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SHUFHQWDJH�RI�D�FRXQWU\¶V�*'3��DQG�RIWHQ�DPRXQWLQJ�WR�WKH�PDMRU�VRXUFH�RI�LQFRPH�
IRU� ORFDO� FRPPXQLWLHV�� $FFRUGLQJ� WR� RQH� GHILQLWLRQ�� 6PDUW� 7RXULVP� LV� ³WRXULVP�
VXSSRUWHG�E\�LQWHJUDWHG�HIIRUWV�DW�D�GHVWLQDWLRQ�WR�FROOHFW�DQG�DJJUHJDWH�KDUQHVV�GDWD�
GHULYHG�IURP�SK\VLFDO�LQIUDVWUXFWXUH��VRFLDO�FRQQHFWLRQV��JRYHUQPHQW�RUJDQL]DWLRQDO�
VRXUFHV� DQG� KXPDQ� ERGLHV�PLQGV� LQ� FRPELQDWLRQ� ZLWK� WKH� XVH� RI� DGYDQFHG�
WHFKQRORJLHV� WR� WUDQVIRUP� WKDW� GDWD� LQWR� RQ�VLWH� H[SHULHQFHV� DQG� EXVLQHVV� YDOXH�
SURSRVLWLRQV� ZLWK� D� FOHDU� IRFXV� RQ� HIILFLHQF\�� VXVWDLQDELOLW\� DQG� H[SHULHQFH�
HQULFKPHQW´�>*UHW]HO�HW�DO������D@��

2QH�NH\�DVSHFW�RI�VXSSRUWLQJ�VPDUW�WRXULVP�LV�SUHGLFWLRQ�RI�YLVLWRU�QXPEHUV�WR�DOORZ�
PRUH� DFFXUDWH� DQG� HIILFLHQW� VHUYLFH� VXSSRUW�� WKH� IRFXV� RI� WKLV� FDVH� VWXG\�� 7KH�
FKDOOHQJH�RI�WKH�SURMHFW�GHVFULEHG�KHUH�ZDV�WR�XQGHUVWDQG�WKH�SUREOHP�RI�IRUHFDVWLQJ�
WRXULVP�OHYHOV�LQ�D�FLW\�GHVWLQDWLRQ�XVLQJ�PXOWLSOH�GDWD�VRXUFHV��2XU�FDVH�VWXG\�ZDV�
EDVHG�RQ�*ODVJRZ��6FRWODQG��*ODVJRZ�LV�WKH�ODUJHVW�FLW\�LQ�6FRWODQG�ZLWK�DERXW�����
PLOOLRQ� LQKDELWDQWV� LQ� WKH�*UHDWHU�*ODVJRZ�DUHD�DQG�D�VWURQJ�GLYHUVH� WRXULVP�SXOO��
9LVLWRUV� FRPH� IRU� FXOWXUDO� HYHQWV� �LW� KDV� VHYHUDO�PXVHXPV�	� WKHDWUHV�� LV� KRPH� WR�
6FRWWLVK�2SHUD�� 6FRWWLVK�%DOOHW�	�1DWLRQDO�7KHDWUH� RI� 6FRWODQG� DQG� KDV� D� YLEUDQW�
PXVLF�VFHQH�IURP�VPDOO�YHQXHV�WKURXJK�WR�VWDGLXP�FRQFHUWV���DUFKLWHFWXUH��FRQIHUHQFH�
KRVWLQJ��DQG�DV�D�JDWHZD\�YHQXH�WR�WKH�6FRWWLVK�+LJKODQGV�DQG�JROI�FRXUVHV��7KH�FLW\�
RI�*ODVJRZ�LV�DOVR�KRPH�WR�WKUHH�8QLYHUVLWLHV�DQG�WKUHH�SURIHVVLRQDO�IRRWEDOO�FOXEV�
WKDW� DGG� FRQVLGHUDEOH� SXOOV� WR� WKH� FLW\�� >6FRWWLVK� (QWHUSULVH� DQG� *ODVJRZ� &LW\�
0DUNHWLQJ�%XUHDX�����@��

7R�XQGHUVWDQG�YLVLWRU�QXPEHUV�DQG�UHSRUW�WR�WKH�JRYHUQPHQW�RQ�WKH�*ODVJRZ�WRXULVP�
LQGXVWU\��7KH�*ODVJRZ�&LW\�0DUNHWLQJ�%XUHDX� �*&0%��� UHOLHV�KHDYLO\�RQ� DQQXDO�
YLVLWRU� VWDWLVWLFV� IURP� WKH� 8.¶V� 2IILFH� IRU� 1DWLRQDO� 6WDWLVWLFV� DQG� *UHDW� %ULWDLQ�
7RXULVP� 6XUYH\�� SOXV� RWKHU� YLVLWRU� VXUYH\V�� +RZHYHU�� DFFHVV� WR� WKLV� GDWD� KDV� D�
VLJQLILFDQW�ODJ�WLPH��:H�ZRUNHG�ZLWK�*&0%�WR�LQYHVWLJDWH�LI�PXOWLSOH�GLYHUVH�VRXUFHV�
RI� GDWD� FRXOG� SUHGLFW� WRXULVW� QXPEHUV� DQG� SURYLGH� DGYDQFH� LQGLFDWRUV� WR� KRWHOV��
EXVLQHVV�DQG�RWKHU�WRXULVP�VWDNHKROGHUV���:KLOH�PXOWLSOH�LQGLFDWRUV�RI�WRXULVP�OHYHOV�
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KDYH� EHHQ� XVHG� SUHYLRXVO\�� H�J�� H[WUDSRODWLQJ� DUULYDO� GDWD� �H�J�� >&KX� ����@��� ZH�
GHFLGHG�WR�IRFXV�RQ�WKH�OHYHO�RI�GHPDQG�IRU�KRWHO�RFFXSDQF\�DQG�IRFXV�RQ�DWWHPSWLQJ�
WR�SUHGLFW�GDLO\�ILJXUHV�WKDW�ZRXOG�EHVW�VXSSRUW�KRWHO�SODQQLQJ�XVLQJ�D�PL[�LQFOXGLQJ�
FLW\� VHQVRU�� IOLJKW� VHDUFK�� YHQXH� DQG� DGYDQFHG� KRWHO� ERRNLQJ� GDWD�� 7KLV� LV� D�
FKDOOHQJLQJ�PHWULF�DV�WKHUH�DUH�PDQ\�UHDVRQV�IRU�YLVLWLQJ�*ODVJRZ�WKDW�UHVXOW�LQ�KRWHO�
XVDJH� �H�J�� EXVLQHVV�FRQIHUHQFH� YLVLWV�� LQGHSHQGHQW� WRXULVP�� DQG� DWWHQGLQJ� ODUJH�
FXOWXUDO�HYHQWV��DQG�SUHYLRXV�ZRUN�KDG�IRFXVVHG�RQ�PRUH�JHQHUDO�ZHHN�E\�ZHHN�RU�
PRQWK�E\�PRQWK�IRUHFDVWLQJ��H�J��><DQJ�HW�DO��������*XQWHU�DQG�gQGHU�����@���$V�
ZHOO�DV�EHLQJ�D�KLJKHU�OHYHO�RI�JUDQXODULW\�WKLV�DGGHG�GDWD�FKDOOHQJHV�RI�DOLJQLQJ�ZLWK�
FDOHQGDUV��H�J��YDU\LQJ�RQ�GD\�RI�ZHHN�DQG�PRYHDEOH�HYHQWV�VXFK�DV�(DVWHU��DQG�PDMRU�
VHDVRQDO�YDULDWLRQ��H�J��8QLYHUVLW\�WHUPV���

3UHYLRXV� UHVHDUFK�� H�J�� >/L� HW� DO�� ������ %DQJZD\R�6NHHWH� DQG� 6NHHWH� ����@�� KDG�
IRFXVVHG�RQ�EXLOGLQJ�PRGHOV�RI�ZHE�VHDUFK�DFWLYLW\��:H�ZDQWHG�WR�IRFXV�RQ�D�PL[�RI�
PRUH� IRFXVVHG� GDWD��:H�ZHUH� DEOH� WR� VHOHFW� IURP� D�ZLGH� YDULHW\� RI� GDWD� VRXUFHV�
DYDLODEOH�WR�WKH�FLW\�FRXQFLO��+RZHYHU��WR�EULQJ�WKLV�GDWD�WRJHWKHU�LQ�D�XVDEOH�IRUP��
ZH�QHHGHG�WR�EHJLQ�E\�XQGHUVWDQGLQJ�WKH�QDWXUH�RI�WKH�GDWDVHWV��WKH�QDWXUH�DQG�YROXPH�
RI�GDWD��UHSRUWLQJ�IUHTXHQF\��DQG�PDFKLQH�UHDGDELOLW\��:KLOH�DOO�WKH�GDWD�ZDV�DYDLODEOH�
GLJLWDOO\��PXFK�ZDV�QRW�HDVLO\�SURFHVVHG�DV�LW�FDPH�LQ�WKH�IRUP�RI�VSUHDGVKHHWV�WKDW�
ZHUH� SUHSDUHG� IRU� KXPDQ� FRQVXPSWLRQ� UDWKHU� WKDQ� DXWRPDWLF� SURFHVVLQJ� �H�J��
LQFRQVLVWHQW�FROXPQV�DQG�XVH�RI�IRQW�VW\OLQJ���7KHVH�ORZ�OHYHO�SURFHVVLQJ�WDVNV�DUH�
FRPPRQ�WR�PXFK�RI�KHWHURJHQHRXV�GDWD�DQDO\WLFV��)LQDOO\��RQFH�DEOH�WR�HVWDEOLVK�D�
VXLWDEOH�SLSHOLQH�RI�SUH�SURFHVVHG�GDWD��ZH�QHHGHG�WR�GHWHUPLQH�WKH�EHVW�IHDWXUHV��DQG�
WKHQ�WKH�EHVW�DOJRULWKPV�WKDW�ZRXOG�HQDEOH�XV�WR�SHUIRUP�IRUHFDVWLQJ�RQ�WKH�GDWD��$IWHU�
D� EULHI� RYHUYLHZ� RI� WKH� OLWHUDWXUH�� WKHVH� PDMRU� PLOHVWRQHV� RXWOLQH� WKH� FKDSWHU¶V�
VWUXFWXUH��XQGHUVWDQGLQJ� WKH�GDWD��VHOHFWLQJ�D�VWRUDJH�SODWIRUP��SURFHVVLQJ� WKH�GDWD�
DQG�SHUIRUPLQJ�DQDO\VHV��DQG�ILQDOO\�GHYHORSLQJ�D�VLPSOH�YLVXDOLVDWLRQ�IRU�KRWHOLHUV���

���� 7RXULVP�$QDO\WLFV�
7KH�HPHUJHQFH�RI�VPDUW�WRXULVP�HQFRPSDVVHV�PXOWLSOH�GDWD�SURGXFHUV�DQG�FRQVXPHUV�
DQG�LV�ORRVHO\�GHILQHG�DV�WKH�JURZLQJ�WUHQG�IRU�WKH�UHOLDQFH�RI�WRXULVP�SURFHVVHV�RQ�
,&7��8S� WR� WKH�PLOOHQQLXP�� WKLV�ZDV� IRFXVVHG� RQ�:HE� ���� SURYLVLRQ� RI� HQG�XVHU�
DFFHVVLEOH�PDWHULDO��W\SLFDOO\�EURFKXUHV���7KH�IROORZLQJ�GHFDGH�ZDV�FKDUDFWHULVHG�E\�
WKH�JURZLQJ�LQIOXHQFH�RI�:HE�����LQ�WKH�FRQWH[W�RI�LQWHUDFWLYLW\�DQG�WKH�HPHUJHQFH�RI�
FRQVXPHU�GULYHQ�UDWLQJV��H�J��>;LDQJ�DQG�)HVHQPDLHU�������*UHW]HO�HW�DO������D@���
7KLV�WHFKQRORJLFDO�VWHS�KDV�SURGXFHG�JURZLQJ�GDWD�UHSRVLWRULHV�WKDW�KDYH�JUHDW�YDOXH�
LQ�XQGHUVWDQGLQJ�WKH�LQWHUSOD\�EHWZHHQ�RUJDQLVPV�LQ�WKH�WRXULVP�HFRV\VWHP�>*UHW]HO�
HW�DO������E@��$QDO\VLV�RI�WKHVH�UHODWLRQVKLSV�VXSSRUWV�WKH�GHYHORSPHQW�RI�SUHGLFWLYH�
LQIRUPDWLFV�DV�D�EDVLV�IRU�LQIOXHQFLQJ�IXWXUH�DFWLYLWLHV��



�

�� &KDSWHU����Combining Infrastructure Sensor and Tourism Market Data in a Smart City Project 

�

,QLWLDO�ZRUN�RQ�SUHGLFWLQJ� WRXULVP�EHKDYLRXU�ZDV� W\SLFDOO\� IRFXVHG�RQ� WLPH�VHULHV�
DQDO\VLV�ZLWKLQ�GDWD�WKDW�UHSUHVHQWV�PRQWKO\�DUULYDOV��7KLV�SURGXFHG�D�PHDQ�DEVROXWH�
SHUFHQWDJH�HUURU��0$3(��DURXQG�����LQGLFDWLQJ�WKH�VWDELOLW\�RI�WKH�DSSURDFK�ZKHQ�
DSSOLHG�WR�GDWD�DJJUHJDWHG�RQ�D�PRQWKO\�EDVLV�>&KX�����@��7KH�JURZWK�LQ�:HE�XVDJH�
KDV�SURGXFHG�FRUSRUD�VXFK�DV�*RRJOH�7UHQGV� �*7�� WKDW�FRXOG�EH�H[SHFWHG� WR�JLYH�
LQVLJKW�LQWR�FRQVXPHU�EHKDYLRXU�LQ�PDQ\�FRQWH[WV�LQFOXGLQJ�WRXULVP��*RRJOH�7UHQGV�
/DEV���,QGHHG��DJJUHJDWLQJ�:HE�VHDUFK�GDWD�KDV�EHHQ�VKRZQ�WR�EH�D�XVHIXO�SUHGLFWRU�
RI�WRXULVW�DUULYDOV�LQ�D�QXPEHU�RI�ORFDOLWLHV�ZLWK�0$3(�YDU\LQJ�IURP�OHVV�WKDQ����>/L�
HW�DO������@�WR������>3DGKL�DQG�3DWL�����@��)RU�H[DPSOH��D�VLJQLILFDQW�FRUUHODWLRQ�ZDV�
REVHUYHG�EHWZHHQ�*RRJOH�VHDUFK�DFWLYLW\�IRFXVVHG�RQ�KRWHO�DFFRPPRGDWLRQ�DQG�KRWHO�
ERRNLQJV�LQ�3RUWXJDO�>'LQLV�HW�DO������@��7KLV�ZRUN�FRQVLGHUHG�KLVWRULFDO�GDWD�UHODWHG�
WR�WKH�SHULRG�IURP������WR������ZKLFK�ZDV�DJJUHJDWHG�RQ�D�PRQWKO\�EDVLV��7KHUH�LV�
D�FOHDU�FRQWULEXWLRQ�RI�VHDVRQDO�YDULDWLRQ�WR�WKH�SDWWHUQV�REVHUYHG��&RPELQLQJ�:HE�
VHDUFK�GDWD�IRU�YLVLWRU�EXUHDX�ZHEVLWH�WUDIILF�ZLWK�WLPH�VHULHV�EDVHG�SUHGLFWLRQ�RI�KRWHO�
ERRNLQJV� SURYLGHV� D� ���� LPSURYHPHQW� LQ� WKH� 0$3(� IRU� ZHHNO\� URRP� ERRNLQJ�
SUHGLFWLRQV�><DQJ�HW�DO������@��

3UHGLFWLYH�VWXGLHV�EDVHG�RQ�:HE�VHDUFK�GDWD�DJJUHJDWHG�DW�ZHHNO\�RU�PRQWKO\�OHYHOV�
RI�JUDQXODULW\�VKRZ�GLVWLQFW�DQQXDO�WUHQGV��+RZHYHU��WKH�OHYHO�RI�DJJUHJDWLRQ�LV�QRW�
SDUWLFXODUO\� KHOSIXO� WR� GD\�WR�GD\� EXVLQHVV� GHFLVLRQ� PDNLQJ�� ,Q� SDUWLFXODU�� WKHVH�
VWXGLHV�OHDYH�RSHQ�WKH�TXHVWLRQ�RI�SURYLGLQJ�D�YLDEOH�SUHGLFWLRQ�WKDW�FRXOG�EH�XVHG�WR�
JXLGH�KRWHOLHUV�RQ�D�GD\�WR�GD\�EDVLV�FRQFHUQLQJ�WKH�OLNHO\�GHPDQG�IRU�WKHLU�SURGXFWV�
DQG�WKXV�VWDIILQJ�OHYHOV�DQG�EHVW�XVH�RI�GLVFRXQWLQJ�WR�ERRVW�GHPDQG���

���� 0DNLQJ�VHQVH�RI�WKH�DYDLODEOH�*ODVJRZ�GDWD�
'DWD� LQ� VPDUW� FLWLHV� LV� JHQHUDWHG� LQ� WZR�PDLQ�ZD\V�� HLWKHU� DXWRPDWLFDOO\�� WKURXJK�
LQIUDVWUXFWXUH��H�J��VHQVLQJ�HTXLSPHQW��LQ�SODFH�DURXQG�WKH�FLW\��RU�PDQXDOO\��L�H��E\�
KXPDQ�RSHUDWRUV��DXWKRULWLHV�RU�HYHQ�FLWL]HQV��7KLV�TXDOLWDWLYH�GLVWLQFWLRQ� W\SLFDOO\�
GLIIHUHQWLDWHV� WKH� QDWXUH� RI� WKH� GDWD� LQ� VHYHUDO�ZD\V�� ,QIUDVWUXFWXUH�JHQHUDWHG� GDWD�
SURYLGHV�D�VWHDG\��DQG�W\SLFDOO\�KLJK��IUHTXHQF\�VWUHDP��DOORZLQJ�XV�WR�REWDLQ�IUHVK�
�XS�WR�GDWH�� LQIRUPDWLRQ� DQG� WR� SODQ� IRU� VWRUDJH� DQG� DQDO\VLV� VLQFH� WKH�YROXPH�RI�
LQIRUPDWLRQ�LV�W\SLFDOO\�SUHGLFWDEOH��,Q�FRQWUDVW��KXPDQ�JHQHUDWHG�GDWD�RIWHQ�VXIIHUV�
IURP�IOXFWXDWLRQV�LQ�DYDLODELOLW\��VWDOHQHVV�DQG�ORZ�YROXPH�EXW�LV�RIWHQ�PRUH�DOLJQHG�
ZLWK� EXVLQHVV� JRDOV�� $QRWKHU� LPSRUWDQW� GLVWLQFWLRQ� LV� WKDW� LQIUDVWUXFWXUH� GDWD� LV�
W\SLFDOO\�GHOLYHUHG�LQ�D�PDFKLQH�UHDGDEOH�IRUP��RIWHQ�ZLWK�DQ�DVVRFLDWHG�$SSOLFDWLRQ�
3URJUDPPLQJ� ,QWHUIDFHV� �$3,V�� IRU� GLUHFW� TXHU\LQJ� RI� WKH� GDWD�� &RQWUDVWLQJ� WKLV��
KXPDQ�JHQHUDWHG�GDWD�LV�RIWHQ�SURYLGHG�LQ�IRUPV�RSWLPL]HG�IRU�KXPDQ�UHDGLQJ��DQG�
LQ�ILOH�IRUPDWV�WKDW�DUH�PRUH�GLIILFXOW�WR�SDUVH�SURJUDPPDWLFDOO\��H�J��;/6;��'2&��
3')� HWF��� 7KLV� LV� DQ� LPSRUWDQW� FRQVLGHUDWLRQ�� VLQFH� PDFKLQH�UHDGDEOH� GDWD� RIWHQ�
UHTXLUHV�PLQLPDO�WUDQVIRUPDWLRQ�DQG�SUH�SURFHVVLQJ��DQG�ZKHQ�LW�GRHV��WKH�FRGH�DQG�
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DOJRULWKPV�UHTXLUHG�WR�GR�VR�DUH�W\SLFDOO\�HDV\�WR�SURGXFH��2Q�WKH�RWKHU�KDQG��GDWD�
WKDW�LV�QRW�DXWRPDWLFDOO\�JHQHUDWHG�RIWHQ�UHTXLUHV�H[WHQVLYH�PDQLSXODWLRQ�WR�H[WUDFW�
XVHIXO�LQIRUPDWLRQ�HOHPHQWV�DQG�WKH�DOJRULWKPV�UHTXLUHG�WR�GR�VR�FDQ�EH�FRPSOH[�DQG�
HUURU� SURQH�� DV� WKHUH� DUH� QR� JXDUDQWHHV� WKDW� DOO� GRFXPHQWV� ZLOO� DGKHUH� WR� VLPLODU�
IRUPDWV� RU� FRQWDLQ� WKH� VDPH� W\SH� RI� LQIRUPDWLRQ� DW� WKH� VDPH� ORFDWLRQV�ZLWKLQ� WKH�
GRFXPHQW� �H�J�� >5XL]�����@���0XFK�ZHE�JHQHUDWHG� LQIRUPDWLRQ� FDQ�EH� FRQVLGHUHG�
VHPL�DXWRPDWLF��GDWD�DERXW�KXPDQ�DFWLYLWLHV�VXFK�DV�ZHE�VHDUFKLQJ�LV�RIWHQ�SURYLGHG�
ZLWK�DXWRPDWLF�OLNH�$3,V�DQG�GDWD�IRUPDWV�EXW�LV�LQKHUHQWO\�KXPDQ�JHQHUDWHG�VR�RSHQ�
WR�QRLVH�LQWURGXFHG�E\�KXPDQ�XVH�RI�V\VWHPV��

:LWK�WKLV�LQ�PLQG��ZH�H[DPLQHG�D�UDQJH�RI�GDWD�VRXUFHV�ERWK�IURP�RXU�SURMHFW�SDUWQHUV�
DQG�RSHQ�GDWD�DYDLODEOH�RQ�WKH�ZHE��7KH�FKDUDFWHULVWLFV�RI�WKH�GDWDVHWV�DUH�VKRZQ�LQ�
7DEOH������

� 7DEOH����� 3URMHFW�GDWDVHWV�DQG�WKHLU�PDLQ�FKDUDFWHULVWLFV�

'DWDVHW� )RUPDW� 5HDGDELOLW\� 6L]H� 'HVFULSWLRQ�

6N\VFDQQHU�IOLJKW�
HQTXLULHV� &69� 9HU\�+LJK� 9HU\�

ODUJH�

4XHU\DEOH�$3,�IRU�IOLJKW�
VHDUFKHV�DQG�UHGLUHFWV�WR�DLUOLQH�
ZHEVLWHV�IRU�ERRNLQJV��
6XSSOLHG�YLD�*&0%���

/-�)RUHFDVWHU�
+RWHO�2FFXSDQF\� ;/6� 0HGLXP� 6PDOO� 0RQWKO\�KRWHO�RFFXSDQF\�

UHSRUWV���6XSSOLHG�YLD�*&0%���

*&0%�(YHQW�
OLVWLQJV� ;/6� /RZ� 6PDOO�

0RQWKO\�SODQQHG�HYHQWV��H�J��
PXVLF��VSRUWV��FRQIHUHQFHV��
DUWV��LQ�*ODVJRZ�

6SULQJERDUG�
)RRWIDOO� +70/� +LJK� 6PDOO�

4XHU\DEOH�$3,�IRU�SHGHVWULDQ�
FRXQWV�LQ�*ODVJRZ¶V�PDLQ�
VKRSSLQJ�VWUHHWV���6XSSOLHG�YLD�
*&0%���

*ODVJRZ�/LIH�
YHQXH�DWWHQGDQFH� ;/6� *RRG� 6PDOO�

0RQWKO\�DWWHQGDQFH�GDWD�
FROOHFWHG�IURP�DOO�*ODVJRZ�
/LIH�IDFLOLWLHV���6XSSOLHG�YLD�
*&0%���

64:�)RUHFDVW�
GDWDVHW� ;/6� 0HGLXP� 6PDOO� 'DWD�IURP�D�WRXULVP�

IRUHFDVWLQJ�UHSRUW�REWDLQHG�
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WKURXJK�FRQVXOWDQF\�ILUP���
6XSSOLHG�YLD�*&0%���

,$7$�DLUSRUW�
FRGHV� &69� 9HU\�+LJK� 6PDOO� 2SHQ�GDWD�IURP�2.)1��

&\FOLVW��
3HGHVWULDQ�FRXQWV�
LQ�&LW\�&HQWUH�

&69� 9HU\�+LJK� 6PDOO�
2EWDLQHG�ZLWK�D�PDQXDO�FRXQW�
LQ�6HSW��������*ODVJRZ�FLW\�
RSHQ�GDWD��

,QWHUQDWLRQDO�$LU�
3DVVHQJHU�7UDIILF�
5RXWH�$QDO\VLV��

&69� 9HU\�+LJK� 6PDOO�

7RWDO�QXPEHU�RI�SDVVHQJHUV�
IO\LQJ�IURP�*ODVJRZ�DLUSRUW�WR�
RWKHU�,QWHUQDWLRQDO�WHUPLQDOV�RQ�
D�PRQWKO\�EDVLV��)URP�
*ODVJRZ�$LUSRUW��������

8.�DLUSRUW�GDWD� &69� 9HU\�+LJK� 6PDOO�

9DULRXV�UHSRUWV�UHODWLQJ�WR�
SDVVHQJHU�YROXPH��3$[��DQG�
DLUFUDIW�PRYHPHQW�DW�8.�
DLUSRUWV�RQ�D�GDLO\�EDVLV��8.�
&$$�VXSSOLHG��

*ODVJRZ�FDU�
SDUN�IHHG� -621� 9HU\�+LJK�

6PDOO�
EXW�
RIWHQ�

5HDO�WLPH�IHHG�RI�*ODVJRZ�FDU�
SDUN�RFFXSDQF\��*ODVJRZ�RSHQ�
GDWD��

�

)URP�WKHVH�GDWDVHWV��ZH�VHOHFWHG�WR�SURFHHG�XVLQJ�WKH�)RRWIDOO��6N\VFDQQHU�DQG�+RWHO�
GDWDVHWV�RQO\��DOO�SURYLGHG�WR�XV�E\�*&0%��7KH�UHVW�ZHUH�H[FOXGHG�IRU�D�YDULHW\�RI�
UHDVRQV��VRPH�VHWV�ZHUH�SURGXFHG�ZLWK�FRQVLGHUDEOH�GHOD\�WR�EH�SUDFWLFDOO\�XVHIXO�IRU�
SUHGLFWLRQV��H�J��WZR�RU�WKUHH�PRQWKV�DIWHU�WKH�UHIHUHQFH�WLPHIUDPH���RWKHUV�ZHUH�RQH�
RII�GDWD�VQDSVKRWV��DQG�RWKHUV�ZHUH�QRW�WLPH�VHULHV�GDWD�RU�GLG�QRW�FRQWDLQ�DGHTXDWH�
WHPSRUDO� UHVROXWLRQ� WR�EH�XVHIXO��6WLOO��ZH�QRWHG� WKDW� WKH�GDWDVHWV�ZH�XVHG�DUH�� E\�
QDWXUH�� LQFRPSOHWH�� )RU� H[DPSOH�� ZH� FDOFXODWHG� WKDW� 6N\VFDQQHU� UHGLUHFW� GDWD�
UHSUHVHQWV�DV�OLWWOH�DV�DSSUR[LPDWHO\�����RI�WKH�WRWDO�SDVVHQJHU�YROXPH�DW�*ODVJRZ�
$LUSRUW��E\�LQWHUSRODWLQJ�ZLWK�WKH�8.�&$$�RIILFLDO�GDWD��EXW�LW�LV�IDU�PRUH�GHWDLOHG��
)XUWKHUPRUH�� DV� 6N\VFDQQHU¶V� PDUNHW� VKDUH� YDULHV� JOREDOO\� LW� PD\� JLYH� D� ELDVHG�
VDPSOH�RI�YLVLWRUV� ��DVSHFWV� WKDW�PXVW�EH�FRQVLGHUHG�ZKHQ�UHYLHZLQJ�GDWD�VRXUFHV��
+RWHO�GDWD�FRPHV�IURP����PDMRU�KRWHOV�DQG�GRHV�QRW�LQFOXGH�DOO�*ODVJRZ�KRWHOV�DQG�
DFFRPPRGDWLRQ�W\SHV��H�J��%	%���)RRWIDOO�GDWD�GRHV�QRW�FRYHU�DOO�HQWULHV�DQG�H[LWV�
LQWR�DQ�DUHD�RI�LQWHUHVW�DQG�WKXV�SURYLGHV�D�OLPLWHG�YLHZ�RI�SHGHVWULDQV�DW�WKH�JLYHQ�
ORFDWLRQV��QRW� WUDMHFWRULHV��,Q�WKH�FRQWH[W�RI�D�VPDUW�FLW\�� LW� LV�DOPRVW� LPSRVVLEOH�WR�
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FDSWXUH� DOO� GDWD� SHUWLQHQW� WR� D� SUREOHP��7KLV� GDWD�� KRZHYHU�� FDQ� EH� WKRXJKW� WR� EH�
UHSUHVHQWDWLYH� RI� WKH� WRXULVP� LQGXVWU\¶V� ³SXOVH´� ±� PHDVXULQJ� LW� VKRXOG� JLYH� XV� D�
UHDVRQDEO\� JRRG� LGHD� RI� WKH� KHDOWK� RI� WKH� WRXULVP� LQGXVWU\� LQ� WKH� FLW\�� 1H[W�� ZH�
GHVFULEH�WKH�WKUHH�GDWDVHWV�LQ�PRUH�GHWDLO��DQG�SURYLGH�VRPH�H[SORUDWRU\�YLVXDOLVDWLRQV�
IRU�WKHVH��ZKLFK�ZHUH�KHOSIXO�LQ�DVVLVWLQJ�RXU�LQLWLDO�XQGHUVWDQGLQJ�RI�WKH�GDWD�ZH�KDG�
DYDLODEOH��$V�D�VRIWZDUH�SODWIRUP�IRU�RXU�SURMHFW��ZH�XVHG�0LFURVRIW�$]XUH��VLQFH�WKLV�
ZDV� DYDLODEOH� WKURXJK� RXU�*&0%�SDUWQHU��$]XUH� SURYLGHV� D� XQLILHG� SODWIRUP� IRU�
VWUXFWXUHG� DQG� XQVWUXFWXUHG� GDWD� VWRUDJH� DQG� TXHU\LQJ�� ZKLFK� LQFOXGHV� DQ�
HQYLURQPHQW�RQ�ZKLFK�WR�H[HFXWH�PDFKLQH�OHDUQLQJ�DOJRULWKPV�RQ�WKH�GDWD��)RU�WKH�
SXUSRVHV�RI�WKLV�TXLFN�H[SORUDWRU\�SURFHVV��ZH�XSORDGHG�WKH�DYDLODEOH�GDWD�LQWR�$]XUH�
VWRUDJH��IURP�ZKLFK�ZH�FRXOG�HDVLO\�SURGXFH�VLPSOH�DJJUHJDWLRQV�WKURXJK�64/�W\SH�
TXHULHV��7KH�UHVXOWV�RI�WKHVH�TXHULHV�ZHUH�GRZQORDGHG�DQG�LPSRUWHG�LQWR�0LFURVRIW�
([FHO�DV��FVY�ILOHV��ZKLFK�ZH�WKHQ�XVHG�WR�SURGXFH�TXLFN�YLVXDOLVDWLRQV��

������ )RRWIDOO�GDWD�
)RRWIDOO� GDWD� LV� REWDLQHG� WKURXJK� DXWRPDWLF� VHQVRUV� LQVWDOOHG� LQ� YDULRXV� ORFDWLRQV�
DURXQG�*ODVJRZ�XVLQJ�HTXLSPHQW�IURP�6SULQJERDUG�/WG��EDVHG�RQ�UHDO�WLPH�&&79�
LPDJH�DQDO\VLV��7KHUH�DUH���PDLQ�ORFDWLRQV�RI�LQWHUHVWV�LQ�WKH�FLW\�FHQWUH�SHGHVWULDQ�
VKRSSLQJ�VWUHHWV��$UJ\OH�6W���%XFKDQDQ�6W�� ���ORFDWLRQV���DQG�6DXFKLHKDOO�6W���ZLWK�
WZR�IXUWKHU�ORFDWLRQV��6DXFKLHKDOO�6W��DQG�%DWK�6W���RXWZLWK�WKH�PDLQ�SHGHVWULDQ�DUHDV��
7KHLU�DSSUR[LPDWH�ORFDWLRQV�DUH�GHSLFWHG�LQ�)LJXUH�������

�
� )LJXUH����� /RFDWLRQ�RI�WKH�SHGHVWULDQ�IRRWIDOO�HTXLSPHQW��7KH�PDLQ�SHGHVWULDQ�VKRSSLQJ�VWUHHWV�

�WKH�6W\OH�0LOH��DUH�PDUNHG�LQ�OLJKW�EOXH��

7KH�$3,�SURYLGHG�DOORZV�TXHU\LQJ�XVLQJ�D�VWDUW�DQG�HQG�GDWH�SDUDPHWHU��DQG�UHWXUQV�
DQ�+70/�ZHESDJH�ZLWK�WKH�VHQVRU�,'��GDWH��KRXU�DQG�WRWDO�SHGHVWULDQ�FRXQW�REVHUYHG�
LQ�WKDW�KRXUO\�SHULRG��:H�GRZQORDGHG�WKH�GDWD�IRU�\HDUV������DQG�������SDUVLQJ�WKH�
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JHQHUDWHG�+70/�ZLWK�D�VLPSOH�VFULSW�DQG�LQVHUWHG�WKH�GDWD�LQWR�D�UHODWLRQDO�0\64/�
GDWDEDVH� WDEOH��7KLV�DOORZHG�XV� WR�SHUIRUP�EDVLF�TXHU\LQJ� WR�H[DPLQH� WKH�GDWD� IRU�
VHDVRQDOLW\�DQG�WHPSRUDO�SDWWHUQV��,Q�)LJXUH������ZH�FDQ�VHH�VRPH�LQGLFDWLRQV�RI�D�
WHPSRUDO�SDWWHUQ�HPHUJLQJ�DFURVV�WKH�WZR�\HDUV��H�J��D�UHSHDWLQJ�ZHHNO\�VSLNH�SDWWHUQ�
DQG�D�JHQHUDO�VHDVRQDO�WUHQG���6XFK�D�GHWDLOHG�YLHZ�RI�WKH�GDWD�DOVR�JLYHV�LQVLJKW�WR�
VRPH�VSHFLDO�HYHQWV��$�PDUNHG�LQFUHDVH�RI�IRRWIDOO�DW�WKH�HQG�RI�-XO\������DQG�WKH�
EHJLQQLQJ�RI�$XJXVW�������KHDYLO\�LQIOXHQFLQJ�WKH����GD\�PRYLQJ�DYHUDJH���DQG�D�
YHU\�ODUJH�VSLNH�RQ�WKH���WK�RI�6HSWHPEHU�RI�������7KHVH�VKRZ�UHVSHFWLYHO\�LQFUHDVHV�
IRU�WZR�PDMRU�HYHQWV���

��� 7KH�*ODVJRZ������&RPPRQZHDOWK�*DPHV�ZLWK�DSSUR[����������YLVLWRUV�WR�
WKH�FLW\����

��� 7KH� ODUJHVW� SUR�LQGHSHQGHQFH� UDOO\�� KHOG� LQ�*ODVJRZ� ILYH� GD\V� EHIRUH� WKH�
�����LQGHSHQGHQFH�UHIHUHQGXP��

:H�DOVR�QRWH�WKH�YHU\�GLVWLQFWLYH�GURS�LQ�WKH�&KULVWPDV�DQG�1HZ�<HDU�ZHHN�LQ�ERWK�
\HDUV��6RPH�RI�WKHVH�WUHQGV�DQG�HYHQWV�DUH�OLNHO\�WR�UHSHDW�DQG�VR�VKRXOG�EH�PRGHOOHG�
ZKLOH�RWKHU�DUH�RQH�RIIV� ��GHFLGLQJ�KRZ� WR�KDQGOH� WKHVH�FDQ�EH�D�FKDOOHQJH�EXW� LV�
KHOSHG�E\�ZRUNLQJ�FORVHO\�ZLWK�WRXULVP�SDUWQHUV�DQG�DGGLQJ�FRPSOHPHQWDU\�GDWD�RI�
XSFRPLQJ�VLPLODU�RQH�RII�HYHQWV��

���������������������������������������������������
��;;�&RPPRQZHDOWK�*DPHV�9LVLWRU�6WXG\��9LVLWRU�6XUYH\�5HVXOWV�5HSRUW�
ZZZ�JRY�VFRW�SXEOLFDWLRQV�[[�FRPPRQZHDOWK�JDPHV�YLVLWRU�VWXG\�YLVLWRU�VXUYH\�UHVXOWV�UHSRUW��
��ZZZ�EEF�FRP�QHZV�XN�VFRWODQG�VFRWODQG�SROLWLFV����������
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�
� )LJXUH����� 'DLO\� IRRWIDOO� DYHUDJH� E\� PRQWK� DQG� ZHHNGD\� DFURVV� �������� �HUURU� EDQGV� DW�

���F�L����2UDQJH�OLQH�SUHVHQWV�D�WLPH�VHULHV�PRYLQJ�DYHUDJH�����GD\V���

%HWWHU� LQGLFDWLRQ� RI� D� WHPSRUDO� SDWWHUQ� LQ� WKH� GDWD� FRPHV�ZKHQ�ZH� DJJUHJDWH� WKH�
DYHUDJHV�SHU�ZHHNGD\�LQ�HDFK�PRQWK�IRU�ERWK�WKH������DQG������GDWD��)LJXUH�������
:H�QRWH� KHUH� FOHDUO\� WKDW� IRRWIDOO� LQ� WKH� FLW\¶V� VKRSSLQJ� VWUHHWV� LQFUHDVHV� VWHDGLO\�
0RQGD\�WR�6DWXUGD\��ZLWK�D�ODUJH�GURS�RQ�6XQGD\V��DV�WKH�VKRSV�DUH�RSHQ�IRU�IHZHU�
KRXUV�DQG�LQ�6FRWODQG�WKDW�LV�WUDGLWLRQDOO\�D�OHVV�VKRSSLQJ�IRFXVVHG�GD\���7KH�SDWWHUQV�
DUH� FORVHO\� DOLJQHG� DFURVV� ERWK�\HDUV��7KLV� DQDO\VLV� JLYHV� XV� D� IDLU� LQGLFDWLRQ� WKDW�
IRRWIDOO�LQ�WKH�FLW\�LV�OLNHO\�SUHGLFWDEOH�ZLWK�UHDVRQDEOH�DFFXUDF\��

��
�� )LJXUH����� )RRWIDOO�DYHUDJH�E\�PRQWK�DQG�ZHHNGD\�LQ������DQG�������

7KH�DQDO\VLV�RI�IRRWIDOO�KLJKOLJKWV�WKH�QHHG�WR�XQGHUVWDQG�WKH�QDWXUH�RI�WKH�XQGHUO\LQJ�
DFWLYLW\�EHLQJ�PRQLWRUHG�EHIRUH�EOLQGO\�DSSO\LQJ�SUHGLFWLRQ��WKH�VSHFLDO�HYHQWV�DQG�
ZHHNO\�F\FOH�RI�D�FLW\�DUH�NH\�WR�WXQLQJ�PRGHOV�WR�DFFXUDWHO\�UHIOHFW�FLW\�OLIH��
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������ +RWHO�DGYDQFHG�UHVHUYDWLRQ�GDWD�
+RWHO�GDWD�ZDV�REWDLQHG�IURP�/-�)RUHFDVWHU��D�6FRWWLVK�EDVHG�WRXULVP�PDUNHW�UHVHDUFK�
DJHQF\��7KH�GDWD�FRQWDLQHG�URRP�ERRNLQJ�LQIRUPDWLRQ�RQ�D�GDLO\�EDVLV�IRU����KRWHOV�
LQ� WKH� FLW\� FHQWUH� DQG� D� IXUWKHU� �� KRWHOV� LQ� WKH� JUHDWHU�*ODVJRZ� DUHD�� 7KH� GDWD� LV�
SURYLGHG�ZLWK�D�GHOD\�RI�DSSUR[LPDWHO\���PRQWK�IRU�WKH�SUHFHGLQJ�PRQWKO\�SHULRG��
DQG�LQFOXGHV�WKH�QXPEHU�RI�DYDLODEOH�URRPV��WKH�QXPEHU�RI�ERRNHG�URRPV��WKH�QXPEHU�
RI�³VOHHSHUV´��SHUVRQV��VWD\LQJ�LQ�ERRNHG�URRPV�DQG�WKH�JHQHUDWHG�UHYHQXH��IRU�HDFK�
GDWH��7KH�GDWD�LV�SURYLGHG�LQ�([FHO�VSUHDGVKHHWV��ZKLFK�ZHUH�SDUVHG�ZLWK�D�FXVWRP�
VFULSW�DQG�LQVHUWHG�LQ�D�UHODWLRQDO�0\64/�GDWDEDVH��6LPLODU�WR�IRRWIDOO�GDWD��ZH�SORWWHG�
WKH�ERRNHG�URRPV�DQG�VOHHSHUV�ERWK�RQ�D�GDLO\�EDVLV�DQG�DJJUHJDWLQJ�E\�ZHHN��)LJXUH�
�����)LJXUH�������:H�DOVR�SORWWHG�WKH�UHYHQXH�ILJXUHV��)LJXUH�������

�
� )LJXUH����� 'DLO\�KRWHO�RFFXSDQF\�E\�ZHHN�LQ����������HUURU�EDQGV�DW�����F�L���

�
� )LJXUH����� +RWHO�RFFXSDQF\�DYHUDJH�E\�ZHHN�LQ����������HUURU�EDQGV�DW�����F�L���
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�
� )LJXUH����� 'DLO\�KRWHO�UHYHQXH�E\�ZHHN�LQ���������

$V�EHIRUH��ZH�QRWH�WKDW�D�UHJXODU�WHPSRUDO�SDWWHUQ�HPHUJHV��ZLWK�RQH�QRWDEOH�HYHQW��
L�H��D�ODUJH�VSLNH�LQ�UHYHQXH�FRLQFLGLQJ�ZLWK�WKH�&RPPRQZHDOWK�JDPHV�KHOG�LQ�WKH�
FLW\�LQ�-XO\�������6XUSULVLQJO\�WKLV�SHDN�LV�QRW�DFFRPSDQLHG�E\�D�VLPLODUO\�KLJK�SHDN�
LQ� URRP� ERRNLQJV� RU� WRWDO� VOHHSHUV�� VKRZLQJ� KRZ� WKH� PDUNHW� FDQ� ZRUN� LQ� VXFK�
H[FHSWLRQDO�FLUFXPVWDQFHV��

������ 6N\VFDQQHU�)OLJKW�6HDUFK�'DWD�
'DWD�LQ�WKH�6N\VFDQQHU�VHW�LV�VHSDUDWHG�LQ�WZR�GLVWLQFW�VXEVHWV��VHDUFKHV�DQG�UHGLUHFWV��
6HDUFKHV�LV�D�ORJ�RI�DOO�VHDUFKHV�IRU�IOLJKWV�WR�*ODVJRZ�,QWHUQDWLRQDO��*/$��RQ�WKH�
ZHEVLWH�DQG�PRELOH�DSS��5HGLUHFWV�LV�D�VPDOOHU�GDWDVHW�FRQWDLQLQJ�GHWDLOV�RI�VHDUFKHV�
WKDW�ZHUH�UHGLUHFWHG�WR�DLUOLQH�RU�WUDYHO�DJHQW�ZHEVLWHV�VR�WKDW�WKH�FXVWRPHU�FRXOG�ERRN�
D�VHOHFWHG�IOLJKW��$W�WKH�WLPH�6N\VFDQQHU�GLG�QRW�RIIHU�LQWHJUDWHG�IOLJKW�ERRNLQJV��EXW�
RQO\� LQIRUPDWLRQ� VR� WKDW� WKH� XVHU� FRXOG� EH� UHGLUHFWHG� WR� WKH� UHOHYDQW� ZHEVLWH� WR�
FRPSOHWH�D�ERRNLQJ��7KHUHIRUH�ZKLOH�³UHGLUHFW´�VKRXOG�EH�YLHZHG�DV�D�VWURQJ�LQGLFDWRU�
RI�D�IOLJKW�ERRNLQJ��LW�LV�QRW�D�JXDUDQWHH�WKDW�WKH�ERRNLQJ�ZDV�DFWXDOO\�FRPSOHWHG��7KH�
ORJV�RIIHU�D�ZHDOWK�RI�GDWD� ILHOGV� LQFOXGLQJ� LQWHQGHG� WUDYHOOLQJ�GDWHV� �LQERXQG�DQG�
RXWERXQG�IOLJKWV���WKH�QXPEHU�RI�VHDWV��DGXOWV���FKLOGUHQ���WKH�VWDUWLQJ�DLUSRUW�IRU�WKH�
VHDUFK�DQG�WKH�XVHU¶V�ORFDO�DLUSRUW��'XH�WR�WKH�PDVVLYH�ILOH�VL]H��WKH�GDWD��SURYLGHG�DV�
&69V� WKURXJK� D� TXHU\DEOH� $3,�� ZDV� KHOG� LQ�0LFURVRIW� $]XUH� 'DWD/DNH� VWRUDJH��
ZKLFK�DOORZV�TXHU\LQJ�WKURXJK�7�64/���

:H�ILUVW�DWWHPSWHG�WR�HVWLPDWH�WKH�YLVLWRUV�SUHVHQW�LQ�*ODVJRZ�RQ�D�JLYHQ�GDWH�EDVHG�
RQ�WKH�VHDUFK�DQG�UHGLUHFW�GDWD��:H�H[FOXGHG�UHFRUGV�IRU�GD\�YLVLWV��RXWZDUG� �UHWXUQ�
GDWH���WULSV�ZLWK�D�GXUDWLRQ�ZDV�PRUH�WKDQ����GD\V��EDVHG�RQ�DGYLFH�IURP�*&0%�DV�
WKHVH� DUH� RIWHQ� VWXGHQWV� RU� ORQJ�WHUP� YLVLWRUV� ZKR� ZDQW� WR� WRXU� 6FRWODQG� RXWVLGH�
*ODVJRZ���DQG�RQH�ZD\�WULS�UHFRUGV��QR�UHWXUQ�UHTXHVWHG���)ROORZLQJ�WKLV�ILOWHULQJ��
ZH�HVWLPDWHG�WKH�QXPEHU�RI�YLVLWRUV�ERXQG�WR�EH�LQ�WKH�FLW\�IRU�HDFK�JLYHQ�GD\�LQ������
DQG�������E\�WUHDWLQJ�HDFK�VHDUFK�DV�EHLQJ�PDGH�E\�D�VLQJOH�DQG�GLVWLQFW�LQGLYLGXDO�
DQG�WDOO\LQJ�XS�WKH�QXPEHU�RI�LQGLYLGXDOV��VHDWV��ZKR�KDYH�GHFODUHG�WKDW�WKH\�ZRXOG�
EH�LQ�*ODVJRZ��E\�VWDWLQJ�DQ�LQERXQG�DQG�RXWERXQG�GDWH���$V�DQ�H[DPSOH��7DEOH�����
VKRZV�WZR�VHDUFKHV�ZLWK�DVVRFLDWHG�RFFXSDQF\�HVWLPDWHV��
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� 7DEOH����� 6DPSOH�IOLJKW�VHDUFK�GDWD�

� � � � 2FFXSDQF\�

6HDUFK�,'� 6HDWV ,QERXQG� 2XWERXQG ��-DQ� ��-DQ� ��-DQ� ��-DQ�

������ �� ����������� ���������� �� �� �� ��

������ �� ����������� ���������� �� �� �� ��

� � � � �� �� �� ��

%\� DSSO\LQJ� WKHVH� FDOFXODWLRQV� WR� WKH� VHDUFK� GDWDVHW� DQG� WKH� UHGLUHFW� GDWDVHW�� ZH�
SURGXFH�WZR�PHWULFV�RI�EXV\QHVV���

Ɣ� /LNHO\�9LVLWRUV�� QXPEHU� RI� YLVLWRUV� SUHVHQW� LQ� WKH� FLW\� FDOFXODWHG� IURP� WKH�
UHGLUHFW�GDWDVHW�

Ɣ� ,QWHUHVWHG�9LVLWRUV��QXPEHU�RI�YLVLWRUV�SUHVHQW�LQ�WKH�FLW\�FDOFXODWHG�IURP�WKH�
VHDUFK�GDWDVHW�

7KH�VXSSOLHG�GDWD�GLG�QRW�H[SOLFLWO\�OLQN�VHDUFKHV�DQG�UHGLUHFWV�QRU�GR�WKH\�LGHQWLI\�
LQGLYLGXDOV� RU� PDFKLQHV� PDNLQJ� WKH� VHDUFKHV�� VR� ZH� KDYH� QR� ZD\� RI� LGHQWLI\LQJ�
ZKHWKHU�WZR�RU�PRUH�VHDUFK���UHGLUHFW�UHFRUGV�KDYH�EHHQ�PDGH�E\�WKH�VDPH�LQGLYLGXDO��
+HQFH��WKHVH�WZR�PHWULFV�DUH�D�URXJK�DSSUR[LPDWLRQ�DQG�DUH�D�FRPELQDWLRQ�RI�VWUHQJWK�
RI� LQWHUHVW� �D�SHUVRQ�PLJKW�EH� UHSHDWHGO\� VHDUFKLQJ� IRU� WKH� VDPH�GDWHV��DQG�DFWXDO�
LQWHQGHG�YLVLWV��7KHUHIRUH�ZH�KDYH�D�WRWDO�RI�IRXU�EXV\QHVV�LQGLFDWRUV��

Ɣ� /LNHO\� $UULYDOV�� 1XPEHU� RI� SHRSOH� IO\LQJ� LQWR� *ODVJRZ� RQ� D� JLYHQ� GDWH�
�UHGLUHFWV��

Ɣ� /LNHO\�9LVLWRUV��1XPEHU�RI�YLVLWRUV�IURP�DQ\�WULS�LQ�*ODVJRZ�RQ�D�JLYHQ�GDWH�
�UHGLUHFWV��

Ɣ� ,QWHUHVWHG�$UULYDOV��1XPEHU�RI�SHRSOH�IO\LQJ�LQWR�*ODVJRZ�RQ�D�JLYHQ�GDWH�
�VHDUFKHV��

Ɣ� ,QWHUHVWHG�9LVLWRUV��1XPEHU�RI�YLVLWRUV�IURP�DQ\�WULS�LQ�*ODVJRZ�RQ�D�JLYHQ�
GDWH��VHDUFKHV��

7KH�FDOFXODWHG�ILJXUHV�IRU�HDFK�GDWH�ZHUH�VWRUHG�LQ�D�UHODWLRQDO�0\64/�GDWDEDVH�IRU�
IXUWKHU�SURFHVVLQJ��$�WLPHOLQH�RI�WKHVH�PHWULFV�LV�VKRZQ�LQ�)LJXUH������
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�
� )LJXUH����� 'DLO\�YLVLWRUV�SUHVHQFH�DQG�DUULYDOV�LQ���������

)URP� WKLV� GDWD�� ZH� QRWH� D� UHJXODU� �ZHHNO\�� SDWWHUQ� VKRZLQJ� LQFUHDVHG� LQWHUHVW� LQ�
ZHHNHQG� DUULYDOV� �)ULGD\�	�6DWXUGD\�� DV�ZHOO� DV� D� VHDVRQDO� WUHQG��ZLWK� LQFUHDVHG�
WUDIILF�LQ�WKH�VXPPHU�PRQWKV��-XO\�DQG�$XJXVW���:H�QRWH�KHUH�WKDW�WKHUH�GRHVQ¶W�VHHP�
WR� EH� PXFK� FRUUHODWLRQ� EHWZHHQ� VHDUFKHV� DQG� UHGLUHFWV� SULRU� WR� $SULO� ������ 7KLV�
DSSHDUV�WR�KDYH�EHHQ�D�UHVXOW�RI�6N\VFDQQHU�FKDQJLQJ�KRZ�UHGLUHFWV�ZHUH�SURPRWHG�
IURP�VHDUFK�UHVXOWV��,W�LV�DOVR�ZRUWK�QRWLQJ�WKDW�LQWHUHVW�IRU�*ODVJRZ�LQ�WKH�6N\VFDQQHU�
SODWIRUP�LV�TXLWH�ORZ�LQ�HDUO\�������7KLV�LV�LQGLFDWLYH�RI�WKHLU�HDUO\�JURZLQJ�PDUNHW�
VKDUH� FRPELQHG� ZLWK� VHDUFKHV� IRU� IXWXUH� WUDYHO�� 7KHUHIRUH�� LQ� FRQWUDVW� ZLWK� RWKHU�
GDWDVHWV��KRWHOV�	�IRRWIDOO���LW�LV�LPSRUWDQW�WR�QRWH�KHUH�WKDW�WKH�REVHUYHG�ILJXUHV�DUH�
DV� UHIOHFWLYH� RI� WKH� 6N\VFDQQHU� SODWIRUP¶V� PDUNHW� VXFFHVV� DQG� LQWHUIDFH� GHVLJQ�
FKDQJHV��DV�WKH\�DUH�RI�LQWHUHVW�LQ�WKH�FLW\�RI�*ODVJRZ���

$�XVHU�LQWHUIDFH�UHODWHG�LVVXH�DOVR�EHFDPH�FOHDU�RQ�DQDO\VLQJ�WKH�GDWD��WKH�ILUVW�RI�WKH�
PRQWK�DSSHDUHG�WR�JHW�D�ERRVW��DV�GLG�WUDYHOOLQJ�RQ�WKH�GD\�RI�WKH�VHDUFK��6DPH�GD\�
ERRNLQJV� DUH� YHU\� UDUH� DQG� *&0%� GLG� QRW� EHOLHYH� WKH� ILUVW� WR� EH� SDUWLFXODUO\�
VLJQLILFDQW��KRZHYHU�LQ�WKH�LQWHUIDFH�LI�XVHUV�GR�QRW�VHW�D�GDWH�LW�GHIDXOWV�WR�WUDYHO�WRGD\�
DQG�ZH�K\SRWKHVL]H�WKDW�XVHUV�GRLQJ�VSHFXODWLYH�VHDUFKHV�PD\�SLFN��VD\��VW�-XQH�WR�
JHW�DQ�LGHD�IRU�VXPPHU�WULS�SULFHV�WR�*ODVJRZ�ZLWK�QR�SODQ�WR�ERRN�LPPHGLDWHO\��
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�
� )LJXUH����� 6DPSOH�IOLJKW�VHDUFK�LQWHUIDFH�F��������

���� 3UHGLFWLQJ�EXVLQHVV�LQGLFDWRUV�
$OWKRXJK�RXU�LQLWLDO�GDWD�H[SORUDWLRQ�XVHG�XQVRSKLVWLFDWHG�WRROV��IRU�WKH�SXUSRVHV�RI�
SURGXFLQJ�WKH�GHVLUHG�SUHGLFWLRQV��ZH�QHHGHG�WR�HPSOR\�PRUH�SRZHUIXO�WRROV��)RU�WKLV�
SXUSRVH��ZH�VHOHFWHG��DPRQJVW�D� UDQJH�RI�RSWLRQV�� WR�H[SORUH� WKH�GDWD�XVLQJ� WKH�5�
ODQJXDJH�� 5� LV� D� ZLGHO\� SRSXODU� SODWIRUP� IRU� VWDWLVWLFDO� FRPSXWLQJ� ZLWK� PDQ\�
SDFNDJHV�IRU�VWDWLVWLFDO�DQG�PDFKLQH�OHDUQLQJ�DSSURDFKHV��DQG�LV�DOVR�VXSSRUWHG�E\�
$]XUH��$V�ZH�GHVFULEH�RXU�ILQGLQJV�LQ�WKH�QH[W�VHFWLRQV��ZH�ZLOO�DOVR�PHQWLRQ�WKH�5�
SDFNDJHV�DQG�WRROV�XVHG�WKURXJKRXW�WKH�DQDO\VLV��

6LQFH��DV�FDQ�EH�VHHQ��RXU�GDWD�FRQVLVWV�RI�GLIIHUHQW�WLPHOLQHV�ZLWK�YDU\LQJ�JUDQXODULW\��
WKHUH�DUH� WZR�DSSURDFKHV� WKDW�FRXOG�EH�XVHG� WR�SUHGLFW� WKH�NH\�EXVLQHVV� LQGLFDWRUV�
IURP�WKLV�GDWD��7KH�ILUVW�DSSURDFK�LV�WR�XVH�HDFK�GDWD�VHULHV�LQGLYLGXDOO\�DQG�WR�WU\�WR�
SUHGLFW�IXWXUH�YDOXHV�EDVHG�RQ�WKH�KLVWRU\�RI� WKH� WLPH�VHULHV��XQLYDULDWH�DSSURDFK���
7KLV� DSSURDFK�PD\�\LHOG� JRRG� UHVXOWV�� SDUWLFXODUO\�ZKHQ� WKH� GDWD� H[KLELWV� D� FOHDU�
WHPSRUDO� SDWWHUQ� �L�H��� SHULRGLFLW\��� 2Q� WKH� RWKHU� KDQG�� WKLV� DSSURDFK� PLVVHV� WKH�
LQWHUSOD\�EHWZHHQ�GLIIHUHQW�GDWD�VRXUFHV��DQG�WKHUHIRUH�FRPELQLQJ�GDWD�VRXUFHV�LQWR�D�
VLQJOH�SUHGLFWLYH�PRGHO��PD\�\LHOG�IDU�PRUH�DFFXUDWH�UHVXOWV��

������ 8QLYDULDWH�PRGHOV�
:H�SHUIRUPHG�XQLYDULDWH�WLPHVHULHV�SUHGLFWLRQV�RQ�RXU�GDWDVHWV��FDQ�ZH�FDQ�SUHGLFW�
WKH�YDOXH�RI� D�JLYHQ�PHWULF�� EDVHG�RQ� WKLV�PHWULF¶V�KLVWRU\� DORQH��)RU� WKLV� W\SH�RI�
DQDO\VLV��DV�ZHOO�DV�IRU� WKH�PXOWLYDULDWH�DQDO\VHV� WKDW�IROORZ��ZH�XVHG�WKH�OLEUDULHV�
RIIHUHG�E\�WKH�5�‘forecast’�SDFNDJH���)RU�XQLYDULDWH�DQDO\VLV��ZH�DSSOLHG�IRXU�PRGHOV��
ZKLFK� DUH� H[SODLQHG� LQ� JUHDW� GHWDLO� �ERWK� WKHRU\� DQG� XVH� LQ�5�� LQ� >+\QGPDQ� DQG�
$WKDQDVRSRXORV�����@���

Ɣ� 67/�QDLYH�� 6HDVRQDO� 7UHQG� GHFRPSRVLWLRQ� XVLQJ� /RHVV�� DQG� D� QDLYH�
SUHGLFWRU�>+\QGPDQ�	�$WKDQDVRSRXORV�������FK���@�

Ɣ� +:$�� +ROW�:LQWHUV� VHDVRQDO� PHWKRG� �DGGLWLYH� PRGHO�� � >+\QGPDQ� 	�
$WKDQDVRSRXORV�������FK���@�

���������������������������������������������������
��5�)RUHFDVW�SDFNDJH�KWWSV���JLWKXE�FRP�UREMK\QGPDQ�IRUHFDVW�
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Ɣ� +:0��+ROW�:LQWHUV�VHDVRQDO�PHWKRG��PXOWLSOLFDWLYH�PRGHO��>+\QGPDQ�	�
$WKDQDVRSRXORV�������FK���@�

Ɣ� 11$5��1HXUDO�1HWZRUN�$XWRUHJUHVVLRQ�>+\QGPDQ�	�$WKDQDVRSRXORV�������
FK����@�

7KH�WLPH�VHULHV�LQ�DOO�FDVHV�DUH�FRQVLGHUHG�WR�KDYH�D�VHDVRQDO�SDUDPHWHU�RI����L�H��RQH�
ZHHN���:H�FRQVLGHU�DOO�GDWD�VWDUWLQJ�IURP�:HHN����EHJLQQLQJ�RI�RXU�GDWDVHWV��WR�:HHN�
���DV�LQSXWV�WR�WKH�PRGHO¶V�WUDLQLQJ��)URP�WKLV�GDWD��ZH�SUHGLFW�WKH�YDOXHV�IRU�WKH����
GD\V����ZHHNV��IROORZLQJ�WKH�HQG�RI�:HHN�����:KLOH�WKHVH�PRGHOV�DUH�WXQDEOH�WKURXJK�
D� UDQJH� RI� SDUDPHWHUV�� LQ� WKLV� LQLWLDO� LQYHVWLJDWLRQ� ZH� DVVHVVHG� WKHLU� SUHGLFWLYH�
SHUIRUPDQFH�ZLWKRXW�LQYHVWLJDWLQJ�WKH�RSWLPDO�WXQLQJ�RI�WKHVH�SDUDPHWHUV�DQG�LQVWHDG�
XVH�D�VHW�RI�SDUDPHWHU�YDOXHV�WKDW�DUH�UHDVRQDEOH�HVWLPDWHV�EDVHG�RQ�WKH�QDWXUH�RI�WKH�
GDWD�LQ�WKH�WLPH�VHULHV��7KH�SDUDPHWHUV�DUH�VKRZQ�LQ�7DEOH������

� 7DEOH����� 3DUDPHWHUV�IRU�XQLYDULDWH�PRGHOOLQJ�

0RGHO� 3DUDPHWHU� 9DOXH�

67/�

�

7UHQG�ZLQGRZ� ���

6HDVRQDO�ZLQGRZ� ��

5REXVW� 758(�

'DWD�SRLQWV�WR�SUHGLFW� ���

+:$� 6HDVRQDO�PRGHO� ³DGGLWLYH´�

'DWD�SRLQWV�WR�SUHGLFW� ���

+:0� 6HDVRQDO�PRGHO� ³PXOWLSOLFDWLYH´�

'DWD�SRLQWV�WR�SUHGLFW� ���

11$5� 6HDVRQDO�ODJV� ��

+LGGHQ�QRGHV� ��

1XPEHU�RI�11V�WR�WUDLQ� ���

'DWD�SRLQWV�WR�SUHGLFW� ���

�

6LQFH�LQ�WKLV�SURMHFW�ZH�ZHUH�PRVWO\�LQWHUHVWHG�LQ�H[DPLQLQJ�WKH�SUHGLFWLYH�SRZHU�RI�
WKH�FRPELQHG�GDWDVHWV��ZH�ZRQ¶W�UHSRUW�RQ�DOO�WKH�RXWFRPHV�RI�WKH�XQLYDULDWH�DQDO\VHV�
KHUH��EXW�VLQFH�WKLV�WHFKQLTXH�FDQ�EH�XVHIXO�LQ�SURYLGLQJ�DW�OHDVW�D�IRUP�RI�EDVHOLQH�RQ�
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WKH� SUHGLFWLYH� SRZHU� RI� HDFK� LQGLYLGXDO� WLPH� VHULHV�� ZH� ZLOO� ZRUN� WKURXJK� RQH�
H[DPSOH�RI�RXU�NH\�SUHGLFWLRQ�WDUJHWV��KRWHO�URRP�DQG�VOHHSHU�ERRNLQJV��

������ 8QLYDULDWH�SUHGLFWLRQV�RQ�KRWHO�GDWD�
:H�VWDUW�RII�ZLWK�67/��DV�WKLV�WHFKQLTXH�DWWHPSWV�WR�EUHDN�GRZQ�D�WLPH�VHULHV�LQWR�WZR�
FRPSRQHQWV� WKDW� FDQ� SURYLGH� YDOXDEOH� LQVLJKWV� DERXW� D� WLPH� VHULHV�� 7KHVH� DUH� WKH�
VHDVRQDO�DQG�WUHQG�FRPSRQHQWV��$V�FDQ�EH�VHHQ�LQ�)LJXUH������WKH�KRWHO�URRP�ERRNLQJV�
GHPRQVWUDWH�D�VWHDG\�VHDVRQDO��LQ�RXU�FDVH�ZHHNO\��YDULDWLRQ�ZKLOH�WKH�WUHQG�SDWWHUQ�
KHUH�VKRZV�KRZ�KRWHO�EXVLQHVV�YDULHV�WKURXJKRXW�WKH�\HDUV��7KH�³UHPDLQGHUV´�DW�WKH�
ERWWRP�RI�WKH�ILJXUH�DUH�XVHIXO�LQ�LGHQWLI\LQJ�GHSDUWXUHV�IURP�³QRUPDO´�YDOXHV��L�H��
H[WUHPH�FDVHV��VXFK�DV�WKH�ODUJH�GLS�MXVW�DIWHU�WKH�1HZ�<HDU�SHULRG���:LWK�VXFK�FOHDU�
VHDVRQDO�DQG�WUHQG�FRPSRQHQWV��ZH�FDQ�KDYH�DW�OHDVW�VRPH�FRQILGHQFH�WKDW�WKLV�WLPH�
VHULHV�KDV�UHDVRQDEOH�SUHGLFWLYH�SRZHU��

�
� )LJXUH����� 67/�GHFRPSRVLWLRQ�UHVXOWV�RQ�KRWHO�URRP�ERRNLQJ�GDWD��WLPH�LV�LQ�ZHHNV��

5XQQLQJ�WKH�IRUHFDVWLQJ�PRGHOV�RQ�WKH�KRWHO�ERRNLQJ�GDWD�WLPH�VHULHV��JLYHV�PL[HG�
UHVXOWV��:H�FDQ�VHH�WKDW�DOO�PRGHOV�SHUIRUP�ZHOO�LQ�SUHGLFWLQJ�WKH�KLJKV�DQG�ORZV�RI�
WKH�GDWDVHW��EXW�QRW�WKDW�ZHOO�LQ�WKH�³LQ�EHWZHHQ´�YDOXHV��$�FRPSDULVRQ�RI�WKH�DYHUDJH�
SUHGLFWLRQ�HUURU�VKRZV�WKDW�RYHUDOO��IRU�WKH���ZHHNV��WKH�PRGHOV�SHUIRUPHG�ZLWK�DQ�
DYHUDJH�HUURU�UDWH�EHWZHHQ��������RI�WKH�DFWXDO�OHYHO�RI�URRP�ERRNLQJV�IRU�DOO�WKH�
GDWHV�LQ�WKH�SUHGLFWLRQ�SHULRG��7KLV�LV�D�IDLUO\�JRRG�VWDUW�DQG�VHWV�WKH�EDVHOLQH�IRU�DQ\�
IXUWKHU�LPSURYHPHQWV�WKURXJK�FRPELQLQJ�GDWD��,Q�WKH�QH[W�VHFWLRQ��ZH�ZLOO�GLVFXVV�
KRZ�FRPELQLQJ�PXOWLSOH�WLPH�VHULHV�DIIHFWHG�WKH�SUHGLFWLRQ�WDUJHWV��
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�
� )LJXUH������ 8QLYDULDWH�SUHGLFWLRQV�IRU�KRWHO�URRP��DERYH��DQG�VOHHSHUV��EHORZ��

2YHUDOO�� XVLQJ� D� ��� GD\� WUDLQLQJ� ZLQGRZ� DQG� UXQQLQJ� WKH� DQDO\VLV� IRU� WKH� HQWLUH�
-XO\¶�����0D\¶���SHULRG��SUHGLFWLQJ���ZHHNV�DKHDG�RI�WKH�ILUVW�RI�HDFK�PRQWK���ZH�
VHH�LQ�RQH�FDVH�ZH�DUH�DEOH�WR�REWDLQ�D�UHDVRQDEO\�JRRG�DFFXUDF\��67/��VOHHSHUV���EXW�
RYHUDOO�WKH�HUURU�PDUJLQV�DUH�TXLWH�KLJK��)LJXUH��������

�
� )LJXUH������ 1506(�IRU�XQLYDULDWH�SUHGLFWLRQV�
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���� 0XOWLYDULDWH�SUHGLFWLRQV�
0XOWLYDULDWH� DQDO\VHV� FDQ� \LHOG� SRWHQWLDOO\�PRUH� DFFXUDWH� UHVXOWV� E\� FDSWXULQJ� WKH�
UHODWLRQVKLSV�EHWZHHQ�D�KLJK�QXPEHU�RI�IHDWXUHV��EXW�PD\�UHVXOW�LQ�DQ�RYHUO\�FRPSOH[�
DQG�FRPSXWDWLRQDOO\�LQWHQVLYH�PRGHO��6RPHWLPHV��DGGLQJ�PRUH�IHDWXUHV�LQ�D�GDWDVHW�
GRHVQ¶W� QHFHVVDULO\�PHDQ� WKDW�ZH�ZLOO� LPSURYH� WKH� SUHGLFWLRQ� SHUIRUPDQFH�� DQG� D�
UHDVRQ� IRU� WKLV� LV� RIWHQ� WKDW� GDWD� IHDWXUHV� PD\� H[KLELW� VWURQJ� FRUUHODWLRQV�� ,I� WZR�
IHDWXUHV�DUH�VWURQJO\�FRUUHODWHG��ZH�JDLQ�YHU\�OLWWOH�QHZ�LQIRUPDWLRQ�E\�LQFOXGLQJ�ERWK�
IHDWXUHV�LQ�D�SUHGLFWLYH�PRGHO��7KHUHIRUH��ZH�VKRXOG�DWWHPSW�DW�WKH�VWDUW�WR�H[DPLQH�
RXU�GDWD�IHDWXUHV�IRU�FRUUHODWLRQV�DQG�WR�WU\�WR�UHGXFH�WKH�GLPHQVLRQDOLW\�RI�RXU�GDWDVHW�
DV�PXFK�DV�SRVVLEOH��

� ������ 0XOWLYDULDWH�IHDWXUHV�
,Q�RXU�FDVH��RXU�GDWDVHW�FRQWDLQHG����IHDWXUHV��7DEOH�������VRPH�IURP�UDZ�GDWD�DQG�
VRPH�GHULYHG�IURP�WKH�UDZ�GDWDVHWV��$OO�YDOXHV�DUH�FDOFXODWHG�RQ�D�GDLO\�EDVLV��

� 7DEOH����� )HDWXUHV�IRU�PXOWLYDULDWH�SUHGLFWLRQ�

)HDWXUH��'HVFULSWLRQ�

'DWH 7KH�GDWH�IRU�ZKLFK�WKH�IHDWXUH�YDOXHV�DUH�FDOFXODWHG�

/LNHO\�9LVLWRUV 1XPEHU�RI�YLVLWRUV�SUHVHQW� LQ� WKH�FLW\�FDOFXODWHG�IURP�
WKH�UHGLUHFW�GDWDVHW�

5RRPV 6XP�RI�ERRNHG�URRPV�LQ�DOO�KRWHOV�

6OHHSHUV 6XP�RI�ERRNHG�VOHHSHUV�LQ�DOO�KRWHOV�

5HYHQXH 5HYHQXH�JHQHUDWHG�IURP�DOO�KRWHOV�

,QWHUHVWHG�YLVLWRUV 1XPEHU�RI�YLVLWRUV�SUHVHQW� LQ� WKH�FLW\�FDOFXODWHG�IURP�
WKH�VHDUFKHV�GDWDVHW�

)RRWIDOO $YHUDJH�QXPEHU�RI�SHGHVWULDQV�GHWHFWHG�SHU�ORFDWLRQ�

$YHUDJH�URRPV $YHUDJH�QXPEHU�RI�URRP�RFFXSDQF\�SHU�KRWHO�

$YHUDJH�VOHHSHUV $YHUDJH�QXPEHU�RI�VOHHSHU�RFFXSDQF\�SHU�KRWHO�

/LNHO\�$UULYLQJ�WULSV 1XPEHU�RI�WULSV�DUULYLQJ�LQWR�*ODVJRZ��FDOFXODWHG�IURP�
WKH�UHGLUHFW�GDWDVHW�

/LNHO\�$UULYLQJ�
SDVVHQJHUV

1XPEHU� RI� SDVVHQJHUV� DUULYLQJ� LQWR� *ODVJRZ� �HDFK�
³WULS´� FDQ� KDYH�PXOWLSOH� SDVVHQJHUV��� FDOFXODWHG� IURP�
WKH�UHGLUHFW�GDWDVHW�
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,QWHUHVWHG�WULSV 1XPEHU�RI�WULSV�DUULYLQJ�LQWR�*ODVJRZ��FDOFXODWHG�IURP�
WKH�VHDUFKHV�GDWDVHW�

,QWHUHVWHG�DUULYLQJ�
SDVVHQJHUV

1XPEHU� RI� SDVVHQJHUV� DUULYLQJ� LQWR� *ODVJRZ� �HDFK�
³WULS´� FDQ� KDYH�PXOWLSOH� SDVVHQJHUV��� FDOFXODWHG� IURP�
WKH�VHDUFKHV�GDWDVHW�

7RWDO�WULSV 6XP�RI�LQWHUHVWHG�DQG�OLNHO\�WULSV�

7RWDO�DUULYLQJ�SDVVHQJHUV 6XP�RI�LQWHUHVWHG�DQG�OLNHO\�SDVVHQJHUV�
�

$V�QRWHG�HDUOLHU� IURP� LQVSHFWLRQ�RI� WKH�GDWD�ZH� VDZ� WKDW� WKHUH�DUH� WZR�SHULRGV�RI�
VWDELOLVDWLRQ�RI�WKH�GDWD��)URP�-XO\������RQZDUGV��WKH�QXPEHU�RI�WRWDO�DUULYLQJ�WULSV�
VHHPV�WR�VWDELOLVH��+RZHYHU��WKH�WRWDO�QXPEHU�RI�SDVVHQJHUV�LQFUHDVHV�KHDYLO\�IURP�
$SULO������DQG�WKHQ�VWDELOLVHV�LQ�D�UHJXODU�SDWWHUQ�RI�YROXPH��7KLV�PHDQV�WKDW�SULRU�WR�
WKDW�GDWH��XVHUV�ZHUH�SUREDEO\�QRW�GHFODULQJ�DQ�DFFXUDWH�QXPEHU�RI�SDVVHQJHUV��ZKLFK�
PDNHV�VHQVH��EHFDXVH�ZH�VHH�WKDW�SULRU�WR�WKDW�GDWH��WKH�ZHEVLWH�ZDV�XVHG�PRVWO\�IRU�
VHDUFKHV���2QFH�UHGLUHFWV�EHJLQ� WR�RYHUWDNH�WKH�YROXPH�RI�VHDUFKHV�� WKH�YROXPH�RI�
GHFODUHG�SDVVHQJHU�LQFUHDVHV��7KLV�PHDQV� WKDW�ZH�VKRXOG��IRU�FRUUHODWLRQ�SXUSRVHV��
RQO\� FRQVLGHU� 6N\VFDQQHU� GDWD� DIWHU� ������������ 7KH� RWKHU� GDWD� VHULHV� �KRWHOV��
IRRWIDOO��DUH�UHJXODU�DQG�GR�QRW�QHHG�WKH�DSSOLFDWLRQ�RI�H[FOXVLRQ�FULWHULD���

������ )HDWXUH�FRUUHODWLRQ�DQDO\VLV�
%DVHG�RQ� WKLV�H[FOXVLRQ��ZH�FDQ� LQYHVWLJDWH�SRVVLEOH�FRUUHODWLRQV�EHWZHHQ�SDLUV�RI�
IHDWXUHV��2QH�ZD\�WR�DFKLHYH�WKLV�YLVXDOO\��LV�E\�SORW�WKH�FRUUHODWLRQV�DQG�VFDWWHUSORW�
PDWULFHV��)LJXUH��������VKRZLQJ�FRPELQDWRULDO�VFDWWHUSORWV�RI�DOO�YDULDEOH�SDLUV��7KHVH�
DUH�HDV\�WR�SURGXFH��XVLQJ�WKH�scatterplotMatrix() IXQFWLRQ IURP�WKH�‘car’�5�SDFNDJH��
DQG� WKH�corrgram()� IXQFWLRQ� � IURP�WKH� ‘corrgram’�SDFNDJH��DQG�SURYLGLQJ� LQ�ERWK�
FDVHV�RQO\�WKH�GDWDIUDPH�DV�WKH�VROH�SDUDPHWHU���
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�
� )LJXUH������ 6FDWWHUSORW�PDWUL[�ZLWK�FRUUHODWLRQV�PDWUL[�LQVHUW�

,Q�DGGLWLRQ�WR�YLVXDOO\�LQVSHFWLQJ�WKH�FRUUHODWLRQV�PDWULFHV�LW�LV�HVVHQWLDO�WR�FDOFXODWH�
WKH�OHYHO�RI�FRUUHODWLRQ�EHWZHHQ�HDFK�SDLU�DQG�WR�WHVW�IRU�VWDWLVWLFDO�VLJQLILFDQFH��:H�
FDOFXODWHG�FRUUHODWLRQ�XVLQJ�6SHDUPDQ¶V�5KR�DV�VKRZQ� LQ� WDEOH��������)RU� WKLV��ZH�
XVHG�WKH�rcorr()�FRPPDQG�IURP�WKH�‘Hmisc’�SDFNDJH��ZKLFK�FDOFXODWHV�DOO�SDLUZLVH�
FRUUHODWLRQV� DQG� WKHLU� VWDWLVWLFDO� VLJQLILFDQFH�� DQG� SURYLGHV� WKHP� LQ� D� KDQG\� WDEOH�
IRUPDW��
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� 7DEOH������� 0XOWLYDULDWH�FRUUHODWLRQ�DQG�VLJQLILFDQFH�WDEOHV�

�

�
7KH�FRUUHODWLRQ�DQDO\VLV�VKRZV�WKDW�ZH�FDQ�GHULYH�VLJQLILFDQW�UHODWLRQVKLSV�EHWZHHQ�
DOPRVW� DOO� WKH� IHDWXUHV� LQ� WKH� GDWDVHW��$Q� LQWHUHVWLQJ� REVHUYDWLRQ� LV� WKDW�ZKLOH� WKH�
FDOFXODWHG�QXPEHU�RI�YLVLWRUV�LQ�WKH�FLW\�RQ�DQ\�JLYHQ�GDWH��DV�GHULYHG�IURP�VHDUFKHV�
DQG� IURP�UHGLUHFWV��GRHV�QRW�FRUUHODWH�ZLWK� URRPV�ERRNHG�RQ� WKDW�GDWH�� D� VWURQJO\�
VLJQLILFDQW�FRUUHODWLRQ�H[LVWV�ZLWK�FDOFXODWHG�WULS�DUULYDOV�DQG�SDVVHQJHU�DUULYDOV�RQ�
WKH�GDWH��7KH�XQGHUO\LQJ�DVVXPSWLRQ�IRU�WKLV�GHULYHG�PHWULF�LV�WKDW�SHRSOH�IO\LQJ�LQWR�
*ODVJRZ�ZLOO�EH�VWD\LQJ�LQ�WKH�FLW\��DQG�WKHUHIRUH�ZLOO�EH�ERRNLQJ�KRWHO�URRPV�IRU�
WKHLU� VWD\��+RZHYHU�� WKH� ODFN� RI� FRUUHODWLRQ� VKRZV� WKDW� WKLV� DVVXPSWLRQ�PLJKW� EH�
ZURQJ��0DQ\� WRXULVWV�XVH�*ODVJRZ�DLUSRUW�DV�D�JDWHZD\� IRU� IXUWKHU� WUDYHO� LQWR� WKH�
FRXQWU\��H�J��WR�WKH�+LJKODQGV�RU�WR�(GLQEXUJK���)XUWKHUPRUH�LQ�GLVFXVVLQJ�WKLV�GDWD�
ZLWK�WKH�WRXULVP�RIILFH��WKH\�KLJKOLJKWHG�WKDW�DURXQG�����RI�DUULYDOV�VWD\�ZLWK�IULHQGV�
RU�IDPLO\��$Q�DGGLWLRQDO�FRQFHUQ�FRXOG�EH�WKDW�RXU�K\SRWKHVLV�LV�QRW�LQFRUUHFW��EXW�WKH�
ZD\�ZH� DUH� HVWLPDWLQJ� SUHVHQW� YLVLWRUV� PLJKW� EH� ZURQJ� �H�J�� WKH� ��� GD\V� FXW�RII�
ZLQGRZ�LV�WRR�ODUJH�DQG�WKH�DYHUDJH�VWD\�LV�PXFK�VKRUWHU���+RZHYHU��ZH�FDQQRW�YHULI\�
WKHVH�H[SODQDWLRQV�ZLWK�RXU�JLYHQ�GDWD���

������ 5HGXFLQJ�WKH�FRPSOH[LW\�RI�RXU�GDWDVHW��GLPHQVLRQDOLW\�UHGXFWLRQ�
%HFDXVH� RI� WKH�PDQ\� FRUUHODWLRQV�� LW�PDNHV� VHQVH� LQ� RXU� FDVH� WR� LPSOHPHQW� VRPH�
PHWKRG� RI� GLPHQVLRQDOLW\� UHGXFWLRQ�� LQ� RUGHU� WR� DYRLG� ³IHHGLQJ´� GDWD� LQWR� RXU�
SUHGLFWLYH�PRGHO�ZKLFK� GRHVQ¶W� FRQWULEXWH� VLJQLILFDQW� QHZ� LQIRUPDWLRQ��$SSO\LQJ�
GLPHQVLRQDOLW\� UHGXFWLRQ� DOORZV� XV� WR� FUHDWH� VLPSOHU� DQG� IDVWHU� PRGHOV� �ERWK� IRU�
WUDLQLQJ�DQG�H[HFXWLRQ�SXUSRVHV���ZLWKRXW�ORVLQJ��DQG�LQGHHG��VRPHWLPHV�LPSURYLQJ��
WKH�TXDOLW\�RI�SUHGLFWLRQV��,W�DOVR�KHOSV�ZLWK�VWRUDJH�UHTXLUHPHQWV��DQG�WR�XQGHUVWDQG�
DQG�YLVXDOLVH�WKH�GDWD��HVSHFLDOO\�LI�WKH\�FDQ�EH�UHGXFHG�WR�WZR�RU�WKUHH�GLPHQVLRQV����
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7KHUH� DUH� VHYHUDO� GLPHQVLRQDOLW\� WHFKQLTXHV� WKDW� FDQ� EH� DSSOLHG� WR� UHGXFH� WKH�
FRPSOH[LW\�RI�D�GDWDVHW��DQG�KHUH�ZH�FKRVH�WKH�3ULQFLSDO�&RPSRQHQW�$QDO\VLV��3&$��
WHFKQLTXH�� ,Q� RXU� FDVH�� EHFDXVH� RI� WKH�PDQ\� FRUUHODWLRQV� LQ� WKH� GDWD� IHDWXUHV��ZH�
H[SHFW�WKDW�3&$�ZLOO�EH�DEOH�WR�VLJQLILFDQWO\�UHGXFH�WKH�GLPHQVLRQDOLW\�RI�RXU�GDWDVHW��
UHVXOWLQJ� LQ� IDU� IHZHU� IHDWXUHV� WR�EH�XVHG� IRU�PRGHOOLQJ�DQG�SUHGLFWLRQ�� ,Q�3&$��D�
SULQFLSDO�FRPSRQHQW�LV�D�OLQHDU�UHSUHVHQWDWLRQ�RI�WKH�FRPELQHG�GDWD�YDOXHV��PXOWLSOLHG�
E\� D�ZHLJKW�Z� �ORDGLQJ� IDFWRU��� LQ�JHQHUDO��ZD
D���ZE
E������ZQ
Q� ��7KH� ORDGLQJ�
IDFWRUV�UHSUHVHQW�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�SULQFLSDO�FRPSRQHQWV�DQG�WKH�YDULDEOHV��
7KH�SURFHVV� UHOLHV�RQ� WKH�DVVXPSWLRQ� WKDW�PXOWLSOH�REVHUYHG�YDOXHV�KDYH�D�VLPLODU�
SDWWHUQ�� EHFDXVH� WKH\� DUH� DOO� DVVRFLDWHG�ZLWK� VRPH� ODWHQW� FRQFHSW��ZKLFK�ZH�FDQ¶W�
GLUHFWO\� PHDVXUH� �RU� SHUKDSV� GLGQ¶W� WKLQN� WR� PHDVXUH���� 7KHUHIRUH� HDFK� SULQFLSDO�
FRPSRQHQW�UHSUHVHQWV�WKLV�XQGHUO\LQJ�ODWHQW�FRQFHSW��

7KH�ILUVW�SULQFLSDO�FRPSRQHQW�GHULYHG�E\�3&$�LV�WKH�OLQHDU�FRPELQDWLRQ�RI�YDULDEOHV�
WKDW�KDV�PD[LPXP�YDULDQFH� �DPRQJ�DOO� OLQHDU�FRPELQDWLRQV��� VR� LW� DFFRXQWV� IRU�DV�
PXFK�YDULDWLRQ�LQ�WKH�GDWD�DV�SRVVLEOH��7KH�VHFRQG�SULQFLSDO�FRPSRQHQW�LV�WKH�OLQHDU�
FRPELQDWLRQ� RI� YDULDEOHV� WKDW� DFFRXQWV� IRU� DV�PXFK� RI� WKH� UHPDLQLQJ� YDULDWLRQ� DV�
SRVVLEOH�� ZLWK� WKH� FRQVWUDLQW� WKDW� WKH� FRUUHODWLRQ� EHWZHHQ� WKH� ILUVW� DQG� VHFRQG�
FRPSRQHQW�LV����DQG�VR�IRUWK��XQWLO�WKH�LWK�3&�LV�FDOFXODWHG�DQG�DOO�YDULDQFH�KDV�EHHQ�
DFFRXQWHG� IRU��� 7KH� ORDGLQJ� IDFWRUV� DUH� FRPSXWHG� IURP� WKH� HLJHQYDOXHV� 	�
HLJHQYHFWRUV�RI�WKH�9DULDQFH�&RYDULDQFH�PDWUL[�RI�RXU�YDULDEOHV��GDWD����

6WDUWLQJ� RII� ZLWK� 3&$�� LW� LV� FUXFLDO� WR� UHPHPEHU� WKDW� WKLV� WHFKQLTXH� LV� D� VFDOH�
GHSHQGHQW�SURFHVV��KHQFH��ZH�VKRXOG�ILUVW�QRUPDOLVH� WKH�GDWD��ZKLFK�FDQ�EH�HDVLO\�
GRQH�XVLQJ�WKH�scale() IXQFWLRQ��SDUW�5¶V�FRUH�SDFNDJHV��2QFH�WKLV�LV�GRQH��ZH�FDQ�
GHULYH�D�³VFUHH�SORW´�WR�GHWHUPLQH�KRZ�PDQ\�IDFWRUV�WR�NHHS��)LJXUH��������7R�GR�WKLV��
ZH�XVH�WKH�prcomp()�IXQFWLRQ��SDUW�WKH�5�FRUH�SDFNDJHV��7KH�UHVXOWV�RI�WKLV�IXQFWLRQ�
FDQ� EH� XVHG� DV� D� SDUDPHWHU� IRU� WKH� screeplot()� IXQFWLRQ�� DOVR� SDUW� RI� WKH� 5� FRUH�
SDFNDJHV��
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�
� )LJXUH������ 6FUHH�SORW��3ULQFLSOH�&RPSRQHQWV�DQG�WKHLU�FRPSRQHQW�ZLVH�YDULDQFH�

,Q�D�VFUHH�SORW��ZH¶UH�ORRNLQJ�IRU�WKH�³HOERZ´�LQ�WKH�SORW��ZKLFK�KDSSHQV�LQ�SULQFLSDO�
FRPSRQHQW����7KLV�HOERZ�VKRZV�WKH�SRLQW�DIWHU�ZKLFK�WKH�JDLQ�LQ�EHLQJ�DEOH�WR�H[SODLQ�
DGGLWLRQDO�YDULDQFH�EHJLQV�WR�EHFRPH�LQVLJQLILFDQW��:KLOH�WKHUH�DUH�RWKHU�DSSURDFKHV�
�H�J��>5HD�DQG�5HD�����@���.DLVHU¶V�UXOH�GLFWDWHV�WKDW�ZH�VKRXOG�NHHS�RQO\�FRPSRQHQWV�
ZLWK�D�YDULDQFH�!���KHQFH�ZH�VKRXOG�UHWDLQ�MXVW�WKH�ILUVW���FRPSRQHQWV��,Q�RXU�FDVH��
ZH�FDQ�FRQVLGHU�WKH�DSSOLFDWLRQ�RI�WKH�.DLVHU�FULWHULRQ�WR�EH�VXIILFLHQW��DV�WKH�ILUVW���
FRPSRQHQWV�DOVR�H[SODLQ�������RI�DOO�YDULDQFH��DV�ZH�FDQ�VHH�IURP�7DEOH��������7KH�
YDOXHV�DUH�REWDLQHG�IURP�WKH�UHVXOW�RI�WKH�prcomp()�IXQFWLRQ��

� 7DEOH������� &RQWULEXWLRQ�RI�HDFK�SULQFLSDO�FRPSRQHQW�

3ULQFLSDO�
&RPSRQHQW�

&RPSRQHQW�ZLVH�
YDULDQFH�

&XPXODWLYH�
9DULDQFH�

3&�� ����� �����

3&�� ����� �����

3&�� ����� �����

3&�� ����� �����

3&�� ����� �����

3&�� ����� �����
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3&�� ����� �����

3&�� ����� �����

3&�� ����� �����

3&��� ����� �����

3&��� ����� �����

3&��� ����� �����

1H[W�� ZH� VKRXOG� H[DPLQH� WKH� ORDGLQJV� RI� WKH� YDULDEOHV� LQ� HDFK� RI� WKH� SULQFLSDO�
FRPSRQHQWV��7DEOH���������DJDLQ�JLYHQ�E\�WKH�UHVXOWV�RI�WKH�prcomp()�IXQFWLRQ��7KLV�
FDQ�JLYH�DQ�LQWHUSUHWDWLRQ�RI�KRZ�WKH�SULQFLSDO�FRPSRQHQWV�DUH�UHODWHG�WR�RXU�RULJLQDO�
YDOXHV��([SODLQLQJ�WKH�SULQFLSDO�FRPSRQHQWV�LQ�WHUPV�RI�WKHLU�YDOXHV�LV�D�VXEMHFWLYH�
SURFHVV�LQ�ZKLFK�ZH�ORRN�DW�WKRVH�YDULDEOHV�ZKLFK�KDYH�WKH�KLJKHVW�ORDGLQJ�IDFWRUV�
�DEVROXWH� YDOXHV���+RZHYHU�� WKH� JURXSLQJV� RI� WKH� YDULDEOHV�PXVW�PDNH� WKHRUHWLFDO�
VHQVH�WR�WKH�UHVHDUFKHU��L�H��WKDW�WKH�KLJKO\�ORDGHG�YDULDEOHV�JURXS�ORJLFDOO\�WRJHWKHU�
LQ�WKH�FRQWH[W�RI�WKH�GDWDVHW��+HUH�IRU�WKH�ILUVW���3&V�ZH�FDQ�VD\�WKDW�WKH�ILUVW�3&�LV�D�
PHDVXUH�RI�WKH�6N\VFDQQHU�GDWD�DQG�WR�D�OHVVHU�H[WHQW�KRWHO�VOHHSHUV��5HPHPEHU�RXU�
SUHYLRXV�H[SODQDWLRQ�WKDW�QRW�DOO�SHRSOH�ZKR�IO\�LQWR�*ODVJRZ�DFWXDOO\�VWD\�LQ�KRWHOV"�
3&��LV�D�PHDVXUH�RI�RXU�KRWHO�GDWD��UHYHQXH�DQG�URRPV��DQG�WR�D�OHVVHU�H[WHQW�VOHHSHUV��
7KLV�DOVR�PDNHV�ORJLFDO�VHQVH��VLQFH�WKH�UHYHQXH�LV�PRVWO\�GHSHQGHQW�RQ�WKH�QXPEHU�
RI�URRPV�VROG��DQG�QRW�WKH�QXPEHU�RI�SHRSOH�VWD\LQJ�LQ�HDFK�URRP��LQ�RWKHU�ZRUGV��
RIWHQ� WKH� SULFH� GLIIHUHQFH� EHWZHHQ� D� VLQJOH� DQG� GRXEOH� RFFXSDQF\� URRP� LV� TXLWH�
VPDOO���)LQDOO\��3&��LV�D�PHDVXUH�RI�WKH�LQWHUHVWHG�YLVLWRUV�DQG�OLNHO\�YLVLWRUV�IURP�RXU�
SURFHVVHG�VN\VFDQQHU�GDWD��$V�ZH�FDQ�VHH�KHUH��IRRWIDOO�GRHVQ¶W�VHHP�WR�SOD\�D�UROH�LQ�
DFFRXQWLQJ�IRU�YDULDQFH�LQ�DQ\�RI�WKH�IDFWRUV��
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� 7DEOH������� %UHDNGRZQ�DQDO\VLV�RI�ILUVW�WKUHH�FRPSRQHQWV��

�
������ 3UHGLFWLQJ�NH\�EXVLQHVV�LQGLFDWRUV�XVLQJ�VWDWLVWLFDO�PRGHOOLQJ�

%HIRUH�JRLQJ�LQWR�PRUH�FRPSOH[�PRGHOOLQJ�WHFKQLTXHV��LW¶V�LPSRUWDQW�WR�NQRZ�WKDW�
ZH�FDQ�GLUHFWO\�XVH�WKH�UHVXOWV�RI�WKH�SUHFHGLQJ�3&$�SURFHVV�WR�SHUIRUP�D�UHJUHVVLRQ�
RQ�RXU�GDWD��3&$5���8VLQJ�WKH�ILUVW���3&V�DV�LGHQWLILHG�DERYH��ZH�FDQ�WU\�WR�SUHGLFW�
IRU� H[DPSOH�� WKH� QXPEHU� RI� ERRNHG� URRPV�� 7KLV� LV� GRQH� E\� D� VLPSOH� OLQHDU�
FRPELQDWLRQ�RI�WKH�LGHQWLILHG�ZHLJKWV�DV�IROORZV��

URRPV� � ������ WRWDOBDUULYLQJBS[� �� ������ DUULYLQJBS[� � «� �� ������ URRPV� ��
� � ������ LQWHUHVWHGBWULSV� �� ������ WRWDOBDUULYLQJBS[� «� �� ������ URRPV� ��
� � ������DUULYLQJBWULSV���������WRWDOBDUULYLQJBWULSV�«���������YLVLWRUV�

7R�SHUIRUP�3&$�EDVHG�UHJUHVVLRQ�LQ�5��ZH�FDQ�XVH� WKH�pcr() IXQFWLRQ�RI� WKH�‘pls’�
SDFNDJH��,Q�)LJXUH������ZH�XVH�WKH�ILUVW�����URZV��VWDUWLQJ����$SULO�������DV�D�WUDLQLQJ�
VDPSOH�RQ�ZKLFK�WR�SHUIRUP�WKH�3&$�DQG�WKHQ�SHUIRUP�SUHGLFWLRQV�XS�WR������������
XVLQJ���SULQFLSDO�FRPSRQHQWV��IRU�ERRNHG�URRPV��7KH�RUDQJH�OLQH�VKRZV�SUHGLFWLRQV��
ZKLOH� WKH� EOXH� OLQH� VKRZV� DFWXDO� YDOXHV�� )LJXUH� ����� JLYHV� DQRWKHU� H[DPSOH� IRU�
DUULYLQJ�YLVLWRUV��DQG�)LJXUH������VKRZV�WKH�VDPH�H[DPSOH��DUULYLQJ�YLVLWRUV��ZLWK�D�
ODUJHU�WUDLQLQJ�VHW��SUHGLFWLQJ�RQO\�WKH�ODVW����GD\V���$V�ZH�FDQ�VHH��WKH�UHVXOWV�DUH�
TXLWH�SURPLVLQJ��
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�
� )LJXUH������ 3UHGLFWLRQ�RI�ERRNHG�URRPV�

�
� )LJXUH������ 3UHGLFWLQJ�DUULYLQJ�YLVLWRUV�

�
� )LJXUH������ $UULYLQJ�YLVLWRUV��³VHDUFKHV´�GDWD�VHW��

7R�LQYHVWLJDWH�IXUWKHU��ZH�LPSOHPHQWHG�D�³UROOLQJ´�3&$5�WHFKQLTXH��LQ�ZKLFK�ZH�WU\�
WR� SUHGLFW� DQ� HQWLUH� PRQWK¶V� YDOXHV� IRU� HDFK� GDWDVHW� IHDWXUH�� EDVHG� RQ� D� WUDLQLQJ�
ZLQGRZ�RI�WKDW�LQFOXGHV�WKH�SUHYLRXV�n PRQWKV�RI�GDWD��)RU�H[DPSOH��LI�WKH�WUDLQLQJ�
ZLQGRZ�LV���PRQWKV��ZH�FDQ�SUHGLFW� WKH�YDOXHV�IRU�0DUFK�EDVHG�RQ� WKH�SUHFHGLQJ�
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-DQXDU\�DQG�)HEUXDU\�GDWD��WKHQ�ZH�PRYH�RQ�WR�SUHGLFW�$SULO�EDVHG�RQ�)HEUXDU\�DQG�
0DUFK�GDWD��DQG�VR�IRUWK��)RU�WKLV�SURFHVV��ZH�H[DPLQHG�GLIIHUHQW�VL]HV�IRU�WKH�WUDLQLQJ�
ZLQGRZ��7KH�UHVXOWV�FDQ�EH�VHHQ�LQ�)LJXUH������EHORZ��ZKHUH� WKH�QRUPDOL]HG�URRW�
PHDQ�VTXDUH�HUURU� LV�FDOFXODWHG� IRU�HDFK� IHDWXUH� �ZH� LPSOHPHQWHG� WKH� IRUPXOD� IRU�
1506(�LQ�5�RXUVHOYHV��XVLQJ�WKH�UHVXOWV�RI�WKH�pcr()�IXQFWLRQ���

�
� )LJXUH������ (IIHFW�RI�WUDLQLQJ�ZLQGRZ�LQ�3&$�5�UHVXOWV�RQ�LQGLYLGXDO�IHDWXUHV�

�
� )LJXUH������ 1506(�DYHUDJH�DFURVV�DOO�IHDWXUHV�SHU�WUDLQLQJ�ZLQGRZ�VL]H��HUURU�EDUV�DW�����F�L���

$V�FDQ�EH�VHHQ��DOWKRXJK�SUHGLFWLRQ�SHUIRUPDQFH�LV�QRW�WKH�VDPH�IRU�DOO�IHDWXUHV��L�H��
VRPH�DUH�SUHGLFWLFWHG�PRUH�DFFXUDWHO\�WKDQ�RWKHUV���PRUH�WUDLQLQJ�GDWD�GRHV�QRW�PHDQ�
EHWWHU�SUHGLFWLRQ�SHUIRUPDQFH��1RPLQDOO\��WKH�EHVW�SHUIRUPDQFH�DFURVV�DOO�IHDWXUHV�LV�
DWWDLQHG�ZLWK�D� WUDLQLQJ�SHULRG�RI���PRQWKV��EXW� WKHUH� LV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�
GLIIHUHQFH� LQ� WKH� RYHUDOO� DYHUDJH�1506(�EHWZHHQ� WKH� ��� �� DQG���PRQWK� WUDLQLQJ�
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ZLQGRZV��SDLUHG�VDPSOH� W�WHVWV��ZLWK�SRVW�KRF�%RQIHUURQL�FRUUHFWLRQ�VHWWLQJ� WKH�S�
YDOXH�WKUHVKROG�DW�S����������+RZHYHU��ZH�ILQG�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�
LQ�WKH�1506(�EHWZHHQ�WKH���PRQWK�WUDLQLQJ�ZLQGRZ�OHQJWK�DQG�DOO�RWKHUV���P�±��P�
W���� ��������S �������P�±��P�W���� ��������S��������P�±��P�W���� ��������S��������
$V�D�UHVXOW��ZH�QRWLFH�WKDW�WKH�UDWKHU�JRRG�SHUIRUPDQFH�RI�a���1506(�LV�REWDLQDEOH�
ZLWK�MXVW���PRQWKV�RI�WUDLQLQJ�GDWD��0RUH�VSHFLILFDOO\��VLQFH�WKH�PRVW�FUXFLDO�EXVLQHVV�
PHWULFV�DUH�WKH�QXPEHU�RI�ERRNHG�URRPV��VOHHSHUV�DQG�UHYHQXH��WKH�DYHUDJH�1506(�
IRU�WKHVH�WKUHH�XVLQJ���PRQWK�WUDLQLQJ�ZLQGRZV�RYHU�WKH�HQWLUH�\HDU�LV��������ERRNHG�
URRPV����������VOHHSHUV��DQG���������DYHUDJH�UHYHQXH���

������ 3UHGLFWLQJ�NH\�EXVLQHVV�LQGLFDWRUV�XVLQJ�PDFKLQH�OHDUQLQJ�
1HXUDO�QHWZRUNV�KDYH�UHFHQWO\�KDG�H[SORVLYH�JURZWK�LQ�XVH�LQ�PDFKLQH�OHDUQLQJ�DQG�
GDWD�DQDO\WLFV��,Q�SDUWLFXODU�WKH�QHXUDO�QHWZRUN�DXWRUHJUHVVLRQ��11$5��WHFKQLTXH�LV�
D� SURPLVLQJ� FDQGLGDWH� IRU� VROYLQJ� IRUHFDVWLQJ� SUREOHPV� ZKHUH� WKH� SDWWHUQV� DQG�
UHODWLRQVKLSV� LQ� WKH� GDWD� DUH� QRW� LPPHGLDWHO\� REYLRXV�� 7R� H[DPLQH� WKH� SUHGLFWLYH�
SHUIRUPDQFH�RI�11$5��ZH�XVHG�ZLWK�WKH�VDPH�YDULDEOHV�WKDW�ZHUH�SUHYLRXVO\�XVHG�LQ�
WKH� SULQFLSDO� FRPSRQHQW� DQDO\VLV� LQ� 11$5� PRGHOOLQJ�� 3DUDPHWHU�� ([SODQDWLRQ��
,QWHUHVWHG�YLVLWRUV��9LVLWRUV��$UULYLQJ�WULSV��$UULYLQJ�YLVLWRUV��,QWHUHVWHG�DUULYLQJ�WULSV��
,QWHUHVWHG� DUULYLQJ� YLVLWRUV�� 5RRP� RFFXSDQF\�� 6OHHSHU� RFFXSDQF\�� DQG� $YHUDJH�
UHYHQXH��$JDLQ�ZH�XVH�WKH�nnetar()�IXQFWLRQ�RI�WKH�‘forecast’�SDFNDJH��RQO\�WKLV�WLPH��
ZH�SURYLGH�PRUH�WKDQ�RQH�IHDWXUH�DV�LQSXW��

$W� ILUVW��ZH� DWWHPSWHG� WR�SUHGLFW� HDFK�RI� WKH�YDULDEOHV� LQ� WXUQ� IURP� WKH� UHPDLQLQJ�
YDULDEOHV��'DWD�ZDV�XVHG�LQ�WKH�UDQJH��������������������������VLQFH�ZH�KDG�PRUH�
GDWD�DYDLODEOH�WR�RXU�SURMHFW�DW�WKDW�WLPH��)RU�HDFK�PRQWK��VWDUWLQJ�DW�����������WKH�
SUHYLRXV�WKUHH�PRQWKV�ZDV�XVHG�DV�D�WUDLQLQJ�VHW�DQG�SUHGLFWLRQV�ZHUH�SHUIRUPHG�RQ�
D�GD\�E\�GD\�EDVLV��:H�XVHG�D�QHXUDO�QHW�VWUXFWXUH�ZLWK�WZR�KLGGHQ�OD\HUV��RI�ILYH�
DQG� WKUHH�QRGHV��� WKH�PRGHO�ZDV�FRQYHUJHG���� WLPHV�DQG� WKH�1506(�HUURU� UDWHV��
DYHUDJHG�DFURVV�DOO����UXQV��ZHUH�FDOFXODWHG��$Q�H[DPSOH�RI�RQH�JHQHUDWHG�PRGHO�LV�
VKRZQ�LQ�)LJXUH������ZLWK�RXWSXW�RI�WKH�SUHGLFWLYH�SHUIRUPDQFH�RI�WKH�PRGHO�LQ�ILJXUH�
�����IRU�ERWK�FLWLHV��
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�
� )LJXUH������ ([DPSOH�11$5�PRGHO�
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�
� )LJXUH������ 11$5�0RGHOOLQJ�IRU�*ODVJRZ�0D\������XVLQJ���PRQWKV�WUDLQLQJ�GDWD�

2YHUDOO��ZH�QRWH�WKDW�IRU�WKH�GDWDVHW�LQ�WKH�WLPH�SHULRG�H[DPLQHG��WKH�11$5�PHWKRG�
GLVWLQFWO\�RXWSHUIRUPV�3&$5�LQ�VHYHQ�RI�WKH�QLQH�IHDWXUHV�H[DPLQHG��ZKLOH�IRU�WKH�
RWKHU�WZR��WKH�SHUIRUPDQFH�LV�FRPSDUDEOH��)LJXUH���������
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�
� )LJXUH������ 11$5�DQG�3&$5�SUHGLFWLRQ�1506(�DYHUDJHV��HUURU�EDUV�DW�����F�L���

:H�DOVR�FRPSDUHG�WKH�SHUIRUPDQFH�RI�WKH�PXOWLYDULDWH�11$5�PHWKRG�RQ�RXU�WZR�
NH\� SHUIRUPDQFH� LQGLFDWRUV� �URRP� RFFXSDQF\� DQG� VOHHSHU� RFFXSDQF\�� ZLWK� WKH�
XQLYDULDWH�11$5��L�H��SHUIRUPDQFH�EDVHG�RQ�WKH�KLVWRULFDO�YDOXHV�RI�HDFK�IHDWXUH���
)URP� WKLV� DQDO\VLV� �)LJXUH� ������� ZH� QRWH� WKDW� WKH� PXOWLYDULDWH� 11$5� RIIHUV�
FRQVLVWHQWO\�EHWWHU�SHUIRUPDQFH�FRPSDUHG�WR�XQLYDULDWH��VHOI��11$5��FRQVLGHULQJ�WKH�
1506(��506(�DQG�DEVROXWH�06(�������

�
� )LJXUH������ 0XOWLYDULDWH�YV��XQLYDULDWH�11$5�SHUIRUPDQFH�IRU�*ODVJRZ�
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,Q�WKH�SUHFHGLQJ�DQDO\VHV��WKHUH�LV�DQ�XQGHUO\LQJ�DVVXPSWLRQ�WKDW�DOO�RI�WKH�UHTXLUHG�
WUDLQLQJ�GDWD�LV�DYDLODEOH�DW�WKH�WLPH�RI�WUDLQLQJ�DQG�UXQQLQJ�WKH�PRGHOV��+RZHYHU��LQ�
WKH� UHDO� ZRUOG�� WKLV� LV� QRW� DOZD\V� IHDVLEOH�� )RU� H[DPSOH�� WKH� GDWD� RIIHUHG� E\�
6N\VFDQQHU� DUH� UHDO�WLPH� GDWDVHWV� DQG� DUH� DYDLODEOH� RQ�GHPDQG�� VLQFH� WKH\� DUH�
DXWRPDWLFDOO\�JHQHUDWHG�WKURXJK�WKH�YLVLWRU�LQWHUDFWLRQV�ZLWK�WKH�ZHEVLWH��2Q�WKH�RWKHU�
KDQG��KRWHO�GDWD�LV�FRQWULEXWHG�PDQXDOO\�E\�WKH�KRWHO�RZQHUV��FROOHFWHG��FOHDQHG�DQG�
DJJUHJDWHG�RII�OLQH�DW�WKH�FRPSDQ\�WKDW�SURYLGHV�WKHP��DQG�WKHUHIRUH�LV�RIWHQ�DYDLODEOH�
ZLWK�D�FRQVLGHUDEOH�ODJ��DW�OHDVW�RQH�PRQWK��DQG�LQ�FDVHV�XS�WR�WZR�PRQWKV���7KHUHIRUH��
ZRUNLQJ� ZLWK� RXU� GDWDVHW� HIIHFWLYHO\� RQO\� SURYLGHV� ZKDW� FDQ� EH� FRQVLGHUHG� D�
WKHRUHWLFDO� ³PD[LPXP´� IRUHFDVWLQJ� DELOLW\��ZKLFK� LV� DFKLHYDEOH� RQO\�ZKHQ� DOO� WKH�
UHTXLUHG�GDWD�LV�DYDLODEOH��$�IDU�PRUH�LQWHUHVWLQJ�FRPSDULVRQ�WKXV��ZRXOG�EH�WR�XVH�
WKH�UHDO�WLPH��6N\VFDQQHU��GDWDVHW�DV�WKH�VROH�LQSXW�LQWR�D�SUHGLFWLYH�PRGHO��ZLWK�WKH�
DLP�RI�IRUHFDVWLQJ�WKH�KRWHO�GDWD��RU�YLFH�YHUVD��DVVXPLQJ�WKH�KRWHO�GDWD�ZDV�DYDLODEOH�
LQ�UHDO�WLPH�DQG�IOLJKW�GDWD�ZDV�QRW��)RU�WKLV��ZH�FDUULHG�RXW�D�IXUWKHU�H[SHULPHQW�XVLQJ�
GDWD� IRU� WKH� FLW\� RI�*ODVJRZ�� DQG� DWWHPSWHG� WR� SUHGLFW� XVLQJ� ��PRQWKV¶�ZRUWK� RI�
WUDLQLQJ�GDWD��,Q�)LJXUH�������ZH�VKRZ�WKH�FRPSDUDWLYH�SHUIRUPDQFH�RI�WKLV�SUHGLFWLRQ�
IRU�WKH�PRQWK�RI�0D\��DFURVV�DOO�YDULDEOHV��$V�ZH�VHH��WKH�SUHGLFWLYH�SHUIRUPDQFH�RI�
WKH�PRGHO�VXIIHUV�VLJQLILFDQWO\��EXW� LW�DSSHDUV� WR�EH�IDU�HDVLHU� WR�SUHGLFW�KRWHO�GDWD�
IURP�IOLJKW�GDWD��WKDQ�WKH�RWKHU�ZD\�URXQG��

�
� )LJXUH������ 1506(�SHU�YDULDEOH�SHU�LQSXW�VHW��11$5�����0D\�������XVLQJ�6N\VFDQQHU�RQO\�

6LQFH�RXU�PDLQ�SUHGLFWLRQ�WDUJHW� LV�KRWHO�RFFXSDQF\�ILJXUHV��ZH�ORRNHG�DW�KRZ�WKH�
1506(�YDULHV�DFURVV�WKH�ZKROH�-XO\¶���0D\¶���GDWDVHW�IRU�WKHVH�WZR�IHDWXUHV��$V�
ZH�FDQ�VHH��ZKLOH�SHUIRUPDQFH�ZLWK�IHDWXUHV�IURP�ERWK�GDWDVHWV�UHPDLQV�PRUH�RU�OHVV�
FRQVWDQW��LW�VXIIHUV�VLJQLILFDQWO\�ZKHQ�XVLQJ�RQO\�IOLJKW�GDWD�WR�SUHGLFW�KRWHO�GDWD��7KH�
PDMRU� SUREOHP� LV� WKH� PRQWK� RI� 'HFHPEHU�� ZKLFK� LV� UDGLFDOO\� GLIIHUHQW� IURP� LWV�
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SUHFHGLQJ�PRQWKV��%HFDXVH�RI�WKLV�GLIIHUHQFH��WKH�³HUURU´�FDUULHV�IRUZDUG�WR�-DQXDU\��
)HEUXDU\�DQG�0DUFK��VLQFH�ZH�XVH�D���PRQWK�WUDLQLQJ�ZLQGRZ��DQG�IRU�WKHVH�PRQWKV��
WKH�WUDLQLQJ�ZLQGRZ�LQFOXGHV�'HFHPEHU�GDWD��

�
� )LJXUH������ 3UHGLFWLRQ�TXDOLW\�RQ�IXOO�DQG�OLPLWHG�IHDWXUH�VHWV�

$V�FDQ�EH�H[SHFWHG��WKH�QDWXUH�RI�WKH�SUREOHP�DW�KDQG��L�H��WRXULVP�LQ�*ODVJRZ��LV�
VXFK�WKDW�KRWHO�EXVLQHVV�SHUIRUPDQFH�LV�LQWULFDWHO\�OLQNHG�WR�WKH�IOLJKWV�DUULYLQJ�LQWR�
WKH�FLW\��7KHUHIRUH��ZKLOH�IOLJKW�GDWD�DORQH�FDQ�SDUWLDOO\�SUHGLFW�WKH�RYHUDOO�OHYHOV�RI�
KRWHO�EXVLQHVV��RSWLPDO�SUHGLFWLYH�SHUIRUPDQFH�LV�DWWDLQDEOH�RQO\�ZKHQ�GDWD�IRU�WKH�
OHYHOV�RI�KRWHO�EXVLQHVV�LV�UHDGLO\�DYDLODEOH��:KLOH�WKLV�PD\�VSHOO�VRPH�WURXEOH�IRU�RXU�
SURMHFW�� IRUWXQDWHO\�� QRW� DOO� LV� ORVW�� ,Q� UHDOLW\�� WKH� KRWHO� GDWDVHWV� DYDLODEOH� WR� XV�
FRQWDLQHG�D�IXUWKHU�ELW�RI�LQIRUPDWLRQ�ZKLFK�ZH�VR�IDU�GLVFDUGHG�±�WKLV�LV�WKH�³IRUZDUG�
ERRNLQJV´� DW� HDFK� UHSRUWLQJ�PRQWK��$ORQJ�ZLWK� WKH� DFWXDO� ERRNLQJ� VWDWLVWLFV� IRU� D�
JLYHQ�PRQWK��WKH�FRPSDQ\�DOVR�SURYLGHV�DGYDQFH�ERRNLQJ�LQIRUPDWLRQ�IRU�XSFRPLQJ�
PRQWKV�� VR�ZKHQ� UHSRUWLQJ� IRU�0DUFK�� WKH�FRPSDQ\�VKRZV�QRW� MXVW� WKH�QXPEHU�RI�
ERRNHG� URRPV�� VOHHSHUV� DQG� UHYHQXH� DW� WKH� HQG� RI� WKDW� PRQWK�� EXW� KRZ� PDQ\�
UHVHUYDWLRQV� KDYH� EHHQ� PDGH� IRU� WKH� IROORZLQJ� $SULO�� 0D\�� -XQH� HWF�� �XS� WR� ���
PRQWKV���6LPLODUO\��IRU�6N\VFDQQHU��IRU�D�JLYHQ�PRQWK��ZH�KDG�EHHQ�FRQVLGHULQJ�DOO�
IOLJKWV�DUULYLQJ�LQWR�*ODVJRZ�RQ�WKDW�PRQWK��LUUHVSHFWLYHO\�RI�ZKHQ�WKDW�IOLJKW�VHDUFK�
ZDV� PDGH�� +RZHYHU�� ZH� FDQ� FRQVLGHU� WKLV� GDWDVHW� VRPHZKDW� GLIIHUHQWO\�� DQG�
V\QWKHVL]H�D�VLPLODU�PHWULF�RI�³IRUZDUG�ERRNLQJV´�E\�FRQVLGHULQJ�IRU�HDFK�PRQWK��WKH�
QXPEHU�RI�IOLJKWV�DUULYLQJ�ZLWKLQ�WKDW�PRQWK�EXW�ZKRVH�VHDUFK��RU�UHGLUHFW��GDWH�LV�
SUHYLRXV�WR�WKH��VW�RI�WKDW�PRQWK��7KHUHIRUH��ZKLOH�LQ�RXU�ILUVW�URXQG�RI�H[SHULPHQWV�
ZH�FRQVLGHUHG�DQ�³RSWLPLVWLF´�VLWXDWLRQ��DVVXPLQJ�DOO�QHFHVVDU\�GDWD�ZDV�DYDLODEOH�RQ�
GHPDQG�� DQG� LQ� RXU� VHFRQG� URXQG� RI� H[SHULPHQWV� ZH� FRQVLGHUHG� D� ³SHVVLPLVWLF´�
VLWXDWLRQ��DVVXPLQJ�WKDW�RQO\� WKH�KRWHO�RU�IOLJKW�GDWD�ZDV�DYDLODEOH�RQ�GHPDQG��ZH�
QRZ� H[SORUH� D� PRUH� ³UHDOLVWLF´� VLWXDWLRQ�� LQ� ZKLFK� DQ� DJHQF\� ZDQWV� WR� SURGXFH�
EXVLQHVV�PHWULFV�IRUHFDVWV�IRU�WKH�XSFRPLQJ�PRQWK��RQ�WKH��VW�RI�WKDW�PRQWK��XVLQJ�
GDWD� IURP� WKH� SUHYLRXV�PRQWKV� �DVVXPLQJ� WKH\� DUH� DOO� DYDLODEOH� DW� WKH� HQG� RI� WKH�
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PRQWK��DQG�LQVLJKWV��IRUZDUG�GDWD���KLQWLQJ�DW�ZKDW¶V�OLNHO\�WR�KDSSHQ�LQ�WKH�XSFRPLQJ�
PRQWK��

7KXV��IRU�DQ\�JLYHQ�PRQWK�IRU�ZKLFK�ZH�ZDQW�WR�SURGXFH�IRUHFDVWV��WDUJHW�PRQWK���
ZH�WDNH�D�WUDLQLQJ�GDWD�VHW�FRQFHUQLQJ�D�SHULRG�RI�Q�PRQWKV�SULRU�WR�WKH�WDUJHW�PRQWK��
DQG�WUDLQ�D�11�WR�IRUHFDVW�DFWXDO�IHDWXUH�YDOXHV�IURP�WKH�³LQVLJKWV´�WKDW�ZHUH�DYDLODEOH�
IRU�WKH�PRQWKV�LQ�WKDW�SHULRG��:H�WKHQ�XVH�RQO\�WKH�WDUJHW�PRQWK¶V�LQVLJKWV�WR�DV�LQSXW�
WR�WKH�WUDLQHG�11�PRGHO��DQG�DVVHVV�WKH�TXDOLW\�RI�WKH�SUHGLFWLRQV��)LJXUH��������

�
� )LJXUH������ /HDUQHG�QHWZRUN�

$V�EHIRUH��ZH�XVH�D���PRQWK�WUDLQLQJ�SHULRG��DQG�FRQYHUJH�WKH�UHVXOWLQJ�PRGHOV����
WLPHV�� UHSRUWLQJ� RQ� WKH� DYHUDJH�1506(� DFURVV� DOO�PRGHOV�� )RU� WKLV� ILQDO� W\SH� RI�
DQDO\VLV� DQG� IRU� UHDVRQV� RI� EUHYLW\��ZH� SUHVHQW� RQO\� WKH� UHVXOWV� IRU� SUHGLFWLQJ� WKH�
DFWXDO� URRP�RFFXSDQF\�DQG�VOHHSHU�RFFXSDQF\�RI�KRWHOV��7KH�UHVXOWV�DUH�VKRZQ� LQ�
)LJXUH�������
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�
� )LJXUH������ 3UHGLFWLRQ�UHVXOWV�DQG�HUURU�UDWHV�XVLQJ�IRUZDUG�LQIRUPDWLRQ�DV�LQSXW�IHDWXUHV��

:H� QRWH� WKDW� WKH� 1506(� KRYHUV� KHUH� DURXQG� WKH� ���� PDUN�� D� UHVXOW� WKDW� LV�
FRPSDUDEOH� WR� WKH�XVH�RI� WKH� OLPLWHG�GDWDVHW�DQDO\VLV��L�H��XVLQJ�RQO\�IOLJKW�GDWD� WR�
SUHGLFW�KRWHO�RFFXSDQF\���

7R�VXPPDUL]H� WKH� UHVXOWV� VR� IDU��ZH�KDYH�H[SORUHG�D� UDQJH�RI�PHWKRGV� WR�KHOS�XV�
SHUIRUP� SUHGLFWLRQV� RQ� RXU� GDWDVHW�� 6WDUWLQJ� ZLWK� WKH� VLPSOH� XQLYDULDWH� DXWR�
UHJUHVVLRQ�WHFKQLTXHV��ZH�PRYHG�RQ�WR�D�PXOWLYDULDWH�DXWRUHJUHVVLRQ�XVLQJ�D�OLPLWHG�
IHDWXUH�VHW��DSSO\LQJ�WKH�3&$�WHFKQLTXH���DQG�WKHQ�SHUIRUPHG�D�UDQJH�RI�PXOWLYDULDWH�
SUHGLFWLRQV�XVLQJ�QHXUDO�QHWZRUNV�DQG�YDU\LQJ�WKH�LQSXW�IHDWXUH�VHW��)RU�WKH�ODWWHU��ZH�
H[SORUHG� WKH�SHUIRUPDQFH�RI�QHXUDO�QHWZRUNV� DVVXPLQJ� WKH� IXOO� WZR�GDWDVHWV�ZHUH�
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DYDLODEOH�LQ�WLPH�IRU�SUHGLFWLQJ�WKH�QH[W�PRQWK��RSWLPLVWLF�FDVH���:H�WKHQ�DWWHPSWHG�
WR�SUHGLFW� IHDWXUHV� IURP� D� GDWDVHW�� XVLQJ� LQSXWV� H[FOXVLYHO\� IURP� WKH�RWKHU� GDWDVHW�
�SHVVLPLVWLF�FDVH���)LQDOO\��ZH�H[SORUHG�WKH�³PLGGOH�JURXQG´��ZKHUH�ZH�DVVXPHG�WKDW�
RQH�RI�WKH�GDWDVHWV�ZRXOG�QRW�EH�DYDLODEOH��EXW�WKDW�ZH�KDG�³IRUZDUG´�LQVLJKWV�LQWR�
ZKDW�WKDW�GDWDVHW�PLJKW�ORRN�OLNH��UHDOLVWLF�FDVH���

2YHUDOO��HDFK�PHWKRG�VKRZV�ZKDW�LV�WKHRUHWLFDOO\�DFKLHYDEOH�ZLWK�WKHVH�WHFKQLTXHV�
�RSWLPLVWLF� FDVH��� DQG� KRZ� FORVH� ZH� FDQ� JHW� WR� WKLV� WKHRUHWLFDO� PD[LPXP� XQGHU�
GLIIHUHQW� UHDO�ZRUOG� FRQGLWLRQV�� ZKLFK� DIIHFW� WKH� WLPHO\� DYDLODELOLW\� RI� GDWD�� $Q�
RYHUYLHZ�RI�WKHVH�GLIIHUHQFHV�LV�VKRZQ�LQ�)LJXUH�������IRU�WKH�DELOLW\�WR�SUHGLFW�RXU�
WZR�NH\�WDUJHWV��URRP�RFFXSDQF\�DQG�VOHHSHU�RFFXSDQF\���$V�FDQ�EH�VHHQ��WKH�DEVHQFH�
RI�LQIRUPDWLRQ�KDV�D�FOHDU�LPSDFW�RQ�RXU�DELOLW\�WR�FRUUHFWO\�SUHGLFW��2YHUDOO��KRZHYHU��
LQ�WKH�PRVW�UHDOLVWLF�FRQGLWLRQ�IRU�RXU�FDVH��WDNLQJ�DGYDQWDJH�RI�IRUZDUG�GDWD���RXU�
1506(�LV�DURXQG�WKH�����PDUN�RQ�D�PRQWK�WR�PRQWK�EDVLV��PHDQLQJ�WKDW�ZH�DUH�
DEOH�WR�SUHGLFW�KRWHO�RFFXSDQF\�ILJXUHV�ZLWKLQ�DURXQG�����RI�ZKDW�WKH\�DFWXDOO\�DUH�
�L�H�� LI� URRP�RFFXSDQF\�DFWXDOO\� WXUQHG�RXW� WR�EH������RXU�SUHGLFWLRQ�ZRXOG�PRVW�
OLNHO\�IDOO�VRPHZKHUH�EHWZHHQ������������7KLV�SHUIRUPDQFH�VHHPV�IDU�IURP�SHUIHFW��
KRZHYHU��WKLV�ILJXUH�LV�VNHZHG�E\�WKH�QRUPDOL]DWLRQ��ZKHQ�WKLV�HUURU�UDWH�LV�FRPSXWHG�
DV�D�VLPSOH�506(��LW�LV�DFWXDOO\�FORVHU�WR�WKH�����PDUN�DQG�WKXV�LQ�UHDOLW\��ZH�DUH�
DEOH�WR�JXHVV�URRP�DQG�VOHHSHU�RFFXSDQF\������RI�ZKDW�LW�DFWXDOO\�WXUQV�RXW�WR�EH��
1RW�EDG�DW�DOO��

�
� )LJXUH������ 2YHUDOO�FRPSDULVRQ�RI�WKH�SUHGLFWLYH�SHUIRUPDQFH�DWWDLQHG�XQGHU�GLIIHUHQW�FRQGLWLRQV�

�1506(�DYHUDJH�IRU���������������ZLWK���PRQWKV�WUDLQLQJ��

���� 6LPSOH�YLVXDOLVDWLRQ�
,Q� GLVFXVVLRQ� ZLWK� *&0%� ZH� GHYHORSHG� D� VLPSOH� PRELOH� YLVXDOL]DWLRQ� WR� KHOS�
KRWHOLHUV�SODQ�VHUYLFHV��)LJXUH�����OHIW�VKRZV�DQ�DEVROXWH�YLVXDOLVDWLRQ�WKDW�VKRZV�RQ�
D�EOXH�UHG�VFDOH�KRZ�EXV\�*ODVJRZ�LV�OLNHO\�WR�EH�EDVHG�RQ�RXU�PRGHOOLQJ��7KLV�LV�D�
YHU\� VLPSOH� YLVXDOLVDWLRQ� RI� RXU�PRGHOOLQJ� WKDW� FDQ� JLYH� D� TXLFN� JODQFH� DQG� DOVR�
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DFFRXQWV�IRU�VOLJKW�HUURUV���RXU�PRGHOOLQJ�ZLOO�JHQHUDOO\�EH�QR�PRUH�WKDQ�RQH�FRORXU�
VWHS�RXW��,Q�GLVFXVVLRQ�ZLWK�*&0%�WKRXJK�ZH�GLVFRYHUHG�WKDW�WR�PDQ\�LQ�WKH�KRWHO�
LQGXVWU\�ZKDW�PDWWHUV�PRVW�IRU�ERRNLQJV�LV�ZKHWKHU�WKH�FLW\�LV�OLNHO\�WR�EH�VLPLODU�WR�
WKH�VDPH�GD\�ODVW�\HDU���EXVLHU�RU�TXLHWHU��$V�ZHOO�DV�VWDIILQJ�OHYHOV��VWDII�ERQXVHV�DUH�
RIWHQ�EDVHG�RQ�EHDWLQJ�ODVW�\HDU¶V�OHYHO��VR�QLJKWV�WKDW�ZLOO�EH�TXLHWHU�D�JRRG�WDUJHW�IRU�
GLVFRXQW�SULFLQJ�UHJDUGOHVV�RI�DEVROXWH�OHYHO�RI�EXV\QHVV��)LJXUH������ULJKW�VKRZV�RXU�
YDULDWLRQ�KLJKOLJKWLQJ�TXLHWHU��URXJKO\�HTXDO�DQG�EXVLHU�QLJKWV���

�
� )LJXUH������ $EVROXWH�OHYHO�RI�EXV\QHVV�DQG�UHODWLYH�WR�ODVW�\HDU�VLPSOH�PRELOH�YLVXDOL]DWLRQV�

���� 6XPPDU\�
'HVSLWH�WKH�OHQJWK\�LQYHVWLJDWLRQ�WKDW�ZH�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQV��WKLV�FDVH�
VWXG\� LV� IDU� IURP� FRQFOXGHG� �� WKHUH� DUH� DOPRVW� HQGOHVV� YDULDWLRQV� DQG� WZHDNV� WR�
SHUIRUPDQFH�WKDW�FRXOG�EH�DSSOLHG�WR�IXUWKHU�LPSURYH�RXU�SUHGLFWLYH�SHUIRUPDQFH��)RU�
H[DPSOH��ZH�PLJKW��

Ɣ� 7XQH�WKH�11�SDUDPHWHUV�WR�ILQG�RSWLPDO�VHWWLQJV�IRU�RXU�GDWDVHW�
Ɣ� ,QYHVWLJDWH�SHUIRUPDQFH�ZLWK�GLIIHUHQW�VL]H�WUDLQLQJ�VHWV�
Ɣ� ,QFOXGH�PRUH� GDWD� VRXUFHV� LQWR� RXU�PRGHOV� �H�J�� ZHDWKHU� LQIRUPDWLRQ� DQG�

VSHFLDO�HYHQW�LQIRUPDWLRQ��
Ɣ� ,PSURYH�SUHGLFWLYH�SHUIRUPDQFH�IRU�³GLIILFXOW´�PRQWKV�E\�WUDLQLQJ�PRGHOV�IRU�

WKHVH�PRQWKV�QRW�RQ�WKH�GDWD�RI�SUHFHGLQJ�PRQWKV��EXW�GDWD�IURP�HTXLYDOHQW�
SHULRGV�LQ�SUHYLRXV�\HDUV�

Ɣ� &RQYHUW�WKH�SUREOHP�IURP�D�UHJUHVVLRQ�WDVN��WR�D�FODVVLILFDWLRQ�WDVN��L�H��DVVLJQ�
FDWHJRULHV�WR�KRWHO�RFFXSDQF\��VXFK�DV�³YHU\�TXLHW������´��³TXLHW��������´��
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«���³IXOO��������´���DQG�WU\�RXW�GLIIHUHQW�PDFKLQH�OHDUQLQJ�DOJRULWKPV�WKDW�
DUH�EHWWHU�VXLWHG�IRU�FODVVLILFDWLRQ�WDVNV��

+RZHYHU��IURP�WKLV�SURMHFW��ZH�FDQ�H[WUDFW�VRPH�XVHIXO�OHVVRQV�WKDW�DSSO\�JHQHUDOO\�
WR� DQ\� W\SH� RI�PDFKLQH� OHDUQLQJ� WDVN�� DQG�ZKLFK� \RX�PD\� FRQVLGHU� LQ� \RXU� RZQ�
SUDFWLFH��7KHVH�OHVVRQV�DUH��

Ɣ� 8QGHUVWDQG�\RXU�GDWDVHW��EHIRUH�DWWHPSWLQJ�WR�JR�LQWR�FUHDWLQJ�FRPSOH[�0/�
PRGHOV��\RX�VKRXOG�WDNH�WKH�WLPH�WR�JHW�D�³IHHO´�IRU�\RXU�GDWD��H[SORULQJ�LW�LQ�
VLPSOH�ZD\V��DQG�XQGHUVWDQGLQJ�ZKHUH�GRHV�WKH�GDWD�FRPH�IURP��ZKDW�GRHV�LW�
ORRN�OLNH��ZKDW�GRHV�LW�PHDQ��DQG�ZK\�GRHV�LW�ORRN�OLNH�LW�GRHV��$V�DQ�H[DPSOH��
LQ�RXU�FDVH��ZH�IRXQG�WKDW�WKH�KXPDQV�ZKR�JHQHUDWHG�WKH�IOLJKW�GDWD�DUH�QRW�
DOZD\V�UHOLDEOH��HLWKHU�WKURXJK�LQWHQW��H�J��VRPHRQH�WU\LQJ�WR�ERRN�D�IOLJKW�IRU�
����SHRSOH���RU�EHFDXVH�WKHLU�JRDOV�GR�QRW�DOLJQ�WR�ZKDW�ZH�DUH�WU\LQJ�WR�GR��
)RU�H[DPSOH��PRVW�RI�RXU�IOLJKW�VHDUFKHV�ZHUH�IRU�MXVW���SHUVRQ��ZKLOH�IOLJKW�
UHGLUHFWV� LQFOXGHG�D�PXFK� ODUJHU�QXPEHU�RI�FDVHV�ZKHUH���RU�PRUH�SHRSOH�
ZHUH�EHLQJ�ERRNHG�IRU��7KLV�LQGLFDWHG�WKDW�WKHUH�H[LVW�PDQ\�XVH�FDVHV�ZKHUH�
SHRSOH�GR�KDVW\� IOLJKW� VHDUFKHV� WR� ³JHQHUDOO\� FKHFN�SULFHV´�� UDWKHU� WKDQ� WR�
DFWXDOO\� ERRN�� DQG� GR� QRW� ERWKHU� LQSXWWLQJ� DOO� WKH� ULJKW� LQIRUPDWLRQ� �DIWHU�
ORRNLQJ�� ZH� VDZ� WKDW� WKH� GHIDXOW� QXPEHU� RI� SDVVHQJHUV� YDOXH� RQ� WKH�
6N\VFDQQHU�ZHEVLWH�LV�����6R��GR�QRW�DVVXPH�WKDW�\RX�XQGHUVWDQG�WKH�GDWD���
VRPHWLPHV�� D� IDLU� ELW� RI� LQYHVWLJDWLYH� ZRUN�� HYHQ� TXDOLWDWLYH� UHVHDUFK�� LV�
QHFHVVDU\� EHIRUH� \RX� HPEDUN� RQ� D� SURMHFW�� $� FORVH� UHODWLRQVKLS� ZLWK�
VWDNHKROGHUV��LQ�RXU�FDVH�SULPDULO\�WKH�*ODVJRZ�&LW\�0DUNHWLQJ�%XUHDX��FDQ�
KHOS�GLVFRYHU�SDWWHUQV� WKDW� DUH�REYLRXV� WR� WKHP�EXW�QRW� WR� UHVHDUFKHUV� DQG�
PRGHOOHUV��

Ɣ� *DUEDJH�LQ���JDUEDJH�RXW��+XJH�GDWDVHWV�ZLWK�KXQGUHGV�RI�IHDWXUHV�DUH�JUHDW��
EXW�QRW�HYHU\�IHDWXUH�LV�KHOSIXO��,Q�IDFW��LQFOXGLQJ�PRUH�IHDWXUHV�WKDQ�\RX�QHHG�
LQ� D� PRGHO� FDQ� UHVXOW� QRW� MXVW� LQ� VORZHU� H[HFXWLRQ� WLPHV�� EXW� DOVR� ZRUVH�
SUHGLFWLYH�SHUIRUPDQFH�RYHUDOO��7DNH�WKH�WLPH�WR�FRQVLGHU�ZKLFK�IHDWXUHV�DUH�
WUXO\�PHDQLQJIXO�IRU�\RXU�SURMHFW���LQ�RXU�SURMHFW�WKH�H[SHFWDWLRQ�WKDW�QXPEHU�
RI�IRRWIDOOV�RQ�WKH�PDLQ�VKRSSLQJ�VWUHHWV�ZRXOG�EH�OLQNHG�WR�EXV\QHVV�SURYHG�
LQYDOLG�DV�WKHVH�FRXQWV�DUH�GRPLQDWHG�E\�ORFDOV��QRW�WRXULVWV��$OVR�VSHQG�WLPH�
FRQVLGHULQJ� KRZ�\RX�PLJKW� EHVW� WUDQVIRUP� \RXU� GDWD�� H�J�� E\� JURXSLQJ� RU�
DYHUDJLQJ� WR� UHGXFH� WKH� QXPEHU� RI� FDVHV�� RU� E\� V\QWKHVL]LQJ�QHZ� IHDWXUHV�
IURP�H[LVWLQJ�RQHV��ZKLFK�PLJKW�SURYH�PRUH�KHOSIXO��L�H��WKH�GD\�RI�WKH�ZHHN��
UDWKHU� WKDQ� WKH� SUHFLVH� GDWH��� )LQDOO\�� VSHQG� WLPH� WR� VDQLWL]H� \RXU� GDWD��
HVSHFLDOO\�ZKHQ�WKDW�GDWD�FRPHV�IURP�KXPDQV���

Ɣ� 0RUH�LV�QRW�DOZD\V�EHWWHU��,Q�RXU�LQYHVWLJDWLRQ��ZH�VDZ�WKDW�IHHGLQJ�ORWV�RI�
WUDLQLQJ� GDWD� LQWR� WKH�PRGHO� DFWXDOO\� UHGXFHG� LWV� SHUIRUPDQFH�� 7KLV� LV� QRW�



�

��� &KDSWHU����Combining Infrastructure Sensor and Tourism Market Data in a Smart City Project 

�

XQH[SHFWHG��VLQFH�RXU�GDWD�H[KLELWV�D�\HDUO\�VHDVRQDOLW\��3HRSOH¶V�WUDYHO�DQG�
WRXULVP�SDWWHUQV�IRU�DQ�DUHD�FKDQJH�IURP�VHDVRQ�WR�VHDVRQ��DQG�WKXV�IHHGLQJ�
GDWD�IURP�-XO\�LQWR�WKH�PRGHO��ZLWK�D�WDUJHW�WR�SUHGLFW�'HFHPEHU��UHVXOWV�LQ�
ZRUVH�SHUIRUPDQFH��7DNH�LQWR�FRQVLGHUDWLRQ�WKH�QDWXUH�RI�WKH�GDWDVHW�DQG�WKH�
QDWXUH�RI�WKH�WDVN�DW�KDQG��DQG�OLPLW�WKH�H[SORUDWLRQ�VSDFH�E\�WDONLQJ�DERXW�WKH�
SUREOHP�ZLWK�GRPDLQ�H[SHUWV���DGRSW�WKHLU�NQRZOHGJH�DQG�FRQVXOW�ZLWK�WKHP��
ZKDW�WKH\�WHOO�\RX�LV�³DERXW�ULJKW´��SUREDEO\�PDNHV�D�ORW�RI�VHQVH��

Ɣ� 'DWD� LV�QRW�DOZD\V� UHDGLO\�DYDLODEOH��:KHQ� LW� LV�� WKHQ�\RX�FDQ�EXLOG� UHDOO\�
JRRG�PRGHOV�ZLWK�DPD]LQJ�SHUIRUPDQFH��%XW�WKH�GDWD�\RX�QHHG�LVQ¶W�DOZD\V�
JRLQJ�WR�EH�WKHUH�RQ�WLPH��RU�DW�OHDVW��PD\EH�QRW�LQ�WKH�SURFHVVHG�DQG�VDQLWL]HG�
IRUP�WKDW�\RX�QHHG�LW���2I�FRXUVH��JR�IRU�WKH�EHVW�FDVH�VFHQDULR��%XW�GR�QRW�
IRUJHW� WR� DOVR� EXLOG� DQG� WHVW� PRGHOV� WKDW� GR� QRW� DVVXPH� SHUIHFW� RSHUDWLQJ�
FRQGLWLRQV��H[SORULQJ�EDG�DQG�ZRUVW�FDVH�VFHQDULRV�DV�ZHOO��
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