
(FRQRPLFV�LQ�WKH
'HVLJQ�RI
&RPSXWHU�$VVLVWHG
0DUNHWV

-HIIUH\�.��0DF.LH�0DVRQ
8QLYHUVLW\�RI�0LFKLJDQ

'HSW��RI�(FRQRPLFV�DQG
6FKRRO�RI�,QIRUPDWLRQ

ZZZ�SHUVRQDO�XPLFK�HGX�aMPP�

&RQIHUHQFH�RQ�7UHQGV�DQG
5HVHDUFK�LQ�(OHFWURQLF�&RPPHUFH

5�VFKOLNRQ��6ZLW]HUODQG�
1RYHPEHU����������
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3URJUDP�IRU�5HVHDUFK
RQ�WKH�,QIRUPDWLRQ
(FRQRP\

❚ KWWS���SULH�VL�XPLFK�HGX
❚ $ERXW����IDFXOW\�DQG�JUDG�VWXGHQWV�

❙ FRPS�VFL��HFRQ��DUWLILFLDO�LQWHOOLJHQFH�
PDQDJHPHQW��RUJDQL]DWLRQ�WKHRU\��FRJ
SV\FK

❚ .H\�SURMHFWV�
❙ $XFWLRQ%RW��RQ�OLQH�FRQILJXUDEOH
DXFWLRQ�VHUYHU��DXFWLRQ�HHFV�XPLFK�HGX�

❙ 0$5;�DXFWLRQ�PDUNHWV�IRU�UHDO�WLPH
PDQDJHPHQW�RI�QHWZRUN�UHVRXUFHV
�PDU[�DL�HHFV�XPLFK�HGX��

❙ 3($.��EXQGOLQJ�WKHRU\�DQG�ILHOG�WULDO
�ZLWK�(OVHYLHU��IRU�H�FRPPHUFH�LQ
LQIRUPDWLRQ�JRRGV
�ZZZ�OLE�XPLFK�HGX�OLEKRPH�SHDN��
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0DUNHW�GHVLJQ
FKDOOHQJH�

❚ 'HVLJQLQJ�LQWHUSOD\�RI
FRQWUROOHG�DQG
XQFRQWUROODEOH�DJHQWV�WR
DFFRPSOLVK�UHVRXUFH�DOORFDWLRQ
JRDOV
❙ FRPSXWHU�DVVLVWHG�EXVLQHVV�WR�
EXVLQHVV�QHJRWLDWLRQ

❙ G\QDPLF�LQWHUDFWLRQ�EHWZHHQ�EX\HUV
DQG�VHOOHUV�RI�LQIRUPDWLRQ�JRRGV

❚ 0HFKDQLVP�6SDFH� 
*RRGV�6SDFH�;�5XOHV�6SDFH
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1RW�DOO�PDUNHWV�DUH
FUHDWHG�HTXDO

❚ $V�D�JHQHUDO�PDWWHU�
PD[�UHYHQXH��SURILW�
≠�PD[�HIILFLHQF\
≠�PD[���WUDGHV

❚ 0DUNHW�SHUIRUPDQFH�GHSHQGV�RQ�
❙ JRRGV�GHILQLWLRQV
❙ UXOH�GHILQLWLRQV

❘ PLQ�ELG
❘ ELG�LQFUHPHQW
❘ VLQJOH�RU�PXOWLSOH�XQLWV
❘ VWRSSLQJ�UXOHV
❘ 	F�
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3UDFWLFDO�0DUNHW
'HVLJQ

❚ ([DPSOH��³IUHH�ULGHU´�DXFWLRQ
KDV�GLIIHUHQW�RXWFRPHV
GHSHQGLQJ�RQ�ZKHQ�ELGGLQJ
FORVHV

❚ )&&�6SHFWUXP�$XFWLRQV��86�
❙ IXOO�FRPELQDWRULDO�DXFWLRQV
WKHRUHWLFDOO\�HIILFLHQW

❙ EXW�H[SRQHQWLDOO\�FRPSOH[
❙ XVHG��PXOWLSOH�VLPXOWDQHRXV
DVFHQGLQJ�ELG

❘ KLJK�UHYHQXH��EXW�FROOXVLRQ
GLVFRYHUHG�SRVW�DXFWLRQ�GXH�WR
ELGGLQJ�UXOHV��LQVXIILFLHQW�LQIR
KLGLQJ�
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:KDW·V�VR�LPSRUWDQW
DERXW�DXFWLRQV"

❚ *HQHULF�SUREOHP��(QJLQHHULQJ
QHZ�WUDQVDFWLRQ
PHFKDQLVPV�WKDW�H[SORLW
FKHDS�VLOLFRQ�DQG�VDQG

❚ $XFWLRQV�DUH�WKH�DWRPLF
SULPLWLYH�RI�PDUNHWV

❚ $XFWLRQV�SURYLGH�D�IRUPDO
ODQJXDJH�DQG�GHVLJQ
DUFKLWHFWXUH�IRU�HVVHQWLDOO\�DOO
QHJRWLDWLRQ�LQVWDQFHV
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0RWLYDWLRQ�IRU
PDUNHW�PHFKDQLVPV

❚ )LUVW�:HOIDUH�7KHRUHP��$
FRPSHWLWLYH�HTXLOLEULXP�LV
3DUHWR�HIILFLHQW��L�H��
FRPSHWLWLRQ�IRUFHV�HIILFLHQF\

❚ 6HFRQG�:HOIDUH�7KHRUHP�
$Q\�3DUHWR�HIILFLHQW�DOORFDWLRQ
FDQ�EH�VXSSRUWHG�E\�D
FRPSHWLWLYH�HTXLOLEULXP
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+DUQHVVLQJ�PDUNHW
PHFKDQLVPV

❚ &RQVWUXFW�PHFKDQLVPV�WKDW
FRQYHUJH�WR�FRPSHWLWLYH
HTXLOLEULXP

❚ �6DPH�DSSURDFK�DSSOLHV�WR�
VD\��UHYHQXH�RU�SURILW�
PD[LPL]LQJ�GHVLJQ�JRDO�
UDWKHU�WKDQ�HIILFLHQF\�
PD[LPL]LQJ�
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1RW�VR�IDVW«

❚ 0DUNHW�PHFKDQLVPV�SURYLGH
SRRU�VROXWLRQV�IRU
GLVWUHVVLQJO\�IXQGDPHQWDO
SUREOHPV

❚ 0DQ\�IXQGDPHQWDO�SUREOHPV
KDYH�GLVWUHVVLQJO\�KLJK
FRPSXWDWLRQDO�FRPSOH[LW\
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3RRU�VROXWLRQV

❚ 0DUNHW�PHFKDQLVPV�RIWHQ
DUHQ¶W�HIILFLHQW
❙ H[WHUQDOLWLHV
❙ WUDQVDFWLRQ�FRVWV
❙ LQFUHDVLQJ�UHWXUQV
❙ LQWHJHU�FRQVWUDLQWV
❙ DV\PPHWULF�LQIRUPDWLRQ

❚ 1HJDWLYH�UHVXOWV�IRU�PRUH
JHQHUDO�PHFKDQLVPV
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'HILQLQJ�JRRG
VROXWLRQV

❚ :KDW�LV�WKH�JRDO"
❙ HIILFLHQF\��RU�«
❙ UHYHQXH�PD[LPL]DWLRQ��«

❚ :KDW�DUH�WKH�FRQVWUDLQWV"
❙ LQIRUPDWLRQ
❙ YROXQWDU\�SDUWLFLSDWLRQ
❙ DVVXPHG�DJHQW�VWUDWHJLHV�DUH
SODXVLEOH

❙ ORZ�FRPSXWDWLRQ�DQG�FRPSOH[LW\�FRVWV

❚ 6ROYH�IRU�VHW�RI�PHFKDQLVPV
WKDW�DFKLHYH�JRDO�VXEMHFW�WR
FRQVWUDLQWV
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1HJDWLYH��'RPLQDQW
DJHQW�VWUDWHJLHV

❚ *LEEDUG�6DWWHUWKZDLWH�������
❙ ,I�DJHQW�SUHIHUHQFHV�DUH�RUGLQDO
EXW�RWKHUZLVH�XQUHVWULFWHG��DQG

❙ ,I�WKHUH�DUH�DW�OHDVW�WKUHH
RXWFRPHV�WKDW�DUH�HDFK
VRPHWLPHV�VRFLDOO\�GHVLUDEOH

❙ 7KHQ�RQO\�GLFWDWRULDO
PHFKDQLVPV�FDQ�LPSOHPHQW
3DUHWR�HIILFLHQF\�LQ�GRPLQDQW
VWUDWHJLHV
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1HJDWLYH��%D\HVLDQ�
1DVK�6WUDWHJLHV

❚ 'HIQ��$JHQWV�SOD\�VWUDWHJLHV�WKDW
SURYLGH�EHVW�H[SHFWHG�SD\RII�LI
RWKHU�DJHQWV�DOVR�SOD\�%D\HVLDQ�
1DVK�VWUDWHJLHV

❚ 0\HUVRQ�6DWWHUWKZDLWH��������
❙ ,I�DJHQW�YDOXDWLRQV�GUDZQ�IURP
RYHUODSSLQJ�LQWHUYDOV

❙ $QG�WUDGH�LV�ELODWHUDO
❙ 7KHQ�QR�PHFKDQLVP�FDQ�DOZD\V�EH

❘ HIILFLHQW
❘ QRQ�FRHUFLYH
❘ QR�GHILFLW
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&RPSOH[LW\

❚ 0DUNHW�PHFKDQLVPV�PD\�EH
LQWUDFWDEO\�FRPSOH[�IRU
SUREOHP�VROYLQJ

❚ )RU�PDQ\�SUREOHPV�FRPS�ε�G�
 �R����ε�G�
❙ XWLOLW\�DQG�H[SHFWHG�XWLOLW\
PD[LPL]DWLRQ

❙ ILQGLQJ�FRPSHWLWLYH��1DVK��DQG
UDWLRQDO�H[SHFWDWLRQV�HTXLOLEULD

❙ RSWLRQ�YDOXDWLRQ
❘ �5XVW�������DQG�7UDXE�HW�DO�������
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:KDW�FDQ�ZH�GR"

❚ 0DUNHWV�ZRUN�³ZHOO´�LQ�UHDO
ZRUOG

❚ 6WURQJ�WKHRUHWLFDO�SURSHUWLHV�LQ
VSHFLDO�FDVHV

❚ %XW�LQ�SUDFWLFH�KDUG�WR�DFKLHYH
LGHDO

❚ 6KRXOG�ZH�MXVW�GHVLJQ�DG�KRF
PDUNHWV��DQG�KRSH�WKH\�DUH
JRRG�HQRXJK"

❚ :KDW�LV�JHQHUDOL]DEOH"��:KDW
LV�D�SULQFLSOHG�EDVLV�IRU
GHVLJQ�DQG�H[WHQVLRQ"
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3UDJPDWLF
PHFKDQLVP�GHVLJQ

❚ ����:KDW�UHOD[HG�VHW�RI
FRQVWUDLQWV�DGPLWV�RSWLPDO
VROXWLRQV"
❙ (�J���HIILFLHQW�ELODWHUDO�WUDGH�ZLWK
H[�SRVW�YROXQWDU\�SDUWLFLSDWLRQ�LV
SRVVLEOH�ZLWK�VXEVLG\��*9$�
0DF.LH�0DVRQ�DQG�9DULDQ������

❚ ����$OWHUQDWLYHO\��KRZ�PXFK
HIILFLHQF\�FDQ�DGPLVVLEOH
PHFKDQLVPV�DFKLHYH"
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$SSOLFDWLRQ�
6FKHGXOLQJ�3UREOHPV

❚ :DOVK��:XUPDQ��:HOOPDQ��0DF.LH�
0DVRQ�������

❚ $XWRQRPRXV�DJHQWV�ZLWK�
❙ FRQIOLFWLQJ�VFKHGXOLQJ
UHTXLUHPHQWV

❙ SULYDWH�ORFDO�LQIRUPDWLRQ
❙ PHVVDJLQJ�FDSDELOLW\

❚ 6FKHGXOLQJ�RSWLPL]DWLRQ�LV
KDUG�
❙ GLVFUHWH
❙ FRPSOHPHQWDULWLHV
❙ HYHQ�ZLWK�SXEOLF�LQIRUPDWLRQ�LW¶V
W\SLFDOO\�D�NQDSVDFN�SUREOHP
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7KH�WDVNV�IRU
SUDJPDWLF�GHVLJQ

❚ 3URWRFRO�GHVLJQ�
❙ KRZ�WR�RUJDQL]H�PHVVDJH
SDVVLQJ��UHDFK�FORVXUH�
GHWHUPLQH�RXWFRPH"

❚ (FRQRPLF�GHVLJQ�
❙ KRZ�WR�HOLFLW�PHVVDJHV
FRQWDLQLQJ�LQIR�QHHGHG�IRU�JRRG
RXWFRPHV"
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6FKHGXOH�H[DPSOH

$6.25                      9:00

$6.25                     10:00

$6.25                     11:00

$3.25                     12:00

$3.25                     13:00

$3.25                     14:00

$3.25                     15:00

$3.25                     16:00

A1
v=$10
L=2 hrs
by 12:00

A2
v=$16
L=2 hrs
by 11:00

A4
v=$6
L=1 hrs
by 11:00

A3
v=$14.5
L=4 hrs
by 16:00

Min price = $3
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0DUNHWV�FDQ�EH
JRRG

❚ 7KHRUHP����,I�WKHUH�H[LVWV�D
S�VXFK�WKDW�I��LV�D�PDUNHW
HTXLOLEULXP��WKHQ�I��LV�3DUHWR
RSWLPDO

❚ %XW�PNW�HTXLOLE�PD\�QRW�H[LVW

Length Deadline Value

Agent 1 2 2 3

Agent 2 1 2 2
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:KDW�GR�ZH�NQRZ�LQ
JHQHUDO"

❚ /HPPD��7KH�VLQJOH�XQLW
SUREOHP�DOZD\V�KDV�D�XQLTXH
PLQLPXP�HTXLOLEULXP�SULFH
YHFWRU

❚ 7KHRUHP����$Q\�RSWLPDO
VROXWLRQ�WR�D�VLQJOH�XQLW
VFKHGXOLQJ�SUREOHP�LV
VXSSRUWHG�E\�D�SULFH
HTXLOLEULXP

❚ %XW�QRZ��+RZ�WR�ILQG�JRRG
VROXWLRQV�HYHQ�IRU�VLQJOH�XQLW
SUREOHPV"
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���$VFHQGLQJ�6LQJOH�
*RRG�$XFWLRQ

❚ *RRGV����DXFWLRQ�IRU�HDFK�VORW
❚ 5XOHV�

❙ PLQ��ELG�LQFUHPHQW�ε
❙ QR�ELG�ZLWKGUDZDO
❙ FORVXUH�ZKHQ�ELGGLQJ�VWRSV

❚ 6WUDWHJLHV�
❙ DJHQW�M�ELGV�IRU�VHW�RI�VORWV�WR�PD[
VXUSOXV�DW�FXUUHQW�S

❙ RU�GURS�RXW�LI�QR�VHW�RI�VORWV�KDV
SRVLWLYH�VXUSOXV

❙ 1�%��)RU�VLQJOH�VORW�SUREOHP��WKLV�LV�GRPLQDQW
VWUDWHJ\

❙ 1�%��)RU�PXOWL�VORW��QRW�UHJUHW�SURRI
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$6*$��6LQJOH�VORW
SUREOHPV

❚ 7KP���VD\V�HTXLOLE�H[LVWV�
EXW�WKLV�SURWRFRO�QRW
JXDUDQWHHG�WR�ILQG�LW

1pm 2pm 3pm

A1 6 6

A2 7 7 7

Min 4 3 3

A2 first: could bid b2=3
A1 then could bid b1=4: s1→A1, s2 → A2, v=16
But at p2=3 A1 prefers s2 so not an equilib
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$6*$�VLQJOH�VORW
�FRQW�

❚ 7KHRUHP����SM�ZLOO�GLIIHU�IURP
WKH�PLQ��XQLTXH�HTXLOLE�SULFH
E\�DW�PRVW�κε��ZKHUH
κ� �PLQ��JRRGV��DJHQWV�

❚ 7KHRUHP����Y�I��ZLOO�GLIIHU
IURP�RSWLPDO�E\�DW�PRVW
κε����κ�
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6LQJOH�VORW�GHPDQG
VXPPDU\

❚ (TXLOLEULXP�H[LVWV
❚ $6*$�GHYLDWHV�IURP�RSWLPDO
E\�ERXQGHG�DPRXQW�
SURSRUWLRQDO�WR�ε
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$*6$��0XOWL�6ORW
'HPDQGV

❚ /HPPD��S�FDQ�GLIIHU�IURP�HTXLOLE�E\
DUELWUDULO\�ODUJH�DPRXQW

❚ /HPPD��Y�I��FDQ�GLIIHU�IURP�RSWLPDO
E\�DUELWUDULO\�ODUJH�DPRXQW

Length Deadline Value

Agent 1 1 1 3

Agent 2 2 2 11

Min prices: (1,9)
Suppose A2 bids: b1=1, b2=9
Suppose A1 bids: b1=2
Then: s1 → A1, s2 → A2, v(f)=3
But optimum: s1 → A1, s2 → ⊥, v(f)=12
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([DPSOH�FRQW�

❚ &DQ�PDNH�LQHIILFLHQF\
DUELWUDULO\�ODUJH

❚ ,V�LW�UHDVRQDEOH�IRU�DJHQW���WR
VWRS�ELGGLQJ"
❙ %\�ELGGLQJ�E� ���LW�FDQ�GR�EHWWHU
WKDQ�LI�DXFWLRQ�VWRSSHG

❙ +RZHYHU��EHWWHU�VWLOO�LV�VRPHRQH
HOVH�ELGV�DZD\�V�

❙ 1R�GRPLQDQW�VWUDWHJ\�H[LVWV
WKDW�PDNHV�$��DOZD\V�EHWWHU�RII
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���&RPELQDWRULDO
$XFWLRQV

❚ /RRNLQJ�IRU�SULFH�HTXLOLEULD�IRU
PXOWL�VORW�SUREOHPV

❚ 5HGHILQH�FRQFHUQV�
FRPELQDWLRQV�RI�JRRGV
❙ %DQNV�HW�DO��5$1'�����
❙ 5DVVHQWL�HW�DO��%HOO�����
❙ 5RWKNRSI�HW�DO��0JPW�6FL�����

❚ 3UREOHP��([SRQHQWLDO
FRPSOH[LW\���Q�FRPELQDWLRQV�
❙ 1HHG�IHDVLEOH�PHFKDQLVPV�WKDW
ZRUN�³SUHWW\�ZHOO´
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&RPELQDWRULDO
$XFWLRQV��FRQW��

❚ 1HZ�JRRGV�GHILQLWLRQ��SDLU�\�]��LV�\
VORWV�E\�GHDGOLQH�]��FRQWDLQV�]

❚ &RPSOH[LW\� �2�Q/���/� �PD[
VFKHGXOH�OHQJWK

❚ )LQGV�HTXLOLEULD�IRU�VRPH�SUREOHPV�QRW
VROYHG�E\�DVFHQGLQJ�DXFWLRQ�

Length Deadline Value

Agent 1 2 2 3

Agent 2 1 2 2
Consider: p(1,1)=p(1,2)=2.1, p(2,2)=2.9
A1 gets (2,2), A2 gets nothing
A1 can’t do better with single goods
A2 doesn’t want anything at these prices
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&RPELQDWRULDO�$XFWLRQV
3HUIRUPDQFH

❚ &$�SULFH�HTXLOLEULD�DUH�QRW
QHFHVVDULO\�HIILFLHQW

Length Deadline Value

Agent 1 2 2 3

Agent 2 1 2 2

Agent 3 1 2 2

Equilib: p(1,1)=p(1,2)=1.6, p(2,2)≥3.2
Another: p(1,1)=p(2,1)=2.1, p(2,2)=2.9
   (same as previous example)
Second is suboptimal -- no useful bound on 
deviation from optimality!



www-personal.umich.edu/~jmm/ 31 31

&RPELQDWRULDO
$XFWLRQ��6XPPDU\

❚ $OO�VLQJOH�JRRG�SULFH�HTXLOLEULD
DUH�DOVR��QRW�QHF��XQLTXH�
FRPELQDWRULDO�HTXLOLEULD

❚ 6RPH�SUREOHPV�ZLWK�QR�VLQJOH�
JRRG�SULFH�HTXLOLEULD�GR�KDYH
FRPELQDWRULDO�HTXLOLEULD

❚ %XW��FRPELQDWRULDO�HTXLOLEULD
�WKDW�DUH�QRW�VLQJOH�JRRG
HTXLOLEULD�DUH�QRW�QHFHVVDULO\
HIILFLHQW�
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*HQHUDOL]HG�9LFNUH\
$XFWLRQ

❚ 9DULDQ�DQG�0DF.LH�0DVRQ�������
❚ *RRGV�GHILQLWLRQ��,GHQWLFDO�WR
DJHQW�FRQFHUQV

❚ 5XOHV��$JHQWV�DQQRXQFH�UM���
DOOHJHG�XWLOLW\�IXQFWLRQ
❙ *9$�FRPSXWHV�RSWLPDO�DOORFDWLRQ
IRU�WKH�U��

❙ *9$�FRPSXWHV�SD\PHQWV�WR�DJHQWV
3M�U�M�
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*9$�SURSHUWLHV

❚ 3DUHWR�HIILFLHQW
❚ ,I�D�SULFH�HTXLOLEULXP�H[LVWV�
*9$�SD\PHQWV�DUH�QR
KLJKHU�WKDQ�SD\PHQWV�XQGHU
PLQLPXP�HTXLOLEULXP�SULFHV
�*XO�	�6WDFFKHWWL�

❚ ,I�PLQLPXP�UHVHUYH�SULFHV
NQRZQ��*9$�IRU�VFKHGXOLQJ�LV
SDUWLFLSDWRU\�HIILFLHQW�LQ
GRPLQDQW�VWUDWHJLHV
❙ ,I�QRW��SDUWLFLSDWRU\�HIILFLHQW
IRU�0���DJHQWV��PDUNHW
PDNHU�PD\�UXQ�GHILFLW�
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*9$�FRPSXWDWLRQ
FRVW

❚ 6LQJOH�VORW�RSWLPDO�VROXWLRQV�FDQ
EH�IRXQG�E\�D�VLPSOH�FHQWUDOL]HG
JUHHG\�DOJRULWKP��1HDSROLWDQ�	
1DLPLSRXU��LQ�Θ�P�ORJ�P�

❚ *9$�QHHGV�WR�VROYH�P���RI
WKHVH��RQH�IRU�JOREDO�RSWLPXP��SOXV
RQH�IRU�HDFK�RI�DJHQW�SD\PHQWV��VR
Θ�P��ORJ�P�

❚ 6DPH�P�IDFWRU�LQFUHDVH�IRU�PXOWL�
VORW��EXW�WKH�XQGHUO\LQJ
RSWLPL]DWLRQ�LV�QRZ�13�
FRPSOHWH�,QWHJHU�.QDSVDFN
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6800$5<

❚ :H�KDYH�H[SORUHG�D�VSHFWUXP
RI�PHFKDQLVPV�IRU�VFKHGXOLQJ
SUREOHPV�

❚ VLQJOH�JRRG�↔�FRPEQWUO�↔�*9$
❚ LQFUHDVLQJ����������������������!

❙ VFRSH�RI�FRQFHUQV
❙ FDVHV�LQ�ZKLFK��QHDU��HIILFLHQW
RXWFRPH�IRXQG

❙ FRPSXWDWLRQDO�FRPSOH[LW\

❚ 3URSRVHG��³PHWDPHFKDQLVPV´
IRU�HQGRJHQHRXVO\�VHOHFWLQJ
PHFKDQVLVPV�IURP�SODXVLEOH�VHW
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$SSO\LQJ�WKH�WKHRU\

❚ 0XOWL�VWDJH�QHWZRUN�VFKHGXOLQJ
ZLWK�PXOWLSOH�4R6

❚ :HE�FDFKLQJ
❚ 7DVN�QHWZRUNV
❚ 'HYLFH�RU�IDFLOLW\�VFKHGXOLQJ
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([SORULQJ�WKH
GHVLJQ�VSDFH

❚ 'HVLJQ�VSDFH�LV�KXJH
❚ 7KH�VHW�RI�H[LVWLQJ
LQVWDQWLDWLRQV����UHDO�DQG
DUWLILFLDO����KDV�PHDVXUH�]HUR

❚ 1HHG�WR�V\VWHPDWLFDOO\�PDS
PRUH�RI�WKH�GHVLJQ�VSDFH

❚ (FRQRPLFV�SURYLGHV
SULQFLSOHG�IUDPHZRUN�IRU
JXLGLQJ�DQG�VXPPDUL]LQJ�WKH
PDSSLQJ


