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$%675$&7�
7KLV� SDSHU� LOOXVWUDWHV� WKH� GLIIHUHQFH� EHWZHHQ� WKH�
FRJQLWLYH�DSSURDFK�DQG�WKH�WUDGLWLRQDO��GHWHUPLQLVWLF��
DSSURDFK�LQ�EXLOGLQJ�HQHUJ\�VLPXODWLRQ��DQG�EHQHILWV�
IURP�WKH�FRJQLWLYH�DJHQW�EDVHG�VLPXODWLRQ��$%6���,Q�
WKLV� VWXG\�� WKH� FRJQLWLYH� DJHQWV� ZHUH� VLPXODWHG� WR�
KDYH� D� VHW� RI� EHKDYLRU� SDWWHUQV� DQG� PLPLF� UHDO�
KXPDQV� XQGHU� FHUWDLQ� FLUFXPVWDQFHV�� 7KH� DJHQW�
PRGHO� LQFOXGHV� VWRFKDVWLF� RFFXSDQW� PRYHPHQW�
EHWZHHQ� PXOWLSOH� ]RQHV� LQ� D� EXLOGLQJ�� 7KH� DXWKRUV�
FRXSOHG� WZR�DSSOLFDWLRQV� �1HW/RJR�DQG�(QHUJ\3OXV��
XVLQJ� %XLOGLQJ� &RQWURO� 9LUWXDO� 7HVW� %HG� �%&97%��
WKDW� VXSSRUWV� UXQWLPH� GDWD� H[FKDQJH� EHWZHHQ�
GLIIHUHQW�DSSOLFDWLRQV��7KH�UHVXOWV�VKRZ�WKDW�WKHUH�LV�D�
VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH� $%6� DQG� WKH�
WUDGLWLRQDO� VLPXODWLRQ� UXQ�� $FFRUGLQJO\�� LW� KDV� EHHQ�
FRQFOXGHG�WKDW�IRU�EHWWHU�VLPXODWLRQ�DQG�SHUIRUPDQFH�
SUHGLFWLRQ�� WKH� LQFOXVLRQ� RI� DJHQWV� LQWR� WUDGLWLRQDO�
EXLOGLQJ�VLPXODWLRQ�LV�LQGLVSHQVDEOH���

,1752'8&7,21�
,W� KDV� EHHQ� ZLGHO\� DFNQRZOHGJHG� WKDW� KXPDQ�
GLPHQVLRQ� LV� D� FULWLFDO� IDFWRU� IRU� UHOLDEOH� EXLOGLQJ�
SHUIRUPDQFH� SUHGLFWLRQ�� %XLOGLQJ� HQHUJ\� XVH� DQG�
LQGRRU� HQYLURQPHQW� DUH� GHSHQGHQW� RQ� RFFXSDQWV¶�
OHYHO� RI� XQGHUVWDQGLQJ� DQG� UHDFWLRQV� WR� LQGRRU� EXLOW�
HQYLURQPHQW� �3LHUFH� HW� DO��� ������ 6DQWLQ�� �������
+RZHYHU�� LQFOXVLRQ� RI� RFFXSDQWV¶� EHKDYLRU� LQWR� WKH�
EXLOGLQJ� VLPXODWLRQ� WRROV� KDV� QRW� EHHQ� VXIILFLHQWO\�
GHYHORSHG�� ,W� LV� QRW� HDV\� WR� GHYHORS� D�PDWKHPDWLFDO�
PRGHO� RI� KXPDQ� EHLQJV� ZKR� PDNH� LQGHSHQGHQW�
MXGJPHQW� DQG� UDWLRQDO� GHFLVLRQV� EDVHG� RQ� WKHLU�
XQLTXH� H[SHULHQFHV�� NQRZOHGJH�� KDELWV�� DQG�
UHFRJQLWLRQ� �3DJH� HW� DO�� ������� 0DQ\� VWXGLHV� WUHDW�
RFFXSDQWV� LQ� D� VWUDLJKWIRUZDUG� PDQQHU� VXFK� DV�
RFFXSDWLRQ¶V� VFKHGXOH� RU� VWDWLVWLFDO� SUREDELOLWLHV�
�.LP�HW�DO���������0DKGDYL�DQG�3URJOKRI��������=KXQ�
HW� DO��� ������� � 0RGHOLQJ� RI� RFFXSDQWV� FDQ� EH�
FODVVLILHG�LQWR�WKUHH�DSSURDFKHV�DV�IROORZV���
 'HWHUPLQLVWLF� DSSURDFK�� FXUUHQWO\�� PRVW� RI� WKH�

EXLOGLQJ� VLPXODWLRQ� WRROV� �H�J�� (QHUJ\3OXV��
H48(67��(63�U��7516<6��HWF���UHO\�RQ�D�IL[HG�
VFKHGXOH� IRU� RFFXSDQWV� �H�J�� ����DW� ����� S�P���
DQG� WKH\� GRQ¶W� WDNH� LQWR� DFFRXQW� RFFXSDQW�
UHVSRQVHV�DQG�G\QDPLF�UHDFWLRQV� �H�J��FKDQJLQJ�
VHWSRLQW� WHPSHUDWXUH� RU� RSHQLQJ� ZLQGRZV���
$FFRUGLQJO\��WKLV�DSSURDFK�GRHV�QRW�VXIILFLHQWO\�

UHIOHFW�KXPDQ�EHLQJV��ZKR�WKLQN��MXGJH�DQG�UHDFW�
IUHHO\�DQG�LQWHOOLJHQWO\��7KLV�LV�RQH�RI�WKH�FDXVHV�
IRU� WKH� JDS� EHWZHHQ� WKH� VLPXODWLRQ� SUHGLFWLRQ�
DQG�UHDOLW\���

 6WRFKDVWLF� DSSURDFK�� RFFXSDQW� VFKHGXOH� DQG�
EHKDYLRU�DUH�PRGHOHG�LQ�VWRFKDVWLF�IDVKLRQ��2QH�
RI� WKH� PRVW� SRSXODU� PHWKRGV� LV�0DUNRY� &KDLQ�
�.LP� HW� DO��� ������ 'RQJ� DQG� $QGUHZV�� ������
/LDR� HW� DO�� ������ ,%36$�$VLD� ������� 7KLV�
DSSURDFK� LV� PRUH� SODXVLEOH� FRPSDUHG� WR� WKH�
GHWHUPLQLVWLF� DSSURDFK�� 1HYHUWKHOHVV�� ZKDW�
IROORZV�PXVW�EH�LQ�PLQG������WKLV�DSSURDFK�GRHV�
QRW� FRQVLGHU� WKH� DWWULEXWHV� RI� RFFXSDQWV� �H�J��
H[SHULHQFH�� NQRZOHGJH�� VHQVDWLRQ�� GHVLUH�� HWF����
���� ,Q� WKLV� DSSURDFK�� WKHUH� LV� QR� LQWHUDFWLRQ�
EHWZHHQ� RFFXSDQWV� DQG� WKXV�� LW� EHFRPHV� VWLOO�
XQUHDOLVWLF���

 &RJQLWLYH� DSSURDFK�� WKLV� DSSURDFK� FRQVLGHUV�
KXPDQ¶V� VHQVDWLRQ�� SHUFHSWLRQ�� FRJQLWLRQ�� DQG�
SV\FKRPRWRU�� 7KLV� DSSURDFK� FDQ� EH� UHDOL]HG� LQ�
$JHQW�%DVHG� 6LPXODWLRQ� �$%6�� �)XMLL� DQG�
7DQLPRWR�������3DJH�HW� DO���������=KHQJZHL�HW�
DO��� ������ &OLQWRQ� HW� DO��� ������ .DVKLI� HW� DO��
������� $%6� FRPELQHV� WKH� G\QDPLFV� RI� EXLOW�
HQYLURQPHQW� �RU� V\VWHPV�� DQG� DJHQWV� ZKR�
UHVSRQG� WR�SK\VLFDO�HQYLURQPHQW�EDVHG�RQ� WKHLU�
DXWRQRPRXV� MXGJPHQW� �%RQDEHDX� HW� DO��� ������
+HOELQJ����������

)LUVWO\�� WKLV� VWXG\� DLPV� WR� FRQVWUXFW� UHDOLVWLF�
RFFXSDQWV�ZLWK�WKH�XVH�RI�FRJQLWLYH�DSSURDFK��,Q�WKLV�
UHJDUG�� RFFXSDQW� EHKDYLRU�� GHFLVLRQ�PDNLQJ�SURFHVV��
DQG� RFFXSDQW� PRYHPHQW� ZHUH� PRGHOHG� XVLQJ�
1HW/RJR�� RQH� RI� WKH� SRSXODU� $%6� SURJUDPV� �7LVXH�
DQG�:LOHQVN\���������,Q�RWKHU�ZRUGV��WKH�DJHQWV�ZHUH�
VLPXODWHG�WR�IUHHO\�PRYH�EHWZHHQ�URRPV�DQG�FKDQJH�
RSHQLQJ�ZLQGRZV�GRRUV�RU�URRP�VHWSRLQW�WHPSHUDWXUH����
6HFRQGO\�� WKLV� VWXG\�DLPV� WR� LOOXVWUDWH� WKH�GLIIHUHQFH�
EHWZHHQ�WKH�FRJQLWLYH�DSSURDFK�DQG�WKH�GHWHUPLQLVWLF�
DSSURDFK�� DQG� EHQHILWV� IURP� WKH� $%6�� 7KH� DXWKRUV�
FRXSOHG� 1HW/RJR� DQG� (QHUJ\3OXV� XVLQJ� %XLOGLQJ�
&RQWURO�9LUWXDO�7HVW�%HG��%&97%��HQYLURQPHQW�WKDW�
VXSSRUWV� UXQWLPH� GDWD� H[FKDQJH� EHWZHHQ� WZR�
DSSOLFDWLRQV���

$*(17�%8,/',1*�6,08/$7,21��
7KHUH�KDYH�EHHQ�PDQ\�$%6�VWXGLHV�LQ�DUHDV�RI�VRFLR�
DQG�HFRQRPLF�VFLHQFH��+HOELQJ���������,Q�WKLV�VHFWLRQ��
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WKH� $%6� VWXGLHV� LQ� DUHD� RI� EXLOGLQJ� VLPXODWLRQ� DUH�
DGGUHVVHG���
)XMLL� DQG� 7DQLPRWR� ������� VXJJHVWHG� DQ� DJHQW�
PRGHOLQJ� DSSURDFK� EDVHG� RQ� WKH� OHYHO� RI� DWWULEXWHV�
�VHQVDWLRQ�� SHUFHSWLRQ�� DQG� GHVLUH��� $Q� DJHQW� ZDV�
FKDUDFWHUL]HG�E\�W\SH�RI�SHUFHSWLRQ��GHVLUH�DQG�EHOLHI��
7KH�FKDUDFWHULVHG�DJHQW�GHFLGHV�KLV�KHU�DFWLRQ�EDVHG�
RQ� WKH� VWDWH� RI� LQGRRU� HQYLURQPHQW� �WHPSHUDWXUH��
KXPLGLW\��HWF���DQG�WKH�VXUURXQGLQJV���
.DVKLI� HW� DO�� ������� GHYHORSHG� D� FDXVDO� PRGHO� WR�
VLPXODWH� RFFXSDQW¶V� EHKDYLRXUDO� SDWWHUQV� WR� XVH�
GRPHVWLF� HTXLSPHQW�� 7KH� DJHQWV� ZHUH� IRUPHG� ZLWK�
ILYH�:¶V�DQG�RQH�+�XVLQJ�%UDKPV�ODQJXDJH��6LHUKXLV�
HW�DO����������7KH�DJHQWV�ZHUH�SURJUDPPHG�WR�RSHUDWH�
DLU� FRQGLWLRQHUV�� WHOHYLVLRQ��ZLQGRZV�DQG� OXPLQDLUHV�
XQGHU�JLYHQ�LQGRRU�HQYLURQPHQW��.DVKLI�HW�DO���������
VKRZHG� D� VWURQJ� GLYHUVLW\� RI� RFFXSDQW� EHKDYLRU��
.DVKLI� HW� DO�� ������¶� VWXG\� ZDV� OLPLWHG� WR� WKH�
EHKDYLRXUDO�SDWWHUQ�RI�GRPHVWLF�HTXLSPHQW�RQO\���
$FFRUGLQJ� WR�3DJH�HW�DO�� ��������RFFXSDQWV¶� ORFDWLRQ�
LQIOXHQFHV� RFFXSDQWV¶� UHVSRQVHV�� 2FFXSDQWV� DFW�
GLIIHUHQWO\� EDVHG� RQ� ZKHUH� WKH\� DUH�� ,W� LPSOLHV�
VWRFKDVWLF� DQG� FRJQLWLYH� QDWXUH� RI� RFFXSDQWV�� ZKLFK�
VKRXOG�EH�FDUHIXOO\�FRQVLGHUHG�LQ�EXLOGLQJ�VLPXODWLRQ���
=KHQJZHL� HW� DO�� ������� FRQILJXUHG� RUJDQL]DWLRQDO�
VLPXODWLRQ� IRU� +9$&� GHVLJQ� LQ� D� KRVSLWDO�� 3DWLHQWV�
ZHUH� VLPXODWHG� WR� PRYH� DURXQG� LQVLGH� WKH� KRVSLWDO�
DQG�WKH�ZRUVW�FDVH�YHQWLODWLRQ�UDWHV�ZHUH�FRPSDUHG�WR�
WKDW� RI� WKH� WUDGLWLRQDO� SURFHGXUH�� ,W� ZDV� VKRZQ� WKDW�
WKH� WUDGLWLRQDO� SURFHGXUH� FDQ� FDXVH� SRRUO\� GHVLJQHG�
+9$&�V\VWHP���
&OLQWRQ� HW� DO�� ������� FRQGXFWHG� /(('� OLJKWLQJ�
DVVHVVPHQW�XVLQJ�DJHQWV�WKDW�ZHUH�FODVVLILHG�LQWR�IRXU�
W\SHV� LQ� WHUPV� RI� LQFOLQDWLRQ� RI� HQYLURQPHQWDO�
IULHQGOLQHVV�� &OLQWRQ� HW� DO�� ������� VKRZHG� WKDW� WR�
VRPH� H[WHQW� XVHUV� H[KLELW� KHWHURJHQHRXV� EHKDYLRU�
DQG� SUHIHUHQFHV� DQG� DFFRUGLQJO\� OLJKWLQJ� GHVLJQ�
DOORZLQJ�JUHDWHU�ORFDO�FRQWURO�LV�IDU�PRUH�SUHIHUUHG���
$V� QRWHG� HDUOLHU�� WKH� $%6� UHIOHFWV� VRFLR�HFRQRPLF��
SV\FKRORJLFDO� LQWHUDFWLRQ� RI� RFFXSDQWV� LQ� EXLOGLQJ�
VLPXODWLRQ�� LQ� FRQWUDVW� WR� D� WUDGLWLRQDO� HQHUJ\�
VLPXODWLRQ� IDVKLRQ�� 7KH� IROORZLQJ� VHFWLRQ� JLYHV�
GHWDLOV�RI�RXU�DJHQW�PRGHOLQJ�DSSURDFK�DQG�SURFHVVHV���

02'(/,1*�$3352$&+�
,Q�WKLV�VWXG\��WKH�DJHQW�PRGHO�GHYHORSHG�E\�)XMLL�DQG�
7DQLPRWR� ������� ZDV� XVHG�� 7KH� DJHQW� KDV� WKH�
IROORZLQJ� FKDUDFWHULVWLFV�� WKH� DJHQW� VHQVHV� LQGRRU�
HQYLURQPHQW� DQG� SHUFHLYHV� LW� DV� WKHUPDO� VHQVDWLRQ��
6HFRQGO\�� WKH� DJHQW� GHULYHV� DQ� LQWHQWLRQ� WR� VDWLVI\�
KLV�KHU�GHVLUH�EDVHG�RQ�KLV�KHU�H[SHULHQFH��EHOLHI�DQG�
WKH�SHUFHSWLRQ��)LQDOO\�� WKH� LQWHQWLRQ� LV�H[SUHVVHG�DV�
DQ�DFWLRQ���
/HW�XV�VXSSRVH�WKDW�DQ�DJHQW�LV�LQ�D�URRP�LQ�ZKLFK�DQ�
DLU�FRQGLWLRQHU�LV�RII�DQG�D�ZLQGRZ�LV�FORVHG��DQG�WKH�
URRP� DLU� WHPSHUDWXUH� LV� ����R&�� RXWGRRU� DLU�
WHPSHUDWXUH� LV� ��R&�� 8QGHU� WKLV� VLWXDWLRQ�� LQIHUHQFH�
VFHQDULR�RI� WKH�DJHQW� LV�DV� IROORZV�� WKH�DJHQW� VHQVHV�
URRP� DLU� WHPSHUDWXUH� RI� ����R&�� DQG� SHUFHLYHV� LW� DV�

KRW��+H�KDV�D�GHVLUH�WR�FRRO��+H�ILQGV�VRPH�DFWLRQV�WR�
FRRO� �H�J�� WXUQLQJ�RQ� WKH� DLU� FRQGLWLRQHU�RU� RSHQ� WKH�
ZLQGRZ��EDVHG�RQ� KLV� EHOLHI� �FDXVDO� UHODWLRQ���1H[W��
WKH�DJHQW�UHFRJQL]HV�WKH�V\VWHP�VWDWHV��H�J��RQ�RII�RU�
RSHQ�FORVHG��DQG�LQIHUV�WKH�EHVW�DFWLRQV�WR�DFKLHYH�KLV�
GHVLUH��%HFDXVH�KH�GRHV�QRW�NQRZ�WKDW�WKH�RXWGRRU�DLU�
WHPSHUDWXUH� ���R&�� LV� KLJKHU� WKDQ� URRP� DLU�
WHPSHUDWXUH� �����R&��� KH� RSHQV� WKH� ZLQGRZ�� $JDLQ��
KH�IHHOV�KRW��)LQDOO\��KH�WXUQV�RQ�WKH�DLU�FRQGLWLRQHU���
$FFRUGLQJ� WR�)XMLL�DQG�7DQLPRWR���������HDFK�DJHQW�
FDQ�EH�FDWHJRUL]HG�XVLQJ�WKUHH�VHQVDWLRQ�W\SHV�� WKUHH�
WKHUPDO�SHUFHSWLRQ�W\SHV��WZR�VSDFH�SHUFHSWLRQ�W\SHV��
WKUHH� GHVLUH� W\SHV�� D� WRWDO� RI� ��� DJHQW� W\SHV�
��î�î�î���� 8QIRUWXQDWHO\�� LQ� )XMLL� DQG� 7DQLPRWR�
�������� LQWHUDFWLRQ� EHWZHHQ� DJHQWV� ZDV� QRW�
FRQVLGHUHG�� ,Q� WKLV� VWXG\�� LQWHUDFWLRQ� RI� WKH� DJHQWV�
DQG�FR�VLPXODWLRQ�RI�(QHUJ\3OXV�DQG�1HW/RJR��7LVXH�
DQG�:LOHQVN\��������ZHUH�LPSOHPHQWHG���

Interactions between agents 
7KH� RFFXSDQWV� XQGHU� WKH� VDPH� HQYLURQPHQW� UHDFW�
GLIIHUHQWO\� GHSHQGLQJ� RQ� WKHLU� EDFNJURXQG�� KHQFH� D�
FRQIOLFW� RFFXUV� EHWZHHQ� RFFXSDQWV�� $FFRUGLQJ� WR�
.DUS� �������� LW� LV� SRVVLEOH� WR� FDWHJRUL]H� SUR�
HQYLURQPHQWDO� EHKDYLRU� RI� SHRSOH� DORQJ� WZR�
GLPHQVLRQV�� 7KH� ILUVW� GLPHQVLRQ� H[WHQGV� IURP� VHOI�
HQKDQFHPHQW� WR� VHOI�WUDQVFHQGHQFH�� DQG� WKH� VHFRQG�
GLPHQVLRQ� H[WHQGV� IURP� RSHQQHVV� WR� FKDQJH� WR�
FRQVHUYDWLRQ�� %DVHG� RQ� WKH� WZR� GLPHQVLRQV�� LW� LV�
SRVVLEOH�WR�GLYLGH�DJHQWV�LQWR�IRXU��JUHHQ�DFWLYLVW��,���
KHDOWK\� FRQVXPHU� �,,��� WUDGLWLRQDO� FRQVXPHU� �,,,���
JRRG�FLWL]HQ� �,9��DV� VKRZQ� LQ�)LJXUH��� �.DUS�������
&OLQWRQ� HW� DO��� ������� 7KH� PHDQLQJ� RI� WKH� IRXU�
TXDGUDQW�LV�GHVFULEHG�LQ�7DEOH�����

�

�
)LJXUH���7ZR�GLPHQWLRQV�RI�SUR�HQYLURQPHQWDO�
EHKDYLRU��.DUS�������&OLQWRQ�HW�DO���������

�

7DEOH����0HDQLQJ�RI�IRXU�TXDGUDQW��.DUS��������
TYPE MEANING 

,� ,QGLYLGXDOV� ZKR� VWURQJO\� YDOXH� ERWK� VHOI�
WUDQVFHQGHQFH�DQG�RSHQQHVV�WR�FKDQJH�ZLOO�HQJDJH�
LQ�SUR�HQYLURQPHQWDO�EHKDYLRU��

,,� ,QGLYLGXDOV� ZKR� VWURQJO\� YDOXH� VHOI�HQKDQFHPHQW�
DQG� RSHQQHVV� WR� FKDQJH� ZLOO� HQJDJH� LQ� SUR�
HQYLURQPHQWDO�EHKDYLRU�RQO\�ZKHQ�WKHUH�LV�D�FOHDU�
OLQN� EHWZHHQ� VHOI�LQWHUHVW� DQG� SUR�HQYLURQPHQWDO�
EHKDYLRU��

,,,� ,QGLYLGXDOV� ZKR� VWURQJO\� YDOXH� VHOI�HQKDQFHPHQW�
DQG� FRQVHUYDWLRQ� DUH� WKH� OHDVW� OLNHO\� WR� EH� SUR�

+HDOWK\�
FRQVXPHULVP $FWLYLVP

&RQYHQWLRQDO�
FRQVXPHULVP

*RRG�
FLWL]HQVKLS

2SHQQHVV�WR�FKDQJH��

&RQVHUYDWLRQ�

6HOI�
HQKDQFHP

HQW�

6HOI�
WUDQVFHQGH

QFH

ⅠⅡ

Ⅲ Ⅳ
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HQYLURQPHQWDO��
,9� ,QGLYLGXDOV� ZKR� VWURQJO\� YDOXH� ERWK� VHOI�

WUDQVFHQGHQFH� DQG� FRQVHUYDWLRQ� ZLOO� HQJDJH� LQ�
SUR�HQYLURQPHQWDO� EHKDYLRU�� EXW�ZLOO� GR� VR�ZKHQ�
WKH�EHKDYLRU�LV�D�QRUPDWLYH�VWDQGDUG�

�

7KH� FRQIOLFWV� EHWZHHQ� DJHQWV� RFFXU� EHFDXVH� RI� WKH�
GLIIHUHQW� EDFNJURXQG� DQG� SUHIHUHQFHV� �7DEOH� ���� ,Q�
WKLV� VWXG\�� WKHLU� DWWLWXGH� WR� WUDGH�RIIV� EHWZHHQ�
FRQIOLFWLQJ�REMHFWLYHV� ZDV� UHDOL]HG� XVLQJ� 0XOWL�
$WWULEXWH� 8WLOLW\� )XQFWLRQ� �0$8)�� VXJJHVWHG� E\�
&OLQWRQ�HW�DO�����������
0$8)� KDV� EHHQ� GHYHORSHG� WR� SURYLGH� D� IRUPDO�
VWUXFWXUH� IRU� UDWLRQDO� GHFLVLRQ� PDNLQJ�� 7KH� FRUH� RI�
PXOWL�DWWULEXWH� XWLOLW\� WKHRU\� LV� WKH� XVH� RI� µD�
SUDJPDWLF� DJJUHJDWLRQ� IXQFWLRQ¶� E\� FRPELQLQJ� WKH�
VLQJOH�XWLOLW\� IXQFWLRQV� IURP� HDFK� RI� WKH� V\VWHP�
FRPSRQHQWV� �0H\HUV� HW� DO��� ������� 7KH� JHQHUDO�
H[SUHVVLRQ� RI� WKLV� DJJUHJDWLRQ� LV� D� PXOWLSOLFDWLYH�
IRUP�� 7KH� SUHIHUHQFH� RI� WKH� GHFLVLRQ� PDNHU� LV�
H[SUHVVHG�LQ�WKH�IRUP�RI�D�ZHLJKW�FRQVWDQW��ZKLFK�LV�
HOLFLWHG� E\� ILHOG� VXUYH\� GDWD�� 7KH� FDOFXODWLRQ�
SURFHGXUH�RI�WKH�0$8)�LV�DV�IROORZV���
 6WHS� ��� WKH� DJHQWV� DUH� FDWHJRUL]HG� DV� JUHHQ�

DFWLYLVW� �,��� KHDOWK\� FRQVXPHU� �,,��� WUDGLWLRQDO�
FRQVXPHU��,,,���DQG�JRRG�FLWL]HQ��,9���(DFK�DJHQW�
KDV� IRXU� DWWULEXWHV� �EHQHILW� WR� VHOI�� EHQHILW� WR�
RWKHUV��FRVW�WR�VHOI��DQG�FRVW�WR�RWKHUV��ZKLFK�DUH�
UHODWHG�WR�LQWHQWLRQV��H�J��VHOI�HQKDQFHPHQW��VHOI�
WUDQVFHQGHQFH��RSHQQHVV�WR�FKDQJH��FRQVHUYDWLRQ��
DQG�RXWFRPHV��H�J��JDV�RU�HOHFWULF�UDWHV��FRPIRUW��
HQHUJ\�XVH��

 6WHS� ��� HDFK� DWWULEXWH� PD\� EH� GHILQHG�
RSHUDWLRQDOO\�DV�VRPHWKLQJ�WKDW�RFFXSDQWV�GR�QRW�
ZDQW� �&OLQWRQ� HW� DO�� ������� 7KLV� RSHUDWLRQDO�
FKRLFH� DOVR� UHIOHFWV� REVHUYHG� EHKDYLRU�� EHFDXVH�
EXLOGLQJ�XVHUV�³WHQG�QRW� WR�ZRUU\�DERXW�FRPIRUW�
DV� VXFK�� EXW� GLVFRPIRUW«� WKH\� UHDFW� ZKHQ� D�
µFULVLV�RI�GLVFRPIRUW¶�KDV�EHHQ�UHDFKHG´��/HDPDQ�
DQG� %RUGDVV�� ������� 7KHUHIRUH� RSHUDWLRQDOO\��
RFFXSDQW� GLVXWLOLW\� FDQ� EH� PDGH� D� IXQFWLRQ� RI�
ODFN� RI� EHQHILW� WR� VHOI�� ODFN� RI� EHQHILW� WR� RWKHUV��
FRVW�WR�VHOI��DQG�FRVW�WR�RWKHUV��2FFXSDQWV�SUHIHU�
VFHQDULRV�ZLWK�OHVV�GLVXWLOLW\��&OLQWRQ�HW�DO���������
7KHUHIRUH�� 0$8)� RI� DQ� $JHQW� $� FDQ� EH�
H[SUHVVHG�DV�(T����

�

� � � � � � �
�

� � � � � � � � �$ L $ L L
L

8 [ [ [ [ [ [ N X [


  ������������������

ZKHUH�� � � � � � �� � � � � � �$8 [ [ [ [ [ [ LV� WKH� WRWDO� XWLOLW\��
ZKLFK�LV�IXQFWLRQ�RI�ODFN�RI�EHQHILW�WR�VHOI�� �[ ����
RI� WLPH� GHVLUHG� VHUYLFH� LV� XQDYDLODEOH��� ODFN� RI�
EHQHILW� WR� RWKHUV� � �[ �� HQHUJ\� XVH��� FRVW� WR� VHOI�
� �[ �� HIIRUW�� �[ �� GLVFRPIRUW�� �[ �� FRVW��� FRVW� WR�
RWKHUV� � �[ �� HQYLURQPHQWDO� LPSDFW��� $� VLQJOH�
DWWULEXWH� XWLOLW\�� � �L LX [ �� KDV� D� YDOXH� RI� �� LI� WKH�
PHDQLQJ� RI� L[ �ILWV� WR� D� FHUWDLQ� FRQWH[W�� )RU�
H[DPSOH�� LI� WKH� DJHQW� $� WXUQV� RQ� WKH� DLU�

FRQGLWLRQHU�WR�FRRO��WKHQ��
� � �� � �X [  �� WKH� DLU� FRQGLWLRQHU� FDSDFLW\� LV�

HQRXJK�WR�VHUYH��WKXV�VHUYLFH�DOZD\V�ZLOO�EH�
VDWLVILHG���

� � � � �� � � � �X [ X [  �� WKH� HOHFWULF� HQHUJ\� LV�
XVHG��DQG�LW�HQYLURQPHQWDOO\�LPSDFWV�VXFK�DV�
&2��JHQHUDWLRQ���

� � �� � �X [  ��WKH�DFWLRQ�LV�WDNHQ��
� � �� � �X [  ��� WKH� DLU� FRQGLWLRQHU� PDLQWDLQV�

URRP�DLU�WHPSHUDWXUH�DFFRUGLQJO\��
� � �� � �X [  ��HOHFWULF�ELOO�VKRXOG�EH�SDLG��

 6WHS� ��� �L $N �LV� D� ZHLJKWLQJ� FRQVWDQW� �RU�
SUHIHUHQFH�� IRU� HDFK� DWWULEXWHV� [L�� ,W� KDV� D� UDQJH�

IURP� �� WR� �� ZLWK
�

�
�

�L $
L
N



 �� �L $N �LV� PDGH� WR�

FRQVLGHU� GHFLVLRQ�PDNHU¶V� SUHIHUHQFHV� EDVHG� RQ�
WKH�VXUYH\HG�VDPSOHV�RI����UHVSRQVHV�RI�EXLOGLQJ�
RFFXSDQWV��&OLQWRQ�HW�DO����������

 6WHS� ��� ILQDOO\�� WKH� 0$8)� RI� WKH� DJHQW� $� LV�
FDOFXODWHG� FRQVLGHULQJ� WKH� DWWULEXWH� XWLOLWLHV�
ZKLFK� FDQ� EH� FKDQJHG� E\� VHYHQ� NLQGV� RI�
RFFXSDQW� DFWLRQV�� IRU� H[DPSOH�� RSHQLQJ� DQG�
FORVLQJ�RI�D�ZLQGRZ�DQG�WXUQLQJ�RQ�DQG�RII�RI�DQ�
DLU� FRQGLWLRQHU�� GHFUHDVLQJ� DQG� LQFUHDVLQJ�
VHWSRLQW� WHPSHUDWXUH� RI� WKH� DLU� FRQGLWLRQHU�� DQG�
NHHSLQJ� VWLOO� �)XMLL� DQG� 7DQLPRWR�� ������� 7KH�
FDOFXODWHG�8$�LV�XVHG�WR�GHFLGH�WKH�ILQDO�DFWLRQ�LQ�
FRPSDULQJ� WRWDO� XWLOLWLHV� RI� DJHQW� %� �H�J��8$� !�
8%���,I�WKH�XWLOLWLHV�RI�DJHQWV��H�J��8$ 8%��DUH�WKH�
VDPH��RQH�LV�FKRVHQ�UDQGRPO\� 

7KH�GHFLVLRQ�PDNLQJ�SURFHVV�RI� WKH�DJHQWV� LV�VKRZQ�
LQ�)LJXUH�����
�

 
)LJXUH����'HFLVLRQ�PDNLQJ�SURFHVV�RI�FRJQLWLYH�

DJHQWV�
�

Movement of the agents  
7KH� IROORZLQJ� VWXGLHV� �+LOOLHU� HW� DO��� ������ 7XUQHU�
DQG� 3HQQ� ������ 3HOHFKDQR� DQG� 0DONDZL�� ������

(QYLURQPHQWDO�
VWDWH��W�

(A) Sensation

3HUFHLYHG�
HQYLURQPHQW

(B) Perception

([SHFWHG�
SHUFHLYHG��

HQYLURQPHQW

(C) Desire

([SHFWDWLRQ�RQ
SHUFHLYHG�VSDFH

(D) Inference

3HUFHLYHG�VWDWH�
RI�WKH�VSDFH

%HOLHI�RQ�
FDXVDO�UHODWLRQ

(G) Intention

&RQIOLFWV

(I) Planning

(F) Utility 3ODQ

$FWLRQ

(H) Decision-
making

(QYLURQPHQWDO�
6WDWH��W���

%HOLHI�RQ�DFWLRQ�

6HQVRU\�
H[SHULHQFH

&DOFXODWHG�
XWLOLW\

$JHQW����«Q

(E) Perception on      
environment 

,QWHUDFWLRQ
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=KHQJZHL� HW� DO��� ������ RQ� PRYHPHQW� RI� RFFXSDQWV�
ZHUH� FRQGXFWHG� IRU� WKH� FDVHV� WKDW� KDYH� D� VWURQJ�
GLUHFWLRQ� SDWK� VXFK� DV� HYDFXDWLRQ�� D� PXVHXP� RU� D�
KRVSLWDO��7KH�UHVXOWV�RI�WKH�SUHYLRXV�VWXGLHV�PLJKW�QRW�
EH� DSSOLFDEOH� IRU� WKH� FDVHV� RI� PXOWLIDPLO\� KRXVHV��
DSDUWPHQWV� RU� RIILFH� EXLOGLQJV�� /LDR� HW� DO�� �������
VKRZHG�WKDW�WKDW�D�VWRFKDVWLF�PRYHPHQW�PRGHO�FRXOG�
VXFFHVVIXOO\�EH�DSSOLHG�WR�%6�LQ�DQ�RIILFH�EXLOGLQJ��,Q�
D� VLPLODU�PDQQHU�� D�SUREDELOLVWLF�PRGHO�RI� WKH�DJHQW�
PRYHPHQW� ZDV� GHYHORSHG� LQ� .RUHD� EDVHG� RQ� WKH�
VXUYH\�GDWD�RI����KRXVHKROGV��+\XQ�HW�DO����������$�
IORRU�SODQ�RI�WKH�WDUJHW�EXLOGLQJ�LV�VKRZQ�LQ�)LJXUH���
�+\XQ� HW� DO��� ������� 7KH� VXUYH\� GDWD� LQFOXGHV�
LQIRUPDWLRQ� RQ� VFKHGXOH� DQG� ORFDWLRQ� RI� HDFK�
PHPEHU��DJH��VH[��DW�HYHU\�KRXU��7KH�RFFXSDQWV�ZHUH�
FDWHJRUL]HG� LQWR� IRXU� DJHQW� W\SHV�� PDQ� �KHUHDIWHU�
GHILQHG�DV�$JHQW�$���ZRPDQ��$JHQW�%���PLGGHO�KLJK�
VFKRRO�VWXGHQW� �$JHQW�&���HOHPDQWDU\�VFKRRO�VWXGHQW�
�$JHQW�'����
�

�
�)LJXUH����)ORRU�SODQ�RI�WKH�DSDUWPHQW��+\XQ�HW�DO���

������
�

)RU�H[DPSOH��D�SUREDELOLW\�RI�$JHQW�$�EHLQJ�SUHVHQW�
LQ�URRP���LV�FDOFXODWHG�DV�IROORZV���
�

�UP�
�UP�

� �
� � $

$
$

1 W
3 W

6
 �����������������������������������������������������

�

ZKHUH�� 3$�UP��W�� LV� D� SUREDELOLW\� RI� $JHQW� $� EHLQJ�
SUHVHQW�LQ�URRP���DW�WLPH�W���1$�UP��W��LV�WKH�QXPEHU�RI�
PHQ�ZKR�DUH� LQ�URRP���DW� WLPH� W��DQG�6$� LV� WKH� WRWDO�
QXPEHU�RI�SHRSOH�LQ�DOO�����KRXVHKROGV���
6R� IDU�� ���� W\SHV�RI� DJHQWV� ��� >VHQVDWLRQ� W\SHV@�î���
>WKHUPDO� SHUFHSWLRQ� W\SHV@� î� �� >VSDFH� SHUFHSWLRQ�
W\SHV@� î� �� >GHVLUH� W\SHV@� î� �� >SUR�HQYLURQPHQWDO�
EHKDYLRU� W\SHV@� î� �� >PRYHPHQWV� W\SHV@ ����� DUH�
UHDOL]HG� LQ� WKLV� VLPXODWLRQ� VWXG\�� 5DWKHU� WKDQ�
DWWHPSWLQJ�WR�VLPXODWH�DOO�SRVVLEOH�FRPELQDWLRQV��WKH�
DXWKRUV�PDGH�D�VFHQDULR��D�W\SLFDO�WUDGLWLRQDO�.RUHDQ�
IDPLO\� FRPSRVHG� RI� WZR� DGXOWV� �D� PDQ�� D� ZRPDQ��
DQG� WZR� FKLOGUHQ� LQ� DQ� DSDUWPHQW�� 7KH� GHWDLOV� DUH�
VKRZQ�LQ�7DEOH�����
�

7DEOH����$JHQW�W\SH�RI�WKLV�VWXG\�

MOVE  

THERM
AL 

SENSATI
ON* 

THERM
AL 

PERCEP
TION* 

SPACE 
PERCEP
TION* 

DESIR
E* 

ATTRIBU
TE MEMBER 

$� 6�� 3�� 36�� '�� WUDGLWLRQDO�
FRQVXPHU� $GXOW�PDQ�

%� 6�� 3�� 36�� '�� JRRG�FLWL]HQ�$GXOW�ZRPDQ�

&� 6�� 3�� 36�� '��
KHDOWK\�
FRQVXPHU�

6WXGHQW��

'� 6�� 3�� 36�� '��
KHDOWK\�
FRQVXPHU�

7KH�$VWHULVN�PDUN��
��PHDQV�WKDW�WKH\�DUH�VDPH�DV�
WKRVH�RI�)XMLL�DQG�7DQLPRWR��������
�

&283/,1*�2)�$*(17�6,08/$7,21�
$1'�(1(5*<�6,08/$7,21��
7KH� WDUJHW� EXLOGLQJ� LV� D� W\SLFDO� DSDUWPHQW� KDYLQJ�
WKUHH�EHGURRPV��WZR�EDWKV��DQG�D�OLYLQJ�URRP��)LJXUH�

/LYLQJ�
URRP

5RRP��

0DLQ
URRP

5RRP��

�

�
)LJXUH���6FUHHQVKRW�RI�1HW/RJR�

$LU�FRQGLWLRQHU�RII

/LJKWLQJ�RQ�
/LJKWLQJ�RQ�

/LJKWLQJ�RQ

/LJKWLQJ�RQ

:LQGRZ��FORVHG

'RRU�RSHQ��

:LQGRZ��
FORVHG

2XWGRRU�
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����)LJXUH��� VKRZV�1HW/RJR�PRGHO� �YHUVLRQ�������RI�
WKH� WDUJHW� EXLOGLQJ�� 7KH� OHIW� VLGH� RI� )LJXUH� �� VKRZV�
WKH� LQSXWV�RI� IRXU�DJHQWV��7KH� ULJKW� VLGH�RI�)LJXUH���
VKRZV� WKH� IORRU� SODQ� DQG� IRXU� DJHQWV� JUDSKLFDOO\��
7KHUH�LV�DQ�DLU�FRQGLWLRQHU�LQ�WKH�PLGGOH�RI�WKH�OLYLQJ�
URRP�DQG� HDFK� URRP�KDV� D�ZLQGRZ�DQG� D� OXPLQDLUH�
�)LJXUH�����6LPSOH�ORJLFV�EHORZ�ZHUH�PDGH�WR�H[SODLQ�
RSHUDWLRQ�RI�OXPLQDLUHV�LQ�WKH�$%6��+XQW�HW�DO���������
/HY\�HW�DO���������'2(�����������
 /XPLQDLUH� VFKHGXOH� LV� VDPH� DV� RFFXSDQW�

VFKHGXOH���
 $�OXPLQDLUH� LQ� WKH�URRP�LV� WXUQHG�RQ�UHJDUGOHVV�

RI�WKH�URRP�LOOXPLQDQFH�OHYHO�LI�RFFXSDQWV�H[LVW��
 2QFH��WKH�OXPLQDLUH�LV�WXUQHG�RQ��LW�LV�QRW�WXUQHG�

RII�XQWLO�DOO�RFFXSDQWV�JR�RXW��
 $OO�OXPLQDLUHV�DUH�RII�DW�EHGWLPH���
,Q�1HW/RJR��HDFK�DJHQW�FDQ�IHHO�ILYH�VHQVDWLRQV��FROG��
FRRO��QHXWUDO��ZDUP��DQG�KRW��DQG�GRHV�VHYHQ�W\SHV�RI�
DFWLRQ��RSHQLQJ�DQG�FORVLQJ�RI�D�ZLQGRZ�DQG�WXUQLQJ�
RQ� DQG� RII� RI� DQ� DLU� FRQGLWLRQHU�� GHFUHDVLQJ� DQG�
LQFUHDVLQJ�VHWSRLQW�WHPSHUDWXUH�RI�WKH�DLU�FRQGLWLRQHU��
DQG� QR� DFWLRQ�� EDVHG� RQ� WKHLU� SHUFHSWLRQV�� EHOLHIV��
DQG� LQIHUHQFHV�� ,I� WKHUH� LV�D�FRQIOLFW�EHWZHHQ�DJHQWV��
WKHQ� LQWHQWLRQ�RI�RQH� DJHQW� WKDW� KDV� D� JUHDWHU� XWLOLW\�
YDOXH� �(T�� ��� LV� FKRVHQ�� 'XULQJ� VLPXODWLRQ� UXQ�� WKH�
DJHQWV� PRYH� VWRFKDVWLFDOO\� EHWZHHQ� URRPV� ZLWK� D�
JLYHQ�SUREDELOLW\�3�DW�HYHU\�KRXU��(T������7KH�RXWSXWV�
RI� 1HW/RJR� DUH� ���� ORFDWLRQ� RI� WKH� DJHQWV� DQG� ����
VWDWXV� RI� WKH� DLU� FRQGLWLRQHU�� ZLQGRZV�� GRRUV�� DQG�
OXPLQDLUHV��7KHVH�DUH�IHG�LQWR�(QHUJ\3OXV�VLPXODWLRQ�
DW�HYHU\�WLPH�VWHS���
7KH�EXLOGLQJ�HQHUJ\�PRGHO��)LJXUH����ZDV�GHYHORSHG�
XVLQJ� (QHUJ\3OXV� �&UDZOH\� HW� DO��� ������� 7KH�
FRQVWUXFWLRQ� OD\HUV� DQG� SURSHUWLHV� ZHUH� PDGH� DV�
PHGLXP� FRQVWUXFWLRQ� GHILQHG� LQ� $6+5$(� ��������
7KH� DLU� FRQGLWLRQHU� ZDV� PRGHOHG� XVLQJ�

$LU/RRS+9$&�8QLWDU\�)XUQDFH�+HDW&RRO� REMHFW�
ZLWK� ';� FRROLQJ� FRLO� �&23� RI� ����� DQG� HOHFWULF�
KHDWLQJ� FRLO� �HIILFLHQF\ ������ :LWK� UHJDUG� WR�
LQILOWUDWLRQ� DQG� DLUIORZV� EHWZHHQ� ]RQHV��
$LUIORZ1HWZRUN�ZDV�DSSOLHG�ZLWK�WKH�XVH�RI�(IIHFWLYH�
/HDNDJH� $UHD� PHWKRG� �$6+5$(�� ������� 7DEOH� ��
VKRZV�VHWWLQJV�RI�IRXU�DJHQWV�XVHG�LQ�WKLV�VWXG\��
��

�

�
)LJXUH����6FUHHQVKRW�RI�(QHUJ\3OXV�EXLOGLQJ�PRGHO�

�

,Q� WKLV� VWXG\�� %&97%� �:HWWHU�� ������ ZDV� XVHG� IRU�
H[WHUQDO� FRXSOLQJ�� 7KH� %&97%�� D� PLGGOHZDUH�
SURJUDP�� V\QFKURQL]HV� GDWD� H[FKDQJH� EHWZHHQ� WKH�
LQSXWV�RXWSXWV� RI� 1HW/RJR� DQG� (QHUJ\3OXV� GXULQJ�
UXQ�WLPH� �)LJXUH� ���� )RU� VPRRWK� GDWD� H[FKDQJH��
1HW/RJR�ZDV�H[HFXWHG�LQ�0$7/$%�SODWIRUP�DQG�WKH�
FRXSOLQJ�VHTXHQFH�LV�DV�IROORZV���
��� $JHQW� ORFDWLRQV� DUH� FDOFXODWHG� ZLWK� D� JLYHQ� 3�

�(T�����DQG�0$7/$%�VDYHV�WKH�ORFDWLRQ�RI�HDFK�
DJHQW�DV�D�WH[W�ILOH���W[W����

��� ,QIRUPDWLRQ�RQ�LQLWLDO�URRP�DLU�WHPSHUDWXUHV�DQG�
RXWGRRU� DLU� WHPSHUDWXUH�� DQG� WKH� ORFDWLRQ�RI� WKH�
DJHQW��ZKLFK�DUH�VDYHG�LQ�D�WH[W�ILOH��LV�SDVVHG�E\�
0$7/$%�WR�1HW/RJR���

��� 1HW/RJR�FRQGXFWV�$%6�DQG�WKH�UHVXOWV��ORFDWLRQ�
RI� WKH� DJHQWV�� DQG� VWDWXV� RI� WKH� DLU� FRQGLWLRQHU��
WKH�ZLQGRZV�� WKH�GRRUV�� DQG� WKH� OXPLQDLUHV�� DUH�

$LU�FRQGLWLRQHU�

�

�
)LJXUH����&R�VLPXODWLRQ�RI�(QHUJ\3OXV�DQG�1HW/RJR�LQ�%&97%�HQYLURQPHQW�
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VDYHG�DV�D�WH[W�ILOH���
��� 0$7/$%� UHDGV� WKH� WH[W� ILOH�� DQG� SDVVHV� WKH�

UHVXOWV� WR� (QHUJ\3OXV� YLD� %&97%�� 7KHQ��
(QHUJ\3OXV� FRQGXFWV� HQHUJ\� VLPXODWLRQ� IRU� D�
FXUUHQW�WLPH�VWHS����

��� 2XWSXWV�IURP�(QHUJ\3OXV��URRP�DLU�WHPSHUDWXUHV��
RXWGRRU� DLU� WHPSHUDWXUH�� DUH� SDVVHG� WR� WKH�
1HW/RJR�YLD�%&97%���

7KH�VWHSV�IURP���WR���DUH�LWHUDWHG�DW�HYHU\� WLPH�VWHS�
���� PLQXWHV��� 7KH� FR�VLPXODWLRQ� ZDV� FRQGXFWHG�
XQGHU� FOHDU� VN\� FRQGLWLRQ� XVLQJ� WKH� (3:� ILOH�
�ORFDWLRQ��6HRXO��.RUHD��VXPPHU��-XO����WK����

5(68/76��
'XH� WR� ODFN� RI� VSDFH�� SDUW� RI� VLPXODWLRQ� UHVXOWV� LV�
DGGUHVVHG� LQ� WKLV� SDSHU� �7DEOH� ���� ,Q� DGGLWLRQ�� WKH�
UHVXOWV� EHWZHHQ� ������ DQG� ������ DUH� H[FOXGHG�
EHFDXVH� PRVW� RI� WKH� DJHQWV� ZHUH� QRW� LQ� D� EXLOGLQJ��
(QHUJ\� FRQVXPSWLRQ� LQ�7DEOH��� LV� FDOFXODWHG�E\� WKH�
VXPPLQJ� XS� FRROLQJ� DQG� OLJKWLQJ� HQHUJ\�
FRQVXPSWLRQ��7KH�IROORZLQJ�LV�D�GHWDLOHG�GHVFULSWLRQ�
RI�WKH�UHVXOWV��7DEOH������

 $W��������$JHQW�%��DQ�DGXOW�ZRPDQ�� LV� ORFDWHG�
LQ�WKH�PDVWHU�EHGURRP�DQG�DJHQW�$��&�DQG�'��DQ�
DGXOW�PDQ�� WZR�VWXGHQWV��DUH� ORFDWHG� LQ�RXWGRRU�
�UHIHU�WR�029(0(17�LQ�7DEOH�����$W�WKDW�WLPH��
WKHUH�LV�QHLWKHU�PRYHPHQW�QRU�EHKDYLRU�RI�WKH�$��
&� DQG� '� �ZLQGRZV�� OLJKWLQJ�� DQG� $LU�
&RQGLWLRQHU� �$�&����� $JHQW�%� IHOW� WKH� URRP� DLU�

WHPSHUDWXUH� WRR� KRW� �UHIHU� WR� 3(5&(37,21� LQ�
7DEOH����DQG�DFWV� WR�FORVH� WKH�ZLQGRZ�DQG� WXUQ�
RQ� WKH�$�&�� �UHIHU� WR� ,17(17,21� LQ�7DEOH�����
7KH� HQHUJ\� FRQVXPSWLRQ� LV� �����:�� ZKLFK� LV�
WKH� VXP� RI� WKH� OLJKWLQJ� HQHUJ\� ���:�� LQ� WKH�
PDVWHU� EHGURRP� DQG� WKH� FRROLQJ� HQHUJ\� �������
:�� RI� WKH� $�&�� � �UHIHU� WR� (1(5*<� 86(� LQ�
7DEOH�����

 $W� ������� $JHQW� %� PRYHV� IURP� WKH� PDVWHU�
EHGURRP� WR� WKH� OLYLQJ� URRP�� 1RZ� VKH� IHHOV�
QHXWUDO� EHFDXVH� WKH� OLYLQJ� URRP� LV� FRRO�
FRPSDUHG� WR� WKH� PDVWHU� EHGURRP� �PDVWHU�
EHGURRP������R&�� OLYLQJ� URRP�� ��R&���$JHQW�'�
DUULYHV�DW�KRPH��DW�URRP����IURP�VFKRRO��$JHQW�
'�IHHOV�WRR�KRW�EHFDXVH�WKH�URRP�DLU�WHPSHUDWXUH�
LV�����R&�KHQFH��KDV�LQWHQWLRQ�WR�WXUQ�RQ�WKH�$�&��
VWURQJO\�� $W� WKDW� WLPH�� $JHQW� %� LV� LQ� FRQILOLFW�
ZLWK�$JHQW�'��ZHDNO\�YV��VWURQJO\�IRU�$&���EXW�
WKH� LQWHQWLRQ� RI� $JHQW� %� LV� FKRVHQ� EHFDXVH� LWV�
XWLOLW\� LV� KLJKHU� �87,/,7<�� 8%� RI� ��� !� 8'� RI�
�����

 $W� ������� $JHQW� %� IHHOV� ZDUP� DQG� LQWHQGV� WR�
RSHQ� ZLQGRZV� WKRXJK� RXWGRRU� WHPSHUDWXUH� LV�
HYHQ�KLJKHU�WKDQ�WKH�OLYLQJ�URRP��$JHQW�%�GRHV�
QRW�NQRZ�RXWGRRU�DLU�WHPSHUDWXUH�LV�KLJKHU�WKDQ�
WKH� OLYLQJ� URRP� WHPSHUDWXUH� XQWLO� $JHQW� %�
UHFRJQL]HV� LW��� 0HDQZKLOH�� $JHQW� '� ZDQWV� WR�
WXUQ�RQ� WKH�$�&���EXW� DJUHHV� WR�$JHQW�%�GXH� WR�
WKH�XWLOLW\� �8%�RI����!�8'�RI������)LQDOO\�� WKH\�

�
7DEOH����$JHQW�EDVHG�VLPXODWLRQ�UHVXOWV�

POI-
NT # TIME AGEN

T 

MOVEMENT* TEMP. 
(OC) PERCEP 

TION 

INTENTION  UTILI
TY 

STATUS OF 
SYSTEM ENERGY 

USE (W) FROM  TO RM OUT A.C. WINDOW
S A.C. WINDO

WS 

�� ������

$� 2XWGRRU�� 2XWGRRU� ��

�����

�� �� �� ��

2Q� $OO�FORVHG� ������
%� PU�� PU� ����� +RW� 2Q� &ORVHG� ���
&� 2XWGRRU��� 2XWGRRU� �� �� �� �� ��
'� 2XWGRRU�� 2XWGRRU� �� �� �� �� ��

�� ������

$� 2XWGRRU��� 2XWGRRU� ��

�����

�� �� �� ��

:HDNO\� $OO�FORVHG� ������
%� mr   lv ��� 1HXWUDO� :HDNO\� &ORVHG� ���
&� 2XWGRRU��� 2XWGRRU� �� �� �� �� ��
'� Outdoor   rm2 ����� +RW� 6WURQJO\� &ORVHG� ���

�� ������

$� 2XWGRRU��� 2XWGRRU� ��

�����

�� �� �� ��

2II� 2SHQ�
�OY��UP��� ���

%� OY��� OY� ����� :DUP� 2II� 2SHQ� ���
&� 2XWGRRU��� 2XWGRRU� �� �� �� �� ��
'� UP���� UP�� ����� +RW� 6WURQJO\� &ORVHG� ���

�� ������

$� 2XWGRRU��� 2XWGRRU� ��

�����

�� �� �� ��

2II� 2SHQ�
�OY��UP��� ���

%� OY��� OY� ����� 1HXWUDO� 2II� 2SHQ� ���
&� UP���� UP�� ����� 1HXWUDO� 2II� 2SHQ� ���
'� OY��� OY� ����� 1HXWUDO� 2II� 2SHQ� ���

�� ������

$� Outdoor   mr �����

�����

+RW� 2Q� &ORVHG� ���

2II�
2SHQ�
�OY��PU��
UP���

����
%� OY��� OY� ����� 1HXWUDO� 2II� 2SHQ� ���
&� UP��� UP� ����� 1HXWUDO� 2II� 2SHQ� ���
'� OY��� OY� ����� 1HXWUDO� 2II� 2SHQ� ���

�� ������

$� PU��� PU� �����

�����

+RW� 2Q� &ORVHG� ���

2II�
2SHQ�
�OY��PU��
UP���

����
%� OY��� OY� ����� 1HXWUDO� 2II� 2SHQ� ���
&� UP���� UP�� ����� 1HXWUDO� 2II� 2SHQ� ���
'� OY��� OY� ����� 1HXWUDO� 2II� 2SHQ� ���


�7KH�ZRUGV�LQ�XQGHUOLQHG�LWDOLF�PHDQ�RFFXUUHQFH�RI�WKH�DJHQW¶V�PRYHPHQW�


�OY OLYLQJ�URRP��UP EHG�URRP��PU �PDVWHU�EHGURRP��$�&���$LU�&RQGLWLRQHU�

Proceedings of BS2013: 
13th Conference of International Building Performance Simulation Association, Chambéry, France, August 26-28

- 2025 -



RSHQ�WKH�ZLQGRZ�LQ�WKH�OLYLQJ�URRP�DQG�URRP����
7KH\� GR� QRW� XVH� $�&��� VR� WKH� HQHUJ\�
FRQVXPSWLRQ� LV� ��:�� ZKLFK� LV� WKH� VXP� RI�
OLJKWLQJ�HQHUJ\�LQ�WKH�OLYLQJ�URRP�DQG�URRP�����

 $W� ������� $JHQWV� %� DQG� '� LQ� WKH� OLYLQJ� URRP�
IHHO� QHXWUDO� WKHUPDO� VHQVDWLRQ� �OLYLQJ� URRP��
��R&��� 7KH\� FKRRVH� WR� WXUQ� RII� WKH� $�&�� � DQG�
RSHQLQJ�WKH�ZLQGRZ��$JHQW�&�LQ�URRP���KDV�WKH�
VDPH�WKHUPDO�VHQVDWLRQ�DQG�LQWHQVLRQ��7KHUHIRUH��
WKH\�EHKDYH�LQ�D�VLPLODU�ZD\���

 $W� �������$JHQW�$� DUULYHV� IURP�RXWGRRU� WR� WKH�
PDVWHU� EHGURRP� DQG� IHHOV� KRW� �����R&���
7KHUHIRUH�� $JHQW� $� ZDQWV� WR� WXUQ� RQ� WKH� $�&��
+RZHYHU��$JHQWV�%��&�DQG�'�ZDQW� WR�PDLQWDLQ�
WKH� SUHYLRXV� VWDWXV� �ZLWK� WKH� $�&�� RII� DQG� WKH�
ZLQGRZV� RSHQ�� GXH� WR� WKHLU� QHXWUDO� SHUFHSWLRQ��
$V�D�UHVXOW��$JHQW�$�LV�LQ�FRQIOLFW�ZLWK�$JHQWV�%��
&�DQG�'��$OWKRXJK�$JHQW�$�ZDQWV�WR�WXUQ�RQ�WKH�
$�&���$JHQW�$�KDV� WR� DJUHH�ZLWK�$JHQW�'�ZKR�
KDV� WKH� KLJKHVW� XWLOLW\� �8'� RI� ��� !� 8$� RI� �����
)LQDOO\��WKH\�GHFLGH�WR�RSHQ�WKH�ZLQGRZ���

 $W��������WKH�PDVWHU�EHGURRP�DLU�WHPSHUDWXUH�LV�
GHFUHDVHG� �����R&� � ����R&�� GXH� WR� WKH�
ZLQGRZV�RSHQ��5HIHU�WR�DW���������$JHQW�$�VWLOO�
IHHOV�KRW��EXW�WKHUH�LV�QR�RSWLRQ�EXW�DFWLQJ�VDPH�
DV�DW���������

)LJXUH� �� VKRZV� D� FRPSDULVRQ� RI� $%6� ZLWK� WKUHH�
GHWHUPLQLVWLF� VLPXODWLRQ� UHVXOWV� GXULQJ� WKH� GD\�� 7KH�
GHWHUPLQLVWLF� VLPXODWLRQ� PHDQV� IROORZLQJ� D�
WUDGLWLRQDO� VLPXODWLRQ� DSSURDFK� �XVLQJ� D� IL[HG�
VFKHGXOH��KDYLQJ�D�FRQVWDQW� URRP�DLU� WHPSHUDWXUH�RI�
����R&�ZKHQ�RFFXSDQWV� DUH� SUHVHQW���:LWK� UHJDUG� WR�
WKH� VFKHGXOH�� WKUHH�KRXVHKROGV�RXW�RI����KRXVHKROGV�
ZHUH�UDQGRPO\�VHOHFWHG��+\XQ�HW�DO�����������
�

�
)LJXUH����5HVXOW�FRPSDULVRQ�EHWZHHQ�DJHQW�DQG�

GHWHUPLQLVWLF�VLPXODWLRQ��
�

,Q� WKH� GHWHUPLQLVWLF� VLPXODWLRQ�� WKH� HQHUJ\� XVH� RYHU�
WKH�GD\�LV�LQ�D�VPRRWK�SDWWHUQ��ZKLFK�LV�XQUHDOLVWLF��,Q�
WKH� $%6� DSSURDFK�� RFFXSDQWV¶� FRJQLWLYH� UHVSRQVHV�
DUH� UHIOHFWHG� EDVHG� RQ� WKHLU� SHUFHSWLRQ�� GHVLUH� DQG�
EHOLHI�� ,Q� DGGLWLRQ�� WKH\� FDQ� PDNH� UDWLRQDO� RSWLPDO�
GHFLVLRQ� �ILQGLQJ� D� PD[LPXP� XWLOLW\�� DW� HYHU\� WLPH�
VWHS��+HQFH�� WKH�SDWWHUQ�RI� WKH� HQHUJ\�XVH� IOXFWXDWHV�
DW� HYHU\� WLPH� VWHS�� $V� VKRZQ� LQ� 7DEOH� ��� WKHUH� LV�
VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WUDGLWLRQDO�
�GHWHUPLQLVWLF��DQG�DJHQW�DSSURDFKHV���
�

7DEOH����(QHUJ\�FRQVXPSWLRQ�FRPSDULVRQ�EHWZHHQ�
DJHQW�DQG�GHWHUPLQLVWLF�VLPXODWLRQ�

APPROACH 
ENERGY 

CONSUMPTION 
(KWH/DAY) 

DIFFERENCE (%) 

$JHQW�DSSURDFK� ������ ��

'HWHUPLQLVWLF�
DSSURDFK���� ������ �����

'HWHUPLQLVWLF�
DSSURDFK���� ������ �����

'HWHUPLQLVWLF�
DSSURDFK���� ������ �����

�

&21&/86,21��
,Q� WKLV� VLPXODWLRQ� VWXG\�� WKH� DJHQWV� DUH� FDSDEOH� RI�
PLPLFNLQJ� KXPDQ� EHKDYLRU� DQG� DUH� UHIOHFWHG� LQ� D�
JHQHUDO� ZKROH� EXLOGLQJ� HQHUJ\� VLPXODWLRQ� WRRO��
(QHUJ\3OXV��7KH�DJHQWV�FDQ�RSHQ�FORVH�D�ZLQGRZ�RU�
WXUQ�RQ�RII�DQ�DLU�FRQGLWLRQHU�EDVHG�RQ� WKHLU� WKHUPDO�
VHQVDWLRQ�� ,Q� DGGLWLRQ�� D� VLPSOH� 0XOWL�$WWULEXWH�
8WLOLW\�)XQFWLRQ�ZDV�XWLOL]HG�IRU�LQWHUDFWLRQV�EHWZHHQ�
DJHQWV���
,W� KDV� EHHQ� VKRZQ� WKDW� WKHUH� LV� D� QRW� QHJOLJLEOH�
GLIIHUHQFH�EHWZHHQ�D� WUDGLWLRQDO�VLPXODWLRQ�DSSURDFK�
DQG�DJHQW�VLPXODWLRQ�DSSURDFK��,W�FDQ�EH�LQIHUUHG�WKDW�
E\� DGRSWLQJ� DJHQW� VLPXODWLRQ� DSSURDFK�� WKH� FXUUHQW�
VLPXODWLRQ� WRROV� FRXOG� SUHGLFW� WKH� UHDOLW\� LQ� D� PRUH�
DFFXUDWH�DQG� UHDOLVWLF� IDVKLRQ�� ,W� LV� H[SHFWHG� WKDW� WKH�
UROH�RI�EXLOGLQJ�SHUIRUPDQFH�VLPXODWLRQ�ZLOO�EH�PXFK�
IXUWKHU�H[SDQGHG�ZLWK�WKH�DGRSWLRQ�RI�$%6��

$&.12:/('*(0(17�
7KLV� UHVHDUFK� LV� VXSSRUWHG�E\� D� JUDQW� ����+LJK�WHFK�
8UEDQ� *���� IURP� +LJK�7HFK� 8UEDQ� 'HYHORSPHQW�
3URJUDP� IXQGHG� E\� WKH� 0LQLVWU\� RI� ODQG�� WUDQVSRUW�
DQG�PDULWLPH�DIIDLUV�RI�.RUHDQ�JRYHUQPHQW��

5()(5(1&(6�
$6+5$(� �������� $6+5$(� +DQGERRN�

)XQGDPHQWDOV��$6+5$(��
$6+5$(� �������� $6+5$(� +DQGERRN�

)XQGDPHQWDOV��$6+5$(�
%RQDEHDX�(����������$JHQW�EDVHG�PRGHOLQJ��PHWKRGV�

DQG� WHFKQLTXHV� IRU� VLPXODWLQJ� KXPDQ� V\VWHPV��
3URFHHGLQJV� RI� WKH� 1DWLRQDO� $FDGHP\� RI�
6FLHQFHV� RI� WKH� 86$�� 9RO����� 1R���� SS�� �����
�����

&OLQWRQ� -�$��� 'DQLHO� <��� 8WD� .��� -HQQLIHU� $�6�� DQG�
5LFKDUG� (�:�� �������� 'HVLJQLQJ� EXLOGLQJV� IRU�
UHDO� RFFXSDQWV��$Q� DJHQW�EDVHG� DSSURDFK�� ,(((�
7UDQVDFWLRQV� RQ� V\VWHPV��PDQ�� DQG� F\EHUQHWLFV�
SDUW�$��V\VWHPV�DQG�KXPDQV��SS������

&UDZOH\��'�%���/�.��/DZULH��)�&��:LQNHOPDQQ��:�)��
%XKO��<��-RH�+XDQJ��&�2��3HGHUVHQ��5�.��6WUDQG��
5�-�� /LHVHQ�� '�(�� )LVKHU�� 0�-�� :LWWH� DQG� -��
*OD]HU� �������� (QHUJ\3OXV�� &UHDWLQJ� D� 1HZ�
*HQHUDWLRQ�%XLOGLQJ�(QHUJ\�6LPXODWLRQ�3URJUDP��
(QHUJ\�DQG�%XLOGLQJV�����SS������������

� � � � � �� �� �� �� �� �� �� ��
�

����

����

����

����

����

����

7LPH

(Q
HU
J\
�X
VH
��:

�

 

 $JHQW�$��%��&��'�
'HWHUPLQLVWLF���
'HWHUPLQLVWLF���
'HWHUPLQLVWLF���
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&UDZOH\�'�%���+DQG�-�:���.XPPHUW�0��DQG�*ULIILWK�
%�7�� �������� &RQWUDVWLQJ� WKH� FDSDELOLWLHV� RI�
EXLOGLQJ� HQHUJ\� SHUIRUPDQFH� VLPXODWLRQ�
SURJUDPV�� 1LQWK� ,QWHUQDWLRQDO� ,%36$�
&RQIHUHQFH�0RQWUHDO��&DQDGD�$XJXVW�������

'2(� �������� %XLOGLQJ� $PHULFD� 3HUIRUPDQFH�
$QDO\VLV� 3URFHGXUHV� IRU� ([LVWLQJ� +RPHV��
(IILFLHQF\�DQG�5HQHZDEOH�(QHUJ\�

'RQJ� %�� DQG� $QGUHZV�� %�� �������� 6HQVRU�EDVHG�
RFFXSDQF\� EHKDYLRUDO� SDWWHUQ� UHFRJQLWLRQ� IRU�
HQHUJ\� DQG� FRPIRUW� PDQDJHPHQW� LQ� LQWHOOLJHQW�
EXLOGLQJV��LQ��WK�,QWHUQDWLRQDO�,%36$�FRQIHUHQFH��
�����

�)XMLL� +�� DQG� 7DQLPRWR� -�� �������� ,QWHJUDWLRQ� RI�
EXLOGLQJ� VLPXODWLRQ� DQG� DJHQW�EDVHG� VLPXODWLRQ�
IRU� H[SORUDWLRQ� WR� HQYLURQPHQWDOO\� V\PELRWLF�
DUFKLWHFWXUH�� %XLOGLQJ� DQG� (QYLURQPHQW� 9RO�����
1R����SS����������

+HOELQJ�� '� �������� 6RFLDO� VHOI�RUJDQL]DWLRQ�� DJHQW�
EDVHG� VLPXODWLRQV� DQG� H[SHULPHQWV� WR� VWXG\�
HPHUJHQW� VRFLDO� EHKDYLRU�� %HUOLQ�� 1HZ� <RUN��
6SULQJHU�

+LOOLHU�%���3HQQ�$���+DQVRQ�-���*UDMHZVNL�7��DQG�;X�-��
��������1DWXUDO�PRYHPHQW� RU� FRQILJXUDWLRQ� DQG�
DWWUDFWLRQ� LQ� XUEDQ� SHGHVWULDQ� PRYHPHQW�
(QYLURQPHQW�DQG�3ODQQLQJ�%��9RO�����SS�������

+XQW� '�� �������� 7KH� XVH� RI� DUWLILFLDO� OLJKWLQJ� LQ�
UHODWLRQ� WR� GD\OLJKW� OHYHOV� DQG� RFFXSDQF\��
%XLOGLQJ�DQG�(QYLURQPHQW��9RO�����SS�������

+\XQ�� 6�+���3DUN�� &�6��DQG� $XJHQEURH�� *�� ��������
$QDO\VLV� RI� XQFHUWDLQW\� LQ� QDWXUDO� YHQWLODWLRQ�
SUHGLFWLRQV� RI� KLJK�ULVH� DSDUWPHQW� EXLOGLQJV��
%XLOGLQJ� 6HUYLFHV� (QJLQHHULQJ� 5HVHDUFK� DQG�
7HFKQRORJ\��YRO�����QR����SS����������

,%36$� ������������� 3URFHHGLQJV� RI� WKH�
,%36$�,QWHUQDWLRQDO� %XLOGLQJ� 3HUIRUPDQFH�
6LPXODWLRQ�$VVRFLDWLRQ��FRQIHUHQFH��
����
����
����

����
����
����
����
����
����
����
����
����

,%36$�$VLD� �������� 3URFHHGLQJV� RI� WKH� �VW� ,%36$�
$VLD�FRQIHUHQFH��KWWS���DVLP�����WRQJML�HGX�FQ����

.DUS�� '�*�� �������� 9DOXHV� DQG� WKHLU� (IIHFW� RQ� 3UR�
(QYLURQPHQWDO� %HKDYLRU�� (QYLURQPHQW� DQG�
%HKDYLRU��9RO�����1R����SS���������

.DVKLI� $�;�+��� %LQK� /��� 'XJGDOH� -�� DQG� 3ORL[� 6��
�������� $JHQW� EDVHG� IUDPHZRUN� WR� VLPXODWH�
LQKDELWDQWV
� EHKDYLRXU� LQ� GRPHVWLF� VHWWLQJV� IRU�
HQHUJ\� PDQDJHPHQW�� ,&$$57� �����
�,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $JHQWV� DQG�
$UWILFLDO�,QWHOOLJHQFH���,WDO\��

/HDPDQ�$�� DQG�%RUGDVV��%�� ��������$UH�XVHUV�PRUH�
WROHUDQW�RI�µJUHHQ¶�EXLOGLQJV"��%XLOGLQJ�5HVHDUFK�
	�,QIRUPDWLRQ��9RO�����1R����SS���������

/HY\� $�� �������� /LJKWLQJ� FRQWUROV�� SDWWHUQV� RI�
OLJKWLQJ�FRQVXPSWLRQ�DQG�HQHUJ\�FRQVHUYDWLRQ�

/LDR�&���/LQ�<��DQG�%DURRDK�3����������$JHQW�EDVHG�
DQG�JUDSKLFDO�PRGHOOLQJ�RI�EXLOGLQJ�RFFXSDQF\��
-RXUQDO� RI� %XLOGLQJ� 3HUIRUPDQFH� 6LPXODWLRQ��
9RO����1R����SS������

0DKGDYL� $�� DQG� 3URJOKRI� &�� �������� 7RZDUG�
HPSLULFDOO\�EDVHG� PRGHOV� RI� SHRSOH ’V� SUHVHQFH�

DQG� DFWLRQV� LQ� EXLOGLQJV�� 3URFHHGLQJV� RI�
%XLOGLQJ�6LPXODWLRQ��6FRWODQG����SS���������

0H\HUV�� &��� /DPRQW�� $��� 6LFKHUPDQ�� $� �������� 8VH�
RI�0XOWL�DWWULEXWH�8WLOLW\�)XQFWLRQV�LQ�(YDOXDWLQJ�
6HFXULW\�6\VWHPV��/DZUHQFH�/LYHUPRUH�1DWLRQDO�
/DERUDWRU\��//1/���//1/�75��������

3DJH�-���5RELQVRQ�'���0RUHO�1��DQG�6FDUWH]]LQL�-�/���
�������� $� JHQHUDOLVHG� VWRFKDVWLF� PRGHO� IRU� WKH�
VLPXODWLRQ� RI� RFFXSDQW� SUHVHQFH�� (QHUJ\� DQG�
%XLOGLQJV��9RO�����1R����SS�������

3HOHFKDQR� 1�� DQG� 0DONDZL� $�� �������� (YDFXDWLRQ�
VLPXODWLRQ�PRGHOV��FKDOOHQJHV�LQ�PRGHOLQJ�KLJK�
ULVH� EXLOGLQJ� HYDFXDWLRQ� ZLWK� FHOOXODU� DXWRPDWD�
DSSURDFKHV��$XWRPDWLRQ�LQ�&RQVWUXFWLRQ��9RO�����
SS���������

3LHUFH� -��� 6FKLDQR�� '�-��� 3DXORV�� (�� �������� +RPH��
KDELWV�� DQG� HQHUJ\�� H[DPLQLQJ� GRPHVWLF�
LQWHUDFWLRQV�DQG�HQHUJ\�FRQVXPSWLRQ��&+,�������
+RPH�(FR�%HKDYLRU��$SULO� �������$WODQWD��*$��
86$��SS�����������

6DQWLQ� 2�*�� �������� %HKDYLRXUDO� SDWWHUQV� DQG� XVHU�
SURILOHV� UHODWHG� WR� HQHUJ\� FRQVXPSWLRQ� IRU�
KHDWLQJ�� (QHUJ\� DQG� %XLOGLQJV�� 9RO����� 1R�����
SS�����������

6LHUKXLV� 0��� &ODQFH\� :�-�� DQG� +RRI� 9�5�� ��������
%5$+06�$�PXOWL�DJHQW�PRGHOOLQJ�HQYLURQPHQW�
IRU� VLPXODWLQJ� ZRUN� SURFHVVHV� DQG� SUDFWLFHV��
,QWHUQDWLRQDO� -RXUQDO� RI� 6LPXODWLRQ� DQG� 3URFHVV�
0RGHOOLQJ�

7LVXH�6��DQG�:LOHQVN\�8����������1HW/RJR��$�VLPSOH�
HQYLURQPHQW� IRU� PRGHOLQJ� FRPSOH[LW\�� 3DSHU�
SUHVHQWHG� DW� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
&RPSOH[�6\VWHPV��,&&6��������%RVWRQ�

7XUQHU� $�� DQG� 3HQQ� $�� �������� (QFRGLQJ� QDWXUDO�
PRYHPHQW� DV� DQ� DJHQW�EDVHG� V\VWHP�� DQ�
LQYHVWLJDWLRQ�LQWR�KXPDQ�SHGHVWULDQ�EHKDYLRXU�LQ�
WKH� EXLOW� HQYLURQPHQW�� (QYLURQPHQW� DQG�
3ODQQLQJ��9RO������33����������

:HWWHU�0�� ��������&R�VLPXODWLRQ�RI�EXLOGLQJ�HQHUJ\�
DQG� FRQWURO� V\VWHPV� ZLWK� WKH�%XLOGLQJ� &RQWUROV�
9LUWXDO� 7HVW� %HG�� -RXUQDO� RI� %XLOGLQJ�
3HUIRUPDQFH�6LPXODWLRQ��L)LUVW�DUWLFOH��SS������

=KHQJZHL� /��� +HR� <�� DQG� $XJHQEURH�� *�� ��������
+9$&� GHVLJQ� LQIRUPHG� E\� RUJDQL]DWLRQ�
VLPXODWLRQ�� ��WK� ,QWHUQDWLRQDO� ,%36$�
&RQIHUHQFH�*ODVJRZ��6FRWODQG�-XO\�������

=KXQ�<���%HQMDPLQ�&�0�)��� )DULERU]�+���+LURVKL�<��
DQG�(GZDUG�0�� ��������$� V\VWHPDWLF�SURFHGXUH�
WR� VWXG\� WKH� LQIOXHQFH� RI� RFFXSDQW� EHKDYLRU� RQ�
EXLOGLQJ� HQHUJ\� FRQVXPSWLRQ�� (QHUJ\� DQG�
%XLOGLQJV�9RO�����1R����SS������������

�
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