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$EVWUDFW

7KLV SDSHU SUHVHQWV DQ DOWHUQDWLYH PHWKRG RI WHDFKLQJ WKH VWDQGDUG

1HZVER\ PRGHO� ,Q DGGLWRQ WR D UHWDLOHU� ZKR RUGHUV XVLQJ WKH 1HZVER\

TXDQWLW\� ZH DOVR H[DPLQH WKH SURnW RI D PDQXIDFWXUHU ZKR VXSSOLHV WKH

UHWDLOHU� :H SURYLGH WKH UHDGHU ZLWK VHYHUDO VROYHG KRPHZRUN SUREOHPV

WKDW FDQ JHQHUDWH VLJQLnFDQW VWXGHQW LQWHUHVW� 7KH nUVW DGGUHVVHV WKH HI�

�



IHFW RI GLmHUHQW ZKROHVDOH SULFHV DQG LOOXVWUDWHV GRXEOH PDUJLQDOL]DWLRQ�

7KH VHFRQG DSSOLHV WKH PRGHO WR D SUREOHP RI SRVWSRQLQJ GLmHUHQWLDWLRQ�

WKH WKLUG GHDOV ZLWK PDUNHW VWUXFWXUH� DQG WKH IRXUWK LQYROYHV D VXSSO\

FRQWUDFWLQJ SUREOHP XVLQJ WKH WKHRU\ RI UHDO RSWLRQV� :H IRXQG WKDW WKLV

PHWKRG RI WHDFKLQJ� DQG WKH VXSSO\ FKDLQ H[HUFLVHV� JHQHUDWHG VLJQLnFDQW

VWXGHQW LQWHUHVW LQ DQ 0%$ HOHFWLYH�

.H\ZRUGV� ,QYHQWRU\ 0RGHOV� 1HZVER\ 0RGHO� 5HDO 2SWLRQV� 6XSSO\

&KDLQ 0DQDJHPHQW

�



7KH 1HZVER\ PRGHO LV D VLQJOH SHULRG LQYHQWRU\ PRGHO RIWHQ XVHG IRU VKRUW

OLIH�F\FOH SURGXFWV OLNH IDVKLRQ DSSDUHO� VKRHV� VSRUWLQJ JRRGV� IXUQLWXUH DQG WR\V�

&HUWDLQ SRSXODU FDVH VWXGLHV� VXFK DV 6SRUW 2EHUPH\HU �+DPPRQG DQG 5DPDQ�

����� DQG 0DWWHO� 9HQGRU 2SHUDWLRQV LQ $VLD �-RKQVRQ� ������ DGGUHVV WKH

VXSSO\ FKDLQ LVVXHV RI VKRUW OLIH F\FOH SURGXFWV� 0DQ\ LQVWUXFWRUV XVH WKHVH FDVHV

LQ FRQMXQFWLRQ ZLWK WKH 1HZVER\ PRGHO WR SURYLGH VWXGHQWV ZLWK ERWK VWUDWHJLF

FRQFHSWV DQG WDFWLFDO WRROV �-RKQVRQ DQG 3\NH� ������ 5HVHDUFKHUV KDYH DOVR

HPSOR\HG WKH 1HZVER\ PRGHO WR LQYHVWLJDWH VXSSO\ FKDLQ SUREOHPV �5XGL DQG

=KHQJ� ����� &RUEHWW DQG 7DQJ� ����� IRU H[DPSOH�� 7KLV PRGHO KDV EHHQ

WDXJKW LQ ,QYHQWRU\ HOHFWLYHV� DQG PRUH UHFHQWO\� LQ FRUH 2SHUDWLRQV 0DQDJHPHQW

FRXUVHV DW ERWK EXVLQHVV VFKRROV DQG LQ LQGXVWULDO HQJLQHHULQJ SURJUDPV� 0RVW

WH[WERRNV GR QRW SURYLGH D IRUPDO GHULYDWLRQ RI WKH VROXWLRQ EHFDXVH RI WKH

DVVXPHG ODFN RI FDSDELOLW\ RI WKH VWXGHQWV� RU WKH\ DSSO\ /HLEQLW]
V UXOH DQG

SODFH LW LQ DQ DSSHQGL[� 6HH .UDMHZVNL DQG 5LW]PDQ ������� 1DKPLDV ������

DQG 6LOYHU� 3\NH DQG 3HWHUVRQ ������ IRU LQVWDQFH�

,Q WKLV SDSHU� ZH SUHVHQW DQ DOWHUQDWLYH PHWKRG RI WHDFKLQJ WKH VWDQGDUG

1HZVER\ PRGHO WKDW GRHV QRW UHO\ RQ /HLEQLW]
V UXOH DQG WKHUHIRUH LV PXFK PRUH

LQWXLWLYH DQG DFFHVVLEOH IRU PDQ\ VWXGHQWV� :H EHJLQ E\ GHYHORSLQJ D WHFKQLFDO

QRWH WKDW FDQ EH XVHG GLUHFWO\ E\ VWXGHQWV� ,W LV FRQWDLQHG LQ 6HFWLRQV � DQG � RI

WKLV SDSHU DQG LV LQWHQGHG DV VWDQG�DORQH PDWHULDOV� ,Q WKH nUVW SDUW RI WKH QRWH

^ 6HFWLRQ � RI WKLV SDSHU ^ ZH GHYHORS DQ LQWXLWLYH H[SUHVVLRQ IRU WKH H[SHFWHG

SURnW IXQFWLRQ� WUDQVIRUPLQJ LW WR D IRUP LQ ZKLFK XQGHUDJH DQG RYHUDJH FRWV

�



DUH LVRODWHG� 7KLV IRUP DOORZV VWXGHQWV WR XQGHUVWDQG LPSRUWDQW PDQDJHULDO

LQVLJKWV� :H GHULYH WKH UHWDLOHU
V RSWLPDO RUGHU TXDQWLW\ DQG GLVFXVV LWV LPSDFW

RQ WKH UHWDLOHU
V DQG PDQXIDFWXUHU
V SURnW� :H GHPRQVWUDWH KRZ WKHVH YDOXHV

FDQ EH FRPSXWHG LQ ([FHO� )LQDOO\� ZH GHPRQVWUDWH LQWHUHVWLQJ DSSOLFDWLRQV RI

WKH 1HZVER\ PRGHO XVLQJ VROYHG SUREOHPV� 7KHVH LOOXVWUDWH FRQFHSWV RI GRXEOH

PDUJLQDOL]DWLRQ� SRVWSRQHPHQW DQG GLmHUHQW PDUNHW VWUXFWXUH� 6RPH RI WKH

SUREOHPV DUH LQWHQGHG DV VWXGHQW KRPHZRUN H[HUFLVHV� VR DQVZHUV DUH SURYLGHG

LQ WKH $SSHQGL[�

,Q WKH VHFRQG VHFWLRQ� ZH LQWURGXFH D VXSSO\ FRQWUDFWLQJ SUREOHP WKDW XWLOL]HV

VRPH FRQFHSWV IURP UHDO RSWLRQV WKHRU\ DV D PHWKRG WR VKDUH ULVN EHWZHHQ WKH

UHWDLOHU DQG WKH PDQXIDFWXUHU� 7KH UHVXOWV DUH LGHQWLFDO WR 3DVWHUQDFN �������

EXW ZH IRXQG WKH FRQFHSW RI RSWLRQV WR KDYH KLJKHU DSSHDO WR nQDQFH�RULHQWHG

0%$ VWXGHQWV WKDQ UHWXUQ SULFHV� :H VKRZ KRZ WKH FKRLFH RI WKH RSWLRQ SULFH

DQG WKH H[HUFLVH SULFH FDQ UHSOLFDWH WKH RSWLPDO VROXWLRQ RI DQ LQWHJUDWHG nUP

DV ZHOO DV FUHDWLQJ DQ\ DOORFDWLRQ RI WKH V\VWHP SURnW�

)LQDOO\� LQ WKH $SSHQGL[� ZH SURYLGH D WHDFKLQJ QRWH IRU FRQGXFWLQJ D FODVV

XVLQJ WKH WHFKQLFDO QRWH� 7KH WHDFKLQJ QRWH H[SDQGV RQ WKH VROXWLRQV WR WKH

SUREOHPV DQG SURYLGHV LQVLJKWV IURP RXU H[SHULHQFH ZLWK WKH PDWHULDO LQ D VXSSO\

FKDLQ HOHFWLYH DW 7XFN�

3RUWHXV ������ SUHVHQWV WKH 1HZVER\ PRGHO DQG VHYHUDO H[WHQVLRQV IRU D

PRUH UHVHDUFK�RULHQWHG DXGLHQFH� 7KH DSSURDFK SUHVHQWHG KHUH ZDV XVHG LQ 5XGL

DQG =KHQJ ������ DQG LQ 5XGL� .DSXU DQG 3\NH ������� /DX ������ SUHVHQWV

�



IRUPXODV IRU FRPSXWLQJ WKH H[SHFWHG FRVW IRU VHYHUDO SUREDELOLW\ GLVWULEXWLRQV�

5XGL DQG =KHQJ ������ FKDUDFWHUL]H WKH RSWLPDOLW\ FRQGLWLRQV RI WKH SRVWSRQH�

PHQW SUREOHP DGGUHVVHG EHORZ LQ +RPHZRUN 3UREOHP ��� DQG =HPHO ������

KDV GHYHORSHG D VSUHDGVKHHW IRU FRPSXWLQJ WKH FRUUHVSRQGLQJ H[SHFWHG SURnW�

)LQDOO\� VHH 3DVWHUQDFN ������� &DFKRQ ������� /DULYLHUH ������� 7VD\� 1DKPLDV

DQG $JUDZDO ������� &RUEHWW DQG 7DQJ ������� DQG $QXSLQGL DQG %DVVRN ������

IRU RWKHU W\SHV RI VXSSO\ FRQWUDFWV� 7KH QH[W WZR VHFWLRQV FDQ EH KDQGHG RXW

DV D UHDGLQJ IRU VWXGHQWV WR XVH LQ SUHSDUDWLRQ IRU FODVV GLVFXVVLRQ�

� ��� �����	
 �	��


7KH 1HZVER\ SUREOHP GHULYHV LWV QDPH IURP D FRPPRQ SUREOHP IDFHG E\ D

SHUVRQ VHOOLQJ QHZVSDSHUV RQ WKH VWUHHW� 7KH PHUFKDQW PXVW GHFLGH� EHIRUH

REVHUYLQJ GHPDQG� KRZ PDQ\ SDSHUV WR EX\� DQG RQFH WKH GD\ LV RYHU� WKH

QHZVSDSHUV KDYH OLWWOH YDOXH� 7KHVH GHFLVLRQV DSSHDU LQ D ZLGH DUUD\ RI LQGXVWULHV

DQG WKH\ DUH QRWRULRXVO\ GLpFXOW� (YHU\ &KULVWPDV� IRU LQVWDQFH� QHZV UHSRUWV

IRFXV RQ WKH LQDELOLW\ WR nQG FHUWDLQ H[WUHPHO\ SRSXODU WR\V� $W WKH VDPH WLPH�

UHWDLOHUV DUH OHIW ZLWK SLOHV RI WR\V WKDW WXUQHG RXW WR EH OHVV SRSXODU WKDQ

H[SHFWHG�

,Q JHQHUDO� WKH 1HZVER\ SUREOHP KDV WKH IROORZLQJ FKDUDFWHULVWLFV� 3ULRU WR

WKH VHDVRQ� WKH EX\HU PXVW GHFLGH KRZ PDQ\ XQLWV RI HDFK LWHP WR SXUFKDVH�

7KH SURFXUHPHQW OHDG WLPH WHQGV WR EH TXLWH ORQJ UHODWLYH WR WKH VHOOLQJ VHDVRQ�

�



VR WKH EX\HU FDQQRW REVHUYH GHPDQG SULRU WR SODFLQJ WKH RUGHU� 'XH WR WKH

ORQJ OHDG WLPH� WKHUH LV QR RSSRUWXQLW\ WR UHSOHQLVK LQYHQWRU\ RQFH WKH VHDVRQ

KDV EHJXQ� 8QIRUWXQDWHO\� GHPDQG IRU WKHVH LWHPV WHQGV WR EH KLJKO\ XQFHUWDLQ�

RIWHQ EHFDXVH WKH\ DUH IDVKLRQ JRRGV ZKRVH VW\OHV FKDQJH IURP VHDVRQ WR VHDVRQ�

'HPDQG RFFXUV GXULQJ WKH VHOOLQJ VHDVRQ� ,I VXSSO\ H[FHHGV GHPDQG� WKH H[FHVV

PXVW EH VROG DW D ORVV �VDOYDJHG�� DQG LI GHPDQG H[FHHGV VXSSO\� WKH XQPHW

GHPDQG LV ORVW� 7KH FRVWV DVVRFLDWHG ZLWK WKHVH HYHQWV DUH FDOOHG RYHUDJH DQG

XQGHUDJH FRVWV� 2YHUDJH FRVWV FDSWXUH PDUNGRZQV RU LQYHQWRU\ KROGLQJ FRVWV�

LI LW LV SRVVLEOH WR FDUU\ VWRFN RYHU WR WKH QH[W \HDU� 8QGHUDJH FRVWV LQFOXGH

ORVW SURnW PDUJLQ� DQG SHUKDSV WKH FRVWV RI H[SHGLWLQJ� EX\LQJ VWRFN IURP D

FRPSHWLWRU WR PHHW WKH GHPDQG� DQG FXVWRPHU LOO ZLOO�

��� �������� ��	��

&RQVLGHU D UHWDLOHU ZKR VHOOV D VKRUW OLIH F\FOH� RU VLQJOH�SHULRG� SURGXFW� 7KH

UHWDLOHU RUGHUV 4 XQLWV �WKH GHFLVLRQ YDULDEOH� EHIRUH WKH VHDVRQ DW XQLW ZKROHVDOH

SULFH : � 7KHQ GHPDQG ' LV REVHUYHG� DQG WKH UHWDLOHU VHOOV XQLWV �OLPLWHG E\

WKH VXSSO\ 4 DQG WKH GHPDQG '� DW XQLW UHYHQXH 5 �ZKHUH 5 ! : �� $Q\ H[FHVV

XQLWV FDQ EH VDOYDJHG DW XQLW VDOYDJH YDOXH 6� )RU H[DPSOH� H[FHVV XQLWV FDQ EH

VROG RQ VDOH DW D UHGXFHG SULFH ZKHUH 6 � : � WKH\ DUH VROG DW D ORVV� 3ULRU WR WKH

VHOOLQJ VHDVRQ� GHPDQG LV XQFHUWDLQ� +RZHYHU� WKH UHWDLOHU NQRZV WKH SUREDELOLW\

GLVWULEXWLRQ RI GHPDQG� 0RVW RI RXU DQDO\VLV DOORZV IRU D JHQHUDO� FRQWLQXRXV

GHPDQG GLVWULEXWLRQ� EXW LQ FRPSXWDWLRQV ZH HPSOR\ WKH QRUPDO GLVWULEXWLRQ�

�



ZKLFK LV FRPPRQO\ XVHG LQ SUDFWLFH�

7R IDFLOLWDWH WKH PRGHOOLQJ� ZH ZLOO LQWURGXFH DQ LPSRUWDQW GHnQLWLRQ�

\�  

�!!�
!!�

\ LI \ w �

� RWKHUZLVH

:H RIWHQ FDOO \� WKH SRVLWLYH SDUW RI \� )RU H[DPSOH� ����  ��� DQG �b���  ��

/HW XV H[DPLQH HDFK WHUP RI WKH UHWDLOHU
V SURnW IXQFWLRQ� 7KH UHWDLOHU HDUQV

UHYHQXH IURP WKH XQLWV VROG� DQG VKH FDQ UHFRYHU VRPH RI WKH YDOXH RI H[FHVV

XQLWV WKURXJK VDOH DW WKH VDOYDJH YDOXH� EXW VKH PXVW DFTXLUH HDFK XQLW DW WKH

XQLW DFTXLVLWLRQ FRVW�

7KH QXPEHU RI XQLWV VROG LV OLPLWHG E\ WKH GHPDQG ' DQG E\ WKH VXSSO\ 4�

,I 4 � '� WKH UHWDLOHU FDQ VHOO 4 XQLWV� DQG LI 4 w ' VKH FDQ VHOO ' XQLWV� 6R WKH

UHYHQXHV REWDLQHG E\ RUGLQDU\ VDOHV DUH WKH XQLW UHYHQXH 5 WLPHV WKH QXPEHU

RI XQLWV VROG� DQG FDQ EH H[SUHVVHG DV�

5PLQ�'�4�

,I 4 ! ' WKHQ WKHUH DUH 4b' XQLWV OHIW RYHU� DQG LI 4 LV QRW ODUJHU WKDQ '� WKHQ

WKHUH DUH QR OHIWRYHUV� 7KHUHIRUH� WKH QXPEHU RI XQLWV OHIW RYHU FDQ EH ZULWWHQ

DV �4b'��� 7KH VDOYDJH YDOXH RI WKH H[WUD XQLWV LV JLYHQ E\ WKH XQLW VDOYDJH

YDOXH WLPHV WKH QXPEHU RI XQLWV OHIW RYHU� \LHOGLQJ WKH IROORZLQJ H[SUHVVLRQ�

6�4b'��

)LQDOO\� WKH DFTXLVLWLRQ FRVW LV VLPSO\ WKH XQLW ZKROHVDOH SULFH : WLPHV WKH

QXPEHU RI XQLWV ERXJKW� 4� %HFDXVH LW LV D FRVW� LW LV QHJDWLYH LQ WKH SURnW

�



H[SUHVVLRQ�

b:4

%HFDXVH GHPDQG LV XQNQRZQ DW WKH WLPH RI GHFLVLRQ �L�H� ZKHQ 4 LV GHWHUPLQHG��

ZH DUH LQWHUHVWHG LQ WKH H[SHFWHG SURnW DV D IXQFWLRQ RI 4� ZKLFK ZH GHQRWH E\

gU�4�� )URP WKH SUHYLRXV GLVFXVVLRQ� ZH KDYH WKDW�

gU�4�  (
d
5PLQ�'�4� � 6�4b'�� b:4

e
���

��� ��	� ��	�� �	 	��	������
 �	��

:H ZLOO QRZ PDQLSXODWH g�4� WR UHZULWH LW LQ D GLmHUHQW IRUP� )RU WKH nUVW

WHUP� ZH XVH WKH UXOH�

5XOH � � PLQ�'�4�  ' b �' b4�� ���

/HW XV YHULI\ WKLV HTXDWLRQ� ,I 4 � '� WKHQ 'b �'b4��  'b �'b4�  4

ZKLFK LV WKH VDPH DV WKH PLQLPXP RI WKH WZR ZKHQ 4 LV VPDOOHU WKDQ '� ,I

4 w '� WKHQ 'b �'b4��  'b�  '� ZKLFK DJDLQ UHSURGXFHV WKH PLQLPXP

RI WKH WZR IRU WKH FDVH WKDW 4 LV JUHDWHU RU HTXDO WR '� :H FDQ FRQFOXGH WKDW

WKH UXOH LV FRUUHFW�

:H GR QRW UHZULWH WKH WHUP UHoHFWLQJ WKH VDOYDJH YDOXH� EXW IRU WKH DFTXLVL�

WLRQ FRVW WHUP� ZH XVH WKH IROORZLQJ UXOH�

5XOH � � 4  ' b �' b4�� � �4b'�� ���

/HW XV DOVR YHULI\ WKLV HTXDWLRQ� ,I 4 � ' WKHQ ' b �' b4�� � �4b'��  

�



' b �' b4� � �  4� ZKLFK UHSURGXFHV 4� ,I 4 w ' ZH JHW ' b �' b4�� �

�4b'��  'b���4b'�  4� 7KHUHIRUH ZH VHH WKDW WKLV UXOH DOVR LV FRUUHFW�

8VLQJ WKHVH WZR UXOHV� ZH FDQ UHZULWH gU�4� DV WKH IROORZLQJ H[SUHVVLRQ�

gU�4�  (
d
5
b
' b �' b4��

c
� 6�4b'�� b:

b
' b �' b4�� � �4b'��

ce
���

%\ FROOHFWLQJ VLPLODU WHUPV� ZH JHW�

gU�4�  �5 b: �(' b

*U�4�] `_ ^
(
d
�5b: ��' b4�� � �: b 6��4b'��

e
���

7KH nUVW WHUP RI WKLV H[SUHVVLRQ IRU WKH H[SHFWHG SURnW� �5b: �('� LV WKH XQLW

PDUJLQ WLPHV WKH H[SHFWHG GHPDQG �L�H� WKH IRUHFDVW�� 7KLV WHUP LV WKH H[SHFWHG

SURnW ZLWK QR GHPDQG XQFHUWDLQW\ �L�H� SHUIHFW LQIRUPDWLRQ�� 7KH UHVW RI WKH

H[SUHVVLRQ� GHnQHG DV *U�4�� LV WKHQ WKH FRVW RI GHPDQG XQFHUWDLQW\� 7KH nUVW

WHUP RI *U�4� LV WKH H[SHFWHG QXPEHU RI XQLWV VKRUW� �'b4��� WLPHV WKH XQLW

RSSRUWXQLW\ FRVW SHU XQLW VKRUW� 5b: �WKH ORVW PDUJLQ�� 7KLV XQLW RSSRUWXQLW\

FRVW LV WKH XQLW XQGHUDJH FRVW�

&X  5b:

6LPLODUO\� WKH VHFRQG WHUP RI *U�4� FRQVLVWV RI WKH H[SHFWHG QXPEHU RI OHIWRYHU

XQLWV �4b'�� WLPHV WKH XQLW RSSRUWXQLW\ FRVW SHU XQLW OHIW RYHU ZKLFK LV:b6�

7KLV XQLW RSSRUWXQLW\ FRVW LV WKH XQLW RYHUDJH FRVW�

&R  : b 6

�



7KH H[SHFWHG FRVW RI GHPDQG XQFHUWDLQW\ FDQ WKHQ EH UHZULWWHQ DV�

*U�4�  (
d
&X�' b4�� � &R�4b'��

e
���

��� ������
 	���� �������


7KH UHWDLOHU PXVW GHWHUPLQH WKH RUGHU TXDQWLW\ WKDW ZLOO JLYH WKH KLJKHVW H[SHFWHG

SURnW� ,I ZH H[DPLQH H[SUHVVLRQ ���� ZH VHH WKDW WKH nUVW WHUP GRHV QRW KDYH D 4

LQ LW� 7KHUHIRUH� WKH nUVW WHUP LV QRW DmHFWHG E\ WKH RUGHU TXDQWLW\� %HFDXVH RI

WKLV� VHWWLQJ 4 WR PD[LPL]H gU�4� JLYHV WKH VDPH UHVXOW DV VHWWLQJ 4 WR PLQLPL]H

*U�4�� 7KLV PLQLPL]DWLRQ LV SHUIRUPHG E\ WDNLQJ WKH GHULYDWLYH RI *U�4� DQG

WKHQ nQGLQJ WKH YDOXH RI 4 WKDW PDNHV WKH GHULYDWLYH HTXDO WR ]HUR�

%\ ORRNLQJ DW H[SUHVVLRQ ���� ZH VHH WKDW WKH FKDQJH LQ �' b 4�� ZKHQ

ZH LQFUHDVH 4 E\ RQH XQLW �L�H� WKH GHULYDWLYH� LV b� ZLWK WKH SUREDELOLW\ WKDW

' ! 4� 7KDW LV� LI ' LV QRW JUHDWHU WKDQ 4� DQ LQFUHDVH LQ 4 RI RQH XQLW KDV QR

LPSDFW RQ �' b4�� EHFDXVH WKH H[SUHVVLRQ HTXDOV ]HUR� ,I ' ! 4� DQ LQFUHDVH

LQ 4 E\ RQH XQLW FDXVHV �' b4�� WR GHFUHDVH E\ RQH XQLW� ,W IROORZV WKDW WKH

GHULYDWLYH RI WKH nUVW WHUP RI ��� LV�

b&X 3U�' ! 4�

%\ WKH VDPH UHDVRQLQJ� WKH FKDQJH LQ �4b'�� ZKHQ ZH LQFUHDVH 4 E\ RQH XQLW

LV � ZLWK WKH SUREDELOLW\ 3U�4 ! '�� 7KXV� WKH GHULYDWLYH RI WKH VHFRQG WHUP

RI ��� LV�

&R 3U�4 ! '�

��



7KH GHULYDWLYH RI *�4� LV WKHQ�

*�

U
�4�  b&X 3U�' ! 4� � &R 3U�4 ! '� ���

6LQFH 3U�' ! 4�  �b 3U�' � 4�� ZH FDQ UHZULWH WKH GHULYDWLYH DV�

*�

U
�4�  b&X >�b 3U�' � 4�@ � &R 3U�' � 4� ���

%\ HTXDWLQJ WKLV GHULYDWLYH WR ]HUR� DQG UHDUUDQJLQJ WHUPV� ZH JHW WKH IROORZLQJ

1HZVER\ RSWLPDOLW\ FRQGLWLRQ�

3U�' � 4�  
&X

&X � &R
���

,I ZH FDQ nQG WKH YDOXH RI 4 WKDW VDWLVnHV H[SUHVVLRQ ���� WKHQ WKLV LV WKH RSWLPDO

YDOXH RI 4� ZKLFK ZH GHQRWH E\ 4e�

1RUPDO GLVWULEXWLRQ

,Q WKLV VXEVHFWLRQ DVVXPH WKDW GHPDQG LV QRUPDOO\ GLVWULEXWHG ZLWK H[SHFWHG

YDOXH x DQG VWDQGDUG GHYLDWLRQ }� :H FDQ WKHQ HDVLO\ nQG WKH RSWLPDO RUGHU

TXDQWLW\ XVLQJ 0LFURVRIW
V ([FHO VSUHDGVKHHW�

4e  1250,19 �&X �&X � &R�� x� }�

([DPSOH

/HW 5  ���� :  �� DQG 6  ��� 7KHQ

&X  ���b ��  ��

��



DQG

&R  ��b ��  ��

7KH ULJKW KDQG VLGH RI WKH RSWLPDOLW\ FRQGLWLRQ WKHQ EHFRPHV�

��

�� � ��
 �����

/HW WKH GHPDQG EH QRUPDOO\ GLVWULEXWHG ZLWK PHDQ x  ���� DQG VWDQGDUG

GHYLDWLRQ }  ���� 7KHQ WKH RSWLPDO RUGHU TXDQWLW\ FDQ EH IRXQG E\ HQWHULQJ

WKH IROORZLQJ H[SUHVVLRQ LQ D FHOO LQ ([FHO�

 1250,19 ������� ����� ����

7KH UHVXOW LV 4e  ����� 7KLV PHDQV WKDW WKH RSWLPDO GHFLVLRQ LV WR RUGHU ��

XQLWV PRUH WKDQ WKH IRUHFDVW�

�� ��� 	��	������
 �	�� ��� �������� ��	��

7KH RSSRUWXQLW\ FRVW H[SUHVVLRQ LV PRUH GLpFXOW WR FDOFXODWH� )RU WKH QRUPDO

GLVWULEXWLRQ� ZH KDYH WKH IROORZLQJ IRUPXOD LQ ([FHO�

*U�4
e�  }e�&X � &R�e1250',67 �12506,19 �&X �&X�&R��� �� �� )$/6(�

����

,Q RXU H[DPSOH� ZH FDQ FDOFXODWH *�4e� E\ ZULWLQJ WKH IROORZLQJ VWDWHPHQW LQ

DQ ([FHO FHOO�

 ��� e �� e1250',67 �12506,19 �������� �� �� )$/6(��

ZKLFK JLYHV WKH YDOXH *�4e�  �����

��



8VLQJ WKLV UHVXOW� WKH H[SHFWHG SURnW LV

gU�4
e�  �� e ����b ����  ���� ���

��! "	� ��	�� ��� ����#�������$

7KXV IDU� ZH KDYH FRQVLGHUHG RQO\ WKH UHWDLOHU
V GHFLVLRQ� 6XSSO\ FKDLQ PDQDJH�

PHQW� KRZHYHU� LV SULPDULO\ FRQFHUQHG ZLWK LPSURYLQJ WKH HpFLHQF\ RI PXOWLSOH

VXSSO\ FKDLQ SDUWQHUV� 7KHUHIRUH� ZH H[WHQG WKH GLVFXVVLRQ WR LQFOXGH D PDQX�

IDFWXUHU ZKR VHOOV WR WKH UHWDLOHU� ,Q RXU PRGHOLQJ VFHQDULR� WKH PDQXIDFWXUHU

UHVSRQGV WR UHWDLOHU UHTXHVWV E\ PDNLQJ XQLWV WR RUGHU DW XQLW SURGXFWLRQ FRVW

0 � 7KH PDQXIDFWXUHU
V SURnW ZKHQ WKH UHWDLOHU RUGHUV RSWLPDOO\ LV WKHQ�

gP  �: b0�4e ����

1RWH WKDW WKHUH LV QR XQFHUWDLQW\ LQ WKLV H[SUHVVLRQ VLQFH WKH PDQXIDFWXUHU

SURGXFHV WR RUGHU DQG WDNHV QR ULVN�

)RU WKH QRUPDO GLVWULEXWLRQ� WKH PDQXIDFWXUHU
V SURnW FDQ HDVLO\ EH FRP�

SXWHG LQ ([FHO E\ WKH IROORZLQJ IRUPXOD�

gP  �: b0� e1250,19 �&X �&X � &R�� x� }�

,I WKH PDQXIDFWXUHU
V XQLW SURGXFWLRQ FRVW LV 0  ��� ZH FDQ FRPSXWH WKLV LQ

([FHO E\ ZULWLQJ WKH IROORZLQJ H[SUHVVLRQ LQ D FHOO�

 �� e1250,19 ������� ����� ����

7KXV WKH PDQXIDFWXUHU DFKLHYHV SURnW RI gP  ���� ����

��



1RZ WHVW \RXU XQGHUVWDQGLQJ E\ FRPSOHWLQJ WKH IROORZLQJ WKUHH VDPSOH SURE�

OHPV�

��% "	���	�& '�	�
�� (�) *�	
���
� �����

)RU WKH SUHYLRXV H[DPSOH� OHW WKH ZKROHVDOH SULFH : UDQJH IURP �� WR ��� 3ORW

gU� gP DQG gU �gP� ([SODLQ WKH EHKDYLRU RI WKH WKUHH JUDSKV�

��+ "	���	�& '�	�
�� (�) '	���	������

<HDK ,QF� LV D &DQDGLDQ ZKROHVDOHU RI EULJKWO\�FRORUHG 7�VKLUWV� <HDK RUGHUV

WKH 7�VKLUWV IURP D FRQWUDFWRU LQ %DQJODGHVK� 7KH OHDG WLPH LV � PRQWKV� DQG

WKH VHOOLQJ VHDVRQ LV � PRQWKV GXULQJ WKH VXPPHU� 7KH XQLW UHYHQXH LV 5  �

ZKLOH WKH XQLW ZKROHVDOH SULFH RI DOO FRORUV LV :  �� 7KH 7�VKLUWV FRPH LQ �

GLmHUHQW FRORUV� ZLWK VSHFLnF SDUDPHWHUV JLYHQ LQ WKH IROORZLQJ WDEOH�

&RORU RUDQJH \HOORZ OLPH JUHHQ VLJQDO UHG

x ��� ��� ��� ���

} ��� ��� ��� ���

6 ���� ���� ���� ����

�� :KDW DUH WKH RSWLPDO RUGHU TXDQWLWLHV RI WKH GLmHUHQW FRORUV" :KDW LV

WKH UHVXOWLQJ H[SHFWHG SURnW" 8VH WKH ?3RVWSRQHPHQW� VSUHDGVKHHW WR

FDOFXODWH WKH H[SHFWHG SURnW RI <HDK ,QF� ZKHQ RUGHULQJ WKHVH TXDQWLWLHV�

7KLV VSUHDGVKHHW FDOFXODWHV WKH H[SHFWHG SURnW� XVLQJ 0RQWH &DUOR

��



LQWHJUDWLRQ� IRU DQ\ RUGHU TXDQWLWLHV RI HDFK FRORU� ,W FDQ EH IRXQG DW

KWWS���PED�WXFN�GDUWPRXWK�HGX�SDJHV�IDFXOW\�GDYH�S\NH�SDSHUV�3RVWSRQHPHQW�[OV

�� $ ORFDO G\LQJ FRPSDQ\� 3LQN ,QN ,QF�� FRQWDFWV <HDK DQG VXJJHVWV WKDW

WKH\ SRVWSRQH WKH DSSOLFDWLRQ RI WKH FRORU� 7KLV FKDQJH LQYROYHV EX\LQJ

XQFRORUHG �NQRZQ DV JUHLJH� 7�VKLUWV LQ %DQJODGHVK� 3LQN ,QN RmHUV WR

FRORU WKHVH 7�VKLUWV ZLWK D OHDG WLPH RI � GD\V� LPSO\LQJ WKDW WKH\ FDQ

EH FRORUHG WR RUGHU� 8VLQJ WKLV PHWKRG� <HDK ZLOO WDNH WKH ULVN RQ WKH

WRWDO TXDQWLW\ UDWKHU RI WKH TXDQWLW\ RI HDFK FRORU� 7KH H[SHFWHG GHPDQG

IRU WKH WRWDO QXPEHU RI 7�VKLUWV LV WKHQ ���� ZLWK VWDQGDUG GHYLDWLRQ

S
����� � ���� � ���� � �����  ���� 8QIRUWXQDWHO\ IRU <HDK� WKH XQLW

FRVW ZLOO LQFUHDVH E\ ��� ZLWK 3LQN ,QN� 7KH XQLW VDOYDJH YDOXH RI XQFRO�

RUHG XQLWV LV ���� �DFKLHYHG E\ G\LQJ DOO XQLWV \HOORZ DQG VHOOLQJ DW \HOORZ
V

VDOYDJH YDOXH�� 8VLQJ WKH SRVWSRQHPHQW VWUDWHJ\� KRZ PDQ\ XQFRORUHG 7�

VKLUWV VKRXOG <HDK RUGHU" 8VLQJ WKH VSUHDGVKHHW� ZKDW LV WKH H[SHFWHG

SURnW"

�� :KDW LV \RXU UHFRPPHQGDWLRQ WR <HDK"

��
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1R1R LV D SURGXFHU RI KLJK�HQG <R<R
V �WKH\ RQO\ PDNH RQH SURGXFW� DW XQLW

SURGXFWLRQ FRVW ���� 7KH <R<R
V RQO\ VHOO GXULQJ WKH VXPPHU� DQG D QHZ PRGHO

LV ODXQFKHG HYHU\ \HDU� 7KH WRWDO SURGXFWLRQ OHDG WLPH LV � PRQWKV�

�� 7KH <R<R LV FXUUHQWO\ VROG LQ ��� GLmHUHQW LGHQWLFDO UHWDLOHUV� 7KH\ SD\ D

XQLW ZKROHVDOH SULFH RI ��� DQG VHOO DW XQLW UHYHQXH ���� 8QLW VDOYDJH YDOXH

LV ��� (DFK UHWDLOHU IDFHV D QRUPDO GLVWULEXWLRQ RI GHPDQG ZLWK PHDQ RI

��� DQG VWDQGDUG GHYLDWLRQ RI ���

D� +RZ PDQ\ <R<R
V VKRXOG HDFK UHWDLOHU RUGHU"

E� :KDW LV WKH H[SHFWHG SURnW IRU HDFK UHWDLOHU"

F� :KDW LV WKH PDQXIDFWXUHU SURnW"

�� 0LVVLVVLSSL�FRP � D ODUJH ,QWHUQHW UHWDLOHU � LV SODQQLQJ WR PRYH LQWR <R<R
V�

7KH\ ZRXOG SD\ D XQLW SULFH RI ��� DQG VHOO DW XQLW UHYHQXH ��� �ZLWK

VDOYDJH YDOXH WKH VDPH DW ���� 7KH\ ZRXOG H[SHFW WR JHW D GHPDQG RI

���� XQLWV ZLWK VWDQGDUG GHYLDWLRQ ����

7KH QXPEHU RI UHWDLOHUV ZRXOG WKHQ EH UHGXFHG WR ��� HDFK ZLWK H[SHFWHG

GHPDQG RI ��� XQLWV DQG VWDQGDUG GHYLDWLRQ RI ��� $OO FRVW DQG UHYHQXH

SDUDPHWHUV ZRXOG VWD\ WKH VDPH IRU WKH UHWDLOHUV�

D� +RZ PDQ\ <R<R
V VKRXOG HDFK UHWDLOHU RUGHU"

��



E� +RZ PDQ\ <R<R
V VKRXOG 0LVVLVVLSSL�FRP RUGHU"

F� :KDW LV WKH PDQXIDFWXUHU SURnW"

�� 5DWKHU WKDQ XVLQJ 0LVVLVVLSSL�FRP� WKH PDQXIDFWXUHU FDQ FKRRVH WR VWDUW

XS DQ ,QWHUQHW UHWDLOHU FDOOHG 1LOH�FRP WR VHOO WKHLU <R<R
V� 1LOH�FRP ZRXOG

WKHQ VHOO DW WKH VDPH XQLW UHYHQXH DQG KDYH WKH VDPH H[SHFWHG GHPDQG

DQG VWDQGDUG GHYLDWLRQ DV 0LVVLVVLSSL�FRP� 7KHUH ZLOO� KRZHYHU� EH VRPH

n[HG FRVWV DVVRFLDWHG ZLWK UXQQLQJ 1LOH�FRP�

:KDW LV WKH PD[LPXP n[HG FRVW RI 1LOH�FRP WKDW PDNHV 1LOH�FRP SUHIHU�

DEOH WR XVLQJ 0LVVLVVLSSL�FRP �IRU WKH PDQXIDFWXUHU�"

� 0���

 �	������) ���
 	���	�

:H QRZ PRYH WR D W\SH RI VXSSO\ FRQWUDFW WKDW XVHV WKH FRQFHSW RI UHDO RSWLRQV�

:LWK WKLV W\SH RI FRQWUDFW� WKH PDQXIDFWXUHU RmHUV WKH IROORZLQJ GHDO WR WKH

UHWDLOHU� $KHDG RI WKH VHDVRQ� WKH UHWDLOHU EX\V T FDOO RSWLRQV DW XQLW FRVW F�

(DFK FDOO RSWLRQ JLYHV WKH UHWDLOHU WKH ULJKW WR EX\ D XQLW RI WKH SURGXFW DW

XQLW H[HUFLVH SULFH [ DIWHU WKH UHWDLOHU REVHUYHV WKH GHPDQG� 7KH LGHD LV IRU WKH

PDQXIDFWXUHU WR LQGXFH WKH UHWDLOHU WR EX\ PRUH XQLWV� DQG WKXV FDSWXUH PRUH

VDOHV� E\ VKDULQJ VRPH RI WKH ULVN RI GHPDQG XQFHUWDLQW\ ZLWK WKH UHWDLOHU�

��



��� �������� ��	��1	��	������
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6LQFH WKH UHWDLOHU QHHGV WR H[HUFLVH RQH RSWLRQ IRU HYHU\ XQLW VROG� WKH UHWDLOHU
V

XQLW UHYHQXH ZLOO EH DGMXVWHG GRZQ E\ WKH H[HUFLVH SULFH� 7KH H[SHFWHG SURnW RI

WKH UHWDLOHU ZLOO WKHQ EH WKH UHYHQXH PLQXV WKH DFTXLVLWLRQ FRVW RI WKH RSWLRQV�

JLYHQ E\ WKH IROORZLQJ H[SUHVVLRQ�

{U�T�  �5 b [�PLQ�'� T�b FT ����

8VLQJ RXU UXOHV RI PDQLSXODWLRQ IURP WKH VWDQGDUG 1HZVER\ PRGHO� ZH FDQ

UHZULWH WKLV H[SHFWHG SURnW DV�

{U�T�  �5b [b F�(' b

JU�T�] `_ ^
(
d
�5b [b F��' b T�� � F�T b'��

e
����

/HW NX  5 b [ b F �WKH XQLW RSSRUWXQLW\ FRVW RI EX\LQJ WRR IHZ RSWLRQV� DQG

NR  F �WKH XQLW RSSRUWXQLW\ FRVW RI EX\LQJ WRR PDQ\ RSWLRQV�� :H WKHQ ZULWH

WKH H[SHFWHG RSSRUWXQLW\ FRVW DV�

JU�T�  (
d
NX�' b T�� � NR�T b'��

e
����

��� ������
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7KLV HTXDWLRQ FOHDUO\ FRUUHVSRQGV WR WKH 1HZVER\ H[SHFWHG RSSRUWXQLW\ FRVW�

DQG KHQFH KDV WKH RSWLPDOLW\ FRQGLWLRQ�

3U�' � T�  
NX

NX � NR
����

7KLV FDQ EH VROYHG XVLQJ WKH FRUUHVSRQGLQJ PHWKRG IRU WKH 1HZVER\ PRGHO WR

JLYH WKH RSWLPDO QXPEHU RI RSWLRQV� Te� WR EX\�

��
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7KH GLpFXOW SDUW RI WKH H[SHFWHG SURnW� QDPHO\ WKH H[SHFWHG RSSRUWXQLW\ FRVW�

FDQ EH IRXQG IRU WKH QRUPDO GLVWULEXWLRQ E\ WKH ([FHO IRUPXOD FRUUHVSRQGLQJ WR

WKH 1HZVER\ PRGHO �IRU WKH FDVH LQ ZKLFK WKH UHWDLOHU EX\V WKH RSWLPDO QXPEHU

RI RSWLRQV��

JU�T
e�  }e�NX � NR�e1250',67 �12506,19 �NX �NX�NR��� �� �� )$/6(�

����

&RUUHVSRQGLQJ WR WKH H[DPSOH IRU WKH 1HZVER\ PRGHO� WKH H[SHFWHG SURnW FDQ

EH FRPSXWHG E\�

{U�T
e�  �5b [b F�xb JU�T

e� ����

�� ����#�������3� ��	��

7KH SURnW IRU XVLQJ UHDO RSWLRQV GLmHUV TXLWH D ELW IURP WKH 1HZVER\ PRGHO

IRU WKH PDQXIDFWXUHU� ,Q WKLV FDVH� WKH PDQXIDFWXUHU DOVR IDFHV XQFHUWDLQW\

EHFDXVH VKH GRHV QRW NQRZ KRZ PDQ\ RSWLRQV ZLOO EH H[HUFLVHG� $OVR� LW LV WKH

PDQXIDFWXUHU ZKR LV UHVSRQVLEOH IRU DQ\ H[WUD XQLWV DQG KHQFH ZLOO VDOYDJH WKHVH

DW WKH XQLW VDOYDJH YDOXH� 7KH PDQXIDFWXUHU
V H[SHFWHG SURnW WKHQ LV�

{P�T�  (
d
�Fb0�T � [PLQ�'� T� � 6�T b'��

e
����

7KH nUVW WHUP RI WKLV H[SUHVVLRQ LV WKH QHW UHYHQXH UHFHLYHG IURP SUR�

GXFLQJ T XQLWV DW XQLW FRVW 0 DQG UHFHLYLQJ F SHU XQLW IURP WKH UHWDLOHU� 7KH

��



VHFRQG WHUP LV WKH UHYHQXH� [� SHU H[HUFLVHG RSWLRQ� DQG WKH WKLUG WHUP LV WKH

VDOYDJH YDOXH� 6 SHU XQLW IRU HDFK RSWLRQ WKDW LV QRW H[HUFLVHG�

)RU WKH QRUPDO GLVWULEXWLRQ� ZH KDYH�

{P  �F�[b0�xb}e��[b6�e1250',67 �12506,19 �NX �NX�NR��� �� �� )$/6(��

����
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)RU WKLV SUREOHP� XVH WKH GDWD IURP WKH 1HZVER\ H[DPSOH LQ 6HFWLRQ ��� �5  

���� :  ��� 6  ��� 0  ��� x  ���� DQG }  ����� $VVXPH WKH PDQ�

XIDFWXUHU LV FRQVLGHULQJ WZR DOWHUQDWLYH UHDO RSWLRQ FRQWUDFWV ZLWK F  �� DQG

[  ��� RU F  ��� DQG [  ���

�� )RU HDFK RI WKH WZR FRQWUDFWV� DQVZHU WKH IROORZLQJ TXHVWLRQV� +RZ PDQ\

RSWLRQV VKRXOG WKH UHWDLOHU EX\" :KDW ZLOO EH WKH UHWDLOHU
V H[SHFWHG

SURnW" :KDW ZLOO EH WKH PDQXIDFWXUHU
V H[SHFWHG SURnW"

�� ,I WKH PDQXIDFWXUHU DQG WKH UHWDLOHU PHUJH LQWR RQH FRPSDQ\ WKDW VWULYHV

WR PD[LPL]H LWV WRWDO SURnW� KRZ PXFK VKRXOG WKLV FRPSDQ\ SURGXFH"

:KDW LV WKH UHVXOWLQJ H[SHFWHG SURnW"

�� &RPSDUH WKH UHVXOWV IRU WKH 1HZVER\ PRGHO �WKH H[DPSOH XVHG LQ WKH

WH[W� DQG WKH UHVXOWV LQ TXHVWLRQV � DQG �� :KDW DUH WKH UHDVRQV IRU WKH

GLmHUHQFHV"

��
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,Q WHDFKLQJ WKLV PDWHULDO WR VHFRQG \HDU 0%$ VWXGHQWV LQ D 6XSSO\ &KDLQ 0DQ�

DJHPHQW HOHFWLYH� ZH UHTXLUHG VWXGHQWV WR UHDG D WHFKQLFDO QRWH FRQVLVWLQJ RI

6HFWLRQV � DQG � RI WKLV SDSHU� 7KH SRVWSRQHPHQW DQG RSWLRQ SUREOHPV ZHUH

DVVLJQHG IRU KRPHZRUN DIWHU WKH OHFWXUH RQ WKLV PDWHULDO� :H GLVFXVVHG VROX�

WLRQV DQG H[WHQVLRQV LQ WKH IROORZLQJ FODVV� 7KHUHIRUH� WKH VWXGHQWV ZHUH DEOH

WR UHDG WKH WHFKQLFDO QRWH� SDUWLFLSDWH LQ D OHFWXUH�GLVFXVVLRQ RQ WKDW PDWHULDO�

DQG WKHQ H[HUFLVH WKHLU VNLOOV XVLQJ WKH SUREOHPV� ,Q WKLV VHFWLRQ� ZH SURYLGH D

IHZ DGGLWLRQDO FRPPHQWV RQ WHDFKLQJ WKLV PDWHULDO EDVHG RQ RXU H[SHULHQFH�

:H EHJDQ WKH OHFWXUH ZLWK D JHQHUDO� TXDOLWDWLYH GLVFXVVLRQ RI WKH FKDUDFWHU�

LVWLFV RI VW\OH JRRGV� 6WXGHQWV DUH DVNHG WR GHYHORS WKLV OLVW� DQG WKH\ PHQWLRQ

VXFK FKDUDFWHULVWLFV DV KLJK PDUNXSV� VKDUS GLVFRXQWLQJ� ORQJ OHDG WLPHV UHOD�

WLYH WR WKH SURGXFW OLIH F\FOH� DQG KLJK XQFHUWDLQW\ DERXW GHPDQG� 7KH\ DUH

WKHQ DVNHG WR VXJJHVW SURGXFWV WKDW nW LQWR WKH VW\OH JRRGV FDWHJRU\ �VHH WKH

OLVW EHORZ�� 7KH SRLQW RI WKLV GLVFXVVLRQ LV WR FRQYLQFH WKHP WKDW WKH 1HZVER\

PDWHULDO LV LPSRUWDQW DQG SRWHQWLDOO\ YHU\ XVHIXO�

:H WKHQ SUHVHQW WKH PRGHO IROORZLQJ WKH EDVLF VWUXFWXUH RI 6HFWLRQV � DQG

�� WDNLQJ TXHVWLRQV DQG SURFHHGLQJ DV VORZO\ DV QHFHVVDU\� 2XU H[SHULHQFH LV

WKDW VWXGHQWV IROORZ WKLV PDWHULDO IDLUO\ HDVLO\� EXW LW LV QHFHVVDU\ WR WDNH SOHQW\

RI WLPH SUHVHQWLQJ LW� $IWHU D IHZ H[DPSOHV� DQG D EULHI LQWURGXFWLRQ WR WKH

KRPHZRUN� WKH FODVV HQGV�

��
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(DUO\ LQ WKH OHFWXUH� WKH FODVV FUHDWHV D OLVW RI H[DPSOHV RI SURGXFWV RU LQGXVWULHV

WKDW IDFH WKH 1HZVER\ SUREOHP� )RU WKH LQVWUXFWRU
V FRQYHQLHQFH ZH OLVW D IHZ

KHUH� �7KLV OLVW LV EDVHG RQ &KDSWHU �� RI 6LOYHU� HW DO� ��������

�� 7KH JDUPHQW PDQXIDFWXUHU �RU UHWDLOHU�� :KDW TXDQWLW\ RI D SDUWLFXODU

VW\OH JRRG VKRXOG EH SURGXFHG �RU ERXJKW IRU VDOH� SULRU WR WKH VKRUW

VHOOLQJ VHDVRQ"

�� 7KH &KULVWPDV WUHH YHQGRU� +RZ PDQ\ WUHHV VKRXOG EH SXUFKDVHG WR SXW

RQ VDOH"

�� 7KH FDIHWHULD PDQDJHU� +RZ PDQ\ KRW PHDOV RI D SDUWLFXODU W\SH VKRXOG

EH SUHSDUHG SULRU WR WKH DUULYDO RI FXVWRPHUV"

�� 7KH VXSHUPDUNHW PDQDJHU� +RZ PXFK PHDW RU IUHVK SURGXFH VKRXOG EH

SXUFKDVHG IRU D SDUWLFXODU GD\ RI WKH ZHHN"

�� 7KH DGPLQLVWUDWRU RI D UHJLRQDO EORRG EDQN� +RZ PDQ\ GRQDWLRQV RI EORRG

VKRXOG EH VRXJKW DQG KRZ VKRXOG WKH\ EH GLVWULEXWHG DPRQJ KRVSLWDOV"

�� 7KH VXSSOLHV PDQDJHU LQ D UHPRWH UHJLRQ �IRU H[DPSOH� PHGLFDO DQG ZHOIDUH

ZRUN LQ QRUWKHUQ &DQDGD�� :KDW TXDQWLW\ RI VXSSOLHV VKRXOG EH EURXJKW

LQ E\ ERDW SULRU WR WKH ORQJ ZLQWHU IUHH]H�XS"

�� 7KH IDUPHU� :KDW TXDQWLW\ RI D SDUWLFXODU FURS VKRXOG EH SODQWHG LQ D

VSHFLnF VHDVRQ"

��



�� 7KH WR\ PDQXIDFWXUHU� $ SDUWLFXODU SURGXFW VKRZV VLJQLnFDQW SRWHQWLDO

VDOHV DV D ?IDG� LWHP� +RZ PDQ\ XQLWV VKRXOG EH SURGXFHG RQ WKH RQH

PDMRU SURGXFWLRQ UXQ WR EH PDGH"

��� ��	
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7KLV SUREOHP LV XVHIXO IRU LOOXVWUDWLQJ GRXEOH PDUJLQDOL]DWLRQ� $QVZHUV WR WKH

SUREOHPV FDQ EH IRXQG LQ WKH VSUHDGVKHHW DW

KWWS���PED�WXFN�GDUWPRXWK�HGX�SDJHV�IDFXOW\�GDYH�S\NH�SDSHUV�3UREOHPV�[OV

:H VHH IURP WKH VROXWLRQ WKDW gU LV GHFUHDVLQJ LQ : � gP ORRNV FRQFDYH LQ

: � DQG gU �gP LV GHFUHDVLQJ LQ : � $OVR QRWH WKDW WKH RQO\ YDOXH IRU : WKDW

ZLOO UHSOLFDWH WKH RSWLPDO SURnW RI DQ LQWHJUDWHG nUP LV :  5�

2QH LQVLJKW WKDW FDQ EH XVHIXO WR GUDZ LQ FODVV LV WKDW D IUDQFKLVH VHWXS ZKHUH

WKH UHWDLOHU SD\V D n[HG PHPEHUVKLS IHH ZKLOH JHWWLQJ ORZHU XQLW ZKROHVDOH SULFH

: ZLOO FUHDWH D ELJJHU SLH WR VKDUH EHWZHHQ WKH PDQXIDFWXUHU DQG WKH UHWDLOHU�

��� �	���	������ ��	�
��

7KLV SUREOHP LOOXVWUDWHV WKH SRVWSRQHPHQW SUREOHP� 2XW RI WZR SXUH VWUDWHJLHV�

LW VKRZV WKDW IXOO SRVWSRQHPHQW LV QRW DOZD\V WKH EHVW DSSURDFK� 7KH WKLUG

TXHVWLRQ ZLOO LOOXVWUDWH WKDW LW LV QRW QHFHVVDULO\ DOO RU QRWKLQJ�

�� 7KH RSWLPDO RUGHU TXDQWLWLHV DUH ������ ���� ���� ���� ZLWK FRUUHVSRQGLQJ

H[SHFWHG SURnW RI ��� ���� 7KHVH DUH IRXQG XVLQJ LQGHSHQGHQW RUGHU TXDQ�

��



WLWLHV IURP WKH VWDQGDUG 1HZVER\ SUREOHP� +RZHYHU� WR FRPSDUH ZLWK

SDUW �� RQH VKRXOG XVH WKH ?3RVWSRQHPHQW� VSUHDGVKHHW ZKLFK HPSOR\V D

VSHFLnF VHW RI UDQGRP QXPEHUV� 7KH H[SHFWHG SURnW LQ WKLV FDVH LV ��� ����

�� 7KH RSWLPDO RUGHU TXDQWLW\ RI WKH XQFRORUHG RSWLRQ LV �� ��� ZLWK FRU�

UHVSRQGLQJ H[SHFWHG SURnW ��� ���� $JDLQ� WKLV LV IRXQG XVLQJ VWDQGDUG

DQDO\WLFDO 1HZVER\ IRUPXODV� 8VLQJ WKH 3RVWSRQHPHQW VSUHDGVKHHW \LHOGV

D SURnW RI ��� ����

�� 7KH VPDUW VWXGHQW ZLOO LGHQWLI\ WKH RSSRUWXQLW\ WR FRPELQH WKH WZR WHFK�

QRORJLHV� $ FORVH�WR�RSWLPDO VROXWLRQ� IRXQG E\ XVLQJ WKH 6ROYHU RQ WKH

3RVWSRQHPHQW VSUHDGVKHHW� LV ����� ���� ���� ���� IRU WKH FRORUHG LWHPV�

DQG ��� IRU WKH JUHLJH LWHP� ZLWK FRUUHVSRQGLQJ H[SHFWHG SURnW RI ������

0DQ\ RWKHU VROXWLRQV� ZLWK H[SHFWHG SURnW YDOXHV YHU\ FORVH WR WKLV� DUH

SRVVLEOH� 7KLV PLJKW VHHP OLNH D VPDOO LQFUHDVH� %XW ZKHQ RQH FRQVLGHUV

WKH IDFW WKDW WKH LQGXVWU\ ERWWRP OLQH SURnW DYHUDJHV �� RI UHYHQXHV� WKLV

ZLOO KDYH D KXJH LPSDFW RQ ERWWRP OLQH SURnW �PRUH WKDQ D ��� LQFUHDVH��

7KH RSWLPDO VROXWLRQ WR WKLV FRPELQHG VWUDWHJ\ LV FKDUDFWHUL]HG LQ 5XGL

DQG =KHQJ �������

��� ���&�� ���������� ��	�
��

:H IRXQG WKLV SUREOHP XVHIXO LQ VKRZLQJ WKDW WKH 1HZVER\ PRGHO FDQ EH XVHG

WR TXDQWLI\ WKH HmHFWV RI GLmHUHQW VWUDWHJLHV�

��



)RU SDUW �� ZH IROORZ WKH VLPSOH 1HZVER\ SUHVHQWDWLRQ RI 6HFWLRQ ���� :H

KDYH 5  ��� :  �� DQG 6  �� 7KHQ

&X  ��b ��  ��

DQG

&R  ��b �  �

7KH ULJKW KDQG VLGH RI WKH RSWLPDOLW\ FRQGLWLRQ WKHQ EHFRPHV�

��

�� � �
 �����

7KH GHPDQG LV QRUPDOO\ GLVWULEXWHG ZLWK PHDQ x  ��� DQG VWDQGDUG GHYLDWLRQ

}  ��� 7KHQ WKH RSWLPDO RUGHU TXDQWLW\ FDQ EH IRXQG E\ HQWHULQJ WKH IROORZLQJ

H[SUHVVLRQ LQ D FHOO LQ ([FHO�

 1250,19 ������� ���� ���

7KH UHVXOW LV 4e  ����

:H FDQ FDOFXODWH J�4e� E\ ZULWLQJ WKH IROORZLQJ VWDWHPHQW LQ DQ ([FHO FHOO�

 �� e �� e1250',67 �12506,19 �������� �� �� )$/6(�

ZKLFK JLYHV WKH YDOXH *�4e�  ���

7KHUHIRUH� WKH H[SHFWHG SURnW LV

gU�4
e�  �� e ���b ���  ��� ���

7KH PDQXIDFWXUHU
V SURnW� IRU 0  ��� LV�

 ��� e � e1250,19 ������� ���� ���

��



7KXV WKH PDQXIDFWXUHU DFKLHYHV SURnW RI gP  ���� ����

)RU SDUW �� ZH QRZ KDYH 5  ��� :  �� DQG 6  � IRU 0LVVLVVLSSL�FRP�

:LWK PHDQ GHPDQG RI x  ���� DQG VWDQGDUG GHYLDWLRQ }  ���� 0LVVLVVLSSL

VKRXOG RUGHU 4e  ���� <R<R
V� 7KH UHWDLOHUV KDYH x  ��� DQG }  ��� DQG

WKH FRVW SDUDPHWHUV DV EHIRUH� 7KHUHIRUH� HDFK UHWDLOHU VKRXOG RUGHU 4e  ���

XQLWV�

7KH PDQXIDFWXUHU
V SURnW� IRU 0  ��� LV EDVHG RQ WKHLU VDOHV WR 0LVVLV�

VLSSL�FRP DQG WR WKH �� UHWDLOHUV� )URP WKH UHWDLOHUV� WKH PDQXIDFWXUHU UHFHLYHV

SURnW RI �������� XVLQJ WKH SUHYLRXV IRUPXOD� DQG IURP 0LVVLVVLSSL� WKH PDQX�

IDFWXUHU UHFHLYHV � ������� IRU D WRWDO RI ��������

)RU SDUW �� 1LOH�FRP ZRXOG KDYH 5  ��� 0  �� DQG 6  �� :LWK

PHDQ GHPDQG RI x  ���� DQG VWDQGDUG GHYLDWLRQ }  ���� 1LOH VKRXOG RUGHU

4e  ����� 7KH UHWDLOHU UHVXOWV ZRXOG EH LGHQWLFDO WR WKRVH LQ SDUW ��

7KH PDQXIDFWXUHU
V SURnW RQ LWV RZQ VDOHV ZRXOG EH �������� )URP WKH

UHWDLOHUV� WKH PDQXIDFWXUHU ZRXOG HDUQ SURnW RI �������� DV LQ SDUW �� 7KXV� WKH

WRWDO SURnW ZRXOG EH ��������� RU D JDLQ RI ������� RYHU WKH ������� HDUQHG IURP

0LVVLVVLSSL� 7KHUHIRUH� WKH PDQXIDFWXUHU FRXOG DmRUG D n[HG FRVW RI ������� WR

UXQ 1LOH�FRP�

��� ���
 	���	�� ��	�
��

7KH nUVW UHDO RSWLRQV FRQWUDFW �F  �� DQG [  ��� JLYHV T  ���� ZLWK {U  

���� ��� DQG {P  ���� ��� ZKLFK� FRPSDUHG WR WKH VWDQGDUG 1HZVER\ PRGHO�

��



LV ZRUVH IRU ERWK� �1RWH WKH FRUUHVSRQGHQFH EHWZHHQ WKH PRGHO RI UHDO RSWLRQV

DQG WKH UHWXUQV SUREOHP �3DVWHUQDFN� ������ 7KH XQLW ZKROHVDOH SULFH LQ WKH

UHWXUQV SUREOHP LV WKHQ F� [ DQG WKH XQLW SD\EDFN IRU UHWXUQV LV [��

7KH VHFRQG FRQWUDFW� KRZHYHU� JLYHV T  ���� ZLWK {U  ���� ��� DQG {P  

���� ���� ZKLFK UHSOLFDWHV WKH VROXWLRQ RI WKH LQWHJUDWHG nUP�

,W IROORZV WKDW D UHDO RSWLRQ FRQWUDFW FDQ EH YHU\ YDOXDEOH LI WKH SDUDPHWHUV

DUH VHW FRUUHFWO\� ,I WLPH DQG VWXGHQW EDFNJURXQG SHUPLWV� LW PD\ EH LQWHUHVWLQJ

WR ORRN DW FRPELQDWLRQV RI F DQG [ WKDW ZLOO UHSOLFDWH WKH H[SHFWHG WRWDO SURnW

RI DQ LQWHJUDWHG nUP� 6LQFH WKH H[SHFWHG SURnW RI DQ LQWHJUDWHG nUP LV FRQFDYH

LQ WKH RUGHU TXDQWLW\� WKH QXPEHU RI RSWLRQV QHHG WR EH HTXDO WR WKH RSWLPDO

RUGHU TXDQWLW\ RI DQ LQWHJUDWHG nUP� 7R DFKLHYH WKLV� ZH HTXDWH WKH ULJKW KDQG

VLGH RI WKH UHVSHFWLYH QHZVER\ IUDFWLOHV�

5 b [b F

5b [
 

5b0

5b 6

6ROYLQJ ZLWK UHVSHFW WR [ JLYHV

[  5b F
5b 6

0 b 6
� IRU F �

t
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0 b 6

5b 6
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:H ZRXOG OLNH WR WKDQN WKH VWXGHQWV LQ RXU 6XSSO\ &KDLQ 0DQDJHPHQW HOHFWLYH

DW WKH 7XFN 6FKRRO� 6SULQJ ����� IRU IHHGEDFN RQ WKLV QRWH� 7ZR DQRQ\PRXV

��



UHIHUHHV SURYLGHG H[FHOOHQW VXJJHVWLRQV WKDW KDYH LPSURYHG WKLV SDSHU FRQVLGHU�

DEO\�

6��
�	.����


$QXSLQGL� 5�� DQG <� %DVVRN ������� ?6XSSO\ &RQWUDFWV ZLWK 4XDQWLW\ &RP�

PLWPHQWV DQG 6WRFKDVWLF 'HPDQG� LQ 4XDQWLWDWLYH 0RGHOV IRU 6XSSO\ &KDLQ

0DQDJHPHQW� 6� 7D\XU� 0� 0DJD]LQH� DQG 5� *DQHVKDQ �HGV��� .OXZHU $FD�

GHPLF 3XEOLVKHUV� %RVWRQ� 0$� ��������

&DFKRQ� *� 3� ������� ?&RPSHWLWLYH 6XSSO\ &KDLQ ,QYHQWRU\ 0DQDJHPHQW��

LQ 4XDQWLWDWLYH 0RGHOV IRU 6XSSO\ &KDLQ 0DQDJHPHQW� 6� 7D\XU� 0� 0DJD]LQH�

DQG 5� *DQHVKDQ �HGV��� .OXZHU $FDGHPLF 3XEOLVKHUV� %RVWRQ� 0$� ��������

&RUEHWW� &� -�� DQG &� 6� 7DQJ ������� ?'HVLJQLQJ 6XSSO\ &RQWUDFWV� &RQ�

WUDFW 7\SH DQG ,QIRUPDWLRQ $V\PPHWU\�� LQ 4XDQWLWDWLYH 0RGHOV IRU 6XSSO\

&KDLQ 0DQDJHPHQW� 6� 7D\XU� 0� 0DJD]LQH� DQG 5� *DQHVKDQ �HGV��� .OXZHU

$FDGHPLF 3XEOLVKHUV� %RVWRQ� 0$� ��������

+DPPRQG� -� +�� DQG $� 5DPDQ ������� ?6SRUW 2EHUPH\HU� /WG��� 8QSXE�

OLVKHG +DUYDUG &DVH 6WXG\ ������������ +DUYDUG 8QLYHUVLW\� &DPEULGJH� 0$�

��



-RKQVRQ� 0� (� ������� ?0DWWHO� 9HQGRU 2SHUDWLRQV LQ $VLD�� 8QSXEOLVKHG

&DVH 6WXG\� 2ZHQ 6FKRRO RI %XVLQHVV� 9DQGHUELOW 8QLYHUVLW\� 1DVKYLOOH� 71�

DQG 7XFN 6FKRRO RI %XVLQHVV� 'DUWPRXWK &ROOHJH� +DQRYHU� 1+�

-RKQVRQ� 0� (�� DQG '�)� 3\NH ������� ?$ )UDPHZRUN IRU 7HDFKLQJ 6XSSO\

&KDLQ 0DQDJHPHQW�� 3URGXFWLRQ DQG 2SHUDWLRQV 0DQDJHPHQW �IRUWKFRPLQJ��

.UDMHZVNL� /�� DQG /� 5LW]PDQ ������� 2SHUDWLRQV 0DQDJHPHQW� 6WUDWHJ\ DQG

$QDO\VLV� �)LIWK (GLWLRQ�� $GGLVRQ�:HVOH\� 1HZ <RUN�

/DULYLHUH� 0� $� ������� ?6XSSO\ &KDLQ &RQWUDFWLQJ DQG &RRUGLQDWLRQ ZLWK

6WRFKDVWLF 'HPDQG�� LQ 4XDQWLWDWLYH 0RGHOV IRU 6XSSO\ &KDLQ 0DQDJHPHQW� 6�

7D\XU� 0� 0DJD]LQH� DQG 5� *DQHVKDQ �HGV��� .OXZHU $FDGHPLF 3XEOLVKHUV�

%RVWRQ� 0$� ��������

/DX� +� ������� ?6LPSOH )RUPXODV IRU WKH ([SHFWHG &RVWV LQ WKH 1HZVER\ 3URE�

OHP� $Q (GXFDWLRQDO 1RWH�� (XURSHDQ -RXUQDO RI 2SHUDWLRQDO 5HVHDUFK� ����

��������

1DKPLDV� 6� ������� 3URGXFWLRQ DQG 2SHUDWLRQV $QDO\VLV� �7KLUG (GLWLRQ�� ,U�

ZLQ� &KLFDJR�

��



3DVWHUQDFN� %� $� ������� ?2SWLPDO 3ULFLQJ DQG 5HWXUQV 3ROLFLHV IRU 3HULVK�

DEOH &RPPRGLWLHV�� 0DUNHWLQJ 6FLHQFH� �� ��������

3RUWHXV� (� /� ������� ?6WRFKDVWLF ,QYHQWRU\ 7KHRU\�� LQ +DQGERRNV LQ 25

	 06� 9ROXPH �� �&KDSWHU ���� '� 3� +H\PDQ DQG 0� -� 6REHO �HGV��� (OVHYLHU

6FLHQFH 3XEOLVKHUV� 1RUWK�+ROODQG� ��������

5XGL� 1�� 6� .DSXU� DQG '� )� 3\NH ������� ?$ 7ZR�ORFDWLRQ ,QYHQWRU\ 0RGHO

ZLWK 7UDQVVKLSPHQW DQG /RFDO 'HFLVLRQ 0DNLQJ�� :RUNLQJ SDSHU� 7KH :KDUWRQ

6FKRRO� 8QLYHUVLW\ RI 3HQQV\OYDQLD�

5XGL� 1�� DQG <��6� =KHQJ ������� ?0XOWL�LWHP 1HZVER\ 0RGHO ZLWK 3DUWLDO

9DULHW\ 3RVWSRQHPHQW�� 3UHVHQWDWLRQ� ,1)250 'DOODV� 2FWREHU�

6LOYHU� (� $�� '�)� 3\NH� DQG 5� 3HWHUVRQ ������� ,QYHQWRU\ 0DQDJHPHQW DQG

3URGXFWLRQ 3ODQQLQJ DQG 6FKHGXOLQJ� ��UG HGLWLRQ�� -RKQ :LOH\ 	 6RQV� 1HZ

<RUN�

7VD\� $� $�� 6� 1DKPLDV� DQG 1� $JUDZDO ������� ?0RGHOLQJ 6XSSO\ &KDLQ

&RQWUDFWV� $ 5HYLHZ�� LQ 4XDQWLWDWLYH 0RGHOV IRU 6XSSO\ &KDLQ 0DQDJHPHQW�

6� 7D\XU� 0� 0DJD]LQH� DQG 5� *DQHVKDQ �HGV��� .OXZHU $FDGHPLF 3XEOLVKHUV�

%RVWRQ� 0$� ��������

��



=HPHO� (� ������� ?6SUHDGVKHHW IRU 3RVWSRQHG 'LmHUHQWLDWLRQ�� 3HUVRQDO &RP�

PXQLFDWLRQ�

��



��� 5���	��

1LOV 5XGL UHFHQWO\ MRLQHG WKH IDFXOW\ RI WKH 6LPRQ 6FKRRO� 8QLYHUVLW\ RI 5RFKHVWHU�

+H LV D 3K�'� FDQGLGDWH DW WKH :KDUWRQ 6FKRRO� 8QLYHUVLW\ RI 3HQQV\OYDQLD�

3ULRU WR 3K�'� VWXGLHV� KH ZRUNHG LQ VRIWZDUH GHYHORSPHQW ZKLOH WDNLQJ D %6 DW

0ROGH &ROOHJH LQ 1RUZD\ SDUW WLPH� +LV UHVHDUFK LQWHUHVWV LQFOXGH VXSSO\ FKDLQ

PDQDJHPHQW DQG PRGHOV RI ULVN SRROLQJ�

'DYLG 3\NH LV 3URIHVVRU RI 2SHUDWLRQV 0DQDJHPHQW DW WKH 7XFN 6FKRRO RI

%XVLQHVV $GPLQLVWUDWLRQ DW 'DUWPRXWK &ROOHJH� +LV UHVHDUFK LQWHUHVWV LQFOXGH

VXSSO\ FKDLQ PDQDJHPHQW� LQYHQWRU\ V\VWHPV� ORJLVWLFV� PDQXIDFWXULQJ LQ &KLQD�

DQG PDQXIDFWXULQJ VWUDWHJ\�

��


