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1HXWURQ�GLIIUDFWLRQ�H[SHULPHQWV�ZHUH�SHUIRUPHG�RQ�DONDOL�ERUDWH�JODVVHV��0�2��%�2��ZLWK�0 /L��1D�
DQG� .�� DW� URRP� WHPSHUDWXUH� DQG� LQ� WKH� OLTXLG� VWDWH� ������.��� LQ� RUGHU� WR� LQYHVWLJDWH� WKH� VWUXFWXUDO�
PRGLILFDWLRQV�WKDW�RFFXU�EHWZHHQ�WKH�JODVV�DQG�WKH�PHOW��:H�KDYH�HYLGHQFHG�WKDW�WKH�IUDFWLRQ�RI�IRXU�IROG�
FRRUGLQDWHG�ERURQ�GHFUHDVHV�ZLWK�LQFUHDVLQJ�WHPSHUDWXUH��

�

,QWURGXFWLRQ�

7HPSHUDWXUH�GHSHQGDQW� VWUXFWXUDO� FKDQJHV� DUH� H[SHFWHG� WR� KDYH� GUDVWLF� FRQVHTXHQFHV�
RQ�WKH�VWUXFWXUH�UHODWHG�SURSHUWLHV�RI�JODVV�IRUPLQJ�OLTXLGV��DPRQJ�WKHP�WUDQVSRUW�SURSHUWLHV�
�YLVFRXV�IORZ��FDWLRQLF�GLIIXVLYLW\���PDFURVFRSLF�WKHUPRG\QDPLF�SURSHUWLHV��GHQVLW\��WKHUPDO�
H[SDQVLYLW\�� DQG�PL[LQJ� SURSHUWLHV�� 6WUXFWXUDO� LQYHVWLJDWLRQV� KDYH� EHHQ�PDLQO\� GHYRWHG� WR�
LGHQWLI\� WKH�FKDQJHV� LQ� WKH�VKRUW�UDQJH�RUGHU�GXH� WR� WKH�VSHFLILF�GLIILFXOWLHV� LQ�GHWHUPLQLQJ�
WKH�VWUXFWXUH�RI�DPRUSKRXV�V\VWHPV��

$ONDOL� ERUDWH� PHOWV� DUH� LQWHUHVWLQJ� EHFDXVH� RI� WKHLU� IUDJLOH� EHKDYLRXU�� LQGLFDWLYH� RI�
VLJQLILFDQW� VWUXFWXUDO� UHDUUDQJHPHQWV� ZLWK� WHPSHUDWXUH�� 7KHLU� VKRUW�UDQJH� VWUXFWXUH� LV�
FKDUDFWHUL]HG�E\�WKH�FRH[LVWHQFH�RI�WKH�WZR�EDVLF�XQLWV�FRUUHVSRQGLQJ�WR�%�LQ���IROG��%2���RU�
��IROG�FRRUGLQDWLRQ��%2�

����:H�SUHVHQW�QHXWURQ�GLIIUDFWLRQ�GDWD�RQ�0�2��%�2��JODVVHV��ZLWK�
0 /L�� 1D� DQG� .�� 7KHVH� JODVVHV� H[KLELW� WKH� ODUJHVW� SURSRUWLRQ� RI� ERURQ� LQ� IRXU�IROG�
FRRUGLQDWLRQ��7KH� GLIIUDFWHG� LQWHQVLWLHV�ZHUH� REWDLQHG� DW� URRP� WHPSHUDWXUH� DQG� XS� WR� WKH�
OLTXLG� VWDWH� ������.��� 7KH� UDWLR� �%��%� ZDV� FDUHIXOO\� TXDQWLILHG� LQ� RUGHU� WR� GHWHUPLQH� D�
FRRUGLQDWLRQ�FRQYHUVLRQ�EHWZHHQ�WKH�JODVV�DQG�WKH�OLTXLG��

([SHULPHQWDO�

6DPSOH�SUHSDUDWLRQ�

*ODVVHV�RI�FRPSRVLWLRQ�0�2��%�2��ZLWK�0� �/L��1D�RU�.�ZHUH�SUHSDUHG�IURP�GULHG�
UHDJHQW� JUDGH�SRZGHUV�RI�ERURQ�R[LGH� DQG�DONDOL� FDUERQDWH�� ,Q� DOO� WKH� VDPSOHV�� ERURQ�ZDV�
LVRWRSLFDOO\�HQULFKHG�LQ���%����������EHFDXVH�RI�WKH�KLJK�QHXWURQ�DEVRUSWLRQ�FURVV�VHFWLRQ�RI�
��%�QXFOHXV��7KH�/L�2��%�2��FRPSRVLWLRQ�ZDV�HQULFKHG�LQ�

�/L�����������7KHVH�WKUHH�JODVVHV�
DUH� QDPHG� �/%��� 1%�� DQG� .%��� 7KHLU� FRPSRVLWLRQ� PHDVXUHG� E\� FKHPLFDO� DQDO\VLV� DUH�
UHSRUWHG�LQ�7DEOH����7KH�VWDUWLQJ�SRZGHUV�ZHUH�GHFDUERQDWHG�DW�����&�DQG�PHOWHG�GXULQJ���
KRXU� DW� ����&�� TXHQFKHG� E\� SDUWLDO� LPPHUVLRQ� RI� WKH� ERWWRP�RI� WKH�3W� FUXFLEOH� LQ�ZDWHU��
WKHQ�UHPHOWHG�IRU����PLQXWHV�DW������&�DQG�TXHQFKHG�DJDLQ��WR�HQVXUH�JODVV�KRPRJHQHLW\��
7KH��/%��JODVVHV��ZKRVH�PHOW�WHPSHUDWXUH�LV�KLJKHU������&���ZHUH�GHFDUERQDWHG�DQG�PHOWHG�
IRU����PLQXWHV�DW������&�WZLFH��



1HXWURQ�GLIIUDFWLRQ�

7KH�QHXWURQ�GLIIUDFWLRQ�H[SHULPHQWV�ZHUH�SHUIRUPHG�DW�WKH�2USKpH�UHDFWRU�RI�WKH�//%�
�6DFOD\��)UDQFH���RQ�WKH��&��VSHFWURPHWHU�ZKLFK�XVHV�KRW�QHXWURQV��λ ������c��DOORZLQJ�D�
ZLGH� 4� UDQJH� RI� ����� WR� ������ c���� 7KH� SRZGHUHG� VDPSOH� ZDV� SRXUHG� LQ� D� F\OLQGULFDO�
YDQDGLXP� FDQ� �����PP� LQ� GLDPHWHU��� PRXQWHG� LQ� WKH� FHQWHU� RI� D� F\OLQGULFDO� YDQDGLXP�
IXUQDFH�� 7KH� QHXWURQ� GLIIUDFWLRQ� LQWHQVLW\� ZDV�PHDVXUHG� DW� URRP� WHPSHUDWXUH� DQG� LQ� WKH�
OLTXLG�VWDWH��7DEOH����IRU�HDFK�VDPSOH��$IWHU�DQ�HTXLOLEUDWLRQ�WLPH��WKH�GLIIUDFWHG�QHXWURQV�DUH�
FROOHFWHG�GXULQJ�DERXW���KRXUV�WR�REWDLQ�D�JRRG�VLJQDO�WR�QRLVH�UDWLR��7KH�QHXWURQ�LQWHQVLWLHV�
IRU�WKH�HPSW\�FDQ� LQ� WKH� IXUQDFH�DQG�WKH�HPSW\�IXUQDFH�ZHUH�FROOHFWHG�DW�����DQG�����.��
7KH�GDWD�ZHUH�FRUUHFWHG�IURP�WKH�EDFNJURXQG�� WKH�IXUQDFH�DQG�WKH�FRQWDLQHU�DQG�VWDQGDUG�
FRUUHFWLRQV� IURP� PXOWLSOH� VFDWWHULQJ�� DWWHQXDWLRQ� DQG� LQHODVWLF� VFDWWHULQJ� ZHUH� DSSOLHG�� $�
����PP�GLDPHWHU�YDQDGLXP�URG�ZDV�PHDVXUHG�IRU�QRUPDOLVDWLRQ�RI�WKH�GDWD��7KH�QRWDWLRQV�
IRU� WKH�QRUPDOL]HG� WRWDO� VFDWWHULQJ�VWUXFWXUH� IDFWRU��6�4��� DQG� WKH� UHGXFHG� WRWDO� FRUUHODWLRQ�
IXQFWLRQ��'�U���DUH�WKRVH�H[SODLQHG�LQ�UHIHUHQFH���

� �/%�� 1%�� .%��

�PRO��0�2� ����� ����� �����

�PRO��%�2�� ����� ����� �����

7I��.�� ����� ����� �����

70HV���.�� 57������ 57������ 57������

7DEOH����0RODU�FRPSRVLWLRQV�PHDVXUHG�E\�FKHPLFDO�DQDO\VLV��PHOW�WHPSHUDWXUHV��7I��RI�WKH�0�2�
%�2��FRPSRVLWLRQV�DQG�WHPSHUDWXUHV�RI�PHDVXUHPHQWV��70HV���

5HVXOWV�

5HVXOWV�DW�URRP�WHPSHUDWXUH�

7KH�QRUPDOL]HG�WRWDO�VWUXFWXUH�IDFWRUV�6�4��REWDLQHG�DW�5�7��DUH�VKRZQ�LQ�ILJXUH����)RU�
DOO� WKH� LQYHVWLJDWHG� JODVVHV� WKH� RVFLOODWLRQV� LQ� WKH� KLJK�4� UDQJH� �4� !� �� c���� DUH� VLPLODU��
LQGLFDWLQJ�WKDW�WKH�VKRUW�UDQJH�RUGHU�LV�OLWWOH�DIIHFWHG�E\�WKH�QDWXUH�RI�WKH�DONDOL�FDWLRQ��7KH�
RVFLOODWLRQV�LQ�WKH�ORZ�4�UHJLRQ�DUH�GRPLQDWHG�E\�FRUUHODWLRQV�LQ�WKH�PHGLXP�UDQJH�RUGHU����
���c���'LIIHUHQFHV� RQ� WKLV� VFDOH� DUH� REYLRXV�ZKHQ� FRPSDULQJ� WKH� WKUHH� DONDOL� FDWLRQV� DQG�
LQFUHDVH�LQ�WKH�RUGHU�/L���1D���.��
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)LJXUH����7RWDO�VWUXFWXUH�IDFWRUV�6�4��REWDLQHG�DW�5�7���VROLG�OLQH��DQG�DW�DW�KLJK�WHPSHUDWXUH�
�GDVKHG�OLQH��IRU�WKH�WKUHH�DONDOL�JODVVHV��

7KH�)RXULHU� WUDQVIRUP� RI�4�6�4�����PXOWLSOLHG� E\� D�/RUFK�PRGLILFDWLRQ� IXQFWLRQ� DUH�
VKRZQ�LQ�ILJXUH����7KH�ILUVW�SHDN�DW�a����c�LV�DWWULEXWHG�WR�WKH�%�2�FRUUHODWLRQ�DORQH�DQG�KDV�
EHHQ� DGMXVWHG� ZLWK� *DXVVLDQ� IXQFWLRQV� �VHH� EHORZ��� 7KH� VHFRQG� SHDN� DW� a����c� DULVHV�
SULQFLSDOO\�IURP�2�2�DQG�1D�2�RU�.�2�FRUUHODWLRQV��7KH�ILUVW�/L�2�FRUUHODWLRQ�DSSHDUV�DW�
DERXW� ��c� ZLWK� D� QHJDWLYH� FRQWULEXWLRQ� LQ� WKH� �/%�� JODVV� GXH� WR� WKH� QHJDWLYH� QHXWURQ�
VFDWWHULQJ� OHQJWK� RI� �/L� LVRWRSH�� 7KH� WKLUG� SHDN� DW� a����c� DULVHV� IURP� VHFRQG� %�2�
FRUUHODWLRQV���
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)LJXUH����5HGXFHG�WRWDO�FRUUHODWLRQ�IXQFWLRQV��'�U���REWDLQHG�DW�5�7���VROLG�OLQH��DQG�DW�KLJK�
WHPSHUDWXUH��GDVKHG�OLQH��IRU�WKH�WKUHH�DONDOL�ERUDWH�JODVVHV��7KHVH�IXQFWLRQV�DUH�WKH�)RXULHU�

WUDQVIRUP�RI�4�6�4����0�4���ZKHUH�0�4��LV�WKH�/RUFK�PRGLILFDWLRQ�IXQFWLRQ��

5HVXOWV�DW�KLJK�WHPSHUDWXUH�

7KH�VWUXFWXUH�IDFWRUV�DQG�FRUUHODWLRQ�IXQFWLRQV�LQ�WKH�OLTXLG�DUH�VKRZQ�LQ�ILJXUH���DQG�
ILJXUH����UHVSHFWLYHO\��GDVKHG�FXUYHV���2VFLOODWLRQV�DUH�PDLQWDLQHG�RQ�WKH�KLJK�4�UDQJH�ZLWK�D�
GDPSLQJ� LQ� DPSOLWXGH� GXH� WR� VWDWLF� DQG� WKHUPDO� GLVRUGHU�� 7KH� LQWHQVLWLHV� RI� WKH� VPDOO�
RVFLOODWLRQV� DURXQG� �� c��� KDYH� PDUNHGO\� GHFUHDVHG� VR� WKDW� WKH� GLVFUHSDQFLHV� EHWZHHQ� WKH�
DONDOLV� DUH� UHGXFHG�� 7KH� UHODWLYH� SRVLWLRQV� RI� WKH� ILUVW� SHDN� UHPDLQ� XQFKDQJHG� ������c����
�����c���DQG������c���IRU��/%���1%��DQG�.%���UHVSHFWLYHO\���)RU�WKH�WKUHH�DONDOLV��WKLV�SHDN�
KDV�EURDGHQHG�GXH�WR�WKH�GDPSLQJ�LQ�DPSOLWXGH�RI�WKH�FRUUHVSRQGLQJ�UHDO�VSDFH�RVFLOODWLRQV�
LQ�WKH�LQWHUPHGLDWH�UDQJH�RUGHU��$�VKLIW�RI�WKLV�SHDN�WR�WKH�ORZ�4�YDOXHV�LV�REVHUYHG�LQ�WKH�
FDVH�RI�.��DQG�PD\�EH�UHODWHG�WR�WKH�WKHUPDO�H[SDQVLRQ�RI�ERWK�WKH�IRUPLQJ�DQG�PRGLI\LQJ�
QHWZRUNV��

7KH� WKHUPDO� EURDGHQLQJ� RI� WKH� GLVWULEXWLRQV� RFFXUULQJ� LQ� WKH� OLTXLG� VWDWH� LV� DOVR�
HYLGHQFHG�RQ�WKH�WRWDO�FRUUHODWLRQ�IXQFWLRQV��7KH�%�2�SHDN�KDV�EURDGHQHG�DQG�LWV�SRVLWLRQ�
GHFUHDVHV� IURP�a�����c� LQ� WKH� JODVV� WR�a�����c� LQ� WKH� OLTXLG��7KLV� VKLIW� LV� DWWULEXWHG� WR� D�
FKDQJH� RI� WKH�%2�

��%2�� UDWLR��7KH�PDLQ�GLIIHUHQFHV� EHWZHHQ� WKH� FRUUHODWLRQ� IXQFWLRQ� IRU�
WKH� JODVV� DQG� WKH� OLTXLG�RFFXU�RQ� WKH� VKRUW�PHGLXP�UDQJH�RUGHU� ��� WR� ��c���:H�REVHUYH� D�
GHFUHDVH� RI� WKH� LQWHQVLW\� RI� WKH� VHFRQG� SHDN� �2�2� DQG� 0�2� FRUUHODWLRQV� DQG� VPDOO�
FRQWULEXWLRQ�IURP�%�%�FRUUHODWLRQV��DQG�RI�WKH�WKLUG��≈�����c��DQG�IRXUWK��≈�����c��SHDNV��

/RFDO�RUGHU�DURXQG�%�

)LJXUH���VKRZV�UHSUHVHQWDWLYH�ILWV�RI�WKH�ILUVW�SHDN�RI�WKH�WRWDO�FRUUHODWLRQ�IXQFWLRQV��$W�
URRP�WHPSHUDWXUH��EHVW�ILWV�ZHUH�REWDLQHG�XVLQJ�WZR�*DXVVLDQ�IXQFWLRQV��HDFK�PRGHOOLQJ�RQH�



ERURQ�FRRUGLQDWLRQ�VWDWH��,Q�WKH�OLTXLG�VWDWH��D�WZR�FRPSRQHQW�ILW�ZDV�QRW�QHHGHG�EHFDXVH�RI�
WKH� ORZHU� UHVROXWLRQ� GXH� WR� WKH� WKHUPDO� EURDGHQLQJ�� )LWWLQJ� UHVXOWV� IRU� WKH� WKUHH�
FRPSRVLWLRQV�DUH�OLVWHG�LQ�7DEOH����

�
*ODVV\�VWDWH� /LTXLG�VWDWH��

5��c�� 1�� σ���c�� 5��c�� 1�� σ���c�� 1�� 5� 1� σ� 1��

/%�� ����� ����� ������ ����� ����� ������ ����� ����� ����� ������ �����

1%�� ����� ����� ������ ����� ����� ������ ����� ����� ����� ������ �����

.%�� ����� ����� ������ ����� ����� ������ ����� ����� ����� ������ �����

7DEOH����5HVXOWV�RI�WKH�*DXVVLDQ�ILWV�WR�WKH�ILUVW�SHDN�LQ�WKH�WRWDO�FRUUHODWLRQ�IXQFWLRQV��5�LV�WKH�
GLVWDQFH�DQG�σ WKH�ZLGWK�RI�WKH�FRPSRQHQW��1��LV�WKH�IUDFWLRQ�RI�ERURQ�LQ�IRXUIROG�FRRUGLQHQFH��1��
 ����1�����1� 1����7KH�XQFHUWDLQWLHV�RQ�5�DQG�σ�UHVXOWLQJ�IURP�WKH�ILWWLQJ�SURFHGXUH�DUH������
c��7KH�XQFHUWDLQW\�RQ�WKH�1��IUDFWLRQ�LV�HVWLPDWHG�WR�EH�����DQG�����LQ�WKH�JODVV�DQG�WKH�OLTXLG��

UHVSHFWLYHO\��
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1%��OLTXLG

1%��JODVV

�
)LJXUH����5HSUHVHQWDWLYH�*DXVVLDQ�ILW�RI�WKH�ILUVW�%�2�SHDN�LQ�WKH�WRWDO�UHGXFHG�FRUUHODWLRQ�

IXQFWLRQ�IRU�WKH�1%��JODVV�DQG�OLTXLG��%��DQG�%��FRUUHVSRQG�WR�WKH�FRQWULEXWLRQ�IURP�ERURQ�LQ�
WKUHH�DQG�IRXU�IROG�FRRUGLQDWLRQ��UHVSHFWLYHO\���

'LVFXVVLRQ�

7KH�GLIIUDFWLRQ�QHXWURQ�GDWD�VXJJHVW�D�GHFUHDVH�RI�WKH�IRXU�FRRUGLQDWHG�ERURQ�IUDFWLRQ�
1��IURP�DERXW������±������LQ�WKH�JODVV�WR�DERXW������±������LQ�WKH�PHOW��&RQFHUQLQJ�WKH�1%��
FRPSRVLWLRQ�� WKH� UHVXOWV� SUHVHQWHG� LQ�7DEOH��� DUH� LQ� FORVH� DJUHHPHQW�ZLWK� WKHUPRG\QDPLF�
FDOFXODWLRQV�WKDW�SUHGLFW�D�PD[LPXP�GHFUHDVH�RI�1�� IURP������DW�5�7�� WR������DW������.�

���
+RZHYHU��WKH�1��IUDFWLRQ�IRXQG�E\�WKH�SUHVHQW�GLIIUDFWLRQ�VWXG\�LV�KLJKHU�WKDQ�WKH�IUDFWLRQ�
GHWHUPLQHG� IURP� LQ� VLWX� KLJK�WHPSHUDWXUH� ��%� 105� H[SHULPHQWV� �1� �����

��� 7KLV� QHZ�
GLIIUDFWLRQ� VWXG\� VWUHQJWKHQ� FRQFOXVLRQV� IURP�;�UD\� GLIIUDFWLRQ�PHDVXUHPHQWV� �� � EXW� LV� LQ�
FRQWUDGLFWLRQ�ZLWK�SUHYLRXV� QHXWURQ� WRWDO� GLIIUDFWLRQ� GDWD�ZKLFK� GLG� QRW� UHYHDO� DQ\� ERURQ�
FRRUGLQDWLRQ�FKDQJH�ZLWK�LQFUHDVLQJ�WHPSHUDWXUH����7KH�XVH�RI�D�3W�FHOO�RQ�WKHVH�ODWWHU�GDWD��
LQVWHDG�RI�D�9�FHOO�LQ�RXU�GLIIUDFWLRQ�GDWD��FRXOG�EH�DQ�H[SODQDWLRQ�IRU�WKLV�GLVFUHSDQF\�VLQFH�
3W�%UDJJ�SHDNV�DUH�GLIILFXOW�WR�UHPRYH��



7KH� GHFUHDVH� RI� WKH� SURSRUWLRQ� RI� %2�
�� WHWUDKHGUD� LQ� WKH� PHOW� UHVXOWV� LQ� D� PRUH�

GHSRO\PHUL]HG�%�2�QHWZRUN��JUHDWHVW�1%2�SURSRUWLRQ���$ONDOL�DUH�FKDQJLQJ�IURP�D�PDLQO\�
FRPSHQVDWLQJ� UROH� LQ� WKH� JODVV� WR� D� PDLQO\� PRGLI\LQJ� UROH� LQ� WKH� OLTXLG�� 7KLV� ERURQ�
FRRUGLQDWLRQ�FKDQJH�KDV�EHHQ�PRGHOL]HG�XVLQJ�WKH�IROORZLQJ�UHDFWLRQ��

%∅�
�������02Q���⇔��%∅������1%2������02Q·�·�

,Q� WKLV� UHDFWLRQ�� PRGLILFDWLRQV� LQ� WKH� VKRUW�UDQJH� RUGHU� DUH� WDNHQ� LQWR� DFFRXQW� E\�
PHQWLRQLQJ�DONDOL�SRO\KHGUD�FKDQJHV�IURP��02Q��WRZDUGV��02Q·�·�DQG�WKH�ERURQ�FRQYHUVLRQ�
IURP�%2�

��WR�%2���7KLV�UHDFWLRQ�VKLIWV�WR�WKH�ULJKW�ZLWK�LQFUHDVLQJ�WHPSHUDWXUH��,W�KDV�EHHQ�
VXJJHVWHG�E\�IDU�,5�VWXGLHV�DQG�0'�VLPXODWLRQV�WKDW�DONDOLV�PD\�RFFXS\�WZR�NLQGV�RI�VLWHV��
RQH�IRUPHG�PDLQO\�E\�EULGJLQJ�R[\JHQV�RI�%∅�

��DQG�%∅��XQLWV��ODEHOOHG�E�VLWH��DQG�WKH�RWKHU�
IRUPHG�PDLQO\�E\�QRQ�EULGJLQJ�R[\JHQV� �ODEHOOHG�QE�VLWH���)XUWKHUPRUH�� LW�ZDV� VKRZQ�WKDW�
DONDOLV�SUHIHU�WKH�QE�VLWH�UDWKHU�WKDQ�WKH�E�VLWHV�GXH�WR�WKH�LPSURYHG�FRXORPELF�VWDELOLVDWLRQ�
LQ�WKH�PRUH�QHJDWLYHO\�FKDUJHG�QE�VLWHV����+RZHYHU�DW�RXU�FRPSRVLWLRQV��WKH�JODVV�FRQWDLQV�D�
VPDOO�SURSRUWLRQ�RI�QRQ�EULGJLQJ�R[\JHQV��VR�WKDW�WKH�PDMRULW\�RI�DONDOLV�UHVLGH�LQ�E�VLWHV��$W�
KLJK� WHPSHUDWXUH�� WKH� NLQHWLF� HQHUJ\� DOORZV� DONDOLV� WR� MXPS� RXW� RI� WKHLU� LQLWLDO� E�VLWH� DQG�
PLJUDWH��7KLV�PLJUDWLRQ�PD\�XQVWDELOL]H�%2�

��WHWUDKHGUD�DQG�H[SODLQ�WKH�GHFUHDVH�RI�1���$W�
URRP�WHPSHUDWXUH�� WKH� VKRUW� DQG�PHGLXP�UDQJH� VWUXFWXUH�RI� DONDOL� ERUDWH� JODVVHV� LV�PDLQO\�
FRQWUROOHG� E\� WKH�%2�QHWZRUN��ZKHUHDV�� DW� KLJKHU� WHPSHUDWXUHV�� VWUXFWXUH� LV� FRQWUROOHG� E\�
ERWK�QHWZRUN�DQG�DONDOL�VWDELOLVDWLRQ�UHTXLUHPHQWV��

0RGLILFDWLRQV�EH\RQG�WKH�VKRUW�UDQJH�RUGHU�DUH�SULPDULO\�REVHUYHG�LQ�WKH�VHFRQG�SHDN�
DW�DERXW�����c��DWWULEXWHG�WR�2�2�DQG�0�2�FRUUHODWLRQV�ZLWK�D�VPDOO�FRQWULEXWLRQ�IURP�%�%�
FRUUHODWLRQV��,Q�WKH�PHOWV��WKLV�SHDN�XQGHUJRHV�D�KLJK�U�VLGH�VKLIW�RI������c�DQG�D�GHFUHDVH�LQ�
LQWHQVLW\�� 7KH� GLPLQXWLRQ� RI� WKH� 2�2� FRRUGLQHQFH� UHVXOWLQJ� IURP� WKH� %2�

�� WR� %2��

FRQYHUVLRQ� KDV� EHHQ� SURSRVHG� WR� H[SODLQ� WKLV� GHFUHDVH� LQ� LQWHQVLW\��� 7KH� KLJK�U� VLGH� VKLIW�
PD\�EH�UHODWHG�WR�DQ�LQFUHDVH�RI�WKH�PHDQ�2�%�2�DQJOH�DQG�FRXOG�WKXV�LQGLFDWH�DQ�RSHQLQJ�
RI� WKH� VXSHUVWUXFWXUDO� ULQJV�� ,QGHHG�� LQ� VLWX�KLJK� WHPSHUDWXUH�5$0$1�PHDVXUHPHQWV�KDYH�
VKRZQ�D�UHDUUDQJHPHQW�RI�WKH�ERUDWH�JURXSV�DERYH�WKH�JODVV�WUDQVLWLRQ�WHPSHUDWXUH����

&RQOXVLRQ�

1HXWURQ�GLIIUDFWLRQ� H[SHULPHQWV�ZHUH� FDUULHG� RXW� RQ�0�2��%�2�� JODVVHV��ZLWK�0 /L��
1D�DQG�.��DW�URRP�WHPSHUDWXUH�DQG�LQ�WKH�OLTXLG�VWDWH��7KH�IUDFWLRQ�RI�IRXU�IROG�FRRUGLQDWHG�
ERURQ� ZDV� GHWHUPLQHG�� :H� HYLGHQFHG� D� ERURQ� FRRUGLQDWLRQ� FKDQJH� ZLWK� LQFUHDVLQJ�
WHPSHUDWXUH�IURP�%2��WHUDKHGUD�WRZDUGV�%2��WULDQJOH��UHVXOWLQJ�LQ�WKH�GHSRO\PHULVDWLRQ�RI�
WKH�QHWZRUN��
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)HOOHU��$��&��+DQQRQ��S�������
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��(��,��.DPLWVRV�HW�DO���-��1RQ�&U\VW��6ROLGV����������S���������������&��3��(��9DUVDPLV��$��9HJLUL�
DQG�(��,��.DPLWVRV��&RQG��0DWW��3K\V�����S��������������$��+��9HUKRHI�DQG�+��:��GHQ�+DUWRJ��-��
1RQ�&U\VW��6ROLGV������S��������������

��5��$��&RQGUDWH�6U��DQG�$�.��-LOODYHQNDWHVD��LQ�%RUDWH�JODVVHV��FU\VWDOV�DQG�PHOWV����������HGLWHG�E\�
$��&��:ULJKW��6��$��)HOOHU��$��&��+DQQRQ��S������
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