&ROW &RQFHSW /LQHDJH 7RRO
IRU 'DWD )ORZ OHWDGDWD &DSWXUH L

.DUHHP 6 $JJRXU -HQQ\ :HLVHQEHUJ :LODLBPWPXVWLQ OF-
*( *OREDO 5HVHDUFK
.QRZOHGJH 'LVFRYHU\ /DE
I1LVND\XQD 1< 86%

"DJJRXU ZHLVHQMH PFKXJK Y NXPDU "#JH FRP

$%6753&7 6\WWHPLFDOO\ ,PSRUWDQW )LQDQFKBO ,QVW

ORVW RUJDQL]DWLRIQYFDKWBVEBABEAPIcDWDHEURRRBD WHYWKDW DOO 6,),V KIBRUWKH F
SURFHVVLQJ GDWD UKN®® NB®UFHMIAR \H/:MR%%%@ HVREGFPWD XVHG IRU IRQYBERELDC

L
EXVLQHVV RSHUDWLRHMO DGCRIGIE VWE H RYWBIW RHFLVLRQYV

VWRULQJ DQG SURKPHWVRQ L DWDJHWRRB®@ELD Q) 4 QMG WXRQV FUHDWHG D GDWDYRKDOO|
LQ SDUWLFXODU DUH LQFUHDVLQJO\ VYXEMIREVS DWW 10 R AW EQ WwIHHE® RWMLARRNMY ZKI
UHTXLULQJ KLJK OHYHOV RI DFFRROWDH/LPRW |RY DK 0 PPl | KRB HOER LY VDR OR
RI WKLV GDWD )RU FRPSDQLHV OLNDB *( &S 4W &@LWVWLLWQHQ/ PPN WKKDSLW
DFURVV D JOREDOO\ LQWHUFRQQHFWHGE QRWZRY NG B W\ KIREXY BsSemHBAWAEN WD Bois @ w L
LW LV EHFRPLQJ LQFUHDVLQJO\ FKDOQHQ QN WR EDSWXYH WiH ERRHWM WEHW WHZ T
XQGHUVWDQGLQJ RI WKH GDWD IORZL{Y pEHEWAHWR MIRYUDK¥WWHRY T4%RUu\ DQG S
DGGUHVV WKLV SUREGHPQ&HG BHYQR S i g wiy HYWRUPDWLRQ VKDULQJ DQG RY!

OLQHDJH WRRO DOORZLQJ RUJDQLIDWLRQREH DR o ORZNOWR R PREHOHSY WKLV
YLVXDOL]HG DQG LQWHUDFWLYHO\XR[KBDORHUH G p ey W RIROD RO AR B WD SR 1IG Y\ vV W
WKDW DOORZ D GDWD IORZ QHWZRUN R wE¥c bW H ERX D@ R A Wight | DQG
EXVLQHVYV VSHFLILF P HodoegptDowsDesY XFRGPRPYHWWHROV DERXW W KD VOL O\ ¥YH RAL W KLRM R
product IRU ZKLFK LW DSSOLHV .H\ DQD®WdNM pBWXHEYHKRUHLEWHO DFWIFWHS OR L
LPSOHPHQWHG LQFOXGLQJ WKH DELOLWpHSWR cWWHF Ho WA Y HRWARURDWKROHRORGHYV
SDUWLFXODU GDWDVHWYV DQG WRRNQYERYEHRDFRYVAKWHBY ZKHYHDFWWE LVYIIHUUHG
WKDW PHHWYV VRPH XVHU GHILQHG GULWFRURY{K wmm\gﬁwwKRVH
DGRSWHG E\ XVHUV DW *( &DSLWDO DQG LQ D VKRUW WLPH KDV DOUHDG\

EHFRPH D EXVLQHVV FULWLFDO DSSOLSFDIW ROQDEGHKY RYHYV WRalX@B\ FKDUDFW

VIVWHPV DQG RBIWD IORZV FDSWXUHG H[WHQVLEOH VHW RIRQIRF-FALHYF KIGFDOGRQ J P D
FRPE L Q D Wkifeg®pRducts D Qdbcepts DVVRFLDWHG ZL

' GDWD IORZLQJ EHWZWHKRUV\YW KW H)XPSOHF
,1752°8&7,21 ULFK. VHW Rl IHDWXUHV WR IDFLOLWDWH V

/KH UHFRJQLWLRQ RI GDWD DV D WWU@M’W%E%APVN%%H%&’}W}@HV\bFELEdi\W\QWR YL

RSHUDWLRQV KDV PDGH FRUSRUDWH GBWD yWAoRa) EWWP@/WMQJC
PRUH LPSRUWDQW RYHU WKH SDVW REHOR Ky L %]:%th)ww ﬁw\;(u[y\%éﬁg‘ PWLHZ v
PRW &R P& BWDEREE WORYLGHYV

FRUSRUDWH GDWD PDQDJHPHQW LQ FRESEREWY & XGK
FRPSULVHG Rl D FIRERRXYBWERUN VIVRPYQRQRALSS G KMz GRIK SRS QENZRW N
WKRXVDQGV RI GLIIHUHQW W\SHV RI GRWBHELQ3 W ZONGH B iV H IR 5 WUHDP
ILQDQFLDO FULVLVKRI 86 JHGHUDO *RYNWIFFHOW Ry GRZQGWVWDPDWRRQWN 7KL\
UHFRJQLIHG WKH QHHG IRU FRPSDQLHG B BR WRIWRL Ry P E#HBYW R uPHRMB/Gumr Qi w
FRPSOHWH GDWD WR HIIHFWLYHO\ BDQRHT D6 b SR WV N kBSBBWBF R RUNLY 8
WKH 'RGG+)UDQN :DOO 6WUHHW 5HIRUP 7 & RR VA B HYoRRW HE W R0R WRewW LV VE
RI > @ JUDQWV WKH 86 )HGHUDO SUiWFKYY Pt whly DO WHFHLYHY TURP D
RYHUVLJIKW RIODUIHU EBRMSD @6/ ¢B8EBUWV ®cP L oLVWUDWRUV WR FUHDWH DQ

7KLV ZRUN LV OLFHQVHG XQGHU WKH &UHDIWIOH &ROMRED VsWRUWIXWO®D) EXLOW (WR DGG
1RQ&RPPHUFLDO 1R'HULYDWLYHYV , QWRIBQ RWE& RSLAWDOHQAWYN ZBWISIXUSRVHIXOO\ GKHMLIQHG
wicLV_OLEHQVH YLVLW Kwws FUBDWLYIFR DFROQWKRI) RUFSOBHIYDWIRE QN0 GX\GVHY HQ LRIV L G F
XVH EH\RQG WKRVH FRYHUHG E\ WKLNPODLBHQYH P
O IRAYOGE RU Y URAVERHHE HL¥ RGPk DG \WD[RRBWXHW L QJ
DERXW WKH GDWD IORZV FDQ EH HB@®WLO\ H[V
Proceedings of # VLDB Endowment, Vol. 10, No. 12 UHSODFHG ZLWK D QHZ PRGHO DQG WD[RQF
Copyright 2017 VLDB Endowment 2150-8097/17/08. GLITHUHQW E XV L Qusine¥seRLPIBAUEBIX VYW Q RW EH
UHOHYDQW PHWDGDWD GHVFULSWRWEW ZKHU
UHTXLUHG WR PRGHO WKH GDWD IORZV {
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WD[RQRPLHV FDQ EH XVHG ZLWKLQ &ROVRQ RQMKBEWY Yt TXHYD QP FRGH

FKDQJHV PDNLGOUBRRDW BDXYREOH WRRO
Q @ &ROW LV EXbrigéyt ivRgeVAKOHFWNH D FRQFHSW LV |

7KLV SDSHU LV RUJDQL]JHG DV IROBBYMJBREBWILRR RIRRWOWQSHYHNEB WY HHOHPHQWYV

WKDW WKLV VIVWHP ZDV EXLOW W R MLONB&iH \entity RPIDAKHKIOAR ES RV @ WOR BB EPELQI Q
RXWVLGH RI *( &DSLWDO 6HFWLRQ DVXPEOUHMAMVYHDO @ ISGRARHR DKWY 6 B WRIRIHF WV

OLQHDJH DQG QHWZRUN DQDO\VLV 6HFDIRMLH\S URRRIG H\R ER 8 WhOJFR GGDIB BOHPH
WKH &ROW V\VWHP WIDQG V6 MAWHL B®@ W DG NRMRKHHU D FG P REBOHVHQW RU PREB VW OWHRP H (
6HFWLRQ UHYLHZV WKH XVHU LQWRHRHIGHHL QK G B WPBWIICRRQ/FE § WRH DEINVRM /W BVH JU
RI WKH DGYDQFHG FDSDELOLWLHV QRIXQH0O APW R MQ/ &ORWHV X ¥ R B'E OW @NIHHRWKWIOL.GV K U R X J
WKH UHVXOWY DFKLHYHG WR GDWHRDQGWFHRHFWLRXUVBKHRY LBEREHOVIP FIRWDOHBWYV LV
WKH FRQFOXVLRQV DQG IXWXUH ZRUN SHUVSHFWLYH DV LW UHGXFHV WKHWYROXP

EH PDQDJHG

,1'8675,%/ 86( &%$6(
*( &DSLWDO LV WKH ILQDQFLDO DUP RI WK DHBIQURB LB IREWULF &RPSDQ\

,WV SULPDU\ IRFRV DRQER®HHINQAI LQ WK, DZYDL\PWBLFB\R_J?(HG DQG_ EXLOW WR UH
KHDOWKFDUH DQG HQHUJ\ VHFWRUV ZgHWr (gl RRVEIBS0PR v $V

LRQGXVWULDO HTXLSMRQWHWWVLG’H@Q"&NE&\MWRW \kD'PJDFwal-HumlrFreommN\A-uRer RI WD

PDQDJH WKH RYHUDOO ULVN H[SRVXUH RdoWKH % ROWH[W L
XWLOL]JHV GDWD IURP D ZLGH UDQJH WKLL @ m@[m@%@ HIWHUQDO® GDW
VRXUFHV VWRUMYJRYKLY GDWRWAM DO UHSRVL RU

+ Concept WKH GDWD FRerNIHe@tWVIRlHI .IBDWD
+LVWRULFDOO\ WXE EXVEQBVWRY RSHUDW ﬂ@v\kg_ Vi Jge,y
LQGHSHQGHQWO\ FROOHFWLQJ DQG LPD%V LQJ WK DW Gi WK HL
SURGXFWV DQG FXVWRPHUV 'XH WR »é [P\ﬁWL'ﬂ—RiS FF_\J/PHG RQ

Ancep U{P Igﬁgb‘()(/migy
DSSURDFK LW ZDV GLIILEFXOW LI QRW LPSERMARE W R Y H e E@Wp@@ WPREIG
SLFWXUH RI ZKHUH DOO Rl *( &DSREZBOYTV ¥YWD UHVLGHG RU KRZ LW 10
IURP VA\VWHP WR V\VWHP 7KLV VHYH UH Business Bpandasy WIKH EXEVIOQ MV WRRU VXE EXVLC
SHUIRUP NH\ GDWD PDQDJHPHQW DRWLYLWIKHY GRW ISESRia/MNeiad LGHQWLI

GXSOLFDWH GDWD RU SURFHVVHV IR kL QlpditBbunddil WWHRS SRA-XE@DWMLERR IRU ZKLFI
SDUWLFXODU GDWD HOHPHQW H Qommercial Loans

B3ULRU WR &ROW *( &DSLWDO OLNHKRD @\ Rtber Dipundangs. REY QIHORMEDXSRQDYV GDWD
SUHSDUDWLRQ RI D ODUJH QXPEHU WI VWBMWABEDFWH RLYKG HWHFCWWLERREXPEEXQGDU)
WKHLU GDWD IORZV ,W ZDV D ODERULRXDV\Wlﬁ)R/lNDWRGFZ?LON)PDWQ\/\DI}/G'lWEQDJH

WKHP DQG WKLV DSSURDFK SUHYHQ%S@Q%% LBh\PﬂR}?L&d&;XQUReleWV DL

TXHU\LQJ LQWHUWDIERQ RQ WRKH YUIHO/LXGDNV N VRE EVOVE GRRGKEWD 7K HVH

&ROW ZDV GHVLJQBGWERQ@G@HMH/@'RWHKLQ/H\SWHSOH\PLQ& DQ DUELWUDU\ QXPBHU RI C
HQDEOLQJ WKH FDSWXUH RI GDWD OLWBRGRPHWD GDWOUHQ IKEWIDHIFHUSWYV IU
LQWHUDFWLYH WRRO 7KH FKDO O H®AHRM DHR Q&P DHEO Pf MHS AS&KQUW DQG DQ

GDWD IORZV WKURXJK D QHWZRUN RIR®WDODWD VWRUHV LV IDFHG '_\Dncnn"'LolanslaLeaaes
PRVW PHGLXP WR ODUJH RUJDQL]DWLF [ party = Energy Financial Services = O ato
SDUWLFXODUO\ W KIRDAHI H QQAXHP EUIHDUWRLIQD F T L) party Event D | =D Energy Financial Services O operating Lease
[ party Finandials [ ers - Business HQ = Finance Leases
O Party Hierarchy [ Ers - £FS Debt [ Leveraged Lease
%HQH ILWV RI 'DWD /LQH DJH [ party Tdentity LI £Fs - EFS Equity [] secured - Equipment
O Single Investor Lease

7KHUH DUH PDQ\ EHQHILWYVY WR FDSWXULQZ %Q@ HE\ERUGLQJE GbPBW/PQQb\QHDJH E 33U
JLUVW DQG IRUHPRVW LV IRU FRPSOLDQFH SXUSRVHV2PD (3

FRPSDQLHV DQG ODUJH RUJDQL]DWLRY QHHEUWWR EH W@WE’,\E/'@WD@LWD[RQRF
WR LQWHUQDO RYHUVLJKW ERDUGKRUHWR H[WHUQDO UHJXODWRU\ ERGLHYV
EXVLQHVV FULWLFDO GDWD RULJLQDWHVS (ZSHUH 126 .UHVLGHV ZLWKLQ WKHL
VIVWHPV DQG KRZ LW LV WUDQVIRUPHGVD\W LOHDORZAW WHKERBNKYK QWKHGE WDWD GLUF
QHWZRUNV )XUWKHU GDWD OLQHDJHYFHIQP USRR/Y LGTHW Y LOALEH D LAV \J UDDBW R WD UH SU
RWKHUZLVH RSDTXH FRPSOH[ RIWHBRUWHRDPEYWUDHWZRHQAWLW IHV2GDWD DUWL
LQWHUFRQQHFWHG V\VWHPV 7KLV WUNQDHRD/URQFD WIDRQ \B WRYIL\G HR FHIXE WIMORMWW K R
LQVLIJKWYV VXFK DV LGHQWLI\LQJ FULWDPENO®O RAWWWRRVBHQBUDBQVFRYPDWQRDYV 'DW
XQH[SHFWHG UHGXQGDQFLHV )LQDOO\|URPWIXGDGNDUG B DD WBEB VHQWRHILROWHY RU
NH\ TXHVWLRQV VXFK DV DVVHVVLQJUWKRWERZIQVWUHVWHPSBRWHWRILPHY LW L
FKDQJHV WR DQ RUIDIQD\DWURBWXUWYV RSW | MAWBIRLVDLID WDKK OF WWR 8 HW \ S\HWD QW IRUP® F D (
XSVWUHDP WR WKHLU VRXUFH TXHU\ DQG WKH DFWXDO LQYRFDWL@RFEHRI D
RI D GDWD DUWLIDFW :KLOH OLQHDJH QHW
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VWUXFWXUDO VLPLODULW\ WR VR BIRIEH \DPISWZARUH V WIRH HRWPS WS FEGIEMIIL QDS SOLF DV
HIKLELW KLJKHU FHQWUDOLW\ PHDO/RINH&/KWE D 8 QPIRVW RWIOHW VR D QW& Q DQHS W HEBKIH V H
EHWZHHQ FHUWDLQ VXEVHWY RI QRYH VWD B HF B B QN WIKR@V RIMWKNHGY R IZBILKRM D JH JU |
QRW FRPH DFURVV D IRUPDO FKDUDFWHH L) QWO R \R IT XHKH HW RISRORUG FDIDL QVW G
IHDWXUHV Rl OLQHDJH QHWZRUNV VXEVHW Rl JHQHUDO VRFLDO QHWZRUN DQD

'%Vtrabm@ORQDWHV W
%Y

URD.GQ\ WHJIRU
'DWD /LQHDWD OLQHDJH H[SORUDWLR tf’ H t e '
VWXGLHG ZLWKLQ YDULRXYV FRQWHDWNégw\AﬁEIV la W E' > DHI’_ZDBV\(
DW WKH JUDQXODULW\ RI LQGLYLGXDRD g\%\ﬂ/&?& K ‘f. '
R WHR % |_ HG D\
> R?JS ol V FD'

D FHOO DUH GHULYHG IURP RWKHU F KBP TUF
FKD Q@ D GDV
QWD iz ﬁéF BRWR wiH

VR WKDW WKH ILOHV DUH HDV\ WRLWBLF
ZRUNIORZ V\VWHPV > @ DOORZ ULFK
FRPSRQHQWY DQG UHFRUG DSSOLFIDWLI!E
Rl ILOHV RU GDWDVHWYV > @> @> @>
VROXWLRQV > @> @> @> @> @ VX
ZDUHKRXVHV DQG EXVLQHVV LQWHOOLg

t
OLQHDJH RQ D SHU WXSOH EDVLV 5&%

VIVWHPV > @> @> @ W\SLFDOO\ LQWH
p RI Wk
UB@%éﬁh QHV

UHFRUG LQIRUPDWHRWLRQ SPHRIGILIQ B BAY
Fﬁe EDFN V
UP RI V
KRIHUDOL]H
M

WUDQVIRUPDWLRQV WKDW UHVXOWHBJH §q/v \ \ HDU\D'[J\\/N
WUDFNLQJ IRU PRGHUQ %LJ 'DWD HFRYV \Y% % :

&RPPHUFLDO VROXWLRQV LQ WKLV VSD ﬁ‘(/v at bq\D/ Oﬂ! KE%UW\XU\OF\NDFY\[
DOG &0RXGHUD 1DYLJDWRU > @ WUDFN, B mqot;& Hqﬁ\% OQ“EMW(—D Q RI W
OLQHDJH Rl XQVWUXFWXUHG GDW DMHW ¥ DY |?\mc_) b Gbwb FOuD

DQG SURFHVVLQJGRWEH FD\LIPGDHFRV\VW ROV IR

FROOHFWLQJ SURYHQRYMH QGDIMD DURG/LQHDJIH LQ )LQDQFKDOH HUGHBBY UHJXODW|
VHDUFK LQ VRFLDO PHGLD QHWZRUNV &&%$5 &RPSUHKHQVLYH &DSLWDO $QDO\VLV [
)LQDOO\ UHFHQW DSSURDFKHV SURS|I %DVHO &RPPLWWHHIRRQVLRQ NUBIXEXBWMLRQ Q
OLQHDJH SURYHQDQFH LQ KHWHURJHCPDQGDWH WKDW ILQDQFLDO LQVWLWWWLRQV
FRQVWUDLQ WKH QDWXUH DQG W\SHV PDLQWDLQ OLQHDJH RI FULWLFDOUDIMDNDQG
H[WHQVLEOH WUDQVIRUPDWLRQ RIHUQEDQG FDSLWDO DVVHVVPHQWYV ZH JDUH QF
ORJ > @ RU LQWR D JHQHULF SURESH.UHFRPPHQGHG JXLGHOLQHV RU PHWKRGROR.
JHQHUDO SXUSRVH SURYHQDQFH OLERIPDQDJHPHQW ZLWKLQ WKH ILQDQEQDO G
> @ RU E\ LPSOHPQQWLRVHWERBAFHS ORCRUJDQL]DWLRQV KDYH DGRSWHG D UDQJH R
ZRUN LV VLPLODUDWRURKFHK/HY OLDQVWKDDQDO\VLY IRU DG KRF UHSRUWLQJ SXUSR\
OLQHDJH RI GDWD DFURVV JHQHULF KH'HQRUPRXV VSUHDGVKHHWY DQG 9LVLR GLD.

ODERULRXV DQG QRW DXWRPDWHG X
/LQHDJH SHSUHVHQWDWLRDDIQ G BMSAKWIL - b s hE| o WLHYV RI PXOWLSOH RII WKIHQVKHO|

UHSUHVHQWHG XVLOM Q6 HLHOM VRHE b S S URDEK WKDW LV H[SHOVLYH DOQGOGRW FX

GDWD VWRUHV ,Q VRPH VROXWLRQY rppgoH[ VRIWZDUH RIWHQ UHVXOWEQJ LQ
E

PHWD ILOHV FR ORFDWHG ZLWK WKH ( / ) VAN L v
KHDGHUV RI WKH ILOHV WKHPVHOY HOWH Eévl_\)NaRapqulﬂgr\Dvag\ml?\)_va\gﬁ %LPI%OOPID

WR TXHU\LQJ RU YLVXDOL]LQJ WKH OS3ULRU DUW LQGLPEODWHM WHIDWH AHR QPHQDID L
PRGHOV KDYH EHHQ XVHG IRU VWRULGHYHORSLQJ WKHLU RZQ LQ KRXVH YROXWLF
> @> @> @ EXW GRHV QRW SURYLGH (GDWD OLQHDJH > G@* @QRC\PRXVREIDNH VWX
HYHQ VLPSOH QHWZRUN WUDYHUVDOV WR ,QIRUPDWLFD 'LDNX $[RQ > @ &ROOLEUI
MRLQV EHWZHHQ WDEOHV ;0/ LV DCOHWDGDWD :RUNEHQFKDV @KHOGHHTBANWQI WKI
UHSUHVHQWLQJ OLQH@®¥H @OH@WZRKRY YHQGRU WRROV RI HB&RH FAHD QRO HGRCHQDW ALLAD P H
KLHUDUFKLFDO QDWXUH RI ;0/ LV D GUODUJH ILQDQFLDO HQWHUSULVHV VWKIUBZQ T
HQWLWLHV ZLWK PXOWLSOH SDUHQWYVYSDUW\ WRROV VXFK DV $[RQ IRU WIigh *( &D
LQFUHDVLQJO\ EHLQJ XVHG IRU OLQHDVKRUWFRPLQJV ZIHWDKRY UG FHXFW RPRPHWDGDW
>@> @> @ DQG VHPDQWLF JUDSK PFDQG H[WHQVLEOR®RRUBVF&ROMNO BRAINVKW VLP I
FDSDELOLWLHV IRU HIILFLHQW RSRQDW¥2QWRORJ\ DQG 3URGHQINQRRHVQDQFUBG E\ %
VHPDQWLEF PRGHO RI OLQHDJH 2XUQ@R> @> @ LQ WKDW LW XWLOLJHV D VHPDQW
WKDW &ROW PDLQWDLQV OLQHDJH LWKFRQFHSWYV IURP P X8 WH.E\O B O\ORXZUL RQHVEVMVK Q H \
PHWDGDWD GHVFULELQJ IORZV LQ WKHWR FDSWXUH NH\ LQIRUPDWLRQ LQ P FRQVL
DQG SURGXFWV 7KHLU KLHUDUFKLFLtRZHYHU &ROW |IGVHRBQ@WLREW DO® W KH/ H
TXHULHV2D NH\ IHDWXUH ZKLFK LV QR: & VWDQGDUGYV EDVHG WHFKQRORJLHV WR I
JUDSK EDVHG SURYHQDQFH PRGHOV IORZLQJ EHWZHHQ V\VWHPVY DQG WRHDOORZ

OLQHDJH LQIRUPDWWKG® PRSRIDWO@EWUISLQQ!

/LQHDJH 1HWZRUN $QDO\VLVS$ROQG\OLY |OH[LEOH DQG H[WNQSSRWKN HEXR/X D WRO R JL |
YLVXDOL]DWLRQ RI OLQHDJH QHWZRUNV FDQ \LHOG LQVLJKWV WKDW KHOS
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WKH PHWDGDWD WD[RQRPLHV H J DIGRELWERRPPO7KIGHYDUFKLHY RU XSGDWHYV

WKH H[LVWLQJ WD[RQRP\ $ VHPDQWLF PRGHOQRRWKREDQOHMBHES'/ 6HF
F.%+ /(9(/ 6<67(0 29(59,(: $SSOLFDWLRQ HVLJQ(\IBQJW[RJIHUE[DWH WKH

GNWD \
7KH JRDO RlI WKLV ZRUN LV WR SURLW\[G Vl\é H-Y G?UFHRF?N
WR FKDUDFWHUL]JH KRZ NH\ GDWD PRYH I-I@ LﬁlzDJEEWLYH F
GDWD VA\VWHPV 7R/ MWIQHG HIDEG BHH YGHO R R XEM

WEEL BE
H

d
VROXWLRQ HQDEOLQJ XVHUV WR FDSW {/‘}/ grggg 3 ;{IE KWK
*( &DS
A* WR G

PHWDGDWD DERXW WKH GDWD IORZL
LQWHUDFWLYHO\ H[SORUH WKLV LGFIRU
TXHVWLRQV FUHDWLRQ RI WKI@JPBGMBON&RH(WVMQNLPH 7
LQJHVWLRQ WRRGW IXUWKPSOBWRYIODQJXD
SBHTXLUHPHQWYV Q Q Q

VLPSOLILHV WKHQ\%RDGSD_\%D R\I]RL%/‘KWDNULSOH |
.H\ UHTXLUHPHQWY IRU &ROW LQFOXIGHHG WKH DELOLW\ R LVSOD\

HQWLUH QHWZRUN RI V\VWHPV RWDUWLQJ IUR @ SDUWLFXODU V\VWH
YLHZ WKH V\VWHPWR IR GIRQUV )EDVQD WDWD IURP Wy

SDUWLFXODU V\VWHP FUHDWH IPRGLI\—DROoc cudiwu cnwn JORZV XV
WKH DSSURSULDWH FRQFHSW ERXQGDU\ SiteMinder agent QW Hherfpion
QHWZRUN YLHZV XVILOY WHKRV HR QO | RIKRRIZ html

FR QW Parg Ldendity YDOLGDWH WKH QHWZR Javascript H | chentede
UHSUHVHQWDWLRQ LV ORJLFDO DGQG ot STEE, ] oynaree) S H F Paehe eorl G
WUDFH WKH GDWD LQ WKDW QRG HQMDRV GR @225 | Yy YOl MWMIRQ RU GHVW

SRLQWYV Tracing

,Q DGGLWLRQ D VHW RI DGPLQLVWWRM LY MicroService [P XVW EH DECH MLR . HAG LW
QHWZRUN SHUIRUNLDGGLDRQVNMWXIFRVED QG (;HI&QLQ~ w SpringB

:82%& EHWZHHQ WQHPWB@\GBWMRUl Semantic Query MicroServices |

$SUFKLWHFWXUH

7R PHHW WKHVHGHWHTURHGHP MYWHWP EBVHJ R Jirkesy
FRQFHSWXDO DUFKLWHFWXUH VKRZBULQ )LJXUH Sementic gD
LV FRPSULVHG RI D WVWRDBW$E WADL SIOQ G -D Y D &EUnMeStore
ZHE EDVHG XVHU LQWHUIDFH DOORZV XVHUV WR IRUP PRVW RI WKH

IXQFWLRQV RXWOLQHG DERYH )RU WKH UHPDIXQHJ BRIOAW ERQV HDWWKIDW RIVWHP D

-DYD PLFURVHUYLFHV HQDEOHV 'XQFWL&QRQBWWYKF%RBM&&MWM&@MHPv
ZKLFK UHTXLUHV VXEVWDQWLDO RYHUKHDE, WRIMNAFAYEHW K MPP S DIXUMG &M SOHF WL R Q

: PRGHO UHSUHVHQWW M VGHUREDEFHGDWY WR C

DWD 6WRUDJH VI\VWHP 7KH VHPDQWH\F PHRVEBGDMIS\WERXW
6HPDQWLF WHFKQROWRRLPIR G B F& RWHRIGHE Mkdt @ WZRHGH QDPH W\SH DQG D EUL
GDWD 7KH GHFLVLRQ WR XVH VHP DWW lshy MorbR ! WH\LH/VKHQWU*FXVR;JVQVMP'H RU po
WUDGLWLRQDO UHODWLRQDO RU 1R64[yNW Wﬂs P@F&ﬁ/\/'%d’%@\ﬁbé% DO\ RO
UHDVRQYV ) UURQVLW UHBXUWLWHR UdB RU lc®WD ZDUHKRXVH DQ
FDSDELOLWLHYV HQDEOHV WKH HIILIFWH@Ws B HMARURNQ WUDBHEXB A O PQDWLRRPO b

K

D VWRUDJH OD\

UHTXLUHG LQ &ROW 6HFRQG VHPDQWLIHARKHQWHEER B Py Ki ) ks O H\SD\N'?QWHV LV
H[SUHVVLYLW\ IRU UHSUHVHQW L QDKL K RkhU DY) Rk i B 1P @WQB,ZDEHW

DQ HDVLO\ H{WHQVLEOH IRUPDW 7KEM DOORZHG &ROWYJV GHYHORSPHOW WR
DFFRPSOLVKHG LQ VWDJHV ZLWK WK| poduecer |EHL W R Q| consumer
H[WHQGHG RYHU WQPEDWDEDDIBE LMQARIQ]  syctem ZR®| DataFlow System

KDYH UHTXLUHG D ODUJH QXPEHU RI PLJ oo RU

LOWURGXFWLRQ RI D FRQYROXWHG QFKHP LQJ\kw{mWH@MWVOREE/XMJ%I-ﬂ;GD EVRGXFHU \
D 1R64/ VIVWHP ZRXOG KDYH VLPSOLILHG KH VFKHPD DSSURDFK

ZRXOG KDYH LQWURGXFHG VLJQLlLFDQWKCWHQJD(\MDG@WZTXWW\H\QLPW $P.R§HOHG DV
VWDQGDUGY FRPSOLDQW VHPDQW LGDWWiROEH @ DM URIQL RIXVRGFWRWMMVYROE WRXNQGDUL
PRGHO DQG LQVWBEBQPH @DWDNDVLWNREKODLWE WWKHQDVWHURENWRHBLGY HQ WB/@®LRQVK
63$54/ TXHU\ ODQJXDJH VWDQGDUGL]HEORY WNHDVY RFLH WH G DJ-GAK R QodunBdy PRUH 'V
WKH XVH RI VHPDQWDNHWVR GOV FIDED B10ars Wi KWRK [LQ HWXUQ PD\ FRQWDLQ RQH RLU
DGGLWLRQDO NQRZOHGJH DERXW WKWUH D Wirhbkpiansatey GORAUN F R WK@RKIKHW LV D F

DXWRPDWHG UHDVRQLQJ FDSDELOLWLHR!I ERXQGDULHV EXW GBRAMQGRGLISVYRGMWF SU
VKRXOG EH QRWHG KRZHYHU WKDW WKH C

VXSSRUW DQ DUELWUDU\ QXPEHU RI ERXC
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DGGLWLRQDO ERXQGDU\ W\SHV FDQVEH DEGH &/ KHR @IRG\ WM\LW DIE®OG VW HR QY WRQFHSW R
LQVWDQFH GDWD ZARGHO R VHRRODH WHKP PRMWNIBHRDXYWUHW LV QHFHVVDU\ WR KDYH D P
SRUDO FRQWH[W LQ ZKLFK WKHVWY UHIHLU

$ GDWD I0RZ PD\ FRQVCWact TRrthsH \é YHUDO VWHSV RSHUDWLQJ RQQWKH VDI
D QRarty Identity FR Q F H SMglé Ihirestor LeasesSUR G X F \9 EH DEOH WR RUGHU WKHP 2QM FRXOG
W iEteet Services EXVLQHVV D vmnﬁmme@mvy%&|

Commercial Loans and Leases 7 ICbhtract Terms GDWD LV %[X%ZRXOG LQGXFH D SUREOHP ZKHQ FRX(
. VV VWHSVY 7KHUH LV QR SUREOHP ZI
D Qpérsisted E\ WKH FRQV X4ty Idénftys G\W M\WvHD J \ DOWHUY PDWHULDO EHEDXVFE
modified E\ WKH FRQVXPWHKRZ\LIWXKHY VDPS (?Q %éé&? ROV
JURXS DV LW DSSHDUV L WKH &ROW L é\l LQJOH WQPRR VM LIR PP ADVHV K
Q ) Wi BWHULDO SDVVHV WKURXJK D QRQ G
PDWHULDO LV XQFKDWWH® RWQ WR WRI$QW WK
XQLTXH PDWHULDOV RU SURFHVV RBWHSV E\
ZLOO SURGXFH DQ LQFRUUHFW FRXQW

Product 7R FRXQWHU WKH DERYH SUREOHP WKH FRC
Boundary LOQWURGXFHG 7KH SURFHVV VOLFH QRUPV D

Concept

+ treatment Business

Boundary

_| Boundary
Group

Data Flow

L

Boundary Set

----- . ZKLFK WKH SURFHVV VWHSV DUH KXQJ 6RXL
other JRU HDFK REVHUYDWLRQ LQ WKH SURFHVV
gl SURFHVV VOLFH ZBRUNRFLQ WHKG ZLOWRZD OR3

JLIXUH $ GDW P SORZ VWDXFRWXUH F \'?qul é:qu PXOWLSOH WLPHV ZLWKRXW
FRQFHSWV DQG WKHLU WUHDWPHQW L'go 5’\9%?2%%%1&@0'3 VWULS AKLFK F
VLY. & LQGH QUPWEKHVQXPEHU |

)XUWKHU WKH KLHUDUFKLFDO QDWXUBH®IGW KR PRQ EQ BRU DRV ERYREHIUVKR X 0 G
WD[RQRPLHV DOORZ IRU LQKHULW DKQIFM L BRI W K HKUHQ R WH HRWING DRV XPHEHW XHQFH

WKH VHOHFWLRQ RI D SDUHQW LPSPRY G MSKHH 8 HQWFR/Q RHP R RWKHAK LDG DHF@XUDWH

H[DPSOH LI D GDWD IORZ LQFOXGHV VDR&RRE MW EH WK P SRR Wk Bdemve PRGHO
LQFOXGH 6XbFERRBE MWV & WKH FDSWXUH Rl GDWD VWRUHV DG PHWDC
7KHUH LV D PHFKDQLVP WR GHWHUPLQH RU

= I_i
Boundary Set 74808920626 REMHFWY UHSUHYVHOWL QU HRVXAW GV MEADVR V W H

T Business et Serui IORZV :KDW LV QRZ QHHGHG LV WRB DELOL
P:):;L_tDIrGCt_F t Services Rl WKH IOR2Z
= roauc
Single Investor Lease &RQFHSWV WKH BFROQRM RUDAMWME REMHFWYV
5B Concapts EHWZHHQ V\VWHPV LQ WKH IORZV @HILQH V

DUH D KLHUDUFKDO VWUXFWXUH ZKHUH FF
&RQFHSWV LQ &ROW PD\ KDYH VSHFLILF R
GRFXPHQW DQ\ FKDQJHV WR WKH VWIONH R

FHSW ZLWK LWV WUHDWPHQW WIR\ EHWWF
JLIXUH  ([DPSOH ERXQGDU\ JU'EEQPXWDWHG DV LW LV KDQGOHG )LQDOO\
ORGHO LO 'HSWK KLHUDUFKDO VW UKFOHSMK RKHN DUVVEHP LV

VXFK WKDW WKH LQFOXVLR RI D EBERAIDU\
7KH VHPDQWLF PRGHO XVHG LQ &ROW GLW\FW%&C&%%% D$\]q-t% s wUY RV G DUy DG

PRGHO RULJLQDOO\ EXLOW WR GHVFULFI%I-b Iﬂzk\'NIll% EQB\/IRP[PdV léqu_&\ov DV W
LQGXVWULDO PDQXIDFWXULQJ VHWWHQ.bW, &/ ﬁ%VL\de_l\R%LLFbWI?-IQBWﬁL%Q V% RU PF
b Lb'b'—“tuy(\%/v

WUDFNHG DV WKH\ SDVV WKURXJK FURERY HLﬁT\j/QYq:QFlgo WK R 1 B R Xk I R X SV
=

[ contract Terms (read, persist)
[ party Identity (modify)

PRGLI\ LQVSHFW RU FRQVXPH PDWHMKRWE »,Q; WK %§g\/(§%€1#a’[& UK| WiH H[FKD
LQWURGXFHG DQ XQVXLWDEOH HOHRHQ VLV@MWKH S VV  WKH PRGHO ZD
XVHG WR GHWHUPLQRGHEBWVLPESOFAWKGHSEDVH LV YHU\

VLPLODU WR WKH &ROW XVH FDVH WRHUH WKMHNGPW G [ ORZ WIKUH YUDEOHSD UL HV
PDLQWDLQ FRQWH[W UHODWHG szwa@ch;(@ggl}g/H UAPWHE H U VIS BUZ LRSI KH H[S
E\ YDULRXV GDW D JV\WMCH PIVF W R b\ RARE H Q xZeWi H W KRG H [W H @ WL R @ HRF BIVUH WULIPTEX LT H G
WR UHIOHFW *( &DSLWDO , 71V WHUPLQREORYOGDU\ PRGHO PHHW WKH IROORZLQJ IRXL
$W WKH FRUH RI WKH VHPDQWLF PRGHO L\ P FREEFHS W FRAPHG WAKR OB LYHO W
VKRUW IRU P DW HAKLD/O FRIQ FSHERNF HRVBHD L Q DM KNS GY R B oW

PRGHOTV LQGXVW WM @ HOWRHEM WKHHE HQGHQFY RI_VR

IDFWRU\ GDWD V\\ERMWKYPDR/ WHLBBWRQG SKRIFIRAPFRY R WASHV RI ERXQGDULHV
WKH VDPH FRQWHI[RELUXIWLRIQQW R LR/EF XU FoDWROVV7IGYRGXFW HWF

OR3 ZDV XVHG WR GHVFULEH HLWKHUDD P D/WH UG BDOWKWR D WEHRHL IR XERG/MUU P M LR{WH Q V L E

SDUWLFXODU LQVWDQFH RI D SURFH \LW Vwm%?\ﬁdgvgﬁybm%dﬁﬁw%%EJO(HQWLP
\

WKH VDPH LQ &ROH®VZDQE® GDWD MRBWV ER WKH FRGH UHVWDUWLQJI WK
WKH OR3 XQGHUO\LQJ VHPDQWRW [PRIGW& H FH] LRAW L Q .
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7R VDWLVI\ WKH ILUVW UHTXLUHPHQW P\KWHBRX¥XQG R Q HHR/U DRIRHJ P RIGHWHBVWR) G FKF
GHVFULEH D KLHUDUFK\ Rl YDULDEOH GMWISIMWK |HKHHG ERXEGGUHOKPWHG QDWW HPV 23X S
DQG FROOHFWLRQ RV EFX¥®GBO HMHOMP HEBW VDWPW RZRP WKH VHOHFWHG V\VWHPV 3G
QDPH UDQN DQG SDUHQW 7KH UDQ@NVDBNXRLQOW PQXVHW POVBOLWKLRQLRUNQGLY!
WKH OHDVW JUDQXODU (OHPHQWY DUHDQBRK$SIQE\ WKHLUUDB®N WR G QWFCHAGH  V\\
SDUHQW GRZQVWUHDP Rl WKKH XUHBWHDE DRFBRIVH WR

7R VDWLVI\ WKH VHFRQG UHTXLUHPHQWKRyERRQER »¥ FHQARKIRKE BHGIHHI VG BRyY ZHOO

IL[HG LQ WKH PRGHDUHQR/QWHDGHWFKHLEHG ¢ s

GDWD ILOOLQJ WKH PRGHO 7KLV PHHW\ o \
DGGLQJ PRUH LQWFDQEH WBW M MWRERXKQG |
7KH WKLUG UHTXLUHPHQW LV PHW E\ QRV — 5" WO\
$V GHVFULEHG DER YW HW MH G HDSW KQ MW D (
DOORZV IRU WKH KLHUDUFK\ WRHEHF System€ - 'THULQJ Wt
LQVWDQFH GDWD DVVRFLDWHG ZLWK WKH =]
%DVLQJ WKH HQWLUH ERXQGDU\ KLHUDU SyctomD e — syiemi DQG
FDOFXODWLQJ LW DV QHHGHG VDWHQMHYV = fx Q@ _UH
%HFDXVH WKH VSHFLILFV Rl WKH ERBQGD W
LQ WKH VHPDQWLF PRGHO WKH DQWHUD 5"%”15 ITHUV W
DSSDUHQW ERXQGDU\ KLHUDUFK\
System F

,QJHVWLRQ Rl ,QVWDQFH 'D o
,QVWDQFH GDWD IRU &ROW ZDV L QLW HIO ( H G
SLSHOLQH ZKLFK XRGNODQ@GRULYPHG IURP System &

PRGHO WHPSODWHY DQG D VHW RI UHFrRuUuv mpwuurwnu wr oy ikurDW
7KH WHPSODWHY DUH DQ LQWHUQDO IRUPDWLXYIXHGE E\ (6B F SOH FXHWZIRRHIN\FRQWDLQLQ
WKH DVVRFLDWLRQ EHWZHHQ FROXMQV LN WKH I AcYW cNWNh nAac WrH WULSO

SDWWHUQV WR JHQHUDWH 7KH WHWR®YOBIW System D
WUDQVIRUPDWLR @B AKHEKWRDLG@HARPLQJ W - S —_—
,QLWLDO GDWD FRPLQJ LQWR WKH VHWVWH @ =~ \S
RI VRXUFHV 7KH ILUVW LV DQ H[WUDFW eeno

GDWDEDVH DQG ZORQUWAD® WR RHW KRG PHwWUGLOWD IKU W
, 7 VA\VWHPV XVHG DV WKH GDWD VWRUHV)LINREXFHIW PR RRQIEFFHAPWBM VG DWD FU|
7KH VHFRQG VRXUFI® 2DVLEBHDQ @ HRBWIKUHRU GRFXPHQWVSystemA QRGH

ZKLFK KDG EHHQ DVVHPEOHG WR FDW W l% IR UHYLRX
UHYLHZV 7KHVH Z‘WRH&WQJBQMRUL\HR\GNRP W A K%”% :XZ\YHUOHHD% B5'Sc .¥RQFHSV\\/’WFi
GDWD VRXUFH ZDV WKH FROOHFWLRQ \ R [E Ms& W%nggi\m% e
GHVFULEH WKH FRIQFW 8 VD\Q GV E R FR®MU\ H \/

5

|

7
ZHUH UXQ WKURXJK WKH LQJHVWLRQ S I% Mﬁ O\% \Z/QD%/GF
Q & LHQR \K/’ R RQFHS
MI E @S \O(IVU%DI:?:FR ELQDWLR

L
ZKHQ LW ZDV ILUVW ODXQFKHG 6LQF§1 ¥V 2%
he AR,

GHVFULEHG QH[W KQWEHHMXRXMDBQGR R i QR DPDOHIR Y F OLH FWIVDRELL W K

Q
86(5 117(5)$&( ZLWKLQ D JURXS H J FRQFHSWVQ WXH V\VV

$ ZHE EDVHG XVHU LQWHUIDFH DOORZVRRVINKPR G R EFuMBOI X Vo B AN W (PAXOWLSOH
DQG LQWHUDFWLYHO\ H[SORUH WKH 4 W%GQWR%%MN H7‘JKLL$FG>,<\élDQJW/\P DQG S|
-DYDVFULSW SDFNDJHV & WRVFDSH Mv WUBDWY W Bszungﬁgu@i\Pg @ BgHUYRQAG 7KX

OHYHUDJHG WR VXSSROW]DYH\RDR DN GYLH Py 2 EPAGgPt nessl

UHVSHFWLYHO\ (DFK QRGH LQ WKH (YLVZDPOW] WX SERWHRMU N PR S\Y B WHHRWNRBEHY WK D W
&DSLWDO GDWD VA\VWHP RU D UH O HY D QW H\\Y WrHAL Y WIHY G Q1 MURH W& 2 B W D LD Q\!
(DFK HGJH LQ WKH WKMHS&DMBUEBRAQWRP R@H VL\OMWHHULQJ XVLQJ uDQ\1 PRGA ZLOO (
DQRWKHU )LIJXUH Q@HKWRZ\R DN ZRSIWH L Q4 [\OhE WH SD WP\ Bll<¢tSRIUVW KWV LOWHU ZKHUHE

DUH VHQGLQJ GDWDSyatdn B YKVWK B F NOOHGE WY QGHYDFWYT PRGH ZLOO RQO\ GLVSOD\ HJ
GDWDstewR 1RWH WKDW WKLV LV D VPDOQR HWDEP PHFWKYH DSSOLFDWLRQ

LV FDSDEOH RI GLVSOD\LQJ ODUJH QHWZRUNV ZLWK WKRXVDQGV RI QRGHYV
DQG HGJHV 7KH FUHD WILRQRV \& BMEP LIQV) LWAPsQ{\Y WKW LQWHUIDFH DOORZV D VXEVI

WKH QHWZRUN X@R®S3 DDWHVERPQY HQ )LJQ@M\/Z UN GPLQLVWRIG®WR WDWQ BDY HRERGYH V\VYV
VKR Q&QJXUH PDODJH ERXQGDU\ JURX
N

7KH XVHU PD\ H[SORUH WKH QHWZRU %%D%&\R/LFﬁbDWWMRPLQM DV V

Nuk
LQWHUIDFH VKRZQUMPRUXHERRYEBVWR Y kg N H RWE ' R XEQUGDWN H GDXNEY NGRZV QR W
QHWZRUN RI GDWD VORENP\$ OVQHU GDWDY H WKH XVHU

DYDLODEOH 7KHVH GDWDVHWYV SURPYNLB

-~
Py
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' GE Capital Concept Lineage Tool

View Network

Select data fNow direction s
m & Downstraan .v. ! N
Node(s) s
= +
1 System0? Systemn 08
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L SpmemQ ]
P
- )
[ sr‘_u.i..n ] > .
- e Syvtem 10

» Data Flow filters

Teat 10 display on edges
[Chmtema | [
— T —
>
» Save Network
» Data Flow Boundary Group
JLIXUH &ROWOL,IWRQYEWBORUH D QHWZRUN
| €3 GE Capital Concept Lineag... x | = =

€ ) (| vesuvius3Z.crd ge.com8080/ lineage/sdminsupes/createSystem.ht A 9 A =

GE Caopital Concept Lineage Tool

Super Admin

Manage Ownership AddRemove Users  Manage Nodes

Show. Al F‘

Select a node MNode Name * Data Quality Chack?

- Yes

System A
System B Cregtor S50 * i 8 No
System C g

? 999999989 B EUC Application
Syatem & AT
System E Node GUID g Mode { Analytic
System F -
System H c} Procoss
Sy=tan] Delete
System J
System K

* - required field

JLIXUH ,QWHUIDFHQRLY WRDIVDR UG\ RH P Y QXOVIHHG GLDQV W KWH VOWAH W Z RU N
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| €3 GE Capital Concept Lineag... % | 4

& esuvius37.crd.ge.com:8080/lineage/admin/cresteBaundaryGroup.html c Search B U 3 A @ =

cment Manage Network

View Boundary Groups ~ Create Boundary Group ~ Create Data Flow

Concepts + - ﬂ Treatments Boundary Types - - ﬂ
=0 Accounting i O create [ consumer HQ i
=0 Asset O Read * O corporate (GECC HQ)

#-[J Balance and Position O Modify =0 Energy Financial Services

#-[J cash Flow O Augment = O 6 Capital Aviation Services

-0 contract [ mnternational

“ [J Elemental Data | # [ north Americas CLL

- [J rorecast r O persist # [ Real Estate Financing

[ GE Internal Management # [ Retail Finance

“-CJ Market Data = product b
= Mitigants = O 1n/a

=-0 Modeling +- O All other Products

=-0 Party * [ cash & Investments

<O product [0 commercial Loans & Leases

< Reference < [0 consumer Loans & Leases =

Add Concepts & Treatments ¥ Add Boundary Types %

Boundary Group

Boundary Group Name *
Concepts, Treatments & Boundary Sets *

Search Terms

Creator
999999999

Remove Selected

Description

* - required field

Save Boundary Group

JLIXUH &ROW LQWHUWPEGQLYWUDPINLR QG IMR PDROIW ERX
$'9$1&(' &$3%% ./, 7 (6 GDWD ZDUHKRXVH QRHD OWRWKXWHUQRDR ZLVK

,Q DGGLWLRQ WR EHLQJ DEOH WR FDS?g%%@ﬁ%[éb%mHHQWWW\?W%WWKD\

GDWD V\VWHPV DQG GDWD IORZV *(H&D UV DOVR QHHG WR DQVZ

FRPSOH[ TXHVWLRQV UHJDUGLQJ WKH7RRULPIS® LD QWK H MAHPWQIRW LRIQV FRIVW KRIQ S X L
SDUWLFXODU W\SHV Rl GDWD 7KH\ DGKR OODHEHWRIE W UDEQI)IWRSHWWH\DW URP

ZKHWKHU LQFRQVLVWHKQFLBWH W[ZWRW NGHDPS\ODBDW WY UBH® RZ7 KLQ/ EH HTXDOO\ DS

VHFWLRQ GHVFBURNYGHRVZ BROWH FDSDELDQMUB®LW\ WR WUDFLQJ GRZQVWWRHDP E\

WKH QRGHV WUDFLQJ IURP UHFHLFHQ@JWR V&

ILQHDJH 7UDFLQJ ,PSDFW I8N Bl VNGFEGHIQWR D UHFHLYHU IRU GRZQVW

*( &DSLWDO XVHUV QHHG WKH DELOLW R |§H Iﬁ FHSWV

JLYHQ SRLQW LQ WKH QHWZRUN XSV H F_U }-\Y g)\%}v\g)S}&dD%\}/(%\}?&%E\QPUXDSV\(/%VGL
WA\SLFDOO\ LWR @R IRUWGRIZRY WM D® \6(/ I'l LWo L vV ] B @/HIWD Q W
GHVWLQDWLRQ IRU LPSDFW DVVHVVPH F Vv S@%M%ﬁ/&%ﬁﬂb%&# QODOVHP I
ZRUNL Q JParty WiEntity G D W DSingR Ulnvestor Lease WV Rl RULJLODWLRQ DUH UHDFKHG o
SURGXFVFMetLS(Qrv\AbKEXVLQHVSVsteInQAI-V\Q(\MHUS\%ﬁU '
GDWD ZDUHKRXVH QHHG XWRU SRRY LGH ;%

VKRZLQJ WKH V\VWHP IURP ZKLFK WKI

RI—QH_, RmMZPHGI RQUVW VA\VWHP WR EH

H \A UHG DQG
L K € [ %&%W dﬁ lé[(silsl)—{OJRULWKP
QWHUPHGLDWH ORFDWLRQV D(SR(QniIANKll_ﬂR %\-I DY H I:K<I5|XQGDULHV R
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FRQFHSWY EXVLQHVEBHMW WHBEW HVIHRGMXHEBNMWKWKHDRKYHU PD\ FKRRVH WR \WEQ@B\ D Il
ebp VLQFH WKH PHWDGDWD WR EH WUKEHE& ZVO®HOLPH® WKW KWUW BPH SWDHVWX\G WY W |
"FRQFHSW EXVLQHVV SURGXFWSysteliH QF WIWDHUQRD XSZDUG IURP

Y QRWBystéK WV GHWHUPLQHG WR EH '}ﬂ{:ﬂ)\ﬁ@)iﬁ;uk%%ngwgmwQﬂQLNV\DV IROOR

VLQFH LW VHQGV WKeth,pG D VEByaRrh X QWA

H[FOXGHG IURP WKH WUDFH & HIEQX\W HLIVGYIROIG V| \ SHREPFIMIVGE RN QIGIDWILHW V\V W H P

SUR@XPWG WKXV LV QRW UHOHYDQW WR V§IRloW MWIAR Fio & R It PA4KS WEKKkBAYURHY w

KLJKO\ VLPSOLILHG H[DPSOH DQG IQQ UHD@LWE KBV WGHKFBRWIPHR K PRUDUFK\ OH"

GLIIHUHQW FRQFHSW ERFERGANW:RORGXR G P Do 8 XMWY WHPY WKDW IHHG GDWD WR

EH FKHFNHG LQ WXUQ WR VHH LI DRFHHOHKBAVR CBWEHLY WHR YR WER DV KR AT wuD FH

QRGH WUDFH SDWKV RQWR HPSW\ WUDFH VWDFN

$GG 7 WR WUDFHG QHWZRUN

:KLOH WUDFH VWDFN LV QRW HPSW\

D 3RS WUDFH SDWK 3$° I|URP VWDFN Z
$ $ « 7

E ,| SDWK KDV D ORRS ZLWK RQH RU PRU
$ % & % ' UHSHDWV QRGH % GLVF
WR D WR DYRLG UHFXUVLYH ORRSV L¢

F 4XHU\ IRU FRQFHSW EXVLQHVV SURGX]
IURP WKH VLQJCPHS$Q RMGHS$K R | IURW K

G 'HWHUPLQH ZKHWKHU WKHUH LV DQ LQ\
EHWZHM® PQGEF SDWKYV
L ,l <(6 DGG $ WR WUDFHG QHWZRUN
LL6WRUH WKH UHVXOWLQJ LQWHUVHF

WKDW IORZ IURP $ DOO WKH zZD\ WR

JLIXUH 1HWZRU 8)stenlZD ZILQUKIRUD\HG GDVKHE*HW QDPHV RI DOO V\VWHPV WKDW ||

VHIPHQWY GHWHUPLQHG WR EH LUUHOHYDQWRIREDO WK VWP ZHWK SUHYLRXV QRG

7KH WUDFLQJ URXWLQH LV UHFXUVIRMH zLwk HYWFP A BWKYRPBWR BN 7
WKH UHVXOWV IURP SUHYLRXV LWHUDWLRQVY (DEk ERQRQYBRAAR IR VDELXW M QHIV
VLQJOH HGJH DQG GHWHUPLQHV LIH K
WUDFH EDVHG RQ WKH GDWD WKDWXKDV EHHQ SDVYXGHW K URMIKL /K B CSIRHIN MRK P
QRGHV $V VXFK WUDFLQJ XSVWUHDP. LOYROYHV FRPSXWLQJ_ WKH
LQWHUVHFWLRQ RI WKH GDWD 10RzV RG Qg KUK QUMY Ny & PP P4 Qu il b K UH - X VI
LQWHUVHFWLRQ RI DOO WKH GDWDWKIHRY '-b'-l_\,%%vﬂb'ﬁviSK R VAY SIERYWE B YW QI N /P
GRZQVWUHDP QRGHKH I L\§ WHH WK K\@ MWRaHEE B IR WY KB sGH VY WIWQDIVQ 8 ORIRXRIEQ@IHLE V. 7KH
QRGH LV LQFOXGHG LQ WKH WUDFH WKIREMR & W KYVIiPr WRRY U RF H SRy Q (WD P WR
QRGH LQ TXHVWLRQ GRHV QRW VHG®® uﬁ%@@ﬁﬁwﬂdﬁ\k’/ﬁ w R RREN R SPEPEORAY RIPEH L

DQG WKXV LV QRW LQFOXGHG LQ WKH WeDRERY v

JXUWKHU FRPSOH[LW\ DULVHV IURPHWKH 19D WG&DWMHKHHQWUDFLQJ URXWLQ

PXVW FRQVLGHU WKH FRQFHSW DQG ERXQ&HIN\WI-& WIHUKK IUHHW DR R HEIKOPEIOH WR SHL
DVVXPH WK WDSUREEFES VKHQ WUDFLQRMWZRUN WR LGHQWLI\ ZKHUH LW RD\ EH L
XSVWUHDP IURP D VAIVWHP LW LV QRRW WKLNFHFR W WR CLRRONV LRY) $WBW X BW LIRIV EH
EHFDXVH WKH IHHGLQJ V\VWHPpL PPBGV HQEX WR BEL 2R UWNR R SGHHIWMWAH Y RMHPL GMIDZ K H W K
WKDW DUH WKHQ PHUJHG WRJHWKHU WRDWR BPJ WK FRPW A B WH QGR/WD/ \BRMH/A. E O H
SUR®XFMK(XYV DQ\ WUDFH PXVW LGHQWIEIYHDQH RAPLYEHHP QM VGDSPIFLILFDWORQD V\

IORZV ZLWK VXEVHWY RI WKH JLYHQ FR®KXKMIWWY PREWERYQRRBEHWR @ HWWNBO GQOJ G
ILJIXUH WKLV LVKHO DWW WIKDMG 6EVY MH R\R 18 IPHIGH 16 D)

LQFOXGHG LQ WKH WUDFH EHFD )V B QBKH), V IRU
P2 ZKLFK DUH VXEWHMNHALYYR GXEW W H B gﬁ BéX/'ERS PéHES’ﬁ(\K/WH FRQVE‘L\QVV"’*\{D R[
VXSHUVHW RI WKH SURGXFW RI LQWH® Y 3%WL§M%%F§'§§§V W ey
w&: y:vBFHHTxDD\QvaSO 7KH HYDO X BWE\R VDR G SWE) $ 3/& LOLOHG L O
RUGHU WR SUHVHUYH WKH FRQFHSW ERXQ!
6 s @67 *0: keep IXUWKHU FRP SO H [ HWARIWLL\GHW DWRIPROOKG | W K H
ERXQGDU\ KLHUDUFKLHV )RU H[DPSOH FRQ)
WKDW $URGRRWSULVHG R1 D DESWRIGWFW V
6.7 6.5 @65 @ « @6 ZLOO IDLO YDOLGDWLRQ EHFDNVHKMFIRQO\
LV QRW HQRXJK IR UpL\®QWR KWH R Bys@HHR G ORNG
DQ&»61 VHW RI WWRFOQRGHEWWR QRGH $60 SDVV YDOLGDWLRQ EHFPIXDIGAW UHFH
ZKLFK DUH VXIILRLHQW WR SURGXFW

<

ZKHUH

1798



System P System Q
p =
i S.yste!'_n 0 System R
System D /systemN System S
A Yy v
Y A System T
) o - _ System M e
/ “system E —0 System U
System B N p— Y
i = S System F VA -
N = o System L | —
: Ne— A o=
SystemA  — \\ \} NN ©
- AN \\/ System K
\\\ ’ —“‘ <
System C
o \ \ System J
égstem 1
J
Sy;{em G _ __ SystemH
Q< =9
JLIXUH 'RZQVWUHDP SWtthDAFH UHVXOW IRU
FRUUHVSRQGLQJ XSVWKD®@® GDSMDRHORE L
() ebp1 cb,pl XQGHUO\LQJ GDWD V\VWHPV
T '.\--::.l.,-'._.l;:}--C-l-)-F;-Z?{_" _} ,Q WKH IXWXUH IXUWKHU YDOLGDW®LMWRIQHFUL W

QHWZRUN RI VAIVWHPYV HJ WR LGH®WLI\ UH
WUDQVPLVVLRQ RU VWRUDJH IRU WDWD Gl

VWRUHYV
JLIXUHystemW IDLOV YDOLGHWLRQ EEODXOVVXEVHW

RI SstemX SDVVHV YDOLGDWLRQ ZSWLPL]DWLRQV

7KH XVHU FDQ FKRRVH WR SHUIRUPRYD VG% Vf—'i:? lDQ\‘) %Hg O UH DV R
ALY SRR Ty e

DOO RI WKH QRGHV GLVSOD\HG LQ W
RSWLPL]LQJ WKH 6354 OrxHHW LAHKL O/ HR W KH U\

YDOLGDWLRQ LV DV IROORZV
JRU HDFK WRGHDOLGDWH SDUDOOHOL]LQJ GHR/QW KIKRYQIKQW R HHW Y LF H

5HWULHYH DOO ORZHVW OHYHO FROAHSEWSHBXVRQPNYFHURG XRWSW/ULEQODMUIHO\ |
VHQW EN QRGH WKH FODXVHV 63$MWBHQIRDWVISIIQO®RQ WUL
5HWULHYH DOO ORZHVW OHYHO FRWQHW 8 WVERW. QHYI. GO RAGXH WL WHQ SOEWWEILU Q |
FUHDWHG RU UNMFHLYHG E\ QRGH WKH PRVW UHVWULFWLYH FODXVHWH]MHUOLH.L
3HUIRUP DQ LQWHUVHFWLRQ RI WRH M)WHWDHVG VBIW W WDHMK QW 7 HIYRIGHROWH G D |
DQG VXEWUDFRQWKRR QWKHUWH E8/QMM MHRDWL G\ YLHZY DUH GULYHQ E\ WKH WU
I WKH VHW RI UHPDLQLQJ WUINS O HW NG RMH U VDQRW FRREISMP HURGHVWHPY  WKHQ
IDLOV YDOLGDWLRQ HOVH SDVVHVGLVFRYHUHG IORZHMV7XKXN FWRNWWOMOUWKE WR

SURGXFHUV DQG FRRVHEBHRY RBEGDIHRHQW L

VSHFLILF WR RWY HWR Q WHISW V \RX FEKR ID@GSD U\ H ¢
JLIXUH 9DOLGDWLRQ DOJRUYWKPODUO\ UHSULRULWL]H WKH TXHU\ FODXV

7KLV DOJRULWKWPHBGQEEMVKHSVHW HTXDWRBQQHWZRUN YDOLGDWLRQ DQG ODWJH WUL
6 + 26 6 ¢ : fails ZDV QRW VXLWDEOH IRU LQWHUDFWLYLW\

VHUYLFH ZDV LQWURGXFHG WR UX@WPEOWLS

ZKHUH 8/HW RI WULYBMWVRYVMQMWS®BHY FHHRWAGHBR&@HPOODWH WKH UHVXOWV 7R

VHW RI WULSOHWUHFHLYHG E\ QRGH SDUDOOHOL]DWLR® XWX H DTOOHHM. HRVWHFR Q)

,Q SUDFWLFH LI IDOVYGDMHR QD IMDK/LOYL NDHEKHIWIOIDS $IRYIWV XEVHW  7KH FDOOL@H FOLHQ
GXH WR D ZURQJ RU LQFRPSOHWH QHIMMRIUN FROOHNVFNIWOIWRIROXHULHVDWR UXQ
GRZQVWUHDP GDWD DGRZAGKDWR ELR@QWU ZWKRXIWQ @D ZKHWKHU WR UHWXUQWWDOXHV
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7KH VHUYLFH H[HFXWHV WKH FRO OX\FRMKR® URD UFKH U IGHHW L BDSKED\R OOABRBGD §&THK L U H P H (
WKH UHVXOWLQJ UHVSRQVHV LQWR BDWIBMJIOH. UWHPHK@WN VHHIRSKIOGEHAK G ZERKBERXH Q JHV  H
WKH TXHULHV VHQW WR WKH VHUYLFHPRGEHOSDQE MWR B P GJR HYY MRQM RLIQIKKU H H
GHVLUHG TXHU\ %\ SDUWLWLRQLQJ RQVHKHRQPRGHYVGRULSYRGAFWHY SO VLGH
VI\VWHP FDQ UHTXHVW WKH HQWLUHGHUPRB HQWD SKQ DAW BRFW XIUHEG WRHQLYK RLIQLILF
WKH UHWXUQHG UHFRUGYV WR EH YLVXDDWHLED M2 PQF RKIPHH @W PRDIQQHUXYV WR UHYLF
GLUHFWO\ ZLWK *( &DSLWDO XVHUV
5(68/76

&ROW KDV EHHQ XVHG H[WHQVLYHOSXW *( &RSIL&/BBY2QBH LWSZBL(LUZ W,

LQWR SURGXFWLRQ LQ -XQH $WRSIUKY HQMW D oW W QR Qv D XQ B RWAN PDQDJH P
QRGHV DQG 8BV ZKDWH UH S Wh¥iN @RMyRIOHY D F N ZMHKUH VISEHLFQIL MR TBRINZWH. R Q V
XQLTXH FRQFHSW EXVLQHVV SURGIEWHJ RBERW-HR YWWRRAVLIVEBWHG RULWRZ LW

EHWZHHQ GDWD V\QWIOR VFRERODNL PXUUHBRFVSWRURXJIK DQ ,7 LQIUDVWUXFWEKUH G

EXVLQHVV ERXQGDULHV DQG SURG XFM\H B R X Q@ DIUE HAR pHPIRRK WRIPIQIEH R XQGUHGV

LQWR RU WLHWHKLRRO UV KOHW BBV HWRRERKYPOBYIWA GLIIHUHQW WA\SHWH@JHDARD |

DQG JURZLQJ JHW D FRKHVLYH ISILAEZIWX WH LRR XG B WADKIRVH V\V

'LWK WKLV QHZ WRRO *( &DSLWDO X&HRYVFHY \9?[5’2’%565?51“\)@)&‘%@3‘1@@@”&”%{9 GD
DFFXUDWHO\ FDSWXUH WKH FXUUHQW DARHWM) WWR’HLFKBQWHQP(BWZVZHDBDELOW

LQWHUDFWLYHO\ H[SORUH D KROLVWLFPRGP rRT(WAERHY DR/ \PIRMUP DO RIGRZ DQG GL
7KLV FDSDELOLW\ ZDY WRW $>D/\DWODQG‘H9W§W@VF|W W Op HISORUH WKLV LEFIRQPDWL

VXEVWDQWLDO LPSURYHPHQW LQ MHHWBELDIWARKR HITHFWLYHO\ DQG HIILF

PDQDJH *( &DSLWDOfV GDWD %\ UHDXL&KRAOW @RRUHH/AUWIWLERWD W RW HMPDWQIEGR W K
GDWD OLQHDJH LQ WKLV ZD\ *( &DBDWDQTD%s & KLAHIWRWRPGYHVF W DRABYWQWLQJI IORZV
KDV EHHQ DEOH WR HVWDEOLVK D WWHWREGHPWI-WHEDPWHE IRV DWWV XNHG WD QGDUGL]
6HQLRU /HDGHUVKLS 7HDP LQ PDNLQJFX®W B W LFH V@b E& b WHIR @M DPAE R UBIW B QW V |
FRUSRUDWH VWUDWHJILHV LQFOXGLQJ WKH VSHFLILF FRQFHSW\X EXVLQ

&UXFLDOO\ &ROW DOVR DOORZV *( &HQLF\WD%DWQH'WZWRSB%E‘V%MUZNHP QRGH
TXHVWLRQV DERXW VVWHK PVKBQIE FORDY VM L'@YHU"FUL HQGJHRY B U GDWI

E\ ILQDQFLDO UI—UJO(W)EEVRIR)U‘GRYFHQJ\M_V\OJH V§I\X)’ J %H\ DQDO\VLV IHBHVRUHV \
YDOLGDWLRQ *( &DSLWDO KDV EHHQ DEYH Q\Pé‘“ KWK H gBWNV\K/WQ’Fﬂ WRP WXUHV

SURYLGH VXSSRUWLQJ GRFXPHQWDWLR?HM % BeY B WDWHEBQ FEQEDILQJ D
VXFK PRGHOV %\ FHQWUDOO\ FDSwxFLPPEBRo - L%%D%WLBQUQQWRWKWKH EXVL
RUJDQL]DWLRQ GCRRXRHFAWROQJIGCIWWB XWHRGGBW N KHY® GDWD IORZ LQIRUPDWLRQ KD
UHJXODWRU\ PRGHHVHUW@WZV\@WU-WBO/M‘QH\LRD@LRR}\Q XBNHYDQG :KLOH WKLV DSSURDF
UDWKHU WKDQ D KHUFXOHDQ PXOWL WHDPRKLIBHS © lH@MH%beXWW@&ﬁHWNVW &DSL

$GGLWLRQDOO\ &ROW LV EHLQJ OHQWU'D%W%Q;'-%{"VV%—PWRR/PQWUFW fRPIL ORQJ

OLIHF\FOH SURFHVV WKDW JRYHUQV W& %W WEH ERPLQJ
GHFRPPLVVLRQLQJ RI VRIWZDUH DSSC9_ %"W 'O%{:W 5' 'WD 1OF
QHWZRUN DQDO\VLV WR LGHQWLI\ WKH 'Th? B\p DX %‘ é WRUN F

L
ﬁHEW*WFH LH'lHQF’LmUDFW \

WR VI\VWHPV WKH DSSURYDO WHDPOA IR Dy H
LGHQWLI\ SURMHFWYV WKDW UHTXLUH Dd’é% é DYEHQJ\@{% GV DIRIL B D HFKQRC
ER S EH XVHG WRFOQMWRPD)

2YHUDOO *( &DSLWDW HRYWPRWHY WHENWOWHHQ QRGHV ZKLFK FDQ EH XVHG WR
UHGXFWLRQ LQ W LP K HIXE UFHRPHD \R IEWKE R QOLUUPKIDNNWIRQILBEQWWL IDQGEDDIH. GDWD LQ
FRPSOH[ ,7 SURMHFWY OHDGLQJ WR PLOOLRQV LQ SURGXFWLYLW\ VDYLQJ

DORQH 7KHVH HVWLPDWHG VDYLQWV WRH HEWUREX(WOEDHLWB &ROWTV DELOL
KDQGOH FRPSOH[ TXHULHV DERXW GDWX IR ROHP IR DZRKROWY OV KH MRV WWKID\EN *HRU
RI *( &DSLWDO HQDEOLQJ DQDO\VWNX WRKH &6 BHIQW OO UPIQVE B D D@HHEXCPRMWMRD K 0D QH\
DQG RSHUDWLRQDO LQTXLULHV ZLWKREWEHKOWIRQJIDW B @ahyuHdW QR 6D UXMKH 6 WIKWL P D
LQIRUPDWLRQ IURP D YDULHW\ RI SHUVRQQHO DQG RWKHU SRWHQWLDOO\ Q
FRPSXWDEOH VRXUFHV ,Q D UHFHQW VWXB()FBREEFHHG LQ *( &DSLWDO

8. RI XQSODQQHG VI\VWHP RXWDJHV ZHHs PHHH VK OW R L @NGIERG WV VRO (2%

LPSDFW DQDO\VLV2RI QRW XQGHUVWDQG3Rd p WMKH g @R WRER WikRDO HRAGy DY L H Z
GHSHQGHQFLHV EHWZHHQ V\VWHPV 2FW

7KHUH ZHUH VHYHUDO OHVVRQV OHDUQﬁ@FUHRP Fh‘%(% QRN H% Q GGI-Y"(/LUngQ SHIRUP
DQG GHYHORSLQJ &ROW 8WLOL]LQJ D vﬁHBg’ LFRFéS v DFEN XV
PHWDGDWD SURYHG EHQHILFLDO HQDEO—@Q‘—?}—%—F@!& WH¥xHpD DOG

UHFXUVLYH TXHU\LQJ +RZHYHU LWK W R R3¢ B v 8V\P g PRQVIBYR WP 6\VWH

WKLV SRLQW :H LQLWLDOO\ XVHG B ULJPYDBRIEYE 8QRLYHYRLWWHRI/LEO

WL
G
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BBYR
CWL

1800



\%

@ XQLVZDP\ 5HGG\ . +ROODQG ' $ > W@ BELO@DYH GHOBMIHWY 5 <DODPDQFKLOL &
0 , B33URYHQDQFHIHZBDWWHEWMAMRUDQ 3URBPGRN ( 36WRU\ %YRRN $Q (IILFLHQW ([W
86(1,; $QQXDO 7THFKQLFDO &RQIHUHQFH)UDPHZRUN ,Q JUBK1,RI:AMMKMHVKRS RQ 7KHF
@*HKDQL $ DQG63BUYLBXSSRUW IRU 3URNEQDB@WMHHWLFH RI 3URYHQDQFH

$XGLWLQJ LQ 'LVWULEXWHG (QYWURQRIHQWXULR®V3IUVRRZ RNR 7UDFN DQG 9LVXD

$&0 ,),3 86(1,; OLGHs @RRRDHUHQFH KWWSV OLONXULRXW K\R¥YDW R] M GDMAD DO L
@<X - DQG %X\\D 5 3% 7D[RQRP\ Rl 6F@DFWRILE :ROHNOWRHAU 0 3% *HQHUDO 3XU!
6\WWHPV IRU *ULG &RPSXWLQJ" $&0 6LH2DWHFRUREB6RL WKRHUNVKRS RQ 7KHRU\
SUDFWLFH R SURYHQDQFH
@LVVLHU 3 %YHOKDMMDPH . =KDR -KWORRW OLWHREHOHRRSPDFENR FRUH SURY

$'DWD /LQHDJH ORGHO IRU 7DYHUQDBLFRAKNDIQRZV/ ZRWIXOH % *DQQRQ 6 =2.DU
JLJIKWZHLIJKW $QQRMPIHMOMRY 5HITXSURF ORQDIHPHQW IRU 'DWD GULYHQ :RUNIOR:
,QWHUQDWLRQD G GURWHWLEREH: RQEVKRSHE BHUYLFHV 5HVHDUFK
> @RUHDX / HW DO 37KH 2SHQ 3URYHQL
@QDQG 0 . %RZIKILWOASWF7 0 /XGDYFKMYLMZ 3URYHQDQFH DQG $QQRWD\
3([SORULQJ 6FLHQWLILF :RUNIORZ 3URSHRPKWFHHXVLIRG +\EULG
4XHULHV RYHU 1HVWHG 'DWD DQG /LQHIDLMVEHDSKY 6DRRRUBRF =ZKIDR - *REOH *
VW QWHUQDWLRQDO &RQIHUHQFH RQ 6BRHPQWUINFORIMG WsRV BMRIY@WED BURYHQD G
'DWDEDVH 0%0W 66" 'DWD° 3URYHQDQRHRIQRI$QPWOWDQG 3UR
@%RVH 5 DQG )UHZQJ /EQRPSRVOHWDGDWB ZLWK
:0/ IRU &XVWRP 6DWHOOLWH GHULYHS '@ RIDHDXRGXFHWV DPQ SSURA RLUVW 3URYHC
WK ,QWHUQDWLRQDO &RQIHUHQFH RERBEENQWHQR DQG3 EEBNPIBY W/SWLLFDD
'DWDEDVH 0%0W 66°

@RVWHU , 9RFNOHU - :LOGH 0 >=i@RQMDPLIROLPHWBD WF&OHQQHQ & ( 6DQV
9LUWXDO 'DWD 6SAWHVMHQWUQBH AXHU\DQUHMQE - 0 6X0O0OLYDQ & 5 3'DWD /L
$XWRPDWLQJ 'DWD 'HULYWWQRGI'UQDRWILRBMORWLRQ 3 WBRFHVE N Q WV 868 %
&RQIHUHQFH RQ 6FLHQWLILF DQG &WRBWINWLEPRo RWDEBYH PP WaopUNH *  F
66 %0 6RXUHNDV 6 _%UL]JL 6 37UDFNLQJ 'DWD
@RPLQJDV . 7DPPHW 7 _.OLLPDVN 0 -DNY¥IWSYWRR W8 86 $
&RPSRQHQW 'HSHQGHQF\ $QDO\VLV IRU (QWHUSULVH "%XVLQHVV
,QWHOOLJHQFH" ,Q 3URF RI ,QWRUGDMWNRQDBIRQRQIHWVHQFH& RS &RPS(
,QIRUPDWLRQ 6\VWHPV ,&,6 KWWSV GLDNX FRP ZS FRQWHQW XSORDG
@DQWD 7RROV + BEIVOWSY )PRDWDWRROWIRERD oY &RPSOLDQFH SGI

10RZ > @DVH 6WXG\ &ROOLEUD 'DWD *RYHUQDC
®4/GHS 'DWD /LQHDJH 7RRO IRU 'DWDgLRYHKRYOOW GHDPV PSRUWDQW
KWWSVY VTOGHS FRP KWWSVY EORJ NQRZOHGJHQW FRP FDVH V!

@ROLGDWXV 'DWD /LQHDJH DQG ,PSDEWYHQDOWYLY SRESMMAFHT®ISFQUWD QW EDQN

KWWSV Z7ZZ7Z WHRKADREORINGEB®RW ROLGDWXV 3 .

@KHUHG6FDSHK®W(WSYV 777 ZKHUHVFDSH #V%@QQ%\QI{ZFNEé ([,SORULQJ DWD /LQHDJH
3L U | XU 'DWD )ORZYV ,%0 GHYHC

VHUYLFHY ZKHUHVFDSH UHG DU

@ODYLF % 3%LJ 'DWD 3URYHQDQFH éAf(Ld:(?d;'HQJHV DQG

,PSOLFDWLRQV IRU %HQFKPDUNLQJ> @®URYHREDQFHH WHOLYHVW FRPSOHWH GDV

"RUNVKRS RQ 6SHPRALD\LHQ% K® DIJ NV SURYHQDQFH )DEWW SKHHEWZ EEKXE LR VR
@bQJ - &UDZO ' 3XUDZDW 6 1IX\HQVO W 0 QR BOQOEFBBYDFWBG6KHHW

'DWD 3URYHQDQFH &KDOOHQJHV  SVHNHRRBEHYKH VBUWRRREL QI FULWLFDO
2SSRUWXQLWLHV"® 3URF RI WKH ,((( , QWHJRUM-RAPERRBRHUR LB WRORJI\ DQG 3
‘DWD KWWSV ZZZ EEKXELWRHVROXWLR@WRORJ\

@YHUYLHZ R 7THUDGDWD /IRRP G HB%& %6 B&DFWB6KHHW S C
KWWS EORJVY WHUDGDWD FRP GDWD S . UbGDWD
ORRP WHFKQRORJ\ > @ & 5') KWWSV 2727 Z RUJ 5"

KWWS 777 FORXGHUBQWBWLRGRIRWHE{AYR $ DQG ORLWUD $ 37RZDUG D 8C
[ WRSLFV FOBLXBOLQHDJH KWPO EHSUHVHQWDWLRQGCM 6B RDQ\V QR CFRIGIBK 3|

@XQGHFKD 3 5DQJDQDWK 6 )HQJ = 'RYxX8XEMIGFPRRHWKHRXURDOWOHPDQWLF &
&ROOHFWLQJ 3URYHQDQFH 'DWD LQ 6RFLDO OHGLD’ SURF Rl WKH

WK$0 6,%." ,QWO &RQI RQ .QRZOHGIHOUR@RYHu(RYE & 7 +XFN * 'RQJ <
‘DWD 0LOLOJ %DGHU  * *&\WRVFDSH MV D JUDSK |
G@DQJDQDWK 6 *XQGHFKD 3 /Lx + ¥YYRROLIRY 4R WHRIFQPOWLIV %
SURYHQDQFH 6HDUFK LQ 6RFLDOROHGLD" 3URF _RI WKH

$&0 ,QWO &RQI RQ ,QIRUPDWLRQ @HREW PRr2QKAYYH MIYZZHQGW GH WHFK G
ODQDJHPHQW &,.0

1801



