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RI�WKH�GDPDJH�VWDWH�RI�PDWHULDOV�GXULQJ�WKH�IDEULFDWLRQV�DV�ZHOO�DV�GXULQJ�WKH�VHUYLFH��'XH�WR�

WKH�FRPSOH[�QDWXUH�RI�WKH�LQWHUQDO�VWUXFWXUH�RI�WKH�PDWHULDO��FRPSRVLWHV�LQFOXGLQJ�WKH�OD\HUHG�

FRPSRVLWH�RIWHQ�IDLO�LQ�D�YDULHW\�RI�PRGHV��7KH�IDLOXUH�PRGHV�YHU\�RIWHQ�DUH�LQIOXHQFHG�E\�WKH�

ORFDO�PDWHULDO�SURSHUWLHV�WKDW�PD\�GHYHORS�LQ�WLPH�XQGHU�KHDW�DQG�SUHVVXUH��ORFDO�GHIHFW�GLV�

WULEXWLRQ��SURFHVV� LQGXFHG� UHVLGXDO� VWUHVV��DQG�RWKHU� IDFWRUV��&RQVLGHU�D� ODPLQDWH�FRPSRVLWH�

LQ� SODQH� VWUHVV� FRQGLWLRQV�� � PXOWL�OD\HUHG� EHDP� ERQGHG� WR� SODQHV� KDYLQJ� VKHDU� PRGXOXV� * � �
DQG�3RLVVRQV�UDWLR�Q � �UHVSHFWLYHO\��VXEMHFWHG�WR�EHQGLQJ��7KH�EHKDYLRXU�RI�WKH�FUDFNV�GHSHQGV�

RQ�WKH�FUDFNV�FRQILJXUDWLRQ��VL]H��RULHQWDWLRQ��PDWHULDO�SURSHUWLHV��DQG�ORDGLQJ�FKDUDFWHULVWLF��

7KH� IUDFWXUH� PHFKDQLFV� SUREOHP� ZLOO� EH� DWWDFNHG� XVLQJ� WKH� SKRWRHODVWLF� YLVXDOLVDWLRQ� RI� WKH�

IUDFWXUH� HYHQWV� LQ� D� PRGHO� VWUXFWXUH�� 7KH� SURSRVHG� H[SHULPHQWDO� PHWKRG� ZLOO� GHYHORSHG�

IUDFWXUH�PHFKDQLFV�WRROV�IRU�D�OD\HUHG�FRPSRVLWH�IUDFWXUH�SUREOHP��
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7KH�GHYHORSPHQW�RI�WKH�IDLOXUH�FULWHULRQ�IRU�D�SDUWLFXODU�DSSOLFDWLRQ�LV�YHU\�

LPSRUWDQW�IRU�WKH�SUHGLFWLRQV�RI�WKH�FUDFN�SDWK�DQG�FULWLFDO�ORDGV��

5HFHQWO\�� WKHUH�KDV�EHHQ�D�VXFFHVVIXO�DWWHPSW� WR� IRUPXODWH�SUREOHPV�RI�

PXOWLSOH�FUDFNV�ZLWKRXW�DQ\�OLPLWDWLRQ��7KLV�DWWHPSW�ZDV�FRQFOXGHG�ZLWK�WKH�

VHULHV�RI�SDSHUV�VXPPDULVLQJ�WKH�XQGHUWDNHQ�UHVHDUFK��IRU�LVRWURSLF�>�@��DQ�

LVRWURSLF�>�@�DQG�QRQ�KRPRJHQHRXV�FODVV�RI�SUREOHPV�>�@�DQG�>�@��

&UDFN�SURSDJDWLRQ�LQ�PXOWL�OD\HUHG�FRPSRVLWHV�RI�ILQLWH�WKLFNQHVV�LV�HV�

SHFLDOO\� FKDOOHQJLQJ� DQG� RSHQ� ILHOG� IRU� LQYHVWLJDWLRQ�� 6RPH� UHVXOWV� KDYH�

EHHQ� UHFHQWO\� UHSRUWHG� LQ� >�@��7KH�QXPHULFDO�FDOFXODWLRQV�ZHUH�FDUULHG�RXW�

XVLQJ� WKH� ILQLWH� HOHPHQW� SURJUDPV�$16<6����� DQG����� >�@��7ZR�GLIIHUHQW�

PHWKRGV�ZHUH�XVHG��VROLG�PRGHOLQJ�DQG�GLUHFW�JHQHUDWLRQ��
�
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0DWHULDO�SURSHUWLHV�H[HUW�DQ�LQIOXHQFH�RQ�WKH�VWUHVV�GLVWULEXWLRQ�DQG�FRQFHQ�

WUDWLRQ��GDPDJH�SURFHVV�DQG�ORDG�FDUU\LQJ�FDSDFLW\�RI�HOHPHQWV��,Q�WKH�FDVH�



RI� HODVWLF�SODVWLF� PDWHULDOV�� D� UHJLRQ� RI� SODVWLF� VWUDLQV� RULJLQDWHV� LQ� PRVW�

KHDYLO\� ORDGHG�FURVV�VHFWLRQV�� ,Q�RUGHU� WR�YLVXDOLVH� WKH�VWDWH�RI�VWUDLQV�DQG�

VWUHVVHV��VRPH�WHVWV�KDYH�EHHQ�SHUIRUPHG�RQ�WKH�VDPSOHV�PDGH�RI�DQ�´DUDO�

GLWH´�W\SH� RSWLFDOO\� DFWLYH� HSR[\� UHVLQ� �(S������ PRGLILHG� ZLWK� VRIWHQLQJ�

DJHQWV�LQ�VXFK�D�ZD\�WKDW�DQ�HODVWLF�PDWHULDO�KDV�EHHQ�REWDLQHG��3URSHUWLHV�RI�

WKH�FRPSRQHQWV�RI�H[SHULPHQWDO�PRGHO�DUH�JLYHQ�LQ�7DEOH����
�

�
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7KH�VWUHVV�GLVWULEXWLRQ�LQ�ZDV�GHWHUPLQHG�XVLQJ�WZR�PHWKRGV��6KHDU�6WUHVV�

'LIIHUHQFH�3URFHGXUH��6'3�±�HYDOXDWLRQ�D�FRPSOHWH�VWUHVV�VWDWH�E\�PHDQV�

WKH�LVRFKURPDWLFV�DQG�WKH�DQJOHV�RI�WKH�LVRFOLQHV�DORQJ�WKH�FXWV��>�@��

0HWKRG� RI� WKH�FKDUDFWHULVWLFV� �WKH�VWUHVV�GLVWULEXWLRQ�ZHUH�GHWHUPLQHG�

XVLQJ�WKH�LVRFKURPDWLFV�RQO\�DQG�WKH�HTXDWLRQV�RI�HTXLOLEULXP�>�@��

,Q�D�JHQHUDO�FDVH�>�@�� WKH�&DUWHVLDQ�FRPSRQHQWV�RI�VWUHVV��V� ��V	 �DQG�W�
	 �LQ�
WKH�QHLJKERXUKRRG�RI�WKH�FUDFN�WLS�DUH��
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)LJXUH� ��� D��)RXU�OD\HU� EHDP�ZLWK� FUDFNV�� 3KRWRHODVWLF�PRGHO� XQGHU� IRXU�

SRLQW� EHQGLQJ�� WKH� LVRFKURPDWLF� SDWWHUQV� �V M ���V N �� GLVWULEXWLRQ� E�� ,QLWLDO�
ORDGLQJ��3� ������1���F��3� ������1���WHQVLRQ�RI�OD\HUV������DQG����
�

%\�LQVHUWLQJ�WKH�YDOXHV�N O �P P � �V M ���V N �LQWR�����ZH�REWDLQ�WKH�LVRFKURPDWLFV�
FXUYHV�LQ�SRODU�FRRUGLQDWHV��U��4���)RU�HDFK�LVRFKURPDWLF�ORRS�WKH�SRVLWLRQ�

RI�PD[LPXP�DQJOH�4Q �FRUUHVSRQGV�WR�WKH�PD[LPXP�UDGLXV�RI�WKH�U Q ��7KLV�
SULQFLSOH� FDQ�DOVR�EH�XVHG� LQ� WKH�PL[HG�PRGH�DQDO\VLV�>��@�E\�HPSOR\LQJ�

LQIRUPDWLRQ� IURP� WZR� ORRSV� LQ� WKH� QHDU� ILHOG� RI� WKH� FUDFN�� LI� WKH� IDU� ILHOG�

VWUHVV�FRPSRQHQW���V R+S �4�� �FRQVW��'LIIHUHQWLDWLQJ�(T����ZLWK�UHVSHFW�WR�4��
VHWWLQJ�4� �4Q �DQG�U� �U Q �DQG�XVLQJ�(T���wW Q �w4Q � ����JLYHV��
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6XEVWLWXWLQJ�WKH�UDGLL�U d �DQG�WKH�DQJOHV�4d �IURP�WKHVH�WZR�ORRSV�LQWR�D�SDLU�
RI� HTXDWLRQV� RI� WKH� IRUP� JLYHQ� LQ� (T�� �� JLYHV� WZR� LQGHSHQGHQW� UHODWLRQV�

GHSHQGHQW�RQ�WKH�SDUDPHWHUV�. e ��. e e �DQG�V f+g ��7KH�WKLUG�HTXDWLRQ�LV�REWDLQHG�
E\�XVLQJ�(T�����7KH�WKUHH�HTXDWLRQV�REWDLQHG�LQ�WKLV�ZD\�KDYH�WKH�IRUP�

� ����������������� h hhh hhh hh    i jki jli jm ..I..J..J VVV � ����

,Q�RUGHU� WR�GHWHUPLQH�. e ��. e e DQG�V f+g � LW� LV� VXIILFLHQW� WR�VHOHFW� WZR�DUELWUDU\�
SRLQWV�U n ��4 n �DQG�DSSO\�WKH�1HZWRQ�5DSKVRQ�PHWKRG�WR�WKH�VROXWLRQ�RI�WKUHH�
VLPXOWDQHRXV�QRQ�OLQHDU�(T�����7KH�YDOXHV�. o �DFFRUGLQJ�WR�PL[HG�PRGH�RI�
WKH�IUDFWXUH�ZHUH�REWDLQHG�IURP�

� pq qpqr ... � � ����

([DPSOH�RI�WKH�QXPHULFDO�UHVXOWV�REWDLQHG�IURP�(T������

IRU�P s � �������U s � �����P��4 s � ��������U t � �������PP��4t � �������
.e

u vxw
� ������03D�P��.e e

u vxw
� ������03D�P��Vf,g � �������03D��.o

u vxw
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%\� LQVHUWLQJ� WKH�YDOXHV�U n ��4 n � LQ� WKUHH�VHOHFWHG�DUELWUDU\�SRLQWV� LQWR� ����ZH�
REWDLQ�WKUHH�QRQ�OLQHDU�HTXDWLRQV��L� ����������
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DQG�DSSO\�WKH�1HZWRQ�5DSKVRQ�PHWKRG�WR�WKH�VROXWLRQ�ZH�KDYH�. e ��. e e DQG�
V f+g ��([DPSOH�RI�WKH�QXPHULFDO�UHVXOWV��VKRZQ�LQ�)LJXUH����REWDLQHG�IURP������
IRU�P s � �������U s � ������PP��4 s � ��������Pt � ������U t � ������PP��4t � ��������
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)LJXUH����'LVWULEXWLRQ�RI�VWUHVVHV�VØ �LQ�FURV�VHFWLRQV�$�$�DQG�%�%�����PP�
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7KH�GLVWULEXWLRQ�RI�VWUHVVHV�DQG�GLVSODFHPHQWV�KDV�EHHQ�FDOFXODWHG�XVLQJ�WKH�

ILQLWH� HOHPHQW� PHWKRG� �)(0�� >�@�� )LQLWH� HOHPHQW� FDOFXODWLRQV� ZHUH� SHU�

IRUPHG�LQ�RUGHU�WR�YHULI\�WKH�H[SHULPHQWDOO\�REVHUYHG�WKH�LVRFKURPDWLF�GLV�

WULEXWLRQ�REVHUYH�GXULQJ�FUDFNV�SURSDJDWLRQ��7KH��JHRPHWU\�DQG�PDWHULDOV�RI�

PRGHOV�ZHUH�FKRVHQ�WR�FRUUHVSRQG�WR�WKH��DFWXDO�VSHFLPHQV�XVHG�LQ�WKH�H[�

SHULPHQWV��7KH�QXPHULFDO�FDOFXODWLRQV�ZHUH�FDUULHG�RXW�XVLQJ�WKH�ILQLWH�HOH�

PHQW�SURJUDP�$16<6�����DQG�E\�DSSO\LQJ�WKH�VXEVWUXFWXUH�WHFKQLTXH��)RU�

FRPSDULVRQ� WKH� QXPHULFDO� �IURP� )(0�� DQG� H[SHULPHQWDO� LVRFKURPDWLF�

IULQJHV��V Ù ���V Ú ���GLVWULEXWLRQ�ZDV�VKRZQ�LQ�)LJXUH����$�ILQLWH�HOHPHQW�PHVK�



RI�WKH�PRGHO��XVHG�IRU�QXPHULFDO�VLPXODWLRQ��DUH�SUHVHQWHG�LQ�)LJ���DQG�WKH�

VWUHVVHV�VØ �DUH�VKRZQ�LQ�)LJXUHV���DQG����
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)LJXUH����1XPHULFDO�GHWHUPLQDWLRQ�RI�VWUHVV�GLVWULEXWLRQ� �$QV\V�������'LV�

WULEXWLRQ�RI�WKH�VWUHVVHV�VØ �DORQJ�WKH�FUDFN��
�
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7KH�YDOXHV�. ' �DFFRUGLQJ�WR�WKH�IUDFWXUH�LQ�WKH���OD\HU�ZHUH�GHWHUPLQHG�IURP�
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)LJXUH����1XPHULFDO�GHWHUPLQDWLRQ�RI�VWUHVV�GLVWULEXWLRQ��$QV\V�������'LVWUL�

EXWLRQ�RI�WKH�VWUHVVHV�V, ��FUDFNV�OHQJWK�D� �����PP���
�
�����D� �����PP��������������������������������������������������������������������������D� �����PP�
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)LJXUH����1XPHULFDO�UHVXOWV���$QV\V�������'LVWULEXWLRQ�RI�WKH�VWUHVVHV�V, ��FUDFNV�
OHQJWK����D� �����PP�DQG����D� �����PP��WKLFNQHVV�RI�OD\HUV�K� ����PP��
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3KRWRHODVWLFLW\� ZDV� VKRZQ� WR� EH� SURPLVLQJ� PHWKRG� LQ� VWUHVV� DQDO\VLV� RI�

EHDPV�ZLWK�YDULRXV�QXPEHU�DQG�RULHQWDWLRQ�RI�FUDFNV��,W�LV�SRVVLEOH�WR�IDEUL�

FDWH� D�PRGHO� XVLQJ� YDULRXV� SKRWRHODVWLF�PDWHULDOV� WR� PRGHO� PXOWL�OD\HUHG�

VWUXFWXUH�� )LQLWH� HOHPHQW� FDOFXODWLRQV� �)(0�� ZHUH� SHUIRUPHG� LQ� RUGHU� WR�

YHULI\� WKH� H[SHULPHQWDOO\� REVHUYHG� EUDQFKLQJ� SKHQRPHQRQ� DQG� WKH�

LVRFKURPDWLF� GLVWULEXWLRQ� REVHUYHG� GXULQJ� FUDFNV� SURSDJDWLRQ�� 7KH� DJUHH�

PHQW� EHWZHHQ� WKH� ILQLWH� HOHPHQW� PHWKRG� SUHGLFWHG� LVRFKURPDWLFV�IULQJH�

SDWWHUQV�GLVWULEXWLRQ�DQG�WKRVH�GHWHUPLQHG�SKRWRHODVWLFDO\�ZDV�IRXQG�WR�EH�

ZLWKLQ��y��SHUFHQW��
�
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��� &KHUHSDQRY�*��3���������0HFKDQLFV�RI�%ULWWOH�)UDFWXUH��0F�*UDZ���+LOO��

1HZ�<RUN��

��� &RRN�7��6��DQG�(UGRJDQ�)���������,Q���,QWHUQDWLRQDO�-RXUQDO�RI�(QJLQHHULQJ�

6FLHQFH�����������

��� )URFKW�0��0���������3KRWRHODVWLFLW\��-RKQ�:LOH\��1HZ�<RUN��
��� *XSWD�$��*���$��������,QWHUQDWLRQDO�-RXUQDO�RI�6ROLGV�DQG�6WUXFWXUHV������������
��� +LOWRQ�3��'�� DQG�6LQ�*��&�� ������� ,QWHUQDWLRQDO�-RXUQDO�RI�6ROLGV�DQG�

6WUXFWXUHV����������

��� 1HLPLW]�$���������0HFKDQLFV�RI�IUDFWXUH���LQ�3ROLVK��3:1��:DUVDZ��

��� 6DQIRUG�5��-��DQG�'DOO\�-���������(QJLQHHULQJ�)UDFWXUH�0HFKDQLFV����������
��� 6]F]HSL VNL�:���������$UFKLYHV�RI�$SSOLHG�0HFKDQLFV����

��� 8VHU¶V�*XLGH�$16<6������������������$QV\V��,QF���+XVWRQ��86$��

����=LHQNLHZLF]�2��&�� �������7KH�)LQLWH�(OHPHQW� �0HWKRG� LQ�(QJLQHHULQJ�

6FLHQFH��0F�*UDZ���+LOO��/RQGRQ��1HZ�<RUN��


