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Overview

1. First Example 

2. Mathematical Model | Connections to Polytopes 

3. Can we guarantee the existence of a competitive equilibrium? 
(Answer: yes, if G = K  )n
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<latexit sha1_base64="WnEJLQhE/DyzXaS1G5UUud0grPw=">AAACFXicbVDLSgMxFM3UV62vUZdugkURlDIjRcVVQYQuq9gHdqYlk6ZtaCYzJJlCmfYn3Pgrblwo4lZw59+YtoNo64HA4Zx7yT3HCxmVyrK+jNTC4tLySno1s7a+sbllbu9UZBAJTMo4YIGoeUgSRjkpK6oYqYWCIN9jpOr1rsZ+tU+EpAG/U4OQuD7qcNqmGCktNc2TfsO7hCXoYBRCx0eq63nwvhHz4+H1cAQPHRX8yLdNM2vlrAngPLETkgUJSk3z02kFOPIJV5ghKeu2FSo3RkJRzMgo40SShAj3UIfUNeXIJ9KNJ6lG8EArLdgOhH5cwYn6eyNGvpQD39OT4wPlrDcW//PqkWpfuDHlYaQIx9OP2hGDOuq4ItiigmDFBpogLKi+FeIuEggrXWRGl2DPRp4nldOcfZbL3+SzhWJSRxrsgX1wBGxwDgqgCEqgDDB4AE/gBbwaj8az8Wa8T0dTRrKzC/7A+PgG6Badcw==</latexit>

vb : P \ Zn+|E| ! R
<latexit sha1_base64="GDhqr1jqDwZIe9uKDev7QBGHePk=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMxIUTdCwU2XFewD2mm5k2ba0ExmSDKVMnTrxl9x40IRt/6BO//G9LHQ1gMXTs65l9x7/JgzpR3n21pZXVvf2MxsZbd3dvf27YPDmooSSWiVRDySDR8U5UzQqmaa00YsKYQ+p3V/cDvx60MqFYvEvR7F1AuhJ1jACGgjdWw8bPt5OMM3uMVB9DjFD20fn2PALTl9d+ycU3CmwMvEnZMcmqPSsb9a3YgkIRWacFCq6Tqx9lKQmhFOx9lWomgMZAA92jRUQEiVl04vGeNTo3RxEElTQuOp+nsihVCpUeibzhB0Xy16E/E/r5no4NpLmYgTTQWZfRQkHOsIT2LBXSYp0XxkCBDJzK6Y9EEC0Sa8rAnBXTx5mdQuCu5loXhXzJXK8zgy6BidoDxy0RUqoTKqoCoi6BE9o1f0Zj1ZL9a79TFrXbHmM0foD6zPH2JxmEc=</latexit>

vb(a) = hwb, ai
<latexit sha1_base64="E8R+q3/Vu5nqd71avBBq7IBDSAo=">AAACFHicbVDLSgNBEJz1bXxFPXoZDIIQCLsS1GNABI8qxgSyMcxOeuPg7Mwy06uGTT7Ci7/ixYMiXj1482/cPA5qrFNR1U1XVxBLYdF1v5yp6ZnZufmFxdzS8srqWn5949LqxHCoci21qQfMghQKqihQQj02wKJAQi24ORr4tVswVmh1gd0YmhHrKBEKzjCTWvmij3CPKQ21oVZHQPv07iqgvlDUjxheBwE9v0pVsXfc67fyBbfkDkEniTcmBTLGaSv/6bc1TyJQyCWztuG5MTZTZlBwCf2cn1iIGb9hHWhkVLEIbDMdPtWnO5nSHuYKtUI6VH9upCyythsF2eQgqP3rDcT/vEaC4WEzFSpOEBQfHQoTSVHTQUO0LQxwlN2MMG5ElpXya2YYx6zHXFaC9/flSXK5V/L2S+WzcqFyMq5jgWyRbbJLPHJAKuSEnJIq4eSBPJEX8uo8Os/Om/M+Gp1yxjub5Becj2/ICJ4O</latexit>

for some wb 2 Rn+|E|,



1. Bidding round
Bidder  communicates preferences to auctioneerb ∈ [m]

Valuation function

7

1 2

3 -6 5

3

2

5
0

<latexit sha1_base64="219H+gp4aFjQhe5lwBLH2+846Dc="></latexit>

wb =
⇣

3
5
�6

⌘ <latexit sha1_base64="F7r8aaoZV94pxK+R7Jri8pNoxTc="></latexit>

vb(
⇣

0
0
0

⌘
) = 0,

vb(
⇣

0
1
0

⌘
) = 5,

<latexit sha1_base64="XJ+Q3j3Mp6bs6I2x92hDnkQ1+tA="></latexit>

vb(
⇣

1
0
0

⌘
) = 3,

vb(
⇣

1
1
1

⌘
) = 2

<latexit sha1_base64="WnEJLQhE/DyzXaS1G5UUud0grPw=">AAACFXicbVDLSgMxFM3UV62vUZdugkURlDIjRcVVQYQuq9gHdqYlk6ZtaCYzJJlCmfYn3Pgrblwo4lZw59+YtoNo64HA4Zx7yT3HCxmVyrK+jNTC4tLySno1s7a+sbllbu9UZBAJTMo4YIGoeUgSRjkpK6oYqYWCIN9jpOr1rsZ+tU+EpAG/U4OQuD7qcNqmGCktNc2TfsO7hCXoYBRCx0eq63nwvhHz4+H1cAQPHRX8yLdNM2vlrAngPLETkgUJSk3z02kFOPIJV5ghKeu2FSo3RkJRzMgo40SShAj3UIfUNeXIJ9KNJ6lG8EArLdgOhH5cwYn6eyNGvpQD39OT4wPlrDcW//PqkWpfuDHlYaQIx9OP2hGDOuq4ItiigmDFBpogLKi+FeIuEggrXWRGl2DPRp4nldOcfZbL3+SzhWJSRxrsgX1wBGxwDgqgCEqgDDB4AE/gBbwaj8az8Wa8T0dTRrKzC/7A+PgG6Badcw==</latexit>

vb : P \ Zn+|E| ! R
<latexit sha1_base64="GDhqr1jqDwZIe9uKDev7QBGHePk=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMxIUTdCwU2XFewD2mm5k2ba0ExmSDKVMnTrxl9x40IRt/6BO//G9LHQ1gMXTs65l9x7/JgzpR3n21pZXVvf2MxsZbd3dvf27YPDmooSSWiVRDySDR8U5UzQqmaa00YsKYQ+p3V/cDvx60MqFYvEvR7F1AuhJ1jACGgjdWw8bPt5OMM3uMVB9DjFD20fn2PALTl9d+ycU3CmwMvEnZMcmqPSsb9a3YgkIRWacFCq6Tqx9lKQmhFOx9lWomgMZAA92jRUQEiVl04vGeNTo3RxEElTQuOp+nsihVCpUeibzhB0Xy16E/E/r5no4NpLmYgTTQWZfRQkHOsIT2LBXSYp0XxkCBDJzK6Y9EEC0Sa8rAnBXTx5mdQuCu5loXhXzJXK8zgy6BidoDxy0RUqoTKqoCoi6BE9o1f0Zj1ZL9a79TFrXbHmM0foD6zPH2JxmEc=</latexit>

vb(a) = hwb, ai
<latexit sha1_base64="E8R+q3/Vu5nqd71avBBq7IBDSAo=">AAACFHicbVDLSgNBEJz1bXxFPXoZDIIQCLsS1GNABI8qxgSyMcxOeuPg7Mwy06uGTT7Ci7/ixYMiXj1482/cPA5qrFNR1U1XVxBLYdF1v5yp6ZnZufmFxdzS8srqWn5949LqxHCoci21qQfMghQKqihQQj02wKJAQi24ORr4tVswVmh1gd0YmhHrKBEKzjCTWvmij3CPKQ21oVZHQPv07iqgvlDUjxheBwE9v0pVsXfc67fyBbfkDkEniTcmBTLGaSv/6bc1TyJQyCWztuG5MTZTZlBwCf2cn1iIGb9hHWhkVLEIbDMdPtWnO5nSHuYKtUI6VH9upCyythsF2eQgqP3rDcT/vEaC4WEzFSpOEBQfHQoTSVHTQUO0LQxwlN2MMG5ElpXya2YYx6zHXFaC9/flSXK5V/L2S+WzcqFyMq5jgWyRbbJLPHJAKuSEnJIq4eSBPJEX8uo8Os/Om/M+Gp1yxjub5Becj2/ICJ4O</latexit>

for some wb 2 Rn+|E|,



1. Bidding round
Bidder  communicates preferences to auctioneerb ∈ [m]

Valuation function

7

1 2

3 -6 5

3

2

5
0

<latexit sha1_base64="219H+gp4aFjQhe5lwBLH2+846Dc="></latexit>

wb =
⇣

3
5
�6

⌘ <latexit sha1_base64="F7r8aaoZV94pxK+R7Jri8pNoxTc="></latexit>

vb(
⇣

0
0
0

⌘
) = 0,

vb(
⇣

0
1
0

⌘
) = 5,

<latexit sha1_base64="XJ+Q3j3Mp6bs6I2x92hDnkQ1+tA="></latexit>

vb(
⇣

1
0
0

⌘
) = 3,

vb(
⇣

1
1
1

⌘
) = 2

<latexit sha1_base64="WnEJLQhE/DyzXaS1G5UUud0grPw=">AAACFXicbVDLSgMxFM3UV62vUZdugkURlDIjRcVVQYQuq9gHdqYlk6ZtaCYzJJlCmfYn3Pgrblwo4lZw59+YtoNo64HA4Zx7yT3HCxmVyrK+jNTC4tLySno1s7a+sbllbu9UZBAJTMo4YIGoeUgSRjkpK6oYqYWCIN9jpOr1rsZ+tU+EpAG/U4OQuD7qcNqmGCktNc2TfsO7hCXoYBRCx0eq63nwvhHz4+H1cAQPHRX8yLdNM2vlrAngPLETkgUJSk3z02kFOPIJV5ghKeu2FSo3RkJRzMgo40SShAj3UIfUNeXIJ9KNJ6lG8EArLdgOhH5cwYn6eyNGvpQD39OT4wPlrDcW//PqkWpfuDHlYaQIx9OP2hGDOuq4ItiigmDFBpogLKi+FeIuEggrXWRGl2DPRp4nldOcfZbL3+SzhWJSRxrsgX1wBGxwDgqgCEqgDDB4AE/gBbwaj8az8Wa8T0dTRrKzC/7A+PgG6Badcw==</latexit>

vb : P \ Zn+|E| ! R
<latexit sha1_base64="GDhqr1jqDwZIe9uKDev7QBGHePk=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMxIUTdCwU2XFewD2mm5k2ba0ExmSDKVMnTrxl9x40IRt/6BO//G9LHQ1gMXTs65l9x7/JgzpR3n21pZXVvf2MxsZbd3dvf27YPDmooSSWiVRDySDR8U5UzQqmaa00YsKYQ+p3V/cDvx60MqFYvEvR7F1AuhJ1jACGgjdWw8bPt5OMM3uMVB9DjFD20fn2PALTl9d+ycU3CmwMvEnZMcmqPSsb9a3YgkIRWacFCq6Tqx9lKQmhFOx9lWomgMZAA92jRUQEiVl04vGeNTo3RxEElTQuOp+nsihVCpUeibzhB0Xy16E/E/r5no4NpLmYgTTQWZfRQkHOsIT2LBXSYp0XxkCBDJzK6Y9EEC0Sa8rAnBXTx5mdQuCu5loXhXzJXK8zgy6BidoDxy0RUqoTKqoCoi6BE9o1f0Zj1ZL9a79TFrXbHmM0foD6zPH2JxmEc=</latexit>

vb(a) = hwb, ai
<latexit sha1_base64="E8R+q3/Vu5nqd71avBBq7IBDSAo=">AAACFHicbVDLSgNBEJz1bXxFPXoZDIIQCLsS1GNABI8qxgSyMcxOeuPg7Mwy06uGTT7Ci7/ixYMiXj1482/cPA5qrFNR1U1XVxBLYdF1v5yp6ZnZufmFxdzS8srqWn5949LqxHCoci21qQfMghQKqihQQj02wKJAQi24ORr4tVswVmh1gd0YmhHrKBEKzjCTWvmij3CPKQ21oVZHQPv07iqgvlDUjxheBwE9v0pVsXfc67fyBbfkDkEniTcmBTLGaSv/6bc1TyJQyCWztuG5MTZTZlBwCf2cn1iIGb9hHWhkVLEIbDMdPtWnO5nSHuYKtUI6VH9upCyythsF2eQgqP3rDcT/vEaC4WEzFSpOEBQfHQoTSVHTQUO0LQxwlN2MMG5ElpXya2YYx6zHXFaC9/flSXK5V/L2S+WzcqFyMq5jgWyRbbJLPHJAKuSEnJIq4eSBPJEX8uo8Os/Om/M+Gp1yxjub5Becj2/ICJ4O</latexit>

for some wb 2 Rn+|E|

<latexit sha1_base64="ZdWXufglDZNzW3j9YZgT3Z6t1gk="></latexit>✓
0
0
0
0

◆

<latexit sha1_base64="BcCu7eKbmEVCkk34JjOZh5gjHek="></latexit>✓
1
0
0
3

◆

<latexit sha1_base64="+XQ/JnnDAkIDtMMk/E9YMKMVdmc="></latexit>✓
0
1
0
5

◆

<latexit sha1_base64="tUF4CBqn07QiwzsMWBaNu0IYCgE="></latexit>✓
1
1
1
2

◆

,



2. Auctioneer’s decision

8 3

2

5
0

<latexit sha1_base64="ZdWXufglDZNzW3j9YZgT3Z6t1gk="></latexit>✓
0
0
0
0

◆

<latexit sha1_base64="BcCu7eKbmEVCkk34JjOZh5gjHek="></latexit>✓
1
0
0
3

◆

<latexit sha1_base64="+XQ/JnnDAkIDtMMk/E9YMKMVdmc="></latexit>✓
0
1
0
5

◆

<latexit sha1_base64="tUF4CBqn07QiwzsMWBaNu0IYCgE="></latexit>✓
1
1
1
2

◆

Auctioneer sets a price



2. Auctioneer’s decision

8

<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|

3

2

5
0

<latexit sha1_base64="ZdWXufglDZNzW3j9YZgT3Z6t1gk="></latexit>✓
0
0
0
0

◆

<latexit sha1_base64="BcCu7eKbmEVCkk34JjOZh5gjHek="></latexit>✓
1
0
0
3

◆

<latexit sha1_base64="tZg7RjMzepDC16euA70XbDcDEjQ="></latexit>

D(vb, p) =
argmax

a2vert(P (G)) {vb(a)� hp, ai} = vert(F b) for some F b � P (G)

<latexit sha1_base64="+XQ/JnnDAkIDtMMk/E9YMKMVdmc="></latexit>✓
0
1
0
5

◆

<latexit sha1_base64="tUF4CBqn07QiwzsMWBaNu0IYCgE="></latexit>✓
1
1
1
2

◆

Auctioneer sets a price
Auctioneer computes the demand set of bidder b at price               :



2. Auctioneer’s decision

8

<latexit sha1_base64="kmSkSZMSi9TpwE/fAd7UlY10fOY=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCWJDSUk8pHAhewtc7Bhb++yu2eChF9gq72dsfXf2PpLXOAKAV8yyct7M5mZFySCa+O6305ua3tndy+/Xzg4PDo+KZ6etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwfpj77SdUmsfy0UwS9CM6lDzkjBorNWi/WHLL7gJkk3gZKUGGer/40xvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmWVAQljZUsaslD/TkxppPUkCmxnRM1Ir3tz8T+vm5rw3p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYrW4IgmtlQvPUINknrpuzdliuNSqlay+LJwwVcwjV4cAdVqEEdmsAA4QVe4c15dt6dD+dz2ZpzsplzWIHz9QsghpPy</latexit>a
<latexit sha1_base64="xNHShlUurLuZO2eK5dbVUXkxem4=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEY9+nYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdAurKI=</latexit>⇣
0
0
0

⌘ <latexit sha1_base64="EL3+IL3cyVwioBqQwfQ2vE9aTes=">AAACNXicbVA9SwNBEN2LX/E7ammzGARtwp0EtbAI2KSMYDSQC2FvM5cs7u4du3NiOPJn/BP+BVvtLGxEbP0LbmIKoz7Y5fHeDDPzolQKi77/4hXm5hcWl4rLK6tr6xubpa3tK5tkhkOTJzIxrYhZkEJDEwVKaKUGmIokXEc352P/+haMFYm+xGEKHcX6WsSCM3RSt3QWSojxIIygL3RuFZNSMTTibhTQMKT+5AtB92a80Ij+AA+7pbJf8Segf0kwJWUyRaNbegt7Cc8UaOSSWdsO/BQ7OTMouITRSphZSBm/YX1oO6qZAtvJJ1eO6L5TejROjHsa6UT92ZEzZe1QRa7SrTmwv72x+J/XzjA+7eRCpxmC5t+D4kxSTOg4MtoTBjjKoSOMG+F2pXzADOPogp2ZEkVq5EIJfkfwl1wdVYLjSvWiWq7Vp/EUyS7ZIwckICekRuqkQZqEk3vySJ7Is/fgvXrv3sd3acGb9uyQGXifX9HkrKM=</latexit>⇣
1
0
0

⌘ <latexit sha1_base64="+1J6U11aD9SWb1zJyaSKGcHULdI="></latexit>⇣
0
1
0

⌘ <latexit sha1_base64="544TKxkLFM5WPf7TXgGnyFKSnzY=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEYz+gYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdVBrKU=</latexit>⇣
1
1
1

⌘

<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|

3

2

5
0

<latexit sha1_base64="ZdWXufglDZNzW3j9YZgT3Z6t1gk="></latexit>✓
0
0
0
0

◆

<latexit sha1_base64="BcCu7eKbmEVCkk34JjOZh5gjHek="></latexit>✓
1
0
0
3

◆
<latexit sha1_base64="oR98rszb+Hj1mT2iHgGWTv4Yt1M=">AAACK3icbVDLSgNBEJz1bXxFPXoZDEI8GHYlqBdB9OJRwTwgG8LspDcZMju7zPSKYcn/ePFXPOjBB179DycxB5NYMENR1U13V5BIYdB1P5y5+YXFpeWV1dza+sbmVn57p2riVHOo8FjGuh4wA1IoqKBACfVEA4sCCbWgdzX0a/egjYjVHfYTaEaso0QoOEMrtfKXCT2nvoQQi9QPoCNUZiImZcRQi4dBmfo+HX1Hxz6o9oTpa9Hp4mErX3BL7gh0lnhjUiBj3LTyL3475mkECrlkxjQ8N8FmxjQKLmGQ81MDCeM91oGGpYpFYJrZ6NYBPbBKm4axtk8hHal/OzIWGdOPAltp1+yaaW8o/uc1UgzPmplQSYqg+O+gMJUUYzoMjraFBo6ybwnjWthdKe8yzTjaeHM2BG/65FlSPS55J6XybblwcT2OY4XskX1SJB45JRfkmtyQCuHkkTyTN/LuPDmvzqfz9Vs654x7dskEnO8fMaOnJA==</latexit>

p =
⇣

4
4
�2

⌘

<latexit sha1_base64="tZg7RjMzepDC16euA70XbDcDEjQ="></latexit>

D(vb, p) =
argmax

a2vert(P (G)) {vb(a)� hp, ai} = vert(F b) for some F b � P (G)

<latexit sha1_base64="+XQ/JnnDAkIDtMMk/E9YMKMVdmc="></latexit>✓
0
1
0
5

◆

<latexit sha1_base64="tUF4CBqn07QiwzsMWBaNu0IYCgE="></latexit>✓
1
1
1
2

◆

<latexit sha1_base64="219H+gp4aFjQhe5lwBLH2+846Dc="></latexit>

wb =
⇣

3
5
�6

⌘

Auctioneer sets a price
Auctioneer computes the demand set of bidder b at price               :



2. Auctioneer’s decision

8

<latexit sha1_base64="kmSkSZMSi9TpwE/fAd7UlY10fOY=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCWJDSUk8pHAhewtc7Bhb++yu2eChF9gq72dsfXf2PpLXOAKAV8yyct7M5mZFySCa+O6305ua3tndy+/Xzg4PDo+KZ6etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwfpj77SdUmsfy0UwS9CM6lDzkjBorNWi/WHLL7gJkk3gZKUGGer/40xvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmWVAQljZUsaslD/TkxppPUkCmxnRM1Ir3tz8T+vm5rw3p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYrW4IgmtlQvPUINknrpuzdliuNSqlay+LJwwVcwjV4cAdVqEEdmsAA4QVe4c15dt6dD+dz2ZpzsplzWIHz9QsghpPy</latexit>a
<latexit sha1_base64="xNHShlUurLuZO2eK5dbVUXkxem4=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEY9+nYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdAurKI=</latexit>⇣
0
0
0

⌘ <latexit sha1_base64="EL3+IL3cyVwioBqQwfQ2vE9aTes=">AAACNXicbVA9SwNBEN2LX/E7ammzGARtwp0EtbAI2KSMYDSQC2FvM5cs7u4du3NiOPJn/BP+BVvtLGxEbP0LbmIKoz7Y5fHeDDPzolQKi77/4hXm5hcWl4rLK6tr6xubpa3tK5tkhkOTJzIxrYhZkEJDEwVKaKUGmIokXEc352P/+haMFYm+xGEKHcX6WsSCM3RSt3QWSojxIIygL3RuFZNSMTTibhTQMKT+5AtB92a80Ij+AA+7pbJf8Segf0kwJWUyRaNbegt7Cc8UaOSSWdsO/BQ7OTMouITRSphZSBm/YX1oO6qZAtvJJ1eO6L5TejROjHsa6UT92ZEzZe1QRa7SrTmwv72x+J/XzjA+7eRCpxmC5t+D4kxSTOg4MtoTBjjKoSOMG+F2pXzADOPogp2ZEkVq5EIJfkfwl1wdVYLjSvWiWq7Vp/EUyS7ZIwckICekRuqkQZqEk3vySJ7Is/fgvXrv3sd3acGb9uyQGXifX9HkrKM=</latexit>⇣
1
0
0

⌘ <latexit sha1_base64="+1J6U11aD9SWb1zJyaSKGcHULdI="></latexit>⇣
0
1
0

⌘ <latexit sha1_base64="544TKxkLFM5WPf7TXgGnyFKSnzY=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEYz+gYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdVBrKU=</latexit>⇣
1
1
1

⌘

<latexit sha1_base64="Y5pUT+D9zsLZ1UWArkwAWpq7FSk=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpQZKepGKLjpsoJ9QKctd9K0Dc1khiRTKaVLN/6KGxeKuPUT3Pk3ptMutPXAhZNz7iX3Hj/iTGnH+bZSK6tr6xvpzczW9s7unr1/UFVhLAmtkJCHsu6DopwJWtFMc1qPJIXA57TmD26nfm1IpWKhuNejiDYD6AnWZQS0kdr28bDl5+AM32CPg+hxih9a/jkG7Mnk2bazTt5JgJeJOydZNEe5bX95nZDEARWacFCq4TqRbo5BakY4nWS8WNEIyAB6tGGogICq5jg5ZIJPjdLB3VCaEhon6u+JMQRKjQLfdAag+2rRm4r/eY1Yd6+bYyaiWFNBZh91Y451iKep4A6TlGg+MgSIZGZXTPoggWiTXcaE4C6evEyqF3n3Ml+4K2SLpXkcaXSETlAOuegKFVEJlVEFEfSIntErerOerBfr3fqYtaas+cwh+gPr8wcEx5gd</latexit>

vb(a) = hwb, ai 0 3 5 2

<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|

3

2

5
0

<latexit sha1_base64="ZdWXufglDZNzW3j9YZgT3Z6t1gk="></latexit>✓
0
0
0
0

◆

<latexit sha1_base64="BcCu7eKbmEVCkk34JjOZh5gjHek="></latexit>✓
1
0
0
3

◆
<latexit sha1_base64="oR98rszb+Hj1mT2iHgGWTv4Yt1M=">AAACK3icbVDLSgNBEJz1bXxFPXoZDEI8GHYlqBdB9OJRwTwgG8LspDcZMju7zPSKYcn/ePFXPOjBB179DycxB5NYMENR1U13V5BIYdB1P5y5+YXFpeWV1dza+sbmVn57p2riVHOo8FjGuh4wA1IoqKBACfVEA4sCCbWgdzX0a/egjYjVHfYTaEaso0QoOEMrtfKXCT2nvoQQi9QPoCNUZiImZcRQi4dBmfo+HX1Hxz6o9oTpa9Hp4mErX3BL7gh0lnhjUiBj3LTyL3475mkECrlkxjQ8N8FmxjQKLmGQ81MDCeM91oGGpYpFYJrZ6NYBPbBKm4axtk8hHal/OzIWGdOPAltp1+yaaW8o/uc1UgzPmplQSYqg+O+gMJUUYzoMjraFBo6ybwnjWthdKe8yzTjaeHM2BG/65FlSPS55J6XybblwcT2OY4XskX1SJB45JRfkmtyQCuHkkTyTN/LuPDmvzqfz9Vs654x7dskEnO8fMaOnJA==</latexit>

p =
⇣

4
4
�2

⌘

<latexit sha1_base64="tZg7RjMzepDC16euA70XbDcDEjQ="></latexit>

D(vb, p) =
argmax

a2vert(P (G)) {vb(a)� hp, ai} = vert(F b) for some F b � P (G)

<latexit sha1_base64="+XQ/JnnDAkIDtMMk/E9YMKMVdmc="></latexit>✓
0
1
0
5

◆

<latexit sha1_base64="tUF4CBqn07QiwzsMWBaNu0IYCgE="></latexit>✓
1
1
1
2

◆

<latexit sha1_base64="219H+gp4aFjQhe5lwBLH2+846Dc="></latexit>

wb =
⇣

3
5
�6

⌘

Auctioneer sets a price
Auctioneer computes the demand set of bidder b at price               :
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8

<latexit sha1_base64="kmSkSZMSi9TpwE/fAd7UlY10fOY=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCWJDSUk8pHAhewtc7Bhb++yu2eChF9gq72dsfXf2PpLXOAKAV8yyct7M5mZFySCa+O6305ua3tndy+/Xzg4PDo+KZ6etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwfpj77SdUmsfy0UwS9CM6lDzkjBorNWi/WHLL7gJkk3gZKUGGer/40xvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmWVAQljZUsaslD/TkxppPUkCmxnRM1Ir3tz8T+vm5rw3p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYrW4IgmtlQvPUINknrpuzdliuNSqlay+LJwwVcwjV4cAdVqEEdmsAA4QVe4c15dt6dD+dz2ZpzsplzWIHz9QsghpPy</latexit>a
<latexit sha1_base64="xNHShlUurLuZO2eK5dbVUXkxem4=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEY9+nYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdAurKI=</latexit>⇣
0
0
0

⌘ <latexit sha1_base64="EL3+IL3cyVwioBqQwfQ2vE9aTes=">AAACNXicbVA9SwNBEN2LX/E7ammzGARtwp0EtbAI2KSMYDSQC2FvM5cs7u4du3NiOPJn/BP+BVvtLGxEbP0LbmIKoz7Y5fHeDDPzolQKi77/4hXm5hcWl4rLK6tr6xubpa3tK5tkhkOTJzIxrYhZkEJDEwVKaKUGmIokXEc352P/+haMFYm+xGEKHcX6WsSCM3RSt3QWSojxIIygL3RuFZNSMTTibhTQMKT+5AtB92a80Ij+AA+7pbJf8Segf0kwJWUyRaNbegt7Cc8UaOSSWdsO/BQ7OTMouITRSphZSBm/YX1oO6qZAtvJJ1eO6L5TejROjHsa6UT92ZEzZe1QRa7SrTmwv72x+J/XzjA+7eRCpxmC5t+D4kxSTOg4MtoTBjjKoSOMG+F2pXzADOPogp2ZEkVq5EIJfkfwl1wdVYLjSvWiWq7Vp/EUyS7ZIwckICekRuqkQZqEk3vySJ7Is/fgvXrv3sd3acGb9uyQGXifX9HkrKM=</latexit>⇣
1
0
0

⌘ <latexit sha1_base64="+1J6U11aD9SWb1zJyaSKGcHULdI="></latexit>⇣
0
1
0

⌘ <latexit sha1_base64="544TKxkLFM5WPf7TXgGnyFKSnzY=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEYz+gYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdVBrKU=</latexit>⇣
1
1
1

⌘

<latexit sha1_base64="Y5pUT+D9zsLZ1UWArkwAWpq7FSk=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpQZKepGKLjpsoJ9QKctd9K0Dc1khiRTKaVLN/6KGxeKuPUT3Pk3ptMutPXAhZNz7iX3Hj/iTGnH+bZSK6tr6xvpzczW9s7unr1/UFVhLAmtkJCHsu6DopwJWtFMc1qPJIXA57TmD26nfm1IpWKhuNejiDYD6AnWZQS0kdr28bDl5+AM32CPg+hxih9a/jkG7Mnk2bazTt5JgJeJOydZNEe5bX95nZDEARWacFCq4TqRbo5BakY4nWS8WNEIyAB6tGGogICq5jg5ZIJPjdLB3VCaEhon6u+JMQRKjQLfdAag+2rRm4r/eY1Yd6+bYyaiWFNBZh91Y451iKep4A6TlGg+MgSIZGZXTPoggWiTXcaE4C6evEyqF3n3Ml+4K2SLpXkcaXSETlAOuegKFVEJlVEFEfSIntErerOerBfr3fqYtaas+cwh+gPr8wcEx5gd</latexit>

vb(a) = hwb, ai 0 3 5 2
<latexit sha1_base64="qoLMYtZhy1Mn0uyxC36q/FmP2+w=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgQkoiRV0WBHFZwT6gCWUynbRDJ5MwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhTPn3Mvce4KEM6Ud59taWl5ZXVsvbZQ3t7Z3du29/ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9H11G8/UKlYLO71OKF+hAeChYxgbaSefehxLAacouQMYeTJ/NGzK07VyYEWiVuQChRo9Owvrx+TNKJCE46V6rpOov0MS80Ip5OylyqaYDLCA9o1VOCIKj/Lt5+gE6P0URhLU0KjXP09keFIqXEUmM4I66Ga96bif1431eGVnzGRpJoKMvsoTDnSMZpGgfpMUqL52BBMJDO7IjLEEhNtAiubENz5kxdJ67zqXlRrd7VK/aaIowRHcAyn4MIl1OEWGtAEAo/wDK/wZj1ZL9a79TFrXbKKmQP4A+vzB0uslIE=</latexit>

hp, ai 0 4 4 6

<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|

3

2

5
0

<latexit sha1_base64="ZdWXufglDZNzW3j9YZgT3Z6t1gk="></latexit>✓
0
0
0
0

◆

<latexit sha1_base64="BcCu7eKbmEVCkk34JjOZh5gjHek="></latexit>✓
1
0
0
3

◆
<latexit sha1_base64="oR98rszb+Hj1mT2iHgGWTv4Yt1M=">AAACK3icbVDLSgNBEJz1bXxFPXoZDEI8GHYlqBdB9OJRwTwgG8LspDcZMju7zPSKYcn/ePFXPOjBB179DycxB5NYMENR1U13V5BIYdB1P5y5+YXFpeWV1dza+sbmVn57p2riVHOo8FjGuh4wA1IoqKBACfVEA4sCCbWgdzX0a/egjYjVHfYTaEaso0QoOEMrtfKXCT2nvoQQi9QPoCNUZiImZcRQi4dBmfo+HX1Hxz6o9oTpa9Hp4mErX3BL7gh0lnhjUiBj3LTyL3475mkECrlkxjQ8N8FmxjQKLmGQ81MDCeM91oGGpYpFYJrZ6NYBPbBKm4axtk8hHal/OzIWGdOPAltp1+yaaW8o/uc1UgzPmplQSYqg+O+gMJUUYzoMjraFBo6ybwnjWthdKe8yzTjaeHM2BG/65FlSPS55J6XybblwcT2OY4XskX1SJB45JRfkmtyQCuHkkTyTN/LuPDmvzqfz9Vs654x7dskEnO8fMaOnJA==</latexit>

p =
⇣

4
4
�2

⌘

<latexit sha1_base64="tZg7RjMzepDC16euA70XbDcDEjQ="></latexit>

D(vb, p) =
argmax

a2vert(P (G)) {vb(a)� hp, ai} = vert(F b) for some F b � P (G)

<latexit sha1_base64="+XQ/JnnDAkIDtMMk/E9YMKMVdmc="></latexit>✓
0
1
0
5

◆

<latexit sha1_base64="tUF4CBqn07QiwzsMWBaNu0IYCgE="></latexit>✓
1
1
1
2

◆

<latexit sha1_base64="219H+gp4aFjQhe5lwBLH2+846Dc="></latexit>

wb =
⇣

3
5
�6

⌘

Auctioneer sets a price
Auctioneer computes the demand set of bidder b at price               :



2. Auctioneer’s decision

8

<latexit sha1_base64="kmSkSZMSi9TpwE/fAd7UlY10fOY=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCWJDSUk8pHAhewtc7Bhb++yu2eChF9gq72dsfXf2PpLXOAKAV8yyct7M5mZFySCa+O6305ua3tndy+/Xzg4PDo+KZ6etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwfpj77SdUmsfy0UwS9CM6lDzkjBorNWi/WHLL7gJkk3gZKUGGer/40xvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmWVAQljZUsaslD/TkxppPUkCmxnRM1Ir3tz8T+vm5rw3p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYrW4IgmtlQvPUINknrpuzdliuNSqlay+LJwwVcwjV4cAdVqEEdmsAA4QVe4c15dt6dD+dz2ZpzsplzWIHz9QsghpPy</latexit>a
<latexit sha1_base64="xNHShlUurLuZO2eK5dbVUXkxem4=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEY9+nYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdAurKI=</latexit>⇣
0
0
0

⌘ <latexit sha1_base64="EL3+IL3cyVwioBqQwfQ2vE9aTes=">AAACNXicbVA9SwNBEN2LX/E7ammzGARtwp0EtbAI2KSMYDSQC2FvM5cs7u4du3NiOPJn/BP+BVvtLGxEbP0LbmIKoz7Y5fHeDDPzolQKi77/4hXm5hcWl4rLK6tr6xubpa3tK5tkhkOTJzIxrYhZkEJDEwVKaKUGmIokXEc352P/+haMFYm+xGEKHcX6WsSCM3RSt3QWSojxIIygL3RuFZNSMTTibhTQMKT+5AtB92a80Ij+AA+7pbJf8Segf0kwJWUyRaNbegt7Cc8UaOSSWdsO/BQ7OTMouITRSphZSBm/YX1oO6qZAtvJJ1eO6L5TejROjHsa6UT92ZEzZe1QRa7SrTmwv72x+J/XzjA+7eRCpxmC5t+D4kxSTOg4MtoTBjjKoSOMG+F2pXzADOPogp2ZEkVq5EIJfkfwl1wdVYLjSvWiWq7Vp/EUyS7ZIwckICekRuqkQZqEk3vySJ7Is/fgvXrv3sd3acGb9uyQGXifX9HkrKM=</latexit>⇣
1
0
0

⌘ <latexit sha1_base64="+1J6U11aD9SWb1zJyaSKGcHULdI="></latexit>⇣
0
1
0

⌘ <latexit sha1_base64="544TKxkLFM5WPf7TXgGnyFKSnzY=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEYz+gYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdVBrKU=</latexit>⇣
1
1
1

⌘

<latexit sha1_base64="Y5pUT+D9zsLZ1UWArkwAWpq7FSk=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpQZKepGKLjpsoJ9QKctd9K0Dc1khiRTKaVLN/6KGxeKuPUT3Pk3ptMutPXAhZNz7iX3Hj/iTGnH+bZSK6tr6xvpzczW9s7unr1/UFVhLAmtkJCHsu6DopwJWtFMc1qPJIXA57TmD26nfm1IpWKhuNejiDYD6AnWZQS0kdr28bDl5+AM32CPg+hxih9a/jkG7Mnk2bazTt5JgJeJOydZNEe5bX95nZDEARWacFCq4TqRbo5BakY4nWS8WNEIyAB6tGGogICq5jg5ZIJPjdLB3VCaEhon6u+JMQRKjQLfdAag+2rRm4r/eY1Yd6+bYyaiWFNBZh91Y451iKep4A6TlGg+MgSIZGZXTPoggWiTXcaE4C6evEyqF3n3Ml+4K2SLpXkcaXSETlAOuegKFVEJlVEFEfSIntErerOerBfr3fqYtaas+cwh+gPr8wcEx5gd</latexit>

vb(a) = hwb, ai 0 3 5 2
<latexit sha1_base64="qoLMYtZhy1Mn0uyxC36q/FmP2+w=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgQkoiRV0WBHFZwT6gCWUynbRDJ5MwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhTPn3Mvce4KEM6Ud59taWl5ZXVsvbZQ3t7Z3du29/ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9H11G8/UKlYLO71OKF+hAeChYxgbaSefehxLAacouQMYeTJ/NGzK07VyYEWiVuQChRo9Owvrx+TNKJCE46V6rpOov0MS80Ip5OylyqaYDLCA9o1VOCIKj/Lt5+gE6P0URhLU0KjXP09keFIqXEUmM4I66Ga96bif1431eGVnzGRpJoKMvsoTDnSMZpGgfpMUqL52BBMJDO7IjLEEhNtAiubENz5kxdJ67zqXlRrd7VK/aaIowRHcAyn4MIl1OEWGtAEAo/wDK/wZj1ZL9a79TFrXbKKmQP4A+vzB0uslIE=</latexit>

hp, ai 0 4 4 6
<latexit sha1_base64="eoCHHYc2EPbvQ/qDz6FTqVI0kG8=">AAACFnicbVDLSgMxFM3UV62vqksRgkWooGVGirosuOmygn1AO5Y7adoGk8yQZAqldOVP+Atude9O3Lp165eYtrOwrQcunJxzLzf3BBFn2rjut5NaWV1b30hvZra2d3b3svsHNR3GitAqCXmoGgFoypmkVcMMp41IURABp/Xg8Xbi1wdUaRbKezOMqC+gJ1mXETBWamePBw9BHs7wBW5xkD1OcXSOAbfU9NHO5tyCOwVeJl5CcihBpZ39aXVCEgsqDeGgddNzI+OPQBlGOB1nWrGmEZBH6NGmpRIE1f5oesYYn1qlg7uhsiUNnqp/J0YgtB6KwHYKMH296E3E/7xmbLo3/ojJKDZUktmibsyxCfEkE9xhihLDh5YAUcz+FZM+KCDGJje3JQjE2IbiLUawTGqXBe+qULwr5krlJJ40OkInKI88dI1KqIwqqIoIekIv6BW9Oc/Ou/PhfM5aU04yc4jm4Hz9AknxnjA=</latexit>

vb(a)� hp, ai 0 -1 1 -4

<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|

3

2

5
0

<latexit sha1_base64="ZdWXufglDZNzW3j9YZgT3Z6t1gk="></latexit>✓
0
0
0
0

◆

<latexit sha1_base64="BcCu7eKbmEVCkk34JjOZh5gjHek="></latexit>✓
1
0
0
3

◆
<latexit sha1_base64="oR98rszb+Hj1mT2iHgGWTv4Yt1M=">AAACK3icbVDLSgNBEJz1bXxFPXoZDEI8GHYlqBdB9OJRwTwgG8LspDcZMju7zPSKYcn/ePFXPOjBB179DycxB5NYMENR1U13V5BIYdB1P5y5+YXFpeWV1dza+sbmVn57p2riVHOo8FjGuh4wA1IoqKBACfVEA4sCCbWgdzX0a/egjYjVHfYTaEaso0QoOEMrtfKXCT2nvoQQi9QPoCNUZiImZcRQi4dBmfo+HX1Hxz6o9oTpa9Hp4mErX3BL7gh0lnhjUiBj3LTyL3475mkECrlkxjQ8N8FmxjQKLmGQ81MDCeM91oGGpYpFYJrZ6NYBPbBKm4axtk8hHal/OzIWGdOPAltp1+yaaW8o/uc1UgzPmplQSYqg+O+gMJUUYzoMjraFBo6ybwnjWthdKe8yzTjaeHM2BG/65FlSPS55J6XybblwcT2OY4XskX1SJB45JRfkmtyQCuHkkTyTN/LuPDmvzqfz9Vs654x7dskEnO8fMaOnJA==</latexit>

p =
⇣

4
4
�2

⌘

<latexit sha1_base64="Bxw1RUnBllb2b1g8/+wBwltkJL0="></latexit>

D(vb, p) = {
⇣

0
1
0

⌘
}

<latexit sha1_base64="tZg7RjMzepDC16euA70XbDcDEjQ="></latexit>

D(vb, p) =
argmax

a2vert(P (G)) {vb(a)� hp, ai} = vert(F b) for some F b � P (G)

<latexit sha1_base64="+XQ/JnnDAkIDtMMk/E9YMKMVdmc="></latexit>✓
0
1
0
5

◆

<latexit sha1_base64="tUF4CBqn07QiwzsMWBaNu0IYCgE="></latexit>✓
1
1
1
2

◆

<latexit sha1_base64="219H+gp4aFjQhe5lwBLH2+846Dc="></latexit>

wb =
⇣

3
5
�6

⌘

Auctioneer sets a price
Auctioneer computes the demand set of bidder b at price               :



2. Auctioneer’s decision

8

<latexit sha1_base64="kmSkSZMSi9TpwE/fAd7UlY10fOY=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCWJDSUk8pHAhewtc7Bhb++yu2eChF9gq72dsfXf2PpLXOAKAV8yyct7M5mZFySCa+O6305ua3tndy+/Xzg4PDo+KZ6etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwfpj77SdUmsfy0UwS9CM6lDzkjBorNWi/WHLL7gJkk3gZKUGGer/40xvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmWVAQljZUsaslD/TkxppPUkCmxnRM1Ir3tz8T+vm5rw3p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYrW4IgmtlQvPUINknrpuzdliuNSqlay+LJwwVcwjV4cAdVqEEdmsAA4QVe4c15dt6dD+dz2ZpzsplzWIHz9QsghpPy</latexit>a
<latexit sha1_base64="xNHShlUurLuZO2eK5dbVUXkxem4=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEY9+nYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdAurKI=</latexit>⇣
0
0
0

⌘ <latexit sha1_base64="EL3+IL3cyVwioBqQwfQ2vE9aTes=">AAACNXicbVA9SwNBEN2LX/E7ammzGARtwp0EtbAI2KSMYDSQC2FvM5cs7u4du3NiOPJn/BP+BVvtLGxEbP0LbmIKoz7Y5fHeDDPzolQKi77/4hXm5hcWl4rLK6tr6xubpa3tK5tkhkOTJzIxrYhZkEJDEwVKaKUGmIokXEc352P/+haMFYm+xGEKHcX6WsSCM3RSt3QWSojxIIygL3RuFZNSMTTibhTQMKT+5AtB92a80Ij+AA+7pbJf8Segf0kwJWUyRaNbegt7Cc8UaOSSWdsO/BQ7OTMouITRSphZSBm/YX1oO6qZAtvJJ1eO6L5TejROjHsa6UT92ZEzZe1QRa7SrTmwv72x+J/XzjA+7eRCpxmC5t+D4kxSTOg4MtoTBjjKoSOMG+F2pXzADOPogp2ZEkVq5EIJfkfwl1wdVYLjSvWiWq7Vp/EUyS7ZIwckICekRuqkQZqEk3vySJ7Is/fgvXrv3sd3acGb9uyQGXifX9HkrKM=</latexit>⇣
1
0
0

⌘ <latexit sha1_base64="+1J6U11aD9SWb1zJyaSKGcHULdI="></latexit>⇣
0
1
0

⌘ <latexit sha1_base64="544TKxkLFM5WPf7TXgGnyFKSnzY=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEYz+gYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdVBrKU=</latexit>⇣
1
1
1

⌘

<latexit sha1_base64="Y5pUT+D9zsLZ1UWArkwAWpq7FSk=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpQZKepGKLjpsoJ9QKctd9K0Dc1khiRTKaVLN/6KGxeKuPUT3Pk3ptMutPXAhZNz7iX3Hj/iTGnH+bZSK6tr6xvpzczW9s7unr1/UFVhLAmtkJCHsu6DopwJWtFMc1qPJIXA57TmD26nfm1IpWKhuNejiDYD6AnWZQS0kdr28bDl5+AM32CPg+hxih9a/jkG7Mnk2bazTt5JgJeJOydZNEe5bX95nZDEARWacFCq4TqRbo5BakY4nWS8WNEIyAB6tGGogICq5jg5ZIJPjdLB3VCaEhon6u+JMQRKjQLfdAag+2rRm4r/eY1Yd6+bYyaiWFNBZh91Y451iKep4A6TlGg+MgSIZGZXTPoggWiTXcaE4C6evEyqF3n3Ml+4K2SLpXkcaXSETlAOuegKFVEJlVEFEfSIntErerOerBfr3fqYtaas+cwh+gPr8wcEx5gd</latexit>

vb(a) = hwb, ai 0 3 5 2
<latexit sha1_base64="qoLMYtZhy1Mn0uyxC36q/FmP2+w=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgQkoiRV0WBHFZwT6gCWUynbRDJ5MwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhTPn3Mvce4KEM6Ud59taWl5ZXVsvbZQ3t7Z3du29/ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9H11G8/UKlYLO71OKF+hAeChYxgbaSefehxLAacouQMYeTJ/NGzK07VyYEWiVuQChRo9Owvrx+TNKJCE46V6rpOov0MS80Ip5OylyqaYDLCA9o1VOCIKj/Lt5+gE6P0URhLU0KjXP09keFIqXEUmM4I66Ga96bif1431eGVnzGRpJoKMvsoTDnSMZpGgfpMUqL52BBMJDO7IjLEEhNtAiubENz5kxdJ67zqXlRrd7VK/aaIowRHcAyn4MIl1OEWGtAEAo/wDK/wZj1ZL9a79TFrXbKKmQP4A+vzB0uslIE=</latexit>

hp, ai 0 4 4 6
<latexit sha1_base64="eoCHHYc2EPbvQ/qDz6FTqVI0kG8=">AAACFnicbVDLSgMxFM3UV62vqksRgkWooGVGirosuOmygn1AO5Y7adoGk8yQZAqldOVP+Atude9O3Lp165eYtrOwrQcunJxzLzf3BBFn2rjut5NaWV1b30hvZra2d3b3svsHNR3GitAqCXmoGgFoypmkVcMMp41IURABp/Xg8Xbi1wdUaRbKezOMqC+gJ1mXETBWamePBw9BHs7wBW5xkD1OcXSOAbfU9NHO5tyCOwVeJl5CcihBpZ39aXVCEgsqDeGgddNzI+OPQBlGOB1nWrGmEZBH6NGmpRIE1f5oesYYn1qlg7uhsiUNnqp/J0YgtB6KwHYKMH296E3E/7xmbLo3/ojJKDZUktmibsyxCfEkE9xhihLDh5YAUcz+FZM+KCDGJje3JQjE2IbiLUawTGqXBe+qULwr5krlJJ40OkInKI88dI1KqIwqqIoIekIv6BW9Oc/Ou/PhfM5aU04yc4jm4Hz9AknxnjA=</latexit>

vb(a)� hp, ai 0 -1 1 -4

<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|

3

2

5
0

<latexit sha1_base64="ZdWXufglDZNzW3j9YZgT3Z6t1gk="></latexit>✓
0
0
0
0

◆

<latexit sha1_base64="BcCu7eKbmEVCkk34JjOZh5gjHek="></latexit>✓
1
0
0
3

◆
<latexit sha1_base64="oR98rszb+Hj1mT2iHgGWTv4Yt1M=">AAACK3icbVDLSgNBEJz1bXxFPXoZDEI8GHYlqBdB9OJRwTwgG8LspDcZMju7zPSKYcn/ePFXPOjBB179DycxB5NYMENR1U13V5BIYdB1P5y5+YXFpeWV1dza+sbmVn57p2riVHOo8FjGuh4wA1IoqKBACfVEA4sCCbWgdzX0a/egjYjVHfYTaEaso0QoOEMrtfKXCT2nvoQQi9QPoCNUZiImZcRQi4dBmfo+HX1Hxz6o9oTpa9Hp4mErX3BL7gh0lnhjUiBj3LTyL3475mkECrlkxjQ8N8FmxjQKLmGQ81MDCeM91oGGpYpFYJrZ6NYBPbBKm4axtk8hHal/OzIWGdOPAltp1+yaaW8o/uc1UgzPmplQSYqg+O+gMJUUYzoMjraFBo6ybwnjWthdKe8yzTjaeHM2BG/65FlSPS55J6XybblwcT2OY4XskX1SJB45JRfkmtyQCuHkkTyTN/LuPDmvzqfz9Vs654x7dskEnO8fMaOnJA==</latexit>

p =
⇣

4
4
�2

⌘

<latexit sha1_base64="Bxw1RUnBllb2b1g8/+wBwltkJL0="></latexit>

D(vb, p) = {
⇣

0
1
0

⌘
}

<latexit sha1_base64="tZg7RjMzepDC16euA70XbDcDEjQ="></latexit>

D(vb, p) =
argmax

a2vert(P (G)) {vb(a)� hp, ai} = vert(F b) for some F b � P (G)

0

-4

1

-1

<latexit sha1_base64="+XQ/JnnDAkIDtMMk/E9YMKMVdmc="></latexit>✓
0
1
0
5

◆

<latexit sha1_base64="tUF4CBqn07QiwzsMWBaNu0IYCgE="></latexit>✓
1
1
1
2

◆

<latexit sha1_base64="219H+gp4aFjQhe5lwBLH2+846Dc="></latexit>

wb =
⇣

3
5
�6

⌘

Auctioneer sets a price
Auctioneer computes the demand set of bidder b at price               :



2. Auctioneer’s decision

8

<latexit sha1_base64="kmSkSZMSi9TpwE/fAd7UlY10fOY=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCWJDSUk8pHAhewtc7Bhb++yu2eChF9gq72dsfXf2PpLXOAKAV8yyct7M5mZFySCa+O6305ua3tndy+/Xzg4PDo+KZ6etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwfpj77SdUmsfy0UwS9CM6lDzkjBorNWi/WHLL7gJkk3gZKUGGer/40xvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmWVAQljZUsaslD/TkxppPUkCmxnRM1Ir3tz8T+vm5rw3p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYrW4IgmtlQvPUINknrpuzdliuNSqlay+LJwwVcwjV4cAdVqEEdmsAA4QVe4c15dt6dD+dz2ZpzsplzWIHz9QsghpPy</latexit>a
<latexit sha1_base64="xNHShlUurLuZO2eK5dbVUXkxem4=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEY9+nYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdAurKI=</latexit>⇣
0
0
0

⌘ <latexit sha1_base64="EL3+IL3cyVwioBqQwfQ2vE9aTes=">AAACNXicbVA9SwNBEN2LX/E7ammzGARtwp0EtbAI2KSMYDSQC2FvM5cs7u4du3NiOPJn/BP+BVvtLGxEbP0LbmIKoz7Y5fHeDDPzolQKi77/4hXm5hcWl4rLK6tr6xubpa3tK5tkhkOTJzIxrYhZkEJDEwVKaKUGmIokXEc352P/+haMFYm+xGEKHcX6WsSCM3RSt3QWSojxIIygL3RuFZNSMTTibhTQMKT+5AtB92a80Ij+AA+7pbJf8Segf0kwJWUyRaNbegt7Cc8UaOSSWdsO/BQ7OTMouITRSphZSBm/YX1oO6qZAtvJJ1eO6L5TejROjHsa6UT92ZEzZe1QRa7SrTmwv72x+J/XzjA+7eRCpxmC5t+D4kxSTOg4MtoTBjjKoSOMG+F2pXzADOPogp2ZEkVq5EIJfkfwl1wdVYLjSvWiWq7Vp/EUyS7ZIwckICekRuqkQZqEk3vySJ7Is/fgvXrv3sd3acGb9uyQGXifX9HkrKM=</latexit>⇣
1
0
0

⌘ <latexit sha1_base64="+1J6U11aD9SWb1zJyaSKGcHULdI="></latexit>⇣
0
1
0

⌘ <latexit sha1_base64="544TKxkLFM5WPf7TXgGnyFKSnzY=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEYz+gYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdVBrKU=</latexit>⇣
1
1
1

⌘

<latexit sha1_base64="Y5pUT+D9zsLZ1UWArkwAWpq7FSk=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpQZKepGKLjpsoJ9QKctd9K0Dc1khiRTKaVLN/6KGxeKuPUT3Pk3ptMutPXAhZNz7iX3Hj/iTGnH+bZSK6tr6xvpzczW9s7unr1/UFVhLAmtkJCHsu6DopwJWtFMc1qPJIXA57TmD26nfm1IpWKhuNejiDYD6AnWZQS0kdr28bDl5+AM32CPg+hxih9a/jkG7Mnk2bazTt5JgJeJOydZNEe5bX95nZDEARWacFCq4TqRbo5BakY4nWS8WNEIyAB6tGGogICq5jg5ZIJPjdLB3VCaEhon6u+JMQRKjQLfdAag+2rRm4r/eY1Yd6+bYyaiWFNBZh91Y451iKep4A6TlGg+MgSIZGZXTPoggWiTXcaE4C6evEyqF3n3Ml+4K2SLpXkcaXSETlAOuegKFVEJlVEFEfSIntErerOerBfr3fqYtaas+cwh+gPr8wcEx5gd</latexit>

vb(a) = hwb, ai 0 3 5 2
<latexit sha1_base64="qoLMYtZhy1Mn0uyxC36q/FmP2+w=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgQkoiRV0WBHFZwT6gCWUynbRDJ5MwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhTPn3Mvce4KEM6Ud59taWl5ZXVsvbZQ3t7Z3du29/ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9H11G8/UKlYLO71OKF+hAeChYxgbaSefehxLAacouQMYeTJ/NGzK07VyYEWiVuQChRo9Owvrx+TNKJCE46V6rpOov0MS80Ip5OylyqaYDLCA9o1VOCIKj/Lt5+gE6P0URhLU0KjXP09keFIqXEUmM4I66Ga96bif1431eGVnzGRpJoKMvsoTDnSMZpGgfpMUqL52BBMJDO7IjLEEhNtAiubENz5kxdJ67zqXlRrd7VK/aaIowRHcAyn4MIl1OEWGtAEAo/wDK/wZj1ZL9a79TFrXbKKmQP4A+vzB0uslIE=</latexit>

hp, ai 0 4 4 6
<latexit sha1_base64="eoCHHYc2EPbvQ/qDz6FTqVI0kG8=">AAACFnicbVDLSgMxFM3UV62vqksRgkWooGVGirosuOmygn1AO5Y7adoGk8yQZAqldOVP+Atude9O3Lp165eYtrOwrQcunJxzLzf3BBFn2rjut5NaWV1b30hvZra2d3b3svsHNR3GitAqCXmoGgFoypmkVcMMp41IURABp/Xg8Xbi1wdUaRbKezOMqC+gJ1mXETBWamePBw9BHs7wBW5xkD1OcXSOAbfU9NHO5tyCOwVeJl5CcihBpZ39aXVCEgsqDeGgddNzI+OPQBlGOB1nWrGmEZBH6NGmpRIE1f5oesYYn1qlg7uhsiUNnqp/J0YgtB6KwHYKMH296E3E/7xmbLo3/ojJKDZUktmibsyxCfEkE9xhihLDh5YAUcz+FZM+KCDGJje3JQjE2IbiLUawTGqXBe+qULwr5krlJJ40OkInKI88dI1KqIwqqIoIekIv6BW9Oc/Ou/PhfM5aU04yc4jm4Hz9AknxnjA=</latexit>

vb(a)� hp, ai 0 -1 1 -4

<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|

3

2

5
0

<latexit sha1_base64="ZdWXufglDZNzW3j9YZgT3Z6t1gk="></latexit>✓
0
0
0
0

◆

<latexit sha1_base64="BcCu7eKbmEVCkk34JjOZh5gjHek="></latexit>✓
1
0
0
3

◆
<latexit sha1_base64="oR98rszb+Hj1mT2iHgGWTv4Yt1M=">AAACK3icbVDLSgNBEJz1bXxFPXoZDEI8GHYlqBdB9OJRwTwgG8LspDcZMju7zPSKYcn/ePFXPOjBB179DycxB5NYMENR1U13V5BIYdB1P5y5+YXFpeWV1dza+sbmVn57p2riVHOo8FjGuh4wA1IoqKBACfVEA4sCCbWgdzX0a/egjYjVHfYTaEaso0QoOEMrtfKXCT2nvoQQi9QPoCNUZiImZcRQi4dBmfo+HX1Hxz6o9oTpa9Hp4mErX3BL7gh0lnhjUiBj3LTyL3475mkECrlkxjQ8N8FmxjQKLmGQ81MDCeM91oGGpYpFYJrZ6NYBPbBKm4axtk8hHal/OzIWGdOPAltp1+yaaW8o/uc1UgzPmplQSYqg+O+gMJUUYzoMjraFBo6ybwnjWthdKe8yzTjaeHM2BG/65FlSPS55J6XybblwcT2OY4XskX1SJB45JRfkmtyQCuHkkTyTN/LuPDmvzqfz9Vs654x7dskEnO8fMaOnJA==</latexit>

p =
⇣

4
4
�2

⌘

<latexit sha1_base64="Bxw1RUnBllb2b1g8/+wBwltkJL0="></latexit>

D(vb, p) = {
⇣

0
1
0

⌘
}

<latexit sha1_base64="tZg7RjMzepDC16euA70XbDcDEjQ="></latexit>

D(vb, p) =
argmax

a2vert(P (G)) {vb(a)� hp, ai} = vert(F b) for some F b � P (G)

0

-4

1

-1

<latexit sha1_base64="+XQ/JnnDAkIDtMMk/E9YMKMVdmc="></latexit>✓
0
1
0
5

◆

<latexit sha1_base64="tUF4CBqn07QiwzsMWBaNu0IYCgE="></latexit>✓
1
1
1
2

◆

<latexit sha1_base64="219H+gp4aFjQhe5lwBLH2+846Dc="></latexit>

wb =
⇣

3
5
�6

⌘

<latexit sha1_base64="/Nm+TrJzBXb3+of8Fcg/T5lR2sw="></latexit>

a 2 D(vb, p) () h
� a
vb(a)

�
,
��p

1

�
i maximal

Auctioneer sets a price
Auctioneer computes the demand set of bidder b at price               :
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8

<latexit sha1_base64="kmSkSZMSi9TpwE/fAd7UlY10fOY=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCWJDSUk8pHAhewtc7Bhb++yu2eChF9gq72dsfXf2PpLXOAKAV8yyct7M5mZFySCa+O6305ua3tndy+/Xzg4PDo+KZ6etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwfpj77SdUmsfy0UwS9CM6lDzkjBorNWi/WHLL7gJkk3gZKUGGer/40xvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmWVAQljZUsaslD/TkxppPUkCmxnRM1Ir3tz8T+vm5rw3p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYrW4IgmtlQvPUINknrpuzdliuNSqlay+LJwwVcwjV4cAdVqEEdmsAA4QVe4c15dt6dD+dz2ZpzsplzWIHz9QsghpPy</latexit>a
<latexit sha1_base64="xNHShlUurLuZO2eK5dbVUXkxem4=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEY9+nYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdAurKI=</latexit>⇣
0
0
0

⌘ <latexit sha1_base64="EL3+IL3cyVwioBqQwfQ2vE9aTes=">AAACNXicbVA9SwNBEN2LX/E7ammzGARtwp0EtbAI2KSMYDSQC2FvM5cs7u4du3NiOPJn/BP+BVvtLGxEbP0LbmIKoz7Y5fHeDDPzolQKi77/4hXm5hcWl4rLK6tr6xubpa3tK5tkhkOTJzIxrYhZkEJDEwVKaKUGmIokXEc352P/+haMFYm+xGEKHcX6WsSCM3RSt3QWSojxIIygL3RuFZNSMTTibhTQMKT+5AtB92a80Ij+AA+7pbJf8Segf0kwJWUyRaNbegt7Cc8UaOSSWdsO/BQ7OTMouITRSphZSBm/YX1oO6qZAtvJJ1eO6L5TejROjHsa6UT92ZEzZe1QRa7SrTmwv72x+J/XzjA+7eRCpxmC5t+D4kxSTOg4MtoTBjjKoSOMG+F2pXzADOPogp2ZEkVq5EIJfkfwl1wdVYLjSvWiWq7Vp/EUyS7ZIwckICekRuqkQZqEk3vySJ7Is/fgvXrv3sd3acGb9uyQGXifX9HkrKM=</latexit>⇣
1
0
0

⌘ <latexit sha1_base64="+1J6U11aD9SWb1zJyaSKGcHULdI="></latexit>⇣
0
1
0

⌘ <latexit sha1_base64="544TKxkLFM5WPf7TXgGnyFKSnzY=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEYz+gYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdVBrKU=</latexit>⇣
1
1
1

⌘

<latexit sha1_base64="Y5pUT+D9zsLZ1UWArkwAWpq7FSk=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpQZKepGKLjpsoJ9QKctd9K0Dc1khiRTKaVLN/6KGxeKuPUT3Pk3ptMutPXAhZNz7iX3Hj/iTGnH+bZSK6tr6xvpzczW9s7unr1/UFVhLAmtkJCHsu6DopwJWtFMc1qPJIXA57TmD26nfm1IpWKhuNejiDYD6AnWZQS0kdr28bDl5+AM32CPg+hxih9a/jkG7Mnk2bazTt5JgJeJOydZNEe5bX95nZDEARWacFCq4TqRbo5BakY4nWS8WNEIyAB6tGGogICq5jg5ZIJPjdLB3VCaEhon6u+JMQRKjQLfdAag+2rRm4r/eY1Yd6+bYyaiWFNBZh91Y451iKep4A6TlGg+MgSIZGZXTPoggWiTXcaE4C6evEyqF3n3Ml+4K2SLpXkcaXSETlAOuegKFVEJlVEFEfSIntErerOerBfr3fqYtaas+cwh+gPr8wcEx5gd</latexit>

vb(a) = hwb, ai 0 3 5 2
<latexit sha1_base64="qoLMYtZhy1Mn0uyxC36q/FmP2+w=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgQkoiRV0WBHFZwT6gCWUynbRDJ5MwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhTPn3Mvce4KEM6Ud59taWl5ZXVsvbZQ3t7Z3du29/ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9H11G8/UKlYLO71OKF+hAeChYxgbaSefehxLAacouQMYeTJ/NGzK07VyYEWiVuQChRo9Owvrx+TNKJCE46V6rpOov0MS80Ip5OylyqaYDLCA9o1VOCIKj/Lt5+gE6P0URhLU0KjXP09keFIqXEUmM4I66Ga96bif1431eGVnzGRpJoKMvsoTDnSMZpGgfpMUqL52BBMJDO7IjLEEhNtAiubENz5kxdJ67zqXlRrd7VK/aaIowRHcAyn4MIl1OEWGtAEAo/wDK/wZj1ZL9a79TFrXbKKmQP4A+vzB0uslIE=</latexit>

hp, ai 0 4 4 6
<latexit sha1_base64="eoCHHYc2EPbvQ/qDz6FTqVI0kG8=">AAACFnicbVDLSgMxFM3UV62vqksRgkWooGVGirosuOmygn1AO5Y7adoGk8yQZAqldOVP+Atude9O3Lp165eYtrOwrQcunJxzLzf3BBFn2rjut5NaWV1b30hvZra2d3b3svsHNR3GitAqCXmoGgFoypmkVcMMp41IURABp/Xg8Xbi1wdUaRbKezOMqC+gJ1mXETBWamePBw9BHs7wBW5xkD1OcXSOAbfU9NHO5tyCOwVeJl5CcihBpZ39aXVCEgsqDeGgddNzI+OPQBlGOB1nWrGmEZBH6NGmpRIE1f5oesYYn1qlg7uhsiUNnqp/J0YgtB6KwHYKMH296E3E/7xmbLo3/ojJKDZUktmibsyxCfEkE9xhihLDh5YAUcz+FZM+KCDGJje3JQjE2IbiLUawTGqXBe+qULwr5krlJJ40OkInKI88dI1KqIwqqIoIekIv6BW9Oc/Ou/PhfM5aU04yc4jm4Hz9AknxnjA=</latexit>

vb(a)� hp, ai 0 -1 1 -4

<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|

3

2

5
0

<latexit sha1_base64="ZdWXufglDZNzW3j9YZgT3Z6t1gk="></latexit>✓
0
0
0
0

◆

<latexit sha1_base64="BcCu7eKbmEVCkk34JjOZh5gjHek="></latexit>✓
1
0
0
3

◆
<latexit sha1_base64="oR98rszb+Hj1mT2iHgGWTv4Yt1M=">AAACK3icbVDLSgNBEJz1bXxFPXoZDEI8GHYlqBdB9OJRwTwgG8LspDcZMju7zPSKYcn/ePFXPOjBB179DycxB5NYMENR1U13V5BIYdB1P5y5+YXFpeWV1dza+sbmVn57p2riVHOo8FjGuh4wA1IoqKBACfVEA4sCCbWgdzX0a/egjYjVHfYTaEaso0QoOEMrtfKXCT2nvoQQi9QPoCNUZiImZcRQi4dBmfo+HX1Hxz6o9oTpa9Hp4mErX3BL7gh0lnhjUiBj3LTyL3475mkECrlkxjQ8N8FmxjQKLmGQ81MDCeM91oGGpYpFYJrZ6NYBPbBKm4axtk8hHal/OzIWGdOPAltp1+yaaW8o/uc1UgzPmplQSYqg+O+gMJUUYzoMjraFBo6ybwnjWthdKe8yzTjaeHM2BG/65FlSPS55J6XybblwcT2OY4XskX1SJB45JRfkmtyQCuHkkTyTN/LuPDmvzqfz9Vs654x7dskEnO8fMaOnJA==</latexit>

p =
⇣

4
4
�2

⌘

<latexit sha1_base64="Bxw1RUnBllb2b1g8/+wBwltkJL0="></latexit>

D(vb, p) = {
⇣

0
1
0

⌘
}

<latexit sha1_base64="tZg7RjMzepDC16euA70XbDcDEjQ="></latexit>

D(vb, p) =
argmax

a2vert(P (G)) {vb(a)� hp, ai} = vert(F b) for some F b � P (G)

0

-4

1

-1

<latexit sha1_base64="+XQ/JnnDAkIDtMMk/E9YMKMVdmc="></latexit>✓
0
1
0
5

◆

<latexit sha1_base64="tUF4CBqn07QiwzsMWBaNu0IYCgE="></latexit>✓
1
1
1
2

◆

<latexit sha1_base64="219H+gp4aFjQhe5lwBLH2+846Dc="></latexit>

wb =
⇣

3
5
�6

⌘

<latexit sha1_base64="/Nm+TrJzBXb3+of8Fcg/T5lR2sw="></latexit>

a 2 D(vb, p) () h
� a
vb(a)

�
,
��p

1

�
i maximal

Auctioneer sets a price
Auctioneer computes the demand set of bidder b at price               :



2. Auctioneer’s decision

8

<latexit sha1_base64="kmSkSZMSi9TpwE/fAd7UlY10fOY=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCWJDSUk8pHAhewtc7Bhb++yu2eChF9gq72dsfXf2PpLXOAKAV8yyct7M5mZFySCa+O6305ua3tndy+/Xzg4PDo+KZ6etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwfpj77SdUmsfy0UwS9CM6lDzkjBorNWi/WHLL7gJkk3gZKUGGer/40xvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmWVAQljZUsaslD/TkxppPUkCmxnRM1Ir3tz8T+vm5rw3p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYrW4IgmtlQvPUINknrpuzdliuNSqlay+LJwwVcwjV4cAdVqEEdmsAA4QVe4c15dt6dD+dz2ZpzsplzWIHz9QsghpPy</latexit>a
<latexit sha1_base64="xNHShlUurLuZO2eK5dbVUXkxem4=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEY9+nYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdAurKI=</latexit>⇣
0
0
0

⌘ <latexit sha1_base64="EL3+IL3cyVwioBqQwfQ2vE9aTes=">AAACNXicbVA9SwNBEN2LX/E7ammzGARtwp0EtbAI2KSMYDSQC2FvM5cs7u4du3NiOPJn/BP+BVvtLGxEbP0LbmIKoz7Y5fHeDDPzolQKi77/4hXm5hcWl4rLK6tr6xubpa3tK5tkhkOTJzIxrYhZkEJDEwVKaKUGmIokXEc352P/+haMFYm+xGEKHcX6WsSCM3RSt3QWSojxIIygL3RuFZNSMTTibhTQMKT+5AtB92a80Ij+AA+7pbJf8Segf0kwJWUyRaNbegt7Cc8UaOSSWdsO/BQ7OTMouITRSphZSBm/YX1oO6qZAtvJJ1eO6L5TejROjHsa6UT92ZEzZe1QRa7SrTmwv72x+J/XzjA+7eRCpxmC5t+D4kxSTOg4MtoTBjjKoSOMG+F2pXzADOPogp2ZEkVq5EIJfkfwl1wdVYLjSvWiWq7Vp/EUyS7ZIwckICekRuqkQZqEk3vySJ7Is/fgvXrv3sd3acGb9uyQGXifX9HkrKM=</latexit>⇣
1
0
0

⌘ <latexit sha1_base64="+1J6U11aD9SWb1zJyaSKGcHULdI="></latexit>⇣
0
1
0

⌘ <latexit sha1_base64="544TKxkLFM5WPf7TXgGnyFKSnzY=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEYz+gYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdVBrKU=</latexit>⇣
1
1
1

⌘

<latexit sha1_base64="Y5pUT+D9zsLZ1UWArkwAWpq7FSk=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpQZKepGKLjpsoJ9QKctd9K0Dc1khiRTKaVLN/6KGxeKuPUT3Pk3ptMutPXAhZNz7iX3Hj/iTGnH+bZSK6tr6xvpzczW9s7unr1/UFVhLAmtkJCHsu6DopwJWtFMc1qPJIXA57TmD26nfm1IpWKhuNejiDYD6AnWZQS0kdr28bDl5+AM32CPg+hxih9a/jkG7Mnk2bazTt5JgJeJOydZNEe5bX95nZDEARWacFCq4TqRbo5BakY4nWS8WNEIyAB6tGGogICq5jg5ZIJPjdLB3VCaEhon6u+JMQRKjQLfdAag+2rRm4r/eY1Yd6+bYyaiWFNBZh91Y451iKep4A6TlGg+MgSIZGZXTPoggWiTXcaE4C6evEyqF3n3Ml+4K2SLpXkcaXSETlAOuegKFVEJlVEFEfSIntErerOerBfr3fqYtaas+cwh+gPr8wcEx5gd</latexit>

vb(a) = hwb, ai 0 3 5 2
<latexit sha1_base64="qoLMYtZhy1Mn0uyxC36q/FmP2+w=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgQkoiRV0WBHFZwT6gCWUynbRDJ5MwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhTPn3Mvce4KEM6Ud59taWl5ZXVsvbZQ3t7Z3du29/ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9H11G8/UKlYLO71OKF+hAeChYxgbaSefehxLAacouQMYeTJ/NGzK07VyYEWiVuQChRo9Owvrx+TNKJCE46V6rpOov0MS80Ip5OylyqaYDLCA9o1VOCIKj/Lt5+gE6P0URhLU0KjXP09keFIqXEUmM4I66Ga96bif1431eGVnzGRpJoKMvsoTDnSMZpGgfpMUqL52BBMJDO7IjLEEhNtAiubENz5kxdJ67zqXlRrd7VK/aaIowRHcAyn4MIl1OEWGtAEAo/wDK/wZj1ZL9a79TFrXbKKmQP4A+vzB0uslIE=</latexit>

hp, ai 0 4 4 6
<latexit sha1_base64="eoCHHYc2EPbvQ/qDz6FTqVI0kG8=">AAACFnicbVDLSgMxFM3UV62vqksRgkWooGVGirosuOmygn1AO5Y7adoGk8yQZAqldOVP+Atude9O3Lp165eYtrOwrQcunJxzLzf3BBFn2rjut5NaWV1b30hvZra2d3b3svsHNR3GitAqCXmoGgFoypmkVcMMp41IURABp/Xg8Xbi1wdUaRbKezOMqC+gJ1mXETBWamePBw9BHs7wBW5xkD1OcXSOAbfU9NHO5tyCOwVeJl5CcihBpZ39aXVCEgsqDeGgddNzI+OPQBlGOB1nWrGmEZBH6NGmpRIE1f5oesYYn1qlg7uhsiUNnqp/J0YgtB6KwHYKMH296E3E/7xmbLo3/ojJKDZUktmibsyxCfEkE9xhihLDh5YAUcz+FZM+KCDGJje3JQjE2IbiLUawTGqXBe+qULwr5krlJJ40OkInKI88dI1KqIwqqIoIekIv6BW9Oc/Ou/PhfM5aU04yc4jm4Hz9AknxnjA=</latexit>

vb(a)� hp, ai 0 -1 1 -4

<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|

3

2

5
0

<latexit sha1_base64="ZdWXufglDZNzW3j9YZgT3Z6t1gk="></latexit>✓
0
0
0
0

◆

<latexit sha1_base64="BcCu7eKbmEVCkk34JjOZh5gjHek="></latexit>✓
1
0
0
3

◆
<latexit sha1_base64="oR98rszb+Hj1mT2iHgGWTv4Yt1M=">AAACK3icbVDLSgNBEJz1bXxFPXoZDEI8GHYlqBdB9OJRwTwgG8LspDcZMju7zPSKYcn/ePFXPOjBB179DycxB5NYMENR1U13V5BIYdB1P5y5+YXFpeWV1dza+sbmVn57p2riVHOo8FjGuh4wA1IoqKBACfVEA4sCCbWgdzX0a/egjYjVHfYTaEaso0QoOEMrtfKXCT2nvoQQi9QPoCNUZiImZcRQi4dBmfo+HX1Hxz6o9oTpa9Hp4mErX3BL7gh0lnhjUiBj3LTyL3475mkECrlkxjQ8N8FmxjQKLmGQ81MDCeM91oGGpYpFYJrZ6NYBPbBKm4axtk8hHal/OzIWGdOPAltp1+yaaW8o/uc1UgzPmplQSYqg+O+gMJUUYzoMjraFBo6ybwnjWthdKe8yzTjaeHM2BG/65FlSPS55J6XybblwcT2OY4XskX1SJB45JRfkmtyQCuHkkTyTN/LuPDmvzqfz9Vs654x7dskEnO8fMaOnJA==</latexit>

p =
⇣

4
4
�2

⌘

<latexit sha1_base64="Bxw1RUnBllb2b1g8/+wBwltkJL0="></latexit>

D(vb, p) = {
⇣

0
1
0

⌘
}

<latexit sha1_base64="tZg7RjMzepDC16euA70XbDcDEjQ="></latexit>

D(vb, p) =
argmax

a2vert(P (G)) {vb(a)� hp, ai} = vert(F b) for some F b � P (G)

0

-4

1

-1

<latexit sha1_base64="+XQ/JnnDAkIDtMMk/E9YMKMVdmc="></latexit>✓
0
1
0
5

◆

<latexit sha1_base64="tUF4CBqn07QiwzsMWBaNu0IYCgE="></latexit>✓
1
1
1
2

◆

<latexit sha1_base64="219H+gp4aFjQhe5lwBLH2+846Dc="></latexit>

wb =
⇣

3
5
�6

⌘

<latexit sha1_base64="/Nm+TrJzBXb3+of8Fcg/T5lR2sw="></latexit>

a 2 D(vb, p) () h
� a
vb(a)

�
,
��p

1

�
i maximal

Auctioneer sets a price
Auctioneer computes the demand set of bidder b at price               :



2. Auctioneer’s decision

8

<latexit sha1_base64="kmSkSZMSi9TpwE/fAd7UlY10fOY=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCWJDSUk8pHAhewtc7Bhb++yu2eChF9gq72dsfXf2PpLXOAKAV8yyct7M5mZFySCa+O6305ua3tndy+/Xzg4PDo+KZ6etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwfpj77SdUmsfy0UwS9CM6lDzkjBorNWi/WHLL7gJkk3gZKUGGer/40xvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmWVAQljZUsaslD/TkxppPUkCmxnRM1Ir3tz8T+vm5rw3p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYrW4IgmtlQvPUINknrpuzdliuNSqlay+LJwwVcwjV4cAdVqEEdmsAA4QVe4c15dt6dD+dz2ZpzsplzWIHz9QsghpPy</latexit>a
<latexit sha1_base64="xNHShlUurLuZO2eK5dbVUXkxem4=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEY9+nYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdAurKI=</latexit>⇣
0
0
0

⌘ <latexit sha1_base64="EL3+IL3cyVwioBqQwfQ2vE9aTes=">AAACNXicbVA9SwNBEN2LX/E7ammzGARtwp0EtbAI2KSMYDSQC2FvM5cs7u4du3NiOPJn/BP+BVvtLGxEbP0LbmIKoz7Y5fHeDDPzolQKi77/4hXm5hcWl4rLK6tr6xubpa3tK5tkhkOTJzIxrYhZkEJDEwVKaKUGmIokXEc352P/+haMFYm+xGEKHcX6WsSCM3RSt3QWSojxIIygL3RuFZNSMTTibhTQMKT+5AtB92a80Ij+AA+7pbJf8Segf0kwJWUyRaNbegt7Cc8UaOSSWdsO/BQ7OTMouITRSphZSBm/YX1oO6qZAtvJJ1eO6L5TejROjHsa6UT92ZEzZe1QRa7SrTmwv72x+J/XzjA+7eRCpxmC5t+D4kxSTOg4MtoTBjjKoSOMG+F2pXzADOPogp2ZEkVq5EIJfkfwl1wdVYLjSvWiWq7Vp/EUyS7ZIwckICekRuqkQZqEk3vySJ7Is/fgvXrv3sd3acGb9uyQGXifX9HkrKM=</latexit>⇣
1
0
0

⌘ <latexit sha1_base64="+1J6U11aD9SWb1zJyaSKGcHULdI="></latexit>⇣
0
1
0

⌘ <latexit sha1_base64="544TKxkLFM5WPf7TXgGnyFKSnzY=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEYz+gYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdVBrKU=</latexit>⇣
1
1
1

⌘

<latexit sha1_base64="Y5pUT+D9zsLZ1UWArkwAWpq7FSk=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpQZKepGKLjpsoJ9QKctd9K0Dc1khiRTKaVLN/6KGxeKuPUT3Pk3ptMutPXAhZNz7iX3Hj/iTGnH+bZSK6tr6xvpzczW9s7unr1/UFVhLAmtkJCHsu6DopwJWtFMc1qPJIXA57TmD26nfm1IpWKhuNejiDYD6AnWZQS0kdr28bDl5+AM32CPg+hxih9a/jkG7Mnk2bazTt5JgJeJOydZNEe5bX95nZDEARWacFCq4TqRbo5BakY4nWS8WNEIyAB6tGGogICq5jg5ZIJPjdLB3VCaEhon6u+JMQRKjQLfdAag+2rRm4r/eY1Yd6+bYyaiWFNBZh91Y451iKep4A6TlGg+MgSIZGZXTPoggWiTXcaE4C6evEyqF3n3Ml+4K2SLpXkcaXSETlAOuegKFVEJlVEFEfSIntErerOerBfr3fqYtaas+cwh+gPr8wcEx5gd</latexit>

vb(a) = hwb, ai 0 3 5 2
<latexit sha1_base64="qoLMYtZhy1Mn0uyxC36q/FmP2+w=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgQkoiRV0WBHFZwT6gCWUynbRDJ5MwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhTPn3Mvce4KEM6Ud59taWl5ZXVsvbZQ3t7Z3du29/ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9H11G8/UKlYLO71OKF+hAeChYxgbaSefehxLAacouQMYeTJ/NGzK07VyYEWiVuQChRo9Owvrx+TNKJCE46V6rpOov0MS80Ip5OylyqaYDLCA9o1VOCIKj/Lt5+gE6P0URhLU0KjXP09keFIqXEUmM4I66Ga96bif1431eGVnzGRpJoKMvsoTDnSMZpGgfpMUqL52BBMJDO7IjLEEhNtAiubENz5kxdJ67zqXlRrd7VK/aaIowRHcAyn4MIl1OEWGtAEAo/wDK/wZj1ZL9a79TFrXbKKmQP4A+vzB0uslIE=</latexit>

hp, ai 0 4 4 6
<latexit sha1_base64="eoCHHYc2EPbvQ/qDz6FTqVI0kG8=">AAACFnicbVDLSgMxFM3UV62vqksRgkWooGVGirosuOmygn1AO5Y7adoGk8yQZAqldOVP+Atude9O3Lp165eYtrOwrQcunJxzLzf3BBFn2rjut5NaWV1b30hvZra2d3b3svsHNR3GitAqCXmoGgFoypmkVcMMp41IURABp/Xg8Xbi1wdUaRbKezOMqC+gJ1mXETBWamePBw9BHs7wBW5xkD1OcXSOAbfU9NHO5tyCOwVeJl5CcihBpZ39aXVCEgsqDeGgddNzI+OPQBlGOB1nWrGmEZBH6NGmpRIE1f5oesYYn1qlg7uhsiUNnqp/J0YgtB6KwHYKMH296E3E/7xmbLo3/ojJKDZUktmibsyxCfEkE9xhihLDh5YAUcz+FZM+KCDGJje3JQjE2IbiLUawTGqXBe+qULwr5krlJJ40OkInKI88dI1KqIwqqIoIekIv6BW9Oc/Ou/PhfM5aU04yc4jm4Hz9AknxnjA=</latexit>

vb(a)� hp, ai 0 -1 1 -4

<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|

Auctioneer wants to find price                and a distribution                                 s.t.
<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|
<latexit sha1_base64="5y4bk2M53WgBuStxuOiwfJA5oJA=">AAACDXicbVDLSgMxFM34rPU16tJNsAotSJmRoi4LLuyygn1AZyyZNG1DM5khuSOWoT/gxl9x40IRt+7d+Temj4W2HggczjmXm3uCWHANjvNtLS2vrK6tZzaym1vbO7v23n5dR4mirEYjEalmQDQTXLIacBCsGStGwkCwRjC4GvuNe6Y0j+QtDGPmh6QneZdTAkZq28fkLsAel9gD9gCpicIoX81fFwqneGq0Qr9t55yiMwFeJO6M5NAM1bb95XUimoRMAhVE65brxOCnRAGngo2yXqJZTOiA9FjLUElCpv10cs0Inxilg7uRMk8Cnqi/J1ISaj0MA5MMCfT1vDcW//NaCXQv/ZTLOAEm6XRRNxEYIjyuBne4YhTE0BBCFTd/xbRPFKFgCsyaEtz5kxdJ/azonhdLN6VcuTKrI4MO0RHKIxddoDKqoCqqIYoe0TN6RW/Wk/VivVsf0+iSNZs5QH9gff4AroKaDw==</latexit>

ab 2 vert(P (G)), b 2 [m]

3

2

5
0

<latexit sha1_base64="ZdWXufglDZNzW3j9YZgT3Z6t1gk="></latexit>✓
0
0
0
0

◆

<latexit sha1_base64="BcCu7eKbmEVCkk34JjOZh5gjHek="></latexit>✓
1
0
0
3

◆
<latexit sha1_base64="oR98rszb+Hj1mT2iHgGWTv4Yt1M=">AAACK3icbVDLSgNBEJz1bXxFPXoZDEI8GHYlqBdB9OJRwTwgG8LspDcZMju7zPSKYcn/ePFXPOjBB179DycxB5NYMENR1U13V5BIYdB1P5y5+YXFpeWV1dza+sbmVn57p2riVHOo8FjGuh4wA1IoqKBACfVEA4sCCbWgdzX0a/egjYjVHfYTaEaso0QoOEMrtfKXCT2nvoQQi9QPoCNUZiImZcRQi4dBmfo+HX1Hxz6o9oTpa9Hp4mErX3BL7gh0lnhjUiBj3LTyL3475mkECrlkxjQ8N8FmxjQKLmGQ81MDCeM91oGGpYpFYJrZ6NYBPbBKm4axtk8hHal/OzIWGdOPAltp1+yaaW8o/uc1UgzPmplQSYqg+O+gMJUUYzoMjraFBo6ybwnjWthdKe8yzTjaeHM2BG/65FlSPS55J6XybblwcT2OY4XskX1SJB45JRfkmtyQCuHkkTyTN/LuPDmvzqfz9Vs654x7dskEnO8fMaOnJA==</latexit>

p =
⇣

4
4
�2

⌘

<latexit sha1_base64="Bxw1RUnBllb2b1g8/+wBwltkJL0="></latexit>

D(vb, p) = {
⇣

0
1
0

⌘
}

<latexit sha1_base64="tZg7RjMzepDC16euA70XbDcDEjQ="></latexit>

D(vb, p) =
argmax

a2vert(P (G)) {vb(a)� hp, ai} = vert(F b) for some F b � P (G)

0

-4

1

-1

<latexit sha1_base64="+XQ/JnnDAkIDtMMk/E9YMKMVdmc="></latexit>✓
0
1
0
5

◆

<latexit sha1_base64="tUF4CBqn07QiwzsMWBaNu0IYCgE="></latexit>✓
1
1
1
2

◆

<latexit sha1_base64="219H+gp4aFjQhe5lwBLH2+846Dc="></latexit>

wb =
⇣

3
5
�6

⌘

<latexit sha1_base64="/Nm+TrJzBXb3+of8Fcg/T5lR2sw="></latexit>

a 2 D(vb, p) () h
� a
vb(a)

�
,
��p

1

�
i maximal

Auctioneer sets a price
Auctioneer computes the demand set of bidder b at price               :



2. Auctioneer’s decision

8

<latexit sha1_base64="kmSkSZMSi9TpwE/fAd7UlY10fOY=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCWJDSUk8pHAhewtc7Bhb++yu2eChF9gq72dsfXf2PpLXOAKAV8yyct7M5mZFySCa+O6305ua3tndy+/Xzg4PDo+KZ6etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwfpj77SdUmsfy0UwS9CM6lDzkjBorNWi/WHLL7gJkk3gZKUGGer/40xvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmWVAQljZUsaslD/TkxppPUkCmxnRM1Ir3tz8T+vm5rw3p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYrW4IgmtlQvPUINknrpuzdliuNSqlay+LJwwVcwjV4cAdVqEEdmsAA4QVe4c15dt6dD+dz2ZpzsplzWIHz9QsghpPy</latexit>a
<latexit sha1_base64="xNHShlUurLuZO2eK5dbVUXkxem4=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEY9+nYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdAurKI=</latexit>⇣
0
0
0

⌘ <latexit sha1_base64="EL3+IL3cyVwioBqQwfQ2vE9aTes=">AAACNXicbVA9SwNBEN2LX/E7ammzGARtwp0EtbAI2KSMYDSQC2FvM5cs7u4du3NiOPJn/BP+BVvtLGxEbP0LbmIKoz7Y5fHeDDPzolQKi77/4hXm5hcWl4rLK6tr6xubpa3tK5tkhkOTJzIxrYhZkEJDEwVKaKUGmIokXEc352P/+haMFYm+xGEKHcX6WsSCM3RSt3QWSojxIIygL3RuFZNSMTTibhTQMKT+5AtB92a80Ij+AA+7pbJf8Segf0kwJWUyRaNbegt7Cc8UaOSSWdsO/BQ7OTMouITRSphZSBm/YX1oO6qZAtvJJ1eO6L5TejROjHsa6UT92ZEzZe1QRa7SrTmwv72x+J/XzjA+7eRCpxmC5t+D4kxSTOg4MtoTBjjKoSOMG+F2pXzADOPogp2ZEkVq5EIJfkfwl1wdVYLjSvWiWq7Vp/EUyS7ZIwckICekRuqkQZqEk3vySJ7Is/fgvXrv3sd3acGb9uyQGXifX9HkrKM=</latexit>⇣
1
0
0

⌘ <latexit sha1_base64="+1J6U11aD9SWb1zJyaSKGcHULdI="></latexit>⇣
0
1
0

⌘ <latexit sha1_base64="544TKxkLFM5WPf7TXgGnyFKSnzY=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEYz+gYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdVBrKU=</latexit>⇣
1
1
1

⌘

<latexit sha1_base64="Y5pUT+D9zsLZ1UWArkwAWpq7FSk=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpQZKepGKLjpsoJ9QKctd9K0Dc1khiRTKaVLN/6KGxeKuPUT3Pk3ptMutPXAhZNz7iX3Hj/iTGnH+bZSK6tr6xvpzczW9s7unr1/UFVhLAmtkJCHsu6DopwJWtFMc1qPJIXA57TmD26nfm1IpWKhuNejiDYD6AnWZQS0kdr28bDl5+AM32CPg+hxih9a/jkG7Mnk2bazTt5JgJeJOydZNEe5bX95nZDEARWacFCq4TqRbo5BakY4nWS8WNEIyAB6tGGogICq5jg5ZIJPjdLB3VCaEhon6u+JMQRKjQLfdAag+2rRm4r/eY1Yd6+bYyaiWFNBZh91Y451iKep4A6TlGg+MgSIZGZXTPoggWiTXcaE4C6evEyqF3n3Ml+4K2SLpXkcaXSETlAOuegKFVEJlVEFEfSIntErerOerBfr3fqYtaas+cwh+gPr8wcEx5gd</latexit>

vb(a) = hwb, ai 0 3 5 2
<latexit sha1_base64="qoLMYtZhy1Mn0uyxC36q/FmP2+w=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgQkoiRV0WBHFZwT6gCWUynbRDJ5MwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhTPn3Mvce4KEM6Ud59taWl5ZXVsvbZQ3t7Z3du29/ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9H11G8/UKlYLO71OKF+hAeChYxgbaSefehxLAacouQMYeTJ/NGzK07VyYEWiVuQChRo9Owvrx+TNKJCE46V6rpOov0MS80Ip5OylyqaYDLCA9o1VOCIKj/Lt5+gE6P0URhLU0KjXP09keFIqXEUmM4I66Ga96bif1431eGVnzGRpJoKMvsoTDnSMZpGgfpMUqL52BBMJDO7IjLEEhNtAiubENz5kxdJ67zqXlRrd7VK/aaIowRHcAyn4MIl1OEWGtAEAo/wDK/wZj1ZL9a79TFrXbKKmQP4A+vzB0uslIE=</latexit>

hp, ai 0 4 4 6
<latexit sha1_base64="eoCHHYc2EPbvQ/qDz6FTqVI0kG8=">AAACFnicbVDLSgMxFM3UV62vqksRgkWooGVGirosuOmygn1AO5Y7adoGk8yQZAqldOVP+Atude9O3Lp165eYtrOwrQcunJxzLzf3BBFn2rjut5NaWV1b30hvZra2d3b3svsHNR3GitAqCXmoGgFoypmkVcMMp41IURABp/Xg8Xbi1wdUaRbKezOMqC+gJ1mXETBWamePBw9BHs7wBW5xkD1OcXSOAbfU9NHO5tyCOwVeJl5CcihBpZ39aXVCEgsqDeGgddNzI+OPQBlGOB1nWrGmEZBH6NGmpRIE1f5oesYYn1qlg7uhsiUNnqp/J0YgtB6KwHYKMH296E3E/7xmbLo3/ojJKDZUktmibsyxCfEkE9xhihLDh5YAUcz+FZM+KCDGJje3JQjE2IbiLUawTGqXBe+qULwr5krlJJ40OkInKI88dI1KqIwqqIoIekIv6BW9Oc/Ou/PhfM5aU04yc4jm4Hz9AknxnjA=</latexit>

vb(a)� hp, ai 0 -1 1 -4

<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|

Auctioneer wants to find price                and a distribution                                 s.t.
<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|
<latexit sha1_base64="5y4bk2M53WgBuStxuOiwfJA5oJA=">AAACDXicbVDLSgMxFM34rPU16tJNsAotSJmRoi4LLuyygn1AZyyZNG1DM5khuSOWoT/gxl9x40IRt+7d+Temj4W2HggczjmXm3uCWHANjvNtLS2vrK6tZzaym1vbO7v23n5dR4mirEYjEalmQDQTXLIacBCsGStGwkCwRjC4GvuNe6Y0j+QtDGPmh6QneZdTAkZq28fkLsAel9gD9gCpicIoX81fFwqneGq0Qr9t55yiMwFeJO6M5NAM1bb95XUimoRMAhVE65brxOCnRAGngo2yXqJZTOiA9FjLUElCpv10cs0Inxilg7uRMk8Cnqi/J1ISaj0MA5MMCfT1vDcW//NaCXQv/ZTLOAEm6XRRNxEYIjyuBne4YhTE0BBCFTd/xbRPFKFgCsyaEtz5kxdJ/azonhdLN6VcuTKrI4MO0RHKIxddoDKqoCqqIYoe0TN6RW/Wk/VivVsf0+iSNZs5QH9gff4AroKaDw==</latexit>

ab 2 vert(P (G)), b 2 [m]

3

2

5
0

<latexit sha1_base64="ZdWXufglDZNzW3j9YZgT3Z6t1gk="></latexit>✓
0
0
0
0

◆

<latexit sha1_base64="BcCu7eKbmEVCkk34JjOZh5gjHek="></latexit>✓
1
0
0
3

◆
<latexit sha1_base64="oR98rszb+Hj1mT2iHgGWTv4Yt1M=">AAACK3icbVDLSgNBEJz1bXxFPXoZDEI8GHYlqBdB9OJRwTwgG8LspDcZMju7zPSKYcn/ePFXPOjBB179DycxB5NYMENR1U13V5BIYdB1P5y5+YXFpeWV1dza+sbmVn57p2riVHOo8FjGuh4wA1IoqKBACfVEA4sCCbWgdzX0a/egjYjVHfYTaEaso0QoOEMrtfKXCT2nvoQQi9QPoCNUZiImZcRQi4dBmfo+HX1Hxz6o9oTpa9Hp4mErX3BL7gh0lnhjUiBj3LTyL3475mkECrlkxjQ8N8FmxjQKLmGQ81MDCeM91oGGpYpFYJrZ6NYBPbBKm4axtk8hHal/OzIWGdOPAltp1+yaaW8o/uc1UgzPmplQSYqg+O+gMJUUYzoMjraFBo6ybwnjWthdKe8yzTjaeHM2BG/65FlSPS55J6XybblwcT2OY4XskX1SJB45JRfkmtyQCuHkkTyTN/LuPDmvzqfz9Vs654x7dskEnO8fMaOnJA==</latexit>

p =
⇣

4
4
�2

⌘

<latexit sha1_base64="Bxw1RUnBllb2b1g8/+wBwltkJL0="></latexit>

D(vb, p) = {
⇣

0
1
0

⌘
}

<latexit sha1_base64="tZg7RjMzepDC16euA70XbDcDEjQ="></latexit>

D(vb, p) =
argmax

a2vert(P (G)) {vb(a)� hp, ai} = vert(F b) for some F b � P (G)

0

-4

1

-1

<latexit sha1_base64="+XQ/JnnDAkIDtMMk/E9YMKMVdmc="></latexit>✓
0
1
0
5

◆

<latexit sha1_base64="tUF4CBqn07QiwzsMWBaNu0IYCgE="></latexit>✓
1
1
1
2

◆

<latexit sha1_base64="219H+gp4aFjQhe5lwBLH2+846Dc="></latexit>

wb =
⇣

3
5
�6

⌘

<latexit sha1_base64="/Nm+TrJzBXb3+of8Fcg/T5lR2sw="></latexit>

a 2 D(vb, p) () h
� a
vb(a)

�
,
��p

1

�
i maximal

<latexit sha1_base64="vUKtRuXOn9uJzcjdeUJgOe+k9h4="></latexit>

8 b 2 [m] 9 ab 2 D(vb, p) : a =
X

b2[m]

ab and a⇤i = ai 8i 2 [n]

Auctioneer sets a price
Auctioneer computes the demand set of bidder b at price               :



2. Auctioneer’s decision

8

<latexit sha1_base64="kmSkSZMSi9TpwE/fAd7UlY10fOY=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCWJDSUk8pHAhewtc7Bhb++yu2eChF9gq72dsfXf2PpLXOAKAV8yyct7M5mZFySCa+O6305ua3tndy+/Xzg4PDo+KZ6etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwfpj77SdUmsfy0UwS9CM6lDzkjBorNWi/WHLL7gJkk3gZKUGGer/40xvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmWVAQljZUsaslD/TkxppPUkCmxnRM1Ir3tz8T+vm5rw3p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYrW4IgmtlQvPUINknrpuzdliuNSqlay+LJwwVcwjV4cAdVqEEdmsAA4QVe4c15dt6dD+dz2ZpzsplzWIHz9QsghpPy</latexit>a
<latexit sha1_base64="xNHShlUurLuZO2eK5dbVUXkxem4=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEY9+nYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdAurKI=</latexit>⇣
0
0
0

⌘ <latexit sha1_base64="EL3+IL3cyVwioBqQwfQ2vE9aTes=">AAACNXicbVA9SwNBEN2LX/E7ammzGARtwp0EtbAI2KSMYDSQC2FvM5cs7u4du3NiOPJn/BP+BVvtLGxEbP0LbmIKoz7Y5fHeDDPzolQKi77/4hXm5hcWl4rLK6tr6xubpa3tK5tkhkOTJzIxrYhZkEJDEwVKaKUGmIokXEc352P/+haMFYm+xGEKHcX6WsSCM3RSt3QWSojxIIygL3RuFZNSMTTibhTQMKT+5AtB92a80Ij+AA+7pbJf8Segf0kwJWUyRaNbegt7Cc8UaOSSWdsO/BQ7OTMouITRSphZSBm/YX1oO6qZAtvJJ1eO6L5TejROjHsa6UT92ZEzZe1QRa7SrTmwv72x+J/XzjA+7eRCpxmC5t+D4kxSTOg4MtoTBjjKoSOMG+F2pXzADOPogp2ZEkVq5EIJfkfwl1wdVYLjSvWiWq7Vp/EUyS7ZIwckICekRuqkQZqEk3vySJ7Is/fgvXrv3sd3acGb9uyQGXifX9HkrKM=</latexit>⇣
1
0
0

⌘ <latexit sha1_base64="+1J6U11aD9SWb1zJyaSKGcHULdI="></latexit>⇣
0
1
0

⌘ <latexit sha1_base64="544TKxkLFM5WPf7TXgGnyFKSnzY=">AAACNXicbVC7SgNBFJ31GeMramkzGARtwq6IWlgINikVjBGyIcxO7iaDM7PLzF0xLPkZf8JfsNXOwkbE1l9w8ihM4oEZDufcy733RKkUFn3/3ZubX1hcWi6sFFfX1jc2S1vbtzbJDIcaT2Ri7iJmQQoNNRQo4S41wFQkoR7dXw78+gMYKxJ9g70Umop1tIgFZ+ikVuk8lBDjQRhBR+jcKialYmjEYz+gYUhHXwi6PeGFRnS6eNgqlf2KPwSdJcGYlMkYV63SZ9hOeKZAI5fM2kbgp9jMmUHBJfSLYWYhZfyedaDhqGYKbDMfXtmn+05p0zgx7mmkQ/VvR86UtT0VuUq3ZtdOewPxP6+RYXzWzIVOMwTNR4PiTFJM6CAy2hYGOMqeI4wb4XalvMsM4+iCnZgSRarvQgmmI5glt0eV4KRyfH1cvqiO4ymQXbJHDkhATskFqZIrUiOcPJEX8krevGfvw/vyvkelc964Z4dMwPv5BdVBrKU=</latexit>⇣
1
1
1

⌘

<latexit sha1_base64="Y5pUT+D9zsLZ1UWArkwAWpq7FSk=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpQZKepGKLjpsoJ9QKctd9K0Dc1khiRTKaVLN/6KGxeKuPUT3Pk3ptMutPXAhZNz7iX3Hj/iTGnH+bZSK6tr6xvpzczW9s7unr1/UFVhLAmtkJCHsu6DopwJWtFMc1qPJIXA57TmD26nfm1IpWKhuNejiDYD6AnWZQS0kdr28bDl5+AM32CPg+hxih9a/jkG7Mnk2bazTt5JgJeJOydZNEe5bX95nZDEARWacFCq4TqRbo5BakY4nWS8WNEIyAB6tGGogICq5jg5ZIJPjdLB3VCaEhon6u+JMQRKjQLfdAag+2rRm4r/eY1Yd6+bYyaiWFNBZh91Y451iKep4A6TlGg+MgSIZGZXTPoggWiTXcaE4C6evEyqF3n3Ml+4K2SLpXkcaXSETlAOuegKFVEJlVEFEfSIntErerOerBfr3fqYtaas+cwh+gPr8wcEx5gd</latexit>

vb(a) = hwb, ai 0 3 5 2
<latexit sha1_base64="qoLMYtZhy1Mn0uyxC36q/FmP2+w=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgQkoiRV0WBHFZwT6gCWUynbRDJ5MwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhTPn3Mvce4KEM6Ud59taWl5ZXVsvbZQ3t7Z3du29/ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9H11G8/UKlYLO71OKF+hAeChYxgbaSefehxLAacouQMYeTJ/NGzK07VyYEWiVuQChRo9Owvrx+TNKJCE46V6rpOov0MS80Ip5OylyqaYDLCA9o1VOCIKj/Lt5+gE6P0URhLU0KjXP09keFIqXEUmM4I66Ga96bif1431eGVnzGRpJoKMvsoTDnSMZpGgfpMUqL52BBMJDO7IjLEEhNtAiubENz5kxdJ67zqXlRrd7VK/aaIowRHcAyn4MIl1OEWGtAEAo/wDK/wZj1ZL9a79TFrXbKKmQP4A+vzB0uslIE=</latexit>

hp, ai 0 4 4 6
<latexit sha1_base64="eoCHHYc2EPbvQ/qDz6FTqVI0kG8=">AAACFnicbVDLSgMxFM3UV62vqksRgkWooGVGirosuOmygn1AO5Y7adoGk8yQZAqldOVP+Atude9O3Lp165eYtrOwrQcunJxzLzf3BBFn2rjut5NaWV1b30hvZra2d3b3svsHNR3GitAqCXmoGgFoypmkVcMMp41IURABp/Xg8Xbi1wdUaRbKezOMqC+gJ1mXETBWamePBw9BHs7wBW5xkD1OcXSOAbfU9NHO5tyCOwVeJl5CcihBpZ39aXVCEgsqDeGgddNzI+OPQBlGOB1nWrGmEZBH6NGmpRIE1f5oesYYn1qlg7uhsiUNnqp/J0YgtB6KwHYKMH296E3E/7xmbLo3/ojJKDZUktmibsyxCfEkE9xhihLDh5YAUcz+FZM+KCDGJje3JQjE2IbiLUawTGqXBe+qULwr5krlJJ40OkInKI88dI1KqIwqqIoIekIv6BW9Oc/Ou/PhfM5aU04yc4jm4Hz9AknxnjA=</latexit>

vb(a)� hp, ai 0 -1 1 -4

<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|

Auctioneer wants to find price                and a distribution                                 s.t.
<latexit sha1_base64="H3KV369mbMA1nWxccg89I7fFHwA=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRBKEkUtRjQRSPVewHtLVsttt26WYTdjdCSYsX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnhZwp7TjfVmZhcWl5JbuaW1vf2Nyyt3eqKogkoRUS8EDWPawoZ4JWNNOc1kNJse9xWvMGF4lfe6BSsUDc6WFIWz7uCdZlBGsjte29EDWZQE0f677nodv7WKBjNLocjdt23ik4E6B54qYkDynKbfur2QlI5FOhCcdKNVwn1K0YS80Ip+NcM1I0xGSAe7RhqMA+Va148sIYHRqlg7qBNCU0mqi/J2LsKzX0PdOZnKpmvUT8z2tEunveipkII00FmS7qRhzpACV5oA6TlGg+NAQTycytiPSxxESb1HImBHf25XlSPSm4p4XiTTFfukrjyMI+HMARuHAGJbiGMlSAwCM8wyu8WU/Wi/VufUxbM1Y6swt/YH3+AH6Wlj0=</latexit>

p 2 Rn+|E|
<latexit sha1_base64="5y4bk2M53WgBuStxuOiwfJA5oJA=">AAACDXicbVDLSgMxFM34rPU16tJNsAotSJmRoi4LLuyygn1AZyyZNG1DM5khuSOWoT/gxl9x40IRt+7d+Temj4W2HggczjmXm3uCWHANjvNtLS2vrK6tZzaym1vbO7v23n5dR4mirEYjEalmQDQTXLIacBCsGStGwkCwRjC4GvuNe6Y0j+QtDGPmh6QneZdTAkZq28fkLsAel9gD9gCpicIoX81fFwqneGq0Qr9t55yiMwFeJO6M5NAM1bb95XUimoRMAhVE65brxOCnRAGngo2yXqJZTOiA9FjLUElCpv10cs0Inxilg7uRMk8Cnqi/J1ISaj0MA5MMCfT1vDcW//NaCXQv/ZTLOAEm6XRRNxEYIjyuBne4YhTE0BBCFTd/xbRPFKFgCsyaEtz5kxdJ/azonhdLN6VcuTKrI4MO0RHKIxddoDKqoCqqIYoe0TN6RW/Wk/VivVsf0+iSNZs5QH9gff4AroKaDw==</latexit>

ab 2 vert(P (G)), b 2 [m]

3

2

5
0

<latexit sha1_base64="ZdWXufglDZNzW3j9YZgT3Z6t1gk="></latexit>✓
0
0
0
0

◆

<latexit sha1_base64="BcCu7eKbmEVCkk34JjOZh5gjHek="></latexit>✓
1
0
0
3

◆
<latexit sha1_base64="oR98rszb+Hj1mT2iHgGWTv4Yt1M=">AAACK3icbVDLSgNBEJz1bXxFPXoZDEI8GHYlqBdB9OJRwTwgG8LspDcZMju7zPSKYcn/ePFXPOjBB179DycxB5NYMENR1U13V5BIYdB1P5y5+YXFpeWV1dza+sbmVn57p2riVHOo8FjGuh4wA1IoqKBACfVEA4sCCbWgdzX0a/egjYjVHfYTaEaso0QoOEMrtfKXCT2nvoQQi9QPoCNUZiImZcRQi4dBmfo+HX1Hxz6o9oTpa9Hp4mErX3BL7gh0lnhjUiBj3LTyL3475mkECrlkxjQ8N8FmxjQKLmGQ81MDCeM91oGGpYpFYJrZ6NYBPbBKm4axtk8hHal/OzIWGdOPAltp1+yaaW8o/uc1UgzPmplQSYqg+O+gMJUUYzoMjraFBo6ybwnjWthdKe8yzTjaeHM2BG/65FlSPS55J6XybblwcT2OY4XskX1SJB45JRfkmtyQCuHkkTyTN/LuPDmvzqfz9Vs654x7dskEnO8fMaOnJA==</latexit>

p =
⇣

4
4
�2

⌘

<latexit sha1_base64="Bxw1RUnBllb2b1g8/+wBwltkJL0="></latexit>

D(vb, p) = {
⇣

0
1
0

⌘
}

<latexit sha1_base64="tZg7RjMzepDC16euA70XbDcDEjQ="></latexit>

D(vb, p) =
argmax

a2vert(P (G)) {vb(a)� hp, ai} = vert(F b) for some F b � P (G)

0

-4

1

-1

<latexit sha1_base64="+XQ/JnnDAkIDtMMk/E9YMKMVdmc="></latexit>✓
0
1
0
5

◆

<latexit sha1_base64="tUF4CBqn07QiwzsMWBaNu0IYCgE="></latexit>✓
1
1
1
2

◆

<latexit sha1_base64="219H+gp4aFjQhe5lwBLH2+846Dc="></latexit>

wb =
⇣

3
5
�6

⌘

<latexit sha1_base64="/Nm+TrJzBXb3+of8Fcg/T5lR2sw="></latexit>

a 2 D(vb, p) () h
� a
vb(a)

�
,
��p

1

�
i maximal

all bidders are happy all items are sold

<latexit sha1_base64="vUKtRuXOn9uJzcjdeUJgOe+k9h4="></latexit>

8 b 2 [m] 9 ab 2 D(vb, p) : a =
X

b2[m]

ab and a⇤i = ai 8i 2 [n]

Auctioneer sets a price
Auctioneer computes the demand set of bidder b at price               :
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Let                                be the coordinate projection. (m = # bidders) 
<latexit sha1_base64="S9DzB3cU6QTcNVIWq39R/aCxN3c=">AAACGXicbVDLSgMxFM3UV62vqks3wSIIQpmRouKqIEKXFewDO2PJpJk2NJMJSUYo0/6GG3/FjQtFXOrKvzFTZ1FbDwQO59xL7jm+YFRp2/62ckvLK6tr+fXCxubW9k5xd6+polhi0sARi2TbR4owyklDU81IW0iCQp+Rlj+8Sv3WA5GKRvxWjwTxQtTnNKAYaSN1i7Yr6CUM69DFSEA3RHrg+/DuPuHwBI6vxxPo6mhGNyslu2xPAReJk5ESyFDvFj/dXoTjkHCNGVKq49hCewmSmmJGJgU3VkQgPER90jGUo5AoL5kmm8Ajo/RgEEnzuIZTdXYjQaFSo9A3k+mJat5Lxf+8TqyDCy+hXMSacPz7URAzaMKmNcEelQRrNjIEYUnNrRAPkERYmzILpgRnPvIiaZ6WnbNy5aZSqtayOvLgAByCY+CAc1AFNVAHDYDBI3gGr+DNerJerHfr43c0Z2U7++APrK8fxRWe9Q==</latexit>

⇡ : mP \ Zn+|E| ! Zn

Definitions



Competitive equilibrium

9

Let                                be the coordinate projection. (m = # bidders) 
<latexit sha1_base64="S9DzB3cU6QTcNVIWq39R/aCxN3c=">AAACGXicbVDLSgMxFM3UV62vqks3wSIIQpmRouKqIEKXFewDO2PJpJk2NJMJSUYo0/6GG3/FjQtFXOrKvzFTZ1FbDwQO59xL7jm+YFRp2/62ckvLK6tr+fXCxubW9k5xd6+polhi0sARi2TbR4owyklDU81IW0iCQp+Rlj+8Sv3WA5GKRvxWjwTxQtTnNKAYaSN1i7Yr6CUM69DFSEA3RHrg+/DuPuHwBI6vxxPo6mhGNyslu2xPAReJk5ESyFDvFj/dXoTjkHCNGVKq49hCewmSmmJGJgU3VkQgPER90jGUo5AoL5kmm8Ajo/RgEEnzuIZTdXYjQaFSo9A3k+mJat5Lxf+8TqyDCy+hXMSacPz7URAzaMKmNcEelQRrNjIEYUnNrRAPkERYmzILpgRnPvIiaZ6WnbNy5aZSqtayOvLgAByCY+CAc1AFNVAHDYDBI3gGr+DNerJerHfr43c0Z2U7++APrK8fxRWe9Q==</latexit>

⇡ : mP \ Zn+|E| ! Zn

Definition. 
Given valuations                 , a competitive equilibrium exists if there exist 

                     such that                                              .

<latexit sha1_base64="Z3dcSjFwCnzIGI8q61mAlQl05Rw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZKeqyIIjLCvYBM2PJZDJtaJIZkkyhDHXjr7hxoYhb/8Kdf2PazkJbD1zu4Zx7Se4JU0aVdpxvq7Syura+Ud6sbG3v7O7Z+wdtlWQSkxZOWCK7IVKEUUFammpGuqkkiIeMdMLh9dTvjIhUNBH3epySgKO+oDHFSBupZx/5ORw9hNDnNIKmUQE9HkB/0rOrTs2ZAS4TtyBVUKDZs7/8KMEZJ0JjhpTyXCfVQY6kppiRScXPFEkRHqI+8QwViBMV5LMLJvDUKBGME2lKaDhTf2/kiCs15qGZ5EgP1KI3Ff/zvEzHV0FORZppIvD8oThjUCdwGgeMqCRYs7EhCEtq/grxAEmEtQmtYkJwF09eJu3zmntRq9/Vq42bIo4yOAYn4Ay44BI0wC1oghbA4BE8g1fwZj1ZL9a79TEfLVnFziH4A+vzB22QlZ4=</latexit>

{vb | b 2 [m]}
<latexit sha1_base64="FktUd+siD4VV9JMMNKjXhUIqpR0="></latexit>

p 2 Rn+|E|, a 2
X

b2[m]

D(vb, p) such that a 2 ⇡�1(a⇤) (i.e. a⇤i = ai 8i 2 [n])
<latexit sha1_base64="FktUd+siD4VV9JMMNKjXhUIqpR0="></latexit>

p 2 Rn+|E|, a 2
X

b2[m]

D(vb, p) such that a 2 ⇡�1(a⇤) (i.e. a⇤i = ai 8i 2 [n])

Definitions
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9

 
A competitive equilibrium is guaranteed to exist if for any set of valuations 

 there exists                                         such that                 .
<latexit sha1_base64="Z3dcSjFwCnzIGI8q61mAlQl05Rw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZKeqyIIjLCvYBM2PJZDJtaJIZkkyhDHXjr7hxoYhb/8Kdf2PazkJbD1zu4Zx7Se4JU0aVdpxvq7Syura+Ud6sbG3v7O7Z+wdtlWQSkxZOWCK7IVKEUUFammpGuqkkiIeMdMLh9dTvjIhUNBH3epySgKO+oDHFSBupZx/5ORw9hNDnNIKmUQE9HkB/0rOrTs2ZAS4TtyBVUKDZs7/8KMEZJ0JjhpTyXCfVQY6kppiRScXPFEkRHqI+8QwViBMV5LMLJvDUKBGME2lKaDhTf2/kiCs15qGZ5EgP1KI3Ff/zvEzHV0FORZppIvD8oThjUCdwGgeMqCRYs7EhCEtq/grxAEmEtQmtYkJwF09eJu3zmntRq9/Vq42bIo4yOAYn4Ay44BI0wC1oghbA4BE8g1fwZj1ZL9a79TEfLVnFziH4A+vzB22QlZ4=</latexit>

{vb | b 2 [m]}

Definition.

Let                                be the coordinate projection. (m = # bidders) 
<latexit sha1_base64="S9DzB3cU6QTcNVIWq39R/aCxN3c=">AAACGXicbVDLSgMxFM3UV62vqks3wSIIQpmRouKqIEKXFewDO2PJpJk2NJMJSUYo0/6GG3/FjQtFXOrKvzFTZ1FbDwQO59xL7jm+YFRp2/62ckvLK6tr+fXCxubW9k5xd6+polhi0sARi2TbR4owyklDU81IW0iCQp+Rlj+8Sv3WA5GKRvxWjwTxQtTnNKAYaSN1i7Yr6CUM69DFSEA3RHrg+/DuPuHwBI6vxxPo6mhGNyslu2xPAReJk5ESyFDvFj/dXoTjkHCNGVKq49hCewmSmmJGJgU3VkQgPER90jGUo5AoL5kmm8Ajo/RgEEnzuIZTdXYjQaFSo9A3k+mJat5Lxf+8TqyDCy+hXMSacPz7URAzaMKmNcEelQRrNjIEYUnNrRAPkERYmzILpgRnPvIiaZ6WnbNy5aZSqtayOvLgAByCY+CAc1AFNVAHDYDBI3gGr+DNerJerHfr43c0Z2U7++APrK8fxRWe9Q==</latexit>

⇡ : mP \ Zn+|E| ! Zn

Definition. 
Given valuations                 , a competitive equilibrium exists if there exist 

                     such that                                              .

<latexit sha1_base64="Z3dcSjFwCnzIGI8q61mAlQl05Rw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZKeqyIIjLCvYBM2PJZDJtaJIZkkyhDHXjr7hxoYhb/8Kdf2PazkJbD1zu4Zx7Se4JU0aVdpxvq7Syura+Ud6sbG3v7O7Z+wdtlWQSkxZOWCK7IVKEUUFammpGuqkkiIeMdMLh9dTvjIhUNBH3epySgKO+oDHFSBupZx/5ORw9hNDnNIKmUQE9HkB/0rOrTs2ZAS4TtyBVUKDZs7/8KMEZJ0JjhpTyXCfVQY6kppiRScXPFEkRHqI+8QwViBMV5LMLJvDUKBGME2lKaDhTf2/kiCs15qGZ5EgP1KI3Ff/zvEzHV0FORZppIvD8oThjUCdwGgeMqCRYs7EhCEtq/grxAEmEtQmtYkJwF09eJu3zmntRq9/Vq42bIo4yOAYn4Ay44BI0wC1oghbA4BE8g1fwZj1ZL9a79TEfLVnFziH4A+vzB22QlZ4=</latexit>

{vb | b 2 [m]}
<latexit sha1_base64="FktUd+siD4VV9JMMNKjXhUIqpR0="></latexit>

p 2 Rn+|E|, a 2
X

b2[m]

D(vb, p) such that a 2 ⇡�1(a⇤) (i.e. a⇤i = ai 8i 2 [n])
<latexit sha1_base64="FktUd+siD4VV9JMMNKjXhUIqpR0="></latexit>

p 2 Rn+|E|, a 2
X

b2[m]

D(vb, p) such that a 2 ⇡�1(a⇤) (i.e. a⇤i = ai 8i 2 [n])

<latexit sha1_base64="CHnp2v1IFJiYzIIuGlWwHFPF6JM="></latexit>

p 2 Rn+|E|, a 2
X

b2[m]

D(vb, p) such that a 2 ⇡�1(a⇤)

Definitions

<latexit sha1_base64="CHnp2v1IFJiYzIIuGlWwHFPF6JM="></latexit>

p 2 Rn+|E|, a 2
X

b2[m]

D(vb, p) such that a 2 ⇡�1(a⇤)



 
A competitive equilibrium is guaranteed to exist if for any set of valuations 

 there exists                                                                     .  
<latexit sha1_base64="Z3dcSjFwCnzIGI8q61mAlQl05Rw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZKeqyIIjLCvYBM2PJZDJtaJIZkkyhDHXjr7hxoYhb/8Kdf2PazkJbD1zu4Zx7Se4JU0aVdpxvq7Syura+Ud6sbG3v7O7Z+wdtlWQSkxZOWCK7IVKEUUFammpGuqkkiIeMdMLh9dTvjIhUNBH3epySgKO+oDHFSBupZx/5ORw9hNDnNIKmUQE9HkB/0rOrTs2ZAS4TtyBVUKDZs7/8KMEZJ0JjhpTyXCfVQY6kppiRScXPFEkRHqI+8QwViBMV5LMLJvDUKBGME2lKaDhTf2/kiCs15qGZ5EgP1KI3Ff/zvEzHV0FORZppIvD8oThjUCdwGgeMqCRYs7EhCEtq/grxAEmEtQmtYkJwF09eJu3zmntRq9/Vq42bIo4yOAYn4Ay44BI0wC1oghbA4BE8g1fwZj1ZL9a79TEfLVnFziH4A+vzB22QlZ4=</latexit>

{vb | b 2 [m]}

Definition.
<latexit sha1_base64="CHnp2v1IFJiYzIIuGlWwHFPF6JM="></latexit>

p 2 Rn+|E|, a 2
X

b2[m]

D(vb, p) such that a 2 ⇡�1(a⇤)

Competitive equilibrium
and lattice polytopes

10



 
A competitive equilibrium is guaranteed to exist if for any set of valuations 

 there exists                                                                     .  
<latexit sha1_base64="Z3dcSjFwCnzIGI8q61mAlQl05Rw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZKeqyIIjLCvYBM2PJZDJtaJIZkkyhDHXjr7hxoYhb/8Kdf2PazkJbD1zu4Zx7Se4JU0aVdpxvq7Syura+Ud6sbG3v7O7Z+wdtlWQSkxZOWCK7IVKEUUFammpGuqkkiIeMdMLh9dTvjIhUNBH3epySgKO+oDHFSBupZx/5ORw9hNDnNIKmUQE9HkB/0rOrTs2ZAS4TtyBVUKDZs7/8KMEZJ0JjhpTyXCfVQY6kppiRScXPFEkRHqI+8QwViBMV5LMLJvDUKBGME2lKaDhTf2/kiCs15qGZ5EgP1KI3Ff/zvEzHV0FORZppIvD8oThjUCdwGgeMqCRYs7EhCEtq/grxAEmEtQmtYkJwF09eJu3zmntRq9/Vq42bIo4yOAYn4Ay44BI0wC1oghbA4BE8g1fwZj1ZL9a79TEfLVnFziH4A+vzB22QlZ4=</latexit>
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Lemma (B.-Haase-Tran, ’21+). 
Let              and                  Then TFAE:
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a⇤ 2 Zn
�0
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Lemma (B.-Haase-Tran, ’21+). 
Let              and                  Then TFAE:

a)  
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a⇤ 2 Zn
�0

<latexit sha1_base64="/KbEgoE18TW8gw7e7Igq2NRzEDY="></latexit>

9 a 2 ⇡�1(a⇤) 8 {vb | b 2 [m]} 9 p 2 Rn+|E| : a 2
X

b2[m]

D(vb, p)
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<latexit sha1_base64="CHnp2v1IFJiYzIIuGlWwHFPF6JM="></latexit>
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X
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Lemma (B.-Haase-Tran, ’21+). 
Let              and                  Then TFAE:

a)  

b)  
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a⇤ 2 Zn
�0

<latexit sha1_base64="/KbEgoE18TW8gw7e7Igq2NRzEDY="></latexit>

9 a 2 ⇡�1(a⇤) 8 {vb | b 2 [m]} 9 p 2 Rn+|E| : a 2
X

b2[m]

D(vb, p)

<latexit sha1_base64="UfBAzIDJSvQjnZ/IA3fq9S6iH+g="></latexit>

9 a 2 ⇡�1(a⇤) 8 F 1, . . . , Fm � P (G) : if a 2
X

b2[m]

F b then a 2
X

b2[m]

vert(F b)



 
A competitive equilibrium is guaranteed to exist if for any set of valuations 

 there exists                                                                     .  
<latexit sha1_base64="Z3dcSjFwCnzIGI8q61mAlQl05Rw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZKeqyIIjLCvYBM2PJZDJtaJIZkkyhDHXjr7hxoYhb/8Kdf2PazkJbD1zu4Zx7Se4JU0aVdpxvq7Syura+Ud6sbG3v7O7Z+wdtlWQSkxZOWCK7IVKEUUFammpGuqkkiIeMdMLh9dTvjIhUNBH3epySgKO+oDHFSBupZx/5ORw9hNDnNIKmUQE9HkB/0rOrTs2ZAS4TtyBVUKDZs7/8KMEZJ0JjhpTyXCfVQY6kppiRScXPFEkRHqI+8QwViBMV5LMLJvDUKBGME2lKaDhTf2/kiCs15qGZ5EgP1KI3Ff/zvEzHV0FORZppIvD8oThjUCdwGgeMqCRYs7EhCEtq/grxAEmEtQmtYkJwF09eJu3zmntRq9/Vq42bIo4yOAYn4Ay44BI0wC1oghbA4BE8g1fwZj1ZL9a79TEfLVnFziH4A+vzB22QlZ4=</latexit>

{vb | b 2 [m]}

Definition.
<latexit sha1_base64="CHnp2v1IFJiYzIIuGlWwHFPF6JM="></latexit>
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X
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Lemma (B.-Haase-Tran, ’21+). 
Let              and                  Then TFAE:

a)  

b)  

<latexit sha1_base64="4nddVStwEUP/SMmp3V6gKQ7Hl04=">AAACBXicbVA9SwNBEJ3zM8avU0stFoMgFuFOgloGbFJGMB+Yu4S9zSZZsrd37u4J4Uhj41+xsVDE1v9g579xL0mhiQ8GHu/NMDMviDlT2nG+raXlldW19dxGfnNre2fX3tuvqyiRhNZIxCPZDLCinAla00xz2owlxWHAaSMYXmd+44FKxSJxq0cx9UPcF6zHCNZG6thHuH2GPCaQF2I9CAJ01xad1OvTe+SMO3bBKToToEXizkgBZqh27C+vG5EkpEITjpVquU6s/RRLzQin47yXKBpjMsR92jJU4JAqP518MUYnRumiXiRNCY0m6u+JFIdKjcLAdGa3qnkvE//zWonuXfkpE3GiqSDTRb2EIx2hLBLUZZISzUeGYCKZuRWRAZaYaBNc3oTgzr+8SOrnRfeiWLopFcqVWRw5OIRjOAUXLqEMFahCDQg8wjO8wpv1ZL1Y79bHtHXJms0cwB9Ynz++AZd+</latexit>

a⇤ 2 Zn
�0

<latexit sha1_base64="/KbEgoE18TW8gw7e7Igq2NRzEDY="></latexit>

9 a 2 ⇡�1(a⇤) 8 {vb | b 2 [m]} 9 p 2 Rn+|E| : a 2
X

b2[m]

D(vb, p)

<latexit sha1_base64="UfBAzIDJSvQjnZ/IA3fq9S6iH+g="></latexit>

9 a 2 ⇡�1(a⇤) 8 F 1, . . . , Fm � P (G) : if a 2
X

b2[m]

F b then a 2
X

b2[m]

vert(F b)

In particular, then a CE is guaranteed to exist.



Results for the complete graph Kn



Results for the complete graph Kn

Theorem (B.-Haase-Tran, ’21+) 
Let              Then                    such that 

<latexit sha1_base64="nS0AvxNXQvYWsJ5YZsz2YTfsRk8=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHERUikqMuCmy4r2Ac2aZhMJ+3QySTOTIQSunLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TJIxKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB2MrnO//UCEpDG/VeOEeBEacBpSjJSWfPMI9c6gSzl0I6SGQQDvetzP3AG5h/bE8s2KbdlTwEXiFKQCCjR888vtxziNCFeYISm7jp0oL0NCUczIpOymkiQIj9CAdDXlKCLSy6ZvTOCJVvowjIUuruBU/T2RoUjKcRTozvxYOe/l4n9eN1XhlZdRnqSKcDxbFKYMqhjmmcA+FQQrNtYEYUH1rRAPkUBY6eTKOgRn/uVF0jq3nAurelOt1OpFHCVwCI7BKXDAJaiBOmiAJsDgETyDV/BmPBkvxrvxMWtdMoqZA/AHxucPMq2Xtg==</latexit>

a⇤ 2 Zn
�0.

<latexit sha1_base64="skWGPN/wwTyVXzmfDGVSFu9xWdM=">AAACIHicbVDLSgMxFM34rPVVdekmWIQqWGakWJcFN11WsA/otCWT3rahmcyQZMQyzKe48VfcuFBEd/o1pu0stPVA4HDu49wcL+RMadv+slZW19Y3NjNb2e2d3b393MFhQwWRpFCnAQ9kyyMKOBNQ10xzaIUSiO9xaHrjm2m9eQ9SsUDc6UkIHZ8MBRswSrSRermyO9sRS+gnLjwYQ4VdnIoeJ3ScYIJdJrAbsm584SS4QLrnZ71c3i7aM+Bl4qQkj1LUerlPtx/QyAehKSdKtR071J2YSM0ohyTrRgpCY0eG0DZUEB9UJ57dkeBTo/TxIJDmCY1n6u+JmPhKTXzPdPpEj9RibSr+V2tHenDdiZkIIw2Czo0GEcc6wNO0cJ9JoJpPDCFUMnMrpiMiCdUm06wJwVn88jJpXBadq2LptpSvVNM4MugYnaACclAZVVAV1VAdUfSIntErerOerBfr3fqYt65Y6cwR+gPr+wf986LN</latexit>

9 a 2 ⇡�1(a⇤)
<latexit sha1_base64="2Bs/xVEBG82GFkI8bXv/I0G4oHI="></latexit>

8 F 1, . . . , Fm � P (G) holds: if a 2
X

b2[m]

F b then a 2
X

b2[m]

vert(F b).Kn

∃



Results for the complete graph Kn

Corollary 
Let  be the complete graph. For every auction* with quantities             of 
items, a competitive equilibrium is guaranteed to exists! 

*with graphical valuations and graphical pricing on 

G = Kn

Kn

<latexit sha1_base64="nS0AvxNXQvYWsJ5YZsz2YTfsRk8=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHERUikqMuCmy4r2Ac2aZhMJ+3QySTOTIQSunLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TJIxKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB2MrnO//UCEpDG/VeOEeBEacBpSjJSWfPMI9c6gSzl0I6SGQQDvetzP3AG5h/bE8s2KbdlTwEXiFKQCCjR888vtxziNCFeYISm7jp0oL0NCUczIpOymkiQIj9CAdDXlKCLSy6ZvTOCJVvowjIUuruBU/T2RoUjKcRTozvxYOe/l4n9eN1XhlZdRnqSKcDxbFKYMqhjmmcA+FQQrNtYEYUH1rRAPkUBY6eTKOgRn/uVF0jq3nAurelOt1OpFHCVwCI7BKXDAJaiBOmiAJsDgETyDV/BmPBkvxrvxMWtdMoqZA/AHxucPMq2Xtg==</latexit>

a⇤ 2 Zn
�0.

Theorem (B.-Haase-Tran, ’21+) 
Let              Then                    such that 

<latexit sha1_base64="nS0AvxNXQvYWsJ5YZsz2YTfsRk8=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHERUikqMuCmy4r2Ac2aZhMJ+3QySTOTIQSunLjr7hxoYhbv8Gdf+OkzUJbD1w4nHMv994TJIxKZdvfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB2MrnO//UCEpDG/VeOEeBEacBpSjJSWfPMI9c6gSzl0I6SGQQDvetzP3AG5h/bE8s2KbdlTwEXiFKQCCjR888vtxziNCFeYISm7jp0oL0NCUczIpOymkiQIj9CAdDXlKCLSy6ZvTOCJVvowjIUuruBU/T2RoUjKcRTozvxYOe/l4n9eN1XhlZdRnqSKcDxbFKYMqhjmmcA+FQQrNtYEYUH1rRAPkUBY6eTKOgRn/uVF0jq3nAurelOt1OpFHCVwCI7BKXDAJaiBOmiAJsDgETyDV/BmPBkvxrvxMWtdMoqZA/AHxucPMq2Xtg==</latexit>
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�0.

<latexit sha1_base64="skWGPN/wwTyVXzmfDGVSFu9xWdM=">AAACIHicbVDLSgMxFM34rPVVdekmWIQqWGakWJcFN11WsA/otCWT3rahmcyQZMQyzKe48VfcuFBEd/o1pu0stPVA4HDu49wcL+RMadv+slZW19Y3NjNb2e2d3b393MFhQwWRpFCnAQ9kyyMKOBNQ10xzaIUSiO9xaHrjm2m9eQ9SsUDc6UkIHZ8MBRswSrSRermyO9sRS+gnLjwYQ4VdnIoeJ3ScYIJdJrAbsm584SS4QLrnZ71c3i7aM+Bl4qQkj1LUerlPtx/QyAehKSdKtR071J2YSM0ohyTrRgpCY0eG0DZUEB9UJ57dkeBTo/TxIJDmCY1n6u+JmPhKTXzPdPpEj9RibSr+V2tHenDdiZkIIw2Czo0GEcc6wNO0cJ9JoJpPDCFUMnMrpiMiCdUm06wJwVn88jJpXBadq2LptpSvVNM4MugYnaACclAZVVAV1VAdUfSIntErerOerBfr3fqYt65Y6cwR+gPr+wf986LN</latexit>

9 a 2 ⇡�1(a⇤)
<latexit sha1_base64="2Bs/xVEBG82GFkI8bXv/I0G4oHI="></latexit>

8 F 1, . . . , Fm � P (G) holds: if a 2
X

b2[m]

F b then a 2
X

b2[m]

vert(F b).Kn

∃
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Example.

                        There are edges
<latexit sha1_base64="vMG0q+ajapcJ/rLIbqmNmCGlxYA=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyxCFSkzUtSNUHDTZQX7gHYsmTTThmYyQ5IRy9BfceNCEbf+iDv/xrSdhVbP5cLhnHvJzfFjzpR2nC8rt7K6tr6R3yxsbe/s7tn7xZaKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHNzG8/UKlYJO70JKZeiIeCBYxgbaS+XcT3p+gald2zrE4qfbvkVJw50F/iZqQEGRp9+7M3iEgSUqEJx0p1XSfWXoqlZoTTaaGXKBpjMsZD2jVU4JAqL53fPkXHRhmgIJKmhUZz9edGikOlJqFvJkOsR2rZm4n/ed1EB1deykScaCrI4qEg4UhHaBYEGjBJieYTQzCRzNyKyAhLTLSJq2BCcJe//Je0zivuRaV6Wy3V6lkceTiEIyiDC5dQgzo0oAkEHuEJXuDVmlrP1pv1vhjNWdnOAfyC9fENn9qQ+A==</latexit>

a⇤ = (1, 1, 1, 1, 1).
<latexit sha1_base64="gL4YHj4d0XM0oD9A0cO/2hpwKsM=">AAACGXicbVBNS8NAEN34bf2KevSyWAQFCYkW9Sh40GMFawttCZvtxC7dfLA7EUvo3/DiX/HiQRGPevLfuKkVtPXBDo/3ZpidF6RSaHTdT2tqemZ2bn5hsbS0vLK6Zq9vXOskUxxqPJGJagRMgxQx1FCghEaqgEWBhHrQOyv8+i0oLZL4CvsptCN2E4tQcIZG8m0XfG+fgn9QlMOiVGgL4Q5zmoR0QKu753s/gnbQGfh22XXcIegk8UakTEao+vZ7q5PwLIIYuWRaNz03xXbOFAouYVBqZRpSxnvsBpqGxiwC3c6Hlw3ojlE6NEyUeTHSofp7ImeR1v0oMJ0Rw64e9wrxP6+ZYXjSzkWcZggx/14UZpJiQouYaEco4Cj7hjCuhPkr5V2mGEcTZsmE4I2fPEmuDxzvyKlcVsqnF6M4FsgW2Sa7xCPH5JRckCqpEU7uySN5Ji/Wg/VkvVpv361T1mhmk/yB9fEFCqCdSg==</latexit>

e1, e2, e3, e4 of P (G) s.t.
<latexit sha1_base64="ozBbqJahnLMDwUp7cgtjSPCQri4="></latexit>

⇡�1(a⇤) \
4X

i=1

ei = {(1, 1, 1, 1, 0, 0, 0, 0, 0, 0)}

and  

                                                                       .

<latexit sha1_base64="H/LiP8+1Qxa1OoF0kKysiG3EK+8="></latexit>

⇡�1(a⇤) \
4X

i=1

vert(ei) = ;

where CE might not exist
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<latexit sha1_base64="5ygSlKixKaqEQmf5ytbMW9IGg5A=">AAACJ3icbVBNSwMxEM36WevXqkcvwSK0l7IrRT2JIILHCrYK3VKy6WwbzGaXZFYsS/+NF/+KF0FF9Og/Mf04WPVBwuO9GWbmhakUBj3v05mbX1hcWi6sFFfX1jc23a3tpkkyzaHBE5nom5AZkEJBAwVKuEk1sDiUcB3eno386zvQRiTqCgcptGPWUyISnKGVOu7JXZkGEiIsByH0hMpNzKSMGWpxP6QeDYLRB6o7YwRa9PpYoZWOW/Kq3hj0L/GnpESmqHfcl6Cb8CwGhVwyY1q+l2I7ZxoFlzAsBpmBlPFb1oOWpYrFYNr5+M4h3bdKl0aJtk8hHas/O3IWGzOIQ1tpF+2b395I/M9rZRgdt3Oh0gxB8cmgKJMUEzoKjXaFBo5yYAnjWthdKe8zzTjaaIs2BP/3yX9J86DqH1Zrl7XS6fk0jgLZJXukTHxyRE7JBamTBuHkgTyRV/LmPDrPzrvzMSmdc6Y9O2QGztc3pR6l1A==</latexit>

v(( 00 ))
<latexit sha1_base64="kmuqpXE8TjnVwq9mFqV+jnMjNAA=">AAACJ3icbVBNS8NAEN34WetX1KOXxSK0l5JIUU8iiOCxgq1CU8pmO2kXN5uwOxFL6L/x4l/xIqiIHv0nbj8OVn0w8Hhvhpl5YSqFQc/7dObmFxaXlgsrxdW19Y1Nd2u7aZJMc2jwRCb6JmQGpFDQQIESblINLA4lXIe3ZyP/+g60EYm6wkEK7Zj1lIgEZ2iljntyV6aBhAjLQQg9oXITMyljhlrcD6lPg4B6NADVnTECLXp9rNBKxy15VW8M+pf4U1IiU9Q77kvQTXgWg0IumTEt30uxnTONgksYFoPMQMr4LetBy1LFYjDtfPznkO5bpUujRNtSSMfqz4mcxcYM4tB22kP75rc3Ev/zWhlGx+1cqDRDUHyyKMokxYSOQqNdoYGjHFjCuBb2Vsr7TDOONtqiDcH//fJf0jyo+ofV2mWtdHo+jaNAdskeKROfHJFTckHqpEE4eSBP5JW8OY/Os/PufExa55zpzA6ZgfP1DabCpdU=</latexit>

v(( 10 ))

<latexit sha1_base64="vvEnbWyZUEhwmHZwvxS+USRKPQo=">AAACJ3icbVBNS8NAEN34WetX1KOXxSK0l5JIUU8iiOCxgq1CU8pmO2kXN5uwOxFL6L/x4l/xIqiIHv0nbj8OVn0w8Hhvhpl5YSqFQc/7dObmFxaXlgsrxdW19Y1Nd2u7aZJMc2jwRCb6JmQGpFDQQIESblINLA4lXIe3ZyP/+g60EYm6wkEK7Zj1lIgEZ2iljntyV6aBhAjLQQg9oXITMyljhlrcD6lHg4D6NADVnTECLXp9rNBKxy15VW8M+pf4U1IiU9Q77kvQTXgWg0IumTEt30uxnTONgksYFoPMQMr4LetBy1LFYjDtfPznkO5bpUujRNtSSMfqz4mcxcYM4tB22kP75rc3Ev/zWhlGx+1cqDRDUHyyKMokxYSOQqNdoYGjHFjCuBb2Vsr7TDOONtqiDcH//fJf0jyo+ofV2mWtdHo+jaNAdskeKROfHJFTckHqpEE4eSBP5JW8OY/Os/PufExa55zpzA6ZgfP1Daa9pdU=</latexit>

v(( 01 ))
<latexit sha1_base64="a7FDOpTrTp9XqG+q5YJAY4aupns=">AAACJ3icbVBNSwMxEM36WevXqkcvwSK0l7IrRT2JIILHCrYK3VKy6WwbzGaXZFYsS/+NF/+KF0FF9Og/Mf04WPVBwuO9GWbmhakUBj3v05mbX1hcWi6sFFfX1jc23a3tpkkyzaHBE5nom5AZkEJBAwVKuEk1sDiUcB3eno386zvQRiTqCgcptGPWUyISnKGVOu7JXZkGEiIsByH0hMpNzKSMGWpxP6Q+DYLRB6o7YwRa9PpYoZWOW/Kq3hj0L/GnpESmqHfcl6Cb8CwGhVwyY1q+l2I7ZxoFlzAsBpmBlPFb1oOWpYrFYNr5+M4h3bdKl0aJtk8hHas/O3IWGzOIQ1tpF+2b395I/M9rZRgdt3Oh0gxB8cmgKJMUEzoKjXaFBo5yYAnjWthdKe8zzTjaaIs2BP/3yX9J86DqH1Zrl7XS6fk0jgLZJXukTHxyRE7JBamTBuHkgTyRV/LmPDrPzrvzMSmdc6Y9O2QGztc3qGGl1g==</latexit>

v(( 11 ))

Non-linear valuations on the cube
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