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0��6PROXFKRZVNLHJR������������3R]QD ��3RODQG

)RUPDWLRQ�RI�WKH�QDQRVWUXFWXUH�FRPSRVHG�RI�D�PHWDVWDEOH�PDJQHWLFDOO\�RUGHUHG�IFF�)H� 1L ��� ��� % � �SKDVH
ZLWK�ODUJH�ODWWLFH�FRQVWDQW��D� ������±������QP��IURP�DPRUSKRXV�)H �
	 � ����
 1L� =U � % 	 � $X� ��\� ���±�������
]� �������SUHFXUVRUV�GXH�WR�WKH�WKHUPDO�WUHDWPHQW�KDV�EHHQ�VWXGLHG��$QQHDOLQJ�RI�WKH�\�������]� ���VDPSOHV
DW�WHPSHUDWXUHV�RI����±�����&�OHDGV�WR�DQ�LQFUHDVH�RI�)H� 1L ��� ��� % � �IUDFWLRQ�HPEHGGHG�LQ�DPRUSKRXV�PD�
WUL[� ZLWK� JUDLQ� VL]HV� IURP� D� IHZ� WR� WHQV� RI� QDQRPHWUHV�� 7KH� VWUXFWXUH� WUDQVIRUPDWLRQV� KDYH� EHHQ
LQYHVWLJDWHG�E\�WKH�'6&��;5'�DQG�7(0�WHFKQLTXHV��0DJQHWLF�EHKDYLRXU�RI�)H� 1L ��� ��� % � ��[� ����������DQG
����SKDVHV�KDV�EHHQ�VWXGLHG�WKHRUHWLFDOO\�XVLQJ�WKH�VSLQ�SRODUL]HG�WLJKW�ELQGLQJ�OLQHDU�PXIILQ�WLQ�RUELWDO
�7%�/072��PHWKRG��$QRPDORXVO\�KLJK�PDJQHWLF�PRPHQWV�RI�)H�DWRPV�KDYH�EHHQ�IRXQG�LQ�VRPH�QRQ�
HTXLYDOHQW�SRVLWLRQV�LQ�WKH�FU\VWDO�VWUXFWXUH�

.H\�ZRUGV��DPRUSKRXV�DOOR\V��QDQRFU\VWDOOL]DWLRQ��GHQVLW\�RI�VWDWHV��ORFDO�PDJQHWLF�PRPHQWV

���,QWURGXFWLRQ
,QYHVWLJDWLRQV�RI�FU\VWDOOL]DWLRQ�SURFHVVHV�RI�DPRUSKRXV�SUHFXUVRUV�KDYH�DWWUDFWHG

D�ORW�RI�DWWHQWLRQ�LQ�UHFHQW�\HDUV�EHFDXVH�VRPH�RI�WKHP�IRUP�QDQRFU\VWDOOLQH�VWUXFWXUH�
6XFK� D� UHGXFWLRQ� RI� WKH� JUDLQ� VL]HV� LQIOXHQFHV� GUDVWLFDOO\� WKH� SK\VLFDO� EHKDYLRXU� RI
PDWHULDOV��7KH� VHDUFK� FRQWLQXHV� IRU� QHZ�QDQRFU\VWDOOLQH� DOOR\V�ZLWK� LPSURYHG�PDJ�
QHWLF� DQG� PHFKDQLFDO� SURSHUWLHV�� FRQYHQLHQW� IRU� WHFKQLFDO� DSSOLFDWLRQV�� 8S� WR� QRZ
WKHVH�DOOR\V��SURGXFHG�E\�D�SDUWLDO�FU\VWDOOL]DWLRQ�RI�DPRUSKRXV�SUHFXUVRUV��KDYH�H[�
KLELWHG�D�WZR��RU�PRUH�SKDVH�VWUXFWXUH�ZLWK�ERG\�FHQWUHG�FXELF��EFF��QDQRFU\VWDOOLQH
JUDLQV�GLVSHUVHG�LQ�D�UHVLGXDO�DPRUSKRXV�PDWUL[��$OO�NQRZQ�VRIW�PDJQHWLF�QDQRFU\V�
WDOOLQH�DOOR\V�FRQVLVW�RI�QDQRVL]HG�EFF�)H�6L��>�@��EFF�)H�>�@�RU�EFF��)H&R��>�@�JUDLQV
ZLWK��±���QP�LQ�GLDPHWHU��'XULQJ�WKH�GHYLWULILFDWLRQ�SURFHVVHV��WKH�DPRUSKRXV�SDUW�RI
DOOR\V�EHFRPHV�LQKRPRJHQHRXV��VKRZLQJ�VLJQLILFDQW�JUDGLHQWV�RI�FRPSRVLWLRQV�
BBBBBBBBB

� &RUUHVSRQGLQJ�DXWKRU��H�PDLO��%RJGDQ�,G]LNRZVNL#LIPSDQ�SR]QDQ�SO�
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7KH� FU\VWDOOL]DWLRQ� RI� 1L�FRQWDLQLQJ� DPRUSKRXV� DOOR\V� ZDV� VWXGLHG� HDUOLHU� �H�J��
>��� �@�� EXW� WKRVH� DOOR\V�ZHUH� XQVXLWDEOH� IRU� WKH� IRUPDWLRQ� RI� QDQRFU\VWDOOLQH� DOOR\V�
+RZHYHU�� WKH� QDQRFU\VWDOOLQH� JUDLQV� ZHUH� IRXQG� LQ� UDSLGO\� KHDWHG� DPRUSKRXV
)H ��� 1L ��� 6L ��� % ��� � DQG� )H ��� 1L ��� 6L ��� % ��� � V\VWHPV� >�@�� 7KH� RQO\� 1L�FRQWDLQLQJ� DPRUSKRXV
V\VWHP��)H ��� 1L ��� 0R � % ��� �� LQ�ZKLFK� WKH�QDQRVWUXFWXUHG�SKDVH�ZDV�FOHDUO\� IRUPHG��ZDV
VWXGLHG�E\�WKH�;5'�WHFKQLTXH�>�@��,Q�WKLV�FDVH��WKH�SUHVHQFH�RI�0R�DWRPV�LQ�WKH�DOOR\�SOD\V
FUXFLDO�UROH�LQ�WKH�SURFHVV�RI�QDQRVWUXFWXUH�IRUPDWLRQ�EHFDXVH�RI�WKH�JUDLQV�JURZWK�EORFN�
LQJ��([WUHPHO\�ILQH�QDQRFU\VWDOOLQH�VWUXFWXUH�LV�H[SHFWHG�LI�VPDOO�DGGLWLRQV�RI�H�J���&X�RU
$X�DUH�SUHVHQW�LQ�WKH�DPRUSKRXV�SUHFXUVRU��5HFHQWO\��1DNDPXUD�HW�DO��>�@�UHSRUWHG�RQ�WKH
FU\VWDOOL]DWLRQ�RI�DPRUSKRXV�)H ��� 1E � � %��� �DOOR\�±�WKH�ILQDO�SURGXFW�LV�IFF�)H��� % � �SKDVH�ZLWK
D�ODUJH�ODWWLFH�SDUDPHWHU��7KH�DXWKRUV�REVHUYHG�LQ�WKLV�V\VWHP�WKH�QDQRPHWHU�VL]HG�PHWDV�
WDEOH�)H��� % � �SUHFLSLWDWHV�LQ�WKH�DPRUSKRXV�PDWUL[�EHIRUH�FUHDWLRQ�RI�WKH�HTXLOLEULXP�EFF�)H
DQG�ERULGH�SKDVHV�LQ�ILQDO�FU\VWDOOL]DWLRQ�VWDWH�>�@�

:H� SUHSDUHG� QLFNHO�ULFK� DPRUSKRXV� DOOR\V� )H ��� �  ���! 1L =U � % � � $X � �\�  � ��±���� ���
]� �������LQ�ZKLFK�WKH�QDQRVWUXFWXUH�FDQ�EH�IRUPHG��DV�XVXDOO\��E\�D�FRQWUROOHG�DQQHDOLQJ
EXW�WKH�VLJQLILFDQW�SUHVHQFH�RI�1L�LQ�WKLV�DOOR\V�UHVXOWV�LQ�WKH�IRUPDWLRQ�RI�D�PHWDVWDEOH�IFF�
SKDVH�FRQWDLQLQJ�ERWK�WUDQVLWLRQ�HOHPHQWV��1L�DQG�RU�)H��DQG�ERURQ��%HFDXVH�REWDLQLQJ�D
SXUH�VLQJOH�SKDVH�70��� % � ��70� �)H��1L��FRPSRXQGV�E\�VWDQGDUG�PHWKRGV�LV�GLIILFXOW��ZH
KDYH�DOVR�SHUIRUPHG�WKHRUHWLFDO�VWXG\�RI�WKHLU�PDJQHWLF�EHKDYLRXU�

���([SHULPHQWDO
)XOO\� DPRUSKRXV� ULEERQV� ZLWK� WKH� QRPLQDO� FRPSRVLWLRQV� )H �"� �# ���! 1L =U � % �#� $X 

�\� ���±��������]� �������ZHUH�SUHSDUHG�E\�WKH�VLQJOH�UROOHU�����FP�LQ�GLDPHWHU��WHFK�
QLTXH�LQ�$U�SURWHFWLYH�DWPRVSKHUH��+LJK�SXULW\�HOHPHQWV��PLQLPXP��1��ZHUH�XVHG�WR
PDNH�VWDUWLQJ�SUH�DOOR\V��(DFK�LQJRW�ZDV�WXUQHG�RYHU�VHYHUDO�WLPHV�DQG�PHOWHG�LQ�WKH
LQGXFWLRQ� IXUQDFH�ZDWHU� FRROHG� ERDW� WR� DVVXUH� KRPRJHQHLW\�� /RQJ� ULEERQV� REWDLQHG
ZHUH��±��PP�ZLGH�DQG�����±����� P�WKLFN��7KH�VWUXFWXUH�RI�WKH�VDPSOHV�ZDV�FKDUDF�
WHUL]HG�E\�;�UD\�GLIIUDFWLRQ��;5'��DQDO\VLV�LQ�D�6HLIHUW�GLIIUDFWRPHWHU�XVLQJ�&X�.a
UDGLDWLRQ�� 7KH� FU\VWDOOL]DWLRQ� EHKDYLRXU� RI� DV�TXHQFKHG� ULEERQV�ZDV� H[DPLQHG�ZLWK
GLIIHUHQWLDO�VFDQQLQJ�FDORULPHWU\�XVLQJ�'6&�����PDGH�E\�1HW]VFK��)RU�WKH�WUDQVPLV�
VLRQ� HOHFWURQ� PLFURVFRS\� �7(0�� VWXGLHV�� WKH� VDPSOHV� ZHUH� SUHSDUHG� E\� DUJRQ� LRQ
PLOOLQJ�XVLQJ����NH9�LRQV��7(0�LQYHVWLJDWLRQV�ZHUH�GRQH�XVLQJ�D�3KLOLSV�&0���PL�
FURVFRSH��7:,1�FRQILJXUDWLRQ��DFFHOHUDWLQJ�YROWDJH������N9���HTXLSSHG�ZLWK�D�1RUDQ
9R\DJHU�('6�V\VWHP�ZLWK�*H��/L��GHWHFWRU�

���5HVXOWV�RI�PHDVXUHPHQWV
6WUXFWXUDO� FKDQJHV� RI� DPRUSKRXV� SUHFXUVRUV� LQGXFHG� E\� WKHUPDO� WUHDWPHQW� ZHUH

FKDUDFWHUL]HG� E\� WKH� GLIIHUHQWLDO� VFDQQLQJ� FDORULPHWU\� �'6&�� DQG� ;�UD\� GLIIUDFWLRQ
�;5'�� PHDVXUHPHQWV�� '6&� OLQHDU�KHDWLQJ� FXUYHV� RI� DOO� 1L�ULFK� DOOR\V� LQYHVWLJDWHG
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VKRZ�WZR�FU\VWDOOL]DWLRQ�VWDJHV��6XFK�EHKDYLRXU�LV� W\SLFDO�RI�DPRUSKRXV�DOOR\V�VHUY�
LQJ� DV� WKH� SUHFXUVRUV� IRU� WKH� IRUPDWLRQ� RI� WKH� QDQRFU\VWDOOLQH� DOOR\V� >�@�� 7KH
FU\VWDOOL]DWLRQ� WHPSHUDWXUH� RI� WKH� ILUVW� VWDJH� LV� LQ� WKH� UDQJH� RI� ���±���� �&�� '6&
PHDVXUHPHQWV� �QRW� VKRZQ� KHUH�� ZHUH� FDUULHG� RXW� ZLWK� ��� .�PLQ� KHDWLQJ� UDWH�� )RU
VDPSOHV�\�Ê����WKH�QDQRFU\VWDOOLQH�SKDVH��ZKLFK�SUHFLSLWDWHV�DURXQG�WKH�ILUVW�H[RWKHU�
PLF� SHDN�� LV� EFF�)H�� ,I� \� !� ���� WKH� QDQRFU\VWDOOL]DWLRQ� SURGXFW� LV� IFF��)H�1L� ��� % � �
$�VLPLODU�FU\VWDOOL]DWLRQ�EHKDYLRXU�ZDV�REVHUYHG�E\�1DNDPXUD� HW� DO�� LQ�)H ��� 1E ��� % ���

DOOR\V�ZKHUH� WKH� DYHUDJH� ODWWLFH� FRQVWDQW�D�  � ������ QP� IRU� WKH� )H ��� % � � IUDFWLRQ�ZDV
DVVXPHG�>�@��7KLV�ODWWLFH�SDUDPHWHU��DV�ZHOO�DV�RWKHU�SURSHUWLHV�>�@��FRXOG�GLIIHU�IURP
WKH�YDOXHV�RI�EXON�DOOR\�EHFDXVH�RI�WZR�UHDVRQV���L��LQWHUIDFH�RI�VPDOO�JUDLQV�FDQ�LQIOX�
HQFH� ORFDO� FU\VWDO� VWUXFWXUH�� �LL�� UHODWLYH� ODUJH� DWRPV� RI� VXFK� HOHPHQWV� DV� 1E� RU� =U
FRXOG�EH�SODFHG�LQVLGH�WKH�JUDLQ�
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)LJ�����;�UD\�GLIIUDFWLRQ��;5'��SDWWHUQV�IRU�1L �+* )H 	 � =U � % 	 � $X 	
ULEERQ�DIWHU�DQQHDOLQJ�DW������&�DQG������&�IRU�RQH�KRXU

7KH� DV�TXHQFKHG� VDPSOHV� DUH� IXOO\� DPRUSKRXV�� DV� IRXQG� E\�;5'��ZLWK� D� EURDG
GLIIXVH�SHDN�DURXQG����GHJUHHV�RQ��Q�D[LV��)LJXUHV��D�DQG��E�VKRZ�WKH�VWUXFWXUH�RI
1L ��� )H ��� =U � % �#� $X � � SDUWLDOO\� FU\VWDOOL]HG� DIWHU� RQH�KRXU� DQQHDOLQJ� DW� ���� �&� DQG
�����&��UHVSHFWLYHO\��$V�D�UHVXOW�RI�WKH�DQQHDOLQJ��JUDLQV�RI�PDJQHWLFDOO\�RUGHUHG�FX�
ELF�)H, 1L ������, % � �SKDVH�DSSHDU�LQ�WKH�DPRUSKRXV�PDWUL[��$OO�SHDNV�KDYH�EHHQ�LGHQWLILHG
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DQG�DOO�RI�WKHP�EHORQJ�WR�WKH�&� &U��� �W\SH�VWUXFWXUH�GHVFULEHG�E\�WKH�VSDFH�JURXS�)P�±��P�
$V�VKRZQ�LQ�)LJ���E��WKH�LQFUHDVH�RI�DQQHDOLQJ�WHPSHUDWXUH�LV�FRQQHFWHG�ZLWK�WKH�GH�
FUHDVH�RI�WKH�DPRXQW�RI�WKH������SKDVH��DQG�WKH�DSSHDUDQFH�RI�D�QHZ��)H1L� � %�SKDVH
LV�PDUNHG�E\�ODUJH�EODFN�SRLQWV�

)LJ�����7UDQVPLVVLRQ�HOHFWURQ�PLFURJUDSK�RI�1L * � )H *�� =U � % 	 �

DOOR\�DIWHU�DQQHDOLQJ�DW������&�IRU�RQH�KRXU
7(0�SLFWXUH� RI�1L ��� )H ��� =U � % �#� � DOOR\� KHDW� WUHDWHG� DW� ���� �&� LV� VKRZQ� LQ� )LJ�� ��

$�IUDFWLRQ� RI� YHU\� VPDOO� JUDLQV� �VHYHUDO� QDQRPHWHUV� LQ� GLDPHWHU�� LV� SUHVHQW� DPRQJ
UHODWLYHO\�ELJ�JUDLQV��7KH�FKHPLFDO�FRPSRVLWLRQ�RI�VPDOO�DQG�ELJ�JUDLQV�LV�WKH�VDPH��DV
KDV�EHHQ�FRQILUPHG�E\�HOHFWURQ�PLFURGLIIUDFWLRQ�LQYHVWLJDWLRQV��QRW�VKRZQ�KHUH���7KH
DQQHDOHG�QDQRFU\VWDOOLQH� ULEERQV�EHFDPH�PDJQHWLFDOO\� VRIW� EHFDXVH� RI� H[FKDQJH� LQ�
WHUDFWLRQ� EHWZHHQ� WKHVH� VPDOO� JUDLQV��$� YHU\� VLPLODU�PL[WXUH� RI�PDMRULW\� VPDOO� DQG
PLQRULW\�ELJ�JUDLQV�ZDV�IRXQG�LQ�+,73(50�W\SH�VRIW�PDJQHWLF�DOOR\V�

���'HWDLOV�RI�EDQG�VWUXFWXUH�FDOFXODWLRQV
7KH�VSLQ�SRODUL]HG� WLJKW�ELQGLQJ� OLQHDU�PXIILQ�WLQ�RUELWDO� �7%�/072��PHWKRG� LQ

WKH�DWRPLF�VSKHUH�DSSUR[LPDWLRQ��$6$��>������@�ZDV�XVHG�WR�FRPSXWH�WKH�HOHFWURQLF
EDQG�VWUXFWXUH�RI�)H ��� % � �DQG�1L ��� % � �FRPSRXQGV��,Q�WKLV�DSSUR[LPDWLRQ��WKH�FU\VWDO� LV
GLYLGHG�LQWR�VSDFH�ILOOLQJ�VSKHUHV��WKHUHIRUH�ZLWK�VOLJKWO\�RYHUODSSLQJ�VSKHUHV�FHQWUHG
RQ�HDFK�RI�WKH�DWRPLF�VLWHV��7KH�VWDQGDUG�FRPELQHG�FRUUHFWLRQV�IRU�RYHUODSSLQJ�>��@
ZHUH� HPSOR\HG� WR� FRPSHQVDWH� $6$� HUURUV�� ,Q� WKH� FDOFXODWLRQV� UHSRUWHG� KHUH�� WKH
:LJQHU±6HLW]� �:6�� VSKHUH� UDGLL� DUH� VXFK� WKDW� WKH� RYHUODS� LV� EHORZ� ����� 7KH� WRWDO
YROXPHV�RI�DOO�VSKHUHV�6� �� M� ����«��1��DUH�HTXDO�WR�WKH�YROXPH��9 ��RI�WKH�XQLW�FHOO�
7KH�YDOXHV�RI�ODWWLFH�FRQVWDQWV�RI�)H ������, 1L, % � ��IRU�[� ����������DQG�����DUH�H[WUDSRODWHG
IURP�WKH�H[SHULPHQWDO�GDWD�WDNHQ�IRU�[� ���>��@�DQG�[� �����>��@��VHH�)LJ������7KH�V\V�
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)LJ�����/DWWLFH�FRQVWDQWV�IRU�)H ��� ��� 1L� % � �DV�D�IXQFWLRQ�RI�[�
'DWD�IRU�[� ���DQG�����DUH�WDNHQ�IURP�WKH�OLWHUDWXUH

7DEOH����6WUXFWXUDO�SDUDPHWHUV�RI�)H ��� ��� 1L� % � �FRPSRXQGV
�D� ����������������������DQG�������QP�IRU�[� ����������DQG�����DQG�:6�UDGLL�6* >c@

6*$WRP
�SRVLWLRQ� [ \ ]

[� �� [� �� [� ��� [� ���
)H�RU�1L���D� � � � ������ ������ ������ ������
)H�RU�1L���F� ó ó ó ������ ������ ������������

������������ ������

)H�RU�1L����K� � ������ ������ ������ ������
������������
������������
������������

������

)H�RU�1L����I� ������ ������ ������ ������ ������
�������1L������
�������)H������
�������1L������
��������1L������

������

%����H� ������ � � ������ ������ ������������
������������ ������

WHP�KDV�D�FXELF�V\PPHWU\��IRU�[� ���DQG�����)P�±��P�VSDFH�JURXS��1R��������,WV�XQLW
FHOOV� DFFRPPRGDWH� IRXU� IRUPXOD� XQLWV� ZLWK� 1�  � ���� DWRPV�� 7KHUH� DUH� IRXU� QRQ�
HTXLYDOHQW� SRVLWLRQV� RI� )H�1L�� DWRPV� �VHH� 7DEOH� ��� LQ� WKH� 1L ��� % � � DQG� )H ��� % � � FRP�
SRXQGV�� 7KH� VLQJOH� DWRP� LPSXULWLHV� �1L� RU� )H� IRU� [�  � �� DQG� ���� UHVSHFWLYHO\�� LQ
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)H ������, 1L, % � �ZHUH�ORFDWHG�RQH�DIWHU�DQRWKHU�LQ��D���F����K��DQG���I�SRVLWLRQV��7KH�EUR�
NHQ�V\PPHWU\�JLYHV�DGGLWLRQDO�QRQ�HTXLYDOHQW�SRVLWLRQV�ZLWKLQ��F����K����I��DQG���H
VLWHV� IRU�[� �����7KH\�DUH�SUHVHQWHG� LQ�7DEOH��� IRU�[� ���� WRJHWKHU�ZLWK� WKHLU�RFFX�
SDQF\��LQ�SDUHQWKHVHV��ZLWKLQ�SDUWLFXODU�VLWHV�

$V� VWDUWLQJ�� WKH� IROORZLQJ� DWRPLF� FRQILJXUDWLRQV� ZHUH� DVVXPHG�� FRUH� >$U@
���G � �V � �IRU�)H��FRUH�>+H@����S � �V�IRU�%��DQG�FRUH�>$U@����G � �V � �IRU�1L��7KH�IXOO\�UHOD�
WLYLVWLF� DSSURDFK� IRU� WKH� FRUH� HOHFWURQV� DQG� VFDODU� UHODWLYLVWLF� DSSUR[LPDWLRQ� IRU� WKH
YDOHQFH�HOHFWURQV�ZHUH�XVHG��7KH�0LQ±-DQJ�>��@�VFKHPH�IRU�FDOFXODWLQJ�WKH�VSLQ�RUELW
HIIHFWV� ZDV� HPSOR\HG�� 7KH� H[FKDQJH�FRUUHODWLRQ� SRWHQWLDO� ZDV� FKRVHQ� LQ� WKH� IRUP
SURSRVHG�E\�YRQ�%DUWK±+HGLQ� >��@�� 6HOI�FRQVLVWHQW� FDOFXODWLRQV�ZHUH� SHUIRUPHG� IRU
�����N�SRLQWV�LQ�WKH�%ULOORXLQ�]RQH��7KH� WHWUDKHGURQ�PHWKRG�>��@�ZDV�XVHG�IRU� LQWH�
JUDWLRQ�RYHU�WKH�%ULOORXLQ�]RQH��7KH�LWHUDWLRQV�ZHUH�UHSHDWHG�XQWLO�WKH�DFFXUDF\�RI�WKH
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W\SH�VWUXFWXUH� WKH��D���F����K��DQG���I�SRVLWLRQV�IRU�)H�1L�DWRPV�KDYH� WR�EH�FRQVLG�
HUHG��2XU� WRWDO� HQHUJ\� FDOFXODWLRQV� VKRZ� WKDW� LQ� WKH� FDVH� RI� )H �7� 1L% � � WKH�1L� DWRPV
SUHIHU��D�SRVLWLRQ�DQG�LQ�WKH�FDVH�RI�1L �7� )H% � � WKH�)H�DWRPV�SUHIHU���I�VLWHV��7KH�UH�
VXOWV�SUHVHQWHG�EHORZ�FRQFHUQ� WKH�PRVW� VWDEOH� ORFDOL]DWLRQV�RI� WKH� LPSXULWLHV��ZKLFK
PLQLPL]H� WRWDO�HQHUJ\��7KH� WRWDO� DQG� ORFDO�GHQVLWLHV�RI� VWDWHV� �'26�� IRU�)H �E����, 1L, % �
DUH�SUHVHQWHG�LQ�)LJV���±��

7KH�VKDSH�RI�'26�SORWV�GHSHQGV�RQ�WKH�W\SH�RI�WKH�DWRP��LWV�ORFDOL]DWLRQ�DQG�ORFDO
HQYLURQPHQW��7KH� YDOXHV� RI� WRWDO�'26� DW� WKH�)HUPL� OHYHO� �()�� DUH� HTXDO� WR� �������
���������������DQG��������VWDWHV��H9�I�X���IRU�[� ����������DQG����� UHVSHFWLYHO\��%H�
FDXVH� RI� D� ODUJH� QXPEHU� RI� G� HOHFWURQV� WKDW� W\SH� RI� HOHFWURQV� SURYLGHV� WKH� PDLQ
FRQWULEXWLRQ� WR� WKH� WRWDO�'26� IRU�(� �(� �� DERXW� �����7KH� H[DFW� YDOXHV� RI� VLWH� DQG
O�GHFRPSRVHG�VSLQ�SURMHFWHG�'26�DW�WKH�)HUPL�OHYHO�DUH�FROOHFWHG�LQ�7DEOH���

7KH� FDOFXODWHG� WRWDO� PDJQHWLF� PRPHQWV� IRU� )H �E� % � � DQG� 1L �E� % � � FRPSRXQGV� DUH
HTXDO�WR��������DQG�������m � �I�X��/RFDO�FRQWULEXWLRQV�SURYLGHG�E\�SDUWLFXODU�DWRPV�DUH
FROOHFWHG�LQ�7DEOH���

3DUWLFXODUO\�KLJK�YDOXHV�RI�PDJQHWLF�PRPHQWV�� IRU�)H �E� % � �� DUH� ORFDWHG� RQ�)H��D�
DQG�)H��F�� DWRPV��KLJKHU� WKDQ� IRU� WKH�EXON�EFF�)H� V\VWHP� �DERXW� ����m � �DWRP���7KH
YDOXHV�RI�PDJQHWLF�PRPHQWV�GHSHQG�RQ�WKH�ORFDO�HQYLURQPHQW�RI�)H�DWRPV��,QFUHDVLQJ
QXPEHU�RI�WKH�QHLJKERXULQJ�ERURQ�DWRPV�UHGXFHV�WKH�PDJQHWLF�PRPHQW�RI�LURQ��,Q�WKH
FDVH�RI�1L �E� % � �FRPSRXQG�� WKH�PDJQHWLF�PRPHQWV�DUH� UHGXFHG�DOPRVW� WR�]HUR��EHORZ
�����E� �m � �DWRP�
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DWRPV�LQ�)H �E� % � �DQG�1L �E� % � �FRPSRXQGV�GHSHQG�RQ�WKHLU�ORFDO�HQYLURQPHQWV��7KH�LURQ
PDJQHWLF�PRPHQWV� DUH� HQKDQFHG� XS� WR� DERXW� ��m%�DWRP�� EHLQJ� UHGXFHG� IRU� QLFNHO�
HYHQ�WR�]HUR��&DOFXODWLRQV�RI�WKH�WRWDO�HQHUJ\�VKRZ�WKDW�LQ�)H �7� 1L% � �WKH�1L�DWRPV�DUH
ORFDWHG�LQ�WKH��D�SRVLWLRQ�DQG�LQ�1L �7� )H% � �WKH�)H�DWRPV�SUHIHUDEO\�ORFDWH�DW���I�VLWHV�
7KH�LQYHVWLJDWLRQV�SUHVHQWHG�LQ�WKLV�FRQWULEXWLRQ�ZLOO�EH�FRQWLQXHG�IRU�DOO�[�VXEVWLWX�
WLRQV� LQ� �)H � ��� 1L� � �E� % � � V\VWHPV� WR� GHWHUPLQH� WKH� GHSHQGHQFH� RI� PDJQHWL]DWLRQ� RQ
FRQFHQWUDWLRQ�RI�1L�LPSXULWLHV�DQG�WKHLU�VLWH�SUHIHUHQFH�

,Q�WKH�QDQRFU\VWDOOLQH�VWDWH��1L�ULFK�DOOR\V�VKRZ�JRRG�PHFKDQLFDO�SURSHUWLHV�FRP�
SDUHG� ZLWK� WKH� ),1(0(7�� 1$123(50� RU� +,73(50�� 7KH� LPSURYHG� PDJQHWLF
SURSHUWLHV�DQG�UHGXFHG�EULWWOHQHVV�RI�WKH�VDPSOHV�RIIHU�DWWUDFWLYH�SRVVLELOLWLHV�IRU�DS�
SOLFDWLRQV�RI�WKLV�DOOR\��,W�LV�RI�SDUWLFXODU�LQWHUHVW�WR�VWXG\�VXFK�DOOR\V�DQG�WR�DWWHPSW
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