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FRXQWLHV�� 7KH� WHFKQLFDO�� PHWKRGRORJLFDO� FRQWULEXWLRQ� RI� WKLV� SDSHU� LV� D�
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ORQJLWXGLQDO� VXUYH\� GDWD�� ���� SXEOLFDWLRQV� XWLOL]H� ),36� GDWD�� 7KH� KLJK�
LQFLGHQFH� VKRZV� WKH� UHVHDUFK� LPSDFW�� <HW�� WKH� ORZ� SURSRUWLRQ� RI� RQO\� ����
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0DQ\�RIILFLDO�VWDWLVWLFV�SURYLGH�SXEOLFO\�DYDLODEOH�GDWDVHWV�RI�VRFLDO�SDWWHUQV� WKDW�FRXOG�EH�
KDUQHVVHG� LQ� PDNLQJ� LQIRUPHG� GHFLVLRQV�� 7KH� IXQGLQJ� WR� FROOHFW� DQG� VKDUH� WKHVH� GDWD� LV�
RIWHQ� VXSSRUWHG� WKURXJK� SXEOLF� HQWLWLHV� GXH� WR� WKH� SRWHQWLDO� IRU� GDWD� WR� KDYH� EURDG�
DSSOLFDWLRQV�WKDW�EHQHILW�WKH�SXEOLF�JRRG��+RZHYHU��WKH�LQDFFHVVLELOLW\�RI�WKH�GDWD� VWUXFWXUH�
LV�D�EDUULHU�WR�EURDGHU�XVH��:KLOH�GDWD�FDQ�UHDGLO\�EH�GRZQORDGHG��XVHUV�QHHG�WR�XQGHUVWDQG�
WKH� GDWD� OH[LFRQ�� LQFOXGLQJ� WKH� PHWD�GDWD�� GDWD� GLFWLRQDU\�� DQG� PRVW� LPSRUWDQWO\� WKH�
PHDQLQJ�WKDW�FDQ�EH�H[WUDFWHG�IURP�GDWD�YDULDEOH�QDPHV�DQG�ODEHOV���

$�IXQGDPHQWDO�SUREOHP�WKDW�SUHYHQWV�EURDGHU�DFFHVVLELOLW\�RI�SXEOLFO\�DYDLODEOH�GDWD�LV�WKH�
H[SHUW�OHYHO�YRFDEXODU\�HPEHGGHG�ZLWKLQ�WKH�V\QWD[�RI�FRPSOH[�GDWDVHWV��(YHU\GD\�SHRSOH�
DQG� NQRZOHGJH� ZRUNHUV� DUH� UHTXLUHG� WR� GHFRGH� WKLV� V\QWD[� LQ� RUGHU� WR� XQGHUVWDQG� WKH�
LQIRUPDWLRQ�WKH�GDWD�RIIHU��'DWDVHWV�WKDW�KDYH�H[LVWHG�IRU�D�ORQJ�WLPH�FDUU\�D�OD\HUHG�OHJDF\�
RI� FRPSOH[� FRGHV� DQG� GLFWLRQDU\� VWUXFWXUHV� WKDW� DUH� GLIILFXOW� WR� PDNH� VHQVH� RI� DQG�
GLVHQWDQJOH�� 7KLV� GDWD� V\QWD[� LV� FUXFLDO� IRU� XQGHUVWDQGLQJ� WKH� PHDQLQJ� RI� WKH� DYDLODEOH�
YDULDEOHV�� DQG� XOWLPDWHO\� WKH� NLQGV� RI� DQVZHUV� WKDW� D� GDWDVHW� FDQ� SURYLGH�� +RZHYHU�� WKH�
FRPSOH[LW\� RI� WKH� GDWD� V\QWD[� REVFXUHV� WKH� PHDQLQJ� RI� WKH� GDWD� IRU� QRQ�H[SHUW� XVHUV��
([SOLFDWLQJ�WKLV�V\QWD[�FDQ�OHVVHQ�WKH�H[SHUW�OHYHO�EDUULHUV�LQKLELWLQJ�EURDGHU�GDWD�XVDJH���

7KLV� SDSHU� IRFXVHV� RQ� D� FRPPRQ� DWWULEXWH� RI� GDWDVHWV� WKDW� LV� FUXFLDO� IRU� H[WUDFWLQJ�
DFWLRQDEOH�LQVLJKWV��JHRVSDWLDO�GDWD��7KH�JHRJUDSKLF�ORFDWLRQ�RI�GDWD�DUH�RIWHQ�FRGHG�ZLWKLQ�
D�UHODWLYHO\�FRQWUROOHG�YRFDEXODU\�RI�JHR�LGHQWLILHUV��*HR,'V�DUH�IUHTXHQWO\�FRGHG�ZLWKLQ�D�
IDLUO\�VWDQGDUGL]HG�DQG�ILQLWH�VHW�RI�FRGHV��DQG�WKXV�WKH�OH[LFRQ�RI�JHRVSDWLDO�GDWD�LV�D�SULPH�
V\QWD[� WR� GHWHFW� LQ� DXWRPDWLRQ� SURFHGXUHV�� 0DFKLQH� OHDUQLQJ� FDQ� EH� XWLOL]HG� WR� GHWHFW�
VHPDQWLFV�RI�*HR,'V�E\�GHYHORSLQJ�GDWD�GLFWLRQDULHV�ZLWK�FRPPRQ�ORFDWLRQ�DWWULEXWHV���

���*HRVSDWLDO�'DWD�

*HRVSDWLDO�GDWD�FDQ�FRQQHFW�DFURVV�RWKHUZLVH�GLVSDUDWH� IDFHWV� WKH�GDWD�SLSHOLQH�� IURP�GDWD�
DFTXLVLWLRQ� WR�DQDO\VLV�DQG�YLVXDOL]DWLRQ� �%UHXQLJ�HW� DO����������0RUHRYHU��JHRVSDWLDO�GDWD�
DLG�UHSOLFDELOLW\�RI� LQIRUPDWLRQ�DQG�DQDO\VLV� WHFKQLTXHV�DFURVV�GLVWLQFW�GDWDVHWV��TXHVWLRQV��
UHVHDUFKHUV��DQG�VWDNHKROGHUV��IURP�DFDGHPLD�WR�XUEDQ�SODQQLQJ��/HH�DQG�.DQJ���������<HW��
GHVSLWH� VKDUHG� VHPDQWLF� IRXQGDWLRQV� LQ� JHRVSDWLDO� GDWD� RQWRORJ\�� KHWHURJHQHLW\� LQ� GDWD�
OH[LFRQV�UHPDLQV�D�EDUULHU�WR�EURDGHU�VKDULQJ�DQG�DFFHVVLELOLW\��6XQ�HW�DO�����������

�����&RQWUROOHG�9RFDEXODULHV�

5LHGHU��������FRPSDUHV�FROXPQ�QDPHV�WR�WKH�FRQWUDFWV�RU�SURPLVHV�WKDW�VRIWZDUH�SURGXFWV�
PDNH�ZLWK�XVHUV��ZLWK�WKH�FDYHDW�WKDW�SXEOLVKHG�GDWD�WDEOHV�SURYLGH�D�VHUYLFH�WR�XVHUV�WKDW�LV�
PRUH� DPELJXRXV�� 'DWD� FRQVXPHUV� DUH� RIIHUHG� LQIRUPDWLRQ� EXW� ZLWKRXW� FOHDU� SDUDPHWHUV��
:LWKLQ� WKLV� FRQWH[W�� FROXPQ� QDPHV� SURYLGH� DQ� LQIRUPDO� FRQWUDFW� ZLWK� WKH� GDWD� XVHU�
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UHJDUGLQJ� ZKDW� LQIRUPDWLRQ� FDQ� EH� KDUQHVVHG� IURP� ZKLFK� YDULDEOH�� $V� FRQWUDFWV� EHQHILW�
IURP�D�UHODWLYHO\�VWDQGDUG�VHW�RI�YRFDEXODU\�WR�H[SUHVV�WKH�SURPLVHV�WKDW�XVHUV�FDQ�H[SHFW��
5LHGHU�DVVHUWV� WKDW�HQJDJLQJ�D�FRQWUROOHG�YRFDEXODU\�ZLWKLQ�FROXPQ�QDPHV�FDQ�VHUYH�DV�D�
ODWHQW�FRQWUDFW�EHWZHHQ�GDWD�SURGXFHUV�DQG�FRQVXPHUV��ZLWK�DFFHVVLELOLW\�� LQWHJUDWLRQ��DQG�
WUDQVIHUDELOLW\� SURPLVHG� ZLWKLQ� D� UHFRJQL]DEOH� OH[LFRQ�� )RU� H[DPSOH�� ,'� FDQ� EH� XVHG� WR�
LQGLFDWH�D�XQLTXHO\�LGHQWLILHG�HQWLW\�LQ�WKH�GDWDVHW��DQG�1�FDQ�EH�XVHG�IRU�VDPSOH�FRXQWV��

�����*HRJUDSKLF�,GHQWLILHUV��*HR,'V���

*HR�LGHQWLILHUV� LQGLFDWH� WR� ZKLFK� JHRJUDSKLF� XQLWV� WKH� GDWD� FDQ� EH� DJJUHJDWHG�� DQG� JHR�
LGHQWLILHUV�DUH�QHDUO\�XELTXLWRXV�ZLWKLQ�SXEOLFO\�DYDLODEOH�GDWDVHWV��0DQ\�SXEOLF�HQWLWLHV�DUH�
JHRSROLWLFDOO\�VWUXFWXUHG�DW�WKH�OHYHO�RI�FRXQWU\��VWDWH��FLW\��FRXQW\��DQG�WKXV�DVVRFLDWHG�GDWD�
DUH� DOVR� LPEXHG� ZLWK� WKHVH� JHRJUDSKLF� XQLWV�� 7KH� 8QLWHG� 6WDWHV� &HQVXV� %XUHDX� �������
VWDWHV�WKDW��³*(2,'V�DUH�QXPHULF�FRGHV�WKDW�XQLTXHO\�LGHQWLI\�DOO�DGPLQLVWUDWLYH�OHJDO�DQG�
VWDWLVWLFDO�JHRJUDSKLF�DUHDV�IRU�ZKLFK� WKH�&HQVXV�%XUHDX� WDEXODWHV�GDWD��)URP�$ODVND�� WKH�
ODUJHVW�VWDWH�� WR� WKH�VPDOOHVW�FHQVXV�EORFN� LQ�1HZ�<RUN�&LW\��HYHU\�JHRJUDSKLF�DUHD�KDV�D�
XQLTXH� *(2,'�´� ,Q� RIILFLDO� VWDWLVWLFV�� WKHUH� DUH� VHYHUDO� GLIIHUHQW� *HR,'� FRGLQJ� V\VWHPV��
VXFK�DV�WKH�$PHULFDQ�1DWLRQDO�6WDQGDUGV�,QVWLWXWH��$16,���*HRJUDSKLF�1DPHV�,QIRUPDWLRQ�
6\VWHP��*1,6���DQG�)HGHUDO�,QIRUPDWLRQ�3URFHVVLQJ�6HULHV��),36��FRGHV��

�����)HGHUDO�,QIRUPDWLRQ�3URFHVVLQJ�6HULHV�&RGHV��),36��

7KHUH� DUH� WZR� SULPDU\� DSSHDOV� RI� IRFXVLQJ� RQ� WKH� OH[LFRQ� IRU� )HGHUDO� ,QIRUPDWLRQ�
3URFHVVLQJ�6HULHV��),36��FRGHV��)LUVW��),36�FRGHV�KDYH�D�KLJK�GHJUHH�RI�VWDQGDUGL]DWLRQ�DQG�
QHVWHG� VWUXFWXUH� LQ� WKH� GDWD� GLFWLRQDU\� �86�&HQVXV� %XUHDX� ������ VHH� )LJXUH� ���� 6HFRQG��
WKHUH� LV� EURDG�XWLOL]DWLRQ�RI�),36�FRGHV� DFURVV� D� UDQJH�RI� DQDO\VHV� DQG�ZLWKLQ� VXEVLGLDU\�
GDWDVHWV��VHH�IRU�H[DPSOH��0XOOHQ�DQG�%UDWW��������%URZQ�HW�DO���������%RODQG�HW�DO���������
5REHUWV�HW�DO����������7KH�QH[W�VHFWLRQ�TXDQWLILHV�WKH�VFLHQWLILF�UHVHDUFK�LPSDFW�RI�),36��

�
)LJXUH����1HVWHG�*HRJUDSKLF�(QWLWLHV��6RXUFH��$XWKRU�FUHDWLRQ�EDVHG�RQ�86�&HQVXV���������
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���%LEOLRPHWULF�'DWD�

%LEOLRPHWULFV� LV� D� PHWKRGRORJLFDO� DSSURDFK� WKDW� IRFXVHV� RQ� VFLHQWLILF� OLWHUDWXUH� DV� WKH�
VXEMHFW� RI� DQDO\VLV� �%DOO�� ������� 0DQ\� RI� WKHVH� WHFKQLTXHV� IRFXV� RQ� FLWDWLRQ� DQDO\VLV��
LQFOXGLQJ�FRQWHQW�DQDO\VLV�RI� WLWOHV��NH\ZRUGV��DEVWUDFWV��DQG�IXOO� WH[W�RI�SXEOLVKHG� MRXUQDO�
DUWLFOHV�� ERRNV�� FRQIHUHQFH� SURFHHGLQJV�� GLVVHUWDWLRQV�� DQG� UHSRUWV� �=KDR� DQG� 6WURWPDQQ��
�������$SSO\LQJ�VFLHQWLILF�WHFKQLTXHV�WR�FLWDWLRQ�DQDO\VLV�IDFLOLWDWHV�D�VWDWLVWLFDO�HYDOXDWLRQ�
DQG� PHDVXUHPHQW� RI� LQIOXHQFH� ZLWKLQ� WKH� VFLHQWLILF� FRPPXQLW\� �,IWLNKDU� HW� DO��� �������
&LWDWLRQ�DQDO\VHV�KDYH�EHHQ�XWLOL]HG�LQ�VWXG\LQJ�UHVHDUFK�LPSDFW�IURP�VRFLDO�ZRUN��+ROGHQ�
HW� DO��� ������ WR� WKH� KXPDQLWLHV� �2FKVQHU� HW� DO��� ������� 7KLV� SDSHU� SUHVHQWV� D� ELEOLRPHWULF�
DQDO\VLV�RI�),36�FRGH�LPSDFW�ZLWKLQ�VFLHQWLILF�OLWHUDWXUHV�DQG�RIILFLDO�VWDWLVWLFDO�GDWDVHWV��

�����&HQVXV�'DWD�

6HDUFKLQJ� FHQVXV� GDWD� ZLWKLQ� D� SRSXODU� VFKRODUO\� ELEOLRPHWULF� GDWDEDVH� *RRJOH� 6FKRODU�
UHWXUQV� ���������� UHVXOWV�� DQG� ���������� RI� WKHVH� HQWULHV� ZHUH� SXEOLVKHG� VLQFH� ������
0RUHRYHU��������SXEOLFDWLRQV�FLWH�),36�FRGHV�ZLWKLQ�FHQVXV�GDWD�DQDO\VLV��&RPSXWLQJ� WKH�
VDPH� VHW� RI� DQDO\VHV� ZLWKLQ� 6FRSXV� UHVSHFWLYHO\� UHWXUQV�� �������� �������� DQG� ����
&RPELQHG��WKHVH�UHVXOWV�LQGLFDWH�WKH�KLJK�GHJUHH�RI�UHVHDUFK�LPSDFW�WKDW�),36�FRGHV�KDYH��

�����36,'�'DWD�

$GGLWLRQDOO\�� ),36� FRGHV� KDYH� EHHQ� XWLOL]HG�ZLWKLQ� VXEVLGLDU\� GDWDVHWV�� )RU� H[DPSOH�� WKH�
3DQHO� 6WXG\� RI� ,QFRPH� '\QDPLFV� �36,'�� LV� D� ORQJLWXGLQDO� VXUYH\� RI� D� QDWLRQDOO\�
UHSUHVHQWDWLYH� VDPSOH� RI� 8�6�� EDVHG�PRUH� WKDQ� ������� LQGLYLGXDOV� ZLWKLQ� ������ IDPLOLHV��
'DWD� KDYH� EHHQ� FROOHFWHG� LQ� RYHU� ��� ZDYHV� RI� GDWD� VSDQQLQJ� PXOWLSOH� JHQHUDWLRQV� RI�
GHVFHQGDQWV�IURP�WKH�RULJLQDO�UHVSRQGHQWV��,Q�WKH�36,'�ELEOLRJUDSKLF�GDWDEDVH�RI�FLWDWLRQV�
�36,'��������� WKHUH�DUH�D� WRWDO�RI�������SXEOLFDWLRQV� LQ� WKLV�GDWDEDVH��RI�ZKLFK�������DUH�
MRXUQDO�DUWLFOHV������ERRN�FKDSWHUV�����ERRNV��������GLVVHUWDWLRQV��DQG����UHSRUWV��7KH�36,'�
XVHV�),36�FRGHV��DQG�7DEOH���GLVSOD\V�WKH�ELEOLRPHWULF�GDWD�UHVSHFWLYH�WR�HDFK�JHRJUDSK\��

7DEOH����7DEOH�FDSWLRQV�VKRXOG�DSSHDU�DERYH�WDEOHV��

*HRJUDSKLF�(QWLW\� &RXQW� 3HUFHQW�

7UDFW� ���� ����

&RXQW\� ���� ����

0HWURSROLWDQ�$UHD� ���� ����

5HJLRQ� ���� ����

8UEDQ���5XUDO� ���� ����

727$/� ���� ����

6RXUFH��$XWKRU�FUHDWLRQ�EDVHG�XSRQ�WKH�36,'���������
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���'HHS�/HDUQLQJ�

,Q�RUGHU�WR�KDUQHVV�WKH�SRZHU�RI�JHR�LGHQWLILHUV�WR�XQORFN�WKH�LQIRUPDWLRQ�LQ�WKH�WKRXVDQGV�
RI� VFLHQWLILF� SXEOLFDWLRQV� VXPPDUL]HG� LQ� WKH� SUHYLRXV� VHFWLRQ�� LW� LV� QHFHVVDU\� WR� FRUUHFWO\�
GHWHFW� WKH� VHPDQWLF� VWUXFWXUH�� 7KRXJK� WKH� JHR�LGHQWLILHU� OH[LFRQ� LV� IDLUO\� FRPSOH[� DQG�
W\SLFDOO\�HPEHGGHG� LQ�GLUW\�GDWD�� LW� LV�DOVR�ILQLWH�DQG�PRUH�VWDQGDUGL]HG� WKDQ�XQVWUXFWXUHG�
WH[W��7KH�FRQWUROOHG�YRFDEXODU\�RI�),36�FRGHV�RIIHUV�DQ�RSSRUWXQLW\�WR�DSSO\�D�PXOWL�LQSXW�
GHHS�QHXUDO�QHWZRUN�IRU�GHWHFWLQJ�VHPDQWLF�W\SHV��VXFK�DV�6KHUORFN��+XOVHERV�HW�DO����������

�����*HR,'�6WUXFWXUH�

$V� GLVSOD\HG� LQ� )LJXUH� ��� WKH�*HR,'� VWUXFWXUH� RI� ),36� FRGHV� LV� QHVWHG�� 6SHFLILFDOO\�� WKH�
VWUXFWXUH�EHJLQV�ZLWK�D���GLJLW�VWDWH�FRGH��VXFK�DV����IRU�,QGLDQD��7KLV�LV�IROORZHG�E\�D���
GLJLW�FRXQW\�FRGH��VXFK�DV�����IRU�0DULRQ�&RXQW\��ZKLFK�LQFOXGHV�WKH�FLW\�RI�,QGLDQDSROLV��
7KH�QHVWHG�VWUXFWXUH�WR�),36�FRGHV�LV�VXFK�WKDW�WKHVH�LGHQWLILHUV�FDQ�EH�FRPELQHG�LQWR�D���
GLJLW�FRGH� ��� IRU� VWDWH����� IRU�FRXQW\���������7KH� VWDQGDUGL]DWLRQ�RI� WKH�GLJLW� IRUPDW� LQ�
),36� FRGHV� OHQGV� LWVHOI� WR� D� GHWHFWDEOH� OH[LFRQ�� DV� WKH� GDWD� GLFWLRQDU\� FDQ� EH� WUDLQHG� WR�
LGHQWLI\� UHFXUULQJ�FRPELQDWLRQV�RI���GLJLW����GLJLW�� DQG���GLJLW� VWULQJ�GDWD�DV�D�JHRJUDSK\��
0RUHRYHU��WKH�GHHS�OHDUQLQJ�SURFHVV�FDQ�EH�LPSURYHG�E\�KDUQHVVLQJ�FROXPQ�QDPHV��ZKLFK�
ZRXOG�EH�D�ILQLWH�YDULHW\�RI�IRU�LQVWDQFH��VWDWH��67$7(��VWD��FRXQW\��&2817<��FW\��

&RQWLQXLQJ�WR�VPDOOHU�JHRJUDSKLHV��WKH�&HQVXV�DSSUR[LPDWLRQ�RI�D�QHLJKERUKRRG�LV�D�WUDFW��
ZKLFK�KDV�D���GLJLW�FRGH��)RU�H[DPSOH�� RQH� WUDFW�ZLWKLQ�0DULRQ�&RXQW\� LV���������DQG�D�
QHLJKERULQJ� WUDFW� LV���������7KHVH�DUH� VRPHWLPHV�GHVLJQDWHG�ZLWK�D�SHULRG�DIWHU� WKH� ILUVW�
IRXU�GLJLWV��DV����������DQG����������7KLV�LQGLFDWHV�WKDW�D�EURDGHU�VHW�RI�QHLJKERUKRRGV�FDQ�
EH� JURXSHG� WRJHWKHU� ZLWKLQ� WKH� ����� LGHQWLILHU�� +RZHYHU�� VRPH� GDWDVHWV� ZRXOG� RPLW� WKH�
SHULRG� DQG�RWKHUV�ZRXOG� QRW�� 7KLV� SUHVHQWV� D� FRPSOLFDWLRQ� WR� DXWRPDWLFDOO\� GHWHFWLQJ� WKH�
VHPDQWLF� OH[LFRQ�� \HW� DJDLQ� WKH� GLFWLRQDU\� LQ� FROXPQ� QDPHV� LV� OLPLWHG�� WUDFW�� WUF�� WUD�� FW��
0RUHRYHU��DQ����GLJLW�VWULQJ�YDULDEOH��VWDWH�FRXQW\�WUDFW��LV�UHDGLO\�LGHQWLILDEOH��

�����3XEOLF�+HDOWK�'DWD�

$SSOLHG�WR�D�VSHFLILF�GDWD�XVH�FDVH��WKH�,QGLDQD�'HSDUWPHQW�RI�+HDOWK�SURYLGHV�D�GDWD�KXE�RI�
SXEOLFO\� DYDLODEOH�GDWD� UHJDUGLQJ�KHDOWK� LVVXHV� �,1�03+�����D���&XUUHQWO\�� WKLV� GDWD� KXE�
KDV�D�SUHYDOHQW�DUUD\�RI�GDWDVHWV�UHSRUWLQJ�&RYLG����UDWHV��WHVWV��FDVHV��GHDWKV�� WUHQGV�RYHU�
WLPH��2QH�DYDLODEOH�GDWDVHW� LV� IRU�&RYLG����FRXQW\�VWDWLVWLFV� �,1�03+�����E���7KH�PHWD�
GDWD� LQFOXGH� WKLV� DGGLWLRQDO� LQIRUPDWLRQ��6SDWLDO�*HRJUDSKLF�&RYHUDJH� ±�6WDWH� RI� ,QGLDQD��
*UDQXODULW\� ±� $JJUHJDWH�� &RXQW\�/HYHO�� 7KH� GDWD� GLFWLRQDU\� UHSRUWV� IRXU� ILHOGV�� &RXQW\�
�5HSRUWHG� FRXQW\� ZKHUH� SDWLHQW� UHVLGHV��� &DVHB&RXQW� �1XPEHU� RI� UHSRUWHG� &RYLG����
FDVHV��� 'HDWKB&DVHV� �1XPEHU� RI� UHSRUWHG� &RYLG���� GHDWKV��� DQG� /DEB7HVWV� �1XPEHU� RI�
UHSRUWHG�LQGLYLGXDOV�ZLWK�D�UHVXOWHG�&RYLG����WHVW����
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<HW��WKH�GDWDVHW�DFWXDOO\�FRQWDLQV�VL[�ILHOGV��ZLWK�WKH�DGGLWLRQ�RI�BLG�DQG�/RFDWLRQB,'��3OXV��
&RXQW\� LV� QRW� ODEHOHG� DV� GHVFULEHG� LQ� WKH� GDWD� GLFWLRQDU\� EXW� LV� UDWKHU� ODEHOHG��
&RXQW\B1DPH��7KXV��WR�WUDLQ�D�PDFKLQH�OHDUQLQJ�PRGHO�ZHOO��LW�LV�QHFHVVDU\�WR�LGHQWLI\�WKH�
FRQFDFWDQDWHG�FROXPQ�QDPH�RI�FRXQW\�WR�PDWFK�LW�WR�WKH�GDWD�GLFWLRQDU\��0RUH�LPSRUWDQWO\��
LQ�WHUPV�RI�KDUQHVVLQJ�WKH�SRZHU�RI�),36�FRGHV��LW�LV�FUXFLDO�WR�LGHQWLI\�WKH�VWULQJ�SDWWHUQ�RI�
/RFDWLRQB,'��,Q�WKLV�H[DPSOH��DOO� WKH�YDOXHV�LQ�WKLV� ILHOG�EHJLQ�ZLWK�����ZKLFK�LV�WKH�VWDWH�
),36� IRU� ,QGLDQD�� 7KLV� LV� UHDGLO\� YLVXDOO\� GHWHFWDEOH� WR� D� KXPDQ�� DW� OHDVW� RQH� ZLWK� WKH�
QHFHVVDU\� H[SHUWLVH� WR� UHFRJQL]H� WKH� VWDWH� GLJLWV�� $QRWKHU� KXPDQ�GHWHFWDEOH� FOXH� LV� WKDW�
WKHUH�DUH�D�WRWDO�RI����FRXQWLHV�LQ�WKH�VWDWH�RI�,QGLDQD��DQG�WKH�GDWDVHW�KDV����HQWULHV���

,I�D�GHHS�OHDUQLQJ�PRGHO�LV�WUDLQHG�WR�UHFRJQL]H�/RFDWLRQB,'�DV�D�),36�FRGH��WKHQ�WKH�SRZHU�
RI� WKH�GDWDVHW�FDQ�EH�KDUQHVVHG� WKURXJK� LGHQWLILFDWLRQ�RI� LWV�VHPDQWLF�VWUXFWXUH��2QO\� WKHQ�
FRXOG�D�QRQ�H[SHUW� XVHU�EH�DXWRPDWLFDOO\�SURYLGHG�ZLWK�D� QDWXUDO� ODQJXDJH�GHVFULSWLRQ�RI�
WKH� LQIRUPDWLRQ��&RYLG���� WHVWV�� FDVHV�� DQG� GHDWKV� E\� ,QGLDQD� FRXQW\�� %XLOGLQJ� XSRQ� WKH�
LQWXLWLYH� KXPDQ� FXULRVLW\� VWUXFWXUH� RI� TXHVWLRQV�� WKLV� GDWD� FRXOG� JHQHUDWH� DQVZHUV� WR� WKH�
TXHVWLRQ��:KLFK�FRXQWLHV�LQ�,QGLDQD�KDYH�WKH�KLJKHVW�&RYLG����UDWHV"�(YHQ�PRUH�FRPSOH[��
WKH�GDWDVHW�FRXOG�DOVR�RIIHU�DQVZHUV�WR�DQ�LQTXLU\�UHJDUGLQJ�WKH�SUHYHQWLYH�FRQWULEXWLRQV�RI�
WHVWLQJ�WKURXJK�UHVSRQGLQJ�WR�WKH�TXHVWLRQ��'R�FRXQWLHV�LQ�,QGLDQD�WKDW�KDYH�D�ORZHU�GHDWKV�
WR�FDVHV�UDWLR�KDYH�D�KLJKHU�WHVW�UDWH"��

���&RQFOXVLRQ�

,Q�FRQFOXVLRQ�� WKH�DFFHVVLELOLW\�RI�RIILFLDO� VWDWLVWLFV� WR�QRQ�H[SHUW�XVHUV�FRXOG�EH�DLGHG�E\�
HPSOR\LQJ� QDWXUDO� ODQJXDJH� SURFHVVLQJ� DQG� GHHS� OHDUQLQJ� PRGHOV� WR� GDWDVHW� OH[LFRQV��
6SHFLILFDOO\��WKH�VHPDQWLF�VWUXFWXUH�RI�),36�FRGHV�ZRXOG�RIIHU�D�UHODWLYHO\�VWDQGDUGL]HG�GDWD�
GLFWLRQDU\� RI� FROXPQ� QDPHV� DQG� VWULQJ� YDULDEOH� VWUXFWXUH� WR� LGHQWLI\�� 7KH� ELEOLRPHWULF�
DQDO\VLV�LQGLFDWHG�WKDW�GHFRGLQJ�WKLV�VWUXFWXUH�ZRXOG�HQDEOH�DFFHVV�WR�WKH�LQVLJKWV�LQFOXGHG�
LQ� WKRXVDQGV� RI� VFLHQWLILF� SXEOLFDWLRQV�� 7KH� GDWDVHWV� HPEHGGLQJ� ),36� FRGHV� VSDQ� IURP�
PDFUR�OHYHO�JHRSROLWLFDO�XQLWV�LQ�FHQVXV�GDWD��WR�SXEOLF�KHDOWK�GDWD�DJJUHJDWHG�WR�FRXQWLHV��
WR� LQGLYLGXDO� DQG� IDPLO\� VXUYH\� GDWD� DJJUHJDWHG� WR� WUDFWV�� FRXQWLHV�� VWDJHV�� DQG� UHJLRQV��
7KXV�� FUDFNLQJ� WKH� FRGH� RI� JHR�LGHQWLILHUV� FRXOG� DGYDQFH� DFFHVV� E\� HYHU\GD\� SHRSOH� E\�
KHOSLQJ�XVHUV�WR�IRUPXODWH�GDWD�EDVHG�LQTXLULHV�ZLWKLQ�WKHLU�LQWXLWLYH�ODQJXDJH��

$FNQRZOHGJPHQWV�

7KH� DXWKRU� LV� JUDWHIXO� WR�'DYLGH�%ROFKLQL��5DPD�6DL�$UXQ�9DUPD�3HQVPDWVD��$QVKXPDQ�
'L[LW��DQG�5DKXO�<DGDY�IRU�FROODERUDWLRQV�RQ�WKH�TXHVWLRQ�JHQHUDWLRQ�SURMHFW��$GGLWLRQDOO\��
WKH�DXWKRU�LV�JUDWHIXO� WR�/DXULH�3DDUOEHUJ�IRU�KHU�FROODERUDWLRQV�LQ�FRQFHLYLQJ�RI�GDWD�DV�D�
SXEOLF�DQG�SKLODQWKURSLF�UHVRXUFH��8QD�2NRQNZR�2VLOL�DQG�0DUN�2WWRQL�:LOKHOP�IRU�WKHLU�
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FRQWULEXWLRQV�WR�WKH�3DQHO�6WXG\�RI�,QFRPH�'\QDPLFV��DQG�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�
IRU�IXQGLQJ�D�KXPDQ�WHFKQRORJ\�IURQWLHU�ZRUNVKRS�WKDW�LQIRUPHG�WKLV�SURMHFW������������

5HIHUHQFHV�

%DOO��5����������$Q�,QWURGXFWLRQ�WR�%LEOLRPHWULFV��1HZ�'HYHORSPHQW�DQG�7UHQGV��&KDQGRV�
3XEOLVKLQJ��

%RODQG��0��5���3DUKL��3���*HQWLQH��3���	�7DWRQHWWL��1��3����������&OLPDWH�&ODVVLILFDWLRQ�LV�DQ�
,PSRUWDQW� )DFWRU� LQ� $VVHVVLQJ� 4XDOLW\�RI�&DUH� $FURVV� +RVSLWDOV�� 6FLHQWLILF� 5HSRUWV��
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6WHIDQDNLV��(���	� -DGLGL��0�� ��������*HRVSDWLDO�'DWD�0DQDJHPHQW�5HVHDUFK��3URJUHVV�
DQG� )XWXUH� 'LUHFWLRQV�� ,6356� ,QWHUQDWLRQDO� -RXUQDO� RI� *HR�,QIRUPDWLRQ�� ������ ����
KWWSV���GRL�RUJ���������LMJL��������

%URZQ��&��&���0RRUH��-��(���)HOL[��+��&���6WHZDUW��0��.���	�7LOIRUG��-��0����������&RXQW\�
/HYHO� 9DULDWLRQ� LQ� /RZ� %LUWKZHLJKW� DQG� 3UHWHUP� %LUWK�� $Q� (YDOXDWLRQ� RI� 6WDWH�
0HGLFDLG� ([SDQVLRQ� XQGHU� WKH� $IIRUGDEOH� &DUH� $FW��0HGLFDO� &DUH�� ������� ���±�����
KWWSV���GRL�RUJ���������0/5������������������
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d���	�+LGDOJR��&����������6KHUORFN��$�'HHS�/HDUQLQJ�$SSURDFK�WR�6HPDQWLF�'DWD�7\SH�
'HWHFWLRQ��$U;LY�������������KWWS���DU[LY�RUJ�DEV������������

,IWLNKDU�� 3��0���$OL�� )��� )DLVDOXGGLQ��0���.KD\\DW�� $���'H�*RXYLD�'H� 6D��0���	�5DR�� 7��
�������� $� %LEOLRPHWULF� $QDO\VLV� RI� WKH� 7RS� ��� 0RVW�FLWHG� $UWLFOHV� LQ� *HVWDWLRQDO�
'LDEHWHV� 0HOOLWXV� /LWHUDWXUH� ������������� &XUHXV�� ������� H������
KWWSV���GRL�RUJ���������FXUHXV������
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5LHGHUHU�� (�� ������� 6HSWHPEHU� ���� &ROXPQ� 1DPHV� DV� &RQWUDFWV�� 8VLQJ� FRQWUROOHG�
GLFWLRQDULHV� IRU� ORZ�WRXFK� GRFXPHQWDWLRQ�� YDOLGDWLRQ�� DQG� XVDELOLW\� RI� WDEXODU� GDWD��
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KWWSV���GRL�RUJ���������MRXUQDO�SRQH���������
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'DWD�����������±�����KWWSV���GRL�RUJ�������������������������������

86�&HQVXV�%XUHDX���������1RYHPEHU���6WDQGDUG�+LHUDUFK\�RI�&HQVXV�*HRJUDSKLF�(QWLWLHV��
KWWSV���ZZZ��FHQVXV�JRY�JHR�SGIV�UHIHUHQFH�JHRGLDJUDP�SGI�

86�&HQVXV�%XUHDX�� �������2FWREHU�����8QGHUVWDQGLQJ�*HRJUDSKLF� ,GHQWLILHUV� �*(2,'V���
KWWSV���ZZZ�FHQVXV�JRY�SURJUDPV�VXUYH\V�JHRJUDSK\�JXLGDQFH�JHR�LGHQWLILHUV�KWPO�

=KDR��'���	�6WURWPDQQ��$����������$QDO\VLV�DQG�YLVXDOL]DWLRQ�RI�FLWDWLRQ�QHWZRUNV��0RUJDQ�
	�&OD\SRRO�3XEOLVKHUV��KWWSV���GRL�RUJ���������6�����('�9��<������,&5����
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