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8 QYHYLWR 0 XQFK , QIVKINR 3KRENAY/DD G SHHRE&RPP XQEMRQ* HIP DQ
8 QYHYLWR ( UDQIHD 1 XHIHP EHJ &KOU RUBDANAKDS HRIQ\RQ* HIP DQ
AGDQLHOD RSSHUPDQQ UROI VLHSPDQQ #SKRQHWLN XQL PXHQFKHQ GH EDWOLQHU#LQIRUPDWLN X

$EVWUDFW MHFW DLPV WR GHYHORS D PXOWLPRGDO DQG HDV\ WR
VIVWHP ZKLFK VLPXOWDQHRXVO\ SURFHVVHV WKH OLQ.

7KLV SDSHU SURYLGHV D SURVRGLF DQDO\VLV RI VR FRQBH WiktbdtyWXUHV DQG HYHQ WKH IDFLDO H[SUHVVLE
LQ VSRNHQ *HUPDQ LQ KXPDQ FRPSXWHU LQWHUDFWEREPRWWOIRR KXPDQ FRPSXWHU LQWHUDFWLRQ LQYROY
FRQVLVWV RI XVHU XWWHUDQFHV ZKLFK DUH QRW @INIHBRHEDWRGAKIHWWXDO FRPPXQLFDWLRQ DVVLVWD(
DXWRPDWLF VSHHFK SURFHVVLQJ V\WWWHP 7KHVH XWWHDBKFFRKGYMSPR\ 7KH DVVLVWDQW FRPPXQLFDWHYV 2
EH PDVWHUHG DXWRPDWLFDOO\ DV IDU DV SRVVLEOHDRG EPM HRGOE FHUWDLQ LQVWUXFWLRQV OLNH SI
WLRQ LQ WKH 6PDUW.RP SURMHFW LV GHVFULEHG DQEXRERRDNPRY RAKLY JUDSKLFDO GLVSOD\ 7KHUH DUH W
WKH FRQVLVWHQW DQQRWDWLRQ RI 21l 7DON DUH GLVRHXNAGHGERAHWRIRVGLDORIXH VIVWHP SODQQHG HDFK L
IRUPV RI 21l 7DON DUH GLVWLQJXLVKHG DQG FRPSDUMBHEURYRAGIUYLFHV QDPHO\ D SXEOLF YHUVLRQ IRU DLUS
FDOO\ ZLWK HDFK RWKHU DV ZHOO DV ZLWK VSHHFK zZRIIPKQARKEVUREREEOH YHUVLRQ IRU XVH LQ FDUV DQG IRU
WR WKH V\VWHP 7KH DQDO\WLV LQFOXGHV YDULRXV BRGEHEWRAEG® RS XVH DW KRPH DQG RU DW RIILFH
DFRXVWLF SURVRGLF IHDWXUHV 7KHUH DUH FOHDU GLHUHZHRO GRBUYW.RP KDV WKH DPELWLRXV JRDO WR
GLVWULEXWLRQ RI SURPLQHQW DFFHQWV DQG SKUWY BRRBGEYURENH DQIHU LUULWDWLRQ MR\ VXUSULV
IRXQG ) UDQJH WXUQHG RXW WR EH D IXUWKHU UHOHY W RHEWBEWHLRPHGLDWHO\ WR PLVIXLGHG GLDORJXH?
IXWXUH D UHILQHG GHILQLWLRQ RI 21l 7DON KDV WR-E@HRDY$ERILPIEVHU ZKR LV JHWWLQJ PRUH DQG PRUH DQJ
ZKLFK IXOILOOV RXU UHTXLUHPHQWV IRU FRQVLVWHERRPWHERHERMIMERW EHKDYH LQ WKH GHVLUHG ZD\ W
DQQRWDWLRQ VKRXOG LQWHUUXSW DQG DVN GLUHFWO\ IRU QHZ LQ\
SURYLGH VXFK NLQG RI IXQFWLRQDOLW\ 6PDUW.RP PXVW
,QWURGXFWLRQ DQDO\H XVHU VWDWHYV OLNH DQJHU DXWRPDWLFDOO\ Lt

QRQ YHUEDO EHKDYLRU Rl WKH XVHU
7KHUH LV D JURZLQJ QHHG LQ H[SORULQJ KXPDQ FRPSXWHU LQWHUDF

WLRQ IURP D FRQYHUVDWLRQDO SRLQW RI YLHZ $W SUHVI:ﬂQ\AGD?(\MREHBWLPHQWV

GLDORJXH V\VWHPV DUH GHVLIQHG ZLWK ODQJXDJH IF K ,
LGHDOO\ VKRXOG HQDEOH QDWXUDO GLDORJXHV EHV hSfRQHWLFY DQG 6SHHFK &RPPXQLFD
WKH VIVWHP ,Q RUGHU WR UHDOLJH WKHVH VAVWHPV & ~ o _o . ' » 2 WKhVDDL\F/)V Fit‘ll::VHQHVI\:/VSFQJGXIEWI:\?S 3';/1\
EHKDYLRU KDV WR EH VWXGLHG WKRURXJKO\ LQ WKLV -_- HWHIRR 00 QJ UHOHYDQ

GLIILFEXOW WDVN RI GLDORJIXH VAVWHPV FRQVLVWY EBWK RS @\W EJQ RI 6PDUW.RP DQG IRU LWV VWDW
> Q 3 ‘#‘I“}? RI'WKH H[SHULPHQWV GR QRW NQRZ \

SURFHVVLQJ RI XVHU XWWHUDQFHV EHLQJ QRW D SDUY PXODWHG VIWVWHP ORUHRYHU WKH -

FDOOHG D FRKHUHQW DQG FRRUGLQDWHG KXPDQ FRP TNV VRPHWLPHY LQFRUUHFWO\ LQ D FF

3KHQRPHQD OLNH %DUJH ,Q IUDJPHQWDU\ XWWHUDQFHY 30
NLQGV RI UHSDLUV OLNH UHSHWLWLRQV RU UHIRUPX®D 0 “o “v;-’o R@éﬁ\*jg“;ﬁ"ﬁgﬁ g%:@%{gg:ﬁv?/k'

GLVFXVVHG LQ WKLV FRQWH[W ,Q WKLV SDSHU ZH FDU )
DQDOWLYV Rl WKH KDUGO\ VWXGLHG SKHQRPHQRQ 211 7D0 ( 3 HP IRU VHYHUDO VHUYLFHV HJ UHV
Q QRPHQRQ OP 7KH VXEMHFWV DUH SHUIRUPLQJ WK

*HUPDQ LQ KXPDQ FRPSXWHU LQWHUDFWLRQ 21l 7DON1V P 3 JLROV WR WKH YLUWXDO FRPPXQLF
5§

DO
W\SH RI FRQYHUVDWLRQ ,W LV GHILQHG SUHOLPLQDUTAFRG
DQFHV LQ SXPDQ PRPSXWHU LQWHUSFWLRQ 2Pk DEHER, QLY DW FHUWDLQ WHIWXDO RU JUDSKLI
WR WKH DXWRPDWLF FESAHRK SWAVHP > @ 7KH DXWRP ’4 Q ' W KH GLVSOD\ )RU WKH VDNH RI KXPDQ f
UHFRIQLWLRQ RI SUREOHPDWLF XVHU XWWHUDQFHV Y/ PRITYR YVSX\\;\’S:E:I':-IS'—\\/’Q’\ \T\/IKVILICEVPEEZ(;?(O)? E
FLDO LPSRUWDQFH IRU WKH DQDOWLYV RI WKH XVHUV e X 0 W o T YDLﬁ_RXV e On
LH KLV DFWXDO SRVLWLYH RU QHIDWLYH DWWLWXG al- d_, %(5 BLEURSKROLY SV WKL 6%DUW

R -

GLDORJXH VIVWHP >@ $Q DXWRPDWLF DQDOWLV
PLIKW LQLWLDWH DQ LPSOHPHQWHG GLDORJXH VW VG
YHQWV WKH FXUUHQW GLDORJXH IURP EUHDNGRZQ : o WV DUH UHFRUGHG DV ZHOO ,Q RXU S

DQ HDUO\ UHFRIQLWLRQ RI LQFUHDVLQJ 21l 7DON ZL w' : \\/’VVSS\L V\',*v\é\('\-/RSg Sﬂ-g%g;' FLUHIDD‘Q’VF\'/GE
WHFW FULWLFDO SKDVHV LQ KXPDQ FRPSXWHU LQWH Q Q Q

D Q \ LQFUHDVLQJ HPSLULFDO EDVLV
7KH 6PDUW.RP &RUSXV JHYHOV Rl $0QRWDWLRQ

7KH GDWD SUHVHQWHG LQ WKLV VWXG\ DUH EDVHG RG WH%&\OWWMLRQV RI WKH H[SHULPHQWV DUH
ZLWKLQ WKH *HUPDQ UHVHDUFK SURMHFW 6PDUW.RP XH%§H8 YDULRXV OHYHOV )LUVW WKH OLQJIXLVWLI

D EURDG YDULHW\ RI VSHDNHUV IRUI



WUDQVOLWHUDWHG ZLWK D EURDG RUWKRJUDSKLF V3 ADQWFREZMINRQ WFKHRMRFDWLRQ Rl WKH FLQHPD 6WXGLR (X
7KLV VFKHPH LQFOXGHV VRPH DGGLWLRQDO V\PERO\ZKRBKQHRZRTWKH ILOP 0DUV $WWDFNV
WLRQ OLNH SDXVHV RU KHVLWDWLRQV 1H[W SURVRGLIVHURIGE TRIHWNBQRYR |RRP 19BKHEBQ>KDUGO\ UHFRJ
FULEHG TXLWH EURDGO\ WRR LH HVVHQWLDOO\ SUIRIMN DRGE@HRRQWKHUH DQ\ EXVHV JRLQJ WKHUH"
GDU\ DFFHQWXDWLRQ DUH PDUNHG LQ D SKUDVH )XUWKHU SDUWV Rl WKH
SURVRGLF DQQRWDWLRQ DUH WKH VORSH Rl WKH SLWFHPHPEHDWAWKOMHA&H XVHU LV DFWLQJ LQ IURQW RI D
Rl D SKUDVH DV ZHOO DV FHUWDLQ ERXQGDU\ VIPER@NHURWKHUSUR Q NLQGV RI KLV JHVWXUHV DUH DQDO\JHG W
VRGLF DQG RUWKRJUDSKLF WUDQVFULSWLRQ DUH EDMBUBSERIRWIEEY R D JHVWXUH LQ WKLV FDVH RQ D GLVSC
H[SHULHQFHV JDLQHG LQ WKH ORQJ WHUPHG IRUPHUVWERIRMHFORBBWERQ Rl WKH QDPHG FLQHPD FI > @ IRU WKLV
PRELO >@ $00 WUDQVOLWHUDWLRQV DUH FKHFNHGKHHEHDBIOHWMEWMEK WKH GRWV VKRXOG EH UHSODFHG E\
GLIIHUHQW SHUVRQV GXULQJ WKH DQQRWDWLRQ SURFROYRZLQJ VHQWHQFHV

)XUWKHUPRUH LQ 6PDUW.RP WKH JHVWXUHV RI WKH VXEMHFWV
LQWHUDFWLQJ ZLWK WKH JUDSKLFDO GLVSOD\ DQG WKKEX (RRPHEQY IKgHWWRS LW QRZ
VWDWHV GXULQJ D VHVVLRQ DUH DQQRWDWHG 7KH BEFYWXDPHWHUQNDRPRPEOW , VKRXOG ZRUN WRQLJIKW
UHIHUHQFHG WR IDFLDO H[SUHVVLRQ DQG RU VSHHFK ZKHFK \WKDQ@RHVQ W ZRUN
WKDW WKH VWDWH LV FRGHG LQ WKH IDFLDO H[SUHVVLRQ LQ WKH OLQJXLVWLF
XWWHUDQFHV Rl WKH XVHU RU LQ ERWK LQIRUPDWLRQ)RBXMRHWERQRHRXU GLVFXVVLRQ OHW XV DVVXPH LQ FL
TXHQWO\ DQ DQQRWDWLRQ SURFHVV KDV EHHQ GHUDERSHEKBPILQMH VIVWHP VWLOO JRRPV LQ WKH PDS ZKHG
LQVSLUHG E\ WKH VHFRQG DXWKRU ZKLFK FRQVLVWVRVWKUWRGHIRIWKHVH VHQWHQFHV &RQWUDULO\ LQ FDVH
HQW DQG GHOLEHUDWHO\ GLVFRQQHFWHG SKDVHV RQOVWKIKBLDRMYREWWKH FLQHPD RQ IRFXV RU VRPHWKLQJ (
WLRQ SKDVHV DUH UHDOLJHG VHSDUDWHO\ E\ GLIIHDNOQWROZMINLQS WKDW LQ FDVH RI E- WKH VAVWHP KDV WR
JURXSV 7KH ILUVW SKDVH SURGXFHV D VR FDOOHG KRRRRO\GUFZBQQRWQ FDVH RI D LW KDV WR VWRS JRRPLQJ LPF
WLRQ LQYROYKQRERVPDWLRQ VRXUFHV ,Q WKLV FDVBMWRXJDWR FDVH F RQ WKH RWKHU KDQG WKH XVHU DGRSWV
PHGLD YLGHRV DUH LQVSHFWHG FRQWDLQLQJ H[FOXVAYWEPWROIKFEDQRQ QRZ WKH VIVWHP VKRXOG SUHVHQW
GLVSOD\ Rl WKH VXEMHFWV DV ZHOO DV WKHLU DFRXVRQDEKRAMHWBERHIOHYDQW EXV OLQHV 7KXV WKH VAVWHF
7KH FODVVLILFDWLRQ Rl WKH GLIIHUHQW XVHU VWDWHWWLY DQRXWRHEIRQYH E DQG F
DQ H[SHULPHQWDO VHW RI DVVXPHG VWDWHV ZKLFK DIRZ DORQIBHGKWWHUDQFHV LQVWHDG RI E RU F DUH TXLV
D VXEMHFWLYH PDQQHU E\ WKH DQQRWDWLQJ SHUVRQPRQIRPHKHQ ZRKIG\DERYH FRQWH[W 7KHVH XWWHUDQFHV K
IRUPDO FULWHULD OLNH UDLVLQJ H\HEURZV DV D VLIGEDVXUSHGVBMRIHZDON WRR 7KLV SUHVXSSRVHV IXQGDPH(
RQ SXUSRVH QRW RSHUDWLRQDOLJHG 7KH XQLTXH GRBKWAYEFDBHHG XQGHUVWDQGLQJ RI GLDORJXH SUDJPDWL
WZHHQ WKH ILUVW DQG WKH VHFRQG SKDVH LV WKH PEFRASXVIHDLODELIDANVLRQ > @ $V DOUHDG\ PHQWLRQHG |
Rl WKH DFRXVWLF XWWHUDQFHV LH LQ WKH VHFRQRISKDYN VIR BHIHVWLPDWHG DOVR DV DQ LQGLFDWLRQ
IDFLDO GLVSOD\V DUH DQQRWDWHG ZLWKRXW DQ\ DXGLE Qi JOWIUMHDQFHY VWDWH DQG RU RI V\WWHP PDOIXQF
,Q WKH WKLUG SKDVH D SURVRGLF DQDOWLV Rl WKH RILGHXL WRLEPSWRIU IXWXUH DQQRWDWLRQV RI 227 ZH SUF
DQFHV LV DFFRPSOLVKHG XVLQJ IRUPDO SDUDPHWHUW DRI IMOGOBERHOHDVW EHWZHHQ RXW RI FRQYHUVDWLRC
OHQJIWKHQLQJ RU K\SHUDUWLFXODWHG VSHHFK  7KHVFDSHUE HEMEXRXWSRIFGLDORJXH 21l 7DON FI FDVH F
VRGLF SDUDPHWHUV RI HPRWLRQDO VSHHFK ZHUH DOVR GHYHORSHG
ZLWKLQ WKH 9HUEPRELO SURMHFW > @ 2l 7DON $QDO\VLV

,Q RXU 6PDUW.RP FRUSXV ZH DQDO\[HG GLDORJXHV KDYLQ.
7ASHVRI 211 7DON GXUDWLRQ DERXW IRXU WR ILYH PLQXWHV HDFK 7KH GLDOI
2XU SURVRGLF DQDO\VLYV RI 21l 7DON LV EDVHG LQ WKW IWWWY SOZRYUGY LQ WRWDO DQG DUH UHDOLJHG E\  QC
RQ D FODVVLILFDWLRQ Rl WKH WXUQV LQ WKRVH ZLWKSHDNIMWY/ CR)GHIQPDQ ORVW RI RXU VXEMHFWV SHUIRUPHC
WXUQV FRQWDLQLQJ QR 211 7DON QR 27 $W WKH VHFRERUSDREHMYWL . RQ ZKLFK FRQVLVWHG Rl WZR GLDORJXHV
WXUQV ZLWK 21l 7DON DUH VXEGLYLGHG LQ UHDG 2II T2KHN \62ZMHFW DQG WKH VLPXODWHG WV\VWHP DV LQWHU
RWKHU 211 7DON 227 DQG QRW 211 7DON 127 7KHUHHDWK GLDORJXH D FHUWDLQ WDVN KDV WR EH SHUIRUPHG
WXUQV FRPSOHWHO\ PDUNHG DV 227 DQG RU 527 GLORJXHV DUH UHFRUGHG ZLWK EDFNJURXQG VWUHHW
527 DQG 227 DUH FODVVLILHG GXULQJ WKH EURDG RZWIKRIWDBKOBWHY D UHDO OLIH HQYLURQPHQW FI WKH SO
WUDQVOLWHUDWLRQ RI WKH UHFRUGHG GLDORJXHVIHRZHQW VHIDQYRQMW\RIWKH 6PDUW.RP GLDORJXH V\VWHP PH
DWHG LI WKH VXEMHFWVY DUH UHDGLQJ D GLVSOD\HGBRM]Y DORXG LQ D
ZD\ WKDW WKHLU UHDGLQJ LV QRW PHDQW WR EH SDUSKBROREBRILIABICENOIURP GLDORJXH RQZDUGVYV D VRPHZ
LOQWHUDFWLRQ ZLWK WKH VLPXODWHG GLDORJXH V\SWHRHBW RFARQDULR KDV EHHQ XVHG ZKLFK UHVXOWHG LC
UHQFH RI 527 REYLRXVO\ GHSHQGV RQ WKH VSHFLILF GR\ALIZDRINVKHWKH FDVH RI 527 WKH GHFUHDVH LV H[SODLQ}
6PDUW.RP GLDORJXH VIVWHP QDPHO\ LWV XVH RI D VWHWDQIH ®’LWKH XVH Rl WKH GLVSOD\ L H OHVV WH[WXDO L«
SOD\ $00 RWKHU IRUPV RI 21l 7DON DUH FODVVLILHG BWY2ZHNQ SUHVHQWHG 7KH LPSDFW RQ 227 LV PRVW OLNI
WKHU GHWDLOV Rl WKHVHDOSHMURI GILVFXVVHG LQ > @SODLQHG E\ DQ LPSURYHG JXLGDQFH Rl WKH VXEMHFWV G;
7KH FODVVLILFDWLRQ RI 21l 7DON UHVXOWYV |URP DQ LUGWRIUGLBIVDAMMRQRQV 7KH IROORZLQJ GLDJUDP , FRQWDLC
Rl WKH YHUEDO EHKDYLRU RI WKH VXEMHFWV ,Q SUDRWHEHRLBIKRPRKH ZRUGY PDUNHG DV 227 RU 527 7KH IUHTXHC
QHRXV LQWHUSUHWDWLRQ DQG DFFRUGLQJO\ FRQVL\YH{SM IDQGRAMNGIRQFRQWDJIH Rl WKH QXPEHU RI ZRUGV PL
21l 7DON HVSHFLDOO\ RI 227 WXUQHG RXW WR EH D GIAILAXOMW M(DVWKKH GLDORJXHV WR [DILV 7KH TXDGUDW
7KH IROORZLQJ OLWHUDO WUDQVODWHG GLDORJXH ISRO\CHRFRDQ MIIHKYG OLQHV Rl WKH GLDJUDP VKRZ WKDW
WUDWHYV WKH SUREOHP VWURQJHU GHFUHDVH RI 227 WKDQ RI 527 DW DERXW GLDOFR
ORUHRYHU WKHUH H[LVWV D PDUNHG YDULDELOLW\ EHW



VSHDNHUV LQ WKH DPRXQW RI SURGXFHG 21l 7DON  VRPH SXUSRVHO\ LQLWLDWHG FRPPXQLFDWLRQ SUREO
SKDVH WKH :L]DUG RI 2] UHDFWV IRU LQVWDQFH ZLWK W\
SXWV OLNH , GLG QRW XQGHUVWDQG \RX RU 7KLV IXQF
‘ ‘ DYDLODEOH OLWHUDO WUDQVODWLRQ 7KH ILUVW DQG
‘ g RI WKH GLDORJXHV PLIKW EH FKDUDFWHUL]HG WKHUHIRL
: ‘ GHOLEHUDWLRQ ZKLFK DUH RI FRXUVH SUHGHVWLQDWHC
; WLRQ RI 21l 7DON
‘ ,Q WKH  DQDO\HG GLDORJXHV FRQWDLQ 227 DQG
527 2Q WKH DYHUDJH HDFK SDUW RI D VXEMHFW RI D (
FRQVLVWVRI  ZRUGVDQGRI WXUQV 2Q DYHUDJH LQ
WXUQ DERXW  ZRUGV DUH VSRNHQ E\ D VXEMHFW &RX
WXUQV FRQWDLQLQJ 21l 7DON UHYHDOV WKDW Rl WKF
KLELW 227 DQG 527 7KHVH QXPEHUV DUH QRW DGGLV
T Y C Y WY | s , EHFDXVH VRPH WXUQV FRQWDLQ ERWK 227 DQG 527 ,Q UH
ettt ety - WKH QXPEHU RI ZRUGV LQ WKH WXUQV FRQWDLQLQJ 2II-
DUH 227 DQG 527 ZRUGV 6R DQ DPRXQW RI
URXJKO\  WXUQV ZLWK 21l 7DON FRQWDLQLQJ PRUH WKI
ZRUGV PDUNHG DV 227 LV ZRUWK WR EH LQYHVWLJIDWH
FDOO\

227
WUHQG 527

527
WUHQG 227

'‘LDJUDP , )UHTXHQF\ RI 211 7DON
SURVRGL/DEHOLQJ

,Q YLHZ Rl WKH LQGLYLGXDO GLDORJXH KLVWRULHYKRFURDEEYYRVRGLF WUDQVFULSWLRQ VIPEROV XVHG L
PRVWO\ LQ WKH ILUVW DQG LQ WKH VHFRQG TXDUW fh BIGREBPRIXKRXOG EH GHVFULEHG LQ PRUH GHWDL
'LDJUDP ,, UHSUHVHQWV RQ WKH [D[LV WKH SRVLWLRQY BURKHWRSIRMNSHY RI ZRUG EDVHG ERXQGDU\ ODEHO)
LQ WKH GLDORJIXHV 2Q WKH\ D[LV WKH QXPEHU RI 227 ZRU@{ HHUHQW W\SHV RI V\OODEOH EDVHG DFFHQW ODE}
WXUQ GLYLGHG E\ WKH WRWDO QXPEHU RI ZRUGV LGDWKHOWHIHPPPYEHG RQWR ZRUG EDVHG ODEHOV GHQR!
OLVWHG 7KH WXUQ SRVLWLRQV RQ WKH [ D[LV DUH QRYRRPIAKDWIIE RU QRW 7KH QXPEHU RI DFFHQWV Ol
WRWDO WXUQ QXPEHU RI D GLDORJXH H J WKH VHFR@@IYWHQ VQIREL-BHVWULFWHG $ QRUPDO ZRUG ERXQGI

ORJXH ZLWK  WXUQV RI D VXEMHFW LV UHSUHVHQWHGERQIEKIH [SAL¥IRVO\ VR LQ SUDFWLFH WKH IROORZLQJ
2Q0\ WXUQV ZLWK 227 DUH FRQVLGHUHG LQ GLDMRE .,

ZKLOH WKH SRVLWLRQ RI D VLQJOH WXUQ GHSHQGV RQ WKH WRWDO QXP

EHU RI WXUQV RI WKH VXEMHFW LQ WKH GLDORJXH 7KH [ 3% ROXBY Gl SKUDVH DFFHQW

VRUWHG LQ DVFHQGLQJ RUGHU RQ WKH [ D[LV % 1$ VHFRQGDU\ SKUDVH DFFHQW

% (. HPSKDWLF SKUDVH DFFHQW

% % FRQW LOXDWLRQ IXOO LOQWRQDWLRQDO ERXQGDLU
LQWRQDWLRQDO PDUNLQJ FRPELQHG ZLWK D ILQDO ¢
WLRQ FRQWRXU

% % ULVH VHH DERYH ZLWK D ILQDO ULVLQJ FRQWRXU

% % IDOO VHH DERYH ZLWK D IDOOLQJ ULVLQJ FRQWRX

% % PLQRU SKUDVH ERXQGDU\ ZLWK ZHDN LQWRQI
PDUNLQJ

% % LUUHJXODU SURVRGLF ERXQGDU\ HJ KHVLWDWI
SDLU

'LDJUDP ,,227 LQ 'LDORJXH +LVWRU\

{Lrt | 7DEOH GHVFULEHV WKH GLVWULEXWLRQ RI WKH SURV
' WKH ZRUGV ZKLFK DUH PDUNHG DV QR 27 127 227 RU 52i
7KH QXPEHUV H[SUHVV WKH SHUFHQWDJH RI WKH DVVLJG
‘ ‘ HH ‘ ‘ ODEHO UHODWLYH WR WKH QXPEHU RI QR 27 127 227 |
i “H | | Ll ‘ ‘H‘ | H “\ | | 527 ZRUGV LQ D WXUQ ,Q RUGHU WR SURYH WKH VLIQLILF
. GDWD XQGHUO\LQJ WDEOH  ZH FRQGXFWHG HLIKW QR(
VWDWLVWLFDO WHVWV )ULHGPDQ IRU WKH SURVRGLF
DEOHV RI WKH WHVWV ZHUH WKH IRXU FROXPQV Rl WDEQ
D OHYHO RI VLIQLILFDQEH)G IROORZLQJ WKH IRUPXOD
F
$V DOUHDG\ PHQWLRQHG GLDJUDP ,, VKRZV DFFXP = v HLQJ ﬁéHoQ;(fElE;\'/\L/JHT/I\/v\A(EXngVLSQ RXU FDVH
227 LQ WKH ILUVW DQG LQ WKH WKLUG TXDUWHU RI WK{; ¢ : \ﬁ ! QW*ﬂGL”HUH My
DFFXPXODWLRQV DUH EHVW YLVXDOLJHG LQ WKH GL S
© QV bY OLHG LQ G 7 DQG 127 DUH TXLWH FORVH WRJHWKHL
WUHQG OLQH LV H[SODLQHG E\ WKH H[SHULPHQWDO
FRUGHG GLDORJXHV ,W LV D SRVVLEOH LQWHUSUHW
WKDW WKH VXEMHFWV QHHG VRPH WLPH IRU RULHQ %‘?A-}%j@w\ DFFHQWXDWLRQ LV DOPRVW

QLQJ RI D GLDORJIXH $IWHUZDUGV WKH\ SHUIRUP W DPLE ) HUDH S';%U?'\(SR;’& 'F\*/C(SG '-?/ V‘l’gH 6';
VSHFLILF WDVN ZKLFK LV LQ WKH IRXUWK TXDUWHU Bf i L{{iHUH DUH PRUH % FRQW DQG % IDOO



LQ 227 DQG 527 ZKLOH WKHUH DUH PRUH % ULVH ERX@&GDUVHV DQH IRXQG PRVW LQ 127 % ULVHV DUH FRQQHF
127 OLQRU SKUDVH ERXQGDULHV % DUH OHVV UHDOIDBG\L) W27 TXHVWLRQV $V PHQWLRQHG DERYH 211 7DON
LQ FRPSDULVRQ WR 127 DQG 527 7KH GLIIHUHQFHV EHWRAQSMKDOL]HG DV RXW Rl GLDORJXH DQG RU RXW RI F
RFFXUUHQFHV Rl % ERXQGDULHV DUH TXLWH VLPLODUARRWBRMMKRUMDOLIDWLRQ RI TXHVWLRQV LV KDUGO\ P
ULVH LH % ERXQGDULHV DUH UHDOL]JHG PRVW LQ 1277DON 7KH DPRXQW RI SURVRGLF ERXQGDULHV FRUUHODV

ZLWK WKH QXPEHU RI \QWDFWLF SKUDVHV +HQFH 2II 7Dt

7DEOH 3HUFHSWXDO 'DWD LJHG ZLWK PRUH V\AQWDFWLF SKUDVHV WKDQ 127

,Q IXWXUH RXU K\SRWKHVHV KDYH WR EH LQYHVWLJD

QR27 | 127 227 527 &XUUHQWO\ D SDUW RI VSHHFK DQQRWDWLRQ LV SURGXF

3% DVVXPHG FRUUHODWLRQ RI SURPLQHQW DFFHQWV DQG
1$ FODVVHV ZLOO EH H[SORUHG SURIRXQGO\ )XUWKHUPRL
(. VIQWDFWLF ERXQGDU\ DQQRWDWLRQ LV FUHDWHG DOR
% FRQW >@ 7KLV HQDEOHV WKH LQYHVWLJIDWLRQ Rl WKH VSHFLI
% ULVH WKH SKUDVHV LQ 21l 7DON 7KH DQQRWDWLRQV Rl WKH
% IDOO PHQWLRQHG DERYH ZLOO UHVXOW LQ DQ HYHQ EHWWHI
% RI 211 7DON :H EHOLHYH WKDW XVHU VWDWHYV DQG 2II 7D
% ODWH LQ D ZD\ LH LQ WKH FDVH Rl RXW RI GLDORJXH 2

XVHU ZLOO FRPPHQW WKH V\IVWHPV EHKDYLRU LQ D SRVL'
WLYH XS WR D FHUWDLQ HWHQW 2| FRXUVH PRUH GLDOF
$FRXVWLF OHDVXUHPHQWV EH UHFRUGHG DQG DQQRWDWHG LQ IXWXUH VR WKDW F

7KH DFRXVWLEV RI 127 227 DQG 527 LV PHDVXUHG zLwK3UBHY FRRVWDQWOL
>@ ZKHUHE\ DQ DXWRFRUUHODWLRQ PHWKRG ZDV§EV | \é\-ﬁﬁbwv
FRPSXWDWLRQRI | > @ 'XH WR WKH EDFNJURXQG QRLY RAWKDON 6XVHO SDEROG IRU YDOXDEQ
RXU UHFRUGLQJV WKH YRLFLQJ WKUHVKROG ZDV VH
H WUDQVOLWHUDWLRQ SURFHWV DQGC
FRPSXWHG SLWFK FRQWRXUV RFWDYH MXPSV ZHUH
| LOIXO 3HUO SURJUDPPLQJ 7KLV ZRU
QDOO\ WKH FRQWRXUV ZHUH VPRRWKHG E\  +HUW]
G E\ WKH *HUPDQ )HGHUDO OLQLVWU\ RI (GXFDWL
7DEOH FRQWDLQV WKH PHDQ | PLOLPXP DQG P
HDUFK DQG 7HFKQRORJ\ %0%) LQ WKH IUDPHZI
+HUW] WKH PHDQ PLQLPXP DQG PD[LPXP LOWHQVL B o ) orhe
WKH PHDQ GXUDWLRQ VHF YDOXHV DJDLQ RI WKH ' Q QWQR

227 DQG 527 SDUWV Rl WKH LQYHVWLIJDWHG GLDORJ G4 WKH FRQWHQWV RI WKLV VWXG\ OLHV ZLWK

PRUH WKH YDOXHV RI PHDQ VWDQGDUG GHYLDWLRQ RI | DQG LQWHQ iy iy

VLW\ DUH VSHFLILHG 7KH UDQJH RI| DQG RI GE LV FRPSXWHG IURP Q

WKH PLQ DQG WKH PD[ YDOXHV >@ 2SSHUPDQQ' 6FKLHO) 6WHLQLQJHU 6 DQG %HULC
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GE UDQJH GHFUHDVHV IURP WKH OHIW WR WKH ULJKW FROZ&GHFK &RPPXQLFDWLRQ
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7DEOH $FRXVWLF 'DWD OXOWLPRGDO &RPPXQLFDWLRQ ZLWK D /LIH /LNH &KD
3URF RI (85263((&+ YRO SS $DOERUJ
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I PLQ >@ %XUJHU6 7UDQVOLWHUDWLRQ VSRQWDQVSUDFK
I PD[ 9HUEPRELO 7HFKQLVFKHV 'RNXPHQW
I UDQJH >@ %XQW + 'LDORJXH SUDJPDWLFV DQG FRQWH[W VSF
I GHY ,Q %XQW + DQG %ODFN: HGV $EGXFWLRQ %HOLF
GE PLQ &RQWHIW LQ 'LDORJXH 6WXGLHV LQ &RPSXWDWLRQL
GE PD[ LFPVWHUGDP %HQMDPLQV  YRO SS
GE UDQJH >@ %DWOLQHUS$ .RPSH5 .LH%OLQJ$ ODVWO0 1LHPD
GE GHY + DQG 1|WK ( 6\QWD[ 3URVRG\ $ V\QWDFWLF ODEH(
GXUDWLR VFKHPH IRU ODUJH VSRQWDQHRXV VSHHFK GDWDED

&RPPXQLFDWLRQ SS
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