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�.\LY�7DUDV�6KHYFKHQNR�1DWLRQDO�8QLYHUVLW\��FKHPLFDO�GHSDUWPHQW��LQRUJDQLF�FKHPLVWU\�FKDLU�

7KH�ILUVW�VWHSV�RI�V\QWKHVLV�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�IRUPDWLRQ�RI�IXPHG�VLOLFD�SDUWLFOHV�GXULQJ�DQ\�

NLQG� RI� WKH� &9'� SURFHVV�� 7R� VWXG\� WKHVH� SURFHVVHV� ZH� KDYH� XVHG� D� VXSHUFOXVWHU� DSSURDFK� LQ� TXDQWXP�

FKHPLVWU\���'XH�WR�GLIIHUHQW�SRLQWV�RI�YLHZ�RQ�WKH�QDWXUH�RI�WKH�KLJK�GLVSHUVHG�VLOLFD�ZH�KDYH�GRQH�TXDQWXP�

FKHPLVWU\�VLPXODWLRQ�RI�VLOLFD�IRUPDWLRQ�XVLQJ�µWHFKQRORJ\�IROORZLQJ¶�PHWKRG��ZKLFK�LV�EDVHG�RQ�WKH�LGHD�

WR� VLPXODWH� PDQXIDFWXULQJ� SURFHVV� DW� WKH� DWRPLF� OHYHO�� � 7R� FDOFXODWH� ODUJH� VLOLFD� SDUWLFOHV� ZH� XVHG� D�

VRSKLVWLFDWHG� VHPLHPSLULFDO�PHWKRG�30���6RPH�NH\� V\VWHPV�ZHUH�FRPSXWHG�E\�DE� LQLWLR�PHWKRGV��(DFK�

V\VWHP�ZDV� IXOO\�RSWLPL]HG��DGGLWLRQDOO\� IRUFH� ILHOG�DQG�GLSROH�PRPHQW�GHULYDWLYHV�KDYH�EHHQ�HYDOXDWHG��

%RWK� H[SHULPHQWDO� ,5� DQG� QHXWURQ� LQHODVWLF� VFDWWHULQJ� �,16�� VSHFWUD� ZHUH� XVHG� WR� YHULI\� FRPSXWDWLRQDO�

PRGHOV�� )ROORZLQJ� JDV�SKDVH� WHFKQRORJ\� RI� &9'� VLOLFD� JODVV� SURGXFLQJ� SURFHVV� ZH� KDYH� VLPXODWHG�

GLIIHUHQW�VL]H�FOXVWHU�IRUPDWLRQ�GLUHFWO\�IURP�PROHFXOHV��'XULQJ�JODVV�IRUPDWLRQ�ZH�KDYH�REVHUYHG�GLIIHUHQW�

FOXVWHU� JURZWK� ZLWK� FRPSOHWHO\� DPRUSKRXV� VWUXFWXUH�� 7KH� PDLQ� IHDWXUH� RI� DPRUSKRXV� VWUXFWXUH� LV�

GLVWULEXWLRQV�RI�ERQG� OHQJWK�� DQJOH�YDOXHV�� FRRUGLQDWLRQ�QXPEHUV�DQG�DWRPLF�FKDUJHV�GLVWULEXWLRQV��'HWDLO�

LQYHVWLJDWLRQ�RI�WKH�FOXVWHU�VWUXFWXUH�VKRZV�WKH�FRRUGLQDWLRQ�QXPEHUV���������DQG���IRU�VLOLFRQ�DWRPV�DQG������

DQG� �� IRU� R[\JHQ� DWRPV�� 0RUH� GHWDLO� UHVXOWV� DQG� GLVFXVVLRQ� ZLOO� EH� SUHVHQWHG�� 6RPH� UHVXOWV� RI� JODVV�

IRUPDWLRQ�ZLOO�EH�SUHVHQWHG�DV�FRPSXWHU�DQLPDWLRQ��

0HWKRGRORJ\�

7KHUH�DUH�WZR�SRVVLEOH�ZD\V�WR�SURGXFH�QDQRVL]H�SDUWLFOH��WR�FRQGHQVH�VPDOO�PROHFXOHV�
RU� WR� GLYLGH� D� ODUJH� EXON�� 7ZR� KLJK� GLVSHUVHG� VLOLFD� �IXPHG� VLOLFD� DQG� VLOLFD� IXPH�� ZLOO� EH�
GLVFXVVHG�DV�OLNH�DV�RSWLFDO�VLOLFD�JODVV��REWDLQHG�E\�&9'�PHWKRG��)ROORZLQJ�WKH�QHDU�&9'�
WHFKQRORJ\�WKLV�SUHVHQWDWLRQ�VKRZV�WKH�ILUVW�ZD\��ZKDW�ZLOO�KDSSHQ�ZLWK�VPDOO�FKHPLFDO�DFWLYH�
PROHFXOHV� LQ� WKH� IODPH��7KH� UHDVRQ�RI� VXFK� DSSURDFK� LV� WKH� IDFW� WKDW� UHDFWLRQ� KDSSHQV� LQ�
YDSRXU� SKDVH�� VR� WKH� SURFHVV� RI� FRPELQLQJ� WDNHV� SODFH� DQG� XVLQJ� FU\VWDOOLQH� PRGHO� WR�
VLPXODWH�DPRUSKRXV�VWDWHV�RI�VROLG�LV�DQ�XQUHDOLVWLF��

7R�VWXG\�VSDFH�VWUXFWXUH�DQG�SURSHUWLHV�RI�VROLGV�DQG�WKHLU�VXUIDFH�ZH�KDYH�GHYHORSHG�
WRRONLW�IRU�WKH�VSDFH�VWUXFWXUH�DQG�PROHFXOHV�FOXVWHUV�YLEUDWLRQ�VSHFWUD�VLPXODWLRQ��7KHUH�DUH�
D�ORW�RI�PHWKRGV�WR�VLPXODWH�VSDFH�VWUXFWXUH�DW�WKH�DWRPLF�OHYHO�EXW�WKH�PDLQ�TXHVWLRQ�DIWHU�
VLPXODWLRQ�²�KRZ�WR�YHULI\�REWDLQHG�VWUXFWXUH"�²�LV�VWLOO�D�SUREOHP���

7KLV�TXHVWLRQ�EHFRPHV�D�ELJ�SUREOHP�LI�VPDOO�SDUWLFOHV��DPRUSKRXV�RU�UHDO�VXUIDFH�DUH�
XQGHU� VWXG\�� ZKHQ� LW� LV� LPSRVVLEOH� WR� XVH� VWDQGDUG� VWUXFWXUH� PHWKRGV� VXFK� DV� ;�UDZ� RU�
QHXWURQ� GLIIUDFWLRQ�� ,Q� RUGHU� WR� VROYH� WKLV� SUREOHP� ZH� KDYH� SURSRVHG� WR� XVH� YLEUDWLRQ�
VSHFWURVFRS\� DV� D�PHWKRG� WR� YHULI\� FDOFXODWHG� VWUXFWXUH�ZLWK� UHDOLW\�� ,W� LV�ZHOO� NQRZQ� WKDW�
YLEUDWLRQ�VSHFWUD��LQIUDUHG��,5���5DPDQ�DQG�LQHODVWLF�QHXWURQ�VFDWWHULQJ��,16���DUH�ILQJHUSULQW�
IRU�VXEVWDQFH��

'XULQJ�VLPXODWLRQ�LW�LV�QHFHVVDU\�WR�WDNH�LQ�DFFRXQW�WZR�PDLQ�FRPSRQHQW�RI�VLPXODWLRQ�
DFFXUDF\�� WKH� DFFXUDF\� RI� FRPSXWDWLRQ� PHWKRG� DQG� DFFXUDF\� RI� PRGHO� WR� UHSUHVHQW�
SURSHUWLHV� XQGHU� VWXG\�� $V� XVXDO�� DFFXUDF\� RI� VLPXODWLRQ� ZLOO� EH� QRW� PRUH�� WKDQ� PLQLPDO�
DFFXUDF\�RI�WKHVH�WZR�FRPSRQHQWV��7KHUHIRUH��DQ�XQOLPLWHG�DFFXUDF\�LQFUHDVLQJ�RI�RQO\�RQH�
FRPSRQHQW�RI�D�VLPXODWLRQ�PHWKRG�ZLOO�QRW�LQFUHDVH�VLPXODWLRQ�UHVXOW�DFFXUDF\��$V�D�VDPSOH�
LW�LV�SRVVLEOH�WR�VKRZ�WKDW�VLOLFRQ�GLR[LGH�PROHFXOH�LV�QRW�DEOH�WR�UHSURGXFH�WKH�SURSHUWLHV�RI�



EXON�VLOLFD�GXH�WR�VPDOO�QXPEHU�RI�DWRPV�DQG�GLIIHUHQW�HOHFWURQLF�VWUXFWXUH�RI�VPDOO�PROHFXOH�
DQG�VROLG�VWDWH��

7R� SHUIRUP� DOO� WKHVH� FDOFXODWLRQ� ZH� KDYH� XVHG� RXU� QHZ� TXDQWXP� FKHPLFDO� SURJUDP�
4X&KHP� �� IRU� VHPLHPSLULFDO� �30��� VLPXODWLRQ�RI� VSDFH�DQG�HOHFWURQLF� VWUXFWXUH� DV� OLNH� DV�
RWKHU�NQRZQ�SDFNDJHV��023$&��$03$&�DQG�VR�RQ��DQG�IRU�GDWD�SUHSDUDWLRQ�IRU�GHWDLOHG�
QRUPDO�FRRUGLQDWH�DQDO\VLV�E\�RXU�VRIWZDUH�SDFNDJH�&263(&2����

�

6LOLFD�VLPXODWLRQ��IURP�PROHFXOH�WR�VROLG�

7KH� ILUVW� VWHSV� RI� V\QWKHVLV� SOD\� DQ� LPSRUWDQW� UROH� LQ� WKH� IRUPDWLRQ� RI� IXPHG� VLOLFD�
SDUWLFOHV� GXULQJ� DQ\� NLQG� RI� WKH� &9'� SURFHVV�� � 7R� VWXG\� WKHVH� SURFHVVHV� ZH� XVHG� D�
VXSHUFOXVWHU�DSSURDFK�LQ�TXDQWXP�FKHPLVWU\���'XH�WR�GLIIHUHQW�SRLQWV�RI�YLHZ�RQ�WKH�QDWXUH�
RI�WKH�KLJK�GLVSHUVHG�VLOLFD�ZH�KDYH�GRQH�TXDQWXP�FKHPLVWU\�VLPXODWLRQ�RI�VLOLFD�IRUPDWLRQ�
XVLQJ�¶WHFKQRORJ\�IROORZLQJ·�PHWKRG��ZKLFK�LV�EDVHG�RQ�WKH�LGHD�WR�VLPXODWH�PDQXIDFWXULQJ�
SURFHVV�DW�WKH�DWRPLF�OHYHO���(DFK�V\VWHP�ZDV�IXOO\�RSWLPLVHG��DGGLWLRQDOO\�IRUFH�ILHOG��GLSROH�
PRPHQW� DQG� SRODUL]DELOLW\� GHULYDWLYHV� KDYH� EHHQ� HYDOXDWHG�� ([SHULPHQWDO� LQIUDUHG� �,5���
5DPDQ� DQG� QHXWURQ� LQHODVWLF� VFDWWHULQJ� �,16�� VSHFWUD� ZHUH� XVHG� WR� YHULI\� FRPSXWDWLRQDO�
PRGHOV��

7KH� QH[W� LPSRUWDQW� SRLQW� LV� WKH� FKRLFH� RI� VWDUWLQJ� VSDFH� VWUXFWXUH� RI� FOXVWHU� IRU�
VLPXODWLRQ�� 6LOLFD� JODVV� DV� OLNH� IXPHG� VLOLFD�� LV� DPRUSKRXV� DQG�� WKHUHIRUH�� LW� LV� GLIILFXOW� WR�
XQGHUVWDQG�GLVFXVVLRQV�RQ�FU\VWDO�VWUXFWXUH�IRU�DPRUSKRXV�VWDWH�VLPXODWLRQ��(VSHFLDOO\�� LQ�D�
ODUJH� H[WHQG� WKH� FRPSXWDWLRQV� DUH� PDGH� RQ� FOXVWHUV�� WKH� VWUXFWXUH� RI� ZKLFK� LV� EDVHG� RQ�
TXDUW]�VWUXFWXUH��)RU�ODUJH�VLPXODWLRQ�LQ�PROHFXODU�G\QDPLFV��IRU�H[DPSOH��WKH�VWDUWLQJ�SRLQW�
LV� TXDUW]��:KHQ� WKH� WHPSHUDWXUH� LV� LQFUHDVHG�� WKH� GLVRUGHU� DSSHDUV� EXW� DIWHU� FRROLQJ� ORFDO�
TXDUW]�VWUXFWXUH�UHDSSHDUV��7KLV�FRXOG�EH�GXH�WR�WKH�FKRLFH�RI�WKH�SRWHQWLDO�RU�XQFRPSOHWHG�
VLPXODWLRQ� DERYH� WKH� PHOWLQJ� WHPSHUDWXUH�� :H� ZRXOG� OLNH� WR� SURSRVH� DQRWKHU� ZD\� WR�
VLPXODWH�DPRUSKRXV�VWDWH�RI�VROLGV��WR�VWDUW�ULJKWO\�IURP�WKH�JDV�SKDVH��

7R� VLPXODWH� DPRUSKRXV� VLOLFD�ZH�KDYH�XVHG� ¶7HFKQRORJ\� IROORZLQJ·�PHWKRGRORJ\� ��� ,W�
EDVHG� RQ� SRVVLEOH� UHSURGXFWLRQ� RI� FRQGLWLRQ� RI� PROHFXOHV� GXULQJ� WHFKQRORJLFDO� SURFHVV��
)URP�RXU�SRLQW�RI�YLHZ�DOO�JDV�SKDVH�VLOLFD�V\QWKHVLV�SURFHVVHV�OLNH�IXPHG�VLOLFD�SURGXFWLRQ�
IURP� VLOLFRQ� WHWUDFKORULGH� LQ� R[\JHQ�K\GURJHQ� IODPH�� &9'� VLOLFD� JODVV� SURGXFWLRQ� IURP�
VLOLFRQ�WHWUDFKORULGH�DQG�IUHH�R[\JHQ�ZLWK�H[WHUQDO�KHDWLQJ�DQG�VLOLFD�IXPH�SURGXFWLRQ�DV�E\�
SURGXFW� GXULQJ� VLOLFRQ� UHGXFWLRQ� IURP� TXDUWV� LQ� HOHFWULFDO� DUF� IXUQDFHV� DUH� EDVHG� RQ� WKH�
VLPLODU�FKHPLFDO�SURFHVV�ZLWK�VLOLFRQ�GLR[LGH�PROHFXOH�DV�D�VWDUWLQJ�EULFN��

:H� KDYH� VLPXODWHG� UHDFWLRQ� EHWZHHQ� VLOLFRQ� GLR[LGH�PROHFXOHV� ZLWK� VPDOO� QXPEHU� RI�
PROHFXOHV��XS�WR���PROHFXOHV�LQ�GHWDLO�DQG�VRPH�GDWD�PRUH�UDUHO\���7KHVH�GDWD��ILJ�����VKRZ�
WKDW�WKH�ILQDOH�VLOLFD�FOXVWHU�VWUXFWXUH�LV�TXLWH�GHSHQGHG�IURP�WKH�VWDUWLQJ�SRLQW��$V�UHVXOW��ZH�
KDYH� D� ¶UHDFWLRQ� WUHH·�� ZKLFK� FDQ� GHVFULEH� DOO� SURGXFWV�� ,W� PHDQV� WKDW� GHSHQGHQF\� RI� WKH�
FROOLVLRQ�FRQGLWLRQ�WKH�UHDFWLRQ�SDWKZD\�PD\�OHDGV�WR�GLIIHUHQW�UHVXOWV��7KHUHIRUH��WKHUH�DUH�D�
ORW� RI� ELIXUFDWLRQ� SRLQWV� RQ� WKH� SRWHQWLDO� HQHUJ\� K\SHUVXUIDFH� ZKHUH� V\VWHP� FKRRVHV� WKH�
DFWLYH�FHQWUH�IRU�UHDFWLRQ��$V�UHVXOW�� WKHVH�ELIXUFDWLRQ�SRLQWV�JHQHUDWH�FOXVWHU�JURZWK�WKUHH��
$OO�FOXVWHUV�ZLWK�WKH�VDPH�QXPEHU�RI�DWRPV�KDYH�VOLJKWO\�GLIIHUHQW�KHDW�RI�IRUPDWLRQ��$IWHU�
UHDFWLRQ� EHWZHHQ� VLOLFRQ� GLR[LGH�PROHFXOHV�� ZKHQ� WKH\� FRQFHQWUDWLRQ� GHFUHDVHG�� WKH� VLOLFD�
FOXVWHUV�EHJLQ�LQWHUDFW�RQH�ZLWK�RWKHU�ZLWKRXW�FKHPLFDO�UHDFWLRQ�EDUULHU��ILJ������7KLV�SURFHVV�
WDNHV�D�SODFH�ZKHQ�DFWLYH�FHQWUHV�OLNH�RQH�FRRUGLQDWHG�R[\JHQ�DWRPV�DQG�WKUHH�FRRUGLQDWHG�
VLOLFRQ�DWRPV�FRYHU�FOXVWHU�VXUIDFH��,I�WKH�UHDFWLRQ�PL[WXUH�FRQWDLQV�VPDOO�DFWLYH�PROHFXOHV��



ZKLFK�DUH�DEOH� WR�VDWXUDWH�VLOLFD�FOXVWHU� VXUIDFH� �ZDWHU�DQG�VR�RQ��� WKH�FOXVWHU�FRQGHQVDWLRQ�
SURFHVV� ZLOO� EH� WHUPLQDWHG�� ,Q� WKLV� FDVH� FOXVWHU� VXUIDFH� ZLOO� EH� FRYHUHG� E\� K\GUR[\O� VKHOO��
ZKLFK� SUHYHQW� EXON� JODVV� IRUPDWLRQ�� 7KLV� FDVH� ZH� KDYH� REVHUYHG� GXULQJ� IXPHG� VLOLFD�
SURGXFLQJ��ZKHQ�QXPEHU�RI�ZDWHU�PROHFXOHV� LV�FRPSDWLEOH�ZLWK�QXPEHU�RI�VLOLFRQ�GLR[LGH�
PROHFXOHV�� $V� UHVXOW� RI� WKLV� WHFKQRORJLFDO� SURFHVV� ILQH� VLOLFD� SDUWLFOHV� ZLWK� K\GUR[\O� VKHOO�
FRPH� LQ��:DWHU�PROHFXOHV� UHDFW�ZLWK� VXUIDFH�DQG� VDWXUDWH� LW� DV� LW� LV� VKRZQ� LQ� ILJ�����)LJ����
VKRZV�VWUXFWXUH�RI� VXUIDFH�K\GUR[\O� VKHOO�ZLWK�+�ERQG�EHWZHHQ�K\GUR[\O�JURXSV�DQG� WKHLU�
,5�VSHFWUXP� LQ� WKH� UHJLRQ� RI� K\GUR[\O� JURXS� YLEUDWLRQV� ²� ���������� FP���� 7KLV� VLPSOH�
VWUXFWXUH� GHVFULEHV� H[SHULPHQWDO� '5,)7� VSHFWUXP� IRU� KLJK�GLVSHUVHG� VLOLFD� JRRG� HQRXJK��
¶)UHH·�K\GUR[\O�JURXS�GHVFULEHV�QDUURZ�SHDN�DW������FP���ZLWK�ORZ�LQWHQVLW\�DQG�KDOI�ZLGWK�
DQG�+�ERQGHG�K\GUR[\O�JURXS�GHVFULEHV�ZLGH�DQG�LQWHQVH�SHDN�DW������FP�����

:H�KDYH�YHULILHG�RXU�PRGHOV�E\�GLIIHUHQW�YLEUDWLRQ�VSHFWURVFRS\�H[SHULPHQWDO�PHWKRGV�
OLNH� LQHODVWLF� QHXWURQ� VSHFWURVFRS\� �,16��� LQIUDUHG� �,5�� DQG� 5DPDQ�� 7KH� GDWD� IRU� FOXVWHU�
6L��2+�ZLWK� FULVWREDOLWH� VWUXFWXUH� DUH� VKRZQ� LQ� WKH� ILJ� ��� 7R� RXU� RSLQLRQ�ZH� KDYH� JRRG�
HQRXJK� UHSURGXFWLRQ� RI� H[SHULPHQWDO� GDWD�� 7KH� GLIIHUHQFH� EHWZHHQ� H[SHULPHQWDO� DQG�
FRPSXWHG�GDWD�FDQ�EH�H[SODLQHG�DV�D�VL]H�DQG�RU�VXUIDFH�HIIHFWV��7KH�GLIIHUHQFH� LQ�5DPDQ�
VSHFWUD�GXH� WR� VLOLFD�FOXVWHU� VWUXFWXUH� LV� FULVWREDOLWH��EXW�JODVV� VWUXFWXUH� LV�PRUH�GLVRUGHU�� ,W�
PHDQV�WKDW�JODVV�VWUXFWXUH�LV�QRW�FU\VWDO�VWUXFWXUH�ZLWK�GHIHFWV��JODVV�VWUXFWXUH�LV�DPRUSKRXV�
VWDWH��0RUH�GHWDLOHG�GDWD�DQG�GLVFXVVLRQ�ZLOO�EH�SUHVHQWHG��
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�$�7�3LOLSHQNR��9�$�=D\HW]��9�'�.KDYU\XWFKHQNR��(�5�)DOHQG\VK����3URJUDP�IRU�PHWKRG�
01'2�+�ZLWK�DQDO\WLFDO�HYDOXDWLRQ�RI�ILUVW�GHULYDWLYHV�DQG�YLEUDWLRQ�VSHFWUD�FDOFXODWULRQ��
=��6WXNW��.KLPLL��LQ�5XVVLDQ����-��6WUXFW�&KHP��������Y�����1R����S�����������

�
�9�.KDYU\XWFKHQNR��(�)�6KHND����'\QDPLFDO�,PDJHV�RI�1DQRREMHFWV����3K\V��/RZ�'LP��
6WUXFW��������1R������S��������

�
�9�'��.KDYU\XWFKHQNR��$�9��.KDYU\XWFKHQNR��+��%DUWKHO��%��3RXPHOOHF��-��2��5RV]LQVNL��*DV�
SKDVH�VLOLFD�V\QWKHVLV��D�TXDQWXP�FKHPLVWU\�YLHZ�RQ�IXPHG�VLOLFD��&9'�VLOLFD�DQG�VLOLFD�IXPH�
SURGXFWLRQ�DQG�VWUXFWXUH��,QW��&RQI��RQ�6LOLFD�6FLHQFH�DQG�7HFKQRORJ\��([WHQGHG�DEVWUDFWV�
0XOKRXVH��)UDQFH��6HSW�������������S�����

��
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)LJ�����5HDFWLRQ�WKUHH�IRU�VPDOO�VLOLFD�FOXVWHUV���KHDW�RI�IRUPDWLRQ�DV�D�IXQFWLRQ�RI�QXPEHU�RI�

VLOLFRQ�GLR[LGH�PROHFXOHV��OHIW�ILJ�±�IRU�VPDOO�QXPEHU�RI�PROHFXOHV�DQG�ULJKW�ILJ��±�IRU�ODUJH�

QXPEHU�DQG�H[WUDSRODWLRQ�WR�LQILQLW\�QXPEHU�RI�PROHFXOHV���

�

)LJ�����5HDFWLRQ�EHWZHHQ�VPDOO�VLOLFD�FOXVWHUV��OHIW�ILJ�±�VWDUWLQJ�SRLQW�DQG�ULJKW�ILJ��±�ILQDO�SRLQW���

�

)LJ�����5HDFWLRQ�EHWZHHQ�VPDOO�VLOLFD�FOXVWHUV����6L2���DQG�ZDWHU�PROHFXOH�±�FKHPLFDO�UHDFWLRQ�

SDWKZD\��ULJKW�ILJ�±�VWDUWLQJ�SRLQW�DQG�OHIW�ILJ��±�ILQDO�SRLQW���
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([S��+'.�7���

GULHG�DW�����.
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)LJ�����7ZR�VXUIDFH�K\GUR[\O�JURXSV�RQ�WKH�VPDOO�VLOLFD�FOXVWHUV����6L2���ZLWK�+�ERQG��OHIW�ILJ���

DQG�WKHLU�,5�VSHFWUXP�IRU�UHJLRQ�����������FP
��
��ULJKW�ILJ��±�EOXH�OLQH�±FDOFXODWHG�DQG�UHG�OLQH�±�

H[SHULPHQWDO�GDWD�IRU�IXPHV�VLOLFD�7����:DFNHU�&KHPLH����
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)LJ�����6LOLFD�FOXVWHU�6L��2+��D��DQG�WKHLU�,16��E���,5��F��DQG�5DPDQ��G��VSHFWUD��UHG�OLQH�±�

H[SHULPHQWDO�GDWD��EOXH�OLQH�±�FDOFXODWHG�VSHFWUD��IRU�5DPDQ�VSHFWUD�JUHHQ�OLQH�LV�OLWHUDWXUH�5DPDQ�

VSHFWUD�IRU�FULVWREDOLW���
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