LWV ORVW GXH WR 3ULYDF\ $PSOLILFDWLR

$EEUHYLDWLRQV
34& 3ULYDWH 4XDQWXP &KDQQHO
3& 3XEOLF &KDQQHO

4%(5 4XDQWXP %LW (UURURDWBZ NH\ RU VLIWHG NH\

(9(4%(5  (YHV LQMHFWHG 4XDQWRRBUREOBIW\ RQ 34&

7(674%(5 (VWLPDWHG RYHUDOO 4XDQWXP %LW (UMRIQIDY#Y DIWHU 6L
(67,04%(5 ,QLWRDHVW IRU (VWLPDWLRQ RI 4XDQWXP %L84&JURU 5DWH RQ

%(5 %LW (UURU 5DWH



3URWRFROV LQ 4XDQWXP &U\SWRJUDSK\ 6\VWHPV

$SSHOGL[ %
3URJUDP 6WUXFWXUH

7KH GUDDP VKRZV WKH IORZ Rl IXQFWLRQ FDOOW LIQFWRD\SURID
FROQVOOMG E\ RWKHU IXQFWLRQV E\ WRSDEMQWKIER LBFRQGPHWKRG

6XEIXQRRQY DUH LQ@HQPFWLRQV RQO\ YLVLEOH ZLWK LEQBKDYARQRAVRQ
RI WKHDVFDGWRWRFRO LPSOHPHQWDWLRQ DUH VKRZQ



3URWRFROV LQ 4XDQWXP &U\SWRJUDSK\ 6\VWHPV

4XDQWXP &U\SWRJUDSK\ ,QWHUIDFH 6LPXODWRU

VDU 3URJUDP 6WUXFWXUH -DQ

uxXSGDWH

WUXQ /’w

UUHVHRuU

PDLQ |
DOLFH ERE P
UUHFHLYH
uvwDUuWW
UJHWNHA

TXDQWXPFK P
DOLFHBSURWRFROBFDV
PAWKRC — UDOLF EREBSURWRFROBFDVI
WHWNHL UE R PAWKRC
VXEIXQFWLRQ
WHWBFRUUHFWBEDVHV UELWVBWRBSKRWR VN
W#&NBBE%J#EFIQ\]L{/BUDWH USKRWRQVBWRBELV VXEIXQFWLRQ
WHWBHUURUBEORFNV USHIPXWHBLQGH]
HE}(()%FBNUBHSFDR%I\:AIZ\OBLEII]_)(IDVEIEQJ( ODEYLHZBTXDQWXI UELQDUY
KDVKBPDWUL[
USULYDF\BDPSOLILFDWLR FOLHQW u
uDOLFi
UERIU
DOLFHBJUDSKLFV P EREBJUDSKLF
: PHWKRC
USULQWBUDZBNH\ SXEOLFFK USULQWBUDZBNH\
USULQWBVLIWHGBNH\ FOLHQW USULQWBVLIWHGBNH\
USULQWBILQDORNH\ UDOL Fi USULQWBILQDORNH)\
UERIu




