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6KLJH\RVKL $2<$0$

<RVLKLGH 2+%$<$6,� +LURVKL 0$68,
D�

.L\RVKL .$72
E�
DQG 0DVDNL &+,%$

F�

,QIRUPDWLRQ 3URFHVVLQJ &HQWHU� .LWDPL ,QVWLWXWH RI 7HFKQRORJ\� .LWDPL ���� -$3$1

D� 0HPH 0HGLD /DERUDWRU\� +RNNDLGR 8QLYHUVLW\� 6DSSRUR ���� -$3$1

E� *UDGXDWH 6FKRRO RI 6FLHQFH� +RNNDLGR 8QLYHUVLW\� 6DSSRUR ���� -$3$1

F� )DFXOW\ RI 6RFLDO ,QIRUPDWLRQ� 6DSSRUR *DNXLQ 8QLYHUVLW\� (EHWVX ���� -$3$1

H�PDLO� GEDGPLQ#QUGI�PHPH�KRNXGDL�DF�MS

$EVWUDFW

:H KDYH GHYHORSHG D XWLOLW\ V\VWHP� :LQ15')�� IRU D QXFOHDU FKDUJHG SDUWLFOH UHDFWLRQ GDWD RI 15') �1XFOHDU

5HDFWLRQ 'DWD )LOH� RQ WKH ,QWHOOLJHQW3DG DUFKLWHFWXUH� %\ XVLQJ WKH V\VWHP� ZH FDQ VHDUFK WKH H[SHULPHQWDO GDWD RI D

FKDUJHG SDUWLFOH UHDFWLRQ RI 15')� )XUWKHUPRUH� ZH DOVR VHH WKH H[SHULPHQWDO GDWD E\ XVLQJ JUDSKLF SDGV ZKLFK ZDV

PDGH WKURXJK WKH &217,3 SURMHFW�
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15') �1XFOHDU 5HDFWLRQ 'DWD )LOH� KDV EHHQ DFFXPXODWHG E\ -&35* �-DSDQ &KDUJHG 3DUWLFOH

5HDFWLRQ *URXS�� 15') FRQWDLQV WKH H[SHULPHQWDO GDWD RI WKH QXFOHDU FKDUJHG SDUWLFOH UHDFWLRQ LQ

-DSDQ� 7KH QXPEHU RI DFFXPXODWHG GDWD ILOHV LV VHYHUDO WHQ WKRXVDQGV� ZKLFK PD\ EH DOPRVW DOO GDWD

LQ -DSDQ� +RZHYHU� WKH XWLOLW\ V\VWHP IRU VHDUFKLQJ GDWD LV YHU\ SRRU� ZKLFK ZDV PDGH PRUH WKDQ WHQ

\HDUV DJR RQ WKH PDLQ IUDPH RI WKH FRPSXWHU FHQWHU LQ +RNNDLGR 8QLYHUVLW\ >�@� )XUWKHUPRUH� LW LV

DOPRVW LPSRVVLEOH WR PRGLI\ WKH ROG V\VWHP WR DFFHSW QHZ DSSOLFDWLRQV EHFDXVH RI WKH ROG

DUFKLWHFWXUH� 2Q WKH RWKHU KDQG� UHFHQWO\� 3& �3HUVRQDO &RPSXWHU� KDV EHHQ ZLGHO\ VSUHDG DOO RYHU

WKH ZRUOG� 7KH (;)25 �(;FKDQJH )25PDW� GDWDEDVH ZKLFK LV DQ LQWHUQDWLRQDO VWDQGDUG LV

GHWHUPLQHG WR VXSSRUW LW RQ WKH 3& �:LQGRZV� LQWHUIDFH DQG ::: �:RUOG :LGH :HE�� 7KHQ� LW LV

PHDQLQJIXO WR GHYHORS WKH XWLOLW\ V\VWHP RI 15') RQ WKH :LQGRZV LQWHUIDFH DQG :::�

2Q VXFK D VLWXDWLRQ� ZH KDYH WKUHH SURMHFWV RI WKH GHYHORSPHQW RI QHZ GDWD VHDUFKLQJ DQG XWLOLW\

V\VWHPV IRU 15')� L� $ GDWD VHDUFK DQG XWLOLW\ V\VWHP ZLWK :LQGRZV LQWHUIDFH RQ WKH ORFDO 3&� LL� $

GDWD VHDUFK V\VWHP RQ WKH QHWZRUN FLUFXPVWDQFH VXFK DV :::� LLL� $ GDWD VHDUFK DQG XWLOLW\ V\VWHP

E\ ,QWHOOLJHQW 3DG �,3� DUFKLWHFWXUH >�@ �VHH D SDSHU E\ 2KED\DVL HW DO� LQ WKLV SURFHHGLQJ�� $V IDU DV



L� DQG LLL� DUH FRQFHUQHG� ZH UHSRUWHG WZR V\VWHPV L� :LQ15') >�@ DQG LLL� &217,3 >�@ RQ WKH ����

V\PSRVLXP RQ QXFOHDU GDWD� +RZHYHU� :LQ15') IRU WKH ORFDO 3& FLUFXPVWDQFH LV PDGH E\ XVLQJ D

SURJUDPPLQJ ODQJXDJH �F��� RQ WKH QRUPDO :LQGRZV���17 DUFKLWHFWXUH� 7KHQ� ZH PHQWLRQHG WKDW

:LQ15') ZRXOG EH PDGH RQ WKH ,3 DUFKLWHFWXUH LQ WKH IXWXUH� 7KH SXUSRVH RI WKH SUHVHQW SDSHU LV WR

VKRZ VXFK WKH GHYHORSPHQW RI :LQ15') DV :LQ15')� RQ WKH ,QWHOOLJHQW3DG DUFKLWHFWXUH�

,Q WKLV SDSHU� ILUVW� ZH H[SODLQ WKH ,3 LQ EULHI� EHFDXVH WKH GHWDLOV DQG WKH DGYDQWDJHV RI XVLQJ LW IRU

WKH QXFOHDU UHDFWLRQ GDWDEDVH LV GLVFXVVHG E\ 2KED\DVL >�@� 1H[W� ZH GHVFULEH DQ RYHUYLHZ RI WKH

SUHVHQW V\VWHP� :LQ15')�� IRU WKH ORFDO 3& DQG H[SODLQ WKH SUDFWLFDO V\VWHP RI :LQ15')��

)LQDOO\� VXPPDU\ DQG IXWXUH SUREOHPV DUH JLYHQ�

 �
��	�������	���

,Q WKLV VHFWLRQ� ZH GHVFULEH WKH ,3 DUFKLWHFWXUH� 7KLV DUFKLWHFWXUH LV SURSRVHG LQ ���� E\ <X]XUX

7DQDND DW +RNNDLGR 8QLYHUVLW\>�@� ,Q WKH ,3 V\VWHP� HYHU\ REMHFW LV UHSUHVHQWHG DV D PHGLD REMHFW

FDOOHG D ³SDG´� 7KH ³SDG´ FDQ EH WUHDWHG DV DQ REMHFW RI WKH JUDSKLFDO XVHU LQWHUIDFH� OLNH D VKHHW RI

SDSHU RU D FDUG RQ WKH FRPSXWHU GLVSOD\ �)LJ� ��� %\ XVLQJ WKLV SDG� XVHUV� HYHQ LI KH LV D EHJLQQHU�

FDQ UHFRUG� VWRUH� GLVWULEXWH� VKDUH� HGLW� HWF� YDULRXV NLQGV RI LQIRUPDWLRQ LQ DQ LQWHJUDWHG PDQQHU RQ

FRPSXWHUV� 7KH ³SDG´ DOVR UHSUHVHQWV YDULHWLHV RI LQWHOOHFWXDO UHVRXUFHV VXFK DV PXOWLPHGLD

GRFXPHQWV� V\VWHP XWLOLWLHV DQG DSSOLFDWLRQV� :H FDQ HDVLO\ FRPSRVH WRROV RU VRIWZDUH �HGLWRU�

GDWDEDVH� JUDSKLF UHSUHVHQWDWLRQ WRRO� HWF�� E\ GLUHFWO\ SDVWLQJ VRPH SDGV RQ DQRWKHU SDGV� ,Q )LJ���

ZH GLVSOD\ D WH[W SDG DQG D FRPPDQG SDG RQ D PRXQW SDG�

)LJ�� WH[W SDG DQG FRPPDQG SDG RQ PRXQW SDG



,Q WKH ,3� HDFK SDG KDV VHYHUDO FRQQHFWLRQ MDFNV FDOOHG VORWV� 2QH RI WKHP LV FDOOHG D SULPDU\ VORW�

(DFK SDG KDV D VLQJOH SLQ�SOXJ WR FRQQHFW LWVHOI WR RQH RI WKH VORWV RI DQRWKHU SDG� 7KH SDG

DUFKLWHFWXUH DQG WKH VWDQGDUG OLQNDJH IDFLOLW\ DUH SURYLGHG E\ D NHUQHO RI WKH ,3 V\VWHP� +RZHYHU� LQ

SUDFWLFDO XVHV� ZH GR QRW KDYH WR ZRUU\ DERXW WKHP EHFDXVH LW LV KDQGOHG E\ WKH V\VWHP� 7KH

DSSOLFDWLRQ OLQNDJH LQWHUIDFH RI D SDG LV GHILQHG E\ D OLVW RI VORWV� (DFK VORW LV DFFHVVHG HLWKHU E\ D

µVHW¶ PHVVDJH� µVHW �VORWBQDPH! YDOXH¶ RU E\ µJLPPH¶ PHVVDJH� µJLPPH �VORWBQDPH!¶� (DFK RI

WKHVH WZR PHVVDJHV LQYRNHV WKH UHVSHFWLYH SURFHGXUH DWWDFKHG WR WKH VORW� 6ORWV DQG DWWDFKHG

SURFHGXUHV RI HDFK SDG GHILQH WKH LQWHUQDO PHFKDQLVP RI WKH SDG� 7KH VORWV DQG WKH SURFHGXUHV DUH

GHILQHG E\ D GHYHORSHU RI WKH SDG�
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:H GHVFULEH WKH V\VWHP GHVLJQ RI :LQ15')� IRU D ORFDO 3& LQ EULHI� ,Q )LJ� �� ZH VKRZ WKH

RYHUYLHZ RI WKH V\VWHP GHVLJQ� &217,3 LV GHVLJQG IRU WKH QXFOHDU GDWDEDVH RQ WKH LQWHUQHW

FLUFXPVWDQFH ZLWK WKH ,3 DUFKLWHFWXUH� ZKRVH GHWDLOV DUH JLYHQ E\ 2KED\DVL >���@� 3UHVHQW

:LQ15')� LV D SDFNDJH RI &217,3 IRU WKH ORFDO 3&� 7KH XVLQJ LQWHUIDFH RI :LQ15')� LV ,3 RQH

DQG WKH GDWDEDVH RI 15') LV FRQVWUXFWHG RQ WKH 0LFURVRIW $FFHVV ��� :H FDQ VHDUFK WKH FKDUJHG

SDUWLFOH QXFOHDU UHDFWLRQ GDWD ZKHQ ZH TXHU\ WKH GDWD WR WKH GDWDEDVH RQ WKH SDG� ,I ZH KDYH RWKHU

GDWDEDVHV RQ WKH ORFDO 3&� ZH FDQ DOVR HDVLO\ XVH LW E\ WKH ,3 V\VWHP ZLWK VLPSOH SURFHGXUH VXFK DV D

SDVWLQJ RU D VORW FRQQHFWLRQ�

)LJ� � 6\VWHP GHVLJQ



$�
����
��
"�����# 

,Q WKLV VHFWLRQ� ZH H[SODLQ SDGV LQ :LQ15')�� :H LQSXW VRPH FRGHV �NH\ZRUGV� WR WKH LQSXW ER[HV

LQ WKH PDLQ TXHU\ SDG LQ :LQ15')� �)LJ� ��� ,Q WKH FDVH RI SXVKLQJ WKH �6HDUFK� EXWWRQ� ZH FDQ VHH

WKH OLVW RI WKH VR FDOOHG '�QXPEHU� ZKLFK LV DQ LGHQWLILFDWLRQ QXPEHU RI WKH GDWD ILOH EDVLFDOO\

FRUUHVSRQGLQJ WR DQ DUWLFOH� DQG VHYHUDO LQIRUPDWLRQ LQ 15') �)LJ� ��� ,I ZH VHOHFW RQH RI WKH

'�QXPEHUV DQG SXVK WKH �2SHQ )LOH� EXWWRQ LQ WKH OLVW ZLQGRZ� WKHQ ZH JHW WKH GDWD ILOH ZLWK WKH

'�QXPEHUV�

)LJ� � 4XHU\ SDG

)LJ� � /LVW YLHZ SDG



7KHVH SDGV DUH DOVR FRQVWUXFWHG E\ XVLQJ VHYHUDO EDVLF SDGV� )RU H[DPSOH� TXHU\ SDG LV GHFRPSRVHG

WR WH[W SDGV� HGLW SDGV DQG VR RQ DV VHHQ IURP )LJ��� $V VKRZQ LQ )LJ��� WKHVH SDGV DUH FRQQHFWHG WR

VORWV RI D 64/ JHQHUDWLQJ SDG� :KHQ WKH ³6HDUFK´ EXWWRQ LV SXVKHG� D TXHU\ ZLWK JHQHUDWLQJ 64/ LV

SHUIRUPHG WR WKH GDWDEDVH RI 15')�

)LJ� � 'HFRPSRVLWLRQ RI WKH TXHU\

7KH REWDLQHG GDWD LV UHSUHVHQWHG DV D GDWD SDG ZKLFK KDV H[SHULPHQWDO LQIRUPDWLRQ� :KHQ WKH GDWD

SDG LV SDVWHG RQ D JUDSK SDG� ZH FDQ VHH JUDSKLFDOO\ WKH H[SHULPHQWDO GDWD� *UDSK SDGV FRUUHVSRQG

WR RWKHU H[SHULPHQWDO GDWD FDQ EH FRPSDUHG E\ XVLQJ D JUDSK EDVH SDG DV VHHQ IRUP )LJ��� :H ZLOO

DOVR FRPSDUH WKH WKHRUHWLFDO RQH� LI ZH KDYH WKH FDOFXODWLRQ FRGH RQ WKH ,QWHOOLJHQW3DG V\VWHP�

)LJ� � &RPSDULVRQ EHWZHHQ H[SHULPHQWDO GDWD
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,Q WKLV SDSHU� ZH KDYH GHVFULEHG D QHZ XWLOLW\ V\VWHP� :LQ15')�� IRU D QXFOHDU FKDUJHG SDUWLFOH

UHDFWLRQ GDWD RI 15') �1XFOHDU 5HDFWLRQ 'DWD )LOH� ZLWK WKH ,3 DUFKLWHFWXUH� %\ XVLQJ WKH V\VWHP�

ZH FDQ VHDUFK WKH H[SHULPHQWDO GDWD RI FKDUJHG SDUWLFOH UHDFWLRQV LQ 15') DQG VHH WKH JUDSKLF GDWD

RQ *8,� ,Q WKH IXWXUH� ZH ZLOO ZDQW WR DSSO\ WR WKH (;)25 GDWDEDVH�

$FNQRZOHGJPHQW

7KH DXWKRUV WKDQN WR 3URIHVVRU <� 7DQDND IRU YDULDEOH VXSSRUWV DQG HQFRXUDJHPHQW�

5HIHUHQFHV

>�@ 0� 7RJDVKL DQG +� 7DQDND� -RXU� ,QI� 6FL� 9RO��� 1R��������� ����

>�@ <� 7DQDND� ,QI� DQG 6RI� 7HF� �� ������� ����

>�@ 6� $R\DPD� <� 2KED\DVL� +� 0DVXL� .� .DWR� 0� &KLED DQG $� 2KQLVKL� 3URF� RI ���� 6\PS� RQ

1XFOHDU 'DWD� -$(5,� 72.$,� -$3$1� ����

>�@ <� 2KED\DVL� 6� $R\DPD� +� 0DVXL� .� .DWR DQG 0� &KLED� 3URF� RI ���� 6\PS� RQ 1XFOHDU

'DWD� -$(5,� 72.$,� -$3$1� ����

>�@ <� 2KED\DVL� 6� $R\DPD� +� 0DVXL� .� .DWR DQG 0� &KLED� 3URF� RI ���� 6\PS� RQ 1XFOHDU

'DWD� -$(5,� 72.$,� -$3$1� WR EH JLYHQ VRPHZKHUH LQ WKLV YROXPH�


