
(&(��������)LQDO����JLYHQ����6SULQJ���
�� ����SWV��$�V\VWHP�KDV�WKLV�WUDQVIHU�IXQFWLRQ� +� �V  ��

V ���
D� :KDW�LV�WKH�VWHDG\�VWDWH�UHVSRQVH�RI�WKLV�V\VWHP�WR�WKH�VWHS�LQSXW� [� �W  ��� X� �W

E� :KDW�LV�WKH�VWHDG\�VWDWH�UHVSRQVH�RI�WKLV�V\VWHP�WR�WKH�LQSXW� [� �W  ��� FRV� ����� W ��� GHJ X� �W

�� ����SWV��7KLV�V\VWHP� +� �V  �
V ��

+DV�WKLV�LQSXW� &RVLQH�LQSXW� [� �W  ��� FRV� ���� W X� �W ;� �V  �� V
V� ���

5HVXOWLQJ�LQ�WKLV�RXWSXW� <� �V  ��
� �V ��

�� V
V� ���

D� 7KLV�VHSDUDWHV�LQWR���SDUWLDO�IUDFWLRQV�WKDW�\RX�FDQ�ILQG�LQ�WKH�ODSODFH�WUDQVIRUP�WDEOH���
6KRZ�ZKDW�WKH\�DUH��EXW�GRQ
W�ILQG�WKH�FRHIILFLHQWV��

<� �V  ��
V ��

�� V
V� ���

 

E� &RQWLQXH�ZLWK�WKH�SDUWLDO�IUDFWLRQ�H[SDQVLRQ�MXVW�IDU�HQRXJK�WR�ILQG�WKH�WUDQVLHQW�FRHIILFLHQW�DV�D�QXPEHU�

F� ([SUHVV�WKH�WUDQVLHQW�SDUW�DV�D�IXQFWLRQ�RI�WLPH� \ WU� �W  �"

G� :KDW�LV�WKH�WLPH�FRQVWDQW�RI�WKLV�H[SUHVVLRQ" τ  �"

�� ����SWV��$�UDLO�FDU�FDUU\LQJ�D�PDVV�LV�VKRZQ�EHORZ���7KH�PDVV�RI�WKH�FDU�LV�0&�DQG�WKH�IULFWLRQ�RI�WKH�FDU�
�ERWK�DLU�DQG�UROOLQJ��LV�I&���I�LV�WKH�IULFWLRQ�EHWZHHQ�WKH�PDVV�DQG�WKH�FDU���9LQ�LV�DQ�LQSXW�YHORFLW\�

N � N � E
0DVV�RI�FDU 0 & 0 � 9 LQIULFWLRQ�

RI�FDU
I LQSXW�YHORFLW\I &

)LQG�WKH�HOHFWULFDO�DQDORJ\�RI�WKLV�PHFKDQLFDO�V\VWHP�DV�GRQH�LQ�P\�QRWHV�

�� ����SWV��)LQG�WKH�WUDQVIHU�IXQFWLRQ +� �V  
, &� �V
, LQ� �V IRU�WKLV

FLUFXLW�
5 �:ULWH�+�V��LQ�WKH�QRUPDO�IRUP��DV�D�UDWLR�RI�SRO\QRPLDOV���

'RQ
W�GLYLGH�WKH�SRO\QRPLDOV���,QLWLDO�FRQGLWLRQV�DUH��� /

<RX�0867�VKRZ�ZRUN�WR�JHW�FUHGLW� L &+LQW��6LQFH�WKH�LQSXW�DQG�WKH��RXWSXW��DUH�ERWK�
FXUUHQWV��WKLQN�LQ�WHUPV�RI�D�FXUUHQW�GLYLGHU�LQVWHDG�
WKH�YROWDJH�GLYLGHU�\RX�PD\�EH�PRUH�XVHG�WR�

L LQ 5 �
&

+� �V  �"

E��)LQG�WKH�FKDUDFWHULVWLF�HTXDWLRQ�RI�WKH�FLUFXLW�VKRZQ�

F� ,I�WKH�WUDQVIHU�IXQFWLRQ�KDV�RQH�RU�PRUH�]HURV�H[SUHVV�LW��WKHP��LQ�WHUPV�RI�5���5���&��	�/�
G� , LQ  ����� P$ X� �W 7KH�IROORZLQJ�DUH�WKH�RQO\�LQLWLDO�FRQGLWLRQV� L F� ��  ��� P$ G

G W L F� ��  �� $
VHF

)LQG , &� �V +LQW��6HH�S���� (&(��������)LQDO����JLYHQ��6SULQJ�������S�



� � � � � � � � � �

�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�

(&(��������)LQDO����JLYHQ��6SULQJ�������S�
�� ����SWV��6NHWFK�WKH�URRW�ORFXV�SORWV�IRU�WKH�IROORZLQJ�RSHQ�ORRS�WUDQVIHU�IXQFWLRQ�

8VH�RQO\�WKH�PDLQ�UXOHV��WKDW�LV��WKH�ILUVW�SDJH�RI�P\�URRW�ORFXV�QRWHV�
6KRZ�\RXU�ZRUN�

*� �V  � �V �
�� �V � � �� � �V � � ��

�� ����SWV��7KH�URRW�ORFXV�IRU�WKH�WUDQVIHU�IXQFWLRQ�EHORZ�LV�VKRZQ�DW�ULJKW�

*� �V  �
�� �V � � � � �V �

D� 'RHV�WKH�URRW�ORFXV�FURVV�WKH�Mω�D[LV�DW��"��
%H�VXUH�WR�VKRZ�WKH�ZRUN�DQG�PHWKRG�\RX�XVHG�WR�GHFLGH�

E� 5HJDUGOHVV�RI�ZKDW�\RX�IRXQG�LQ�SDUW�D��FRQWLQXH�WR�DVVXPH�WKDW�WKH�
URRW�ORFXV�FURVVHV�WKH�Mω�D[LV�DW�����*LYH�WKH�UDQJH�RI�JDLQ�N�IRU�ZKLFK�
WKH�V\VWHP�LV�FORVHG�ORRS�VWDEOH�

5HPHPEHU��,�DVNHG�IRU�D�UDQJH�IRU�VWDELOLW\

�� ����SWV��5HIHU�WR�WKH�1\TXLVW�FXUYH�DW�ULJKW�
�RQO\�WKH�SRUWLRQ�IRU�ω�!���LV�SORWWHG���� ω ε
7KLV�V\VWHP�KDV�D�SROH�DW�
]HUR��VR�WKH�ODUJH�DUF�LV�
DFWXDOO\�DW��∞��

ω Mε

D� &DQ�WKH�FORVHG�ORRS�
V\VWHP�EH�VWDEOH"�
6KRZ�ZK\

E� ,I�WKH�DQVZHU�WR��D��LV�\HV��ZKDW�FRQGLWLRQ�PXVW�
WKH�RSHQ�ORRS�V\VWHP�VDWLVI\"

F� :KDW�LV��DUH��WKH�JDLQ�PDUJLQ�V�"

G� 'RHV�WKH�RSHQ�ORRS�V\VWHP�KDYH�PRUH�SROHV�WKDQ�]HURV"��,I�\HV��KRZ�PDQ\"
(&(��������)LQDO����JLYHQ��6SULQJ�������S�



��� � �� ��� � ��� � ���

(&(��������)LQDO����JLYHQ��6SULQJ�������S�
�� ���SWV��6NHWFK�WKH�%RGH�SORW�IRU�WKH�

IROORZLQJ�WUDQVIHU�IXQFWLRQ��0DNH�VXUH�WR�
ODEHO�WKH�JUDSKV��DQG�SORW�WKH�VORSHV�DQG�
PDJQLWXGHV�DFFXUDWHO\���$OVR�GUDZ�WKH�
�VPRRWK��OLQHV���'RQ
W�IRUJHW�WKDW�
FRPSOH[�SROHV�DIIHFW�WKH�VKDSH�RI�WKH�
�VPRRWK��SKDVH�DQJOH�OLQH

_3�V�_
�G%�

3 � �V  ��� V� ��� V �����
� �V �� �

ω �UDG�VHF�

��� � �� ��� � ��� � ���

��3�V�
�GHJ�

ω �UDG�VHF�

�� ����SWV���)LQG�WKH�[�N��ZKRVH�]�WUDQVIRUP�LV�JLYHQ���8VH�SDUWLDO�IUDFWLRQ�H[SDQVLRQ�

D� ;� �]  �
�� �] � � �] �

E� ;� �]  ��� ]
�� �] � �� �� M � �] � �� �� M

��� ����SWV� \� �N  �� [� �N �� [� �N � �� \� �N � �� \� �N �

D� )LQG�WKH�+�]��FRUUHVSRQGLQJ�WR�WKH�GLIIHUHQFH�HTXDWLRQ���([SUHVV�DV�D�UDWLR�RI�SRO\QRPLDOV�

E� /LVW�WKH�SROHV�RI�+�]����,QGLFDWH�PXOWLSOH�SROHV�LI�WKHUH�DUH�DQ\�

F� 'UDZ�WKH�EORFN�GLDJUDP�RI�D�VLPSOH�GLUHFW�LPSOHPHQWDWLRQ�RI�WKH�GLIIHUHQFH�HTXDWLRQ�

��� ���SWV���)LQG�[�∞��LI�WKH�]�WUDQVIRUP�RI�[�N��LV ;� �]  �� ]� �
�� �] � � ��� ] �

(&(��������)LQDO����JLYHQ��6SULQJ�������S�



(&(��������)LQDO����JLYHQ��6SULQJ�������S�
��� ����SWV���$�VLJQDO�[�W��ZLWK�WUDQVIRUP ;� �V  ��

��V � �V � � �V �  �
V

�
� �V �

�
� �V �

�SDUWLDO�IUDFWLRQ�H[SDQVLRQ�
LV�VDPSOHG�DW�WLPH�LQVWDQWV�W� �N7�WR�REWDLQ�[G�N�����)LQG�WKH�WUDQVIRUP�;G�]��RI�WKH�UHVXOWDQW�VLJQDO��
([SUHVV�;G�]��DV�RQH�QXPHUDWRU�RYHU�RQH�GHQRPLQDWRU���<RX�GR�QRW�KDYH�WR�VLPSOLI\�EH\RQG�WKDW��

��� ����SWV���)LQG�WKH�WUDQVIHU�IXQFWLRQ�+�]�� �<��]��;�]��

�

[� �N Σ ' ' � Σ \� �N

�

��� 'R�\RX�ZDQW�\RXU�JUDGH�DQG�VFRUHV�SRVWHG�RQ�P\�GRRU�DQG�RQ�WKH�,QWHUQHW" <HV 1R �&LUFOH�RQH�

,I�\RXU�DQVZHU�LV�\HV��WKHQ�SURYLGH�VRPH�VRUW�RI�DOLDV�RU�SDVVZRUG��BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
7KH�JUDGHV�ZLOO�EH�SRVWHG�RQ�P\�GRRU�LQ�DOSKDEHWLFDO�RUGHU�XQGHU�WKH�DOLDV�WKDW�\RX�SURYLGH�KHUH���,�ZLOO�QRW�
SRVW�JUDGHV�XQGHU�\RXU�UHDO�QDPH���7KH�,QWHUQHW�YHUVLRQ�ZLOO�EH�D�SGI�ILOH�ZKLFK�\RX�FDQ�GRZQORDG���%RWK�ZLOO�
VKRZ�WKH�KRPHZRUN��ODE��DQG�H[DP�VFRUHV�RI�HYHU\RQH�ZKR�DQVZHUV�\HV�KHUH�

(&(���������)LQDO�
1DPH�BBBBBBBBBBBBBBBBBBBBBBBBBB
6FRUHV�
���SDJHV�����BBBBBBBBB��������SWV
��
���SDJHV�����BBBBBBBBB��������SWV
��
���SDJHV�����BBBBBBBBB��������SWV
��
���SDJHV�����BBBBBBBBB��������SWV
��
���SJV��������BBBBBBBBB��������SWV
��
���
������������7RWDO�BBBBBBBBB��������SWV

$QVZHUV
�� D� ��� E� ������ FRV� ����� W ��� GHJ

�� D� $
V �� � �% V

V� ���
� �& ��

V� ���
E� �����

F� ������ H ��� W G� ��� PV
��N��� ��E

��N�
0 & �

I & ��I
9 LQ 0 �

E� F� 	V  ��� V� �5 � 5 �
/ V �

�/ & V  
5 �
/�� D�

�V V
5 �
/

V� �5 � 5 �
/ V �

�/ &

G� , &� �V  �
�V V

5 �
/

V� �5 � 5 �
/ V �

�/ &

���� P$
V �

��V �� P$ �� $
VHF

��5 � 5 �
/ �� P$

V� �5 � 5 �
/ V �

�/ &
(&(��������)LQDO����JLYHQ��6SULQJ�������S�



(&(��������)LQDO����JLYHQ��6SULQJ�������S�

��� � �� ��� � ��� � ���
�

��

��

��

��

��

��

���� ��
_3�V�_
�G%�

ω �UDG�VHF�

��� � �� ��� � ��� � ���
���

���

���

��

��

��

�
��3�V�
�GHJ�

ω �UDG�VHF�

�� D� *� ��� M  �
�� ��� M � � � � ��� M �

 �
��� <(6��7KH�SKDVH�DQJOH�LV�HTXDO�WR������R E� N � ���

�� D� 1  � E� 7KH�RSHQ�ORRS�V\VWHP�PXVW�EH�VWDEOH��3� ��� F� �
� � G� ����JDLQ���

�� D� ��
� δ� �N �

�
��

� � �� N E� ��� �
N
VLQ� ������� N ��� D� �� ]� �

]� �� ] �
E� � DQG � �

[� �N \� �N��� F� ' ' � Σ

� � ' '

�

��� �� ]� �
]� ] ���� � ��� ��� ] �] H �� 7 ] H �� 7 ��� � �] � ] H �� 7 �� �] � ] H �� 7

��� �] � ] H �� 7 ] H �� 7

(&(��������)LQDO����JLYHQ��6SULQJ�������S�


