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7RZDUGV�DQ�,QIUDVWUXFWXUDO�'HVFULSWLRQ�RI�
$UFKLYHG�:HE�'DWD 

(PLO\�0DHPXUD 
$EVWUDFW�� 5HFHQW� HIIRUWV� LQ� WKH� ZHE� DUFKLYLQJ� FRPPXQLW\� KDYH� IRFXVHG� RQ�
VXSSRUWLQJ�UHVHDUFK�HQJDJHPHQW�WKURXJK�EXLOGLQJ�QHZ�WRROV�DQG�LQWHUIDFHV� LQ�
RUGHU�WR�DFFHVV�FROOHFWLRQV��$V�IRFXV�VKLIWV�IURP�EURZVLQJ�DUFKLYHG�VLWHV�WR�WKH�
µELJ�GDWD¶�DQDO\VLV�RI�:$5&�ILOHV��,�DUJXH�WKDW�QHZ�IUDPHZRUNV�DUH�QHHGHG�WR�
XQGHUVWDQG�WKH�V\VWHPV�DQG�SURFHVVHV�XQGHUO\LQJ�WKHVH�GDWDVHWV��7KLV�SDSHU�
H[SORUHV� KRZ� WR� GHVFULEH� DQG� FKDUDFWHULVH� DUFKLYHG� ZHE� GDWD� E\�
FRQWH[WXDOLVLQJ� FROOHFWLRQV� ZLWKLQ� WKH� VRFLRWHFKQLFDO� V\VWHPV� WKDW� JHQHUDWH�
WKDW� GDWD�� 'LIIHUHQW�PRGHV� RI� GHVFULSWLRQ� DUH� FRPSDUHG�� UHYHDOLQJ� KRZ� WKH�
FKDUDFWHULVDWLRQ�RI�GDWD� WKURXJK�FRPSXWDWLRQDO�PHDQV�FDQ�EH�VXSSOHPHQWHG�
ZLWK� LQIUDVWUXFWXUDO� PHWKRGV� IRU� GHVFULELQJ� WKH� KLVWRULHV�� RUJDQLVDWLRQDO�
SROLFLHV�� UHODWLRQVKLSV��DQG�RWKHU� FDWDO\VLQJ�HYHQWV� WKDW�VKDSH�ZHE�DUFKLYHV��
)XWXUH� GLUHFWLRQV� DUH� H[SORUHG�� RXWOLQLQJ� KRZ� WRROV� DQG� VHUYLFHV� PLJKW� EH�
FRQILJXUHG�WR�VXSSRUW�D�PRUH�KROLVWLF�GHVFULSWLRQ�RI�FROOHFWLRQV� 
.H\ZRUGV��:HE�DUFKLYHV��UHVHDUFK�PHWKRGV��LQIUDVWUXFWXUH�VWXGLHV 

,1752'8&7,21 
$V� WKH� FUHDWLRQ� DQG�XVH�RI�ZHE�DUFKLYHV� KDV� JURZQ�RYHU� WKH� SDVW� GHFDGHV�� LQFUHDVLQJ�
DWWHQWLRQ�� HIIRUW�� DQG� UHVRXUFHV� KDYH� EHHQ� GHYRWHG� WR� WKH� GHYHORSPHQW� RI� WRROV� DQG�
IDFLOLWLHV� IRU� DQDO\VLQJ� WKHVH� FROOHFWLRQV�� 7KLV� SDSHU� FRQVLGHUV� DQG� FRPSDUHV� HPHUJLQJ�
UHVHDUFK�LQIUDVWUXFWXUHV�VXSSRUWLQJ�ZHE�DUFKLYHV�DQDO\VLV��VWXG\LQJ�VLWHV�LQ�'HQPDUN�DQG�
LQ�&DQDGD�GXULQJ�DFWLYH�GHYHORSPHQW�DQG�WHVWLQJ�WR�VXSSRUW�VFKRODUO\�XVH�RI�DUFKLYHG�ZHE�
GDWD�� 5DWKHU� WKDQ� HYDOXDWLQJ� WKH� GHYHORSPHQW� IURP� WKH� SUDFWLFDO� SHUVSHFWLYH� RI� XVHU�
WHVWLQJ�� ,� WDNH�WKH�SHUVSHFWLYH�RI� LQIUDVWUXFWXUH�VWXGLHV� LQ�RUGHU� WR�FRQVLGHU�KRZ� WKH�ZHE�
DUFKLYHV� UHVHDUFK� LQIUDVWUXFWXUHV� LQ� WKHVH� VHWWLQJV� LQFOXGH�ERWK� FRPSXWLQJ� IDFLOLWLHV� DQG�
GDWD� FROOHFWLRQV�� EXW� DOVR� HQFRPSDVV� WKH� RUJDQLVDWLRQDO� V\VWHPV� DQG� SHRSOH� LQYROYHG��
LQFOXGLQJ�OLEUDULDQV��FXUDWRUV��DQG�WHFKQLFDO�GHYHORSHUV��:KLOH�GHVFULSWLRQ�RI�ZHE�DUFKLYHV�
FROOHFWLRQV� KDV� SULPDULO\� IRFXVHG� RQ� FKDUDFWHULVLQJ� GDWDVHWV�� ,� H[SORUH� KRZ� UHVHDUFK�
DQDO\VLV�PXVW� WDNH� LQWR�DFFRXQW� IRUPV�RI�GRFXPHQWDWLRQ�DQG�GHVFULSWLRQ�RI� WKH�SUDFWLFHV�
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DQG�SURFHVVHV� WKDW� UHODWH�GDWD� WR�VSHFLILF�RUJDQLVDWLRQDO�DUUDQJHPHQWV�DQG� WKH�V\VWHPV�
WKDW�SURGXFH�DQG�VXVWDLQ�WKHP��3DUWLFXODUO\��,�DUJXH�WKDW�QHZ�IUDPHZRUNV��H[WHQGLQJ�IURP�
WKH� ILHOG� RI� LQIUDVWUXFWXUH� VWXGLHV�� DUH� QHHGHG� WR� LQIRUP� GHVFULSWLRQ� RI� WKHVH� FROOHFWLRQV�
EH\RQG� FKDUDFWHULVLQJ� GDWDVHWV�� WR� DOVR� LQFOXGH� WKH� FRQWH[W� RI� GDWD� FXUDWLRQ� V\VWHPV��
SURFHVVHV��SURFHGXUHV��DQG�RUJDQLVDWLRQDO�VHWWLQJV�ZLWKLQ�ZKLFK�FROOHFWLQJ�WDNHV�SODFH� 

(67$%/,6+,1*�)$&,/,7,(6�$1'�)5$0(:25.6 
)25�$1$/<6,1*�&2//(&7,216 

2YHU� WKH� SDVW� GHFDGH�� PDMRU� DGYDQFHPHQWV� KDYH� EHHQ�PDGH� LQ� GHYHORSLQJ� WRROV� DQG�
LQWHUIDFHV� WR� VXSSRUW� ZHE�DUFKLYHV� UHVHDUFK�� 7KLV� LQFOXGHV� VLJQLILFDQW� LPSURYHPHQWV� WR�
VHDUFK�DQG�DFFHVV�LQWHUIDFHV��DOORZLQJ�UHVHDUFK�XVHUV�WR�JDLQ�QHZ�LQVLJKWV�LQWR�WKH�GDWD�
IRXQG�ZLWKLQ�FROOHFWLRQV��+RZHYHU��DV� ,� RXWOLQH�DQG�DUJXH�KHUH��PRUH� UREXVW� IUDPHZRUNV�
DUH� QHHGHG� LQ� RUGHU� WR� VXSSRUW� UHVHDUFK� HQJDJHPHQW� ZLWK� ZHE� DUFKLYHV� E\�
FRQWH[WXDOLVLQJ�DQG�GHVFULELQJ�QRW�RQO\�WKH�GDWD�DUWHIDFWV�JHQHUDWHG��EXW�DOVR�WKH�V\VWHPV�
DQG�SUDFWLFHV�WKDW�VKDSH�FROOHFWLRQV�� 

$V�GHVFULEHG� LQ�D�SUHYLRXV� OLWHUDWXUH� UHYLHZ� �0DHPXUD��������� VHYHUDO�NH\� UHSRUWV�
ZHUH� SXEOLVKHG� IURP� ����� WR� ����� RQ� WKH� VXEMHFW� RI� ZHE� DUFKLYHV� DQG� UHVHDUFK�
HQJDJHPHQW�� FDOOLQJ� IRU� WKH� ILHOG� WR� LQYHVW� LQ� VHDUFK� DQG�DQDO\VLV� LQWHUIDFHV�� VXSSRUWLQJ�
DQDO\VLV� DW� WKH� VFDOH� RI� µELJ� GDWD�¶� 2Q� WKH� RQH� KDQG�� WKHVH� LQLWLDO� UHSRUWV� DGGUHVVHG� D�
SUDFWLFDO�DQG� WHFKQLFDO�QHHG�WR�VXSSRUW� UHVHDUFK�ZLWK� ODUJH�FROOHFWLRQV��VLQFH� LQVWLWXWLRQV�
OLNH� QDWLRQDO� OLEUDULHV� KDYH� QRZ� HVWDEOLVKHG�ZHE�DUFKLYLQJ� SURJUDPV� IRU�PDQ\� \HDUV� RU�
GHFDGHV��DQG�WKHLU�ZHE�DUFKLYHV�FROOHFWLRQV�KDYH�JURZQ�WR�YHU\�ODUJH�YROXPHV�RI�GDWD��L�H��
KXQGUHGV� RI� 7HUDE\WHV��� $GGLWLRQDOO\�� LW� KDV� EHHQ� QRWHG� WKDW� VXSSRUWLQJ� UHVHDUFK�
HQJDJHPHQW�DW� WKLV�VFDOH�QHFHVVLWDWHV�QHZ�PHWKRGRORJLHV��PRYLQJ�DZD\� IURP�SUHYLRXV�
DSSURDFKHV�IRFXVHG�RQ�EURZVLQJ�DQG�UHQGHULQJ�LQGLYLGXDO�ZHE�SDJHV�DQG�ZHE�UHVRXUFHV��
7KLV� VKLIW� IURP� µGRFXPHQW-FHQWULF¶� WR� µZKROH-FROOHFWLRQ¶� DSSURDFKHV� KDV� EHHQ� GHVFULEHG�
SUHYLRXVO\� E\� +RFN[-<X� ������� DQG� %HQ-'DYLG� 	� +XXUGHPDQ� �������� 7KLV� NLQG� RI�
µSDUDGLJP�VKLIW¶�LQ�PHWKRGV�LV�DW�WKH�FRUH�RI�UHFHQW�FROODERUDWLRQV�SDLULQJ�UHVHDUFKHUV�ZLWK�
GHYHORSHUV� DQG� FXUDWRUV� DV� PDQ\� OLEUDULHV� HVWDEOLVK� IDFLOLWLHV� IRU� KLJK-SHUIRUPDQFH�
FRPSXWLQJ�DQG�FROOHFWLRQ�LQGH[LQJ�DQG�DQDO\VLV� 

)RU� H[DPSOH�� WKH� SDVW� GHFDGH� KDV� VHHQ� VHYHUDO� FROODERUDWLRQV� ZLWKLQ� WKH� ZHE�
DUFKLYHV�FRPPXQLW\�IRFXVHG�DURXQG�WKHVH�ZKROH-FROOHFWLRQ�DSSURDFKHV��)URP�D�WHFKQLFDO�
SHUVSHFWLYH��PDQ\�HIIRUWV�KDYH�EHHQ�GHYRWHG�WR�WKH�GHYHORSPHQW�RI� WRROV� IRU�SURFHVVLQJ�
DQG� SUHVHQWLQJ� DUFKLYHG� ZHE� GDWD� DW� VFDOH�� ([DPSOHV� LQFOXGH� SRZHUIXO� VHDUFK� DQG�
LQGH[LQJ� WRROV� OLNH� WKH� 8.� :HE� $UFKLYH
V� 6KLQH� VHDUFK� DQG� 6ROU� LQGH[�
�KWWSV���ZZZ�ZHEDUFKLYH�RUJ�XN�VKLQH���DV�ZHOO�DV�WKH�$UFKLYHV�8QOHDVKHG�7RRONLW��ZKLFK�
FDQ� JHQHUDWH� D� VHW� RI� VWDQGDUG� UHVHDUFK-FHQWULF� GHULYDWLYHV�
�KWWSV���FORXG�DUFKLYHVXQOHDVKHG�RUJ�GHULYDWLYHV���$GGLWLRQDOO\�� WKH�VWDQGDUG�:HE$5&KLYH�
�:$5&�� ILOH� IRUPDW� KDV� EHFRPH� FHQWUDO� WR� WKH� VHW� RI� WRROV�� LQWHUIDFHV�� DQG� KLJK-
SHUIRUPDQFH�FRPSXWLQJ�IDFLOLWLHV�HPHUJLQJ�IRU�WKLV�NLQG�RI�FRPSXWDWLRQDO�KXPDQLWLHV�ZRUN�
ZLWK�ZHE�DUFKLYHV�FROOHFWLRQV��%H\RQG�WKHVH�WHFKQLFDO�GHYHORSPHQWV��RWKHU�FKDOOHQJHV�RI�

https://www.webarchive.org.uk/shine
https://cloud.archivesunleashed.org/derivatives
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UHVHDUFK� HQJDJHPHQW� KDYH� DOVR� EHHQ� GLVFXVVHG�� DV� FXUDWRUV� DQG� UHVHDUFKHUV� KDYH�
HQFRXQWHUHG�YDULRXV� OHJDO�RU�SROLF\�EDUULHUV�ZKHQ�ZRUNLQJ�ZLWK�ZHE�DUFKLYHV�FROOHFWLRQV��
DV� ZHOO� DV� HWKLFDO� DVSHFWV� �9ODVVHQURRW� HW� DO��� ������ %LQJKDP� 	� %\UQH�� ������� )RU�
H[DPSOH��WKH�DFFHVV�SROLFLHV�IRU�QDWLRQDO�ZHE�DUFKLYHV�FROOHFWLRQV�RIWHQ�PLUURU�WKH�FORVHG�
µUHDGLQJ�URRP¶�DFFHVV�SROLFLHV�WKDW�KDG�EHHQ�GHYHORSHG�IRU�FRXQWHUSDUW� SULQW�FROOHFWLRQV��
DQG� GLJLWDO� FROOHFWLRQV� OLNH� ZHE� DUFKLYHV� DUH� EHKROGHQ� WR� VLPLODU� FRS\ULJKW� UHVWULFWLRQV��
'HVSLWH� WKHVH� FKDOOHQJHV�� FROOHFWLQJ� LQVWLWXWLRQV� KDYH�PDGH� VLJQLILFDQW� GHYHORSPHQWV� LQ�
HVWDEOLVKLQJ�IDFLOLWLHV�WR�PHHW�WKH�QHHGV�RI�UHVHDUFKHUV�LQ�ZKROH-FROOHFWLRQ�DQDO\VLV� 

:LWK�WKHVH�UHFHQW�HIIRUWV�LQ�PLQG��,�REVHUYH�WKDW�WKH�PRGHV�RI�DQDO\VLV�SURYLGHG�E\�
WKHVH�IDFLOLWLHV�FHQWUH�RQ�VSHFLILF�GDWD�DUWHIDFWV�DQG�WKH�GDWD�ILHOGV�IRXQG� LQ�:$5&�ILOHV��
)RU�LQVWDQFH��LQ�WKHLU�DQDO\VLV�RI�WKH�'DQLVK�5R\DO�/LEUDU\¶V�1HWDUFKLYH�FROOHFWLRQ��/DXUVHQ�
	� 0¡OGUXS-'DOXP� ������� SUHVHQW� VHYHUDO� NH\� YLVXDOLVDWLRQV� FRPSDULQJ� FKDQJHV� LQ� WKH�
FROOHFWLRQ�RYHU�WLPH��VKRZLQJ�D�FRXQW�RI�WRS�OHYHO�GRPDLQV��WKH�UHODWLYH�DPRXQW�RI�GDWD�E\�
PHGLD�W\SH��H�J��DXGLR��LPDJH��WH[W��YLGHR�DQG�
RWKHU
�IRUPDWV���DV�ZHOO�DV�+773�UHVSRQVH�
FRGHV� �H�J������2.������0RYHG�3HUPDQHQWO\������1RW�)RXQG���7KLV�H[DPSOH� LOOXVWUDWHV�
VRPH�RI� WKH�GLIIHUHQW�DQDO\VHV�WKDW�FDQ�EH�SHUIRUPHG�ZLWK�ELJ�GDWD�DSSURDFKHV��ZLWK�DQ�
HPSKDVLV�RQ�FKDUDFWHULVLQJ�WKH�µUDZ�GDWD¶�XQGHUO\LQJ�DUFKLYHG�ZHE�SDJHV��'HVFULSWLRQ�RI�
GDWDVHWV� FRPSXWDWLRQDOO\� SHUIRUPHG� LQ� WKLV� PDQQHU� UHOLHV� KHDYLO\� RQ� WKH� GDWD� ILHOGV�
DYDLODEOH�LQ�:$5&�ILOHV�DQG�WKH�UHODWHG�VWDQGDUGLVHG�GDWD�IRUPDWV�RI�+773�WUDQVDFWLRQV��
85/V��DQG�+70/�ZHESDJHV��:KLOH�D� IRFXV�RQ�:$5&�ILOHV� LQ� WKHVH�NLQGV�RI�DQDO\VLV� LV�
XVHIXO� LQ� SURPRWLQJ� VWDQGDUGLVDWLRQ� DQG� LQWHURSHUDELOLW\�� WKH� UHVXOWLQJ� FKDUDFWHULVDWLRQV�
SUHVHQW�D�OLPLWHG�YLHZ�RI�DUFKLYHG�ZHE�GDWD��:KHQ�VWXG\LQJ�FROOHFWLRQV��UHVHDUFKHUV�PXVW�
DOVR�DVN�ZKDW�HOHPHQWV�DUH�PLVVLQJ�ZKHQ�GHVFULSWLRQ�RI�ZHE�DUFKLYHV�FROOHFWLRQV�LV�EHLQJ�
LQFUHDVLQJO\�GHOHJDWHG�DQG�GHIHUUHG�WR�FRPSXWDWLRQDO�WRROV�DQG�V\VWHPV 

5HFHQWO\�� UHVHDUFKHUV� KDYH� EHHQ� DGGUHVVLQJ� WKH� OLPLWV� RI� WKHVH� FRPSXWDWLRQDO�
PHWKRGV�DQG�WRROV��ZKLFK�DUH�QRZ�EHLQJ�DFWLYHO\�SUREHG�DQG�TXHVWLRQHG�E\�PDQ\�LQ�WKH�
ZHE�DUFKLYHV�FRPPXQLW\��,W�LV�EHFRPLQJ�PRUH�DQG�PRUH�FOHDU�WKDW��LQ�DGGLWLRQ�WR�IDFLOLWLHV�
IRU�SURFHVVLQJ� µELJ�GDWD�¶� UHVHDUFKHUV� UHTXLUH�DGGLWLRQDO� LQIRUPDWLRQ�DERXW� WKH�SURFHVVHV�
XVHG� IRU� FROOHFWLQJ� DQG� FXUDWLQJ�� VHHNLQJ� RXW� ZD\V� WR� GHVFULEH� DQG� FKDUDFWHULVH� ZHE�
DUFKLYHV�EH\RQG�ZKDW� LV�DYDLODEOH� LQ�FRPSXWDWLRQDO� LQWHUIDFHV��)RU�H[DPSOH�� LQ�VWXG\LQJ�
WKH�1RUWK�.RUHDQ�ZHE�GRPDLQ�DV�FDSWXUHG�E\�WKH�,QWHUQHW�$UFKLYH��%HQ-'DYLG�DQG�$PUDP�
�������DGGUHVV� WKH�,QWHUQHW�$UFKLYH¶V�FUDZOHU�DV�D� µEODFN�ER[¶�ZKRVH�VSHFLILF� ORJLFV�DQG�
UXOHV�DUH�ODUJHO\�XQNQRZQ�WR�XVHUV��0LOOLJDQ��������VLPLODUO\�GHVFULEHV�WKH�FKDOOHQJHV�DQG�
XQNQRZQV� RI� XVLQJ� ZHE� DUFKLYHV� DV� D� KLVWRULDQ�� DFNQRZOHGJLQJ� WKDW� WKH� VFDOH� RI�
FROOHFWLRQV� LV� QRW� DPHQDEOH� WR� GHWDLOHG� GHVFULSWLRQ� EXW� FDOOLQJ� IRU� DFFHVV� WR� FHUWDLQ� NH\�
FRPSRQHQWV�VXFK�DV�VHOHFWLRQ�DOJRULWKPV�RU�³WKH�WRS-OHYHO�GHFLVLRQ-PDNLQJ�RU�REMHFWLYHV�
WKDW� PD\� KDYH� OHG� WR� D� JLYHQ� VLWH� EHLQJ� FROOHFWHG� FDQ� KHOS� XV� DW� OHDVW� ZULWH� LQIRUPHG�
KLVWRULHV´� �S�� �����%U�JJHU� ������� DGGLWLRQDOO\� DGYRFDWHV� WKDW� VSHFLILF� GRFXPHQWDWLRQ�EH�
PDGH�DYDLODEOH�WR�UHVHDUFKHUV�� LQFOXGLQJ�NH\�PHWDGDWD�JHQHUDWHG�GXULQJ� LQLWLDO�FROOHFWLQJ�
RU� VXEVHTXHQW� SURFHVVLQJ� ZLWK� D� IRFXV� RQ� LQIRUPDWLRQ� WR� DLG� ³ZHE� KLVWRULDQV� ZKR� DUH�
WU\LQJ� WR� HVWDEOLVK� WKH� SURYHQDQFH�RI�ZKDW� LV� LQ� D�ZHE�DUFKLYH��ZKDW� VKRXOG� KDYH�EHHQ�
DUFKLYHG��ZK\� LW�GLG�HQG�XS�WKHUH��DQG�ZKHQ´��S��������3URYLGLQJ�DFFHVV�WR�GDWDVHWV�DQG�
FRPSXWDWLRQDO� DQDO\VLV� WRROV� LV� QR� ORQJHU� VXIILFLHQW�� LQ� RUGHU� IRU� UHVHDUFKHUV� WR� SHUIRUP�
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ULJRURXV�DQDO\VHV�RI�DUFKLYHG�ZHE�GDWD��WKH\�UHTXLUH�GHVFULSWLRQ�DQG�FRQWH[WXDOLVDWLRQ�RI�
GDWDVHWV� WKDW� DGGUHVV� WKH� VHOHFWLRQ� DQG� FXUDWLRQ� GHFLVLRQV� DSSOLHG� DW� YDULRXV� VWDJHV�RI�
FROOHFWLQJ�DQG�SURFHVVLQJ�� 

,Q�VXPPDU\��ZKLOH�PHWKRGV�DQG�IDFLOLWLHV� IRU�DQDO\VLV�KDYH�VKLIWHG�IURP�GRFXPHQW-
FHQWULF� WR�ZKROH-FROOHFWLRQ�DSSURDFKHV�� WKH�FRQFHSWV�DQG� LGHDV� LQIRUPLQJ�WKH�GHVFULSWLRQ�
RI� D� ZHE� DUFKLYHV� FROOHFWLRQ� KDYH� QRW� \HW� FDXJKW� XS� ZLWK� WKLV� VKLIW�� 2YHUDOO�� SUDFWLFDO�
GHYHORSPHQW�RI� IDFLOLWLHV� IRU�DQDO\VLV� FHQWUH�GHVFULSWLRQ�RI�D�FROOHFWLRQ�RQ�FRPSXWDWLRQDO�
FKDUDFWHULVDWLRQ� RI� VWDQGDUG� GDWD� IRUPDWV�� +RZHYHU�� IRU� UHVHDUFKHUV�� DQDO\VLQJ� WKHVH�
FROOHFWLRQV� GHPDQGV� DQ� XQGHUVWDQGLQJ� RI� WKH� SURFHVVHV� DQG� WUDQVIRUPDWLRQV� HQDFWHG�
XSRQ�WKDW�GDWD�E\�YDULRXV�SHRSOH�DQG�V\VWHPV��0\�SULPDU\� LQWHUHVW� LV� LQ�HVWDEOLVKLQJ�DQ�
DSSURDFK�WKDW�RXWOLQHV�KRZ�WR�GHVFULEH��FRQWH[WXDOLVH��DQG�FKDUDFWHULVH�GDWD�LQ�UHODWLRQ�WR�
ZHE�DUFKLYHV�UHVHDUFK�LQIUDVWUXFWXUHV��DQG�DFFRXQWLQJ�IRU�WKH�PHGLDWLRQ�DQG�LQWHUYHQWLRQ�
RI�YDULRXV�RUJDQLVDWLRQV��SHRSOH��DQG�V\VWHPV�LQ�WKH�DUFKLYLQJ�SURFHVV�� 

6HYHUDO�SRWHQWLDO�IUDPHZRUNV�DUH�SUHVHQWHG�LQ�SDVW�ZRUN��ZKLFK�PD\�EH�FRQVLGHUHG�
IRU� WKH� GHVFULSWLRQ� RI� FROOHFWLRQV�� FRQWH[WXDOLVLQJ� WKHP� PRUH� EURDGO\� EH\RQG�
FRPSXWDWLRQDO�DQDO\VLV�RI�GDWD�DUWHIDFWV��)RU�H[DPSOH�� IURP�WKH�SHUVSHFWLYH�RI�FROOHFWLQJ�
LQVWLWXWLRQV�� WKH� 2SHQ� $UFKLYDO� ,QIRUPDWLRQ� 6\VWHP� �2$,6�� UHIHUHQFH� PRGHO� SURYLGHV� D�
IUDPHZRUN� RXWOLQLQJ� WKH� SHRSOH� DQG� V\VWHPV� LQYROYHG� LQ� ZHE� DUFKLYLQJ�� 6LHUPDQ� DQG�
7HV]HOV]N\� �������DSSO\� WKHVH�H[LVWLQJ�2$,6�FRQFHSWV� WR�GHVFULEH� WKH�.%-1/�FROOHFWLRQ�
DQG� LWV� VHOHFWLRQ� SURFHVVHV�� IRFXVLQJ� RQ� WKH� FRQWH[W� LQIRUPDWLRQ� QHFHVVDU\� IRU� WKH�
µGHVLJQDWHG�FRPPXQLW\¶�RI�WKH�DUFKLYH¶V� IXWXUH�XVHUV��:KLOH�WKH�2$,6�IXQFWLRQDO�PRGHO�RI�
SURFHVVHV�DQG� LQIRUPDWLRQDO�PRGHO�ERWK�QRWH�WKH�QHHG�IRU�UHFRUGLQJ�FRQWH[W� LQIRUPDWLRQ�
IRU� WKH� DUFKLYH¶V� GHVLJQDWHG� FRPPXQLW\� RI� XVHUV�� RYHUDOO� WKH� 2$,6� PRGHO� SULPDULO\�
DGGUHVVHV�ZKDW� LQIRUPDWLRQ� LV�QHHGHG�EXW�QRW�KRZ� WR�HQDFW� WKLV�ZRUN�RI�GHVFULSWLRQ��$Q�
DOWHUQDWLYH� DSSURDFK� LV� SUHVHQWHG� E\� 0DHPXUD� HW� DO�� �������� ZKLFK� RXWOLQHV� VHYHUDO�
GLPHQVLRQV�RI�WKH�VRFLRWHFKQLFDO�FRQWH[W�LQ�ZKLFK�GHFLVLRQV�DUH�PDGH�� 

,Q�P\�VWXG\�SUHVHQWHG�KHUH�,�GHYHORS�D�QHZ�DSSURDFK�ZKLFK�IRFXVHV�RQ�HPSLULFDO�
VHWWLQJV� DQG� WKH� QXDQFHV� RI� ZKDW� DFWXDOO\� RFFXUV� LQ� FROOHFWLQJ� SUDFWLFH� E\� GUDZLQJ�
FRQQHFWLRQV� WR� LQIUDVWUXFWXUH� VWXGLHV�� ZKLFK� SURYLGHV� NH\� FRQFHSWV� DQG� IUDPHZRUNV� IRU�
UHODWLQJ� GDWD� WR� VRFLRWHFKQLFDO� V\VWHPV�� ,Q� WKLV� OLWHUDWXUH�� µLQIUDVWUXFWXUHV¶� FRPSULVH�
FRPSOH[� DVVHPEODJHV� RI� SHRSOH� DQG� WHFKQRORJLHV� WKDW� GHSHQG� RQ� VLWH-VSHFLILF�
FRQWLQJHQFLHV� DV� ZHOO� DV� HYROYLQJ� VWDQGDUGV� DQG� SUDFWLFHV� ±� IRU� H[DPSOH�� D� KLVWRULFDO�
VWXG\� RI� WKH� 0XVHXP� RI� 9HUWHEUDWH� =RRORJ\� DW� %HUNHOH\� DGGUHVVHV� WKH� FROOHFWLRQ¶V�
XQGHUO\LQJ� LQIRUPDWLRQ� LQIUDVWUXFWXUH�WKDW�UHOLHV�RQ�WKH�XVH�RI�VWDQGDUGLVHG�SDSHU� IRUP�WR�
UHFRUG� GHWDLOV� RI� VSHFLPHQ� FROOHFWLRQ�� VXSSRUWLQJ� FRRSHUDWLYH� ZRUN� DPRQJ� DPDWHXU�
FROOHFWRUV�� IDUPHUV�� WUDSSHUV� DQG� WUDGHUV� WKURXJKRXW� &DOLIRUQLD�� XOWLPDWHO\� HQDFWLQJ� WKH�
YLVLRQ� RI� WKH� PXVHXP¶V� GLUHFWRU� DQG� IRXQGHU� �6WDU� 	� *ULHVHPHU�� ������� $QDO\VLQJ�
LQIUDVWUXFWXUHV� WKURXJK� WKLV� OHQV�� UDWKHU� WKDQ� IRFXVLQJ� RQ� WHFKQLFDO� IDFLOLWLHV�� GUDZV�
DWWHQWLRQ� WR� WKH� KXPDQ� GLPHQVLRQV� WKDW� ELQG� WRJHWKHU� ZRUN� SHUIRUPHG� E\� PXOWLSOH�
LQWHUFRQQHFWHG� V\VWHPV�� 7KRXJK� WKH� WHFKQRORJLFDO� PRGHV� DQG�PHDQV� RI� ZHE� DUFKLYHV�
FROOHFWLRQV�GLIIHU�JUHDWO\�IURP�D�QDWXUDO�KLVWRU\�PXVHXP�LQ�WKH�HDUO\���WK�&HQWXU\��,�DGRSW�
WKLV� IUDPHZRUN� WR� VLPLODUO\� GUDZ� DWWHQWLRQ� WR� WKH� SUDFWLFHV�� VWDQGDUGV�� DQG� VRFLDO�
UHODWLRQVKLSV� WKDW� VKDSH� ZHE� DUFKLYHV� DQG� WKHLU� GDWD�� ,� ILQG� WKH� OHQV� RI� LQIUDVWUXFWXUH�
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VWXGLHV� SDUWLFXODUO\� XVHIXO� WR� GHVFULEH� DQG� FRQWH[WXDOLVH� FROOHFWLRQV� ZLWKLQ� WKHLU� VSHFLILF�
VRFLDO��KLVWRULFDO��SROLWLFDO��DQG�FXOWXUDO�VHWWLQJV�� 

,Q� SDUWLFXODU�� DV� ,� DUJXH� DQG� GHPRQVWUDWH� KHUH�� WKHVH� SHUVSHFWLYHV� IURP�
LQIUDVWUXFWXUH� VWXGLHV� DUH� XVHIXO� WR� KLJKOLJKW� GDWD
V� UHODWLRQVKLSV� WR� WKH� FROOHFWLQJ� DQG�
PDQDJHPHQW� V\VWHPV� XVHG� IRU� DUFKLYLQJ� DQG� VXSSRUWLQJ� UHVHDUFK� DSSOLFDWLRQV�� ,� DSSO\�
WKLV� SHUVSHFWLYH� WR� HPSKDVLVH� KRZ� WKHVH� LQIUDVWUXFWXUHV� JHQHUDWH�� VXVWDLQ�� DQG� VXSSRUW�
WKH� XVH� RI� WRROV� DQG� GDWD�� WKURXJK� RIWHQ-LQYLVLEOH� GHFLVLRQV� DQG� XQVWUXFWXUHG�
GRFXPHQWDWLRQ�� ZKLFK� DUH� YLWDO� WR� XQGHUVWDQGLQJ� DQG� UHDGLQJ� PHDQLQJ� LQWR� WKHVH�
FROOHFWLRQV�� $V� ,� GHVFULEH� LQ� PRUH� GHWDLO� EHORZ�� WKLV� DSSURDFK� LV� SDUWLFXODUO\� XVHIXO� WR�
FRQVLGHU�KRZ�ZHE�DUFKLYHV�DUH�VKDSHG�ERWK�ZLWK�DQG�ERWK�ZLWK�DQG�EH\RQG�FRPSXWDWLRQDO�
RU�DOJRULWKPLF�ORJLFV� 

$'237,1*�$1�,1)5$6758&785$/�$3352$&+ 
,Q� RUGHU� WR� VWXG\� WKH� VRFLRWHFKQLFDO� FRQWH[WV� WKDW� VKDSH� ZHE� DUFKLYHV� GDWD�� P\� ZRUN�
DGRSWV� FRQFHSWV� DQG�DSSURDFKHV� IURP� WKH� ILHOG� RI� LQIUDVWUXFWXUH� VWXGLHV�� 7KLV� DSSURDFK�
EHJLQV�ZLWK�D�NH\�GLVWLQFWLRQ�� IRFXVLQJ� OHVV�RQ� µUHVHDUFK� LQIUDVWUXFWXUH¶�DV�FRPSXWDWLRQDO�
IDFLOLWLHV�DQG�PRUH�RQ�µUHVHDUFK�LQIUDVWUXFWXUH¶�DV�DQ�DVVHPEODJH�RI�SHRSOH��RUJDQLVDWLRQDO�
SUDFWLFHV�� UHVRXUFHV� DQG� FRQWLQJHQFLHV�� :KLOH� HYHU\GD\� WHUPLQRORJ\� VWUHVVHV�
LQIUDVWUXFWXUH� DV� D� WHFKQLFDO� VXEVWUDWH� �L�H�� URDGV�� HOHFWULFDO� JULGV�� ZDWHU�� RU� HVVHQWLDO�
VHUYLFH�1�,�EXLOG�RQ�WKH�DQDO\VLV�RI�LQIRUPDWLRQ�LQIUDVWUXFWXUHV�DV�GHYHORSHG�E\�%RZNHU�DQG�
6WDU� ������� WKDW� IRFXVHV� RQ� LGHQWLI\LQJ� WKH� NH\� UHODWLRQVKLSV� WKDW� RIWHQ� UHVLGH� LQ� WKH�
EDFNJURXQG�DQG�EULQJLQJ�WKHP�WR�WKH�IRUH��7KHLU�FRQFHSWLRQ�RI�LQIUDVWUXFWXUH�LV�FHQWUHG�RQ�
DQ\�DUUDQJHPHQW�RI�SHRSOH��VWDQGDUGLVHG�PHWKRGV�RU�SUDFWLFHV��DQG�FRPPRQO\�GHYHORSHG�
FRQFHSWV� RU� DUWHIDFWV� WKDW� VXSSRUW� GLVWULEXWHG� ZRUN� WRZDUGV� D� VKDUHG� JRDO� �6WDU� 	�
*ULHVHPHU��������6WDU���������:LWK�WKH�IRFXV�RQ�D�FRPPRQ�JRDO�RI�NQRZOHGJH�SURGXFWLRQ��
,�DOVR�FRQVLGHU�WKLV�µUHVHDUFK�LQIUDVWUXFWXUH¶�RI�ZHE�DUFKLYHV�WR�VSDQ�VHWWLQJV�RI�FROOHFWLQJ�
DQG�DUFKLYLQJ��DQG�VFKRODUO\�UHVHDUFK�DQG�DQDO\VLV� 

:KLOH� QRW� VWULFWO\� GHILQHG� LQ� WKH� OLWHUDWXUH�� DQ� µLQIUDVWUXFWXUH¶� DV� DQ� REMHFW� RI� VWXG\�
KDV� EHHQ� FKDUDFWHULVHG� E\� VHYHUDO� TXDOLWLHV� RU� GLPHQVLRQV� VXFK� DV� HPEHGGHGQHVV��
WUDQVSDUHQF\�� µUHDFK�RU�VFRSH�¶�DQG� µHPERGLPHQW�RI�VWDQGDUGV¶� VHHQ� LQ� WKH� UHODWLRQVKLSV�
DQG�DUUDQJHPHQWV�RI�SHRSOH�DQG�SUDFWLFHV��6WDU�	�5XKOHGHU��������%RZNHU�	�6WDU���������
$GGLWLRQDO� GHWDLOHG� GHVFULSWLRQ� RI� DQ� LQIRUPDWLRQ� LQIUDVWUXFWXUH� LV� SURYLGHG� WKURXJK� D�
SURPLQHQW�H[DPSOH�IURP�%RZNHU�DQG�6WDU��������ZKLFK�FHQWUHV�RQ�WKH�KHDOWKFDUH�VHWWLQJ�
DQG� DGGUHVVHV� WKH� GHYHORSPHQW� DQG� HYROXWLRQ� RI� WKH� ,QWHUQDWLRQDO� &ODVVLILFDWLRQ� RI�
'LVHDVHV� �,&'���:KLOH� WKH�,&'�ZDV�GHYHORSHG�DV�D�FODVVLILFDWLRQ�V\VWHP� WR�VWDQGDUGLVH�
DVVHPEOLQJ�PRUWDOLW\�DQG�PRUELGLW\�GDWD�ZRUOGZLGH��WKH�DXWKRUV�QRWH�KRZ�FXOWXUDO�FRQWH[W�
LPSDFWV� ZKDW� LV� XOWLPDWHO\� UHFRUGHG� RQ� D� GHDWK� FHUWLILFDWH�� 7KH\� LOOXVWUDWH� WKLV� ZLWK� DQ�
H[DPSOH�RI�FOHUNV�HQWHULQJ�GDWD�LQWR�D�PHGLFDO�GDWDEDVH�ZKR�PD\�GLIIHUHQWO\�LQWHUSUHW�DQG�
FDWHJRULVH� DERUWLRQ�� ZKHUH� 8VHU� $� FRQVLGHUV� LW� D� FULPH�� 8VHU� %� YLHZV� LW� DV� D� URXWLQH�

 
1� 6DQGYLJ� ������� SURYLGHV� D� XVHIXO� RYHUYLHZ� RI� YDU\LQJ� GHILQLWLRQV� DQG� WKH� HYROXWLRQ� RI� LQIUDVWUXFWXUH�
VWXGLHV�PRUH�EURDGO\� 
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PHGLFDO� SURFHGXUH�� DQG� WKHVH� GLIIHUHQFHV� LPSDFW� 8VHU� &¶V� VXEVHTXHQW� FRPSLOLQJ� RI�
VWDWLVWLFV� IURP� WKDW� GDWDEDVH�� ,Q� WKLV� LQVWDQFH�� WKH� LQIUDVWUXFWXUH� QRW� RQO\� FRPSULVHV�
HOHPHQWV�VXFK�DV�GHVLJQ�RI�WKH�GDWDEDVH�DQG�XVH�RI�D�VWDQGDUGLVHG�FODVVLILFDWLRQ�V\VWHP��
EXW� DOVR� WKH� OHJDO� DQG� FXOWXUDO� FRQWH[W� LQIRUPLQJ� 8VHU� $� DQG� 8VHU� %¶V� GHFLVLRQV� LQ�
FDWHJRULVLQJ� DUH� HTXDOO\� LPSRUWDQW� DV� SDUW� RI� WKLV� LQIUDVWUXFWXUH�� ,� WUDQVODWH� %RZNHU� DQG�
6WDU¶V�DSSURDFKHV�ZLWK�D�EURDG�FRQVLGHUDWLRQ�RI�FRQWH[W� WKDW� LQIRUPV�KRZ�GDWD�DUWHIDFWV�
DUH�FRQVWUXFWHG��H[DPLQLQJ�ZKHQ�RU�ZK\�HDFK�YDOXH�LV�HQWHUHG�LQ�D�JLYHQ�GDWD�ILHOG��DQG�
H[WHQGLQJ�WKHVH�LGHDV�WR�WKH�ZD\V�GDWD�DUH�UHFRUGHG�DQG�LQWHUSUHWHG�IURP�ZHE�DUFKLYHV�� 

$GRSWLQJ�WKLV�DSSURDFK�IURP�LQIUDVWUXFWXUH�VWXGLHV�UHTXLUHV�UHFRJQL]LQJ�VSHFLILF�DQG�
VLWXDWHG�VRFLRWHFKQLFDO�UHODWLRQVKLSV�LQ�DQ\�JLYHQ�VHWWLQJ��DQG�H[SORULQJ�KRZ�GHFLVLRQV�DUH�
PDGH� ZLWKLQ� WKH� SDUWLFXODU� FRQWLQJHQFLHV� DQG� FRQVWUDLQWV� RI� D� JLYHQ� FRQWH[W� �6WDU� 	�
5XKOHGHU�� ������� 0HWKRGRORJLFDOO\�� HPSLULFDO� ZRUN� LV� HVVHQWLDO� LQ� RUGHU� WR� H[SORUH�
FRQWLQJHQFLHV�LQ�GLIIHUHQW�VHWWLQJV��DQG�WR�UHYHDO�KRZ�JHQHULF�VROXWLRQV�FDQQRW�EH�DSSOLHG�
XQLYHUVDOO\�� 6WDU� ������� GHVFULEHV� WKH� SULQFLSOHV� IRU� FRQGXFWLQJ� DQ� µHWKQRJUDSK\� RI�
LQIUDVWUXFWXUH¶�DQG�IRFXVHV�RQ�VLWHV�ZKHUH�SDUWLFXODU�DFWLYLWLHV�FDQ�EH�REVHUYHG��GHFLVLRQ-
PDNLQJ��SURFHVVHV�RI�VWDQGDUGLVDWLRQ��RU�WLQNHULQJ�DQG�WDLORULQJ�WR�GHYHORS�VROXWLRQV��1RW�
OLPLWHG� WR� WUDGLWLRQDO� IRUPV� RI� HWKQRJUDSKLF� ILHOGZRUN� IURP� DQWKURSRORJ\�� PHWKRGV� IRU�
VWXG\LQJ� LQIUDVWUXFWXUH� DOVR� LQFOXGH� KLVWRULFDO� DQDO\VLV�� LQWHUYLHZV�� REVHUYDWLRQV�� DQG�
V\VWHPV�DQDO\VLV� 

(PEUDFLQJ� WKLV� LPSRUWDQFH�RI�HPSLULFDO� LQYHVWLJDWLRQ� IRU� LQIUDVWUXFWXUH� VWXGLHV��P\�
ZRUN� FHQWUHV� RQ� ILHOGZRUN� LQ� WZR� NH\� VHWWLQJV�ZKHUH� UHVHDUFK� LQIUDVWUXFWXUHV� DUH� EHLQJ�
GHYHORSHG� IRU� FROOHFWLQJ� DQG�DQDO\VLQJ� DUFKLYHG�ZHE�GDWD�2� 7KH� ILUVW� SKDVH�RI� ILHOGZRUN�
WRRN�SODFH�LQ�'HQPDUN�LQ�HDUO\������ZKHUH�,�VWXGLHG�WKH�5R\DO�'DQLVK�/LEUDU\¶V�ZRUN��DQG�
WKHLU� ORQJVWDQGLQJ� QDWLRQDO� OHJDO� GHSRVLW� ZHE� FROOHFWLRQ�� WKH� 1HWDUFKLYH�
�KWWS���ZZZ�QHWDUNLYHW�GN��� 7KH� FROOHFWLRQ� KDV� FDSWXUHG� WKH� 'DQLVK� ZHE� GRPDLQ� VLQFH�
������ DQG� ,� IRFXVHG� LQ� SDUWLFXODU� RQ� WKH� 5R\DO� /LEUDU\¶V� UHFHQW� SDUWQHUVKLS� ZLWK�
UHVHDUFKHUV� IURP�$DUKXV�8QLYHUVLW\¶V�1HW/DE� WR�FROODERUDWH�RQ�D�SLORW�SURMHFW� IRU� WHVWLQJ�
WKH� 1DWLRQDO� &XOWXUDO� +HULWDJH� &OXVWHU� KLJK-SHUIRUPDQFH� FRPSXWLQJ� LQIUDVWUXFWXUH� ZLWK�
WKHLU�SURMHFW�³3URELQJ�D�1DWLRQ¶V�:HE�'RPDLQ´��%U�JJHU�HW�DO����������������7KH�VHFRQG�
SKDVH�RI�ILHOGZRUN�WRRN�SODFH�LQ�&DQDGD�GXULQJ�WKH�ODWWHU�KDOI�RI������ZKHUH�,�VWXGLHG�WKH�
UHVHDUFK�LQIUDVWUXFWXUH�EHLQJ�GHYHORSHG�E\�WKH�$UFKLYHV�8QOHDVKHG�SURMHFW��:LWK�$UFKLYHV�
8QOHDVKHG��P\�REVHUYDWLRQV� IRFXVHG�RQ�RQH�RI� WKH� µGDWDWKRQV¶� IDFLOLWDWHG� E\� WKHLU� WHDP�
DQG� KRVWHG� E\� 6LPRQ� )UDVHU� 8QLYHUVLW\� LQ� 9DQFRXYHU�� 7KHVH� GDWDWKRQV� DUH� WZR-GD\�
KDFNDWKRQ-VW\OH�HYHQWV�ZKHUH�ORFDO�DQG�LQWHUQDWLRQDO�SDUWLFLSDQWV�FROODERUDWH�LQ�VPDOO�DG-
KRF�WHDPV�RI�UHVHDUFKHUV��OLEUDULDQV�DQG�GHYHORSHUV��DV�KDV�EHHQ�SUHYLRXVO\�GHVFULEHG�LQ�
0LOOLJDQ�HW�DO���������� ,Q� WKDW�VHWWLQJ�� ,� VXEVHTXHQWO\�FRQGXFWHG� LQWHUYLHZV�ZLWK� OLEUDULDQV�
ZKR�FUHDWHG�WKH�FROOHFWLRQV�WKDW�ZHUH�DQDO\VHG�DW�WKH�GDWDWKRQ��LQFOXGLQJ�$UFKLYH-,W�HYHQW-�
DQG� VXEMHFW-EDVHG� FROOHFWLRQV� IURP� WKH� 8QLYHUVLW\� RI� %ULWLVK� &ROXPELD� �8%&�� DQG�
8QLYHUVLW\�RI�9LFWRULD� OLEUDULHV��KWWSV���DUFKLYH-LW�RUJ�RUJDQL]DWLRQV�����DQG�KWWSV���DUFKLYH-
LW�RUJ�KRPH�XYLF�� 

 
2�� ,� DP� JUDWHIXO� IRU� WKH� IXQGLQJ� VXSSRUW� SURYLGHG� E\� WKH� 66+5&� &DQDGD� *UDGXDWH� 6FKRODUVKLS� DQG�
0LFKDHO�6PLWK�)RUHLJQ�6WXG\�6XSSOHPHQW��DV�ZHOO�DV�WKH�8QLYHUVLW\�RI�7RURQWR�6FKRRO�RI�*UDGXDWH�6WXGLHV�
5HVHDUFK�7UDYHO�*UDQW�WKDW�DOORZHG�PH�WR�FRQGXFW�WKLV�HWKQRJUDSKLF�ILHOGZRUN� 

http://www.netarkivet.dk/
https://archive-it.org/organizations/734
https://archive-it.org/home/uvic
https://archive-it.org/home/uvic
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,Q� WHUPV� RI� WKH� UHVHDUFK� GHVLJQ�� ,� SRVLWLRQ�P\VHOI� DORQJVLGH� WKLV� ZRUN� DQG� WKHVH�
SURMHFWV��VWXG\LQJ�WKH�FKDOOHQJHV�WKDW�DULVH�DV�GDWD�DUH�WUDQVIHUUHG�EHWZHHQ�V\VWHPV�� WR�
QHZ� VRFLDO� DQG� WHFKQLFDO� FRQWH[WV�� LQ� RUGHU� WR� XQGHUVWDQG� WKH� VHOHFWLRQ� DQG� FXUDWLRQ�
GHFLVLRQV� PDGH� E\� GLIIHUHQW� SHRSOH� DQG� WRROV�� ,Q� DGGLWLRQ� WR� LQWHUYLHZV� DQG� SDUWLFLSDQW�
REVHUYDWLRQ� DW� WKHVH� VLWHV�� ,� H[WHQG� WKH� µHWKQRJUDSK\� RI� LQIUDVWUXFWXUH¶� WR� LQFOXGH�
GRFXPHQW�DQDO\VLV�RI�SURMHFW�SODQV��ZRUN�SODQV��DQG�RWKHU�RUJDQLVDWLRQDO�DUWHIDFWV��DV�ZHOO�
DV� SHUIRUPLQJ� V\VWHPV�DQDO\VLV� DQG�PRGHOOLQJ� WR� VWXG\� WKH�HQWLWLHV� DQG�GDWD� VWUXFWXUHV�
HPSOR\HG�E\�YDULRXV�V\VWHPV� 

0\�JRDO� LV� WR�H[SORUH�DQG� UHYHDO�KRZ�VSHFLILF�FKRLFHV� DUH�PDGH� IRU�ZHE�DUFKLYHV�
FROOHFWLRQV�� DQG� KRZ� GHFLVLRQV� DUH� PDGH� ZLWKLQ� WKH� SDUWLFXODU� FRQWLQJHQFLHV� DQG�
FRQVWUDLQWV� RI� D� JLYHQ� FRQWH[W��:LWK� WKLV� SHUVSHFWLYH�� ,� DQDO\VH� DQG� FRQVLGHU� GDWD� IURP�
ZHE� DUFKLYHV� FROOHFWLRQV�� ORRNLQJ� EH\RQG� :$5&� ILOHV� DV� WKH� FHQWUDO� FRPSRQHQWV� RU�
DUWHIDFWV�RI�FRQFHUQ��DQG�EH\RQG� WKH�DXWRPDWHG� ORJLFV�RI� WKH�ZHE�FUDZOHU��%\�VWXG\LQJ�
WKH� VXSSRUWLQJ� LQIUDVWUXFWXUH� RI� ZHE� DUFKLYHV�� ,� DVN� KRZ� ZH� PLJKW� EHWWHU� FRQWH[WXDOLVH�
:$5&� GDWD� E\� GHVFULELQJ� DQG�GRFXPHQWLQJ� WKHVH� GHFLVLRQV�PDGH�DW� YDULRXV� SRLQWV� LQ�
DUFKLYDO� SURFHVVLQJ�� ,� H[SORUH� ZKHUH� DQG� KRZ� GHFLVLRQV� DUH� PDGH�ZLWK� DOJRULWKPV� DQG�
FRPSXWDWLRQDO� ORJLFV�� DQG� ZKLFK� GHFLVLRQV� DUH� ORFDWHG� RXWVLGH� RI� WKHVH� ORJLFV� WKURXJK�
RWKHU�NLQGV�RI�LQWHUYHQWLRQV� LQ�VRFLRWHFKQLFDO�V\VWHPV�PDGH�WR�FXUDWH��DJJUHJDWH��VHOHFW��
H[WUDFW��PDQLSXODWH��RU�WUDQVIRUP�GDWD��,�DGRSW�WKH�OHQV�RI�LQIUDVWUXFWXUH�VWXGLHV�LQ�RUGHU�WR�
HPSKDVLVH�WKH�SHRSOH�LQYROYHG�LQ�GDWD�FXUDWLRQ��DQG�,�DUJXH�WKDW�WKH�LQYLVLEOH�ZRUN�WKDW�LV�
H[FOXGHG�IURP�IRUPDOO\�VWDQGDUGLVHG�GDWD�UHSUHVHQWDWLRQV�FDQ�RQO\�EH�VWXGLHG�WKURXJK�µDQ�
HWKQRJUDSK\�RI� LQIUDVWUXFWXUH¶� �6WDU�� ������� ,� EHOLHYH� WKLV� DFFRXQW� RI� FROOHFWLQJ� LV� D� YLWDO�
DQG�QHFHVVDU\�FRPSOHPHQW� WR� WKH�VWDWLVWLFDO�RU�FRPSXWDWLRQDO� UHDGLQJV�RI�GDWD�SURYLGHG�
E\� FXUUHQW� WRROV� ZLWK� PRUH� FRPSOH[�� FRPSOLFDWHG�� DQG� QXDQFHG� XQGHUVWDQGLQJV� RI�
VRFLRWHFKQLFDO�IDFWRUV�WKDW�VKDSH�WKHVH�FROOHFWLRQV�� 
 

)LJXUH����'LDJUDP�RI�WHFKQLFDO��SURFHGXUDO�YLHZ�RI�µ,QIUDVWUXFWXUH�DV�)DFLOLWLHV¶�IRFXVHG�RQ�GDWD�DUWHIDFWV�
DQG�WKH�EURDGHU�µ6LWXDWHG�6RFLRWHFKQLFDO�(OHPHQWV�RI�,QIUDVWUXFWXUH¶�FKDUDFWHULVLQJ�WKH�FRQWH[W�RI�

FROOHFWLQJ�DQG�DQDO\VLV� 
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(;$0,1,1*�6,78$7('�'$7$�&85$7,21�6<67(06�$1'�7+(,5�&$7(*25,(6 
:KLOH�WKH�VWXG\�RI�LQIUDVWUXFWXUH�DGGUHVVHV�FRQWH[W�EURDGO\��,�IRFXV�P\�GLVFXVVLRQ�KHUH�RQ�
RQH� NH\� DVSHFW�� WKH� LPSRUWDQFH� DQG�SURPLQHQFH�RI� GDWD� FXUDWLRQ� V\VWHPV� WKDW� VXSSRUW�
FROOHFWLQJ�SUDFWLFHV��7KH�XVH�DQG�XELTXLW\�RI� WKHVH�V\VWHPV� LV�D� FHQWUDO� ILQGLQJ� IURP�P\�
HWKQRJUDSKLF� VWXG\� DQG� ILHOGZRUN�� ZKHUH� ,� GLVFRYHUHG� WKDW� FXUDWRUV� DQG� OLEUDULDQV� KDYH�
GHYHORSHG� WKHLU� RZQ� VLWH-VSHFLILF� V\VWHPV� XVHG� IRU� GDWD� FXUDWLRQ�� ,Q� VWXG\LQJ� WKHVH�
GLIIHUHQW� FROOHFWLRQV�� ,� REVHUYHG� WKDW� ZKLOH� FROOHFWLQJ� SURFHVVHV� YDU\� EHWZHHQ� VHWWLQJV���
HDFK� KDV� GHYHORSHG� WKHLU� RZQ� V\VWHPV� WR� PDQDJH� FROOHFWLRQ� GHYHORSPHQW�� DQG� WKHVH�
V\VWHPV� H[LVW� VHSDUDWHO\� IURP� KDUYHVWHU� RU� FUDZOHU� VRIWZDUH�� 7KRXJK� WKH\� FDQ� WDNH�
GLIIHUHQW� IRUPV� VXFK� DV� WKH� VSUHDGVKHHWV� DQG� VWHS-ZLVH� SURFHVVHV� GHVFULEHG� EHORZ��
WKHVH�GDWD� FXUDWLRQ� V\VWHPV�DUH� XVHG� LQ� WKH� SURFHVV� RI� FROOHFWLQJ� WR�PDQDJH��PHGLDWH��
DQG� LQWHUYHQH� LQ� WKH� FUDZOHU¶V� DXWRPDWHG�ZRUN�� 7KHVH� V\VWHPV�DUH� DOVR� GHVLJQHG� WR� ILW�
ZLWKLQ� WKH�QHHGV�DQG�FRQWLQJHQFLHV�RI� WKHLU�VSHFLILF�FRQWH[W��DQG�DUH�QHFHVVDU\�EHFDXVH�
FUDZOHUV� GRQ
W� DOZD\V� UXQ� VPRRWKO\�� DXWRPDWLFDOO\�� RU� DV� H[SHFWHG�� DQG� WR�PDQDJH� WKH�
RYHUDOO� DPRXQW� DQG� TXDOLW\� RI� GDWD� EHLQJ� LQJHVWHG�� ,Q� P\� DQDO\VLV� KHUH�� ,� IRFXV� RQ�
GHVFULELQJ�DQ�H[DPSOH�RI�D�GDWD�FXUDWLRQ�V\VWHP�XVHG�LQ�HDFK�VHWWLQJ��LQ�RUGHU�WR�UHYHDO��
ILUVW�� KRZ� D� FROOHFWLRQ� LV� PDQDJHG� DW� HDFK� VLWH�� DQG� VHFRQG�� KRZ� WKHVH� V\VWHPV� DUH�
GHVLJQHG�WR�ILW�ZLWKLQ�WKH�QHHGV�DQG�FRQWLQJHQFLHV�RI�D�VSHFLILF�FRQWH[W�� 

2QH� H[DPSOH� RI� D� GDWD� FXUDWLRQ� V\VWHP� FRPHV� IURP� WKH� 8QLYHUVLW\� RI� %ULWLVK�
&ROXPELD� /LEUDULHV�� ZKRVH� ZHE� DUFKLYHV� FXUDWRUV� XVH� D� *RRJOH� 6KHHWV� VSUHDGVKHHW�
WHPSODWH�DV�D�FHQWUDO�SDUW�RI�WKH�SURFHVV�RI�FROOHFWLRQ�GHYHORSPHQW��'XULQJ�P\�ILHOGZRUN��
RQH� OLEUDULDQ� VKRZHG� PH� WKH� FRPSOHWHG� VSUHDGVKHHW� WKDW� KDG� EHHQ� FUHDWHG� IRU� WKH�
FROOHFWLRQ�DURXQG� WKH�6LWH�&�SURMHFW�� WKDW�KDV�FDSWXUHG�ZHE�SDJHV�DURXQG� WKH�SURSRVHG�
K\GUR�GDP�LQ�1RUWKHUQ�%ULWLVK�&ROXPELD��DQG�WKH�UHODWHG�FRQWURYHUV\�DQG�UHVSRQVH�IURP�
ORFDO�HQYLURQPHQWDO�DFWLYLVWV�DQG�)LUVW�1DWLRQV�FRPPXQLWLHV� �WKLV�FROOHFWLRQ� LV�DFFHVVLEOH�
RQ�WKH�SXEOLF�$UFKLYH-,W�VLWH��KWWSV���DUFKLYH-LW�RUJ�FROOHFWLRQV��������7KH�RYHUDOO�FROOHFWLRQ�
GHYHORSPHQW� VSUHDGVKHHW� LV�FRPSRVHG�RI�VHYHUDO�GLIIHUHQW� LQGLYLGXDO�VKHHWV��HDFK�XVHG�
DW� GLIIHUHQW� WLPHV� ZLWKLQ� WKH� FROOHFWLQJ� ZRUNIORZ�� )RU� H[DPSOH� LQ� ODWHU� VWDJHV�� WKH�
VSUHDGVKHHW� LV� XVHG� WR� PDQDJH� VXEMHFW� KHDGLQJV�� QDPH� DXWKRULW\� UHFRUGV�� DQG�
JHRJUDSKLF�PHWDGDWD�IRU�HDFK�VHHG�� ,Q� WHUPV�RI�GDWD�SUDFWLFHV�� WKLV�VKDUHG�VSUHDGVKHHW�
GRFXPHQW�LV�XVHIXO�WR�FRRUGLQDWH�PXOWLSOH�SURFHVVHV�LQ�WKLV�RQH�SODFH��LQFOXGLQJ�SURFHVVHV�
VXFK� DV�� GRFXPHQWLQJ� VHHG�85/V�� DGGLQJ� QRWHV� WR� SHUIRUP�4XDOLW\� $VVXUDQFH� FKHFNV��
DQQRWDWLQJ�DQG�DGGLQJ�PHWDGDWD��DQG�DVVLJQLQJ�WDVNV�WR�GLIIHUHQW�PHPEHUV�RI�WKH�OLEUDU\�
WHDP��2YHUDOO��WKLV�VSUHDGVKHHW�LV�FHQWUDO�WR�WKH�FROOHFWLQJ�SURFHVV��XVHG�WR�VWUXFWXUH�DQG�
UHFRUG�FXUDWLRQ�GHFLVLRQV�DQG�MXGJPHQWV� 
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)LJXUH����([FHUSW�IURP�8%&¶V�*RRJOH�6KHHW�IRU�PDQDJLQJ�WKH�$UFKLYH-,W�³%�&��+\GUR¶V�6LWH�&�3URMHFW´�
FROOHFWLRQ� 
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/RRNLQJ�PRUH�FORVHO\�DW�WKH�VSUHDGVKHHW�DQG�KRZ�LW�VWUXFWXUHV�SUDFWLFHV�DQG�GHFLVLRQV��DQ�
H[FHUSW�LV�VKRZQ�LQ�)LJXUH����UHSUHVHQWLQJ�WKH�SULPDU\�VKHHW�UHFRUGLQJ�³FRQILUPHG�VHHGV´�
ZKLFK� OLVWV� WKH� VHHG� 85/V� WKDW� KDYH� EHHQ� LQSXW� WR� $UFKLYH-,W� WR� EH� FUDZOHG�� 8%&¶V�
FXUDWRUV�UHFRUG�D�ZLGH�UDQJH�RI�LQIRUPDWLRQ�E\�XVLQJ�WKH�VKHHW
V����GLIIHUHQW�FROXPQV��)RU�
H[DPSOH��WKHVH�VSUHDGVKHHW�ILHOGV�DUH�XVHG�WR�JURXS�DQG�FODVVLI\�ZHE�PDWHULDOV��DV�VHHQ�
LQ� WKH� DGGLWLRQ� RI� GHVFULSWLYH� FDWHJRULHV� GHILQLQJ� D� VHHG
V� ³FRQWHQW� W\SH´� LQ� D� ILHOG� WKDW�
GLVWLQJXLVKHV� HGLWRULDO� DUWLFOHV� RU� RIILFLDO� JRYHUQPHQW� GRFXPHQWV�� 7R� DLG� WKH� LWHUDWLYH�
SURFHVV�RI�FUDZOLQJ�DQG�TXDOLW\�DVVXUDQFH�XVHG�ZLWK�$UFKLYH-,W��FXUDWRUV�DOVR�XVH�VSHFLILF�
VSUHDGVKHHW� ILHOGV�WR�QRWH�³LPSRUWDQW�FRQWHQW� WR�FDSWXUH´�DQG�³SULRULW\´�KLJKOLJKWLQJ�DUHDV�
ZKHUH� FXUDWRUV� PLJKW� WDNH� PRUH� WLPH� DQG� FDUH� LQ� 4$� UHYLHZV�� &RS\ULJKW� LV� D� FHQWUDO�
FRQFHUQ�IRU�WKH�OLEUDU\��UHIOHFWHG�LQ�VSUHDGVKHHW�ILHOGV�WKDW�SURYLGH�D�VXPPDU\�RI�WKH�WHUPV�
RI�XVH�IRU�HDFK�VHHG�85/��DQG�OLQN�WR�WKH�SDJH�OLVWLQJ�FRS\ULJKW�UHVWULFWLRQV�ZKHUH�QRWHG�
IRU�D�JLYHQ�ZHEVLWH�� 

7KH�VSUHDGVKHHW�LV�QRW�RQO\�XVHG�WR�DGG�RU�DQQRWDWH�LQIRUPDWLRQ�DERXW�D�VHHG�85/��
EXW� DOVR� SURYLGHV� D� VSDFH� IRU� FXUDWRUV� WR� QHJRWLDWH� FDWHJRULHV� DQG� PHGLDWH� SUH-
GHWHUPLQHG� SDUDPHWHUV� GHILQHG� IRU� FUDZOLQJ� ZLWK� $UFKLYH-,W�� )RU� LQVWDQFH�� WZR� FROXPQV�
KHOS� PDQDJH� FUDZO� IUHTXHQF\�� ZLWK� RQH� OLVWLQJ� WKH� RSWLRQV� DYDLODEOH� LQ� $UFKLYH-,W� �H�J��
GDLO\�� PRQWKO\�� TXDUWHUO\��� DQG� DQRWKHU� IRU� GHVLUHG� IUHTXHQF\�� &XUDWRUV� FDQ� XVH� WKLV�
µGHVLUHG�IUHTXHQF\¶� ILHOG� WR�QRWH�WKHLU�RZQ�OHYHO�RI�FUDZO� IUHTXHQFLHV�WKDW�DUHQ
W�DYDLODEOH�
ZLWKLQ� $UFKLYH-,W
V� VWDQGDUG� VHWWLQJV�� VXFK� DV� µHYHU\� WZR� ZHHNV�¶� $GGLWLRQDOO\�� RWKHU�
FROXPQV�DUH�XVHG�WR�FKHFN�DQG�LQWHUIDFH�ZLWK�WKH�$UFKLYH-,W�V\VWHP��DQG�LWV�VWDQGDUG�VHW�
RI� LQSXWV� DQG� RXWSXWV�� 2QH� FROXPQ� WLWOHG� µ$GGHG� DV� VHHG� LQ� $UFKLYH-LW"¶� SHUIRUPV� DQ�
DXWRPDWLF� FKHFN� DJDLQVW� DQRWKHU� VKHHW� ZLWKLQ� WKLV� VSUHDGVKHHW� WKDW� FRQWDLQV� WKH� GLUHFW�
RXWSXW� µVHHG� UHSRUW¶� ILOH� IURP� $UFKLYH-,W� E\� XVLQJ� D� 9/22.83� IRUPXOD�� 7KH� JUDGXDWH�
VWXGHQW�ZKR�FUHDWHG�WKLV�VSUHDGVKHHW�WHPSODWH�DGGHG�D�WH[W�FRPPHQW�IRU�WKLV�FROXPQ�WR�
GHVFULEH�WKH�IRUPXOD��DQG�WR�H[SODLQ�KRZ�IXWXUH�FXUDWRUV�PXVW�SHUIRUP�DGGLWLRQDO�FKHFNV�
IRU�IRUPDWWLQJ�HUURUV�ZLWK�85/V�LQ�WKH�FDVH�WKDW�DQ\�VHHG�UHWXUQV�D�µ)$/6(¶�YDOXH��2YHUDOO��
WKH�DIIRUGDQFHV�RI�WKH�VSUHDGVKHHW�DUH�XVHIXO�VLQFH�FXUDWRUV�FDQ�VWUXFWXUH�DQG�PDQLSXODWH�
IRUPXODV�LQ�WKH�VSUHDGVKHHW�WR�VXLW�WKHLU�QHHGV��LQ�D�ZD\�WKDW�LV�PRUH�PDOOHDEOH�WKDQ�WKH�
ULJLG�UXOHV�DQG�FRGH�RI�WKH�FUDZOHU�DQG�KDUYHVWHU� 

:KDW� ,�ZDQW� WR�KLJKOLJKW�ZLWK� WKLV�RQH�H[DPSOH�IURP�8%&�LV� KRZ�LW�ERWK�HPERGLHV�
DQG�GRFXPHQWV�VSHFLILF�FRQWH[WXDO�IDFWRUV�DQG�VLWH-VSHFLILF�FRQWLQJHQFLHV�IRU�WKDW�VHWWLQJ¶V�
VRFLRWHFKQLFDO� LQIUDVWUXFWXUH��7KH�VSUHDGVKHHW� LV�GHVLJQHG�WR� WUDFN�DQG�PDQDJH�FXUDWLRQ�
GHFLVLRQV��DQG�LW
V�DOVR�EXLOW�LQ�UHVSRQVH�WR�D�FHUWDLQ�VHW�RI�FRQGLWLRQV��FKDUDFWHULVLQJ�WKDW�
FROOHFWLRQ¶V�FRQWH[W��,Q�WHUPV�RI�WHFKQLFDO�V\VWHPV��LW¶V�GHVLJQHG�DURXQG�$UFKLYH-,W�DQG�LWV�
GDWD� VWUXFWXUHV� DQG� HQWLWLHV�� &XUDWRUV� DUH� DOVR� FRQFHUQHG� ZLWK� OHJDO� FRQVWUDLQWV��
SDUWLFXODUO\� FRS\ULJKW� LVVXHV� DQG� IDLU� GHDOLQJ� ZKLFK� UHVWULFWV� ZKDW� XQLYHUVLW\� OLEUDULHV� LQ�
&DQDGD� FDQ� RU� FDQ¶W� FROOHFW�� 2UJDQLVDWLRQDO� IDFWRUV� DUH� PDQDJHG� WKURXJK� WKLV� VKHHW��
LQFOXGLQJ�DVVLJQLQJ�WDVNV�WR�FHUWDLQ�SHRSOH��ZLWKLQ�JLYHQ�ZRUN�SODQV�DQG�DYDLODEOH�KXPDQ�
UHVRXUFHV��DOO�RI�ZKLFK�RQO\�ZRUNV�VLQFH�PRVW�RI� WKHVH�FROOHFWLRQV�KDYH� IHZHU� WKDQ�����
VHHGV�� 7KHUH¶V� DOVR� D� VRFLRWHFKQLFDO� DVSHFW� RI� PDQDJLQJ� GDWD� EXGJHWV� ZKLFK� DUH�
DVVRFLDWHG�ZLWK�UHDO�FRVWV�WR�WKH�OLEUDU\�IRU�WKH�DUFKLYH-LW�VXEVFULSWLRQ��OHDGLQJ�OLEUDULDQV�WR�
FORVHO\�PRQLWRU�GDWD�YROXPHV�XVHG�IRU�HDFK�ZHE�DUFKLYHV�FROOHFWLRQ��DQG�WR�VHW�SULRULWLHV�
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IRU�ZKLFK�VHHGV�RU�VLWHV�VKRXOG�JHW�PRUH�DWWHQWLRQ��RU�DUH�PRVW�LPSRUWDQW�WR�FDSWXUH�LQ�IXOO��
(YHQ� WKH� IRUP� WKDW� WKLV� GRFXPHQW� WDNHV� DV� D� *RRJOH� 6KHHW� LV� LWVHOI� UHIOHFWLYH� RI� WKH�
OLEUDU\
V� RUJDQLVDWLRQDO� FRQWH[W²FXUDWRUV� KDG� IRUPHUO\� VWRUHG� VLPLODU� FROOHFWLRQ�
GHYHORSPHQW�LQIRUPDWLRQ�RQ�WKHLU�LQWUDQHW��EXW�VLQFH�WKH\�UHO\�KHDYLO\�RQ�JUDGXDWH�VWXGHQW�
ZRUNHUV� LQ� WKHLU� ZHE� DUFKLYHV� FROOHFWLRQ� GHYHORSPHQW�� WKH\� QHHGHG� WR� ILQG� VRPHWKLQJ�
PRUH� IOH[LEOH� IRU� VKDULQJ� DQG� FRQWULEXWLRQ� �VLQFH� JUDGXDWH� VWXGHQWV� GRQ
W� KDYH� WKH� IXOO-
IOHGJHG� ,7� FUHGHQWLDOV� WR� VLJQ� LQWR� WKH� ,QWUDQHW��� 7KH� VSUHDGVKHHW
V� UROH� DQG� YDOXH� LV�
PXOWLSOH�� LW� VHUYHV� DV� D� WRRO� VXSSRUWLQJ� FHUWDLQ� FROOHFWLQJ� SUDFWLFHV�� D� UHFRUG� RI� ZKHUH��
ZKHQ�DQG�ZK\�GHFLVLRQV�DUH�PDGH�IRU�D�FHUWDLQ�VHHG��DQG�DOVR�SURYLGHV�LQVLJKWV�LQWR�WKH�
VRFLRWHFKQLFDO� FRQWH[W� IRU� 8%&� LQ� ZKLFK� FHUWDLQ� FDWHJRULHV� DQG� FODVVLILFDWLRQV� IRU� VHHG�
85/V�KDYH�EHHQ�GHYHORSHG�� 

$�VHFRQG�H[DPSOH�RI�D�FXUDWLRQ�V\VWHP�FRPHV�IURP�WKH�'DQLVK�1HWDUFKLYH��ZKRVH�
FXUDWRUV�DQG�FUDZO�HQJLQHHUV�XVH�WKHLU�RZQ�V\VWHP�IRU�PDQDJLQJ�DQG�FXUDWLQJ�ODUJH-VFDOH�
GDWD� IURP� WKHLU� TXDUWHUO\� %URDG�+DUYHVWV�� 7KHVH� %URDG�+DUYHVWV� DUH� RQH� RI� WKUHH� FRUH�
FROOHFWLQJ� VWUDWHJLHV�� DQG� LQFOXGH�PDWHULDOV� IURP�RYHU� D�PLOOLRQ� GRPDLQV� RU� VHHG�85/V��
ZKHUH�RQH�KDUYHVW�FDQ�LQFOXGH�RYHU���7%�RI�GDWD��/DXUVHQ�	�0¡OGUXS-'DOXP���������7R�
PDQDJH�WKLV�VFDOH�RI�FROOHFWLQJ��FXUDWRUV�UHO\�RQ�VRPH�EXLOW-LQ� IHDWXUHV�RI� WKH�1HWDUFKLYH�
6XLWH� KDUYHVWLQJ� VRIWZDUH�� DQG� LWV� GHVLJQ� WKDW� XVHV� D� WZR-VWHS� SURFHVV� IRU� ODUJH-VFDOH�
FUDZOV�� ,Q�6WHS���� D� VPDOO� GDWD� OLPLW� �LQ� WKH� UDQJH�RI� ���0%�� LV� DSSOLHG� WR� DOO� GRPDLQV��
ZKLFK� DUH� FUDZOHG� RYHU� VHYHUDO� GD\V�� ,Q� 6WHS� ��� 1HWDUFKLYH� 6XLWH� ZLOO� XVH� WKH� VWRUHG�
UHVXOWV�IURP�6WHS����DQG�UH-FUDZO�RQO\�WKRVH�GRPDLQV�WKDW�H[FHHGHG�WKDW�LQLWLDO�VPDOO�GDWD�
OLPLW��$SSUR[LPDWHO\� �������RI� WKHVH� ODUJHU� GRPDLQV�ZLOO� EH� FDSWXUHG�ZLWK� D�KLJKHU�GDWD�
OLPLW�VHW�LQ�6WHS����DQG�LW�FDQ�WDNH�VHYHUDO�ZHHNV�WR�FRPSOHWH��:KLOH�DOVR�VXSSRUWHG�E\�WKH�
XVH�RI�WDEXODU�GDWD�DQG�DQ�([FHO�VSUHDGVKHHW��WKH�GDWD�FXUDWLRQ�V\VWHP�GHYHORSHG�IRU�WKH�
1HWDUFKLYH�FROOHFWLRQ� LV� IRFXVHG�RQ� WKLV� FRQVLVWHQW�VHW�RI� VWHSV� IROORZHG� IRU�HDFK�%URDG�
+DUYHVW� 

)RU� LQVWDQFH�� LQ�VSHDNLQJ�ZLWK�FXUDWRUV�� ,� OHDUQHG�WKDW�GHWHUPLQLQJ�WKH�6WHS��� OLPLW�
IRU�HDFK�GRPDLQ�LV�QRW�DQ�HQWLUHO\�DXWRPDWLF�SURFHVV�DQG�UHTXLUHV�UHYLHZ�E\�FXUDWRUV�ZKR�
DLP� IRU� D� EDODQFH�RI� FROOHFWLQJ� FRPSOHWH� VLWHV�� EXW� QRW� FDSWXULQJ� XQZDQWHG�GDWD�� 7KHVH�
OLPLWV�DUH�VHW�ZLWK� WKH�DLG�RI�D�&69� UHSRUW�H[SRUWHG�IURP�1HWDUFKLYH�6XLWH�DQG�H[SORUHG�
DQG�DQDO\VHG�XVLQJ�([FHO��2QH�FXUDWRU�VSHFLILFDOO\�PDQDJHV�WKHVH�SHU-GRPDLQ�GDWD�OLPLWV��
DQG� KH� GHVFULEHG� WKH� SURFHVV� DV� IROORZV�� ILUVW�� KH� LPSRUWV� WKH� &69� UHSRUW� LQWR� ([FHO��
UHVXOWLQJ� LQ� D� YHU\� ODUJH� ILOH� RI� RYHU������� URZV��+H� WKHQ� ORRNV� WKURXJK� WKH� LQIRUPDWLRQ�
IURP�HDFK�GRPDLQ�� DQG�DVVLJQV� LQGLYLGXDO� OLPLWV�� DQ\ZKHUH� IURP��*%� WR� ��*%� �DW��*%�
LQFUHPHQWV��� +H�EDVHV� WKHVH� GHFLVLRQV� RQ� UXOHV� RI� WKXPE�� MXGJLQJ�ZKHWKHU� D� GRPDLQ¶V�
OLPLWV� VKRXOG� EH� UDLVHG� EDVHG� RQ� WKH� QXPEHU� RI� SDJHV� RU� UHVRXUFHV� FDSWXUHG� IRU� WKDW�
GRPDLQ�� RU� WKH� DYHUDJH� ILOH� VL]H�� +H� DOVR� LQFOXGHV� VSHFLDO� OLPLWV� HQGLQJ� LQ� ³��´� IRU� DQ\�
GRPDLQV� WKDW� KH� NQRZV� SURYLGH� µEDG� GDWD¶� L�H�� IXOO� RI� FUDZOHU� WUDSV�� VKRSSLQJ� VLWHV��
FDOHQGDUV��)RU�WKHVH�VLWHV��LQVWHDG�RI�QRWLQJ�D�OLPLW�DV�³�*%´�KH�ZRXOG�LQVWHDG�VHW�D�OLPLW�
DV� ³����0%´� DQG� WKDW�ZRXOG� EH� D� VLJQDO� LQ� WKH� IXWXUH� QRW� WR� FKDQJH� WKDW� OLPLW� DQG� WKDW�
WKHVH�GRPDLQV�GR�QRW�QHHG�WR�EH�UHYLHZHG�DJDLQ��:KLOH� WKH�VSUHDGVKHHW� LV�XVHG�WR�VRUW�
DQG�ILOWHU�GRPDLQV�� WKH�FXUDWRUV�PDNHV�WKHVH�MXGJPHQWV�WR�UDLVH�OLPLWV�EDVHG�RQ�KLV�RZQ�
H[SHULHQFH�DQG�H[SHUWLVH� 
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6LPLODU� WR� WKH� 8%&� H[DPSOH�� WKLV� SURFHVV� XVHG� WR� PDQDJH� FUDZOLQJ� IRU� %URDG�
+DUYHVWV�UHIOHFWV�WKH�VSHFLILF�VRFLRWHFKQLFDO�FRQWH[W�RI�WKH�1HWDUFKLYH��7KH�SURFHGXUH�IRU�
VHWWLQJ�GRPDLQ-VSHFLILF�GDWD�OLPLWV�XVHV�D�UHSRUW�RXWSXW�IURP�WKH�1HWDUFKLYH�6XLWH�VRIWZDUH�
LQ� FRQMXQFWLRQ� ZLWK� VRUWLQJ� DQG� ILOWHULQJ� LQ� ([FHO� LQ� RUGHU� WR� WUDFN� DQG� PDQDJH� GDWD�
FDSWXUHG� GXULQJ� WKHVH� WKH� ODUJH� VFDOH� FUDZOV�� 7KLV� SURFHGXUH� LV� RQO\� SRVVLEOH� LQ� WKH�
1HWDUFKLYH
V�FRQWH[W��DQG�ZDV� LQ�D�VHQVH�GHYHORSHG� LQ� UHVSRQVH� WR� WKHLU�VSHFLILF� VHW�RI�
FRQGLWLRQV�� )RU� LQVWDQFH�� WKH� 5R\DO� /LEUDU\
V� GHGLFDWHG� ,7� VWDII� DIIRUGV� WKHP� WHFKQLFDO�
FDSDELOLWLHV� WR� GHYHORS� DQG� PDLQWDLQ� WKH� FXVWRP-GHVLJQHG� 1HWDUFKLYH� 6XLWH� VRIWZDUH��
%URDG�+DUYHVWV� RI� WKH� HQWLUH� 'DQLVK�ZHE� GRPDLQ� DUH� SRVVLEOH� ZLWKLQ� WKH� OLEUDU\
V� OHJDO�
FRQWH[W��DQG�WKHLU�PDQGDWH�WKURXJK�WKH�OHJDO�GHSRVLW�ODZ�WR�GR�WKLV�ODUJH-VFDOH�FROOHFWLQJ��
$GGLWLRQDOO\�� LQ� WHUPV�RI� RUJDQLVDWLRQDO� FXOWXUH�� WKH� VDPH�SHRSOH�RU� VWDII�PHPEHUV� KDYH�
ZRUNHG�RQ� WKHVH�KDUYHVWV�RYHU� WKH�\HDUV��GHYHORSLQJ� WKHLU�RZQ�H[SHUWLVH� WR�DVVHVV�VLWH�
OLPLWV�DW�VFDOH�E\�ILOWHULQJ��XVLQJ�PHWULFV�DQG�DJJUHJDWH�YLHZV�RI�GDWD�ZLWK�WKH�VLPSOH�DQG�
PDOOHDEOH� WRROV� LQ� ([FHO�� 7KH� UHODWLYH� VWDELOLW\� RI� WKH� 1HWDUFKLYH
V� VWDII� RYHU� WLPH� DOVR�
DOORZV�IRU�WKH�LPSOHPHQWDWLRQ�RI�LQWHUQDOO\�DSSOLHG�FRGHV�OLNH�WKH�³��´�QXPEHUV�IRU�VHWWLQJ�
OLPLWV�� $JDLQ�� WKLV� GDWD� FXUDWLRQ� V\VWHP� LOOXVWUDWHV� WKH� ZD\� WKDW� YDULRXV� VRFLRWHFKQLFDO�
IDFWRUV� FDQ� FRQYHUJH� WR� GHWHUPLQH� ZKHUH�� ZKHQ� DQG� ZK\� VLWH-VSHFLILF� FDWHJRULHV� IRU�
DUFKLYHG�ZHE�GDWD�DUH�GHYHORSHG�� 

$V�WKHVH�EULHI�H[DPSOHV�LOOXVWUDWH��FRPSDULQJ�WKHVH�V\VWHPV�XVHG�IRU�GDWD�FXUDWLRQ�
UHYHDOV�KRZ�HDFK�LV�FORVHO\� LQWHUUHODWHG�WR�LWV�VHWWLQJ��7KH\�DGGLWLRQDOO\�UHYHDO�WKH�ZHDOWK�
RI� FRQWH[WXDO� LQIRUPDWLRQ� WKDW� H[LVWV� LQ� VLWH-VSHFLILF� GDWD� FXUDWLRQ� V\VWHPV� WKDW� H[LVW�
EH\RQG� GDWD� UHFRUGHG� LQ� WKH� VWDQGDUGLVHG� ILHOGV� IRXQG� LQ� :$5&� ILOHV�� 9HU\� GLIIHUHQW�
FXUDWRULDO� FRQFHUQV� DUH� UHIOHFWHG� LQ� WKHVH� H[DPSOHV� �H�J�� WKH� QHHG� WR� ORFDWH� FRS\ULJKW�
LQIRUPDWLRQ�IRU�8%&��FRPSDUHG�WR�WKH�QHHG�IRU�FRPSXWHU-LGHQWLILDEOH�RXWOLHUV�ZLWK�WKH�µ��¶�
OLPLWV� LQ� WKH�1HWDUFKLYH¶V� ODUJH-VFDOH� FROOHFWLQJ��� DQG� WKHVH� GHVFULSWLRQV� DERYH� KLJKOLJKW�
VRPH�RI� WKH�NH\�DVVXPSWLRQV�DQG�SUH-FRQGLWLRQV� LQ�HDFK�VHWWLQJ� WKDW�GHWHUPLQH�ZKDW� LV�
SRVVLEOH��7KH�1HWDUFKLYH�DLPV�IRU�FRQVLVWHQF\� LQ� WKH� ORQJLWXGLQDO�FDSWXUHV�RI� LWV�QDWLRQDO�
FROOHFWLRQ�DQG�KDV�OHJDO�PDQGDWH�DQG�GXW\�WR�FDSWXUH�WKH�'DQLVK�ZHE�GRPDLQ��ZKLFK�KDV�
GHPDQGHG� LQYHVWPHQW� LQ� ,7�GHYHORSHUV�DQG�FUHDWLRQ�RI� WKH�1HWDUFKLYH�6XLWH�VRIWZDUH�� ,Q�
FRQWUDVW�� DFDGHPLF� OLEUDULHV� OLNH� 8%&� PXVW� DGDSW� WR� PRUH� RII-WKH-VKHOI� V\VWHPV� DQG�
GHYHORS� SUDFWLFHV� WKDW�ZRUN�ZLWK� OLPLWHG-WHUP� VWXGHQW� FRQWUDFWV�� 7KH� YDULDWLRQV� EHWZHHQ�
FXUDWLRQ�SUDFWLFHV�LQ�HDFK�VHWWLQJ�FDQ�EH�VHHQ�WR�UHODWH�WR�HDFK�VLWH
V�FRQVWUDLQWV�VXFK�DV�
DIIRUGDQFHV� RI� VRIWZDUH�� DYDLODEOH� VWDII�� WLPH� DQG� UHVRXUFHV�� ZKLFK� DOO� FRQYHUJH� WR�
GHWHUPLQH�KRZ�ZRUN�KDSSHQV�DQG�ZKLFK�GDWD�DUH�FUDZOHG�DQG�FROOHFWHG�� 

$GGLWLRQDOO\��WKLV�DQDO\VLV�EHJLQV�WR�UHYHDO�KRZ�VRPH�FDWHJRULHV�DQG�GHFLVLRQV�DUH�
RQO\� ORFDWHG� ZLWKLQ� WKHVH� FXUDWLRQ� V\VWHPV� DQG� DUH� QRW� UHIOHFWHG� LQ� WKH� FROOHFWLRQ
V�
VWDQGDUGLVHG�GDWD�DUWHIDFWV�OLNH�:$5&�ILOHV�±�DQG�LPSRUWDQWO\�DUH�QRW�GLUHFWO\�DYDLODEOH�WR�
VXEVHTXHQW� FRPSXWDWLRQDO� SURFHVVHV�� <HW�� WKHVH� FDWHJRULHV� DUH� DOVR� LPSRUWDQW� IRU�
VXEVHTXHQW� UHVHDUFK� DQG� DQDO\VLV� RI� D� FROOHFWLRQ�� )RU� H[DPSOH�� FDWHJRULHV� LQ� 8%&¶V�
VSUHDGVKHHW�VXFK�DV�µSULRULW\¶�VHHGV�DQG�µLPSRUWDQW�PDWHULDO�WR�FDSWXUH¶�DUH�SULPDULO\�XVHG�
WR� JXLGH� WKH� FXUDWRUV� LQ� FROOHFWLRQ� GHYHORSPHQW� DQG� DUH� QRW� VXEVHTXHQWO\� WUDQVODWHG� RU�
UHFRUGHG� LQWR�DQ\�RI� WKH�VWDQGDUGLVHG�GDWD�ILOHV�IURP�$UFKLYH-,W� OLNH�:$5&�ILOHV�� LQGH[HV�
RU� FUDZO� ORJV�� 6LPLODUO\�� GDWD� ILHOGV� VXFK� DV� FRS\ULJKW� UHVWULFWLRQV�� RU� TXDOLW\� DVVXUDQFH�
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QRWHV�DUH�SULPDULO\�ZULWWHQ�DQG�DFFHVVHG�RQO\�E\�FXUDWRUV��,Q�WKH�1HWDUFKLYH
V�FDVH��ZKLOH�
GDWD�ILHOGV�OLNH�WKH�³��´�FRGHV�DUH�UHFRUGHG�LQ�WKH�1HWDUFKLYH�6XLWH�KDUYHVWLQJ�V\VWHP��WKH�
PHDQLQJ� EHKLQG� WKRVH� FRGHV� LV� RQO\� GLVFXVVHG� DQG� GRFXPHQWHG� LQWHUQDOO\� DPRQJ�
FXUDWRUV�� $V� D� UHVXOW�� PDQ\� RI� WKHVH� FDWHJRULHV� DQG� MXGJPHQWV� XVHG� LQ� WKH� FXUDWLRQ�
SURFHVV�WDNH�VKDSHV�DQG�IRUPV�WKDW�DUHQ¶W�DPHQDEOH�WR�WKH�SURFHVVLQJ�HQDEOHG�E\�WKH�VHW�
RI� WRROV� WKDW� KDYH�EHHQ� UHFHQWO\� �IRFXVHG�RQ�:$5&� ILOHV�� DQG� WKHUHIRUH� UHPDLQ� ODUJHO\�
LQYLVLEOH� LQ� LQWHUIDFHV�XVHG� IRU�DFFHVV�DQG�DQDO\VLV�RI�DUFKLYHG�ZHE�GDWD�� ,Q�FRQWUDVW� WR�
FDWHJRULHV�OLNH�PHGLD�W\SH��GDWH�DQG�WLPH��GRPDLQ�QDPH��DQG�+70/�WH[W�WKDW�DUH�UHFRUGHG�
LQ�:$5&�ILOHV��WKHVH�GHFLVLRQV�PDGH�LQ�WKH�VSUHDGVKHHW�DUH�ORFDWHG�RXWVLGH�RI�:$5&�EXW�
DOVR� GHWHUPLQH� KRZ� :$5&� ILOHV� DUH� FRQVWUXFWHG�� ZKLFK� VHHGV� JR� ZKHUH�� ZLWK� ZKDW�
VHWWLQJV�DSSOLHG� 

:LWK� DQ� LQIUDVWUXFWXUDO� DSSURDFK�� ,� ZDQW� WR� KLJKOLJKW� WKH� LPSRUWDQFH� RI� WKHVH�
FDWHJRULHV� DQG� FODVVLILFDWLRQV� DSSOLHG� E\� FXUDWRUV� DQG� HPEHGGHG� LQ� WKH� GDWD� FXUDWLRQ�
V\VWHPV� WKH\� GHYHORS�� ,� DUJXH� WKDW�ZHE�DUFKLYHV� FDQ�EHQHILW� IURP� ILQGLQJ� QHZ�ZD\V� WR�
FRQVLGHU� WKH� RUJDQLVDWLRQDO� DQG� FXOWXUDO� FRQWH[WV� LQ� ZKLFK� GDWD� VHOHFWLRQ� DQG� FXUDWLRQ�
WDNHV� SODFH�� ,� DOVR� DFNQRZOHGJH� WKDW� FRPSOHWH� WUDQVSDUHQF\� LVQ
W� DOZD\V� SRVVLEOH� RU�
GHVLUDEOH��6RPH�FDWHJRULHV�DQG�SUDFWLFHV�PLJKW�EH�GLIILFXOW�WR�VKDUH�PRUH�ZLGHO\�EHFDXVH�
RI� WKH� VLWXDWHG�QDWXUH� RI� WKDW� LQIRUPDWLRQ�� VXFK�DV� VRPH� ILHOGV� LQ� WKH�8%&� VSUHDGVKHHW�
WKDW� LQFOXGH� FXUDWRU� QDPHV�� ,Q� WKH� 'DQLVK� FRQWH[W�� WKHUH� DUH� DGGLWLRQDO� OHJDO� OLPLWV� RQ�
ZKLFK�GDWD�FDQ�EH�VKDUHG�DQG�KRZ��GXH�WR�GDWD�SURWHFWLRQ�ODZV��+RZHYHU��VRPH�VHQVH�RI�
WKH�GLIIHUHQW�FDWHJRULHV�EHLQJ�WHVWHG��QHJRWLDWHG��DQG�DGGHG��LQFOXGLQJ�ZKHQ��ZKHUH��KRZ��
DQG�E\�ZKRP�WKHVH�GDWD�ZHUH�JHQHUDWHG�� LV� LPSRUWDQW� IRU�UHVHDUFKHUV�WR�NQRZ²HYHQ�LI�
FRPSOHWH� GRFXPHQWDWLRQ� FDQQRW� EH�PDGH� DYDLODEOH� WR� WKHP�� )RU� H[DPSOH�� UHVHDUFKHUV�
FRXOG� EHQHILW� IURP� NQRZLQJ� WKDW� VHYHUDO� µFRQWHQW� W\SH¶� FDWHJRULHV� �µHGLWRULDO¶� RU�
µJRYHUQPHQW�GRFXPHQW¶��ZHUH�XVHG�WR�JXLGH�VHHG�VHOHFWLRQ�IRU�WKH�6LWH�&�FROOHFWLRQ��%RWK�
UHVHDUFKHUV� DQG� FXUDWRUV� PXVW� ZRUN� WRJHWKHU� WR� IRVWHU� D� JUHDWHU� DZDUHQHVV� RI� WKHVH�
GLIIHUHQW� SURFHVVHV� RI� FODVVLILFDWLRQ�� DQG� WKH� NLQGV� RI� FDWHJRULHV� DQG� GHFLVLRQV� PDGH�
SRVVLEOH� ZLWKLQ� WKH� VSHFLILF� RUJDQLVDWLRQDO� DQG� FXOWXUDO� FRQWH[WV� RI� WKHLU� UHVHDUFK�
LQIUDVWUXFWXUHV� 

)8785(�',5(&7,216�)25�$1�,1)5$6758&785$/�$3352$&+ 
7KHVH�EULHI�H[DPSOHV�IURP�8%&�DQG�WKH�1HWDUFKLYH�KLJKOLJKW�KRZ�FROOHFWLQJ�DQG�FXUDWLQJ�
GHFLVLRQV�DUH�PDGH�LQ�WKH�FRQWH[W�RI�VLWH-VSHFLILF�V\VWHPV��FDWHJRULHV�DQG�GDWD�SUDFWLFHV��
7KHVH�ILQGLQJV�KLJKOLJKW�VRPH�RI�WKH�OLPLWV�RI�ZKROH-FROOHFWLRQ�UHVHDUFK�PHWKRGV�FHQWUHG�
VROHO\�RQ�FRPSXWDWLRQDO�DQDO\VHV�RI�VWDQGDUG�GDWD�ILHOGV�IURP�:$5&�ILOHV��:KLOH�WKH�ZHE�
DUFKLYHV�FRPPXQLW\�EHQHILWV� IURP�FROODERUDWLRQ�DQG� LQWHURSHUDELOLW\�RI� WRROV�EXLOW�DURXQG�
VWDQGDUGV�OLNH�WKH�:$5&��LW¶V�LPSRUWDQW�WR�DGGUHVV�RWKHU�GLPHQVLRQV�RI�LQIUDVWUXFWXUH�WKDW�
HPSKDVLVH� ORFDO�RU�VLWXDWHG�YDULDWLRQV��FRQWLQJHQFLHV�DQG�FRQVWUDLQWV��(YHQ�ZKHUH�VRPH�
GHJUHH�RI�XQLYHUVDO�VWDQGDUGLVDWLRQ� LV�GHVLUHG��%RZNHU�DQG�6WDU� �������KDYH�QRWHG�WKDW�
LQIUDVWUXFWXUH�LV�µIL[HG�LQ�PRGXODU�LQFUHPHQWV��QRW�DOO�DW�RQFH�RU�JOREDOO\�¶�PHDQLQJ�WKDW�WKH�
HYROYLQJ�DQG�G\QDPLF�QDWXUH�RI�LQIUDVWUXFWXUH�LV�UHIOHFWHG�LQ�WKH�KHWHURJHQHLW\�RI�DUFKLYHG�
ZHE�GDWD�FROOHFWHG�LQ�GLIIHUHQW�VHWWLQJV�RYHU�WLPH��0\�UHVHDUFK�VWUHVVHV�WKH�LPSRUWDQFH�RI�
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VRFLRWHFKQLFDO� MXGJPHQWV� WKDW� FXUDWRUV� PDNH� ERWK� ZLWK� DQG� RXWVLGH� RI� FUDZOHUV� DQG�
KDUYHVWLQJ� V\VWHPV�� ,Q� DGGLWLRQ� WR� WKH� DOJRULWKPV� WKDW� IROORZ� PRUH� VWULFW� FRPSXWDWLRQDO�
ORJLFV� DQG� UXOHV�� FXUDWRUV� FRQWULEXWH� WR� FROOHFWLRQ� PDQDJHPHQW� ZLWK� GHFLVLRQV� VXFK� DV�
FRPSDULQJ� DQG� FKHFNLQJ� DJDLQVW� VWDQGDUG� RXWSXWV� IURP� FUDZOHU� VRIWZDUH�� DSSO\LQJ�
KHXULVWLFV�RU�UXOHV�RI�WKXPE��DQG�QDYLJDWLQJ�RUJDQLVDWLRQDO�SROLFLHV�RU�OHJDO�UHTXLUHPHQWV��
6\VWHPV� OLNH� WKH�8%&�FROOHFWLRQ�PDQDJHPHQW� VSUHDGVKHHW� DQG� WKH�1HWDUFKLYH¶V� %URDG�
+DUYHVW� VHW� RI� VWHSV� DUH� LPSRUWDQW� HYLGHQFH� RI� WKHVH� FXUDWRULDO� MXGJPHQWV�� )RU� ERWK�
UHVHDUFKHUV�VWXG\LQJ�FROOHFWLRQV�DQG�SUDFWLWLRQHUV� OLNH�FXUDWRUV�RU�GHYHORSHUV�VXSSRUWLQJ�
WKHLU�XVH��WKHVH�ILQGLQJV�UHLQIRUFH�WKH�QHHG�WR�ORRN�EH\RQG�WKH�VWDQGDUGLVHG�GDWD�ILHOGV�RI�
:$5&� ILOHV�� WKH� µGDWD� DUWHIDFWV¶� SURGXFHG� E\� FUDZOHUV� PXVW� EH� GHVFULEHG� DQG�
FRQWH[WXDOLVHG��$V�D�UHVXOW��LPSRUWDQW�FXUDWRULDO�FDWHJRULHV��MXGJPHQWV�DQG�PHDQLQJV�WKDW�
VKDSH� FROOHFWLRQ� GHFLVLRQV� DUH� QRW� DOZD\V� GLUHFWO\� DYDLODEOH� WR� VWDQGDUGLVHG� UHDGLQJV�RI�
GDWD�WKURXJK�FRPSXWDWLRQDO�WRROV�DQG�LQWHUIDFHV�� 

$GGUHVVLQJ�WKLV�QHHG�WR�GHVFULEH�DQG�DFFRXQW�IRU�GDWD¶V�VLWH-VSHFLILF�VRFLRWHFKQLFDO�
FRQWH[W��,�DUJXH�WKDW�ZKHQ�EXLOGLQJ�DQG�FRQILJXULQJ�ZHE�DUFKLYHV�UHVHDUFK�LQIUDVWUXFWXUHV��
ZH�PXVW�WDNH�LQWR�DFFRXQW�WKH�VLWXDWHG�RU� ORFDO�QDWXUH�RI�GDWD��7KLV�ZRUN�WKHUHIRUH�OHDGV�
WR�DGGLWLRQDO�TXHVWLRQV�DQG�SURYRFDWLRQV� IRU�KRZ� WKHVH� LGHDV�FDQ�EH�H[WHQGHG� LQ� IXWXUH�
ZRUN��VXFK�DV��:KDW�GRHV�LW�WDNH�WR�GHVFULEH�GDWD�LQ�FRQWH[W"�+RZ�FDQ�WKH�GHYHORSPHQW�
RI� IXWXUH� WRROV� EH� LQIRUPHG� E\� WKH� LQIUDVWUXFWXUDO� DSSURDFK"� +RZ� FDQ� ZH� EXLOG�
LQIUDVWUXFWXUHV�WKDW�DFFRXQW�IRU�µORFDO¶�GDWD�DUWHIDFWV��SUDFWLFHV�DQG�GDWD�FXUDWLRQ�V\VWHPV��
DQG�FHQWUH�RQ�VLWXDWHG�VROXWLRQV"�,Q�WKLV�FORVLQJ�VHFWLRQ��,�KLJKOLJKW�WZR�SUDFWLFDO�ZD\V�WKDW�
HPEUDFLQJ� DQ� LQIUDVWUXFWXUDO� DSSURDFK� WKDW� FDQ� LQIRUP� WKH� IXWXUH� GHYHORSPHQW� RI� ZHE�
DUFKLYHV��E\�SURSRVLQJ�KRZ�QHZ�GHYHORSPHQWV�E\�FROOHFWLQJ� LQVWLWXWLRQV�DQG�UHVHDUFKHUV�
PLJKW�UH-FHQWUH�WKHVH�ORFDO�FDWHJRULHV�DQG�SUDFWLFHV� 

%XLOGLQJ�7RROV�IRU�1RQ-6WDQGDUG�'DWD 
$V�D�ILUVW�SUDFWLFDO�VWHS��,�SURSRVH�WKDW�ZHE�DUFKLYHV�UHVHDUFKHUV��FXUDWRUV�DQG�GHYHORSHUV�
ORRN� PRUH� FORVHO\� DQG� FULWLFDOO\� DW� KRZ� WRROV� DQG� UHVHDUFK� LQIUDVWUXFWXUHV� DUH� EHLQJ�
GHYHORSHG�IRU�VWDQGDUGLVHG�IRUPV�RI�GDWD��&XUUHQW�WRROV�DUH�XVHIXO�IRU�PDQDJLQJ�KRZ�YHU\�
ODUJH�VFDOHV�RI�GDWD�DUH�SURFHVVHG�WKURXJK�LQGH[LQJ��DV�ZHOO�DV�SORWWLQJ�WUHQGV�EDVHG�RQ�
VWDQGDUG�GDWD�ILHOGV�LQ�WKH�:$5&�ILOH��+RZHYHU��ZKHQ�UHO\LQJ�RQ�WKHVH�WRROV�WR�DJJUHJDWH�
DQG� V\QWKHVLVH� GDWDVHWV� IURP� GLIIHUHQW� LQVWLWXWLRQV� RU� FRYHULQJ�ZLGH� VSDQV� RI� WLPH�� NH\�
GLIIHUHQFHV�ZLWKLQ� WKH� GDWD� FDQ�EH� UHQGHUHG� LQYLVLEOH�� 7KHVH� WRROV� DUH� GHVLJQHG�DURXQG�
VWDQGDUG� VWUXFWXUHV� RI�GDWD�� DQG� IRFXVLQJ� RQO\� RQ� WKHVH� VWDQGDUG�GDWD� DUWHIDFWV� FDQQRW�
DFFRXQW�IRU�RUJDQLVDWLRQDO�FRQWH[WV�ZLWK�GLVSDUDWH�FROOHFWLQJ�SUDFWLFHV��RU�YDU\LQJ�FXOWXUHV��
ZRUNORDGV� DQG� ODERXU�� ,� FRQVLGHU� KHUH� KRZ� WRROV� FDQ� EH� GHYHORSHG� DQG� FRQILJXUHG� WR�
VXSSRUW� QHZ� UHDGLQJV� RI� GDWD� WKDW� HPSKDVLVH� PRUH� VLWXDWHG� RU� µLUUHJXODU¶� GDWD� DQG�
SUDFWLFHV�� 

)RU� H[DPSOH�� ORRNLQJ� PRUH� EURDGO\� DW� WKH� OLWHUDWXUH� IURP� LQIUDVWUXFWXUH� VWXGLHV��
/RXNLVVDV��������SURYLGHV� OHVVRQV�DQG� LQVLJKWV�VXFK�DV�WR� µORRN�DW� WKH�GDWD�VHWWLQJ²QRW�
MXVW�WKH�GDWD�VHW�¶�:RUN�OLNH�/RXNLVVDV¶�WHPSRUDOLWLHV�DSSOLFDWLRQ��GHYHORSHG�IRU�DQDO\VLV�RI�
FROOHFWLRQV� IURP� WKH� 'LJLWDO� 3XEOLF� /LEUDU\� RI� $PHULFD�� HPERGLHV� WKLV� DSSURDFK� E\�
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DQDO\VLQJ�WKH�GLIIHUHQW�GDWH�IRUPDWV�LQ�D�FROOHFWLRQ��UHSUHVHQWLQJ�DOO�QXPHUDOV�DV�GDVKHV�WR�
KLJKOLJKW� WKH� YDULDWLRQ� DQG� SDWWHUQV� LQ� KRZ� GDWHV� DQG� WLPHV� DUH� DQQRWDWHG�� $SSO\LQJ� D�
VLPLODU� DSSURDFK� WR� ZHE� DUFKLYHV� GDWD�� WKHUH� LV� SRWHQWLDO� WR� KLJKOLJKW� WKH� YDULHW\� RI�
PHWDGDWD� IRUPDWV� DQG� VFKHPHV� WKDW� KDYH� EHHQ� UHFRUGHG� LQ� D� FROOHFWLRQ� RYHU� WLPH�� WR�
SLQSRLQW� ZKHUH�� ZKHQ�� DQG� ZKR� WKLV� GDWD� FRPHV� IURP�� ,Q� WKH� FDVH� RI� WKH� 1HWDUFKLYH��
DQDO\VLQJ�GLIIHUHQW�PHWDGDWD�ILHOGV�PLJKW�OHDG�WR�WKH�GLVFRYHU\�RI�VHYHUDO�GRPDLQ-VSHFLILF�
OLPLWV�VHW� WR�HQG� LQ� ³��´� IRU� WKH�1HWDUFKLYH�� OHDGLQJ�D� UHVHDUFKHU� WR� ORRN�PRUH�FORVHO\�DW�
ZKHUH��ZK\��ZKHQ�WKHVH�XQLTXH�QXPEHUV�IRU�OLPLWV�ZHUH�VHW�DQG�KRZ�WKRVH�GRPDLQV�PD\�
EH� JURXSHG� RU� FODVVLILHG� LQ� IXWXUH� DQDO\VLV�� 5HFRJQLVLQJ� WKHVH�SDWWHUQV� LQ� GDWH� IRUPDWV�
DQG� RWKHU� PHWDGDWD� FDQ� KLJKOLJKW� ZKHUH� VHHPLQJO\� XQUHODWHG� GDWD� PD\� KDYH� VLPLODU�
RULJLQV��,Q�WKLV�ZD\��YLVXDOLVDWLRQV�FDQ�EH�XVHG�WR�UHYHDO�WKH�XQLTXH�SURFHVVHV��V\VWHPV��
RU� LGLRV\QFUDVLHV�DW�FHUWDLQ�SRLQWV� LQ� WLPH� LQ� WKH�EURDGHU� µDUFKLYDO� LQIUDVWUXFWXUH¶� DQG�FDQ�
EH�XVHG�WR�FRQVLGHU�GDWD�IURP�PXOWLSOH�FROOHFWLRQV��DV�ZHOO�DV�UHYHDOLQJ�LQVLJKWV�DERXW�ZHE�
DQG� ,QWHUQHW� LQIUDVWUXFWXUH� OLNH� PHWDGDWD� FUHDWHG� E\� FHUWDLQ� &RQWHQW� 0DQDJHPHQW�
6\VWHPV�� %\� FRQILJXULQJ� WRROV� WR� VSHFLILFDOO\� UHYHDO� DQRPDOLHV�� ZH� FDQ� KLJKOLJKW� WKH�
LPSRUWDQFH�RI�QRQ-VWDQGDUG�GDWD��DQG�ZKDW�KLGGHQ�PHDQLQJV�RU�RSDTXH�SURFHVVHV�LW�FDQ�
UHSUHVHQW� 

%ULQJLQJ�&RQWH[W�WR�WKH�)RUHIURQW�LQ�WKH�5HVHDUFK�3URFHVV 
$V�D�VHFRQG�SUDFWLFDO�VWHS��,�FRQVLGHU�KRZ�QHZ�ZRUN�RQ�µUHVHDUFK�HQJDJHPHQW¶�PLJKW�UH-
HQYLVLRQ�HQWU\�SRLQWV�LQWR�ZHE�DUFKLYHV�FROOHFWLRQV��,Q�SDUWLFXODU��,�EHOLHYH�LW¶V�HVVHQWLDO�WR�
IRFXV�RQ�GHVFULSWLYH�DQG�TXDOLWDWLYH�XQGHUVWDQGLQJV�RI�SUDFWLFHV�IRU�FROOHFWLQJ�DQG�FXUDWLQJ�
GDWD� DW� HDUO\� VWDJHV� RI� D� UHVHDUFK� LQYHVWLJDWLRQ�� ,QGLYLGXDO� FXUDWRUV� FDQ� EH� LQYDOXDEOH�
VRXUFHV� RI� LQIRUPDWLRQ� DERXW� GDWD¶V� UHODWLRQVKLSV� WR� WKHLU� VSHFLILF� VHWWLQJV� DQG� UHVHDUFK�
LQIUDVWUXFWXUHV��:KLOH�PDQ\� UHVHDUFKHUV�PD\�EHJLQ� WR� H[SORUH� D� FROOHFWLRQ� WKURXJK�GDWD�
SRUWDOV�DQG�VHDUFK�LQWHUIDFHV��GLVFXVVLRQV�ZLWK�FXUDWRUV�DQG�OLEUDULDQV�FDQ�DOVR�VHUYH�DV�D�
VWDUWLQJ�SRLQW�DQG�PD\�KHOS�UHVHDUFKHUV�QDYLJDWH�ORFDO�RUGHUV�DQG�RUJDQLVDWLRQDO�VFKHPHV�
IRU�GDWD�LQ�RUGHU�WR�FRQVWUXFW�PRUH�UREXVW�VHDUFK�TXHULHV�LQ�WKHLU�VXEVHTXHQW�DQDO\VHV� 

2QH� H[DPSOH� RI� WKLV� DSSURDFK� WKDW¶V� DOUHDG\� EHLQJ� LPSOHPHQWHG� LV� VHHQ� LQ� WKH�
³3URELQJ� D� 1DWLRQ¶V�:HE�'RPDLQ´� SURMHFW�� D� FROODERUDWLRQ� EHWZHHQ� $DUKXV�8QLYHUVLW\¶V�
1HW/DE�DQG�WKH�'DQLVK�5R\DO�/LEUDU\��%U�JJHU�HW�DO����������������7KHLU�HDUO\�ZRUN�RQ�WKH�
SURMHFW� LQFOXGHG� GLVFXVVLRQ� ZLWK� FXUDWRUV� WR� XQGHUVWDQG� ZKLFK� :$5&� ILOHV� IURP� ZKLFK�
EURDG� KDUYHVWV� VKRXOG� EH� XVHG� LQ� WKH� FRUSXV� EHLQJ� FRQVWUXFWHG� IRU� WKHLU� UHVHDUFK�
DQDO\VLV�� 3ULRU� WR� GDWD� DQDO\VLV�� WKH� SURMHFW� WHDP�PHW� ZLWK� FXUDWRUV� WR� GHWHUPLQH�ZKLFK�
GDWD�WR�LQFOXGH��DFFRXQWLQJ�IRU�YDULDWLRQV�LQ� WKH�6WHS���DQG�6WHS���GXUDWLRQ�RYHU�WKH�WHQ-
\HDU�VSDQ�RI� WKH�FROOHFWLRQ¶V�TXDUWHUO\�FUDZOV��7KH� WHDP�KDG� WR�GHILQH�VSHFLILF� UDWLRQDOH�
DQG�GRFXPHQW�WKHLU�UHDVRQLQJ�IRU�ZKLFK�GDWD�WR�LQFOXGH�IURP�ZKLFK�WLPH�IUDPHV��DQG�WKHLU�
ZRUN�UHSUHVHQWV�DQ�H[HPSODU\�PRGHO�IRU�FROODERUDWLRQ�EHWZHHQ�FXUDWRUV�DQG�UHVHDUFKHUV��
DQG� WKH� NLQG�RI�GRFXPHQWDWLRQ� DQG�GHFLVLRQ-PDNLQJ�QHFHVVDU\� WR� VHOHFW� GDWD� EDVHG�RQ�
ORFDO�FDWHJRULHV�DQG�DUUDQJHPHQWV��+RZHYHU��LW¶V�LPSRUWDQW�WR�QRWH�WKDW�WKLV�FROODERUDWLYH�
DSSURDFK� LV� DOVR� D� UHVXOW� RI� WKH� XQLTXH� FRQILJXUDWLRQ� RI� WKH� 'DQLVK� FRQWH[W�� SRVVLEOH�
EHFDXVH�RI�WKH�UHVRXUFHV�DYDLODEOH�WKHUH��DQG�QHFHVVDU\�GXH�WR�WKH�UHVWULFWLRQV�LPSRVHG�
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E\�'HQPDUN¶V�GDWD�SURWHFWLRQ� ODZ��ZKLFK�SUHYHQWV� UHVHDUFKHUV� IURP�DFFHVVLQJ� UDZ�GDWD�
GLUHFWO\�� 7KH� XQLTXH� FRQGLWLRQV� ZLWKLQ� WKH� 'DQLVK� FRQWH[W� LPSRVH� UHVWULFWLRQV� RQ�
UHVHDUFKHUV��EXW�DOVR� OHDG�WR�PRUH�FDUHIXO�VHOHFWLRQ�DQG�GLVFXVVLRQV�ZLWK�FXUDWRUV�VLQFH�
GLUHFW�RU�ZKROHVDOH�GDWD�PRYHPHQW� IURP� WKH�HQWLUH�FROOHFWLRQ� LV�QRW� SRVVLEOH��:KLOH� WKLV�
H[DFW�PRGHO�PD\� QRW� WUDQVODWH� WR� RWKHU� FRQWH[WV�� LW� FDQ� VHUYH� DV� D� XVHIXO� H[DPSOH� IRU�
IXWXUH�UHVHDUFK�WR�GHYHORS�DQG�GRFXPHQW�FOHDU�VHOHFWLRQ�FULWHULD�FRQVLGHULQJ�WKH�VSHFLILFV�
RI�DQ�LQGLYLGXDO�ZHE�DUFKLYHV�FROOHFWLRQ�� 

&RQVLGHULQJ� KRZ� WR� IRUHJURXQG� DQ� XQGHUVWDQGLQJ� RI� GDWD¶V� FRQWH[W� LQ� UHVHDUFK�
DSSURDFKHV�PRUH�EURDGO\�� ,�SURSRVH�WKDW� WKLV� UHTXLUHV�D�FRPELQDWLRQ�RI� LQYHVWPHQW�DQG�
GHGLFDWHG�UHVRXUFHV��GHYHORSPHQW�RI�QHZ�UROHV��DQG�HPEUDFLQJ�QHZ�PRGHOV�RI�ZKDW�ZHE�
DUFKLYHV� UHVHDUFK�SURMHFWV�HQWDLO��2Q� WKLV� ODVW�SRLQW��2JGHQ�	�0DHPXUD� �������GHVFULEH�
RQH�VXFK�PRGHO��SURSRVLQJ�VHYHUDO�LQLWLDO�VWHSV�WKDW�UHVHDUFKHUV�PD\�WDNH�LQ�ZRUNLQJ�ZLWK�
D�FROOHFWLRQ��ZKLFK�DUH�QHFHVVDU\�SULRU�WR�VWDUWLQJ�DQ\�LQ-GHSWK�FRPSXWDWLRQDO�DQDO\VLV�RI�
GDWD��7KLV�HDUO\�SKDVH�RI�UHVHDUFK�LQFOXGHV�DFWLYLWLHV�VXFK�DV�RULHQWDWLQJ�WR�WKH�FROOHFWLRQ¶V�
VSHFLILF� FRQWH[W� �ZLWKLQ� D� ORQJHU� RUJDQLVDWLRQDO� KLVWRU\�� D� VHW� RI� SROLFLHV�� DYDLODEOH�
UHVRXUFHV��OHJDO�IUDPHZRUN���DXGLWLQJ�WKH�GDWD�DQG�DYDLODEOH�GRFXPHQWDWLRQ�WKDW�GHVFULEHV�
DQG� FKDUDFWHULVHV� WKH� FROOHFWLRQ�� DQG� ILQDOO\�� FRQVWUXFWLQJ� QHZ� FRQFHSWV� DQG� FRQFHSWXDO�
XQGHUVWDQGLQJV� RI� WKDW� FROOHFWLRQ� DQG� LWV� GDWD� ZKLFK� FDQ� IXUWKHU� LQIOXHQFH� RU� JXLGH�
FRPSXWDWLRQDO�DQDO\VHV��$GGLWLRQDO�ILQGLQJV�IURP�P\�GRFWRUDO�UHVHDUFK�KLJKOLJKW�WKH�QHHG�
IRU� QHZ� VNLOOVHWV� DQG� UROHV� RQ� WKH� UHVHDUFK� WHDP�� ,Q� SDUWLFXODU�� ,� FRQVLGHU� KRZ� IXWXUH�
SURMHFWV� PLJKW� LQFOXGH� µGDWD� HWKQRJUDSKHUV¶� WR� FRPSOHPHQW� GDWD� VFLHQWLVWV� RU� GDWD�
HQJLQHHUV�� L�H�� WHDP� PHPEHUV� GHGLFDWHG� WR� DVVHPEOLQJ� GRFXPHQWV� DQG� LQYHVWLJDWLQJ�
SUDFWLFHV�WKDW�FRQWH[WXDOLVH�GDWD�IURP�:$5&�ILOHV��-XVW�DV�WKH�GHYHORSPHQW�RI�WRROV�DQG�
LQWHUIDFHV�IRU�UHVHDUFK�HQJDJHPHQW�PDUNHG�D�VLJQLILFDQW�VKLIW�� WKHVH�QHZ�DSSURDFKHV�WR�
VXSSRUWLQJ� UHVHDUFK� WKURXJK� GHVFULSWLRQ� RI� GDWD� V\VWHPV� DQG� SUDFWLFHV� ZLOO� UHTXLUH�
VLJQLILFDQW�LQYHVWPHQW�RI�UHVRXUFHV��WLPH�DQG�HIIRUWV�IURP�WKH�ZHE�DUFKLYHV�FRPPXQLW\� 

&21&/86,21 
,Q� RUGHU� WR� IDFLOLWDWH� UHVHDUFKHU� HQJDJHPHQW� ZLWK� ODUJH-VFDOH� ZHE� DUFKLYHV� FROOHFWLRQV��
UHFHQW�HIIRUWV�KDYH�IRFXVHG�RQ�FRPSXWDWLRQDO�WRROV�IRU�DQDO\VLV�DQG�GHVFULSWLRQ��+RZHYHU��
XQGHUVWDQGLQJ� KRZ�GDWD� DUH� FXUDWHG� GXULQJ�DUFKLYLQJ� DQG� FROOHFWLQJ� SURFHVVHV� UHTXLUHV�
PRUH� LQIRUPDWLRQ� WKDQ� WKHVH� WRROV� DORQH� FDQ� SURYLGH�� $V� D� UHVXOW�� UHVHDUFKHUV� DUH�
UHFRJQLVLQJ� D� QHHG� WR� FRQVLGHU� WKH� DOJRULWKPLF� SURFHVVHV� DQG� FRPSXWDWLRQDO� ORJLFV� RI�
FUDZOHUV� DQG� KDUYHVWHUV�� DQG� DUH� VHHNLQJ� RXW� ORJ� ILOHV�� PHWDGDWD�� LQGH[HV� RU� RWKHU�
GRFXPHQWDWLRQ� WR� IXUWKHU� FRQWH[WXDOLVH� GDWDVHWV�� ,� DUJXH� KHUH� WKDW� DQ� LQIUDVWUXFWXUDO�
SHUVSHFWLYH� KLJKOLJKWV� WKH� DGGLWLRQDO� QHHG� IRU� GHVFULSWLRQ� WKDW� FRQVLGHUV� WKH�PHVV\� DQG�
VLWXDWHG� IRUPV� RI� GDWD� FXUDWLRQ� DQG� GRFXPHQWDWLRQ� LQ� DQ\� JLYHQ� VHWWLQJ�� ZKLFK� DUH�
LQFUHDVLQJO\� LPSRUWDQW� WR� XQGHUVWDQG� VHOHFWLRQ� DQG� H[FOXVLRQ� GHFLVLRQV� DSSOLHG� WR� D�
FROOHFWLRQ� 

7KURXJK� P\� DQDO\VLV� KHUH�� ,� KDYH� H[SORUHG� KRZ� WKH� VSHFLILF� FRQILJXUDWLRQV� RI�
VRFLRWHFKQLFDO�FRQWH[WV�VKDSH�GDWD�� LQFOXGLQJ�KRZ�SHRSOH��RUJDQLVDWLRQV��SURFHVVHV�DQG�
V\VWHPV� ZRUN� WRJHWKHU� WR� GHWHUPLQH� WKH� FRPSRVLWLRQ� RI� D� ZHE� DUFKLYHV� FROOHFWLRQ�� %\�
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VWXG\LQJ� WKH� GDWD� FXUDWLRQ� V\VWHPV� XVHG� LQ� 'DQLVK� DQG� &DQDGLDQ� VHWWLQJV�� ,� KLJKOLJKW�
ZKHQ� DQG� ZKHUH� LQGLYLGXDO� FXUDWRUV� LQWHUYHQH� LQ� FRPSXWDWLRQDO� SURFHVVHV� E\� DSSO\LQJ�
WKHLU� RZQ� GDWD� FDWHJRULHV� DQG� FODVVLILFDWLRQV�� ([WHQGLQJ� WKLV� ZRUN� WR� LPSOHPHQW� DQ�
LQIUDVWUXFWXUDO� DSSURDFK� WR� GHVFULSWLRQ� UHTXLUHV� UHFRQVLGHULQJ� WRRO� GHYHORSPHQW� DQG�
DOORFDWLQJ�UHVRXUFHV�LQ�RUGHU�WR�IRUHJURXQG�WKH�VLWXDWHG��LUUHJXODU�DQG�ORFDO�QDWXUH�RI�GDWD��
IRFXVLQJ�OHVV�RQ�XQLYHUVDO�LQWHURSHUDELOLW\�DQG�DJJUHJDWLRQ�RI�GDWD�DW�VFDOH��2YHUDOO�WKHVH�
ILQGLQJV� UHLQIRUFH� WKH� LPSRUWDQFH�RI� LGHQWLI\LQJ� DQG�GHVFULELQJ� KRZ�GDWD� DUH� VKDSHG�E\�
FRQYHUJLQJ�VRFLRWHFKQLFDO�IRUFHV��HQDEOLQJ�UHVHDUFKHUV�WR�EHWWHU�XQGHUVWDQG�QHZ�NLQGV�RI�
GDWD�FDWHJRULHV�DQG�UHODWLRQVKLSV�WKDW�FDQ�LQIRUP�WKHLU�DQDO\VHV� 

5()(5(1&(6 
%HQ-'DYLG�� $��� 	� $PUDP�� $�� �������� 7KH� ,QWHUQHW� $UFKLYH� DQG� WKH� VRFLR-WHFKQLFDO�

FRQVWUXFWLRQ�RI�KLVWRULFDO�IDFWV��,QWHUQHW�+LVWRULHV�����±�������±���� 
%HQ-'DYLG�� $�� 	� +XXUGHPDQ�� +�� �������� :HE� $UFKLYH� 6HDUFK� DV� 5HVHDUFK��

0HWKRGRORJLFDO�DQG�7KHRUHWLFDO�,PSOLFDWLRQV��$OH[DQGULD����������±���� 
%LQJKDP��1��-���	�%\UQH��+�� ��������$UFKLYDO�VWUDWHJLHV� IRU�FRQWHPSRUDU\�FROOHFWLQJ� LQ�D�

ZRUOG�RI�ELJ�GDWD��&KDOOHQJHV�DQG�RSSRUWXQLWLHV�ZLWK�FXUDWLQJ�WKH�8.�ZHE�DUFKLYH��
%LJ�'DWD�	�6RFLHW\�������������������������� 

%RZNHU�� *�� &��� 	� 6WDU�� 6�� /�� �������� 6RUWLQJ� 7KLQJV� 2XW�� &ODVVLILFDWLRQ� DQG� ,WV�
&RQVHTXHQFHV��0,7�3UHVV� 

%U�JJHU��1����������7KH�$UFKLYHG�:HE��'RLQJ�+LVWRU\�LQ�WKH�'LJLWDO�$JH��7KH�0,7�3UHVV��
&DPEULGJH��0DVVDFKXVHWWV� 

%U�JJHU��1���/DXUVHQ��'���	�1LHOVHQ��-����������(VWDEOLVKLQJ�D�FRUSXV�RI�WKH�DUFKLYHG�ZHE��
7KH�FDVH�RI�WKH�'DQLVK�ZHE�IURP������WR�������,Q�1��%U�JJHU�	�'��/DXUVHQ��(GV����
7KH�KLVWRULFDO�ZHE�DQG�GLJLWDO�KXPDQLWLHV��7KH�FDVH�RI�QDWLRQDO�ZHE�GRPDLQV� �SS��
���±������5RXWOHGJH�7D\ORU�	�)UDQFLV�*URXS� 

%U�JJHU��1���1LHOVHQ�� -���	� /DXUVHQ��'�� ��������%LJ� GDWD� H[SHULPHQWV�ZLWK� WKH� DUFKLYHG�
:HE��0HWKRGRORJLFDO� UHIOHFWLRQV� RQ� VWXG\LQJ� WKH� GHYHORSPHQW� RI� D� QDWLRQ¶V�:HE��
)LUVW�0RQGD\��KWWSV���GRL�RUJ���������IP�Y��L������� 

+RFN[-<X��+����������$FFHVV�DQG�6FKRODUO\�8VH�RI�:HE�$UFKLYHV��$OH[DQGULD�����������±
���� 

/DXUVHQ�� '�� 	� 0¡OGUXS-'DOXP�� 3�� �������� /RRNLQJ� EDFN�� ORRNLQJ� IRUZDUG�� ��� \HDUV� RI�
GHYHORSPHQW� WR� FROOHFW�� SUHVHUYH�� DQG� DFFHVV� WKH� 'DQLVK� ZHE�� ,Q� %U�JJHU�� 1���
HGLWRU��:HE�����SDJHV����±�����3HWHU�/DQJ��1HZ�<RUN� 

/RXNLVVDV��<��$����������$OO�'DWD�$UH�/RFDO��7KLQNLQJ�&ULWLFDOO\� LQ�D�'DWD-'ULYHQ�6RFLHW\��
7KH�0,7�3UHVV��&DPEULGJH��0DVVDFKXVHWWV� 

0DHPXUD��(���:RUE\��1���0LOOLJDQ��,���DQG�%HFNHU��&����������,I�7KHVH�&UDZOV�&RXOG�7DON��
6WXG\LQJ�DQG�'RFXPHQWLQJ�:HE�$UFKLYHV�3URYHQDQFH��-$6,67�������������±����� 

0LOOLJDQ�� ,�� �������� +LVWRU\� LQ� WKH� $JH� RI� $EXQGDQFH"�� +RZ� WKH� :HE� ,V� 7UDQVIRUPLQJ�
+LVWRULFDO�5HVHDUFK��0F*LOO-4XHHQ¶V�8QLYHUVLW\�3UHVV��0RQWUHDO� 

https://doi.org/10.5210/fm.v25i3.10384


0DHPXUD 

 �� 

0LOOLJDQ�� ,���&DVHPDMRU��1���)ULW]��6���/LQ�� -���5XHVW��1���:HEHU��0���	�:RUE\��1�� ��������
%XLOGLQJ� &RPPXQLW\� DQG� 7RROV� IRU� $QDO\]LQJ� :HE� $UFKLYHV� 7KURXJK� 'DWDWKRQV��
�����$&0�,(((�-RLQW�&RQIHUHQFH�RQ�'LJLWDO�/LEUDULHV��-&'/������±���� 

2JGHQ��-���	�0DHPXUD��(���������� µ*R�ILVK¶��&RQFHSWXDOLVLQJ�WKH�FKDOOHQJHV�RI�HQJDJLQJ�
QDWLRQDO� ZHE� DUFKLYHV� IRU� GLJLWDO� UHVHDUFK�� ,QWHUQDWLRQDO� -RXUQDO� RI� 'LJLWDO�
+XPDQLWLHV��KWWSV���GRL�RUJ���������V�����-���-�����-� 

5XHVW�� 1��� /LQ�� -��� 0LOOLJDQ�� ,��� DQG� )ULW]�� 6�� �������� 7KH� $UFKLYHV� 8QOHDVKHG� 3URMHFW��
7HFKQRORJ\�� 3URFHVV�� DQG� &RPPXQLW\� WR� ,PSURYH� 6FKRODUO\� $FFHVV� WR� :HE�
$UFKLYHV��,Q�3URFHHGLQJV�RI�WKH�$&0�,(((�-RLQW�&RQIHUHQFH�RQ�'LJLWDO�/LEUDULHV�LQ�
������SDJHV����±�����9LUWXDO�(YHQW�&KLQD��$&0�� 

6DQGYLJ�� &�� �������� 7KH� ,QWHUQHW� DV� ,QIUDVWUXFWXUH�� ,Q� :�� +�� 'XWWRQ� �(G���� 7KH� 2[IRUG�
KDQGERRN�RI�,QWHUQHW�VWXGLHV���VW�HG��SS����±������2[IRUG�8QLYHUVLW\�3UHVV� 

�6LHUPDQ�� %��� 	� 7HV]HOV]N\�� .�� �������� +RZ� FDQ� ZH� LPSURYH� RXU� ZHE� FROOHFWLRQ"� $Q�
HYDOXDWLRQ� RI� ZHEDUFKLYLQJ� DW� WKH� .%�1DWLRQDO� /LEUDU\� RI� WKH�1HWKHUODQGV� �����±
�������$OH[DQGULD��7KH�-RXUQDO�RI�1DWLRQDO�DQG�,QWHUQDWLRQDO�/LEUDU\�DQG�,QIRUPDWLRQ�
,VVXHV�����������±�����KWWSV���GRL�RUJ������������������������� 

6WDU�� 6�� /�� �������� 7KH� (WKQRJUDSK\� RI� ,QIUDVWUXFWXUH�� $PHULFDQ� %HKDYLRUDO� 6FLHQWLVW��
���������±���� 

6WDU��6��/����������7KLV�LV�1RW�D�%RXQGDU\�2EMHFW��5HIOHFWLRQV�RQ�WKH�2ULJLQ�RI�D�&RQFHSW��
6FLHQFH��7HFKQRORJ\�	�+XPDQ�9DOXHV������������±����� 

6WDU��6��/���	�*ULHVHPHU��-��5����������,QVWLWXWLRQDO�(FRORJ\��C7UDQVODWLRQV¶�DQG�%RXQGDU\�
2EMHFWV��$PDWHXUV�DQG�3URIHVVLRQDOV�LQ�%HUNHOH\¶V�0XVHXP�RI�9HUWHEUDWH�=RRORJ\��
����-����6RFLDO�6WXGLHV�RI�6FLHQFH������������±���� 

6WDU��6��/���	�5XKOHGHU��.����������6WHSV�7RZDUG�DQ�(FRORJ\�RI�,QIUDVWUXFWXUH��'HVLJQ�DQG�
$FFHVV� IRU� /DUJH� ,QIRUPDWLRQ� 6SDFHV�� ,QIRUPDWLRQ� 6\VWHPV�5HVHDUFK�� ������ ���±
����� 

9ODVVHQURRW��(���&KDPEHUV��6���'L�3UHWRUR��(���*HHUDHUW��)���+DHVHQGRQFN��*���0LFKHO��$���
	� 0HFKDQW�� 3�� �������� :HE� DUFKLYHV� DV� D� GDWD� UHVRXUFH� IRU� GLJLWDO� VFKRODUV��
,QWHUQDWLRQDO�-RXUQDO�RI�'LJLWDO�+XPDQLWLHV����������±���� 
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