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'HSDUWPHQW�RI�&RPSXWHU�DQG�(OHFWURQLF�3K\VLFV��6DQJML�8QLYHUVLW\��:RQMX����������.RUHD

7KH�DQLVRWURSLF�PDJQHWRUHVLVWDQFH��$05��PRGHO�ZDV�LPSURYHG�LQ�RUGHU�WR�GHWHUPLQH�WKH�PDJQLWXGH
DQG�GLUHFWLRQ�RI�WKH�URWDWLRQDO�DQLVRWURS\�LQ�1L)H�)H0Q�ELOD\HU�VWUXFWXUHV�KDYLQJ�GLIIHUHQW�WKLFNQHVVHV�RI
WKH�IHUURPDJQHWLF�DQG�DQWLIHUURPDJQHWLF�OD\HUV��7KHUH�DUH�WZR�LPSRUWDQW�SDUDPHWHUV�LQ�WKH�PRGHO��QDPHO\
WKH�UDWLRV�a� �+ � ��� �+ � � �DQG�b� �q � ��� �q �	� �ZKHUH�+ � ��� �DQG�q � ��� �DUH�WKH�HIIHFWLYH�PDJQHWLF�ILHOG�DQG�WKH�DQJOH�RI
WKH� URWDWLRQDO�DQLVRWURS\�DQG�+ � � � DQG�q � � DUH� WKH�H[FKDQJH�ELDV� ILHOG� DQG� WKH� DQJOH�RI� WKH� ILHOG� DSSOLHG�
UHVSHFWLYHO\��7KHVH�SDUDPHWHUV�GHVFULEH�WKH�PDJQLWXGH�DQG�GLUHFWLRQ�RI�WKH�URWDWLRQDO�DQLVRWURS\��$V�WKH
WKLFNQHVV�RI�)H0Q� OD\HU�GHFUHDVHG�XS� WR�����QP�� WKH�a� YDOXH� LQFUHDVHG� IURP� DERXW� ����� WR� ������7KLV
SURYHV� WKDW� WKH� UHJLRQV�RI�D�ZHDN�H[FKDQJH�FRXSOLQJ� H[WHQGHG�DV� WKH� DQWLIHUURPDJQHWLF� OD\HU� WKLFNQHVV
GHFUHDVHV��7KH�SDUDPHWHUV�a�DQG�b�DOPRVW�GLG�QRW�FKDQJH�DV�WKH�1L)H�OD\HU�WKLFNQHVV�LQFUHDVHG�IURP���QP
XS�WR����QP��HYHQ�WKRXJK�+ � � �ZDV�WKHQ�UHGXFHG�IURP�����2H�WR����2H�

.H\�ZRUGV��H[FKDQJH�ELDVLQJ��URWDWLRQDO�DQLVRWURS\��DQWLIHUURPDJQHW

���,QWURGXFWLRQ
([FKDQJH�DQLVRWURS\�LV�D�SKHQRPHQRQ�DULVLQJ�IURP�WKH�GLUHFW�H[FKDQJH�FRXSOLQJ

DW�WKH�LQWHUIDFH�EHWZHHQ�D�IHUURPDJQHW��)0��DQG�DQ�DQWLIHUURPDJQHW��$)���7KH�EHVW�
NQRZQ�SURSHUW\�DULVLQJ�IURP�WKLV�DQLVRWURS\�LV�D�VKLIW�LQ�WKH�K\VWHUHVLV�ORRS�RI�D�IHU�
URPDJQHW��7KH� ILHOG�E\�ZKLFK� WKH� ORRS� LV� VKLIWHG� LV�GHILQHG�DV� WKH�H[FKDQJH�ELDVLQJ
ILHOG�+ 
 � >�@��7R�H[SODLQ�VXFK�D�EHKDYLRXU�WKHRUHWLFDOO\��VHYHUDO�PRGHOV�IRFXVHG�RQ�WKH
GRPDLQ�VWUXFWXUH�RI�WKH�$)�OD\HU�IRU�FRPSHQVDWHG�DQG�XQFRPSHQVDWHG�LQWHUIDFHV�ZHUH
SURSRVHG�LQ�ZKLFK�D�VLQJOH�GRPDLQ�VWDWH�RU�XQLIRUP�PDJQHWL]DWLRQ�RI� WKH�)0�OD\HUV
ZDV�DVVXPHG�>�@��$OWKRXJK�WKHVH�WKHRULHV�FDQ�H[SODLQ�WKH�PDJQLWXGH�RI�WKH�ORRS�VKLIW
LQ� SRO\FU\VWDOOLQH� ELOD\HUV�� WKH\� IDLO� WR� DFFRXQW� IRU� WKH� HQKDQFHG� + � � DQG� D� QRQ�
YDQLVKLQJ�URWDWLRQDO�K\VWHUHVLV� LQ�KLJK�PDJQHWLF�ILHOGV�GXH� WR� LQVWDELOLW\� LQ� WKH�SRO\�
FU\VWDOOLQH� $)� OD\HU� >�@�� 5HFHQW� PRGHOV� VXJJHVWHG� WKDW� WKHUH� DUH� VWDEOH� $)� JUDLQV�
BBBBBBBBB
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ZKLFK�FRQWULEXWH�WR�WKH�XQLGLUHFWLRQDO�DQLVRWURS\��DQG�XQVWDEOH�RQHV��ZKLFK�FDXVH�WKH
URWDWLRQDO� DQLVRWURS\� >��� �@�� 0DJQHWLF� GRPDLQ� REVHUYDWLRQV� LQ� WKH� $)�)0� ELOD\HUV
DOORZHG�FRQFOXGLQJ�WKDW�WKH�VWUHQJWK�RI�+ 
 � �YDULHV�DW�WKH�PLFURVFRSLF�VFDOH�DFURVV�WKH
VDPSOH�>�@�

,Q�WKLV�ZRUN��ZH�LPSURYHG�WKH�$05�PRGHO�LQWURGXFHG�E\�'DKOEHUJ�HW�DO��>����@�WR
GHWHUPLQH�WKH�PDJQLWXGH�DQG�GLUHFWLRQ�RI�URWDWLRQDO�DQLVRWURS\�LQ�WKH�)H0Q�1L)H�DQG
1L2�1L)H�VWUXFWXUHV�ZLWK�D�YDU\LQJ�WKLFNQHVV�RI�WKH�$)�OD\HU��,Q�RXU�PRGHO��WKHUH�DUH
WZR�LPSRUWDQW�SDUDPHWHUV�RI�a�DQG�b��ZKLFK�UHSUHVHQW�WKH�PDJQLWXGH�DQG�WKH�DQJOH�RI
URWDWLRQDO�DQLVRWURS\��7KH�LQIOXHQFH�RI�WKH�DSSOLHG�PDJQHWLF�ILHOG�+ � �RQ�WKH�SDUDPH�
WHUV�RI�WKH�ELOD\HU�VWUXFWXUHV�ZDV�DOVR�LQYHVWLJDWHG�

���([SHULPHQWDO
7KH� ELOD\HU� ILOPV� RI� 1L)H� ���� QP��)H0Q� ����±��� QP�� DQG� 1L)H� ��±��� QP�

�)H0Q�����QP��ZHUH�GHSRVLWHG�DW�D�URRP�WHPSHUDWXUH�RQWR�D�&RUQLQJ�JODVV������LQ�DQ
LRQ�EHDP�VSXWWHULQJ�V\VWHP��7KH�EDVH�SUHVVXUH�ZDV�EHORZ���������
 �7RUU��7KH�LRQ�JXQ
ZDV�D���FP�.DXIPDQQ�VRXUFH�XVLQJ�$U�JDV�DW�WKH�SUHVVXUH�RI���������� �7RUU��,RQ�EHDP
YROWDJH�DQG�FXUUHQW�GXULQJ�GHSRVLWLRQ�ZHUH�HTXDO� WR�����9�DQG���P$�� UHVSHFWLYHO\�
DQG�WKH�WKLFNQHVV�ZDV�PRQLWRUHG�E\�D�TXDUW]�VHW�XS��$Q�DOLJQLQJ�ILHOG�RI�����2H�ZDV
DSSOLHG�GXULQJ� WKH� GHSRVLWLRQ�RI� WKH� IHUURPDJQHWLF� OD\HUV� WR� LQGXFH� XQLD[LDO� DQLVRW�
URS\�� 7KH� PDJQHWLF� SURSHUWLHV� ZHUH� FKDUDFWHUL]HG� FRQVLGHULQJ� WKH� PHDVXUHG
DQLVRWURSLF�PDJQHWRUHVLVWDQFH��$05��FXUYHV�LQ�D���SRLQW�WHUPLQDO�FRQILJXUDWLRQ�

7KH�$05�FXUYHV�YDULHG�LQ�WKHLU�VKDSHV�ZLWK�WKH�DSSOLHG�PDJQHWLF�ILHOG��3DUWLFXODUO\�
WKH�FXUYHV�REWDLQHG�DW�PRGHUDWH�ILHOGV�FORVH�WR�+ 
 � �KDYH�PRUH�FRPSOH[�VKDSHV�WKDQ�WKRVH
REWDLQHG�DW�ORZ�DQG�KLJK�PDJQHWLF�ILHOGV��+RZHYHU��WKH�$05�FXUYH�PHDVXUHG�LQ�WKH�YLFLQ�
LW\� RI�+� � � + 
 � VKRXOG� EH� DQDO\]HG� WR� XQGHUVWDQG� EHWWHU� WKH� SKHQRPHQRQ� RI� URWDWLRQDO
DQLVRWURS\�LQ�WKH�ELDVHG�ELOD\HU�VWUXFWXUH��7KUHH�LQWHQVLWLHV�RI�WKH�DSSOLHG�ILHOG��QDPHO\�+�
 ����+ 
 � ��+ 
 � �DQG��+ 
 � ��ZHUH�VHOHFWHG�WR�FRPSDUH�WKH�UDWLR�RI�URWDWLRQDO�DQG�XQLGLUHFWLRQDO
DQLVRWURS\�LQ�WKH�ELOD\HUV�H[KLELWLQJ�GLIIHUHQW�+ 
 ���

���5HVXOWV�DQG�GLVFXVVLRQ
)LJXUH���VKRZV�WKH�YHFWRU�UHSUHVHQWDWLRQ�RI�RXU�PRGHO��LQ�ZKLFK�WKH�URWDWLRQDO�DQLVRW�

URS\�LV�UHIOHFWHG�E\�WKH�HIIHFWLYH�DQLVRWURS\�ILHOG�+� ��� � �7KLV�ILHOG�YDULHV�ZLWK�WKH�DPSOLWXGH
RI�+� LQ�ERWK�LWV�VWUHQJWK�DQG�GLUHFWLRQ�GXULQJ�$05�PHDVXUHPHQW��ZKHUHDV�WKH�PDJQLWXGH
DQG�GLUHFWLRQ�RI�+ 
 � �DUH�IL[HG��&RQVLGHULQJ�WKLV�UHSUHVHQWDWLRQ��WKH�PDJQHWLF�HQHUJ\�GHQVLW\
RI�WKH�IHUURPDJQHWLF�OD\HU�LQ�WKH�ILHOG�DSSOLHG�FDQ�EH�ZULWWHQ�DV

�FRV��FRV��FRV� � ���� ��� qqqqqq ------= ��� �� � 0+0+0+( � ���
ZKHUH�0�LV�WKH�PDJQHWL]DWLRQ�RI�WKH�)0�OD\HU��DQG�q 
 ��� �q � �DQG�q � ��� �DUH�WKH�DQJOHV�GH�
ILQLQJ� GLUHFWLRQV� RI� + 
 � �� + � �� DQG� + � ��� �� UHVSHFWLYHO\�� ,Q� (T�� ����� WKH� GHPDJQHWL]LQJ



5RWDWLRQDO�DQLVRWURS\�LQ�H[FKDQJH�ELDVHG�1L)H�)H0Q�ELOD\HUV ��

HQHUJ\�LV�QHJOHFWHG��EHFDXVH�LW�ZDV�FDOFXODWHG�WKDW�WKH�GHPDJQHWL]LQJ�ILHOG�LV�VPDOOHU
WKDQ�����2H�IRU�WKH�JHRPHWU\�RI�WKH�VDPSOHV�XVHG��)URP�WKH�FRQGLWLRQ�RI�WKH�PLQLPXP
WRWDO�HQHUJ\�LQ�WKH�HTXLOLEULXP�VWDWH��ZH�FDQ�GHWHUPLQH�WKH�DQJOH�q�GHILQLQJ�WKH�RULHQ�
WDWLRQ�RI�WKH�PDJQHWL]DWLRQ�0��7KH�UHVLVWDQFH�5�RI�WKH�ELOD\HUV�LV�JLYHQ�E\

5� �5 � ��D5FRV � �q�±�q � � ���
ZKHUH�5 � � LV� WKH� UHVLVWDQFH� DW�+ � �  � �� DQG�D5� LV� WKH� FKDQJH� RI� UHVLVWDQFH� GXH� WR� WKH
$05�HIIHFW��7KHUHIRUH��WKH�$05�IROORZV�RQ�WKH�EHKDYLRXU�RI�FRV � q��DW�q �  ���

)LJ�����9HFWRU�UHSUHVHQWDWLRQ�RI�WKH�PRGHO

�0LQLPL]LQJ� WKH�HQHUJ\� JLYHQ�E\�(T�� ���� DQG� FDUU\LQJ�RXW� VRPH� DOJHEUDLF� WUDQV�
IRUPDWLRQV��RQH�REWDLQV
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ZKHUH�WZR�LQWURGXFHG�SDUDPHWHUV�a� �+ � ��� �+ 
 � DQG�b  �q � ��� �q � �
)LJXUH���VKRZV�WKH�H[SHULPHQWDO�SRLQWV�RI�$05�DQG�WKH�ILWWLQJ�FXUYHV�DV�D�IXQF�

WLRQ�RI�WKH�ILHOG�DSSOLHG�DQG�)H0Q�OD\HU� WKLFNQHVV� LQ� WKH�1L)H����QP��)H0Q��������
���QP��ELOD\HUV��$V�ZDV�PHQWLRQHG�HDUOLHU��WKH�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�DW�WKH
ILHOG�DSSOLHG�HTXDO�WR����+ 
 ��� + 
 ��� �DQG��+ 
 � ��$W�WKH�ILHOG�KLJK�HQRXJK��WKH�$05�FXUYH
LV� V\PPHWULF�� GLVSOD\LQJ� WZR� HTXDO�PLQLPD� DW� ��� DQG� ���� GHJ�� 7KHVH�PLQLPD� VKLIW
WRZDUGV�HDFK�RWKHU�DV�+ � GHFUHDVHV��UHDFKLQJ��+ 
 � ��)LJ���F���:LWK�D�IXUWKHU�GHFUHDVH�RI
WKH� ILHOG�� WKLV� VKLIW� EHFRPHV� PRUH� SURQRXQFHG� DQG� DOVR� D� GHFUHDVH� RI� WKH� FHQWUDO
PD[LPXP�LV�QRWLFHG��)LJ��E���$V�WKH�ILHOG�DSSOLHG�UHDFKHV�D�ORZ�LQWHQVLW\��WKH�VHFRQG
PLQLPXP�ULVHV�DQG�WKH�FXUYH�EHFRPHV�DV\PPHWULF��)LJ���D���$W�D�YHU\�ORZ�ILHOG� WKH
FXUYH� EHFRPHV� HYHQWXDOO\� SHULRGLF� DJDLQ� >�@�� 7KH�PD[LPXP� SHDN� VKLIWV� VOLJKWO\� WR
KLJKHU�DQJOHV�DV�WKH�)H0Q�OD\HU�WKLFNQHVV�GHFUHDVHV��$OO�WKH�$05�GDWD�RI�WKH�)H0Q
ELOD\HUV�ZHUH�ZHOO�ILWWHG�E\�(T�������H[FHSW�WKH�RQHV�REWDLQHG�DW�WKH�ORZ�ILHOG�IRU�WKH
)H0Q������QP��ELOD\HU�ZKLFK�H[KLELWHG�ODUJH�FRHUFLYH�ILHOG�
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)LJ�����([SHULPHQWDO�GHSHQGHQFLHV�RI�$05�RQ�WKH�GLUHFWLRQ
RI�PDJQHWLF�ILHOG�RI�GLIIHUHQW�VWUHQJWK�UHODWHG�WR�ELOD\HU�VWUXFWXUHV

RI�YDULRXV�WKLFNQHVV�RI�)H0Q�OD\HU������QP�±�VROLG�FLUFOH�
��QP�±�RSHQ�FLUFOH�����QP�±�VROLG�WULDQJOH��
6ROLG�OLQHV�±�ILWV�WR�H[SHULPHQWDO�SRLQWV

)LJXUH���VKRZV�WKH�GHSHQGHQFH�RI�WKH�a�DQG�b�UDWLRV�RQ�WKH�)H0Q�OD\HU�WKLFNQHVV
ZLWK�+ � �DV�WKH�SDUDPHWHU��7KH�PHDVXUHG�+ 
 � LV�DOVR�VKRZQ�LQ�WKLV�ILJXUH�DV�D�IXQFWLRQ
RI�WKLFNQHVV��7KH�a�UDWLR�IRU�DOO�+ � LQFUHDVHV�IURP�DERXW������WR������ZLWK�D�GHFUHDVH
RI�WKH�$)�OD\HU�WKLFNQHVV�LQ�LWV�UDQJH�RI����±���QP��,Q�WKH�UDQJH�RI�DERYH���QP��WKH
YDOXH�RI�$05�DOPRVW�GRHV�QRW�FKDQJH��7KH�REVHUYHG�EHKDYLRXU�RI� WKH�$05�FXUYHV
FRQILUPV�WKH�H[SHFWDWLRQ�WKDW�D�QXPEHU�RI�XQVWDEOH�$)�JUDLQ��ZKLFK�DFFRXQW�IRU�URWD�



5RWDWLRQDO�DQLVRWURS\�LQ�H[FKDQJH�ELDVHG�1L)H�)H0Q�ELOD\HUV ��

WLRQDO�DQLVRWURS\�� LQFUHDVH�DV� WKH�$)�OD\HU� WKLFNQHVV�GHFUHDVHV��7KH�$05�FXUYH� IRU
WKH�����QP�)H0Q�ELOD\HU�PHDVXUHG�DW�+ �  ����+ 
 � FDQQRW�EH�ILWWHG�WR�(T�������6LQFH�RXU
PRGHO�GLG�QRW�SUHVHQW�WKH�LQIRUPDWLRQ�RQ�WKH�K\VWHUHVLV�ORVV��WKH�ELOD\HU�KDYLQJ�KLJK
FRHUFLYH�ILHOG�FDQQRW�EH�ILWWHG��)RU�H[DPSOH��WKH�1L2��������QP��1L)H����QP��ELOD\�
HUV� KDYH� QRWLFHDEO\� KLJKHU� FRHUFLYH� ILHOG� WKDQ� 1L)H�)H0Q� ELOD\HU�� WKHUHIRUH� WKH
PHDVXUHG�$05�FXUYHV�DUH�QRW�ILWWHG�DW�WKH�FHQWUDO�PD[LPXP�SHDN�

)H0Q�OD\HU�WKLFNQHVV�QP�
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)LJ�����'HSHQGHQFLHV�RI�PHDVXUHG�H[FKDQJH�DQLVRWURS\�ILHOG�+ � �
DQG�FDOFXODWHG�SDUDPHWHU�a�RQ�WKH�WKLFNQHVV�RI�)H0Q�OD\HU�DW�YDULRXV
VWUHQJWKV�RI�WKH�DSSOLHG�ILHOG��D���GHSHQGHQFH�RI�WKH�SDUDPHWHU�b

RQ�+ � �+ � � �DW�YDULRXV�WKLFNQHVVHV�RI�)H0Q�OD\HU��E�

7KH�b� �q � ��� �q � PHDQV�WKDW�WKH�GLUHFWLRQ�RI�URWDWLRQDO�DQLVRWURS\�ODJJHG�EHKLQG�WKDW
RI�+ � ��7KLV�UDWLR�LQFUHDVHV�ZLWK�+ � ��DV�LV�VKRZQ�LQ�)LJ���E��,W�LV�TXLWH�REYLRXV�WKDW�WKH
GLUHFWLRQ�RI�WKH�URWDWLRQDO�DQLVRWURS\�VWURQJO\�GHSHQGV�RQ�WKH�DSSOLHG�ILHOG��+RZHYHU�
WKH�b�UDWLR�ZDV�LQGHSHQGHQW�RI�WKH�$)�OD\HU�WKLFNQHVV�

)LJXUH���VKRZV�WKH�GHSHQGHQFH�RI�FDOFXODWHG�a�DQG�b�RQ�WKH�WKLFNQHVV�RI�1L)H�OD\HU�
$V� WKH�1L)H� WKLFNQHVV� LQFUHDVHV� IURP���QP� WR� ���QP��+ 
 � � GHFUHDVHV� IURP�����2H� WR
���2H��+RZHYHU��a�DQG�b�GLG�QRW�VKRZ�DQ\�GHSHQGHQFH��)RU�DOO�WKH�H[FKDQJH�ELDVHG
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V\VWHPV��+ 
 � �LV�LQYHUVHO\�SURSRUWLRQDO�WR�WKH�WKLFNQHVV�RI�)0�OD\HU��EHFDXVH�H[FKDQJH
ELDV� LV� DQ� LQWHUIDFH� HIIHFW�� $OWKRXJK� + 
 � � GHFUHDVHV� ZLWK� WKH� )0� OD\HU
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)LJ�����'HSHQGHQFLHV�RI�PHDVXUHG�H[FKDQJH�DQLVRWURS\�ILHOG�+ � �
DQG�FDOFXODWHG�SDUDPHWHU�a�RQ�WKH�WKLFNQHVV�RI�1L)H�OD\HU
DW�YDULRXV�VWUHQJWKV�RI�WKH�ILHOG�DSSOLHG��D���GHSHQGHQFH

RI�WKH�SDUDPHWHU�b�RQ�+ � �+ � � �DW�YDULRXV�WKLFNQHVVHV�RI�1L)H�OD\HU��E�

WKLFNQHVV��WKH�VWDEOH�$)�JUDLQV�JHQHUDWLQJ�WKH�H[FKDQJH�DQLVRWURS\�DW�LQWHUIDFH�GR�QRW
FKDQJH��7KHUHIRUH��WKH�a�DQG�b�UDWLRV�GR�QRW�GHSHQG�RQ�WKH�)0�OD\HU� WKLFNQHVV��EXW
RQO\�GR�RQ�WKH�VWDELOLW\�RI�$)�OD\HU�

���&RQFOXVLRQV
:H�KDYH�LPSURYHG�WKH�$05�PRGHO�LQWURGXFLQJ�WKH�SDUDPHWHUV�a�DQG�b�ZKLFK�H[�

SUHVV�WKH�PDJQLWXGH�DQG�GLUHFWLRQ�RI�WKH�URWDWLRQDO�DQLVRWURS\�LQ�WKH�H[FKDQJH�ELDVHG
ELOD\HUV� RI� GLIIHUHQW� WKLFNQHVV� RI� WKH�$)�OD\HU�� )URP� WKH� FDOFXODWHG� YDOXHV� RI� WKHVH
SDUDPHWHUV��ZH� IRXQG� WKH� UHODWLYH�PDJQLWXGH�RI� WKH� URWDWLRQDO� DQLVRWURS\��ZKLFK� LQ�
FUHDVHG� IURP����� WR�����RI� WKH� H[FKDQJH� DQLVRWURS\�ZLWK� D� GHFUHDVH� RI� WKH�$)�OD\HU
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5RWDWLRQDO�DQLVRWURS\�LQ�H[FKDQJH�ELDVHG�1L)H�)H0Q�ELOD\HUV ��

WKLFNQHVV��:H�DOVR�SURYHG�WKDW�LWV�GLUHFWLRQ�ODJJHG�EHKLQG�WKH�GLUHFWLRQ�RI�WKH�ILHOG�DSSOLHG
E\�DQ�DQJOH�OHVV�WKDQ�D�KDOI�RI�q � ��$V�WKH�WKLFNQHVV�RI�IHUURPDJQHWLF�OD\HU�LQFUHDVHG��WKH�a
DQG�b�SDUDPHWHUV�SUDFWLFDOO\�GLG�QRW�FKDQJH��7KHVH�SDUDPHWHUV�FDQ�H[SODLQ�WKH�SURSHUWLHV
RI�URWDWLRQDO�DQLVRWURS\�GXH�WR�XQVWDEOH�$)�JUDLQV��+RZHYHU��WKH�PRGHO�FDQQRW�EH�DSSOLHG
WR� WKH� ELOD\HU� VWUXFWXUHV� H[KLELWLQJ� ODUJH� K\VWHUHVLV� ORVVHV� DQG� ODUJH� FRHUFLYLW\�� )XUWKHU
PRGLILFDWLRQV�RI�WKH�PRGHO�DUH�QHHGHG�DQG�VXFK�DQ�DWWHPSW�KDV�DOUHDG\�EHHQ�XQGHUWDNHQ�
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�7KLV�ZRUN�ZDV�VXSSRUWHG�LQ�SDUW�E\�WKH�6DQJML�8QLYHUVLW\�DQG�5HVHDUFK�&HQWUH�IRU�$GYDQFHG�0DJ�
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