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$Q DSSURDFK WR *,6�EDVHG WUDIILF LQIRUPDWLRQ
V\VWHP XVLQJ 6SDWLDO 2UDFOH

6XEKDV %DUPDQ� $WDQX 6DUNDU�
5DMDW .DPDO 5R\� 6RXUDY 6DKD�
.DMDO 5DMDN DQG -R\GHHS 6DUNDU
'HSDUWPHQW RI &RPSXWHU 6FLHQFH DQG (QJLQHHULQJ�
-DOSDLJXUL *RYHUQPHQW (QJLQHHULQJ &ROOHJH�
-DOSDLJXUL� :HVW %HQJDO� ������ ,QGLD
(PDLO� VXEKDV�EDUPDQ#JPDLO�FRP
(PDLO� LQP\PLVVLRQ#JPDLO�FRP
(PDLO� UDMDWNDPDO��#JPDLO�FRP
(PDLO� VRXUDYVDKD���#JPDLO�FRP
(PDLO� ND]DO����UD]DN��#JPDLO�FRP
(PDLO� MR\GHHSVDUNDU�#JPDLO�FRP
&RUUHVSRQGLQJ DXWKRU

$EVWUDFW� 7UDIILF FRQJHVWLRQ LV D WKUHDW WR WKH HFRQRPLFDO� HQYLURQPHQWDO�
VRFLDO DQG VXVWDLQDEOH GHYHORSPHQW RI D FLW\� 7KH WUDIILF PDQDJHPHQW KDV
DOZD\V EHHQ DQ LVVXH RI FRQFHUQ IRU XUEDQ DUHDV RI D FLW\� *HRJUDSKLF
LQIRUPDWLRQ V\VWHP �*,6� RIIHUV DQ HIIHFWLYH VROXWLRQ WR WKH WUDIILF
PDQDJHPHQW RI D FLW\ DQG LW KHOSV WKH SHRSOHV WR ILQG RXW QHFHVVDU\
LQIRUPDWLRQ UHJDUGLQJ WUDIILF� URDG� ORFDWLRQ DQG GLUHFWLRQ RI D GHVWLQDWLRQ�
*HQHUDO WUDIILF V\VWHP LV OLPLWHG LQ GDWD VKDULQJ DQG LW LV GLIILFXOW WR DFKLHYH
LQWHJUDWLRQ LQ GDWD SURFHVVLQJ� ,Q WKLV ZRUN� DQ XUEDQ WUDIILF PDQDJHPHQW
V\VWHP EDVHG RQ JHRJUDSKLF LQIRUPDWLRQ V\VWHP �*,6� LV LPSOHPHQWHG WR
KDQGOH WKH URDGV� ODQGPDUNV� VHQVLWLYH DUHDV DQG WUDIILF LQIRUPDWLRQ IRU XUEDQ
WUDIILF SROLFH ORFXV� 2XU ZRUN VROYHV YDULRXV WUDIILF UHODWHG SUREOHPV DQG
UHWULHYHV WKH WUDIILF FHQWUHV WKDW KDYH WR EH DOHUW LQ GLIIHUHQW VLWXDWLRQV� 7KH
GHWHFWHG VKRUWHVW SDWK LV YLVXDOL]HG ZLWK WKH FRQQHFWHG SDWKV LQ RXU DSSURDFK�

.H\ZRUGV� JHRJUDSKLF LQIRUPDWLRQ V\VWHP� *,6� WUDIILF PDQDJHPHQW�
FRQQHFWHG SDWKV� URDGV� VKRUWHVW SDWK� ODQGPDUNV� 6SDWLDO 2UDFOH�

5HIHUHQFH WR WKLV SDSHU VKRXOG EH PDGH DV IROORZV� %DUPDQ� 6�� 6DUNDU� $��
5R\� 5�.�� 6DKD� 6�� 5DMDN� .� DQG 6DUNDU� -� �[[[[� µ$Q DSSURDFK WR
*,6�EDVHG WUDIILF LQIRUPDWLRQ V\VWHP XVLQJ 6SDWLDO 2UDFOH¶� ,QW� -� 6SDWLDO�
7HPSRUDO DQG 0XOWLPHGLD ,QIRUPDWLRQ 6\VWHPV� 9RO� [� 1R� [� SS�[[[±[[[�

%LRJUDSKLFDO QRWHV� 6XEKDV %DUPDQ UHFHLYHG KLV %7HFK GHJUHH LQ &RPSXWHU
6FLHQFH DQG (QJLQHHULQJ IURP .DO\DQL 8QLYHUVLW\� :HVW %HQJDO� ,QGLD
DQG 07HFK GHJUHH LQ ,QIRUPDWLRQ 7HFKQRORJ\ IURP ,QGLDQ ,QVWLWXWH RI
7HFKQRORJ\� .KDUDJSXU� &XUUHQWO\� KH LV DQ $VVLVWDQW 3URIHVVRU LQ WKH
'HSDUWPHQW RI &RPSXWHU 6FLHQFH DQG (QJLQHHULQJ DW -DOSDLJXUL *RYHUQPHQW
(QJLQHHULQJ &ROOHJH� -DOSDLJXUL� :HVW %HQJDO� +LV FXUUHQW UHVHDUFK LQFOXGHV
*,6� GDWD PLQLQJ DQG VHFXULW\�

&RS\ULJKW ��;; ,QGHUVFLHQFH (QWHUSULVHV /WG�



� 6� %DUPDQ HW DO�

$WDQX 6DUNDU LV D VWXGHQW RI ILQDO VHPHVWHU LQ %7HFK LQ &RPSXWHU 6FLHQFH
DQG (QJLQHHULQJ DW -DOSDLJXUL *RYW� (QJLQHHULQJ &ROOHJH� :HVW %HQJDO� ,QGLD�
+LV FXUUHQW UHVHDUFK LQFOXGHV *,6 DQG WUDIILF PDQDJHPHQW�

5DMDW .DPDO 5R\ LV D VWXGHQW RI ILQDO VHPHVWHU LQ %7HFK LQ &RPSXWHU 6FLHQFH
DQG (QJLQHHULQJ DW -DOSDLJXUL *RYW� (QJLQHHULQJ &ROOHJH� :HVW %HQJDO� ,QGLD�
+LV FXUUHQW UHVHDUFK LQFOXGHV *,6 DQG WUDIILF PDQDJHPHQW�

6RXUDY 6DKD LV D VWXGHQW RI ILQDO VHPHVWHU LQ %7HFK LQ &RPSXWHU 6FLHQFH
DQG (QJLQHHULQJ DW -DOSDLJXUL *RYW� (QJLQHHULQJ &ROOHJH� :HVW %HQJDO� ,QGLD�
+LV FXUUHQW UHVHDUFK LQFOXGHV *,6 DQG WUDIILF PDQDJHPHQW�

.DMDO 5DMDN LV D VWXGHQW RI ILQDO VHPHVWHU LQ %7HFK LQ &RPSXWHU 6FLHQFH DQG
(QJLQHHULQJ DW -DOSDLJXUL *RYW� (QJLQHHULQJ &ROOHJH� :HVW %HQJDO� ,QGLD� +LV
FXUUHQW UHVHDUFK LQFOXGHV *,6 DQG WUDIILF PDQDJHPHQW�

-R\GHHS 6DUNDU LV D VWXGHQW RI ILQDO VHPHVWHU LQ %7HFK LQ &RPSXWHU 6FLHQFH
DQG (QJLQHHULQJ DW -DOSDLJXUL *RYW� (QJLQHHULQJ &ROOHJH� :HVW %HQJDO� ,QGLD�
+LV FXUUHQW UHVHDUFK LQFOXGHV *,6 DQG WUDIILF PDQDJHPHQW�

� ,QWURGXFWLRQ

,Q WKH DGYDQFHPHQW RI LQIRUPDWLRQ DQG FRPPXQLFDWLRQ V\VWHP �,&7�� SHRSOHV DUH XVLQJ
RQOLQH VHUYLFHV IRU GHFLVLRQ PDNLQJ XVLQJ LQWHUQHW� 7KH DYDLODELOLW\ RI VPDUW SKRQH�
SDOPWRS� HWF� KHOSV SHRSOH WR DFFHVV LQWHUQHW IURP DQ\ ZKHUH DQG DQ\ WLPH� ,Q WKLV
FRQWH[W� JHRJUDSKLFDO LQIRUPDWLRQ V\VWHPV �*,6� DUH JHWWLQJ PRUH DQG PRUH DWWHQWLRQ
WR SURYLGH JHRJUDSKLFDO ORFDWLRQ RI D SODFH� 3HRSOH VHDUFKHV GLIIHUHQW ORFDWLRQ�VSHFLILF
LQIRUPDWLRQ VXFK DV SRVLWLRQ� QHDUE\ ORFDWLRQV� QHDUHVW ODQGPDUNV DQG FRQQHFWHG SDWKV�
$ JHR�VSDWLDO�EDVHG LQIRUPDWLRQ V\VWHP PD\ SURYLGH VSDWLDO GDWD DV ZHOO DV QRQ�VSDWLDO
LQIRUPDWLRQ DOVR�

3UHVHQWO\� PDQ\ *,6 WRROV DUH DYDLODEOH WR SURFHVV JHRJUDSKLFDO GDWD� 6SDWLDO 2UDFOH
LV D IXQGDPHQWDO WRRO ZKLFK FDQ GHILQH� VWRUH� SURFHVV DQG PDQDJH WKH VSDWLDO DV ZHOO DV
QRQ�VSDWLDO GDWD MRLQWO\ ZLWK UHODWLRQDO GDWDEDVH PDQDJHPHQW V\VWHP� ,Q 6SDWLDO 2UDFOH�
OD\HU ZLVH GDWD PRGHOV DUH GHILQHG DQG LQWHU�OD\HU LQWHUDFWLRQ�EDVHG TXHU\ SURFHVVLQJ
LV DOVR SRVVLEOH HIILFLHQWO\� ,Q %DUPDQ HW DO� ������� D 6SDWLDO 2UDFOH�EDVHG PDS
LPSOHPHQWDWLRQ LV SURSRVHG� 1RZ�D�GD\V� *,6�EDVHG GDWD PDQDJHPHQW LV EHLQJ HVVHQWLDO
LQ PDQ\ DSSOLFDWLRQV� 6SDWLDO GDWD IURP YHKLFOHV WUDFNLQJ GHYLFHV DUH FROOHFWHG WR
PRQLWRU SXEOLF YHKLFOHV� 0RELOH GHYLFHV DUH DOVR SURGXFHV GLIIHUHQW *36�EDVHG GDWD DQG
WKHVH GDWD QHHG WR EH UHSUHVHQWHG LQ D *,6 PDS IRU DQDO\VLV DQG EHWWHU XQGHUVWDQGDELOLW\�
(YHQ ELJ GDWD DQDO\VLV DQG VRFLDO PHGLD�EDVHG VSDWLDO GDWD DQDO\VLV DOVR GHPDQG VRPH
*,6 RSHUDWLRQV IRU HIILFLHQW SURFHVVLQJ RI VSDWLDO GDWD� ,Q OLWHUDWXUH� WKHUH DUH PDQ\
DSSURDFKHV IRU *,6 GDWD PDQDJHPHQW �/DPVDO HW DO�� ����� %DUPDQ HW DO�� ����� 7KRPDV
HW DO�� ����� =KDQJ HW DO�� ������

7KH *,6�EDVHG WUDIILF LQIRUPDWLRQ V\VWHPV DUH DOVR EHLQJ SRSXODU WR JHW WUDIILF� URXWH
DQG ODQGPDUN UHODWHG LQIRUPDWLRQ YLD ZHE� (YHQ WUDIILF MDPPLQJ LV EHFRPLQJ D VHULRXV
SUREOHP WKURXJKRXW WKH ZRUOG� 7KH SRSXODWLRQ� SRRU LQIUDVWUXFWXUH DQG ZRUVH WUDIILF
V\VWHP DUH WKH FDXVHV EHKLQG WUDIILF MDPPLQJ� %DVHG RQ FHQVXV GDWD� WKH SRSXODWLRQ
RI .RONDWD &LW\ DPRXQWHG LQ ��� PLOOLRQ� 7KH UDWH RI HQKDQFHPHQW RI SRSXODWLRQ ZLOO



$Q DSSURDFK WR *,6�EDVHG WUDIILF LQIRUPDWLRQ V\VWHP XVLQJ 6SDWLDO 2UDFOH �

GLUHFWO\ DIIHFW WKH JURZLQJ ULVN RI JURZLQJ WUDIILF SUREOHPV� VXFK DV FRQJHVWLRQ DQG
DFFLGHQWV� ZKLFK GHFUHDVHV WKH SHUIRUPDQFH RI VHUYLFH RI D URDG QHWZRUN� 7KHUHIRUH�
ZH FHUWDLQO\ QHHG D PHFKDQLVP RI WUDIILF PDQDJHPHQW V\VWHP ZKLFK ZLOO PLQLPLVH WKH
WUDIILF SUREOHPV�

:LWK WKH LQFUHDVLQJ VLJQLILFDQFH RI XUEDQ WUDIILF SUREOHPV� WKH DSSOLFDWLRQ RI *,6 WR
XUEDQ WUDIILF PDQDJHPHQW FDQ JUHDWO\ LPSURYH WKH RSHUDWLRQ HIILFLHQF\ RI XUEDQ WUDIILF
V\VWHP� 8UEDQ WUDIILF PDQDJHPHQW V\VWHP EDVHG RQ *,6 KDV EHFRPH DQ LPSRUWDQW SDUW RI
WUDIILF PDQDJHPHQW V\VWHP �706�� 7KH *,6�EDVHG 706 LV DQ RSHQ DQG FRPSUHKHQVLYH
V\VWHP HQJDJHG LQ FRQWURO� PDQDJHPHQW DQG GHFLVLRQ�PDNLQJ� ,W FDQ FRPSXWH TXHU\
DQG GLVSOD\ WKH FRUUHVSRQGLQJ UHVXOWV LQ D PDS� )RU SHUIRUPLQJ PXWXDO TXHU\ EHWZHHQ
JUDSKLFV DQG WH[W LQIRUPDWLRQ� LW KDV DQ HOHFWURQLF PDS V\VWHP �0DS9LHZHU� DQG D
GDWDEDVH V\VWHP �2UDFOH ��J��

,W LV VXFK D FRPPRQ QHZV DW WKLV WLPH WR KHDU WKDW D SDUWLFXODU SODFH KDV FDXJKW ILUH
DQG WKH )LUH %ULJDGH LV ODWH WR UHDFK WKH VSRW EHFDXVH RI WKH WUDIILF DQG WKH FURZG� 7KH
UHVXOW LV FDVXDOWLHV DQG KXJH ORVV RI SURSHUW\� :H QHHG D GHFLVLRQ�PDNLQJ V\VWHP WR KHOS
WKH )LUH %ULJDGH WR UHDFK WKH VSRW YLD WKH VKRUWHVW SDWK DQG WKH SDWK ZLWK OLJKWHU WUDIILF�
0RUHRYHU� WKH )LUH %ULJDGH WHDP QHHGV WKH FRPSOHWH LQIRUPDWLRQ UHJDUGLQJ QHDUHVW
ZDWHU�ERGLHV IURP WKH VSRW� ,Q WKLV FDVH� *,6�EDVHG LQIRUPDWLRQ V\VWHP LV YHU\ XVHIXO�
7KH LPSRUWDQW DUHDV VKRXOG EH EURXJKW XQGHU &&79 FDPHUD VXUYHLOODQFH ZKLFK FRXOG
DLG XV LQ G\QDPLF WUDIILF PRQLWRULQJ� ,Q DQ\ PHGLFDO HPHUJHQF\� SHRSOHV QHHG WR NQRZ
WKH QHDUHVW KRVSLWDOV IURP WKHLU SUHVHQW DGGUHVV DQG FRUUHVSRQGLQJ VKRUWHVW SDWK WR WKH
QHDUHVW KRVSLWDOV LV YHU\ LPSRUWDQW WR UHDFK WKH KRVSLWDO RQ WLPH�

,Q WKLV SDSHU� D *,6�EDVHG WUDIILF LQIRUPDWLRQ V\VWHP LV SURSRVHG� 7KH 6SDWLDO 2UDFOH
LV XVHG WR LPSOHPHQW D *,6�EDVHG WUDIILF LQIRUPDWLRQ V\VWHP RI D FLW\� :H KDYH DSSOLHG
2UDFOH ��J WR LPSOHPHQW WKH EDFN�HQG GDWDEDVH� 0DS9LHZHU DQG PDS�EXLOGHU LV XVHG WR
PDNH WKH YLVXDOLVDWLRQ RI XVHU¶V TXHULHV�

��� 0RWLYDWLRQ

3HRSOH ZDQW WR NQRZ WKH VKRUWHVW SDWK RI KLV�KHU WDUJHW SODFH IURP KLV�KHU FXUUHQW
ORFDWLRQ� 0DLQO\� ZKHQ D YLVLWRU LV QHZ WR D FLW\� KH�VKH ZDQWV WR NQRZ WKH ORFDWLRQ RI
KLV�KHU WDUJHW SODFH ZLWK UHVSHFW WR D ZHOO�NQRZQ ODQGPDUN� (YHQ� ZLWK WKH OLYH VWDWXV
RI WUDIILF XSGDWH� DQ\ WUDYHOOHU PD\ UHDVVLJQHG KLV�KHU SDWK WR DYRLG DQ\ WUDIILF KD]DUG
IRU VRPH HYHQWV OLNH� SRVVHVVLRQ RI SROLWLFDO SDUW\� URDG DFFLGHQW DQG URDG EORFNV E\
SHRSOHV �HLWKHU SROLWLFDO GHPDQG RU SURWHVW RI FRPPRQ SHRSOH�� 0RUHRYHU� SHRSOH PD\
ZDQW WR NQRZ WKH URDG QHWZRUN RI D FLW\ IURP KLV�KHU KRPH� $OO WKH DERYH FRQFHUQV DUH
WKH PRWLYDWLRQ RI RXU ZRUN�

7KH UHVW RI WKH SDSHU LV RUJDQLVHG DV IROORZV� ,Q 6HFWLRQ �� ZH GLVFXVV WKH H[LVWLQJ
ZRUN RQ WUDIILF PDQDJHPHQW V\VWHPV� ,Q 6HFWLRQ �� ZH GLVFXVV RXU SURSRVHG DSSURDFK
IRU WUDIILF PDQDJHPHQW V\VWHP� 7KH LPSOHPHQWDWLRQ DQG TXHU\ H[HFXWLRQ UHVXOWV DUH
SUHVHQWHG LQ 6HFWLRQ �� )LQDOO\� WKH SDSHU FRQFOXGHV LQ 6HFWLRQ ��

� 5HODWHG ZRUN

7KH UDSLGO\ LQFUHDVLQJ YHKLFOH SRSXODWLRQ LQ ,QGLD� VSXUUHG E\ WKH SRSXODWLRQ JURZWK
DQG HFRQRPLF XSWXUQ OD\V D FULWLFDO EXUGHQ RQ WUDIILF PDQDJHPHQW LQ WKH PHWURSROLWDQ
FLWLHV DQG WRZQV RI WKH FRXQWU\ �/DPVDO HW DO�� ������ 7KH FXPXODWLYH JURZWK RI WKH



� 6� %DUPDQ HW DO�

SDVVHQJHU YHKLFOHV VHJPHQW LQ ,QGLD GXULQJ $SULO ����±0DUFK ���� ZDV ������� ,Q
����±���� DORQH� ��� PLOOLRQ PRWRULVHG YHKLFOHV ZHUH VROG LQ ,QGLD� (FRQRP\�LQGXFHG
DXWRPRELOH XVDJH LV FRPSOLFDWHG IXUWKHU E\ WKH FRQVWDQW LQ IOX[ RI UXUDO SRSXODWLRQ LQ WKH
XUEDQ DUHDV� WKXV PDNLQJ HQRUPRXV GHPDQGV RQ WKH WUDQVSRUWDWLRQ LQIUDVWUXFWXUH LQ DQ
RYHUORDGHG UHJLRQ� 7KH KHWHURJHQHLW\ RI HFRQRP\ DQG WKH SK\VLFDO OLPLW RQ KRZ PXFK
DGGLWLRQDO LQIUDVWUXFWXUH D FLW\ FDQ KROG FRPSOLFDWH WUDQVSRUW PDQDJHPHQW IXUWKHU� :RUOG
%DQN UHSRUWV WKDW WKH HFRQRPLF ORVVHV LQFXUUHG RQ DFFRXQW RI FRQJHVWLRQ DQG SRRU URDGV
DORQH UXQ DV KLJK DV $� ELOOLRQ D \HDU LQ ,QGLD �9DQDMDNVKL HW DO�� ������

7KH RULJLQ RI WKH IRUPDO WUDIILF PDQDJHPHQW V\VWHP SURJUDPV GDWHV EDFN WR WKH
����V ZLWK WKH GHYHORSPHQW RI WKH HOHFWURQLF URXWH JXLGDQFH V\VWHP� RU (5*6 LQ WKH
86$� 7KH REMHFWLYH RI (5*6 ZDV WR SURYLGH GULYHUV ZLWK URXWH JXLGDQFH LQIRUPDWLRQ
EDVHG RQ UHDO�WLPH WUDIILF DQDO\VLV� 7KH V\VWHP XVHG VSHFLDO KDUGZDUH ORFDWHG DW YDULRXV
LQWHUVHFWLRQV DFURVV WKH URDG QHWZRUN� RQ�ERDUG ��ZD\ GHYLFHV LQ YHKLFOHV WKDW ZRXOG
IRUP WKH KXE RI FRPPXQLFDWLRQ EHWZHHQ WKH GULYHU DQG WKH (5*6 V\VWHP� DQG D FHQWUDO
FRPSXWHU V\VWHP WKDW SURFHVVHG WKH LQIRUPDWLRQ UHFHLYHG IURP WKH UHPRWH V\VWHPV �3HQJ
HW DO�� ������

5HFHQWO\� YHKLFOH WUDFNLQJ V\VWHPV �976� DUH XVHG LQ YHKLFOHV WR WUDFN WKH YHKLFOH�
$ 976 UHFHLYHV WKH ORFDWLRQ GDWD IURP WUDFNLQJ GHYLFHV DQG YLVXDOLVH WKH ORFDWLRQ RI
YHKLFOHV XVLQJ WKH ORFDWLRQ GDWD� 7KH FROOHFWHG GDWD DUH XVHG WR JHQHUDWH D PDS DQG D
UHSRUW EDVHG RQ WKH ORFDWLRQ GDWD� 7KRPDV HW DO� ������ SURSRVHG D KLJK�SHUIRUPDQFH
FOXVWHU�EDVHG PHWKRG WR VWRUH� SURFHVV DQG UHWULHYH G\QDPLF JHR�VSDWLDO GDWD WR WUDFN
DQG SORW WKH YHKLFOH ORFDWLRQV DV FOXVWHUV WR SURYLGH DQ LQIRUPDWLYH YLHZ� 7KHUHIRUH�
KXJH DPRXQW RI JHR�VSDWLDO GDWD IURP ODUJH QXPEHUV RI YHKLFOHV GHPDQG DQ HIILFLHQW
VWRUDJH RI VSDWLDO GDWD� 7KH *,6�EDVHG LQIRUPDWLRQ V\VWHPV PD\ QHHG D VSHFLDOLVHG
VSDWLDO GDWD GHILQLWLRQ ODQJXDJH WR GHILQH� VWRUH� XSGDWH DQG PDQDJH JHR�VSDWLDO GDWD�
,Q WKLV FRQWH[W� 6SDWLDO 2UDFOH �DQ H[WHQVLRQ RI 2UDFOH� SURYLGHV DQ LQIUDVWUXFWXUH DORQJ
ZLWK UHODWLRQDO GDWDEDVH PDQDJHPHQW V\VWHP� %DUPDQ HW DO� ������ SURSRVHG D VPDUW PDS
LPSOHPHQWDWLRQ SURFHVV XVLQJ 6SDWLDO 2UDFOH� 7KH\ XVHG OD\HU�EDVHG GDWD FODVVLILFDWLRQ
WHFKQLTXH WR GHILQH D GDWD PRGHO� /D\HUV RI LQWHUHVW DUH LGHQWLILHG DQG GDWD PRGHOV DUH
GHILQHG� 7KHQ� FRUUHVSRQGLQJ GDWD H[WUDFWHG IURP GLIIHUHQW VRXUFHV DUH HQWHUHG LQWR WKH
VSDWLDO GDWDEDVH�

,Q =KDQJ HW DO� ������� DQ HIILFLHQW VWRUDJH PHWKRG RI KXJH *,6 GDWD LV SURSRVHG�
7KH DXWKRUV DQDO\VHG WKH *,6 GDWD IHDWXUHV OLNH YROXPH� GDWD W\SHV� DQG FRPSOH[LW\
RI GDWD VWUXFWXUHV DQG WKH LPSDFW RI WKH IHDWXUHV RQ GDWD VWRUDJH DQG SURFHVVLQJ� 7KH\
SURSRVHG D PHWKRG RI *,6 VSDWLDO GDWD VWRUDJH XVLQJ 1R64/ �QRW RQO\ 64/� GDWDEDVH�

0DQ\ UHVHDUFKHV KDYH EHHQ GRQH RQ WKH WUDIILF PDQDJHPHQW V\VWHP� $W ILUVW� WKH
LQFLGHQW PDQDJHPHQW V\VWHP EURDGO\ IROORZV WKH FRQFHSW RI WUDIILF PDQDJHPHQW V\VWHP�
7KH DLP RI WKLV V\VWHP LV WR GHYHORS DQG YDOLGDWH DQ LQVWUXPHQW WR PHDVXUH WKH
FULWLFDO IDFWRUV WKDW FRQWULEXWH WR WKH HIILFLHQF\ RI GHFLVLRQ VXSSRUW LQ FULWLFDO LQFLGHQW
PDQDJHPHQW V\VWHPV �&,06�� ,Q WKH RWKHU UHVHDUFK RQ LQFLGHQW PDQDJHPHQW V\VWHP
GLVFXVV WKH FROOHFWLRQ DQG UHWULHYDO RI FULWLFDO GDWD RI PHWURSROLWDQ DUHDV� (IILFLHQW URDG
WUDIILF LQFLGHQW PDQDJHPHQW �7,0� LQ PHWURSROLWDQ DUHDV LV FUXFLDO IRU WKH VPRRWK WUDIILF
IORZ DQG WKH PRELOLW\ DQG VDIHW\ RI FRPPXQLW\ �.LP HW DO�� ������



$Q DSSURDFK WR *,6�EDVHG WUDIILF LQIRUPDWLRQ V\VWHP XVLQJ 6SDWLDO 2UDFOH �

7DEOH � &RPSDULVRQ RI H[LVWLQJ LQWHOOLJHQW WUDIILF PDQDJHPHQW V\VWHPV

5HVHDUFK 'HVFULSWLRQ /LPLWDWLRQ

0LUFKDQGDQL
DQG +HDG
������

&RQWUROV WKH VLJQDOV LQ UHDO WLPH DQG
RSHUDWH WKHP DXWRPDWLFDOO\ DFFRUGLQJ
WR WKH GHPDQG LQ WUDIILF XVLQJ UHDO
WLPH KLHUDUFKLFDO RSWLPLVLQJ GLVWULEXWHG
HIIHFWLYH V\VWHP �5+2'(6�

,I SRRU VLJQDO FRQWURO LV XVHG� WKH
HIIHFWLYH FDSDFLW\� LQ WHUPV RI VHUYHG
ORDG� LV UHGXFHG DQG GHOD\ LQFUHDVHV
VXEVWDQWLDOO\�

'RWROL HW DO�
������

7KLV PRGHO ZDV PRGLILHG WR WDNH LQWR
DFFRXQW WKH WUDIILF VFHQDULRV� WKH
GLIIHUHQW W\SHV RI YHKLFOHV LQ WKH DUHD�
DV ZHOO DV SHGHVWULDQV�

,W VHOHFWV RIIVHWV WR HQVXUH SURJUHVVLRQ
IRU RQO\ RQH GLUHFWLRQ� ,W IDLOV WR
DGGUHVV WKH GHWHUPLQDWLRQ RI RIIVHWV WR
LPSURYH SURJUHVVLRQ IRU ERWK
GLUHFWLRQV RI D WUDIILF QHWZRUN�

4XHHQ DQG
$OEHUV
������

8VH WKH UHDO WLPH GDWD WKDW LV SURYLGHG
E\ WKH LQGXFWLRQ ORRS LQ D WUDIILF
PDQDJHPHQW V\VWHP WR PRQLWRU FXUUHQW
WUDIILF IORZV LQ D QHWZRUN E\ XVLQJ
OLQHDU PXOWL�UHJUHVVLRQ G\QDPLF PRGHO
�/0'0� VR WKDW WUDIILF FDQ EH
GLUHFWHG DQG PDQDJHG HIILFLHQWO\�

7KLV SDSHU LPSOHPHQWV WKH VWDQGDUG
G\QDPLF OLQHDU PXOWL�UHJUHVVLRQ
�'/0� DVVXPSWLRQ EXW WKH
GLVWULEXWLRQDO DVVXPSWLRQ LV QRW WDNHQ
LQWR FRQVLGHUDWLRQ RQ /0'0�

5RR]HPRQG
������

$SSO\ DXWRQRPRXV LQWHOOLJHQW DJHQWV
LQ XUEDQ WUDIILF FRQWURO DQG HYDOXDWH
WKH SHUIRUPDQFH RI WKH FRQYHQWLRQDO
WUDIILF FRQWURO V\VWHP�

7KH SDUWLFXODU WHFKQLTXHV SURSRVHG DUH
H[SHULPHQWDO DQG QRW \HW PDLQVWUHDP�
HVSHFLDOO\ ZKHQ SURSRVHG IRU VXFK D
ODUJH RQOLQH DSSOLFDWLRQ�

+RQJ HW DO�
������

'LVFXVV RQ WUDIILF LPDJHV DQG IRFXVHG
RQ PXOWL�DQWLFLSDWLYH FDU IROORZLQJ
EHKDYLRXU� KHWHURJHQHLW\ DPRQJ
LQGLYLGXDOV DQG UHODWLRQVKLS EHWZHHQ
FDU IROORZLQJ EHKDYLRXU DQG URDG
JHRPHWU\�

7KLV V\VWHP KDV D YHU\ KLJK FRVW SHU
GDWD XQLW� DQG WKH\ RQO\ DQDO\VHG
YHKLFOH WUDMHFWRULHV IRU �� PLQ�

2]NXUW DQG
&DPFL
������

7KH\ VWUHVV XSRQ NQRZLQJ WKH WUDIILF
GHQVLW\ IRU WUDIILF VXUYHLOODQFH V\VWHPV
DQG XVH D QHXUDO QHWZRUN DSSURDFK IRU
WKH VDPH�

([WUDFWLQJ XVHIXO LQIRUPDWLRQ VXFK DV
WUDIILF GHQVLW\ DQG YHKLFOH W\SHV IURP
WKHVH FDPHUD V\VWHPV KDV EHFRPH D
KDVVOH GXH WR WKH KLJK QXPEHU RI
FDPHUDV LQ XVH� 0DQXDO DQDO\VLV RI
WKHVH FDPHUD V\VWHPV LV QRZ
LQDSSOLFDEOH�

$WNRFLXQDV
HW DO� ������

'HYHORSV D &&79�FDPHUD�EDVHG
DSSOLFDWLRQ DQG XWLOLVHG LPDJH
SURFHVVLQJ DQG SDWWHUQ UHFRJQLWLRQ
PHWKRGV DQG IXQFWLRQDO FDSDELOLWLHV RI
D V\VWHP WR PRQLWRU WKH URDG� LQLWLDWH
DXWRPDWHG YHKLFOH WUDFNLQJ� PHDVXUH
VSHHG DQG UHFRJQLVH QXPEHU SODWHV�

,Q FRPSOH[ WHVWLQJ WKH V\VWHP IDLOV WR
SHUIRUP DQG PRUH GHWDLOHG PRGLILHG
DOJRULWKP FRXOG EH LPSOHPHQWHG�

9HUURLRV
HW DO� ������

3URSRVHV D IXOO\ GLVWULEXWHG DSSURDFK
WKDW XVHV RQO\ WKH FRPSXWDWLRQDO
UHVRXUFHV DQG FRPPXQLFDWLRQ
FDSDELOLWLHV RI YHKLFOHV DQG UHTXLUHV QR
IL[HG LQIUDVWUXFWXUH RU FHQWUDOLVHG
VHUYHUV�

7KH\ KDYH SDUWLWLRQHG URDG QHWZRUNV
LQWR VPDOO UHJLRQV� 7KLV RQH OHYHO
IUDJPHQWDWLRQ OHDGV WR ODUJH QXPEHU RI
UHJLRQV DQG IXUQLVK RYHUKHDGV DV IDU
DV WKH WUDQVSRUW DQG SURFHVVLQJ RI
SURWRFRO UHTXLVLWH GDWD LV FRQFHUQHG�



� 6� %DUPDQ HW DO�

/DWHU� HPHUJHQF\ PDQDJHPHQW V\VWHP �(,06� IROORZHG WKH FRQFHSW RI 706� 'XULQJ
HPHUJHQFLHV� GHFLVLRQ PDNLQJ LV D FKDOOHQJLQJ WDVN ZKLFK UHTXLUHV LPPHGLDWH DQG
HIIHFWLYH DFWLRQ IURP UHVSRQGHUV XQGHU WKH SUHVVXUH RI LQFRPSOHWH DQG HUURQHRXV
LQIRUPDWLRQ �<RRQ HW DO�� ������ ,Q WKDW V\VWHP� LGHQWLILFDWLRQ RI DSSURSULDWH UHVRXUFHV
DQG SHUVRQQHO� SURSHU OLQHV RI FRPPXQLFDWLRQ DQG WLPHO\ DFFHVVLELOLW\ WR UHOHYDQW
SURFHGXUHV FDQ RSWLPLVH WKH PDQDJHPHQW FDSDFLW\ RI WKH DIWHU HIIHFWV� 7R DFKLHYH
HPHUJHQF\ UHVSRQVH DQG UHFRYHU\ HIIHFWLYHQHVV� UHVSRQGHUV QHHG WR EH SUHSDUHG DQG
WUDLQHG IRU YDULRXV HPHUJHQF\ VLWXDWLRQV DQG GHFLVLRQ VXSSRUW V\VWHPV� 7R DGGUHVV VRPH
RI WKH GHFLVLRQ�PDNLQJ SUREOHPV� D ORZ FRVW FRPSXWHU�EDVHG WUDLQLQJ SURWRW\SH ZLWK D
GHFLVLRQ VXSSRUW V\VWHP WRRO ZDV GHYHORSHG �<RRQ HW DO�� ������

7KHUH DUH PRUH ZRUN H[LVW LQ WKH DUHD RI HPHUJHQF\ UHVSRQVH PDQDJHPHQW V\VWHPV
DQG &,06� (YHQ VR� WKHUH LV LQ JHQHUDO D ODFXQD RI OLWHUDWXUH WKDW GHDOV ZLWK WKH LVVXH
RI PHDVXULQJ WKH HIIHFWLYHQHVV RI VXFK V\VWHPV� &OHDUO\� D SRRU DVVHVVPHQW RI &,06
HIILFLHQF\ OLPLWV WKH SRVVLELOLW\ RI PLWLJDWLQJ IXWXUH SUREOHPV� 7KH LVVXH RI DVVHVVPHQW RI
&,06 LV DQ XQGHUVWXGLHG DUHD� ,W LV LPSRUWDQW WR SRLQW RXW WKDW WKLV UHVHDUFK IRFXVHG RQO\
RQ WKH V\VWHPV FRPSRQHQW� DQG QRW RQ WKH SHRSOH ZKR RSHUDWH WKH V\VWHP RU XVH LW� 7KLV
LV EHLQJ DGGUHVVHG DV DQ DUHD IRU IXUWKHU UHVHDUFK� $W WKH LQFLGHQW VLWH� ILUVW UHVSRQGHUV
PD\ HQFRXQWHU XQH[SHFWHG VLWXDWLRQV ZKLFK PD\ EH EH\RQG WKH VFRSH RI WKH V\VWHP� 7R
UHVSRQG WR FULWLFDO LQFLGHQWV� ILUVW UHVSRQGHUV PXVW EH WUDLQHG� ([SHUWV KDYH SRLQWHG RXW
WKDW WUDLQLQJ LV HVVHQWLDO IRU HIIHFWLYH H[HFXWLRQ DQG ZHOO�RUJDQLVHG SUH�SODQQLQJ�

1H[W� WUDQVSRUWDWLRQ VHFXULW\ GHFLVLRQ VXSSRUW V\VWHP IRU HPHUJHQF\ UHVSRQVH ZDV
GHYHORSHG� 5HVHDUFK GLVFXVVHG DERXW WKH GHFLVLRQ VXSSRUW V\VWHP �'66� �<RRQ HW DO��
����� WKDW ZHUH GHVLJQHG WR DVVLVW GHFLVLRQ PDNHUV ZLWK D SDUWLFXODU FRPSOH[ SUREOHP
LQ D FRPSXWHU�EDVHG HQYLURQPHQW� ,QLWLDOO\� D GHFLVLRQ VXSSRUW V\VWHP IRU HPHUJHQF\
UHVSRQVH ZDV GHYHORSHG WR DVVHVV WKH VWDWH RI SUHSDUDWLRQ RI D WUDQVSRUWDWLRQ DJHQF\ WR
UHVSRQG WR HPHUJHQFLHV� HQDEOH WKH GHYHORSPHQW RI QHZ VWDQGDUG RSHUDWLQJ SURFHGXUHV
DQG WR EHWWHU WUDLQ DQG HPSRZHU HPSOR\HHV LQ WKH GHFLVLRQ�PDNLQJ SURFHVV� 7KLV
UHVHDUFK DOVR KDG VRPH LVVXHV UHJDUGLQJ RSWLPLVDWLRQ H[WHQVLRQ� D GHFLVLRQ VXSSRUW
V\VWHP PLJKW EH LQWHJUDWHG PDWKHPDWLFDO PRGHOV� UXOHV DQG DOJRULWKPV LQ D XVHU�IULHQGO\
IRUPDW WR PLQLPLVH LQFLGHQW UHVSRQVH WLPH DQG VXFFHVVIXO LPSOHPHQWDWLRQ IRU UHVSRQVH
WR URDGZD\ QHWZRUN LQFLGHQWV� 7KH H[LVWLQJ ZRUNV RQ LQWHOOLJHQW WUDIILF PDQDJHPHQW
V\VWHPV DUH FRPSDUHG LQ 7DEOH ��

� 3URSRVHG DSSURDFK

2XU ZRUN LV EDVHG RQ WKH SUREOHP GXH WR WKH WUDIILF FRQJHVWLRQ� 7R DGGUHVV WKH SUREOHP�
ZH QHHG WR ORRN IRU DOO WKH GDWD UHODWHG WR XUEDQ WUDIILF PDQDJHPHQW� +HUH� ZH FRQVLGHU
JHRJUDSKLFDO GDWD RI D VSHFLILF FLW\ WR LPSOHPHQW D *,6�EDVHG WUDIILF PDQDJHPHQW
V\VWHP� +HQFH� LQLWLDO VWHS FRPSULVHV H[WUDFWLRQ RI VSDWLDO GDWD IURP GLIIHUHQW VRXUFHV
DQG VWRULQJ WKH VSDWLDO GDWD LQ D VWUXFWXUHG DQG UHODWLRQDO GDWDEDVH� %XW� EHIRUH WKDW
ZH QHHG WR LGHQWLI\ WKH OD\HUV WKDW ZH DUH JRLQJ WR FRQFHQWUDWH RQ� $IWHU DQDO\VLQJ
WKH UHTXLUHPHQWV RI WKH V\VWHP� DOO WKH OD\HUV DUH LGHQWLILHG� %DVLFDOO\� WKH OD\HUV
DFFRPPRGDWH VLPLODU W\SH RI VSDWLDO GDWD ZLWKLQ D VSHFLILF UHODWLRQ� 7KHUHIRUH� ZH QHHG
WR GHFLGH WKH GDWDEDVH GHVLJQ DFFRUGLQJO\� 7KH WDEOHV DUH GHILQHG IRU GLIIHUHQW OD\HUV
ZLWK DOO WKH VSDWLDO DQG QRQ�VSDWLDO DWWULEXWHV� SURSHUO\� 7KH GDWD DUH H[WUDFWHG IURP DQ
H[LVWLQJ PDS RI WKH FLW\� VR WKH\ DUH WDNHQ LQ FR�RUGLQDWH IRUP� 7KHQ� WKH LQVHUWLRQ RI
GDWD LV FDUULHG RXW WR HQWHU WKH VSDWLDO DQG QRQ�VSDWLDO GDWD LQWR WKH WDEOHV� )LQDOO\� ZH



$Q DSSURDFK WR *,6�EDVHG WUDIILF LQIRUPDWLRQ V\VWHP XVLQJ 6SDWLDO 2UDFOH �

GHVLJQ YDULRXV TXHULHV LQ WKH 6SDWLDO 2UDFOH DQG SURFHVV HDFK TXHU\ RQ WKH VWRUHG GDWD
WR REWDLQ WKH GHVLUHG UHVXOWV� 7KH RXWSXW �PRGH� RI WKH TXHU\ GHSHQGV RQ WKH TXHU\
SURFHVVRU DQG WKH JUDSKLFDO XVHU LQWHUIDFH �*8,�� 7KH RXWSXW RI TXHU\ PD\ EH YLVXDOLVHG
LQ D PDS XVLQJ 0DS9LHZHU� 7KH RYHUYLHZ RI RXU SURSRVHG V\VWHP LV JLYHQ LQ )LJXUH ��

)LJXUH � 2YHUYLHZ RI WKH SURSRVHG WUDIILF LQIRUPDWLRQ V\VWHP �VHH RQOLQH YHUVLRQ IRU FRORXUV�
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��� 'LIIHUHQW OD\HUV RI LQWHUHVW

7KH UHTXLUHPHQWV RI WKH VWDNHKROGHUV DUH LPSRUWDQW WR XQGHUVWDQG WKH DUHD RI LQWHUHVW�
7KH UHTXLUHPHQW DQDO\VLV UHVXOWV VHOHFWLRQ RI OD\HUV LQ RXU SURSRVHG V\VWHP� $ OD\HU LV
D FROOHFWLRQ RI VLPLODU W\SH JHRPHWULHV GHVFULEHG E\ WKH VDPH DWWULEXWH VHW� )RU H[DPSOH�
D OD\HU LQ *,6 PD\ LQFOXGH DQ\ URDG RU ULYHU RU UDLO OLQH RI DQ\ DUHD RI D FRXQWU\ RU FDQ
HYHQ EH DQ\ ODQGPDUN RU ORFDWLRQ� 7KH\ DUH GHILQHG XVLQJ D VHW RI DWWULEXWHV� DQG WKH
DWWULEXWHV FDQ EH ERWK VSDWLDO DQG QRQ�VSDWLDO �PD\ EH D OLQH RU D SRLQW�� 7KH JHRPHWULHV
DQG DVVRFLDWHG VSDWLDO LQGH[ RI D OD\HU DUH VWRUHG LQ UHODWLRQDO GDWDEDVH LQ VWDQGDUG WDEOHV�
,Q JHQHUDO� WKH PDLQ OD\HUV DUH URDGV� DGPLQLVWUDWLYH EXLOGLQJ� KHDOWK FHQWUH� HGXFDWLRQDO
LQVWLWXWH� WUDIILF FHQWUHV� UDLO OLQHV DQG ZDWHU ERGLHV�

:KLOH FKRRVLQJ WKH OD\HUV� LW LV YHU\ LPSRUWDQW WR NQRZ WKH TXHULHV RI WKH XVHUV�
*HQHUDOO\� XVHU PD\ VHDUFK WKH SDWK WR DQ\ SODFH DQG VSHFLDOO\ WKH PRVW FRQYHQLHQW
SDWK LQ ZKLFK WKHUH LV OHVV WUDIILF RU VRPHWLPH WKH VKRUWHVW SDWK� +HQFH� WKH URDG LV
YHU\ LPSRUWDQW OD\HU� ZH FDQ ILQG WKH FRQQHFWHG SDWKV IURP D VSHFLILF VRXUFH WR D
GHVWLQDWLRQ� 'XULQJ IHVWLYH VHDVRQ� WUDIILF MDPPLQJ DQG DFFLGHQWDO FRQGLWLRQ� DQ DOWHUQDWH
URXWH LV PRVW IUHTXHQWO\ QHHGHG� VR WKLV LV LPSRUWDQW OD\HU RI RXU DSSOLFDWLRQ� /DQGPDUN
LV DQRWKHU LPSRUWDQW OD\HU EHFDXVH LW KHOSV WR ORFDWH DQ\ RWKHU ORFDWLRQ OLNH DQ DFFLGHQWDO
VSRW� H[KLELWLRQ FHQWUH DQG JDWKHULQJ SODFHV� $W WKH WLPH RI HPHUJHQF\� D UHVFXH WHDP
FDQ SRLQW RXW WKH DGGUHVV RI WKH WDUJHW SODFHV ZLWK UHVSHFW WR WKH ORFDWLRQ RI WKH QHDUE\
ODQGPDUN� :DWHU ERGLHV DUH DOVR DQ LPSRUWDQW OD\HU LQ RXU DSSOLFDWLRQ� :KHQ D ILUH KDV
VSUHDG RYHU DQ DUHD DQG ILUH EULJDGH KDV JRQH RQ WKDW DUHD� WKH\ QHHG WR XVH ZDWHU IURP
QHDUHVW ZDWHU ERGLHV� 5DLO OLQHV DUH DOVR HIIHFWLYH DV OD\HU LQ RXU DSSOLFDWLRQ EHFDXVH
ZKHQ D UDLO LV SDVVHG RYHU D UDLOZD\ FURVVLQJ� WKH WUDIILF FHQWUHV QHDUHVW WR WKDW FURVVLQJ
KDYH WR DOHUW PRUH WR RYHUFRPH DFFLGHQWV�
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��� 'DWD PRGHOV XVHG LQ RXU DSSOLFDWLRQ

7KH LGHQWLILHG OD\HUV DUH DQDO\VHG DQG UHVSHFWLYH GDWD PRGHO IRU HDFK OD\HU LV
GHILQHG XVLQJ WKH FKDUDFWHULVWLFV RI VSDWLDO GDWDEDVH� 7KH VSDWLDO GDWD PRGHO SURYLGHV D
KLHUDUFKLFDO VWUXFWXUH RI HOHPHQWV� JHRPHWULHV� DQG OD\HUV� 7KH HOHPHQWV DUH FRQVLGHUHG
DV WKH JUDLQV IRU EXLOGLQJ XS D JHRPHWU\� 7KHUHIRUH� WKH JHRPHWU\ LV XVHG WR UHSUHVHQW
WKH VSDWLDO IHDWXUHV RI D VSDWLDO REMHFW DQG LW LV PRGHOOHG DV D VHW RI SULPLWLYH HOHPHQWV�
6LPLODUO\� D VHW RI JHRPHWULHV IRUPV D OD\HU� $Q HOHPHQW LV WKH EDVLF EXLOGLQJ EORFN RI D
JHRPHWU\� 7KH IXQGDPHQWDO VSDWLDO HOHPHQW W\SHV DUH SRLQWV� OLQH VWULQJV� DQG SRO\JRQV�
$ SRLQW FDQ UHSUHVHQW D EXLOGLQJ� D ODQGPDUN� WUDIILF FHQWUH� VFKRRO� RIILFH� HWF� ZLWK D
�[� \��FRRUGLQDWH YDOXH� 7KH OLQH VWULQJ FDQ EH XVHG WR UHSUHVHQW URDGV� UDLO OLQHV� ULYHUV�
HWF� XVLQJ D VWULQJ RI OLQH VHJPHQWV� 6LPLODUO\� DQ XUEDQ DUHD RI D FLW\ FDQ EH PRGHOOHG
XVLQJ SRO\JRQV HOHPHQW� 2QH FRRUGLQDWH LV UHTXLUHG WR SUHVHQW D SRLQW GDWD� $ OLQH GDWD
QHHGV WZR FRRUGLQDWHV UHSUHVHQWLQJ D OLQH VHJPHQW RI WKH HOHPHQW� 2QO\ WZR SRLQWV DUH
QHHGHG WR GHILQH UHFWDQJOH �ORZHU OHIW DQG XSSHU ULJKW�� ZKHUHDV RWKHU SRO\JRQV QHHG DOO
SRLQWV RU YHUWH[ WR EH GHILQHG ZLWK &DUWHVLDQ FRRUGLQDWH GDWD� (DFK OD\HU LV LPSOHPHQWHG
XVLQJ WKH UHODWLRQDO GDWD PRGHO� ZKHUH HDFK OD\HU LV UHSUHVHQWHG ZLWK D UHODWLRQ� (DFK
UHODWLRQ LV HTXLYDOHQW WR D WDEOH ZKLFK LV LGHQWLILHG E\ QDPH DQG GHILQHG E\ D VHW RI
DWWULEXWHV� 7KH W\SH RI DWWULEXWHV LV HLWKHU VSDWLDO RU QRQ�VSDWLDO GDWD W\SH DQG DW OHDVW RQH
DWWULEXWH VKRXOG EH VSDWLDO DWWULEXWH� )RU H[DPSOH� WKH VFKHPD RI URDGV WDEOH LV GHILQHG
DV IROORZV�

URDGV�URDGBLG� QDPH� VKDSH� W\SH�

,Q WKLV WDEOH� WKHUH DUH WKUHH FROXPQV RU DWWULEXWHV WR GHVFULEH D URDG� 7KH URDGBLG PHDQV
D XQLTXH LG RI D URDG DQG LW LV XVHG DV SULPDU\ NH\� 7KH URDG QDPH ZKLFK LV D QRQ�VSDWLDO
LQIRUPDWLRQ RI D URDG LV VWRUHG LQ WKH DWWULEXWH µQDPH¶� 7KH JHRPHWULF GHVFULSWLRQ RI D
VSDWLDO REMHFW �URDGV� LV VWRUHG LQ D VLQJOH URZ� LQ D VLQJOH FROXPQ VKDSH RI REMHFW W\SH
*(20(75< LQ URDGV WDEOH� 6LPLODUO\� WKH LQIRUPDWLRQ DERXW DOO WUDIILF FHQWUHV RI WKH
WRZQ DUH FROOHFWHG DQG VWRUHG LQ D WDEOH WUDIILF� 7KH VFKHPD RI WKH WDEOH LV JLYHQ EHORZ�

WUDIILF�LG� QDPH� VKDSH�

ZKHUH XQLTXH LG� QDPH DQG JHRPHWULF GHVFULSWLRQ RI WKH HDFK WUDIILF FHQWUH DUH VWRUHG LQ
LG� QDPH DQG VKDSH UHVSHFWLYHO\�

��� 6WRULQJ RI VSDWLDO DQG QRQ�VSDWLDO GDWD

)LUVW RI DOO� ;�FRRUGLQDWH YDOXHV DV ZHOO DV <�FRRUGLQDWH YDOXHV RI LPSRUWDQW SRLQWV DUH
H[WUDFWHG IURP D VRXUFH �H�J�� PDS LPDJH RI -DOSDLJXUL�� 7KHQ� WKH UHVSHFWLYH GDWD �VSDWLDO
DQG QRQ�VSDWLDO� RI DQ HQWLW\ �VD\� ODQGPDUN� URDG� HWF�� DUH VWRUHG LQWR WKH UHVSHFWLYH
WDEOH� ,Q HYHU\ UHFRUG� WKHUH PXVW EH D VSDWLDO GDWD �L�H�� (x, y)�FRRUGLQDWH� ZKLFK LV
XVHG GXULQJ VSDWLDO TXHU\ H[HFXWLRQ� +HUH� DQ HQWLW\ LV VSHFLILHG ZLWK D VSDWLDO GDWD DQG
VRPH RWKHU QRQ�VSDWLDO GDWD� 6SDWLDO SDUW RI DQ\ REMHFW LV UHSUHVHQWHG E\ D ORFDWLRQ RI
WKH REMHFW IURP WKH RULJLQ DQG JHRPHWULF VKDSH RI WKH REMHFW� 6D\� WKH ORFDWLRQ �ZLWK
UHVSHFW WR ODWLWXGH� ORQJLWXGH� RI FHQWUH RI .RONDWD LV ��������� �������� DQG WKH VKDSH
LV SRLQW� )RU VLPSOLFLW\� ZH FRQVLGHU WKDW WKH ORFDWLRQ LV UHSUHVHQWHG LQ (x, y)�FRRUGLQDWH
RQO\ DQG WKH VKDSHV PD\ EH SRLQW� OLQH� SRO\JRQ� )RU H[DPSOH� DQ\ URDG LV WKH VWULQJ RI
OLQHV� 7KH ERXQGDU\ RI DQ\ FLW\� VD\� .RONDWD LV UHSUHVHQWHG E\ D VKDSH RI SRO\JRQ� ,Q



$Q DSSURDFK WR *,6�EDVHG WUDIILF LQIRUPDWLRQ V\VWHP XVLQJ 6SDWLDO 2UDFOH �

6SDWLDO 2UDFOH� WKHUH LV DQ 2UDFOH REMHFW W\SH QDPHO\� SDOBGEOMETRY FDSWXUHV
WKH ORFDWLRQ DQG VKDSH LQIRUPDWLRQ RI D URZ RI D VSDWLDO WDEOH� 6LPLODUO\� WKH QDPH DQG
LG UHSUHVHQW WKH QRQ�VSDWLDO LQIRUPDWLRQ RI D URZ RI D WDEOH� 6WDQGDUG GDWD PDQLSXODWLRQ
ODQJXDJH �'0/� LV XVHG WR FDUU\ RXW WKH GDWD HQWU\� 7KH GDWD LQVHUWLRQ LQWR D VSDWLDO
WDEOH LV JLYHQ EHORZ�

64/! ,16(57 ,172 WUDIILF 9$/8(6
� �� µ%(*817$5<¶�
6'2B*(20(75<
�
����� ± 6'2B*7<3( DWWULEXWH� µ�¶ LQ ���� VSHFLILHV GLPHQVLRQDOLW\ LV ��
18//�
6'2B32,17B7<3( ± 6SHFLILHV WKH FRRUGLQDWHV RI WKH SRLQW
� ���� ���� 18// ��
18//� 18// � ��

+HUH� 6'2B*7<3( DWWULEXWH ���� VSHFLILHV D WZR�GLPHQVLRQDO SRLQW JHRPHWU\�
6LPLODUO\� D OLQH JHRPHWU\ LV UHSUHVHQWHG E\ ����� D SRO\JRQ E\ ����� DQG D FROOHFWLRQ
E\ ����� )HZ VDPSOH LQVHUWLRQ VWDWHPHQWV DUH JLYHQ LQ )LJXUH ��

)LJXUH � ,QVHUWLRQ RI GDWD �VHH RQOLQH YHUVLRQ IRU FRORXUV�

INSERT INTO water_body VALUES(4, ‘Pond B’,
SDO_GEOMETRY(2002, null, null,
SDO_ELEM_INFO_ARRAY(1,2,1),
SDO_ORDINATE_ARRAY(426,461, 440,462,
441,449, 426,461)), ’pond’);

Water Body

Type = String of Lines

INSERT INTO traffic VALUES(19, ‘PC Sharma More’ 
‘college’, SDO_GEOMETRY(2001, null,
SDO_POINT_TYPE(457,266, null), null, null));

Traffic Centers

Type = Points

INSERT INTO landmarks VALUES(1, ‘JGEC’ ‘college’,
SDO_GEOMETRY(2001, null,
SDO_POINT_TYPE(198,541, null), null, null));

Landmarks

Type = Points

INSERT INTO roads VALUES(55, ‘11413’,
SDO_GEOMETRY(2002, null, null,
SDO_ELEM_INFO_ARRAY(1,2,1),
SDO_ORDINATE_ARRAY(315,55,339,59,374,65)),
’Narrow Road’);

Roads

Type = String of Lines
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��� 3URFHVVLQJ RI HIILFLHQW TXHU\ WR PDQDJH WKH WUDIILF

$OO WKH DOO VSDWLDO�JHRJUDSKLFDO GDWD DUH SRSXODWHG LQWR WKH VSDWLDO WDEOHV XVLQJ
6'2B*(20(75<� %DVLFDOO\� 6'2B*(20(75< VWRUHV WKH GDWD LQ WKH 6SDWLDO 2UDFOH�
7KH TXHU\ DQG DQDO\VLV FRPSRQHQW RI WKH 6SDWLDO 2UDFOH SURYLGHV WKH QHFHVVDU\
IXQFWLRQDOLW\ WR DQDO\VH DQG TXHU\ WKH VSDWLDO GDWD� 7KHUH DUH WZR VXEFRPSRQHQWV RI WKH
TXHU\ DQG DQDO\VLV FRPSRQHQW� QDPHO\ D JHRPHWU\ HQJLQH DQG DQ LQGH[ HQJLQH� $Q\
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TXHU\ LV H[HFXWHG WKURXJK WKHVH FRPSRQHQWV� 6D\� XVHU ZDQWV WR VHH IRXU QHDUHVW KHDOWK
FHQWUH WR D ODQGPDUN µ'LVKDU\ &OXE¶� 7KLV W\SH RI TXHU\ LV DQDO\VHG DQG H[HFXWHG E\
WKH *HRPHWU\ DQG ,QGH[ (QJLQHV FRPSRQHQWV RI WKH 6SDWLDO 2UDFOH� )LUVW� DOO WKH KHDWK
FHQWUHV DUH VHOHFWHG IURP WKH KHDOWKBFHQWUH WDEOH� 'LVWDQFH EHWZHHQ WKH KHDOWK FHQWUHV
DQG µ'LVKDU\ &OXE¶ LV FDOFXODWHG� 7KH OLVW RI KHDOWK FHQWUHV LV VRUWHG DFFRUGLQJ WR WKH
GLVWDQFHV DQG WRS IRXU KHDOWK FHQWUHV DUH VHOHFWHG IURP WKH VRUWHG OLVW� 0RUHRYHU� WKHUH
DUH PDQ\ VSDWLDO RSHUDWLRQV OLNH� GLVWDQFH� ZLWKLQ� ERXQGDU\ WRXFK� LQWHUVHFW� FRQWDLQ�
HWF� 7KHVH W\SHV RI VSDWLDO TXHULHV FDQ EH H[HFXWHG E\ WKH 6SDWLDO 2UDFOH� 7KH UHWULHYHG
VSDWLDO GDWD WKURXJK VSDWLDO TXHU\ H[HFXWLRQ LV XVHG WR YLVXDOLVH LQ D PDS XVLQJ WKH
0DS9LHZHU FRPSRQHQWV RI 2UDFOH WHFKQRORJ\� 1RZ� HDFK PDS LQFOXGHV VRPH XVHU
GHILQHG WKHPHV WR GLVSOD\ WKH VSDWLDO GDWD LQ D PHDQLQJIXO ZD\� 7KH PDS LV VSHFLILHG
ZLWK PXOWLSOH QXPEHU RI WKHPHV DFFRUGLQJ WR WKH OD\HU RI LQWHUHVW� 7KHUH DUH GLIIHUHQW
WKHPHV IRU GLIIHUHQW OD\HUV� VD\� WKLFN EOXH OLQHV DUH XVHG IRU ZDWHU�ERGLHV� EODFN OLQHV
DUH XVHG IRU URDGV� 0DS9LHZHU LV RQO\ XVHG WR GLVSOD\ WKH UHVXOW LQ D PDS� $ VSDWLDO
TXHU\ LV H[HFXWHG DQG YLVXDOLVDWLRQ RI WKH VDPH XVLQJ 0DS9LHZHU LV VKRZQ LQ )LJXUH ��

)LJXUH � 9LVXDOLVDWLRQ RI WKH VSDWLDO TXHU\ UHVXOW XVLQJ 0DS9LHZHU �VHH RQOLQH YHUVLRQ
IRU FRORXUV�

� 5HVXOWV DQG GLVFXVVLRQV

7KLV VHFWLRQ GHVFULEHV WKH H[SHULPHQWDO VHWXSV �L�H�� TXHU\ IRUPXODWLRQ� DQG WKH
H[SHULPHQWDO UHVXOWV �L�H�� H[HFXWLRQ RI TXHU\� WR HYDOXDWH WKH DFFXUDF\ DQG WKH HIILFLHQF\
RI RXU SURSRVHG DSSURDFK�



$Q DSSURDFK WR *,6�EDVHG WUDIILF LQIRUPDWLRQ V\VWHP XVLQJ 6SDWLDO 2UDFOH ��

4XHU\ �� )LQGLQJ DOO WKH URDGV WRXFKLQJ ZLWK D PDLQ URDG

,I SHRSOHV DUH JRLQJ WKURXJK D PDLQ URDG� WKHQ WKH\ GR QRW KDYH DQ\ NQRZOHGJH DERXW
DOO WKH QRUPDO URDGV WKDW DUH FRQQHFWHG ZLWK WKDW URDG� +HUH RXU DSSOLFDWLRQ SURYLGHV
D VSDWLDO IXQFWLRQ WKDW WHOOV XV ZKLFK QRUPDO URDGV DUH FRQQHFWHG ZLWK WKH PDLQ URDG
ZKHUH ZH DUH FXUUHQWO\ SUHVHQW� 7KLV TXHU\ DOVR KHOSV D XVHU WR ILQG RXW WKH LPSRUWDQW
WUDIILF FHQWUHV WKDW DUH SUHVHQW RQ WKH QRUPDO URDGV FRQQHFWHG ZLWK WKH PDLQ URDG� $V
DQ H[DPSOH� ZH FRQVLGHU URDG ¶��¶ DV PDLQ URDG DQG ILQG RXW DOO URDGV WRXFKLQJ ZLWK
WKLV URDG� 7KH 64/ TXHU\ LV JLYHQ EHORZ DQG WKH FRUUHVSRQGLQJ RXWSXW RI WKH TXHU\ LV
VKRZQ LQ )LJXUH ��

³VHOHFW E�QDPH IURP URDGV D�URDGV E ZKHUH D�QDPH  µ��¶ DQG
E�W\SH  µ1250$/ 52$'¶ $1' 6'2B728&+�D�VKDSH�E�VKDSH�  µ758(¶�´

)LJXUH � $OO WKH URDGV WKDW DUH FRQQHFWHG ZLWK D PDLQ URDG �VHH RQOLQH YHUVLRQ IRU FRORXUV�

4XHU\ �� )LQGLQJ DOO WKH KRVSLWDOV ZLWKLQ D VSHFLILF GLVWDQFH IURP D VSHFLILF ODQGPDUN

:KHQ D IDWDO DFFLGHQW LV RFFXUUHG LQ D EXV\ URDG RU D ODQGPDUN� ZH VHDUFK IRU WKH
QHDUHVW KRVSLWDO� SROLFH VWDWLRQ DQG ILUH VWDWLRQ� %\ WKLV TXHU\ D XVHU FDQ HDVLO\ ILQG RXW
WKH KRVSLWDOV SUHVHQW ZLWKLQ D VSHFLILF UDQJH RI GLVWDQFH IURP WKH ORFDWLRQ RI WKH DFFLGHQW
DORQJ ZLWK WKHLU UHVSHFWLYH GLVWDQFHV� 6R WKLV KHOSV XVHU WR WDNH DQ HIIHFWLYH GHFLVLRQ
DERXW WKH WDUJHW ORFDWLRQ� $V DQ H[DPSOH� ZH KDYH FRQVLGHUHG ¶3�:�'�¶ EXLOGLQJ DV D
ODQGPDUN DQG DOO WKH KRVSLWDOV ZKLFK DUH ZLWKLQ ��� XQLW RI GLVWDQFH IURP WKH ¶3�:�'�¶
EXLOGLQJ KDV EHHQ WDUJHWHG WR ILQG RXW� 7KH 64/ TXHU\ LV JLYHQ EHORZ DQG WKH QHDUE\
KRVSLWDOV IURP WKH SRLQW RI DFFLGHQW �KHUH ¶3�:�'� EXLOGLQJ� DUH VKRZQ LQ )LJXUH ��

³6(/(&7 I�QDPH�VGRBJHRP�VGRBGLVWDQFH�I�VKDSH� U�VKDSH� ������ GLVW )520
ODQGPDUNV I� ODQGPDUNV U :+(5( U�QDPH  µ3�:�'¶ $1'
6'2BZLWKLQBGLVWDQFH�I�VKDSH� 6'2B*(20�6'2B%8))(5�U�VKDSH� ���� �������
µGLVWDQFH  ���¶�  µ758(¶ $1' �I�W\SH  µKRVSLWDO¶��´



�� 6� %DUPDQ HW DO�

)LJXUH � $OO WKH KRVSLWDOV ZLWKLQ 300 XQLW RI GLVWDQFH IURP D ODQGPDUN µ3�:�'¶ �VHH RQOLQH
YHUVLRQ IRU FRORXUV�

4XHU\ �� )LQGLQJ QHDUHVW WUDIILF FHQWUHV IURP D URDG LQWHUVHFW ZLWK D UDLO OLQH

:KHQ D UDLO LV FURVVHG RYHU D UDLO OLQH WKH WUDIILF FHQWUHV QHDUHVW WR WKH PDLQ URDG ZKLFK
LQWHUVHFWV ZLWK WKH UDLO OLQH KDYH WR EH PRUH DOHUW WR DYRLG DFFLGHQW� 7KLV TXHU\ ILQGV DOO
WKH QHDUE\ WUDIILF FHQWUHV IURP D PDLQ URDG WKDW LQWHUVHFWV ZLWK WKH UDLO OLQH� $V ZH DOO
NQRZ LQ WKH WLPH RI DFFLGHQW� D ILUH EULJDGH RU DQ DPEXODQFH PLJKW KDYH WR FURVV RYHU
WKH UDLO OLQH� LQ WKDW WLPH WKH WUDIILF FHQWUHV KDYH WR EH PRUH UHVSRQVLEOH WR FOHDU WKH
WUDIILF MDPPLQJ WKDW DUH RFFXUUHG DIWHU WKH UDLO FURVVLQJ� ,Q RXU H[DPSOH� ZH FRQVLGHU WKH
UDLO FURVVLQJ LQ WKH PDLQ URDG µ��¶ DQG WKH FRUUHVSRQGLQJ ORFDWLRQ LV VKRZQ LQ )LJXUH ��

³VHOHFW W�QDPH IURP WUDIILF W ZKHUH VGRBQQ�W�VKDSH�
�6(/(&7 6'2B*(20�6'2B,17(56(&7,21� U�VKDSH� UO�VKDSH� ������ )520
URDGV U� UDLOBOLQH UO :+(5( UO�QDPH  µ5/B5/B5/B5/¶ $1' U�QDPH  µ��¶��¶
6'2B180B5(6 �¶�  µ758(¶�´



$Q DSSURDFK WR *,6�EDVHG WUDIILF LQIRUPDWLRQ V\VWHP XVLQJ 6SDWLDO 2UDFOH ��

)LJXUH � $OO WKH WUDIILF FHQWUHV QHDUHVW IURP D URDG �µ��¶� LQWHUVHFWV ZLWK D UDLO OLQH
�VHH RQOLQH YHUVLRQ IRU FRORXUV�

4XHU\ �� )LQGLQJ WKH VKRUWHVW SDWK IURP DFFLGHQWDO URDG WR PDLQ KRVSLWDO

:KHQ D VHULRXV DFFLGHQW RFFXUV LQ D PDLQ URDG RU KLJKZD\ D XVHU PXVW KDYH DQ LGHD
DERXW KRZ WR UHDFK WKH PDLQ KRVSLWDO LQ OHVV WLPH� 6R LW LV QRW DOZD\V LPSRUWDQW WR ILQG
RXW WKH VKRUWHVW SRLQW WR SRLQW GLVWDQFH EXW DOVR D XVHU ZLOO IHHO WKH JORU\ ZKHQ KH KDV
DQ LGHD RI DOO WKH FRQQHFWHG SDWKV IURP WKH ORFDWLRQ RI DFFLGHQW WR WKH PDLQ KRVSLWDO�
EHFDXVH LW PLJKW KDSSHQ WKH VKRUWHVW SDWK FRQWDLQV PRUH WUDIILF MDPPLQJ WKDQ WKH RWKHU
SDWKV� ,Q WKDW WLPH WKH SDWK RI OHVV WUDIILF ZLOO KDYH PRUH VLJQLILFDQFH WKDQ WKH VKRUWHVW
RQH EHFDXVH WKH XVHU ZLOO DEOH WR UHDFK WKH KRVSLWDO LQ OHVV WLPH� 7KLV TXHU\ JLYHV DOO
WKH FRQQHFWHG SDWKV IURP WKH VRXUFH RI DFFLGHQW WR 'LVWULFW KRVSLWDO DQG WKHLU UHVSHFWLYH
GLVWDQFHV� 7KH FRUUHVSRQGLQJ ORFDWLRQ LV VKRZQ LQ )LJXUH �� $OO WKH FRQQHFWHG SDWKV
ZLWK WKHLU GLVWDQFHV IURP D VSHFLILF VRXUFH WR VSHFLILF GHVWLQDWLRQ DUH VKRZQ LQ )LJXUH ��
6R D XVHU FDQ HDVLO\ ILQG RXW WKH VKRUWHVW SDWK E\ YLHZLQJ WKH DOO WKH FRQQHFWHG SDWKV�

³FUHDWH WDEOH Y�� �VRXUFH� GHVW� GLVWDQFH� DV �VHOHFW V�QDPH� U�QDPH�
6'2B*(20�6'2B/(1*7+�U�VKDSH� ������ IURP ILUVWBFRQQHFW V�
ILUVWBFRQQHFW U ZKHUH U�W\SH�  µ1$552: 52$'¶ $1' V�LG�  U�LG $1'
VGRBWRXFK�V�VKDSH� U�VKDSH� µ758(¶��´

³FUHDWH WDEOH Y�� �VRXUFH� GHVW� GLVWDQFH� DV VHOHFW VRXUFH� GHVW�
GLVWDQFH IURP Y�� ZKHUH GHVW�  µ����¶�´

³VHOHFW V\VBFRQQHFWBE\BSDWK�GHVW�¶±!¶�SDWK� V\VBFRQQHFWBE\BSDWK�GLVWDQFH� µ�¶�
GLVW IURP Y�� ZKHUH GHVW  �VHOHFW U�QDPH IURP URDGV U� ODQGPDUNV O ZKHUH
O�QDPH  µ6DGDU +RVSLWDO¶ $1' 6'2B11�U�VKDSH� O�VKDSH�
µ6'2B180B5(6  �¶�  µ758(¶� VWDUW ZLWK VRXUFH  µ����¶
FRQQHFW E\ QRF\FOH SULRU GHVW  VRXUFH�´



�� 6� %DUPDQ HW DO�

)LJXUH � 6KRUWHVW SDWK IURP DQ DFFLGHQWDO URDG WR 6DGDU +RVSLWDO �VHH RQOLQH YHUVLRQ
IRU FRORXUV�

)LJXUH � $OO SRVVLEOH FRQQHFWHG SDWKV ZLWK WKHLU GLVWDQFHV IURP D VSHFLILF VRXUFH WR VSHFLILF
GHVWLQDWLRQ �VHH RQOLQH YHUVLRQ IRU FRORXUV�

4XHU\ �� )LQGLQJ DOO WKH SRVVLEOH FRQQHFWHG SDWK RI URDGV IURP WKH QHDUHVW URDG RI
ILUH VWDWLRQ WR WKH URDG QHDUHVW RI WKH ODQGPDUN ZKHUH DFFLGHQW KDV RFFXUUHG DQG WKH
VKRUWHVW SDWK IURP WKH URDG QHDUHVW WR ODQGPDUN ZKHUH DFFLGHQW KDV RFFXUUHG WR WKH
URDG QHDUHVW WR ZDWHU�ERG\

:KHQ ILUH KDV VSUHDG RYHU DQ DUHD RU D ODQGPDUN WKHQ ILUH EULJDGH KDV WR FRPH LQ WKDW
ODQGPDUN� $V ZH DOO NQRZ WKDW ILUH EULJDGH GRHV QRW SDVV WKURXJK WKH QDUURZ URDG� VR
RXU DSSOLFDWLRQ ILQG DOO WKH FRQQHFWHG SDWKV RI QRUPDO URDGV IURP ILUH VWDWLRQ RIILFH WR
WKH ODQGPDUN ZKHUH DFFLGHQW KDV RFFXUUHG DQG DOVR LW PLJKW EH SRVVLEOH WKDW ZDWHU RI WKH
ILUH EULJDGH KDV HQGHG EHIRUH DOO WKH ILUH KDV QRW WXUQ RXW� ,Q WKDW FDVH RXU DSSOLFDWLRQ
DOVR KHOSV WR ILQG WKH VKRUWHVW SDWK IURP WKH ODQGPDUN ZKHUH DFFLGHQW KDV RFFXUUHG WR



$Q DSSURDFK WR *,6�EDVHG WUDIILF LQIRUPDWLRQ V\VWHP XVLQJ 6SDWLDO 2UDFOH ��

WKH QHDUHVW ZDWHU�ERG\� 6KRUWHVW SDWK IURP ILUH EULJDGH WR $�& &RPPHUFH &ROOHJH DQG
$�& &RPPHUFH &ROOHJH WR QHDUHVW ZDWHU ERG\ LV VKRZQ LQ )LJXUH ��

³FUHDWH YLHZ Y�� �VRXUFH� GHVW� GLVWDQFH� DV �VHOHFW V�QDPH� U�QDPH
6'2B*(20�6'2B/(1*7+�U�VKDSH� ������ IURP ILUH V� ILUH U
ZKHUH V�LG� U�LG DQG 6'2B728&+ �V�VKDSH� U�VKDSH� µ758(¶��´

³FUHDWH YLHZ Y���VRXUFH�� GHVW�� GLVWDQFH� DV VHOHFW VRXUFH� GHVW� GLVWDQFH
IURP Y�� ZKHUH GHVW � �6(/(&7 I�QDPH )520 ODQGPDUNV H� ILUH I :+(5(
H�QDPH  µ)LUH %ULJDGH¶ $1' 6'2B11�I�VKDSH� H�VKDSH�
µ6'2B180B5(6 �¶�  µ758(¶��´

³FUHDWH YLHZ Y�� �VRXUFH�� GHVW�� GLVWDQFH� DV VHOHFW VRXUFH� GHVW� GLVWDQFH
IURP Y�� ZKHUH GHVW � �6(/(&7 F��QDPH )520 ODQGPDUNV L�� ILUH F�
:+(5( L��QDPH  µ$�& &RPPHUFH &ROOHJH¶ $1' 6'2B11�F��VKDSH�
L��VKDSH� µ6'2B180B5(6  �¶�  µ758(¶��´

³�VHOHFW V\VBFRQQHFWBE\BSDWK�GHVW�� µ±!¶� DV SDWKBWRBODQG�
V\VBFRQQHFWBE\BSDWK�GLVWDQFH� µ�¶� DV GLVWDQFH IURP Y�� ZKHUH
GHVW� �6(/(&7 F�QDPH )520 ODQGPDUNV L� ILUH F :+(5(
L�QDPH  µ$�& &RPPHUFH &ROOHJH¶ $1' 6'2B11�F�VKDSH� L�VKDSH�
µ6'2B180B5(6 �¶�  µ758(¶� VWDUW ZLWK
VRXUFH�  �6(/(&7 I�QDPH )520 ODQGPDUNV H� ILUH I :+(5(
H�QDPH  µ)LUH %ULJDGH¶ $1' 6'2B11�I�VKDSH� H�VKDSH�
µ6'2B180B5(6 �¶�  µ758(¶� FRQQHFW E\ QRF\FOH SULRU GHVW�  VRXUFH���´

)LJXUH � 6KRUWHVW SDWK IURP ILUH EULJDGH WR $�& &RPPHUFH &ROOHJH DQG $�& &RPPHUFH
&ROOHJH WR QHDUHVW ZDWHU ERG\ �VHH RQOLQH YHUVLRQ IRU FRORXUV�
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)LJXUH �� 3RVVLEOH FRQQHFWHG SDWKV ZLWK WKHLU GLVWDQFHV IURP VRXUFH �ILUH VWDWLRQ� WR
GHVWLQDWLRQ �ODQGPDUN� �VHH RQOLQH YHUVLRQ IRU FRORXUV�

)LJXUH �� 3RVVLEOH FRQQHFWHG SDWKV ZLWK WKHLU GLVWDQFHV IURP VRXUFH �ODQGPDUN� WR
GHVWLQDWLRQ �VSRW� �VHH RQOLQH YHUVLRQ IRU FRORXUV�

7KH RXWSXW LV VKRZQ LQ )LJXUH ���

³�VHOHFW V\VBFRQQHFWBE\BSDWK�GHVW�� µ→¶� DV SDWKBWRBZDWHUERG\�
V\VBFRQQHFWBE\BSDWK�GLVWDQFH� µ�¶� DV GLVWDQFH IURP Y�� ZKHUH
GHVW�  �6(/(&7 J�QDPH )520 ILUH J� ZDWHUBERG\ ZE :+(5(
ZE�QDPH  �VHOHFW E��QDPH IURP ZDWHUBERG\ E�� ODQGPDUNV E� ZKHUH
E��QDPH  µ$�& &RPPHUFH &ROOHJH¶ $1' 6'2B11�E��VKDSH� E��VKDSH�
µ6'2B180B5(6  �¶�  µ758(¶� $1' 6'2B11�J�VKDSH� ZE�VKDSH�
µ6'2B180B5(6  �¶�  µ758(¶� VWDUW ZLWK
VRXUFH�  �6(/(&7 F��QDPH )520 ODQGPDUNV L�� ILUH F� :+(5(
L��QDPH  µ$�& &RPPHUFH &ROOHJH¶ $1' 6'2B11�F��VKDSH� L��VKDSH�
µ6'2B180B5(6  �¶�  µ758(¶� FRQQHFW E\ QRF\FOH SULRU GHVW�  VRXUFH���´

7KH RXWSXW LV VKRZQ LQ )LJXUH ���



$Q DSSURDFK WR *,6�EDVHG WUDIILF LQIRUPDWLRQ V\VWHP XVLQJ 6SDWLDO 2UDFOH ��

4XHU\ �� )LQGLQJ DOO WKH WUDIILF FHQWUHV SUHVHQW LQVLGH D XVHU GHILQHG SRO\JRQ

,W LV DOZD\V LPSRUWDQW IRU DQ HQG XVHU WR NQRZ DOO WKH WUDIILF FHQWUHV RU ODQGPDUNV KH
KDV WR YLVLW LI KH ZLVKHV WR WUDYHO WKURXJK D SDUWLFXODU DUHD RI LQWHUHVW� 0RUHRYHU� LI DQ
DFFLGHQW KDV RFFXUUHG LQ DQ LPSRUWDQW DUHD WKHQ DOO WKH WUDIILF FHQWUHV ZLWKLQ LW KDV WR EH
PRUH DOHUW� 2XU DSSOLFDWLRQ SURYLGHV DOO WKH WUDIILF FHQWUHV WKDW DUH SUHVHQW LQVLGH WKH XVHU
GHILQHG SRO\JRQ WKDW PHDQV WKH DUHD LQ ZKLFK KH ZLVKHV WR WUDYHO� ,Q RXU H[SHULPHQW� ZH
FRQVLGHU D SRO\JRQ ��10�10� → �10�450� → �450�450� → �450�10� → �10�10�� DQG VHDUFK
IRU WKH WUDIILF FHQWUHV �RU ODQGPDUN� VLWXDWHG LQVLGH WKH SRO\JRQ� :H KDYH H[HFXWHG WKH
IROORZLQJ TXHU\ DQG IRXQG QLQH WUDIILF FHQWUHV ZLWKLQ WKH SRO\JRQ VKRZQ LQ )LJXUH ���

³6(/(&7 W�QDPH )520 WUDIILF W :+(5( 6'2B),/7(5�W�VKDSH�
PGV\V�VGRBJHRPHWU\������ 18//� 18//�
PGV\V�VGRBHOHPBLQIRBDUUD\��� ����� ���
PGV\V�VGRBRUGLQDWHBDUUD\���� ��� ��� ���� ���� ���� ���� ��� ��� �����
µTXHU\W\SH  :,1'2:¶�  µ758(¶ $1' 6'2B5(/$7(�W�VKDSH�
PGV\V�VGRBJHRPHWU\������ 18//� 18//�
PGV\V�VGRBHOHPBLQIRBDUUD\��� ����� ���
PGV\V�VGRBRUGLQDWHBDUUD\���� ��� ��� ���� ���� ���� ���� ��� ��� �����
µPDVNW\SH  ,16,'(�728&+ TXHU\W\SH  :,1'2:¶�  µ758(¶�´

)LJXUH �� $OO WKH WUDIILF FHQWUHV LQVLGH D XVHU GHILQHG SRO\JRQ �VHH RQOLQH YHUVLRQ
IRU FRORXUV�

� &RQFOXVLRQV

:H KDYH GHVLJQHG D *,6�EDVHG WUDIILF PDQDJHPHQW V\VWHP RI D FLW\ �KHUH� ZH
FRQVLGHUHG� -DOSDLJXUL� D GLVWULFW KHDG TXDUWHU WRZQ RI :HVW %HQJDO� WR FRQWURO WKH
WUDIILF ORDGV� 7KH V\VWHP SURYLGHV QHFHVVDU\ LQIRUPDWLRQ DERXW WKH WUDIILF V\VWHP RI D
FLW\� ,W IDFLOLWDWHV WKH VWDNHKROGHUV WR WDNH GHFLVLRQ UHJDUGLQJ WUDIILF LQIRUPDWLRQ OLNH
VKRUWHVW SDWK VHOHFWLRQ� IROORZLQJ D GLUHFWLRQ WRZDUG WKH WDUJHW ORFDWLRQ� 7KH V\VWHP
VXSSRUWV XVHU¶V TXHU\ ZLWK VSDWLDO TXHULHV UHODWHG WR SRLQW� VWULQJ RI OLQHV DQG SRO\JRQ WR
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KDQGOH ORFDWLRQ� URDG QHWZRUN DQG DUHD� UHVSHFWLYHO\� (YHQ� RXU ZRUN VXSSRUWV WKH K\EULG
TXHULHV FRPELQLQJ GLIIHUHQW OD\HUV RI LQWHUHVWV DQG QRQ�VSDWLDO GDWD� 7KH KLJKOLJKWHG
SRUWLRQ RI RXU DSSOLFDWLRQ LV D XVHU FDQ ILQG DOO WKH FRQQHFWHG SDWKV ZLWK WKH UHVSHFWLYH
GLVWDQFHV IURP D VSHFLILF VRXUFH WR GHVWLQDWLRQ� 7KLV KHOSV D XVHU QRW RQO\ WR ILQG VKRUWHVW
SDWK EXW DOVR WR DQDO\VH WKH SDWK KDYLQJ OHVV WUDIILF ORDG� 6R DQ HQG XVHU FDQ HIIHFWLYHO\
UHDFK WR KLV�KHU GHVWLQDWLRQ OLNH KRVSLWDOV� KHDOWK FHQWUHV� LQVWLWXWHV� HWF� LQ OHVV WLPH�
2XU DSSOLFDWLRQ DOVR KHOSV WKH ILUH EULJDGH VWDIIV WR ILQG WKH VKRUWHVW SDWK WR UHDFK
WKH ODQGPDUNV ZKHUH DFFLGHQW KDV RFFXUUHG DQG IURP WKDW ODQGPDUN WR QHDUHVW ULYHU LI
VXGGHQO\ WKH ZDWHU KDV HQGHG EHIRUH WKH ILUH KDV QRW WXUQ RXW�

7KH OLPLWDWLRQV WKDW RXU DSSOLFDWLRQ WDNHV PRUH WLPH ZKHQ WR ZRUN ZLWK WKH ZKROH
PDS� :H QHDUO\ DERXW LQFOXGH �� URDGV LQ RXU DSSOLFDWLRQ� VR LI ZH ZDQW WR H[HFXWH
FRQQHFWHG SDWK TXHU\ E\ WDNLQJ ZKROH PDS LW ZLOO WDNH ��� FRPELQDWLRQV WR ILQG RXW
WKH UHVXOW ZKLFK WDNH PRUH PHPRU\ DQG PRUH WLPH� 6R RXU DSSOLFDWLRQ LV QRW WLPH
HIILFLHQW ZKHQ LW FRPHV IRU ZKROH PDS� 6R LW LV WKH VFRSH RI IXWXUH LPSURYHPHQW RI RXU
DSSOLFDWLRQ�

5HIHUHQFHV
$WNRFLXQDV� (�� %ODNH� 5�� -XR]DSDYLFLXV� $� DQG .D]LPLDQHF� 0� ������ µ,PDJH SURFHVVLQJ

LQ URDG WUDIILF DQDO\VLV¶� 1RQOLQHDU $QDO\VLV� 0RGHOOLQJ DQG &RQWURO� 9RO� ��� 1R� ��
SS����±����

%DUPDQ� 6�� %DUPDQ� $�.�� 3DQGD� %� DQG 6KDUPD� 3� ������ µ,PSOHPHQWDWLRQ RI D VPDUW PDS
XVLQJ VSDWLDO RUDFOH¶� 3URFHHGLQJV RI WKH ���� 7KLUG ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU�
&RPPXQLFDWLRQ� &RQWURO DQG ,QIRUPDWLRQ 7HFKQRORJ\ �&�,7�� SS��±��

'RWROL� 0�� )DQWL� 0�3� DQG 0HORQL� &� ������ µ5HDO WLPH RSWLPL]DWLRQ RI WUDIILF VLJQDO FRQWURO�
DSSOLFDWLRQ WR FRRUGLQDWHG LQWHUVHFWLRQV¶� ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ 6\VWHPV� 0DQ
DQG &\EHUQHWLFV� 9RO� �� SS�����±�����

+RQJ� '�� 8QR� 1� DQG .XUDXFKL� )� ������ µ+HWHURJHQHLW\ LQ PXOWL�DQWLFLSDWLYH FDU�IROORZLQJ
EHKDYLRXU E\ YLGHR LPDJH GDWD¶� ,QWHUQDWLRQDO -RXUQDO RI ,76 5HVHDUFK� 9RO� �� 1R� ��
SS���±���

.LP� -�.�� 6KDUPDQ� 5�� 5DR� +�5� DQG 8SDGK\D\D� 6� ������ µ(IILFLHQF\ RI FULWLFDO LQFLGHQW
PDQDJHPHQW V\VWHPV� LQVWUXPHQW GHYHORSPHQW DQG YDOLGDWLRQ¶� 'HFLVLRQ 6XSSRUW 6\VWHPV�
9RO� ��� 1R� �� SS����±����

/DPVDO� $�� $QDQG� 6�� :DOLD� 0�� &KRXGKXU\� $� DQG $QDQG� $� ������ $XWRPRWLYH 7UDIILF
,QIRUPDWLRQ 6\VWHPV IRU ,QGLD >RQOLQH@ KWWSV���JHRVSDWLDOZRUOG�QHW�DUWLFOH�DXWRPRWLYH�WUDIILF�
LQIRUPDWLRQ�V\VWHPV�IRU�LQGLD� �DFFHVVHG �� 0DUFK ������

0LUFKDQGDQL� 3� DQG +HDG� /� ������ µ$ UHDO�WLPH WUDIILF VLJQDO FRQWURO V\VWHP� DUFKLWHFWXUH�
DOJRULWKPV� DQG DQDO\VLV¶� 7UDQVSRUWDWLRQ 5HVHDUFK 3DUW &� (PHUJLQJ 7HFKQRORJLHV� 9RO� ��
1R� �� SS����±����

2]NXUW� &� DQG &DPFL� )� ������ µ$XWRPDWLF WUDIILF GHQVLW\ HVWLPDWLRQ DQG YHKLFOH FODVVLILFDWLRQ
IRU WUDIILF VXUYHLOODQFH V\VWHPV XVLQJ QHXUDO QHWZRUNV¶� 0DWKHPDWLFDO DQG &RPSXWDWLRQDO
$SSOLFDWLRQV� 9RO� ��� 1R� �� SS����±����

3HQJ� <� HW DO� ������ µ$Q LQFLGHQW LQIRUPDWLRQ PDQDJHPHQW IUDPHZRUN EDVHG RQ GDWD LQWHJUDWLRQ�
GDWD PLQLQJ DQG PXOWL�FULWHULD GHFLVLRQ PDNLQJ¶� 'HFLVLRQ 6XSSRUW 6\VWHP� 9RO� ��� 1R� ��
SS����±����

4XHHQ� &�0� DQG $OEHUV� &�-� ������ µ)RUHFDVWLQJ WUDIILF IORZV LQ URDG QHWZRUNV� D JUDSKLFDO
G\QDPLF PRGHO DSSURDFK¶� 3URFHHGLQJV RI WKH ��WK ,QWHUQDWLRQDO 6\PSRVLXP RI )RUHFDVWLQJ�
,QWHUQDWLRQDO ,QVWLWXWH RI )RUHFDVWHUV�



$Q DSSURDFK WR *,6�EDVHG WUDIILF LQIRUPDWLRQ V\VWHP XVLQJ 6SDWLDO 2UDFOH ��

5RR]HPRQG� '�$� ������ µ8VLQJ LQWHOOLJHQW DJHQWV IRU XUEDQ WUDIILF FRQWURO V\VWHPV¶� 3URFHHGLQJV
RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH LQ 7UDQVSRUWDWLRQ 6\VWHPV DQG
6FLHQFH� SS���±���

7KRPDV� *�� $OH[DQGHU� *� DQG 6DVL� 3�0� ������ µ'HVLJQ RI KLJK SHUIRUPDQFH FOXVWHU EDVHG
PDS IRU YHKLFOH WUDFNLQJ RI SXEOLF WUDQVSRUW YHKLFOHV LQ VPDUW FLW\¶� ���� ,((( 5HJLRQ ��
6\PSRVLXP �7(16<03�� SS��±��

9DQDMDNVKL� /�� 5DPDGXUDL� *� DQG $QDQG� $� ������ ,QWHOOLJHQW 7UDQVSRUWDWLRQ 6\VWHPV 6\QWKHVLV
5HSRUW RQ ,WV ,QFOXGLQJ ,VVXHV DQG &KDOOHQJHV LQ ,QGLD� &HQWUH RI ([FHOOHQFH LQ 8UEDQ
7UDQVSRUW�

9HUURLRV� 9�� .ROOLDV� .�� &KU\VDQWKLV� 3�.� DQG 'HOLV� $� ������ µ$GDSWLYH QDYLJDWLRQ RI YHKLFOHV
LQ FRQJHVWHG URDG QHWZRUNV¶� 3URFHHGLQJV RI WKH �WK ,QWHUQDWLRQDO &RQIHUHQFH RQ 3HUYDVLYH
6HUYLFHV� SS���±��� $&0�

<RRQ� 6�:�� 9HODVTXH]� -�'�� 3DUWULGJH� %� DQG 1RI� 6�<� ������ µ7UDQVSRUWDWLRQ VHFXULW\ GHFLVLRQ
VXSSRUW V\VWHP IRU HPHUJHQF\ UHVSRQVH� D WUDLQLQJ SURWRW\SH¶� 'HFLVLRQ 6XSSRUW 6\VWHPV�
9RO� ��� 1R� �� SS����±����

=KDQJ� ;�� 6RQJ� :� DQG /LX� /� ������ µ$Q LPSOHPHQWDWLRQ DSSURDFK WR VWRUH *,6 VSDWLDO GDWD
RQ 1R64/ GDWDEDVH¶� ���� ��QG ,QWHUQDWLRQDO &RQIHUHQFH RQ *HRLQIRUPDWLFV� SS��±��
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