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$%675$&7

$V�VHDUFK�FRVWV�DQG�RWKHU�FRRUGLQDWLRQ�FRVWV�GHFOLQH��WKHRU\�SUHGLFWV�WKDW�ILUPV�VKRXOG
RSWLPDOO\�LQFUHDVH�WKH�QXPEHU�RI�VXSSOLHUV�ZLWK�ZKLFK�WKH\�GR�EXVLQHVV���'HVSLWH�UHFHQW
GHFOLQHV�LQ�WKHVH�FRVWV�GXH�WR�LQIRUPDWLRQ�WHFKQRORJ\��WKHUH�LV�OLWWOH�HYLGHQFH�RI�DQ�LQFUHDVH
LQ�WKH�QXPEHU�RI�VXSSOLHUV�XVHG���2Q�WKH�FRQWUDU\��LQ�PDQ\�LQGXVWULHV��ILUPV�DUH�ZRUNLQJ
ZLWK�IHZHU�VXSSOLHUV���7KLV�VXJJHVWV�WKDW�RWKHU�IRUFHV�PXVW�EH�DFFRXQWHG�IRU�LQ�D�PRUH
FRPSOHWH�PRGHO�RI�EX\HU�VXSSOLHU�UHODWLRQVKLSV�

7KLV�DUWLFOH�XVHV�WKH�WKHRU\�RI�LQFRPSOHWH�FRQWUDFWV�WR�LOOXVWUDWH�WKDW�LQFHQWLYH�FRQVLGHUDWLRQV
FDQ�PRWLYDWH�D�EX\HU�WR�OLPLW�WKH�QXPEHU�RI�HPSOR\HG�VXSSOLHUV���7R�LQGXFH�VXSSOLHUV�WR
PDNH�LQYHVWPHQWV�WKDW�FDQQRW�EH�VSHFLILHG�DQG�HQIRUFHG�LQ�D�VDWLVIDFWRU\�PDQQHU�YLD�D
FRQWUDFWXDO�PHFKDQLVP��WKH�EX\HU�PXVW�FRPPLW�QRW�WR�H[SURSULDWH�WKH�H[�SRVW�VXUSOXV�IURP
VXFK�LQYHVWPHQWV���8QGHU�UHDVRQDEOH�EDUJDLQLQJ�PHFKDQLVPV��VXFK�D�FRPPLWPHQW�ZLOO�EH
PRUH�FUHGLEOH�LI�WKH�EX\HU�FDQ�FKRRVH�IURP�IHZHU�DOWHUQDWLYH�VXSSOLHUV���,QIRUPDWLRQ
WHFKQRORJ\�LQFUHDVHV�WKH�LPSRUWDQFH�RI�QRQFRQWUDFWLEOH�LQYHVWPHQWV�E\�VXSSOLHUV��VXFK�DV
TXDOLW\��UHVSRQVLYHQHVV��DQG�LQQRYDWLRQ��LW�LV�VKRZQ�WKDW�ZKHQ�VXFK�LQYHVWPHQWV�DUH
SDUWLFXODUO\�LPSRUWDQW��ILUPV�ZLOO�HPSOR\�IHZHU�VXSSOLHUV��DQG�WKLV�ZLOO�EH�WUXH�HYHQ�ZKHQ
VHDUFK�DQG�WUDQVDFWLRQ�FRVWV�DUH�YHU\�ORZ�
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���,QWURGXFWLRQ

$V�ILUPV�WU\�WR�LQFUHDVH�WKHLU�SHUIRUPDQFH��WKH�LQWHUIDFH�ZLWK�VXSSOLHUV�KDV�EHFRPH�D�PDMRU
SRLQW�RI�HPSKDVLV�LQ�WKH�TXHVW�IRU�DGGLWLRQDO�HIILFLHQFLHV���7KLV�WRSLF�LV�HQMR\LQJ�LQFUHDVLQJ
SRSXODULW\��HVSHFLDOO\�LQ�YLHZ�RI�WKH�GLIIHUHQFHV�LQ�FXVWRPHU²VXSSOLHU�UHODWLRQVKLSV�EHWZHHQ
-DSDQHVH�DQG�$PHULFDQ�ILUPV���)RU�LQVWDQFH��VXSHULRU�VXSSOLHU�UHODWLRQV�KDYH�EHHQ�HVWLPDWHG
WR�SURYLGH�D�����²����SHU�FDU�FRVW�DGYDQWDJH�WR�-DSDQHVH�PDQXIDFWXUHUV��&ROH�DQG�<DNXVKLML
��������7KHVH�WUHQGV�DUH�UHIOHFWHG�LQ�WKH�LQIRUPDWLRQ�WHFKQRORJ\��,7��OLWHUDWXUH�DV�ZHOO��ZKLFK
KDV�LGHQWLILHG�WKH�LPSDFW�RI�,7�RQ�VXSSOLHU�UHODWLRQVKLSV�DV�DQ�LPSRUWDQW�DUHD�IRU�UHVHDUFK�
DQG�KDV�GLVFXVVHG�WKHVH�UHODWLRQVKLSV�LQ�DQ�LQVWLWXWLRQDO�HFRQRPLFV�IUDPHZRUN��*XUED[DQL
DQG�:KDQJ�������0DORQH�HW�DO���������DGGUHVVLQJ�WKH�LPSOLFDWLRQV�RI�ILUP�VL]H��%U\QMROIVVRQ
HW�DO��������DQG�WKH�JRYHUQDQFH�VWUXFWXUH�RI�WKH�UHODWLRQVKLS��&OHPRQV�HW�DO��������

�����7UDQVDFWLRQDO�&RQVLGHUDWLRQV�3UHGLFW�0RUH�6XSSOLHUV

'HWHUPLQLQJ�WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�LV�D�QDWXUDO�H[WHQVLRQ�RI�WKH��PDNH�YHUVXV
EX\��RU��PDUNHWV�YHUVXV�KLHUDUFKLHV��GHFLVLRQ���%RWK�TXHVWLRQV�FDQ�EH�DQDO\]HG�E\�IRFXVLQJ
RQ�FRRUGLQDWLRQ�FRVWV���0DORQH��<DWHV�DQG�%HQMDPLQ��0DORQH�HW�DO��������VXPPDUL]H�WKLV
DUJXPHQW�

,Q�D�SXUH�PDUNHW��ZLWK�PDQ\�EX\HUV�DQG�VHOOHUV��WKH�EX\HU�FDQ�FRPSDUH�PDQ\�GLIIHUHQW
SRVVLEOH�VXSSOLHUV�RI�WKH�SURGXFW�DQG�VHOHFW�WKH�RQH�WKDW�SURYLGHV�WKH�EHVW�FRPELQDWLRQ�RI
FKDUDFWHULVWLFV��VXFK�DV�GHVLJQ�DQG�SULFH���WKXV�SUHVXPDEO\�PLQLPL]LQJ�SURGXFWLRQ�FRVWV�IRU
WKH�GHVLUHG�SURGXFW������7KH�FRRUGLQDWLRQ�FRVWV�DVVRFLDWHG�ZLWK�WKLV�ZLGH�ODWLWXGH�RI�FKRLFH�
KRZHYHU�DUH�UHODWLYHO\�KLJK��EHFDXVH�WKH�EX\HU�PXVW�JDWKHU�DQG�DQDO\]H�LQIRUPDWLRQ�IURP�D
YDULHW\�RI�SRVVLEOH�VXSSOLHUV����

+LHUDUFKLHV��RQ�WKH�RWKHU�KDQG��UHVWULFW�WKH�SURFXUHU
V�FKRLFH�RI�VXSSOLHUV�WR�WKH�RQH�VXSSOLHU
KLHUDUFKLFDOO\�FRQQHFWHG�WR�WKH�SURFXUHU��HLWKHU�ZLWKLQ�D�VLQJOH�FRPSDQ\�RU�LQ�D�FORVHO\�OLQNHG
UHODWLRQVKLS�EHWZHHQ�WZR�FRPSDQLHV��>ZKLFK@�UHGXFHV�FRRUGLQDWLRQ�FRVWV�RYHU�WKRVH�LQFXUUHG
LQ�D�PDUNHW�E\�HOLPLQDWLQJ�WKH�SURFXUHU
V�QHHG�WR�JDWKHU�DQG�DQDO\]H�D�JUHDW�GHDO�RI
LQIRUPDWLRQ�DERXW�YDULRXV�VXSSOLHUV�

0DORQH��<DWHV�	�%HQMDPLQ�DUJXH�IXUWKHU�WKDW�,7�ZLOO�IDFLOLWDWH�D�PRYH�IURP�VLQJOH�VXSSOLHU
DUUDQJHPHQWV�ZLWKLQ�WKH�ILUP���KLHUDUFKLHV���WR�PXOWLSOH�VXSSOLHU�DUUDQJHPHQWV���PDUNHWV��
EHFDXVH�LW�UHGXFHV�WKH�FRVWV�RI�FRRUGLQDWLRQ�ZLWK�VXSSOLHUV�

6LQFH�WKH�HVVHQFH�RI�FRRUGLQDWLRQ�LQYROYHV�FRPPXQLFDWLRQ�DQG�SURFHVVLQJ�LQIRUPDWLRQ��WKH�XVH
RI�LQIRUPDWLRQ�WHFKQRORJ\�VHHPV�OLNHO\�WR�GHFUHDVH�WKHVH�FRVWV��H�J���VHH��0DORQH��������

6LPLODUO\��LQ�VWXG\LQJ�WKH�LPSDFW�RI�WHFKQRORJ\�RQ�WKH�QXPEHU�RI�VXSSOLHUV��,7�UHVHDUFKHUV
KDYH�IRFXVHG�RQ�WUDQVDFWLRQDO�FRQVLGHUDWLRQV��H[DPLQLQJ�WUDGH²RIIV�VXFK�DV�WKRVH�EHWZHHQ
WKH�LQFUHDVHG�VHDUFK�FRVWV�QHFHVVDU\�WR�ORFDWH�D�ODUJH�QXPEHU�RI�VXSSOLHUV�YHUVXV�WKH
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LQFUHDVHG�SUREDELOLW\�RI�ILQGLQJ�D�EHWWHU�SULFH�RU�ORFDWLQJ�D�VXSHULRU�SURGXFW�RIIHULQJ�DV�D
ODUJHU�QXPEHU�RI�VXSSOLHUV�LV�VXUYH\HG���$FFRUGLQJ�WR�WKLV�ORJLF��WHFKQRORJLFDO
GHYHORSPHQWV�ORZHULQJ�WKH�FRVW�RI�DFTXLULQJ�LQIRUPDWLRQ�DERXW�SULFHV�DQG�SURGXFW
FKDUDFWHULVWLFV�LQ�D�JLYHQ�PDUNHW�VKRXOG�OHDG�WR�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�VXSSOLHUV
FRQVLGHUHG��HVSHFLDOO\�LQ�PDUNHWV�ZLWK�GLIIHUHQWLDWHG�SURGXFWV��%DNRV���������6LQFH�LW�KDV
EHHQ�ZLGHO\�DUJXHG�WKDW�LQIRUPDWLRQ�WHFKQRORJ\�LQ�JHQHUDO��DQG�LQWHURUJDQL]DWLRQDO
V\VWHPV��LQ�SDUWLFXODU��WHQG�WR�ORZHU�VHDUFK�FRVWV��%DNRV�������&OHPRQV�DQG�5RZ������
0DORQH��������DV�WKHVH�V\VWHPV�DUH�LQFUHDVLQJO\�DGRSWHG�LQ�VHYHUDO�VHFWRUV�RI�WKH�HFRQRP\�
WKH\�VKRXOG�OHDG�WR�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�VXSSOLHUV�HPSOR\HG�E\�PRVW�ILUPV�

�����(YLGHQFH�RI�D�0RYH�WR�)HZHU�6XSSOLHUV

:KLOH�WKHUH�LV�HYLGHQFH�RI�D�VKLIW�IURP�VLQJOH�VXSSOLHU��KLHUDUFKLHV��WR�PXOWLSOH�VXSSOLHU
�PDUNHWV���%U\QMROIVVRQ�HW�DO��������-RKQVWRQ�DQG�/DZUHQFH��������ZH�KDYH�QRW�REVHUYHG�D
ZKROHVDOH�LQFUHDVH�LQ�WKH�QXPEHU�RI�VXSSOLHUV���2Q�WKH�FRQWUDU\��WKHUH�LV�VLJQLILFDQW�UHFHQW
HYLGHQFH�IRU�DQ�RYHUDOO�UHGXFWLRQ�LQ�WKH�QXPEHU�RI�VXSSOLHUV��ERWK�DV�D�JHQHUDO�WUHQG�LQ
FHUWDLQ�LQGXVWULHV��DQG�DV�D�E\�SURGXFW�RI�LQIRUPDWLRQ�WHFKQRORJ\�DGRSWLRQ�LQ�SDUWLFXODU�
)RU�LQVWDQFH��D�VWXG\�RI�WKH�DXWRPRELOH�LQGXVWU\�E\�+HOSHU������D��IRXQG�WKDW�WKH�DYHUDJH
QXPEHU�RI�VXSSOLHUV�GHFUHDVHG�����EHWZHHQ������DQG��������,Q��D�VXUYH\�RI�-DSDQHVH�DQG
$PHULFDQ�ILUPV��&XVXPDQR�DQG�7DNHLVKL��������IRXQG�WKDW�$PHULFDQ�ILUPV�ZHUH
LQFUHDVLQJO\�DGRSWLQJ�WKH�-DSDQHVH�PRGHO�RI�VXSSOLHU�UHODWLRQV��ZKLFK�LQYROYHG
UHODWLRQVKLSV�ZLWK�DERXW�KDOI�DV�PDQ\�VXSSOLHUV�SHU�SDUW������YHUVXV������DQG�UHVXOWHG�LQ
RUGHUV�RI�PDJQLWXGH�IHZHU�GHIHFWV����WR�������LQ�-DSDQ�YHUVXV������WR������IRU�$PHULFDQ
VXSSOLHUV����,Q�VRPH�LQGXVWULHV�WKH�WUHQG�KDV�EHHQ�HYHQ�PRUH�SURQRXQFHG���0RWRUROD
UHGXFHG�LWV�VXSSOLHU�EDVH�IURP��������WR�������LQ�WKH�SDVW�IHZ�\HDUV��SURPSWLQJ�RQH
LQGXVWULDO�FRQVXOWLQJ�ILUP�WR�FRQFOXGH�WKDW���D�UHYROXWLRQ�LV�JRLQJ�RQ�LQ�WKH�UHODWLRQVKLSV
EHWZHHQ�VXSSOLHUV�DQG�FXVWRPHUV���(PVKZLOOHU�������

7KH�VKLIW�WR�IHZHU�VXSSOLHUV�LV�RIWHQ�DVVRFLDWHG�ZLWK�WKH�HPHUJHQFH�RI��VWUDWHJLF�QHWZRUNV��
VXFK�DV�WKRVH�LQ�WKH�WH[WLOH�LQGXVWU\�RI�FHQWUDO�,WDO\��$QWRQHOOL�������3LRUH�DQG�6DEHO�������
$OWKRXJK�WKHUH�LV�D�ODFN�RI�IRUPDO�HPSLULFDO�VWXGLHV��DQHFGRWDO�HYLGHQFH�DERXQGV��,PDL�HW�DO�
������9RQ�+LSSOH��������DQG�D�UHFHQW�UHYLHZ��-DULOOR�������FRQFOXGHG�WKDW�QHWZRUNLQJ�
HVSHFLDOO\�LQ�WKH�-DSDQHVH�.HLUHWVX�PRGHO��ZDV�D�WKHPH�LQ��SUDFWLFDOO\�DOO�VWXGLHV�RI
LQGXVWULDO�VXSSOLHUV�DQG�LQGXVWULDO�PDUNHWV����,Q�D�VLPLODU�YHLQ��-RKQVWRQ�DQG�/DZUHQFH
�������UHYLHZ�VHYHUDO�FDVH�VWXGLHV�DQG�DUJXH�WKDW��YDOXH�DGGLQJ�SDUWQHUVKLSV���9$3V��LQ
ZKLFK�HDFK�FRPSDQ\��FXOWLYDWHV�UHODWLRQVKLSV�ZLWK�RQO\�D�IHZ��IURP�WZR�WR�VL[��VXSSOLHUV
IRU�FULWLFDO�LWHPV���DUH�VXSSODQWLQJ�QRW�RQO\�YHUWLFDOO\�LQWHJUDWHG�KLHUDUFKLHV��EXW�DOVR�DUP
V�
OHQJWK�PDUNHWV�RI�PXOWLSOH�EX\HUV�DQG�VXSSOLHUV�LQ�WKH�HFRQRP\�DV�D�ZKROH�
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,7�KDV�EHHQ�OLQNHG�WR�WKHVH�FKDQJHV�LQ�VHYHUDO�VWXGLHV���-RKQVWRQ�DQG�/DZUHQFH�VSHFLILFDOO\
DWWULEXWH�WKH�ULVH�RI�9$3V�LQ�SDUW�WR�,7��LQFOXGLQJ�PLQLFRPSXWHUV�DQG�3&V��LPSURYHG
VRIWZDUH��GDWD�VWDQGDUGV��QHWZRUNLQJ��DQG�&$'�&$0���+HOSHU�IRXQG�D�VWDWLVWLFDOO\
VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�WHFKQRORJ\�XVH�DQG�FORVH�VXSSOLHU�UHODWLRQV���&OHPRQV�
5HGGL�DQG�5RZ��������DOVR�DUJXH�QRW�RQO\�WKDW�WKHUH�KDV�EHHQ�D�UHFHQW��PRYH�WR�WKH�PLGGOH�
IURP�ERWK�HQGV�RI�WKH�PDUNHWV²KLHUDUFKLHV�VSHFWUXP��EXW�DOVR�WKDW�,7�KDV�EHHQ�D�VLJQLILFDQW
GULYLQJ�IRUFH�EHKLQG�WKLV�WUHQG�

7KLV�PRYH�WR�IHZHU�VXSSOLHUV�LQ�WKH�IDFH�RI�GHFOLQLQJ�FRRUGLQDWLRQ�FRVWV��LQFOXGLQJ�VHDUFK
FRVWV�DQG�WUDQVDFWLRQ�FRVWV��SUHVHQWV�D�SDUDGR[�VLQFH�LW�LV�DW�RGGV�ZLWK�WKH�DUJXPHQWV
GLVFXVVHG�LQ�VHFWLRQ�����

�����([SODQDWLRQV�IRU�WKH�0RYH�WR�)HZHU�6XSSOLHUV

2QH�SRVVLEOH�H[SODQDWLRQ�IRU�WKH�VKLIW�WR�IHZHU�VXSSOLHUV�LV�WKDW�VHDUFK�DQG�FRRUGLQDWLRQ
FRVWV�KDYH�DFWXDOO\�LQFUHDVHG���)RU�H[DPSOH��LI�WKHUH�DUH�IL[HG�WHFKQRORJLFDO�DQG
RUJDQL]DWLRQDO�LQYHVWPHQWV�UHTXLUHG�WR�FRQQHFW�WR�D�VXSSOLHU��D�ILUP�PD\�ZLVK�WR�OLPLW�WKH
QXPEHU�RI�VXSSOLHUV�LW�GRHV�EXVLQHVV�ZLWK�WR�HFRQRPL]H�RQ�WKHVH�IL[HG�FRVWV���6LPLODUO\��LI
LQYHVWPHQWV�LQ�HOHFWURQLF�LQWHJUDWLRQ�DUH�VSHFLILF�WR�D�SDUWLFXODU�VXSSOLHU�DQG�WKXV�DUH�QRW
WUDQVIHUDEOH�WR�QHZ�UHODWLRQVKLSV��WKH\�PD\�FUHDWH�VZLWFKLQJ�FRVWV�OLPLWLQJ�WKH�GHVLUDEOH
QXPEHU�RI�VXSSOLHUV�RYHU�D�SHULRG�RI�WLPH���)RU�H[DPSOH��LQYHVWLQJ�LQ�DQ�LQWHURUJDQL]DWLRQDO
V\VWHP�IRU�WKH�H[FKDQJH�RI�FRPSRQHQW�EOXHSULQWV�LQ�D�&$'�IRUPDW�XVHG�E\�D�FHUWDLQ
VXSSOLHU�PD\�OLPLW�WKH�DELOLW\�RI�WKH�ILUP�WR�H[SORUH�QHZ�SRWHQWLDO�VXSSOLHUV�

$OWKRXJK�DUJXPHQWV�VXFK�DV�WKHVH�PD\�H[SODLQ�ZK\�LQYHVWPHQW�LQ�LQWHURUJDQL]DWLRQDO
LQIRUPDWLRQ�V\VWHPV�FRXOG�UHGXFH�WKH�QXPEHU�RI�VXSSOLHUV�LQLWLDOO\��LW�LV�ZLGHO\�EHOLHYHG
WKDW�LQIRUPDWLRQ�WHFKQRORJ\�ORZHUV�IL[HG�FRVWV�DQG�VZLWFKLQJ�FRVWV�LQ�WKH�ORQJ�UXQ�
SULQFLSDOO\�EHFDXVH�LQIRUPDWLRQ�WHFKQRORJ\�VWDQGDUGV�FDQ�GHFUHDVH�WKH�VSHFLILFLW\�RI
LQYHVWPHQW�LQ�LQWHURUJDQL]DWLRQDO�UHODWLRQVKLSV��&OHPRQV�HW�DO����������)RU�H[DPSOH��RQFH�DQ
(OHFWURQLF�'DWD�,QWHUFKDQJH�VWDQGDUG�KDV�EHHQ�DGRSWHG�LQ�DQ�LQGXVWU\��WKH�FRVW�RI�EDVLF
HOHFWURQLF�LQWHJUDWLRQ�EHWZHHQ�DQ\�VXSSOLHU�DQG�EX\HU�ZKR�KDYH�LPSOHPHQWHG�WKLV
VWDQGDUG�ZLOO�EH�UHODWLYHO\�VPDOO���,Q�WKH�ORQJ�UXQ��WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�LV
GHWHUPLQHG�E\�WKH�PDUJLQDO�FRVW�RI�DGGLQJ�DGGLWLRQDO�VXSSOLHUV��QRW�WKH�LQLWLDO�FRVW�RI
HVWDEOLVKLQJ�RU�MRLQLQJ�D�V\VWHP���7KXV�DQ\�GHFUHDVH�LQ�WKH�QXPEHU�RI�VXSSOLHUV�UHVXOWLQJ
IURP�DQ�HIIRUW�WR�UHGXFH�WKH�DGRSWLRQ�FRVW�RI�LQIRUPDWLRQ�WHFKQRORJ\�LV�OLNHO\�WR�EH
WHPSRUDU\���7KH�LQFUHDVH�LQ�RXWVRXUFLQJ�WKURXJKRXW�WKH�HFRQRP\�VXJJHVWV�WKDW��RQ�EDODQFH�
WKHUH�KDV�QRW�EHHQ�DQ�LQFUHDVH�LQ�WUDQVDFWLRQ�FRVWV���)XUWKHUPRUH��GLUHFW�PHDVXUHV�RI�PRVW
EDVLF�W\SHV�RI�FRPSXWHU�DLGHG�WUDQVDFWLRQV�VKRZ�UDSLG�FRVW�GHFOLQHV��UDQJLQJ�DV�KLJK�DV����
SHU�\HDU��%U\QMROIVVRQ�HW�DO����������2YHUDOO��WKH�WKHRUHWLFDO�DQG�HPSLULFDO�HYLGHQFH�DSSHDUV
WR�ZHLJK�KHDYLO\�RQ�WKH�VLGH�RI�UHGXFHG�FRRUGLQDWLRQ�FRVWV�LQ�WKH�SDVW�GHFDGH�
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$�VHFRQG�SRVVLEOH�H[SODQDWLRQ�LV�WKDW�HFRQRPLHV�RI�VFDOH�KDYH�LQFUHDVHG�VR�PXFK�WKDW�LW�LV
RQO\�ZRUWKZKLOH�WR�GHDO�ZLWK�D�IHZ�ODUJH�VXSSOLHUV���$OWKRXJK�WKLV�PD\�EH�WUXH�LQ�D�IHZ
LQGXVWULHV��WKH�ZHLJKW�RI�WKH�HYLGHQFH�GRHV�QRW�VXSSRUW�WKLV�K\SRWKHVLV�LQ�JHQHUDO���)OH[LEOH
PDQXIDFWXULQJ�LV�ZLGHO\�DFNQRZOHGJHG�WR�KDYH�UHGXFHG�WKH�DYHUDJH�VL]H�RI�SURGXFWLRQ
UXQV�DQG�RYHUDOO�VHW²XS�FRVWV��HQDEOLQJ�VPDOOHU�SODQWV�DQG�ILUPV�WR�FRPSHWH�VXFFHVVIXOO\�
)RU�LQVWDQFH��LQ�WKH�DXWRPRELOH�LQGXVWU\��ORW�VL]HV�IRU�ERWK�SURGXFWLRQ�DQG�GHOLYHU\�ZHUH
VPDOOHU�LQ������WKDQ�ILYH�\HDUV�HDUOLHU��+HOSHU�����D�����)XUWKHUPRUH��WUHQGV�LQ�LQIRUPDWLRQ
WHFKQRORJ\�VWURQJO\�IDYRU�VPDOOHU�DQG�FKHDSHU�FRPSXWHUV�DQG�UHGXFHG�HFRQRPLHV�RI�VFDOH
LQ�SURGXFWLRQ���)LQDOO\��WKH�DYHUDJH�VL]H�RI�ILUPV�KDV�GHFUHDVHG�LQ�WKH�SDVW�GHFDGH�LQ�WKH�8�6�
HFRQRP\�DV�D�ZKROH��%U\QMROIVVRQ�HW�DO��������

$�WKLUG�SRVVLELOLW\�LV�WKDW�IOH[LEOH�PDQXIDFWXULQJ�KDV�HQDEOHG�HDFK�VXSSOLHU�WR�RIIHU�D
EURDGHU�UDQJH�RI�SURGXFWV���$V�D�UHVXOW��WKH�EX\HU�PLJKW�EH�DEOH�WR�UHO\�RQ�IHZHU�VXSSOLHUV�LQ
WRWDO��EXW�VWLOO�KDYH�WKH�VDPH�QXPEHU�IRU�HDFK�SURGXFW����$OWKRXJK�WKHRUHWLFDOO\�LQWULJXLQJ�
WKLV�K\SRWKHVLV�FRXOG�QRW�H[SODLQ�WKH�ILQGLQJ�RI�+HOSHU������D������E��WKDW�WKH�DYHUDJH
QXPEHU�RI�FRPSHWLWRUV�SURGXFLQJ�WKH�VDPH�SURGXFW�IRU�D�JLYHQ�FXVWRPHU�GHFUHDVHG�IURP��
WR�����DQG�WKH�QXPEHU�RI�ULYDOV�SURGXFLQJ�VLPLODU�SURGXFWV�LQ�WKH�DXWR�LQGXVWU\�IHOO�IURP����
LQ������WR�����LQ������

,I�WKLV�VKLIW�WR�IHZHU�VXSSOLHUV�LV�QRW�GULYHQ�VLPSO\�E\�FKDQJHV�LQ�FRRUGLQDWLRQ�FRVWV�
HFRQRPLHV�RI�VFDOH��RU�VXSSOLHU�YHUVDWLOLW\��EXVLQHVV�OHDGHUV�VXJJHVW�DQ�DOWHUQDWLYH
H[SODQDWLRQ���$FFRUGLQJ�WR�3HUF\�%DUQHYLN��KHDG�RI�WKH�����ELOOLRQ�$%%�FRQJORPHUDWH��SULFH
LV�OHVV�LPSRUWDQW�WKDQ�EHQHILWV�VXFK�DV�UHVSRQVLYHQHVV�DQG�KLJKHU�TXDOLW\�

�,I�\RX�KDYH�WHQ�VXSSOLHUV�IRU�SRUFHODLQ�IRU�\RXU�WUDQVIRUPHUV�����\RX�FDQ�FXW�WKRVH�WHQ�GRZQ�WR
WKUHH����%HFDXVH�WKLV�DSSURDFK�JLYHV�HDFK�UHPDLQLQJ�VXSSOLHU�PRUH�EXVLQHVV��$%%�IHHOV�LW�FDQ
GHPDQG�VKRUW�GHOLYHU\�WLPHV�DQG�KLJK�TXDOLW\�

�$Q\�LGLRW�FDQ�UHGXFH�D�SULFH�E\�����WR�EHFRPH�PRUH�FRPSHWLWLYH���%XW�LI�\RX�FDQ�RII�DQ
HOHFWULF�SRZHU�WUDQVPLVVLRQ�FDEOH�XQGHU�WKH�%DOWLF�RQH�\HDU�HDUOLHU�WKDQ�\RXU�FRPSHWLWRU�FDQ�
WKDW�LV�RI�WUHPHQGRXV�YDOXH�WR�WKH�FXVWRPHU����5DSRSRUW������

,Q�IDFW��VHYHUDO�ILHOG�VWXGLHV�RI�EX\HU²VXSSOLHU�UHODWLRQV�IRFXV�RQ�WKH�DGYDQWDJHV�WKDW�VPDOOHU
DQG�WLJKWHU�QHWZRUNV�RI�VXSSOLHUV�KDYH��QRW�RQO\�LQ�TXDOLW\��&XVXPDQR�DQG�7DNHLVKL������
+HOSHU�����E��0F0LOODQ�������DQG�UHVSRQVLYHQHVV��-RKQVWRQ�DQG�/DZUHQFH��������EXW�DOVR
LQ�LQQRYDWLRQ�DQG�WHFKQRORJ\�DGRSWLRQ��+HOSHU�����D��+HOSHU�����E���GHIHFW�UDWHV
�&XVXPDQR�DQG�7DNHLVKL��������WUXVW��-RKQVWRQ�DQG�/DZUHQFH��������DQG�LQIRUPDWLRQ
H[FKDQJHV��&XVXPDQR�DQG�7DNHLVKL�������+HOSHU�����D��+HOSHU�����E����$OO�RI�WKHVH

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

� )RU�H[DPSOH��WKH�SHUFHQWDJH�RI�VXSSOLHUV�WKDW�GHOLYHU�LQ�ORWV�WKDW�ODVW�WKHLU�FXVWRPHU�RYHU�HLJKW
GD\V�IHOO�IURP����WR�����

� :H�WKDQN�DQ�DQRQ\PRXV�UHIHUHH�IRU�SRLQWLQJ�RXW�WKLV�SRVVLELOLW\�
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FKDUDFWHULVWLFV�LQYROYH�LQYHVWPHQWV�E\�VXSSOLHUV�WKDW�DUH�GLIILFXOW�RU�LPSRVVLEOH�WR�VSHFLI\�LQ
DGYDQFH�LQ�D�FRQWUDFW��LQ�RWKHU�ZRUGV�WKH\�DUH��QRQFRQWUDFWLEOH���DQG�WKH\�RIIHU�EHQHILWV�WKDW
DUH�ODUJHO\�VSHFLILF�WR�D�SDUWLFXODU�EX\HU²VXSSOLHU�UHODWLRQVKLS���$V�GLVFXVVHG�LQ�WKH
UHPDLQGHU�RI�WKLV�SDSHU��SURYLGLQJ�LQFHQWLYHV�IRU�VXFK�LQYHVWPHQWV�SUHVHQWV�VSHFLDO
FKDOOHQJHV���,7�LV�OLNHO\�WR�LQFUHDVH�WKH�LPSRUWDQFH�RI�QRQ�FRQWUDFWLEOH�IDFWRUV��VXFK�DV
LQQRYDWLRQ��VSHHG��UHVSRQVLYHQHVV��DQG�IOH[LELOLW\��HPSKDVL]LQJ�WKH�QHHG�WR�DGGUHVV�WKHVH
FKDOOHQJHV�

:KHQ�LQYHVWPHQWV�DUH�QRQFRQWUDFWLEOH�DQG�VSHFLILF��ILUPV�PXVW�GHSHQG�RQ�WKHLU�RZQ�H[�SRVW
EDUJDLQLQJ�SRZHU��DQG�RU�WKH�JRRGZLOO�RI�WKHLU�SDUWQHUV��WR�UHDS�D�VKDUH�RI�WKH�EHQHILWV
FUHDWHG�E\�WKHLU�LQYHVWPHQWV����,W�KDV�SURYHQ�GLIILFXOW�WR�PRGHO�WKHVH�FRQVLGHUDWLRQV�LQ�WKH
SDVW��IRU�WKH�VDPH�UHDVRQV�WKDW�LW�LV�GLIILFXOW�WR�VSHFLI\�WKHP�LQ�D�FRQWUDFW��DQG�DV�D�UHVXOW
WKH\�KDYH�ODUJHO\�EHHQ�LJQRUHG�LQ�WKH�PRUH�IRUPDO�OLWHUDWXUH�RQ�EX\HU�VXSSOLHU�UHODWLRQV�
1RWDEOH�H[FHSWLRQV�LQFOXGH�&OHPRQV��5HGGL�DQG�5RZ���������+HOSHU������D���DQG�3LVDQR
DQG�&KHZ����������(YHQ�WKHVH�DOWHUQDWLYH�DSSURDFKHV��KRZHYHU��GR�QRW�H[SOLFLWO\�DGGUHVV�WKH
TXHVWLRQ�RI�KRZ�WR�SURYLGH�LQFHQWLYHV�IRU�VXSSOLHU�LQYHVWPHQW�LQ�TXDOLW\��UHVSRQVLYHQHVV�
DQG�LQQRYDWLRQ��DQG��VSHFLILFDOO\��KRZ�WKH�QXPEHU�RI�VXSSOLHUV�DIIHFWV�WKH�LQFHQWLYHV�WR
PDNH�VXFK�LQYHVWPHQWV���,Q�IDFW��WKH�LGHD�WKDW�OLPLWLQJ�WKH�QXPEHU�RI�VXSSOLHUV��DQG�WKHUHE\
LQFUHDVLQJ�WKHLU�EDUJDLQLQJ�SRZHU��FRXOG�EH�D�VXFFHVVIXO�FRPSHWLWLYH�VWUDWHJ\��UXQV�FRXQWHU
QRW�RQO\�WR�VWDQGDUG�QHRFODVVLFDO�HFRQRPLF�PRGHOV��EXW�WR�WKH�ZLGHO\�XVHG�FRPSHWLWLYH
VWUDWHJ\�PRGHOV�DV�ZHOO��3RUWHU���������$V�$ODQ�%OLQGHU�SXW�LW���.HLUHWVX�DUH�RIWHQ�SRUWUD\HG
DV�H[FOXVLRQDU\�GHYLFHV�WKDW�PDNH�-DSDQHVH�FRPSDQLHV�XQGXO\�FODQQLVK�DQG�LQVXODU���+RZ
FDQ�VXFK�DSSDUHQWO\�UHVWULFWLYH�EXVLQHVV�SUDFWLFHV�SURPRWH�HIILFLHQF\"���%OLQGHU������

7KLV�DUWLFOH�EXLOGV�RQ�WKH�H[LVWLQJ�OLWHUDWXUH�E\�DGGLQJ�LQFHQWLYH�FRQVLGHUDWLRQV�WR�WKH
FRRUGLQDWLRQ�FRVW�FRQVLGHUDWLRQV�LQ�GHWHUPLQLQJ�WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV���,Q
SDUWLFXODU��ZH�XVH�WKH�LQFRPSOHWH�FRQWUDFWLQJ�IUDPHZRUN�GHYHORSHG�E\�*URVVPDQ��+DUW�DQG
0RRUH��*URVVPDQ�DQG�+DUW�������+DUW�DQG�0RRUH�������WR�VKRZ�WKDW�ZKHQ�LW�LV�LPSRUWDQW
WR�SURYLGH�LQFHQWLYHV�IRU�VXSSOLHUV�WR�PDNH�QRQFRQWUDFWLEOH�LQYHVWPHQWV��LW�FDQ�EH�RSWLPDO�WR
OLPLW�WKH�QXPEHU�RI�VXSSOLHUV�ZLWK�ZKLFK�D�EX\HU�HQWHUV�LQWR�D�UHODWLRQVKLS���7KH�LQWXLWLRQ
IRU�WKLV�UHVXOW�LV�WKDW�D�VXSSOLHU�ZLOO�EH�DEOH�WR�JDUQHU�PRUH�RI�WKH�EHQHILW�FUHDWHG�E\�KLV�RU
KHU�LQYHVWPHQW�LI�WKH�EX\HU�GRHV�QRW�KDYH�WRR�PDQ\�DOWHUQDWLYH�VXSSOLHUV���$V�D�UHVXOW��WKH
VXSSOLHU�ZLOO�KDYH�JUHDWHU�H[�SRVW�EDUJDLQLQJ�SRZHU�DQG��WKHUHIRUH��JUHDWHU�H[�DQWH�LQFHQWLYHV
WR�PDNH�QRQFRQWUDFWLEOH�LQYHVWPHQWV��VXFK�DV�LQYHVWPHQWV�LQ�TXDOLW\��UHVSRQVLYHQHVV�DQG
LQQRYDWLRQ���2XU�DQDO\VLV�WKXV�SURYLGHV�D�SDUWLDO�IRUPDOL]DWLRQ�IRU�WKH�LQFUHDVLQJO\�SRSXODU

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

� $Q�DOWHUQDWLYH�LV�IRU�WKH�EX\HU�DQG�WKH�VXSSOLHU�ILUPV�WR�LQWHUQDOL]H�EDUJDLQLQJ�E\�YHUWLFDOO\
LQWHJUDWLQJ���)RU�WKH�SXUSRVHV�RI�WKLV�DUWLFOH�ZH�DVVXPH�WKDW�YHUWLFDO�LQWHJUDWLRQ�LV�QRW�D�IHDVLEOH
DOWHUQDWLYH���,W�VKRXOG�EH�QRWHG��KRZHYHU��WKDW�HYHQ�ZKHQ�YHUWLFDO�LQWHJUDWLRQ�LV�D�IHDVLEOH�RSWLRQ�
LQFHQWLYHV�PD\�EH�LPSURYHG�XQGHU�VHSDUDWH�RZQHUVKLS��*URVVPDQ�DQG�+DUW��������DQG�WKXV�WKH
EX\HU�DQG�VXSSOLHU�ILUPV�PD\�FKRRVH�WR�UHPDLQ�XQGHU�VHSDUDWH�RZQHUVKLS�



3DJH��

LGHD�RI�SDUWQHUVKLS�EHWZHHQ�EX\HUV�DQG�VXSSOLHUV��+HQGHUVRQ�DQG�9HQNDWUDPDQ������
-RKQVWRQ�DQG�/DZUHQFH��������ZKLFK�PLUURUV�RXU�HPSKDVLV�RQ�WKH�LQFHQWLYH�EHQHILWV�RI�D
WLJKWHU�UHODWLRQVKLS�ZLWK�IHZHU�VXSSOLHUV�

6WXG\LQJ�WKH�UROH�RI�LQFRPSOHWH�FRQWUDFWLQJ�FRQVLGHUDWLRQV�LQ�GHWHUPLQLQJ�WKH�RSWLPDO
QXPEHU�RI�VXSSOLHUV�SURYLGHV�DQ�DOWHUQDWLYH�SHUVSHFWLYH�DQG�DQ�DGGLWLRQDO�H[SODQDWLRQ�IRU
WKH��PRYH�WR�WKH�PLGGOH����,Q�DGGLWLRQ��ZKHUHDV�WHFKQRORJLFDO�SURJUHVV��VXFK�DV�WKH
GHYHORSPHQW�RI�VWDQGDUGV��WHQGV�WR�DOOHYLDWH�TXLFNO\�WHFKQRORJLFDO�EDUULHUV�WR�LQFUHDVLQJ�WKH
QXPEHU�RI�VXSSOLHUV��WKH�LQFRPSOHWH�FRQWUDFWLQJ�FRQVLGHUDWLRQV�DUH�PRUH�UHVLVWDQW�WR
WHFKQRORJLFDO�VROXWLRQV��DQG�DUH�WKXV�OLNHO\�WR�UHPDLQ�LQ�SODFH�IRU�WKH�IRUHVHHDEOH�IXWXUH���:H
VKRZ�WKDW�HYHQ�LI�VHDUFK�DQG�FRRUGLQDWLRQ�FRVWV�ZHUH�WR�JR�WR�]HUR��LW�FDQ�VWLOO�EH�RSWLPDO�IRU
D�ILUP�WR�OLPLW�WKH�QXPEHU�RI�VXSSOLHUV�LW�XVHV�

�����2XWOLQH�RI�WKH�3DSHU

6HFWLRQ���SUHVHQWV�D�VLPSOH�PRGHO�WKDW�FDSWXUHV�WKH�EDVLF�LGHD�RI�WKH�WUDGH�RII�EHWZHHQ
FRRUGLQDWLRQ�FRVWV�DQG�VXSSOLHU�ILW���&RQVLGHULQJ�RQO\�WKHVH�IDFWRUV�OHDGV�WR�WKH�FRQFOXVLRQ
WKDW�WKH�QXPEHU�RI�VXSSOLHUV�VKRXOG�LQFUHDVH�DV�FRRUGLQDWLRQ�FRVWV�GHFOLQH���6HFWLRQ��
LQWURGXFHV�WKH�WKHRU\�RI�LQFRPSOHWH�FRQWUDFWV�DQG�PRGHOV�WKH�LQFHQWLYH�LPSOLFDWLRQV�RI
LQFUHDVLQJ�WKH�QXPEHU�RI�VXSSOLHUV��VKRZLQJ�WKDW�WKH�QHHG�WR�SURYLGH�LQFHQWLYHV�IRU
QRQFRQWUDFWLEOH�VXSSOLHU�LQYHVWPHQWV�FDQ�OLPLW�WKH�GHVLUDEOH�QXPEHU�RI�VXSSOLHUV���6HFWLRQ��
SUHVHQWV�DQ�LQWHJUDWHG�PRGHO�WKDW�LQFOXGHV�WKH�LPSDFW�RI�FRRUGLQDWLRQ�FRVWV��ILW��DQG
LQFHQWLYHV�RQ�GHWHUPLQLQJ�WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV���6HFWLRQ���FRQFOXGHV�ZLWK
LPSOLFDWLRQV�RI�WKH�PRGHO�DQG�VRPH�YDOLGDWLQJ�H[DPSOHV�

���&RRUGLQDWLRQ�&RVWV�DQG�WKH�2SWLPDO�1XPEHU�RI�6XSSOLHUV

$�QDWXUDO�DSSURDFK�WR�GHWHUPLQLQJ�WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�LV�WR�VWDUW�IURP�WKH
DVVXPSWLRQ�WKDW�D�ILUP�ZRXOG�EHQHILW�E\�LQFUHDVLQJ�WKH�QXPEHU�RI�LWV�VXSSOLHUV��WKHUHE\
EURDGHQLQJ�LWV�FKRLFH��EXW�WKDW�WHFKQRORJLFDO�FRQVLGHUDWLRQV�FRQVWUDLQ�WKLV�VWUDWHJ\���,Q�WKLV
SHUVSHFWLYH��WKH�QXPEHU�RI�VXSSOLHUV�LV�OLPLWHG�E\�FRQVLGHUDWLRQV�VXFK�DV�WKH�FRVW�RI�VHWWLQJ
XS�D�UHODWLRQVKLS��VHDUFK�FRVWV��DQG�WUDQVDFWLRQ�FRVWV��ZKLFK�FDQ�JHQHUDOO\�EH�VXPPDUL]HG�DV
FRRUGLQDWLRQ�FRVWV�

)RU�H[DPSOH��LQ�WU\LQJ�WR�GHWHUPLQH�WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�IRU�D�JLYHQ�LQSXW��LW
PD\�EH�DVVXPHG�WKDW�VXSSOLHUV
�SURGXFW�RIIHULQJV�DUH�VXEVWLWXWHV�IRU�RQH�DQRWKHU��H[FHSW
WKDW�WKH\�GLIIHU�LQ�VRPH�GHVLUDEOH�IHDWXUH��VXFK�DV�SULFH��ILW��RU�SURGXFW�FKDUDFWHULVWLFV�
,QWHUDFWLQJ�ZLWK�HDFK�VXSSOLHU�HQWDLOV�D�FRRUGLQDWLRQ�FRVW���$IWHU�VXUYH\LQJ�VRPH�QXPEHU�RI
VXSSOLHUV��WKH�EX\HU�VHOHFWV�WKH�SURGXFW�RIIHULQJ�WKDW�SURYLGHV�WKH�EHVW�YDOXH�DFFRUGLQJ�WR�LWV
VHW�RI�FULWHULD���7KH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�LV�GHWHUPLQHG�E\�WUDGLQJ�RII�WKH�FRVW�RI
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IXUWKHU�VHDUFKHV�DJDLQVW�WKH�H[SHFWHG�EHQHILW�IURP�LGHQWLI\LQJ�D�EHWWHU�VXSSOLHU���7R�LOOXVWUDWH
WKHVH�WUDGH�RIIV��LQ��WKLV�VHFWLRQ�ZH�RIIHU�D�PRGHO�IRU�WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�LQ�WKH
QHRFODVVLFDO�WUDGLWLRQ�RI�6WLJOHU��������

0RGHO��

&RQVLGHU�D�WZR�SHULRG�VHWWLQJ�ZLWK�D�EX\HU�ILUP�DQG�1�ULVN�QHXWUDO�SRWHQWLDO�VXSSOLHUV�ZLWK
LGHQWLFDO�SURGXFWLRQ�WHFKQRORJ\�IDFLQJ�WKH�VDPH�PDUJLQDO�FRVW��DVVXPHG�WR�EH�]HUR�
6XSSOLHU�RIIHULQJV�GLIIHU�LQ�D�SURGXFW�FKDUDFWHULVWLF��ZKLFK��ZLWKRXW�ORVV�RI�JHQHUDOLW\��LV
DVVXPHG�WR�EH�RQH�GLPHQVLRQDO��SURYLGLQJ�WR�WKH�EX\HU�ILUP�XWLOLW\�ε GLVWULEXWHG�LQ�WKH
LQWHUYDO�>���@�DFFRUGLQJ�WR�D�NQRZQ�GHQVLW\�IXQFWLRQ�Iε��ε�FDQ�EH�WKRXJKW�RI�DV�D��ILW�
LQGLFDWRU���6XSSOLHUV
�ε��FDQ�EH�GLVFRYHUHG�RQO\�DIWHU�D�UHODWLRQVKLS�KDV�EHHQ�HVWDEOLVKHG
EHWZHHQ�WKH�EX\HU�ILUP�DQG�WKH�FRUUHVSRQGLQJ�VXSSOLHU���7KH�EX\HU�ILUP�IDFHV�DQ
LUUHYHUVLEOH�FRVW�Κ�IRU�HDFK�VXSSOLHU�LW�GRHV�EXVLQHVV�ZLWK��ZKLFK�FDQ�EH�WKRXJKW�RI�DV�D
FRRUGLQDWLRQ�FRVW���,Q�WKH�ILUVW�SHULRG��WKH�EX\HU�ILUP�VHOHFWV�Q�VXSSOLHUV�IURP�WKH�1�DYDLODEOH
VXSSOLHUV��Q���1��DV�WKH�VXSSOLHUV�LW�ZLOO�GR�EXVLQHVV�ZLWK���,Q�WKH�VHFRQG�SHULRG��WKH�EX\HU
GLVFRYHUV�WKH�YDOXHV�RI�WKH�ILW�SDUDPHWHUV�εL�IRU�WKH�VXSSOLHUV��DQG�SXUFKDVHV�IURP�WKH
VXSSOLHU�ZKRVH�RIIHULQJ�SURYLGHV�WKH��EHVW�PDWFK���L�H���WKH�KLJKHVW�ε���

7R�VLPSOLI\�WKH�DQDO\VLV��DVVXPH�WKDW�FRPSHWLWLRQ�EHWZHHQ�WKH�VXSSOLHUV�GULYHV�SULFHV�WR
WKHLU�PDUJLQDO�FRVW��WKXV�DOORZLQJ�WKH�EX\HU�ILUP�WR�DSSURSULDWH�WKH�HQWLUH�VXUSOXV����7KH
EX\HU�VHOHFWV�WKH�QXPEHU�RI�VXSSOLHUV�Q��WR�PD[LPL]H�LWV�H[SHFWHG�VXUSOXV�

    
E max

i ∈{1 ,2 ...n }
ε i

 
  

 
  − nκ �

7KH�UHVXOWLQJ�RSWLPDO�QXPEHU�RI�VXSSOLHUV�Q�LV�WKH�ODUJHVW�LQWHJHU�VDWLVI\LQJ�WKH�GLIIHUHQFH
HTXDWLRQ�

    
E max

i ∈{1 ,2 ...n }
ε i

 
  

 
  − E max

i∈{1, 2...n −1}
εi

 
  

 
  > κ

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

� ,Q�WKLV�PRGHO�RQO\�RQH�VXSSOLHU��WKH�RQH�ZLWK�WKH�EHVW�ILW��LV�VHOHFWHG�WR�SURYLGH�WKH�SURGXFW
SXUFKDVHG���7KXV�ZKHQ�ZH�UHIHU�WR�Q�VXSSOLHUV��WKH�UHPDLQLQJ�Q�²���ILUPV�DUH��VXSSOLHUV��LQ�WKH
VHQVH�WKDW�DOO�RI�WKHP�DUH�HTXDOO\�OLNHO\��H[�DQWH��WR�EH�VHOHFWHG���$OWHUQDWLYHO\��LQ�D�PXOWLSHULRG
VHWWLQJ��WKH�EX\HU�ILUP�PD\�SXUFKDVH�IURP�GLIIHUHQW�VXSSOLHUV�LQ�HDFK�SHULRG��DVVXPLQJ�WKH�ε
V�DUH
WHPSRUDOO\�LQGHSHQGHQW���DQG�WKXV�DOO�Q�ILUPV�ZLOO�HYHQWXDOO\�EH�XVHG�DV�VXSSOLHUV��DQG�RYHU�WLPH�
D�YDULHW\�RI�VXSSOLHUV�ZLOO�EH�VHHQ�WR�GHOLYHU�JRRGV�

� 5HOD[LQJ�WKLV�DVVXPSWLRQ�DQG�DVVXPLQJ�WKDW�SULFHV�DUH�GHWHUPLQHG�E\�H[�SRVW�EDUJDLQLQJ�GRHV�QRW
TXDOLWDWLYHO\�FKDQJH�WKH�UHVXOWV���6HH�WKH�PRGHO�LQ�6HFWLRQ����IRU�H[DPSOH���,Q�DGGLWLRQ��IRU�DQ
DOWHUQDWLYH�LQWHUSUHWDWLRQ�RI�0RGHO����WKH�SURGXFW�FDQ�EH�FRQVLGHUHG�D�FRPPRGLW\��DQG���²�ε�FDQ
EH�WKH�VHOOHU�SULFH��ZLWK�D�GLVWULEXWLRQ�H[RJHQRXV�WR�WKH�PRGHO���,Q�WKLV�FDVH�WKH�ILUP�EX\LQJ�IURP
WKH�VXSSOLHU�ZLWK�WKH�KLJKHVW�ε�LV�HTXLYDOHQW�WR�EX\LQJ�IURP�WKH�VXSSOLHU�RIIHULQJ�WKH�ORZHVW�SULFH�
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,W�LV�HDV\�WR�VHH�WKDW�WKH�H[SHFWHG�VXUSOXV

    
E max

i ∈{1 ,2 ...n }
ε i

 
  

 
  − nκ

LV�PD[LPL]HG�IRU�D�ILQLWH�Q���DV

    

d
dn

E max
i ∈{1 ,2 ...n}

εi
 
  

 
  

 
  

 
  

LV�VWULFWO\�GHFUHDVLQJ�DQG�DSSURDFKHV�]HUR�DV�Q�DSSURDFKHV�LQILQLW\��ZKLOH�κ�LV�FRQVWDQW�

)LJXUH���LOOXVWUDWHV�WKH�WUDGHRII�EHWZHHQ�FRRUGLQDWLRQ�FRVW�DQG�ILW�DV�D�SURILW�PD[LPL]DWLRQ
SUREOHP��XQGHU�WKH�DVVXPSWLRQ�WKDW�WKH�εL�DUH�LQGHSHQGHQWO\�GLVWULEXWHG�XQLIRUPO\�LQ�WKH
LQWHUYDO�>���@��VR�WKDW

    
E max

i ∈{1 ,2 ...n }
ε i

 
  

 
  = 1 − 1

n +1
�

DQG�FRRUGLQDWLRQ�FRVWV�DUH�κ �����

$V�PHQWLRQHG�HDUOLHU��LW�LV�ZLGHO\�EHOLHYHG�WKDW�LQIRUPDWLRQ�WHFKQRORJ\�ORZHUV�WKH�FRVWV�RI

LQWHUILUP�FRRUGLQDWLRQ��H�J���VHH��0DORQH�HW�DO�����������7KXV��DFFRUGLQJ�WR�WKHVH�DUJXPHQWV�

LQIRUPDWLRQ�WHFKQRORJ\�LV�OLNHO\�WR�IDYRU�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�VXSSOLHUV���)LJXUH��

LOOXVWUDWHV�WKLV�HIIHFW�LQ�WKH�FRQWH[W�RI�RXU�VLPSOLILHG�PRGHO�E\�UHGXFLQJ�FRRUGLQDWLRQ�FRVWV

IURP�κ  ������WR�κ  ���������)RUPDOO\��ZH�KDYH

    

d
dn

E max
i ∈{1,2...n}

εi
 
  

 
  

 
  

 
  = κ ,  ���

ZKLFK�EHFRPHV

    
 

d
dn

E Fεi

i =1

n

∏
 

 
 
 

 

 
 
 

 

 
  

 

 
  = κ �
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number of 
suppliers

cost/benefit 
to the firm

optimal 
number 

of suppliers

coordination 
costs

total net 
benefits

benefits from 
better fit

)LJXUH�����%DODQFLQJ�FRRUGLQDWLRQ�FRVWV�DQG�ILW�

number of 
suppliers

cost/benefit 
to the firm

optimal 
number 

of suppliers

coordination 
costs

total net 
benefits

benefits from 
better fit

)LJXUH�����,LPSDFW�RI�ORZHU�FRRUGLQDWLRQ�FRVWV�

ZKHUH�  Fεi
�LV�WKH�DUELWUDU\�FXPXODWLYH�GLVWULEXWLRQ�IRU�HDFK�RI�WKH�εL���6LQFH�  Fεi

<1 ��ZH�NQRZ

WKDW�WKH�OHIW�KDQG�VLGH�RI��(TXDWLRQ�����LV�GHFUHDVLQJ�LQ�Q���7KHUHIRUH��ORZHU�VHDUFK�FRVWV��κ�
ZLOO�EH�DVVRFLDWHG�ZLWK�D�ODUJHU�QXPEHU�RI�VXSSOLHUV��Q���)LJXUH���VKRZV�D�SORW�RI�FRQWRXU
FXUYHV�IRU�EX\HU�VXUSOXV���7KH�GDUNHU�VKDGLQJ�RI�WKH�ORZHU�FRQWRXUV�LQGLFDWHV�WKH�LQFUHDVH�LQ
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EX\HU�VXUSOXV��DQG�LW�FDQ�EH�VHHQ�KRZ�WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�LQFUHDVHV�DV�VHDUFK
FRVWV�GHFOLQH�

VHDUFK�F

2 4 6 8 10

0.02

0.04

0.06

0.08

0.1

0.12

0.14

QXPEHU�RI
VXSSOLHUV

)LJXUH����&RQWRXU�GLDJUDP�IRU�GLIIHUHQW�FRRUGLQDWLRQ�FRVWV�

���,QFRPSOHWH�&RQWUDFWLQJ�DQG�WKH�2SWLPDO�1XPEHU�RI�6XSSOLHUV

$V�VKRZQ�LQ�0RGHO����FHWHULV�SDULEXV��RSWLPL]LQJ�EX\HUV�ZLOO�QHYHU�UHGXFH�WKH�QXPEHU�RI
VXSSOLHUV�ZKHQ�FRRUGLQDWLRQ�FRVWV�GHFUHDVH���7KLV�OHDGV�XV�WR�FRQVLGHU�RWKHU�IDFWRUV���,Q
SDUWLFXODU��ZH�GUDZ�RQ�WKH�LQFRPSOHWH�FRQWUDFWLQJ�OLWHUDWXUH�WR�PRGHO�WKH�UHODWLRQVKLS
EHWZHHQ�D�ILUP�DQG�LWV�VXSSOLHUV�IRFXVLQJ�RQ�LQFHQWLYH�FRQVLGHUDWLRQV��WKHUHE\�FDSWXULQJ�WKH
LQFHQWLYH�HIIHFWV�GLVFXVVHG�LQ�6HFWLRQ�������$V�VKRZQ�EHORZ��LQFUHDVLQJ�WKH�QXPEHU�RI
VXSSOLHUV�ZLOO�UHGXFH�VXEVWDQWLDOO\�WKH�SRUWLRQ�RI�WKH�PDUJLQDO�UHWXUQV�RQ�LQYHVWPHQW
DSSURSULDWHG�E\�HDFK�VXSSOLHU���7KLV�ZLOO�OLPLW�WKH�VXSSOLHUV
�LQFHQWLYH�WR�LQYHVW��DQG�LI
VXSSOLHU�LQYHVWPHQW�LV�FULWLFDO��LW�FDQ�UHVXOW�LQ�D�VXERSWLPDO�RXWFRPH���7KH�UHPDLQGHU�RI�WKLV
VHFWLRQ�IRUPDOL]HV�WKLV�DUJXPHQW�

�����,QFRPSOHWH�&RQWUDFWV�$SSURDFK

:LOOLDPVRQ��������KDV�DUJXHG�WKDW�FRPSOHWH�FRQWUDFWV��LQ�WKH�VHQVH�WKDW�WKH\�QHYHU�QHHG�WR
EH�UHQHJRWLDWHG�RU�UHYLVHG��DUH�FRVWO\�RU�HYHQ�LQIHDVLEOH���*URVVPDQ�DQG�+DUW��������DQG
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+DUW�DQG�0RRUH��������VKDUSHQ�:LOOLDPVRQ·V�DUJXPHQW�E\�SRLQWLQJ�RXW�WKDW�FHUWDLQ
YDULDEOHV�PD\�QRW�EH�YHULILDEOH�E\�D�WKLUG�SDUW\��VXFK�DV�D�FRXUW�RU�DQ�DUELWUDWRU��DOWKRXJK
WKH\�FDQ�EH�REVHUYHG�E\�WKH�SDUWLHV�LQYROYHG�LQ�WKH�UHODWLRQVKLS���,Q�MXGJLQJ�D�VXSSOLHU
V
UHFRUG�IRU�LQQRYDWLRQ��IRU�H[DPSOH��ERWK�WKH�ILUP�DQG�WKH�VXSSOLHU�PD\�EH�DEOH�WR�REVHUYH
ZKHWKHU�WKH�VXSSOLHU�KDV�EHHQ�LQQRYDWLYH�DQG�HVWLPDWH�WKH�UHVXOWLQJ�YDOXH�FUHDWHG��EXW�LW
PD\�QRW�EH�SRVVLEOH�WR�VKRZ�WKDW�WR�WKH�VDWLVIDFWLRQ�RI�D�FRXUW���3DUWLHV�FDQQRW�HQWHU�LQWR�D
FRQWUDFW�EDVHG�RQ�WKH�RXWFRPH�RI�VXFK�YDULDEOHV��EXW�LQVWHDG�PXVW�GLYLGH�DQ\�UHVXOWLQJ
YDOXH�WKURXJK�H[�SRVW�EDUJDLQLQJ��

7KXV�WKH�H[�SRVW�EDUJDLQLQJ�SRZHU�RI�HDFK�SDUW\�ZLOO�EH�WDNHQ�LQWR�DFFRXQW�EHIRUH�WKH\�PDNH
LQYHVWPHQWV�WKDW�FUHDWH�YDOXH�EXW�DUH�QRW�FRQWUDFWLEOH���&KDQJHV�LQ�WKH�VWUXFWXUH�RI�WKH
UHODWLRQVKLS�WKDW�DIIHFW�HDFK�SDUW\
V�EDUJDLQLQJ�SRZHU�ZLOO�WKHUHIRUH�KDYH�HIIHFWV�RQ
HTXLOLEULXP�RXWSXW���%DVHG�RQ�WKLV�SULQFLSOH��ZH�FDQ�DQDO\]H�KRZ�FKDQJHV�LQ�WKH�QXPEHU�RI
VXSSOLHUV�DIIHFW�WKHLU�EDUJDLQLQJ�SRZHU�DQG��WKHUHIRUH��WKHLU�LQFHQWLYHV�WR�LQYHVW�LQ�WKH
UHODWLRQVKLS�DQG�XOWLPDWHO\�HFRQRPLF�RXWSXW�

�����$Q�,QFRPSOHWH�&RQWUDFWLQJ�0RGHO�IRU�WKH�2SWLPDO�1XPEHU�RI�6XSSOLHUV

1RZ�GHYHORS�D�PRGHO�WKDW�FRQVLGHUV�KRZ�WKH�QXPEHU�RI�VXSSOLHUV�DIIHFWV�WKH�LQFHQWLYHV�RI
WKH�EX\HU�ILUP�DQG�LWV�VXSSOLHUV�WR�LQYHVW�LQ�WKHLU�UHODWLRQVKLS���7R�WKLV�HQG��ZH�DVVXPH�WKDW
WKH�EX\HU�ILUP�DQG�LWV�VXSSOLHUV�PXVW�LQYHVW�LQ�VRPH�DFWLYLW\�WKDW�DIIHFWV�WKH�YDOXH�UHDOL]HG�
EXW�LV�QRW�IHDVLEOH�WR�GHVFULEH�LQ�D�FRPSUHKHQVLYH�FRQWUDFW���7KLV�PD\�EH�DQ�LQYHVWPHQW�LQ
TXDOLW\��UHVSRQVLYHQHVV��RU�LQQRYDWLRQ��IRU�H[DPSOH��DQ�LQIRUPDWLRQ�V\VWHP�WKDW�SURPRWH
�HOHFWURQLF�LQWHJUDWLRQ��EHWZHHQ�WKH�EX\HU�DQG�WKH�VXSSOLHUV��VXFK�DV�RUGHU�HQWU\��MXVW�LQ�
WLPH�LQYHQWRU\�PDQDJHPHQW��RU�HOHFWURQLF�H[FKDQJH�RI�SURGXFW�GHVLJQV���7KH�VXSSOLHU�DQG
WKH�EX\HUV�PXVW�PDNH�LQYHVWPHQWV�VSHFLILF�WR�WKLV�UHODWLRQVKLS��VXFK�DV�LGHQWLI\LQJ�DQG
VXJJHVWLQJ�LPSURYHPHQWV�LQ�SURGXFW�GHVLJQ���7KHVH�LQYHVWPHQWV�ZLOO�KDYH�OLWWOH�YDOXH�LQ
DOWHUQDWLYH�XVHV��ZKHUHDV�WKHLU�EHQHILWV�DUH�OLNHO\�WR�EH�REVHUYDEOH�E\�WKH�SDUWLHV�LQYROYHG�
EXW�QRW�YHULILDEOH�E\�DQ�RXWVLGH�DUELWUDWRU�RU�D�FRXUW�RI�ODZ�

0RGHO��

&RQVLGHU�D�WZR�SHULRG�VHWWLQJ�ZLWK�1�����ULVN�QHXWUDO�ILUPV�LQGH[HG�E\�L� �������������1�
LQFOXGLQJ�D�EX\HU�ILUP��L� ����DQG�1�LGHQWLFDO�VXSSOLHUV��L� ������������1��FRQQHFWHG�YLD�DQ
LQWHURUJDQL]DWLRQDO�V\VWHP���%HIRUH�WKH�ILUVW�SHULRG��WKH�EX\HU�GHWHUPLQHV�WKH�QXPEHU�RI
VXSSOLHUV�Q�SDUWLFLSDWLQJ�LQ�WKH�V\VWHP��ZKLFK�DUH�WKH�RQO\�VXSSOLHUV�IURP�ZKLFK�LW�FDQ

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

� )XUWKHUPRUH��LQ�WKH�DEVHQFH�RI�FRPSOHWH�FRQWUDFWLQJ��VWDQGDUG�PHFKDQLVP�GHVLJQ�DUJXPHQWV�
VXFK�DV�WKRVH�WKDW�LQYRNH�WKH�UHYHODWLRQ�SULQFLSOH��DUH�LQIHDVLEOH�DQG��DV�VKRZQ�E\�+DUW�DQG
0RRUH���������RSWLPDO�LQYHVWPHQW�OHYHOV�JHQHUDOO\�FDQQRW�EH�VXVWDLQHG�
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RUGHU�JRRGV��:H�DVVXPH�WKDW�Q�FDQQRW�EH�FKDQJHG�XQWLO�DIWHU�WKH�VHFRQG�SHULRG����$OO�1
VXSSOLHUV�SRVVHVV�LGHQWLFDO�WHFKQRORJ\��DQG��LQ�WKH�ILUVW�SHULRG��HDFK�ILUP�L�PDNHV�D�SULYDWH�
QRQYHULILDEOH�LQYHVWPHQW�[L�DW�FRVW�F��[���IRU�L� ����DQGFV�[L���IRU�����L���1��WR�ZKLFK�ZH�UHIHU

DV�WKH�ILUP
V�QRQFRQWUDFWLEOH�LQYHVWPHQW���,Q�WKH�VHFRQG�SHULRG��SURGXFWLRQ�WDNHV�SODFH��WKH
JRRGV�DUH�GHOLYHUHG��DQG�SD\PHQWV�DUH�PDGH���:H�DVVXPH�WKDW�RQFH�WKH�LQYHVWPHQWV�DUH
PDGH��WKH�PDUJLQDO�FRVW�RI�DFWXDOO\�SURGXFLQJ�WKH�SURGXFW�LV�]HUR���$�VHW�RI�ILUPV�  S ⊆ S �FDQ
JHQHUDWH�YDOXH�Y�6�[���ZKHUH�  S �LV�WKH�VHW�RI�ILUPV�^������������1`��DQG�[�LV�WKH�YHFWRU�RI

LQYHVWPHQWV���7KH�EX\HU��ILUP����UHTXLUHV�DFFHVV�WR�DW�OHDVW�RQH�RI�WKH�VXSSOLHUV�WR�FUHDWH�DQ\
YDOXH��ZKHUHDV�HDFK�VXSSOLHU�QHHGV�DFFHVV�WR�WKH�EX\HU�WR�FUHDWH�YDOXH���6XSSOLHUV�IDFH�QR
FDSDFLW\�FRQVWUDLQWV�DQG�RQO\�WKH�WRWDO�VXUSOXV�LV�REVHUYDEOH���WKXV��RQFH�LQYHVWPHQWV�KDYH
EHHQ�PDGH��WKHUH�LV�QR�ORVV�RQ�H[SHFWDWLRQ�IURP�H[FOXGLQJ�DQ\�VLQJOH�VXSSOLHU��LI�DQ
DOWHUQDWLYH�VXSSOLHU�H[LVWV���,Q�SDUWLFXODU��LQ�WKLV�FDVH�WKH�YDOXH�RI�D�FRDOLWLRQ�LV�JLYHQ�E\

v(S \ {i},x) =
0 if  i = 0

0 if  S = {0,i}

v(S,x)  otherwise.  

 
 
 

  

:H�DOVR�PDNH�WKH�VWDQGDUG�DVVXPSWLRQ�RI�LQFUHDVLQJ�PDUJLQDO�FRVWV�RI�LQYHVWPHQW�DQG
GLPLQLVKLQJ�PDUJLQDO�UHWXUQV�WR�LQYHVWPHQW�

�
    

dci (x i)
dxi

> 0 ��
    

d2 ci(x i )
dxi

2 > 0 ��
  

∂v
∂x i

> 0 � DQG�
  

∂ 2v
∂x i

2 < 0 �

:H�DVVXPH�WKDW�DOWKRXJK�QRQFRQWUDFWLEOH�LQYHVWPHQWV�E\�WKH�EX\HU�ILUP�DQG�LWV�VXSSOLHUV
DUH�WRR�FRPSOH[�WR�LQFOXGH�LQ�D�FRQWUDFW��WKH�WRWDO�YDOXH�SURGXFHG�LV�REVHUYDEOH�E\�DOO
SDUWLHV��VR�WKDW�EDUJDLQLQJ�LQ�WKH�VHFRQG�SHULRG�WDNHV�SODFH�XQGHU�V\PPHWULF�LQIRUPDWLRQ��LQ
WKH�WHUPLQRORJ\�RI�*URVVPDQ�DQG�+DUW��WKH�WRWDO�VXUSOXV�JHQHUDWHG�LV�REVHUYDEOH��EXW�QRW
YHULILDEOH��H�J���WKH�EX\HU�ILUP�DQG�LWV�VXSSOLHUV�FDQ�REVHUYH�TXDOLW\��EXW�WKH\�FDQQRW�ZULWH�D
FRQWUDFW�FRQWLQJHQW�RQ�WKH�TXDOLW\�RI�WKH�JRRGV�GHOLYHUHG����6LQFH�QR�FRQWUDFW�FDQ�EH�ZULWWHQ
FRQWLQJHQW�RQ�ILUP�LQYHVWPHQWV�RU�WKH�YDOXH�JHQHUDWHG�E\�WKHP��WKH�WRWDO�VXUSOXV�JHQHUDWHG
LQ�WKH�VHFRQG�SHULRG�ZLOO�EH�DSSRUWLRQHG�DFFRUGLQJ�WR�WKH�UHODWLYH�EDUJDLQLQJ�SRZHU�RI�WKH
SDUWLHV�LQYROYHG�

7KHUH�DUH�D�YDULHW\�RI�EDUJDLQLQJ�PRGHOV�WKDW�FRXOG�EH�DSSOLHG�WR�GHWHUPLQH�WKH�RXWFRPH�
IRU�GHILQLWHQHVV��ZH�IROORZ�+DUW�DQG�0RRUH��������LQ�DVVXPLQJ�WKDW�1DVK�EDUJDLQLQJ�WDNHV

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

� 7KH�FKRLFH�RI�D�ILQLWH�Q��ZLOO�HIIHFWLYHO\�FRPPLW�WKH�EX\HU�QRW�WR�H[SURSULDWH�WKH�HQWLUH
QRQFRQWUDFWLEOH�VXUSOXV�IURP�LWV�UHODWLRQVKLS�ZLWK�WKH�VXSSOLHUV�

� )RU�H[DPSOH��LQYHVWPHQWV�LQ�HOHFWURQLF�LQWHJUDWLRQ�E\�WKH�ILUP�DQG�LWV�VXSSOLHUV�LQFUHDVH�WKH�YDOXH
JHQHUDWHG�E\�WKH�ILUP�DQG�LWV�VXSSOLHU�QHWZRUN��EXW�LQFUHDVHV�LQ�YDOXH�FDQQRW�EH�WUDFHG�WR�WKH
LQGLYLGXDO�LQYHVWPHQWV�UHVSRQVLEOH�IRU�WKHP�
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SODFH�DQG�WKDW�FRQVHTXHQWO\�HDFK�SDUWLFLSDQW�ZLOO�UHFHLYH�D�VKDUH�RI�WKH�SD\RIIV
SURSRUWLRQDWH�WR�LWV�6KDSOH\�YDOXH���,Q�DGGLWLRQ��ZH�DVVXPH�WKDW�DOO�SDUWLHV�NQRZ�WKLV��DQG�DV
D�UHVXOW�WKLV�GLYLVLRQ�RI�WKH�VXUSOXV�LV�PXWXDOO\�DFFHSWDEOH�DQG�LV�UHDFKHG�ZLWKRXW�DQ\
DGGLWLRQDO�EDUJDLQLQJ�FRVWV���,Q�WKLV�VHWWLQJ��WKH�ILUPV
�6KDSOH\�YDOXHV�DUH�JLYHQ�E\�

      
Bi(x) ≡ p(S) v (S,x) − v(S \ {i},x)[ ]

S i ∈S
∑ � ���

ZKHUH

    
p(S) ≡ (s −1)!( I − s)!

I !
V� +�WKH�QXPEHU�RI�DJHQWV�LQ�D�JLYHQ�VXEVHW�6
,� +�WKH�WRWDO�QXPEHU�RI�DJHQWV
[�  ��[���[���... �[Q��LV�WKH�YHFWRU�RI�LQGLYLGXDO�LQYHVWPHQWV�

'LYLVLRQ�RI�VXUSOXV�DFFRUGLQJ�WR�WKH�6KDSOH\�YDOXHV�DPRXQWV�WR�SD\LQJ�HDFK�ILUP�DQ�DPRXQW
HTXDO�WR�LWV�FRQWULEXWLRQ�WR�WKH�YDOXH�RI�HDFK�SRWHQWLDO�FRDOLWLRQ��PXOWLSOLHG�E\�WKH
SUREDELOLW\�WKDW�WKDW�SDUWLFXODU�FRDOLWLRQ�ZLOO�EH�REVHUYHG����8QGHU�WKLV�IRUPXODWLRQ��ILUPV
WKDW�DUH�QRW�HDVLO\�UHSODFHG�ZLOO�KDYH�PRUH�EDUJDLQLQJ�SRZHU�DQG��WKXV��ZLOO�EH�DEOH�WR
JDUQHU�D�ODUJHU�VKDUH�RI�WKH�VXUSOXV�JHQHUDWHG�IURP�WUDQVDFWLQJ���,Q�RXU�VHWWLQJ��HDFK�RI�WKH�Q
LGHQWLFDO�VXSSOLHUV�ZLOO�KDYH�VRPH�EDUJDLQLQJ�SRZHU�DQG�ZLOO�UHFHLYH�VRPH�SD\PHQWV�
WKHUHIRUH�LW�LV�QDWXUDO�WR�FRQVLGHU�HDFK�RI�WKHP�WR�EH�GHOLYHULQJ�D�VKDUH�RI�WKH�JRRGV�VXSSOLHG�

:H�QRZ�VROYH�IRU�HTXLOLEULXP�LQYHVWPHQW�DQG�RXWSXW���7KH�H[�SRVW�EDUJDLQLQJ�SRZHU�RI�WKH
SDUWLHV�ZLOO�KDYH�D�FRQVLGHUDEOH�HIIHFW�RQ�WKH�H[�DQWH�LQFHQWLYHV�WR�PDNH�QRQFRQWUDFWLEOH
LQYHVWPHQWV���(DFK�ILUP�ZLOO�LQYHVW�XQWLO�WKH�PDUJLQDO�EHQHILW�LW�FDQ�H[SHFW�WR�UHFHLYH�HTXDOV
WKH�PDUJLQDO�FRVW�RI�LQYHVWPHQW���)RU�H[DPSOH��LQ�D�ELODWHUDO�VHWWLQJ�ZLWK�D�VLQJOH�EX\HU�DQG�D
VLQJOH�VXSSOLHU��HDFK�ILUP�ZLOO�LQYHVW�XQWLO�WKH�PDUJLQDO�EHQHILW�LW�FDQ�H[SHFW�WR�UHFHLYH��DV
JLYHQ�E\�LWV�6KDSOH\�YDOXH��HTXDOV�WKH�PDUJLQDO�FRVW�RI�LQYHVWPHQW��UHVXOWLQJ�LQ�WKH�IROORZLQJ

ILUVW�RUGHU�FRQGLWLRQV�IRU�WKH�EX\HU�DQG�VXSSOLHU�ILUPV��ZKHUH�
    
v i (⋅)≡ ∂v (⋅)

∂x i

�DQG�
    

′ c i(x i) = dci(xi )
dxi

�

%X\HU�ILUP�     
1
2 v 0({0,1},(x 0 , x1)) = ′ c 0( x0 ) ��D�

6XSSOLHU�ILUP�     
1
2 v1({0,1}, (x 0 ,x1 )) = ′ c 1(x1 ) ��E�

%HFDXVH�QHLWKHU�ILUP�FDQ�FDSWXUH������RI�WKH�DGGLWLRQDO�UHYHQXH�UHVXOWLQJ�IURP�LWV
QRQFRQWUDFWLEOH�LQYHVWPHQWV��HDFK�ZLOO�KDYH�D�VXERSWLPDO�LQFHQWLYH�WR�LQYHVW���,Q�SDUWLFXODU�
HDFK�ILUP�ZLOO�LQYHVW�XS�WR�WKH�SRLQW�DW�ZKLFK�WKH�PDUJLQDO�FRVW�RI�LQYHVWPHQW�LV�HTXDO�WR�MXVW

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

� $OWKRXJK�WKH�6KDSOH\�YDOXH�LV�WUDGLWLRQDOO\�XVHG�WR�DQDO\]H�FRRSHUDWLYH�EDUJDLQLQJ���*XO������
SURYLGHV�D�GHWDLOHG�QRQFRRSHUDWLYH�EDUJDLQLQJ�MXVWLILFDWLRQ�IRU�WKLV�DVVXPSWLRQ���,W�FDQ�EH�XVHIXO
WR�WKLQN�RI�WKH�6KDSOH\�YDOXH�DV�WKH�UHVXOW�RI�JHQHUDOL]HG�1DVK�EDUJDLQLQJ��,Q�DQ\�HYHQW��WKH�H[DFW
UXOH�IRU�GLYLVLRQ�RI�WKH�VXUSOXV�ZLOO�JHQHUDOO\�KDYH�QR�TXDOLWDWLYH�HIIHFW�RQ�WKH�UHVXOWV�DV�ORQJ�DV
HDFK�DJHQW
V�VKDUH�RI�RXWSXW�LV�SRVLWLYHO\�FRUUHODWHG�ZLWK�KLV�RU�KHU�DFFHVV�WR�HVVHQWLDO�DVVHWV�YLD
FRDOLWLRQV�ZLWK�RWKHU�SDUWLHV�
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RQH�KDOI�RI�WKH�PDUJLQDO�YDOXH�FUHDWHG��VLQFH�WKLV�LV�WKH�SURSRUWLRQ�LW�ZLOO�EH�DEOH�WR
DSSURSULDWH�XQGHU�1DVK�EDUJDLQLQJ���7KLV�LV�WKH�IDPLOLDU��KROG�XS��SUREOHP�GHVFULEHG�E\
.OHLQ��&UDZIRUG�DQG�$OFKLDQ��������

,Q�JHQHUDO��WKH�ILUVW�RUGHU�FRQGLWLRQV�RI�EX\HU�DQG�VXSSOLHU�ILUPV�DUH�JLYHQ�E\

%X\HU�ILUP�
      

n
n +1

v 0(S, x) = ′ c 0(x0 ) ��D�

(DFK�VXSSOLHU�
      

1
n(n +1)

v i(S, x) = ′ c s (xi ) ��E�

ZKHUH�����L���Q���7KH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�LV�GHWHUPLQHG�E\�FKRRVLQJ�Q� �Q�VR�WKDW
WKH�UHVXOWLQJ�LQYHVWPHQWV�[�PD[LPL]H�WKH�VRFLDO�VXUSOXV�

      
v (S,x*) − c0 (x 0 )− cs (xk

*)
k=1

n *

∑ ���

,W�LV�DSSDUHQW�IURP�(TXDWLRQV���D��DQG���E��WKDW�DV�WKH�QXPEHU�RI�VXSSOLHUV��Q��LQFUHDVHV�
XQGHULQYHVWPHQW�EHFRPHV�OHVV�VHYHUH�IRU�WKH�EX\HU�EXW�EHFRPHV�HYHQ�ZRUVH�IRU�WKH
VXSSOLHUV���)RU�LQVWDQFH��ZLWK�WZR�VXSSOLHUV��WKH�EX\HU�ZLOO�LQYHVW�WR�WKH�SRLQW�DW�ZKLFK�WKH
PDUJLQDO�FRVW�RI�LWV�LQYHVWPHQW�LV�HTXDO�WR�WZR�WKLUGV�RI�WKH�PDUJLQDO�YDOXH�FUHDWHG��ZKHUHDV
HDFK�VXSSOLHU�ZLOO�LQYHVW�WR�WKH�SRLQW�DW�ZKLFK�LWV�PDUJLQDO�FRVW�RI�LQYHVWPHQW�LV�HTXDO�WR
RQH�VL[WK�RI�WKH�YDOXH�FUHDWHG���)LJXUH���D��VKRZV�WKLV�GHFOLQH�LQ�LQYHVWPHQW�LQFHQWLYHV�IRU
WKH�VXSSOLHUV��DQG�)LJXUH���E��VKRZV�WKH�FRUUHVSRQGLQJ�LQFUHDVH�LQ�EX\HU�LQFHQWLYHV��DV�WKH
QXPEHU�RI�VXSSOLHUV�LQFUHDVHV�

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

�� 7KLV�LV�WKH�YDOXH�RI�Q�WKDW�PD[LPL]HV�QHW�VRFLDO�VXUSOXV���$Q�DOWHUQDWLYH�DSSURDFK�ZRXOG�EH�WR
DVVXPH�WKDW�WKH�EX\HU�FKRRVHV�Q�WR�PD[LPL]H�LWV�SULYDWH�VXUSOXV�%��[�Y�  S �[��²�F��[����DV�LQ
�%DNRV�DQG�%U\QMROIVVRQ���������,I�VLGH�SD\PHQWV�DUH�DOORZHG��KRZHYHU��WKHQ�WKH�VRFLDOO\�RSWLPDO
QXPEHU�RI�Q�ZLOO�DOVR�PD[LPL]H�WKH�EX\HU
V�LQGLYLGXDO�SD\RII��VLQFH�WKH�EX\HU�ILUP�ZLOO�EH
FRPSHQVDWHG�YLD�H[�DQWH�VLGH�SD\PHQWV�IRU�FKRRVLQJ�WKH�VRFLDOO\�RSWLPDO�LQVWLWXWLRQDO
DUUDQJHPHQW�
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buyer share of 
incremental value

number of 
suppliers �

number of 
suppliers

supplier share of 
incremental value

)LJXUH��D��%X\HU�LQFHQWLYHV�WR�LQYHVW� )LJXUH��E��6XSSOLHU�LQFHQWLYHV�WR�LQYHVW�

,I�WKH�EX\HU
V�QRQFRQWUDFWLEOH�LQYHVWPHQW�LV�YHU\�LPSRUWDQW�UHODWLYH�WR�WKH�VXSSOLHUV

QRQFRQWUDFWLEOH�LQYHVWPHQWV��WKHQ�WKLV�WUDGH�RII�PD\�EH�ZRUWK�PDNLQJ���)RU�H[DPSOH��LI
VXSSOLHU�LQYHVWPHQWV�LQ�TXDOLW\��UHVSRQVLYHQHVV��DQG�LQQRYDWLRQ�KDYH�QR�LPSDFW�RQ�WKH�WRWDO
YDOXH�FUHDWHG��WKH�EX\HU�VKRXOG�DGRSW�WKH�PD[LPXP�IHDVLEOH�QXPEHU�RI�VXSSOLHUV��LQ�ZKLFK
FDVH�WKH�EX\HU�NHHSV�DOPRVW�DOO�VXUSOXV��EXW�QR�VXSSOLHU�ZLOO�PDNH�DQ\�VLJQLILFDQW
QRQFRQWUDFWLEOH�LQYHVWPHQW���&RQYHUVHO\��LI�WKH�EX\HU�ZLVKHV�WR�LQGXFH�LWV�VXSSOLHUV�WR�PDNH
VLJQLILFDQW�QRQFRQWUDFWLEOH�LQYHVWPHQWV��WKHQ�LW�PXVW�FRPPLW�WR�EX\LQJ�RQO\�IURP�D
UHODWLYHO\�VPDOO�QXPEHU�RI�SRVVLEOH�VXSSOLHUV���$OWKRXJK�WKH�EX\HU�ZLOO�EH�DEOH�WR�NHHS�D
VPDOOHU�IUDFWLRQ�RI�WKH�VXUSOXV�JHQHUDWHG��UHGXFLQJ�WKH�QXPEHU�RI�VXSSOLHUV�ZLOO�LQGXFH�HDFK
RI�WKHP�WR�PDNH�QRQFRQWUDFWLEOH�LQYHVWPHQWV��DQG�WKXV�ZLOO�LQFUHDVH�WKH�WRWDO�VXUSOXV�WR�EH
GLYLGHG���,Q�RWKHU�ZRUGV��DV�WKH�QRQFRQWUDFWLEOH�VXSSOLHU�LQYHVWPHQWV�EHFRPH�PRUH
LPSRUWDQW��WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�GHFUHDVHV���&RQYHUVHO\��DV�WKH�QRQFRQWUDFWLEOH
EX\HU�LQYHVWPHQWV�EHFRPH�PRUH�LPSRUWDQW��WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�LQFUHDVHV�

�����3DUDPHWULF�([DPSOH

7R�LOOXVWUDWH�WKH�DQDO\VLV�RI�WKLV�VHFWLRQ��ZH�FDQ�VKRZ�KRZ�SURGXFWLRQ�LQFHQWLYHV�DUH
DIIHFWHG�E\�WKH�QXPEHU�RI�VXSSOLHUV��DVVXPLQJ�D�SURGXFWLRQ�IXQFWLRQ

      
v (S,x) = Ax 0

α + (1 − A ) x i
β

i =1

n∑ �

ZLWK�GHFOLQLQJ�PDUJLQDO�UHWXUQV�RI�LQYHVWPHQW������α, β �������7KH�SDUDPHWHU�$�FKDUDFWHUL]HV
WKH�UHODWLYH�LPSRUWDQFH�RI�QRQFRQWUDFWLEOH�EX\HU�LQYHVWPHQW���)RU�H[DPSOH��DV�Α GHFUHDVHV�
LW�PD\�VLJQLI\�WKDW�EX\HU�LQYHVWPHQW�LQ�LQQRYDWLRQ�EHFRPHV�UHODWLYHO\�OHVV�LPSRUWDQW�WKDQ
VXSSOLHU�LQYHVWPHQW�LQ�LQQRYDWLRQ���$VVXPLQJ�TXDGUDWLF�LQYHVWPHQW�FRVWV
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    c0 (x0 ) = 1
2 x 0

2  and cs( xi ) = 1
2 xi

2 ��WKH�PDUJLQDO�UHWXUQ�RQ�EX\HU�LQYHVWPHQW�LV�      v
0 (S,x) = Aαx 0

α −1 �
DQG�WKH�PDUJLQDO�FRVW�LV�    ′ c 0 (x0 ) = x 0 ���7KXV�WKH�HTXLOLEULXP�EX\HU�LQYHVWPHQW�    x 0

*�VDWLVILHV�WKH
ILUVW�RUGHU�FRQGLWLRQ

    
xo

* = B0 (n)Aα(x 0
* )α −1 = n

n +1
Aα(x0

*)α −1� ��D�

6LPLODUO\��WKH�PDUJLQDO�UHWXUQ�RQ�VXSSOLHU�L
V�LQYHVWPHQW�LV�      v
i (S ,x) = (1 − A )βx i

β −1 �DQG�WKH
PDUJLQDO�FRVW�LV�    ′ c s (x i) = xi ��JLYLQJ�XV�WKH�FRUUHVSRQGLQJ�ILUVW�RUGHU�FRQGLWLRQ�IRU�WKH
HTXLOLEULXP�VXSSOLHU�LQYHVWPHQW�    x i

*�

    
x i

* = Bi(n)(1− A )β( xi
*)β −1 = 1

n(n +1)
(1 − A )β(x i

*)β −1 ��E�

6ROYLQJ�(TXDWLRQV�����ZH�JHW

    
x 0

* = αAn
n +1

 
  

 
  

1
2−α

�DQG�
    
x i

* = β(1 − A )
n(n +1)

 
  

 
  

1
2− β

�

buyer 
invest
ment

supplier 
investment

number of 
suppliers

equilibrium 
investment

)LJXUH��

)LJXUH���VKRZV�WKDW�EX\HU�LQYHVWPHQW�LQFUHDVHV�DQG�VXSSOLHU�LQYHVWPHQW�GHFUHDVHV�DV�WKH
QXPEHU�RI�VXSSOLHUV�LQFUHDVHV�

7KH�UHVXOWLQJ�QHW�VRFLDO�VXUSOXV�LV

      
v (S,x) − c0 (x 0 )− cs(xi )

i =1

n∑ �
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)LJXUH���SORWV�WKH�VRFLDO�VXUSOXV�JHQHUDWHG�E\�WKH�EX\HU�DQG�VXSSOLHU�LQYHVWPHQWV�LQ
)LJXUH����DQG�VKRZV�KRZ�GHFUHDVLQJ�WKH�QXPEHU�RI�VXSSOLHUV�FDQ�OHDG�WR�D�PRUH�HIILFLHQW
HTXLOLEULXP��LQFUHDVLQJ�WKH�WRWDO�VRFLDO�VXUSOXV�FUHDWHG���

number of 
suppliers

social surplus

optimal number 
of suppliers

)LJXUH��

)LJXUH���VKRZV�KRZ�DQ�LQFUHDVH�LQ�WKH�LPSRUWDQFH�RI�VXSSOLHU�LQFHQWLYHV��DFKLHYHG
SDUDPHWULFDOO\�E\�GHFUHDVLQJ�Α��FDQ�OHDG�WR�D�UHGXFWLRQ�LQ�WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�

number of 
suppliers

social surplus

increasing 
importance 
of supplier 
investment

optimal number 
of suppliers

)LJXUH��

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

�� )LJXUHV��²��ZHUH�GHULYHG�ZLWK�α  �β  �����DQG�$� �����LQ�)LJXUHV���DQG���DQG�UDQJLQJ�IURP������
WR�������LQ�)LJXUH���
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���&RPELQLQJ�,QFHQWLYH�&RQVLGHUDWLRQV�ZLWK�1HRFODVVLFDO
&RQVLGHUDWLRQV

,Q�WKLV�VHFWLRQ�ZH�GHYHORS�DQ�LQWHJUDWHG�PRGHO�WKDW�FRPELQHV�LQFHQWLYH�FRQVLGHUDWLRQV�ZLWK
QHRFODVVLFDO�FRQVLGHUDWLRQV�WR�GHULYH�WKH�RSWLPXP�QXPEHU�RI�VXSSOLHUV���7KH�VHWWLQJ�LV
VLPLODU�WR�0RGHO����H[FHSW�WKDW��OLNH�0RGHO����ZH�LQFRUSRUDWH�D�IL[HG�FRRUGLQDWLRQ�FRVW
DVVRFLDWHG�ZLWK�HDFK�SRWHQWLDO�VXSSOLHU��DQG�ZH�DVVXPH�WKDW�VXSSOLHU�SURGXFW�RIIHULQJV�DUH
KHWHURJHQHRXV�LQ�VRPH�FRQWUDFWLEOH�FKDUDFWHULVWLF��WKXV�SURYLGLQJ�WKH�EX\HU�ILUP�ZLWK�WKH
LQFHQWLYH�WR�VHDUFK�WKH�VXSSOLHU�PDUNHW�IRU�WKH�SURGXFW�ZLWK�WKH�EHVW��ILW��

�����7KH�0RGHO

0RGHO��

&RQVLGHU�D�WZR�SHULRG�VHWWLQJ�ZLWK�1������ULVN�QHXWUDO�ILUPV�LQGH[HG�E\�L� �������������1�
LQFOXGLQJ�D�EX\HU�ILUP��L� ����DQG�1�LGHQWLFDO�VXSSOLHUV��L� ������������1����7KH�EX\HU�ILUP�IDFHV
DQ�LUUHYHUVLEOH�VHWXS�FRVW�κ�IRU�HDFK�VXSSOLHU�LW�GRHV�EXVLQHVV�ZLWK��ZKLFK�FDQ�EH�WKRXJKW�RI
DV�D�FRRUGLQDWLRQ�FRVW���%HIRUH�WKH�ILUVW�SHULRG��WKH�EX\HU�VHOHFWV�Q�VXSSOLHUV�WR�GR�EXVLQHVV
ZLWK���7KH�VXSSOLHU�RIIHULQJV�FRQVLVW�RI�WZR�SDUWV��D�FRQWUDFWLEOH�IHDWXUH���ILW���DQG�D
QRQFRQWUDFWLEOH�IHDWXUH��H�J���TXDOLW\��UHVSRQVLYHQHVV��RU�LQQRYDWLRQ��

,Q�WKH�ILUVW�SHULRG��HDFK�ILUP�L�PDNHV�D�SULYDWH��QRQYHULILDEOH�LQYHVWPHQW�[L�DW�FRVW�F��[���IRU�L
 ����DQGFV�[L���IRU����L����1��WR�ZKLFK�ZH�UHIHU�DV�QRQFRQWUDFWLEOH�LQYHVWPHQWV���$OO�VXSSOLHUV

SRVVHVV�LGHQWLFDO�WHFKQRORJ\�H[�DQWH�DQG�WKHUH�DUH�QR�ELQGLQJ�FDSDFLW\�FRQVWUDLQWV��VR�WKDW
WKH�EX\HU�FDQ�PDNH�D�FUHGLEOH�WKUHDW�WR�VKLIW�WKH�RUGHU�WR�DQ\�RWKHU�VXSSOLHU���$V�LQ�0RGHO���
WKH�WRWDO�QRQFRQWUDFWLEOH�YDOXH�FUHDWHG�LV�D�IXQFWLRQ�RI�DOO�SDUWLHV
�LQYHVPHQWV��Y� Y�  S �[��

2QFH�DJDLQ��ZH�DVVXPH�LQFUHDVLQJ�PDUJLQDO�FRVWV�DQG�GLPLQLVKLQJ�PDUJLQDO�UHWXUQV�WR
LQYHVWPHQW��WKDW�LV

    

dci (x i)
dxi

> 0 ��
    

d2 ci(x i )
dxi

2 > 0 ��
  

∂v
∂x i

> 0 DQG
  

∂ 2v
∂x i

2 < 0 �

ZKLFK�JXDUDQWHH�WKH�H[LVWHQFH�DQG�XQLTXHQHVV�RI�DQG�HTXLOLEULXP�ZLWK�V\PPHWULF�VXSSOLHU
LQYHVWPHQWV�

,Q�DGGLWLRQ�WR�WKHLU�QRQFRQWUDFWLEOH�DWWULEXWHV��VXFK�DV�LQQRYDWLRQ��VXSSOLHU�RIIHULQJV�DOVR
GLIIHU�LQ��ILW����:LWKRXW�ORVV�RI�JHQHUDOLW\��ILW�LV�DVVXPHG�WR�EH�RQH�GLPHQVLRQDO�DQG�WR
SURYLGH�WKH�EX\HU�XWLOLW\�ε��GLVWULEXWHG�LQ�WKH�LQWHUYDO�>���εPD[@�DFFRUGLQJ�WR�D�NQRZQ
GHQVLW\�IXQFWLRQ�Iε���6XSSOLHU�ε
V�FDQ�EH�GLVFRYHUHG�RQO\�DIWHU�D�UHODWLRQVKLS�KDV�EHHQ
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HVWDEOLVKHG�EHWZHHQ�WKH�EX\HU�ILUP�DQG�WKH�SDUWLFXODU�VXSSOLHU��DQG�DUH�H[�SRVW�REVHUYDEOH
E\�WKH�EX\HU�ILUP�DQG�DOO�Q�VXSSOLHUV�

,Q�WKH�VHFRQG�SHULRG��WKH�QRQFRQWUDFWLEOH�YDOXH��Y�  S �[���LV�UHDOL]HG��WKH�EX\HU�OLFHQVHV�WKH

FRQWUDFWLEOH�IHDWXUH�IURP�WKH�PRVW�GHVLUDEOH�VXSSOLHU��PD[�ε��WKHUHE\�JHQHUDWLQJ�WRWDO�YDOXH
µ�  S �[�� �Y�  S �[����PD[ε��SURGXFWLRQ�WDNHV�SODFH��WKH�JRRGV�DUH�GHOLYHUHG��DQG�SD\PHQWV�DUH

PDGH���$V�LQ�0RGHO����HDFK�RI�WKH�Q�VXSSOLHUV�SURYLGHV�VRPH�SRUWLRQ�RI�WRWDO�RXWSXW�DQG�JHWV
D�VKDUH�RI�WKH�VXUSOXV�EDVHG�RQ�LWV�EDUJDLQLQJ�SRZHU���,QYHVWPHQWV�DUH�VSHFLILF�WR�WKLV
VHWWLQJ��DQG�WKH�EX\HU�PXVW�JDLQ�DFFHVV�WR�DW�OHDVW�RQH�VXSSOLHU��H�J���E\�SXUFKDVLQJ�IURP
WKDW�VXSSOLHU��WR�FUHDWH�YDOXH���6LPLODU�WR�0RGHO����WKH�YDOXH�RI�D�FRDOLWLRQ�6�LV�JLYHQ�E\

µ(S \ {i},x) =
0                                     if  i = 0

0                                     if  S ={0,i}

µ(S,x) + maxε i
i∈S\ {0,i}

− maxε i
i∈S \{0}

 otherwise.

 

 
 

 
 

([FOXGLQJ�VXSSOLHU�L�IURP�D�FRDOLWLRQ�ZRXOG�UHGXFH�WRWDO�YDOXH�LI��DQG�RQO\�LI��εL�LV�ODUJHU
WKDQ�WKH�ε
V�RI�DOO�RWKHU�VXSSOLHUV�LQ�WKH�FRDOLWLRQ��ZKHQ�WKH�DELOLW\�WR�OLFHQFH�εL��LV�ORVW�WR�WKH
UHVW�RI�WKH�FRDOLWLRQ���6XSSOLHU�L�ZLOO�QRW�UHGXFH�WKH�QRQFRQWUDFWLEOH�SRUWLRQ�RI�D�FRDOLWLRQ
V
YDOXH�DV�ORQJ�DV�WKHUH�LV�DW�OHDVW�RQH�RWKHU�VXSSOLHU�LQ�WKH�FRDOLWLRQ���&RQYHUVHO\��LI�WKH�EX\HU
ZHUH�WR�OHDYH�D�FRDOLWLRQ��LW�ZRXOG�LQFUHPHQWDOO\�UHGXFH�WKH�YDOXH�FUHDWHG�E\�WKH�FRDOLWLRQ
E\�LWV�HQWLUH�DPRXQW��WR�]HUR�

6LQFH�QR�FRQWUDFW�FDQ�EH�ZULWWHQ�FRQWLQJHQW�RQ�ILUP�LQYHVWPHQWV�RU�WKH�YDOXH�JHQHUDWHG�E\
WKHP��WKH�WRWDO�VXUSOXV�JHQHUDWHG�LQ�WKH�VHFRQG�SHULRG�ZLOO�EH�DSSRUWLRQHG�DFFRUGLQJ�WKH
UHODWLYH�EDUJDLQLQJ�SRZHU�RI�WKH�SDUWLHV�LQYROYHG��DV�EHIRUH��ZH�DVVXPH�WKDW�WKLV�EDUJDLQLQJ
VDWLVILHV�WKH�1DVK�UHTXLUHPHQWV��LV�FRVWOHVV��DQG�OHDGV�WR�D�GLYLVLRQ�RI�WKH�VXUSOXV�DFFRUGLQJ
WR�6KDSOH\�YDOXHV�

7KH�6KDSOH\�YDOXHV�DUH�JLYHQ�E\�(TXDWLRQ������DGGLQJ�WKH�UDQGRP�ILW�YDULDEOH�ε�

      
Bi(x) ≡ p(S) µ(S ,x) − µ(S \ {i},x)[ ]

S i ∈S
∑ ���

ZKHUH

p(S) ≡
(s − 1)!(I − s)!

I!

µ(S,x) =
v(x) + max

i ≥1}
ε i   if {0}⊂ S

0                     otherwise

 
 
 

 
 
 

V� +�QXPEHU�RI�DJHQWV�LQ�D�JLYHQ�VXEVHW�6
,� +�WRWDO�QXPEHU�RI�DJHQWV
[�  ��[���[����������[Q��LV�WKH�YHFWRU�RI�LQGLYLGXDO�LQYHVWPHQWV
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:H�QRZ�H[DPLQH�ZKDW�KDSSHQV�WR�WKH�QRQFRQWUDFWLEOH�LQYHVWPHQWV�DV�WKH�QXPEHU�RI
VXSSOLHUV�FKDQJHV���:KHUHDV�WKH�VXSSOLHUV�DUH�H[�DQWH�LGHQWLFDO��WKLV�V\PPHWU\�LV�YLRODWHG�LQ
WKH�VHFRQG�SHULRG�EDUJDLQLQJ�EHFDXVH�RI�WKH�GLIIHUHQFHV�LQ�WKHLU�SURGXFWV���7KH�UHVXOW�LV�WKDW
LI�WKHUH�DUH�PXOWLSOH�VXSSOLHUV��DOWKRXJK�DOO�QRQFRQWUDFWLEOH�VXSSOLHU�LQYHVWPHQWV�[L��L�����

DUH�V\PPHWULF��VXSSOLHUV�ZLWK�IDYRUDEOH�SURGXFW�FKDUDFWHULVWLFV��ODUJH�ε��DUH�DEOH�WR
DSSURSULDWH�SURSRUWLRQDOO\�PRUH�YDOXH�WKDQ�WKH�RQHV�ZLWK�XQGHVLUDEOH�SURGXFW
FKDUDFWHULVWLFV��VPDOO�ε���VLQFH�E\�OHDYLQJ�D�FRDOLWLRQ�WKH\�FUHDWH�D�ELJJHU�UHGXFWLRQ�LQ�YDOXH�

7KH�VKDUH�RI�RXWSXW�WKDW�HDFK�SDUW\�FDQ�H[SHFW�WR�UHFHLYH�ZLOO�GHWHUPLQH�WKHLU�LQFHQWLYHV�WR
LQYHVW���7KLV�LV�UHIOHFWHG�LQ�WKH�ILUVW�RUGHU�FRQGLWLRQV���)RU�WKH�EX\HU�ILUP��HTXLOLEULXP
LQYHVWPHQW�VDWLVILHV��

%X\HU�ILUP�
      

n
n +1

v 0(x) + 1
k(k +1)k=1

n

∑ E FYk
(ε )[ ]= ′ c 0 (x0 ) ��D�

ZKHUH�    F Yk
(ε ) �LV�WKH�GLVWULEXWLRQ�IXQFWLRQ�IRU�WKH�NWK�RUGHU�VWDWLVWLF�IRU�UDQGRP�YDULDEOH�ε�

%HFDXVH�RI�V\PPHWU\��WKH�ILUVW�RUGHU�FRQGLWLRQV�IRU�WKH�VXSSOLHUV�DUH

(DFK�VXSSOLHU�
      

1
n(n +1)

v i(x) + 1
n

E FY1
(ε )[ ]− 1

k (k +1)k=1

n

∑ E FY k
(ε )[ ] 

 
  

 

 
  = ′ c 1(x1 ) ��E�

7KH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�Q�ZLOO�PD[LPL]H�WRWDO�VXUSOXV��WDNLQJ�LQWR�DFFRXQW�WKH
FRQQHFWLRQ�DQG�FRRUGLQDWLRQ�FRVWV�κ�Q��DQG�WKH�EHQHILWV�IURP�LPSURYHG�ILW�DV�WKH�QXPEHU�RI
VXSSOLHUV�LQFUHDVHV��DV�ZHOO�DV�WKH�LPSDFW�RQ�EX\HU�LQFHQWLYHV�DQG�VHOOHU�LQFHQWLYHV���0RUH
IRUPDOO\��Q�ZLOO�PD[LPL]H

      
v (x*)− c(x*)− κ(n) + max

i ∈{1, 2,...,n}
ε i �

ZKHUH�[�LV�JLYHQ�E\�WKH�ILUVW�RUGHU�FRQGLWLRQV�RI�(TXDWLRQV�����

$V�LQ�0RGHO����LI�WKH�EX\HU�ZLVKHV�WR�LQGXFH�VLJQLILFDQW�QRQFRQWUDFWLEOH�LQYHVWPHQW�IURP�LWV
VXSSOLHUV��LW�PXVW�FRPPLW�WR�EX\LQJ�RQO\�IURP�D�UHODWLYHO\�VPDOO�QXPEHU�RI�SRVVLEOH
VXSSOLHUV���)URP�(TXDWLRQV������FHWHULV�SDULEXV��LI�WKH�VXSSOLHUV·�QRQFRQWUDFWLEOH�DFWLRQV�EHFRPH
PRUH�LPSRUWDQW��WKHQ�WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�GHFUHDVHV���&RQYHUVHO\��LI�WKH�EX\HUV

QRQFRQWUDFWLEOH�DFWLRQV�EHFRPH�PRUH�LPSRUWDQW��WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�LQFUHDVHV�
7KH�EDVLF�HIIHFWV�RI�ILW��LPSURYLQJ�DV�Q�LQFUHDVHV��DQG�FRRUGLQDWLRQ�FRVWV��LQFUHDVLQJ�ZLWK�Q��
ZKLFK�ZHUH�DQDO\]HG�LQ�0RGHO����DOVR�DSSO\�LQ�0RGHO�����7KH�ILQDO�HTXLOLEULXP�YDOXH�RI�Q
ZLOO�EDODQFH�DOO�RI�WKHVH�IRUFHV�DQG�ZLOO�OLH�EHWZHHQ�WKH�HTXLOLEULXP�RI�0RGHO����ZKLFK
LJQRUHG�LQFHQWLYHV��DQG�WKDW�RI�0RGHO����ZKLFK�LJQRUHG�FRRUGLQDWLRQ�FRVWV�DQG�ILW��

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

��� 6HH�WKH�DSSHQGL[�IRU�DQ�LOOXVWUDWLYH�H[DPSOH�ZKHQ�Q� ����DQG�D�JHQHUDO�SURRI�



3DJH���

�����3DUDPHWULF�([DPSOH

:H�LOOXVWUDWH�WKH�DQDO\VLV�RI�WKLV�VHFWLRQ�E\�H[WHQGLQJ�WKH�SDUDPHWULF�H[DPSOH�GHYHORSHG�LQ
6HFWLRQ�������:H�XVH�WKH�VDPH�SURGXFWLRQ�IXQFWLRQ

�
      
v (x) = Ax 0

α + (1− A ) x i
β

i=1

n∑

DQG�TXDGUDWLF�LQYHVWPHQW�FRVWV�  
1
2 xi

2 ��DGGLQJ�D�XQLIRUPO\�GLVWULEXWHG�ILW�SDUDPHWHU�DQG�D

FRQVWDQW�FRRUGLQDWLRQ�FRVW�SHU�VXSSOLHU���7KH�UHVXOWV�RI�6HFWLRQ�����TXDOLWDWLYHO\�SHUVLVW�
H[FHSW�WKDW�ZKHQ�FRRUGLQDWLRQ�FRVWV�DUH�KLJK��ODUJH�QXPEHUV�RI�VXSSOLHUV�EHFRPH�OHVV
DWWUDFWLYH���)LJXUHV���DQG���FRUUHVSRQG�WR�)LJXUHV���DQG���LQ�6HFWLRQ�������

social surplus

number of 
suppliers

)LJXUH�����&RPELQLQJ�LQFHQWLYHV��ILW��DQG�FRRUGLQDWLRQ�FRVWV�

���&RQFOXVLRQ

7KH�ODVW�GHFDGH�KDV�ZLWQHVVHG�VLJQLILFDQW�FKDQJHV�LQ�ERWK�WKH�WHFKQRORJ\�DQG�WKH
RUJDQL]DWLRQ�RI�EX\HU²VXSSOLHU�UHODWLRQV��SURYLGLQJ�DQ�RSSRUWXQLW\�WR�UH�H[DPLQH�RXU
WKHRULHV���7KH�SHUVLVWHQFH�DQG�HYHQ�SUROLIHUDWLRQ�RI�VPDOO�QHWZRUNV�RI�VXSSOLHUV�DV�VHDUFK
DQG�WUDQVDFWLRQ�FRVWV�KDYH�GHFOLQHG�VXJJHVWV�WKDW�SUHYLRXV�WKHRULHV�ZHUH�LQFRPSOHWH�
'UDZLQJ�RQ�HYLGHQFH�WKDW�WKH�SULQFLSDO�EHQHILWV�RI�UHGXFLQJ�WKH�QXPEHU�RI�VXSSOLHUV�OLH�LQ
WKH�UHVXOWLQJ�LQFHQWLYHV�PDNH�QRQFRQWUDFWLEOH�LQYHVWPHQWV�VXFK�DV�TXDOLW\��UHVSRQVLYHQHVV�

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

�� )LJXUHV���DQG���ZHUH�GHULYHG�ZLWK�α  �β  ������$� �����LQ�)LJXUH���DQG�UDQJLQJ�IURP�������WR������
LQ�)LJXUH����εPD[� �����DQG�κ  ������



3DJH���

DQG�LQQRYDWLRQ��UDWKHU�WKDQ�DQ\�UHGXFWLRQ�LQ�FRRUGLQDWLRQ�FRVWV��ZH�ZHUH�DEOH�WR�GHYHORS�D
PRUH�FRPSUHKHQVLYH�PRGHO�

�����,PSOLFDWLRQV�RI�WKH�0RGHO

2XU�PRGHO�OHDGV�WR�VRPH�LQWHUHVWLQJ�SUHGLFWLRQV���)LUVW��ZKHQ�QRQFRQWUDFWLEOH�VXSSOLHU
LQYHVWPHQWV�DUH�LPSRUWDQW��ZH�ILQG�WKDW�LW�PD\�EH�RSWLPDO�WR�ZRUN�ZLWK�RQO\�D�VPDOO
QXPEHU�RI�VXSSOLHUV�HYHQ�LI�VHDUFK�DQG�WUDQVDFWLRQ�FRVWV�EHFRPH�QHJOLJLEOH���,Q�RWKHU�ZRUGV�
DOWKRXJK�WHFKQRORJLFDO�DGYDQFHV�WKDW�UHGXFH�FRRUGLQDWLRQ�FRVWV�ZLOO�JHQHUDOO\�LQFUHDVH
HIILFLHQF\��ZKHQ�WKH\�DOVR�LQFUHDVH�WKH�LPSRUWDQFH�RI�QRQFRQWUDFWLEOH�VXSSOLHU�LQYHVWPHQWV�
VXFK�DV�LQYHVWPHQWV�LQ�TXDOLW\��UHVSRQVLYHQHVV��DQG�LQQRYDWLRQ��WKH\�GR�QRW�QHFHVVDULO\�OHDG
WR�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�VXSSOLHUV�XVHG�E\�D�ILUP���7KXV�RXU�PRGHO�DGGUHVVHV�WKH
EDVLF�SDUDGR[�SRVHG�LQ�6HFWLRQ�����

6HFRQG��RXU�PRGHO�SUHGLFWV�WKDW�WKH�QXPEHU�RI�VXSSOLHUV�ZLOO�EH�UHODWHG�LQYHUVHO\�WR�WKH
LPSRUWDQFH�RI�SURYLGLQJ�VXSSOLHUV�ZLWK�LQFHQWLYHV�WR�PDNH�QRQFRQWUDFWLEOH�LQYHVWPHQWV�
7KLV�FDQ�H[SODLQ�WKH�ILQGLQJ�RI�&XVXPDQR�DQG�7DNHLVKL�RI�D�VWURQJ�FRUUHODWLRQ�EHWZHHQ�WKH
QXPEHU�RI�VXSSOLHUV�DQG�WKH�LPSRUWDQFH�RI�FHUWDLQ�GLPHQVLRQV�RI�WKH�UHODWLRQVKLS��VHH
7DEOH����

,Q�RXU�LQWHUSUHWDWLRQ��HDFK�RI�WKH�GLPHQVLRQV���WKURXJK���LQ�7DEOH���LV�LQGLFDWLYH�RI�DQ
LPSRUWDQW��QRQFRQWUDFWLEOH�LQYHVWPHQW�RQ�WKH�SDUW�RI�WKH�VXSSOLHU��DQG�D�FRUUHVSRQGLQJO\
VPDOOHU�UHOLDQFH�RQ�H[SOLFLW�FRQWUDFWV�WR�JRYHUQ�WKH�UHODWLRQVKLS���$FFRUGLQJ�WR�RXU�PRGHO�
WKH�UROH�RI�QRQFRQWUDFWLEOH�IDFWRUV�VXFK�DV�TXDOLW\��UHVSRQVLYHQHVV��DQG�LQQRYDWLRQ�LQ
VXSSOLHU�VHOHFWLRQ��DQG�WKH�VXSSOLHUV
�FRQWLQXLQJ�HIIRUW�WR�LPSURYH�WKHVH�FKDUDFWHULVWLFV�HYHQ
DIWHU�WKH\�DUH�VHOHFWHG��JR�KDQG�LQ�KDQG�ZLWK�WKH�UHOLDQFH�RQ�IHZHU�VXSSOLHUV�

social surplus

number of 
suppliers

increasing 
importance 
of supplier 
investment

)LJXUH����,QFUHDVLQJ�WKH�LPSRUWDQFH�RI�VXSSOLHU�LQFHQWLYHV�



3DJH���

7DEOH��
5HSRUWHG�'LIIHUHQFHV�LQ�6XSSOLHU�0DQDJHPHQW

'LPHQVLRQ 8�6��ILUPV -DSDQHVH�ILUPV

���1XPEHU�RI�VXSSOLHUV 0DQ\ )HZHU

���6HOHFWLRQ�FULWHULD 3ULFH 4XDOLW\��SULFH��HWF�

���5ROH�LQ�GHYHORSPHQW 6PDOOHU /DUJHU

���3ULFLQJ�SUDFWLFHV &RPSHWLWLYH�ELGV 7DUJHW�3ULFHV

���3ULFH�FKDQJHV 8SZDUG 'RZQZDUG

���'HIHFW�UDWHV +LJKHU /RZHU

���4XDOLW\�LPSURYHPHQW /RZHU +LJKHU

���,QIRUPDWLRQ�H[FKDQJHV /RZHU +LJKHU

���6XJJHVWLRQV�WR�6XSSOLHUV )HZ 0DQ\

6RXUFH��$GDSWHG�IURP�&XVXPDQR�	�7DNHLVKL��������

7KLV�VRUW�RI�HPSLULFDO�FRUUHODWLRQ�LV�QRW�XQLTXH�WR�&XVXPDQR�DQG�7DNHLVKL���7KH�DGYDQWDJHV
RI�FORVH�EX\HU²VXSSOLHU�UHODWLRQV��VXFK�DV�TXDOLW\��WUXVW��LQQRYDWLRQ��LQIRUPDWLRQ�VKDULQJ�DQG
UHVSRQVLYHQHVV�WKDW�DUH�KLJKOLJKWHG�E\�RWKHU�DXWKRUV��$QWRQHOOL�������+HOSHU�����D��+HOSHU
����E��-RKQVWRQ�DQG�/DZUHQFH�������0F0LOODQ�������DUH�DOVR�H[DFWO\�WKRVH�GLPHQVLRQV�PRVW
GLIILFXOW�WR�FRQWUDFW�IRU�H[SOLFLWO\���,Q�SDUWLFXODU��RXU�PRGHO�SURYLGHV�D�ZD\�RI�IRUPDOL]LQJ
DQG�H[SODLQLQJ�WKH�FRQWUDVWLQJ�REVHUYDWLRQV�WKDW��*HQHUDO�0RWRUV�&RUS�
V�VXSSOLHUV�HQMR\
OHVV�VHFXULW\�>WKDQ�WKH�-DSDQHVH@�DQG�KHQFH�KDYH�OHVV�UHDVRQ�WR�LQYHVW�LQ�WKH�UHODWLRQVKLS���%OLQGHU
������DQG�WKDW��>6@LQFH�DQ�LPSOLFLW�H[SOLFLW�DUUDQJHPHQW�RI�SURILW�VKDULQJ�LV�WKH�QRUPDO
SUDFWLFH�LQ�>WKH�-DSDQHVH�VXSSOLHU@�UHODWLRQVKLS��XQGHU�LQYHVWPHQW�LQ�WUDQVDFWLRQ�VSHFLILF
DVVHWV�PD\�EH�DYRLGHG�WR�ERWK�SDUWLHV
�PXWXDO�DGYDQWDJH����$RNL������

7KH�HIIHFWLYHQHVV�RI�WKH�VWUDWHJ\�RI�UHGXFLQJ�WKH�QXPEHU�RI�VXSSOLHUV�WR�LPSURYH�LQFHQWLYHV
IRU�TXDOLW\�LV�VXSSRUWHG�E\�WKH�H[SHULHQFHV�RI�FRPSDQLHV�VXFK�DV�;HUR[��ZKLFK�KDV�UHGXFHG
LWV�VXSSOLHU�EDVH�IURP������WR�DERXW������DQG�KDV�VHHQ�LWV�UHMHFW�UDWHV�RQ�SDUWV�JR�GRZQ�E\�D
IDFWRU�RI�����(PVKZLOOHU�������

,W�LV�ZRUWK�QRWLQJ��KRZHYHU��WKDW�RXU�PRGHO�SUHGLFWV�WKDW�UHGXFLQJ�WKH�QXPEHU�RI�VXSSOLHUV
ZLOO�QRW�DOZD\V�EH�EHQHILFLDO���,I�WKH�LPSRUWDQFH�RI�VSHFLILF��QRQFRQWUDFWLEOH�LQYHVWPHQWV�E\
VXSSOLHUV�LV�UHODWLYHO\�ORZ��WKHQ�LW�LV�RSWLPDO�WR�LQFUHDVH�WKH�QXPEHU�RI�VXSSOLHUV�VHDUFKHG
XQWLO�WKH�PDUJLQDO�FRVW�RI�VHDUFK�HTXDOV�WKH�H[SHFWHG�PDUJLQDO�EHQHILW�IURP�LPSURYHG�ILW�
)RU�H[DPSOH��LQFHQWLYH�FRQVLGHUDWLRQV�HIIHFWLYHO\�FDQ�EH�LJQRUHG�IRU�HDVLO\�VSHFLILHG



3DJH���

SURGXFWV�VXFK�DV�FRPPRGLWLHV���)RU�WKHVH�SURGXFWV��FRQWLQXHG�UHGXFWLRQV�LQ�FRRUGLQDWLRQ
FRVWV�VKRXOG�OHDG�WR�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�VXSSOLHUV�FRQVLGHUHG�

7KHUH�LV�D�VHFRQG�VLWXDWLRQ�XQGHU�ZKLFK�UHGXFLQJ�WKH�QXPEHU�RI�VXSSOLHUV�PD\�EH�XQZLVH�
$FFRUGLQJ�WR�RXU�PRGHO��UHGXFLQJ�WKH�QXPEHU�RI�VXSSOLHUV�ZLOO�UHGXFH�WKH�LQFHQWLYHV�RI�WKH
EX\HU�WR�PDNH�QRQFRQWUDFWLEOH�LQYHVWPHQWV��EHFDXVH�WKH�EX\HU
V�EDUJDLQLQJ�SRZHU�LV
ZHDNHQHG���7KXV��ZKHQ�LW�LV�UHODWLYHO\�PRUH�LPSRUWDQW�IRU�WKH�EX\HU�WR�PDNH�VXFK
LQYHVWPHQWV��ZH�VKRXOG�H[SHFW�WKH�EX\HU�WR�NHHS�KLV�RU�KHU�RSWLRQV�RSHQ�ZLWK�D�ODUJHU
QXPEHU�RI�VXSSOLHUV���7KH�GHFLVLRQV�E\�,%0�DQG�RWKHU�FRPSXWHU�PDQXIDFWXUHUV�WR�VHFRQG�
DQG�WKLUG��VRXUFH�VRPH�RI�WKHLU�YLWDO�FRPSRQHQWV��VXFK�DV�,&V��LV�FRQVLVWHQW�ZLWK�D�GHVLUH�WR
SUHYHQW�DQ\�RQH�VXSSOLHU�IURP�KDYLQJ�WRR�PXFK�EDUJDLQLQJ�SRZHU���,Q�WKLV�ZD\��WKH\�FDQ
KDQJ�RQ�WR�PRUH�RI�WKH�VXUSOXV�UHVXOWLQJ�IURP�WKHLU�LQYHVWPHQWV�LQ�LQQRYDWLRQ�DQG�RWKHU
QRQFRQWUDFWLEOHV�

)LQDOO\��LW�VKRXOG�EH�QRWHG�WKDW�WKH�QXPEHU�RI�VXSSOLHUV�WKDW�VWULNHV�WKH�RSWLPDO�EDODQFH
EHWZHHQ�EX\HU�DQG�VXSSOLHU�LQFHQWLYHV��DV�DQDO\]HG�LQ�0RGHO�����LQ�JHQHUDO��ZLOO�QRW�KDSSHQ
WR�EH�WKH�VDPH�DV�WKH�QXPEHU�WKDW�VWULNHV�WKH�RSWLPDO�EDODQFH�EHWZHHQ�FRRUGLQDWLRQ�FRVWV
DQG�ILW��DV�DQDO\]HG�LQ�PRGHO������7KH�QXPEHU�WKDW�EDODQFHV�DOO�IRXU�IRUFHV��DV�DQDO\]HG�LQ
0RGHO����ZLOO�EH�D�ZHLJKWHG�DYHUDJH�RI�WKH�SUHYLRXV�WZR�RSWLPD��DQG�LWV�YDOXH�ZLOO�GHSHQG
RQ�WKH�UHODWLYH�LPSRUWDQFH�RI�LQFHQWLYHV�YHUVXV�FRRUGLQDWLRQ�FRVWV���7KXV�LI�WKH�LPSRUWDQFH
RI�EX\HU�DQG�VXSSOLHU�LQFHQWLYHV�LQFUHDVHV��WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�HPSOR\HG�ZLOO
OLNHO\�EH�UHGXFHG��HYHQ��LI�WKH�LPSRUWDQFH�RI�ERWK�EX\HU�DQG�VXSSOLHU�LQFHQWLYHV�LQFUHDVHV
SURSRUWLRQDWHO\���)RU�H[DPSOH��VXSSRVH�WKH�QXPEHU�RI�VXSSOLHUV�WKDW�SURYLGHV�WKH�EHVW�QHW
LQFHQWLYHV�IRU�ERWK�WKH�EX\HU�DQG�WKH�VXSSOLHUV�WR�PDNH�QRQFRQWUDFWLEOH�LQYHVWPHQWV�LV���
DQG��EHFDXVH�RI�ORZ�FRRUGLQDWLRQ�FRVWV��WKH�RSWLPXP�EDODQFH�EHWZHHQ�ILW�DQG�FRRUGLQDWLRQ
FRVWV�LV�UHDFKHG�ZLWK�����VXSSOLHUV���7KH�RYHUDOO�RSWLPXP�ZLOO�WKHQ�UHTXLUH�EHWZHHQ���DQG
����VXSSOLHUV���,I�LW�EHFRPHV�PRUH�LPSRUWDQW�WR�SURYLGH�LQFHQWLYHV�IRU�QRQFRQWUDFWLEOH
LQYHVWPHQWV�VXFK�DV�LQIRUPDWLRQ�VKDULQJ�RU�LQQRYDWLRQ��WKHQ�WKH�RYHUDOO�RSWLPXP�ZLOO
GHFUHDVH�VR�WKDW�LW�LV�FORVHU�WR�����7KLV�ZLOO�KDSSHQ�HYHQ�LI�WKH�QHHG�IRU�EX\HU�LQFHQWLYHV�WR
PDNH�D�QRQFRQWUDFWLEOH�LQYHVWPHQW�LQFUHDVHV�MXVW�DV�PXFK�DV�WKH�QHHG�IRU�VXSSOLHU
LQFHQWLYHV�WR�PDNH�VXFK�LQYHVWPHQWV�

�����5ROH�RI�,7�LQ�5HGXFLQJ�WKH�1XPEHU�RI�6XSSOLHUV

:H�KDYH�VHHQ�WKDW�WKH�JHQHUDO�WUHQG�WRZDUG�IHZHU�VXSSOLHUV�FDQ�EH�H[SODLQHG�E\�WKH
LQFUHDVLQJ�HPSKDVLV�SODFHG�E\�$PHULFDQ�ILUPV�RQ�QRQFRQWUDFWLEOH�VXSSOLHU�DWWULEXWHV�VXFK
DV�LQQRYDWLRQ��TXDOLW\��UHVSRQVLYHQHVV��WUXVW��DQG�LQIRUPDWLRQ�VKDULQJ��HSLWRPL]HG�E\�WKH
�WRWDO�TXDOLW\�PDQDJHPHQW��WKHPH�SRSXODU�LQ�PDQDJHPHQW�FLUFOHV���)XUWKHUPRUH��PDQ\�RI
WKH�RWKHU�FKDUDFWHULVWLFV�OLVWHG�LQ�7DEOH���DUH�JHWWLQJ�LQFUHDVLQJ�DWWHQWLRQ�DV�ZHOO���,W�LV
SRVVLEOH�WKDW�WKLV�QHZ�HPSKDVLV�RQ�QRQFRQWUDFWLEOH�DWWULEXWHV�UHSUHVHQWV�DQ�H[RJHQRXV



3DJH���

WUHQG��SHUKDSV�GXH�WR�D�EHODWHG�UHDOL]DWLRQ�WKDW�QRQFRQWUDFWLEOH�LQYHVWPHQWV�XOWLPDWHO\
DIIHFW�SURILWV��RU�SHUKDSV�GXH�WR�DQ�LQFUHDVLQJO\�ILHUFH�FRPSHWLWLYH�HQYLURQPHQW���,Q�WKLV
FDVH��WKLV�WUHQG�LV�OLNHO\�WR�FRXQWHUDFW�DQ\�LQFUHDVH�LQ�WKH�QXPEHU�RI�VXSSOLHUV�FDXVHG�E\
GHFOLQLQJ�FRRUGLQDWLRQ�FRVWV�

:H�EHOLHYH�WKDW�LQIRUPDWLRQ�WHFKQRORJ\�DOVR�SOD\V�DQ�LPSRUWDQW�UROH�LQ�IDFLOLWDWLQJ�WKLV
�PRYH�WR�WKH�PLGGOH����2XU�PRGHO�LQGLFDWHV�WKDW�WKH�PHFKDQLVP�EHKLQG�WKLV�PRYH�HQWDLOV
WKH�FRPELQDWLRQ�RI�UHGXFHG�FRRUGLQDWLRQ�FRVWV�ZLWK�DQ�LQFUHDVHG�QHHG�WR�HPSKDVL]H
QRQFRQWUDFWLEOH�LQYHVWPHQWV�VXFK�DV�TXDOLW\��UHVSRQVLYHQHVV��DQG�LQQRYDWLRQ��WR�UHPDLQ
FRPSHWLWLYH���$OWKRXJK�WKH�LPSDFW�RI�ORZHULQJ�FRRUGLQDWLRQ�FRVWV�KDV�EHHQ�GLVFXVVHG
HOVHZKHUH��%DNRV�������0DORQH�HW�DO���������WKHUH�DUH�D�QXPEHU�RI�UHDVRQV�ZK\�,7�ZLOO�DOVR
LQFUHDVH�WKH�LPSRUWDQFH�RI�QRQFRQWUDFWLEOH�LQYHVWPHQWV���)RU�LQVWDQFH��MXVW�LQ�WLPH�LQYHQWRU\
V\VWHPV�UHTXLUH�D�YHU\�ORZ�WROHUDQFH�IRU�GHIHFWV��2
1HDO���������0LOJURP�DQG�5REHUWV�������
SURYLGH�D�IRUPDO�PRGHO�RI��PRGHUQ�PDQXIDFWXULQJ��LQ�ZKLFK�WKH\�DUJXH�WKDW�DQ�HPSKDVLV
RQ��TXDOLW\��LV�D�QHFHVVDU\�FRPSOHPHQW�IRU�WKH�VXFFHVVIXO�XVH�RI��WHFKQRORJLFDOO\�DGYDQFHG
HTXLSPHQW��

)XUWKHUPRUH��H[SORLWLQJ�,7�WR��UHVSRQG�UDSLGO\�WR�FKDQJLQJ�PDUNHW�FRQGLWLRQV�PD\�SUHFOXGH
GHWDLOHG�FRQWUDFWV�RU�ZRUN�UXOHV���)RU�LQVWDQFH��%U\QMROIVVRQ������D������E��KDV�DUJXHG�WKDW
LQIRUPDWLRQ�WHFKQRORJ\�WHQGV�WR�DXWRPDWH�WKH�PRUH�URXWLQH�WDVNV��WKDW�DUH�W\SLFDOO\�WKRVH
ZKLFK�DUH�HDVLHVW�WR�GHWDLO�LQ�D�FRQWUDFW��OHDYLQJ�EHKLQG�D�UHVLGXH�RI�WDVNV�WKDW�DUH�QHLWKHU
DXWRPDWLEOH�QRU�FRQWUDFWLEOH���+H�DOVR�VXJJHVWV�WKDW�FKHDS�LQIRUPDWLRQ�FDQ�EH�D�FRPSOHPHQW
IRU�NQRZOHGJH�LQWHQVLYH�WDVNV��DQG�VKRZV�KRZ�WKLV�FDQ�OHDG�WR�D�GHFHQWUDOL]DWLRQ�RI
DXWKRULW\�DQG�LQFHQWLYHV���%RWK�RI�WKHVH�HIIHFWV�ZRXOG�LQFUHDVH�WKH�QHHG�WR�UHO\�RQ
LQVWLWXWLRQDO�PHFKDQLVPV��VXFK�DV�UHGXFLQJ�WKH�QXPEHU�RI�VXSSOLHUV��WR�SURYLGH�DSSURSULDWH
VXSSOLHU�LQFHQWLYHV�

0RUH�JHQHUDOO\��,7�KDV�FRQWULEXWHG�WR�WKH�LQFUHDVHG�LPSRUWDQFH�RI�QRQFRQWUDFWLEOHV��VXFK�DV
VSHHG��IOH[LELOLW\��DQG�UHVSRQVLYHQHVV�WKURXJKRXW�WKH�HFRQRPLF�HQYLURQPHQW��LQ�WKH�SURFHVV
LQFUHDVLQJ�WKH�QXPEHU�RI�IXWXUH�VFHQDULRV�WKDW�ZRXOG�KDYH�WR�EH�FRQVLGHUHG�DQG�SURYLGHG
IRU�LQ�DQ\�FRPSUHKHQVLYH�FRQWUDFW�EHWZHHQ�D�EX\HU�DQG�D�VXSSOLHU���)XUWKHUPRUH��ZH
EHOLHYH�WKDW��,7�LV�OLNHO\�WR�FUHDWH�D�UHODWLYH�DGYDQWDJH�IRU�LQVWLWXWLRQDO�RYHU�FRQWUDFWXDO
JRYHUQDQFH�PHFKDQLVPV���,Q�SDUWLFXODU��,7�IDFLOLWDWHV�WKH�WUDFNLQJ�RI�D�ODUJH�QXPEHU�RI
YDULDEOHV��HQDEOLQJ�WKH�HIILFLHQW�JDWKHULQJ�RI�YDVW�DPRXQWV�RI�GDWD��WKXV�FUHDWLQJ�D�ODUJH
QXPEHU�RI�SRVVLEOH�IXWXUH�FRQWLQJHQFLHV���0DQDJHULDO�MXGJPHQW�DQG�ILOWHULQJ�WHFKQRORJLHV
VXFK�DV�GHFLVLRQ�VXSSRUW�V\VWHPV�HQVXUH�WKDW�RQO\�IHZ�VXFK�FRQWLQJHQFLHV�ZLOO�QHHG�WR�EH
DGGUHVVHG�H[�SRVW��D�FRPSUHKHQVLYH�FRQWUDFW��KRZHYHU��ZRXOG�UHTXLUH�WKH�DGYDQFH
FRQVLGHUDWLRQ�DQG�SODQQLQJ�IRU�DOO�WKHVH�SRVVLEOH�RXWFRPHV�

$V�D�UHVXOW��LW�KDV�EHFRPH�UHODWLYHO\�PRUH�FRVW�HIIHFWLYH�IRU�ERWK�SDUWLHV�WR�VKDUH�WKH�EHQHILWV
RI�WKHLU�UHODWLRQVKLS�UHO\LQJ�RQ�WUXVW�DQG�H[�SRVW�EDUJDLQLQJ���,Q�VXFK�DQ�HQYLURQPHQW��D�JRRG



3DJH���

SDUWQHU�LV�RQH�ZKR�GRHV�QRW�DGKHUH�PHUHO\�WR�WKH��OHWWHU�RI�WKH�FRQWUDFW���EXW�RQH�ZKR�GRHV
ZKDWHYHU�UHDVRQDEO\�QHHGV�WR�EH�GRQH���7KLV�UHTXLUHV�DQ�LQFUHDVHG�UHOLDQFH�RQ�WKH
LQVWLWXWLRQDO�LQFHQWLYHV�DYDLODEOH�WR�GHDO�ZLWK�LQFRPSOHWH�FRQWUDFWV��VXFK�DV��SDUWQHULQJ��
OHDGLQJ�WR�UHGXFHG�QXPEHUV�RI�VXSSOLHUV�DQG�ORQJ�WHUP�UHODWLRQVKLSV���,Q�HIIHFW��,7�KDV�OHG
WR�D�VLWXDWLRQ�ZKHUH�WKH�WHFKQRORJ\�RI�SURGXFWLRQ�KDV�RXWUXQ�RXU�DELOLW\�WR�ZULWH�FRQWUDFWV
WKDW�NHHS�SDFH���

,Q�D�UHODWHG�VWUHDP�RI�WKRXJKW��+XEHU��������KDV�SRLQWHG�RXW�WKH�GLVWLQFWLRQ�EHWZHHQ
NQRZOHGJH��DQG�SURGXFW�LQWHQVLYH�UHODWLRQVKLSV�DQG�DFWLYLWLHV���.QRZOHGJH�LQWHQVLYH
DFWLYLWLHV�DUH�QRW�DV�HDVLO\�FRQWUDFWLEOH��EHFDXVH�RI�WKH�GLIILFXOW\�RI�ZULWLQJ�FRPSOHWH
FRQWUDFWV�WKDW�GHILQH�WKHP�SUHFLVHO\�LQ�D�ZD\�WKDW�DOORZV�OHJDO�GHVFULSWLRQ�RI�WKH
FRQWLQJHQFLHV���$V�WKH�ZLGHVSUHDG�DGRSWLRQ�RI�LQIRUPDWLRQ�WHFKQRORJ\�LQFUHDVHV�WKH�VKDUH
RI�NQRZOHGJH�UHODWHG�DFWLYLWLHV�LQ�WKH�UHODWLRQVKLS�EHWZHHQ�D�ILUP�DQG�LWV�VXSSOLHUV��RXU
DQDO\VLV�SUHGLFWV�WKDW�WKH�VLJQLILFDQFH�RI�LQFRPSOHWH�FRQWUDFWLQJ�FRQVLGHUDWLRQV�ZLOO
LQFUHDVH�

5HFHQW�HPSLULFDO�HYLGHQFH�KDV�KLJKOLJKWHG�WKH�QHHG�WR�H[WHQG�WKH�WKHRU\�RI�EX\HU²VXSSOLHU
UHODWLRQVKLSV�WR�DFFRXQW�IRU�WKH�LPSRUWDQFH�RI�LQFHQWLYH�FRQVLGHUDWLRQV��8OWLPDWHO\��ZKLOH
WHFKQRORJLFDO�GHYHORSPHQWV�DUH�OLNHO\�WR�FRQWLQXH�WR�UHGXFH�WKH�PDJQLWXGH�RI�FRRUGLQDWLRQ
FRVWV��WKH�QHHG�WR�SURYLGH�LQFHQWLYHV�IRU�QRQFRQWUDFWLEOH�LQYHVWPHQWV�LV�OLNHO\�WR�UHPDLQ�DQ
LPSRUWDQW�IDFWRU�LQ�OLPLWLQJ�WKH�RSWLPDO�QXPEHU�RI�VXSSOLHUV�

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

��� ,QGHHG��LI�WKH�JURZLQJ�QXPEHU�RI�ODZ\HUV�HPSOR\HG�LV�DQ\�LQGLFDWLRQ��ZH�DUH�IDU�IURP
DXWRPDWLQJ�WKH�ZULWLQJ�DQG�HQIRUFHPHQW�RI�FRPSUHKHQVLYH�FRQWUDFWV���'HVSLWH�DOO�WKH�HIIRUW��JDSV
VWLOO�UHPDLQ�LQ�PRVW�FRQWUDFWV�
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$SSHQGL[

7DEOH�$�
3D\RIIV�LQ�0RGHO���IRU�WKH�%X\HU��%��DQG�(DFK�6XSSOLHU��������DQG���

IRU�WKH�&DVH�ZKHQ�Q ��DQG�ε�!ε�!ε�
2UGHULQJ % � � �

%��� ε�
%��� ε�
%��� ε�²ε� ε�
%��� ε�²ε� ε�
%��� ε�²ε� ε�
%��� ε�²ε� ε�²ε� ε�
�%�� ε�
�%�� ε�
��%� ε�
���% ε�
��%� ε�
���% ε�
�%�� ε� ε�²ε�
�%�� ε� ε�²ε�
��%� ε�
���% ε�
��%� ε� ε�²ε�
���% ε�
�%�� ε� ε�²ε�
�%�� ε� ε�²ε� ε�²ε�
��%� ε�
���% ε�
��%� ε� ε�²ε�
���% ε�
6KDUH�RI�WRWDO
SD\RII�   

1
24 (12ε1 + 4ε2

  
+2ε3 )

  
1

24 (12ε1 −8ε2

  
−2ε3 )

  
1

24 (4ε2 −2ε3)
  

1
24 (2ε3)

,Q�7DEOH�$���HDFK�RI�WKH����ZD\V��RUGHULQJV��SRVVLEOH�LQ�IRUPLQJ�WKH�JUDQG�FRDOLWLRQ�LV
FRQVLGHUHG��DQG�WKH�SD\RIIV�DUH�FDOFXODWHG�RQ�WKH�DVVXPSWLRQ�WKDW�HDFK�SDUW\�JHWV�LWV



3DJH���

LQFUHPHQWDO�FRQWULEXWLRQ�WR�WKH�FRDOLWLRQ���%ODQNV�GHQRWH�]HUR�SD\RIIV���)RU�H[DPSOH��LQ�WKH
ILUVW�RUGHULQJ��%�����WKH�SD\RII�WR�EX\HU�%�LV�]HUR��VLQFH�%�DGGV�QR�YDOXH�WR�WKH�FRDOLWLRQ
^%`?^%` ���)RUPDOO\��µ�^%`��[��²�µ(^%`?^%`�[�� �����7KH�SD\RII�WR�VXSSOLHU���LV�LWV�LQFUHPHQWDO
FRQWULEXWLRQ�ε���VLQFH�WKH�FRDOLWLRQ�^%��`�FUHDWHV�YDOXH�ε����7KH�SD\RII�WR�VXSSOLHU���LV�]HUR
VLQFH�WKH�YDOXH�RI�FRDOLWLRQ�^%����`�LV�QR�JUHDWHU�WKDQ�WKH�YDOXH�RI�FRDOLWLRQ�^%��`���6LPLODUO\�
WKH�SD\RII�WR�VXSSOLHU���LV�]HUR�VLQFH�WKH�YDOXH�RI�FRDOLWLRQ�^%������`�LV�QR�JUHDWHU�WKDQ�WKH
YDOXH�RI�FRDOLWLRQ�^%����`���7KH�SD\RIIV�LQ�HDFK�RI�WKH�RWKHU�SRVVLEOH�RUGHULQJV�DUH�FDOFXODWHG
VLPLODUO\���(DFK�SDUW\
V�6KDSOH\�YDOXH�LV�WKHQ�FRPSXWHG�E\�VXPPLQJ�WKH�LQGLYLGXDO�SD\RIIV�
ZLWK�HTXDO�ZHLJKW�IRU�HDFK�SRVVLEOH�RUGHULQJ��DQG�WKXV�GHULYLQJ�WKH�ILQDO�VHW�RI�SD\RIIV�
6LQFH�HDFK�VXSSOLHU�LV�HTXDOO\�OLNHO\�H[�DQWH�WR�UHDOL]H�DQ\�JLYHQ�YDOXH�RI�ε��WKH�ULVN�QHXWUDO
VXSSOLHUV�PDNH�WKHLU�LQYHVWPHQW�GHFLVLRQV�EDVHG�RQ�WKH�DYHUDJH�RI�WKH�WKUHH�SRVVLEOH
VXSSOLHU�SD\RIIV���7KH�UHVXOWLQJ�ILUVW�RUGHU�FRQGLWLRQV�IRU�DUELWUDU\�Q�DUH�JLYHQ�E\�(TXDWLRQV
��D���IRU�WKH�EX\HU��DQG���E���IRU�WKH�Q�VXSSOLHUV����$Q�LQGXFWLYH�SURRI�IRU�WKH�EX\HU
V�VKDUH
LQ�(TXDWLRQ���D��LV�JLYHQ�EHORZ��ZKLOH�WKH�VXSSOLHUV
�VKDUHV�LQ�(TXDWLRQ���E��IROORZ�IURP�WKH
H[�DQWH�V\PPHWU\�

3URRI���$VVXPH��ZLWKRXW�ORVV�RI�JHQHUDOLW\��WKDW�VXSSOLHUV�DUH�RUGHUHG�E\�εN��WKDW�LV��ε��!�ε��!
�������!�εQ���,I�WKHUH�LV�RQO\�RQH�VXSSOLHU��WKHQ�WKH�EX\HU�UHWDLQV�LWV�6KDSOH\�SD\RII�RI�RQH�KDOI

RI�ε��DV�LWV�VKDUH�RI�WKH��ILW��VXUSOXV��WKDW�LV��WKH�EX\HU
V�VKDUH�LV�JLYHQ�E\�
    

1
k(k + 1)k=1

n

∑ �ZKHQ�Q

 �����$VVXPH�WKH�IRUPXOD�LV�WUXH�IRU�DOO�Q��M����,I�Q� �M������WKHQ�IRU�HDFK�RI�WKH��M������
RUGHULQJV�RI�WKH�M���ILUPV�����������M��WKHUH�DUH�M���FRUUHVSRQGLQJ�RUGHULQJV�RI�WKH�ILUPV
����������M������HDFK�GHULYHG�E\�DGGLQJ�ILUP�M�������6LQFH�εQ���LV�WKH�VPDOOHVW�εL��WKH�EX\HU
V
SD\RIIV�LQ�WKH�QHZ�RUGHULQJV�FKDQJH�RQO\�ZKHQ�WKH�EX\HU�UHFHLYHG�QRWKLQJ��E\�EHLQJ�ILUVW�
LQ�WKH�RULJLQDO�RUGHULQJ���7KHUH�DUH�M��RUGHULQJV�RI�ILUPV�������. .. �M�LQ�ZKLFK�WKH�EX\HU��ILUP���
LV�ILUVW��DQG�IRU�HDFK�RI�WKHVH�WKHUH�LV�RQH�RI�WKH�FRUUHVSRQGLQJ�M���RUGHULQJV�RI�ILUPV
����������M�����LQ�ZKLFK�VXSSOLHU�M�����FRPHV�EHIRUH�ILUP����LQ�WKDW�FDVH�WKH�EX\HU�UHFHLYHV�εM��
DV�LWV�SD\RII���7KXV�WKH�EX\HU�UHFHLYHV�εM���LQ�M��RXW�RI�WKH��M�������SRVVLEOH�RUGHULQJV�RI�ILUPV

����������M�����IRU�D�UDWLR�RI���M�M������+HQFH�WKH�EX\HU
V�VKDUH�LV�VWLOO�JLYHQ�E\�
    

1
k(k + 1)k=1

n

∑ �ZKHQ

Q M����DQG�E\�LQGXFWLRQ�WKH�IRUPXOD�LV�WUXH�IRU�DOO�Q�
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5HIHUHQFHV

&��$QWRQHOOL��HG������������1HZ�,QIRUPDWLRQ�7HFKQRORJ\�DQG�,QGXVWULDO�&KDQJH��7KH�,WDOLDQ�&DVH�
'RUGUHFKW��.OXZHU�$FDGHPLF�3XEOLVKHUV�

0��$RNL������������+RUL]RQWDO�YHUVXV�9HUWLFDO�,QIRUPDWLRQ�6WUXFWXUH�RI�WKH�)LUP����7KH
$PHULFDQ�(FRQRPLF�5HYLHZ��9RO������1R�����SS����������

-��<��%DNRV�����������,QWHURUJDQL]DWLRQDO�,QIRUPDWLRQ�6\VWHPV��6WUDWHJLF�2SSRUWXQLWLHV�IRU
&RPSHWLWLRQ�DQG�&RRSHUDWLRQ���3K�'��'LVVHUWDWLRQ��6ORDQ�6FKRRO�RI�0DQDJHPHQW�
0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��&DPEULGJH�

-��<��%DNRV�����������$�6WUDWHJLF�$QDO\VLV�RI�(OHFWURQLF�0DUNHWSODFHV���0,6�4XDUWHUO\��9RO�����
1R�����SS����������

-��<��%DNRV��DQG�(��%U\QMROIVVRQ�����������:K\�,QIRUPDWLRQ�7HFKQRORJ\�+DVQ
W�,QFUHDVHG�WKH
2SWLPDO�1XPEHU�RI�6XSSOLHUV���,Q�3URFHHGLQJV�RI�WKH���WK�+DZDLL�,QWHUQDWLRQDO�&RQIHUHQFH�RQ
6\VWHP�6FLHQFHV�����.DLOXD�.RQD��+DZDLL��,(((�3UHVV�

$�6��%OLQGHU���������2FWREHU�������$�-DSDQHVH�%XGG\�6\VWHP�WKDW�FRXOG�%HQHILW�8�6�
%XVLQHVV���%XVLQHVV�:HHN��S�����

(��%U\QMROIVVRQ�������D�����,QIRUPDWLRQ�7HFKQRORJ\�DQG�WKH�
1HZ�0DQDJHULDO�:RUN
��
:RUNLQJ�3DSHU��0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��&DPEULGJH��0$�

(��%U\QMROIVVRQ�������E���,QIRUPDWLRQ�7HFKQRORJ\�DQG�WKH�5H�RUJDQL]DWLRQ�RI�:RUN��7KHRU\
DQG�(YLGHQFH���3K�'��'LVVHUWDWLRQ��6ORDQ�6FKRRO�RI�0DQDJHPHQW��0DVVDFKXVHWWV�,QVWLWXWH�RI
7HFKQRORJ\��&DPEULGJH��0$�

(��%U\QMROIVVRQ��7��0DORQH��9��*XUED[DQL��DQG�$��.DPELO������������'RHV�,QIRUPDWLRQ
7HFKQRORJ\�/HDG�WR�6PDOOHU�)LUPV"���7HFKQLFDO�5HSRUW������0DVVDFKXVHWWV�,QVWLWXWXH�RI
7HFKQRORJ\��&HQWHU�&RRUGLQDWLRQ�6FLHQFH��&DPEULGJH��0$�

(�.��&OHPRQV��6�3��5HGGL���DQG�0��5RZ����������7KH�,PSDFW�RI�,QIRUPDWLRQ�7HFKQRORJ\�RQ
WKH�2UJDQL]DWLRQ�RI�(FRQRPLF�$FWLYLW\��7KH��0RYH�WR�WKH�0LGGOH��+\SRWKHVLV���-RXUQDO�RI
0DQDJHPHQW�,QIRUPDWLRQ�6\VWHPV���6HSWHPEHU�������LQ�SUHVV��

(�.��&OHPRQV���DQG�0��5RZ����������,QIRUPDWLRQ�7HFKQRORJ\�DQG�(FRQRPLF
5HRUJDQL]DWLRQ���,Q�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QIRUPDWLRQ�6\VWHPV�
�SS������������%RVWRQ��0$�

5��&ROH��DQG�.��<DNXVKLML������������7KH�8�6��DQG�-DSDQHVH�$XWRPRWLYH�,QGXVWULHV�LQ
7UDQVLWLRQ����-RLQW�8�6����-DSDQ�$XWRPRWLYH�6WXG\��$QQ�$UERU��0LFKLJDQ�

0�$��&XVXPDQR���DQG�$��7DNHLVKL�����������6XSSOLHU�5HODWLRQV�DQG�0DQDJHPHQW��$�6XUYH\
RI�-DSDQHVH��-DSDQHVH�7UDQVSODQW��DQG�8�6��$XWR�3ODQWV���6WUDWHJLF�0DQDJHPHQW�-RXUQDO��9RO�
�����SS����������

-�5��(PVKZLOOHU���������$XJXVW������6XSSOLHUV�6WUXJJOH�WR�,PSURYH�4XDOLW\�DV�%LJ�)LUPV�6ODVK
7KHLU�9HQGRU�5ROOV���:DOO�6WUHHW�-RXUQDO��S��%��
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6��*URVVPDQ��DQG�2��+DUW�����������7KH�&RVWV�DQG�%HQHILWV�RI�2ZQHUVKLS���$�7KHRU\�RI
9HUWLFDO�DQG�/DWHUDO�,QWHJUDWLRQ���-RXUQDO�RI�3ROLWLFDO�(FRQRP\��9RO�����SS�����"""�

)��*X/�����������%DUJDLQLQJ�)RXQGDWLRQV�RI�6KDSOH\�9DOXH���(FRQRPHWULFD��9RO������1R�����SS�
������

9��*XUED[DQL��DQG�6��:KDQJ�����������7KH�,PSDFW�RI�,QIRUPDWLRQ�6\VWHPV�RQ�2UJDQL]DWLRQV
DQG�0DUNHWV���&RPPXQLFDWLRQV�RI�WKH�$&0��9RO������1R�����SS��������

2��+DUW���DQG�-��0RRUH������������3URSHUW\�5LJKWV�DQG�WKH�1DWXUH�RI�WKH�)LUP���-RXUQDO�RI
3ROLWLFDO�(FRQRP\��9RO������1R��'HFHPEHU��SS������������

6��+HOSHU�������D����+RZ�0XFK�+DV�5HDOO\�&KDQJHG�EHWZHHQ�8�6��$XWRPDNHUV�DQG�7KHLU
6XSSOLHUV"��6ORDQ�0DQDJHPHQW�5HYLHZ���SS���������6XPPHU�

6��+HOSHU�������E�����6XSSOLHU�5HODWLRQV�DQG�,QYHVWPHQW�LQ�$XWRPDWLRQ��5HVXOWV�RI�6XUYH\
5HVHDUFK�LQ�WKH�8�6��$XWR�,QGXVWU\����:RUNLQJ�3DSHU��'HSW��RI�(FRQRPLFV��&DVH�:HVWHUQ
5HVHUYH�8QLYHUVLW\��&OHYHODQG��2+���6HSWHPEHU�

-��+HQGHUVRQ�DQG�1��9HQNDWUDPDQ�������������6WUDWHJLF�$OLJQPHQW��$�0RGHO�IRU
2UJDQL]DWLRQDO�7UDQVIRUPDWLRQ�YLD�,QIRUPDWLRQ�7HFKQRORJ\����&,65�6ORDQ�:RUNLQJ�3DSHU�
0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��&DPEULGJH��0$����1RYHPEHU�

*�3��+XEHU�����������$�WKHRU\�RI�WKH�HIIHFWV�RI�DGYDQFHG�LQIRUPDWLRQ�WHFKQRORJLHV�RQ
RUJDQL]DWLRQDO�GHVLJQ��LQWHOOLJHQFH�DQG�GHFLVLRQ�PDNLQJ���$FDGHP\�RI�0DQDJHPHQW�5HYLHZ�
9RO������1R�����SS��������

.��,PDL���,��1RQDND��DQG�+��7DNHXFKL����������0DQDJLQJ�QHZ�SURGXFW�GHYHORSPHQW��+RZ
-DSDQHVH�FRPSDQLHV�OHDUQ�DQG�XQOHDUQ����,Q�.��%��&ODUNH��5��+��+D\HV�DQG�&��/RUHQ]��(GV���
7KH�8QHDV\�$OOLDQFH��%RVWRQ��0$��+DUYDUG�%XVLQHVV�6FKRRO�3UHVV�

-�.��-DULOOR�����������2Q�6WUDWHJLF�1HWZRUNV���6WUDWHJLF�0DQDJHPHQW�-RXUQDO��9RO�����1R����SS�
������

5��-RKQVWRQ��DQG�3��/DZUHQFH�����������%H\RQG�9HUWLFDO�,QWHJUDWLRQ��WKH�5LVH�RI�WKH�9DOXH�
$GGLQJ�3DUWQHUVKLS���+DUYDUG�%XVLQHVV�5HYLHZ��9RO��1R��-XO\�$XJXVW��SS���������

%��.OHLQ��5��&UDZIRUG��DQG�$��$OFKLDQ����������9HUWLFDO�,QWHJUDWLRQ��$SSURSULDEOH�5HQWV�DQG
WKH�&RPSHWLWLYH�&RQWUDFWLQJ�3URFHVV���-RXUQDO�RI�/DZ�DQG�(FRQRPLFV��9RO������33����������
2FWREHU�

7�:��0DORQH������������2UJDQL]DWLRQDO�6WUXFWXUH�DQG�,QIRUPDWLRQ�7HFKQRORJ\��(OHPHQWV�RI
)RUPDO�7KHRU\����:RUNLQJ�3DSHU������&HQWHU�IRU�,QIRUPDWLRQ�6\VWHPV�5HVHDUFK��6ORDQ
6FKRRO�RI�0DQDJHPHQW��0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��&DPEULGJH��0$��$XJXVW�

7�:��0DORQH��-��<DWHV��DQG�5�,��%HQMDPLQ�����������(OHFWURQLF�0DUNHWV�DQG�(OHFWURQLF
+LHUDUFKLHV��(IIHFWV�RI�,QIRUPDWLRQ�7HFKQRORJ\�RQ�0DUNHW�6WUXFWXUH�DQG�&RUSRUDWH
6WUDWHJLHV���&RPPXQLFDWLRQV�RI�WKH�$&0��9RO������1R�����SS�����²����

-��0F0LOODQ�����������0DQDJLQJ�6XSSOLHUV��,QFHQWLYH�6\VWHPV�LQ�-DSDQHVH�DQG�8�6��,QGXVWU\��
&DOLIRUQLD�0DQDJHPHQW�5HYLHZ��9RO������1R�����SS��������

3��0LOJURP�DQG�-��5REHUWV����������7KH�(FRQRPLFV�RI�0RGHUQ�0DQXIDFWXULQJ��7HFKQRORJ\�
6WUDWHJ\��DQG�2UJDQL]DWLRQ���$PHULFDQ�(FRQRPLF�5HYLHZ��9RO������1R����
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&�5��2
1HDO�����������-,7�3URFXUHPHQW�DQG�5HODWLRQVKLS�0DUNHWLQJ���,QGXVWULDO�0DUNHWLQJ
0DQDJHPHQW��9RO������1R����SS��������

0��3LRUH�DQG�&��6DEHO���������7KH�6HFRQG�,QGXVWULDO�'LYLGH��1HZ�<RUN��%DVLF�%RRNV�

*�3��3LVDQR�DQG�:�%��&KHZ�������������9HUWLFDO�,QWHJUDWLRQ��/RQJ�7HUP�&RQWUDFWV��DQG�WKH
&RVWV�RI�4XDOLW\����:RUNLQJ�3DSHU�+DUYDUG�%XVLQHVV�6FKRRO����6HSWHPEHU�

0�(��3RUWHU����������&RPSHWLWLYH�6WUDWHJ\��1HZ�<RUN��1<��7KH�)UHH�3UHVV�

5DSRSRUW��������-XQH���$�7RXJK�6ZHGH�,QYDGHV�WKH�8�6��)RUWXQH��S�����

*�-��6WLJOHU�����������7KH�'LYLVLRQ�RI�/DERU�LV�/LPLWHG�E\�WKH�([WHQW�RI�WKH�0DUNHW���-RXUQDO�RI
3ROLWLFDO�(FRQRP\��9RO��/,;��1R�����SS����������

(��9RQ�+LSSOH�����������/HDG�8VHUV��D�6RXUFH�RI�1RYHO�3URGXFW�&RQFHSWV���0DQDJHPHQW
6FLHQFH��9RO������1R�����SS��SS����������

2��:LOOLDPVRQ����������0DUNHWV�DQG�+LHUDUFKLHV���$QDO\VLV�DQG�$QWLWUXVW�,PSOLFDWLRQV��1HZ
<RUN��)UHH�3UHVV�


