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GULYHQ WRRO WKDW HQDEOHV GMWKHORSAHQWP HRQ WO WARKHYIH/WKH FRUUH
LQIRUPDWLRQ V\VWHPV EDVHG RQ SIXQFWLBOQWROUWIH\D.UE aGBARQHG E\ RX
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DJLOH GHYHORSPHQW LQIRUPMHWHRQWUIRY KHUH. QLYHWY PRVBMFWLRQ
HITHFWLYH LI LW LV EDVHG QQLWBBBWWLRQ DWKDRSWRBRY 8RU H[WHQGL
PRVW RWKHU VROXWLRQV ZKHUIK@FWLRYEABLLMNHOHMRIRQRQULYHV V
H[HEFEXWDEOH .URNLYV H[HFXWD BVXHH F/RENWHFW FRIQWEKHH \8 B 8 Wi

WKURXJK DOO WKUHH DSSOQLIBPFWLRQ WLHUV + WKH XVHU LQWH

WKH EXVLQHVV ORJLF DQG WKH GDWDEDVH 20$7(  25.

*HQHULF HQWHUSULVH HQJLQHYLVWPH YL FIDRWWKHKYWIHODWKIG ZRUN (
IXQFWLRQDOLWLHY WR HDFKOWSWKHI LSIGREORIWRWREHP RENWRHFULYHQ G
7KH EDVLV Rl WKLV DGDSWDBRO®HO\EQ&DPVUHFWRUWKIRWHG SURJUI
FRQILIJXUDWLRQ GDWD VWRWRUEBDYWRR POV FDWLRQ UHSRVL
YLIXUH > @ 7KH DSSOLFDWLR®HUBISENUWR O\DWXWHIRI WKH GHYHO
GLUHFWRU\ WKDW FRQWDL @Y LFGRAYIW KX UW W LGRHH GL ORHY DVGKIDSWBYHD HVV O
LQIRUPDWLRQ DERXW WKH GHYHRRORSHKEQSHRWRWWE HP KD W KBEHW D Q G D
JHQHULF HQJLQHV QHHG LQ RGGHUG MR REIWBIQQ DIXQEFRDLRKHNV DHQV XIILFL
ORRN GHILQHG LQ .URNL HGLWRYUW :RKB WHKRIUXMHRWP FKRRWRH WUDGLWLF
WR H[HFXWH WKH VSHFLILHG BQYRWSRH¥\TH O U RNALS KIDQHHBVHY WKH GH
DSSOLFDWLRQ UHSRVLWRU\ \GSHFQWHU SRLWVWHK Z HEU P BWASEBWOLRQV ZKL
UXQV GHVLUHG ZHE RU GHVNWRRY L&HQH ULIFF KH QWHHW S QMWHENDFH DQG
DSSOLFDWLRQ GHIDXOW > @ ,Q RUGHU WWR FKDOOH

JLIXUH VKRZV WKH DUFKLWHPWXKEHWRR UL KIQ WHRNL WRROIJDPPLQJ f
$V FDQ EH VHHQ WZR PDLQ BODMVRYF RY SRIHPWHEKLQWRWOHFHDSSOLFDWL
WKH B3URWRW\SH VSHFLILFDWLR® HQQEKDWRKEHHIBURWRW@H
H[HFXWLRQ PRGXOHV 7KH SDSHWKHYHVOBRLWYHUYEHZ RISURDFK FDQ
WKH SURWRW\SH H[HFXWLRQV PRGECGH® SKHBBUWKMN IRAXYWRWHBW W HQ\
RQ WKH ZHE $23 HQJLQH DQVR GKNL DB WHFOWMLTXMY RI DGDSWLYH
UHSRVLWRU\ ORUH GHWDLO\W Q@ DRS$W L.FJIRW L RDWF B Q\B HWF WK SH BFNR U P D Q F H
EH IRXQG LQ > @ 2XU DSSURDFK ZKLFK LV SUHVHQWHC

7KH SDSHU LV VWUXFWXUHG IBRQORODOWKHYV B HEFOWLEQSULQELSOHYV E.
UHYLHZV WKH UHODWHG ZR UN HEBHE N IQRQ D Vs oL VE- Y vI RUGRHRMGH O H[HFXW |
RYHUYLHZ Rl .URNL V DSSOLFDWLRK PDHSRVRWRYDWLRE IRMVGHYHORS
VWDWLF DQG JHQHUDWHG SDUWE®JL®WBVLE PRBDKMIUDPLMP W R WEON VWDQG
SULQFLSOHV RI JHQHULF ZHE HRQLGR GH HGH QRU DSMRUMWR WXBN WR LQFI
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DGRSWLRQ RI DJLOH GHYHORSPHQWLRHWXRGMVWUHGWREBLENVRIQWKLY SD
DV SUHVHQWHG LQ > @ 2QHHRUHSRIN IPRRW PRIFSUHKHQVL

VROXWLRQV LQ WKH ILHOG RHBMRWRWRSHS@RYY RS DEARGR QDO LQIF

Lv 8PSOH WRRO PRVW QRWDEO\ LW s%H i HHW Y URPMH RYDWLF SURSH

HIWHQVLRQ > @ $ VOLJKWO\ GLIYHQW F DEARURRAKEXYUHQW VSHFL

SUHVHQWHG LQ > @ ZKLFK SUHVﬁ@g\@/LF{éIV\Q_CﬁQ@ZQV/E-bYMW
w
V

QG GHVFULSW
GLDJUDPV (' DV UHXVDEOH VSHFLILE E{v % llQI
:('V FRPELQH 8, PRFNXSV DQG VWD i ﬁ <«
w
VRPH EDVLF IXQFWLRQDOLWLKYV $ é 3 WKH VS H

\ g
SKD
GHDOV ZLWK GLJLWDOL]DWLRQ RI g
XVLQJ VKDSH UHFRJQLWLRQ @m@OJRU EH FROTCIXUHG WR X

8QOLNH VRPH RI WKH VROXWLRQV WPEESWH & Y WRHY ZRHYEHGGHG W

RQO\ WKH XVHU LQWHUIDFH \MNWOHWRGHY RRRAXIMBIEOH 0/URBHVFULSWL
HIHFXWDEOH PRFNXSV FDQ EH WHVMAHWEH WKWUIRKH KO OG- APRUHRIR HOHPH

gFV\\;VKH KLEHUQDW
JLQHV WR F
HQULFK WKH 8, VSHFLILFDWIKRY ZL g E |9 XVHG LQ

DSSOLFDWLRQ WLHUV IROORZLQJ ILOHVY DQG VXEGLUHFWR
HME FRQWDLQV ;0/ VSHFLILEDW
$33/,8$7,25(326,725< (-% HQWLWLHV XVHG LQ .URN

7KH DSSOLFDWLRQ UHSRVLWRU\ VWRUH2QHR@LIXOBWDM QH®BHWDWHG |
ZKLFK LV WKH EDVLV IRU DGDSWLYH EHKBRYHRWLRN\ . URNLYV

JHQHULF HQJLQHV 7KHVH GDWD VSHFLISY®NOREWSIPAWVORGHILQLWLF
WKH HQWHUSULVH VIVWHP DB OV KHLU U QDWW ERA\E LPRR N B@FOV VSHFL
UHVRXUFHV JUDSKLF LFRQV &66 DQG +9k MHRP ®OWHIDSSLOJ LQIRUF
HWF DQG RWKHU FRQILIXUDWLRQ DUWLIPKW V. oR GVIRY WKH
FRQILJXUDWLRQ RI DOO JHQHULF HQJLQHpQODREYWBWHG 7L WK

7KH DSSOLFDWLRQ UHSRVLWRU\ VWUXEWXPHUBYW VEKRZ QHIOBIUDWHG [F
J)LIXUH W LV FRPSRVHG RUWWDWLF DQGSHHQHUDPWHRSD R HQXPH
$ VWDWRF WBHWHSRVLWRU\ FRQWDLQV \U$IFHU DIOGGIDQVW KH .URNL WRR(

WKDW LV LQGHSHQGHQW RIQJGKIBIVFRQFUHWMQ\)}(SW)L\F@M‘:H_RQF@WLRQ RI
VXFK LV DOZD\V WKH VDPH FRQILJXUDV\ﬂ_Q?SQ)ﬂt@W\(_RQjﬂvCﬁ)Iﬂ)@Q PHQX 71
IRU HQJLQH FRUH IXQFWLROQDFEOXWLHY ORRN/RRYG pHHRY DUVWIHEWY WKH
IRU ZHE DQG GHVNWRS HQJLQH® HWF QR SO--NFIMRUBHG IRUPV FR(
WKLV SDUW RI WKH UHSRVLWRU\ DUH W KH _URNL SURMHEW EXW
- SURSWRQWDLQV SURSHUWLHV ILOHVRZHVUK MGHGHDPLEBIV.URNLTV DGPL
DQG VWULQJ UHVRXUFHV IRU ZHE DOEV\EWWRWRSHU\ XVHU JUR
DSSOLFDWLRQV KDYH WKHLU RZQ PDLQ PHQX

PRGH@&RQWDLQV ;0/ VSHFLILFDWLRQVP®| RSEBEWQRRE VM FLILHV ZKLFK
SDUWV RI WKH HQJLQHV 7KHVH VWDWMF WVGR¥VILAMDWVNBYLDWHG Z
PDLQO\ GHDO ZLWK WKH SURFHVV ;BRI P®HEHRPYUSWLRQ ILOH LQ
SURJUDPPLQJ ODQJXDJH W\SHV WR PREBSUNWNHWRU\

FRPSRQHQWYV - XVHUWRQWDLQV ;0/ GHVFULSWLRQ |
JXL &RQWDLQV ORRN DQG IHHO UHYRWWY AHG//P LU \VEWWIKWLRQ PRGXOH
ZHE DQG GHVNWRS JHQHULF DSSOLgDWI;R \%

(1(5,& (%(1*,1(
$ JHQHUIDDNWARG WKH UHSRVLWRU\ LV FUHDWH E\

.URNL JHQHUDWRUV DQG FRQWDLYRNEPpAVE HERXRHFXV U QWeHULF ZF
VSHFLILHG DSSOLFDWLRQ SURWRW §QR§UWKL®<JQY\DKWK@&JLQ§1DSWV LY
FRXOG WDNH WKLV GDWD GLUHRWRUGRP WRNWERcHRORIZLXUDWLRQ
FKRRVH ;0/ ILOHV DV DQ LQWRUPRHS?bMPIV{RQ sUHS RYISKRUY 7KLV VH
SURYLGH LQGHSHQGHQW IXQFWLRKLNVHRWXWRHE Q KWK HIUy R B URYLG
DSSOLFDWLRQV DIWHU GHSO P GWILQHVY WL QWY yYwHFXERLVPYV
UHVHPEOHV WKH VWUXFWXUH RI)WXH WWDWRRZVS BB QFHIWXPOLDUFKLW
GLIIHUHQFH LV WKH ODFN RIGXHH @ XIEGH UBIFHHRUKRRLFK MWKH M.JXUH VK
WR HQWHUSULVH V\VWHPV XVLQBUWKM. WDPE GPWYLERQQBAWKRQ ZKLF
XVHG DV D EDVLV IRU (8,6 '6/ WSEHVNWRWLRQG> Z@E $8QULQH /RZHU SD
IURP WKH FRQILIJXUDWLRQ |VOINEDRMKH RRQGUHWN SOB\FODNWE VSHFLILF
DUH EHLQJ JHQHUDWHG GLURG WD QVRHWKHH Q Q WKH W RK (SIHMWMXWV WUH OR
GLUHFWRU\ +HQFH WKH\ DWR QMR SSIUHW HRQ WIDRWHL BQ S@©D \FHUW LY WHFKQ
UHSRVLWRU\ VHFWLRQ ZLOO FRYHU VRPH RI WKH EL
REWDLQLQJ H[HFXWDEOH SURWRW\S



VSHFLILFDWLRQ ZLWK WKH |IRFXMW RHIMXWKD CHEWHYR.@QHKH7RKDLQ IRUP ZL°
SUHVHQWHG H[SODQDWLRQ 2H B WXKUJH \G BV NOHRS/ BDYWSHRYWS/WLEVH HD SSOLFDV
VSHFLILF GHWDLOV VR LW FOWRAHVKVBE P MR FIRPGX HURR &ZIWLFK WKH X!
.URNL V JHQHULF GHVNWRS HQGBHM.UH® FIHR WLRV DOAVR/F IRV WE HZLWK D
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J)LIXUH *HQHULF :(% HQJLQH DUFKLWHFWXUH

7KH PDLQ FRPSRQHQWYV RI WKH7HEYHQHXMUM VRRWQRQEY DUH KDQG

WKH FRUH SDFNDJH LQ )LIJXUH9LHESHURKDWHRRR ®RGKOM REWDLQV FI
UHSUHVHQWY WKH PDLQ DS SOKHIDWRQIERDVWREHKL®SE DPOLFRVLRQ UHS
DSSOLFDWLRQ V GDWD LV VWRUBBQHQ@EG HIDEHDW HERP'S RIEHQEDF 7KH SDQ
FODVV 8SRQ VWDUWXS DSSOLFRYWRQQ®RDGY\ WKH PPSSHEBHQWDWLR
GDWD DQG SURMHFW SURSHUWOBVRXWRYS MFLH L FS\E DR 6 DIWILER G® ID X O W
UHSRVLWRU\ XVLQJ WKH FRUUHRSBEGLIRU UMK HUYHIQU RRUWKWR EH |XC
[POBUHDGHUV SDFNDJH 7KLV UGXFHY\8HQWR WGCPDQFHQEHRBRSYVWR EH DF]
ZKHQ H[HFXWLQJ ODUJH SURMHMDWVY RALCAMHREQ DL WKK R QR-D SWIRMQ % HD Q L ¢
GDWD LV ORDGHG LQWR DQ DSWICOLFDWHR Q QRDIPK s HIKEBH WRIEXOH &
DFWXDO PRGHO GDWD LV ORDGHGVRIQVEHIPDQ ® Q G(BPK WG AWM WKH 9L
PRGXOH UHDGV WKH GDWD I|URRH WKHEE FRRUPHVWRDRWLEFRQIRUPV WR
FRQILJXUDWLRQ ILOH VWRUW® UMS MALHL BBWQRBD W KR QG DMWPRWIKDW QHH (
DQG VWRUHV LW LQ WKH DSSOZEDWERG EQMRH + 2QQ FHOBI® 8 QWR/ XVLQJ
QHFHVVDU\ GDWD KDV EHHQ REWHPQBOWHQJILQH LV UHDG\ W

UXaQ 7KH EDVLF VWHSV LQ WKLV SURFHVV
%DVLF XVH VFHQDULR LQ HQWHIXUH VH7Y¥HWWRIPUHMBSRQBHYI 5HVWOH
DURXQG XVHUV PDQLSXODWL®J G\ KHU | HR W MKIHU GODW REBEVBRYMRQV )RU
VWDQGDUG IRUPV 6WDQGDUG IRUPWRHRQRMDARV RRAH RUWKPIREJMVLF &58' |
VWDQGDUG SDQHOV ZLWK ZHOOGHIOHWHG WHRRRX DBV | HDRHYUWHH WP R G X O H
VHH > @ IRU GHWDLOV 7 KHQWHVMVRXUFAMNY STOF NDH B UFR/GMW DWLRQ WK
WKH PRGXOHV UHVSRQVLEOH IRVHBERNDWE&HQRSEDWWLRRQU UBDWKOW YLL
VSHFLILF VWDQGDUG IRUP DQ@G RRYHHV BQWS- ®;J FIDMD ONVR WKH XVH

6LQFH RXU ZHE HQJLQH LV EDVHG RQ WKH 5HVWOHW ZHE

HQJLQH DOO PRGXOHV UHSUHVHQW B5HVWOHW V UHVRXUFH
FODVVHV +RPH5HVRXUFH KDQGOHV WKH ORJLQ UHTXHVWYV DQG
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.URNL HQJLQHV RIIHU VWDQG
IXQFWLRQDOLWLHY RYHU DUELWUD!
FRQFHUQ LV WR SURFHVV DQG SU
GDWDEDVH LQ WKH SUHGHILIDH® ZD\ wv v wiiv o
WKDW HQWHUSULVH V\VWHFHwYDW\)LQ(UWKkglngp@\QFFwéaQ@Qq,,LM,kH FROWHQ!
ZDV QHFHVVDU\ WR GHYHORS PHFKDQLVP IRIHOGHMH® GLQ
JHQHULF HQJLQHV .URNL JHQH UL WIQYLQHWK KXW mQEDM&HFW WKDW F
RULHQWHG SURJUDPPLQJ WHF K @HQOH \E WV R UFD § W XIUWH SUXHY MQWHG WR W
SRLQWYV RI LQWHUHVWYV DQG UHDNFWQDIUDRGHLWKE\VZDV ILOWHRIQQJ PDL

,Q WKH ZHE HQJLQH WKLV X$HBFEMUPLWLRQWWWYHDWHG E\ .UR!
VWUDLJKWIRUZDUG 7KH ZHE HQXEWHVMWHBHYHOQRSHEHAMUQB ZHE HQJL
5HVWOHW HQJLQH VR DOO RM® RN ISH JHO BMDH \E HIYWE G BEHD SYOLFDWLF
5HVRXUFH FODVV DQG DUH ORFPWHG LM WHKH LQMAVHR)OFFFAANRRQLQ LW °
SDFNDJH (YHU\ UHVRXUFH FODWWHKERPH SDJH DQG 5HVWOHW UHVRXL
PHWKRG WKDW LV LQYRNHG WKWSRDD HF OA.RY QDW PHHTQVHIVR\Q HG \EHHRRUH LQ R
D SDUWLFXODU UHVRXUFH DBBWDRQEPHOKHSUWSDDWWDRR BUBFHVV ZF
IXQFWLRQDOLWLHY B5HVWOHW DHYHRHKWAMR XVRHWEKKRGFRDOHG

WR SDVV DUELWUDU\ GD WD MR/ +Y0HMPHORENGDUVWHMPSODWH ORRNV

VR RQFH DWWDFKHG WR SUHSDWKI&RXDPHQW YV RV SHEMWO GDEH JHKH QDPH
DFFHVV WR WKH UHVRXUFH REMHFWLOQGSXWVRKRUPRGERIGHZIL QRIHQ X L (
/LVWLQJ UHSUHVHQW EDVLF VWHSV GF

ViewResource -
'V PDLQ
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9, &21&/86,216 REMHFWLYH PHDVXUHV RI XVRBIXOQHVYV

7KH SDSHU SUHVHQWHG DU¥KHAwWHRRMMYIEHQWRrFWERER WR PHDV
LQFRUSRUDWHG LQ WKH .URNH WRKBS kY P IH tOH sBRWRRAs HITLFLH
H[HFXWLRQ &RUH HOHPHQWV RIINFRWMEYHRSM G s FRWRWI\ERGPLWLYH O
WHFKQLTXH DUH WKH DSsoLFDWERY RPFKR\AQR PHH 'CESW-I-@E)IQUEDVHG Y
HQJLQHV ZKLFK FUHDWH IXQFWRRDII WHwh®e QVEFHpXHBGXVHIXO0Q
DSSOLFDWLRQ EDVHG RQ WKH GHYHOFBHG VSHFLILFDWLRQ

50)(5(1&(6

\%

@ OLORVDYOMHYLF O )LOLSEWRYLF ODUVHQL

'"HMDQRYLF .URNL $ PRFNXS EWRHG WRRO |

GHYHORSPHQW RI EXVLQHVV DSSOLFDWLRQV
((C . 6%1

@ &HUQ\ O ODFLN O - 'RQDKRRQW -DQRXVF

GHVFULSWLRQ DQG FDFKH SHUIRVADQFH LQ

LOQWHUIDFH GHVLJQ &RPSXWHUVSFHPMWYFH DQG

\%

YHG&6,6

> @ &HUQ\ . &HPXV 0 - 'RQDKRRFWDQG ( 6R(
GULYHQ 'DWD UHIOHFWLYH DQ@GDFHROQWH[W D
GHVLJQ $SSOLHG &RPSXWLQJ 5HYLHZ +

>@ / + $IXVWLQ 3 & GHO % BWRDFK RRGHO G
GHYHORS KLJK SHUIRUPDQFH ZRE DSSOLFD'
6\WWHPV DQG 6RIWZDUH9ROXPH ,VVXH

>@ 0 5LYHUR - *ULJHUD * 5RVORIQWHBREOHV /
0 *DHGNH ORFNXS 'ULYHQ '®YHORSPHQW
DJLOH VXSSRUW IRU ORGHO 'ULFRIWZHE (QJLQ
7HFKQRO -XQH

> @ 6RODQR ([SORULQJ +RZ ORGHOFDQULHQWHG
EH ([WHQGHG WR WKH 8, /HYHORI3K' 7KHVLV
2WWDZDKWWS KGO KDQGOH QHW

> @ )RUZDUG 2 %DGUHGGLQ 70RBW®EULGJH
GULYHQ UDSLG SURWRW\SLQJWILFWHK DSPGOH 61
([SHULHQFH 9ROXPH ,VVXH SDJHV %

> @ 6W|UUOH ORGHO GULYHQ GHWHORSPHQW

SURWRW\SHY DQ LQWHJUDWHGWRISSURDFK
ILVWLQJ $VSHFW H[WHQVLRQ H)RXIWK (XURSHDQ &RQIHUHQFH RQ 6RIWZD
&RPSDQLRQ 9ROXPH SS &RSHQKDJHQ 't

7KH SURFHVV GRHV QRW LQPO@%G%XW'EJ L VR 4P 9‘07%FFQG@P<V§IiEUW )RVL\J/Uf
JHQHUDWLRQ WHFKQLTXHV ZKHUHOE%‘Q%ﬁg?ﬂ & podshztes ol (1

FRGH RU PRVW RI LW LV EHLQd IR@WUWPDWHGFKI@GNRXU 9DEGHUGRQFNW
DSSURDFK HQJLQHV DUH JHQHULF UDQFDEDK WNRIWFR Y HHF REGLVHUFDIRU *UDSK L

EXVLQHVV RSHUDWLRQV RQ SURYLGEME GTDWPR &RPSXWHU ,QWHUDFWLRQ+,17(5
6SULQJHU %YHUOLQ +HLGHOEHUJ

7KH HQJLQHV EDVHG RQ DVSHREW@ERULKQWMWHG S U Robbh RErotdneR® S X WH U
HQDEOH HDVLHU LQFOXNWKQY HRY.QWWIOBFWLRR ROGHLOLQ G |HESULQIHU %HUOL

WKDW FDQ DIIHFW WKH VSHBLILHTG su DSSO
H[HFXWLRQ LQWHJUDWLRQ >R|%%§%%% glgog ¥ j@;ﬁ@%,bﬁ&?ywﬁg
ZULWWHQ FRGH GXULQJ DSSOLFDWgd RQpdbY WWULR Qg QWLWVVI\VWHPYV
FRGH LV H[SRUWHG WR D JHQHU%]wosxugR_VH SURJUDPPLQJ _
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