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$OO�XQLW� GLVFRXQW� L� UHWDL� FRQWUDFW� UHIH� W� GLVFRXQW� WKD� ORZH� � UHWDLOHU
� ZKROH� 
VDO� SULF� R� HYHU� XQL� SXUFKDVH� ZKH� WK� UHWDLOHU
� SXUFKDVH� HTXD� R� H[FHH� VRP� 
TXDQWLW� WKUHVKKROG� 7KHV� GLVFRXQW� SRV� � FKDOOHQJ� W� HFRQRPL� WKHRU� EHFDXVH� OLN� 
OLQHD� SULFLQJ� WK� DYHUDJ� SULF� SDL� E� WK� UHWDLOH� L� �DOPRVW� HYHU\ZKHU� WK� VDP� 
D� LW� PDUJLQD� SULF� �WK� SULF� R� REWDLQLQ� RQ� PRU� XQLW� EXW� XQOLN� OLQHD� SULFLQJ� 
SXUFKDVH� D� KLJKH� TXDQWLWLH� PD� E� FKHDSH� WKD� SXUFKDVH� D� ORZH� TXDQWLWLHV� 6LQF� 
L� L� GLpFXO� W� XQGHUVWDQ� ZK� � PDQXIDFWXUH� ZRXO� HYH� FKDUJ� OHV� IR� � ODUJH� RUGH� 
L� LW� LQWHQWLRQ� ZHU� EHQLJQ� DQWLWUXV� DXWKRULWLH� KDY� DUJXH� WKD� DOO�XQLW� GLVFRXQW� 
PXV� E� H[FOXVLRQDU\� +RZHYHU� L� WKL� SDSHU� Z� VKR� WKD� DOO�XQLW� GLVFRXQW� PD� 
SURnWDEO� DULV� DEVHQ� DQ� H[FOXVLRQDU� PRWLYH_L� � ELODWHUDO�PRQRSRO� VHWWLQJ� $OO� 
XQLW� GLVFRXQW� FD� VROY� WK� SUREOH� R� GRXEO� PDUJLQDOL]DWLR� ZKH� GHPDQ� L� NQRZQ� 
DQ� WKH� FD� SURnWDEO� LQGXF� VHFRQG�GHJUH� SULF� GLVFULPLQDWLR� ZKH� UHWDLOHU� KDY� 
SULYDW� LQIRUPDWLR� DERX� GHPDQG� &RPSDUH� W� OLQHD� SULFLQJ� DOO�XQLW� GLVFRXQW� OHD� 
W� ORZH� FRQVXPH� SULFH� DQ� DU� ZHOIDU� LPSURYLQJ� &RPSDUH� W� WZR�SDU� WDULmV� DOO� 
XQLW� GLVFRXQW� PD� OHD� W� KLJKH� R� ORZH� SULFH� GHSHQGLQ� R� GHPDQ� SDUDPHWHUV� 

.H� :RUGV� 9HUWLFD� FRQWURO� GRXEO� PDUJLQDOL]DWLRQ� SULF� GLVFULPLQDWLR� 

� $GGUHVVHV� 6UH\� .ROD\� 'HSDUWPHQ� R� (FRQRPLFV� 8QLYHUVLW� R� 5RFKHVWHU� 5RFKHVWHU� 1� ������ *UH� 6KDmHU� 
6LPR� 6FKRR� R� %XVLQHVV� 8QLYHUVLW� R� 5RFKHVWHU� 5RFKHVWHU� 1� ������ DQ� -DQXV� $� 2UGRYHU� 'HSDUWPHQ� R� (FR� 
QRPLFV� 1H� <RU� 8QLYHUVLW\� 1H� <RUN� 1� ������ (�PDLO� VU\D#WURL�FF�URFKHVWHU�HGX� VKDmHU#VLPRQ�URFKHVWHU�HGX� 
DQ� MDQXV]�RUGRYHU#Q\X�HGX� &RUUHVSRQGLQ� DXWKRU� *UH� 6KDmHU� YRLFH� ������������� ID[� ������������� 



, ,QWURGXFWLRQ

7KH XVH RI DOO�XQLWV GLVFRXQWV LQ LQWHUPHGLDWH�JRRGV PDUNHWV LV FRPPRQ� &RFD�&ROD DQG ,ULVK 6XJDU

XVH WKHP LQ WKHLU FRQWUDFWV ZLWK UHWDLOHUV� %ULWLVK $LUZD\V XVHV WKHP LQ WKHLU FRQWUDFWV ZLWK WUDYHO

DJHQWV� DQG 0LFKHOLQ XVHV WKHP LQ WKHLU FRQWUDFWV ZLWK WLUH GHDOHUV� $Q DOO�XQLWV GLVFRXQW UHIHUV

WR D GLVFRXQW WKDW ORZHUV D UHWDLOHU
V ZKROHVDOH SULFH RQ HYHU\ XQLW SXUFKDVHG ZKHQ WKH UHWDLOHU
V

SXUFKDVHV HTXDO RU H[FHHG VRPH TXDQWLW\ WKUHVKKROG RU WDUJHW� 7KH GLVFRXQW LV XVXDOO\ VSHFLnHG

LQ WHUPV RI VRPH SHUFHQWDJH Rm OLVW SULFH� DQG LV VRPHWLPHV DOVR UHIHUUHG WR DV D CWDUJHW UHEDWH�


EHFDXVH ZKHQ WKH WDUJHW LV UHDFKHG� WKH UHWDLOHU UHFHLYHV D UHEDWH RQ DOO XQLWV SUHYLRXVO\ SXUFKDVHG�

$OO�XQLWV GLVFRXQWV KDYH WKH SURSHUW\ WKDW WKH DYHUDJH SULFH SDLG E\ D UHWDLOHU LV DOPRVW HYHU\�

ZKHUH WKH VDPH DV LWV PDUJLQDO SULFH �WKH SULFH RI REWDLQLQJ RQH PRUH XQLW�� 6LQFH OLQHDU SULFLQJ

DOVR KDV WKLV SURSHUW\� RQH PLJKW WKLQN WKDW WKH HFRQRPLF HmHFWV RI DOO�XQLWV GLVFRXQWV DQG OLQHDU

SULFLQJ ZRXOG EH VLPLODU�� %XW WKHUHLQ OLHV D SX]]OH� LI WKH HmHFWV RI DOO�XQLWV GLVFRXQWV DUH VLPLODU

WR WKRVH RI OLQHDU SULFLQJ� ZKHUH WKH UHWDLOHU SD\V D FRQVWDQW SHU�XQLW ZKROHVDOH SULFH� ZK\ ZRXOG ZH

HYHU REVHUYH DOO�XQLWV GLVFRXQWV LQ SUDFWLFH" 6LQFH DOO�XQLWV GLVFRXQWV DUH LQ JHQHUDO PRUH FRVWO\ WR

DGPLQLVWHU �EHFDXVH WKH PDQXIDFWXUHU PXVW NHHS WUDFN RI WKH UHWDLOHU
V SXUFKDVHV�� ZH VKRXOG QRW

H[SHFW WR REVHUYH WKHP ZKHQ OLQHDU SULFLQJ LV RSWLPDO� $QG ZKHQ OLQHDU SULFLQJ LV QRW RSWLPDO� H�J��

ZKHQ LW OHDGV WR GRXEOH PDUNXSV� LW LV QRW REYLRXV ZK\ D PDQXIDFWXUHU ZRXOG HYHU RmHU D TXDQWLW\�

GLVFRXQW VFKHPH WKDW DSSOLHV WR DOO XQLWV ZKHQ LW FDQ VROYH WKH SUREOHP RI GRXEOH PDUJLQDOL]DWLRQ

ZLWK GLVFRXQWV WKDW DSSO\ RQO\ WR LQFUHPHQWDO XQLWV� RU� HTXLYDOHQWO\� ZLWK D WZR�SDUW WDULm"�

'HVSLWH WKHLU SUHYDOHQFH� DOO�XQLWV GLVFRXQWV KDYH IRU WKH PRVW SDUW EHHQ LJQRUHG LQ WKH HFRQRPLFV

DQG EXVLQHVV OLWHUDWXUHV� $QG ZKHQ WKH\ DUH PHQWLRQHG LQ WKHVH OLWHUDWXUHV� LW LV RIWHQ VLPSO\

DVVHUWHG WKDW WKHLU SXUSRVH LV WR LQGXFH WKH EX\HU WR SXUFKDVH D ODUJHU TXDQWLW\� RU �HYHQ ZRUVH�

WKDW WKHLU XVH LV LUUDWLRQDO�� 2Q WKH RWKHU KDQG� DQWLWUXVW DXWKRULWLHV WHQG WR ORRN XSRQ DOO�XQLWV

GLVFRXQWV DV H[FOXVLRQDU\�� 7KH\ IRFXV RQ WKH IDFW WKDW� ZLWK DOO�XQLWV GLVFRXQWV� SXUFKDVHV DW

�:LWK OLQHDU SULFLQJ� WKH UHWDLOHU
V DYHUDJH SHU�XQLW SULFH LV LQGHSHQGHQW RI WKH DPRXQW SXUFKDVHG� ,Q RWKHU ZRUGV�
D UHWDLOHU SD\V WKH VDPH FRQVWDQW SHU�XQLW SULFH �DQG QR n[HG IHH� UHJDUGOHVV RI KRZ PXFK LW SXUFKDVHV�

�7KH SUREOHP RI GRXEOH PDUJLQDOL]DWLRQ ZDV nUVW SRLQWHG RXW E\ 6SHQJOHU ������� 7KH XVH RI WZR�SDUW WDULmV DV
D VROXWLRQ KDV EHHQ QRWHG E\ 0RRUWK\ ������� 7LUROH ������ ��������� .DW] ������ �������� DQG PDQ\ RWKHUV�

�1DKPLDV ������ ���� VWDWHV ?7KH DOO�XQLWV VFKHGXOH DSSHDUV LUUDWLRQDO LQ VRPH UHVSHFWV� :K\ ZRXOG ���� DFWXDOO\
FKDUJH OHVV IRU D ODUJHU RUGHU" 2QH UHDVRQ ZRXOG EH WR SURYLGH DQ LQFHQWLYH IRU WKH SXUFKDVHU WR EX\ PRUH��

�6HH 'HNH\VHU� ?3ULFLQJ DQG 'LVFRXQWV�5HEDWHV LQ 'RPLQDQW &RPSDQLHV^7KH &RPPLVVLRQ
V 9LHZ�� '* &RPSH�
WLWLRQ� (XURSHDQ &RPPLVVLRQ� %UXVVHOV� DW �� 6HH DOVR WKH DUWLFOH E\ 7RP� %DOWR� DQG $YHULWW �������
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KLJKH� TXDQWLWLH� PD� E� FKHDSH� WKD� SXUFKDVH� D� ORZH� TXDQWLWLHV� DQ� FRQFOXG� IUR� WKL� WKD� 

WK� PDQXIDFWXUHU
� LQWHQ� L� W� KDU� LW� ULYDO� E� RmHULQ� GLVFRXQW� WKD� ZRXO� E� XQSURnWDEO� IR� 

WKH� W� PDWF� ZKH� VSUHD� RYH� VPDOOH� YROXPHV� ,� RWKH� ZRUGV� DOO�XQLW� GLVFRXQW� DU� YLHZH� 

E� WK� DQWLWUXV� DXWKRULWLH� ZLW� VXVSLFLR� EHFDXV� WKH� SURYLG� � VWURQ� LQFHQWLY� IR� � UHWDLOH� 

W� SURPRW� WK� VDO� R� SURGXFW� R� ZKLF� L� L� HOLJLEO� W� HDU� � UHEDW� D� WK� H[SHQV� R� RWKH� 

SURGXFWV� SDUWLFXODUO� ZKH� L� L� FORV� W� WK� OHYH� R� VDOH� UHTXLUH� W� UHDF� WK� UHEDW� WDUJHW� 

7K� SUREOH� ZLW� WKL� UHDVRQLQ� L� WKD� L� PLJK� E� XVH� W� FRQGHP� �XQMXVWLnDEO� L� RX� YLHZ� 

D� H[FOXVLRQDU� DOPRV� DQ� W\S� R� SULFLQ� VFKHP� L� ZKLF� � PDQXIDFWXUH� RmHU� � TXDQWLW\�EDVH� 

GLVFRXQW� EHFDXV� L� PLJK� E� DUJXH� WKD� WKHV� VFKHPH� DOV� LQGXF� � UHWDLOH� W� SURPRW� WK� VDO� 

R� VRP� SURGXFW� D� WK� H[SHQV� R� RWKH� SURGXFW� L� RUGH� W� TXDOLI� IR� WK� PDQXIDFWXUHU
� EHV� 

GLVFRXQWV� <H� DQWLWUXV� DXWKRULWLH� G� QR� W\SLFDOO� YLH� RWKH� TXDQWLW\�GLVFRXQ� VFKHPH� �H�J�� 

WZR�SDU� WDULm� DQ� LQFUHPHQWDO�XQLW� GLVFRXQWV� ZLW� WK� VDP� GHJUH� R� VXVSLFLRQ� 7KL� UDLVH� 

VHYHUD� TXHVWLRQV� ,� WK� ELD� DJDLQV� DOO�XQLW� GLVFRXQW� MXVWLnHG� '� WKH� XQDPELJXRXVO� OHD� W� 

ORZH� VRFLD� ZHOIDU� UHODWLY� W� RWKH� TXDQWLW� GLVFRXQ� VFKHPHV� $QG� JLYH� WKD� WKHU� L� � ELD� 

DJDLQV� DOO�XQLW� GLVFRXQWV� ZK� ZRXO� � PDQXIDFWXUH� HYH� ULV� SURVHFXWLR� E� RmHULQ� WKHP� 

:� DU� WK� nUV� W� PRGH� WK� XV� R� DOO�XQLW� GLVFRXQW� L� UHWDL� FRQWUDFWV� ,� WKL� SDSH� Z� 

DU� LQWHUHVWH� L� ZKHWKH� DOO�XQLW� GLVFRXQW� PLJK� DULV� IR� QRQ�H[FOXVLRQDU� UHDVRQV� DQ� Z� DV� 

KR� WKHL� SURnWDELOLW� DQ� VRFLDO�ZHOIDU� SURSHUWLH� FRPSDU� W� RWKH� W\SH� R� TXDQWLW\�GLVFRXQWV� 

7� UXO� RX� H[FOXVLR� D� � SRVVLEO� PRWLYH� Z� UHVWULF� DWWHQWLR� W� � VHWWLQ� L� ZKLF� D� XSVWUHD� 

PRQRSROLV� R� PDQXIDFWXUH� VHOO� LW� RXWSX� W� � GRZQVWUHD� PRQRSROLV� R� UHWDLOH� �H[FOXVLR� L� 

LPSOLFLWO� UXOH� RX� L� � ELODWHUDO�PRQRSRO� VHWWLQ� EHFDXV� QHLWKH� nU� KD� � KRUL]RQWD� ULYDO�� 

:� FRQVLGH� FDVH� L� ZKLF� GHPDQ� L� NQRZ� D� WK� WLP� R� FRQWUDFWLQJ� DQ� FDVH� L� ZKLF� L� L� 

QRW� ,� WK� IRUPH� FDVH� Z� FRPSDU� WK� SHUIRUPDQF� R� DOO�XQLW� GLVFRXQW� DJDLQV� � EHQFKPDU� R� 

WZR�SDU� WDULmV� ZKLF� DU� NQRZ� W� E� RSWLPD� L� VLPSO� ELODWHUDO�PRQRSRO� VHWWLQJV� ,� WK� ODWWH� 

FDVH� Z� FRPSDU� WK� SHUIRUPDQF� R� PHQX� R� DOO�XQLW� GLVFRXQW� DQ� PHQX� R� WZR�SDU� WDULmV� 

:� HVWDEOLV� WKUH� PDL� UHVXOWV� )LUVW� Z� VKR� WKD� DOO�XQLW� GLVFRXQWV� OLN� WZR�SDU� WDULmV� 

FD� VROY� WK� SUREOH� R� GRXEO� PDUJLQDOL]DWLR� ZKH� FRQVXPHUV� GHPDQ� L� GHWHUPLQLVWL� DQ� 

NQRZ� D� WK� WLP� R� FRQWUDFWLQ� E� ERW� SDUWLHV� ,QVWHD� R� VHOOLQ� LW� SURGXF� W� WK� UHWDLOH� D� 
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PDUJLQD� FRV� SOX� � n[H� IHH� ZKLF� L� RQ� ZD� R� VROYLQ� WK� SUREOHP� WK� PDQXIDFWXUH� FD� RmH� 

WK� UHWDLOH� D� DOO�XQLW� GLVFRXQ� FRQWUDF� DQ� HOLPLQDW� GRXEO� PDUNXS� E� FKRRVLQ� WK� WDUJH� 

TXDQWLW� W� LQGXF� WK� MRLQW�SURn� PD[LPL]LQ� UHWDL� SULF� DQ� WK� SHUFHQWDJ� GLVFRXQ� R� OLV� SULF� 

W� GLYLG� WK� VXUSOXV� $OO�XQLW� GLVFRXQ� FRQWUDFW� L� WKL� FDV� DU� ZHOIDU� LPSURYLQ� FRPSDUH� W� 

OLQHD� SULFLQ� VFKHGXOHV� EHQHnWLQ� nUP� ZLW� KLJKH� SURnW� DQ� FRQVXPHU� ZLW� ORZH� SULFHV� 

6HFRQG� Z� VKR� WKD� ZKH� WK� UHWDLOH� KD� SULYDW� LQIRUPDWLR� DERX� FRQVXPHUV� GHPDQG� WK� 

PDQXIDFWXUH� ZLO� SUHIH� W� RmH� WK� UHWDLOH� � PHQ� R� DOO�XQLW� GLVFRXQW� UDWKH� WKD� � PHQ� R� 

WZR�SDU� WDULmV� 7KD� LV� ZKH� WK� UHWDLOH� KD� SULYDW� LQIRUPDWLR� DERX� FRQVXPHUV� GHPDQG� WK� 

PDQXIDFWXUH� HDUQ� KLJKH� SURn� XQGH� WK� SURnW�PD[LPL]LQ� PHQ� R� DOO�XQLW� GLVFRXQ� FRQWUDFW� 

WKD� XQGH� WK� SURnW�PD[LPL]LQ� PHQ� R� WZR�SDU� WDUL� FRQWUDFWV� $OO�XQLW� GLVFRXQW� L� WKL� FDV� 

DU� PRU� HpFLHQ� WKD� WZR�SDU� WDULm� D� LQGXFLQ� WK� UHWDLOH� W� UHYHD� WK� VWDW� R� GHPDQ� �WKH� 

DU� � EHWWH� VFUHHQLQ� GHYLFH� DQ� KHQF� OHD� W� JUHDWH� VXUSOX� H[WUDFWLR� IR� WK� PDQXIDFWXUHU� 

7KLUG� Z� VKR� WKD� ZKH� WK� UHWDLOH� KD� SULYDW� LQIRUPDWLRQ� WK� SURnW�PD[LPL]LQ� PHQ� R� 

DOO�XQLW� GLVFRXQW� PD� UHVXO� L� KLJKH� R� ORZH� SULFH� IR� FRQVXPHU� WKD� WK� SURnW�PD[LPL]LQ� 

PHQ� R� WZR�SDU� WDULmV� :KHWKH� L� L� KLJKH� R� ORZH� GHSHQG� R� WK� VKDS� R� FRQVXPH� GHPDQG� 

)R� H[DPSOH� L� GHPDQ� L� OLQHDU� DQ� WK� GHPDQ� FXUYH� L� WK� GLmHUHQ� VWDWH� R� QDWXU� KDY� 

� FRPPR� YHUWLFD� LQWHUFHSW� R� DU� YHUWLFD� WUDQVODWLRQ� R� HDF� RWKH� �L�H�� SDUDOOH� VKLIWV�� WKH� 

DOO�XQLW� GLVFRXQW� OHD� W� ORZH� FRQVXPH� SULFH� DQ� DU� ZHOIDU� LPSURYLQJ� 2� WK� RWKH� KDQG� L� 

GHPDQ� L� OLQHDU� DQ� WK� GHPDQ� FXUYH� L� WK� GLmHUHQ� VWDWH� R� QDWXU� KDY� � FRPPR� KRUL]RQWD� 

LQWHUFHSW� WKH� DOO�XQLW� GLVFRXQW� OHD� W� KLJKH� FRQVXPH� SULFH� DQ� DU� ZHOIDU� ZRUVHQLQJ� 

,� VXPPDU\� RX� UHVXOW� LPSO� WKD� DOO�XQLW� GLVFRXQW� QHH� QR� E� LUUDWLRQDO� D� VRP� KDY� 

DVVHUWHG� QR� DU� WKH� QHFHVVDULO� XVH� IR� H[FOXVLRQDU� SXUSRVH� �L� D� DOO�� D� DQWLWUXV� DXWKRULWLH� 

KDY� DVVHUWHG� :� nQ� WKD� DOO�XQLW� GLVFRXQW� PD� SURnWDEO� DULV� L� UHWDL� FRQWUDFW� HYH� L� WK� 

DEVHQF� R� D� H[FOXVLRQDU� PRWLYH� 7K� GLVFRXQW� FD� E� YLHZH� D� � PHDQ� R� YHUWLFD� FRQWUR� 

ZKH� FRQVXPHUV� GHPDQ� L� GHWHUPLQLVWL� DQ� NQRZ� E� ERW� SDUWLH� D� WK� WLP� R� FRQWUDFWLQJ�� 

DQ� D� � VFUHHQLQ� GHYLF� W� LQGXF� WK� UHWDLOH� W� UHYHD� WK� VWDW� R� GHPDQ� DQ� H[WUDF� VXUSOX� 

ZKH� WK� UHWDLOH� KD� SULYDW� LQIRUPDWLRQ�� &RQVXPH� ZHOIDU� FD� E� KLJKH� R� ORZH� D� � UHVXOW� 

� 6HPLQD� DUWLFOH� R� YHUWLFD� FRQWUR� LQFOXG� :DUUHQ�%RXOWR� ������ DQ� 0DWKHZVR� DQ� :LQWH� ������� 
� 7K� SUREOH� Z� FRQVLGH� L� IRUPDOO� HTXLYDOHQ� W� LPSOHPHQWLQ� VHFRQG�GHJUH� SULF� GLVFULPLQDWLR� DPRQ� UH� 
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7K� SDSH� L� RUJDQL]H� D� IROORZV� ,� WK� QH[� VHFWLRQ� Z� LQWURGXF� WK� PRGHO� GLVFXV� WK�


SUREOH� R� GRXEO� PDUJLQDOL]DWLRQ� DQ� SUHVHQ� RX� nUV� PDL� UHVXOW� ,� 6HFWLR� �� Z� H[WHQ� WK�


PRGH� W� DOOR� IR� GHPDQ� XQFHUWDLQW� DQ� SUHVHQ� RX� VHFRQ� PDL� UHVXOW� 2X� WKLU� PDL� UHVXO�


DQ� LOOXVWUDWLY� H[DPSOH� DU� SUHVHQWH� L� 6HFWLR� �� :� RmH� FRQFOXGLQ� UHPDUN� L� 6HFWLR� ��


,� 7K� FDV� R� GHPDQ� FHUWDLQW� 

:� EHJL� ZLW� WK� FDV� R� ELODWHUD� PRQRSRO� DQ� GHPDQ� FHUWDLQW\� 7KHU� L� � VLQJO� XSVWUHD� nU� 

ZKLF� SURGXFH� � JRR� D� FRQVWDQ� PDUJLQD� FRV� F� 7K� XSVWUHD� nU� VHOO� WK� JRR� W� � VLQJO� 

GRZQVWUHD� nU� ZKLF� WKH� UHVHOO� WK� JRR� W� nQD� FRQVXPHUV� :� ZLO� UHIH� W� WK� XSVWUHD� nU� 

D� WK� ?PDQXIDFWXUHU� DQ� WK� GRZQVWUHD� nU� D� WK� ?UHWDLOHU�� )R� VLPSOLFLW\� Z� DVVXP� WK� 

UHWDLOH� LQFXU� Q� FRVW� R� GLVWULEXWLRQ� DQ� KHQFH� WK� RQO� FRV� WK� UHWDLOH� EHDU� L� WK� DPRXQ� L� 

SD\� W� WK� PDQXIDFWXUH� IR� WK� JRRG� /H� � �T� UHSUHVHQ� WK� SD\PHQ� WK� UHWDLOH� PDNH� W� WK� 

PDQXIDFWXUH� ZKH� L� SXUFKDVH� � � � XQLW� R� WK� JRRG� /H� � GHQRW� WK� UHWDL� SULF� DQ� � � S�T� 

GHQRW� WK� FRQVXPHUV� LQYHUV� GHPDQ� IXQFWLRQ� ZKLF� L� DVVXPH� W� E� GRZQZDU� VORSLQJ� 

*LYH� RX� DVVXPSWLRQV� WK� PDQXIDFWXUHU
� SURn� FD� E� H[SUHVVH� D� {� � � �T� � FT� WK� 

UHWDLOHU
� SURn� D� {� � S�T�� � � �T�� DQ� WK� RYHUDO� MRLQ� SURn� D� {LQ� � S�T�� � FT� ZKLF� L� WK� 

SURn� D� LQWHJUDWH� nU� ZRXO� HDU� L� L� SURGXFH� DQ� GLVWULEXWH� D� DPRXQ� � R� WK� SURGXFW�� 

7K� FDV� R� ELODWHUD� PRQRSRO� ZLW� GHPDQ� FHUWDLQW� L� WK� VLPSOHV� VHWWLQ� L� ZKLF� W� H[DPLQ� 

WK� LVVX� R� YHUWLFD� FRQWURO� 7K� YHUWLFDO�FRQWUR� OLWHUDWXU� DVNV� ZKD� NLQG� R� FRQWUDFW� ZLO� LQGXF� 

WK� UHWDLOH� W� FKRRV� WK� VDP� TXDQWLW� WKD� D� LQWHJUDWH� nU� ZRXO� FKRRVH�� &RPSDULQ� {� DQ� 

{LQW� L� L� HDV� W� VH� WKD� � �T� � F� L� RQ� VXF� FRQWUDFW� DQ� � WZR�SDU� WDUL� FRQWUDFW� ZKHU� 

� ���  �� � �T� � F� � � IR� DO� T � �� DQ� � � � L� � n[H� IHH� L� DQRWKHU� %RW� FRQWUDFW� LQGXF� 

WK� UHWDLOH� W� PD[LPL]� RYHUDO� MRLQ� SURnW� 7K� IRUPH� FRQWUDF� DOORZ� WK� UHWDLOH� W� FDSWXU� DO� 

WK� VXUSOXV� )R� VRP� ) � �� WK� ODWWH� FRQWUDF� DOORZ� WK� PDQXIDFWXUH� W� FDSWXU� DO� WK� VXUSOXV� 

WDLOHU� ZLW� GLmHUHQ� GHPDQGV� ,� WK� FRQWH[� R� RX� PRGHO� WK� PDQXIDFWXUH� RmHU� � PHQ� R� RSWLRQ� W� WK� UHWDLOH� 
DQ� SULFH� WK� PHQ� V� D� W� LQGXF� WK� UHWDLOH� W� UHYHD� WK� VWDW� R� GHPDQ� E� WK� RSWLR� L� VHOHFWV� 

� :� IROOR� WK� WUDGLWLR� R� WK� YHUWLFDO�UHVWUDLQW� OLWHUDWXU� DQ� VD� WKD� D� LQWHJUDWH� nU� L� RQ� WKD� FRQWURO� 
DO� WK� SULFLQ� DQ� TXDQWLW� GHFLVLRQ� PDG� E� WK� YHUWLFD� VWUXFWXUH� 6H� 7LURO� ������ ����� 

� 0DWKHZVR� DQ� :LQWH� ������ XV� WK� WHUPLQRORJ� R� LQVWUXPHQW� DQ� WDUJHWV� 2Q� FD� WKLQ� R� WK� PDQX� 
IDFWXUHU
� GHFLVLR� YDULDEOH� D� LQVWUXPHQWV� DQ� WK� UHWDLOHU
� GHFLVLR� YDULDEOH� D� WDUJHWV� ?7K� FRQWUR� SUREOH� 
FRQVLVW� L� NQRZLQ� KR� W� XV� WK� LQVWUXPHQW� W� UHDFK� R� FRP� FORV� WR� WK� GHVLUH� YDOXH� R� WK� WDUJHWV_WKD� 
LV� WK� YDOXH� WKD� PD[LPL]� WK� YHUWLFD� VWUXFWXUH
� DJJUHJDW� �YHUWLFDOO� LQWHJUDWHG� SURn� �7LUROH� ����� ������ )R� 
VSHFLn� DSSOLFDWLRQV� VH� 3HUU� DQ� 3RUWH� ������� 2
%ULH� DQ� 6KDmH� ������� :LQWH� ������� DQ� 5HLmH� ������� 
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Figure 1 :  T w o – part  tar i f f  Fi gure  2: Increm ental–uni ts  d iscou n t  
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7� VH� WKD� WK� PDQXIDFWXUH� FDQQR� G� DQ� EHWWH� WKD� WKLV� OH� � E� WK� ZKROHVDO� SULF� DQ� 

� WK� n[H� IHH� /H� T� �Z� GHQRW� WK� UHWDLOHU
� SURnW�PD[LPL]LQ� TXDQWLW� DVVXPLQ� L� SD\� � � L�H�� 

� �Z� VROYH� PD[� S�T�� � ZT� 7KH� WK� PDQXIDFWXUHU
� SUREOH� ZLW� � WDNH�LW�RU�OHDYH�L� RmH� L� 

PD� 
Z�� 

�� � F�T� �Z� � � ��� 

VXF� WKD� 

�S�T� �Z�� � Z� T� �Z� � � � �� ��� 

ZKHU� WK� LQHTXDOLW� L� ��� HQVXUH� WKD� WK� UHWDLOH� HDUQ� QRQ�QHJDWLY� SURnW� 6LQF� WK� PD[LPDQ� 

L� LQFUHDVLQ� L� � � WK� PDQXIDFWXUH� ZLO� FKRRV� WK� n[H� IH� W� VDWLVI� WK� FRQVWUDLQ� ZLW� HTXDOLW\� 

6XEVWLWXWLQ� WKL� LQW� WK� PD[LPDQ� DQ� VROYLQ� \LHOG� � � � DQ� �  �S�T� �F�� � F�T� �F��� 7KXV� 

WK� PDQXIDFWXUH� VHW� LW� ZKROHVDO� SULF� HTXD� W� LW� PDUJLQD� FRV� DQ� FKDUJH� � n[H� IH� WKD� 

IXOO� H[WUDFW� WK� UHWDLOHU
� SURnW� )LJXU� � GHSLFW� WK� WRWD� RXWOD� R� WK� UHWDLOH� IR� DQ� TXDQWLW� 

L� PLJK� SXUFKDV� XQGH� WKL� FRQWUDFW� 7K� MXP� X� L� FRV� D� �  � UHSUHVHQW� WK� n[H� DPRXQ� 

WK� UHWDLOH� PXV� SD� L� L� SXUFKDVH� IUR� WK� PDQXIDFWXUHU� 7K� XSZDUG�VORSLQ� OLQ� ZLW� FRQVWDQ� 

VORS� � UHSUHVHQW� WK� DGGLWLRQD� SD\PHQ� WK� UHWDLOH� PDNH� D� � LQFUHDVHV� *LYH� WKL� FRQWUDFW� 

� $IWH� VXEVWLWXWLRQ� WK� PDQXIDFWXUHU
� SUREOH� L� W� FKRRV� � W� VROY� PD[� �S�� 
� �Z�� � F�� � �Z�� 'LmHUHQWLDWLQ� 

ZLW� UHVSHF� W� Z� DQ� XVLQ� WK� nUVW�RUGH� FRQGLWLR� IUR� WK� UHWDLOHU
� SURn� PD[LPL]DWLRQ� Z� KDY� WKD� WK� 
#T� �Z�SURnW�PD[LPL]LQ� ZKROHVDO� SULF� VROYH� �� � F�  �� ZKLF� LPSOLH� WKD� WK� PDQXIDFWXUH� VKRXO� VH� � � F�
#� 
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WK� UHWDLOH� FKRRVH� WK� LQWHJUDWH� TXDQWLW\� T� �F�� DQ� SD\� � � FT� �F� W� WK� PDQXIDFWXUHU� $� 

GHSLFWH� L� )LJXU� �� WKL� TXDQWLW� RFFXU� D� WK� SRLQ� R� WDQJHQF� EHWZHH� WK� UHWDLOHU
� LVRSURn� 

FXUY� �WK� UHWDLOH� HDUQ� ]HU� SURnW� DQ� WK� PDQXIDFWXUHU
� RSWLPD� WZR�SDU� WDULm� 

,� WK� FDV� L� )LJXU� �� DQ� L� WK� FDV� R� � �T� � FT� WK� PDQXIDFWXUH� HDUQ� Q� SURn� R� WK� 

SHU�XQL� VDOH� R� LW� SURGXFW� HVVHQWLDOO� PDNLQ� WK� UHWDLOH� WK� UHVLGXD� FODLPDQ� W� DO� oR� SURnW� 

$OWHUQDWLYHO\� WK� PDQXIDFWXUH� FD� LQGXF� WK� LQWHJUDWH� RXWFRP� E� RmHULQ� � FRQWUDF� ZLW� � 

KLJ� LQIUDPDUJLQD� SHU�XQL� SULFH� D� ORQ� D� WK� UHWDLOHU
� PDUJLQD� SULF� L� VH� D� FRVW� 

� � S���� L� T � AT�� 
� �T� � ��� � � � �� � AT� � S��� AT L� � � AT�

ZKHU� AT L� LPSOLFLWO� GHnQH� E� �S��� � F� A� � S�T� �F��� F�T� �F�� ,� WKL� FRQWUDFW� ZKLF� Z� LOOXVWUDW� 

L� )LJXU� �� WK� PDQXIDFWXUH� RmHU� WK� LQLWLD� XQLW� X� W� AT D� � SHU�XQL� SULF� R� S��� ! F� )R� 

DGGLWLRQD� XQLW� EH\RQ� AT� WK� UHWDLOHU
� SHU�XQL� SULF� IDOO� W� F� $� �  AT� WK� UHWDLOHU
� WRWD� RXWOD� 

L� S�T� �F�� � F�T� �F� � � AT� ZKLF� L� WK� VDP� RXWOD� WK� UHWDLOH� ZRXO� PDN� L� L� SXUFKDVH� AT XQLW� 

DQ� IDFH� WK� FRQWUDF� L� )LJXU� �� )R� T � AT� WK� WZ� FXUYH� DU� WK� VDPH� )R� T � AT� WK� WRWD� 

RXWOD� R� WK� UHWDLOH� L� S���T� ZKLF� L� OHV� WKD� WK� VDP� TXDQWLW� ZRXO� FRV� L� )LJXU� �� 

6LQF� WK� UHWDLOH� ZRXO� QHYH� SXUFKDV� � OHV� WKD� AT ZKH� IDFH� ZLW� WK� FRQWUDF� L� ��� �EHFDXV� 

D� � SHU�XQL� SULF� R� S��� LW� FRV� ZRXO� H[FHH� LW� UHYHQXH�� L� IROORZ� WKD� WK� UHWDLOH� ZLO� E� 

LQGXFH� W� SXUFKDV� WK� VDP� TXDQWLW� L� )LJXU� � D� L� )LJXU� �� 6LQF� WK� FRQWUDF� L� )LJXU� � 

LQGXFH� WK� LQWHJUDWH� RXWFRPH� WKH� V� GRH� WK� FRQWUDF� L� )LJXU� �� 7KXV� WK� HFRQRPL� HmHFW� 

R� WK� WZ� FRQWUDFW� DU� LGHQWLFDO� WK� SULF� W� FRQVXPHU� L� WK� VDP� DQ� V� L� WK� GLYLVLR� R� SURnW� 

7K� FRQWUDFW� L� )LJXUH� � DQ� � VKDU� WK� SURSHUW� WKD� WK� UHWDLOHU
� DYHUDJ� SHU�XQL� SULF� 

L� JUHDWH� WKD� LW� PDUJLQD� SULFH� 7KL� DOORZ� WK� PDQXIDFWXUH� W� H[WUDF� VXUSOX� IUR� WK� UH� 

WDLOH� ZLWKRX� GLVWRUWLQ� LW� LQFHQWLYH� D� WK� PDUJLQ� ,� )LJXU� �� WK� PDQXIDFWXUH� DFKLHYH� WKL� 

VHSDUDWLR� R� DYHUDJ� DQ� PDUJLQD� SULF� E� VSHFLI\LQ� WZ� SDUDPHWHUV� � n[H� IH� DQ� � FRQVWDQ� 

ZKROHVDO� SULFH� ,� )LJXU� �� WK� PDQXIDFWXUH� RmHU� D� LQLWLDOO� KLJ� ZKROHVDO� SULF� DQ� WKH� 

GLVFRXQW� WK� ZKROHVDO� SULF� R� WK� UHWDLOHU
� LQFUHPHQWD� SXUFKDVH� EH\RQ� WK� TXDQWLW� AT� 7KL� 

ODWWH� FRQWUDF� L� D� H[DPSO� R� D� LQFUHPHQWDO�XQLW� GLVFRXQW� DQ� WK� IDF� WKD� L� FD� DFKLHY� WK� 
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VDP� RXWFRP� D� � VLQJO� WZR�SDU� WDUL� L� QR� VXUSULVLQJ� VLQF� RQ� FD� WKLQ� R� D� LQFUHPHQWDO� 

XQLW� GLVFRXQ� D� � PHQ� R� WZR�SDU� WDULmV� )R� H[DPSOH� WK� FRQWUDF� L� )LJXU� � L� WK� ORZH� 

HQYHORS� R� WK� WZR�SDU� WDUL� FRQWUDF� 7 �T� � S���T� ZKHU� WK� n[H� IH� L� ]HUR� DQ� WK� WZR�SDU� 

WDUL� FRQWUDF� 7 ���  �� 7 �T� � FT� � IR� DO� T ! �� ZKHU� WK� n[H� IH� L� WK� VDP� D� L� )LJXU� �� 

,� FRQWUDVW� FRQWUDFW� WKD� RmH� OLQHD� SULFLQ� G� QR� DOOR� WK� UHWDLOHU
� DYHUDJ� SHU�XQL� SULF� 

W� GLmH� IUR� LW� PDUJLQD� SULFH� 7KL� L� SUREOHPDWL� EHFDXV� L� OHDG� W� WK� ZHOO�NQRZ� SUREOH� 

R� GRXEO� PDUJLQDOL]DWLR� ZKH� WK� PDQXIDFWXUH� PDNH� WK� RmH� �VH� 6SHQJOHU� ������ ,� RUGH� 

W� H[WUDF� VXUSOXV� WK� PDQXIDFWXUH� PXV� FKDUJ� Z ! F� EX� L� GRLQ� VR� L� QHFHVVDULO� GLVWRUW� 

GRZQZDU� WK� UHWDLOHU
� TXDQWLW� FKRLFH� T� �Z� � T� �F�� IR� DO� Z ! F� 7K� SUREOH� DULVH� EHFDXV� 

L� FKRRVLQ� LW� TXDQWLW\� WK� UHWDLOH� IDFH� � ZKROHVDO� SULF� WKD� L� KLJKH� WKD� WK� PDQXIDFWXUHU
� 

SURGXFWLR� PDUJLQD� FRVW� � GLVWRUWLR� L� LQWURGXFH� EHFDXV� ERW� nUP� KDY� SRVLWLY� PDUN�XSV� 

&RQWUDFW� WKD� RmH� DOO�XQLW� GLVFRXQW� ZRXO� DOV� VHH� W� E� SUREOHPDWL� EHFDXV� WKH� WR� 

HTXDW� WK� UHWDLOHU
� DYHUDJ� SHU�XQL� SULF� DQ� LW� PDUJLQD� SULFH� 7KHV� FRQWUDFW� KDY� WK� IRU� 

7 �T� � 

� � � 
� � 

Z� 

wZ� 

L� T � T� 

L� � � T� 

��� 

ZKHU� � � ��� ��� ,� WKL� W\S� R� FRQWUDFW� L� WK� UHWDLOH� SXUFKDVH� T � T� LW� DYHUDJ� SHU�XQL� SULF� 

DQ� PDUJLQD� SULF� HTXDO� Z� ZKHUHD� L� WK� UHWDLOH� SXUFKDVH� � � T� LW� DYHUDJ� SHU�XQL� SULF� DQ� 

PDUJLQD� SULF� HTXDO� wZ� 6LQF� w � �� WK� UHWDLOH� L� UHZDUGH� IR� SXUFKDVLQ� D� OHDV� � XQLWV� 2Q� 

FD� WKLQ� R� � D� WK� PDQXIDFWXUHU
� OLV� SULF� DQ� � � � D� WK� SHUFHQWDJ� GLVFRXQ� R� OLV� SULFH� 

ZKLF� L� DSSOLH� W� HYHU� XQL� WK� UHWDLOH� SXUFKDVH� L� WK� UHWDLOH� UHDFKH� WK� WDUJH� TXDQWLW\� 

8QOLN� OLQHD� SULFLQJ� WKL� FRQWUDF� LQYROYH� VHWWLQ� WKUH� SDUDPHWHUV� WK� ZKROHVDO� SULF� Z� 

ZKLF� L� YDOL� RYH� WK� UDQJ� >�� T�� WK� ZKROHVDO� SULF� wZ� ZKLF� L� YDOL� IR� DO� XQLW� L� WK� UHWDLOH� 

SXUFKDVH� D� OHDV� � XQLWV� DQ� WK� WDUJH� TXDQWLW� T� ZKLF� GHWHUPLQH� WK� UHWDLOHU
� ZKROHVDO� 

SULFH� 7K� PRV� VDOLHQ� FKDUDFWHULVWL� R� FRQWUDFW� ZLW� DOO�XQLW� GLVFRXQW� L� WKD� WK� UHWDLOHU
� 

WRWD� RXWOD� MXPS� GRZ� D� T� ZKLF� LPSOLH� WKD� SXUFKDVH� D� KLJKH� TXDQWLWLH� FD� E� FKHDSH� 

WKD� SXUFKDVH� D� ORZH� TXDQWLWLHV� 7KL� SURSHUW� L� HDVLO� LOOXVWUDWH� ZLW� WK� KHO� R� )LJXU� �� 

&RQWUDFW� ZLW� DOO�XQLW� GLVFRXQW� KDY� UDLVH� DQWLWUXV� FRQFHUQ� WKD� WKH� PD� E� H[FOXVLRQDU� 
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T C  Fi gure 3: A l l– u ni ts d iscount  

qq 

w 

λw 

ZKH� XVH� E� GRPLQDQ� nUP� EHFDXV� WK� GRZQZDU� GLVFRQWLQXLW� L� WK� WRWD� RXWOD� VFKHGXO� �D� 

� L� )LJXU� �� DOOHJHGO� XQIDLUO� LQGXFH� WK� UHWDLOH� W� SURPRW� WK� VDO� R� WK� PDQXIDFWXUHU
� 

SURGXF� D� WK� H[SHQV� R� VPDOOH� FRPSHWLWRU� ZK� PD� QR� E� DEO� W� RmH� VXF� SRWHQWLDOO� ODUJ� 

UHEDWHV��� ,QGHHG� WK� HmHFWLY� PDUJLQD� ZKROHVDO� SULF� L� WKHV� FRQWUDFW� D� WK� WDUJH� TXDQWLW� 

L� QHJDWLYH� ZKLF� XQGH� VRP� GHnQLWLRQ� R� SUHGDWLR� PLJK� E� FRQVWUXH� D� SUHGDWRU� SULFLQJ� 

7K� DQWLWUXV� FRQFHUQ� DU� DO� WK� PRU� VWULNLQ� L� WKL� LQVWDQF� EHFDXVH� XQWL� QRZ� Q� HpFLHQF� 

UDWLRQDO� KD� EHH� RmHUH� W� H[SODL� WK� XV� R� DOO�XQLW� GLVFRXQWV� ,� FRQWUDVW� FRQWUDFW� ZLW� WZR� 

SDU� WDULmV� DQ� LQFUHPHQWDO�XQLW� GLVFRXQWV� ZKLF� PD� DOV� JLY� ULV� W� VLPLOD� FRQFHUQV� KDY� 

HpFLHQF� UDWLRQDOH� DQ� WKX� WHQ� W� E� WUHDWH� ID� PRU� OHQLHQWO\� ,� RX� ELODWHUD� PRQRSRO� 

VHWWLQJ� ZKHU� H[FOXVLRQDU� PRWLYH� DU� DEVHQW� Z� KDY� VHH� WKD� WKHV� ODWWH� W\SH� R� FRQWUDFW� 

FD� VROY� WK� GRXEOH�PDUJLQDOL]DWLR� SUREOHP� UDLVLQ� nU� SURnW� DQ� ORZHULQ� SULFH� IR� FRQVXPHUV� 

:� QR� VKR� WKD� FRQWUDFW� ZLW� DOO�XQLW� GLVFRXQW� FD� DOV� VROY� WK� GRXEOH�PDUJLQDOL]DWLR� 

SUREOHP� 7� EHJLQ� FRQVLGH� WK� VH� R� FRQWUDFW� WKD� RmH� D� LQLWLD� ZKROHVDO� SULF� R� S���� � 

GLVFRXQWH� ZKROHVDO� SULF� R� wS���� ZKHU� � � � � � 
S�� � �F�� @� DQ� � TXDQWLW� WKUHVKKRO� R� T� �F�� 

S��� S��� 

�� 7K� (XURSHD� &RPPLVVLR� KD� EURXJK� VHYHUD� FDVH� DJDLQV� XSVWUHD� nUP� IRU� DPRQ� RWKH� WKLQJV� RmHULQ� 
DOO�XQLW� GLVFRXQW� L� WKHL� FRQWUDFWV� 7� RX� NQRZOHGJH� WK� 8�6� DQWLWUXV� DJHQFLH� KDY� QR� H[SOLFLWO� FRQGHPQH� 
FRQWUDFW� ZLW� DOO�XQLW� GLVFRXQWV� DOWKRXJ� WKHL� FRQFHUQ� DU� VLPLOD� �VH� 7RP� %DOWR� DQ� $YHULWW� ������ 
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Fi gure 4: A l l– u ni ts d iscount  Fi gure 5: A l l– u ni ts d iscount  
(λw  = p(q * (c)))  (λw  =  c)  
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q ^ 
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q* (c) q q* (c) q 

� � S���� L� T � T� �F�� � 
� �T� � ��� � � wS���� L� � � T� �F�� 

:LW� WKHV� FRQWUDFWV� WK� UHWDLOH� ZRXO� QHYH� SXUFKDV� OHV� WKD� T� �F� EHFDXV� D� � SHU�XQL� SULF� 

R� S��� LW� FRV� ZRXO� H[FHH� LW� UHYHQXH� DQ� Z� NQR� E� WK� GHnQLWLR� R� T� �F� WKD� WK� UHWDLOH� 

ZRXO� QHYH� SXUFKDV� PRU� WKD� T� �F� EHFDXV� wS��� � � LPSOLH� WKD� T� �wS���� � T� �F�� 7KXV� WK� 

FRQWUDFW� L� ��� LQGXF� WK� UHWDLOH� W� FKRRV� � � T� �F�� UHDOL]LQ� WK� LQWHJUDWH� RXWFRPH� :KH� � 

S�� � �F��L� D� LW� XSSH� ERXQ� R� � D� Z� LOOXVWUDW� L� )LJXU� �� WK� PDQXIDFWXUH� HDUQ� DO� WK� VXUSOXV� 
S��� 

:KH� � L� D� LW� ORZH� ERXQ� R� � � D� Z� LOOXVWUDW� L� )LJXU� �� WK� UHWDLOH� HDUQ� DO� WK� VXUSOXV� 
S��� 

,QWHUPHGLDW� OHYHO� R� � UHoHF� � PRU� EDODQFH� VKDULQ� R� WK� RYHUDO� VXUSOXV� ,� DO� FDVHV� TXDQWLW� 

L� KLJKH� DQ� FRQVXPH� SULFH� DU� ORZH� WKD� XQGH� OLQHD� SULFLQ� ZLW� GRXEO� PDUJLQDOL]DWLRQ� 

3URSRVLWLR� � &RQWUDFW� ZLW� DOO�XQLW� GLVFRXQW� FD� VROY� WK� SUREOH� R� GRXEO� PDUJLQDOL]DWLRQ� 

3URSRVLWLR� � LPSOLH� WKD� WK� LQWHJUDWH� RXWFRP� FD� E� DFKLHYH� HYH� L� WK� UHWDLOHU
� DYHUDJ� 

SHU�XQL� SULF� L� WK� VDP� D� LW� PDUJLQD� SULFH� 7KL� IHDWXU� R� WK� FRQWUDF� PDNH� DOO�XQLW� 

GLVFRXQW� DSSHD� PRU� VLPLOD� W� OLQHD� SULFLQJ� ZKLF� FDQQR� LQGXF� WK� LQWHJUDWH� RXWFRPH� WKD� 

RWKH� TXDQWLW� GLVFRXQ� VFKHPHV� ZKLF� GLVWLQJXLV� EHWZHH� LQIUDPDUJLQD� DQ� PDUJLQD� SD\PHQWV� 
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7KH FRQWUDFWV LQ ��� LQGXFH WKH LQWHJUDWHG RXWFRPH EHFDXVH WKH TXDQWLW\ WKUHVKKROG Te�F� HmHF�

WLYHO\ FDSV WKH UHWDLOHU
V SULFH WR FRQVXPHUV DW S�Te�F����� 7KH SULFH LV HmHFWLYHO\ FDSSHG EHFDXVH

LI WKH UHWDLOHU ZHUH WR FKDUJH PRUH WKDQ S�Te�F��� LW ZRXOG QRW EH DEOH WR VHOO Te�F� XQLWV DQG WKXV

ZRXOG QRW TXDOLI\ IRU WKH WDUJHW UHEDWH� 2I FRXUVH� WKH UHWDLOHU DOVR GRHV QRW ZDQW WR FKDUJH OHVV

WKDQ S�Te�F�� EHFDXVH� XQGHU WKH FRQWUDFWV LQ ���� LW QHYHU ZDQWV WR VHOO PRUH WKDQ Te�F� XQLWV �WKLV

IROORZV EHFDXVH WKH UHWDLOHU
V ZKROHVDOH SULFH LV HYHU\ZKHUH ZHDNO\ ODUJHU WKDQ F�� ,I WKH PDQXIDF�

WXUHU PDNHV D WDNH�LW�RU�OHDYH�LW RmHU� WKH GRXEOH�PDUJLQDOL]DWLRQ SUREOHP LV VROYHG E\ HOLPLQDWLQJ

WKH UHWDLOHU
V PDUNXS� ,I WKH UHWDLOHU PDNHV D WDNH�LW�RU�OHDYH�LW RmHU� WKH GRXEOH PDUJLQDOL]DWLRQ

SUREOHP LV VROYHG E\ HOLPLQDWLQJ WKH PDQXIDFWXUHU
V PDUNXS� 2WKHUZLVH� WKH FRQWUDFWV LQ ��� HQVXUH

WKDW WKH VXP RI WKH nUPV
 PDUNXSV LV HTXDO WR WKH PDUNXS WKDW DQ LQWHJUDWHG nUP ZRXOG KDYH� 7R

WKH H[WHQW WKDW ERWK nUPV KDYH VRPH EDUJDLQLQJ SRZHU� WKHUH ZLOO EH DJUHHPHQW RQ WKH TXDQWLW\

WKUHVKKROG� Te�F�� EXW GLVDJUHHPHQW RQ WKH SHUFHQWDJH GLVFRXQW Rm OLVW SULFH� 7KH PDQXIDFWXUHU

ZLOO SUHIHU D ORZHU SHUFHQWDJH GLVFRXQW� ZKLOH WKH UHWDLOHU ZLOO SUHIHU D KLJKHU SHUFHQWDJH GLVFRXQW�

,,, 7KH FDVH RI XQFHUWDLQ GHPDQG

7KH DQDO\VLV WKXV IDU KDV DVVXPHG WKDW FRQVXPHU GHPDQG LV NQRZQ E\ ERWK nUPV DW WKH WLPH

RI FRQWUDFWLQJ� ,Q WKLV VHFWLRQ� ZH H[WHQG WKH PRGHO WR DOORZ IRU GHPDQG XQFHUWDLQW\� 7KLV LV DQ

LPSRUWDQW FDVH WR FRQVLGHU IRU DW OHDVW WZR UHDVRQV� )LUVW� LQ SUDFWLFH� FRQVXPHU GHPDQG RIWHQ YDULHV

GHSHQGLQJ RQ WKH VWDWH RI QDWXUH� DQG WKXV LW LV UHDOLVWLF WR DVVXPH WKDW GHPDQG PD\ VRPHWLPHV

EH XQSUHGLFWDEOH� )RU H[DPSOH� VDOHV RI LFH�FUHDP DQG FROG GULQNV ZLOO EH KLJKHU ZKHQ WKH ZHDWKHU

LV ZDUP� DQG ORZHU ZKHQ WKH ZHDWKHU LV FROG� EXW DSULRUL QHLWKHU D PDQXIDFWXUHU QRU LWV UHWDLOHUV

PD\ NQRZ DW WKH WLPH RI FRQWUDFWLQJ ZKLFK VWDWH ZLOO RFFXU� 6HFRQG� WKH PRGHO DV \HW GRHV QRW

KDYH SUHGLFWLYH SRZHU WR H[SODLQ ZK\ RQH FRQWUDFW IRUP PD\ EH FKRVHQ RYHU DQRWKHU� ZKHUHDV WKH

H[WHQGHG PRGHO ZLWK GHPDQG XQFHUWDLQW\ GRHV� $V ZH VKDOO VHH� WKH HTXLYDOHQFH DPRQJ WZR�SDUW

WDULmV� LQFUHPHQWDO�XQLWV GLVFRXQWV� DQG DOO�XQLWV GLVFRXQWV QR ORQJHU KROGV LQ WKLV ODWWHU FDVH�

:H DVVXPH� IRU VLPSOLFLW\� WKDW FRQVXPHU GHPDQG FDQ WDNH RQH RI WZR IRUPV� ,W PD\ EH KLJK

RU ORZ GHSHQGLQJ RQ WKH VWDWH RI QDWXUH� 7KH ORZ�GHPDQG VWDWH RI QDWXUH RFFXUV ZLWK SUREDELOLW\

��$ VLPLODU LGHD PRWLYDWHV WKH XVH RI PD[LPXP UHVDOH SULFH PDLQWHQDQFH �D YHUWLFDO UHVWUDLQW LQ ZKLFK D UHVDOH
SULFH�FHLOLQJ LV LPSRVHG RQ WKH UHWDLOHU� DV D VROXWLRQ WR WKH SUREOHP RI GRXEOH PDUJLQDOL]DWLRQ�

��



� � >�� �� DQ� WK� KLJK�GHPDQ� VWDW� R� QDWXU� RFFXU� ZLW� SUREDELOLW� �� b m�� :� GHQRW� WK� 

ORZ�GHPDQ� VWDW� E� ?/� DQ� WK� KLJK�GHPDQ� VWDW� E� ?+�� 7K� UHWDLOH� IDFH� WK� LQYHUV� GHPDQ� 

� � S/�T� XQGH� VWDW� � DQ� WK� LQYHUV� GHPDQ� � � S� �T� XQGH� VWDW� +� ZLW� S� �c� � S/�c�� 

/H� 5L�T� � SL�T�� GHQRW� WK� UHWDLOHU
� UHYHQX� IUR� WK� VDO� R� � � � XQLW� R� WK� JRR� L� WK� 

LW� VWDW� R� QDWXUH� ZKHU� � � I/� +J� 2X� DVVXPSWLRQ� R� LQYHUV� GHPDQG� LPSO� WKD� WK� UHWDLOHU
� 

UHYHQX� L� WK� KLJK�GHPDQ� VWDW� L� ZHDNO� ODUJH� WKD� WK� UHWDLOHU
� UHYHQX� L� WK� ORZ�GHPDQ� 

VWDW� IR� � JLYH� TXDQWLW� VROG� 5� �T� � 5/�T�� :� DOV� PDN� WK� IROORZLQ� DVVXPSWLRQ� R� 5L�T�� 

#� 5L�T� #5� �T� #5/�T� 
� �� ! � ��� 

#T� #� #� 

7K� nUV� DVVXPSWLR� L� ��� LPSOLH� WKD� WK� UHWDLOHU
� UHYHQX� L� HDF� VWDW� L� FRQFDY� �WKL� HQVXUH� 

WKD� nU� L
� PDUJLQD� UHYHQX� L� GRZQZDU� VORSLQJ�� 7K� VHFRQ� DVVXPSWLR� L� ��� LPSOLH� WKD� WK� 

UHWDLOHU
� PDUJLQD� UHYHQX� L� WK� KLJK�GHPDQ� VWDW� L� DOZD\� JUHDWH� WKD� LW� PDUJLQD� UHYHQX� L� 

WK� ORZ�GHPDQ� VWDW� �WKL� SURSHUW� L� VRPHWLPH� UHIHUUH� W� D� WK� VLQJOH�FURVVLQ� FRQGLWLRQ�� 

7K� WLPLQ� R� WK� JDP� L� D� IROORZV� ,� WK� nUV� VWDJH� WK� PDQXIDFWXUH� VSHFLnH� WK� WHUP� D� 

ZKLF� L� ZLO� VHO� LW� JRR� W� WK� UHWDLOHU� ,� GRH� V� ZLWKRX� NQRZLQ� ZKHWKH� FRQVXPH� GHPDQ� 

ZLO� E� KLJ� R� ORZ� ,� WK� VHFRQ� VWDJH� WK� XQFHUWDLQW� L� UHVROYH� DQ� WK� UHWDLOH� UHDOL]H� WK� 

QDWXU� R� WK� GHPDQ� L� IDFHV� 7K� UHWDLOH� WKH� FKRRVH� ZKHWKH� W� SXUFKDV� DQ� KR� PXF� W� 

SXUFKDV� IUR� WK� PDQXIDFWXUHU� DQ� SD\� WK� PDQXIDFWXUH� DFFRUGLQ� W� WK� WHUP� R� LW� FRQWUDFW� 

7K� UHWDLOH� UHVHOO� WKL� TXDQWLW� W� nQD� FRQVXPHUV� HDUQLQ� UHYHQX� 5L�T�� ZKHU� � � +� � L� WK� 

VWDW� R� QDWXUH� :� VROY� WK� JDP� EDFNZDUGV� XVLQ� VXEJDP� SHUIHFWLR� D� RX� VROXWLR� FRQFHSW� 

:� DVVXP� WK� PDQXIDFWXUH� FDQQR� FRQWUDF� R� WK� VWDW� R� QDWXU� �L� L� FRXOG� Z� DU� EDF� 

W� WK� PRGH� L� WK� SUHYLRX� VHFWLRQ�� DQ� V� FDQQR� SUHYHQ� � UHWDLOH� IDFLQ� RQ� GHPDQ� VWDW� 

IUR� SUHWHQGLQ� WKD� DQRWKH� GHPDQ� VWDW� KD� RFFXUUHG� 7KXV� WK� PDQXIDFWXUH� PXV� FKRRV� LW� 

FRQWUDF� L� VWDJ� RQ� W� LQGXF� WK� UHWDLOH� W� UHYHD� WK� WUX� VWDW� R� GHPDQ� L� VWDJ� WZR��� 

7KL� VLWXDWLR� KD� EHH� VWXGLH� L� WK� OLWHUDWXU� R� VHOI�VHOHFWLR� DQ� SULF� GLVFULPLQDWLR� �L� 

RX� PRGHO� WK� PDQXIDFWXUH� RmHU� � PHQ� R� RSWLRQ� W� WK� UHWDLOH� DQ� SULFH� WK� PHQ� V� D� 

�� ,� ZKD� IROORZV� Z� DVVXP� WKD� WK� PDQXIDFWXUH� ZDQW� W� VHUY� ERW� UHWDLOH� W\SHV� 7KD� LV� Z� DVVXP� 
WKD� VHOOLQ� W� WK� KLJK�GHPDQ� UHWDLOH� RQO� L� OHV� SURnWDEO� WKD� VHOOLQ� W� ERW� W\SHV� 6H� 6DODQ� ������ IR� � 
FKDUDFWHUL]DWLR� R� WK� QHFHVVDU� DQ� VXpFLHQ� FRQGLWLRQ� IR� GLVFULPLQDWLR� W� E� RSWLPD� IR� WK� WZR�W\S� FDVH� 
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W� LQGXF� WK� UHWDLOH� W� UHYHD� WK� VWDW� R� GHPDQ� E� WK� RSWLR� L� VHOHFWV���� &RQYHQWLRQD� ZLV� 

GR� L� WKD� ��� WK� UHWDLOH� ZLO� HDU� ]HU� VXUSOX� L� WK� ORZ�GHPDQ� VWDW� DQ� SRVLWLY� VXUSOX� 

L� WK� KLJK�GHPDQ� VWDWH� DQ� ��� WK� PDQXIDFWXUH� ZLO� GLVWRU� GRZQZDU� WK� TXDQWLW� FKRVH� E� 

� ORZ�GHPDQ� UHWDLOHU� EX� QR� WK� TXDQWLW� FKRVH� E� � KLJK�GHPDQ� UHWDLOHU��� :� ZLO� VKR� 

WKHV� UHVXOW� XVLQ� WK� PDQXIDFWXUHU
� SURnW�PD[LPL]LQ� PHQ� R� WZR�SDU� WDULmV� RU� HTXLYDOHQWO\� 

LQFUHPHQWDO�XQLW� GLVFRXQW� D� � EHQFKPDUN� :� ZLO� WKH� FRPSDU� FRQVXPH� SULFH� DQ� VRFLD� 

ZHOIDU� XQGH� WKL� EHQFKPDU� ZLW� WKRV� R� WK� PDQXIDFWXUHU
� RSWLPD� PHQ� R� DOO�XQLW� GLVFRXQWV� 

0HQ� R� WZR�SDU� WDULmV� LQFUHPHQWDO�XQLW� GLVFRXQ� 

6XSSRV� WK� PDQXIDFWXUH� RmHU� � PHQ� R� WZR�SDU� WDULm� ��Z/� )/�� �Z� � )� ��� ZKHU� Z� 

GHQRWH� WK� SHU�XQL� SULF� DQ� )� L� WK� n[H� IHH� ZLW� �Z/� )/� PHDQ� IR� WK� UHWDLOH� IDFLQ� OR� 

GHPDQ� DQ� �Z� � )� � PHDQ� IR� WK� UHWDLOH� IDFLQ� KLJ� GHPDQG� /H� T
� �Z� GHQRW� WK� ORZ�GHPDQ� /

T

UHWDLOHU
� TXDQWLW� FKRLF� L� L� IDFH� � SHU�XQL� SULF� R� � DQ� SXUFKDVH� � SRVLWLY� TXDQWLW\� DQ� OH� 

� �Z� E� GHnQH� VLPLODUO\� L�H�� T� �Z� VROYH� #5L�T� � Z� 7KH� WK� PDQXIDFWXUHU
� SUREOH� L� � L #� 

PD� m�Z� � F�T� �Z/� � �� � m��Z� � F�T� �Z� � � m)� � �� � m�)� � ���/ � 
Z/�Z� �)/�)� 

VXEMHF� W� WK� ORZ�GHPDQ� UHWDLOH� FKRRVLQ� � SRVLWLY� TXDQWLW� XQGH� �Z/� )/�� 

5/�T
� 

/�Z/� � )� � �� ���/�Z/�� � Z/T
� 

DQ� WK� KLJK�GHPDQ� UHWDLOH� FKRRVLQ� W� SXUFKDV� XQGH� �Z� � )� � UDWKH� WKD� �Z/� )/��
�� 

5� �T
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� �Z� � � )� � 5� �T
� �Z/�� � Z/T

� �Z/� � )/� ���+ � + � 

2X� DVVXPSWLRQ� R� WK� UHYHQX� IXQFWLRQV� DQ� WK� IDF� WKD� WK� PD[LPDQ� L� ��� L� LQFUHDVLQ� 

L� )� DQ� )� LPSO� WKD� WKHV� WZ� FRQVWUDLQW� ZLO� E� ELQGLQJ� 6SHFLnFDOO\� L� IROORZ� WKD� )� 

ZLO� E� FKRVH� W� VDWLVI� ��� ZLW� HTXDOLW\� DQ� WKD� )� ZLO� E� FKRVH� W� VDWLVI� ��� ZLW� HTXDOLW\� 

�� 6HH� IR� H[DPSOH� :LOOL� ������� 6SHQF� ������ ������ 5REHUW� ������� *ROGPDQ� /HODQG� DQ� 6LEOH� ������� 0DVNL� 
DQ� 5LOH� ������� DQ� WK� H[FHOOHQ� VXUYH� R� VHFRQG�GHJUH� SULF� GLVFULPLQDWLR� L� 7LURO� ������� SS� �������� 

�� 7KL� UHVXO� GHSHQG� R� WK� DVVXPSWLR� WKD� WK� UHWDLOHU
� GHPDQ� L� WK� KLJK�GHPDQ� VWDW� L� LQGHSHQGHQ� R� LW� 
GHPDQ� L� WK� ORZ�GHPDQ� VWDWH� 2UGRYH� DQ� 3DQ]D� ������ VKR� WKD� L� WK� GHPDQG� DFURV� VWDWH� R� QDWXUH� R� 
DPRQ� GLmHUHQ� W\SH� R� FRQVXPHUV� DU� LQWHUUHODWHG� WKH� � GLVWRUWLR� PD� DULV� HYH� L� WK� KLJK�GHPDQ� VWDWH� 

�� 7Z� FRQVWUDLQW� DU� VXSSUHVVHG� � KLJK�GHPDQ� UHWDLOH� PXV� SXUFKDV� � SRVLWLY� TXDQWLW\� DQ� � ORZ�GHPDQ� 
UHWDLOH� PXV� SXUFKDV� XQGH� �Z� � )/� UDWKH� WKD� �Z� � )� � �WKHV� FRQVWUDLQW� DU� WULYLDOO� VDWLVnHG�� 

�� 



L�H�� WKH ORZ�GHPDQG UHWDLOHU ZLOO SXVKHG WR LQGLmHUHQFH EHWZHHQ SXUFKDVLQJ D SRVLWLYH TXDQWLW\

DQG QRW SXUFKDVLQJ� DQG WKH KLJK�GHPDQG UHWDLOHU ZLOO EH SXVKHG WR LQGLmHUHQFH EHWZHHQ FKRRVLQJ

D TXDQWLW\ XQGHU FRQWUDFW �Z+ � )+� DQG FKRRVLQJ D TXDQWLW\ XQGHU FRQWUDFW �Z/� )/�� 7KXV� D

ORZ�GHPDQG UHWDLOHU ZLOO HDUQ ]HUR SURnW ZKLOH D KLJK�GHPDQG UHWDLOHU ZLOO HDUQ SRVLWLYH SURnW���

6XEVWLWXWLQJ WKH n[HG IHHV WKDW VDWLVI\ ��� DQG ��� ZLWK HTXDOLW\ LQWR WKH PD[LPDQG� DQG DV�

VXPLQJ WKH QHZ PD[LPDQG LV FRQFDYH LQ Z/ DQG Z+ � ZH KDYH WKDW WKH RSWLPDO Z+ DQG Z/ VROYH
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Figure 6:  M enu of tw o-part tar i f f s Fig u re  7:  M enu o f al l -u n its d isco u nts  
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OLQ� EHJLQQLQ� D� � � R� WK� YHUWLFD� D[LV� ZLW� VORS� Z� � F� 7K� FRVW�PLQLPL]LQ� RXWOD� IR� DQ\
+ � 

TXDQWLW� WK� UHWDLOH� PLJK� SXUFKDV� L� JLYH� E� WK� ORZH� HQYHORS� R� WKHV� WZ� OLQHV� ZLW� � NLQN� 

SRLQ� D� aT� ZKLF� L� LPSOLFLWO� GHnQH� E� Z� aT� � � � FaT� � � � ,� GHPDQ� WXUQ� RX� W� E� ORZ� WKH
/ � � 

UHWDLOH� ZLO� FKRRV� T� �Z� � IUR� WKL� HQYHORS� DQ� SD� WK� PDQXIDFWXUH� � � � 6LQF� ��� L� VDWLVnHG
/ / /

ZLW� HTXDOLW\� L� IROORZ� WKD� WK� UHWDLOH� L� WKL� FDV� L� LQGLmHUHQ� EHWZHH� SXUFKDVLQ� T� �Z� � DQG
/ /

]HUR� HDUQLQ� SURn� {�  �� ,� GHPDQ� WXUQ� RX� W� E� KLJK� WK� UHWDLOH� ZLO� FKRRV� T� �F� IURP
/ � 

WKL� HQYHORS� DQ� SD� WK� PDQXIDFWXUH� � � � 6LQF� ��� L� VDWLVnH� ZLW� HTXDOLW\� L� IROORZ� WKD� WKH
� 

UHWDLOH� L� WKL� FDV� L� LQGLmHUHQ� EHWZHH� SXUFKDVLQ� T� �F� DQ� T� �Z� �� HDUQLQ� SURn� {� � ��
+ + / � 

6LQF� WK� UHWDLOH� ZLO� RQO� FKRRV� SRLQW� IUR� DORQ� WK� ORZH� HQYHORS� R� WK� PHQ� R� WZR�SDU� 

WDULmV� D� GHSLFWH� L� )LJXU� � �WK� FRVW�PLQLPL]LQ� RXWOD\�� WK� PDQXIDFWXUH� FRXO� LQVWHD� KDY� 

LQGXFH� WK� VDP� SURnW�PD[LPL]LQ� RXWFRP� ZLW� � VLQJO� FRQWUDF� WKD� WUDFH� RX� WKL� FXUYH� 

� � Z� � � � � L� T � aT�� / � 

� ,� �T� � ���� � � F�� � aT� � Z� aT � � � L� � � aT�
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:LW� WKL� FRQWUDFW� WK� UHWDLOH� IDFH� � SHU�XQL� SULF� R� Z� IR� DO� XQLW� SXUFKDVH� X� W� aT� )RU
� 

LQFUHPHQWD� XQLW� SXUFKDVH� EH\RQ� aT� WK� UHWDLOH� SD\� � SHU�XQL� SULF� R� F� ,� GHPDQ� L� ORZ� WK� 
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UHWDLOH� SXUFKDVH� T� �Z� � DQ� SD\� WK� PDQXIDFWXUH� 7 � � ,� GHPDQ� L� KLJK� WK� UHWDLOH� SXUFKDVH� 
/ / /

T� �F� DQ� SD\� WK� PDQXIDFWXUH� 7 � � 6LQF� WK� TXDQWLWLH� DQ� SD\PHQW� DU� WK� VDP� D� L� WK� 
+ +

FDV� R� WK� SURnW�PD[LPL]LQ� PHQ� R� WZR�SDU� WDULmV� L� IROORZ� WKD� HDF� nUP
� SURn� ZLO� DOV� 

E� WK� VDPH� 7KL� HVWDEOLVKH� WKD� FRQWUDFW� ZLW� LQFUHPHQWDO�XQLW� GLVFRXQW� FD� REWDL� WK� VDP� 
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:� QR� VKR� WKD� WKHU� H[LVW� � FRQWUDF� ZLW� DOO�XQLW� GLVFRXQW� WKD� LQGXFH� WK� UHWDLOH� W� 
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ZKH� IDFH� ZLW� FRQWUDF� 7$� �T�� WK� UHWDLOH� ZLO� QHYH� SXUFKDV� T � T/
e �Z� 

/� EHFDXV� D� � SHU�XQL� 

SULF� R� S� ��� LW� PDUJLQD� UHYHQX� L� HYHU\ZKHU� EHOR� LW� PDUJLQD� FRVW� 6HFRQG� Z� QRW� WKD� 

�� 7$� �T� ! 7 ,� �T����7$� �T� � 7 ,� �T� D� � � Te e �� 7KLUG� Z� QRW� WKD� IR� DO� T ! T/�Z
e e�Z/

7KHV� REVHUYDWLRQ� LPSO� WKD� WK� UHWDLOH� ZLO� FKRRV� T

/ /

� DQ� SD� 7 � 

� 
e � 

/�Z ZKH� WK� ORZ�GHPDQ� /

/�T� b 7 ,� �T��e eVWDW� RFFXUV� 5HFDO� WKD� T �Z �  DU� PD[� 5 +HQFH� L� PXV� DOV� E� WK� FDV� WKD� /

/�T� b 7$� �T�� 

/

� 

/�Z
� 

/�  DU� PD[� 5 $� WKL� TXDQWLW\� WK� ORZ�GHPDQ� UHWDLOH� HDUQ� ]HU� SURnW� T

e7KHVH REVHUYDWLRQV DOVR LPSO\ WKDW WKH UHWDLOHU ZLOO FKRRV� T� �F� DQ� SD� 7
� 

� � � ZKH� WK� KLJK� 

� �T� b 7 ,� �T� DQ� 7 ,� �T� 
� 

� �F�  DU� PD[� 5
eGHPDQ� VWDW� RFFXUV� 7� VH� WKLV� UHFDO� WKD� T �F�� � 

�F�� b 7$� �T

� �F��
� 

�F�� ! 5� �T� b 7$� �T�� IR� DO� � �� T7 � 

� 
e � 

� 
� 

� �F�� EHFDXV� � 7KHQ� L� IROORZ� WKD� 5� �T� 

� �F�� b 7$� �Te e� 

� �F�� b 7 ,� �T� �F�� b � 

! 5� �T� b 7 ,� �T� L� � � +� T

� �T � 5� �T5

e �F� 

w 5� �T� b 7$� �T� IR� DO� � w T� /�Z
� 

/�� 

ZKHU� WK� nUV� LQHTXDOLW� IROORZ� EHFDXV� � L� DUELWUDULO� VPDOO� DQ� WK� VHFRQ� LQHTXDOLW� IROORZ� 

EHFDXV� 7$� �T� w 7 ,� �T� L� WK� UHOHYDQ� UDQJH� $� Te �F�� WK� KLJK�GHPDQ� UHWDLOH� HDUQ� SRVLWLY� � 

SURnW� EX� QR� D� PXF� D� L� ZRXO� KDY� HDUQH� L� WK� PDQXIDFWXUH� KD� RmHUH� WK� FRQWUDF� 7 ,� �T�� 

6LQF� WK� PDQXIDFWXUH� HDUQ� 7 � 

� 
� 

/�Z
� 

/� ZKH� WK� ORZ�GHPDQ� VWDW� RFFXUV� DQ� 7 � 

� � qbb FT

� ZKH� WK� KLJK�GHPDQ� VWDW� RFFXUV� LW� H[SHFWH� SD\R� XQGH� FRQWUDF� 7$� �T� L� FT� � �Z
� 

� 

{$� � m�7 � 

� b FT ee� 

/�Z � �Z� ��� 

&RPSDULQ� {$� DQ� {�3� � Z� VH� WKD� {$� � {�3� ��� b m�q� ZKLF� LPSOLH� WKD� WK� PDQXIDFWXUH� 

HDUQ� KLJKH� SURn� XQGH� WK� DOO�XQLW� GLVFRXQ� FRQWUDF� L� ����� 4�(�'� 

7K� PDQXIDFWXUH� FD� H[WUDF� � KLJKH� SURn� ZLW� D� DOO�XQLW� GLVFRXQ� FRQWUDF� EHFDXV� VXF� 
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FKDUJ� KLJKH� SULFH� IR� DO� TXDQWLWLH� JUHDWH� WKD� T� �Z� � ZKLO� VWLO� LQGXFLQ� � UHWDLOH� L� WK� KLJK� 
/ /

GHPDQ� VWDW� W� SXUFKDV� T� �F�� $� FD� E� VHH� IUR� )LJXU� �� WK� UHWDLOH� L� WK� KLJK�GHPDQ� 
� 

VWDW� FDQQR� UHDF� WK� VDP� LVRSURn� FXUY� WKD� L� GL� L� )LJXU� � EHFDXV� WK� SURnWDELOLW� R� 
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� SUREOHP� 

7KH� L� PXV� E� WKD� � UHWDLOH� L� WK� KLJK�GHPDQ� VWDW� ZLO� FKRRV� Te� �Ze� � we� � Te� �  T� �F��� + + � � 

3URRI� 6H� WK� DSSHQGL[� 

3URSRVLWLR� � HVWDEOLVKH� WKD� � UHWDLOH� L� WK� KLJK�GHPDQ� VWDW� ZLO� FKRRV� WK� LQWHJUDWH� 

TXDQWLW\� ZKLF� L� WK� VDP� TXDQWLW� WKD� � KLJK�GHPDQ� UHWDLOH� ZRXO� FKRRV� XQGH� WK� PDQX� 

IDFWXUHU
� SURnW�PD[LPL]LQ� PHQ� R� WZR�SDU� WDULmV� 7KXV� WK� ZHOIDU� FRPSDULVR� EHWZHH� WK� 

SURnW�PD[LPL]LQ� PHQ� R� WZR�SDU� WDULm� DQ� WK� SURnW�PD[LPL]LQ� PHQ� R� DOO�XQLW� GLVFRXQW� 

ZLO� GHSHQ� VROHO� R� WK� UHODWLR� EHWZHH� WK� TXDQWLWLH� SXUFKDVH� E� WK� ORZ�GHPDQ� UHWDLOH� 

L� WK� WZ� FDVHV� )UR� WK� PDQXIDFWXUHU
� SUREOH� L� ����^����� Z� VH� WKDW� L� WK� FDV� R� WK� 

SURnW�PD[LPL]LQ� PHQ� R� DOO�XQLW� GLVFRXQWV� WK� PDQXIDFWXUH� ZLO� ZDQ� W� GLVWRU� GRZQZDU� WK� 

TXDQWLW� SXUFKDVH� E� � UHWDLOH� L� WK� ORZ�GHPDQ� VWDWH� 7KHU� DU� WZ� VXEFDVH� W� FRQVLGHU� 

3URSRVLWLR� � /H� �Ze� � we� � Te� �� �Ze� � we� � Te� � E� � VROXWLR� W� WK� PDQXIDFWXUHU
� SUREOHP� � / � + + � 

7KH� L� PXV� E� WKD� L� T� �we� Ze� � ! Te� � WKH� Te� �Ze� � we� � Te� � VROYHV+ / � � / / / � 

#5/�T� #S/�T� 
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#5/�T� 
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#5� �T� 

�  �� ���� 
#� #� #� 

3URRI� 6H� WK� DSSHQGL[� 

3URSRVLWLR� � FKDUDFWHUL]H� WK� PDQXIDFWXUHU
� FKRLF� R� Te� � DQ� KHQF� WK� UHWDLOHU
� LQGXFH� � 

FKRLF� Te� �Ze� � we� � Te� �� IR� WK� WZ� VXEFDVH� WKD� DULV� GHSHQGLQ� R� ZKHWKH� R� QR� � UHWDLOH� � / / � 

L� WK� KLJK�GHPDQ� VWDW� ZRXO� E� FRQVWUDLQH� E� Te� L� L� SXUFKDVH� XQGH� FRQWUDF� 7/�T�� $V� 

WK� OLQHDU�GHPDQ� H[DPSOH� EHOR� PDN� FOHDU� WKL� ZLO� GHSHQ� R� H[RJHQRX� SDUDPHWHU� WKD� GH� 

WHUPLQ� WK� JD� EHWZHH� FRQVXPHUV� LQYHUV� GHPDQG� L� WK� OR� DQ� KLJ� GHPDQ� VWDWHV� ,� WK� 

KLJK�GHPDQ� UHWDLOH� ZRXO� E� XQFRQVWUDLQH� E� Te� � WKH� Te� PXV� VROY� ����� ,� WK� KLJK�GHPDQ� / � 

UHWDLOH� ZRXO� E� FRQVWUDLQH� E� Te� � WKH� Te� PXV� VROY� ����� ,� ERW� FDVHV� Z� VH� WKD� Te� � DQ� / � � 
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KHQF� Te� �Ze� � we� � Te� �� ZLO� E� OHV� WKD� T� �F�� WK� LQWHJUDWH� TXDQWLW� L� WK� ORZ�GHPDQ� VWDWH� � / / � 

7K� ZHOIDU� HmHFW� R� DOO�XQLW� GLVFRXQW� 

7� GHWHUPLQ� ZKHWKH� ZHOIDU� L� KLJKH� ZLW� DOO�XQLW� GLVFRXQW� R� ZLW� WZR�SDU� WDULmV� Z� FRPSDU� 

WK� ORZ�GHPDQ� UHWDLOHU
� TXDQWLW� FKRLF� D� FKDUDFWHUL]H� L� 3URSRVLWLR� � ZLW� LW� TXDQWLW� FKRLF� 

XQGH� WK� SURnW�PD[LPL]LQ� PHQ� R� WZR�SDU� WDULmV� T� �Z� �� ZKHU� Z� L� FKDUDFWHUL]H� L� ����� / / � 

6XEFDV� �� T� �we� Ze� � ! Te� + / � � 

,� Z� HYDOXDW� WK� OHIW�KDQ� VLGH� R� ���� DQ� ���� D� T� �Z� � DQ� Z� UHVSHFWLYHO\� VXEWUDF� ���� / / � 
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� 
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,� IROORZ� WKD� L� T� �we� Ze� � ! Te� � V� WKD� WK� FRQGLWLR� L� ���� DSSOLHV� DQ� L� WK� OHIW�KDQ� VLG� + / � � 

R� ���� L� GHFUHDVLQ� L� T� WKH� Te� �Ze� � we� � Te� � ! T� �Z� � L� DQ� RQO� L� ���� L� SRVLWLYH� � / / � / /

T� �we� Ze� � � Tee6XEFDV� �� + / � � 

,� Z� HYDOXDW� WK� OHIW�KDQ� VLGH� R� ���� DQ� ���� D� T� �Z� � DQ� Z� UHVSHFWLYHO\� VXEWUDF� ���� / / � 

IUR� ����� DQ� XV� ����� DQ� WK� IDF� WKD� UHWDLOH� RSWLPDOLW� LPSOLH� 

#5/�T
� �Z� �� #5+�T

� �Z� ��/ / + /� � 
#� #� 

WKH� WK� OHIW�KDQ� VLG� R� ���� FD� E� ZULWWH� D� 
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,� IROORZ� WKD� L� T� �we� Ze� � � Te� � V� WKD� WK� FRQGLWLR� L� ���� DSSOLHV� DQ� L� WK� OHIW�KDQ� VLG� + / � � 

R� ���� L� GHFUHDVLQ� L� T� WKH� Te� �Ze� � we� � Te� � ! T� �Z� � L� DQ� RQO� L� ���� L� SRVLWLYH� � / / � / /
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/LQHD� 'HPDQG� 

:LW� OLQHD� GHPDQGV� WK� OHIW�KDQ� VLGH� R� ���� DQ� ���� DU� GHFUHDVLQ� L� T� LPSO\LQ� WKD� WK� 

VLJQ� R� ���� DQ� ���� VXpF� W� GHWHUPLQ� ZKHWKH� WK� ORZ�GHPDQ� UHWDLOHU
� TXDQWLW� FKRLF� XQGH� 

WK� SURnW�PD[LPL]LQ� PHQ� R� DOO�XQLW� GLVFRXQW� L� JUHDWH� WKDQ� OHV� WKDQ� R� HTXD� W� WK� ORZ� 

GHPDQ� UHWDLOHU
� TXDQWLW� FKRLF� XQGH� WK� SURnW�PD[LPL]LQ� PHQ� R� WZR�SDU� WDULmV� 6LQF� WK� 

KLJK�GHPDQ� UHWDLOHU
� TXDQWLW� FKRLF� L� WK� VDP� IR� ERWK� Z� KDY� WK� IROORZLQ� SURSRVLWLRQ� 

3URSRVLWLR� � 6XSSRV� FRQVXPH� GHPDQG� DU� OLQHD� DQ� � � �� 7KHQ� L� T� �we� Ze� � ! Te� �+ / � � 

FRQVXPH� ZHOIDU� L� KLJKH� �ORZHU� ZLW� DOO�XQLW� GLVFRXQW� WKD� ZLW� WZR�SDU� WDULm� L� DQ� RQO� L� 

��T� �Z� � b T� �Z� �� � ��� T� �S/�T
� �Z� ���� ���� + / / / � / /

2WKHUZLVH� L� T� �we� Ze� � � Te� � FRQVXPH� ZHOIDU� L� KLJKH� �ORZHU� L� DQ� RQO� L� + / � � 

#� 5� �T� #� 5/�T� 
� ��� � ���� 
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#T� 
 � 
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LQW� ����� $QG� ZLW� 

#� 5L�T�OLQHD� GHPDQGV� ���� IROORZ� E� QRWLQ� WKD� � � � I+� /J� DU� FRQVWDQW� L� ����� 4�(�'�
#T� 

$� Z� QR� VKRZ� FRQVXPH� ZHOIDU� FD� E� KLJKHU� WK� VDPH� R� ORZH� ZLW� DOO�XQLW� GLVFRXQW� 

GHSHQGLQ� R� WK� IXQFWLRQD� IRU� R� GHPDQG� 7KL� FD� E� PRV� HDVLO� VHH� ZKH� FRQVXPHUV� GH� 

PDQ� L� WK� KLJ� DQ� OR� GHPDQ� VWDWH� DU� VXpFLHQWO� FORV� WKD� T� �we� Ze� � � Te� � ,� WKL� FDVH� + / � � 

���� LPSOLH� WKD� FRQVXPH� ZHOIDU� L� KLJKH� �ORZHU� L� DQ� RQO� L� WK� VORS� R� WK� PDUJLQDO�UHYHQX� 

FXUY� L� WK� KLJK�GHPDQ� VWDW� L� ODUJH� �VPDOOHU� WKD� WK� VORS� R� WK� PDUJLQDO�UHYHQX� FXUY� L� 

WK� ORZ�GHPDQ� VWDWH� 7K� WKUH� SRVVLEO� RXWFRPH� DU� LOOXVWUDWH� EHOR� L� )LJXUH� �� �� DQ� ��� 

([DPSO� L� ZKLF� ZHOIDU� L� KLJKH� ZLW� DOO�XQLW� GLVFRXQW� 

6XSSRV� WK� LQYHUV� GHPDQG� DU� JLYH� E� SL�T� � � b 
t
� 

� 
� ZKHU� � � I+� /J DQ� t� ! t/� V� WKDW� 

ZKH� SORWWH� �VH� )LJXU� ��� WK� LQYHUV� GHPDQ� L� HYHU\ZKHU� oDWWH� L� WK� KLJK�GHPDQ� VWDWH� 

6LQF� WKL� LPSOLH� WKD� WK� FRUUHVSRQGLQ� PDUJLQDO�UHYHQX� FXUY� L� HYHU\ZKHU� oDWWH� L� WK� KLJK� 

GHPDQ� VWDWH� L� IROORZ� LPPHGLDWHO� IUR� ���� WKDW� ZKH� T� �we� Ze� � � Te� � FRQVXPH� SULFH� DU� + / � � 
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F igure 8 : W elf are is higher w i th F igure 9 : W elf are i s the sam e or 

a 

p p 

aθL 

aθH 

 al l -uni ts di scounts 

pi(q)  = a – q 
θi 

p i(q) = aθi  –  q  

h ig her  w  i th al l -u ni ts di sco unts  

pH (q) pH (q) 

pL (q) pL (q) 

aθL aθH q aθL
aθH q 

ORZH� DQ� VRFLD� ZHOIDU� L� KLJKH� ZLW� DOO�XQLW� GLVFRXQW� WKD� ZLW� WZR�SDU� WDULmV� $� Z� VKR� 

L� WK� DSSHQGL[� � VLPLOD� FRQFOXVLR� DOV� KROG� ZKH� ���� DSSOLHV� L�H�� ZKH� T� �we� Ze� � ! Te� �+ / � � 

7KL� FDV� PLJK� DULVH� IR� H[DPSOH� L� WK� GLmHUHQFH� L� WK� KLJ� DQ� ORZ�GHPDQ� VWDWH� FRUUH� 

VSRQ� W� GLmHUHQFH� L� WK� SRSXODWLR� VL]� R� � PDUNH� ZLW� Q� FKDQJ� L� WK� HODVWLFLW� R� GHPDQG� 

)R� H[DPSOH� VXSSRV� WK� PDQXIDFWXUH� VHOO� � SURGXF� L� � ORFDO� WKD� GHSHQG� R� WRXULVP� ZKLF� 

L� WXU� GHSHQG� R� WK� ZHDWKH� �WRXULV� L� KLJKH� ZKH� WK� ZHDWKH� L� JRR� DQ� ORZH� ZKH� WK� 

ZHDWKH� L� EDG�� 7KH� RQ� FD� WKLQ� R� WK� KLJK�GHPDQ� VWDW� D� FRUUHVSRQGLQ� W� D� LQFUHDV� L� 

WK� SRSXODWLR� VL]� R� � PDUNH� UHODWLY� W� WK� ORZ�GHPDQ� VWDW� ZLW� Q� FKDQJ� L� WK� XQGHUO\LQ� 

GLVWULEXWLR� R� FRQVXPH� SUHIHUHQFHV� $� WK� FKRN� SULFH� WK� TXDQWLW� GHPDQGH� L� HLWKH� VWDW� L� 

]HUR� EX� IR� DQ� SULF� ZLW� SRVLWLY� GHPDQG� WK� KLJK�GHPDQ� TXDQWLW� L� � PXOWLSO� R� WK� ORZ� 

GHPDQ� TXDQWLW� UHoHFWLQ� LW� ODUJH� SRSXODWLR� VL]H� ,� L� SODXVLEO� WKD� D� WK� WLP� R� FRQWUDFWLQJ� 

WK� PDQXIDFWXUH� PD� QR� NQR� ZKHWKH� WK� ZHDWKH� ZLO� E� JRR� R� EDG� DQ� V� L� PXV� RmH� � 

PHQ� R� RSWLRQ� W� WK� UHWDLOH� W� LQGXF� VHOI�VHOHFWLRQ� 2X� nQGLQJ� LPSO� WKD� DQWLWUXV� DXWKRULWLH� 

ZRXO� E� ZURQ� W� IRUEL� DOO�XQLW� GLVFRXQW� L� WKL� FDV� EHFDXVH� L� DGGLWLR� W� WK� PDQXIDFWXUHU
� 

SURn� EHLQ� KLJKH� ZLW� DOO�XQLW� GLVFRXQWV� FRQVXPH� VXUSOX� DQ� VRFLD� ZHOIDU� ZLO� DOV� E� KLJKHU� 

��




([DPSO� L� ZKLF� ZHOIDU� L� WK� VDP� R� KLJKH� ZLW� DOO�XQLW� GLVFRXQW� 

6XSSRV� WK� LQYHUV� GHPDQG� DU� JLYH� E� SL�T� � Dt� b T� ZKHU� � � I+� /J DQ� t� ! t/� :KH� 

SORWWH� �VH� )LJXU� ��� Z� VH� WKD� WK� LQYHUV� GHPDQG� L� WK� WZ� VWDWH� R� QDWXU� DU� SDUDOOHO� 

6LQF� WKL� LPSOLH� WKD� WK� FRUUHVSRQGLQ� PDUJLQDO�UHYHQX� FXUYH� ZLO� DOV� E� SDUDOOHO� L� IROORZ� 

LPPHGLDWHO� IUR� ���� WKDW� ZKH� T� �we� Ze� � � Te� � FRQVXPH� SULFH� DQ� VRFLD� ZHOIDU� ZLO� E� + / � � 

XQFKDQJH� ZLW� DOO�XQLW� GLVFRXQWV� +RZHYHU� D� Z� VKR� L� WK� DSSHQGL[� L� WK� GLmHUHQFH� EHWZHH� 

GHPDQ� VWDWH� DU� VXpFLHQWO� ODUJ� WKD� T� �we� Ze� � ! Te� � WKH� FRQVXPH� SULFH� ZLO� DOZD\� E� + / � � 

ORZH� DQ� VRFLD� ZHOIDU� ZLO� DOZD\� E� KLJKH� ZLW� DOO�XQLW� GLVFRXQW� WKD� ZLW� WZR�SDU� WDULmV� 

7KL� FDV� PLJK� DULVH� IR� H[DPSOH� L� ERW� WK� PDUNH� VL]� DQ� FRQVXPHUV� ZLOOLQJQHVV�WR�SD� 

DU� DmHFWH� E� WK� VWDW� R� QDWXUH� )R� H[DPSOH� ZLW� FRO� GULQN� DQ� LF� FUHDP� FRQVXPHU� PD� 

E� ZLOOLQ� W� FRQVXP� PRU� DQ� SD� � KLJKH� SULF� ZKH� WK� ZHDWKH� L� ZDU� WKD� ZKH� L� L� FROG� 

2X� nQGLQJ� LPSO� WKD� DQWLWUXV� DXWKRULWLH� ZRXO� E� ZURQ� W� IRUEL� DOO�XQLW� GLVFRXQW� L� WKL� 

FDV� EHFDXV� WKH� FRQVXPH� VXUSOX� DQ� VRFLD� ZHOIDU� ZRXO� HLWKH� E� XQDmHFWH� R� ZRXO� GHFUHDVH� 

([DPSO� L� ZKLF� ZHOIDU� L� ORZH� ZLW� DOO�XQLW� GLVFRXQW� 

6XSSRV� WK� LQYHUV� GHPDQG� DU� JLYH� E� SL�T� � tL�� b TL�� ZKHU� � � I+� /J DQ� t� ! t/� V� 

WKDW� ZKH� SORWWH� �VH� )LJXU� ���� WK� LQYHUV� GHPDQ� L� HYHU\ZKHU� VWHHSH� L� WK� KLJK�GHPDQ� 

VWDWH� 6LQF� WKL� LPSOLH� WKD� WK� FRUUHVSRQGLQ� PDUJLQDO�UHYHQX� FXUY� L� HYHU\ZKHU� VWHHSH� L� 

WK� KLJK�GHPDQ� VWDWH� L� IROORZ� LPPHGLDWHO� IUR� ���� WKDW� ZKH� T� �we� Ze� � � Te� � FRQVXPH� + / � � 

SULFH� DU� KLJKH� DQ� VRFLD� ZHOIDU� L� ORZH� ZLW� DOO�XQLW� GLVFRXQW� WKD� ZLW� WZR�SDU� WDULmV� $� 

Z� VKR� L� WK� DSSHQGL[� � VLPLOD� FRQFOXVLR� KROG� ZKH� ���� DSSOLHV� L�H�� ZKH� T� �we� Ze� � ! Te� �+ / � � 

7KL� FDV� PLJK� DULVH� IR� H[DPSOH� L� WK� GLmHUHQFH� L� WK� KLJ� DQ� ORZ�GHPDQ� VWDWH� FRUUH� 

VSRQ� W� GLmHUHQFH� L� FRQVXPHUV� LQFRPHV� )R� H[DPSOH� VXSSRV� WK� PDQXIDFWXUH� VHOO� � SURGXF� 

IR� ZKLF� GHPDQ� GHSHQG� SULPDULO� R� FRQVXPHUV� GLVFUHWLRQDU� LQFRPH� ,� JRR� WLPHV� FRQ� 

VXPHU� ZLO� KDY� PRU� W� VSHQG� ZKLO� L� UHFHVVLRQDU� WLPHV� FRQVXPHU� ZLO� KDY� OHV� W� VSHQG� 

7KXV� ZKH� WK� SURGXFW
� SULF� L� ]HUR� GHPDQ� L� WK� VDP� L� WK� WZ� VWDWH� R� QDWXUH� EX� D� WK� 

SURGXFW
� SULF� LQFUHDVHV� GHPDQ� L� HYHU\ZKHU� KLJKH� L� WK� VWDW� R� WK� ZRUO� ZKHU� FRQVXPHU� L� 

DJJUHJDW� KDY� KLJKH� LQFRPHV� ,� WKL� FDVH� L� L� SODXVLEO� WKD� D� WK� WLP� R� FRQWUDFWLQJ� WK� PDQX� 
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Figure 10 : W elf are is low er  w i th al l -units di scounts 

p 

q 

aθL 

aθH 

a 

p i(q) = θi (a –  q )  

pH (q) 

pL (q) 

IDFWXUH� PD� QR� NQR� ZKLF� VWDW� R� WK� ZRUO� ZLO� RFFXU� 2X� nQGLQJ� LPSO� WKDW� L� WKL� LQVWDQFH� 

DOO�XQLW� GLVFRXQW� ZLO� OHD� W� ORZH� FRQVXPH� VXUSOX� DQ� VRFLD� ZHOIDU� UHODWLY� W� WZR�SDU� WDULmV� 

7KXV� ZLW� WKHV� WKUH� H[DPSOHV� Z� KDY� VKRZ� WKD� VRFLD� ZHOIDU� FD� E� KLJKHU� WK� VDPH� 

R� ORZH� ZLW� DOO�XQLW� GLVFRXQW� FRPSDUH� W� � EHQFKPDU� R� WZR�SDU� WDULmV� ,� GHPDQ� L� OLQHDU� 

DQ� WK� GHPDQ� FXUYH� L� WK� GLmHUHQ� VWDWH� R� QDWXU� KDY� � FRPPR� YHUWLFD� LQWHUFHSW� R� DU� 

YHUWLFD� WUDQVODWLRQ� R� HDF� RWKH� �L�H� SDUDOOH� VKLIWV�� WKH� Z� KDY� VKRZ� WKD� DOO�XQLW� GLVFRXQW� 

OHD� W� WK� VDP� R� ORZH� FRQVXPH� SULFH� DQ� DU� ZHOIDU� LPSURYLQJ� ,� FRQWUDVW� L� GHPDQ� L� 

OLQHDU� DQ� WK� GHPDQ� FXUYH� L� WK� GLmHUHQ� VWDWH� R� QDWXU� KDY� � FRPPR� KRUL]RQWD� LQWHUFHSW� 

WKH� Z� KDY� VKRZ� WKD� DOO�XQLW� GLVFRXQW� OHD� W� KLJKH� FRQVXPH� SULFH� DQ� GHFUHDV� ZHOIDUH� 

� &RQFOXVLR� 

� GLVFXVVLR� R� WK� FRPSHWLWLY� HmHFW� R� DOO�XQLW� GLVFRXQW� KD� XQWL� QR� EHH� OHI� W� SROLF\PDNHU� 

DQ� OHJD� VFKRODUV� ZK� LQYDULDEO� FRQFOXG� WKD� WK� GLVFRXQW� DU� H[FOXVLRQDU\� 2� WK� RQ� KDQG� 

L� L� QR� VXUSULVLQ� WKD� DOO�XQLW� GLVFRXQW� DU� YLHZH� ZLW� VXVSLFLR� EHFDXV� L� VHHP� RG� WKD� � 

PDQXIDFWXUH� ZRXO� HYH� ZDQ� W� FKDUJ� OHV� IR� � ODUJH� RUGH� L� LW� LQWHQWLR� L� EHQLJQ� 2� WK� 

RWKH� KDQG� SROLF\PDNHU� DQ� OHJD� VFKRODU� KDY� RYHUORRNH� SODXVLEO� HpFLHQF� UDWLRQDOHV� 
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,� WKL� SDSHU� Z� KDY� RmHUH� D� HpFLHQF� UDWLRQDO� IR� WK� XV� R� DOO�XQLW� GLVFRXQW� L� UHWDL� 

FRQWUDFWV� ,� SDUWLFXODU� Z� VKRZH� L� � ELODWHUD� PRQRSRO� VHWWLQ� WKD� DOO�XQLW� GLVFRXQW� FD� 

DULV� L� WK� DEVHQF� R� DQ� H[FOXVLRQDU� PRWLYH� :� FRPSDUH� DQ� FRQWUDVWH� DOO�XQLW� GLVFRXQW� 

W� RWKH� TXDQWLW\�GLVFRXQ� VFKHPHV� VXF� D� WZR�SDU� WDULm� DQ� LQFUHPHQWDO�XQLW� GLVFRXQWV� DQ� 

VKRZH� WKDW� ZKH� GHPDQ� L� GHWHUPLQLVWLF� DOO�XQLW� GLVFRXQW� DU� HTXDOO� DGHS� D� VROYLQ� WK� 

GRXEO� PDUJLQDOL]DWLR� SUREOH� WKD� DULVH� ZLW� OLQHD� SULFLQ� ZKH� UHWDLOHU� KDY� PDUNH� SRZHU� 

$QG� ZKH� UHWDLOHU� KDY� SULYDW� LQIRUPDWLR� DERX� GHPDQG� Z� VKRZH� WKD� DOO�XQLW� GLVFRXQW� 

FD� \LHO� VWULFWO� KLJKH� SURn� IR� WK� PDQXIDFWXUH� �ORZH� SURn� IR� WK� UHWDLOHU� WKD� WK� SURnW� 

PD[LPL]LQ� PHQ� R� WZR�SDU� WDULm� R� LQFUHPHQWDO�XQLW� GLVFRXQW� &RPSDUH� W� OLQHD� SULFLQJ� 

DOO�XQLW� GLVFRXQW� DU� ZHOIDU� LPSURYLQJ� &RPSDUH� W� � EHQFKPDU� R� WZR�SDU� WDULmV� WKHU� H[LV� 

HQYLURQPHQW� L� ZKLF� DOO�XQLW� GLVFRXQW� FD� OHD� W� KLJKH� R� ORZH� FRQVXPH� SULFH� L� HTXLOLEULXP� 

2X� UHVXOW� VXJJHV� WKD� L� PLJK� E� SRVVLEO� W� GHWHUPLQ� ZKH� DOO�XQLW� GLVFRXQW� DU� OLNHO� 

W� E� ZHOIDU� LPSURYLQ� DQ� ZKH� QRW� ,� WK� FRQWH[� R� RX� ELODWHUD� PRQRSRO� VHWWLQJ� Z� nQ� 

WKD� ZLW� OLQHD� GHPDQG� WK� IRUPH� FDV� L� PRU� OLNHO� ZKH� WK� XQFHUWDLQW� DERX� GHPDQ� L� RYH� 

SRSXODWLR� VL]� �WRXULVP�� R� ZKH� RQ� GHPDQ� VWDW� L� � YHUWLFD� WUDQVODWLR� R� DQRWKHU� ZKLO� WK� 

ODWWH� FDV� L� PRU� OLNHO� ZKH� WK� XQFHUWDLQW� DSSOLH� W� DJJUHJDW� FRQVXPHUV� LQFRPHV� 

7KHV� UHVXOW� VXJJHV� WKD� � PRU� FDXWLRX� DSSURDF� VKRXO� E� WDNH� L� DQWLWUXV� HQIRUFHPHQ� 

DJDLQV� DOO�XQLW� GLVFRXQWV� 7K� ELD� WKD� FXUUHQWO� H[LVW� DJDLQV� DOO�XQLW� GLVFRXQW� DSSHDU� W� E� 

XQMXVWLnHG� ,� WK� DEVHQF� R� WUDGLWLRQD� SHUFXUVRU� R� SRWHQWLD� PDUNH� IRUHFORVXUH� VXF� D� WK� 

PDQXIDFWXUH� HQJDJLQ� L� SUHGDWRU� SULFLQ� E� SULFLQ� DOO�XQLW� EHOR� PDUJLQD� FRV� �0DU� DQ� 

6KDmHU� ������ R� ODUJ� n[H� FRVW� WKD� JLY� ULV� W� VLJQLnFDQ� HFRQRPLH� R� VFDO� �5DVPXVH� HW� DO� 

����� DQ� 6HJD� DQ� :KLQVWRQ� ������ R� WK� H[LVWHQF� R� ORQJ�WHU� FRQWUDFW� WKD� H[SOLFLWO� VSHFLI� 

H[FOXVLY� GHDOLQ� �$JKLR� DQ� %ROWRQ� ����� R� RWKHUZLV� FRQGLWLR� TXDQWLW� VRO� R� WK� UHWDLOHU
� 

SXUFKDVH� R� FRPSHWLWRUV� SURGXFWV� Z� VXJJHV� WKD� WKHV� GLVFRXQW� FD� E� ZHOIDU� LPSURYLQ� 

L� � ZLG� YDULHW� R� FLUFXPVWDQFHV� $� � VROXWLR� W� WK� GRXEO� PDUJLQDOL]DWLR� SUREOH� WKH� 

XQDPELJXRXVO� OHD� W� ORZH� SULFH� DQ� KLJKH� ZHOIDUH� $� � PHDQ� R� LQGXFLQ� VHFRQG�GHJUH� SULF� 

GLVFULPLQDWLRQ� WKH� PD� OHD� W� KLJKH� R� ORZH� SULFH� WKD� RWKH� TXDQWLW\�GLVFRXQ� VFKHPHV� 
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7� SURY� /HPP� �� Z� PXV� VKR� WKD� ���� DQ� ���� DU� VDWLVnH� ZLW� HTXDOLW� D� �Ze� � we� � Te� ��� / � 

�Ze� � we� � Te� �� :� SURFHH� E� FRQWUDGLFWLRQ� 6XSSRV� nUV� WKD� �Ze� � we� � Te� �� �Ze� � we� � Te� � DU� + + � / / � + + � 

VXF� WKD� ���� L� QR� VDWLVnH� ZLW� HTXDOLW\� 7KH� L� PXV� E� WKD� WK� SURn� WK� PDQXIDFWXUH� 

HDUQ� L� WK� KLJK�GHPDQ� VWDWH� 7� �T
e� �Ze� � we� � Te� �� b FTe� �Ze� � we� � Te� �� L� OHV� WKD� l� � ZKHU� � + + � � + + � 

l� s 5� �T
e� �Ze� � we� � Te� �� b FTe� �Ze� � we� � Te� � b 5� �T

e� �Ze� � we� � Te� �� � 7/�T
e� �Ze� � we� � Te� ���+ + + � + + + � + / / � + / / � 

7� VKR� WK� PDQXIDFWXUH� KD� � SURnWDEO� GHYLDWLRQ� FRQVLGH� D� DOWHUQDWLY� PHQ� R� FRQWUDFW� 

�Ze� � we� � Te� �� �S� ���� wA� � T
e� �Ze� � we� � Te� ��� ZKHU� � / � � + + � 

5� �T
e� �Ze� � we� � Te� �� b 5� �T

e� �Ze� � we� � Te� �� � 7/�T
e� �Ze� � we� � Te� �� 

wA� � 
+ + + � + / / � + / / � � �$��� 

S� ���T
e� �Ze� � we� � Te� �� + + � 

:LW� WKHV� FRQWUDFWV� WKHU� L� Q� FKDQJ� L� WK� PDQXIDFWXUHU
� SURn� L� WK� ORZ�GHPDQ� VWDW� DQ� 

WK� FRQVWUDLQ� L� ���� L� VDWLVnH� �WK� RSWLR� PHDQ� IR� WK� ORZ�GHPDQ� UHWDLOH� L� XQFKDQJHG�� 7� 

VH� WKD� WK� FRQVWUDLQ� L� ���� L� VDWLVnHG� QRW� WKD� EHFDXV� �Ze� � we� � Te� � L� WK� VDP� WK� ULJKW� � / � 

KDQ� VLG� L� XQFKDQJHG� DQ� EHFDXV� WK� UHWDLOH� FD� DOZD\� FKRRV� Te� �Ze� � we� � Te� �� WK� OHIW�KDQ� � + + � 

�Ze� e� � Te� w� T
e� �Ze� e� � TeeVLG� PXV� E� D� OHDV� D� ODUJ� D� 5� �T

e� � w �� b S� ���A � w �� ,� IROORZ� WKD� � + + � � + + � 

WK� FRQVWUDLQ� L� ���� L� VDWLVnH� DQ� WKX� WKD� WK� PDQXIDFWXUHU
� SURn� L� WK� KLJK�GHPDQ� VWDW� 

�Ze� e� � TeeL� �S� ���wA� b F��  l+
� 

� l� � IR� DO� � � Te� � w �� 6LQF� WK� KLJK�GHPDQ� 
Te� �Ze� �we� �Te� � � + + � 
� + + � 

UHWDLOH� ZRXO� QHYH� SXUFKDV� OHV� WKD� Te� �Ze� � we� � Te� � XQGH� WK� QH� PHQ� R� FRQWUDFW� �EHFDXV� � + + � 

LW� SHU�XQL� SULF� R� S� ��� ZRXO� E� SURKLELWLYHO� KLJK�� L� IROORZ� WKD� WK� PDQXIDFWXUH� ZLO� HDU� 

SURn� R� D� OHDV� l� L� WK� KLJK�GHPDQ� VWDWH� 7KXV� WK� GHYLDWLR� L� SURnWDEOH� FRQWUDGLFWLQ� WK� 

VXSSRVLWLR� WKD� �Ze� � we� � Te� �� �Ze� � we� � Te� � DU� VXF� WKD� ���� L� QR� VDWLVnH� ZLW� HTXDOLW\� � / � + + � 

1R� VXSSRV� �Ze� � we� � Te� �� �Ze� � we� � Te� � DU� VXF� WKD� ���� L� QR� VDWLVnH� ZLW� HTXDOLW\� 7KH� � / � + + � 

L� PXV� E� WKD� WK� SURn� WK� PDQXIDFWXUH� HDUQ� L� WK� ORZ�GHPDQ� VWDWH� 7/�T
e� �Ze� � we� � Te� �� b� / / � 

FTe� �Ze� � we� � Te� �� L� OHV� WKD� l/� ZKHU� l� s 5/�T
e� �Ze� � we� � Te� �� b FTe� �Ze� � we� � Te� ��� / / � � / / � � / / � 

7� VKR� WK� PDQXIDFWXUH� KD� � SURnWDEO� GHYLDWLRQ� FRQVLGH� D� DOWHUQDWLY� PHQ� R� FRQWUDFW� 

�Ze� � we� � Te� �� �S� ���� wA/� T
e� �Ze� � we� � Te� ��� ZKHU� + + � � / / � 

5/�T
e� �Ze� e� � Te� 

wA� � 
/ � � w/ � �� � �$��� 

S� ���Te� �Ze� � we� � Te� �� / / � 

��




:LW� WKHV� FRQWUDFWV� WKHU� L� Q� FKDQJ� L� WK� PDQXIDFWXUHU
� SURn� L� WK� KLJK�GHPDQ� VWDW� 

DQ� WK� FRQVWUDLQ� L� ���� L� VDWLVnH� �WK� PHQ� PHDQ� IR� WK� KLJK�GHPDQ� UHWDLOH� L� XQFKDQJHG� 

DQ� L� L� QR� PRU� FRVWO� W� PLPL� WK� ORZ�GHPDQ� UHWDLOHU�� 7� VH� WKD� WK� FRQVWUDLQ� L� ���� 

L� VDWLVnHG� QRW� WKD� EHFDXV� WK� UHWDLOH� FD� DOZD\� FKRRV� Te� �Ze� � we� � Te� �� WK� OHIW�KDQ� VLG� � / / � 

e� e� � Te� w/T
e� �Ze� e� � TeePXV� E� D� OHDV� D� ODUJ� D� 5/�T

e� �Z � w �� b S� ���A � w �� ,� IROORZ� WKD� WK� � / / � � / / � 

FRQVWUDLQ� L� ���� L� VDWLVnH� DQ� WKX� WKD� WK� PDQXIDFWXUHU
� SURn� L� WK� ORZ�GHPDQ� VWDW� L� 

� 
Te� ee e� � Tee�S� ���wA� b F��  l� �Ze� �we� � w l/� IR� DO� � w � �Z� � w/ � �� 6LQF� WK� ORZ�GHPDQ� UH� Te� �Te� 

� / / � 

WDLOH� ZRXO� QHYH� SXUFKDV� OHV� WKD� Te� �Ze� � we� � Te� � XQGH� WK� QH� PHQ� R� FRQWUDFW� �EHFDXV� LW� � / / � 

SHU�XQL� SULF� R� S� ��� ZRXO� E� SURKLELWLYHO� KLJK�� L� IROORZ� WKD� WK� PDQXIDFWXUH� ZLO� HDU� SURn� 

R� D� OHDV� l� L� WK� ORZ�GHPDQ� VWDWH� 7KXV� WK� GHYLDWLR� L� SURnWDEOH� FRQWUDGLFWLQ� WK� VXSSR� 

VLWLR� WKD� �Ze� � we� � Te� �� �Ze� � we� � Te� � DU� VXF� WKD� ���� L� QR� VDWLVnH� ZLW� HTXDOLW\� 4�(�'�� / � + + � 
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:� NQR� IUR� /HPP� � WKD� ���� PXV� E� VDWLVnH� ZLW� HTXDOLW� D� �Ze� � we� � Te� �� �Ze� � we� � Te� ��� / � + + � 

7KL� LPSOLH� WKD� Ze� w S/��� EHFDXV� RWKHUZLV� � UHWDLOH� L� WK� ORZ�GHPDQ� VWDW� FRXO� HDU� � 

SRVLWLY� SURn� E� SXUFKDVLQ� T � Te� IR� VRP� T� *LYH� Ze� w S/���� /HPP� � DOV� LPSOLH� WKD� / � 

ee e� ee e� ee� S/�T
eew� Z/ � � EHFDXV� L� w� Z� � S/�T� �� � UHWDLOH� L� WK� ORZ�GHPDQ� VWDW� FRXO� HDU� SRVLWLY� 

SURn� E� SXUFKDVLQ� � � Te� � DQ� L� we� Ze� ! S/�T
e� �� � UHWDLOH� L� WK� ORZ�GHPDQ� VWDW� ZRXO� � / / � 

HDU� QHJDWLY� SURn� IR� DO� T � �� *LYH� Ze� w S/��� DQ� we� Ze� � S/�T
e� �� L� IROORZ� WKD� WK� � / / � 

UHWDLOH� FKRRVH� Te� �Ze� � we� � Te� � � Te� EHFDXV� IR� DO� RWKH� T ! � L� ZRXO� HDU� QHJDWLY� SURnW� � / / � � 

7� nQLV� WK� SURRI� L� UHPDLQ� RQO� W� HVWDEOLV� WKD� Te� �Ze� � we� � Te� � � Te� � :� NQR� IUR� � + + � � 

/HPP� � WKD� ���� PXV� E� VDWLVnH� ZLW� HTXDOLW� D� �Ze� � we� � Te� �� �Ze� � we� � Te� �� 7KL� LPSOLH� � / � + + � 

WKD� Ze� PXV� E� VXF� WKD� PD[T�Te� 5� �T� b Ze� � � .� ZKHU� � L� WK� ULJKW�KDQ� VLG� R� ���� � � � 

e� e� � TeeHYDOXDWH� D� �Z� � w/ � �� EHFDXV� RWKHUZLV� � UHWDLOH� L� WK� KLJK�GHPDQ� VWDW� ZRXO� VWULFWO� 

SUHIH� W� SXUFKDV� T � Te� IR� VRP� � XQGH� FRQWUDF� 7� �T� WKD� SXUFKDV� XQGH� FRQWUDF� 7/�T��� 

e� e� Ze� 5� �T� b weeZee*LYH� Z� � /HPP� � DOV� LPSOLH� WKD� w+ � PXV� E� VXF� WKD� PD[TwTe� + � � � � 
� 

EHFDXV� RWKHUZLV� � UHWDLOH� L� WK� KLJK�GHPDQ� VWDW� ZRXO� VWULFWO� SUHIH� W� SXUFKDV� � � 

PD[ITee� T� �we� Ze� �J XQGH� FRQWUDF� 7� �T� WKD� SXUFKDV� XQGH� FRQWUDF� 7/�T�� )LQDOO\� /HPP� � � + � 
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� LPSOLH� WKD� D� OHDV� RQ� R� WKHV� WZ� LQHTXDOLWLH� PXV� E� VDWLVnH� ZLW� HTXDOLW� EHFDXV� RWK� 

HUZLV� � KLJK�GHPDQ� UHWDLOH� ZRXO� VWULFWO� SUHIH� W� SXUFKDV� XQGH� FRQWUDF� 7/�T�� ,� IROORZ� 

WKD� Tee�Ze� � we� � Te� � � IT� �Ze� ��PD[ITe� � T� �weeZe� �JJ L� ERW� LQHTXDOLWLH� DU� VDWLVnH� ZLW� � + + � + � + + + � 

HTXDOLW\� Tee�Ze� � we� � Te� � � T� �Ze� � L� RQO� WK� nUV� LQHTXDOLW� L� VDWLVnH� ZLW� HTXDOLW\� DQ� � + + � + � 

Te� �Zee� we� � Te� �  PD[ITee� T� �we� Ze� �J L� RQO� WK� VHFRQ� LQHTXDOLW� L� VDWLVnH� ZLW� HTXDOLW\� � � + � + + + � 

7� QDUUR� WK� SRVVLELOLWLHV� VXSSRV� Te� �Ze� � we� � Te� � � T� �Ze� �� 7KH� WK� PDQXIDFWXUH� HDUQ� � + + � + � 

SURn� Ze� T� �Ze� � b FT� �Ze� � � 5� �T
� �Zee�� b FT� �Ze� � b � L� WK� KLJK�GHPDQ� VWDWH� 6LQF� + + + + � + � + � 

T� �Ze� � � T� �F� EHFDXV� Ze� ! F� WKL� SURn� L� OHV� WKD� 5� �T
� �F��b FT� �F�b .� WK� SURn� L� FRXO� + + + � + � 

HDU� L� WK� KLJK�GHPDQ� VWDW� E� FKRRVLQ� Z� VXF� WKD� PD[T�T
� 
5� �T� b Z� T � .� w� Z� VXF� 

WKD� 5� �T
� �F�� b w� Z� T

� �F� � .� DQ� T� � T� �F�� 7KXV� WKHU� L� � SURnWDEO� GHYLDWLRQ� FRQWUD� + � � 

GLFWLQ� WK� VXSSRVLWLR� WKD� Tee�Ze� � we� � Te� � � T� �Ze� �� 6XSSRV� Te� �Ze� � we� � Te� � � T� �weeZe� ��� + + � + � � + + � + + � 

7KHQ� VLQF� we� Ze� ! F� LPSO\LQ� WKD� T� �we� Ze� � � T� �F�� WK� VDP� DUJXPHQ� DOV� HVWDEOLVKH� WK� + � + + + � 

H[LVWHQF� R� � SURnWDEO� GHYLDWLRQ� 7KXV� L� PXV� E� WKD� Te� �Ze� � wee� Tee� � Tee� 4�(�'�� + + � � 
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7� SURY� 3URSRVLWLR� �� Z� PXV� VKR� WKD� Tee�Ze� � we� � Te� � � T� �F�� 7K� SURR� L� E� FRQWUDGLFWLRQ� � + + � � 

8VLQ� /HPP� �� Z� FD� ZULW� WK� PDQXIDFWXUHU
� PD[LPL]H� SURn� D� 
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eem�5/�T
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� � w
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6XSSRV� Te� �Zee� we� � Te� � T� �F�� 7KHQ� VLQF� T� �F�  DU� PD[� 5� �T� b FT� LW PXVW EH WKD� � �+ + + + � � 

WK� PDQXIDFWXUHU
� SURn� L� �$��� L� OHV� WKD� la� � ZKHU� 

s m�5/�T
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eela+ � � w

e� �� b FTe� � � w
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7� VKR� WK� PDQXIDFWXUH� KD� � SURnWDEO� GHYLDWLRQ� FRQVLGH� D� DOWHUQDWLY� PHQ� R� FRQWUDFW� 

�Ze� � we� � Te� �� �S� ���� wa� � T
� �F��� ZKHU� / / � � 
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:LW� WKHV� FRQWUDFWV� WKHU� L� Q� FKDQJ� L� WK� PDQXIDFWXUHU
� SURn� L� WK� ORZ�GHPDQ� VWDW� DQ� 

WK� FRQVWUDLQ� L� ���� L� VDWLVnH� �WK� RSWLR� PHDQ� IR� WK� ORZ�GHPDQ� UHWDLOH� L� XQFKDQJHG�� $OVR� 

EHFDXV� �Ze� � we� � Te� � L� WK� VDPH� WK� ULJKW�KDQ� VLG� R� ���� L� XQFKDQJHG� DQ� EHFDXV� WK� UHWDLOH� � / � 

FD� DOZD\� FKRRV� T� �F�� WK� OHIW�KDQ� VLG� PXV� E� D� OHDV� D� ODUJ� D� 5� �T
� �F��b S� ���wA� T

� �F��� + � 

,� IROORZ� WKD� WK� FRQVWUDLQ� L� ���� L� VDWLVnH� DQ� WKX� WKD� WK� PDQXIDFWXUHU
� SURn� L� WK� 

KLJK�GHPDQ� VWDW� L� �S� ���wa� b F�T� IR� DO� � w T� �F�� 6LQF� WK� KLJK�GHPDQ� UHWDLOH� ZLO� QHYH� � 
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