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�,QVWLWXWH�RI�&RPSXWHU�6FLHQFH��)RXQGDWLRQ�IRU�5HVHDUFK�DQG�7HFKQRORJ\�±�+HOODV�
3�2��%R[������+HUDNOLRQ��*UHHFH

^FKULVWRS��KRXVWLV��ODOLV��KWVDODSD`#LFV�IRUWK�JU

$EVWUDFW��7KHUH� LV�DQ� LQFUHDVLQJ�QHHG� WR�SURYLGH�VFLHQWLVWV�DQG� UHVHDUFKHUV� DV
ZHOO� DV� SROLF\� PDNHUV� DQG� WKH� JHQHUDO� SXEOLF� ZLWK� YDOXH�DGGHG� VHUYLFHV
LQWHJUDWLQJ� LQIRUPDWLRQ� VSUHDG� RYHU� GLVWULEXWHG� KHWHURJHQHRXV� UHSRVLWRULHV�� ,Q
RUGHU�WR�LQFRUSRUDWH�DYDLODEOH�GDWD�VHWV�DQG�VFLHQWLILF�SURJUDPV�LQWR�D�SRZHUIXO
LQIRUPDWLRQ� DQG� FRPSXWDWLRQDO� V\VWHP� LW� LV�PDQGDWRU\� WR� LGHQWLI\� DQG� H[SORLW
WKHLU� VHPDQWLF� UHODWLRQVKLS�� )RU� WKLV� SXUSRVH�� ZH� DGYRFDWH� DQ� RQWRORJLFDO
IUDPHZRUN� WKDW� FDSWXUHV� WKHVH� UHODWLRQV� DQG� DOORZV� WKH� LQIHUHQFH� RI� YDOLG
FRPELQDWLRQV�RI�VFLHQWLILF�UHVRXUFHV�IRU� WKH�SURGXFWLRQ�RI�QHZ�GDWD��:H�VKRZ
KRZ� D� NQRZOHGJH� EDVH� WKDW� FRPPLWV� WR� DQ� RQWRORJ\� FDQ� EH� XVHG� WR� JHQHUDWH
ZRUNIORZV�RQ�GHPDQG�IRU�WKH�PXOWLSOLFLW\�RI�UHVRXUFHV�NQRZQ�WR�WKH�V\VWHP��7R
YDOLGDWH� RXU� LGHDV�� ZH� DUH� FXUUHQWO\� GHYHORSLQJ� D� SURWRW\SH� IRU� WKH� DUHD� RI
&RDVWDO�=RQH�0DQDJHPHQW�

��,QWURGXFWLRQ

7KH�UDSLG�GHYHORSPHQW�RI�GLVWULEXWHG�FRPSXWLQJ�LQIUDVWUXFWXUHV�DQG�WKH�JURZWK�RI�WKH
,QWHUQHW� DQG� WKH� :::� KDYH� UHYROXWLRQL]HG� WKH� PDQDJHPHQW�� SURFHVVLQJ�� DQG
GLVVHPLQDWLRQ�RI�VFLHQWLILF�LQIRUPDWLRQ��5HSRVLWRULHV�WKDW�KDYH�WUDGLWLRQDOO\�HYROYHG�LQ
LVRODWLRQ� DUH� QRZ� FRQQHFWHG� WR� JOREDO� QHWZRUNV� PDNLQJ� WKHLU� FRQWHQW� DYDLODEOH
ZRUOGZLGH��,Q�DGGLWLRQ��ZLWK�FRPPRQ�GDWD�H[FKDQJH�IRUPDWV�>��@��>��@��>��@��VWDQGDUG
GDWDEDVH� DFFHVV� LQWHUIDFHV� >��@�� >��@�� DQG� HPHUJLQJ� LQIRUPDWLRQ� PHGLDWLRQ� DQG
EURNHULQJ� WHFKQRORJLHV� �VHH� PLGGOHZDUH� VXSSRUW� LQ� WKH� FRQWH[W� RI� ,�� >��@� DQG� '/,
>��@���GDWD�UHSRVLWRULHV�FDQ�EH�DFFHVVHG�ZLWKRXW�NQRZOHGJH�RI�WKHLU�LQWHUQDO�V\QWD[�DQG
VWRUDJH� VWUXFWXUH�� )XUWKHUPRUH�� VHDUFK� HQJLQHV� >�@�� >��@�� >��@� DUH� HQDEOLQJ� XVHUV� WR
ORFDWH�GLVWULEXWHG�UHVRXUFHV�E\� LQGH[LQJ�DSSURSULDWH�PHWDGDWD�GHVFULSWLRQV� >��@�� >��@�
>��@�� >��@�� 2SHQ� FRPPXQLFDWLRQ� DUFKLWHFWXUHV� >�@�� >��@�� >��@� SURYLGH� VXSSRUW� IRU
ODQJXDJH�LQGHSHQGHQW� UHPRWH� LQYRFDWLRQ� RI� OHJDF\� FRGH� WKHUHE\� SDYLQJ� WKH� ZD\
WRZDUGV� D� JOREDOO\� GLVWULEXWHG� OLEUDU\� RI� VFLHQWLILF� SURJUDPV�� )LQDOO\�� ZRUNIORZ
PDQDJHPHQW�V\VWHPV�H[LVW�IRU�FRRUGLQDWLQJ�DQG�PRQLWRULQJ�WKH�H[HFXWLRQ�RI�VFLHQWLILF

����������������������������������������������������������
�� 7KLV� ZRUN� ZDV� VXSSRUWHG� LQ� SDUW� E\� WKH� 7+(7,6� 3URMHFW�� (8� 5HVHDUFK� RQ� 7HOHPDWLFV
3URJUDPPH��QU��)������85/��KWWS���ZZZ�LFV�IRUWK�JU�SOHLDGHV�7+(7,6�WKHWLV�KWPO�



FRPSXWDWLRQV�� 7KH� VWDQGDUGL]DWLRQ� DQG� LQWHURSHUDELOLW\� RI� ZRUNIORZ� V\VWHPV� LV
SXUVXHG�E\�WKH�:0&�>��@�

7KLV� WHFKQRORJ\� FDQ� EH� VXFFHVVIXOO\� XVHG� WR� DGGUHVV� V\VWHP�� V\QWDFWLF�� DQG
VWUXFWXUDO� LQWHURSHUDELOLW\� RI� GLVWULEXWHG� KHWHURJHQHRXV� VFLHQWLILF� UHSRVLWRULHV�
+RZHYHU��LQWHURSHUDELOLW\�DW�WKH�VHPDQWLF�OHYHO�UHPDLQV�D�FKDOOHQJLQJ�LVVXH�>��@��8VHUV
VWLOO� IDFH� WKH� SUREOHP� RI� LGHQWLI\LQJ� VFLHQWLILF� UHVRXUFHV� WKDW� FDQ� EH� FRPELQHG� WR
SURGXFH� QHZ� GDWD�� 7KLV� LV� RI� NH\� LPSRUWDQFH� IRU� SURYLGLQJ� ZLGHO\� GLYHUVLILHG� XVHU
JURXSV�ZLWK�DGYDQFHG��YDOXH�DGGHG�LQIRUPDWLRQ�VHUYLFHV�

,Q� WKLV� SDSHU� ZH� DGGUHVV� WKH� SUREOHP� RI� SURGXFLQJ� PHDQLQJIXO� FRPELQDWLRQV� RI
DYDLODEOH� GDWD� VHWV� DQG� VFLHQWLILF� SURJUDPV� WR� JHQHUDWH� GDWD� QHHGHG� IRU� D� SDUWLFXODU
WDVN� �H�J�� HQYLURQPHQWDO� SODQQLQJ�� IRUHFDVWLQJ��� :H� DGYRFDWH� DQ� RQWRORJLFDO
IUDPHZRUN� WKDW� FDSWXUHV� GRPDLQ� DQG� WDVN� VSHFLILF� NQRZOHGJH� LQ� WHUPV� RI� FRQFHSWV
DEVWUDFWLQJ� GDWD� VHWV�� DQG� UHODWLRQV� EHWZHHQ� WKHP� DEVWUDFWLQJ� LPSOHPHQWDWLRQV� RI
SK\VLFDO�PRGHOV��:H� VKRZ� KRZ� D�.QRZOHGJH�%DVH�6\VWHP� �.%6�� WKDW� FRPPLWV� WR
WKLV�RQWRORJ\�FDQ�LQIHU�YDOLG�FRPELQDWLRQV�RI�VFLHQWLILF�UHVRXUFHV��DOOHYLDWLQJ�WKH�QHHG
WR� PDQXDOO\� FRQVWUXFW� ZRUNIORZV�� 7KLV� SURFHVV� LV� G\QDPLF�� GHSHQGLQJ� RQ� WKH
DYDLODELOLW\� RI� GDWD� DQG� SURJUDPV�� 7R� YDOLGDWH� RXU� DSSURDFK�� ZH� DUH� FXUUHQWO\
GHYHORSLQJ�D�SURWRW\SH�IRU�&RDVWDO�=RQH�0DQDJHPHQW�>�@�

7KH� UHVW� RI� WKH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� �� SUHVHQWV� DQ� H[DPSOH
VFHQDULR�UHJDUGLQJ�WKH�JHQHUDWLRQ�RI�ZDVWH�WUDQVSRUW�GDWD�IRU�FRDVWDO�DUHDV��6HFWLRQ��
LQWURGXFHV� D� FRUUHVSRQGLQJ� DSSOLFDWLRQ�VSHFLILF� RQWRORJ\�� SURYLGHV� LWV� IRUPDO
UHSUHVHQWDWLRQ�LQ�D�.%6��DQG�LOOXVWUDWHV�WKH�JRDO�GULYHQ�JHQHUDWLRQ�RI�GDWD�SURGXFWLRQ
SDWKV�� ,Q� 6HFWLRQ� ��� D� V\VWHP� DUFKLWHFWXUH� WKDW� HPSOR\V� WKLV� DSSURDFK� WR� LQWHJUDWH
VFLHQWLILF� UHSRVLWRULHV� LV� VNHWFKHG�� 6HFWLRQ� �� JLYHV� DQ� RYHUYLHZ� RI� UHODWHG� ZRUN�
)LQDOO\��6HFWLRQ���FRQFOXGHV�DQG�VHWV�IXWXUH�UHVHDUFK�GLUHFWLRQV�

��$�6FHQDULR�IRU�&RDVWDO�=RQH�0DQDJHPHQW

(QYLURQPHQWDO� VFLHQWLVWV� DQG� SXEOLF� LQVWLWXWLRQV� ZRUNLQJ� RQ� &RDVWDO� =RQH
0DQDJHPHQW��&=0��RIWHQ�QHHG�WR�H[WUDFW�DQG�FRPELQH�GDWD�IURP�GLIIHUHQW�VFLHQWLILF
GLVFLSOLQHV�� VXFK� DV�PDULQH� ELRORJ\�� SK\VLFDO� DQG� FKHPLFDO� RFHDQRJUDSK\�� JHRORJ\�
DQG� HQJLQHHULQJ�� VWRUHG� LQ� GLVWULEXWHG� UHSRVLWRULHV�� &RQVLGHU�� IRU� LQVWDQFH�� WKH
WUDQVSRUW� RI� ZDVWH� LQ� D� SDUWLFXODU� FRDVWDO� DUHD� JLYHQ� D� SROOXWLRQ� VRXUFH�� /RFDO
DXWKRULWLHV�FRXOG�UHTXLUH�WKLV�LQIRUPDWLRQ�WR�GHWHUPLQH�WKH�EHVW�ORFDWLRQ�IRU�LQVWDOOLQJ
D�ZDVWH�SLSHOLQH�

7KLV�GDWD�LV�W\SLFDOO\�JHQHUDWHG�WKURXJK�D�WZR�VWHS�SURFHVV��LQYROYLQJ�WKH�H[HFXWLRQ
RI�WZR�GLIIHUHQW�SURJUDPV��DV�VKRZQ�LQ�)LJ������)LUVW��6HD�&LUFXODWLRQ�GDWD�LV�SURGXFHG
IRU� WKH� DUHD� RI� LQWHUHVW� YLD� DQ� 2FHDQ� &LUFXODWLRQ� PRGHO� WKDW� WDNHV� DV� LQSXW� ORFDO
%DWK\PHWU\�DQG�JOREDO��ERXQGDU\��&XUUHQW�FRQGLWLRQV��7KHQ��:DVWH�GDWD�LV�JHQHUDWHG
YLD�D�:DVWH�7UDQVSRUW�PRGHO�WKDW�WDNHV�DV�LQSXW�ORFDO�6HD�&LUFXODWLRQ�DQG�%DWK\PHWU\
GDWD�DV�ZHOO�DV�WKH�FKDUDFWHULVWLFV�RI�WKH�SROOXWLRQ�VRXUFH�



)LJ�����&RPELQDWLRQ�RI�GDWD�DQG�SURJUDPV�IRU�SURGXFLQJ�ZDVWH�WUDQVSRUW�GDWD��7KH�SURGXFWLRQ
RI� 6HD� &LUFXODWLRQ� GDWD� LV� VNHWFKHG� RQ� WKH� OHIW� ZKLOH� WKH� SURGXFWLRQ� RI�:DVWH� GDWD�� ZKLFK
GHSHQGV�RQ�WKH�H[LVWHQFH�RI�6HD�&LUFXODWLRQ�GDWD��LV�JLYHQ�RQ�WKH�ULJKW�

3URYLGHG�WKDW�WKH�XVHU�KDV�QR�NQRZOHGJH�RI�WKLV�LQIRUPDWLRQ��WKH�IROORZLQJ�DFWLRQV�DUH
QHFHVVDU\� WR� GLVFRYHU� ZKLFK� SURGXFWLRQV� FDQ� EH� XVHG� WR� REWDLQ� :DVWH� GDWD� IRU� D
SDUWLFXODU�FRDVWDO�DUHD�XVLQJ�WKH�DYDLODEOH�UHVRXUFHV�

���/RFDWH� :DVWH� GDWD� VWRUHG� LQ� WKH� GLVWULEXWHG� UHSRVLWRULHV�� 7KLV� LV� W\SLFDOO\� GRQH
WKURXJK�D� VHDUFK� HQJLQH� WKDW� WDNHV� DV� LQSXW� D� IHZ�NH\ZRUGV� DQG� UHWXUQV� D� OLVW� RI
UHOHYDQW�UHVRXUFH�GHVFULSWLRQV��PHWDGDWD��DYDLODEOH�LQ�WKH�UHSRVLWRULHV�

���'HWHUPLQH�XVDELOLW\�RI�VHDUFK�UHVXOWV��'XH�WR�WKH�FRPSOH[LW\�RI�VFLHQWLILF�PHWDGDWD
WKLV�UHTXLUHV�D�GHWDLOHG�LQVSHFWLRQ��DV�RSSRVHG�WR�FDVXDO�EURZVLQJ��RI�WKH�UHWXUQHG
GHVFULSWLRQV��WKH�)*'&�VWDQGDUG��IRU�H[DPSOH��LV�VHYHUDO�SDJHV�ORQJ�

��� ,I�QR�:DVWH�GDWD� WKDW� VDWLVILHV� WKH�XVHU� UHTXLUHPHQWV� LV� DYDLODEOH� �H�J�� WKHUH� LV� QR
GDWD�IRU�WKH�SDUWLFXODU�FRDVWDO�DUHD���ORFDWH�SURJUDPV�FDSDEOH�RI�SURGXFLQJ�WKLV�GDWD�
$JDLQ�� WKLV� LQYROYHV� D�PHWDGDWD� VHDUFK� DQG� H[DPLQDWLRQ� RI� WKH� UHWXUQHG� SURJUDP
GHVFULSWLRQV�

���+DYLQJ�LGHQWLILHG�DQ�DSSURSULDWH�SURJUDP��L�H��D�:DVWH�7UDQVSRUW�PRGHO��GHWHUPLQH
WKH�UHTXLUHG�LQSXW��,GHDOO\��WKLV�LQIRUPDWLRQ�LV�SDUW�RI�WKH�SURJUDP¶V�PHWDGDWD��HOVH
LW�PXVW�EH�DFTXLUHG�E\�FRQWDFWLQJ�WKH�FUHDWRUV�RI�WKH�SURJUDP�

���)RU� HDFK� LQSXW�� ORFDWH� DSSURSULDWH� VRXUFHV� RU� GHWHUPLQH� ZD\V� WR� SURGXFH
FRUUHVSRQGLQJ�GDWD� VHWV��)RU� LQVWDQFH�� LI�6HD�&LUFXODWLRQ�GDWD� LV� QRW� DYDLODEOH� IRU
WKH�DUHD�RI�LQWHUHVW�WKH�SRVVLELOLW\�RI�SURGXFLQJ�LW�YLD�DQ�2FHDQ�&LUFXODWLRQ�PRGHO
PXVW�EH�SXUVXHG�

,W�EHFRPHV�HYLGHQW�WKDW�PDQXDO�GLVFRYHU\�RI�FRPELQDWLRQV�RI�GDWD�VHWV�DQG�SURJUDPV
WKDW� FDQ� OHDG� WR� WKH� SURGXFWLRQ� RI� GHVLUHG� GDWD� LV� WHGLRXV�� ,W� UHTXLUHV� D� ULJRURXV
LQYHVWLJDWLRQ�DQG�XQGHUVWDQGLQJ�RI�PHWDGDWD�GHVFULSWLRQV��7KLV�LV�GLIILFXOW� IRU�D�QRQ�
H[SHUW�RSHUDWLQJ� LQ�D�PXOWLGLVFLSOLQDU\�HQYLURQPHQW�� ,Q�DGGLWLRQ�� WKH�XVHU�PXVW� NHHS

&XUUHQWV %DWK\PHWU\
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0RGHO
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WUDFN� RI� LQWHUUHODWHG� VHDUFKHV� WR� GLVFRYHU� SRVVLEOH� ZD\V� RI� SURGXFLQJ� GDWD� IRU� D
SDUWLFXODU�WDVN��$V�VKRZQ�LQ�WKH�DERYH�H[DPSOH��WKLV�FDQ�EH�KDUG�WR�DFKLHYH�HYHQ�IRU�D
UHODWLYHO\�VLPSOH�VFHQDULR�ZLWK�PHUHO\�D�FRXSOH�RI�LQWHUPHGLDWH�FRPSXWDWLRQ�VWHSV�

7KHUHIRUH�� VXSSRUW� IRU� GHULYLQJ� YDOLG� FRPELQDWLRQV� RI� GDWD� DQG� SURJUDPV� LQ� D
VWUDLJKWIRUZDUG� ZD\� LV� LQYDOXDEOH�� SDUWLFXODUO\� IRU� ODUJH� LQIRUPDWLRQ� V\VWHPV�� 7R
DFKLHYH�WKLV��ZH�XVH�D�.QRZOHGJH�%DVH�6\VWHP��.%6��WKDW�FDSWXUHV�WKH�H[SHUWLVH�RI
VFLHQWLVWV� UHJDUGLQJ� WKH� VHPDQWLF� UHODWLRQVKLSV� EHWZHHQ� VFLHQWLILF� UHVRXUFHV�� 7KLV
DOORZV� RQ�GHPDQG� JHQHUDWLRQ� RI� GDWD� SURGXFWLRQ� SDWKV�ZLWKRXW� VLJQLILFDQW� HIIRUW� RQ
WKH�XVHU¶V�EHKDOI�

��,QWHJUDWLRQ�RI�6FLHQWLILF�5HVRXUFHV�YLD�D�.%6

,Q�WKH�IROORZLQJ��ZH�SUHVHQW�RXU�DSSURDFK�E\�LQWURGXFLQJ�DQ�RQWRORJ\�DORQJ�WKH�OLQHV
RI�WKH�:DVWH�7UDQVSRUW�VFHQDULR��7KHQ��ZH�VKRZ�KRZ�WKLV�RQWRORJ\�FDQ�EH�FDSWXUHG�LQ
WKH� IRUP� RI� UXOHV� VWRUHG� LQ� D� .%6� WR� VXSSRUW� JRDO�GULYHQ� JHQHUDWLRQ� RI� YDOLG
SURGXFWLRQV�

����$Q�2QWRORJ\�IRU�WKH�:DVWH�7UDQVSRUW�6FHQDULR

$Q� RQWRORJ\� >�@� GHVFULEHV� FRQFHSWV� DQG� UHODWLRQVKLSV� DPRQJ� WKHP� UHODWHG� WR� D
SDUWLFXODU� GRPDLQ�� WDVN�� RU� DSSOLFDWLRQ��2QWRORJLHV� FDQ� EH� XVHG� WR� VKDUH� NQRZOHGJH
DERXW�VSHFLILF�DVSHFWV�RI�WKH�UHDO�ZRUOG�EHWZHHQ�LQGLYLGXDO�DJHQWV�LQ�DQ�XQDPELJXRXV
ZD\�� 7KXV�� DV� VWUHVVHG� LQ� >��@�� FDSWXULQJ� FRPPRQO\� DJUHHG� NQRZOHGJH� LQ� WHUPV� RI
RQWRORJLHV�LV�D�PDMRU�VWHS�WRZDUGV�DGGUHVVLQJ�VHPDQWLF�LQWHURSHUDELOLW\�LQ�LQIRUPDWLRQ
V\VWHPV�

,Q�(QYLURQPHQWDO�6FLHQFHV��FRQFHSWV�VXFK�DV�$LU��:DWHU��:DYH��DQG�:DVWH�JLYH�WKH
LQWULQVLF�PHDQLQJ�RI�GDWD�DQG�SURJUDPV�UHVLGLQJ�LQ�WKH�UHSRVLWRULHV���$VVRFLDWHG�ZLWK
WKHVH� FRQFHSWV� DUH� VHYHUDO� SK\VLFDO� QRWLRQV� VXFK� DV� ORFDWLRQ�� JULG�� RU� WLPH� WKDW� DUH
HQFRXQWHUHG� LQ� WKH� YDULRXV� JHRVSDWLDO� DQG� HQYLURQPHQWDO� PHWDGDWD� VWDQGDUGV� �H�J�
)*'&�� 8'.��� $Q� RQWRORJLFDO� IRXQGDWLRQ� RI� WKLV� NQRZOHGJH� SURYLGHV� D� IRUPDO
IUDPHZRUN�IRU�LQIHUULQJ�YDOLG�FRPELQDWLRQV�RI�DYDLODEOH�VFLHQWLILF�UHVRXUFHV�UHJDUGLQJ
FRQFUHWH�HQYLURQPHQWDO�SUREOHPV��H�J��:DVWH�0DQDJHPHQW�

7\SLFDO� UHDO�ZRUOG� DSSOLFDWLRQV� \LHOG� DQ� RQWRORJ\� WKDW� LQFOXGHV� QXPHURXV
LQWULFDWHO\�UHODWHG�FRQFHSWV���)RU�WKH�SXUSRVHV�RI�WKLV�SDSHU��ZH�FRQVLGHU�PHUHO\�D�SDUW
RI�VXFK�DQ�DOO�HQFRPSDVVLQJ�RQWRORJ\�ZKHUH�VLPSOLILHG�&=0�FRQFHSWV�DUH�LOOXVWUDWHG
IRU� WKH�:DVWH� 7UDQVSRUW� VFHQDULR� �)LJ�� ���� 2QWRORJ\� FRQFHSWV� DEVWUDFW� GDWD� VHWV� RI
HQYLURQPHQWDO� LQIRUPDWLRQ�� 5HODWLRQV� EHWZHHQ� WKH� FRQFHSWV� UHSUHVHQW� WKH� SURJUDPV
HPSOR\HG�WR�SURGXFH�VXFK�GDWD��$V�DQ�H[DPSOH��:DVWH�7UDQVSRUW�PRGHOV�DUH�YLHZHG
DV� IXQFWLRQV� PDSSLQJ� 6HD� &LUFXODWLRQ� DQG� %DWK\PHWU\� GDWD� RQWR� :DVWH� GDWD�� IRU
VLPSOLFLW\��WKH�FKDUDFWHULVWLFV�RI�WKH�SROOXWLRQ�VRXUFH�DUH�RPLWWHG�� ,W�PXVW�EH�SRLQWHG
RXW�WKDW�VHYHUDO�GLIIHUHQW�LPSOHPHQWDWLRQV�RI�VFLHQWLILF�PRGHOV�FDQ�EH�LQVWDQFHV�RI�WKH
VDPH�DEVWUDFW�VHPDQWLF�UHODWLRQVKLS�EHWZHHQ�FRQFHSWV��)RU�H[DPSOH��WKHUH�PD\�EH�WZR
����������������������������������������������������������
��7KHUH�LV�RQJRLQJ�HIIRUW�IRU�WKH�GHILQLWLRQ�RI�DQ�RQWRORJ\�LQ�WKH�DUHD�RI�2FHDQ�(QJLQHHULQJ�DW
0,7�>��@�



SURJUDPV� LPSOHPHQWLQJ� WKH�:DVWH�7UDQVSRUW�0RGHO� UHODWLRQ��SURGXFLQJ� UHVXOWV�ZLWK
GLIIHUHQW�SUHFLVLRQ�RU�IRU�GLIIHUHQW�ORFDWLRQV�

)LJ�� ��� $� WDVN�VSHFLILF� RQWRORJ\� IRU� WKH� :DVWH� 7UDQVSRUW� DSSOLFDWLRQ�� LQWURGXFLQJ� *OREDO
&XUUHQWV��%DWK\PHWU\��6HD�&LUFXODWLRQ�� DQG�:DVWH� FRQFHSWV� �GDWD�DEVWUDFWLRQV�� WKDW�EHORQJ� LQ
ZLGHU�WKHPDWLF�DUHDV�RI�&=0��7KHVH�FRQFHSWV�DUH�OLQNHG�WKURXJK�2FHDQ�&LUFXODWLRQ�0RGHO�DQG
:DVWH�7UDQVSRUW�0RGHO�UHODWLRQV��SURJUDP�DEVWUDFWLRQV��

7KH�VHPDQWLFV�RI�WKLV�RQWRORJ\�DUH�JLYHQ�E\�WKH�LQWHUSUHWDWLRQ�RI�WKH�YDULRXV�FRQFHSWV
DQG� UHODWLRQV� DEVWUDFWLQJ� WKH� XQGHUO\LQJ� VFLHQWLILF� UHVRXUFHV�� )RU� WKLV� SXUSRVH�� ZH
IROORZ�DQ�LQWHQWLRQDO�GHILQLWLRQ�RI�RQWRORJ\�QRWLRQV�XVLQJ�DWWULEXWHV�VXFK�DV�ORFDWLRQ�
JULG�UHVROXWLRQ��HWF��ZKLFK�GHVFULEH�WKH�SURSHUWLHV�RI�VFLHQWLILF�UHVRXUFHV�DQG�DUH�XVHG
WR� IXUWKHU� VSHFLI\� WKH� UHODWLRQV� EHWZHHQ� WKHP�� )URP� D� ORJLFDO� YLHZSRLQW�� WKH
GHVFULSWLRQV� IRUP� D� VHW� RI� D[LRPDWLF� UXOHV�� ZKLFK� DUH� FRQVLGHUHG� WR� EH� WUXH
LQGHSHQGHQWO\�RI�WKH�DFWXDO�FRQWHQW�RI�WKH�XQGHUO\LQJ�UHSRVLWRULHV�

����7KH�.QRZOHGJH�%DVH

,Q� RUGHU� WR� DOORZ� UHDVRQLQJ� RQ� WKH� FRPELQDWLRQ� DOWHUQDWLYHV� EHWZHHQ� GDWD� DQG
SURJUDPV� ZH� DGYRFDWH� D� GHILQLWLRQ� RI� WKH� RQWRORJ\� QRWLRQV� LQ� D� .%6� XVLQJ� +RUQ
&ODXVHV���$Q�RQWRORJ\�QRWLRQ�1� LV�GHILQHG�DV�D�FODXVH�1�$��$������$Q���ZKHUH
$���$�������$Q�DUH�LW
V�DWWULEXWHV��5HODWLRQV�EHWZHHQ�FRQFHSWV�DUH�H[SUHVVHG�DV�UXOHV�RI
WKH�IRUP

����������������������������������������������������������
�� ,Q� WKLV� FRQWH[W�� RWKHU� NQRZOHGJH� UHSUHVHQWDWLRQ� DQG� UHDVRQLQJ� IRUPDOLVPV�� OLNH�'HVFULSWLRQ
/RJLF�>��@��DUH�OHVV�VXLWHG�IRU�KDQGOLQJ�DUELWUDU\�DULW\�UHDVRQLQJ�

3K\VLFDO

2FHDQRJUDSK\

&=0

6HD
&LUFXODWLRQ

&KHPLFDO

2FHDQRJUDSK\

%DWK\PHWU\

:DVWH
*OREDO
&XUUHQWV

2FHDQ
&LUFXODWLRQ

0RGHO

:DVWH
7UDQVSRUW

0RGHO



1�$��$������$Q���
1��$������$Q������1Q�$������$Q��([SU�$������$Q�

ZKHUH� ³��´� GHQRWHV� LPSOLFDWLRQ� DQG� ´�´� FRQMXQFWLRQ�� 7KH� UXOH� ERG\� LQFOXGHV
SURJUDP� DQG� GDWD� FRQFHSWV� 1L� DV� ZHOO� DV� FRQVWUDLQWV� ([SU�� H�J�� SDUDPHWHU
UHVWULFWLRQV�� IRU� GHGXFLQJ� WKH� QRWLRQ� DSSHDULQJ� DV� D� FRQVHTXHQW� LQ� WKH� UXOH� KHDG�
([DFWO\�RQH�OLWHUDO�LQ�WKH�ERG\�GHVFULEHV�WKH�FRUUHVSRQGLQJ�SURJUDP�QRWLRQ��7KH�UHVW
RI�WKH�OLWHUDOV�VWDQG�IRU�WKH�GHVFULSWLRQ�RI�LQSXW�GDWD�UHTXLUHG�E\�WKDW�SURJUDP�

$FFRUGLQJ�WR�WKLV�QRWDWLRQ�� WKH� IROORZLQJ�FODXVHV�GHILQH� WKH�QRWLRQV� LQWURGXFHG�LQ
WKH�DERYH�RQWRORJ\��ZLWK�FRQVLGHUDEO\�VLPSOLILHG�DWWULEXWH�VHWV��

%DWK\PHWU\�/RFDWLRQ�*ULG5HV�
([W&XUUHQWV�/RFDWLRQ�*ULG5HV�
6HD&LUF�/RFDWLRQ�*ULG5HV�
:DVWH�/RFDWLRQ�*ULG5HV�
2FHDQ&LUF0RGHO�/RFDWLRQ�*ULG5HV�
:DVWH7UDQVS0RGHO�/RFDWLRQ�*ULG5HV�

,Q�DGGLWLRQ��WKH�RQWRORJ\�UHODWLRQV�VKRZQ�LQ�)LJ����DUH�IRUPDOL]HG�XVLQJ�WZR�UXOHV�

5�� 6HD&LUF�/RFDWLRQ�*ULG5HV����
2FHDQ&LUF0RGHO�/RFDWLRQ�*ULG5HV��
([W&XUUHQWV�/RFDWLRQ�*ULG5HV¶��
%DWK\PHWU\�/RFDWLRQ�*ULG5HV¶¶��
*ULG5HV�� �*ULG5HV¶�
*ULG5HV�� �*ULG5HV¶¶�

5�� :DVWH�/RFDWLRQ�*ULG5HV����
:DVWH7UDQVS0RGHO�/RFDWLRQ�*ULG5HV��
6HD&LUF�/RFDWLRQ�*ULG5HV¶��
%DWK\PHWU\�/RFDWLRQ�*ULG5HV¶¶��
*ULG5HV�� �*ULG5HV¶�
*ULG5HV�� �*ULG5HV¶¶�

5XOH�5��VWDWHV�WKDW�6HD�&LUFXODWLRQ�GDWD�IRU�D�VSHFLILF�ORFDWLRQ�DQG�JULG�UHVROXWLRQ�FDQ
EH� GHULYHG� IURP� ORFDO� %DWK\PHWU\� DQG� H[WHUQDO� &XUUHQW� GDWD� XVLQJ� DQ� 2FHDQ
&LUFXODWLRQ�SURJUDP��6LPLODUO\��UXOH�5��VWDWHV�WKDW�:DVWH�GDWD�IRU�D�VSHFLILF�ORFDWLRQ
DQG� JULG� UHVROXWLRQ� FDQ� EH� SURGXFHG� E\� FRPELQLQJ� 6HD� &LUFXODWLRQ� ZLWK� ORFDO
%DWK\PHWU\�GDWD�YLD�D�:DVWH�7UDQVSRUW�SURJUDP�

5HPDUN��,Q�WKH�DERYH�UXOHV��³� ´�GHQRWHV�KLJKHU�RU�HTXDO�JULG�UHVROXWLRQ��IRU�H[DPSOH
��P�� �P��DQG���P�� �P��

&ODXVHV�ZLWKRXW�D�ERG\��FDOOHG�IDFWV��DUH�LQVWDQFHV�RI�DEVWUDFW�QRWLRQV��:LWKRXW�ORVV�RI
JHQHUDOLW\�� LQ� WKH� IROORZLQJ�ZH� XVH� VWULQJV� WR� GHQRWH� DWWULEXWH� YDOXHV�� /RFDWLRQV� DUH
VSHFLILHG� WKURXJK� V\PEROLF� QDPHV� LQ� SODFH� RI� JHRJUDSKLFDO� FR�RUGLQDWHV� WR� HQKDQFH
UHDGDELOLW\��)RU�H[DPSOH��6HD&LUF�+(5���P���VWDQGV�IRU���'�6HD�&LUFXODWLRQ�IRU
WKH� DUHD� RI� +HUDNOLRQ� ZLWK� D� JULG� UHVROXWLRQ� RI� WHQ� FXELF� PHWHUV�� 6LPLODUO\�
:DVWH7UDQVS0RGHO�+(5��P��� VWDQGV� IRU� D� :DVWH� 7UDQVSRUW� SURJUDP� WKDW



FRPSXWHV� ��'�:DVWH� GDWD� IRU� WKH� DUHD� RI� +HUDNOLRQ� ZLWK� D� JULG� UHVROXWLRQ� RI� RQH
VTXDUH�PHWHU�

)DFWV� DUH� HLWKHU� H[WHQVLRQDO�� LQGLFDWLQJ� DYDLODEOH� GDWD� VHWV� RU� SURJUDPV�� RU
LQWHQWLRQDO��GHQRWLQJ�GDWD�VHWV�WKDW�FDQ�EH�JHQHUDWHG�WKURXJK�SURJUDPV��1RWDEO\��WKHUH
LV� QR� QHHG� WR� H[SOLFLWO\� VWRUH� IDFWV� LQ� WKH� .%6�� ,QWHQWLRQDO� IDFWV� DUH� G\QDPLFDOO\
GHGXFHG� WKURXJK� UXOHV�� ([WHQVLRQDO� IDFWV� FDQ� EH� FRQVWUXFWHG� ³RQ�WKH�IO\´� YLD� D
PHWDGDWD�VHDUFK�HQJLQH�WKDW�ORFDWHV�WKH�FRUUHVSRQGLQJ�UHVRXUFHV�

����2Q�GHPDQG�*HQHUDWLRQ�RI�'DWD�3URGXFWLRQ�3DWKV

*LYHQ� WKLV� IRUPDO� UHSUHVHQWDWLRQ� RI� WKH� RQWRORJ\�� UHTXHVWV� IRU� GDWD� SURGXFWLRQV
WUDQVODWH� LQWR�TXHULHV� WR� WKH�NQRZOHGJH�EDVH��$�TXHU\� LV�D�GHVFULSWLRQ�RI� WKH�GHVLUHG
UHVRXUFH�LQ�WHUPV�RI�DQ�RQWRORJ\�FRQFHSW��,W�PXVW�EH�VDWLVILHG�WKURXJK�H[WHQVLRQDO�RU
LQWHQWLRQDO� IDFWV�� WKH� ODWWHU� EHLQJ� VXE�TXHULHV� UHTXLULQJ� IXUWKHU� H[SDQVLRQ�� 7KLV
LWHUDWLYH�PDWFKLQJ�SURFHVV� WDNHV� LQWR�DFFRXQW�DOO�SRVVLEOH� FRPELQDWLRQV�RI� UXOHV� DQG
H[WHQVLRQDO� IDFWV��7KH� UHVXOW� LV� D� VHW� RI� WUHHV��ZKRVH�QRGHV� DUH� LQWHQWLRQDO� IDFWV� DQG
OHDYHV�DUH�H[WHQVLRQDO�IDFWV��HPERG\LQJ�DOO�YDOLG�SURGXFWLRQ�SDWKV�WKURXJK�ZKLFK�GDWD
IRU�WKH�TXHULHG�FRQFHSW�FDQ�EH�JHQHUDWHG�

)LJ�� ��� 3URGXFWLRQV� IRU�:DVWH� GDWD�� DV� SUHVHQWHG� WR� WKH� XVHU� E\� D� JUDSKLFDO� XVHU� LQWHUIDFH�
([WHQVLRQDO�IDFWV�DUH�GHSLFWHG� LQ� OLJKW�JUD\�ZKLOH� LQWHQWLRQDO� IDFWV��GHULYHG� WKURXJK� UXOHV��DUH
GHSLFWHG�LQ�GDUN�JUD\��3URJUDP�DQG�GDWD�QRGHV�DSSHDU�DV�VTXDUHV�DQG�EXOOHWV�UHVSHFWLYHO\�

7KURXJK� D� JUDSKLFDO� XVHU� LQWHUIDFH� LPSOHPHQWHG� RQ� WRS� RI� WKH� .%6� WKH� XVHU� PD\
H[SORUH�YDOLG�GDWD�SURGXFWLRQV� LQ�D�VWUDLJKWIRUZDUG�ZD\��7KH�*8,�LV� UHVSRQVLEOH� IRU
IRUZDUGLQJ�XVHU�TXHULHV�WR�WKH�.%6��UHFHLYLQJ�DQG�LQWHUSUHWLQJ�WKH�UHVXOWLQJ�WUHHV��DQG
GLVSOD\LQJ�WKLV�LQIRUPDWLRQ�

%DWK\PHWU\
�+(5���P��

([W&XUUHQWV
�+(5���P��

2FHDQ&LUF0RGHO
�+(5���P��

6HD&LUF
�+(5���P��

:DVWH
�+(5���P��

:DVWH7UDQVS0RGHO
�+(5���P��

%DWK\PHWU\
�+(5���P��

6HD&LUF
�+(5���P��

:DVWH
�+(5���P��

:DVWH7UDQVS0RGHO
�+(5���P��

%DWK\PHWU\
�+(5���P��



7R�LOOXVWUDWH�WKH�RQ�GHPDQG�JHQHUDWLRQ�RI�GDWD�SURGXFWLRQ�SDWKV��OHW�XV�DVVXPH�WKDW
WKH� IROORZLQJ� UHVRXUFHV� DUH� DYDLODEOH� LQ� WKH� V\VWHP� UHSRVLWRULHV�� H[SUHVVHG� DV
H[WHQVLRQDO�IDFWV�

%DWK\PHWU\�+(5���P��
([W&XUUHQWV�+(5���P��
2FHDQ&LUF0RGHO�+(5���P��
6HD&LUF�+(5���P��
:DVWH7UDQVS0RGHO�+(5���P��
:DVWH7UDQVS0RGHO�+(5���P��

7KH� XVHU� FDQ� LQTXLUH� RQ� WKH� FRQFHSW� RI�:DVWH� ZLWKRXW� UHVWULFWLQJ� DQ\� DWWULEXWHV� E\
SRVLQJ� WKH� TXHU\�:DVWH�;�<��� 7KH� UHVXOW� ZLOO� EH� D� JUDSKLFDO� SUHVHQWDWLRQ� RI� DOO
SURGXFWLRQV� IRU� REWDLQLQJ� WKLV� GDWD� �DV� VKRZQ� LQ� )LJ�� ���� 7ZR� GLIIHUHQW� SURGXFWLRQ
SDWKV�DUH�SRVVLEOH�IRU�REWDLQLQJ�:DVWH�GDWD��IRU�GLIIHUHQW�VHWV�RI�DWWULEXWHV��RQH�IRU�WKH
DUHD�RI�+HUDNOLRQ�LQ���'�ZLWK�D���P��UHVROXWLRQ�DQG�RQH�IRU�WKH�DUHD�RI�+HUDNOLRQ�LQ
��'�ZLWK�D���P��UHVROXWLRQ��,Q�WKH�ILUVW�SURGXFWLRQ��WKH�6HD�&LUFXODWLRQ�GDWD�QHHGHG�E\
WKH�:DVWH�7UDQVSRUW�PRGHO�PXVW�EH�FRPSXWHG�YLD�DQ�2FHDQ�&LUFXODWLRQ�PRGHO��,Q�WKH
VHFRQG�SURGXFWLRQ��WKH�UHTXLUHG�6HD�&LUFXODWLRQ�GDWD�LV�DOUHDG\�DYDLODEOH�

7KH�SURGXFWLRQ�WUHHV�GHSHQG�RQ�WKH�DWWULEXWH�FRQVWUDLQWV�SRVHG�E\�WKH�XVHU�DQG�RQ
UHVRXUFH�DYDLODELOLW\��)RU�H[DPSOH�� WKH�DGGLWLRQ�RI�D� UHSRVLWRU\�FRQWDLQLQJ�DQ�2FHDQ
&LUFXODWLRQ� PRGHO� IRU� WKH� FRPSXWDWLRQ� RI� ��'� 6HD� &LUFXODWLRQ� GDWD� FRXOG� UHVXOW� LQ
IXUWKHU�SRVVLEOH�SURGXFWLRQ�WUHHV��ZKLFK�ZRXOG�EH�GLVSOD\HG�LQ�VXEVHTXHQW�TXHULHV��2Q
WKH� RWKHU� KDQG�� WKH� XVHU� FRXOG� UHTXHVW�:DVWH� GDWD� IRU� D� JULG� UHVROXWLRQ� RI� ��P��� LQ
ZKLFK�FDVH�RQO\�WKH�SURGXFWLRQ�RQ�WKH�ULJKW�RI�)LJ����ZRXOG�EH�JHQHUDWHG��6LPLODUO\�
WKH�UHVROXWLRQ�DWWULEXWH�FRXOG�EH�UHVWULFWHG�WR���P��WKHUHE\�UHVXOWLQJ�LQ�WKH�SURGXFWLRQ
RQ�WKH�OHIW�RI�)LJ����

��7RZDUGV�DQ�$UFKLWHFWXUH�IRU�,QWHJUDWHG�6FLHQWLILF�5HSRVLWRULHV

:H� VWURQJO\� EHOLHYH� WKDW� D�.%6� DORQJ� WKH� OLQHV� RI� WKLV� SDSHU� ZLOO� EH� SDUW� RI� QH[W�
JHQHUDWLRQ�VFLHQWLILF� LQIRUPDWLRQ�DQG�H[SHULPHQW�PDQDJHPHQW� V\VWHPV��6SHFLILFDOO\�
ZH�HQYLVLRQ� DQ� DGYDQFHG�PLGGOHZDUH� DUFKLWHFWXUH� WKDW� VHDPOHVVO\� LQWHJUDWHV�'LJLWDO
/LEUDU\�� ,QWHOOLJHQW� ,QIRUPDWLRQ� ,QWHJUDWLRQ�� DQG� :RUNIORZ� WHFKQRORJ\�� ,W� LV
FRPSULVHG�RI�WKUHH�PDLQ�PRGXOHV��WKH�0HWDGDWD�6HDUFK�(QJLQH��WKH�.QRZOHGJH�%DVH
6\VWHP�� DQG� WKH�:RUNIORZ�5XQWLPH��ZKLFK� FR�RSHUDWH� WR� SURYLGH� WKH� XVHU�ZLWK� WKH
GHVLUHG� IXQFWLRQDOLW\��7KH�DUFKLWHFWXUH� LV� VKRZQ� LQ�)LJ�� ���7KH� IXQFWLRQDOLW\�RI� HDFK
FRPSRQHQW�LV�EULHIO\�GHVFULEHG�LQ�WKH�IROORZLQJ�

7KH�0HWDGDWD�6HDUFK�(QJLQH� LV� UHVSRQVLEOH� IRU� ORFDWLQJ� H[WHUQDO� UHVRXUFHV�� HLWKHU
GDWD�VHWV�RU�SURJUDPV��,W�PD\�DOVR�UHWULHYH�FRPSOHPHQWDU\� LQIRUPDWLRQ�VWRUHG� LQ� WKH
UHSRVLWRULHV��H�J��XVHU�GRFXPHQWDWLRQ�RQ� WKH� DYDLODEOH� UHVRXUFHV��7KH�6HDUFK�(QJLQH
DFFHSWV�PHWDGDWD�TXHULHV�RQ�WKH�SURSHUWLHV�RI�UHVRXUFHV�DQG�UHWXUQV�D�OLVW�RI�PHWDGDWD
GHVFULSWLRQV�DQG� UHIHUHQFHV��5HIHUHQFHV�SRLQW� WR� UHSRVLWRU\�ZUDSSHUV��ZKLFK�SURYLGH
DQ�DFFHVV� DQG� LQYRFDWLRQ� LQWHUIDFH� WR� WKH�XQGHUO\LQJ� OHJDF\� V\VWHPV�ZKHUH� WKH� GDWD
DQG�SURJUDPV�UHVLGH�



7KH�.QRZOHGJH�%DVH�6\VWHP�DFFHSWV�TXHULHV�UHJDUGLQJ�WKH�DYDLODELOLW\�RI�RQWRORJ\
FRQFHSWV�� ,W� JHQHUDWHV� DQG� UHWXUQV� WKH� FRUUHVSRQGLQJ� GDWD� SURGXFWLRQV� EDVHG� RQ� WKH
DYDLODEOH� UHVRXUFHV� DQG� WKH� FRQVWUDLQWV� LPSRVHG� E\� WKH� RQWRORJ\� UXOHV�� 7KHVH
SURGXFWLRQV� SURYLGH� DOO� WKH� LQIRUPDWLRQ� WKDW� LV� QHHGHG� WR� FRQVWUXFW� ZRUNIORZ
VSHFLILFDWLRQV��7KH�.%6�UHJXODUO\�FRPPXQLFDWHV�ZLWK�WKH�0HWDGDWD�6HDUFK�(QJLQH�WR
XSGDWH�LWV�H[WHQVLRQDO�GDWDEDVH�

7KH� :RUNIORZ� 5XQWLPH� 6\VWHP� PRQLWRUV� DQG� FRRUGLQDWHV� WKH� H[HFXWLRQ� RI
ZRUNIORZV��,W�H[HFXWHV�HDFK�LQWHUPHGLDWH�VWHS�RI�D�ZRUNIORZ�VSHFLILFDWLRQ��DFFHVVLQJ
GDWD� DQG� LQYRNLQJ� SURJUDPV� WKURXJK� WKH� UHSRVLWRU\� ZUDSSHUV�� &KHFNSRLQW� DQG
UHFRYHU\�WHFKQLTXHV�FDQ�EH�HPSOR\HG�WR�HQKDQFH�IDXOW�WROHUDQFH�

7KLV�DUFKLWHFWXUH�HQVXUHV�WKH�VFDODELOLW\�DQG�H[WHQVLELOLW\�UHTXLUHG�LQ�ODUJH��IHGHUDWHG
V\VWHPV�� ,W� DOORZV� RSHUDWLRQDOO\� DXWRQRPRXV� DQG� JHRJUDSKLFDOO\� GLVSHUVHG
RUJDQL]DWLRQV�WR�VHOHFWLYHO\�³H[SRUW´�WKHLU�UHVRXUFHV��5HJLVWHULQJ�D�QHZ�UHVRXUFH�ZLWK
WKH�V\VWHP�UHTXLUHV�PHUHO\�VXSSO\LQJ�DSSURSULDWH�ZUDSSHUV�DQG�PHWDGDWD�GHVFULSWLRQV�

)LJ�����$�PLGGOHZDUH�DUFKLWHFWXUH�IRU�GLVWULEXWHG�VFLHQWLILF�UHSRVLWRULHV��7KH�V\VWHP�FRQVLVWV�RI
LQWHURSHUDEOH�.QRZOHGJH�%DVH��0HWDGDWD�6HDUFK��DQG�:RUNIORZ�5XQWLPH�FRPSRQHQWV�

7R� HQKDQFH� SHUIRUPDQFH� DQG� IDXOW� WROHUDQFH� WKH� 0HWDGDWD� 6HDUFK� (QJLQH� FDQ� EH
GLVWULEXWHG� DFURVV� VHYHUDO� PDFKLQHV�� $OVR�� VHYHUDO� NQRZOHGJH� XQLWV� DGKHULQJ� WR
GLIIHUHQW�GRPDLQV�FDQ�EH�SOXJJHG�LQWR�WKH�.QRZOHGJH�%DVH�6\VWHP�WR�VXSSRUW�D�ZLGH
YDULHW\�RI�DSSOLFDWLRQV�DQG�XVHU�JURXSV�

ZRUNIORZ

VSHFLILFDWLRQ

H[SRUW�UHVRXUFHV

LQYRNH�DFFHVV

UHVRXUFHV

SURGXFWLRQV

TXHU\

0HWDGDWD

6HDUFK�(QJLQH

:RUNIORZ

5XQWLPH

*UDSKLFDO�8VHU�,QWHUIDFH

PLGGOHZDUH

V\VWHP

.QRZOHGJH

%DVH�6\VWHP

H[WHUQDO

UHSRVLWRU\

ZUDSSHU

«H[WHUQDO

UHSRVLWRU\

ZUDSSHU

H[WHUQDO

UHSRVLWRU\

ZUDSSHU



:H�DUH�FXUUHQWO\�GHYHORSLQJ�D�SURWRW\SH�V\VWHP�EDVHG�RQ�WKLV�DUFKLWHFWXUH�IRU�WKH
DUHD�RI�&RDVWDO�=RQH�0DQDJHPHQW� >�@��6KRUWO\��ZH�KRSH� WR�KDYH�D� ILUVW� YHUVLRQ� WKDW
ZLOO�GHPRQVWUDWH�WKH�HIIHFWLYHQHVV�RI�WKLV�GHVLJQ�

���5HODWHG�:RUN

5HVHDUFK� RQ� DFFHVV� DQG� LQWHJUDWLRQ� RI� KHWHURJHQHRXV� LQIRUPDWLRQ� ORFDWHG� RYHU� D
QXPEHU�RI�GLVWULEXWHG�VRXUFHV�KDV�DWWUDFWHG�FRQVLGHUDEOH�DWWHQWLRQ�GXULQJ�WKH�SDVW�>��@�
>��@�� >��@�� ,Q� WKLV� FRQWH[W�� SURSRVDOV� KDYH� EHHQ� SUHVHQWHG� IRU� EXLOGLQJ� JOREDO
HQYLURQPHQWDO� V\VWHPV� >��@�� ,QWHJUDWLRQ� RI� VFLHQWLILF� LQIRUPDWLRQ� KDV� DOVR� EHQHILWHG
IURP� ZRUNIORZ� WHFKQRORJ\�� ZKLOH� HDUOLHU� IRFXV� ZDV� RQ� EXVLQHVV� SURFHVVHV� >�@�
ZRUNIORZ�V\VWHPV�KDYH�UHFHQWO\�EHHQ�VXJJHVWHG�DV�D�SRZHUIXO�WRRO�IRU�VFLHQWLILF�GDWD
PDQDJHPHQW�

7KH�(QYLURQPHQWDO�'HFLVLRQ�6XSSRUW� 6\VWHP� �('66�� >�@� LV� D� IUDPHZRUN� IRU� WKH
VXSSRUW� RI� DLU� TXDOLW\� PRGHOLQJ� DQG� PDQDJHPHQW�� 0DMRU� SK\VLFDO� DQG� FKHPLFDO
SKHQRPHQD� DUH� LPSOHPHQWHG� DV� LQGHSHQGHQW�PRGXOHV�� ZKLFK� WKH� XVHU� LQWHUFRQQHFWV
YLD�D�JUDSKLFDO� LQWHUIDFH��7KH�VHOHFWHG�PRGXOHV�DUH� WKHQ�REWDLQHG��FRPSLOHG�� OLQNHG�
DQG� H[HFXWHG� DXWRPDWLFDOO\�� :RUNIORZ� DQG� JHRVSDWLDO� SURFHVV� PDQDJHPHQW� LV
H[SORUHG� LQ� *HR�2SHUD� >�@�� DQ� H[WHQVLRQ� RI� WKH� 2SHUD� V\VWHP� >�@� WDLORUHG� IRU
JHRJUDSKLF�DQG�VSDWLDO�PRGHOLQJ��*HR�2SHUD�WDNHV�DGYDQWDJH�RI�ZRUNIORZ�WHFKQRORJ\
WR� SURYLGH� D� IXOO\� GLVWULEXWHG� KHWHURJHQHRXV� FRPSXWLQJ� SODWIRUP� IRU� PDQDJLQJ
FRPSOH[� JHRJUDSKLF� PRGHOV�� $QRWKHU� V\VWHP� WKDW� HPSKDVL]HV� PDQDJHPHQW� RI
VFLHQWLILF�H[SHULPHQWV�LV�=RR�>��@��,W�XVHV�0RRVH�>��@��DQ�REMHFW�RULHQWHG�GDWD�PRGHO
DOORZLQJ�FRPSXWDWLRQV�WR�EH�GHVFULEHG�DV�JUDSKV��DQG�GDWDEDVH�IXQFWLRQDOLW\�WR�FRQWURO
WKHLU� H[HFXWLRQ�� :$6$� >��@� LV� D� VFLHQWLILF� DSSOLFDWLRQ� PDQDJHPHQW� HQYLURQPHQW�
ZKLFK� XVHV� ,%0�
V� )ORZ0DUN�� >��@�� D� EXVLQHVV� ZRUNIORZ� PDQDJHPHQW� WRRO�� WR
LPSOHPHQW� VFLHQWLILF� SURFHVVHV�� :$6$� VXSSRUWV� G\QDPLF� UHSODFHPHQW� RI� D� VXE�
ZRUNIORZ�DW� UXQ�WLPH�E\�DQRWKHU�FRPSOHWHO\� VSHFLILHG�VXE�ZRUNIORZ�SHUIRUPLQJ� WKH
VDPH�WDVN�

,Q� WKH� DERYH� V\VWHPV�� ZRUNIORZV� DUH� H[SOLFLWO\� VSHFLILHG�� ,W� LV� WKH� XVHU¶V
UHVSRQVLELOLW\� WR� GLVFRYHU� WKH� DYDLODELOLW\� RI� VFLHQWLILF� UHVRXUFHV� DQG� FRPELQH� WKHP
LQWR� ZRUNIORZV�� 2QFH� D� ZRUNIORZ� LV� GHILQHG� LW� PXVW� EH� VWRUHG� VR� WKDW� LW� FDQ� EH
UHWULHYHG� DW� D� ODWHU� SRLQW� LQ� WLPH�� $OVR�� IRU� FRPSOH[� GDWD� SURGXFWLRQV� LW� PD\� EH
QHFHVVDU\� WR�PDQXDOO\�FRPELQH�VHSDUDWH�ZRUNIORZV��7KH�HIILFLHQF\�RI� WKLV�DSSURDFK
JUHDWO\�GHSHQGV�RQ�WKH�LQGLYLGXDO�H[SHUWLVH�RI�XVHUV�

2XU� DSSURDFK� FDQ� EH� YLHZHG� DV� D� ZRUNIORZ� JHQHUDWRU�� 5DWKHU� WKDQ� VSHFLI\LQJ
ZRUNIORZV�H[SOLFLWO\��D�NQRZOHGJH�EDVH�FRPPLWWLQJ�WR�DQ�HQYLURQPHQWDO�RQWRORJ\�LV
XVHG�WR�LQIHU�SRVVLEOH�FRPELQDWLRQV�EHWZHHQ�GDWD�DQG�PRGHOV�DXWRPDWLFDOO\��7KXV��LW
LV� SRVVLEOH� HYHQ� IRU� QRQ�H[SHUWV� WR� FRQVWUXFW� DUELWUDULO\� FRPSOH[� ZRUNIORZV�� 7KH
HIIHFWLYHQHVV�RI�WKH�V\VWHP�LV�D�GLUHFW�IXQFWLRQ�RI�WKH�PHWDGDWD�GHVLJQ�TXDOLW\�



���&RQFOXVLRQV

:H�KDYH� DGGUHVVHG� WKH� SUREOHP�RI� GHWHUPLQLQJ� FRPELQDWLRQV� RI� DYDLODEOH� GDWD� DQG
SURJUDPV� LQ� WKH� FRQWH[W� RI� ODUJH�VFDOH� GLVWULEXWHG� VFLHQWLILF� V\VWHPV�� :H� KDYH
SURSRVHG�D�.QRZOHGJH�%DVH�6\VWHP�WKDW�FDSWXUHV�WKH�VHPDQWLF�UHODWLRQV�EHWZHHQ�GDWD
DQG� SURJUDPV�� DGKHULQJ� WR� DQ� DSSOLFDWLRQ�VSHFLILF� RQWRORJ\�� %DVHG� RQ� WKLV
LQIRUPDWLRQ�� WKH�.%6�G\QDPLFDOO\�GHGXFHV�YDOLG�GDWD�SURGXFWLRQ�SDWKV�ZLWKRXW�XVHU
LQWHUYHQWLRQ��7KLV�VXSSRUW�LV�SDUWLFXODUO\�YDOXDEOH�LQ�PXOWLGLVFLSOLQDU\�DSSOLFDWLRQV�

,W� LV� LPSRUWDQW� WR� IXUWKHU� HODERUDWH� RQ� WKH� ZRUNLQJ� SDUDGLJPV� RI� VFLHQWLVWV� WR
SURGXFH�HIILFLHQW�FRPELQDWLRQ�UXOHV�WKDW�DFFXUDWHO\�FDSWXUH�WKH�VFRSH�DQG�UHVWULFWLRQV
RI�SURJUDPV��$QRWKHU�FKDOOHQJLQJ�LVVXH�LQ�WKLV�UHVSHFW�LV�WR�FDSWXUH�WKH�NQRZOHGJH�RI
H[SHUWV�LQ�PHWDGDWD�WKDW�FRXOG�EH�XVHG�WR�FUHDWH�VXFK�SURGXFWLRQ�UXOHV�DXWRPDWLFDOO\�

�$Q� LQWHUHVWLQJ�H[WHQVLRQ��ZKLFK�FDQ�EH�HDVLO\� LPSOHPHQWHG�JLYHQ� WKH�XQLILFDWLRQ
PHFKDQLVP�� LV� DGGLQJ� JOREDO� FRQVWUDLQWV� WR� WKH� GHULYDWLRQ� RI� GDWD� SURGXFWLRQ� SDWKV�
7KLV�ZRXOG�DOVR�UHTXLUH�DSSURSULDWH�PHWDGDWD�VXSSRUW��7KH�XVHU�ZRXOG�WKHQ�EH�DEOH�WR
SRVH�UHVWULFWLRQV�UHJDUGLQJ�WKH�WRWDO�SURFHVVLQJ�WLPH�RU�FRVW�RI�GDWD�JHQHUDWLRQ�

)LQDOO\��D�GLVWULEXWHG�.%6�FRQVLVWLQJ�RI�D� IHGHUDWLRQ�RI�ORJLF�PRGXOHV�HPERG\LQJ
H[SHUWLVH� LQ�GLIIHUHQW� VFLHQWLILF�DSSOLFDWLRQV�FRXOG�EH� LPSOHPHQWHG��7KH�.%6�ZRXOG
GLVWULEXWH� TXHULHV� WR� WKH� PRGXOHV� UHVSRQVLEOH� IRU� WKH� VSHFLILF� FRQFHSW� GRPDLQ�
,QWHURSHUDELOLW\�FRXOG�EH�DFKLHYHG�YLD�VWDQGDUG�SURWRFROV�IRU�H[FKDQJLQJ�TXHULHV�DQG
UHVXOWV�>��@��>��@�

$FNQRZOHGJHPHQWV

:H�ZRXOG�OLNH�WR�H[WHQG�RXU�WKDQNV�WR�WKH�WHDP�IURP�WKH�,QVWLWXWH�RI�0DULQH�%LRORJ\
RI�&UHWH� FRQVLVWLQJ� RI�*HRUJH�7ULDQWDI\ORX��.DLW\� 6LDNDYDUD��*HRUJH�3HWLKDNLV�� DQG
$QLND�3RODQL� IRU� WKHLU�GLVFXVVLRQV�DQG�VKDULQJ� WKHLU�NQRZOHGJH�RQ� VFLHQWLILF�PRGHOV
DQG�GDWD�DV�WKH\�KDYH�DSSHDUHG�LQ�RXU�H[DPSOHV��:H�DOVR�WKDQN�1LFNRODV�3DWULNDODNLV
IRU�KLV�YDOXDEOH�FRPPHQWV�RQ�HDUOLHU�YHUVLRQV�RI�WKLV�SDSHU�

5HIHUHQFHV

��� *�� $ORQVR�� '�� $JUDZDO�� $�(O� $EEDGL�� DQG� &�� 0RKDQ�� )XQFWLRQDOLW\� DQG� /LPLWDWLRQV� RI
&XUUHQW� :RUNIORZ� 0DQDJHPHQW� 6\VWHPV�� ,(((� ([SHUW� 6SHFLDO� ,VVXH� RQ� &RRSHUDWLYH
,QIRUPDWLRQ�6\VWHPV��YROXPH����QXPEHU���������

��� *��$ORQVR��+��+DJHQ��*HR�2SHUD��:RUNIORZ�&RQFHSWV� IRU�6SDWLDO�3URFHVVHV��3URFHHGLQJV
�WK�,QWO��6\PSRVLXP�RQ�6SDWLDO�'DWDEDVHV��66'�
�����%HUOLQ��*HUPDQ\��-XQH������

��� *��$ORQVR��&��+DJHQ��+��6FKHN��0��7UHVFK��7RZDUGV�D�3ODWIRUP�IRU�'LVWULEXWHG�$SSOLFDWLRQ
'HYHORSPHQW�������1$72�$GYDQFH�6WXGLHV�,QVWLWXWH��$6,���$��'RJDF��/��.DOLQLFKHQNR��7�
2]VX��$��6KHWK��HGLWRUV���$XJXVW���������������,VWDQEXO��7XUNH\�

��� 2EMHFW� 0DQDJHPHQW� *URXS�� 7KH� &RPPRQ� 2EMHFW� 5HTXHVW� %URNHU�� $UFKLWHFWXUH� DQG
6SHFLILFDWLRQ��)UDPLQJKDP��0DVV���������5HYLVLRQ�����

��� &��/DJR]H��(��6KDZ��-�5��'DYLV��DQG�'�%�.UDIIW��'LHQVW��,PSOHPHQWDWLRQ�5HIHUHQFH�0DQXDO�
&RUQHOO�&RPSXWHU�6FLHQFH�7HFKQLFDO�5HSRUW�75��������



��� 6��)LQH�DQG�-��$PEURVLDQR��7KH�(QYLURQPHQWDO�'HFLVLRQ�6XSSRUW�6\VWHP��2YHUYLHZ�DQG�DLU
TXDOLW\� DSSOLFDWLRQ�� 3UHSULQWV�� 6\PSRVLXP� RQ� (QYLURQPHQWDO� $SSOLFDWLRQV�� -DQXDU\� ���
)HEUXDU\� ��� $WODQWD�� *$�� $PHULFDQ� 0HWHRURORJLFDO� 6RFLHW\�� ��������� �����
KWWS���ZZZ�LFHLV�PFQF�RUJ�SXEBILOHV�ILQH����D�SGI

��� 1�� *XDULQR�� )RUPDO� 2QWRORJ\� DQG� ,QIRUPDWLRQ� 6\VWHPV�� ,Q� 1�� *XDULQR� �HG���� )RUPDO
2QWRORJ\�LQ�,QIRUPDWLRQ�6\VWHPV��3URFHHGLQJV�RI�WKH��VW�,QWHUQDWLRQDO�&RQIHUHQFH��7UHQWR�
,WDO\������-XQH�������,26�3UHVV�

��� &��+RXVWLV��&��1LNRODRX��6��/DOLV��6��.DSLGDNLV��9��&KULVRSKLGHV��2SHQ����� �6FLHQWLILF�'DWD
5HSRVLWRULHV� $UFKLWHFWXUH�� ,QYLWHG� SRVLWLRQ� SDSHU�� ,QYLWDWLRQDO� :RUNVKRS� RQ� 'LVWULEXWHG
,QIRUPDWLRQ�� &RPSXWDWLRQ� DQG� 3URFHVV� 0DQDJHPHQW� IRU� 6FLHQWLILF� DQG� (QJLQHHULQJ
(QYLURQPHQWV� SURFHHGLQJV�� �HGLWHG� E\� 1�� 3DWULNDODNLV��� 16)� VSRQVRUHG�� :DVKLJWRQ� '&�
0D\�������������

��� &�� +RXVWLV�� &�� 1LNRODRX�� 0�� 0DUD]DNLV�� 1�� 3DWULNDODNLV�� -�� 6DLUDPHVK�� $�� 7KRPDVLF�
7+(7,6�� 'HVLJQ� RI� D� 'DWD� 5HSRVLWRULHV� &ROOHFWLRQ� DQG� 'DWD� 9LVXDOL]DWLRQ� 6\VWHP� IRU
&RDVWDO�=RQH�PDQDJHPHQW�RI�WKH�0HGLWHUUDQHDQ�6HD��,QYLWHG�SXEOLFDWLRQ��'�/LE�PDJD]LQH�
7KH� 0DJD]LQH� IRU� 'LJLWDO� /LEUDU\� 5HVHDUFK�� 1RYHPEHU� �����
KWWS���ZZZ�GOLE�RUJ�GOLE�QRYHPEHU���WKHWLV���WKHWLV�KWPO

����<�� ,RDQQLGLV�� 0�� /LQY\�� 6�� *XSWD�� 1�� 3RQQHNDQWL�� =22�� $� 'HVNWRS� ([SHULPHQW
0DQDJHPHQW� (QYLURQPHQW�� 3URFHHGLQJV� RI� ��QG� 9/'%� &RQIHUHQFH� 0XPEDL� �%RPED\��
,QGLD�������

����$��.RVFKHO��5��.UDPHU��5��1LNRODL��:��+DJJ���DQG�-��:LHVHO��$�)HGHUDWLRQ�$UFKLWHFWXUH�IRU
DQ� (QYLURQPHQWDO� ,QIRUPDWLRQ� 6\VWHP� LQFRUSRUDWLQJ� *,6�� WKH� :RUOG� :LGH� :HE�� DQG
&25%$�� 3URFHHGLQJV� 7KLUG� ,QWHUQDWLRQDO� &RQIHUHQFH�:RUNVKRS� RQ� ,QWHJUDWLQJ� *,6� DQG
(QYLURQPHQWDO� 0RGHOLQJ�� 1DWLRQDO� &HQWHU� IRU� *HRJUDSKLF� ,QIRUPDWLRQ� DQG� $QDO\VLV
�1&*,$���6DQWD�)H��1HZ�0H[LFR��86$��-DQXDU\������

����)�� /H\PDQQ�� '�� 5ROOHU�� %XVLQHVV� 3URFHVV�0DQDJHPHQW� ZLWK� )ORZ0DUN�� 3URFHHGLQJV� ��WK

,(((�&RPSXWHU�6RFLHW\�,QWHUQDWLRQDO�&RQIHUHQFH��&RPS&RQ���)HEUXDU\�������SS��������
����$��6HWK��&KDQJLQJ�)RFXV�RQ�,QWHURSHUDELOLW\�LQ�,QIRUPDWLRQ�6\VWHPV��)URP�V\VWHP��6\QWD[�

6WUXFWXUH� WR�6HPDQWLFV�� ,QWHURSHUDWLQJ�*HRJUDSKLF� ,QIRUPDWLRQ�6\VWHPV��0�)��*RRG&KLOG�
0�-��(JHQKRIHU��5��)HJHDV��DQG�&�$�.RWWPDQ��HGV��.OXZHU������

����2��*XQWKHU��+��/HVVLQJ��DQG�:��6ZRERGD��8'.��$�(XURSHDQ�HQYLURQPHQWDO�GDWD�FDWDORJXH�
3URFHHGLQJV� �UG� ,QW�� &RQI��:RUNVKRS� RQ� ,QWHJUDWLQJ� *,6� DQG� (QYLURQPHQWDO� 0RGHOLQJ�
1DWLRQDO�&HQWHU�IRU�*HRJUDSKLF�,QIRUPDWLRQ�DQG�$QDO\VLV��1&*,$���6DQWD�)H��1HZ�0H[LFR�
-DQXDU\������

����3�&�� :DUL\DSROD�� 6�/�� $EUDPV�� DQG� 1�0�� 3DWULNDODNLV�� 2QWRORJLHV� DQG� 0HWDGDWD� IRU� D
&RDVWDO� =RQH� 0DQDJHPHQW� 6\VWHP�� 7HFKQLFDO� 5HSRUW� �LQ� SUHSDUDWLRQ��� 0,7� 2FHDQ
(QJLQHHULQJ�'HVLJQ�/DERUDWRU\��-XO\������

����-��:LHQHU�DQG�<��,RDQQLGLV��$�0RRVH�DQG�$�)R[�&DQ�$LG�6FLHQWLVWV�ZLWK�'DWD�0DQDJHPHQW
3UREOHPV��3URFHHGLQJV��WK� ,QWHUQDWLRQDO�:RUNVKRS�RQ�'DWDEDVH�3URJUDPPLQJ�/DQJXDJHV�
1HZ�<RUN��1<��$XJXVW�������SS��������

����0DWKLDV� :HVNH�� *RWWIULHG� 9RVVHQ�� &ODXGLD� %DX]HU� 0HGHLURV�� 6FLHQWLILF� :RUNIORZ
0DQDJHPHQW��:$6$�$UFKLWHFWXUH�DQG�$SSOLFDWLRQV��)DFKEHULFKW�$QJHZDQGWH�0DWKHPDWLN
XQG�,QIRUPDWLN�������,��8QLYHUVLWlW�0�QVWHU��-DQXDU\������

����$OWD9LVWD��KWWS���ZZZ�DOWDYLVWD�FRP
����7KH�&')�VWDQGDUG��KWWS���QVVGF�JVIF�QDVD�JRY�FGI
����7KH�'XEOLQ�&RUH��KWWS���SXUO�RUJ�PHWDGDWD�GXEOLQ�FRUH
����'HVFULSWLRQ�/RJLFV��KWWS���GO�NU�RUJ
����7KH�'LJLWDO�/LEUDU\�,QLWLDWLYH��KWWS���ZZZ�FLVH�QVI�JRY�LLV�GOLBKRPH�KWPO

%HUNHOH\�KWWS���HOLE�FV�EHUNHOH\�HGX
&DUQHJLH�0HOORQ�KWWS���LQIRUPHGLD�FV�FPX�HGX



,OOLQRLV�KWWS���GOL�JUDLQJHU�XLXF�HGX
0LFKLJDQ�KWWS���ZZZ�VL�XPLFK�HGX�80'/
6WDQIRUG�KWWS���ZZZ�GLJOLE�VWDQIRUG�HGX
6DQWD�%DUEDUD�KWWS���DOH[DQGULD�VGF�XFVE�HGX

����(QYLUR7HFK�RQ�OLQH��KWWS���ZZZ�HQYLURWHFK�RUJ
����)HGHUDO�*HRJUDSKLF�'DWD�&RPPLWWHH�� &RQWHQW� 6WDQGDUGV� IRU� 'LJLWDO� *HRVSDWLDO�0HWDGDWD�

0DUFK�������IWS���IJGF�HU�XVJV�JRY
����7KH�+')�VWDQGDUG��KWWS���KGI�QFVD�XLXF�HGX
����7KH�,QWHOOLJHQW�,QWHJUDWLRQ�RI�,QIRUPDWLRQ�,QLWLDWLYH��KWWS���PROH�GF�LV[�FRP�,�

*$5/,&�KWWS���ZZZ�DOPDGHQ�LEP�FRP�FV�VKRZWHOO�JDUOLF
76,00,6�KWWS���ZZZ�GE�VWDQIRUG�HGX�WVLPPLV
,QIRUPDWLRQ�0DQLIROG�KWWS���ZZZ�UHVHDUFK�DWW�FRP�aOHY\�LPKRPH�KWPO
6,06�KWWS���ZZZ�LVL�HGX�VLPV
,QIR6OHXWK�KWWS���ZZZ�PFF�FRP����SURMHFWV�LQIRVOHXWK
:HE6HPDQWLFV�KWWS���ZZZ�FV�WRURQWR�aJHRUJHP�Z�

����7KH�-'%&�'DWD�$FFHVV�$3,��KWWS���ZZZ�MDYDVRIW�FRP�SURGXFWV�LGEF�LQGH[�KWPO
����7KH�.QRZOHGJH�6KDULQJ�(IIRUW��KWWS���ZZZ�NVO�VWDQIRUG�HGX�NQRZOHGJH�VKDULQJ

2QWROLQJXD�KWWS���ZZZ�NVO�VWDQIRUG�HGX�NQRZOHGJH�VKDULQJ�RQWROLQJXD
0LNURNRVPRV�2QWRORJ\�KWWS���FUO�QPVX�HGX�XVHUV�PDKHVK�RQWR�LQWUR�SDJH�KWPO
2QWRVDXUXV�KWWS���ZZZ�LVL�HGX�LVG�RQWRVDXUXV�KWPO
'HVFULSWLRQ�/RJLF�KWWS���ZZZ�FV�UPLW�HGX�DX�GO
.QRZOHGJH�,QWHUFKDQJH�)RUPDW�KWWS���ORJLF�VWDQIRUG�HGX�NLI�NLI�KWPO

����7KH�.QRZOHGJH�4XHU\�0DQLSXODWLRQ�/DQJXDJH��KWWS���ZZZ�FVHH�XPEF�HGX�NTPO
����0LFURVRIW�� 0LFURVRIW� 2GEF� ���� 6RIWZDUH� 'HYHORSPHQW� .LW� DQG� 3URJUDPPHU
V� 5HIHUHQFH�

0LFURVRIW�3UHVV��)HEUXDU\������
����7KH�2SHQ�.QRZOHGJH�%DVH�&RQQHFWLYLW\��KWWS���ZZZ�DL�VUL�FRP�aRNEF
����$��'HQQLQJ��2/(�&RQWUROV�,QVLGH�2XW��0LFURVRIW�3UHVV�������
����7KH�5HVRXUFH�'HVFULSWLRQ�)UDPHZRUN��KWWS���ZZZ�Z��RUJ�0HWDGDWD�5')
����'��&XUWLV��-DYD��50,�DQG�&25%$��KWWS���ZZZ�RPJ�RUJ�OLEUDU\�ZSMDYD�KWP
����7KH�([WHQVLEOH�0DUNXS�/DQJXDJH��;0/��VWDQGDUG��KWWS���ZZZ�Z��RUJ�;0/
����7KH�:RUNIORZ�0DQDJHPHQW�&RDOLWLRQ��KWWS���ZZZ�DLDL�HG�DF�XN�SURMHFW�ZIPF


