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$�6RFLRWHFKQLFDO�6\VWHP�3HUVSHFWLYH�RQ�$UWLILFLDO�,QWHOOLJHQFH
,PSOHPHQWDWLRQ�IRU�0RGHUQ�,QWHOOLJHQFH�6\VWHPV

$EVWUDFW

,PSOHPHQWLQJ� QHZ� WHFKQRORJ\� LQWR� D� VRFLRWHFKQLFDO� V\VWHP�� VXFK� DV� D� PLOLWDU\� LQWHOOLJHQFH� V\VWHP�� LV� D�
FKDOOHQJLQJ� HQWHUSULVH�� 7KH� QHHGV� DQG� H[SHFWDWLRQV� RI� WKH� ³VRFLDO´� XVHUV� DUH� FULWLFDO� LQ� GHVLJQLQJ� DQG�
LPSOHPHQWLQJ�WKH�WHFKQLFDO�V\VWHP�WR�VXSSRUW�WKH�LQWHOOLJHQFH�SURFHVV��1HZ�WHFKQRORJ\�RIWHQ�DIIRUGV�QHZ�ZD\V�
RI� DFFRPSOLVKLQJ� WKH� REMHFWLYHV� RI� WKH� LQWHOOLJHQFH� SURFHVV�� +RZHYHU�� SRVVLEOH� SURFHVV� DQG� RSHUDWLRQ�
LPSURYHPHQWV�PD\�EH�FRQVWUDLQHG�GXH�WR�WKH�WHQGHQF\�RI�XVHUV�WR�VWLFN�WR�WKH�HQWUHQFKHG�GRFWULQH�RI�VWULFW�
KLHUDUFKLFDO� RSHUDWLRQ� W\SLFDO� RI� PLOLWDU\� RUJDQLVDWLRQV�� 7KLV� SDSHU� SUHVHQWV� D� VRFLRWHFKQLFDO� V\VWHP¶V�
SHUVSHFWLYH�WR�JXLGH�LPSOHPHQWDWLRQ�RI�QHZ�WHFKQRORJ\��VXFK�DV�$UWLILFLDO�,QWHOOLJHQFH��$,���LQ�DQ�H[LVWLQJ�0LOLWDU\�
,QWHOOLJHQFH� 6\VWHP�� 7KLV� IUDPHZRUN� LV� EDVHG� RQ� FRQWHPSRUDU\� VRFLRWHFKQLFDO� V\VWHP� GHYHORSPHQW� DQG�
&RJQLWLYH�:RUN�$QDO\VLV��&:$� OLWHUDWXUH��ZKLFK LV�DGDSWHG�WR�WKH�ILHOG�RI�LQWHOOLJHQFH�V\VWHPV�

� ,QWURGXFWLRQ
'XH�WR�WKH�FRPSOH[LWLHV�RI�PRGHUQ�FRQIOLFWV��WUDGLWLRQDO�PLOLWDU\�LQWHOOLJHQFH�DSSURDFKHV�DQG�WRROV�DUH�EHFRPLQJ�
LQFUHDVLQJO\� LQDGHTXDWH�DW�VDWLVI\LQJ�WKH�GHFLVLRQ�VXSSRUW�UHTXLUHPHQWV�RI�FRPPDQGHUV�DQG�RWKHU�GHFLVLRQ�
PDNHUV��7KHVH�FRPSOH[�FRQIOLFWV�WHQG�WR�EH�LQ�WKH�³JUH\�]RQH´�RI�LUUHJXODU��XQFRQYHQWLRQDO��K\EULG��DQG�SROLWLFDO�
ZDUIDUH��,Q�WKHVH�VFHQDULRV��DGYHUVDULHV�VHHN�DV\PPHWULF�DGYDQWDJHV�RYHU�WUDGLWLRQDO�PLOLWDU\�SRZHU�WR�DFKLHYH�
SROLWLFDO�REMHFWLYHV��*OREDO�LQWHUFRQQHFWHGQHVV�RI�WKH�WZHQW\�ILUVW�FHQWXU\��FRPELQHG�ZLWK�SROLWLFDO��HFRQRPLF��
DQG�VRFLDO�FKDQJHV��LQFUHDVH�WKH�VFDOH�RI�FRPSOH[LW\��6PLWK��������

,Q� SDUDOOHO� WR� WKH� FRPSOH[�PRGHUQ� EDWWOHILHOGV�� WKH� HYHU�JURZLQJ� ,QWHUQHW� RI� 7KLQJV� �,R7�� DQG� VRFLDO�PHGLD�
SODWIRUPV�GUDPDWLFDOO\�LQFUHDVH�WKH�DYDLODEOH�LQIRUPDWLRQ�WR�EH�SURFHVVHG�DQG�DQDO\VHG�DV�LQWHOOLJHQFH��7KH�
DEXQGDQFH�RI� LQIRUPDWLRQ� LV� LPSRVVLEOH� IRU� KXPDQV� WR�HIIHFWLYHO\�DQDO\VH XQDVVLVWHG�� ,QWHOOLJHQFH�DQDO\VLV�
V\VWHPV�UHTXLUH�$UWLILFLDO�,QWHOOLJHQFH��$,��WRROV�WR�GUHGJH�WKURXJK�WKH�LQIRUPDWLRQ�IRU�ILQGLQJ�WKH�SDWWHUQV�DQG�
PDNLQJ� SUHGLFWLRQV��$,� LV� WKH� LQWHOOLJHQFH� H[KLELWHG� E\�PDFKLQHV� WKDW� SHUFHLYHV� LWV� HQYLURQPHQW� DQG� WDNHV�
DFWLRQV�WKDW�PD[LPL]H�LWV�DELOLW\�WR�DFKLHYH�D�JRDO��6XUL�HW�DO���������

7KH�ILHOG�RI�$,�LV�D�ZLGH�DUHD�RI�VWXG\�WKDW�LQFOXGHV�WKH GHYHORSPHQW�RI�ELJ�GDWD��SUHGLFWLYH�DQDO\WLFV��FRJQLWLYH�
FRPSXWLQJ��DQG�GHHS�OHDUQLQJ��$,�FDQ�VXSSRUW�WKH�GHYHORSPHQW�DQG�WHVWLQJ�RI�K\SRWKHVHV�GXULQJ�LQWHOOLJHQFH�
DQDO\VLV��7KLV�LPSOLHV�WKDW�D�PDFKLQH�PLPLFV�WKH�KXPDQ�³FRJQLWLYH´�IXQFWLRQV��VXFK�DV�OHDUQLQJ�DQG�SUREOHP�
VROYLQJ��*OREDOO\��$,�LV�LQFUHDVLQJO\�H[SORLWHG�IRU�PLOLWDU\�DSSOLFDWLRQV��LQFOXGLQJ�VXUYHLOODQFH��UHFRQQDLVVDQFH��
LQWHOOLJHQFH�DQDO\VLV��FRPPDQG�DQG�FRQWURO��WKUHDW�HYDOXDWLRQ��F\EHU�VHFXULW\��DQG�WUDLQLQJ��6YHQPDUFN�HW�DO��
������

'HFLVLRQV� VKRXOG� EH� VXSSRUWHG� E\� DFFXUDWH� LQWHOOLJHQFH� EDVHG XSRQ� DQDO\VLV� RI� JDWKHUHG� LQIRUPDWLRQ��
+RZHYHU�� GHFLVLRQ�PDNLQJ�ZLWKLQ� FRPEDW� RSHUDWLRQV� FDQ� EH� FKDUDFWHULVHG� DV� KDYLQJ� D� ³KLJK� UHJUHW´� LI� WKH�
³ZURQJ´�GHFLVLRQ�LV�PDGH��,PSOHPHQWLQJ�$,�WRROV�LQ�LQWHOOLJHQFH�V\VWHPV�UHTXLUH�D�FDUHIXO�FRQVLGHUDWLRQ�RI�WKHVH
GLIILFXOWLHV�WR�LPSURYH�WKH�WUXVW�RI�FRPPDQGHUV��3HDUVRQ�HW�DO���������0DQ\�$,�V\VWHPV�RSHUDWH�DV�D�EODFN�ER[�
ZLWK�LQVXIILFLHQW�WUDQVSDUHQF\�LQWR�WKH LQQHU�ZRUNLQJV��'HFLVLRQ�PDNHUV�DOVR�UHTXLUH�H[SHUW�NQRZOHGJH�LQ�GDWD�
VFLHQFH�WR�LQWHUSUHW�WKH�$,�DOJRULWKPV��6YHQPDUFN�HW�DO���������8QIRUWXQDWHO\��WKH�LQWHOOLJHQFH�FRPPXQLW\�WHQG�
WR�UHVLVW�QHZ�WHFKQRORJLHV��%\PDQ�������

,QWHOOLJHQFH�V\VWHPV�FDQ�EH�YLHZHG�DV�D�FRPSOH[�VRFLRWHFKQLFDO�V\VWHP�DV�LW FRQVLVWV RI�SHRSOH�ZRUNLQJ�LQ�D�
VRFLDO� VWUXFWXUH� WR� SHUIRUP� WDVNV� XVLQJ� WHFKQRORJ\� �%D[WHU� 	� 6RPPHUYLOOH� ������� ,PSOHPHQWLQJ� D� QHZ�
WHFKQRORJ\� LQ� D� VRFLRWHFKQLFDO� V\VWHP� KDV� LWV� RZQ� VHW� RI� FKDOOHQJHV�� 7KH� HPHUJLQJ� HQDEOLQJ�� VHQVLQJ��
FRPSXWDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJLHV�FUHDWH�D�ODUJHU�GHVLJQ�VSDFH�ZLWK�JUHDWHU�FRPSOH[LW\��7KHUHIRUH��
FKDQJHV�LQ�WHFKQRORJ\�DOVR�UHTXLUH�FKDQJHV�WR�WUDGLWLRQDO�LQWHOOLJHQFH�SURFHVVLQJ�SUDFWLFHV��9DOOH�.ODQQ��������
7KH�VRFLRWHFKQLFDO�V\VWHP¶V� WKHRU\�FRQVLGHUV KXPDQV�DV�DVVHWV� WKDW�HQKDQFH�D� WHFKQLFDO�V\VWHP� WKURXJK�
OHDUQLQJ�DQG�DGDSWLQJ� 7HFKQRORJ\�VKRXOG�QRW�DLP�WR�UHSODFH�KXPDQV��EXW�UDWKHU�WR�DVVLVW� WKHP�WR�DFKLHYH�
WKHLU�JRDOV��5HDG�HW�DO��������

7KLV� SDSHU� UHYLHZV� WKH� OLWHUDWXUH� RQ WKH LQWHOOLJHQFH SURFHVV�� $,� DQG� VRFLRWHFKQLFDO� V\VWHPV� WR� SURYLGH� D�
IUDPHZRUN�IRU�WKH�LPSOHPHQWDWLRQ�RI PRGHUQ�WHFKQRORJ\�LQWR�DQ�LQWHOOLJHQFH�V\VWHP��7KLV�IUDPHZRUN�ZLOO�EH�
XVHG�WR�KHOS�GHILQLQJ�UHTXLUHPHQWV�IRU�IXWXUH�LQWHOOLJHQFH�DQDO\VLV�V\VWHPV��7KH�SDSHU�FRQFOXGHV�ZLWK�D�KLJK�
OHYHO�SURSRVDO�RI� WKH� IUDPHZRUN��XVLQJ�&RJQLWLYH�:RUN�$QDO\VLV��7KLV� IUDPHZRUN�DOVR� LQFRUSRUDWHV� OHVVRQV�
OHDUQW�IURP�D�UHFHQW�ILHOG�H[SHULPHQW�ZLWK�D�ZHE�EDVHG�FROODERUDWLRQ�FRQFHSW�GHPRQVWUDWRU�DV�SDUW�RI�D�IXWXUH�
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,QWHOOLJHQFH� 6\VWHP�� ([SHULHQFH� ZLWK� WKH� FRQFHSW� GHPRQVWUDWRU� KLJKOLJKWHG� WKH� QHHG� WR� H[SRVH� PLOLWDU\�
LQWHOOLJHQFH�V\VWHP�RSHUDWRUV�WR�D�QHZ�ZD\�RI�ZRUNLQJ�

� 6RFLRWHFKQLFDO�6\VWHPV
)UHG�(PHU\�DQG�(ULF�7ULVW�GHYHORSHG�WKH�FRQFHSW�RI�VRFLRWHFKQLFDO�V\VWHPV�LQ�WKH�����V��7KDW�SHULRG�VDZ�D�
GUDPDWLF� LQFUHDVH� LQ WHFKQRORJ\� FRPPHUFLDOLVDWLRQ� GXH� WR� GHYHORSPHQWV� IURP�:RUOG�:DU� � �0LOOHU� �������
+RZHYHU��WKH�LQWURGXFWLRQ�RI�QHZ�WHFKQRORJ\�LQ�H[LVWLQJ�RUJDQLVDWLRQV�WR�LPSURYH�HIILFLHQF\�DQG�SURGXFWLYLW\��
GLG�QRW�PHHW�H[SHFWDWLRQV��6LQFH WKLV�SHULRG�WKH�VRFLRWHFKQLFDO�V\VWHPV�WKHRU\�EHFDPH�SURPLQHQW�DORQJ�ZLWK�
WKH�HYROXWLRQ�RI�LQIRUPDWLRQ�WHFKQRORJ\�

$V� VHHQ� LQ� )LJXUH ��� WKH� VRFLRWHFKQLFDO� WKHRU\� DFNQRZOHGJHV� WKH� LQWHUUHODWHGQHVV� RI� VRFLDO� DQG� WHFKQLFDO�
DVSHFWV�IRU WHFKQRORJ\�DSSOLFDWLRQ� LQ�DQ�RUJDQL]DWLRQ�� ,QWHUDFWLRQ�EHWZHHQ�WKH�VRFLDO�DQG�WHFKQLFDO�V\VWHPV�
KDYH� OLQHDU� DV� ZHOO� DV� QRQ�OLQHDU�� ³FDXVH� DQG� HIIHFW�� UHODWLRQVKLSV�� 7KHVH� LQWHUDFWLRQV� PD\� FUHDWH� WKH�
FRQGLWLRQV� IRU�HLWKHU�VXFFHVVIXO�RU�XQVXFFHVVIXO�V\VWHP�EHKDYLRXU��7KHUHIRUH�� WKH�VRFLRWHFKQLFDO� DSSURDFK�
IRFXVVHV�RQ�WKH�MRLQW�RSWLPLVDWLRQ�RI�WKH�VRFLDO�DQG�WHFKQLFDO�VXEV\VWHPV��%D[WHU�	�6RPPHUYLOOH�������%RVWURP�
	�+HLQHQ�������7ULVW�������HW�DO���������7KH�VRFLRWHFKQLFDO�V\VWHP�LV�DOVR�DQ�RSHQ�V\VWHP�WKDW�H[LVWV�ZLWKLQ�D�
FRPSOH[� HQYLURQPHQW�� ZKLFK� LW� LQWHUDFWV� ZLWK� DQG� LV� DIIHFWHG� E\� �:DONHU� HW� DO�� ������� 7KLV� FDXVHV� WKH�
VRFLRWHFKQLFDO�V\VWHP�WR�EH�D�FRPSOH[�V\VWHP�DV�WKHVH�LQWHUDFWLRQV�FDXVH�QRQOLQHDULW\��HPHUJHQFH��IHHGEDFN��
DQG�VHOI�RUJDQL]DWLRQ��%RZPDQ�������

)LJXUH �� 6RFLRWHFKQLFDO�6\VWHP��%RVWURP�	�+HLQHQ������

7KH�VRFLDO�VXEV\VWHP�DGGUHVVHV�WKH�VWUXFWXUH�RI�WKH�RUJDQL]DWLRQ��HQFRPSDVVLQJ�WKH�DXWKRULW\�VWUXFWXUHV�DQG�
UHZDUG�V\VWHP��DV�ZHOO�DV� WKH�SHRSOH� LQ� WKH�RUJDQLVDWLRQ�ZLWK�WKHLU�NQRZOHGJH��VNLOOV��DWWLWXGHV��YDOXHV�DQG�
QHHGV��%RVWURP�	�+HLQHQ��������3HRSOH�SHUIRUP�ZRUN�XVLQJ�WKH�DYDLODEOH�WHFKQRORJLFDO�DUWHIDFWV��WR�DFKLHYH�
HFRQRPLF� SHUIRUPDQFH� DQG� MRE� VDWLVIDFWLRQ�� 7KH� WHFKQRORJLFDO� DUWHIDFWV� FRQVLVW� RI� WKH� WRROV�� GHYLFHV� DQG�
WHFKQLTXHV� WKDW� WUDQVIRUP� LQSXWV� LQWR� RXWSXWV�� 7ULVW� DQG� %DPIRUWK� ������� KLJKOLJKWHG� WKH� SULQFLSOHV� RI�
VRFLRWHFKQLFDO� V\VWHPV� DV� UHVSRQVLEOH� DXWRQRP\�� DGDSWDELOLW\ DQG� PHDQLQJIXOQHVV� RI� WDVNV �%D[WHU� 	�
6RPPHUYLOOH�������0DJXLUH�������

7KH� VRFLRWHFKQLFDO� WKHRU\� DLPV� WR� SURPRWH� NQRZOHGJH� VKDULQJ�� OHDUQLQJ� DQG� LQQRYDWLRQ� ZLWKLQ� WKH�
RUJDQL]DWLRQDO�FRQWH[W��WR�HQDEOH�FROODERUDWLRQ�DQG�IOH[LELOLW\�IRU�D�FRPSHWLWLYH�DGYDQWDJH��:DONHU�HW�DO���������
1HZ�FRPPXQLFDWLRQ�DQG�NQRZOHGJH�PDQDJHPHQW� WHFKQRORJ\�DIIRUG�QHZ�RSSRUWXQLWLHV� IRU� LQIRUPDWLRQ� IORZ�
ZLWKLQ�RUJDQLVDWLRQV�WR�DFKLHYH�LWV�JRDOV��7KHUHIRUH��FKDQJHV�LQ�WHFKQRORJ\�PD\�DIIHFW�KRZ�WKH�SHRSOH�LQWHUDFW�
DQG�LW�PD\�FDXVH�FKDQJHV�LQ�WKHLU�YDOXHV��FRJQLWLYH�VWUXFWXUHV��OLIHVW\OHV�DQG�KDELWDWV��,W�LV�WKHUHIRUH�LPSRUWDQW�
WR�EH�IRUPDWLYH�LQ�WKH�V\VWHP�DQDO\VLV�DQG�GHYHORSPHQW�DSSURDFK��&DUUROO�	�5RVVRQ��������7KH�VRFLRWHFKQLFDO�
V\VWHP�PXVW�EH�GHVLJQHG�WR�HYROYH�LQ�FKDQJLQJ�HQYLURQPHQWV�WKURXJK�LQWHUDFWLRQV�DPRQJ�VRFLDO�DQG�WHFKQLFDO�
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HOHPHQWV��'UăJRLFHD��������7KH�ZD\�WKDW�KXPDQV�WKLQN��RSHUDWH�DQG�LQWHUDFW�PXVW�EH�FDSWXUHG�LQ�WKH�SK\VLFDO�
V\VWHP�GHVLJQ��7KH�GHVLJQ�RI�D�VRFLRWHFKQLFDO�V\VWHP�FDQ�EH�DSSURDFKHG�IURP�WKH�IROORZLQJ�SHUVSHFWLYHV�

�� +XPDQ�FHQWUHG� SHUVSHFWLYH�� � 7HFKQRORJ\� VKRXOG� DOOHYLDWH� WKH� ZRUNORDGV� RI� KXPDQV� WR� DFKLHYH�
VLWXDWLRQDO� DZDUHQHVV� LQ� VXSSRUW� RI� GHFLVLRQ�PDNLQJ�� $XWRPDWLRQ� PD\� EH� XVHIXO� GXULQJ� QRUPDO�
VLWXDWLRQV�� EXW� PD\� EH� FXPEHUVRPH� GXULQJ� FRPSOH[� DQG� XQIRUHVHHQ� FLUFXPVWDQFHV� �:DWHUVRQ�
������

�� 7HDP�RULHQWHG�SHUVSHFWLYH�� �$�WHDP�LV�GHILQHG�DV�WZR�RU�PRUH�SDUWLHV�WKDW� LQWHUGHSHQGHQWO\�ZRUN�
WRJHWKHU�WRZDUGV�D�FRPPRQ�JRDO��7HFKQRORJ\�LV�DOVR�D�WHDP�PHPEHU��7UXVW�EHWZHHQ�WHDP�PHPEHUV�
LV�D�PDMRU�IDFWRU�IRU�VXFFHVV��6DODV�HW�DO���������

�� :RUN�RULHQWHG�SHUVSHFWLYH��7KH�IRFXV�RQ�WKH�ZRUN�LQ�WKH�VRFLRWHFKQLFDO�V\VWHP�KHOSV�WR�GHOLQHDWH�
WKH�ZRUN�DQG� WDVNV�DFURVV� WKH� WHDP��ZKLFK�FRQVLVWV�RI PDFKLQHV�DQG�KXPDQV��:RUN� LV� VHHQ�DV�
SXUSRVHIXO�DFWLYLW\�DFWLQJ�XSRQ�DQG�LQ�UHVSRQVH�WR�D�G\QDPLF�HQYLURQPHQW��5DVPXVVHQ�HW�DO��������
9LFHQWH��������

$�PRGHOOLQJ�DSSURDFK�IRU�DVVHVVLQJ�WKH�LPSDFW�RI�D�QHZ�WHFKQRORJ\�RQ�D�FRPSOH[�VRFLRWHFKQLFDO�V\VWHP�KDV�
EHHQ�GHYHORSHG�DQG�GHPRQVWUDWHG�E\�WKH�DXWKRUV WKURXJK�SUHYLRXV�SXEOLFDWLRQV��2RVWKXL]HQ�	�3UHWRULXV�������
2RVWKXL]HQ�	�3UHWRULXV�������2RVWKXL]HQ�	�3UHWRULXV��������7KH�UHPDLQGHU�RI�WKH�SDSHU�ZLOO�IRFXV�RQ�KRZ�WR�
DSSO\�VRFLRWHFKQLFDO�SULQFLSOHV�WR�GHYHORS�LQWHOOLJHQFH�DQDO\VLV�V\VWHPV�FDSDEOH�RI�VROYLQJ�WKH�FRQWHPSRUDU\�
FRPSOH[�SUREOHPV�

� 0RGHUQ�0LOLWDU\�,QWHOOLJHQFH�6\VWHP
$�0LOLWDU\ LQWHOOLJHQFH�V\VWHP�DLPV WR�LPSURYH�GHFLVLRQ�PDNLQJ�E\�UHGXFLQJ�DPELJXLW\�DQG�XQFHUWDLQW\�DERXW�
GHSOR\LQJ�UHVRXUFHV�WR�DFKLHYH�REMHFWLYHV��7KH�LQWHOOLJHQFH�V\VWHP�SURYLGHV�WRROV��WHFKQRORJLHV��WKDW�HQDEOH�
DQDO\VWV�WR�SURFHVV�GDWD�IURP�RQH�IRUP�WR�DQRWKHU�IRU�PDNLQJ�VHQVH�RI�QRLV\�RU�REVFXUH�FRQFHSWV��7UDGLWLRQDOO\��
WKH�LQWHOOLJHQFH�SURFHVV�PDLQO\�IRFXVVHG�RQ�ILOWHULQJ��VWRULQJ�DQG�HQDEOLQJ�UHWULHYDO�RI�LQIRUPDWLRQ��7KLV�SODFHG�
WKH�DQDO\VW�DW� WKH�FHQWUH�RI� WKH� LQIRUPDWLRQ� IORZ� WR� UHFHLYH� LQIRUPDWLRQ��KXQW� IRU� WKH�PLVVLQJ�ELWV�� ILOWHU�DQG�
SULRULWLVH�WKH�LQIRUPDWLRQ�WR FROODWH�DQG�PDQDJH�WKH�NQRZOHGJH�EDVH��+DUH�	�&RJKLOO�������%\PDQ�������

$�FXVWRPHU�RU�GHFLVLRQ�PDNHU�SRVHV�D�TXHVWLRQ��SUREOHP�VWDWHPHQW�� IRU VXSSRUWLQJ D�GHFLVLRQ� WR�LQLWLDWH�WKH�
LQWHOOLJHQFH�SURFHVV��)URP�WKLV��WKH�DQDO\VW�LGHQWLILHV�DQG�FRQVWUXFWV�K\SRWKHVHV�WR�LGHQWLI\�SRVVLEOH�WUXWKV��7KH�
DQDO\VW� WHVWV� WKH� K\SRWKHVHV E\� VXEMHFWLQJ� LW� WR� WKH� GDWD�� 7\SLFDO� LQWHOOLJHQFH� SURFHVVLQJ� WDVNV� LQFOXGH�
UHTXHVWLQJ�� DQDO\VLQJ�� GUDIWLQJ�� HGLWLQJ�� DQG� ILQDOO\� SXEOLVKLQJ� LQIRUPDWLRQ� DV� LQWHOOLJHQFH��$QDO\VWV� QHHG� WR�
DSSO\�D�UDQJH�RI�LQIRUPDWLRQ�SURFHVVLQJ�WRROV�WR�DGG�YDOXH�WR�GDWD�ZKLOH�DSSO\LQJ�UHDVRQLQJ�DQG�FUHDWLYLW\ VNLOOV��
7KH�VXFFHVV�SUREDELOLWLHV�RI�GLIIHUHQW�K\SRWKHVHV�DUH�FRPSDUHG�WR�HDFK�RWKHU�XVLQJ�WKH�SURFHVVHG�GDWD��7KH�
DQDO\VW�VKDUHV�WKH�LQIRUPDWLRQ�DQG�LQWHOOLJHQFH�SURGXFW�ZLWK�WKH�GHFLVLRQ�PDNHUV��7KLV�VKRXOG�EH�DQ LWHUDWLYH�
DQG�LQWHUDFWLYH�H[FKDQJH�RI�LQIRUPDWLRQ��7KH�LQIRUPDWLRQ�LV�YLVXDOLVHG�IRU�WKH�GHFLVLRQ�PDNHU�IRU LQWHUSUHWDWLRQ
DQG�XQGHUVWDQGLQJ��+DUH�	�&RJKLOO�������%\PDQ�������

,QWHOOLJHQFH�DQDO\VWV�VKRXOG�DSSURDFK�SUREOHPV�OLNH�VRFLDO�VFLHQWLVWV�LQVWHDG�RI�H[DPLQLQJ�RQO\�RQH�SRVVLELOLW\��
7KH\ KDYH�WR�VHDUFK�IRU� LQIRUPDWLRQ�WR�VXSSRUW�DQVZHULQJ� WKH�K\SRWKHVLVHG�TXHVWLRQ��+RZHYHU�� ILQGLQJ�WKH�
UHTXLUHG�LQIRUPDWLRQ�PD\�EH�D�FRPSOH[�SUREOHP��+DUH�	�&RJKLOO�������%\PDQ������� 7KH�LQWHOOLJHQFH�SURFHVV�
UHTXLUHV�D�QHWZRUNHG��FROODERUDWLYH�DQG�IODW�VWUXFWXUHG�RUJDQL]DWLRQ�IRU�YDULRXV�DQDO\VWV�WR�FROODERUDWH��$�VWULFW�
YHUWLFDO�LQWHOOLJHQFH�KLHUDUFK\�LV�VWLOO�XVHIXO�LQ�D�VFHQDULR�ZLWK�FRQVWULFWHG�LQIRUPDWLRQ IORZV�DQG�D�VLQJOH��VLPSOH��
SXUSRVH�� :LWK� WKH� ,R7�� PRUH� LQIRUPDWLRQ� LV� DFFHVVLEOH� IRU� DOO�� ,Q� D� KLHUDUFKLFDO� VWUXFWXUH�� WKLV� FUHDWHV�
RUJDQL]DWLRQDO�IULFWLRQ��+DUH�	�&RJKLOO�������

)URP�D�VRFLRWHFKQLFDO�SHUVSHFWLYH��WKH�LPSOHPHQWDWLRQ�RI�QHZ�LQIRUPDWLRQ�WHFKQRORJ\�LQ�D�PLOLWDU\�LQWHOOLJHQFH�
V\VWHP�VKRXOG�DIIHFW�WKH�DQDO\VLV�ZRUNIORZ��UHTXLUHG�VNLOOV��DQG�RUJDQL]DWLRQDO�VWUXFWXUH��7KH�DQDO\VW�PXVW�EH�
DEOH�WR�WDLORU�DQG�HYROYH�WKH�LQWHOOLJHQFH�ZRUNIORZ�DQG�SURFHVVHV WR�DGDSW�WR�HQYLURQPHQWDO�FRQVWUDLQWV�VXFK�
DV�SUREOHP�FRPSOH[LW\��WLPH�DYDLODEOH�DV�ZHOO�DV�W\SH�DQG�TXDQWLW\�RI�LQIRUPDWLRQ��+DUH�	�&RJKLOO�������

7KH�DXWKRUV�KDYH�SUDFWLFDO�ILUVW�KDQG�H[SHULHQFH�DERXW�WKH�VRFLRWHFKQLFDO� LPSDFW�RI� LPSOHPHQWLQJ�RI�D�QHZ�
WHFKQRORJ\�LQ�DQ�LQWHOOLJHQFH�V\VWHP��7KH�FXUUHQW�V\VWHP�DV GHYHORSHG����\HDUV�DJR� LPSOHPHQWHG�FROG�ZDU
DJH�LQWHOOLJHQFH�SURFHVVHV��7KH�WHFKQRORJ\�RQO\�DXWRPDWHG�WKH�GLVWULEXWLRQ�RI� LQIRUPDWLRQ��$QDO\VLV�WRROV�LQ�
WKH�V\VWHP�DUH ODFNLQJ��7KH�QHZ�ZHE�EDVHG�FROODERUDWLRQ�WHFKQRORJ\�DLPV DW�LPSURYLQJ�WKH�YLVXDOLVDWLRQ�DQG�
GLVWULEXWLRQ�RI�LQIRUPDWLRQ�LQ�WKH�IRUP�RI�JHR�ORFDWHG�HYHQWV��7KH�QHZ�WHFKQRORJ\�DOVR�LQFOXGHV�D�EDVLF�GDWD�
DQDO\WLF FDSDELOLW\��

2IWHQ��ZLWK�WKH�LPSOHPHQWDWLRQ�RI�D�QHZ�WHFKQRORJ\��WKH�FRPSOH[LWLHV�RQO\�EHFRPH�FOHDU�RQFH�SUREOHPV�RFFXU�
LQ� UHDO� OLIH�� 'HSOR\LQJ� WKH� WHFKQRORJ\� LQ� D� PLOLWDU\� LQWHOOLJHQFH� V\VWHP� QHFHVVLWDWHG� WKH� FRQVWULFWLRQ� RI�
LQIRUPDWLRQ�IORZV�WR�ILW�WKH�HQWUHQFKHG�GRFWULQH�DQG�SURFHVVHV��7KLV�OLPLWV�WKH�SRVVLELOLWLHV�DQG�DGYDQWDJHV�RI�



�

WKH�QHZ�WHFKQRORJ\��,W�DOVR�WRRN�WLPH�IRU�RSHUDWRUV�WR�DFFHSW�WKH�QHZ�WHFKQRORJ\�LQWR�WKH�VRFLDO�VWUXFWXUH�RI�WKH�
LQWHOOLJHQFH�V\VWHP�

� $UWLILFLDO�,QWHOOLJHQFH�LQ�0LOLWDU\�,QWHOOLJHQFH�6\VWHPV
7KH�LQWHOOLJHQFH�FRPPXQLW\�LV�H[SHULHQFLQJ�D�SHULRG�RI�GUDPDWLF�FKDQJH�GXH�WR�WKH��WK ,QGXVWULDO�5HYROXWLRQ��
,PSURYHPHQW�RI LQIRUPDWLRQ�WHFKQRORJ\�FDSDELOLWLHV�SURYLGH�DFFHVV�WR�PRUH�LQIRUPDWLRQ��XS�WR�WKH�VWDJH�ZKHUH�
%LJ�'DWD�KDV�EHFRPH�D�FRPPRQ�WKHPH��7KH�,R7��ZLWK�DQ�LQFUHDVLQJO\�VHQVRU�ULFK�DQG�FRQQHFWHG�HQYLURQPHQW��
SURYLGHV� DQ�HQGOHVV� VRXUFH�RI� GDWD� WKDW� RXWVWULSV� WKH� DVVLPLODWLRQ� FDSDFLW\� RI� KXPDQV�� ,QVWHDG�RI� WULDJLQJ�
LQIRUPDWLRQ�� WKH� DQDO\VWV� QHHG� WR XVH QHZ� DXWRPDWHG VHDUFKLQJ�� LQGH[LQJ�� FDWHJRUL]LQJ� DQG� VWUXFWXULQJ�
WHFKQRORJLHV��)RUWXQDWHO\��WKH�LQIRUPDWLRQ�SURFHVVLQJ�WHFKQRORJ\��ZLWK�WKH�UHVXUJHQFH�RI�$,��KDV�DOVR�DGYDQFHG
WR�VWD\�DEUHDVW�RI�WKH�QHZ�DEXQGDQFH�RI�GDWD�

$,�SHUIRUPV�DFWLYLWLHV�DVVRFLDWHG�ZLWK�KXPDQ�WKLQNLQJ�VXFK�DV�GHFLVLRQ�PDNLQJ��SUREOHP�VROYLQJ��DQG�OHDUQLQJ��
,W�DOVR� LQFOXGHV� LQWHOOLJHQFH�IDFHWV��VXFK�DV SHUFHLYLQJ�REMHFWV��QDWXUDO� ODQJXDJH�SURFHVVLQJ��DQG�VWRULQJ�RI�
NQRZOHGJH��0DFKLQH� OHDUQLQJ� LV�D�VXEVHW�RI� WHFKQLTXHV� UHTXLUHG� WR�DFKLHYH�$,��'HHS� OHDUQLQJ� LV�D�FXUUHQW�
PDFKLQH� OHDUQLQJ� DSSURDFK� WKDW� FRQVWLWXWHV� D� UHSUHVHQWDWLRQ�OHDUQLQJ� PHWKRG� ZLWK PXOWLSOH� OHYHOV� RI�
UHSUHVHQWDWLRQ�E\�FRPELQLQJ�VLPSOHU�EXW�QRQ�OLQHDU�PRGHOV��'HOOHUPDQQ�HW�DO��������

7KH�SHUIRUPDQFH�RI�$,�LV�FRQWLQXRXVO\�LPSURYLQJ�WR�DFKLHYLQJ�VXSHU�KXPDQ�DELOLWLHV�LQ�YDULRXV�WDVNV�VXFK�DV�
SOD\LQJ� FRPSOH[� JDPHV�� FDQFHU� GHWHFWLRQ�� RU� DXWRQRPRXV� GULYLQJ�� +RZHYHU�� PDFKLQHV� FDQQRW� \HW� VROYH�
SUREOHPV� WKDW� UHTXLUH� FUHDWLYLW\� DQG� H[SHUWLVH� IRU� GHFLVLRQ� PDNLQJ DQG� SODQQLQJ LQGHSHQGHQWO\�� 0DFKLQH�
OHDUQLQJ�V\VWHPV�VWLOO�UHTXLUH�KXPDQ�FRPPRQ�VHQVH�DQG�LQVLJKW�WR�WUDLQ�PRGHOV�LQ�VXSHUYLVHG�PDFKLQH�OHDUQLQJ�
DSSURDFKHV��(YHQ�XQVXSHUYLVHG�PDFKLQH�OHDUQLQJ�UHTXLUHV�D�KXPDQ�WR�PDNH�VHQVH�RI�FOXVWHUV DQG SDWWHUQV�
LGHQWLILHG�WKH�LQ�GDWD� WR�FUHDWH�NQRZOHGJH��'HOOHUPDQQ�HW�DO��������

7KH�FRPSOHPHQWDU\�DQG�GLYHUJHQW�FDSDELOLWLHV�RI�KXPDQV�DQG�FRPSXWHUV�FDQ EH�LQWHJUDWHG�WR�DXJPHQW�HDFK�
RWKHU��&RPSXWHUV�DUH�JRRG�DW�SHUIRUPLQJ�PXQGDQH�DQG�UHSHWLWLYH�WDVNV�WKDW�UHTXLUH�IDVW�SURFHVVLQJ�RI�KXJH�
DPRXQWV� RI� GDWD�� 7KH\� DOVR� H[FHO� DW� UHFRJQL]LQJ� FRPSOH[� SDWWHUQV� DQG� ZHLJKLQJ� PXOWLSOH� IDFWRUV� XVLQJ�
FRQVLVWHQW�UXOHV��$,�PD\�LPSURYH�KXPDQ�GHFLVLRQV�E\�SURYLGLQJ�SUHGLFWLRQV�IURP�DXWRPDWHG�WDVNV��ZKLFK�DUH�
GLIILFXOW�IRU�KXPDQV��+XPDQV�HPSOR\�FRPPRQ�VHQVH�DQG�LQWXLWLRQ�ZKLOH�EHLQJ�DGDSWLYH��FUHDWLYH�DQG�IOH[LEOH��

+XPDQ�LQWHOOLJHQFH�DQG�GRPDLQ�NQRZOHGJH�DUH�NH\�HOHPHQWV�LQ WKH�$,�ORRS��+XPDQV�KDYH�WR�JHQHUDWH��WUDLQ�
DQG� GHEXJ� PDFKLQH�OHDUQLQJ� PRGHOV� DQG� DOJRULWKPV�� 7KH\� DOVR� QHHG� WR� PDNH� VHQVH� RI� XQVXSHUYLVHG�
DSSURDFKHV�VXFK�DV�GDWD�FOXVWHULQJ��0DFKLQH�OHDUQLQJ�UHTXLUHV�PDVVLYH�DPRXQWV�RI�VWUXFWXUHG�WUDLQLQJ�GDWD�
DV�RSSRVHG WR�KXPDQV��ZKR�FDQ�OHDUQ�IURP�RQO\�IHZ�³VRIW�GDWD´�H[DPSOHV��,QDGHTXDWH�FRQWURO�RI�WKH�$,�OHDUQLQJ�
SURFHVV�PD\�FDXVH�XQLQWHQGHG�FRQVHTXHQFHV�DQG�OLPLW�LQWHUSUHWDELOLW\��7UXVW�LQ�WKH�RXWSXW�RI�$,�LV�RQH�RI�WKH�
PRVW�FKDOOHQJLQJ�EDUULHUV�WR�WKH�QHZ�WHFKQRORJ\�DGRSWLRQ��$�EDODQFH�EHWZHHQ�WUXVW�DQG�GLVWUXVW�LV�UHTXLUHG�WR�
OHYHUDJH�WKH�SRWHQWLDOV�RI�$,�ZKLOH�HQVXULQJ�WKDW�SRVVLEOH�QHJDWLYH�HIIHFWV�GXH�WR�RYHUUHOLDQFH�LV�DYRLGHG��7KLV
UHLWHUDWHV WKH�UHTXLUHPHQW�IRU�KXPDQV WR�UHPDLQ LQ�WKH�ORRS�RI�WKH�PDFKLQH�OHDUQLQJ�SURFHVV��'HOOHUPDQQ�HW�
DO���������

6ROYLQJ�UHDO�ZRUOG�SUREOHPV�WKURXJK�LQWHOOLJHQFH�DQDO\VLV�E\�$,�V\VWHPV�UHTXLUH�D�FRQWLQXRXV�DQG�FROODERUDWLQJ�
VRFLRWHFKQLFDO� LQWHJUDWLRQ�RI�KXPDQV�DQG�PDFKLQHV��7KHUHIRUH��KXPDQV�DQG�PDFKLQHV�KDYH� WR�SHUIRUP�DV�
³WHDP�PDWHV´��7KLV�UHTXLUHV D�GHOLEHUDWH�DOORFDWLRQ�RI�WDVNV�DPRQJ�$,�DQG�KXPDQ�DJHQWV RI�WKH�LQWHOOLJHQFH�
V\VWHP��%RWK�FDQ�FR�HYROYH�WKURXJK�OHDUQLQJ�WR�DFKLHYH�LPSURYHG�RXWFRPHV�DW�D�VRFLRWHFKQLFDO�V\VWHP�OHYHO��
+XPDQ�LQYROYHPHQW�KHOSV�WR�FRQWURO�WKH�$,�OHDUQLQJ�SURFHVV�WR�HQVXUH�LW�PDNHV�LQIHUHQFHV�EDVHG�RQ�KXPDQ�
LQWHUSUHWDEOH�FULWHULD��7KH�HIIHFWLYH�LQWHJUDWLRQ�RI�FRPSOHPHQWDU\�KHWHURJHQHRXV�LQWHOOLJHQFH�DJHQWV��KXPDQV�
DQG�PDFKLQHV��DV�D� ³ZKROH´�VRFLRWHFKQLFDO�V\VWHP�PD\�RYHUFRPH�FXUUHQW� OLPLWDWLRQV� �$JUDZDO�HW�DO��������
'HOOHUPDQQ�HW�DO��������

� 6RFLRWHFKQLFDO�)UDPHZRUN�IRU�D 0RGHUQ ,QWHOOLJHQFH�6\VWHP
7KLV�VHFWLRQ�SUHVHQWV�D�IUDPHZRUN�WR�VXSSRUW GHYHORSLQJ�D�PRGHUQ�LQWHOOLJHQFH�V\VWHP�XVLQJ�VRFLRWHFKQLFDO�
SULQFLSOHV�� $Q\� VRFLRWHFKQLFDO� V\VWHP� IUDPHZRUN� KDV� WR� HPSKDVLVH� WKH� LQWHUUHODWHGQHVV� RI� WKH� V\VWHP�
FRPSRQHQWV��SHRSOH��WDVNV��VWUXFWXUHV�DQG�WHFKQRORJLHV�IRU�MRLQW�FRQVLGHUDWLRQ��'DYLV�HW�DO���������$�W\SLFDO�
LQWHOOLJHQFH�ZRUN�V\VWHP�XVXDOO\�FRPSULVHV�DQ�LQWHUGHSHQGHQW�VRFLDO�V\VWHP��H�J��WKH�SHRSOH��UROHV��ZRUNLQJ
SUDFWLFHV� FXOWXUH�DQG�JRDOV��DQG�WHFKQLFDO�V\VWHP��H�J��SK\VLFDO�LQIUDVWUXFWXUH��WRROV� WHFKQRORJLHV DQG�SURFHVV�
WDVNV���&KDQJHV� WR� RQH� SDUW� RI� WKH� V\VWHP�PD\� QHFHVVLWDWH� FKDQJHV� WR� DQRWKHU�� 7KH�PLOLWDU\� LQWHOOLJHQFH�
V\VWHP� DOVR� KDV� WR� FRQVLGHU� WKH� ZLGHU FRQWH[W� RI� GRFWULQH�� UHJXODWRU\� IUDPHZRUN�� VWDNHKROGHUV� DQG� WKH�
RSSRVLQJ�IRUFH��'DYLV�HW�DO��������+XJKHV�HW�DO��������



�

��� 6RFLRWHFKQLFDO�6\VWHP�3DUDPHWHUV
7KLV�VHFWLRQ�SUHVHQWV�WKH�VRFLRWHFKQLFDO�V\VWHP�SDUDPHWHUV�WR�EH�LQFOXGHG�LQ�WKH�IUDPHZRUN��7KH�SDUDPHWHUV�
KDYH�EHHQ�GHULYHG�IURP�WKH�GLVFXVVLRQV�DERYH�RQ�6RFLRWHFKQLFDO�6\VWHPV��,QWHOOLJHQFH�6\VWHPV�DQG�$UWLILFLDO�
,QWHOOLJHQFH�

����� 3HRSOH

8VHUV�DQG�RWKHU�VWDNHKROGHUV�KDYH�H[SHULHQFH�LQ�PLOLWDU\�LQWHOOLJHQFH�SUDFWLFDOLWLHV�WR�LQIRUP�V\VWHP�GHVLJQ��,Q�
DGGLWLRQ� WKH�H[SHFWDWLRQV�RI�GLIIHUHQW�DJH�JURXSLQJV�DIIHFW LPSOHPHQWDWLRQ�RI�QHZ�LQIRUPDWLRQ�WHFKQRORJ\��7KH�
\RXQJHU�JHQHUDWLRQ�WHQGV�WR�EH�PRUH�FRPIRUWDEOH�ZLWK�QHZ�WHFKQRORJ\�DQG�LWV�LQWHUDFWLRQ�DV�WKH\�JURZ�XS�ZLWK�
LW� �0DJXLUH�������+DUH�	�&RJKLOO������� $Q� LQWHOOLJHQFH�V\VWHP�LV�FRJQLWLYH�KHDY\�DQG�VKRXOG�FRQVLGHU� WKH�
VRFLDO�FRQWULEXWLRQ�RI�LQGLYLGXDOV�DQG�JURXSV��7KH�GHVLJQ�RI�WKH�V\VWHP�KDV�WR�FDWHU�IRU�WKH�GLIIHUHQW�VNLOOV OHYHOV�
DQG�VSHFLDOLVDWLRQV�UHTXLUHG�IRU�WKH�UROHV�DQG�IXQFWLRQV�LQ�WKH�V\VWHP�

7KH�LQWHUDFWLRQ�EHWZHHQ�KXPDQ�DQDO\VWV�DQG�$,�PDFKLQHV�FDQ�DOVR�EH�YLHZHG�³VRFLDO´�LQ�WKH�H[WUHPH�VHQVH��
+XPDQV�SURYLGH� LQSXW�E\�DQQRWDWLQJ�GDWD� IRU� WUDLQLQJ�D�PRGHO�DQG�YHULILFDWLRQ�RI� WKH�PDFKLQH�RXWSXW��7KLV�
WHDFKLQJ�LQSXW�FDQ�EH�ERWK�H[SOLFLW�DQG�LPSOLFLW��([SOLFLW�WHDFKLQJ� OHYHUDJHV�DFWLYH� LQSXW�RI� WKH�XVHU� WKURXJK�
ODEHOOLQJ�RI�GDWD�ZKLOH�WKH�DGDSWLRQ�RI�XVHU�GHPDQGV�SUHVHQWV�LPSOLFLW�WHDFKLQJ��'HOOHUPDQQ�HW�DO��������

,QWHOOLJHQFH�DQDO\VWV�UHTXLUH�GLIIHUHQW�VNLOOV�WKDQ�EHIRUH�WR�FRSH�ZLWK�WKH�LQFUHDVLQJ�FRPSOH[LW\�DQG�XQFHUWDLQW\�
RI�FXUUHQW�DQG�IXWXUH�SUREOHPV��+LVWRULFDOO\��GHGXFWLYH�UHDVRQLQJ��ZKLFK�ZRUNV�IURP�D�NQRZQ�WR�DQ�XQNQRZQ��
ZDV�DGHTXDWH��+RZHYHU��GHGXFWLYH�UHDVRQLQJ�GRHV�QRW�DSSO\�ZKHQ�IDFWV�DUH�ODFNLQJ��7KH�DQDO\VW�DOVR�UHTXLUHV
LQGXFWLYH�DQG�DEGXFWLYH�UHDVRQLQJ�VNLOOV�DQG�PHWKRGRORJLHV��

,QGXFWLYH�UHDVRQLQJ�H[SODLQV�ZKDW�PLJKW�EH�WUXH��JLYHQ�DQ�LQFRPSOHWH�DQG�XQVWUXFWXUHG�VHW�RI�IDFWV��,W LQWHUSUHWV�
FROOHFWHG�LQIRUPDWLRQ�WR SURSRVLQJ�D�WKHRU\��VLPLODU�WR�VROYLQJ�D�SX]]OH��,QWHOOLJHQFH�DQDO\VWV�PXVW�EH�DEOH�WR�
VHH� WKH� LQWHUDFWLRQV� EHWZHHQ� FRPSRQHQWV� DV� ZHOO� DV� EHWZHHQ� FRPSRQHQWV� DQG� WKHLU� HQYLURQPHQW��
5HODWLRQVKLSV�DUH�LPSRUWDQW�DV�WKH\�SURYLGH�SRVLWLYH�RU�QHJDWLYH�IHHGEDFN�EHWZHHQ�HQWLWLHV��$V�WKH�IHHGEDFN�
FKDQJHV��WKH�QDWXUH�RI�WKH�UHODWLRQVKLS�FDQ�FKDQJH�ZLWK�LW��%RZPDQ��������

$EGXFWLYH�UHDVRQLQJ�LV�PRUH�RI�D�FUHDWLYH��LQWXLWLYH�SURFHVV��,W�WDNHV�DQ�LQFRPSOHWH�VHW�RI�REVHUYDWLRQV�DQG�
WULHV�WR�SURYLGH�WKH�OLNHOLHVW�H[SODQDWLRQ��VLPLODU�WR�D�PHGLFDO�GLDJQRVLV��$EGXFWLYH�UHDVRQLQJ�LV�FRPSDUHG�WR�
UHVROYLQJ�P\VWHULHV��6PLWK��������$QDO\VWV�VKRXOG�LGHQWLI\�WKH�³VLJQDOV´�LQ�WKH�HQYLURQPHQW�LQ�RUGHU�WR�DQWLFLSDWH�
HPHUJHQW� EHKDYLRXU�� 7KH� QHZ� VNLOOV� VHW� LV� VLPLODU� WR� RSHUDWLRQDO� UHVHDUFKHUV�� HQJLQHHUV�� VFLHQWLVWV� DQG�
HFRQRPLVWV��7KH�WUDGLWLRQDO�VNLOO�RI�IRUPDO�EULHILQJ�KDV�EHFRPH�OHVV�LPSRUWDQW��+DUH�	�&RJKLOO�������

����� 7DVN

$�ZRUNIORZ�FRRUGLQDWHV WKH�ZRUN�RI�WKH�SHRSOH��,PSOHPHQWLQJ D�QHZ�WHFKQRORJ\�FDQ�GLVUXSW WKH HVWDEOLVKHG�
RYHUDOO� ZRUN� SURFHVVHV�� FDXVLQJ� XVHUV� WR� VWUXJJOH��2SWLPDO� V\VWHP�EHKDYLRXU UHTXLUHV� DGMXVWPHQW� RI� WDVN�
GLVWULEXWLRQ�EHWZHHQ�KXPDQV�DQG�PDFKLQHV��%D[WHU�	�6RPPHUYLOOH������� ,Q�D�PRGHUQ�LQWHOOLJHQFH�SURFHVV��
DQDO\VW� QHHG� WR� DSSO\� WKHLU� FUHDWLYH� VNLOOV� IRU� K\SRWKHVL]LQJ� DERXW� D� SUREOHP�� DQDO\VLQJ� WKH� DYDLODEOH�
LQIRUPDWLRQ��DQG�FRPPXQLFDWLQJ�WKH�UHVXOWV�DW�D�JUHDWHU�SDFH�WKDQ�EHIRUH��

7KH�QHZ�WDVNV�DOORFDWHG�WR�KXPDQV�UHTXLUH�GLIIHUHQW�VNLOOV�WKDQ�EHIRUH��7KH�W\SLFDO�QHZ�LQWHOOLJHQFH�DQDO\VLV�
WDVNV� LQFOXGH� UHFRJQLWLRQ�� SUHGLFWLRQ�� UHDVRQLQJ� DQG� DFWLRQ�� $OO� WDVNV� UHTXLUH� VRPH� IRUP� RI VKDUHG� GDWD�
UHSUHVHQWDWLRQ��ZKLFK�FDQ�EH�GLIIHUHQW�IRU�WKH�KXPDQ�DQG�WKH�PDFKLQH��6\VWHP�GHVLJQ�PXVW�H[SOLFLWO\�PDWFK�
KXPDQ� VNLOOV� DQG� UROHV� ZLWK� WKH� SURFHVV� DQG� WDVNV�� ,QWHOOLJHQFH� DQDO\VWV� UHTXLUH� D� QHZ� VHW� RI� VNLOOV� DQG�
TXDOLILFDWLRQV WR�ILW�WKH�DOORFDWLRQ�RI�WDVNV�EHWZHHQ�KXPDQV�DQG�$,��'HOOHUPDQQ�HW�DO��������

����� 6WUXFWXUH

7KH�VWUXFWXUH�RI�D�VRFLRWHFKQLFDO�V\VWHP�LV�WKH�ZRUN�VHWWLQJ��ZKLFK�GHVFULEHV�WKH�HQYLURQPHQW�ZKHUH�WKH�ZRUN�
DQG�LQWHUDFWLRQV�WDNH�SODFH��7KLV�SK\VLFDOO\�RUJDQLVHV�WKH�IORZ�RI�WKH�LQWHOOLJHQFH�SURFHVV�DQG�FRPPXQLFDWLRQ�
EHWZHHQ�WKH�RSHUDWRUV �%D[WHU�	�6RPPHUYLOOH��������7KH�V\VWHP�VWUXFWXUH�DIIHFWV�FRPSHWLWLRQ�DQG�FRRSHUDWLRQ�
EHWZHHQ�V\VWHP�XVHUV��$�VWULFW�KLHUDUFKLFDO�VWUXFWXUH�PD\�UHVXOW� LQ�LQIRUPDWLRQ�VLORV�DQG�OLPLW�WKH�KRUL]RQWDO�
IORZ�RI�LQIRUPDWLRQ��6RFLRWHFKQLFDO�V\VWHPV�WHQG�WR�EH�RSHQ�V\VWHPV��DV�WKH\�KDYH�WR�GHDO�ZLWK�GLYHUVH�VRXUFHV�
RI�LQIRUPDWLRQ�HPEHGGHG�LQ�WKHLU�HQYLURQPHQW��'UăJRLFHD��������

����� 7HFKQRORJ\

(YHQ� WKRXJK�DOO� WKH� DVSHFWV�GLVFXVVHG�DERYH�QHHG� WR�EH�FRQVLGHUHG�ZKLOH� LPSOHPHQWLQJ� D�VRFLRWHFKQLFDO�
V\VWHP��WKH�WHFKQRORJ\�GULYLQJ�WKH�FKDQJH�UHPDLQV�RQH�RI�WKH�NH\�IRFXV�DUHDV��7KH�OLPLWDWLRQV�RI�WKH�KXPDQ�
EUDLQ� LV�RIWHQ� WKH�ERWWOHQHFN� LQ� LQWHOOLJHQFH�V\VWHPV��$,� WRROV�FDQ�SHUIRUP� FRPSOH[�DQG�UHSHWLWLYH�FRJQLWLYH�
WDVNV� WR� LQFUHDVH� WKH�HIIHFWLYHQHVV�RI� LQWHOOLJHQFH�DQDO\VWV� LQ�DQ� LQIRUPDWLRQ�DEXQGDQW�HQYLURQPHQW��7KHVH�
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WRROV�QHHG�WR�VKULQN�DQG�VWUXFWXUH�WKH�LQIRUPDWLRQ�SRRO�WR�D�VL]H�WKDW�FDQ�EH�LQJHVWHG�E\�DQDO\VWV��$,�WRROV�FDQ�
LQWHUSUHW�DQ�DQDO\VW¶V�LQWHQW�WR�ILOWHU�LQIRUPDWLRQ�IRU WKH�PRVW�DSSURSULDWH�LWHPV��+DUH�	�&RJKLOO�������

,QIRUPDWLRQ�GLVSOD\V�KDYH�WR�UHGXFH�DQDO\VW¶V�FRJQLWLYH�ORDG�WKURXJK�PDSSLQJ��WLPHOLQLQJ��FKDUWLQJ�DQG�RWKHU�
PHWKRGV��,QIHUHQFH�WRROV�WR�FRQVWUXFW�DQG�WHVW�K\SRWKHVHV�DUH�DOVR�UHTXLUHG��+DUH�	�&RJKLOO��������(PSOR\LQJ�
D� SURWRW\SH� RI� WKH� FRQFHSW� VROXWLRQ� IRU� WKH� RSHUDWRUV� WR� H[SHULPHQW� ZLWK� FDQ� FDSWXUH� VRFLRWHFKQLFDO�
UHTXLUHPHQWV�IRU�LPSURYHPHQW�EHIRUH�ILQDO�LPSOHPHQWDWLRQ��%D[WHU�	�6RPPHUYLOOH��������

$Q�$,�PDFKLQH PDNHV�H[SOLFLW� UHFRPPHQGDWLRQV WR�WKH�KXPDQ�DQDO\VWV� 7KLV�³PDFKLQH�IHHGEDFN´�VXSSRUWV
DOJRULWKP�RSWLPL]DWLRQ�DQG�HQDEOHV�KXPDQV�WR�SUHGLFW�EHKDYLRXUV�ZLWK�D�SUREDELOLW\�DWWDFKHG� ,QWHUSUHWDELOLW\�
RI�PDFKLQH�RXWSXW�LV�FUXFLDO�WR�SUHYHQW�ELDVHV��DQG�DFKLHYH�UHOLDELOLW\�DQG�UREXVWQHVV LQ WKH�FRQWH[W�RI�$,�VDIHW\��
$OJRULWKP� WUDQVSDUHQF\� DQG� LQWHUSUHWDELOLW\� RI� WKH� JOREDO� PRGHO� DQG� ORFDO� SUHGLFWLRQ� KHOS� FUHDWLQJ� WUXVW
�'HOOHUPDQQ�HW�DO��������

��� &RJQLWLYH�:RUN�$QDO\VLV
0XOWLSOH�SHUVSHFWLYHV DQG� YLHZSRLQWV�RQ� WKH�V\VWHP�DUH� UHTXLUHG� WR�GHWHFW� HPHUJHQW� SURSHUWLHV� RI� V\VWHP�
FKDQJHV�IRU�LPSURYLQJ�V\VWHP�IOH[LELOLW\��6WDQWRQ�	�%HVVHOO�������.DQW��������6RFLRWHFKQLFDO�V\VWHPV�DQDO\VLV�
XWLOLVHV� D� YDULHW\� RI� WRROV�� KRZHYHU� VRPH� H[LVWLQJ� WRROV� KDYH� EHHQ� FULWLFLVHG� IRU� EHLQJ� WRR� DFDGHPLF�� DQG�
LPSUDFWLFDO�WR�LPSOHPHQW�LQ�SUDFWLFH��+XJKHV�HW�DO���������&RJQLWLYH�:RUN�$QDO\VLV��&:$��LV�DQ�DSSURDFK�WR�
DQDO\VH�DQG�GHVLJQ�VRFLRWHFKQLFDO�V\VWHPV �%D[WHU�	�6RPPHUYLOOH��������

&:$�DFNQRZOHGJHV�WKDW�V\VWHPV�DUH�LQKHUHQWO\�FRPSOH[��UHTXLULQJ�PXOWLSOH�SHUVSHFWLYHV�RQ�WKH�SUREOHP�WR�
IXOO\� DSSUHFLDWH� WKH� UHODWLRQVKLSV�EHWZHHQ� WKH�VRFLDO� DQG� WHFKQLFDO� DVSHFWV��:RUN� LV�GHILQHG�DV�DQ�DFWLYLW\�
DLPHG� DW� DFFRPSOLVKLQJ� VRPHWKLQJ� XVHIXO� ZLWK� D� SXUSRVH�� YDOXHV� DQG� VXFFHVV� FULWHULD�� )OH[LEOH� GHVLJQ� LV�
UHTXLUHG� WR� VXSSRUW� SHRSOH� H[HFXWLQJ� WKH�ZRUN��ZKLOH�DGDSWLQJ� WR�XQIRUHVHHQ�DQG�FKDQJLQJ� HQYLURQPHQWDO�
FRQGLWLRQV�� 7KLV� KLJKOLJKWV� WKH� QHHG� IRU� FRJQLWLYH� DQDO\VLV� DQG� PRGHOOLQJ� RI� WKH� ZRUN� HQYLURQPHQW�� &:$�
SURYLGHV�D�FRPSUHKHQVLYH�PRGHOOLQJ�IUDPHZRUN�RI�DQDO\VLV�WR�XQFRYHU�UHTXLUHPHQWV��FRQVWUDLQWV��DQG�LPSOLHG�
�KLGGHQ��DIIRUGDQFHV�LQ�WKH�ZRUN�HQYLURQPHQW� 7KH�WKHRUHWLFDO�URRWV�RI�&:$�DUH�LQ�V\VWHPV�WKLQNLQJ��DGDSWLYH�
FRQWURO�V\VWHPV�DQG�HFRORJLFDO�SV\FKRORJ\��/LQWHUQ�������1DLNDU�HW�DO��������9LFHQWH��������

&:$�SURYLGHV�PXOWLSOH�SHUVSHFWLYHV�RQ�WKH�DFWLYLWLHV�LQ�WKH�V\VWHP�DW�D�QXPEHU�RI�OHYHOV�RI�DEVWUDFWLRQ� 7KH�
&:$�IUDPHZRUN�LV�D�IRUPDWLYH�DQG�FRQVWUDLQW�EDVHG�DSSURDFK�WKDW�PRGHOV�SRVVLEOH�V\VWHP�EHKDYLRXU��UDWKHU�
WKDQ�RQO\� GHVFULELQJ�DFWXDO� EHKDYLRXU�� RU� SUHVFULELQJ� QRUPDWLYH�EHKDYLRXU� �-HQNLQV�HW�DO�� ������6WDQWRQ�	�
%HVVHOO�������.DQW��������7KH�&:$�SURFHVV�VWDUWV�ZLWK�D�IRFXV�RQ�XQGHUVWDQGLQJ�WKH�HFRORJLFDO�HOHPHQWV��
EHIRUH�UHODWLQJ�LW�WR�WKH�FRJQLWLYH�FDSDELOLWLHV�RI�WKH�KXPDQV�WR�HQDEOH�IOH[LELOLW\��ZKLFK�KHOSV�WR�UHGXFH WKH�FRVW�
RI�GHYHORSPHQW��9LFHQWH������� 7KH�HFRORJLFDO�FRQVWUDLQWV�VWLOO�DOORZ�IRU�D�YDULHW\�RI�ZRUN�SDWWHUQV�WR�VROYH�
XQH[SHFWHG�SUREOHPV�DQG�VLWXDWLRQV�UHVXOWLQJ�LQ�D�IOH[LEOH�GHFLVLRQ�VXSSRUW��

3URGXFWV�RI�&:$�GHILQH�WKH�UHTXLUHG�LQIRUPDWLRQ�FRQWHQW�DV ZHOO�DV�WKH�DSSOLFDEOH�FRQWH[W�ZKHUH�LW�LV�XVHG�
ZLWKLQ�D�FRJQLWLYH�V\VWHP��1DLNDU�HW�DO��������9LFHQWH�������-HQNLQV�HW�DO���������&:$�KDV�EHHQ�DSSOLHG�WR�
DQDO\VH�FRPSOH[�V\VWHPV� LQFOXGLQJ�PLOLWDU\� FRPPDQG�DQG�FRQWURO�� QXFOHDU� SRZHU�JHQHUDWLRQ��KHDOWK�FDUH��
GLVDVWHU�PDQDJHPHQW��DQG�URDG�DQG�UDLO�WUDQVSRUW��7KH�LQVLJKWV�JDLQHG�IURP�WKH�DQDO\VLV�FDQ EH�WUDQVODWHG�LQWR�
GHVLJQ�VSHFLILFDWLRQV��7KH�GHVLJQ�FRQFHSWV�DOVR�QHHG�WR�EH�HYDOXDWHG�XVLQJ�FRQFHSW�GHPRQVWUDWRUV�WR�JXLGH�
VHOHFWLRQ�RI�WKH�PRVW�VXLWHG�VROXWLRQ��5HDG�HW�DO���������7KH�ILYH�SKDVHV�RI�&:$�DUH�GHVFULEHG�EHORZ�

����� :RUN�'RPDLQ�$QDO\VLV

7KH�:RUN�'RPDLQ�$QDO\VLV� �:'$� GHILQHV� WKH� SUREOHP� DQG� VROXWLRQ� VSDFH RI� WKH� VRFLRWHFKQLFDO� V\VWHP��
LQGHSHQGHQW�RI�VSHFLILF�LQVWDQWLDWLRQV��:'$�SURYLGHV�WKH�IRXQGDWLRQ�IRU�XQGHUVWDQGLQJ�LWV IXQFWLRQDO�VWUXFWXUH�
DQG�WKH�HQYLURQPHQWDO�HIIHFWV�RQ�ZRUN��7KH�SURFHVV�HOLFLW�DQG�SUHVHQW�LQIRUPDWLRQ�RQ�WKH�V\VWHP�IURP�H[LVWLQJ�
GRFXPHQWDWLRQ�DQG�H[SHUW�XVHUV� 7KLV�DQDO\VLV�XVHV�DQ�DEVWUDFWLRQ�GHFRPSRVLWLRQ�VSDFH�WR�PRGHO�WKH�ZRUN�
GRPDLQ�� QRW� WKH� V\VWHP� LPSOHPHQWDWLRQ�� E\� LGHQWLI\LQJ� WKH� JRDOV� DQG� SXUSRVHV� RI� WKH� FRJQLWLYH� V\VWHP� LQ�
SURYLGLQJ�D�UHDVRQLQJ�VSDFH�DERXW�WKH�HQYLURQPHQW��-HQNLQV�HW�DO���������

7KH�DEVWUDFWLRQ�GLPHQVLRQ�LV�D�WRS�GRZQ��JOREDO��YLHZ�RI�KXPDQ�RSHUDWRUV�WU\LQJ�WR�DFKLHYH�WKH�JRDOV�DQG�IXOILO�
WKH�RYHUDOO�SXUSRVH�RI�WKH�V\VWHP� 7KLV�LV�LQWHJUDWHG�ZLWK�D�ERWWRP�XS�YLHZ�RI�DYDLODEOH�SK\VLFDO�UHVRXUFHV�
7KH�PHDQV�HQGV�UHODWLRQVKLS�EHWZHHQ�WKH�SK\VLFDO�UHVRXUFHV�DQG�IXQFWLRQDOLW\�KLJKOLJKWV�SRVVLEOH�SUREOHP�
VROYLQJ�VWUDWHJLHV�DV�ZHOO�DV�KRZ�LQGLYLGXDO�FRPSRQHQWV�DIIHFW�WKH�RYHUDOO�V\VWHP�SXUSRVH��7KLV�LV�XVHIXO�ZKHUH�
WHFKQLFDO�V\VWHPV��WKH�HQYLURQPHQW�DQG�SHRSOH�LQWHUDFW�G\QDPLFDOO\�WR�UHVXOW�LQ�PDQ\�SRVVLEOH�LQVWDQWLDWLRQV�
ZLWK�PXOWLSOH�RSWLRQV�IRU�DFWLRQ�WR�IXOILO�WKH�SXUSRVH�RI�D�V\VWHP��1DLNDU�HW�DO��������9LFHQWH�������-HQNLQV�HW�
DO��������

7KH�WRS�WKUHH�OHYHOV�RI�WKH�KLHUDUFK\�DGGUHVV�WKH�GRPDLQ�LQGHSHQGHQWO\ RI�WKH�WHFKQRORJ\�XVHG�LQ�WKH�V\VWHP��
7KH�ERWWRP�WZR�OHYHOV�FRQVLVW�RI�WKH�SK\VLFDO�REMHFWV�DQG�WKH�IXQFWLRQV�WKH\�SHUIRUP�LQ�WKH�V\VWHP��-HQNLQV�HW�
DO���������7KH�OHYHOV�RI�WKH�DEVWUDFWLRQ�GHFRPSRVLWLRQ�VSDFH�DUH�WKH�IROORZLQJ�
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�� 6\VWHP�3XUSRVH��7KLV�SURYLGHV�WKH�UHDVRQ�IRU�GHYHORSLQJ WKLV�VSHFLILF�FRJQLWLYH�V\VWHP�

�� 9DOXHV�DQG�3ULRULWLHV��7KH�UHDVRQLQJ�SURFHVV�UHTXLUHV�SHUIRUPDQFH�PHDVXUHV��SULQFLSOHV��VWDQGDUGV��
RU�TXDOLWLHV��WR�EH�PDLQWDLQHG�ZKLOH�H[HFXWLQJ�WKH�SURFHVV��

�� *HQHUDO�)XQFWLRQV��7KLV�OHYHO�SURYLGHV�WKH�GRPDLQ�IXQFWLRQV� DOVR�UHIHUUHG�WR�DV�³JHQHUDO IXQFWLRQV´�
UHTXLUHG� WR� H[HFXWH� WKH� ZRUN� LQ� VDWLVIDFWLRQ� RI� WKH� V\VWHP� SXUSRVH�� 7KHVH� IXQFWLRQV� PXVW� EH�
SHUIRUPHG�LQGHSHQGHQWO\�RI�WKH�SK\VLFDO�HOHPHQWV�XWLOLVHG��DQG�FDQ�EH�XVHG�WR�JHQHUDWH�VFHQDULRV�
IRU�XVLQJ�WKH�V\VWHP��

�� 3K\VLFDO�)XQFWLRQV��7KH�SK\VLFDO�REMHFWV�LPSOHPHQW SK\VLFDO�IXQFWLRQV�WKURXJK�DFWLYDWLRQ�RU�XVDJH��
7KH�6(�SURFHVV�ZLOO�UHODWH�WKH�IXQFWLRQDO�UHTXLUHPHQWV�WR�WKH�SK\VLFDO�IXQFWLRQV�

�� 6RXUFH�2EMHFWV��7KHVH�DUH�WKH�SK\VLFDO�HOHPHQWV�SUHVHQW�LQ�WKH�ZRUN�GRPDLQ�DYDLODEOH�WR�SHUIRUP�
WKH�ZRUN�

7KH�:'$� LQ�)LJXUH � PDSV WKH� IXQFWLRQ�DOORFDWLRQ�RI�DXWRPDWLRQ�RQ�GRPDLQ�VWUXFWXUH RI�D�JHQHULF�PLOLWDU\�
LQWHOOLJHQFH� V\VWHP� ZLWK� $,� WHFKQRORJLHV�� 7KH RWKHU� SKDVHV� RI� &:$� ZLOO LOOXVWUDWH� WKH� EHKDYLRXU� RI� WKH�
VRFLRWHFKQLFDO�V\VWHP �/L�	�%XUQV�������

)LJXUH �� $EVWUDFWLRQ 'HFRPSRVLWLRQ�+LHUDUFK\�IRU�$,�LQ�DQ�,QWHOOLJHQFH�6\VWHP

����� &RQWURO�7DVNV�$QDO\VLV

,Q�D�FRPSOH[�VRFLRWHFKQLFDO�V\VWHP��VHWV RI�DFWLYLWLHV�PD\�DFFRPSOLVK�D�JRDO� LQ�GLIIHUHQW�ZD\V��7KH�&RQWURO�
7DVNV� $QDO\VLV� LV� XVHIXO� LQ� LGHQWLI\LQJ� WKH� GLIIHUHQW� FRPELQDWLRQV� RI� ZRUN� WDVNV� SHUIRUPHG� XQGHU� VSHFLILF�
FRQGLWLRQV��7KHVH�DFWLYLWLHV�FRQVLVW�RI�D�VHW�RI�ZRUN�VLWXDWLRQV�DQG�ZRUN� IXQFWLRQV� WKDW�GHSHQG�RQ�GLIIHUHQW�
GHFLVLRQV�RU�FRQWURO�WDVNV��7KH�FRQWURO�WDVN�DQDO\VLV�IRFXVHV�RQ�WKH�ZRUN�UHTXLUHPHQWV�DQG�FRQVWUDLQWV�OLPLWLQJ�
DFKLHYHPHQW�RI�WKH�SXUSRVH�LGHQWLILHG�LQ�WKH�:'$��,W�LGHQWLILHV�WKH�LQIRUPDWLRQ�DQG�UHODWLRQVKLSV� UHTXLUHG�IRU
VROYLQJ�VSHFLILF�VLWXDWLRQV��7KH�GHFLVLRQ�ODGGHU�IURP�5DVPXVVHQ���������DV�VHHQ�LQ )LJXUH ���UHSUHVHQWV WKH�
ZRUN�VLWXDWLRQV��SUREOHPV��VWDWHV�RI�NQRZOHGJH��LQIRUPDWLRQ�SURFHVVLQJ��DQG�WKHLU�LQWHUFRQQHFWLRQV��

7KH�&RQWURO�7DVNV�$QDO\VLV�PRGHOV�LQIRUPDWLRQ�SURFHVVLQJ�E\�PDSSLQJ�WKH�WDVN�VWDJHV�RQWR�D�GHFLVLRQ�ODGGHU�
DQG�H[SORULQJ�YDULRXV�SRVVLEOH�VKRUWFXWV��7KH�'HFLVLRQ�/DGGHU� LV�D� WHPSODWH� WR� LGHQWLI\�DFWLYLWLHV�DQG�VWDWH�
WUDQVLWLRQV��,W�LV�QRW�D�GHFLVLRQ�PDNLQJ SURFHVV�RU�PRGHO��/LQWHUQ�������/L�	�%XUQV��������7KH�GHFLVLRQ�ODGGHU�



�

ZLOO�EH�XVHIXO�WR�LGHQWLI\�WKH�SRVVLEOH�FRQWULEXWLRQ�DQG�UROHV�RI�$,�LQ�WKH�LQWHOOLJHQFH�SURFHVV��$V�$,�LV�DSSOLHG�WR�
DVVLVW� WKH� LQWHOOLJHQFH� DQDO\VW�� VSHFLILF� WUDQVLWLRQV� DQG� VKRUWFXWV FDQ� EH� GLVFRYHUHG�� 7KHVH� ZLOO� JXLGH� WKH�
LPSOHPHQWDWLRQ�RI�$,�LQ�WKH�LQWHOOLJHQFH�VRFLRWHFKQLFDO�V\VWHP�

)LJXUH �� 'HFLVLRQ�/DGGHU

����� 6WUDWHJLHV

7KH�FRJQLWLYH�SURFHVVHV�LGHQWLILHG�LQ�WKH�GHFLVLRQ�ODGGHU�DUH�IXUWKHU�DQDO\VHG�WR�GHWHUPLQH�WKH�VWUDWHJLHV�IRU�
H[HFXWLQJ�WKH�WDVNV�E\ H[SHUWV DQG�QRYLFHV��&RQWH[WXDO�IDFWRUV�RIWHQ�DIIHFWV�WKH�SDWWHUQV�RI�DFWLYLWLHV�WKDW�DUH�
DYDLODEOH�WR�FRPSOHWH�D�WDVN��6\VWHP�UHVLOLHQFH�GHSHQGV�RQ�WKH�KXPDQ�HPSOR\LQJ�GLIIHUHQW�FRJQLWLYH�FRQWURO�



��

PRGHV�WR�DGDSW�WR�FKDQJLQJ�VLWXDWLRQDO�FRQWH[WV��7KH�W\SLFDO�VWUDWHJLHV�LQFOXGH�D�VQDS�GHFLVLRQ��VHDUFKLQJ�IRU�
UHFRPPHQGDWLRQV�RU�LQIHUULQJ WKH�PRVW�VXLWDEOH�VROXWLRQ�IURP�VWUXFWXUDO�SULQFLSOHV��7KH�NQRZOHGJH�RI�KRZ�DQG�
ZK\�ZRUNHUV�PD\�FKRRVH�EHWZHHQ�GLIIHUHQW�VWUDWHJLHV LV�XVHIXO�LQ�GHVLJQLQJ�D�FRJQLWLYH�V\VWHP��7KH�RXWSXW�RI�
WKH�FRJQLWLYH�VWUDWHJLHV�DQDO\VLV�LV�D�GHWDLOHG�GHVFULSWLRQ�RI�SRWHQWLDO�VWUDWHJLHV�DQG�WKHLU�DSSOLFDWLRQ�WR�H[HFXWH�
WKH�FRJQLWLYH�SURFHVVHV�LQ�DQ�LQIRUPDWLRQ�IORZ�PDS��9LFHQWH�������/LQWHUQ�������

����� :RUNHU�&RPSHWHQF\

:RUNHU�FRPSHWHQF\�DQDO\VLV�OLQNV�WKH�FRJQLWLYH�FRQVWUDLQWV�DQG�SUHIHUHQFHV�RI�KXPDQV�DQG�SURYLGHV�D�PHWKRG�
WR�GHVLJQ�WKH�V\VWHP��7KLV�DQDO\VLV�HQDEOHV�DOORFDWLRQ RI IXQFWLRQV� EDVHG�RQ�WKH�FXUUHQW�KXPDQ�FDSDELOLWLHV�
WR�DFKLHYH�WKH�ZRUN��7R DVVLVW�LQ�SUREOHP�VROYLQJ��KXPDQV�IRUP�D�PHQWDO�PRGHO�RI�WKHLU�HQYLURQPHQW�DV�SDUW�
RI�XQGHUVWDQGLQJ�WKH�VLWXDWLRQ��7KLV�LV�DFKLHYHG�WKURXJK�D�PL[�RI�VHQVRU\�PRWRU�UHVSRQVHV��DFWLRQV�EDVHG�RQ�
H[SHULHQFH�DQG�EDVLF�UXOHV��DV�ZHOO�DV�DQ�LQWHUQDO�UHSUHVHQWDWLRQ�RI�XQGHUO\LQJ�FKDUDFWHULVWLFV��(OP�HW�DO���������
5DVPXVVHQ��3HMWHUVHQ�� DQG�*RRGVWHLQ¶V�6NLOO�EDVHG��5XOH�EDVHG� DQG�.QRZOHGJH�EDVHG� �65.�� IUDPHZRUN�
PDSV�WKH�GHFLVLRQ�PDNLQJ�VWUDWHJLHV�XVHG�LQ�FRQWUROOLQJ�D�V\VWHP �5DVPXVVHQ�HW�DO�������� 7KH�65.�LV�DQRWKHU�
XVHIXO�IUDPHZRUN�WR�LGHQWLI\�WKH�FRQWULEXWLRQV�RI�$,�LQ�WKH�LQWHOOLJHQFH�SURFHVV��$,�WRROV�FDQ�VXSSRUW�DQG�HQKDQFH�
WKH DFWLYLWLHV�LQ�WKH�IUDPHZRUN� 7KH�65.�IUDPHZRUN�KHOSV�IRFXVVLQJ�RQ XVHU�LQWHUIDFHV�DQG�UHSUHVHQWDWLRQV�IRU�
KXPDQ�DQG�DXWRPDWHG�V\VWHP LQWHJUDWLRQ��%HK\PHU�	�)ODFK�������

)LJXUH �� 6NLOO���5XOH���DQG�.QRZOHGJH�EDVHG�&RJQLWLYH�3URFHVVLQJ

����� 6RFLDO�2UJDQLVDWLRQ�DQG�&RRSHUDWLRQ

7KH� DLP� LV� WR� GHVLJQ� HIIHFWLYH� RUJDQLVDWLRQV� RU� VWUXFWXUHV� ZLWK� WKH� UHTXLUHG� WHFKQRORJLHV� WKDW� VXSSRUW�
FRPPXQLFDWLRQ�GHPDQGV��7KH�LQWHUDFWLRQ�DQG�UROHV�RI�GLYHUVH�GLVWULEXWHG�KXPDQ�DQG�WHFKQLFDO�IXQFWLRQV�LQ�WKH�
FRPSOH[�VRFLRWHFKQLFDO�V\VWHP�PXVW�DOVR�EH�DQDO\VHG��$�VRFLDO�WUDQVDFWLRQ�WUDQVIHUV�VRPH�HOHPHQW��VXFK�DV�
LQIRUPDWLRQ��EHWZHHQ�DJHQWV��7KH�VRFLDO�RUJDQLVDWLRQ�DQG�FRRSHUDWLRQ�DQDO\VLV�IRFXV�RQ�WKH�FRQWHQW�DQG�IRUP�
RI WKHVH LQWHUDFWLRQV�� 7KLV� LQFOXGHV� FRQVLGHULQJ� WKH� DELOLW\� DQG� UHTXLUHPHQW� IRU� IRUPDO� VWUXFWXUHV� DQG� VHOI�
RUJDQLVDWLRQ�RI�WKH�VRFLRWHFKQLFDO�V\VWHP�

6RFLDO�2UJDQLVDWLRQ�DQG�&RRSHUDWLRQ�OLVWV�WKH FRRUGLQDWLRQ��UHVSRQVLELOLWLHV�DQG�UROHV�RI�WKH�GLIIHUHQW�HQWLWLHV��
DV�ZHOO�DV�WKH�LQIRUPDWLRQ�H[FKDQJH�QHHGV��:LWKLQ�WKH�FRJQLWLYH�GRPDLQ��LQWHUDFWLRQ�H[LVWV�EHWZHHQ�SHHUV��DV�
ZHOO� DV� EHWZHHQ� PDQDJHPHQW� DQG� ZRUNHUV�� 3URFHVVHV� DQG� WHFKQRORJLHV� DUH� UHTXLUHG� WR� VXSSRUW� WKHVH�
LQIRUPDWLRQDO�LQWHUDFWLRQV��7KLV�FROODERUDWLRQ��ODWHUDO��DQG�FRRUGLQDWLRQ��YHUWLFDO��FDQ�EH�FKDUDFWHULVHG�LQ�WHUPV�
RI�WKH�WUDQVDFWLRQV�SHUIRUPHG��9LFHQWH�������/LQWHUQ�������
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� &RQFOXVLRQ
7KH�SXUSRVH�RI� WKLV�SDSHU� LV� WR�GHYHORS�D� IUDPHZRUN� IRU� LPSOHPHQWLQJ�$,� LQWR�DQ� LQWHOOLJHQFH�V\VWHP��7KH�
LQWHOOLJHQFH�V\VWHP�PXVW�EH�DEOH�WR�FRSH�ZLWK�WKH�FRPSOH[LW\�RI�WKH�RSHUDWLRQDO�HQYLURQPHQW�WKDW� LW�DLPV�WR�
PDNH�VHQVH�RI��ZLWK�WKH�DEXQGDQFH�RI�GDWD�WKDW�LV�DYDLODEOH��

7KH�&:$�SURYLGHV�WKH�PHWKRGRORJ\�WR�DQDO\VH�WKH�V\VWHP�DQG�WKH�UROHV�$,�FDQ�IXOILO��7KLV�HQDEOHV�V\VWHP�
GHVLJQHUV�WR�DVN�WKH�ULJKW�TXHVWLRQV�WR�WKH�VWDNHKROGHUV�DERXW�WKHLU�UHTXLUHPHQWV�IRU�DQ�LPSURYHG�LQWHOOLJHQFH�
V\VWHP� ,PSOHPHQWLQJ�WKH &:$�ZLWK�D�0RGHO�%DVHG�6\VWHPV�(QJLQHHULQJ�PHWKRGRORJ\�DQG�VXSSRUWLQJ�WRROV
�ZLWK�D�PRGHOOLQJ�ODQJXDJH�OLNH�6\V0/��IRU�WUDFHDELOLW\�DQG�UHTXLUHPHQW�PDQDJHPHQW� ZLOO�DOVR�LPSURYH�WKH�
SURFHVV�

)ROORZLQJ�WKLV�IUDPHZRUN�ZLOO�KHOS�V\VWHP�XVHUV�DQG�GHVLJQHUV�WR�PDQDJH�WKH�ULVNV�DQG�FRQFHUQV�DERXW�WKH�
SRVVLEOH� IODZV� RI� $,� &RQVLGHULQJ� $,� DV� DQRWKHU� ³VRFLDO´� DQG� IOH[LEOH� V\VWHP� HOHPHQW� ZLWK� VNLOOV� DQG�
VKRUWFRPLQJV��ZKLFK�LQWHUDFW�ZLWK�WKH�KXPDQV�LQ�WKH�V\VWHP��ZLOO�JR�D�ORQJ�ZD\�WRZDUGV�JDLQLQJ�WKH�WUXVW�RI�
DQDO\VWV�DQG�GHFLVLRQ�PDNHUV�

7KH�LQWHOOLJHQFH�V\VWHP XVHUV�VKRXOG�EH�IOH[LEOH�ZLWK�WKHLU�SURFHVVHV�DQG�VWUXFWXUHV�WR�HQVXUH�WKH�PD[LPXP�
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