$ GDWD GULYHQ DSSURDFK IRU WRSRORJ\ FRUUHFWLRQ
QHWZRUNYV ZLWK SKRWRYROWDLFYV

'RQJ /EX6DQGHU 7LPFPHNPDRQJ (QVLHK +RVAHALBU 3DOHQVN\
3HGUR 3 9¥UJDUD

D,QWHOOLJHQW (OHFWULFDO 3RZHU *ULGV ,(3* *URXS 'HOIW 8QLYHUVLW\ RI 7THFKQRORJ\ 'HOIW &' WKH 1HWKHUOL
ESOOLDQGHU 1 9 SUQKHP $+ WKH 1IHWKHUODQGYV

F(OHFWULFDO (QHUJ\ 6\VWHPYV JURXS (LQGKRYHQ 8QLYHUVLW\ RI 7THFKQRORJ\ (LQGKRYHQ $= WKH 1HWKHUODQGV
$57,8&/( ,1)2 $%675%8&7

H\ZRUGV 7R FRUUHFW RXWGDWHG DQG LQFRPSOHWH WRSRORJLHV LQ ORZ YROWDJ
'LVWULEXWLRQ QHWZRUNV DJH PDJQLWXGH PHDVXUHPHQWY D GDWD GULYHQ DSSURDFK LV GHYHORS
EREXVWQHVV ZLWK FRUUHODWLRQ DQDO\VLY 6LPLODU WR H[LVWLQJ GDWD GULYHQ WR
6XSHUYLVHG OHDUQLQJ SURSRVHG DSSURDFK H[SORLWV VPDUW PHWHU GDWD WR LQIHU WRSROR
7RSRORJ\ REVHUYDELOLWA WLRQDO DSSURDFKHV WKDW UHTXLUH UHSHDWHG SUHSURFHVVLQJ PXOWL:

8QEDODQFHG QHWZRUNYV -
WRSRORJ\ HOHPHQWYV LW SURYLGHV D XQL&4HG IUDPHZRUN WKDW FRQVLVW

GDWDVHW DFURVV DOO SURFHVVLQJ VWDJHV 6SHFLAFDOO\ VZLWFK VWDW
IHHGHU FRQQHFWLRQV DQG FXVWRPHU SKDVH ODEHOV DUH UHAQHG XVLQJ
DGGUHVV WKH VLPLODULW\ DPRQJ VPDUW PHWHU GDWD LQGXFHG E\ GLVW
GDWD VHOHFWLRQ VWUDWHJI\ LV LQFRUSRUDWHG LQWR WKH FRUUHODWLRQ
DSSURDFK DUH YDOLGDWHG XVLQJ PRGL4HG UHDO ZRUOG /9'1V DQG PXOWL
IURP FXVWRPHUV LQ WKH 1HWKHUODQGV 7KH UHVXOWYV GHPRQVWUDWH V
JDWH WKH LPSDFW RI 39 LQGXFHG VLPLODULW\ RQ SKDVH LGHQWLAFDWLR(
$OWKRXJK WKH DSSURDFK LV GHVLJQHG IRU WRSRORJ\ FRUUHFWLRQ UDWK
WRSRORJ\ LPSURYHV QHWZRUN REVHUYDELOLW\ DQG VXSSRUWV GLVWULE
LQWHJUDWLRQ

,QWURGXFWLRQ GXH WR SULYDF\ FRQFHUQV DQG UDQGRP FRPPX(
ORWLYDWLR FKDOOHQJLQJ WKH WRSRO®RJ\6FRWKHWWERQURSH
Q ZRUNV DQG EHQFKPDUN PRGHO& BUHWHQWK®S DLUON

ORVW H[LVWLQJ SKDVH EDODQFLQJ DQG WRYRYHPWUBKHERY LQAMWERDOIU MR UHSUHVHQW WK
OHPV DUH IRUPXODWHG DV PL[HG LQWHJHU R $RWU SIUDMWY RED @ UREHDEP V6 3WK WJ G WVDWH HVWLP
SHQG RQ QHWZRUN WR SRARYIHN WKHVH WRSRRRILAN QU RPWHBQ DQG FRUUHFWLRQ DSSURDF
LODFFXUDWH DQG RXWGDWHG IRU GLVWULEXWLR®HRORINXP REWMUOIWRINVDFYYHRAQDIHPHQW F
WR PLVVLQJ UHFRUGLQJV WRSRORJ\ PDLQWHQDQFH DQG UHFRQAJXUDWLRQ VXFK
DV FRQJHVWLRQ P O8Q DUKMP\HQWKH>WRSRORJ\ Rl WKH ORZ YROWDJH
GLVWULEXWLRQ QHWZRUN /9'1 QHHGV WR EH FKI—(LWHHéJDD%)&UE'RLbHUWﬁWHG ZKHQ
LW LV RXWGDWHG 7KH LQFUHDVLQJ XQFHUWDL/QW\WRSRORWULEKYWEAaHRWURQ BHUREOHP LQ G
VRXUFHV '(5V LQFOXGLQJ KRXVHKROG SKRWRRRXOEDEH EAPLHEHPWYDH RV LSS VQWR WKUHH FDWI
HWF LPSDFWV WKH IUHTXHQF\ RI WRSRORJ\ UHFF®WXRO W LR RRRQH FNDPRO AW DQG WKHLU
WKH FRUUHFWLRQ RI WKH ORZ YROWDJH?GVWULEXWVRQAU QHOWRINOWRRBORRKH>VZLWFK VWDWH
ORUHRYHU WKH DYDLODEOH VPDUW PHWHU &0 FODRWRVAAHW DRI SUWEHRGPHBOWH® WUDLQHG

< &RUUHVSRQGLQJ DXWKRU
(PDLO DGGYHMYIDUD%DUULRVEWIHKELHOIWD Q O
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$SS$


\begin {align}\label {eq1} f(V) = \begin {cases} 0, & \hspace {0.8cm} \text {if} \quad SS = [1, 1, 0] \\ 1, & \hspace {0.8cm} \text {if} \quad SS = [1, 0, 1] \\ 2, & \hspace {0.8cm} \text {if} \quad SS = [0, 1, 1] \end {cases}\end {align}
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\begin {align}\label {eq2} &M = \min \{m_1, m_2, \dots , m_K\},\end {align}
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\begin {align}\label {eq3} & S = \min \{|C_1|, |C_2|, \dots , |C_J|\},\end {align}
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$D = \{(X_1, y_1), \ldots , (X_n, y_n)\}$
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$V_{train}$
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$V_{train}$


\begin {align}\label {eq5} \hat {y} = \arg \max _j \sum _{b=1}^{B} \mathbf {I}(h_b(x) = j),\end {align}
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$b$


$\mathbf {I}(\cdot )$
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$V_n={[v_{n,1},v_{n,2},\ldots ,v_{n,\cal {T}}]}^T$


$n$


$v_{n,t}$


$n$


$t$


$T$


\begin {align}\label {eq7} &PCC(V_{n}, V_{m}) = \frac {\sum _{t=1}^{T} (v_{n,t} - \bar {V_{n}})(v_{m,t} - \bar {V_{m}})}{\sqrt {\sum _{t=1}^{T} {(v_{n,t} - \bar {V_{n}})}^2} \sqrt {\sum _{t=1}^{T} {(v_{m,t}- \bar {V_{m}})}^2}} \quad \end {align}


\begin {align}\label {eq8} &FPCC(V_{n},V_{m}) = \ln [\frac {1+PCC(V_{n},V_{m})}{1-PCC(V_{n},V_{m}) + \alpha }],\end {align}


\begin {align}\label {eq9} MFP(V_{n},V_{m}) = 1-\min \left \{\frac {1}{4}\ln (1+e^{a+4\cdot FPCC(V_{n},V_{m})}),1\right \}\end {align}
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\begin {align}\label {eq10} &d(V_n, V_m) = \sqrt {\sum _{t=1}^{T} {(v_{n,t} - v_{m,t})}^2}.\end {align}


$k$


\begin {align}\label {eq11} &\hat {y} = \arg \max _{c} \sum _{n \in \mathcal {N}_k} \mathbf {I}(y_n = c)\end {align}
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\begin {equation}V = \begin {bmatrix} \label {eq6} v_{1,1}& \cdots & v_{1,t} & \cdots & v_{1,T} \\ v_{2,1}& \cdots & v_{2,t} & \cdots & v_{2,T} \\ \vdots & & \vdots & & \vdots \\ v_{N,1}& \cdots & v_{N,t} & \cdots & v_{N,T} \end {bmatrix} \hspace {1.0cm}\end {equation}


\begin {equation}\label {eq13} v_{n,t}^{*} = \frac {v_{n,t} - \mu _t}{\sigma _t}, \hspace {2.5cm} n\in \mathcal {N}, t \in \mathcal {T}\end {equation}
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\begin {align}\label {eq14} &\mathcal {T}_d = \{t \mid t_1 \leq t \leq t_2\},\end {align}
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\begin {align}\label {eq15} &\mathcal {T}_d = \{t \mid P_{\text {PV}}(t) < P_{\text {load}}(t)\},\end {align}
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\begin {align}\label {eq16} &P_{pu} = \frac {1}{N} \sum _{\mathcal {L}_k\in {\mathcal {L}}}\underset {i}{\operatorname {max}}|\mathcal {L}_k\cap \mathcal {L}_i| \
\end {align}
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$FURQ\PV /9'1 /RZ YROWDJH GLVWULEXWLRQ QHWZRUN
$11 SUWLAFLDO OHXUDO QHWZRUN 0)3 ORGLA4AHG 3&& EDVHG )LVKHU ] WUDQVIRUPD

& & &RPSOH[ IHHGHU IURP &1 09 /9 OHGLXP /RZ YTJ?%VgB;JNHLR FRHAFLHOW
&&B BBRPSOH[ IHHGHU ZLWK WKUHH SKDVH i%é X@QF%\%%F\{(C%RO\%S/LF Q a Q
&&B39&1 ZLWK 39 DW HDFK KRXVH

&1 IHWZRUN ZLWK WZR FRPSOH[ VWUXFW )HG I%S%%%EJE/ I\RUHVW\DOVJRULWKP
&1 1IHWZRUN ZLWK RQH VLPSOH DQG RQ FRP O%[O\Q\EUQI—Q\HQU\H'G

IHHGHU 6 & 6LPSOH IHHGHU IURP 61
'(5V 'LVWULEXWHG HQHUJ\ UHVRXUFHV 2?23%1(?&PZSLO\NHKI?QH(;C'VUHZDLFV\IQKKVI;/)}Z\?:H SKDVH RRQ X
"1V 'LVWULEXWLRQ QHWZRUNYV 60 6PDUW PHWHU
62 LVWULEXWLRQ VIVWHP RSHUDWRU 61 1HWZRUN ZLWK WZR VLPSOH VWUXFWXUHG
(9 (OHFWULF YHKLFOHV 61% IHWZRUN ZLWK WZR VLPSOH VWUXFWXUHG
*,6 *HRJUDSKLF ,QIRUPDWLRQ 6\VWHP 0 EUDOFKHYV
"% "DXVVLDQ 1DLYH %D\HV DOJRULWKP / lHWgRUN ZLWK WZR ORQJHU VLPSOH|VWUXI
+& +LHUDUFKLFDO FOXVWHULQJ DOJRULWQ%’ Q

690 6XSSRUW YHFWRU PDFKLQH DOJRULWKP

.11 . QHDUHVW QHLJKERUV DOJRULWKP

QHWZRUN DQG SURYLGLQJ TXLFN HVWLPDW LR Q&DX\IG B Q GV R H DAHDOHAPMIQW IHDWRUWVH7R 6$ EDVH
UHFRYHU DFFXUDWH FRQQHFWLRQ OLQHV EHWWHHIQXW H D Q M FRGMHPUH FR QQIEF MORQRPEHIYWLAFDWLR
D SUREDELOLVWLF JUDSKLFDO PRGHO E® \EN ® I WHK PGRIWVHB HOMALRHEG ISDSHUV GXH WR WKH DVV
VWULFWLQJ WKH SURSDJDWLR®@ R} ROEGDW 05 B WORGWHFEY WR WKH WUDQVIRUPHU

DSSURDFK LQWHJUDWLQJ D SDUWLDO FRUUHODWLR @ ®@@DIOVVL W KM DWHIN DB GVDH ® LRXM DU PRGL 4
UHJUHVVLRQ PRGHO LV SURSRVHG WR HVWLPDWRWARSKRDW® D\ GWR K HDQ BIKDNE 6G IBQWIDAFDWLRQ DS
%»DVHG RQ DQ DOWHUQDWLQJ GLUHFWLRQ PHWWRB BKPX® WDEMON X QB HIUR E@\F\B VSMSENEH) GLOQF R P
RJ\ LGHQWLAFDWLRQ PHWKRG LV SURSRVHG WRQHYBM\RIFKHRQIRK O EQ 6 FWQ QHBVRISRIVP L]DWLRQ
DQG WKHLU SDUDP3W/MUNQEVE® DWW VBHWYZR>VIWHERQVWUXFWHG WR UHFRYHU WKH DSSUR[LPD!
DSSURDFK LV LQWURGXFHG WR LGHQWLI\ WKH RSRER GRINV IR H ARIYWLIMK PROXIQW W@HI & X FWXDW LR C
PHWHU W\SHV ZKLFK SURYLGH GLEHUHQW U H VRRFOXQHRQHGD W R VGIMEW URLOML JSKDIMHN WAKH H[KLE LV
GHSHQGHQFH RQ @& KEBHEMMWHG WR SKDVH LGHQWRAPDWQR@F G UEAH@WH PHGLXP YROWDJH 09 (
DSSURDFKHV UHO\ RQ YROWDJH PDJQLWXGH GHIWDWHYU® \G HFRD BIGVE UBWOIHW KLY HEHFW D KLJK S
6LQFH WKH FRUUHODWLRQ RI YROWDJH PDJQLWXGH \G B\ DUKRPHWSHKUR FIDWPWL OB DIMH WKH S&DVH |
LV VWURQJHU WKDQ WKDW IURP GLEHUHQW S KIDBVGILW LFRRQIJGH@\D WIRR BL IVQ DEDWVH. W KM IQFRSIDFW R HC
PDOO\ XVHG *LYHQ YROWDJH PDJQLWXGH GDWQYHW\B0 WSHFRWVBOLAYUXYDWHL LRJIJSBRIEU EDQG ED
k PHDQV FOXVWHULQJ DSSURDFKHY DUH DGRSWHGHWFR IGHMODAIH W ¥ X WK RIRJHIE \SIKDSAHR YLQJ WKH S|
ODEHO® >7KH PL[HG LQWHJHU OLQHDU S@RLVDRR QIUBRESHURAHU>WR R WHHU RRDW.PKIDWERQ PR(
FRQVWUXFWHG WR LGHQWLI\ WKH SKDVH ODEBSSURIDFKQL\O i (B BR B FHBMEP BUWH X VWRPHU S|
PLQLPL]LQJ WKH JDS EHWZHHQ WUDQVIRUPHUWZPWBKXUMPWEWV @ QKC1W KH WK WILELWHG DYDLOL
PDWHG GDWD HJ SRZHU DQG YROWDJH PDJQDWH G WHN BDWK G KDR/ Hi [ WDOEMQRQGHUO\LQJ IHD\
DQDO\VLV 6% DQG VWDWLVWLFDG® WWR/ WX DIVUFXW B A E RQ HS&K D\DH >0 D E H O @ G HHOWWLLAW R M@ RQV> WK H
WKH LGHQWLAFDWLRQ DFFXUDF\ RI WKH GDW KRIOLHKR @ GW K5 Z HCONY I RQURU E DI\ QRDX/AFLH QW O\ D (¢
YLJ SUHVHQWYVY VHYHUDO XQGHUJURXQG |HHG MU BB R\PHK W KSHD W Q/FHWHDA L Q IWKHQ HWUDWLRQ |
IHWKHUOD @KEFK LQGLFDWH WKH FKDOOHQJHVKRI AL P IMOSRARIDPERQoKRXVHKROG YROWDJH

WL4AFDWLRQ DQG FRUUHFWLRQ LQ SUDFWLFH H QF LPKIDWHL SOHOERED AW X\Q GISY FALIKAD/MMPH ZLWKLQ
VWUHHW ,Q DGGLWLRQ VRPH RI WKH DERYH D ®IWR B FXRMWHGUW R/ WQPLODYHVR R PUVMLQIGLDQFH |

O\ MV/LV
O/Substation
Unclear connection \ Multiple cables fconnected
Line-transformer O to one transformer

(@) (b) (c)

)LJ 'HSOR\PHQW SDWWHUQV RI /91'V D IHHGHU GHSOR\PHQW XQGHU RQH VWUHHW E GLVWULEXWLRQ RI
VDPH WUDQVIRUPHU



FRUUHODWHG 39 SRZHU JHQHUDWLRQ SDWWH WQ VX STKDLW HVH DGVL W R VLPLQDW AR WWB JJFHHG IRU S
PDJQLWXGH GLVWULEXWLRQV DPRQJ KRXVHK RIORBXV HKKRDWEVH Q7K H P MVLKCH FIRI@W UE EXMWR QY DUH VX
RI FRUUHODWLRQ DQDO\VLYV EDVHG DSSURDFKHV

7RSRORJ\ LGHQWLAFDWLRQ JHQHUDOO\ DLPV W@ & HWHUAR W HFWEKWMBYG Y FWHQ WRSRORJIV FRUL
DQ /9'1 ZKHQ WKH QHWZRUN WRSRORJ\ LV FRPSOMWHI® W8 NORZWHQRWWGPWHG /9'1 WRSRORJ
VHWWLQJ WKH SRWHQWLDOO\ YDOXDEOH LQIRUPIWIXKREWIRRPVHWHEYE Lo VAMWAKRXWOWH LGHQ!
UHFRUGHG WRSRORJLHV LV W\SLFDOO\ QRW XWwL®&HMELRQ FFRGUIFMMLR QWRER O R SKERA,ODEHO
UHFWLRQ IRFXVHV RQ XSGDWLQJ RQO\ WKH LQFRUYRRWZRUNRKHWESPMWHEREMOS RRI{ ERYWDJIH PDJIC
RI DQ H[LVWLQJ WRSRORJ\ E\ OHYHUDJLQJ OLPLWAGVUHERPEW LEIWHKIKLESHQAWS &F WWd-RQ DQG FR
SORLWLQJ WKH LQIRUPDWLRQ DYDLODEOH LQ KLVRVRUTAEDRYRGWYRIVILUQFRUEQLAKIGO HQRSXW GI
WRSRORJ\ LGHQWLAFDWLRQ KDV DWWUDFWHG VLJDRRFHE@W LMD PSS HRWIKIWLWERY Wilgh XLU L
FHQW \HDUV WRSRORJ\ FRUUHFWLRQ UHPDLQV WH&DWQMWoWHYHRHPHIRXWE PHRWY IRU VHS
G\QDPLFDOO\ XSGDWH WKH FRQQHFWLRQV DQG WRWKDHUBPIPRAY VEBYWUR RRREKIGY WRSRORIN
RJ\ FRQ4aJXUDWLRQ D JUDSK IXVLRQ QHWZRUN EP9ERBEYURD FRGVAVH BPMWP HYHQ ZKHQ KF
LQ 5@ LV XVHG WR H[WUDFW FRUUHFW FRQQHFWPHRdY bRBERNSARYWHYHU WKH DGo
MDFHQF\ PDWUL[ LV DOVR UHTXLUHG )RU QHWZzRENZ WK bW B VRHE \ G bl RV AF DML BRQ VW UDWH J\
GLVWDQFH PDWUL[ LV@ QWRURRBXEHBW. @ kH WRSRORIHHBW LROQAPOVRWDWHYV RI VZLWFK EDUV LQF
HEHFWLYH LQ GHWHFWLQJ ODWHQW QRGHV SRVLWVRQH®BREWG HRF REVRY WO DR Hy WKH WRE
DORQJ QHWZRUN SDWKV L H LQWHUPHGLDWH OBMWMRY LEROHW RIERARHY WKITRY RO PR G QHW ZI
SRLOQWY $ SK\WLFV LQIRUPHG QHXUDO QHWZRUNODE RGN @ UKERMSLH W RWWHHPPRQAELQI WR G
WKH WRSRORJ\ E\ UHSUHVHQWLQJ WKH QRGHV zZLWKRXW PFEKWHURUPKRPW IsHQ pFRQYHUWYV WKH
HWHUV DUH DGMXVWHG E\ D UHLQIRUFHP®QW O HFU¥FKI ERY YaV BWHYREPAKRSD VXSHUYLVHG FC
$ GDWD GULYHQ DSSURDFK @VWR WHRGKFWGWKH SROGRFEQAWO\ VROYHG XVLQJ H[LVWLQJ PDFK
WLRQ EHWZHHQ PHWHUV DQG WUDQVIRUPHUV LQXUNKKMAFRPY O/ P8 $ LAHGWPIHWDQFH IXQFWL]
PDJQLWXGH GDWDVHWYV $ @ LHP\LWD BOARKM G @ G D WhWdRQPHQKLHUDUFKLFDO FOXVWHULQJ +& 2
PRGHO EDVHG RQ WKH LPSHGDQFH PDWUL[ WR FRBUWRRWHWRERERYWHBQBWLRQREFHWZHHQ JHRJIU
WLI\ WKH LPSHGDQFH RI FRQQHFWLRQ OLQHV XVvEQJ WR &b @Y HQWDSKP ¥y YyHO FDEOHV WKHU
DSSURDFK@Q. V¥ LOQWURGXFHG WR LQIHU ODWHQW! $¥BUIUHNGE loPQRF SHBVH LGHQWLAFDWLRQ
UDPHWHUV IRU RXWGDWHG WRSRORJLHV XVLQJ NSRzRuWB-dWRWHW HR PHHQLWREF9 SRZHU RQ N
SURAOHV 1HYHUWKHOHVV GL&EHUHQW DSSURDFKRQDRAWLY @PHWLRRQE®VEHU ARG DM VHOHFWLR
VXPSWLRQV DQG UHTXLUH GL&EHUHQW W\SHV RI LQYXWRFW EBRAWDIY B HHNXOIW HRMWYV GXULQJI SHL
QHHG WR SUHSDUH PXOWLSOH GDWDVHWV WR SEBRUKLPWHSIRMDWIHH ERYWRWERRYRBQG 39 JHC

WDVNV WKH ORFDO GHPDQG :KHQ KLVWRULFDO 39 Jt
DEOH WKH VHOHFWLRQ FDQ EH UHaQHG E\ LG
&RQWULEXWLRQV 39 LQOMHFWLRQ 2WKHUZLVH YROWDJH GDWDYV

SUDFWLFDO XWLOL]DWLRQ 7KLV VWUDWHJI\ Ut
7R RYHUFRPH WKHVH OLPLWDWLRQV ZH SURSRYHRR) GRWEYGYEVHED RESERDBFE JHQHUDWLRQ

IRU WRSRORJ\ FRUUHFWLRQ LQ /9'1V X VAIEIOLQ F R PBOW WEHRORIWPRY B R Q ZLWKRXW UHTXLUL
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6HFWLRROPPDUL]JHV WKH FRQFOXVLRQV RI WKLV ZR
‘ LV connection
7RSRORJ\ FRUUHFWLRQ DSSURDFK [(S)‘zi;c:l] FWVMVJLHQGWH,_,T@
7KH SURSRVHG WRSRORJ\ FRUUHFWLRIQ DSSURDFK L LOOXVW%%;/HG LQ
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RI HDFK VWHS 7KH SURFHVV LV WULJJHUHG ZKHQ WKH ODWHVW YROWDJH PDJQLWXGH

PHDVXUHPHQWY EHFRPH DYDLODEOH RU DQ RXWEBWIHc wrsRURIRIYVEHWHFWHG

7KH LOQSXW LQFOXGHV FXVWRPHU YROWDJH PDYQLWZEXvWQEBWIQHRRDPEWH RIHFRWFK GHSOR\PHQ

LQJV RI WKH XVHU IHHGHU FRQQHFWLRQ D Q8 H®KHVHROWWSW WH LD\E WA I BIWHREMZH W D QG YLFH YH U

WRSRORJ\ ZLWK DFFXUDWH FXVWRPHU-V XVHU IHHGHU FRQQHFWLRQV DQG SKDVH

ODEHOV LQFOXGLQJ VLQJOH SKDVH DQG WKUHHIBKDEH PRUWRPHWD IRU WKH VXSHUYLVHG OHD
WURGXFLQJ ELDV LQ FODVVLAFDWLRQ DQG OHDG

6ZLWFK VWDWH LGHQWLA4FDWLRQ ZKHQ VZLWFK VWDWHYV UHPDLQ XQFKDQJHG IRU
,Q /9'1V PXOWLSOH VZLWFK EDUV H[LVW H\S\IA—[ VV—*?—’J \IiIQEéI-{; gi% \II:&HEVDVOLDYSF(H?éPiHKULVR
QXPEHU RI VZLWFKHV (DFK VZLWFK FRQQHF

ZKLFK DUH OLQNHG WR GL&EHUHQW WUDQVIRUP%] D'E? % E%?%JRBHF(?PFPKRDQO(';%
QRUPDO FRQGLWLRQV WKH VZLWFK UHPDLQV
FRPHVY RYHUORDGHG WKH VZLWFK LV FORVHG’E L%&}?%% ) ¥WDWH LGHQW
WR WUDQVIRUPHU %7 7KHUHIRUH WKH VZLW LY o UROH LQ
PDLQWDLQLQJ QHWZRUN HA&FLHQF\ DQG HQDEOL QuB ®EHFUNLE O @)RFDEB—|MK\LI-HWHMVLHH1$U]—F\U—RMNVIW\HG
H[DPSOH Rl VZLWFK GHSOR\PHQW7K\L\ @Q&RXQVWUIDRHBXPQQXPEHU RI DYDLODEOH 60V DFURVV DC
GHSOR\PHQW SRVHV FKDOOHQJHV IRU DFFXUDWH®R Q3HQMWHLQE\Q WWK H X WVEDHWHRRIEQQXVHG IRU G
GLYLGXDO VZLWFKHV XVLQJ 60 GDWD 7R DGGUHVIVMEKHY LYV DEEFER 4 RO GBWWBRGIRVHVW WR WK
DOJRULWKP LV HPSOR\HG OHYHUDJLQJ YROWDJH EPIDU @QUWXGHIOE B W B G HIWAV U IGHHWHHQUWAD W LY H [ H I
PLQH WKH VWDWH RI VZLWFKHV ZLWKLQ HDFK VZLWFK EDU )LUVW LQVSLUHG E\ /DEHO

(QFRGLQJ UXOHV WKH VZLWFK VWDWHV LQ RQH E¥VF UM IF HEHG LQWR VLQJOH GLJILW

ODEHO IRUPDWYV L H HDFK FRPELQDWLRQ RI WKE‘KY!%!\'T—M\_/{;NN%WD I—Ig\él—ll'lg IéxNKd—IYMEb\BE&ELWOWIRI'Q I
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n

f.Vi=|1 if SS=[1;0;1] S =min"&,§&,98 ;C;0
I'2; it SS=[0;11]

ZKHWES UHSUHVHQWYV WKH QXPEHU Rl DiYDLODE

$IWHU WKH VZLWFK VWDWHY DUH HQFRGHG WIPI—P‘%E\L/V\W: V\QA/FE)\%%O % IBli\ELolgg\/Hv

SUREOHP LQ HDFK EDU LV WUDQVIRUPHG LQWR DKVU/RD(Q&DNJIGLPX\O—W)LI—lFWDRQ IS(DJIR\FW—INé\b WKH LPS
FDWLRQ WDVN 7KH LQSXW IRU WKLV FODVVLARD\BYRQODEDN BR Y VLY B \F ®RD WWL B AEDHODLGIRVH LV PL
YROWDJH PDJQLWXGH GDWDVHWYV +RZHYHU WEKBODUHVHHD B9 ® IHRIWWLIQYIHG\ WDLIQIRPI GDWDVHW |
60V RU XQPHWHUHG KRXVHKROGY UHVXOWV L@ DN\ LZEH QMREHUWHR DROWODECHHDVXUHPHQW V
60V RQ HDFK IHHGHU )HHGHUV ZLWK D KLJKHAMUQK REWRI RUPL QD LVIRE QY SOW IRU WKH PXOWL F(



(DFK URZ LQ{RPWHISPHVHQWY WUDLQLQJ RQH VDPSOH ZLWK DQ HQFRGHG

SS ODE/}EQ UHSUHVHQWY WKH YROWDJHMP BR@OWXGH RI WKH KRXVH 4 Feeders
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XVHU IHHGHU FRQQHFWLRQV DOVR LPSDFW WKH
7KH 5) DOJRULWKP H[FHOV LQ PXOWL FODVVFREUBNOLEEBR @ IDRG UER DEIKQO/OL@WURGXFHG WR UH
KLJK GLPHQVLRQDO GDWD FDSWXULQJ FRPSQ@HKLHAKRQOU K H@WHYURPE WILRG VY HUQEY YROWDJIH P
PDLQWDLQLQJ DFFXUDF\ GHVSLWH QRLVH ,WW BQ \FHNHYHD O H MDUGEA QHVYSISURDKEKEHU IHHGHU FRQ
EXLOGLQJ GLYHUVH WUHHV ZLWK UDQGRP IHDWNUHUVRGHFIWQR Q3SXWHN B QMGRIWHBRWQHFWLRQ L
WLQJ DQG HQKDQFHV JHQHUDOLVDWLRQ 5) D ®FR XURNH GHW RWBWRUW LPSRUWDQFH
LQVLJKWY PDNLQJ LW LGHDO IRU VZLWFK VWDWH LGHQWLAFDWLRQ *LYHQ D GDWDVHW
D="Xg;yihi8 ; Xnye ZKHXYHUHSUHVHQWYVYV WKH IHDWXUH $RR®REWLRQ LGHQWLAFDWLRQ ZLWKRXW Uk

HDFK URZ,L@®QGLV WKH HQFRGHGWXIEBOQHUDO SUREHBMRSRVHG XVHU IHHGHU FRQQHFWLRQ LGF
Rl 5) WUDLQLQJ UHDGV DV ELQHV WKH +LHUDUFKLFDO &OXVWHULQJ +& DO

DQDO\VLY EDVHG RQ WKH PRGL&HG 3HDUVRQ &R
'UDB ERRWVWUDS VDPSOHV IUREZ, WG WUWKHOG RQ I VEIHRYIDFWYV WKH SURFHVV RI WKH SURSRVH
FRUUHVSRQGLQJ ODEHOV PDJQLWXGH GDWDVHW W ZWRRKH GVLRVB ® MW WK H
*URZ DQ XQSUXQHG GHFLVLRQ WUHH IRU WEHKDQDRY OWKHAV.Q .88 RO\ UHSUHVHQWYV WKH Wi
VHOHFWLQJ D VXEVHW RI IHDWXUHV DW HDFROWPDIHNW DIQLW X @ W, D WHISRKWHIKQRMOWGW KH YROW D
JRU FODVVLAFDWLRQ HDFK WUHH YRWHYV RRWyVIKRXP/RIKW QTP VKO DRHDYBEEHBHQW SHULRG F
DQG WKH 5) RXWSXWV WKH PDMRULW\ YRWH
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IXQFWLRQ WKDW HTXDOV LI WKH FRQGLWLRQ o\ PV D Q& 1 RWEHHZEN B W PpsoLwxeHY L
D YROWDJH, VEBEQHNVUDLQHG GHFLVLRQ WUHH L Qq H §HREHI WO, SUIHILFW Y, o\ k Rav H7 RQD® BOH W

%X/ DQG WKH 4QDO ODEHOV RI WKH VZLWFK DRREMAHAHSE & ef (2 Fibd S Honsn FrUUHODW

YRWLQJ PHFKDQLVP PRGLAHG ILWKBQVIRUPDWLRO IXQEWLRQ LV HPSO
,Q WKH WRSRORJ\ FRUUHFWLRQ FRQWH[W WKH XVH VXSHUYLVHG OHDUQEQJ

I
IRU VZLWFK VWDWH LGHQWLAFDWLRQ LV SUDE}Q/&E\P,Q//ZBI%OILNP@W\RJS?RORJ\ LGHQWLA&FDoO
( z

WLRQ SUREOHPV WKDW DVVXPH D FRPSOHWHO\ XQNJRZOQ1OPGTIRVYN WRSRORJ\

WRSRORJ\ FRUUHFWLRQ UHOLHV RQ H[LVWLQJ WRg V}d\ U\H uUuGgv R G w/ RU\}F)R/Q|

K L G WR DY
RSHUDWLRQ ORJV PDLQWDLQHG E\ '62V $OW>?3§1 @% V\%RUEDE@@%&CE%%% QW LEXWLRQ UH.
WDLQ RXWGDWHG LQIRUPDWLRQ WKH\ VWLO U'FéYL XVHIX SULRU NQ ZOH(u_-:JH )
DERXW W\SLFDO VZLWFK FRQ&4JXUDWLRQV +LVWRULFDO YROWDJH GDWD FROOHFWHG XQo

GHU NQRZQ RSHUDWLQJ FRQGLWLRQV FDQ WKHUHIRUH EH DVVRFLDWHG ZLWK WKHVH
FRQ&4JXUDWLRQV WR IRUP ODEHOOHG VDPsoHVW?%WHE‘&‘QE%EBBU&L%YHHR)L'JW@WAJU'GHQW'-""FDWL
|

WKH QXPEHU RI IHDVLEOH VZLWFK FRQA&JXUD & HGHU LV XVXo
DOO\ OLPLWHG )RU H[DPSOH DV LOOXNWUDWHE Ky dH uLikw sbuw RI

WKHUH DUH RQO\ VHYHQ SRVVLEOH FRQA&JXUDWL RERWKH VZLWFK FDELQHW ZLWK
WKUHH VZLWFKHV L H Ruf N GR

YLGHVY D IHDVLEOH VROXWLRQ IRULGHQWLI\LQJ V V ZLWKLQ WKH SURSRVHG
WRSRORJ\ FRUUHFWLRQ IUDPHZRUN

H[FOXGLQJ WKH DOO RSHQ VWDWH 7KHUH|R+{C%§<"SVF{Q£$/GHG OHDUQLQJ SURoO
ZLHV(\SEG Vil D

HQG
8VHU IHHGHU FRQQHFWLRQV LGHQWLAFDWLRI®RHY 1 WR GR
IRU} i+1 WR GR
7KH FRQQHFWLRQ UHODWLRQV EHWZHHQ FXVWRRHYY BIEPG WK UEHGHUV PLIKW
EH RXWGDWHG DQG QRW DOZD\V DYDLODEOH IRU HER® ZKLFK LV LIQRUHG E\
PXOWLSOH VLPLOD@ ZHWAHFEDOO\ IRU KRXVHV @& PXOWL OD\HU
EXLOGLQJV WKDW DUH FORVH WR WKH VWUHHWYEMDYQEXOWLSOH GHSOR\HG XQGHUo
JURXQG IHHGHUV 7KH SUDFMF BM FRYWWICRZ QY IOXK/EVH NUDGLWLRQDO +& DQG
FRPPRQ FKDOOHQJH RI DPELIJXRXV XVHU IHHGHUORRRHEVAW URQE DO E HAKD WHR KERXVHKROGV EDVF
EHOOLQJ LOOXVWUDWLQJ WKH SK\VLFDO FRPSO BHWS BIKEMOR D&% EWHYUDWH QHWZRUN

WRSRORJ\ LGHQWL&4FDWLRQ L H VWHS D Q66— GtaFXOW—7KRVYVHXQFOHDBDY—




7R DPSOLI\ WKH GLEHUHQFH EHWZHHQ YROWRSFR UDWReFd EBYHEW sNIE FWYGHU ,GHQWLAFDV
D PRGLEROG./ YDOXH 0)3 LV HPSOR\HG WR UHSQR B bk i XEHHL Q
GLVWDQFH LQ WKH WUDGLWLRQDO +& DOJRULWRKRySWN, Ny, L, K

$, % IRWg N, GR
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7KH VHFRQG WHUVPDLPRGLAHG OLNHRLBR®G IXQFWRRqQ -
ZKLFK LV XVHG WRMFB.O FEFOMINHH Q KIHD ¥, K DVQD® Sk | Y = &r9Ma% ey, 1y = O Ll } Y
UHVW RI WKH VDPSOHV 6LQFH VFK/HLWAR JWKRI WKHCIXQFWLRQ
UDQJH RI WKH GLMRPRQEN FRWWUHV PRIQGL §D@XH 2XWSKWIRU KRXVHKROGV ZLWK XQNQRZQ ODEH
RMFP .V, V,/ FORVBIWQ\GR_RFDWHV D KLJKHU OLNHOLKRRG WKDW WKH WZR
VDPSYHVQf DUH FROOHFWHG IURP WKH VDPH VXEVWDWLRQ

FLYHQ WKH VZLWFEK VWD WHFWREWOWRHGIHHGFRbyVLAFDWLRQ LV GHWHUPLQHG XVLQJ PDMRUL'
WUDQVIRUPHU FRQQHFWLRQ LV DYDLODEOH DQG WK#H QXPEHU RI IHHGHUV FRQo
QHFWHG WR WKH VDPH WUDQVIRUPHU LV DVVXPHEGMAXR EIN,BEFHVVLEOH WR WKH '62
DQG WDNHQ DV WKH QXPEHU /RQAY X ¥ BAHUM VLK NEN
DUH XVHG WR REWDLQ WKH 0)3 RI WKH LQSXW YROWDIH PR AQ LY X BRI V& Muae@idm o wy wk
® DUH XVHG WR aQG WKH OR QNJRBWUDRIHR|I RWPOHIG| 54 ERpguUXVHU IHHGHU FRQQHFWLRQ LGHQW!
WKH LQSXW GDWD DWY FOXVWHU G LQIWWKH REWDLYRE 8\'790‘%\/“ XVHUV ZLWKRXW FOHDU FRQQ
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XQNQRZQ VFHQDULR 7KHUH DUH WZR VRXUFHV R 2uB GLQJV

N+LVWRULFDO UHFRUGLQJV IURP WKH '62-v cDWBK¥RWY{ ODEHO LGHQWLAFDWLRQ

N,GHQWLaHG FRQQHFWLRQV ZLWKAWIRFRQACKHRFHU YREH VHFRQG VWHS LQ WKH SURSRVHG |

7KRVH DYDLODEOH UHFRUGLQJV WUDQVIRUP WﬁéWQWQékEWWW@%HG VWHS LV
DQ XQVXSHUYLVHG OHDUQLQJ SUREOHP WR DMt RKEPYVH@DEHRY I(%WKSHJIEéMWIRPHU FRQQHFW
9DULRXV VXSHUYLVHG OHDUQLQJ DOJRULWKPY MRREGPEH ROAEWIR "TOPYW LA RWERQ SUREOHP
NQRZQ FRQQHFWLRQV HJ $11 .11 HWF 7kKH SHPEKWER &Y YRCKEFBYEWRBICHINLQBPRYLQJ L
DQG WKH VLPSOLAHG 0)3 EDVHG DSSURDFK DUYHVYPRYRRYE HHR @ A XY QI WRRAPRQEMEVYRO
7KH .11 DOJRULWKP LV D ZLGHO\ XVHG VXSHUYLYHG LOHDUQLQJ PHWKRG IRU

FODVVLAFDWLRQ WDVNV ,W FODVVLAHV DQ XQNGQRZQ vDPSO E\\Il?ﬁngVLGHULQJ WKH
ODEHOV RI LWV QHDUHVW QHLJKERXUV LQ WKN?I{;II%WXUH f{‘SDFH ?%LFK LV VLPLODU WR

LGHQWLI\LQJ WKH XVHU IHHGHU FRQQHFWLRQ EQYHG RQ WKHLY ORFDWLRQ DQG WKH
QHLJKERXUV ZLWK NQRZQ ODEHOV *LYHQ D VHW RY'oDEHY'OHG WUDLQLQJI VDPSOHYV
WKH FODVVLAFDWLRQ RI D QHZ VDPSOH LV GHWHUPLQHG EDVHG RQ WKH PDMRULW\
FODVV DPRQHDWWVW QHLJKERXUV 7KH GLVWDRFH-EHWZHHQ VDPSOWW 1t¢T

FRPPRQO\ PHDVXUHG XVLQJ WKH (XFOLGHDQ GLVWDOFH
Vot LV WKH YD ®XHKRHDW M hHWMIR KX WHIH WKH PHDQ

XEF— RI WKMK IHDWXUHV DMKH VWDQGD UGt GMK Il BDWRKQ H
dvovy =W ey *LYHQ WKH QRUPDOL]H @< YIRDGN D K WD QIDRRIG 4 H G
" o e $OJRULWKPDGRSWHG WR LGHQWLI\ WKH SKDVH O]

RXWSXW RI HDFK VWH)3 JLV DEHS VFMHH R EVPDLQHG
2QFH WKH GLVWDQFHY EHWZHHQ WKH QHZS WHD\PSOW YV D/QIGH FO® DO DER@MHBNLRQV EHWZHHQ
VDPSOHY DUH FRPOKWHIBYVW IQHLIJKERXUV DUH SKDWWWHG 7KH 4QDO
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