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7KH�GLVFRYHU\�RI� WKH� DQWLFDQFHU�SURSHUWLHV�RI� FLVSODWLQ� LQ�PLG�
WZHQWLHWK�FHQWXU\� UHVXOWHG� LQ� DQ� LQWHQVLYH� GHYHORSPHQW� RI�
PHGLFLQDO� DQG� ELRLQRUJDQLF� FKHPLVWU\�� 0HWDO� FRPSOH[HV� DV�
SRWHQWLDO�WKHUDSHXWLFV�DUH�YHU\�LQWHUHVWLQJ�FRPSRXQGV�GXH�WR��L��
DFFHVVLEOH� UHGR[� VWDWHV� RI� PHWDO� LRQV�� �LL�� ZLGH� UDQJH� RI�
FRRUGLQDWLRQ� QXPEHUV�� �LLL�� LQWHUHVWLQJ� NLQHWLF� DQG�
WKHUPRG\QDPLF�SURSHUWLHV�����5HFHQWO\�PXFK�UHVHDUFK�DWWHQWLRQ�
KDV�EHHQ�SDLG�WR�FRPSOH[HV�ZLWK�ELRORJLFDO�DFWLYH�PROHFXOHV�IRU�
H[DPSOH� GUXJV�� ZKLFK� DUH� GRQRU�ULFK� FRPSRXQGV� HIILFLHQWO\�
ELQG� PHWDO� LRQV�� 1XPHURXV� OLWHUDWXUH� UHSRUWV� VWDWH� WKDW�
FRRUGLQDWLRQ�FRPSRXQGV�RIWHQ�KDYH�EHWWHU�ELRORJLFDO�SURSHUWLHV�
WKDQ�XQFRRUGLQDWHG�GUXJV��)RUPDWLRQ�RI�D� FRPSOH[� � IUHTXHQWO\�
FKDQJHV� WKH� VROXELOLW\�� ELRDYDLODELOLW\� DQG� WKH� PHFKDQLVP� RI�
DFWLRQ� RI� WKH� SDUHQW� PROHFXOH�� 7KH� FRQVHTXHQFH� RI� WKHVH�
FKDQJHV�FDQ�EH�EHWWHU�ELRORJLFDO�SURSHUWLHV�RI�WKH�FRPSOH[�RU�LWV�

EURDGHU�VSHFWUXP�RI�DFWLYLW\�LQ�FRPSDULVRQ�WR�WKH�IUHH�GUXJ��,Q�
WKLV� FRQWH[W� LW� LV� HVVHQWLDO� WR� UHFRJQL]H� WKH�SRWHQWLDO�PROHFXODU�
WDUJHWV� LQ� WKH� FHOO�� E\� GHWHUPLQLQJ� WKH� DELOLW\� RI� VWXGLHG�
FRPSOH[HV� WR� WKHLU� LQWHUDFWLRQV� ZLWK� WKH� PDFURPROHFXOHV��
SUHVHQW�LQ�OLYLQJ�RUJDQLVPV��'1$��51$��SURWHLQV������ �
� 0HWDO� LRQV� FRPSOH[HV� ZLWK� IOXRURTXLQRORQHV��
DPLQRJO\FRVLGHV�� ��ODFWDPV�� WHWUDF\FOLQHV� DQG� SHSWLGH�
DQWLELRWLFV� LQWHUDFW� ZLWK� '1$� LQ� D� GLIIHUHQW� ZD\� WKDQ�
XQFRRUGLQDWHG� GUXJV�� 7KH\� DUH� DEOH� WR� GDPDJH� SODVPLG� '1$�
JHQHUDWLQJ�VLQJOH�DQG�GRXEOH�VWUDQG�EUHDNV�LQ�D�VXJDU�SKRVSKDWH�
EDFNERQH�� &RPSOH[HV� FDQ� DOVR� ELQG� WR� PLQRU� HLWKHU� PDMRU�
JURRYH� RI� '1$� PROHFXOH� RU� DFW� DV� LQWHUFDODWLQJ� DJHQW�
SHQHWUDWLQJ� LQWR� WKH� FRPSOHPHQWDU\� QLWURJHQ� EDVH� SDLUV� RI� WKH�
'1$�KHOL[� DQG� LPSDFW� RQ� WKHLU� VWUXFWXUH��7KLV�ZDV� FRQILUPHG�
E\�D�VHULHV�RI�VWXGLHV�LQYROYLQJ�FW'1$�PROHFXOHV�������
� ,Q� RXU� SUHYLRXV� SDSHUV�� ZH� KDYH� VKRZQ� WKDW� SKRVSKLQH�
GHULYDWLYHV� RI� IOXRURTXLQRORQH� DQWLELRWLFV� �FLSURIOR[DFLQ��
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QRUIOR[DFLQ�� VSDUIOR[DFLQ�� DUH� FKDUDFWHUL]HG� E\� D� GLIIHUHQW�
ELRORJLFDO� DFWLYLW\� WKDQ� WKH� SDUHQW� GUXJV������� 7KH� SUHVHQFH� RI�
WKH� VXLWDEO\� ORFDWHG� FDUER[\O� DQG� FDUERQ\O� JURXSV� LQ�
IOXRURTXLQRORQHV� PDNHV� WKHP� LGHDO� OLJDQGV�� FKHODWLQJ� YDULRXV�
PHWDO� LRQV� VXFK� DV� 0J���� &D���� &X���� =Q���� &R���� )H���� )H����
$O��������� 2Q� WKH� RWKHU� KDQG� WKH� SUHVHQFH� RI� D� VRIW� EDVH�
SKRVSKRUXV� DWRP� �LQ� SKRVSKLQHV� GHULYDWLYHV��� RIIHUV� D�
SRVVLELOLW\� RI� H[SDQGLQJ� WKH� JURXS� RI� PHWDOV� ZKLFK� FDQ� EH�
FRRUGLQDWHG�L�H��&X���3W����3G����$X���$J��DQG�5X����������
� ([SORULQJ�WKH�GXDO�QDWXUH�RI�WKH�SKRVSKLQH�IOXRURTXLQRORQH�
PHUJHU�� ZH� SUHVHQW� KHUHLQ� FRSSHU�,�� DQG� �,,�� FRPSOH[HV� ZLWK�
SKRVSKLQH� GHULYDWLYHV� RI� FLSURIOR[DFLQ� RU� QRUIOR[DFLQ� DQG�
GLLPLQH� DV� DQ� DX[LOLDU\� OLJDQG��0HWDO� LRQ� FRRUGLQDWLRQ� WR� WZR�
GLIIHUHQW� IXQFWLRQDO� JURXSV� RI� WKH� VWXGLHG� FRPSRXQGV� VKRXOG�
VLJQLILFDQWO\� LPSDFW� WKH� VFRSH� RI� DFWLRQ� DQG� FRXOG� SRWHQWLDOO\�
JHQHUDWH�LQWHUDFWLRQV�ZLWK�FHOOV�WKURXJK�GLIIHUHQW�PHFKDQLVPV��

Z��µo����v���]��µ��]}v�

,Q�WKLV�ZRUN�ZH�SUHVHQW�WKH�SK\VLFRFKHPLFDO�SURSHUWLHV�RI�IRXU�
QHZ� FRPSOH[HV� �VHH� )LJ�� ��� DQG� VWXGLHV� RQ� WKHLU� LQWHUDFWLRQV�
ZLWK� '1$�� 7ZR� FRSSHU�,�� FRPSOH[HV�� �>&X,�3&S@� DQG� >&X,�
31U@���ZHUH�REWDLQHG�LQ�WKH�UHDFWLRQ�RI�SKRVSKLQH�GHULYDWLYH�RI�
FLSURIOR[DFLQ��3&S��RU�QRUIOR[DFLQ��31U��ZLWK�FXSULF�LRGLGH�DQG�
����GLPHWK\O������SKHQDQWKUROLQH� �GPS��� 7KH� ZDWHU� VROXEOH�
FRSSHU�,,��FRPSOH[HV��>23&S�&X,,@��DQG�>231U�&X,,@���DUH� WKH�
UHVXOW� RI� WKH� UHDFWLRQ� RI� R[LGH� GHULYDWLYHV� RI� � 3&S� �23&S�� RU�
31U��231U��ZLWK�>&X�SKHQ��12���@��
7KH� LGHQWLWLHV� RI� DOO� WKH� FRPSRXQGV� ZHUH� FRQILUPHG� XVLQJ�
HOHPHQWDO� DQDO\VLV�� �+� DQG� ��3^+`� 105� VSHFWURVFRS\�� PDVV�
VSHFWURPHWU\� DQG� ;�UD\� WHFKQLTXHV�� $Q� DQDO\VLV� RI� WKH� 06�
VSHFWUD�SURYHG�WKDW�ERWK�WKH�DIRUHPHQWLRQHG�W\SHV�RI�FRPSOH[HV�
KDYH�GLYHUVH�VWDELOLW\��7KH�FRSSHU�,��FRPSRXQGV�DUH�YHU\�ODELOH��
DV�HYLGHQFHG�E\�WKH�ODFN�RI�WKH�PROHFXODU�SHDN�DQG�WKH�SUHVHQFH�
RI� WKH� >&X�GPS�@�� DQG� >&X�GPS��@

�� SHDNV�� ,Q� WKH� FDVH� RI�
FRSSHU�,,��FRPSOH[HV��PROHFXODU�SHDNV�FDQ�EH�REVHUYHG��ZKLFK�
LQGLFDWHV�D�JUHDWHU�VWDELOLW\�RI�WKH�FKHODWHV��
�
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7KH� DQDO\VLV� RI� WKH� 105� VSHFWUD� �&'&O��� U�W��� FRQILUPHG� WKH�
LGHQWLW\� DQG� SXULW\� RI� WKH� V\QWKHVL]HG� FRSSHU�,�� FRPSOH[HV��
&RRUGLQDWLRQ� RI� &X,� E\� 3&S� RU� 31U� FDXVHV� FKDQJHV� LQ� WKH�
FKHPLFDO� VKLIW� RI� WKH� SKRVSKRUXV� DWRP� LQ� WKH� ��3� 105�
VSHFWUXP� DQDORJRXV� WR� WKRVH� FDXVHG� E\� WKH� IRUPDWLRQ� RI�
FKDOFRJHQLGH� GHULYDWLYHV������� 7KH� VLJQDO� RI� WKLV� DWRP� IRU� ERWK�
FRPSOH[HV� LV� ZLGHQHG� DQG� VKLIWHG� WRZDUGV� ORZHU� ILHOGV� E\�
DSSUR[����SSP��VHH�7DEOH�6��LQ�(6,��IRU�IXOO�GHWDLOV���VLPLODUO\�
WR�WKH�&X,�FRPSOH[HV�ZLWK�RWKHU�DPLQRPHWK\OSKRVSKLQHV�������,Q�

WKH�SURWRQ�VSHFWUD��WKH�PRVW�VLJQLILFDQW�FKDQJHV�ZHUH�REVHUYHG�
IRU� SURWRQV� ORFDWHG� FORVH� WR� WKH� FHQWUH� RI� FRRUGLQDWLRQ�� $�
ZLGHQHG� VLQJOHW� RI� +�� SURWRQ� IURP� WKH� 3K�3&+�±� PRLHW\� LV�
VKLIWHG�WRZDUGV�ORZHU�ILHOGV�DQG�LV�SODFHG�DW������SSP�IRU�>&X,�
31U@�� ZKLOH� IUHH� 31U� JLYHV� WKLV� VLJQDO� DW� ����� SSP� �GRXEOHW��
�-�+��3�� ������+]���)RU� >&X,�3&S@� WKLV� VLJQDO� LV� FRQVLGHUDEO\�
EURDGHQHG� DQG� LW� ZDV� LPSRVVLEOH� WR� DFFXUDWHO\� GHWHUPLQH� LWV�
SDUDPHWHUV�� )RU� ERWK� FRPSOH[HV�� VLJQDOV� RI� +��� IURP� WKH�
FDUER[\OLF�JURXS�ZHUH�QRWHG��7KHLU�FKHPLFDO�VKLIWV�DUH�HTXDO�WR�
������ SSP� DQG� ������ SSP�� IRU� >&X,�3&S@� DQG� >&X,�31U@��
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UHVSHFWLYHO\��6LJQDOV�RI�SURWRQV�IURP�GPS�IUDJPHQWV�SURYH�WKH�
HTXLYRFDO�VLPLODULW\�RI�ERWK�FRPSOH[HV��7DEOH�6���(6,����
� )OXRURTXLQRORQHV� EHDU� D� IHZ� IXQFWLRQDO� JURXSV� VKRZLQJ�
YLEUDWLRQV� LQ� WKH� LQIUDUHG� UHJLRQ�� WKHUHIRUH� WKH� ,5� VSHFWUD�
DQDO\VLV� RI� SKRVSKLQHV� DQG� WKHLU� FRPSOH[HV� LV� EDVHG� RQ� WKH�
PRVW� FKDUDFWHULVWLF� YLEUDWLRQV� �YLEUDWLRQ� & 2� PRLHW\� RI� WKH�
FDUER[\O� JURXS� DQG� S\ULGRQH�� LQ� WKH� ���������� FP���
UDQJH���������� 0RGLILFDWLRQV� RI� +&S� RU� +1U� OHDGLQJ� WR� WKH�
IRUPDWLRQ� RI� SKRVSKLQHV� DQG� WKHLU� R[LGHV� GR� QRW� FKDQJH� WKH�
SRVLWLRQV�RI�WKHVH�EDQGV��EHFDXVH�WKH\�GR�QRW� LQFOXGH�FDUER[\O�
DQG�S\ULGRQH�JURXSV��$�VLPLODU�VLWXDWLRQ�FDQ�EH�REVHUYHG�XSRQ�
IRUPDWLRQ� RI� FRSSHU�,�� FRPSOH[HV�� 2Q� WKH� FRQWUDU\�� WKH�
V\QWKHVLV� RI� FRSSHU�,,�� FRPSOH[HV� VLJQLILFDQWO\� DIIHFWV� WKH�
YLEUDWLRQDO� HQHUJ\�RI� WKRVH�JURXSV��7KLV� LV�DVVRFLDWHG�ZLWK� WKH�
FRRUGLQDWLRQ� RI� WKH�PHWDO� E\� WZR�R[\JHQ�DWRPV� �RQH� IURP� WKH�
GHSURWRQDWHG�FDUER[\O�JURXS�DQG� WKH�RWKHU� IURP�WKH�TXLQRORQH�
VNHOHWRQ��� $� � EDQG� DW� ���������� FP���� DVVLJQHG� WR� WKH� & 2�
VWUHWFKLQJ� YLEUDWLRQ� RI� WKH� FDUER[\O� JURXS�� FRQILUPV� WKDW� WKLV�
JURXS� LV� SURWRQDWHG� LQ� WKH� OLJDQGV� RI� &X,� FRPSOH[HV�� )RU� WKH�
SDUHQW�GUXJV�DQG�WKHLU�&X,,�FRPSOH[HV��WKLV�EDQG�LV�YHU\�ZHDN�RU�
GLVDSSHDUV������� ZKDW� FRQILUPV� GHSURWRQDWLRQ� RI� &22+��
$GGLWLRQDOO\��LQ�WKH�FDVH�RI�FRSSHU�,,��FRPSOH[HV�WKH�IUHTXHQF\�
RI� & 2� YLEUDWLRQ� RI� S\ULGRQH� LV� VKLIWHG� WRZDUGV� KLJKHU�
HQHUJLHV��7KHVH�FKDQJHV�LQGLFDWH�WKDW�WKH�&X,,�LRQ�LV�FRRUGLQDWHG�
YLD� R[\JHQ� DWRPV� IURP� S\ULGRQH� DQG� FDUER[\O� JURXS��
1HYHUWKHOHVV�� ZH� ZRXOG� OLNH� WR� HPSKDVL]H� WKDW� FRPSDUDWLYH�
DQDO\VLV� RI� WKH� EDQGV� SRVLWLRQV� FOHDUO\� GHPRQVWUDWHV� WKH�
VWUXFWXUDO� FRQIRUPLW\� EHWZHHQ� SKRVSKLQH� GHULYDWLYHV� DQG�
FRPSOH[HV� RI� QRUIOR[DFLQ� DQG� FLSURIOR[DFLQ� LQ� WKH� VROLG� VWDWH��
�VHH�)LJ��6���(6,���
(OHFWURQLF� VSHFWUD� �)LJ�� 6��� (6,��� RI� DOO� WKH� WHVWHG� FRPSOH[HV�
ZHUH� PHDVXUHG� LQ� '062� ����� LQ� +�2��� GXH� WR� WKHLU� ORZ�
VROXELOLW\� LQ�ZDWHU��$GGLWLRQDOO\�� H[SHULPHQWV� UHSHDWHG� VHYHUDO�
WLPHV� ZLWKLQ� ��� K� GHPRQVWUDWHG� KLJK� VWDELOLW\� RI� WKH� VWXGLHG�
FRPSRXQGV� LQ�VROXWLRQ��:H�REVHUYHG�FKDUDFWHULVWLF�EDQGV�ZLWK�
WKH� PD[LPXP� DW� a���� QP� ORFDWHG� LQ� WKH� W\SLFDO� UDQJH� RI� WKH�
0/&7� WUDQVLWLRQ� LQ� WKH� &X,� FRPSOH[HV� ZLWK� GPS���� ,Q� WKH�
VSHFWUD�RI� WKH�&X,,� FRPSOH[HV�� LQ�DGGLWLRQ� WR� WKH�/0&7�EDQGV�
�a�������� QP�� WKHUH� DUH� DOVR� G�G� WUDQVLWLRQV� REVHUYHG�� 7KH�
GLIIHUHQFHV� LQ� WKH� FRRUGLQDWLRQ� VSKHUH� DURXQG� FRSSHU�,,�� LRQV�
EHWZHHQ�&X�SKHQ��12���� DQG� >23&S�&X

,,@�� DV�ZHOO� DV� >231U�
&X,,@�� FDXVH� D� K\SVRFKURPLF� VKLIW� RI� WKLV� EDQG�� ,Q� WKH� FDVH� RI�
>&X�SKHQ��12���@�� WKH� EDQG� PD[LPXP� LV� ORFDWHG� DURXQG� ����
QP��ZKLOH� IRU� WKH� FRPSOH[�ZLWK�23&S� DQG�231U� ±� DW� DURXQG�
���� DQG� ���� QP�� UHVSHFWLYHO\� �)LJ�� ���� $EVRUSWLRQ� LQFUHDVH�
UHVXOWLQJ� IURP� WKH� FRRUGLQDWLRQ� RI� WKH� FRSSHU�,,�� LRQ� WR�
SKRVSKLQH�GHULYDWLYH�LV�SUREDEO\�DVVRFLDWHG�ZLWK�WKH�PROHFXODU�
V\PPHWU\�UHGXFWLRQ��

;�UD\�FU\VWDOORJUDSK\�

&U\VWDO� VWUXFWXUHV� ZHUH� GHWHUPLQHG� IRU� ERWK� FRPSOH[HV� RI� WKH�
+&S�GHULYDWLYHV��>&X,�3&S@�DQG�>23&S�&X,,@���;�UD\�VWUXFWXUHV�
RI�>&X,�3&S@�LQ�>&X,�3&S@Â&+�&O�Â&+�&1�DQG�>23&S�&X

,,@��LQ�
>23&S�&X,,@12�Â�+�2� DUH� SUHVHQWHG� LQ� )LJXUH� �� �VROYHQW�
PROHFXOHV�DQG�FRXQWHU�LRQ�DUH�RPLWWHG�IRU�FODULW\����
�
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� 7KH� FRRUGLQDWLRQ� JHRPHWU\� RI� WKH� FXSURXV� LRQ� LQ� WKH� >&X,�
3&S@� FRPSOH[� LV� D� GLVWRUWHG� WHWUDKHGUDO� JHRPHWU\� ZLWK� D�
FRRUGLQDWLQJ�LRGLGH�LRQ��SKRVSKLQH�FRRUGLQDWLQJ�YLD�3�DWRP�DQG�
GPS� OLJDQG� FKHODWLQJ� E\� WZR� QLWURJHQ� DWRPV�� %RQG� OHQJWKV�
�&X��,��� ���������� &X��3��� ���������� &X��1���� ��������� DQG�
&X��1���� ��������� c�� DQG� DQJOHV� �1���&X��1���� �����������
,��&X��3��� ������������ DUH� LQ� WKH� UDQJH� W\SLFDO� IRU� &X,�
FRPSOH[HV� ZLWK� GPS� DQG� SKRVSKLQHV���� +RZHYHU� WKH� DQJOH�
EHWZHHQ� WKH� SODQH� RI� WKH� GPS� OLJDQG� DQG� WKH� SODQH� RI�
&X�B,�B3��DWRPV�LV�RQO\��������LQGLFDWLQJ�H[FHSWLRQDOO\�ODUJH�
IODWWHQLQJ� GHIRUPDWLRQV� RI� WKH� WHWUDKHGUDO� JHRPHWU\�� 7KLV�PD\�
EH� FDXVHG� E\� ZHDN� LQWUDPROHFXODU� ��VWDFNLQJ� LQWHUDFWLRQV�
EHWZHHQ�RQH�RI�WKH�SKRVSKLQH��3K�ULQJV��&���&����DQG�WKH�GPS�
OLJDQG� �WKH� DQJOH�EHWZHHQ� WKH�SODQHV� LV� ������ DQG� WKH�GLVWDQFH�
EHWZHHQ�WKH��3K�ULQJ�FHQWURLG�DQG�WKH�GPS�SODQH�LV�������c���

�
&]PX�ï�yr��Ç����µ��µ����}(���µ

/
rW�����v���KW��r�µ

//
�
=
X��

$Q� DV\PPHWULF� XQLW� RI� WKH� >23&S�&X,,@12�Â�+�2� FRPSOH[�
FRQVLVWV�RI� WKH�>23&S�&X,,@�� FDWLRQ�� D�QRQ�FRRUGLQDWLQJ�QLWUDWH�
DQLRQ�DQG�WKUHH�ZDWHU�PROHFXOHV�ZKLFK�GR�QRW�IRUP�DQ\�VWURQJ�
K\GURJHQ� ERQGV��&X,,� LRQ� LV� FRRUGLQDWHG� LQ� HTXDWRULDO� SODQH� WR�
WZR� VWURQJO\� ERXQG� FKHODWLQJ� OLJDQGV�� SKHQ� PROHFXOH� YLD�
QLWURJHQ�DWRPV�DQG�D�GHSURWRQDWHG�23&S�OLJDQG�YLD�FDUER[\ODWH�
DQG�S\ULGRQH�R[\JHQ�DWRPV��%RQG�OHQJWKV�DUH�DV�IROORZV��&X��
1���� ���������� &X��1���� ���������� &X��2���� ��������� DQG�
&X��2��������������c��7KH�VXP�RI�WKH�;�&X�;�DQJOHV�HTXDO�WR�
����������LQGLFDWHV�DQ�DOPRVW�SHUIHFW�VTXDUH�SODQDU�FRRUGLQDWLRQ�
PRGH��
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�
&]PX�ð�D}o��µo������l]vP�]v��Z����Ç���o�}(����µ

/
rW���X�

�
&]PX�ñ�D}o��µo������l]vP�]v��Z����Ç���o�}(��KW��r�µ

//
�
=
X�

� 0ROHFXOHV� RI� ERWK� FRPSOH[HV� LQFOXGH� WZR� LQGHSHQGHQW�
IXVHG�ULQJ�IUDJPHQWV��WKH�IOXRURTXLQRORQH�ULQJV�DQG�WKH�GPS�RU�
SKHQ� OLJDQGV��$V� LW� FRXOG�EH�H[SHFWHG�� WKLV� OHDGV� WR� LQWHUHVWLQJ�
PROHFXODU� SDFNLQJ� RI� WKH� FRPSOH[HV� VWDELOL]HG� E\� ��VWDFNLQJ�
LQWHUDFWLRQV��7KH�PROHFXODU�SDFNLQJ�LQ�WKH�FU\VWDO�RI��>&X,�3&S@�
SUHVHQWHG� LQ� )LJXUH� �� LV� DQ� H[DPSOH� RI� D� QXPEHU� RI� GLIIHUHQW�
LQWUD�� DQG� LQWHUPROHFXODU� LQWHUDFWLRQV� LQYROYLQJ� �� HOHFWURQV� RI�
DURPDWLF� ULQJV���� $SDUW� IURP� WKH� LQWUDPROHFXODU� ��VWDFNLQJ�
LQWHUDFWLRQV� EHWZHHQ� �3K� DQG� GPS� �)LJ�� ��� $��� VHYHUDO�
LQWHUPROHFXODU� LQWHUDFWLRQV� FDQ�EH� REVHUYHG��7KH� ILUVW� RI� WKHP�
DUH�WKH�LQWHUDFWLRQV�EHWZHHQ�WKH�GPS�ULQJV�DQG�WKH�ULQJV�RI�WKH��
&S� PRLHW\� �)LJ�� ��� %��� 7KH\� OHDG� WR� WKH� IRUPDWLRQ� RI�
FHQWURV\PPHWULF� GLPHUV� OLQNHG� E\� D� GRXEOH� VHW� RI� ��VWDFNLQJ�
LQWHUDFWLRQV��7KH�DQJOH�EHWZHHQ�WKH�SODQHV�RI�WKH�IXVHG�ULQJV�LV�
����� DQG� WKH� GLVWDQFHV� IURP� WKH� WZR� &S� FHQWURLGV� WR� WKH� GPS�
SODQH� DUH������� DQG� ������c��$GGLWLRQDOO\�� WKH�GLPHUV� IRUP�D�
RQH�GLPHQVLRQDO� SRO\PHULF� VWUXFWXUH�� ,W� UHVXOWV� IURP� &�+«��
LQWHUDFWLRQV� � EHWZHHQ� WKH� &���&��� SKHQ\O� ULQJ� DQG� &��� DQG�
+��� DWRPV� RI� WKH� &���&��� SKHQ\O� ULQJ� IURP� WKH� QHLJKERULQJ�
GLPHU� �)LJ�� ��� &� ±� GRWWHG� EOXH� OLQHV��� 7KH� GLVWDQFHV� IURP� WKH�

&���&��� FHQWURLG� WR� +��� DQG� &��� DUH� ������ DQG� ������ c��
UHVSHFWLYHO\��7KH�DQJOH�&���+������&���&���FHQWURLG��LV�HTXDO�
WR� ��������� 7KH� ODVW� W\SH� RI� WKH� LQWHUDFWLRQV� LV� WKH� ��VWDFNLQJ�
EHWZHHQ��&S�IUDJPHQWV��)LJ�����'��� WKH�GLVWDQFH�EHWZHHQ�WKH��
&S�SODQHV�LV�HTXDO�WR�������c���
� 7KH� DQDO\VLV� RI� WKH� >23&S�&X,,@�� SDFNLQJ� UHYHDOV� WKDW� WKH�
FRRUGLQDWLRQ�SRO\KHGURQ�DURXQG�&X,,� LRQ�LV� LQGHHG� WHWUDJRQDOO\�
HORQJDWHG�RFWDKHGUDO�RI�XQLD[LDO�V\PPHWU\��)LJ������&X,,� LRQ� LV�
DGGLWLRQDOO\� FRRUGLQDWHG� DW� D[LDO� SRVLWLRQV� E\� WZR� R[\JHQ�
DWRPV�� 7KH� ILUVW� &X�2� FRQWDFW� LV� IRXQG� EHWZHHQ� &X� DQG�
S\ULGRQH� R[\JHQ� IURP� WKH� QHLJKERULQJ� FRPSOH[� PROHFXOH�
�&X��2��BE�����������c���$V�D�UHVXOW�D�GLQXFOHDU�XQLW�ZLWK�WZR�
EULGJLQJ� 2��� DQG� 2��BE� DWRPV� LV� IRUPHG� ZLWK� &X��&X�BE�
GLVWDQFH� RI� ��������� c�� VLPLODUO\� WR� WKDW� REVHUYHG� IRU� &X,,�
FRPSOH[HV� ZLWK� RWKHU� TXLQRORQHV� DQG� DURPDWLF� GLLPLQHV�������
7KH� GLQXFOHDU� XQLW� LV� VWDELOL]HG� E\� D� SDLU� RI� ��VWDFNLQJ�
LQWHUDFWLRQV� EHWZHHQ� SKHQ� DQG� �&S� IUDJPHQWV�� 7KH� VL[WK�
FRRUGLQDWLRQ� SRVLWLRQ� DURXQG� &X�� LV� FRPSOHWHG� E\� D� VWURQJ�
ERQG�ZLWK�2�BD�DWRP�IURP�WKH�2 33K���IUDJPHQW�RI�WKH�OLJDQG�
LQYROYHG�LQ�FRRUGLQDWLRQ�WR�&X�BD��U�&X��2�BD�� ����������c���
+HQFH� WZR�23&S� OLJDQGV� DWWDFKHG� VLPXOWDQHRXVO\� WR� &X�� DQG�
&X�BD� DFW� DV� WKH� EULGJHV� LQ� WKH� VHFRQG� GLQXFOHDU� V\VWHP�ZLWK�
WKH�&X�&X�D�GLVWDQFH�RI�����������c��%RWK�&X��2�BD�DQG�&X��
2��BE� ERQGV� OHDG� WR� WKH� IRUPDWLRQ� RI� RQH�GLPHQVLRQDO�
FRRUGLQDWLRQ�SRO\PHUV���

(35�

7KH� SRZGHU� (35� VSHFWUD� IRU� ERWK� VWXGLHG� &X,,� FRPSOH[HV� DUH�
VKRZQ� LQ� )LJXUH� �� ��D� DQG� �F�� DQG� FRPSDUHG� ZLWK� WKHVH� IRU�
IUR]HQ�ZDWHU�VROXWLRQV��)LJ���E�DQG��G����
� ,Q�WKH�FDVH�RI�>231U�&X,,@��WKH�VSHFWUD��D�DQG��E�DUH�VLPLODU�
LQ� OLQH� VKDSH�� H[FHSW� WKDW� WKH� K\SHUILQH� VSOLWWLQJ� LV� REVHUYHG�
RQO\�IRU� WKH�IUR]HQ�VROXWLRQ���E��7KH�VSHFWUD�FRUUHVSRQG� WR� WKH�
UHVRQDQFH�WUDQVLWLRQV�ZLWKLQ�6� ���OHYHOV�VSOLW�LQ�VPDOO�GHJUHH�LQ�
]HUR�PDJQHWLF�ILHOG��VKRZLQJ�WKH�'P6� ���OLQHV�DW�ORZ�ILHOG��GXH�
WR� SDUDOOHO� RULHQWDWLRQ�� DQG� DW� ORZ� DQG� KLJK� ILHOG� �GXH� WR� WKH�
SHUSHQGLFXODU�RULHQWDWLRQ��� DV�ZHOO� DV� LQ�D�ZHDN�IRUELGGHQ� OLQH�
GXH� WR� 'P6�  � �� �VR�FDOOHG� KDOI�ILHOG� OLQH��� $GGLWLRQDOO\�� WKH�
IUR]HQ� VROXWLRQ� VSHFWUXP� H[KLELWV� FRSSHU� K\SHUILQH� VSOLWWLQJ�
FRQVLVWLQJ�RI�VHYHQ�OLQHV��HVSHFLDOO\�GLVWLQFWO\�UHVROYHG�IRU�'P6�

 ���OLQH��ZKDW�VWURQJO\�SURYHV�WKDW� WKH�HOHFWURQ�VSLQ�LV�FRXSOHG�
ZLWK� WZR� FRSSHU� QXFOHL�� HDFK� KDYLQJ� ,�  � ����� 7KH� K\SHUILQH�
LQWHUDFWLRQ� FRQVWDQW��$]� � ���*�� FRUUHVSRQGV� WR�KDOI� WKH� YDOXH�
IRU� WKH� PRQRPHULF� &X1�2�� FKURPRSKRUH�� $OO� WKHVH�
REVHUYDWLRQV� FRQILUP� WKDW� ERWK� &X,,� LRQV� DUH� FRPPXQLFDWLQJ��
PRVW�OLNHO\�LQ�VLPLODU�ZD\�DV�LV�UHYHDOHG�IRU�VROLG�VWDWH�VWUXFWXUH�
RI� >23&S�&X,,@�� �)LJ�� ���� 7KH� DQDORJRXV� LQWHUDFWLRQV� ZHUH�
REVHUYHG� IRU� &X,,� FRPSOH[HV� ZLWK� RWKHU� IOXRURTXLQRORQHV� DQG�
1�GRQRU� KHWHURF\FOLF� OLJDQGV�� EXW� WKH� &X�&X� FRQWDFWV� ZHUH�
SRVWXODWHG� DV�PHGLDWHG� RQO\� WKURXJK�S�S� LQWHUDFWLRQV� EHWZHHQ�
DURPDWLF� ULQJV� RI�1�GRQRU� KHWHURF\FOLF� OLJDQGV� DQG� TXLQRORQH�
PROHFXOHV�������,Q�RXU�RSLQLRQ�D�ZHDN�H[FKDQJH�LV�DOVR�UHDOL]HG�
E\�&X,,� LRQV� DQG� S\ULGRQH�R[\JHQV� �2����)LJ����� O\LQJ� DOVR� LQ�
WKH�SDUDOOHO�SODQHV���
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WKH� VSHFWUD� RI� WKH� FW'1$�(%� FRPSOH[�� DVVRFLDWHG� ZLWK� WKH�
TXHQFKLQJ� RI� LWV� OXPLQHVFHQFH�� PD\� LQGLFDWH� GLVSODFHPHQW� RI�
WKH� LQWHUFDODWLQJ� (%� DQG� HIILFLHQW� LQWHUDFWLRQ� RI� WKH� VWXGLHG�
FRPSRXQG�ZLWK�WKH�KHOL[��)LJV��6��DQG�6���(6,����7KH�HPLVVLRQ�
VSHFWUD�RI�WKH�FW'1$�(%�V\VWHP�ZHUH�UHFRUGHG�LQ�WKH�SUHVHQFH�
RI� LQFUHDVLQJ� DPRXQWV� RI� WKH� FRPSRXQGV� ���� ����� ����� ����� ����
DQG� ����� PRODU� UDWLR��� 0HDVXUHPHQWV� ZHUH� SHUIRUPHG� IRU� ��
FLSURIOR[DFLQ� �3&S�� 23&S�� >&X,�3&S@�� >23&S�&X,,@��� DQG� ��
QRUIOR[DFLQ� �31U� 231U�� >&X,�31U@�� >231U�&X,,@��� GHULYDWLYHV�
DQG� IRU� XQPRGLILHG� GUXJV�� ([DPLQDWLRQ� RI� WKH� 6WHUQ�9ROPHU�
SORWV� FRQILUPV� WKDW� WKH� IOXRUHVFHQFH� TXHQFKLQJ� RI� WKH� FW'1$�
(%�FRPSOH[�E\�WKH�WHVWHG�FRPSRXQGV�LV�LQ�DJUHHPHQW�ZLWK�WKH�
OLQHDU�HTXDWLRQV��)LJ�������7KH�KLJK�VWUXFWXUDO�VLPLODULW\�RI�ERWK�
DQWLELRWLFV��DV�ZHOO�DV�WKHLU�GHULYDWLYHV��VXJJHVWV�WKH�VDPH�WUHQGV�
LQ�WKH�REWDLQHG�UHVXOWV�IRU�ERWK�JURXSV��+RZHYHU��DQ�DQDO\VLV�RI�
WKH�REWDLQHG� H[SHULPHQWDO� GDWD� FRQFOXVLYHO\�SURYHG� WKDW�+&S�
EDVHG�FRPSRXQGV� GLVSODFH�(%�PXFK�PRUH� HIILFLHQWO\� WKDQ� WKH�
DQDORJRXV� GHULYDWLYHV� RI� +1U�� $GGLWLRQDOO\�� VOLJKWO\� GLIIHUHQW�
WUHQGV� RI� WKH� FKDQJHV� RI� DFWLYLW\� DPRQJ� HDFK� JURXS� ZHUH�
REVHUYHG�� $V� UHJDUGV� FLSURIOR[DFLQ� DQG� LWV� GHULYDWLYHV�� WKH�
DFWLYLW\� IROORZV� WKH� IROORZLQJ� RUGHU�� 3&S� !� >&X,�3&S@� !�
>23&S�&X,,@�� !!� +&S� t� 23&S� �)LJV�� ��D� DQG� 6��� (6,���� $V�
UHJDUGV� WKH� QRUIOR[DFLQ� GHULYDWLYHV�� WKH� LQWHQVLW\� RI� WKH� EDQG�
GHFUHDVHV� LQ� WKH� IROORZLQJ� RUGHU�� >&X,�31U@� !� >231U�&X,,@�� !�
31U�!!�231U�t�+1U��)LJV����E�DQG�6���(6,�����
�

�
&]PX�íî�^���vrs}ou����o}���}(��Z������E�r����Ç���u��µ�v�Z]vP��Ç�,������]À��]À���

~����v��,E�����]À��]À���~��X�~/ì��v�� /�t� ]v��v�]�Ç�}(����E�r��� ]v��Z������v����v��

�����v���}(��Z�� ]v�����]vP��u}µv���}(��Z����µ�]����}u�}µv��U� �������]À�oÇV�vì�

�v��v�t�u}o��vµu�����}(��Z�����E�r����v���Z���������}u�}µv��U��������]À�oÇ�X�

,W� VKRXOG� EH� QRWHG� WKDW� LQ� FDVH� RI� D� WHQ�IROG� H[FHVV� RI� WKH�
SKRVSKLQHV�� WKH� HPLVVLRQ� LQWHQVLW\� GHFUHDVHG� E\� ���� IRU� 3&S�
DQG� E\� ���� IRU� 31U�� 7KH� FRSSHU�,�� FRPSOH[HV� UHGXFHG� WKH�
LQWHQVLW\�RI�WKH�EDQG�E\�����DQG�����IRU�>&X,�3&S@�DQG�>&X,�
31U@�UHVSHFWLYHO\��ZKLOH�LQ�WKH�FDVH�RI�WKH�FRSSHU�,,��FRPSOH[HV�
WKHVH� FKDQJHV�ZHUH� � VPDOOHU�� ���� IRU� >23&S�&X,,@�� DQG� ����
IRU� >231U�&X,,@���8QGRXEWHGO\�� IOXRUHVFHQFH� TXHQFKLQJ� RI� WKH�
FW'1$�(%�V\VWHP�E\�WKH�WHVWHG�FRPSRXQGV�LQGLFDWHV�WKDW�WKHVH�
VXEVWDQFHV� DUH� DEOH� WR� GLVSODFH� (%� IURP� FW'1$� DQG� LQWHUDFW�
ZLWK� WKH� KHOL[��8VLQJ� WKH� JHQHUDOO\� DFFHSWHG� WKHRUHP� WKDW� DQ\�
FRPSRXQG� DFWV� DV� DQ� LQWHUFDODWRU� ZKHQ� LWV� WHQIROG� H[FHVV�
UHGXFHV�WKH�OXPLQHVFHQFH�RI�WKH�FW'1$�(%�V\VWHP�E\�����ZH�
FDQ�� LQ� SULQFLSOH�� FRQVLGHU� WKH� VWXGLHG� FRPSRXQGV� DV� SDUWLDO�
LQWHUFDODWRUV��

0ROHFXODU�GRFNLQJ�

0ROHFXODU� GRFNLQJ� LV� D� SRZHUIXO� PHWKRG� XVHG� PDLQO\� LQ� WKH�
VHDUFK�RI�WKHUDSHXWLF�DJHQWV�GHVLJQHG�WR�LQWHUDFW�ZLWK�D�VSHFLILF�
SURWHLQ� WDUJHW�� ,W� DOORZV� WR� SHUIRUP� YLUWXDO� VFUHHQLQJ� RQ� ODUJH�
OLEUDULHV�RI�FRPSRXQGV��UDQN�WKH�UHVXOWV��DQG�SURSRVH�VWUXFWXUDO�
K\SRWKHVHV�RI�KRZ�WKH�OLJDQGV�ELQG�WR�WKH�WDUJHW�������'RFNLQJ�LV�
DOVR� RI� JURZLQJ� LQWHUHVW� LQ� WKH� VWXG\� RI� WKH� ELQGLQJ� RI� WKH�
FKHPLFDO� FRPSRXQGV� WR� '1$������� 7KLV� PHWKRG� DOORZV� WR�
LQYHVWLJDWH� WKH� LQWHUDFWLRQV� ZLWK� VKRUW� DQG� ZHOO� GHILQHG� '1$�
VHTXHQFHV� DQG� JLYH� PRUH� LQVLJKW� LQWR� UHVXOWV� REWDLQHG� ZLWK�
H[SHULPHQWDO�PHWKRGV� EDVHG� RQ� WKH� VWXGLHV� RI� HDVLO\� DYDLODEOH�
EXW�QRW�ZHOO�GHILQHG�ORQJ�'1$�VHTXHQFHV��,W�LV�XVXDOO\�XVHG�WR�
ILQG�WKH�EHVW�RULHQWDWLRQ�RI�OLJDQG�ZKLFK�ZRXOG�IRUP�D�FRPSOH[�
ZLWK�D�PRGHO�RI�WKH�'1$�KHOL[��
� 'XH� WR� D� ODUJH� YDULHW\� RI� WKH� VWXGLHG� FRPSRXQGV�� VRPH� RI�
ZKLFK� FDUU\LQJ� &X�� RU� &X��� LRQV� DQG� D� LRGLGH� DQLRQ�� ZH�
HPSOR\HG� WKH� $XWR'RFN� 9LQD� SURJUDP�� ZKLFK� LV� IUHTXHQWO\�
XVHG� WR� VWXG\� VPDOO� PROHFXOH� ±� '1$� LQWHUDFWLRQV�� 2QH� RI� LWV�
DGYDQWDJHV� LV� DQ� XQLTXH� VFRULQJ� IXQFWLRQ� ZKLFK� GRHV� QRW� XVH�
SDUWLDO�DWRPLF�FKDUJHV��
� 'HVSLWH� WKH�XVXDO� H[SORLWDWLRQ� RI� WKH�'1$�IUDJPHQWV� IURP�
5&6%�3URWHLQ�'DWD�%DQN��ZH�GHFLGHG�WR�FUHDWH�D�%�IRUP�RI�WKH�
'1$� GRXEOH�VWUDQGHG� KH[DGHFDQXFOHRWLGH� �VHTXHQFH��
$7$7&*&*$7$7&*&*��ZLWK�WKH�JHRPHWU\�RSWLPL]HG�XVLQJ�
WKH� $0%(5� II��� IRUFH� ILHOG���� 7KH� OHQJWK� RI� WKLV� VHTXHQFH�
H[FHHGV�D� IXOO�KHOLFDO� WXUQ�DQG� WKHUHIRUH� LW� LV�SRVVLEOH� WR�DYRLG�
LQYHVWLJDWLRQV�RI� OLJDQG�LQWHUDFWLRQV�ZLWK�WKH�GHIRUPHG�HQGV�RI�
WKH�KHOL[��0RUHRYHU�� WKH�FKRVHQ�VHTXHQFH�LV�FKDUDFWHUL]HG�E\�D�
FOHDU� GLVWLQFWLRQ� EHWZHHQ� IUDJPHQWV� ULFK� LQ�$7� DQG�*&� SDLUV��
)RU�WKH�SXUSRVH�RI�IRUPDWLRQ�RI�WKH�LQWHUFDODWLRQ�JDSV�ZH�XVHG�D�
PRGHO� PROHFXOH� �WHWUDS\ULGR>����D��
��
�F��

��

�K��


��


�
M@SKHQD]LQH��ZKLFK�ZDV� LQVHUWHG� HLWKHU�EHWZHHQ� WKH��WK� DQG� �WK�
�*��&��EDVH�SDLUV��WKH�³*&«*&´�JDS��RU�EHWZHHQ�WKH���WK�DQG�
��WK��$��7��EDVH�SDLUV��WKH�³$7«$7´�JDS���)LJ��6���(6,����
� ,Q� RUGHU� WR� WHVW� WKH� '1$� LQWHUFDODWLQJ� SRWHQWLDO� RI� WKH�
VWXGLHG� OLJDQGV� DQG� FRPSOH[HV�� ZH� LQYHVWLJDWHG� WKHLU�
LQWHUDFWLRQV� ZLWK� WKH� RSWLPL]HG� KH[DGHFDQXFOHRWLGH� DQG� ERWK�
VWUXFWXUHV� ZLWK� SUH�IRUPHG� LQWHUFDODWLQJ� JDSV�� :H� DOVR�
SHUIRUPHG�FDOFXODWLRQV�IRU�SURSLGLXP�LRGLGH��3,��DV�ZHOO�DV�IRU�
WKUHH�PRGHO� FRPSOH[HV�� &X,,� FRPSOH[HV�ZLWK� FLSURIOR[DFLQ� RU�
QRUIOR[DFLQ�DQG�SKHQ�OLJDQG��>+&S�&X,,@��DQG�>+1U�&X,,@���DQG�
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&X,� FRPSOH[� ZLWK� GPS� DQG� 3�&+�2+�3K�� SKRVSKLQH� �>&X
,�

32+@��� 7KH� JHRPHWULHV� RI� WKH� FRPSRXQGV� ZHUH� FDOFXODWHG�
XVLQJ�WKH�')7�PHWKRGV��
� 7KH� JHRPHWU\�RSWLPL]HG� PROHFXOHV� ZHUH� VXFFHVVIXOO\�
GRFNHG� RQWR� WKH� '1$� VHJPHQW�� 7KH� TXDOLWDWLYH� DQDO\VLV� ZDV�
EDVHG� RQ� WKH� ORZHVW� HQHUJ\� SRVHV� IRU� HDFK� PROHFXOH�� 7KH�
ELQGLQJ� IUHH� HQHUJLHV� >NFDO�PRO@� DQG� UHPDUNV� IRU� DOO� WKH� WHVWHG�
FRPSRXQGV�DUH�JLYHQ�LQ�7DEOH����7R�VKRZ�WKH�GLIIHUHQW�SRVVLEOH�
PRGHV� RI� LQWHUDFWLRQV�� LQ� D� IHZ� LQVWDQFHV�� GDWD� IRU� WZR�
FRQIRUPDWLRQV� DUH� SUHVHQWHG�� ���� WKH� ORZHVW� HQHUJ\�
FRQIRUPDWLRQ� �LI� QRW� LQWHUFDODWLYH�� DQG� ���� WKH� VHFRQG� ORZHVW�
HQHUJ\�FRQIRUPDWLRQ��LI�LQWHUFDODWLRQ�ZDV�REVHUYHG���

7DEOH���7KH�ELQGLQJ�IUHH�HQHUJLHV�>NFDO�PRO@�IRU�DOO�VWXGLHG�FRPSRXQGV��

� %�'1$� %��$7«$7�� %��*&«*&��
+&S� ����� �$7���E� ����� S��L�� ������

�����
���
S��L���

3&S� ����� �*&���E� ����� �� ����� I��L��
23&S� ����� �$7���E� ����� �� ����� ��
>&X,�3&S@� ����� �$7���F� ����� �� ������

�����
���
S��L��

>23&S�&X,,@�� ������ �$7���E� ����� �� ����� I��L���
+1U� ����� �*&���E� ����� I��L�� ������

�����
S��L���
I��L��

31U� ����� �*&���E� ����� �� ����� I��L��
231U� ����� �$7���E� ������

�����
��
I��L��

����� I��L��

>&X,�31U@� ����� �$7�*&���F� ����� I��L�� ����� I��L��
>231U�&X,,@�� ������ �$7���E� ����� �� ����� I��L��
>+&S�&X,,@�� � � ������

�����
��
S��L��

������ I��L��

>+1U�&X,,@�� � � ����� I��L�� ����� I��L��
>&X,�32+@D� � � ����� �� ����� S��L��
3,� ����� � ����� I��L�� ����� I��L��

D���>&X,�32+@�A�>&X,�GPS�^3�&+�2+�3K�`@��E���SODFLQJ�LQ�PLQRU�JURRYH��F�
��PDMRU�JURRYH�SODFLQJ������QR�LQWHUFDODWLRQ��S��L����SDUWLDO�LQWHUFDODWLRQ��I��L����
IXOO�LQWHUFDODWLRQ�

7KH� ILJXUHV� IRU� DOO� WKH� LQWHUDFWLRQV� DUH� SUHVHQWHG� LQ�
VXSSOHPHQWDU\� PDWHULDOV� �)LJV�� 6��6���� (6,���� )LJXUH� ���
FRQVLVWV� H[HPSODU\� SLFWXUHV� IRU� >&X,�3&S@� DQG� >&X,�31U@�
FRPSOH[HV��'DWD�DQDO\VLV�VKRZHG�WKDW�D�PDMRULW\�RI�FRPSRXQGV�
SUHIHUDEO\�ELQG� WR� WKH�PLQRU�JURRYHV� LQ� WKH�$7$7�UDWKHU� WKDQ�
LQ�WKH�*&*&�UHJLRQ��2QO\�&X,�FRPSOH[HV��>&X,�3&S@�DQG�>&X,�
31U@��ELQG� WR�PDMRU�JURRYHV�� ,QWHUHVWLQJO\��RQO\� LQ� WKH�FDVH�RI�
+&S��+1U�DQG�>&X,�31U@��DV�ZHOO�DV�3,�PROHFXOH��ELQGLQJ�IUHH�
HQHUJLHV�ZHUH�ORZHU�IRU�LQWHUFDODWLRQ�PRGHV�RI�ELQGLQJ��WKDQ�IRU�
WKH�JURRYH�QRQFRYDOHQW�ELQGLQJ��,W� VKRZHG� WKDW�� LQ�PRVW�FDVHV��
JURRYH�ELQGLQJ�LV�HQHUJHWLFDOO\�SUHIHUUHG�RYHU�LQWHUFDODWLRQ��
� (YDOXDWLRQ� RI� WKH� '1$� LQWHUFDODWLRQ� UHYHDOHG� WZR� JHQHUDO�
WUHQGV�� )LUVW�� WKH� SUHIHUUHG� ELQGLQJ� VLWH� LV� WKH� *&«*&�
IUDJPHQW�� DV� ZDV� GHPRQVWUDWHG� E\� WKH� VOLJKWO\� ORZHU� ELQGLQJ�
HQHUJLHV�� 6HFRQG�� WKH� LQWHUFDODWLRQ� LV� PRUH� SUHIHUDEOH� IRU� WKH�
+1U�GHULYDWLYHV�WKDQ�IRU�WKH�+&S�RQHV��,W�PD\�EH�H[SODLQHG�E\�
WKH�VWUXFWXUDO�GLIIHUHQFHV�EHWZHHQ�F\FORSURS\O��+&S��DQG�HWK\O�
�+1U�� VXEVWLWXHQW� DW� 1��� DWRP�� $V� UHJDUGV� D� PDMRULW\� RI� WKH�
+1U� LQWHUFDODWLQJ� GHULYDWLYHV�� �&+�&+�� FKDLQ� UHPDLQV� LQ� WKH�
ULQJ�SODQH�ZKLFK�IDFLOLWDWHV�WKH�LQVHUWLRQ�RI�WKH�ZKROH�PROHFXOH�
EHWZHHQ� WKH� EDVH� SDLUV�� ,W� LV� FOHDUO\� FRQWUDGLFWRU\� WR� WKH�
H[SHULPHQWDO� GDWD� REWDLQHG� IRU� WKH� FW'1$�(%� V\VWHP�� EXW� DW�

WKH� VDPH� WLPH� LW� H[SODLQV� WKH� KLJKHU� HIILFLHQF\� RI� +1U�
FRPSOH[HV�LQ�WKH�SODVPLG�'1$�FOHDYDJH��
� 6XPPLQJ� XS�� WKH� PROHFXODU� GRFNLQJ� FRQILUPHG� WKDW� WKH�
VWXGLHG�FRPSRXQGV�LQWHUDFW�ZLWK�'1$�E\�WKH�JURRYH�ELQGLQJ�DV�
ZHOO� DV� LQWHUFDODWLRQ� DQG� VKRZHG� WKH� SRVVLEOH� PRGHV� RI�
LQWHUDFWLRQV��ZKDW�ZHOO� VXSSOHPHQWV� WKH� REWDLQHG� H[SHULPHQWDO�
UHVXOWV��

�
&]PX� íï� D}o��µo��� �}�l]vPW� �Z�� �}�l]vP� }(� �µ

/
� �}u�o�Æ��� ~Á]�Z� �Z�� ��}�]vP�

(µv��]}v����µo���X��

�Æ���]u�v��o�

0DWHULDOV�DQG�PHWKRGV�

5HDFWLRQV�ZHUH�FDUULHG�RXW�XQGHU�D�GLQLWURJHQ�DWPRVSKHUH�XVLQJ�
VWDQGDUG� 6FKOHQN� WHFKQLTXHV�� &X,�� ����GLPHWK\O������
SKHQDQWUROLQH� �GPS��� >&X�SKHQ��12���@� DQG� VROYHQWV� ZHUH�
REWDLQHG� IURP�6LJPD�$OGULFK�&R��$OO� VROYHQWV�ZHUH� GHDHUDWHG�
SULRU� WR� XVH�� 33K�&+�&S� �3&S��� 33K�&+�1U� �31U�� DQG� WKHLU�
R[LGH� GHULYDWLYHV� �23&S� DQG� 231U�� ZHUH� V\QWKHVL]HG� DV�
GHVFULEHG�SUHYLRXVO\�������

6\QWKHVHV�

3UHSDUDWLRQ� RI� >&X,�3&S@� $Q� HTXLPRODU� PL[WXUH� RI� &X,�
������� J�� ������ PPRO�� DQG� GPS� ������� J�� ������ PPRO�� ZDV�
DGGHG� WR� D� VROXWLRQ� RI� ���� IROG� PRODU� H[FHVV� RI� 3K�3&+��&S�
�������J� ������PPRO��GLVVROYHG� LQ� ���PO�RI� GLFKORURPHWKDQH��
$IWHU� �� KRXUV� RI� VWLUULQJ� DW� URRP� WHPSHUDWXUH� \HOORZ� VROLG� RI�
>&X,�GPS�33K�&+�&S@� SUHFLSLWDWHG��'HSRVLWHG� VROLG�ZDV� WKHQ�
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ILOWHUHG� DQG� GULHG� LQ� DLU�� <HOORZ� FU\VWDOV� RI� FRPSOH[� ZHUH�
REWDLQHG�DIWHU� UHFU\VWDOOL]DWLRQ�RI� >&X,�GPS�33K�&+�&S@�IURP�
D�PL[WXUH�RI�GLFKORURPHWKDQH�DQG�DFHWRQLWU\OH��
<LHOG� ����� $QDO�� &DOF�� IRU� &��+��&X,)1�2�3� ��������� &��
�������+��������1��������)RXQG��&���������+��������1���������
105��&'&O�������.���

��3^�+`���������V���+��+����������V��+����
����� V�� +����GPS��� ����� G� - ����� +���� ����� G� - ������ +����GPS���
�����V��+����GPS��������G�- �����+3K�R���P���S��������������+���������
������+���� �����P��+��� Q�R��+����� ������+������GPS��� ����� V��+�����
������+���������P��+���������P��
06��&'&O����������>&X�GPS��@

��������������>&X�GPS�@�������
������>�GPS�+@�������������������
3UHSDUDWLRQ� RI� >&X,�31U@� $� &+&O�� VROXWLRQ� ���� PO��
FRQWDLQLQJ� 33K�&+��1U� �31U�� ������� J�� ������ PPRO��� &X,�
������� J�� ������ PPRO�� DQG� GPS� ������� J�� ������ PPRO�� ZDV�
VWLUUHG�DW�URRP�WHPSHUDWXUH�IRU���K��$IWHU�WKLV�WLPH��FOHDU�\HOORZ�
VROXWLRQ� ZDV� OHIW� LQ� ���� �&� IRU� �� GD\V�� <HOORZ� VROLG� RI�
>&X,�GPS�33K�&+�1U@�ZDV�REWDLQHG�DIWHU�UHPRYLQJ�WKH�VROYHQW�
DQG�GULHG�LQ�DLU��
<LHOG� ����� $QDO�� &DOF�� IRU� &��+��&X,)1�2�3� ��������� &��
�������+��������1��������)RXQG��&���������+��������1���������
105��&'&O�������.���

��3^�+`���������V���+��+����������V��+����
����� V�� +����GPS��� ����� G� - ����� +���� ����� G� - ������ +����GPS���
�����V��+����GPS��������G�- �����+3K�R���P���S��������������+���������
G�- ������+���������P��+��������V��+�����������+������GPS��������V��
+�����������+���������P��
06� �&'&O���� ������ >&X�GPS��+@

�� ������ ������ >&X�GPS�@��
������ ������ >&��+��&X1�23@

�� ������ � ������ >&X�GPS�31U@�
������
3UHSDUDWLRQ� RI� >23&S�&X,,@12�� 7R� D� VROXWLRQ� RI�
>&X�SKHQ��12���@��������J��������PPRO��LQ�PHWKDQRO�����PO���D�
R[LGH� GHULYDWLYH� RI� FLSURIOR[DFLQ� ������� J�� ������ PPRO�� ZDV�
DGGHG��$IWHU���GD\V�RI�VWLUULQJ�� WKH�UHVXOWLQJ�EOXH�VROXWLRQ�ZDV�
FRQFHQWUDWHG� XQGHU� D� 1�� DWPRVSKHUH� DQG� NHSW� LQ� D� IULGJH� IRU�
DQRWKHU� �� GD\V�� 7KH� SUHFLSLWDWHG� EOXH� FRPSOH[� >&X�SKHQ��
33K�&+�&S@12�� ZDV� ILOWHUHG� DQG� GULHG� LQ� DLU�� 7KH� FU\VWDOV�
VXLWDEOH�IRU�;�UD\�VWXGLHV�ZHUH�JURZQ�IURP�D�+�2�0H&1�������
VROYHQW�PL[WXUHV�E\�VORZ�HYDSRUDWLRQ��
<LHOG������$QDO��&DOF��IRU�&��+��&X)1�2�3����������&���������
+��������1��������)RXQG��&���������+��������1���������
06� �0H2+��� ������ >&��+��&X)1�2�@

�� ������ ������
>&��+�&X)12�@

�� ������� ������ >&��+��&X)1�2�@
�� �������

������>0@��������
3UHSDUDWLRQ� RI� >231U�&X,,@12�� 2[LGH� GHULYDWLYH� RI�
QRUIOR[DFLQ� ������� J�� ������ PPRO�� ZDV� DGGHG� WR� PHWKDQROLF�
VROXWLRQ�����PO��RI�>&X�SKHQ��12���@���������������PPRO��DQG�
VWLUUHG� IRU� �� GD\V�� $IWHU� WKLV� WLPH�� WKH� WXUTXRLVH� VROXWLRQ�ZDV�
FRQFHQWUDWHG� DQG� OHIW� LQ� �� �&� IRU� �� GD\V� DV� ZHOO� DV��
>&X�SKHQ�33K�&+�&S@12��� 7XUTXRLVH� VROLG� RI�
>&X�SKHQ�33K�&+�1U@12��ZDV�ILOWUHG�DQG�GULHG�LQ�DLU���
<LHOG������$QDO��&DOF��IRU�&��+��&X)1�2�3����������&���������
+��������1��������)RXQG��&���������+��������1���������
06� �0H2+��� ������ >&��+��)1�2�3@

�� ������ ������
>&��+��)1�2�@

���������������>0@��������

*HQHUDO�PHWKRGV��

0DVV�VSHFWUD�ZHUH�UHFRUGHG�RQ�D�%UXNHU�'DOWRQLFV�PLFU272)�
4� PDVV� VSHFWURPHWHU� HTXLSSHG� ZLWK� HOHFWURVSUD\� LRQL]DWLRQ�
�(6,�� VRXUFH� DQG� RSHUDWHG� LQ� SRVLWLYH� LRQ� PRGH�� (OHPHQWDO�
DQDO\VLV� ZDV� SHUIRUPHG� ZLWK� D� 9DULR� (/�� &+1� DQDO\]HU�� ,5�
VSHFWUD�ZHUH� UHFRUGHG� IURP������ WR����� FP±��RQ�%UXNHU����Y�
)7,5�VSHFWURSKRWRPHWHU�DV�D�.%U�SHOOHWV���
� 105�VSHFWUD�ZHUH�UHFRUGHG�RQ�D�%UXNHU�$YDQFH�����0+]�
VSHFWURPHWHU�ZLWK�WUDFHV�RI�VROYHQW�DV�DQ�LQWHUQDO�UHIHUHQFH�IRU�
�+�VSHFWUD�DQG�����+�32�� LQ�+�2�DV�DQ�H[WHUQDO�VWDQGDUG�IRU�
��3�� 7KH� VSHFWUD� DUH� GHILQHG� DV� V�  � VLQJOHW� �� ±� VWURQJO\�
EURDGHQHG� VLJQDO��� G�  � GRXEOHW�� DQG� P�  �PXOWLSOHW�� &KHPLFDO�
VKLIWV� DUH� UHSRUWHG� LQ�SSP�DQG�FRXSOLQJ� FRQVWDQWV� DUH� UHSRUWHG�
LQ�+]���
� (35� VSHFWUD� ZHUH� UHFRUGHG� RQ� D� %UXNHU� (/(;6<6� (����
&:�(35�VSHFWURPHWHU�HTXLSSHG�ZLWK�DQ�105�WHVODPHWHU��(5�
���70��DQG�IUHTXHQF\�FRXQWHU�DW�;�EDQG�IUHTXHQF\�DQG�DW����
.�� 7KH� FRQFHQWUDWLRQV� RI� WKH� FRPSOH[HV� ZHUH� �Â����� 0�� 7KH�
VROXWLRQV�ZHUH�SUHSDUHG�XVLQJ�ZDWHU�DQG�HWK\OHQH�JO\FRO�����Y�Y�
��� DV� D� FU\RSURWHFWDQW�� 7KH� H[SHULPHQWDO� VSHFWUD� ZHUH�
VLPXODWHG�XVLQJ�6SLQ��6� ����,� ������FRPSXWHU�SURJUDP�ZULWWHQ�
E\� 'U�� $QGUHZ� 2]DURZVNL�� 1DWLRQDO� +LJK� )LHOG� 0DJQHWLF�
/DERUDWRU\��8QLYHUVLW\�RI�)ORULGD��
� $EVRUSWLRQ� VSHFWUD� ZHUH� UHFRUGHG� RQ� D� &DU\� ��� %LR�
VSHFWURSKRWRPHWHU��9DULDQ�,QF���3DOR�$OWR��&$��LQ�WKH����������
QP� UDQJH�� XVLQJ� �� FP� FXYHWWHV�� 7KH� FRQFHQWUDWLRQ� RI� WKH�
VROXWLRQV�ZDV�HTXDO��������0�IRU�>&X,�3&S@�DQG�>&X,�31U@��)RU�
FRSSHU�,,�� FRPSOH[HV� VSHFWUD� ZHUH� UHFRUGHG� LQ� WZR�
FRQFHQWUDWLRQV���������0��DQG��������0�� �

;�UD\�FU\VWDOORJUDSK\�

6LQJOH� FU\VWDOV� RI� >&X,�3&S@Â&+�&O�Â0H&1� ZHUH� REWDLQHG� E\�
VORZ� FU\VWDOOL]DWLRQ� RI� �>&X,�3&S@� IURP� GLFKORURPHWKDQH±
DFHWRQLWULOH� VROXWLRQ� DW� URRP� WHPSHUDWXUH�� 6LQJOH� FU\VWDOV� RI�
>23&S�&X,,@12�Â�+�2�ZHUH�REWDLQHG�DQDORJRXVO\�IURP�ZDWHU�
DFHWRQLWULOH�VROXWLRQ��
� ;�UD\� GDWD� ZHUH� FROOHFWHG� DW� ���.� XVLQJ� D� .0��&&'�
GLIIUDFWRPHWHU� DQG� JUDSKLWH�PRQRFKURPDWHG� 0R..� UDGLDWLRQ�
JHQHUDWHG�IURP�'LIIUDFWLRQ�;�UD\�WXEH�RSHUDWHG�DW����N9�DQG����
P$��7KH�LPDJHV�ZHUH�LQGH[HG��LQWHJUDWHG��DQG�VFDOHG�XVLQJ�WKH�
2[IRUG� 'LIIUDFWLRQ� GDWD� UHGXFWLRQ� SDFNDJH���� 7KH� VWUXFWXUHV�
ZHUH� VROYHG� E\� GLUHFW� PHWKRGV� �6+(/;6� 9HU�� �������� DQG�
UHILQHG� E\� WKH� IXOO�PDWUL[� OHDVW�VTXDUHV�PHWKRG�RQ� DOO� )�� GDWD�
�6+(/;/� 9HU�� ����������� 7KH� GDWD� ZHUH� FRUUHFWHG� IRU�
DEVRUSWLRQ���� 1RQ� +� DWRPV� ZHUH� LQFOXGHG� LQ� WKH� UHILQHPHQW�
ZLWK�DQLVRWURSLF�GLVSODFHPHQW�SDUDPHWHUV�DQG�WKH�+�DWRPV�ZHUH�
LQFOXGHG� IURP� JHRPHWU\� RI� WKH� PROHFXOH� RU� IRXQG� LQ� D�
GLIIHUHQFH� )RXULHU� PDS�� :DWHU� K\GURJHQ� DWRPV� LQ� >23&S�
&X,,@12�Â�+�2� ZHUH� IRXQG� XVLQJ� &$/&�2+� XWLOLW\

��� ZLWKLQ�
WKH� :LQ*;� Y�������� VXLWH� RI� SURJUDPV��� DQG� SXW� LQWR� WKH�
VWUXFWXUH�XQUHILQHG�ZLWK�IL[HG�SRVLWLRQV��
� &U\VWDO�UHILQHPHQW� GDWD�� >&X,�3&S@Â&+�&O�Â0H&1� A�

&��+��&O�&X),1�2�3�� 0U�  � ��������� &U\VWDO� VL]H��
����[����[�����PP��&U\VWDO�V\VWHP��7ULFOLQLF��6SDFH�JURXS��3±
���8QLW�FHOO��D� �����������c��E� �����������c��F� �����������c��
.� ��������������� �������������� ������������9� ����������c���
'FDOFG�=� ���� ������J�FP

�����UDQJH�IRU�GDWD�FROOHFWLRQ��������±�
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�������� 0R� ..� UDGLDWLRQ� �� �������� c��� �0R�  � ������ PP
±���

5HIOHFWLRQV� FROOHFWHG�XQLTXH� ������������ >5LQW ������@�� )LQDO�
5� LQGLFHV� >,!�1�,�@� 5� �������� Z5� �������� 5� LQGLFHV� �DOO�
GDWD��5� ��������Z5� ��������*2)� ��������/DUJHVW�GLII��SHDN�
DQG� KROH�� ������ DQG� ±������ Hc±��� 'DWD�UHVWUDLQWV�SDUDPHWHUV��
�������������7� �������.���
� &U\VWDO�UHILQHPHQW� GDWD�� >23&S�&X,,@12�Â�+�2� A�

&��+��&X)1�2��3�� 0U�  � �������� &U\VWDO� VL]H�� ����� [� ����� [�
����� PP�� &U\VWDO� V\VWHP�� 7ULFOLQLF�� 6SDFH� JURXS�� 3±��� 8QLW�
FHOO�� D�  � ���������c�� E�  � ���������c�� F�  � ���������c�� .�  �
����������� ��  � ����������� ��  � ����������� 9�  � ���������c���
'FDOFG�=� ���� ������J�FP

�����UDQJH�IRU�GDWD�FROOHFWLRQ��������±�
�������� 0R� ..� UDGLDWLRQ� �� �������� c��� �0R�  � ������ PP

±���
5HIOHFWLRQV� FROOHFWHG�XQLTXH� ����������� >5LQW ��� ����@�� )LQDO�
5� LQGLFHV� >,!�1�,�@� 5� �������� Z5� �������� 5� LQGLFHV� �DOO�
GDWD��5� ��������Z5� ��������*2)� ��������/DUJHVW�GLII��SHDN�
DQG� KROH�� ������ DQG� ������� Hc±��� 'DWD�UHVWUDLQWV�SDUDPHWHUV��
������������7� �������.��

'1$�VWDQG�EUHDN�DQDO\VLV�

7KH� DELOLW\� WR� LQGXFH� VWUDQG� EUHDNV� E\� WKH� VWXGLHG� FRPSRXQGV�
ZDV� WHVWHG� ZLWK� WKH� DSSOLFDWLRQ� RI� S%5���� SODVPLG�� 7KH�
VROXWLRQ�RI�'1$�LQ����P0�VRGLXP�SKRVSKDWH�EXIIHU� �S+������
ZDV�PL[HG�ZLWK�FRPSRXQGV��$OO�FRPSRXQGV�ZHUH�GLVVROYHG�LQ�
'0)��ZKLFK�FRQFHQWUDWLRQ�ZDV�NHSW�FRQVWDQW������E\�YROXPH��
LQ� WKH� ¿QDO� VROXWLRQ�� $IWHU� �� K� LQFXEDWLRQV� DW� ��� �&�� UHDFWLRQ�
PL[WXUHV� ���� �/�� ZHUH� PL[HG� ZLWK� �� �/� RI� ORDGLQJ� EXIIHU�
�EURPRSKHQRO�EOXH�LQ�����JO\FHURO��DQG�ORDGHG�RQ����DJDURVH�
JHOV��FRQWDLQLQJ�HWKLGLXP�EURPLGH��LQ�7%(�EXIIHU�����P0�7ULV�
ERUDWH�����P0�('7$��S+�������*HO�HOHFWURSKRUHVLV�ZDV�GRQH�DW�
FRQVWDQW�YROWDJH�RI�����9����9�FPí���IRU����PLQ��7KH�JHO�ZDV�
SKRWRJUDSKHG� DQG� YLVXDOL]HG� ZLWK� D� 'LJLWDO� ,PDJLQJ� 6\VWHP�
�6\QJHQ� %LRWHFK��� )RU� WKH� GHQVLWRPHWULF� DQDO\VLV� ZH� XVHG�
8OWUD4XDQW�����SURJUDP��

,QWHUDFWLRQV�ZLWK�FDOI�WK\PXV�'1$��FW'1$��

7KH�VWRFN�VROXWLRQ�ZDV�SUHSDUHG�E\�GLVVROYLQJ�RI�FW'1$�LQ�WKH�
���P0�SKRVSKDWH�EXIIHU��S+� �������7KH�FW'1$�FRQFHQWUDWLRQ�
ZDV� GHWHUPLQHG� E\� WKH� DQDO\VLV� RI� D� 89� VSHFWUXP�� XVLQJ� WKH�
PRODU� DEVRUSWLRQ� FRHIILFLHQW� ����� 0��FP��� DW� ���� QP�� 7KH�
VWRFN�VROXWLRQ�ZDV�VWRUHG�DW���&�DQG�XVHG�QR�PRUH�WKDQ���GD\V��
/XPLQHVFHQW� FRPSOH[� RI� FW'1$�ZLWK� (%� �HWKLGLXP� EURPLGH��
ZDV�SUHSDUHG�E\�PL[LQJ�RI�VXEVWUDWHV�LQ�HTXLPRODU�UDWLR��FFW'1$�
(%�  � ����í��0�� ���P0� RI� WKH� SKRVSKDWH� EXIIHU� DW� S+�  � ������
7KH� VROXWLRQ� RI� WKH� FW'1$�(%� V\VWHP� ZDV� WLWUDWHG� E\� WHVWHG�
FRPSRXQGV��GLVVROYHG�LQ�'062��LQ�GLIIHUHQW�PRODU�UDWLRV�������
��� ��� �� DQG� ���� DQG� LQFXEDWHG� IRU� �� K�ZLWK� DQ\� SRUWLRQ� RI� WKH�
HDFK� FRPSRXQG�� 3KRWROXPLQHVFHQFH� PHDVXUHPHQWV� ZHUH�
UHFRUGHG� DW� ���� .� RQ� &DU\� (FOLSVH� )OXRUHVFHQFH�
6SHFWURSKRWRPHWHU�� ([FLWDWLRQ� ZDYHOHQJWK� ZDV� HTXDO� WR� ����
QP��

0ROHFXODU�GRFNLQJ�

7KH� VWUXFWXUHV� RI� OLJDQGV� �RUJDQLF� PROHFXOHV� DQG� FRSSHU�
FRPSOH[HV�� ZHUH� RSWLPL]HG� XVLQJ� WKH� *$866,$1� ���
SDFNDJH���� :H� HPSOR\HG� WKH� ')7� PHWKRG� XVLQJ� WKH� K\EULG�

IXQFWLRQDO�RI�7UXKODU�DQG�=KDR����0�����%DVLV�VHW�HPSOR\HG�IRU�
JHRPHWU\� RSWLPL]DWLRQ� FDOFXODWLRQV�ZDV�� ����*� IRU� DOO� DWRPV�
�H[FHSW�,�������*���������
� 7KH�'1$�PRGHOV� IRU� GRFNLQJ�ZHUH� SUHSDUHG� DFFRUGLQJ� WR�
WKH� IROORZLQJ� SURFHGXUH�� ,QLWLDO� FRQILJXUDWLRQ� RI� WKH� FDQRQLFDO�
%� IRUP� RI� WKH� '1$� GRXEOH�VWUDQGHG� KH[DGHFDQXFOHRWLGH�
�VHTXHQFH�� $7$7&*&*$7$7&*&*�� JHQHUDWHG� E\� WKH� �'�
'$57� VHUYHU���� GHVFULEHG� E\� WKH� $0%(5� II��� IRUFH� ILHOG����
ZDV� RSWLPL]HG� XVLQJ� WKH� VWHHSHVW� GHVFHQW� PHWKRG�� 1R� FXWRIIV�
IRU� HOHFWURVWDWLFV� RU� YDQ� GHU� :DDOV� WHUPV� ZHUH� XVHG� GXH� WR� D�
VPDOO� V\VWHP� VL]H�� QHLWKHU� WKH� SHULRGLF� ERXQGDU\� FRQGLWLRQV�
ZHUH�XVHG�QRU�ZHUH� WKH�FRXQWHULRQV� DGGHG��7KHQ��D�SUHYLRXVO\�
RSWLPL]HG�PRGHO� LQWHUFDODWRU� PROHFXOH� �WHWUDS\ULGR>����D��
��
�
F��

��

�K��


��


�M@SKHQD]LQH��ZDV�LQVHUWHG�HLWKHU�EHWZHHQ�WKH��WK�
DQG��WK��&�*��EDVH�SDLUV��WKH�³&*´�JDS��RU�EHWZHHQ�WKH���WK�DQG�
��WK� �$�7�� EDVH�SDLUV� �WKH� ³$7´�JDS���6XFK� DQ� LQVHUWLRQ� LQ� WKH�
PLGGOH� RI� WKH� VWUDQG� ZDV� GHYLVHG� WR� PLQLPL]H� WKH� ERXQGDU\�
HIIHFWV��7KH�LQWHUFDODWRU�ZDV�GHVFULEHG�E\�WKH�*$))�IRUFH�ILHOG��
D� JHQHUDOL]HG� DOO�RUJDQLF� FRPSDQLRQ� WR� WKH� $0%(5� VXLWH� RI�
IRUFH� ILHOGV���� 7KH� WZR� LQWHUFDODWHG� VWUXFWXUHV� ZHUH� WKHQ�
VXEMHFWHG� WR� HQHUJ\� PLQLPL]DWLRQ� ZLWK� WKH� VWHHSHVW� GHVFHQW�
SURFHGXUH��5HPRYDO�RI� WKH� LQWHUFDODWRU�PROHFXOH�SURGXFHG�WZR�
VWUXFWXUHV�ZLWK� LQWHUFDODWLRQ� JDSV�� XVHG� IXUWKHU� LQ� WKH� GRFNLQJ�
VWXGLHV��7KH�PROHFXODU�PHFKDQLFV�FDOFXODWLRQV�ZHUH�FDUULHG�RXW�
ZLWK�WKH�*520$&6�������VRIWZDUH�����
� )RU� WKH� GRFNLQJ� DQDO\VLV� ZH� XVHG� $XWR'RFN� 9LQD� ������
SURJUDP��� ZKLFK� DSSOLHV� D� XQLWHG�DWRP� VFRULQJ� IXQFWLRQ� DQG�
LJQRUHV� WKH� XVHU�VXSSOLHG� SDUWLDO� FKDUJHV�� 'RFNLQJ� ZDV�
SHUIRUPHG�DV�EOLQG�GRFNLQJ��LW� UHIHUV� WR� WKH�XVH�RI� D�ER[� ODUJH�
HQRXJK�WR�HQFRPSDVV�DQ\�SRVVLEOH�OLJDQG�UHFHSWRU�LQWHUDFWLRQV��
ZLWK�WKH�VHW�RI�ER[HV�RI����[����[����c��2WKHU�SDUDPHWHUV�ZHUH�
VHW� DV� IROORZV�� HQHUJ\� UDQJH�  � ���� H[KDXVWLYHQHVV�  � ����� $OO�
VWUXFWXUHV� IRU� WKH� GRFNLQJ� H[SHULPHQWV� ZHUH� SUHSDUHG� XVLQJ�
$XWR'RFN� 7RROV� �������� DQG� DOO� VLQJOH� ERQGV� LQ� OLJDQGV� ZHUH�
NHSW� IOH[LEOH� GXULQJ� WKH� H[SHULPHQWV�� 7KH� SLFWXUHV� ZHUH�
SUHSDUHG�XVLQJ�8&6)�&+,0(5$�������DQG�329�5D\���������

�}v�oµ�]}v��

)RXU� FRSSHU� FRPSOH[HV� ZLWK� SKRVSKLQH� GHULYDWLYHV� RI� WKH� �QG�
JHQHUDWLRQ� TXLQRORQH� DQWLELRWLFV�� FLSURIOR[DFLQ� RU� QRUIOR[DFLQ��
ZHUH� V\QWKHVL]HG�� 7KH� LGHQWLW\� DQG� VWUXFWXUH� RI� WKH� REWDLQHG�
QHZ� FRPSRXQGV� ZHUH� FRQILUPHG� E\� D� VHULHV� RI� VSHFWURVFRSLF�
WHFKQLTXHV��;�UD\� VSHFWURVFRS\�DOORZHG� WR�GHWHUPLQH� WKH� VROLG�
VWDWH�VWUXFWXUHV�RI�WKH�WZR�FRPSOH[HV�ZLWK�WKH�+&S�GHULYDWLYHV��
�>&X,�3&S@� DQG� >23&S�&X,,@���� 7KH� PHWDO� LRQ� LQ� WKH� &X,�
FRPSOH[HV� LV� FRRUGLQDWHG� E\� 3� DWRP� IURP� 3&S� RU� 31U�� DQ�
LRGLGH� LRQ� DQG� WZR� 1� DWRPV� IURP� GPS� OLJDQG�� 2Q� WKH� RWKHU�
KDQG��WKH�PHWDO�LRQ�LQ�WKH�&X,,�FRPSOH[HV�LV�FRRUGLQDWHG�E\�WKH�
TXLQRORQH� IUDJPHQW� RI� 23&S� RU� 231U� �FKHODWLQJ� YLD�
FDUER[\ODWH� DQG� S\ULGRQH�R[\JHQ�DWRPV�� DQG� D�SKHQ�PROHFXOH�
�YLD�WZR�QLWURJHQ�DWRPV���>23&S�&X,,@�� LQ�WKH�VROLG�VWDWH�IRUPV�
GLPHUV� ZLWK� &X� DWRPV� ERXQG� E\� S\ULGRQH� R[\JHQ� EULGJHV��
,QWHUHVWLQJO\�� WKH�GLPHULF� VWUXFWXUHV�DOVR�IRUP� LQ� WKH�VROXWLRQV��
ZKDW�ZDV�FRQILUPHG�E\�WKH�DQDO\VLV�RI�WKH�(35�VSHFWUD��
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:H� GHWHUPLQHG� WKH� LQWHUDFWLRQV� RI� DOO� WKH� V\QWKHVL]HG�
FRPSRXQGV�ZLWK�GHR[\ULERQXFOHLF�DFLG�VWXG\LQJ��SODVPLG�'1$�
VWUDQG� EUHDN� DQDO\VLV�� WKHLU� DELOLW\� WR� LQVHUW� EHWZHHQ� WKH�'1$�
EDVHV�DQG�WKH�SRVVLEOH�ELQGLQJ�PRGHV��
� 7KH� DQDO\VLV� RI� WKH� JHO� HOHFWURSKRUHVLV� GDWD� VKRZHG� WKDW��
XQOLNH� WKH� XQFRRUGLQDWHG� OLJDQGV�� WKH� FRPSOH[HV� FDXVHG�'1$�
GHJUDGDWLRQ�� ,Q� JHQHUDO�� WKH� &X�,�� DQG� &X�,,�� FRPSOH[HV� ZLWK�
+&S�EDVHG�GHULYDWLYHV�FOHDYHG�WKH�SODVPLG�OHVV�HIILFLHQWO\�WKDQ�
WKH� DQDORJRXV� FRPSRXQGV� ZLWK� WKH� +1U� PRLHW\�� &RSSHU�,��
FRPSOH[HV�ZHUH�DEOH�WR�LQGXFH�RQO\�VLQJOH�VWUDQG�EUHDNV�RI�WKH�
VXJDU�SKRVSKDWH� EDFNERQH� RI� WKH� '1$� FKDLQ�� $Q� LQFUHDVH� RI�
WKHLU� FRQFHQWUDWLRQ� UHVXOWHG� LQ� DQ� LQFUHDVH� RI� WKH�RSHQ�FLUFXODU�
IRUP� �,,��DPRXQW��7KH�DGGLWLRQ�RI�+�2�� WR� WKH� V\VWHP�UHVXOWHG�
LQ� D�PRUH� HIILFLHQW� IRUPDWLRQ� RI� IRUP� ,,�� DV� D� FRQVHTXHQFH� RI�
VLQJOH�VWUDQG�EUHDNLQJ��DQG�WKH�FRPSOHWH�GLVDSSHDUDQFH�RI�IRUP�
,��&RSSHU�,,��FRPSOH[HV�ZHUH�DOVR�DEOH� WR�GDPDJH�WKH�SODVPLG�
EXW�RQO\�LQ�WKH�SUHVHQFH�RI�DQ�R[LGDQW��)RU�WKHVH�FRPSOH[HV��WKH�
QDWLYH�IRUP�RI�WKH�SODVPLG�FRPSOHWHO\�GLVDSSHDUHG��ZKLOH�WKH�,,�
DQG�,,,��OLQHDU��IRUPV�ZHUH�REVHUYHG��
� 7KH� LQYHVWLJDWLRQV� RI� WKH� LQWHUFDODWLRQ� RI� WKH� VWXGLHG�
FRPSRXQGV�ZLWK� FW'1$� VKRZHG� WKDW� WKH�+&S�GHULYDWLYHV� DQG�
WKHLU� FRPSOH[HV� ZHUH� FKDUDFWHUL]HG� E\� D� KLJKHU� DELOLW\� WR�
LQWHUDFW� ZLWK� WKH� KHOL[� WKDQ� +1U� GHULYDWLYHV�� 0RUHRYHU��
XQPRGLILHG� DQWLELRWLFV� DQG� WKH� R[LGH� GHULYDWLYHV� LQWHUDFWHG�
PRUH�ZHDNO\�ZLWK� FW'1$� LQ� FRPSDULVRQ�ZLWK� WKH� SKRVSKLQHV�
DQG� WKH� FRPSOH[HV�� ZKLFK� ZHUH� DEOH� WR� SDUWLDOO\� LQWHUFDODWH�
EHWZHHQ�WKH�FRPSOHPHQWDU\�EDVH�SDLUV��
� 7KH�SHUIRUPHG�PROHFXODU�GRFNLQJ�FDOFXODWLRQV�VKRZHG�WKDW�
WKH�PRVW�RI�WKH�VWXGLHG�FRPSRXQGV�SUHIHUDEO\�ELQG�WR�WKH�PLQRU�
RU�PDMRU� �>&X,�3&S@�DQG�>&X,�31U@�RQO\��JURRYHV�RI� WKH�'1$�
GRXEOH�KHOL[��7KH\�DUH�DOVR�DEOH�WR�LQWHUFDODWH�WKH�LQWR�*&«*&�
IUDJPHQW� DV� WKH� SUHIHUUHG� VLWH�� ,QWHUHVWLQJO\�� WKH� LQWHUFDODWLRQ�
ZDV�PRUH�SUHIHUDEOH� IRU� WKH�+1U�GHULYDWLYHV� WKDQ�IRU� WKH�+&S�
RQHV�� ZKLFK� ZDV� FRQWUDGLFWRU\� ZLWK� WKH� GDWD� REWDLQHG� IRU� WKH�
FW'1$��EXW� VLPXOWDQHRXVO\� FRQILUPHG� WKH�KLJKHU�HIILFLHQF\�RI�
WKH�+1U�FRPSOH[HV�LQ�WKH�SODVPLG�FOHDYDJH��
� ,W� LV� UHFRJQL]HG� WKDW� FRSSHU� FRPSOH[HV� DUH� QRW� RQO\�
SURPLVLQJ� WKHUDSHXWLFV� ZLWK� DQ� DQWLFDQFHU� DFWLYLW\�� EXW� DOVR�
SRWHQWLDO� DQWLPLFURELDO� DJHQWV�� 7KH� ELRORJLFDO� DFWLYLW\� RI� WKH�
FRPSOH[HV� SUHVHQWHG� LQ� WKLV� SDSHU� FRXOG� LQFUHDVH� RU� UHPDLQ�
XQFKDQJHG� FRPSDUHG� WR� SDUHQW� GUXJV�� EXW� LQ� ERWK� FDVHV� ODUJH�
VWUXFWXUDO�PRGLILFDWLRQV�PD\�RYHUFRPH�WKH�DQWLELRWLF�UHVLVWDQFH�
JDLQHG� E\� PLFURRUJDQLVPV�� 1RZ�� ZH� DUH� IRFXVLQJ� RQ� LQ� YLWUR�
VWXGLHV� RI� DQWLPLFURELDO� DFWLYLW\� RI� WKH� FRPSRXQGV� SUHVHQWHG�
KHUHLQ� WRZDUGV� VHYHUDO� EDFWHULDO� VWUDLQV� DQG� LQYHVWLJDWLRQV� RI�
WKHLU�F\WRWR[LFLW\�WRZDUGV�VHOHFWHG�WXPRU�FHOO�OLQHV��

��lv}Áo��P�u�v���

$XWKRUV�ZRXOG�OLNH�WR�WKDQN�GU��-DURVáDZ�3DQHN�IRU�WKH�YDOXDEOH�
KHOS� ZLWK� WKH� JHQHUDWLRQ� RI� WKH� '1$� KH[DGHFDQXFOHRWLGH��
PRGHOV�� )LQDQFLDO� VXSSRUW� IURP� WKH� 3ROLVK� 1DWLRQDO� 6FLHQFH�
&HQWUH� �JUDQW� ��������%�67��������� LV� JUDWHIXOO\�
DFNQRZOHGJHG�� ')7� FDOFXODWLRQV� KDYH� EHHQ� FDUULHG� RXW� LQ�
:URFODZ� &HQWUH� IRU� 1HWZRUNLQJ� DQG� 6XSHUFRPSXWLQJ�
�KWWS���ZZZ�ZFVV�ZURF�SO����JUDQW�1R�������

E}�����v����(���v����

)DFXOW\�RI�&KHPLVWU\��8QLYHUVLW\�RI�:URFáDZ��XO��)��-ROLRW�&XULH��������
����:URFáDZ�� (�PDLO�� PDOJRU]DWD�MH]RZVND�ERMF]XN#FKHP�XQL�ZURF�SO��
7HO�����������������

�� (OHFWURQLF� 6XSSOHPHQWDU\� ,QIRUPDWLRQ� �(6,�� DYDLODEOH�� 6HH�

'2,����������E������[����

&&'&� �������� DQG� &&'&� �������� FRQWDLQ� WKH� VXSSOHPHQWDU\�

FU\VWDOORJUDSKLF� GDWD� IRU� WKLV� SDSHU�� 7KHVH� GDWD� FDQ� EH� REWDLQHG� IUHH� RI�

FKDUJH� IURP� WKH� &DPEULGJH� &U\VWDOORJUDSKLF� 'DWD� &HQWUH� YLD�

ZZZ�FFGF�FDP�DF�XN�FRQWV�UHWULHYLQJ�KWPO�RU�GHSRVLW#FFGF�FDP�DF�XN�

�

�� 3��&��$��%UXLMQLQF[��3��-��6DGOHU��&XUU��2SLQ��&KHP��%LRO�������������

���������

�� 6�� +�� YDQ� 5LMW�� 3�� -�� 6DGOHU��'UXJ� 'LVFRY�� 7RGD\�� ������ ���� �����

������

�� &��;��=KDQJ��6�� -��/LSSDUG��&XUU��2SLQ��&KHP��%LRO��� ��������� ����

�����

�� .��+��7KRPVRQ��&��2UYLJ��'DOWRQ�7UDQV��������������������

�� 0��-��3XFFL�DQG�.��%XVK��&OLQ��0LFURELRO��5HY����������������������

�� 9��8LYDURVL��0ROHFXOHV��������������������������

�� /��-��0LQJ��0HG��5HV��5HY����������������������

�� -��1DJDM��3��.RáNRZVND��$��%\NRZVND��8��.��.RPDUQLFND��$��.\]LRá�

DQG�0��-H*RZVND�%RMF]XN��0HG��&KHP��5HV����������������������

�� .�� 6WRNRZD�6RáW\V��1�� *DJJHOOL�� -�� 1DJDM�� :�� 6]F]HSDQLN�� -��

&LHVLRáND��-��:U]HVL�VNL��$��*yUVND��(��*DJJHOOL��*��9DOHQVLQ�DQG�0��

-H*RZVND�%RMF]XN��-��,QRUJ��%LRFKHP���������������������

��� 5��6LQJK��$��'HEQDWK��'��7��0DVUDP�DQG�'��5DWKRUH��5HV��-��&KHP��

6FL�������������������

��� &��$��$NLQUHPL��-��$��2EDOH\H��6��$��$PROHJEH��-��)��$GHGLML�DQG�0��

2��%DPLJER\H��,QW��-��0HG��%LRPHG��5HV�������������������

��� :�� 6]F]HSDQLN�� -�� &LHVLRáND�� -�� :U]HVL�VNL�� -�� 6NDáD� DQG� 0��

-H*RZVND�%RMF]XN��'DOWRQ�7UDQV��������������������

��� :��6]F]HSDQLN��(��'ZRUQLF]HN��-��&LHVLRáND��-��:U]HVL�VNL��-��6NDáD�

DQG�0��-H*RZVND�%RMF]XN��-��,QRUJ��%LRFKHP����������������������

��� .�� 6WRNRZD�6RáW\V��$�� .DVSURZLF]��-�� :U]HVL�VNL��-�� &LHVLRáND��1��

*DJJHOOL��(�� *DJJHOOL��*�� 9DOHQVLQ� DQG�0�� -H*RZVND�%RMF]XN�� -��

,QRUJ��%LRFKHP���������GRL���������M�MLQRUJELR��������������

��� 7��%RUWRORWWR��3��3HUHLUD�6LOYD��$��1HYHV��(��&��3HUHLUD�0DLD�DQG�+��

7HUHQ]L��,QRUJ��&KHP��������������������������

��� -��%�� &KDR�� 0��'�� ;X�� &��;�� <LQ� DQG� 6��3�� +XDQJ�� %LRFKHPLVWU\��

�������������������

��� %��6��6HNKRQ��-��3KDUP��(GXF��5HV������������������

��� $�� %\NRZVND�� 5�� 6WDURVWD�� $�� %U]XV]NLHZLF]�� %�� %D*DQRZ�� 0��

)ORUHN�� 1�� -DFNXODN�� -�� .UyO�� -�� *U]HVLDN�� .�� .DOL�VNL� DQG� 0��

-H*RZVND�%RMF]XN��3RO\KHGURQ�������������������

��� $��%\NRZVND��5��6WDURVWD��8��.��.RPDUQLFND��=��&LXQLN��$��.\]LRá��

.�� *X]�5HJQHU�� *�� %XJOD�3áRVNR�VND� DQG� 0�� -H*RZVND�%RMF]XN��

1HZ�-��&KHP������������������������

��� 8�� .�� .RPDUQLFND�� 5�� 6WDURVWD�� .�� *X]�5HJQHU�� *�� %XJOD�

3áRVNR�VND�� $�� .\]LRá� DQG� 0�� -H*RZVND�%RMF]XN�� -�� 0RO�� &KHP���

GRL����������M�PROVWUXF��������������

��� 3�� äLYHF�� )�� 3HUGLK�� ,�� 7XUHO�� *�� *LHVWHU� DQG� *�� 3VRPDV�� -�� ,QRUJ��

%LRFKHP���������������������

��� *��3VRPDV��-��,QRUJ��%LRFKHP�������������������������

��� 0��-��)HLR�� ,��6RXVD��0��)HUUHLUD��/��&XQKD�6LOYD��5��*��6DUDLYD��&��

4XHLUyV��-��*��$OH[DQGUH��9��&ODUR��$��0HQGHV��5��2UWL]��6��/RSHV��$��
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/�� $PDUDO�� -�� /LQR�� 3�� )HUQDQGHV�� $�� -�� 6LOYD�� /�� 0RXWLQKR�� %�� GH�

&DVWUR�� (�� 3HUHLUD�� /�� 3HUHOOy� DQG� 3�� *DPHLUR�� -�� ,QRUJ�� %LRFKHP���

��������������������

��� 0��3��/ySH]�*UHVD��5��2UWL]��/��3HUHOOy��-��/DWRUUH��0��/LX�*RQ]iOH]��

6�� *DUFtD�*UDQGD�� 0�� 3pUH]�3ULHGH� DQG� (�� &DQWyQ�� -�� ,QRUJ��

%LRFKHP��������������������

��� 0�� 1�� 3DWHO��0�� 5�� &KKDVDWLD�� 3�� $�� 'RVL�� +�� 6�� %DUL\D� DQG�9�� 5��

7KDNNDU��3RO\KHGURQ�����������������������

��� <��:DQJ��*��:��/LQ��-��+RQJ��/��/L��<��0��<DQJ��7��/X��-��&RRUG��

&KHP������������������������

��� &�� 0DU]DQR�� 9�� *DQGLQ�� 0�� 3HOOHL�� '�� &RODYLWR�� *�� 3DSLQL�� *�� *��

/REELD��(��'HO�*LXGLFH��0��3RUFKLD��)��7LVDWR�DQG�&��6DQWLQL��-��0HG��

&KHP����������������������

��� -�� -�� /LX�� 3�� *DOHWWLV�� $�� )DUU�� /�� 0DKDUDM�� +�� 6DPDUDVLQKD�� $�� &��

0F*HFKDQ��%��&��%DJXOH\��5��-��%RZHQ��6��-��%HUQHUV�3ULFH�DQG�0��-��

0F.HDJH��-��,QRUJ��%LRFKHP�����������������������

��� )��5��3DYDQ��*��9��3RHOKVLW]��/��9��3��GD�&XQKD��0��,��)��%DUERVD��6��

5�� $�� /HLWH�� $�� $�� %DWLVWD�� 6�� +�� &KR�� 6�� *�� )UDQ]EODX�� 0�� 6�� GH�

&DPDUJR�� )�� $�� 5HVHQGH�� (��$�� 9DUDQGD� DQG�&��4�� )�� /HLWH��3/R6�

2QH�����������������

��� 5�� 6WDURVWD�� $�� %\NRZVND�� 0�� %DU\V�� $�� .�� :LHOLF]NR�� =��

6WDURQLHZLF]� DQG� 0�� -H*RZVND�%RMF]XN�� 3RO\KHGURQ�� ������ ����

�����������

��� 5��6WDURVWD��8��.��.RPDUQLFND� DQG�0�� 3XFKDOVND�� -�� /XPLQ��� ������

��������������

��� 5��6WDURVWD��0��3XFKDOVND��-��&\EL�VND��0��%DU\V�DQG�$��9��0XGULQJ��

'DOWRQ�7UDQV������������������������

��� 9��/��'RURIHHY��3KDUP��&KHP��-����������������������

��� $��.��&KDWWDK��<��*DUUR�/LQFN��*��$��0RQWL�� 3��5�� /HYVWHLQ�� 6��$��

%UHGD��5��+��0DQ]R�DQG�0��(��2OLYHUD��0DJQ��5HVRQ��&KHP���������

��������������

��� 5�� 6WDURVWD�� 0�� 3XFKDOVND�� -�� &\EL�VND�� 0�� %DU\V�� $�9�� 0XGULQJ��

'DOWRQ�7UDQV������������������������

��� &��-DQLDN��-��&KHP��6RF���'DOWRQ�7UDQV��������������������

��� (��.��(IWKLPLDGRX��1��.DWVDURV��$��.DUDOLRWD�DQG�*��3VRPDV��,QRUJ��

&KLP��$FWD������������������������

��� (��.��(IWKLPLDGRX��+��7KRPDGDNL��<��6DQDNLV��&��3��5DSWRSRXORX��1��

.DWVDURV�� $�� 6FRULODV�� $�� .DUDOLRWD� DQG� *�� 3VRPDV�� -�� ,QRUJ��

%LRFKHP���������������������

��� (��.��(IWKLPLDGRX��<��6DQDNLV��0��.DWVDURX��&��3��5DSWRSRXORX��$��

.DUDOLRWD��1��.DWVDURV�DQG�*��3VRPDV��-��,QRUJ��%LRFKHP��������������

�����������

��� *�� 3VRPDV�� $�� 7DUXVKL�� (�� .�� (IWKLPLDGRX�� <�� 6DQDNLV�� &�� 3��

5DSWRSRXORX�DQG�1��.DWVDURV��-�� ,QRUJ��%LRFKHP�������������������

������

��� '�� /�� 5HJHU�� $�� 'HEUHF]HQL�� 0�� '�� 6PLWK�� � -�� -H]LHUVND� DQG� $��

2*DURZVNL��,QRUJ��&KHP������������������������

��� $��0XNKHUMHH��:��'�� 6DVLNDOD��$GYDQFHV� LQ�3URWHLQ� &KHPLVWU\� DQG�

6WUXFWXUDO�%LRORJ\������������������

��� 3�� =LYHF�� )�� 3HUGLK�� ,�� 7XUHO�� *�� *LHVWHU� DQG� *�� 3VRPDV�� -�� ,QRUJ��

%LRFKHP���������������������

��� %��0��=HJOLV��9��&��3LHUUH�DQG�-��.��%DUWRQ��&KHP��&RPPXQ���������

���������������

��� 3�� 'UHYHQVHN�� 1�� 3RNODU� 8OULK�� $�� 0DMHUOH� DQG� ,�� 7XUHO�� -�� ,QRUJ��

%LRFKHP�������������������������

��� ,��$EX�6KTDLU��1��'LDE��5��6DOLP�DQG�0��$O�6XEX��$VLDQ�-��$SSOLHG�

6FL���������������������

��� ;�� /LQJD�� :�� =KRQJD� DQG� +�� .XQ\L�� -�� 3KRWRFKHP�� 3KRWRELRO�� %��

�������������������

��� $�� 7DUXVKL�� (�� 3RODWRJORX�� -�� .OMXQ�� ,�� 7XUHO�� *�� 3VRPDV� DQG� '�� 3��

.HVVLVVRJORX��'DOWRQ�7UDQV������������������������

��� =��+XDQJ��HG���'UXJ�'LVFRYHU\�5HVHDUFK��1HZ�)URQWLHUV�LQ�WKH�3RVW�

*HQRPLF�(UD��-RKQ�:LOH\�	�6RQV��,QF���+RERNHQ���1-��86$�������

��� $�� +HUQiQGH]�6DQWR\R�� $�� <�� 7HQRULR�%DUDMDV�� 9�� $OWX]DU�� +��

9LYDQFR�&LG� DQG� &�� 0HQGR]D�%DUUHUD� LQ� 7HFKQRORJ\� DQG�

$SSOLFDWLRQ��HG��7��2JDZD����,Q7HFK��5LMHND���&URDWLD��������

��� $�� 6ULVKDLODP�� <�� 3�� .XPDU�� 3�� 9�� 5HGG\�� 1�� 1DPELJDUL�� 8PD�

9XUXSXWXUL�� 6�� 6�� 6LQJK�� 6�� 6DW\DQDUD\DQD�� -�� 3KRWRFKHP�� DQG�

3KRWRELRO��%��%LRO�����������������±�����

��� $�� 6ULVKDLODP�� <�� 3�� .XPDU�� 3�� 9�� 5HGG\�� 1�� 1DPELJDUL�� 8PD�

9XUXSXWXUL�� 6�� 6�� 6LQJK�� 6�� 6DW\DQDUD\DQD�� -�� 3KRWRFKHP�� DQG�

3KRWRELRO��%��%LRO�����������������±�����

��� 5��*DXU�� 5�� $�� .KDQ�� 6�� 7DEDVVXP�� 3�� 6KDK��0�� ,�� 6LGGLTL� DQG� /��

0LVKUD��-��3KRWRFKHP��DQG�3KRWRELRO��$�&KHP�����������������±����

��� '��6KDR��0��6KL��4��=KDR��-��:HQ��=��*HQJ�DQG�=��:DQJ��=��$QRUJ��

$OOJ��&KHP�����������������������

��� 7�� 5�� $UXQ�� 5�� 6XEUDPDQLDQ�� 6�� 3DFNLDQDWKDQ�� 1�� 5DPDQ�� -��

)OXRUHVF�������������������������

��� 0��:DQJ��3��&LHSODN� DQG�3��$��.ROOPDQ��-��&RPSXW��&KHP��� ������

���������������

��� 2[IRUG� 'LIIUDFWLRQ�� &5<6$/,6±&&'� DQG� &5<6$/,6±5('��

2[IRUG�'LIIUDFWLRQ�/WG��$ELQJGRQ��(QJODQG��������

��� *��0��6KHOGULFN��$FWD�&U\VW����������������������

��� 0��1DUGHOOL��-��$SSO��&U\VWDOORJU����������������������

��� /��-��)DUUXJLD��-��$SSO��&U\VWDOORJU����������������������

��� *DXVVLDQ� ���� 5HYLVLRQ� '����� � 0�� -�� )ULVFK�� *�� :�� 7UXFNV�� +�� %��

6FKOHJHO�� *�� (�� 6FXVHULD�� 0�� $�� 5REE�� -�� 5�� &KHHVHPDQ�� *��

6FDOPDQL��9��%DURQH��%��0HQQXFFL��*��$��3HWHUVVRQ��+��1DNDWVXML��

0��&DULFDWR��;��/L��+��3��+UDWFKLDQ��$��)�� ,]PD\ORY�� -��%ORLQR��*��

=KHQJ��-��/��6RQQHQEHUJ��0��+DGD��0��(KDUD��.��7R\RWD��5��)XNXGD��

-��+DVHJDZD��0��,VKLGD��7��1DNDMLPD��<��+RQGD��2��.LWDR��+��1DNDL��

7�� 9UHYHQ�� -�� $�� 0RQWJRPHU\�� -U��� -�� (�� 3HUDOWD�� )�� 2JOLDUR�� 0��

%HDUSDUN��-��-��+H\G��(��%URWKHUV��.��1��.XGLQ��9��1��6WDURYHURY��7��

.HLWK��5��.RED\DVKL�� -��1RUPDQG��.��5DJKDYDFKDUL��$��5HQGHOO�� -��

&�� %XUDQW�� 6�� 6�� ,\HQJDU�� -�� 7RPDVL�� 0�� &RVVL�� 1�� 5HJD�� -�� 0��

0LOODP��0��.OHQH��-��(��.QR[��-��%��&URVV��9��%DNNHQ��&��$GDPR��-��

-DUDPLOOR��5��*RPSHUWV��5��(��6WUDWPDQQ��2��<D]\HY��$��-��$XVWLQ��

5��&DPPL��&��3RPHOOL��-��:��2FKWHUVNL��5��/��0DUWLQ��.��0RURNXPD��

9�� *�� =DNU]HZVNL�� *�� $�� 9RWK�� 3�� 6DOYDGRU�� -�� -�� 'DQQHQEHUJ�� 6��

'DSSULFK��$��'��'DQLHOV��2��)DUNDV��-��%��)RUHVPDQ��-��9��2UWL]��-��

&LRVORZVNL��DQG�'��-��)R[��*DXVVLDQ��,QF���:DOOLQJIRUG�&7��������

��� <��=KDR�DQG�'��*��7UXKODU��7KHRU��&KHP��$FF�����������������������

��� '��)HOOHU��-��&RPS��&KHP������������������������

��� .�� /�� 6FKXFKDUGW�� %�� 7�� 'LGLHU�� 7�� (OVHWKDJHQ�� /�� 6XQ�� 9��

*XUXPRRUWKL��-��&KDVH��-��/L�DQG�7��/��:LQGXV��-��&KHP��,QI��0RGHO���

���������������������

��� 0��YDQ�'LMN�DQG�$��0��-��-��%RQYLQ��1XFO��$FLGV�5HV�����������������

�����

��� -��:DQJ�� 5�� 0��:ROI�� -��:�� &DOGZHOO�� 3�� $�� .ROOPDQ� DQG� '�� $��

&DVH��-��&RPSXW��&KHP������������������������
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��� 6��3URQN��6��3iOO��5��6FKXO]��3��/DUVVRQ��3��%MHONPDU��5��$SRVWRORY��

0��5��6KLUWV��-��&���6PLWK��3��0��.DVVRQ��'��YDQ�GHU�6SRHO��%��+HVV�

DQG�(��/LQGDKO��%LRLQIRUPDWLFV���������������������

��� 2��7URWW�DQG�$��-��2OVRQ��-��&RPSXW��&KHP����������������������

��� *��0��0RUULV��5��+XH\��:��/LQGVWURP��0��)��6DQQHU��5��.��%HOHZ��

'��6��*RRGVHOO�DQG�$��-��2OVRQ��-��&RPSXW��&KHP������������������

������

��� (��)�� 3HWWHUVHQ��7��'��*RGGDUG��&��&��+XDQJ��*��6��&RXFK��'��0��

*UHHQEODWW��(��&��0HQJ�DQG�7��(��)HUULQ��-��&RPSXW��&KHP���������

���������������

��� 329�5D\�IRU�:LQGRZV��Y��������KWWS���ZZZ�SRYUD\�RUJ���

�

��
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This paper describes syntheses and interactions with DNA of copper(I) and copper(II) complexes with 

phosphine derivatives of fluoroquinolone antibiotics (ciprofloxacin and norfloxacin).  
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