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$%675$&7�
7KLV� SDSHU� UHYLHZV� GLIIHUHQW� LQYHUVH� PRGHOOLQJ�
WHFKQLTXHV� XVHG� WR� IRUHFDVW� HOHFWULF� GHPDQG� IRU�
FKLOOHUV� LQ� ODUJH� LQVWLWXWLRQDO� EXLOGLQJV�� 7KUHH� VXFK�
PRGHOV� DUH� WHVWHG� ZLWK� PHDVXUHPHQWV� RI� HOHFWULF�
GHPDQG�RI�D�FKLOOHU�LQVWDOOHG�RQ�D�XQLYHUVLW\�FDPSXV���

,1752'8&7,21�
7KH�IRUHFDVWLQJ�RI�RSHUDWLRQ�DQG�WKH�HOHFWULF�GHPDQG�
FRXOG�VLJQLILFDQWO\�FRQWULEXWH� WR� WKH� LPSURYHPHQW�RI�
RSHUDWLRQ� RI� +9$&� V\VWHPV�� 7KH� IRUHFDVWLQJ� FRXOG�
EH� GRQH� XVLQJ� FDOLEUDWHG� IRUZDUG� PRGHOV�� KRZHYHU�
WKHLU� GHYHORSPHQW� LV� WLPH� FRQVXPLQJ�� LQ� DGGLWLRQ��
WKH\�QHHG�GHWDLOHG�GDWD�DERXW�WKH�EXLOGLQJ�DQG�+9$&�
V\VWHP�� ,QYHUVH� PRGHOV� SUHVHQW� DQ� DOWHUQDWLYH�
DSSURDFK� IRU� IRUHFDVWLQJ�� 0RVW� VWXGLHV� IRFXVHG� RQ�
HQHUJ\� FRQVXPSWLRQ� IRUHFDVWLQJ� LQVWHDG� RI� HOHFWULF�
GHPDQG�� ,W� VKRXOG� EH� QRWLFHG� WKDW� YHU\� IHZ� VWXGLHV�
KDYH� EHHQ� SHUIRUPHG� RQ� WKH� VKRUW�WHUP� HOHFWULF�
GHPDQG�IRUHFDVWLQJ�RI�RQH�EXLOGLQJ��
7KLV� SDSHU� IRFXVHV� RQO\� RQ� WKH� VKRUW�WHUP��
IRUHFDVWLQJ� RI� HOHFWULF� GHPDQG� RI� FKLOOHUV�� ZLWK� D�
SUHGLFWLRQ�KRUL]RQ� JRLQJ� IURP� D� IHZ�KRXUV� WR� D� IHZ�
GD\V�� 6HFWLRQ� �� SUHVHQWV� WKH� PDLQ� W\SHV� RI� LQYHUVH�
PRGHOV� XVHG� IRU� HQHUJ\� FRQVXPSWLRQ� IRUHFDVWLQJ�
SUHVHQWHG� LQ� WKH� OLWHUDWXUH�� 6HFWLRQ� �� SUHVHQWV� D�
QXPHULFDO� FRPSDULVRQ� EDVHG� RQ� SUHYLRXV� FDVH�
VWXGLHV�� ,Q� VHFWLRQ� ��� WKH� UHVXOWV� IURP� WKUHH� LQYHUVH�
PRGHOV� DUH� FRPSDUHG� ZLWK� PHDVXUHPHQWV� IURP� D�
FRROLQJ�SODQW���

$�5(9,(:�2)�,19(56(�02'(/6�
Statistical models 
5HJUHVVLRQ�PRGHOV�
5HJUHVVLRQ�PRGHOV�FRPPRQO\�XVHG�IRU�EXLOGLQJ�ORDG�
IRUHFDVWLQJ� H[SUHVV� D� UHODWLRQVKLS� EHWZHHQ� WKH�
GHSHQGHQW� YDULDEOH� �H�J�� HOHFWULF� GHPDQG�� WKHUPDO�
ORDG��DQG�VRPH�UHJUHVVRUV��)HLQEHUJ�DQG�*HQHWKOLRX��
������� ZKLFK� DUH� UHSUHVHQWDWLYH� RI� WKH� FOLPDWH�
FRQGLWLRQV��WKH�VHDVRQ�RI�WKH�\HDU��RU�WKH�EXLOGLQJ�DQG�
V\VWHP� FKDUDFWHULVWLFV�� $V� VWDWHG� LQ� �.\ULDNLGHV� DQG�
3RO\FDUSRX���������WKH�RXWGRRU�GU\�EXOE�WHPSHUDWXUH�
DSSHDUV� WR� EH� WKH� SUHIHUUHG� ZHDWKHU� SDUDPHWHU�� 7KH�
35,QFHWRQ�6FRUHNHHSLQJ�0HWKRG��35,60��HVWLPDWHV�
WKH�DQQXDO�HQHUJ\�FRQVXPSWLRQ�EDVHG�RQ�ELOOLQJ�GDWD�
DQG�KHDWLQJ�GHJUHH�GD\V��)HOV���������0RVW�XVHG�DUH�

OLQHDU� UHJUHVVLRQ� PRGHOV�� ZKLFK� FRXOG� EH� VLPSOH� RU�
PXOWLSOH�� ZLWK� RQH� RU� VHYHUDO� UHJUHVVRUV�� ,Q� �5HGG\�
DQG� &ODULGJH�� ������� 0XOWLSOH� 5HJUHVVLRQ� $QDO\VLV�
�05$�� DQG� 3ULQFLSDO� &RPSRQHQW� $QDO\VHV� �3&$��
PHWKRGV� DUH� XVHG� WR� PRGHO� GDLO\� HQHUJ\� XVH� RI� D�
ODUJH� LQVWLWXWLRQDO� EXLOGLQJ�� 3RO\QRPLDO� UHJUHVVLRQ�
PRGHOV�KDYH�DOVR�EHHQ�XVHG���
7LPH�VHULHV�PRGHOV�
7LPH� VHULHV� KDYH� D� QDWXUDO� WHPSRUDO� RUGHULQJ�� WKH\�
DVVXPH� WKDW� WKHUH� LV� DQ� LQWHUQDO� VWUXFWXUH� LQ� WKH�
KLVWRULFDO� GDWDVHW�� VXFK� DV� DXWRFRUUHODWLRQ�� WUHQG� RU�
VHDVRQDO� YDULDWLRQ�� 7LPH� VHULHV� DQDO\VLV� KDV� EHHQ�
XVHG� IRU�GHFDGHV� LQ� WKH�IRUHFDVWLQJ� ILHOG��%R[�HW�DO���
�������7KH�VWDWLRQDU\�WLPH�VHULHV�PRGHOV�DUH�EDVHG�RQ�
WKH�DVVXPSWLRQ�WKDW�WKH�IXWXUH�ORDG�FRXOG�EH�PRGHOOHG�
DV� D� OLQHDU� FRPELQDWLRQ� RI� WKH� SUHYLRXV� RQHV�� 7KH\�
LQYROYH� DXWRUHJUHVVLYH� �$5�� DQG� PRYLQJ� DYHUDJH�
�0$�� SURFHVVHV�� ZKLFK� FRXOG� EH� PHUJHG� WRJHWKHU�
LQWR� DQ� DXWRUHJUHVVLYH� PRYLQJ� DYHUDJH� �$50$��
SURFHVV� DOVR� NQRZQ� DV� %R[�-HQNLQV� PRGHO�� $V� WKLV�
DVVXPSWLRQ� LV� LQYDOLG� LQ� PRVW� FDVHV�� WKH� QRQ�
VWDWLRQDU\� WLPH� VHULHV� PRGHOV� ZLWK� DXWRUHJUHVVLYH�
LQWHJUDWHG� PRYLQJ� DYHUDJH� �$5,0$�� SURFHVVHV� DUH�
LQWURGXFHG�� 0$� DQG� $5� SURFHVVHV� KDYH� WKHQ� EHHQ�
H[WHQGHG� WR� WDNH� LQWR� DFFRXQW� H[RJHQRXV� YDULDEOHV��
WKHVH�PRGHOV�DUH�$50$;��$XWR�5HJUHVVLYH�0RYLQJ�
$YHUDJH� ZLWK� H;RJHQRXV� YDULDEOHV��� DQG� $5,0$;�
�$XWR� 5HJUHVVLYH� ,QWHJUDWHG� 0RYLQJ� $YHUDJH� ZLWK�
H;RJHQRXV�YDULDEOHV����
.DOPDQ�ILOWHULQJ�WHFKQLTXH�
7KLV� WHFKQLTXH�� DOVR� NQRZQ� DV� OLQHDU� TXDGUDWLF�
HVWLPDWLRQ�� LV� D� UHFXUVLYH� HVWLPDWRU� EDVHG� RQ� VWDWH�
VSDFH� UHSUHVHQWDWLRQ��.DOPDQ� ILOWHU� LQYROYHV�D� VHW�RI�
LQSXWV��RXWSXWV�DQG�VWDWH�YDULDEOHV�WKDW�DUH�UHODWHG�E\�
ILUVW�RUGHU� GLIIHUHQWLDO� HTXDWLRQV�� .DOPDQ� ILOWHU� LV�
FRPELQHG� ZLWK� RWKHU� UHJUHVVLRQ� DSSURDFKHV� LQ� �$O�
+DPDGL� DQG� 6ROLPDQ�� ������ 0DUNRXODNLV� HW� DO���
������ WR� IRUHFDVW� WKH� KRXUO\� HOHFWULF� ORDG� RI� D�
SURYLQFH� RYHU� D� SUHGLFWLRQ� KRUL]RQ� RI� ����� KRXUV��
1RQSDUDPHWULF�5HJUHVVLRQ�PRGHOV�
.HUQHO�5HJUHVVLRQ�EHORQJV�WR�WKLV�FODVV�WKDW�KDV�EHHQ�
XVHG� IRU� VKRUW�WHUP� IRUHFDVWLQJ� RI� ORDG� DQG� SRZHU�
GHPDQG��$JDUZDO�HW�DO���������%URZQ�HW�DO���������/H�
&DP� DQG� 'DRXG�� ������� 7KLV� IRUP� RI� UHJUHVVLRQ�
DQDO\VLV�FRQWDLQV�SK\VLFDO�LQIRUPDWLRQ�WKDW�EODFN�ER[�
PRGHOV�GR�QRW�KDYH��7KH�NHUQHO�EDQGZLGWKV�DUH�PRUH�
PHDQLQJIXO� WKDQ� WKH� V\QDSVHV��ZHLJKWV� DVVRFLDWHG� WR�
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LQSXWV� LQ� QHXUDO� QHWZRUNV�� 7KLV� PHWKRG� FDQ� EH�
DXWRPDWLFDOO\� DSSOLHG� WR� GLIIHUHQW� EXLOGLQJV�� LW� GRHV�
QRW� UHTXLUH� SULRU� LQIRUPDWLRQ� RQ� WKH� EXLOGLQJ�
VWUXFWXUH� DQG� HTXLSPHQW�� .HUQHO� 5HJUHVVLRQ�
DSSURDFKHV� UHWDLQ� WKH�GDWD�DQG�VHDUFK� WKURXJK� WKHP��
LQ� FDVH� RI� ODUJH� GDWDVHW� WKH\� FRXOG� EH� WLPH�
FRQVXPLQJ���

Artificial intelligence models 
�=KDR� DQG� 0DJRXOqV�� ������ SHUIRUPHG� D� OLWHUDWXUH�
UHYLHZ� RQ� SUHGLFWLRQ� PHWKRGV� DSSOLHG� WR� EXLOGLQJ�
HQHUJ\�FRQVXPSWLRQ��GHWDLOV� RQ�QHXUDO�QHWZRUNV�DQG�
VXSSRUW�YHFWRU�PDFKLQHV�DUH�JLYHQ���
1HXUDO�QHWZRUN�EDVHG�PRGHOV�
$UWLILFLDO� 1HXUDO� 1HWZRUN� �$11�� PRGHOV� ZHUH�
RULJLQDOO\� NQRZQ� DV� 3DUDOOHO� 'LVWULEXWHG� 3URFHVVLQJ�
�3'3�� �5XPHOKDUW� DQG�0F&OHOODQG�� ������� WKH\� DUH�
DOVR� FDOOHG� FRQQHFWLRQLVWV� DSSURDFKHV�� $11V� KDYH�
EHHQ�ZLGHO\�DSSOLHG�WR�HQHUJ\�IRUHFDVWLQJ�LQ�WKH�ODVW�
WZHQW\� \HDUV�� 5HFHQWO\� SXEOLVKHG� VWXGLHV� LQYROYH�
QHXUDO� QHWZRUNV� DSSURDFKHV� IRU� WKUHH� PDLQ�
DSSOLFDWLRQV�� ZKROH� EXLOGLQJ� HQHUJ\� GHPDQG�
IRUHFDVWLQJ��KHDWLQJ�DQG�FRROLQJ�ORDG�IRUHFDVWLQJ��DQG�
+9$&� VXEFRPSRQHQWV� PRGHOOLQJ�� ,Q� �<DQJ� HW� DO���
������ (VFULYi�(VFULYi� DQG� 5ROGiQ�%OD\�� �������
$11V� KDYH� EHHQ� GHYHORSHG� IRU� ZKROH� EXLOGLQJ�
HQHUJ\� GHPDQG� IRUHFDVWLQJ�� $11V� DUH� DOVR� ZLGHO\�
HPSOR\HG� IRU� VKRUW� WHUP� IRUHFDVWLQJ� RI� FRROLQJ� DQG�
KHDWLQJ�ORDGV��/L�HW�DO����������$11V��KDYH�DOVR�EHHQ�
XVHG� WR� SUHGLFW� WKH� IDQ� PRWRU� VSHHG� RI� D� +9$&�
V\VWHP�LQ��6R\JXGHU���������
6XSSRUW�YHFWRU�PDFKLQHV�
6XSSRUW� 9HFWRU� 0DFKLQHV� �690V�� KDYH� EHHQ�
LQWURGXFHG�E\�9DSQLN� LQ� WKH�����¶V� �9DSQLN���������
7KHVH�PRGHOV�DUH�EDVHG�RQ�WKH�9&�VWDWLVWLFDO�OHDUQLQJ�
WKHRU\�� $URXQG� ����� SDSHUV� KDYH� EHHQ� SXEOLVKHG�
GXULQJ� WKH� ODVW� GHFDGH� RQ� WKH� XVH� RI� 690V� LQ�
SUHGLFWLRQV�� WKH\� VKRZ� SURPLVLQJ� UHVXOWV� LQ� VROYLQJ�
QRQ�OLQHDU� SUREOHPV� HYHQ� ZLWK� D� VPDOO� DPRXQW� RI�
GDWD�DYDLODEOH��DQG�RQO\�D�IHZ�SDUDPHWHUV�WR�EH�WXQHG��
$�IHZ�VWXGLHV�KDYH�EHHQ�SXEOLVKHG�RQ�WKH�DSSOLFDWLRQ�
RI�690� WR�KRXUO\�EXLOGLQJ� WKHUPDO� ORDG� IRUHFDVWLQJ�
�/L�HW�DO����������,Q��+H��������1LX�HW�DO����������695�
DUH� HPSOR\HG� IRU� HOHFWULF� ORDG� IRUHFDVWLQJ�� 6WXGLHV�
XVHG� KRXUO\�� PRQWKO\� RU� HYHQ� \HDUO\� DYHUDJHV� RI�
HOHFWULF�GHPDQG�IRU�WKH�IRUHFDVWLQJ�RI�HQHUJ\�GHPDQG�
RI� RIILFH� EXLOGLQJV�� FLWLHV�� SURYLQFHV� RU� HYHQ� HQWLUH�
VWDWH�� 690V� KDYH� DOVR� EHHQ� HPSOR\HG� LQ� +9$&�
DSSOLFDWLRQV� �.XPDU� DQG� .DU�� ������ +DLMXQ� DQG�
-LQJUX����������
Hybrid models 
+\EULG� PRGHOOLQJ� XVLQJ� HFRQRPLVW¶� DQG� HQJLQHHU¶V�
PHWKRGV�
,Q� �*LUDXGHW� HW� DO��� ������� K\EULG� PRGHOV� DUH�
SUHVHQWHG� DV� D� WUDGH�RII� EHWZHHQ� HFRQRPLVW¶V� WRS�
GRZQ�DQG�HQJLQHHU¶V�ERWWRP�XS�WHFKQLTXHV��$�K\EULG�
PRGHO� ZDV� XVHG� WR� DVVHVV� HQHUJ\� FRQVXPSWLRQ� RI�
UHVLGHQWLDO�EXLOGLQJV��6ZDQ�HW�DO����������DQG�EXLOGLQJ�
WKHUPDO�ORDG��,LQR�HW�DO�����������

³*UH\�%R[´�PRGHOOLQJ�
³*UH\�ER[´�RU�³VHPL�SK\VLFDO´�PRGHOV�DUH�SK\VLFDOO\�
EDVHG� PRGHOV� ZLWK� SDUDPHWHUV� LGHQWLILHG� IURP�
PHDVXUHPHQWV�� 7KH\� DUH� TXDOLILHG� DV� ³JUH\� ER[´�
EHFDXVH� WKH\� DUH� VRPHZKHUH� EHWZHHQ� WKH� ³ZKLWH�
ER[´�PRGHOV�ZKLFK�DUH�FRPSOHWHO\�EDVHG�RQ�SK\VLFDO�
PRGHOV�DQG�³EODFN�ER[´�WHFKQLTXHV�ZKLFK�OHDUQ�IURP�
PHDVXUHPHQWV� ZLWKRXW� SUHYLRXV� NQRZOHGJH� RI�
SK\VLFDO�ODZV���
7KH� DSSOLFDWLRQ� RI� ³JUH\�ER[´� WHFKQLTXHV� WR� PRGHO�
FKLOOHUV� KDV� EHHQ� LQWURGXFHG� LQ� �%RXUGRX[KH� HW� DO���
������� ,Q� �/HPRUW� HW� DO��� ������� D� VHPL�HPSLULFDO�
VWHDG\�VWDWH� PRGHO� RI� DQ� DLU�FRROHG� ZDWHU� FKLOOHU� LV�
SUHVHQWHG�� ,Q� �=KRX�HW�DO���������D� VLPSOLILHG�PRGHO�
KDV�EHHQ�GHYHORSHG�IRU�EXLOGLQJ�ORDG�SUHGLFWLRQ���
7UDGH�RII�EHWZHHQ�VWDWLVWLFDO�DQG�RU�DUWLILFLDO�
LQWHOOLJHQFH�DSSURDFKHV�
6HYHUDO� K\EULG� PRGHOV� FRPELQLQJ� VWDWLVWLFDO� DQG�
DUWLILFLDO� LQWHOOLJHQFH� WHFKQLTXHV�FDQ�EH� IRXQG� LQ� WKH�
OLWHUDWXUH��7KHVH�K\EULG�PRGHOV�RIWHQ� LQYROYH�$11V�
DQG�690V�DV�VXSSRUW�PRGHOV��IX]]\�ORJLF�RU�JHQHWLF�
DOJRULWKPV�DUH�FRPELQHG�ZLWK�WKH�VXSSRUW�PRGHOV��,Q�
�/L� HW� DO��� ������ QHXUR�IX]]\� QHWZRUN� PRGHOV� DUH�
XVHG� IRU� IRUHFDVWLQJ� WKH� EXLOGLQJ� HQHUJ\�
FRQVXPSWLRQ��,Q��1LH�HW�DO����������DQ�$5,0$�PRGHO�
LV� XVHG� WR� IRUHFDVW� WKH� GDLO\� ORDG� DQG� D� 690�
DOJRULWKP� LV� DSSOLHG� WR� FRUUHFW� WKH�GHYLDWLRQ�RI� WLPH�
VHULHV�PRGHO¶V�IRUHFDVWLQJ���

',6&866,21�$%287�38%/,6+('�
$33/,&$7,21�2)�02'(/6�
/LQHDU�UHJUHVVLRQ�PHWKRGV�KDYH�VKRZQ�WKH�DGYDQWDJH�
RI�EHLQJ�YHU\�HDV\�DQG�TXLFN�WR�LPSOHPHQW��7KH\�GR�
QRW�UHTXLUH�SULRU�GHWDLOHG�LQIRUPDWLRQ�DERXW�WHFKQLFDO�
FKDUDFWHULVWLFV�RI�EXLOGLQJV��KRZHYHU��WKH\�QHHG�TXLWH�
ODUJH� GDWDVHWV� RI� PHDVXUHPHQWV� IRU� WUDLQLQJ�� 9HU\�
DFFXUDWH� OLQHDU� UHJUHVVLRQ�EDVHG� PRGHOV� DUH� TXLWH�
GLIILFXOW� WR� GHYHORS�� 7KHVH� PRGHOV� VXIIHU� IURP�
SHUIRUPDQFH� GHWHULRUDWLRQ� ZKHQ� D� VXGGHQ� FKDQJH�
RFFXUV�LQ�WKH�LQSXWV��7KH\�DUH�VXLWHG�IRU�SUHGLFWLQJ�DQ�
DYHUDJH�FRQVXPSWLRQ�RYHU�SHULRGV�OLNH�GD\V��PRQWKV�
RU�HYHQ�\HDUV���
$V�ZHOO� DV� OLQHDU�PRGHOV�� QRQ�SDUDPHWULF� UHJUHVVLRQ�
PRGHOV� GR� QRW� QHHG� DQ\� SULRU� LQIRUPDWLRQ�� WKH\�
SUHVHQW� D� XVHIXO� JHQHUDOL]DWLRQ� VNLOO�� 7KH\� FDQ�
SHUIRUP� PRUH� DFFXUDWH� IRUHFDVWV� WKDQ� OLQHDU� PRGHOV�
DQG� DUH� DV� HIILFLHQW� DV� FRQQHFWLRQLVW¶V�PHWKRGV��7KH�
DSSURDFK� LV� VLPSOH� WR� VHW� DQG� UHTXLUHV� RQO\� IHZ�
SDUDPHWHUV��WKH�EDQGZLGWK¶V�VL]H�RI�HDFK�H[SODQDWRU\�
YDULDEOH�� 7KHVH� SDUDPHWHUV� DUH� SK\VLFDOO\�
LQWHUSUHWDEOH� DQG� FDQ� JLYH� XVHIXO� LQIRUPDWLRQ� IRU�
EXLOGLQJ�HQHUJ\�DQDO\VLV��1HYHUWKHOHVV��WKLV�WHFKQLTXH�
FRXOG� EH� WLPH�FRQVXPLQJ� LQ� FDVH� RI� ODUJH� GDWDVHWV��
DQG�KHQFH�LQHIILFLHQW�IRU�VKRUW�WHUP�HVWLPDWLRQ��
$FFRUGLQJ� WR� �.\ULDNLGHV� DQG� 3RO\FDUSRX�� �������
WLPH� VHULHV� PRGHOV� KDYH� D� VDWLVIDFWRU\� DFFXUDF\� LQ�
IRUHFDVWLQJ�� 1RQOLQHDU� WLPH� VHULHV� FDQ� KDQGOH� QRQ�
VWDWLRQDU\�SURFHVVHV�WKDW�LQYROYH�XQH[SHFWHG�FKDQJHV�
LQ� H[RJHQRXV� YDULDEOHV�� +RZHYHU�� WKHVH� WHFKQLTXHV�
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UHTXLUH� DQ� LPSRUWDQW� FRPSXWDWLRQDO� WLPH� ZKHQ�
GHDOLQJ� ZLWK� ODUJH� GDWD� VHWV�� 7KH\� KDYH� PDQ\�
SDUDPHWHUV�WR�HVWLPDWH�ZKLFK�FRXOG�EH�LQHIILFLHQW�IRU�
VKRUW�WHUP�SUHGLFWLRQV���
&RQQHFWLRQLVW¶V� DSSURDFKHV� KDYH� EHHQ� H[WHQVLYHO\�
XVHG� LQ� UHFHQW� ZRUNV� EHFDXVH� RI� WKHLU� DELOLW\� WR�
DFFXUDWHO\� FDSWXUH� WKH� LQKHUHQW� UHODWLRQVKLS� EHWZHHQ�
LQSXWV� DQG� RXWSXWV� RI� DQ\� GDWD� VHW� ZLWKRXW� XVLQJ� D�
SK\VLFDO�PRGHO��7KH\�DUH�DEOH�WR�OHDUQ�E\�WKHPVHOYHV�
IURP� SUHYLRXV� H[DPSOHV� DQG� WKHQ� JHQHUDOL]H� WR�
SUHGLFW�WKH�IXWXUH�V\VWHP�VWDWH�XQGHU�QHZ�FRQGLWLRQV��
$11V� FRXOG� EH� DSSOLHG� WR� FRPSOH[� V\VWHPV�� WKH\�
FRXOG� EH� QRQ�OLQHDU�� ZLWK� PXOWLSOH� LQSXWV� DQG�
PXOWLSOH� RXWSXWV� RU� HYHQ� FRXSOHG� YDULDEOHV�� $11V�
KDYH� VKRZQ� KLJK� SHUIRUPDQFH� LQ� WKH� PRGHOLQJ� DQG�
SUHGLFWLQJ�ILHOG��+RZHYHU��WKH\�DUH�QRW�HIILFLHQW�LI�WKH�
DPRXQW� RI� DYDLODEOH� GDWD� IRU� WKH� OHDUQLQJ� SKDVH� LV�
LQVXIILFLHQW��6WDWLF�PRGHOV�FDQQRW�DXWRPDWLFDOO\�DGDSW�
WR� FKDQJHV�� WKH\� QHHG� WR� EH� WUDLQHG� DJDLQ�� WKXV� WZR�
PRGHOV� DUH� XVHG� LQ� �<DQJ� HW� DO��� ������� D� VOLGLQJ�
ZLQGRZ� DQG� DFFXPXODWLYH� WUDLQLQJ��7KH\� IRXQG� WKDW�
ZKHQ�WKH�WUDLQLQJ�SHULRG�ZDV�QRW�VWRSSHG�DW�WKH�ULJKW�
WLPH�� WKH� SURFHVV� OHG� WR� UHGXFWLRQ� LQ� DFFXUDF\� RU�
RYHU�ILWWLQJ�� 7KH� GHVLJQ� SURFHVV� RI� $11¶V� VWUXFWXUH�
LV� DQRWKHU� GLIILFXOW� WDVN�� LW� LQFOXGHV� WKH� VHOHFWLRQ� RI�

QXPEHU�RI�OD\HUV�DQG�QHXURQV�LQ�HDFK�OD\HU��DQG�W\SH�
RI� DFWLYDWLRQ� IXQFWLRQ�� 1HWZRUN¶V� DUFKLWHFWXUH� LV�
QRUPDOO\� GHVLJQHG� IRU� RQH� EXLOGLQJ� DQG� RQH�
DSSOLFDWLRQ�RQO\���
690V� SURYLGH� SURPLVLQJ� UHVXOWV� LQ� VROYLQJ� QRQ�
OLQHDU� SUREOHPV� HYHQ� ZLWK� D� VPDOO� DPRXQW� RI� GDWD�
DYDLODEOH�� 7KH\� QHHG� RQO\� D� IHZ� SDUDPHWHUV� WR� EH�
WXQHG��ZKLFK�LV�DGYDQWDJHRXV�LQ�WHUP�RI�FRPSXWDWLRQ�
FRVW��7KH\�DOVR�SUHVHQW�JRRG�JHQHUDOL]DWLRQ�VNLOOV�WKDW�
DOORZ� WKH�PRGHO� WR�EH� DSSOLHG� WR�GLIIHUHQW� EXLOGLQJV�
ZLWKRXW� DQ\� FKDQJH�� &RPSDUHG� WR� $11V�� 690V�
UHTXLUH� OHVV� PHDVXUHPHQWV� DQG� SDUDPHWHUV� IRU� WKH�
VDPH�DFFXUDF\����
$�SDUWLFXODU�DWWHQWLRQ�VKRXOG�EH�JLYHQ�WR�WKH�VHOHFWLRQ�
RI� LQSXWV�� GDWD� SUH�SURFHVVLQJ� DQG� WUDLQLQJ� RI� DOO�
LQYHUVH�PRGHOV��7DEOH���SUHVHQWV�D�VDPSOH�RI�LQYHUVH�
PRGHOV�� WKH� SUHGLFWLRQ� KRUL]RQ� DQG� VWDWLVWLFV� RI� WKH�
FRPSDULVRQ� ZLWK� PHDVXUHPHQWV�� 7KH� SUHGLFWLRQ�
KRUL]RQ� WLPH� XVXDOO\� LV� IURP� RQH� KRXU� WR� VHYHUDO�
GD\V�� 7KH� SUHGLFWLRQ� DFFXUDF\� GHSHQGV� RQ� WKH�
VSHFLILF� FDVH� VWXG\�� WKH� SUHGLFWLRQ� KRUL]RQ� DQG� WKH�
W\SH� RI� IRUHFDVWLQJ� WDUJHW� �LQVWDQWDQHRXV� RU� DYHUDJH�
YDOXH���,Q�PRVW�FDVHV��WKH�0HDQ�$EVROXWH�3HUFHQWDJH�
(UURU� �0$3(�� LV� EHORZ� ��� DQG� WKH� FRHIILFLHQW� RI�
YDULDQFH��&9��LV�EHORZ������

�

7DEOH���0RGHOV�SUHGLFWLRQV�RI�HOHFWULF�ORDG�YHUVXV�PHDVXUHPHQWV�IURP�FDVH�VWXGLHV�
�

�

&203$5,621�%(7:((1�
35(',&7,216�$1'�0($685(0(176�
7KLV� VHFWLRQ� SUHVHQWV� WKH� FRPSDULVRQ� RI� SUHGLFWLRQV�
RI�HOHFWULF�GHPDQG�DV�JLYHQ�E\� WKUHH� LQYHUVH�PRGHOV�
DJDLQVW�PHDVXUHPHQWV��ZKLFK�ZHUH�FROOHFWHG�DW�D����
PLQXWH� WLPH�VWHS� WKURXJK� WKH� 0RQLWRULQJ� DQG� 'DWD�
$FTXLVLWLRQ� 6\VWHP� RI� D� FHQWUDO� FRROLQJ� SODQW� RI� D�
XQLYHUVLW\� FDPSXV��7KH\� LQFOXGH� KLVWRULFDO� HOHFWULFDO�
GHPDQG�DQG�RSHUDWLQJ� FRQGLWLRQV�RI� WZR�FKLOOHUV�� DV�
ZHOO� DV� WKH� ORFDO� HQYLURQPHQW� YDULDEOHV� RYHU� WKUHH�
FRROLQJ� VHDVRQV� �IURP�$SULO� WR�6HSWHPEHU������DQG�
������ DQG� IURP� $SULO� WR� -XQH� ������� 7KH� FKLOOHUV�
KDYH� D� GHVLJQ� FRROLQJ� FDSDFLW\� RI� ����� N:� DQG�
HOHFWULF� GHPDQG� RI� ���� N:�� 7KHVH� PRQLWRUHG� GDWD�
KDYH� DOUHDG\� EHHQ� XVHG� LQ� D� VWXG\� FDUULHG� RXW� E\�

RWKHU� UHVHDUFKHUV� �0RQIHW� DQG� =PHXUHDQX�� �������
7KHLU�UHVXOWV�DUH�XVHG�IRU�FRPSDULVRQ�LQ�WKLV�VWXG\��
Input data 
)RXU� UHJUHVVRUV� DUH� UHWDLQHG� LQ� RUGHU� WR� IRUHFDVW� WKH�
HOHFWULF� GHPDQG� RI� RQH� FKLOOHU�� 7KH\� KDYH� EHHQ�
FKRVHQ� EHFDXVH� RI� WKHLU� VWDWLVWLFDO� FRUUHODWLRQ� WR� WKH�
HOHFWULF� GHPDQG� RI� WKH� FKLOOHU�� WKH� KRXU� RI� WKH� GD\��
RXWGRRU� WHPSHUDWXUH�� DQG� VXSSO\� FKLOOHG� ZDWHU� DQG�
FRQGHQVHU� ZDWHU� WHPSHUDWXUHV��:H� FRQVLGHU� WKDW� WKH�
RXWGRRU�DLU�WHPSHUDWXUH�DW���PLQ�WLPH�VWHS�LV�D�EHWWHU�
UHJUHVVRU� IRU� WKH� IRUHFDVW� RI� HOHFWULF� GHPDQG� WKDQ�
RWKHU�YDULDEOHV�VXFK�DV�FRROLQJ�GHJUHH�GD\��

Data Pre-processing 
'DWD� SUH�SURFHVVLQJ� LQFOXGHV� GDWD� FOHDQLQJ��
LQWHJUDWLRQ��UHGXFWLRQ�DQG�WUDQVIRUPDWLRQ��)RFXV�LV�RQ�

Model Case studies Training data Prediction 
horizon 

Difference 
MAPE[%] CV[%] 

Time series �6RDUHV�DQG�6RX]D��������$PDUDO�HW�DO���
������

+RXUO\�RU�KDOI�
KRXUO\��

��KRXU����
��GD\V� �����±����� 1�$�

Fourier 
series �'KDU�HW�DO���������'LQJ�HW�DO��������� +RXUO\�RU�KDOI�

KRXUO\�� ��1�$� ����� ≤ 5.1�
Kernel  
Regression 

�$JDUZDO� HW� DO��� ������ %URZQ� HW� DO���
������ +RXUO\� �������KRXUV�� ≤ 4��� ≤ 11�

Kalman 
Filter 

�$O�+DPDGL� DQG� 6ROLPDQ�� ������
0DUNRXODNLV�HW�DO��������� +RXUO\� �������KRXUV� ������� 1�$�

ANN �<DQJ�HW�DO���������(VFULYi�(VFULYi�DQG�
5ROGiQ�%OD\�������� +RXUO\� �������KRXUV� �� ≤ 3�

SVR �+H��������1LX�HW�DO��������� +RXUO\� �������KRXUV� ≤ 3� 1�$�
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GDWD� FOHDQLQJ� WKDW� GHDOV� ZLWK� PLVVLQJ� YDOXHV�� QRLV\�
DQG� LQFRQVLVWHQW� GDWD�� ,Q� WKLV� FDVH� VWXG\�� GLIIHUHQW�
PHWKRGV� SUHVHQWHG� LQ� �+DQ� DQG�.DPEHU�� ������� DUH�
HPSOR\HG� GHSHQGLQJ� RQ� WKH� QXPEHU� RI� PLVVLQJ�
YDOXHV�LQ�D�URZ��(QYLURQPHQWDO�YDULDEOHV�DQG�HOHFWULF�
GHPDQG� RI� WKH� FKLOOHU� DUH� FRQWLQXRXV� IXQFWLRQV�� WKH�
PLVVLQJ�YDOXHV�DUH�UHSODFHG�E\�LQWHUSRODWLRQ�ZKHQ�WKH�
PLVVLQJ�GDWD�LV�IDU�OHVV�WKDQ�KDOI�RI�D�GD\��2WKHUZLVH��
YDOXHV�RI�SUHYLRXV�GD\V�DUH�FRSLHG�DQG�XVHG�WR�ILOO�LQ�
WKH�GDWD�VHW��7KHVH�WHFKQLTXHV�DUH�NQRZQ�WR�ELDV�WKH�
GDWD�� +RZHYHU�� PLVVLQJ� GDWD� RI� PRUH� WKDQ� D� GD\�
DSSHDUV� RQO\� WZLFH� RYHU� WKUHH� \HDUV� RI� GDWD� XVHG��
,JQRULQJ� WKHVH� VXEVHWV� ZDV� QRW� FRQVLGHUHG� DV� DQ�
RSWLRQ�� DQG� NHHSLQJ� WKH� WUHQG� RYHU� WKH� WLPH� ZDV�
SUHIHUUHG���

Inverse models applied on this case study 
7KH�IROORZLQJ�LQYHUVH�PRGHOV�DUH�DSSOLHG�WR�WKLV�FDVH�
VWXG\�� XVLQJ� WKH� VDPH� LQSXWV�� PRGHO� �� .HUQHO�
5HJUHVVLRQ�� PRGHO� �� G\QDPLF� $11� DQG� PRGHO� ��
695��7KHVH�PRGHOV�KDYH�EHHQ�VHOHFWHG�EHFDXVH�WKH\�
DUH�VWLOO�UHFHQW�LQ�EXLOGLQJ�HQHUJ\�PRGHOLQJ�DQG�WKH\�
SUHVHQW�SURPLVLQJ�DELOLWLHV�LQ�WKH�IRUHFDVWLQJ�ILHOG��
7KH� ILUVW� WZR�PRGHOV� FRXOG�EH�TXDOLILHG� DV�G\QDPLF�
LQ�WKH�VHQVH�WKDW��DW�HDFK�WLPH�VWHS��WKH\�XVH�SUHYLRXV�
DQG�FXUUHQW�YDOXHV�RI�WKH�UHJUHVVRUV��H�J���DW�WLPH�W����
W�� DV� ZHOO� DV� SUHYLRXV� YDOXHV� RI� WKH� GHSHQGHQW�
YDULDEOH� WR�IRUHFDVW� WKH�GHSHQGHQW�YDULDEOH�DW� WLPH� W��
WKH\� DUH� FDOOHG� 1RQOLQHDU� $XWR5HJUHVVLYH� PRGHOV�
ZLWK�H;RJHQRXV�LQSXWV��1$5;���,Q�D�ILUVW�DSSURDFK��
PRGHOV���WR���DUH�FRPSDUHG�WR�WKH�0XOWL�3RO\QRPLDO�
�03�� LQYHUVH� PRGHO� SUHVHQWHG� LQ� �0RQIHW� DQG�
=PHXUHDQX�� ������� D� VWDWLF� PRGHO�� ZKHUH� WKH�
UHJUHVVLRQ� FRHIILFLHQWV� DUH� FDOFXODWHG� RQFH� EDVHG� RQ�
SUHYLRXV� GDWD� RI� WUDLQLQJ� VHW�� WKH� HOHFWULF� GHPDQG� DW�
WLPH� W� LV� HVWLPDWHG� EDVHG� RQ� WKH� FXUUHQW� YDOXHV� �DW�
WLPH�W��RI�UHJUHVVRUV��0RGHO���FDQ�DOVR�EH�FRQVLGHUHG�
DV� D� VWDWLF� PRGHO�� 7KH� FRPSDULVRQ� RI� SUHGLFWHG�
SHUIRUPDQFH� RI� WKRVH� IRXU� LQYHUVH�PRGHOV� LV� FDUULHG�
RXW� RQ� D� ���KRXU� WHVWLQJ� VHW�ZLWK� D� WUDLQLQJ� VHW� VL]H�
YDU\LQJ�IURP���WR����GD\V��
.HUQHO�5HJUHVVLRQ�PRGHO�
7KH�HVWLPDWHG�IXWXUH�HOHFWULF�GHPDQG�LV�DQ�DYHUDJH�RI�
SUHYLRXV� GHPDQG� YDOXHV� LQ� VLPLODU� FRQGLWLRQV�� WKHLU�
VLPLODULW\� LV�GHILQHG�YLD�SDUDPHWHUV¶�EDQGZLGWK��7KH�
FUXFLDO�SRLQW�WR�JHW�DQ�DFFXUDWH�IRUHFDVW�LV�LQ�GHILQLQJ�
HDFK�EDQGZLGWK��$�FURVV�YDOLGDWLRQ�VWHS�LV�FDUULHG�RXW�
WR�GHILQH�EDQGZLGWKV�ZKLOH�PLQLPL]LQJ�WKH�SUHGLFWLRQ�
HUURU�RYHU�D�JLYHQ�WUDLQLQJ�VHW��7KH�PRGHO�FDQ�WKHQ�EH�
XVHG� IRU� HOHFWULF� GHPDQG� IRUHFDVWLQJ� XVLQJ� SUHYLRXV�
YDOXHV�RI�GHPDQG��
'\QDPLF�$11�PRGHO�
7KH�0DWODE�1HXUDO�1HWZRUN�7RROER[���ZDV�XVHG� WR�
GHYHORS� D� G\QDPLF� $11� FRPSRVHG� RI� IRXU� LQSXW�
QHXURQV�� RQH� KLGGHQ� OD\HU� ZLWK� WHQ� QHXURQV� DQG� D�
VLJPRLG� WUDQVIHU� IXQFWLRQ�� DQG� RQH� QHXURQ� LQ� WKH�
RXWSXW� OD\HU� ZLWK� D� OLQHDU� WUDQVIHU� IXQFWLRQ�� 7KH�
PRGHO� DOVR� LQFOXGHV� D� ���VWHS� GHOD\� IRU� SUHYLRXV�
LQSXWV�DQG�HOHFWULF�GHPDQG��LW�LV�WUDLQHG�RYHU�D�JLYHQ�

SHULRG�XVLQJ�WKH�/HYHQEHUJ�0DUTXDUGW�DOJRULWKP�DQG�
D�FORVHG�ORRS�LV�VHW�WR�XVH�IRUHFDVWV�DV�GHOD\HG�LQSXW��
7KH� /HYHQEHUJ�0DUTXDUGW� DOJRULWKP� VHWV� DQG�
RSWLPL]HV�WKH�ZHLJKW�RI�HDFK�QHXURQ�RYHU�WKH�WUDLQLQJ�
VHW��
695�PRGHO�
7KH�0DWODE� LQWHUIDFH� RI� WKH� VRIWZDUH� GHYHORSHG� E\�
�&KDQJ� DQG� /LQ�� ������ IRU� 690V� DSSOLFDWLRQ� KDV�
EHHQ� DSSOLHG� LQ� WKLV� FDVH� VWXG\�� DQ� HSVLORQ� 695�
PRGHO� ZDV� XVHG� WR� IRUHFDVW� HQHUJ\� GHPDQG� RI� WKH�
FKLOOHU��$�UDGLDO�EDVLV�NHUQHO�IXQFWLRQ�LV�XVHG�WR�PDS�
WKH� YHFWRU� RI� UHJUHVVRUV� WR� D� KLJKHU�GLPHQVLRQDO�
VSDFH�FDOOHG�WKH�³IHDWXUH´�VSDFH��,Q�WKLV�VSDFH�D�OLQHDU�
UHJUHVVLRQ� LV� SHUIRUPHG�� ZKLFK� FRUUHVSRQGV� WR� D�
QRQOLQHDU� UHJUHVVLRQ� LQ� WKH� LQLWLDO� VSDFH�� 3DUDPHWHUV�
RI� OLQHDU� UHJUHVVLRQ� DUH� WXQHG� E\� PLQLPL]LQJ� D� ORVV�
IXQFWLRQ� FRPSRVHG� RI� WZR� WHUPV�� RQH� FKDUDFWHUL]HV�
OHYHO� RI� FRPSOH[LW\� DQG� WKH� RWKHU� RQH� GHVFULEHV�
PRGHO¶V� DFFXUDF\�� $� EDODQFH� EHWZHHQ� WKHVH� WZR�
WHUPV� KDV� WR� EH� GHWHUPLQHG�� WKLV� LV� WKH� SULQFLSOH� RI�
6WUXFWXUDO� 5LVN�� 7KUHH� SDUDPHWHUV� �𝐶, 𝜀  𝑎𝑛𝑑  𝛾��
UHODWHG� WR� WKH� ORVV� IXQFWLRQ� DQG� NHUQHO� IXQFWLRQ� DUH�
WXQHG�XVLQJ�D�FURVV�YDOLGDWLRQ�SURFHGXUH�RYHU�D�JLYHQ�
SDUWLWLRQHG�WUDLQLQJ�VHW��
2SWLPL]DWLRQ�VWHS�
7KH� SDUDPHWHUV� RI� LQYHUVH� PRGHOV� �� DQG� �� DUH�
RSWLPL]HG� RYHU� WKH� WUDLQLQJ� VHW� XVLQJ� D� *HQHWLF�
$OJRULWKP� �*$��� WKDW� PLQLPL]HV� WKH� IROORZLQJ�
REMHFWLYH�IXQFWLRQ�� �𝑓௠௜௡ = ∑ (𝑦పෝ − 𝑦௜)ଶ௡

௜ୀଵ ��ZKHUH�𝑦పෝ �
DQG� 𝑦௜ � DUH� WKH� IRUHFDVWHG� DQG� PHDVXUHG� HOHFWULF�
GHPDQG�� UHVSHFWLYHO\�� 7KH� *$� PHWKRGRORJ\� LV�
SUHVHQWHG� LQ� �/H� &DP� DQG�'DRXG�� ������� LW� PLPLFV�
WKH�SULQFLSOHV�RI�QDWXUDO�VHOHFWLRQ��WKH�ILUVW�YDOXHV�RI�
SDUDPHWHUV�RU�LQGLYLGXDOV�DUH�UDQGRPO\�FKRVHQ��6RPH�
LQGLYLGXDOV� ZKR� JDYH� WKH� EHVW� UHVXOWV� DUH� NHSW� DQG�
FRPELQHG� WR� FUHDWH� WKH� QH[W� JHQHUDWLRQ� RI�
LQGLYLGXDOV��7KH�RSWLPL]DWLRQ�SURFHVV�VWRSV�ZKHQ�WKH�
UHTXLUHG� SUHGLFWLRQ� DFFXUDF\� RU� D� OLPLW� QXPEHU� RI�
JHQHUDWLRQV�LV�UHDFKHG��
$Q�RSWLPL]DWLRQ�SURFHVV�LV�QRW�UHTXLUHG�E\�WKH�$11�
PRGHO�� WKH� SDUDPHWHUV� RU� QHXURQV¶� ZHLJKWV� RI� WKLV�
PRGHO�DUH�DOUHDG\�RSWLPL]HG��

Discussion of results 
7DEOH���SUHVHQWV� WKH�SHUIRUPDQFH�RI� LQYHUVH�PRGHOV�
IRU�WKH�SUHGLFWLRQ�RI�HOHFWULF�GHPDQG�RI�WKH�FKLOOHU�DW�
D� ���PLQXWH� WLPH�VWHS�� XVLQJ� WUDLQLQJ� GDWD� VHWV� RI�
GLIIHUHQW�VL]HV��IURP���WR����GD\V��7KH�WHVWLQJ�GDWD�VHW�
FRYHUV� WKH� QH[W� ��� KRXUV�� )LJXUH� �� VKRZV� WKH�
SUHGLFWHG� DQG� PHDVXUHG� HOHFWULF� GHPDQG� SURILOHV� RI�
WKH� FKLOOHU� RYHU� WKH� WHVWLQJ� VHW�� 7KH� &RHIILFLHQW� RI�
9DULDWLRQ��&9��DQG�5RRW�0HDQ�6TXDUH�(UURU��506(��
RYHU�WKH�WUDLQLQJ�DQG�WHVWLQJ�VHW�DUH�GLVSOD\HG���

𝑅𝑀𝑆𝐸 = ට∑ (𝑦పෝ − 𝑦௜)ଶ௡
௜ୀଵ 𝑛ൗ � ����

𝐶𝑉(𝑅𝑀𝑆𝐸) = 𝑅𝑀𝑆𝐸 𝑦ത⁄   �� ����
ZKHUH�𝑦పෝ ��𝑦௜ �DQG�𝑦ത�DUH� WKH�IRUHFDVWHG��PHDVXUHG�DQG�
DYHUDJH�RI�PHDVXUHG�HOHFWULF�GHPDQG��UHVSHFWLYHO\��
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7KHVH�PRGHOV�FDQ�FDWFK�WKH�JHQHUDO�VKDSH�RI�HOHFWULF�
GHPDQG�SURILOH�EXW�VRPH�SKHQRPHQD�UHPDLQ�KDUG�WR�
SUHGLFW�� 695� DQG� .HUQHO� 5HJUHVVLRQ� VKRZ� D�
&9�506(��RI�OHVV�WKDQ����RYHU�WKH����KRXU�WHVWLQJ�
VHW�� UHJDUGOHVV� RI� WKH� WUDLQLQJ� VHW� VL]H�� 7KH�
&9�506(��RI�G\QDPLF�$11�YDULHV�IURP�������IRU�
���GD\V�WUDLQLQJ�GDWD��WR�������IRU���GD\V�GDWD���7KH�
ORZHU� &9�506(�� YDOXH� RYHU� WKH� WHVWLQJ� VHW�
FRPSDUHG� WR� WKH� WUDLQLQJ� VHW� FRXOG� EH� H[SODLQHG� E\�
WKHLU� UHVSHFWLYH� VL]H�� WKH� WHVWLQJ� VHW� LV� RQO\� RYHU� ���
KRXUV�DQG�WKH�WUDLQLQJ�VHW�VL]H�LV�IURP���WR����GD\V��
0RGHOV� �� DQG� �� XVH� FXUUHQW� DQG� SUHYLRXV� YDOXHV� RI�
UHJUHVVRUV� DQG� GHSHQGHQW� YDULDEOH� WR� PDNH�
HVWLPDWLRQV��WKH�PRUH�KLVWRULFDO�YDOXHV�WKH\�KDYH��WKH�
EHWWHU� WKH\� SHUIRUP�� ,QGHHG� WKH� YDULDWLRQV� UDQJH� RI�
WKH� GHSHQGHQW� YDULDEOH� WR� SUHGLFW� ZLOO� EH� EHWWHU�
GHVFULEHG� DQG� VR� WKH� SUHGLFWLRQV� PRUH� DFFXUDWH��
0RGHO� �� VKRZV� DQ� LPSURYHPHQW� RI� LWV� SHUIRUPDQFH�
ZLWK�WKH�LQFUHDVH�RI�WKH�WUDLQLQJ�VHW�VL]H��7KH�LVVXH�LV�
LQ� GHILQLQJ� WKH� QXPEHU� RI� SUHYLRXV� YDOXHV� WKDW� DUH�
UHOHYDQW�� DYHUDJH� RI� UHJUHVVRUV� RU� SHDN� YDOXHV� RYHU�
SUHYLRXV�KRXUV�RU�GD\V�FRXOG�EH�LQYROYHG�DV�UHOHYDQW�
YDULDEOHV�WR�GHVFULEH�WKH�IXWXUH�HOHFWULF�GHPDQG���
)LJXUH� �� GLVSOD\V� HYROXWLRQ� RI� &9�506(�� IRU� WKH�
WKUHH� LQYHUVH�PRGHOV��ZKHQ�XVLQJ�D� WUDLQLQJ�GDWD� VHW�
RI����GD\V��DQG�D�ODUJHU�SUHGLFWLRQ�KRUL]RQ�RI����GD\V��
UDWKHU� WKDQ� ��� KRXUV�� 7KH� WKUHH� PRGHOV� SUHVHQW�
IRUHFDVWV� ZLWK� D� &9�506(�� RI� OHVV� WKDQ� ���� RYHU�
WKH� IROORZLQJ� ZHHN�� $� QRWLFHDEOH� LQFUHDVH� RI�
&9�506(�� DSSHDUV� DIWHU� WKH� ILUVW� GD\�� ,Q� WHUPV� RI�
506(�� 695� DQG� .HUQHO� 5HJUHVVLRQ� PRGHOV� KDYH�
YDOXHV�RI�����������N:��RYHU�WKH����KRXU�WHVWLQJ�VHW��
UHJDUGOHVV� RI� WKH� WUDLQLQJ� VHW� VL]H�� 7KH� 506(� RI�
G\QDPLF� $11� YDULHV� IURP� ����� N:� �IRU� ��� GD\V�
WUDLQLQJ�GDWD��WR������N:��IRU���GD\V�GDWD���7KH�03�
UHJUHVVLRQ�PRGHO�KDV�VPDOOHU�506(�YDOXHV��RI�DERXW�
����OHVV���
,W� VKRXOG� EH� QRWLFHG� WKDW�� LQ� WKH� VXPPHU�� ZKHQ� WKH�
FRROLQJ�ORDG�LV�KLJK��ERWK�FKLOOHUV��	��DUH�RSHUDWHG��

LQ� WKH�VDPH� WLPH�DW�SDUW� ORDG��)LJXUH�����5HVW�RI� WKH�
WLPH��GHSHQGLQJ�RQ�WKH�ORDG�UHTXLUHG��RQO\�RQH�FKLOOHU�
LV� RSHUDWHG� DW� SDUW� RU� IXOO�ORDG�� 7KH� PRGHOV� JLYH�
EHWWHU� IRUHFDVWV� RI� WKH� HOHFWULF� GHPDQG� RI� ERWK�
FKLOOHUV� �	�� FRQVLGHUHG� WRJHWKHU�� WKH� UHODWLRQVKLS�
EHWZHHQ� WKH� GHSHQGHQW� YDULDEOH� DQG� WKH� RXWGRRU�
WHPSHUDWXUH�LV�HDVLHU�WR�GHILQH���
�

�
)LJXUH���(YROXWLRQ�RI�&9�RYHU�WKH�SUHGLFWLRQ�

KRUL]RQ�IRU�FKLOOHU¶V�HOHFWULF�GHPDQG�IRUHFDVWLQJ��
�

�
)LJXUH���0HDVXUHG�FKLOOHU�HOHFWULF�GHPDQG�DQG�

RXWGRRU�DLU�WHPSHUDWXUH�RYHU�D�ZHHN�
�

$QRWKHU� SRLQW� WKDW� VKRXOG� EH� LQYROYHG� LQ� WKH�
PHWKRGRORJ\� LV� WKH� GDWD� QRUPDOLVDWLRQ�� WKLV� VWHS�
FRXOG�KHOS�WR�LPSURYH�WKH�PRGHO�DFFXUDF\��

�

�
)LJXUH���&KLOOHU¶V�HOHFWULF�GHPDQG�IRUHFDVWLQJ�RYHU�WKH�QH[W����KRXUV�ZLWK�D���ZHHN�WUDLQLQJ�VHW�
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7DEOH���&RPSDULVRQ�RI�LQYHUVH�PRGHOV�RQ�FDVH�VWXG\�
�

Model Training set  
Size 

Training set Testing set (next 24h)�
CV (%) RMSE (kW) CV (%) RMSE (kW) 

Model 1. 
Kernel 
Regression 
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Model 2. 
Dynamic ANN 
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Model 3. 
SVR  
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MP 
Regression*  
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�0RQIHW�DQG�=PHXUHDQX���������
�

,Q� D� VHFRQG� DSSURDFK�� WKH� LGHD� LV� WR� PRGLI\� WKH�
LQYHUVH� PRGHOV� WR� SHUIRUP� ³UHDO´� SUHGLFWLRQV�� L�H��
XVLQJ� UHJUHVVRUV� ZKRVH� IXWXUH� YDOXH� FDQ� EH� NQRZQ�
VXFK�DV�WKH�WLPH�RI�WKH�GD\��GD\�RI�WKH�ZHHN�DQG� WKH�
IRUHFDVW� RI� RXWGRRU� WHPSHUDWXUH�� 7KH� QXPEHU� RI�
UHJUHVVRUV� KDV� WKHQ� EHHQ� UHGXFHG� WR� WKH� SUHYLRXVO\�
SUHVHQWHG� WKUHH� YDULDEOHV�� WKH� LQSXWV� VSHFLILF� WR�
FKLOOHU�RSHUDWLRQ��VXSSO\�FKLOOHG�DQG�FRQGHQVHU�ZDWHU�
WHPSHUDWXUHV���DV�XVHG�LQ�7DEOH���ZHUH�UHPRYHG��7KH�
WKUHH� VWXGLHG� PRGHOV� KDYH� EHHQ� WUDLQHG� XVLQJ� D� ���
GD\� WUDLQLQJ� GDWD� VHW�� WKH� RSWLPL]HG� SDUDPHWHUV� DUH�
JLYHQ�LQ�7DEOH���DQG�7DEOH����7KHVH�SDUDPHWHUV�KDYH�
EHHQ� REWDLQHG� E\� PLQLPL]LQJ� WKH� UHVLGXDO� EHWZHHQ�
WKH�PHDVXUHG�DQG�SUHGLFWHG�SURILOH�RYHU� WKH� WUDLQLQJ�
VHW�� $Q� LPSURYHPHQW� RI� SDUDPHWHUV¶� RSWLPL]DWLRQ�
ZRXOG� LQYROYH� PXOWLSOH� URXQGV� RI� FURVV�YDOLGDWLRQ�
VWHSV� LQ� ZKLFK� WKH� WUDLQLQJ� VHW� LWVHOI� LV� VXFFHVVLYHO\�
DQG� UDQGRPO\� SDUWLWLRQHG� LQWR� FRPSOHPHQWDU\�
VXEVHWV��WUDLQLQJ�DQG�WHVWLQJ�VHWV���
7KH� FRPSDULVRQ� RI� SUHGLFWHG� DQG� PHDVXUHG� HOHFWULF�
GHPDQG�RYHU� WKH�ZHHN� IROORZLQJ� WKH� WUDLQLQJ�SHULRG�
LV�SUHVHQWHG�LQ�)LJXUH���WR�)LJXUH����695�DQG�.HUQHO�
5HJUHVVLRQ� PRGHOV� SUHVHQW� D� &9�506(�� RI� DERXW�
����LQ�WKH�ILUVW�GD\�DQG�FRQYHUJHV�DW�DERXW�����RYHU�
WKH�FRPSOHWH�WHVWLQJ�VHW��7KH�G\QDPLF�$11�SUHVHQWV�
D�ELJJHU�&9�506(��RI�������RYHU�WKH�QH[W����KRXUV�
DQG�UHDFK�������IRU�D�RQH�ZHHN�SUHGLFWLRQ�KRUL]RQ��
�

7DEOH���2SWLPL]HG�SDUDPHWHUV�IRU�0RGHO�����.HUQHO�
5HJUHVVLRQ�

�

Parameter Kernel 
bandwidth Optimized value 

ℎ� +RXU�RI�WKH�GD\� �����
𝑑� 'D\�RI�WKH�ZHHN� �����

𝑡� 2XWGRRU�DLU�
WHPSHUDWXUH� �����

�

7DEOH���2SWLPL]HG�SDUDPHWHUV�IRU�0RGHO�����695�
�

Parameter Description Optimized value 
𝛾� .HUQHO�EDQGZLGWK� �����

𝐶� 3HQDOW\�SDUDPHWHU�
RI�.HUQHO�IXQFWLRQ� ���

𝜀� 3HQDOW\�SDUDPHWHU�
RI�ORVV�IXQFWLRQ� ������

�

�
)LJXUH���)RUHFDVW�RI�HOHFWULF�GHPDQG�RYHU�WKH�
ILUVW�ZHHN�RI�$XJXVW������XVLQJ�0RGHO���±�

.HUQHO�5HJUHVVLRQ�
�

�
)LJXUH���)RUHFDVW�RI�HOHFWULF�GHPDQG�RYHU�WKH�
ILUVW�ZHHN�RI�$XJXVW������XVLQJ�0RGHO�����
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�

�
)LJXUH���)RUHFDVW�RI�HOHFWULF�GHPDQG�RYHU�WKH�
ILUVW�ZHHN�RI�$XJXVW������XVLQJ�0RGHO�����695�

�

�
)LJXUH���(YROXWLRQ�RI�&9�RYHU�WKH�SUHGLFWLRQ�

KRUL]RQ�IRU�FKLOOHU¶V�HOHFWULF�GHPDQG�IRUHFDVWLQJ�
XVLQJ�WKH��QG�DSSURDFK�

�

&21&/86,21��
7KLV� SDSHU� VWDUWHG� ZLWK� WKH� DXWKRUV¶� DQDO\VLV� RI� WKH�
FXUUHQW� WUHQGV� LQ� LQYHUVH� PRGHOOLQJ� DSSOLHG� WR� WKH�
IRUHFDVW�RI�EXLOGLQJ�HQHUJ\�XVH��7KUHH�LQYHUVH�PRGHOV�
KDYH� EHHQ� WHVWHG� ZLWK� DFWXDO� PHDVXUHPHQWV� RI�
HOHFWULFLW\� GHPDQG� RI� D� FKLOOHU� LQVWDOOHG� RQ� D�
XQLYHUVLW\� FDPSXV�� � ,QYHUVH� PRGHOV� DSSOLHG� RQ� WKLV�
FDVH� VWXG\� VKRZHG� JRRG� DELOLW\� LQ� HOHFWULF� GHPDQG�
IRUHFDVWLQJ� DQG� 695� PRGHO� SUHVHQWV� LQWHUHVWLQJ�
JHQHUDOL]DWLRQ�DSWLWXGH��
)XUWKHU�ZRUN�ZLOO�IRFXV�RQ�PXOWLSOH�URXQGV�RI�FURVV�
YDOLGDWLRQ� IRU� D� EHWWHU� RSWLPL]DWLRQ� SURFHVV� DQG� WKH�
DGGLWLRQ� RI� RWKHU� UHJUHVVRUV� WR� EHWWHU� GHVFULEH� WKH�
GHSHQGHQW�YDULDEOH��7KH�RSWLPL]DWLRQ�RI�695�PRGHOV�
ZLOO� KHOS� WR� H[SORLW� WKHLU� JHQHUDOL]DWLRQ� DELOLW\��
HVSHFLDOO\� IRU� VXGGHQ� FKDQJHV� LQ� WKH� RSHUDWLQJ�
FRQGLWLRQV�RI�FKLOOHUV�RU�RWKHU�FRPSRQHQWV�RI�+9$&�
V\VWHPV���

5()(5(1&(6�
$JDUZDO��9���$�� %RXJDHY�� /�� 7VRXNDODV�� 6��.ROOLDV��

$��6WDI\ORSDWLV��:��'XFK�DQG�(��2MD���������
.HUQHO� 5HJUHVVLRQ� %DVHG� 6KRUW�7HUP� /RDG�
)RUHFDVWLQJ�� /HFWXUH� 1RWHV� LQ� &RPSXWHU�
6FLHQFH��$��1��1��,��������6SULQJHU�%HUOLQ���
+HLGHOEHUJ������: ���������

$O�+DPDGL�� +�� DQG� 6�� 6ROLPDQ� �������� �6KRUW�WHUP�
HOHFWULF� ORDG� IRUHFDVWLQJ� EDVHG� RQ� .DOPDQ�
ILOWHULQJ� DOJRULWKP� ZLWK� PRYLQJ� ZLQGRZ�

ZHDWKHU� DQG� ORDG� PRGHO��� (OHFWULF� 3RZHU�
6\VWHPV�5HVHDUFK���������������

$PDUDO��/��)���5��&��6RX]D�DQG�0��6WHYHQVRQ���������
�$�VPRRWK�WUDQVLWLRQ�SHULRGLF�DXWRUHJUHVVLYH�
�673$5�� PRGHO� IRU� VKRUW�WHUP� ORDG�
IRUHFDVWLQJ��� ,QWHUQDWLRQDO� -RXUQDO� RI�
)RUHFDVWLQJ�����������������

%RXUGRX[KH��-��3��+���&��6DDYHGUD��0��*URGHQW��.��/��
6LOYD� DQG� -�� -�� /HEUXQ� �������� �7RRONLW� IRU�
SULPDU\� +9$&� V\VWHP� HQHUJ\� FDOFXODWLRQ�
SDUW� ,,�� UHFLSURFDWLQJ� FKLOOHU� PRGHOV���
$6+5$(�7UDQVDFWLRQV������������������

%R[�� *�� (�� 3��� *�� 0�� -HQNLQV� DQG� *�� &�� 5HLQVHO�
�������� 7LPH� VHULHV� DQDO\VLV�� +ROGHQ�GD\�
6DQ�)UDQFLVFR��

%URZQ�� 0��� &�� %DUULQJWRQ�/HLJK� DQG� =�� %URZQ�
�������� �.HUQHO� UHJUHVVLRQ� IRU� UHDO�WLPH�
EXLOGLQJ� HQHUJ\� DQDO\VLV��� -RXUQDO� RI�
%XLOGLQJ� 3HUIRUPDQFH� 6LPXODWLRQ� ������
���±�����

&KDQJ�� &�� &�� DQG� &�� -�� /LQ� �������� �/,%690�� D�
OLEUDU\� IRU� VXSSRUW� YHFWRU�PDFKLQHV���$&0�
7UDQVDFWLRQV� RQ� ,QWHOOLJHQW� 6\VWHPV� DQG�
7HFKQRORJ\��7,67������������

'KDU�� $��� 7�� 5HGG\� DQG� '�� &ODULGJH� �������� 8VLQJ�
)RXULHU�6HULHV�WR�0RGHO�+RXUO\�(QHUJ\�8VH�
LQ� &RPPHUFLDO� %XLOGLQJV�� 'HSDUWPHQW� RI�
0HFKDQLFDO� (QJLQHHULQJ�� 7H[DV� $	0�
8QLYHUVLW\��

'LQJ��1���<��%HVDQJHU��)��:XUW]��*��$QWRLQH�DQG�3��
'HVFKDPSV� ��������7LPH� VHULHV�PHWKRG� IRU�
VKRUW�WHUP� ORDG� IRUHFDVWLQJ� XVLQJ� VPDUW�
PHWHULQJ� LQ� GLVWULEXWLRQ� V\VWHPV��
3RZHU7HFK��7URQGKHLP��,(((: �����

(VFULYi�(VFULYi�� *�� DQG� &�� 5ROGiQ�%OD\� ��������
�1HZ� DUWLILFLDO� QHXUDO� QHWZRUN� SUHGLFWLRQ�
PHWKRG� IRU� HOHFWULFDO� FRQVXPSWLRQ�
IRUHFDVWLQJ� EDVHG� RQ� EXLOGLQJ� HQG�XVHV���
(QHUJ\�DQG�%XLOGLQJV��������������������

)HLQEHUJ�� (�� $�� DQG� '�� *HQHWKOLRX� �������� /RDG�
IRUHFDVWLQJ�� $SSOLHG� 0DWKHPDWLFV� IRU�
5HVWUXFWXUHG� (OHFWULF� 3RZHU� 6\VWHPV��
6SULQJHU�86: ���������

*LUDXGHW��/��*���&��*XLYDUFK�DQG�3��4XLULRQ���������
�([SORULQJ� WKH� SRWHQWLDO� IRU� HQHUJ\�
FRQVHUYDWLRQ� LQ� )UHQFK� KRXVHKROGV� WKURXJK�
K\EULG�PRGHOLQJ���(QHUJ\�(FRQRPLFV��������
���������

+DLMXQ�� 7�� DQG� :�� -LQJUX� �������� �0RGHOLQJ� RI�
3RZHU� 3ODQW� 6XSHUKHDWHG� 6WHDP�
7HPSHUDWXUH� %DVHG� RQ� /HDVW� 6TXDUHV�
6XSSRUW�9HFWRU�0DFKLQHV���(QHUJ\�3URFHGLD�
���3DUW�$����������

+DQ�� -�� DQG� 0�� .DPEHU� �������� 'DWD� PLQLQJ��
FRQFHSWV� DQG� WHFKQLTXHV�� 0RUJDQ�
.DXIPDQQ��

+H�� :�� �������� �)RUHFDVWLQJ� HOHFWULFLW\� ORDG� ZLWK�
RSWLPL]HG� ORFDO� OHDUQLQJ� PRGHOV���
,QWHUQDWLRQDO� -RXUQDO� RI�(OHFWULFDO� 3RZHU�	�
(QHUJ\�6\VWHPV������������������
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,LQR��<���0��0XUDL��'��0XUD\DPD�� ,��0RWR\DPD�� 6��
.X]XVDND� DQG� .�� 8HWD� �������� +\EULG�
PRGHOLQJ� ZLWK� SK\VLFDO� DQG� -,7� PRGHO� IRU�
EXLOGLQJ�WKHUPDO�ORDG�SUHGLFWLRQ�DQG�RSWLPDO�
HQHUJ\� VDYLQJ� FRQWURO�� ,&&$6�6,&(��
)XNXRND: �����������

.XPDU�� 0�� DQG� ,�� .DU� �������� �1RQ�OLQHDU� +9$&�
FRPSXWDWLRQV� XVLQJ� OHDVW� VTXDUH� VXSSRUW�
YHFWRU� PDFKLQHV��� (QHUJ\� &RQYHUVLRQ� DQG�
0DQDJHPHQW�������������������

.\ULDNLGHV�� (�� DQG� 0�� 3RO\FDUSRX� �������� �6KRUW�
WHUP� HOHFWULF� ORDG� IRUHFDVWLQJ�� $� WXWRULDO���
7UHQGV�LQ�1HXUDO�&RPSXWDWLRQ��������������

/H�&DP��0�� DQG�$��'DRXG� ��������3UpGLFWLRQ� GH� OD�
GHPDQGH� pQHUJpWLTXH� j� FRXUW� WHUPH� SDU�
UpJUHVVLRQ�QRQ�SDUDPpWULTXH��3URFHHGLQJV�RI�
H6LP� ������ 7KH� &DQDGLDQ� &RQIHUHQFH� RQ�
%XLOGLQJ�6LPXODWLRQ��+DOLID[��1RYD� 6FRWLD: 
���������

/HPRUW�� 9��� -�� /HEUXQ� DQG� &�� )HOVPDQQ� ��������
7HVWLQJ�DQG�YDOLGDWLRQ�RI�VLPXODWLRQ�WRROV�RI�
+9$&� PHFKDQLFDO� HTXLSPHQW� LQFOXGLQJ�
WKHLU�FRQWURO�VWUDWHJLHV�SDUW�,,,��YDOLGDWLRQ�RI�
DQ� DLU�FRROHG� FKLOOHU� PRGHO�� (OHYHQWK�
,QWHUQDWLRQDO� ,%36$� &RQIHUHQFH�� *ODVJRZ��
6FRWODQG��,%36$��

/L�� .��� +�� 6X� DQG� -�� &KX� �������� �)RUHFDVWLQJ�
EXLOGLQJ� HQHUJ\� FRQVXPSWLRQ� XVLQJ� QHXUDO�
QHWZRUNV�DQG�K\EULG�QHXUR�IX]]\�V\VWHP��$�
FRPSDUDWLYH� VWXG\��� (QHUJ\� DQG� %XLOGLQJV�
�������������������

/L��4���4��0HQJ��-��&DL��+��<RVKLQR�DQG�$��0RFKLGD�
�������� �3UHGLFWLQJ� KRXUO\� FRROLQJ� ORDG� LQ�
WKH� EXLOGLQJ�� $� FRPSDULVRQ� RI� VXSSRUW�
YHFWRU�PDFKLQH�DQG�GLIIHUHQW�DUWLILFLDO�QHXUDO�
QHWZRUNV��� (QHUJ\� &RQYHUVLRQ� DQG�
0DQDJHPHQW���������������

0DUNRXODNLV�� 6�� $��� *�� 6�� 6WDYUDNDNLV� DQG� 7�� *��
1LNRODRX� �������� 6KRUW�WHUP� ORDG�
IRUHFDVWLQJ� EDVHG� RQ� WKH� .DOPDQ� ILOWHU� DQG�
WKH� QHXUDO�IX]]\� QHWZRUN� �$1),6���
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� (QHUJ\� 	�
(QYLURQPHQWDO� 6\VWHPV�� &KDONLGD�� *UHHFH: 
���������

0RQIHW�� '�� DQG� 5�� =PHXUHDQX� �������� �2QJRLQJ�
FRPPLVVLRQLQJ� RI� ZDWHU�FRROHG� HOHFWULF�
FKLOOHUV� XVLQJ� EHQFKPDUNLQJ� PRGHOV���
$SSOLHG�(QHUJ\�������������

1LH��+���*��/LX��;��/LX�DQG�<��:DQJ����������+\EULG�
RI�$5,0$�DQG�690V�IRU�6KRUW�7HUP�/RDG�

)RUHFDVWLQJ��� (QHUJ\� 3URFHGLD� ���3DUW� &���
�����������

1LX��'���<��:DQJ�DQG�'��'��:X����������3RZHU�ORDG�
IRUHFDVWLQJ� XVLQJ� VXSSRUW� YHFWRU� PDFKLQH�
DQG� DQW� FRORQ\� RSWLPL]DWLRQ��� ([SHUW�
6\VWHPV� ZLWK� $SSOLFDWLRQV� ������� �����
������

5HGG\��7�� DQG�'��&ODULGJH� �������� �8VLQJ� V\QWKHWLF�
GDWD� WR� HYDOXDWH� PXOWLSOH� UHJUHVVLRQ� DQG�
SULQFLSDO� FRPSRQHQW� DQDO\VHV� IRU� VWDWLVWLFDO�
PRGHOLQJ� RI� GDLO\� EXLOGLQJ� HQHUJ\�
FRQVXPSWLRQ���(QHUJ\�DQG�%XLOGLQJV��������
�������

5XPHOKDUW�� '�� (�� DQG� -�� /�� 0F&OHOODQG� ��������
3DUDOOHO� GLVWULEXWHG�SURFHVVLQJ�� H[SORUDWLRQV�
LQ� WKH� PLFURVWUXFWXUH� RI� FRJQLWLRQ�� 9ROXPH�
��� )RXQGDWLRQV�� &DPEULGJH�� 0$��86�� 0,7�
3UHVV��

6RDUHV�� /�� -�� DQG� /�� 5�� 6RX]D� �������� �)RUHFDVWLQJ�
HOHFWULFLW\� GHPDQG� XVLQJ� JHQHUDOL]HG� ORQJ�
PHPRU\��� ,QWHUQDWLRQDO� -RXUQDO� RI�
)RUHFDVWLQJ���������������

6R\JXGHU�� 6�� �������� �,QWHOOLJHQW� V\VWHP� EDVHG� RQ�
ZDYHOHW� GHFRPSRVLWLRQ� DQG� QHXUDO� QHWZRUN�
IRU�SUHGLFWLQJ�RI�IDQ�VSHHG�IRU�HQHUJ\�VDYLQJ�
LQ� +9$&� V\VWHP��� (QHUJ\� DQG� %XLOGLQJV�
����������������

6ZDQ�� /�� *��� 9�� ,�� 8JXUVDO� DQG� ,�� %HDXVROHLO�
0RUULVRQ� �������� �2FFXSDQW� UHODWHG�
KRXVHKROG� HQHUJ\� FRQVXPSWLRQ� LQ� &DQDGD��
(VWLPDWLRQ� XVLQJ� D� ERWWRP�XS� QHXUDO�
QHWZRUN� WHFKQLTXH��� (QHUJ\� DQG� %XLOGLQJV�
����±�������������

9DSQLN�� 9�� 1�� �������� �$Q� RYHUYLHZ� RI� VWDWLVWLFDO�
OHDUQLQJ� WKHRU\��� ,(((� 7UDQVDFWLRQV�
RQ�1HXUDO�1HWZRUNV�����������������

<DQJ��-���+��5LYDUG�DQG�5��=PHXUHDQX����������2Q�
OLQH� EXLOGLQJ� HQHUJ\� SUHGLFWLRQ� XVLQJ�
DGDSWLYH�DUWLILFLDO� QHXUDO�QHWZRUNV���(QHUJ\�
DQG�%XLOGLQJV��������������������

=KDR�� +��[�� DQG� )��0DJRXOqV� �������� �$� UHYLHZ� RQ�
WKH� SUHGLFWLRQ� RI� EXLOGLQJ� HQHUJ\�
FRQVXPSWLRQ��� 5HQHZDEOH� DQG� 6XVWDLQDEOH�
(QHUJ\�5HYLHZV�������������������

=KRX�� 4��� 6��:DQJ�� ;�� ;X� DQG� )�� ;LDR� �������� �$�
JUH\�ER[� PRGHO� RI� QH[W�GD\� EXLOGLQJ�
WKHUPDO� ORDG� SUHGLFWLRQ� IRU� HQHUJ\�HIILFLHQW�
FRQWURO��� ,QWHUQDWLRQDO� -RXUQDO� RI� (QHUJ\�
5HVHDUFK��������������������

�
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