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'HFLVLRQ� 6XSSRUW� 6\VWHPV� LQ� WKH� VHQVH� RI� RQOLQH� DOWHUQDWLYH� FRXUVH� RI� DFWLRQ� �$&2$�
GHYHORSPHQW�DQG�DQDO\VLV�DV�ZHOO�DV�WRROV�KDYLQJ�WKH�SRWHQWLDO�WR�EH�XVHG�IRU�RQOLQH�'HYHORSPHQW
RI�'RFWULQH�DQG�7DFWLFV�7HFKQLTXHV��DQG�3URFHGXUHV��'773��IRU�VXSSRUW�WR�RSHUDWLRQV
�� PDNH� LW� SRVVLEOH� WR� HYDOXDWH� WKH� FRPPDQG� DQG� FRQWURO� SURFHVVHV� DQG� WKH� SHUIRUPDQFH

FDSDELOLWLHV�RI�WKH�IULHQGO\�DQG�HQHP\�IRUFHV�DQG�RWKHU�GHFLVLRQ�UHOHYDQW�IDFWRUV
�� VXSSRUW� WKH�PLOLWDU\� FRPPDQGHU� �EULJDGH� DQG� KLJKHU�� DQG� KLV� VWDII� LQ� WKHLU� KHDGTXDUWHU� E\

LQFUHDVLQJ�WKHLU�DELOLW\�WR�LGHQWLI\�RZQ�RSSRUWXQLWLHV
�� VXSSRUW�DOO�SKDVHV�RI�WKH�FRPPDQG�DQG�FRQWURO�SURFHVV
�� XVH� FRPSXWHU� EDVHG�� DXWRPDWLF� DQG� FORVHG� PRGHOV�� WKDW� FDQ� EH� DGDSWHG� WR� WKH� FXUUHQW

VLWXDWLRQ�
7KLV� SDSHU� SUHVHQWV� WKH� UHVXOWV� RI� VWXGLHV� FRQGXFWHG� LQ� *HUPDQ\� RQ� EHKDOI� RI� WKH� *HUPDQ
0LQLVWU\�RI�'HIHQVH��0DLQ�WDVNV�ZHUH�WR�FRQWULEXWH�WR�WKH�FRQFHSWXDO�EDVLV�IRU�GHFLVLRQ�VXSSRUW
V\VWHPV�ZLWKLQ�WKH�*HUPDQ�$UP\��WR�HYDOXDWH�WKH�LQIOXHQFH�RI�GHFLVLRQ�VXSSRUW�V\VWHPV�RQ� WKH
FRPPDQG�DQG�FRQWURO�SURFHVV�DQG�WR�FRQVLGHU�LQWHUQDWLRQDO�ZRUN�DV�ZHOO�
7KH�WHFKQLFDO�DQG�RSHUDWLRQDO�UHTXLUHPHQWV�DUH�GHVFULEHG�LQ�GHWDLO�WKDW�KDYH�WR�EH�PHW�LQ�RUGHU�WR
VXSSRUW�WKH�ZDUILJKWHU�ZLWKLQ�KLV�FRPPDQG�DQG�FRQWURO�SURFHVV��7KH�SODQQHG�DQG�XVHG�PHDQV�DV
ZHOO� RI� DSSOLHG� 2SHUDWLRQV� 5HVHDUFK� UDQJH� IURP� VLPSOH� RSWLPL]DWLRQ� DOJRULWKPV� WR� FRPSOH[
VLPXODWLRQ�IHGHUDWLRQV�FRPSULVLQJ�GLIIHUHQW�V\VWHPV�



� ,QWURGXFWLRQ

7KLV� SDSHU� LV� GHDOLQJ� ZLWK� 'HFLVLRQ� 6XSSRUW� 6\VWHPV� KHOSLQJ� WKH� ZDUILJKWHU�� WR� JDLQ� DQG
PDLQWDLQ� LQIRUPDWLRQ� VXSHULRULW\� LQ� RUGHU� WR� DFKLHYH� FRPPDQG� VXSHULRULW\�� 7KH� DXWKRUV� DUH
FRQYLQFHG�� WKDW� 'HFLVLRQ� 6XSSRUW� 6\VWHPV� LQ� WKH� VHQVH� RI� RQOLQH� $&2$� GHYHORSPHQW� DQG
DQDO\VHV�DV�ZHOO�DV�SRVVLEOH�GHYHORSPHQW�RI�'773�KDYH�WR�EHFRPH�DQ�LQWHJUDO�SDUW�RI�IXWXUH�&�,
V\VWHPV�� 7KH\� FRPSULVH� VHYHUDO�PHDQV� RI� DSSOLHG�PLOLWDU\�2SHUDWLRQV�5HVHDUFK� EHLQJ� XVHG� WR
WUDQVODWH�WKH�DZDUHQHVV�RI�WKH�EDWWOH�VSDFH��L�H���SHUFHLYLQJ�ZKDW�LV�RFFXUULQJ��XQGHUVWDQGLQJ�ZKDW
LV� WDNLQJ� SODFH� DQG� FRPPXQLFDWH� WKH� ILQGLQJV� TXLFNO\�� VXUHO\�� DFFXUDWHO\�� DQG� LQ� DQ
XQGHUVWDQGDEOH� DQG� XVDEOH� IRUP� WR� WKH� FRPEDW� IRUFHV�� 7KH\� DUH� JRLQJ� WR� EH� XVHG� E\� WKH
FRPPDQGHU�DQG�KLV�VWDII�WR�VXSSRUW�WKHP�LQ�DOO�VLWXDWLRQV�RI�SHDFHWLPH��FULVLV�DQG�ZDU��7KH\�DOVR
KHOS� WKH� FRPPDQGHU� LQ� KDUPRQL]LQJ� KLV� HIIRUWV� ZLWK� RWKHU� ±� SRVVLEO\� EHLQJ� QRQ�PLOLWDU\� ±
RUJDQL]DWLRQV�� FRRUGLQDWH� WKH�RYHUDOO� DOOLHG�ZRUNIORZ�� DQG� IDFLOLWDWH� WKH� DFFHVV� WR� DOO� QHFHVVDU\
IRUPV�RI�DYDLODEOH�LQIRUPDWLRQ��LQFOXGLQJ�RSHQ�VRXUFHV�

$PRQJ�SRVVLEOH�PHDQV� RI�2SHUDWLRQV�5HVHDUFK�� VLPXODWLRQ� V\VWHPV� SOD\� D� VSHFLDO� UROH� GXH� WR
WKHLU�ZLGH�DFFHSWDQFH�LQ�GLIIHUHQW�DSSOLFDWLRQ�GRPDLQV�LQ�WKH�DUPHG�IRUFHV��7KHUH�DUH�IRXU�PDLQ
ILHOGV�WKDW�KDYH�WR�EH�FRQVLGHUHG��HVSHFLDOO\�ZKHQ�VLPXODWLRQ�V\VWHPV�DUH�XVHG�DV�D�VRUW�RI�DGG�RQ
WR� D� &�,� V\VWHP� WR� VXSSRUW� WKH� ZDUILJKWHU� GLUHFWO\� ZLWKLQ� ±� H�J�� ±� D� EULJDGH� RU� GLYLVLRQ
KHDGTXDUWHU�
�� $OO�SURFHVVHV�RI�FRPPDQG��FRQWURO�� FRPPXQLFDWLRQV�� LQWHOOLJHQFH�� UHFRQQDLVVDQFH��DWWULWLRQ�

PRYHPHQW��HWF��UHOHYDQW�WR�WKH�SUREOHP�WR�EH�VROYHG�PXVW�EH�PRGHOHG�DGHTXDWHO\�
�� &RPPDQG�DJHQWV�DQG�FRPSXWHU�JHQHUDWHG�IRUFHV��&*)��KDYH�WR�EH�XVHG�IRU�DXWRPDWLF�RUGHU

JHQHUDWLRQ�DQG�LQWHOOLJHQW�EHKDYLRU�RI�VLPXODWHG�HQWLWLHV�
�� 7KH�LQLWLDO�VWDWH�RI� WKH�VLPXODWLRQ�PXVW�EH�JHQHUDWHG�DXWRPDWLFDOO\�RXW�RI� WKH�GDWD�DYDLODEOH

IURP�WKH�&�,�V\VWHP�
�� $GHTXDWH�DQG�YDOLGDWHG�GDWD�PXVW�EH�DYDLODEOH�IRU�WKH�VLPXODWLRQ�V\VWHP�

7KLV� SDSHU� GHVFULEHV� WKH� UHTXLUHPHQWV� RI� DOO� IRXU� ILHOGV� DQG� JLYHV� VRPH� WHQWDWLYH
UHFRPPHQGDWLRQV� RQ� KRZ� WR� EH� DEOH�PHHW� WKH� UHVSHFWLYH� FKDOOHQJHV�� ,Q� DGGLWLRQ�� WKH� QHHG� IRU
KDUPRQL]DWLRQ� RI� WKH� GDWD� DQG� REMHFW�PRGHOV� RI� WKH�&�,� ZRUOG� DQG� WKH�0	6�ZRUOG� KDV� EHHQ
IRUPXODWHG�LQ�VHYHUDO�SXEOLFDWLRQV��7KH�LQWURGXFWLRQ�RI�D�FHQWUDO�GDWD�PRGHO�WR�EH�XVHG�ZLWKLQ�DOO
DSSOLFDWLRQV�DQG�GDWDEDVHV�LV�±�IURP�WKH�SUDFWLFDO�SRLQW�RI�YLHZ�±�KDUGO\�IHDVLEOH��$Q�DSSURSULDWH
DOWHUQDWLYH�LV� WR�IRFXV�RQ�GDWD�LQWHUFKDQJH�DQG� WR�SURYLGH�D�VKDUHG�GDWD�PRGHO�DFFRPSDQLHG�E\
GDWD�PHGLDWLRQ�WUDQVODWLRQ�DQG�V\VWHP�PLJUDWLRQ�SURFHGXUHV��$V�D�VKDUHG�GDWD�PRGHO�UHSUHVHQWV�D
FRPPRQ�DQG�FRQWLQXRXVO\�HYROYLQJ�XQGHUVWDQGLQJ�RI�LQIRUPDWLRQ��LW�PXVW�EH�IOH[LEOH��RSHQ��DQG
H[WHQVLEOH��7KLV�FKDOOHQJH�DOVR�KDV�WR�EH�IDFHG�DQG�VROYHG�ZKHQ�LQWHJUDWLQJ�VHYHUDO�LQGHSHQGHQWO\
GHYHORSHG�DSSOLFDWLRQV�WR�JLYH�VXSSRUW�WR�RSHUDWLRQV�

/DVW�EXW�QRW� OHDVW� WKH� UHTXLUHPHQWV� IRU� VXSSRUW� WR� RSHUDWLRQV� FDQQRW� EH� GHULYHG� IURP� WHFKQLFDO
DVSHFWV�RQO\��7KH\�KDYH�WR�EH�UHDO�XVHU�QHHGV�EHLQJ�PDLQO\�GHULYHG�IURP�WKH�FRPPDQGHU¶V�DQG
KLV�VWDII¶V�QHHGV�IRU�VXSSRUW�ZLWKLQ�UHDO�RSHUDWLRQV��+RZHYHU��D�JRRG�ZD\�VHHPV�WR�EH�WKH�XVH�RI
&$;�HQYLURQPHQWV�WR�ILQG�RXW�ZKHUH�WKH�UHDO�QHHGV�RI�WKH�XVHUV�DUH��ZKDW�WKH�VHYHUDO�VLPXODWLRQ

������������������������������������������������
��:KHQ�WDONLQJ�DERXW�WKH�ZDUILJKWHU��ZH�DUH�DGGUHVVLQJ�WKH�PLOLWDU\�XVHU�ZLWKLQ�DQ�RSHUDWLRQDO�FRQWH[W�ZLWKRXW�OLPLWDWLRQV��QHLWKHU
WR�VSHFLDO�FRPPDQG�OHYHOV�QRU�WR�W\SH�RI�RSHUDWLRQ�



V\VWHPV� DUH� DEOH� WR� FRQWULEXWH� WR� WKH� XVHU� DQG� ZKDW� KDV� WR� EH� GRQH� WR� HOLPLQDWH� WKH� ODFN� WKH
V\VWHPV�VWLOO�KDYH�WR�EH�XVHG�DV�GHFLVLRQ�VXSSRUW�V\VWHPV�

7KLV� SDSHU� VXPPDUL]HV� WKH� ILQGLQJV� RI� WKH� ZRUN� KDYLQJ� EHHQ� GRQH� LQ� *HUPDQ\� RYHU� WKH� ODVW
DSSUR[LPDWHO\� ILYH� \HDUV�� $GGLWLRQDO� LQIRUPDWLRQ� FDQ� EH� IRXQG� LQ� SDSHUV� ZLWK� PRUH� VSHFLILF
WRSLFV��H�J���>7RON������D@��>.UXVFKH�DQG�7RON������@��>7RON�DQG�6FKLHIHQEXVFK������@�DQG�>7RON�
����@�DV�ZHOO�DV�LQ�UHVSHFWLYH�VWXG\�UHSRUWV�DYDLODEOH�WR�WKH�)HGHUDO�$UPHG�)RUFHV�

,Q�DGGLWLRQ��D�ORW�RI�QDWLRQDO�DQG�LQWHUQDWLRQDO�VWXGLHV�ZHUH�LQLWLDWHG�RYHU�WKH�ODVW�PRQWKV�GHDOLQJ
ZLWK�WKH�SRVVLELOLW\�RI�XVLQJ�PRGHOLQJ�DQG�VLPXODWLRQ�IRU�VXSSRUW�WR�RSHUDWLRQV��DPRQJ�ZKLFK�WKH
1$72�6WXGLHV��$QDO\VHV��DQG�6LPXODWLRQ�3DQHO�$FWLYLW\�VKRXOG�EH�PHQWLRQHG��WU\LQJ�WR�GHOLYHU�D
1$72�&RGH�RI�%HVW�3UDFWLFH��&2%3��IRU�&��$VVHVVPHQW�LQ�2SHUDWLRQV�2WKHU�WKDQ�:DU��$QRWKHU
H[DPSOH�RQ�1$72�OHYHO�LV�WKH�6$02&�VRIWZDUH�FRQWDLQLQJ�VLPXODWLRQ�VRIWZDUH�IRU�WUDLQLQJ�DV
ZHOO� DV� IRU� VXSSRUW� WR� RSHUDWLRQV�� $V� DQ� DFWXDO� 86� HIIRUW�� WKH� 9HUVLRQ� ;� RI� WKH� $UP\� %DWWOH
&RPPDQG� 6\VWHP� �$%&6�� KDV� WR� EH� PHQWLRQHG�� 7KH� $%&6� H[SOLFLWO\� UHTXLUHV� VXSSRUW� WR
RSHUDWLRQV�E\�$&2$�HYDOXDWLRQ�XVLQJ�LQWHJUDWHG�VLPXODWLRQ�FRPSRQHQWV�

7R� VXPPDUL]H� WKLV�� LW� FDQ� EH� VDLG� WKDW� WKH� QHHG� IRU� LQWHJUDWHG� 2SHUDWLRQV� 5HVHDUFK� VXSSRUW
PHDQZKLOH�LV�DQ�LVVXH�IRU�&�,�V\VWHPV¶�GHYHORSPHQW�

� *HQHUDO�,VVXHV�RI�'HFLVLRQ�6XSSRUW�6\VWHPV

7KHUH�DUH�DW�OHDVW�WZR�YLHZV�ZKHQ�GHDOLQJ�ZLWK�'HFLVLRQ�6XSSRUW�6\VWHPV�

�� 7KH�ZDUILJKWHU�SRLQW�RI�YLHZ�DVNV��KRZ�VXFK�WRROV�FDQ�KHOS�KLP�WR�UHDFK�KLV�REMHFWLYHV�DQG
IXOILO�KLV�WDVNV�EHWWHU��IDVWHU��DQG�ELQGLQJ�OHVV�UHVRXUFHV�

�� 7KH� WHFKQLFDO� YLHZ� IRFXVHV� RQ� LQIRUPDWLRQ� WHFKQRORJ\� DQG� DSSOLHG� V\VWHPV� VFLHQFH� RU
RSHUDWLRQV�UHVHDUFK�LVVXHV�WR�EH�VROYHG�

7KLV� SDSHU� GHDOV� ZLWK� WKH� PLOLWDU\� UHTXLUHPHQWV� DQG� WKH� WHFKQLFDO� DVSHFWV� DV� ZHOO�� 7KH� LVVXH�
ZKLFK�DVSHFW� LV� WKH�GULYLQJ�RQH�� LV�EH\RQG�WKH�VFRSH�RI� WKLV�SDSHU��7KLV�VHFWLRQ�JLYHV�D�FXUUHQW
GHILQLWLRQ� RI� 'HFLVLRQ� 6XSSRUW� 6\VWHPV� DQG� SUHSDUHV� WKH� IORRU� IRU� WKH� WHFKQLFDO� DQG� PLOLWDU\
DVSHFWV��7KH�IROORZLQJ�VWDWHPHQWV�GR�QRW�FODLP�FRPSOHWHQHVV�DW�DOO�

��� 'HILQLWLRQ�RI�'HFLVLRQ�6XSSRUW�6\VWHPV

7KH�VXSSRUW�RI�WKH�PLOLWDU\�FRPPDQGHU�DQG�KLV�VWDII�LQ�WKH�GHFLVLRQ�PDNLQJ�SURFHVV�KDV�WR�EH�WKH
PDLQ�REMHFWLYH�RI�UHVSHFWLYH�V\VWHPV�LQ�RUGHU�WR�LQFUHDVH�WKH�RYHUDOO�HIILFLHQF\�RI�WKH�LQWHJUDWHG
V\VWHP� RI� &RPPDQG� DQG� &RQWURO� ±� 5HFRQQDLVVDQFH� ±� (IIHFWV�� 'HFLVLRQ� 6XSSRUW� 6\VWHPV
FRQWULEXWH�HVVHQWLDOO\�WR�WKH�&RPPDQG�DQG�&RQWURO�6XSHULRULW\��

7KH� LQWHJUDWLRQ� RI�2SHUDWLRQV�5HVHDUFK�PHWKRGV� LQWR� WKH� &RPPDQG� DQG� &RQWURO� 3URFHVV� LV� D
SUHUHTXLVLWH� WR� HQDEOH�PRUH� UDSLG�GHFLVLRQ� F\FOHV� DQG� WR� LPSURYH� TXDOLWDWLYHO\� WKH� EDVLV� RI� WKH

������������������������������������������������
�� ,W�VKRXOG�EH�SRLQWHG�RXW�� WKDW� LQ� WKH�VFRSH�RI� WKLV�SDSHU� WKH�PDLQ�REMHFWLYH�RI� WKH�XVH�RI�GHFLVLRQ�VXSSRUW� V\VWHPV� LV� WR�JDLQ
LQIRUPDWLRQ� VXSHULRULW\� LQ� RUGHU� WR� DFKLHYH� FRPPDQG� DQG� FRQWURO� VXSHULRULW\�� ,QIRUPDWLRQ� VXSHULRULW\� SHU� VH� LVQ
W� VHHQ� DV� D
YDOXH��2QO\�LQ�WKH�RSHUDWLRQDO�FRQWH[W�RI�EHLQJ�DEOH�WR�DFKLHYH�EHWWHU�UHVXOWV�IDVWHU��LQIRUPDWLRQ�VXSHULRULW\�EHFRPHV�YDOXDEOH�



GHFLVLRQV� WR� EH� PDGH�� 7R� VXSSRUW� WKH� &RPPDQG� DQG� &RQWURO� SURFHVV� VDIHO\� DQG� TXLFNO\� LW
V
QHFHVVDU\�WR�KDYH�FRPSUHKHQVLYH�NQRZOHGJH�RI�WKH�RZQ�VLWXDWLRQ�DQG�D�VXIILFLHQW�JRRG�HVWLPDWH
RI� WKH� HQHP\� VLWXDWLRQ�� 'HFLVLRQ� F\FOHV� PXVW� WDNH� SODFH� TXLFNO\� DQG� SURYLGH� KLJK� ³TXDOLW\´
GHFLVLRQV��LQ�RUGHU� WR�JDLQ�DQG�NHHS�WKH�LQLWLDWLYH�LQ�FRPEDW�DV�ZHOO�DV� LQ�RSHUDWLRQV�RWKHU� WKDQ
ZDU��227:��7R�WKLV�HQG��H[LVWLQJ�GHFLVLRQ�VXSSRUW�V\VWHPV�DUH�DGG�RQV�WR�H[LVWLQJ�&�,�V\VWHPV�
EXW� LQ� WKH�PHGLXP�DQG� ORQJ� WHUP� WKH\�PXVW� EHFRPH� LQWHJUDO� SDUWV��&XUUHQWO\� GHFLVLRQ� VXSSRUW
V\VWHPV�LQ�WKH�VHQVH�RI�$&2$�DUH�GHILQHG�DV�IROORZV�

'HFLVLRQ� 6XSSRUW� 6\VWHPV� DUH� DSSOLHG�25�PHWKRGV� IRU� WKH� VXSSRUW� RI� WKH�PLOLWDU\
FRPPDQGHU� DQG� KLV� VWDII�� 7KH\� VXSSRUW� DOO� SKDVHV� RI� WKH� &RPPDQG� DQG� &RQWURO
SURFHVV�E\�SURYLGLQJ�DQG�DVVHVVLQJ�LQIRUPDWLRQ�REWDLQHG�IURP�WKH�UHVSHFWLYH�&�,6�LQ
ZDU�DQG�SHDFH�WLPH�

'XULQJ�227:��LQ�DGGLWLRQ�WR�WKH�ZHOO�NQRZQ�SURFHGXUHV�RI�PLOLWDU\�RSHUDWLRQV��WKH�FRRUGLQDWLRQ
ZLWK�QRQ�PLOLWDU\�RUJDQL]DWLRQV��WKH�KDUPRQL]DWLRQ�RI�WKH�ZRUNIORZ��WKH�FRQWUROOHG�GLVVHPLQDWLRQ
RI�LQIRUPDWLRQ�IROORZLQJ�WKH�³QHHG�WR�NQRZ´�SULQFLSOH��LQFO��QDWLRQDO�FRPPDQGHUV��PHGLD��HWF��
KDYH�WR�EH�DVVXUHG�DQG��WKHUHIRUH��VXSSRUWHG�E\�WKH�RSHUDWLRQDO�&�,�V\VWHPV�DV�JRRG�DV�SRVVLEOH�
$JDLQ��25�PHWKRGV�FDQ�EH�XVHG�WR�GR�VR�

7KHUHIRUH��WKH�RYHUDOO�REMHFWLYH�LV�WR�HQDEOH�WLPHO\�DQG�HIIHFWLYH�GHFLVLRQV�LQ�HYHU\�VLWXDWLRQ�E\
VXSSRUWLQJ�WKH�FRPPDQGHU�DQG�KLV�VWDII�ZLWK�WKH�LQIRUPDWLRQ�WKH\�QHHG�LQ�WKH�IRUP�WKH\�QHHG�LW�
7KLV�OHDGV�WR�WKH�ILUVW�JHQHUDO�LVVXH�WR�EH�KDQGOHG��WKH�LQIRUPDWLRQ�RYHUIORZ�RQ�WKH�EDWWOHILHOG�

��� &ODVVHV�RI�'HFLVLRQV

7KH�*HUPDQ�VWXG\�>,$%*������@�DV�ZHOO�DV�WKH�1$72�&2%3�>1$72������@�DUH�GLVWLQJXLVKLQJ
EHWZHHQ� VHYHUDO� FODVVHV� RI� GHFLVLRQV� WKDW� FDQ� EH� VXSSRUWHG� E\� UHVSHFWLYH�PHDQV� RI�2SHUDWLRQV
5HVHDUFK��$OUHDG\�WKH�FODVVLFDO�GHFLVLRQ�WKHRU\�VWUXFWXUHV�WKH�GHFLVLRQ�IRU�VWUXFWXUHG�DSSURDFKHV
DQG�VROXWLRQV��:H�ZDQW�WR�LQWURGXFH�WKUHH�GLIIHUHQW�DSSURDFKHV�

)LUVW�ZD\� WR� VWUXFWXUH�GHFLVLRQV� LV� WR� ORRN�DW� WKHLU� VWUXFWXUH��$�GHFLVLRQ�PD\�EH� FRPSOHWH�� WKDW
PHDQV�FRPSULVLQJ�DOO� HOHPHQWV�DQG�VXE�GHFLVLRQV�EHORQJLQJ� WR� WKH�DFWXDO�GHFLVLRQ� WR�EH�PDGH�
H�J���DQ�RSHUDWLRQV�SODQ��RU�LW�PD\�EH�SDUW�RI�D�FRPSULVLQJ�GHFLVLRQ�VHW��H�J���WKH�GHFLVLRQ�KRZ�WR
HQJDJH�WKH�DUWLOOHU\�ZLWKLQ�DQ�RSHUDWLRQ��6RPH�OLWHUDWXUH�UHIHUHQFHV�WKLV�GLVWLQFWLRQ�DOVR�DV�RSHQ
DQG�FORVHG�GHFLVLRQV�� ,W�KDG� WR�EH� VDLG��KRZHYHU�� WKDW� LW� LV�QRW�SRVVLEOH�DOZD\V� UHDOO\� WR�GHFLGH
ZKHWKHU�ZH�DUH� ORRNLQJ�DW�DQ�RSHQ�VXE�GHFLVLRQ�RU�ZKHWKHU� WKH�RSHUDWLRQ� LV�D�FORVHG�FRPSOHWH
RQH��$Q�RSHUDWLRQ�SODQ��H�J��� VHHPV� WR�EH�FORVHG��KRZHYHU��KH� LV�DV�D� UXOH�SDUW�RI�D�FRPSULVLQJ
FDPSDLJQ��KHQFH�KH�LV�RSHQ��+RZHYHU��ORRNLQJ�DW�ZKHUH�WKH�PRVW�GHFLVLRQ�VXSSRUW�LV�QHHGHG�LV�LQ
WKH�GRPDLQ�RI�FRPSOHWH�GHFLVLRQV��ZKHUHDV�ORRNLQJ�DW�ZKHUH�PRVW�PHDQV�RI�2SHUDWLRQV�5HVHDUFK
FDQ�EH�DSSOLHG�DUH�FOHDU�GHILQHG�VXE�GHFLVLRQV��H�J���URXWH�RSWLPL]DWLRQ��HWF�

6HFRQG�ZD\� WR�VWUXFWXUH� WKH�FODVVHV� LV� ORRNLQJ�DW� WKH�GHFLVLRQ� WULJJHU� W\SH�� L�H���ZKLFK�FDXVH�RU
UHDVRQ�UHVXOWV� LQ� WKH� ODXQFK�RI�D� UHVSHFWLYH�GHFLVLRQ�SURFHVV��'HFLVLRQV�PD\�EH�HYHQW� WULJJHUHG
DQG�WKHUHIRUH�XQLTXH�RU�VLQJOH�GHFLVLRQV��KDQGOLQJ�ZLWKLQ�MXVW�D�JLYHQ�VLWXDWLRQ�DQG�EHLQJ�KDUGO\
³UHXVDEOH´�� RU� WKH\� PD\� EH� URXWLQH� GHFLVLRQV�� H�J��� URXWH� RSWLPL]DWLRQ�� DPPXQLWLRQ� VWRUDJH�



$JDLQ�� WKH� PRVW� QHHGHG� VXSSRUW� LV� LQ� WKH� GRPDLQ� RI� XQLTXH� GHFLVLRQV� ZKHUHDV� 2SHUDWLRQV
5HVHDUFK�RIIHUV�KHOS�IRU�WKH�DUHD�RI�URXWLQH�GHFLVLRQV�

7KLUG� ZD\� WR� VWUXFWXUH� FODVVHV� RI� GHFLVLRQV� LV� WR� ORRN� DW� WKH� HQYLURQPHQW� XQGHU� ZKLFK� WKH
GHFLVLRQV�KDYH�WR�EH�PDGH��/LWHUDWXUH�GLVWLQJXLVK�EHWZHHQ�GHFLVLRQ�XQGHU�FHUWDLQW\��HYHU\WKLQJ�LV
NQRZQ�WR�WKH�GHFLVLRQ�PDNHU���GHFLVLRQV�XQGHU�XQFHUWDLQW\�ULVN��WKHUH�DUH�VHYHUDO�DOWHUQDWLYHV�WKDW
PD\� RFFXU�� KRZHYHU�� WKH� GHFLVLRQ�PDNHU� MXVW� NQRZV� WKH� OLNHOLKRRG� RI� HYHU\RQH��� RU� GHFLVLRQV
XQGHU�ULVN�XQFHUWDLQW\��ZKHUH�QRWKLQJ�PD\�EH�NQRZQ���$V�EHIRUH��WKHUH�LV�D�JRRG�DPRXQW�RI�KHOS
DYDLODEOH� IRU� GHFLVLRQV� XQGHU� FHUWDLQW\� DQG� HYHQ� XQGHU� XQFHUWDLQW\ULVN�� EXW�PRVW� RI� WKH� KHOS� LV
QHHGHG�LQ�WKH�GRPDLQ�RI�GHFLVLRQ�PDNLQJ�XQGHU�ULVNXQFHUWDLQW\��5HVSHFWLYH�UHFRPPHQGHG�ZD\V�
SURFHGXUHV��DQG�VROXWLRQV�FDQ�EH�IRXQG��H�J���LQ�>1$72������@�

2Q�EHKDOI�RI�WKH�5HVHDUFK�DQG�7HFKQRORJ\�2UJDQL]DWLRQ��572��RI�1$72��WKH�6WXGLHV��$QDO\VLV�
DQG�6LPXODWLRQ��6$6��3DQHO�HVWDEOLVK�D�UHVHDUFK�VWXG\�JURXS��56*��RQ�&��DVVHVVPHQW��7KH�56*
GHYHORSHG�D�1$72�&RGH�RI�%HVW�3UDFWLFH��&2%3��GHDOLQJ�ZLWK�DOO�DVSHFWV�RI�PRGHUQ�FRPPDQG
DQG� FRQWURO�� QRW� RQO\� LQ� WKH� VFRSH� RI� LQIRUPDWLRQ� VXSHULRULW\� >1$72�� ����@�� 7KLVH� 1$72
&2%'��KRZHYHU���XVHV�D�PRUH�XVHU�RU�PLOLWDU\�RSHUDWLRQ�RULHQWHG�ZD\�RI�VWUXFWXULQJ�GHFLVLRQV�
7KHVH� GLVWLQFWLRQV� KDYH� DOVR� IRXQG� WKHLU� ZD\� LQWR� WKH� *HUPDQ� FRQVLGHUDWLRQV�� 7KH� &2%3
PHQWLRQV� VLPSOH� GHFLVLRQV�� DXWRPDWDEOH� GHFLVLRQV�� DQG� FRPSOH[� GHFLVLRQV�� WKDW� DUH� GHILQHG� DV
IROORZV�

�� 6LPSOH�'HFLVLRQV�PHDQ�³WR�NQRZ�LV� WR�GHFLGH´��7KHUH�DUH�QR�UHDO�DOWHUQDWLYHV� WR� WDNH
LQWR�DFFRXQW��7KH\�DUH�URXWLQH�GHFLVLRQV�XQGHU�FHUWDLQW\�DQG�FDQ�LQ�SULQFLSOH�EH� WDNHQ
RYHU�E\�PDFKLQHV�RU�FRPSXWHUV�

�� $XWRPDWDEOH�'HFLVLRQV�PHDQ�³WR�NQRZ�LV�WR�GHFLGH��EXW�NQRZLQJ�LV�QRW�\HW�SRVVLEOH´�
7KHVH� DUH� W\SLFDO� FRQWLQJHQF\� GHFLVLRQV� RU� URXWLQH� GHFLVLRQV� XQGHU� XQFHUWDLQW\�
0DFKLQHV� RU� FRPSXWHUV� FDQ� DW� OHDVW� KHOS� WKH� GHFLVLRQ� PDNHU� QRW� WR� PLVV� WKH� ULJKW
GHFLVLRQ�SRLQWV��WR�WDNH�WKH�HIIHFWV�RI�WKH�GLIIHUHQW�DOWHUQDWLYHV�LQWR�DFFRXQW��HWF�

�� &RPSOH[�'HFLVLRQV�DUH�WKH�GRPDLQ�RI� WKH�GHFLVLRQ�PDNHU��7KH\�FDQQRW�EH�WDNHQ�RYHU
E\�PDFKLQHV��DOWKRXJK�GHFLVLRQ�VXSSRUW�LV�SRVVLEOH�

,Q�WKLV�VHQVH��GHFLVLRQ�VXSSRUW�V\VWHPV�FDQ�WDNH�RYHU�WKH�VLPSOH�DQG�DXWRPDWDEOH�GHFLVLRQV�DQG�
LQ�DGGLWLRQ��FDQ�VXSSRUW�WKH�PLOLWDU\�GHFLVLRQ�PDNHU�ZLWKLQ�WKH�GRPDLQ�RI�FRPSOH[�GHFLVLRQV�

7R�VXPPDUL]H�WKLV�VHFWLRQ��'HFLVLRQ�6XSSRUW�6\VWHPV�DV�DSSOLHG�PHDQV�RI�2SHUDWLRQV�5HVHDUFK
FDQ� VXSSRUW� WKH�PLOLWDU\�GHFLVLRQ�PDNHU� E\� WDNLQJ� DZD\� VLPSOH� DQG� SUH�SODQQHG� GHFLVLRQV� DQG
VXSSRUWLQJ�KLP�ZLWKLQ�KLV�UHDO�GRPDLQ��QRQ�DXWRPDWDEOH��FRPSOH[�GHFLVLRQV�

��� ,QIRUPDWLRQ�2YHUIORZ�RQ�WKH�%DWWOHILHOG

$OWKRXJK�LQ�IRUPHU�WLPHV�WKH�PDLQ�SUREOHP�ZDV�WR�JHW�WKH�QHFHVVDU\�LQIRUPDWLRQ��QRZDGD\V�LW�LV
PRUH�WKH�SUREOHP�WR�ILQG�WKH�ULJKW�DQG�DSSURSULDWH�SLHFH�RI�LQIRUPDWLRQ�ZLWKLQ�WKH�KXJH�DPRXQW
RI�LQIRUPDWLRQ�EHLQJ�DYDLODEOH�IURP�WKH�GLIIHUHQW�VRXUFHV�

1RW� RQO\� WKH� QXPEHU� RI� VHQVRUV� KDV� LQFUHDVHG�� DOVR� WKH� QXPEHU� RI� LQIRUPDWLRQ� LQWHUFKDQJH
VRXUFHV�DV�ZHOO�DV�LQWHURSHUDEOH�V\VWHPV�LV�PXFK�ELJJHU�WKHQ�EHIRUH��1HZ�VRXUFHV�±�LQFOXGLQJ�WKH



RSHQ�VRXUFHV�RI� WKH� LQWHUQHW�±�FKDOOHQJLQJ� WKH�ZDUILJKWHU�DV�ZHOO� DV�KLV� WHFKQLFDO� VXSSRUW�FUHZ
ZLWK�QHZ�UHTXLUHPHQWV��7KH�1$72�9LUWXDO�&RPPDQG�DQG�&RQWURO�&HQWHU��9&&��DV�ZHOO�DV�WKH
86�9LUWXDO�,QIRUPDWLRQ�&HQWHU��9,&��DUH�DPRQJ�WKH�ILUVW�DSSOLFDWLRQV�GHDOLQJ�ZLWK�WKH�SUREOHP
RI� FRPELQLQJ� WUDGLWLRQDO�PLOLWDU\� LQIRUPDWLRQ� VRXUFHV� DV� ZHOO� DV� RSHQ� VRXUFHV�� LQFOXGLQJ� ILUVW
DSSURDFKHV�WR�IDFH�WKH�SUREOHPV�RI�LQIRUPDWLRQ�LQVXUDQFH��VHFXULW\�LVVXHV��HWF�

1$72�9&&
�9LUWXDO�&RPPDQG�&HQWHU�

86�9,&
�9LUWXDO�,QIRUPDWLRQ�&HQWHU�

:�:�:
�2SHQ�6RXUFH�

3257$/6
��0LOLWDU\�6HDUFK�(QJLQHV��

:�:�:
�2SHQ�6RXUFH�

&52126
��1$72�6HFUHW�&,6��

)LJXUH����9&&�DQG�9,&�XVLQJ�2SHQ�6RXUFHV

7KXV�� WKH�PLOLWDU\�FRPPDQGHU�QHHGV� WRROV� WR� VXSSRUW�KLP� LQ� ILQGLQJ� WKH�QHFHVVDU\� LQIRUPDWLRQ
DQG�SUHVHQWLQJ�WKHP�WR�KLP�LQ�WKH�QHHGHG�DQG�GHVLUHG�IRUP��L�H���JUDSKLFDOO\��LQ�IRUP�RI�WDEOHV��RU
PD\�EH�LQFUHDVLQJO\�XVLQJ�PXOWL�PHGLD�RSWLRQV�LQ�WKH�IXWXUH�

7KH� 1$72� &2%3� >1$72�� ����@� GHILQHV� WKUHH� PDLQ� GRPDLQV� IRU� &RPPDQG� DQG� &RQWURO
6\VWHPV�WR�VXSSRUW�WKH�&RPPDQGHU

�� %DWWOHVSDFH�9LVXDOL]DWLRQ�
�� %DWWOH�0DQDJHPHQW��DQG
�� 'HFLVLRQ�0DNLQJ�

7KH� IROORZLQJ� ILJXUH� GHSLFWV� WKH� GLIIHUHQW� GRPDLQV� DQG� UHVSHFWLYH� IXQFWLRQDO� FDWHJRULHV� WKDW
VKRXOG�EH�FRPSULVHG�ZLWKLQ�PRGHUQ�&RPPDQG�DQG�&RQWURO�6\VWHPV�� ,W� LV�EDVHG�RQ� WKH�&2%3
IXQFWLRQDO�FDWHJRULHV�RI�&�,�V\VWHPV�LQWURGXFLQJ�QHZ�FDWHJRULHV�IRU�227:�

2YHUDOO� IXQFWLRQDOLW\� EHLQJ� FDSWXUHG� ZLWKLQ� DQ� LQIRUPDWLRQ� JULG� VXSSRUWV� WKH� ZDUILJKWHU� LQ
ILQGLQJ��SUHVHQWLQJ��FRRUGLQDWLQJ��HWF��WKH�LQIRUPDWLRQ��%DVHG�RQ�WKLV�LQIRUPDWLRQ��WKH�FRPPDQGHU
FDQ�XQGHUVWDQG��ZKDW�LV�JRLQJ�RQ�DQG�GHYHORS�VHYHUDO�DOWHUQDWLYH�FRXUVHV�RI�DFWLRQ��$&2$���7KH
&�,� V\VWHP�VKRXOG�KHOS�KLP�IXUWKHU� LQ�HVWDEOLVKLQJ�KLV�REMHFWLYHV�� DVVHVV�KLV� IRUPHU�GHYHORSHG



$&2$V��PDQDJH�WKH�XQFHUWDLQW\�DQG�ILQDOO\��E\�VHWWLQJ�UHVSHFWLYH�FULWHULD�GHFLGLQJ�DQG�PDNLQJ�D
SODQ�� 7KLV� SODQ� KDV� WR� EH� DSSURYHG� DQG� GLVVHPLQDWHG�� /DVW� EXW� QRW� OHDVW�� WKH� LQWHOOLJHQFH�
VXUYHLOODQFH�DQG�UHFRQQDLVVDQFH��,65��DVSHFWV�KDYH�WR�EH�WDNHQ�LQWR�DFFRXQW�XVLQJ�WKH�DSSURSULDWH
SULRULWLHV��7KH�QHFHVVDU\�IXQFWLRQDOLW\�LV�TXLWH�ZHOO�NQRZQ�IURP�DUWLFOH�ILYH�RSHUDWLRQV�

,QIRUPDWLRQ�*ULG
6HHN�LQIR

,QIRUP

3UHVHQW
&RQVXOW

&R�RUGLQDWH
'LVVHPLQDWH

$UFKLYH

,�)�0DQDJHPHQW��
�

'DWD�0DQDJHPHQW��
�

'HFLVLRQ
0DNLQJ

%DWWOHVSDFH
9LVXDOLVDWLRQ

%DWWOH
0DQDJHPHQW

$VVHVV�$&2$

6HW�&ULWHULD

8QFHUWDLQW\�0DQDJHPHQW

(VWDEOLVK�2EMHFWLYHV

'HYHORS�$&2$

8QGHUVWDQG

'HFLGH

&UHDWH�D�3ODQ

$SSURYH

3ULRULWL]H

,65�3URFHVV

2SHQ�6RXUFHV
3UHVHQWDWLRQ��
�

+DUPRQL]H��
�

'HYHORS�$&3�
�

.QRZOHGJH
0DQDJHPHQW��
�

$VVHVV�$&3��
�

'LVVHPLQDWLRQ
0DQDJHPHQW��
�

2WKHU�6\VWHP
3UHVHQWDWLRQ��
�

:RUNIORZ
0DQDJHPHQW��
�

)LJXUH����)XQFWLRQDO�&DWHJRULHV�RI�&�,�V\VWHPV

7KH� UHG� LWDOLF� IXQFWLRQ� JURXSV� �IROORZHG� E\� WKH� DVWHULVN�� DUH� QHZ� WR� KLJKOLJKW� WKH� DSSOLFDWLRQ
GRPDLQ�RI�227:��$V�EHIRUH��RYHUDOO� IXQFWLRQDOLW\� LV�FRPSULVHG� LQ� WKH� LQIRUPDWLRQ�JULG��$V� LQ
MRLQW�DQG�FRPELQHG�RSHUDWLRQV� LW� LV�QHYHU� VXUH��ZKR�\RXU�SDUWQHUV�ZLOO�EH�� ,W�PD\�EH� DOVR�QRQ�
PLOLWDU\� RUJDQL]DWLRQV�� 7KXV�� LQWHUIDFH� PDQDJHPHQW� LV� QHFHVVDU\� WR� HQDEOH� WHFKQLFDO
LQWHURSHUDELOLW\��,Q�RUGHU�WR�DVVXUH�DOLJQHG�GDWD�XQGHUVWDQGLQJ�RQ�WKH�VHPDQWLF�OHYHO��LQ�DGGLWLRQ
WRROV�IRU�RQOLQH�DG�KRF�GDWD�PDQDJHPHQW�DUH�QHFHVVDU\�EULGJLQJ�WKH�WLPH�XQWLO�VWDQGDUGL]HG�GDWD
HOHPHQWV�IRU�GDWD�H[FKDQJH�KDYH�EHHQ�DJUHHG�WR�

,Q�WKH�GRPDLQ�RI�EDWWOHVSDFH�YLVXDOL]DWLRQ��RWKHU�V\VWHPV�DV�ZHOO�DV�RSHQ�VRXUFHV��HVSHFLDOO\�WKH
:::�DQG�PHGLD��KDYH�WR�EH�GHDOW�ZLWK��,W�LV�QHFHVVDU\�WR�EH�DEOH�WR�DFFHVV�WKLV�LQIRUPDWLRQ�DQG
GLVSOD\�LW�LQ�FRQYHQLHQW�IRUP�WR�WKH�FRPPDQGHU�DQG�GHFLVLRQ�PDNHU�

,Q�WKH�GRPDLQ�RI�GHFLVLRQ�PDNLQJ��WKH�GHYHORSPHQW�RI�DOWHUQDWLYHV�FRQWLQJHQF\�SODQV��$&3���LQ
DGGLWLRQ�WR�WKH�DOWHUQDWLYH�FRXUVHV�RI�DFWLRQ��$&2$���KDYH�WR�EH�GHYHORSHG�DQG�DVVHVVHG��5HFHQW
VWXGLHV� LQ� WKH�86�SRLQWHG�RXW�� WKDW� WKH�DGYDQWDJHV�RI� WKH�GLJLWL]HG�EDWWOHILHOG�RQO\�FDQ�EH�XVHG
ZKHQ� DSSURSULDWH� FRQWLQJHQF\� SODQV� H[LVWV� WR�ZKLFK� WKH� GHFLVLRQ�PDNHU� FDQ� VZLWFK� LQ� FDVH� RI
QHHG�� )XUWKHUPRUH�� NQRZOHGJH�PDQDJHPHQW� ±� LQFOXGLQJ� DFWXDO� UXOHV� RI� HQJDJHPHQW�� VWDWXV� RI
SDUWQHUV��DOOLHV��SROLWLFDO�FRQVWUDLQWV��HWF��±�LV�QHFHVVDU\��$V�YHU\�GLIIHUHQW�RUJDQL]DWLRQV�PD\�KDYH



WR� ZRUN� WRJHWKHU�� ZRUNIORZ� PDQDJHPHQW� WR� DOLJQ� WKH� SURFHGXUHV�� GHFLVLRQ� SRLQWV�� SHUVRQ� WR
LQYROYH��HWF��LV�QHFHVVDU\�DOVR��,Q�WKH�HQG��KDUPRQL]DWLRQ�RI�DOO�GHFLVLRQV�RI�DOO�RUJDQL]DWLRQV�LV
QHHGHG��LQFOXGLQJ�WKH�FRQVLVWHQF\�FKHFN�EHIRUH�WKH�EDFNJURXQG�RI�WKH�DFWXDO�GHJUHH�RI�IUHHGRP
IRU�WKH�GHFLVLRQ�LQ�WKH�DFWXDO�±�SROLWLFDO�±�HQYLURQPHQW�

,Q� WKH�GRPDLQ�RI�EDWWOH�PDQDJHPHQW�� WKH�GLVVHPLQDWLRQ�RI� WKH� LQIRUPDWLRQ�KDYH� WR� EH� DVVXUHG�
7KLV�LV�QRW�RQO\�WUXH�IRU�WKH�GLIIHUHQW�OLQHV�RI�FRPPXQLFDWLRQ�WR��H�J���WKH�RSHUDWLRQDO�FRQWUROOLQJ
FRPPDQGHU��WKH�QDWLRQDO�FRPPDQGHU��WKH�SROLWLFDO�LQVWDQFHV��EXW�DOVR�WR�WKH�PHGLD�

'HFLVLRQ� 6XSSRUW� 6\VWHPV� WKHUHIRUH� FDQ� EH� VHHQ� DV� WKH� JHQHUDO� WHUP� IRU� IXQFWLRQDO� FDWHJRULHV
FRPSULVLQJ�PHDQV�RI�2SHUDWLRQV�5HVHDUFK�WR�VXSSRUW�WKH�PLOLWDU\�FRPPDQGHU�E\�HVWDEOLVKLQJ�WKH
QHHGHG�IXQFWLRQDOLW\�WR�HQDEOH�KLP�UHDFKLQJ�KLV�RSHUDWLRQDO�DLPV�

��� 7KH�1HHG�IRU�+DUPRQL]DWLRQ

,QWHURSHUDELOLW\�LV�QRW�D�QHZ�UHTXLUHPHQW��+RZHYHU��LQ�WKH�HUD�RI�MRLQW�DQG�FRPELQHG�RSHUDWLRQV
WKLV�UHTXLUHPHQW�JDLQV�D�QHZ�TXDOLW\�EHFRPLQJ�DQ�XQDYRLGDEOH�QHFHVVLW\�� ,Q�RUGHU� WR�EH�DEOH�WR
XVH� 2SHUDWLRQ� 5HVHDUFK� WRROV� ZLWKLQ� &�,� V\VWHPV�� WKH\� KDYH� WR� EH� DEOH� WR� LQWHUFKDQJH
LQIRUPDWLRQ�� 7KHUHIRUH�� WKH\� QHHG� D� FRPPRQ� XQGHUVWDQGLQJ� RI� WKH� LQIRUPDWLRQ�� SUHIHUDEOH� E\
XVLQJ�WKH�VDPH�V\QWD[�DQG�VHPDQWLFV�LQ�IRUP�RI�D�FRPPRQ�VKDUHG�GDWD�PRGHO�>+LHE�DQG�%ODORFN�
������ 7LPLDQ� HW� DO��� ������ .UXVFKH� DQG� 7RON�� ������ 7RON�� ����E@�� ,Q� RUGHU� WR� UHDFK� WKLV
REMHFWLYH��QRW�RQO\�WHFKQLFDO�VWDQGDUGV�DUH�QHHGHG��EXW�WKH�UHVSHFWLYH�SURFHGXUHV�RI�&�,�DQG�0	6
GHYHORSPHQW� DQG� LPSOHPHQWDWLRQ� KDYH� WR� EH� DOLJQHG� DOVR�� ,Q� DGGLWLRQ�� ZD\V� RI� PLJUDWLRQ� IRU
OHJDF\�V\VWHPV�KDYH�WR�EH�GHYHORSHG�

7KH�6WXG\�*URXS�RQ�,QWHURSHUDELOLW\�EHWZHHQ�&�,�6\VWHP�DQG�6LPXODWLRQ�6\VWHPV��6*�&�,��RI
WKH�6LPXODWLRQ� ,QWHURSHUDELOLW\�6WDQGDUGL]DWLRQ�2UJDQL]DWLRQ� �6,62��GHYHORSHG�D� IUDPHZRUN� WR
FRSH�ZLWK�WKLV�LVVXHV�>/DFHWHUD�DQG�7LPLDQ������@��7KH�IROORZLQJ�ILJXUH�±�LQWURGXFHG�E\�0LFKDHO
5��+LHE�DQG�$QGUHDV�7RON�±�FRPSULVHV�WKH�ILHOGV�WR�E\�KDUPRQL]HG�DQG�FRSHG�ZLWK�WR�FRPH�WR
VKDUHG�VROXWLRQV�

)LUVW� WKLQJ� WR�EH�GRQH� LV� WKH�DOLJQPHQW�RI�DUFKLWHFWXUHV��VR� WKDW�FRPSRQHQWV�RI�ERWK�ZRUOGV�DUH
DEOH� WR� WDON� WR� DQRWKHU�� 7KH� QH[W� OHYHO� FRPSULVHV� FRPPRQ� GDWD� DQG� REMHFW�PRGHOV� DV� ZHOO� DV
FRPPRQ� WRROV� DQG� FRPPRQ� VWDQGDUGV��7KLV�ZLOO� OHDG� WR� UHXVDEOH� FRPSRQHQWV��+RZHYHU�� WR�EH
DEOH�WR�UHDFK�UHDO�LQWHURSHUDEOH�VKDUHG�VROXWLRQV��WKH�SURFHVVHV�KDYH�WR�EH�DOLJQHG�DOVR��H�J���XVLQJ
WKH�VDPH� WRROV�DQG�PHWKRGRORJLHV�� LQFOXGLQJ�SURFHGXUHV� WR�PLJUDWH� OHJDF\�V\VWHPV� WR� WKLV�QHZ
FRPPRQ�ZRUOG�� 7KXV��PRUH� RU� OHVV� D� FKDQJH� LQ� SKLORVRSK\� RI� ORRNLQJ� DW� &�,� DQG� VLPXODWLRQ
V\VWHPV�PD\�EH�QHHGHG��H�J���ZKHQ�ORRNLQJ�DW�0	6�LQ�DFTXLVLWLRQ��UHTXLUHPHQW�DQDO\VHV��VXSSRUW
WR� RSHUDWLRQV�� DQG� WUDLQLQJ�� 0D\EH�� RQ� WKH� ORQJ� WHUP� WKHUH� ZLOO� EH� QR� ORQJHU� WKH� GLVWLQFWLRQ
EHWZHHQ�ERWK�ZRUOGV�EXW�QHZ�V\VWHPV�ZLOO�FRPSULVHV�IXQFWLRQDOLW\�RI�ERWK�ZRUOGV�DV�IHGHUDWHV�
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3URFHVVHV
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$OLJQPHQW
DQG
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	�7RROV

)LJXUH����,QWHURSHUDELOLW\�,VVXHV�RI�6KDUHG�6ROXWLRQV

� 7HFKQLFDO�,VVXHV�RI�'HFLVLRQ�6XSSRUW�6\VWHPV

:KDW�KDV�EHHQ�VDLG�LQ�WKH�EHJLQQLQJ�RI� WKH�VHFRQG�FKDSWHU� LV� WUXH� IRU� WKH� WHFKQLFDO� LVVXHV�DOVR�
$PRQJ�D�ORW�RI�WHFKQLFDO�LVVXHV��WKUHH�EHLQJ�RI�KLJK�UHOHYDQFH�WR�WKH�DXWKRUV�KDV�EHHQ�FKRVHQ�WR
EH�KLJKOLJKWHG�ZLWKLQ�WKLV�SDSHU��7KHVH�DUH

�� WKH�QHHG�IRU�D�FRPPRQ�XQGHUVWDQGLQJ�WR�EH�JDLQHG�E\�FRPPRQ�PDQDJHPHQW�SURFHVVHV�
�� WKH�SRVVLELOLW\�WR�XVH�WKH�UHVXOW�GLUHFWO\�LQ�DQ�LQIRUPDWLRQ�LQWHJUDWLRQ�OD\HU��DQG
�� WHFKQLFDO� UHTXLUHPHQWV� IRU� VLPXODWLRQ� V\VWHPV� ZKHQ� EHLQJ� XVHG� IRU� VXSSRUW� WR

RSHUDWLRQV�LQ�WKH�GHILQHG�FRQWH[W�
7KH� ILUVW� WZR� WRSLFV� DUH� QHFHVVLWLHV� IRU� WKH� LPSOHPHQWDWLRQ� RI� VKDUHG� RU� IHGHUDWHG� VROXWLRQV� �
7RSLF� WKUHH� VKRZV� QHZ� FODVVHV� RI� UHTXLUHPHQWV� HPHUJLQJ� IURP� WKH� GRPDLQ� RI� VXSSRUW� WR
RSHUDWLRQV��7KHVH�WKUHH�WRSLFV�ZLOO�EH�FRYHUHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

��� &RPPRQ�,QIRUPDWLRQ�DQG�'DWD�0DQDJHPHQW

$V� SRLQWHG� RXW� LQ� >.UXVFKH� DQG� 7RON�� ����@�� JHQHUDOO\� HDFK� RUJDQL]DWLRQ� LQ� WKH� GRPDLQ� RI
GHIHQVH� GHSHQGV� RQ� DFFHVV� WR� LQIRUPDWLRQ� LQ� RUGHU� WR� SHUIRUP� LWV�PLVVLRQ�� ,W� PXVW� FUHDWH� DQG
PDLQWDLQ�FHUWDLQ� LQIRUPDWLRQ� WKDW� LV�HVVHQWLDO� WR� LWV� DVVLJQHG� WDVNV��6RPH�RI� WKLV� LQIRUPDWLRQ� LV
SULYDWH�� RI� QR� LQWHUHVW� WR� DQ\� RWKHU� RUJDQL]DWLRQ�� 0RVW� RUJDQL]DWLRQV�� KRZHYHU�� SURGXFH
LQIRUPDWLRQ�WKDW�PXVW�EH�VKDUHG�ZLWK�RWKHUV��H�J���RSHUDWLRQ�SODQV��ORFDWLRQ�DQG�DFWLYLW\�RI�D�JLYHQ
XQLW��LQIRUPDWLRQ�RQ�WKH�ORJLVWLFV��HWF��7KLV�LQIRUPDWLRQ�PXVW�EH�PDGH�DYDLODEOH��LQ�D�FRQWUROOHG
PDQQHU�� WR� DQ\� DXWKRUL]HG� XVHU� ZKR� QHHGV� DFFHVV� WR� LW�� $W� SUHVHQW�� DOPRVW� HYHU\� GHIHQVH
LQIRUPDWLRQ�LQIUDVWUXFWXUH�H[LVWV�DV�D�FROOHFWLRQ�RI�KHWHURJHQHRXV��QRQ�LQWHJUDWHG�V\VWHPV��7KLV�LV
WUXH�IRU�&�,�V\VWHPV�DV�ZHOO�DV�IRU�VLPXODWLRQ�V\VWHPV�DQG�RWKHU�PHDQV�RI�2SHUDWLRQV�5HVHDUFK�



DQG�±�ZKHQ�WU\LQJ�WR�EULQJ�WKHP�WRJHWKHU�±�WKH�SUREOHP�RI�LQWHUFRQQHFWLRQV�HYHQ�LQFUHDVHV��7KLV
LV�GXH�WR�WKH�IDFW�WKDW�HDFK�RUJDQL]DWLRQ�EXLOGV�V\VWHPV�WR�PHHW�LWV�RZQ�LQIRUPDWLRQ�UHTXLUHPHQWV�
ZLWK�OLWWOH�FRQFHUQ�IRU�VDWLVI\LQJ�WKH�UHTXLUHPHQWV�RI�RWKHUV��RU�RI�FRQVLGHULQJ�LQ�DGYDQFH�WKH�QHHG
IRU� LQIRUPDWLRQ� H[FKDQJH�� ,I� DQ\� LQIRUPDWLRQ� H[FKDQJH� WDNHV� SODFH�� KRZHYHU�� DV� D� UXOH� WKLV
LQIRUPDWLRQ�H[FKDQJH�LV�EDVHG�RQ�DG�KRF�LQWHUIDFHV��7KH�UHVXOW�LV�DQ�H[WUHPHO\�ULJLG�LQIRUPDWLRQ
LQIUDVWUXFWXUH�WKDW�FRVWV�PRQWKV�DQG�PLOOLRQV�WR�EH�FKDQJHG�RU�H[WHQGHG��DQG��ZKLFK�FDQQRW�FRSH
ZLWK�WKH�LQFUHDVLQJ�GHPDQG�IRU�ZLGHO\�LQWHJUDWHG�GDWD�VKDULQJ�EHWZHHQ�PXOWLSOH�PLVVLRQ�UHODWHG
DSSOLFDWLRQV�DQG�V\VWHPV��$FWXDO�VROXWLRQV�FDQQRW�VROYH�WKHVH�SUREOHPV��WKXV��QHZ�ZD\V�KDYH�WR
EH�IRXQG�LQ�WKH�HUD�RI�MRLQW�DQG�FRPELQHG�RSHUDWLRQV�

7KH�6KDUHG�'DWD�(QYLURQPHQW��6+$'(��IXOO\�GHVFULEHG�LQ�>'R'������@�LV�D�VWUDWHJ\�WR�SURPRWH
&�,�V\VWHPV¶�LQWHURSHUDELOLW\�WKURXJK�D�JOREDO�YLHZ�RQ�WKH�GDWD�RI�WKH�EDWWOHVSDFH��ZKLFK�LV�PDGH
DYDLODEOH��LQ�D�FRQWUROOHG�PDQQHU��WR�DQ\�DXWKRUL]HG�XVHU�ZKR�QHHGV�DFFHVV�WR�LW��7KH�REMHFWLYH�LV
WR� GHILQH� D� JOREDO� LQIRVSKHUH�� WKDW� VXSSOLHV� D� IXVHG�� UHDO�WLPH�� WUXH� UHSUHVHQWDWLRQ� RI� WKH
EDWWOHVSDFH��WR�DOORZ�IRU�DQ�LQWHJUDWHG�GDWD�VKDULQJ�EHWZHHQ�PXOWLSOH�PLVVLRQ�UHODWHG�DSSOLFDWLRQV
DQG� V\VWHPV�� 7KH� 6+$'(¶V� WHFKQLFDO� IRFXV� DQG� SULRULWLHV� DUH� GULYHQ� E\� QHDU� WHUP� V\VWHPV¶
LQWHJUDWLRQ�� PLJUDWLRQ� DQG� LQWHURSHUDELOLW\� UHTXLUHPHQWV� WKDW� DUH� LGHQWLILHG� LQ� WKH� 'HIHQVH
,QIRUPDWLRQ� ,QIUDVWUXFWXUH� �',,�� &RPPRQ� 2SHUDWLRQDO� (QYLURQPHQW� �&2(�� FRQWH[W�� 7KH� PDLQ
FRQFHSWXDO� IHDWXUHV� RI� WKH� 6+$'(� DGGUHVV� GDWD� LQWHURSHUDELOLW\� IRU� IHGHUDWLRQV� RI� V\VWHP
FRPSRQHQWV� DQG� V\VWHPV� LQ� JHQHUDO�� QRW� UHVWULFWHG� WR�&�,� V\VWHPV��7KXV�� WKH� LGHDV� RI� 6+$'(
EHFRPH� DSSOLFDEOH� WR� &�,� V\VWHPV� DV� ZHOO� DV� WR� VLPXODWLRQ� V\VWHPV� DQG� RWKHU� PHDQV� RI
2SHUDWLRQV�5HVHDUFK� DV�ZHOO�� ,Q� RUGHU� WR� GR� VR�� VWDQGDUG� GDWD� HOHPHQWV� �6'(�� DUH� GHILQHG� IRU
LQIRUPDWLRQ�H[FKDQJH��,Q�RUGHU�WR�EH�DEOH�WR�PDQDJH�WKLV�6'(V��D�FRPPRQ�VKDUHG�GDWD�PRGHO�LV
QHHGHG�FRPSULVLQJ�DOO�6'(V�DQG�JLYLQJ�WKHP�D�VHPDQWLF�FRQWH[W�

$�GDWD�PRGHO�EHLQJ�DEOH�WR�FRSH�ZLWK�WKH�UHTXLUHPHQWV�IRU�WKH�FRPPRQ�VKDUHG�GDWD�PRGHO�KDV�WR
KDYH�WKH�IROORZLQJ�TXDOLWLHV�

�� ,W� PXVW� FDSWXUH� WKH� LQIRUPDWLRQ� UHTXLUHPHQWV� RI� D� ZLGH� UDQJH� RI� EDWWOHILHOG� IXQFWLRQDO
DUHDV�� $� FRPPRQ� VKDUHG� GDWD� PRGHO� LV� EHVW� FKDUDFWHUL]HG� DV� D� ³WR�EH´� PRGHO� RI� WKH
UHTXLUHG� EDWWOHILHOG� LQIRUPDWLRQ� UDWKHU� WKDQ� D� PRGHO� WKDW� LV� FRQVWUXFWHG� ZLWK� GLUHFW
UHIHUHQFH�WR�H[LVWLQJ�FXUUHQW�QHHGV�IRU�LQIRUPDWLRQ�H[FKDQJH�

�� )RU� IOH[LEOH� LQWHJUDWLRQ� RI� IXWXUH� LQIRUPDWLRQ� �H[FKDQJH�� UHTXLUHPHQWV�� WKH� GDWD�PRGHO
PXVW�EH�FRQVWUXFWHG�LQ�D�ZD\�WKDW�IXWXUH�LQIRUPDWLRQ�HOHPHQWV�VLPSO\�H[WHQG�WKH�PRGHO
ZKLOH�LWV�H[LVWLQJ�VWUXFWXUH�UHPDLQV�XQFKDQJHG�

$W� KDV� EHHQ� VKRZQ� LQ� VHYHUDO� SXEOLFDWLRQV�� H�J��� >.UXVFKH� DQG� 7RON�� ������ 7RON�� ����E@�� WKH
$7&&,6� *HQHULF� +XE� >1$72�� ����@� PHHWV� ERWK� UHTXLUHPHQWV� TXLWH� ZHOO�� DV� LW� KDV� EHHQ
GHVLJQHG� WR�PHHW� H[DFWO\� WKHVH� UHTXLUHPHQWV�E\�GDWD�PRGHOLQJ� H[SHUWV�RI� DOPRVW� DOO� QDWLRQV� LQ
1$72�GXULQJ�WKH�ODVW����\HDUV��$�WRRO�RULHQWHG�YLHZ�LV�JLYHQ�LQ�>7RON������@�

$V�KDV�EHHQ�SRLQWHG�RXW��WKH�GHILQLWLRQ�RI�VWDQGDUG�GDWD�HOHPHQWV��6'(��UHTXLUHG�IRU�LQIRUPDWLRQ
H[FKDQJH��WKH�FRRUGLQDWLRQ�DQG�FRQWURO�RI� WKHLU� LPSOHPHQWDWLRQ�DQG�XVH�ZLWKLQ�V\VWHPV�KDYH�WR
EH�FHQWUDO�REMHFWLYHV�RI�DQ�RYHUDOO�GDWD�PDQDJHPHQW�RUJDQL]DWLRQ��7KH\�PD\�QRW�ORQJHU�EH�XQGHU
WKH� UHVSRQVLELOLW\�RI� V\VWHP�PDQDJHUV�ZKR¶V� OHJDO� DQG� XQGHUVWDQGDEOH� REMHFWLYH� LV� WR� RSWLPL]H



WKHLU�V\VWHP�DQG��ORJLFDOO\��QHJOHFWLQJ�RIWHQ�WKH�UHTXLUHPHQWV�RI�WKH�VXSHULPSRVHG�IHGHUDWLRQ�RI
V\VWHPV�

,Q�JHQHUDO��GDWD�PDQDJHPHQW�LV�SODQQLQJ��RUJDQL]LQJ�DQG�PDQDJLQJ�RI�GDWD�E\�GHILQLQJ�DQG�XVLQJ
UXOHV�� PHWKRGV�� WRROV� DQG� UHVSHFWLYH� UHVRXUFHV� WR� LGHQWLI\�� FODULI\�� GHILQH� DQG� VWDQGDUGL]H� WKH
PHDQLQJ� RI� GDWD� DV� RI� WKHLU� UHODWLRQV�� 7KLV� UHVXOWV� LQ� YDOLGDWHG� VWDQGDUG� GDWD� HOHPHQWV� DQG
UHODWLRQV��ZKLFK�DUH�JRLQJ�WR�EH�UHSUHVHQWHG�DQG�GLVWULEXWHG�DV�D�FRPPRQ�VKDUHG�GDWD�PRGHO�

7KH�RYHUDOO�REMHFWLYH� WR�EH�UHDFKHG�E\� LQWURGXFLQJ�D�GDWD�PDQDJHPHQW� LV�� WR�FRRUGLQDWH�DQG� WR
FRQWURO� WKH�QXPHURXV� V\VWHP�SURMHFWV� WHFKQLFDOO\� DQG�RUJDQL]DWLRQDOO\�� LQ�RUGHU� WR� LPSURYH� WKH
LQWHJULW\��TXDOLW\�� VHFXULW\�DQG�DYDLODELOLW\�RI� VWDQGDUG�GDWD�HOHPHQWV��'XH� WR� WKLV�REMHFWLYH�� WKH
IROORZLQJ�FHQWUDO�WDVNV�RI�WKH�GDWD�PDQDJHPHQW�RUJDQL]DWLRQ�DUH�SURSRVHG�

�� 'HILQLWLRQ�RI�VWDQGDUG�GDWD�HOHPHQWV�DFURVV�V\VWHP�ERXQGDULHV�
�� (YROXWLRQDU\�GHYHORSPHQW�RI�D�FRPPRQ�VKDUHG�GDWD�PRGHO�DV�D�UHIHUHQFH�UHSUHVHQWDWLRQ

IRU�VWDQGDUG�GDWD�HOHPHQWV�
�� 5HSUHVHQWDWLRQ�RI�VWDQGDUG�GDWD�HOHPHQWV�WKURXJK�D�FRPPRQ�VKDUHG�GDWD�PRGHO�
�� 'HILQLWLRQ�RI�UXOHV�DQG�PHWKRGV�IRU

�� DFFHVV��PRGLILFDWLRQ�DQG�GLVWULEXWLRQ�RI�VWDQGDUG�GDWD�HOHPHQWV�
�� LQWURGXFWLRQ�RI�QHZ�LQIRUPDWLRQ�H[FKDQJH�UHTXLUHPHQWV�
�� &RRUGLQDWLRQ�DQG�&RQWURO�RI�V\VWHP�SURMHFWV�XVLQJ�WKH�VWDQGDUG�GDWD�HOHPHQWV�LQ�RUGHU

WR� DVVXUH� WKHLU� FRQVLVWHQW� XVH� DQG� LQWHUSUHWDWLRQ� ZLWKLQ� GLIIHUHQW� DSSOLFDWLRQV� DQG
V\VWHPV�

7R�VXPPDUL]H�� LQ�RUGHU� WR� UHDFK� WKH�REMHFWLYH�RI�D�FRPPRQ�VKDUHG�GDWD�PRGHO�FRPSULVLQJ� WKH
VWDQGDUG� GDWD� HOHPHQWV� RI� WKH� DSSOLFDWLRQ� GRPDLQ�� D� UHVSHFWLYH� FRPPRQ� GDWD� PDQDJHPHQW
RUJDQL]DWLRQ�FRPSULVLQJ�FHQWUDO�HOHPHQWV�LV�HVVHQWLDO�

��� $�*HQHUDO�,QIRUPDWLRQ�,QWHJUDWLRQ�/D\HUV�IRU�'HIHQVH�$SSOLFDWLRQV

$VVXPLQJ�WKDW�VXFK�D�GDWD�PDQDJHPHQW�DJHQF\�RU�RUJDQL]DWLRQ�XVHV�WKH�DSSURSULDWH�WRROV�WR�GR
WKHLU�ZRUN��VHH��H�J���>.UXVFKH�DQG�7RON��������7RON������E��7RON������@��� WKHVH�UHVXOWV�FDQ�EH
GLUHFWO\�XVHG�WR�LPSOHPHQW�D�JHQHUDO�LQIRUPDWLRQ�LQWHJUDWLRQ�OD\HU��7R�GR�WKLV��WKH�LGHDV�RI�XVLQJ
DQ�LQIRUPDWLRQ�UHVRXUFH�GLFWLRQDU\�V\VWHP��,5'6��OLNH�VWDQGDUGL]HG�LQ�>,62������@�DUH�H[WHQGHG
LQ�D�ZD\��WKDW�GDWD��PHWD�GDWD��DQG�PDSSLQJ�RI�GDWD�FDQ�EH�VWRUHG�DQG�XVHG�WR�JHQHUDWH�DGGLWLRQDO
VRIWZDUH�LQ�IRUP�RI�V\VWHP�DGG�RQV�RU�OD\HUV�GRLQJ�WKLV�PDSSLQJ�DXWRPDWLFDOO\�

,Q�JHQHUDO��LQ�RUGHU�WR�PHHW�WKH�PLJUDWLRQ�UHTXLUHPHQWV�RI�H[LVWLQJ�V\VWHP�FRPSRQHQWV�DQG�OHJDF\
V\VWHPV�� VWDQGDUG� GDWD� HOHPHQWV� DQG� WKHLU� FRPPRQ� UHSUHVHQWDWLRQ� PXVW� EH� DFFRPSDQLHG� E\
UHVSHFWLYH�VWDQGDUG�PDSSLQJ�UXOHV��$IWHU�KDYLQJ�DJUHHG�RQ�D�FRPPRQ�VKDUHG�GDWD�PRGHO�DQG�WKH
PDSSLQJ� UXOHV� IRU� KDUPRQL]DWLRQ� GHILQHG� DQG� GLVWULEXWHG� E\� WKH� V\VWHP� LQGHSHQGHQW� GDWD
PDQDJHPHQW� RUJDQL]DWLRQ�� GDWD� PHGLDWLRQ�� L�H��� WKH� DXWRPDWLF� WUDQVODWLRQ� RI� V\VWHP� GHSHQGHQW
GDWD�HOHPHQWV�LQWR�VWDQGDUGL]HG�GDWD�HOHPHQWV�IRU�LQIRUPDWLRQ�H[FKDQJH�DQG�YLFH�YHUVD��EHFRPHV
SRVVLEOH�� 7KH� REMHFWLYH� LV� WR� HQDEOH� VHSDUDWH� V\VWHPV� DQG� V\VWHP� FRPSRQHQWV�� ZKLFK� KDYH� DQ
RYHUODS�RI�LQWHUHVW��WR�LQWHUFKDQJH�RU�VKDUH�GDWD�LQ�D�FRPPRQ�GDWD�UHSUHVHQWDWLRQ�



7KH�GDWD�PHGLDWLRQ�LPSOHPHQWDWLRQ�GHVFULEHG�LQ�WKLV�DQG�UHVSHFWLYH�IXUWKHU�GRFXPHQWV� IDYRUV�D
VRIWZDUH�IUDPHZRUN�ZKLFK�PD\�EH�OLQNHG�DV�DQ�DGGLWLRQDO�VRIWZDUH�OD\HU�WR�H[LVWLQJ�V\VWHPV�DQG
V\VWHP�FRPSRQHQWV�� ,W� FDQ�EH� LPSOHPHQWHG� DV� D� FRPPRQ�SODWIRUP� WR�PLJUDWH� H[LVWLQJ� V\VWHPV
DQG� V\VWHP� FRPSRQHQWV� DQG� LQWHJUDWH� IXWXUH� RQHV� LQWR� DQ� FRPPRQ� VKDUHG� GDWD� PRGHO�EDVHG
LQWHUFRQQHFWLRQ�QHWZRUN�

7KH�GDWD�PHGLDWLRQ�DSSURDFK�LV�GHULYHG�IURP�GDWDEDVH�IHGHUDWLRQ�WHFKQLTXHV��WKHUHE\��H[WHQGLQJ
WKHVH� WHFKQLTXHV�� ,Q� WKH� FRQFHSW� KDYLQJ� EHHQ� LQWURGXFHG� WR� WKH� 0	6�+/$�� FRPPXQLW\� E\
>.UXVFKH� DQG� 7RON�� ����@�� GDWD� VRXUFHV� DUH� QR� ORQJHU� UHVWULFWHG� WR� GDWDEDVH� V\VWHPV�� $Q\
VRIWZDUH� FRPSRQHQW� ZKLFK� SURGXFHV� DQG� FRQVXPHV� GDWD� LV� FRQVLGHUHG� DV� D� ÄGDWD� VWRUDJH
PHGLXP³��:LWK� WKLV� DSSURDFK� D� GDWD�PHGLDWLRQ� IUDPHZRUN� LV� D� FRPPRQ� VKHOO� IRU� DQ\� V\VWHP
FRPSRQHQW��7KH�UHVSHFWLYH�GDWD�PHGLDWLRQ�IUDPHZRUN�DUFKLWHFWXUH�VXPPDUL]HV�WKHVH�DVSHFWV�LQ�D
FRPPRQ�VRIWZDUH�SODWIRUP�DUFKLWHFWXUH�

7KH�GDWD�PHGLDWLRQ�DSSURDFK�HQDEOHV�DQ\�V\VWHP�FRPSRQHQW�DQG�DQ\�V\VWHP�ZLWK�DQ�LQGLYLGXDO
GDWD� UHSUHVHQWDWLRQ� WR� EH� UHSUHVHQWHG� E\� DQ� VKDUHG� GDWD� PRGHO� UHSUHVHQWDWLRQ�� 7KLV�� KRZHYHU�
UHTXLUHV� WR� ILUVW� KDUPRQL]H� LQGLYLGXDO�GDWD� UHSUHVHQWDWLRQV�ZLWK� WKH� VKDUHG�GDWD�PRGHO� VFKHPD�
ZKLFK� KDV� WR� EH� GRQH� E\� WKH� V\VWHP� LQGHSHQGHQW� GDWD� PDQDJHPHQW� DJHQF\� GHVFULEHG� LQ� WKH
IRUPHU�VHFWLRQ�

7R�VXPPDUL]H�WKH�LGHDV�RI�WKLV�DQG�WKH�IRUPHU�VHFWLRQ��WKH�GDWD�KDUPRQL]DWLRQ�QHFHVVDU\�WR�JDLQ�D
FRPPRQ� XQGHUVWDQGLQJ� EHWZHHQ� WZR� RU� PRUH� V\VWHPV� VKRXOG� EH� GRQH� LQ� D� ZD\� OHDGLQJ� WR
VWDQGDUGL]HG�GDWD�HOHPHQWV��,QIRUPDWLRQ�LQWHUFKDQJH�LV�WKHQ�GRQH�E\�XVLQJ�WKH�UHVSHFWLYH�6'(V�
7KH�KDUPRQL]DWLRQ�SURFHVV�FDQ�EH�VXSSRUWHG�E\�WRROV�UHVXOWLQJ�LQ�PDSSLQJ�UXOHV�WKDW�FDQ�EH�XVHG
WR� SURJUDP� DQG� FRQILJXUH� GULYHUV� RU� OD\HUV� HQDEOLQJ� OHJDF\� V\VWHPV� WR� LPSRUW� DQG� H[SRUW� WKH
UHVSHFWLYH�6'(V�ZLWKRXW�KDYLQJ� WR� UHSURJUDP� WKH� V\VWHPV� WKHPVHOYHV��0RUH�GHWDLOHG� WHFKQLFDO
DVSHFWV� DUH� JLYHQ� LQ� >.UXVFKH� DQG� 7RON�� ����@�� $Q� DZDUGHG� DSSOLFDWLRQ� RI� WKLV� WHFKQLTXHV� LV
GHVFULEHG�LQ�>7RON������E@�DQG�>7RON������@�

��� 7HFKQLFDO�5HTXLUHPHQWV�IRU�6LPXODWLRQ�6\VWHPV

0XFK� DWWHQWLRQ� LV� SDLG� WR� WKH� XVH� RI� VLPXODWLRQ� V\VWHPV� IRU� 6XSSRUW� WR� 2SHUDWLRQV�� HYHQ� LI
VLPXODWLRQ�V\VWHPV�RQO\�PDNH�XS�D�VPDOO�SDUW�RI�WKH�SRVVLEOH�25�PHWKRGV�ZKLFK�FDQ�EH�XVHG�DV�D
GHFLVLRQ�VXSSRUW�V\VWHP�DFFRUGLQJ�WR�WKH�UHVXOWV�RI�D�*HUPDQ�VWXG\�FRQGXFWHG�RQ�EHKDOI�RI� WKH
*HUPDQ�0LQLVWU\�RI�'HIHQVH�>,$%*������@��1RW�OHDVW�EHFDXVH�FRUUHVSRQGLQJ�VLPXODWLRQ�V\VWHPV
DUH�ZHOO�NQRZ�WR�WKH�RIILFHUV�IURP�WUDLQLQJ�DQG�H[HUFLVHV��&$;���&RPSXWHU�$VVLVWHG�([HUFLVH��
WKH� UHTXLUHPHQW�H[LVWV� WR�XVH� WKH�NQRZQ� VLPXODWLRQ� V\VWHPV�QRW�RQO\� IRU� WUDLQLQJ�SXUSRVHV�EXW
DOVR�DV�GHFLVLRQ�VXSSRUW�V\VWHPV�� ,Q�DGGLWLRQ��VXSSRUW� WR�RSHUDWLRQV�DV�D�GRPDLQ�IRU� VLPXODWLRQ
V\VWHPV�FDQ�EH�LQFUHDVLQJO\�IRXQG�DOVR�LQ�³SROLWLFDO´�SDSHUV�OLNH��H�J���>1$72������@�

+RZHYHU��UHFHQW�VWXGLHV�SRLQWHG�RXW�WKDW�LQ�RUGHU�WR�HQDEOH�VLPXODWLRQ�PRGHOV�WR�EH�XVHG�IRU�WKLV
SXUSRVH��DW�OHDVW�IRXU�FRUH�UHTXLUHPHQWV�KDYH�WR�EH�IXOILOOHG�E\�WKH�UHVSHFWLYH�V\VWHP�

������������������������������������������������
��+/$� �+LJK�/HYHO�$UFKLWHFWXUH��,(((�3������'UDIW��6WDQGDUG�IRU�6LPXODWLRQ�)HGHUDWLRQV�



��� 7KH� PRGHOV� PXVW� EH� YHULILHG�� YDOLGDWHG� DQG� DFFUHGLWHG�� ,Q� SDUWLFXODU�� DOO� HOHPHQWV� RI� WKH
LQWHJUDWHG� V\VWHP� &RPPDQG� DQG� &RQWURO±� 5HFRQQDLVVDQFH� ±� (IIHFWV� PXVW� EH� UHDOLVWLFDOO\
VLPXODWHG��L�H���HYHU\WKLQJ�WKDW�PD\�EH�UHOHYDQW�WR�D�SUREOHP�WR�EH�VROYHG�KDV�WR�EH�PRGHOHG
DW�OHDVW�LPSOLFLWO\�

��� 7KH�GDWD�XVHG�LQ�WKH�PRGHOV�PXVW�EH�SURFXUDEOH��7R�WKH�H[WHQW�WKLV� LV�SRVVLEOH�� WKH�GDWD�DUH
DOVR�WR�EH�YHULILHG��YDOLGDWHG�DQG�DFFUHGLWHG�RU�FHUWLILHG��,Q�DGGLWLRQ��FROOHFWLQJ��DVVHVVLQJ�DQG
HYDOXDWLQJ�PDVV�RI�GDWD�KDYH�WR�EH�VXSSRUWHG�

��� 7KH� PRGHOV� PXVW� WDNH� WKH� LQFUHPHQWDO� LQFUHDVH� RI� WKH� VLWXDWLRQ� LQWR� FRQVLGHUDWLRQ� DQG
HIILFLHQWO\�VXSSRUW�LWV�LPSOHPHQWDWLRQ�LQWR�WKH�VLPXODWHG�VLWXDWLRQ��$V�WKH�UHDO�ZRUOG�GDWD�LV
YDJXH��XQFHUWDLQ�DQG�FRQWUDGLFWLYH�LQ�PDQ\�FDVHV��DW�OHDVW�XQFHUWDLQW\�PDQDJHPHQW�KDV�WR�EH
LQWHJUDWHG�LQWR�VLPXODWLRQ�V\VWHPV��,Q�DGGLWLRQ��QHZ�DOJRULWKPV�IRU�FUHDWLQJ�WKH�LQLWLDO�VWDWH�RI
D�VLPXODWLRQ�V\VWHP�RXW�RI�D�VHW�RI�VLWXDWLRQ�SHUFHSWLRQV�KDYH�WR�EH�FUHDWHG�DQG�YDOLGDWHG��DV
WKLV�LV�D�W\SLFDO�UHTXLUHPHQW�RQO\�EHLQJ�QHHGHG�LQ�WKH�GRPDLQ�DSSOLFDWLRQ�RI�GHFLVLRQ�VXSSRUW�

��� &RPPDQG� DJHQWV� DQG� DOWHUQDWLYH� WHFKQLTXHV� IURP� WKH� &RPSXWHU� *HQHUDWHG� )RUFHV� �&*)�
VHFWRU�PXVW�VXSSRUW�WKH�XVHU�ZLWK
�� WKH�DXWRPDWLF�FRPSLODWLRQ�RI�RUGHUV�
�� WKH�LQWHOOLJHQW�PRGHOLQJ�RI�WKH�HQHP\�EHKDYLRU�DQG
�� WKH�FRPSLODWLRQ�RI�DOWHUQDWLYH�FRXUVHV�RI�DFWLRQ�LQ�D�JLYHQ�VLWXDWLRQ�

7KHVH� UHTXLUHPHQWV� DUH� DW� OHDVW� SDUWO\�ZHOO� NQRZQ� IURP� FRPSXWHU� DVVLVWHG� H[HUFLVHV� DQG� RWKHU
VLPXODWLRQ�DSSOLFDWLRQ�GRPDLQV�DOVR��KRZHYHU��LQ�WKH�FRQWH[W�RI�VXSSRUW�WR�RSHUDWLRQV�WKH\�KDYH
DW�OHDVW�D�QHZ�TXDOLW\�

6XSSRUW� WR�RSHUDWLRQV�PHDQV� ³%ULQJLQJ�2SHUDWLRQV�5HVHDUFK�EDFN� WR�:DU´�� ,Q� DQ� H[HUFLVH�� WKH
PLVVLQJ�RI�D�PRGHO�IRU�&���5HFRQQDLVVDQFH��HWF��ZLOO�SRVVLEO\�OHDG�WR�VRPH�H[HUFLVH�DUWLIDFWV��EXW
GXULQJ� DQ� H[HUFLVH� LW� LV� HDV\� WR� OLYH� ZLWK� VXFK� WKLQJV�� 'XULQJ� DQ� RSHUDWLRQ�� WKH� PLVVLQJ� RI� D
UHVSHFWLYH�FRPSRQHQW�PDNHV� WKH�XVH�RI� WKH� V\VWHP�KDUGO\�SRVVLEOH�� ,Q� WKH� VDPH�PDQQHU�� LQ� DQ
H[HUFLVH� WKH�GDWD�FDQ�EH� ILWWHG� WR�PHHW� WKH�SXUSRVH�RI� WKH�H[HUFLVH� H[HFXWLQJ�JURXS��'XULQJ� DQ
RSHUDWLRQ��WKH�GDWD�PXVW�EH�UHOLDEOH��7KH�XVH�RI�FRPPDQG�DJHQWV�DQG�FRPSXWHU�JHQHUDWHG�IRUFHV
LV� D�PXVW� ZLWKLQ� RSHUDWLRQV�� SRWHQWLDOO\� IDFLOLWDWLQJ� H[HUFLVHV� WUHPHQGRXVO\� �DQG�PDNLQJ� WKHP
FKHDSHU��DV�QRW�VR�PDQ\�SHUVRQDO�KDV� WR�EH� LQYROYHG� LQ� WKH�H[HUFLVH���7KH�FRPPRQ� LQWHJUDWLRQ
IUDPHZRUN�GHSLFWHG�DOVR�LQ�WKH�IROORZLQJ�ILJXUH�FDQ�EH�UHDFKHG�E\�DSSO\LQJ�WKH�ILQGLQJV�RI� WKH
ODVW�VHFWLRQV�

7KH�ODVW�NHUQHO�UHTXLUHPHQW��KRZHYHU��LV�TXLWH�GLIIHUHQW��:KHQ�GRLQJ�DQDO\VHV��VLPXODWLRQ�EDVHG
DFTXLVLWLRQ�DQG�FRPSXWHU�DVVLVWHG�H[HUFLVHV��D�VLPXODWLRQ�V\VWHP�LV�XVHG�WR�HYDOXDWH�WKH�EHKDYLRU
RI�D�G\QDPLFDO�V\VWHP�IURP�D�JLYHQ�VWDWH�LQWR�WKH�IXWXUH��7KLV�LV�WKH�FDVH�IRU�DOO�WKUHH�GRPDLQV�RI
VLPXODWLRQ� V\VWHPV�� WKH� VLPXODWLRQ� V\VWHP� VWDUWV� IURP� D� ZHOO� NQRZQ� VLWXDWLRQ�� :KHQ� XVLQJ
VLPXODWLRQ� V\VWHPV� IRU� GHFLVLRQ� VXSSRUW�� WKH� GDWD� IRU� WKH� LQLWLDO� VLWXDWLRQ� KDYH� WR� EH� H[WUDFWHG
IURP� WKH� XQGHUO\LQJ� &�,� V\VWHP� ILUVW�� L�H��� WKH� LQLWLDO� VWDWH� RI� WKH� VLPXODWLRQ� V\VWHP� PXVW� EH
FUHDWHG�IURP�WKH�SHUFHLYHG�VLWXDWLRQ�EHLQJ�VWRUHG� LQ� WKH�&�,� V\VWHP��$V�KDYH�EHHQ�SRLQWHG�RXW
EHIRUH�� WKHVH�DUH��KRZHYHU��YDJXH��XQFHUWDLQ�� LQFRPSOHWH��DQG�FRQWUDGLFWRU\�GDWD�� ,Q�DGGLWLRQ� WR
WKLV�SUREOHP��WKHVH�YDJXH��XQFHUWDLQ��LQFRPSOHWH��DQG�FRQWUDGLFWRU\�GDWD�KDYH�WR�EH�PDSSHG�WR�WKH
VKDUS�� FHUWDLQ�� DQG� FRPSOHWH� GDWD� RI� WKH�ZRUOG� RI� VLPXODWLRQ� V\VWHPV��:KHQ� GRLQJ� RSHUDWLRQV
VXSSRUW��WKH�VWDUW�IURP�D�JLYHQ�LQLWLDO�VWDWH�LV�QRW�WKH�UXOH��2QH�KDV�WR�EXLOG�WKLV�LQLWLDO�VWDWH�IURP



WKH� SHUFHLYHG� VLWXDWLRQ� HYHU\� WLPH� QHZ� LQIRUPDWLRQ� OHDGLQJ� WR� QHZ� DVVXPSWLRQV� DUULYHV�� 7KLV�
KRZHYHU��LV�D�WRWDOO\�QHZ�W\SH�RI�UHTXLUHPHQW�IRU�VLPXODWLRQ�V\VWHPV�
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8VH�RI�6LPXODWLRQ�6\VWHPV�IRU�6XSSRUW�WR�2SHUDWLRQV

&RPPRQ�,QWHJUDWLRQ�)UDPHZRUN
��WHFKQLFDO�DVSHFWV���V\QWDFWLFDOO\�DQG�VHPDQWLFDOO\�FRQVLVWHQW��

)LJXUH����.HUQHO�5HTXLUHPHQWV�IRU�6LPXODWLRQ�6\VWHPV

,W�VKRXOG�EH�FOHDU�E\�WKLV�� WKDW�GHFLVLRQ�VXSSRUW� LV�PRUH�WKDQ�FRXSOLQJ�&�,�V\VWHPV�ZLWK� OHJDF\
VLPXODWLRQ� V\VWHPV�� 7KH� UHTXLUHPHQWV� IRU� VLPXODWLRQ� V\VWHPV� WR� EH� XVHG� DV� GHFLVLRQ� VXSSRUW
V\VWHPV�YDULHV�IURP�WKH�UHTXLUHPHQWV�NQRZQ�IURP�RWKHU�DSSOLFDWLRQ�GRPDLQV��0RUH�GHWDLOV�FDQ
EH�IRXQG�LQ�WKH�SDSHUV�>,$%*��������7RON������D��7RON�DQG�6FKLHIHQEXVFK������@�

� 2SHUDWLRQDO�,VVXHV�RI�'HFLVLRQ�6XSSRUW�6\VWHPV

'HFLVLRQ� VXSSRUW� V\VWHPV� VLPSOLI\� DQG� DFFHOHUDWH� WKH� LQIRUPDWLRQ� FROOHFWLRQ� SURFHVV�� WKH
SURYLVLRQ�RI�WKH�VDPH�DQG�LWV�HYDOXDWLRQ��'HFLVLRQ�VXSSRUW�V\VWHPV�GR�QRW�VHUYH�WKH�LQFRUSRUDWLRQ
RI� DXWRPDWLVPV�� 7KHUHIRUH� WKLV� FRQFHUQV� LQWHUDFWLYH� V\VWHPV�� %\� XVH� RI� WKH� V\VWHP�� D�PLOLWDU\
GHFLVLRQ�PDNHU� REWDLQV� WKH� VXSSRUW� KH� QHHGV� LQ� WKH� IRUP� RI� LQIRUPDWLRQ�� 'HFLVLRQ� VXSSRUW
V\VWHPV�GR�QRW�IRUP�LQGLYLGXDO�WHFKQLFDO�VROXWLRQV�

)RU�WKH�DVVHVVPHQW�RI� WKH�SRVVLELOLW\�RI� WKH�XVH�RI�GHFLVLRQ�VXSSRUW�V\VWHPV��KRZHYHU��QRW�RQO\
WKH�WHFKQLFDO�VLGH�RI�WKH�PDWWHU�LV�UHOHYDQW��5DWKHU�LPSRUWDQW�DUH�WKH�LPSURYHPHQWV�WR�EH�H[SHFWHG
WR�WKH�ZKROH�&RPPDQG�DQG�&RQWURO�V\VWHP�E\�PHDQV�RI�FRUUHVSRQGLQJ�HIIHFWV�RQ�WKH�&RPPDQG
DQG�&RQWURO�SURFHVV��&RPPDQG�DQG�&RQWURO�RUJDQL]DWLRQ�DQG�PHDQV�DV�D�ZKROH�)XQGDPHQWDOO\
ZKDW� LV�DW�VWDNH� LV� WR�XVH�GHFLVLRQ�VXSSRUW�V\VWHPV�VXLWDEOH� LQ�DGHTXDWH� WHUPV�RI�VLWXDWLRQ�� WDVN
DQG�OHYHO��7KH�IDFWRUV�7LPH�DQG�4XDOLW\�,PSURYHPHQW�PDUN�WKH�VLJQLILFDQFH�RI�GHFLVLRQ�VXSSRUW
V\VWHPV�IRU�WKLV�SDUWLFXODUO\��+RZHYHU��WKH�UHDOL]HG�LQWHJUDWHG�V\VWHP�RI�&RPPDQG�DQG�&RQWURO�±
5HFRQQDLVVDQFH���(IIHFWV�ILUVW�HQDEOH�WKH�RSWLPXP�XVH�RI�GHFLVLRQ�VXSSRUW�V\VWHPV�WR�EH�PDGH�



7KH�VWDWHPHQWV�DUH� WKXV� ILUVW�FRPSOHWHO\�HIIHFWLYH�ZLWK� WKH� UHDOL]DWLRQ�RI� WKLV� LQWHJUDWHG�V\VWHP
DQG�WKH�IXWXUH�GHYHORSPHQW�RI�FRUUHVSRQGLQJ�25�SURFHGXUHV�

'HFLVLRQ�VXSSRUW�V\VWHPV�PXVW�DJJUHJDWH�RU�GH�DJJUHJDWH�GHWDLOHG�VWUXFWXUHV�IRU� WKH�HQHP\�DQG
IRU�WKH�RZQ�VLGH�GHSHQGLQJ�XSRQ�WKH�&RPPDQG�DQG�&RQWURO�OHYHO��WDVN�DQG�VLWXDWLRQ�

+RZHYHU��LW�LV�REYLRXV�WKDW�DOO�WKH�GHFLVLRQ�VXSSRUW�V\VWHPV�HQDEOH�WKH�OLQN�EHWZHHQ�D�ZLGH�UDQJH
RI�LQIRUPDWLRQ��GDWD�DQG�VHFWRUV�WR�DQ�LQWHJUDO�³VLWXDWLRQ�HVWLPDWH³�PDWFKLQJ�WKH�VLWXDWLRQ��WDVNV
DQG�OHYHO�WR�EH�PDGH��:LWK�WKH�IXUWKHU�GHYHORSPHQW�RI�WKH�2SHUDWLRQV�5HVHDUFK�PHWKRGV�LW�ZLOO�LQ
IXWXUH�EH�LQFUHDVLQJO\�SRVVLEOH�WR�SUHGLFW�WKH�EHKDYLRU�RI�FRPSOH[�V\VWHPV�RU�WR�DVVHVV�DOWHUQDWLYH
SURFHGXUHV�DQG�WKHQ�LQ�JRRG�WLPH�±�EDVHG�RQ�WKH�UHVXOWV�RI�WKH�DQDO\VHV�SHUIRUPHG�DQG�SDUDOOHO�WR
WKDW�RQ�JRLQJ�DQDO\VHV�±�LQ�D�FRQWURO�IXQFWLRQ�WR�LPSDFW�XSRQ�WKH�SURFHVVHV�UHDOO\�WDNLQJ�SODFH�

,PSURYHPHQW� RI� WKH� GHFLVLRQ�PDNLQJ� SUHSDUDWLRQ� LV� WKH� SULPDU\� DLP� RI� DOO� WKH� EHKDYLRU� RI
FRPSOH[�V\VWHPV�LQ�WKH�SODQQLQJ�SKDVH��7KH�GHYHORSPHQW�RI�DOWHUQDWLYH�FRXUVHV�RI�DFWLRQ�FDQ�EH
GHULYHG� XVLQJ� GHFLVLRQ� VXSSRUW� V\VWHPV�PRUH� ORJLFDOO\� DQG�PRUH� UDSLGO\� WKDQ� WR� GDWH�� (YHQ� LI
GHFLVLRQ�VXSSRUW�V\VWHPV�WKHPVHOYHV�DUH�QRW�FUHDWLYH��WKH\�FDQ�VXSSRUW�E\�PHDQV�RI�WKH�DXWRPDWLF
FRPSLODWLRQ� RI� DOWHUQDWLYHV�� 'HFLVLRQ� VXSSRUW� V\VWHPV� FDQ� LQ� DGGLWLRQ� VHUYH� WR� HODERUDWH� ULVN
VHFWRUV� DQG� XQFODULILHG� SUREOHPV� LQ� GHFLVLRQV�� %\� PHDQV� RI� GHFLVLRQ� VXSSRUW� V\VWHPV� WKH
FRPPDQGHU� FDQ� KDYH� KLV� GHFLVLRQ� FKHFNHG� WR� WKH� H[WHQW� WR�ZKLFK� DOO� ERXQGDU\� FRQGLWLRQV� DUH
FRPSOLHG� DQG� DOO� WKH� UHOHYDQW� LQIOXHQFH� IDFWRUV� DUH� WDNHQ� LQWR� FRQVLGHUDWLRQ��$� IRUHFDVW� RQ� WKH
GHYHORSPHQW�RI�WKH�FRPEDW�LV�OLPLWHG�RQ�WKH�EDVLV�RI�WKH�GHFLVLRQ�

(IIHFWV� RQ� GHFLVLRQ� VXSSRUW� V\VWHPV� RQ� WKH� RSHUDWLRQV� SODQ� DUH� VLPLODUO\� HQYLVDJHG� LQ� WKH
RSWLPL]DWLRQ�DQG�LQ�JDLQLQJ�WLPH�� ,Q�SDUWLFXODU�� WKH�ZKROH�&RPPDQG�DQG�&RQWURO�SURFHVV� LWVHOI
FDQ�EH� WKH�DLP�RI� WKH�RSWLPL]DWLRQ�E\�PHDQV�RI�GHFLVLRQ�VXSSRUW� V\VWHPV��7KH�SUHUHTXLVLWH� IRU
WKLV�KRZHYHU�LV�D�VXSHULRU�FRPPDQG�SRVW�FRQFHSW�IRU�WKH�XVH�RI�GHFLVLRQ�VXSSRUW�V\VWHPV�LQ�DQ
LQWHJUDWHG� HQYLURQPHQW�� %\� PHDQV� RI� WKH� FRQWLQXRXVO\� UXQQLQJ� IRUHFDVW� RI� WKH� VLWXDWLRQ
GHYHORSPHQW� XVLQJ� GHFLVLRQ� VXSSRUW� V\VWHPV�� D� VKRUW�WHUP� UHFRQWURO� RI� 
UXQQLQJ
� RSHUDWLRQV� LV
SRVVLEOH�� (IIHFWV� RI� WKH� RSHUDWLRQ� RI� GHFLVLRQ� VXSSRUW� V\VWHPV� RQ� WKH� &RPPDQG� DQG� &RQWURO
RUJDQL]DWLRQ� DUH� WRGD\� DW� EHVW� UHFRJQL]DEOH� DV� DSSURDFKHV�� 7KH� HIIHFWV� ZLOO� FKDQJH� UHSHDWHGO\
ZLWK�WKH�JURZLQJ�VNLOOV�RI�GHFLVLRQ�VXSSRUW�V\VWHPV�DQG�DUH�QRW�WKH�VXEMHFW�RI�WKH�LQYHVWLJDWLRQV
RI�WKH�VWXG\�XQGHUO\LQJ�WKLV�SDSHU�

)URP�WKH�DOUHDG\�SUHVHQWHG�EDVLF�WKRXJKWV�RQ�WKH�PRGXODU�XVH�RI�GHFLVLRQ�VXSSRUW�V\VWHPV��LW�LV
FRQVLGHUHG�QHFHVVDU\�ORQJ�WHUP�WR�PDNH�GHFLVLRQ�VXSSRUW�V\VWHPV�LQWHJUDWHG�LQWR�WKH�RSHUDWLRQV
V\VWHP�DYDLODEOH��L�H��GHFLVLRQ�VXSSRUW�V\VWHPV�PXVW�GLUHFWO\�EH�XVDEOH�DW�WKH�ZRUNVWDWLRQ�RI�WKH
XVHU��,QVLJKWV�IURP�RSHUDWLRQV�PXVW�FRQWLQXRXVO\�IORZ�LQWR�WKH�PRGHOV�

7KH�LQWHJUDWHG�GHFLVLRQ�VXSSRUW�V\VWHPV�LV� ORQJ�WHUP�WKH�DFWXDO�DLP�RI�WKH�IXUWKHU�GHYHORSPHQW
SURFHVV�RI�WKH�WHFKQLFDO�&RPPDQG�DQG�&RQWURO�PHDQV�

�� WKH�LQWHJUDWHG�V\VWHP�VWRUHV�WKH�LQIRUPDWLRQ�RI�WKH�WUDQVSDUHQW�EDWWOH�VSDFH�
�� WKH�LQWHJUDWHG�V\VWHP�RI�GHFLVLRQ�VXSSRUW�V\VWHPV�SHUPLWV�WKH�VXLWDEOH�SUHSDUDWLRQ�RI�WKLV

LQIRUPDWLRQ�LQ�WHUPV�RI�VLWXDWLRQ��WDVN�DQG�OHYHO�

,W� PXVW� EH� SRVVLEOH� WR� SHUIRUP� UDSLG� GDWD� H[FKDQJH� EHWZHHQ� DOO� H[LVWLQJ� RU� QHZ� LQIRUPDWLRQ
V\VWHPV�ERWK� IRU�RSHUDWLRQV� DQG� IRU� WKH�SHDFHWLPH� VWDII� WDVNV� DQG�ZLWK� WKH�YDULRXV�PRGXOHV�RI



GHFLVLRQ�VXSSRUW�V\VWHPV��)URP�WKH�PLJUDWHG�VXE�V\VWHPV�DQG�RSHUDWLRQDO�V\VWHPV��WKH�,QWHJUDWHG
,QIRUPDWLRQ�6\VWHP�IRU� WKH�$UPHG�)RUFHV� LV� LQ� WKH� ORQJ� WHUP�JHQHUDWHG��)LQDOO\� WKH� LQWHJUDWHG
V\VWHP�PXVW�DFFHVV��DV�WKH�WHFKQLFDO�EDFNERQH�RI�WKH�WUDQVSDUHQW�EDWWOH�VSDFH�FRQVLGHUDEO\�PRUH
LQIRUPDWLRQ�WKDQ�V\VWHPV�WR�GDWH�

)URP� WKH� DQDO\]HG� HIIHFWV� RI� WKH� XVH� RI� GHFLVLRQ� VXSSRUW� V\VWHPV�� GHPDQGV� DUH� PDGH� RI� WKH
PLOLWDU\�FRPPDQGHU�DQG�KLV�VWDII��ZKLFK�PXVW�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�LQ�HGXFDWLRQ��WUDLQLQJ
DQG�H[HUFLVHV��7KH�XVH�RI�GHFLVLRQ�VXSSRUW� V\VWHPV�PDNHV�KLJK�GHPDQGV�RI� WKH�XVHU��'HFLVLRQ
VXSSRUW�V\VWHPV�PDNH�FRQWLQXRXV�WUDLQLQJ�RI�DOO�PHPEHUV�RI�PLOLWDU\�VWDII�DQG�WKH�FRPPDQGHUV�DW
WKH�&�,�V\VWHPV�D�PXVW��7KLV�IXQFWLRQV�RQO\�LI�WKH�VDPH�RU�VLPLODU�V\VWHPV�DUH�XVHG�LQ�SHDFHWLPH
DQG� IRU�PLOLWDU\� RSHUDWLRQV�� 7KLV�PHDQV�� WKDW� GHFLVLRQ� VXSSRUW� V\VWHPV� DQG� WKHLU� XVH� PXVW� EH
LQWHJUDWHG�DV�HDUO\�D�SRVVLEOH�LQ�WUDLQLQJ�DQG�GDLO\�XVH��:KDW�KDV�WR�EH�HQVXUHG�LV�WKDW�WKH�XVHU�RI
GHFLVLRQ�VXSSRUW�V\VWHPV�NQRZV�DQG�XQGHUVWDQGV� WKH�DVVXPSWLRQV�DQG� OLPLWV�RI� WKH� V\VWHP�DQG
WKH�25�PHWKRGV�WR�EH�DSSOLHG��'HFLVLRQ�VXSSRUW�V\VWHPV�WUDLQLQJ�PHDQV�WKHUHIRUH�DOVR�WUDLQLQJ�LQ
25�PHWKRGV�

7KH� SRVVLELOLWLHV� RI� SURWRW\SH� XVH� E\� WKH�PLOLWDU\� XVHU� RI� DQ� HYDOXDWLRQ�PRGHO�� L�H�� WKH� XVH� RI
H[LVWLQJ� GHFLVLRQ� VXSSRUW� V\VWHPV�� WKH� LQFOXVLRQ� RI� VLPXODWLRQ� V\VWHPV� DQG� FRUUHVSRQGLQJ
FRPPHUFLDO�VRIWZDUH�SURGXFWV��VKRXOG�EH�PDGH�IXOO�XVH�RI��,Q�WKH�PHGLXP�WHUP��WKH�PLJUDWLRQ�RI
H[LVWLQJ� V\VWHPV� WR� GHFLVLRQ� VXSSRUW� V\VWHPV� �ODERUDWRU\� RSHUDWLRQ�� LQWHULP� VROXWLRQ�� ILHOG
XVDELOLW\��LV�WR�EH�WDUJHWHG�

7KH�FRPSLODWLRQ�DQG�GRFXPHQWDWLRQ�RI�D�FRQFHSW�IRU�WKH�VHWWLQJ�XS��ILOOLQJ�DQG�PDLQWHQDQFH�RI�D
EDVLF� GDWDEDVH� IRU� GHFLVLRQ� VXSSRUW� V\VWHPV�� WDNLQJ� WKH� UHTXLUHPHQWV� PDGH� RI� WKH� LQWHJUDWHG
LQIRUPDWLRQ�V\VWHP�RI�WKH�$UP\�RU�WKH�)HGHUDO�$UPHG�)RUFHV�LQWR�FRQVLGHUDWLRQ��DUH�IXUWKHU�SUH�
UHTXLVLWHV� IRU� WKH� VXFFHVVIXO� XVH� RI� GHFLVLRQ� VXSSRUW� V\VWHPV�� 'HFLVLRQ� VXSSRUW� V\VWHPV� DUH
GHSOR\HG�LQ�EDWWOH�ZLWK�LQIRUPDWLRQ�DQG�IRU�LQIRUPDWLRQ�VXSHULRULW\��7KH\�FRQVLVW�WR�WKLV�HQG�RI�D
ZLGH�UDQJH�RI�LQGLYLGXDO�PRGXOHV�ZKLFK�PDNH�WKHLU�IXQFWLRQDOLW\�DYDLODEOH�WR�WKH�ZKROH�V\VWHP
YLD�VWDQGDUGL]HG�LQWHUIDFHV��,Q�SDUWLFXODU�DXWRPDWDEOH�GHFLVLRQV�DQG�VLPSOH��SUH�SODQQDEOH�URXWLQH
GHFLVLRQV�ZLOO�GHWHUPLQH�±�DW� OHDVW� LQ� WKH�PHGLXP� WHUP�±� WKH�FRPEDW�DUHDV�RI�GHFLVLRQ�VXSSRUW
V\VWHPV��,Q�WKLV�SURFHVV�WKH�GHFLVLRQ�VXSSRUW�V\VWHPV�VXSSRUW�WKH�PLOLWDU\�GHFLVLRQ�PDNHU�ZLWKRXW
UHSODFLQJ�KLP�

� 6XPPDU\�DQG�WKH�:D\�$KHDG

$V� DOUHDG\� KDYLQJ� EHHQ� VDLG� LQ� WKH� LQWURGXFWLRQ�� WKH� PHUJH� RI� &�,� FRPSRQHQWV� DQG� 25
FRPSRQHQWV�ZLOO�FKDUDFWHUL]H�WKH�IXWXUH�ZDUILJKWHU¶V�LQIRUPDWLRQ�V\VWHPV��7KH�LQFUHDVLQJ�XVH�RI
FRPPRQ�VWDQGDUGV��GDWD�PRGHOV�� DUFKLWHFWXUH�� DQG� UHXVDEOH�FRPPRQ�FRPSRQHQWV�ZLOO� IDFLOLWDWH
WKH� LQWHURSHUDELOLW\� RI� IXQFWLRQDO� FRPSRQHQWV� IURP� ERWK� ZRUOGV� OHDGLQJ� RQ� WKH� ORQJ� VFDOH� WR
KHWHURJHQHRXV� IHGHUDWLRQV� FRPSULVLQJ� WKH� IXQFWLRQDOLW\� RI� ERWK� ZRUOGV�� ,Q� WKH� IXWXUH�� WKH
GLVWLQFWLRQ�EHWZHHQ�V\VWHPV�IRU�V\VWHP�PRGHOLQJ��DFTXLVLWLRQ��UHTXLUHPHQWV�WHVWLQJ��WUDLQLQJ�DQG
HGXFDWLRQ�� ZDU� ILJKWLQJ�� RQOLQH� GHFLVLRQ� VXSSRUW� �$&2$� ±� DOWHUQDWLYH� FRXUVH� RI� DFWLRQ
GHYHORSPHQW� DQG� DQDO\VLV�� '773� ±� GHYHORSPHQW� RI� GRFWULQH� DQG� WDFWLFV�� WHFKQLTXHV�� DQG
SURFHGXUHV��� DQG�$$5�±� DIWHU� DFWLRQ� UHYLHZ�� DQG� RSHUDWLRQ¶V� HYDOXDWLRQ�ZLOO� YDQLVK�PRUH� DQG
PRUH�



7KH� GHSOR\PHQW� RI� GHFLVLRQ� VXSSRUW� V\VWHPV� LV� DOUHDG\� WRGD\� WHFKQLFDOO\� IHDVLEOH�� 'HFLVLRQ
VXSSRUW� V\VWHPV�ZLOO� UHOLHYH� WKH�PLOLWDU\� FRPPDQGHU� RI� VLPSOH� GHFLVLRQV� DQG� DOORZ� KLP�PRUH
IUHHGRP�DFWLRQ�IRU�KLV�UHDO�&RPPDQG�DQG�&RQWURO�WDVNV�DQG�FRPSOH[�GHFLVLRQV��0RUHRYHU��WKH\
FRQWULEXWH�GLUHFWO\�WR�WKH�IXOILOOPHQW�RI�WKH�UHTXLUHPHQWV�IRU�WKH�$UP\�RI�WKH�QHZ�PLOOHQQLXP��LQ
WKDW� GHFLVLRQ� VXSSRUW� V\VWHPV�PDNH� WKH� RSHUDWLRQDO� UHTXLUHPHQWV� NQRZQ�� QDPHO\� LQ� WKDW� WKH\
VXSSRUW� LQIRUPDWLRQ� VXSHULRULW\� LQ� RSHUDWLRQV� DQG� HQDEOH� DFFHVV� WR� WKH� LQIRUPDWLRQ� RI� WKH
³WUDQVSDUHQW� EDWWOH� VSDFH´� DQG� LWV� DGPLQLVWUDWLRQ� LQ� RZQ� LQIRUPDWLRQ� UHVSRQVLELOLW\�� SODQ
RSHUDWLRQV� LQ� WKH�EDWWOH�VSDFH��FRRUGLQDWH�DQG�KHOS�FRQWURO�� HQDEOH� WKH�QHHG�RULHQWHG�RSHUDWLRQV
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