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�

&KDQJHV�RI�RSWLFDO� WUDQVPLWWDQFH� LQGXFHG�E\� WKH� LQIOXHQFH�RI�
��
&R�γ�LUUDGLDWLRQ�KDYH�EHHQ�VWXGLHG� LQ�

WHUQDU\� $V�*H�6�� 6E�*H�6�� $V�*H�6H� DQG� $V�%L�6H� V\VWHPV�� 7KH� FKDUDFWHUV� RI� UDGLDWLRQ�LQGXFHG�

RSWLFDO� HIIHFWV� LQ� DOO� WKHVH� V\VWHPV� KDYH� EHHQ� FRPSDUHG� ,W� ZDV� VKRZQ� WKDW� WKH� FRPSRVLWLRQDO�

GHSHQGHQFLHV�RI�VXFK�HIIHFWV�DUH�DOPRVW�OLQHDU�IRU�VWRLFKLRPHWULF�JODVVHV�DQG�UHYHDO�VRPH�SHFXOLDULWLHV�

FRQQHFWHG�ZLWK�SKDVH� IHDWXUHV�� WKH�³IUHH�YROXPH´�SDUDPHWHUV�DQG� WKH� VSHFLILFLW\�RI� UDGLDWLRQ� LQGXFHG�

GHIHFWV�IRUPDWLRQ�IRU�QRQ�VWRLFKLRPHWULF�IDPLOLHV��

�

.H\�ZRUGV��FKDOFRJHQLGH�JODVVHV��γ�LUUDGLDWLRQ��RSWLFDO�WUDQVPLWWDQFH��GHIHFW�IRUPDWLRQ�
�

���,QWURGXFWLRQ�

5HFHQW� LQYHVWLJDWLRQV� RI� JDPPD�LQGXFHG� RSWLFDO� SKHQRPHQD� LQ� YDULRXV� WHUQDU\�
V\VWHPV�RI�DPRUSKRXV�FKDOFRJHQLGH�VHPLFRQGXFWRUV��$&K6��KDYH�VKRZQ�WKDW�WKH�YDOXH�
DQG� FKDUDFWHU� RI� WKHVH� LQGXFHG� HIIHFWV� DV�ZHOO� DV� WKHLU� G\QDPLF� DQG� VWDWLF� FRPSRQHQWV�
HVVHQWLDOO\� GHSHQGV� RQ� WKH� RULJLQ�� FRQFHQWUDWLRQ� DQG� YDOHQF\� RI� FRQVWLWXHQW� DWRPV�� WKH�
GLPHQVLRQDOLW\��FRPSDFWQHVV�DQG�VWRLFKLRPHWU\�RI�VWUXFWXUH�DV�ZHOO�DV�WKH�FRQFHQWUDWLRQ�
RI�KRPR��DQG�KHWHURSRODU�ERQGV������7KH�DLP�RI�WKLV�ZRUN�LV�WKH�FRPSDUDWLYH�DQDO\VLV�RI�
UDGLDWLRQ�LQGXFHG�RSWLFDO�HIIHFWV��5,2(��LQ�GLIIHUHQW�W\SHV�RI�$&K6�V\VWHPV���
�

���([SHULPHQWDO�

7UDGLWLRQDO� PHOW� TXHQFKLQJ� PHWKRG� ZDV� XVHG� IRU� WKH� SUHSDUDWLRQ� RI� EXON� $&K6�
VDPSOHV�RI�$V�*H�6��6E�*H�6��$V�*H�6H�DQG�$V�%L�6H�V\VWHPV���1�SXULW\�HOHPHQWV�ZHUH�
FKRVHQ� DV� SUHFXUVRUV� IRU� V\QWKHVLV�� 7KH� FRROHG� DPSRXOHV� DGGLWLRQDOO\� KHDWHG� DW� WKH�
WHPSHUDWXUHV� MXVW� EHORZ� WKH� JODVV� WUDQVLWLRQ� SRLQW� 7J� ZLWK� WKH� DLP� WR� DYRLG� WKH�
SRVWV\QWKHVLV�UHVLGXDO�VWUHVVHV���

$OO� VDPSOHV�ZHUH� LUUDGLDWHG�ZLWK���������0*\�GRVHV� LQ� WKH�FRQGLWLRQV�RI� VWDWLRQDU\�
UDGLDWLRQ�ILHOG�FUHDWHG�LQ�WKH�FORVHG�F\OLQGULFDO�FDSDFLW\�E\�WKH�FRQFHQWULFDOO\�SODFHG���&R�

VRXUFHV��7KH�PHDQ�HQHUJ\�RI�γ²IORZ�ZDV������0H9��WKH�SRZHU�RI�H[SRVXUH�GRVH�ZDV����
*\�V��7KH�YDOXH�RI�DEVRUEHG�GRVH�ZDV�OLPLWHG�E\�WKH�XQZDQWHG�WKHUPRUDGLDWLRQ�HIIHFWV��
ZKLFK� PLJKW� VXSSUHVV� 5,2(�� ,Q� RXU� FDVH� WKH� WHPSHUDWXUH� LQ� WKH� FDYLW\� RI� UDGLDWLRQ�
VRXUFHV�GLG�QRW�H[FHHG���������.���

2SWLFDO�WUDQVPLWWDQFH�VSHFWUD�ZHUH�PHDVXUHG�EHIRUH�DQG�DIWHU�γ²LUUDGLDWLRQ�IRU�D�ZLGH�
UDQJH� RI� FKHPLFDO� FRPSRVLWLRQV� LQVLGH� RI� HDFK� V\VWHP� XVLQJ� ´6SHFRUG� 0��µ�
VSHFWURSKRWRPHWHU�ZLWK�DFFXUDF\��������0D[LPDO�YDOXH�RI�UDGLDWLRQ�LQGXFHG�FKDQJHV�RI�

RSWLFDO�WUDQVPLWWDQFH��∆τPD[��DW�WKH�UHJLRQ�RI�IXQGDPHQWDO�DEVRUSWLRQ�HGJH��8UEDFK�WDLO��
ZDV�FKRVHQ�DV�FRQWUROOHG�SDUDPHWHU�IRU�5,2(�LQYHVWLJDWLRQV���

7DNLQJ� LQWR�DFFRXQW�WKDW�WKH�5,2(�PDJQLWXGH�HVVHQWLDOO\� LQFUHDVHV�ZLWK�WKH�VDPSOH�
WKLFNQHVV��REWDLQHG�JODVVHV�ZHUH�FXW�LQWR�WKH�GLVNV�RI�������PP�WKLFNQHVV�LQ�GHSHQGHQFH�

RQ�WKH�VHQVLWLYLW\�RI�$&K6�V\VWHPV�WR�WKH�LQIOXHQFH�RI�γ�LUUDGLDWLRQ��
,Q� RUGHU� WR� DQDO\VH� WKH� LQWHUUHODWLRQ� EHWZHHQ� 5,2(� DQG� VWUXFWXUDO� SDUDPHWHUV� WKH�

FRPSDFWQHVV�δ�ZDV�FDOFXODWHG�IRU�HDFK�FRPSRVLWLRQ�XVLQJ�NQRZQ�IRUPXOD�������
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ZKHUH�9L� LV�WKH�YROXPH�RFFXSLHG�E\�WKH�DWRPV�RI�L�WK�FKHPLFDO�HOHPHQW�RI�JODVV��9H[S� LV�

WKH� H[SHULPHQWDOO\�PHDVXUHG� YROXPH� RI� JODVV�� $L�� [L� DQG�ρL� DUH� WKH� DWRPLF� ZHLJKW�� WKH�
DWRPLF� IUDFWLRQ� DQG� WKH� DWRPLF� GHQVLW\� RI� L�WK� FKHPLFDO� HOHPHQW�� UHVSHFWLYHO\��ρ� LV� WKH�
PHDVXUHG�GHQVLW\�RI�JODVV��7KH�TXDQWLWLHV�δ�FDQ�WDNH�WKH�QHJDWLYH�YDOXHV��FRUUHVSRQGLQJ�WR�
ODUJHU�´IUHHµ�YROXPH���
� �

���5HVXOWV�DQG�'LVFXVVLRQ�

�����$V�*H�6�V\VWHP��

7KH� FRPSRVLWLRQDO� GHSHQGHQFLHV� RI� PD[LPXP� YDOXH� RI� RSWLFDO� WUDQVPLWWDQFH�

GLIIHUHQFH� EHIRUH� DQG� DIWHU� γ�LUUDGLDWLRQ� IRU� VWRLFKLRPHWULF� $V�6��*H6�� DQG� QRQ�
VWRLFKLRPHWULF� $V�6��*H�6�� VHFWLRQV� RI� $V�*H�6� V\VWHP� DUH� SUHVHQWHG� LQ� ILJV�� �� DQG� ���
UHVSHFWLYHO\�� 5DGLDWLRQ�LQGXFHG� FKDQJHV� ZHUH� PHDVXUHG� �� GD\� DIWHU� LUUDGLDWLRQ� �WRWDO�

5,2(�GHVFULEHG�E\�∆τPD[
Σ��DQG���PRQWKV�ODWHU��VWDWLF�FRPSRQHQW�RI�5,2(�GHVFULEHG�E\�

∆τPD[VW���,W�LV�FOHDU�WKDW�G\QDPLF�FRPSRQHQW�RI�5,2(�LV�HTXDO�WR�WKH�GLIIHUHQFH�EHWZHHQ�
WKH�WRWDO�HIIHFW�DQG�VWDWLF�FRPSRQHQW��7KH�DYHUDJH�FRRUGLQDWLRQ�QXPEHU�=��FDOFXODWHG�DV�
WKH�QXPEHU�RI�FRYDOHQW�FKHPLFDO�ERQGV�SHU�DWRP�RI�WKH�IRUPXOD�XQLW�>�����@��ZDV�FKRVHQ�
DV� FRPSRVLWLRQ� SDUDPHWHU��7KLV� SDUDPHWHU� LV� DSSURSULDWH� IRU� FRQVLGHUDWLRQ� RQO\� LQ� WKH�
WHUQDU\�JODVVHV�RI�

Í

,9�Ï9�Þ9,�W\SH�ZKHQ�=�FKDQJHV�HVVHQWLDOO\�ZLWK�FRPSRVLWLRQ��
,W�PXVW� EH�PHQWLRQHG� WKDW� SKHQRPHQRORJLFDO�PRGHO� IRU�5,2(� LQ� VWRLFKLRPHWULF� JODVV�
FRPSRVLWLRQV� FDQ� EH� EXLOW� RQ� WKH� EDVLV� RI� UDGLDWLRQ�LQGXFHG� UHGLVWULEXWLRQ� RI� FKHPLFDO�
ERQGV�WRR��0RUHRYHU��VXFK�SURFHVVHV�DUH�FRQILUPHG�E\�,5�LQYHVWLJDWLRQV�LQ���������FP���
UHJLRQ��
� �

� �
)LJ����'HSHQGHQFH�RI�TXDQWLWDWLYH�SDUDPHWHUV�

RI�WRWDO��∆τPD[Σ
��DQG�VWDWLF��∆τPD[VW��5,2(�IRU�

VWRLFKLRPHWULF�$V�6��*H6��VHFWLRQ�RI�$V�*H�

6�V\VWHP�RQ�WKH�DYHUDJH�FRRUGLQDWLRQ�QXPEHU�

=��

)LJ����'HSHQGHQFH�RI�TXDQWLWDWLYH�SDUDPHWHUV�

RI�WRWDO��∆τPD[Σ
��DQG�VWDWLF��∆τPD[VW��5,2(�IRU�

QRQ�VWRLFKLRPHWULF�$V�6��*H�6��VHFWLRQ�RI�

$V�*H�6�V\VWHP�RQ�WKH�DYHUDJH�FRRUGLQDWLRQ�

QXPEHU�=��

�

$V� H[SHFWHG�� WKH� OLQHDU� LQFUHDVLQJ� RI� ∆τPD[� ZLWK� =� LV� REVHUYHG� IRU� VWRLFKLRPHWULF�
FRPSRVLWLRQV��+LJKHU�VHQVLWLYLW\�RI�*H�HQULFKHG�JODVVHV�WR�γ�LUUDGLDWLRQ�LV�ZHOO�H[SODLQHG�
E\� WKH� FRUUHVSRQGLQJ� GHFUHDVLQJ� RI� FRPSDFWQHVV�δ� �VHH� ILJ����� ,W� FDQ� EH� DVVXPHG� WKDW�
UDGLDWLRQ�LQGXFHG�GHIHFWV�EHFRPH�VWDELOL]H�HDVLHU�LQVLGH�RI�WKH�YRLGV��DW�WKH�LQFUHDVLQJ�RI�
´IUHHµ�YROXPH��LQ�FRPSDULVRQ�ZLWK�PRUH�FRPSDFW�VWUXFWXUH�ZKHQ�WKH�QHDUQHVV�RI�RWKHU�
DWRPV�SURPRWHV�WKH�TXLFN�KHDOLQJ�RI�WKHVH�GHIHFWV���



&DOFXODWLRQV�RI�δ� IRU�QRQ�VWRLFKLRPHWULF�FRPSRVLWLRQV� UHYHDOHG� WKH�PLQLPXP�YDOXH�
IRU�WKLV�SDUDPHWHU�DW�=≈�����ILJ��������6XFK�IHDWXUH�DJUHHV�ZLWK�WKH�EHKDYLRXU�RI�∆τPD[

Σ�=��

DQG�∆τPD[VW�=��GHSHQGHQFLHV�ZKLFK�GHPRQVWUDWH�WKH�PD[LPXP�5,2(�DW�WKLV�SRLQW��,Q�WKH�
FDVH�XQGHU�FRQVLGHUDWLRQ�WKH�MRLQW�FRQWULEXWLRQ�RI�FRPSDFWQHVV�DQG�ERQGV�FRQFHQWUDWLRQ�

LQWR�WKH�PHFKDQLVP�RI�5,2(�PXVW�EH�WDNHQ�LQWR�DFFRXQW�XVLQJ�WKH�SDUDPHWHU�ω����

ω &δ�� � � � � � � � ����

ZKHUH�&��FRQFHQWUDWLRQ�RI�PDLQ�FKHPLFDO�ERQGV��ZKLFK�WDNH�SDUW�LQ�WKH�UDGLDWLRQ�LQGXFHG�

GHIHFWV�IRUPDWLRQ��

� �
)LJ�����'HSHQGHQFH�RI�DWRPLF�FRPSDFWQHVV�δ�RQ�
DYHUDJH�FRRUGLQDWLRQ�QXPEHU�=�IRU�$V�6��*H6��

VWRLFKLRPHWULF�VHFWLRQ��

)LJ�����'HSHQGHQFH�RI�DWRPLF�FRPSDFWQHVV�δ�RQ�
DYHUDJH�FRRUGLQDWLRQ�QXPEHU�=�IRU�$V�6��*H�6��

QRQ�VWRLFKLRPHWULF�VHFWLRQ�
��
��

� �
�����6E�*H�6�V\VWHP��

2QH�PRUH�UHSUHVHQWDWLYH�RI�
Í

,9�Ï9�Þ9,�W\SH�WHUQDU\�V\VWHPV�LV�6E�*H�6��7KH�∆τPD[�=��
GHSHQGHQFLHV�RI�WRWDO�5,2(�DQG�LWV�VWDWLF�FRPSRQHQW�IRU�VWRLFKLRPHWULF�6E�6��*H6��DQG�
QRQ�VWRLFKLRPHWULF�6E�6��*H�6��VHFWLRQV�DUH�SUHVHQWHG� LQ�ILJ���DQG�ILJ����UHVSHFWLYHO\��,Q�
ERWK� FDVHV� 6E�HQULFKHG� VDPSOHV� GR� QRW� UHYHDO� DQ\� 5,2(�� 7KLV� LV� FRQQHFWHG� ZLWK� WKH�
QDWXUH�RI�6E�DWRPV��ZKLFK�H[KLELW�H[FHSWLRQDO�DELOLW\�WR�WKH�SDVVLYDWLRQ�RI�5,2(�E\�WKH�
SUHYHQWLQJ�RI� UDGLDWLRQ�LQGXFHG�GHIHFWV� VWDELOL]DWLRQ�� 6XFK� DELOLW\� LV� DVVRFLDWHG�ZLWK� WKH�
KLJK�OHYHO�RI�PHWDOOL]DWLRQ�LQ�6E�FRQWDLQLQJ�FKHPLFDO�ERQGV�DQG�WKH�KLJK�FRPSDFWQHVV�RI�

WKHVH� JODVVHV�� 7KH� δ�=�� FXUYH� KDV� D� VLPLODU� VKDSH� DV� LQ� WKH� FDVH� RI� $V�*H�6�� $V� WKH�
FRQVHTXHQFH�� IRU� WKLV� QRQ�VWRLFKLRPHWULF� VHFWLRQ�� LQ� FRQWUDVW� WR� $V�6��*H�6��� WKH�

FKDUDFWHUV�RI�∆τPD[�=��DQG�δ�=��GHSHQGHQFLHV�PLVPDWFK��
�

� �
)LJ����'HSHQGHQFH�RI�TXDQWLWDWLYH�SDUDPHWHUV�RI�

WRWDO��∆τPD[Σ
��DQG�VWDWLF��∆τPD[VW��5,2(�IRU�

VWRLFKLRPHWULF�6E�6��*H6��VHFWLRQ�RI�6E�*H�6�

V\VWHP�RQ�WKH�DYHUDJH�FRRUGLQDWLRQ�QXPEHU�=��

)LJ����'HSHQGHQFH�RI�TXDQWLWDWLYH�SDUDPHWHUV�RI�

WRWDO��∆τPD[Σ
��DQG�VWDWLF��∆τPD[VW��5,2(�IRU�QRQ�

VWRLFKLRPHWULF�6E�6��*H�6��VHFWLRQ�RI�6E�*H�6�

V\VWHP�RQ�WKH�DYHUDJH�FRRUGLQDWLRQ�QXPEHU�=��
�

�

�



�����$V�*H�6H�V\VWHP��

,Q�RUGHU� WR� DQDO\VH� WKH� IHDWXUHV�RI�5,2(� LQ� WKH�ZKROH� UDQJH�RI�=�YDULDWLRQ� WKH�γ�
LQGXFHG�FKDQJHV�RI�RSWLFDO�WUDQVPLWWDQFH�LQ�$V[*H\6H��[�\�V\VWHP�ZDV�VWXGLHG��([WUHPXP�

SRLQWV�FDQ�EH�REVHUYHG�DW�=≈����DQG�=≈�����)LUVW�SRLQW�XQGRXEWHGO\�UHSUHVHQWV�WKH�ZHOO�
NQRZQ�ULJLGLW\�WUDQVLWLRQ��������6HFRQG�SRLQW�LV�WKH�VXEMHFW�RI�GLVFXVVLRQV�XS�DQG�LW�LV�RIWHQ�
DWWULEXWHG�WR��'��'�WRSRORJLFDO�SKDVH�WUDQVLWLRQ����RU�WR�WKH�SKDVH�VHSDUDWLRQV�����

�
�

)LJ����'HSHQGHQFH�RI�PD[LPDO�UDGLDWLRQ�LQGXFHG�FKDQJH�RI�WUDQVPLWWDQFH�RQ�WKH�DYHUDJH�

FRRUGLQDWLRQ�QXPEHU�=�IRU�QRQ�VWRLFKLRPHWULF�$V[*H\6H��[�\�IDPLO\�RI�$V�*H�6H�V\VWHP��

�
�����$V�%L�6H�V\VWHP��

6RPHWLPHV� HYHQ� VPDOO� TXDQWLWLHV� RI� DGGLWLRQV� FDXVH� WKH� HVVHQWLDO� UDGLDWLRQ�LQGXFHG�
FKDQJHV�RI�RSWLFDO� WUDQVPLWWDQFH��2Q�RI�VXFK�H[DPSOHV� LV� WKH�FKHPLFDO�PRGLILFDWLRQ�RI�
VWRLFKLRPHWULF� $V�6H�� E\� %L��0D[LPDO� 5,2(� WDNHV� SODFH� ZKHQ� WKH� %L� FRQFHQWUDWLRQ� LV�

a����DW���� �ILJ���� DQG�� DV� LW� LV� DVVXPHG�� WKH�FRQFHQWUDWLRQ�RI� � −
�%L � +

�6H �� DQG� � +
�%L � −

�6H ��

GHIHFW�SDLUV�LV�KLJKHVW���
�

�
�

)LJ����'HSHQGHQFH�RI�PD[LPDO�UDGLDWLRQ�LQGXFHG�FKDQJH�RI�WUDQVPLWWDQFH�RQ�WKH�FRQWHQW�RI�%L�

IRU�VWRLFKLRPHWULF�$V�6H��FKHPLFDOO\�PRGLILHG�E\�%L���

�
7DNLQJ� LQWR� DFFRXQW� WKDW� LQ� VRPH� JODVVHV� DGGLWLRQ� RI� %L� FDQ� FKDQJH� WKH� W\SH� RI�

HOHFWULFDO� FRQGXFWLRQ�� LW� LV� LPSRUWDQW� WR�FOHDU� WKH�PHFKDQLVP�RI�%L� HQWHULQJ�RI� LQWR� WKH�
JODVV� PDWUL[�� 7KH� PRVW� SRSXODU� H[SODQDWLRQV� DUH� WKH� FKDQJH� RI� %L� FRRUGLQDWLRQ� LQ�
GHSHQGHQFH� RQ� LWV� FRQFHQWUDWLRQ� DQG� WKH� LQFUHDVLQJ� RI� GLVHTXLOLEULXP� EHWZHHQ� WKH�
FRQFHQWUDWLRQV� RI� SRVLWLYHO\� DQG� QHJDWLYHO\� FKDUJHG� GHIHFWV� ���� 6R�� WKH� PHFKDQLVP� RI�
5,2(�LQ�$V�6H�%L[�JODVVHV�LV�LQWULFDWH�SUREOHP�DQG�QHHGV�DQ�DGGLWLRQDO�GHWDLO�VWXGLHV��



���&RQFOXVLRQV��

,QYHVWLJDWLRQV�RI�γ�LQGXFHG�FKDQJHV�RI�RSWLFDO�WUDQVPLWWDQFH�VKRZ�WKDW�PHFKDQLVP�RI�
5,2(�FRQVLVWV�LQ�WKH�FRRUGLQDWLRQ�GHIHFWV�IRUPDWLRQ�XQGHU�WKH�UDGLDWLRQ�WUHDWPHQW��7KH�
SHFXOLDULWLHV� RI� WKLV� SURFHVV� DUH� GHWHUPLQHG� E\� VWUXFWXUDO� IHDWXUHV� RI� JODVV�� LWV�
FRPSRVLWLRQ��VWRLFKLRPHWU\��SDUDPHWHUV�RI�IUHH�YROXPH��FRQFHQWUDWLRQ�RI�PDLQ�FKHPLFDO�
ERQGV�DV�ZHOO�DV�E\�WKH�RULJLQ�RI�FRQVWLWXHQW�FKHPLFDO�HOHPHQWV���

$FNQRZOHGJHPHQW�

,� ZRXOG� OLNH� WR� WKDQN� 3URIHVVRU� 2�� 6KSRW\XN� IRU� KLV� HQFRXUDJHPHQW� DQG� WKH�
GLVFXVVLRQ� RI� WKLV� SDSHU�� 6SHFLDO� WKDQNV� IRU� FROOHDJXHV� IURP� ,QVWLWXWH� RI� 6ROLG� 6WDWH�
3K\VLFV�RI�%XOJDULDQ�$FDGHP\�RI�6FLHQFHV��/XWVN�6WDWH�8QLYHUVLW\��8NUDLQH���,QVWLWXWH�RI�
0DWHULDOV�6FLHQFH��=HOHQRJUDG��5XVVLD��IRU�VDPSOHV�SUHSDUDWLRQ��

�
�

�

�
�2��,��6KSRW\XN��$��3��.RYDOVNL\��(��6NRUGHYD��(��9DWHYD��'��$UVRYD��5��<D��*RORYFKDN��0��

0��9DNLY��3K\VLFD�%�������������������
�
�2��,��6KSRW\XN��5��<D��*RORYFKDN��7��6��.DYHWVN\��$��3��.RYDOVNL\��0��0��9DNLY���1XFOHDU�
,QVWUXPHQWV� DQG�0HWKRGV� LQ� 3K\VLFV� 5HVHDUFK�%� �� %HDP� ,QWHUDFWLRQ�ZLWK�0DWHULDOV�	�
$WRPV�����������������������
�
� (�� 6NRUGHYD�� '�� $UVRYD�� 9�� 3DPXNFKLHYD�� (�� 9DWHYD�� 5�� *RORYFKDN�� $�� .RYDOVNL\�� 2��

6KSRW\XN��-RXUQDO�RI�2SWRHOHFWURQLFV�DQG�$GYDQFHG�0DWHULDOV�����������������
�
�7��6��.DYHWVN\\��$��3��.RYDOVNL\��9��'��3DPXNFKLHYD��2��,��6KSRW\XN��,QIUDUHG�3K\VLFV�	�
7HFKQRORJ\�����������������
�
�2��6KSRW\XN��7��.DYHWVN\\��$��.RYDOVNL\��9��3DPXNFKLHYD��3URF��63,(��������������������

�
�2��,��6KSRW\XN��5��<D��*RORYFKDN��$��3��.RYDOVNL\��0��0��9DNLY��9��'��3DPXNFKLHYD��'��

'��$UVRYD��(��5��6NRUGHYD��3K\VLFV�DQG�&KHPLVWU\�RI�*ODVVHV�����������������

��0��9OFHN��0��)UXPDU��$��9LGRXUHN��-��1RQ�&U\VW��6ROLGV������������������
�
�0��9OFHN��0��)UXPDU��-��1RQ�&U\VW��6ROLGV����	�����������������
�
�,�3��.RWVDODV��'��3DSDGLPLWULRX��&��5DSWLV��0��9OFHN��0��)UXPDU��-��1RQ�&U\VW��6ROLGV�������
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