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7KHLWOH (QHUJ\ 'DWD ODQDJHPHQWFRRPWBIPW\IRU 6
ZLWK 39 OLFURJULG
7KH $XWKRU ODQRWH 7RQVLQJ
3URJUDP ,QIRUPDWLRQ 7HFKQRORJ\ IRU %XVLQHV\
7KHVLV $GYLVRUYV
$GYLVRU 'U :RUDMLW 6HWWKDSXQ
&R$GYLVRWU ,Q}LUDWNZLQ 5DNZLFKLDQ
&R$GYLVRINVRFLDWH BURMRR@WQJ 30DQINODQJ

'LVVHUWDW L&RP R W Q/\HHH

e eccecccs EGKDLUPDQ

'UREVBOWBILSUDSKD

L L LLLLLLLULEUELCK<<« OHPEHU

"U (DN\D KB\ Q KB 8V

LKL LLAUUULEREEeKe««« OHPEHU

‘U RUDMLW 6HWWKDSXQ

L LLLLUURUEUEREELCec««« OHPEHU

'U,Q}LUDWNZLQ 5DNZLFKLDQ

L L LLLLLLLELLELEK««<« OHPEHU

$VVRFLDWH B URWRRRBIDIQINODQJ

*UDGXDWH 6FKRRO DW &KLDQJ ODL 5DWIDHE\KIDW 8 (
DV SDUWLDO IXOILOOPHQW RI UHTXLUHPHQWYVY IRU Wk
,QIRUPDWLRQ 7HFKQRORJ\ IRU %XVLQHVV DQG (GXFDWL

e ecwcc« "HDQ RI *DGXDWH 6FKRRO
$VVLVWDQW 3URRROWOXW 3KROZDQ
"DW H ««« €&«

&RS\ULJKW RI *UDGXDWH 6FKRRO &KLDQJ Ol



7KALWOH (QHUJ\ 'DWD ODQDJHPHQW 6\WWHPV IRU 6PD
390LFURJULG

7TKBXWKRU ODQRWH 7RQVLQJ

3URJUDP ,QIRUPDWLRQ 7HFKQRORJ\ IRU %XVLQHVV D

7KHVLV $GYLVRURUDMLW 6HWWKDSXQ &KDLUPDQ
'U,Q}LUDWNZLQ 5DNZLFKLDQ OHPEHU

$VVRFLDWH B URWRR/QRWD QJ 3 ODHRIEIDW Q J

$%6758&7

(QHUJ\ GDWD VXFK DV HQHUJ\ FRQVXPSWLRQ |
SURGXFWLRQ IURP GLVWULEXWHG GHIQWHILDPE SRQW KOG H
VLIL@GHVLFR Q QG XRIDWHRIZ D E O HP IHRUHRI I LIEQ\E\W \W R P ©
IRU IXPRPPHK QLWLHY DUH EDVHG RQ W KB LMRQ ¥ M8 W DRIQEA
HQHUWMH PDLQ REMHFW LY H GRH YWHOLR/S UM K/ H DHUQA-KU 1V GADRV D
VIVWHP IRU WKH 6 ZDWBW RRPPXQLAURKULG@RUN KDV SD!

$QDO\VRYV B& OLFURJULG SRWHQWLDO ZLWK PLFURJUL
GDWD FROOHFWLRQ SURFHGXUH DQG -~ 'HYHORSPHQW
IRU 6PDUW &RPPXQLW\

5HDO GDWD IRU HQHUJ\ FRQVXPSWLRQ ZDV FROO
WKH @WPRRPPXQLW\ Rl &KLDQJ ODL 5DMDEKDW 8QLYHUVL
VLPLODU WR WKH VLPXODWHG IXO0O ORDG KRZHYHU
VLIQLILFDQWO\ ORZHU WKDQ WKH VLPXODWHG IXOO OF

FRXOG DFFRRRRGBWHXPDQW WR VWD\ DQG ZRUN 7KH



+\EULG 6\WWHP FRXOG SURYLGH SRZHU WR WKH FXUUH
RFFXSDQF\ Rl WKH KRXVH DQG EXLOGLQJV :LWK WKH
6\WWHP LW ZDV IRXQBEW WX MW WHM VX1 ZDV SURSHL
XWLOL]JHG WR WKH IXO0 SRWHQWLDO IRU WKH FXUUH
JHQHUDWRU FRPSRQHQW LV LPSRUWDQW DQGGQHWHGHG
PLFURJULG = +RZHYHU WKRYGUHEHULIQOIBU TWR R SWV P
VL]H ZRXOG EH ~ N: EDVHG RQ WKH IXWXUH IXOO ORDG
FRVW ZRXOG EH KLJKHU EHFDXVH RI WKH FRVW IRU GL
JHQHUBWRU RQO\ 39 DQGRHEDWWE HIL\FIRRI WLKH VA\VWHP ZD
+RZHYHU WKH EDWWHU\ DQG 39 VIVWHP ZRXOG KDYH D
ZLWK GLHVHO JHQHUDWRU 7KH EDWWH U\HZRXO GN & M ¥ C
UHFUHDWLQJ KLIKHY 181 R MMWY \DHFY WR NQRZ WKH ORDG
H[SHFWDWLRQ IRU ORDG LQFUHDVH WR SURSHUO\ GH
PLQLPL]H\VQR@WLDO LQYHVWPHQW (QHUJ\ VWRUDJH W
HQHUJ\ VHEXULW) SRZHU TXDOIGLWDRRG SWREH W N WOEW @ |
VLPXODWLRQ '& PLFURJULG DQG $& PLFURJULG ZHUH D«
WKDW FXUUHQWO\ ERWK V\WWWHPV ZHUH RYHU GHVLJQF
+RZHYHU WKLV ZLOO EH DEOHRW R DWKRIP PR BRDX\QH. W/ \K BV
DQG PRUH KRXVLQJV ~ +RZHYHU LI WKH FXUUHQW ORD
FRXOG EH XVHG DV WKH GLVWULEXWHG JHQHUDWLRQ Z
RSHUDWLRQ DQG PDLOQWHQDQFFDQR)XOOG B6YF8\LHG MK
PLFURJULG ZRXOG DOVR UHGXFH FRVW PRUH DERXW

PLFURJULG IURP WKH IXOO ORDG FDOFXODWLRQV



.9

JRWKLV ZRUN WKR WH @HWI 6 BDWWDVERRPXQGWUHG
GLUHFW HQHUJ\ GDWD DQRP.YWEHUFERMP KQHW Y\ GRMW B D W
WKDW ZHUH RIQRIWHQ FZRIQEHR AISMWLRVDJH LQGRRU WHPSHL
DQG ZDVWH JHQH FIRW DRI W H & H LGROPW\DN R M REXWZ @ Q M @/JD/O O
WKHQ SURFHVVHG WKURXJK VWHSV &DSWXUH ¢
$SSUR[LPDWHO\ GDWD_ ILOHV SHU PRQWK ZHUH SU
PD[LPXP Rl GDWHFRGMSHOGLQJ RQ WKH GDWD FDWHJ
LQWYH O 7KH VHQVRUV LQVWDOOHG LQVXHAK M \E>XOLDDGL |
GDWD WUDQRPDDFINRK\QVRU PDOIXQFWLRQ@KHURPWDQ L
YHULILFDWLRQ SDUW LV YHU\ LPSRUWDQW WR VFUHHQ

7KH SURFHVVHG GDWD ZHUH WKHQ LPSRUWHG L
VIVWHP GDWBE®RVWMDVHWY ZHUH V\VWHPDWLFDOO\ JUR
FDWHJRU\ 5HVSRQVLYH :HE 'HVLJQ ZDV WKH FRQFHSW
GDWDEDVH ZDARRWHG WRSIUDPH LQ XVHU LQWHUIDFH ZL
ODQJIXBKDUIDMVYDSSOLHG IRU GDWD UHSRUWLQJ DV .
UHSODWLRQVKLS EHWZHHQ WKH GDWD FDWHJRULHV ¢
7KH HQHUJ\ GDWIV RDVOWHBRPHDQ EH XVHG IRU WKH UHD(

FROOHFWLRQ ZLWK HDV\ WR XQGHUVWDQG UHSRUWLQJ

. H\ZRUGRPPXG@GLWXODWLRQ OLFURHUILG' DMWRPHODQDJIHPHQ
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9”1

$&.12:/('*(0(176

7KH VXFFHVV Rl WKLV GLVVHUWDWLRQ LV EHFDX\
FHWWKDSKBELUDWNZLQ 5SMOKA/IVRALLIQN H' B URMHR/R/Q\D Q J
30DQJNODQJ 7KHLU VXJIJHVWLRQV DQG HQFRXUDJHPH
RI WKLV ZRUN , ZRXOG OLNH WR WKDQN P\ IDWKHU P\
PH WKH RSSRUWXQLW\ IRU P\ HGXFDWLRQ SUR)YLGUQWH
LQIRUPDWLRQ QHFHVVDU\ IRU WKLV ZRUN /DVWO\ , Z
7KDQN \RX IRU \RXU HQFRXUDJHPHQW DVVLVWDQFH DQ
GLVVHUWDWLRQ ZLOO EH EHQHILFLDO

JLQDOO\ |, ZLVK WRQW KIKRNVIXGS RU VS HPUVZRUN GXU |

WKDPMRXOG QRW PHOWLRQ DOO WKHLU QDPHYV

ODQRWH BRQVLQ.



7$%/( 2) &217(176

$%675%$&7 .
$&.12:/(**(0(176 9,,,
7$%/( 2) &217(176 ¥
1,67 2) 7$%/(6 s
/,67 2) ),*85(6 )
&+$37(5
,1752'88&7,21
%DFNJURXQG
5HVHDUFK 2EMHFWLYHV
5HVHDUFK 6FRSH
%HQHILWV RI WKH VWXG\
/,7(5%$785( 5(9,(:
6PDUW &LW\ 6PDUW &RPPXQLW)\

OLFURJULG 6\VWHPV DQG 6LPXODWLRQ

&RQFHSW RI'&RPSOH[ DQG %LJ 'DWD ODQDJHPHQ\

5(6($5&+ 0(7+2'2/2%<

$QDO\WLV RI '& $& OLFURJULG 3RWHQWLDO IRU |

OLFURJULG 6LPXODWLRQ

'‘DWD &RRQBEWFHVYV '"HVLIJQ IRU (QHUJ\ 5SHODWHG

&RPPXQLW\



'DWD $QDO\VLV DQG 'DWDEDVH 'HVLJQ
6PDUW &RPPXQLW)\ (QHUJ\ 'DWD ODQDJHPHQW 6\VWH
5(68/76 $1' ',6&866,216
(QHUJ\ *HQHUDWLRQ DQG &RQVXPSWLRQ 3RWHQW
DQG 6PDUW &RPPXQLW\
(QHUJ\ BROMDHFWLRQ 3URFHVY IRU 6PDUW &RPPXH
8VHU ,QWHUIDEH IRU 6PDUW &RPPXQLW\ (QHUJ\ "
(QHUJ\ 'DWD ODQDJHPHQW 6\WWHP (YDOXDWLRQ
&21&/86,21
5()(5(1&(6
&855,&8/80 9,7%(

$33(1',;



1,67 2) 7$%/(6

7DEOH 3DJH

&RPSRQHQWYV Rl 6PDUW &LW\

'DWD FROOHFWLRQ FDWHJRULHV DQG LQWHUYDO

7UDQVDFWLRQ 'DWDEDVH 7DEOH

5HIHUHQFH 'DWDEDVH 7DEOH

&RROLQJ /RDGV LQ 6PDUW &RPPXQLW\

+HDWLQJ /RDGV LQ 6PDUW &RPPXQLW\

/LIKWLQJ /RDGV LQ 6PDUW &RPPXQLW)\

(OWHUWDLQPHQW 2IILFH /RDGV LQ 6PDUW &RPPXQ

6LPXODWHG 5HVXOW IURP +RPHU (QHUJ\ IRU '& OL
6\WWHPV ZLWK 5HDO /RDG DQG 6LPXODWHG )XOC

6LPXODWHG 5HVXOW IURP +RPHU HQHUJ\ IRU $& '&
6\WWHPV ZLWK 5HDO /RDG DQG 6LPXODWHG )XOC

/LVRN BHQVRUV ,QVWDOOHG LQ (DFK %XLOGLQJ

1XPEHU RI &ROOHFWHG 'DWD 5HFRUGV DQG 8QLW"
'DWD &ROOHFWLRQ

3URMHFWLRQV (QHUJ\ 'DWD )LOH 6L]HV

6FRULQJ 7DEOH IRU WKH (QHUJ\ 'DWD ODQDJHPHQ
(YDOXDWLRQ

6DWLVIDHWHRU\NYWHUYDO

(YDOXDWLRQ RI WKH 8VDJH RI (QHUJ\ 'DWD 0DQDJ

6PDUW &RPPXQLW\ ZLWK 39 OLFURJULG



/[,67 2) ),*85(6

)LIXUH 3DJH

9 JUDPHZRUN IRU %LJ GDWD

5HVHDUFK PHWKRGRORJ\ [ORZFKDUW D OLFURJU|
(QHUJ\ *HQHUDWLRQ DQG /RDG 3RWHQWLDO $QD
&ROOHFWLRQ 3URFHVV DQG F 6PDUW &RPPXQL!
0D QIPHIQW 6\VWHP

$& '& OLFURJULG 'LDJUDP IRU WKH 6PDUW &RPPXQ

'DWD )QRZUIRRJ) WKH 6PDUW &RPPXQLW\ (QHUJ\ 'DW

(5 'LDJUDP IRU 6PDUW &RPPXQLW)\ (QHUJ\ 'DWD 'D!

&2'( 9LHZSRUW 0DWD 7DJ

&2'( ID\RXW &RQWDLQHU D &RQWPBLGHU DQG E

([FHO 5HSRUW 6\QWD]|

JXQFWLRQ 64/ 68%675,1*

)XQFWLRQ 64/ D &2817 E. $9* F 680

BFULSW &KDUW MV D ,QSXW 6FULSW &KDUW MV &
&KDUW MV

6LPXODWHG )X OO /IRCRR QU R ILEDHHIDARL QJ ORD GV
F /LJKLQJ ORDIQGWHD@®LEPHQW 2IILFH ORDGYV

$YHUDJH 7TRWDO 5HDO /RDG DQG 6LPXODWHG /RDC
&RPPXQLW\ LQ GD\

'« OLFURJULG 'LDJUDP IRU WKH 6PDUW &RPPXQLW



/1,67 2) ),*85(6B&RQW

JLIXUH 3DJH

'« OLFURJULG 'LDJUDP IURP +RPHU D 5HDO ORD(
E 6LPXODWHG ORDG SURILOH

6 LPXOBMAMR@QW YV RI &FHQUMHOW 6\VWHP IRU D 5HDO
SURILOH DQG E 6LPXODWHG ORDG SURILOH

6LPXOBMAMRQWY RI 6RRQBDVYR %DWWHU\ IRU D 5H
SURILOH DQG E 6LPXODWHG ORDG SURILOH

6LPXOBMAMROW Y RI 6FHODDHIRHUDWRU DQG %DWWH
D 5HDO ORDG SURILOH DQG E 6LPXODWHG OR

6LPXOBMALR@W Y RI @FHQBYOLRLWKRXW *HQHUDWRU
D 5HDO ORDG SURILOH DQG E 6LPXODWHG OR

6LPXOBMAMROWY RI' 6RBGDIBLIRURSULDWH IRU 2QO0O\ 3

$& '& OLFURJULG 'LDJUDP IRU WKH 6PDUW &RPPXQ

$& OLFURJULG 'LDJUDP D'ULDQGD& OEFURRP LG
+RPHU

6 LPXOBMAMR@W V. RI HBEHODDHQWR 6\VWHP D $& OLFUR
YV E '& OLFURJULG 6LPXODWLRQ

6LPXOBMAMR@QWY RI 8FAHODDUHRHO *HQHUDWRU DQG
6LIH D $& OLFURJULG YV E '& OLFURJULG 6LPX

6LPXOBMALR@QWYV R I HFHHAADIBLRD $& OLFURJULG YV

E '& OLFURJULG 6LPXODWLRQ



79

/,67 2) ),*85(&RQW

JLIXUH 3DJH

6LPXOBMALR@W YV RI#5FHGECAHLRRDG D $& OLFURJULC
E '& OLFURJULG 6LPXODWLRQ

FHQVRU LQVWDOOHG LQ &RPPXQLW\

([DPSOH Rl VHQVRUYV LQVWDOODWIFQWAR FROOHF
E WHPSHUDWXUH F KXPLGLW\ G ZDWHU XV

&69LOHVLIQRRDOOHG VHQVWRUV IRU D HOHFWUL
F KXPLGLWDWHU XVDJH DQG H ZDVWH

5DZ GDWD IURP &69 ILOH IRU D HOHFWULFLW\ E
F KXPLGLW\ G ZDWHU XVDJH DQG H ZDVWH

5HSODFH ZLWK. 5HJXQOWHUBUHWWMW @ HPW Rl OLQH
E ,QVHUW WH[W DW WKH HQG

&RPPDMEG V\BDRVFK )LOH

'DWD WUDQVIHU ZLQGRZ

)XQFWLRQ 64/ 68%675,1*

&URVVWDEV IRU WKH KRULJRQWDO GDWD

'LVSDJH ZHESDJH IRU 6PDUW &RPPXQLW\ (QHUJ\ 'I
6\WVWHPRDDQ 3DJH E 'DWD &RPSDULVRQ *UDSK

*UDSK DQG G ODS RI %XLOGLQJV



' 9

/1,67 2) ),*85(6B&RQW

J)LIXUH 3DJH
'"HWDLOHG 7HPSHUDWXU$HYHWYBDD\0BODUHOD[ 9DOXH
E $YHUDJH ORQWKO\ &KDUW . F %XLOGLQJ $YHI
DQ& $YHUDJIH 'DLO\ 7THPSHUDWXUH 3URILOH
%XLOGLQJI$YBUDIBI SRZHU RI IDFWRU E $YHUDJH
F 'DWD 7DEOH $YHUDJH GDWD SHU PRQWK RI W
SHSRUWLQJ 3DJH D 6HOHFW PRQW®& WIR VKRZ H

EXLOGLQJ DQG E 5HSRUWV LQ (;&(/ ILOH IRUPD



&+$37(5

,1752'8&7,21

%DBENRXQG

$W SUHVHQW WKH GHPDQG IRU HQHUJ\ LV FRQWL
LQ SRSXODWLRQRB®E QWKR IGWMMFAK DRIORIV. & KBV QDO L
7KH PDLQ HQHUJ\ VRXUFHV DUH PRVWO\ IURP IRVVLO IX
-LQ ¥¥DQ 7KHUH LV D QHHG WR GHYHORS ZD\V WR HII
UHQHZDEOH HQHUJ\ VRXUFHV E(LQRDDG KRERINREGDQJ Z1
IRFXVHG DV GLVWULEXWHG JHQHUDWLRQ LRANHFRWGE JL
EH DSSOLHG WR SURGXFH VWDEOH DQG VXVWDLQDEOH
VAV W MPIOHWW ZRUN WKDW GLVWULEXWH SRZHU IURP WKH
FRQQHFWHG WR WKH QHWZRUNSR ZH{H | DRBPIGWKAD QOR WV F
WKH SRZHU VRXUFHV IURP WKH UHQHZDEOHV DUH OQF
OLFURJULG V\VWHPV KDYH EHHQ FROQWLQXRXVO\ UHVH
(XURSH 8QLWHG 6WDWHV RI'$PHUIURD O- WRD QEB@MEY&IDWY F
HIILFLHQW GLVWULEXWLRQ V\VWHP 0DQ\ PLFURJULG
LQVWDOODWLRQV DQG HYDOXDWLRQ +DW]LDUJ\ULRX
3UHVHQWO\ WKH PLFURJULG V\VWHPV DUH FRPSRVHG F
LQFROUNLRQ DQG FRPPXQLFDWLRQ WHFKQRORJ\ HQHUJ

V\VWHP 7KH FRPSRQHQWY DUH LQWHJUDWHG FRPSDUDE



WKH FXUUHQW WHFKQRORJLHYV DUH VPDOOHU DQG PRUF
PRUHUYB®W\ RI GLVWULEXWHG JHQHUDWLRQV WR EH LQ
SUHVHEWRWWHFK QRORJLHY DUH PRUH DGYDQFHG DQG
HQHUJ\ GDWD UHVRXUFHV WR PDQDJH DQG FDQ EH FDO

7KH HOHFWULFLWUKHBEHADDWH R® HWRP VRXUFHV DL
DQG GHSHQG RQ WKH ZHDWKHU DQG QDWXUH 7KH TX
HOHFWULFLW\ ZDV WKHUHIRUH TXHVWLRQHG '"HVLJQ
PRGHOLQJ DQG VLPXODWLRQ SIRKIUDYH LW KHH B'S WR.$ B DW
IXOO\ XWLOL]H WKH SRZHU IURP UHQHZDEOH HQHUJ\ ZL
UHDO SRZHU FRQVXPSWLRQ RU ORDG ORGHOLQJ FDQ
FRQILIXUDWLRQ WR DWWDLQ W K3 W WRDE ORIL BQRJI Y HE XL
IURP UHDO ORDG HQYLURQPHQWDO GDWD DQG FRUUHF
ULVN LQ WKH UHDO V\VWHP LQVWDOODWLRQ ODULD

'& PLEURJULG LV DQRWKHU IRUP RI PLFURJULG V\
EH GLVWKWEXWH® KH PLFURJULG QHWZRUN WR WKH Ol
SURGXFH '& SRZHU DQG GLVWULEXWHG WR WKH '& ORED
UHGXFH ORVV IURP WKH LQYHUWHUV GXULQJ WKH FRQ"
PLFURJULG L V] ZARGVLGEHHWIHEG LQ EXLOGLQJV DQG GDWD
ZRUNHUV SURSRVHG WKH DSSOLFDWLRQ RI '& PLFURJ
HIILFLHQF\ Rl UHQHZDEOH HQHUJ\ XVDJH DQG SRZHU F
HOHFWULFDO GHYLFHELWRVUHEKAHH HOHERVQQHQEHUJ
PLFURJULG SRZHU GLVWULEXWLRQ ZRXOG EH FRQWUF
IOH[LELOLW\ Rl WKH PDLQ XWLOLW\ SRZHU V\VWHP '

WXUELQH DQG EDWWHU\ VWRDDDH H RO & XE5H O\SWHKR SR



WKH PDLQ XWLOLW\ LV GRZQ <XQMLH ;LQ :XKXD ;LD
W\SH Rl UHQHZDEOH HQHUJ\ WR WKH PLFURJULG LV Y
OLFURJULGQHNBHWR EH VLPXODWWIG@PH U KGHEUR S§W WD
$SSOLFDWLRQ 2ULHQWHG 6LPXODWRU ZKLFK FDQ SURY
IRU VPDOO VFDOH HOHFWULFLW)\ JHQHUDWLRQ V\VWHP
LQ WKH SODQQLQJ VWDJH WR LQFQFDRIHUM KM ZSHELO R UHPQ
K\EULG VA\VWHP ZKLOH UHGXFLQJ WKH LQYHVWPHQW
HFRQRPLF DQDO\VLV DQG FDOFXODWH WKH HPLVVLRQ
(QHUJ\ KDV EHHQ XVHG WR GHVLJQ DQG D QDODJHHDHQH
DQG LVODIBIGYV %KDWWDFK@EGLWLRQ +RPHU (QHUJ\ FR
WR PRGHO UHQHZDEOH HQHUJ\ K\EULG V\WVWHP XVDJH
VIVWHP WKDW ZDV DSSURSULDWH IRU WKH SRZHU GHP
XVAHWR GHVLJQ WR DFFRPPRGDWH WKH H[SDQVLRQ RI W
XVDIUHR P DJULF XO0BMXQU D® KIDW RAD F KD U\\D RWKHWH IR L
ZRUN SUHVHQWY WKH PRGHOLQJ RI '& PLEFURJULG IRU W
S5DMDEKIMLYHUVLW\ &058 7KDLODQG 7KLV ZRUN IRF
FXUUHQW '& PLFURJULG K\BWILG F\WR/RPKR LR MKB EXLO
+RPHU VLPXXHWLFROUW &RPPXQLW\ LV D UHDO OLYLQJ F
UHQHZDEOHRHQHWHFWULFLW\ DQG KHDW 7KH VWXGF
'HYHORSPHQW &ROOHJH IRU &RPPXQLW\ (FRQRP\ DQG
VWXGLHG LQ WKH 6PDUW &RPPXQLW\ 6LPXODWLRQ RI V
ZLOO SURYLGH DQ XQ@HRUEMMDV) XMQLORIM ZDK¥ FXUUHQW

WR DFFRPPRGDWH WKH H[SDQVLRQ RI WXH GEEBEPWXQDWW



FRPSDULVRQ EHWZHHQ '& OLFURJULG DQG $& OLFURJUL
DOVR DQDO\]HG

JRU WKH ELWKHOMMLRDMWH JRDO LV WR GHYHORS 6F
39 PLFURJULG $SSO\LQJ VPDUW JULG IRU WKH HIILF
FRPPXQLW\ ZLOO EH WKH EDVLV VW UORAWXWW LIQL NHK H DV
LV HQHUJ\ GDWD P HDVXQ HPKIRK KD 8 G HIFRMOMDRIEFXWY. BNHRVH. |
FRUUHFW DQG XVDEOH GDWD “HQHUJ\ PDQDJHPHQW V\V
LPSOHPHIXWHAR UG 26PDUW " KDV EHHQ ZLGHO\ XVHG VXI
*ULG  6PDUW +RPH 6PDUW 1HWZBQNSREDDWLEDW PQGL
HOHFWURQLF GHYLFHV KDYH PDMRU UROHV LQ DOO DFW
WRZDUG WKH 36 PDUWHQRRUWWOUH EHLQJ HPEHGGHG Lt
LGHQWLILFDWLRQ DQG DFW DEHWKAHBUPDQ WKWRH BO L
YLD LOQWKHJBR@FHBW ZDV FUHDWHG VR DOO GHYLFHV FLC
VHQVRUV 7KHUHIRUH WKH VPDUW GHYLFHY DUH DEOH
ZLWK VHQVRUV IRU GDW P FRKCHD HPWERQ RO G BIW DF HMWR
DQG GHYLFHV FDQ FRPPXQLFDWH ZLWK HDFK RWKHU
7KLQJV ,R7  +RZHYHU WKH GDWD FROOHFWHG IURP
FRPSOH[ ZLWK DQG ZLW KR XWK MWV XRW X3XU L Q@ K LG/DRIH BF
DQDO\VLV DQGQGDRIDWHDDHP Rl WKLY ZRUN LV WR GHYF
WKH ODUJH DQG FRPSOH[ GDWD [URPRYDEKIRKWH GMKH F:
OLFURJULG IRU 6PDUW &RPPXEQHRW OW BI) G LW 6 L IKIERKO
HQHUJ\ SURGXFWLRQ DQG FRQVXPSWLRQ PXVW EH FRO(
DQDO\VLVY WKH GDWD FDQ GHWHUPLQH ZD\V WR PDQD

VIVWHP DQG VPDUW FRKPP&KRODLUW \R\RMAMQPRGH® FRPPXQ



ZLWK VXVWDLQDEOH @HWY1\Q B URGXEWLIHRIZ HQHUJ\ HII
FRPPXQLW\ EXVLQHVV DQG RUJDQLF DJULEXOWXUH 7K
DQG LQGLUHFWO\ UHODWHG WR HQHUJ\ BQ VRKH ERPWX
SURGXFWLRQ FRPPXQLW\ HQYLURQPHQW HWEF 7KH H
DQG TXLWH FRPSOH[ 7KHUHIRUH WKH GDWD PXVW EH
DQG ZLWKRXW VWUXFWXUH ZLOO EH W UDBQWIR DRH® WR.|
7KLV SURFHGXUH RI GDWD FROOHFWLRQ DQG PDQDJF
UHODWLRQVKLS EHWZHHQ 39 PLFEURJULG V\WVWHPV DQC
XQGHUVWDQGLQJ RI WKH FRPPXQLW\ GDWD WKH FRPF

PDOWWA WR DFKLHYH VXVWDLQDEOH FRQVXPSWLRQ DQG

5HVHDUERMHRPWLYH

7TRDQDO\VH WKH '& $& OLFURJULG SRWHQWLDO IR
PLFURJULG VLPXODWLRQ

TRGHYHORPRPWROOHFWLRIRWBWKRHGRUHBH DQG FRPS(
GDMRWKH 6PDUW &RPPXQLW)\

TRFUHDWH WKH HQHUJ\ GDWD PDQDJHPHQW V\VWiI

UHVRXUFHV LQ WKH 6PDUW &RPPXQLW\

SHVHDBRIKH
6WXG\ DUHD LV '& DQG $& PLFURJULG DQG 6PDUW
&KLDQJ ODL 5DMD EKDW&DPLSYXHW VIIKWD\L ODKEGL P

6LPXODWLRQ FRPSRQHQWY LQFOXGH 39 JHQHUD



(QHUJ\ GDWD LQFOXGH IURP HOHFWULFLW\ FRQV>

LQGRRU KXPLGLW\ DQG ZDVWH JEPHNUWYVERPGXQRW\ E X

% H Q H | MWAMRXI G \

6PDUW &RPPXQLW)\ KDYH WKH IXWXUH SODQV IRU
UHVXOWYV RI'WKH PLFURJULG VLPXODWLRQ

(QHUJ\ GDWD FROOHFWLRQ SURFHGXUH DQG VHC
WLPH GDWDVHWY ZKLFK DUGDODH JHQGQER BEWEID A D Q 7HH
DUUDQJHG DQG PDQDJHG IRU HDV\ XQGHUVWDQG DQG X

(QHUJ\ GDWD PDQDJHPHQW V\VWHP FDQ EH DSSO

XQGHUVWDQGLQJ UHJDUGLQJ WKHLU FRPPXQLW\ HQHUJ



&+$37(5

/,7(5$785( 5(9,(:

7KLV ZRUN DIPOWR WKH FXUUHQW 6PDUW &R
PDQDJHPHQW SGRIWHHMDRISDW KHQBQHUJ\ GDWD FROOHFWLFR
IRU 6PDUW FRPPXQLW\ ZLWK 39 PLFLRFIXMIGG R® HV & HWEH
&RPPXQLW\ &LW\ FRQFHSWQ GLEURXIDD® WHQRRHPVH FW LR C

'DWD PDQDJHPHQW SURFHGXUHV

6PDUW GRDEIRPPXQLW)

&RQFRBWDUW &L W\

7TKRRQFHSW RI| 6PBIWELWWBIUIQHN RI 7KLQJV R
ZKLFK FRGMHYEWHY RU REMHFWV WR WKH LQWHWQHW F
ZLGIODQQLQJ WR VXSSRUW WKH FRPDRUWDIE/D\HPOIQBIJIR F
FRXOG EH GMKHQFGBGHDWLRQ RI D FLW\ZZMKE XWX RY DL RID
EDODQFH RURQPHIHQYL VDIEQHDQ MNQYBURKHUHIRUH WKI
HQYLURQPHQWNXJFKDDVESRPWOXWLRQ ZDDPWGUDRWBILH JI
SUREOHPV ZLO®PDHWHEBLXWFHIGY XVHG LQ D ZLGH UDQJH
ZRUOG DQG KD\QLYQIWLR R GPFBOWH @ WG B HDHELW\ WKDW |

WHFKQRID\WRHG FRPPXQLFDKLIFKQ SWRWHMH D JRRG TXDOL



UHGXFH LPSDFW RQ WKH HQYLURQPHQW DKHU H HGXF R DA
GHILQLWLRQ IRU WMDIKOHR¥PDUW FLW\ DV

6PDUW &LW\ LV D FLW\ ZLWK GLJLWD OXWWHWKR®ROR
WDUW FLWLHV LQIRUPDWLRQ FHQWHU

6PDUW &LW\ LV D FLWRRMQQIME WIDRIYLL FOIHAV Z & UND V W |
,7 LQIUDVWUXFWXUH VRFELD® LQIUDYVWHNCEWXU®R DLOG \
XSJUDGLQJ RI WKH JHDULXW R Q \WMKH DFQ. W \

6PDUW &LW)\ LNDDFRPEL@QXWMRQ EHWZHHQ LQIRUP
WHFKQRORJ\ DQG GHVLJQ VWUXFWXUHV LQ RUGHU W
EXUHRD¥R DQG FRQYH\ QHZ LOQRYDWLRQV LQ VROYLQ
SUREOHPY IRU OLYHOLKRRG DORSSXWDDLQDEOH GHYHO

6PDUWDMEIDNARUP RI GLILWDO WHFKQRORJ\ DSSOL]
FRPPXQLFDWLRQ WHFKQRQRUHD&T QI @ RH GIHIWPLR QF\ L
FRPPX@HWYLFHY WR KHOS UHGXFH FRVWYV DQG UHGXFH
ZKLEK FRQWLQXHV WR LQFUHDVH WKH HIHLFLHQF\ RI SI
6PDUW FLW\

6PDUW &LW\ LV D FLW\ WKDW XVHV LQIRUPDWLRC
SK\VLFDO LQIUDVWUXFWXUH WKDW FDQ EH YHU\ HIITHFW
HFRQRPLF VRFLDO FXOWXUDO GHYHORSPHQW WKDW F
UHVSRQBFWLYHO\ DQG TXLENO) B RHFXOIVILIQ D JV RYX B
SDUWLFLSDWLRQ RI SHRSOH

JURP WKH YDULRXV PHDQLQJV R MORDV W LEALWM K RVXK
EH D FLW\ WKDW DSSPREMWUQK B QEBH®RIEM WO RMHFW QR O

LRYDWLYH LQIRUPDWLRQ DQG FRPPXDEFMMLREY RIHWK &



FLW\ ZHUH VHRI LLRAHHD VIHQ G \RHAUL YW\F P DTQOXODI © 1B B WW V
DQG UHXREWHHE XFH WKH LPSDFW RQ GV KH GXF L WRKGIP H (
FRQVXRBWLWKH FLW\ LQ D VXVWDLQDEOH PDQQHU 2YH
LPSRUWDQW (IDLFWROWLQJ RI UHVRXUFHV DV HIILFLH!
6XVWDLYREWBLODEOH ERWK LQ WHUPV RI HOQXGURQF
ILYHBDE®H TXDOLW\ RI-OLIH Rl UHVLGHQWY PXVW EH JI
6PDUW B&VWEBRPSRQHQWYV
6PDUW. &LW\ KDV D ZLGH UDQJH RGWRH SRIGHIQIW V
PDQDJHPHQWMB\VVWFHFZDVWH PDQDJHPHQW \WRXWHW\ SX
VXUYHLOODQFH DQG ¢ QUEDRQ FRQW Q\DED PR KB QWRHQW
6LPLODU\ WR ORKDQW\ ZRUNV 7KDLODQGRLV QRZ
6PDUW &LW\ OHDGLQJ BURIPRWDROQ(BREBPE 0LQLVWU\ R
(QHUJKH VPDUW FLW\ FRPSROHOW IGREOHFKHV H BSBIHYV
VLPLODQLBWPDHMY (QHUJ\ 6PDUW ORELOLW\ 6PDUW (QYLL
6PDUW *RYHUQDQFH FRPSRQHQWYV 2QO0\ FRPSRQHQW\
FRPSR @HM@WWOVR UHODWHG WR HDFK RWKHU VXFK DV ¢
/LYLQJ DQG 6PDUW 3HRSOH

7TDEOH&RPSRQHQWYV RI 6PDUW &LW\

ORKDQW\ 6PDUW &LW\ 7KDLOD|QG '(3$%
6PDUW (QHUJ\ 6PDUW (QHUJ\
6PDUW ORELOLW\ 6PDOWELOLW\
6PDUW &RPPXQLW)\ 6PDUW /LYLQJ
6PDUW (QYLURQPHOQW 6PDUW (QYLURQPHQW
6PDUW (FRQRP\ 6PDUW (FRQRP\
6PDUW %XLOGLQJ 6PDUW 3HRSOH
6PDUW *RYHUQDQFH 6PDUW *RYHUQDQFH




6PDYRHUJI\

5HGXFLQJ HQHUJ\ UHGXFWLRQ DGRROWL®I MWEHL
HOHPHQWY RI 6PDUW &LW\ XQGHU JRRG HQHUJ\ PDQD
DSSURDFK WKGMKHPESHKDPWQRBHG FLWLHYV EDVLF LQIUDV)
HQHUJ\ FLW\ ZKROKWIRH XX\HH R | L MWHBEO HV RRW VXV WD
7KHUHIRRDMUW *ULG LV-WKH WHFKQRORJ\ RI HOHFWULF
DSSOLHG WR WKH OLFURJULG V\WWHP WR KHOS PDQDJH
RI HQHUJ\ HITLFLHQWO\ VDYH FRVW DQG DOVR HQYLUR

6PDUW *ULGQWNJIJWEWLRQ Rl WKH LQIUDVWUXFW X
SRZHU WUDQVPLVVLRQ V\WWHP ZLWK FRPPXQLFDWLRC
SURGXFRQRM\RROUH DQG DOORPDWW HOHEWULWIHP\ ZLO O
FRPPXQLFDWLRQ FKDR GHOWLRUSPWHIVQ WKHLU RZQ H
ERW® WKH IRUP RI HOHFWRUDLONMKIR X \REZW KV/G ROVR Fk
VRXWRAHHOHFWULFLW\ IURP HQYLURQPHQWDW ®DILQLHQ
FHQWUDOL]JHG YREHERPBWRRG EHWZHHQ WKH XVHU DQC
RI WKH 6PDUW PRXBGOWRMDHPH DOWHUQDWLYH HQHUJ\ W
GXULQJ WLPHV RI KLJK HOHFWULFLW) GHPDQG HIILFLHQ

FRVWY ERWK LQ WKH BORBEWRWERW\DQG XVH RI

OLFURJBVVEHBDENG 6LPXODWLRQ

OLFURJULGYV

7TKHQHUJ\ IUHHGRRPPHDAKBQ I WWKHBCHFWULFLW\ JHQH
SDWWHRIZQWGHWIKHAD EOH H QAKLIKIRRIXIHBHY LQWHUHVW QfF

HVSHFLDOO\ ZLQG HQHUJRPDRQODHQHQMUJIZURG® EL =LI



(OHFWULFLW\ JHQHUDWLRQ IURP QDX\QSWIHEG DRWD BB EQ
FRQFHRID UGKI QHIDWLYH HIITHFWV Rl ERWK WKH SRZHL
WKH V2KMIQP FR Q Q H FRDHER WARUWWKHHP *ULG &RQQHFWHG
*HQHUDWLRQ 7KHUHIRUH WKHUH DUH JXLGHOLQHYV
HOHFWULFLW\ ZLWKLYFWRH BIOHBWBRUFMFD Y& XUFH DV
'LVWULEXWHG (QHUJ\ 5HVRXUFHOL B\ RIRWLKHS BIROYIHF WYUK L
7KARQFHSW RIZOW ERQEHE WKH SURMHFW &(576 &RQVR
5SHOLDELOLW\ 7THFKQRORJ\ 6ROXWLR QWG BW WHKLH SFRGFH
ERWK WKH VPDOO SRZHU VRXHURREQ Q H\E K HQ WRW R Q B D\
LQGHSHQGHQW V\VWHP ZKLFK JLYHV ERWK SRZHU DQG
VRXUFHV LQ WKLV VA\VWHP PXVW EH DVVHPEOHG IURP
FRQW,QRWEHRUFRQIGAW LR Q ' V¥ REHO DEWRIMEBEYH LWVHO I
WKH PDLQ SRPMWRRDPWREDRDXM EH FRQQHFWHG EDEN W
VIVWHP ZKHQ WKH PDOIXQFWLRQ LQ WKH PDLQ SRZHU V
WKH OLFURJULG ZLOO EH VHHQ DV D FROWHR ® GV MHK
QRW DIIHFW WKH PDLQ HOHFWULEDO SRZHU V\VWHP &H
6\WWHP

OLFURJULG V\WVWHP LV DQRWKHU GHYHORSPHQW
ZKLFK VLPXODWHV - WKH FRQWURO RI WXMURER\VIVI®OD U
VIVWHP WKDW LV &HQWUDOL]HG &RQWURO 7KHUH DUH
DQG DRXQVRQRPRXV 7KH $XWRQRPRXV 6\WWHP LV DQ
VIVWHP VHSDUDWHO\ IURP WKH PDLQ HDXWWRQRPRSVQ
VIWHP LV D VIVWHP WKDW FRQQHFWHG WR WKH PDLQ H

WKH OLFURJULG V\VWHP GHVLJQ LV D VI\VWHP WKDW F



SURBXFHFWULFLW\ IURP YDULRXV W\SHV RI IXHOV WR K
E\WPDLQV VWDEOH UHOLDELOLW\ DQG HOHFWULFDO SF¥
WKH PRVW HIIHFWLYH V\VWHP W KD H OWRE KHQWHFMR QWP i
OLFURJULG V\WWHP KDV WKUHH PDLQ IRUPV 7KHUH LV
DKEWHFWXUH DQG '& FHQWUDRIMK G R VELIBUB ® R BIGLW
DQG W\SH RI HOHFWULFLW\ SURGXFHG IURP '* W\SHV 'L
.|l WKH ORDG LQ WKH V\WWHP. LV DQ DOWHUQDW.EQWEFXU L
LQ DQ DOWHUQDW EQY H & UDUHQW W WKW DSLEGN B IKBIOV EVHWXMH |
DOWHUQDWLQJ FXUUHQW DQG '* WKDW SURGXFHV PRV\
DQG FHQWUDOL]HG $& EDVHG DUFKLWHFWXUH ZLOO EH

7KHOLFURJULG VA\VWHP KDV FRQWLQXHG UHVH
H[SHULPHQWDWLRQ HVSHFLDOO\ LQ (XURSH WKH 8QLW
LPSURYH WKH HIILFUHQB WVWKR PQFERWK H[SHULPHQV
LQVWDOODWLRRQ DQRZID[FEDIY WKH IRUP RI D VHPLQD!
UHVXOWLQJ LQ XVHIXO UHVHDUFK UHVXOWVY WR GHYHO
UHSODFH WKH FXUUHQW HOHFWULFDO V\VWHP +DW]LD!I
&XUUHQWODQEHSHBVARWDWLRQ RI '& OLFURJULG DUWL
XVLQJ '& OLFURJULG LQ WKH EXLOGLQJ DQG XVLQJ DV
BRQQHQEHUJ JQVLGH WKH EXLOGLQJ WKHUH L
GLVWULEXWLRQDEDW H QUHRIF UHRMXHIZFHY DQG DQDO\]LQJ V
DSSOLFDWLRQV LQ EXLOGLQJY DQG HOHFWULFDO DSS¢
FRQWURO IRU '& OLFURJULG VXEVWLWXWLRQ WR LQFUHI
'XKXD ;LDIQJQLY D SURSRVHG VWUDWHJI\ IRU PDQDJL¢

WKH PDLQ HOHFWULFLW\ LV QRW ZRUNLQJ 7KH SURSR



SKRWRYROWDLF VIVWHPV DQG ZLQG SRZHU V\VWHPV [
VIVWHRU WKLVLERVW KW PWFURKDVW YRFWWPG ZLWKLQ
&RPPXQLW\ DUHD RI WKH $VLDQ &RPPXQLW\ 'HYHORSF
DGL&(7 &KLDQJ ODL 5DADIVEB Q IVOR FHEOHKNEIM G IRU W KH
&RPPXQLW\ ZHUH WFXDW \H MGV K O EDWWHU\ DQG JH:

6LPXODWLRQ 6\VWHPYV

6\WWHP VLPXODWLRQ LV D GXSOLFDWLRQ RI UHDC
E\ XVLQJ D FRPSXWHU SURJUDP \REVR YRLGXRH BR\GW I H
GDPDJH WKDW. PD\ RFFXU WHRHWKH YOG BWX DROQRISE @ PR IGRJ
LPSRUWDQW UROH QRZDGD\V ERWH XQHHRIXFR RILRWQHLQR
DDORZV WR GLVSOD\ RU JLYH WHWX OMDOWIRSG/K DRAH DV
SRVVLBWFWXDOOWRSHUDMRMQEOH WR SHUIRUP H[SHU|
SURFHVVHV XQWLO WKH)\GMXHF KWVEH SHR POENVUREG H L Y
H[SHEWDW ERYVWWHDSWRGXFWLRQ SURFHWVRWHR WXRiZ
VLPXODWLRQ ZLOO KHOS WR DQDO\]H WKH FXUUHQW F
DSSURSULDWH FKRLFH EHIRUH DSSO\LQJ WR WKH DFW X
UHGXFH WKH ULVN Rl HUURUV RU IDLR®XUMDDOQE LW KHC
*HQHUDOO\ WKHUH RPOWHG L\\WHBKH GHVLIJQ GHYHORSP
ZKLFK DWHQWLI\LQJ SHWEQWPRYH SUREOHPV WKDW ZDC
&ROOHFW GDWD DQG SUREBWYVDMHN & B Y BERBOWKH IR U
YDOLGDVREXK®HQW IRUPDW IBHOMNPM UHKKVBISSURSULDW
GHVLJWHUPLQH H[SHULPHQWWDI® FR @GV MPLRISAU DR Q

UHSRQ® ,PSOHPHQWDWLRQ



1RZDGD\ZDVRIWVHG WR FUHDHW B LYILEHED WQ W @
6LPXODWLRQ ODQJXDPHN HIGCHES SORKDWWREQ 6LPXODW
PRUH IOH[LEOH WERDIOH®S\SOA AMOLWKRQWRU EXW KDV PR
ODULD 7KHUH DUH QXPHUR X \E Hf KXD/UWHISF WIHAUK \F\R PS5\
PRGHOV VXFK DV-ZHDWKHU VLPXODWLRQ HOHFWURQLF
KHDW SXPSV HVWLPDWH FRQWURO V\WVWHPV DWRPLF
SUHVHQW WKHUH DUH DOVR PDQ\ UHW NREK SRAR WFD P
VRODU SRZHU JHQHUDWLRQ V\WWHPV IRU WKH TXDOLW
VWXG\ IRFXVHG WKH DUHD ZLWKRXW HOHFWULFLW\ DW
7KH UHVXOWV. UHYHDOHG WKH DQVZHMYVHYLWKWBQWOU
SURJUDP WHFKQLTXHV 311/

6LPXODWLRQ 6RIWZDUH

+RPHRIWEZBUH VLPXODWLRRUPUR B SDUFHWN R G
6LPXODWRAWUD SURJUDP WKDW KHOSV ILOG WKH PRVW \
JHQHUDWLRQ V\WWHPV OLFUR SRIZGIO REWSPLYDWXRQ R
WKDW KDV EHRER®KVERQBDE FRVGGHB /G @RMR HOHFWULFD
JULG DGFRQQHFWHG SR HWWINDVSBEMNUW H P FRQWR/KHIU
VWUXFWXUH RI WKH V\VWHP VKPR PIRWY $/H WRD E/DHIF K R R DR
SULFLQJ DQG DY D LTKHLLFDIRW HR WKR ¥ HEH W H U \PRERQHMAR X B W
VX LWD EQHISU RFHWRH +RPHU SURJUDP FDQ HYDOXDWH D
WR GHWHUPVOQHI XFWXUH RI \8RNMWAEFMOHLRVZ HW K 1BD/Q \

+RPHU VRIWYDHWE LQ PDQ\ UHWVXDKLBDKGHYWIRS DOV
DFKLHYH I MWAKCHHEBWYRII WKH LOQWHJUDWHG UHDRXW D@ HQF

FRZRUNHUV UHSRUWHG WKHH G LIPHQN DOVH R HRQ MUKIN SUR G



LQ UHPRWH UXUDO ZDWHKD W KOHQ & LIPK@BEWER FRIRIED W R
GHVLE QD8R R P L¥DWEEQ DB LVVLRQV WR WHIHH{QYLURQ
%KDWWDFKDU\D ORUHRYHU +RPXWHVRIIW BRI OFIRC
HQHUJ\ LQ UHPRW iR UMHEO B BWHI\L F DIOR & WRERPUWYRH X VH D
FRPELQH UHQHZDE OHSHQ BHGHWRHIWMWPW KHRQHHE®Y R1 WKI
DQG VXSSRUW WKH H[SDQVIZRR RO MNXN LR BBREUMQF O X (
XVH LQINBBME DQDO\WLV RI HFGEGRIPEBRK W XWOIGR/I LQWHJ |
UHQHZDEOH HQHAWKMNIHYWEHEY HQHIHWWRAHIFAHY\ VRODU
HQHUJ\ DQG ZL QG DWKW EVHHWK GNDW HARDWMEDRBKD U\\D
DQG 7KDLODQG KDYH DSSOLHG WKH +RBHG YRUMZDQt
UHQHZDEOH HQHUJ\ SRZHU7KRIBKW RW MWRKMH WANVRKHOIDW L R Q
VPDUW JULG HQHUJ\ GLVWULEXWULRQH SDEPHQMQBQE MR
7KHLU ZRUN VWIDHI\R M B UID@E R\ VWK H PF & B WILDROHE KK W H U
LQIRUPDWLRQ IURP WKH SURRBQWWRRQVDWHIDP SWRBXRFWI
WUDQVPLVVLRQ FRQWURO V\VWHP SURWHFWLRQ FRQW
VIVWHP IRU FRQWUROOLQJ WKH VWDWH RI EXWWLQJ OF
WKH UHVXOWYV RTKWKWWREPKDGMUMEKSHHDUQLQJ RXWFERPFE
UHYHDOIHERWRBW LR ® GV WIKWW BREG A AL Y DRIQ QKIR V U L
30DQJNODQJ LQ WKLV ZRUY KD HFRAHI WRS WIRXOHD WD)
OLFURRWLER D UW &R FLR)X Q0 5\8\

7KH *ULGADREEIWZDUH LV D VLWXDWLRQ VLPXODWL]
ODQJXDJHV ,W LV DLBNRDWIH XOVG ® QRO\]H WKH VXLWDE
HOHFWULFDO VW UWIFROXHF MHDMWELLVQLR QDO V\VWHP PRGH

FRS\UDQEWDQ VXIWRHNZBUD®/DER IWFZRXWIEP XODWH WKI



GHVLJQ RI ZLQG HQHUJ\ FRQWURO V\VWHP LQ VPDUW JL
VLPXODWLRQ PHW KRBMRDIRPK FVD @BV \WM \FHWHRQEHYHOR' S
WKH ZRYODRQJR| WKHGEWQUMKH IXWXUH &KDVVLQ )XOC
*ULG/DERIWERXIDGYDPOXY@RDWH WKH HIITHFWV RI WKH XVH
LQ KRPHV E\ DQDO\]LQJ WKH HIILFLHEXF\URX® GH QW XLFHW
VXFK DW KIQVXODWLRQ LQVLGH WKH KRXVH WRPSEUDW
EH VLPXODWHG WR UHGXFH  HQMLIN FHRGNUXRSMWILREL
,DPVRPERRQ 7DQJWKDP .DQFKDQDV&QWKRREPDE /HUW
FRX\OL® X ODWH WKIH BWWRFKE DW LQJ DR DO Y| HF RUKGL O/IL@
UHODWLRQVKLS WRHFE\GGYMDUWBBOMWHGY RI XVHUV LQ

HQHUJ\ HIITLFLHQWO\ DIXDGNVNDEBR/ARDLY D PDVWHU

&RQFHSW RI &RP SO H(J CDDGE) HLH Q YW D

'HILQLWLRQ RI %LJ 'DWD

,Q SUHPRI®MOQRUPDWLRQ WHFKQRORJ\ KDV SOD\H
DIIHEW KXPD Q BADLURNVODIM QFLHV ERRKHODREP HQ W QIEQ GPHU
VHFWRWH\LQJ WHRK RGDBWL]DW LR@WNHRS HUD EULRRLMGY K H
FKDQIMWVLQJILQJI WHFKQR OR U IVNRLRGHOISDIEGRWN 1@ HO @
FUHDWH DQDM&GYRBRWHHYDULRXV SROLFLHV UHODWHG
7KHUH LV DQ LQFUHDVH LQ WKH UHRX®RXR | DLAG REPQW
YDULHW\ RI LQIRUPDWLRQ ZKHWKHU LPDJHV YLGHRV
HOHFWURQLF GHYLFHV ZKLFK DUH FRQVWDQWO\ FKDQJ

FDOOHG % LDJ\ CaPWND L



%LJ 'DWD LV DQWDRIREIWRE X VXEMHF WD QiYHWN\ DV S+
IRUP ZKLFK PD\ EH VW DSBWXUW® RACHGDLYXREURBX Y G D
EH VNRWXFWXUHG VRBKHFY @ ROVMOHRFWXUHG GDWD VX
YLD VRFLDO QHWZRUNV VXFK DV )DF WERRNGEWAARKEHN HU R
ZLWKLQ WKH RUJ®MWIXWERRQFK DUHARRW WM ZLWK VXS
RU IURP DOO F@WOQBWOA \RK AR Y MWRIPLMU YV VWLOO RQO\
ZDLWLQJ WR EH SURFHWMWWEBZD®WG PRDQRWGEH LQ WKH |
RUJDQL]DWLRQ FDQ7XMHHGLIPW B PLOAMMHBN DQDO\]HG WR Et

IRU RIKIDQ LDOQW LIRWL. QJ WKH UHVXOWYV WeR FW DRAKHD \E X V L (

LP SR UW D QWK R-ZDL KRJUHH/

1]
Volume
Scale of Data

Veracity

Uncertainty
of Data

J)LIXUH 9)UDPHZRUN IRU %LJ GDWD

9ROXPMUJH DPRXQWYV RI GDWD DUH REWDLQHG
RSHUDWLRQV Rl WKH RUJDQL]JDWLRQ ERWK RQOLQH RU
WKDW DUH VWRUHG Z&HUH M\SGE RHGDWUPDWLRQ HYH!
9HORFKW\GDWD WKDW KDV D UDSLG UDWH RI L
RI W\SLQJ FRQYHUVDWLRQV YLGHR UHFRUGLQJ GDWD
LQIRUPDWLRQ RU VHQVRU LQIRUPDWLRQ HWF 7KH GDV

HYHUXWKR



9DULHWHUVH DJA GRPASRIHVLRQ GDWD DUH EHK
EHKDYLRUDO GDWD %HKDYLRUDO GDWD RU ,PDJH VRX
GDWD LQFOXG L$®) PHYMMIHW WKDW RFFXU RQ WKH ZH|
VWRUHGLIOH DDPOMNEREFKLISMWLI WYUIIGRF GRF[ RGW S

WH[ DQG PDQ\ RWKHUYV

9HUDFIKMH LQIRUPDWLRQ DUH D WBLLIX REHVF IDXQ

LQIRUPDWLRQ LV GLYHUVH DQG FRPHV IURP VRXUFHV \
ZKLFKGRUIH FXOWWKH AIKQWURDORI LQIRUPDWLRQ 7KH TX
EH DFFXUDWH DQG GRE&VDEOWM  K,IL WKL EOIMIDYOR WHW K H
XVDEOH GDWD PXVW GHIS ABR@V WEHU M@ RDUDGH PHWKRG |
FORWLQJ SURFHVYV

'DWD &OHMWQKHQEURFHVV RI FKH FIQDEF OGN ARG D)
LWHPV IURP WXBIEG B WU VEHBMWXD WEWHN H\ SULQFLSOH RI
EHFDXW H L OO H QIOFFIRPLEWIHG \MAKFKH) (B BIVU D W L Y HWDR ,RWIK\H U
QHFHVVDU\ WR UHSODFH XSGDWH RU GHOHWH WKH)\
LQIRUPDWLRQ LN VOMNFOWDIMUWQMORF REPRYW HOKN RI GDWD
FDXVHG E\ HUURUV LQ WKH UHFR UG VOUR R IGE&EMKD VW U D Q
SURFHVV LV YHU\ LPSRUWDQW L@MWRUGBW H® UZ MW\KKH FED
GDWDEDVHV 7KHUHIRUH WXIRWH DWHRKQLRK B KD R 6 W\ QUK
RU XQFOHDQY G BWBDQVLQJ

'DWD ZDUHKRXVH LV DLQHRYRBEPIIRNG. QUKOWFLVLR Q
DFFXUDF\ RI WKH LQIRUPDWLRQ LV LPSRUWDQW LQ RU
UHGXQGDQW RU PLVVLQJ LQIRUPDWLRQ WKDW ZLOO UH

7KH GDWIBHAWD ZDUHKRXVHRBRDODVLB @ RWIDRN IOPIBRIH DPRXC



LV LQFRQVLVWHQW 7KHUHIRUH 'DWD &OHDQVLQJ LV W
'XULSURFHVVHV VXFK DV ([WUDFWLRRR UHJ GQWR G-RDVRILR
EH HQFRXQWHDGIGQJ GDWD DWHMHVWDHIRDKLPR WDV W KH
EDVLF VBMHBMEQWD GLVWULEXWLRQ RU XV&R U WKHNVWRS L
FRUUHFW WKH ZURGWDQGRPOMHGIPWD LQ WKH VDPH
'XSOLFDWH (OHPRQYBWIRSO PHYW BHIWNW VKRV PD\ QHHG W
DOJRULWKP WR LGHQWLI\ GXSOLFDWH GDWD VHWYV

%LJ GDWD FDQ DDYRHEHFXMB® B\)HUJ\ EDQDJHPI
DQDO\NLQJ DQG SUHGLFWLQJ HQHUJ\ GHPDQG .X 3DUN
WKH FRVW RIGKGWWURQSLG B KIERXRNKOSM RSRVHG WKH FRC
RI KRZ WR CPQEEBEIMBALNI 'DWD FLUFXLWV LQ WKH VDPH IRUP
DQG UHGXFLQJ XQFHUSVNDLQYO\ DQGIMDLAR @/ LPFSODW IRUP |
WRHOS FIMFHVLRQV DERXW PDODJLQJ FRUSRUDWH GD!
LPSOHPH@WB @ DR@URARH UV DOVR BWDHRIRGHMG] AHKGIWG | U D F
RIELJ GDWD VWUXEFWXUHV WKDW DUH VWUXFWXUHG DQ

FRPSUHKHQV LY VQEDMEDK MY RUIOREI <XDQQ  +X



&+$37(5

5(6($5&+ 0(7+2'2/2*<

7KH XOWLPDWH JRDO RI WKLV GLVVHUWDWLRQ
PDQDJHPHQW V\WWHP IRU WKH 6PDUS BLFRRIQLYE\ Z1KH
IORZFKDUW Rl WKH UHVHDRQBKUFRISIH LWHVKRIE K ®HW K
ZDV GLYLGHG LO@RO\WSIDURIV'E $8& RWHIRWLKR BLFUR JU LC
VLPXODMQARQ@B ' (QHUJ\ GDWD FROOHBWIRHE SURGEG XU
'HYHORSPHQW RI HQHUJ\ GDWD PDQDJHPHQIWUHVWH P

F 7KH GHWDLO GHVFULSWLROQV RI' WKH HDFK SDUW

IROORZLQJ VHFWLRQ

&ROOHFW GDWD IURP HC

DSSOLDQFHV IURP|HDEK ,
5HDO 'DWD OLFURJULG DGV (TURP

6LP 'DWD

&XUUHQW V\VWHPV
s ,QFUHDVH %DWWHU\
6LPXODWLRED U\ *HQHUDWRU DQG %DWWHU\
E\ +RPHU (QHWYRY ORZHVW WRWDO FRVW
2Q0\ 39 ZLWKRXW *HQHUDWRU
/RDG DSSURSULDWH IRU RQO\ 39

A
5HVXOW RI HDFK FDVH
RSWLPL]DWLRQ

D



'‘DWD &ROOHFWLRQ 3URFHVV

&DSWXUH

'DWD ,QSXW ‘
([ 3RZHU 7HPSHUDWXUH ] )LOH &69
+XPLGLW\ :DWHU [DVWBAHULILFDW|LRQ

A

$UUDQJH

'DWDEDVH "HVLJQ

A

8VHU,QWHUI)F&iﬁigﬁwb;gZHE‘HVLJQ

A

3+3
3%;J%a%ﬂ4964/6WUXFWXUHG4XHU\
Q -DYD6FULSW
5HVXOW
=

JLIXUH5HVHDUFK PHWKRGRORJ\ IORZFKDUW D
&RPPXQLW\ (QHUJ\ *HQHUDWLRQ DQG /RD
$QDO\WLV E (QHUJ\ 'DWD &ROOHFWLRQ
&RPPXQLW\'DQWHUODQDJIJHPHQW 6\VWHP



$QDO\VKV B OLFURBRILEGQWLDO IRU 6PDUWLERRBXQGW\
6LPXODWLRQ

&RPSDUDWLYH PXODRIWEBHU (QHRUMZDUH 7KH U
GDWD IRU HQHUJ\ FRQVXPSWLRQ IURP WKH KXIHBGLQJ
GXULQJ WKH VLPXODWLRQ ,Q DGGLWLRQ VLPXODWHG
UHDO GDWD GXULQJ YDULRXV VLPXODWLRQ VFHQDULR!
SURYLGH D JXLGHOLQRQDRI \X Q&RHEN WD XGHRDHGWKH F
SODQQLQJ WR DFFRPPRGDWH WKH H[SDQVLRQ RI WKH F

'DWD 6RXUFHV

,Q WKLV ZRUN WKH '& PLFURJULG DQG $& PLFURJ
DW WKH 6PDUW &RPPWXHWGDWEBHURNBEHY ZRXOG LQFO
JHQHUDWLRQ DQGLHROUIBWVHEDKHORMAEXW RI ERWK PLFU
$& PLFURJULG JHQHUDWH '& SRWHKHQUFRRQYHNWIHIGDWR ¢
LQYHUWHU WKHQ GLVWULEXWHG WR WKH $& ORDGV 71

N39 LQ GLUHRWKNUER HRDGWY EH WMUHI\ EDQNV DW

IRU ERWK WKH $& DQG '&ZBIDFOMRI DL GVOM UKRUBID O W K H
EXLOGLQJV  WHKRIXDES EROMIESE DQG '& ORDGV (OHFWUI
WKH D$S/OLRYEGH WKH EXLOGLQJV RI WKH 6PDUW &
KRXVHV D PLQLPDUW D FRIIHH VKRS D UHVWDXUDQW
7KH DSSOLDQFHV ZHUH JURXSHG LQWR FDWHJRULHV
UHIU IRIM DOV [UHH]HU +HDWLQJ ORDG VXFK DV PLFUF
ZDWHU SRW HOHFWULF SODWHV DQG FRIIHH PDNHU
DQG (QWHUWDLQPHQW DQG 2IILFH ORDG VXFK DV \

SURMHRRWRUNHU DQ@EHYWHBWMBHY RI ORDGV XVHG LQ W



ZKLFK ZHUH IURP RMHCHVKBRAGBLOQHBO ORDG RI WKH EXLOG|

VLPXODWHG ORDG IURP DOO WKH DSSOLDQFHV ZLWK W]

bat % |
EA 5 E2 5 il

—
AC Microgrid  Battery Bank DC Microgrid Battery Bank Diesel Generator
PV 25 kW IIJDJGV]J PV 25.5kW 100 KWh 140 kW

DC

AC

JLIXUH$& '& OLFURJULG 'LDJUDP IRU WKH 6PDUW

'&  $& OLFURJULG 6LPXODWLRQ

+RPHU (QHUJ\N ZDV XVHG LQ WWHSWLPXOBIMMILR QV YV
GLDJUDP ,QSXW GDWD DQG DVVXPSWLRQV DQG 3URF
RSWLPL]H VA\VWHPIUDRVIDHP FRJIIHDWHG LQ WKH +RPHU S
FRPSRQHQWYV IURP WKH '& DQG $& PLFURJULG IRU WKH
,QSXWWLQJ GDWD FRPSULVHG RI 5( VRXUFHV LUUDGLD
GDWDEDVH GLHVHO SBLFMHUWBHOQWWIHILFHURQ 7KDLOD
VSHFLILFDWLRQV DQG FRVW HVWLPDWLRQ IRU V\VW
PDLQWHQDQFH 7KH ORDGYV ZHUH PHDVXUHG RU FDOF

&RPPXQLW\ SRZHU XVDJH IURMRXU DMBWHUYZLWK



JRU WKH '& O0IKHURIPX®DWLRQ ZDV SURFHVVHG ED
FULWHULD ZKLFK ZHUH
ORGHO WKH FXUUHQW V\VWHP
,PSURYH WKH V\VWHP E\ LQFUHDVLQJ WKH EDW
'HWHUPLQH WKH RSWLPDEBR®IPLEUBWMLR® \DS
IRU WKH ORDG ZLWK WKH OHDVW WRWDO FRVW E\ YDU\
'HWHUPLQH '& OLFURJULG 39 DQG %DWWHU\ VL]
DV WKH ORZ FDUERQ V\VWHP DQG
'"HWHUPLQH WKH RSWLPOUWJBRWGY W.\MH PRERWY KLH |
JRU WKH FRPSDULVRQ EHWZHHKH '¥ LP GG BREHRIGF U R
EDVHG RQ WKH VSHFLILHG VFHQDULRY ZKLFK ZHUH
ORGHO WKH EXUUHQW VAVWHP
9DU\ WKH JHQHUDWRU DQG EDWWHU\ IRU ORZH
ORGHO PLFURIUAG3ZLAM KRXW JHQHUDWRU DQ
'HWHUPLQH WKH RSWLPDO ORDG VL]H IRU WKH
6LPXODWLRQ 2XWSXW
7KH VLPXODWHG RXWSXW SURYLGHG V\WWHP FRC
GLHVHO JHQHUDWRU VL]H RI EDWWHUNG SHRPRBYPDGEH
JHQHUDWRU EDWWHU\ DQG HFRQRPLF DQDO\VLV FR\
RSHUDWLRQ PDLQWHQDQFH 7K H S/OHIOHFPMHIQEY DH/X N © VI
FRQILIXUDWLRQ DQG FRQGLWLRQ |UKRP OMIDH \WRG R GWQH |

RYHUDOO FRVW 7KH RYHUDOO FRVW FDOFXODWLRQ ZD



'DWD &ROOHFWHRIQIBURBOHWY\ 5SHODWHG 'DWD RI WKH 6P
&RPPXQLW\

,Q WKLV ZRUN WKH GLUHFW DQG L®GURFAFWKHOQ
LQVWDOOHG VHQVRUV LQ WKH EXLOGLQIXUHN WKH
VKRZHG WKH GDWDKHWRZ DALD JUDESHY RI VHQVRUV LQVYV
WHPSHUDWXUH KXPLGLW\ HGJKHWWLFURFRDHGG ZDOWYH Y
IURP WKH VHQVRUYV DQG W WADRO WIKIH \EN WY AT 3 UrR\M RGFIRWD D

DQG VDYHG DV &69 ILOHV

:DWHU 6HQVRU

6HOG 3URWRFRO
5HDG 'DWD pai7

\ 4

OLFURFR QWUYROOHU— 6HUYHU

7HPS +XPLGLW\
6HQVRU

6DYH 'DWD

A 4

(OHFWULFLWA8HQVRU
&69 )LOH

‘DVWH
6HQVRU

J)LIXUH'DWD )QRZUIRRJ WKH 6PDUWQ&&RIBPR XMW W \

7TKHOHUH QXPHURXY GDWD WKDW GLUHFWO\ DQG
WKH 6PDUW &RPPXQLWHN G,0WW KENWHRIRNDLWY HGHWYWH ULEH
VHOHFWHG ZKLFK ZHUH SRZHU FRQVXPSWLRQ WHPSHUI
JHQHUDW KRIQE MLFORG I\Q J 7KH FDWHJRU\ VHOHFWLRQ FUI

IRU WHPGI GDWD PRQLWRULQJ ZLWK VHQVRUV LQVWDC



&RPPXQLW\ 7KH GDWD ZHUH FRQVWDQWO\ FKDQJLQJ
FROOHFWHGYHULGWHDYBOMMRUHG DV &RPPD 6HSDUDW
&69 ILOH LV WKH W\SH Rl WH[W ILOH ZKHUH WKH GDWD
VHSDUDWH WKH FROXPQ :LWK ODUJH DQG FRPSOH[ G
IRUPDW DQIBVFPXWHMREH. GHILQHG LQ RUGHU IRU HIILELF

GDWD

7TDEOH'DWD FROOHFWLRQ FDWHJRULHY DQG LQWHUYDO

"DW D 8QLW "D WHR O O HIWLHRUY|D O
3RZHU &RQVXPSWLROQ VHFRQG
7HPSHUDWXUH HJUHH &H®VLYXMFRQG
+XPLGLW\ 3HUFHQW VHFRQG
"DWHU [JLWHU / VHFRQG ZKHQ LQ|XVH
"DVWH NJ PLQXWHYV

0 o
7KH GHVLJQ IRU GDWD FROOHFWLRQ@ SURFHNV LV

E 7KH SURFHGXUH LQFOXGHG GDWD FDSWXUH YHUL
GDWDVHW ZLWK WKH IRUPDW WKDW FDQ EH XVHG LQ G
'DWD FDSWXUL(QFEUFOAHNYRU\ Rl GDWD ZDV FDSW

ILOH SHU GD\ IURP $0 WR 30 3RZHU FRQVXPSW
WKH VPDUW PHWHU LQ HDFK EXLOGLQJ DW WKH LQWHU
DQG KXPLGLW\ GDW D WHUHHWAHRRBOHHIIDMHXG) HUR®G KXPLG LV
LQVLGH WKH EXLOGLQJ DW__VHFRQG LQWHUYDO 7KH Z
FRPPXQLW\ WUDVK ELQV /RDG FHOOV ZHUH LQVWDOOH
ELQV IRU JHQHU KO ] DUHFRKXODEQG RUJDQLF ZDVWHV 7}

ZDVWH ZHUH FROOHFWHG HYHU\ VHFRQGYV



'DWD YHULI\LQRBWRKHVADWD YHULILFDWLRQ IRU
&69 ILOHV ZHUH H[DPLQHG IRU GDWD FRPSOHWHQHVYV
PDOIXRBW WKH GDWD ZRXOG QRW EH FROOHFWHG DQG
SURFHVV ZRXOG GHOHWH WKH FRUUXSWHG GDWD OHD
GDWDEDVH

'DWD DUUDQJLQXK I URFNV WDVHPD @WEHG GDWD ILOHYV
FKURQRORIWEHU 7KH VWUXFWXUH Rl HDFK GDWD ILOH
FROXPQ DFFRUGLQJ WR WKH GDWDEDVH (DFK GDWD F
FROXPQ ;'

0
'‘DWD $QDO\VLV DQG 'DWDEDVH 'HVLJQ

7KH 6PDUW &RPPXQLW\ G IBWDRI GRIZV B Hi PHD @HQ BIBNHL
EHWZHHQ GDWD LQOSXW DQG GDWD RXMWEXDW (QDKH.\BD W
5SHODWLRQVKLS 'LDJUDP (5 'LDJUDP ZKLFK GHVFULEHG
WKH GDWDEDVH  6XEVHTXHQWOV LW KHVRRBDODOIEFWHH® KR
GDWDEDVH PDQDJHPHQW V\WWHP  7KH GDWDEDVH ZD\

VRXUFH VRIWZDUH ZLWK 64/ ODQJXDJH



ttemp
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timeskeep
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JLIXUH (5 'LDJUDP IRU 6PDUWHARFPXWDWDWDEDV

7KH GDWDEDVH UHODWLRQVKLS VWUXFWXUH GF
7UDQVDFWLRQ 'DWDEDVH WDEOHV DQG  5HIHUHQFH
'DWDEDVBDOWDERNH ZLWK FRQVWDGMWLFKOHG 'R @ DO HC
6WDWHPHOQW 6MDWSHEPHWW DQG 64/ 'HOHWH 6WDWHPHQ\
SWZDWHU ' *WKXPL° DQG 3WJDUEDJH DUH WKH 7UDQ
FROOHFWLQJ HQHUJV FRQVXPSWLRQ WHPSHUDWXUH 2
IURP HDFK EXLOGLQXHUHVBEMFENAW HROQ 'DWDEDVH 7DEO}
SUSODFH’ ZKLFK LV WKH 5HIHUHQFH 'DWDEDVH 7DEOH
FROOHFWLQJ FDWHJRU\ DQG YDULDEOH GDWD ZKLFK K

SYDULDEOH 7DEOH DQG 5SODFH 7DEOH



7TDEOH7UDQVDFWLRQ 'DWDEDVH 7DEOH

7TDEO

_I

1DPH 1DPH 7\SH| /HQJWK '"HWDLO
WHOH | LGBH( , C 8VHG WR VHTXHQFF
WLPI "D\ 8VH WR FROOHFW GI
FROQVXPSWLRQ GDWD
WLPH 9DUI 8VH WR FRSHULRG
HOHFWULFLW\ FRQVXP
N 9DUI 9ROWD
[ 9DUI &XUUH!
Z 9DUI 3RZHU
I 9DUI (QHUJ\ |
S 9DUI 3RZHU )
Y 9DUI $SSDUHQW ¢
Y 9DUI S5HDEWLYH S
N: 9DUI 8VH WR FROOHFW HO
GDWD ITURP HDFEK EXLOQ
,GBS L 8VH DV ORFDWLRQ U
7DEOH
W W LGB\ , € 8VHG WR VHTXHQFF
WLPH 9DUI 8VHFROOHFW WLP
WHPSHUDWXUH GDWD
WH 9DUI 8VH WR FROOHEW W|
HDFK EXLOGLQJ
WLPH ‘D) 8VH WR FROOHFW GD
GDWD
,GBS , C 8VH DV ORFDWLRQ U
7DEOH
WZI LGBZ . C 8VHG WR VHTXHQFF
WLPH 9DUI 8VH WR FROOHFW WLF
XVDJH GDWD FROOHFW
Ol 9DUI 8VH WR FROOHFW ZL
HDFK EXLOGLQJ
WLPI ‘D) 8VH WR FROWKH ZDW
GDWD
,GBS ;€ 8VH DV ORFDWLRQ U
/DEOH
WK LGBF , C 8VHG WR VHTXHQFF
WLPH 9DUI 8VH WR FROOHFW WLP
KXPLGLW\ GDWD FROO
KX 9DU I 8VH WR KXPLGLW\ GD'
EXLOGLQJ
WLPI "D\ 8VH WR FROOHFW G
GDWD
,GBS i C 8VH DV ORFDWLRQ U
7DEOH
WJD LGBJD , C 8VHG WR VHTXHQFF
WLPH 9DUI 8VH WR WLPH SHULRG
GDWD FROOHFWLRQ
"HLIKW 9DUI 8VH WR FROOHFW
"HLIJKWB 9DUI 8VH WR FROOHFW U
"HLIJKWB 9DUI 8VH WR FROOHFW K
"HLJKW 9DUI 8VWR FROOHFW R
WLPI ‘D) 8VH WR FROOHFW Gl

SWLRQ GD

GLQJ

FROOHFWL

LRQ

H SHULRG
HFWLRQ



7DEOH &RQWLQXH

7DE 1DF 7\E /IHQ. | "HW
1DPH
,GBS , C 8VH DV ORFDWLRQ U
USODFH
WSUF LGBS! , C 8VH WR VHTFROOHF
SURFHVV GDWD
,GBFD)\ , C 8VH WR FROOHFW U
FDWHJRU\ 7DEOH
,GB , C 8VH WR FROOHFW U
UYDULDEOH 7DEOH
,GBS , C 8VH DV ORFDWLRQ U
7DEOH
0

7KH S5HIHUHQFIHV' WW B EW\WSH GDWDEDVH WKDW GRH
VWUXFWXUH RI WKH IL[THG GDWDEDVH ZKLFK LV XVHG D\
GDWDEDE®GIH3UFDWHJRU\" LV WKH 7DEOH XVHG WR FROO|
JURXBYG WR/ WDWLVWLFDO DQDO\WLV DFFURGLQJ WR
FRPPXQLW\ , W LV DOVR WKH 7DEOH XVHG DV UHIHUHC
7TDEOH XVHG WR FROOHFW GDWD RI EXLOGLQJ QXPEHL
SWSURFHVF" wWwixOBDHB”® 3WHOHFWULFLW\" DQG 3WWH
7TDEOH LV XVHG IRU FROOHFWLQJ IUHTXHQF\ GDWD LQ C
UHIHUHFH WR SUYDULDEOH" 7DEOH SUXQLW™ 7DEOH LV
HQHUJ\ FBPDXXKUHPHQWY DQG FROOHFWLRQ WLPH SHUL
S UYDULDEOH 7DEOH 3UYDULDEOH" 7DEOH LV IXVHG IRU
FDWHJRU\ , W DOVR FROOHFW IUHTXHQF\ GDWD HQH

SWSURFIBDEDOH



TDEOH5HIHUHQFH 'DWDEDVH 7DEOH

7DEOH .
1DPH 1DPH 7\SH| /HQJWK HWDLO
FDWI | LGB&D C 8VH WR FROOHFW V
FDWHJRU\
QDPHB&L 9DUI 8VH WR FROOHF
USC LGB C 8VH WR VHTXHQFH RUG
GDWD
1IDPHB: YDU 8VH WR FROOHF
UIUHT | LGBIUH S 8VH WR FROOHFW VHTX
1IDPHBIUF | YDU 8VH WR FROOHFV
UX LGB C S8VHFROOHFW VHT
PHDVXUHPHQW XQLW
1DPHE YDU 8VH WR FROO
UYDLU | LGE L 8VH WR FROOHFW VHT
IDPHI YDU 8VH WR FROOHF
LGBFD L 8VH WR FROCRUGHU RI
GDWD ZLWK UHIHUHQFH|IURP FDW
LGBIUH L 8VH WR FROOHFW VHTX]
ZLWK UHIHUHQFH IURP UIUHTXHQ
LGB L 8VH WR FROOHFW VHTX
UHIHUHQFH IURP UXQLW| WDEOH

6PDUW &RPPXQLW\ (QHUJ\ 'DWD ODQDJHPHQW 6\VWHP 'k
(QHUJN GDWD PDQDJHPHQW. VAM\VWHP GHVLJQ PXV
FROOHFWLRQ SURFHVV RI

GDWD IORZ LQFOXGLQJ UHOD

GDWD RXWSXW /KH GDWD VOR G HYQLR QPWKH RBY HAD YQX\W
XVHU ZRXOG EH DEOH WR XQGHUVWDQG WKH GDWD HDV
8VHU ,QWHUIDFH '"HVLJQ
8VHU ,QWHUIDFH LV WKH GHVLJQ RI WKH FRQQHF\
HDVH RI

XVH  7KH XVHU VKRXDOGY BHD QG OHK W R/ \NW BWHFO W |

ZRUN 5HVSRQVLYH :HE 'HVLJQ FRQFHSW ZDV XVHG LQ
UHVXOW DSSURSULDWHO\ RQ YDULRXV GHYLFHV XQGHU
XVHG WR VHW WKH RSHUDWLRQ WWHFR\S MWD SHHWNG WEKRH
JUDPHZRUN ZLWK +70/ &66 DQG

-DYD 6FULSW TKH ZH

6PDUW '"HYLFHVY DQG WKH 8VHU ,QWHUIDFH GLVSOD\ ZD\



GHVLIJQ DQG OD\RXW 7KH GHVLIJQ DOVRKLVQERNXIS HIZO ¥
LQFOXGHG &2'( 9LHZSRUW ODWD 7DJ VR WKH YDULRXYV
VXSSRUWHG E\ VSHFLI\ OHWD! LQ WKH SDUW RI KHDG!

JLIXUH )RU %RRWVWUDS OD\RXW ZDV GLYLGHG E\
ZKLFHKWH GLY FODVV "FRQWDLQHU"! GLY! WR VKRZ \
GLY FODVV 1PRQ®DLQGHY! WR DGMXVW WKH ZLGWK DFF
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7KH %RRWVWUDS ZDV XVHG IRU FRQWHQW OD\R.
LQFOXGHG
6DIIROGLQJ JULG V\VWHP LV IRU IOXRER® XRQNDMQ
%DVH &66 VW\OH VKHHWYV LV IRU XVDJH ZLWtk
W\SRJUDSK\ WDEOHV IRUPV DQG LPDJHYV
&RPSRQHQWYV VW\A\OH VKHHWY LV WKH GLUHFWLI
DV QDYLJDWLRQ EUHDGFUXPEV DQG SDJLQDWLRQ

-DYD6FULSW MAXNVBCGXWRQWVQFUHDVH DWWUDFW
VXFK DV PRGDO FDURXVHO RU WRROWLS

3URJUDPPLQJ ODQJXDJH

7KH VHOHFWHG FRPSXWHU ODQJXDJH IRU WKLV
FRPPDQG 64/ IRU V\VWHP GHYHORSPHQW DQG -DYDG6I
UHISRUW UDHSSKOD QJXDJH LV DQ RSHQ VRXUFH SURJUDPPI
3+3 ZDV XVHG IRU FRGY8UWR®MW KHWBHUAYHYI 3+3 DOVR
ZLWK WKH GDWDEDVH VWRUHG E\ 64/ IRU UHWULHYLQJ L
ZUKW64/ FRXOG UHWULHYH GDWD IURP. WKH GDWDEDVH D
IRU WKLV RSHUDWLRQ LV VKRZQ LQ

JLIXUH 3+3 ZLWK &KDUW MV DQG -DYD6FULSW ZD)\
UHSRUWLQJ

64/ 6WUXEWXUHG 4XHU\ /DQJXDPB IDYHXWKB WR \D
GDWDEDVH 64/ LV WKH GDWDEDVH SURJUDP ZLWK VLPS

DQG DEOH WR ZRUN FRPSOH[LW\ ,Q WKLV ZRUN 64/ Z



6HOHFW TXHU\ IRU 6HOHFW GDWD

8SGDWH TXHU\ IRU (GLW GDWD

, QVHUHN\BI®&G GDWD

'"HOHWH TXWHOWHWRUG D W D

7KH HQHUJV GDWD PDQDJIJHPHQW V\VWHP ZDV GHY'

GDWDEDVH 7KH GDWD LV FRQVWDQWO\ FKDQJLQJ HYH!
ZKLFK FUHDWH FRPSOH[LW\ H6/4&/Q6WQRXQNVJI AN K DDV \PIRVUN
VROYLQJ RI WKH V\VWHP  7KH IXFWLRQV WKDW ZHUH |

FRQYHQLHQW RI XVDJH ZHUH 64/ 68%675,1* 64/ &2817

QaQ
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IFBEFS5%P6 WBBMOYMIDBUIJPO EPXOMPBE &
IFBEFS5$B@QUBOBBE@H HCJIO
IFBEFS -BOPUF®UGJIJMETJI[F NZFYDFM YMT &

YLIXUH ([FH® S BUW D |

JXQFWLRQ 64/ 68%675,1* ZDV XVHG WR JDWKHU LC
RI WKH GDWD FROOHFWLRQ PM XWKHR XAKH DQHG DVL VY KRWE

PDGH JHQHUDWLQJ VXPPDU\ UHSRUW IRU GDWD HDVLHE
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JLIXUH)XQFWLRQ 64/ 68%675,1*

)XQFWLRQ 64/ &2817 ~$9* DQG 680 ZHUH XVHGC
DQG VXP GDWD UHVSHFWLYHO\ DFFRUGLQJ WR WKH
JDWKHUHG DQG DYHUDJHG IRU DOO HQHUJ\ GDWD FDW

ZHUH XVHGRRBDQIGLVV )VERUZR LQ
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-DYD6FULSW ODQVYRXUFHWREFHRSHRULHQWHG FRP
LV WKH PRVW SRSXODU FRPSXWHU ODQJXDJH DQG PRV
ZRUN -DYD6FULSW ZDV XVHG BDWW L&KD VW DWWL WR LS DRC
HQHUJ\ GDWD ZLWKLQ WKH LQWHUYDO RI GDWD FROOHF
FUHDWLQJ 7DJ &DQYDV WR GHWHUPLQH WKH VL]H RI &
JLIXUH D 7KH JUDSK LQ YDULRXV IRUPDW VXFK DV

JHQHUDWHG IURP WKH \VWQWDKH. QP)SRBRXWHG GDWD IURF
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7KH GHYHORSPHQW RI HQHUJ\ GDWD PDQDJHPH
&RPPXQLW\ ZLWK 39 $& '& OLFURJULG ZHUHDMWK® PDLQ
,Q WKLV FKDSWHU WKH UHVXOWY DQG GLVFXVVLRQ ZH
SHVXOWYV RI '& $& OLFURJULGY 6LPXODWLRQ
GHWHUPLQH WKH SRWHQWLDO RI PLFURJULGYV IRU 6PDU
SHVXOWV I[URP HQHUJ\ GDWD FRDWHFWLRQ YHI

'HYHORSPHQW RI HQHUJ\ GDWD PDQDJHPHQW V

(QHUJ\ *HQHUDWLRQ DQG &RQ¥XPS&ILRQRIMWEQWLDO R
6PDUW &RPPXQLW\

7KH PRGHOLQJ E\ XVLQJ +RPHU (QHUJ\ BRUMZDUH
SHUIRUPHROWROQW KFHURJOLG DQG $& WHFURVXE®WNGZHE VY H
JXLGHOLQH IRUH®BURYWXMWWMREOH IRU H [ LDVONGL QX WORXHY
H[SDQVHR/@LOV RQ WKH FRPPXQLW\ ORDGV IRU ERWK VL

6PDUW &RPPXQLW)\ /RDG

 QVKRDUW &RPPXQLW\ WKHUH DUHKRMEXPQQLQJV |
PDUW FRIIHH VKRS NLWFKHQ RMKARHOBQGYV EBWHK ADWE

DV &4RROLQJ ORDG +HDWLQJ ORDG /A2UJKBRDBKBRDG L



FRROLQJ FIORMEGNG LMLU FRQGLWLRQHU FRROHU UHIULJ!
ORDGV LQFOXGHG PLFURZDYH VKRZHU ZDWHU KHDWKI
FRIIHH PDFKLQH 7KH OLJKWLQJ ORDGV LQFOXGHG Ol
/IDVWO\ WIKIHQ PH)QWH UMRDGY LQFOXGHYV WHOHYLVLRQ |
SURMHFWRU FRPSXWHU DLKHIDVMQSD®E GRRBRE W U DFERRR(® W\
UDWLQJ ZHUFPDEKRIZDEQH (DFK EXLOGLQJV KDG GLIIHUI
DPRXQW RI| HOHBWBHED®I MW8SH GDWD FROOHFWLRQ WK
VWDIl ZHUH OLYLQJ DQG ZRUNLQJ LQ WREHKRIRH\QRWGDH
WKH EXLOGLQJV ZH RH FX\BHHEFWHH I RBUOWXGHQWY ZHUEt
VWXGHQWY DQG WRNWHGUL GFROXBD R | PRQWKY 7KHUHIR
UHDO GDWD DQG VLPXODWHG GDWD ZHUH XVHG LQ W
GHWHUPLQH WKH RSWLPDO FRQILIXUDWLRQ RI WKH '

&RPPXQLW\



7TDEOH&RROLQIV/IRD 6PDUW &RPPXQLW\

$LU FRQGLWRERRROWHUSHIULJIHUD WRHH]H|U

5DWHG 5DWHG 5DWHG 5DWHG
%XLOGLA@R 3RZHU1R| 3RZHUR| 3RZHUWUR| 3RZHU

$ )UD

'LDP
+RXVH

6PDUW

%

%

'
[

:D
oLQabuUuw

*UHHQ
9LOOD

*Ut
LWFKHQ

6P|
&RPPXQLW\
211LFH

%DW
+RXVH

%D\
+RXVH

7TR' (OHFV
$SSOLDQFHYV
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EXLOBLWRPH EXIKDYL@IMPKDILU FRQGXAWKFP@HWW +RPH
DQG 6PDUW &RPPXQLW)\ 2ILFH 7KH D LUV FRQIGILUMICRD H
ZDWWDJH SRZBV ZPBIFX : 7KHRROHDYQVWDOOHG DW *
LWFRHWK]H :  7BHIULINIDUNERUG DO B ) UOPBHIUW +RPH

*UHHQ .LWFKHQ DQG )U HHYMUODQWW DOOHG DW



7TDEOH+HDWLQJ /RDGV LQ 6PDUW &RPPXQLW\
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SRZBW : (OHFWULF S50V H KRR NDYW \BPDOWGFRPH DQG ¢

&RPPXQLW\ 7ZHHFEFWWYV ZQVWDOOHG DW *UHHQ &RIIHH !



&RPPXQLW\ 2IILFH &MV WDROKIHGI DW *UHHQ RRIIHH 91

7TDEOH/LJKWLQJ /RDGV LQ 6PDUW &RPPXQLW\

ILIKW EXOE /RQJ /LIJKW |[EXOE/DPS
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ZHUKVWDOOHG LQ HYHU\ EXLOGLORVER WIKWIQN LOAH KV &
. VL]JHG LQVWDEYOHG LQIHYHRIZAHYHU WKHUH ZHUH DOV

LQ WKH :DWUWAOLQG : /DPS LQVWDOOHG LQ WKH 'LDF
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L@ )JUDPHLDPRQG +RXVH 6PDUWKHREBBVKQBHB.VWHU VL]
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ZHUKVWDOOHG DW 6PDUW &RPPXQAMAQXMW.HFE O I3 GUD

6PDUW +RPH BREBN&U KRRGZDNPHVWDOOHG DW 6PDUW +F



6LPXODWHG )XOO /RDG

'XULWKH H[SHULPHQWDO SHULRG WKH UHDO ORD(
6PDUW &RPPXQLW\ ZHUH QRW IXOO\ XVHG EHFDXVH RI |
WKH VLPXODWHG IXOO ORDG PXVW EH GHYHORSHG DV
VIVWHP VRPXPDMRPHU 7KH VLPXODWHG IXO0O ORDG ZD
WKH HQWKQI® RIFPAXSDQF\ ZLWK SHUPDQHQW VWXGHQWYV
WKH 6PDUW &RPPXQLW\ ,Q WKH IXWXUH SODQQLQJ PR
WKH 6FFORPX@LW) WKXV WKLV UHVHDUFK ZLOO GHWHU
PLFURJULG V\VWHP IDFWRULQJ WKH H[SDQVLRQ RI WKH
7KH VLPXODWHG |XO&RRBD®E) AR GOHHRWLQJ ORDG /|
(QWHUWDILQPH QRRDB UHSUHMHRWHDS L@ F DQG G
UHVSHFWLYHO\ 7KH ORDG SURILOHV DUH WKH FRPELQI
ZHUH GLYLGHG WR KU LQWHUYDO DQG WKH WLPH RI )
EHKDYLRWREXSD QW YV LQ MHDIKK HXLIRGLWEKH FRROLQJ OR
DLU FROGLWLRQLQJ FRQVXPHG WKH EHFOXYW PRWW JX\A
ZDV GXUZBUNKH KRXGXLXYXDOOKUV7HHU FRQGLWLRQ
ZHU R DOMGWKH BWHWKGGKRRBY KUV KH FRZFDOMH U
LQVWDOOHG DIWQW KtV K & R RUDVKHLUNREIMM O HFWULFDO ORI
DOO WHRPAHY HU WKHWRPRLSKWLRIBV LQZDRRAK HVBED ORD G
GHSHGQRBW®H ZHDWKHUFKQBV. VEXRIQQJ KUWHEZEBEKRW
ZHDWXKH3 KLIJK ORDG XVDJH IURP FRROHU DQUHBJHUFRQ
DQG 5HIUZHXMDHRRIIKR XUV D GD\ VR WKDW WKHWH LV D

WLPHYV



JRWKH KHDWLQJ ORDG SURILOHV WKH FRIIHH PDU
ZKLOH WKH KRW ZDWHU IRU WKH VKRZHU ZHUH XVHG IX
JLIXUHE 7KHRIIHH ODFIKXQHMG GXULQJ KGXULBJ WK
RSHQLQJ WEtPHHR ESRIHHHKEKROZHLU :DW KDIKHB WMIOWB FWULF
ORDQG WA QJ WKH KRXUV ®IP.DQBP SPSB/ ZHOO
DV OLFURZDY HD RWFBRMWF 5L FH & RIRURHFE DV LRWKHW KD W
HOHFW UL ZBIO H K D\BIRBIMD M MHK H 6 K R ZHIVE B &/ BIXAVCH/ L W
WKH SRIUYRMEIHKDY LRU IRU KRPH XVH VXFK DV WDNH D E

7KH OLJKWLQJ ORDG SURILOH ZHUH EDVHG RQ W
VXFK DRPMRHZKOO EH XVHG GXULQJ QLJKW WLPH DQG P
VKRS XVHG WKH OLJKWLDIVHE XTKIBIHW MK SHEKR F K
ZHUH ICEKW EX@BDJ /LIKNDEXPE TKH/LIKW EX®@BVKH PRVW
HOHFW UEFRDB DXO/RIDW KH\  Z HHYHI W\Q B WLIDEEA MY UQR G RI XV H
/("V ZHUH KUV KU®RG |« KUV  KUWVKBRQJ OLXKNWJIEXOE
ZHEHWZHHO KUYKH OLJKW LQU@VW/IDD/MHRE UK WKH RIIL
ZHUWRB HUDWHGRGRDDQZR UNLQIWKREK UDL J KW L @ L\ LWAHDX O W
HOHFWULBDWKBORDHU IKRIY RI KUBXHKWRRVHKROG EHKDYLR
DV ZRQ NUGI® G LQJ

JRU WKH HQWHUWDLQPHQW RIILFH OR WK HWXDH FR
WLPHZKLOH WKH WHOHYLVLRQV ZHUH ) )XKVYXEH®W QLJIK\
&RPSXYWKIKH JUHDWHVW HOHFWULFD®®WRDWRGEHLQJ
LQVWDOOHG DRM WHK R UBIDBRKHOHFWULFDO EXUQHBQ GXUI
KRXURH FDVK UHJLVWHU L Q VO/DDKIIBG HIDW F W IDLVF I 00 D@ID

KUKLFZDWKH RSHQLQJ KRXBV RUWKWKWHKR R 1L



HTXLSPHQW VXFK DV &R SD @O AK LODHZ REKROHEIAW R OHFW U L
ORDG WKDQ RW KHUMMETHW IR | WAKEHK IGSHRNA.GDHO Z D \V KV H G
HOQWHUWDLQPHQW H ZRXKHBYMWD QXH&HFWULFDO ORDG IR
IURP DQG KUEFDXMMIDW ZDV WKRUSIHDQRB GD EW +
ZRUN LQ(VAR HKRRXBD G IKDNHY LWLHYV LQ WKH GAFOXRY VXFI
FRRNISQJWKH UHVXOW RI W KRHR RN R XODRRMIGK HIOBEFENM K B O
ORBBFDXVHXVDPRBBHWZHHQ KDQIGRP KUV

KUV

h — Air conditioner
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«++Cash Register
Projector

—_TV
==Copy Machine
== Computer
==Air Fan
==Cooker hood
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'« OLFURJULG 6LPXODWLRQ

7KH JRDO IRU WKLY UHVHDUFK ZDV WR DQDO\]H V
DW WKH 6PDUW &RPPXQLW\ DQG GHWHUPLQH WKH RSWI
DQG WKH IXWXUH VLPXODWHG ORDG ZLWK WKH DVVXPS
UHVXIOMBWHABRDG DQG VLPXSODRIEBHM O/ RBAP G KH
WRWDO UHDO ORDGV ZHUH WKH PHDVXUHG DQG FRPELQ
VIVWHPV FRXOG RQO\ PRQLWRU SRZHU FRQVXPSWLRQ
VI\VWHP RRXPFHDNVXUH SRZHU FRQVXPSWLRQ IRU HDEFK
VLPXODWHG IXOO ORDG HDFK DSSOLDQFH ZDV DVVXPH
WKH EHKDYLRU RI WKH FRQVXPHU IRU HDFK EXLOGLQJ

KHDWLQJ ORD& FHRROHLQW MR)PHQW RIILFH ORDG DQG O
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JLIXUH$YHUDJH 7RWDO 5HDO /RDIAUPRQAB®WVY.PXOD\
WKH 6PDUW &RPPXQLW\ LQ GD\



JURPLIXUHWKH PHDVXUHG UHDO ORDGV ZHUH
RYHUDOO OHVV WKID@MWXKRIVLPXODW HBRIZKHHU WKH WL
UHDO ORDG DQG WRWIXQWIFRXOODWH WR MCKAHIHDN SRZFH
GXULQJ WKH GB\ WLRH 7KHUH ZDV VOLJKW KLJKHU OR
PRUQLQJ DW K ITRUPXOD® W& IR DGG 7KLV ZDV GXH W]
ZDWHU KHDWHU 60LJKW SHDN ZDV. DOVR REVHUYHG G
GXH WR WKH XVDJH Rl WKH VKRZHU ZDWHU KHDWHU DV
ZDV OHVV WKD Q@ WKGE ¥DRXEOHADXEH QRW DOO WKH KRXV
DOO WKH DSSOLDQFHV ZHUH XVHG DW WKH VDPH WLP
VLPXODWHG IXO0 ORDG PXVW EH VWXGLHG %DVHG RC
WKH VWXGHQW D Q\CK H HMHDW PRIDG | WREH FRROLQJ ORDG\
WKH GD\ DQG OHVV DW QLJKW 7KH DLU FRQGLWLRQHU"
.l DOO WKH DLU FRQGLWLRQLQJ XQLWYV LQ HDFK KRXVH
DV WKH V& FRRMWEJ ORDG7KBRROKQH DSSOLDQFHYV UHTX
SRZHU GXWLQJ K DQG DERXW KDOI DW WKH QLJKW WLP
DLU FROQGLWLRQLQJ GXULQJ WKH ZRUN KRXUV ZKLOH W
LQ W KRHG SRHIU & K 6RPH EXLOGLQJ DQG KRXVHV KDYH U
WKHUHIRUH ZRXOG KDYH SRZHU FRQVXPSWLRQ IRU
DSSOLDQFH ZDV WKH OLJKWLQJ ORDGV /LIJKWLQJV ZHU
ZHUH X@HGBKH RIILFHRZQOLKRWH@J ORDGV ZHUH GXH WR
OLJKWLQJV ZKLFK ZHUH PRUH HQHUJ\ HIILELHQW 7KH
VLIQLILFDQWO\ OHVV WKDQ WKH FRROLQJ DQG KHDWLQ
XVHG ALIQWWHIQWO\ ZLWK WKH VKRZHU ZDWHU KHDWHU |

SRWV DV VVKBZQHLDKHUHHEHIH WKH ORDG SURILOH WR



HIILFLHQF\ RSWLPL]DWLRQ RI KHDWLQJ DQG FRROLQJ

WKH RIIHFHVBIQ®& DLQPHQW ORDG

'& OLFURJULG &RQIBIXUDWLRQ
JRU WRKGEHOWEH FXUUHQW '& OLFURJULG FRQILJXUI
+RPHU (QHUJ\)SURUHDPKH GLIRQ@WIPVWHG RI 39 VIVWHP R
ZLWK LUUDGLDWLRQ GDWD DW ORFDWLRQ RI &KLDQJ 0L
ZLWK GLHVHO SULFH DW 2FWREHU LQ$FKDBLGHGG D
&\FOH DW 9 $ SHU EDWWHUD X QRIWG YKV W H/R VAKH.F
PHDQV WKDW LW GLG QRW FRQQHFW WR WKH XWLOLW\
QHHGHG WR VWRUH WKH 39 SRZHU GXULQJ WKH GD\ WL
EDQN ZDV DOVR XVHG DV WKH EXUIWR DMKGE FRPRPX®H WV
9'& 7KH GLHVHO JHQHUDWRU ZDV DOVR QHHGHG D\
VWRUDJH ZDV QRW HQRXJK IRU WKH SRZHU FRQVXPS
JHQHUDWRU VSHFLILFDWLRQ ZDV. ~ N9% UDW HGHR®W D
USP 7KH RSHUDWLQJ OLIHWHPFHR@DMXUDW KRQ RI
PLFURJULG V\WWHP ZDV LQSXW LQWRLWKHHFRRHLRDBIW Z
SURIZBHM LQSXW DV RYHUDOO DYHUDUIHGUMBR VK 5 HIH KE

ORDG DQG VLPXONWXGHDX Q@ ®RBP G WRQVSHFWLYHO\



DC
PV 25.5 kW
Y

> OO
] 1 ] 1
Diesel Generator 40 kW
-
—— - T YN
Battery Bank 100 kWh ﬁ ﬁ ﬁ ﬁ
-m -
= . ] l | |

JLIXUH'& OLFURIDUGIDRRU WKH 6PDUW &RPPXQLW\

E guipment to congider Add/Remove... Equipment to conzider Add/Remave. ..
7| 1
Py Py
Ple—fe— Ple—fe—o
Smart Com Load Generator 1 Smart Com Load Generator 1
1?35k\k.-:qfvhjdk 170 kvwh/d
peal 18 kM peak
> 63|
EFtd2000 EFt4 2000
_ _bc DC
D E

JLIXUH'& OLFURJIDUGIDRP. +RBHWBLHDO ORDG SURI
DQG E 6LPXODWHG ORDG SURILOH

'« OLFURJULG 6LPXODWLRQ 5HVXOWYV
TDEOHWKRZDIBQOPXODWLRQ UHVXOWYV RI WKH '"& OLT
DYHUDJH UHDO ORDWGFRIQD U DNRQKE BDIDRXHG I XOO ORDG RI
VFHQDULRKHDGHWDLOV RI WKH VLPXODWLRQ UHVXOW

GLVSOD\HG EHORZ



6FHQDW&RUUHQW 6\VWHP

JLIXUWKRZHG WKH VLPXODWLRQ UHVXOWYV IURP \
$FFRUGLQJFXWRUMQWWM '& OLFURJULG FRQILIXUDWLRQ W
VXIILEFLHQW SRZHU WR ERWK WKH UHDO ORDG DQG VLP
N:K G WKH GLHVHO JHQHUDWRU DQG EDWWHU\ ZRXOG
UHVSHFWLYHOWXVDWK RKILGBKHYHO JHQHUDWRU DQG EDW
VIVWHP RYHU \HDUV ZRXOG DSSUR LR XW HEAKGHRX E O H
FRPSDUHG WR WKH V\WWHP FRVW ZLWK UHDIQIXARDG D!
D 7KLV LV GXB MRRVWKHRP WKH UHSODFHPHQW RI1 J
FRVW DQG UHSODFHPHQW RI EDWWHU\ 2Q WKH FRQW

VDPH LUUHVSHFWLYH RI WKH ORDG YDULDWLRQ WKHUH

Sensitivity Results  Optimization Results

Double click on a system below for simulation results. {* Categorized ¢ Overall Export... | Details... |
.’ [23 PY | Gen1 |6FM200D Initial Operating Total COE | Ren. Diesel Gen
=0 gewn | k) Capital Cost ($/4r) NPC ($%Wh)| Frac. (L) thrs)
o iflecY = 40 44 $108.352 5.088 §173392 0488 096 622 60
D

Sensitivity Results lOptimizatiu:un Resuits |

* {Tabular ©
Double click on a system below for optimization results. Export... | Details...
* CB & n?'::' Ge]:n1 EFM200D In'rti.al Oper_ating Total _ CC]JE Ren. Digsel Genl
kW) | (W) Capital Cost ($4yr) MPC (8% Wh)| Frac. L) fhrs)
"' [1_53 =1 255 40 44 £108,352 20,702 23725991 0470 055 11,530 1053

E

)J)LIXUHG6LPXODBWYRRBNFHQD WLLORUUH QW R WH P
SHDO ORDG SURILOH DQG E 6LPXODWHG



6FHQDUYIOFUHDVH %DWWHU\

KHQ LQFUWREBROWWHU\ IURP WR N:K 39

UHPDLQHG WKH VDPH GLHVHO JHQHUDWRU RQO\ VOLJ
VLIQLILFDQW IRU ERWK ORZ DQG KLJK ORDGV 7KHUHIR

QRW VLJQLILFDQWO\ EWIQE BHUMRKH D& PHFDRG FRVW

Sensitivity Resuts  Optimization Results

Double click on a system below for simulation results. " Categorized = Oweral Export... | Details...

ba PV | Gen1 |6FM2D0D Initial Operating Tatal COE | Ren. Digsel Gen1
* = W) | kW) Capital Cost (Siyr) MPC (5/4%Wh)| Frac. (L) (hirs)
’ CB 255 40 22 % 59,926 5,192 2166297 0468 053 1.257 183
: 255 40 44 $108.352 5.088 $173352 0488 059 622 60
!CB B 25 40 66 5116778 5341 £185058 0521 057 354 30
’CB 255 40 28 § 125204 5,648 £197400 055 098 234 18
D
Sensitivity Resutts  Optimization Results
Double click on a system below for simulation resutts. (" Categorized ' Owveral  Export... | Details... |
’ tﬁ & PV | Gen1 |6FMZ200D Imitial Operating Tatal COE | Ren. Diesel Genl
W) | W) Capital Cost (/) MPC (SA4Wh)| Frac. (L) {hrs)
f (“_53 B 255 40 44 £108.352 20702 $372591 0470 055 11,530 1,053
ﬂ (=] 255 £116,778 20253 $375685 0474 057 10,333
‘f EEB B 25 40 22 555,526 22 236 §384 822 0485 053 14954 1,395
f A 255 40 ] £125.204 20525 £387578 0489 057 10.022 765
E

JLIXUHG6LPXOBMAMORRBMFHQDURRUHDVHRADWWHU\
SHDO ORDG SURILOH DQG E 6LPXODWHG

6FHQDXAIRU\ *"HQHUDWRU DQG YRWWO® HFRWVMRU ORZH'
7R DFKLHYH WKRFROWZ MWW WRMWDRD GLHVHO JHQHUI

YDULHG 7KH VLPXODWLRQ UHVXOWHG LQ RQO\ N: GLI

IRU N:K G ORDG 7KLV VA\VWHEBXAFRQWKKUDBRWRQ FRX



86' 7TKHUHIRUGWWHKMWHKR FRQILIXUDWLRQ ZDV RY
UHDO ORDG 'LWK WKH VLPXODWHG IXOO ORDG RI N
JHQHUDWRU DW N: DQG EDWWHU\ DW N:K :LWK

SRZHU VLPLODU WR HNRUHQWHUD WRNWF WIKAFDW LRQ RI WK

RYHU GHVLIQHG HYHQ IRU IXOO ORDG :LWK WKH SURSE
FRVW IURP WKH FXUUHQW V\VWHP FRXOG EH DSSURJ[LPD
WR PLQLPL]JH WKH IRBMW DWIKHRRW \WWKHHU IR XVW VWLOO L

JHQHUDWRU HYHQ WKRXJK KLJK XVDJH ZRXOG HPLW KL,

Sensitivity Resutts  Optimization Results

Double click on a system below for simulation results. (¢ Categorized (" Overall  Export... | Details. .. |
b PV | Gen1 |GFM200D Initial Operating Tatal COE | Ren. Diesel Gen1
a W) | gow) Capital Cost (S/47) NPC  |sAwWh)| Frae. | D) hrs)
rd 25,0 $ 85,301 4728 $145740 0411
v 400 as $153.704 6422 §235.796 0664 1.00
D
Sensitivity Results  Optimization Results ;
Double click on a system below for simulation resutts. ¢ Categorized (" Overall Export... Details...
’ (L_EB & PY | Genl |GFM200D Imitial Operating Total COE | Ren. Diesel Gen
W) | (W) Capital Cost (S4T1) NPC (&/KWh)| Frac. L) (hirs)
! [::3 El 250 10 22 £87.176 14,346 £270568 0341 0bh4 12750 5219
’ B 850 220 £ 335,260 17,804 £566,853 0715 1.00
E

JLIXUHG6LPXOBMAMLRQW YV RI 6FIHODADHIRHUDWRU DQC
%DWWHRN\SRDO ORDG SURILOH DQG E 6L
SURILOH



6FHQD+A@®O\ 39 ZLWKRXW *HQHUDWRU
7KH FRVW RI WKH GLHVHO LQ WKLV ZRUN ZDV ED
FRQVLGHWHG RYIIOLFURJIJR@® \L\WOLHPG LW ZRXOG EH YH!
FRVWO\ WR WUDQVSRUW DQG VKLS GLHVHO RQ WR WKH
WKH PDLQODQG

JRU HDVH RI"PDLQWDLQ DQG HQYLUR

IRFXVHG RQ GHWHUPLQLQD QKEDWWHRL ZXKIMAKVWHBH D S

WKH ORDG )RU WKH ORDG RI N:K G N: RI 39 DQC
QHHGHG 7KH WRWDO FRVW ZDV 86' ZKLFK VOLJK
VI\VWHP RI 86" +RZHYHU ZINWK ®@DWKHUFB R DLG XU L

VLIQLILFDQWO\ LQFUHDVH WR N: Rl 39 DQG N:K |

86' LQFUHDVHG IURP WKH FXUUHQW V\VWHP 7KH

39 LQVWDOODWLRQ FRVW ZKLOH WKH B FWUWHUQ WY V\NRW

Senstivity Results

Optimization Results

Double click on a system below for simulation resutts. (# Categorized © Overall  Export... | Details... |
&3 & PV | Gen1 |6FMZ00D Initial Operating Tatal COE | Ren. Diesel Gen1
¥ W) | kW) Capital Cost ($/4r) MNPC (8/AWh)| Frac. L {hrs)
" [1:3 H 250 5 22 £ 35,301 4728 5145740 0411 054
pf M= 200 $ 153,704 6422  §235796
D
Sensitivity Rlesults  Optimization Results
Double click on a system below for simulation results. (¢ Categorized ¢ Overal  Export.. | Details. . |
Pl en nitial perating otal erl. iesel e
"[EBH PV | Genl |6FM200D Initial 0 Total COE | R Diesel Genl
W) | W) Capital Cost ($/yr) MPC {SAWh)| Frac. L) {hrs)
[ . 587,17 . § 270, . . 7 .
CB@ 250 10 87176 14,346 270568 0341 054 12750 5215
M- 350 $ 339,260 17804 5566853 0715
E

JLIXUHBLPXOBMAMR@WY RI @FHQBWLRLW KR XW
*HQHUDWR 5 HR® ORDG SURILOH DQG E
SURILOH

¢



6FHQDUYRMG DSSURSULDWH IRU RQO\ 39

7KH FULWHULD IRU WKLV VLPXODWLRQ ZDV WR IRF
39 VIVWHPV RI N: ZLWKRXW XVLQJ WKH GLHVHO JHQ
WKHQ GHWHUPLQHG IURP WKH VLPXODWLRQ 7KH UHVX
FRXOKG XFH WKH ORDG WR N:K G WKHQ WKLV ZLOO P

86"

Sensitivity Results  Optimization Results l

Sensitivity varables

Smart Com Load [kKiwh/d] | 45 -

Double click on a system below for simulation results.

* Categorized © Overal

Export... | Details... |

|y

=

PV

W)

Gen
W)

G6FM2000D

Initial
Capital

Operating
Cost ($/)

Tatal
NPC

COE
(S/Wh)

Ren.
Frac.

Digsel

18]

Genl
{hrs)

plML=] 255
F @ 55

40

44

§93,352
5 108,352

3,679
31425

§ 140,382
£152,135

{.669
0.725

1.00

20

JLIXUHBLPXOBMALR@WY RI 6RBGDIBLRIRSULDWH IF
200\ 39

7KH UHVXOWV IURP WKH +RPHU VLPXODEBHRK IRU '
LQ DOLWQAHIXH] DQG FRRRUNH®WKDWWDFKDBIDULG 7K
UHQHZDEOH HQHUJ\ K\EULG W\NQHIZD EOWKS BRMHIGE B GHW K
ZKHQ FRPSDUHG WR XVLQJ D VLQJOH UHQHZDEBE& WHFK
DQG FRZ&RHM H Y% KIDWW D F ZKHUH WKH K\EWURG LPHY H®D]
DQG EDWWHU\ VA\VWHP ZRXOG EH PRVW DSSURSULDMW
DFFRPPRGDWH WKH H[SDQVLRQ RI WKH FRPPXQLW\ LQ

PDLQWHQDQFH FRVWY ZHUH UHODWLYHO\ KLJK
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'& YV $& OLFURJULG 6LPXODWLRQ

'& YV $& /RDGV

7KH '& DQG $& OLFURJULG 6LPXODWLRQV ZHUH FR
WK PLFURRQUGWXUDWLRQMRZHSENKHOLFURJULG 'LDJUL
IRU WKH 6PDUW BRHPPYQEWRJULGY ZHUH VHW XS LQ SDL
WZR SRZHU V\VWHPV GLVWULEXWHG HOHFWULFLW\ WR
VXSSO\ ER[ LQLADPKREEHWN HUPLQH ZKLFK SREH UNVRMUHOX
UHDO ORDGV ZHUH WKH PHDVXUHG7K®GSRE A B LRRIEY KPER
FRXOG RQO\ EH FROOHFWHG IR UFRXPKE EXRIOVGRUHIV K B F K
SRZHU FRQVKPSWLRWOH 7WR VLPXODWHG IXO0O ORDG HD
EH XVHG DW IX0O0O FDSDFLW\ EDVHG RQ WKH EHKDYLRU
DSSOLDQFHV ZHUH FDWHJRUL]JHG DV KHDWLQJ ORDG F
DQG OLJKWRYBUDBOGWKH WRWDO $& ORDG SHU GD\ ZDV
SHU GDRPDEWHH F%& WHRIME SHU GD\ ZDV DW N:K GD\
'& ORDG SHU GD\ ZDV DW N:K GD\ 7KLV LV GXH WR
LQWHUQDOCRR@RXIPSMWIWRQ ZDV OHVY E\ RPLWWLQJ FRQ
'& LV XVHG GLUHFWORIJURB WRH VEKPLFUPXODWHG ORD
FRROLWBROIRD®PHG WKH KLIKHVW HQHUJ\ DQG OLJKWLQJ
SHDN ORDGV ZHUH REVHUXKBKBHGKWRQYIUHG ORDGYV DQG W
IXOO0 ORDG ZHUH XIVRIG@V LDL WK H R/BE7RSHODSHFILILFDWLRQV
FRPSRQHQWYV LQ '& DQG $& PLFURJULG LQ DGGLWLRQ \

WKH +RPHU SURJUDRBXOMVKRZQ LQ



oc AC
AC Microg PV 25 KW

Battery Bank 100 kW g
- -

- oo

|

DC Microgrid PV 25.5 kW . - < J
|
|

D g v 1) o]

Battery Bank 100kWh | % ———————————
- -

— —
Diesel Generator 40 kKW
I

—_—

= 5

JLIXUH$& '&LFURIWU®DP IRU WKH 6PDUW &RPP?

Equipment to consider Add/Remave. .. Equipment to consider Add/Remave...
7| ]
2| Py Py
Srmart Com Load
170 kvdhdd = —
Bk pesk  [4——Cf P—fe—0
Generator 1 Smart Com Load Generatar 1
170 Ewihid
— — 18 KW peak,
Corverter 4 "
BF 42000 BF 2000
ac (] ]
D E

JLIXUH$&OLFURIWUGDP DQRG '& OLFURJULG 'LDJU
IURP +RPHU

'& YV $& 6LPXODWLRQ 5HVXOWYV

,Q WKLV ZRUN VFHQDULRYV ZHUH DSSOLHG GXUL
ZHUH RQ WKH EDVLV Rl WKH FXUUHQW VA\VWHP FRQILJX
EDWWHU\ IRU ORZHVW FRVW GHWHUPLQH V\VWHP FRQIL
VXLWHDBRDG IRU WKH FXUUHQW VA\VWHP ZLWKRXW WHEK
VLPXODWLRQV ZHUH SHUIRUKRHHGHVRPWYHQRB IVMRKH SUH

ZHUH WDNHQ LQWR FRQVLGHUDWLRXEOMKH UHVXOWYV DU



6FHQD WDRIUHQWHB\V

7KH FXUUHQW $& DQG '& PLFURJULG FRQILJXUD\
FXUUHQW ORDG DQG VLPXODWHG ORDG ,W FRXOG SUR
DFWLYLWLHV LQ WKH FRPPXQLW\ 7KH '& PLFURJULG KI
ORZIBSHWDOWLRQ DQG PDLOQWHQDQFH FRVWYV WKDQ WKH §
$& PLFURJULG ZDV GXH WR WKH EFRVW RI LQYHUWHU IRL

VLPXODWHG ORDG DW N:K G WKH '& PLFURJULG RYHL

$& PLFULIRY

Sensitivity Resuls | Optimization Resits |

@ Tabular, ¢
Double click on a system below for optimization results. Export... | Details... |
4 PV | Genl |6FM200D| Conv. Initial Operating Tatal COE | Ren. Diesel Genl
* & kW) | kW) kW) Capital Cost (S4r) NPC (5/&Wh)| Frac. (L) {hrs)
"(‘3 7 25 40 44 36 £58,196 33,980 $532574 0671 046 15123 1414
D
Sensitivity Results lOptimizatiu:un Results ]
* {Tabular ©
Double click on a system below for optimization results. Export... Details...
Pk en nitia perating otal . iese en
*CBED PV | Genl [&FM200D Initial 0 Total COE | R Diesel Genl
W) | (W) Capital Cost (S/yr) MPC (5/%Wh)| Frac. (L) (hrs)
![1_53 =1 255 40 44 £108.352 20,702 23725991 0470 055 11530 1.053
E

YJLIXUH 6LP.XOBMALR@W V. R I HEXQDHIQ\R DE& W H P
OLFURJUEG & VFURGBURBODWLRQ

6FHQDUWIDRU\ 'LHVHO *HQHUDWRU DQG %DWWHU\ 6L
,Q WKH VLPXODWLRQ WKH VL]JH RI GLHVHO JHQHL
UHVXOWY UHYHDOHG WKDW WKH FXUUHQW V\VWHPV ZH!

PLFURJULGY VKRXOG KDYH N: 39 N: GLHVHO JHQHU



DQG N:K EDWWHU\ LQVWHDG RI N:K :LWK WKH SURS
IRU WKH $& PLFURJULG DQG '& PLFGRDQGG ZRXBE& EH
UHVSHFWLYHO\ ,Q DGGLWLRQ WR DFFRPPRGDWH WKH
N:K G WKBIORSWWHP ZRXOG EH 39 N: GLHVHO JHQH
DW N:K :LWK WKH IXO0 ORDG FRQILIXUDWLRQ WKH
WRR H[WHQVLYH IRU WKH FRPPXQLW\ ,QFUHDVLQJ \
DFFRPPRGDWH WRBIGKGHADQG  +RZHYHU LQFUHDVLQJ
ZRXOG HPDWG&ZRXOG QRW EH HQYLURQPHQWDOO\ IULF

ZRXOG IRFXV RQ WKH XVDJH Rl UHQHZDEOH HQHUJ\ RQ

Senstiviy Resuts { Optimization i

Double click on a system below for simulation resutts. {* Categorized  Overall Export... | Details... |
o PV | Genl |6FM200D| Conv. Initial Operating Total COE | Ren. Dizzel Gen1
’ 3 kW) | kW) kW) Capital Cost (S/4r) NPC (5/AkWh)| Frac. L) {hrs)
"’ CB = il 5 s 6 % 105,281 7225 $157646 0485 078 4048 3.057
"’ = a5 110 6 § 227110 3893 $3M0754 0308 100
D

Sensitivity Resuts  Optimization Results

Double click on a system below for simulation results. {* Categorized ¢ Cveral  Export.. | Details... |
PV | Gen1 |6GFM200D Initial Operating Taotal COE | Ren. Diesel Gen1
W) | W) Capital Cost ($/yr) NPC (3/xWh)| Frac. (L) {hrs)
=] 250 5 22 £ 35,30 4728 5145740 0411
‘f =1 400 a3 $ 153,704 6.422 235756 0664 1.00
E

JLIXUHG6LPXOBMALR@QWY RI #$FAHQDUHRHO *HQHUDW
DQG %DW VDS E\OGIF[WRIJULG YV E '& OLFUR
6LPXODWLRQ



6FHQDRIRO\ 39 DV 'LVWULEXWHG *HQHUDWLRQ

ZRXOG EH 86"

'LWK WKH FXUUHQW ORDG RI N:K G IRU $&
FRQILIXURWGREHZ® N: DQG EDWWHU\ N:K 7KH WR!
JRU WKH '& PLFURJULG ZLWK N:K G

FRQILIXUDWLR

Q ZRXOG EH 38:K N7 G/ EWW® HQYHVWP

N:K G WKH 39 V

EH

86"

LWKOWEREB MFHQDULR RI

N :

K

7TKH WRWDO

WR LQFUHDVIN:WORQG EDWWHU\ DW

EH DURXQG 86"

+RZHYHU WKH PDLQWHQDQFH FRVW

f

/L

VLPLODU WR WKH FXURJUUH W § OAWKH/D J6IRRW R 81 DH/I GLVWU

ZRXOG QRW EH FRVW HIIHFWLYH ZKHQ FRPSDUHG WR W

Sensttivity Results

Optimization Results

Double click on a system below for simulation results. (¢ Categorized ¢ Owverall  Export... | Details... |
5 PV | Gen1 |6FM2000| Conv. Imitial Dperating Total COE | Ren. Digsel Genl
7 =) kW) | W) W) Capital Cost (S471) NPC (54 Wh)| Frac. L) {hrs)
GBER 5 2 36 $105281 7225  $197646 0463 078 4048 3,057
& 110 $227.110 8893  $340794 0808 100
D
Senstivity Resutts  Optimization Results l
Double click on a system below for simulation resutts. (# Categorized © Overall  Export... | Details... |
*Cﬁl & PV | Gen1 |6FMZ00D Initial Operating Tatal COE | Ren. Diesel Gen1
) | e Caitd || (Coskt BS6s) NPC  |isawh)| Frec.|  © | )
" CB‘ H 250 B % 85,301 4728 5145740 0411 054
ﬂ _______ [. 40.0 5 153,704 6,422 % 235,796
E

YLIXUH 6 LPXOBMAMR@W V. R | 6FHIM\DIADS R
OLFURJULG YV E

'« OLFURJULG 6LPXODW




6FHQDWIHGXFH ORDG

7KH FXUUHQW $& V\VW HRQ & DE/D %9V H UN :

IRU FXUUHQW PLFURJULG FR

N: K ,

FRPPXQLW\ ZDQWHG WR EH WRWDOO\ UHO\LQJ RQ 5(¢(

FRPPXQLW\ KDYH WR UHGXFH WKH MKD&

IR B U$ &V IPH F'&|

PLFURJULG V\VWHPV WKH ORDG PXVW EH UHGXFHG WI

EDWWHU\

VLIQLILFDQWO\ DSSUR[LPDWHO\
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i PV | Genl |6FM200D| Conv. Initial Operating Total COE | Ren. Diesel Gen1
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Sensitivity varables
Smart Com Load [kiwhAd) |45 -
Double click on a system below for simulation results. * Categorized © Overal  Export... | Details... |
’ tﬁ = PV | Gen1 |GFM200D Initial Operating Total COE | Ren. Diesel Gen1
W) | kW) Capital Cost (S4yr) MNPC (A Wh)| Frac. (L) {hrs)
4= 255 $93,352 3679  $140382 0.669
f@ [ 40 %108,352 3425 $15213% 0725 100
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7KH UHVXOWKN +tBRPU VLPXODWLRQ RI WKH $& DQC
VI\VWHPV UHWHBOSHIHMMHIW LG XVHG LQ BRROW RIR DAEOH.
VXSSRKANWH[SDQVLRQ RI WKH FRPPXQLW\ DQG KLJKHU X\
UHVXOWYV IURP WKH +RPHU VLPXODWLRQ RI WKH $& DQG
VLPLODU WUHQG DV WWKIHG UKH® XCGU\WMY HDRPOMHIDPH][H G
%KDWWDFKDQDB ODKPXG- +DVVDQ 5DKPDXX\EULG 7KH
VA\VWHP ZRXOG EH OHVV WKDQ RQO\ XVDJH RI 39 DV GLV
ELRGLHVHO JHQHUDWRU DQG EDWWHU\ ZRXOG EH D VX
UXUDOMWKRRW PDLQ 6HQL O LAKD WM BFKDURRQILJIXU D WLR (
FRXOG EH VXLWDEOH IRU WKH H[SDQVLRQ RI WKH FRPI

RSHUDWLRQ DQG PDLQWHQDQFH FRVW

(QHUJ\ 'DWD &ROOHFORROW3 ERPRXQ LRV

,Q WKLV ZRUN WKH =~ W\SHV RI VED\CRAUL\Q \HDH H
DFFRUGLQJ WR7RBE®IHFWXUH RI WKH ORFDWLRQ RI WKH
LOLIXUH 1RW DOO VHQVRUV FRXOG EH LQVWDOOHG LQ
WRMUWDOODWLRQ GLIILFXOWLHV DQG VHQVRUV PDOIXFV

'DWD &DSWXULQJ

7KH ~ HQHUJ\ GMWRDFMDWHURBWO\ UHODWHG DQG
HQHUJ\ FRQVXPSWLRQ LQ WKH VPDUW FRPPXQLW\ ZHU
VHQVRUV 7KH RLAWXUMHNVGRY MKVRUY WR FROOHFW GDW
LQGRRU WHPSHUDWXUH LQGRRU KXPLGLW\ ZDWHU X
EXLOGLQJV DUH AW O® WIKLVQZRUN WKH VHQVRUV ZHU

EXLOGLQJV LERWACHQERDUWY WKLV LV SDUW RI WKH



EXLOGLQJY ZHUH FKRVHQ WR GHSOR\ VSHFLILFE HQHUJ\
VHQVRUV ZHUH LQVWDOOHG LQ EXLOGLQJV ZKLFK |
WHPSHUDWXUH DQG ZKXMMLEOWW B BQHMBUNQ EXLOGLQ.
KRZHYHU RQH VHQVRU VHWXS PDOIXQFWLRQ 7KXV |
WHPSHUDWXUH DQG KXPLGLW\ GDWD 7KH ZDWHU VH
+RZHYHU WKHUH ZHUHWGPIHD GRUMRUBILWY K UHDDMHU XVDJ|
EXLOGLQJV ZHUH UHFRUGHG  7KH 6PDUW &RPPXQLW\

GLVSRVWE®EH d®VWH JHQHUDWLRQ GDWD ZHUH UHFRUGH

JLIXUH6HQVRU LQVWDO®HG LQ &RPPXQLW\



7TDEOH/LVW RI 6HQVRUV ,QVWDOOHG LQ (DFK %XLOGLQJ

:DWHU/HPS$ +XPLGILMD\HFW U LOFV WM
WXLOGLQJ | BHQVRWQVRBHQVRUSHQVREHQVRU
6PDUW &RPPXQLW\ RIILBH 3
*UHHQHIRIOOD 3 3 3
DWW ORQW 3 3
*UHHQ .LWFKHQ 3 3
6PDUW +RPH 3 3 3
‘& 3 3 3 3
$)UDPH 3 3 3
'LDPRQG +RXVH 3 3 3 3
%R 3 3 3
%R 3 3 3
6PDUW &RP 3DUNLQJI[/RW 3

,Q &KDSWHY SURFHVV IRU GDWD FROOHFWLRQ ZD
FROOHFWHGLOM S®B9GD\ SHU HQHUJ\ GDWD IEDW HIRK \
VKRZQLUUH ZKLFK KDV GLIHHUHQW ILOH QDPH IRUPDW
FDWHDQG\W\SH RIKWHODRLHW\ Rl GDWD IRUPDW SRVHG |
YHULILFDWDR®HMW DHOHEWULFDO GDWD DQ H[DPSOH
[2**(5 &69 DV ILOH YBBKSOOH LV FRPSRVHG Rl GDWD
9ROWDJH 9  &XUUHQW $ 3RZHU : (QHUJ\ N:K 3Rz
9$ B5HDFWLYH 3B@HURWBO N:K N:K 7KH GDWD LV Ut
VHFRQGV IRU UHFRSGIMW®DEOH 7KH DFW XZHOFGRDWBFWHG
IUR P MORHWDHOIWHRGES R ZHY MUK L W IRI@ W D \KB&H DV HQ X PEH U

RI UHFRUGV LQ HDBF®&FN.OBWHWISD GGG EKLIWKH XQV)



SRZHU V\VWHP DQG QDWXUDO IDFWRUXKVRRKUBY YSGRVZ H G
VHQVRULDEQWLWH HXWRVMXH GDWD FROOHFWRRK GRIVDDF
FDWHJRU\ KDG GWLU RHU HIHITRHR@EOMPEHU RI UHFRUGYV REWTE
&69 IZOIKFRQVLVWHQW ZLWK WKH VL]H RI WKH GDWD VWF
ZDV ODWKH VL]HZRXW@AUHDMH DFFRUGLQJ WR WKH QXP
JRU H[BRZEHYXPSWORQVBDWD ZHUHYHHNRIEEBG H
SHWEXLOBKIOIK ZKDXYOHG W KH K LJKHVDW UHBR B BUEEWS (G B\
0% SPRQWK D% DQSEHU \BIVU *% 7KHHPSHUD@XUH
+XPLGEABW D ZHUH YAROOGHRRIGS SHU7EXUMNGRQ®PD[LP X P
QXPEHU RI UHFRDWGV SUWHHF BOBY WKHRXQH E®% SHU
PRQWK W DQEHU DMDU 0% 7KH ZDVWH GDWHYBKWUH UHF
PLQXWHELHUTXHPXP QRREHFRUG ZIMLWK VLPHSHU
GD\ O0%SHU PP@WK 0%SHU \HDUODGDWD FDW KBRWRMAD O
QXPEHU RI UHFRUBXY OBRPIEEIEROW % SHU \HEHUHIRUH
IRU WKH ZKROH FERPRQUWHVEIDWD VWRUDERXYW]H ZRXO
*% SHU JWIRWP WKH VL]H Rl GDWD VWRUDJHG PHQWLRQH
ZRXOG EH LOQFUHDVHG ZLWK UHDOW LPOHPMRBQ WRRKDLDH T
HIILFEBAI/Q GDW D IPQIEDDIGPRIFREW LPL]H WKH GDWD UHF
SHULRG WR RQO\ UHFRUG WKH XVDEOH GDWD 7KLV ZR
VWRUHG RQO\ WKH TXDOLKH G DW DQ D® M KHJ GDQME D \GH W
/2**(5 DQG D QXPEHU DWQGRGINR QRIMVERQWRU GDWH RU
FDWHJRU\WKH WHPSHUDW KW D\Y EHEMIFEREERWOIYHG DQG LC
WRJIHWKH B [DPSOHV Rl &69 ILOHV IRU WHPSHUDWXUH D¢

WHPS OFYE KXFEFVYUHVSHFWLYHO\ 7KH ILOH Q



XVDJH VHQVRUV LV WKH VDPH IRUPDW DV WKH WHPSHU
DV ZDWHU FKKN ILOH QDPH IRUPDW LQGLFDWHG WK
+RZHYHU WKH ILOH WBPSHIRDWRWKN IRUPLGLW\ DQG ZD
IURP WKH HOHFWULFDO GDWD ILOH QDPH JRU WKH Z
LQVWDOOHG D/ FAMMWWID ELOQRFDWLRQ RKMW KHE B\WP\W H VE L&R
DUH IRU JHQHUDO XKWARGDEWIO KIFZD8RWHYVY 7KH GDW
DUH JURXSHG WRIJHWKHU LQWR RQH ILOH SHWDGO\ 7KH

NIJFVY ZKLFK LQGLFWWSH WRKIEBGWWH DQG

JLIXUH ([DPSRHM VRQVIMDIIR WR FROOHFW GDWLEL
HOHFWBLMNPASWXKKPLGLW\
G ZDWWDJH H QA VWH



JLIXUH&® ILOHVLIQQWRW D OO HG D/ HHQOVWAFRBUO/L FR W/ \
WHIRSDWEXKKMPLGLIWDWWDJIH HD Q&DVWH

J)LIXUH5DZ GDWD I|URIR &6 9H QKDHE UWHRILABW X U H
F KXPLEGALWDWWDDOE®E ZDVWH
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ADHYTIMdHIWNYENE HO3d.



'‘DWD 9HULILFDWLRQ

JURP WKH ILOHV RI WKH GWWIB GDBWXPDHQH UK
GHSHQGLQJ RQ WKW HXG\ S3HD W ID FR@LEMVR LR U 7HODEERHELOF\D I/ HF G W
WKHWRISGBDWD XQLW IRU HXKAK HGH¥FW B DMLAMM\RGDWD ILO¢
XQLW LQIRUPDWLRQ IRU 'DWH 7LPH O9ROWDJH &XUUL
$SSDUHQW SRZRUHYHDODRWIDYHNZK DQG N: JRU WHPSHL
ZDWHU GDWD ILOHYVY WKH LQIRUPDWLRQ IRUPDW DUH V
FDWHJRU\ FROOHFWHG YDOXH DV &HOVLXV f& SHU
UHVSHFWLYHO\ \DRVY WHINYGAOBWDQURHHDONLRQ DV 'DWH 7
*HQHUDO ZDVWH +D]J]DUGRXV ZDVWH 5HF\FOH ZDVWH I

7TKHUH LV DOVR GLVFUHSDQF\ IURP WKH LQIRUPD
FDWHJRU\ JRU HI[DPSOH LQ KRFHGWWNH IEREBXPQYRRH A4l
DQG KXPLGLW\ KRZHYHU VRPH ILOHVRDOGE KW YR QN MPH
ZHUH D ODUJH QXPEHU RI GDWD FROOHFWHG JRU HII
DSSUR[LPDWHON\ UHFRUGV QNMALOQH WRLF¥FHKUADWV LW V
ZHUH FRUUHFW RU HUURU 7TKHUHIRUH WKH PDLQ LVV.
WKDW WKH ODUJH DPRXQW RI GDWD LQ WKH UDZ FVY IL
ZDV QRW FOHDUO\ VHSDUDWH RHJ DIRJRRIERHG W IQWRD WR. (
SURFHVV IRFXVHG RQ JHQHUDWLQJ JRRG DQG XVDEOH C
,Q WKLV VWHS DOO &69 UDZ ILOHV ZHUH H[DPLQHG Y|
GHOHWHG LI WKH\ GLG QRW KDYRYH ¢CBOYVRIKHRKIZDWBI

EODFNRXW LQVWDELOLW\



'DWD $UUDQJPHQW

7KH GDWD DUUDQJHPHQW ZDV WKH PRVW GLIILF
GLIIHUHQW IRUPDWY DQG GLIIHUHQW QXPEHU RI UHFR!
FRPSDWLEOH WWREMWKIP SRROMWLBGHG GDWDEDVH (DFK IL
FKURQRABRGIHWDO®OG VHW WKH VWUXFWXUH WR VLPLODI
7KH ILOHV ZHUH SURFHVVHG ZLWK 5HSA@PBRIR D& BH J X
LQVHUWLQJ GDWKHP Q@ (R WHBIFIKIMMBDFRDQG WKHQ LQVHUYV
EXLOGLQJ FRGH DW WKH HQG RI MEXUMEF& WEHDLWIOH ~
VWUXFWXUH DUUDQJHPHQW DOO WKH ILOHV LQ RQH P
GDWD FDWHJRU\ RWRVEH BOWMEGNE WKH %DWFK ILOH F

FRPELQH WKH ILOHV

D E

JLIXUHS5HSODFH ZLWK 5HJXQQWHU $/UHWWMR @ HDW
DQG E WRNWUMN WKH HQG

JLIXUHVKRZHG DQ H[DPSOH RI ILOQGWR PEQOAEZQIL G
FDOOHG FRPELZAHHXP GUYWKH ILOHV FROOHFWHG LQ R
YHULILHG DUUDQJH DQG FRPELQHG WKH\ FRPELQHG F

GDWDREHDWKH HQHUJ\ GDWD PDQDJHPHQW VA\VWHP



DPQZ& DTV

JLIXUH&RPPDM@SPERODWFK )LOH

'DWDEDVH )LOH ,QSXW
7KH WLPH IRU XSORDGLQJ WKH GDWD ILOHV GHSF

WKH GDWD ILOH 2Q DYHUDJH LW WRRN DSSUR[LPDWH

VKRZQLIRUH 00

0

0
JLIXUH'DWD WUDQVIHU ZLQGRZ

0

$IWHU WKH GDWD ZHUH XSORDGHG WKH GDWD F
ODQJXDJH )XQFWLRQ 64/ 68%675,1* DQG $9* ZHUH X

GDWD LQWHUYDO WLBHISHUHLRGXWB\BHLPKR2OW DSSOLHC



VHFRWRE DFKLHYH &URVVWDEV E)})RES0O\6MRRPBQG VXFK
$9* DQG 6807KH GDWD ZHUH GLVSOD\HG KRUL]JRQWD
XQGHUVWDQGLDXQWBHU HRRWWLY ZRUN 4DV DNWSW HQ KR

IRU HDVH LQ XVDJH UHGXFH WKH RSHUDWLRQ RI 4XHU\

d
d

JLIXUH)XQFWLRQ 64/ 68%675,1*

JLIXUH&URVVRBERUL]|BQOWDO



7KH WHFKQLTXH GHYHORSHG IRU GDWD FDSWXU|
SURYLGHG WKH GDWD ZLWK WKH VDPH IRUPDW WR EH
PDQDJHPHQW SURFHVV ZDV DOLJQHGFREZWKNERN ZRUN
UHJDUGLQBWAKH RDBDJHPHQW RI ODUJH GDWD WR
YHULI\ WKH UDZ GDWD DQG UHKH UDP@RMVWKGIVGID\R P & WX
WR UHWULHYHG GDWD IRU GLVSOD\ 7KH 4XHU\ ZDV VW
AXHU\ 'DWD ZHKWLFRQIRHG) ZLWK W KHDARRKRUR A W L OLKADKDL
ODFKFKKDU -DVGDQZDOD W R FRQGGL IR RWKIH HA KLHFWL H

UHWULHYDO RI ODUJH DQG FRPSOLFDWHG GDWD

8VHU ,QWHUIDFH IRU 6PDUW &RPPXQLW\ (QHUJ\ 'DWD O

7KH GEVWRKH 8VHU ,QWHUIDFH RI WKLV ZRUN DSSO
'HVLJQ ZLWK %RRWVWUDS WR GHILQH WKH RSHUDWLR
/IDQIXDJH ZDV DSSOLHG ZLWK &KDUW MV WR UHSRUW L
XVHU LQWHUIDFHSID & ILYQLFGXGE MERY D VAR5 8D U H
%XLOGLQJ MAD5HBIRUWLQJ 3DJIH

ODLQ SDJH

7KH PDLQ SDJH UHWULHYHG DOO DYHUDJHG L

&RPPXQLW\ E\ GLVSOD\LQJ LQ FRPSDULVRQ JUDSK IRU (

:DWHU DQG :DMWXUGDWD LQ






G

JLIXUH'LVSDJH ZHESDJH IRU 6PDUW &RPPXQLW\
ODQDJHPHQW 6\VWHP D ODLQ 3DJH E '
*UDSK F 'DVWHDOQ®D WD BK % XLOGLQJIV

'"HWDLOHG 'DWD 'LVSOD\ 3DJH
7TKLYDIJH ZRXOG GLVSOD\ WKH GHWDLOHG LQIRUF
&DWHJRU)\ JRU HI[DPSOH RI WHPSHUDWXWHLPWRH DY
WHPSHUDWXUH ZHUH GLVSOD\HG LQ D SLFWXUHJHRUPD
D 7KH DYHUDJH WHPSHUDWXUH IRUJHNDHKE PRQWK
ZLWK WKH IGPWOUWBEQOBIVWO\ WKH DYHUDJH KRXUO\ Wt

GDWD DOO \HDU ZHUH VKRRZAQWHEGDY WKH EDU JUDSK






G

JLIXUH'HWDLOHG 7HPSHYDMWXUHY HMZIHD 0D |
ODOXE$ YHUDRRWKO\ EWBUWGLQJ $YHUDJH
ORQWKO\DI@P&E®PHHUDJIH 'DLO\ 7THPSHUDW XL



% X L O @LVQID BH
7KH EXLOGLQJ GDWD SDJH GLVSOD\HG WKH GDW|
H[DPSOH WKH GLDPRQG KRXVH SDJHPRRORZHE &BHWDDY

HOHFWULFLW\ FRQVXPSWLRQ WHP@IHIU)DU/\HXUH ZDWHU X

F

JLIXUH%XLOGLQD 3D/HUDJH SRZHU RI IDFWRU E
PRQWK FKDUW F '‘DWD 7DEOH $YHUDJH ¢
EXLOGLQJ



SHSRQWDJH
7KH UHSRUWLQJ SDJH SURYLGH WKH XVHU ZLWK C

IRU HDFK PRQWK DQG HDFKIEXHOGLQJ DV VKRZ LQ

E

JLIXUH5HSRQW3DDBHOHFW PRQWK WR VKRZ HQH
FRQVXPSWLRQDRIEEXERGBWYILQ (;&(/ ILOH
IRUPDW



(QHUJ\ 'DWD ODQDJHPHQW 6\VWHP (YDOXDWLRQ
7KH HYDOXDWLRQ RI WKH GHYHORSHG (QHUJ\ 'DW

6PDUW &RPPXQLW\ LQ &058 ZHUH DGPLQLVWHUHG WR

ODQDJHU SHUVRQV
'"HDQ SHUVRQ
$V VR FHDWH SHUVRQ
L QVWUXFWRUYV SHUVRQ
6WDIIV SHUVRQ
BWXGHQWYV SHUVRQ

ILNHUW VFDOH Rl OHYHOV ZHUH XVHG WR HYDO:.
'DWD ODQDJHPHQW 6\VWIDEON LQGLVDWHEIDEWLRQ OH
ZHUH VKREZBOH))URP WKH VDWLVIDFWLRQ HYDOXDWLRQ
XQGHUVWRRG KRZ WR XVH WKH SURJUDP DQG FRXOG
ZRUN ~7KH VXPPDU\ RI' WKH XV HIL]WBVIEW B F\W KRIQ ZDV
DYHUDJH VDWLVIDFWLRQ VFRUH ZDV DW ZKLFK ZDV
IDFWRISSRBSULDWH RI WH[W FRORU EDFNJURXQG FROF
HDV\ WR XVH DQG 8WLED/® WIRD IR R\KIDRMHRIG R |
ZKLFK UHVXOVWHG WR 3([FHOOHQW  VFDOH ,Q VXPPD

SURJUDP XQGHUVWDQG WKH UHSRUWLQJ DQG LQWHUSI



7DEOH 6FRULQJ 7DEOH IRU WKH (QHUJ\ 'BDWDLYDIMWHRE
(YDOXDWLRQ

6FRUH /HYHO

6DWLVIDFWL

RQ /HYHO ,QGLFPRRUY

([FHOOHQW

9HU\ *RRG

*RRG

)DLU

3RRU

7TDEOH 6DWLVIDFWRU\ /HYHO ,QWHUYDO

6DWLVIDFWLRQ 6 D WLV I,IAVWHRYD
([FHOOHQW
9HU\ *RRG
*RRG
)DLU
3RRU
)

7TDEOH (YDOXDWLRQ RI(WKHJAVDWDRIDQDJHPHQW 6\VWH
6PDUW &RPPXQLW\ ZLWK 39 OLFURJULG

8VHU 5HSO\ 6FRUH DQG 3

8VDJEHFWRU

$Y

&RQYHQLHOQFH R

| 8VvVDJH

$FFXUDF\ RI LQ
GLVSOD\HG

IRUPDWLRQ

&ODULW\ RI
GLVSOD\HG

LQIRUPDWI[LRQ

$SSURSULDWH R
EDFNJURXQG FR
HOHPHQWYV

| WH[W FRORU
ORU DRG RWKHU

OHQX VW\OH HDY\ WR XVH

$SSURSULDWH R
FRPSRQHQWYV

| V\VWHP

S8WLOL]|DWLARWHBRP

$YHUDJH 6DWLVIDFWLRQ

HUFHQ



&+$37(5

&21&/86,21

5HQHZDEOH HQHUJ\ DSSOLFDWLRQ LV RQH RI W
VXVWDLQDEOH FRPPXQLW\ GHYHORSPHQW +RZHYHU
FRQVLGHUHG DV XQUHOLDEOH HQHUJ\ VRXUFHV EHFDX
JHQHUDW LB QWQ RN QY UBVV.LO IXHO EDVHG SRZHU SODQ
JHQHUDWLRQV DUH FRQOHFWHG WRJHWKHU WKURXJK
JHQHUDWLRQ FDQ EH PDQDJHG WR SURYLGH VWDEOH S
VKRXOG EH DSWKR FRIPAXPURY SRZHU FRQVXPSWLRQ 0
HQHUJ\ FRQVXPSWLRQ GDWD LV YHU\ LPSRUWDQW IRU °
GDWD FDQ DOVR EH DQDO\]HG IXUWKHU WR GHWHUPLQF
RI WKH 5( DOG\PWHFRJURG MKWXUH SODQQLQJ RI LQFU}
FRPPXQLW\ H[SDQVLRQ 7KH JRDO IRU IXWXUH FRPPXQ
6PDUW &RPPXQLW\ 7KHUHIRUH WKH PDLQ DLP RI WKL)\
PDQDJHPHQW VA\VWHRPRMQLKMH BO3EW '& OLFURJULG 7
GDWD PDQDJHPHQW VA\VWHP ZLOO VXSSRUW WKH GHFL\
WKH 6PDUW &RPPXQLW\ 7KLV GLVVHYWONVYRY RV'&LYI
$& OLFURJULG SRWHQWLDONVEZRWK P L95IIR HOHU JAL BXOGD
SURFHGXUH DQG 'HYHORSPHQW RI ELJ HQHUJ\ GDW

&RPPXQLW\



JRU WKH ILUVW SDUW WZR SDUDOOHO PLFURJU|
PLFURJULG ZHUH HYDOXDWHG IR UWKKH GSROWMQ WR P PXIQQ
&KLDQJ ODL 5DMDEKDW 8QLYHUVLW\ $& PLFURJULG KI
N: 39 VIVWHP ZKLOH '& PLFURJULG KDV N: 39 VI\VWH

N: GLHVHO JHQHUDWRU %RWK PLFURJWH®GVRKDYH W
N:K HDFK 7KHUHIRUH $& DQG '& SRZHU FRXOG EH GL\
EXLOGLQJYV LQ WKH 6PDUW &RPPXQLW\ RKK GE& QAEDG
'& ORDG ZRXOG DYHUDJH DW N:K G +RPHU (QHUJ\ VI
PRGBIQG DQDO\]H ERWK VA\VWHPV WR GHWHUPLQH WKH R
XWLOL]JHG UHDO ORDG IURP WKH FRPPXQLW\ DQG VLPX
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