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� ,�ZLOO�XVH�WKH FRPSXWHU�DOJHEUD V\VWHP�
0DSOH WR�GHPRQVWUDWH�DQG�SURJUDP�WKH�
DOJRULWKPV SUHVHQWHG��

� 2I�FRXUVH��ZH FRXOG DOVR�HDVLO\ XVH DQ\
RWKHU V\VWHP�OLNH0DWKHPDWLFD RU 0X3$'�

� :H ILUVW�JLYH�D�VKRUW�LQWURGXFWLRQ DERXW�WKH�
FDSDELOLWLHV RI�0DSOH�



� *LYHQ��D�VFDODU�SURGXFW

ZLWK�QRQ�QHJDWLYH�PHDVXUH� µ VXSSRUWHG LQ�DQ
LQWHUYDO��>D�E����

� 3DUWLFXODU�FDVHV�

± DEVROXWHO\�FRQWLQXRXV�PHDVXUH�Gµ�[�� �ρ�[�G[�
± GLVFUHWH�PHDVXUH� ρ�[���VXSSRUWHG�E\� À�

± GLVFUHWH�PHDVXUH��ρ�[� VXSSRUWHG�E\��TÀ�
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� $�IDPLO\��3Q�[���RI�SRO\QRPLDOV
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� 7KH�FODVVLFDO�RUWKRJRQDO�SRO\QRPLDOV�FDQ�EH�
GHILQHG�DV�WKH�SRO\QRPLDO�VROXWLRQV�RI�WKH�
GLIIHUHQWLDO�HTXDWLRQ

� &RQFOXVLRQV�

± Q  ���� LPSOLHV τ�[�� �G�[���H� G�≠ �

± Q  ���� LPSOLHV σ�[�� �D�[� ��E�[���F
± FRHIILFLHQW RI [Q LPSOLHV��λQ  �± Q�D�Q����G�
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� 7KH�FODVVLFDO�V\VWHPV�FDQ�EH�FODVVLILHG�

DFFRUGLQJ�WR�WKH�VFKHPH��%RFKQHU �����

� σ�[�� ��� SRZHUV��[Q

� σ�[�� ���������������+HUPLWH SRO\QRPLDOV
� σ�[�� �[�������������/DJXHUUH SRO\QRPLDOV
� σ�[�� �[�� SRZHUV��%HVVHO SRO\QRPLDOV

� σ�[�� � [� ± ������-DFREL�SRO\QRPLDOV



� 7KH�ZHLJKW�IXQFWLRQ��ρ�[���FRUUHVSRQGLQJ WR�
WKH�GLIIHUHQWLDO�HTXDWLRQ�VDWLVILHV�3HDUVRQ¶V

GLIIHUHQWLDO�HTXDWLRQ

� +HQFH�LW�LV�JLYHQ�DV
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� 7KH�FODVVLFDO�GLVFUHWH RUWKRJRQDO�SRO\QRPLDOV�FDQ�

EH�GHILQHG�DV�WKH�SRO\QRPLDO�VROXWLRQV�RI�WKH�

GLIIHUHQFH�HTXDWLRQ

� &RQFOXVLRQV�

± Q  ���� LPSOLHV τ�[�� �G�[���H� G�≠ �

± Q  ���� LPSOLHV σ�[�� �D�[� ��E�[���F
± FRHIILFLHQW RI [Q LPSOLHV��λQ  �± Q�D�Q����G�
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� 7KH�FODVVLFDO�GLVFUHWH V\VWHPV�FDQ�EH�FODVVLILHG�
DFFRUGLQJ�WR�WKH�VFKHPH��1LNLIRURY� 6XVORY�
8YDURY �����

� σ�[�� ��� IDOOLQJ�IDFWRULDOV

� σ�[�� ���������������� WUDQVODWHG�&KDUOLHU SROV�

� σ�[�� �[������������������IDOOLQJ�IDFWRULDOV��
&KDUOLHU� 0HL[QHU�
.UDZWFKRXN SROV�

� GHJ �σ�[���[�� ��� +DKQ�SRO\QRPLDOV



� 7KH�ZHLJKW�IXQFWLRQ� ρ�[� FRUUHVSRQGLQJ WR�
WKH�GLIIHUHQFH�HTXDWLRQ�VDWLVILHV�3HDUVRQ¶V

GLIIHUHQFH�HTXDWLRQ

� +HQFH�LW�LV�JLYHQ�DV
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� 7KH�SRZHU�VHULHV

ZKRVH FRHIILFLHQWV��$N KDYH�UDWLRQDO�WHUP�UDWLR

LV�FDOOHG�WKH JHQHUDOL]HG K\SHUJHRPHWULF IXQFWLRQ��
7KH�VXPPDQG��$N�]

N LV�FDOOHG�D�K\SHUJHRPHWULF�
WHUP�
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� )RU�WKH FRHIILFLHQWV RI�WKH�K\SHUJHRPHWULF�

IXQFWLRQ�ZH�JHW�WKH�IRUPXOD

ZKHUH���D�N  �D�D�����D�N����LV�FDOOHG�WKH

3RFKKDPPHU V\PERO �RU�VKLIWHG�IDFWRULDO��
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)XUWKHU�H[DPSOHV���FRV�]���DUFVLQ�]���
DUFWDQ�]���OQ���]���HUI�]���/Q
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� )URP�WKH�GLIIHUHQFH�HTXDWLRQ��RQH�FDQ�

GHWHUPLQH�D K\SHUJHRPHWULF�UHSUHVHQWLRQ��

� $V�DQ�H[DPSOH��WKH +DKQ�SRO\QRPLDOV�DUH�

JLYHQ�E\
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� 7R�GHILQH�T�RUWKRJRQDO�SRO\QRPLDOV��ZH�QHHG�

VRPH�QRWDWLRQ�

� 7KH�RSHUDWRU��+DKQ������

LV�FDOOHG�+DKQ¶V T�GLIIHUHQFH�RSHUDWRU�

� 7KH�T�EUDFNHWV DUH�GHILQHG�E\
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� 7KH�T�RUWKRJRQDO�SRO\QRPLDOV RI WKH�+DKQ�
FODVV FDQ�EH�GHILQHG�DV�WKH�SRO\QRPLDO�
VROXWLRQV�RI�WKH�T�GLIIHUHQFH�HTXDWLRQ

� &RQFOXVLRQV�

± Q  ���� LPSOLHV τ�[�� �G�[���H� G�≠ �

± Q  ���� LPSOLHV σ�[�� �D�[� ��E�[���F
± FRHIILFLHQW RI [Q LPSOLHV�
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� 7KH�FODVVLFDO�T�V\VWHPV�FDQ�EH�FODVVLILHG�

DFFRUGLQJ�WR�WKH�VFKHPH

� σ�[�� �������������� SRZHUV DQG�T�3RFKKDPPHUV

� σ�[�� �������������� GLVFUHWH T�+HUPLWH�,,�SROV�

� σ�[�� �[�������������������T�&KDUOLHU��T�/DJXHUUH�SROV�
� σ�[�� �[�E�T�������������T�0HL[QHU�SRO\QRPLDOV

� GHJ �σ�[���[�� ��������T�+DKQ�SRO\QRPLDOV�
%LJ�T�-DFREL�SRO\QRPLDOV



� 7KH�ZHLJKW�IXQFWLRQ� ρ�[� FRUUHVSRQGLQJ WR�
WKH�T�GLIIHUHQFH�HTXDWLRQ�VDWLVILHV�WKH�T�

3HDUVRQ�GLIIHUHQFH HTXDWLRQ

� +HQFH�LW�LV�JLYHQ�DV
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� ,QVWHDG�RI�FRQVLGHULQJ�VHULHV�ZKRVH�FRHIIL�

FLHQWV�$N KDYH UDWLRQDO�WHUP�UDWLR�$N���$N±

�N�� ZH�FDQ�DOVR FRQVLGHU VXFK�VHULHV�

ZKRVH�FRHIILFLHQWV�$N KDYH WHUP UDWLR�
$N���$N± �TN��

� 7KLV�OHDGV�WR�WKH�T�K\SHUJHRPHWULF�VHULHV
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� +HUH�WKH�FRHIILFLHQWV�DUH�JLYHQ�E\

ZKHUH

GHQRWHV�WKH�T�3RFKKDPPHU�V\PERO�
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� $OO�FODVVLFDO�RUWKRJRQDO�V\VWHPV�KDYH�

�VHYHUDO��T�K\SHUJHRPHWULF�HTXLYDOHQWV��

� (�J���WKH /LWWOH�DQG�WKH %LJ�T�-DFREL

3RO\QRPLDOV��UHVSHFWLYHO\��DUH�JLYHQ�E\
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� )URP�WKH�GLIIHUHQWLDO�RU��T��GLIIHUHQFH�

HTXDWLRQ�RQH�FDQ�GHWHUPLQH�WKH�WKUHH�WHUP�

UHFXUUHQFH�HTXDWLRQ IRU��3Q�[���LQ�WHUPV�RI�

WKH�FRHIILFLHQWV�RI�σ�[��DQG�τ�[��
� 8VLQJ�WKLV�LQIRUPDWLRQ�LQ�WKH�RSSRVLWH�

GLUHFWLRQ��RQH�FDQ�ILQG�WKH�FRUUHVSRQGLQJ�

GLIIHUHQWLDO�RU �T��GLIIHUHQFH�HTXDWLRQ�IURP�

D�JLYHQ�WKUHH�WHUP�UHFXUUHQFH�HTXDWLRQ�



7KH�VRIWZDUH�XVHG

KHUH�ZDV�GHYHORSHG

LQ�FRQQHFWLRQ�ZLWK

P\�ERRN�

+\SHUJHRPHWULF�

6XPPDWLRQ�

9LHZHJ�������

%UDXQVFKZHLJ�

:LHVEDGHQ

DQG�FDQ�EH

GRZQORDGHG

IURP�P\�KRPH�SDJH

KWWS���ZZZ�PDWKHPDWLN�XQL�NDVVHO�GH�aNRHSI



� *LYHQ�WKH�UHFXUUHQFH�HTXDWLRQ

RQH�ILQGV�WKDW�IRU� α  �ó WUDQVODWHG�/DJXHUUH�

SRO\QRPLDOV��DQG�IRU�α ��ó��0HL[QHU�DQG�

.UDZWFKRXN�SRO\QRPLDOV�DUH�VROXWLRQV�
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� *LYHQ�WKH�UHFXUUHQFH�HTXDWLRQ

RQH�ILQGV�WKDW�IRU HYHU\ α WKHUH�DUH�T�

RUWKRJRQDO�SRO\QRPLDO�VROXWLRQV�
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� $�PRQLF RUWKRJRQDO�V\VWHP

VDWLVILHV D�UHFXUUHQFH�HTXDWLRQ�RI�WKH�IRUP

� 7KH�SRO\QRPLDOV�GHILQHG�E\

FDOOHG�WKH�UWK�DVVRFLDWHG RUWKRJRQDO�SRO\QRPLDOV��

DUH�RUWKRJRQDO�E\�)DYDUG¶V 7KHRUHP�
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� $V H[DPSOHV� ZH�FRQVLGHU�WKH�FODVVLFDO�

GLVFUHWH�SRO\QRPLDOV��

� ,W�WXUQV�RXW�WKDW�WKH�DVVRFLDWHG�SRO\QRPLDOV�

FDQ�EH�UHSUHVHQWHG�DV�OLQHDU�FRPELQDWLRQV

ZKHUH��ΓQ LV�GHILQHG�E\
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� /HW

� 7KLV�GLIIHUHQFH�HTXDWLRQ�KDV�D�VHFRQG�

OLQHDUO\�LQGHSHQGHQW�VROXWLRQ�JLYHQ�E\
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� 7KH�DVVRFLDWHG�SRO\QRPLDOV��\�[�� 3Q
�U��[�

VDWLVI\ D IRXUWK RUGHU�UHFXUUHQFH�HTXDWLRQ RI

WKH IRUP

ZLWK�SRO\QRPLDOV��-N�[�Q��± >[�Q@�
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� %\�OLQHDU�DOJHEUD��RQH�FDQ�SURYH�WKDW WKH
GLIIHUHQFH RSHUDWRU�D�PXOWLSOH�RI��5Q

�U� FDQ�
EH�IDFWRUL]HG�DV�SURGXFW�RI�WZR�GLIIHUHQFH�
RSHUDWRUV�RI�VHFRQG�RUGHU

�MRLQW�ZRUN�ZLWK�0��)RXSRXDJQLJQL DQG�
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� %\�FRPSXWHU�DOJHEUD��LQ�HDFK�VSHFLILF�FDVH�

WKLV�IDFWRUL]DWLRQ�FDQ�EH�JLYHQ�H[SOLFLWO\�

� )RU�H[DPSOH��ZH�FRQVLGHU�WKH�&KDUOLHU�

SRO\QRPLDOV�DQG�WKHLU�DVVRFLDWHG�

� 7KH�PRQLF�&KDUOLHU�SRO\QRPLDOV�DUH�JLYHQ�
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� $�VHFRQG�OLQHDUO\�LQGHSHQGHQW�VROXWLRQ�RI�

WKH�FRUUHVSRQGLQJ�GLIIHUHQFH�HTXDWLRQ

LV�JLYHQ�E\

��������� =+∆−+∇∆ [Q3[3[D[3[ QQQ

���
����

����

������

��
��

a
�� 





++++

−= D
[Q

)
Q[

D
[4

Q

Q



� 7KH�IRXUWK�RUGHU�GLIIHUHQFH�HTXDWLRQ�RI�WKH�

DVVRFLDWHG�&KDUOLHU�SRO\QRPLDOV�LV�JLYHQ�E\
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� 7KH�IDFWRUL]DWLRQ�\LHOGV�WKH VHFRQG�RUGHU�

ULJKW�IDFWRU

ZKHUH��3Q�[���GHQRWHV�WKH�PRQLF�&KDUOLHU�

SRO\QRPLDO�
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� 8VLQJ�WKH�ULJKW�IDFWRU�7Q
�U�� RQH�FDQ�ILQG�D�

VROXWLRQ�EDVLV�IRU�WKH�IRXUWK�RUGHU�GLIIHUHQFH�

HTXDWLRQ RI�WKH�DVVRFLDWHG SRO\QRPLDOV�
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� ,Q�D�VLPLODU�PDQQHU��WKH�IRXUWK RUGHU�

GLIIHUHQFH�HTXDWLRQV�DQG�WKHLU�IDFWRUL]DWLRQV�

RI�WKH�JHQHUDOL]HG FR�UHFXUVLYH�DQG�WKH�

JHQHUDOL]HG�FR�GLODWHG�SRO\QRPLDOV�FDQ�EH�

GHWHFWHG�



� 6RIWZDUH�GHYHORSPHQW�LV�D�WLPH�FRQVXPLQJ�
DFWLYLW\�

� 6RIWZDUH�GHYHORSHUV�ORYH�ZKHQ�WKHLU�
VRIWZDUH�LV�XVHG�

� %XW�WKH\�QHHG�\RXU�VXSSRUW�

� +HQFH�P\�VXJJHVWLRQ��,I�\RX�XVH D�
FRPSXWHU�DOJHEUD�SDFNDJH�IRU�\RXU�
UHVHDUFK��SOHDVH�FLWH�LWV�XVH�


