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5HSHDWHG�0LQLPXP

�� 6HDUFK�WKH�OLVW�IRU�WKH�PLQLPXP6HDUFK�WKH�OLVW�IRU�WKH�PLQLPXP
HOHPHQW�HOHPHQW�

�� 3ODFH�WKH�PLQLPXP�HOHPHQW�LQ�WKH�ILUVW3ODFH�WKH�PLQLPXP�HOHPHQW�LQ�WKH�ILUVW
SRVLWLRQ�SRVLWLRQ�

�� 5HSHDW�IRU�RWKHU�Q���NH\V�5HSHDW�IRU�RWKHU�Q���NH\V�

�� 8VH�FXUUHQW�SRVLWLRQ�WR�KROG�FXUUHQW8VH�FXUUHQW�SRVLWLRQ�WR�KROG�FXUUHQW
PLQLPXP�WR�DYRLG�ODUJH�VFDOHPLQLPXP�WR�DYRLG�ODUJH�VFDOH
PRYHPHQW�RI�NH\V�PRYHPHQW�RI�NH\V�



5HSHDWHG�0LQLPXP��&RGH

IRU�L�� ���WR�Q���GR
����IRU�M�� �L���WR�Q�GR
��������LI�/>L@�!�/>M@�WKHQ
������������7HPS� �/>L@�
������������/>L@�� �/>M@�
������������/>M@�� �7HPS�
��������HQGLI
����HQGIRU
HQGIRU

)L[HG�Q���LWHUDWLRQV

)L[HG�Q�L�LWHUDWLRQV



5HSHDWHG�0LQLPXP��$QDO\VLV
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%XEEOH�6RUW

�� 6HDUFK�IRU�DGMDFHQW�SDLUV�WKDW�DUH�RXW�RI6HDUFK�IRU�DGMDFHQW�SDLUV�WKDW�DUH�RXW�RI
RUGHU�RUGHU�

�� 6ZLWFK�WKH�RXW�RI�RUGHU�NH\V�6ZLWFK�WKH�RXW�RI�RUGHU�NH\V�

�� 5HSHDW�WKLV�Q���WLPHV�5HSHDW�WKLV�Q���WLPHV�

�� $IWHU�WKH�ILUVW�LWHUDWLRQ��WKH�ODVW�NH\�LV$IWHU�WKH�ILUVW�LWHUDWLRQ��WKH�ODVW�NH\�LV
JXDUDQWHHG�WR�EH�WKH�ODUJHVW�JXDUDQWHHG�WR�EH�WKH�ODUJHVW�

�� ,I�QR�VZLWFKHV�DUH�GRQH�LQ�DQ�LWHUDWLRQ�,I�QR�VZLWFKHV�DUH�GRQH�LQ�DQ�LWHUDWLRQ�
ZH�FDQ�VWRS�ZH�FDQ�VWRS�



%XEEOH�6RUW��&RGH

IRU�L�� ���WR�Q���GR
����6ZLWFK�� �)DOVH�
����IRU�M�� ���WR�Q�L�GR
��������LI�/>M@�!�/>M��@�WKHQ
������������7HPS� �/>M@�
������������/>M@�� �/>M��@�
������������/>M��@�� �7HPS�
������������6ZLWFK�� �7UXH�
��������HQGLI
�����HQGIRU
�����LI�1RW�6ZLWFK�WKHQ�EUHDN�
HQGIRU

:RUVW�FDVH�Q���LWHUDWLRQV

)L[HG�Q�L�LWHUDWLRQV



%XEEOH�6RUW�$QDO\VLV

%HLQJ�VPDUW�ULJKW�IURP�WKH�EHJLQQLQJ�
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,QVHUWLRQ�6RUW�,

�� 7KH�OLVW�LV�DVVXPHG�WR�EH�EURNHQ�LQWR�D7KH�OLVW�LV�DVVXPHG�WR�EH�EURNHQ�LQWR�D
VRUWHG�SRUWLRQ�DQG�DQ�XQVRUWHG�SRUWLRQVRUWHG�SRUWLRQ�DQG�DQ�XQVRUWHG�SRUWLRQ

�� .H\V�ZLOO�EH�LQVHUWHG�IURP�WKH�XQVRUWHG.H\V�ZLOO�EH�LQVHUWHG�IURP�WKH�XQVRUWHG
SRUWLRQ�LQWR�WKH�VRUWHG�SRUWLRQ�SRUWLRQ�LQWR�WKH�VRUWHG�SRUWLRQ�

6RUWHG 8QVRUWHG



,QVHUWLRQ�6RUW�,,

�� )RU�HDFK�QHZ�NH\��VHDUFK�EDFNZDUG)RU�HDFK�QHZ�NH\��VHDUFK�EDFNZDUG
WKURXJK�VRUWHG�NH\VWKURXJK�VRUWHG�NH\V

�� 0RYH�NH\V�XQWLO�SURSHU�SRVLWLRQ�LV�IRXQG0RYH�NH\V�XQWLO�SURSHU�SRVLWLRQ�LV�IRXQG

�� 3ODFH�NH\�LQ�SURSHU�SRVLWLRQ3ODFH�NH\�LQ�SURSHU�SRVLWLRQ

0RYHG



,QVHUWLRQ�6RUW��&RGH

IRU�L� ���WR�Q�GR
����[�� �/>L@�
����M�� �L���
����ZKLOH�M���DQG�[���/>M@�GR
��������/>M��@�� �/>M@�
��������M�� �M���
����HQGZKLOH
����/>M��@�� �[�
HQGIRU

)L[HG�Q���LWHUDWLRQV

:RUVW�FDVH�L���FRPSDULVRQV



,QVHUWLRQ�6RUW��$QDO\VLV

�� :RUVW�&DVH��.H\V�DUH�LQ�UHYHUVH�RUGHU:RUVW�&DVH��.H\V�DUH�LQ�UHYHUVH�RUGHU

�� 'R�L���FRPSDULVRQV�IRU�HDFK�QHZ�NH\�'R�L���FRPSDULVRQV�IRU�HDFK�QHZ�NH\�
ZKHUH�L�UXQV�IURP���WR�Q�ZKHUH�L�UXQV�IURP���WR�Q�

�� 7RWDO�&RPSDULVRQV���������«���Q��7RWDO�&RPSDULVRQV���������«���Q��
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,QVHUWLRQ�6RUW��$YHUDJH�,

�� $VVXPH��:KHQ�D�NH\�LV�PRYHG�E\�WKH$VVXPH��:KHQ�D�NH\�LV�PRYHG�E\�WKH
:KLOH�ORRS��DOO�SRVLWLRQV�DUH�HTXDOO\:KLOH�ORRS��DOO�SRVLWLRQV�DUH�HTXDOO\
OLNHO\�OLNHO\�

�� 7KHUH�DUH�L�SRVLWLRQV��L�LV�ORRS�YDULDEOH7KHUH�DUH�L�SRVLWLRQV��L�LV�ORRS�YDULDEOH
RI�IRU�ORRS���3UREDELOLW\�RI�HDFK����L��RI�IRU�ORRS���3UREDELOLW\�RI�HDFK����L��

�� 2QH�FRPSDULVRQ�LV�QHHGHG�WR�OHDYH�WKH2QH�FRPSDULVRQ�LV�QHHGHG�WR�OHDYH�WKH
NH\�LQ�LWV�SUHVHQW�SRVLWLRQ�NH\�LQ�LWV�SUHVHQW�SRVLWLRQ�

�� 7ZR�FRPSDULVRQV�DUH�QHHGHG�WR�PRYH7ZR�FRPSDULVRQV�DUH�QHHGHG�WR�PRYH
NH\�RYHU�RQH�SRVLWLRQ�NH\�RYHU�RQH�SRVLWLRQ�



,QVHUWLRQ�6RUW�$YHUDJH�,,

�� ,Q�JHQHUDO��N�FRPSDULVRQV�DUH�UHTXLUHG,Q�JHQHUDO��N�FRPSDULVRQV�DUH�UHTXLUHG
WR�PRYH�WKH�NH\�RYHU�N���SRVLWLRQV�WR�PRYH�WKH�NH\�RYHU�N���SRVLWLRQV�

�� ([FHSWLRQ��%RWK�ILUVW�DQG�VHFRQG([FHSWLRQ��%RWK�ILUVW�DQG�VHFRQG
SRVLWLRQV�UHTXLUH�L���FRPSDULVRQV�SRVLWLRQV�UHTXLUH�L���FRPSDULVRQV�

� � � ��� LL��L��

L�� L�� L�� � � �

3RVLWLRQ

���
���

&RPSDULVRQV�QHFHVVDU\�WR�SODFH�NH\�LQ�WKLV�SRVLWLRQ�



,QVHUWLRQ�6RUW�$YHUDJH�,,,
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,QVHUWLRQ�6RUW�$YHUDJH�,9

)RU�$OO�.H\V�)RU�$OO�.H\V�
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2SWLPDOLW\�$QDO\VLV�,

�� 7R�GLVFRYHU�DQ�RSWLPDO�DOJRULWKP�ZH7R�GLVFRYHU�DQ�RSWLPDO�DOJRULWKP�ZH
QHHG�WR�ILQG�DQ�XSSHU�DQG�ORZHUQHHG�WR�ILQG�DQ�XSSHU�DQG�ORZHU
DV\PSWRWLF�ERXQG�IRU�D�DV\PSWRWLF�ERXQG�IRU�D�SUREOHPSUREOHP��

�� $Q�DOJRULWKP�JLYHV�XV�DQ�XSSHU�ERXQG�$Q�DOJRULWKP�JLYHV�XV�DQ�XSSHU�ERXQG�
7KH�ZRUVW�FDVH�IRU�VRUWLQJ�FDQQRW7KH�ZRUVW�FDVH�IRU�VRUWLQJ�FDQQRW
H[FHHG�H[FHHG�ΘΘ��QQ����EHFDXVH�ZH�KDYH�,QVHUWLRQ��EHFDXVH�ZH�KDYH�,QVHUWLRQ
6RUW�WKDW�UXQV�WKDW�IDVW�6RUW�WKDW�UXQV�WKDW�IDVW�

�� /RZHU�ERXQGV�UHTXLUH�PDWKHPDWLFDO/RZHU�ERXQGV�UHTXLUH�PDWKHPDWLFDO
DUJXPHQWV�DUJXPHQWV�



2SWLPDOLW\�$QDO\VLV�,,

�� 0DNLQJ�PDWKHPDWLFDO�DUJXPHQWV0DNLQJ�PDWKHPDWLFDO�DUJXPHQWV
XVXDOO\XVXDOO\�LQYROYHV�DVVXPSWLRQV�DERXW�LQYROYHV�DVVXPSWLRQV�DERXW
KRZ�WKH�SUREOHP�ZLOO�EH�VROYHG�KRZ�WKH�SUREOHP�ZLOO�EH�VROYHG�

�� ,QYDOLGDWLQJ�WKH�DVVXPSWLRQV,QYDOLGDWLQJ�WKH�DVVXPSWLRQV
LQYDOLGDWHV�WKH�ORZHU�ERXQG�LQYDOLGDWHV�WKH�ORZHU�ERXQG�

�� 6RUWLQJ�DQ�DUUD\�RI�QXPEHUV�UHTXLUHV�DW6RUWLQJ�DQ�DUUD\�RI�QXPEHUV�UHTXLUHV�DW
OHDVW�OHDVW�ΘΘ��QQ��WLPH��EHFDXVH�LW�ZRXOG�WDNH��WLPH��EHFDXVH�LW�ZRXOG�WDNH
WKDW�PXFK�WLPH�WR�UHDUUDQJH�D�OLVW�WKDWWKDW�PXFK�WLPH�WR�UHDUUDQJH�D�OLVW�WKDW
ZDV�URWDWHG�RQH�HOHPHQW�RXW�RI�SRVLWLRQ�ZDV�URWDWHG�RQH�HOHPHQW�RXW�RI�SRVLWLRQ�



5RWDWLQJ�2QH�(OHPHQW

�QG
�UG
�WK

QWK
�VW

�QG
�UG

Q��VW
QWK

�VW
Q�NH\V�PXVW
EH�PRYHG

Θ�Q��WLPH

$VVXPSWLRQV�

.H\V�PXVW�EH�PRYHG
RQH�DW�D�WLPH

$OO�NH\�PRYHPHQWV�WDNH
WKH�VDPH�DPRXQW�RI�WLPH

7KH�DPRXQW�RI�WLPH
QHHGHG�WR�PRYH�RQH�NH\
LV�QRW�GHSHQGHQW�RQ�Q�



2WKHU�$VVXPSWLRQV

�� 7KH�RQO\�RSHUDWLRQ�XVHG�IRU�VRUWLQJ�WKH7KH�RQO\�RSHUDWLRQ�XVHG�IRU�VRUWLQJ�WKH
OLVW�LV�VZDSSLQJ�WZR�NH\V�OLVW�LV�VZDSSLQJ�WZR�NH\V�

�� 2QO\�DGMDFHQW�NH\V�FDQ�EH�VZDSSHG�2QO\�DGMDFHQW�NH\V�FDQ�EH�VZDSSHG�

�� 7KLV�LV�WUXH�IRU�,QVHUWLRQ�6RUW�DQG7KLV�LV�WUXH�IRU�,QVHUWLRQ�6RUW�DQG
%XEEOH�6RUW�%XEEOH�6RUW�

�� ,V�LW�WUXH�IRU�5HSHDWHG�0LQLPXP"��:KDW,V�LW�WUXH�IRU�5HSHDWHG�0LQLPXP"��:KDW
DERXW�LI�ZH�VHDUFK�WKH�UHPDLQGHU�RI�WKHDERXW�LI�ZH�VHDUFK�WKH�UHPDLQGHU�RI�WKH
OLVW�LQ�UHYHUVH�RUGHU"OLVW�LQ�UHYHUVH�RUGHU"



,QYHUVLRQV

�� 6XSSRVH�ZH�DUH�JLYHQ�D�OLVW�RI�HOHPHQWV6XSSRVH�ZH�DUH�JLYHQ�D�OLVW�RI�HOHPHQWV
/��RI�VL]H�Q�/��RI�VL]H�Q�

�� /HW�L��DQG�M�EH�FKRVHQ�VR��/HW�L��DQG�M�EH�FKRVHQ�VR��≤≤L�ML�M≤≤Q�Q�
�� ,I�/>L@!/>M@�WKHQ�WKH�SDLU��L�M��LV�DQ,I�/>L@!/>M@�WKHQ�WKH�SDLU��L�M��LV�DQ
LQYHUVLRQ�LQYHUVLRQ�

� � � �� � � � ���

,QYHUVLRQ ,QYHUVLRQ ,QYHUVLRQ

1RW�DQ�,QYHUVLRQ



0D[LPXP�,QYHUVLRQV

�� 7KH�WRWDO�QXPEHU�RI�SDLUV�LV�7KH�WRWDO�QXPEHU�RI�SDLUV�LV�

�� 7KLV�LV�WKH�PD[LPXP�QXPEHU�RI7KLV�LV�WKH�PD[LPXP�QXPEHU�RI
LQYHUVLRQV�LQ�DQ\�OLVW�LQYHUVLRQV�LQ�DQ\�OLVW�

�� ([FKDQJLQJ�DGMDFHQW�SDLUV�RI�NH\V([FKDQJLQJ�DGMDFHQW�SDLUV�RI�NH\V
UHPRYHV�DW�PRVW�RQH�LQYHUVLRQ�UHPRYHV�DW�PRVW�RQH�LQYHUVLRQ�
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6ZDSSLQJ�$GMDFHQW�3DLUV

6ZDS�5HG�DQG�*UHHQ

7KH�UHODWLYH�SRVLWLRQ�RI�WKH�5HG
DQG�EOXH�DUHDV�KDV�QRW�FKDQJHG�
1R�LQYHUVLRQV�EHWZHHQ�WKH�UHG�NH\
DQG�WKH�EOXH�DUHD�KDYH�EHHQ�UHPRYHG�
7KH�VDPH�LV�WUXH�IRU�WKH�UHG�NH\�DQG
WKH�RUDQJH�DUHD���7KH�VDPH�DQDO\VLV�FDQ
EH�GRQH�IRU�WKH�JUHHQ�NH\�

7KH�RQO\�LQYHUVLRQ
WKDW�FRXOG�EH�UHPRYHG
LV�WKH��SRVVLEOH��RQH
EHWZHHQ�WKH�UHG�DQG
JUHHQ�NH\V�



/RZHU�%RXQG�$UJXPHQW

�� $�VRUWHG�OLVW�KDV�QR�LQYHUVLRQV�$�VRUWHG�OLVW�KDV�QR�LQYHUVLRQV�

�� $�UHYHUVH�RUGHU�OLVW�KDV�WKH�PD[LPXP$�UHYHUVH�RUGHU�OLVW�KDV�WKH�PD[LPXP
QXPEHU�RI�LQYHUVLRQV��QXPEHU�RI�LQYHUVLRQV��ΘΘ��QQ����LQYHUVLRQV���LQYHUVLRQV�

�� $�VRUWLQJ�DOJRULWKP�PXVW�H[FKDQJH$�VRUWLQJ�DOJRULWKP�PXVW�H[FKDQJH
ΘΘ��QQ����DGMDFHQW�SDLUV�WR�VRUW�D�OLVW���DGMDFHQW�SDLUV�WR�VRUW�D�OLVW�

�� $�VRUW�DOJRULWKP�WKDW�RSHUDWHV�E\$�VRUW�DOJRULWKP�WKDW�RSHUDWHV�E\
H[FKDQJLQJ�DGMDFHQW�SDLUV�RI�NH\V�PXVWH[FKDQJLQJ�DGMDFHQW�SDLUV�RI�NH\V�PXVW
KDYH�D�WLPH�ERXQG�RI�DW�OHDVW�KDYH�D�WLPH�ERXQG�RI�DW�OHDVW�ΘΘ��QQ������



/RZHU�%RXQG�)RU�$YHUDJH�,

�� 7KHUH�DUH�Q��ZD\V�WR�UHDUUDQJH�D�OLVW�RI�Q7KHUH�DUH�Q��ZD\V�WR�UHDUUDQJH�D�OLVW�RI�Q
HOHPHQWV�HOHPHQWV�

�� 5HFDOO�WKDW�D�UHDUUDQJHPHQW�LV�FDOOHG�D5HFDOO�WKDW�D�UHDUUDQJHPHQW�LV�FDOOHG�D
SHUPXWDWLRQSHUPXWDWLRQ��

�� ,I�ZH�UHYHUVH�D�UHDUUDQJHG�OLVW��HYHU\,I�ZH�UHYHUVH�D�UHDUUDQJHG�OLVW��HYHU\
SDLU�WKDW�XVHG�WR�EH�DQ�LQYHUVLRQ�ZLOO�QRSDLU�WKDW�XVHG�WR�EH�DQ�LQYHUVLRQ�ZLOO�QR
ORQJHU�EH�DQ�LQYHUVLRQ�ORQJHU�EH�DQ�LQYHUVLRQ�

�� %\�WKH�VDPH�WRNHQ��DOO�QRQ�LQYHUVLRQV%\�WKH�VDPH�WRNHQ��DOO�QRQ�LQYHUVLRQV
EHFRPH�LQYHUVLRQV�EHFRPH�LQYHUVLRQV�



/RZHU�%RXQG�)RU�$YHUDJH�,,

�� 7KHUH�DUH�Q�Q������LQYHUVLRQV�LQ�D7KHUH�DUH�Q�Q������LQYHUVLRQV�LQ�D
SHUPXWDWLRQ�DQG�LWV�UHYHUVH�SHUPXWDWLRQ�DQG�LWV�UHYHUVH�

�� $VVXPLQJ�WKDW�DOO�Q��SHUPXWDWLRQV�DUH$VVXPLQJ�WKDW�DOO�Q��SHUPXWDWLRQV�DUH
HTXDOO\�OLNHO\��WKHUH�DUH�Q�Q�����HTXDOO\�OLNHO\��WKHUH�DUH�Q�Q�����
LQYHUVLRQV�LQ�D�SHUPXWDWLRQ��RQ�WKHLQYHUVLRQV�LQ�D�SHUPXWDWLRQ��RQ�WKH
DYHUDJH�DYHUDJH�

�� 7KH�DYHUDJH�SHUIRUPDQFH�RI�D�´VZDS�7KH�DYHUDJH�SHUIRUPDQFH�RI�D�´VZDS�
DGMDFHQW�SDLUVµ�VRUWLQJ�DOJRULWKP�ZLOODGMDFHQW�SDLUVµ�VRUWLQJ�DOJRULWKP�ZLOO
EH�EH�ΘΘ��QQ������



4XLFN�6RUW�,

�� 6SOLW�/LVW�LQWR�´%LJµ�DQG�´/LWWOHµ�NH\V6SOLW�/LVW�LQWR�´%LJµ�DQG�´/LWWOHµ�NH\V

�� 3XW�WKH�/LWWOH�NH\V�ILUVW��%LJ�NH\V�VHFRQG3XW�WKH�/LWWOH�NH\V�ILUVW��%LJ�NH\V�VHFRQG

�� 5HFXUVLYHO\�VRUW�WKH�%LJ�DQG�/LWWOH�NH\V5HFXUVLYHO\�VRUW�WKH�%LJ�DQG�/LWWOH�NH\V

/LWWOH %LJ
3LYRW�3RLQW



4XLFNVRUW�,,

�� %LJ�LV�GHILQHG�DV�´ELJJHU�WKDQ�WKH�SLYRW%LJ�LV�GHILQHG�DV�´ELJJHU�WKDQ�WKH�SLYRW
SRLQWµSRLQWµ

�� /LWWOH�LV�GHILQHG�DV�´VPDOOHU�WKDQ�WKH/LWWOH�LV�GHILQHG�DV�´VPDOOHU�WKDQ�WKH
SLYRW�SRLQWµSLYRW�SRLQWµ

�� 7KH�SLYRW�SRLQW�LV�FKRVHQ�´DW�UDQGRPµ7KH�SLYRW�SRLQW�LV�FKRVHQ�´DW�UDQGRPµ

�� 6LQFH�WKH�OLVW�LV�DVVXPHG�WR�EH�LQ6LQFH�WKH�OLVW�LV�DVVXPHG�WR�EH�LQ
UDQGRP�RUGHU��WKH�ILUVW�HOHPHQW�RI�WKHUDQGRP�RUGHU��WKH�ILUVW�HOHPHQW�RI�WKH
OLVW�LV�FKRVHQ�DV�WKH�SLYRW�SRLQWOLVW�LV�FKRVHQ�DV�WKH�SLYRW�SRLQW



4XLFNVRUW�6SOLW��&RGH

6SOLW�)LUVW�/DVW�
����6SOLW3RLQW�� ���
����IRU�L�� ���WR�Q�GR
��������LI�/>L@���/>�@�WKHQ
�������������6SOLW3RLQW�� �6SOLW3RLQW�����
�������������([FKDQJH�/>6SOLW3RLQW@�/>L@��
��������HQGLI
����HQGIRU
����([FKDQJH�/>6SOLW3RLQW@�/>�@��
����UHWXUQ�6SOLW3RLQW�
(QG�6SOLW

)L[HG�Q���LWHUDWLRQV

3RLQWV�WR�ODVW�HOHPHQW
LQ�´6PDOOµ�VHFWLRQ�

(OVH�WKH�´%LJµ�VHFWLRQ
JHWV�ELJJHU�

0DNH�´6PDOOµ�VHFWLRQ
ELJJHU�DQG�PRYH�NH\
LQWR�LW�



4XLFNVRUW�,,,

�� 3LYRW�SRLQW�PD\�QRW�EH�WKH�H[DFW3LYRW�SRLQW�PD\�QRW�EH�WKH�H[DFW
PHGLDQPHGLDQ

�� )LQGLQJ�WKH�SUHFLVH�PHGLDQ�LV�)LQGLQJ�WKH�SUHFLVH�PHGLDQ�LV�KDUGKDUG

�� ,I�ZH�´JHW�OXFN\µ��WKH�IROORZLQJ,I�ZH�´JHW�OXFN\µ��WKH�IROORZLQJ
UHFXUUHQFH�DSSOLHV��Q���LV�DSSUR[LPDWH�UHFXUUHQFH�DSSOLHV��Q���LV�DSSUR[LPDWH�

)lg(1)2/(2)( nnnnQnQ Θ∈−+=



4XLFNVRUW�,9

�� ,I�WKH�NH\V�DUH�LQ�RUGHU��´%LJµ�SRUWLRQ,I�WKH�NH\V�DUH�LQ�RUGHU��´%LJµ�SRUWLRQ
ZLOO�KDYH�Q���NH\V��´6PDOOµ�SRUWLRQ�ZLOOZLOO�KDYH�Q���NH\V��´6PDOOµ�SRUWLRQ�ZLOO
EH�HPSW\�EH�HPSW\�

�� 1���FRPSDULVRQV�DUH�GRQH�IRU�ILUVW�NH\1���FRPSDULVRQV�DUH�GRQH�IRU�ILUVW�NH\

�� 1���FRPSDULVRQV�IRU�VHFRQG�NH\��HWF�1���FRPSDULVRQV�IRU�VHFRQG�NH\��HWF�

�� 5HVXOW�5HVXOW�
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46�$YJ��&DVH��$VVXPSWLRQV

��$YHUDJH�ZLOO�EH�WDNHQ�RYHU$YHUDJH�ZLOO�EH�WDNHQ�RYHU
/RFDWLRQ�RI�3LYRW/RFDWLRQ�RI�3LYRW

��$OO�3LYRW�3RVLWLRQV�DUH�HTXDOO\$OO�3LYRW�3RVLWLRQV�DUH�HTXDOO\
OLNHO\OLNHO\

��3LYRW�SRVLWLRQV�LQ�HDFK�FDOO�DUH3LYRW�SRVLWLRQV�LQ�HDFK�FDOO�DUH
LQGHSHQGHQW�RI�RQH�DQRWKHULQGHSHQGHQW�RI�RQH�DQRWKHU



46�$YJ��)RUPXODWLRQ

��$���� ��$���� ��

�� ,I�WKH�SLYRW�DSSHDUV�DW�SRVLWLRQ�L�,I�WKH�SLYRW�DSSHDUV�DW�SRVLWLRQ�L�

��≤≤LL≤≤Q�WKHQ�$�L����FRPSDULVRQV�DUHQ�WKHQ�$�L����FRPSDULVRQV�DUH
GRQH�RQ�WKH�OHIW�KDQG�OLVW�DQG�$�Q�GRQH�RQ�WKH�OHIW�KDQG�OLVW�DQG�$�Q�
L��DUH�GRQH�RQ�WKH�ULJKW�KDQG�OLVW�L��DUH�GRQH�RQ�WKH�ULJKW�KDQG�OLVW�

�� Q���FRPSDULVRQV�DUH�QHHGHG�WRQ���FRPSDULVRQV�DUH�QHHGHG�WR

VSOLW�WKH�OLVWVSOLW�WKH�OLVW



46�$YJ��5HFXUUHQFH
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46�$YJ��5HFXUUHQFH�,,
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46�$YJ��6ROYLQJ�5HFXUU�

Guess:A n an n b( ) lg≤ + a>0, b>0
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46�$YJ��&RQWLQXLQJ

By Integration:
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46�$YJ��)LQDOO\
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0HUJH�6RUW

�� ,I�/LVW�KDV�RQO\�RQH�(OHPHQW��GR�QRWKLQJ,I�/LVW�KDV�RQO\�RQH�(OHPHQW��GR�QRWKLQJ

�� 2WKHUZLVH��6SOLW�/LVW�LQ�+DOI2WKHUZLVH��6SOLW�/LVW�LQ�+DOI

�� 5HFXUVLYHO\�6RUW�%RWK�/LVWV5HFXUVLYHO\�6RUW�%RWK�/LVWV

�� 0HUJH�6RUWHG�/LVWV0HUJH�6RUWHG�/LVWV



7KH�0HUJH�$OJRULWKP

$VVXPH�ZH�DUH�PHUJLQJ�OLVWV�$�DQG�%�LQWR�OLVW�&�

$[�� ����%[�� ����&[�� ���
ZKLOH�$[�≤�Q�DQG�%[�≤�Q�GR
����LI�$>$[@���%>%[@�WKHQ
������&>&[@�� �$>$[@�
������$[�� �$[�����
����HOVH
������&>&[@�� �%>%[@�
������%[�� �%[�����
����HQGLI
����&[�� �&[�����
HQGZKLOH

ZKLOH�$[�≤�Q�GR
����&>&[@�� �$>$[@�
����$[�� �$[�����
����&[�� �&[�����
HQGZKLOH
ZKLOH�%[�≤�Q�GR
����&>&[@�� �%>%[@�
����%[�� �%[�����
����&[�� �&[�����
HQGZKLOH



0HUJH�6RUW��$QDO\VLV

�� 6RUWLQJ�UHTXLUHV�QR�FRPSDULVRQV6RUWLQJ�UHTXLUHV�QR�FRPSDULVRQV

�� 0HUJLQJ�UHTXLUHV�0HUJLQJ�UHTXLUHV�QQ���FRPSDULVRQV�LQ���FRPSDULVRQV�LQ
WKH�ZRUVW�FDVH��ZKHUH�WKH�ZRUVW�FDVH��ZKHUH�QQ�LV�WKH�WRWDO�VL]H�LV�WKH�WRWDO�VL]H
RI�ERWK�OLVWV��RI�ERWK�OLVWV��QQ�NH\�PRYHPHQWV�DUH�NH\�PRYHPHQWV�DUH
UHTXLUHG�LQ�UHTXLUHG�LQ�DOODOO�FDVHV��FDVHV�

�� 5HFXUUHQFH�UHODWLRQ�5HFXUUHQFH�UHODWLRQ�

( )W( ) W( / ) lgn n n n n= + − ∈2 2 1 Θ



0HUJH�6RUW��6SDFH

�� 0HUJLQJ�FDQQRW�EH�GRQH�LQ�SODFH0HUJLQJ�FDQQRW�EH�GRQH�LQ�SODFH

�� ,Q�WKH�VLPSOHVW�FDVH��D�VHSDUDWH�OLVW�RI,Q�WKH�VLPSOHVW�FDVH��D�VHSDUDWH�OLVW�RI
VL]H�VL]H�QQ�LV�UHTXLUHG�IRU�PHUJLQJ�LV�UHTXLUHG�IRU�PHUJLQJ

�� ,W�LV�SRVVLEOH�WR�UHGXFH�WKH�VL]H�RI�WKH,W�LV�SRVVLEOH�WR�UHGXFH�WKH�VL]H�RI�WKH
H[WUD�VSDFH��EXW�LW�ZLOO�VWLOO�EH�H[WUD�VSDFH��EXW�LW�ZLOO�VWLOO�EH�ΘΘ�Q��Q�



+HDSVRUW��+HDSV

�� *HRPHWULFDOO\��D�KHDS�LV�DQ�´DOPRVW*HRPHWULFDOO\��D�KHDS�LV�DQ�´DOPRVW
FRPSOHWHµ�ELQDU\�WUHH�FRPSOHWHµ�ELQDU\�WUHH�

�� 9HUWLFHV�PXVW�EH�DGGHG�RQH�OHYHO�DW�D9HUWLFHV�PXVW�EH�DGGHG�RQH�OHYHO�DW�D
WLPH�IURP�ULJKW�WR�OHIW�WLPH�IURP�ULJKW�WR�OHIW�

�� /HDYHV�PXVW�EH�RQ�WKH�ORZHVW�RU�VHFRQG/HDYHV�PXVW�EH�RQ�WKH�ORZHVW�RU�VHFRQG
ORZHVW�OHYHO�ORZHVW�OHYHO�

�� $OO�YHUWLFHV��H[FHSW�RQH�PXVW�KDYH$OO�YHUWLFHV��H[FHSW�RQH�PXVW�KDYH
HLWKHU�]HUR�RU�WZR�FKLOGUHQ�HLWKHU�]HUR�RU�WZR�FKLOGUHQ�



+HDSVRUW��+HDSV�,,

�� ,I�WKHUH�LV�D�YHUWH[�ZLWK�RQO\�RQH�FKLOG��LW,I�WKHUH�LV�D�YHUWH[�ZLWK�RQO\�RQH�FKLOG��LW
PXVW�EH�D�OHIW�FKLOG��DQG�WKH�FKLOG�PXVWPXVW�EH�D�OHIW�FKLOG��DQG�WKH�FKLOG�PXVW
EH�WKH�ULJKWPRVW�YHUWH[�RQ�WKH�ORZHVWEH�WKH�ULJKWPRVW�YHUWH[�RQ�WKH�ORZHVW
OHYHO�OHYHO�

�� )RU�D�JLYHQ�QXPEHU�RI�YHUWLFHV��WKHUH�LV)RU�D�JLYHQ�QXPEHU�RI�YHUWLFHV��WKHUH�LV
RQO\�RQH�OHJDO�VWUXFWXUHRQO\�RQH�OHJDO�VWUXFWXUH



+HDSVRUW��+HDS�H[DPSOHV



+HDSVRUW��+HDS�9DOXHV

�� (DFK�YHUWH[�LQ�D�KHDS�FRQWDLQV�D�YDOXH(DFK�YHUWH[�LQ�D�KHDS�FRQWDLQV�D�YDOXH

�� ,I�D�YHUWH[�KDV�FKLOGUHQ��WKH�YDOXH�LQ�WKH,I�D�YHUWH[�KDV�FKLOGUHQ��WKH�YDOXH�LQ�WKH
YHUWH[�PXVW�EH�ODUJHU�WKDQ�WKH�YDOXH�LQYHUWH[�PXVW�EH�ODUJHU�WKDQ�WKH�YDOXH�LQ
HLWKHU�FKLOG�HLWKHU�FKLOG�

�� ([DPSOH�([DPSOH�
��

�� �

�� � � �

���



+HDSVRUW��+HDS�3URSHUWLHV

�� 7KH�ODUJHVW�YDOXH�LV�LQ�WKH�URRW7KH�ODUJHVW�YDOXH�LV�LQ�WKH�URRW

�� $Q\�$Q\�VXEWUHH�VXEWUHH�RI�D�KHDS�LV�LWVHOI�D�KHDSRI�D�KHDS�LV�LWVHOI�D�KHDS

�� $�KHDS�FDQ�EH�VWRUHG�LQ�DQ�DUUD\�E\$�KHDS�FDQ�EH�VWRUHG�LQ�DQ�DUUD\�E\
LQGH[LQJ�WKH�YHUWLFHV�WKXV�LQGH[LQJ�WKH�YHUWLFHV�WKXV�

�� 7KH�OHIW�FKLOG�RI�YHUWH[7KH�OHIW�FKLOG�RI�YHUWH[
Y�KDV�LQGH[��Y�DQGY�KDV�LQGH[��Y�DQG
WKH�ULJKW�FKLOG�KDVWKH�ULJKW�FKLOG�KDV
LQGH[��Y��LQGH[��Y��

�

� �

� � � �

��



+HDSVRUW��)L[+HDS

�� 7KH�7KH�)L[+HDS�)L[+HDS�URXWLQH�LV�DSSOLHG�WR�DURXWLQH�LV�DSSOLHG�WR�D
KHDS�WKDW�LV�JHRPHWULFDOO\�FRUUHFW��DQGKHDS�WKDW�LV�JHRPHWULFDOO\�FRUUHFW��DQG
KDV�WKH�FRUUHFW�NH\�UHODWLRQVKLSKDV�WKH�FRUUHFW�NH\�UHODWLRQVKLS
HYHU\ZKHUH�H[FHSW�WKH�URRW�HYHU\ZKHUH�H[FHSW�WKH�URRW�

�� )L[+HDS�)L[+HDS�LV�DSSOLHG�ILUVW�DW�WKH�URRW�DQGLV�DSSOLHG�ILUVW�DW�WKH�URRW�DQG
WKHQ�WKHQ�LWHUDWLYHO\�LWHUDWLYHO\�WR�RQH�FKLOG�WR�RQH�FKLOG�



+HDSVRUW�)L[+HDS�&RGH

)L[+HDS�6WDUW9HUWH[�
���Y�� �6WDUW9HUWH[�
���ZKLOH��
Y�≤�Q�GR
������/DUJHVW&KLOG�� ��
Y�
������LI��
Y���Q�WKHQ
���������LI�/>�
Y@���/>�
Y��@�WKHQ
�������������/DUJHVW&KLOG�� ��
Y���
���������HQGLI
������HQGLI
������LI�/>Y@���/>/DUJHVW&KLOG@�7KHQ
����������([FKDQJH�/>Y@�/>/DUJHVW&KLOG@��
����������Y�� �/DUJHVW&KLOG
�����

��������HOVH
����������������Y�� �Q�
��������HQGLI
����HQGZKLOH
HQG�)L[+HDS

Q�LV�WKH�VL]H�RI�WKH�KHDS

:RUVW�FDVH�UXQ�WLPH�LV
Θ�OJ�Q�



+HDSVRUW��&UHDWLQJ�D�+HDS

�� $Q�DUELWUDU\�OLVW�FDQ�EH�WXUQHG�LQWR�D$Q�DUELWUDU\�OLVW�FDQ�EH�WXUQHG�LQWR�D
KHDS�E\�FDOOLQJ�KHDS�E\�FDOOLQJ�)L[+HDS�)L[+HDS�RQ�HDFK�QRQ�RQ�HDFK�QRQ�
OHDI�LQ�UHYHUVH�RUGHU�OHDI�LQ�UHYHUVH�RUGHU�

�� ,I�Q�LV�WKH�VL]H�RI�WKH�KHDS��WKH�QRQ�OHDI,I�Q�LV�WKH�VL]H�RI�WKH�KHDS��WKH�QRQ�OHDI
ZLWK�WKH�KLJKHVW�LQGH[�KDV�LQGH[�Q���ZLWK�WKH�KLJKHVW�LQGH[�KDV�LQGH[�Q���

�� &UHDWLQJ�D�KHDS�LV�REYLRXVO\�2�Q�&UHDWLQJ�D�KHDS�LV�REYLRXVO\�2�Q�OJ�OJ�Q��Q��

�� $�PRUH�FDUHIXO�DQDO\VLV�ZRXOG�VKRZ�D$�PRUH�FDUHIXO�DQDO\VLV�ZRXOG�VKRZ�D
WUXH�WLPH�ERXQG�RI�WUXH�WLPH�ERXQG�RI�ΘΘ�Q��Q�



+HDS�6RUW��6RUWLQJ

�� 7XUQ�/LVW�LQWR�D�+HDS7XUQ�/LVW�LQWR�D�+HDS

�� 6ZDS�KHDG�RI�OLVW�ZLWK�ODVW�NH\�LQ�KHDS6ZDS�KHDG�RI�OLVW�ZLWK�ODVW�NH\�LQ�KHDS

�� 5HGXFH�KHDS�VL]H�E\�RQH5HGXFH�KHDS�VL]H�E\�RQH

�� &DOO&DOO�)L[+HDS�)L[+HDS�RQ�WKH�URRW�RQ�WKH�URRW

�� 5HSHDW�IRU�DOO�NH\V�XQWLO�OLVW�LV�VRUWHG5HSHDW�IRU�DOO�NH\V�XQWLO�OLVW�LV�VRUWHG



6RUWLQJ�([DPSOH�,
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�� �

�� � � �

���
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6RUWLQJ�([DPSOH�,,

��
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�� � � �
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6RUWLQJ�([DPSOH�,,,

��

���

� � �

�

��

���� ��� � � ��� �

5HDG\�WR�VZDS���DQG����



+HDS�6RUW��$QDO\VLV

�� &UHDWLQJ�WKH�KHDS�WDNHV�&UHDWLQJ�WKH�KHDS�WDNHV�ΘΘ��QQ��WLPH���WLPH�

�� 7KH�VRUW�SRUWLRQ�LV�2EYLRXVO\�7KH�VRUW�SRUWLRQ�LV�2EYLRXVO\�ΟΟ��QQOJOJQQ��
�� $�PRUH�FDUHIXO�DQDO\VLV�ZRXOG�VKRZ�DQ$�PRUH�FDUHIXO�DQDO\VLV�ZRXOG�VKRZ�DQ
H[DFWH[DFW�WLPH�ERXQG�RI��WLPH�ERXQG�RI�ΘΘ��QQOJOJQQ��

�� $YHUDJH�DQG�ZRUVW�FDVH�DUH�WKH�VDPH$YHUDJH�DQG�ZRUVW�FDVH�DUH�WKH�VDPH

�� 7KH�DOJRULWKP�UXQV�LQ�SODFH7KH�DOJRULWKP�UXQV�LQ�SODFH



$�%HWWHU�/RZHU�%RXQG

�� 7KH��7KH��ΘΘ��QQ����WLPH�ERXQG�GRHV�QRW�DSSO\�WR��WLPH�ERXQG�GRHV�QRW�DSSO\�WR
4XLFNVRUW4XLFNVRUW����0HUJHVRUW0HUJHVRUW��DQG���DQG�+HDSVRUW+HDSVRUW��

�� $�EHWWHU�DVVXPSWLRQ�LV�WKDW�NH\V�FDQ�EH$�EHWWHU�DVVXPSWLRQ�LV�WKDW�NH\V�FDQ�EH
PRYHG�DQ�DUELWUDU\�GLVWDQFH�PRYHG�DQ�DUELWUDU\�GLVWDQFH�

�� +RZHYHU��ZH�FDQ�VWLOO�DVVXPH�WKDW�WKH+RZHYHU��ZH�FDQ�VWLOO�DVVXPH�WKDW�WKH
QXPEHU�RI�NH\�WR�NH\�FRPSDULVRQV�LVQXPEHU�RI�NH\�WR�NH\�FRPSDULVRQV�LV
SURSRUWLRQDO�WR�WKH�UXQ�WLPH�RI�WKHSURSRUWLRQDO�WR�WKH�UXQ�WLPH�RI�WKH
DOJRULWKP�DOJRULWKP�



/RZHU�%RXQG�$VVXPSWLRQV

�� $OJRULWKPV�VRUW�E\�SHUIRUPLQJ�NH\$OJRULWKPV�VRUW�E\�SHUIRUPLQJ�NH\
FRPSDULVRQV�FRPSDULVRQV�

�� 7KH�FRQWHQWV�RI�WKH�OLVW�LV�DUELWUDU\��VR7KH�FRQWHQWV�RI�WKH�OLVW�LV�DUELWUDU\��VR
WULFNV�EDVHG�RQ�WKH�YDOXH�RI�D�NH\�ZRQ·WWULFNV�EDVHG�RQ�WKH�YDOXH�RI�D�NH\�ZRQ·W
ZRUN�ZRUN�

�� 7KH�RQO\�EDVLV�IRU�PDNLQJ�D�GHFLVLRQ�LQ7KH�RQO\�EDVLV�IRU�PDNLQJ�D�GHFLVLRQ�LQ
WKH�DOJRULWKP�LV�E\�DQDO\]LQJ�WKH�UHVXOWWKH�DOJRULWKP�LV�E\�DQDO\]LQJ�WKH�UHVXOW
RI�D�FRPSDULVRQ�RI�D�FRPSDULVRQ�



/RZHU�%RXQG�$VVXPSWLRQV�,,

�� $VVXPH�WKDW�DOO�NH\V�DUH�GLVWLQFW��VLQFH$VVXPH�WKDW�DOO�NH\V�DUH�GLVWLQFW��VLQFH
DOO�VRUW�DOJRULWKPV�PXVW�KDQGOH�WKLVDOO�VRUW�DOJRULWKPV�PXVW�KDQGOH�WKLV
FDVH�FDVH�

�� %HFDXVH�WKHUH�DUH�QR�´WULFNVµ�WKDW�ZRUN�%HFDXVH�WKHUH�DUH�QR�´WULFNVµ�WKDW�ZRUN�
WKH�RQO\�LQIRUPDWLRQ�ZH�FDQ�JHW�IURP�DWKH�RQO\�LQIRUPDWLRQ�ZH�FDQ�JHW�IURP�D
NH\�FRPSDULVRQ�LV�NH\�FRPSDULVRQ�LV�

�� :KLFK�NH\�LV�ODUJHU:KLFK�NH\�LV�ODUJHU



/RZHU�%RXQG�$VVXPSWLRQV�,,,

�� 7KH�FKRLFH�RI�ZKLFK�NH\�LV�ODUJHU�LV�WKH7KH�FKRLFH�RI�ZKLFK�NH\�LV�ODUJHU�LV�WKH
RQO\�SRLQW�DW�ZKLFK�WZR�´UXQVµ�RI�DQRQO\�SRLQW�DW�ZKLFK�WZR�´UXQVµ�RI�DQ
DOJRULWKP�FDQ�H[KLELW�GLYHUJHQWDOJRULWKP�FDQ�H[KLELW�GLYHUJHQW
EHKDYLRU�EHKDYLRU�

�� 'LYHUJHQW�EHKDYLRU�LQFOXGHV�'LYHUJHQW�EHKDYLRU�LQFOXGHV�
UHDUUDQJLQJ�WKH�NH\V�LQ�WZR�GLIIHUHQWUHDUUDQJLQJ�WKH�NH\V�LQ�WZR�GLIIHUHQW
ZD\V�ZD\V�



/RZHU�%RXQG�$QDO\VLV

�� :H�FDQ�DQDO\]H�WKH�EHKDYLRU�RI�D:H�FDQ�DQDO\]H�WKH�EHKDYLRU�RI�D
SDUWLFXODU�DOJRULWKP�RQ�DQ�DUELWUDU\�OLVWSDUWLFXODU�DOJRULWKP�RQ�DQ�DUELWUDU\�OLVW
E\�XVLQJ�D�WUHH�E\�XVLQJ�D�WUHH�

L�M

N�O P�Q

T�S W�V U�Z [�\

/>L@�/>M@ />L@!/>M@

/>N@�/>O@ />N@!/>O@ />P@�/>Q@ />P@!/>Q@



/RZHU�%RXQG�$QDO\VLV

�� ,Q�WKH�WUHH�ZH�SXW�WKH�LQGLFHV�RI�WKH,Q�WKH�WUHH�ZH�SXW�WKH�LQGLFHV�RI�WKH
HOHPHQWV�EHLQJ�FRPSDUHG�HOHPHQWV�EHLQJ�FRPSDUHG�

�� .H\�UHDUUDQJHPHQWV�DUH�DVVXPHG��EXW.H\�UHDUUDQJHPHQWV�DUH�DVVXPHG��EXW
QRW�H[SOLFLWO\�VKRZQ�QRW�H[SOLFLWO\�VKRZQ�

�� $OWKRXJK�D�FRPSDULVRQ�LV�DQ$OWKRXJK�D�FRPSDULVRQ�LV�DQ
RSSRUWXQLW\�IRU�GLYHUJHQW�EHKDYLRU��WKHRSSRUWXQLW\�IRU�GLYHUJHQW�EHKDYLRU��WKH
DOJRULWKP�GRHV�QRW�QHHG�WR�WDNHDOJRULWKP�GRHV�QRW�QHHG�WR�WDNH
DGYDQWDJH�RI�WKLV�RSSRUWXQLW\�DGYDQWDJH�RI�WKLV�RSSRUWXQLW\�



7KH�OHDI�QRGHV

�� ,Q�WKH�OHDI�QRGHV��ZH�SXW�D�VXPPDU\�RI,Q�WKH�OHDI�QRGHV��ZH�SXW�D�VXPPDU\�RI
DOO�WKH�NH\�UHDUUDQJHPHQWV�WKDW�KDYHDOO�WKH�NH\�UHDUUDQJHPHQWV�WKDW�KDYH
EHHQ�GRQH�DORQJ�WKH�SDWK�IURP�URRW�WREHHQ�GRQH�DORQJ�WKH�SDWK�IURP�URRW�WR
OHDI�OHDI�

��!�
��!�
��!�

��!�
��!�

��!�
��!�



7KH�/HDI�1RGHV�,,

�� (DFK�/HDI�QRGH�UHSUHVHQWV�D(DFK�/HDI�QRGH�UHSUHVHQWV�D
SHUPXWDWLRQ�RI�WKH�OLVW�SHUPXWDWLRQ�RI�WKH�OLVW�

�� 6LQFH�WKHUH�DUH�Q��LQLWLDO�FRQILJXUDWLRQV�6LQFH�WKHUH�DUH�Q��LQLWLDO�FRQILJXUDWLRQV�
DQG�RQH�ILQDO�FRQILJXUDWLRQ��WKHUH�PXVWDQG�RQH�ILQDO�FRQILJXUDWLRQ��WKHUH�PXVW
EH�Q��ZD\V�WR�UHFRQILJXUH�WKH�LQSXW�EH�Q��ZD\V�WR�UHFRQILJXUH�WKH�LQSXW�

�� 7KHUH�PXVW�EH�DW�OHDVW�Q��OHDI�QRGHV�7KHUH�PXVW�EH�DW�OHDVW�Q��OHDI�QRGHV�



/RZHU�%RXQG��0RUH�$QDO\VLV

�� 6LQFH�ZH�DUH�ZRUNLQJ�RQ�D�ORZHU6LQFH�ZH�DUH�ZRUNLQJ�RQ�D�ORZHU
ERXQG��LQ�DQ\�WUHH��ZH�PXVW�ILQG�WKHERXQG��LQ�DQ\�WUHH��ZH�PXVW�ILQG�WKH
ORQJHVW�SDWK�IURP�URRW�WR�OHDI���7KLV�LVORQJHVW�SDWK�IURP�URRW�WR�OHDI���7KLV�LV
WKH�ZRUVW�FDVH�WKH�ZRUVW�FDVH�

�� 7KH�PRVW�HIILFLHQW�DOJRULWKP�ZRXOG7KH�PRVW�HIILFLHQW�DOJRULWKP�ZRXOG
PLQLPL]H�WKH�OHQJWK�RI�WKH�ORQJHVW�SDWK�PLQLPL]H�WKH�OHQJWK�RI�WKH�ORQJHVW�SDWK�

�� 7KLV�KDSSHQV�ZKHQ�WKH�WUHH�LV�DV�FORVH7KLV�KDSSHQV�ZKHQ�WKH�WUHH�LV�DV�FORVH
DV�SRVVLEOH�WR�D�FRPSOHWH�ELQDU\�WUHHDV�SRVVLEOH�WR�D�FRPSOHWH�ELQDU\�WUHH



/RZHU�%RXQG��)LQDO

�� $�%LQDU\�7UHH�ZLWK�N�OHDYHV�PXVW�KDYH$�%LQDU\�7UHH�ZLWK�N�OHDYHV�PXVW�KDYH
KHLJKW�DW�OHDVW�KHLJKW�DW�OHDVW�OJ�OJ�N�N�

�� 7KH�KHLJKW�RI�WKH�WUHH�LV�WKH�OHQJWK�RI7KH�KHLJKW�RI�WKH�WUHH�LV�WKH�OHQJWK�RI
WKH�ORQJHVW�SDWK�IURP�URRW�WR�OHDI�WKH�ORQJHVW�SDWK�IURP�URRW�WR�OHDI�

�� $�ELQDU\�WUHH�ZLWK�Q��OHDYHV�PXVW�KDYH$�ELQDU\�WUHH�ZLWK�Q��OHDYHV�PXVW�KDYH
KHLJKW�DW�OHDVW�KHLJKW�DW�OHDVW�OJ�OJ�Q�Q�



/RZHU�%RXQG��$OJHEUD
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/RZHU�%RXQG�$YHUDJH�&DVH

�� &DQQRW�EH�ZRUVH�WKDQ�ZRUVW�FDVH&DQQRW�EH�ZRUVH�WKDQ�ZRUVW�FDVH
ΘΘ�Q��Q�OJ�OJ�Q�Q�

�� &DQ�LW�EH�EHWWHU"&DQ�LW�EH�EHWWHU"

�� 7R�ILQG�DYHUDJH�FDVH��DGG�XS�WKH7R�ILQG�DYHUDJH�FDVH��DGG�XS�WKH
OHQJWKV�RI�DOO�SDWKV�LQ�WKH�GHFLVLRQ�WUHH�OHQJWKV�RI�DOO�SDWKV�LQ�WKH�GHFLVLRQ�WUHH�
DQG�GLYLGH�E\�WKH�QXPEHU�RI�OHDYHV�DQG�GLYLGH�E\�WKH�QXPEHU�RI�OHDYHV�



/RZHU�%RXQG�$YJ��,,

�� %HFDXVH�DOO�QRQ�OHDYHV�KDYH�WZR%HFDXVH�DOO�QRQ�OHDYHV�KDYH�WZR
FKLOGUHQ��FRPSUHVVLQJ�WKH�WUHH�WR�PDNHFKLOGUHQ��FRPSUHVVLQJ�WKH�WUHH�WR�PDNH
LW�PRUH�EDODQFHG�ZLOO�UHGXFH�WKH�WRWDOLW�PRUH�EDODQFHG�ZLOO�UHGXFH�WKH�WRWDO
VXP�RI�DOO�SDWK�OHQJWKV�VXP�RI�DOO�SDWK�OHQJWKV�

&

;

$ %

6ZLWFK�;�DQG�&

&

;

$ %

3DWK�IURP�URRW�WR�&�LQFUHDVHV�E\���
3DWK�IURP�URRW�WR�$	%�GHFUHDVHV�E\���
1HW�UHGXFWLRQ�RI���LQ�WKH�WRWDO�



/RZHU�%RXQG�$YJ��,,,

�� $OJRULWKPV�ZLWK�EDODQFHG�GHFLVLRQ$OJRULWKPV�ZLWK�EDODQFHG�GHFLVLRQ
WUHHV�SHUIRUP�EHWWHU��RQ�WKH�DYHUDJHWUHHV�SHUIRUP�EHWWHU��RQ�WKH�DYHUDJH
WKDQ�DOJRULWKPV�ZLWK�XQEDODQFHG�WUHHV�WKDQ�DOJRULWKPV�ZLWK�XQEDODQFHG�WUHHV�

�� ,Q�D�EDODQFHG�WUHH�ZLWK�DV�IHZ�OHDYHV�DV,Q�D�EDODQFHG�WUHH�ZLWK�DV�IHZ�OHDYHV�DV
SRVVLEOH��WKHUH�ZLOO�EH�Q��OHDYHV�DQG�WKHSRVVLEOH��WKHUH�ZLOO�EH�Q��OHDYHV�DQG�WKH
SDWK�OHQJWKV�ZLOO�DOO�EH�RI�OHQJWK�SDWK�OHQJWKV�ZLOO�DOO�EH�RI�OHQJWK�OJ�OJ�Q��Q��

�� 7KH�DYHUDJH�ZLOO�EH�7KH�DYHUDJH�ZLOO�EH�OJ�OJ�Q���ZKLFK�LVQ���ZKLFK�LV
ΘΘ�Q��Q�OJ�OJ�Q�Q�



5DGL[�6RUW

�� 6WDUW�ZLWK�OHDVW�VLJQLILFDQW�GLJLW6WDUW�ZLWK�OHDVW�VLJQLILFDQW�GLJLW

�� 6HSDUDWH�NH\V�LQWR�JURXSV�EDVHG�RQ6HSDUDWH�NH\V�LQWR�JURXSV�EDVHG�RQ
YDOXH�RI�FXUUHQW�GLJLWYDOXH�RI�FXUUHQW�GLJLW

�� 0DNH�VXUH�QRW�WR�GLVWXUE�RULJLQDO�RUGHU0DNH�VXUH�QRW�WR�GLVWXUE�RULJLQDO�RUGHU
RI�NH\VRI�NH\V

�� &RPELQH�VHSDUDWH�JURXSV�LQ�DVFHQGLQJ&RPELQH�VHSDUDWH�JURXSV�LQ�DVFHQGLQJ
RUGHURUGHU

�� 5HSHDW��VFDQQLQJ�GLJLWV�LQ�UHYHUVH�RUGHU5HSHDW��VFDQQLQJ�GLJLWV�LQ�UHYHUVH�RUGHU



5DGL[�6RUW��([DPSOH
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5DGL[�6RUW��$QDO\VLV

�� (DFK�GLJLW�UHTXLUHV�(DFK�GLJLW�UHTXLUHV�QQ�FRPSDULVRQV�FRPSDULVRQV

�� 7KH�DOJRULWKP�LV�7KH�DOJRULWKP�LV�ΘΘ��QQ��
�� 7KH�SUHFHGLQJ�ORZHU�ERXQG�DQDO\VLV�GRHV�QRW7KH�SUHFHGLQJ�ORZHU�ERXQG�DQDO\VLV�GRHV�QRW
DSSO\��EHFDXVH�5DGL[�6RUW�GRHV�QRW�FRPSDUHDSSO\��EHFDXVH�5DGL[�6RUW�GRHV�QRW�FRPSDUH
NH\V�NH\V�

�� 5DGL[�6RUW�LV�VRPHWLPHV�NQRZQ�DV�EXFNHW�VRUW�5DGL[�6RUW�LV�VRPHWLPHV�NQRZQ�DV�EXFNHW�VRUW�
�$Q\�GLVWLQFWLRQ�EHWZHHQ�WKH�WZR�LV�$Q\�GLVWLQFWLRQ�EHWZHHQ�WKH�WZR�LV
XQLPSRUWDQW��XQLPSRUWDQW��

�� $OJ$OJ��ZDV�XVHG�E\�RSHUDWRUV�RI�FDUG�VRUWHUV���ZDV�XVHG�E\�RSHUDWRUV�RI�FDUG�VRUWHUV�



6RUWLQJ6RUWLQJ

3UDFWLFH�ZLWK�$QDO\VLV3UDFWLFH�ZLWK�$QDO\VLV



5HSHDWHG�0LQLPXP

�� 6HDUFK�WKH�OLVW�IRU�WKH�PLQLPXP6HDUFK�WKH�OLVW�IRU�WKH�PLQLPXP
HOHPHQW�HOHPHQW�

�� 3ODFH�WKH�PLQLPXP�HOHPHQW�LQ�WKH�ILUVW3ODFH�WKH�PLQLPXP�HOHPHQW�LQ�WKH�ILUVW
SRVLWLRQ�SRVLWLRQ�

�� 5HSHDW�IRU�RWKHU�Q���NH\V�5HSHDW�IRU�RWKHU�Q���NH\V�

�� 8VH�FXUUHQW�SRVLWLRQ�WR�KROG�FXUUHQW8VH�FXUUHQW�SRVLWLRQ�WR�KROG�FXUUHQW
PLQLPXP�WR�DYRLG�ODUJH�VFDOHPLQLPXP�WR�DYRLG�ODUJH�VFDOH
PRYHPHQW�RI�NH\V�PRYHPHQW�RI�NH\V�



5HSHDWHG�0LQLPXP��&RGH

IRU�L�� ���WR�Q���GR
����IRU�M�� �L���WR�Q�GR
��������LI�/>L@�!�/>M@�WKHQ
������������7HPS� �/>L@�
������������/>L@�� �/>M@�
������������/>M@�� �7HPS�
��������HQGLI
����HQGIRU
HQGIRU

)L[HG�Q���LWHUDWLRQV

)L[HG�Q�L�LWHUDWLRQV



5HSHDWHG�0LQLPXP��$QDO\VLV
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%XEEOH�6RUW

�� 6HDUFK�IRU�DGMDFHQW�SDLUV�WKDW�DUH�RXW�RI6HDUFK�IRU�DGMDFHQW�SDLUV�WKDW�DUH�RXW�RI
RUGHU�RUGHU�

�� 6ZLWFK�WKH�RXW�RI�RUGHU�NH\V�6ZLWFK�WKH�RXW�RI�RUGHU�NH\V�

�� 5HSHDW�WKLV�Q���WLPHV�5HSHDW�WKLV�Q���WLPHV�

�� $IWHU�WKH�ILUVW�LWHUDWLRQ��WKH�ODVW�NH\�LV$IWHU�WKH�ILUVW�LWHUDWLRQ��WKH�ODVW�NH\�LV
JXDUDQWHHG�WR�EH�WKH�ODUJHVW�JXDUDQWHHG�WR�EH�WKH�ODUJHVW�

�� ,I�QR�VZLWFKHV�DUH�GRQH�LQ�DQ�LWHUDWLRQ�,I�QR�VZLWFKHV�DUH�GRQH�LQ�DQ�LWHUDWLRQ�
ZH�FDQ�VWRS�ZH�FDQ�VWRS�



%XEEOH�6RUW��&RGH

IRU�L�� ���WR�Q���GR
����6ZLWFK�� �)DOVH�
����IRU�M�� ���WR�Q�L�GR
��������LI�/>M@�!�/>M��@�WKHQ
������������7HPS� �/>M@�
������������/>M@�� �/>M��@�
������������/>M��@�� �7HPS�
������������6ZLWFK�� �7UXH�
��������HQGLI
�����HQGIRU
�����LI�1RW�6ZLWFK�WKHQ�EUHDN�
HQGIRU

:RUVW�FDVH�Q���LWHUDWLRQV

)L[HG�Q�L�LWHUDWLRQV



%XEEOH�6RUW�$QDO\VLV

%HLQJ�VPDUW�ULJKW�IURP�WKH�EHJLQQLQJ�
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,QVHUWLRQ�6RUW�,

�� 7KH�OLVW�LV�DVVXPHG�WR�EH�EURNHQ�LQWR�D7KH�OLVW�LV�DVVXPHG�WR�EH�EURNHQ�LQWR�D
VRUWHG�SRUWLRQ�DQG�DQ�XQVRUWHG�SRUWLRQVRUWHG�SRUWLRQ�DQG�DQ�XQVRUWHG�SRUWLRQ

�� .H\V�ZLOO�EH�LQVHUWHG�IURP�WKH�XQVRUWHG.H\V�ZLOO�EH�LQVHUWHG�IURP�WKH�XQVRUWHG
SRUWLRQ�LQWR�WKH�VRUWHG�SRUWLRQ�SRUWLRQ�LQWR�WKH�VRUWHG�SRUWLRQ�

6RUWHG 8QVRUWHG



,QVHUWLRQ�6RUW�,,

�� )RU�HDFK�QHZ�NH\��VHDUFK�EDFNZDUG)RU�HDFK�QHZ�NH\��VHDUFK�EDFNZDUG
WKURXJK�VRUWHG�NH\VWKURXJK�VRUWHG�NH\V

�� 0RYH�NH\V�XQWLO�SURSHU�SRVLWLRQ�LV�IRXQG0RYH�NH\V�XQWLO�SURSHU�SRVLWLRQ�LV�IRXQG

�� 3ODFH�NH\�LQ�SURSHU�SRVLWLRQ3ODFH�NH\�LQ�SURSHU�SRVLWLRQ

0RYHG



,QVHUWLRQ�6RUW��&RGH

IRU�L� ���WR�Q�GR
����[�� �/>L@�
����M�� �L���
����ZKLOH�M���DQG�[���/>M@�GR
��������/>M��@�� �/>M@�
��������M�� �M���
����HQGZKLOH
����/>M��@�� �[�
HQGIRU

)L[HG�Q���LWHUDWLRQV

:RUVW�FDVH�L���FRPSDULVRQV



,QVHUWLRQ�6RUW��$QDO\VLV

�� :RUVW�&DVH��.H\V�DUH�LQ�UHYHUVH�RUGHU:RUVW�&DVH��.H\V�DUH�LQ�UHYHUVH�RUGHU

�� 'R�L���FRPSDULVRQV�IRU�HDFK�QHZ�NH\�'R�L���FRPSDULVRQV�IRU�HDFK�QHZ�NH\�
ZKHUH�L�UXQV�IURP���WR�Q�ZKHUH�L�UXQV�IURP���WR�Q�

�� 7RWDO�&RPSDULVRQV���������«���Q��7RWDO�&RPSDULVRQV���������«���Q��
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,QVHUWLRQ�6RUW��$YHUDJH�,

�� $VVXPH��:KHQ�D�NH\�LV�PRYHG�E\�WKH$VVXPH��:KHQ�D�NH\�LV�PRYHG�E\�WKH
:KLOH�ORRS��DOO�SRVLWLRQV�DUH�HTXDOO\:KLOH�ORRS��DOO�SRVLWLRQV�DUH�HTXDOO\
OLNHO\�OLNHO\�

�� 7KHUH�DUH�L�SRVLWLRQV��L�LV�ORRS�YDULDEOH7KHUH�DUH�L�SRVLWLRQV��L�LV�ORRS�YDULDEOH
RI�IRU�ORRS���3UREDELOLW\�RI�HDFK����L��RI�IRU�ORRS���3UREDELOLW\�RI�HDFK����L��

�� 2QH�FRPSDULVRQ�LV�QHHGHG�WR�OHDYH�WKH2QH�FRPSDULVRQ�LV�QHHGHG�WR�OHDYH�WKH
NH\�LQ�LWV�SUHVHQW�SRVLWLRQ�NH\�LQ�LWV�SUHVHQW�SRVLWLRQ�

�� 7ZR�FRPSDULVRQV�DUH�QHHGHG�WR�PRYH7ZR�FRPSDULVRQV�DUH�QHHGHG�WR�PRYH
NH\�RYHU�RQH�SRVLWLRQ�NH\�RYHU�RQH�SRVLWLRQ�



,QVHUWLRQ�6RUW�$YHUDJH�,,

�� ,Q�JHQHUDO��N�FRPSDULVRQV�DUH�UHTXLUHG,Q�JHQHUDO��N�FRPSDULVRQV�DUH�UHTXLUHG
WR�PRYH�WKH�NH\�RYHU�N���SRVLWLRQV�WR�PRYH�WKH�NH\�RYHU�N���SRVLWLRQV�

�� ([FHSWLRQ��%RWK�ILUVW�DQG�VHFRQG([FHSWLRQ��%RWK�ILUVW�DQG�VHFRQG
SRVLWLRQV�UHTXLUH�L���FRPSDULVRQV�SRVLWLRQV�UHTXLUH�L���FRPSDULVRQV�

� � � ��� LL��L��

L�� L�� L�� � � �

3RVLWLRQ

���
���

&RPSDULVRQV�QHFHVVDU\�WR�SODFH�NH\�LQ�WKLV�SRVLWLRQ�



,QVHUWLRQ�6RUW�$YHUDJH�,,,
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,QVHUWLRQ�6RUW�$YHUDJH�,9

)RU�$OO�.H\V�)RU�$OO�.H\V�
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2SWLPDOLW\�$QDO\VLV�,

�� 7R�GLVFRYHU�DQ�RSWLPDO�DOJRULWKP�ZH7R�GLVFRYHU�DQ�RSWLPDO�DOJRULWKP�ZH
QHHG�WR�ILQG�DQ�XSSHU�DQG�ORZHUQHHG�WR�ILQG�DQ�XSSHU�DQG�ORZHU
DV\PSWRWLF�ERXQG�IRU�D�DV\PSWRWLF�ERXQG�IRU�D�SUREOHPSUREOHP��

�� $Q�DOJRULWKP�JLYHV�XV�DQ�XSSHU�ERXQG�$Q�DOJRULWKP�JLYHV�XV�DQ�XSSHU�ERXQG�
7KH�ZRUVW�FDVH�IRU�VRUWLQJ�FDQQRW7KH�ZRUVW�FDVH�IRU�VRUWLQJ�FDQQRW
H[FHHG�H[FHHG�ΘΘ��QQ����EHFDXVH�ZH�KDYH�,QVHUWLRQ��EHFDXVH�ZH�KDYH�,QVHUWLRQ
6RUW�WKDW�UXQV�WKDW�IDVW�6RUW�WKDW�UXQV�WKDW�IDVW�

�� /RZHU�ERXQGV�UHTXLUH�PDWKHPDWLFDO/RZHU�ERXQGV�UHTXLUH�PDWKHPDWLFDO
DUJXPHQWV�DUJXPHQWV�



2SWLPDOLW\�$QDO\VLV�,,

�� 0DNLQJ�PDWKHPDWLFDO�DUJXPHQWV0DNLQJ�PDWKHPDWLFDO�DUJXPHQWV
XVXDOO\XVXDOO\�LQYROYHV�DVVXPSWLRQV�DERXW�LQYROYHV�DVVXPSWLRQV�DERXW
KRZ�WKH�SUREOHP�ZLOO�EH�VROYHG�KRZ�WKH�SUREOHP�ZLOO�EH�VROYHG�

�� ,QYDOLGDWLQJ�WKH�DVVXPSWLRQV,QYDOLGDWLQJ�WKH�DVVXPSWLRQV
LQYDOLGDWHV�WKH�ORZHU�ERXQG�LQYDOLGDWHV�WKH�ORZHU�ERXQG�

�� 6RUWLQJ�DQ�DUUD\�RI�QXPEHUV�UHTXLUHV�DW6RUWLQJ�DQ�DUUD\�RI�QXPEHUV�UHTXLUHV�DW
OHDVW�OHDVW�ΘΘ��QQ��WLPH��EHFDXVH�LW�ZRXOG�WDNH��WLPH��EHFDXVH�LW�ZRXOG�WDNH
WKDW�PXFK�WLPH�WR�UHDUUDQJH�D�OLVW�WKDWWKDW�PXFK�WLPH�WR�UHDUUDQJH�D�OLVW�WKDW
ZDV�URWDWHG�RQH�HOHPHQW�RXW�RI�SRVLWLRQ�ZDV�URWDWHG�RQH�HOHPHQW�RXW�RI�SRVLWLRQ�



5RWDWLQJ�2QH�(OHPHQW

�QG
�UG
�WK

QWK
�VW

�QG
�UG

Q��VW
QWK

�VW
Q�NH\V�PXVW
EH�PRYHG

Θ�Q��WLPH

$VVXPSWLRQV�

.H\V�PXVW�EH�PRYHG
RQH�DW�D�WLPH

$OO�NH\�PRYHPHQWV�WDNH
WKH�VDPH�DPRXQW�RI�WLPH

7KH�DPRXQW�RI�WLPH
QHHGHG�WR�PRYH�RQH�NH\
LV�QRW�GHSHQGHQW�RQ�Q�



2WKHU�$VVXPSWLRQV

�� 7KH�RQO\�RSHUDWLRQ�XVHG�IRU�VRUWLQJ�WKH7KH�RQO\�RSHUDWLRQ�XVHG�IRU�VRUWLQJ�WKH
OLVW�LV�VZDSSLQJ�WZR�NH\V�OLVW�LV�VZDSSLQJ�WZR�NH\V�

�� 2QO\�DGMDFHQW�NH\V�FDQ�EH�VZDSSHG�2QO\�DGMDFHQW�NH\V�FDQ�EH�VZDSSHG�

�� 7KLV�LV�WUXH�IRU�,QVHUWLRQ�6RUW�DQG7KLV�LV�WUXH�IRU�,QVHUWLRQ�6RUW�DQG
%XEEOH�6RUW�%XEEOH�6RUW�

�� ,V�LW�WUXH�IRU�5HSHDWHG�0LQLPXP"��:KDW,V�LW�WUXH�IRU�5HSHDWHG�0LQLPXP"��:KDW
DERXW�LI�ZH�VHDUFK�WKH�UHPDLQGHU�RI�WKHDERXW�LI�ZH�VHDUFK�WKH�UHPDLQGHU�RI�WKH
OLVW�LQ�UHYHUVH�RUGHU"OLVW�LQ�UHYHUVH�RUGHU"



,QYHUVLRQV

�� 6XSSRVH�ZH�DUH�JLYHQ�D�OLVW�RI�HOHPHQWV6XSSRVH�ZH�DUH�JLYHQ�D�OLVW�RI�HOHPHQWV
/��RI�VL]H�Q�/��RI�VL]H�Q�

�� /HW�L��DQG�M�EH�FKRVHQ�VR��/HW�L��DQG�M�EH�FKRVHQ�VR��≤≤L�ML�M≤≤Q�Q�
�� ,I�/>L@!/>M@�WKHQ�WKH�SDLU��L�M��LV�DQ,I�/>L@!/>M@�WKHQ�WKH�SDLU��L�M��LV�DQ
LQYHUVLRQ�LQYHUVLRQ�

� � � �� � � � ���

,QYHUVLRQ ,QYHUVLRQ ,QYHUVLRQ

1RW�DQ�,QYHUVLRQ



0D[LPXP�,QYHUVLRQV

�� 7KH�WRWDO�QXPEHU�RI�SDLUV�LV�7KH�WRWDO�QXPEHU�RI�SDLUV�LV�

�� 7KLV�LV�WKH�PD[LPXP�QXPEHU�RI7KLV�LV�WKH�PD[LPXP�QXPEHU�RI
LQYHUVLRQV�LQ�DQ\�OLVW�LQYHUVLRQV�LQ�DQ\�OLVW�

�� ([FKDQJLQJ�DGMDFHQW�SDLUV�RI�NH\V([FKDQJLQJ�DGMDFHQW�SDLUV�RI�NH\V
UHPRYHV�DW�PRVW�RQH�LQYHUVLRQ�UHPRYHV�DW�PRVW�RQH�LQYHUVLRQ�

2

)1(
2

−=




 nnn



6ZDSSLQJ�$GMDFHQW�3DLUV

6ZDS�5HG�DQG�*UHHQ

7KH�UHODWLYH�SRVLWLRQ�RI�WKH�5HG
DQG�EOXH�DUHDV�KDV�QRW�FKDQJHG�
1R�LQYHUVLRQV�EHWZHHQ�WKH�UHG�NH\
DQG�WKH�EOXH�DUHD�KDYH�EHHQ�UHPRYHG�
7KH�VDPH�LV�WUXH�IRU�WKH�UHG�NH\�DQG
WKH�RUDQJH�DUHD���7KH�VDPH�DQDO\VLV�FDQ
EH�GRQH�IRU�WKH�JUHHQ�NH\�

7KH�RQO\�LQYHUVLRQ
WKDW�FRXOG�EH�UHPRYHG
LV�WKH��SRVVLEOH��RQH
EHWZHHQ�WKH�UHG�DQG
JUHHQ�NH\V�



/RZHU�%RXQG�$UJXPHQW

�� $�VRUWHG�OLVW�KDV�QR�LQYHUVLRQV�$�VRUWHG�OLVW�KDV�QR�LQYHUVLRQV�

�� $�UHYHUVH�RUGHU�OLVW�KDV�WKH�PD[LPXP$�UHYHUVH�RUGHU�OLVW�KDV�WKH�PD[LPXP
QXPEHU�RI�LQYHUVLRQV��QXPEHU�RI�LQYHUVLRQV��ΘΘ��QQ����LQYHUVLRQV���LQYHUVLRQV�

�� $�VRUWLQJ�DOJRULWKP�PXVW�H[FKDQJH$�VRUWLQJ�DOJRULWKP�PXVW�H[FKDQJH
ΘΘ��QQ����DGMDFHQW�SDLUV�WR�VRUW�D�OLVW���DGMDFHQW�SDLUV�WR�VRUW�D�OLVW�

�� $�VRUW�DOJRULWKP�WKDW�RSHUDWHV�E\$�VRUW�DOJRULWKP�WKDW�RSHUDWHV�E\
H[FKDQJLQJ�DGMDFHQW�SDLUV�RI�NH\V�PXVWH[FKDQJLQJ�DGMDFHQW�SDLUV�RI�NH\V�PXVW
KDYH�D�WLPH�ERXQG�RI�DW�OHDVW�KDYH�D�WLPH�ERXQG�RI�DW�OHDVW�ΘΘ��QQ������



/RZHU�%RXQG�)RU�$YHUDJH�,

�� 7KHUH�DUH�Q��ZD\V�WR�UHDUUDQJH�D�OLVW�RI�Q7KHUH�DUH�Q��ZD\V�WR�UHDUUDQJH�D�OLVW�RI�Q
HOHPHQWV�HOHPHQWV�

�� 5HFDOO�WKDW�D�UHDUUDQJHPHQW�LV�FDOOHG�D5HFDOO�WKDW�D�UHDUUDQJHPHQW�LV�FDOOHG�D
SHUPXWDWLRQSHUPXWDWLRQ��

�� ,I�ZH�UHYHUVH�D�UHDUUDQJHG�OLVW��HYHU\,I�ZH�UHYHUVH�D�UHDUUDQJHG�OLVW��HYHU\
SDLU�WKDW�XVHG�WR�EH�DQ�LQYHUVLRQ�ZLOO�QRSDLU�WKDW�XVHG�WR�EH�DQ�LQYHUVLRQ�ZLOO�QR
ORQJHU�EH�DQ�LQYHUVLRQ�ORQJHU�EH�DQ�LQYHUVLRQ�

�� %\�WKH�VDPH�WRNHQ��DOO�QRQ�LQYHUVLRQV%\�WKH�VDPH�WRNHQ��DOO�QRQ�LQYHUVLRQV
EHFRPH�LQYHUVLRQV�EHFRPH�LQYHUVLRQV�



/RZHU�%RXQG�)RU�$YHUDJH�,,

�� 7KHUH�DUH�Q�Q������LQYHUVLRQV�LQ�D7KHUH�DUH�Q�Q������LQYHUVLRQV�LQ�D
SHUPXWDWLRQ�DQG�LWV�UHYHUVH�SHUPXWDWLRQ�DQG�LWV�UHYHUVH�

�� $VVXPLQJ�WKDW�DOO�Q��SHUPXWDWLRQV�DUH$VVXPLQJ�WKDW�DOO�Q��SHUPXWDWLRQV�DUH
HTXDOO\�OLNHO\��WKHUH�DUH�Q�Q�����HTXDOO\�OLNHO\��WKHUH�DUH�Q�Q�����
LQYHUVLRQV�LQ�D�SHUPXWDWLRQ��RQ�WKHLQYHUVLRQV�LQ�D�SHUPXWDWLRQ��RQ�WKH
DYHUDJH�DYHUDJH�

�� 7KH�DYHUDJH�SHUIRUPDQFH�RI�D�´VZDS�7KH�DYHUDJH�SHUIRUPDQFH�RI�D�´VZDS�
DGMDFHQW�SDLUVµ�VRUWLQJ�DOJRULWKP�ZLOODGMDFHQW�SDLUVµ�VRUWLQJ�DOJRULWKP�ZLOO
EH�EH�ΘΘ��QQ������



4XLFN�6RUW�,

�� 6SOLW�/LVW�LQWR�´%LJµ�DQG�´/LWWOHµ�NH\V6SOLW�/LVW�LQWR�´%LJµ�DQG�´/LWWOHµ�NH\V

�� 3XW�WKH�/LWWOH�NH\V�ILUVW��%LJ�NH\V�VHFRQG3XW�WKH�/LWWOH�NH\V�ILUVW��%LJ�NH\V�VHFRQG

�� 5HFXUVLYHO\�VRUW�WKH�%LJ�DQG�/LWWOH�NH\V5HFXUVLYHO\�VRUW�WKH�%LJ�DQG�/LWWOH�NH\V

/LWWOH %LJ
3LYRW�3RLQW



4XLFNVRUW�,,

�� %LJ�LV�GHILQHG�DV�´ELJJHU�WKDQ�WKH�SLYRW%LJ�LV�GHILQHG�DV�´ELJJHU�WKDQ�WKH�SLYRW
SRLQWµSRLQWµ

�� /LWWOH�LV�GHILQHG�DV�´VPDOOHU�WKDQ�WKH/LWWOH�LV�GHILQHG�DV�´VPDOOHU�WKDQ�WKH
SLYRW�SRLQWµSLYRW�SRLQWµ

�� 7KH�SLYRW�SRLQW�LV�FKRVHQ�´DW�UDQGRPµ7KH�SLYRW�SRLQW�LV�FKRVHQ�´DW�UDQGRPµ

�� 6LQFH�WKH�OLVW�LV�DVVXPHG�WR�EH�LQ6LQFH�WKH�OLVW�LV�DVVXPHG�WR�EH�LQ
UDQGRP�RUGHU��WKH�ILUVW�HOHPHQW�RI�WKHUDQGRP�RUGHU��WKH�ILUVW�HOHPHQW�RI�WKH
OLVW�LV�FKRVHQ�DV�WKH�SLYRW�SRLQWOLVW�LV�FKRVHQ�DV�WKH�SLYRW�SRLQW



4XLFNVRUW�6SOLW��&RGH

6SOLW�)LUVW�/DVW�
����6SOLW3RLQW�� ���
����IRU�L�� ���WR�Q�GR
��������LI�/>L@���/>�@�WKHQ
�������������6SOLW3RLQW�� �6SOLW3RLQW�����
�������������([FKDQJH�/>6SOLW3RLQW@�/>L@��
��������HQGLI
����HQGIRU
����([FKDQJH�/>6SOLW3RLQW@�/>�@��
����UHWXUQ�6SOLW3RLQW�
(QG�6SOLW

)L[HG�Q���LWHUDWLRQV

3RLQWV�WR�ODVW�HOHPHQW
LQ�´6PDOOµ�VHFWLRQ�

(OVH�WKH�´%LJµ�VHFWLRQ
JHWV�ELJJHU�

0DNH�´6PDOOµ�VHFWLRQ
ELJJHU�DQG�PRYH�NH\
LQWR�LW�



4XLFNVRUW�,,,

�� 3LYRW�SRLQW�PD\�QRW�EH�WKH�H[DFW3LYRW�SRLQW�PD\�QRW�EH�WKH�H[DFW
PHGLDQPHGLDQ

�� )LQGLQJ�WKH�SUHFLVH�PHGLDQ�LV�)LQGLQJ�WKH�SUHFLVH�PHGLDQ�LV�KDUGKDUG

�� ,I�ZH�´JHW�OXFN\µ��WKH�IROORZLQJ,I�ZH�´JHW�OXFN\µ��WKH�IROORZLQJ
UHFXUUHQFH�DSSOLHV��Q���LV�DSSUR[LPDWH�UHFXUUHQFH�DSSOLHV��Q���LV�DSSUR[LPDWH�

)lg(1)2/(2)( nnnnQnQ Θ∈−+=



4XLFNVRUW�,9

�� ,I�WKH�NH\V�DUH�LQ�RUGHU��´%LJµ�SRUWLRQ,I�WKH�NH\V�DUH�LQ�RUGHU��´%LJµ�SRUWLRQ
ZLOO�KDYH�Q���NH\V��´6PDOOµ�SRUWLRQ�ZLOOZLOO�KDYH�Q���NH\V��´6PDOOµ�SRUWLRQ�ZLOO
EH�HPSW\�EH�HPSW\�

�� 1���FRPSDULVRQV�DUH�GRQH�IRU�ILUVW�NH\1���FRPSDULVRQV�DUH�GRQH�IRU�ILUVW�NH\

�� 1���FRPSDULVRQV�IRU�VHFRQG�NH\��HWF�1���FRPSDULVRQV�IRU�VHFRQG�NH\��HWF�

�� 5HVXOW�5HVXOW�

( )i
n n

n
i

n

=

−

∑ = − ∈
1

1
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2
( ) Θ



46�$YJ��&DVH��$VVXPSWLRQV

��$YHUDJH�ZLOO�EH�WDNHQ�RYHU$YHUDJH�ZLOO�EH�WDNHQ�RYHU
/RFDWLRQ�RI�3LYRW/RFDWLRQ�RI�3LYRW

��$OO�3LYRW�3RVLWLRQV�DUH�HTXDOO\$OO�3LYRW�3RVLWLRQV�DUH�HTXDOO\
OLNHO\OLNHO\

��3LYRW�SRVLWLRQV�LQ�HDFK�FDOO�DUH3LYRW�SRVLWLRQV�LQ�HDFK�FDOO�DUH
LQGHSHQGHQW�RI�RQH�DQRWKHULQGHSHQGHQW�RI�RQH�DQRWKHU



46�$YJ��)RUPXODWLRQ

��$���� ��$���� ��

�� ,I�WKH�SLYRW�DSSHDUV�DW�SRVLWLRQ�L�,I�WKH�SLYRW�DSSHDUV�DW�SRVLWLRQ�L�

��≤≤LL≤≤Q�WKHQ�$�L����FRPSDULVRQV�DUHQ�WKHQ�$�L����FRPSDULVRQV�DUH
GRQH�RQ�WKH�OHIW�KDQG�OLVW�DQG�$�Q�GRQH�RQ�WKH�OHIW�KDQG�OLVW�DQG�$�Q�
L��DUH�GRQH�RQ�WKH�ULJKW�KDQG�OLVW�L��DUH�GRQH�RQ�WKH�ULJKW�KDQG�OLVW�

�� Q���FRPSDULVRQV�DUH�QHHGHG�WRQ���FRPSDULVRQV�DUH�QHHGHG�WR

VSOLW�WKH�OLVWVSOLW�WKH�OLVW



46�$YJ��5HFXUUHQFH
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46�$YJ��5HFXUUHQFH�,,
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46�$YJ��6ROYLQJ�5HFXUU�

Guess:A n an n b( ) lg≤ + a>0, b>0
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46�$YJ��&RQWLQXLQJ

By Integration:
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46�$YJ��)LQDOO\
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0HUJH�6RUW

�� ,I�/LVW�KDV�RQO\�RQH�(OHPHQW��GR�QRWKLQJ,I�/LVW�KDV�RQO\�RQH�(OHPHQW��GR�QRWKLQJ

�� 2WKHUZLVH��6SOLW�/LVW�LQ�+DOI2WKHUZLVH��6SOLW�/LVW�LQ�+DOI

�� 5HFXUVLYHO\�6RUW�%RWK�/LVWV5HFXUVLYHO\�6RUW�%RWK�/LVWV

�� 0HUJH�6RUWHG�/LVWV0HUJH�6RUWHG�/LVWV



7KH�0HUJH�$OJRULWKP

$VVXPH�ZH�DUH�PHUJLQJ�OLVWV�$�DQG�%�LQWR�OLVW�&�

$[�� ����%[�� ����&[�� ���
ZKLOH�$[�≤�Q�DQG�%[�≤�Q�GR
����LI�$>$[@���%>%[@�WKHQ
������&>&[@�� �$>$[@�
������$[�� �$[�����
����HOVH
������&>&[@�� �%>%[@�
������%[�� �%[�����
����HQGLI
����&[�� �&[�����
HQGZKLOH

ZKLOH�$[�≤�Q�GR
����&>&[@�� �$>$[@�
����$[�� �$[�����
����&[�� �&[�����
HQGZKLOH
ZKLOH�%[�≤�Q�GR
����&>&[@�� �%>%[@�
����%[�� �%[�����
����&[�� �&[�����
HQGZKLOH



0HUJH�6RUW��$QDO\VLV

�� 6RUWLQJ�UHTXLUHV�QR�FRPSDULVRQV6RUWLQJ�UHTXLUHV�QR�FRPSDULVRQV

�� 0HUJLQJ�UHTXLUHV�0HUJLQJ�UHTXLUHV�QQ���FRPSDULVRQV�LQ���FRPSDULVRQV�LQ
WKH�ZRUVW�FDVH��ZKHUH�WKH�ZRUVW�FDVH��ZKHUH�QQ�LV�WKH�WRWDO�VL]H�LV�WKH�WRWDO�VL]H
RI�ERWK�OLVWV��RI�ERWK�OLVWV��QQ�NH\�PRYHPHQWV�DUH�NH\�PRYHPHQWV�DUH
UHTXLUHG�LQ�UHTXLUHG�LQ�DOODOO�FDVHV��FDVHV�

�� 5HFXUUHQFH�UHODWLRQ�5HFXUUHQFH�UHODWLRQ�

( )W( ) W( / ) lgn n n n n= + − ∈2 2 1 Θ



0HUJH�6RUW��6SDFH

�� 0HUJLQJ�FDQQRW�EH�GRQH�LQ�SODFH0HUJLQJ�FDQQRW�EH�GRQH�LQ�SODFH

�� ,Q�WKH�VLPSOHVW�FDVH��D�VHSDUDWH�OLVW�RI,Q�WKH�VLPSOHVW�FDVH��D�VHSDUDWH�OLVW�RI
VL]H�VL]H�QQ�LV�UHTXLUHG�IRU�PHUJLQJ�LV�UHTXLUHG�IRU�PHUJLQJ

�� ,W�LV�SRVVLEOH�WR�UHGXFH�WKH�VL]H�RI�WKH,W�LV�SRVVLEOH�WR�UHGXFH�WKH�VL]H�RI�WKH
H[WUD�VSDFH��EXW�LW�ZLOO�VWLOO�EH�H[WUD�VSDFH��EXW�LW�ZLOO�VWLOO�EH�ΘΘ�Q��Q�



+HDSVRUW��+HDSV

�� *HRPHWULFDOO\��D�KHDS�LV�DQ�´DOPRVW*HRPHWULFDOO\��D�KHDS�LV�DQ�´DOPRVW
FRPSOHWHµ�ELQDU\�WUHH�FRPSOHWHµ�ELQDU\�WUHH�

�� 9HUWLFHV�PXVW�EH�DGGHG�RQH�OHYHO�DW�D9HUWLFHV�PXVW�EH�DGGHG�RQH�OHYHO�DW�D
WLPH�IURP�ULJKW�WR�OHIW�WLPH�IURP�ULJKW�WR�OHIW�

�� /HDYHV�PXVW�EH�RQ�WKH�ORZHVW�RU�VHFRQG/HDYHV�PXVW�EH�RQ�WKH�ORZHVW�RU�VHFRQG
ORZHVW�OHYHO�ORZHVW�OHYHO�

�� $OO�YHUWLFHV��H[FHSW�RQH�PXVW�KDYH$OO�YHUWLFHV��H[FHSW�RQH�PXVW�KDYH
HLWKHU�]HUR�RU�WZR�FKLOGUHQ�HLWKHU�]HUR�RU�WZR�FKLOGUHQ�



+HDSVRUW��+HDSV�,,

�� ,I�WKHUH�LV�D�YHUWH[�ZLWK�RQO\�RQH�FKLOG��LW,I�WKHUH�LV�D�YHUWH[�ZLWK�RQO\�RQH�FKLOG��LW
PXVW�EH�D�OHIW�FKLOG��DQG�WKH�FKLOG�PXVWPXVW�EH�D�OHIW�FKLOG��DQG�WKH�FKLOG�PXVW
EH�WKH�ULJKWPRVW�YHUWH[�RQ�WKH�ORZHVWEH�WKH�ULJKWPRVW�YHUWH[�RQ�WKH�ORZHVW
OHYHO�OHYHO�

�� )RU�D�JLYHQ�QXPEHU�RI�YHUWLFHV��WKHUH�LV)RU�D�JLYHQ�QXPEHU�RI�YHUWLFHV��WKHUH�LV
RQO\�RQH�OHJDO�VWUXFWXUHRQO\�RQH�OHJDO�VWUXFWXUH



+HDSVRUW��+HDS�H[DPSOHV



+HDSVRUW��+HDS�9DOXHV

�� (DFK�YHUWH[�LQ�D�KHDS�FRQWDLQV�D�YDOXH(DFK�YHUWH[�LQ�D�KHDS�FRQWDLQV�D�YDOXH

�� ,I�D�YHUWH[�KDV�FKLOGUHQ��WKH�YDOXH�LQ�WKH,I�D�YHUWH[�KDV�FKLOGUHQ��WKH�YDOXH�LQ�WKH
YHUWH[�PXVW�EH�ODUJHU�WKDQ�WKH�YDOXH�LQYHUWH[�PXVW�EH�ODUJHU�WKDQ�WKH�YDOXH�LQ
HLWKHU�FKLOG�HLWKHU�FKLOG�

�� ([DPSOH�([DPSOH�
��

�� �

�� � � �

���



+HDSVRUW��+HDS�3URSHUWLHV

�� 7KH�ODUJHVW�YDOXH�LV�LQ�WKH�URRW7KH�ODUJHVW�YDOXH�LV�LQ�WKH�URRW

�� $Q\�$Q\�VXEWUHH�VXEWUHH�RI�D�KHDS�LV�LWVHOI�D�KHDSRI�D�KHDS�LV�LWVHOI�D�KHDS

�� $�KHDS�FDQ�EH�VWRUHG�LQ�DQ�DUUD\�E\$�KHDS�FDQ�EH�VWRUHG�LQ�DQ�DUUD\�E\
LQGH[LQJ�WKH�YHUWLFHV�WKXV�LQGH[LQJ�WKH�YHUWLFHV�WKXV�

�� 7KH�OHIW�FKLOG�RI�YHUWH[7KH�OHIW�FKLOG�RI�YHUWH[
Y�KDV�LQGH[��Y�DQGY�KDV�LQGH[��Y�DQG
WKH�ULJKW�FKLOG�KDVWKH�ULJKW�FKLOG�KDV
LQGH[��Y��LQGH[��Y��

�

� �

� � � �

��



+HDSVRUW��)L[+HDS

�� 7KH�7KH�)L[+HDS�)L[+HDS�URXWLQH�LV�DSSOLHG�WR�DURXWLQH�LV�DSSOLHG�WR�D
KHDS�WKDW�LV�JHRPHWULFDOO\�FRUUHFW��DQGKHDS�WKDW�LV�JHRPHWULFDOO\�FRUUHFW��DQG
KDV�WKH�FRUUHFW�NH\�UHODWLRQVKLSKDV�WKH�FRUUHFW�NH\�UHODWLRQVKLS
HYHU\ZKHUH�H[FHSW�WKH�URRW�HYHU\ZKHUH�H[FHSW�WKH�URRW�

�� )L[+HDS�)L[+HDS�LV�DSSOLHG�ILUVW�DW�WKH�URRW�DQGLV�DSSOLHG�ILUVW�DW�WKH�URRW�DQG
WKHQ�WKHQ�LWHUDWLYHO\�LWHUDWLYHO\�WR�RQH�FKLOG�WR�RQH�FKLOG�



+HDSVRUW�)L[+HDS�&RGH

)L[+HDS�6WDUW9HUWH[�
���Y�� �6WDUW9HUWH[�
���ZKLOH��
Y�≤�Q�GR
������/DUJHVW&KLOG�� ��
Y�
������LI��
Y���Q�WKHQ
���������LI�/>�
Y@���/>�
Y��@�WKHQ
�������������/DUJHVW&KLOG�� ��
Y���
���������HQGLI
������HQGLI
������LI�/>Y@���/>/DUJHVW&KLOG@�7KHQ
����������([FKDQJH�/>Y@�/>/DUJHVW&KLOG@��
����������Y�� �/DUJHVW&KLOG
�����

��������HOVH
����������������Y�� �Q�
��������HQGLI
����HQGZKLOH
HQG�)L[+HDS

Q�LV�WKH�VL]H�RI�WKH�KHDS

:RUVW�FDVH�UXQ�WLPH�LV
Θ�OJ�Q�



+HDSVRUW��&UHDWLQJ�D�+HDS

�� $Q�DUELWUDU\�OLVW�FDQ�EH�WXUQHG�LQWR�D$Q�DUELWUDU\�OLVW�FDQ�EH�WXUQHG�LQWR�D
KHDS�E\�FDOOLQJ�KHDS�E\�FDOOLQJ�)L[+HDS�)L[+HDS�RQ�HDFK�QRQ�RQ�HDFK�QRQ�
OHDI�LQ�UHYHUVH�RUGHU�OHDI�LQ�UHYHUVH�RUGHU�

�� ,I�Q�LV�WKH�VL]H�RI�WKH�KHDS��WKH�QRQ�OHDI,I�Q�LV�WKH�VL]H�RI�WKH�KHDS��WKH�QRQ�OHDI
ZLWK�WKH�KLJKHVW�LQGH[�KDV�LQGH[�Q���ZLWK�WKH�KLJKHVW�LQGH[�KDV�LQGH[�Q���

�� &UHDWLQJ�D�KHDS�LV�REYLRXVO\�2�Q�&UHDWLQJ�D�KHDS�LV�REYLRXVO\�2�Q�OJ�OJ�Q��Q��

�� $�PRUH�FDUHIXO�DQDO\VLV�ZRXOG�VKRZ�D$�PRUH�FDUHIXO�DQDO\VLV�ZRXOG�VKRZ�D
WUXH�WLPH�ERXQG�RI�WUXH�WLPH�ERXQG�RI�ΘΘ�Q��Q�



+HDS�6RUW��6RUWLQJ

�� 7XUQ�/LVW�LQWR�D�+HDS7XUQ�/LVW�LQWR�D�+HDS

�� 6ZDS�KHDG�RI�OLVW�ZLWK�ODVW�NH\�LQ�KHDS6ZDS�KHDG�RI�OLVW�ZLWK�ODVW�NH\�LQ�KHDS

�� 5HGXFH�KHDS�VL]H�E\�RQH5HGXFH�KHDS�VL]H�E\�RQH

�� &DOO&DOO�)L[+HDS�)L[+HDS�RQ�WKH�URRW�RQ�WKH�URRW

�� 5HSHDW�IRU�DOO�NH\V�XQWLO�OLVW�LV�VRUWHG5HSHDW�IRU�DOO�NH\V�XQWLO�OLVW�LV�VRUWHG



6RUWLQJ�([DPSOH�,
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6RUWLQJ�([DPSOH�,,
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5HDG\�WR�VZDS���DQG����



+HDS�6RUW��$QDO\VLV

�� &UHDWLQJ�WKH�KHDS�WDNHV�&UHDWLQJ�WKH�KHDS�WDNHV�ΘΘ��QQ��WLPH���WLPH�

�� 7KH�VRUW�SRUWLRQ�LV�2EYLRXVO\�7KH�VRUW�SRUWLRQ�LV�2EYLRXVO\�ΟΟ��QQOJOJQQ��
�� $�PRUH�FDUHIXO�DQDO\VLV�ZRXOG�VKRZ�DQ$�PRUH�FDUHIXO�DQDO\VLV�ZRXOG�VKRZ�DQ
H[DFWH[DFW�WLPH�ERXQG�RI��WLPH�ERXQG�RI�ΘΘ��QQOJOJQQ��

�� $YHUDJH�DQG�ZRUVW�FDVH�DUH�WKH�VDPH$YHUDJH�DQG�ZRUVW�FDVH�DUH�WKH�VDPH

�� 7KH�DOJRULWKP�UXQV�LQ�SODFH7KH�DOJRULWKP�UXQV�LQ�SODFH



$�%HWWHU�/RZHU�%RXQG

�� 7KH��7KH��ΘΘ��QQ����WLPH�ERXQG�GRHV�QRW�DSSO\�WR��WLPH�ERXQG�GRHV�QRW�DSSO\�WR
4XLFNVRUW4XLFNVRUW����0HUJHVRUW0HUJHVRUW��DQG���DQG�+HDSVRUW+HDSVRUW��

�� $�EHWWHU�DVVXPSWLRQ�LV�WKDW�NH\V�FDQ�EH$�EHWWHU�DVVXPSWLRQ�LV�WKDW�NH\V�FDQ�EH
PRYHG�DQ�DUELWUDU\�GLVWDQFH�PRYHG�DQ�DUELWUDU\�GLVWDQFH�

�� +RZHYHU��ZH�FDQ�VWLOO�DVVXPH�WKDW�WKH+RZHYHU��ZH�FDQ�VWLOO�DVVXPH�WKDW�WKH
QXPEHU�RI�NH\�WR�NH\�FRPSDULVRQV�LVQXPEHU�RI�NH\�WR�NH\�FRPSDULVRQV�LV
SURSRUWLRQDO�WR�WKH�UXQ�WLPH�RI�WKHSURSRUWLRQDO�WR�WKH�UXQ�WLPH�RI�WKH
DOJRULWKP�DOJRULWKP�



/RZHU�%RXQG�$VVXPSWLRQV

�� $OJRULWKPV�VRUW�E\�SHUIRUPLQJ�NH\$OJRULWKPV�VRUW�E\�SHUIRUPLQJ�NH\
FRPSDULVRQV�FRPSDULVRQV�

�� 7KH�FRQWHQWV�RI�WKH�OLVW�LV�DUELWUDU\��VR7KH�FRQWHQWV�RI�WKH�OLVW�LV�DUELWUDU\��VR
WULFNV�EDVHG�RQ�WKH�YDOXH�RI�D�NH\�ZRQ·WWULFNV�EDVHG�RQ�WKH�YDOXH�RI�D�NH\�ZRQ·W
ZRUN�ZRUN�

�� 7KH�RQO\�EDVLV�IRU�PDNLQJ�D�GHFLVLRQ�LQ7KH�RQO\�EDVLV�IRU�PDNLQJ�D�GHFLVLRQ�LQ
WKH�DOJRULWKP�LV�E\�DQDO\]LQJ�WKH�UHVXOWWKH�DOJRULWKP�LV�E\�DQDO\]LQJ�WKH�UHVXOW
RI�D�FRPSDULVRQ�RI�D�FRPSDULVRQ�



/RZHU�%RXQG�$VVXPSWLRQV�,,

�� $VVXPH�WKDW�DOO�NH\V�DUH�GLVWLQFW��VLQFH$VVXPH�WKDW�DOO�NH\V�DUH�GLVWLQFW��VLQFH
DOO�VRUW�DOJRULWKPV�PXVW�KDQGOH�WKLVDOO�VRUW�DOJRULWKPV�PXVW�KDQGOH�WKLV
FDVH�FDVH�

�� %HFDXVH�WKHUH�DUH�QR�´WULFNVµ�WKDW�ZRUN�%HFDXVH�WKHUH�DUH�QR�´WULFNVµ�WKDW�ZRUN�
WKH�RQO\�LQIRUPDWLRQ�ZH�FDQ�JHW�IURP�DWKH�RQO\�LQIRUPDWLRQ�ZH�FDQ�JHW�IURP�D
NH\�FRPSDULVRQ�LV�NH\�FRPSDULVRQ�LV�

�� :KLFK�NH\�LV�ODUJHU:KLFK�NH\�LV�ODUJHU



/RZHU�%RXQG�$VVXPSWLRQV�,,,

�� 7KH�FKRLFH�RI�ZKLFK�NH\�LV�ODUJHU�LV�WKH7KH�FKRLFH�RI�ZKLFK�NH\�LV�ODUJHU�LV�WKH
RQO\�SRLQW�DW�ZKLFK�WZR�´UXQVµ�RI�DQRQO\�SRLQW�DW�ZKLFK�WZR�´UXQVµ�RI�DQ
DOJRULWKP�FDQ�H[KLELW�GLYHUJHQWDOJRULWKP�FDQ�H[KLELW�GLYHUJHQW
EHKDYLRU�EHKDYLRU�

�� 'LYHUJHQW�EHKDYLRU�LQFOXGHV�'LYHUJHQW�EHKDYLRU�LQFOXGHV�
UHDUUDQJLQJ�WKH�NH\V�LQ�WZR�GLIIHUHQWUHDUUDQJLQJ�WKH�NH\V�LQ�WZR�GLIIHUHQW
ZD\V�ZD\V�



/RZHU�%RXQG�$QDO\VLV

�� :H�FDQ�DQDO\]H�WKH�EHKDYLRU�RI�D:H�FDQ�DQDO\]H�WKH�EHKDYLRU�RI�D
SDUWLFXODU�DOJRULWKP�RQ�DQ�DUELWUDU\�OLVWSDUWLFXODU�DOJRULWKP�RQ�DQ�DUELWUDU\�OLVW
E\�XVLQJ�D�WUHH�E\�XVLQJ�D�WUHH�
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/RZHU�%RXQG�$QDO\VLV

�� ,Q�WKH�WUHH�ZH�SXW�WKH�LQGLFHV�RI�WKH,Q�WKH�WUHH�ZH�SXW�WKH�LQGLFHV�RI�WKH
HOHPHQWV�EHLQJ�FRPSDUHG�HOHPHQWV�EHLQJ�FRPSDUHG�

�� .H\�UHDUUDQJHPHQWV�DUH�DVVXPHG��EXW.H\�UHDUUDQJHPHQWV�DUH�DVVXPHG��EXW
QRW�H[SOLFLWO\�VKRZQ�QRW�H[SOLFLWO\�VKRZQ�

�� $OWKRXJK�D�FRPSDULVRQ�LV�DQ$OWKRXJK�D�FRPSDULVRQ�LV�DQ
RSSRUWXQLW\�IRU�GLYHUJHQW�EHKDYLRU��WKHRSSRUWXQLW\�IRU�GLYHUJHQW�EHKDYLRU��WKH
DOJRULWKP�GRHV�QRW�QHHG�WR�WDNHDOJRULWKP�GRHV�QRW�QHHG�WR�WDNH
DGYDQWDJH�RI�WKLV�RSSRUWXQLW\�DGYDQWDJH�RI�WKLV�RSSRUWXQLW\�



7KH�OHDI�QRGHV

�� ,Q�WKH�OHDI�QRGHV��ZH�SXW�D�VXPPDU\�RI,Q�WKH�OHDI�QRGHV��ZH�SXW�D�VXPPDU\�RI
DOO�WKH�NH\�UHDUUDQJHPHQWV�WKDW�KDYHDOO�WKH�NH\�UHDUUDQJHPHQWV�WKDW�KDYH
EHHQ�GRQH�DORQJ�WKH�SDWK�IURP�URRW�WREHHQ�GRQH�DORQJ�WKH�SDWK�IURP�URRW�WR
OHDI�OHDI�
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7KH�/HDI�1RGHV�,,

�� (DFK�/HDI�QRGH�UHSUHVHQWV�D(DFK�/HDI�QRGH�UHSUHVHQWV�D
SHUPXWDWLRQ�RI�WKH�OLVW�SHUPXWDWLRQ�RI�WKH�OLVW�

�� 6LQFH�WKHUH�DUH�Q��LQLWLDO�FRQILJXUDWLRQV�6LQFH�WKHUH�DUH�Q��LQLWLDO�FRQILJXUDWLRQV�
DQG�RQH�ILQDO�FRQILJXUDWLRQ��WKHUH�PXVWDQG�RQH�ILQDO�FRQILJXUDWLRQ��WKHUH�PXVW
EH�Q��ZD\V�WR�UHFRQILJXUH�WKH�LQSXW�EH�Q��ZD\V�WR�UHFRQILJXUH�WKH�LQSXW�

�� 7KHUH�PXVW�EH�DW�OHDVW�Q��OHDI�QRGHV�7KHUH�PXVW�EH�DW�OHDVW�Q��OHDI�QRGHV�



/RZHU�%RXQG��0RUH�$QDO\VLV

�� 6LQFH�ZH�DUH�ZRUNLQJ�RQ�D�ORZHU6LQFH�ZH�DUH�ZRUNLQJ�RQ�D�ORZHU
ERXQG��LQ�DQ\�WUHH��ZH�PXVW�ILQG�WKHERXQG��LQ�DQ\�WUHH��ZH�PXVW�ILQG�WKH
ORQJHVW�SDWK�IURP�URRW�WR�OHDI���7KLV�LVORQJHVW�SDWK�IURP�URRW�WR�OHDI���7KLV�LV
WKH�ZRUVW�FDVH�WKH�ZRUVW�FDVH�

�� 7KH�PRVW�HIILFLHQW�DOJRULWKP�ZRXOG7KH�PRVW�HIILFLHQW�DOJRULWKP�ZRXOG
PLQLPL]H�WKH�OHQJWK�RI�WKH�ORQJHVW�SDWK�PLQLPL]H�WKH�OHQJWK�RI�WKH�ORQJHVW�SDWK�

�� 7KLV�KDSSHQV�ZKHQ�WKH�WUHH�LV�DV�FORVH7KLV�KDSSHQV�ZKHQ�WKH�WUHH�LV�DV�FORVH
DV�SRVVLEOH�WR�D�FRPSOHWH�ELQDU\�WUHHDV�SRVVLEOH�WR�D�FRPSOHWH�ELQDU\�WUHH



/RZHU�%RXQG��)LQDO

�� $�%LQDU\�7UHH�ZLWK�N�OHDYHV�PXVW�KDYH$�%LQDU\�7UHH�ZLWK�N�OHDYHV�PXVW�KDYH
KHLJKW�DW�OHDVW�KHLJKW�DW�OHDVW�OJ�OJ�N�N�

�� 7KH�KHLJKW�RI�WKH�WUHH�LV�WKH�OHQJWK�RI7KH�KHLJKW�RI�WKH�WUHH�LV�WKH�OHQJWK�RI
WKH�ORQJHVW�SDWK�IURP�URRW�WR�OHDI�WKH�ORQJHVW�SDWK�IURP�URRW�WR�OHDI�

�� $�ELQDU\�WUHH�ZLWK�Q��OHDYHV�PXVW�KDYH$�ELQDU\�WUHH�ZLWK�Q��OHDYHV�PXVW�KDYH
KHLJKW�DW�OHDVW�KHLJKW�DW�OHDVW�OJ�OJ�Q�Q�



/RZHU�%RXQG��$OJHEUD
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/RZHU�%RXQG�$YHUDJH�&DVH

�� &DQQRW�EH�ZRUVH�WKDQ�ZRUVW�FDVH&DQQRW�EH�ZRUVH�WKDQ�ZRUVW�FDVH
ΘΘ�Q��Q�OJ�OJ�Q�Q�

�� &DQ�LW�EH�EHWWHU"&DQ�LW�EH�EHWWHU"

�� 7R�ILQG�DYHUDJH�FDVH��DGG�XS�WKH7R�ILQG�DYHUDJH�FDVH��DGG�XS�WKH
OHQJWKV�RI�DOO�SDWKV�LQ�WKH�GHFLVLRQ�WUHH�OHQJWKV�RI�DOO�SDWKV�LQ�WKH�GHFLVLRQ�WUHH�
DQG�GLYLGH�E\�WKH�QXPEHU�RI�OHDYHV�DQG�GLYLGH�E\�WKH�QXPEHU�RI�OHDYHV�



/RZHU�%RXQG�$YJ��,,

�� %HFDXVH�DOO�QRQ�OHDYHV�KDYH�WZR%HFDXVH�DOO�QRQ�OHDYHV�KDYH�WZR
FKLOGUHQ��FRPSUHVVLQJ�WKH�WUHH�WR�PDNHFKLOGUHQ��FRPSUHVVLQJ�WKH�WUHH�WR�PDNH
LW�PRUH�EDODQFHG�ZLOO�UHGXFH�WKH�WRWDOLW�PRUH�EDODQFHG�ZLOO�UHGXFH�WKH�WRWDO
VXP�RI�DOO�SDWK�OHQJWKV�VXP�RI�DOO�SDWK�OHQJWKV�

&

;

$ %

6ZLWFK�;�DQG�&

&

;

$ %

3DWK�IURP�URRW�WR�&�LQFUHDVHV�E\���
3DWK�IURP�URRW�WR�$	%�GHFUHDVHV�E\���
1HW�UHGXFWLRQ�RI���LQ�WKH�WRWDO�



/RZHU�%RXQG�$YJ��,,,

�� $OJRULWKPV�ZLWK�EDODQFHG�GHFLVLRQ$OJRULWKPV�ZLWK�EDODQFHG�GHFLVLRQ
WUHHV�SHUIRUP�EHWWHU��RQ�WKH�DYHUDJHWUHHV�SHUIRUP�EHWWHU��RQ�WKH�DYHUDJH
WKDQ�DOJRULWKPV�ZLWK�XQEDODQFHG�WUHHV�WKDQ�DOJRULWKPV�ZLWK�XQEDODQFHG�WUHHV�

�� ,Q�D�EDODQFHG�WUHH�ZLWK�DV�IHZ�OHDYHV�DV,Q�D�EDODQFHG�WUHH�ZLWK�DV�IHZ�OHDYHV�DV
SRVVLEOH��WKHUH�ZLOO�EH�Q��OHDYHV�DQG�WKHSRVVLEOH��WKHUH�ZLOO�EH�Q��OHDYHV�DQG�WKH
SDWK�OHQJWKV�ZLOO�DOO�EH�RI�OHQJWK�SDWK�OHQJWKV�ZLOO�DOO�EH�RI�OHQJWK�OJ�OJ�Q��Q��

�� 7KH�DYHUDJH�ZLOO�EH�7KH�DYHUDJH�ZLOO�EH�OJ�OJ�Q���ZKLFK�LVQ���ZKLFK�LV
ΘΘ�Q��Q�OJ�OJ�Q�Q�



5DGL[�6RUW

�� 6WDUW�ZLWK�OHDVW�VLJQLILFDQW�GLJLW6WDUW�ZLWK�OHDVW�VLJQLILFDQW�GLJLW

�� 6HSDUDWH�NH\V�LQWR�JURXSV�EDVHG�RQ6HSDUDWH�NH\V�LQWR�JURXSV�EDVHG�RQ
YDOXH�RI�FXUUHQW�GLJLWYDOXH�RI�FXUUHQW�GLJLW

�� 0DNH�VXUH�QRW�WR�GLVWXUE�RULJLQDO�RUGHU0DNH�VXUH�QRW�WR�GLVWXUE�RULJLQDO�RUGHU
RI�NH\VRI�NH\V

�� &RPELQH�VHSDUDWH�JURXSV�LQ�DVFHQGLQJ&RPELQH�VHSDUDWH�JURXSV�LQ�DVFHQGLQJ
RUGHURUGHU

�� 5HSHDW��VFDQQLQJ�GLJLWV�LQ�UHYHUVH�RUGHU5HSHDW��VFDQQLQJ�GLJLWV�LQ�UHYHUVH�RUGHU



5DGL[�6RUW��([DPSOH
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5DGL[�6RUW��$QDO\VLV

�� (DFK�GLJLW�UHTXLUHV�(DFK�GLJLW�UHTXLUHV�QQ�FRPSDULVRQV�FRPSDULVRQV

�� 7KH�DOJRULWKP�LV�7KH�DOJRULWKP�LV�ΘΘ��QQ��
�� 7KH�SUHFHGLQJ�ORZHU�ERXQG�DQDO\VLV�GRHV�QRW7KH�SUHFHGLQJ�ORZHU�ERXQG�DQDO\VLV�GRHV�QRW
DSSO\��EHFDXVH�5DGL[�6RUW�GRHV�QRW�FRPSDUHDSSO\��EHFDXVH�5DGL[�6RUW�GRHV�QRW�FRPSDUH
NH\V�NH\V�

�� 5DGL[�6RUW�LV�VRPHWLPHV�NQRZQ�DV�EXFNHW�VRUW�5DGL[�6RUW�LV�VRPHWLPHV�NQRZQ�DV�EXFNHW�VRUW�
�$Q\�GLVWLQFWLRQ�EHWZHHQ�WKH�WZR�LV�$Q\�GLVWLQFWLRQ�EHWZHHQ�WKH�WZR�LV
XQLPSRUWDQW��XQLPSRUWDQW��

�� $OJ$OJ��ZDV�XVHG�E\�RSHUDWRUV�RI�FDUG�VRUWHUV���ZDV�XVHG�E\�RSHUDWRUV�RI�FDUG�VRUWHUV�
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