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.RSDQLWVDQRV $QWRQLV

'HSDUWPHQW RI ,QIRUPDWLFV DQG 7HOHFRPPXQLFDWLRQV�

8QLYHUVLW\ RI $WKHQV� 3DQHSLVWLPLRXSROLV� ,OLVVLD

*5������ $WKHQV� *UHHFH
DQWRQLV#GL�XRD�JU

$EVWUDFW� &ODVV HYROXWLRQ LV D NH\ LVVXH LQ REMHFW RULHQWHG V\VWHPV HYROXWLRQ� ,Q

SDUWLFXODU PXFK UHVHDUFK KDV IRFXVHG LQ WRSLFV UDLVHG E\ FODVV HYROXWLRQ HLWKHU

WKURXJK FRHUFLRQ RU YHUVLRQLQJ� ,Q WKLV SDSHU G\QDPLF DWWULEXWH DGGLWLRQ LQ

WHUPV RI YHUVLRQLQJ LV DGGUHVVHG� '\QDPLF DWWULEXWH DGGLWLRQ LQ WKLV FRQWH[W

FRQFHUQV PRGLILFDWLRQV RI YDULDEOHV RI REMHFWV DQG FODVVHV DW UXQWLPH� $ FDQGL�

GDWH PHFKDQLVP EDVHG RQ WKH QRWLRQ RI PHWDFODVVHV LV SURSRVHG WR VHUYH IRU WKLV

SXUSRVH� $ FDVH VWXG\ RI WKH XVH RI WKH SURSRVHG PHFKDQLVP LV SUHVHQWHG� )L�

QDOO\ DQ HYDOXDWLRQ RI WKH EHQHILWV DQG WKH GUDZEDFNV WKDW HPHUJH IURP LWV XVH LV

HVWDEOLVKHG�
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2EMHFW RULHQWHG PRGHOV DUH EHOLHYHG WR EHWWHU DQG PRUH QDWXUDOO\ UHIOHFW WKH EHKDYLRXU

DQG RUJDQL]DWLRQ RI UHDO ZRUOG SKHQRPHQD� LQFRUSRUDWLQJ PRUH RI WKH UHDO ZRUOG VH�

PDQWLFV� %XW WKH UHDO ZRUOG LWVHOI PD\ FKDQJH DQG QHZ UHTXLUHPHQWV PD\ DULVH IRU DQ

REMHFW�RULHQWHG V\VWHP� 6R VRIWZDUH GHYHORSHUV VKRXOG EH DEOH WR SHUIRUP D ODUJH

QXPEHU RI FKDQJHV WR DQ DOUHDG\ H[LVWLQJ V\VWHP VR WKDW WKH V\VWHP PD\ FRQWLQXH WR

VXLW WKH HYROYLQJ XVHU¶V QHHGV�

7KH UHOHYDQW SURFHVV FRPPRQO\ NQRZQ DV FODVV HYROXWLRQ DGGUHVVHV LVVXHV� OLNH EH�

KDYLRXUDO DQG VWUXFWXUDO HYROXWLRQ� %HKDYLRXUDO HYROXWLRQ GHDOV ZLWK WKH DELOLW\ WR

FKDQJH WKH EHKDYLRXU RI REMHFWV� 6WUXFWXUDO HYROXWLRQ LV FRQFHUQHG ZLWK UHFODVVLILFD�

WLRQ RI H[LVWLQJ REMHFWV DQG DOWHULQJ RI REMHFWV DWWULEXWHV� 7KH ODWWHU LV WKH VSHFLDO SURE�

OHP ZH IRFXV RXU LQWHUHVW RQ� LQ WKLV SDSHU� ,Q SDUWLFXODU ZH DUH FRQFHUQHG ZLWK WKH

DELOLW\ WR FKDQJH G\QDPLFDOO\ D FODVV¶V DVVRFLDWLRQ ZLWK SURSHUWLHV HYHQ LI WKLV FODVV LV

DOUHDG\ SRSXODWHG ZLWK LQVWDQFHV� ,Q WKLV FDVH VSHFLDO FDUH PXVW EH WDNHQ ZLWK WKHVH

LQVWDQFHV� ZKLFK WKH\ VKRXOG DOZD\V FRPSO\ ZLWK WKH GHILQLWLRQ RI WKHLU FODVV HYHQ LI

WKLV FODVV KDV D QHZHU YHUVLRQ�

$FFRUGLQJ WR WKH 6PDONWDON PHWD�SURJUDPPLQJ PRGHO �*ROGEHUJ DQG 5REVRQ�

����� HYHU\ FODVV LV LWVHOI DQ REMHFW DQG DV VXFK DQ LQVWDQFH RI D PHWDFODVV� 6R D PHWD�

FODVV LV D FODVV RI D FODVV LH� WKH REMHFWV RI WKLV FODVV FDQ WKHPVHOYHV DFW DV FODVVHV�

7KH QRWLRQ RI PHWDFODVVHV LV QRW GLUHFWO\ VXSSRUWHG E\ SRSXODU REMHFW RULHQWHG ODQ�

JXDJHV OLNH� &�� DQG -DYD� 1HYHUWKHOHVV LW VKRXOG EH H[DPLQHG DV D FDQGLGDWH PHFKD�



QLVP WR SURYLGH D VROXWLRQ WR WKH SUREOHP RI DWWULEXWH DGGLWLRQ DQG UHPRYDO DW UXQ

WLPH�

,Q WKLV SDSHU ZH SUHVHQW D PRGHO EDVHG RQ WKH QRWLRQ RI PHWDFODVVHV DV D VROXWLRQ WR

WKH DIRUHPHQWLRQHG SUREOHP�

7KH UHVW RI WKH SDSHU LV RUJDQL]HG DV IROORZV� ,Q VHFWLRQ � ZH SUHVHQW LVVXHV FRQFHUQ�

LQJ FODVV HYROXWLRQ DQG PHWDFODVVHV� ,Q VHFWLRQ � ZH GHVFULEH WKH H[DPSOH FDVH ZH GHDO

ZLWK LQ WKLV SDSHU� ,Q VHFWLRQ � XVLQJ WKH H[DPSOH FDVH ZH GHVFULEH WKH SUREOHPV WKDW

FDQ EH H[SHULHQFHG LI FXUUHQW ODQJXDJHV DUH XVHG� ,Q VHFWLRQ � ZH SUHVHQW WKH SURSRVHG

DSSURDFK DQG H[SODLQ KRZ LW FDQ VXSSRUW G\QDPLF DWWULEXWH DGGLWLRQ DQG UHPRYDO�

)LQDOO\ LQ VHFWLRQ � DGYDQWDJHV DQG GLVDGYDQWDJHV RI WKH SURSRVHG DSSURDFK DUH SUH�

VHQWHG WRJHWKHU ZLWK IXWXUH ZRUN�
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$V PHQWLRQHG EHIRUH REMHFW RULHQWHG PRGHOV VXFFHVVIXOO\ GHVFULEH UHDO ZRUOG SKH�

QRPHQD� 2EMHFWV FRPELQH GDWD WRJHWKHU ZLWK WKHLU LQWHUSUHWDWLRQ� %XW WKH UHDO ZRUOG

LWVHOI PD\ FKDQJH DQG QHZ UHTXLUHPHQWV IRU LQIRUPDWLRQ� RU IXQFWLRQDOLW\ WR PDQLSX�

ODWH LQIRUPDWLRQ LQ WKH DSSOLFDWLRQ PD\ DULVH� 6R� VRIWZDUH GHYHORSHUV� ZRUNLQJ ZLWK

DQ REMHFW RULHQWHG V\VWHP VKRXOG EH DEOH WR PRGLI\ FODVVHV RU WKH FODVV KLHUDUFK\ VR

WKDW WKH\ IXOO\ VXLW WKHLU QHHGV�

$FFRUGLQJ WR >�@ ZH FDQ GLYLGH WKH FKDQJHV RQH V\VWHP PD\ VXSSRUW LQWR WKH IRO�

ORZLQJ FDWHJRULHV�

�� &KDQJHV FRQFHUQLQJ LQVWDQFH YDULDEOHV �� &KDQJHV FRQFHUQLQJ PHWKRGV

$GG D YDULDEOH $GG D PHWKRG

5HPRYH D YDULDEOH 5HPRYH D PHWKRG

5HQDPH D YDULDEOH 5HQDPH D PHWKRG

5HGHILQH WKH W\SH RI D YDULDEOH 5HGHILQH WKH VLJQDWXUH

&KDQJH WKH LQKHULWDQFH RULJLQ &KDQJH WKH FRGH

&KDQJH WKH GHIDXOW YDOXH &KDQJH WKH LQKHULWDQFH RULJLQ

0RGLI\ RWKHU NLQGV RI YDULDEOHV

�� &KDQJHV FRQFHUQLQJ FODVVHV �� &KDQJHV FRQFHUQLQJ LQKHUL�

WDQFH OLQNV

$GG D FODVV $GG D VXSHUFODVV WR D FODVV

5HPRYH D FODVV 5HPRYH D VXSHUFODVV

5HQDPH D FODVV &KDQJH VXSHUFODVV SUHFHGHQFH�

0RGLI\ RWKHU FODVV SURSHUWLHV

�� &KDQJHV FRQFHUQLQJ WKH DVVRFLDWLRQV RI D FODVV

$GG D QHZ DVVRFLDWLRQ

5HPRYH DQ H[LVWLQJ DVVRFLDWLRQ

&KDQJH WKH PXOWLSOLFLW\ RI DQ H[LVWLQJ DVVRFLDWLRQ



7KH SRVVLEOH FKDQJHV VKRZQ LQ WKH DERYH WDEOHV PD\ KDYH GLIIHUHQW LPSDFW IRU WKH

XQGHUO\LQJ V\VWHP� ,Q SDUWLFXODU WKH FKDQJHV ZH IRFXV RXU LQWHUHVW RQ LQ WKLV SDSHU PD\

DIIHFW

• &OLHQWV RI WKH V\VWHP� WKH DSSOLFDWLRQ SURJUDPV�

• 7KH REMHFWV� ZKLFK VKRXOG DOZD\V FRPSO\ ZLWK WKH GHILQLWLRQ RI WKHLU FODVV�

HYHQ LI WKLV FODVV KDV D QHZHU YHUVLRQ�

:LWK UHVSHFW WR WKLV SUREOHP WKHUH DUH WZR GLIIHUHQW DSSURDFKHV� WKH FRHUFLRQ DQG

WKH YHUVLRQLQJ DSSURDFK�

7KH FRHUFLRQ DSSURDFK UHJDUGV DOO PRGLILFDWLRQV DV FRUUHFWLYH DQG REVROHWHV IRUPHU

VSHFLILFDWLRQV DFFRUGLQJO\� $OO LQVWDQFHV RI D PRGLILHG FODVV PXVW EH XSGDWHG �FR�

HUFHG� DFFRUGLQJ WR WKH QHZ GHILQLWLRQ� L�H� REMHFWV PXVW DOZD\V FRPSO\ ZLWK WKH PRVW

UHFHQW VSHFLILFDWLRQ RI WKHLU FODVV� %XW DV DOO REMHFWV DUH FRQYHUWHG� WKH FRHUFLRQ DS�

SURDFK PD\ LPSO\ LQIRUPDWLRQ ORVV� 0RUHRYHU� DOO FOLHQWV RI WKH V\VWHP PXVW DOVR EH

PRGLILHG DQG UHFRPSLOHG WR EH LQ DFFRUGDQFH ZLWK WKH PRVW UHFHQW YHUVLRQ�

7KH YHUVLRQLQJ DSSURDFK GRHV QRW UHJDUG FKDQJH DV FRUUHFWLYH� VR IRUPHU FODVV RU

FODVV KLHUDUFK\ VSHFLILFDWLRQV DUH QRW REVROHWH XSRQ FKDQJH� EXW UHPDLQ YDOLG LQ FRH[�

LVWHQFH ZLWK QHZHU VSHFLILFDWLRQV� 2EMHFWV PXVW EH SURSHUO\ HQKDQFHG� VR WKDW WKH\

PD\ FRQVLVWHQWO\ EHKDYH XQGHU DQ\ FODVV YHUVLRQ� $Q LPSRUWDQW LPSDFW LV WKDW H[LVWLQJ

FOLHQWV RI D V\VWHP PD\ EH XQDIIHFWHG E\ WKH FKDQJH� FRQWLQXLQJ WR UHJDUG WKH V\VWHP

LQ WKH VDPH ZD\ DV EHIRUH� 7KLV PD\ EH XVHIXO IRU H[DPSOH ZKHQ LW LV H[SHQVLYH RU

WLPH FRQVXPLQJ WR PRGLI\ DQG UHFRPSLOH DSSOLFDWLRQ SURJUDPV�

$V ZH NQRZ REMHFWV DUH FUHDWHG DV LQVWDQFHV RI FODVVHV� $FFRUGLQJ WR XVXDO REMHFW�

RULHQWHG DSSURDFKHV DIWHU WKHLU FUHDWLRQ WKH\ FDQQRW FKDQJH DVVRFLDWLRQ ZLWK SURSHUWLHV

EHFDXVH WKDW LV GHWHUPLQHG DW WKH WLPH RI LQVWDQWLDWLRQ E\ WKH LQLWLDO VSHFLILFDWLRQ RI

WKHLU FODVV� 1HYHUWKHOHVV EHFDXVH RI FODVV HYROXWLRQ WKH\ KDYH WKHLU VWUXFWXUH DOWHUHG E\

DWWULEXWHV DGGHG RU UHPRYHG G\QDPLFDOO\ DQG WKH\ QHHG WR EH SURYLGHG ZLWK H[WUD

VWRUDJH VSDFH LQ RUGHU WR EH DFFRUGDQFH ZLWK WKH QHZHU YHUVLRQ RI WKHLU FODVV� $W WKLV

SRLQW ZH VKRXOG PHQWLRQ WKDW VSHFLDO FDUH PXVW WDNHQ LI WKH V\VWHP SURYLGHV SHUVLV�

WHQFH IRU WKH GDWD�

$ PHWD�FODVV LV D PHDQV WR GHILQH WKH FRPPRQ SURSHUWLHV RI D VHW RI FODVVHV� $

PHWD�FODVV LV D ³SDFNDJH´ RI SURSHUWLHV� 7KH DVVHPEO\ RI SURSHUWLHV LQ D PHWD�FODVV

SDFNDJH LV VRPHWLPHV FDOOHG D PHWD�FODVV VWUXFWXUH� &UHDWLQJ DQ REMHFW ZLWK WKH SURS�

HUWLHV GHILQHG LQ D PHWD�FODVV LV FDOOHG LQVWDQWLDWLRQ RI WKH PHWD�FODVV� $IWHU WKDW LQVWDQ�

WLDWLRQ ZH REWDLQ D QHZ REMHFW� FDOOHG D FODVV� EXW QRZ LW LV FDOOHG DOVR D PHWD�LQVWDQFH

ZKLFK KDV WKH SURSHUWLHV SDFNDJHG LQ WKH PHWD�FODVV�

$V PHQWLRQHG EHIRUH SRSXODU REMHFW�RULHQWHG ODQJXDJHV OLNH &�� DQG -DYD GR QRW

VXSSRUW GLUHFWO\ WKLV PHFKDQLVP� +RZHYHU LW FDQ EH LPSOHPHQWHG XVLQJ WKH QRWLRQ RI

VWDWLF GDWD WKH\ ERWK SURYLGH� :H FRPH QRZ WR WKH GHVFULSWLRQ RI WKH H[DPSOH FDVH ZH

GHDO ZLWK LQ WKLV SDSHU�
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6XSSRVH ZH KDYH D V\VWHP WKDW FRQWDLQV DPRQJ RWKHU FODVVHV� WKH FODVVHV $GXOW3HUVRQ

DQG ,GHQWLW\&DUG WKH VSHFLILFDWLRQ RI ZKLFK LV SUHVHQWHG EHORZ�



SXEOLF FODVV $GXOW3HUVRQ ^

LQW KHLJKW�

6WULQJ VXUQDPH�

,GHQWLW\&DUG L' �

��PHWKRGV

`

SXEOLF FODVV ,GHQWLW\&DUG^

LQW FRGH1XPEHU�

6WULQJ GDWH2I,VVXH �

��PHWKRGV

`

)XUWKHU VXSSRVH WKDW WKH H[WHQW RI WKRVH FODVVHV �LQVWDQFHV� H[LVWV� %XW GXH WR HYROY�

LQJ XVHU¶V QHHGV D QHZ YDULDEOH LV UHTXLUHG WR EH DGGHG WR HDFK RQH RI WKHP� 0RUH

VSHFLILFDOO\ ZH QHHG WR DGG D YDULDEOH RI 6WULQJ W\SH WR WKH $GXOW3HUVRQ FODVV

KDYLQJ WKH QDPH UHVLGHQFH� DQG DOVR D 6WULQJ W\SH YDULDEOH KDYLQJ WKH QDPH DX�

WKRULW\ WR WKH ,GHQWLW\&DUG FODVV�
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,I FXUUHQW ODQJXDJHV OLNH &�� DQG -DYD ZHUH XVHG� WKH LQFRUSRUDWLRQ RI D QHZ YDULDEOH

LQ D FODVV FRXOG KDYH EHHQ DFKLHYHG XVLQJ D ZHOO NQRZQ REMHFW RULHQWHG WHFKQLTXH

FDOOHG LQKHULWDQFH�

,Q RXU H[DPSOH WKH GHULYHG VXEFODVVHV FRXOG KDYH WKH IROORZLQJ VSHFLILFDWLRQV�

FODVV (QKDQFHG$GXOW3HUVRQ H[WHQGV $GXOW3HUVRQ^

6WULQJ UHVLGHQFH�

(QKDQFHG,GHQWLW\&DUG H,' �

�� PHWKRGV

`

FODVV (QKDQFHG,GHQWLW\&DUG H[WHQGV ,GHQWLW\&DUG^

6WULQJ DXWKRULW\�

��PHWKRGV

`

$IWHU WKH LQVHUWLRQ RI WKH WZR VXEFODVVHV� H[LVWLQJ LQVWDQFHV RI FODVVHV $GXOW3HU�

VRQ DQG ,GHQWLW\&DUG VKRXOG EH PLJUDWHG WR FODVVHV (QKDQFHG$GXOW3HUVRQ

DQG (QKDQFHG,GHQWLW\&DUG DFFRUGLQJO\� 0RUHRYHU WKH UHIHUHQFH� WKDW HYHU\

$GXOW3HUVRQ REMHFW KROGV� WR LWV FRUUHVSRQGLQJ ,GHQWLW\&DUG REMHFW VKRXOG EH

UHSODFHG ZLWK D UHIHUHQFH WR DQ (QKDQFHG,GHQWLW\&DUG REMHFW�

7KH XVH RI LQKHULWDQFH HLWKHU VLQJOH RU PXOWLSOH OHDGV WR D QXPEHU RI ZHOO NQRZQ

SUREOHPV LQFOXGLQJ QDPH FROOLVLRQV� KRPRQ\PRXV DWWULEXWHV DQG FRPPRQ DQFHVWRU

GLOHPPD� 2WKHU SUREOHPV WKDW FDQ EH H[SHULHQFHG SDUWLFXODUO\ LQ RXU H[DPSOH DUH

OLVWHG EHORZ�



D� &UHDWLRQ RI FRPSOH[ KLHUDUFKLHV ZKLFK DUH GLIILFXOW WR KDQGOH� LI UHTXLUH�

PHQWV IRU DWWULEXWH DGGLWLRQ DUH RIWHQ�

E� &ODVV H[SORVLRQ LI IRU HDFK DWWULEXWH ZH ZDQW WR DGG ZH KDYH WR LQVHUW WR

WKH V\VWHP D QHZ FODVV�

F� 'LIILFXOWLHV LQ DWWULEXWH UHPRYDO�

6R ZH QHHG D QHZ DSSURDFK LQ RUGHU WR DFKLHYH DWWULEXWH DGGLWLRQ DQG UHPRYDO LQ JHQ�

HUDO� DQG LQ D G\QDPLF IDVKLRQ LQ SDUWLFXODU�
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:H EHJLQ WKH GHVFULSWLRQ RI WKH SURSRVHG DSSURDFK E\ LQWURGXFLQJ D QHZ FRQFHSW

FRQFHUQLQJ WKH SUHVHQWDWLRQ RI DWWULEXWHV� (DFK RQH RI WKHVH DWWULEXWHV LV PRGHOHG DV DQ

LQVWDQFH RI FODVV 'DWD WKH VSHFLILFDWLRQ RI ZKLFK LV SUHVHQWHG EHORZ�
 
SXEOLF FODVV 'DWD^

6WULQJ YDULDEOH7\SH �

6WULQJ YDULDEOH1DPH �

`

$V ZH FDQ VHH IRU HDFK RQH RI WKH DWWULEXWHV LWV QDPH DQG W\SH DUH VWRUHG �XVLQJ D

6WULQJ IRUPDW� LQ WKH LQVWDQFH YDULDEOHV RI WKH FODVV 'DWD� :H FRXOG DOVR KDYH VWRUHG

LQIRUPDWLRQ FRQFHUQLQJ PRGLILHUV OLNH SURWHFWHG RU SULYDWH� GHWHUPLQLQJ WKH DFFHVV WR

WKH DWWULEXWHV EHLQJ PRGHOHG EXW ZH GHFLGHG WR OHW LW DV SDUW RI RXU IXWXUH ZRUN EHFDXVH

LWV LPSOHPHQWDWLRQ UHTXLUHV H[WUD VXSSRUW IURP WKH XQGHUO\LQJ VRIWZDUH V\VWHP� 6R ZH

OHW DOO DWWULEXWHV EH SXEOLF�

$FFRUGLQJ WR WKH SURSRVHG DSSURDFK WKH V\VWHP¶V FODVV KLHUDUFK\ VKRXOG KDYH WKH

IRUPDW SUHVHQWHG LQ ILJXUH�� $V ZH FDQ VHH DW WKH WRS RI WKH KLHUDUFK\ LV SODFHG DQ

DEVWUDFW FODVV FDOOHG PHWDFODVV� $OO WKH RWKHU FODVVHV RI WKH V\VWHP LQKHULW IURP WKDW

FODVV�

)LJ� �� 3URSRVHG &ODVV KLHUDUFK\�

7KH VWUXFWXUH RI WKH DEVWUDFW FODVV 0HWDFODVV LV DV IROORZV�

DEVWUDFW FODVV 0HWDFODVV ^

VWDWLF 'LFWLRQDU\ YDULDEOH0DS�

'LFWLRQDU\ YDULDEOH9DOXH�

`

DEVWUDFW FODVV 0HWDFODVV

$GXOW3HUVRQ H[WHQGV 0HWDFODVV ,GHQWLW\&DUG H[WHQGV 0HWDFODVV



%HFDXVH WKH YDULDEOH0DS 'LFWLRQDU\ LV GHFODUHG DV VWDWLF WKHUH LV RQO\ RQH FRS\ RI

LW IRU DOO WKH FRQFUHWH VXEFODVVHV RI 0HWDFODVV� VR LW FDQ EH XVHG DV D UHSRVLWRU\ VWRULQJ

LQIRUPDWLRQ DERXW WKH DWWULEXWHV FRQWDLQHG LQ WKHVH VXEFODVVHV� $FFRUGLQJ WR RXU DS�

SURDFK WKH LQLWLDO LQIRUPDWLRQ WR EH VWRUHG LQ WKH VWDWLF YDULDEOH0DS 'LFWLRQDU\ VHHPV

OLNH WKH RQH SUHVHQWHG LQ WKH IROORZLQJ WDEOH�

7DEOH �� YDULDEOH0DS 'LFWLRQDU\�

³$GXOW3HUVRQ´

GDWD� GDWD� GDWD�

YDULDEOH7\SH�LQW

YDULDEOH1DPH�KHLJKW

YDULDEOH7\SH�6WULQJ

YDULDEOH1DPH�6XUQDPH

YDULDEOH7\SH�,GHQWLW\&DUG

YDULDEOH1DPH�L'

³,GHQWLW\&DUG´

GDWD� GDWD�

YDULDEOH7\SH�LQW

YDULDEO1DPH�FRGH1XPEHU

YDULDEOH7\SH�6WULQJ

YDULDEOH1DPH�GDWH2I,VVXH

$V XQGHUVWRRG ZH FDQ H[WHQG WKH DERYH VWUXFWXUH KRUL]RQWLFDOO\ WR LQFOXGH QHZ GDWD

REMHFWV PRGHOOLQJ DWWULEXWHV LQVHUWHG DW UXQ�WLPH� DV ZHOO YHUWLFDOO\ WR LQFOXGH QHZ

FODVVHV LQVHUWHG LQ WKH V\VWHP�

2Q WKH RWKHU KDQG LQVWDQFHV RI FODVVHV $GXOW3HUVRQ DQG ,GHQWLW\&DUG VWRUH WKHLU LQ�

VWDQFH GDWD LQ WKH YDULDEOH9DOXH 'LFWLRQDU\� ZKLFK WKHLU FODVVHV LQKHULW IURP WKH DE�

VWUDFW FODVV 0HWDFODVV� 7KH VLWXDWLRQ LV GHSLFWHG LQ WKH IROORZLQJ WDEOHV�

7DEOH �� ,QVWDQFHV RI FODVV $GXOW3HUVRQ�

“height” obj1  “height” obj4  “height” obj7 
“surname” obj2  “surname” obj5  “surname” obj8 
“IdentityCard” obj3  “IdentityCard” obj6  “IdentityCard” obj9 

7DEOH �� ,QVWDQFHV RI FODVV ,GHQWLW\&DUG�

“codeNumber” obj10  “codeNumber” obj12   “codeNumber” obj14 
“dateOfIssue” obj11  “dateOfIssue” obj13   “dateOfIssue” obj15 

,Q WKH DERYH SLFWXUH ZH FDQ VHH WKH PDSSLQJ EHWZHHQ WKH QDPHV RI LQVWDQFH YDUL�

DEOHV DQG WKH REMHFWV UHSUHVHQWLQJ GDWD IRU WKHP IRU HDFK RQH RI WKH FODVV LQVWDQFHV�

7KH YDULDEOH9DOXH GLFWLRQDULHV FDQ EH H[WHQGHG YHUWLFDOO\ LQ RUGHU WR VWRUH YDOXHV IRU

WKH DWWULEXWHV WKDW ZLOO EH LQVHUWHG LQ WKH FODVVHV� 7KH W\SH RI HDFK RQH RI WKHVH REMHFWV

LV LQ DFFRUGDQFH ZLWK WKH W\SH RI WKH YDULDEOH LW VWDQGV IRU� :H PXVW PHQWLRQ WKDW REM��

REM� DQG REM� DUH RULJLQDO IdentityCard LQVWDQFHV� )RU WKH UHVW RI WKH REMHFWV WKDW
VKRXOG KDYH WKH W\SH RI ,QWHJHU RU 6WULQJ� WKLV LV DFKLHYHG WKURXJK WKH XVH RI WKH )DF�

WRU\ 'HVLJQ 3DWWHUQ� 7KH KLHUDUFK\ XVHG LV GHSLFWHG LQ ILJXUH � DQG FRQVLVWV RI WKH

IROORZLQJ FRPSRQHQWV�



• 7KH $EVWUDFW &UHDWRU FODVV VHUYLQJ QR RWKHU SXUSRVH WKDQ GHILQLQJ WKH

FRPPRQ LQWHUIDFH RI LWV VXEFODVVHV

• 7KH &RQFUHWH &UHDWRU FODVVHV �,QWHJHU&UHDWRU� 6WULQJ&UHDWRU� %RROHDQ�

&UHDWRU� ZLWK HDFK RQH RI WKHP EHLQJ UHVSRQVLEOH IRU WKH LQVWDQWLDWLRQ RI

REMHFWV KDYLQJ WKH DSSURSULDWH W\SH DQG FRQWDLQLQJ GDWD SDVVHG DORQJ E\

WKH XVHU�

• 7KH &UHDWRU0DQDJHU FODVV ZKLFK VWRUHV LQ D GLFWLRQDU\ OLNH WKH RQH SUH�

VHQWHG LQ WKH IROORZLQJ WDEOH WKH PDSSLQJ EHWZHHQ GLIIHUHQW W\SHV RI YDUL�

DEOHV DQG WKH FRUUHVSRQGLQJ &RQFUHWH&UHDWRU REMHFWV�

7DEOH �� &UHDWRU0DQDJHU 'LFWLRQDU\�

“int”  IntegerCreator object 
“String” StringCreator object 
“Boolean” BooleanCreator object 

• )LQDOO\ WKH 0HWDFODVV0DQDJHU FODVV ZKLFK WKURXJK LWV LQVHUW9DOXH��

PHWKRG LV UHVSRQVLEOH IRU WKH FUHDWLRQ RI WKH DSSURSULDWH GDWD REMHFWV�

)LJ� �� 7KH $EVWUDFW )DFWRU\ 3DWWHUQ�

7KH WDVNV SHUIRUPHG LQ WKH ERG\ RI WKH LQVHUW9DOXH�� PHWKRG DUH WKH IROORZLQJ�

7KH &UHDWRU0DQDJHU¶V ILQG�� PHWKRG LV ILUVW LQYRNHG ZLWK D 6WULQJ UHSUHVHQWLQJ WKH

YDULDEOH W\SH SDVVHG DORQJ DV DUJXPHQW� 7KH WDVN RI WKLV PHWKRG LV WR GLVFRYHU WKH

&RQFUHWH&UHDWRU LQVWDQFH FRUUHVSRQGLQJ WR WKH UHFHLYHG DUJXPHQW� 7KDW &RQFUHWH&UHD�

WRU LQVWDQFH LV WKHQ UHWXUQHG WR WKH 0HWDFODVV 0DQDJHU 2EMHFW�

7KH FUHDWH PHWKRG RI WKH &RQFUHWH&UHDWRU LQVWDQFH LV VXEVHTXHQWO\ FDOOHG� $Q DU�

JXPHQW UHSUHVHQWLQJ WKH YDOXH WKH XVHU ZLVKHV WR VWRUH LQ WKH QHZO\ FUHDWHG REMHFW LV

SDVVHG DORQJ WR LW�

7KH FUHDWH PHWKRG FUHDWHV DQ REMHFW RI WKH DSSURSULDWH W\SH DQG UHWXUQV LW WR WKH

0HWDFODVV0DQDJHU REMHFW� $IWHU WKDW� WKH VWRULQJ RI WKLV REMHFW ZLWKLQ WKH DSSURSULDWH

FODVV LQVWDQFH WDNHV SODFH�

FUHDWRU FUHDWRU0DQDJHU�ILQG�YDULDEOH7\SH��

2EMHFW YDOXH2EMHFW FUHDWRU�FUHDWH�GDWD� � abstract  Object create(String data); 

0HWDFODVV0DQDJHU

insertValue(String variableType,String data)  
&UHDWRU0DQDJHU

&UHDWRU ILQG�6WULQJ YDULDEOH7\SH� �

&UHDWRU

,QWHJHU&UHDWRU

2EMHFW FUHDWH�6WULQJ��

6WULQJ&UHDWRU

2EMHFW FUHDWH�6WULQJ��

,QWHJHU ,  QHZ ,QWHJHU�GDWD��

UHWXUQ , �

%RROHDQ&UHDWRU

2EMHFW FUHDWH�6WULQJ��



7KH LQVHUWLRQ RI D QHZ DWWULEXWH LQ D FODVV XVLQJ WKH SURSRVHG PRGHO FRXOG EH

DFKLHYHG LQ WKH IROORZLQJ ZD\�

)LUVW D QHZ LQVWDQFH RI WKH 'DWD FODVV VKRXOG EH FUHDWHG� :LWKLQ LWV LQVWDQFH YDUL�

DEOHV LQIRUPDWLRQ DERXW WKH QHZO\ LQVHUWHG DWWULEXWH �OLNH LWV QDPH DQG W\SH DV GH�

VFULEHG EHIRUH� VKRXOG EH VWRUHG� 7KLV GDWD REMHFW VKRXOG EH VWRUHG LQ WKH VWDWLF GLF�

WLRQDU\ FRQWDLQLQJ LQIRUPDWLRQ DERXW WKH FODVV SURSHUWLHV� 7KH GLFWLRQDU\ RI RXU H[DP�

SOH FDVH DIWHU WKH LQVHUWLRQ RI WKH WZR DWWULEXWHV VKRXOG KDYH WKH IRUPDW SUHVHQWHG LQ

WKH IROORZLQJ WDEOH�

7DEOH �� YDULDEOH0DS 'LFWLRQDU\ DIWHU WKH LQVHUWLRQ RI YDULDEOHV�

³$GXOW3HUVRQ´

GDWD� GDWD� GDWD� GDWD�

YDULDEOH7\SH�LQW

YDULDEOH1DPH�KHLJKW

YDULDEOH7\SH�6WULQJ

YDULDEOH1DPH�6XUQDPH

YDULDEOH7\SH�

,GHQWLW\&DUG

YDULDEOH1DPH�L'

YDULDEOH7\SH�

6WULQJ

YDULDEOH1DPH�

UHVLGHQF

³,GHQWLW\&DUG´

GDWD� GDWD� GDWD�

YDULDEOH7\SH�LQW

YDULDEOH1DPH�

FRGH1XPEHU

YDULDEOH7\SH�6WULQJ

YDULDEOH1DPH�GDWH2I,VVXH

YDULDEOH7\SH�6WULQJ

YDULDEOH1DPH�

DXWKRULW\

$IWHU WKDW DOO WKH H[LVWLQJ LQVWDQFHV RI WKH FODVV VKRXOG EH XSGDWHG XVLQJ WKH EHIRUH

PHQWLRQHG $EVWUDFW )DFWRU\ PHFKDQLVP� $ QHZ REMHFW KDYLQJ WKH DSSURSULDWH W\SH DQG

FRQWDLQLQJ WKH YDOXH SDVVHG DORQJ E\ WKH XVHU VKRXOG EH FUHDWHG DQG VWRUHG LQ WKH LQ�

VWDQFH GLFWLRQDU\� 7KH IRUPDW RI WKH $GXOW3HUVRQ DQG ,GHQWLW\&DUG H[LVWLQJ LQVWDQFHV

DIWHU WKH LQVHUWLRQ RI WKH QHZ DWWULEXWHV LV GHSLFWHG LQ WKH IROORZLQJ WDEOHV�

7DEOH �� ,QVWDQFHV RI FODVV $GXOW3HUVRQ DIWHU WKH LQVHUWLRQ RI YDULDEOHV�

“height” obj1  “height” obj4  “height” obj7 
“surname” obj2  “surname” obj5  “surname” obj8 
“IdentityCard” obj3  “IdentityCard” obj6  “IdentityCard” obj9 
“residence” obj16  “residence” obj17  “residence” obj18 

7DEOH �� ,QVWDQFHV RI FODVV ,GHQWLW\&DUG DIWHU WKH LQVHUWLRQ RI YDULDEOHV�

“codeNumber” obj10  “codeNumber” obj12  “codeNumber” obj14 
“dateOfIssue” obj11  “dateOfIssue” obj13  “dateOfIssue” obj15 
“authority” obj19  “authority” obj20  “authority” obj21 

8QWLO WKLV SRLQW ZH KDYH VKRZQ WKH DELOLW\ RI RXU DSSURDFK WR VXSSRUW DWWULEXWH DGGL�

WLRQ� 7R DFKLHYH WKLV LQ WHUPV RI YHUVLRQLQJ LW VKRXOG EH XVHG LQ FRPELQDWLRQ ZLWK D

PHFKDQLVP PRQLWRULQJ WKH GHOWD FKDQJHV EHWZHHQ WKH FODVV YHUVLRQV �L�H WKH DWWULEXWHV

WR EH DGGHG RU UHPRYHG IURP WKH SDUHQW FODVV YHUVLRQ ZKHQ D QHZ RQH LV LQVHUWHG��

7KLV ZD\ WKH SURJUDPPHU ZRXOG EH DEOH WR XVH WKH YHUVLRQ RI KLV FKRLFH� $WWULEXWH

UHPRYDO LQ WKH FRQWH[W RI YHUVLRQLQJ �ZKHUH QR SK\VLFDO UHPRYDO RI WKH DWWULEXWH LV

DFFHSWHG� FRXOG EH KDQGOHG XVLQJ WKDW PRQLWRULQJ PHFKDQLVP WRR� 7KH DFFHVV WR WKH



YDOXHV RI DQ DWWULEXWH EHLQJ UHPRYHG IURP D FHUWDLQ YHUVLRQ RI D FODVV VKRXOG EH GHQLHG

ZKHQ WKH SURJUDPPHU LV XVLQJ WKDW YHUVLRQ�

#���� ����
������

7KH SURSRVHG WHFKQLTXH FRXOG SRWHQWLDOO\ VXSSRUW DWWULEXWH DGGLWLRQ DQG UHPRYDO LQ

WHUPV RI YHUVLRQLQJ� ,Q WKLV VHFWLRQ ZH EULHIO\ SUHVHQW WKH DGYDQWDJHV WKDW LW SUHVHQWV LQ

FRQMXQFWLRQ WR LQKHULWDQFH�

• &ODVV H[SORVLRQ DQG FRPSOH[ KLHUDUFKLHV DUH DYRLGHG�

• 1R QHHG IRU REMHFW PLJUDWLRQ�

• $WWULEXWH UHPRYDO EHFRPHV DQ HDVLHU WDVN

%XW WKHUH DUH DOVR FHUWDLQ LVVXHV WKDW HPHUJH IURP LWV XVH DQG VKRXOG EH H[DPLQHG

FDUHIXOO\� :H OHW WKHP DV SDUW RI RXU IXWXUH ZRUN�

• 6XEVWLWXWDELOLW\ DQG VXEW\SLQJ SURYLGHG E\ LQKHULWDQFH DUH QR ORQJHU VXS�

SRUWHG�

• $WWULEXWH YLVLELOLW\ QHHGV WR EH FRQVLGHUHG�

• 7KH EHKDYLRXUDO SDUW RI D FODVV WKDW DOVR XQGHUJRHV PRGLILFDWLRQV �EHFDXVH

RI PHWKRGV DGGLWLRQ DQG UHPRYDO� PXVW EH WUHDWHG VHULRXVO\�

• 7KH PRQLWRULQJ RI EHKDYLRXUDO FKDQJHV FRXOG SURYLGH D PHDQV WR FRQWURO

HYROXWLRQ LQ D XQLILHG ZD\� 7KLV LV WKH FDVH EHFDXVH DWWULEXWH DGGLWLRQ

FRXOG EH VLPXODWHG DW WKH YHUVLRQ FRQWURO OHYHO E\ SDLUV RI DFFHVVRU PHWK�

RGV IRU VHOHFWLQJ �JHWWHU� DQG XSGDWLQJ �VHWWHU� DWWULEXWHV� &RQVHTXHQWO\ DW�

WULEXWH DQG PHWKRG PRGLILFDWLRQV FRXOG EH KDQGOHG E\ WKH PRQLWRULQJ V\V�

WHP LQ WKH VDPH ZD\�

$���� %����������

�� &DVDLV� (�� 0DQDJLQJ &ODVV (YROXWLRQ LQ 2EMHFW 2ULHQWHG 6\VWHPV� 
�� &RRSHU� -�� -DYD 'HVLJQ 3DWWHUQV � $GGLVRQ :HVOH\� 5HDGLQJ� 0$� ����

�� *DPPD� (�� +HOP� 5�� -RKQVRQ� 5�� 9OLVVLGHV� -�� 'HVLJQ 3DWWHUQV � $GGLVRQ :HVOH\�

5HDGLQJ� 0$� �����

�� 2GEHUJ� (�� 0XOWL3HUVSHFWLYHV 2EMHFW (YROXWLRQ DQG 6FKHPD 0RGLILFDWLRQ 0DQDJH�

PHQW IRU 2EMHFW 2ULHQWHG 'DWDEDVHV � 3K' 7KHVLV� �����

�� 6HLWHU� /�� 3DOVEHUJ� -�� /LHUEHUKHUU .�� (YROXWLRQ RI 2EMHFW %HKDYLRXU XVLQJ &RQWH[W

5HODWLRQV � ,Q 3URFHHGLQJV RI WKH �WK $&0 6LJVRIW 6\PSRVLXP RQ WKH )RXQGDWLRQV RI

6RIWZDUH (QJLQHHULQJ� SDJHV ������ 2FWREHU �����  
�� 6]\SHU]VNL� &�� &RPSRQHQW 6RIWZDUH � $GGLVRQ :HVOH\� 5HDGLQJ� 0$� ����� 


