
8'.��������

$UWHP�9RORN\WD���
$UWHP�.DSOXQRY���
+HRUKLL�/RXWVNLL�

0(7+2'�2)�(9$/8$7,1*�7+(�())(&7,9(1(66�2)�',675,%87('�
&20387,1*�6<67(0�722/6�021,725,1*�

��
�� ��

� �� ��
��

������
,Q� WKLV� DUWLFOH� WKH� LPSRUWDQFH� RI� PRQLWRULQJ� WRROV� GXULQJ� ZRUN� RI� GLVWULEXWHG�

FRPSXWHU� V\VWHPV� LV� DQDO\]HG�� DV�ZHOO� DV� D�PHWKRG� RI� DVVHVVLQJ� WKH� HIIHFWLYHQHVV�RI�
PHDQV� RI� PRQLWRULQJ� GLVWULEXWHG� FRPSXWHU� V\VWHPV� EDVHG� RQ� WKH� GHJUHH� RI� VLQJOH�
YDOXHG�RI�WKH�VWDWH�RI�WKH�DQDO\]HG�V\VWHP��

.H\� ZRUGV�� PRQLWRULQJ� RI� FRPSXWLQJ� UHVRXUFHV�� HPHUJHQF\� VLWXDWLRQV��
HIIHFWLYHQHVV�RI�WKH�PRQLWRULQJ�V\VWHP��

)LJ�������

7KH�UHOHYDQFH�RI�WKRVH�VWXGLHV��,Q�RUGHU�WR�HIIHFWLYHO\�XVH�FRPSOH[�GLVWULEXWHG�
V\VWHPV��WKHLU�UHOLDELOLW\�DQG�DGDSWDELOLW\�PXVW�EH�PD[LPL]HG��

0RQLWRULQJ� V\VWHPV� DUH� WKH� PDLQ� PHFKDQLVP� RI� FRQWURO�� WKXV� WKHLU� FRQVWDQW�
LPSURYHPHQW�LV�RQH�RI�WKH�SULRULW\�FRPSRQHQWV�LQ�GLVWULEXWHG�V\VWHPV�GHYHORSPHQW��

3UREOHP� IRUPXODWLRQ�� 'LVWULEXWHG� FRPSXWHU� V\VWHPV� �'&6�� PRQLWRULQJ�
SURYLGHV� ERWK� JHQHUDO� LQIRUPDWLRQ� RQ� WKH� IXQFWLRQLQJ� RI� LQIUDVWUXFWXUH�� V\VWHPV��
VHUYLFHV� DQG� XVHUV�� DV� ZHOO� DV� LQIRUPDWLRQ� DERXW� HUURUV�� XQXVXDO� VLWXDWLRQV� DQG�
�ERWWOHQHFNV���

0RQLWRULQJ� LV� D� SURFHVV� RI� V\VWHPDWLF� RU� FRQWLQXRXV� GDWD� FROOHFWLRQ� DQG�
RSHUDWLRQ�DERXW�SDUDPHWHUV�RI�D�FRPSOH[�REMHFW�RU�D�SURFHVV��7KLV�LQIRUPDWLRQ�FDQ�EH�
XVHG�LQ�RUGHU�WR�RSWLPL]H�WKH�GHFLVLRQ�PDNLQJ�SURFHVV��WR�LQIRUP�WKH�UHOHYDQW�SHUVRQV�
RU�DV�D�IHHGEDFN�WRRO��

$QDO\VLV� RI� UHFHQW� VFLHQWLILF� UHVHDUFKHV� DQG� LVVXHV�� 7KH� PRVW� G\QDPLFDOO\�
GHYHORSLQJ� GLVWULEXWHG� V\VWHPV� LQFOXGH� JULG� �JOREDO� LQWHJUDWLRQ� RI� FRPSXWLQJ� DQG�
LQIRUPDWLRQ� UHVRXUFHV� LQ�RQH� FRPSXWHU� LQIUDVWUXFWXUH�� DQG� FORXG�FRPSXWLQJ� �,QWHUQHW�
VHUYLFHV�WKDW�SURYLGH�XVHU�DFFHVV�WR�FRPSXWHU�UHVRXUFHV��SODWIRUPV�DQG�VRIWZDUH���

7KH� NH\� WR� HIILFLHQW� DQG� WURXEOHSURRI� V\VWHPV� RSHUDWLRQ� LV� D� KLJK�TXDOLW\�
PRQLWRULQJ�V\VWHP��WKDW�QRWLILHV�DERXW�IDLOXUHV�LQ�D�WLPHO\�PDQQHU�DQG�JLYHV�D�GHWDLOHG�
RYHUYLHZ�RI�LQGLYLGXDO�HOHPHQWV�SHUIRUPDQFH��ZKLFK�DUH�REMHFWV�RI�PRQLWRULQJ��

8VLQJ�WKH�PHWKRG�RI�IXQFWLRQDO�GHFRPSRVLWLRQ��WKH�NH\�SDUWV�FDQ�EH�LGHQWLILHG��
WKDW�DUH�LQKHUHQW�LQ�DQ\�PRQLWRULQJ�V\VWHP�>�@��

�� 6XEV\VWHP� RI� GDWD� FROOHFWLRQ� �� SHUPDQHQW� RU� UHJXODU� GDWD� FROOHFWLRQ� RI� D�
V\VWHP
V�FRPSRQHQWV��,W�LV�SRVVLEOH�WR�SHUIRUP�D�VXUIDFH�GDWD�SURFHVVLQJ�WR�GHWHFW�DQ\�
HPHUJHQFLHV��
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�� 6WRUDJH�VXEV\VWHP���DFFXPXODWLRQ�DQG�VWRUDJH�RI�GDWD�FROOHFWHG�E\�WKH�GDWD�
FROOHFWLRQ� V\VWHP�� 7KLV� LQFOXGHV� WRROV� IRU� LQWHUDFWLQJ� ZLWK� GDWDEDVHV�� VWRUHG�
LQIRUPDWLRQ�DUFKLYLQJ��HWF��

�� 'DWD�DQDO\VLV�VXEV\VWHP���VROYLQJ�WDVNV�UHODWHG�WR�EDFNJURXQG�PRQLWRULQJ��
L�H��V\VWHPDWLF�ORQJ�WHUP�DFFXPXODWLRQ�DQG�DQDO\VLV�RI�GDWD�RQ�WKH�RSHUDWLRQ�RI�REMHFWV�
�WKH�FROOHFWLRQ�RI�VWDWLVWLFDO�GDWD��WKH�VWXG\�RI�LQIRUPDWLRQ�E\�WKH�DFFXPXODWHG�V\VWHP��
WKH�LGHQWLILFDWLRQ�RI�UHJXODULWLHV��HWF���

�� 1RWLILFDWLRQ� VXEV\VWHP� �� QRWLILFDWLRQ� RI� UHVSRQVLEOH� SHUVRQV� DERXW�
HPHUJHQF\�VLWXDWLRQV�RFFXUULQJ�LQ�WKH�V\VWHP��

�� 2XWSXW�VXEV\VWHP���GLVSOD\V�LQIRUPDWLRQ�DERXW�WKH�RSHUDWLRQ�RI�WKH�V\VWHP�
DQG�WKH�UHVXOWV�RI�FKHFNV�LQ�D�XVHU�IULHQGO\�IRUPDW��

�� 6XEV\VWHP�RI�FRUUHFWLRQ���WKH�V\VWHP�SHUIRUPV�FHUWDLQ�DFWLRQV�WR�HOLPLQDWH�
DQ\� RFFXUUHG� HPHUJHQF\� VLWXDWLRQ�� %DVHG� RQ� WKH� LQWHUDFWLRQ� ZLWK� WKH� GDWD� DQDO\VLV�
VXEV\VWHP�� LW� VHOHFWV� DQG� LPSOHPHQWV� WKH� DSSURSULDWH� DFWLRQV� LQ� DFFRUGDQFH�ZLWK� WKH�
W\SH�RI�D�SUREOHP��

7KHVH�VXEV\VWHPV�DOORZ�\RX�WR�DVVHVV�WKH�SHUIRUPDQFH�RI�FRQWUROOHG�REMHFWV�DQG�
LPPHGLDWHO\�UHVSRQG�WR�D�YDULHW\�RI�HPHUJHQF\�VLWXDWLRQV��

6SHFLILFDWLRQ�RI�XQLQYHVWLJDWHG�SDUWV�RI�JHQHUDO�PDWWHUV��0RQLWRULQJ�V\VWHP�
RI� D� GLVWULEXWHG� FRPSXWHU� V\VWHP� LV� VRIWZDUH� GHVLJQHG� WR� FRQWURO� WKH� HIILFLHQW� DQG�
WURXEOH�IUHH� RSHUDWLRQ� RI� D� V\VWHP�� DV�ZHOO� DV� HQVXULQJ� WKH� VDIHW\� RI� HTXLSPHQW� DQG�
DOHUWLQJ�WKH�RSHUDWRU�ZKHQ�HPHUJHQFLHV�DULVH��&XUUHQW�PRQLWRULQJ�V\VWHPV�DUH�DEOH�WR�
HQVXUH�WKH�VDIHW\�RI�HTXLSPHQW��KRZHYHU��UHGXFLQJ�WKH�UHVSRQVH�WLPH�RI�WKH�V\VWHP�WR�
HPHUJHQFLHV�VWLOO�UHPDLQV�DQ�LVVXH�IRU�ODUJH�V\VWHPV�>�@��

3UREOHP�6WDWHPHQW��$Q�LPSRUWDQW�DUHD�RI�PRQLWRULQJ�V\VWHPV�DSSOLDQFH�LV�WKH�
PRQLWRULQJ� RI� '&6� SHUIRUPDQFH�� 0RGHUQ� PRQLWRULQJ� V\VWHPV� DUH� VWLOO� QRW� DEOH� WR�
GHWHFW� WKH� HIIHFWLYHQHVV� RI� '&6� XVDJH� >�@�� +RZHYHU�� LW� LV� SRVVLEOH� WR� HVWLPDWH� WKH�
HIILFLHQF\�RI� DYDLODEOH� UHVRXUFHV�XVDJH�E\�PRQLWRULQJ�SHUIRUPDQFH�RI� VSHFLILF�QRGHV�
DQG�WDVNV��

7KH� VWDWHPHQW� RI� EDVLF�PDWHULDOV��0RQLWRULQJ� LV� D� FRQWLQXRXV� RU� V\VWHPDWLF�
SURFHVV� RI� FROOHFWLQJ� DQG� SURFHVVLQJ� LQIRUPDWLRQ� DERXW� VWDWXV� DQG� SDUDPHWHUV� RI�
FRPSOH[�SURFHVV�RU�REMHFW�>�@��

7KH� PRVW� LPSRUWDQW� PRQLWRULQJ� WDVN� LV� HPHUJHQF\� VLWXDWLRQV� GHWHFWLQJ�
7KHVH� FDQ� EH� SRZHU� SUREOHPV� DQG� RWKHU� HYHQW� WKDW� UHTXLUH� LPPHGLDWH� UHVSRQVH� WR�
SUHVHUYH�KDUGZDUH� DQG� WR�PLQLPL]H� GDPDJH��1RWLILFDWLRQV� IURP� WKH� VWDWH�PRQLWRULQJ�
VHQVRUV�� WKDW� DUH� SURFHVVHG� E\� WKH� PRQLWRULQJ� V\VWHP� DW� WKH� WLPH� RI� WKHLU� DUULYDO�
�SDVVLYH�PRQLWRULQJ���DOORZ�WKH�V\VWHP�WR�UDSLGO\�UHDFW�WR�HPHUJHQF\�VLWXDWLRQ��

,I� VHQVRUV�KDYH�QR�SRVVLELOLW\� WR�QRWLI\� DERXW� HPHUJHQF\� VLWXDWLRQ�RFFXUUHQFH��
WKHQ�D�UHJXODU�DQG�DFWLYH�PRQLWRULQJ�VKRXOG�EH�RUJDQL]HG��

(YHQ�ODUJH�V\VWHPV�KDYH�D�VPDOO�QXPEHU�RI�VHQVRUV�RI�LQIUDVWUXFWXUH�HTXLSPHQW��
ZKLFK�DOORZ�WR�RSHUDWH�ZLWK�D�VPDOO�GDWD�IORZ��

7KH� QH[W� WDVN� LV� WR� PRQLWRU� WKH� HIILFLHQF\� RI� WKH� FRPSXWH� QRGHV� DQG� WKHLU�
FRPSRQHQWV��7LPHO\�GLVFRQQHFWLRQ�RI�D�QRGH�ZLWK�D�PDOIXQFWLRQ�LQFUHDVHV�WKH�FKDQFHV�
RI� UHFRYHULQJ� LWV�RSHUDELOLW\� LQ� WKH�VKRUWHVW�SRVVLEOH� WLPH��5HOLDELOLW\�KDV�DQ�DVVLJQHG�
NH\�UROH��EHFDXVH�ODWH�GHWHFWLRQ�RI�D�PDOIXQFWLRQ�LQVLGH�D�QRGH�FDQ�OHDG�WR�ORVV�RI�LWV�
RSHUDELOLW\� IRU�D� ORQJ� WLPH��0RGHUQ�HTXLSPHQW�KDV�EXLOW�LQ�SURWHFWLRQ� DJDLQVW�FHUWDLQ�
W\SHV�RI�PDOIXQFWLRQV��8VXDOO\��WKHUH�DUH�VHYHUDO�VHQVRUV�RQ�HDFK�FRPSXWH�QRGH��
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$QRWKHU� WDVN� LV� WR� PRQLWRU� WKH� VXLWDELOLW\� RI� WKH� FRPSXWH� QRGHV� IRU� D� WDVN��
&RQVLGHULQJ� WKH� IDFW� WKDW� LQ� D� VDPH� VLWXDWLRQ� WKH� SUREOHP� LV� UHGXFHG� WR� WKH� ORVV� RI�
ZRUNLQJ� WLPH�� YHULILFDWLRQ� FDQ� EH� FDUULHG� RXW� QRW� SHULRGLFDOO\�� EXW� EHIRUH� HYHU\� WDVN�
ODXQFK��7KHUH�DUH�OHVV�RI�UHOLDELOLW\�UHTXLUHPHQWV�VLQFH�WKLV�NLQG�RI�VLWXDWLRQV�OHDGV�WR�D�
IDLOXUH�RU�DQ�H[WHQGHG� WDVN�H[HFXWLRQ� WLPH��EXW�GRHV�QRW� OHDG� WR�SK\VLFDO�GDPDJHV�RI�
WKH�HTXLSPHQW��$W� WKH�VDPH� WLPH�� WKH�GDWD�YROXPH�VSUHDGV� WR�VHYHUDO� WHQV�RI�VHQVRUV�
SHU�FRPSXWH�QRGH��

7KH� UHOLDELOLW\� UHTXLUHPHQWV� DUH� VHW� WR� SURGXFH� SHUIRUPDQFH� PRQLWRULQJ��
3HUIRUPDQFH�PRQLWRULQJ�LV�D�WUDFNLQJ�RI�YDULRXV�26�DQG�KDUGZDUH�SDUDPHWHUV�LQ�RUGHU�
WR� ILQG�ZKDW�SUHYHQWV� H[HFXWDEOH�SURJUDP� IURP�DFKLHYLQJ� D�EHWWHU�SHUIRUPDQFH��7KH�
IDLOXUH�RI�WKLV�VXEV\VWHP�GRHV�QRW�OHDG�WR�DQ\�FULWLFDO�FRQVHTXHQFHV��DV�WKH�WDVNV�NHHS�
H[HFXWLQJ�� DQG� WKH� HTXLSPHQW� GRHV� QRW� VXIIHU�� +RZHYHU�� WKHUH� DUH� LQFRQYHQLHQFHV�
ZKHQ�GHEXJJLQJ�SURJUDPV�RFFXU��

7KH�JHQHUDOL]HG�YLHZ�RI�D�PRQLWRULQJ�V\VWHP�DUFKLWHFWXUH�LV�VKRZQ�LQ�)LJ�����

)LJ����$UFKLWHFWXUH�RI�WKH�PRQLWRULQJ�V\VWHP�

7KH�SULQFLSOH�RI�LQWHUDFWLRQ�RI�WKH�PRQLWRULQJ�V\VWHP�ZLWK�WKH�DQDO\]HG�V\VWHP�
FDQ�EH�GHVFULEHG�LQ�WKH�IRUP�

6� � �2��3��/��0�� ��
ZKHUH�2�LV�WKH�VHW�RI�REMHFWV�RI�WKH�DQDO\]HG�V\VWHP��3���VHW�RI�SURSHUWLHV�RI�REMHFWV�RI�
WKH�DQDO\]HG�V\VWHP��/���D�VHW�RI�LQWHUFRQQHFWHG�REMHFWV��UHIOHFWLQJ�WKH�GHSHQGHQFLHV�RI�
D� VWDEOH� VWDWH� RI� WKHPVHOYHV� RU� WKH� SURSHUWLHV� RI� HDFK� RWKHU��0� �� D� VHW� RI� VHQVRUV� RU�
PHWKRGV�IRU�DQDO\]LQJ�D�PRQLWRULQJ�V\VWHP�� �LV�D�IXQFWLRQ�WKDW�UHSUHVHQWV�WKH�SUHVHQFH�
RI�D�FHUWDLQ�REMHFW�SURSHUW\��

��
� ±� IXQFWLRQ� WKDW� UHSUHVHQWV� WKH� RSWLRQ� RI� XVLQJ� D� VSHFLILF� VHQVRU� RU� D� PHWKRG� RI�
DQDO\VLV�IRU�PRQLWRULQJ�WKH�FXUUHQW�SURSHUW\�VWDWH�RI�WKH�REMHFW��

��
7KH�GHJUHH�RI�VLQJOH�YDOXHG�VWDWH�RI�DQ�DQDO\]HG�V\VWHP�FDQ�EH�UHSUHVHQWHG�DV�

��� � � � � ����

ZKHUH� DUH�WKH�SURSHUWLHV�RI�DQDO\]HG�REMHFWV�E\�D�PRQLWRULQJ�V\VWHP��IRU�ZKLFK�WKHUH�
H[LVWV� ��� ��DOO�SURSHUWLHV�RI�DQ�DQDO\]HG�V\VWHP
V�REMHFWV��IRU�ZKLFK�WKHUH�
H[LVWV� ��� Z� �� WKH� FRQWULEXWLRQ� RI� D� SURSHUW\� WR� DQ� DQDO\]HG� V\VWHP�
IXQFWLRQLQJ�� ��WKH�QXPEHU�RI�REMHFWV�WKDW�KDYH�SURSHUW\� LQ�DQ�DQDO\]HG�V\VWHP��
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±�HIIHFWLYHQHVV�HYDOXDWLRQ�RI�WKH�FRUUHFWLRQ�VXEV\VWHP�HOHPHQW�WKDW�SHUIRUPV�FRQWURO�
DFWLRQV�RYHU�D�SURSHUW\ ��

7KHUHIRUH��/� FDQ�QRW�EH� JUHDWHU� WKDQ��� DQG� IRU� HDFK�SURSHUW\� LQ� D�PRQLWRULQJ�
V\VWHP�WKHUH�LV�D�PHWKRG�DSSOLFDEOH�IRU�PRQLWRULQJ�WKH�VWDWH�RI�WKLV�SURSHUW\��

&RQFOXVLRQV�%\� XVLQJ� WKH� GHVFULEHG� PHWKRG�� LW� LV� SRVVLEOH� WR� HYDOXDWH� WKH�
HIIHFWLYHQHVV�RI�D�PRQLWRULQJ�V\VWHP��DV�ZHOO�DV�WR�LGHQWLI\�WKH�V\VWHP
V�DQDO\]HG�SDUWV�
WKDW�DUH�QRW�ZHOO�FRYHUHG�E\�VHQVRUV�RU�FRUUHFWLRQ�PHDQV�RI�WKH�PRQLWRULQJ�V\VWHP��
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9RORN\WD�$UWHP� ±� DVVRFLDWH� SURIHVVRU��'HSDUWPHQW� RI�&RPSXWHU� (QJLQHHULQJ��

1DWLRQDO�7HFKQLFDO�8QLYHUVLW\�RI�8NUDLQH�³,JRU�6LNRUVN\�.\LY�3RO\WHFKQLF�,QVWLWXWH´���
(�PDLO��DUWHP�YRORNLWD#NSL�XD�

� ±� ��
�� �©

ª���
.DSOXQRY� $UWHP� ±� 3K'� VWXGHQW�� 'HSDUWPHQW� RI� &RPSXWHU� (QJLQHHULQJ��

1DWLRQDO�7HFKQLFDO�8QLYHUVLW\�RI�8NUDLQH�³,JRU�6LNRUVN\�.\LY�3RO\WHFKQLF�,QVWLWXWH´���
(�PDLO��DUW�NDSOXQRY#JPDLO�FRPŵĂŝůƚŽ͗ĂƌƚĞŵ͘ǀŽůŽŬŝƚĂΛŬƉŝ͘ƵĂ

� ±� ��
�� �©

ª��
/RXWVNLL�+HRUKLL� ±� SURIHVVRU��'HSDUWPHQW� RI� &RPSXWHU� (QJLQHHULQJ��1DWLRQDO�

7HFKQLFDO�8QLYHUVLW\�RI�8NUDLQH�³,JRU�6LNRUVN\�.\LY�3RO\WHFKQLF�,QVWLWXWH´��
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