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6FKRRO�RI�&RPSXWHU�(QJLQHHULQJ6XUDQDUHH�8QLYHUVLW\�RI�7HFKQRORJ\1DNRUQ�5DWFKDVLPD��������7+$,/$1'NHUGSUDV#FFV�VXW�DF�WK��QLWWD\D#FFV�VXW�DF�WK
$EVWUDFW
.QRZOHGJH�GLVFRYHU\�LV�WKH�SURFHVV�RI�H[WUDFWLQJ�XVHIXODQG� SUHYLRXVO\� XQNQRZQ� LQIRUPDWLRQ� IURP� WKH� YHU\ODUJH� GDWD� VHW�� %XW� H[WUDFWLQJ� NQRZOHGJH� IURP� D� ODUJHGDWD� VHW� LV� FRPSXWDWLRQDOO\� LQHIILFLHQW��8VLQJ� D� VDPSOHIURP� WKH� RULJLQDO� GDWD� FDQ� VSHHG� XS� WKH� GDWD� PLQLQJSURFHVV��EXW�WKLV�LV�RQO\�DFFHSWDEOH�LI�LW�GRHV�QRW�UHGXFHWKH� TXDOLW\� RI� WKH� LQGXFHG� LQIRUPDWLRQ�� :H� WKXVLQYHVWLJDWH� WKH� EHKDYLRU� RI� OHDUQLQJ� DOJRULWKPV� RQGLIIHUHQW� VDPSOLQJ� VL]HV� WR� GHFLGH� ZKLFK� VDPSOH� LVVXIILFLHQWO\�VLPLODU�WR�WKH�RULJLQDO�GDWD��:H�REVHUYH�WKHDFFXUDF\� RI� WKH� LQGXFHG� UXOHV� H[WUDFWHG� IURP� WUDLQLQJVDPSOHV� RI� GHFUHDVLQJ� VL]HV� DQG� XVH� WKHVH� UHVXOWV� WRGHWHUPLQH� ZKHQ� D� VDPSOH� LV� VXIILFLHQWO\� VPDOO�� \HWPDLQWDLQ� WKH� DFFHSWDEOH� DFFXUDF\� UDWH�� :H� HYDOXDWHUDQGRP� DQG� VWUDWLILHG� VDPSOLQJ� PHWKRGV� RQ� GDWD� IURPWKH�8&,�UHSRVLWRU\�ZLWK�WKUHH�OHDUQLQJ�DOJRULWKPV�
.H\�:RUGV��GDWD�PLQLQJ�� GDWD� UHGXFWLRQ�� VDPSOLQJ�DFFXUDF\
���,QWURGXFWLRQ
'DWD� PLQLQJ� �DOVR� NQRZQ� DV� NQRZOHGJH� GLVFRYHU\� LQGDWDEDVHV��RU�.''�� LV� WKH�SURFHVV�RI� DSSO\LQJ� VSHFLILFOHDUQLQJ� DOJRULWKP� WR� H[WUDFW� LQWHUHVWLQJ� DQG� XVHIXONQRZOHGJH� IURP� GDWD� >�@�� 7\SLFDO� GDWD� PLQLQJDSSOLFDWLRQV�H[WUDFW� NQRZOHGJH� IURP�GDWDEDVHV� UDQJLQJIURP�VPDOO�WR�PRGHUDWH�LQ�VL]H��:KHQ�D�GDWD�VHW�LV�YHU\ODUJH�� PLQLQJ� SURFHVV� PD\� WDNH� D� YHU\� ORQJ� WLPH�0RUHRYHU��VRPH�PLQLQJ�DOJRULWKPV�PD\�QRW�EH�VFDODEOHRQ�KXJH�DPRXQWV�RI�GDWD��7R�KDQGOH�ODUJH�GDWD�VHWV��GDWDUHGXFWLRQ� LV� RQH� LPSRUWDQW� VWHS� SULRU� WR� DSSO\LQJ� WKHPLQLQJ�DOJRULWKPV�

'DWD� UHGXFWLRQ� FDQ� EH� DFKLHYHG� E\� UHGXFLQJ� WKHQXPEHU� RI� LQVWDQFHV� DQG�RU� UHGXFLQJ� GLPHQVLRQV� RIWKRVH�LQVWDQFHV��2XU�VWXG\�IRFXVHV�RQ�LQVWDQFH�UHGXFWLRQYLD�WKH�WHFKQLTXH�RI�VDPSOLQJ��0LQLQJ�RQ�UHGXFHG�GDWDVHW� LV�REYLRXVO\�PRUH�HIILFLHQW� LQ� WHUPV�RI�PLQLQJ� WLPHWKDQ�RQ�WKH�RULJLQDO�GDWD�VHW��+RZHYHU�� LI� WKH�VDPSOH�LVWRR� VPDOO�� VRPH� XVHIXO� NQRZOHGJH� PD\� EH� RYHUORRNHG

RU� OHDUQLQJ� DFFXUDF\� PD\� EH� UHGXFHG�� 2XU� SDSHUDGGUHVVHV� WKH� TXHVWLRQ� RI� VXIILFLHQW� VDPSOH� VL]HV� WKDWSHUIRUP�FORVHO\� WR� WKH� RULJLQDO� GDWD� VHW�� DV�ZHOO� DV� WKHLPSURYHG�PLQLQJ�WLPH�
:H� FRPSDUH� WKH� SHUIRUPDQFH� RI� WKUHH� GLIIHUHQWOHDUQLQJ� DOJRULWKPV� LQ� WHUPV� RI� DFFXUDF\� �RU� VXFFHVVUDWH��DQG�OHDUQLQJ�WLPH�IRU�YDULRXV�VDPSOLQJ�VL]HV��7KHQFRQFOXGH� ZLWK� WKH� SUHIHUULQJ� VDPSOHV�� 7KH� UHVW� RI� WKHSDSHU� LV� RUJDQL]HG� DV� IROORZV�� 7KH� QH[W� VHFWLRQGHVFULEHV� YDULRXV� VDPSOLQJ� PHWKRGV�� 6HFWLRQ� �GLVFXVVHV� WKH� DOJRULWKPV� FKRVHQ� WR� UXQ� WKH� GDWD� VHWV�6HFWLRQV���DQG���H[SODLQ�WKH�H[SHULPHQWDO�VHWXS�DQG�WKHUHVXOWV��UHVSHFWLYHO\��6HFWLRQ���FRQFOXGHV�WKH�SDSHU�

���6DPSOLQJ�0HWKRGV
6DPSOLQJ�LV�XVHG�DV�D�GDWD�UHGXFWLRQ�WHFKQLTXH�EHFDXVHLW� DOORZV� D� ODUJH� GDWD� VHW� WR� EH� UHSUHVHQWHG� E\� D�PXFKVPDOOHU� VXEVHW� RI� WKH� GDWD��%DVLF�PHWKRGV� RI� VDPSOLQJFRPPRQO\� XVHG� DUH� UDQGRP� VDPSOLQJ�� V\VWHPDWLFVDPSOLQJ��DQG�VWUDWLILHG�VDPSOLQJ�>�@�

6XSSRVH� WKDW� D� ODUJH� GDWD� VHW� FRQWDLQV�1 LQVWDQFHV�5DQGRP� VDPSOLQJ� VHOHFWV� Q LQVWDQFHV� �Q �� 1�� DW� DUDQGRP�FKRLFH��7KH�SUREDELOLW\�RI�GUDZLQJ�DQ\�LQVWDQFHLQ� WKH� GDWD� VHW� LV� ��1�� WKDW� LV�� DOO� LQVWDQFHV� DUH� HTXDOO\OLNHO\�� 7KLV� LV� WKH� FDVH� RI� UDQGRP� VDPSOLQJ� ZLWKRXWUHSODFHPHQW��,I� WKH�VDPSOLQJ� LV�GRQH�ZLWK� UHSODFHPHQW�DQ�LQVWDQFH�KDV�D�FKDQFH�WR�EH�GUDZQ�PRUH�WKDQ�RQFH�
7KH� V\VWHPDWLF� VDPSOLQJ�PHWKRG� GUDZV� Q LQVWDQFHVIURP�WKH�GDWD�VHW�E\�WKHLU�IL[HG�VWHSSLQJ�SRVLWLRQV��7KLVVDPSOLQJ�PHWKRG� GUDZV� WKH� ILUVW� LQVWDQFH� DW� D� UDQGRPSRVLWLRQ��7KHQ�LWHUDWLYHO\�GUDZV�VXEVHTXHQW�LQVWDQFHV�DWWKH�QH[W�N SRVLWLRQ��ZKHQ�N LV�D�VWHSSLQJ�VL]H�
6WUDWLILHG�VDPSOLQJ�PHWKRG�ILUVW�GLYLGHV�WKH�GDWD�VHWLQWR�PXWXDOO\�GLVMRLQW�VXEVHWV�FDOOHG�VWUDWD��7KHQ�GUDZVVDPSOHV� IURP� HDFK� VWUDWXP� LQGHSHQGHQWO\� E\� DSSO\LQJWKH� VLPSOH� UDQGRP� VDPSOLQJ� WHFKQLTXH�� 7KH� WKUHHVDPSOLQJ�PHWKRGV�DUH�LOOXVWUDWHG�LQ�)LJXUH�����



7�5DQGRP�VDPSOLQJ�ZLWKRXW�UHSODFHPHQW� 7�7��7�
2ULJLQDO�GDWD�VHW 7�5DQGRP�VDPSOLQJ 7�7� «������ SRRU �ZLWK�UHSODFHPHQW� 7��7� «������ JRRG 7�7� «��PRGHUDWH7� «��PRGHUDWH 7��7� «������ SRRU 6\VWHPDWLF�VDPSOLQJ�VWHS� ��� 7�7� «������ JRRG 7�7� «������ JRRG 7� «������ SRRU 7�7� «������ SRRU 7� «������ SRRU7� «��PRGHUDWH 7� «������ SRRU7�� «������ JRRG 7� «��PRGHUDWH7�� «��PRGHUDWH 7� «��PRGHUDWH7�� «��PRGHUDWH 7� «��PRGHUDWH 7� «������ SRRU7�� «��PRGHUDWH 7�� «��PRGHUDWH7�� «��PRGHUDWH 7� «��PRGHUDWH6WUDWLILHG 7� «������ JRRG 7� «������ JRRGVDPSOLQJ 7� «������ JRRG7� «������ JRRG7�� «������ JRRG

)LJXUH����'LIIHUHQW�6DPSOLQJ�0HWKRGV�WR�'UDZ���6DPSOHV�

���/HDUQLQJ�$OJRULWKPV
7KH� WKUHH� OHDUQLQJ� DOJRULWKPV� VHOHFWHG� WR� SHUIRUP� WKHVXSHUYLVHG� OHDUQLQJ� WDVN� DUH� 2QH5�� QDwYH� %D\HV�� DQG-����2QH5�LV�D�VLPSOH�DOJRULWKP�SURSRVHG�E\�+ROW� >�@�2QH5�LQGXFHV�FODVVLILFDWLRQ�UXOHV�EDVHG�RQ�WKH�YDOXH�RID� VLQJOH� DWWULEXWH�� :H� FKRRVH� 2QH5� WR� EH� D� EDVHDOJRULWKP� IRU� FRPSDULQJ� WKH� SUHGLFWLYH� DFFXUDF\� ZLWKRWKHU� VRSKLVWLFDWHG�DOJRULWKPV�� ,W� LV� VKRZQ� WKDW�ZH�FDQJHW� UHDVRQDEO\� DFFXUDWH� GHFLVLRQ� UXOHV� E\� VLPSO\ORRNLQJ� DW� RQH� DWWULEXWH�� DV� RSSRVHG� WR� D� PRUHVRSKLVWLFDWHG� WRS�GRZQ� GHFLVLRQ�WUHH� LQGXFWLRQDOJRULWKPV� VXFK� DV� &���� >�@�� 7KH� DYHUDJH� DFFXUDF\� RI2QH5�IRU� WKH�GDWD�VHWV� WHVWHG�E\�+ROWH� >�@� LV� MXVW�����ORZHU�WKDQ�WKDW�RI�&����

1DwYH�%D\HV�FODVVLILFDWLRQ�DOJRULWKP�>�@�LV�EDVHG�RQ%D\HV� WKHRUHP� RI� SRVWHULRU� SUREDELOLW\�� *LYHQ� WKHLQVWDQFH�� WKH� DOJRULWKP� FRPSXWHV� FRQGLWLRQDOSUREDELOLWLHV�RI� WKH�FODVVHV�DQG�SLFNV� WKH�FODVV�ZLWK� WKHKLJKHVW� SRVWHULRU�� 1DwYH�%D\HV� FODVVLILFDWLRQ� DVVXPHVWKDW� DWWULEXWHV� DUH� LQGHSHQGHQW�� 7KH� SUREDELOLWLHV� IRUQRPLQDO� DWWULEXWHV� DUH� HVWLPDWHG� E\� FRXQWV�� ZKLOHFRQWLQXRXV� DWWULEXWHV� DUH� HVWLPDWHG� E\� DVVXPLQJ� DQRUPDO� GLVWULEXWLRQ� IRU� HDFK� DWWULEXWH� DQG� FODVV�8QNQRZQ� DWWULEXWHV� DUH� VLPSO\� VNLSSHG�� ([SHULPHQWDOVWXGLHV� >��� �@� VXJJHVW� WKDW� QDwYH� %D\HV� WHQGV� WR� OHDUQPRUH� UDSLGO\� WKDQ� PRVW� LQGXFWLRQ� DOJRULWKPV�� :H�WKHUHIRUH�� FKRRVH� WKLV� DOJRULWKP� WR� EH� D� EHQFKPDUN� RQFRPSDULQJ�WKH�UDWH�RI�OHDUQLQJ�

-���DOJRULWKP�>�@�LV�DQ�LPSOHPHQWDWLRQ�RI�WKH�&���GHFLVLRQ�WUHH�OHDUQHU�>�@��7KH�DOJRULWKP�XVHV�WKH�JUHHG\WHFKQLTXH�WR�LQGXFH�GHFLVLRQ�WUHHV�IRU�FODVVLILFDWLRQ��$GHFLVLRQ�WUHH�PRGHO�LV�EXLOW�E\�DQDO\]LQJ�WUDLQLQJ�GDWDDQG�WKH�PRGHO�LV�XVHG�WR�FODVVLI\�XQVHHQ�GDWD��$QLQIRUPDWLRQ�WKHRUHWLF�PHDVXUH�LV�XVHG�WR�VHOHFW�WKHDWWULEXWH�WHVWHG�IRU�HDFK�QRQOHDI�QRGH�RI�WKH�WUHH�'HFLVLRQ�WUHH�LQGXFWLRQ�LV�DQ�DOJRULWKP�WKDW�QRUPDOO\OHDUQ�D�KLJK�DFFXUDF\�VHW�RI�UXOHV��:H�WKXV�FKRRVH�WKHDOJRULWKP�WR�FRPSDUH�ZLWK�RWKHUV�RQ�WKH�EDVLV�RIDFFXUDF\�UDWH�
���([SHULPHQWDO�0HWKRGRORJ\
7KH�DLP�RI�RXU�H[SHULPHQWV�LV�WR�VWXG\�WKH�SHUIRUPDQFHRI� OHDUQLQJ� DOJRULWKPV� RQ� WKH� UHGXFHG� GDWD� VHWV� RIYDULRXV� VL]HV�� :H� FKRRVH� WKH� FKHVV� GDWD� VHW� IURP� WKH8&,�5HSRVLWRU\�>�@��7KH�GDWD�VHW� LV�VDPSOHG�XVLQJ� WZRGLIIHUHQW�VDPSOLQJ�PHWKRGV�� UDQGRP�VDPSOLQJ��ZLWKRXWUHSODFHPHQW�� DQG� VWUDWLILHG� VDPSOLQJ�� :H� VNLS� WKHV\VWHPDWLF� PHWKRG� EHFDXVH� LQ� RXU� SUHOLPLQDU\H[SHULPHQWV� LW� JLYHV� D� VHW� RI� GDWD� WKDW� SHUIRUPV� YHU\FORVH�WR�WKDW�RI�WKH�UDQGRP�PHWKRG�

)RU� HDFK� VDPSOLQJ� PHWKRG�� D� GDWD� VHW� LV� GUDZQ� IRUVL[�GLIIHUHQW�VDPSOH�VL]HV������������������������DQG����� RI� WKH� RULJLQDO� GDWD� VHW�� 7KHQ� UXQ� WKH� WKUHHOHDUQLQJ� DOJRULWKPV� RQ� HDFK� VDPSOH� WKUHH� WLPHV� DQGDYHUDJH�WKH�UHVXOW��7KH�OHDUQLQJ�DOJRULWKP�LV�DOVR�UXQ�RQWKH�RULJLQDO�GDWD�VHW��VDPSOLQJ�VL]H� �������WR�REVHUYH



WKH� DFFXUDF\� DQG� WKH� OHDUQLQJ� WLPH�� 7KHVH� WZR� FULWHULDZLOO� EH� XVHG� DV� D� EHQFKPDUN� WR� FRPSDUH� DJDLQVW� WKRVHREWDLQHG�IURP�WKH�YDULRXV�VDPSOHV�
7KH� H[SHULPHQWV� DUH� SHUIRUPHG� RQ� WKH� :(.$�:DLNDWR�(QYLURQPHQW�IRU�.QRZOHGJH�$QDO\VLV��V\VWHP>�@�� :(.$� V\VWHP� LV� DQ� RSHQ�VRXUFH� -DYD�EDVHGPDFKLQH� OHDUQLQJ� HQYLURQPHQW� WKDW� SURYLGHV� WRROV� DQGDOJRULWKPV�WR�EH�XVHG�DV�D�GDWD�PLQLQJ�ZRUNEHQFK�
,Q�RXU�H[SHULPHQWV��ZH�SDUWLWLRQ�WKH�RULJLQDO�GDWD�VHWLQWR�WZR�PXWXDOO\�GLVMRLQW�VHWV��D� WUDLQLQJ�VHW�DQG�D�WHVWVHW�� 7KH� WUDLQLQJ� VHW� LV� XVHG� WR� WUDLQ� WKH� OHDUQLQJDOJRULWKP��DQG� WKH� LQGXFHG�GHFLVLRQ�UXOHV�DUH� WHVWHG�RQWKH� WHVW� VHW�� 7KH� WHVW� VHW� FRQWDLQV� ���� LQVWDQFHV�6DPSOLQJ� IRU� GLIIHUHQW� VL]HV� LV� GRQH� RQ� WKH� UHPDLQLQJ�������LQVWDQFHV�

���5HVXOWV
7DEOH� ���� VKRZV� WKH� UHVXOWV� RI� UXQQLQJ� WKUHH� GLIIHUHQWDOJRULWKPV� RQ� WKH� VHYHQ� VDPSOLQJ� VL]HV� ������� ����������������������DQG��������(DFK� VDPSOH� LV�GUDZQXVLQJ� WKH� QRUPDO� UDQGRP� DQG� WKH� VWUDWLILHG� UDQGRPVDPSOLQJ�PHWKRGV��)RU�HDFK�UXQ�WKH�QXPEHU�RI�FRUUHFWO\FODVVLILHG�UXOHV�LV�REVHUYHG�DQG�UHSRUWHG�DV�WKH�DFFXUDF\RI� WKH� OHDUQHG�PRGHO� �VKRZQ� LQ� FROXPQV� ��� ��� DQG� ���7KH� OHDUQLQJ� WLPH� �RU� WLPH� WR� EXLOG� PRGHO�� LV� DOVRLQYHVWLJDWHG�DQG�GLVSOD\HG�LQ�FROXPQV�������DQG���

7R� FODULI\� WKH� FRPSDULVRQ� RI� DFFXUDF\� DQG� OHDUQLQJWLPH��WKH�EDU�JUDSKV�DUH�VKRZQ�LQ�)LJXUH������7KH�XSSHUJUDSK� VKRZV� WKH� KLJK� DFFXUDF\� RI� WKH� GHFLVLRQ�WUHHLQGXFWLRQ� DOJRULWKP� �-����� 'HVSLWH� WKH� LPSUHVVLYHDFFXUDF\� UDWH�� WKH� DFFXUDF\� FXUYH� LV� XQVWDEOH� RQ� WKHUHGXFLQJ�GDWD�VHWV��ZKHUHDV� WKH�2QH5�DQG�QDwYH�%D\HVVKRZ�WKH�VWDEOH�DFFXUDF\�RQ�WKH�GDWD�VHWV�UHGXFHG�GRZQWR����RI�WKH�RULJLQDO�GDWD�VHW��,W�WXUQV�RXW�DV�ZH�H[SHFWWKDW�WKH�DFFXUDF\�UDWH�RI�2QH5�LV�WKH�ORZHVW�DPRQJ�WKHWKUHH� DOJRULWKPV�� 0RUHRYHU�� DW� WKH� VDPSOLQJ� VL]HV� ��DQG� ��� WKH� DFFXUDF\� RI� QDwYH� %D\HV� DQG� -��� DUHLQVLJQLILFDQWO\�GLIIHUHQFH�
7KH� ORZHU� JUDSK� LQ� )LJXUH� ���� VKRZV� WKH� LPSURYHGOHDUQLQJ� WLPH� RI� WKH� DOJRULWKPV� RQ� WKH� UHGXFLQJ� GDWDVHWV��6LQFH�WKH�-���DOJRULWKP�FRQVXPHV�IDU�PRUH�OHDQLQJWLPH�WKDQ�WKH�RWKHU�WZR�DOJRULWKPV��ZH�KDYH�WR�SORW�WKHLUORJDULWKPLF�WLPH�YDOXHV��7KH�OHDUQLQJ�WLPH�RI�-���GURSVGUDVWLFDOO\� ZKHQ� ZH� UHGXFH� WKH� GDWD� VHW� WR� WKH� ���VDPSOH� VL]H�� ,W� HPSOR\V� WKH� OHDUQLQJ� WLPH� ���� ORZHUWKDQ�WKH�WLPH�XVHG�E\�WKH�RULJLQDO�GDWD�VHW�WR�WUDGH�ZLWKWKH�����LQFUHDVH�LQ�WKH�HUURU�UDWH��7KH�2QH5�DQG�QDwYH%D\HV� DOJRULWKPV� UXQ� LQ� WLPH� DOPRVW� OLQHDU� ZLWK� WKHQXPEHU�RI�LQVWDQFHV��WKDW� LV�� WKH�GLIIHUHQFHV�LQ�OHDUQLQJWLPH�RQ�UHGXFHG�GDWD�VHWV�DW�GLIIHUHQW�VL]HV�DUH�QRW�YHU\VLJQLILFDQFH�

7DEOH�����([SHULPHQWDO�5HVXOW�RI�$FFXUDF\�(VWLPDWLRQ�IRU�HDFK�5HGXFHG�'DWD�6HW�DQG�WKH�/HDUQLQJ�7LPH�
/HDUQLQJ $OJRULWKPV6DPSOLQJ6L]HV 1XPEHU�RI,QVWDQFHV 6DPSOLQJ0HWKRGV 2QH5 1DwYH�%D\HV -��

$FFXUDF\ 7LPH�VHFRQGV� $FFXUDF\ 7LPH�VHFRQGV� $FFXUDF\ 7LPH�VHFRQGV����� ������ 1R 6DPSOLQJ ������ ���� ������ ��� ������ �����
��� ����� 5DQGRP ������ ������ ������ ���� ������ �����6WUDWLI\ ������ ������ ������ ����� ������ �������� ����� 5DQGRP ������ ������ ������ ����� ������ �����6WUDWLI\ ������ ���� ������ ��� ������ �������� ����� 5DQGRP ������ ������ ������ ���� ������ �����6WUDWLI\ ������ ������ ������ ���� ������ ������ ����� 5DQGRP ������ ������ ������ ����� ������ �����6WUDWLI\ ������ ������ ������ ���� ������ ������� ��� 5DQGRP ������� ���� ������ ����� ������ ����6WUDWLI\ ������� � ������ � ������ ��������� �� 5DQGRP ������� � ������ � ������ �6WUDWLI\ ������� � ������ � ������ �



)LJXUH�����7KH�&RPSDULVRQV�RI�$FFXUDF\�DQG�/HDUQLQJ�7LPH�RI�$OJRULWKPV�RQ�HDFK�6DPSOH�6L]H�5B$FF�LV�WKH�DFFXUDF\��RU�VXFFHVV�UDWH��RQ�WKH�UDQGRP�VDPSOLQJ��ZLWKRXW�UHSODFHPHQW��GDWD�VHW�6B$FF�LV�WKH�DFFXUDF\��RU�VXFFHVV�UDWH��RQ�WKH�VWUDWLILHG�VDPSOLQJ�GDWD�VHW��5B7LPH�LV�WKH�OHDUQLQJWLPH�RQ� D� GDWD� VHW� REWDLQHG� IURP� UDQGRP� VDPSOLQJ��6B7LPH� LV� WKH� OHDUQLQJ� WLPH�RQ� D� VWUDWLILHGUDQGRP�GDWD�VHW��/HDUQLQJ�WLPH�RI�DOO�WKH�������VDPSOLQJ�GDWD�LV���VHFRQG�
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)LJXUH������7KH�7UDGHRII�LQ�'HFUHDVLQJ�/HDUQLQJ�7LPH�DQG�,QFUHDVLQJ�(UURU�5DWH�7KH� YDULHG� VDPSOLQJ� VL]HV� DUH� SORWWHG� RQ� WKH� KRUL]RQWDO� D[LV�� 9HUWLFDO� D[LV� VKRZV� WKHSHUFHQWDJH�RI�HUURU�UDWH��RI�WKH�PRGHO�RQ�SUHGLFWLQJ�WKH�XQVHHQ�GDWD��YHUVXV�SHUFHQWDJH�RIWLPH�XVDJH�RQ�EXLOGLQJ�PRGHO�

6DPSOLQJ (UURU�5DWH ��7LPH�8VDJH���� ����� ������ ����� �������� ����� �������� ����� ������ ����� ������ ����� ������ ����� �
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