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Overview

1. First Example 

2. History | Motivation 

3. Mathematical Model | Connections to Polytopes 

4. Can we guarantee the existence of a competitive equilibrium? 
(Answer: yes, if G = K  )n

2



First Example
The cutlery auction at dinner time

3

🥄



First Example
The cutlery auction at dinner time

3

🥄

🍝 🥩 🥝



First Example
The cutlery auction at dinner time

3

🥄

🍝 🥩 🥝 🧑⚖



First Example
The cutlery auction at dinner time

3

🥄

🍝 🥩 🥝 🧑⚖0 0

0

0

01



First Example
The cutlery auction at dinner time

3

🥄

🍝

🥄 🥄

🥩 🥝 🧑⚖0 0

0

0

01

0 0

0

1

00

0 0

0

0

10



First Example
The cutlery auction at dinner time

3

🥄

🍝

🥄 🥄 🥄

🥩 🥝 🧑⚖0 0

0

0

01

0 0

0

1

00

0 0

0

0

10

0 0

0

1

11

Price for 1 item : 0
Price for 2 items: 1
Price for 3 items: 3



First Example
The cutlery auction at dinner time

3

🥄

🍝

🥄 🥄 🥄

🥩 🥝 🧑⚖0 0

0

0

01

0 0

0

1

00

0 0

0

0

10

0 0

0

1

11

Price for 1 item : 0
Price for 2 items: 1
Price for 3 items: 3

🍴 🥄

🍝 🥩 🥝



First Example
The cutlery auction at dinner time

3

🥄

🍝

🥄 🥄 🥄

🥩 🥝 🧑⚖0 0

0

0

01

0 0

0

1

00

0 0

0

0

10

0 0

0

1

11

Price for 1 item : 0
Price for 2 items: 1
Price for 3 items: 3

🍴 🥄

🍝 🥩 🥝

 Opinion of 🍴 🍴🥄
Willing to pay 0 0 1 1
Price charged 0 0 1 3
Profit 0 0 0 -2

🥩



First Example
The cutlery auction at dinner time

3

🥄

🍝

🥄 🥄 🥄

🥩 🥝 🧑⚖0 0

0

0

01

0 0

0

1

00

0 0

0

0

10

0 0

0

1

11

Price for 1 item : 0
Price for 2 items: 1
Price for 3 items: 3

🍴 🥄

🍝 🥩 🥝

 Opinion of 🍴 🍴🥄
Willing to pay 0 0 1 1
Price charged 0 0 1 3
Profit 0 0 0 -2

🥩



Background: Product-Mix Auctions

4



Background: Product-Mix Auctions

4

• Round-based auction 
 bad properties from game-theoretic perspective→



Background: Product-Mix Auctions

4

• Round-based auction 
 bad properties from game-theoretic perspective→

• Product-Mix auctions 
 bank crisis 2011, England



Background: Product-Mix Auctions

4

Bank 1 Bank 2 Bank 3

• Round-based auction 
 bad properties from game-theoretic perspective→

• Product-Mix auctions 
 bank crisis 2011, England



Background: Product-Mix Auctions

4

Bank 1 Bank 2 Bank 3

Bank of England

loan A 
 

loan Z
⋮

loans loans

• Round-based auction 
 bad properties from game-theoretic perspective→

• Product-Mix auctions 
 bank crisis 2011, England



Background: Product-Mix Auctions

Question:  
Which distribution of loans is best for the general 
economy of England? Fast way to decide?

4

Bank 1 Bank 2 Bank 3

Bank of England

loan A 
 

loan Z
⋮

loans loans

• Round-based auction 
 bad properties from game-theoretic perspective→

• Product-Mix auctions 
 bank crisis 2011, England



Background: Product-Mix Auctions

Question:  
Which distribution of loans is best for the general 
economy of England? Fast way to decide?

[Baldwin-Klemperer, 2011] 
 1. Bidding round:  
     Bidders tell the auctioneer (secretly, honestly) about their preferences. 
 2. Auctioneer sets price and decides a distribution of goods.
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for some wb 2 Rn+|E|,



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

Valuation function

6

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

6

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

7 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

7

<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

7

<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               :

Tropical aspects: 
coming soon!



2. Auctioneer’s decision

7

<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               :

Tropical aspects: 
coming soon!



2. Auctioneer’s decision

7

<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               :

Tropical aspects: 
coming soon!
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<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               :

Tropical aspects: 
coming soon!
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7

<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="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               :

Tropical aspects: 
coming soon!
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7

<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               :
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<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               :
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<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

7

<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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<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

7

<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               :
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7

<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

7

<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>
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Let                                be the coordinate projection. (m = # bidders) 
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⇡ : mP \ Zn+|E| ! Zn

Definitions



Competitive equilibrium

8

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. 
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Lemma (B.-Haase-Tran, ’21+). 
Let              and                  Then TFAE:

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

a⇤ 2 Zn
�0
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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)

In particular, then a CE is guaranteed to exist.
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Notation:
<latexit sha1_base64="y5qWG2DfrLfec/5JydNe9R1F+Pw=">AAACGXicbVBNSwMxFMzWr1q/qh69BIsgWMquFPUiCCJ4rGBV6C7lbZpqaHazJG/FshT8FV78K148KOJRT/4bs20PWh14MMzMI3kTJlIYdN0vpzA1PTM7V5wvLSwuLa+UV9cujEo1402mpNJXIRguRcybKFDyq0RziELJL8Pece5f3nJthIrPsZ/wIILrWHQFA7RSu+wC9VUiU0NDekh95HeYRXA3oH4G1dAfVGke6Cgc+rATtssVt+YOQf8Sb0wqZIxGu/zhdxRLIx4jk2BMy3MTDDLQKJjkg5KfGp4A68E1b1kaQ8RNkA0vG9Atq3RoV2k7MdKh+nMjg8iYfhTaZAR4Yya9XPzPa6XYPQgyEScp8piNHuqmkqKieU20IzRnKPuWANPC/pWyG9DA0JZZsiV4kyf/JRe7NW+vVj+rV45O7kd1FMkG2STbxCP75IickgZpEkYeyBN5Ia/Oo/PsvDnvo2jBGVe4Tn7B+fwGYlufEA==</latexit>

a� b = max{a, b}, a� b = a+ b
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Notation:
<latexit sha1_base64="y5qWG2DfrLfec/5JydNe9R1F+Pw=">AAACGXicbVBNSwMxFMzWr1q/qh69BIsgWMquFPUiCCJ4rGBV6C7lbZpqaHazJG/FshT8FV78K148KOJRT/4bs20PWh14MMzMI3kTJlIYdN0vpzA1PTM7V5wvLSwuLa+UV9cujEo1402mpNJXIRguRcybKFDyq0RziELJL8Pece5f3nJthIrPsZ/wIILrWHQFA7RSu+wC9VUiU0NDekh95HeYRXA3oH4G1dAfVGke6Cgc+rATtssVt+YOQf8Sb0wqZIxGu/zhdxRLIx4jk2BMy3MTDDLQKJjkg5KfGp4A68E1b1kaQ8RNkA0vG9Atq3RoV2k7MdKh+nMjg8iYfhTaZAR4Yya9XPzPa6XYPQgyEScp8piNHuqmkqKieU20IzRnKPuWANPC/pWyG9DA0JZZsiV4kyf/JRe7NW+vVj+rV45O7kd1FMkG2STbxCP75IickgZpEkYeyBN5Ia/Oo/PsvDnvo2jBGVe4Tn7B+fwGYlufEA==</latexit>

a� b = max{a, b}, a� b = a+ b
<latexit sha1_base64="aKFBUmy5oHgs71okKauB2VMdAE4="></latexit>

fv(x) =
M

a2P (G)\Zd

v(a)� x�a tropical Laurent polynomial,



Tropical Intermezzo

10

Notation:
<latexit sha1_base64="y5qWG2DfrLfec/5JydNe9R1F+Pw=">AAACGXicbVBNSwMxFMzWr1q/qh69BIsgWMquFPUiCCJ4rGBV6C7lbZpqaHazJG/FshT8FV78K148KOJRT/4bs20PWh14MMzMI3kTJlIYdN0vpzA1PTM7V5wvLSwuLa+UV9cujEo1402mpNJXIRguRcybKFDyq0RziELJL8Pece5f3nJthIrPsZ/wIILrWHQFA7RSu+wC9VUiU0NDekh95HeYRXA3oH4G1dAfVGke6Cgc+rATtssVt+YOQf8Sb0wqZIxGu/zhdxRLIx4jk2BMy3MTDDLQKJjkg5KfGp4A68E1b1kaQ8RNkA0vG9Atq3RoV2k7MdKh+nMjg8iYfhTaZAR4Yya9XPzPa6XYPQgyEScp8piNHuqmkqKieU20IzRnKPuWANPC/pWyG9DA0JZZsiV4kyf/JRe7NW+vVj+rV45O7kd1FMkG2STbxCP75IickgZpEkYeyBN5Ia/Oo/PsvDnvo2jBGVe4Tn7B+fwGYlufEA==</latexit>

a� b = max{a, b}, a� b = a+ b
<latexit sha1_base64="aKFBUmy5oHgs71okKauB2VMdAE4="></latexit>

fv(x) =
M

a2P (G)\Zd

v(a)� x�a tropical Laurent polynomial,
<latexit sha1_base64="8eIo+xC4o3Aqjo9T44nk2l2iEbI="></latexit>

fv(�p) =
max

a2P (G)\Zd {v(a)� hp, ai}
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<latexit sha1_base64="y5qWG2DfrLfec/5JydNe9R1F+Pw=">AAACGXicbVBNSwMxFMzWr1q/qh69BIsgWMquFPUiCCJ4rGBV6C7lbZpqaHazJG/FshT8FV78K148KOJRT/4bs20PWh14MMzMI3kTJlIYdN0vpzA1PTM7V5wvLSwuLa+UV9cujEo1402mpNJXIRguRcybKFDyq0RziELJL8Pece5f3nJthIrPsZ/wIILrWHQFA7RSu+wC9VUiU0NDekh95HeYRXA3oH4G1dAfVGke6Cgc+rATtssVt+YOQf8Sb0wqZIxGu/zhdxRLIx4jk2BMy3MTDDLQKJjkg5KfGp4A68E1b1kaQ8RNkA0vG9Atq3RoV2k7MdKh+nMjg8iYfhTaZAR4Yya9XPzPa6XYPQgyEScp8piNHuqmkqKieU20IzRnKPuWANPC/pWyG9DA0JZZsiV4kyf/JRe7NW+vVj+rV45O7kd1FMkG2STbxCP75IickgZpEkYeyBN5Ia/Oo/PsvDnvo2jBGVe4Tn7B+fwGYlufEA==</latexit>

a� b = max{a, b}, a� b = a+ b
<latexit sha1_base64="aKFBUmy5oHgs71okKauB2VMdAE4="></latexit>

fv(x) =
M

a2P (G)\Zd

v(a)� x�a tropical Laurent polynomial,
<latexit sha1_base64="8eIo+xC4o3Aqjo9T44nk2l2iEbI="></latexit>

fv(�p) =
max

a2P (G)\Zd {v(a)� hp, ai}

<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>

T (fv) tropical hypersurface, i.e.                                        .
<latexit sha1_base64="kFaENTbL9RVvxOZScOuntGxm2HE=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCu2hJSlGXBRVcVugNmhIm00k7dDKJM5NCiQXfwY2v4saFIm7FnW/jpO1CW38Y+PjPGc45vxcxKpVlfRsrq2vrG5uZrez2zu7evnlw2JRhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7xM660REZKGvK7GEekGqM+pTzFS2nLNYgQdymHRCZAaYMRgPe+7o4I2fR/ewyt3lI8KGpw+uYNl18xZJWsquAz2HHJgrpprfjm9EMcB4QozJGXHtiLVTZBQFDMyyTqxJBHCQ9QnHY0cBUR2k+lZE3iqnR70Q6EfV3Dq/v6RoEDKceDpznR7uVhLzf9qnVj5F92E8ihWhOPZID9mUIUwzQj2qCBYsbEGhAXVu0I8QAJhpZPM6hDsxZOXoVku2Welym0lV71+mMWRAcfgBOSBDc5BFdyAGmgADB7BM3gFb8aT8WK8Gx+z1hVjHuER+CPj8wf+Hp0t</latexit>

p 2 �T (fv) () |Dv(p)| � 2
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<latexit sha1_base64="y5qWG2DfrLfec/5JydNe9R1F+Pw=">AAACGXicbVBNSwMxFMzWr1q/qh69BIsgWMquFPUiCCJ4rGBV6C7lbZpqaHazJG/FshT8FV78K148KOJRT/4bs20PWh14MMzMI3kTJlIYdN0vpzA1PTM7V5wvLSwuLa+UV9cujEo1402mpNJXIRguRcybKFDyq0RziELJL8Pece5f3nJthIrPsZ/wIILrWHQFA7RSu+wC9VUiU0NDekh95HeYRXA3oH4G1dAfVGke6Cgc+rATtssVt+YOQf8Sb0wqZIxGu/zhdxRLIx4jk2BMy3MTDDLQKJjkg5KfGp4A68E1b1kaQ8RNkA0vG9Atq3RoV2k7MdKh+nMjg8iYfhTaZAR4Yya9XPzPa6XYPQgyEScp8piNHuqmkqKieU20IzRnKPuWANPC/pWyG9DA0JZZsiV4kyf/JRe7NW+vVj+rV45O7kd1FMkG2STbxCP75IickgZpEkYeyBN5Ia/Oo/PsvDnvo2jBGVe4Tn7B+fwGYlufEA==</latexit>

a� b = max{a, b}, a� b = a+ b
<latexit sha1_base64="aKFBUmy5oHgs71okKauB2VMdAE4="></latexit>

fv(x) =
M

a2P (G)\Zd

v(a)� x�a tropical Laurent polynomial,
<latexit sha1_base64="8eIo+xC4o3Aqjo9T44nk2l2iEbI="></latexit>

fv(�p) =
max

a2P (G)\Zd {v(a)� hp, ai}

<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>

T (fv) tropical hypersurface, i.e.                                        .
<latexit sha1_base64="kFaENTbL9RVvxOZScOuntGxm2HE=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCu2hJSlGXBRVcVugNmhIm00k7dDKJM5NCiQXfwY2v4saFIm7FnW/jpO1CW38Y+PjPGc45vxcxKpVlfRsrq2vrG5uZrez2zu7evnlw2JRhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7xM660REZKGvK7GEekGqM+pTzFS2nLNYgQdymHRCZAaYMRgPe+7o4I2fR/ewyt3lI8KGpw+uYNl18xZJWsquAz2HHJgrpprfjm9EMcB4QozJGXHtiLVTZBQFDMyyTqxJBHCQ9QnHY0cBUR2k+lZE3iqnR70Q6EfV3Dq/v6RoEDKceDpznR7uVhLzf9qnVj5F92E8ihWhOPZID9mUIUwzQj2qCBYsbEGhAXVu0I8QAJhpZPM6hDsxZOXoVku2Welym0lV71+mMWRAcfgBOSBDc5BFdyAGmgADB7BM3gFb8aT8WK8Gx+z1hVjHuER+CPj8wf+Hp0t</latexit>

p 2 �T (fv) () |Dv(p)| � 2
<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>

T (fv)
<latexit sha1_base64="/OR1hk/IdvXmBD6aJorYPx5Gk6M=">AAACBnicbZBNS8MwHMbT+TbnW9WjCMEhbpfRylAvwkAFjxPcC6ylpGm2haVpSdLBKAPBi1/FiwdFvPoZvPltzNYddPOBwI/n+Yfk//gxo1JZ1reRW1peWV3Lrxc2Nre2d8zdvaaMEoFJA0csEm0fScIoJw1FFSPtWBAU+oy0/MHVJG8NiZA04vdqFBM3RD1OuxQjpS3PPHTSGDohDSC89oaluAwvMzgpQ2fsmUWrYk0FF8GeQRHMVPfMLyeIcBISrjBDUnZsK1ZuioSimJFxwUkkiREeoB7paOQoJNJNp2uM4bF2AtiNhD5cwan7+0aKQilHoa8nQ6T6cj6bmP9lnUR1L9yU8jhRhOPsoW7CoIrgpBMYUEGwYiMNCAuq/wpxHwmElW6uoEuw51dehOZpxT6rVO+qxdrNQ1ZHHhyAI1ACNjgHNXAL6qABMHgEz+AVvBlPxovxbnxkozljVuE++CPj8wdVmZbn</latexit>

{p | Dv(p) = Dv(p
0)}induces the price regions                             on    .

<latexit sha1_base64="YMZNM2kRJlv7vwBucJRjppwO0ro=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GVBBJdV7AOmY8lkMm1oJhmSO0IpBX/CjQtF3Po17vwbM20X2nogcDjnhnvuCVPBDbjut1NYWV1b3yhulra2d3b3yvsHLaMyTVmTKqF0JySGCS5ZEzgI1kk1I0koWDscXuV++5Fpw5W8h1HKgoT0JY85JWAlv5sQGIQhvnuIeuWKW3WnwMvEm5MKmqPRK391I0WzhEmgghjje24KwZho4FSwSambGZYSOiR95lsqScJMMJ5GnuATq0Q4Vto+CXiq/v4xJokxoyS0k3lEs+jl4n+en0F8GYy5TDNgks4WxZnAoHB+P464ZhTEyBJCNbdZMR0QTSjYlkq2BG/x5GXSOqt659Xaba1Sv36a1VFER+gYnSIPXaA6ukEN1EQUKfSMXtGbA86L8+58zEYLzrzCQ/QHzucP7baRcg==</latexit>

Rd
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<latexit sha1_base64="y5qWG2DfrLfec/5JydNe9R1F+Pw=">AAACGXicbVBNSwMxFMzWr1q/qh69BIsgWMquFPUiCCJ4rGBV6C7lbZpqaHazJG/FshT8FV78K148KOJRT/4bs20PWh14MMzMI3kTJlIYdN0vpzA1PTM7V5wvLSwuLa+UV9cujEo1402mpNJXIRguRcybKFDyq0RziELJL8Pece5f3nJthIrPsZ/wIILrWHQFA7RSu+wC9VUiU0NDekh95HeYRXA3oH4G1dAfVGke6Cgc+rATtssVt+YOQf8Sb0wqZIxGu/zhdxRLIx4jk2BMy3MTDDLQKJjkg5KfGp4A68E1b1kaQ8RNkA0vG9Atq3RoV2k7MdKh+nMjg8iYfhTaZAR4Yya9XPzPa6XYPQgyEScp8piNHuqmkqKieU20IzRnKPuWANPC/pWyG9DA0JZZsiV4kyf/JRe7NW+vVj+rV45O7kd1FMkG2STbxCP75IickgZpEkYeyBN5Ia/Oo/PsvDnvo2jBGVe4Tn7B+fwGYlufEA==</latexit>

a� b = max{a, b}, a� b = a+ b
<latexit sha1_base64="aKFBUmy5oHgs71okKauB2VMdAE4="></latexit>

fv(x) =
M

a2P (G)\Zd

v(a)� x�a tropical Laurent polynomial,
<latexit sha1_base64="8eIo+xC4o3Aqjo9T44nk2l2iEbI="></latexit>

fv(�p) =
max

a2P (G)\Zd {v(a)� hp, ai}

<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>

T (fv) tropical hypersurface, i.e.                                        .
<latexit sha1_base64="kFaENTbL9RVvxOZScOuntGxm2HE=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCu2hJSlGXBRVcVugNmhIm00k7dDKJM5NCiQXfwY2v4saFIm7FnW/jpO1CW38Y+PjPGc45vxcxKpVlfRsrq2vrG5uZrez2zu7evnlw2JRhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7xM660REZKGvK7GEekGqM+pTzFS2nLNYgQdymHRCZAaYMRgPe+7o4I2fR/ewyt3lI8KGpw+uYNl18xZJWsquAz2HHJgrpprfjm9EMcB4QozJGXHtiLVTZBQFDMyyTqxJBHCQ9QnHY0cBUR2k+lZE3iqnR70Q6EfV3Dq/v6RoEDKceDpznR7uVhLzf9qnVj5F92E8ihWhOPZID9mUIUwzQj2qCBYsbEGhAXVu0I8QAJhpZPM6hDsxZOXoVku2Welym0lV71+mMWRAcfgBOSBDc5BFdyAGmgADB7BM3gFb8aT8WK8Gx+z1hVjHuER+CPj8wf+Hp0t</latexit>

p 2 �T (fv) () |Dv(p)| � 2
<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>

T (fv)
<latexit sha1_base64="/OR1hk/IdvXmBD6aJorYPx5Gk6M=">AAACBnicbZBNS8MwHMbT+TbnW9WjCMEhbpfRylAvwkAFjxPcC6ylpGm2haVpSdLBKAPBi1/FiwdFvPoZvPltzNYddPOBwI/n+Yfk//gxo1JZ1reRW1peWV3Lrxc2Nre2d8zdvaaMEoFJA0csEm0fScIoJw1FFSPtWBAU+oy0/MHVJG8NiZA04vdqFBM3RD1OuxQjpS3PPHTSGDohDSC89oaluAwvMzgpQ2fsmUWrYk0FF8GeQRHMVPfMLyeIcBISrjBDUnZsK1ZuioSimJFxwUkkiREeoB7paOQoJNJNp2uM4bF2AtiNhD5cwan7+0aKQilHoa8nQ6T6cj6bmP9lnUR1L9yU8jhRhOPsoW7CoIrgpBMYUEGwYiMNCAuq/wpxHwmElW6uoEuw51dehOZpxT6rVO+qxdrNQ1ZHHhyAI1ACNjgHNXAL6qABMHgEz+AVvBlPxovxbnxkozljVuE++CPj8wdVmZbn</latexit>

{p | Dv(p) = Dv(p
0)}induces the price regions                             on    .

<latexit sha1_base64="YMZNM2kRJlv7vwBucJRjppwO0ro=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GVBBJdV7AOmY8lkMm1oJhmSO0IpBX/CjQtF3Po17vwbM20X2nogcDjnhnvuCVPBDbjut1NYWV1b3yhulra2d3b3yvsHLaMyTVmTKqF0JySGCS5ZEzgI1kk1I0koWDscXuV++5Fpw5W8h1HKgoT0JY85JWAlv5sQGIQhvnuIeuWKW3WnwMvEm5MKmqPRK391I0WzhEmgghjje24KwZho4FSwSambGZYSOiR95lsqScJMMJ5GnuATq0Q4Vto+CXiq/v4xJokxoyS0k3lEs+jl4n+en0F8GYy5TDNgks4WxZnAoHB+P464ZhTEyBJCNbdZMR0QTSjYlkq2BG/x5GXSOqt659Xaba1Sv36a1VFER+gYnSIPXaA6ukEN1EQUKfSMXtGbA86L8+58zEYLzrzCQ/QHzucP7baRcg==</latexit>

Rd

G

<latexit sha1_base64="8DfUWT5MHHMxuTdTqyNRNNEWmQo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4kGPFewHtEvJptk2NMkuSVYoS8Ff4MWDIl79Q978N2bbHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/FN5rcfqdIskg9mElNf4KFkISPYZFKjfHveL5bcijsDWiXegpRggUa/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp7Nbp+jMKgMURsqWNGim/p5IsdB6IgLbKbAZ6WUvE//zuokJr/yUyTgxVJL5ojDhyEQoexwNmKLE8IklmChmb0VkhBUmxsZTsCF4yy+vktZFxatVqvfVUv36aR5HHk7gFMrgwSXU4Q4a0AQCI3iGV3hzhPPivDsf89acs4jwGP7A+fwBKPGOEg==</latexit>

P (G)
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<latexit sha1_base64="vTXywqd1SLQvh4j2EILLpf6mKII="></latexit>

fv1(x) =0� x�( 00 ) � 3� x�( 10 )

�5� x�( 01 ) � 8� x�( 11 )

<latexit sha1_base64="RBa2Z8VtB+3ZXmAVABpftDEQbfM=">AAACKHicbVDLSgNBEJz1bXxFPXoZDEK8hF3fF1Hx4lHBJEI2htlJbzI4O7vM9KphCfgzXvwVLyKKePVLnDwOaixoKKq66e4KEikMuu6nMzY+MTk1PTObm5tfWFzKL69UTJxqDmUey1hfBcyAFArKKFDCVaKBRYGEanBz2vOrt6CNiNUldhKoR6ylRCg4Qys18kd31x49pL6EEIt+AC2hMhMxKSOGWtx36Tb1fbpLfVDNX4avRauNm418wS25fdBR4g1JgQxx3si/+s2YpxEo5JIZU/PcBOsZ0yi4hG7OTw0kjN+wFtQsVSwCU8/6j3bphlWaNIy1LYW0r/6cyFhkTCcKbKc9s23+ej3xP6+WYnhQz4RKUgTFB4vCVFKMaS812hQaOMqOJYxrYW+lvM0042izzdkQvL8vj5LKVsnbK+1c7BSOTx4GccyQNbJOisQj++SYnJFzUiacPJJn8kbenSfnxflwPgetY84wwlXyC87XN7sRpt4=</latexit>

w1 = ( 35 )

Notation:
<latexit sha1_base64="y5qWG2DfrLfec/5JydNe9R1F+Pw=">AAACGXicbVBNSwMxFMzWr1q/qh69BIsgWMquFPUiCCJ4rGBV6C7lbZpqaHazJG/FshT8FV78K148KOJRT/4bs20PWh14MMzMI3kTJlIYdN0vpzA1PTM7V5wvLSwuLa+UV9cujEo1402mpNJXIRguRcybKFDyq0RziELJL8Pece5f3nJthIrPsZ/wIILrWHQFA7RSu+wC9VUiU0NDekh95HeYRXA3oH4G1dAfVGke6Cgc+rATtssVt+YOQf8Sb0wqZIxGu/zhdxRLIx4jk2BMy3MTDDLQKJjkg5KfGp4A68E1b1kaQ8RNkA0vG9Atq3RoV2k7MdKh+nMjg8iYfhTaZAR4Yya9XPzPa6XYPQgyEScp8piNHuqmkqKieU20IzRnKPuWANPC/pWyG9DA0JZZsiV4kyf/JRe7NW+vVj+rV45O7kd1FMkG2STbxCP75IickgZpEkYeyBN5Ia/Oo/PsvDnvo2jBGVe4Tn7B+fwGYlufEA==</latexit>

a� b = max{a, b}, a� b = a+ b
<latexit sha1_base64="aKFBUmy5oHgs71okKauB2VMdAE4="></latexit>

fv(x) =
M

a2P (G)\Zd

v(a)� x�a tropical Laurent polynomial,
<latexit sha1_base64="8eIo+xC4o3Aqjo9T44nk2l2iEbI="></latexit>

fv(�p) =
max

a2P (G)\Zd {v(a)� hp, ai}

<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>

T (fv) tropical hypersurface, i.e.                                        .
<latexit sha1_base64="kFaENTbL9RVvxOZScOuntGxm2HE=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCu2hJSlGXBRVcVugNmhIm00k7dDKJM5NCiQXfwY2v4saFIm7FnW/jpO1CW38Y+PjPGc45vxcxKpVlfRsrq2vrG5uZrez2zu7evnlw2JRhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7xM660REZKGvK7GEekGqM+pTzFS2nLNYgQdymHRCZAaYMRgPe+7o4I2fR/ewyt3lI8KGpw+uYNl18xZJWsquAz2HHJgrpprfjm9EMcB4QozJGXHtiLVTZBQFDMyyTqxJBHCQ9QnHY0cBUR2k+lZE3iqnR70Q6EfV3Dq/v6RoEDKceDpznR7uVhLzf9qnVj5F92E8ihWhOPZID9mUIUwzQj2qCBYsbEGhAXVu0I8QAJhpZPM6hDsxZOXoVku2Welym0lV71+mMWRAcfgBOSBDc5BFdyAGmgADB7BM3gFb8aT8WK8Gx+z1hVjHuER+CPj8wf+Hp0t</latexit>

p 2 �T (fv) () |Dv(p)| � 2
<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>

T (fv)
<latexit sha1_base64="/OR1hk/IdvXmBD6aJorYPx5Gk6M=">AAACBnicbZBNS8MwHMbT+TbnW9WjCMEhbpfRylAvwkAFjxPcC6ylpGm2haVpSdLBKAPBi1/FiwdFvPoZvPltzNYddPOBwI/n+Yfk//gxo1JZ1reRW1peWV3Lrxc2Nre2d8zdvaaMEoFJA0csEm0fScIoJw1FFSPtWBAU+oy0/MHVJG8NiZA04vdqFBM3RD1OuxQjpS3PPHTSGDohDSC89oaluAwvMzgpQ2fsmUWrYk0FF8GeQRHMVPfMLyeIcBISrjBDUnZsK1ZuioSimJFxwUkkiREeoB7paOQoJNJNp2uM4bF2AtiNhD5cwan7+0aKQilHoa8nQ6T6cj6bmP9lnUR1L9yU8jhRhOPsoW7CoIrgpBMYUEGwYiMNCAuq/wpxHwmElW6uoEuw51dehOZpxT6rVO+qxdrNQ1ZHHhyAI1ACNjgHNXAL6qABMHgEz+AVvBlPxovxbnxkozljVuE++CPj8wdVmZbn</latexit>

{p | Dv(p) = Dv(p
0)}induces the price regions                             on    .

<latexit sha1_base64="YMZNM2kRJlv7vwBucJRjppwO0ro=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GVBBJdV7AOmY8lkMm1oJhmSO0IpBX/CjQtF3Po17vwbM20X2nogcDjnhnvuCVPBDbjut1NYWV1b3yhulra2d3b3yvsHLaMyTVmTKqF0JySGCS5ZEzgI1kk1I0koWDscXuV++5Fpw5W8h1HKgoT0JY85JWAlv5sQGIQhvnuIeuWKW3WnwMvEm5MKmqPRK391I0WzhEmgghjje24KwZho4FSwSambGZYSOiR95lsqScJMMJ5GnuATq0Q4Vto+CXiq/v4xJokxoyS0k3lEs+jl4n+en0F8GYy5TDNgks4WxZnAoHB+P464ZhTEyBJCNbdZMR0QTSjYlkq2BG/x5GXSOqt659Xaba1Sv36a1VFER+gYnSIPXaA6ukEN1EQUKfSMXtGbA86L8+58zEYLzrzCQ/QHzucP7baRcg==</latexit>

Rd

G

<latexit sha1_base64="8DfUWT5MHHMxuTdTqyNRNNEWmQo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4kGPFewHtEvJptk2NMkuSVYoS8Ff4MWDIl79Q978N2bbHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/FN5rcfqdIskg9mElNf4KFkISPYZFKjfHveL5bcijsDWiXegpRggUa/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp7Nbp+jMKgMURsqWNGim/p5IsdB6IgLbKbAZ6WUvE//zuokJr/yUyTgxVJL5ojDhyEQoexwNmKLE8IklmChmb0VkhBUmxsZTsCF4yy+vktZFxatVqvfVUv36aR5HHk7gFMrgwSXU4Q4a0AQCI3iGV3hzhPPivDsf89acs4jwGP7A+fwBKPGOEg==</latexit>

P (G)
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<latexit sha1_base64="vTXywqd1SLQvh4j2EILLpf6mKII="></latexit>

fv1(x) =0� x�( 00 ) � 3� x�( 10 )

�5� x�( 01 ) � 8� x�( 11 )

<latexit sha1_base64="RBa2Z8VtB+3ZXmAVABpftDEQbfM=">AAACKHicbVDLSgNBEJz1bXxFPXoZDEK8hF3fF1Hx4lHBJEI2htlJbzI4O7vM9KphCfgzXvwVLyKKePVLnDwOaixoKKq66e4KEikMuu6nMzY+MTk1PTObm5tfWFzKL69UTJxqDmUey1hfBcyAFArKKFDCVaKBRYGEanBz2vOrt6CNiNUldhKoR6ylRCg4Qys18kd31x49pL6EEIt+AC2hMhMxKSOGWtx36Tb1fbpLfVDNX4avRauNm418wS25fdBR4g1JgQxx3si/+s2YpxEo5JIZU/PcBOsZ0yi4hG7OTw0kjN+wFtQsVSwCU8/6j3bphlWaNIy1LYW0r/6cyFhkTCcKbKc9s23+ej3xP6+WYnhQz4RKUgTFB4vCVFKMaS812hQaOMqOJYxrYW+lvM0042izzdkQvL8vj5LKVsnbK+1c7BSOTx4GccyQNbJOisQj++SYnJFzUiacPJJn8kbenSfnxflwPgetY84wwlXyC87XN7sRpt4=</latexit>

w1 = ( 35 )

Notation:
<latexit sha1_base64="y5qWG2DfrLfec/5JydNe9R1F+Pw=">AAACGXicbVBNSwMxFMzWr1q/qh69BIsgWMquFPUiCCJ4rGBV6C7lbZpqaHazJG/FshT8FV78K148KOJRT/4bs20PWh14MMzMI3kTJlIYdN0vpzA1PTM7V5wvLSwuLa+UV9cujEo1402mpNJXIRguRcybKFDyq0RziELJL8Pece5f3nJthIrPsZ/wIILrWHQFA7RSu+wC9VUiU0NDekh95HeYRXA3oH4G1dAfVGke6Cgc+rATtssVt+YOQf8Sb0wqZIxGu/zhdxRLIx4jk2BMy3MTDDLQKJjkg5KfGp4A68E1b1kaQ8RNkA0vG9Atq3RoV2k7MdKh+nMjg8iYfhTaZAR4Yya9XPzPa6XYPQgyEScp8piNHuqmkqKieU20IzRnKPuWANPC/pWyG9DA0JZZsiV4kyf/JRe7NW+vVj+rV45O7kd1FMkG2STbxCP75IickgZpEkYeyBN5Ia/Oo/PsvDnvo2jBGVe4Tn7B+fwGYlufEA==</latexit>

a� b = max{a, b}, a� b = a+ b
<latexit sha1_base64="aKFBUmy5oHgs71okKauB2VMdAE4="></latexit>

fv(x) =
M

a2P (G)\Zd

v(a)� x�a tropical Laurent polynomial,
<latexit sha1_base64="8eIo+xC4o3Aqjo9T44nk2l2iEbI="></latexit>

fv(�p) =
max

a2P (G)\Zd {v(a)� hp, ai}

<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>

T (fv) tropical hypersurface, i.e.                                        .
<latexit sha1_base64="kFaENTbL9RVvxOZScOuntGxm2HE=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCu2hJSlGXBRVcVugNmhIm00k7dDKJM5NCiQXfwY2v4saFIm7FnW/jpO1CW38Y+PjPGc45vxcxKpVlfRsrq2vrG5uZrez2zu7evnlw2JRhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7xM660REZKGvK7GEekGqM+pTzFS2nLNYgQdymHRCZAaYMRgPe+7o4I2fR/ewyt3lI8KGpw+uYNl18xZJWsquAz2HHJgrpprfjm9EMcB4QozJGXHtiLVTZBQFDMyyTqxJBHCQ9QnHY0cBUR2k+lZE3iqnR70Q6EfV3Dq/v6RoEDKceDpznR7uVhLzf9qnVj5F92E8ihWhOPZID9mUIUwzQj2qCBYsbEGhAXVu0I8QAJhpZPM6hDsxZOXoVku2Welym0lV71+mMWRAcfgBOSBDc5BFdyAGmgADB7BM3gFb8aT8WK8Gx+z1hVjHuER+CPj8wf+Hp0t</latexit>

p 2 �T (fv) () |Dv(p)| � 2
<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>

T (fv)
<latexit sha1_base64="/OR1hk/IdvXmBD6aJorYPx5Gk6M=">AAACBnicbZBNS8MwHMbT+TbnW9WjCMEhbpfRylAvwkAFjxPcC6ylpGm2haVpSdLBKAPBi1/FiwdFvPoZvPltzNYddPOBwI/n+Yfk//gxo1JZ1reRW1peWV3Lrxc2Nre2d8zdvaaMEoFJA0csEm0fScIoJw1FFSPtWBAU+oy0/MHVJG8NiZA04vdqFBM3RD1OuxQjpS3PPHTSGDohDSC89oaluAwvMzgpQ2fsmUWrYk0FF8GeQRHMVPfMLyeIcBISrjBDUnZsK1ZuioSimJFxwUkkiREeoB7paOQoJNJNp2uM4bF2AtiNhD5cwan7+0aKQilHoa8nQ6T6cj6bmP9lnUR1L9yU8jhRhOPsoW7CoIrgpBMYUEGwYiMNCAuq/wpxHwmElW6uoEuw51dehOZpxT6rVO+qxdrNQ1ZHHhyAI1ACNjgHNXAL6qABMHgEz+AVvBlPxovxbnxkozljVuE++CPj8wdVmZbn</latexit>

{p | Dv(p) = Dv(p
0)}induces the price regions                             on    .

<latexit sha1_base64="YMZNM2kRJlv7vwBucJRjppwO0ro=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GVBBJdV7AOmY8lkMm1oJhmSO0IpBX/CjQtF3Po17vwbM20X2nogcDjnhnvuCVPBDbjut1NYWV1b3yhulra2d3b3yvsHLaMyTVmTKqF0JySGCS5ZEzgI1kk1I0koWDscXuV++5Fpw5W8h1HKgoT0JY85JWAlv5sQGIQhvnuIeuWKW3WnwMvEm5MKmqPRK391I0WzhEmgghjje24KwZho4FSwSambGZYSOiR95lsqScJMMJ5GnuATq0Q4Vto+CXiq/v4xJokxoyS0k3lEs+jl4n+en0F8GYy5TDNgks4WxZnAoHB+P464ZhTEyBJCNbdZMR0QTSjYlkq2BG/x5GXSOqt659Xaba1Sv36a1VFER+gYnSIPXaA6ukEN1EQUKfSMXtGbA86L8+58zEYLzrzCQ/QHzucP7baRcg==</latexit>

Rd

p1

p2

( 11 ) ( 01 )

( 10 ) ( 00 ) �T (fv1)

p1

p2

( 11 ) ( 01 )

( 10 ) ( 00 )

�T (fv2)

(a). The partitions of the price space R2 which are induced by v1 (red) and v2 (blue)
respectively. The regions, i.e. the relatively open polyhedra, are in bijection with the
demand sets. The maximal regions are labeled by the unique element that is contained
in the respective demand set.

p1

p2

( 11 )+( 11 ) ( 01 )+( 11 ) ( 01 )+( 01 )

( 11 )+( 10 ) ( 01 )+( 10 ) ( 01 )+( 00 )

( 10 )+( 10 ) ( 00 )+( 10 ) ( 00 )+( 00 )

p1

p2

( 22 ) ( 12 ) ( 02 )

( 21 ) ( 11 ) ( 01 )

( 21 ) ( 10 ) ( 00 )

(b). Each of the regions of the common refinement is in bijection with a face of
the regular subdivision of 2P (G) that is induced by the aggregate valuation V . The
maximal regions are labeled by the unique element that is contained in the respective
demand set.

Figure 2. The partitions of the price space R2 induced by the valuations
given in Example 4.

aggregate demand set is the common refinement of the partitions given in Figure 2a. Let
p 2 R2 be a price in the relative interior of a 2-dimensional polyhedron of this common
refinement. Then p is in the relative interiors of unique 2-dimensional cells of the parti-
tions induced by v1 and v2 respectively. Thus, Dv1(p) =

�
a1
 
, Dv2(p) =

�
a2
 
for some

a1, a2 2 P (G) \ Zd and a competitive equilibrium, given the price p, can only be achieved
at a = a1 + a2. On the other hand, a competitive equilibrium can be achieved at any
a 2 Z2 that appear as a label of a maximal region in Figure 2b, with the decomposition as
indicated in the picture.
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<latexit sha1_base64="T0uh6Z5HUpvWDtQ+nnyCH6DDnJc=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkUtRlQQWXFewD2hgmk0k7dDIJM5NCiQH9FTcuFHHrb7jzb5ymXWjrgYHDOXfu43gxo1JZ1rdRWFpeWV0rrpc2Nre2d8zdvZaMEoFJE0csEh0PScIoJ01FFSOdWBAUeoy0veHlxG+PiJA04ndqHBMnRH1OA4qR0pJrHvTyHqkgfgav3HR0b2eV+MQ1y1bVygEXiT0jZTBDwzW/en6Ek5BwhRmSsmtbsXJSJBTFjGSlXiJJjPAQ9UlXU45CIp00n53BY634MIiEflzBXP39I0WhlOPQ05UhUgM5703E/7xuooILJ6U8ThTheDooSBhUEZyEAX0qCFZsrAnCgupdIR4ggbDSkZV0CPb8yYukdVq1z6q121q5fv04jaMIDsERqAAbnIM6uAEN0AQYPIBn8ArejCfjxXg3PqalBWMW4T74A+PzB58LlkI=</latexit>

Dv1(p)G

<latexit sha1_base64="8DfUWT5MHHMxuTdTqyNRNNEWmQo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4kGPFewHtEvJptk2NMkuSVYoS8Ff4MWDIl79Q978N2bbHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/FN5rcfqdIskg9mElNf4KFkISPYZFKjfHveL5bcijsDWiXegpRggUa/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp7Nbp+jMKgMURsqWNGim/p5IsdB6IgLbKbAZ6WUvE//zuokJr/yUyTgxVJL5ojDhyEQoexwNmKLE8IklmChmb0VkhBUmxsZTsCF4yy+vktZFxatVqvfVUv36aR5HHk7gFMrgwSXU4Q4a0AQCI3iGV3hzhPPivDsf89acs4jwGP7A+fwBKPGOEg==</latexit>

P (G)
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<latexit sha1_base64="vTXywqd1SLQvh4j2EILLpf6mKII="></latexit>

fv1(x) =0� x�( 00 ) � 3� x�( 10 )

�5� x�( 01 ) � 8� x�( 11 )

<latexit sha1_base64="1tceR/nY21PA/EyC45y28uxJ8DI="></latexit>

fv2(x) =0� x�( 00 ) � 7� x�( 10 )

�2� x�( 01 ) � 9� x�( 11 )

<latexit sha1_base64="RBa2Z8VtB+3ZXmAVABpftDEQbfM=">AAACKHicbVDLSgNBEJz1bXxFPXoZDEK8hF3fF1Hx4lHBJEI2htlJbzI4O7vM9KphCfgzXvwVLyKKePVLnDwOaixoKKq66e4KEikMuu6nMzY+MTk1PTObm5tfWFzKL69UTJxqDmUey1hfBcyAFArKKFDCVaKBRYGEanBz2vOrt6CNiNUldhKoR6ylRCg4Qys18kd31x49pL6EEIt+AC2hMhMxKSOGWtx36Tb1fbpLfVDNX4avRauNm418wS25fdBR4g1JgQxx3si/+s2YpxEo5JIZU/PcBOsZ0yi4hG7OTw0kjN+wFtQsVSwCU8/6j3bphlWaNIy1LYW0r/6cyFhkTCcKbKc9s23+ej3xP6+WYnhQz4RKUgTFB4vCVFKMaS812hQaOMqOJYxrYW+lvM0042izzdkQvL8vj5LKVsnbK+1c7BSOTx4GccyQNbJOisQj++SYnJFzUiacPJJn8kbenSfnxflwPgetY84wwlXyC87XN7sRpt4=</latexit>

w1 = ( 35 )

<latexit sha1_base64="hyf/huEn0HRXRk7IZ6wxUb7ZL8Y="></latexit>

w2 = ( 72 )

Notation:
<latexit sha1_base64="y5qWG2DfrLfec/5JydNe9R1F+Pw=">AAACGXicbVBNSwMxFMzWr1q/qh69BIsgWMquFPUiCCJ4rGBV6C7lbZpqaHazJG/FshT8FV78K148KOJRT/4bs20PWh14MMzMI3kTJlIYdN0vpzA1PTM7V5wvLSwuLa+UV9cujEo1402mpNJXIRguRcybKFDyq0RziELJL8Pece5f3nJthIrPsZ/wIILrWHQFA7RSu+wC9VUiU0NDekh95HeYRXA3oH4G1dAfVGke6Cgc+rATtssVt+YOQf8Sb0wqZIxGu/zhdxRLIx4jk2BMy3MTDDLQKJjkg5KfGp4A68E1b1kaQ8RNkA0vG9Atq3RoV2k7MdKh+nMjg8iYfhTaZAR4Yya9XPzPa6XYPQgyEScp8piNHuqmkqKieU20IzRnKPuWANPC/pWyG9DA0JZZsiV4kyf/JRe7NW+vVj+rV45O7kd1FMkG2STbxCP75IickgZpEkYeyBN5Ia/Oo/PsvDnvo2jBGVe4Tn7B+fwGYlufEA==</latexit>

a� b = max{a, b}, a� b = a+ b
<latexit sha1_base64="aKFBUmy5oHgs71okKauB2VMdAE4="></latexit>

fv(x) =
M

a2P (G)\Zd

v(a)� x�a tropical Laurent polynomial,
<latexit sha1_base64="8eIo+xC4o3Aqjo9T44nk2l2iEbI="></latexit>

fv(�p) =
max

a2P (G)\Zd {v(a)� hp, ai}

<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>

T (fv) tropical hypersurface, i.e.                                        .
<latexit sha1_base64="kFaENTbL9RVvxOZScOuntGxm2HE=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCu2hJSlGXBRVcVugNmhIm00k7dDKJM5NCiQXfwY2v4saFIm7FnW/jpO1CW38Y+PjPGc45vxcxKpVlfRsrq2vrG5uZrez2zu7evnlw2JRhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7xM660REZKGvK7GEekGqM+pTzFS2nLNYgQdymHRCZAaYMRgPe+7o4I2fR/ewyt3lI8KGpw+uYNl18xZJWsquAz2HHJgrpprfjm9EMcB4QozJGXHtiLVTZBQFDMyyTqxJBHCQ9QnHY0cBUR2k+lZE3iqnR70Q6EfV3Dq/v6RoEDKceDpznR7uVhLzf9qnVj5F92E8ihWhOPZID9mUIUwzQj2qCBYsbEGhAXVu0I8QAJhpZPM6hDsxZOXoVku2Welym0lV71+mMWRAcfgBOSBDc5BFdyAGmgADB7BM3gFb8aT8WK8Gx+z1hVjHuER+CPj8wf+Hp0t</latexit>

p 2 �T (fv) () |Dv(p)| � 2
<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>

T (fv)
<latexit sha1_base64="/OR1hk/IdvXmBD6aJorYPx5Gk6M=">AAACBnicbZBNS8MwHMbT+TbnW9WjCMEhbpfRylAvwkAFjxPcC6ylpGm2haVpSdLBKAPBi1/FiwdFvPoZvPltzNYddPOBwI/n+Yfk//gxo1JZ1reRW1peWV3Lrxc2Nre2d8zdvaaMEoFJA0csEm0fScIoJw1FFSPtWBAU+oy0/MHVJG8NiZA04vdqFBM3RD1OuxQjpS3PPHTSGDohDSC89oaluAwvMzgpQ2fsmUWrYk0FF8GeQRHMVPfMLyeIcBISrjBDUnZsK1ZuioSimJFxwUkkiREeoB7paOQoJNJNp2uM4bF2AtiNhD5cwan7+0aKQilHoa8nQ6T6cj6bmP9lnUR1L9yU8jhRhOPsoW7CoIrgpBMYUEGwYiMNCAuq/wpxHwmElW6uoEuw51dehOZpxT6rVO+qxdrNQ1ZHHhyAI1ACNjgHNXAL6qABMHgEz+AVvBlPxovxbnxkozljVuE++CPj8wdVmZbn</latexit>

{p | Dv(p) = Dv(p
0)}induces the price regions                             on    .

<latexit sha1_base64="YMZNM2kRJlv7vwBucJRjppwO0ro=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GVBBJdV7AOmY8lkMm1oJhmSO0IpBX/CjQtF3Po17vwbM20X2nogcDjnhnvuCVPBDbjut1NYWV1b3yhulra2d3b3yvsHLaMyTVmTKqF0JySGCS5ZEzgI1kk1I0koWDscXuV++5Fpw5W8h1HKgoT0JY85JWAlv5sQGIQhvnuIeuWKW3WnwMvEm5MKmqPRK391I0WzhEmgghjje24KwZho4FSwSambGZYSOiR95lsqScJMMJ5GnuATq0Q4Vto+CXiq/v4xJokxoyS0k3lEs+jl4n+en0F8GYy5TDNgks4WxZnAoHB+P464ZhTEyBJCNbdZMR0QTSjYlkq2BG/x5GXSOqt659Xaba1Sv36a1VFER+gYnSIPXaA6ukEN1EQUKfSMXtGbA86L8+58zEYLzrzCQ/QHzucP7baRcg==</latexit>

Rd

p1

p2

( 11 ) ( 01 )

( 10 ) ( 00 ) �T (fv1)

p1

p2

( 11 ) ( 01 )

( 10 ) ( 00 )

�T (fv2)

(a). The partitions of the price space R2 which are induced by v1 (red) and v2 (blue)
respectively. The regions, i.e. the relatively open polyhedra, are in bijection with the
demand sets. The maximal regions are labeled by the unique element that is contained
in the respective demand set.

p1

p2

( 11 )+( 11 ) ( 01 )+( 11 ) ( 01 )+( 01 )

( 11 )+( 10 ) ( 01 )+( 10 ) ( 01 )+( 00 )

( 10 )+( 10 ) ( 00 )+( 10 ) ( 00 )+( 00 )

p1

p2

( 22 ) ( 12 ) ( 02 )

( 21 ) ( 11 ) ( 01 )

( 21 ) ( 10 ) ( 00 )

(b). Each of the regions of the common refinement is in bijection with a face of
the regular subdivision of 2P (G) that is induced by the aggregate valuation V . The
maximal regions are labeled by the unique element that is contained in the respective
demand set.

Figure 2. The partitions of the price space R2 induced by the valuations
given in Example 4.

aggregate demand set is the common refinement of the partitions given in Figure 2a. Let
p 2 R2 be a price in the relative interior of a 2-dimensional polyhedron of this common
refinement. Then p is in the relative interiors of unique 2-dimensional cells of the parti-
tions induced by v1 and v2 respectively. Thus, Dv1(p) =

�
a1
 
, Dv2(p) =

�
a2
 
for some

a1, a2 2 P (G) \ Zd and a competitive equilibrium, given the price p, can only be achieved
at a = a1 + a2. On the other hand, a competitive equilibrium can be achieved at any
a 2 Z2 that appear as a label of a maximal region in Figure 2b, with the decomposition as
indicated in the picture.

12

<latexit sha1_base64="T0uh6Z5HUpvWDtQ+nnyCH6DDnJc=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkUtRlQQWXFewD2hgmk0k7dDIJM5NCiQH9FTcuFHHrb7jzb5ymXWjrgYHDOXfu43gxo1JZ1rdRWFpeWV0rrpc2Nre2d8zdvZaMEoFJE0csEh0PScIoJ01FFSOdWBAUeoy0veHlxG+PiJA04ndqHBMnRH1OA4qR0pJrHvTyHqkgfgav3HR0b2eV+MQ1y1bVygEXiT0jZTBDwzW/en6Ek5BwhRmSsmtbsXJSJBTFjGSlXiJJjPAQ9UlXU45CIp00n53BY634MIiEflzBXP39I0WhlOPQ05UhUgM5703E/7xuooILJ6U8ThTheDooSBhUEZyEAX0qCFZsrAnCgupdIR4ggbDSkZV0CPb8yYukdVq1z6q121q5fv04jaMIDsERqAAbnIM6uAEN0AQYPIBn8ArejCfjxXg3PqalBWMW4T74A+PzB58LlkI=</latexit>

Dv1(p)G

<latexit sha1_base64="8DfUWT5MHHMxuTdTqyNRNNEWmQo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4kGPFewHtEvJptk2NMkuSVYoS8Ff4MWDIl79Q978N2bbHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/FN5rcfqdIskg9mElNf4KFkISPYZFKjfHveL5bcijsDWiXegpRggUa/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp7Nbp+jMKgMURsqWNGim/p5IsdB6IgLbKbAZ6WUvE//zuokJr/yUyTgxVJL5ojDhyEQoexwNmKLE8IklmChmb0VkhBUmxsZTsCF4yy+vktZFxatVqvfVUv36aR5HHk7gFMrgwSXU4Q4a0AQCI3iGV3hzhPPivDsf89acs4jwGP7A+fwBKPGOEg==</latexit>

P (G)
p1

p2

( 11 ) ( 01 )

( 10 ) ( 00 ) �T (fv1)

p1

p2

( 11 ) ( 01 )

( 10 ) ( 00 )

�T (fv2)

(a). The partitions of the price space R2 which are induced by v1 (red) and v2 (blue)
respectively. The regions, i.e. the relatively open polyhedra, are in bijection with the
demand sets. The maximal regions are labeled by the unique element that is contained
in the respective demand set.

p1

p2

( 11 )+( 11 ) ( 01 )+( 11 ) ( 01 )+( 01 )

( 11 )+( 10 ) ( 01 )+( 10 ) ( 01 )+( 00 )

( 10 )+( 10 ) ( 00 )+( 10 ) ( 00 )+( 00 )

p1

p2

( 22 ) ( 12 ) ( 02 )

( 21 ) ( 11 ) ( 01 )

( 21 ) ( 10 ) ( 00 )

(b). Each of the regions of the common refinement is in bijection with a face of
the regular subdivision of 2P (G) that is induced by the aggregate valuation V . The
maximal regions are labeled by the unique element that is contained in the respective
demand set.

Figure 2. The partitions of the price space R2 induced by the valuations
given in Example 4.

aggregate demand set is the common refinement of the partitions given in Figure 2a. Let
p 2 R2 be a price in the relative interior of a 2-dimensional polyhedron of this common
refinement. Then p is in the relative interiors of unique 2-dimensional cells of the parti-
tions induced by v1 and v2 respectively. Thus, Dv1(p) =

�
a1
 
, Dv2(p) =

�
a2
 
for some

a1, a2 2 P (G) \ Zd and a competitive equilibrium, given the price p, can only be achieved
at a = a1 + a2. On the other hand, a competitive equilibrium can be achieved at any
a 2 Z2 that appear as a label of a maximal region in Figure 2b, with the decomposition as
indicated in the picture.

12

<latexit sha1_base64="nPW0QWg2vIv5kwuoDxiOyKqJJyM=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUDdlphR1WVDBZQX7gHYcMultG5p5kGQKZRgQf8WNC0Xc+hnu/BvTaRfaeiBwOOfmPo4XcSaVZX0buZXVtfWN/GZha3tnd8/cP2jKMBYUGjTkoWh7RAJnATQUUxzakQDiexxa3uhq6rfGICQLg3s1icDxySBgfUaJ0pJrHnWzHonHY0jxtZuMHyppKTpzzaJVtjLgZWLPSRHNUXfNr24vpLEPgaKcSNmxrUg5CRGKUQ5poRtLiAgdkQF0NA2ID9JJsuEpPtVKD/dDoV+gcKb+/pEQX8qJ7+lKn6ihXPSm4n9eJ1b9SydhQRQrCOhsUD/mWIV4mgbuMQFU8YkmhAqmd8V0SAShSmdW0CHYiycvk2albJ+Xq3fVYu3mcRZHHh2jE1RCNrpANXSL6qiBKErRM3pFb8aT8WK8Gx+z0pwxj/AQ/YHx+QN0P5a6</latexit>

Dv2(p)
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10

<latexit sha1_base64="vTXywqd1SLQvh4j2EILLpf6mKII="></latexit>

fv1(x) =0� x�( 00 ) � 3� x�( 10 )

�5� x�( 01 ) � 8� x�( 11 )

<latexit sha1_base64="1tceR/nY21PA/EyC45y28uxJ8DI="></latexit>

fv2(x) =0� x�( 00 ) � 7� x�( 10 )

�2� x�( 01 ) � 9� x�( 11 )

<latexit sha1_base64="RBa2Z8VtB+3ZXmAVABpftDEQbfM=">AAACKHicbVDLSgNBEJz1bXxFPXoZDEK8hF3fF1Hx4lHBJEI2htlJbzI4O7vM9KphCfgzXvwVLyKKePVLnDwOaixoKKq66e4KEikMuu6nMzY+MTk1PTObm5tfWFzKL69UTJxqDmUey1hfBcyAFArKKFDCVaKBRYGEanBz2vOrt6CNiNUldhKoR6ylRCg4Qys18kd31x49pL6EEIt+AC2hMhMxKSOGWtx36Tb1fbpLfVDNX4avRauNm418wS25fdBR4g1JgQxx3si/+s2YpxEo5JIZU/PcBOsZ0yi4hG7OTw0kjN+wFtQsVSwCU8/6j3bphlWaNIy1LYW0r/6cyFhkTCcKbKc9s23+ej3xP6+WYnhQz4RKUgTFB4vCVFKMaS812hQaOMqOJYxrYW+lvM0042izzdkQvL8vj5LKVsnbK+1c7BSOTx4GccyQNbJOisQj++SYnJFzUiacPJJn8kbenSfnxflwPgetY84wwlXyC87XN7sRpt4=</latexit>

w1 = ( 35 )

<latexit sha1_base64="hyf/huEn0HRXRk7IZ6wxUb7ZL8Y="></latexit>

w2 = ( 72 )

Notation:
<latexit sha1_base64="y5qWG2DfrLfec/5JydNe9R1F+Pw=">AAACGXicbVBNSwMxFMzWr1q/qh69BIsgWMquFPUiCCJ4rGBV6C7lbZpqaHazJG/FshT8FV78K148KOJRT/4bs20PWh14MMzMI3kTJlIYdN0vpzA1PTM7V5wvLSwuLa+UV9cujEo1402mpNJXIRguRcybKFDyq0RziELJL8Pece5f3nJthIrPsZ/wIILrWHQFA7RSu+wC9VUiU0NDekh95HeYRXA3oH4G1dAfVGke6Cgc+rATtssVt+YOQf8Sb0wqZIxGu/zhdxRLIx4jk2BMy3MTDDLQKJjkg5KfGp4A68E1b1kaQ8RNkA0vG9Atq3RoV2k7MdKh+nMjg8iYfhTaZAR4Yya9XPzPa6XYPQgyEScp8piNHuqmkqKieU20IzRnKPuWANPC/pWyG9DA0JZZsiV4kyf/JRe7NW+vVj+rV45O7kd1FMkG2STbxCP75IickgZpEkYeyBN5Ia/Oo/PsvDnvo2jBGVe4Tn7B+fwGYlufEA==</latexit>

a� b = max{a, b}, a� b = a+ b
<latexit sha1_base64="aKFBUmy5oHgs71okKauB2VMdAE4="></latexit>

fv(x) =
M

a2P (G)\Zd

v(a)� x�a tropical Laurent polynomial,
<latexit sha1_base64="8eIo+xC4o3Aqjo9T44nk2l2iEbI="></latexit>

fv(�p) =
max

a2P (G)\Zd {v(a)� hp, ai}

<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>

T (fv) tropical hypersurface, i.e.                                        .
<latexit sha1_base64="kFaENTbL9RVvxOZScOuntGxm2HE=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCu2hJSlGXBRVcVugNmhIm00k7dDKJM5NCiQXfwY2v4saFIm7FnW/jpO1CW38Y+PjPGc45vxcxKpVlfRsrq2vrG5uZrez2zu7evnlw2JRhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7xM660REZKGvK7GEekGqM+pTzFS2nLNYgQdymHRCZAaYMRgPe+7o4I2fR/ewyt3lI8KGpw+uYNl18xZJWsquAz2HHJgrpprfjm9EMcB4QozJGXHtiLVTZBQFDMyyTqxJBHCQ9QnHY0cBUR2k+lZE3iqnR70Q6EfV3Dq/v6RoEDKceDpznR7uVhLzf9qnVj5F92E8ihWhOPZID9mUIUwzQj2qCBYsbEGhAXVu0I8QAJhpZPM6hDsxZOXoVku2Welym0lV71+mMWRAcfgBOSBDc5BFdyAGmgADB7BM3gFb8aT8WK8Gx+z1hVjHuER+CPj8wf+Hp0t</latexit>

p 2 �T (fv) () |Dv(p)| � 2
<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>
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<latexit sha1_base64="/OR1hk/IdvXmBD6aJorYPx5Gk6M=">AAACBnicbZBNS8MwHMbT+TbnW9WjCMEhbpfRylAvwkAFjxPcC6ylpGm2haVpSdLBKAPBi1/FiwdFvPoZvPltzNYddPOBwI/n+Yfk//gxo1JZ1reRW1peWV3Lrxc2Nre2d8zdvaaMEoFJA0csEm0fScIoJw1FFSPtWBAU+oy0/MHVJG8NiZA04vdqFBM3RD1OuxQjpS3PPHTSGDohDSC89oaluAwvMzgpQ2fsmUWrYk0FF8GeQRHMVPfMLyeIcBISrjBDUnZsK1ZuioSimJFxwUkkiREeoB7paOQoJNJNp2uM4bF2AtiNhD5cwan7+0aKQilHoa8nQ6T6cj6bmP9lnUR1L9yU8jhRhOPsoW7CoIrgpBMYUEGwYiMNCAuq/wpxHwmElW6uoEuw51dehOZpxT6rVO+qxdrNQ1ZHHhyAI1ACNjgHNXAL6qABMHgEz+AVvBlPxovxbnxkozljVuE++CPj8wdVmZbn</latexit>

{p | Dv(p) = Dv(p
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(a). The partitions of the price space R2 which are induced by v1 (red) and v2 (blue)
respectively. The regions, i.e. the relatively open polyhedra, are in bijection with the
demand sets. The maximal regions are labeled by the unique element that is contained
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Figure 2. The partitions of the price space R2 induced by the valuations
given in Example 4.

aggregate demand set is the common refinement of the partitions given in Figure 2a. Let
p 2 R2 be a price in the relative interior of a 2-dimensional polyhedron of this common
refinement. Then p is in the relative interiors of unique 2-dimensional cells of the parti-
tions induced by v1 and v2 respectively. Thus, Dv1(p) =

�
a1
 
, Dv2(p) =

�
a2
 
for some

a1, a2 2 P (G) \ Zd and a competitive equilibrium, given the price p, can only be achieved
at a = a1 + a2. On the other hand, a competitive equilibrium can be achieved at any
a 2 Z2 that appear as a label of a maximal region in Figure 2b, with the decomposition as
indicated in the picture.
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Tropical Intermezzo
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<latexit sha1_base64="vTXywqd1SLQvh4j2EILLpf6mKII="></latexit>

fv1(x) =0� x�( 00 ) � 3� x�( 10 )

�5� x�( 01 ) � 8� x�( 11 )

<latexit sha1_base64="1tceR/nY21PA/EyC45y28uxJ8DI="></latexit>

fv2(x) =0� x�( 00 ) � 7� x�( 10 )

�2� x�( 01 ) � 9� x�( 11 )

<latexit sha1_base64="RBa2Z8VtB+3ZXmAVABpftDEQbfM=">AAACKHicbVDLSgNBEJz1bXxFPXoZDEK8hF3fF1Hx4lHBJEI2htlJbzI4O7vM9KphCfgzXvwVLyKKePVLnDwOaixoKKq66e4KEikMuu6nMzY+MTk1PTObm5tfWFzKL69UTJxqDmUey1hfBcyAFArKKFDCVaKBRYGEanBz2vOrt6CNiNUldhKoR6ylRCg4Qys18kd31x49pL6EEIt+AC2hMhMxKSOGWtx36Tb1fbpLfVDNX4avRauNm418wS25fdBR4g1JgQxx3si/+s2YpxEo5JIZU/PcBOsZ0yi4hG7OTw0kjN+wFtQsVSwCU8/6j3bphlWaNIy1LYW0r/6cyFhkTCcKbKc9s23+ej3xP6+WYnhQz4RKUgTFB4vCVFKMaS812hQaOMqOJYxrYW+lvM0042izzdkQvL8vj5LKVsnbK+1c7BSOTx4GccyQNbJOisQj++SYnJFzUiacPJJn8kbenSfnxflwPgetY84wwlXyC87XN7sRpt4=</latexit>

w1 = ( 35 )

<latexit sha1_base64="hyf/huEn0HRXRk7IZ6wxUb7ZL8Y="></latexit>

w2 = ( 72 )

Notation:
<latexit sha1_base64="y5qWG2DfrLfec/5JydNe9R1F+Pw=">AAACGXicbVBNSwMxFMzWr1q/qh69BIsgWMquFPUiCCJ4rGBV6C7lbZpqaHazJG/FshT8FV78K148KOJRT/4bs20PWh14MMzMI3kTJlIYdN0vpzA1PTM7V5wvLSwuLa+UV9cujEo1402mpNJXIRguRcybKFDyq0RziELJL8Pece5f3nJthIrPsZ/wIILrWHQFA7RSu+wC9VUiU0NDekh95HeYRXA3oH4G1dAfVGke6Cgc+rATtssVt+YOQf8Sb0wqZIxGu/zhdxRLIx4jk2BMy3MTDDLQKJjkg5KfGp4A68E1b1kaQ8RNkA0vG9Atq3RoV2k7MdKh+nMjg8iYfhTaZAR4Yya9XPzPa6XYPQgyEScp8piNHuqmkqKieU20IzRnKPuWANPC/pWyG9DA0JZZsiV4kyf/JRe7NW+vVj+rV45O7kd1FMkG2STbxCP75IickgZpEkYeyBN5Ia/Oo/PsvDnvo2jBGVe4Tn7B+fwGYlufEA==</latexit>

a� b = max{a, b}, a� b = a+ b
<latexit sha1_base64="aKFBUmy5oHgs71okKauB2VMdAE4="></latexit>

fv(x) =
M

a2P (G)\Zd

v(a)� x�a tropical Laurent polynomial,
<latexit sha1_base64="8eIo+xC4o3Aqjo9T44nk2l2iEbI="></latexit>

fv(�p) =
max

a2P (G)\Zd {v(a)� hp, ai}

<latexit sha1_base64="6eH0AhV7vtZJ6OPJ2Ppfw/hsD2s=">AAACDXicbZDNS8MwGMbT+TXnV9Wjl+AU5mW0Y6gXYSCCxwnuA7Za0jTdwtKmJOlwlIFnL/4rXjwo4tW7N/8bs24H3Xwg8Mvzvi/J+3gxo1JZ1reRW1peWV3Lrxc2Nre2d8zdvabkicCkgTnjou0hSRiNSENRxUg7FgSFHiMtb3A5qbeGREjKo1s1iokTol5EA4qR0pZrHgVuOryzx6X7E9jlPlcwMyqZcaEvTQ2uWbTKVia4CPYMimCmumt+dX2Ok5BECjMkZce2YuWkSCiKGRkXuokkMcID1CMdjREKiXTSbJsxPNaODwMu9IkUzNzfEykKpRyFnu4MkerL+drE/K/WSVRw7qQ0ihNFIjx9KEgYVBxOooE+FQQrNtKAsKD6rxD3kUBY6QALOgR7fuVFaFbK9mm5elMt1q4epnHkwQE4BCVggzNQA9egDhoAg0fwDF7Bm/FkvBjvxse0NWfMItwHf2R8/gCeeZpp</latexit>

fv1(x)� fv2(x) = fV (x)

<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>

T (fv) tropical hypersurface, i.e.                                        .
<latexit sha1_base64="kFaENTbL9RVvxOZScOuntGxm2HE=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCu2hJSlGXBRVcVugNmhIm00k7dDKJM5NCiQXfwY2v4saFIm7FnW/jpO1CW38Y+PjPGc45vxcxKpVlfRsrq2vrG5uZrez2zu7evnlw2JRhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7xM660REZKGvK7GEekGqM+pTzFS2nLNYgQdymHRCZAaYMRgPe+7o4I2fR/ewyt3lI8KGpw+uYNl18xZJWsquAz2HHJgrpprfjm9EMcB4QozJGXHtiLVTZBQFDMyyTqxJBHCQ9QnHY0cBUR2k+lZE3iqnR70Q6EfV3Dq/v6RoEDKceDpznR7uVhLzf9qnVj5F92E8ihWhOPZID9mUIUwzQj2qCBYsbEGhAXVu0I8QAJhpZPM6hDsxZOXoVku2Welym0lV71+mMWRAcfgBOSBDc5BFdyAGmgADB7BM3gFb8aT8WK8Gx+z1hVjHuER+CPj8wf+Hp0t</latexit>

p 2 �T (fv) () |Dv(p)| � 2
<latexit sha1_base64="OfXOoZ5MLNnoC/PenVrbF/Q6+UY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoi4LIris0Be0IUymk3boZBJmJoUSCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/lfmdCpWKxaOppQr0IDwULGcHaSL5t9yOsRwRz1ESV0J9c+nbZqTpzoHXiLkkZlmj49ld/EJM0okITjpXquU6ivQxLzQins1I/VTTBZIyHtGeowBFVXjZPPkMXRhmgMJZmhEZz9fdFhiOlplFgNvOcatXLxf+8XqrDWy9jIkk1FWTxUJhypGOU14AGTFKi+dQQTCQzWREZYYmJNmWVTAnu6pfXSfuq6l5Xa4+1cv3+aVFHEc7gHCrgwg3U4QEa0AICE3iGV3izMuvFerc+FqsFa1nhKfyB9fkDPoGTLQ==</latexit>
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<latexit sha1_base64="/OR1hk/IdvXmBD6aJorYPx5Gk6M=">AAACBnicbZBNS8MwHMbT+TbnW9WjCMEhbpfRylAvwkAFjxPcC6ylpGm2haVpSdLBKAPBi1/FiwdFvPoZvPltzNYddPOBwI/n+Yfk//gxo1JZ1reRW1peWV3Lrxc2Nre2d8zdvaaMEoFJA0csEm0fScIoJw1FFSPtWBAU+oy0/MHVJG8NiZA04vdqFBM3RD1OuxQjpS3PPHTSGDohDSC89oaluAwvMzgpQ2fsmUWrYk0FF8GeQRHMVPfMLyeIcBISrjBDUnZsK1ZuioSimJFxwUkkiREeoB7paOQoJNJNp2uM4bF2AtiNhD5cwan7+0aKQilHoa8nQ6T6cj6bmP9lnUR1L9yU8jhRhOPsoW7CoIrgpBMYUEGwYiMNCAuq/wpxHwmElW6uoEuw51dehOZpxT6rVO+qxdrNQ1ZHHhyAI1ACNjgHNXAL6qABMHgEz+AVvBlPxovxbnxkozljVuE++CPj8wdVmZbn</latexit>
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0)}induces the price regions                             on    .
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aggregate demand set is the common refinement of the partitions given in Figure 2a. Let
p 2 R2 be a price in the relative interior of a 2-dimensional polyhedron of this common
refinement. Then p is in the relative interiors of unique 2-dimensional cells of the parti-
tions induced by v1 and v2 respectively. Thus, Dv1(p) =
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for some

a1, a2 2 P (G) \ Zd and a competitive equilibrium, given the price p, can only be achieved
at a = a1 + a2. On the other hand, a competitive equilibrium can be achieved at any
a 2 Z2 that appear as a label of a maximal region in Figure 2b, with the decomposition as
indicated in the picture.
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demand sets. The maximal regions are labeled by the unique element that is contained
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Figure 2. The partitions of the price space R2 induced by the valuations
given in Example 4.

aggregate demand set is the common refinement of the partitions given in Figure 2a. Let
p 2 R2 be a price in the relative interior of a 2-dimensional polyhedron of this common
refinement. Then p is in the relative interiors of unique 2-dimensional cells of the parti-
tions induced by v1 and v2 respectively. Thus, Dv1(p) =

�
a1
 
, Dv2(p) =

�
a2
 
for some

a1, a2 2 P (G) \ Zd and a competitive equilibrium, given the price p, can only be achieved
at a = a1 + a2. On the other hand, a competitive equilibrium can be achieved at any
a 2 Z2 that appear as a label of a maximal region in Figure 2b, with the decomposition as
indicated in the picture.
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Definition / Proposition (de Simone, ’90) 
Let           . The polytope          is the correlation polytope (boolean quadric 
polytope).             cut polytope, but not lattice isomorphic!
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<latexit sha1_base64="lE82l4PSkLW7ONPkscs9DFez3tA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8FLwUsF+QHcp2TTbhmaTJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99spbGxube8Ud0t7+weHR+Xjk46WqSK0TSSXqhdiTTkTtG2Y4bSXKIrjkNNuOLmb+90nqjST4tFMExrEeCRYxAg2VvJb1fuBuEQ+kWI0KFfcmrsAWideTiqQozUof/lDSdKYCkM41rrvuYkJMqwMI5zOSn6qaYLJBI9o31KBY6qDbHHzDF1YZYgiqWwJgxbq74kMx1pP49B2xtiM9ao3F//z+qmJboOMiSQ1VJDloijlyEg0DwANmaLE8KklmChmb0VkjBUmxsZUsiF4qy+vk85Vzbuu1R/qlUYzj6MIZ3AOVfDgBhrQhBa0gUACz/AKb07qvDjvzseyteDkM6fwB87nD7hAkN0=</latexit>

P (Kn) ⇠=



The complete graph
and 0/1-bundles

12

Definition / Proposition (de Simone, ’90) 
Let           . The polytope          is the correlation polytope (boolean quadric 
polytope).             cut polytope, but not lattice isomorphic!

<latexit sha1_base64="LjEybDYAhfcghVR8eOAEwH3KiE0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CwIMBLxHMA5IlzE56kyGzs8vMrBBCPsKLB0W8+j3e/BsnyR40saChqOqmuytIBNfGdb+d3Nr6xuZWfruws7u3f1A8PGrqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ781tPqDSP5aMZJ+hHdCB5yBk1VmrdkRty35O9Ysktu3OQVeJlpAQZ6r3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5udOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZ/U76XCEzYmwJZYrbWwkbUkWZsQkVbAje8surpHlR9i7LlYdKqVrL4sjDCZzCOXhwBVWoQR0awGAEz/AKb07ivDjvzseiNedkM8fwB87nD+i7jqs=</latexit>

G = Kn

<latexit sha1_base64="Wrs8HBHpnUelm5+cWyEr1XYfeg8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4KXgpYL9gHYp2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJbWxube/kdwt7+weHR8Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLmd+50nqjST4sFMY+pHeCRYyAg2Vmo3y3cDcTkoltyKuwBaJ15GSpChOSh+9YeSJBEVhnCsdc9zY+OnWBlGOJ0V+ommMSYTPKI9SwWOqPbTxbUzdGGVIQqlsiUMWqi/J1IcaT2NAtsZYTPWq95c/M/rJSa88VMm4sRQQZaLwoQjI9H8dTRkihLDp5Zgopi9FZExVpgYG1DBhuCtvrxO2lcVr1ap3ldL9UYWRx7O4BzK4ME11KEBTWgBgUd4hld4c6Tz4rw7H8vWnJPNnMIfOJ8/jmuOfg==</latexit>

P (Kn)
<latexit sha1_base64="lE82l4PSkLW7ONPkscs9DFez3tA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8FLwUsF+QHcp2TTbhmaTJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99spbGxube8Ud0t7+weHR+Xjk46WqSK0TSSXqhdiTTkTtG2Y4bSXKIrjkNNuOLmb+90nqjST4tFMExrEeCRYxAg2VvJb1fuBuEQ+kWI0KFfcmrsAWideTiqQozUof/lDSdKYCkM41rrvuYkJMqwMI5zOSn6qaYLJBI9o31KBY6qDbHHzDF1YZYgiqWwJgxbq74kMx1pP49B2xtiM9ao3F//z+qmJboOMiSQ1VJDloijlyEg0DwANmaLE8KklmChmb0VkjBUmxsZUsiF4qy+vk85Vzbuu1R/qlUYzj6MIZ3AOVfDgBhrQhBa0gUACz/AKb07qvDjvzseyteDkM6fwB87nD7hAkN0=</latexit>

P (Kn) ⇠=

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

<latexit sha1_base64="nsWv2fL1c63buZbO0rU9jYlXliU=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0UQkZJIUY8FLz1WsB/QpGWz3bZLN5uwuxFCqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMC2LOlHacb2ttfWNza7uwU9zd2z84tI+OWypKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOJnczv/1IpWKReNBpTP0QjwQbMoK1kfp2CfcukMcEQl7mXLretCcqfbvsVJw50Cpxc1KGHI2+/eUNIpKEVGjCsVJd14m1n2GpGeF0WvQSRWNMJnhEu4YKHFLlZ/Pjp+jMKAM0jKQpodFc/T2R4VCpNAxMZ4j1WC17M/E/r5vo4a2fMREnmgqyWDRMONIRmiWBBkxSonlqCCaSmVsRGWOJiTZ5FU0I7vLLq6R1VXGvK9X7arlWz+MowAmcwjm4cAM1qEMDmkAghWd4hTfryXqx3q2PReualc+U4A+szx8cp5Mr</latexit>

a⇤ 2 {0, 1}n.
<latexit sha1_base64="SG+eAXM03LMesYVRCPDkEDdPLLE=">AAACBXicbVA9SwNBEN2LXzF+RS21WAxCFAx3EtQyYJMygvmAXBLmNnvJkr29Y3dPCEcaG/+KjYUitv4HO/+Nm+QKTXww8Hhvhpl5XsSZ0rb9bWVWVtfWN7Kbua3tnd29/P5BQ4WxJLROQh7KlgeKciZoXTPNaSuSFAKP06Y3up36zQcqFQvFvR5HtBPAQDCfEdBG6uWPXT+UwDkG7DKB3Yh1kwtngovQPT/r5Qt2yZ4BLxMnJQWUotbLf7n9kMQBFZpwUKrt2JHuJCA1I5xOcm6saARkBAPaNlRAQFUnmX0xwadG6WNzjimh8Uz9PZFAoNQ48ExnAHqoFr2p+J/XjrV/00mYiGJNBZkv8mOOdYinkeA+k5RoPjYEiGTmVkyGIIFoE1zOhOAsvrxMGpcl56pUvisXKtU0jiw6QieoiBx0jSqoimqojgh6RM/oFb1ZT9aL9W59zFszVjpziP7A+vwB26iW5Q==</latexit>

8a 2 ⇡�1(a⇤)
<latexit sha1_base64="FYNtu421j4UZgH29MrNqRf/aVgA="></latexit>

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

b2[m]

F b then a 2
X

b2[m]

vert(F b).

Reminder 
Let              A CE is guaranteed to exist if                    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="ZA/TPpko7HqG6V/VL0a8JjW60TE=">AAACB3icbVDLSgNBEOyNrxhfqx4FGQxCFAy7EtRjwEuOEcwDspswO5kkg7Ozy8ysGJbcvPgrXjwo4tVf8ObfOHkcNLGgoajqprsriDlT2nG+rczS8srqWnY9t7G5tb1j7+7VVZRIQmsk4pFsBlhRzgStaaY5bcaS4jDgtBHcXY/9xj2VikXiVg9j6oe4L1iPEayN1LEPPfpgtijkIYw8JpAXs3Z65o5QAbdPTzp23ik6E6BF4s5IHmaoduwvrxuRJKRCE46VarlOrP0US80Ip6OclygaY3KH+7RlqMAhVX46+WOEjo3SRb1ImhIaTdTfEykOlRqGgekMsR6oeW8s/ue1Et278lMm4kRTQaaLeglHOkLjUFCXSUo0HxqCiWTmVkQGWGKiTXQ5E4I7//IiqZ8X3Yti6aaUL1dmcWThAI6gAC5cQhkqUIUaEHiEZ3iFN+vJerHerY9pa8aazezDH1ifPyW+l5U=</latexit>

9 a 2 ⇡�1(a⇤)
<latexit sha1_base64="Mzs1iK2PsY8Cg4u/WcGQ0O7OfnA="></latexit>

8 F 1, . . . , Fm � P (G) : if a 2
X

b2[m]

F b then a 2
X

b2[m]

vert(F b).
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and arbitrary bundles
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Example. 
                         There are edges  
                                     is the sum of midpoints, but not sum of vertices.

<latexit sha1_base64="Xe3Hzj86K7WS6DYbqF5prnBZ0OY=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiVCnDTCnqRii4sOCmgr1AOw6ZNNOGZi4kGaEMXbjxVdy4UMStD+HOtzGdzkJbDwl8/P85JOd3I0aFNM1vLbeyura+kd8sbG3v7O7p+wdtEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHHVzO/80C4oGFwJycRsX00DKhHMZJKcvTiNbyEN06tAtH9qcJytQLTUz0xHL1kGmZacBmsDEogq6ajf/UHIY59EkjMkBA9y4yknSAuKWZkWujHgkQIj9GQ9BQGyCfCTtIlpvBYKQPohVzdQMJU/T2RIF+Iie+qTh/JkVj0ZuJ/Xi+W3oWd0CCKJQnw/CEvZlCGcJYIHFBOsGQTBQhzqv4K8QhxhKXKraBCsBZXXoZ21bDOjNptrVRvZHHkQREcgTKwwDmogwZoghbA4BE8g1fwpj1pL9q79jFvzWnZzCH4U9rnD9+Wkyc=</latexit>

G = K4, a
⇤ = (2, 2, 2, 2).

<latexit sha1_base64="a6GjD2obQtGUaH56Y5C578Ra2Ek=">AAACG3icbVDLSgNBEJz1bXxFPXoZDEIEWXZjUI8BL4KXCCYKSVhmJ73JkNkHM71iWPIfXvwVLx4U8SR48G+cTSL4KpimqOqmp8tPpNDoOB/WzOzc/MLi0nJhZXVtfaO4udXUcao4NHgsY3XtMw1SRNBAgRKuEwUs9CVc+YPT3L+6AaVFHF3iMIFOyHqRCARnaCSvWAHPPaDgVfJymJcqbSPcYkbjgI5ovXzuVfe/JG2jPfKKJcd2xqB/iTslJTJF3Su+tbsxT0OIkEumdct1EuxkTKHgEkaFdqohYXzAetAyNGIh6E42vm1E94zSpUGszIuQjtXvExkLtR6GvukMGfb1by8X//NaKQYnnUxESYoQ8cmiIJUUY5oHRbtCAUc5NIRxJcxfKe8zxTiaOAsmBPf3yX9Js2K7R3b1olqqnU3jWCI7ZJeUiUuOSY2ckTppEE7uyAN5Is/WvfVovVivk9YZazqzTX7Aev8EVs6d9Q==</latexit>

e1, e2, e3, e4 of P (K4) s.t.
<latexit sha1_base64="UM3q04ZEn11e659m+A7xNUahljY=">AAACBHicbVDLSgMxFL3js9bXqMtugkWoUMpMKepGKLjpsoJ9QDuUTJq2oZnMkGSEMnThxl9x40IRt36EO//GtB1EW88lcDjnXm7u8SPOlHacL2ttfWNzazuzk93d2z84tI+OmyqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryxzczv3VPpWKhuNOTiHoBHgo2YARrI/XsHEbXqFAuLqqL3OJPnffsvFNy5kCrxE1JHlLUe/Zntx+SOKBCE46V6rhOpL0ES80Ip9NsN1Y0wmSMh7RjqMABVV4yP2KKzozSR4NQmic0mqu/JxIcKDUJfNMZYD1Sy95M/M/rxHpw5SVMRLGmgiwWDWKOdIhmiaA+k5RoPjEEE8nMXxEZYYmJNrllTQju8smrpFkuuRelym0lX62lcWQgB6dQABcuoQo1qEMDCDzAE7zAq/VoPVtv1vuidc1KZ07gD6yPb4Gyku0=</latexit>

a = (2, 2, 2, 2, 1, 1, 1, 1, 1, 1)

and arbitrary bundles
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Example. 
                         There are edges  
                                     is the sum of midpoints, but not sum of vertices.

(         is not IDP for n  4)≥

<latexit sha1_base64="Xe3Hzj86K7WS6DYbqF5prnBZ0OY=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiVCnDTCnqRii4sOCmgr1AOw6ZNNOGZi4kGaEMXbjxVdy4UMStD+HOtzGdzkJbDwl8/P85JOd3I0aFNM1vLbeyura+kd8sbG3v7O7p+wdtEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHHVzO/80C4oGFwJycRsX00DKhHMZJKcvTiNbyEN06tAtH9qcJytQLTUz0xHL1kGmZacBmsDEogq6ajf/UHIY59EkjMkBA9y4yknSAuKWZkWujHgkQIj9GQ9BQGyCfCTtIlpvBYKQPohVzdQMJU/T2RIF+Iie+qTh/JkVj0ZuJ/Xi+W3oWd0CCKJQnw/CEvZlCGcJYIHFBOsGQTBQhzqv4K8QhxhKXKraBCsBZXXoZ21bDOjNptrVRvZHHkQREcgTKwwDmogwZoghbA4BE8g1fwpj1pL9q79jFvzWnZzCH4U9rnD9+Wkyc=</latexit>

G = K4, a
⇤ = (2, 2, 2, 2).

<latexit sha1_base64="a6GjD2obQtGUaH56Y5C578Ra2Ek=">AAACG3icbVDLSgNBEJz1bXxFPXoZDEIEWXZjUI8BL4KXCCYKSVhmJ73JkNkHM71iWPIfXvwVLx4U8SR48G+cTSL4KpimqOqmp8tPpNDoOB/WzOzc/MLi0nJhZXVtfaO4udXUcao4NHgsY3XtMw1SRNBAgRKuEwUs9CVc+YPT3L+6AaVFHF3iMIFOyHqRCARnaCSvWAHPPaDgVfJymJcqbSPcYkbjgI5ovXzuVfe/JG2jPfKKJcd2xqB/iTslJTJF3Su+tbsxT0OIkEumdct1EuxkTKHgEkaFdqohYXzAetAyNGIh6E42vm1E94zSpUGszIuQjtXvExkLtR6GvukMGfb1by8X//NaKQYnnUxESYoQ8cmiIJUUY5oHRbtCAUc5NIRxJcxfKe8zxTiaOAsmBPf3yX9Js2K7R3b1olqqnU3jWCI7ZJeUiUuOSY2ckTppEE7uyAN5Is/WvfVovVivk9YZazqzTX7Aev8EVs6d9Q==</latexit>

e1, e2, e3, e4 of P (K4) s.t.
<latexit sha1_base64="UM3q04ZEn11e659m+A7xNUahljY=">AAACBHicbVDLSgMxFL3js9bXqMtugkWoUMpMKepGKLjpsoJ9QDuUTJq2oZnMkGSEMnThxl9x40IRt36EO//GtB1EW88lcDjnXm7u8SPOlHacL2ttfWNzazuzk93d2z84tI+OmyqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryxzczv3VPpWKhuNOTiHoBHgo2YARrI/XsHEbXqFAuLqqL3OJPnffsvFNy5kCrxE1JHlLUe/Zntx+SOKBCE46V6rhOpL0ES80Ip9NsN1Y0wmSMh7RjqMABVV4yP2KKzozSR4NQmic0mqu/JxIcKDUJfNMZYD1Sy95M/M/rxHpw5SVMRLGmgiwWDWKOdIhmiaA+k5RoPjEEE8nMXxEZYYmJNrllTQju8smrpFkuuRelym0lX62lcWQgB6dQABcuoQo1qEMDCDzAE7zAq/VoPVtv1vuidc1KZ07gD6yPb4Gyku0=</latexit>

a = (2, 2, 2, 2, 1, 1, 1, 1, 1, 1)
<latexit sha1_base64="Wrs8HBHpnUelm5+cWyEr1XYfeg8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4KXgpYL9gHYp2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJbWxube/kdwt7+weHR8Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLmd+50nqjST4sFMY+pHeCRYyAg2Vmo3y3cDcTkoltyKuwBaJ15GSpChOSh+9YeSJBEVhnCsdc9zY+OnWBlGOJ0V+ommMSYTPKI9SwWOqPbTxbUzdGGVIQqlsiUMWqi/J1IcaT2NAtsZYTPWq95c/M/rJSa88VMm4sRQQZaLwoQjI9H8dTRkihLDp5Zgopi9FZExVpgYG1DBhuCtvrxO2lcVr1ap3ldL9UYWRx7O4BzK4ME11KEBTWgBgUd4hld4c6Tz4rw7H8vWnJPNnMIfOJ8/jmuOfg==</latexit>

P (Kn)

and arbitrary bundles
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                         There are edges  
                                     is the sum of midpoints, but not sum of vertices.

(         is not IDP for n  4)≥

CE is still guaranteed to exist:

<latexit sha1_base64="Xe3Hzj86K7WS6DYbqF5prnBZ0OY=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiVCnDTCnqRii4sOCmgr1AOw6ZNNOGZi4kGaEMXbjxVdy4UMStD+HOtzGdzkJbDwl8/P85JOd3I0aFNM1vLbeyura+kd8sbG3v7O7p+wdtEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHHVzO/80C4oGFwJycRsX00DKhHMZJKcvTiNbyEN06tAtH9qcJytQLTUz0xHL1kGmZacBmsDEogq6ajf/UHIY59EkjMkBA9y4yknSAuKWZkWujHgkQIj9GQ9BQGyCfCTtIlpvBYKQPohVzdQMJU/T2RIF+Iie+qTh/JkVj0ZuJ/Xi+W3oWd0CCKJQnw/CEvZlCGcJYIHFBOsGQTBQhzqv4K8QhxhKXKraBCsBZXXoZ21bDOjNptrVRvZHHkQREcgTKwwDmogwZoghbA4BE8g1fwpj1pL9q79jFvzWnZzCH4U9rnD9+Wkyc=</latexit>

G = K4, a
⇤ = (2, 2, 2, 2).

<latexit sha1_base64="a6GjD2obQtGUaH56Y5C578Ra2Ek=">AAACG3icbVDLSgNBEJz1bXxFPXoZDEIEWXZjUI8BL4KXCCYKSVhmJ73JkNkHM71iWPIfXvwVLx4U8SR48G+cTSL4KpimqOqmp8tPpNDoOB/WzOzc/MLi0nJhZXVtfaO4udXUcao4NHgsY3XtMw1SRNBAgRKuEwUs9CVc+YPT3L+6AaVFHF3iMIFOyHqRCARnaCSvWAHPPaDgVfJymJcqbSPcYkbjgI5ovXzuVfe/JG2jPfKKJcd2xqB/iTslJTJF3Su+tbsxT0OIkEumdct1EuxkTKHgEkaFdqohYXzAetAyNGIh6E42vm1E94zSpUGszIuQjtXvExkLtR6GvukMGfb1by8X//NaKQYnnUxESYoQ8cmiIJUUY5oHRbtCAUc5NIRxJcxfKe8zxTiaOAsmBPf3yX9Js2K7R3b1olqqnU3jWCI7ZJeUiUuOSY2ckTppEE7uyAN5Is/WvfVovVivk9YZazqzTX7Aev8EVs6d9Q==</latexit>

e1, e2, e3, e4 of P (K4) s.t.
<latexit sha1_base64="UM3q04ZEn11e659m+A7xNUahljY=">AAACBHicbVDLSgMxFL3js9bXqMtugkWoUMpMKepGKLjpsoJ9QDuUTJq2oZnMkGSEMnThxl9x40IRt36EO//GtB1EW88lcDjnXm7u8SPOlHacL2ttfWNzazuzk93d2z84tI+OmyqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryxzczv3VPpWKhuNOTiHoBHgo2YARrI/XsHEbXqFAuLqqL3OJPnffsvFNy5kCrxE1JHlLUe/Zntx+SOKBCE46V6rhOpL0ES80Ip9NsN1Y0wmSMh7RjqMABVV4yP2KKzozSR4NQmic0mqu/JxIcKDUJfNMZYD1Sy95M/M/rxHpw5SVMRLGmgiwWDWKOdIhmiaA+k5RoPjEEE8nMXxEZYYmJNrllTQju8smrpFkuuRelym0lX62lcWQgB6dQABcuoQo1qEMDCDzAE7zAq/VoPVtv1vuidc1KZ07gD6yPb4Gyku0=</latexit>

a = (2, 2, 2, 2, 1, 1, 1, 1, 1, 1)
<latexit sha1_base64="Wrs8HBHpnUelm5+cWyEr1XYfeg8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4KXgpYL9gHYp2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJbWxube/kdwt7+weHR8Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLmd+50nqjST4sFMY+pHeCRYyAg2Vmo3y3cDcTkoltyKuwBaJ15GSpChOSh+9YeSJBEVhnCsdc9zY+OnWBlGOJ0V+ommMSYTPKI9SwWOqPbTxbUzdGGVIQqlsiUMWqi/J1IcaT2NAtsZYTPWq95c/M/rJSa88VMm4sRQQZaLwoQjI9H8dTRkihLDp5Zgopi9FZExVpgYG1DBhuCtvrxO2lcVr1ap3ldL9UYWRx7O4BzK4ME11KEBTWgBgUd4hld4c6Tz4rw7H8vWnJPNnMIfOJ8/jmuOfg==</latexit>

P (Kn)
<latexit sha1_base64="4IXhfdUY1anssNNOrIGi6zipDJk=">AAACBXicbVDLSgMxFL1TX7W+Rl3qIliEClJmSlE3QsFNlxXsA9qhZNK0Dc1khiQjlKEbN/6KGxeKuPUf3Pk3pu0I2nougcM593Jzjx9xprTjfFmZldW19Y3sZm5re2d3z94/aKgwloTWSchD2fKxopwJWtdMc9qKJMWBz2nTH91M/eY9lYqF4k6PI+oFeCBYnxGsjdS1jzG6RoXS+bxQB/1QU2ddO+8UnRnQMnFTkocUta792emFJA6o0IRjpdquE2kvwVIzwukk14kVjTAZ4QFtGypwQJWXzK6YoFOj9FA/lOYJjWbq74kEB0qNA990BlgP1aI3Ff/z2rHuX3kJE1GsqSDzRf2YIx2iaSSoxyQlmo8NwUQy81dEhlhiok1wOROCu3jyMmmUiu5FsXxbzleqaRxZOIITKIALl1CBKtSgDgQe4Ale4NV6tJ6tN+t93pqx0plD+APr4xvk45Md</latexit>

a = (2, 2, 2, 2, 2, 2, 2, 2, 2, 2)

and arbitrary bundles



The complete graph

13

Example. 
                         There are edges  
                                     is the sum of midpoints, but not sum of vertices.

(         is not IDP for n  4)≥

CE is still guaranteed to exist:

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

<latexit sha1_base64="Xe3Hzj86K7WS6DYbqF5prnBZ0OY=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiVCnDTCnqRii4sOCmgr1AOw6ZNNOGZi4kGaEMXbjxVdy4UMStD+HOtzGdzkJbDwl8/P85JOd3I0aFNM1vLbeyura+kd8sbG3v7O7p+wdtEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHHVzO/80C4oGFwJycRsX00DKhHMZJKcvTiNbyEN06tAtH9qcJytQLTUz0xHL1kGmZacBmsDEogq6ajf/UHIY59EkjMkBA9y4yknSAuKWZkWujHgkQIj9GQ9BQGyCfCTtIlpvBYKQPohVzdQMJU/T2RIF+Iie+qTh/JkVj0ZuJ/Xi+W3oWd0CCKJQnw/CEvZlCGcJYIHFBOsGQTBQhzqv4K8QhxhKXKraBCsBZXXoZ21bDOjNptrVRvZHHkQREcgTKwwDmogwZoghbA4BE8g1fwpj1pL9q79jFvzWnZzCH4U9rnD9+Wkyc=</latexit>

G = K4, a
⇤ = (2, 2, 2, 2).

<latexit sha1_base64="a6GjD2obQtGUaH56Y5C578Ra2Ek=">AAACG3icbVDLSgNBEJz1bXxFPXoZDEIEWXZjUI8BL4KXCCYKSVhmJ73JkNkHM71iWPIfXvwVLx4U8SR48G+cTSL4KpimqOqmp8tPpNDoOB/WzOzc/MLi0nJhZXVtfaO4udXUcao4NHgsY3XtMw1SRNBAgRKuEwUs9CVc+YPT3L+6AaVFHF3iMIFOyHqRCARnaCSvWAHPPaDgVfJymJcqbSPcYkbjgI5ovXzuVfe/JG2jPfKKJcd2xqB/iTslJTJF3Su+tbsxT0OIkEumdct1EuxkTKHgEkaFdqohYXzAetAyNGIh6E42vm1E94zSpUGszIuQjtXvExkLtR6GvukMGfb1by8X//NaKQYnnUxESYoQ8cmiIJUUY5oHRbtCAUc5NIRxJcxfKe8zxTiaOAsmBPf3yX9Js2K7R3b1olqqnU3jWCI7ZJeUiUuOSY2ckTppEE7uyAN5Is/WvfVovVivk9YZazqzTX7Aev8EVs6d9Q==</latexit>

e1, e2, e3, e4 of P (K4) s.t.
<latexit sha1_base64="UM3q04ZEn11e659m+A7xNUahljY=">AAACBHicbVDLSgMxFL3js9bXqMtugkWoUMpMKepGKLjpsoJ9QDuUTJq2oZnMkGSEMnThxl9x40IRt36EO//GtB1EW88lcDjnXm7u8SPOlHacL2ttfWNzazuzk93d2z84tI+OmyqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryxzczv3VPpWKhuNOTiHoBHgo2YARrI/XsHEbXqFAuLqqL3OJPnffsvFNy5kCrxE1JHlLUe/Zntx+SOKBCE46V6rhOpL0ES80Ip9NsN1Y0wmSMh7RjqMABVV4yP2KKzozSR4NQmic0mqu/JxIcKDUJfNMZYD1Sy95M/M/rxHpw5SVMRLGmgiwWDWKOdIhmiaA+k5RoPjEEE8nMXxEZYYmJNrllTQju8smrpFkuuRelym0lX62lcWQgB6dQABcuoQo1qEMDCDzAE7zAq/VoPVtv1vuidc1KZ07gD6yPb4Gyku0=</latexit>

a = (2, 2, 2, 2, 1, 1, 1, 1, 1, 1)
<latexit sha1_base64="Wrs8HBHpnUelm5+cWyEr1XYfeg8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4KXgpYL9gHYp2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJbWxube/kdwt7+weHR8Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLmd+50nqjST4sFMY+pHeCRYyAg2Vmo3y3cDcTkoltyKuwBaJ15GSpChOSh+9YeSJBEVhnCsdc9zY+OnWBlGOJ0V+ommMSYTPKI9SwWOqPbTxbUzdGGVIQqlsiUMWqi/J1IcaT2NAtsZYTPWq95c/M/rJSa88VMm4sRQQZaLwoQjI9H8dTRkihLDp5Zgopi9FZExVpgYG1DBhuCtvrxO2lcVr1ap3ldL9UYWRx7O4BzK4ME11KEBTWgBgUd4hld4c6Tz4rw7H8vWnJPNnMIfOJ8/jmuOfg==</latexit>

P (Kn)
<latexit sha1_base64="4IXhfdUY1anssNNOrIGi6zipDJk=">AAACBXicbVDLSgMxFL1TX7W+Rl3qIliEClJmSlE3QsFNlxXsA9qhZNK0Dc1khiQjlKEbN/6KGxeKuPUf3Pk3pu0I2nougcM593Jzjx9xprTjfFmZldW19Y3sZm5re2d3z94/aKgwloTWSchD2fKxopwJWtdMc9qKJMWBz2nTH91M/eY9lYqF4k6PI+oFeCBYnxGsjdS1jzG6RoXS+bxQB/1QU2ddO+8UnRnQMnFTkocUta792emFJA6o0IRjpdquE2kvwVIzwukk14kVjTAZ4QFtGypwQJWXzK6YoFOj9FA/lOYJjWbq74kEB0qNA990BlgP1aI3Ff/z2rHuX3kJE1GsqSDzRf2YIx2iaSSoxyQlmo8NwUQy81dEhlhiok1wOROCu3jyMmmUiu5FsXxbzleqaRxZOIITKIALl1CBKtSgDgQe4Ale4NV6tJ6tN+t93pqx0plD+APr4xvk45Md</latexit>

a = (2, 2, 2, 2, 2, 2, 2, 2, 2, 2)

<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).

and arbitrary bundles
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where CE might not exist
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Example.

where CE might not exist



Other graphs

14

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



Comparison: classical approach
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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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Thank you!


