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$�3URSRVHG�)UDPHZRUN�)RU�0RELOH�,QWHUQHW�4R6 &XVWRPHU�6DWLVIDFWLRQ�
8VLQJ�%LJ�'DWD�$QDO\WLFV�7HFKQLTXHV

$\LVDW�:��<XVXI�$VDMX������=XONKDLUL 0G 'DKDOLQ���DQG�$]PDQ�7D¶D�
�8QLYHUVLW\�RI�,ORULQ��1LJHULD���D\LVDWZXUDROD#JPDLO�FRP

� 8QLYHUVLWL�8WDUD�0DOD\VLD��0DOD\VLD�^]XO��D]PDQ#XXP�HGX�P\`

$%675$&76
,Q� WKH� SDVW� IHZ� \HDUV�� WKH� 1LJHULD�
WHOHFRPPXQLFDWLRQ� LQGXVWU\� KDV� H[SHULHQFHG�
WUHPHQGRXV� JURZWK� DQG� FKDQJHV WR� WKH� H[WHQW� WKDW�
FXVWRPHUV�ILQG�LW�PXFK�HDVLHU�WR�DFFHVV�WKH�LQWHUQHW�
WKURXJK�WKHLU�PRELOH�SKRQHV��+RZHYHU�� WKH�JURZWK�
LQ� PRELOH� WHOHFRPV� VXEVFULEHUV� FRPHV� ZLWK�
FKDOOHQJHV� RI� TXDOLW\� RI� VHUYLFH�� ZKLFK� OHDG� WR
IOXFWXDWLRQV�LQ�FXVWRPHU�VDWLVIDFWLRQ��7KHUHIRUH��WKH�
SUHVHQW� VWXG\� SURSRVHG� D� FXVWRPHU� VDWLVIDFWLRQ�
SUHGLFWLRQ� PRGHO� WKURXJK� WKH� .H\� SHUIRUPDQFH�
LQGLFDWRUV�REWDLQHG�IURP�WKH�REMHFWLYH�PHDVXUHPHQW�
RI� WKH� QHWZRUN� WUDIILF� XVLQJ� H[WHQGHG� DQG�
H[KDXVWLYH� VWXG\ RI� WKH� OLWHUDWXUH�� 7KH� SURSRVHG�
IUDPHZRUN�ZRXOG� JXLGH�PRELOH� QHWZRUN� RSHUDWRUV�
RQ� VWUDWHJLHV� WR� HPEDUN� RQ� LQ� RUGHU� WR� UHWDLQ� WKHLU�
FXVWRPHUV�ZLWKLQ�WKH�QHWZRUN�

.H\ZRUGV��4R6��4R(��3UHGLFWLRQ�PRGHO��&XVWRPHU�
SHUFHSWLRQ��ELJ�GDWD�DQDO\WLFV�DQG�&XVWRPHU�
VDWLVIDFWLRQ�

,� ,1752'8&7,21

2YHU� WKH� SDVW� GHFDGHV�� WKH� WHOHFRPPXQLFDWLRQV�
�WHOHFRPV�� VHFWRU� KDV� EHHQ� WKH� IDVWHVW� JURZLQJ�
LQGXVWU\� DURXQG� WKH� ZRUOG� )RU� LQVWDQFH�� WKH�
WHOHFRPV�LQGXVWU\�H[SHULHQFHG�D�WUHPHQGRXV�JURZWK�
RI�PRELOH� LQWHUQHW�XVHUV� IURP������PLOOLRQ� LQ������
WR� ����� ELOOLRQ� LQ� PLG� ����� ZLWK� ���� LQWHUQHW�
SHQHWUDWLRQ� �,QWHUQHWZRUOGVWDWV�� ������� $OVR�� DV� DW�
PLG� ������ 1LJHULD� KDV� D� WRWDO� RI� ����� PLOOLRQ�
LQWHUQHW� XVHUV� ZLWK� D� WRWDO� FRXQWU\� SRSXODWLRQ� RI��
������PLOOLRQ�DQG�ZLWK�DQ� LQWHUQHW�SHQHWUDWLRQ� UDWH�
DW ���� �,QWHUQHWZRUOGVWDWV�� ������� +RZHYHU�� WKH�
JURZWK� RI� PRELOH� LQWHUQHW� XVHUV� FRPHV� ZLWK� WKH�
FKDOOHQJHV� RI� QHWZRUN� FRYHUDJH� DQG� VORZ� GDWD�
SHQHWUDWLRQ� �$]HH]�� ������ ,VDERQD� 	� (NSHQ\RQJ��
������� 7KHVH� FKDOOHQJHV� UHVXOW� WR� IOXQFWXDWLRQV� LQ�
VHUYLFHV� �H�J�� PRELOH� YRLFH�� YLGHR�� WH[W� DQG� GDWD�
WUDQVPLVVLRQ�� SURYLGHG WR� WKH� FXVWRPHUV E\� WKH�
PRELOH� QHWZRUN� RSHUDWRUV� �012V�� �5XJHOM�� 9RON��
6HGODU��6WHUOH��	�.RV���������

,Q� WKH� WHOHFRPV� LQGXVWU\��DPRQJ�WKH�NH\�GULYHUV�RI�
012V� VXFFHVV� DUH� FXVWRPHUV� H[SHULHQFH��
H[SHFWDWLRQV��UHTXLUHPHQWV�DQG�SHUFHSWLRQ�DERXW�WKH�

TXDOLW\�RI�VHUYLFH��4R6��DQG�4XDOLW\�RI�([SHULHQFH�
�4R(�� SURYLGHG� E\� WKH�012V� �$JERPD�	�/LRWWD��
������ 7KLV�VXJJHVW�WKDW��4R6�DQG�4R(�LQIRUPDWLRQ�
DUH� H[SHFWHG� WR� KDYH� KXJH� LPSDFW� RQ� FXVWRPHU�
VDWLVIDFWLRQ� LQ� WHUPV� RI� WKH� JDS� EHWZHHQ� WKH�
FXVWRPHU� H[SHULHQFH� DQG� FXVWRPHU� H[SHFWDWLRQV
�,EDUUROD�� 6DL]�� =DEDOD��	�&ULVWRER�� �������+HQFH��
WKH�SUHVHQW�VWXG\�FRQVLGHUV�FXVWRPHU�VDWLVIDFWLRQ�DV�
WKH� PRVW� VLJQLILFDQW� TXDOLW\� HYDOXDWLRQ� FULWHULD� WR�
GHWHUPLQH� FXVWRPHU� OR\DOW\� DQG� UHWHQWLRQ� ZLWK� D�
SDUWLFXODU�QHWZRUN��

7R� DFKLHYH� WKH� TXDOLW\� FULWHULD� DQG� LPSURYH�
FXVWRPHU�VDWLVIDWLRQ��WKH�SUHVHQW�VWXG\�HPSOR\V�ELJ�
GDWD� DQDO\WLFV� WHFKQLTXH� DV� SURSRVHG� E\� ,78�
�������� 7KH� WHFKQLTXH� KDV� WKH� DELOLW\� WR� DQDO\VH�
ODUJH�GDWD�JHQHUDWHG�LQ�WKH�QHWZRUN�WUDIILF�RI�012V�
DQG� RQH� IRUP� RI� WKH� GDWD� DQDO\WLFV� WHFKLQLTXHV� LV�
SUHGLFWLYH� DQDO\WLFV�� ZKLFK� KDV� WKH� SRWHQWLDOV� WR�
SUHGLFW� WKH� IXWXUH� EDVHG� RQ� SDVW� RFFXUUHQFHV��$V� D�
UHVXOW�� WKH� SUHVHQW� VWXG\�SURSRVH� D�PRELOH� LQWHUQHW�
FXVWRPHU� VDWLVIDFWLRQ� SUHGLFWLRQ� PRGHO� XVLQJ� ELJ�
GDWD� DQDOW\WLFV� WHFKQLTXHV�� ZKLFK� LV� HQYLVDJH� WR�
SUHGLFW� WKH� IXWXUH� FXVWRPHU� VDWLVIDFWLRQ� IURP� WKH�
SUHYLRXV� H[SHULHQFHV�RI� WKH� FXVWRPHUV�ZKLOH�XVLQJ�
WKH�VHUYLFH��7KH�UHPDLQLQJ�VWUXFWXUH�RI�WKH�SDSHU�LV�
DV�IROORZV��VHFWLRQ���GLVFXVVHV�WKH�OLWHUDWXUH�RQ�4R6�
DQG�4R(� LQ�PRELOH� WHOHFRPPXQLFDWLRQV�� 6HFWLRQ���
SURYLGHV� LQIRUPDWLRQ� RQ 4R6� DQG� 4R(�
0HDVXUHPHQW�� ZKLOH� VHFWLRQ� �� GZHOOV� RQ� %LJ� GDWD�
DQDOW\WLFV�DQG�VHFWLRQ���SURYLGHV�WKH�IUDPHZRUN�RQ�
FXVWRPHU� VDWLVIDFWLRQ� SUHGLFWLRQ� PRGHO�� )LQDOO\��
VHFWLRQ���FRQFOXGHV�WKH�SDSHU�

,,� 4R6�$1'�4R(�,1�02%,/(�
7(/(&20081,&$7,216

$FFRUGLQJ� WR� ,QWHUQDWLRQDO� WHOHFRPPXQLFDWLRQ�
8QLRQ�7HOHFRPPXQLFDWLRQ� �,78�7��
5HFRPPHQGDWLRQ� (����� �������� 4R6� LV� GHVFULEH�
³DV� WKH� FROOHFWLYH� HIIHFW� RI� VHUYLFH� SHUIRUPDQFHV�
WKDW� GHWHUPLQH� WKH GHJUHH�RI� VDWLVIDFWLRQ� RI� D� XVHU�
RI� WKH� VHUYLFH�´� 7KH� GHVFULSWLRQ� LPSOLHV� WKDW�
QHWZRUN�SHUIRUPDQFH�LV�DQ�DQWHFGHQW�RI�4R6��ZKLFK�
GHWHUPLQHV� WKH� VDWLVIDFWLRQ� RI� FXVWRPHUV� ZLWK� WKH�
VHUYLFH� SURYLGHG� E\� WKH� 012V�� *LOVNL� DQG�
6WHIDĔVNL� �������PHQWLRQ� WKDW� GHJUDGDWLRQ� LQ� 4R6�
FDQ� EH� DWWULEXWHG� WR� FRQJHVWLRQ�� GHOD\� LQ� QHWZRUN�
DQG� OLPLWHG�EDQGZLGWK�DV�D� UHVXOW�RI�SRRU�FDSDFLW\�
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PDQDJHPHQW�� ,Q�RUGHU� WR�PRQLWRU�VXFK�GHJUDGDWLRQ�
LQ�4R6�DQG�HQVXUH�DOORFDWLRQ�RI�QHWZRUN�UHVRXUFHV�
LQ�WKH�FDVH�RI�DQRPDOLHV�GHWHFWLRQ��WKH�PHDVXUHPHQW�
RI�PRELOH�LQWHUQHW�4R6�UHOLHV RQ�VSHFLILF�SDUDPHWHUV�
VXFK� DV� WKURXJKSXW�� LQIRUPDWLRQ� ORVV� UDWLR�� GHOD\�
DQG� FRQQHFWLRQ� VHW� XS� WLPH� �)DULG�� 6KDKUHVWDQL��	�
5XDQ�� ������ 6KDLNK�� )LHGOHU�� 	� &ROODQJH�� ������
5HLFKO�� 7XI¿Q��	� 6FKDW]�� ������� 7KH� XVH� RI� WKHVH�
SDUDPHWHUV� IRU�4R6�PHDVXUHPHQW�HQDEOH�012V�WR�
GHWHFW� YDULDWLRQV� EHWZHHQ� WKH� 4R6� RIIHUHG� DQG�
GHOLYHUHG�WR�WKHLU�UHVSHFWLYH�FXVWRPHUV��,Q�DGGLWLRQ���
)DULG� HW� DO�� ������� VKRZ� WKDW� WKH� XQGHUO\LQJ�
QHWZRUN� WHFKQRORJLHV�� QHWZRUN� FRQJHVWLRQ��
KHWHURJHQRXV� QDWXUHV� RI� WKH� QHWZRUN� WUDIILF� DQG�
UDGLR� FKDQQHO� KDYH� HIIHFW� RQ� 4R6� FRQGLWLRQ��
7KHUHIRUH�� QHWZRUN� WUDIILF� PDQDJHPHQW� DQG�
RSWLPL]DWLRQ� WHFKQRORJLHV� VKRXOG� EH� HPSOR\HG� LQ�
RUGHU� WR� HQDEOH�012V� LPSURYH� FXVWRPHU�4R6� ,Q�
IDFW�� FXVWRPHU� H[SHULHQFH� DQG� WKH� WHFKQLFDO� DVSHFW�
RI� 4R6� LV� PRVW� DSSURSRULDWH� IRU� 4R6� QHWZRUN�
WUDIILF�PDQDJHPHQW��7KLV�DVVXPSWLRQ�LV�LQ�OLQH�ZLWK�
WKH� IRXU�OD\HUHG� 4R6� PRGHO� GHILQHG� E\� ,78�7�
5HFRPPHQGDWLRQ� *����� �������� 7KLV� LQFOXGH� WKH�
4R6� UHTXLUHPHQW�� 4R6� RIIHUHG�� 4R6� SHUFHLYHG� E\�
WKH� FXVWRPHUV� DQG� 4R6� DFKLHYHG� E\� WKH� 012V��
7KH�UHODWLRQVKLS�EHWZHHQ�WKH�IRXU�OD\HUV�FRQVWLWXWHV�
WKH�RYHUDOO�PDQDJHPHQW�RI�4R6�LQ�VXFK�D�ZD\�WKDW�
WKH� GHOLYHULQJ� RI� � 4R6� UHTXLUHG� E\� WKH� FXVWRPHUV�
FDQ� EH� SODQQHG� DKHDG� E\� WKH� 012V�� 7KLV� LV�
DFKLHYDEOH� WKURXJK� PRQLWRULQJ� RI� WKH� QHWZRUN�
SHUIRUPDQFH�� )LJXUH� �� SURYLGHV� D� GLDJUDPPDWLFDO�
UHSUHVHQWDWLRQ� RI� WKH� IRXU�OD\HUHG� 4R6�PRGHO� WKDW�
HQWDLOV� WKH� IXQGDPHQWDOV� RI� WKH� SUDFWLFDO�
PDQDJHPHQW�RI�4R6�

6HYHUDO� VWXGLHV� �,EDUUROD�� /LEHUDO� 	� )HUUR�� ������
.RLYLVWR� 	� 8UEDF]HZVNL�� ������ 6WDQNLHZLF]��
&KROGD� 	� -DMV]F]\N�� ������ KDG� XVHG� WKH� IRXU�
OD\HUHG� 4R6� PHDVXUHPHQW� WR� DQDO\]H� WKH�
UHODWLRQVKLS� EHWZHHQ� SHUFHLYHG� 4R6� DQG� QHWZRUN�
SHUIRUPDQFH�RI�012V��)RU� LQVWDQFH��.RLYLVWR� DQG�
8UEDF]HZVNL� ������� ILQG� QR� OLQHDU� UHODWLRQVKLS�
EHWZHHQ� SHUFHLYHG� 4R6� DQG� QHWZRUN� SHUIRUPDQFH�
DV�LQGLFDWHG�E\�WKH�,78�7�

)LJXUH����)RXU�/D\HUHG�4R6

6RXUFH���)DULG��HW�DO���������,78�7�5HFRPPHQGDWLRQ�*�������������

2Q� WKH� FRQWUDU\�� ,EDUUROD� HW� DO�� ������� DQG�
6WDQNLHZLF]� HW� DO�� ������� GRFXPHQW� D� VWURQJ�
FRUUHODWLRQ� EHWZHHQ� WKH� QHWZRUN� SHUIRUPDQFH� DQG�
WKH�SHUFHLYHG�4R6�E\� WKH�FXVWRPHUV�� ,EDUUROD�HW�DO�
������� VWXG\� RQ� 4R6� PDQDJHPHQW� IRU� LQWHUQHW�
VHUYLFH� SURYLGHUV� LQGLFDWH� WKDW� WKH� UHFRPPHQGHG�
SURFHVV� IRU�PDQDJLQJ�4R6� LV� WKURXJK� WKH� DQDO\VLV�
RI� TXDOLW\� SHUIRUPDQFH� PHDVXUHPHQW�� TXDOLW\� RI�
LQIRUPDWLRQ� DV� SHUFHLYHG� E\� WKH� FXVWRPHUV� DQG�
FXVWRPHU¶V� OHYHO�RI� VDWLVIDFWLRQ�� ,Q�GRLQJ� WKLV�� LW� LV�
LPSHUDWLYH�WR�GHILQH�WKH�FULWHULD�WKDW�DUH�VLJQLILFDQW�
WR� WKH� FXVWRPHUV�� LGHQWLI\� WKH� UHODWLRQVKLS� RI� VXFK
FULWHULD� ZLWK� WKH� QHWZRUN� SHUIRUPDQFH�� FXVWRPHUV�
SHUFHSWLRQ�DQG�H[SHFWDWLRQV��7KLV�YLHZ�LV�VXSSRUWHG�
E\� 6WDQNLHZLF]� HW� DO�� ������� ZKHUHE\� WKH\�
FDWHJRULVH� QHWZRUN� SHUIRUPDQFH� DV� DQ� LQVWULQVLF�
4R6�EDVHG�RQ�WKH�JHQHUDO�4R6�PRGHO�GHYHORSHG�E\�
+DUG\� �������� 7KH� PRGHO� FRQVLVWV� RI� WKUHH� OD\HUV�
QDPHO\�LQVWULQVLF�4R6��SHUFHLYHG�4R6�DQG�DVVHVVHG�
4R6�� 7KH� LQVWULQVLF� 4R6� GHVFULEHV� WKH� QHWZRUN�
SHUIRUPDQFH�� WKRXJK� LW� LV�QHWZRUN�FHQWULF��EXW� LW� LV�
YHU\�VLJQLILFDQW� WR�DOO� WKH�DVSHFWV�RI�SHUFHLYHG�DQG�
DVVHVVHG� 4R6� WKDW� LV� FXVWRPHU� FHQWULF�
�6WDQNLHZLF]�� HW� DO��� ������� 7KH� SHUFHLYHG� 4R6�
ZKLFK� UHIOHFWV� WKH� IRXU�OD\HUHG� 4R6� LV� LQIOXHQFHG�
E\�GLIIHUHQW�IDFWRUV�VXFK�DV�WKH�FXVWRPHU�H[SHULHQFH�
ZLWK�WKH�VHUYLFH�DORQJ�ZLWK�WKH�FXVWRPHUV�RSLQLRQV��
7KH� OD\HU� LV� WKH� FRUH� RI� WKH� 4R6� PDQDJHPHQW�
EHFDXVH� LW� SURYLGHV� WKH� GHILQLWLRQ� RI� .H\�
SHUIRUPDQFH� LQGLFDWRUV� �.3,V�� DQG� .H\� TXDOLW\�
LQGLFDWRUV��.4,V���ZKLFK�DUH�XVHIXO�IRU�GHILQLQJ�WKH�
4R6� UHTXLUHG� E\� WKH� FXVWRPHUV� �,EDUUROD�� HW� DO���
������� 7KH� DVVHVVHG� 4R6� FRPSULVH� RI� WKH�
H[SHFWDWLRQV� RI� FXVWRPHUV� ZLWK� WKH� VHUYLFHV�
SURYLGHG�E\�WKH�012V�LQ�WHUPV�RI�ELOOLQJ��RUGHULQJ�
DQG� FRUUHFWLRQ� RI� HUURUV� WKDW� RFFXUUHG�ZKLOH� XVLQJ�
WKH�SURYLGHG�VHUYLFH��+DUG\���������+RZHYHU��,78�

1HWZRUN�3HUIRUPDQFH��4R6�SDUDPHWHUV��HQG�WR�
HQG�GHOD\��GHOD\�MLWWHU��LQIRUPDWLRQ�ORVV�DQG�

WKURXJKSXW

&XVWRPHU����� 3URYLGHU

&XVWRPHU¶V�
4R6

5HTXLUHPHQW

4R6�2IIHUHG�
E\�3URYLGHU

4R6�3HUFHLYHG�
E\�FXVWRPHUV

4R6�$FKLHYHG�
E\�3URYLGHUV
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7� LQWURGXFHG� D� QHZ� WHUP� FDOOHG� � TXDOLW\� RI�
H[SHULHQFH� �4R(��� ZKLFK� FDQ� EH� XVHG� WR� HYDOXDWH�
FXVWRPHU� H[SHULHQFH� ZLWK� VHUYLFH� SURYLGHG� E\�
012V� ,78�7�3����*������������GHVFULEH�4R(�DV�
³WKH� RYHUDO DFFHSWDELOLW\� RI� DQ� DSSOLFDWLRQ� RU�
VHUYLFH�DV�SHUFHLYHG�VXEMHFWLYHO\�E\�WKH�HQG�XVHU�´�
.LONNL� ������� QRWH� WKDW� WKH� HPHUJHQFH� RI� 4R(� LV�
EHFDXVH�� LW� LV� HVVHQWLDO� WR� PRQLWRU� WKH� FXVWRPHU�
H[SHULHQFH�ZLWK�WKH�VHUYLFH�DQG�MXVWLI\�WKH�VHUYLFHV�
EDVHG�RQ�WKH�H[SHULHQFH�RI�WKH�FXVWRPHUV�XVLQJ�WKH�
VHUYLFHV� ,Q� D� VLPLODU� ZD\�� ,EDUUROD� HW� DO�� �������
GRFXPHQW� WKDW� 4R(� KDV� VLJQLILFDQW� LQIOXHQFH� RQ�
FXVWRPHU� VDWLVIDFWLRQ� LQ� WHUPV� RI� WKH� JDS� EHWZHHQ�
FXVWRPHU� H[SHULHQFH� DQG� FXVWRPHU� H[SHFWDWLRQ�� ,Q�
DGGLWLRQ�� 4R(�� FXVWRPHU� VDWLVIDFWLRQ�� FXVWRPHU�
H[SHFWDWLRQV� DQG� DWWULWLRQ� UDWH� FRQVWLWXWHV� DVVHVVHG�
4R6��ZKLFK� LPSOLHV� WKDW WKH� YDULDWLRQV� LQ� WKH�4R6�
DQG� 4R(� SDUDPHWHUV� KDV� QHJDWLYH� RU� SRVLWLYH�
LQIOXHQFH�RQ�FXVWRPHU¶V�VDWLVIDFWLRQ��6XEVHTXHQWO\��
,EDUUROD� HW� DO�� ������� H[WHQG� WKH� 4R6� PRGHO� RI�
+DUG\� ������� DQG� 6WDQNLHZLF]� HW� DO�� ������� E\�
DGGLQJ�4R6�EXVLQHVV�WR�WKH�PRGHO�ZKLFK�FRPSULVHV�
RI� WKH� FXVWRPHU� H[SHULHQFH�� RSHUDWLRQDO� HIILFLHQF\�
DV�ZHOO�DV�UHYHQXH�DQG�PDUJLQ��,EDUUROD�HW�DO���������
PHQWLRQ� WKH� 4R6� PRGHO� 4R;SKHUH� DQG� VWDWH� WKDW�
WKH� LQWHUDFWLRQV� EHWZHHQ� HDFK� OD\HU� RI� WKH� PRGHO�
ZRXOG� HQKDQFH� WKH� 012V� WR� RIIHU� D� VDWLVIDFWRU\�
VHUYLFHV� WR� WKHLU� FXVWRPHUV� E\� PRQLWRULQJ� WKH�
LQIRUPDWLRQ� SURYLGHG� LQ� HDFK� RI� WKH� OD\HUV�� 7KH�
4R;SKHUH PRGHO�LV�VKRZQ�LQ�WKH�)LJXUH���

,,,� 5(/$7,216+,3�%(7:((1�4R6�$1'�
4R(

$FFRUGLQJ� WR� 'H� 0RRU� HW� DO�� ������� DQG� )LHGOHU��
+RVVIHOG� DQG� 7UDQ�*LD� ������� 4R6� PDLQO\� IRFXV�
RQ�ZKDW� LV� KDSSHQLQJ�ZLWKLQ� WKH� SDUDPHWHUV� �VXFK�
DV� WKURXJKSXW�� SDFNHW� ORVV� DQG� GHOD\��� ZKLOH� 4R(�
SODFH� HPSKDVLV� RQ�ZK\� WKH� FXVWRPHUV� LV� EHKDYLQJ�
LQ� D� SDUWLFXODU�ZD\��$�JHQHULF� SUREOHP�REVHUYH� LQ�
WKH�4R6� SDUDPHWHUV� FDQ� WUDQVODWH� WR�4R(� SUREOHP�
VXFK� DV� JOLWFKHV�� DUWLIDFWV� DQG� H[FHVVLYH� ZDLWLQJ�
WLPH� �)LHGOHU�� HW� DO��� ������ 6KDLNK� HW� DO� �������
DUJXH� WKDW� UHVSRQVH� WLPH� LV� YHU\� HVVHQWLDO� ZKHQ�
UHODWLQJ� 4R6� ZLWK� 4R(�� ,Q� WKH� FDVH� RI� PRELOH�
LQWHUQHW�D�EDG�H[SHULHQFH�LQ�QHWZRUN�EHKDYLRXU�PD\�
IUXVWUDWH� WKH� FXVWRPHUV� DQG� GHFODUH� VXFK� VHUYLFH�
XVHOHVV��WKHUHE\�UHGXFLQJ�WKH�VHUYLFH�XWLOLW\�

)LJXUH����4R;SKHUH�0RGHO

6RXUFH��,EDUUROD�HW�DO��������

6HUYLFH�XWLOLW\�DV�GHVFULEH�E\� ,EDUUROD�HW�DO�� �������
FRQVWLWXWH� WKH� QHWZRUN� 4R6�� DYDLODELOLW\� DQG�
FXVWRPHU� FDUH�� 7KHUHIRUH�� ZDLWLQJ� DQG� UHVSRQVH�
WLPH� RI� WKH� QHWZRUN� DV� ZHOO� DV� UHVSRQVH� WLPH� RI�
FXVWRPHU� FRPSODLQV� VSHFLILFDOO\� GRPLQDWH� WKH�
H[SHULHQFH� RI� PRELOH� LQWHUQHW� FXVWRPHUV� ZKLOH�
XVLQJ� WKH� VHUYLFH� �(JJHU�� +RVVIHOG�� 6FKDW]�� 	�
)LHGOHU�� ������ 6LQJK�� HW� DO��������� )RU� H[DPSOH��
ZKHQ�WKH�FXVWRPHU�LV�EURZVLQJ�WKH�LQWHUQHW�WKURXJK�
WKH� PRELOH� SKRQH�� WKH� 4R6� SDUDPHWHUV� GHDOV� ZLWK�
WKH� GDWD� WUDQVPLVVLRQ� VSHHG� DQG� DYDLODELOLW\� RI� WKH�
QHWZRUN� VHUYLFHV� LQ� UHVSHFW� WR� SURPSW� UHVSRQVH�
GXULQJ�QDYLJDWLRQ�WKURXJK�WKH�ZHE�SDJHV��+RZHYHU��
WKH� 4R(� LQ� WKLV� FDVH� GHDOV� ZLWK� KRZ� ORQJ� WKH�
FXVWRPHU�FDQ�ZDLW�ZKHQ�D�GHOD\�LV�HQFRXQWHUHG�DQG�
WKH� UHVSRQVH� WLPH� WR� UHFWLI\� WKH� GHOD\� LI� WKH
FXVWRPHU�SODFH�D�FDOO�WR�UHSRUW�WR�WKH�FXVWRPHU�FDUH�
�'LD]�$YLOHV�� HW� DO��� ������� 7KXV�� FXVWRPHU�
VDWLVIDFWLRQ� FDQ� EH� GHGXFH� E\� PDSSLQJ� WKH� ZHE�
EURZVLQJ� VHVVLRQ� WLPH� DQG� FXVWRPHU� SHUFHSWLRQ� RI�
WKH�TXDOLW\�RI�WKH�ZHE�EURZVLQJ�VHVVLRQ��5XJHOM��HW�
DO��� ������ 7KLV� ZRXOG� HQDEOH� WKH� SRVVLELOLW\� RI�
GHWHUPLQLQJ� KRZ� FKDQJHV� LQ� 4R6� SDUDPHWHUV� FDQ�
LQIOXHQFH�WKH�H[SHULHQFH�RI�FXVWRPHUV�DV�ZHOO�DV�WKH�
LPSDFW� RI� 4R6� VHUYLFH� XWLOLWLHV� DQG� FXVWRPHU�
H[SHULHQFH� RQ� FXVWRPHU� VDWLVIDFWLRQ�� %DVHG� RQ� WKH�

4R%L]

&�4R( 2S�(II

6$7 &+851

4R3 4R65

4R6 4R62

4R6�%86,1(66
&�4R(��&XVWRPHU��

([SHULHQFH
4R%L]��5HYHQXH�DQG�

0DUJLQ
2S�(II��2SHUDWLRQDO�

(IILFLHQF\

$66(66('�4R6
4R(��4XDOLW\�RI�

([SHULHQFH
6$7��6DWLVIDFWLRQ

&+851��$WWULWLRQ�5DWH�����������������
(;3��([SHFWDWLRQ

3(5&(,9('�4R6
4R3��4R6�SHUFHLYHG
4R65��4R6�UHTXLUHG
4R62��4R6�RIIHUHG

4R6'��4R6�GHOLYHUHG

,175,16,&�4R6�
13��1HWZRUN

3HUIRUPDQFH
&R6��&ODVV�RI�VHUYLFH
*R6��*UDGH�RI�VHUYLFH

4R( (;3

13 &R6

*R6
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DIRUHPHQWLRQHG� DUJXHPHQWV�� WKH� SUHVHQW� VWXG\�
SURSRVH� D� PRELOH� LQWHUQHW� 4R6� DQG� 4R(�
UHODWLRQVKLS� WKDW� ZRXOG� HQDEOH� WKH� SURSHU�
FRUUHODWLRQ� EHWZHHQ� WKH� 4R6� DQG� 4R(� ZKLOH�
PHDVXULQJ�4R6� DQG� HVWLPDWLQJ�4R(�RI� WKH�PRELOH�
LQWHQHW�FXVWRPHUV�

)LJXUH����0RELOH�,QWHUQHW�4R6�DQG�4R(�5HODWLRQVKLS

,9� 4R6�$1'�4R(�0($685(0(17
*HQHUDOO\�� WKHUH� DUH� WZR� EDVLF� W\SHV� RI�
PHDVXUHPHQW� IRU� 4R6� SHUFHLYHG� DQG� 4R(� RI� WKH�
FXVWRPHUV�� 7KLV� LQFOXGHV� VXEMHFWLYH� DQG� REMHFWLYH�
PHDVXUHPHQW�� $FFRUGLQJ� WR� ,78�7�
5HFRPPHQGDWLRQ� (����� ������� DQG� ,78�7�
5HFRPPHQGDWLRQ� *������ ������� VXEMHFWLYH�
PHDVXUHPHQW LV�EDVHG�RQ�KXPDQ�MXGJHPHQW�PRVWO\�
FDUULHG� RXW� WKURXJK� VXUYH\V�� ZKLOH� REMHFWLYH�
PHDVXUHPHQW�PDNHV�XVH�RI�WHFKQLFDO�PHDQV�XVXDOO\�
DOJRULWKPV�WR�H[DPLQH�WKH�VSHFLILF�QHWZRUN� UHODWHG�
SUREOHPV� ZLWK� 4R6�� 7KH� VXEMHFWLYH� PHDVXUHPHQW�
PD\� IDOVLI\� UHVXOWV�� WLPH� FRQVXPLQJ� DQG� FRVWO\�
�)LHGOHU� HW� DO��� ������� ,Q� FRQWUDVW�� WKH� REMHFWLYH�
PHDVXUHPHQW� KDV� WKH� FDSDELOLW\� WR� LPLWDWH� DQG�
SUHGLFW� FXVWRPHU� SHUFHSWLRQ� EDVHG� RQ� WKH� QHWZRUN�
SDUDPHWHUV� �6LQJK� HW� DO��� ������� 1RQHWKHOHVV�� WKH�
REMHFWLYH� PHDVXUHPHQW� KDV� WKH� DELOLW\� WR� H[WUDFW�
FXVWRPHU� SHUFHSWLRQ� IURP� WKH� GHWDLOHG� DQDO\VLV� RI�
FXVWRPHU�EHKDYLRXU�JHQHUDWHG�WKURXJK�WKH�QHWZRUN�
WUDIILF��WKHUHE\�LGHQWLI\LQJ�WKH�UHODWLRQVKLS�EHWZHHQ�
WKH� WHFKQLFDO SDUDPHWHUV� DQG� DFWXDO� FXVWRPHU�
EHKDYLRXU �%URRNV�	�+HVWQHV��������6KDLNK�HW�DO���
������ ,Q� OLHX� RI� WKLV�� 6SLHVV�� 7
-RHQV�� 'UDJQHD��
6SHQFHU�DQG�3KLOLSSDUW� �������DVVHUW� WKDW�4R(� LV�D�
ELJ� GDWD� SUREOHP�� EHFDXVH� WKH� FXVWRPHUV� GDWD�
JHQHUDWHG� WKURXJK� WKH� QHWZRUN� WUDIILF� LV� ODUJH� DQG�
FXVWRPHUV�SHUFHSWLRQ�DERXW�WKH�VHUYLFH�SURYLGHG�E\�
WKH� 012V GHSHQG� RQ� WKH� QHWZRUN� UHOLDELOLW\��
FRYHUDJH�� FXVWRPHU� FDUH�� VHUYLFH� SURYLVLRQLQJ� DQG�
ELOOLQJ�� 6LPLODUO\�� <LQ�� -LDQJ�� /LQ�� /XR� DQG� /LX�
������� VWDWH� WKDW� 4R(� LV� D� GLUHFW� IHHGEDFN� RQ�

QHWZRUN�SHUIRUPDQFH��ZKLFK�LPSOLHV�WKDW��LI�4R(�LV�
EHORZ� H[SHFWDWLRQ�� LW� VLJQLILHV� WKDW� WKHUH� LV� D�
SUREOHP� ZLWK� WKH� FRUUHVSRQGLQJ� 4R6� PHWULFV�� 2Q�
WKH� RWKHU� KDQG�� LI� WKH� 4R6�PHWULF� LV� ORZHU� WKDQ� D�
WKUHVKROG�� LW� PHDQV� WKDW� WKHUH� LV� D� SUREOHP� LQ� WKH�
QHWZRUN� SHUIRUPDQFH� =KHQJ� HW� DO�� ������� DV� ZHOO�
PHQWLRQ� WKDW� WKH� ELJ� GDWD� REWDLQHG� IURP� WKH�
REMHFWLYH�PHDVXUHPHQW� SODWIRUP� KDV� WKH� SRWHQWLDOV�
WR� XQFRYHU� KLGGHQ� LQVLJKWV� RQ� WKH� FXVWRPHUV�
H[SHULHQFH� WKDW� FDQ� EH� XVHG� E\� WKH� 012V� WR�
LPSURYH� WKHLU� VHUYLFHV�� 7KHUHIRUH�� FXVWRPHU�
VDWLVIDFWLRQ� FDQ� EH�PRGHOOHG� E\�PDSSLQJ� WKH�4R6�
DQG�4R(�PHWULFV�XVLQJ�WKH�ELJ�GDWD�JHQHUDWHG�LQ�WKH�
REMHFWLYH� PHDVXUHPHQW� SODWIRUP� RU� FXVWRPHU�
KLVWRULFDO�GDWD�RI�WKH�QHWZRUN�WUDIILF�RI�WKH�012V��
7KHVH�GDWD�FDQ�EH�DQDO\VHG�XVLQJ�ELJ�GDWD�DQDO\WLFV�
DQG� FDQ� EH� XVHG� E\� WKH� 012V� WR� LPSURYH� WKH�
VHUYLFHV�RIIHUUHG�WR�WKHLU�FXVWRPHUV�

9� 68**(67('�&86720(5�
6$7,6)$&7,21�35(',&7,21�

)5$0(:25.

7KH�VXJHVWHG�IUDPHZRUN�LV�EDVHG�RQ�,EDUUROD�HW�DO��
�������� )DULG� HW� DO�� �������� ,EDUUROD� HW� DO�� ��������
,EDUUROD� HW� DO�� ������� DQG� ,78�7�5HFRPPHQGDWLRQ�
*����� �������� 7KH� SDUDPHWHUV� RI� WKH� IUDPHZRUN�
DUH� GHULYHG� IURP� GHWDLOHG� DQDO\VLV� RI� SULRU�
OLWHUDWXUH�� 7KH� WKUHH� PDLQ� HOHPHQWV� RI� WKH�
IUDPHZRUN� DUH� REMHFWLYH� PHDVXUHPHQW�� 4R6�
SDUDPHWHUV� DQG� 4R(� SDUDPHWHUV�� 7KH� 4R6�
SDUDPHWHUV� FRQVLVWV� RI� HQG�WR�HQG� GHOD\��
LQIRUPDWLRQ�ORVV��DYDLODELOLW\��DQG�GDWD�WUDQVPLVVLRQ�
VSHHG��WKURXJKSXW���ZKLOH�4R(�FRQVLVWV�RI�QHWZRUN�
UHVSRQVH� WLPH�� ZDLWLQJ� WLPH� DQG� FXVWRPHU�
FRPSODLQWV� UHVSRQVH� WLPH�� 7KH� FRPELQDWLRQ� RI� DOO�
WKHVH� HOHPHQWV� DORQJ�ZLWK� WKHLU� SDUDPHWHUV� FDQ� EH�
XVHG�IRU�FXVWRPHU�VDWLVIDFWLRQ�SUHGLFWLRQ�PRGHO�E\�
PDSSLQJ WKH�4R6� SDUDPHWHUV� DQG�4R(� SDUDPHWHUV
7KLV� LV� EHFDXVH� WKH� QHWZRUN� GDWD� ZKLFK� FRQVLWXWH�
WKH� 4R6� SDUDPHWHUV� VXSSRUW� WKH� XVH� RI� ELJ� GDWD�
DQDOW\WLFV� DOJRULWKPV��7KLV� FDQ� IXWKHU� EH� HQKDQFHG�
E\�SUHGLFWLQJ�WKH�IXWXUH�RFFXUUHQFHV�RI�WKH�QHWZRUN�
WUDIILF�� 7KLV� ZRXOG� HQDEOH� WKH� GHWHUPLQDWLRQ� RI�
YDULDWLRQV� LQ� WKH�4R6� SURYLGHG� E\� WKH�012V� DQG�
WKH�4R(�REVHUYHG�E\�WKH�FXVWRPHU�ZKLOH�XVLQJ�WKH�
PRELOH� LQWHUQHW� VHUYLFHV�� )LJXUH� �� SUHVHQWV� WKH�
IUDPHZRUN��

4R(��&XVWRPHU�SHUFHSWLRQ�RI�WKH�4R6
LQ�KLV�RU�KHU�JHRJUDSKLFDO�ORFDWLRQ�XVLQJ�
KLV�WHUPLQDO��VXFK�DV�ZDLWLQJ�WLPH�ZKHQ�
DVVHVVLQJ�D�ZHESDJH�

$SSOLFDWLRQV��VXFK�DV�ZHE�EURZVLQJ�
DQG�HPDLOV�

(QG�WR�HQG�4R6��GDWD�WUDQVPLVVLRQ�
VSHHG��FRQQHFWLRQ�WLPH�DQG�ELW�UDWH�

1HWZRUN�4R6��WKURXJKSXW��DQG SDFNHW�
GHOD\
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)LJXUH����&XVWRPHU�6DWLVIDFWLRQ�3UHGLFWLRQ��&RQFHSWXDO�
)UDPHZRUN

7DEOH����3DUDPHWHUV�RI�FXVWRPHUV�VDWLVIDFWLRQ�SUHGLFWLRQ�
IUDPHZRUN�IURP�WKH�/LWHUDWXUH

$XWKRUV (OHPHQWV 3DUDPHWHUV

'LD]�$YLOHV� HW� DO��
�������� (JJHU� HW� DO��
�������� )LHGOHU� HW� DO��
�������� 6KDLNK� HW� DO��
������

4R(� :DLWLQJ� WLQH��
5HVSRQVH� WLPH��
6XFFHVVIXO� ORJLQ�
WLPH�� FXVWRPHU�
FRPSODLQWV�
UHVSRQVH�WLPH�

'H�0RRU�HW�DO����������
)LHGOHU� HW� DO�� ��������
)DULG� HW� DO�� ��������
*LOVNL� DQG� 6WHIDĔVNL�
�������� ,EDUUROD�� HW� DO��
�������� ,EDUUROD� HW� DO��
�������� ,EDUUROD� HW� DO��
�������� 5HLFKO� HW� DO��
��������

4R6 (QG�WR�HQG� GHOD\��
,QIRUPDWLRQ� ORVV��
$YDLODELOLW\�� 'DWD�
WUDQVPLVVLRQ�
VSHHG�7KURXJK�
SXW�

%URRNV� DQG� +HVWQHV�
�������� ,78�7�
5HFRPPHQGDWLRQ�
(����� �������� �,78�7�
5HFRPPHQGDWLRQ�
*������ ��������
6KDLNK� HW� DO�� ��������
�6LQJK��HW�DO��������

2EMHFWLYH�
0HDVXUHPHQW

1HWZRUN� GDWD�
0HDVXUHPHQW�

9,� %,*�'$7$�$1$/7<7,&6

%LJ� GDWD� LV� D� FROOHFWLRQ� RI� ODUJH� DPRXQW� RI�
VWUXFWXUHG� DQG�XQVWUXFWXUHG�GDWD� WKDW� LV� GLIILFXOW� WR�
DQDO\]H�XVLQJ�WKH�WUDGLWLRQDO�GDWD�PDQDJHPHQW�WRROV�
�7LZDUL��&KDXGKDU\��	 <DGDY���������7KH�WHUP�ELJ�
GDWD� LV� FKDUDFWHULVHG� LQ� WHUPV� RI� YROXPH�� YDULHW\��
YHORFLW\��YDOXH�DQG�YHUDFLW\�RI�WKH�GDWD��&KDQGDUDQD�
	� 9LMD\DODNVKPL�� ������ ,78�� ����� 6KDUPD��
9DLG\D�� &KDXGKDU\�� 	� -RUD�� ������ 7LZDUL�� HW� DO���
������� 9ROXPH� GHVFULEHV� WKH� PDVV� DQG� TXDOLW\� RI�
WKH� GDWD�� YHORFLW\� HQWDLOV� WKH� VSHHG� RI� GDWD�

JHQHUDWLRQ�� YDULHW\� FRPSULVHV� GLIIHUHQW� W\SHV� RI�
JHQHUDWHG� GDWD�� YHUDFLW\� EULQJ� DERXW� WKH� DFFXUDF\�
DQG�TXDOLW\�RI�GDWD� VRXUFHV�ZKLOH�YDOXH�FRQVWLWXWHV�
WKH�SRWHQWLDOV�RI� WKH�GDWD� WR�EH�XVHG�WR�D�SDUWLFXODU�
DQDO\VLV��&KDQGDUDQD�	�9LMD\DODNVKPL��������,78��
������6KDUPD��HW�DO���������7LZDUL��HW�DO����������$OO�
WKHVH� FKDUDFWHULVWLFV� FRQVWLWXWH� GDWD� JHQHUDWHG�
WKURXJK� WKH� QHWZRUN� WUDIILF� LQ� WHOHFRPV� LQGXVWU\��
7KH�PDVVLYH�DPRXQW�RI�GDWD� LV�JHQHUDWHG�RQ�D�GD\�
WR�GD\�EDVLV�EHFDXVH�RI�WKH�WUHPHQGRXV�LQFUHDVH�RQ�
WKH� FXVWRPHUV� PRELOH� LQWHUQHW� GDWD� VXEVFULSWLRQ��
$GGLWLRQDOO\�� WKH�GDWD� LV� RI�GLIIHUHQW� W\SHV� VXFK�DV�
FXVWRPHU� GDWD� DQG� DSSOLFDWLRQ� XVDJH� EHKDYLRXU��
FXVWRPHU� FDUH� GDWD�� GHPRJUDSKLFV� GDWD� DQG� WUDIILF�
GDWD� �,78�� ������� 7KH� IDVW� VSHHG� RI� WKH� GDWD�
JHQHUDWHG� LQ� WKH� QHWZRUN� WUDIILF� FRPSOLHV�ZLWK� WKH�
ELJ�GDWD�YHORFLW\�DQG�LV�DFFXUDWH�HQRXJK�EHFDXVH�LW�
LV� JHQHUDWHG� WKURXJK� WKH� REMHFWLYH� PHDVXUHPHQW�
�&KDQGDUDQD� 	� 9LMD\DODNVKPL�� ������ ,78�� �������
7KXV�� DSSURSULDWH� ELJ� GDWD� DQDOW\LFV� WRROV� RU�
WHFKQLTXHV�FDQ�EH�XVHG�WR�H[WUDFW�LPSRUWDQW�LQVLJKWV�
XVHIXO�IRU�DQ�LPSURYHG�GHFLVLRQ�PDNLQJ�ZKLFK�FDQ�
EH�XVHG�E\�012V�WR�LPSURYH�WKHLU�VHUYLFHV��

*HQHUDOO\�� WKHUH� DUH� WKUHH� W\SHV� RI� ELJ� GDWD�
DQDO\WLFV�� QDPHO\�� GHVFULSWLYH� DQDO\WLFV�� SUHGLFWLYH�
DQDO\WLFV� DQG� SUHVFULSWLYH� DQDOW\WLFV� �$URUD� 	�
0DOLN���������'HVFULSWLYH�DQDO\WLFV�HPSOR\V�WKH�XVH�
RI� KLVWRULFDO� GDWD� JHQHUDWHG� WKURXJK� WKH� QHWZRUN�
WUDIILF� WR� H[WUDFW� LPSRUWDQW� LQIRUPDWLRQ� IURP� WKH�
GDWD�� 3UHGLFWLYH� DQDO\WLFV� LV� FRQFHUQHG� ZLWK�
IRUFDVWLQJ� WKH� IXWXUH� E\� SUHGLFWLQJ� WKH� IXWXUH�
RFFXUUHQFH� EDVHG� RQ� WKH� SUHYLRXV� KLVWRULFDO� GDWD�
JHQHUDWHG� WKURXJK� WKH� QHWZRUN� WUDIILF�� 3UHGLFWLYH�
DQDO\WLFV� IRFXVHV� RQ� GHFLVLRQ� PDNLQJ� WKURXJK� WKH�
XVHIXO� LQVLJKWV� H[WUDFWHG� IURP� WKH� KLVWRULFDO� GDWD��
7KLV LV�IHDVLEOH�E\�KDYLQJ�D�VWURQJ�XQGHUVWDQGLQJ�RI�
WKH�VXLWDEOH�DQDO\WLFDO�WHFKQLTXHV�ZKLFK�FRQVWLWXWHV�
WKH� VWDWLVWLFDO� DQDO\VLV�� PDFKLQH� OHDUQLQJ� DQG� GDWD�
PLQLQJ�DOJRULWKPV��

$FFRUGLQJ�WR��3��&KHQ�DQG�=KDQJ���������VWDWLVWLFDO�
WHFKQLTXHV� LV� XVH� WR� H[SORLWV� WKH� FRUUHODWLRQ� DQG�
FDVXDO� UHODWLRQVKLS� EHWZHHQ� GLLIHUHQW� YDULDEOHV�
'DWD PLQLQJ� DOORZV� WKH� H[WUDFWLRQ� RI� YDOXDEOH�
LQIRUPDWLRQ� IURP� GDWD� ZKLOH� PDFKLQH� OHDUQLQJ�
PDNHV� XVH� RI� GLIIHUHQW� DOJRULWKPV� WR� HYROYH�
EHKDYLRXUV� EDVHG� RQ� WKH� HPSLULFDO� GDWD�� ([DPSOHV�
RI VXFK� DOJRULWKPV� DUH� DUWLILFLDO� QHXUDO� QHWZRUNV��
VXSSRUW� YHFWRU� PDFKLQHV�� DVVRFLDWLRQ� UXOHV�� QDwYH�
ED\HV�� N�QHDUHVW� QHLJKERXUV�� GHFLVLRQV�
WUHHV�FODVVLILFDWLRQ�� UHJUHVVLRQ�� HQVHPEOHV�
FODVVLILHUV�� UDQGRP� IRUHVW�� UHVWULFWHG� UDQGRP� IRUHVW�
DQG� PDQ\� PRUH� �0XVKWDT�� $XJXVWLQ�� 	� 0HOORXN��
��������,Q�DGGLWLRQ��3��&KHQ�DQG�=KDQJ��������VWDWH�
WKDW� WKHUH� DUH� VHYHUDO� ELJ� GDWD� IUDPHZRUN� VXFK� DV�

4R(�
3DUDPHWHU

:DLWLQJ�WLPH
5HVSRQVH�WLPH
6XFFHVVIXO�ORJLQ�

WLPH
&XVWRPHU�
FRPSODLQWV�

0RELOH�
,QWHUQHW�
FXVWRPHU�
VDWLVIDFWLRQ

4R6�
3DUDPHWHU

1HWZRUN�GDWD�
2EMHFWLYH�

0HDVXUHPHQW

(QG�WR�HQG�GHOD\�
,QIRUPDWLRQ�/RVV�

$YDLODELOLW\�
'DWD�WUDQVPLVVLRQ�
VSHHG��7KURXJK�SXW�

4R(�
3DUDPHWHU

:DLWLQJ�WLPH
5HVSRQVH�WLPH
6XFFHVVIXO�ORJLQ�

WLPH
&XVWRPHU�
FRPSODLQWV�

0RELOH�
,QWHUQHW�
FXVWRPHU�
VDWLVIDFWLRQ

4R6�
3DUDPHWHU

1HWZRUN�GDWD�
2EMHFWLYH�

0HDVXUHPHQW
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+DGRRS� $SDFKH� DQG� PDS�UHGXFH�� 'U\DG�� $SDFKH�
PDKRXW� DQG� PDQ\� PRUH� WKDW� KDV� WKH� SRWHQWLDOV� RI�
HPEHGGLQJ� GDWD� PLQLQJ�� VWDWLVWLFDO� DQG PDFKLQH�
OHDUQLQJ� DOJRULWKPV� WR� H[HFXWH� ODUJH� VFDOH� GDWD�
DQDO\VLV� DQG� SURGXFH� DFFXUDWH� SUHGLFWLRQ� PRGHOV��
+DGRRS�$SDFKH� LV� WKH�PRVW� ZLGHO\� XVHG� ELJ� GDWD�
IUDPHZRUN� EHFDXVH� RI� LWV� UHOLDELOLW\�� FRPSOHWHQHVV�
DQG�KLJK�VFDODELOLW\��/LP��&KHQ��	�DQG�&KHQ��������
3��&KHQ�	�=KDQJ���������

9,,� .(<6�67$*(6�2)�&86720(5�
6$7,6)$&7,21�35(',&7,21�02'(/�

)5$0(:25.
7KH� FXVWRPHU� KLVWRULFDO� GDWD� FRQVWLWXWHV� WKH�
FXVWRPHU� EHKDYLRXU� DQG� H[SHULHQFHV� ZKLOH� XVLQJ�
WKH� LQWHUQHW� VHUYLFH� 7KXV� LW� LV� SRVVLEOH� WR� DQDO\VH�
WKH� KLVWRULFDO� GDWD� WR H[WUDFW� HQG�WR�HQG�
SHUIRUPDQFH�PHWULFV� WKDW�ZRXOG�SURYLGH� LQVLJKW�RQ�
KRZ�WR�LPSURYH�WKH�VHUYLFHV�SURYLGHG�E\�WKH�012V�
DQG� SUHGLFW� WKH� FXVWRPHU� VDWLVIDFWLRQ� EDVHG� RQ� WKH�
UHODWLRQVKLS� H[LKLELWHG� EHWZHHQ� WKH�4R6� DQG�4R(��
,Q�DGGLWLRQ��,EDUUROD�HW�DO���������4R;SKHUH�PRGHO�
VKRZ� WKDW� QHWZRUN� SHUIRUPDQFH� �HQG�WR�HQG�
SHUIRUPDQFH�� LV� DQ� DQWHFHGHQW� RI�4R6� DQG�4R(� LV�
DQ�DQWHFHGHQW�RI�FXVWRPHU�VDWLVIDFWLRQ��$V�D�UHVXOW��
WKH� SUHVHQW� VWXG\� IRFXVHV� RQ� DSSO\LQJ� GHVFULSWLYH�
DQG�SUHGLFWLYH�DQDOW\WLFV�PHWKRG�XVLQJ�WKH�KLVWRULFDO�
GDWD� JHQHUDWHG� WKURXJK� WKH� QHWZRUN� WUDIILF� RI� WKH�
1LJHULD� 012V� WR� H[WUDFW� XVHIXO� LQIRUPDWLRQ�
UHJDUGLQJ�WKH�4R6�DQG�4R(�SDUDPHWHUV��WKDW�FDQ�EH�
XVHG� WR� SUHGLFW� WKH� OHYHO� RI� FXVWRPHU� VDWLVIDFWLRQ��
7KH�GHVFULSWLYH�DQDO\WLFV�SURYLGHV� WKH� VXPPDU\�RI�
GHVFULSWLYH�VWDWLVWLFV�IRU�WKH�ODUJH�GDWDVHWV��WKLV�ZLOO�
DOORZ� WKH� REVHUYDWLRQ� RI� WKH� FRUUHOODWLRQ� EHWZHHQ�
WKH�4R6�DQG�4R(�

3UHGLFWLYH� DQDO\WLFV� WKDW� JHQHUDWH� D� SUHGLFWLRQ�
PRGHO�LV�D�FHQWUDO�SUREOHP�LQ�PDFKLQH�OHDUQLQJ�DQG�
LW� SURGXFH� D�PRGHO� IURP� WKH� WUDLQLQJ� GDWD� VHW� LQ� D�
GLYHUVH� ODUJH� GDWD� VHWV� �.LP��.LP��	�.LP�� �������
7KH� SURFHGXUH� RI� SUHGLFWLRQ� PRGHOOLQJ� LV� WR�
GLVFRYHU� DQG� OHDUQ� DFFXUDWH� PRGHOV� IURP� D� ODUJH�
GDWD�VHWV�RI� WKH�FXVWRPHU�KLVWRULFDO�GDWD��7KH�PRVW�
VLJQLILFDQW� IDFWRU� WKDW� DIIHFW� SHUIRUPDQFH� RI� VXFK�
PRGHOV� GHSHQGV� RQ� WKH� DFFXUDF\� RI� WKH� JHQHUDWHG�
SUHGLFWLRQ�PRGHO��%HFDXVH�WKH�SUHGLFWLRQ�PRGHO�LV�D�
GDWD�GULYHQ�PRGHO�WKDW�LV�JHQHUDWHG�IURP�DQ�LQILQLWH�
VHWV�RI� VDPSOHV� FDOOHG� WUDLQLQJ� VHW��2IWHQWLPHV�� WKH�
WUDLQLQJ�VHW�LV�D�OLPLWHG�VDPSOH�VL]H��VR��UHDO�PRGHO�
JHQHUDWHG� IURP� WKH� GDWD� LV� UHTXLUHG� WR� GHVFULEH� DOO�
WKH� GDWD� SRLQWV�ZLWKLQ� WKH� ODUJH� GDWD� VHWV� �.LP�� HW�
DO��� ������� 7KHUHIRUH�� DOJRULWKP� HYDOXDWLRQ� LV�

UHTXLUHG� LQ� RUGHU� WR� GHWHUPLQH� WKH� DFFXUDWH�
SHUIRUPDQFH�RI�VXFK�SUHGLFWLRQ�PRGHOV��

,Q� WKH� SURSRVHG� FXVWRPHU� VDWLVIDFWLRQ� SUHGLFWLRQ�
PRGHO�� WKH� .3,V� H[WUDFWHG� DUH� WKH� SDUDPHWHUV� WKDW�
DUH� GLUHFWO\� REWDLQHG� IURP� WKH� REMHFWLYH�
PHDVXUHPHQW� SODWIRUP� RI� WKH� QHWZRUN� WUDIILF�� 7KH�
REWDLQHG� .3,V� LV� DVVXPHG� WR� FRQVWLWXWHV� WKH�
LQIRUPDWLRQ� WKDW� FDQ� EH XVHG� WR� PDS� WKH� QHWZRUN�
4R6� DQG�4R(� RI� WKH�PRELOH� LQWHUQHW� WR GHWHUPLQH�
WKH� YDULDWLRQV� LQ� WKH� WKUHVKROG� RI� WKH� 4R6�
SDUDPHWHUV� DQG� 4R(� RI� WKH� FXVWRPHUV�� %DVHG� RQ�
5XJHOM�HW�DO��������¶V VWXG\� LW�FDQ�EH�DVVXPHG�WKDW�
SDVW� H[SHULHQFH� RI� FXVWRPHUV� FDQ� SUHVHQW� D� NH\�
IDFWRU� OLNH GHOD\� WKDW� DIIHFWV� WKH� FXVWRPHU�
SHUFHSWLRQ� RI� TXDOLW\� DQG� VDWLVIDFWLRQ�� 7KHUHIRUH��
WKH� LPSDFW� RI� SDVW� H[SHULHQFH� RQ� WKH� SUHVHQW�
FXVWRPHU� SHUFHSWLRQ� FDQ� EH� GHWHUPLQHG� E\�
PHDVXULQJ� WKH� GHOD\� REVHUYHG� E\� WKH� FXVWRPHUV�
ZKLOH�ORDGLQJ�D�PRELOH�ZHE�SDJH��GDWD�WUDQVPLVVLRQ�
VSHHG� DQG� WKH� VHUYLFH� UHVSRQVH� WLPH� �DYDLODELOLW\����
,Q� DGGLWLRQ�� WKH� SUHGLFWLRQ� RI� WKH� FXVWRPHU�
VDWLVIDFWLRQ� FDQ� EH� PRGHOOHG� EDVHG� RQ� FXVWRPHU¶V�
WROHUDQFH�RI�WKH�GHOD\��UHVSRQVH�WLPH�RI�WKH�LQWHUQHW�
VHUYLFHV�DQG�WKH�UHVSRQVH�WLPH�RI�WKH�FXVWRPHU�FDUH�
WR� UHFWLI\� SRWHQWLDO� IDXOWV� RI� WKH� QHWZRUN�� 7KLV� LV�
EHFDXVH�WKH�.3,V�PHDVXUHPHQW�LQFRUSRUDWHV�FXUUHQW�
FXVWRPHU� H[SHULHQFH� DQG� SHUFHSWLRQ�� +HQFH��
YDULDWLRQV� LQ� FXVWRPHU H[SHFWDWLRQV� ZLWK� WKH�
FXVWRPHU�H[SHULHQFH�FDQ�EH�GHGXFHG��7KLV�ZRXOG�EH�
DGRSWHG� WR� PRGHO� WKH� FXVWRPHUV� VDWLVIDFWLRQ�
SUHGLFWLRQ� EDVHG� RQ� WKH� REMHFWLYH�PHDVXUHPHQW� RI�
WKH� .3,V�� $V� D� UHVXOW�� NH\� VWDJHV� RI� WKH� PRELOH�
LQWHUQHW�4R6�FXVWRPHU�VDWLVIDFWLRQ�SUHGLFWLRQ�PRGHO�
LV�VKRZQ�LQ�)LJXUH���

9,,,� &21&/86,21
7KLV� VWXG\� SURSRVHV� D� IUDPHZRUN� IRU� PRELOH�
LQWHUQHW�FXVWRPHU�VDWLVIDFWLRQ�SUHGLFWLRQ�PRGHO��7R�
DFKLHYH� WKH� SURSRVH� IUDPHZRUN�� D�PDSSLQJ� RI� WKH�
4R6� DQG�4R(� UHODWLRQVKLS� LV� FRQVLGHUHG� XVLQJ� WKH�
.3,V� REWDLQHG� IURP� WKH� REMHFWLYH�PHDVXUHPHQW� RI�
WKH�PRELOH�QHWZRUN�WUDIILF�
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)LJXUH����.H\�6WDJHV�2I��3URSRVHG�0RELOH�,QWHUQHW�4RV�&XVWRPHU�
6DWLVIDFWLRQ�3UHGLFWLRQ�0RGHO

7KH� SURSRVHG� PRGHO� LV� HQYLVDJHG� WR� EH�
LPSOHPHQWHG� LQ� WKH� IXWXUH�ZLWK� WKH� DLG�RI�ELJ�GDWD�
IUDPHZRUN��7KH�SURSRVHG�IUDPHZRUN�LV�H[SHFWHG�WR�
VROYH� WKH� FKDOOHQJHV� HQFRXQWHUHG� LQ� 4R6�
SURYLVLRQLQJ� DQG� IOXQFWXDWLRQV� LQ� FXVWRPHU�
VDWLVIDFWLRQ�� 7KLV� LV� SRVVLEOH� E\� SUHGLFWLQJ� WKH�
FXVWRPHU� VDWLVIDFWLRQ� EDVHG� RQ� WKH� WKH� SUHYLRXV�
H[SHULHQFH�RI�WKH�FXVWRPHUV�ZKLFK�ZRXOG�DVVLVW�WKH�
012V� WR� XQGHUVWDQG� WKH� WUHQGV� RI� WKH� QHWZRUN�
WUDIILF� DQG� PDNH� LQWHOOLJHQW� GHFLVLRQV� WKDW� ZRXOG�
HQDEOH�WKHP�WR�LPSURYH�WKHLU�QHWZRUN�SHUIRUPDQFH���
7KH� VWXG\� LV� IRUVHHQ� WR� FRQWULEXWH� WR� WKH� JURZLQJ�
OLWHUDWXUH�LQ�WKH�DUHD�RI�XVLQJ�ELJ�GDWD�DQDO\WLFV�IRU�
LPSURYLQJ� WKH� PRELOH� LQWHUQHW� 4R6� WKDW� ZRXOG�
HQKDQFH�FXVWRPHU�VDWLVIDFWLRQ�

5()(5(1&(6
$JERPD��)���	�/LRWWD��$����������4XDOLW\�RI�H[SHULHQFH�PDQDJHPHQW�LQ�

PRELOH�FRQWHQW�GHOLYHU\�V\VWHPV��7HOHFRPPXQ�6\VW�����������GRL��
��������V������������������������

$URUD��'���	 0DOLN��3�� ��������$QDO\WLFV��.H\� WR�JR� IURP�JHQHUDWLQJ�
ELJ� GDWD� WR� GHULYLQJ� EXVLQHVV� YDOXH�� ,(((� )LUVW� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�%LJ�'DWD�&RPSXWLQJ�6HUYLFH�DQG�$SSOLFDWLRQV �SS��
����������,(((�&RPSXWHU�6RFLHW\�

$]HH]�� .�� ������� 2FWREHU� ���� 7HOHFRPV� GULYLQJ� HFRQRPLF� GHYW��
5HWULHYHG� IURP� QHZWHOHJUDSK��
KWWS���QHZWHOHJUDSKRQOLQH�FRP�WHOHFRPV�GULYLQJ�HFRQRPLF�GHYW�

%URRNV�� 3��� 	� +HVWQHV�� %�� �������� 8VHU� PHDVXUHV� RI� 4XDOLW\� RI�
([SHULHQFH�� :K\� EHLQJ� REMHFWLYH� DQG� TXDQWLWDWLYH� ,V� LPSRUWDQW��
,(((�1HWZRUN�������

&KDQGDUDQD�� 3��� 	� 9LMD\DODNVKPL�� 0�� �������� %LJ� GDWD� DQDO\WLFV�
IUDPHZRUNV�� ,QWHUQDWLRQDO� FRQIHUHQFH� RQ� FLUFXLWV�� V\VWHPV�
FRPPXQLFDWLRQ� DQG� LQIRUPDWLRQ� WHFKQRORJ\� DSSOLFDWLRQV�
�&6$&,7$� �SS������������,(((�

'H�0RRU�� .��� .HW\NR�� ,��� -RVHSK��:��� 'HU\FNHUH�� 7��� 'H�0DUH]�� /���
0DUWHQV�� /��� 	� 9HUOH\H�� *�� �������� 3URSRVHG� IUDPHZRUN� IRU�
HYDOXDWLQJ� TXDOLW\� RI� H[SHULHQFH� LQ� D� PRELOH� WHVWEHG� RULHQWHG�
OLYLQJ� ODE� VHWWLQJ�� 0RELOH� 1HWZ� $SSO� GRL�� ��������V����������
����������������

'LD]�$YLOHV��(���3LQHOOL��)���/\QFK��.���1DEL��=���*NRXIDV��<���%RXLOOHW��
(��� �� �� �� 6DO]ZHGHO�� -�� �������� 7RZDUGV� UHDO�WLPH� FXVWRPHU�
H[SHULHQFH� SUHGLFWLRQ� IRU� WHOHFRPPXQLFDWLRQ� RSHUDWRUV�� ,(((�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�%LJ�'DWD��%LJ�'DWD� �SS��������������
,(((�

(JJHU�� 6��� +RVVIHOG�� 7��� 6FKDW]�� 5��� 	� )LHGOHU�� 0�� �������� :DLWLQJ�
WLPHV� LQ� TXDOLW\� RI� H[SHULHQFH� IRU� ZHE� EDVHG� VHUYLFHV�� 4R0(;�
���� �SS����������,(((�

)DULG�� )��� 6KDKUHVWDQL�� 6��� 	� 5XDQ�� &�� �������� 4XDOLW\� RI� 6HUYLFH�
FRQFHUQV� LQ� ZLUHOHVV� DQG� FHOOXODU� QHWZRUNV� �� &RPPXQLFDWLRQV� RI�
WKH�,%,0$�GRL�����������������������������

)LHGOHU��0���+RVVIHOG��7���	�7UDQ�*LD��3����������$�JHQHULF�TXDQWLWDWLYH�
UHODWLRQVKLS�EHWZHHQ�4XDOLW\�RI�([SHULHQFH�DQG�4XDOLW\�RI�6HUYLFH��
,(((�1HWZRUN��������������

*LOVNL�� 3��� 	� 6WHIDĔVNL�� -�� �������� 4XDOLW\� ([SHFWDWLRQV� RI� 0RELOH�
6XEVFULEHUV�� -RXUQDO� RI� WHOHFRPPXQLFDWLRQV� DQG� LQIRUPDWLRQ�
WHFKQRORJ\����������

+DUG\�� :�� &�� �������� 4R6�� 0HDVXUHPHQW� DQG� (YDOXDWLRQ� RI�
7HOHFRPPXQLFDWLRQV� 4XDOLW\� RI� 6HUYLFH� :RUOG&RP�� 86$�� -RKQ�
:LOH\�	�6RQV��/WG��

,EDUUROD�� (��� /LEHUDO�� )��� 	 )HUUR�� $�� �������� 4XDOLW\� RI� VHUYLFH�
PDQDJHPHQW�IRU�,63V��$�PRGHO�DQG�LPSOHPHQWDWLRQ�PHWKRGRORJ\�
EDVHG� RQ� WKH� ,78�7� UHFRPPHQGDWLRQ� (����� IUDPHZRUN�� ,(((�
&RPPXQLFDWLRQV�PDJD]LQH����������

,EDUUROD��(���6DL]��(���=DEDOD��/���	�&ULVWRER��/����������$�QHZ�JOREDO�
TXODLW\� RI� VHUYLFH� PRGHO�� 4R;SKHUH�� ,(((� &RPPXQLFDWLRQV�
PDJD]LQH����������

,EDUUROD�� (��� ;LDR�� -��� /LEHUDO�� )��� 	� )HUUR�� $�� �������� ,QWHUQHW� 4R6�
5HJXODWLRQ� LQ� IXWXUH� QHWZRUNV�� $� XVHU�FHQWULF� DSSURDFK�� ,78�
.DOHLGRVFRSH� &RQIHUHQFH �SS�� ���������� ,(((� &RPPQXQLFDWLRQ�
PDJD]LQH�

LQWHUQHWZRUOGVWDWV�� ������� 2FWREHU� ����� ,QWHUQHW� 8VDJH� 6WDWLVWLFV�� WKH�
LQWHUQHW�ELJ�SLFWXUH�ZRUOG�LQWHUQHW�XVHUV�DQG������SRSXODWLRQ�VWDWV��
5HWULHYHG� IURP� LQWHUQHWZRUOGVWDWV�0LQLZDWWV� 0DUNHWLQJ� *URXS��
KWWS���ZZZ�LQWHUQHWZRUOGVWDWV�FRP�VWDWV�KWP

,VDERQD��-���	�(NSHQ\RQJ��0����������(QG�8VHU�VDWLVIDFWLRQ�DVVHVVPHQW�
DSSURDFK� IRU� HIILFLHQW� QHWZRUNV� SHUIRUPDQFH� PRQLWRULQJ� LQ�
ZLUHOHVV� FRPPXQLFDWLRQ� V\VWHPV� ��$IULFDQ� -RXUQDO� RI�&RPSXWLQJ�
	�,&7������������

,78�� �������� 0HDVXULQJ� WKH� LQIRUPDWLRQ� VRFLHW\� UHSRUW� *HQHYD��
,QWHUQDWLRQDO�WHOHFRPPXQLFDWLRQ�XQLRQ�

,78�7� 5HFRPPHQGDWLRQ� (������ ,�� �������� 7HUPV� DQG� GHILQLWLRQV�
UHODWHG� WR� TXDOLW\� RI� VHUYLFH� DQG� QHWZRUN� SHUIRUPDQFH� LQFOXGLQJ�
GHSHQGDELOLW\� ,78�

,78�7� 5HFRPPHQGDWLRQ� (������ ,�� �������� )UDPHZRUN� DQG�
PHWKRGRORJLHV� IRU� WKH� GHWHUPLQDWLRQ� DQG� DSSOLFDWLRQ� RI� 4R6�
SDUDPHWHUV� ,78�

,78�7� 5HFRPPHQGDWLRQ� *������� ,�� �������� (VWLPDWLQJ� HQG�WR�HQG�
SHUIRUPDQFH�LQ�,3�QHWZRUNV�IRU�GDWD�DSSOLFDWLRQV�� ,78�

,78�7�5HFRPPHQGDWLRQ�*������,����������&RPPXQLFDWLRQV�TXDOLW\�RI�
VHUYLFH��$�IUDPHZRUN�DQG�GHILQLWLRQV� ,78�

.LONNL��.����������4XDOLW\�RI�H[SHULHQFH�LQ�FRPPXQLFDWLRQ�HFRV\VWHP��
-RXUQDO�RI�XQLYHUVDO�FXVWRPHU�VFLHQFH����������������

.LP�� -��6��� .LP�� (��6��� 	� .LP�� -��+�� �������� 7RZDUGV� FRQFHSWXDO�
SUHGLFWLYH�PRGHOLQJ�IRU�ELJ�GDWD�IUDPHZRUN���,QWHUQDWLRQDO�-RXUQDO�
RI�6RIWZDUH�(QJLQHHULQJ�DQG�,WV�$SSOLFDWLRQV����������������

.RLYLVWR�� 0��� 	� 8UEDF]HZVNL�� $�� �������� 7KH� UHODWLRQVKLS� EHWZHHQ�
TXDOLW\� RI� VHUYLFH� SHUFHLYHG� DQG� GHOLYHUHG� LQ� PRELOH� ,QWHUQHW�
FRPPXQLFDWLRQV�� ,QIRUPDWLRQ� 6\VWHPV� DQG� H�EXVLQHVV�
PDQDJHPHQW��6SULQJHU�GRL���������V��������������������������

+LVWRULFDO�GDWD�RI�WKH�
QHWZRUN�WUDIILF�����

�7UDIILF�GDWD��8VDJH�GDWD�
DQG�WUDIILF�GDWD�

4R6�'DWD�VHWV�
4R(�'DWD�VHWV�

([WUDFWHG�.3,V��VXFK�DV��PHDQ�YDOXH�RI�
WUDQVPLVVLRQ�UDWH��PHDQ�YDOXH�RI�

WKURXJKSXW��PD[LPXP�WUDQVPLVVLRQ�UDWH

0DFKLQH�OHDUQLQJ�DQG����6WDWLVWLFDO�OHDUQLQJ

'DWD�$QDO\VLV

([WUDFWLRQ�3URFHVV�
�'DWD�PLQLQJ�

7UDLQLQJ�
VHWV

3UHGLFWLRQ�
2XWFRPH

&XVWRPHU�6DWLVIDFWLRQ�
3UHGLFWLRQ�0RGHO

3UHGLFWRU
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/LP��(��3���&KHQ��+���	�DQG�&KHQ��*����������%XVLQHVV�,QWHOOLJHQFH�DQG�
$QDO\WLFV�� 5HVHDUFK� GLUHFWLRQV�� $&0� 7UDQVDFWLRQV� RQ�
0DQDJHPHQW�,QIRUPDWLRQ�6\VWHPV�������������

0XVKWDT��0��6���$XJXVWLQ��%���	�0HOORXN��$����������(PSLULFDO�VWXG\�
EDVHG� RQ� PDFKLQH� OHDUQLQJ� DSSURDFK� WR� DVVHVV� WKH� 4R6�4R(�
FRUUHODWLRQ�� ��WK� (XURSHDQ� &RQIHUHQFH� RQ� QHWZRUNV� DQG� RSWLFDO�
FRPPXQLFDWLRQV��12&� �SS��������9LODQRYD�L�OD�*HOWUX��,(((�GRL��
��������12&���������������

3�� &KHQ�� &��� 	� =KDQJ�� &��<�� �������� 'DWD� LQWHQVLYH� DSSOLFDWLRQV��
FKDOOHQJHV�� WHFKQLTXHV� DQG� WHFKQRORJLHV�� $� VXUYH\� RQ� ELJ� GDWD��
,QIRUPDWLRQ� VFLHQFH�� KWWS���G[�GRL�RUJ���������M�LQV��������������
�����

5HLFKO��3���7XI¿Q��%���	�6FKDW]��5����������/RJDULWKPLF�ODZV�LQ�VHUYLFH�
TXDOLW\� SHUFHSWLRQ�� ZKHUH� PLFURHFRQRPLFV� PHHWV� SV\FKRSK\VLFV�
DQG� TXDOLW\� RI� H[SHULHQFH�� 7HOHFRPPXQ� 6\VWHP� ������ GRL��
��������V��������������������������

5XJHOM��0���9RON��0���6HGODU��8���6WHUOH��-���	�.RV��$����������$�QRYHO�
XVHU�VDWLVIDFWLRQ�SUHGLFWLRQ�PRGHO�IRU�IXWXUH�QHWZRUN�SURYLVLRQLQJ��
7HOHFRPPXQLFDWLRQ� V\VWHP�� ��� GRL�� ��������V�����������������
6SULQJHU����������

6KDLNK��-���)LHGOHU��0���	�&ROODQJH��'����������4XDOLW\�RI�([SHULHQFH�
IURP� XVHU� DQG� QHWZRUN� SHUVSHFWLYHV�� $QQ�� 7HOHFRPPXQ� '2,��
��������V���������������[��6SULQJHU��������

6KDUPD��'���9DLG\D��3���&KDXGKDU\��.���	�-RUD��.����������%LJ�GDWD�±
&RPSHWLWLYH� LQWHOOLJHQFH�� �QG� ,QWHUQDWLRQDO� FRQIHUHQFH� RQ�
FRPSXWLQJ� IRU� VXVWDLQDEOH� JOREDO� GHYHORSPHQW� �,1',$&RP�� �SS��
����������,QGLD��,(((�

6LQJK��$���0DKPRXG��$���.RHQVJHQ��$���/L��;���*|HUJ��&���.XV��0���������
*ULJXWVFK�� -�� �������� (QKDQFLQJ� 4XDOLW\� RI� ([SHULHQFH� �4R(��
$VVHVVPHQW� 0RGHOV� IRU� :HE� 7UDIILF�� ,QVWLWXWH� IRU� &RPSXWHU�
6FLHQFHV��6RFLDO�,QIRUPDWLFV�DQG�7HOHFRPPXQLFDWLRQV�(QJLQHHULQJ�
�SS������������021$0,�������/1,&67�����

6SLHVV�� -��� 7
-RHQV�� <��� 'UDJQHD�� 5��� 6SHQFHU�� 3��� 	� 3KLOLSSDUW�� /��
�������� 8VLQJ� ELJ� GDWD� WR� LPSURYH� FXVWRPHU� H[SHULHQFH� DQG�
EXVLQHVV� SHUIRUPDQFH�� %HOO� ODEV� WHFKQLFDO� MRXUQDO� ������ GRL��
��������EOWM�������������

6WDQNLHZLF]��5���&KROGD��3���	�-DMV]F]\N��$�� ��������4R;��:KDW� LV� LW�
UHDOO\���,(((�&RPPXQLFDWLRQ�0DJD]LQH����������

7LZDUL�� $��.���&KDXGKDU\��+���	�<DGDY�� 6�� ��������$� UHYLHZ� RQ� ELJ�
GDWD� DQG� ,WV� VHFXULW\� �� ,(((� 6SRQVRUHG� �QG� ,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� ,QQRYDWLRQV� LQ� ,QIRUPDWLRQ� (PEHGGHG� DQG�
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