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$EVWUDFW��
:H UHSRUW WKH FDOFXODWLRQ RI D WKHRUHWLFDO VWXG\ RI WKH WUDQV�����GLPHWKR[\�������WULR[DQH

PROHFXOH WKURXJK WKH HPSOR\PHQW RI WKH $0� DQG 30� VHPLHPSLULFDO PHWKRGV LQ RUGHU WR

GHWHUPLQH WKH JHRPHWULFDO VWUXFWXUH RI WKH WUDQV D�D DQG H�H DQG FLV D�H DQG H�D LVRPHUV�

7KH UHODWLYH HQHUJHWLF VWDELOLWLHV DUH GLVFXVVHG RQ WKH EDVLV RI VHYHUDO SXUHO\ HOHFWURQLF DQG

VWHUHRHOHFWURQLF HIIHFWV� 3UHGLFWLRQV GHULYHG IURP ERWK PHWKRGV DUH TXLWH VLPLODU� �

�

,QWURGXFWLRQ��

� 7KH�DOO�HQFRPSDVVLQJ�VWXG\�RI�RUJDQLF�SHUR[LGHV�FRPSUHKHQGV�D�ODUJH�QXPEHU�RI�

FKHPLFDO� LVVXHV�� IURP� ELRORJLFDO� OLNH� WKHPHV� �LQYROYLQJ�� IRU� H[DPSOH�� WKH� PHWDEROLF�

R[LGDWLRQ�SURFHVVHV���XS�WR�GLVLQIHFWLRQ�DFWLRQ�DQG�SLJPHQW�PDQXIDFWXUH�
���
�,Q�ELRORJLFDO�

V\VWHPV� RUJDQLF� SHUR[LGHV� DUH� VSHFLDOO\� LPSRUWDQW�� VLQFH� WKH\� WDNH� SDUW� LQ� FHOOXODU�

GHFD\LQJ� WUDQVIRUPDWLRQV� FDXVHG� E\� DQ� HQ]\PDWLF� VHOI�R[LGDWLRQ� GXH� WR� LQWHUPHGLDWH�

SHUR[LGLF�FKHPLFDO�VSHFLHV��

� $Q�LPSRUWDQW�SHUR[LGH�ZLWKLQ�IDPLO\�RI�������WULR[DQHV�LV�QDWXUDO�SURGXFW�GHULYHG�

IURP�$UWHPLVLD�DQQXD�
���
�ZKLFK�LV�D�YHU\�SRZHUIXO�DQWLPDODULDO�GUXJ��ZLWK�D�UDWKHU�ORZ�

KXPDQ� WR[LFLW\
�
�� 7KLV� FRPSRXQG� LV� WKH� VR� FDOOHG� 4LQJKDRVX� �$UWHPLVLQLQD� RU�

$UWHDQQXLQ��DQG�LW�ZDV�GHULYHG�IURP�UHVHDUFK�RQ�FKLQHVH�PHGLFDO�WUDGLWLRQDO�SUDFWLFHV�
��

��
� 7KH� DQWLPDODULDO� DFWLYLW\� RI� WKH� $UWHPLVLD� DQQXD� H[WUDFW� FDQ� EH� DVVRFLDWHG� WR� WKH�

SUHVHQFH� RI� WKH� ULQJ� LQ� ������WULR[DQH� ZLWKLQ� WKH�PROHFXOHV� RI� WKHVH� FRPSRXQGV�� 7KH�

VSHFLILF�DQWLPDODULDO�DFWLRQ�RI�WKHVH�FRPSRXQGV�LV�GLVFXVVHG�LQ�WKH�SUHYLRXV�UHIHUHQFHV��
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2ZLQJ� WR� WKLV� UHDVRQ� GXULQJ� WKHVH� ODVW� \HDUV� VHYHUDO� UHVHDUFK� JURXSV� KDYH� V\QWKHWL]HG�

PDQ\�QHZ�FRPSRXQGV�KDYLQJ�D�ULQJ�RI�������WULR[DQH�E\�ZD\�RI�GLIIHUHQW�PHWKRGV�
���D���G�

�

� 6LQFH� WKHUH� H[LVWV� D� UHDO� VFDUFLW\� RI� VWUXFWXUDO� LQIRUPDWLRQ� DERXW� WKLV� VRUW� RI�

FKHPLFDO�FRPSRXQGV��LQ�WKH�IROORZLQJ�ZH�SUHVHQW�WKH�UHVXOWV�RI�D�FRQIRUPDWLRQDO�VWXG\�

RI� ERWK� LVRPHUV� UHVRUWLQJ� WR� WKH� VHPLHPSLULFDO� $0�� DQG� 30�� PROHFXODU� RUELWDO�

PHWKRGV���

5HVXOWV�DQG�'LVFXVVLRQ�

� &DOFXODWLRQV� ZHUH� PDGH� UHVRUWLQJ� WR� WKH� +<3(5&+(0
£
� SDFNDJH� DQG�

FRPSXWDWLRQV�ZHUH� UXQ� LQ�D�3(17,80���RI��*K]�DQG�����0E\WHV�RI�5$0��$OWKRXJK�

VRPH� FULWLFV� KDYH� DULVHQ� UHJDUGLQJ� WKH� SUHGLFWLYH� FDSDELOLWLHV� RI� WKH� 30�� DQG� $0��

PHWKRGV� WR�UHSURGXFH�WKH�HQHUJHWLFV�RI� LQWHUQDO�URWDWLRQV�� WKLV�VHHPV�QRW� WR�EH�WKH�FDVH�

IRU�WKH�SUHVHQW�FDOFXODWLRQV��

� :H�KDYH� QRW� LQFOXGHG� UHVXOWV� GHULYHG� IURP� WKH� DFWLRQ� RI� HQYLURQPHQWDO� HIIHFWV�

VLQFH� VRPH� SUHYLRXV� FDOFXODWLRQV� XVLQJ� H[SOLFLW� VROYHQW� PRGHOV� GR� QRW� FKDQJH�

VLJQLILFDQWO\�WKH�UHVXOWV�REWDLQHG�IURP�WKH�LVRODWHG�PROHFXOH�PRGHO��

� :H�H[DPLQH�WKH� WUDQV�D�D�DQG�H�H��DQG�FLV�D�H�DQG�H�D� LVRPHUV��DQDO\]LQJ�WKHLU�

UHODWLYH� VWDELOLWLHV�� 7KH� VWHUHRHOHFWURQLF� �DQRPHULF� DQG� H[RDQRPHULF�� HIIHFWV� DUH�

GLVFXVVHG�DV�ZHOO�DV�WKHLU�WKHLU�VLJQLILFDQW�UROHV�LQ�WKH�VWDELOL]DWLRQ�RI�WKH�WUDQV�LVRPHU��

ZKHUH�ERWK�PHWKR[\O�JURXSV�DUH�ORFDWHG�DW�WKH�D[LDO�SRVLWLRQ��

� 7KH� WKHRUHWLFDO� DQDO\VLV� GHULYHG� IURP� ERWK� PHWKRGV� VKRZV� WKDW� WUDQV� GLD[LDO�

LVRPHU� LV� WKH� SUHIHUUHG� RQH� ZLWK� UHVSHFW� WR� WKH� FLV� LVRPHU�� LQ� FORVH� DJUHHPHQW� ZLWK�

H[SHULPHQWDO�UHVXOWV��,Q�IDFW��WKHUH�LV�D�FRQIRUPDWLRQDO�HTXLOLEULXP�EHWZHHQ�WKH�V\QFOLQDO�

DQG�DQWLSHULSODQDU�IRUPV�LQ�WKH�WUDQV�GLD[LDO�LVRPHU��:H�SUHVHQW�UHVXOWV�RQ�WKH�URWDWLRQDO�

EDUULHUV� RI� WKH� PHWKR[\O� JURXS� FDOFXODWHG� YLD� ERWK� PHWKRGV� DQG� ZH� GLVFXVV� WKH�

VWDELOL]DWLRQ� RI� RQH� FRQIRUPHU� ZLWK� UHVSHFW� WKH� RWKHU� RQH�� LQ� WHUPV� RI� LQWHUDFWLRQV�

GHSHQGLQJ�RQ�WKH�RULHQWDWLRQ�RI�WKH�IUHH�HOHFWURQ�SDLUV�DWWDFKHG�WR�WKH��H[RF\FOLF�R[\JHQ�

DWRP�RQ�WKH�&�2�HQGR�ERQGV�DQWLERQGV���

� 7KH� VWDELOLW\� � RI� WKH� WUDQV� D[LDO�D[LDO� LVRPHUV� ZKHQ� WKH� VXEVWLWXHQW� KDV� IUHH�

HOHFWURQ�SDLUV�FDQ�EH�DWWULEXWDEOH�WR�WKH�H[LVWHQFH�RI�LQWHUDFWLRQV�LQYROYLQJ�IUHH�HOHFWURQ�

SDLUV� ORFDWHG� DW� WKH� VXEVWLWXHQW�
�����

� EHVLGHV� WKH� SURSHU� LQWHUDFWLRQV�RI� WKH� IUHH� HOHFWURQ�
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SDLUV�RI�WKH�ULQJ�R[\JHQ�DWRPV��7KH�LPSRUWDQFH�RI�WKH�VWHUHRHOHFWURQLF�HIIHFW�H[HUWHG�E\�

WKH�VXEVWLWXHQW�KDV�QRW�EHHQ�WDNLQJ�LQWR�DFFRXQW�LQ�SUHYLRXV�SDSHUV�
��
��

� :H�JLYH� LQ�7DEOH��� WKH�KHDWV�RI� IRUPDWLRQ�RI� WKH� WUDQV�D�D�DQG�H�H�DQG�FLV�D�H�

LVRPHUV� LQ� WKH� FKDLU� DQG� WZLVW� IRUPV� RI� WKH� ����GLPHWKR[\�������WULR[DQH�� )URP� WKH�

H[DPLQDWLRQ�RI�WKH�HQHUJHWLF�UHVXOWV�ZH�YHULI\�WKDW�WKH�PRVW�VWDEOH�FRQIRUPHU�LV�WKH�WUDQV�

D[LDO���D[LDO�ZLWK�WKH�FKDLU�JHRPHWU\���

�

7DEOH����+HDWV�RI�IRUPDWLRQ��NFDO�PRO��RI�����GLPHWKR[\�������WULR[DQH�LVRPHUV��

,VRPHUV� ������������&KDLU� ���������7ZLVW�

� ���$0�� ���30�� ���$0�� ���30��

75$16� D�D� �������� �������� �������� ��������

&,6� D�H� �������� �������� �������� ��������

75$16� H�H� �������� �������� �������� ��������

�

'�'+���DD�HH� ������NFDO�PRO�FRQYHUVLRQ�D[LDO�HTXDWRULDO��$0����

'�'+���DD�HH� ������NFDO�PRO�FRQYHUVLRQ�D[LDO�HTXDWRULDO��30����

�

7KLV� HQHUJ\� GLIIHUHQFH� UHYHDOV� WKH� DQRPHULF� HIIHFW� VLQFH� LW� VWDELOL]HV� WKH� LVRPHU�

KDYLQJ�WKH�PHWR[\O�JURXS�DW�WKH�D[LDO�SRVLWLRQ��7KH�HIIHFW�LV�PRUH�QRWLFHDEOH�IURP��$0��

FDOFXODWLRQV���

� 7KH� LQWHUFRQYHUVLRQ� EDUULHU� FKDLU� �DD�� ±� FKDLU� �HH�� VKRXOG� SDVV� WKURXJK� DQ�

LQWHUPHGLDWH� WZLVW� FRQIRUPDWLRQ� DQG� WKH� LQWHUFRQYHUVLRQ� FKDLU�WZLVW� LV� HTXDO� WR� �����

NFDO�PRO��DFFRUGLQJ�WR�WKH�$0��PHWKRG��IRU�FRPSDULVRQ�SXUSRVHV�LW�LV�VXLWDEOH�WR�SRLQW�

RXW� WKDW� WKH� YDOXH� FRUUHVSRQGLQJ� WR� F\FORKH[DQH� LV� HTXDO� WR�����NFDO�PRO���7KH� HQHUJ\�

EDUULHU�FDOFXODWHG�ZLWK�30��PHWKRG�LV������NFDO�PRO���

� 7KH� PRVW� VWDEOH� JHRPHWULHV� FDOFXODWHG� ZLWK� WKH� $0�� DQG� 30�� PHWKRGV� DUH�

VKRZQ�LQ�)LJXUHV���DQG����7KH�UDWKHU�VLPLODU�DSSHDUDQFH�RI�WKH�HTXLOLEULXP�JHRPHWULHV�

PXVW� EH� FRQVLGHUHG� FDUHIXOO\�� ,Q� IDFW�� DOWKRXJK� WKH� JHQHUDO� SDWWHUQ� LQ� QHDUO\� WKH� VDPH��

VSHFLILF� ILJXUHV� DVVRFLDWHG� ZLWK� WKH� ERQG� OHQJWKV� DQG� ERQG� DQJOHV� SUHVHQW� VRPH�

VLJQLILFDQW� GLIIHUHQFHV�� 7KHVH� GHWDLOV� FDQ� EH� VHHQ� LQ� 7DEOH� �� ZKHUH� ZH� GLVSOD\� WKH�

JHRPHWULFDO�SDUDPHWHUV�GHULYHG� IURP� WKH�$0��PHWKRG��ERQG� OHQJWKV��ERQG�DQJOHV�DQG�

GLKHGUDO�DQJOHV�� IRU� WKH� WUDQV�D[LDO� ��D[LDO�RI� WKH�WLWOH�FRPSRXQG�LQ�WKH�FKDLU�DQG� WZLVW�

JHRPHWULHV��WRJHWKHU�ZLWK�WKH�JHRPHWULFDO�SDUDPHWHUV�REWDLQHG�IURP�WKH�30��PHWKRG���
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7DEOH����*HRPHWULFDO�SDUDPHWHUV�RI�WUDQV�GLD[LDO�����GLPHWKR[\�������WULR[DQH�REWDLQHG�

IRU�$0��DQG�30��PHWKRGV��

�

��������������$0�� �������01'2�30���

7ZLVW� &KDLU� 7ZLVW� &KDLU�

%RQG�OHQJWK��c��

2��2�� ������ ������ ������ ������
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&��2�� ������ ������ ������ ������

&��2H[R� ������ ������ ������ ������

2H[R�&��� ������ ������ ������ ������

&��+��� ������ ������ ������ ������

%RQG�DQJOH��GHJUHHV��
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2��&��+��� ������� ������� ������� �������

2��&��2H[R� ������� ������� �������� �������

2��&��+��� ������� ������� ������� �������

&��2H[R�&��� ������� ������� ������� �������

7RUVLRQ�DQJOH��GHJUHHV��

&��2��2��&�� �������� ������� ������� �������

&��&��2��&�� �������� ������� ������� ��������

2��&��2��&�� ������� ������� ������� �������

2��&��2H[R�&��� ������� ������� �������� ��������

2��&��2H[R�&��� ������� ������� �������� ��������

&��2��&��2H[R� �������� ������� �������� ��������

2��2��&��2H[R� �������� ������� �������� �������

2��2��&��2�� ������� ������� ������� ��������

�

�

�

�� $0�� PHWKRG� GHVFULEHV� TXLWH� ZHOO� VWHUHRHOHFWURQLF� HIIHFWV�� EXW� SUHGLFWHG�

FRQIRUPDWLRQ� GLIIHUV� IURP� WKH� H[SHULPHQWDO� GDWD�� VLQFH� WKHUH� DUH� VRPH� GLIIHUHQFHV� LQ�

ERQG�OHQJWKV�DQG�ERQG�DQJOHV���

'�ERQG�DQJOH��&��2��&��2��� ������c��

([S�'�ERQG�DQJOH��&��2��&��2��� ������c�

'ERQG�DQJOH��2��&��2H[R���2��&��2H[R�� �����q�

'([S�ERQG�DQJOH��2��&��2H[R���2��&��2H[R�� �����q�



$FWD�&KLP��6ORY���������������������

1� -RUJH� 0� (� *yPH]�9DUD� /� )� 5� &DIIHUDWD� (� $� &DVWUR� 7KHRUHWLFDO VWXG\ RI VXEVWLWXWHG«

����

� 7KH� VWDELOLW\� RUGHU� RI� WKH� LVRPHUV� RI� ����GLPHWKR[\�������WULR[DQH� LV� DQDO\]HG�

WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�IRXU�IDFWRU�FKRVHQ�SUHYLRXVO\�LQ�VLPLODU�ZRUNV
�����

�SOXV�WZR�

DGGLWLRQDO�VWHUHRHOHFWURQLF�SURSHUWLHV��

�

D�� 7KH�V\Q�D[LDO�HIIHFW�DULVLQJ�IURP�WKH�QRQERQGLQJ�UHSXOVLRQ�EHWZHHQ�WKH�IUHH�HOHFWURQ�

SDLUV� ORFDWHG� RQ� WKH� QRQ�DGMDFHQW� R[\JHQ� DWRPV�� $VVXPLQJ� D� WHWUDKHGULFDO�

KLEULGL]DWLRQ�IRU� WKH�R[\JHQ�DWRP�EHORQJLQJ�WR�WKH�ULQJ��WKH�UHSXOVLRQV�EHWZHHQ�����

V\Q�D[LDO�IUHH�HOHFWURQ�SDLUV�DUH�VPDOOHU�LQ�WKH�WZLVW�WKDQ�LQ�WKH�FKDLU�IRUP��EHFDXVH�

WKH� IUHH� HOHFWURQ� SDLUV� PRPHQWD� DUH� OHVV� SDUDOOHO� LQ� WKH� ILUVW� WKDQ� LQ� WKH� VHFRQG�

VWUXFWXUH��7KLV�HIIHFW�LV�PDJQLILHG�ZLWK�WKH�GHFUHDVH�RI�WKH�2�&�2�ERQG�DQJOH�DQG�WKH�

LQFUHDVH�RI�WKH�;�&�;��ERQG�DQJOH��ZKHUH�;�{�PHWKR[\O�DQG�;��{�K\GURJHQ��

E�� 7KH� WRUVLRQ� DQJOH� DURXQG� WKH�2�2�ERQG� IDYRXUV� WKH� WZLVW� IRUP�� VLQFH� WKLV� WKH� OHVV�

VWUDLQHG�FRQIRUPDWLRQ��5HVXOWV�DUH�JLYHQ�LQ�7DEOH����

F�� 7KH�VWHULF�HIIHFW��DFFRUGLQJ�WKH�PHWKR[\O�JURXS�LV�ORFDWHG�DW�WKH�HTXDWRULDO�RU�D[LDO�

SRVLWLRQ
�
��

G�� 7KH�DQRPHULF�HIIHFW�WKDW�IUHH�HOHFWURQ�SDLUV�RI�WKH�HQGRF\FOLF�R[\JHQ�DWRPV�H[HUW�RQ�

WKH�&�2HQGR�DQG�&�2H[R�ERQGV�ZKHQ�WKH�PHWKR[\O�JURXS�LV�DW�WKH�D[LDO�SRVLWLRQ���

H�� 7KH�H[RDQRPHULF�HIIHFW�WKDW�R[\JHQ�IUHH�HOHFWURQ�SDLUV�RI�WKH�VXEVWLWXHQW�H[HUW�RQ�WKH�

&�2HQGR� LQ� WKH� V\QFOLQDO� DQG� DQWLSHULSODQDU� FRQIRUPDWLRQV�� $V� VWDWHG� EHIRUH�� WKH�

PHWKR[\O� JURXS� URWDWLRQDO� EDUULHU� DURXQG� WKH�&�ULQJ��±�2�PHWKR[\O�� ERQG�PXVW�EH�

UDWKHU�ORZ��L�H������NFDO�PRO
��
��DQG�WKH�H[RDQRPHULF�HIIHFW�PXVW�LQFUHDVH�WKLV�EDUULHU�

KHLJKW�LQ�DURXQG�DGGLWLRQDO���NFDO�PRO
��
���

:H� SUHVHQW� LQ� 7DEOH� �� WKH� HQHUJ\� PLQLPD� FRUUHVSRQGLQJ� WR� WKH� PHWKR[\O� JURXS�

URWDWLRQ�DURXQG�WKH�&�2H[R�ERQG�FDOFXODWHG�E\�WKH�$0��DQG�30��PHWKRGV��5HJDUGLQJ�

WKH�ILUVW�SURFHGXUH�WKH�V\QFOLQDO�FRQIRUPHU�ZLWK�WZR�DQRPHULF�HIIHFWV�DQG�RQH�DQRPHULF�

HIIHFW� LV� WKH�PRVW�VWDEOH� LVRPHU��DQG�WKH�GLIIHUHQFH�LV�����NFDO�PRO��7KH�30��UHVXOWV�LV�

TXLWH�VLPLODU�WR�WKLV�EHFDXVH�WKH�HQHUJ\�GLIIHUHQFH�LV�����NFDO�PRO��

�
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7DEOH����+HDWV�RI�IRUPDWLRQ��NFDO�PRO��RI�WUDQV±FRQIRUPHU�GLD[LDO�����GLPHWKR[\�������

WULR[DQH��

&RQIRUPHU�WUDQV� ���$0�� ���30�� '+
��D�

$0�� '+
��E�

30��

6\QFOLQDO� �������� �������� �������� ��������

$QWLSHULSODQDU� �������� �������� �

�D��DQG��E��DFWLYDWLRQ�HQWKDOSLHV�RI�WKH�FRQYHUVLRQ�V\QFOLQDO�DQWLSHULSODQDU���

7KH� URWDWLRQ� EDUULHU� RI� WKH� PHWKR[\O� JURXS� DURXQG� WKH� &�ULQJ�� ±� 2�PHWKR[\O���

FDOFXODWHG� YLD�$0��PHWKRG� LV� D� UDWKHU� VPDOO� YDOXH�� ����� NFDO�PRO�� 30��SUHGLFWLRQ� LV�

HTXDO�WR������NFDO�PRO���

�� 7KH�$0��VHPLHPSLULFDO�PHWKRG�UHYHDOV�D�VKRUWHQLQJ�RI�WKH�&�2H[R�ERQG��ZKLFK�

LV� ODUJHU� LQ� WKH� DQWL� FRQIRUPHU� WKDQ� LQ� WKH� V\QFOLQDO� LVRPHU��ZKLFK�PDNHV� HYLGHQW� WKH�

VWXGLHG�VWHUHRHOHFWURQLF�LQWHUDFWLRQV��7KH�OHQJWKHQHG�&�2HQGR�ERQG�FRUUHV��

SRQGV� WR� D� VWDWH� RI� DIIDLUV� ZKHUH� WKH� PHWKR[\O� R[\JHQ� IUHH� HOHFWURQ� SDLUV� ORFDWH� DW� D�

DQWLSHULSODQDU� SRVLWLRQ� ZLWK� UHVSHFW� WR� VXFK� DWRP�� 7KLV� VLWXDWLRQ� LV� DVVRFLDWHG� WR� WKH�

V\QFOLQDO�FRQIRUPHU�DQG�LW�LV�VKRZQ�LQ�WKH�)LJXUH����,Q�WKH�DQWLSHULSODQDU�FRQIRUPHU�WKH�

PHWKR[\O�R[\JHQ�IUHH�HOHFWURQ�SDLUV�DU�ORFDWHG�DW�DQ�DQWLSHULSODQDU�SRVLWLRQ�ZLWK�UHVSHFW�

WR� HDFK� &�2HQGR� ERQG�� *HRPHWULFDO� SDUDPHWHUV� RI� WUDQV� GLD[LDO� ����GLPHWKR[\�������

WULR[DQH�ZLWK� D�FKDLU�FRQIRUPDWLRQ�REWDLQHG� IURP�$0��PHWKRG� IRU�DQWLSHULSODQDU�DQG�

V\QFOLQLFDO�JHRPHWULHV�DUH�JLYHQ�LQ�7DEOH���WRJHWKHU�ZLWK�DYDLODEOH�H[SHULPHQWDO�GDWD���
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7DEOH� ���*HRPHWULFDO� SDUDPHWHUV� RI� WUDQV�GLD[LDO� ����GLPHWKR[\�������WULR[DQR� �FKDLU��

REWDLQHG�IURP�$0��PHWKRG�IURP�FRQIRUPHUV�V\QFOLQDO��DQWLSHULSODQDU�DQG�H[SHULPHQWDO�

YDOXHV���

� ([SHULPHQWDO� 6\QFOLQDO� $QWLSHULSODQDU�

%RQG�OHQJWK��c��

2��2�� ������ ������ ������

&��2�� ������ ������ ������

&��2�� ������ ������ ������

%RQG�DQJOH��GHJUHHV��

2��&���2�� ������� ������� �������

&��&��2�� ������� ������� �������

&��2��&�� ������� ������� �������

2��2��&�� ������� ������� �������

2H[R�&��2�� ������� ������� �������

2H[R�&��2�� ������� ������� �������

&��2H[R�&0H� ������� ������� �������

&��2H[R�&0H� �������� ������� �������

7RUVLRQ�DQJOH��GHJUHHV��

&��&��2��&�� ������� ������� �������

&��2��2��&�� �������� ������� �������

&��2��&��2�� �������� ������� �������

2��2��&��&�� ������� �������� ��������

�

&RQFOXVLRQV����

30��VHPLHPSLULFDO�PHWKRG�SUHGLFWV�WKH�VDPH�JHQHUDO�UHVXOWV�DV�$0��GRHV��EXW�WKH�

GLIIHUHQFH�DPRQJ�ERQG�OHQJWKV�EHWZHHQ�ERWK�FRQIRUPHUV�DUH� ORZHU�DQG�LW� LV�GXH�WR� WKH�

GHILFLHQW�GHVFULSWLRQ�RI�WKH�&�2�ERQG�OHQJWKV�DULVLQJ�IURP�WKLV�PHWKRG��

)RU�WKLV�VRUW�RI�FRPSRXQGV�ZH�FDQ�VWDWH�WKDW�WKH�VHFRQGDU\�VWHUHRHOHFWURQLF�HIIHFW�RI�

Q�o� V� W\SH� JHQHUDWHG� E\� WKH� IUHH� HOHFWURQ� SDLUV� EHORQJLQJ� WR� WKH� SHUR[LGLF� R[\JHQ�

DWRPV� RQ� WKH� PHWKR[\O� JURXS� &�2� DQWLERQG�� ORFDWHG� DW� D[LDO� SRVLWLRQ�� \LHOGV� DQ�

LPSRUWDQW�VWDELOL]DWLRQ�HIIHFW�RQ�WKH�WUDQV�GLD[LDO�IRUP����

$OWKRXJK�$0��PHWKRG�GHVFULEHV� LQFRUUHFWO\� WKH�2�2�ERQG�GLVWDQFHV�ZLWK��UHVSHFW�

WR� WKH� 30�� PHWKRG�� QXPHULFDO� UHVXOWV� VKRZ� WKDW� YDULDWLRQV� LQ� &�2HQGR� DQG� &�2H[R�

ERQG� OHQJWKV� DUH� JLYHQ� TXLWH�ZHOO� IURP� WKH� ILUVW�PHWKRG��ZKLFK� DOVR�KDSSHQV�ZLWK� WKH�

UHPDLQLQJ�SHUR[LGHV�PROHFXOHV��

� 5HJDUGLQJ� WKH� HTXLOLEULXP� EHWZHHQ� V\QFOLQDO� DQG� DQWLSHULSODQDU� FRQIRUPHUV��

DOWKRXJK�WKHUH�LV�VRPH�H[SHULPHQWDO�HYLGHQFH�LQ�VLPLODU�FRPSRXQGV�ZLWK�ILYH�PHPEHUHG�

ULQJV� �IRU� H[DPSOH�� ��PHWKR[\�����GLR[RODQH�� WKDW� V\QFO\QDO� �� DQWLSHULSODQDU�
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HTXLOLEULXP�LQ�VROXWLRQ�IDYRXUV�WKH�DQWLSHULSODQDU�IRUP��LQ�WKLV�FRPSRXQG�LW�LV�IRXQG�WKH�

ORZHU�HQHUJ\�IRUP�FRUUHVSRQGV�WR�WKH�V\QFOLQDO�LVRPHU���

� 7KHRUHWLFDO� FDOFXODWLRQV� VKRZ� WKDW� IRU� WKH� WLWOH� FRPSRXQG� DOWKRXJK� WKH� DQWL�

FRQIRUPHU� LV� HOHFWURQLFDOO\� IDYRXUHG� IURP� WZR�H[RDQRPHULF� LQWHUDFWLRQV� WKDW�PHWKR[\O�

R[\JHQ�IUHH�HOHFWURQ�SDLUV�H[HUW�RQ�WKH�&�2�ULQJ�DQWLERQGV��VWHULF�UHSXOVLRQ�DULVLQJ�ZKHQ�

WKH�PHWKR[\O�PHWK\O�JURXS�LV�ORFDWHG�DW�DQ�DQWLSHULSODQDU�SRVLWLRQ�ZLWK�UHVSHFW�WR�WKH�&�

+�ERQG��DQG�FRQVHTXHQWO\�WKH�V\QFOLQDO�FRQIRUPHU�LV�WKH�PRVW�VWDEOH�LVRPHU��

� 7KH�PRVW� UHPDUNDEOH� IDFW� LV� WKH� VWDELOLW\�RI� WUDQV�D[LDO�D[LDO� LVRPHUV�ZKHQ� WKH�

VXEVWLWXHQW� SRVVHVVHV� IUHH� HOHFWURQ� SDLUV�� FDQ� EH� DWWULEXWDEOH� WR� WKH� H[LVWHQFH� RI�

VWHUHRHOHFWURQLF�LQWHUDFWLRQV�ZKLFK�DUH�VSHFLILF�RI�WKH�IUHH�HOHFWURQ�SDLUV�DWWDFKHG�WR�WKH�

R[\JHQ�DWRPV�ORFDWHG�LQWR�WKH�ULQJ���

�

$FNQRZOHGJPHQW��

7KH�DXWKRUV�WKDQN�YHU\�PXFK�WKH�XVHIXO�FRPPHQWV�RI�DQ�DQRQ\PRXV�UHIHUHH��ZKRVH�

UHPDUNV�DQG�VXJJHVWLRQV�KDV�EHHQ�KHOSIXO�WR�LPSURYH�WKH�ILQDO�YHUVLRQ�RI�WKLV�SDSHU��

�

�5HIHUHQFHV��
�� :� $GDP� *� &LOHQWR� &KHPLFDO DQG %LRORJLFDO *HQHUDWLRQ RI (OHFWURQLFDOO\ ([FLWHG 6WDWHV�

$FDGHPLF 3UHVV� 1HZ <RUN� �����

�� �D� :� $GDP� LQ 8OOPDQQ¶V (QF\FORSHGLD RI ,QGXVWULDO &KHPLVWU\� 9RO� $��� 9&+� :HLQKHLP� �����

S� ���� �E� 6� $OEUHFKW� +� %UDQGO� :� $GDP� &KHP� 8QVHUHU =HLW� ����� ��� ���� �F� 6� %HFN� +�

.RVWHU� $QDO� &KHP� ����� ��� ����� �G� :� $GDP� LQ 7KH &KHPLVWU\ RI 3HUR[LGHV� 6� 3DWDL� (G�

:LOH\� &KLFKHVWHU� ����� S� ����

�� (� 3� .RKOHU� -� $P� &KHP� 6RF� ����� ��� ����

�� '� $� &DVWHHO� 1DWXUDO 3URGXFW 5HSRUWV ���������

�� .¶R +VXHK 7¶XQJ 3DR� &KHPLFDO $EVWUDFW ����� ������ �����J�

�� '� *� 'XWWD� 5� $� 9LVKZDNDUPD� ,QGLDQ -� 3DUDVLWRO� ����� ��� ����

�� 1� $FWRQ� '� /� .OD\PDQ� 3ODQWD 0HG� ����� ����

�� $� '� .LQJKRUQ� -� 1DW� 3URG� ����� ��� �����

�� '� /� .OD\PDQ� 6FLHQFH ����� ���� �����

��� ;� ;� ;X� -� =KX� '� =� +XDQJ� :� 6� =KRX� 7HWUDKHGURQ /HWW� ����� ��� �����

��� �D� *� %� 3D\QH� &� :� 6PLWK� -� 2UJ� &KHP� ����� ��� ����� �E� :� $GDP� $� 5tRV -� &KHP� 6RF��

&KHP� &RPPXQ� ����� ���� �F� 9� 6XEUDPDQ\DQ� &� /� %UL]XHOD� $� +� 6RORZD\� -� &KHP� 6RF��

&KHP� &RPPXQ� ����� ���� �G� .� -� 0F&XOORXJK� %� .HUU� -� &KHP� 6RF�� &KHP� &RPPXQ� �����

����

��� 1� -RUJH� 1� 3HUXFKHQD� (� $� &DVWUR� /� 5� )� &DIIHUDWD� -� 0RO� 6WUXFW� �7KHRFKHP� ����� ���� ����

��� *� 5� -� 7KDWFKHU� (G�� 7KH $QRPHULF (IIHFW DQG $VVRFLDWHG 6WHUHRHOHFWURQLF (IIHFWV $&6 6\PSRVLXP

6HULHV ���� $PHULFDQ &KHPLFDO 6RFLHW\� :DVKLQJWRQ� '�&�� �����

��� 1� -RUJH� 1� 3HUXFKHQD� /� 5� )� &DIIHUDWD� (� $� &DVWUR� -� 0RO� 6WUXFW� �7KHRFKHP� ����� ���� ����

��� &KLQ�<XQ &KLDQJ� :� %XWOHU� 5� .XF]NRZVNL� -� &KHP� 6RF�� &KHP� &RPPXQ�� ����� ����

��� 3� 'HVORQJFKDPSV� 6WHUHRHOHFWURQLF (IIHFWV LQ 2UJDQLF &KHPLVWU\� 3HUJDPRQ 3UHVV� /RQGRQ� �����

�
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�

�

3RY]HWHN��
= XSRUDER $0� LQ 30� VHPLHPSLULþQLK PHWRG VPR ãWXGLUDOL WUDQV�����GLPHWRNVL�������

WULRNVDQVNR PROHNXOR ] QDPHQRP GRORþLWL SURVWRUVNH VWUXNWXUH WUDQV D�D LQ H�H WHU FLV D�H LQ

H�D L]RPHURY� 5HODWLYQR VWDELOQRVW VPR SRVNXVLOL GRORþLWL ] XSRãWHYDQMHP þLVWLK HOHNWURQVNLK

LQ VWHUHRHOHNWURQVNLK HIHNWRY� 2EH PHWRGL GDVWD SULEOLåQR HQDNH UH]XOWDWH�


