
6WXG\�7KHUPDO�5HVLGXDO�6WUHVVHV�LQ�D�%L�PDWHULDO�&HUDPLF�0HWDO��&DVH�RI�WKH�%RWK�$J�$O�2� DQG�3W�$O�2��
%��%RXWDERXW� ��%��6HULHU� ���%��%DFKLU�%RXLDGMUD���0��%HOKRXDUL�� DQG�.��.DGGRXUL��/(&0��'HSDUWPHQW�RI�0HFKDQLFV��)DFXOW\�RI�(QJLQHHULQJ��8QLYHUVLW\'MLOODOL�/,$%(6��RI�6LGL�%HO�$EEHV�������������$/*(5,$�

$EVWUDFW,Q� WKLV� SDSHU�� WKH� HYDOXDWLRQ� � RI� WKHUPDO� UHVLGXDO� VWUHVVHV� LQ� 6LOYHU�$OXPLQD� DQG� 3ODWLQXP�$OXPLQD�DVVHPEO\�UHDOL]HG�E\�VROLG�VWDWH�ERQGLQJ��LV�FDUULHG�RXW�XVLQJ�WKH�ILQLWH�HOHPHQWDQDO\VLV��7KH�YDULDWLRQ�RI�WKH�QRUPDO�DQG�VKHDU�WKHUPDO�UHVLGXDO�VWUHVV��DUH�HYDOXDWHG�QHDU�WKH��LQWHUIDFH�RI�WKH�ELPDWHULDOV���7KH�HIIHFW�RI�WKH�WHPSHUDWXUH� JUDGLHQW� RQ� WKH� GLVWULEXWLRQ� RI� WKHUPDO� VWUHVVHV� DUH� KLJKOLJKWHG��7KH� PHFKDQLFDO� UHVLVWDQFH�WRIUDFWXUH RI�WKH�FHUDPLF�PHWDO�DVVHPEO\�PDLQO\�GHSHQGV RQ�WKH�LQWHQVLW\�RI�UHVLGXDO�VWUHVVHV�ZKLFK�DUH�FUHDWHG��DIWHU�WKH�HODERUDWLRQ�SURFHVV�RI�WKH�ELPDWHULDOV�� 7KH�REWDLQHG�UHVXOWV��VKRZ�WKDW�WKH�WKHUPDO�UHVLGXDO�VWUHVVHV���GHSHQG�RQ�WKH�YDULDWLRQ�RI�WKH�WKHUPDO�H[SDQVLRQ�IDFWRU��WKH�WHPSHUDWXUH�RI�HODERUDWLRQ�
� ,QWURGXFWLRQ:KHQ�D�GXFWLOH�PHWDO�LV�FRPELQHG�ZLWK�EULWWOH�FHUDPLF�PDWUL[��WKH�UHVXOWLQJ�VWUXFWXUH�FDQUHWDLQ�WKH�KLJK�\LHOG�VWUHQJWK�RI�D�FHUDPLF�ZKLOH�H[KLELWLQJ�DQ�HQKDQFHG�UHVLVWDQFH�WR�IUDFWXUH��WKLV�PDNHV�WKH�ELPDWHULDOV�SRWHQWLDO�FDQGLGDWH�IRU�KLJK�SHUIRUPDQFH�VWUXFWXUDO�DSSOLFDWLRQV�.ROKH�DQG�DO�>�@��+RZHYHU�WKH�SUHVHQFH�RI�UHVLGXDO�VWUHVVHV�UHVXOWLQJ�IURP�WKH�HODERUDWLRQ�SURFHVV�LV�SULPDULO\�GXH�WR�WKH�GLIIHUHQFH�EHWZHHQ�WKH�FRHIILFLHQWV�RI�WKHUPDO�H[SDQVLRQ��GHFUHDVHV�LQ�D�VLJQLILFDQW�ZD\��WKH�UHVLVWDQFH�RI�WKH�ELPDWHULDOV�DQG�FDQ�FDXVH�LWV�IUDFWXUH���7KH�QHHG�RI�WKH�HYDOXDWLRQ�RI�WKH�WKHUPDO�VWUHVVHV��SDUWLFXODUO\�DW� WKH� LQWHUIDFH�RI� WKH�ELPDWHULDOV� LV� LPSRUWDQW� IRU� D�JRRG�NQRZOHGJH�RI� WKH�PHFKDQLFDO�EHKDYLRU�RI�WKHVH�NLQGV�RI�DVVHPEOLHV�6HYHUDO�DXWKRUV�XVHG�WKH�DQDO\WLFDO�DQG�QXPHULFDO�PRGHOV�WR�HYDOXDWH�WKH�WKHUPDO�VWUHVVHV�LQ�WKH�YLFLQLW\ RI� WKH� LQWHUIDFH� RI� ELPDWHULDOV�� 7KH� PDMRULW\� RI� WKH� DQDO\WLFDO� PRGHOV� GHYHORSHG� WKH�FRQFHSW�RI�IRUFH�HTXLOLEULXP�LQ�FRPSXWLQJ�WKHUPDO�VWUHVVHV�&KHQ�DQG�1LOVRQ�>�@��0DGHQFL�DQG�DO�>�@� �� %ODQFKDUG� DQG� :DVWRQ� >�@� �� .RNLQL� >�@�� %DUVRXP� >�@� KDYH� XVHG� WKH� QXPHULFDO� PHWKRGV��SDUWLFXODUO\�WKH�ILQLWH�HOHPHQW�PHWKRG��IRU�HYDOXDWLQJ�WKH�WKHUPDO�UHVLGXDO�VWUHVVHV�LQ�ELPDWHULDOV�7KH� UHDOL]DWLRQ� RI� WKH� 6LOYHU�$OXPLQD� DQG� 3ODWLQXP�$OXPLQD� DUH� PDGH� LQ� D� VROLG� VWDWH�� 7KH�PHFKDQLFDO� UHVLVWDQFH� RI� WKLV� DVVHPEO\� GHSHQGV� SULPDULO\� RQ� WKH� FRQGLWLRQV� RI� LWV� HODERUDWLRQ��SDUWLFXODUO\� RQ� WKH� DWPRVSKHUH� RI� HODERUDWLRQ�� 7KH� IUDFWXUH� UHVLVWDQFH� LV� JHQHUDOO\� GHWHUPLQHG�DFFRUGLQJ� WR� WKH� QDWXUH� RI� DWPRVSKHUH� RI� WKH� HODERUDWLRQ� RI� WKLV� NLQGV� RI� MXQFWLRQ� 6HULHU� >�@��%DLOOH\� DQG�%ODFN� >�@�� 7KH�3ODWLQXP� DQG� WKH� 6LOYHU� DUH� � QREOH�PHWDOV� DQG� E\� UHDFWLQJ�ZLWK� WKH�DOXPLQD� GR� QRW� JLYHV� DQ� LQWHUPHGLDWH� FRPSRXQG�� $VVHPEO\� RI� WKHVH� PHWDO� ZLWK� DOXPLQD� QRQ�UHDFWLYH�MXQFWLRQ�)RU� DQ� DFFXUDWH� VWXG\� RI� WKH� WKHUPDO� UHVLGXDO� VWUHVVHV� ZH� FRQVLGHU WKH� FDVH� RI� QRQ�UHDFWLYH�MXQFWLRQ��IRU�ZKLFK�RQO\�WKH�HIIHFW�RI�WKH�GLIIHUHQFH�RI�WKH�FRHIILFLHQWV�RI�WKHUPDO�H[SDQVLRQ�RI�WKH�WZR�ERQGHG�PDWHULDOV��$J��$O�2���DQG���3W�� $O�2����LV�FRQVLGHUHG��<RXQJ¶V�0RGXOXV� � RI� WKH�$OXPLQD� �� WKH� 6LOYHU� DQG� WKH� 3ODWLQXP� DUH� YHU\� GLIIHUHQW� DQG� � WKH�<RXQJ¶V�PRGXOXV��RI���WKH�3ODWLQXP�LV�DSSUR[LPDWHO\�WZLFH�KLJKHVW�WKDW��WKH�6LOYHU��7KH�FRHIILFLHQW�RI� WKH� � WKHUPDO� H[SDQVLRQ� GLODWLRQ� � RI� $OXPLQD� LV� FRPSDUDEOH� WR� � � � WKDW� RI� � 3ODWLQXP� DQG� LW� LV�DSSUR[LPDWHO\�WZLFH�ZHDNHU WR�WKDW�RI�6LOYHU�



7KH�SUHVHQW�ZRUN�GHDOV�ZLWK� WKH�GLVWULEXWLRQ�RI� WKH�WKHUPDO�UHVLGXDO�VWUHVVHV�DW�WKH�ELPDWHULDOV�LQWHUIDFH�DQG�LQ�WKH�YLFLQLW\�RI�WKH�MXQFWLRQ�LQ�ERWK�ELPDWHULDOV��DVVHPEO\�3W�$O�2 ��DQG�$J�$O�2��7KH�GLVWULEXWLRQ�RI�WKHVH�WKHUPDO�VWUHVVHV�LV�DQDO\]HG�ZKLOH�YDU\LQJ�WKH�WHPSHUDWXUH�JUDGLHQW��
���'HWHUPLQDWLRQ�RI�UHVLGXDO�WKHUPDO�VWUHVVHV�DW�WKH�LQWHUIDFH/HW� XV� UHFDOO� � WKDW� WKH� LPSRUWDQFH� RI� WKH� GLIIHUHQFH� � EHWZHHQ� WKH� SK\VLFDO� SURSHUWLHV� DQG��FRQGLWLRQV�PHFKDQLFDO�UHVLVWDQFH�SURSHUWLHV�RI�WKHVH�ELPDWHULDOV�DQG��SDUWLFXODUO\�WKH�UHVLVWDQFH�WR�WKH�UXSWXUH�RI�WKH�LQWHUIDFH�DQG�WKH�$OXPLQD�LQ��WKH�YLFLQLW\�RI�WKH�LQWHUIDFH�6HULHU�>�@�6WUHVVHV� DSSHDU� LQ� DQ\�PDWHULDO� VXEMHFWHG� WR� D� YDULDWLRQ� LQ� WHPSHUDWXUH� JUDGLHQW�� � ,Q� WKH� FDVH�RIELPDWHULDOV���WKH�VWUHVVHV�DULVH�GXULQJ�WKH��YDULDWLRQ��RI�WHPSHUDWXUH�EHFDXVH�RI�KHWHURJHQHLW\�RI�WKH�WKHUPDO�H[SDQVLRQ�IDFWRU� LQ�SDUWLFXODU�GXULQJ�WKH�FRROLQJ�RI� WKH�DVVHPEO\�IURP�LWV�WHPSHUDWXUH�RI�HODERUDWLRQ�7KH� DQDO\VLV� RI� MXQFWLRQ� VWUHVVHV� FHUDPLF�PHWDO� UHPDLQV� DQ� LPSRUWDQW� WHFKQRORJLFDO� SUREOHP��7KH�NQRZOHGJH�RI� WKH�LQWHQVLW\�DQG�WKH�GLVWULEXWLRQ�RI� WKH�UHVLGXDO�VWUHVVHV� LQ�ELPDWHULDOV� �PHWDO�FHUDPLFV� W\SH� LV�YHU\�GHWHUPLQDQW� WR�HYDOXDWH�WKH�IHDVLELOLW\�RI� WKH�MXQFWLRQ��RU� LWV�PDLQWDLQLQJ�LQ�VHUYLFH���7KH�GLVWULEXWLRQ� DQG� WKH�HYDOXDWLRQ�RI� WKH� WKHUPDO� UHVLGXDO�VWUHVVHV� LV� UHDOL]HG�E\�D�QXPHULFDO�VLPXODWLRQ� ZLWK� WKH� ILQLWH� HOHPHQW� )UDQF�'�� 7KH� VWUXFWXUH� ZDV� PHVKHG� ZLWK� HLJKW� QRGHV�TXDGULODWHUDO�HOHPHQWV�

����'LVWULEXWLRQ�RI�WKH�UHVLGXDO�WKHUPDO�VWUHVVHV�DW�WKH�LQWHUIDFH�)RU� UHDVRQ� RI� V\PPHWU\� RQO\� WKH� TXDUWHU� RI� WKH� VWUXFWXUH� LV� DQDO\]HG� DQG� WKH� VWXG\� RI� WKH�GLVWULEXWLRQ�RI� WKH�UHVLGXDO�VWUHVVHV��ZDV�GHWHUPLQHG�UHVSHFWLYHO\�DV��VFKHPDWL]HG�RQ�WKH�ILJXUH����DORQJ�WKH�YHUWLFDO���DQG ��7KH�UHVLGXDO�VWUHVV�GLVWULEXWLRQ� � VKRZV�WKDW� WKH�6LOYHU� LV� LQ� � � WUDFWLRQ��ZKLOH� WKH�FHUDPLFV�LV� LQ��FRPSUHVVLRQ��0D[LPDO�6WUHVVHV�DUH� IRXQG� WR� WKH� OHYHO� WKH� LQWHUIDFH�EXW� LQ� WKH�YLFLQLW\�RI� WKH�IUHH�HGJH� �� IDU� IURP� WKH� IUHH� HGJH� WKH� VWUHVVHV� �V[[ DUH� QHJDWLYH�� ,Q� DOXPLQD� DW� WKH� YLFLQLW\� RI� WKH�LQWHUIDFH��WKH�VWUHVVHV�V[[ DUH�QHJDWLYHV���FRPSUHVVLRQ�VWUHVVHV����7KH�PD[LPXP�VWUHVV�DUH�ORFDWHG�DW�WKH�IUHH�DQG�WKH\�GHFUHDVH�IURP�WKH�HGJH�WR��WKH�FHQWHU�RI�WKH�VSHFLPHQ��,QYHUVHO\���WKH�VWUHVVHV�V[[ DUH SRVLWLYH�LQ�WKH�VLOYHU�QHDU�WKH�LQWHUIDFH�DQG�WKH�PD[LPXP�VWUHVVHV�DUH�ORFDWHG�DW�WKH�FHQWHU�RI� WKH� VSHFLPHQ�� 7KH� FRXSOH�V[[ LQ� WKH� FRXSOH� 3W�$O�2� SUHVHQWV� D� VLPLODU� EHKDYLRU� EXW� WKH�LQWHQVLW\� RI� � WKH�V[[ WKHUPDO� VWUHVVHV� LV� QHJOLJLEOH� IRU� WKLV� FRXSOH� FRPSDUHG� ZLWK� WKH� FRXSOH�$J�$O�2� �)LJXUH�����7KLV�LV�GXH��WR�WKH�IDFW�WKDW�WKH�WKHUPDO�FRHIILFLHQWV�RI�H[SDQVLRQ�RI�SODWLQXP�DQG�DOXPLQD�DUH�FRPSDUDEOH��)LJXUH���VKRZV�WKH�YDULDWLRQ�RI�WKH�UHVLGXDO�VWUHVVHV�LQ�WKHVH�WZR�FRXSOHV�IRU�SRVLWLRQ���DQG���WKDW�VLOYHU�LV�LQ�WHQVLRQ�ZKHUHDV�FHUDPLF�LV�LQ�FRPSUHVVLRQ������7KH� GLVWULEXWLRQ� RI� WKH� UHVLGXDO� VWUHVVHV� VKRZV� WKDW� DW� WKH� � HGJH� VLOYHU� DQG� SODWLQXP� DUH� LQ�FRPSUHVVLRQ�ZKHUHDV�FHUDPLFV� LV� LQ� WUDFWLRQ��7KH�PD[LPXP�VWUHVVHV�RI�FRPSUHVVLRQ�DUH� LQ�VLOYHU�LQ�WKH�YLFLQLW\�RI�WKH�HGJH�DQG�WKH�PD[LPXP�VWUHVVHV�RI�WUDFWLRQ�DUH�LQ�FHUDPLFV�LQ�WKH�YLFLQLW\�RI�WKH� HGJH�� IDU� IURP� � RI� WKH� HGJH� WKH� VWUHVVHV� EHFRPH� SRVLWLYH� LQ� PHWDO�� )LJXUH� �� UHSUHVHQW� � WKH�YDULDWLRQ�RI� WKH�QRUPDO�UHVLGXDO�VWUHVVHV�1\\�IRU��SRVLWLRQV���DQG����:H�QRWLFH�WKDW�LQ�WKH�FDVH�RI�WKH�FRXSOH�3W�$O�2� WKHVH�VWUHVVHV�DUH�DOPRVW�QXOO��ZKHUHDV� LQ�WKH�FRXSOH�$J�$O�2� WKH\�DUH�YHU\�VLJQLILFDQW�� 7KH\� VKRZ� FOHDUO\� WKDW� WKH� VWUHVVHV� DUH� YHU\� LQWHQVH� DW� WKH� HGJHV� �LQ�SRVLWLRQ���� DQG�GHFUHDVH�ZKLOH�PRYLQJ�DZD\��RI�WKLV�SRVLWLRQ��SRVLWLRQ����2Q�WKH�ILJXUH���ZH�UHSUHVHQWHG�WKH�GLVWULEXWLRQ�DQG�WKH�OHYHO�RI�WKH�VKHDU�VWUHVVHV�LQ�WKH�[\�SODQ��7KH�PRVW�LPSRUWDQW�VWUHVVHV�DUH�ORFDOL]HG�RQ�WKH�OHYHO�RI�WKH�HGJH�RI�MXQFWLRQ�WR�WKH�LQWHUIDFH��7KH�VWUHVVHV GHFUHDVH��ZKHQ�RQH�PRYHV�DZD\�RI�WKH�HGJH�RI�DVVHPEO\��IRU�SRVLWLRQ���WRZDUGV�SRVLWLRQ����:H�QRWLFH�WKDW�IRU�WKH�WZR�FRXSOHV�WKH�UHVLGXDO�VWUHVVHV�DUH�YHU\�LPSRUWDQW�DW�WKH�HGJH��SRVLWLRQ�



��� DQG� ORZHU� LQWHQVLW\� DV� RQ�ZKHQ� RQH�PRYHV� DZD\�HGJH��7KH\�DUH�PLQLPDO� LQ� WKH�FHQWHU�RI� WKH�VSHFLPHQ� � �SRVLWLRQ����:H�ZLOO� QRWH� KRZHYHU� WKDW� WKH� VKHDU� � UHVLGXDO� VWUHVVHV�1[\� DUH� H[WUHPHO\�ORZ�LQ�WKH�FDVH�RI�WKH�FRXSOH�3W�$O�2��

)LJXUH�� ��)LQLWH�HOHPHQW�PHVK�RI�VWUXFWXUH�QHDU�WKH�LQWHUIDFH

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

�
� �
� �
� �
� � , Q W H U I D F H

W F � W 0  � �' 7  � � � � �7 I6 L O Y H U

3 O D W L Q X P
$ O X P L Q D

$ O X P L Q H
� � 6 L O Y H U� � 6 L O Y H U� � 3 O D W L Q X P � �� � 3 O D W L Q X P �

V [[
��0

3D
�

3 H U S H Q G L F X O D U � D W � W K H � L Q W H U I D F H � � P P �

)LJXUH�� ��9DULDWLRQ�RI�WKH�WKHUPDO��UHVLGXDO�VWUHVVHV��V[[�IRU�WKH�ERWK�ELPDWHULDOV�

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

3 O D W L Q X P

, Q W H U I D F H

$ O X P L Q D6 L O Y H U

' 7 �  � � � � �7 IW F � W 0  � � �

3 H U S H Q G L F X O D U � D W � W K H � L Q W H U I D F H � � P P �

� � 6 L O Y H U� � 6 L O Y H U� � 3 O D W L Q X P� � 3 O D W L Q X P

V \\
��0

3D�

)LJXUH�� ��9DULDWLRQ�RI�WKH�WKHUPDO��UHVLGXDO�VWUHVVHV��V[\\�IRU�WKH�ERWK�ELPDWHULDOV�

� �

,QWHUIDFH � ��)LUVW�SHUSHQGLFXODU�DW�WKH�LQWHUIDFH�� ��6HFRQG�SHUSHQGLFXODU�DW�WKH�LQWHUIDFH

0HWDO�
&HUDPLF



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

� �
� �
� �
� �
� �
� �
� �

' 7 �  � � � � �7 IW F � W 0  � � �

3 O D W L Q X P

$ O X P L Q D

, Q W H U I D F H

6 L O Y H U

� � 6 L O Y H U� � 6 L O Y H U� � 3 O D W L Q X P� � 3 O D W L Q X P
V [\

��0
3D

�

3 H U S H Q G L F X O D U � D W � W K H � L Q W H U I D F H � � P P �)LJXUH�� ��9DULDWLRQ�RI�WKH�VKHDU�UHVLGXDO�VWUHVVHV�V[\��IRU�WKH�ERWK�ELPDWHULDOV�
�����(IIHFW�RI�WKH�WHPSHUDWXUH7KH� HIIHFW� RI� WKH� � WHPSHUDWXUH� RQ� WKH� � UHVLVWDQFH� RI�PHWDO�FHUDPLF� DVVHPEO\� LV� LQYHVWLJDWHG��,QGHHG�� WKH� WHPSHUDWXUH� RSHUDWHV�PDQ\� PHFKDQLVPV� DQG� LQ� SDUWLFXODU� LW� LV� WKH� FDXVH� RI� WKH�PRGLILFDWLRQ� RI� WKH� PHFKDQLFDO� SURSHUWLHV� RI� PHWDO� E\� ORZHULQJ� LWV� \LHOG� VWUHVV� LQYROYLQJ� D�PRGLILFDWLRQ� RI� WKH� FRQGLWLRQV� RI� GHIRUPDWLRQ� RI� PHWDO�� ,W� DFWLYDWHV� WKH� SKHQRPHQD� RI� VXUIDFH�GLIIXVLRQ��LQ YROXPH�DQG�VXUIDFH���HYDSRUDWLRQ�FRQGHQVDWLRQ��,W�LV�WKH�PRVW�LPSRUWDQW�SDUDPHWHU�RI�FUHHS� RI� VLOYHU� DQG� 3ODWLQXP�� 7KH� PHFKDQLFDO� SURSHUWLHV� RI� VLOYHU� DQG� � 3ODWLQXP� DUH� VWURQJO\�GHFUHDVHG�KRW��7KH�WHPSHUDWXUH�DOORZV�WKH�GLODWLRQ�RI�WZR�PDWHULDOV�FRQVWLWXWLQJ�WKH�DVVHPEO\�,Q� WKH�PDMRULW\� RI� WKH� FDVHV� DQ� LQFUHDVH� LQ� WHPSHUDWXUH� OHG� WR� DQ� LQFUHDVH� LQ� WKH�PHFKDQLFDO�UHVLVWDQFH�RI� WKH� MXQFWLRQ�EXW�SURGXFHV�UHVLGXDO�VWUHVVHV�GXH�WR� WKH�GLIIHUHQFH�RI� WKH� �FRHIILFLHQWV�WKHUPDO�H[SDQVLRQ�RI�DOXPLQD�ZLWK� WKH�WZR�UHVSHFWLYH�PHWDOV�6LOYHU� �DQG�3ODWLQXP��7KH�MXQFWLRQV��3W�$O�2��DQG�$J�$O�2� DUH�HODERUDWH�DW�KLJK�WHPSHUDWXUH��7KHLU�FRROLQJ�RI�WKLV�WHPSHUDWXUH�DW�WKH�DPELHQW� WHPSHUDWXUH� JHQHUDWHV� UHVLGXDO� VWUHVVHV� EHFDXVH� RI� WKH� GLIIHUHQFH� LQ� WKHUPDO� GLODWLRQ�FRHIILFLHQW� RI� WKHVH� PHWDOV� DQG� DOXPLQD�� :H� UHSUHVHQWHG� RQ� ILJXUHV� ������ WKH� YDULDWLRQ� RI� WKH�QRUPDO�UHVLGXDO�VWUHVVHV�1[[��1\\�DQG�WKH�VKHDU�UHVLGXDO��VWUHVVHV�1[\�DFFRUGLQJ�WR�WKH�WHPSHUDWXUH�RI�HODERUDWLRQ�RI� WKH�FRXSOHV�3W�$O�2��DQG�$J�$O�2���:H�QRWLFH� WKDW�WKH� LQWHQVLW\�RI� WKH�UHVLGXDO�VWUHVVHV�1[[��1\\�DQG�1[\�GHSHQGV�RQ�WKH�GLIIHUHQFH�RI��WHPSHUDWXUH���WHPSHUDWXUH�RI�HODERUDWLRQ�DQG��DPELHQW�WHPSHUDWXUH���7KH�LQWHQVLW\�RI�WKH�VWUHVVHV�LQ�DOXPLQD�DQG�LQ�VLOYHU�LQ�WKH�YLFLQLW\�RI�WKH� LQWHUIDFH� LQFUHDVHV� ZLWK LQFUHDVH� � WHPSHUDWXUH� RI� VROLG� VWDWH� ERQGLQJ�� 7KH� KLJKHVW� UHVLGXDO�VWUHVVHV��DUH�JHQHUDWHG�E\�KLJK�WHPSHUDWXUHV�DQG�PRUH�SDUWLFXODUO\�WKRVH�FORVH�WR�WKH�PHOWLQJ�SRLQW�RI�VLOYHU��,Q�WKH�FDVH�RI�WKH�FRXSOH�3W�$O�2�� WKH�UHVLGXDO�VWUHVVHV�1[[��1\\�DQG�1[\�DOPRVW�GR�QRW�GHSHQG�RQ�WKH�WHPSHUDWXUH��7KHLU�YDULDWLRQ�DFFRUGLQJ�WR�WKLV�SDUDPHWHU�LV�QHJOLJLEOH�

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

� � �

�

� �

� � �

$ O X P L Q D
6 L O Y H U

3 O D W L Q X P

W F � � W 0  � � � ' 7 �  � � � �7 I � � 6 L O Y H U' 7 �  � � � �7 I � � 6 L O Y H U' 7 �  � � � �7 I � � 3 O D W L Q X P' 7 �  � � � �7 I � � 3 O D W L Q X P

V [[
��0

3D
�

3 H U S H Q G L F X O D L U �D W � W K H � L Q W H U I D F H � � P P � �)LJXUH�� ��9DULDWLRQ�RI�WKH�WKHUPDO��UHVLGXDO��VWUHVVHV��V[[�YV�WHPSHUDWXUH�IRU�WKH�ERWK�ELPDWHULDOV�



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

�

� �

� � �

� � �
, Q W H U I D F H

W F � W 0  � � �

$ O X P L Q D6 L O Y H U
3 O D W L Q X P

6 L O Y H U � � � ' 7 �  � � � � �7 I6 L O Y H U � � � ' 7 �  � � � � �7 I3 O D W L Q X P � ' 7 �  � � � � �7 I3 O D W L Q X P � � ' 7 �  � � � � �7 I

V \\
��0

3D
�

3 H U S H Q G L F X O D U � D W � W K H � L Q W H U I D F H � � P P �)LJXUH�� ��9DULDWLRQ�RI�WKH�UHVLGXDO�WKHUPDO�VWUHVVHV��V\\�YV�WHPSHUDWXUH�IRU�WKH�ERWK�ELPDWHULDOV�

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

� �
� �
� �
� �
� � , Q W H U I D F H

6 L O Y H U
$ O X P L Q D

3 O D W L Q X P

W F � W 0  � � � 6 L O Y H U � ' 7  � � � �7 I6 L O Y H U � ' 7  � � � �7 I3 O D W L Q X P � ' 7  � � � �7 I3 O D W L Q X P � ' 7  � � � �7 I

V [\
��0

3D
�

3 H U S H Q G L F X O D L U �D W � W K H � L Q W H U I D F H � � P P �)LJXUH�� ��9DULDWLRQ�RI�WKH�WKHUPDO�UHVLGXDO��VWUHVVHV��V[\�YV�WHPSHUDWXUH�IRU��ERWK�ELPDWHULDOV�
���'LVFXVVLRQ7KH� DPSOLWXGH� RI� WKH� QRUPDO� DQG� VKHDU� � UHVLGXDO� VWUHVVHV� DQG� WKHLU� GLVWULEXWLRQ� FORVH� WR� WKH�LQWHUIDFH�RI� PHWDO�FHUDPLF� MXQFWLRQ� DUH�D� IXQFWLRQ�RI� WKH�GLPHQVLRQ�RI� WKH�DVVHPEO\�6HULHU� >�@��WKLFNQHVV� RI� WKH� PHWDO� DQG� KLV� ZRUN� KDUGHQLQJ�� WKH� <RXQJ� PRGXOXV� RI� WZR LQYROYHG� PDWHULDOV�.ROKH�DQG�DO�>�@�DQG�PRUH�SDUWLFXODUO\�RI�WKH�GLIIHUHQFH�LQ�WKHLU�SK\VLFDO�SURSHUWLHV�LQ�SDUWLFXODU�RI�WKH� GLIIHUHQFH� LQ� WKHLU� � FRHIILFLHQWV� WKHUPDO� RI� GLODWLRQ� �� 7KH� MXQFWLRQV� � 3W�$O�2� DQG�$J�$O�2�ZHUH�HODERUDWHG�XQGHU�DQ�R[LGL]LQJ�DWPRVSKHUH��7KH�VLOYHU��DQG�SODWLQXP�DUH��QREOH�PDWHULDOV�DQG�GR�QRW�UHDFW�FKHPLFDOO\�ZLWK�DOXPLQD��7KH�MXQFWLRQ�LV�NQRZQ�DV�QRW�UHDFWLYH�DQG�DORQH��PHFKDQLFDO�IL[LQJ� � DQG� WKHUPRG\QDPLF� DGKHVLRQ� FRQGLWLRQ� WKH�PHFKDQLFDO� UHVLVWDQFH� RI� LQWHUIDFH�6HULHU� >�@��2XU�ZRUN��FDUULHG�RQ�VWXG\��E\�ILQLWH�HOHPHQWV�RI�WKH�UHVLGXDO�VWUHVVHV�FUHDWHG��E\�WKH�GLIIHUHQFH�RI�WKH� FRHIILFLHQWV�RI� WKHUPDO� H[SDQVLRQ� � RI� VLOYHU� DQG�DOXPLQD� DQG� WKRVH�RI�SODWLQXP�DQG�DOXPLQD��'RHV� WKLV� VWXG\� VKRZ� FOHDUO\� WKDW� WKH� FRROLQJ� IURP� WKH� WHPSHUDWXUH� RI� HODERUDWLRQ� RI� WKHVH�DVVHPEOLHV� WR� WKH�DPELHQW� WHPSHUDWXUH� �û7�� OHG� � WKH�FUHDWLRQ�RI� WKH�QRUPDO� UHVLGXDO�VWUHVVHV�1[[�DQG�1\\� DQG� RI� WKH� VKHDU� � VWUHVVHV�1[\��7KH� DPSOLWXGH� RI� WKHVH� VWUHVVHV� ORFDWHG� LQ� DOXPLQD� DQG�VLOYHU� � LQ� WKH� YLFLQLW\� RI� LQWHUIDFH� JURZV� ZLWK�û7�� ZKRVH� VLJQ� LV� D� IXQFWLRQ� RI� WKH� GLIIHUHQFH�û. .�$J��± .�$O�2����7KHVH�VWUHVVHV�FDXVH�D�WHQVLRQ�RI�VLOYHU�DQG�D�FRPSUHVVLRQ�LQ�DOXPLQD��7KH�PRVW�VLJQLILFDQW�VWUHVVHV�DUH�WKRVH�FUHDWHG��DFFRUGLQJ�WR�D[LV�[��1[[���WKHLU�DPSOLWXGH�LV�VWURQJHU�LQ�VLOYHU��ZKLFK� KDV� D� FRHIILFLHQW� RI� WKHUPDO� H[SDQVLRQ� � � DSSUR[LPDWHO\� WZLFH� ODUJHU� WKDQ� WKDW� RI� DOXPLQD��7KHVH� VWUHVVHV� DUH�PRUH� LQWHQVH�ZLWK� WKH� FORVH� YLFLQLW\� RI� WKH� LQWHUIDFH� IDU� IURP� WKH� HGJH�RI� WKH�MXQFWLRQ��ZKHUH�WKH�EUHDNLQJ�VWUHVVHV�RI�DVVHPEO\�DUH�PD[LPXP�DQG�WKH�UXSWXUH�LV�FRKHVLYH��$W�WKH�HGJH��]RQH�ZKHUH�WKH�EUHDNLQJ�VWUHVVHV�RI�WKH�FRQQHFWLRQ�DUH�ZHDNHU�DQG�WKH�UXSWXUH�DUH�DGKHVLYH��WKH�VWUHVVHV�DUH�WKH�OHDVW�LQWHQVH��7KH�OHYHO�RI�FRPSUHVVLRQ�LV�ORFDWHG�RQ�DOXPLQD�FORVH�WR�WKH�HGJH�



RI� DVVHPEO\� FORVH� WR� LQWHUIDFH� %DUVRXP� >�@�� <DPDGD� HW� DO� >��@�� 7KH� FRXSOH� � 3W�$O�2� ZKRVH�WKHUPDO� GLODWLRQ� FRHIILFLHQWV� DUH� FRPSDUDEOH� DOPRVW� GRHV�QRW� OHDG� WR� WKH� FUHDWLRQ� RI� WKH� UHVLGXDO�VWUHVVHV�RULJLQ�WKHUPDO�DQG�WKLV�ZKDWHYHU�DUH�LWV�WHPSHUDWXUH�RI�HODERUDWLRQ�7KLV�DOORZV�HQVXUH��DQ�LQWLPDWH�FRQWDFW�EHWZHHQ�WKHVH�WZR�PDWHULDOV�DQG�WR�DFFHOHUDWH�DGKHVLRQ�WKHUPRG\QDPLFDOO\��7KLV� DGKHVLRQ� OHDGV� WR� VWURQJ� MXQFWLRQV� DQG� WKXV� WR�PRUH� LPSRUWDQW� UHVLGXDO�VWUHVVHV��7KH�UHVLGXDO�VWUHVVHV�1\\�DUH�DIIHFWHG�WRR�PXFK�E\�LQFUHDVH�RI�WKLFNQHVV��EHLQJ�JLYHQ�RQO\�WKH�SUHVVXUH�DSSOLHG�IRU�HODERUDWLRQ�RI�DVVHPEO\�LV�GRQH�DFFRUGLQJ�WR�D[LV�\��7KH�UHVLGXDO�VWUHVVHV�GHSHQG� �RI� WKH�SK\VLFDO�SURSHUWLHV�RI�DVVHPEO\��7KH�UHVLGXDO�VWUHVVHV�ZKRVH� LQWHQVLW\�GHSHQGV�RQ�WKH� GLIIHUHQFH� RI� WHPSHUDWXUH�û7��7KH\�FDXVH� D� FRKHVLYH� UXSWXUH� LQ� DOXPLQD�ZLWK� VWUHVVHV�PXFK�ORZHU�WKDQ�WKH�EUHDNLQJ�VWUHVV�RI�DOXPLQD�QR�UHODWHG�WR�D�PHWDO��7KH\�DOVR�OHDG�WR�DQ�LPSRUWDQW�IDOO�RI� WKH� IDFWRU� FULWLFDO� LQWHQVLW\� RI� VWUHVV� � RI� DOXPLQD� LQ� WKH� YLFLQLW\� RI� LQWHUIDFH� )HUHQF� DQG��7RPDV]HZVNL >��@�� WKXV� EHLQJ� DEOH� WR� VXSSRUW� VWDUWLQJ� DQG� WKH�SURSDJDWLRQ�RI� FUDFN�XQGHU�ZHDN�ORDGLQJ�
���&RQFOXVLRQ2XU�VWXG\� VKRZV�WKDW� WKH� UHVLGXDO�VWUHVVHV�GHSHQG��� VWURQJO\�RI� WKH�GLIIHUHQFH�RI� WKH�SK\VLFDO�SURSHUWLHV�RI�VLOYHU�DQG�DOXPLQD��L�H��GLIIHUHQFH�LQ�WKHLU�GLODWLRQ�FRHIILFLHQWV�WKHUPDO��7KH�LQWHQVLW\�RI� WKHVH� VWUHVVHV� DQG� LQ� SDUWLFXODU� WKH� QRUPDO� UHVLGXDO� VWUHVVHV�1[[� JURZV�ZLWK� LQFUHDVH� RI� WKH�YDULDWLRQ� LQ� WHPSHUDWXUH��7KHVH�VWUHVVHV�SXW�VLOYHU� LQ� WHQVLRQ�DQG�DOXPLQD� LQFRPSUHVVLRQ��/HW�XV�QRWH� KRZHYHU� WKDW� WKH� 3W�$O�2� FRXSOH� ZKRVH� WZR� PDWHULDOV� SUHVHQW� FRPSDUDEOH� GLODWLRQ�FRHIILFLHQWV�WKHUPDO�GRHV�QRW�OHDG�WR�WKH��FUHDWLRQ�RI�UHVLGXDO�VWUHVVHV
���5HIHUHQFH>�@�5��.ROKH��6��7DQJ��&��<��+XL��$�7��=HKQGHU��&RKHVLYH�SURSHUWLHV�RI�QLFNHO� DOXPLQD�LQWHUIDFHV������GHWHUPLQHG�YLD�VLPXODWLRQ�RI�GXFWLOH�EULGJLQJ�H[SHULPHQWV��,QW��-��VROLGV�DQG�6WUXFWXUHV��YRO�����SS���������������������>�@�:�7��&KHQ��&�:��1HOVRQ���7KHUPDO�VWUHVVHV�LQ�ERQGHG�MRLQWV��,%0�-��5HV��'HY��YRO������ SS�����������������>�@�(��0DGHQFL��6��6KNDUD\HY��%��6HUJHHY��7KHUPR�PHFKDQLFDO�VWUHVVHV�IRU�D�WULSOH�MXQFWLRQ�RI���GLVVLPLODU�PDWHULDOV��*OREDO�ORFDO�ILQLWH�HOHPHQW�DQDO\VLV��,QW��-��7KHRUHWLFDO�$SSOLHG�)UDFWXUH�0HFKDQLFV� YRO������SS����������������>�@�3�-��%ODQFKDUG��5�'�:DVWRQ��5HVLGXDO�VWUHVVHV�LQ�ERQGHG�DUPRU�WLOHV�IRU�LQ�YHVVHO��IXVLRQ�FRPSRQHQWV��1XF��(QJ��'HV��YRO�����SS�����������������>�@�.��.RNLQL��0DWHULDO�FRPSDWLELOLW\�LQ�LQWHUIDFLDO�WUDQVLHQW�WKHUPDOIUDFWXUH�RI��FHUDPLF�WR�PHWDO�ERQGV��$60(�-��$SSO��0HFK��YRO������SS����������������>�@�5�6�%DUVRXP��$V\PSWRWLF�ILHOGV�DW�LQWHUIDFH�XVLQJ�WKH�ILQLWH�HOHPHQW�LWHUDWLYH�PHWKRG��&RP��6WUXF��YRO�����SS������������������>�@�%��6HULHU���(WXGH�HW FDUDFWpULVDWLRQ�GHV�OLDLVRQV�FpUDPLTXH�PpWDO�pODERUpHV�SDU��VROLG�VWDWH�ERQGLQJ���DSSOLFDWLRQ�DX�FRXSOH$J�$O� 2� ���7KqVH�1���������(FROH�&HQWUDOH�GH�/\RQ��������>�@�)�'��%DLOOH\��.��-��7��%ODFN��6ROLG�VWDWH�ERQGLQJ�RI�$X�WR�DOXPLQD��-RXUQDO�RI� 0DWHULDOV�6FLHQFH� YRO������SS������������������>�@�%��6HULHU��$��%HUURXJ��'��-XYp��'��7UpKHX[��(�*��0R\D��6LOYHU�DOXPLQD�VROLG�VWDWH��ERQGLQJ��6WXG\�RI�GLIIXVLRQ�DQG�WRXJKQHVV�FORVH�WR�WKH�LQWHUIDFH��-��(XURSHDQ�FHUDPLF��6RF��YRO������SS���������������������>��@�7��<DPDGD��0�6DWRK��$�.RKPR��.�<RNRL��5HVLGXDO�VWUHVV�HVWLPDWLRQ�RI�D�VLOLFRQ�FDUELGH���NRYDU�MRLQW��-��RI�PDW�VFL��YRO�����SS������������������>��@�.�-��)HUHQF�DQG�.��7RPDV]HZVNL � 'LVWULEXWLRQ�RI�WKHUPDO�UHVLGXDO�VWUHVVHV�LQ�YDULRXV�W\SH�RI��PHWDO�WR�FHUDPLF�MRLQWV�DV�DQDO\VHG�E\�)0(��-RLQLQJ�FHUDPLFV��JODVV�DQG�PHWDO��(G�:��.UDIW�LQIRUPDWLRQ�JHVHOOVFKDIW��9HUODJ��SS��������������������


	Abstract
	1  Introduction
	3  Discussion
	4  Conclusion


