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,QWURGXFWLRQ�
'LIIHUHQW�RSLQLRQV�DERXW�0RQJROLDQ�SURPLQHQFH�VWUXFWXUH�FDQ�
EH� IRXQG� LQ� WKH� OLWHUDWXUH�� 7KH�PRVW� SX]]OLQJ� SUREOHP� LV� WKH�
QDWXUH� RI� OH[LFDO� VWUHVV� LQ� WKLV� ODQJXDJH�� DQG� QHLWKHU� LWV�
SODFHPHQW� QRU� LWV� SKRQHWLF� QDWXUH� KDYH� EHHQ� JLYHQ� DQ\� ILQDO�
GHVFULSWLRQ��

:H� KDYH� HDUOLHU� SHUIRUPHG� DQ� DFRXVWLF� LQYHVWLJDWLRQ� RI�
YRZHO� GXUDWLRQV�� TXDOLW\� DQG� I�� WR� ILQG� LI� DQ\� RI� WKHVH� WKUHH�
SDUDPHWHUV� IXQFWLRQV� DV� VLJQDOOLQJ� RQH� SDUWLFXODU� V\OODEOH� DV�
WKH�PRVW� SURPLQHQW� RQH��%DVLQJ� RXUVHOI� RQ� WKLV� LQYHVWLJDWLRQ�
ZH�UHMHFW�WKH�H[LVWHQFH�RI�OH[LFDO�VWUHVV�LQ�0RQJROLDQ�DQG�ILQG�
SURPLQHQFH�DV�IXQFWLRQLQJ�RQO\�DW�WKH�SKUDVDO�OHYHO�>����@���

,Q� WKH� SUHVHQW� DUWLFOH� WZR� SUREOHPV� DUH� LQYHVWLJDWHG��
)LUVWO\��SKUDVDO�DFFHQWXDWLRQ� LV�DQDO\VHG�DV� VLJQDOOHG�E\� WRQDO�
PHDQV�� DQG�ZH� VKRZ� WKDW� WKH� WLPLQJ� RI� WKH� WRQDO� JHVWXUHV� LV�
EHVW�GHVFULEHG�ZLWKLQ�D�PRUD�DQDO\VLV�RI�0RQJROLDQ��6HFRQGO\��
ZH�DUJXH�IRU�DQ�DQDO\VLV�ZKHUH�QDVDOV�LQ�WKH�V\OODEOH�FRGD�KDYH�
D�PRUDLF�IXQFWLRQ���

��� 3KRQRORJLFDO�IHDWXUHV�RI�0RQJROLDQ�
0RQJROLDQ� XVHV� YRZHO� GXUDWLRQ� SKRQRORJLFDOO\�� $PRQJ�
VHYHUDO�DQDO\VHV�RI�YRZHO�OHQJWK�SURSRVHG�LQ�WKH�OLWHUDWXUH��ZH�
DGRSW�WKH�RQH�ZKLFK�DVVXPHV�WKDW�ORQJ�YRZHOV�DUH�IRXQG�RQO\�
LQ� LQLWLDO� V\OODEOHV�� DQG� WKDW� QRQ�LQLWLDO� YRZHOV� HLWKHU� DUH�
SKRQRORJLFDOO\� VKRUW� �SKRQHPLF�� YRZHOV� RU� HSHQWKHWLF� �QRQ�
SKRQHPLF�� YRZHOV�� VHH� H�J�� >�@�� 8QGHU� WKLV� DQDO\VLV�� WKH�
RSSRVLWLRQ� EHWZHHQ� ORQJ� DQG� VKRUW� YRZHOV� LV� IRXQG� RQO\� LQ�
LQLWLDO� V\OODEOHV�� 1RQ�SKRQHPLF� YRZHOV� DUH� DFRXVWLFDOO\�
FHQWUDOLVHG� YDULDQWV� RI� WKH� FRUUHVSRQGLQJ� LQLWLDO� YRZHOV�� :H�
ZLOO� UHIHU� WR� WKHP� DV� VFKZDV� LQ� WKH� IROORZLQJ� GLVFXVVLRQ��
0RQJROLDQ�KDV�YRZHO�KDUPRQ\�RI� WKH�SKDU\QJHDO� �RU� >$75@��
W\SH�>�@��

6FKZD�HSHQWKHVLV�LV�JRYHUQHG�E\�V\OODELILFDWLRQ�UXOHV��7KH�
V\OODEOH� VWUXFWXUH� LV� �&�9�9��&��&��&��� 7KH� ³VRQRULW\� ODZ´�
DSSOLHV�� VR� WKDW� V\OODEOH� UK\PHV� KDYH� GHFUHDVLQJ� VRQRULW\��
%DVLFDOO\�� YRLFHG� FRQVRQDQWV� KDYH� KLJKHU� VRQRULW\� WKDQ�
YRLFHOHVV� RQHV�� DOWKRXJK� WKHUH� DUH� VRPH� DGGLWLRQDO� UXOHV�� VHH�
>�@� IRU� GHWDLOV�� ,OO�IRUPHG� FRQVRQDQW� FOXVWHUV� DUH� UHVROYHG� E\�
LQVHUWLQJ� VFKZDV�� )RU� H[DPSOH�� �SXJW�� ³DOO´�� ZKHUH� WKH� ILQDO�
FRQVRQDQW� FOXVWHU� �JW�� KDV� GHFUHDVLQJ� VRQRULW\�� VXUIDFHV� DV�
>SXJW@�� ZKLOH� �DWJ�� ³HQG´�� ZKRVH� ILQDO� FRQVRQDQW� FOXVWHU� �WJ��
KDV� LQFUHDVLQJ� VRQRULW\�� QHHGV� D� VFKZD� DQG� LV� UHDOLVHG� DV�
>D�W�J@��

���)RFDO�DFFHQWXDWLRQ�
7RQDO� FRXUVHV� DUH� IRXQG� WR� IXQFWLRQ� RQ� WKH� SKUDVDO� OHYHO� LQ�
0RQJROLDQ�� )RFXV� LV� VLJQDOOHG� E\� D� ULVLQJ� JHVWXUH� RQ� WKH�
IRFXVHG�ZRUG�>�@��VHH�)LJXUH����
�
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)LJXUH����7RQDO�FRXUVHV�RI�WKH�VHQWHQFHV�DDZ�MDPD�
[DU,7.Q�³)DWKHU�KHUGV�JRDWV´�XWWHUHG�ZLWK�IRFDO�

DFFHQW�RQ�WKH�ILUVW�ZRUG��WRS��DQG�RQ�WKH�VHFRQG�ZRUG�
�ERWWRP���

:LWKLQ� WKH� IUDPHZRUN� RI� DXWRVHJPHQWDO� SKRQRORJ\�� ZH�
DQDO\VH� WKH� IRFDO� JHVWXUH� DV� ELWRQDO� /+��7KH� V\QFKURQLVDWLRQ�
RI�WKLV�JHVWXUH�ZLWK�WKH�VHJPHQWDO�OHYHO�LV��
�
� /��+� /� �+�
�
&�9�9��&�9� &�9��&�9���
�
,QWURGXFLQJ� PRUD� FRXQWLQJ� IRU� 0RQJROLDQ� JLYHV� XV� D� PRUH�
V\VWHPDWLF�DQDO\VLV�RI� WKH� WLPLQJ�RI� WKH� IRFDO�JHVWXUH�� ,I� ORQJ�
YRZHOV� DUH� FRXQWHG� DV� WZR� PRUDH� DQG� VKRUW� DQG� HSHQWKHWLF�
YRZHOV�DV�RQH�PRUD�ZH�JHW�WKH�IROORZLQJ�UHSUHVHQWDWLRQ��
�
����/��+�����������������������������������������/�������+�
�
&�9�9��&�9� � &�9��&�9���
�����
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8QGHU�WKLV�DQDO\VLV��WKH�IRFDO�JHVWXUH�LV�SODFHG�RQ�WKH�ILUVW�WZR�
PRUDH��DQG�QR�FRQVLGHUDWLRQ�RI�V\OODEOH�VWUXFWXUH�LV�QHHGHG���
7KH�+�RIWHQ�VSUHDGV�RYHU�WKH�ZKROH�IRFXVHG�ZRUG��DQG�LW�LV�WKH�
WLPLQJ�RI�WKH�EHJLQQLQJ�RI�WKH�JHVWXUH�ZKLFK�LV�FRQVWDQW��(YHQ�
QRQ�IRFXVHG� ZRUGV� FDQ� JHW� D� /+� JHVWXUH�� ZKLFK� ZH� FDOO�
DFFHQWXDWLRQ� EHVLGH� IRFDO� DFFHQWXDWLRQ�� :LWK� VWURQJHU� IRFXV�
WKH�+�LQ�WKH�/+�JHVWXUH�FKDQJHV��JHWWLQJ�KLJKHU�I��YDOXHV��VHH�
)LJXUH�����DQG�WKHUHIRUH�ZH�UHJDUG�LW�DV�WKH�PRVW�LPSRUWDQW�SDUW�
RI� WKH� IRFDO� JHVWXUH�� 7KH� VHFRQG� PRUD�� ZLWK� ZKLFK� WKH� +� LV�
V\QFKURQLVHG��LV�WKHQ�WKH�DQFKRU�SRLQW�IRU�SKUDVDO�SURPLQHQFH���

���0RUDLF�VHJPHQWV�
)URP� WKH� DQDO\VLV� DERYH� LW� LV� FOHDU� WKDW� YRZHOV� KDYH� PRUDLF�
VWDWXV��:H�SHUIRUPHG�IXUWKHU�LQYHVWLJDWLRQV�WR�VHH�LI�DQ\�RWKHU�
VHJPHQWV� IXQFWLRQ� PRUDLFDOO\�� DV� H�J�� QDVDOV� GR� LQ� -DSDQHVH�
�VHH�H�J��>�@����

6FKZD� HSHQWKHVLV� GHWHUPLQHG� E\� WKH� VRQRULW\� ODZ� DV�
GHVFULEHG�DERYH�DSSOLHV�WR�FDUHIXO�OH[LFDO�SURQXQFLDWLRQ��EXW�LV�
RIWHQ�ODFNLQJ�LQ�DFWXDO�VSHHFK��)RU�WKH�VDNH�RI�FRQYHQLHQFH�ZH�
ZLOO� UHIHU� WR� WKLV� DV� ³VFKZD� GHOHWLRQ´�� DOWKRXJK� LW� ZRXOG� EH�
PRUH� H[DFW� WR� GHVFULEH� LW� DV� ODFNLQJ� DSSOLFDWLRQ� RI� VFKZD�
HSHQWKHVLV�� ,Q� RXU� �VR� IDU� XQSXEOLVKHG�� SUHYLRXV� VWXG\� ZH�
IRXQG�WKDW�QRQ�SKRQHPLF��DQG�HYHQ�SKRQHPLF��YRZHOV�FDQ�EH�
GHOHWHG�GHVSLWH�WKH�UHVXOWLQJ�YLRODWLRQ�RI�WKH�VRQRULW\�ODZ��)RU�
SKRQHPLF�YRZHOV�� WKLV� LV�PRVW�RIWHQ�IRXQG�EHIRUH�RU�EHWZHHQ�
DVSLUDWHG�REVWUXHQWV� �ZKLFK� DUH�SKRQHWLFDOO\� SUHDVSLUDWHG� >�@��
RU� �V��� DQG� LQ� WKLV� HQYLURQPHQW�ZH� DQDO\VH� LW� DV� GHYRLFLQJ�RI�
WKH�YRZHO��1RQ�SKRQHPLF�YRZHOV�DUH�GHOHWHG�PRUH�IUHTXHQWO\�
WKDQ� SKRQHPLF� YRZHOV�� ,Q� RXU� PDWHULDO�� VFKZDV� LQ� ZRUG�
LQWHUQDO� V\OODEOHV� DUH� GHOHWHG� LQ� ���� RI� WKH� FDVHV�� ZKLOH�
VFKZDV�LQ�ILQDO�V\OODEOHV�DUH�GHOHWHG�RQO\�LQ�����RI�DOO�FDVHV���

,Q� ZRUGV� ZLWK� WKH� SKRQHWLF� VWUXFWXUH� >&9�&�&@�� WKH�
GHOHWLRQ�RU�UHWHQWLRQ�RI�WKH�VFKZD�LV�FRQQHFWHG�ZLWK�WKH�PRUD�
VWUXFWXUH��7KH�GHOHWLRQ�RI�WKH�PRUDLF�VFKZD�LQ�ZRUGV�ZLWK�WKLV�
VWUXFWXUH�OHDGV�WR�UHDOLJQPHQW�RI�WKH�IRFDO�+��7ZR�DOWHUQDWLYHV�
DUH�SRVVLEOH��)LJXUH����� �E��� WKH�+�LV�PRYHG�WR� WKH�SUHFHGLQJ�
YRZHO��DQG�ERWK�WRQHV�RI�WKH�JHVWXUH�DUH�UHDOLVHG�ZLWKLQ�LW���E���
WKH�ILQDO�FRQVRQDQW�KDV�D�PRUDLF�IXQFWLRQ�DQG�WKH�+�LV�PRYHG�
WR�LW��
�
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�

)LJXUH����3RVVLEOH�DOLJQPHQWV�RI�WKH�IRFDO�/+�JHVWXUH�
EHIRUH��D��DQG�DIWHU��E��VFKZD�GHOHWLRQ�LQ�D�>&9&�&@�

ZRUG��

�����,QYHVWLJDWLRQ�DQG�UHVXOWV�
,Q�RUGHU�WR�LQYHVWLJDWH�ZKLFK�RI�WKH�VWUDWHJLHV�LQ�)LJXUH���ZDV�
XVHG��ZH� DQDO\VHG� VFKZD� HSHQWKHVLV� LQ� UHDG� VSHHFK� UHFRUGHG�
IURP�VL[�VSHDNHUV�RI�WKH�+DOK�GLDOHFW��7KH�DFRXVWLFDO�DQDO\VLV�
ZDV�SHUIRUPHG�XVLQJ�WKH�35$$7�SURJUDP���
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)LJXUH����3URSRUWLRQ�RI�GHOHWHG�HSHQWKHWLF�YRZHOV�LQ�

ZRUGV�ZLWK�>&9�&�&@�VWUXFWXUH��
�

7RWDOO\� ZH� DQDO\VHG� ���� ZRUGV� ZLWK� WKH� ZRUG� VWUXFWXUH�
>&9�&�&@� �L�H�� ZRUGV� ZLWK� WKH� SKRQRORJLFDO� UHSUHVHQWDWLRQ�
�&9&&���ZKHUH� WKH� ILQDO� FRQVRQDQW� FOXVWHU� YLRODWHV� RIWHQ� WKH�
VRQRULW\� ODZ�� VR� WKDW� D� VFKZD� YRZHO� LV� SUHVHQW� LQ� FDUHIXO�
SURQXQFLDWLRQ�RI�LVRODWHG�ZRUGV���6FKZD�GHOHWLRQ�ZDV�IRXQG�LQ�
���RI�WKHVH�ZRUGV��������DQG����������RI�WKHVH����ZRUGV�KDYH�
D� ILQDO� QDVDO� �)LJXUH� ���� 7KHUHIRUH� ZH� FKRVH� WR� LQYHVWLJDWH�
ZRUGV�ZLWK� WKH� VWUXFWXUH� >&9�&�1@� �ZKHUH�1� LV� � D� QDVDO�� LQ�
PRUH� GHWDLO�� ,Q� RXU� PDWHULDO� WKHUH� ZHUH� ��� ZRUGV� ZLWK� ILQDO�
QDVDO��DQG�VFKZDV�ZHUH�GHOHWHG�LQ����RI�WKHP��L�H��LQ������,Q�
FRQWUDVW�� VFKZD�GHOHWLRQ� WRRN�SODFH�RQO\� LQ���������FDVHV�RI�
����RI�WKH�ZRUGV�ZLWK�WKH�VWUXFWXUH�>&9�&�&@��ZKHUH�WKH�ILQDO�
FRQVRQDQW�LV�QRW�D�QDVDO���

$QRWKHU� GHFLVLYH� IDFWRU� FRQWUROOHG� LQ� WKH� VWXG\� LV� WKH�
IRFXVHG� RU� QRQ�IRFXVHG� VWDWXV� RI� WKH� >&9�&�1@� ZRUGV�� $V�
)LJXUH� �� VKRZV�� WKHUH� LV� D� VWURQJ� FRUUHODWLRQ� EHWZHHQ� WKH�
DFFHQWXDWLRQ� VWDWXV�RI� D�ZRUG� DQG� VFKZD�GHOHWLRQ��6RPHZKDW�
XQH[SHFWHGO\��VFKZD�GHOHWLRQ�WRRN�SODFH�LQ����RXW�RI����������
IRFXVHG� ZRUGV� ZLWK� WKLV� VWUXFWXUH�� EXW� RQO\� LQ� �� RXW� RI� ���
������QRQ�IRFXVHG�ZRUGV��

�

53

47

6

0

10

20

30

40

50

60

deleted

LH gesture

no focus

�
)LJXUH����3URSRUWLRQ�RI�GHOHWHG�HSHQWKHWLF�YRZHOV�LQ�
ZRUGV�ZLWK�>&9�&�1@�VWUXFWXUH��7RWDOO\����ZRUGV�

ZHUH�DQDO\VHG��

���'LVFXVVLRQ�
(SHQWKHWLF� VFKZD� YRZHOV� RFFXU� LQ� FDUHIXO� OH[LFDO�
SURQXQFLDWLRQ� RI� 0RQJROLDQ� LQ� RUGHU� WR� VDWLVI\� V\OODEOH�
ZHOOIRUPHGQHVV�FRQGLWLRQV��ZKLFK�FDQ�EH�DQDO\VHG�LQ�WHUPV�RI�



D� VRQRULW\� ODZ�� ,Q� DFWXDO� VSHHFK� WKHVH� VFKZDV� DUH� IUHTXHQWO\�
GHOHWHG�DOWKRXJK�WKLV�OHDGV�WR�YLRODWLRQV�RI�WKH�VRQRULW\�ODZ��,Q�
DGGLWLRQ� WR� WKLV�� ZH� IRXQG� UHGXFWLRQ� RU� GHOHWLRQ� RI� VKRUW�
SKRQHPLF� YRZHOV�� ZKLFK� ZH� DQDO\VH� DV� WKH� UHVXOW� RI� YRZHO�
GHYRLFLQJ���

,Q� ZRUGV� ZLWK� WKH� VWUXFWXUH� >&9�&�&@�� ZKHUH� WKH� ILQDO�
FRQVRQDQW� LV� QRQ�QDVDO�� WKH� VHFRQG� PRUD� LV� FDUULHG� E\� WKH�
VFKZD� YRZHO�� DQG� WKHVH� ZRUGV� VKRZ� D� VWURQJ� WHQGHQF\� WR�
UHWDLQ� WKH� VFKZD�� 7KH� VFKZD� LV� RIWHQ� GHOHWHG� EHIRUH� D� QDVDO��
KRZHYHU�� DQG� WKLV� HYHQW� LV� FRQGLWLRQHG�E\� WKH� IRFDO� VWDWXV�RI�
WKH�ZRUG��DV�VHHQ�DERYH��7KH�+�RI�WKH�IRFDO�JHVWXUH�LV�SODFHG�
RQ� WKH� QDVDO� �DV� VKRZQ� LQ� )LJXUH� ��E���� DQG� WKLV� LV� D� VWURQJ�
DUJXPHQW� IRU� DQDO\VLQJ� FHUWDLQ� QDVDOV� DV� KDYLQJ� D� PRUDLF�
IXQFWLRQ��

0RQJROLDQ�KDV� ILYH�QDVDO�SKRQHPHV� >�@�� �P��P,��Q��Q,��0���
7KH� YHODU� QDVDO� RFFXUV� RQO\� LQ� V\OODEOH� FRGDV�� EXW� WKH� RWKHUV�
RFFXU�ERWK�LQ�RQVHWV�DQG�FRGDV��$V� LV� WKH�FDVH� LQ�-DSDQHVH�DV�
ZHOO��PRUDLF� QDVDOV� DUH� IRXQG� RQO\� LQ� WKH� FRGD� SRVLWLRQ��2XU�
GDWD�LQGLFDWHV�WKDW�RQO\�WKH�GHQWDO�DQG�YHODU�QDVDOV�KDYH�PRUDLF�
IXQFWLRQ��7KLV�LV�LOOXVWUDWHG�LQ�D�VWULNLQJ�ZD\�E\�WKH�EHKDYLRXU�
RI� ILQDO� QDVDOV� ZKHQ� WKH\� DUH� DVVLPLODWHG� WR� D� IROORZLQJ�
FRQVRQDQW�� $Q� H[DPSOH� LV� WKH� TXHVWLRQ� ZRUG� �[LW0�� ³KRZ�
PXFK´� LQ� RXU� PDWHULDO�� 7KLV� ZRUG� LV� DOZD\V� LQ� D� IRFXVHG�
SRVLWLRQ�� EXW� WKH� GHOHWLRQ� RU� UHWHQWLRQ� RI� WKH� VFKZD� YRZHO�
GHSHQGV�RQ� WKH�TXDOLW\�RI� WKH� ILQDO�QDVDO�DIWHU�DVVLPLODWLRQ� WR�
WKH� IROORZLQJ� VHJPHQW�� :KHQ� WKH� QDVDO� KDV� GHQWDO� RU� YHODU�
DUWLFXODWLRQ��WKH�VFKZD�LV�DOZD\V�GHOHWHG��:KHQ�WKH�QDVDO�JHWV�
ELODELDO�DUWLFXODWLRQ�E\�DVVLPLODWLRQ� WR� WKH�IROORZLQJ�VHJPHQW��
WKH�VFKZD�LV�UHWDLQHG��)LJXUH�����

:H� IRXQG� DOVR� RSSRVLWH� FDVHV� ZKHUH� D� ILQDO� �P�� LV�
DVVLPLODWHG�WR�D�GHQWDO�SODFH�RI�DUWLFXODWLRQ��,Q�WKHVH�FDVHV�WKH�
VFKZD�LV�DOZD\V�GHOHWHG��LQ�IRFXVHG�SRVLWLRQ���

$OWKRXJK�ZH�DFFHSW�D�PRUD�DQDO\VLV��ZH�GR�QRW�UHMHFW�WKH�
V\OODEOH� DV� D� SKRQRORJLFDOO\� UHOHYDQW� XQLW� LQ�0RQJROLDQ��:H�
DVVXPH� WKDW� WKH�PRUD� LV� UHOHYDQW� IRU� UK\WKPLFDO�DQG�SURVRGLF�
FRXQWLQJ��0RUDH� DUH� JURXSHG� LQWR� V\OODEOHV�� WKDW� EHFRPH� WKH�
GRPDLQV� ZLWKLQ� ZKLFK� VRPH� SKRQRORJLFDO� SURFHVVHV� DSSO\�
�H�J��WKH�DSSOLFDWLRQ�RI�WKH�VRQRULW\�ODZ���

+RZ� FDQ� ZH� WKHQ� H[SODLQ� WKDW� D� VFKZD� LV� LQVHUWHG� LQ�
>&9�&�&@�� EXW� QRW� LQ� �IRFXVHG�� >&9�&�1@� ZRUGV"� 2QH�
H[SODQDWLRQ�FRXOG�EH�WKDW�D�0RQJROLDQ�ZRUG�KDV�WR�FRQWDLQ�DW�
OHDVW� WZR� PRUDH�� 7KH� HSHQWKHWLF� YRZHO� LV� DQ� DUWLFXODWRULO\�
XQGHUVSHFLILHG�HOHPHQW�ZLWK�YRFDOLF�IHDWXUHV��DQG�LW�LV�LQVHUWHG�
LQWR� WKH� �&9&&�� VWUXFWXUH� WR� VDWLVI\� WKH� WZR� PRUDH�
UHTXLUHPHQW��,Q�QRQ�IRFXVHG�ZRUGV�ZLWK��&9&1��VWUXFWXUH�WKH�
WZR�PRUDH�FRQGLWLRQ�LV�VDWLVILHG��EXW�QRW�WKH�VRQRULW\�ODZ��DQ\�
&1�FRGD�LV�LOO�IRUPHG���%HFDXVH�WKH�/+�JHVWXUH�LV�QRW�UHOHYDQW�
LQ� QRQ�IRFXVHG� ZRUGV�� WKH� VRQRULW\� ODZ� JHWV� SULRULW\�� DQG� D�
VFKZD�LV�LQVHUWHG��>&9�&�1@��,Q�IRFXVHG�ZRUGV�ZLWK�WKH�VDPH�
VWUXFWXUH� WKH� DVVLJQPHQW� RI� WKH� /+� JHVWXUH� KDV� WKH� KLJKHVW�
SULRULW\�� 7KH� PRUDLF� 1� JHWV� WKH� +� WRQH� DQG� DOVR� EHFRPHV�
V\OODELF�� 5HV\OODELILFDWLRQ� WDNHV� SODFH� LQ� WKHVH� FDVHV��
>&9&�1@��DQG�WKH�VRQRULW\�ODZ�LV�QRW�YLRODWHG��
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)LJXUH����6SHFWURJUDP�DQG�)��FRXUVHV�RI�WKH�

XWWHUDQFHV�[LW0�VU*ag*V�SÄOW5�SDLQ"��DERYH��DQG�[LW0�
PR0JQL�PDUN�[LUJW*H�ZHH"��EHORZ����[LW0��LV�UHDOLVHG�DV�
>[LW0@�DQG�>[LW�P@��UHVSHFWLYHO\��7KH�DUURZ�VKRZV�WKH�
IRFDO�+��WLPHG�ZLWK�>0@�LQ�WKH�ILUVW�XWWHUDQFH�DQG�ZLWK�

>�@�LQ�WKH�VHFRQG�RQH��

���&RQFOXVLRQV�
:H�UHJDUG�0RQJROLDQ�DV�PRUD�FRXQWLQJ��0RUD�VWUXFWXUH�
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