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3ULFLQJ��3URILWV�DQG�(IILFLHQF\

$%675$&7

:H�VWXG\�WKH�VWUDWHJ\�RI�EXQGOLQJ�D�ODUJH�QXPEHU�RI�LQIRUPDWLRQ�JRRGV��VXFK�DV�WKRVH�LQFUHDVLQJO\�DYDLODEOH

RQ�WKH�,QWHUQHW��DQG�VHOOLQJ�WKHP�IRU�D�IL[HG�SULFH���:H�DQDO\]H�WKH�RSWLPDO�EXQGOLQJ�VWUDWHJLHV�IRU�D

PXOWLSURGXFW�PRQRSROLVW��DQG�ZH�ILQG�WKDW�EXQGOLQJ�YHU\�ODUJH�QXPEHUV�RI�XQUHODWHG�LQIRUPDWLRQ�JRRGV�FDQ

EH�VXUSULVLQJO\�SURILWDEOH���7KH�UHDVRQ�LV�WKDW�WKH�ODZ�RI�ODUJH�QXPEHUV�PDNHV�LW�PXFK�HDVLHU�WR�SUHGLFW

FRQVXPHUV
�YDOXDWLRQV�IRU�D�EXQGOH�RI�JRRGV�WKDQ�WKHLU�YDOXDWLRQV�IRU�WKH�LQGLYLGXDO�JRRGV�ZKHQ�VROG

VHSDUDWHO\���$V�D�UHVXOW��WKLV��SUHGLFWLYH�YDOXH�RI�EXQGOLQJ��PDNHV�LW�SRVVLEOH�WR�DFKLHYH�JUHDWHU�VDOHV��JUHDWHU

HFRQRPLF�HIILFLHQF\�DQG�JUHDWHU�SURILWV�SHU�JRRG�IURP�D�EXQGOH�RI�LQIRUPDWLRQ�JRRGV�WKDQ�FDQ�EH�DWWDLQHG

ZKHQ�WKH�VDPH�JRRGV�DUH�VROG�VHSDUDWHO\���2XU�PDLQ�UHVXOWV�GR�QRW�H[WHQG�WR�PRVW�SK\VLFDO�JRRGV��DV�WKH

PDUJLQDO�FRVWV�RI�SURGXFWLRQ�IRU�JRRGV�QRW�XVHG�E\�WKH�EX\HU�W\SLFDOO\�QHJDWH�DQ\�EHQHILWV�IURP�WKH

SUHGLFWLYH�YDOXH�RI�ODUJH�VFDOH�EXQGOLQJ�

:KLOH�GHWHUPLQLQJ�RSWLPDO�EXQGOLQJ�VWUDWHJLHV�IRU�PRUH�WKDQ�WZR�JRRGV�LV�D�QRWRULRXVO\�GLIILFXOW�SUREOHP�

ZH�XVH�VWDWLVWLFDO�WHFKQLTXHV�WR�SURYLGH�VWURQJ�DV\PSWRWLF�UHVXOWV�DQG�ERXQGV�RQ�SURILWV�IRU�EXQGOHV�RI�DQ\

DUELWUDU\�VL]H���:H�VKRZ�KRZ�RXU�PRGHO�FDQ�EH�XVHG�WR�DQDO\]H�WKH�EXQGOLQJ�RI�FRPSOHPHQWV�DQG

VXEVWLWXWHV��EXQGOLQJ�LQ�WKH�SUHVHQFH�RI�EXGJHW�FRQVWUDLQWV�DQG�EXQGOLQJ�RI�JRRGV�ZLWK�YDULRXV�W\SHV�RI

FRUUHODWLRQV���:H�ILQG�WKDW�ZKHQ�GLIIHUHQW�PDUNHW�VHJPHQWV�RI�FRQVXPHUV�GLIIHU�V\VWHPDWLFDOO\�LQ�WKHLU

YDOXDWLRQV�IRU�JRRGV��VLPSOH�EXQGOLQJ�ZLOO�QR�ORQJHU�EH�RSWLPDO���+RZHYHU��E\�RIIHULQJ�D�PHQX�RI�GLIIHUHQW

EXQGOHV�DLPHG�DW�HDFK�PDUNHW�VHJPHQW��EXQGOLQJ�PDNHV�WUDGLWLRQDO�SULFH�GLVFULPLQDWLRQ�VWUDWHJLHV�PRUH

SRZHUIXO�E\�UHGXFLQJ�WKH�UROH�RI�XQSUHGLFWDEOH�LGLRV\QFUDWLF�FRPSRQHQWV�RI�YDOXDWLRQV���7KH�SUHGLFWLRQV�RI

RXU�DQDO\VLV�DSSHDU�WR�EH�FRQVLVWHQW�ZLWK�HPSLULFDO�REVHUYDWLRQV�RI�WKH�PDUNHWV�IRU�,QWHUQHW�DQG�RQ�OLQH

FRQWHQW��FDEOH�WHOHYLVLRQ�SURJUDPPLQJ��DQG�FRS\ULJKWHG�PXVLF�

�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

:H�WKDQN�7LPRWK\�%UHVQDKDQ��+XQJ�.HQ�&KLHQ��)UDQN�)LVKHU��0LFKDHO�+DUULVRQ��3DXO�.OHLQGRUIHU��7KRPDV
0DORQH��5REHUW�3LQG\FN��1DQF\�5RVH��5LFKDUG�6FKPDOHQVHH��-RKQ�7VLWVLNOLV��+DO�9DULDQ��$OEHUW�:HQJHU�
%LUJHU�:HUQHUIHOW��IRXU�DQRQ\PRXV�UHYLHZHUV�DQG�VHPLQDU�SDUWLFLSDQWV�DW�WKH�8QLYHUVLW\�RI�&DOLIRUQLD�DW
%HUNHOH\��0,7��1HZ�<RUN�8QLYHUVLW\��6WDQIRUG�8QLYHUVLW\��8QLYHUVLW\�RI�5RFKHVWHU��WKH�:KDUWRQ�6FKRRO��WKH
�����:RUNVKRS�RQ�,QIRUPDWLRQ�6\VWHPV�DQG�(FRQRPLFV�DQG�WKH������:RUNVKRS�RQ�0DUNHWLQJ�6FLHQFH�DQG
WKH�,QWHUQHW�IRU�PDQ\�KHOSIXO�VXJJHVWLRQV��
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���,QWURGXFWLRQ

����2YHUYLHZ

0LOOLRQV�RI�GLJLWDO�LQIRUPDWLRQ�JRRGV�FDQ�EH�GLVWULEXWHG�DOPRVW�FRVWOHVVO\�YLD�GDWD�QHWZRUNV�VXFK�DV�WKH

,QWHUQHW���7KH�WHFKQRORJ\�FRQWLQXHV�WR�DGYDQFH�ZLWK�EUHDWKWDNLQJ�VSHHG��\HW�H[LVWLQJ�WKHRU\�DQG�SUDFWLFH�IDLO�WR

SURYLGH�FOHDU�JXLGDQFH�RQ�KRZ�GLJLWDO�LQIRUPDWLRQ�JRRGV�VKRXOG�EH�SDFNDJHG��SULFHG�DQG�VROG��$W�RQH�HQG�RI

WKH�VSHFWUXP�WHFKQRORJLHV�VXFK�DV�PLFURSD\PHQWV�LQFUHDVLQJO\�HQDEOH�WKH�VDOH�DQG�GHOLYHU\�RI�VPDOO�XQLWV�RI

LQIRUPDWLRQ��EXW�LQ�WKLV�DUWLFOH�ZH�GUDZ�DWWHQWLRQ�WR�WKH�RSSRVLWH�HQG���:H�DQDO\]H�WKH�VWUDWHJ\�RI�EXQGOLQJ�D

ODUJH�QXPEHU�RI�LQIRUPDWLRQ�JRRGV�DQG�VHOOLQJ�WKH�EXQGOH�IRU�D�IL[HG�SULFH���:H�ILQG�WKDW�LQ�D�YDULHW\�RI

FLUFXPVWDQFHV��D�PXOWLSURGXFW�PRQRSROLVW�ZLOO�H[WUDFW�VXEVWDQWLDOO\�KLJKHU�SURILWV�E\�RIIHULQJ�RQH�RU�PRUH

EXQGOHV�RI�LQIRUPDWLRQ�JRRGV�WKDQ�E\�RIIHULQJ�WKH�VDPH�JRRGV�VHSDUDWHO\���,Q�DGGLWLRQ��ZH�SURYLGH�FULWHULD�IRU

WKH�RSWLPDO�GHVLJQ�DQG�SULFLQJ�RI�EXQGOHV�

7KH�NH\�LQWXLWLRQ�EHKLQG�WKH�SRZHU�RI�EXQGOLQJ�LV�WKDW�FRQVXPHU·V�YDOXDWLRQ�IRU�D�FROOHFWLRQ�RI�JRRGV�W\SLFDOO\

KDV�D�SUREDELOLW\�GLVWULEXWLRQ�ZLWK�D�ORZHU�YDULDQFH�SHU�JRRG�FRPSDUHG�WR�WKH�YDOXDWLRQV�IRU�WKH�LQGLYLGXDO

JRRGV��7KH�ODUJHU�WKH�QXPEHU�RI�JRRGV�EXQGOHG��WKH�JUHDWHU�WKH�W\SLFDO�UHGXFWLRQ�LQ�WKH�YDULDQFH���%HFDXVH

XQFHUWDLQW\�DERXW�FRQVXPHU�YDOXDWLRQV�LV�WKH�HQHP\�RI�HIIHFWLYH�SULFLQJ�DQG�HIILFLHQW�WUDQVDFWLRQV��0\HUVRQ

DQG�6DWWHUWKZDLWH���������WKLV��SUHGLFWLYH�YDOXH�RI�EXQGOLQJ��FDQ�EH�YHU\�YDOXDEOH����)RU�LQVWDQFH��FRQVXPHU

YDOXDWLRQV�IRU�DQ�RQ�OLQH�VSRUWV�VFRUHERDUG��D�QHZV�VHUYLFH�RU�D�GDLO\�KRURVFRSH�ZLOO�YDU\���$�PRQRSROLVW

VHOOLQJ�WKHVH�JRRGV�VHSDUDWHO\�ZLOO�W\SLFDOO\�PD[LPL]H�SURILWV�E\�FKDUJLQJ�D�SULFH�IRU�HDFK�JRRG�WKDW�H[FOXGHV

VRPH�FRQVXPHUV�ZLWK�ORZ�YDOXDWLRQV�IRU�WKDW�JRRG�DQG�IRUJRHV�VLJQLILFDQW�UHYHQXHV�IURP�VRPH�FRQVXPHUV

ZLWK�KLJK�YDOXDWLRQV���$OWHUQDWLYHO\��WKH�VHOOHU�FRXOG�RIIHU�DOO�WKH�LQIRUPDWLRQ�JRRGV�DV�D�EXQGOH���8QGHU�D�YHU\

JHQHUDO�VHW�RI�FRQGLWLRQV��WKH�ODZ�RI�ODUJH�QXPEHUV�JXDUDQWHHV�WKDW�WKH�GLVWULEXWLRQ�RI�YDOXDWLRQV�IRU�WKH�EXQGOH

KDV�SURSRUWLRQDWHO\�IHZHU�H[WUHPH�YDOXHV���$V�6FKPDOHQVHH��������KDV�DUJXHG��VXFK�D�UHGXFWLRQ�LQ�´EX\HU

GLYHUVLW\µ�W\SLFDOO\�KHOSV�VHOOHUV�H[WUDFW�KLJKHU�SURILWV�IURP�DOO�FRQVXPHUV�

+LVWRULFDOO\��YHU\�ODUJH�EXQGOHV�RI�JRRGV�KDYH�W\SLFDOO\�EHHQ�XQSURILWDEOH�DQG�KHQFH�XQFRPPRQ�LQ�SUDFWLFH�

7KH\�KDYH�DOVR�EHHQ�KRSHOHVVO\�FRPSOH[�WR�PRGHO��WKH�QXPEHU�RI�SRVVLEOH�LQWHUDFWLRQV�LV�VLPSO\�WRR�ODUJH�WR

GHULYH�JHQHUDO�UHVXOWV��+DQVRQ�DQG�0DUWLQ��������0F$GDPV����������$V�D�UHVXOW��ODUJH�EXQGOHV�KDYH�UHFHLYHG

OLWWOH�DWWHQWLRQ���+RZHYHU��DV�ZH�VKRZ�EHORZ��WKH�DGYHQW�RI�GLJLWDO�LQIRUPDWLRQ�JRRGV�ZLWK�YHU\�ORZ�PDUJLQDO

FRVWV�FDQ�PDNH�EXQGOLQJ�KXQGUHGV�RU�HYHQ�WKRXVDQGV�RI�XQUHODWHG�JRRGV�D�SURILWDEOH�VWUDWHJ\���)XUWKHUPRUH�

WKH�PRGHOLQJ�IUDPHZRUN�WKDW�ZH�LQWURGXFH�SURYLGHV�VWURQJ�UHVXOWV�UHJDUGLQJ�WKH�SURILWDELOLW\�RI�EXQGOLQJ

HYHQ�XQGHU�UHODWLYHO\�ZHDN�DVVXPSWLRQV���8QOLNH�HDUOLHU�ZRUN��RXU�PRGHO�GRHV�QRW�EHFRPH�PRUH�FRPSOH[�DV

WKH�QXPEHU�RI�JRRGV�LQFUHDVHV���,QVWHDG��WKH�SUHFLVLRQ�RI�RXU�DQDO\VLV�LQFUHDVHV�ZLWK�WKH�QXPEHU�RI�JRRGV

FRQVLGHUHG��PDNLQJ�RXU�IUDPHZRUN�VXLWDEOH�IRU�XQGHUVWDQGLQJ�WKH�HFRQRPLFV�RI�ODUJH�EXQGOHV���2XU�PRGHO�FDQ

H[SODLQ�WKH�SUHYDOHQFH�RI�ODUJH�EXQGOHV�RI�LQIRUPDWLRQ�JRRGV�DQG�SURYLGHV�JXLGHOLQHV�IRU�WKH�XVH�RI�PRUH

FRPSOH[�VWUDWHJLHV�VXFK�DV�PL[HG�EXQGOLQJ��ZKLFK�LQYROYHV�VLPXOWDQHRXVO\�VHOOLQJ�D�ODUJH�EXQGOH�DQG�RQH�RU

PRUH�VXEVHWV�RI�WKH�EXQGOH�
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����7KH�EXQGOLQJ�OLWHUDWXUH

%XQGOLQJ�KDV�PDQ\�SRWHQWLDO�EHQHILWV��LQFOXGLQJ�FRVW�VDYLQJV�LQ�SURGXFWLRQ�DQG�WUDQVDFWLRQ�FRVWV�

FRPSOHPHQWDULWLHV�DPRQJ�WKH�EXQGOH�FRPSRQHQWV��DQG�VRUWLQJ�FRQVXPHUV�DFFRUGLQJ�WR�WKHLU�YDOXDWLRQV

�(SSHQ��+DQVRQ��HW�DO����������:H�IRFXV�RQ�WKLV�ODVW�EHQHILW�RI�EXQGOLQJ��ZKLFK�ZDV�ILUVW�GLVFXVVHG�E\�6WLJOHU

�������LQ�D�SDSHU�VKRZLQJ�KRZ�EXQGOLQJ�FRXOG�LQFUHDVH�VHOOHUV·�SURILWV�ZKHQ�FRQVXPHU�YDOXDWLRQV�IRU�WZR

JRRGV�ZHUH�QHJDWLYHO\�FRUUHODWHG���$GDPV�DQG�<HOOHQ��������LQWURGXFHG�D�WZR�GLPHQVLRQDO�JUDSKLFDO

IUDPHZRUN�IRU�DQDO\]LQJ�EXQGOLQJ�DV�D�GHYLFH�IRU�SULFH�GLVFULPLQDWLRQ���%\�LQWURGXFLQJ�D�VHWWLQJ�ZLWK�D

PXOWLSURGXFW�PRQRSROLVW��WZR�JRRGV��QR�UHVHOOLQJ��LQGHSHQGHQW�DQG�DGGLWLYH�FRQVXPHU�YDOXDWLRQV��DQG�OLQHDU

´XQLW�GHPDQGVµ��L�H���FRQVXPHUV�EX\�HLWKHU�]HUR�RU�RQH�XQLW��IRU�WKHVH�WZR�JRRGV��WKH\�FRPSDUH�XQEXQGOHG

VDOHV�WR�SXUH�EXQGOLQJ��RIIHULQJ�RQO\�WKH�FRPSOHWH�EXQGOH��DQG�PL[HG�EXQGOLQJ��RIIHULQJ�ERWK�WKH�FRPSOHWH

EXQGOH�DQG�VXEVHWV�RI�WKH�EXQGOH�����8VLQJ�VW\OL]HG�H[DPSOHV��WKH\�LOOXVWUDWH�WKDW�YDULRXV�W\SHV�RI�EXQGOLQJ�FDQ

EH�PRUH�RU�OHVV�SURILWDEOH�WKDQ�XQEXQGOLQJ�

7KH�PRUH�IRUPDO�DQDO\VHV�E\�6FKPDOHQVHH���������0F$IHH��0F0LOODQ�DQG�:KLQVWRQ��������DQG�6DOLQJHU�������

DOVR�IRFXVHG�RQ�EXQGOHV�RI�WZR�JRRGV���6FKPDOHQVHH�DVVXPHG�D�ELYDULDWH�*DXVVLDQ�GLVWULEXWLRQ�RI�UHVHUYDWLRQ

SULFHV��DQG�WKURXJK�D�FRPELQDWLRQ�RI�DQDO\WLF�GHULYDWLRQ�DQG�QXPHULFDO�WHFKQLTXHV�VKRZHG�WKDW�SXUH�EXQGOLQJ

W\SLFDOO\�UHGXFHV�WKH�GLYHUVLW\�RI�WKH�SRSXODWLRQ�RI�FRQVXPHUV��WKHUHE\�HQDEOLQJ�VHOOHUV�WR�H[WUDFW�PRUH

FRQVXPHUV·�VXUSOXV���+H�IRXQG�WKDW�EXQGOLQJ�FDQ�LQFUHDVH�SURILWV�LI�WKH�YDOXDWLRQV�RI�WKH�WZR�JRRGV�DUH

QHJDWLYHO\�FRUUHODWHG��DV�VXJJHVWHG�E\�6WLJOHU�DQG�$GDPV�DQG�<HOOHQ���EXW�FDQ�DOVR�EH�WUXH�LI�WKH�YDOXDWLRQV�DUH

LQGHSHQGHQW��RU�HYHQ�SRVLWLYHO\�EXW�QRW�SHUIHFWO\�FRUUHODWHG�

0F$IHH��0F0LOODQ�DQG�:KLQVWRQ�DQDO\]HG�D�VHWWLQJ�ZLWK�D�PXOWLSURGXFW�PRQRSROLVW�DQG�D�FRQWLQXXP�RI

FRQVXPHU�YDOXDWLRQV��7KH\�GHULYHG�D�VHW�RI�FRQGLWLRQV�XQGHU�ZKLFK�PL[HG�EXQGOLQJ�RI�WZR�JRRGV�GRPLQDWHV

XQEXQGOHG�VDOHV���6DOLQJHU�GHYHORSV�D�JUDSKLFDO�IUDPHZRUN�WR�DQDO\]H�WKH�SURILWDELOLW\�DQG�ZHOIDUH

LPSOLFDWLRQV�RI�EXQGOLQJ�WZR�JRRGV��SULPDULO\�LQ�WKH�FRQWH[W�RI�LQGHSHQGHQW�OLQHDU�GHPDQG�IXQFWLRQV���+H

ILQGV�WKDW�EXQGOLQJ�WZR�JRRGV�WHQGV�WR�EH�SURILWDEOH�ZKHQ�FRQVXPHU�YDOXDWLRQV�DUH�QHJDWLYHO\�FRUUHODWHG�DQG

KLJK�UHODWLYH�WR�PDUJLQDO�FRVWV�

0RUH�UHFHQWO\��$UPVWURQJ��������VKRZV�WKDW�IRU�D�VSHFLDO�FODVV�RI�FDVHV��WKH�RSWLPDO�WDULII�LQ�WKH�PXOWLSURGXFW

FDVH�FDQ�EH�GHWHUPLQHG�XVLQJ�WKH�WHFKQLTXHV�W\SLFDOO\�XVHG�LQ�WKH�VLQJOH�SURGXFW�FDVH���+H�ILQGV�WKDW��LQ�KLV

VHWWLQJ��WKH�RSWLPDO�EXQGOH�SULFH�ZLOO�DOPRVW�DOZD\V�LQHIILFLHQWO\�H[FOXGH�VRPH�ORZ�GHPDQG�FRQVXPHUV�

+RZHYHU��KH�GRHV�QRW�H[SORUH�WKH�LPSOLFDWLRQV�RI�LQFUHDVLQJ�WKH�QXPEHU�RI�JRRGV�

7KHUH�DUH�IHZ�JHQHUDO�UHVXOWV�IRU�EXQGOHV�RI�PRUH�WKDQ�WZR�JRRGV���0F$GDPV��������IRXQG�WKDW�WKH�H[LVWLQJ

DQDO\WLFDO�PDFKLQHU\�IRU�DQDO\]LQJ�PL[HG�EXQGOLQJ�FRXOG�QRW�EH�HDVLO\�JHQHUDOL]HG�WR�HYHQ�WKUHH�JRRGV�

EHFDXVH�RI�WKH�LQWHUDFWLRQV�DPRQJ�VXE�EXQGOHV���,Q�JHQHUDO��SULFH�VHWWLQJ�IRU�PL[HG�EXQGOLQJ�RI�PDQ\�JRRGV�LV

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

�� )RU�WKH�UHPDLQGHU�RI�WKLV�DUWLFOH��WKH�XQPRGLILHG�WHUP��EXQGOLQJ��UHIHUV�WR�SXUH�EXQGOLQJ��XQOHVV�RWKHUZLVH�VSHFLILHG�
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DQ�13�FRPSOHWH�SUREOHP��UHTXLULQJ�WKH�VHOOHU�WR�GHWHUPLQH�D�QXPEHU�RI�SULFHV�DQG�TXDQWLWLHV�WKDW�JURZV

H[SRQHQWLDOO\�DV�WKH�VL]H�RI�WKH�EXQGOH�LQFUHDVHV��+DQVRQ�DQG�0DUWLQ��������

����$SSURDFK�LQ�WKLV�DUWLFOH

8QOLNH�WKH�DERYH�DUWLFOHV��RXU�DSSURDFK�LV�PRVW�DSSOLFDEOH�WR�ODUJH�EXQGOHV�RI�JRRGV��VXFK�DV�WKH�WKRXVDQGV�RI

LQIRUPDWLRQ�JRRGV�DYDLODEOH�YLD�D�W\SLFDO�RQOLQH�VHUYLFH���:H�DUH�DEOH�WR�ERXQG�WKH�SURILWV�GHULYHG�IURP�DQ\

EXQGOH�RI�Q�JRRGV�ZLWK�ILQLWH�YDULDQFH�DQG�WR�H[SORUH�KRZ�WKH�RSWLPDO�EXQGOH�SULFH�FKDQJHV�XQGHU�YDULRXV

FRQGLWLRQV���,Q�SDUWLFXODU��ZH�GUDZ�RQ�ZHOO�HVWDEOLVKHG�VWDWLVWLFDO�WKHRUHPV�WR�FKDUDFWHUL]H�WKH�SUREDELOLVWLF

YDOXDWLRQV�RI�ODUJH�FROOHFWLRQV�RI�JRRGV��:H�ILQG�WKDW�VRPH�RI�WKH�UHVXOWV�LQ�WKH�OLWHUDWXUH�IRU�EXQGOHV�RI�WZR

JRRGV�GR�QRW�JHQHUDOL]H�WR�ODUJHU�EXQGOHV���)RU�LQVWDQFH��6DOLQJHU��������VKRZV�ZKHQ�FRQVXPHUV�KDYH

LQGHSHQGHQW�OLQHDU�GHPDQGV��EXQGOLQJ�WZR�JRRGV�LQFUHDVHV�FRQVXPHUV·�VXUSOXV�ZKHQ�EXQGOLQJ�ZDV

SURILWDEOH���,W�WXUQV�RXW�WKDW�WKLV�LV�QRW�W\SLFDO��EXQGOHV�RI�PRUH�WKDQ�WZR�JRRGV�ZLOO�DOZD\V�UHGXFH�FRQVXPHUV·

VXUSOXV�ZKHQ�WKH�JRRGV�KDYH�LQGHSHQGHQW�OLQHDU�GHPDQGV���2WKHU�UHVXOWV�IURP�WKH�EXQGOLQJ�OLWHUDWXUH�DUH

VWUHQJWKHQHG�LQ�RXU�VHWWLQJ��VRPHWLPHV�GUDPDWLFDOO\�VR��EXQGOLQJ�LV�SURILWDEOH�IRU�D�EURDGHU�VHW�RI�FRQGLWLRQV

DQG�PD\�HYHQ�EH�DEOH�WR�H[WUDFW�QHDUO\�DOO�WKH�YDOXH�IURP�D�FROOHFWLRQ�RI�JRRGV�

6HFWLRQ���SUHVHQWV�WKH�EDVLF�PRGHOLQJ�IUDPHZRUN�DQG�NH\�UHVXOWV�UHJDUGLQJ�WKH�SUHGLFWLYH�YDOXH�RI�EXQGOLQJ

IRU�WKH�JHQHUDO�FDVH�RI�LQIRUPDWLRQ�JRRGV�ZLWK�LQGHSHQGHQW�YDOXDWLRQV��7KHVH�LQFOXGH�WKH�DV\PSWRWLF

RSWLPDOLW\�RI�EXQGOLQJ�ZKHQ�PDUJLQDO�FRVWV�DUH�]HUR��WKH�VXERSWLPDOLW\�RI�EXQGOLQJ�ZKHQ�PDUJLQDO�FRVWV

H[FHHG�D�FULWLFDO�WKUHVKROG��DQG�D�VXIILFLHQW�FRQGLWLRQ�IRU�ILQLWH�EXQGOHV�WR�EH�PRUH�SURILWDEOH�WKDQ�XQEXQGOHG

VDOHV���6HFWLRQ���DSSOLHV�WKH�JHQHUDO�PRGHO�WR�VHYHUDO�VSHFLILF�FDVHV��LQFOXGLQJ�EXQGOHV�RI�JRRGV�WKDW�KDYH�L�L�G�

�LQGHSHQGHQW�DQG�LGHQWLFDOO\�GLVWULEXWHG��YDOXDWLRQV��EXQGOHV�RI�FRPSOHPHQWV�RU�VXEVWLWXWHV��DQG�EXQGOLQJ�LQ

WKH�SUHVHQFH�RI�EXGJHW�FRQVWUDLQWV��,Q�HDFK�FDVH��ZH�GHULYH�DQ�LQHTXDOLW\�IRU�EXQGOH�SURILWV�DV�D�IXQFWLRQ�RI

EXQGOH�VL]H���:H�DOVR�FRQVLGHU�VHYHUDO�W\SHV�RI�FRUUHODWLRQ�LQ�WKH�YDOXDWLRQV�RI�WKH�LQIRUPDWLRQ�JRRGV���:H

SUHVHQW�GLVFULPLQDWLQJ�PHFKDQLVPV�WKDW�VLJQLILFDQWO\�LQFUHDVH�WKH�EHQHILWV�RI�EXQGOLQJ�IRU�JRRGV�ZLWK�RWKHU

W\SHV�RI�FRUUHODWHG�GHPDQGV��SURYLGHG�WKH�VRXUFH�RI�WKH�XQGHUO\LQJ�FRUUHODWLRQ�FDQ�EH�LGHQWLILHG��HLWKHU

GLUHFWO\��RU�LQGLUHFWO\�WKURXJK�FRQVXPHUV
�EHKDYLRU���:H�DOVR�VKRZ�WKDW�PL[HG�EXQGOLQJ�FDQ�EH�PRUH�SURILWDEOH

WKDQ�SXUH�EXQGOLQJ�ZKHQ�FRQVXPHU�YDOXDWLRQV�DUH�QRW�GUDZQ�IURP�WKH�VDPH�GLVWULEXWLRQ��DV�LW�LQGXFHV

FRQVXPHUV�WR�VHOI�VHOHFW���6HFWLRQ���FRPSDUHV�WKH�LPSOLFDWLRQV�RI�RXU�DQDO\VLV�ZLWK�VRPH�HPSLULFDO�HYLGHQFH

DQG�SURYLGHV�VRPH�FRQFOXGLQJ�UHPDUNV�

���7KH�%DVLF�0RGHO�ZLWK�,QGHSHQGHQW�9DOXDWLRQV

����$V\PSWRWLF�UHVXOWV�IRU�ODUJH�EXQGOHV

:H�EHJLQ�E\�FRQVLGHULQJ�D�VHWWLQJ�ZLWK�D�VLQJOH�VHOOHU�SURYLGLQJ�Q�LQIRUPDWLRQ�JRRGV�WR�D�VHW�RI�FRQVXPHUV�Ω �

(DFK�FRQVXPHU�FDQ�FRQVXPH�HLWKHU���RU���XQLWV�RI�HDFK�LQIRUPDWLRQ�JRRG��DQG�UHVDOH�LV�QRW�SHUPLWWHG��RU�LV
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XQSURILWDEOH�IRU�FRQVXPHUV�����)RU�HDFK�FRQVXPHU�ω ∈Ω ��OHW�vni ( )ω �GHQRWH�WKH�YDOXDWLRQ�RI�JRRG�L�ZKHQ�D

WRWDO�RI�Q�JRRGV�DUH�SXUFKDVHG���:H�DOORZ�vni �WR�GHSHQG�RQ�Q�VR�WKDW�WKH�GLVWULEXWLRQV�RI�YDOXDWLRQV�IRU

LQGLYLGXDO�JRRGV�FDQ�FKDQJH�DV�WKH�QXPEHU�RI�JRRGV�SXUFKDVHG�FKDQJHV����6XFK�D�FROOHFWLRQ�RI�UDQGRP

YDULDEOHV�v v vn n nn1 2( ), ( ), , ( )ω ω ωK �LV�VRPHWLPHV�UHIHUUHG�WR�DV�D�WULDQJXODU�DUUD\�RI�UDQGRP�YDULDEOHV�DQG

FDQ�EH�GHQRWHG�E\�Vn ��

Vn

n n nn

v

v v

v v v

=

�

!

    

"

$

####

11

21 22

1 2

M O

L

(1- good bundle)

(2 - good bundle)

( - good bundle)

M

n

/HW�x
n

vn nk
k

n

=
=

∑1

1

�EH�WKH�SHU�JRRG�YDOXDWLRQ�RI�WKH�EXQGOH�RI�Q�LQIRUPDWLRQ�JRRGV���/HW� pn
* ��qn

* �DQG�π n
* �GHQRWH

WKH�SURILW�PD[LPL]LQJ�SULFH�SHU�JRRG�IRU�D�EXQGOH�RI�Q�JRRGV��WKH�FRUUHVSRQGLQJ�VDOHV�DV�D�IUDFWLRQ�RI�WKH

SRSXODWLRQ��DQG�WKH�VHOOHU·V�UHVXOWLQJ�SURILWV�SHU�JRRG���$VVXPH�WKH�IROORZLQJ�FRQGLWLRQV�KROG�

$�� 7KH�PDUJLQDO�FRVW�IRU�FRSLHV�RI�DOO�LQIRUPDWLRQ�JRRGV�LV�]HUR�WR�WKH�VHOOHU��

$�� )RU�DOO�Q��FRQVXPHU�YDOXDWLRQV�vni �DUH�LQGHSHQGHQW�DQG�XQLIRUPO\�ERXQGHG���ZLWK�FRQWLQXRXV�GHQVLW\

IXQFWLRQV��QRQ�QHJDWLYH�VXSSRUW��PHDQ�µ ni �DQG�YDULDQFH�σ ni
2 �

$�� &RQVXPHUV�KDYH�IUHH�GLVSRVDO���,Q�SDUWLFXODU��IRU�DOO�n > 1�� v vnk
k

n

n k
k

n

=
−

=

−

∑ ∑≥
1

1)
1

1

( ��

8QGHU�WKHVH�FRQGLWLRQV��ZH�ILQG�WKDW�VHOOLQJ�D�EXQGOH�RI�DOO�Q�LQIRUPDWLRQ�JRRGV�FDQ�EH�UHPDUNDEO\�VXSHULRU�WR

VHOOLQJ�WKH�Q�JRRGV�VHSDUDWHO\���)RU�WKH�GLVWULEXWLRQV�RI�YDOXDWLRQV�XQGHUO\LQJ�PRVW�FRPPRQ�GHPDQG

IXQFWLRQV��EXQGOLQJ�VXEVWDQWLDOO\�UHGXFHV�WKH�DYHUDJH�GHDGZHLJKW�ORVV�DQG�OHDGV�WR�KLJKHU�DYHUDJH�SURILWV�IRU

WKH�VHOOHU���$V�Q�LQFUHDVHV��WKH�VHOOHU�FDSWXUHV�DQ�LQFUHDVLQJ�IUDFWLRQ�RI�WKH�WRWDO�DUHD�XQGHU�WKH�GHPDQG�FXUYH�

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

�� :H�DVVXPH�WKDW�WKH�SURGXFHUV�RI�LQIRUPDWLRQ�JRRGV�FDQ�XVH�WHFKQLFDO��OHJDO�DQG�VRFLDO�PHDQV�WR�SUHYHQW�XQDXWKRUL]HG
GXSOLFDWLRQ�DQG�WKXV�UHPDLQ�PRQRSROLVWV���+RZHYHU��%DNRV��%U\QMROIVVRQ�DQG�/LFKWPDQ��������HPSOR\�RXU
IUDPHZRUN�WR�VWXG\�D�VHWWLQJ�ZKHUH�XVHUV�VKDUH�WKH�JRRGV���$OVR��ZH�GR�QRW�FRQVLGHU�VWUDWHJLF�LQWHUDFWLRQV�ZLWK�RWKHU
SDUWLHV��DOWKRXJK�RXU�DQDO\VLV�LV�DOVR�DSSOLFDEOH�WR�PRQRSROLVWLF�FRPSHWLWLRQ�DPRQJ�SURYLGHUV�RI�VLPLODU�SURGXFWV�
%DNRV�DQG�%U\QMROIVVRQ��������H[WHQG�RXU�IUDPHZRUN�WR�VWXG\�FRPSHWLWLRQ�DPRQJ�EXQGOHUV�

�� )RU�LQVWDQFH��WKH�YDOXH�RI�D�ZHDWKHU�UHSRUW�PD\�EH�GLIIHUHQW�ZKHQ�SXUFKDVHG�DORQH�IURP�LWV�YDOXH�ZKHQ�SXUFKDVHG
WRJHWKHU�ZLWK�WKH�PRUQLQJ�QHZV�KHDGOLQHV��DV�WKH\�ERWK�FRPSHWH�IRU�WKH�FRQVXPHU·V�OLPLWHG�WLPH���6LPLODUO\��RWKHU
IDFWRUV�VXFK�DV�JRRGV�WKDW�DUH�FRPSOHPHQWV�RU�VXEVWLWXWHV��GLPLQLVKLQJ�UHWXUQV�DQG�EXGJHW�FRQVWUDLQWV�PD\�DIIHFW
FRQVXPHU�YDOXDWLRQV�DV�DGGLWLRQDO�JRRGV�DUH�SXUFKDVHG�

�� 7R�VLPSOLI\�WKH�QRWDWLRQ��ZH�ZLOO�RPLW�WKH�DUJXPHQW�ω �ZKHQ�SRVVLEOH�
�� ,Q�WKLV�DUWLFOH��ZH�ZLOO�W\SLFDOO\�XVH�WKH�SKUDVH��LQIRUPDWLRQ�JRRGV��DV�VKRUWKDQG�IRU��JRRGV�ZLWK�]HUR�RU�YHU\�ORZ

PDUJLQDO�FRVWV�RI�SURGXFWLRQ��
�� ,�H���sup ( ), ,n i nivω ω1 6 < ∞ ��IRU�DOO�Q��L�( )i n≤ ��DQG�ω ∈Ω �
�� 7KLV�DVVXPSWLRQ�LPSOLHV�WKDW�DGGLQJ�D�JRRG�WR�D�EXQGOH�FDQQRW�UHGXFH�WKH�WRWDO�YDOXDWLRQ�RI�WKH�EXQGOH��DOWKRXJK�LW

PD\�UHGXFH�WKH�PHDQ�YDOXDWLRQ��
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FRUUHVSRQGLQJO\�UHGXFLQJ�ERWK�WKH�GHDGZHLJKW�ORVV�DQG�FRQVXPHUV·�VXUSOXV�UHODWLYH�WR�VHOOLQJ�WKH�JRRGV

VHSDUDWHO\���0RUH�IRUPDOO\�

3URSRVLWLRQ�����$V\PSWRWLF�3URILWV��&RQVXPHUV
�6XUSOXV�DQG�(IILFLHQF\�IRU�%XQGOLQJ

*LYHQ�DVVXPSWLRQV�$���$��DQG�$���DV�Q�LQFUHDVHV��WKH�GHDGZHLJKW�ORVV�SHU�JRRG�DQG�WKH�FRQVXPHUV·�VXUSOXV

SHU�JRRG�IRU�D�EXQGOH�RI�Q�LQIRUPDWLRQ�JRRGV�FRQYHUJHV�WR�]HUR��DQG�WKH�VHOOHU·V�SURILW�SHU�JRRG�LV�PD[LPL]HG�

3URRI��$OO�SURRIV�DUH�LQ�WKH�$SSHQGL[�

7KH�LQWXLWLRQ�EHKLQG�3URSRVLWLRQ���LV�WKDW�DV�WKH�QXPEHU�RI�LQIRUPDWLRQ�JRRGV�LQ�WKH�EXQGOH�LQFUHDVHV��WKH�ODZ

RI�ODUJH�QXPEHUV�DVVXUHV�WKDW�WKH�GLVWULEXWLRQ�IRU�WKH�YDOXDWLRQ�RI�WKH�EXQGOH�KDV�DQ�LQFUHDVLQJ�IUDFWLRQ�RI

FRQVXPHUV�ZLWK�´PRGHUDWHµ�YDOXDWLRQV�QHDU�WKH�PHDQ�RI�WKH�XQGHUO\LQJ�GLVWULEXWLRQ���6LQFH�WKH�GHPDQG�FXUYH

LV�GHULYHG�IURP�WKH�FXPXODWLYH�GLVWULEXWLRQ�IXQFWLRQ�IRU�FRQVXPHU�YDOXDWLRQV��LW�EHFRPHV�PRUH�HODVWLF�QHDU�WKH

PHDQ��DQG�OHVV�HODVWLF�DZD\�IURP�WKH�PHDQ��)LJXUH����

0. 5

0. 25

0. 75

1

0 0. 2  0. 4  0 . 6  0 . 8  1 0. 2   0 . 4   0 . 6   0 . 8  1 0. 2   0 . 4   0 . 6   0 . 8  1

SHU�JRRG

0. 25

0. 75

1

0

3ULFH
SHU�JRRG

4XDQWLW\�IRU�EXQGOH�DV�D�IUDFWLRQ�RI�WRWDO�SRSXODWLRQ

0. 5

0. 25

0. 75

1

0

SHU�JRRG3ULFH 3ULFH

��*RRG ��*RRGV ���*RRGV

0. 5

)LJXUH����'HPDQG�IRU�EXQGOHV�RI�������DQG����LQIRUPDWLRQ�JRRGV�ZLWK�L�L�G��YDOXDWLRQV�XQLIRUPO\�GLVWULEXWHG�LQ
>���@��OLQHDU�GHPDQG�FDVH��

3URSRVLWLRQ���LV�IDLUO\�JHQHUDO���:KLOH�LW�DVVXPHV�LQGHSHQGHQFH�RI�WKH�YDOXDWLRQV�RI�WKH�LQGLYLGXDO�JRRGV�LQ�D

EXQGOH�RI�D�JLYHQ�VL]H��HDFK�YDOXDWLRQ�PD\�EH�GUDZQ�IURP�D�GLIIHUHQW�GLVWULEXWLRQ�����)XUWKHUPRUH��YDOXDWLRQV

PD\�FKDQJH�DV�PRUH�JRRGV�DUH�DGGHG�WR�D�EXQGOH���$V�ZH�VKRZ�ODWHU��3URSRVLWLRQ���FDQ�EH�LQYRNHG�WR�VWXG\

VHYHUDO�VSHFLILF�VHWWLQJV��VXFK�DV�GLPLQLVKLQJ�UHWXUQV�IURP�WKH�FRQVXPSWLRQ�RI�DGGLWLRQDO�JRRGV��RU�JRRGV�WKDW

DUH�VXEVWLWXWHV�RU�FRPSOHPHQWV�

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

�� 7KH�DQDO\VLV�LQ�WKLV�VHFWLRQ�DVVXPHV�LQGHSHQGHQFH�WR�SURYLGH�D�XVHIXO�EDVHOLQH�IRU�LVRODWLQJ�WKH�HIIHFWV�RI�EXQGOLQJ�
7KLV�LV�DVVXPSWLRQ�LV�OLNHO\�WR�EH�PRVW�HPSLULFDOO\�UHOHYDQW�ZKHQ�FRQVXPHUV�GLIIHU�VLJQLILFDQWO\�LQ�WKHLU�WDVWHV�DFURVV
JRRGV��EXW�QRW�LQ�WKHLU�WRWDO�H[SHQGLWXUH�RQ�WKH�HQWLUH�VHW�RI�JRRGV���7KH�FDVH�ZKHUH�FRQVXPHU�YDOXDWLRQV�DUH
FRUUHODWHG�LV�DQDO\]HG�LQ�VHFWLRQ���
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����7KH�5ROH�RI�0DUJLQDO�&RVWV

,Q�WKH�EDVLF�PRGHO��ZH�DVVXPH�WKDW�PDUJLQDO�FRVWV�DUH�]HUR���:KLOH�YHU\�ODUJH�EXQGOHV�ZLOO�W\SLFDOO\�FRQWLQXH�WR

EH�SURILWDEOH�HYHQ�LQ�WKH�SUHVHQFH�RI�QRQ�]HUR��EXW�VPDOO��PDUJLQDO�FRVWV��EXQGOLQJ�EHFRPHV�XQSURILWDEOH�IRU

JRRGV�ZLWK�VXEVWDQWLDO�PDUJLQDO�FRVWV���3URSRVLWLRQ���VKRZV�WKDW��DV�H[SHFWHG��EXQGOLQJ�JRRGV�ZLWK�VXIILFLHQWO\

KLJK�PDUJLQDO�FRVWV�LV�QHLWKHU�SURILWDEOH�QRU�VRFLDOO\�HIILFLHQW����7KXV��RXU�PRGHO�SUHGLFWV�WKDW�VLQFH�ELWV�DUH

GUDPDWLFDOO\�FKHDSHU�WR�UHSURGXFH�WKDQ�DWRPV��WKH�RSWLPDO�EXQGOLQJ�VWUDWHJLHV�GLIIHU�VXEVWDQWLDOO\�IRU

LQIRUPDWLRQ�JRRGV�DV�FRPSDUHG�WR�SK\VLFDO�JRRGV�

3URSRVLWLRQ����0DUJLQDO�&RVWV�&DQ�0DNH�%XQGOLQJ�8QSURILWDEOH

8QGHU�DVVXPSWLRQV�$��DQG�$���WKHUH�LV�D�PDUJLQDO�FRVW�c > 0 �IRU�HDFK�LQIRUPDWLRQ�JRRG�WKDW�PDNHV�EXQGOLQJ

UHVXOW�LQ�ORZHU�SURILWV�DQG�KLJKHU�GHDGZHLJKW�ORVV�WKDQ�VHOOLQJ�WKH�JRRGV�VHSDUDWHO\�

$V�SRLQWHG�RXW�E\�6FKPDOHQVHH���������EXQGOLQJ�FDQ�LQFUHDVH�D�VHOOHU·V�SURILWV�E\�UHGXFLQJ�WKH�GLVSHUVLRQ�RI

EX\HU�YDOXDWLRQV���+RZHYHU��LI�PDUJLQDO�FRVWV�DUH�ODUJH��WKH�VHOOHU�ZLOO�XVXDOO\�ZDQW�WR�LQFUHDVH��UDWKHU�WKDQ

GHFUHDVH��WKH�GLVSHUVLRQ�RI�YDOXDWLRQV���)RU�H[DPSOH��LI�WKH�PDUJLQDO�FRVW�LV�JUHDWHU�WKDQ�WKH�PHDQ�YDOXDWLRQ�

EXQGOLQJ�ZLOO�GHFUHDVH�SURILWV�EHFDXVH�LW�GHFUHDVHV�WKH�IUDFWLRQ�RI�EX\HUV�ZLWK�YDOXDWLRQV�LQ�H[FHVV�RI�WKH�WRWDO

PDUJLQDO�FRVW�RI�WKH�EXQGOH���,Q�JHQHUDO��WKH�WKUHVKROG�DW�ZKLFK�EXQGOLQJ�EHFRPHV�OHVV�SURILWDEOH�WKDQ

XQEXQGOHG�VDOHV�GHSHQGV�RQ�WKH�GLVWULEXWLRQ�RI�YDOXDWLRQV�IRU�WKH�LQGLYLGXDO�JRRGV�

(YHQ�ZLWK�]HUR�PDUJLQDO�FRVWV��WKH�EHQHILWV�RI�EXQGOLQJ�PD\�EH�HOLPLQDWHG�LI�WKH�EXQGOH�LQFOXGHV�JRRGV�WKDW

KDYH�QHJDWLYH�YDOXH�WR�VRPH�FRQVXPHUV��H�J��SRUQRJUDSK\�RU�DGYHUWLVHPHQWV���,Q�DGGLWLRQ��ZKLOH�WHFKQRORJ\�LV

UDSLGO\�UHGXFLQJ�WKH�PDUJLQDO�FRVWV�RI�UHSURGXFWLRQ�DQG�WUDQVPLVVLRQ��WKH�WLPH�DQG�HQHUJ\�D�XVHU�PXVW�VSHQG

WR�LGHQWLI\�DQ�LQIRUPDWLRQ�JRRG�FDQ�SUHVHQW�D�EDUULHU�WR�WKH�OLPLWLQJ�UHVXOW�RI�3URSRVLWLRQ����)RU�H[DPSOH�

%U\QMROIVVRQ�DQG�.HPHUHU��������ILQG�WKDW�WKH�FRJQLWLYH�FRVW�RI�OHDUQLQJ�WKH�FRPPDQGV�DFFRXQWV�IRU�D

VXEVWDQWLDO�IUDFWLRQ�RI�WKH�SULFH�RI�VSUHDGVKHHW�VRIWZDUH�

����5HVXOWV�IRU�%XQGOHV�RI�)LQLWH�6L]H

:KLOH�3URSRVLWLRQ���VKRZV�WKDW�IRU�D�VXIILFLHQWO\�ODUJH�Q��VHOOLQJ�JRRGV�DV�D�EXQGOH�FDQ�EH�VLJQLILFDQWO\�PRUH

SURILWDEOH�WKDQ�XQEXQGOHG�VDOHV��SXUH�EXQGOLQJ�GRHV�QRW�QHFHVVDULO\�LQFUHDVH�SURILWV�IRU�VPDOO�Q�����,Q

SDUWLFXODU��LI�WKH�VHOOHU�LV�DEOH�WR�H[WUDFW�D�ODUJH�IUDFWLRQ�RI�WKH�SRWHQWLDO�VXUSOXV�HYHQ�ZKHQ�WKH�JRRGV�DUH�VROG

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

�� 6DOLQJHU��������SURYHV�D�VLPLODU�SURSRVLWLRQ�IRU�EXQGOLQJ�WZR�JRRGV���,Q�JHQHUDO��WKH�PDUJLQDO�FRVW�WKUHVKROG�WKDW
PDNHV�EXQGOLQJ�XQSURILWDEOH�DW�WKH�OLPLW�DV�n → ∞ �LV�VXEVWDQWLDOO\�KLJKHU�IRU�D�ODUJH�EXQGOH�WKDQ�IRU�D�EXQGOH�RI�WZR
JRRGV���)RU�H[DPSOH��LI�YDOXDWLRQV�DUH�LQGHSHQGHQW�DQG�XQLIRUPO\�GLVWULEXWHG�LQ�[ , ]max0 v ��D�PDUJLQDO�FRVW�c v>. max14

VXIILFHV�WR�PDNH�EXQGOLQJ�WZR�JRRGV�XQSURILWDEOH��ZKLOH�WKH�WKUHVKROG�EHFRPHV�DOPRVW�WKUHH�WLPHV�KLJKHU
�c v>. max41 ��DV�n → ∞ ���7KH�WKUHVKROG�LV�PXFK�ORZHU�ZKHQ�WKH�GLVWULEXWLRQ�RI�YDOXDWLRQV�KDV�D�ORQJ�WDLO�RI�ORZ�YDOXHV�
H�J��LI�����RI�WKH�FRQVXPHUV�KDYH�QR�YDOXH�IRU�HDFK�JRRG��DQG�WKH�UHPDLQLQJ�FRQVXPHUV�KDYH�XQLIRUPO\�GLVWULEXWHG
YDOXDWLRQV�LQ�[ , ]max0 v ��WKHQ�EXQGOLQJ�LV�XQSURILWDEOH�IRU�c v>. max0041 �

�� ,Q�FRQWUDVW��0F$IHH��0F0LOODQ�DQG�:KLQVWRQ��������ILQG�WKDW�PL[HG�EXQGOLQJ�RI�WZR�JRRGV�DOZD\V�GRPLQDWHV
XQEXQGOHG�VDOHV�ZKHQ�FRQVXPHU�YDOXDWLRQV�DUH�LQGHSHQGHQW���)RU�D�ODUJH�QXPEHU�RI�JRRGV�DQG�XQGHU�WKH�FRQGLWLRQV
IRU�3URSRVLWLRQ����SXUH�EXQGOLQJ�FDSWXUHV�QHDUO\�WKH�HQWLUH�YDOXH�FUHDWHG�E\�WKH�LQIRUPDWLRQ�JRRGV��VR�PL[HG
EXQGOLQJ�FDQQRW�GR�VXEVWDQWLDOO\�EHWWHU���+RZHYHU��DV�VKRZQ�LQ�VHFWLRQV�����DQG������WKH�SUHVHQFH�RI�PDUJLQDO�FRVWV�RU
FRUUHODWHG�GHPDQGV�FDQ�PDNH�PL[HG�EXQGOLQJ�VXEVWDQWLDOO\�PRUH�SURILWDEOH�WKDQ�SXUH�EXQGOLQJ�
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VHSDUDWHO\��WKHQ�WKHUH�PD\�EH�OLWWOH�RU�QR�EHQHILW�IURP�VPDOO�DPRXQWV�RI�EXQGOLQJ���)RU�H[DPSOH��LI�FRQVXPHU

YDOXDWLRQV�IRU�LQGLYLGXDO�JRRGV�DUH�L�L�G���WDNLQJ�YDOXHV�HLWKHU�vH ���ZLWK�SUREDELOLW\�U ����RU�vL ��ZLWK

SUREDELOLW\���²�U� ����WKH�SURILW�PD[LPL]LQJ�SULFH� p1
* ���ZLOO�VHOO�WR�DOO�KLJK�YDOXDWLRQ�FRQVXPHUV�DQG�ZLOO

H[WUDFW�PRVW�SRWHQWLDO�VXUSOXV��DV�q1
* �����$�EXQGOH�RI�WZR�JRRGV�ZLOO�KDYH�SHU�JRRG�YDOXDWLRQV�RI�vH �ZLWK

SUREDELOLW\�r 2 ����� 1
2 ( )v vH L+  ����ZLWK�SUREDELOLW\��U���²�U� �����DQG�vL �ZLWK�SUREDELOLW\�( )1 2− r  ������7KH

SURILW�PD[LPL]LQJ�SULFH�IRU�WKLV�EXQGOH�LV� p2
* ����DQG�UHVXOWV�LQ�VDOHV�WR�D�IUDFWLRQ�q2

* ����RI�FRQVXPHUV�

\LHOGLQJ�ERWK�ORZHU�SURILWV�DQG�KLJKHU�GHDGZHLJKW�ORVV����

7R�IXUWKHU�VWXG\�XQGHU�ZKDW�FRQGLWLRQV�EXQGOLQJ�ZLOO�GRPLQDWH�VHSDUDWH�VDOHV��HYHQ�IRU�VPDOO�Q��ZH�DVVXPH

WKH�IROORZLQJ�FRQGLWLRQ�WKDW�LPSOLHV�D�´VLQJOH�FURVVLQJµ�SURSHUW\�IRU�WKH�SHU�JRRG�GHPDQGV� p p qn n n= ( ) �

$�� 6LQJOH�&URVVLQJ�RI�&XPXODWLYH�'LVWULEXWLRQV�&RQGLWLRQ��6&'&���7KH�GLVWULEXWLRQ�RI�FRQVXPHU�YDOXDWLRQV

LV�VXFK�WKDW�Prob Probx xn n n n− < ≤ − <+ +µ ε µ ε1 1 �IRU�DOO�Q�DQG�ε���

,Q�SUDFWLFH��WKH�6&'&�LV�QRW�YHU\�UHVWULFWLYH���,W�KROGV�IRU�PRVW�FRPPRQ�GHPDQG�IXQFWLRQV��LQFOXGLQJ�OLQHDU�

VHPL�ORJ�DQG�ORJ�ORJ�GHPDQG��DV�ZHOO�DV�DQ\�GHPDQG�IXQFWLRQ�EDVHG�RQ�D�*DXVVLDQ�GLVWULEXWLRQ�RI�YDOXDWLRQV�

*LYHQ�WKH�6'&'��LI�LW�LV�PRUH�SURILWDEOH�WR�EXQGOH�D�FHUWDLQ�QXPEHU�RI�JRRGV��VD\� $n ��WKDQ�WR�VHOO�WKHP�VHSDUDWHO\�

DQG�LI�WKH�RSWLPDO�SULFH�SHU�JRRG�IRU�WKH�EXQGOH�LV�OHVV�WKDQ�WKH�PHDQ�YDOXDWLRQ�µ
$n ��WKHQ�EXQGOLQJ�DQ\�QXPEHU

RI�JRRGV�JUHDWHU�WKDQ� $n �ZLOO�IXUWKHU�LQFUHDVH�SURILWV��FRPSDUHG�WR�WKH�FDVH�ZKHQ�WKH�DGGLWLRQDO�JRRGV��RU�DOO

JRRGV��DUH�VROG�VHSDUDWHO\���0RUH�IRUPDOO\�

3URSRVLWLRQ����0RQRWRQLF�%XQGOLQJ�3URILWV

*LYHQ�DVVXPSWLRQV�$���$���$��DQG�$���LI�π π
$

* *
n > 1 �DQG� pn n$ $

* < µ ��WKHQ�EXQGOLQJ�DQ\�QXPEHU�RI�JRRGV�n n≥ $

ZLOO�PRQRWRQLFDOO\�LQFUHDVH�WKH�VHOOHU·V�SURILWV��FRPSDUHG�WR�VHOOLQJ�WKHP�VHSDUDWHO\�

6LQFH�WKH�XQLIRUP�GLVWULEXWLRQ�RI�YDOXDWLRQV�XQGHUO\LQJ�OLQHDU�GHPDQG�VDWLVILHV�$VVXPSWLRQ�$��ZKHQ�WKH

YDOXDWLRQV�DUH�LQGHSHQGHQW��DQG�VLQFH�EXQGOLQJ�WZR�JRRGV�ZLWK�LQGHSHQGHQW�OLQHDU�GHPDQGV�DQG�]HUR

PDUJLQDO�FRVW�LV�SURILW�PD[LPL]LQJ�IRU�WKH�VHOOHU��6DOLQJHU��������WKH�IROORZLQJ�FRUROODU\�IROORZV�IURP

3URSRVLWLRQ���

&RUROODU\��D��:LWK�LQGHSHQGHQW�OLQHDU�GHPDQGV�IRU�WKH�LQGLYLGXDO�JRRGV��EXQGOLQJ�DQ\�QXPEHU�RI�JRRGV�ZLWK
]HUR�PDUJLQDO�FRVW�LQFUHDVHV�WKH�VHOOHU·V�SURILWV���

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

��� )RU�VLPSOLFLW\��WKLV�H[DPSOH�XVHV�D�GLVFUHWH�GLVWULEXWLRQ�RI�FRQVXPHU�YDOXDWLRQV���7KH�UHVXOWV�ZRXOG�QRW�EH�PDWHULDOO\
HIIHFWHG�LI�D�VLPLODU�FRQWLQXRXV�GLVWULEXWLRQ�ZHUH�XVHG�LQVWHDG��H�J��D�ELPRGDO�FRQWLQXRXV�GLVWULEXWLRQ�ZLWK�D�YHU\
VPDOO�SUREDELOLW\�RI�DQ\�YDOXDWLRQ�EHWZHHQ���DQG����DQG�SHDNV�ZLWK�DUHDV�RI�MXVW�XQGHU�����DW���DQG�����DW����

��� 7KH�ZHDN�ODZ�RI�ODUJH�QXPEHUV�UHTXLUHV�WKLV�SUREDELOLW\�WR�GHFUHDVH�DV�O σ ε2 2n2 7 �IRU�DOO�GLVWULEXWLRQV�ZLWK�ILQLWH
PHDQ�DQG�YDULDQFH��EXW�LW�GRHV�QRW�JXDUDQWHH�PRQRWRQLFLW\�
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,W�LV�LQWHUHVWLQJ�WR�FRQWUDVW�WKH�EXQGOLQJ�DSSURDFK�ZH�DQDO\]H�KHUH�ZLWK�FRQYHQWLRQDO�SULFH�GLVFULPLQDWLRQ�

6XSSRVH�WKHUH�DUH�P�FRQVXPHUV�LQ�WKH�VHW�Ω ���,I��DV�LQ�RXU�VHWWLQJ��HDFK�RI�WKH�FRQVXPHUV�SRWHQWLDOO\�KDV�D

GLIIHUHQW�YDOXH�IRU�HDFK�RI�WKH�Q�JRRGV��WKHQ�PQ�SULFHV�ZLOO�EH�UHTXLUHG�WR�FDSWXUH�WKH�FRPSOHWH�VXUSOXV�ZKHQ

WKH�JRRGV�DUH�VROG�VHSDUDWHO\���)XUWKHUPRUH��SULFH�GLVFULPLQDWLRQ�UHTXLUHV�WKDW�WKH�VHOOHU�FDQ�DFFXUDWHO\�LGHQWLI\

FRQVXPHU�YDOXDWLRQV�DQG�SUHYHQW�FRQVXPHUV�IURP�EX\LQJ�JRRGV�DW�SULFHV�PHDQW�IRU�RWKHUV���7KXV��WKH

FRQYHQWLRQDO�DSSURDFK�WR�SULFH�GLVFULPLQDWLRQ�RSHUDWHV�E\�LQFUHDVLQJ�WKH�QXPEHU�RI�SULFHV�FKDUJHG�WR

DFFRPPRGDWH�WKH�GLYHUVLW\�RI�FRQVXPHU�YDOXDWLRQV���,Q�FRQWUDVW��WKH�EXQGOLQJ�DSSURDFK�PLJKW�EH�FDOOHG

�3URFUXVWHDQ�SULFH�GLVFULPLQDWLRQ��VLQFH�LW�RSHUDWHV�RQ�D��RQH�VL]H�ILWV�DOO��SULQFLSOH����%XQGOLQJ�UHGXFHV�WKH

GLYHUVLW\�RI�FRQVXPHU�YDOXDWLRQV�VR�WKDW��LQ�WKH�OLPLW��VHOOHUV�QHHG�FKDUJH�RQO\�RQH�SULFH��GR�QRW�QHHG�WR

LGHQWLI\�GLIIHUHQW�W\SHV�RI�FRQVXPHUV��DQG�GR�QRW�QHHG�WR�HQIRUFH�DQ\�UHVWULFWLRQV�RQ�ZKLFK�SULFHV�FRQVXPHUV

SD\�

$V�WKH�QXPEHU�RI�JRRGV�LQ�WKH�EXQGOH�LQFUHDVHV��WRWDO�SURILW�DQG�SURILW�SHU�JRRG�LQFUHDVH���7KH�SURILW�

PD[LPL]LQJ�SULFH�SHU�JRRG�IRU�WKH�EXQGOH�VWHDGLO\�LQFUHDVHV��JUDGXDOO\�DSSURDFKLQJ�WKH�SHU�JRRG�H[SHFWHG

YDOXH�RI�WKH�EXQGOH�WR�WKH�FRQVXPHUV���)LJXUH���VKRZV�WKLV�IRU�WKH�FDVH�RI�OLQHDU�GHPDQG���7KH�QXPEHU�RI�JRRGV

QHFHVVDU\�WR�PDNH�EXQGOLQJ�GHVLUDEOH��DQG�WKH�VSHHG�DW�ZKLFK�GHDGZHLJKW�ORVV�DQG�SURILW�FRQYHUJH�WR�WKHLU

OLPLWLQJ�YDOXHV��GHSHQG�RQ�WKH�DFWXDO�GLVWULEXWLRQ�RI�FRQVXPHU�YDOXDWLRQV�

n=1, 2, 3, 6, 50, 500

Profit/
good

Price/ good

)LJXUH����3URILW�DV�D�IXQFWLRQ�RI�SULFH�SHU�JRRG�IRU�EXQGOHV�RI�YDU\LQJ�QXPEHU�RI�JRRGV�Q�ZLWK�LGHQWLFDO�OLQHDU
GHPDQGV�DQG�YDOXDWLRQV�LQ�>����@��VWHHSHU�FXUYHV�UHIOHFW�ODUJHU�Q����7KH�SURILW�PD[LPL]LQJ�SULFH�LV�WKH�SRLQW�DW�WKH
PD[LPXP�RI�HDFK�FXUYH���,Q�WKH�OLPLW��WKH�SULFH�SHU�JRRG�DSSURDFKHV�WKH�PHDQ�YDOXDWLRQ�����

7KH�HIILFLHQF\�DQG�SURILW�JDLQV�WKDW�EXQGOLQJ�RIIHUV�LQ�RXU�VHWWLQJ�FRQWUDVW�ZLWK�WKH�PRUH�OLPLWHG�EHQHILWV

LGHQWLILHG�LQ�SUHYLRXV�ZRUN��SULQFLSDOO\�DV�D�UHVXOW�RI�RXU�IRFXV�RQ�EXQGOLQJ�ODUJH�QXPEHUV�RI�JRRGV�DQG�RQ

LQIRUPDWLRQ�JRRGV�ZLWK�]HUR�PDUJLQDO�FRVWV���$Q�LPSRUWDQW�LPSOLFDWLRQ�RI�RXU�DQDO\VLV�LV�WKDW�WKH�EHQHILWV�RI

EXQGOLQJ�JURZ�DV�WKH�QXPEHU�RI�JRRGV�LQ�WKH�EXQGOH�LQFUHDVHV���7KLV�LPSOLHV�D�IRUP�RI�VXSHUDGGLWLYLW\��ELJJHU

EXQGOHV�ZLOO�EH�PRUH�SURILWDEOH�WKDQ�VPDOOHU�EXQGOHV��HYHQ�ZKHQ�WKH�JRRGV�LQYROYHG�DUH�LGHQWLFDO�

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

��� ,W�LV�VWUDLJKWIRUZDUG�WR�GHULYH�DQDORJRXV�FRUROODULHV�IRU�RWKHU�FRPPRQ�GHPDQG�IXQFWLRQV��VXFK�DV�VHPLORJ�RU
FXPXODWLYH��WUXQFDWHG��QRUPDO��WKDW�VDWLVI\�$VVXPSWLRQ�$��
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&RUROODU\��E��,I�EXQGOHV�RI�n1�JRRGV�DQG�n2 �JRRGV�DUH�SURILWDEOH��SHU�3URSRVLWLRQ�����WKHQ�VHOOLQJ�D�EXQGOH�RI
n n1 2+ �JRRGV�LV�PRUH�SURILWDEOH�WKDQ�VHOOLQJ�WZR�VHSDUDWH�EXQGOHV�RI�n1�DQG�n2 �JRRGV�UHVSHFWLYHO\�

:KHQ�n1�DQG�n2DUH�VXIILFLHQWO\�ODUJH��WKH�FHQWUDO�OLPLW�WKHRUHP�JXDUDQWHHV�WKDW�$��ZLOO�KROG�IRU�DQ\�LQLWLDO

GHPDQG�IXQFWLRQ�IRU�WKH�LQGLYLGXDO�JRRGV��SURYLGHG�WKDW�WKH�FRUUHVSRQGLQJ�GLVWULEXWLRQ�RI�YDOXDWLRQV�KDV�ILQLWH

PHDQ�DQG�YDULDQFH��WKLV�PDNHV�&RUROODU\��E�IDLUO\�JHQHUDO���

3URSRVLWLRQ���DQG�&RUROODU\��E�KDYH�VHYHUDO�LPSOLFDWLRQV�IRU�PDUNHWLQJ�VWUDWHJ\�DQG�FRPSHWLWLRQ���%XQGOLQJ

FDQ�FUHDWH�VLJQLILFDQW�HFRQRPLHV�RI�VFRSH�HYHQ�LQ�WKH�DEVHQFH�RI�WHFKQRORJLFDO�HFRQRPLHV�LQ�SURGXFWLRQ�

GLVWULEXWLRQ��RU�FRQVXPSWLRQ���,Q�WKHRU\��SURILWV�XQGHU�WKH�EXQGOLQJ�VWUDWHJ\�FDQ�EH�DQ�DUELWUDULO\�ODUJH

PXOWLSOH�RI�WKH�PD[LPXP�SURILWV�REWDLQDEOH�ZKHQ�WKH�VDPH�LQIRUPDWLRQ�JRRGV�DUH�VROG�VHSDUDWHO\���7R�VHH�WKLV�

DVVXPH�WKDW�GHPDQG�IRU�WKH�LQGLYLGXDO�JRRGV�LV�DSSUR[LPDWHG�E\�D�ORJ�ORJ��FRQVWDQW�HODVWLFLW\��IXQFWLRQ�����,I

VXFK�JRRGV�DUH�VROG�VHSDUDWHO\��WRWDO�SURILWV�EHFRPH�DQ�DUELWUDULO\�VPDOO�IUDFWLRQ�RI�WKH�DUHD�XQGHU�WKH�GHPDQG

FXUYH�DV�HODVWLFLW\�LQFUHDVHV���,Q�FRQWUDVW��IRU�D�VXIILFLHQWO\�ODUJH�QXPEHU�RI�JRRGV��3URSRVLWLRQ���VKRZV�WKDW

EXQGOLQJ�FDQ�FRQYHUW�D�ODUJH�IUDFWLRQ�RI�WKH�DUHD�XQGHU�WKH�GHPDQG�FXUYH�LQWR�SURILWV���$Q�LPSRUWDQW�HPSLULFDO

LPSOLFDWLRQ�LV�WKDW�D�PRQRSROLVW�VHOOLQJ�D�ORZ�TXDOLW\�JRRG�DV�SDUW�RI�D�EXQGOH�PD\�HQMR\�KLJKHU�SURILWV�DQG�D

JUHDWHU�PDUNHW�VKDUH�WKDQ�FRXOG�EH�REWDLQHG�E\�VHOOLQJ�D�KLJKHU�TXDOLW\�JRRG�RXWVLGH�WKH�EXQGOH��%XQGOLQJ�ORZ

PDUJLQDO�FRVW�JRRGV�PD\�WKHUHIRUH�OHDG�WR��ZLQQHU�WDNH�DOO��RXWFRPHV�VLPLODU�WR�WKRVH�IRU�JRRGV�ZLWK�QHWZRUN

H[WHUQDOLWLHV�RU�HFRQRPLHV�RI�VFDOH�LQ�SURGXFWLRQ�

���$SSOLFDWLRQV�RI�WKH�%DVLF�0RGHO

7KH�EDVLF�PRGHO�LQWURGXFHG�LQ�VHFWLRQ���DSSOLHV��LQWHU�DOLD��WR�FRQVXPHUV�ZLWK�EXGJHW�FRQVWUDLQWV��JRRGV�WKDW�DUH

FRPSOHPHQWV�RU�VXEVWLWXWHV��JRRGV�ZLWK�GLPLQLVKLQJ�RU�LQFUHDVLQJ�UHWXUQV��DQG�JRRGV�WKDW�DUH�GUDZQ�IURP

GLIIHUHQW�GLVWULEXWLRQV���,Q�WKLV�VHFWLRQ��ZH�VWXG\�HDFK�RI�WKHVH�FDVHV���7R�VLPSOLI\�WKH�DQDO\VLV��ZH�DVVXPH�WKDW

FRQVXPHU�YDOXDWLRQV�DUH�L�L�G���FRQGLWLRQDO�RQ�WKH�QXPEHU�RI�JRRGV�LQ�WKH�EXQGOH���,Q�WKLV�FDVH��ZH�FDQ�UHSODFH

$VVXPSWLRQ�$��ZLWK�$�
�

$�
� )RU�DQ\�JLYHQ�Q��FRQVXPHU�YDOXDWLRQV�vni �DUH�LQGHSHQGHQW�DQG�LGHQWLFDOO\�GLVWULEXWHG��L�L�G���ZLWK�FRQWL�

QXRXV�GHQVLW\�IXQFWLRQV��QRQ�QHJDWLYH�VXSSRUW��DQG�ILQLWH�PHDQ�µ n �DQG�YDULDQFH�σ n
2 �

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

��� 3URFUXVWHV��WKH�P\WKRORJLFDO�*UHHN�NLQJ��ERDVWHG�WKDW�KLV�EHG�ZRXOG�ILW�SHUIHFWO\�DQ\�JXHVW��QR�PDWWHU�KRZ�ODUJH�RU
VPDOO���,I�DQ�XQIRUWXQDWH�YLVLWRU�ZHUH�WRR�WDOO��3URFXVWHV�ZRXOG�FKRS�RII�KLV�OHJV�WR�ILW��D�JXHVW�ZKR�ZDV�WRR�VKRUW
ZRXOG�EH�VWUHWFKHG�DV�QHHGHG�

��� 7KXV��IRU�ODUJH�Q��&RUROODU\��E�FDQ�EH�VHHQ�DV�DQ�DSSOLFDWLRQ�RI�6FKPDOHQVHH·V��������ILQGLQJ�WKDW�LW�LV�RIWHQ�SURILWDEOH
WR�EXQGOH�WZR�JRRGV�ZLWK�*DXVVLDQ�GHPDQG�

�� ,QIRUPDWLRQ�JRRGV�DUH�RIWHQ�KLJKO\�YDOXHG�RQO\�E\�D�UHODWLYHO\�VPDOO�VHW�RI�FRQVXPHUV��ZKLFK�LV�FRQVLVWHQW�ZLWK�VXFK�D
GHPDQG�IXQFWLRQ�
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����0LQLPXP�%XQGOH�3URILWV�DV�D�)XQFWLRQ�RI�%XQGOH�6L]H

7KH�L�L�G�DVVXPSWLRQ�PDNHV�LW�SRVVLEOH�WR�GHULYH�VRPH�VWURQJHU�UHVXOWV�UHJDUGLQJ�WKH��VL]H��RI�WKH�EXQGOH��ZKLFK

FDQ�QRZ�EH�HDVLO\�LQGH[HG�E\�WKH�QXPEHU�RI�JRRGV��Q���:KLOH�3URSRVLWLRQ���SUHVHQWV�DQ�DV\PSWRWLF�UHVXOW�

PRGHUDWH�VL]HG�EXQGOHV�VXIILFH�IRU�HFRQRPLFDOO\�VLJQLILFDQW�HIIHFWV���:H�GHULYH�DQ�XSSHU�ERXQG�IRU�WKH

QXPEHU�RI�JRRGV�LQ�WKH�EXQGOH�WKDW�DUH�QHHGHG�WR�HQDEOH�WKH�VHOOHU�WR�FDSWXUH�DQ\�JLYHQ�IUDFWLRQ�RI�WKH�WRWDO

DUHD�XQGHU�WKH�GHPDQG�FXUYH���6SHFLILFDOO\��&RUROODU\��D�SURYLGHV�D�XVHIXO�LQHTXDOLW\�WKDW�IROORZV�IURP�WKH

ZHDN�ODZ�RI�ODUJH�QXPEHUV�DV�XVHG�LQ�WKH�SURRI�RI�3URSRVLWLRQ�����,I�WKH�GLVWULEXWLRQ�RI�YDOXDWLRQV�LV�V\PPHWULF

DURXQG�WKH�PHDQ��D�VWURQJHU�LQHTXDOLW\�DSSOLHV��DV�VKRZQ�LQ�WKH�SURRI�RI�WKH�&RUROODU\�

&RUROODU\����%XQGOH�3URILWV�,QHTXDOLW\�IRU�L�L�G��9DOXDWLRQV
*LYHQ�DVVXPSWLRQV�$���$�
�DQG�$���LI�WKH�SURILWV�SHU�JRRG�WKDW�FDQ�EH�H[WUDFWHG�IURP�D�EXQGOH�RI�Q�JRRGV�DUH
GHQRWHG�E\�π�Q���WKHQ�WKH�IROORZLQJ�LQHTXDOLW\�KROGV�

π µ σ µ σ µ
( )n

n nn
n n n n≥ − �

��
�
�� + �

��
�
��

�
��

�
��

1 2
2 2 2 2

1
3

2
3

�

,Q�DJUHHPHQW�ZLWK�3URSRVLWLRQ����DV�Q�DSSURDFKHV�LQILQLW\��WKH�SHU�JRRG�SURILWV�DSSURDFK�µQ��ZKLFK�LV�WKH

PD[LPXP�SRVVLEOH�YDOXH���0LQLPXP�SURILWV�IRU�VPDOOHU�EXQGOHV�DUH�DOVR�HDV\�WR�FRPSXWH���)LJXUH���GHSLFWV�WKH

PLQLPXP�SURILWV�IRU�D�EXQGOH�RI�LQIRUPDWLRQ�JRRGV�WKDW�KDYH�L�L�G��YDOXDWLRQV�ZLWK�σ µ2 2 1
3= ���7KUHH�FDVHV

DUH�VKRZQ��WKH�ORZHU�ERXQG�IRU�DQ\�GLVWULEXWLRQ�LPSOLHG�E\�&RUROODU\��D��WKH�ORZHU�ERXQG�IRU�D�GLVWULEXWLRQ

WKDW�LV�V\PPHWULF�DURXQG�WKH�PHDQ��DQG�WKH�DFWXDO�SURILWV�IRU�D�QRUPDO�GLVWULEXWLRQ�RI�YDOXDWLRQV���)RU�H[DPSOH�

LI�FRQVXPHU�YDOXDWLRQV�DUH�L�L�G��DQG�V\PPHWULF�DURXQG�WKH�PHDQ�ZLWK�σ µ2 2 1
3= ��WKHQ�WKH�VHOOHU�FDQ�UHDOL]H

SURILWV�RI�DW�OHDVW�����RI�WKH�WRWDO�DUHD�XQGHU�WKH�GHPDQG�FXUYH�ZLWK�D�EXQGOH�RI�QR�PRUH�WKDQ�����JRRGV�
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Profits (Lower Bound)

i.i.d. valuations with σ2/µ2 = 1/3
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)LJXUH����7KH�ORZHU�ERXQG�RQ�WKH�SURILWV�SHU�JRRG�IURP�D�EXQGOH�RI�L�L�G��LQIRUPDWLRQ�JRRGV�LQFUHDVHV
PRQRWRQLFDOO\�ZLWK�Q�

)RU�VOLJKWO\�VWURQJHU�DVVXPSWLRQV�DERXW�WKH�GLVWULEXWLRQ�RI�FRQVXPHU�YDOXDWLRQV��WKH�WKHRU\�RI�ODUJH�GHYLDWLRQV

�H�J���&KHUQRII·V�WKHRUHP�RU�/\DSRXQRY·V�WKHRUHP�IRU�ERXQGHG�VHTXHQFHV��SURYLGHV�EHWWHU�HVWLPDWHV�RI�WKH

QXPEHU�RI�JRRGV�QHHGHG�IRU�D�VHOOHU�WR�H[WUDFW�DV�SURILWV�D�JLYHQ�IUDFWLRQ�RI�WKH�DUHD�XQGHU�WKH�GHPDQG�FXUYH�

,I�WKH�LQLWLDO�GLVWULEXWLRQ�RI�FRQVXPHU�YDOXDWLRQV��DQG�WKHLU�FRUUHODWLRQ�VWUXFWXUH��LV�NQRZQ��WKHQ�RXU�DSSURDFK

DOORZV�WR�H[SOLFLWO\�FRPSXWH�WKH�RSWLPDO�SULFH�DQG�EXQGOLQJ�VWUDWHJ\��DV�ZH�GLG�IRU�WKH�FDVH�RI�L�L�G��OLQHDU

GHPDQG�LQ�)LJXUH�����,W�FDQ�EH�VHHQ�IURP�WKH�EXQGOH�SURILWV�LQHTXDOLW\�RU�IURP�)LJXUH���WKDW�EXQGOLQJ�PD\�EH

XQSURILWDEOH�IRU�D�VPDOO�QXPEHU�RI�JRRGV��HYHQ�LI�LW�LV�SURILWDEOH�ZKHQ�D�ODUJH�QXPEHU�RI�JRRGV�DUH�EXQGOHG�

)RU�H[DPSOH��LI�WKH�VHOOHU�ZHUH�DEOH�WR�H[WUDFW�DV�SURILWV�����RI�WKH�WRWDO�YDOXH�WKURXJK�VHSDUDWH�VDOHV��WKHQ�LW

PLJKW�UHTXLUH�RYHU�RQH�KXQGUHG�VXFK�JRRGV�WR�PDNH�DQ�HTXDOO\�SURILWDEOH�EXQGOH�

����%XQGOHV�RI�&RPSOHPHQWV�RU�6XEVWLWXWHV

0DQ\�JRRGV�DUH�HLWKHU�FRPSOHPHQWV�RU�VXEVWLWXWHV��LQ�WKH�VHQVH�WKDW�D�FRQVXPHU�SXUFKDVLQJ�RQH�JRRG�PD\

H[SHULHQFH�LQFUHDVHG�XWLOLW\�IURP�WKH�FRQVXPSWLRQ�RI�FRPSOHPHQWDU\�JRRGV�DQG�GHFUHDVHG�XWLOLW\�IURP�WKH

FRQVXPSWLRQ�RI�VXEVWLWXWH�JRRGV���)RU�H[DPSOH��UHDGLQJ�VXFFHVVLYH�QHZV�VWRULHV�UHYLHZLQJ�\HVWHUGD\
V�EDVHEDOO

JDPHV�LV�OLNHO\�WR�GHFUHDVH�WKH�UHDGHU
V�LQWHUHVW�LQ�PRUH�VWRULHV�RQ�WKH�VDPH�VXEMHFW���,Q�VXFK�FDVHV��WKH�YDOXH�RI

D�EXQGOH�RI�JRRGV�GRHV�QRW�VLPSO\�HTXDO�WR�WKH�VXP�RI�WKHLU�VHSDUDWH�YDOXHV�DV�DVVXPHG�DERYH���:H�QRZ�VKRZ

KRZ�RXU�EDVLF�PRGHO�FDQ�LQFOXGH�FRPSOHPHQWDU\�DQG�VXEVWLWXWH�JRRGV���,Q�SDUWLFXODU��FRPSOHPHQWDULWLHV�DQG

VXEVWLWXWLRQ�FDQ�EH�PRGHOHG�E\�LQWURGXFLQJ�$VVXPSWLRQ�$�
�

$�
� )RU�DOO�Q��L�( )i n≤ �� v n vni = α
11 �
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,Q�WKLV�VHWWLQJ��D�EXQGOH�RI�Q�JRRGV�KDV�H[SHFWHG�YDOXDWLRQ�SHU�JRRG�E Ex
n

n x nn i

n= �
! 

"
$# =

=∑1
111 1

α α µ4 9 ���$

YDOXH�RI�α < 0 �LQGLFDWHV�WKDW�WKH�JRRGV�DUH�VXEVWLWXWHV���)RU�LQVWDQFH��TXDGUXSOLQJ�WKH�QXPEHU�RI�VRQJV�RQ�D

&'�PLJKW�RQO\�GRXEOH�LWV�YDOXH�IRU�WKH�DYHUDJH�OLVWHQHU���6LPLODUO\��α > 0 �LQGLFDWHV�FRPSOHPHQWDU\�JRRGV���

7KH�IROORZLQJ�FRUROODU\�IROORZV�

&RUROODU\��E��%XQGOH�3URILWV�,QHTXDOLW\�IRU�&RPSOHPHQWDU\�RU�6XEVWLWXWH�*RRGV��

*LYHQ�DVVXPSWLRQV�$���$�
�DQG�$�
��EXQGOLQJ�Q�JRRGV�UHVXOWV�LQ�SURILWV�RI�π B
* �SHU�JRRG�IRU�WKH�VHOOHU�

ZKHUH�π µ σ µ σ µα
B n

n n
* ( ) ( )≥ − �

��
�
��

�
��

�
��

�
!
  

"
$
##+1

1 1
2

1
3

1 1
2

2
3

1 2 �

*RRGV�ZLWK�QHWZRUN�H[WHUQDOLWLHV�H[KLELW�D�SDUWLFXODUO\�LQWHUHVWLQJ�W\SH�RI�FRPSOHPHQWDULW\���)RU�LQVWDQFH��LW

PLJKW�EH�UHDVRQDEOH�WR�WUHDW�D�FRS\�RI�,QWHUQHW�YLGHRFRQIHUHQFLQJ�VRIWZDUH�RQ�$OLFH
V�FRPSXWHU�DV�D�GLIIHUHQW

JRRG�IURP�D�FRS\�RQ�%RE
V�FRPSXWHU����,Q�WKLV�FDVH��WKH�WRWDO�YDOXH�RI�D�VHW�RI�VXFK�JRRGV�WR�WKH�RUJDQL]DWLRQ

WKDW�HPSOR\V�$OLFH��%RE�DQG�RWKHU�ZRUNHUV�PLJKW�EH�URXJKO\�SURSRUWLRQDO�WR�WKH�SRWHQWLDO�QXPEHU�RI�GLVWLQFW

WZR�ZD\�YLGHR�OLQNV�HQDEOHG�DV�DGGLWLRQDO�FRSLHV�DUH�SXUFKDVHG��n n( )−1 2 ��RU�RUGHU�RI�n2 ���7KLV�SURSHUW\�

VRPHWLPHV�UHIHUUHG�WR�DV��0HWFDOIH
V�/DZ���FDQ�EH�PRGHOHG�E\�VHWWLQJ�α = 2 �LQ�WKH�DERYH�VHWWLQJ�

&RPSOHPHQWDULWLHV�FDQ�REYLRXVO\�FUHDWH�DGGLWLRQDO�LQFHQWLYHV�IRU�EXQGOLQJ��DQG�WKXV�FDQ�OHDG�WR�WKH�EXQGOLQJ

RI�JRRGV�IRU�UHDVRQV�WKDW�KDYH�QRWKLQJ�WR�GR�ZLWK�WKH�UHVKDSLQJ�RI�GHPDQG�WKDW�LV�PRGHOHG�LQ�WKLV�DUWLFOH

�(SSHQ��+DQVRQ��HW�DO�����������,Q�DGGLWLRQ�WR�WKH�JRRGV�EHLQJ�FRPSOHPHQWV�RU�VXEVWLWXWHV��EXW�WKHUH�PD\�DOVR�EH

FRVWV�DQG�EHQHILWV�DVVRFLDWHG�ZLWK�SURGXFLQJ��GLVWULEXWLQJ�RU�FRQVXPLQJ�WKH�EXQGOH�DV�D�ZKROH��VXFK�DV

HFRQRPLHV�RI�VFDOH�LQ�FUHDWLQJ�D�GLVWULEXWLRQ�FKDQQHO��DGPLQLVWHULQJ�SULFHV��DQG�PDNLQJ�FRQVXPHUV�DZDUH�RI

HDFK�SURGXFW
V�H[LVWHQFH���6XFK�HFRQRPLHV�XQGHUOLH�PRVW�ODUJH�´EXQGOHVµ�RI�SK\VLFDO�JRRGV���)RU�H[DPSOH�

WHFKQRORJLFDO�FRPSOHPHQWDULWLHV�DIIHFW�WKH�FROOHFWLYH�YDOXDWLRQ�RI�WKH�PLOOLRQV�RI�SDUWV�IO\LQJ�LQ�FORVH�IRUPDWLRQ

WKDW�FRQVWLWXWH�D�%RHLQJ�������6LPLODUO\��LW�LV�FKHDSHU�WR�SK\VLFDOO\�GLVWULEXWH�QHZVSDSHU�RU�MRXUQDO�DUWLFOHV�LQ

�EXQGOHV��UDWKHU�WKDQ�LQGLYLGXDOO\�

2QH�RI�WKH�HIIHFWV�RI�WKH�HPHUJLQJ�LQIRUPDWLRQ�LQIUDVWUXFWXUH�LV�WR�GUDPDWLFDOO\�GHFUHDVH�GLVWULEXWLRQ�FRVWV�IRU

JRRGV�WKDW�FDQ�EH�GHOLYHUHG�RYHU�QHWZRUNV���$V�QRWHG�E\�0HWFDOIH���������&KXDQJ�DQG�6LUEX��������DQG�RWKHUV�

WKLV�PD\�EH�HQRXJK�WR�PDNH�LW�SURILWDEOH�WR�XQEXQGOH�FHUWDLQ�JRRGV��VXFK�DV�PDJD]LQH�DQG�MRXUQDO�DUWLFOHV�

SDFNDJHG�VRIWZDUH�DQG�VRQJV��WR�WKH�H[WHQW�WKH\�ZHUH�IRUPHUO\�EXQGOHG�VLPSO\�WR�UHGXFH�GLVWULEXWLRQ�FRVWV�

7KH�RSSRVLQJ�HIIHFWV�RQ�EXQGOLQJ�RI�ORZHU�GLVWULEXWLRQ�FRVWV�GXH�WR�QHWZRUNLQJ�DQG�ORZHU�PDUJLQDO�FRVWV�GXH

WR�GLJLWL]DWLRQ�ZHUH�ILUVW�QRWHG�E\�:DUG�+DQVRQ�DQG�DUH�DSSOLHG�WR�WKH�DQDO\VLV�RI�EXQGOLQJ��VLWH�OLFHQVLQJ�DQG

VXEVFULSWLRQV�E\�%DNRV�DQG�%U\QMROIVVRQ��������

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

��� 7KHUH�DUH��RI�FRXUVH��PDQ\�RWKHU�ZD\V�WR�PRGHO�FRPSOHPHQWV�DQG�VXEVWLWXWHV�
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����%XGJHW�&RQVWUDLQWV

:KHQ�WKHUH�DUH�H[SOLFLW�RU�LPSOLFLW�EXGJHW�FRQVWUDLQWV��WKH�DYHUDJH�YDULDQFH�RI�YDOXDWLRQV�IRU�WKH�EXQGOH�LV

OLNHO\�WR�GHFOLQH�PRUH�UDSLGO\�DV�QHZ�JRRGV�DUH�DGGHG�WR�WKH�EXQGOH���$V�D�UHVXOW��LW�PD\�EH�HDVLHU�IRU�WKH�VHOOHU

WR�SUHGLFW�GHPDQG�IRU�WKH�EXQGOH��WKHUHE\��LQFUHDVLQJ�SURILWV�DQG�UHGXFLQJ�GHDGZHLJKW�ORVV�PRUH�UDSLGO\���$

UHODWHG�LPSOLFDWLRQ�RI�PRQHWDU\�DQG�WLPH�EXGJHW�FRQVWUDLQWV�LV�WKDW�WKH�SULFH�RI�D�EXQGOH�ZLOO�EH�ERXQGHG�HYHQ

LI�WKH�VHOOHU�ZHUH�WR�RIIHU�DFFHVV�WR�D�SUDFWLFDOO\�LQILQLWH�VHW�RI�JRRGV�

)RU�LQVWDQFH��DVVXPH�WKDW�WKH�ZLOOLQJQHVV�WR�SD\�IRU�SXUFKDVLQJ�D�VLQJOH�JRRG�LV�XQLIRUPO\�GLVWULEXWHG�LQ

[ ,2 ]0 γB ��ZKHUH�%�LV�WKH�WRWDO�EXGJHW�DQG�γ �LV�DQ�DSSURSULDWH�VFDOLQJ�FRQVWDQW���)RU�LQVWDQFH��WKH�EXGJHW�%

PLJKW�UHIOHFW�WKH�QXPEHU�RI�KRXUV�D�FRQVXPHU�LV�ZLOOLQJ�DQG�DEOH�WR�VSHQG�ZDWFKLQJ�YDULRXV�IRRWEDOO�JDPHV�RQ

D�6XQGD\�DIWHUQRRQ���,Q�WKLV�FDVH��WKH�H[SHFWHG�YDOXDWLRQ�RI�WKH�M�WK�JRRG�LQ�D�EXQGOH�FDQ�EH�H[SUHVVHG�DV

γ γ( )1 1− −j B ���,Q�RWKHU�ZRUGV��LWV�YDOXH�LV�UHVFDOHG�LQ�SURSRUWLRQ�WR�WKH�DYDLODEOH�EXGJHW�

7KH�WRWDO�YDOXDWLRQ�RI�WKH�EXQGOH�FRQYHUJHV�WR� lim ( )
n

j

j

n

B B
→∞

−

=

− =∑γ γ1 1

1

��EHFDXVH�RI�WKH�EXGJHW�FRQVWUDLQW�

:KLOH�HDFK�QHZ�JRRG�DYDLODEOH�DGGV�D�SRVLWLYH�LQFUHPHQW�WR�WKH�FRQVXPHU
V�XWLOLW\��WKH�DYHUDJH�YDOXDWLRQ�SHU

JRRG�FOHDUO\�FRQYHUJHV�WR�]HUR�DV�Q�JHWV�ODUJH�

7KH�FRPELQDWLRQ�RI�EXGJHW�FRQVWUDLQWV�DQG�QRQ�]HUR�PDUJLQDO�FRVWV�FUHDWHV�D�QDWXUDO�XSSHU�ERXQG�RQ�WKH

RSWLPDO�EXQGOH�VL]H���%HFDXVH�WKH�H[SHFWHG�FRQWULEXWLRQ�RI�HDFK�JRRG�FRQYHUJHV�PRQRWRQLFDOO\�WRZDUG�]HUR�DV

PRUH�JRRGV�DUH�DGGHG�WR�EXQGOH��LW�ZLOO�HYHQWXDOO\�EHFRPH�OHVV�WKDQ�WKH�PDUJLQDO�FRVW�RI�WKH�JRRG���

����$V\PPHWULF�%XQGOLQJ

,Q�SUDFWLFH��LQIRUPDWLRQ�JRRGV�ZLOO�KDYH�GLIIHUHQW�PHDQV�RU�YDULDQFHV���(YHQ�WKH�VDPH�LQIRUPDWLRQ�JRRG�PD\

KDYH�GLIIHUHQW�YDOXDWLRQV�DW�GLIIHUHQW�WLPHV��D�PRYLH�RU�D�QHZV�VWRU\�LV�OLNHO\�WR�FRPPDQG�KLJKHU�YDOXDWLRQV

ZKHQ�ILUVW�UHOHDVHG�WKDQ�D�\HDU�ODWHU���$OWKRXJK�3URSRVLWLRQ���LPSOLHV�WKDW�EXQGOLQJ�JHQHUDOO\�LQFUHDVHV�VHOOHU·V

SURILWV�IRU�ODUJH�QXPEHUV�RI�JRRGV�ZLWK�]HUR�PDUJLQDO�FRVW��LW�LV�QRW�DOZD\V�RSWLPDO�WR�DGG�DQ�DGGLWLRQDO

LQIRUPDWLRQ�JRRG�WR�D�EXQGOH���)RU�LQVWDQFH��LI�SRWHQWLDO�VXUSOXV�FDQ�EH�HIIHFWLYHO\�H[WUDFWHG�DV�SURILWV�ZKHQ�D

JRRG�LV�VROG�VHSDUDWHO\��WKHUH�LV�OLWWOH�WR�EH�JDLQHG�E\�DGGLQJ�LW�WR�D�EXQGOH��DV�LV�WKH�FDVH�IRU�JRRGV�ZLWK�RQO\

WZR�SRVVLEOH�YDOXDWLRQV����DQGvH ��VHH�VHFWLRQ�����DERYH���)XUWKHUPRUH��HYHQ�ZKHQ�DGGLQJ�D�JRRG�WR�D�EXQGOH

GRHV�QRW�DIIHFW�WKH�JRRG·V�RZQ�SURILWDELOLW\��LW�PD\�DGYHUVHO\�DIIHFW�WKH�VHOOHU·V�DELOLW\�WR�HDUQ�SURILWV�RQ�WKH

RWKHU�JRRGV�LQ�WKH�EXQGOH���

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

��� 2WKHU�IDFWRUV�UHGXFLQJ�WKH�FRQWULEXWLRQ�RI�VXFFHVVLYH�JRRGV��VXFK�DV�VXEVWLWXWDELOLW\��FDQ�OLPLW�EXQGOH�VL]H�DV�ZHOO�
�� )RU�H[DPSOH��LI�D�JRRG�ZLWK�KLJK�YDULDQFH�LV�DGGHG��WKLV�PD\�GHFUHDVH�WKH�SURILWDELOLW\�RI�WKH�EXQGOH���$GGLQJ�D�QHZ

LQIRUPDWLRQ�JRRG�L�WR�DQ�H[LVWLQJ�EXQGOH�%�ZLOO�GHFUHDVH�WKH�H[SHFWHG�FRHIILFLHQW�RI�YDULDWLRQ��LI�DQG�RQO\�LI
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7KLV�PD\�H[SODLQ�ZK\�D�W\SLFDO�FDEOH�79�EXQGOH�IURP�SURYLGHUV�OLNH�+%2�RU�&LQHPD[�RIIHUV�DFFHVV�WR

KXQGUHGV�RI�PRYLHV��EXW�SUL]H�ILJKWV�DQG�RWKHU��VSHFLDO�HYHQWV��DUH�W\SLFDOO\�RIIHUHG�RQ�D��SD\�SHU�YLHZ��EDVLV�

7KH�FDEOH�FRPSDQLHV�PD\�KDYH�HVWDEOLVKHG�WKDW�YDOXDWLRQV�IRU�WKH�SUL]H�ILJKW�DUH�FRQFHQWUDWHG�DPRQJ�D�VPDOO

IUDFWLRQ�RI�FRQVXPHUV�ZLOOLQJ�WR�SD\�YHU\�KLJK�SULFHV�WR�ZDWFK�WKH�ILJKW���7KXV��WKH�SRWHQWLDO�VXUSOXV�RI�WKHVH

FRQVXPHUV�FDQ�EH�HIIHFWLYHO\�H[WUDFWHG�E\�VHOOLQJ�WKH�SULFH�ILJKW�RXWVLGH�WKH�EXQGOH��ZKLOH�LQFOXGLQJ�WKH�ILJKW�LQ

WKH�UHJXODU�EXQGOH�PLJKW�LQFUHDVH�WKH�EXQGOH·V�FRHIILFLHQW�RI�YDULDWLRQ��σ µi i ���

����&RUUHODWHG�'HPDQGV�DQG�3ULFH�'LVFULPLQDWLRQ

:KLOH�3URSRVLWLRQ���DVVXPHV�WKDW�YDOXDWLRQV�RI�WKH�LQIRUPDWLRQ�JRRGV�DUH�LQGHSHQGHQW��LQ�SUDFWLFH�WKHVH

YDOXDWLRQV�PD\�EH�SRVLWLYHO\�FRUUHODWHG���:H�QRZ�H[SORUH�KRZ�VXFK�FRUUHODWLRQ�DIIHFWV�WKH�SURILW�PD[LPL]LQJ

VWUDWHJ\�RI�D�PRQRSROLVW�ZKR�EXQGOHV�LQIRUPDWLRQ�JRRGV�

,Q�WKH�ILUVW�FDVH��YDOXDWLRQV�IRU�WKH�LQIRUPDWLRQ�JRRGV�DUH�SRVLWLYHO\�FRUUHODWHG��EXW�QRW�WR�WKH�VDPH�XQGHUO\LQJ

YDULDEOHV���)RU�H[DPSOH��D�WUDGHU·V�YDOXDWLRQV�IRU�D�VHTXHQFH�RI�VWRFN�TXRWDWLRQV�PD\�EH�VHULDOO\�FRUUHODWHG�RYHU

WLPH�RU�DFURVV�LQGXVWULHV���,I�WKHVH�FRUUHODWLRQV�EHFRPH�ORZHU�WKH�PRUH��GLVWDQW��RQH�JHWV�IURP�WKH�LQLWLDO�WRSLF

RU�LWHP��HYHQWXDOO\�FRQYHUJLQJ�WR�]HUR��WKHQ�WKH�ODZ�RI�ODUJH�QXPEHUV�DQG�WKH�FHQWUDO�OLPLW�WKHRUHP�DSSO\��DV

GR�WKH�OLPLWLQJ�UHVXOWV�REWDLQHG�LQ�HDUOLHU�VHFWLRQV���$V�D�UHVXOW��WKH�IROORZLQJ�PRUH�JHQHUDO�SURSRVLWLRQ�IROORZV

IURP�WKH�SURRI�RI�3URSRVLWLRQ���DQG�WKH�ODZ�RI�ODUJH�QXPEHUV�IRU�VWDWLRQDU\��LQ�WKH�ZLGH�VHQVH��VHTXHQFHV���

3URSRVLWLRQ��$

7KH�UHVXOWV�RI�3URSRVLWLRQ���KROG�LI�$VVXPSWLRQV�$��DQG�$��DUH�VDWLVILHG��DQG�WKH�VHTXHQFHV�RI�FRQVXPHU

YDOXDWLRQV�v v vn n nn1 2, , ,K �DUH�XQLIRUPO\�ERXQGHG��QRW�SHUIHFWO\�FRUUHODWHG��DQG�VWDWLRQDU\�LQ�WKH�ZLGH�VHQVH�IRU

DOO�Q��ZLWK�FRQWLQXRXV�GHQVLW\�IXQFWLRQV��QRQ�QHJDWLYH�VXSSRUW��DQG�ILQLWH�PHDQ�µ n �DQG�YDULDQFH�σ n �

7KXV��EXQGOLQJ�RI�LQIRUPDWLRQ�JRRGV�FDQ�VLJQLILFDQWO\�LQFUHDVH�SURILWV�HYHQ�ZKHQ�WKH�YDOXDWLRQV�RI�LQGLYLGXDO

JRRGV�DUH�KLJKO\�FRUUHODWHG��EXW�QRW�WR�WKH�VDPH�XQGHUO\LQJ�YDULDEOHV���+RZHYHU��WKH�QXPEHU�RI�JRRGV

UHTXLUHG�WR�DFKLHYH�D�JLYHQ�OHYHO�RI�SURILWV�DQG�HIILFLHQF\�JDLQV�JHQHUDOO\�LQFUHDVHV�

���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
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2
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2

2
),cov(2

µ
µ

µ
µ

σσ
σ

B

Bi

B

i vv
���)RU�H[DPSOH��LI�WKH�YDOXDWLRQV�RI�L�DQG�%�DUH�XQFRUUHODWHG�DQG�µ µi B= ��WKH

FRHIILFLHQW�RI�YDULDWLRQ�ZLOO�GHFUHDVH�LI� 22 3 Bi σσ < �
��� 6FKPDOHQVHH��������VKRZV�WKDW�IRU�D�*DXVVLDQ�GLVWULEXWLRQ�RI�FRQVXPHU�YDOXDWLRQV��EXQGOLQJ�ZLOO�EH�SURILWDEOH�ZKHQ

LW�GHFUHDVHV�WKH�FRHIILFLHQW�RI�YDULDWLRQ�σ µi i ��DV�ORQJ�DV�PHDQ�YDOXDWLRQV�DUH�VXIILFLHQWO\�KLJK���:KLOH�WKLV�FULWHULRQ�LV
DOVR�SUHGLFWLYH�RI�EXQGOLQJ·V�SURILWDELOLW\�IRU�VHYHUDO�RWKHU�GLVWULEXWLRQV��LW�LV�QRW�DOZD\V�D�VXIILFLHQW�FULWHULRQ�

��� $�VHTXHQFH�{ }vi �LV�FDOOHG�VWDWLRQDU\�LQ�WKH�ZLGH�VHQVH�LI�E{| | }v
i

2 < ∞ �IRU�DOO�L��DQG�WKH�FRYDULDQFH�cov( , )v vs i s+ �GRHV

QRW�GHSHQG�RQ�V���7KLV�FRQGLWLRQ�LV�VDWLVILHG��IRU�H[DPSOH��LI�DOO�vi �DUH�LGHQWLFDOO\�GLVWULEXWHG�ZLWK�ILQLWH�PHDQ�DQG

YDULDQFH��DQG�ρ ρi j
j i

, = − �IRU�VRPH�ρ �LQ�( , )0 1 �DQG�IRU�DOO�L�DQG�M�
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,Q�WKH�VHFRQG�W\SH�RI�SRVLWLYH�FRUUHODWLRQ��WKH�YDOXDWLRQV�IRU�DOO�JRRGV�DUH�FRUUHODWHG�WR�RQH�RU�PRUH�XQGHUO\LQJ

YDULDEOHV��ZKLFK�FDQ�EH�WKRXJKW�RI�DV�FKDUDFWHUL]LQJ�GLIIHUHQW�PDUNHW�VHJPHQWV���)RU�LQVWDQFH��LI�EXVLQHVV�XVHUV

KDYH�KLJKHU�YDOXDWLRQV�WKDQ�KRPH�XVHUV�IRU�ERWK�D�VWRFN�TXRWDWLRQ�DQG�D�ILQDQFLDO�QHZV�VWRU\��WKH\�ZLOO�DOVR

KDYH�D�KLJKHU�YDOXDWLRQ�IRU�D�EXQGOH�RI�ERWK�WKHVH�JRRGV���,Q�WKLV�FDVH��WKH�GLVWULEXWLRQ�RI�FRQVXPHU�YDOXDWLRQV

IRU�WKH�EXQGOH�GRHV�QRW�FRQYHUJH�WR�D�*DXVVLDQ�GLVWULEXWLRQ�DV�PRUH�JRRGV�DUH�DGGHG���,QVWHDG��WKH�OLPLWLQJ

GLVWULEXWLRQ�UHIOHFWV�WKH�PHDQ�YDOXDWLRQV�RI�HDFK�PDUNHW�VHJPHQW��LQ�WKLV�H[DPSOH�WKH�SUREDELOLW\�WKDW�D

FRQVXPHU�XVHV�WKH�FRPSXWHU�IRU�IXQ�RU�IRU�SURILW���,Q�JHQHUDO��ZKHQ�YDOXDWLRQV�DUH�FRUUHODWHG�ZLWK�XQGHUO\LQJ

YDULDEOHV��EXQGOLQJ�PD\�QRW�UHGXFH�GHDGZHLJKW�ORVV�HYHQ�IRU�YHU\�ODUJH�EXQGOHV��DQG�D�VLPSOH�EXQGOLQJ

VWUDWHJ\�PD\�QRW�EH�WKH�SURILW�PD[LPL]LQJ�VWUDWHJ\�IRU�VHOOHUV�RI�LQIRUPDWLRQ�JRRGV�

7KH�UHVXOWV�RI�3URSRVLWLRQ���FDQ�EH�UHVWRUHG�LI�WKH�PDUNHW�FDQ�EH�VHJPHQWHG�DFFRUGLQJ�WR�FRQVXPHU�W\SHV���7KH

VWUDWHJ\�LV�WR�FUHDWH�VXEPDUNHWV�GHILQHG�E\�GLIIHUHQW�YDOXHV�RI�WKH�XQGHUO\LQJ�YDULDEOH��VR�WKDW�FRQVXPHUV·

GHPDQGV�DUH�LQGHSHQGHQW��FRQGLWLRQDO�WR�D�JLYHQ�YDOXH�RI�WKH�XQGHUO\LQJ�YDULDEOH���7KHQ��WKH�VHOOHU�RIIHUV

GLVFRXQWV�WR�FRQVXPHUV�LQ�PDUNHW�VHJPHQWV�ZLWK�ORZHU�PHDQ�YDOXDWLRQV��)RU�LQVWDQFH��ZKLOH�KRPH�DQG

EXVLQHVV�XVHUV�PD\�KDYH�GLIIHUHQW�YDOXDWLRQV�IRU�D�EXQGOH��WKHLU�YDOXDWLRQV�IRU�LQGLYLGXDO�LQIRUPDWLRQ�JRRGV

PD\�EH�DSSUR[LPDWHO\�L�L�G��ZLWKLQ�HDFK�FDWHJRU\�RI�XVHU���%\�LGHQWLI\LQJ�D�JLYHQ�FRQVXPHU
V�PDUNHW�VHJPHQW�H[

DQWH��D�VHOOHU�FDQ�PD[LPL]H�SURILWV�E\�RIIHULQJ�DQ�DSSURSULDWHO\�SULFHG�EXQGOH�IRU�HDFK�W\SH�RI�FRQVXPHU³WKLUG

GHJUHH�SULFH�GLVFULPLQDWLRQ���

,Q�SULQFLSOH��GHPDQG�PLJKW�EH�VHJPHQWHG�LQWR�DQ�DUELWUDU\�QXPEHU�RI�VXEFDWHJRULHV��ZLWK�VHSDUDWH�GHPDQG

FXUYHV�DQG�SULFHV�IRU�HDFK�VXEFDWHJRU\�DV�LOOXVWUDWHG�LQ�)LJXUH�����,I�FRQVXPHU�YDOXDWLRQV�IRU�LQGLYLGXDO�JRRGV

DUH�FRUUHODWHG�WR�D�FRPPRQ�XQGHUO\LQJ�YDULDEOH�VXFK�DV�FRQVXPHU�W\SH��EXW�DUH�L�L�G��FRQGLWLRQDO�RQ�WKLV

YDULDEOH��WKHQ�EXQGOLQJ�LQFUHDVHV�SURILWV��UHGXFHV�GHDGZHLJKW�ORVV��DQG�UHGXFHV�FRQVXPHUV·�VXUSOXV�LI�WKH�VHOOHU

FDQ�VHJPHQW�WKH�PDUNHW�WKURXJK�WKLUG�GHJUHH�SULFH�GLVFULPLQDWLRQ�

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

�� 6XFK�SULFH�GLVFULPLQDWLRQ�LV�FRPPRQ�DPRQJ�VRIWZDUH�DQG�LQIRUPDWLRQ�YHQGRUV��9DULDQ����������)RU�H[DPSOH�
1HWZRUN�$VVRFLDWHV��,QF��KDV�VHSDUDWH�SULFH�VFKHGXOHV�IRU�KRPH�DQG�EXVLQHVV�XVHUV�IRU�LGHQWLFDO�EXQGOHV�RI�DQWL�YLUXV
VRIWZDUH�
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-Wealth

0 0.25 0.5 0.75 1

Quantity (for Bundle)
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-Wealth

0 0.25 0.5 0.75 1

Quantity (for Bundle)

1
2

3
4

5

Consumer
type

Quantity (for bundle)

Bundle
price

)LJXUH����%XQGOLQJ�ZLWK�WKLUG�GHJUHH�SULFH�GLVFULPLQDWLRQ

7KH�WKLUG�GHJUHH�SULFH�GLVFULPLQDWLRQ�VWUDWHJ\�FDQ�EH�JHQHUDOL]HG�WR�PXOWLSOH�XQGHUO\LQJ�YDULDEOHV���,I�D�VHOOHU

VHJPHQWV�FRQVXPHUV�XVLQJ�RQH�YDULDEOH��DQG�WKHQ�ILQGV�WKDW�FRQVXPHU�YDOXDWLRQV�UHPDLQ�FRUUHODWHG�WR�D

GLIIHUHQW�FRPPRQ�YDULDEOH��WKH�SURFHVV�FDQ�EH�UHSHDWHG�WR�UHPRYH�WKLV�UHVLGXDO�FRUUHODWLRQ�����)RU�LQVWDQFH��LW

PLJKW�EH�SRVVLEOH�WR�VHJPHQW�FRQVXPHUV�E\�EXVLQHVV�YV��KRPH�XVH��]LS�FRGH��HGXFDWLRQDO�EDFNJURXQG��DJH��VH[�

FUHGLW�UDWLQJ��HWF��DOWKRXJK�OHJDO�DQG�HWKLFDO�LVVXHV�PD\�OLPLW�WKH�XVH�RI�VRPH�RI�WKLV�GDWD�IRU�SULFH

GLVFULPLQDWLRQ���7KLUG�GHJUHH�SULFH�GLVFULPLQDWLRQ�VWUDWHJLHV�ZLOO�EH�IDFLOLWDWHG�E\�ZLGHVSUHDG�FRPSXWHU

QHWZRUNLQJ�DQG�SXEOLF�NH\�HQFU\SWLRQ�DQG�DXWKHQWLFDWLRQ�WHFKQRORJLHV�WKDW�HQDEOH�WKH�FRVW�HIIHFWLYH�GHOLYHU\

RI�QRQ�WUDQVIHUDEOH�UHEDWH�FRXSRQV�WR�LQGLYLGXDO�FRQVXPHUV���7KH�UHEDWH�DPRXQW�FDQ�EH�D�IXQFWLRQ�RI�WKH

XQGHUO\LQJ�YDULDEOHV�WKDW�DUH�FRUUHODWHG�ZLWK�WKH�WDUJHWHG�FRQVXPHUV·�H[SHFWHG�YDOXDWLRQ�IRU�WKH�EXQGOH�

,Q�RUGHU�WR�H[HFXWH�WKH�DERYH�VWUDWHJ\��WKH�VHOOHU�PXVW�EH�DEOH�WR�FKDUJH�GLIIHUHQW�SULFHV�EDVHG�RQ�REVHUYDEOH

FKDUDFWHULVWLFV�RI�YDULRXV�PDUNHW�VHJPHQWV��,Q�VRPH�FDVHV��WKLV�LV�LQIHDVLEOH��+RZHYHU��LQ�PDQ\�FDVHV�

FRQVXPHUV�FDQ�EH�LQGXFHG�WR�UHYHDO�LQIRUPDWLRQ�DERXW�WKHLU�YDOXDWLRQV�WKURXJK�WKHLU�FKRLFHV�E\�RIIHULQJ�WKHP

D�PHQX�RI�EXQGOHV�DW�GLIIHUHQW�SULFHV���)RU�LQVWDQFH��FRQVXPHUV�ZLWK�ORZ�YDOXDWLRQV�PD\�EH�ZLOOLQJ�WR�LQFXU�D

GHOD\�EHIRUH�JHWWLQJ�VWRFN�PDUNHW�GDWD�LQ�H[FKDQJH�IRU�D�SULFH�GLVFRXQW�����7KXV��FRQVXPHU�EHKDYLRU�FDQ�EH

XVHG�WR�VHJPHQW�WKH�PDUNHW���,Q�D�UHODWHG�VWUDWHJ\��WKH�PRQRSROLVW�PD\�SURILW�E\�SXUVXLQJ�D�PL[HG�EXQGOLQJ

VWUDWHJ\�RI�RIIHULQJ�VHYHUDO�EXQGOHV��HDFK�LQFOXGLQJ�D�VXEVHW�RI�WKH�DYDLODEOH�LQIRUPDWLRQ�JRRGV���$V�ZLWK

SURGXFW�IHDWXUHV��VXFK�D�PHQX�RI�EXQGOHV�FDQ�EH�XVHG�WR�VFUHHQ�FRQVXPHUV�E\�PDUNHW�VHJPHQW�

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

�� 7KLV�SURFHVV�LV�VRPHZKDW�DQDORJRXV�WR�DGGLQJ�LQGHSHQGHQW�YDULDEOHV�WR�D�UHJUHVVLRQ�HTXDWLRQ��RU�LGHQWLI\LQJ�WKH
FRPSRQHQWV�RI�UHWXUQV�LQ�D�GLYHUVLILHG�SRUWIROLR�RI�VHFXULWLHV��5RVV��������

��� 6HH�9DULDQ��������RU�&OHPRQV�DQG�:HEHU��������IRU�PRGHOV�WKDW�XVH�VXFK�GHOD\V�WR�KHOS�VHJPHQW�PDUNHWV�
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6XSSRVH�WKH�VHOOHU�FDQ�UHPRYH�RU�GHJUDGH�D�IHDWXUH�WKDW�GLVSURSRUWLRQDWHO\�DIIHFWV�KLJK�GHPDQG�FRQVXPHUV�

7KLV�FRXOG�EH�DFKLHYHG��IRU�LQVWDQFH��E\�GHOD\LQJ�VWRFN�TXRWDWLRQV�E\����PLQXWHV���%\�RIIHULQJ�DSSURSULDWHO\�

SULFHG�EXQGOHV�ZLWK�DQG�ZLWKRXW�WKLV�IHDWXUH��WKH�VHOOHU�PD\�EH�DEOH�WR�LQIHU�FRQVXPHUV
�H[SHFWHG�YDOXDWLRQV

IRU�WKH�EXQGOH�EDVHG�RQ�WKHLU�SXUFKDVLQJ�GHFLVLRQV���&RQGLWLRQLQJ�RQ�WKLV�LQIRUPDWLRQ�FDQ�WKXV�HOLPLQDWH

XQGHVLUHG�FRUUHODWLRQV�DQG�UHVWRUH�WKH�VWURQJ�UHVXOWV�RI�SURSRVLWLRQ����,QWHUHVWLQJO\��ZKLOH�VHJPHQWLQJ�W\SHV�LV

RIWHQ�LQIHDVLEOH�IRU�XQEXQGOHG�JRRGV��EXQGOLQJ�FDQ�FUHDWH�QHZ�RSSRUWXQLWLHV�IRU�SULFH�GLVFULPLQDWLRQ�E\

UHGXFLQJ�WKH�LPSRUWDQFH�RI�LGLRV\QFUDWLF�IDFWRUV�WKDW�DGG��QRLVH��WR�WKH�YDOXDWLRQV�IRU�LQGLYLGXDO�JRRGV���

$QRWKHU�ZD\�WR�VRUW�FXVWRPHUV�LV�WR�OHDYH�FHUWDLQ�LWHPV�RXW�RI�VRPH�EXQGOHV���)RU�H[DPSOH��WKH�VHOOHU�FDQ�RIIHU

DQ�´HFRQRP\µ�EXQGOH�WKDW�LV�D�VXEVHW�RI�WKH�´SUHPLXPµ�EXQGOH���6XFK�D�PL[HG�EXQGOLQJ�VWUDWHJ\�IRUFHV

FRQVXPHUV�WR�VLJQDO�WKHLU�YDOXDWLRQV�E\�WKHLU�FKRLFH�RI�EXQGOHV���:KLOH�WKH�VPDOOHU�EXQGOHV�QHHG�QRW�EH�DQ\�OHVV

H[SHQVLYH�WR�FUHDWH�RU�SURYLGH��RIIHULQJ�WKHP�DW�D�UHGXFHG�SULFH�FDQ�LQFUHDVH�SURILWV�E\�HQDEOLQJ�WKH�VHOOHU�WR

VHUYLFH�ORZ�GHPDQG�FRQVXPHUV�ZLWKRXW�JLYLQJ�XS�D�ORW�RI�SRWHQWLDO�UHYHQXH�IURP�KLJK�GHPDQG�FRQVXPHUV���

:KHWKHU�XVLQJ�IHDWXUHV�RU�EXQGOH�VL]H��WKH�VHOOHU·V�VWUDWHJ\�LV�VLPLODU�WR�WKLUG�GHJUHH�GLVFULPLQDWLRQ��H[FHSW�WKDW

WKH�VHOOHU�PXVW�SURYLGH�LQFHQWLYHV�WR�SUHYHQW�KLJK�GHPDQG�FRQVXPHUV�IURP�PLPLFNLQJ�ORZ�GHPDQG

FRQVXPHUV�ZKHQ�VHWWLQJ�WKH�SULFH�VFKHGXOH��DV�FRQVXPHUV�FDQ�VWUDWHJLFDOO\�PRGLI\�WKHLU�EHKDYLRU���7KLV�QHHG�WR

PDLQWDLQ�LQFHQWLYH�FRPSDWLELOLW\�W\SLFDOO\�UHGXFHV�WKH�HIILFLHQF\�EHQHILWV�RI�EXQGOLQJ�DV�VRPH�FRQVXPHUV�ZLWK

ORZ�YDOXDWLRQV�DUH�LQHIILFLHQWO\�H[FOXGHG�IURP�VRPH�JRRGV��DQG�LQWURGXFHV�VRPH�´UHQW�VSLOORYHUµ�DV�VXUSOXV�LV

QRW�FRPSOHWHO\�H[WUDFWHG�IURP�VRPH�FRQVXPHUV�ZLWK�KLJK�YDOXDWLRQV��:LOVRQ������FK�������

,Q�VXPPDU\��VHOOHUV�RI�LQIRUPDWLRQ�JRRGV�ZLOO�RIWHQ�ILQG�LW�DGYDQWDJHRXV�WR�VHJPHQW�WKHLU�PDUNHWV�EDVHG�RQ

REVHUYDEOH�FKDUDFWHULVWLFV�RU�UHYHDOHG�FRQVXPHU�EHKDYLRU���7KLV�DSSURDFK�FDQ�UHGXFH�RU�HOLPLQDWH�WKH

FRUUHODWLRQ�RI�YDOXHV�E\�PDUNHW�VHJPHQW�DQG�ZRUNV�V\QHUJLVWLFDOO\�ZLWK�EXQGOLQJ�WR�LQFUHDVH�SURILWV��WKH�WZR

W\SHV�RI�SULFH�GLVFULPLQDWLRQ�DUH�PRUH�SRZHUIXO�LQ�FRPELQDWLRQ�WKDQ�VHSDUDWHO\���7KH�RSWLPDO�VWUDWHJ\�ZLOO

W\SLFDOO\�LQYROYH�PL[HG�EXQGOLQJ��WKH�SUDFWLFH�RIIHULQJ�GLIIHUHQW�EXQGOHV�WR�GLIIHUHQW�JURXSV���$FFRUGLQJO\�

HYHQ�LI�PDUJLQDO�FRVWV�DUH�]HUR��PL[HG�EXQGOLQJ�ZLOO�GRPLQDWH�SXUH�EXQGOLQJ�ZKHQ�FRQVXPHU�YDOXDWLRQV�DUH

FRUUHODWHG�ZLWK�DQ�XQGHUO\LQJ�YDULDEOH�

���,PSOLFDWLRQV��(YLGHQFH�DQG�&RQFOXVLRQV

����,PSOLFDWLRQV�IRU�PDUNHW�VWUXFWXUH

2XU�DQDO\VLV�VKRZV�WKDW��EHFDXVH�RI�WKH�SRZHU�RI�WKH�SUHGLFWLYH�YDOXH�RI�EXQGOLQJ��D�PXOWLSURGXFW�PRQRSROLVW

RI�LQIRUPDWLRQ�JRRGV�PD\�DFKLHYH�KLJKHU�SURILWV�DQG�JUHDWHU�HIILFLHQF\�E\�XVLQJ�D�EXQGOLQJ�VWUDWHJ\�WKDQ�E\

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

��� 6HH�3URSRVLWLRQ���LQ�WKH�$SSHQGL[�IRU�D�IRUPDO�VWDWHPHQW�DQG�SURRI�RI�WKLV�UHVXOW�
��� 6HH�3URSRVLWLRQ���LQ�WKH�$SSHQGL[�IRU�D�IRUPDO�VWDWHPHQW�DQG�SURRI�RI�WKLV�UHVXOW�
��� $V�$UPVWURQJ��������VKRZV��LQHIILFLHQW�H[FOXVLRQ�RI�ORZ�GHPDQG�FRQVXPHUV�LV�DOVR�FRPPRQ�LQ�PXOWLGLPHQVLRQDO

PHFKDQLVP�GHVLJQ��ZKHQ�FRQVXPHUV·�SULYDWH�LQIRUPDWLRQ��RU�´W\SHµ��FDQQRW�EH�FDSWXUHG�LQ�D�VLQJOH�VFDODU�YDULDEOH�
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VHOOLQJ�WKH�JRRGV�VHSDUDWHO\���,I�LW�ZRXOG�EH�GLIILFXOW��RU�LOOHJDO��IRU�D�FROOHFWLRQ�RI�VLQJOH�JRRG�PRQRSROLVWV�WR

FRRUGLQDWH�RQ�D�XQLILHG�EXQGOLQJ�VWUDWHJ\�DQG�SULFH��RXU�DQDO\VLV�VXJJHVWV�WKDW�WKH\�PD\�EHQHILW�IURP�VHOOLQJ

WKHLU�LQIRUPDWLRQ�JRRGV�WR�D�VLQJOH�ILUP���6LPLODUO\��DQ�LQIRUPDWLRQ�JRRG�WKDW�LV�XQSURILWDEOH��QHW�RI

GHYHORSPHQW�FRVWV��LI�VROG�VHSDUDWHO\�FRXOG�EHFRPH�SURILWDEOH�ZKHQ�VROG�DV�SDUW�RI�D�ODUJHU�EXQGOH���7KXV�

EXQGOLQJ�FRQIHUV�VL]H�EDVHG�DGYDQWDJHV�ZKLFK�DUH�GLVWLQFW�IURP�WHFKQRORJLFDO�HFRQRPLHV�RI�VFRSH��VFDOH�RU

OHDUQLQJ��H�J��6SHQFH��������RU�QHWZRUN�H[WHUQDOLWLHV��H�J��)DUUHOO�DQG�6DORQHU��������

�,Q�DGGLWLRQ�WR�KDYLQJ�D�VLQJOH�ILUP�GHYHORS�DQG�PDUNHW�D�IXOO�FROOHFWLRQ�RI�LQIRUPDWLRQ�JRRGV��D�YDULHW\�RI

DOWHUQDWLYH�PDUNHW�VWUXFWXUHV�PLJKW�DOVR�HPHUJH���%XQGOLQJ�FRXOG�EH�LPSOHPHQWHG�E\�D�EURNHU�WKDW�UHPDUNHWV

JRRGV�SURGXFHG�E\�LQIRUPDWLRQ��FRQWHQW��SURGXFHUV���7KLV�LV�HVVHQWLDOO\�WKH�VWUDWHJ\�RI�DJJUHJDWRUV�OLNH

$PHULFD�2QOLQH���$OWHUQDWLYHO\��D�FRQVRUWLXP�RU�FOXE�RI�FRQVXPHUV�FRXOG�SXUFKDVH�DFFHVV�WR�D�YDULHW\�RI

LQIRUPDWLRQ�JRRGV�DQG�PDNH�WKHP�DYDLODEOH�WR�DOO�PHPEHUV�IRU�D�IL[HG�IHH���6RPH�XVHU�JURXSV�DQG�FHUWDLQ�VLWH

OLFHQVLQJ�DUUDQJHPHQWV�IRU�VRIWZDUH�UHVHPEOH�WKLV�DSSURDFK���)LQDOO\��WKH�JRYHUQPHQW�FRXOG�IXQG�WKH�FUHDWLRQ

DQG�GLVWULEXWLRQ�RI�LQIRUPDWLRQ�JRRGV�WKURXJK�WD[HV�WKDW�GR�QRW�GHSHQG�RQ�ZKLFK�LQGLYLGXDO�JRRGV�DUH

FRQVXPHG��EXW�RQO\�RQ�DFFHVV�WR�WKH�ZKROH�VHW���)RU�LQVWDQFH��WKH�8QLWHG�.LQJGRP�IXQGV�SXEOLF�WHOHYLVLRQ

SURJUDPPLQJ�YLD�D�XVH�WD[�RQ�WHOHYLVLRQ�VHWV���(DFK�RI�WKHVH�LQVWLWXWLRQDO�DSSURDFKHV�LV�OLNHO\�WR�LQYROYH

GLIIHUHQW�PDUNHWLQJ�VWUDWHJLHV�DQG�WUDGH�RIIV�

����(PSLULFDO�HYLGHQFH

2XU�PRGHOV�IRU�EXQGOLQJ�LQIRUPDWLRQ�JRRGV�FDQ�KHOS�H[SODLQ�VRPH�HPSLULFDO�SKHQRPHQD���)RU�LQVWDQFH��DQ

LQWHUHVWLQJ�FRQWUDVW�LQ�SULFLQJ�DQG�EXQGOLQJ�VWUDWHJLHV�LV�HYLGHQW�DW�FRPPHUFLDO�VLWHV�RQ�WKH�:RUOG�:LGH�:HE

ZKLFK�VHOO�GLIIHUHQW�W\SHV�RI�JRRGV���$W�ZHE�VLWHV�WKDW�VHOO�SK\VLFDO�JRRGV�OLNH�FRPSXWHU�DFFHVVRULHV��HDFK�LWHP

LV�XVXDOO\�DVVRFLDWHG�ZLWK�D�GLVWLQFW�SULFH��ZKLOH�DW�VLWHV�WKDW�VHOO�GLJLWDO�LQIRUPDWLRQ��DOO�RI�WKH�LWHPV�GLVSOD\HG

DUH�RIWHQ�DYDLODEOH�ZKHQ�WKH�FRQVXPHU�SD\V�D�VLQJOH�SULFH�IRU�DFFHVV�WR�WKH�EXQGOH����6LQFH�ERWK�W\SHV�RI

FRPSDQLHV�PDUNHW�WKHLU�SURGXFWV�RYHU�WKH�,QWHUQHW��LW�LV�UHDVRQDEOH�WR�DVVXPH�WKDW�WKH\�IDFH�VLPLODU�WUDQVDFWLRQ

FRVWV���+RZHYHU��WKH�PDUJLQDO�FRVWV�RI�WKHLU�JRRGV�GLIIHU�PDUNHGO\�DQG�VR�RXU�WKHRU\�RI�EXQGOLQJ�DV�D�SULFLQJ

VWUDWHJ\�IRU�LQIRUPDWLRQ�JRRGV�SURYLGHV�D�FOHDU�H[SODQDWLRQ�IRU�WKH�GLIIHUHQFH�LQ�WKHLU�SULFLQJ�VWUDWHJLHV���,W�LV

DOVR�LQWHUHVWLQJ�WR�FRQWUDVW�VHOOHUV�RI�GLJLWDO�LQIRUPDWLRQ�ZLWK�SK\VLFDO�ZRUOG�QHZVVWDQGV�RU�SULQW�SXEOLVKHUV���$

FRQYHQWLRQDO�QHZVVWDQG�RU�SXEOLVKHU�PD\�VHOO�GR]HQV�RI�QHZVSDSHUV�DQG�PDJD]LQHV��EXW�WKH\�GR�QRW�W\SLFDOO\

SXUVXH�D�EXQGOLQJ�VWUDWHJ\�WKH\�ZD\�WKHLU�RQOLQH�FRXQWHUSDUWV�RIWHQ�GR�

&DEOH�WHOHYLVLRQ�ILUPV�DOVR�VHOO�JRRGV�ZLWK�QHDUO\�]HUR�PDUJLQDO�FRVWV�RI�UHSURGXFWLRQ���,Q�JHQHUDO��SD\�SHU�

YLHZ�KDV�EHHQ�OHVV�FRPPRQ�WKDQ�EXQGOLQJ�RULHQWHG�SULFLQJ�VFKHPHV���7\SLFDOO\��D�IHZ�VWDQGDUG�EXQGOHV�DUH

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

�� &RQWUDVW�IRU�LQVWDQFH��WKH�,QWHUQHW�6KRSSLQJ�1HWZRUN��KWWS���LQWHUQHW�QHW��DQG�(�OLEUDU\��KWWS���ZZZ�HOLEUDU\�FRP��
0DQ\�DVSHFWV�RI�WKHVH�VLWHV�DUH�VLPLODU��VXFK�DV�WKH�FRORUIXO�LFRQV�UHSUHVHQWLQJ�D�YDULHW\�RI�SURGXFWV�IRU�VDOH�
+RZHYHU��DV�RI������DQG�������,QWHUQHW�6KRSSLQJ�1HWZRUN�FKDUJHG�VHSDUDWHO\�IRU�HDFK�FRQQHFWRU��PRGHP�RU
FRPSXWHU�DFFHVVRU\�VROG�ZKLOH�(�OLEUDU\�VROG�D�EXQGOH�RI�����QHZVSDSHUV������PDJD]LQHV��������ZRUNV�RI�OLWHUDWXUH�
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RIIHUHG��DV�SUHGLFWHG�E\�RXU�WKHRU\��LQ�DQ�DWWHPSW�WR�DFKLHYH�VRPH�GHJUHH�RI�SULFH�GLVFULPLQDWLRQ���)RU

H[DPSOH��WKHVH�ILUPV�W\SLFDOO\�RIIHU�D�´EDVLFµ�EXQGOH�IURP�ZKLFK�FHUWDLQ�JRRGV�DUH�H[FOXGHG�����:KHQ�VLPLODU

YLGHR�HQWHUWDLQPHQW�LV�SDFNDJHG�LQ�WKH�IRUP�RI�YLGHRFDVVHWWHV��WKH�PDUJLQDO�FRVWV�ULVH�GUDPDWLFDOO\�DQG

EXQGOLQJ�YDQLVKHV�DV�D�SULFLQJ�VWUDWHJ\���+RZ�DERXW�WKH�PRUH�UHFHQW�HPHUJHQFH�RI�GLUHFW�VDWHOOLWH�EURDGFDVW"

+HUH�WKH�PDUJLQDO�FRVW�LV�DJDLQ�FORVH�WR�]HUR�DQG�EXQGOLQJ�DJDLQ�GRPLQDWHV�

,QWHUHVWLQJO\��0LFURVRIW�KDV�RIWHQ�LQFRUSRUDWHG�LQWR�LWV�RSHUDWLQJ�V\VWHPV�DSSOLFDWLRQV�DQG�IXQFWLRQDOLW\�WKDW

ZHUH�GHYHORSHG�E\�RWKHU�ILUPV�DQG�SUHYLRXVO\�VROG�VHSDUDWHO\��WKLV�PD\�EH�FRQVLVWHQW�ZLWK�RXU�PRGHO���,Q������

0LFURVRIW
V�:LQGRZV�RSHUDWLQJ�V\VWHP�LQFRUSRUDWHG�PRVW�RI�WKH�FDSDELOLWLHV�RI�$UWLVRIW
V�/DQWDVWLF��LQ�������LW

LQFRUSRUDWHG�PHPRU\�PDQDJHPHQW�VLPLODU�WR�4XDUWHUGHFN
V�4(00�SURGXFW��GLVN�FRPSUHVVLRQ�OLNH�6WDF
V

'RXEOH�6SDFH��DQG�ID[LQJ�OLNH�'HOULQD
V�:LQID[�SURGXFW��DQG�LQ�������HPDLO�OLNH�/RWXV
V�FF�PDLO��0DUNRII��������

&XUUHQW�YHUVLRQV�RI�:LQGRZV�LQFOXGH�ZHE�EURZVLQJ�VRIWZDUH�VLPLODU�WR�EURZVHUV�WKDW�ZHUH�SUHYLRXVO\�VROG

VHSDUDWHO\���6LPLODUO\��:RUGSHUIHFW�DQG�/RWXV�KDYH�DOVR�VRXJKW�WR�FRPSHWH�E\�EXQGOLQJ�WKHLU�SURGXFWV�ZLWK

DSSOLFDWLRQV�WKDW�SUHYLRXVO\�ZHUH�VROG�VHSDUDWHO\�

1XPHURXV�WHFKQRORJLVWV�KDYH�SUHGLFWHG�WKDW�WKH�,QWHUQHW�ZRXOG�OHDG�WR�WKH�XQEXQGOLQJ�QRW�RQO\�RI�DSSOLFDWLRQ

VXLWHV��EXW�HYHQ�RI�WKH�DSSOLFDWLRQV�WKHPVHOYHV���)RU�LQVWDQFH��0HWFDOIH��������ZULWHV���:K\�VKRXOG�\RX�SD\�IRU

DQ�XQXVHG�VSHOOLQJ�FKHFNHU"�:K\�QRW�GRZQORDG�D�ZRUG�SURFHVVRU�IRU�WKH�HYHQLQJ��ZLWK�RU�ZLWKRXW�ID[��LQWR

\RXU�KRWHO�URRP
V�QHWZRUN�FRPSXWHU"���:KLOH�,QWHUQHW�WHFKQRORJ\�LV�FHUWDLQO\�PDNLQJ�LW�PXFK�FKHDSHU�WR

GHOLYHU�DQG�FKDUJH�IRU�VPDOO�FRPSRQHQWV�RI�LQIRUPDWLRQ�JRRGV��RXU�DQDO\VLV�VXJJHVWV�WKDW�WKH�XOWLPDWH

HTXLOLEULXP�ZLOO�LQFOXGH�DQ�LPSRUWDQW�UROH�IRU�EXQGOLQJ�EDVHG�VWUDWHJLHV��LQFOXGLQJ�PL[HG�EXQGOLQJ�DQG

PHQXV�RI�EXQGOHV�WDUJHWHG�WR�GLIIHUHQW�W\SHV�RI�FRQVXPHUV�

����&RQFOXGLQJ�UHPDUNV

$�VWUDWHJ\�RI�VHOOLQJ�D�EXQGOH�RI�PDQ\�GLVWLQFW�LQIRUPDWLRQ�JRRGV�IRU�D�VLQJOH�SULFH�RIWHQ�\LHOGV�KLJKHU�SURILWV

DQG�JUHDWHU�HIILFLHQF\�WKDQ�VHOOLQJ�WKH�VDPH�JRRGV�VHSDUDWHO\���7KH�EXQGOLQJ�VWUDWHJ\�WDNHV�DGYDQWDJH�RI�WKH

ODZ�RI�ODUJH�QXPEHUV�WR�´DYHUDJH�RXWµ�XQXVXDOO\�KLJK�DQG�ORZ�YDOXDWLRQV��DQG�FDQ�WKHUHIRUH�UHVXOW�LQ�D

GHPDQG�FXUYH�WKDW�LV�PRUH�HODVWLF�QHDU�WKH�PHDQ�YDOXDWLRQ�RI�WKH�SRSXODWLRQ�DQG�PRUH�LQHODVWLF�DZD\�IURP�WKH

PHDQ���$V�D�UHVXOW�RI�WKLV�SUHGLFWLYH�YDOXH�RI�EXQGOLQJ��SURILWV�DQG�VDOHV�FDQ�EH�LQFUHDVHG��HYHQ�DV�LQHIILFLHQF\

�GHDGZHLJKW�ORVV��LV�UHGXFHG���:KLOH�WKH�SURILWDELOLW\�DQG�HIILFLHQF\�EHQHILWV�RI�EXQGOLQJ�DUH�HDVLHVW�WR�TXDQWLI\

ZKHQ�WKH�FRQVXPHU�YDOXDWLRQV�DUH�LGHQWLFDOO\�GLVWULEXWHG�DQG�QRW�FORVHO\�FRUUHODWHG�IRU�GLIIHUHQW�SURGXFWV��D

EXQGOLQJ�VWUDWHJ\�FDQ�EH�SURILWDEOH�LQ�D�YDULHW\�RI�VLWXDWLRQV���)RU�LQVWDQFH��ZH�VKRZ�KRZ�WKH�IUDPHZRUN�ZH

LQWURGXFH�LQ�WKLV�DUWLFOH�FDQ�EH�DSSOLHG�WR�WKH�EXQGOLQJ�RI�FRPSOHPHQWV�DQG�VXEVWLWXWHV�DQG�EXQGOLQJ�LQ�WKH

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

�������SKRWRV��DQG�WKRXVDQGV�RI�DGGLWLRQDO�LQIRUPDWLRQ�JRRGV�IRU�D�IL[HG�SULFH�RI��������SHU�\HDU�IRU�LQGLYLGXDO�XVHUV�
7KH\�FKDUJHG�RWKHU�FDWHJRULHV�RI�XVHUV��VXFK�DV�VFKRROV�DQG�OLEUDULHV��GLIIHUHQW�SULFHV�IRU�WKLV�VDPH�EXQGOH�

��� 7KH�SD\�SHU�YLHZ�DSSURDFK�KDV�EHHQ�XVHG�PDLQO\�IRU�XQXVXDO�VSHFLDO�HYHQWV�VXFK�DV�ER[LQJ�PDWFKHV��WKLV�FDQ�EH
H[SODLQHG�DV�D�VWUDWHJ\�RI�H[FOXGLQJ�´ELJµ�JRRGV�IURP�WKH�EXQGOH�DQG�FKDUJLQJ�IRU�WKHP�VHSDUDWHO\�LI�VRPH�DVSHFWV�RI
WKH�QDWXUH�RI�FRQVXPHUV
�GHPDQG�IRU�WKHVH�JRRGV�LV�NQRZQ�D�SULRUL�
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SUHVHQFH�RI�EXGJHW�FRQVWUDLQWV���)XUWKHUPRUH��ZKHQ�GLIIHUHQW�PDUNHW�VHJPHQWV�GLIIHU�V\VWHPDWLFDOO\�LQ�WKHLU

DYHUDJH�YDOXDWLRQV�RI�JRRGV��ZH�ILQG�WKDW�EXQGOLQJ�FDQ�PDNH�SULFH�GLVFULPLQDWLRQ�SURILWDEOH�HYHQ�LI�LW�ZRXOG

KDYH�EHHQ�XQSURILWDEOH�ZKHQ�VHOOLQJ�WKH�JRRGV�VHSDUDWHO\���,Q�JHQHUDO��WKH�SUHGLFWLYH�YDOXH�RI�EXQGOLQJ�FDQ�EH

D�VXUSULVLQJO\�SRZHUIXO�WRRO�IRU�GLJLWDO�JRRGV��QRW�RQO\�E\�LWVHOI��EXW�DOVR�LQ�OHYHUDJLQJ�RWKHU�VWUDWHJLHV�

+LVWRULFDOO\��LW�KDV�EHHQ�FRQVLGHUHG�XQSURILWDEOH�DQG�LQHIILFLHQW�WR�EXQGOH�WRJHWKHU�ODUJH�QXPEHUV�RI�XQUHODWHG

JRRGV���+RZHYHU��RXU�DQDO\VLV�VXJJHVWV�WKDW�WKH�LQFUHDVLQJ�DYDLODELOLW\�RI�GLJLWDO�LQIRUPDWLRQ�JRRGV�VKRXOG

LQFUHDVH�WKH�VLJQLILFDQFH�RI�SULFLQJ�VWUDWHJLHV�WKDW�OHYHUDJH�WKH�SUHGLFWLYH�SRZHU�RI�ODUJH�VFDOH�EXQGOLQJ�

)XUWKHU�LQTXLU\�PD\�FKDOOHQJH�WKH�GLUHFW�DSSOLFDELOLW\�RI�RWKHU�ORQJ�VWDQGLQJ�SULFLQJ��PDUNHWLQJ�DQG

GLVWULEXWLRQ�SULQFLSOHV�WR�WKH�FDVH�RI�GLJLWDO�LQIRUPDWLRQ�JRRGV�
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5HIHUHQFHV

$UPVWURQJ��0��´0XOWLSURGXFW�1RQOLQHDU�3ULFLQJ�µ�(FRQRPHWULFD��9RO������1R�����-DQXDU\�������SS��������

$GDPV��:�-��DQG�<HOOHQ��-�/��´&RPPRGLW\�EXQGOLQJ�DQG�WKH�EXUGHQ�RI�PRQRSRO\�µ�4XDUWHUO\�-RXUQDO�RI
(FRQRPLFV�����$XJXVW�����������������

%DNRV��<��DQG�%U\QMROIVVRQ��(����$JJUHJDWLQJ�DQG�'LVDJJUHJDWLQJ�,QIRUPDWLRQ�*RRGV��,PSOLFDWLRQV�IRU
%XQGOLQJ��6LWH�/LFHQVLQJ�DQG�6XEVFULSWLRQV���LQ�3URFHHGLQJV�RI�,QWHUQHW�3XEOLVKLQJ�DQG�%H\RQG��7KH
(FRQRPLFV�RI�'LJLWDO�,QIRUPDWLRQ�DQG�,QWHOOHFWXDO�3URSHUW\��.HQQHG\�6FKRRO�RI�*RYHUQPHQW��+DUYDUG
8QLYHUVLW\��-DQXDU\������

%DNRV��<��DQG�%U\QMROIVVRQ��(���´�%XQGOLQJ�DQG�&RPSHWLWLRQ�RQ�WKH�,QWHUQHW��$JJUHJDWLRQ�6WUDWHJLHV�LQ�WKH
3URYLVLRQ�RI�,QIRUPDWLRQ�*RRGV�µ��3UHSDUHG�IRU�WKH�,1)2506�0LQL�&RQIHUHQFH�RQ�0DUNHWLQJ�6FLHQFH
DQG�WKH�,QWHUQHW��&DPEULGJH��0$��0DUFK������

%DNRV��<����%U\QMROIVVRQ��(��DQG�/LFKWPDQ��'���´6KDUHG�,QIRUPDWLRQ�*RRGVµ���-RXUQDO�RI�/DZ�DQG�(FRQRPLFV��$SULO�
�����

%U\QMROIVVRQ��(��DQG�&��)��.HPHUHU��´1HWZRUN�([WHUQDOLWLHV�LQ�0LFURFRPSXWHU�6RIWZDUH��$Q�(FRQRPHWULF
$QDO\VLV�RI�WKH�6SUHDGVKHHW�0DUNHW�µ�0DQDJHPHQW�6FLHQFH����������SS��������������������

&KXDQJ��-��&��,���DQG�6LUEX��0��$������������1HWZRUN�GHOLYHU\�RI�LQIRUPDWLRQ�JRRGV��2SWLPDO�SULFLQJ�RI�DUWLFOHV
DQG�VXEVFULSWLRQV����,Q�3URFHHGLQJV�RI�,QWHUQHW�3XEOLVKLQJ�DQG�%H\RQG��7KH�(FRQRPLFV�RI�'LJLWDO�,QIRUPDWLRQ
DQG�,QWHOOHFWXDO�3URSHUW\��.HQQHG\�6FKRRO�RI�*RYHUQPHQW��+DUYDUG�8QLYHUVLW\��-DQXDU\��������$YDLODEOH
DW�KWWS���ZZZ�HSS�FPX�HGX�aFKXDQJ�

&OHPRQV��(��.��DQG�%��:��:HEHU���,QIRUPDWLRQ�7HFKQRORJ\�DQG�6FUHHQ�%DVHG�6HFXULWLHV�7UDGLQJ��3ULFLQJ�WKH
6WRFN�DQG�3ULFLQJ�WKH�7UDGH���0DQDJHPHQW�6FLHQFH����������SS��������������������

(SSHQ��*��'���:��$��+DQVRQ��HW�DO���%XQGOLQJ�1HZ�3URGXFWV��1HZ�0DUNHWV��/RZ�5LVN���6ORDQ�0DQDJHPHQW
5HYLHZ��������SS��������������

)DUUHOO��-��DQG�*��6DORQHU��´6WDQGDUGL]DWLRQ��FRPSDWLELOLW\��DQG�LQQRYDWLRQ�µ�5DQG�-RXUQDO�RI�(FRQRPLFV���������
����������������

+DQVRQ��:��DQG�0DUWLQ��.���´2SWLPDO�%XQGOH�3ULFLQJ�µ�0DQDJHPHQW�6FLHQFH���������)HEUXDU\�������

+DUPRQ��6����0HGLD�&RPSDUDEOHV�8QFRYHUHG��:KDW
V�$Q�$FFHVV�6XEVFULEHU�:RUWK�$Q\ZD\"���L:25/'�
�KWWS���QHWGD\�LZRUOG�FRP�VWRFNV�LQGH[�VKWPO���$XJXVW�����������

0DUNRII��$���´7RPRUURZ��WKH�:RUOG�:LGH�:HE�µ��1HZ�<RUN�7LPHV��-XO\�����������S��'��

0F$GDPV��'��/���´0XOWLSURGXFW�0RQRSRO\�%XQGOLQJ�µ��0LPHR��*UDGXDWH�6FKRRO�RI�%XVLQHVV��6WDQIRUG
8QLYHUVLW\��������

0F$IHH��5�3���0F0LOODQ��-���DQG�:KLQVWRQ��0�'���´0XOWLSURGXFW�PRQRSRO\��FRPPRGLW\�EXQGOLQJ��DQG
FRUUHODWLRQ�RI�YDOXHV�µ��4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV������0D\�����������������

0HWFDOIH��5����$�SHQQ\�IRU�P\�WKRXJKWV�LV�PRUH�WKDQ�,�FRXOG�KRSH�IRU�RQ�WKH�QH[W�,QWHUQHW���,QIRZRUOG���-DQXDU\
����������

0HWFDOIH��5���´3ROOLQDWH�OHWV�\RX�UHQW�WKH�VRIWZDUH�\RX�QHHG�IRU�MXVW�WKH�ULJKW�DPRXQW�RI�WLPHµ��,QIRZRUOG���-XQH
���������
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0\HUVRQ��5��%���DQG�6DWWHUWKZDLWH��0��$����(IILFLHQW�0HFKDQLVPV�IRU�%LODWHUDO�7UDGLQJ���-RXUQDO�RI�(FRQRPLF
7KHRU\������SS������������������

5RVV��6WHSKHQ�$���7KH�$UELWUDJH�7KHRU\�RI�&DSLWDO�$VVHW�3ULFLQJ���-RXUQDO�RI�(FRQRPLF�7KHRU\���������'HFHPEHU�
�������������

6DOLQJHU��0��$���´$�*UDSKLFDO�$QDO\VLV�RI�%XQGOLQJµ��-RXUQDO�RI�%XVLQHVV������������������������

6FKPDOHQVHH��5�/���´*DXVVLDQ�GHPDQG�DQG�FRPPRGLW\�EXQGOLQJ�µ��-RXUQDO�RI�%XVLQHVV�����-DQXDU\����������6����
6����

6SHQFH��$��0���´7KH�/HDUQLQJ�&XUYH�DQG�&RPSHWLWLRQµ��%HOO�-RXUQDO�RI�(FRQRPLFV�������������������

6WLJOHU��*�-���´8QLWHG�6WDWHV�Y��/RHZ·V��,QF���$�QRWH�RQ�EORFN�ERRNLQJ�µ��6XSUHPH�&RXUW�5HYLHZ��������SS����������

9DULDQ��+���´3ULFLQJ�,QIRUPDWLRQ�*RRGV�µ��3URFHHGLQJV�RI�6FKRODUVKLS�LQ�WKH�1HZ�,QIRUPDWLRQ�(QYLURQPHQW
6\PSRVLXP���+DUYDUG�/DZ�6FKRRO���0D\������

9DULDQ��+��´'LIIHUHQWLDO�3ULFLQJ�DQG�(IILFLHQF\µ��6,06�ZRUNLQJ�SDSHU��%HUNHOH\��-XQH�������

:LOVRQ��5���1RQOLQHDU�3ULFLQJ���2[IRUG�8QLYHUVLW\�3UHVV���1HZ�<RUN�������



%81'/,1*�,1)250$7,21�*22'6 3DJH���

$SSHQGL[����3URRIV�RI�3URSRVLWLRQV

3URSRVLWLRQ��

&RQVLGHU�D�EXQGOH�RI�n �JRRGV�ZLWK�]HUR�PDUJLQDO�FRVW�DQG�LQGHSHQGHQW�FRQVXPHU�YDOXDWLRQV���/HW�µ nDQGσ n
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3URSRVLWLRQ��

,I�WKH�PDUJLQDO�FRVW�LV�FORVH�HQRXJK�WR�WKH�PD[LPXP�YDOXDWLRQ��ZKLFK�LV�ILQLWH�DV�WKH�YDOXDWLRQV�DUH�XQLIRUPO\
ERXQGHG���LW�LV�HDV\�WR�VHH�WKDW�EXQGOLQJ�HYHQ�WZR�JRRGV�ZLOO�UHVXOW�LQ�YLUWXDOO\��RU�H[DFWO\��]HUR�VDOHV�DQG
SURILWV��DV�WKH�WRWDO�PDUJLQDO�FRVWV�PXVW�EH�UHFRYHUHG��DQG�RQO\�DQ�LQILQLWHVLPDO�IUDFWLRQ�RI�FRQVXPHUV�ZLOO
YDOXH�WKH�EXQGOH�DERYH�WKH�VXP�RI�PDUJLQDO�FRVWV���6HSDUDWH�VDOH�LI�WKH�JRRGV�ZLOO�VWLOO�EH�SURILWDEOH��KRZHYHU�
6LQFH�EXQGOLQJ�LQ�WKLV�FDVH�UHGXFHV�VDOHV�WR�YLUWXDOO\��RU�H[DFWO\��]HUR��LW�ZLOO�LQFUHDVH�GHDGZHLJKW�ORVV�LQ
DGGLWLRQ�WR�UHGXFLQJ�SURILWV���$V\PSWRWLFDOO\��LI�WKH�PDUJLQDO�FRVW�LV�KLJKHU�WKDQ�WKH�PHDQ�YDOXDWLRQ��LW�LV�HDVLO\
VHHQ�WKDW�EXQGOLQJ�LV�XQSURILWDEOH�DW�WKH�OLPLW�DV�n → ∞ ���6HSDUDWH�VDOHV�DUH�VWLOO�SURILWDEOH�DV�ORQJ�DV�VRPH
FRQVXPHUV·�YDOXDWLRQV�DUH�KLJKHU�WKDQ�WKH�PDUJLQDO�FRVW�

3URSRVLWLRQ��

8VLQJ�WKH�VDPH�QRWDWLRQ�DV�LQ�3URSRVLWLRQ���ZH�DVVXPH�WKDW��DFFRUGLQJ�WR�$VVXPSWLRQ�$���IRU�DOO�LQWHJHU�n > 0

DQG�DOO�ε > 0 ��Prob Probx xn n n n− < ≤ − <+ +µ ε µ ε1 1 ���7KLV�DVVXPSWLRQ�LPSOLHV�WKDW�WKH�TXDQWLW\�RI�WKH

EXQGOH�RI� $n +1�JRRGV�VROG�DW�SULFH� pn$
* �SHU�JRRG�ZLOO�LQFUHDVH�FRPSDUHG�WR�WKH�EXQGOH�RI� $n �JRRGV��L�H��

q p qn n n$ $ $

( *) *
+ >1 ���7KLV�JXDUDQWHHV�WKDW�π π

$ $

* *
n n+ >1 ���$GGLQJ�WKH�( $ )n +1 WK�JRRG�WR�WKH�EXQGOH�LV�GHVLUDEOH�IRU�WKH

VHOOHU��EHFDXVH�D�EXQGOH�RI� $n +1�JRRGV�LV�PRUH�SURILWDEOH�WKDQ�D�EXQGOH�RI� $n �JRRGV�SOXV�D�VLQJOH�JRRG�VROG

VHSDUDWHO\��VLQFH�( $ ) * $ * * $ * *
$ $ $ $

n n nn n n n+ ≥ + ≥ ++1 1 1π π π π π �

$VVXPSWLRQ�$��DOVR�LPSOLHV�WKDW� pn n$

*
+ +<1 1µ ��RWKHUZLVH� pn$

* �ZRXOG�QRW�EH�RSWLPDO���DOORZLQJ�WKH�UHDVRQLQJ

DERYH�WR�EH�DSSOLHG�LQGXFWLYHO\��ZKLFK�SURYHV�WKH�SURSRVLWLRQ�IRU�DOO�n n≥ $ �
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3URSRVLWLRQV���DQG��

7KH�NH\�LQVLJKWV�IRU�EXQGOLQJ�LQ�WKH�SUHVHQFH�RI�FRUUHODWHG�YDOXHV�FDQ�EH�REWDLQHG�XVLQJ�D�VLPSOLILHG�VHWWLQJ

ZLWK�WZR�FRQVXPHU�W\SHV�DQG�WZR�OHYHOV�RI�YDOXDWLRQ�IRU�WKH�LQIRUPDWLRQ�JRRGV���

$�� &RQVXPHUV�KDYH�HLWKHU�D�KLJK�RU�D�ORZ�YDOXDWLRQ�IRU�HDFK�LQIRUPDWLRQ�JRRG��UHVSHFWLYHO\�GHQRWHG�E\�vH

DQG�vL �ZLWK�( )v vH L> �

$�� 7KHUH�DUH�WZR�W\SHV�RI�FRQVXPHUV��GHQRWHG�E\�τ 1 �DQG�τ 2 ��WKDW�GLIIHU�LQ�WKHLU�SUREDELOLWLHV�RI�KDYLQJ�D�KLJK
YDOXDWLRQ�IRU�HDFK�JRRG���:H�GHQRWH�E\�α �WKH�IUDFWLRQ�RI�FRQVXPHUV�RI�W\SH�τ 1 ��WKHQ�D�IUDFWLRQ�1− α RI
FRQVXPHUV�ZLOO�EH�RI�W\SH�τ 2 ���&RQVXPHUV�RI�W\SH�τ 1 ��WKH�´KLJK�GHPDQGµ�FRQVXPHUV��YDOXH�HDFK�JRRG�DW
vH �ZLWK�SUREDELOLW\�θ 1��DQG�DW�vL �ZLWK�SUREDELOLW\�1 1−θ ���&RQVXPHUV�RI�W\SH�τ 2 ��WKH�´ORZ�GHPDQGµ
FRQVXPHUV��YDOXH�HDFK�JRRG�DW�vH �ZLWK�SUREDELOLW\�θ 2 �( )θ θ2 1< ��DQG�DW�vL �ZLWK�SUREDELOLW\�1 2−θ �

3URSRVLWLRQ��
*LYHQ�$VVXPSWLRQV�$���$���$��DQG�$���VXSSRVH�WKDW�WKH�VHOOHU�FDQ�´GHJUDGHµ�WKH�LQIRUPDWLRQ�JRRGV�E\�D
IDFWRU�δ ��v vL H < <δ 1���VR�WKDW�WKHLU�YDOXH�WR�KLJK�YDOXDWLRQ�FRQVXPHUV�LV�UHGXFHG�WR�δvH ���,I�αθ θ1 2> �DQG
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α θ θ
αθ θ
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−
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v
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��WKH�VHOOHU�ZLOO�PD[LPL]H�SURILWV��FRPSDUHG�WR�HLWKHU�VHSDUDWH�VDOHV�RU�SXUH�EXQGOLQJ�

E\�DOVR�RIIHULQJ�D�EXQGOH�ZLWK�δ α θ θ
αθ θ

= − −
−

1
2 1 2

1 2

v

v
L

H

( )
�WDUJHWHG�WR�FRQVXPHUV�RI�W\SH�τ 2 �

3URRI�
/HW�WKH�VHOOHU�RIIHU�D�´IXOOµ�EXQGOH�LQWHQGHG�IRU�FRQVXPHUV�RI�W\SH�τ 1 �DW�SULFH� p1��DQG�D�´GHJUDGHGµ�EXQGOH
ZKHUH�WKH�YDOXH�RI�JRRGV�IRU�WKH�KLJK�YDOXDWLRQ�FRQVXPHU�LV�UHGXFHG�WR�δvH ��LQWHQGHG�IRU�FRQVXPHUV�RI�W\SH
τ 2 �DW�SULFH� p2 ���$V�v vL H < <δ 1��LW�IROORZV�WKDW�v v vL H H< <δ ���7KH�VHOOHU�IDFHV�WKH�IROORZLQJ�FRQVWUDLQWV�
3DUWLFLSDWLRQ�FRQVWUDLQWV��L�H���FRQVXPHUV�RI�ERWK�W\SHV�VWD\�LQ�WKH�PDUNHW��� p v vH L1 1 11≤ + −θ θ( ) �DQG
p v vH L2 2 21≤ + −θ δ θ( ) �
6HOI�VHOHFWLRQ�FRQVWUDLQWV��L�H���FRQVXPHUV�RI�D�FHUWDLQ�W\SH�PXVW�SUHIHU�FRQVXPLQJ�WKH�EXQGOH�LQWHQGHG�IRU�WKLV
W\SH�WR�WKH�EXQGOH�LQWHQGHG�IRU�WKH�RWKHU�W\SH���θ θ θ δ θ1 1 1 1 1 21 1v v p v v pH L H L+ − − ≥ + − −( ) ( ) �DQG
θ δ θ θ θ2 2 2 2 2 11 1v v p v v pH L H L+ − − ≥ + − −( ) ( ) �

5HDUUDQJH�WKH�DERYH�LQHTXDOLWLHV�DV� p v vH L1 1 11≤ + −θ θ( ) �� p v v v v pH L H L1 1 1 1 1 21 1≤ + − − − − +θ θ θ δ θ( ) ( ) �
p v vH L2 2 21≤ + −θ δ θ( ) �DQG� p v v v v pH L H L2 2 2 2 2 11 1≤ + − − − − +θ δ θ θ θ( ) ( ) �
7KH�VHOOHU�ZRXOG�OLNH�WR�FKRRVH� p1�DQG� p2 �WR�EH�DV�ODUJH�DV�SRVVLEOH��DQG�WKXV�RQH�RI�WKH�ILUVW�WZR�LQHTXDOLWLHV
ZLOO�EH�ELQGLQJ��DQG�RQH�RI�WKH�VHFRQG�WZR�LQHTXDOLWLHV�ZLOO�EH�ELQGLQJ���6LQFH�θ θ1 2> �DQG�v v vL H H< <δ ��WKH
ELQGLQJ�FRQVWUDLQWV�DUH� p v v v v pH L H L1 1 1 1 1 21 1≤ + − − − − +θ θ θ δ θ( ) ( ) �DQG� p v vH L2 2 21≤ + −θ δ θ( ) ���6LQFH
WKHVH�FRQVWUDLQWV�ZLOO�EH�VDWLVILHG�DV�HTXDOLWLHV��ZH�JHW
p v vH L1 1 1 2 21= − + + −( ) ( )θ δθ δθ θ �DQG� p v vH L2 2 21= + −θ δ θ( ) ���7KH�FRUUHVSRQGLQJ�SURILW�LV

π α α αθ αδθ δθ θd H Lp p v v* ( ) ( ) ( )= + − = − + + −1 2 1 1 2 21 1 �

3ULFH�GLVFULPLQDWLRQ�PXVW�EH�PRUH�SURILWDEOH�IRU�WKH�VHOOHU�WKDQ�VHWWLQJ�D�ORZ�SULFH�DQG�VHOOLQJ�WR�HYHU\RQH��RU
VHWWLQJ�D�KLJK�SULFH�DQG�VHOOLQJ�RQO\�WR�WKH�KLJK�GHPDQG�FRQVXPHUV��ZKHWKHU�WKH�JRRGV�DUH�VROG�VHSDUDWHO\�RU

LQ�EXQGOHV���:H�ZULWH�π αθ α θS Hv1 1 21* ( ( ) )= + − ��π S Lv2
* = ��π α θ θB H Lv v1 1 11* ( ( ) )= + − �

π θ θB H Lv v2 2 21* ( )= + − ��π π πS S S
* max( * , * )= 1 2 ��π π πB B B

* max( * , * )= 1 2 �

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

��� 7KLV�VHWWLQJ�FDQ�EH�H[WHQGHG�WR�DOORZ�IRU�PXOWLSOH�RU�FRQWLQXRXV�FRQVXPHU�W\SHV�DQG�FRQVXPHU�YDOXDWLRQV��DQG�RXU
UHVXOWV�TXDOLWDWLYHO\�DSSO\�WR�WKHVH�FDVHV�DV�ZHOO�
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6LQFH�π πS B2 2
* *≤ ��WKH�VHOOHU�FDQ�VXFFHVVIXOO\�SULFH�GLVFULPLQDWH�RQ�WKH�IHDWXUH�ZKHQ�π π π πd S B B

* max( * , * , * )≥ 1 1 2 �

7KLV�LV�WKH�FDVH�ZKHQ�WKH�IROORZLQJ�WKUHH�FRQGLWLRQV�DUH�PHW�

αθ θ1 2> ��δ θ
αθ θ

α θ
αθ θ
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���7KH�RSWLPDO�δ �LV�WKH�ODUJHVW�RQH�WKDW

VDWLVILHV�WKH�ODVW�WZR�RI�WKH�DERYH�WKUHH�FRQGLWLRQV�

,W�FDQ�EH�VKRZQ�WKDW�WKLV�LV�WUXH�ZKHQ�αθ θ1 2> �DQG�
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RI�δ �LV�JLYHQ�E\�δ α θ θ
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3URSRVLWLRQ���LPSOLHV�WKDW�D�VHOOHU�FDQ�SULFH�D�EXQGOH�FRQWLQJHQW�RQ�WKH�OHYHO�RI�IHDWXUH�δ �FKRVHQ�E\�HDFK
FRQVXPHU��DQG�WKH�FRUUHVSRQGLQJ�LPSOLHG�W\SH�τ 1 �RU�τ 2 ���WKHUHE\�PDNLQJ�WKH�EXQGOLQJ�VWUDWHJ\�SURILWDEOH

UHODWLYH�WR�VHSDUDWH�VDOHV��HYHQ�ZKHQ�FRQVXPHUV�DUH�QRW�KRPRJHQHRXV���$OWHUQDWLYHO\��WKH�VHOOHU�PD\�EH�DEOH�WR
RIIHU�D�´FRPSOHWHµ�EXQGOH�LQWHQGHG�IRU�FRQVXPHUV�RI�W\SH�τ 1 �DW�SULFH� p1�SHU�JRRG��DQG�D�VPDOOHU�EXQGOH�WKDW

FRQWDLQV�D�IUDFWLRQ�β �RI�WKH�JRRGV�LQ�WKH�´IXOOµ�EXQGOH��0 1< <β ���LQWHQGHG�IRU�FRQVXPHUV�RI�W\SH�τ 2 �DW�SULFH

p2 �SHU�JRRG���,Q�WKLV�FDVH�3URSRVLWLRQ���KROGV�

3URSRVLWLRQ��

*LYHQ�$VVXPSWLRQV�$���$���$��DQG�$���VXSSRVH�WKDW�αθ θ1 2> ��
1
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1
1 2 1 2
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α θ θ
αθ θ α
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���,Q�WKLV�FDVH��WKH�VHOOHU�ZLOO�PD[LPL]H�SURILWV��FRPSDUHG�WR�HLWKHU

VHSDUDWH�VDOHV�RU�SXUH�EXQGOLQJ��E\�DOVR�RIIHULQJ�D�EXQGOH�WKDW�RQO\�LQFOXGHV�D�IUDFWLRQ�β �RI�WKH�LQIRUPDWLRQ

JRRGV�WDUJHWHG�WR�FRQVXPHUV�RI�W\SH�τ 2 ��ZKHUH�β
α θ θ

αθ θ α
= − −

− − − −
1

1
1 2

1 2
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( )( ) ( )

v

v v v
H

H L L
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3URRI�
3DUWLFLSDWLRQ�DQG�VHOI�VHOHFWLRQ�FRQVWUDLQWV�FDQ�EH�GHULYHG�LQ�D�VLPLODU�ZD\�DV�LQ�WKH�SURRI�RI�3URSRVLWLRQ���
OHDGLQJ�WR�HTXLOLEULXP�SULFHV

p v vH L1 1 1 2 1 1 21= − + + − + −( ) ( )θ βθ βθ θ βθ βθ �DQG� p v vH L2 2 21= + −θ β θ β( ) ���7KH�FRUUHVSRQGLQJ�SURILW

LV�π α α αθ αβθ βθ α β αβ αθ αβθ βθd H Lp p v v* ( ) ( ) ( )= + − = − + + + − − + −1 2 1 1 2 1 1 21 �

,Q�RUGHU�IRU�SULFH�GLVFULPLQDWLRQ�WR�EH�SURILWDEOH��LW�PXVW�EH�SUHIHUUHG�E\�WKH�VHOOHU�WR�HLWKHU�VHOOLQJ�WKH�JRRGV

VHSDUDWHO\��RU�VHOOLQJ�D�VLQJOH�EXQGOH��L�H���π π π πd S B B
* max( * , * , * )≥ 1 1 2 �

7KLV�LV�WKH�FDVH�ZKHQ�WKH�IROORZLQJ�WKUHH�FRQGLWLRQV�DUH�VDWLVILHG�

αθ θ1 2> ��
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− ≤ ≤ −
−

+α
αθ θ
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��DQG�β α θ θ
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