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7KLV SDSHU WHVWV GLmHUHQW PRGHOV RI YHUWLFDO FRQWUDFWLQJ EHWZHHQ PDQXIDFWXUHUV DQG UH�
WDLOHUV LQ WKH VXSHUPDUNHW LQGXVWU\� , HVWLPDWH GHPDQG DQG XVH WKH HVWLPDWHV WR FRPSXWH
SULFH�FRVW PDUJLQV IRU UHWDLOHUV DQG PDQXIDFWXUHUV XQGHU GLmHUHQW VXSSO\ PRGHOV ZLWK�
RXW REVHUYLQJ ZKROHVDOH SULFHV� , WKHQ WHVW ZKLFK VHW RI PDUJLQV VHHPV WR EH FRPSDWLEOH
ZLWK WKH PDUJLQV REWDLQHG IURP GLUHFW HVWLPDWHV RI FRVW DQG VHOHFW WKH EHVW DPRQJ WKH
QRQ�QHVWHG FRPSHWLQJ PRGHOV� 7KH PRGHOV FRQVLGHUHG DUH� ��� D GRXEOH PDUJLQDOL]DWLRQ
SULFLQJ PRGHO� ��� D YHUWLFDOO\ LQWHJUDWHG PRGHO� DQG ��� D YDULHW\ RI DOWHUQDWLYH �VWUDWH�
JLF� VXSSO\ VFHQDULRV� DOORZLQJ IRU FROOXVLRQ� QRQ�OLQHDU SULFLQJ DQG VWUDWHJLF EHKDYLRU
ZLWK UHVSHFW WR SULYDWH ODEHO SURGXFWV� 8VLQJ GDWD RQ \RJXUW VROG DW VHYHUDO VWRUHV LQ D
ODUJH XUEDQ DUHD RI WKH 8QLWHG 6WDWHV� , nQG WKDW ZKROHVDOH SULFHV DUH FORVH WR PDUJLQDO
FRVW DQG WKDW UHWDLOHUV KDYH SULFLQJ SRZHU LQ WKH YHUWLFDO FKDLQ� 7KLV LV FRQVLVWHQW ZLWK
QRQ�OLQHDU SULFLQJ E\ WKH PDQXIDFWXUHUV RU ZLWK KLJK EDUJDLQLQJ SRZHU RI WKH UHWDLOHUV�

.H\ZRUGV� 0DUNHW SRZHU� YHUWLFDO FRQWUDFWV� PXOWLSOH PDQXIDFWXUHUV DQG UHWDLOHUV� QRQ�QHVWHG

WHVWV� \RJXUW ORFDO PDUNHW� QRQ�OLQHDU SULFLQJ� EDUJDLQLQJ SRZHU�
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9HUWLFDO FRQWUDFWV EHWZHHQ UHWDLOHUV DQG PDQXIDFWXUHUV DUH PXOWLGLPHQVLRQDO DJUHHPHQWV ZLWK WHUPV

WKDW UHoHFW WKH UHODWLYH EDUJDLQLQJ SRZHU RI WKH SDUWLHV LQYROYHG DQG WKDW DUH UHVSRQVHV WR PRUDO

KD]DUG DQG DGYHUVH VHOHFWLRQ SUREOHPV DQG WR WKH QHHG RI ULVN VKDULQJ EHWZHHQ WKH SDUWLHV� 7KHUH DUH

VHYHUDO ZLGH�UDQJLQJ UHDVRQV ZK\ ZH VKRXOG FDUH DERXW DQDO\]LQJ YHUWLFDO FRQWUDFWV� )LUVW� YHUWLFDO

FRQWUDFWV PD\ SURPRWH HpFLHQF\ LQ WKH YHUWLFDO FKDQQHO� 7KLV HpFLHQF\ LV D UHVXOW IURP WKH GHSDU�

WXUH IURP WKH VLPSOH XQLIRUP SULFLQJ VFKHPH WKDW UHVXOWV LQ GRXEOH PDUJLQDOL]DWLRQ� 7KH SUREOHP RI

GRXEOH PDUJLQDOL]DWLRQ DULVHV ZKHQ WKH RQO\ FRQWUDFWXDO LQVWUXPHQW XVHG LV WKH ZKROHVDOH SULFH� $V

D FRQVHTXHQFH� WKH VXP RI SURnWV IRU WKH PDQXIDFWXUHU DQG UHWDLOHU PD\ EH OHVV WKDQ LI WKH\ FRXOG

KDYH FRRUGLQDWHG WKHLU GHFLVLRQV� 6HFRQG� YHUWLFDO FRQWUDFWV PD\ LPSDLU FRPSHWLWLRQ WKURXJK WKHLU

KRUL]RQWDO HmHFWV RQ WKH XSVWUHDP �PDQXIDFWXUHU� DQG GRZQVWUHDP �UHWDLO� PDUNHWV E\ LQFUHDVLQJ

WKH SRVVLELOLW\ IRU ROLJRSROLVWLF FRRUGLQDWLRQ �LQFUHDVLQJ PDUNHW SRZHU� RU E\ H[FOXGLQJ ULYDOV �DQG

KHQFH GLPLQLVKLQJ SURGXFW YDULHW\ DQG FKRLFHV��� )LQDOO\� LW KDV EHHQ UHFRJQL]HG WKDW UHWDLOHUV DUH

QRW QHXWUDO SDVV�WKURXJK LQWHUPHGLDULHV� :KHQ DQDO\]LQJ SULFH G\QDPLFV LQ WKH HFRQRP\ DV D ZKROH

LW LV WKHUHIRUH LPSRUWDQW WR FRQVLGHU QRW RQO\ D PRGHO IRU PDQXIDFWXUHU EHKDYLRU EXW DOVR IRU UHWDLO

EHKDYLRU �VHH� IRU H[DPSOH� &KHYDOLHU� .DVK\DS DQG 5RVVL� ������

:KLOH WKHUH LV H[WHQGHG WKHRUHWLFDO ZRUN RQ YHUWLFDO FRQWUDFWV �IRU D VXUYH\� VHH .DW] ��������

WKHUH LV D VPDOOHU VHW RI HPSLULFDO VWXGLHV RQ WKHVH FRQWUDFWV� 9HUWLFDO FRQWUDFWV DUH HVSHFLDOO\ GLI�

nFXOW WR H[DPLQH GXH WR WKHLU LQIUD�PDUJLQDO FRPSRQHQWV DQG GXH WR OLPLWHG GDWD DYDLODELOLW\� ,Q

SDUWLFXODU� ZKROHVDOH SULFH GDWD DUH W\SLFDOO\ XQDYDLODEOH DQG UHWDLOHUV
 DQG PDQXIDFWXUHUV
 PDUJLQDO

FRVWV DUH GLpFXOW WR PHDVXUH VHSDUDWHO\� 7KLV SDSHU SUHVHQWV D PHWKRG WR DQDO\]H YHUWLFDO FRQWUDFW�

LQJ WKDW GRHV QRW UHTXLUH GDWD RQ ZKROHVDOH SULFHV RU PDUJLQDO FRVW �RI HLWKHU WKH UHWDLOHUV RU WKH

PDQXIDFWXUHUV�� 7KLV PHWKRGRORJ\ LV DSSOLHG WR D SDUWLFXODU PDUNHW EXW FDQ HDVLO\ EH DGDSWHG WR

DQDO\]LQJ VLPLODU TXHVWLRQV ZKHQ OLPLWHG GDWD REVHUYDELOLW\ PLJKW EH WKH FDVH�

,Q WKLV SDSHU , IRFXV RQ WKH HpFLHQF\ LPSOLFDWLRQV RI YHUWLFDO FRQWUDFWLQJ� ,Q SDUWLFXODU� , H[DPLQH

ZKHWKHU WKH FRQWUDFWLQJ EHWZHHQ PDQXIDFWXUHUV DQG UHWDLOHUV LQ WKH VXSHUPDUNHW LQGXVWU\ IROORZV

WKH GRXEOH PDUJLQDOL]DWLRQ PRGHO RU VRPHWKLQJ PRUH HpFLHQW� ,Q WKH ODVW IHZ GHFDGHV� DUJXPHQWV

KDYH EHHQ PDGH WKDW UHWDLOHUV KDYH DFTXLUHG JUHDWHU EDUJDLQLQJ SRZHU UHODWLYH WR PDQXIDFWXUHUV

�3URJUHVVLYH *URFHU� $SULO ����� VXJJHVWLQJ D SRVVLEOH GHSDUWXUH IURP WKH GRXEOH PDUJLQDOL]DWLRQ

PRGHO LQ WKLV LQGXVWU\� 6HYHUDO UHDVRQV IRU WKLV KDYH EHHQ SRLQWHG RXW E\ LQGXVWU\ SDUWLFLSDQWV DQG

�,Q JHQHUDO� 8�6� DQWLWUXVW DXWKRULWLHV KDYHQ
W SDLG DWWHQWLRQ WR YHUWLFDO FRQWUDFWV XQOHVV IRUHFORVXUH EHFDPH DQ
LVVXH� DQG PRVW YHUWLFDO DUUDQJHPHQWV DUH WUHDWHG DV SHU VH OHJDO� )RUHFORVXUH RFFXUV ZKHQ D YHUWLFDO FRQWUDFW FORVHV
Rm VRPH RU DOO RI D PDUNHW WR FRPSHWLWRUV WKHUHE\ SHUPLWWLQJ WKH H[HUFLVH RI PDUNHW SRZHU�
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E\ UHVHDUFKHUV� 7KH SULYDWH ODEHOV WKDW FRPSHWH GLUHFWO\ ZLWK WKH QDWLRQDO EUDQGV �H�J�� 1DUDVLPKDQ

DQG :LOFR[� ����� SURYLGH D QHZ EDUJDLQLQJ WRRO IRU UHWDLOHUV ZKHQ QHJRWLDWLQJ ZLWK PDQXIDFWXUHUV��

$QRWKHU UHDVRQ LV WKH LQFUHDVH RI FRQFHQWUDWLRQ DW WKH UHWDLO OHYHO� $V D UHVXOW UHWDLOHUV KDYH PDUNHW

SRZHU ZKLFK WKH\ FDQ XVH WR EDUJDLQ PRUH DJJUHVVLYHO\ ZLWK WKH PDQXIDFWXUHUV�� $Q LQGLFDWLRQ

RI UHWDLOHU PDUNHW SRZHU LV WKH LQFUHDVHG FRPSHWLWLRQ IRU VKHOI VSDFH LPSO\LQJ WKDW PDQXIDFWXUHUV

KDYH WR SD\ UHWDLOHUV VORWWLQJ DOORZDQFHV �H�J�� &KX� ���� DQG 6KDmHU� ����� WR JHW WKHLU SURGXFWV

GLVSOD\HG�

7KH UHVHDUFK SODQ RI WKLV SDSHU LV DV IROORZV� )LUVW� , HVWLPDWH GHPDQG DQG XVH WKH HVWLPDWHV WR

FRPSXWH SULFH�FRVW PDUJLQV IRU UHWDLOHUV DQG PDQXIDFWXUHUV XQGHU GLmHUHQW VXSSO\ PRGHOV� ZLWKRXW

REVHUYLQJ ZKROHVDOH SULFHV� , WKHQ WHVW ZKLFK VHW RI FRPSXWHG SULFH�FRVW PDUJLQV LV PRVW FRPSDWLEOH

ZLWK WKH SULFH�FRVW PDUJLQV REWDLQHG E\ WKH GLmHUHQFH RI REVHUYHG UHWDLO SULFHV DQG HVWLPDWHG

PDUJLQDO FRVW� 7HVWLQJ EHWZHHQ WKH VXSSO\ PRGHOV� KRZHYHU� FDQQRW EH GRQH XVLQJ WKH WUDGLWLRQDO

SURFHGXUHV EHFDXVH WKH QXOO K\SRWKHVHV DUH QRW SDUWLFXODU FDVHV RI VRPH RWKHU QXOO K\SRWKHVLV�

L�H� WKH\ DUH QRQ�QHVWHG �*RXULHURX[ DQG 0RQIRUW� ���� DQG 9XRQJ� ������ 7KHUHIRUH� , DSSO\ WKH

PHWKRGRORJ\ SURSRVHG E\ 6PLWK ������ WR VHOHFW DPRQJ WKH QRQ�QHVWHG FRPSHWLQJ PRGHOV HVWLPDWHG

E\ *HQHUDOL]HG 0HWKRG RI 0RPHQWV�

7KH nUVW VXSSO\ PRGHO , FRQVLGHU LV WKH GRXEOH PDUJLQDOL]DWLRQ PRGHO� 7KH LPSOLHG SULFH�

FRVW PDUJLQV DUH LQHpFLHQW IURP WKH SHUVSHFWLYH RI WKH MRLQW SURnW RI UHWDLOHUV DQG PDQXIDFWXUHUV�

7KH VHFRQG PRGHO , FRQVLGHU LV YHUWLFDOO\ LQWHJUDWHG SULFLQJ� ZKLFK ZLOO PD[LPL]H MRLQW SURnWV

DQG WKHUHIRUH LV WKH HpFLHQW RXWFRPH IURP WKH UHWDLOHUV DQG PDQXIDFWXUHUV SRLQW RI YLHZ� 7KH

LPSOLHG SULFH�FRVW PDUJLQV FRUUHVSRQG WR WKRVH RI D YHUWLFDOO\ LQWHJUDWHG PRQRSROLVW ZKR VHOOV DOO

WKH SURGXFWV LQ WKH PDUNHW� , DOVR H[DPLQH LQWHUPHGLDWH VFHQDULRV LQFRUSRUDWLQJ WKH UROH RI SULYDWH

ODEHOV� FROOXVLRQ DQG n[HG IHHV LQ WKHLU GHVLJQ� ,Q WZR RI WKH PRGHOV� HLWKHU WKH UHWDLOHUV RU WKH

PDQXIDFWXUHUV DUH DOORZHG WR XVH QRQ�OLQHDU SULFLQJ FRQWUDFWV �LQYROYLQJ n[HG IHHV�� ,Q DQRWKHU

PRGHO� WKH UHWDLOHUV DUH DVVXPHG WR EHKDYH DV LI WKH\ ZHUH YHUWLFDOO\ LQWHJUDWHG ZLWK UHVSHFW WR WKH

SULYDWH ODEHOV� )LQDOO\� FROOXVLRQ DW WKH PDQXIDFWXUHU OHYHO RU DW WKH UHWDLOHU OHYHO LV H[DPLQHG�

,Q WHUPV RI WKH WHFKQLTXHV XVHG LQ WKLV SDSHU� WKH HVWLPDWLRQ RI nUP
V �LPSOLHG� SULFH�FRVW

PDUJLQV ZLWKRXW REVHUYLQJ DFWXDO FRVWV IROORZV %UHVQDKDQ ������ ����� �VHH %UHVQDKDQ ������ IRU D

VXUYH\�� 7KH VWDUWLQJ SRLQW LV WKH HVWLPDWLRQ RI D GHPDQG V\VWHP DQG WKH HODVWLFLWLHV RI VXEVWLWXWLRQ

EHWZHHQ WKH GLmHUHQW SURGXFWV� ,Q WKH FRQWH[W RI ROLJRSRO\ PDUNHWV ZLWK GLmHUHQWLDWHG SURGXFWV�

�5HWDLOHUV DUH DEOH WR VHOO SURGXFWV WKDW FDQ EH SXUFKDVHG DW D SRWHQWLDOO\ ORZHU ZKROHVDOH SULFH� WKDW FDUU\ WKHLU
VWRUH EUDQG DQG DUH GLVSOD\HG QH[W WR WKH QDWLRQDO EUDQGV� $W D ���� FRQYHQWLRQ� 'RXJODV ,YHVWHU� WKHQ�SUHVLGHQW
DQG &(2 RI &RFD &ROD� FDOOHG SULYDWH ODEHOV ?SDUDVLWHV� DQG VDLG WKH\ ZHUH UHVSRQVLEOH IRU ?HURGLQJ FDWHJRU\ SURnWV��

�)RU H[DPSOH� VHH 1HZ <RUN 7LPHV� 1RYHPEHU ��� ����� SDJH &��
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WZR SUREOHPV PD\ DULVH� WKH KLJK GLPHQVLRQDOLW\ RI HODVWLFLWLHV WR EH HVWLPDWHG DQG WKH HQGRJHQHLW\

RI SULFHV� 'LVFUHWH FKRLFH PRGHOLQJ RI GHPDQG �VHH� H�J�� 0F)DGGHQ ������������ &DUGHOO �������

%HUU\ ������� %HUU\� /HYLQVRKQ DQG 3DNHV ������� IRU IXWXUH UHIHUHQFH %/3 ������� DQG 1HYR �������

LV D ZD\ WR VROYH WKH GLPHQVLRQDOLW\ SUREOHP DQG KHUH , IROORZ WKLV VWUDWHJ\�� , SURMHFW FRQVXPHU

FKRLFHV RQ D VHW RI SURGXFW FKDUDFWHULVWLFV� ZLWK VPDOOHU GLPHQVLRQ WKDQ WKH QXPEHU RI SURGXFWV�

7KH VHFRQG SUREOHP , GHDO ZLWK LV WKH IDFW WKDW SULFHV VHW E\ UHWDLOHUV DQG PDQXIDFWXUHUV FDQ EH

FRUUHODWHG ZLWK XQREVHUYHG SURGXFW FKDUDFWHULVWLFV� $V LQVWUXPHQWV� , XVH GLUHFW FRPSRQHQWV RI

PDUJLQDO FRVW� QDPHO\ LQSXW SULFHV� LQWHUDFWHG ZLWK SURGXFW�VSHFLnF n[HG HmHFWV� 7KH LQWXLWLRQ IRU

LQWHUDFWLQJ LQSXW SULFHV ZLWK SURGXFW GXPPLHV LV WR DOORZ IRU HDFK LQSXW WR HQWHU WKH SURGXFWLRQ

IXQFWLRQ RI HDFK SURGXFW GLmHUHQWO\� 7KLV LV D QHZ DSSURDFK WR LQVWUXPHQW IRU SULFHV DQG� JLYHQ WKH

JRRG nUVW�VWDJH nW� DSSHDUV WR JHQHUDWH UREXVW UHVXOWV�

7KLV SDSHU HPSLULFDOO\ IRFXVHV RQ WKH \RJXUW PDUNHW LQ D ODUJH 0LGZHVWHUQ FLW\� , FKRRVH

WKLV SURGXFW FDWHJRU\ EHFDXVH LW KDV VXEVWDQWLDO UHWDLO SULFH YDULDELOLW\ WKDW LV QRW VROHO\ GXH WR

SURPRWLRQDO UHWDLO DFWLYLW\� ZKLFK LQ WXUQ LV LPSRUWDQW IRU LQSXW SULFH FKDQJHV WR EH UHoHFWHG LQ

FKDQJHV RI UHWDLO SULFHV� 2WKHUZLVH� LQSXW SULFHV ZRXOG EH SRRU LQVWUXPHQWV IRU WKH UHWDLO SULFHV� ,Q

IDFW� \RJXUW LV RQH RI WKH OHDVW SURPRWHG SURGXFW FDWHJRULHV VROG E\ WKH UHWDLOHUV LQ WKH PDUNHW EHLQJ

FRQVLGHUHG� $QRWKHU UHDVRQ IRU FKRRVLQJ WKLV SURGXFW KDV WR GR ZLWK WKH SRWHQWLDO ZKROHVDOH SULFH

YDULDELOLW\� <RJXUW KDV D VKRUW VKHOI OLIH DQG KDV WR EH SURGXFHG DQG GHOLYHUHG WR UHWDLOHUV PRUH

RIWHQ WKDQ� IRU H[DPSOH� GHWHUJHQWV RU FHUHDO� 0DQXIDFWXUHUV FDQ DGMXVW ZKROHVDOH SULFHV WR UHVSRQG

WR VLJQLnFDQW PDUJLQDO FRVW FKDQJHV LQ WKH QH[W \RJXUW VKLSPHQWV� 7ZR DGGLWLRQDO DGYDQWDJHV RI

ORRNLQJ DW WKH \RJXUW PDUNHW DUH WKH VPDOO QXPEHU RI PDQXIDFWXUHUV DQG WKH ZHOO�HVWDEOLVKHG SULYDWH

ODEHO EUDQGV �)UR]HQ )RRG 'LJHVW� 2FWREHU ������ $W WKH UHWDLO OHYHO WKHUH DUH WKUHH ODUJH UHWDLOHUV

FRPSHWLQJ GLUHFWO\ ZLWK HDFK RWKHU LQ WKH PDUNHW GHnQHG E\ WZR ]LS FRGH DUHDV� 7KLV SDSHU XVHV

D SDQHO GDWD VHW RI TXDQWLWLHV VROG DQG UHWDLO SULFHV IRU �� SURGXFWV RYHU D SHULRG RI ��� ZHHNV

FROOHFWHG E\ VFDQQLQJ WHFKQRORJ\ DW WKH WKUHH UHWDLOHUV LQ WKH PDUNHW�

7KH UHVXOWV GR QRW LQGLFDWH GRXEOH PDUJLQDOL]DWLRQ SULFLQJ LQ WKH YHUWLFDO VWUXFWXUH� 7KH GRXEOH

PDUJLQDOL]DWLRQ PRGHO SURYLGHV D VWDWLVWLFDOO\ ZRUVH nW WKDQ WKH RWKHU PRGHOV FRQVLGHUHG DQG LV

UHMHFWHG DJDLQVW WKHP� 7KH VXSSO\ PRGHO WKDW nWV WKH GDWD EHVW DVVXPHV WKDW ZKROHVDOH SULFHV DUH

FORVH WR PDUJLQDO FRVW DQG WKDW WKH UHWDLOHUV KDYH SULFLQJ SRZHU LQ WKH YHUWLFDO FKDLQ� 7KLV LV FRQVLV�

WHQW ZLWK KLJK EDUJDLQLQJ SRZHU RI WKH UHWDLOHUV RU ZLWK QRQ�OLQHDU SULFLQJ E\ WKH PDQXIDFWXUHUV� ,Q

WKH RSWLPDO QRQ�OLQHDU SULFLQJ FRQWUDFW� WKH PDQXIDFWXUHU VHWV WKH PDUJLQDO ZKROHVDOH SULFH FORVH WR

WKH PDQXIDFWXUHU
V PDUJLQDO FRVW LQ RUGHU IRU WKH UHWDLOHU WR KDYH WKH ULJKW LQFHQWLYHV ZKHQ VHWWLQJ

�7ZR RWKHU SRVVLEOH VROXWLRQV IRU WKH GLPHQVLRQDOLW\ SUREOHP DUH WR DVVXPH WKH H[LVWHQFH RI D UHSUHVHQWDWLYH
FRQVXPHU �H�J�� 'L[LW�6WLJOLW]� ����� RU WR XVH D PXOWLVWDJH GHPDQG PRGHO �DV LQ +DXVPDQ� ������
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WKH UHWDLO SULFHV� 7KHQ WKH PDQXIDFWXUHU WUDQVIHUV UHYHQXH IURP WKH UHWDLOHUV YLD D n[HG IHH RU E\

VHOOLQJ WKH QRQ�PDUJLQDO XQLWV DW KLJKHU ZKROHVDOH SULFHV�

7KH WZR PDLQ FRQWULEXWLRQV RI WKLV SDSHU DUH WKDW� JLYHQ GHPDQG DVVXPSWLRQV� , DP DEOH WR

��� HVWLPDWH� ZLWKRXW REVHUYLQJ ZKROHVDOH SULFHV� WKH SULFH�FRVW PDUJLQV IRU DOO PDQXIDFWXUHUV DQG

DOO UHWDLOHUV LQ D FHUWDLQ ORFDO PDUNHW JLYHQ GLmHUHQW VXSSO\ PRGHOV� DQG ��� WHVW WKH YDOLGLW\ RI

HDFK RQH RI WKH PRGHOV E\ FRPSDULQJ WKH FRPSXWHG PDUJLQV ZLWK WKH SULFH�FRVW PDUJLQV HVWLPDWHG

XVLQJ FRPSRQHQWV RI PDUJLQDO FRVW� 3UHYLRXV ZRUN� W\SLFDOO\� GRHV QRW PRGHO WKH UHWDLOHUV
 GHFLVLRQV

�IRU H[DPSOH� %/3 ������ DQG 1HYR �������� ,Q WKHVH SDSHUV WKH LPSOLHG SULFH FRVW PDUJLQV DUH

GHWHUPLQHG E\ WKH PDQXIDFWXUHUV DQG E\ PD[LPL]LQJ WKH SURnWV IURP WKH VHW RI SURGXFWV WKDW HDFK

RI WKHP VHOOV� 0\ UHVXOWV VXJJHVW WKDW� DW OHDVW IRU WKH PDUNHW , VWXG\� WKH PRGHO WKDW LV PRUH

FRQVLVWHQW ZLWK WKH GDWD KDV UHWDLOHUV PDNLQJ WKH SULFLQJ GHFLVLRQV QRW WKH PDQXIDFWXUHUV� 7KLV

PRGHO LPSOLHV GLmHUHQW SULFH�FRVW PDUJLQV� VLQFH WKH UHWDLOHUV DQG PDQXIDFWXUHUV ZLOO EH PD[LPL]LQJ

WKHLU SURnWV RYHU D GLmHUHQW VHW RI SURGXFWV�

6HYHUDO UHFHQW SDSHUV H[DPLQH UHWDLOHU DQG PDQXIDFWXUHU YHUWLFDO UHODWLRQVKLSV LQ GLmHUHQW LQGXV�

WULHV� %UHVQDKDQ DQG 5HLVV ������ DQDO\]H WKH UHODWLYH PDUJLQV RI DXWRPRELOH PDQXIDFWXUHUV DQG

WKHLU GHDOHUV JLYHQ VRPH VW\OL]HG IDFWV WKDW GHDOHU GLVFRXQWV DUH ODUJHU RQ PRUH H[SHQVLYH PRGHOV DV

DUH PDQXIDFWXUHU PDUJLQV� &RUWV ������ VWXGLHV WKH HmHFW RI YHUWLFDO PDUNHW VWUXFWXUH RQ FRPSH�

WLWLRQ LQ WKH GRZQVWUHDP PDUNHW LQ WKH 8�6� PRWLRQ SLFWXUH LQGXVWU\� 0HVVLQJHU DQG 1DUDVLPKDQ

������ FRUUHODWH WKH VXSHUPDUNHW LQGXVWU\ VWUXFWXUH ZLWK DFFRXQWLQJ�EDVHG PHDVXUHV RI SHUIRUPDQFH

IURP WKH HDUO\ ����V WR WKH HDUO\ ����V� 7KH\ FODLP WKDW WKHUH LV QR HYLGHQFH RI D V\VWHPDWLF VKLIW

RI SRZHU IURP WKH PDQXIDFWXUHU WR WKH UHWDLOHU GXULQJ WKDW SHULRG� )RXU RWKHU UHFHQW VWXGLHV� FORVHU

WR WKLV SDSHU� DGGUHVV YHUWLFDO PDUNHW SRZHU LQ WKH JURFHU\ FKDQQHO� &KLQWDJXQWD� %RQIUHU DQG

6RQJ ������ HVWLPDWH WKH LPSDFW RI WKH LQWURGXFWLRQ RI D SULYDWH ODEHO E\ RQH UHWDLOHU RQ WKH UHOD�

WLYH PDUNHW SRZHU RI WKH UHWDLOHU DQG WKH PDQXIDFWXUHUV� 7KH\ XVH D FRQGXFW SDUDPHWHU DSSURDFK�

ZKHUH WKH FRQGXFW SDUDPHWHU LV LQWHUSUHWHG DV D PHDVXUH RI GHYLDWLRQV IURP WKH %HUWUDQG SULFLQJ

EHKDYLRU� .DGL\DOL� &KLQWDJXQWD DQG 9LOFDVVLP ������ DOVR XVH D FRQGXFW SDUDPHWHU DSSURDFK WR

PHDVXUH WKH VKDUH RI SURnWV WR UHWDLOHUV DQG PDQXIDFWXUHUV� 2QH NH\ GLVWLQJXLVKLQJ IHDWXUH RI WKLV

SDSHU UHODWLYH WR WKH WZR SUHYLRXV RQHV LV WKDW WKH\ XVH GDWD RQ ZKROHVDOH SULFHV UHSRUWHG E\ WKH

UHWDLOHU� 6XGKLU ������ VWXGLHV FRPSHWLWLRQ DPRQJ PDQXIDFWXUHUV XQGHU DOWHUQDWLYH DVVXPSWLRQV RI

YHUWLFDO LQWHUDFWLRQV ZLWK RQH UHWDLOHU� )LQDOO\� 9LOODV�%RDV DQG =KDR ������ HYDOXDWH WKH GHJUHH RI

PDQXIDFWXUHU FRPSHWLWLRQ DQG WKH UHWDLOHU DQG PDQXIDFWXUHUV LQWHUDFWLRQV LQ WKH NHWFKXS PDUNHW LQ

D FHUWDLQ FLW\� nQGLQJ UHVXOWV FRQVLVWHQW ZLWK WKH RQHV LQ WKLV SDSHU� 2QH PDMRU PRGHOLQJ GLmHUHQFH

LQ WKLV SDSHU IURP DOO RI WKH SUHYLRXV RQHV LV WKDW WKLV LV WKH nUVW SDSHU WR FRQVLGHU PXOWLSOH UHWDLOHUV

ZKHQ DQDO\]LQJ WKH YHUWLFDO LQWHUDFWLRQV EHWZHHQ PDQXIDFWXUHUV DQG UHWDLOHUV�

�



7KH UHVW RI WKLV SDSHU LV RUJDQL]HG DV IROORZV� 7KH QH[W VHFWLRQ SUHVHQWV WKH PRGHO� 6HFWLRQ �

GHVFULEHV ZLWK PRUH GHWDLO WKH PHWKRG RI HVWLPDWLRQ DQG WKH LQVWUXPHQWV� ,Q VHFWLRQ �� , GHVFULEH

WKH \RJXUW PDUNHW DQG WKH GDWD EHLQJ XVHG� )LQDOO\� VHFWLRQ � ORRNV DW WKH UHVXOWV� DQG VHFWLRQ �

SUHVHQWV FRQFOXVLRQV DQG H[WHQVLRQV LQGLFDWLQJ� LQ SDUWLFXODU� KRZ WKH PHWKRGRORJ\ SURSRVHG KHUH

FDQ EH XVHG LQ GLmHUHQW VHWWLQJV�

�� 7KH 0RGHO

7KH PRGHO FRQVLVWV RI D GHPDQG VLGH DQG RI GLmHUHQW DOWHUQDWLYH VFHQDULRV RI YHUWLFDO UHODWLRQ�

VKLSV EHWZHHQ PDQXIDFWXUHUV DQG UHWDLOHUV� )RU HDFK VXSSO\ VFHQDULR WKH SULFH�FRVW PDUJLQV IRU WKH

UHWDLOHUV DQG IRU WKH PDQXIDFWXUHUV DUH H[SUHVVHG VROHO\ DV IXQFWLRQV RI WKH GHPDQG SDUDPHWHUV�

���� 'HPDQG 6LGH

(DFK SHULRG W WKH FRQVXPHU FKRRVHV DPRQJ 1W GLmHUHQW SURGXFWV
� VROG E\ WKUHH GLmHUHQW UHWDLOHUV�

7KH LQGLUHFW ODWHQW XWLOLW\ RI FRQVXPHU L IURP EX\LQJ SURGXFW M GXULQJ ZHHN W LV JLYHQ E\

8LMW  GM � [MWnL b mLSMW � zMW � qLMW ���

ZKHUH GM DUH SURGXFW �EUDQG�VWRUH� n[HG HmHFWV FDSWXULQJ WLPH LQYDULDQW SURGXFW FKDUDFWHULVWLFV�

[MW DUH WKH REVHUYHG SURGXFW FKDUDFWHULVWLFV� SMW LV WKH SULFH RI SURGXFW M� zMW DUH WKH PHDQ DFURVV

FRQVXPHUV RI XQREVHUYHG �E\ WKH HFRQRPHWULFLDQ� SURGXFW FKDUDFWHULVWLFV �RU EHWWHU� FKDQJHV LQ

XQREVHUYHG SURGXFW FKDUDFWHULVWLFV VLQFH D SURGXFW GXPP\ LV LQFOXGHG LQ HTXDWLRQ ���� DQG qLMW

UHSUHVHQWV WKH GLVWULEXWLRQ RI FRQVXPHU SUHIHUHQFHV DERXW WKLV PHDQ ZLWK GHQVLW\ I �q�� 7KH UDQGRP

FRHpFLHQWV nL DUH FRQVXPHU WDVWH SDUDPHWHUV IRU WKH GLmHUHQW SURGXFW FKDUDFWHULVWLFV DQG WKH WHUP mL

UHSUHVHQWV WKH PDUJLQDO XWLOLW\ RI SULFH� 7KH\ DUH DOORZHG WR YDU\ DFURVV FRQVXPHUV LQ WKH IROORZLQJ

ZD\

>mL� nL@
�  >m� n@� � b 'L �i YL ���

ZKHUH WKH YDULDEOH'L KDV REVHUYHG FRQVXPHU FKDUDFWHULVWLFV VXFK DV GHPRJUDSKLFV� ZKLOH XQREVHUYHG

FRQVXPHU FKDUDFWHULVWLFV DUH SLFNHG XS E\ YL� 7KH PDWULFHV RI QRQ�OLQHDU GHPDQG SDUDPHWHUV WR

EH HVWLPDWHG DUH b DQG i� 8QREVHUYHG FRQVXPHU FKDUDFWHULVWLFV YL DUH DVVXPHG WR EH QRUPDOO\

GLVWULEXWHG 1��� ,�� DQG WKH REVHUYHG FRQVXPHU FKDUDFWHULVWLFV 'L KDYH DQ HPSLULFDO GLVWULEXWLRQ

�7KH VDPH SK\VLFDO SURGXFW VROG DW WZR GLmHUHQW UHWDLOHUV LV GHnQHG DV WZR GLmHUHQW SURGXFWV�

�



A)�'� IURP WKH GHPRJUDSKLF GDWD� ,W PD\ EH XVHIXO WR UHZULWH HTXDWLRQ ��� DV

8LMW  pMW � xLMW � qLMW ���

ZKHUH

xLMW  >[MW� SMW@�b 'L �i YL�� ���

DQG WKH PHDQ XWLOLW\ OHYHO pMW LV GHnQHG DV

pMW  GM � [MWn b mSMW � zMW� ���

7KHQ xLMW LQ ��� LV LQWHUSUHWHG DV WKH GHYLDWLRQ IURP WKH PHDQ 8WLOLW\ OHYHO� DOORZLQJ IRU FRQVXPHU

KHWHURJHQHLW\�

$GGLWLRQDOO\ DQ RXWVLGH JRRG LV LQFOXGHG LQ WKH PRGHO� FDOOHG JRRG ]HUR� DOORZLQJ IRU WKH SRVVL�

ELOLW\ RI FRQVXPHU L QRW EX\LQJ RQH RI WKH 1W PDUNHWHG JRRGV� ,WV SULFH LV QRW VHW LQ UHVSRQVH WR WKH

SULFHV RI WKH RWKHU 1W SURGXFWV� ,Q WKH RXWVLGH JRRG , LQFOXGH \RJXUWV VROG E\ VPDOOHU UHWDLO VWRUHV

RU JURFHU\ VWRUHV QRW FRQVLGHUHG LQ WKH DQDO\VLV DQG DOVR \RJXUWV RI VPDOO PDQXIDFWXUHUV VROG LQ WKH

WKUHH UHWDLO VWRUHV VWXGLHG� $V XVXDO� WKH PHDQ XWLOLW\ RI WKH RXWVLGH JRRG� p�W� LV QRUPDOL]HG WR EH

FRQVWDQW RYHU WLPH DQG HTXDO WR ]HUR��

*LYHQ D PHDVXUH0 RI WKH PDUNHW VL]H� DVVXPHG SURSRUWLRQDO WR WKH SRSXODWLRQ LQ WKH FRQWLJXRXV

]LS FRGH DUHDV ZKHUH WKH VWRUHV DUH ORFDWHG� WKHQ WKH REVHUYHG VKDUH RI SURGXFW M LV JLYHQ E\

VM  TM 0 � ZKHUH TM DUH WKH XQLWV VROG�
�

,Q GLVFUHWH FKRLFH PRGHOV IRU GHPDQG� FRQVXPHUV SXUFKDVH RQH XQLW RI WKDW SURGXFW DPRQJ DOO

WKH SRVVLEOH SURGXFWV DYDLODEOH DW D FHUWDLQ WLPH W WKDW PD[LPL]HV WKHLU LQGLUHFW XWLOLW\� &RQVXPHUV

LQ UHDOLW\ PD\ SXUFKDVH PXOWLSOH SURGXFWV DW WKH VDPH WLPH� %\ DVVXPLQJ D VLQJOH XQLW SXUFKDVH�

WKLV SDSHU LV LPSOLFLWO\ VD\LQJ WKDW D FRQVXPHU ZKR SXUFKDVHV WKUHH XQLWV RI \RJXUWV HTXDOV WKUHH

FRQVXPHUV �RU WKH VDPH FRQVXPHU� EX\LQJ RQH XQLW HDFK WLPH�� 7KLV DVVXPSWLRQ LPSOLHV WKDW WKH

VHTXHQWLDO PXOWLSOH XQLW SXUFKDVHV DUH LQGHSHQGHQW�� &RQVXPHU L ZRXOG SXUFKDVH RQH XQLW RI JRRG

�:LWKRXW PDNLQJ DQ\ DGGLWLRQDO DVVXPSWLRQV LW ZRXOG QRW EH LGHQWLnHG� 7KH DOWHUQDWLYH ZRXOG EH WR QRUPDOL]H
DQ\ RQH RI WKH 1W JRRGV�

�,Q WKLV FDVH� TM DUH WKH VHUYLQJV VROG RI \RJXUW� 2QH VHUYLQJ FRUUHVSRQGV WR D FXS RI � RXQFHV� $FFRUGLQJO\� SM LV
WKH SULFH SHU VHUYLQJ RI SURGXFW M�

�7KH VWXGLHV WKDW H[SOLFLWO\ PRGHO PXOWLSOH�GLVFUHWH FKRLFHV �H�J�� 'XELQ DQG 0F)DGGHQ� ����� +DQHPDQQ� �����
+DXVPDQ� /HRQDUG DQG 0F)DGGHQ� ����� +HQGHO� ���� DQG 'XEuH� ����� QHHG LQGLYLGXDO OHYHO GDWD IRU HVWLPDWLRQ�
6LQFH WKLV SDSHU XVHV RQO\ PDUNHW�OHYHO GDWD WKH WHFKQLTXHV SURSRVHG FRXOG QRW EH GLUHFWO\ DSSOLHG KHUH�

�,I WKHUH H[LVW FRUUHODWLRQ EHWZHHQ WKH SXUFKDVHV RI WKH VDPH FRQVXPHU� ZKHQ WKH QXPEHU RI FRQVXPHUV LV ODUJH� RQH
PD\ EH XQGHUHVWLPDWLQJ WKH VWDQGDUG HUURUV� EXW WKH HVWLPDWHV RI WKH SUREDELOLWLHV RI SXUFKDVHV DUH VWLOO FRQVLVWHQW�

�



M LI DQG RQO\ LI

8LMW w 8LKW ���

IRU DOO K  �� ���� 1W� /HW 4MW  I�'L� YL� qLW� M 8LMW w 8LKW � K  �� ���1WJ DQG ��4MW� EH DQ LQGLFDWRU

IXQFWLRQ WKDW WDNHV WKH YDOXH RI RQH ZKHQ 4MW LV WUXH DQG ]HUR RWKHUZLVH� 7KHQ� WKH PDUNHW VKDUH

RI SURGXFW M GXULQJ ZHHN W LV JLYHQ E\ WKH SUREDELOLW\ WKDW JRRG M LV FKRVHQ� WKDW LV�

VMW  
=
��4MW� G) �q� G) �Y� G) �'�� ���

'HSHQGLQJ RQ WKH GLVWULEXWLRQ DVVXPSWLRQV� HTXDWLRQ ��� FDQ EH DQDO\WLFDOO\ LQWHJUDWHG RU QRW�

%HJLQQLQJ ZLWK WKH HDVLHVW FDVH� LI FRQVXPHU KHWHURJHQHLW\ HQWHUV RQO\ WKURXJK WKH UDQGRP VKRFN

qLMW �WKDW LV� QRW WKURXJK WKH UDQGRP FRHpFLHQWV LQ HTXDWLRQ ��� DVVXPLQJ WKDW ERWK ' DQG Y DUH

n[HG� DQG qLMW LV GLVWULEXWHG L�L�G� ZLWK DQ H[WUHPH YDOXH W\SH , GHQVLW\� I�q�  HbHbq

� WKHQ WKH

PDUNHW VKDUH RI JRRG M KDV D FORVHG H[SUHVVLRQ JLYHQ E\

VMW  
HpMW

Hp�W �
31W

N � H
pNW
 

HpMW

� �
31W

N � H
pNW

� ���

(TXDWLRQ ��� LV WKH 0XOWLQRPLDO /RJLW PRGHO�

$VVXPLQJ VWLOO WKDW qLMW LV GLVWULEXWHG L�L�G� H[WUHPH YDOXH� EXW QRZ DOORZLQJ IRU FRQVXPHU

KHWHURJHQHLW\ WR DmHFW WKH WDVWH SDUDPHWHUV IRU WKH GLmHUHQW SURGXFW FKDUDFWHULVWLFV FRUUHVSRQGV WR

WKH IXOO UDQGRP FRHpFLHQWV PRGHO RU PL[HG /RJLW PRGHO GHVFULEHG E\ HTXDWLRQV ���� ��� DQG ������

7KH PDUNHW VKDUH RI SURGXFW M ZLOO QR ORQJHU KDYH D FORVHG IRUP H[SUHVVLRQ� 7KH FRPSXWDWLRQ RI

WKH LQWHJUDO LQ HTXDWLRQ ��� LV GRQH E\ VLPXODWLRQ QRWLQJ WKDW� FRQGLWLRQDO RQ WKH XQREVHUYHG YLW

DQG REVHUYHG 'LW FRQVXPHU FKDUDFWHULVWLFV� RU LQ RWKHU ZRUGV� FRQGLWLRQDO RQ xLW� WKH SUREDELOLW\ RI

SXUFKDVH RI D FHUWDLQ SURGXFW KDV WKH 0XOWLQRPLDO /RJLW H[SUHVVLRQ

VMW�xLW�  
HpMW�xLMW

� �
31W

N � H
pNW�xLNW

 
HpMW�>[MW�SMW@�b 'L�i YL�

� �
31W

N � H
pNW�>[NW�SNW@�b 'L�i YL�

� ���

7KH XQFRQGLWLRQDO WUXH SUREDELOLWLHV DUH JLYHQ E\ WKH LQWHJUDO RYHU DOO SRVVLEOH YDOXHV RI WKH UDQGRP

WDVWH WHUPV xLW RI WKH FRQGLWLRQDO SUREDELOLWLHV� QDPHO\�

VMW  
=
VMW�xLW�I�xLW�GxLW� ����

��7KLV LV D YHU\ JHQHUDO PRGHO� $V VKRZQ LQ 0F)DGGHQ DQG 7UDLQ ������� DQ\ GLVFUHWH FKRLFH PRGHO GHULYHG IURP
UDQGRP XWLOLW\ PD[LPL]DWLRQ FDQ EH DSSUR[LPDWHG� WR DQ\ GHJUHH RI DFFXUDF\� WR D 0L[HG /RJLW�

�



���� 6XSSO\ 6LGH

,Q ZKDW IROORZV� HDFK VXSSO\ PRGHO LV GHVFULEHG LQ GHWDLO DQG WKHQ VROYHG WR REWDLQ DQ H[SUHVVLRQ IRU

ERWK WKH UHWDLOHU
V DQG WKH PDQXIDFWXUHU
V LPSOLHG SULFH�FRVW PDUJLQV MXVW DV D IXQFWLRQ RI GHPDQG

VLGH SDUDPHWHUV���

������ 6FHQDULR �� 'RXEOH 0DUJLQDOL]DWLRQ 0RGHO

,Q WKLV PRGHO PDQXIDFWXUHUV VHW WKHLU SULFHV nUVW� DQG UHWDLOHUV IROORZ� VHWWLQJ WKH UHWDLO SULFHV

JLYHQ WKH ZKROHVDOH SULFHV� 7KH PDUJLQV WKDW UHVXOW IURP WKHLU EHKDYLRU FRUUHVSRQG WR WKH SXUH

GRXEOH PDUJLQDOL]DWLRQ SULFH�FRVW PDUJLQV LQ WKH FRQWH[W RI OLQHDU SULFLQJ LQ ROLJRSRO\ PDUNHWV DW

WKH PDQXIDFWXUHU DQG DW WKH UHWDLO OHYHO�

/HW WKHUH EH 1U UHWDLOHUV DQG 1Z PDQXIDFWXUHUV LQ WKH PDUNHW� $OO SOD\HUV DUH DVVXPHG WR

EHKDYH DV 1DVK�%HUWUDQG FRPSHWLWRUV� 7R VROYH WKLV YHUWLFDO PRGHO RQH VWDUWV� DV XVXDO� E\ ORRNLQJ

DW WKH UHWDLOHU
V SUREOHP� (DFK UHWDLOHU U
V SURnW IXQFWLRQ LQ ZHHN W LV JLYHQ E\

{UW  
;
Mq6UW

K
SMW b SZMW b FUMW

L
VMW�S� ����

ZKHUH 6UW LV WKH VHW RI SURGXFWV VROG E\ UHWDLOHU U GXULQJ ZHHN W� SZMW LV WKH ZKROHVDOH SULFH KH SD\V

IRU SURGXFW M� FUM LV WKH UHWDLOHU
V PDUJLQDO FRVW RI SURGXFW M DQG VMW�S� LV WKH VKDUH RI SURGXFW M�

7KH nUVW RUGHU FRQGLWLRQV� DVVXPLQJ D SXUH VWUDWHJ\ 1DVK�HTXLOLEULXP LQ SULFHV� DUH

VMW �
;
Pq6UW

>SPW b SZPW b FUPW@
#VPW

#SMW
 � IRU M  �� c c c � 1W ����

ZKHUH 1W LV WKH QXPEHU RI SURGXFWV LQ WKH PDUNHW�

'HnQH 7U DV WKH UHWDLOHU
V RZQHUVKLS PDWUL[ ZLWK WKH JHQHUDO HOHPHQW 7U�L� M� HTXDO WR RQH ZKHQ

ERWK SURGXFWV L DQG M DUH VROG E\ WKH VDPH UHWDLOHU DQG ]HUR RWKHUZLVH� /HW cUW EH WKH UHWDLOHU
V

UHVSRQVH PDWUL[� FRQWDLQLQJ WKH nUVW GHULYDWLYHV RI DOO WKH VKDUHV ZLWK UHVSHFW WR DOO UHWDLO SULFHV�

ZLWK HOHPHQW �L� M�  #VMW

#SLW
� 6WDFNLQJ XS WKH nUVW RUGHU FRQGLWLRQV JLYHQ E\ ���� IRU DOO 1W SURGXFWV

DQG UHDUUDQJLQJ WHUPV� WKH IROORZLQJ YHFWRU H[SUHVVLRQ IRU WKH UHWDLOHUV
 LPSOLHG SULFH�FRVW PDUJLQV

MXVW DV D IXQFWLRQ RI WKH GHPDQG VLGH IRU HDFK ZHHN W LV REWDLQHG

SW b SZW b FUW  b�7U�cUW�
b�VW�S�� ����

��)RU LOOXVWUDWLRQ SXUSRVHV VHH LQ WKH $SSHQGL[ WKH �/RJLW DQG UDQGRP FRHpFLHQWV� H[SUHVVLRQV RI WKH SULFH�FRVW
PDUJLQV LQ D VLPSOLnHG PRGHO ZLWK RQO\ WZR UHWDLOHUV� WZR ZKROHVDOHUV DQG WZR SURGXFWV�

�



ZKHUH 7U�cUW LV WKH HOHPHQW E\ HOHPHQW PXOWLSOLFDWLRQ RI WKH WZR PDWULFHV� ,I WKH HTXLOLEULXP LV

XQLTXH� HTXDWLRQ ���� LPSOLFLWO\ GHnQHV WKH UHWDLO SULFHV DV D IXQFWLRQ RI WKH ZKROHVDOH SULFHV�

/RRNLQJ QRZ DW WKH PDQXIDFWXUHU� HDFK RI WKHP PD[LPL]HV KLV SURnW FKRRVLQJ WKH ZKROHVDOH

SULFHV SZ� NQRZLQJ WKDW WKH UHWDLOHUV EHKDYH DFFRUGLQJ WR ����� 7KH PDQXIDFWXUHU
V SURnW IXQFWLRQ

LV JLYHQ E\

{ZW  
;
Mq6ZW

>SZMW b FZMW@ VMW�S�S
Z��� ����

ZKHUH 6ZW LV WKH VHW RI SURGXFWV VROG E\ PDQXIDFWXUHU Z GXULQJ ZHHN W DQG FZMW LV WKH PDUJLQDO FRVW

RI WKH PDQXIDFWXUHU WKDW SURGXFHV SURGXFW M� 7KH nUVW�RUGHU FRQGLWLRQV DUH� DVVXPLQJ DJDLQ D SXUH

VWUDWHJ\ 1DVK�(TXLOLEULXP LQ WKH ZKROHVDOH SULFHV�

VMW �
;

Pq6ZW

>SZPW b FZPW@
#VPW

#SZMW
 � IRU M  �� c c c � 1W� ����

/HW 7Z EH D PDWUL[ RI RZQHUVKLS IRU WKH PDQXIDFWXUHUV� DQDORJRXVO\ GHnQHG DV WKH PDWUL[ 7U

DERYH� ,Q SDUWLFXODU� HOHPHQW �M�P� RI 7Z LV HTXDO WR RQH LI PDQXIDFWXUHU ZKR VHOOV SURGXFW M DOVR

VHOOV SURGXFW P DQG LV HTXDO WR ]HUR RWKHUZLVH� /HW cZW EH WKH PDQXIDFWXUHU
V UHVSRQVH PDWUL[� ZLWK

HOHPHQW �M�P�  #VPW

#SZ
MW

� FRQWDLQLQJ WKH GHULYDWLYHV RI WKH PDUNHW VKDUHV RI DOO SURGXFWV ZLWK UHVSHFW

WR DOO ZKROHVDOH SULFHV� ,Q RWKHU ZRUGV� WKLV PDWUL[ KDV WKH FURVV�SULFH HODVWLFLWLHV RI WKH GHULYHG

GHPDQG DQG WKH HmHFW RI FRVW SDVV�WKURXJK� &ROOHFWLQJ WHUPV DQG VROYLQJ IRU WKH PDQXIDFWXUHUV


LPSOLHG SULFH�FRVW PDUJLQV \LHOGV

SZW b FZW  b�7Z�cZW�
b�VW�S�� ����

7R REWDLQ cZW� nUVW QRWH WKDW cZW  c�

SWcUW� ZKHUH cSW LV D PDWUL[ RI GHULYDWLYHV RI DOO WKH

UHWDLO SULFHV ZLWK UHVSHFW WR DOO WKH ZKROHVDOH SULFHV� 6R DOO WKDW LV QHHGHG LV WR nQG H[SUHVVLRQV IRU�

DQG FRPSXWH� cSW DQG SUH�PXOWLSO\ cUW� IURP WKH UHWDLOHU
V SUREOHP� E\ WKH WUDQVSRVH RI cSW WR JHW

WKH PDQXIDFWXUHU
V UHVSRQVH PDWUL[ cZW� )URP QRZ RQ� WKH WLPH VXEVFULSW LV GURSSHG WR VLPSOLI\

QRWDWLRQ� 7R JHW WKH H[SUHVVLRQ IRU cS� OHW XV VWDUW E\ WRWDOO\ GLmHUHQWLDWLQJ IRU D JLYHQ M HTXDWLRQ

���� ZLWK UHVSHFW WR DOO SULFHV �GSN� N  �� c c c � 1� DQG D ZKROHVDOH SULFH S
Z
I � ZLWK YDULDWLRQ GSZI �

1;
N �

>
#VM

#SN
�

1;
L �

�7U�L� M�
#�VL

#SM#SN
�SL b SZL b FUL �� � 7U�N� M�

#VN

#SM
@

_ ^] `
J�M�N�

GSN b 7U�I� M�
#VI

#SM_ ^] `
K�M�I�

GSZI  �� ����

3XWWLQJ DOO M  �����1 SURGXFWV WRJHWKHU� OHW * EH WKH PDWUL[ ZLWK JHQHUDO HOHPHQW J�M� N� DQG OHW

�



+I EH WKH 1 GLPHQVLRQDO YHFWRU ZLWK JHQHUDO HOHPHQW K�M� I�� 7KHQ

* GSb+I GSZI  �� ����

6ROYLQJ IRU WKH GHULYDWLYHV RI DOO SULFHV ZLWK UHVSHFW WR WKH ZKROHVDOH SULFH I WKH I �WK FROXPQ RI cS

LV REWDLQHG�
GS

GSZI
 *b�+I � ����

6WDFNLQJ DOO 1 FROXPQV WRJHWKHU� cS  *b�+� ZKLFK KDV WKH GHULYDWLYHV RI DOO SULFHV ZLWK UHVSHFW

WR DOO ZKROHVDOH SULFHV� 7KH JHQHUDO HOHPHQW RI cS LV �L� M�  
#SM

#SZ
L

�

)LQDOO\� WKH VXP RI WKH LPSOLHG SULFH�FRVW PDUJLQV IRU WKH UHWDLOHUV DQG WKH PDQXIDFWXUHUV LV E\

GHnQLWLRQ REWDLQHG E\ DGGLQJ XS ���� DQG ����

SW b FUW b FZW  b�7U�cUW�
b�VW�S�b �7Z�cZW�

b�VW�S�� ����

������ 6FHQDULR �� 1RQ�/LQHDU 3ULFLQJ 0RGHOV

,Q D RQH PDQXIDFWXUHU DQG RQH UHWDLOHU FDVH� LQ WKH FODVVLFDO QRQOLQHDU RSWLPDO �WZR�SDUW WDULm�

SULFLQJ PRGHO� WKH PDQXIDFWXUHU VHWV WKH ZKROHVDOH SULFH HTXDO WR PDUJLQDO FRVW DQG OHWV WKH UHWDLOHU

EH WKH UHVLGXDO FODLPDQW� 7KHQ WKH PDQXIDFWXUHU LV DEOH WR H[WUDFW SDUW RU WKH IXOO ?PRQRSRO\� �RU

YHUWLFDOO\ LQWHJUDWHG nUP
V� VXUSOXV LQ WKH IRUP RI D n[HG IHH WKDW WKH UHWDLOHU KDV WR SD\� 7ZR�

SDUW WDULmV DUH VHHQ DV RSWLPDO FRQWUDFWV ZKHQHYHU WKHUH LV GRZQVWUHDP PDUNHW SRZHU LQ WKH UHWDLO

PDUNHW�� DQG XQGHU IDLUO\ JHQHUDO PDUNHW DVVXPSWLRQV� 7ZR�SDUW WDULm DV WKH RSWLPDO FRQWUDFW

GHVLJQ KDV EHHQ VKRZQ WR EH RSWLPDO LQ WKH VLPSOH GRXEOH PDUJLQDOL]DWLRQ PRGHO ZKHUH UHWDLOHUV

IROORZ PDQXIDFWXUHUV LQ D SULFH VHWWLQJ JDPH ZLWK D FHUWDLQ GHPDQG �7LUROH� ����� SDJH ����� DQ

XQFHUWDLQ GHPDQG �5H\ DQG 7LUROH� ����� RU XQGHU DV\PPHWULF LQIRUPDWLRQ �7LUROH� ����� SDJH

������� ,W LV QR ORQJHU WUXH WKDW WKH RSWLPDO WZR�SDUW WDULm LQ WKH FRQWH[W RI PXOWLSOH UHWDLOHUV

\LHOGV PDUJLQDO FRVW SULFLQJ E\ WKH PDQXIDFWXUHUV �0DWKHZVRQ DQG :LQWHU� ���� DQG 6FKPDOHQVHH�

������ +RZHYHU WZR�SDUW WDULmV DUH VWLOO RSWLPDO LQ WKH FRQWH[W RI PXOWLSOH PDQXIDFWXUHUV DQG D

VLQJOH UHWDLOHU �6KDmHU DQG 2
%ULHQ� ���� DQG 7LUROH� ����� SDJH ����� ,Q WKH RQH PDQXIDFWXUHU� RQH

UHWDLOHU PRGHO� UHVDOH SULFH PDLQWHQDQFH LPSOLHV WKDW WKH PDQXIDFWXUHU VHWV D ZKROHVDOH SULFH HTXDO

WR WKH PRQRSRO\ SULFH DQG WKHQ LPSRVHV UHVDOH SULFH DW WKH PRQRSRO\ SULFH� 7KH UHWDLOHU PDNHV

]HUR SURnW� DQG WKH PDQXIDFWXUHU UHFRYHUV WKH PRQRSRO\ SURnW�

��7KLV LV QRW WR EH FRQIXVHG ZLWK UHWDLOHUV KDYLQJ YHUWLFDO SRZHU LQ WKH YHUWLFDO VWUXFWXUH� ,I WKHUH LV UHWDLO PDUNHW
SRZHU� UHWDLOHUV LPSRVH DQ H[WHUQDOLW\ E\ DGGLQJ D VHFRQG PDUJLQ WR WKH ZKROHVDOH PDUJLQ�

��+RZHYHU� LQ WKH SUHVHQFH RI XQFHUWDLQW\� WZR�SDUW WDULmV KDYH SRRU SURSHUWLHV LQ WHUPV RI ULVN VKDULQJ�

��



6FHQDULR � FRQVLGHUV WKH H[LVWHQFH RI WKHVH QRQ�OLQHDU SULFLQJ FRQWUDFWV LQ WKH FRQWH[W RI PXOWLSOH

UHWDLOHUV DQG PXOWLSOH PDQXIDFWXUHUV� ,Q SDUWLFXODU� WZR VXE�FDVHV DUH FRQVLGHUHG WR WHVW WKH YDOLGLW\

RI WZR VROXWLRQV WR WKH GRXEOH PDUJLQDOL]DWLRQ SUREOHP� ,Q WKH nUVW FDVH� WKH ZKROHVDOH PDUJLQV DUH

DVVXPHG WR EH ]HUR� ZKLFK PHDQV WKDW WKH UHWDLOHUV KDYH WKH SULFLQJ GHFLVLRQ JLYHQ WKDW ZKROHVDOH

SULFHV HTXDO PDUJLQDO FRVWV� ,Q WKH VHFRQG FDVH� WKH UHWDLO PDUJLQV DUH DVVXPHG WR EH ]HUR� *LYHQ

WKDW� LW LV DV LI WKH PDQXIDFWXUHUV ZHUH VHWWLQJ WKH nQDO SULFH FRQVXPHUV DUH IDFLQJ� OLNH LQ UHVDOH SULFH

PDLQWHQDQFH� ,Q ERWK RI WKHVH VXE�FDVHV� WKH SURnWV RI WKH YHUWLFDO VWUXFWXUH PD\ EH JUHDWHU WKDQ

WKH VXP RI WKH SURnWV RI UHWDLOHUV DQG PDQXIDFWXUHUV LQ WKH nUVW VFHQDULR RI GRXEOH PDUJLQDOL]DWLRQ�

7KH SRWHQWLDO LQFUHDVH LQ WKH ZKROH FKDQQHO
V SURnWV LV GXH WR WKH HOLPLQDWLRQ RI WKH nUVW RU WKH

VHFRQG PDUJLQ LQ WKH YHUWLFDO VWUXFWXUH DQG WKH IDFW WKDW WKH UHWDLOHUV KDYH VRPH UHWDLO SRZHU� L�H��

IDFH GRZQZDUG VORSLQJ GHPDQG FXUYHV�

&DVH �� ?:KROHVDOH PDUJLQV DUH ]HUR DQG UHWDLOHUV KDYH SULFLQJ GHFLVLRQV�� ,Q WKLV FDVH� UHWDLO�

HUV PD[LPL]H WKHLU SURnWV� JLYHQ WKDW ZKROHVDOH SULFHV DUH HTXDO WR PDUJLQDO FRVWV� 7KH PDQXIDF�

WXUHUV
 LPSOLHG SULFH�FRVW PDUJLQV DUH ]HUR IRU DOO SURGXFWV� 7KH LPSOLHG SULFH�FRVW PDUJLQV IRU WKH

UHWDLOHUV DUH JLYHQ E\ HTXDWLRQ ���� VXEMHFW WR SZW  F
Z
W � WKDW LV�

SW b FUW b FZW  b�7U�cUW�
b�VW�S�� ����

7KLV PHDQV WKDW WKH UHWDLOHU JHWV IURP KLV RSWLPL]DWLRQ WKH SURnWV FRUUHVSRQGLQJ WR WKH GRZQ�

VWUHDP YHUWLFDOO\ LQWHJUDWHG VWUXFWXUH IRU HDFK RI WKH M SURGXFWV�

&DVH �� ?=HUR UHWDLO PDUJLQV DQG PDQXIDFWXUHUV KDYH SULFLQJ GHFLVLRQV�� ,Q WKLV FDVH� WKH UHWDLO

LPSOLHG SULFH�FRVW PDUJLQV DUH ]HUR IRU DOO SURGXFWV VLQFH WKH UHWDLOHUV DGG WR WKH ZKROHVDOH SULFHV

RQO\ WKH UHWDLO FRVWV� L�H� SMW  SZMW � FUMW �M� 7KLV PHDQV WKDW WKH PDQXIDFWXUHUV JHW IURP WKHLU

RSWLPL]DWLRQ WKH SURnWV FRUUHVSRQGLQJ WR WKH GRZQVWUHDP YHUWLFDOO\ LQWHJUDWHG VWUXFWXUH IRU HDFK

RI WKH M SURGXFWV� 7KH PDQXIDFWXUHUV
 LPSOLHG SULFH�FRVW PDUJLQV DUH JLYHQ E\

SZW b FUW b FZW  b�7Z�cUW�
b�VW�S�� ����

,W LV ZRUWK QRWLQJ WKDW WKH LPSOLHG SULFH�FRVW PDUJLQV LQ HTXDWLRQ ���� DUH GLmHUHQW IURP HTXDWLRQ

���� EHFDXVH WKH UHWDLO RZQHUVKLS 7U GLmHUV IURP WKH PDQXIDFWXUHU RZQHUVKLS 7Z RU� LQ RWKHU ZRUGV�

EHFDXVH WKH PDQXIDFWXUHUV DQG WKH UHWDLOHUV DUH PD[LPL]LQJ WKHLU SURnWV RYHU D GLmHUHQW VHW RI

SURGXFWV� ,Q %/3 ������ DQG 1HYR ������ WKH �PDQXIDFWXUHU� LPSOLHG SULFH�FRVW PDUJLQV FRPSXWHG

DUH JLYHQ E\ H[SUHVVLRQV VLPLODU WR ���� DQG WKH UHWDLOHUV
 GHFLVLRQV DUH QRW PRGHOHG�

��



������ 6FHQDULR �� 7KH +\EULG 0RGHO

(DFK UHWDLOHU EHKDYHV DV D YHUWLFDOO\ LQWHJUDWHG nUP ZLWK UHVSHFW WR LWV RZQ SULYDWH ODEHO SURGXFWV

DQG SOD\V WKH YHUWLFDO 1DVK�%HUWUDQG JDPH LQ WKH RWKHU SURGXFWV �WKH QDWLRQDO EUDQGV�� 7KLV

VFHQDULR
V LPSOLHG SULFH�FRVW PDUJLQV KDYH ELWV DQG SLHFHV RI WKH RQHV IURP VFHQDULR � DQG VFHQDULR

�
V nUVW FDVH �IRU WKH H[SUHVVLRQV LQ D VLPSOH PRGHO� SOHDVH UHIHU WR WKH DSSHQGL[�� ,Q SDUWLFXODU�

WKH UHWDLO PDUJLQV ZLOO EH WKH VDPH DV LQ VFHQDULR � JLYHQ E\ HTXDWLRQ ����� +RZHYHU� WKH ZKROHVDOH

PDUJLQV FKDQJH� :KHQ YHUWLFDOO\ LQWHJUDWLQJ LQWR WKH XSVWUHDP PDUNHW� WKH UHWDLOHUV DmHFW WKH

SULFH�FRVW PDUJLQV RI WKH QDWLRQDO EUDQGV
 PDQXIDFWXUHUV� %\ YHUWLFDOO\ LQWHJUDWLQJ� WKH UHWDLOHUV

HOLPLQDWH WKH ZKROHVDOH PDUJLQV LQ WKH SULYDWH ODEHOHG SURGXFWV� DQG WKH nQDO UHWDLO SULFH RI WKH

SULYDWH ODEHOV IDOOV� 'HPDQG IRU WKH SURGXFWV VROG E\ WKH PDQXIDFWXUHUV RI QDWLRQDO EUDQGV FKDQJHV

�GHFUHDVHV�� DQG FRQVHTXHQWO\ WKH QDWLRQDO EUDQG PDQXIDFWXUHUV QHHG WR DGMXVW WKHLU ZKROHVDOH

SULFHV� )RU WKLV SDUWLFXODU PDUNHW� DW WKH PDQXIDFWXUHU OHYHO� WKH ZKROHVDOH PDUJLQV IRU WKH SULYDWH

ODEHO SURGXFWV DUH ]HUR DQG WKXV QRW RSWLPL]HG RYHU� 7KH LPSOLHG PDQXIDFWXUHUV
 SULFH�FRVW PDUJLQV

IRU WKH QDWLRQDO EUDQGV DUH JLYHQ E\

SZW b FUW b FZW  b�7 e

Z�c
e

ZW�
b�VeW �S�� ����

ZKHUH 7 e

Z LV WKH PDQXIDFWXUHUV
 RZQHUVKLS PDWUL[ DV EHIRUH ZLWKRXW WKH URZV DQG FROXPQV WKDW

FRUUHVSRQG WR WKH SULYDWH ODEHO SURGXFWV LQ WKH VDPSOH� 7KH H[SUHVVLRQ IRU ce

ZW LV HTXDO WR cZW EXW

ZLWKRXW URZV DQG FROXPQV RI WKH SULYDWH ODEHO SURGXFWV� ,Q VeW �S� DUH WKH VKDUHV RI WKH QDWLRQDO

EUDQGV� QDPHO\ VW�S� ZLWKRXW URZV IRU WKH SULYDWH ODEHO SURGXFWV�

������ 6FHQDULR �� 0DQXIDFWXUHU /HYHO &ROOXVLRQ 0RGHO

7KLV VFHQDULR FRUUHVSRQGV WR PDQXIDFWXUHUV FKRRVLQJ ZKROHVDOH SULFHV WKDW PD[LPL]H WKH VXP RI

WKH PDQXIDFWXUHUV
 SURnWV� 6LQFH PDQXIDFWXUHUV DUH DVVXPHG WR EH FROOXGLQJ� LW LV DV LI RQH VLQJOH

XSVWUHDP nUP RZQHG WKH IXOO VHW RI SURGXFWV� 7KXV WKH PDQXIDFWXUHUV
 RZQHUVKLS PDWUL[ 7Z LV D

PDWUL[ IXOO RI RQHV� KHQFHIRUWK FDOOHG 7�� 0DQXIDFWXUHUV
 SULFH�FRVW PDUJLQV DUH JLYHQ E\ HTXDWLRQ

���� VXEMHFW WR 7Z  7�� ZKLFK UHVXOWV LQ

SZW b FZW  b�7��cZW�
b�VW�S�� ����

��



7KH LPSOLHG SULFH�FRVW PDUJLQV RI WKH UHWDLOHUV� ZKLFK DUH DVVXPHG WR VHW WKHLU UHWDLO SULFHV JLYHQ

WKH ZKROHVDOH SULFHV� DUH JLYHQ E\

SW b SZW b FUW  b�7U�cUW�
b�VW�S�� ����

)LQDOO\� WKH VXP RI WKH LPSOLHG SULFH�FRVW PDUJLQV IRU WKH UHWDLOHUV DQG WKH PDQXIDFWXUHUV LV REWDLQHG

E\ DGGLQJ XS ���� DQG ����

SW b FUW b FZW  b�7U�cUW�
b�VW�S�b �7��cZW�

b�VW�S�� ����

������ 6FHQDULR �� 5HWDLO /HYHO &ROOXVLRQ 0RGHO

$VVXPLQJ FROOXVLRQ DW WKH UHWDLO OHYHO FRUUHVSRQGV WR DVVXPLQJ WKDW 7U  7�� 5HWDLO SULFH�FRVW

PDUJLQV DUH JLYHQ E\

SW b SZW b FUW  b�7��cUW�
b�VW�S�� ����

ZKLOH PDQXIDFWXUHU SULFH�FRVW PDUJLQV KDYH WKH IROORZLQJ H[SUHVVLRQ

SZW b FZW  b�7Z�cZW�
b�VW�S�� ����

)LQDOO\� WKH VXP RI WKH LPSOLHG SULFH�FRVW PDUJLQV IRU WKH UHWDLOHUV DQG WKH PDQXIDFWXUHUV LV� E\

GHnQLWLRQ� REWDLQHG E\ DGGLQJ XS ���� DQG ����

SW b FUW b FZW  b�7��cUW�
b�VW�S�b �7Z�cZW�

b�VW�S�� ����

������ 6FHQDULR �� 0RQRSROLVW 0RGHO

7KLV ODVW VFHQDULR H[DPLQHV WKH TXHVWLRQ RI ZKHWKHU WKLV LQGXVWU\ LV MRLQWO\ SURnW PD[LPL]LQJ� 7KH

ZD\ VFHQDULR � UHODWHV WR VFHQDULR � LV WKDW RQH FDQ YLHZ VFHQDULR � DV DVNLQJ WKH TXHVWLRQ RI ZKHWKHU

WKLV LQGXVWU\ KDV HpFLHQW SULFLQJ VXEMHFW WR KRUL]RQWDO FRQVWUDLQWV� 6FHQDULR � LPSOLHV� LQ D ZRUOG

ZKHUH WKHUH DUH VHYHUDO PDQXIDFWXUHUV DQG VHYHUDO UHWDLOHUV� WKDW WKH\ QRW RQO\ YHUWLFDOO\ LQWHJUDWH

EXW WKDW WKH\ FRRUGLQDWH WKHLU KRUL]RQWDO SULFLQJ GHFLVLRQV �PHDQLQJ WKDW WKH\ DUH FROOXGLQJ�� 7KH

IDFW WKDW WKH\ FDQQRW FROOXGH LV ZKDW LV PHDQW E\ KRUL]RQWDO FRQVWUDLQWV LQ VFHQDULR ��

,Q WKLV SUHVHQW VFHQDULR� ZKROHVDOH PDUJLQV DUH ]HUR� )XUWKHUPRUH� 7U  7Z  7�� &RQVHTXHQWO\

WKH LPSOLHG SULFH�FRVW PDUJLQV RI WKH IXOO YHUWLFDOO\ DQG KRUL]RQWDOO\ LQWHJUDWHG VWUXFWXUH DUH JLYHQ

��



E\

SW b FUW b FZW  b�7��cUW�
b�VW�S�� ����

�� (VWLPDWLRQ

���� (VWLPDWLRQ RI WKH 0RGHO XVLQJ 7ZR�6WHS *HQHUDOL]HG 0HWKRG RI 0RPHQWV

*LYHQ 1V UDQGRP GUDZV IURP WKH GLVWULEXWLRQ RI Y DQG '� WKH LQWHJUDO LQ HTXDWLRQ ���� LV DSSUR[L�

PDWHG E\

VMW  
�

1V

1V;

L �

HpMW�>[MW�SMW@�b 'L�i YL�

� �
31W

N � H
pNW�>[NW�SNW@�b 'L�i YL�

� ����

:KHQ HVWLPDWLQJ GHPDQG WKH LGHD LV WR HVWLPDWH WKH SDUDPHWHUV WKDW SURGXFH VKDUHV FORVH WR

WKH REVHUYHG RQHV� 7KLV SURFHGXUH LV QRQ�OLQHDU LQ WKH GHPDQG SDUDPHWHUV DQG VXmHUV IURP WKH IDFW

WKDW SULFHV DUH HQGRJHQRXV YDULDEOHV� 7KH NH\ VWHS LQ HVWLPDWLQJ GHPDQG LV WR FRQVWUXFW D GHPDQG

VLGH HTXDWLRQ WR EH HVWLPDWHG OLQHDU LQ WKH SDUDPHWHUV DVVRFLDWHG ZLWK WKH HQGRJHQRXV YDULDEOHV VR

WKDW LQVWUXPHQWDO YDULDEOHV HVWLPDWLRQ �RU� LQ RWKHU ZRUGV� *HQHUDOL]HG 0HWKRG RI 0RPHQWV �*00�

HVWLPDWLRQ� FDQ EH GLUHFWO\ DSSOLHG� 7KLV IROORZV IURP HTXDWLQJ WKH HVWLPDWHG VKDUHV� JLYHQ E\ ���

IRU WKH /RJLW PRGHO RU E\ ���� IRU WKH IXOO PRGHO� WR WKH REVHUYHG VKDUHV DQG VROYLQJ IRU WKH PHDQ

XWLOLW\� )RU WKH /RJLW PRGHO WKH PHDQ XWLOLW\ FDQ EH UHFRYHUHG DQDO\WLFDOO\� IROORZLQJ %HUU\ ������
V

LQYHUVLRQ WHFKQLTXH� E\ ORJ�VMW� b ORJ�V�W�  pMW� +RZHYHU� LQ WKH IXOO PRGHO� VROYLQJ IRU WKH PHDQ

XWLOLW\ KDV WR EH GRQH QXPHULFDOO\ �VHH %/3� ������

)LQDOO\� RQFH WKLV LQYHUVLRQ KDV EHHQ PDGH� WKH HTXDWLRQ WR EH HVWLPDWHG UHODWHV WKH PHDQ

XWLOLW\ IURP FRQVXPLQJ D SURGXFW WR LWV SULFH� WKH SURGXFW FKDUDFWHULVWLFV [MW� WKH FRQVWDQW SURGXFW

FKDUDFWHULVWLFV GM DQG WKH FKDQJHV LQ XQREVHUYHG SURGXFW FKDUDFWHULVWLFV WKDW DmHFW GHPDQG zMW�

7KLV HTXDWLRQ LV JLYHQ E\

pMW  GM � [MWn b mSMW � zMW ����

RU� E\ VWDFNLQJ DOO M SURGXFWV LQ ����� DV

p�b�i�  G� [n b mS� XG ����

ZKHUH XG LV WKH GHPDQG VLGH UHVLGXDO �L�H� WKH YHFWRU RI zMW�� /HW t EH WKH GHPDQG VLGH SDUDPHWHUV

WR EH HVWLPDWHG� ,Q WKH /RJLW FDVH t  t/  �m� n� G� DQG LQ WKH IXOO PRGHO t  �t/�b�i� ZKHUH b

DQG i DUH WKH QRQ�OLQHDU SDUDPHWHUV� )RU WKH /RJLW FDVH� t/ LV REWDLQHG GLUHFWO\ IURP HVWLPDWLQJ

����� ,Q WKH IXOO UDQGRP FRHpFLHQWV PRGHO� t LV REWDLQHG E\ VLPXODWLRQ IROORZLQJ 1HYR
V ������

��



HVWLPDWLRQ DOJRULWKP� ZKHUH HTXDWLRQ ���� HQWHUV LQ RQH RI WKH VWHSV��� /HW PH GHQRWH KHQFHIRUWK

WKH VFHQDULR LPSOLHG SULFH�FRVW PDUJLQV E\ 6,3&0 � 8QGHU HDFK VXSSO\ PRGHO VHSDUDWHO\� JLYHQ

t� WKH SULFH�FRVW PDUJLQV LPSOLHG E\ WKH GLmHUHQW VFHQDULRV FDQ EH FRPSXWHG� 6,3&0U�t� IRU WKH

UHWDLOHUV DQG 6,3&0Z�t� IRU WKH PDQXIDFWXUHUV� 7KH VXSSO\ SULFLQJ HTXDWLRQ LV FRQVWUXFWHG E\

DVVRFLDWLQJ SDUDPHWHUV WR WKH LPSOLHG PDUJLQV� 7KH LQWXLWLRQ EHKLQG WKLV DSSURDFK LV WR FRPSDUH

DFWXDO SULFH�FRVW PDUJLQV ZLWK WKH SULFH�FRVW PDUJLQV LPSOLHG E\ WKH GLmHUHQW VXSSO\ PRGHOV� $FWXDO

SULFH�FRVW PDUJLQV DUH GHnQHG DV WKH GLmHUHQFH EHWZHHQ UHWDLO SULFH DQG WKH HVWLPDWH RI PDUJLQDO

FRVW RI WKH YHUWLFDO VWUXFWXUH� 7KH VXSSO\ SULFLQJ HTXDWLRQ WR EH HVWLPDWHG LV WKHQ JLYHQ E\

S  I�F o� � 6,3&0U�t� wU � 6,3&0Z�t� wZ � XV� ����

ZKHUH F LV D PDWUL[ RI FRVW VLGH YDULDEOHV VXFK DV LQSXW SULFHV� o LV D YHFWRU RI FRHpFLHQWV DVVRFLDWHG

ZLWK FRVW�VLGH YDULDEOHV� wU DQG wZ DUH 1 �GLPHQVLRQDO YHFWRUV RI FRHpFLHQWV DVVRFLDWHG ZLWK WKH

LPSOLHG SULFH�FRVW PDUJLQV RI WKH UHWDLOHUV DQG WKH PDQXIDFWXUHUV� UHVSHFWLYHO\� DQG XV LV WKH VXSSO\�

VLGH UHVLGXDO WKDW FRQWDLQV XQREVHUYHG FRPSRQHQWV RI PDUJLQDO FRVW� 7KH SDUDPHWHUV wU DQG wZ

PHDVXUH GHYLDWLRQV IURP WKH UHWDLO DQG PDQXIDFWXUHU EHKDYLRU DVVXPHG LQ HDFK RI WKH XQGHUO\LQJ

PRGHOV� )RU H[DPSOH� IRU WKH GRXEOH PDUJLQDOL]DWLRQ PRGHO� LI WKH HVWLPDWHG FRHpFLHQW wU LV QRW

VLJQLnFDQWO\ GLmHUHQW IURP RQH , FDQQRW UHMHFW WKDW WKDW UHWDLOHU LV EHKDYLQJ DV D 1DVK�%HUWUDQG

SOD\HU� ,W LV DVVXPHG WKDW I �F o�  HF o WR HQVXUH WKDW DOO SURGXFWV KDYH SRVLWLYH HVWLPDWHG PDUJLQDO

FRVWV���

(TXDWLRQV ���� DQG ���� GHnQH D V\VWHP RI WZR VLPXOWDQHRXV YHFWRU HTXDWLRQV WR EH HVWLPDWHG�

ZKHUH WKH GHPDQG VLGH SDUDPHWHUV t HQWHU WKH VXSSO\ HTXDWLRQ LQ D QRQ�OLQHDU IDVKLRQ� 7KH HV�

WLPDWLRQ PHWKRG FRQVLVWV RI D WZR�VWHS SURFHGXUH��� 7KH nUVW VWHS LV HVWLPDWLRQ RI GHPDQG E\

*HQHUDOL]HG 0HWKRG RI 0RPHQWV �*00� DQG WKH VHFRQG VWHS LV HVWLPDWLRQ RI VXSSO\ JLYHQ WKH

GHPDQG SDUDPHWHUV SUHYLRXVO\ HVWLPDWHG DOVR E\ *00� 7KH XVH RI FRQVLVWHQW HVWLPDWHV LQ WKH nUVW

VWHS ZLOO QRW FDXVH LQ JHQHUDO D FRQVLVWHQF\ SUREOHP LQ WKH VHFRQG VWHS� +RZHYHU� LW ZLOO DmHFW

WKH FRYDULDQFH PDWUL[ RI WKH VHFRQG VWHS HVWLPDWRUV� ,JQRULQJ WKDW HmHFW FDQ UHVXOW LQ LQFRQVLVWHQW

��7KH /RJLW VPRRWKHG DFFHSW�UHMHFW VLPXODWRU IRU WKH PDUNHW VKDUHV� JLYHQ E\ HTXDWLRQ ����� LV XVHG� 7KLV VLPXODWRU
LV FRQWLQXRXV LQ WKH GDWD DQG LQ WKH SDUDPHWHUV WR EH HVWLPDWHG� VR JUDGLHQW�EDVHG PHWKRGV FDQ EH DSSOLHG WR HVWLPDWH
b DQG i�

��5HVXOWV GR QRW FKDQJH� FRPSDUHG WR WKH OLQHDU PDUJLQDO FRVW DVVXPSWLRQ� LQ WHUPV RI WKH UDQNLQJ RI WKH GLmHUHQW
VXSSO\ PRGHOV� 7KH SURGXFWV ZKRVH HVWLPDWHV RI PDUJLQDO FRVW DUH QHJDWLYH KDYH VWDWQRWWLFDOO\ VLJQLnFDQWLYHO\ KLJKHU
YDOXHV IRU wZ RU wU FRPSDUHG WR WKH H[SRQHQWLDO PDUJLQDO FRVW HVWLPDWHV�

��$OWHUQDWLYHO\� ERWK WKH GHPDQG DQG VXSSO\ HTXDWLRQV FDQ EH HVWLPDWHG MRLQWO\� 7KLV IHDVLEOH DQG HpFLHQW WZR�
VWHS DSSURDFK LV XVHG KHUH GXH WR LWV VLPSOLFLW\� ZKLFK LV SDUWLFXODUO\ LPSRUWDQW ZKHQ WKH UDQGRP FRHpFLHQWV PRGHO
LV HVWLPDWHG� )RU RQH H[DPSOH RI WKH WZR�VWHS SURFHGXUH� VHH WKH +HFNPDQ ������ VDPSOH VHOHFWLRQ HVWLPDWRU�

��



VWDQGDUG HUURUV HVWLPDWHV��� ,Q WKH nUVW VWHS� WKH *00 IXQFWLRQ WR EH PLQLPL]HG ZLWK UHVSHFW WR

WKH GHPDQG SDUDPHWHUV LV JLYHQ E\

X�
G
=G:

b�

G
= �

G
XG� ����

ZKHUH WKH ZLQJV RI WKH TXDGUDWLF IRUP DUH WKH PRPHQWV X�
G
=G �L�H�� WKH UHVLGXDOV LQWHUDFWHG ZLWK

WKH LQVWUXPHQWV� DQG :G LV D FRQVLVWHQW HVWLPDWH RI WKH YDULDQFH�FRYDULDQFH PDWUL[ RI WKH PRPHQWV�

6LQFH :G LWVHOI GHSHQGV RQ D FRQVLVWHQW HVWLPDWH RI WKH WUXH SDUDPHWHUV� D FLUFXODULW\ SUREOHP

HPHUJHV ZKHQ PLQLPL]LQJ ����� 7R VROYH WKLV SUREOHP , DVVXPH WKDW :G  = �

G
=G� ZKLFK UHVXOWV LQ

HVWLPDWLQJ WKH GHPDQG SDUDPHWHUV t E\ 7ZR 6WDJH /HDVW 6TXDUHV ��6/6�� 7KLV LV RSWLPDO LQ WKH

SUHVHQFH RI KRPRVFHGDVWLF HUURUV� 7KH �6/6 HVWLPDWRUV DUH XQELDVHG� FRQVLVWHQW DQG DV\PSWRWLFDOO\

QRUPDOO\ GLVWULEXWHG HYHQ LQ WKH SUHVHQFH RI KHWHURVFHGDVWLFLW\��� *LYHQ te WKH LPSOLHG SULFH�FRVW

PDUJLQV� 6,3&0U�t
e� DQG 6,3&0Z�t

e� DUH FRPSXWHG� ,Q WKH VHFRQG VWHS� JLYHQ te� WKH *00

IXQFWLRQ WR EH PLQLPL]HG ZLWK UHVSHFW WR WKH VXSSO\ SDUDPHWHUV LV JLYHQ E\

X�
V
=V:

b�

V
= �

V
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ZKHUH WKH ZLQJV RI WKH TXDGUDWLF IRUP DUH WKH PRPHQWV X�
V
=V �L�H�� WKH UHVLGXDOV LQWHUDFWHG ZLWK WKH

LQVWUXPHQWV =V� DQG :V LV D FRQVLVWHQW HVWLPDWH RI WKH YDULDQFH�FRYDULDQFH PDWUL[ RI WKH PRPHQWV�

7KH VXSSO\ SDUDPHWHUV tV  >o wU wZ@
� LQ ���� DUH HVWLPDWHG E\ �6/6� , LWHUDWH RQFH PRUH� XVLQJ WKH

�6/6 VXSSO\ SDUDPHWHU HVWLPDWHV� te
V
� WR FRPSXWH WKH IROORZLQJ FRQVLVWHQW DQG HpFLHQW HVWLPDWH RI

WKH YDULDQFH FRYDULDQFH PDWUL[ RI WKH PRPHQWV = �

V
X�te

V
�X�te

V
��=V ZKLFK LQ WXUQ LV XVHG WR FRPSXWH

D QHZ HVWLPDWH RI WKH SDUDPHWHUV tee
V
� 7KH XVH RI DQ HpFLHQW ZHLJKW PDWUL[ LV QHHGHG IRU *00

K\SRWKHVLV WHVWLQJ �1HZH\ DQG 0F)DGGHQ� ����� DQG IRU QRQ�QHVWHG WHVWLQJ���

%\ DVVXPLQJ H[SRQHQWLDO PDUJLQDO FRVWV� WKLV LPSOLHV WKDW WKH PDUJLQDO FRVW SDUDPHWHUV� o� DUH

QRQ�OLQHDU� )XUWKHUPRUH� LQ WKH UDQGRP FRHpFLHQW PRGHO RI GHPDQG� VRPH GHPDQG SDUDPHWHUV DUH

DOVR QRQ�OLQHDU� QDPHO\ b DQG i� 7KH ZD\ WR HVWLPDWH GHPDQG IRU WKH UDQGRP FRHpFLHQWV PRGHO

DQG VXSSO\ IRU WKH H[SRQHQWLDO PDUJLQDO FRVW FDVH LV WR FRQFHQWUDWH WKH REMHFWLYH IXQFWLRQ VXFK WKDW

LW ZLOO EH RQO\ D IXQFWLRQ RI WKH QRQ�OLQHDU SDUDPHWHUV� )LUVW QRWH WKDW IURP WKH nUVW RUGHU FRQGLWLRQV

ZLWK UHVSHFW WR WKH OLQHDU SDUDPHWHUV� WKH RSWLPDO YHFWRU RI OLQHDU SDUDPHWHUV FDQ EH H[SUHVVHG DV

D IXQFWLRQ RI WKH QRQ�OLQHDU SDUDPHWHUV� 7KHQ VXEVWLWXWLQJ EDFN LQWR WKH *00 REMHFWLYH IXQFWLRQ

��7KLV SUREOHP LV SUHVHQW LI DQG RQO\ LI FRQVLVWHQF\ RI WKH nUVW�VWHS HVWLPDWRU DmHFWV FRQVLVWHQF\ RI WKH VHFRQG�VWHS
HVWLPDWRU �1HZH\ DQG 0F)DGGHQ� ������

��+RZHYHU� RQH QHHGV WR REWDLQ DQ DSSURSULDWH :KLWH ������ HVWLPDWH RI WKH �6/6 HVWLPDWRUV
 YDULDQFH FRYDULDQFH
PDWUL[�

��)XUWKHU LWHUDWLRQV EHWZHHQ HVWLPDWLQJ t DQG : � HYHQ WKRXJK LPSO\LQJ DQ DGGLWLRQDO FRPSXWDWLRQDO HmRUW �VSH�
FLDOO\ LQ WKH UDQGRP FRHpFLHQW GHPDQG HVWLPDWLRQ�� GR QRW VHHP WR GRPLQDWH LQ nQLWH VDPSOHV DQG DUH DV\PSWRWLFDOO\
HTXLYDOHQW �WR D nUVW RUGHU DSSUR[LPDWLRQ� WR WKH SURFHGXUH XVHG KHUH �VHH +DQVHQ� +HDWRQ DQG <DURQ� ������

��



LW FDQ EH H[SUHVVHG DV D IXQFWLRQ RI WKH QRQ�OLQHDU SDUDPHWHUV DORQH� 2SWLPL]DWLRQ LV WKHQ GRQH

ZLWK UHVSHFW WR WKH QRQ�OLQHDU SDUDPHWHUV� 7R HQVXUH nQGLQJ D JOREDO PLQLPXP� , VWDUW E\ XVLQJ D

JUDGLHQW PHWKRG �SURYLGLQJ DQ DQDO\WLFDO JUDGLHQW� XVLQJ GLmHUHQW VWDUWLQJ YDOXHV RI WKH QRQ�OLQHDU

SDUDPHWHUV WR nQG D PLQLPXP RI WKH *00 REMHFWLYH IXQFWLRQ� 7KHQ , XVH WKDW PLQLPXP DV D

VWDUWLQJ YDOXH IRU WKH 1HOGHU�0HDG DOJRULWKP WR FKHFN LI WKH UHVXOWV FRLQFLGH���

)LQDOO\� UREXVW VWDQGDUG HUURUV RI WKH SDUDPHWHUV DUH REWDLQHG� 7KH :KLWH ������ HVWLPDWH RI

WKH FRYDULDQFH PDWUL[ RI WKH GHPDQG VLGH SDUDPHWHUV HVWLPDWHG E\ �6/6� GHnQHG LQ WKH SUHVHQFH

RI KHWHURVFHGDVWLF GHPDQG UHVLGXDOV� LV� IRU WKH /RJLW PRGHO� JLYHQ E\
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ZKHUH ; DUH DOO WKH UHJUHVVRUV LQ HTXDWLRQ ����� )RU WKH UDQGRP FRHpFLHQW PRGHO� WKH :KLWH

������ HVWLPDWH RI WKH FRYDULDQFH PDWUL[ RI WKH GHPDQG �ERWK OLQHDU� t/  �m�n� DQG QRQ�OLQHDU

b�i� SDUDPHWHUV HVWLPDWHG E\ �6/6 LV JLYHQ E\
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ZKHUH >;
���)�b�i�@ LV D PDWUL[ WKDW KDV LQ FROXPQV WKH UHJUHVVRUV ; DVVRFLDWHG ZLWK WKH OLQHDU

GHPDQG SDUDPHWHUV DQG WKH JUDGLHQW )�b�i� RI WKH PHDQ XWLOLW\ ZLWK UHVSHFW WR WKH QRQ�OLQHDU

SDUDPHWHUV b DQG i�

*LYHQ 9O RU 9UF� WKDW , VKDOO FDOO JHQHUDOO\ 9G� WKHQ WKH :KLWH ������ FRYDULDQFH PDWUL[ RI WKH

VXSSO\ VLGH SDUDPHWHUV FDQ EH FRPSXWHG� 6LQFH WKH SULFH�FRVW PDUJLQV� ZKLFK DUH UHJUHVVRUV LQ

WKH VXSSO\ HTXDWLRQ� KDYH HPEHGGHG HVWLPDWRUV �DV LQ 1HZH\ DQG 0F)DGGHQ ������� IURP WKH nUVW

VWDJH RI HVWLPDWLQJ GHPDQG� WKLV UHVXOWV LQ KDYLQJ WR FRUUHFW WKH FRYDULDQFH PDWUL[ RI WKH VXSSO\

SDUDPHWHUV IRU WKH HPEHGGHG DVSHFW� 7KH YDULDQFH RI WKH VXSSO\ SDUDPHWHUV HVWLPDWHG E\ �6/6 LV

WKHQ JLYHQ E\
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��7KH 1HOGHU�0HDG ������ VLPSOH[ VHDUFK PHWKRG LV D GLUHFW VHDUFK PHWKRG WKDW GRHV QRW XVH QXPHULFDO RU
DQDO\WLFDO JUDGLHQWV� DV LQ TXDVL�1HZWRQ PHWKRGV� ,W LV JHQHUDOO\ OHVV HpFLHQW DQG VORZHU WR FRQYHUJH WKDQ WKH
JUDGLHQW PHWKRGV EXW LV PRUH UREXVW VSHFLDOO\ LI WKH REMHFWLYH IXQFWLRQ LV KLJKO\ GLVFRQWLQXRXV�

��



ZKHUH ;V  >Uo

���6,3&0�t�@ LV D PDWUL[ WKDW FRQWDLQV LQ WKH nUVW FROXPQV WKH JUDGLHQW RI

PDUJLQDO FRVW ZLWK UHVSHFW WR PDUJLQDO FRVW SDUDPHWHUV� Uo� DQG LQ WKH QH[W FROXPQV WKH SULFH�FRVW

PDUJLQV� 6,3&0�t�� RI WKH PRGHO LQ TXHVWLRQ� 7KH WHUP (�&� LV WKH HPEHGGHG FRUUHFWLRQ ZKLFK

LV JLYHQ E\��
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���� ,QVWUXPHQWV DQG ,GHQWLnFDWLRQ RI WKH 0RGHO

������ 7KH ,QVWUXPHQWV

7KH QHHG WR XVH LQVWUXPHQWDO YDULDEOHV LQ WKH HVWLPDWLRQ RI GHPDQG UHVXOWV IURP WKH IDFW WKDW ZKHQ

UHWDLOHUV GHFLGH UHWDLO SULFHV� WKH\ WDNH LQWR DFFRXQW DOO WKH SURGXFW FKDUDFWHULVWLFV� QRW RQO\ WKH RQHV

WKDW DUH REVHUYHG� WKH [MW� EXW DOVR WKRVH FKDUDFWHULVWLFV WKDW DUH QRW REVHUYHG E\ WKH DQDO\VW� WKH

zMW� 7KH UHWDLOHUV DOVR WDNH LQWR DFFRXQW DQ\ FKDQJHV LQ WKHLU SURGXFWV
 FKDUDFWHULVWLFV ZKHQ VHWWLQJ

WKH UHWDLO SULFHV� 6LQFH D SURGXFW n[HG HmHFW LV LQFOXGHG� LW ZLOO FDSWXUH WKH SURGXFW FKDUDFWHULVWLFV

WKDW DUH FRQVWDQW RYHU WLPH� ERWK REVHUYHG DQG XQREVHUYHG� 7KH HFRQRPHWULF HUURU WKDW UHPDLQV LQ

zMW ZLOO WKHUHIRUH RQO\ LQFOXGH WKH FKDQJHV LQ XQREVHUYHG SURGXFW FKDUDFWHULVWLFV VXFK DV XQREVHUYHG

SURPRWLRQV� FKDQJHV LQ VKHOI GLVSOD\ DQG�RU FKDQJHV LQ XQREVHUYHG FRQVXPHU SUHIHUHQFHV� 7KLV

LPSOLHV WKDW WKH SULFHV LQ ���� DUH FRUUHODWHG ZLWK WKH FKDQJHV LQ XQREVHUYHG SURGXFW FKDUDFWHULVWLFV

DmHFWLQJ GHPDQG� +HQFH� WR REWDLQ D SUHFLVH HVWLPDWH RI WKH SULFH FRHpFLHQWV� WKRVH HQGRJHQRXV

YDULDEOHV QHHG WR EH LQVWUXPHQWHG IRU�

��)RU WKH GHULYDWLRQ RI WKDW HPEHGGHG FRUUHFWLRQ WHUP JLYHQ D /RJLW GHPDQG DQG D UDQGRP FRHpFLHQWV GHPDQG
PRGHO� SOHDVH VHH WKH VXSSOHPHQW WR WKLV SDSHU DYDLODEOH DW KWWS���VRFUDWHV�EHUNHOH\�HGX�zYLOODV�KRPHSDJH�KWPO� ,Q
WKH VXSSOHPHQW , DOVR SURYLGH VXJJHVWLRQV IRU SURJUDPPLQJ WKH FRPSXWDWLRQ RI WKH HPEHGGHG FRUUHFWLRQ WHUP�

��



:KHQ HVWLPDWLQJ WKH VXSSO\�VLGH SDUDPHWHUV� WKH wV� QRWH WKDW WKH\ DUH DVVRFLDWHG ZLWK SULFH�

FRVW PDUJLQV� 3ULFH�FRVW PDUJLQV GHSHQG RQ WKH UHVSRQVH PDWULFHV cU DQG cZ DQG WKH VKDUHV V�S��

ZKLFK LQ WXUQ GHSHQG RQ WKH YHFWRU RI SULFHV IRU DOO SURGXFWV� 6R� LQ RUGHU WR FRQVLVWHQWO\ HVWLPDWH

WKH VXSSO\�VLGH SDUDPHWHUV LQ WKH VXSSO\ HTXDWLRQ ����� WKHUH LV D QHHG WR nQG LQVWUXPHQWV IRU WKH

HQGRJHQRXV SULFH�FRVW PDUJLQV�

5HFDOO WKDW D YDOLG LQVWUXPHQW KDV WR VDWLVI\ WZR UHTXLUHPHQWV� ,W KDV WR EH ERWK XQFRUUHODWHG

ZLWK WKH UHVLGXDO DQG FRUUHODWHG ZLWK WKH HQGRJHQRXV YDULDEOH WKDW RQH LV LQVWUXPHQWLQJ IRU� 7KH

SULFH GHFLVLRQ WDNHV LQWR DFFRXQW FRVW�VLGH YDULDEOHV� VXFK DV LQSXW SULFHV� ,W LV UHDVRQDEOH WR DVVXPH

WKDW WKH SULFHV RI LQSXWV DUH XQFRUUHODWHG ZLWK WKH FKDQJHV LQ XQREVHUYHG SURGXFW FKDUDFWHULVWLFV�

WKH zMW� )RU H[DPSOH� FKDQJHV LQ VKHOI GLVSOD\ DUH PRVW OLNHO\ QRW FRUUHODWHG ZLWK LQSXW SULFHV

VXFK DV WKH SULFHV RI PLON DQG VXJDU� 2QH SUREOHP LV WKDW WKHUH LV QRW EUDQG RU SURGXFW OHYHO

YDULDWLRQ IRU WKH SULFHV RI WKH LQSXWV LQ WKH GDWD� 7KLV FDQ EH VROYHG E\ LQWHUDFWLQJ WKRVH LQSXW

SULFHV ZLWK SURGXFW GXPP\ YDULDEOHV� 7KH LGHD EHKLQG WKHVH LQVWUXPHQWV LV WKDW GLmHUHQW SURGXFWV

XVH GLmHUHQW OHYHOV RI LQSXWV� 6LQFH WKH H[DFW FRQWHQW LV QRW REVHUYHG� LW LV HVWLPDWHG WKLV ZD\� 7KXV

WKHVH FRVW GDWD PXOWLSOLHG E\ SURGXFW n[HG HmHFWV DUH WKH LQVWUXPHQWV IRU WKH HQGRJHQRXV UHWDLO

SULFHV� ,Q SDUWLFXODU� WZR VHWV RI LQVWUXPHQWV DUH FRQVLGHUHG ZKHQ HVWLPDWLQJ GHPDQG WR H[DPLQH

WKH HmHFWV RI WKH WZR DOWHUQDWLYH LQVWUXPHQWDO YDULDEOHV VSHFLnFDWLRQV� ,Q WKH nUVW VSHFLnFDWLRQ� E\

DOORZLQJ PDUJLQDO FRVW RI D JLYHQ \RJXUW EUDQG VROG DW WZR GLmHUHQW UHWDLOHUV WR YDU\� , LQWHUDFW ��

SURGXFW GXPPLHV �ZKHUH SURGXFW LV GHnQHG DV EUDQG�VWRUH� ZLWK WKH LQSXW SULFHV� ,Q WKH DOWHUQDWLYH

VSHFLnFDWLRQ� , DVVXPH WKDW WKH PDUJLQDO FRVW RI WKH VDPH EUDQG VROG DW WZR GLmHUHQW UHWDLOHUV LV

WKH VDPH� 7KLV UHVXOWV LQ �� EUDQG GXPPLHV LQWHUDFWHG ZLWK WKH LQSXW SULFHV� 2QH ODVW QRWH RQ ZK\

WKHVH LQVWUXPHQWV �LQSXW SULFHV PXOWLSOLHG E\ SURGXFW n[HG HmHFWV� DUH YDOLG� 7KH UHVLGXDO LQ WKH

GHPDQG HTXDWLRQ KDV RQO\ WKH SDUW WKDW LV QRW H[SODLQHG E\ ?VWRUH�EUDQG� OHYHO n[HG HmHFWV� ,I ,

KDG QRW LQFOXGHG EUDQG GXPPLHV LQ WKH GHPDQG� , ZRXOG KDYH WKH SUREOHP WKDW WKH LQVWUXPHQWV

ZRXOG EH FRUUHODWHG ZLWK FRQVWDQW XQREVHUYHG SURGXFW FKDUDFWHULVWLFV� 6LQFH , DFFRXQW IRU WKRVH E\

HVWLPDWLQJ WKH EUDQG�VWRUH n[HG HmHFWV� , GRQ
W KDYH WKDW SUREOHP�

&RQVLGHU QRZ WKH VXSSO\ VLGH� /DJJHG LPSOLHG SULFH�FRVW PDUJLQV DUH XVHG DV LQVWUXPHQWV IRU

WKH LPSOLHG SULFH�FRVW PDUJLQV� 6HYHUDO ODJJHG VSHFLnFDWLRQV DUH XVHG LQ DQ DWWHPSW WR DFFHVV WKH

UREXVWQHVV RI WKH UHVXOWV� 7KH LGHQWLI\LQJ DVVXPSWLRQ OLHV LQ WKH IDFW WKDW� FRQWUROOLQJ IRU REVHUYHG

FRVW VLGH GHWHUPLQDQWV RI SULFH� SDVW SULFH�FRVW PDUJLQV DUH XQFRUUHODWHG ZLWK FRQWHPSRUDQHRXV

XQREVHUYHG GHWHUPLQDQWV RI SULFHV �FRPSRQHQWV RI PDUJLQDO FRVW WKDW LV XQREVHUYHG�� %/3 ������

VXJJHVW SURGXFW FKDUDFWHULVWLFV RU IXQFWLRQV RI SURGXFW FKDUDFWHULVWLFV DV LQVWUXPHQWV IRU VXSSO\�VLGH

YDULDEOHV� KRZHYHU� JLYHQ WKH IDFW WKDW SURGXFW FKDUDFWHULVWLFV DUH DVVXPHG WR EH FRQVWDQW GXULQJ

WKH VDPSOH SHULRG� WKLV FODVV RI LQVWUXPHQWV FDQQRW EH XVHG KHUH�

��



������ ,GHQWLnFDWLRQ

7KHUH DUH WKUHH OHYHOV RI LGHQWLnFDWLRQ WKDW , KDYH WR ZRUU\ DERXW� 7KHUH LV nUVW WKH OHYHO RI

KRZ , DP FRQVLVWHQWO\ HVWLPDWLQJ GHPDQG� 7KH VHFRQG OHYHO LV KRZ FDQ , VHSDUDWH HPSLULFDOO\ WKH

GLmHUHQW PRGHOV WKDW , DP FRPSDULQJ� $QG nQDOO\� KRZ FDQ , GLVWLQJXLVK EHWZHHQ PRGHOV WKDW ,

GRQ
W FRQVLGHU�

6WDUWLQJ ZLWK WKH WKLUG OHYHO RI LGHQWLnFDWLRQ� , FDQQRW LGHQWLI\ PRGHOV ZLWK WKH VDPH PDUJLQDO

SULFLQJ RXWFRPH� )RU H[DPSOH� PRGHOV WKDW KDYH GLmHUHQW ZKROHVDOH DQG UHWDLO PDUJLQV EXW KDYH

WKH VDPH WRWDO PDUJLQV DUH QRW GLVWLQJXLVKDEOH�

/HW PH QRZ GLVFXVV� JLYHQ GHPDQG� KRZ , LGHQWLI\ WKH YHUWLFDO VXSSO\ PRGHOV RI SULFLQJ EHKDY�

LRU�7R VXPPDUL]H� RQH QHHGV WKH VORSH RI GHPDQG WR EH FKDQJLQJ RYHU WLPH DQG WKH FXUYDWXUH RI

GHPDQG �WKDW DmHFWV WKH GHULYHG GHPDQG RI PDQXIDFWXUHUV� WR EH FKDQJLQJ RYHU WLPH� 'HSHQGLQJ

RQ WKH YHUWLFDO VXSSO\ PRGHO LQ TXHVWLRQ� PDQXIDFWXUHUV DQG UHWDLOHUV UHDFW GLmHUHQWO\ WR FKDQJHV

LQ WKH FXUYDWXUH DQG WKH VORSH RI GHPDQG� /HW PH FRQVLGHU WKH FDVH RI FRQVWDQW �QRW YDU\LQJ ZLWK

TXDQWLW\� PDUJLQDO FRVWV��� ,I PDUJLQDO FRVW LV QRW YDU\LQJ ZLWK TXDQWLW\� , FDQ WUDFH RXW ZKHWKHU

WKH PDQXIDFWXUHUV �IDFLQJ D VKLIWLQJ GHULYHG GHPDQG � RU D FKDQJLQJ FXUYDWXUH RI GHPDQG� DQG WKH

UHWDLOHUV �IDFLQJ D VKLIWLQJ GHPDQG� EHKDYH DFFRUGLQJ WR %HUWUDQG�1DVK SULFLQJ EHKDYLRU� $VVXPLQJ

WKDW RQH FDQQRW nQG HQRXJK H[RJHQRXV YDULDEOHV WR VKLIW GHPDQG DQG FKDQJH LW
V FXUYDWXUH RYHU

WLPH� WKH LGHD LV WR ORRN DW FKDQJHV LQ GHPDQG RYHU WLPH WKDW DUH FDXVHG E\ UDQGRP VKRFNV IURP

SUHYLRXV SHULRGV� %DVHG RQ GLVWULEXWLRQDO DVVXPSWLRQV RI WKH GHPDQG DQG VXSSO\ HFRQRPHWULF HUURU

WHUPV� QDPHO\ WKDW GHPDQG LV VHULDOO\ FRUUHODWHG� L�H� WKDW qW  |qWb� � yW DQG WKDW VXSSO\ VKRFNV

DUH QRW� RQH FDQ DVN KRZ FKDQJHV LQ GHPDQG WKDW DUH FDXVHG E\ SDVW SHULRG
V GHPDQG VKRFNV�

DmHFW SULFHV WRGD\� ,I PDUJLQDO FRVWV GR QRW YDU\ ZLWK TXDQWLW\� WKHQ RQH FDQ WUDFH RXW ZKHWKHU

WKH PDQXIDFWXUHUV �IDFLQJ D VKLIWLQJ GHULYHG GHPDQG� RU LQ RWKHU ZRUGV� IDFLQJ D VKLIWLQJ FXUYDWXUH

RI GHPDQG�� DQG WKH UHWDLOHUV �IDFLQJ D VKLIWLQJ GHPDQG� EHKDYH DFFRUGLQJ WR WKH EDVH PRGHO RI

GRXEOH PDUJLQDOL]DWLRQ RU WR DQRWKHU PRGHO� ,Q SUDFWLFH� , XVH WKH SDUW RI qWb� WKDW LV FDSWXUHG E\

ODJJHG SULFH�FRVW PDUJLQV RI UHWDLOHUV DQG PDQXIDFWXUHUV DV WKH UROH WKDW GHPDQG VKLIWHUV SOD\� ,Q

WHUPV RI WKH HFRQRPHWULF H[FOXVLRQ UHVWULFWLRQV� ODJJHG PDUJLQV ZKLFK DUH FRUUHODWHG ZLWK qWb� DQG

DUH H[FOXGHG IURP WKH FRQWHPSRUDQHRXV VXSSO\ SULFLQJ HTXDWLRQ FDQ EH XVHG DV LQVWUXPHQWV IRU WKH

VXSSO\ HQGRJHQRXV YDULDEOHV LQ HTXDWLRQ ����� 6HYHUDO ODJJHG VSHFLnFDWLRQV� XS WR S�ODJV� FDQ EH

XVHG LI WKH VXSSO\ UHVLGXDO LV QRW VHULDOO\ FRUUHODWHG DQG LI RQH DVVXPHV WKDW qW LV $5�S��

)URP ZKDW ZDV DUJXHG DERYH� LW LV WKHUHIRUH FUXFLDO WR EH DEOH WR HVWLPDWH FRQVLVWHQWO\ D YHU\

��7KH VDPH DUJXPHQW KROGV IRU WKH KRPRJHQHRXV SURGXFW
V DQG IRU WKH GLmHUHQWLDWHG SURGXFW
V FDVHV DV ZHOO DV IRU
WKH PRGHOV WKDW GRQ
W FRQVLGHU UHWDLO EHKDYLRU H[SOLFLWO\�

��



oH[LEOH GHPDQG PRGHO ZLWK D oH[LEOH +HVVLDQ� 7R FRQVLVWHQWO\ HVWLPDWH GHPDQG� WKH H[SHULPHQW LV

WR DVN FRQVXPHUV WR FKRRVH EHWZHHQ GLmHUHQW SURGXFWV RYHU WLPH� ZKHUH D SURGXFW LV SHUFHLYHG DV

D EXQGOH RI DWWULEXWHV �DPRQJ ZKLFK DUH SULFHV�� 7KH VRXUFH RI LGHQWLnFDWLRQ LV WKH UHODWLYH SULFH

YDULDWLRQ RYHU WLPH� 6LQFH SULFHV DUH QRW UDQGRPO\ DVVLJQHG� , XVH LQSXW SULFH FKDQJHV RYHU WLPH

WKDW DUH VLJQLnFDQW DQG H[RJHQRXV WR XQREVHUYHG FKDQJHV LQ SURGXFW FKDUDFWHULVWLFV DV LQVWUXPHQWV

IRU SULFHV� $QRWKHU VRXUFH RI LGHQWLnFDWLRQ RI GHPDQG DQG� LQ SDUWLFXODU� RI GHPDQG HODVWLFLWLHV� LV

WKH IDFW WKDW WKH FKRLFH VHW RI FRQVXPHUV FKDQJHG GXH WR UHQRYDWLRQ RI RQH RI WKH VWRUHV GXULQJ VRPH

ZHHNV�

�� 7KH 0DUNHW DQG WKH 'DWD

���� 7KH 0DUNHW

7KH DQDO\VLV IRFXVHV RQ WKH \RJXUW PDUNHW LQ D 0LGZHVWHUQ PHWURSROLWDQ DUHD� PRUH SUHFLVHO\ LQ WZR

]LS FRGH DUHDV��� <RJXUW KDV WR EH FRQVXPHG ZLWKLQ WZHQW\�HLJKW GD\V RI LWV SURGXFWLRQ� VR LWV VKHOI

OLIH LV VKRUW� ,Q FDVH WKHUH DUH VRPH VLJQLnFDQW PDUJLQDO FRVW FKDQJHV� WKHUH H[LVWV� LQ SULQFLSOH� WKH

SRVVLELOLW\ IRU WKH PDQXIDFWXUHUV WR DGMXVW WKH ZKROHVDOH SULFHV DFFRUGLQJO\� 6RPH ZKROHVDOH SULFH

YDULDELOLW\ FDQ WKHUHIRUH EH H[SHFWHG� ,Q WKH GDWD� UHWDLO \RJXUW SULFHV IRU HDFK SURGXFW RYHU WLPH

DUH IDLUO\ YDULDEOH� )XUWKHUPRUH� WKH UHWDLO SULFH YDULDELOLW\ RI \RJXUW GRHV QRW VHHP WR EH XQLTXHO\

UHODWHG WR SURPRWLRQDO DFWLYLWLHV� 7KLV LV SDUWLFXODUO\ LPSRUWDQW VLQFH LI SULFH SURPRWLRQDO DVSHFWV

ZHUH WKH GULYHUV RI UHWDLO SULFH YDULDELOLW\ WKHQ LQSXW SULFH FKDQJHV PD\ QRW KDYH EHHQ UHoHFWHG LQ

FKDQJHV RI UHWDLO SULFHV� 7KLV FRXOG LPSO\ WKDW LQSXW SULFHV ZRXOG EH SRRU LQVWUXPHQWV IRU WKH UHWDLO

SULFHV� )LJXUH � SORWV WKH SULFH VHULHV IRU RQH RI WKH ODUJH VHOOLQJ EUDQGV RI \RJXUW� 7HPSRUDU\ SULFH

UHGXFWLRQV DUH FKDUDFWHUL]HG E\ D GHFUHDVH LQ SULFH GXULQJ D QXPEHU RI VXFFHVVLYH ZHHNV� DQG DIWHU

WKDW SHULRG SULFH ULVHV WR LWV RULJLQDO OHYHO� 6XFK D SDWWHUQ LV QRW SUHVHQW IRU WKH \RJXUW SULFH VHULHV�

/RRNLQJ LQVWHDG DW WKH SULFH VHULHV IRU D KHDYLO\ SURPRWHG EUDQG� VXFK DV D ODUJH VHOOLQJ VRIW GULQN

EUDQG� �VHH )LJXUH �� WKH SDWWHUQ RI SULFH SURPRWLRQV LV HYLGHQW�

<RJXUW LV SURGXFHG E\ D IHZ OHDGLQJ QDWLRQDO \RJXUW PDQXIDFWXUHUV� 'DQQRQ DQG *HQHUDO 0LOOV�

ZKR WRJHWKHU DFFRXQW IRU DOPRVW ��� RI WKH WRWDO 8�6� \RJXUW VDOHV� 3ULYDWH ODEHO EUDQGV IURP UHWDLO

VWRUHV DUH LQ WKLUG SODFH ZLWK ��� RI WKH PDUNHW DQG .UDIW FRPHV QH[W� $OO RWKHU PDQXIDFWXUHUV

KDYH LQGLYLGXDO VKDUHV RI OHVV WKDQ �� �)UR]HQ )RRG 'LJHVW� 2FWREHU ����� ���� 7KLV LQGXVWU\ LV

IDLUO\ FRQFHQWUDWHG DW WKH PDQXIDFWXUHU OHYHO� 7KHUHIRUH� LQ SULQFLSOH� LW LV LQWHUHVWLQJ WR FRQIURQW

��)RU FRQnGHQWLDOLW\ UHDVRQV WKH FLW\
V QDPH LV QRW UHYHDOHG� QRU DUH WKH UHWDLO VWRUH QDPHV�

��



VXSSO\ PRGHOV RI XSVWUHDP SULFH FROOXVLRQ �IRU H[DPSOH� VFHQDULR �� ZLWK WKH GDWD� 6FHQDULR � ZDV

LQVSLUHG E\ WKH LPSRUWDQFH WKDW SULYDWH ODEHOV VHHP WR KDYH LQ WKH \RJXUW PDUNHW�

2QH RI WKH PRVW LPSRUWDQW FKDUDFWHULVWLFV RI WKH \RJXUW PDUNHW LV WKDW \RJXUW VDOHV DUH PRVWO\

GULYHQ E\ QHZ SURGXFW LQWURGXFWLRQV��� ,Q ����� WKHUH ZHUH RYHU RQH WKRXVDQG QHZ GDLU\ SURGXFW

LQWURGXFWLRQV DQG RYHU RQH KXQGUHG \RJXUW LQWURGXFWLRQV DORQH��� ,Q WHUPV RI SURGXFW YDULHW\�

HDFK VWRUH VHOOV DQ DYHUDJH RI ��� \RJXUWV IURP VHYHQ PDQXIDFWXUHUV� 3URGXFW YDULHW\ WRJHWKHU

ZLWK VXFFHVVIXO DGYHUWLVLQJ �LQoXHQFLQJ FRQVXPHUV
 HYDOXDWLRQV RI WKH GLmHUHQW SURGXFWV� FDQ UHVXOW

LQ SRVLWLYH SULFH�FRVW PDUJLQV IRU WKH PDQXIDFWXUHUV GXH WR SURGXFW GLmHUHQWLDWLRQ DORQH� 7KLV

ZRXOG EH UHoHFWHG LQ WKH HVWLPDWHV IRU WKH SULFH�FRVW PDUJLQV LQ WKH QRQ�FROOXVLYH VXSSO\ VFHQDULRV

FRQVLGHUHG LQ WKLV SDSHU�

$W WKH UHWDLO OHYHO WKHUH LV D VPDOO QXPEHU RI ODUJH UHWDLOHUV �RU UHWDLO FKDLQV� FRPSHWLQJ GLUHFWO\

ZLWK HDFK RWKHU DQG ZKR KDYH MRLQWO\ ��� RI WRWDO VDOHV WR nQDO FRQVXPHUV LQ WKH ZKROH PHWURSROLWDQ

DUHD� $OO RWKHU UHWDLOHUV QRW FRQVLGHUHG KDYH LQGLYLGXDO VKDUHV OHVV WKDQ �� �nJXUHV IRU ������ 7KUHH

UHWDLO VWRUHV DUH FRQVLGHUHG LQ WKH GDWD� ZKHUH VWRUH � LV D VPDOOHU VWRUH WKDQ VWRUHV � DQG �� 7KH

ODVW WZR UHWDLO VWRUHV EHORQJ WR WZR UHWDLO FKDLQV� ZKLOH VWRUH � LV XQLTXH LQ WKH ZKROH PHWURSROLWDQ

DUHD� 7KH UHWDLO VWRUHV LQ WKH GDWD DUH ORFDWHG ZLWKLQ OHVV WKDQ WZR PLOHV IURP RQH DQRWKHU� DQG

LQ IDFW WZR UHWDLOHUV DUH ORFDWHG DW ERWK VLGHV RI D VWUHHW LQWHUVHFWLRQ �VHH )LJXUH ��� 6RPH VPDOOHU

JURFHU\ VWRUHV DUH ORFDWHG ZLWKLQ WKH WZR ]LS FRGH DUHDV FRQVLGHUHG� EXW WKH FORVHVW ODUJH UHWDLO VWRUH

QHDUE\ LV ORFDWHG LQ D GLmHUHQW ]LS DUHD���

���� 'DWD

7KH DQDO\VLV LV GRQH XVLQJ D GDWD VHW RQ UHWDLO SULFHV� DGYHUWLVLQJ� DJJUHJDWH PDUNHW VKDUHV�� DQG

SURGXFW FKDUDFWHULVWLFV IRU �� SURGXFWV SURGXFHG E\ nYH PDQXIDFWXUHUV� ,Q SDUWLFXODU� WKH QXPEHU

RI SURGXFWV DUH HTXDO WR �� IRU DOO ZHHNV EXW IRU WKH ZHHNV GXULQJ ZKLFK UHWDLOHU � FORVHG GXH

��2Q WKH FRPSHWLWLYH HmHFWV RI SURGXFW OLQH H[WHQVLRQV LQ WKH 8�6� \RJXUW PDUNHW E\ WKH WZR OHDGLQJ PDQXIDFWXUHUV�
VHH .DGL\DOL� 9LOFDVVLP DQG &KLQWDJXQWD ������� ,Q DQRWKHU SDSHU� 'UDJDQVND DQG -DLQ ������ XVH VWRUH�OHYHO GDWD
IRU WKH \RJXUW FDWHJRU\ WR GHULYH UHFRPPHQGDWLRQV IRU HmHFWLYH SURGXFW�OLQH H[WHQVLRQ GHFLVLRQV EDVHG RQ ZKDW�LI
H[SHULPHQWV�

��)RU WKH VDPSOH SHULRG DQG PDUNHW FRQVLGHUHG LQ WKLV DQDO\VLV� WKHUH DUH nYH QHZ SURGXFW LQWURGXFWLRQV�
��7KH RWKHU JURFHU\ VWRUHV DQG QHDUE\ UHWDLOHUV WKDW FRXOG RYHUODS ZLWK WKH WKUHH VWRUHV DUH WKHUHIRUH LQ WKH RXWVLGH

RSWLRQ RI WKH PRGHO�
��7KH KRXVHKROG VDPSOH LV QRW XVHG LQ WKLV DQDO\VLV EHFDXVH LW GRHV QRW VHHP WR EH UHSUHVHQWDWLYH� ,Q IDFW� WZHQW\

nYH SURGXFWV ZLWK VXVEWDQWLDO PDUNHW VKDUHV LQ WKH DJJUHJDWH VDPSOH KDYH ]HUR PDUNHW VKDUHV LQ WKH LQGLYLGXDO
VDPSOH GXULQJ PRUH WKDQ HLJKW ZHHNV� &RPELQLQJ PDUNHW VKDUHV E\ VWRUH WKHUH DUH DJDLQ GLVFUHSDQFLHV ZKHQ XVLQJ
WKH LQGLYLGXDO VDPSOH� 6WRUH RQH KDV D ��� FRPELQHG PDUNHW VKDUH LQ WKH LQGLYLGXDO VDPSOH ZKLOH VWRUHV WZR DQG
WKUHH KDYH ��� DQG ���� UHVSHFWLYHO\� +RZHYHU LQ WKH DJJUHJDWH GDWD VWRUH RQH KDV RQO\ ��� VWRUH WZR KDV ��� DQG
VWRUH WKUHH KDV ����

��



WR UHPRGHOLQJ� ZKHQ WKH QXPEHU RI SURGXFWV LQ WKH VDPSOH DUH ��� ,QIRUPDWLRQ RQ FRQVXPHU

GHPRJUDSKLFV� ZDJHV E\ VWDWH DQG LQSXW SULFHV LV DOVR XVHG�

7KH SULFH� IHDWXUH �DGYHUWLVLQJ� DQG PDUNHW VKDUH GDWD FRPH IURP DQ ,QIRUPDWLRQ 5HVRXUFHV ,QF�

�,5,� VFDQQHU GDWD VHW WKDW FRYHUV WKH SXUFKDVHV LQ WKUHH UHWDLO VWRUHV LQ D 0LGZHVWHUQ XUEDQ DUHD

GXULQJ ��� ZHHNV��� 6XPPDU\ VWDWLVWLFV IRU SULFHV� IHDWXUH� TXDQWLW\ VROG DQG VKDUHV DUH SUHVHQWHG

LQ 7DEOH �� )HDWXUH LV D GXPP\ YDULDEOH WKDW WDNHV WKH YDOXH RI RQH ZKHQ WKH SURGXFW ZDV IHDWXUHG

GXULQJ WKDW ZHHN� 7DEOH � DOVR SUHVHQWV VXPPDU\ VWDWLVWLFV RQ FRPELQHG VKDUHV IRU DOO WKH SURGXFWV�

FRPELQHG VKDUHV IRU WKH SURGXFWV VROG E\ HDFK PDQXIDFWXUHU DQG FRPELQHG VKDUHV IRU WKH SURGXFWV

VROG E\ HDFK UHWDLOHU� 7KH FRPELQHG VKDUHV IRU WKH SURGXFWV DQDO\]HG DUH RQ DYHUDJH ���� 4XDQWLW\

VROG LV GHnQHG DV VHUYLQJV VROG� ZKHUH RQH VHUYLQJ FRUUHVSRQGV WR D ��RXQFH \RJXUW FXS� 3ULFH DQG

VHUYLQJV VROG VHULHV IRU WKH �� SURGXFWV LQ WKH VDPSOH ZHUH REWDLQHG E\ DJJUHJDWLRQ���

0DUNHW VKDUHV DUH GHnQHG E\ FRQYHUWLQJ TXDQWLW\ VROG WR VHUYLQJV VROG DQG WKHQ GLYLGLQJ E\ WKH

WRWDO SRWHQWLDO VHUYLQJV LQ WKH PDUNHW� 7KH SRWHQWLDO PDUNHW� LQ WHUPV RI VHUYLQJV� LV DVVXPHG WR

EH KDOI RI D VHUYLQJ SHU FDSLWD D ZHHN� +HQFH WKH SRWHQWLDO PDUNHW LQ WHUPV RI VHUYLQJV LV HTXDO

WR KDOI RI WKH UHVLGHQW SRSXODWLRQ LQ WKH WZR ]LS FRGH DUHDV� 7KLV DVVXPSWLRQ LV FRQVLVWHQW ZLWK

8�6� FRQVXPSWLRQ SDWWHUQV� $FFRUGLQJ WR 8�6� 'HSDUWPHQW RI $JULFXOWXUH� $PHULFDQV FRQVXPH RQ

DYHUDJH � SRXQGV RI \RJXUW D \HDU� ZKLFK LQ WHUPV RI VHUYLQJV FRUUHVSRQGV WR DSSUR[LPDWHO\ KDOI RI

D VHUYLQJ SHU FDSLWD D ZHHN� 7DEOH � SURYLGHV WKH DYHUDJH 8�6� SHU FDSLWD FRQVXPSWLRQ IRU WKH \HDUV

������� DQG FRPSDUHV LW ZLWK LQWHUQDWLRQDO SDWWHUQV� 7KH KLJKHVW SHU FDSLWD FRQVXPSWLRQ DYHUDJH

IRU WKH FRXQWULHV FRQVLGHUHG LV LQ %XOJDULD ZLWK ���� VHUYLQJV SHU ZHHN�� DQG WKH ORZHVW LQ 5XVVLD

ZLWK OHVV WKDQ ��� RI D VHUYLQJ SHU ZHHN� 7KH HVWLPDWHV RI WKH PDUJLQDO XWLOLW\ RI SULFH DUH UREXVW

WR VPDOO YDULDWLRQV RI WKH ZHHNO\ SHU FDSLWD FRQVXPSWLRQ DVVXPSWLRQ��� DV FDQ EH VHHQ LQ 7DEOH ��

,Q WKH SRWHQWLDO PDUNHW� 'DQQRQ FRPHV nUVW LQ WHUPV RI ORFDO PDUNHW VKDUHV RI LWV SURGXFWV

ZLWK DQ DYHUDJH RI ���� 1H[W FRPHV *HQHUDO 0LOOV ZLWK ��� 7KH SULYDWH ODEHOV FRPH WKLUG ZLWK

��� .UDIW FRPHV ODVW DPRQJ WKH SURGXFWV DQDO\]HG ZLWK ��� )XUWKHUPRUH� LQ WKLV ORFDO PDUNHW�

FRPELQHG VKDUHV IRU WKH �� SURGXFWV VROG E\ UHWDLOHU � DUH RQ DYHUDJH ��� DQG IRU VWRUH �� ZKLFK

VHOOV �� SURGXFWV� WKH\ DUH ���� 6WRUH � KDV DYHUDJH FRPELQHG VKDUHV RI LWV �� SURGXFWV RI DERXW

����

��, WKDQN 'DYLG %HOO IRU OHWWLQJ PH KDYH DFFHVV WR WKLV GDWD VHW� 6HH GDWD $SSHQGL[ IRU D GHWDLOHG GHVFULSWLRQ RI
WKH GDWD VHW�

��)RU D SDUWLFXODU UHWDLOHU� D SURGXFW LV GHnQHG VXFK WKDW ZKHQ VROG LQ GLmHUHQW VL]HV ZRXOG EH DJJUHJDWHG DV WKH
VDPH SURGXFW� $OVR SURGXFWV ZLWK WKH VDPH EUDQG QDPH DQG ZLWK SULFH FRUUHODWLRQ FORVH WR RQH DQG ZLWK VLPLODU
SURGXFW FKDUDFWHULVWLFV ZHUH DJJUHJDWHG� )RU WKH OLVW RI WKH SURGXFWV LQ WKH VDPSOH� SOHDVH UHIHU WR 7DEOH ��

��7KH SULPDU\ \RJXUW FXOWXULQJ EDFWHULD� /DFWREDFLOOXV EXOJDULFXV� ZDV QDPHG E\ ����
V 3K\VLRORJ\ DQG 0HGLFLQH
1REHO ODXUHDWH 'U� 0HWFKQLNRm� LQ KRQRU RI WKH \RJXUW�ORYLQJ %XOJDULDQV�

��7KH UDQNLQJ RI WKH GLmHUHQW VXSSO\ PRGHOV LV DOVR LQYDULDQW WR VPDOO FKDQJHV LQ ZHHNO\ SHU FDSLWD DVVXPSWLRQ�

��



7KH SURGXFW FKDUDFWHULVWLFV GDWD ZHUH FROOHFWHG E\ LQVSHFWLRQ RI WKH ODEHO UHDGV DQG IRU WKRVH

SURGXFWV FXUUHQWO\ XQDYDLODEOH LQ DQ\ VXSHUPDUNHW EHFDXVH WKH\ ZHUH GLVFRQWLQXHG� IURP PDQX�

IDFWXUHUV
 GHVFULSWLRQV� 7DEOH � GHVFULEHV WKH IROORZLQJ SURGXFW FKDUDFWHULVWLFV� FDORULHV� WRWDO IDW�

FKROHVWHURO� FDUERK\GUDWHV� GXPP\ IRU YLWDPLQV� GXPP\ IRU FDOFLXP DERYH ��� GDLO\ YDOXH� $VSDU�

WDPH GXPP\� )UXLW RQ WKH %RWWRP GXPP\� DYDLODEOH LQ GLmHUHQW VL]HV GXPP\ DQG VWRUH GXPP\

YDULDEOHV� 7KHVH DUH PRVW RI WKH FKDUDFWHULVWLFV IRXQG WR EH PRUH UHOHYDQW WR FRQVXPHUV ZKHQ

SXUFKDVLQJ \RJXUW� DFFRUGLQJ WR )UR]HQ )RRG 'LJHVW ������� DQG DOVR DFFRUGLQJ WR PDQXIDFWXUHU
V

\HDUO\ PDUNHW VXUYH\V DQG EUDQG�QDPH FRPSDULVRQ DUWLFOHV �H�J�� 1XWULWLRQ $FWLRQ� ����� &HQWHU IRU

6FLHQFH LQ WKH 3XEOLF ,QWHUHVW��

7KH FRVW GDWD VHW LV GHVFULEHG LQ 7DEOH �� ZLWK UHIHUHQFH DERXW WKH GLmHUHQW VRXUFHV� ,Q RUGHU WR

JHW DQ LGHD RI WKH LQSXW SULFH YDULDELOLW\� WKH ZHHNO\ LQSXW SULFH VHULHV QRUPDOL]HG E\ WKH FRUUHVSRQ�

GHQW ZHHNO\ DYHUDJH� DUH SUHVHQWHG LQ )LJXUHV � DQG �� 7KH FRQFOXVLRQ LV WKDW WKHUH LV� IRU PRVW RI

WKH FRVW GDWD VHULHV� FRQVLGHUDEOH WLPH YDULDWLRQ�

8VLQJ LQIRUPDWLRQ RQ FRQVXPHU GHPRJUDSKLFV� VXFK DV IDPLO\ VL]H� LQFRPH DQG DJH� DOORZV XV

WR FRQVLGHU FRQVXPHU KHWHURJHQHLW\ LQ WKH WDVWH SDUDPHWHUV IRU WKH GLmHUHQW SURGXFWV� $ VDPSOH

IURP WKH MRLQW GLVWULEXWLRQ RI LQFRPH DQG DJH RI WKH UHVLGHQW SRSXODWLRQ ZDV REWDLQHG IURP WKH

���� &HQVXV DW WKH ]LS FRGH OHYHO� IRU WKH ]LS FRGHV RI LQWHUHVW �VHH 7DEOH ��� 7KH SRSXODWLRQ LQ

WKH PDUNHW FRQVLGHUHG LV DERXW ��� ZKLWH ZLWK PHGLDQ KRXVHKROG LQFRPH RI DERXW WKLUW\ WKRXVDQG

GROODUV D \HDU DQG RQ DYHUDJH ZLWK ��� SHUVRQV LQ WKH KRXVHKROG�

�� 5HVXOWV

���� 'HPDQG (VWLPDWLRQ

7KH /RJLW PRGHO IRU GHPDQG LV FRQVLGHUHG nUVW WR JHW D IHHO IRU ZKDW LV JRLQJ RQ LQ WKH GDWD� ,W

DOVR DOORZV WR FRPSDUH DQG FKRRVH EHWZHHQ WZR GLmHUHQW LQVWUXPHQWDO YDULDEOH VSHFLnFDWLRQV DQG

LOOXVWUDWH WKH QHHG WR LQVWUXPHQW IRU SULFHV ZKHQ HVWLPDWLQJ GHPDQG� 8QGHUVWDQGLQJ WKH GUDZEDFN

RI KDYLQJ SRRU VXEVWLWXWLRQ SDWWHUQV� , WKHQ HVWLPDWH D IXOO UDQGRP FRHpFLHQWV GLVFUHWH FKRLFH PRGHO

RI GHPDQG IRU GLmHUHQWLDWHG SURGXFWV�

������ /RJLW 'HPDQG

7DEOH � SUHVHQWV WKH UHVXOWV IURP UHJUHVVLQJ WKH PHDQ XWLOLW\ pM � ZKLFK IRU WKH /RJLW FDVH LV JLYHQ E\

OQ�VMW�b OQ�V�W�� RQ SULFHV DQG SURGXFW GXPP\ YDULDEOHV LQ HTXDWLRQ ���� RU� LQ YHFWRU QRWDWLRQ� LQ

��



HTXDWLRQ ����� 7KH VHFRQG FROXPQ GLVSOD\V WKH HVWLPDWH RI RUGLQDU\ OHDVW VTXDUHV IRU WKH PHDQ SULFH

FRHpFLHQW m DQG FROXPQV WKUHH DQG IRXU KDYH HVWLPDWHV RI m IRU WZR GLmHUHQW LQVWUXPHQWDO YDULDEOHV

�,9� VSHFLnFDWLRQV� XVLQJ LQSXW SULFHV DV LQVWUXPHQWV IRU WKH SULFHV� ,Q WKH nUVW ,9 VSHFLnFDWLRQ�

DVVXPLQJ WKDW PDUJLQDO FRVW IRU WKH VDPH SURGXFW VROG DW GLmHUHQW UHWDLOHUV LV GLmHUHQW� SULFHV

DUH LQVWUXPHQWHG E\ LQSXW SULFHV LQWHUDFWHG ZLWK �� SURGXFW GXPP\ YDULDEOHV� ,Q WKH VHFRQG

,9 VSHFLnFDWLRQ� SULFHV DUH LQVWUXPHQWHG E\ LQSXW SULFHV LQWHUDFWHG ZLWK �� SURGXFW GXPPLHV�

7KLV ODVW VSHFLnFDWLRQ FRUUHVSRQGV WR DVVXPLQJ WKDW PDUJLQDO FRVW IRU WKH VDPH SURGXFW VROG DW

GLmHUHQW UHWDLOHUV LV FRQVWDQW� 5HJDUGLQJ WKH QHHG WR LQVWUXPHQW IRU SULFHV� WKH +DXVPDQ ������

WHVW IRU H[RJHQHLW\ VXJJHVWV WKDW WKHUH LV D JDLQ IURP XVLQJ LQVWUXPHQWDO YDULDEOHV YHUVXV RUGLQDU\

OHDVW VTXDUHV ZKHQ HVWLPDWLQJ GHPDQG� 7KH ODVW FROXPQV RI 7DEOH � SUHVHQW WKH UHVXOWV IURP

LQFOXGLQJ IHDWXUH� L�H�� IURP WKH UHJUHVVLQJ WKH PHDQ XWLOLW\ pM RQ SULFH� IHDWXUH GXPP\ YDULDEOH

DQG SURGXFW GXPP\ YDULDEOHV� 7KH FRHpFLHQW RI IHDWXUH LV QRW VLJQLnFDQW IRU 2/6 DV ZHOO DV IRU

WKH WZR ,9 VSHFLnFDWLRQV� DQG WKH HmHFWV RI LQFOXGLQJ IHDWXUH RQ WKH SULFH FRHpFLHQWV DQG RQ WKH

SURGXFW FKDUDFWHULVWLF FRHpFLHQWV DUH LQVLJQLnFDQW ERWK VWDWLVWLFDOO\ DQG HFRQRPLFDOO\� )XUWKHUPRUH�

, FDQQRW UHMHFW WKH H[RJHQHLW\ RI WKH IHDWXUH YDULDEOH�

7KH nUVW VWDJH 5�VTXDUHG DQG )�6WDWLVWLF RI ERWK ,9 VSHFLnFDWLRQV DUH KLJK� VXJJHVWLQJ WKDW WKH

GHPDQG LQVWUXPHQWV KDYH VRPH SRZHU��� (VWLPDWHV RI nUVW�VWDJH FRHpFLHQWV KDYH LQ JHQHUDO WKH

H[SHFWHG SRVLWLYH VLJQ DQG DUH VLJQLnFDQW IRU SODVWLF� VXJDU DQG PLON� (VWLPDWHV IRU WKH DYHUDJH

HmHFW RI VWUDZEHUU\ SULFH RQ WKH SULFH RI \RJXUW DUH SRVLWLYH DQG LQ JHQHUDO VLJQLnFDQW IRU IUXLW

\RJXUWV� &RHpFLHQWV IRU WKH ZDJHV LQ WKH VWDWHV ZKHUH SODQWV RI WKH GLmHUHQW SURGXFWV DUH ORFDWHG

DUH VLJQLnFDQW DQG SRVLWLYH�

7R FKRRVH EHWZHHQ WKH WZR GLmHUHQW VSHFLnFDWLRQV� WKH DVVXPSWLRQ RI FRQVWDQW PDUJLQDO FRVW

�DFURVV VDPH ?SK\VLFDO� SURGXFW VROG LQ GLmHUHQW UHWDLOHUV� LV WHVWHG� ,Q SDUWLFXODU� , WHVW WKH

DVVXPSWLRQ WKDW WKH FRHpFLHQWV DVVRFLDWHG ZLWK WKH VDPH LQSXW IRU WKH VDPH ?SK\VLFDO� SURGXFW

DUH HTXDO WR HDFK RWKHU� 7KLV LV D PXFK VWURQJHU DVVXPSWLRQ WKDQ ZKDW LV QHHGHG EXW LQ FDVH RI QRW

EHLQJ DEOH WR UHMHFW LW WKLV PDNHV WKH FKRLFH IRU WKH VSHFLnFDWLRQ WKDW DVVXPHV FRQVWDQW PDUJLQDO

FRVW �6SHFLnFDWLRQ �� VWURQJHU� 7KLV DVVXPSWLRQ FDQQRW EH UHMHFWHG� VR , FKRRVH WR SURFHHG ZLWK

WKH VHFRQG VSHFLnFDWLRQ���

��)LUVW�VWDJH UHVXOWV IRU ERWK DUH DYDLODEOH DW KWWS���VRFUDWHV�EHUNHOH\�HGX�zYLOODV�KRPHSDJH�KWPO� ,Q WKH ZHE�
SDJH PHQWLRQHG� WKH nUVW SDUW RI WKH WDEOH DVVXPHV WKDW PDUJLQDO FRVW IRU WKH VDPH SURGXFW VROG DW GLmHUHQW UHWDLOHUV
LV GLmHUHQW� WKH VHFRQG SDUW DVVXPHV WKH RSSRVLWH�

��7KH HVWLPDWH RI WKH :DOG WHVW VWDWLVWLF LV ������ ZKLFK LV OHVV WKDQ ������ WKH ��� WKH FULWLFDO YDOXH IRU D FKL�VTXDUH
ZLWK ��� GHJUHHV RI IUHHGRP� 7KH FULWLFDO YDOXH & IRU D FKL�VTXDUH ZLWK ODUJH 5 GHJUHHV RI IUHHGRP IRU WKH VLJQLnFDQFH
OHYHO D FDQ EH DSSUR[LPDWHG �*UHHQH� ����� S���� DV & { ���>jb��D� �

S
�5b �@��

��



������ 5DQGRP &RHpFLHQWV 'HPDQG

5HVXOWV IURP HVWLPDWLQJ HTXDWLRQ ���� IRU WKH IXOO PRGHO DUH SUHVHQWHG LQ 7DEOH � FRQVLGHULQJ FRQ�

VXPHU KHWHURJHQHLW\ E\ DOORZLQJ WKH FRHpFLHQWV RQ SULFH� FDORULHV� FDOFLXP DQG VWRUH�VSHFLnF GXPP\

YDULDEOHV WR YDU\ DFURVV FRQVXPHUV DV D IXQFWLRQ RI WKHLU LQFRPH� WKHLU DJH DQG RWKHU XQREVHUYHG

FRQVXPHU FKDUDFWHULVWLFV� ,QWHUSUHWLQJ WKH HVWLPDWHV� WKH PHDQ SULFH FRHpFLHQW LV VLPLODU WR WKH

/RJLW FDVH� KRZHYHU� XQREVHUYDEOH FKDUDFWHULVWLFV LQ WKH SRSXODWLRQ VHHP WR DmHFW LW VLJQLnFDQWO\�

7KH FRHpFLHQWV DVVRFLDWHG ZLWK WKH VWRUH GXPPLHV DUH WR EH LQWHUSUHWHG DV UHODWLYH WR WKH VPDOOHU

VWRUH �� )RU H[DPSOH� XQREVHUYDEOH FKDUDFWHULVWLFV LQ WKH SRSXODWLRQ GR QRW VHHP WR H[SODLQ ZK\

SHRSOH FKRRVH VWRUHV � DQG � RYHU VWRUH �� ,Q IDFW� ROGHU SHRSOH VHHP WR VLJQLnFDQWO\ SUHIHU VWRUH

� RYHU ERWK WKH WZR RWKHU VWRUHV� JLYHQ WKH QHJDWLYH DQG VLJQLnFDQW FRHpFLHQW DVVRFLDWHG WR WKH

LQWHUDFWLRQ EHWZHHQ WKH VWRUH GXPPLHV DQG DJH RI WKH SRSXODWLRQ� 7KH SUHIHUHQFHV IRU WKH ODUJHU

VWRUHV � DQG � ULVH ZLWK DQ LQFUHDVH LQ LQFRPH� +LJKHU FDOFLXP FRQWHQW VHHPV WR EH SUHIHUUHG E\

ROGHU FRQVXPHUV� ,Q WHUPV RI WKH PHDQ SULFH FRHpFLHQW LW LV VLPLODU WR WKH /RJLW HVWLPDWH IRU WKH

PHDQ RI WKH PDUJLQDO XWLOLW\ RI SULFH� )URP WKH FRHpFLHQW RQ WKH LQWHUDFWLRQ RI SULFH ZLWK LQFRPH

RQH LQWHUSUHWV WKDW FRQVXPHUV ZLWK KLJKHU LQFRPH DUH OHVV SULFH VHQVLWLYH� $JH GRHV QRW VLJQLnFDQWO\

VHHP WR DmHFW WKH PHDQ SULFH VHQVLWLYLW\� 7KH HVWLPDWHV IRU WKH LQWHUDFWLRQV RI GHPRJUDSKLFV ZLWK

WKH FRQVWDQW WHUP �WKDW FDSWXUHV FRQVXPHUV
 YDOXDWLRQ IRU WKH RXWVLGH RSWLRQ� VXJJHVW WKDW ROGHU

FRQVXPHUV DQG FRQVXPHUV ZLWK OHVV LQFRPH DUH OHVV OLNHO\ WR EX\ \RJXUW�

3URGXFW n[HG HmHFWV DUH HVWLPDWHG� WKH GMV� FDSWXULQJ WKH SDUW RI WKH PHDQ XWLOLW\ OHYHO WKDW

LV FRQVWDQW RYHU WLPH DQG DVVRFLDWHG ZLWK SURGXFW FKDUDFWHULVWLFV WKDW GRQ
W FKDQJH LQ WKH VDPSOH

SHULRG� LPSURYLQJ WKH nW RI WKH PRGHO� +RZHYHU� JLYHQ WKDW WKH SURGXFW FKDUDFWHULVWLFV XVHG DUH

WLPH LQYDULDQW� WKH HVWLPDWHV RI WKHLU FRHpFLHQWV FDQQRW EH GLUHFWO\ REWDLQHG ZKHQ SURGXFW n[HG

HmHFWV DUH LQFOXGHG� ,W LV HDV\ WR VHH WKDW WKH FRHpFLHQW n RI D FRQVWDQW SURGXFW FKDUDFWHULVWLF [M LV

QRW LGHQWLnHG� L�H� LW LV LQGLVWLQJXLVKDEOH IURP WKH FRHpFLHQW GM� 1HYHUWKHOHVV� WKH WDVWH FRHpFLHQWV

IRU WKH SURGXFW FKDUDFWHULVWLFV FDQ EH LQGLUHFWO\ REWDLQHG E\ HVWLPDWLQJ WKH IROORZLQJ UHJUHVVLRQ

AG  ;n � r XVLQJ *HQHUDOL]HG /HDVW 6TXDUHV� ZKHUH AG DUH WKH HVWLPDWHG SURGXFW n[HG HmHFWV DQG

DVVXPLQJ (>rM;@  �� 7DEOH � GLVSOD\V WKH HVWLPDWHV RI WKH FRQVXPHU WDVWH SDUDPHWHUV IRU WKH

GLmHUHQW SURGXFW FKDUDFWHULVWLFV� 7KH 5�VTXDUHG RI ���� VXJJHVWV WKDW WKH nW REWDLQHG LV JRRG�

$OO FRHpFLHQWV DUH VWDWLVWLFDOO\ VLJQLnFDQW� DQG WKH VLJQV DUH� LQ JHQHUDO� FRQVLVWHQW ZLWK FRQVXPHU

VXUYH\V� )RU H[DPSOH� IRU WKH DYHUDJH FRQVXPHU� FDORULHV DQG $VSDUWDPH �DQ DUWLnFLDO VZHHWHQHU

WKDW ZDV QRW ���� )'$ DSSURYHG� KDYH D QHJDWLYH PDUJLQDO XWLOLW\� 7KH DYDLODELOLW\ RI GLmHUHQW

VL]HV RI \RJXUW IRU D FHUWDLQ EUDQG LV� RQ DYHUDJH� SRVLWLYHO\ YDOXHG� DV LV OHVV VXJDU FRQWHQW� WKH PRVW

FDOFLXP FRQWHQW DQG WKH SRVVLELOLW\ RI WU\LQJ QHZ \RJXUW oDYRUV� )LQDOO\� RQ DYHUDJH� FRQVXPHUV

��



WHQG WR SUHIHU VWRUHV � DQG � RYHU WKH VPDOOHU VWRUH ��

$GGLWLRQDO VSHFLnFDWLRQV DUH SUHVHQWHG LQ 7DEOH ��� &ROXPQ � SUHVHQWV WKH UHVXOWV IRU WKH *00

HVWLPDWLRQ RI WKH IXOO PRGHO ZKLOH FROXPQ � SUHVHQWV WKH 1//6 HVWLPDWHV RI WKH IXOO PRGHO� 7KH

FRHpFLHQWV FKDQJH FRQVLGHUDEO\ DV GR WKH HVWLPDWHG SULFH�FRVW PDUJLQV� &ROXPQ � SUHVHQWV WKH

HVWLPDWHV IURP WKH VSHFLnFDWLRQ WKDW VHWV WKH XQREVHUYHG VKRFNV YL WR ]HUR IRU DOO WKH SURGXFW

FKDUDFWHULVWLFV� &RPSDULQJ FROXPQV � DQG �� WKH HVWLPDWHV DUH HVVHQWLDOO\ XQFKDQJHG� DV DUH WKH

DYHUDJH HVWLPDWHG SULFH�FRVW PDUJLQV IRU WKH GLmHUHQW VFHQDULRV FRQVLGHUHG DQG DOVR WKH UDQNLQJ RI

WKH GLmHUHQW VXSSO\ PRGHOV� 7KLV VXJJHVWV WKDW WKH KHWHURJHQHLW\ LV GULYHQ E\ GHPRJUDSKLFV DQG

QRW E\ UDQGRP VKRFNV� )LQDOO\� FROXPQV � WKURXJK � SUHVHQW WKH UHVXOWV IRU D IXOO PRGHO RI GHPDQG

LQFOXGLQJ IHDWXUH� &ROXPQ � LV HTXDO WR � EXW DGGV IHDWXUH� FROXPQ � KDV WKH 1//6 UHVXOWV ZLWK

IHDWXUH DQG� nQDOO\� FROXPQ � GRHV QRW DOORZ IRU UDQGRP VKRFNV YL DQG LQFOXGHV IHDWXUH� &RPSDULQJ

WKH HVWLPDWHV RI FROXPQV � DQG �� WKHUH LV VWLOO D FRQVLGHUDEOH FKDQJH ZKHQ LQVWUXPHQWLQJ IRU SULFHV

DIWHU LQFOXGLQJ IHDWXUH� 7KH KHWHURJHQHLW\ LV PRVWO\ H[SODLQHG E\ GHPRJUDSKLFV VLQFH WKH HVWLPDWHV

IURP FROXPQ � DUH VLPLODU WR WKRVH LQ FROXPQ �� 7KH FRHpFLHQWV IRU IHDWXUH DUH RYHUDOO VWDWLVWLFDOO\

LQVLJQLnFDQW DQG FRPSDULQJ FROXPQ � ZLWK FROXPQ �� WKHUH LV QRW D VLJQLnFDQW HmHFW RQ WKH HVWLPDWHV�

RQ WKH SULFH�FRVW PDUJLQV DQG DOVR RQ WKH UDQNLQJ RI WKH PRGHOV IURP LQFOXGLQJ IHDWXUH�

���� (ODVWLFLWLHV DQG 3ULFH�&RVW 0DUJLQV

������ (ODVWLFLWLHV DQG 3ULFH�&RVW 0DUJLQV� /RJLW 'HPDQG

*LYHQ WKH GHPDQG SDUDPHWHUV RQH FDQ FRPSXWH WKH LPSOLHG SULFH�FRVW PDUJLQV IRU WKH GLmHUHQW

VXSSO\ PRGHOV EHLQJ FRQVLGHUHG� 6XPPDU\ VWDWLVWLFV IRU WKH SULFH�FRVW PDUJLQ HVWLPDWHV� JLYHQ D

/RJLW GHPDQG PRGHO� DUH SURYLGHG LQ WKH WRS SDUW RI 7DEOH ��� ,Q HDFK OLQH DUH WKH SULFH�FRVW

PDUJLQV IRU WKH GLmHUHQW PRGHOV� )RU WKH PRGHOV WKDW HVWLPDWH ERWK UHWDLO DQG ZKROHVDOH PDUJLQV

WKRVH DUH DGGHG XS WR KDYH DQ HVWLPDWH RI WKH ZKROH YHUWLFDO PDUJLQ IRU HDFK SURGXFW� &RPSDULQJ

WKH ZKROH YHUWLFDO PDUJLQV IRU WKH GLmHUHQW PRGHOV� RQH QRWHV WKDW IRU IRXU RI WKH PRGHOV WKHUH DUH

VRPH SURGXFWV� GXULQJ VRPH ZHHNV WKDW H[KLELW HVWLPDWHG SULFH�FRVW PDUJLQV JUHDWHU WKDQ �����

7KLV KDSSHQV LQ SDUWLFXODU IRU WKH GRXEOH PDUJLQDOL]DWLRQ PRGHO� IRU WKH K\EULG PRGHO� IRU WKH

ZKROHVDOH �VFHQDULR �� DQG IRU WKH UHWDLO �VFHQDULR �� FROOXVLRQ PRGHOV EHLQJ FRQVLGHUHG� 7KLV LV

D nUVW LQGLFDWRU RI D SRVVLEOH SUREOHP LQ WKRVH PRGHOV nWWLQJ WKH GDWD� :KHWKHU WKLV SUREOHP LV

JRLQJ WR EH VWDWLVWLFDOO\ VLJQLnFDQW LV WHVWHG LQ WKH QH[W VHFWLRQV� :KHQ UHWDLOHUV GHFLGH WKH SULFHV

�VFHQDULR �� FDVH �� WKH SULFH�FRVW PDUJLQV HVWLPDWHG DUH� RQ DYHUDJH� VOLJKWO\ KLJKHU WKDQ WKH SULFH�

FRVW PDUJLQV WKDW UHVXOW ZKHQ PDQXIDFWXUHUV GHFLGH WKH SULFHV �VFHQDULR �� FDVH ��� )LQDOO\� WKH

PRQRSROLVW PRGHO LQ VFHQDULR � SUHGLFWV� RQ DYHUDJH� ODUJHU PDUJLQV WKDQ WKH SUHYLRXV WZR PRGHOV�

��



$GGLWLRQDOO\� FROXPQV � WKURXJK �� RI 7DEOH � SUHVHQW WKH DYHUDJH HVWLPDWHG SULFH�FRVW PDUJLQV

E\ SURGXFW IRU WKH UHWDLOHUV DQG WKH ZKROHVDOHUV IRU HDFK GLmHUHQW VFHQDULR� 2QH IDFW WKDW LV HYLGHQW

LV WKDW SULYDWH ODEHOV KDYH WKH ODUJHVW HVWLPDWHG SULFH�FRVW PDUJLQV XQGHU DOO VFHQDULRV FRQVLGHUHG�

7KLV LV DQ LPSOLFDWLRQ RI WKH /RJLW GHPDQG VSHFLnFDWLRQ� 7KH HODVWLFLWLHV RI WKH PDUNHW VKDUHV ZLWK

UHVSHFW WR SULFHV DUH� IRU WKH /RJLW� JLYHQ E\

#VMW

#SNW

SNW

VMW
 

��
�

mSMW��b VMW� LI M N

bmSNWVNW RWKHUZLVH�

7KH ORZHU WKH SULFH� WKH ORZHU WKH HODVWLFLW\ �LQ DEVROXWH YDOXH�� 6LQFH UHODWLYH SULFH�FRVW PDUJLQV

DUH QHJDWLYHO\ UHODWHG WR HODVWLFLWLHV� WKH ORZHU LQ DEVROXWH YDOXH DUH WKH HODVWLFLWLHV� WKH KLJKHU

WKH SULFH�FRVW PDUJLQV� 3ULYDWH ODEHOV ZLWK ORZHU SULFHV WKDQ QDWLRQDO EUDQGV H[KLELW WKHUHIRUH�

QRW VXUSULVLQJO\� WKH KLJKHVW LPSOLHG SULFH�FRVW PDUJLQV� 2QH ODVW OLPLWDWLRQ RI WKH /RJLW GHPDQG

VSHFLnFDWLRQ DUH WKH LPSOLHG FURVV�SULFH HODVWLFLWLHV� 3URGXFWV ZLWK VLPLODU PDUNHW VKDUHV DQG SULFHV

ZLOO KDYH VLPLODU FURVV�SULFH HODVWLFLWLHV� )RU WKH HVWLPDWHG RZQ DQG FURVV HODVWLFLWLHV IRU WKH /RJLW

PRGHO� VHH FROXPQV WKUHH DQG IRXU RI 7DEOH ��� 7KH HODVWLFLWLHV YDU\ E\ EUDQG� ZKHUH WKH PHDQ

RI WKH GLVWULEXWLRQ RI RZQ�SULFH HODVWLFLWLHV LV ����� ZLWK D VWDQGDUG GHYLDWLRQ RI ����� ,Q WHUPV RI

FURVV�SULFH HODVWLFLWLHV� WKH\ DUH RQ DYHUDJH ����� ZLWK D VWDQGDUG GHYLDWLRQ RI �����

������ (ODVWLFLWLHV DQG 3ULFH�&RVW 0DUJLQV� 5DQGRP &RHpFLHQWV 'HPDQG

,Q WKH IXOO PRGHO� WKH DERYH GHVFULEHG DQG RWKHU OLPLWDWLRQV LQ WHUPV RI HODVWLFLWLHV GLVDSSHDU� 2Q

WKH RQH KDQG� RZQ SULFH HODVWLFLWLHV DUH QR ORQJHU XQLTXHO\ GULYHQ E\ IXQFWLRQDO IRUP VSHFLnFDWLRQV�

VXFK DV DERYH� ,Q SDUWLFXODU� WKH PDUJLQDO XWLOLW\ RI SULFH m ZLOO QRZ YDU\ E\ SURGXFW� LQ WKH VHQVH

WKDW LW LV REWDLQHG DV WKH DYHUDJH RI DOO WKH SULFH VHQVLWLYLWLHV IRU DOO WKH FRQVXPHUV RI WKDW SDUWLFXODU

SURGXFW� 2Q RWKHU KDQG FURVV�SULFH VXEVWLWXWLRQ SDWWHUQV DUH ULFKHU� 7KH HODVWLFLWLHV IRU WKH IXOO

PRGHO DUH JLYHQ E\

#VMW

#SNW

SNW

VMW
 

�
�
�

SMW
VMW

5
mLVMW�L��b VMW�L� G) �Y� G) �'� LI M N

b

SNW
VMW

5
mLVMW�LVNW�L G) �Y� G) �'� RWKHUZLVH�

ZKHUH

VLMW  
HpMW�xLMW

� �
31W

N � H
pNW�xLNW

LV QRZ WKH LQGLYLGXDO SUREDELOLW\ RI L SXUFKDVLQJ SURGXFW M GXULQJ ZHHN W� ,Q SDUWLFXODU mL LV WKH

PDUJLQDO XWLOLW\ RI SULFH IRU FRQVXPHU L� 7KH LQWHJUDO RYHU WKH XQREVHUYHG DQG REVHUYHG FRQVXPHU

��



GHPRJUDSKLFV LV VLPXODWHG E\ GUDZLQJ 1V UDQGRP SDLUV �Y�'�� 7KH VLPXODWHG HODVWLFLWLHV DUH WKHQ

JLYHQ E\

#VMW

#SNW

SNW

VMW
 

��
�

SMW
VMW

31V

Q � mQVMW�Q�� b VMW�Q� LI M N

b

SNW
VMW

31V

Q � mQVMW�QVNW�Q RWKHUZLVH�

7DEOH �� SUHVHQWV WKH RZQ SULFH HODVWLFLWLHV DV ZHOO DV WKH PHDQ DQG WKH VWDQGDUG GHYLDWLRQV

RI WKH FURVV�SULFH HODVWLFLWLHV IRU WKH UDQGRP FRHpFLHQWV GHPDQG PRGHO� ,Q WHUPV RI RZQ SULFH

HODVWLFLWLHV� WKH\ DUH RQ DYHUDJH VOLJKWO\ ORZHU WKDQ WKH RQHV HVWLPDWHG LQ WKH /RJLW GHPDQG PRGHO�

7KH PHDQ RI WKH RZQ SULFH HODVWLFLWLHV LV QRZ ���� ZLWK D VWDQGDUG GHYLDWLRQ RI ����� ,Q WHUPV RI WKH

FURVV�SULFH HODVWLFLWLHV� WKHLU VXPPDU\ VWDWLVWLFV DUH SUHVHQWHG LQ WKH ODVW FROXPQV RI 7DEOH ��� 7KH\

YDU\ VLJQLnFDQWO\ E\ SURGXFW� UDQJLQJ� RQ DYHUDJH� IURP ����� WR ������ 'XH WR LWV ODUJH GLPHQVLRQ�

GHWDLOHG LQIRUPDWLRQ RQ HVWLPDWHG FURVV�SULFH HODVWLFLWLHV IRU WKH �� SURGXFWV LQ WKH VDPSOH LV QRW

SUHVHQWHG� /HW PH KRZHYHU VXPPDUL]H WKDW� RYHUDOO� WKH UHVXOWV VHHP UHDVRQDEOH DQG LQWXLWLYH� $V

DQ LOOXVWUDWLYH H[DPSOH� 'DQQRQ /RZIDW 3ODLQ <RJXUW VROG LQ VWRUH � LV OHVV VHQVLWLYH WR D FKDQJH

LQ SULFH RI 'DQQRQ /RZIDW 3ODLQ <RJXUW VROG DW DQ\ RI WKH WZR RWKHU VWRUHV �HODVWLFLWLHV RI �����

DQG ����� WKDQ WR D FKDQJH LQ WKH SULFH RI 'DQQRQ /LJKW 9DQLOOD <RJXUW VROG DW WKH VDPH VWRUH

�HODVWLFLW\ RI ������� $OVR� ZKHQ ORRNLQJ ZLWKLQ WKH VDPH VWRUH� WKH HmHFW RQ 'DQQRQ /LJKW IUXLW

\RJXUW IURP FKDQJHV LQ WKH SULFH RI 'DQQRQ &ODVVLF )ODYRU )UXLW \RJXUW �HODVWLFLW\ RI ������ VHHPV

WR EH ODUJHU WKDQ WKH HmHFW IURP FKDQJHV LQ WKH SULFH RI 'DQQRQ /RZIDW SODLQ \RJXUW �HODVWLFLW\ RI

������� 7KHVH \RJXUWV DUH PD\EH XVHG IRU GLmHUHQW SXUSRVHV �SODLQ \RJXUW LV VRPHWLPHV XVHG IRU

FRRNLQJ� DQG WKHUHIRUH SXUFKDVHG E\ FRQVXPHUV ZLWK GLmHUHQW FKDUDFWHULVWLFV�

2YHUDOO� WKH SURGXFWV VHHP WR EH OHVV VHQVLWLYH WR FKDQJHV LQ SULFHV RI SURGXFWV LQ RWKHU VWRUHV WKDQ

WR FKDQJHV LQ SULFHV LQ WKH VDPH VWRUH� 7R VXPPDUL]H WKLV� 7DEOH �� SUHVHQWV WKH PHDQ FURVV�SULFH

HODVWLFLWLHV IRU SURGXFWV ZLWKLQ D VWRUH DQG FRQWUDVWV LW ZLWK WKH PHDQ FURVV�SULFH HODVWLFLWLHV EHWZHHQ

SURGXFWV RI GLmHUHQW VWRUHV� ,I RQH GHnQHV D PHDVXUH RI WKH UHODWLYH VXEVWLWXWLRQ� DV WKH PHDQ FURVV�

SULFH HODVWLFLWLHV ZLWKLQ WKH VDPH VWRUH GLYLGHG E\ WKH PHDQ FURVV�SULFH HODVWLFLWLHV DFURVV VWRUHV� RQ

DYHUDJH� WKH VXEVWLWXWLRQ ZLWKLQ VWRUH LV IRXU WLPHV WKH VXEVWLWXWLRQ DFURVV VWRUHV� ,Q SDUWLFXODU�

EUHDNLQJ XS WKLV DQDO\VLV E\ VWRUH� LW LV LQWHUHVWLQJ WR YHULI\ WKDW WKH VPDOOHU VWRUH � VHHPV WR KDYH

WKH PRVW OR\DO FXVWRPHUV� YHUVXV WKH ODUJHU VWRUHV� 1HYHUWKHOHVV� WKH VXEVWLWXWLRQ ZLWKLQ VWRUHV �

DQG � LV VWLOO ODUJHU WKDQ DFURVV VWRUHV�

$V D GLDJQRVWLF RI KRZ IDU WKH UHVXOWV DUH IURP WKH /RJLW GHPDQG PRGHO� WKH YDULDQFH RI WKH FURVV�

SULFH HODVWLFLWLHV LQ WKH UDQGRP FRHpFLHQWV PRGHO LV FRPSXWHG� 7KH ODVW FROXPQV RI 7DEOH �� SUHVHQW

WKH PHDQ DQG WKH VWDQGDUG GHYLDWLRQV RI WKH FURVV�SULFH HODVWLFLWLHV ZLWK UHVSHFW WR D FHUWDLQ SULFH

�ZKLFK VKRXOG EH ]HUR� DFFRUGLQJ WR /RJLW DVVXPSWLRQV�� )RU DOO SURGXFWV� WKH VWDQGDUG GHYLDWLRQ�

��



UHODWLYH WR WKH PHDQ� LV IDLUO\ ODUJH DQG WKH /RJLW UHVWULFWLRQV VHHP OHVV UHDVRQDEOH� HVSHFLDOO\ IRU

SURGXFWV RI VWRUH ��

7KH HVWLPDWHG SULFH�FRVW PDUJLQV GLmHU E\ UHWDLO VWRUH� 5HWDLO VWRUH �� WKH VPDOOHVW UHWDLOHU

LQ WKH VDPSOH� H[KLELWV WKH ODUJHVW YDULDELOLW\ RI SULFH�FRVW PDUJLQV DFURVV WLPH IRU DOO VFHQDULRV

HVWLPDWHG DQG DOVR WKH ODUJHVW DYHUDJH SULFH�FRVW PDUJLQV� 6XPPDU\ VWDWLVWLFV IRU WKH SULFH�FRVW

PDUJLQ HVWLPDWHV LQ WKH UDQGRP FRHpFLHQWV GHPDQG VSHFLnFDWLRQ DUH SUHVHQWHG LQ WKH ERWWRP SDUW

RI 7DEOH ��� ,Q HDFK OLQH DUH WKH SULFH�FRVW PDUJLQV IRU WKH GLmHUHQW PRGHOV� )RU WKH PRGHOV WKDW

HVWLPDWH ERWK UHWDLO DQG ZKROHVDOH PDUJLQV� WKRVH DUH DGGHG XS WR KDYH DQ HVWLPDWH RI WKH ZKROH

YHUWLFDO PDUJLQ IRU HDFK SURGXFW� &RPSDULQJ WKH WRWDO YHUWLFDO PDUJLQV IRU WKH GLmHUHQW PRGHOV�

RQH QRWHV DJDLQ WKDW IRU VRPH RI WKH PRGHOV WKHUH DUH FHUWDLQ SURGXFWV� GXULQJ VRPH ZHHNV� WKDW

H[KLELW HVWLPDWHG SULFH�FRVW PDUJLQV JUHDWHU WKDQ �����

���� 6XSSO\ (VWLPDWLRQ

7R HVWLPDWH WKH VXSSO\ SDUDPHWHUV� EDVHG RQ WKH DVVXPSWLRQ WKDW WKH VXSSO\ UHVLGXDOV DUH XQFRUUH�

ODWHG RYHU WLPH� ODJJHG LPSOLHG SULFH�FRVW PDUJLQV DUH XVHG DV LQVWUXPHQWV IRU WKH LPSOLHG SULFH�FRVW

PDUJLQV� 7KLV LV D UHDVRQDEOH DVVXPSWLRQ VLQFH WKH QXOO K\SRWKHVLV RI DXWRFRUUHODWLRQ RI WKH VXSSO\

UHVLGXDOV LV UHMHFWHG IRU DOO WKH HVWLPDWHG VXSSO\ VFHQDULRV� )XUWKHUPRUH� WKH UHVXOWV DUH UREXVW WR

GLmHUHQW ODJJHG VSHFLnFDWLRQV� 7KH nUVW VWDJH 5�VTXDUHG LV ODUJH� RI DERXW ��� IRU DOO WKH VXSSO\

VFHQDULRV HVWLPDWHG� :KHQ FRPSDULQJ WKH VHYHQ VFHQDULRV� DQ LQIRUPDO GLDJQRVWLF IRU WKH YDOLGLW\ RI

HDFK PRGHO LV GRQH nUVW� E\ ORRNLQJ DW HDFK RI WKH wV LQGLYLGXDOO\ DQG WHVWLQJ IRU WKHP WR EH HTXDO

WR RQH� 7KHVH QXOO K\SRWKHVHV LPSO\ WKDW� JLYHQ WKH DVVXPSWLRQV IRU GHPDQG� WKH SULFH�FRVW PDUJLQV

HVWLPDWHG XQGHU WKH VFHQDULR LQ TXHVWLRQ DUH FRQVLVWHQW ZLWK WKH SULFH�FRVW PDUJLQV REWDLQHG IURP

VXSSO\�VLGH HVWLPDWHV��� 5HVXOWV DUH SUHVHQWHG LQ WKH ODVW FROXPQ RI 7DEOH ��� 7KH SULFH�FRVW PDU�

JLQV LPSOLHG E\ WKH GRXEOH PDUJLQDOL]DWLRQ PRGHO DUH WKH RQHV WKDW VHHP OHVV FRQVLVWHQW ZLWK WKH

GDWD� VLQFH WKH QXOO K\SRWKHVLV RI WKH SDUDPHWHU DVVRFLDWHG ZLWK HDFK LQGLYLGXDO PDUJLQ EHLQJ RQH

LV UHMHFWHG LQ ��� RI WKH FDVHV� /RRNLQJ DW PRUH HpFLHQW FRQWUDFWLQJ VROXWLRQV EHWZHHQ PDQXIDF�

WXUHUV DQG UHWDLOHUV� , UHMHFW WKH QXOO K\SRWKHVLV RI HDFK LQGLYLGXDO PDUJLQ EHLQJ FRQVLVWHQW ZLWK WKH

PDQXIDFWXUHU KDYLQJ WKH SULFLQJ GHFLVLRQ DQG ]HUR UHWDLO PDUJLQV ��� RI WKH WLPHV� ,Q FRQWUDVW� WKH

UHWDLO SULFLQJ GHFLVLRQ DQG ]HUR ZKROHVDOH PDUJLQV K\SRWKHVLV LV RQO\ UHMHFWHG ��� RI WKH WLPHV� 7KH

K\EULG PRGHO LV UHMHFWHG ��� RI WKH WLPHV� %RWK FROOXVLRQ PRGHOV DUH UHMHFWHG PRUH WKDQ ��� RI WKH

WLPHV� DQG WKLV UHVXOW FDQ EH H[SODLQHG PD\EH E\ WKH IDFW WKDW WKHUH H[LVWV SURGXFW GLmHUHQWLDWLRQ LQ

��7KH SXUSRVH DQG LQWHUSUHWDWLRQ RI WKH VXSSO\ SDUDPHWHUV KHUH LV GLmHUHQW IURP WKH &RQGXFW 3DUDPHWHU �&3�
0RGHOV ZKHUH� IRU VRPH YDOXHV RI WKH HVWLPDWH RI WKH &3� LQIHUHQFHV �VXEMHFW WR &RUWV
 ������ FDXWLRQV� DUH GUDZQ
DERXW PDUNHW SRZHU LQ D FHUWDLQ LQGXVWU\�

��



WKLV PDUNHW� 7KLV LV EHFDXVH LW LV PRUH GLpFXOW WR FRRUGLQDWH RQ D SULFH �VHH 6FKHUHU� ����� DQG DOVR

WR SHQDOL]H �DQG KHQFH WR VXVWDLQ FROOXVLRQ� LQ WKH FRQWH[W RI GLmHUHQWLDWHG SURGXFWV��� )LQDOO\� WKH

HpFLHQW SULFLQJ PRGHO LV RQO\ UHMHFWHG ��� RI WKH WLPHV� $V D SUHOLPLQDU\ FRQFOXVLRQ� WKHUH VHHPV

WR EH LQIRUPDO HYLGHQFH WKDW WKH FRQWUDFWLQJ VROXWLRQ PD\ IROORZ VRPHWKLQJ EHWZHHQ PRGHO �� FDVH

� DQG PRGHO �� WKDW LV EHWZHHQ ]HUR PDQXIDFWXUHU PDUJLQ DQG UHWDLO SULFLQJ GHFLVLRQV DQG WKH IXOO\

HpFLHQW PRGHO� 7KLV ZRXOG PHDQ WKDW QRW RQO\ UHWDLOHUV DUH GHFLGLQJ SULFHV EXW WKH PDUJLQV FRXOG

EH KLJKHU WKDQ WKH RQHV SUHGLFWHG E\ 1DVK�SULFLQJ EHKDYLRU RI WKH UHWDLOHUV� 7KH IRUPDO UDQNLQJ RI

WKH PRGHOV IROORZV LQ WKH QH[W VHFWLRQ�

/RRNLQJ DW HDFK RI WKH VXSSO\ PRGHOV VHSDUDWHO\� RQH FDQ IRUPDOO\ WHVW LI WKH GDWD DUH FRQVLVWHQW

ZLWK HDFK RQH� 7KLV LV GRQH E\ WHVWLQJ WKH UHVWULFWLRQV LPSRVHG E\ HDFK RI WKH VXSSO\ PRGHOV XVLQJ

WKH *00 DQDORJ RI WKH /LNHOLKRRG UDWLR VWDWLVWLF �1HZH\ DQG :HVW� ������ ZKLFK LV SURSRUWLRQDO WR

WKH PLQLPL]HG UHVWULFWHG *00 REMHFWLYH IXQFWLRQ PLQXV WKH PLQLPL]HG XQUHVWULFWHG *00 REMHFWLYH

IXQFWLRQ� 7KH VWDWLVWLF LV GHnQHG DV D GLVWDQFH PHWULF '0 � ZKLFK LV GLVWULEXWHG &KL�VTXDUH ZLWK

GHJUHHV RI IUHHGRP HTXDO WR WKH QXPEHU RI UHVWULFWLRQV� (VWLPDWHV IRU WKH GLVWDQFH PHWULF VWDWLVWLFV

DQG FULWLFDO YDOXHV DUH SUHVHQWHG LQ WKH VHFRQG DQG WKLUG FROXPQV RI 7DEOH ��� $ ODUJH '0 OHDGV WR

UHMHFWLRQ RI WKH QXOO K\SRWKHVLV� ZKLFK LQGLFDWHV WKDW WKH GDWD GR QRW VHHP WR VXSSRUW WKH VFHQDULR

LQ TXHVWLRQ� $OO PRGHOV FDQQRW EH LQGLYLGXDOO\ UHMHFWHG�

���� 5DQNLQJ RI 6XSSO\ 0RGHOV� 1RQ�QHVWHG +\SRWKHVLV 7HVWLQJ

7KLV SDSHU IROORZV D ?PHQX DSSURDFK�� DV LQ %UHVQDKDQ ������ RU LQ *DVPL� /DmRQW DQG 9XRQJ

������� SUHVHQWLQJ GLmHUHQW PRGHOV RI VXSSO\� 7R GHWHUPLQH ZKLFK PRGHO nWV WKH GDWD EHVW� RQH

QHHGV WR EH DEOH WR PDNH FRPSDULVRQV EHWZHHQ WKH UHVXOWV IURP GLmHUHQW PRGHOV� 7KLV FDQQRW EH

GRQH LQ D QHVWHG ZD\ XVLQJ WKH WUDGLWLRQDO WHVWLQJ PHWKRGV� VLQFH PRVW RI WKH QXOO K\SRWKHVHV DUH

QRW SDUWLFXODU FDVHV RI VRPH RWKHU QXOO K\SRWKHVLV� 7KLV PHDQV WKDW WKH K\SRWKHVHV DUH QRQ�QHVWHG

�*RXULHURX[ DQG 0RQIRUW� ������ :KHQ VHOHFWLQJ WKH EHVW DPRQJ WKH VHYHQ VFHQDULRV� RQH FDQ

LGHQWLI\ WKUHH SDUWLFXODU FDVHV RI FRPSDULVRQV EHWZHHQ HDFK SDLU RI FRPSHWLQJ PRGHOV �IROORZLQJ

9XRQJ ��������

��)LUPV PD\ LQ IDFW ZDQW WR FKRRVH PLQLPXP GLmHUHQWLDWLRQ WR VXSSRUW FROOXVLRQ� DV LQ )ULHGPDQ DQG 7KLVVH
�������

��



0RGHO ��� 0RGHO ��� 0RGHO � 0RGHO � 0RGHO � 0RGHO �

0RGHO � $(9 611 611 29/ 29/ 611

0RGHO ��� b 611 611 $(9 611 611

0RGHO ��� b b 611 611 611 611

0RGHO � b b b 611 611 611

0RGHO � b b b b 611 611

0RGHO � b b b b b $(9

&ODVVLnFDWLRQ RI SDLU�ZLVH FRPSDULVRQV� IROORZLQJ 9XRQJ �������

0RGHO �� 'RXEOH 0DUJLQDOL]DWLRQ SULFLQJ� 0RGHO ��� =HUR ZKROHVDOH PDUJLQ� 0RGHO ��� =HUR UHWDLO PDUJLQ� 0RGHO ��

+\EULG 0RGHO� 0RGHO �� :KROHVDOH FROOXVLRQ� 0RGHO �� 5HWDLO FROOXVLRQ� 0RGHO �� 0RQRSROLVW�

)LUVW� WKHUH LV WKH FDVH ZKHUH WKH WZR FRPSHWLQJ PRGHOV DUH VWULFWO\ QRQ�QHVWHG �611 LQ WKH

DERYH WDEOH�� 6HFRQG� WKHUH DUH FDVHV RI RYHUODSSLQJ PRGHOV� ZKHUH WKHUH DUH FRPPRQ H[SODQDWRU\

YDULDEOHV DQG GLmHUHQW DGGLWLRQDO H[SODQDWRU\ YDULDEOHV �29/ LQ WKH DERYH WDEOH�� 7KLUG� DQG

nQDOO\� WKHUH DUH SDLUV RI RYHUODSSLQJ PRGHOV ZLWK WKH RQO\ GLmHUHQFH WKDW RQH RI WKH PRGHOV KDV DQ

DGGLWLRQDO VHW RI H[SODQDWRU\ YDULDEOHV �FDOOHG $(9 LQ WKH DERYH WDEOH��

,Q WKH QRQ�QHVWHG OLWHUDWXUH WKHUH DUH WZR JHQHUDO DSSURDFKHV WR FRPSDUH WZR FRPSHWLQJ PRGHOV�

HLWKHU WR DVVXPH WKDW RQH RI WKH PRGHOV LV WUXH DQG WR FRQWUDVW LW ZLWK RWKHU PRGHOV �DV LQ &R[� �����

RU WR UHOD[ WKH DVVXPSWLRQ WKDW RQH RI WKH PRGHOV FRQWDLQV WKH WUXH ODZ JHQHUDWLQJ WKH REVHUYDWLRQV

DQG WR YHULI\ LI D SDUWLFXODU QXOO PRGHO FDQ SUHGLFW WKH UHOHYDQW IHDWXUHV RI WKH FRPSHWLQJ DOWHUQDWLYH

PRGHO� HYHQ LI QHLWKHU PRGHOV LV WUXH �WKH HQFRPSDVVLQJ WHVWV� DV LQ 0L]RX DQG 5LFKDUG� ������ 7KH

&R[�WHVW JHQHUDOL]HV WKH OLNHOLKRRG UDWLR SURFHGXUH WR QRQ�QHVWHG K\SRWKHVHV� 7KH LQWXLWLRQ EHKLQG

WKH &R[ �RQH VLGHG� WHVWV LV DV IROORZV� $ VLJQLnFDQWO\ SRVLWLYH WHVW VWDWLVWLF OHDGV WR WKH UHMHFWLRQ

RI WKH QXOO PRGHO EHFDXVH WKH DOWHUQDWLYH PRGHO LV SHUIRUPLQJ WRR ZHOO IRU WKH QXOO PRGHO WR EH

UHJDUGHG DV WUXH� 2QH SUREOHP ZLWK &R[�W\SH WHVWV LV WKDW WKH\ DUH QRW V\PPHWULF� ,I D PRGHO +J

LV UHMHFWHG DJDLQVW PRGHO +K LW FDQ DOVR KDSSHQ WKDW +K LV UHMHFWHG DJDLQVW +J� ,Q WKLV SDSHU� WKDW

PHDQV WKDW ZKHQ FRQIURQWLQJ VHYHQ DOWHUQDWLYHV RQH KDV WR PDNH WKH ZKROH IRUW\�WZR FRPSDULVRQV�

7KHQ� PRGHOV WKDW HVFDSH UHMHFWLRQ DJDLQVW DQ\ DOWHUQDWLYH DUH WKH EHVW PRGHOV WR EH VHOHFWHG�

5HODWHG WR WKH PRGHO FRPSDULVRQ DSSURDFKHV GHVFULEHG DERYH DUH PRGHO VHOHFWLRQ WHVWV �DV LQ

9XRQJ ������ LQ WKH FRQWH[W RI OLNHOLKRRG UDWLR WHVWV�� 7KHUH WKH LGHD LV WR DVVXPH DV QXOO K\SRWKHVLV

WKDW WKH WZR PRGHOV DUH HTXLYDOHQW� DQG� JLYHQ WKH HVWLPDWH RI WKH WHVW VWDWLVWLF� RQH FDQ FRQFOXGH

WKDW HLWKHU RQH RI WKH WZR PRGHOV LV EHWWHU �VWDWLVWLFDOO\ GRPLQDWLQJ WKH RWKHU� RU WKDW RQH FDQQRW

GLVFULPLQDWH EHWZHHQ WKH WZR FRPSHWLQJ PRGHOV JLYHQ WKH GDWD� 7KH DGYDQWDJH RI WKHVH PRGHO

VHOHFWLRQ WHVWV� LQ FRQWUDVW WR &R[�W\SH WHVWV� LV WKDW WKH\ DUH V\PPHWULF DQG GLUHFWLRQDO� 6R� ZKHQ

��



FRQIURQWLQJ VHYHQ DOWHUQDWLYH PRGHOV� RQO\ WZHQW\�RQH FRPSDULVRQV KDYH WR EH PDGH���

6PLWK ������ H[WHQGV WKH OLNHOLKRRG UDWLR EDVHG QRQ�QHVWHG WHVWV� SUHVHQWLQJ &R[�W\SH DQG HQ�

FRPSDVVLQJ WHVWV LQ WKH FRQWH[W RI *00� LQ SDUWLFXODU IRU WKH FDVHV RI FRPSHWLQJ ,QVWUXPHQWDO

9DULDEOHV UHJUHVVLRQ PRGHOV ZLWK GLmHUHQW UHJUHVVRUV DQG GLmHULQJ LQVWUXPHQW YDOLGLW\ DVVXPSWLRQV�

7KH WHVWV XVHG LQ WKLV SDSHU DUH EDVHG RQ 6PLWK ������ DQG 9XRQJ ������ WR FRQIURQW WKH GLmHUHQW

VXSSO\ PRGHOV DQG WR UDQN WKHP���

$V LQ 6PLWK ������� WKH &R[�W\SH VWDWLVWLF IRU WKH 611 FDVH LV FRQVWUXFWHG E\ H[DPLQLQJ WKH

EHKDYLRU XQGHU +K RI WKH GLmHUHQFH RI WKH HVWLPDWHG *00 FULWHULRQ IXQFWLRQV XQGHU +K DQG WKH

DOWHUQDWLYH+J� ,W FDQ EH VKRZQ WKDW WKLV VWDWLVWLF LV GLVWULEXWHG DV\PSWRWLFDOO\ QRUPDO� 1RUPDOL]HG�

VWDQGDUGL]HG DQG FRPSDUHG WR D VWDQGDUG QRUPDO FULWLFDO YDOXH� D ODUJH SRVLWLYH VWDWLVWLF LQ WKLV RQH�

VLGHG WHVW OHDGV WR D UHMHFWLRQ RI WKH QXOO PRGHO +K DJDLQVW +J�

7KH WHVWLQJ SURFHGXUH IRU WKH FDVH RI RYHUODSSLQJ PRGHOV �29/ DQG $(9� LV PRUH FRPSOLFDWHG

WKDQ IRU WKH VWULFWO\ QRQ�QHVWHG FDVHV� $ WZR�VWHS SURFHGXUH �9XRQJ� ����� KDV WR EH DSSOLHG

ZKHUH LQ WKH nUVW VWHS RQH WHVWV ZKHWKHU ERWK PRGHOV FDQ RU FDQQRW EH GLVFULPLQDWHG� ,I WKH\ FDQ�

RQH SURFHHGV DV LQ WKH 611 FDVH� ,I WKH\ FDQQRW� WKHQ WKH &R[�W\SH WHVW VWDWLVWLF QR ORQJHU KDV

D VWDQGDUG QRUPDO OLPLWLQJ GLVWULEXWLRQ� ,W FDQ EH VKRZQ �9XRQJ� ����� WKDW LW FRQYHUJHV WR D

ZHLJKWHG VXP RI &KL�VTXDUH GLVWULEXWLRQ���

7DEOH �� SUHVHQWV WKH HVWLPDWHV IRU WKH WHVW VWDWLVWLFV IRU SDLU�ZLVH FRPSDULVRQV RI DOO PRGHOV�

JLYHQ D UDQGRP FRHpFLHQWV GHPDQG VSHFLnFDWLRQ� ,Q HDFK URZ LV WKH �QXOO� PRGHO EHLQJ WHVWHG

DQG LQ HDFK FROXPQ LV WKH DOWHUQDWLYH EHLQJ XVHG WR WHVW LW� ,I WKH DOWHUQDWLYH PRGHO LV SHUIRUPLQJ

WRR ZHOO� WKHQ WKH QXOO PRGHO LV UHMHFWHG E\ D ODUJH DQG VLJQLnFDQW WHVW VWDWLVWLF� $IWHU GRLQJ WKH

SDLU�ZLVH FRPSDULVRQ� WKH PRGHO WKDW DVVXPHV ]HUR ZKROHVDOH PDUJLQ DQG LQ ZKLFK UHWDLOHUV KDYH

SULFLQJ GHFLVLRQV SURYLGHV WKH EHVW nW� ,W RXWSHUIRUPV RWKHU PRGHOV DW �� VLJQLnFDQFH VLQFH DOO

HOHPHQWV RI WKH FROXPQ FRUUHVSRQGHQW WR WKLV PRGHO �ODEHOHG ���� DUH ODUJHU WKDQ WKH FULWLFDO YDOXH�

7KLV OHDGV WR D UHMHFWLRQ RI WKH QXOO PRGHOV LQ HDFK URZ DJDLQVW PRGHO ���� 7KH EHVW PRGHO DOVR

HVFDSHV UHMHFWLRQ DJDLQVW DQ\ DOWHUQDWLYH VSHFLnHG VLQFH DOO WKH HOHPHQWV LQ WKH URZ FRUUHVSRQGHQW

WR PRGHO ��� DUH OHVV WKDQ WKH FULWLFDO YDOXH IRU DOO DOWHUQDWLYHV FRQVLGHUHG� 7KH ?VHFRQG SODFH�

PRGHO VHHPV WR EH PRGHO �� WKH PRQRSROLVW PRGHO� ,W LV RQO\ UHMHFWHG E\ WKH EHVW PRGHO DQG E\ WKH

PRGHO WKDW DVVXPHV WKDW WKHUH DUH QR UHWDLO PDUJLQV DQG WKDW PDQXIDFWXUHUV DUH VHWWLQJ WKH SULFHV�

��7KHVH GLUHFWLRQDO DQG V\PPHWULF WHVWV KDYH EHHQ GHULYHG LQ WKH FRQWH[W RI OLNHOLKRRG UDWLR WHVWV� ([WHQGLQJ WKHP
WR *00 LV WKH REMHFW RI D FRPSDQLRQ SURMHFW VWLOO LQ SURJUHVV�

��)RU H[SUHVVLRQV RI WKH WHVW VWDWLVWLFV� WKHLU DV\PSWRWLF GLVWULEXWLRQV DQG RWKHU GHWDLOV� SOHDVH VHH 3DUW ,,,�
��6HH 'XELQ DQG 5LYHUV ������ IRU VXEURXWLQHV WR FRPSXWH WKH FXPXODWLYH GLVWULEXWLRQ RI D ZHLJKWHG VXP RI

&KL�VTXDUH GLVWULEXWLRQ�

��



)RU WKH /RJLW GHPDQG VSHFLnFDWLRQ� WKH UDQNLQJ LQ WHUPV RI WKH WZR EHVW PRGHOV LV LQYDULDQW� 7KH

UDQNLQJ RI WKH GLmHUHQW PRGHOV LV DOVR LQYDULDQW IRU WKH DGGLWLRQDO GHPDQG VSHFLnFDWLRQV WKDW DUH

SUHVHQWHG LQ 7DEOH ��� ZKLFK VKHGV VRPH HYLGHQFH IRU WKH UREXVWQHVV RI WKH UHVXOWV ZLWK UHVSHFW WR

GHPDQG�VLGH DVVXPSWLRQV�

�� 'LVFXVVLRQ

7KH SXUSRVH RI WKLV SDSHU LV WR SUHVHQW D PHWKRG WR DQDO\]H YHUWLFDO FRQWUDFWV� $OWHUQDWLYH PRGHOV

RI FRPSHWLQJ PDQXIDFWXUHUV
 DQG UHWDLOHUV
 GHFLVLRQ�PDNLQJ DUH XVHG WR GHWHUPLQH ZKHWKHU FRQ�

WUDFWLQJ LQ WKH VXSHUPDUNHW LQGXVWU\ IROORZV WKH GRXEOH PDUJLQDOL]DWLRQ SULFLQJ PRGHO RU ZKHWKHU

PRUH HpFLHQW FRQWUDFWLQJ VROXWLRQV DUH XVHG� 7KLV SDSHU H[WHQGV WKH OLWHUDWXUH LQ DQDO\]LQJ YHUWLFDO

FRQWUDFWV LQ DV PXFK DV LW FRQVLGHUV PXOWLSOH UHWDLOHUV DQG GRHV QRW UHTXLUH WKH QHHG WR REVHUYH

GDWD RQ ZKROHVDOH SULFHV� 7KH DSSURDFK� JLYHQ GHPDQG HVWLPDWHV� LV WR FRPSXWH SULFH�FRVW PDUJLQV

IRU UHWDLOHUV DQG PDQXIDFWXUHUV LPSOLHG E\ DOWHUQDWLYH YHUWLFDO FRQWUDFWLQJ PRGHOV DQG WR FRQIURQW

WKRVH ZLWK SULFH�FRVW PDUJLQV REWDLQHG IURP GLUHFW HVWLPDWHV RI FRVW� ,Q WKH PRUH HpFLHQW FRQWUDFWV

FRQVLGHUHG� YLD YHUWLFDO LQWHJUDWLRQ� FROOXVLRQ RU EDUJDLQLQJ SRZHU� WKH GRXEOH PDUJLQDOL]DWLRQ H[WHU�

QDOLW\ LPSRVHG E\ WKH UHWDLOHUV GLVDSSHDUV� &RQVHTXHQWO\ WKH VXP RI UHWDLOHUV
 DQG PDQXIDFWXUHUV


SURnWV PD\ LQFUHDVH���

)RU WKH PDUNHW , VWXG\� WKH UHVXOWV UXOH RXW GRXEOH PDUJLQDOL]DWLRQ� ,Q SDUWLFXODU� WKH\ VXJ�

JHVW WKDW� RQ WKH PDUJLQ� PDQXIDFWXUHUV DUH SULFLQJ DW PDUJLQDO FRVW DQG WKDW UHWDLO SULFHV DUH

WKH XQFRQVWUDLQHG SURnW PD[LPL]LQJ SULFHV� 7KLV UHVXOW LV FRQVLVWHQW ZLWK VHYHUDO VFHQDULRV� )RU

H[DPSOH� WKLV UHVXOW LV FRQVLVWHQW ZLWK QRQ�OLQHDU SULFLQJ E\ PDQXIDFWXUHUV� YLD TXDQWLW\ GLVFRXQWV

RU WZR�SDUW WDULm FRQWUDFWV� ,Q WKH RSWLPDO QRQ�OLQHDU SULFLQJ FRQWUDFW� WKH PDQXIDFWXUHU VHWV WKH

PDUJLQDO ZKROHVDOH SULFH FORVH WR WKH PDQXIDFWXUHU
V PDUJLQDO FRVW IRU WKH UHWDLOHU WR KDYH WKH ULJKW

LQFHQWLYHV ZKHQ VHWWLQJ WKH UHWDLO SULFHV� 7KHQ WKH PDQXIDFWXUHU H[WUDFWV UHYHQXH IURP WKH UHWDLOHUV

YLD D n[HG IHH RU E\ VHOOLQJ WKH QRQ�PDUJLQDO XQLWV DW KLJKHU ZKROHVDOH SULFHV� 7KH H[LVWHQFH RI

TXDQWLW\ GLVFRXQWV LV FRPPRQ SUDFWLFH LQ WKLV LQGXVWU\ ZKLOH DQHFGRWDO HYLGHQFH VXJJHVWV WKDW UHWDLO

VXSHUPDUNHWV GR QRW RIWHQ SD\ n[HG IHHV WR WKHLU PDQXIDFWXUHUV� DQG LI WKH\ GR� WKHVH IHHV DUH QRW

FORVH WR WKH UHWDLO SURnWV� ,QVWHDG� WKHUH VHHP WR EH VXEVWDQWLDO IHHV SDLG E\ WKH PDQXIDFWXUHUV WR WKH

UHWDLOHUV �WKH VR�FDOOHG VORWWLQJ DOORZDQFHV�� 7KH QRQ�H[LVWHQFH RI �RU WKH VPDOO� n[HG IHHV IURP WKH

UHWDLOHUV WR WKH PDQXIDFWXUHUV FRXOG EH H[SODLQHG E\ WKH IDFW WKDW WKHUH DUH PXOWLSOH PDQXIDFWXUHUV

��,Q FHUWDLQ FDVHV� SURnWV PD\ GHFUHDVH DQG WKH PDQXIDFWXUHUV PD\ QRW FKRRVH WKH YHUWLFDOO\ LQWHJUDWHG VROXWLRQ�
DV H�J� LQ 0F *XLUH DQG 6WDHOLQ ������ DQG &RXJKODQ DQG :HUQHUIHOW �������

��



LQ WKLV PDUNHW ZLWK ZKRP WKH UHWDLOHUV FDQ EDUJDLQ PRUH DJJUHVVLYHO\ WKH n[HG IHH GRZQ� WKUHDWHQ�

LQJ WR EX\ IURP DQRWKHU PDQXIDFWXUHU� 7KLV UHVXOW LV DOVR FRQVLVWHQW ZLWK KLJK EDUJDLQLQJ SRZHU RI

WKH UHWDLOHUV WKDW DUH DEOH WR IRUFH WKH ZKROHVDOH SULFHV GRZQ WR PDUJLQDO FRVW� 7KH ERWWRP OLQH LV

WKDW� ZLWKRXW LQIRUPDWLRQ RQ n[HG IHHV� WKH DERYH WKHRUHWLFDO DQG DQHFGRWDO SUHGLFWLRQV FDQQRW EH

WHVWHG DQG RQH FDQQRW IRUPDOO\ LGHQWLI\ ZKLFK LQWHUSUHWDWLRQ RI WKH UHVXOWV DSSOLHV�

$QRWKHU LPSOLFDWLRQ RI WKH UHVXOWV UHODWHV WR WKH SULFLQJ GHFLVLRQ�PDNHUV LQ D SDUWLFXODU LQGXVWU\�

,Q WKH UHODWHG OLWHUDWXUH� WUDGLWLRQDOO\� WKH UHWDLOHUV
 SULFLQJ GHFLVLRQV KDYH EHHQ DVVXPHG DZD\� )RU

WKH PDUNHW , VWXG\� WKLV PRGHO LV RXWSHUIRUPHG E\ WKH DOWHUQDWLYH PRGHO RI UHWDLOHUV KDYLQJ WKH

SULFLQJ GHFLVLRQV� (VWLPDWLQJ WKH SULFH�FRVW PDUJLQV XQGHU WKH DVVXPSWLRQ WKDW PDQXIDFWXUHUV DUH

VHWWLQJ WKH SULFHV DQG UHWDLOHUV DUH QHXWUDO SDVV�WKURXJK LQWHUPHGLDULHV� ZKHQ LQ IDFW UHWDLOHUV DUH

GHFLGLQJ WKH SULFHV� FRXOG OHDG WR ELDV DQG DmHFW WKH FRQFOXVLRQV ZKHQ DFFHVVLQJ PDUNHW SRZHU

LQ D FHUWDLQ LQGXVWU\� )XUWKHUPRUH� WKH ELDV LV H[SHFWHG WR EH PRUH VHULRXV WKH PRUH WKH VHWV RI

SURGXFWV WKDW UHWDLOHUV VHOO DQG WKH VHWV RI SURGXFWV WKDW PDQXIDFWXUHUV VHOO GR QRW FRLQFLGH� 0RUH

EURDGO\� DQG VLQFH UHWDLOHUV PD\ QRW EH D QHXWUDO SDVV�WKURXJK LQWHUPHGLDULHV� ZKHQ DQDO\]LQJ SULFH

G\QDPLFV LQ WKH HFRQRP\ DV D ZKROH� UHWDLO EHKDYLRU DQG UHWDLO PDUNHW FRQGLWLRQV VKRXOG DOVR EH

FRQVLGHUHG LQ DGGLWLRQ WR PDQXIDFWXUHU EHKDYLRU�

)XWXUH UHVHDUFK FRQVLGHUV WKH IDFW WKDW ORRNLQJ DW MXVW RQH FDWHJRU\ PD\ EH UHVWULFWLYH VLQFH

PDQXIDFWXUHUV� UHWDLOHUV DQG FRQVXPHUV PDNH WKHLU SULFLQJ DQG SXUFKDVH GHFLVLRQV LQ WKH FRQWH[W RI

PXOWLSOH FDWHJRULHV��� *LYHQ WKDW FRQVXPHUV SXUFKDVH D EDVNHW RI JRRGV GXULQJ D VKRSSLQJ WULS� D

PXOWLSOH FDWHJRU\ GHPDQG PD\ EH D PRUH UHDOLVWLF IUDPHZRUN WR FRQVLGHU �VHH 3DUW ,9�� ,Q WHUPV RI

SULFLQJ GHFLVLRQV� WKH IDFW WKDW RQH PDQXIDFWXUHU VHOOV SURGXFWV LQ GLmHUHQW SURGXFW FDWHJRULHV DmHFWV

QRW RQO\ LWV SULFLQJ VWUDWHJ\ EXW PD\ SRVVLEO\ EHQHnW LWV EDUJDLQLQJ oH[LELOLW\ ZLWK WKH UHWDLOHUV�

$OVR UHWDLOHUV XVH VWUDWHJLF FDWHJRU\ SULFLQJ WR GULYH FRQVXPHUV LQWR WKH VWRUH DQG LQFUHDVH VDOHV�

)LQDOO\� DQG WR PRWLYDWH IXWXUH HPSLULFDO UHVHDUFK RQ YHUWLFDO FRQWUDFWV� , LOOXVWUDWH KRZ WKH

PHWKRGRORJ\ SURSRVHG LQ WKLV SDSHU FDQ EH DSSOLHG WR DGGUHVV WZR TXHVWLRQV� )LUVW� JLYHQ WKH

HVWLPDWHV RI GHPDQG DQG D PRGHO RI D SUH� DQG SRVW�YHUWLFDO PHUJHU VXSSO\ EHKDYLRU� RQH FDQ

SUHGLFW ZKHWKHU D SRWHQWLDO YHUWLFDO PHUJHU DmHFWV KRUL]RQWDO FRPSHWLWLRQ LQ WKH XSVWUHDP DQG

GRZQVWUHDP PDUNHWV LQYROYHG��� 6HFRQG� DQG UHODWHG WR SDVV�WKURXJK HmHFWV RI IRUHLJQ WUDGH SROLF\�

JLYHQ WKH HVWLPDWHV RI GHPDQG LQ D FHUWDLQ FRXQWU\ IRU D SDUWLFXODU JRRG WKDW LQYROYHV D YHUWLFDO

WUDGLQJ VXSSO\ PRGHO DFURVV GLmHUHQW FRXQWULHV� RQH FDQ DQDO\]H WKH HmHFW RI DQ LQFUHDVH RI D

��)RU WKH UHWDLOHUV DQDO\]HG� \RJXUW VDOHV UHSUHVHQW RQ DYHUDJH RQO\ �� RI WRWDO UHWDLO VDOHV LQ FRQWUDVW WR WKH WZR
ODUJHVW GROODU VDOHV FDWHJRULHV� VRIW GULQNV �� � DQG FHUHDO �� ��

��6HH 0DQXV]DN ������ IRU DQ DQDO\VLV RQ KRZ XSVWUHDP �KRUL]RQWDO� PHUJHUV DmHFW PDUNHW SRZHU LQ WKH UHWDLO
JDVROLQH PDUNHWV�

��



WDULm �GHSUHFLDWLRQ RI WKH H[FKDQJH UDWH� RQ GRPHVWLF RU IRUHLJQ PDUJLQV� 7UDGH SROLF\ PDNHUV

DUH SDUWLFXODUO\ LQWHUHVWHG LQ ZKR DEVRUEV PRVW RI WKH HmHFWV RI D SDUWLFXODU WUDGH SROLF\ �IRUHLJQ

PDUJLQV RU GRPHVWLF PDUJLQV�� 7KDW LV LQ WXUQ GHWHUPLQHG E\ WKH YHUWLFDO UHODWLRQVKLSV EHWZHHQ

GRPHVWLF DQG IRUHLJQ XSVWUHDP RU GRZQVWUHDP nUPV���

7KH TXHVWLRQ LV XQGHU ZKDW FRQGLWLRQV� JLYHQ KDYLQJ RQO\ GDWD RQ DJJUHJDWH TXDQWLWLHV DQG SULFHV

LQ D SDUWLFXODU LQGXVWU\� FDQ RQH HVWLPDWH LI WKH SULFLQJ EHKDYLRU RI PDQXIDFWXUHUV DQG UHWDLOHUV LV

FRQVLVWHQW ZLWK D FHUWDLQ PRGHO RI SULFLQJ EHKDYLRU SUHYLRXVO\ GHnQHG E\ WKH UHVHDUFKHU� 7KH VSHFLDO

FDVH ZKHQ ZKROHVDOH SULFHV DUH QRW REVHUYHG LV FRQVLGHUHG� 7KLV SDUW GLVFXVVHV WKH LGHQWLnFDWLRQ

RI YHUWLFDO VXSSO\ PRGHOV ZKHQ QRW RQO\ PDQXIDFWXUHU SULFLQJ EHKDYLRU EXW DOVR UHWDLO SULFLQJ

EHKDYLRU LQ D FHUWDLQ LQGXVWU\ LV FRQVLGHUHG� ,Q RUGHU WR LGHQWLI\ D YHUWLFDO VXSSO\ PRGHO RQH QHHGV

GHPDQG WR EH FKDQJLQJ RYHU WLPH DQG WKH FXUYDWXUH RI GHPDQG �WKDW DmHFWV WKH GHULYHG GHPDQG

RI PDQXIDFWXUHUV� WR EH FKDQJLQJ RYHU WLPH� ,W LV WKHUHIRUH YHU\ LPSRUWDQW WR KDYH FRQVLVWHQWO\

HVWLPDWHG D YHU\ oH[LEOH GHPDQG PRGHO ZLWK YHU\ oH[LEOH VHFRQG GHULYDWLYHV� 'HSHQGLQJ RQ WKH

YHUWLFDO VXSSO\ PRGHO LQ TXHVWLRQ� PDQXIDFWXUHUV DQG UHWDLOHUV UHDFW GLmHUHQWO\ WR FKDQJHV LQ WKH

FXUYDWXUH RI GHPDQG� ,I PDUJLQDO FRVW LV QRW YDU\LQJ ZLWK TXDQWLW\� , FDQ WUDFH RXW ZKHWKHU WKH

PDQXIDFWXUHUV �IDFLQJ D VKLIWLQJ GHULYHG GHPDQG � RU D FKDQJLQJ FXUYDWXUH RI GHPDQG� DQG WKH

UHWDLOHUV �IDFLQJ D VKLIWLQJ GHPDQG� EHKDYH DFFRUGLQJ WR %HUWUDQG�1DVK SULFLQJ EHKDYLRU �WKH GRXEOH

PDUJLQDOL]DWLRQ PRGHO� RU WR DQRWKHU SULFLQJ EDKDYLRU PRGHO�

9LOODV�%RDV ������ VHOHFWV WKH EHVW DPRQJ D PHQX RI PRGHOV RI YHUWLFDO FRQWUDFWV EHWZHHQ PDQX�

IDFWXUHUV DQG UHWDLOHUV LQ D ORFDO �\RJXUW� PDUNHW��� 7KHUH� WKH nW RI D nQLWH VHW RI PRGHOV� WKDW PD\

EH SODXVLEOH H[SODQDWLRQV IRU WKH YHUWLFDO SULFLQJ EHKDYLRU LQ WKH PDUNHW� LV FRPSDUHG E\ FRQVWUXFW�

LQJ QRQ�QHVWHG WHVWV� 9LOODV�%RDV ������ DVVXPHV WKDW PDUJLQDO FRVW LV FRQVWDQW� $ YHU\ oH[LEOH

GHPDQG PRGHO LV WKHQ HVWLPDWHG DQG LW LV DVVXPHG WKDW GHPDQG LV VHULDOO\ FRUUHODWHG� ,Q WKLV IDVK�

LRQ� WKH GHPDQG UHWDLOHUV DUH IDFLQJ DQG WKH GHULYHG GHPDQG PDQXIDFWXUHUV DUH IDFLQJ DUH FKDQJLQJ

RYHU WLPH GXH WR SDVW SHULRG GHPDQG VKRFNV� *LYHQ WKDW VXSSO\ GRHV QRW VHHP WR EH VLJQLnFDQWO\

VHULDOO\ FRUUHODWHG� SDVW SHULRGV SULFH�FRVW PDUJLQV� WKDW DUH FRUUHODWHG ZLWK SDVW SHULRG GHPDQG

VKRFNV� SOD\ WKH UROH RI WKH H[RJHQRXV GHPDQG DQG FXUYDWXUH VKLIWHUV LQ LGHQWLI\LQJ WKH YHUWLFDO

PRGHOV�

��)RU H[DPSOH� LI LPSRUW SULFHV GR QRW ULVH DV PXFK DV WKH GROODU GHSUHFLDWLRQ �L�H� WKH SDVV�WKURXJK HmHFW LV OHVV
WKDQ RQH�� WKHQ IRUHLJQ SURnW PDUJLQV DUH EHLQJ GLPLQLVKHG �VHH� IRU H[DPSOH� )HHQVWUD ��������

��*DVPL� /DmRQW DQG 9XRQJ ������ XVH DOVR D PHQX DSSURDFK� ZKHUH GLmHUHQW PRGHOV RI FRQGXFW IRU VRIW�GULQN
PDQXIDFWXUHUV DUH FRPSDUHG�

��



�� 5HIHUHQFHV

%HUU\� 6WHYHQ 7�� ����� ?(VWLPDWLQJ 'LVFUHWH�&KRLFH 0RGHOV RI 3URGXFW 'LmHUHQWLDWLRQ�� 5$1'

-RXUQDO RI (FRQRPLFV� ��� 1R� �� SS���������

%HUU\� 6�� -�/HYLQVRKQ DQG $�3DNHV� ����� ?$XWRPRELOH 3ULFHV LQ 0DUNHW (TXLOLEULXP�� (FRQR�

PHWULFD� ��� 1R� �� SS���������

%UHVQDKDQ� 7�� ����� ?'HSDUWXUHV IURP 0DUJLQDO�&RVW 3ULFLQJ LQ WKH $PHULFDQ $XWRPRELOH

,QGXVWU\�� -RXUQDO RI (FRQRPHWULFV� ��� SS���������

%UHVQDKDQ� 7� DQG 3� &� 5HLVV� ����� ?'HDOHU DQG 0DQXIDFWXUHU 0DUJLQV�� 5$1' -RXUQDO RI

(FRQRPLFV� ��� 1R� �� SS���������

%UHVQDKDQ� 7�� ����� ?&RPSHWLWLRQ DQG &ROOXVLRQ LQ WKH $PHULFDQ $XWRPRELOH 2OLJRSRO\� WKH

���� 3ULFH :DU�� -RXUQDO RI ,QGXVWULDO (FRQRPLFV� ��� SS���������

%UHVQDKDQ� 7�� ����� ?(PSLULFDO 6WXGLHV RI ,QGXVWULHV ZLWK 0DUNHW 3RZHU�� LQ 6FKPDODQVHH� 5��

5� '� :LOOLJ HGV�� +DQGERRN RI ,QGXVWULDO 2UJDQL]DWLRQ� 9ROXPH ,,� $PVWHUGDP� 1RUWK +ROODQG�

SS�����������

&DUGHOO� 1� 6FRWW������ ?9DULDQFH &RPSRQHQWV 6WUXFWXUHV IRU WKH ([WUHPH 9DOXH DQG /RJLVWLF

'LVWULEXWLRQV :LWK $SSOLFDWLRQ WR 0RGHOV RI +HWHURJHQHLW\�� (FRQRPHWULF 7KHRU\� �� ���� SS�����

����

&KHYDOLHU� -�$�� $� .� .DVK\DS DQG 3�(� 5RVVL� ?:K\ GRQ
W 3ULFHV 5LVH 'XULQJ 3HULRGV RI 3HDN

'HPDQG" (YLGHQFH IURP 6FDQQHU 'DWD�� 1%(5 :RUNLQJ 3DSHU� 1R� :�����

&KLQWDJXQWD� 3�� $� %RQIUHU DQG ,� 6RQJ� ����� ?6WXG\LQJ WKH ,PSDFW RI 6WRUH %UDQG (QWU\� $Q

DSSOLFDWLRQ RI D 5DQGRP &RHpFLHQWV /RJLW 0RGHO ZLWK $JJUHJDWH 'DWD�� ZRUNLQJ SDSHU � 8QLYHUVLW\

RI &KLFDJR�

��



&KX� :�� ����� ?'HPDQG 6LJQDOLQJ DQG 6FUHHQLQJ LQ &KDQQHOV RI 'LVWULEXWLRQ�� 0DUNHWLQJ 6FL�

HQFH� ��� 1R� �� SS���������

&RUWV� .� 6�� ����� ?&RQGXFW 3DUDPHWHUV DQG WKH 0HDVXUHPHQW RI 0DUNHW 3RZHU�� -RXUQDO RI

(FRQRPHWULFV� ��� SS���������

&RUWV� .� 6�� ����� ?7KH 6WUDWHJLF (mHFWV RI 9HUWLFDO 0DUNHW 6WUXFWXUH� &RPPRQ $JHQF\ DQG

'LYLVLRQDOL]DWLRQ LQ WKH 8� 6� 0RWLRQ 3LFWXUH ,QGXVWU\�� -RXUQDO RI (FRQRPLFV DQG 0DQDJHPHQW

6WUDWHJ\� ��� 1R� �� SS���������

&RXJKODQ� $�7� DQG %� :HUQHUIHOW� ����� ?2Q &UHGLEOH 'HOHJDWLRQ E\ 2OLJRSROLVWV� $ 'LVFXVVLRQ

RI 'LVWULEXWLRQ &KDQQHO 0DQDJHPHQW�� 0DQDJHPHQW 6FLHQFH� ��� 1R� �� SS���������

&R[� '�5�� ����� ?7HVWV RI 6HSDUDWH )DPLOLHV RI +\SRWKHVHV�� 3URFHHGLQJV RI WKH )RXUWK %HUNHOH\

6\PSRVLXP RQ 0DWKHPDWLFDO 6WDWLVWLFV� �� SS���������

'L[LW� $� DQG -� (� 6WLJOLW]� ����� ?0RQRSROLVWLF &RPSHWLWLRQ DQG 2SWLPXP 3URGXFW 'LYHUVLW\��

$PHULFDQ (FRQRPLF 5HYLHZ� ��� SS���������

'UDJDQVND� 0� DQG '� -DLQ� ����� ?3URGXFW�/LQH /HQJWK DQG &RPSHWLWLYH 3ULFLQJ�� ZRUNLQJ

SDSHU� 1RUWKZHVWHUQ 8QLYHUVLW\�

'XEuH� -�3�� ����� ?0XOWLSOH 'LVFUHWHQHVV DQG 3URGXFW 'LmHUHQWLDWLRQ� 6WUDWHJ\ DQG 'HPDQG

IRU &DUERQDWHG 6RIWGULQNV�� ZRUNLQJ SDSHU� 8QLYHUVLW\ RI &KLFDJR�

'XELQ� -� $� DQG '� 0F)DGGHQ� ����� ?$Q (FRQRPHWULF $QDO\VLV RI 5HVLGHQWLDO (OHFWULF $SSOL�

DQFH +ROGLQJV DQG &RQVXPSWLRQ�� (FRQRPHWULFD� ��� 1R� �� SS���������

'XELQ� -� DQG '� 5LYHUV� ����� ?6WDWLVWLFDO 6RIWZDUH 7RROV�� 3DVDGHQD� &DOLIRUQLD ,QVWLWXWH RI

7HFKQRORJ\�

��



)HHQVWUD� 5�&�� ����� ?3DVV�WKURXJK RI WDULmV DQG H[FKDQJH UDWHV�� -RXUQDO RI ,QWHUQDWLRQDO

(FRQRPLFV� ��� SS�������

)ULHGPDQ� -�:� DQG -�) 7KLVVH� ����� ?3DUWLDO &ROOXVLRQ )RVWHUV 0LQLPXP 3URGXFW 'LmHUHQWL�

DWLRQ�� 5$1' -RXUQDO RI (FRQRPLFV� ��� 1R� �� SS���������

*DVPL� )�� -�-� /DmRQW DQG 4� 9XRQJ� ����� ?(FRQRPHWULF $QDO\VLV RI &ROOXVLYH %HKDYLRU LQ D

6RIW�'ULQN 0DUNHW�� -RXUQDO RI (FRQRPLFV DQG 0DQDJHPHQW 6WUDWHJ\� �� SS���������

*RXULHURX[� &� DQG $� 0RQIRUW� ����� ?7HVWLQJ 1RQ�QHVWHG +\SRWKHVHV�� LQ 5�)�(QJOH DQG '� /�

0F)DGGHQ� HGV�� +DQGERRN RI (FRQRPHWULFV� 9ROXPH ,9� $PVWHUGDP� 1RUWK +ROODQG� SS�����������

*UHHQH� :�+�� ����� ?(FRQRPHWULF $QDO\VLV�� �UG (GLWLRQ� 1HZ -HUVH\� 3UHQWLFH�+DOO�

+DQHPDQQ� :� 0�� ����� ?'LVFUHWH�&RQWLQXRXV 0RGHOV RI &RQVXPHU 'HPDQG�� (FRQRPHWULFD�

��� 1R� �� SS���������

+DQVHQ� /�3�� -� +HDWRQ DQG $� <DURQ� ����� ?)LQLWH 6DPSOH 3URSHUWLHV RI 6RPH $OWHUQDWLYH

*00 (VWLPDWRUV�� -RXUQDO RI %XVLQHVV DQG (FRQRPLF 6WDWLVWLFV� �� ���� SS���������

+DXVPDQ� -�� ����� ?6SHFLnFDWLRQ 7HVWV LQ (FRQRPHWULFV�� (FRQRPHWULFD� ��� SS�����������

+DXVPDQ� -�� ����� ?6SHFLnFDWLRQ DQG (VWLPDWLRQ RI 6LPXOWDQHRXV (TXDWLRQV 0RGHOV�� LQ

=� *ULOLFKHV DQG 0� ,QWLOOLJDWRU� HGV�� +DQGERRN RI (FRQRPHWULFV� 9ROXPH ,� $PVWHUGDP� 1RUWK�

+ROODQG� VH]LRQH ��

+DXVPDQ� -�� *� /HRQDUG DQG '� 0F)DGGHQ� ����� ?$ 8WLOLW\ &RQVLVWHQW� &RPELQHG 'LVFUHWH

&KRLFH DQG &RXQW 'DWD 0RGHO�� -RXUQDO RI 3XEOLF (FRQRPLFV� �� ���� SS������

+DXVPDQ� -�� ����� ?9DOXDWLRQ RI 1HZ *RRGV 8QGHU 3HUIHFW DQG ,PSHUIHFW &RPSHWLWLRQ�� LQ

7� %UHVQDKDQ DQG 5� *RUGRQ� HGV�� 7KH (FRQRPLFV RI 1HZ *RRGV� 6WXGLHV LQ ,QFRPH DQG :HDOWK�

��



9RO ��� &KLFDJR� 1DWLRQDO %XUHDX RI (FRQRPLF 5HVHDUFK�

+HFNPDQ� -�-�� ����� ?7KH &RPPRQ 6WUXFWXUH RI 6WDWLVWLFDO 0RGHOV RI 7UXQFDWLRQ� 6DPSOH

6HOHFWLRQ� DQG /LPLWHG 'HSHQGHQW 9DULDEOHV DQG D 6LPSOH (VWLPDWRU IRU 6XFK 0RGHOV�� $QQDOV RI

(FRQRPLF DQG 6RFLDO 0HDVXUHPHQW� �� SS���������

+HQGHO� ,�� ����� ?(VWLPDWLQJ 0XOWLSOH�'LVFUHWH &KRLFH 0RGHOV� $Q $SSOLFDWLRQ WR &RPSXWHUL�

]DWLRQ 5HWXUQV�� 5HYLHZ RI (FRQRPLF 6WXGLHV� ��� SS���������

.DGL\DOL� 9�� 3� &KLQWDJXQWD DQG 1� 9LOFDVVLP� ����� ?0DQXIDFWXUHU�5HWDLOHU &KDQQHO ,QWHUDF�

WLRQV DQG ,PSOLFDWLRQV IRU &KDQQHO 3RZHU� $Q HPSLULFDO LQYHVWLJDWLRQ RI SULFLQJ LQ D ORFDO PDUNHW��

0DUNHWLQJ 6FLHQFH�Y��� Q�� � SS���������

.DGL\DOL� 9�� 1� 9LOFDVVLP DQG 3� &KLQWDJXQWD� ����� ?3URGXFW OLQH H[WHQVLRQV DQG FRPSHWLWLYH

PDUNHW LQWHUDFWLRQV� $Q HPSLULFDO $QDO\VLV�� -RXUQDO RI (FRQRPHWULFV� ��� SS���������

.DW]� 0�� ����� ?9HUWLFDO &RQWUDFWXDO 5HODWLRQV�� LQ 6FKPDODQVHH� 5�� 5� '� :LOOLJ HGV�� +DQG�

ERRN RI ,QGXVWULDO 2UJDQL]DWLRQ� 9ROXPH ,� $PVWHUGDP� 1RUWK +ROODQG� SS���������

0DQXV]DN� 0� '�� ����� ?7KH ,PSDFW RI 8SVWUHDP 0HUJHUV RQ 5HWDLO *DVROLQH 0DUNHWV�� ZRUN�

LQJ SDSHU� &DUQHJLH 0HOORQ 8QLYHUVLW\�

0DWKHZVRQ� *� )� DQG 5� $� :LQWHU� ����� ?$Q (FRQRPLF 7KHRU\ RI 9HUWLFDO 5HVWUDLQWV�� 5DQG

-RXUQDO RI (FRQRPLFV� ��� 1R� �� SS�������

0F)DGGHQ� '�� ����� ?&RQGLWLRQDO /RJLW $QDO\VLV RI 4XDOLWDWLYH &KRLFH %HKDYLRU�� )URQWLHUV RI

(FRQRPHWULFV� 3� =DUHPEND� HGV�� 1HZ <RUN� $FDGHPLF 3UHVV� SS���������

0F)DGGHQ� '�� ����� ?(FRQRPHWULF $QDO\VLV RI 4XDOLWDWLYH 5HVSRQVH 0RGHOV�� LQ =� *ULOLFKHV

DQG 0� ,QWLOOLJDWRU� HGV�� +DQGERRN RI (FRQRPHWULFV� 9ROXPH ,,� $PVWHUGDP� 1RUWK�+ROODQG�

SS�����������

��



0F)DGGHQ� '� DQG .� 7UDLQ� ����� ?0L[HG 01/ 0RGHOV RI 'LVFUHWH 5HVSRQVH�� -RXUQDO RI

$SSOLHG (FRQRPHWULFV� ��� 1R� �� SS���������

0F*XLUH� 7�:� DQG 5� 6WDHOLQ� ����� ?$Q ,QGXVWU\ $QDO\VLV RI 'RZQVWUHDP 9HUWLFDO ,QWHJUD�

WLRQ�� 0DUNHWLQJ 6FLHQFH� �� 1R� �� SS���������

0HVVLQJHU� 3� 5� DQG &� 1DUDVLPKDQ� ����� ? +DV 3RZHU 6KLIWHG LQ WKH *URFHU\ &KDQQHO"��

0DUNHWLQJ 6FLHQFH� 9RO� ��� 1R� �� SS���������

0L]RQ� *� DQG -�)� 5LFKDUG� ����� ?7KH (QFRPSDVVLQJ 3ULQFLSOH DQG LWV $SSOLFDWLRQ WR 1RQ�

QHVWHG +\SRWKHVHV�� (FRQRPHWULFD� ��� SS���������

1DUDVLPKDQ� &� DQG 5�7� :LOFR[� ����� ?3ULYDWH /DEHOV DQG WKH &KDQQHO 5HODWLRQVKLS� $

&URVV�&DWHJRU\ $QDO\VLV�� -RXUQDO RI %XVLQHVV� ��� 1R� �� SS���������

1HYR� $� ����� ?,GHQWLnFDWLRQ RI WKH 2OLJRSRO\ 6ROXWLRQ &RQFHSW LQ D 'LmHUHQWLDWHG�3URGXFWV

,QGXVWU\�� (FRQRPLFV /HWWHUV� ��� SS���������

1HYR� $�� ����� ? $ 3UDFWLWLRQHU
V *XLGH WR (VWLPDWLRQ RI 5DQGRP &RHpFLHQWV /RJLW 0RGHOV

RI 'HPDQG�� -RXUQDO RI (FRQRPLFV 	 0DQDJHPHQW 6WUDWHJ\� �� 1R� �� SS���������

1HYR� $�� ����� ? 0HDVXULQJ 0DUNHW 3RZHU LQ WKH 5HDG\�7R�(DW &HUHDO ,QGXVWU\ �� (FRQRPHW�

ULFD� ��� 1R� �� SS���������

1HZH\ :� DQG '� 0F)DGGHQ� �����?/DUJH 6DPSOH (VWLPDWLRQ DQG +\SRWKHVLV 7HVWLQJ�� LQ 5�)�

(QJOH DQG '� 0F)DGGHQ� HGV�� +DQGERRN RI (FRQRPHWULFV� 9ROXPH ,9�$PVWHUGDP� 1RUWK�+ROODQG�

SS�����������

1HZH\ :� DQG .� :HVW� ����� ? +\SRWKHVLV 7HVWLQJ ZLWK (pFLHQW 0HWKRG RI 0RPHQWV (VWLPD�

WLRQ�� ,QWHUQDWLRQDO (FRQRPLF 5HYLHZ� ��� SS���������

��



5H\� 3� DQG -� 7LUROH� ����� ?7KH /RJLF RI 9HUWLFDO 5HVWUDLQWV�� $PHULFDQ (FRQRPLF 5HYLHZ�

��� SS���������

6FKHUHU� )�� ����� ?,QGXVWULDO 0DUNHW 6WUXFWXUH DQG (FRQRPLF 3HUIRUPDQFH�� VHFRQG HGLWLRQ�

&KLFDJR� 5DQG�0F1DOO\�

6FKPDOHQVHH� 5�� ����� ?0RQRSROLVWLF 7ZR�3DUW 3ULFLQJ $UUDQJHPHQWV�� 5$1' -RXUQDO RI (FR�

QRPLFV� ��� 1R� �� SS���������

6KDmHU� *�� ����� ?6ORWWLQJ $OORZDQFHV DQG 5HVDOH 3ULFH 0DLQWHQDQFH� $ &RPSDULVRQ RI )DFLO�

LWDWLQJ 3UDFWLFHV�� 5DQG -RXUQDO RI (FRQRPLFV� ��� 1R� �� SS���������

6KDmHU� *� DQG '� 3� 2
%ULHQ� ����� ?1RQOLQHDU 6XSSO\ &RQWUDFWV� ([FOXVLYH 'HDOLQJ� DQG

(TXLOLEULXP 0DUNHW )RUHFORVXUH�� -RXUQDO RI (FRQRPLFV 	 0DQDJHPHQW 6WUDWHJ\� �� SS���������

6PLWK� 5� -�� ����� ?1RQ�QHVWHG 7HVWV IRU &RPSHWLQJ 0RGHOV (VWLPDWHG E\ *HQHUDOL]HG 0HWKRG

RI 0RPHQWV�� (FRQRPHWULFD� ��� 1R� �� SS���������

6XGKLU� .�� ����� ?6WUXFWXUDO $QDO\VLV RI 0DQXIDFWXUHU 3ULFLQJ LQ WKH 3UHVHQFH RI D 6WUDWHJLF

5HWDLOHU��0DUNHWLQJ 6FLHQFH� ��� 1R� �� SS���������

7LUROH� -�� ����� 7KH 7KHRU\ RI ,QGXVWULDO 2UJDQL]DWLRQ� &DPEULGJH� 7KH 0,7 3UHVV�

9LOODV�%RDV� -�0� DQG <� =DR� ����� ?7KH .HWFKXS 0DUNHWSODFH� 5HWDLOHU� 0DQXIDFWXUHUV DQG

,QGLYLGXDO &RQVXPHUV�� ZRUNLQJ SDSHU� 8QLYHUVLW\ RI &DOLIRUQLD� %HUNHOH\�

9XRQJ� 4�+�� ����� ?/LNHOLKRRG 5DWLR 7HVWV IRU 0RGHO 6HOHFWLRQ DQG 1RQ�1HVWHG +\SRWKHVHV��

(FRQRPHWULFD� ��� 1R� �� SS���������

:KLWH� +� ����� ?$ +HWHURVNHGDVWLFLW\�FRQVLVWHQW FRYDULDQFH 0DWUL[ (VWLPDWRU DQG D 'LUHFW

7HVW IRU +HWHURVNHGDVWLFLW\�� (FRQRPHWULFD� ��� 1R� �� SS���������

��



�� $SSHQGL[ �� 6ROXWLRQ IRU D 6LPSOH � E\ � E\ � 0RGHO IRU 6XSSO\

7KLV DSSHQGL[ SUHVHQWV WKH H[SUHVVLRQV IRU WKH UHWDLOHUV
 DQG PDQXIDFWXUHUV
 SULFH�FRVW PDUJLQV LQ D

?VLPSOH� PRGHO IRU WKH VXSSO\ VLGH ZLWK WZR PDQXIDFWXUHUV ZKR VHOO WZR SURGXFWV WR WZR UHWDLOHUV�

7KLV LV GRQH JLYHQ D /RJLW GHPDQG PRGHO DQG WKHQ JLYHQ WKH UDQGRP FRHpFLHQWV PRGHO IRU GHPDQG�

,Q SDUWLFXODU� , IRFXV RQ WKH VXSSO\ PRGHO RI GRXEOH PDUJLQDOL]DWLRQ VLQFH WKH SULFH�FRVW PDUJLQV IRU

WKH RWKHU VXSSO\ VFHQDULRV FRQVLGHUHG LQ WKLV SDSHU FDQ EH GHULYHG IURP WKH IRUPXODH RI WKH GRXEOH

PDUJLQDOL]DWLRQ SULFH�FRVW PDUJLQV E\ FKDQJLQJ WKH RZQHUVKLS PDWULFHV DFFRUGLQJO\� ([SUHVVLRQV

IRU WKH FUXFLDO PDWULFHV IRU REWDLQLQJ WKH UHWDLOHUV
 DQG WKH PDQXIDFWXUHUV
 SULFH�FRVW PDUJLQV DUH

SURYLGHG� 7KHVH FUXFLDO PDWULFHV DUH�

�� 7KH UHWDLO DQG PDQXIDFWXUHU RZQHUVKLS PDWULFHV �7U DQG 7Z�� ZLWK JHQHUDO HOHPHQWV 7U�M� N�  

� LI ERWK SURGXFWV M DQG N DUH VROG DW WKH VDPH UHWDLOHU �DQG ]HUR RWKHUZLVH� DQG 7Z�M� N�  � LI

ERWK SURGXFWV M DQG N DUH SURGXFHG E\ WKH VDPH PDQXIDFWXUHU �DQG ]HUR RWKHUZLVH��

�� 7KH UHWDLOHU
V UHVSRQVH PDWUL[ cU FRQWDLQLQJ WKH GHULYDWLYHV RI WKH VKDUHV ZLWK UHVSHFW WR DOO

UHWDLO SULFHV�

�� 7KH PDQXIDFWXUHU
V UHVSRQVH PDWUL[ cZ FRQWDLQLQJ WKH GHULYDWLYHV RI WKH VKDUHV ZLWK UHVSHFW

WR DOO ZKROHVDOH SULFHV�

7KH WKLUG PDWUL[ LV YHU\ FRPSOLFDWHG WR REWDLQ� ZKLOH WKH RWKHUV DUH YHU\ VWUDLJKWIRUZDUG� $

SURFHGXUH WR REWDLQ cZ LV GHVFULEHG DQG LQWHUPHGLDU\ H[SUHVVLRQV KDQG\ IRU FRPSXWHU FRGLQJ DUH

SURYLGHG�

7KH UHVW RI WKLV DSSHQGL[ LV RUJDQL]HG DV IROORZV� 7KH RZQHUVKLS PDWULFHV DUH GHULYHG nUVW DQG

WKHQ WKH H[SUHVVLRQV IRU WKH SULFH�FRVW PDUJLQV LQ WKH GRXEOH PDUJLQDOL]DWLRQ PRGHO DUH REWDLQHG�

$ VKRUW LOOXVWUDWLRQ LV SURYLGHG QH[W RQ KRZ DOO WKH SULFH�FRVW PDUJLQV LQ WKH RWKHU VXSSO\ PRGHOV

FRQVLGHUHG DUH GHULYHG� )LQDOO\� H[SUHVVLRQV IRU WKH UHVSRQVH PDWULFHV cU DQG cZ DUH JLYHQ�

���� 7KH 2ZQHUVKLS 0DWULFHV

7KH FDVH RI WZR PDQXIDFWXUHUV D DQG E SURGXFLQJ RQH JRRG HDFK� ZKLFK WKH\ VHOO WR WZR UHWDLOHUV

� DQG � LV FRQVLGHUHG� )XUWKHUPRUH� DQG IRU WKH SXUSRVH RI LOOXVWUDWLQJ WKH SULFH�FRVW PDUJLQV IRU

VFHQDULR �� LW LV DVVXPHG WKDW WKH JRRG SURGXFHG E\ PDQXIDFWXUHU D LV D SULYDWH ODEHO RI UHWDLOHU

�� 7KLV LPSOLHV� JLYHQ WKH GHnQLWLRQ RI SURGXFWV LQ WKLV SDSHU� WKDW WKHUH DUH WKUHH SURGXFWV LQ

WKLV PRGHO� /HW SURGXFW D� EH WKH SULYDWH ODEHO SURGXFHG E\ PDQXIDFWXUHU D DQG VROG WR UHWDLOHU

�� 3URGXFW E� LV SURGXFHG E\ PDQXIDFWXUHU E DQG VROG WR UHWDLOHU � DQG SURGXFW E� LV SURGXFHG E\

PDQXIDFWXUHU E DQG VROG WR UHWDLOHU �� 7KLV LPSOLHV WKDW WKH UHWDLOHU
V �7U� DQG WKH ZKROHVDOHU
V �7Z�

��



RZQHUVKLS PDWULFHV DUH JLYHQ E\

7U  
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� � �

� � �

�
���� DQG 7Z  

�
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� � �

� � �

� � �

�
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���� 'RXEOH 0DUJLQDOL]DWLRQ 0RGHO

,Q WKLV PRGHO WKH PDQXIDFWXUHUV VHW WKHLU SULFHV nUVW DQG WKHQ WKH UHWDLOHUV IROORZ� (DFK RQH RI WKH

WZR UHWDLOHUV PD[LPL]HV KLV SURnW IXQFWLRQ JLYHQ E\

{UW  
;
Mq6UW

K
SMW b SZMW b FUMW

L
VMW�S� IRU U  �� � ����

ZKHUH 6UW LV WKH VHW RI SURGXFWV VROG E\ UHWDLOHU U LQ ZHHN W� SMW LV WKH UHWDLO SULFH� S
Z
MW LV WKH ZKROHVDOH

SULFH KH SD\V� FUM LV WKH UHWDLOHU
V PDUJLQDO FRVW DQG VMW�S� LV WKH SURGXFW
V PDUNHW VKDUH� 7KH nUVW

RUGHU FRQGLWLRQV� DVVXPLQJ D SXUH VWUDWHJ\ 1DVK�HTXLOLEULXP LQ SULFHV� DUH

VMW �
;

P D� �E� �E�

7U�P� M� >SPW b SZPW b FUPW@
#VPW

#SMW
 � IRU M  D�� E�� E� ����

RU LQ PDWUL[ QRWDWLRQ

�
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#VD�
#SD�

#VE�
#SD�

�
#VD�
#SE�

#VE�
#SE�

�

� � #VE�
#SE�

�
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SD� b SZD� b FUD�

SE� b SZE� b FUE�

SE� b SZE� b FUE�
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VD�

VE�

VE�
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'HnQH >$ e%@ DV WKH HOHPHQW E\ HOHPHQW PXOWLSOLFDWLRQ RI WKH WZR PDWULFHV RI WKH VDPH GLPHQ�

VLRQV $ DQG %� 7KHQ XVLQJ WKH RZQHUVKLS PDWUL[ QRWDWLRQ DQG VROYLQJ IRU WKH SULFH�FRVW PDUJLQV

\LHOGV

�
����

SD� b SZD� b FUD�

SE� b SZE� b FUE�

SE� b SZE� b FUE�
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#VD�
#SD�

#VE�
#SD�

#VE�
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#VD�
#SE�

#VE�
#SE�

#VE�
#SE�

#VD�
#SE�

#VE�
#SE�

#VE�
#SE�
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�
����
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VD�

VE�

VE�

�
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:ULWLQJ WKH SULFH�FRVW PDUJLQV IRU DOO SURGXFWV LQ YHFWRU QRWDWLRQ JLYHV WKH LPSOLHG SULFH�FRVW

PDUJLQV IRU WKH UHWDLOHUV

Sb SZ b FU  b>7U ecU@
b�V�S�� ����

��



ZKLFK LV D V\VWHP RI WKUHH LPSOLFLW IXQFWLRQV WKDW H[SUHVVHV WKH WKUHH UHWDLO SULFHV DV D IXQFWLRQ RI

WKH ZKROHVDOH SULFHV�

/RRNLQJ QRZ DW WKH PDQXIDFWXUHUV� WKH\ PD[LPL]H WKHLU SURnWV FKRRVLQJ WKH ZKROHVDOH SULFHV SZ

NQRZLQJ WKDW WKH UHWDLOHUV EHKDYH DFFRUGLQJ WR ����� 7KH nUVW�RUGHU FRQGLWLRQV DUH� DVVXPLQJ DJDLQ

SXUH VWUDWHJ\ 1DVK�(TXLOLEULXP LQ WKH ZKROHVDOH SULFHV�

�
�����

#VD�
#SZD�

� �

� #VE�
#SZ

E�

#VE�
#SZ

E�

� #VE�
#SZ
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#VE�
#SZ
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SZD� b FZD�

SZE� b FZE�

SZE� b FZE�
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VE�

VE�
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6ROYLQJ IRU WKH SULFH�FRVW PDUJLQV RI WKH PDQXIDFWXUHUV DQG XVLQJ WKH RZQHUVKLS PDWUL[ QRWDWLRQ

\LHOGV �
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#VD�
#SZD�

#VE�
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#VE�
#SZD�

#VD�
#SZ
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RU VKRUW

�SZW b FZW �  b>7Z ecZ@
b�VW�S�� ����

ZKHUH FZ LV WKH PDQXIDFWXUHU
V PDUJLQDO FRVW�

���� 7KH 2WKHU 6XSSO\ 0RGHOV

7KH SULFH�FRVW PDUJLQV RI WKH RWKHU VXSSO\ PRGHOV FRQVLGHUHG FDQ EH REWDLQHG IURP HTXDWLRQV ����

DQG ���� E\ FKDQJLQJ WKH RZQHUVKLS PDWULFHV DFFRUGLQJO\� )LUVW� IRU WKH PRGHO WKDW DVVXPHV ]HUR

PDQXIDFWXUHU PDUJLQV DQG UHWDLOHUV KDYLQJ WKH SULFLQJ GHFLVLRQV �6FHQDULR � &DVH ��� WKH SULFH�FRVW

PDUJLQV IRU WKH PDQXIDFWXUHUV DUH ]HUR IRU DOO SURGXFWV� VLQFH SZ  FZ DQG WKH SULFH�FRVW PDUJLQV

IRU WKH UHWDLOHUV DUH JLYHQ E\ �����

6HFRQG� IRU WKH PRGHO WKDW DVVXPHV ]HUR UHWDLO PDUJLQ DQG LQ ZKLFK WKH PDQXIDFWXUHUV KDYH WKH

SULFLQJ GHFLVLRQ �6FHQDULR � &DVH ��� WKH SULFH�FRVW PDUJLQV IRU WKH UHWDLOHUV DUH ]HUR IRU DOO SURGXFWV

VLQFH S  FU � SZ� 7KH SULFH�FRVW PDUJLQV IRU WKH PDQXIDFWXUHUV DUH JLYHQ E\ ���� ZLWK WKH RQO\

FKDQJH WKDW WKH RZQHUVKLS PDWUL[ LQ WKH H[SUHVVLRQ LV QRZ 7Z DQG QRW 7U�

7KLUG� IRU WKH +\EULG PRGHO �6FHQDULR ��� UHWDLOHU � LV YHUWLFDOO\ LQWHJUDWHG ZLWK UHVSHFW WR LWV

RZQ SULYDWH ODEHO D�� WKHUHIRUH SZD�  FZD�� &RPSDUHG WR VFHQDULR �� WKLV KDV QR LPSDFW LQ WKH

SULFH�FRVW PDUJLQV RI WKH FRPSHWLQJ UHWDLOHU � DQG RI WKH RWKHU EUDQGV VROG E\ UHWDLOHU �� 7KLV

LV GXH WR WKH IDFW WKDW WKH SULYDWH ODEHO EUDQG D� LV QRW VROG DW WKH RWKHU UHWDLOHU� 7KHUHIRUH WKH

��



UHWDLO SULFH�FRVW PDUJLQV DUH JLYHQ DJDLQ E\ ����� 2Q WKH FRQWUDU\� E\ YHUWLFDOO\ LQWHJUDWLQJ LQWR WKH

XSVWUHDP LQGXVWU\� WKH UHWDLOHU DmHFWV WKH SULFH�FRVW PDUJLQV RI WKH RWKHU PDQXIDFWXUHUV VLQFH SZD�

LV QRW RSWLPL]HG RYHU� 3ULFH�FRVW PDUJLQV IRU WKH PDQXIDFWXUHUV DUH REWDLQHG IURP ���� E\ LJQRULQJ

DOO URZV DQG FROXPQV WKDW FRUUHVSRQG WR WKH nUVW SURGXFW D�� 7KLV \LHOGV
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,Q WHUPV RI WKH HFRQRPLF LQWXLWLRQ� E\ YHUWLFDOO\ LQWHJUDWLQJ LQWR WKH XSVWUHDP PDUNHW WKH UHWDLOHU

HOLPLQDWHG WKH GRXEOH PDUJLQ LQ LWV RZQ SURGXFW� 6R PDQXIDFWXUHUV RI RWKHU SURGXFWV VHH WKH nQDO

UHWDLO SULFH RI SURGXFW D� IDOO� $FFRUGLQJO\� GHPDQG IRU WKH SURGXFWV WKDW WKH\ SURGXFH FKDQJHV

DQG WKH\ QHHG WR DGMXVW WKHLU RZQ ZKROHVDOH SULFHV� VLQFH WKH RQHV WKDW WKH\ ZHUH FKDUJLQJ EHIRUH

DUH QR ORQJHU RSWLPDO�

)RXUWK� LQ WKH PDQXIDFWXUHU FROOXVLRQ PRGHO �6FHQDULR ��� LI PDQXIDFWXUHUV DUH FROOXGLQJ� WKH

UHOHYDQW RZQHUVKLS PDWUL[ IRU WKH PDQXIDFWXUHUV LV 7�� DQ RZQHUVKLS PDWUL[ IXOO RI RQHV� ,W LV DV LI

D VLQJOH PDQXIDFWXUHU ZDV GHFLGLQJ WKH ZKROHVDOH SULFHV IRU DOO WKH SURGXFWV� )RU WKH UHWDLOHUV� WKH

UHOHYDQW RZQHUVKLS PDWUL[ LV VWLOO 7U� 7KH SULFH�FRVW PDUJLQV IRU UHWDLOHUV DUH WKH VDPH DV LQ VFHQDULR

�� JLYHQ E\ ����� 7KH SULFH�FRVW PDUJLQV IRU WKH PDQXIDFWXUHUV DUH JLYHQ E\ ���� EXW VXEVWLWXWLQJ

7Z E\ 7�� WKDW LV�
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)LIWK� LQ WKH UHWDLO FROOXVLRQ PRGHO �6FHQDULR ��� WKH SULFH�FRVW PDUJLQV IRU WKH UHWDLOHUV DUH JLYHQ

E\ ���� FKDQJLQJ WKH RZQHUVKLS PDWUL[ WR 7� VLQFH WKH\ DUH WKH RQHV FROOXGLQJ QRZ� 7KH SULFH�FRVW

PDUJLQV IRU PDQXIDFWXUHUV DUH WKH VDPH DV LQ VFHQDULR �� JLYHQ E\ HTXDWLRQ �����

6L[WK DQG nQDOO\� LQ WKH PRQRSROLVW PRGHO �6FHQDULR ��� WKH UHOHYDQW RZQHUVKLS PDWUL[ LV 7�� D

PDWUL[ IXOO RI RQHV� VLQFH MRLQW SURnW PD[LPL]DWLRQ LV GRQH� 7KH VXP RI UHWDLOHUV
 DQG ZKROHVDOHUV


SULFH�FRVW PDUJLQV DUH JLYHQ E\ ���� ZLWK WKH XQLWDU\ RZQHUVKLS PDWUL[ LQVWHDG RI 7U�

���� 7KH 5HVSRQVH 0DWUL[ cU

cU LV D PDWUL[ ZLWK GHULYDWLYHV RI DOO VKDUHV ZLWK UHVSHFW WR DOO UHWDLO SULFHV� ZLWK JHQHUDO HOHPHQW

cU�M� N�  
pVN
pSM
� )RU WKH /RJLW PRGHO� LWV H[SUHVVLRQ LV VWUDLJKWIRUZDUG�
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bmVE�VD� mVE���b VE�� bmVE�VE�

bmVE�VD� bmVE�VE� m��b VE��VE�
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)RU WKH UDQGRP FRHpFLHQWV PRGHO� cU LV FRPSXWHG E\ VLPXODWLRQ� *LYHQ 1V UDQGRP GUDZV RI

XQREVHUYHG DQG REVHUYHG FRQVXPHU FKDUDFWHULVWLFV�

cU  
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31V

Q � mQVD��Q�� b VD��Q� b

31V

Q � mQVD��QVE��Q b

31V
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31V
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7KH WHUP mQ LV WKH PDUJLQDO XWLOLW\ RI SULFH IRU D FHUWDLQ FRQVXPHU Q DQG LV JLYHQ E\

mQ  m � bm'Q �imYQ

ZKHUH m LV WKH PHDQ DFURVV FRQVXPHUV RI WKH PDUJLQDO XWLOLW\ RI SULFH� 'Q DUH WKH REVHUYHG

FKDUDFWHULVWLFV RI FRQVXPHU Q� YQ DUH WKH XQREVHUYHG FKDUDFWHULVWLFV RI FRQVXPHU Q� bm LV WKH nUVW

FROXPQ RI b DQG im LV WKH nUVW HOHPHQW RI i� 6HH DOVR HTXDWLRQV ��� DQG ��� LQ WKH SDSHU IRU WKH

KHWHURJHQHLW\ VSHFLnFDWLRQ�

���� 7KH 5HVSRQVH 0DWUL[ cZ

7KLV PDWUL[ cZ FRQWDLQV WKH GHULYDWLYHV RI DOO VKDUHV ZLWK UHVSHFW WR DOO ZKROHVDOH SULFHV DQG KDV

WKH JHQHUDO HOHPHQW cZ�M� N�  
pVN
pSZ

M

� $Q H[SUHVVLRQ IRU WKLV PDWUL[ LV YHU\ FRPSOLFDWHG HYHQ LQ WKH

/RJLW FDVH� $IWHU QRWLQJ WKDW cZ  c�

ScU� ZKHUH cS LV D PDWUL[ RI GHULYDWLYHV RI DOO WKH UHWDLO

SULFHV ZLWK UHVSHFW WR DOO WKH ZKROHVDOH SULFHV� RQH QHHGV RQO\ WR nQG DQ H[SUHVVLRQ IRU cS WR JHW

cZ� /HW XV VWDUW E\ WRWDOO\ GLmHUHQWLDWLQJ� IRU D JLYHQ M� HTXDWLRQ ���� ZLWK UHVSHFW WR DOO SULFHV

�GSD�� GSE�� GSE�� DQG D ZKROHVDOH SULFH S
Z
I � ZLWK YDULDWLRQ GS

Z
I �

;
N D� �E��E�

>
#VM

#SN
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;
L D��E��E�

�7U�L� M�
#�VL

#SM#SN
�SL b SZL b FUL �� � 7U�N� M�

#VN
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@

_ ^] `
J�M�N�

GSN b 7U�I� M�
#VI

#SM_ ^] `
K�M�I �

GSZI  �� ����

3XWWLQJ DOO M SURGXFWV WRJHWKHU� OHW * EH WKH PDWUL[ ZLWK JHQHUDO HOHPHQW J�M� N� DQG OHW +I EH WKH

- GLPHQVLRQDO YHFWRU ZLWK JHQHUDO HOHPHQW K�M� I�� 7KHQ

* GSb+I GSZI  �� ����

��



6ROYLQJ IRU WKH GHULYDWLYHV RI DOO SULFHV ZLWK UHVSHFW WR WKH ZKROHVDOH SULFH I WKH I �WK FROXPQ RI cS

LV REWDLQHG�
GS

GSZI
 *b�+I � ����

6WDFNLQJ DOO 1 FROXPQV WRJHWKHU� cS  *b�+� ZKLFK KDV WKH GHULYDWLYHV RI DOO SULFHV ZLWK UHVSHFW

WR DOO ZKROHVDOH SULFHV� ZLWK JHQHUDO HOHPHQW �L� M�  
#SM

#SZ
L

�

7KH RQO\ H[SUHVVLRQ LQ ���� WKDW QHHGV WR EH REWDLQHG LV WKH �� E\ � E\ �� +HVVLDQ� D PDWUL[ RI

VHFRQG GHULYDWLYHV RI WKH VKDUHV ZLWK UHVSHFW WR DOO UHWDLO SULFHV� )RU WKH /RJLW FDVH WKH +HVVLDQ LV

JLYHQ E\

#�VLW

#SMW#SNW
 

�!!!!!!!!!�
!!!!!!!!!�

m���b �VLW�VLW�� b VLW� LI L  M  N�

b�m�VLWVMWVNW LI L� M DQG M� N DQG L� N�

m�VLWVMW��VMW b �� LI L� M DQG M  N�

m�VLWVNW��VLW b �� LI L� N DQG L  M�

m�VLWVMW��VLW b �� RWKHUZLVH�

����

7KH +HVVLDQ IRU WKH UDQGRP FRHpFLHQWV PRGHOV LV REWDLQHG E\ VLPXODWLRQ� *LYHQ 1V UDQGRP GUDZV

RI XQREVHUYHG DQG REVHUYHG FRQVXPHU FKDUDFWHULVWLFV� WKH +HVVLDQ LV FRPSXWHG DV

#�VLW

#SMW#SNW
 

�!!!!!!!!!�
!!!!!!!!!�

31V

Q � m
�
Q�� b �VLW�Q�VLW�Q��b VLW�Q� LI L  M  N�

b�
31V

Q � m
�
QVLW�QVMW�QVNW�Q LI L� M DQG M� N DQG L� N�

31V

Q � m
�
QVLW�QVMW�Q��VMW�Q b �� LI L� M DQG M  N�

31V

Q � m
�
QVLW�QVNW�Q��VLW�Q b �� LI L� N DQG L  M�

31V

Q � m
�
QVLW�QVMW�Q��VLW�Q b �� RWKHUZLVH�

�� $SSHQGL[ �� 5DQNLQJ RI 6XSSO\ 0RGHOV� 1RQ�QHVWHG +\SRWKHVLV

7HVWLQJ

7KH WHVWV SUHVHQWHG KHUH KDYH WKH SXUSRVH RI FRPSDULQJ GLmHUHQW VXSSO\ PRGHOV DQG UDQNLQJ WKHP�

)RU WKH VWULFWO\ QRQ�QHVWHG FRPSDULVRQV� , GHULYH �EDVHG RQ 6PLWK� ����� &R[�W\SH WHVWV WR H[DPLQH

WKH EHKDYLRU RI WKH GLmHUHQFH RI WKH *00 FULWHULRQ IXQFWLRQV IRU WZR FRPSHWLQJ PRGHOV XQGHU RQH

RI WKH FRPSHWLQJ K\SRWKHVHV� 7KH WHVWLQJ SURFHGXUH IRU WKH FDVH RI RYHUODSSLQJ PRGHOV LV PRUH

FRPSOLFDWHG WKDQ IRU WKH VWULFWO\ QRQ�QHVWHG FDVHV� $ WZR�VWHS SURFHGXUH DV SURSRVHG LQ 9XRQJ

������ LV GHVFULEHG KHUH�

7KH EDVLF IUDPHZRUN LV DV IROORZV� &RQVLGHU WZR FRPSHWLQJ UHJUHVVLRQ PRGHOV

��



0J � \  ;Jn � XJ

0K � \  ;Ko � XK

ZKHUH� LQ WKH PRGHO� \ LV D YHFWRU RI WKH REVHUYDWLRQV RQ SULFHV IRU DOO SURGXFWV GXULQJ DOO ZHHNV

�WKH GHSHQGHQW YDULDEOH�� ;J DQG ;K DUH �7 E\ QJ� DQG �7 E\ QK� PDWULFHV RI WKH VXSSO\ HTXDWLRQ

UHJUHVVRU YDULDEOHV� UHVSHFWLYHO\� DQG n DQG o DUH SDUDPHWHUV WR EH HVWLPDWHG� ,Q SDUWLFXODU;J �UHVS�

;K� LQFOXGHV LQSXW SULFHV DQG SULFH�FRVW PDUJLQV LPSOLHG E\ PRGHO0J �UHVS� 0K� IRU DOO UHWDLOHUV DQG

DOO PDQXIDFWXUHUV� 6LQFH WKH SULFH�FRVW PDUJLQV LQ ;J �UHVS� ;K� DUH FRUUHODWHG ZLWK WKH XQREVHUYHG

GHWHUPLQDQWV RI SULFH XJ �UHVS� XK� WKHUH DUH NJ ! QJ �UHVS� NK ! QK� LQVWUXPHQWDO YDULDEOHV =J �UHVS�

=K� XVHG WR HVWLPDWH WKH SDUDPHWHUV� 7KXV� (>7
b�= �JXJ@  � �UHVS� (>7

b�= �KXK@  ��� /HW PH GHnQH

WKH WZR VDPSOH PRPHQWV J7 �n� s 7b�= �JXJ DQG K7 �o� s 7b�= �KXK DQG WKH DV\PSWRWLF YDULDQFHV

9J s OLP7��9DUK>7
� �J7 �n��@ DQG 9K s OLP7��9DUJ>7

� �K7 �o��@ ZKHUH 9 DUM��� PHDQV YDULDQFH

WDNHQ ZLWK UHVSHFW WR WKH GHQVLW\ XQGHU 0M IRU M  J� K� /HW A9J �UHVS� A9K� EH FRQVLVWHQW HVWLPDWRUV

RI WKH DV\PSWRWLF YDULDQFHV RI WKH WZR VDPSOH PRPHQWV� 7KH RSWLPDO *00 HVWLPDWRU IRU n� An7 �

PLQLPL]HV J7 �n�
� A9 b�J J7 �n� DQG VDWLVnHV A*

�

7
A9 b�J AJ7  � ZKHUH AJ7 s J7 � An7 � DQG A*7 s U

�

nJ7 �
An7 ��

6LPLODUO\� WKH RSWLPDO *00 HVWLPDWRU Ao PLQLPL]HV K7 �o�
� A9 b�K K7 �o� DQG VDWLVnHV A+

�

7
A9 b�K

AK7  �

ZKHUH AK7 s K7 �Ao7 � DQG A+7 s U
�

oK7 �Ao7 ��

/HW XV DVVXPH IURP QRZ RQ WKDW WKH QXOO K\SRWKHVLV LV +K DQG WKH DOWHUQDWLYH K\SRWKHVLV LV +J

GHnQHG DV

+J � \  ;Jn � XJ DQG n�P  �

+K � \  ;Ko � XK DQG o�P  �

ZKHUH o  �o �P M o
�

F�
� DQG n  �n�P M n

�

F�
�� ,Q SDUWLFXODU� oF �UHVS� nF� DUH SDUDPHWHUV DVVRFLDWHG

ZLWK FRVW VLGH YDULDEOHV DQG oP �UHVS� nP� DUH YHFWRUV RI SDUDPHWHUV DVVRFLDWHG ZLWK WKH SULFH�FRVW

PDUJLQV LPSOLHG E\ PRGHO 0J �UHVS� 0K�� 8QGHU +K

7 � �K7 �o
��

'
� 1NK��� 9K�� ����

&RQVHTXHQWO\�

7 � �AK7  0K 7
� �K7 �o

�� � R3 ���� ����

ZKHUH0K LV GHnQHG DV XVXDO0K s ,NKb+�+
�9 b�K +�b�+ �9 b�K �+ s (K>U

�

oK7 �o
��@ LV WKH SUREDELOLW\

OLPLW WDNHQ XQGHU +K RI A+7 SUHYLRXVO\ GHnQHG�

)RU WKH VWULFWO\ QRQ�QHVWHG �611� FRPSDULVRQV� , XVH &R[�W\SH WHVWV WR H[DPLQH WKH EHKDYLRU RI

��



WKH GLmHUHQFH RI WKH *00 FULWHULRQ IXQFWLRQV IRU WZR FRPSHWLQJ PRGHOV XQGHU RQH RI WKH FRPSHWLQJ

K\SRWKHVHV� $V LQ 6PLWK ������� WKH &R[�W\SH VWDWLVWLF LV FRQVWUXFWHG E\ H[DPLQLQJ WKH EHKDYLRU

XQGHU +K RI WKH GLmHUHQFH RI WKH HVWLPDWHG *00 FULWHULRQ IXQFWLRQV XQGHU +K DQG WKH DOWHUQDWLYH

+J

7 � �>AJ �7
A9 b�J AJ7 b AK

�

7
A9 b�K

AK7 @� ����

7KH SOLP RI ���� XQGHU +K VLPSOLnHV WR

� AJ�7
A9 b�J 7 � �>AJ7 b SOLP�AJ7 �@ � RS���� ����

, QHHG D FRQVLVWHQW HVWLPDWRU IRU SOLPK�AJ� WKDW , GHnQH DV

SOLP�AJ7 �  AJ7 b
A$7
AK7 ����

ZKHUH A$7 LV D �NJ E\ NK� PDWUL[ VXFK WKDW SOLP� A$7 �  $K LV QRQ�QXOO� 7KH LGHD EHKLQG FKRRVLQJ D

FHUWDLQ A$7 LV WR FRQVWUXFW D FRPPRQ VWDWLVWLFDO IUDPHZRUN� , XVH A$7  = �J=K�=
�

K=K�
b�� EXW RWKHU

$7 FRXOG KDYH EHHQ XVHG �VHH 6PLWK� ������ )LQDOO\ WKH &R[�W\SH *00 VWDWLVWLF LV GHnQHG DV

AJ�7
A9 b�J

A$77
� �AK7 ����

DQG LV GLVWULEXWHG DV\PSWRWLFDOO\ QRUPDO ZLWK YDULDQFH Z�� 7KH DV\PSWRWLF YDULDQFH Z� LV HVWLPDWHG

E\

AZ�  >AJ7 b A$7
AK7 @

� A9 b�J
A$7
A0K
A9K A0

�

K
A$�7
A9 b�J >AJ7 b A$7

AK7 @ ����

ZKHUH A0K  ,NK b
A+� A+ � A9 b�K

A+�b� A+ � A9 b�K DQG A+7  = �K;K� 1RUPDOL]HG� VWDQGDUGL]HG DQG FRPSDUHG

WR D VWDQGDUG QRUPDO FULWLFDO YDOXH� D ODUJH SRVLWLYH VWDWLVWLF LQ WKLV RQH�VLGHG WHVW OHDGV WR D UHMHFWLRQ

RI WKH QXOO PRGHO +K DJDLQVW +J�

7KH WHVWLQJ SURFHGXUH IRU WKH FDVH RI RYHUODSSLQJ PRGHOV �29/ DQG $(9� LV PRUH FRPSOLFDWHG

WKDQ IRU WKH VWULFWO\ QRQ�QHVWHG FDVHV� $ WZR�VWHS SURFHGXUH �9XRQJ� ����� KDV WR EH DSSOLHG

ZKHUH LQ WKH nUVW VWHS RQH WHVWV ZKHWKHU ERWK PRGHOV FDQ RU FDQQRW EH GLVFULPLQDWHG� 7KLV nUVW

VWHS LV FDOOHG WKH YDULDQFH WHVW IRU GLVFULPLQDWLRQ� 7KH QXOO K\SRWKHVLV WKDW WKH PRGHOV FDQQRW EH

GLVFULPLQDWHG LV HTXLYDOHQW WR WKH QXOO K\SRWKHVLV WKDW WKH YDULDQFH �� RI WKH &R[�W\SH VWDWLVWLF

�ZKLFK LV WKH GLmHUHQFH RI WKH *00 FULWHULRQ IXQFWLRQV XQGHU +K� LV HTXDO WR ]HUR� 7KH YDULDQFH

VWDWLVWLF JLYHQ ��  � LV GLVWULEXWHG ZHLJKWHG &KL�VTXDUH RU FHQWUDO &KL�VTXDUH� GHSHQGLQJ RQ

ZKHWKHU WKH ?LQIRUPDWLRQ PDWUL[ HTXLYDOHQFLHV��VHH QDPH IRU *00 FRQWH[W� KROG� ,I WKH\ GR WKHQ

WKH OLPLWLQJ GLVWULEXWLRQ LV D FHQWUDO &KL�VTXDUH ZLWK GHJUHHV RI IUHHGRP HTXDO WR WKH VXP RI QXPEHU

��



RI PRPHQWV LQ+K� VD\ NK� DQG +J� VD\ NJ� PLQXV WZLFH WKH UDQN RI WKH NK E\ NJ PDWUL[ RI H[SHFWDWLRQ

RI WKH SURGXFW RI WKH nUVW GHULYDWLYHV RI WKH *00 FULWHULRQ IXQFWLRQV RI WKH WZR FRPSHWLQJ PRGHOV�

*00K DQG *00J� 1��
'
� ���NK�NJb�UDQN�%�� ZKHUH %  (>#*00K

#o
�
#*00J

#n�
@� 1RWH WKDW LQ WKH

QHVWHG FRQWH[W ZKHUH +K LV WKH ODUJHU PRGHO DQG +J LV WKH UHVWULFWLYH PRGHO� LI WKH ODUJHU PRGHO LV

FRUUHFWO\ VSHFLnHG WKHQ WKH OLPLWLQJ GLVWULEXWLRQ LV ���NKbNJ�� ,I LQ WKH nUVW VWHS WKH PRGHOV FDQ EH

GLVFULPLQDWHG� , SURFHHG DV LQ WKH 611 FDVH� ,I WKH\ FDQ
W� WKHQ WKH &R[�W\SH WHVW VWDWLVWLF KDV D

ZHLJKWHG VXP RI &KL�VTXDUH GLVWULEXWLRQ�

��



��� $SSHQGL[ �� 7DEOHV DQG )LJXUHV

'HVFULSWLRQ 0HDQ 0HGLDQ 6WDQGDUG 0D[ 0LQ %UDQG :HHN
'HYLDWLRQ 9DULDWLRQ 9DULDWLRQ

3ULFHV �FHQWV SHU VHUYLQJ� �� �� ��� �� �� ����� ����
)HDWXUH � � LI IHDWXUHG� ���� � ���� � � ����� ����
6HUYLQJV VROG �� VHUYLQJ � RXQFHV� ��� ��� ����� ���� � ����� ����
6KDUH RI SURGXFW ZLWKLQ PDUNHW ��� ��� ��� ��� �� ���� ����� ����
&RPELQHG 6KDUHV RI SURGXFWV ��� �� �� ���� �� ��

&RPELQHG 6KDUHV E\ 0DQXIDFWXUHU ��� 0HDQ 0HGLDQ 6WDQGDUG 0D[ 0LQ
'HYLDWLRQ

'DQQRQ ���� ���� ��� ���� ���
*HQHUDO 0LOOV ��� ��� ��� ���� �
3ULYDWH /DEHO RI 5HWDLOHU � ��� ��� ��� ���� ���
.UDIW ��� ��� ��� ���� ���
3ULYDWH /DEHO RI 5HWDLOHU � ��� ��� ��� ��� ���

&RPELQHG 6KDUHV E\ 5HWDLOHU ��� 0HDQ 0HGLDQ 6WDQGDUG 0D[ 0LQ
'HYLDWLRQ

5HWDLOHU � ��� ��� ��� ��� �
5HWDLOHU � ���� ���� ��� ���� ���
5HWDLOHU � ���� ���� ��� ���� ���

7DEOH �� 3ULFHV� )HDWXUH� 6HUYLQJV 6ROG DQG 0DUNHW 6KDUHV RI 3URGXFWV LQ 6DPSOH� 6XPPDU\
6WDWLVWLFV�
6RXUFH� ,5,�

��



3URGXFW 0DQXIDFWXUHU 5HWDLOHU 3URGXFW 1DPH 3ULFH
,' � 0HDQ 6WG

� .UDIW � %UH\HU /LJKW )UXLW <RJXUW ����� ����
� 'DQQRQ � 'DQQRQ /LJKW 9DQLOOD <RJXUW ����� ����
� 'DQQRQ � 'DQQRQ /LJKW 9DQLOOD <RJXUW ����� ����
� 'DQQRQ � 'DQQRQ /RZIDW 3ODLQ <RJXUW ����� ����
� 'DQQRQ � 'DQQRQ /RZIDW 3ODLQ <RJXUW ����� ����
� 'DQQRQ � 'DQQRQ /RZIDW 3ODLQ <RJXUW ����� ����
� 'DQQRQ � 'DQQRQ /LJKW )UXLW <RJXUW ����� ����
� 'DQQRQ � 'DQQRQ /LJKW )UXLW <RJXUW ����� ����
� 'DQQRQ � 'DQQRQ /LJKW )UXLW <RJXUW ����� ����
�� 'DQQRQ � 'DQQRQ 1RQIDW 3ODLQ <RJXUW ����� ����
�� 'DQQRQ � 'DQQRQ 1RQIDW 3ODLQ <RJXUW ����� ����
�� 'DQQRQ � 'DQQRQ &ODVVLF )ODYRU )UXLW <RJXUW ����� ����
�� 'DQQRQ � 'DQQRQ &ODVVLF )ODYRU )UXLW <RJXUW ����� ����
�� 'DQQRQ � 'DQQRQ &ODVVLF )ODYRU )UXLW <RJXUW ����� ����
�� 'DQQRQ � 'DQQRQ &ODVVLF )ODYRU 9DQLOOD <RJXUW ����� ����
�� 'DQQRQ � 'DQQRQ &ODVVLF )ODYRU 9DQLOOD <RJXUW ����� ����
�� 'DQQRQ � 'DQQRQ &ODVVLF )ODYRU 9DQLOOD <RJXUW ����� ����
�� 'DQQRQ � 'DQQRQ )UXLW RQ WKH %RWWRP <RJXUW ����� ����
�� 'DQQRQ � 'DQQRQ )UXLW RQ WKH %RWWRP <RJXUW ����� ����
�� 'DQQRQ � 'DQQRQ )UXLW RQ WKH %RWWRP <RJXUW ����� ����
�� 6WRUH � � 3ULYDWH /DEHO � /RZIDW )UXLW <RJXUW ����� ����
�� 6WRUH � � 3ULYDWH /DEHO � /RZIDW 3ODLQ <RJXUW ����� ����
�� 6WRUH � � 3ULYDWH /DEHO � /RZIDW 9DQLOOD <RJXUW ����� ����
�� 6WRUH � � 3ULYDWH /DEHO � 1RQIDW )UXLW <RJXUW ����� ����
�� 6WRUH � � 3ULYDWH /DEHO � 1RQIDW 3ODLQ <RJXUW ����� ����
�� 6WRUH � � 3ULYDWH /DEHO � /RZIDW )UXLW <RJXUW ����� ����
�� 6WRUH � � 3ULYDWH /DEHO � /RZIDW 3ODLQ <RJXUW ����� ����
�� .UDIW � /LJKW 1
/LYHO\ 1RQIDW )UXLW <RJXUW ����� ����
�� .UDIW � /LJKW 1
/LYHO\ 1RQIDW )UXLW <RJXUW ����� ����
�� .UDIW � /LJKW 1
/LYHO\ 1RQIDW )UXLW <RJXUW ����� ����
�� .UDIW � /LJKW 1
/LYHO\ /RZIDW )UXLW <RJXUW ����� ����
�� .UDIW � /LJKW 1
/LYHO\ /RZIDW )UXLW <RJXUW ����� ����
�� .UDIW � /LJKW 1
/LYHO\ /RZIDW )UXLW <RJXUW ����� ����
�� *HQHUDO 0LOOV � <RSODLW &XVWDUG 6W\OH /RZIDW )UXLW <RJXUW ����� ����
�� *HQHUDO 0LOOV � <RSODLW &XVWDUG 6W\OH /RZIDW )UXLW <RJXUW ����� ����
�� *HQHUDO 0LOOV � <RSODLW &XVWDUG 6W\OH /RZIDW 9DQLOOD <RJXUW ����� ����
�� *HQHUDO 0LOOV � <RSODLW &XVWDUG 6W\OH /RZIDW 9DQLOOD <RJXUW ����� ����
�� *HQHUDO 0LOOV � <RSODLW )UXLW <RJXUW ����� ����
�� *HQHUDO 0LOOV � <RSODLW )UXLW <RJXUW ����� ����
�� *HQHUDO 0LOOV � <RSODLW )UXLW <RJXUW ����� ����
�� *HQHUDO 0LOOV � <RSODLW /LJKW )UXLW <RJXUW ����� �����
�� *HQHUDO 0LOOV � <RSODLW /LJKW )UXLW <RJXUW ����� ����
�� *HQHUDO 0LOOV � <RSODLW /LJKW )UXLW <RJXUW ����� ����

7DEOH �� ,QIRUPDWLRQ DERXW WKH �� 3URGXFWV LQ 6DPSOH � 3ULFHV�
3ULFH LQ FHQWV SHU VHUYLQJ� 2QH VHUYLQJ LV HTXLYDOHQW WR � RXQFHV RI \RJXUW� 3URGXFW ,' �� )LUVW FROXPQ
KDV WKH SURGXFW LGHQWLnFDWLRQ QXPEHU� 6RXUFH� ,5,�

��



3URGXFW 3&0�e� 3&0�e� 3&0�e� 3&0�e� 3&0�e� 3&0�e� 3&0�e� 3&0�e� 3&0�e� 3&0�e� 3&0�e�

,' � 6���5 6���: 6���& � 6���& � 6���5 6���: 6���5 6���: 6���5 6���: 6��

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

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

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

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

7DEOH �� �FRQW�� ,QIRUPDWLRQ DERXW WKH �� 3URGXFWV LQ 6DPSOH � 3ULFH�&RVW 0DUJLQV �3&0��

�
�� 3&0 $YHUDJH 3ULFH�FRVW 0DUJLQ DFURVV ZHHNV� 3ULFH�&RVW 0DUJLQ �Sb F� S� ZKHUH S LV SULFH DQG F

LV PDUJLQDO FRVW� 6 6FHQDULR� 5 UHWDLO� : ZKROHVDOH� 6��� 'RXEOH 0DUJLQDOL]DWLRQ� 6��� & �� :KROHVDOH

3ULFH DW PDUJLQDO FRVW� 5HWDLOHU SULFLQJ GHFLVLRQV� 6��� & �� =HUR 5HWDLO 0DUJLQ� 0DQXIDFWXUHU SULFLQJ

GHFLVLRQV� 6��� +\EULG PRGHO� 6��� :KROHVDOH FROOXVLRQ� 6��� 5HWDLO FROOXVLRQ� 6��� 0RQRSROLVW� 6RXUFH�

0\ FDOFXODWLRQV� /RJLW 'HPDQG� )RU SURGXFW QDPHV FRUUHVSRQGHQW WR HDFK SURGXFW LGHQWLnFDWLRQ QXPEHU

�3URGXFW ,' �� SOHDVH UHIHU WR SUHYLRXV SDJH LQ WKH IRXUWK FROXPQ RI 7DEOH ��

86$ *HUPDQ\ )UDQFH %XOJDULD 5XVVLD &DQDGD

�e� ���� ���� ���� ���� ���� ����
�ee� ��� �� �� �� � ���

7DEOH �� 86 3HU &DSLWD &RQVXPSWLRQ FRPSDUHG WR VHOHFWHG &RXQWULHV�
5RZ �
�� 3HU FDSLWD ZHHNO\ FRQVXPSWLRQ LQ VHUYLQJV � � VHUYLQJ  � RXQFHV�� 5RZ �

�� 3HU FDSLWD \HDUO\

FRQVXPSWLRQ LQ NJ� ����
V� 6RXUFHV �

�� 86$� (FRQRPLF 5HVHDUFK 6HUYLFH� 86'$� 6WDWLVWLFDO 6HULHV� )RRG

&RQVXPSWLRQ 3ULFHV 	 ([SHQGLWXUHV �������� )LJXUHV IRU *HUPDQ\� )UDQFH� %XOJDULD DQG 5XVVLD� %RVWRQ

&RQVXOWLQJ *URXS � ����� &DQDGD� 6WDWLVWLFV &DQDGD� 0DWUL[ ����� 3HU FDSLWD FRQVXPSWLRQ RI 'DLU\

3URGXFWV� &RQYHUVLRQ �
�� �NJ  �������� VHUYLQJV� � \HDU  �� ZHHNV�

��



6SHFLnFDWLRQ � 6SHFLnFDWLRQ �

6HUYLQJV SHU FDSLWD SHU ZHHN ���� ��� ���� � ���� ��� ���� �

m b���� b���� b���� b���� b���� b���� b���� b����
������ ������ ������ ������ ������ ������ ������ ������

7DEOH �� 6HQVLWLYLW\ $QDO\VLV WR <RJXUW ZHHNO\ SHU FDSLWD FRQVXPSWLRQ DVVXPSWLRQ�
'HSHQGHQW YDULDEOH LQ DOO FROXPQV � WKURXJK � LV OQ�VMW� b OQ�V�W�� 5HJUHVVLRQV LQFOXGH EUDQG GXPP\
YDULDEOHV� ���� REVHUYDWLRQV� :KLWH VWDQGDUG HUURUV DUH LQ SDUHQWKHVLV� m� (VWLPDWH RI PDUJLQDO XWLOLW\
RI SULFH� ,QVWUXPHQWDO 9DULDEOH 6SHFLnFDWLRQ � DVVXPHV WKDW PDUJLQDO FRVW RI WKH VDPH SURGXFW VROG DW
GLmHUHQW UHWDLOHUV LV GLmHUHQW� ZKLOH 6SHFLnFDWLRQ � DVVXPHV WKDW LW LV FRQVWDQW�

'HVFULSWLRQ 0HDQ 0HGLDQ 6WG 0D[ 0LQ

6WRUH � � � LI SURGXFW IURP VWRUH �� ���� b b b b

6WRUH � � � LI SURGXFW IURP VWRUH �� ���� b b b b

7RWDO &DORULHV ����� ��� ����� ��� �
)DW &DORULHV ���� �� ����� �� �
7RWDO )DW �J� ���� ��� ���� ��� �
&KROHVWHURO �PJ� ����� �� ���� �� �
7RWDO &DUERK\GUDWHV �J� ����� �� ����� �� ��
'LHWDU\ )LEHU �J� ���� � ���� � �
6XJDU �J� ���� �� ����� �� ��
3URWHLQ �J� ���� � ���� �� �
9LWDPLQ � � LI SURGXFW KDV YLWDPLQ $ RU &� ���� b b b b

&DOFLXP � � LI SURGXFW KDV PRUH FDOFLXP WKDQ ��� 'DLO\ 9DOXH� ���� b b b b

$VSDUWDPH � � LI SURGXFW KDV $VSDUWDPH� ���� b b b b

)UXLW RQ WKH %RWWRP � � LI \HV� ���� b b b b

$YDLODEOH LQ 'LmHUHQW 6L]HV � � LV \HV� ���� b b b b

1HZ )UXLW )ODYRUV � � LI \HV� ���� b b b b

7DEOH �� &KDUDFWHULVWLFV RI 3URGXFWV LQ 6DPSOH�
6RXUFH� <RJXUW FXSV
 ODEHO�UHDGV�

��



'HVFULSWLRQ 0HDQ 0HGLDQ 6WG 0D[ 0LQ

&LWULF $FLG ���/E� ��� ��� ���� � ����
3ODVWLF �FHQWV�/E� ���� �� ���� ��� ��
6XJDU �FHQWV�/E� � ��� ���� ���� ���
1RQ�IDW *UDGH $ PLON ���/E� � ��� ���� ��� ����
:KH\ 3URWHLQ ���/E� ��� ��� ���� ��� ����
&RUQ ���%XVKHO� ��� ��� ���� ��� ����
6WUDZEHUU\ ���&:7� ��� ��� ���� ��� ����
:DJHV 2KLR �ZHHNO\ HDUQLQJV�QXPEHU KRXUV D ZHHN � ��KRXU� ���� �� ���� ���� ����
/RFDWLRQ RI SODQW IRU 'DQQRQ <RJXUWV� 0LQVWHU 2+�
:DJHV ,OOLQRLV �ZHHNO\ HDUQLQJV�QXPEHU KRXUV D ZHHN � ��KRXU� ���� ���� ��� ���� ����
/RFDWLRQ RI SODQW IRU %UH\HUV� /LJKW 1
/LYHO\ �.UDIW��
0ROHHQD� ,/� ORFDWLRQ RI SODQW IRU 3ULYDWH /DEHO RI 6WRUH � DQG
ORFDWLRQ RI WKH WKUHH UHWDLOHUV�
:DJHV 0LFKLJDQ �ZHHNO\ HDUQLQJV�QXPEHU KRXUV D ZHHN � ��KRXU� �� ���� ���� ���� ����
/RFDWLRQ RI SODQW IRU <RSODLW <RJXUWV� .DODPD]RR� 0,�
:DJHV 2UHJRQ �ZHHNO\ HDUQLQJV�QXPEHU KRXUV D ZHHN � ��KRXU� ���� �� ���� ���� ����
/RFDWLRQ RI SODQW IRU 3ULYDWH /DEHO RI 6WRUH �� &ODFNDPDV� 25�
,QWHUHVW 5DWH �)HGHUDO )XQGV (mHFWLYH 5DWH � �� � ��� � ��� ���
,QWHUHVW 5DWH �&RPPHUFLDO 3DSHU � PRQWKV � �� ��� ��� ���� ��� ���

7DEOH �� ,QSXW 3ULFHV�
6RXUFHV� &LWULF $FLG �&KHPLFDO :HHN�� 3ODVWLF �&KHPLFDO 0DUNHWLQJ 5HSRUWHU�� 6XJDU �&RmHH� 6XJDU DQG
&RFRD ([FKDQJH�� 1RQ�IDW *UDGH $ PLON� :KH\ SURWHLQ �&KHHVH 0DUNHW 1HZV� 86� 'HS� $JULFXOWXUH��
&RUQ� 6WUDZEHUU\ �1DWLRQDO $JULFXOWXUH 6WDWLVWLFV 6HUYLFH� 86� 'HS� $JULFXOWXUH�� :DJHV �&36 $QQXDO
(DUQLQJ )LOH � 1%(5 ���� ,QWHUHVW 5DWHV �)HGHUDO 5HVHUYH��

��



=,3 $UHD � $JH
� �� ��b �� ��b �� ��b �� ��b �� ��b �� ! ��

,QFRPH /HVV WKDQ ��� ��� ��� ��� ��� ��� ��� ��� ��
��� ��� WR ��� ��� ��� ��� ��� ��� ��� ��� ���
���� ��� WR ���� ��� �� ��� ��� ��� ��� ��� ���
���� ��� WR ���� ��� ��� ��� ��� ��� ��� ��� ���
���� ��� WR ���� ��� ��� ��� ��� ��� ��� ��� ���
���� ��� WR ���� ��� �� ���� ���� ��� ��� ��� ��
���� ��� WR ���� ��� �� ��� ��� ��� ��� ��� ��
���� ��� WR ���� ��� � �� ��� ��� ��� �� �
����� ��� RU PRUH � �� �� ��� �� �� ��

=,3 $UHD � $JH
� �� ��b �� ��b �� ��b �� ��b �� ��b �� ! ��

,QFRPH /HVV WKDQ ��� ��� �� ��� ��� ��� ��� ��� ���
��� ��� WR ��� ��� �� �� ��� ��� ��� ��� ���
���� ��� WR ���� ��� ��� ��� ��� ��� ��� ��� ���
���� ��� WR ���� ��� ��� ���� ��� ��� ��� ��� ���
���� ��� WR ���� ��� ��� ���� ��� ��� ��� ��� ���
���� ��� WR ���� ��� ��� ���� ���� ��� ��� ��� ���
���� ��� WR ���� ��� �� ��� ���� ��� ��� ��� ���
���� ��� WR ���� ��� �� ��� ��� ��� ��� �� ��
����� ��� RU PRUH � �� �� ��� �� �� ��

7ZR =,36 $JH
� �� ��b �� ��b �� ��b �� ��b �� ��b �� ! ��

,QFRPH /HVV WKDQ ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� WR ��� ��� ��� ��� ��� ��� ��� ��� ����
���� ��� WR ���� ��� ��� ��� ��� ��� ��� ��� ���
���� ��� WR ���� ��� ��� ���� ���� ��� ���� ���� ���
���� ��� WR ���� ��� ��� ���� ���� ��� ���� ���� ���
���� ��� WR ���� ��� ��� ���� ���� ���� ���� ��� ���
���� ��� WR ���� ��� �� ���� ���� ���� ���� ��� ���
���� ��� WR ���� ��� �� ��� ��� ��� ��� ��� ��
����� ��� RU PRUH � �� ��� ��� ��� �� ��

7DEOH �� 'HPRJUDSKLFV E\ =LS &RGH $UHDV
$JH RI +RXVHKROGHU E\ +RXVHKROG ,QFRPH� 6RXUFH� ���� &HQVXV DW WKH =LS &RGH OHYHO�

��



1R )HDWXUH :LWK )HDWXUH

9DULDEOH 2/6 ,9� ,9� 2/6 ,9� ,9� ,9��e� ,9��e�

3ULFH b���� b���� b���� b���� b���� b���� b���� b����
������ ������ ������ ������ ������ ������ ������ ������

)HDWXUH ���� ���� ���� ���� ����
������ ������ ������ ������ ������

0HDVXUHV RI )LW
5� ���� ����
3ULFH ([RJHQHLW\ 7HVW ����� ����� ����� ����� ����� �����
)HDWXUH ([RJHQHLW\ 7HVW ����� ����
��� FULWLFDO YDOXH ������ ������ ������ ������ ������ ������
7HVW RI 2YHULGHQWLnFDWLRQ ���� ��� ���� ��� ���� ����
��� FULWLFDO YDOXH ����� ����� ����� ����� ����� �����
)LUVW 6WDJH
5� ���� ���� ���� ����
)�6WDWLVWLF ����� ����� ����� �����
:DOG 7HVW� FRVW FRHpFLHQWV  � ���� ���� ���� ����
��� FULWLFDO YDOXH ����� ����� ����� �����

7DEOH �� 5HVXOWV IURP /RJLW 'HPDQG�
'HSHQGHQW YDULDEOH LQ DOO FROXPQV LV OQ�VMW�b OQ�V�W�� 5HJUHVVLRQV LQFOXGH EUDQG GXPP\ YDULDEOHV� ����
REVHUYDWLRQV� :KLWH VWDQGDUG HUURUV DUH LQ SDUHQWKHVLV� ,QVWUXPHQWDO 9DULDEOHV �,9�� IRU SULFHV LQ WKLV
FROXPQ DUH LQSXW SULFHV PXOWLSOLHG E\ �� SURGXFW GXPP\ YDULDEOHV� DVVXPLQJ WKDW PDUJLQDO FRVW GLmHUV
IRU WKH VDPH SURGXFW VROG DW GLmHUHQW UHWDLOHUV �6SHFLnFDWLRQ ��� ,QVWUXPHQWDO 9DULDEOHV �,9�� IRU SULFHV LQ
WKLV FROXPQ DUH LQSXW SULFHV PXOWLSOLHG E\ �� SURGXFW GXPP\ YDULDEOHV� DVVXPLQJ WKDW PDUJLQDO FRVW IRU
WKH VDPH SURGXFW VROG DW GLmHUHQW UHWDLOHUV LV FRQVWDQW �6SHFLnFDWLRQ ��� ,9�
�� 6SHFLnFDWLRQV WKDW DOVR
LQVWUXPHQW IRU IHDWXUH DUH LQ WKHVH ODVW WZR FROXPQV� 6RXUFH� 0\ FDOFXODWLRQV�

��



9DULDEOH 0HDQ LQ SRSXODWLRQ ,QWHUDFWLRQ ZLWK
8QREVHUYDEOHV ,QFRPH $JH

&RQVWDQWe b������ b����� b����� ������
������� ������� ������� �������

3ULFH b����� ������ ����� �����
������� ������� ������� �������

6WRUH � � � LI SURGXFW IURP VWRUH ��e ������ ����� ����� b������
������� ������� ������� �������

6WRUH � � � LI SURGXFW IURP VWRUH ��e ������ ����� ����� b�����
������� ������� ������� �������

7RWDO &DORULHVe b����� ����� ����� b�����
������� ������� ������� �������

)DW &DORULHVe b�����
�������

&KROHVWHURO �PJ�e b�����
�������

7RWDO &DUERK\GUDWHV �J�e �����
�������

'LHWDU\ )LEHU �J�e �����
�������

6XJDU �J�e b�����
�������

3URWHLQ �J�e �����
�������

9LWDPLQ � � LI SURGXFW KDV YLWDPLQ $ RU &�e �����
�������

&DOFLXP � � LI PRUH WKDQ ��� 'DLO\ 9DOXH�e ����� ����� ����� �����
������� ������� ������� �������

$VSDUWDPH � � LI SURGXFW KDV $VSDUWDPH�e b�����
�������

)UXLW RQ WKH %RWWRP � � \HV�e b�����
�������

$YDLODEOH LQ 'LmHUHQW 6L]HV � � LV \HV�e �����
�������

1HZ )UXLW )ODYRUV � � LI \HV�e b������
�������

*00 ������
5� RI */6 UHJUHVVLRQ ����
:HLJKWHG 5� RI */6 UHJUHVVLRQ ����

7DEOH �� 5HVXOWV IURP WKH 5DQGRP &RHpFLHQWV 0RGHO RI 'HPDQG�
�
� ZHUH REWDLQHG IURP D �*/6� UHJUHVVLRQ RI HVWLPDWHG SURGXFW GXPP\ YDULDEOHV RQ SURGXFW FKDUDFWHU�
LVWLFV� ZLWK �� REVHUYDWLRQV� 6WG� 6WDQGDUG HUURUV DUH LQ SDUHQWKHVLV� 6RXUFH� 0\ FDOFXODWLRQV�

��



1R )HDWXUH :LWK )HDWXUH
9DULDEOH *00 1//6 YL  � *00 1//6 YL  �

(VW� �V�H� (VW� �V�H� (VW� �V�H� (VW� �V�H� (VW� �V�H� (VW� �V�H�

0HDQ &RQVWDQW b���������� b���������� b��������� b���������� b���������� b���������
3ULFH b��������� b���������� b��������� b��������� b���������� b���������
)HDWXUH ���������� ���������� ����������
6WRUH � ��������� ���������� ��������� ���������� ���������� ���������
6WRUH � ��������� b���������� ���������� ���������� ���������� ���������
&DORULHV b��������� b���������� b���������� b��������� b���������� b����������
&DOFLXP ��������� b���������� ���������� ��������� ��������� ����������

6WG GHY &RQVWDQW ���������� ���������� ���������� ����������
3ULFH ��������� ���������� ���������� ����������
6WRUH � �������� ���������� ���������� ����������
6WRUH � �������� ���������� ���������� ����������
&DORULHV �������� �������� ��������� ���������
&DOFLXP ��������� ���������� ���������� ����������

,QWHUDFW &RQVWDQW b���������� b��������� b��������� b���������� b���������� b���������
:LWK 3ULFH ���������� ���������� ���������� ���������� ���������� ����������
,QFRPH 6WRUH � ��������� b��������� ���������� ���������� b��������� ����������

6WRUH � ��������� ��������� ���������� ���������� ���������� ����������
&DORULHV �������� �������� �������� �������� ��������� ��������
&DOFLXP ��������� ���������� ���������� ���������� ���������� ����������

,QWHUDFW &RQVWDQW ���������� b���������� ���������� ���������� b���������� ���������
:LWK 3ULFH ���������� ���������� ���������� ���������� ���������� ����������
$JH 6WRUH � b��������� ���������� b��������� b���������� ���������� b����������

6WRUH � b�������� ���������� b��������� b��������� ���������� b����������
&DORULHV b���������� �������� b���������� b���������� �������� �������
&DOFLXP ���������� ��������� ���������� ���������� ���������� ���������

'RXEOH0J
3&0Z ����� ����� ����� ����� ����� �����
3&0U ����� ����� ����� ����� ����� �����
0RQRSROLVW ����� ����� ����� ����� ����� �����
)LUVW 6WDJH
5� ���� ���� ���� ����
:DOG �FU�YDO� ��������� ��������� ��������� ���������
*00�1//6 ����� ���� ����� ����� ���� �����
5� PLQ� GLVW� ���� ���� ���� ���� ���� ����

7DEOH ��� $GGLWLRQDO 6SHFLnFDWLRQV � 5DQGRP &RHpFLHQW 0RGHO RI 'HPDQG�
(VWLPDWHV �(VW�� DQG VWDQGDUG HUURUV LQ SDUHQWKHVLV �V�H� IRU GLmHUHQW VSHFLnFDWLRQV LQ HDFK FROXPQ� &ROXPQ
� SUHVHQWV WKH *00 HVWLPDWHV ZLWKRXW IHDWXUH� FROXPQ � WKH 1//6 IRU WKH VDPH VSHFLnFDWLRQ DQG FROXPQ
� SUHVHQWV WKH *00 HVWLPDWHV ZLWK YL  �� &ROXPQV � WKURXJK � DUH DQDORJRXV WR � WKURXJK � EXW LQFOXGH
IHDWXUH� 6RXUFH� 0\ FDOFXODWLRQV�

��



0HDQ &URVV 3ULFH (ODVWLFLWLHV 5HODWLYH 6XEVWLWXWLRQ
6DPH 6WRUH 3URGXFWV 2WKHU 6WRUH 3URGXFWV

�D� �E� �D���E�
$YHUDJH DFURVV 3URGXFWV ����� ����� �����

$YHUDJH E\ 6WRUH �F� �G� �F���G�
6WRUH � ����� ����� �����
6WRUH � ����� ����� �����
6WRUH � ����� ����� �����

7DEOH ��� 5HODWLYH 6XEVWLWXWLRQ IRU SURGXFWV ZLWKLQ DQG DFURVV VWRUHV�

��



/RJLW 'HPDQG 5DQGRP &RHpFLHQWV 'HPDQG
3URGXFW 2ZQ 3ULFH &URVV�3ULFH (ODVWLFLWLHV 2ZQ 3ULFH
,' � 6WRUH (ODVWLFLW\ �YDU\LQJ SULFH RI SURGXFW LQ URZ� (ODVWLFLW\ 0HDQ �D� 6WG �E� �E���D�

� � b����� ����� b����� ����� ����� �����
� � b����� ����� b����� ����� ����� �����
� � b����� ����� b����� ����� ����� �����
� � b����� ����� b����� ����� ����� �����
� � b����� ����� b����� ����� ����� �����
� � b����� ����� b����� ����� ����� �����
� � b����� ����� b����� ����� ����� �����
� � b����� ����� b����� ����� ����� �����
� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
�� � b����� ����� b����� ����� ����� �����
$YHUDJH ����� ����� �����

7DEOH ��� 'LDJQRVWLF RI /RJLW $VVXPSWLRQ�
0HDQ �FROXPQ �D�� DQG 6WDQGDUG GHYLDWLRQV �FROXPQ �E�� RI WKH FURVV�SULFH HODVWLFLWLHV IRU WKH GLmHUHQW
SURGXFWV XQGHU D UDQGRP FRHpFLHQWV GHPDQG VSHFLnFDWLRQ� )RU QDPHV HTXLYDOHQW WR WKH 3URGXFW ,GHQWLn�
FDWLRQ 1XPEHUV ,'� VHH 7DEOH ��

��



'HVFULSWLRQ 0HDQ 0HGLDQ 6WG 0LQ 0D[

*LYHQ D /RJLW 'HPDQG
3&0 0RGHO �� 'RXEOH 0DUJLQDOL]DWLRQ � :KROHVDOH 0DUJLQ ��� ���� ���� ��� ���� ����
3&0 0RGHO �� 'RXEOH 0DUJLQDOL]DWLRQ � 5HWDLO 0DUJLQ ��� ���� ���� ��� ���� ����
3&0 0RGHO �� 5HWDLO�:KROHVDOH 0DUJLQ ��� ���� ���� ���� ���� �����
3&0 0RGHO � &DVH � � =HUR :KROHVDOH 0DUJLQ� 5HWDLOHU 'HFLVLRQ ��� ���� ���� ��� ���� ����
3&0 0RGHO � &DVH �� =HUR 5HWDLO 0DUJLQ� 0DQXIDFWXUHU 'HFLVLRQ ��� ���� ���� ��� ���� ����
3&0 0RGHO �� +\EULG 0RGHO � :KROHVDOH 0DUJLQ ��� ���� ���� ���� � ����
3&0 0RGHO �� +\EULG 0RGHO � 5HWDLO 0DUJLQ ��� ���� ���� ��� ���� ����
3&0 0RGHO �� 5HWDLO�:KROHVDOH 0DUJLQ ��� ���� ���� ���� ���� �����
3&0 0RGHO �� :KROHVDOH &ROOXVLRQ � :KROHVDOH 0DUJLQ ��� ���� ���� ��� ���� ����
3&0 0RGHO �� :KROHVDOH &ROOXVLRQ � 5HWDLO 0DUJLQ ��� ���� ���� ��� ���� ����
3&0 0RGHO �� 5HWDLO�:KROHVDOH 0DUJLQ ��� ���� ���� ���� ���� �����
3&0 0RGHO �� 5HWDLO &ROOXVLRQ � :KROHVDOH 0DUJLQ ��� ���� ���� ��� ���� ����
3&0 0RGHO �� 5HWDLO &ROOXVLRQ � 5HWDLO 0DUJLQ ��� ���� ���� ��� ���� ����
3&0 0RGHO �� 5HWDLO�:KROHVDOH 0DUJLQ ��� ���� ���� ���� ���� �����
3&0 0RGHO �� 0RQRSROLVW ��� ���� ���� ��� ���� ����

*LYHQ D 5DQGRP &RHpFLHQWV 'HPDQG
3&0 0RGHO �� 'RXEOH 0DUJLQDOL]DWLRQ � :KROHVDOH 0DUJLQ ��� ���� ���� ��� ���� �����
3&0 0RGHO �� 'RXEOH 0DUJLQDOL]DWLRQ � 5HWDLO 0DUJLQ ��� ���� ���� ���� ���� �����
3&0 0RGHO �� 5HWDLO�:KROHVDOH 0DUJLQ ��� ���� ���� ���� ���� �����
3&0 0RGHO � &DVH � � =HUR :KROHVDOH 0DUJLQ� 5HWDLOHU 'HFLVLRQ ��� ���� ���� ���� ���� �����
3&0 0RGHO � &DVH �� =HUR 5HWDLO 0DUJLQ� 0DQXIDFWXUHU 'HFLVLRQ ��� ���� ���� ��� ���� ����
3&0 0RGHO �� +\EULG 0RGHO � :KROHVDOH 0DUJLQ ��� ���� ��� ���� � �����
3&0 0RGHO �� +\EULG 0RGHO � 5HWDLO 0DUJLQ ��� ���� ���� ���� ���� �����
3&0 0RGHO �� 5HWDLO�:KROHVDOH 0DUJLQ ��� ����� ���� ���� ���� �����
3&0 0RGHO �� :KROHVDOH &ROOXVLRQ � :KROHVDOH 0DUJLQ ��� ���� ���� ���� ���� �����
3&0 0RGHO �� :KROHVDOH &ROOXVLRQ � 5HWDLO 0DUJLQ ��� ���� ���� ���� ���� �����
3&0 0RGHO �� 5HWDLO�:KROHVDOH 0DUJLQ ��� ���� ���� ���� ���� �����
3&0 0RGHO �� 5HWDLO &ROOXVLRQ � :KROHVDOH 0DUJLQ ��� ���� ���� ��� ���� �����
3&0 0RGHO �� 5HWDLO &ROOXVLRQ � 5HWDLO 0DUJLQ ��� ���� ���� ���� ���� �����
3&0 0RGHO �� 5HWDLO�:KROHVDOH 0DUJLQ ��� ���� ���� ���� ���� �����
3&0 0RGHO �� 0RQRSROLVW ��� ���� ���� ���� ���� �����

7DEOH ��� 3ULFH�&RVW 0DUJLQV �3&0� E\ 6FHQDULR�
3&0 �SbF� S ZKHUH S LV SULFH DQG F LV PDUJLQDO FRVW� 6WG� 6WDQGDUG GHYLDWLRQ� 6RXUFH� 0\ FDOFXODWLRQV�

��



0RGHO '0�e� &ULWLFDO YDOXH &DVHV RI

�&� 5HMHFWLRQ�ee�

�� 'RXEOH 0DUJLQDOL]DWLRQ ���� ������ ���
��� =HUR :KROHVDOH 0DUJLQ� 5HWDLOHU 3ULFLQJ GHFLVLRQV ����� ����� ���
��� =HUR 5HWDLO 0DUJLQ� 0DQXIDFWXUHU 3ULFLQJ GHFLVLRQV ����� ����� ���
�� +\EULG 0RGHO ���� ����� ���
�� :KROHVDOH &ROOXVLRQ ����� ������ ���
�� 5HWDLO &ROOXVLRQ ���� ������ ���
�� 0RQRSROLVW ����� ����� ���

7DEOH ��� 9DOLGLW\ RI 'LmHUHQW 6XSSO\ 0RGHOV�
�
�� 'LVWDQFH 0HWULF �'0� 7HVWV IRU 9DOLGLW\ RI 'LmHUHQW 6XSSO\ 0RGHOV EDVHG RQ *HQHUDOL]HG 0HWKRG
RI 0RPHQWV �*00� (VWLPDWLRQ� '0  5>*00U�AtU7 � b *00X�AtX7 �@ ZKLFK LV GLVWULEXWHG &KL�VTXDUH
ZLWK GHJUHHV RI IUHHGRP HTXDO WR WKH QXPEHU RI UHVWULFWLRQV 5� *00U LV WKH HVWLPDWHG *00 FULWHULRQ
IXQFWLRQ IRU WKH UHVWULFWHG PRGHO DQG *00X LV WKH HVWLPDWHG *00 FULWHULRQ IXQFWLRQ IRU WKH XQUHVWULFWHG
PRGHO� &ULWLFDO YDOXHV & IRU D &KL�VTXDUH ��

5 ZLWK ODUJH GHJUHHV RI IUHHGRP 5 IRU WKH VLJQLnFDQFH OHYHO
D FDQ EH DSSUR[LPDWHG �*UHHQH� ����� S���� DV IROORZV� & { ���>jb��D� �

S
�5b �@�� 6LJQLnFDQFH OHYHO

DERYH LV �� �� 1XOO K\SRWKHVLV LV WKDW DOO WKH FRHpFLHQWV DVVRFLDWHG ZLWK WKH SULFH�FRVW PDUJLQV DUH HTXDO
WR RQH� �

�� 3HUFHQWDJH FDVHV RI UHMHFWLRQ IURP WHVWLQJ LQGLYLGXDOO\ LI HDFK SURGXFW H[KLELWV SULFH�FRVW
PDUJLQV FRQVLVWHQW ZLWK WKH RQHV LPSOLHG E\ WKH PRGHO LQ HDFK URZ � SDUDPHWULFDOO\ WKLV LV GRQH E\ WHVWLQJ
LQGLYLGXDOO\ ZKHWKHU HDFK w LV HTXDO WR RQH �� 6RXUFH� 0\ FDOFXODWLRQV�

$OWHUQDWLYH 0RGHOV
+� 0RGHO � ��� ��� � � � �
�� 'RXEOH 0DUJLQDOL]DWLRQ b ���� ���� ���� ���� ���� ����
��� :KROHVDOH 3ULFH DW PDUJLQDO FRVW ���� b ���� ���� ���� ���� ����
��� =HUR 5HWDLO 0DUJLQ ���� ���� b ���� ���� ���� ����
�� +\EULG PRGHO ���� ���� ���� b ���� ���� ����
�� :KROHVDOH &ROOXVLRQ ���� ���� ���� ���� b ���� ����
�� 5HWDLO &ROOXVLRQ ���� ���� ���� ���� ���� b ����
�� 0RQRSROLVW ���� ���� ���� ���� ���� ���� b

7DEOH ��� 3DLU�ZLVH VWDWLVWLFV WR GHWHUPLQH ZKLFK PRGHO PRVW DGHTXDWHO\ H[SODLQV WKH GDWD�
,Q HDFK URZ LV WKH QXOO PRGHO EHLQJ WHVWHG DQG LQ HDFK FROXPQ WKH DOWHUQDWLYH PRGHO EHLQJ XVHG WR WHVW WKH
QXOO PRGHO� 6RXUFH� 0\ FDOFXODWLRQV� 1RQ�QHVWHG &R[�W\SH WHVW VWDWLVWLF IRU VWULFWO\ QRQ�QHVWHG K\SRWKHVLV
�611� DQG IRU RYHUODSSLQJ PRGHOV �29( DQG $(9� WKDW FDQ EH GLVFULPLQDWHG LQ WKH 9XRQJ ������ WZR
VWHS SURFHGXUH DUH GLVWULEXWHG VWDQGDUG QRUPDO� 2QH�VLGHG WHVW DW �� ZLWK FULWLFDO YDOXH ����� 5DQGRP
FRHpFLHQWV GHPDQG�

��



Figure 1

Figure 2

Prices of Yoplait Fat Free Fruit Yogurt sold at the 
three Retailers
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Figure 3
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Figures 4 and 5

Input Prices - Part 1
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C itr ic  Ac id , S o u rc e : C h e m ica l W e e k.

P la s ti c , S o u rce : C h e m ica l Ma rke tin g  R e p o rte r.

S u g a r, S o u rce : C o ffe e  S u g a r a n d  C o co a  E xc h a n g e .

N o n  fa t m ilk  G ra d e  A, S o u rc e : C h e e s e  Ma rk e t N e w s , U .S . D e p . Ag ric u ltu re .

W h e y P ro te in , S o u rce : C h e e s e  Ma rke t N e w s , U .S . D e p . Ag ricu ltu re .

C o rn , S o u c e : N a tio n a l Ag ric u l tu re  S ta tis tic s  S e rvic e , U .S . D e p . Ag ric u ltu re .

In pu t Prices - Part 2
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S tra w b e rry, S o u ce : N a tio n a l Ag ric u l tu re  S ta tis tic s  S e rvic e , U .S . D e p .  Ag ri cu ltu re .

W a g e  Il l in o is  - e a rn in g s /h o u r, S o u rce  C P S  a n n u a l E a rn in g  F ile  - N B E R  5 0 .

W a g e  M ich ig a n - e a rn in g s /h o u r, S o u rce  C P S  a n n u a l E a rn in g  F i le  - N B E R  5 0 .

In te re s t R a te  - Fe d e ra l F u n d s  E ffe c tive  R a te , S o u rc e : Fe d e ra l  R e s e rve .

In te re s t R a te  - C o m m e rc ia l P a p e r 3  Mo n th s , S o u rc e : Fe d e ra l  R e s e rve .


