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Network economics today



Decision Making under 
Uncertainty

Decision Maker = Choose between different Lotteries

probability 0.1 0.2 0.15 0.1 0.25 0.2

outcome 10 5 2 0 -1 -3
L1 =

probability 0.15 0.05 0.6 0.2

outcome 8 5 -1 -2
L2 =



Lottery with higher Expected Utility is preferred.

Expected Utility Theory (EUT)
(Von Neumann-Morgenstern 1947)

probability 0.1 0.2 0.15 0.1 0.25 0.2

outcome 10 5 2 0 -1 -3
utility
𝑢𝑢(𝑥𝑥)

Outcome
𝑥𝑥

𝑈𝑈(𝐿𝐿) = 0.1𝑢𝑢(10) + 0.2𝑢𝑢(5) + 0.15𝑢𝑢(2) + 0.1𝑢𝑢(0)
+0.25𝑢𝑢(−1) + 0.2𝑢𝑢(−3)

Expected utility of lottery L

Utility function

Lottery



Allais Paradox 
(1953)

Allais
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Allais Paradox 
(1953)

Allais

People often do NOT follow EUT!



Behavioral Aspects



Cumulative Prospect 
Theory (CPT)

r 2 R
Reference Point 

Gains  : Outcomes          

Losses: Outcomes   < r

� r

Kahneman Tversky

Kahneman - Tversky Cumulative Prospect Theory (1992)



Cumulative Prospect 
Theory (CPT)

r 2 R
Reference Point 

Gains  : Outcomes          

Losses: Outcomes   < r

� r

Value Function 

1.          is continuous in    

2.                      

3. it is strictly increasing in         

x

x

Outcome

x

value 𝑣

reference point

(r, 0)

Losses

Gains

v : R ! R
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v(x)
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v(r) = 0
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Kahneman Tversky

Kahneman - Tversky Cumulative Prospect Theory (1992)



Probability Weighting Functions 

 Gains                         Losses

1. they are continuous

2. they are strictly increasing

3.                    and 


w+ : [0, 1] ! [0, 1] w� : [0, 1] ! [0, 1]

w±(0) = 0 w±(1) = 1
probability


p

weighted probability
w±

0 1

1

Cumulative Prospect 
Theory (CPT)

Kahneman Tversky

Kahneman - Tversky Cumulative Prospect Theory (1992)



Cumulative Prospect 
Theory (CPT)

Suppose                             r = 0

CPT Value of Lottery L

L = probability 0.1 0.2 0.15 0.1 0.25 0.2

outcome 10 5 2 0 -1 -3

Gains Losses

V (L) = V gain(L) + V loss(L)
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V gain(L) = v(10)[w+(0.1)] + v(5)[w+(0.1 + 0.2)� w+(0.1)]

+ v(2)[w+(0.1 + 0.2 + 0.15)� w+(0.1 + 0.2)]
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V loss(L) = v(�3)[w�(0.2)] + v(�1)[w�(0.2 + 0.25)� w�(0.2)]
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Allais Paradox Resolved

Suppose 𝑟 = $1 million


𝒱(Lottery 1A) = 0

𝒱(Lottery 1B) = 𝑣(4)𝓌+(0.10) + 𝑣(-1)𝓌-(0.01)


𝒱(Lottery 2A) = 𝑣(-1)𝓌-(0.89)

𝒱(Lottery 2B) = 𝑣(4)𝓌+(0.1) + 𝑣(-1)𝓌-(0.90)

Value Function

Weighting Function



























































































NE and CE (CPT)

Theorem (P., Anantharam 2017) 
The CPT Nash equilibria all lie on the boundary of the CPT 
correlated equilibria set.

Proof sketch
1. Only need to focus on completely mixed CPT NE.
2. CPT Nash equilibrium satisfies all of the incentive constraints with equality. 
3. There exists a direction in the probability space along which at least one 

incentive constraint is violated.
4. Thus CPT Nash equilibria cannot have a ball around it that is completely 

contained inside the set of CPT correlated equilibria.

NECP T (Γ) = ∆∗(A) ∩ C(Γ)
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A Useful Lemma
Two distinct lotteries (let pj > 0 for j=1,…,t) 


that satisfy either of the two properties

1. they are not similarly ranked or

2. neither of them dominates the other


then ∃ a direction δ = (δ1, … , δn), Σ δi = 0 such that


probability . . .

outcome . . .
L1 =

p1

x1

p2 pt

xtx2

probability . . .

outcome . . .

p1 p2 pt
L2 =

y1 y2 yt

V (p+ ✏�, x)� V (p+ ✏�, y) < V (p, x)� V (p, y)
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Outline
• Cumulative Prospect Theory (CPT)


• CPT Equilibrium Concepts - Nash and Correlated 
equilibrium


• Results on the Geometry of CPT Equilibrium Notions


• Learning in CPT Games



Learning in Games



Learning in Games
• Neoclassical economics: 

• hyper-rational players,

• completely understand the structure of the game,

• have a coherent model of others’ behavior, 

• make rational calculations of infinite complexity, 

• and all of this is common knowledge



Learning in Games
• Neoclassical economics: 

• hyper-rational players,

• completely understand the structure of the game,

• have a coherent model of others’ behavior, 

• make rational calculations of infinite complexity, 

• and all of this is common knowledge

• Learning in Games:

• boundedly-rational players,

• players make decisions on limited data,

• and use simple predictive models



Learning in Games
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“recovered” via this route. 
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Learning in Games
• Classical solution concepts (like NE and CE) can be 

“recovered” via this route. 

• Examples: 

• Fictitious play: Nash Equilibrium in zero sum games, 

potential games, 2x2 games

• Calibrated learning, Adaptive heuristics, Follow the 

perturbed leader: Correlated Equilibrium

• Question: What if the players behave according to 
CPT?



Repeated games
• A Game Γ is played repeatedly at each step t = 1,2,…


• Player i’s action sequence: 


• Action profile at step t: 


• History at step t:


• Randomized strategy sequence for player i at step t: 

• Empirical distribution at step t:
�
t
i : H

t ! �(Ai)
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at = (at1, . . . , a
t
n)
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H
t = (a1, a2, . . . , at�1)

<latexit sha1_base64="Hf6tNaeH1o797At7mD9eBxfmSAo=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiVKhlpgi6EYpuuqxgL9BOSybNtKGZC8kZoQxdufFV3LhQxK3P4M63MW1noa0/BD7+c06S87uR4Aos69vIrKyurW9kN3Nb2zu7e+b+QUOFsaSsTkMRypZLFBM8YHXgIFgrkoz4rmBNd3Q7rTcfmFQ8DO5hHDHHJ4OAe5wS0FbPPK52AV/jAunaRdItFzv9EJSmBM7tyVnPzFslaya8DHYKeZSq1jO/9AU09lkAVBCl2rYVgZMQCZwKNsl1YsUiQkdkwNoaA+Iz5SSzNSb4VDt97IVSnwDwzP09kRBfqbHv6k6fwFAt1qbmf7V2DN6Vk/AgioEFdP6QFwsMIZ5mgvtcMgpirIFQyfVfMR0SSSjo5HI6BHtx5WVolEu2VbLvLvKVmzSOLDpCJ6iAbHSJKqiKaqiOKHpEz+gVvRlPxovxbnzMWzNGOnOI/sj4/AGzV5a5</latexit><latexit sha1_base64="Hf6tNaeH1o797At7mD9eBxfmSAo=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiVKhlpgi6EYpuuqxgL9BOSybNtKGZC8kZoQxdufFV3LhQxK3P4M63MW1noa0/BD7+c06S87uR4Aos69vIrKyurW9kN3Nb2zu7e+b+QUOFsaSsTkMRypZLFBM8YHXgIFgrkoz4rmBNd3Q7rTcfmFQ8DO5hHDHHJ4OAe5wS0FbPPK52AV/jAunaRdItFzv9EJSmBM7tyVnPzFslaya8DHYKeZSq1jO/9AU09lkAVBCl2rYVgZMQCZwKNsl1YsUiQkdkwNoaA+Iz5SSzNSb4VDt97IVSnwDwzP09kRBfqbHv6k6fwFAt1qbmf7V2DN6Vk/AgioEFdP6QFwsMIZ5mgvtcMgpirIFQyfVfMR0SSSjo5HI6BHtx5WVolEu2VbLvLvKVmzSOLDpCJ6iAbHSJKqiKaqiOKHpEz+gVvRlPxovxbnzMWzNGOnOI/sj4/AGzV5a5</latexit><latexit sha1_base64="Hf6tNaeH1o797At7mD9eBxfmSAo=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiVKhlpgi6EYpuuqxgL9BOSybNtKGZC8kZoQxdufFV3LhQxK3P4M63MW1noa0/BD7+c06S87uR4Aos69vIrKyurW9kN3Nb2zu7e+b+QUOFsaSsTkMRypZLFBM8YHXgIFgrkoz4rmBNd3Q7rTcfmFQ8DO5hHDHHJ4OAe5wS0FbPPK52AV/jAunaRdItFzv9EJSmBM7tyVnPzFslaya8DHYKeZSq1jO/9AU09lkAVBCl2rYVgZMQCZwKNsl1YsUiQkdkwNoaA+Iz5SSzNSb4VDt97IVSnwDwzP09kRBfqbHv6k6fwFAt1qbmf7V2DN6Vk/AgioEFdP6QFwsMIZ5mgvtcMgpirIFQyfVfMR0SSSjo5HI6BHtx5WVolEu2VbLvLvKVmzSOLDpCJ6iAbHSJKqiKaqiOKHpEz+gVvRlPxovxbnzMWzNGOnOI/sj4/AGzV5a5</latexit><latexit sha1_base64="Hf6tNaeH1o797At7mD9eBxfmSAo=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiVKhlpgi6EYpuuqxgL9BOSybNtKGZC8kZoQxdufFV3LhQxK3P4M63MW1noa0/BD7+c06S87uR4Aos69vIrKyurW9kN3Nb2zu7e+b+QUOFsaSsTkMRypZLFBM8YHXgIFgrkoz4rmBNd3Q7rTcfmFQ8DO5hHDHHJ4OAe5wS0FbPPK52AV/jAunaRdItFzv9EJSmBM7tyVnPzFslaya8DHYKeZSq1jO/9AU09lkAVBCl2rYVgZMQCZwKNsl1YsUiQkdkwNoaA+Iz5SSzNSb4VDt97IVSnwDwzP09kRBfqbHv6k6fwFAt1qbmf7V2DN6Vk/AgioEFdP6QFwsMIZ5mgvtcMgpirIFQyfVfMR0SSSjo5HI6BHtx5WVolEu2VbLvLvKVmzSOLDpCJ6iAbHSJKqiKaqiOKHpEz+gVvRlPxovxbnzMWzNGOnOI/sj4/AGzV5a5</latexit>

⇠t
<latexit sha1_base64="GE/cs3C4fhypwiW+flRm2fvC7jA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIU2ls120y7dbMLuRCyhv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0M/Vbj1wbkah7HKc8iOlAiUgwilbyu0/iAXuVqltzZyDLxCtIFQo0epWvbj9hWcwVMkmN6XhuikFONQom+aTczQxPKRvRAe9YqmjMTZDPjp2QU6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPRz0heaM5RjSyjTwt5K2JBqytDmU7YheIsvL5Pmec1za97dRbV+XcRRgmM4gTPw4BLqcAsN8IGBgGd4hTdHOS/Ou/Mxb11xipkj+APn8wfm5o67</latexit><latexit sha1_base64="GE/cs3C4fhypwiW+flRm2fvC7jA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIU2ls120y7dbMLuRCyhv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0M/Vbj1wbkah7HKc8iOlAiUgwilbyu0/iAXuVqltzZyDLxCtIFQo0epWvbj9hWcwVMkmN6XhuikFONQom+aTczQxPKRvRAe9YqmjMTZDPjp2QU6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPRz0heaM5RjSyjTwt5K2JBqytDmU7YheIsvL5Pmec1za97dRbV+XcRRgmM4gTPw4BLqcAsN8IGBgGd4hTdHOS/Ou/Mxb11xipkj+APn8wfm5o67</latexit><latexit sha1_base64="GE/cs3C4fhypwiW+flRm2fvC7jA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIU2ls120y7dbMLuRCyhv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0M/Vbj1wbkah7HKc8iOlAiUgwilbyu0/iAXuVqltzZyDLxCtIFQo0epWvbj9hWcwVMkmN6XhuikFONQom+aTczQxPKRvRAe9YqmjMTZDPjp2QU6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPRz0heaM5RjSyjTwt5K2JBqytDmU7YheIsvL5Pmec1za97dRbV+XcRRgmM4gTPw4BLqcAsN8IGBgGd4hTdHOS/Ou/Mxb11xipkj+APn8wfm5o67</latexit><latexit sha1_base64="GE/cs3C4fhypwiW+flRm2fvC7jA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIU2ls120y7dbMLuRCyhv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0M/Vbj1wbkah7HKc8iOlAiUgwilbyu0/iAXuVqltzZyDLxCtIFQo0epWvbj9hWcwVMkmN6XhuikFONQom+aTczQxPKRvRAe9YqmjMTZDPjp2QU6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPRz0heaM5RjSyjTwt5K2JBqytDmU7YheIsvL5Pmec1za97dRbV+XcRRgmM4gTPw4BLqcAsN8IGBgGd4hTdHOS/Ou/Mxb11xipkj+APn8wfm5o67</latexit>

⇠
t(a) =

#action profile a appears in H
t

t� 1
<latexit sha1_base64="hlsuXwD18T7FpOo7PaEQRE7rJJw="></latexit><latexit sha1_base64="hlsuXwD18T7FpOo7PaEQRE7rJJw="></latexit><latexit sha1_base64="hlsuXwD18T7FpOo7PaEQRE7rJJw="></latexit><latexit sha1_base64="hlsuXwD18T7FpOo7PaEQRE7rJJw="></latexit>



Foster Vohra 
result

• At every step t, each player i predicts a distribution  
on the action profile of the other players.


• Based on this prediction she plays a best EUT response 

µt
�i 2 �(A�i)

<latexit sha1_base64="S4fT3EujYljedPzQmDo49bPXFD8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBF3Wx8JlBfuAJpbJdNoOnUzCzI1QQldu/BU3LhRx6ze482+ctllo64ELh3Pu5d57glhwDY7zbeUWFpeWV/KrhbX1jc0te3unrqNEUVajkYhUMyCaCS5ZDTgI1owVI2EgWCMYXI39xgNTmkfyDoYx80PSk7zLKQEjte19L0za6TEf3QP2uMTeNRNAShcT7ahtF52yMwGeJ25GiihDtW1/eZ2IJiGTQAXRuuU6MfgpUcCpYKOCl2gWEzogPdYyVJKQaT+dvDHCh0bp4G6kTEnAE/X3REpCrYdhYDpDAn09643F/7xWAt1zP+UyToBJOl3UTQSGCI8zwR2uGAUxNIRQxc2tmPaJIhRMcgUTgjv78jypn5Rdp+zenhYrl1kcebSHDlAJuegMVdANqqIaougRPaNX9GY9WS/Wu/Uxbc1Z2cwu+gPr8wfDipgC</latexit><latexit sha1_base64="S4fT3EujYljedPzQmDo49bPXFD8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBF3Wx8JlBfuAJpbJdNoOnUzCzI1QQldu/BU3LhRx6ze482+ctllo64ELh3Pu5d57glhwDY7zbeUWFpeWV/KrhbX1jc0te3unrqNEUVajkYhUMyCaCS5ZDTgI1owVI2EgWCMYXI39xgNTmkfyDoYx80PSk7zLKQEjte19L0za6TEf3QP2uMTeNRNAShcT7ahtF52yMwGeJ25GiihDtW1/eZ2IJiGTQAXRuuU6MfgpUcCpYKOCl2gWEzogPdYyVJKQaT+dvDHCh0bp4G6kTEnAE/X3REpCrYdhYDpDAn09643F/7xWAt1zP+UyToBJOl3UTQSGCI8zwR2uGAUxNIRQxc2tmPaJIhRMcgUTgjv78jypn5Rdp+zenhYrl1kcebSHDlAJuegMVdANqqIaougRPaNX9GY9WS/Wu/Uxbc1Z2cwu+gPr8wfDipgC</latexit><latexit sha1_base64="S4fT3EujYljedPzQmDo49bPXFD8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBF3Wx8JlBfuAJpbJdNoOnUzCzI1QQldu/BU3LhRx6ze482+ctllo64ELh3Pu5d57glhwDY7zbeUWFpeWV/KrhbX1jc0te3unrqNEUVajkYhUMyCaCS5ZDTgI1owVI2EgWCMYXI39xgNTmkfyDoYx80PSk7zLKQEjte19L0za6TEf3QP2uMTeNRNAShcT7ahtF52yMwGeJ25GiihDtW1/eZ2IJiGTQAXRuuU6MfgpUcCpYKOCl2gWEzogPdYyVJKQaT+dvDHCh0bp4G6kTEnAE/X3REpCrYdhYDpDAn09643F/7xWAt1zP+UyToBJOl3UTQSGCI8zwR2uGAUxNIRQxc2tmPaJIhRMcgUTgjv78jypn5Rdp+zenhYrl1kcebSHDlAJuegMVdANqqIaougRPaNX9GY9WS/Wu/Uxbc1Z2cwu+gPr8wfDipgC</latexit><latexit sha1_base64="S4fT3EujYljedPzQmDo49bPXFD8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBF3Wx8JlBfuAJpbJdNoOnUzCzI1QQldu/BU3LhRx6ze482+ctllo64ELh3Pu5d57glhwDY7zbeUWFpeWV/KrhbX1jc0te3unrqNEUVajkYhUMyCaCS5ZDTgI1owVI2EgWCMYXI39xgNTmkfyDoYx80PSk7zLKQEjte19L0za6TEf3QP2uMTeNRNAShcT7ahtF52yMwGeJ25GiihDtW1/eZ2IJiGTQAXRuuU6MfgpUcCpYKOCl2gWEzogPdYyVJKQaT+dvDHCh0bp4G6kTEnAE/X3REpCrYdhYDpDAn09643F/7xWAt1zP+UyToBJOl3UTQSGCI8zwR2uGAUxNIRQxc2tmPaJIhRMcgUTgjv78jypn5Rdp+zenhYrl1kcebSHDlAJuegMVdANqqIaougRPaNX9GY9WS/Wu/Uxbc1Z2cwu+gPr8wfDipgC</latexit>

ati
<latexit sha1_base64="GVtCmgBOjGSyzN57aDNq08b+XUA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20sWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrJp33xiP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHIX46n</latexit><latexit sha1_base64="GVtCmgBOjGSyzN57aDNq08b+XUA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20sWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrJp33xiP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHIX46n</latexit><latexit sha1_base64="GVtCmgBOjGSyzN57aDNq08b+XUA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20sWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrJp33xiP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHIX46n</latexit><latexit sha1_base64="GVtCmgBOjGSyzN57aDNq08b+XUA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20sWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrJp33xiP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHIX46n</latexit>

Foster

Vohra



Foster Vohra 
result

• At every step t, each player i predicts a distribution  
on the action profile of the other players.


• Based on this prediction she plays a best EUT response 

µt
�i 2 �(A�i)

<latexit sha1_base64="S4fT3EujYljedPzQmDo49bPXFD8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBF3Wx8JlBfuAJpbJdNoOnUzCzI1QQldu/BU3LhRx6ze482+ctllo64ELh3Pu5d57glhwDY7zbeUWFpeWV/KrhbX1jc0te3unrqNEUVajkYhUMyCaCS5ZDTgI1owVI2EgWCMYXI39xgNTmkfyDoYx80PSk7zLKQEjte19L0za6TEf3QP2uMTeNRNAShcT7ahtF52yMwGeJ25GiihDtW1/eZ2IJiGTQAXRuuU6MfgpUcCpYKOCl2gWEzogPdYyVJKQaT+dvDHCh0bp4G6kTEnAE/X3REpCrYdhYDpDAn09643F/7xWAt1zP+UyToBJOl3UTQSGCI8zwR2uGAUxNIRQxc2tmPaJIhRMcgUTgjv78jypn5Rdp+zenhYrl1kcebSHDlAJuegMVdANqqIaougRPaNX9GY9WS/Wu/Uxbc1Z2cwu+gPr8wfDipgC</latexit><latexit sha1_base64="S4fT3EujYljedPzQmDo49bPXFD8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBF3Wx8JlBfuAJpbJdNoOnUzCzI1QQldu/BU3LhRx6ze482+ctllo64ELh3Pu5d57glhwDY7zbeUWFpeWV/KrhbX1jc0te3unrqNEUVajkYhUMyCaCS5ZDTgI1owVI2EgWCMYXI39xgNTmkfyDoYx80PSk7zLKQEjte19L0za6TEf3QP2uMTeNRNAShcT7ahtF52yMwGeJ25GiihDtW1/eZ2IJiGTQAXRuuU6MfgpUcCpYKOCl2gWEzogPdYyVJKQaT+dvDHCh0bp4G6kTEnAE/X3REpCrYdhYDpDAn09643F/7xWAt1zP+UyToBJOl3UTQSGCI8zwR2uGAUxNIRQxc2tmPaJIhRMcgUTgjv78jypn5Rdp+zenhYrl1kcebSHDlAJuegMVdANqqIaougRPaNX9GY9WS/Wu/Uxbc1Z2cwu+gPr8wfDipgC</latexit><latexit sha1_base64="S4fT3EujYljedPzQmDo49bPXFD8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBF3Wx8JlBfuAJpbJdNoOnUzCzI1QQldu/BU3LhRx6ze482+ctllo64ELh3Pu5d57glhwDY7zbeUWFpeWV/KrhbX1jc0te3unrqNEUVajkYhUMyCaCS5ZDTgI1owVI2EgWCMYXI39xgNTmkfyDoYx80PSk7zLKQEjte19L0za6TEf3QP2uMTeNRNAShcT7ahtF52yMwGeJ25GiihDtW1/eZ2IJiGTQAXRuuU6MfgpUcCpYKOCl2gWEzogPdYyVJKQaT+dvDHCh0bp4G6kTEnAE/X3REpCrYdhYDpDAn09643F/7xWAt1zP+UyToBJOl3UTQSGCI8zwR2uGAUxNIRQxc2tmPaJIhRMcgUTgjv78jypn5Rdp+zenhYrl1kcebSHDlAJuegMVdANqqIaougRPaNX9GY9WS/Wu/Uxbc1Z2cwu+gPr8wfDipgC</latexit><latexit sha1_base64="S4fT3EujYljedPzQmDo49bPXFD8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBF3Wx8JlBfuAJpbJdNoOnUzCzI1QQldu/BU3LhRx6ze482+ctllo64ELh3Pu5d57glhwDY7zbeUWFpeWV/KrhbX1jc0te3unrqNEUVajkYhUMyCaCS5ZDTgI1owVI2EgWCMYXI39xgNTmkfyDoYx80PSk7zLKQEjte19L0za6TEf3QP2uMTeNRNAShcT7ahtF52yMwGeJ25GiihDtW1/eZ2IJiGTQAXRuuU6MfgpUcCpYKOCl2gWEzogPdYyVJKQaT+dvDHCh0bp4G6kTEnAE/X3REpCrYdhYDpDAn09643F/7xWAt1zP+UyToBJOl3UTQSGCI8zwR2uGAUxNIRQxc2tmPaJIhRMcgUTgjv78jypn5Rdp+zenhYrl1kcebSHDlAJuegMVdANqqIaougRPaNX9GY9WS/Wu/Uxbc1Z2cwu+gPr8wfDipgC</latexit>

ati
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Theorem (Foster, Vohra 1997) 
If each players’ predictions are calibrated, then the 
Empirical Distribution of play convergence to the set of 
correlated equilibria.


lim
t!1

d(⇠t, CEUT (�)) = 0
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Calibrated Prediction
Nature vs Forecaster

Step 1 2 3 4 5 6 7 8 …
Nature 0 1 1 0 0 0 1 0 …

Forecaster 10% 70% 80% 30% 10% 10% 80% 30% …

Nature: y1,y2, … ϵ S.
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lim
t!1

X

q2Qt

|⇢(q, y, t)� q(y)|N(q, t)

t
= 0 for all y 2 S,
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Example of CPT calibrated 
learning

I II III IV
0 2β,1 β+1,1 0,1 1,1
1 1.99,0 1.99,0 1.99,0 1.99,0

Player 2/Player 3

Player 1

• If Player 2 Action ≠ Player 3 Action then all players 
receive a payoff of -1.


• If Player 2 action = player 3 action then Player 1 receives 
first payoff shown in table and players 2 and 3 each 
receive the second payoff.



Non convergence of Calibrated 
learning to CPT correlated equilibrium

µodd = (0.5, 0, 0.5, 0)
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µeven = (0, 0.5, 0, 0.5)
<latexit sha1_base64="I2PU5oln9zruhyQ8iCrdrVVxrT4=">AAACA3icbVDLSgMxFM34rPVVdaebYBEqlDIjim6EohuXFewD2jJk0jttaJIZkkyhDAU3/oobF4q49Sfc+Temj4W2HriXwzn3ktwTxJxp47rfztLyyuraemYju7m1vbOb29uv6ShRFKo04pFqBEQDZxKqhhkOjVgBEQGHetC/Hfv1ASjNIvlghjG0BelKFjJKjJX83GFLJH4KA5AjfI0LbtEtXRQn/dTP5d2SOwFeJN6M5NEMFT/31epENBEgDeVE66bnxqadEmUY5TDKthINMaF90oWmpZII0O10csMIn1ilg8NI2ZIGT9TfGykRWg9FYCcFMT09743F/7xmYsKrdspknBiQdPpQmHBsIjwOBHeYAmr40BJCFbN/xbRHFKHGxpa1IXjzJy+S2lnJc0ve/Xm+fDOLI4OO0DEqIA9dojK6QxVURRQ9omf0it6cJ+fFeXc+pqNLzmznAP2B8/kDd3yUyg==</latexit><latexit sha1_base64="I2PU5oln9zruhyQ8iCrdrVVxrT4=">AAACA3icbVDLSgMxFM34rPVVdaebYBEqlDIjim6EohuXFewD2jJk0jttaJIZkkyhDAU3/oobF4q49Sfc+Temj4W2HriXwzn3ktwTxJxp47rfztLyyuraemYju7m1vbOb29uv6ShRFKo04pFqBEQDZxKqhhkOjVgBEQGHetC/Hfv1ASjNIvlghjG0BelKFjJKjJX83GFLJH4KA5AjfI0LbtEtXRQn/dTP5d2SOwFeJN6M5NEMFT/31epENBEgDeVE66bnxqadEmUY5TDKthINMaF90oWmpZII0O10csMIn1ilg8NI2ZIGT9TfGykRWg9FYCcFMT09743F/7xmYsKrdspknBiQdPpQmHBsIjwOBHeYAmr40BJCFbN/xbRHFKHGxpa1IXjzJy+S2lnJc0ve/Xm+fDOLI4OO0DEqIA9dojK6QxVURRQ9omf0it6cJ+fFeXc+pqNLzmznAP2B8/kDd3yUyg==</latexit><latexit sha1_base64="I2PU5oln9zruhyQ8iCrdrVVxrT4=">AAACA3icbVDLSgMxFM34rPVVdaebYBEqlDIjim6EohuXFewD2jJk0jttaJIZkkyhDAU3/oobF4q49Sfc+Temj4W2HriXwzn3ktwTxJxp47rfztLyyuraemYju7m1vbOb29uv6ShRFKo04pFqBEQDZxKqhhkOjVgBEQGHetC/Hfv1ASjNIvlghjG0BelKFjJKjJX83GFLJH4KA5AjfI0LbtEtXRQn/dTP5d2SOwFeJN6M5NEMFT/31epENBEgDeVE66bnxqadEmUY5TDKthINMaF90oWmpZII0O10csMIn1ilg8NI2ZIGT9TfGykRWg9FYCcFMT09743F/7xmYsKrdspknBiQdPpQmHBsIjwOBHeYAmr40BJCFbN/xbRHFKHGxpa1IXjzJy+S2lnJc0ve/Xm+fDOLI4OO0DEqIA9dojK6QxVURRQ9omf0it6cJ+fFeXc+pqNLzmznAP2B8/kDd3yUyg==</latexit><latexit sha1_base64="I2PU5oln9zruhyQ8iCrdrVVxrT4=">AAACA3icbVDLSgMxFM34rPVVdaebYBEqlDIjim6EohuXFewD2jJk0jttaJIZkkyhDAU3/oobF4q49Sfc+Temj4W2HriXwzn3ktwTxJxp47rfztLyyuraemYju7m1vbOb29uv6ShRFKo04pFqBEQDZxKqhhkOjVgBEQGHetC/Hfv1ASjNIvlghjG0BelKFjJKjJX83GFLJH4KA5AjfI0LbtEtXRQn/dTP5d2SOwFeJN6M5NEMFT/31epENBEgDeVE66bnxqadEmUY5TDKthINMaF90oWmpZII0O10csMIn1ilg8NI2ZIGT9TfGykRWg9FYCcFMT09743F/7xmYsKrdspknBiQdPpQmHBsIjwOBHeYAmr40BJCFbN/xbRHFKHGxpa1IXjzJy+S2lnJc0ve/Xm+fDOLI4OO0DEqIA9dojK6QxVURRQ9omf0it6cJ+fFeXc+pqNLzmznAP2B8/kDd3yUyg==</latexit>

Action 0 is player 1’s Best Response to

µunif = (0.25, 0.25, 0.25, 0.25)
<latexit sha1_base64="4JhGYUjxQ4a6DE/U3YFQRBXeGSk="></latexit><latexit sha1_base64="4JhGYUjxQ4a6DE/U3YFQRBXeGSk="></latexit><latexit sha1_base64="4JhGYUjxQ4a6DE/U3YFQRBXeGSk="></latexit><latexit sha1_base64="4JhGYUjxQ4a6DE/U3YFQRBXeGSk="></latexit>

Action 1 is player 1’s Best Response to

Step 1 2 3 4 5 6

Player 1 Action 0 0 0 0 0 0

Player 2 Action I II III IV I II

Player 3 Action I II III IV I II

Player 1 Forecast μodd μeven μodd μeven μodd μeven

I II III IV
0 0.25 0.25 0.25 0.25
1 0 0 0 0



Structure of CE: 
Non-convexity is the issue
C(�, i, ai) ⇢ �(A�i)

<latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit><latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit><latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit><latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit>

: distributions for which action 𝑎𝑖 is

  player 𝑖’s Best Response



Structure of CE: 
Non-convexity is the issue
C(�, i, ai) ⇢ �(A�i)

<latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit><latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit><latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit><latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit>

: distributions for which action 𝑎𝑖 is

  player 𝑖’s Best Response

C(�, i) := {µ 2 �(A)|µ(·|ai) 2 C(�, i, ai), 8ai 2 supp (µi)}
<latexit sha1_base64="JO+6usja5y5WxdLOvsIjI1qsNbA="></latexit><latexit sha1_base64="JO+6usja5y5WxdLOvsIjI1qsNbA="></latexit><latexit sha1_base64="JO+6usja5y5WxdLOvsIjI1qsNbA="></latexit><latexit sha1_base64="JO+6usja5y5WxdLOvsIjI1qsNbA="></latexit>

Distributions for which player 𝑖 has no incentive to deviate



Structure of CE: 
Non-convexity is the issue
C(�, i, ai) ⇢ �(A�i)

<latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit><latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit><latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit><latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit>

: distributions for which action 𝑎𝑖 is

  player 𝑖’s Best Response

C(�) = \i2NC(�, i)
<latexit sha1_base64="8Tc+17lYjBOAbv4mpfQkuJjcV6M="></latexit><latexit sha1_base64="8Tc+17lYjBOAbv4mpfQkuJjcV6M="></latexit><latexit sha1_base64="8Tc+17lYjBOAbv4mpfQkuJjcV6M="></latexit><latexit sha1_base64="8Tc+17lYjBOAbv4mpfQkuJjcV6M="></latexit>

C(�, i) := {µ 2 �(A)|µ(·|ai) 2 C(�, i, ai), 8ai 2 supp (µi)}
<latexit sha1_base64="JO+6usja5y5WxdLOvsIjI1qsNbA="></latexit><latexit sha1_base64="JO+6usja5y5WxdLOvsIjI1qsNbA="></latexit><latexit sha1_base64="JO+6usja5y5WxdLOvsIjI1qsNbA="></latexit><latexit sha1_base64="JO+6usja5y5WxdLOvsIjI1qsNbA="></latexit>

Distributions for which player 𝑖 has no incentive to deviate



Structure of CE: 
Non-convexity is the issue
C(�, i, ai) ⇢ �(A�i)

<latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit><latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit><latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit><latexit sha1_base64="ANoZ4d/dmcdr6Mvoq/RftfY5HOI=">AAACD3icbVDLSgNBEJz1bXxFPXoZDEoEDbsi6NEX6FHBqJANS++ko4Mzu8tMrxCW/IEXf8WLB0W8evXm3ziJOfgqaCiquunuijMlLfn+hzc0PDI6Nj4xWZqanpmdK88vnNs0NwLrIlWpuYzBopIJ1kmSwsvMIOhY4UV8c9DzL27RWJkmZ9TJsKnhKpFtKYCcFJVXD6rhEWgN63IdIrnGQ5vHFomHh6gIqntRsSG7a1G54tf8PvhfEgxIhQ1wEpXfw1Yqco0JCQXWNgI/o2YBhqRQ2C2FucUMxA1cYcPRBDTaZtH/p8tXnNLi7dS4Soj31e8TBWhrOzp2nRro2v72euJ/XiOn9k6zkEmWEybia1E7V5xS3guHt6RBQarjCAgj3a1cXIMBQS7Ckgsh+P3yX3K+WQv8WnC6VdndH8QxwZbYMquygG2zXXbMTlidCXbHHtgTe/buvUfvxXv9ah3yBjOL7Ae8t08uOJrb</latexit>

: distributions for which action 𝑎𝑖 is

  player 𝑖’s Best Response

C(�) = \i2NC(�, i)
<latexit sha1_base64="8Tc+17lYjBOAbv4mpfQkuJjcV6M="></latexit><latexit sha1_base64="8Tc+17lYjBOAbv4mpfQkuJjcV6M="></latexit><latexit sha1_base64="8Tc+17lYjBOAbv4mpfQkuJjcV6M="></latexit><latexit sha1_base64="8Tc+17lYjBOAbv4mpfQkuJjcV6M="></latexit>

D(�) = \i2Nco(C(�, i))
<latexit sha1_base64="ziGnsdCvkZW9gbo5Q2egqx/GniY="></latexit><latexit sha1_base64="ziGnsdCvkZW9gbo5Q2egqx/GniY="></latexit><latexit sha1_base64="ziGnsdCvkZW9gbo5Q2egqx/GniY="></latexit><latexit sha1_base64="ziGnsdCvkZW9gbo5Q2egqx/GniY="></latexit>

C(�, i) := {µ 2 �(A)|µ(·|ai) 2 C(�, i, ai), 8ai 2 supp (µi)}
<latexit sha1_base64="JO+6usja5y5WxdLOvsIjI1qsNbA="></latexit><latexit sha1_base64="JO+6usja5y5WxdLOvsIjI1qsNbA="></latexit><latexit sha1_base64="JO+6usja5y5WxdLOvsIjI1qsNbA="></latexit><latexit sha1_base64="JO+6usja5y5WxdLOvsIjI1qsNbA="></latexit>

Distributions for which player 𝑖 has no incentive to deviate



Mediated Games
Set of playersN = {1, 2, . . . , n}

<latexit sha1_base64="DXQjeiSWjT+46yz6cE326fVyANM=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBRSlJEXQjFN24kgr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y2WWjrgYHDOfdw75wg5kxpx/m2CmvrG5tbxe3Szu7e/oF9eNRWUSIJbZGIR7IbYEU5E7Slmea0G0uKw4DTTjC5mfmdRyoVi8SDTmPqh3gk2JARrI3Ut8t36Ap5mVutV71BpFVVeNO+XXFqzhxolbg5qUCOZt/+MlmShFRowrFSPdeJtZ9hqRnhdFryEkVjTCZ4RHuGChxS5Wfz46fo1CgDNIykeUKjufo7keFQqTQMzGSI9VgtezPxP6+X6OGlnzERJ5oKslg0TDjSEZo1gQZMUqJ5aggmkplbERljiYk2fZVMCe7yl1dJu15znZp7f15pXOd1FOEYTuAMXLiABtxCE1pAIIVneIU368l6sd6tj8VowcozZfgD6/MHYVWTTw==</latexit><latexit sha1_base64="DXQjeiSWjT+46yz6cE326fVyANM=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBRSlJEXQjFN24kgr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y2WWjrgYHDOfdw75wg5kxpx/m2CmvrG5tbxe3Szu7e/oF9eNRWUSIJbZGIR7IbYEU5E7Slmea0G0uKw4DTTjC5mfmdRyoVi8SDTmPqh3gk2JARrI3Ut8t36Ap5mVutV71BpFVVeNO+XXFqzhxolbg5qUCOZt/+MlmShFRowrFSPdeJtZ9hqRnhdFryEkVjTCZ4RHuGChxS5Wfz46fo1CgDNIykeUKjufo7keFQqTQMzGSI9VgtezPxP6+X6OGlnzERJ5oKslg0TDjSEZo1gQZMUqJ5aggmkplbERljiYk2fZVMCe7yl1dJu15znZp7f15pXOd1FOEYTuAMXLiABtxCE1pAIIVneIU368l6sd6tj8VowcozZfgD6/MHYVWTTw==</latexit><latexit sha1_base64="DXQjeiSWjT+46yz6cE326fVyANM=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBRSlJEXQjFN24kgr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y2WWjrgYHDOfdw75wg5kxpx/m2CmvrG5tbxe3Szu7e/oF9eNRWUSIJbZGIR7IbYEU5E7Slmea0G0uKw4DTTjC5mfmdRyoVi8SDTmPqh3gk2JARrI3Ut8t36Ap5mVutV71BpFVVeNO+XXFqzhxolbg5qUCOZt/+MlmShFRowrFSPdeJtZ9hqRnhdFryEkVjTCZ4RHuGChxS5Wfz46fo1CgDNIykeUKjufo7keFQqTQMzGSI9VgtezPxP6+X6OGlnzERJ5oKslg0TDjSEZo1gQZMUqJ5aggmkplbERljiYk2fZVMCe7yl1dJu15znZp7f15pXOd1FOEYTuAMXLiABtxCE1pAIIVneIU368l6sd6tj8VowcozZfgD6/MHYVWTTw==</latexit><latexit sha1_base64="DXQjeiSWjT+46yz6cE326fVyANM=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBRSlJEXQjFN24kgr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y2WWjrgYHDOfdw75wg5kxpx/m2CmvrG5tbxe3Szu7e/oF9eNRWUSIJbZGIR7IbYEU5E7Slmea0G0uKw4DTTjC5mfmdRyoVi8SDTmPqh3gk2JARrI3Ut8t36Ap5mVutV71BpFVVeNO+XXFqzhxolbg5qUCOZt/+MlmShFRowrFSPdeJtZ9hqRnhdFryEkVjTCZ4RHuGChxS5Wfz46fo1CgDNIykeUKjufo7keFQqTQMzGSI9VgtezPxP6+X6OGlnzERJ5oKslg0TDjSEZo1gQZMUqJ5aggmkplbERljiYk2fZVMCe7yl1dJu15znZp7f15pXOd1FOEYTuAMXLiABtxCE1pAIIVneIU368l6sd6tj8VowcozZfgD6/MHYVWTTw==</latexit>

ai 2 Ai
<latexit sha1_base64="ZJ/KCoKb6dWPInCyLfIGsGDTfVo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cK9gPaEDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlfkyHSkSCUbRSjwaC9IUiN4EIqjW37s5BVolXkBoUaAbVr/4gYVnMFTJJjel5bop+TjUKJvm00s8MTykb0yHvWapozI2fz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vl2F07edCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+vew2WtcVvEUYYTOIVz8OAKGnAPTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHOo+QjQ==</latexit><latexit sha1_base64="ZJ/KCoKb6dWPInCyLfIGsGDTfVo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cK9gPaEDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlfkyHSkSCUbRSjwaC9IUiN4EIqjW37s5BVolXkBoUaAbVr/4gYVnMFTJJjel5bop+TjUKJvm00s8MTykb0yHvWapozI2fz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vl2F07edCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+vew2WtcVvEUYYTOIVz8OAKGnAPTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHOo+QjQ==</latexit><latexit sha1_base64="ZJ/KCoKb6dWPInCyLfIGsGDTfVo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cK9gPaEDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlfkyHSkSCUbRSjwaC9IUiN4EIqjW37s5BVolXkBoUaAbVr/4gYVnMFTJJjel5bop+TjUKJvm00s8MTykb0yHvWapozI2fz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vl2F07edCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+vew2WtcVvEUYYTOIVz8OAKGnAPTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHOo+QjQ==</latexit><latexit sha1_base64="ZJ/KCoKb6dWPInCyLfIGsGDTfVo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cK9gPaEDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlfkyHSkSCUbRSjwaC9IUiN4EIqjW37s5BVolXkBoUaAbVr/4gYVnMFTJJjel5bop+TjUKJvm00s8MTykb0yHvWapozI2fz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vl2F07edCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+vew2WtcVvEUYYTOIVz8OAKGnAPTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHOo+QjQ==</latexit>

Actions for player i

xi :
Y

j

Aj ! R
<latexit sha1_base64="g6drw1G0EvFcFnFRjeXUnmR3aZk=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEoipwMJYEH1ITRQ5jtuaOnZkO4gq6sjCr7AwgBArn8DG3+C0GaBwpSsdnXOv7j0nTBhV2nG+rNLc/MLiUnm5srK6tr5hb261lEglJk0smJCdECnCKCdNTTUjnUQSFIeMtMPhRa6374hUVPAbPUqIH6M+pz2KkTZUYO/eBxSeQi+RIgpu4ZlpTwvoxUgPwhBeB3bVqTmTgn+BW4AqKKoR2J9eJHAaE64xQ0p1XSfRfoakppiRccVLFUkQHqI+6RrIUUyUn02MjOG+YSLYE9I013DC/tzIUKzUKA7NZP6gmtVy8j+tm+reiZ9RnqSacDw91EsZNFbzVGBEJcGajQxAWFLzK8QDJBHWJruKCcGdtfwXtA5rrlNzr46q9fMijjLYAXvgALjgGNTBJWiAJsDgATyBF/BqPVrP1pv1Ph0tWcXONvhV1sc3fVSYWg==</latexit><latexit sha1_base64="g6drw1G0EvFcFnFRjeXUnmR3aZk=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEoipwMJYEH1ITRQ5jtuaOnZkO4gq6sjCr7AwgBArn8DG3+C0GaBwpSsdnXOv7j0nTBhV2nG+rNLc/MLiUnm5srK6tr5hb261lEglJk0smJCdECnCKCdNTTUjnUQSFIeMtMPhRa6374hUVPAbPUqIH6M+pz2KkTZUYO/eBxSeQi+RIgpu4ZlpTwvoxUgPwhBeB3bVqTmTgn+BW4AqKKoR2J9eJHAaE64xQ0p1XSfRfoakppiRccVLFUkQHqI+6RrIUUyUn02MjOG+YSLYE9I013DC/tzIUKzUKA7NZP6gmtVy8j+tm+reiZ9RnqSacDw91EsZNFbzVGBEJcGajQxAWFLzK8QDJBHWJruKCcGdtfwXtA5rrlNzr46q9fMijjLYAXvgALjgGNTBJWiAJsDgATyBF/BqPVrP1pv1Ph0tWcXONvhV1sc3fVSYWg==</latexit><latexit sha1_base64="g6drw1G0EvFcFnFRjeXUnmR3aZk=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEoipwMJYEH1ITRQ5jtuaOnZkO4gq6sjCr7AwgBArn8DG3+C0GaBwpSsdnXOv7j0nTBhV2nG+rNLc/MLiUnm5srK6tr5hb261lEglJk0smJCdECnCKCdNTTUjnUQSFIeMtMPhRa6374hUVPAbPUqIH6M+pz2KkTZUYO/eBxSeQi+RIgpu4ZlpTwvoxUgPwhBeB3bVqTmTgn+BW4AqKKoR2J9eJHAaE64xQ0p1XSfRfoakppiRccVLFUkQHqI+6RrIUUyUn02MjOG+YSLYE9I013DC/tzIUKzUKA7NZP6gmtVy8j+tm+reiZ9RnqSacDw91EsZNFbzVGBEJcGajQxAWFLzK8QDJBHWJruKCcGdtfwXtA5rrlNzr46q9fMijjLYAXvgALjgGNTBJWiAJsDgATyBF/BqPVrP1pv1Ph0tWcXONvhV1sc3fVSYWg==</latexit><latexit sha1_base64="g6drw1G0EvFcFnFRjeXUnmR3aZk=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEoipwMJYEH1ITRQ5jtuaOnZkO4gq6sjCr7AwgBArn8DG3+C0GaBwpSsdnXOv7j0nTBhV2nG+rNLc/MLiUnm5srK6tr5hb261lEglJk0smJCdECnCKCdNTTUjnUQSFIeMtMPhRa6374hUVPAbPUqIH6M+pz2KkTZUYO/eBxSeQi+RIgpu4ZlpTwvoxUgPwhBeB3bVqTmTgn+BW4AqKKoR2J9eJHAaE64xQ0p1XSfRfoakppiRccVLFUkQHqI+6RrIUUyUn02MjOG+YSLYE9I013DC/tzIUKzUKA7NZP6gmtVy8j+tm+reiZ9RnqSacDw91EsZNFbzVGBEJcGajQxAWFLzK8QDJBHWJruKCcGdtfwXtA5rrlNzr46q9fMijjLYAXvgALjgGNTBJWiAJsDgATyBF/BqPVrP1pv1Ph0tWcXONvhV1sc3fVSYWg==</latexit>

Payoff function for player i



Mediated Games
Set of playersN = {1, 2, . . . , n}

<latexit sha1_base64="DXQjeiSWjT+46yz6cE326fVyANM=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBRSlJEXQjFN24kgr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y2WWjrgYHDOfdw75wg5kxpx/m2CmvrG5tbxe3Szu7e/oF9eNRWUSIJbZGIR7IbYEU5E7Slmea0G0uKw4DTTjC5mfmdRyoVi8SDTmPqh3gk2JARrI3Ut8t36Ap5mVutV71BpFVVeNO+XXFqzhxolbg5qUCOZt/+MlmShFRowrFSPdeJtZ9hqRnhdFryEkVjTCZ4RHuGChxS5Wfz46fo1CgDNIykeUKjufo7keFQqTQMzGSI9VgtezPxP6+X6OGlnzERJ5oKslg0TDjSEZo1gQZMUqJ5aggmkplbERljiYk2fZVMCe7yl1dJu15znZp7f15pXOd1FOEYTuAMXLiABtxCE1pAIIVneIU368l6sd6tj8VowcozZfgD6/MHYVWTTw==</latexit><latexit sha1_base64="DXQjeiSWjT+46yz6cE326fVyANM=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBRSlJEXQjFN24kgr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y2WWjrgYHDOfdw75wg5kxpx/m2CmvrG5tbxe3Szu7e/oF9eNRWUSIJbZGIR7IbYEU5E7Slmea0G0uKw4DTTjC5mfmdRyoVi8SDTmPqh3gk2JARrI3Ut8t36Ap5mVutV71BpFVVeNO+XXFqzhxolbg5qUCOZt/+MlmShFRowrFSPdeJtZ9hqRnhdFryEkVjTCZ4RHuGChxS5Wfz46fo1CgDNIykeUKjufo7keFQqTQMzGSI9VgtezPxP6+X6OGlnzERJ5oKslg0TDjSEZo1gQZMUqJ5aggmkplbERljiYk2fZVMCe7yl1dJu15znZp7f15pXOd1FOEYTuAMXLiABtxCE1pAIIVneIU368l6sd6tj8VowcozZfgD6/MHYVWTTw==</latexit><latexit sha1_base64="DXQjeiSWjT+46yz6cE326fVyANM=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBRSlJEXQjFN24kgr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y2WWjrgYHDOfdw75wg5kxpx/m2CmvrG5tbxe3Szu7e/oF9eNRWUSIJbZGIR7IbYEU5E7Slmea0G0uKw4DTTjC5mfmdRyoVi8SDTmPqh3gk2JARrI3Ut8t36Ap5mVutV71BpFVVeNO+XXFqzhxolbg5qUCOZt/+MlmShFRowrFSPdeJtZ9hqRnhdFryEkVjTCZ4RHuGChxS5Wfz46fo1CgDNIykeUKjufo7keFQqTQMzGSI9VgtezPxP6+X6OGlnzERJ5oKslg0TDjSEZo1gQZMUqJ5aggmkplbERljiYk2fZVMCe7yl1dJu15znZp7f15pXOd1FOEYTuAMXLiABtxCE1pAIIVneIU368l6sd6tj8VowcozZfgD6/MHYVWTTw==</latexit><latexit sha1_base64="DXQjeiSWjT+46yz6cE326fVyANM=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBRSlJEXQjFN24kgr2AU0ok+m0HTqZhJmJEEL9FTcuFHHrh7jzb5y2WWjrgYHDOfdw75wg5kxpx/m2CmvrG5tbxe3Szu7e/oF9eNRWUSIJbZGIR7IbYEU5E7Slmea0G0uKw4DTTjC5mfmdRyoVi8SDTmPqh3gk2JARrI3Ut8t36Ap5mVutV71BpFVVeNO+XXFqzhxolbg5qUCOZt/+MlmShFRowrFSPdeJtZ9hqRnhdFryEkVjTCZ4RHuGChxS5Wfz46fo1CgDNIykeUKjufo7keFQqTQMzGSI9VgtezPxP6+X6OGlnzERJ5oKslg0TDjSEZo1gQZMUqJ5aggmkplbERljiYk2fZVMCe7yl1dJu15znZp7f15pXOd1FOEYTuAMXLiABtxCE1pAIIVneIU368l6sd6tj8VowcozZfgD6/MHYVWTTw==</latexit>

ai 2 Ai
<latexit sha1_base64="ZJ/KCoKb6dWPInCyLfIGsGDTfVo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cK9gPaEDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlfkyHSkSCUbRSjwaC9IUiN4EIqjW37s5BVolXkBoUaAbVr/4gYVnMFTJJjel5bop+TjUKJvm00s8MTykb0yHvWapozI2fz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vl2F07edCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+vew2WtcVvEUYYTOIVz8OAKGnAPTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHOo+QjQ==</latexit><latexit sha1_base64="ZJ/KCoKb6dWPInCyLfIGsGDTfVo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cK9gPaEDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlfkyHSkSCUbRSjwaC9IUiN4EIqjW37s5BVolXkBoUaAbVr/4gYVnMFTJJjel5bop+TjUKJvm00s8MTykb0yHvWapozI2fz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vl2F07edCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+vew2WtcVvEUYYTOIVz8OAKGnAPTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHOo+QjQ==</latexit><latexit sha1_base64="ZJ/KCoKb6dWPInCyLfIGsGDTfVo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cK9gPaEDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlfkyHSkSCUbRSjwaC9IUiN4EIqjW37s5BVolXkBoUaAbVr/4gYVnMFTJJjel5bop+TjUKJvm00s8MTykb0yHvWapozI2fz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vl2F07edCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+vew2WtcVvEUYYTOIVz8OAKGnAPTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHOo+QjQ==</latexit><latexit sha1_base64="ZJ/KCoKb6dWPInCyLfIGsGDTfVo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cK9gPaEDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlfkyHSkSCUbRSjwaC9IUiN4EIqjW37s5BVolXkBoUaAbVr/4gYVnMFTJJjel5bop+TjUKJvm00s8MTykb0yHvWapozI2fz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vl2F07edCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+vew2WtcVvEUYYTOIVz8OAKGnAPTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHOo+QjQ==</latexit>

Actions for player i

xi :
Y

j

Aj ! R
<latexit sha1_base64="g6drw1G0EvFcFnFRjeXUnmR3aZk=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEoipwMJYEH1ITRQ5jtuaOnZkO4gq6sjCr7AwgBArn8DG3+C0GaBwpSsdnXOv7j0nTBhV2nG+rNLc/MLiUnm5srK6tr5hb261lEglJk0smJCdECnCKCdNTTUjnUQSFIeMtMPhRa6374hUVPAbPUqIH6M+pz2KkTZUYO/eBxSeQi+RIgpu4ZlpTwvoxUgPwhBeB3bVqTmTgn+BW4AqKKoR2J9eJHAaE64xQ0p1XSfRfoakppiRccVLFUkQHqI+6RrIUUyUn02MjOG+YSLYE9I013DC/tzIUKzUKA7NZP6gmtVy8j+tm+reiZ9RnqSacDw91EsZNFbzVGBEJcGajQxAWFLzK8QDJBHWJruKCcGdtfwXtA5rrlNzr46q9fMijjLYAXvgALjgGNTBJWiAJsDgATyBF/BqPVrP1pv1Ph0tWcXONvhV1sc3fVSYWg==</latexit><latexit sha1_base64="g6drw1G0EvFcFnFRjeXUnmR3aZk=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEoipwMJYEH1ITRQ5jtuaOnZkO4gq6sjCr7AwgBArn8DG3+C0GaBwpSsdnXOv7j0nTBhV2nG+rNLc/MLiUnm5srK6tr5hb261lEglJk0smJCdECnCKCdNTTUjnUQSFIeMtMPhRa6374hUVPAbPUqIH6M+pz2KkTZUYO/eBxSeQi+RIgpu4ZlpTwvoxUgPwhBeB3bVqTmTgn+BW4AqKKoR2J9eJHAaE64xQ0p1XSfRfoakppiRccVLFUkQHqI+6RrIUUyUn02MjOG+YSLYE9I013DC/tzIUKzUKA7NZP6gmtVy8j+tm+reiZ9RnqSacDw91EsZNFbzVGBEJcGajQxAWFLzK8QDJBHWJruKCcGdtfwXtA5rrlNzr46q9fMijjLYAXvgALjgGNTBJWiAJsDgATyBF/BqPVrP1pv1Ph0tWcXONvhV1sc3fVSYWg==</latexit><latexit sha1_base64="g6drw1G0EvFcFnFRjeXUnmR3aZk=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEoipwMJYEH1ITRQ5jtuaOnZkO4gq6sjCr7AwgBArn8DG3+C0GaBwpSsdnXOv7j0nTBhV2nG+rNLc/MLiUnm5srK6tr5hb261lEglJk0smJCdECnCKCdNTTUjnUQSFIeMtMPhRa6374hUVPAbPUqIH6M+pz2KkTZUYO/eBxSeQi+RIgpu4ZlpTwvoxUgPwhBeB3bVqTmTgn+BW4AqKKoR2J9eJHAaE64xQ0p1XSfRfoakppiRccVLFUkQHqI+6RrIUUyUn02MjOG+YSLYE9I013DC/tzIUKzUKA7NZP6gmtVy8j+tm+reiZ9RnqSacDw91EsZNFbzVGBEJcGajQxAWFLzK8QDJBHWJruKCcGdtfwXtA5rrlNzr46q9fMijjLYAXvgALjgGNTBJWiAJsDgATyBF/BqPVrP1pv1Ph0tWcXONvhV1sc3fVSYWg==</latexit><latexit sha1_base64="g6drw1G0EvFcFnFRjeXUnmR3aZk=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEoipwMJYEH1ITRQ5jtuaOnZkO4gq6sjCr7AwgBArn8DG3+C0GaBwpSsdnXOv7j0nTBhV2nG+rNLc/MLiUnm5srK6tr5hb261lEglJk0smJCdECnCKCdNTTUjnUQSFIeMtMPhRa6374hUVPAbPUqIH6M+pz2KkTZUYO/eBxSeQi+RIgpu4ZlpTwvoxUgPwhBeB3bVqTmTgn+BW4AqKKoR2J9eJHAaE64xQ0p1XSfRfoakppiRccVLFUkQHqI+6RrIUUyUn02MjOG+YSLYE9I013DC/tzIUKzUKA7NZP6gmtVy8j+tm+reiZ9RnqSacDw91EsZNFbzVGBEJcGajQxAWFLzK8QDJBHWJruKCcGdtfwXtA5rrlNzr46q9fMijjLYAXvgALjgGNTBJWiAJsDgATyBF/BqPVrP1pv1Ph0tWcXONvhV1sc3fVSYWg==</latexit>

Payoff function for player i

Signal set for player ibi 2 Bi
<latexit sha1_base64="IeROKDQS8W1UZsUsamgfgl4bljQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0IWy2m3bpZhN2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6nhUijeRoGS91LNaRxK3g0nd3O/+8S1EYl6xGnK/ZiOlIgEo2ilfhgIMhCKNAMRVGtu3V2ArBOvIDUo0AqqX4NhwrKYK2SSGtP33BT9nGoUTPJZZZAZnlI2oSPet1TRmBs/X5w8IxdWGZIo0bYUkoX6eyKnsTHTOLSdMcWxWfXm4n9eP8Po1s+FSjPkii0XRZkkmJD5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9h+tao1nEUYYzOIdL8OAGGnAPLWgDgwSe4RXeHHRenHfnY9lacoqZU/gD5/MHPaOQjw==</latexit><latexit sha1_base64="IeROKDQS8W1UZsUsamgfgl4bljQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0IWy2m3bpZhN2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6nhUijeRoGS91LNaRxK3g0nd3O/+8S1EYl6xGnK/ZiOlIgEo2ilfhgIMhCKNAMRVGtu3V2ArBOvIDUo0AqqX4NhwrKYK2SSGtP33BT9nGoUTPJZZZAZnlI2oSPet1TRmBs/X5w8IxdWGZIo0bYUkoX6eyKnsTHTOLSdMcWxWfXm4n9eP8Po1s+FSjPkii0XRZkkmJD5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9h+tao1nEUYYzOIdL8OAGGnAPLWgDgwSe4RXeHHRenHfnY9lacoqZU/gD5/MHPaOQjw==</latexit><latexit sha1_base64="IeROKDQS8W1UZsUsamgfgl4bljQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0IWy2m3bpZhN2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6nhUijeRoGS91LNaRxK3g0nd3O/+8S1EYl6xGnK/ZiOlIgEo2ilfhgIMhCKNAMRVGtu3V2ArBOvIDUo0AqqX4NhwrKYK2SSGtP33BT9nGoUTPJZZZAZnlI2oSPet1TRmBs/X5w8IxdWGZIo0bYUkoX6eyKnsTHTOLSdMcWxWfXm4n9eP8Po1s+FSjPkii0XRZkkmJD5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9h+tao1nEUYYzOIdL8OAGGnAPLWgDgwSe4RXeHHRenHfnY9lacoqZU/gD5/MHPaOQjw==</latexit><latexit sha1_base64="IeROKDQS8W1UZsUsamgfgl4bljQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0IWy2m3bpZhN2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6nhUijeRoGS91LNaRxK3g0nd3O/+8S1EYl6xGnK/ZiOlIgEo2ilfhgIMhCKNAMRVGtu3V2ArBOvIDUo0AqqX4NhwrKYK2SSGtP33BT9nGoUTPJZZZAZnlI2oSPet1TRmBs/X5w8IxdWGZIo0bYUkoX6eyKnsTHTOLSdMcWxWfXm4n9eP8Po1s+FSjPkii0XRZkkmJD5/2QoNGcop5ZQpoW9lbAx1ZShTaliQ/BWX14nnau659a9h+tao1nEUYYzOIdL8OAGGnAPLWgDgwSe4RXeHHRenHfnY9lacoqZU/gD5/MHPaOQjw==</latexit>

b = (b1, . . . , bn)
<latexit sha1_base64="6eawqSw1xJgtfLSsFz2ZS+xUTw4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQoZREBN0IRTcuK9gHtCFMppN26GQSZm6EUOqvuHGhiFs/xJ1/47TNQlsPDBzOuYd75wSJ4Boc59sqrK1vbG4Vt0s7u3v7B/bhUVvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6d+Z1HpjSP5QNkCfMiMpQ85JSAkXy7HOBrXA18t9YfxKBrgS/PfLvi1J058Cpxc1JBOZq+/WXCNI2YBCqI1j3XScCbEAWcCjYt9VPNEkLHZMh6hkoSMe1N5sdP8alRBjiMlXkS8Fz9nZiQSOssCsxkRGCkl72Z+J/XSyG88iZcJikwSReLwlRgiPGsCTzgilEQmSGEKm5uxXREFKFg+iqZEtzlL6+S9nndderu/UWlcZPXUUTH6ARVkYsuUQPdoSZqIYoy9Ixe0Zv1ZL1Y79bHYrRg5Zky+gPr8wcnd5Mo</latexit><latexit sha1_base64="6eawqSw1xJgtfLSsFz2ZS+xUTw4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQoZREBN0IRTcuK9gHtCFMppN26GQSZm6EUOqvuHGhiFs/xJ1/47TNQlsPDBzOuYd75wSJ4Boc59sqrK1vbG4Vt0s7u3v7B/bhUVvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6d+Z1HpjSP5QNkCfMiMpQ85JSAkXy7HOBrXA18t9YfxKBrgS/PfLvi1J058Cpxc1JBOZq+/WXCNI2YBCqI1j3XScCbEAWcCjYt9VPNEkLHZMh6hkoSMe1N5sdP8alRBjiMlXkS8Fz9nZiQSOssCsxkRGCkl72Z+J/XSyG88iZcJikwSReLwlRgiPGsCTzgilEQmSGEKm5uxXREFKFg+iqZEtzlL6+S9nndderu/UWlcZPXUUTH6ARVkYsuUQPdoSZqIYoy9Ixe0Zv1ZL1Y79bHYrRg5Zky+gPr8wcnd5Mo</latexit><latexit sha1_base64="6eawqSw1xJgtfLSsFz2ZS+xUTw4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQoZREBN0IRTcuK9gHtCFMppN26GQSZm6EUOqvuHGhiFs/xJ1/47TNQlsPDBzOuYd75wSJ4Boc59sqrK1vbG4Vt0s7u3v7B/bhUVvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6d+Z1HpjSP5QNkCfMiMpQ85JSAkXy7HOBrXA18t9YfxKBrgS/PfLvi1J058Cpxc1JBOZq+/WXCNI2YBCqI1j3XScCbEAWcCjYt9VPNEkLHZMh6hkoSMe1N5sdP8alRBjiMlXkS8Fz9nZiQSOssCsxkRGCkl72Z+J/XSyG88iZcJikwSReLwlRgiPGsCTzgilEQmSGEKm5uxXREFKFg+iqZEtzlL6+S9nndderu/UWlcZPXUUTH6ARVkYsuUQPdoSZqIYoy9Ixe0Zv1ZL1Y79bHYrRg5Zky+gPr8wcnd5Mo</latexit><latexit sha1_base64="6eawqSw1xJgtfLSsFz2ZS+xUTw4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQoZREBN0IRTcuK9gHtCFMppN26GQSZm6EUOqvuHGhiFs/xJ1/47TNQlsPDBzOuYd75wSJ4Boc59sqrK1vbG4Vt0s7u3v7B/bhUVvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6d+Z1HpjSP5QNkCfMiMpQ85JSAkXy7HOBrXA18t9YfxKBrgS/PfLvi1J058Cpxc1JBOZq+/WXCNI2YBCqI1j3XScCbEAWcCjYt9VPNEkLHZMh6hkoSMe1N5sdP8alRBjiMlXkS8Fz9nZiQSOssCsxkRGCkl72Z+J/XSyG88iZcJikwSReLwlRgiPGsCTzgilEQmSGEKm5uxXREFKFg+iqZEtzlL6+S9nndderu/UWlcZPXUUTH6ARVkYsuUQPdoSZqIYoy9Ixe0Zv1ZL1Y79bHYrRg5Zky+gPr8wcnd5Mo</latexit>

Signal profile

B =
Y

i

Bi

<latexit sha1_base64="eFIw793sSQBQFCpWucHzl1hPHi4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EUi8eK9haaEPYbDbt0s1u2N0ItfSXePGgiFd/ijf/jds2B219MPB4b4aZeVHGmTae9+2U1tY3NrfK25Wd3b39qntw2NEyV4S2ieRSdSOsKWeCtg0znHYzRXEacfoQjW5m/sMjVZpJcW/GGQ1SPBAsYQQbK4VutYmuUT9TMg4ZaoYsdGte3ZsDrRK/IDUo0Ardr34sSZ5SYQjHWvd8LzPBBCvDCKfTSj/XNMNkhAe0Z6nAKdXBZH74FJ1aJUaJVLaEQXP198QEp1qP08h2ptgM9bI3E//zerlJroIJE1luqCCLRUnOkZFolgKKmaLE8LElmChmb0VkiBUmxmZVsSH4yy+vks553ffq/t1FrdEs4ijDMZzAGfhwCQ24hRa0gUAOz/AKb86T8+K8Ox+L1pJTzBzBHzifPwKNkgM=</latexit><latexit sha1_base64="eFIw793sSQBQFCpWucHzl1hPHi4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EUi8eK9haaEPYbDbt0s1u2N0ItfSXePGgiFd/ijf/jds2B219MPB4b4aZeVHGmTae9+2U1tY3NrfK25Wd3b39qntw2NEyV4S2ieRSdSOsKWeCtg0znHYzRXEacfoQjW5m/sMjVZpJcW/GGQ1SPBAsYQQbK4VutYmuUT9TMg4ZaoYsdGte3ZsDrRK/IDUo0Ardr34sSZ5SYQjHWvd8LzPBBCvDCKfTSj/XNMNkhAe0Z6nAKdXBZH74FJ1aJUaJVLaEQXP198QEp1qP08h2ptgM9bI3E//zerlJroIJE1luqCCLRUnOkZFolgKKmaLE8LElmChmb0VkiBUmxmZVsSH4yy+vks553ffq/t1FrdEs4ijDMZzAGfhwCQ24hRa0gUAOz/AKb86T8+K8Ox+L1pJTzBzBHzifPwKNkgM=</latexit><latexit sha1_base64="eFIw793sSQBQFCpWucHzl1hPHi4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EUi8eK9haaEPYbDbt0s1u2N0ItfSXePGgiFd/ijf/jds2B219MPB4b4aZeVHGmTae9+2U1tY3NrfK25Wd3b39qntw2NEyV4S2ieRSdSOsKWeCtg0znHYzRXEacfoQjW5m/sMjVZpJcW/GGQ1SPBAsYQQbK4VutYmuUT9TMg4ZaoYsdGte3ZsDrRK/IDUo0Ardr34sSZ5SYQjHWvd8LzPBBCvDCKfTSj/XNMNkhAe0Z6nAKdXBZH74FJ1aJUaJVLaEQXP198QEp1qP08h2ptgM9bI3E//zerlJroIJE1luqCCLRUnOkZFolgKKmaLE8LElmChmb0VkiBUmxmZVsSH4yy+vks553ffq/t1FrdEs4ijDMZzAGfhwCQ24hRa0gUAOz/AKb86T8+K8Ox+L1pJTzBzBHzifPwKNkgM=</latexit><latexit sha1_base64="eFIw793sSQBQFCpWucHzl1hPHi4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EUi8eK9haaEPYbDbt0s1u2N0ItfSXePGgiFd/ijf/jds2B219MPB4b4aZeVHGmTae9+2U1tY3NrfK25Wd3b39qntw2NEyV4S2ieRSdSOsKWeCtg0znHYzRXEacfoQjW5m/sMjVZpJcW/GGQ1SPBAsYQQbK4VutYmuUT9TMg4ZaoYsdGte3ZsDrRK/IDUo0Ardr34sSZ5SYQjHWvd8LzPBBCvDCKfTSj/XNMNkhAe0Z6nAKdXBZH74FJ1aJUaJVLaEQXP198QEp1qP08h2ptgM9bI3E//zerlJroIJE1luqCCLRUnOkZFolgKKmaLE8LElmChmb0VkiBUmxmZVsSH4yy+vks553ffq/t1FrdEs4ijDMZzAGfhwCQ24hRa0gUAOz/AKb86T8+K8Ox+L1pJTzBzBHzifPwKNkgM=</latexit>

Set of Signal profiles

�i : Bi ! �(Ai)
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Strategy of player i



Mediated Games
Mediator

Player 𝒊

Samples an signal profile


from a distribution

(b1, . . . , bi, . . . , bn)
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bi
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…



Mediated Games
Mediator

Player 𝒊

Samples an signal profile


from a distribution

(b1, . . . , bi, . . . , bn)

<latexit sha1_base64="yFN7DpoF8GjHK0fmlPVYOHqcw/Q="></latexit><latexit sha1_base64="yFN7DpoF8GjHK0fmlPVYOHqcw/Q="></latexit><latexit sha1_base64="yFN7DpoF8GjHK0fmlPVYOHqcw/Q="></latexit><latexit sha1_base64="yFN7DpoF8GjHK0fmlPVYOHqcw/Q="></latexit>

 2 �(B)
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bi
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Faces a lottery 

corresponding to each action


Li( , bi, ai) :=

⇢
µ̃�i(a�i|bi)| {z }, xi(ai, a�i)

�

a�i2A�i
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µ̃�i(a�i|bi) :=
X

b�i2B�i

 �i(b�i|bi)
Y

j2N\i

�j(bj)(aj)
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…



Mediated CPT NE

BRi( ,�) :=

⇢
�⇤
i : Bi ! �(Ai)

���� for all bi 2 Bi

supp(�⇤
i (bi)) ⇢ arg max

ai2Ai

Vi (Li( , bi, ai))

�
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Best response of player i

               Assigns positive probability only to 
optimal actions

�⇤
i (bi)
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Mediated CPT NE

BRi( ,�) :=

⇢
�⇤
i : Bi ! �(Ai)

���� for all bi 2 Bi

supp(�⇤
i (bi)) ⇢ arg max

ai2Ai

Vi (Li( , bi, ai))

�
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�i 2 BRi( ,�) for all i
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Definition (P., Anantharam 2018) 
A randomized strategy profile 𝜎 is CPT Mediated Nash 
equilibrium if


Best response of player i



Mediated CPT CE
⌘( ,�)(a) :=

X

b2B

 (b)
Y

i2N

�i(bi)(ai)
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Distribution induced by 𝜓 and strategy profile 𝜎 on the set of action profiles



Mediated CPT CE
⌘( ,�)(a) :=

X

b2B

 (b)
Y

i2N

�i(bi)(ai)
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Distribution induced by 𝜓 and strategy profile 𝜎 on the set of action profiles

Definition (P., Anantharam 2018) 
A distribution μ ϵ Δ(A) is a mediated CPT correlated 
equilibrium iff there exists a signal system Bi, a mediator 
distribution 𝜓 and a mediated CPT Nash equilibrium 𝜎 
with respect to them such that             


⌘( ,�) = µ
<latexit sha1_base64="JdwgCYUl9NukXpykfDCQKn/kdsI=">AAACAHicbVA9SwNBEN3zM8avUwsLm8UgRJBwJ4I2QtDGMoL5gNwR5jZ7yZLdvWN3TwghjX/FxkIRW3+Gnf/GTXKFJj4YeLw3w8y8KOVMG8/7dpaWV1bX1gsbxc2t7Z1dd2+/oZNMEVonCU9UKwJNOZO0bpjhtJUqCiLitBkNbid+85EqzRL5YIYpDQX0JIsZAWOljnsYUAPlINXsLNCsJ+AUX+NAZB235FW8KfAi8XNSQjlqHfcr6CYkE1QawkHrtu+lJhyBMoxwOi4GmaYpkAH0aNtSCYLqcDR9YIxPrNLFcaJsSYOn6u+JEQithyKynQJMX897E/E/r52Z+CocMZlmhkoyWxRnHJsET9LAXaYoMXxoCRDF7K2Y9EEBMTazog3Bn395kTTOK75X8e8vStWbPI4COkLHqIx8dImq6A7VUB0RNEbP6BW9OU/Oi/PufMxal5x85gD9gfP5AyWXlXQ=</latexit><latexit sha1_base64="JdwgCYUl9NukXpykfDCQKn/kdsI=">AAACAHicbVA9SwNBEN3zM8avUwsLm8UgRJBwJ4I2QtDGMoL5gNwR5jZ7yZLdvWN3TwghjX/FxkIRW3+Gnf/GTXKFJj4YeLw3w8y8KOVMG8/7dpaWV1bX1gsbxc2t7Z1dd2+/oZNMEVonCU9UKwJNOZO0bpjhtJUqCiLitBkNbid+85EqzRL5YIYpDQX0JIsZAWOljnsYUAPlINXsLNCsJ+AUX+NAZB235FW8KfAi8XNSQjlqHfcr6CYkE1QawkHrtu+lJhyBMoxwOi4GmaYpkAH0aNtSCYLqcDR9YIxPrNLFcaJsSYOn6u+JEQithyKynQJMX897E/E/r52Z+CocMZlmhkoyWxRnHJsET9LAXaYoMXxoCRDF7K2Y9EEBMTazog3Bn395kTTOK75X8e8vStWbPI4COkLHqIx8dImq6A7VUB0RNEbP6BW9OU/Oi/PufMxal5x85gD9gfP5AyWXlXQ=</latexit><latexit sha1_base64="JdwgCYUl9NukXpykfDCQKn/kdsI=">AAACAHicbVA9SwNBEN3zM8avUwsLm8UgRJBwJ4I2QtDGMoL5gNwR5jZ7yZLdvWN3TwghjX/FxkIRW3+Gnf/GTXKFJj4YeLw3w8y8KOVMG8/7dpaWV1bX1gsbxc2t7Z1dd2+/oZNMEVonCU9UKwJNOZO0bpjhtJUqCiLitBkNbid+85EqzRL5YIYpDQX0JIsZAWOljnsYUAPlINXsLNCsJ+AUX+NAZB235FW8KfAi8XNSQjlqHfcr6CYkE1QawkHrtu+lJhyBMoxwOi4GmaYpkAH0aNtSCYLqcDR9YIxPrNLFcaJsSYOn6u+JEQithyKynQJMX897E/E/r52Z+CocMZlmhkoyWxRnHJsET9LAXaYoMXxoCRDF7K2Y9EEBMTazog3Bn395kTTOK75X8e8vStWbPI4COkLHqIx8dImq6A7VUB0RNEbP6BW9OU/Oi/PufMxal5x85gD9gfP5AyWXlXQ=</latexit><latexit sha1_base64="JdwgCYUl9NukXpykfDCQKn/kdsI=">AAACAHicbVA9SwNBEN3zM8avUwsLm8UgRJBwJ4I2QtDGMoL5gNwR5jZ7yZLdvWN3TwghjX/FxkIRW3+Gnf/GTXKFJj4YeLw3w8y8KOVMG8/7dpaWV1bX1gsbxc2t7Z1dd2+/oZNMEVonCU9UKwJNOZO0bpjhtJUqCiLitBkNbid+85EqzRL5YIYpDQX0JIsZAWOljnsYUAPlINXsLNCsJ+AUX+NAZB235FW8KfAi8XNSQjlqHfcr6CYkE1QawkHrtu+lJhyBMoxwOi4GmaYpkAH0aNtSCYLqcDR9YIxPrNLFcaJsSYOn6u+JEQithyKynQJMX897E/E/r52Z+CocMZlmhkoyWxRnHJsET9LAXaYoMXxoCRDF7K2Y9EEBMTazog3Bn395kTTOK75X8e8vStWbPI4COkLHqIx8dImq6A7VUB0RNEbP6BW9OU/Oi/PufMxal5x85gD9gfP5AyWXlXQ=</latexit>



Mediated CPT CE
Theorem (P., Anantharam 2018) 
The set of all Mediated CPT correlated equilibria is


D(�) = \i2Nco(C(�, i))
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Corollary 1 
For EUT games, D(Γ) = C(Γ).


Corollary 2 
For 2x2 CPT games, D(Γ) = C(Γ).



Convergence of Calibrated 
learning

• At every step t, each player 𝑖 predicts a distribution  
on the action profile of the other players.


• Based on this prediction she plays a best CPT response 

Theorem (P., Anantharam 2018) 
If each players’ predictions are calibrated, then the 
Empirical Distribution of play convergence to the set of 
mediated CPT correlated equilibria.


µt
�i 2 �(A�i)

<latexit sha1_base64="S4fT3EujYljedPzQmDo49bPXFD8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBF3Wx8JlBfuAJpbJdNoOnUzCzI1QQldu/BU3LhRx6ze482+ctllo64ELh3Pu5d57glhwDY7zbeUWFpeWV/KrhbX1jc0te3unrqNEUVajkYhUMyCaCS5ZDTgI1owVI2EgWCMYXI39xgNTmkfyDoYx80PSk7zLKQEjte19L0za6TEf3QP2uMTeNRNAShcT7ahtF52yMwGeJ25GiihDtW1/eZ2IJiGTQAXRuuU6MfgpUcCpYKOCl2gWEzogPdYyVJKQaT+dvDHCh0bp4G6kTEnAE/X3REpCrYdhYDpDAn09643F/7xWAt1zP+UyToBJOl3UTQSGCI8zwR2uGAUxNIRQxc2tmPaJIhRMcgUTgjv78jypn5Rdp+zenhYrl1kcebSHDlAJuegMVdANqqIaougRPaNX9GY9WS/Wu/Uxbc1Z2cwu+gPr8wfDipgC</latexit><latexit sha1_base64="S4fT3EujYljedPzQmDo49bPXFD8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBF3Wx8JlBfuAJpbJdNoOnUzCzI1QQldu/BU3LhRx6ze482+ctllo64ELh3Pu5d57glhwDY7zbeUWFpeWV/KrhbX1jc0te3unrqNEUVajkYhUMyCaCS5ZDTgI1owVI2EgWCMYXI39xgNTmkfyDoYx80PSk7zLKQEjte19L0za6TEf3QP2uMTeNRNAShcT7ahtF52yMwGeJ25GiihDtW1/eZ2IJiGTQAXRuuU6MfgpUcCpYKOCl2gWEzogPdYyVJKQaT+dvDHCh0bp4G6kTEnAE/X3REpCrYdhYDpDAn09643F/7xWAt1zP+UyToBJOl3UTQSGCI8zwR2uGAUxNIRQxc2tmPaJIhRMcgUTgjv78jypn5Rdp+zenhYrl1kcebSHDlAJuegMVdANqqIaougRPaNX9GY9WS/Wu/Uxbc1Z2cwu+gPr8wfDipgC</latexit><latexit sha1_base64="S4fT3EujYljedPzQmDo49bPXFD8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBF3Wx8JlBfuAJpbJdNoOnUzCzI1QQldu/BU3LhRx6ze482+ctllo64ELh3Pu5d57glhwDY7zbeUWFpeWV/KrhbX1jc0te3unrqNEUVajkYhUMyCaCS5ZDTgI1owVI2EgWCMYXI39xgNTmkfyDoYx80PSk7zLKQEjte19L0za6TEf3QP2uMTeNRNAShcT7ahtF52yMwGeJ25GiihDtW1/eZ2IJiGTQAXRuuU6MfgpUcCpYKOCl2gWEzogPdYyVJKQaT+dvDHCh0bp4G6kTEnAE/X3REpCrYdhYDpDAn09643F/7xWAt1zP+UyToBJOl3UTQSGCI8zwR2uGAUxNIRQxc2tmPaJIhRMcgUTgjv78jypn5Rdp+zenhYrl1kcebSHDlAJuegMVdANqqIaougRPaNX9GY9WS/Wu/Uxbc1Z2cwu+gPr8wfDipgC</latexit><latexit sha1_base64="S4fT3EujYljedPzQmDo49bPXFD8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBF3Wx8JlBfuAJpbJdNoOnUzCzI1QQldu/BU3LhRx6ze482+ctllo64ELh3Pu5d57glhwDY7zbeUWFpeWV/KrhbX1jc0te3unrqNEUVajkYhUMyCaCS5ZDTgI1owVI2EgWCMYXI39xgNTmkfyDoYx80PSk7zLKQEjte19L0za6TEf3QP2uMTeNRNAShcT7ahtF52yMwGeJ25GiihDtW1/eZ2IJiGTQAXRuuU6MfgpUcCpYKOCl2gWEzogPdYyVJKQaT+dvDHCh0bp4G6kTEnAE/X3REpCrYdhYDpDAn09643F/7xWAt1zP+UyToBJOl3UTQSGCI8zwR2uGAUxNIRQxc2tmPaJIhRMcgUTgjv78jypn5Rdp+zenhYrl1kcebSHDlAJuegMVdANqqIaougRPaNX9GY9WS/Wu/Uxbc1Z2cwu+gPr8wfDipgC</latexit>

ati
<latexit sha1_base64="GVtCmgBOjGSyzN57aDNq08b+XUA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20sWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrJp33xiP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHIX46n</latexit><latexit sha1_base64="GVtCmgBOjGSyzN57aDNq08b+XUA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20sWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrJp33xiP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHIX46n</latexit><latexit sha1_base64="GVtCmgBOjGSyzN57aDNq08b+XUA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20sWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrJp33xiP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHIX46n</latexit><latexit sha1_base64="GVtCmgBOjGSyzN57aDNq08b+XUA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20sWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrJp33xiP1qza27c5BV4hWkBgWa/epXb5CwLOYKmaTGdD03xSCnGgWTfFrpZYanlI3pkHctVTTmJsjnx07JmVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpujnBfn3flYtJacYuYY/sD5/AHIX46n</latexit>

lim
t!1

d(⇠t, D(�)) = 0
<latexit sha1_base64="sRJ9umwapeg/rmovv4o0RnJvMzY="></latexit><latexit sha1_base64="sRJ9umwapeg/rmovv4o0RnJvMzY="></latexit><latexit sha1_base64="sRJ9umwapeg/rmovv4o0RnJvMzY="></latexit><latexit sha1_base64="sRJ9umwapeg/rmovv4o0RnJvMzY="></latexit>
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Kelly (1997) - Charging and rate control for elastic traffic



Kelly Network setup
=<latexit sha1_base64="jYew14iHJwqWt3xCWVpBwJIXUkQ=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXZVKLbRdCwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wVlbX1jc2c1v57Z3dvf3CwWFbh7EitEVCHqqujzXlTNKWYYbTbqQoFj6nHX9ylfmde6o0C+WtmUbUE3gkWcAINlZq932RXKaDQtEtua6LEIIZQdUL15J6vVZGNYgyy6IIFmgOCp/9YUhiQaUhHGvdQ25kvAQrwwinab4faxphMsEj2rNUYkG1l8yuTeGpVYYwCJUtaeBM/TmRYKH1VPi2U2Az1r+9TPzL68UmqHkJk1FsqCTzRUHMoQlh9jocMkWJ4VNLMFHM3grJGCtMjA1oaYsv0rwN5ftz+D9pl0vovFS+qRQblUU8OXAMTsAZQKAKGuAaNEELEHAHHsETeHYenBfn1Xmbt644i5kjsATn/QsjBJXo</latexit>

⋯ ⋯

⋯

=<latexit sha1_base64="HGE+S+tjX1iaron10FgmlyW7YlU=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4GjJtHduFUnDjsoJ9QDuUTJppY5OZIckIZSj+glvduxO3fotbv8T0IVjRAxcO59zLvff4MWdKI/RhZVZW19Y3spu5re2d3b38/kFTRYkktEEiHsm2jxXlLKQNzTSn7VhSLHxOW/7oauq37qlULApv9TimnsCDkAWMYG2kZtcX6cWkly8gu1pFZceFyD5DqOhWDUGlYsV1oWOjGQpggXov/9ntRyQRNNSEY6U6Doq1l2KpGeF0kusmisaYjPCAdgwNsaDKS2fXTuCJUfowiKSpUMOZ+nMixUKpsfBNp8B6qH57U/Evr5PooOKlLIwTTUMyXxQkHOoITl+HfSYp0XxsCCaSmVshGWKJiTYBLW3xxSRnQvn+HP5PmkXbKdnFm3KhdrmIJwuOwDE4BQ44BzVwDeqgAQi4A4/gCTxbD9aL9Wq9zVsz1mLmECzBev8CSHmWCA==</latexit>[m]
<latexit sha1_base64="UdGJBWcx/rZbd+kCKrnuvlWgCGw=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAfMB1KJk3b0GRmSDJCGWbhL7jVvTtx66e49UtMH4IVPXDhcM693HtPEHOmNEIfVm5tfWNzK79d2Nnd2z8oHh61VZRIQlsk4pHsBlhRzkLa0kxz2o0lxSLgtBNMrmd+555KxaLwTk9j6gs8CtmQEayN1O0FIvWEn/WLJWTX66jquBDZFwiV3bohqFKuuS50bDRHCSzR7Bc/e4OIJIKGmnCslOegWPsplpoRTrNCL1E0xmSCR9QzNMSCKj+d35vBM6MM4DCSpkIN5+rPiRQLpaYiMJ0C67H67c3Evzwv0cOan7IwTjQNyWLRMOFQR3D2PBwwSYnmU0MwkczcCskYS0y0iWhlSyCyggnl+3P4P2mXbadil2+rpcbVMp48OAGn4Bw44BI0wA1oghYggINH8ASerQfrxXq13hatOWs5cwxWYL1/AQYMlwQ=</latexit>

[n]
<latexit sha1_base64="Jdi4sjlUNtW6nzjNJ1tWiK8CNA8=">AAAB/3icdVBNSwMxEM3Wr1q/qh69BIvgqWyq2PYiBS8eK9ha2C4lm2bb0CS7JFmhLHvwL3jVuzfx6k/x6i8x21awog8GHu/NMDMviDnTxnU/nMLK6tr6RnGztLW9s7tX3j/o6ihRhHZIxCPVC7CmnEnaMcxw2osVxSLg9C6YXOX+3T1VmkXy1kxj6gs8kixkBBsr9fqBSD3pZ4Nyxa26rosQgjlB9QvXkmazUUMNiHLLogIWaA/Kn/1hRBJBpSEca+0hNzZ+ipVhhNOs1E80jTGZ4BH1LJVYUO2ns3szeGKVIQwjZUsaOFN/TqRYaD0Vge0U2Iz1by8X//K8xIQNP2UyTgyVZL4oTDg0Ecyfh0OmKDF8agkmitlbIRljhYmxES1tCURWsqF8fw7/J91aFZ1VazfnldblIp4iOALH4BQgUActcA3aoAMI4OARPIFn58F5cV6dt3lrwVnMHIIlOO9f5SCW7w==</latexit>

1
<latexit sha1_base64="FqpJ+1KrPXXst9uDnZ4eiEebqs8=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IUDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwETCpXm</latexit>

2
<latexit sha1_base64="Coru3qnxkgkKLbdJNe42iFZwvMQ=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IKumgWHLLrusihGBGUPXCtaRer1VQDaLMsiiBBZqD4md/GJJYUGkIx1r3kBsZL8HKMMJpWujHmkaYTPCI9iyVWFDtJbNrU3hilSEMQmVLGjhTf04kWGg9Fb7tFNiM9W8vE//yerEJal7CZBQbKsl8URBzaEKYvQ6HTFFi+NQSTBSzt0IyxgoTYwNa2uKLtGBD+f4c/k/alTI6K1duzkuNy0U8eXAEjsEpQKAKGuAaNEELEHAHHsETeHYenBfn1Xmbt+acxcwhWILz/gUUn5Xn</latexit> 3

<latexit sha1_base64="9fXJmaBhTiqsZIXiVngm6tSRW7w=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IztJBseSWXddFCMGMoOqFa0m9XqugGkSZZVECCzQHxc/+MCSxoNIQjrXuITcyXoKVYYTTtNCPNY0wmeAR7VkqsaDaS2bXpvDEKkMYhMqWNHCm/pxIsNB6KnzbKbAZ699eJv7l9WIT1LyEySg2VJL5oiDm0IQwex0OmaLE8KklmChmb4VkjBUmxga0tMUXacGG8v05/J+0K2V0Vq7cnJcal4t48uAIHINTgEAVNMA1aIIWIOAOPIIn8Ow8OC/Oq/M2b805i5lDsATn/QsWNJXo</latexit>

i
<latexit sha1_base64="FvHE3iYiRLc9TDApQptpG6L6ocE=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IWDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFropYe</latexit>

n
<latexit sha1_base64="qpL3gR0RDllo08EGSSTdHzLSC4Q=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IZDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFzi5Yj</latexit>

1
<latexit sha1_base64="Kjg57v87xPSJd9j31NNp/vNw/O4=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYow+AvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce48fc6Y0Qh/Wyura+sZmbiu/vbO7t184OGypKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9fTf32PZWKReGtnsTUE3gYsoARrI3U6vkidbJ+oYjsWg1VHBci+xyhklszBJVLVdeFjo1mKIIFGv3CZ28QkUTQUBOOleo6KNZeiqVmhNMs30sUjTEZ4yHtGhpiQZWXzq7N4KlRBjCIpKlQw5n6cyLFQqmJ8E2nwHqkfntT8S+vm+ig6qUsjBNNQzJfFCQc6ghOX4cDJinRfGIIJpKZWyEZYYmJNgEtbfFFljehfH8O/yetku2U7dJNpVi/XMSTA8fgBJwBB1yAOrgGDdAEBNyBR/AEnq0H68V6td7mrSvWYuYILMF6/wI1fZX8</latexit>

2
<latexit sha1_base64="sCZmp1HcRAcZYVvwkcz8rLoyrAo=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ2Zax3YjBTcuK9gHtEPJpJk2NpkZkoxQhuIvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce0+QcKY0Qh/Wyura+sZmbiu/vbO7t184OGyqOJWENkjMY9kOsKKcRbShmea0nUiKRcBpKxhdTf3WPZWKxdGtHifUF3gQsZARrI3U7AYicye9QhHZ1SoqOx5E9jlCrlc1BJXciudBx0YzFMEC9V7hs9uPSSpopAnHSnUclGg/w1Izwukk300VTTAZ4QHtGBphQZWfza6dwFOj9GEYS1ORhjP150SGhVJjEZhOgfVQ/fam4l9eJ9Vhxc9YlKSaRmS+KEw51DGcvg77TFKi+dgQTCQzt0IyxBITbQJa2hKISd6E8v05/J80Xdsp2e5NuVi7XMSTA8fgBJwBB1yAGrgGddAABNyBR/AEnq0H68V6td7mrSvWYuYILMF6/wI3EpX9</latexit>

j
<latexit sha1_base64="c2I3QHG0hL1Q1ILpdG2Sq4CXz9A=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAf0A4lk6Zt2mRmSDJCGQZ/wa3u3Ylbv8WtX2L6EKzogQuHc+7l3nv8iDOlEfqwMmvrG5tb2e3czu7e/kH+8KipwlgS2iAhD2Xbx4pyFtCGZprTdiQpFj6nLX9yPfNb91QqFgZ3ehpRT+BhwAaMYG2kZtcXyTjt5QvIrlZR2XEhsi8QKrpVQ1CpWHFd6NhojgJYot7Lf3b7IYkFDTThWKmOgyLtJVhqRjhNc91Y0QiTCR7SjqEBFlR5yfzaFJ4ZpQ8HoTQVaDhXf04kWCg1Fb7pFFiP1G9vJv7ldWI9qHgJC6JY04AsFg1iDnUIZ6/DPpOUaD41BBPJzK2QjLDERJuAVrb4Is2ZUL4/h/+TZtF2SnbxtlyoXS3jyYITcArOgQMuQQ3cgDpoAALG4BE8gWfrwXqxXq23RWvGWs4cgxVY71+PqpY1</latexit>

m
<latexit sha1_base64="2VXUCUZqoMTub45he84jGbNmDtg=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYow+AvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce48fc6Y0Qh/Wyura+sZmbiu/vbO7t184OGypKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9fTf32PZWKReGtnsTUE3gYsoARrI3U6vkiFVm/UER2rYYqjguRfY5Qya0ZgsqlqutCx0YzFMECjX7hszeISCJoqAnHSnUdFGsvxVIzwmmW7yWKxpiM8ZB2DQ2xoMpLZ9dm8NQoAxhE0lSo4Uz9OZFiodRE+KZTYD1Sv72p+JfXTXRQ9VIWxommIZkvChIOdQSnr8MBk5RoPjEEE8nMrZCMsMREm4CWtvgiy5tQvj+H/5NWyXbKdummUqxfLuLJgWNwAs6AAy5AHVyDBmgCAu7AI3gCz9aD9WK9Wm/z1hVrMXMElmC9fwGUaZY4</latexit>

⋯

User

Link



Kelly Network setup
=<latexit sha1_base64="jYew14iHJwqWt3xCWVpBwJIXUkQ=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXZVKLbRdCwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wVlbX1jc2c1v57Z3dvf3CwWFbh7EitEVCHqqujzXlTNKWYYbTbqQoFj6nHX9ylfmde6o0C+WtmUbUE3gkWcAINlZq932RXKaDQtEtua6LEIIZQdUL15J6vVZGNYgyy6IIFmgOCp/9YUhiQaUhHGvdQ25kvAQrwwinab4faxphMsEj2rNUYkG1l8yuTeGpVYYwCJUtaeBM/TmRYKH1VPi2U2Az1r+9TPzL68UmqHkJk1FsqCTzRUHMoQlh9jocMkWJ4VNLMFHM3grJGCtMjA1oaYsv0rwN5ftz+D9pl0vovFS+qRQblUU8OXAMTsAZQKAKGuAaNEELEHAHHsETeHYenBfn1Xmbt644i5kjsATn/QsjBJXo</latexit>

=<latexit sha1_base64="jYew14iHJwqWt3xCWVpBwJIXUkQ=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXZVKLbRdCwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wVlbX1jc2c1v57Z3dvf3CwWFbh7EitEVCHqqujzXlTNKWYYbTbqQoFj6nHX9ylfmde6o0C+WtmUbUE3gkWcAINlZq932RXKaDQtEtua6LEIIZQdUL15J6vVZGNYgyy6IIFmgOCp/9YUhiQaUhHGvdQ25kvAQrwwinab4faxphMsEj2rNUYkG1l8yuTeGpVYYwCJUtaeBM/TmRYKH1VPi2U2Az1r+9TPzL68UmqHkJk1FsqCTzRUHMoQlh9jocMkWJ4VNLMFHM3grJGCtMjA1oaYsv0rwN5ftz+D9pl0vovFS+qRQblUU8OXAMTsAZQKAKGuAaNEELEHAHHsETeHYenBfn1Xmbt644i5kjsATn/QsjBJXo</latexit>x
<latexit sha1_base64="h7bs916m4LfHTThkbtJ7z2yLYLM=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXZVLFthspuHFZwT6gHUomzbSxSWZIMmIZBn/Bre7diVu/xa1fYqatYEUPXDiccy/33uNHnGnjuh/O0vLK6tp6biO/ubW9s1vY22/pMFaENknIQ9XxsaacSdo0zHDaiRTFwue07Y8vM799R5Vmobwxk4h6Ag8lCxjBxkqtni+S+7RfKLol13URQjAjqHLuWlKrVcuoClFmWRTBHI1+4bM3CEksqDSEY627yI2Ml2BlGOE0zfdiTSNMxnhIu5ZKLKj2kum1KTy2ygAGobIlDZyqPycSLLSeCN92CmxG+reXiX953dgEVS9hMooNlWS2KIg5NCHMXocDpigxfGIJJorZWyEZYYWJsQEtbPFFmrehfH8O/yetcgmdlsrXZ8X6xTyeHDgER+AEIFABdXAFGqAJCLgFj+AJPDsPzovz6rzNWpec+cwBWIDz/gWDXZYt</latexit>

xn
<latexit sha1_base64="L9BA9o90tEu2z5Z/YQVwdgrtO3A=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaYNTTJDkhHLMAt/wa3u3YlbP8WtX2KmrWBFD1w4nHMv997jR5xp47ofTm5ldW19I79Z2Nre2d0r7h+0dRgrQlsk5KHq+lhTziRtGWY47UaKYuFz2vEnV5nfuaNKs1DemmlEPYFHkgWMYGOlbt8Xyf1ApoNiyS27rosQghlB1QvXknq9VkE1iDLLogQWaA6Kn/1hSGJBpSEca91DbmS8BCvDCKdpoR9rGmEywSPas1RiQbWXzO5N4YlVhjAIlS1p4Ez9OZFgofVU+LZTYDPWv71M/MvrxSaoeQmTUWyoJPNFQcyhCWH2PBwyRYnhU0swUczeCskYK0yMjWhpiy/Sgg3l+3P4P2lXyuisXLk5LzUuF/HkwRE4BqcAgSpogGvQBC1AAAeP4Ak8Ow/Oi/PqvM1bc85i5hAswXn/AhZllw4=</latexit>

xi
<latexit sha1_base64="NqUcJfmIzYqQqNid3x/G4TivJts=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KkkV226k4MZlBfuAdiiZNNOGJjNDkhHLMAt/wa3u3YlbP8WtX2KmrWBFD1w4nHMv997jRYJrg9CHk1tZXVvfyG8WtrZ3dveK+wdtHcaKshYNRai6HtFM8IC1DDeCdSPFiPQE63iTq8zv3DGleRjcmmnEXElGAfc5JcZK3b4nk/sBTwfFEiojhDDGMCO4eoEsqddrFVyDOLMsSmCB5qD42R+GNJYsMFQQrXsYRcZNiDKcCpYW+rFmEaETMmI9SwMimXaT2b0pPLHKEPqhshUYOFN/TiREaj2Vnu2UxIz1by8T//J6sfFrbsKDKDYsoPNFfiygCWH2PBxyxagRU0sIVdzeCumYKEKNjWhpiyfTgg3l+3P4P2lXyvisXLk5LzUuF/HkwRE4BqcAgypogGvQBC1AgQCP4Ak8Ow/Oi/PqvM1bc85i5hAswXn/Ag58lwk=</latexit>

x1
<latexit sha1_base64="yo5MZ2C9fArLRoPr8iXnD76hUHI=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KkkV226k4MZlBfuAdiiZNNOGJjNDkhHLMAt/wa3u3YlbP8WtX2KmrWBFD1w4nHMv997jRYJrg9CHk1tZXVvfyG8WtrZ3dveK+wdtHcaKshYNRai6HtFM8IC1DDeCdSPFiPQE63iTq8zv3DGleRjcmmnEXElGAfc5JcZK3b4nk/sBTgfFEiojhDDGMCO4eoEsqddrFVyDOLMsSmCB5qD42R+GNJYsMFQQrXsYRcZNiDKcCpYW+rFmEaETMmI9SwMimXaT2b0pPLHKEPqhshUYOFN/TiREaj2Vnu2UxIz1by8T//J6sfFrbsKDKDYsoPNFfiygCWH2PBxyxagRU0sIVdzeCumYKEKNjWhpiyfTgg3l+3P4P2lXyvisXLk5LzUuF/HkwRE4BqcAgypogGvQBC1AgQCP4Ak8Ow/Oi/PqvM1bc85i5hAswXn/ArXVltE=</latexit>

x2
<latexit sha1_base64="R2wxSZujn7ab38yamqcX+sRddFo=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KkkV226k4MZlBfuAdiiZNNOGJjNDkhHLMAt/wa3u3YlbP8WtX2KmrWBFD1w4nHMv997jRYJrg9CHk1tZXVvfyG8WtrZ3dveK+wdtHcaKshYNRai6HtFM8IC1DDeCdSPFiPQE63iTq8zv3DGleRjcmmnEXElGAfc5JcZK3b4nk/tBJR0US6iMEMIYw4zg6gWypF6vVXAN4syyKIEFmoPiZ38Y0liywFBBtO5hFBk3IcpwKlha6MeaRYROyIj1LA2IZNpNZvem8MQqQ+iHylZg4Ez9OZEQqfVUerZTEjPWv71M/MvrxcavuQkPotiwgM4X+bGAJoTZ83DIFaNGTC0hVHF7K6Rjogg1NqKlLZ5MCzaU78/h/6RdKeOzcuXmvNS4XMSTB0fgGJwCDKqgAa5BE7QABQI8gifw7Dw4L86r8zZvzTmLmUOwBOf9C7dqltI=</latexit>

x3
<latexit sha1_base64="EevpwnVkEw8QpAmrHe97SujJmQM=">AAAB/3icdVBNSwMxEM3Wr1q/qh69BIvgqWxase1FCl48VrC10C4lm2bb0CS7JFmxLHvwL3jVuzfx6k/x6i8x21awog8GHu/NMDPPjzjTxnU/nNzK6tr6Rn6zsLW9s7tX3D/o6DBWhLZJyEPV9bGmnEnaNsxw2o0UxcLn9NafXGb+7R1VmoXyxkwj6gk8kixgBBsrdfu+SO4H1XRQLLll13URQjAjqHbuWtJo1CuoDlFmWZTAAq1B8bM/DEksqDSEY617yI2Ml2BlGOE0LfRjTSNMJnhEe5ZKLKj2ktm9KTyxyhAGobIlDZypPycSLLSeCt92CmzG+reXiX95vdgEdS9hMooNlWS+KIg5NCHMnodDpigxfGoJJorZWyEZY4WJsREtbfFFWrChfH8O/yedShlVy5Xrs1LzYhFPHhyBY3AKEKiBJrgCLdAGBHDwCJ7As/PgvDivztu8NecsZg7BEpz3L7j/ltM=</latexit>

Allocation

xi � 0
<latexit sha1_base64="776DMJLgff++W3IdB4QiqKiAhCw=">AAAB8XicdVBNS0JBFJ1nX2ZfVss2QxK0khmL1E0IbVoa5AepyLzxqoPz5r1m5kUi/os2LYpo279p179pnhpU1IELh3Pu5d57/EgKYwn58FJLyyura+n1zMbm1vZOdnevbsJYc6jxUIa66TMDUiioWWElNCMNLPAlNPzRReI37kAbEaprO46gE7CBEn3BmXXSzX1X4PYAbjHpZnMkTwihlOKE0OIZcaRcLhVoCdPEcsihBard7Hu7F/I4AGW5ZMa0KIlsZ8K0FVzCNNOODUSMj9gAWo4qFoDpTGYXT/GRU3q4H2pXyuKZ+n1iwgJjxoHvOgNmh+a3l4h/ea3Y9kudiVBRbEHx+aJ+LLENcfI+7gkN3MqxI4xr4W7FfMg049aFlHEhfH2K/yf1Qp6e5AtXp7nK+SKONDpAh+gYUVREFXSJqqiGOFLoAT2hZ894j96L9zpvTXmLmX30A97bJ9UbkF0=</latexit>

⋯ ⋯

⋯

=<latexit sha1_base64="HGE+S+tjX1iaron10FgmlyW7YlU=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4GjJtHduFUnDjsoJ9QDuUTJppY5OZIckIZSj+glvduxO3fotbv8T0IVjRAxcO59zLvff4MWdKI/RhZVZW19Y3spu5re2d3b38/kFTRYkktEEiHsm2jxXlLKQNzTSn7VhSLHxOW/7oauq37qlULApv9TimnsCDkAWMYG2kZtcX6cWkly8gu1pFZceFyD5DqOhWDUGlYsV1oWOjGQpggXov/9ntRyQRNNSEY6U6Doq1l2KpGeF0kusmisaYjPCAdgwNsaDKS2fXTuCJUfowiKSpUMOZ+nMixUKpsfBNp8B6qH57U/Evr5PooOKlLIwTTUMyXxQkHOoITl+HfSYp0XxsCCaSmVshGWKJiTYBLW3xxSRnQvn+HP5PmkXbKdnFm3KhdrmIJwuOwDE4BQ44BzVwDeqgAQi4A4/gCTxbD9aL9Wq9zVsz1mLmECzBev8CSHmWCA==</latexit>[m]
<latexit sha1_base64="UdGJBWcx/rZbd+kCKrnuvlWgCGw=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAfMB1KJk3b0GRmSDJCGWbhL7jVvTtx66e49UtMH4IVPXDhcM693HtPEHOmNEIfVm5tfWNzK79d2Nnd2z8oHh61VZRIQlsk4pHsBlhRzkLa0kxz2o0lxSLgtBNMrmd+555KxaLwTk9j6gs8CtmQEayN1O0FIvWEn/WLJWTX66jquBDZFwiV3bohqFKuuS50bDRHCSzR7Bc/e4OIJIKGmnCslOegWPsplpoRTrNCL1E0xmSCR9QzNMSCKj+d35vBM6MM4DCSpkIN5+rPiRQLpaYiMJ0C67H67c3Evzwv0cOan7IwTjQNyWLRMOFQR3D2PBwwSYnmU0MwkczcCskYS0y0iWhlSyCyggnl+3P4P2mXbadil2+rpcbVMp48OAGn4Bw44BI0wA1oghYggINH8ASerQfrxXq13hatOWs5cwxWYL1/AQYMlwQ=</latexit>

[n]
<latexit sha1_base64="Jdi4sjlUNtW6nzjNJ1tWiK8CNA8=">AAAB/3icdVBNSwMxEM3Wr1q/qh69BIvgqWyq2PYiBS8eK9ha2C4lm2bb0CS7JFmhLHvwL3jVuzfx6k/x6i8x21awog8GHu/NMDMviDnTxnU/nMLK6tr6RnGztLW9s7tX3j/o6ihRhHZIxCPVC7CmnEnaMcxw2osVxSLg9C6YXOX+3T1VmkXy1kxj6gs8kixkBBsr9fqBSD3pZ4Nyxa26rosQgjlB9QvXkmazUUMNiHLLogIWaA/Kn/1hRBJBpSEca+0hNzZ+ipVhhNOs1E80jTGZ4BH1LJVYUO2ns3szeGKVIQwjZUsaOFN/TqRYaD0Vge0U2Iz1by8X//K8xIQNP2UyTgyVZL4oTDg0Ecyfh0OmKDF8agkmitlbIRljhYmxES1tCURWsqF8fw7/J91aFZ1VazfnldblIp4iOALH4BQgUActcA3aoAMI4OARPIFn58F5cV6dt3lrwVnMHIIlOO9f5SCW7w==</latexit>

1
<latexit sha1_base64="FqpJ+1KrPXXst9uDnZ4eiEebqs8=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IUDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwETCpXm</latexit>

2
<latexit sha1_base64="Coru3qnxkgkKLbdJNe42iFZwvMQ=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IKumgWHLLrusihGBGUPXCtaRer1VQDaLMsiiBBZqD4md/GJJYUGkIx1r3kBsZL8HKMMJpWujHmkaYTPCI9iyVWFDtJbNrU3hilSEMQmVLGjhTf04kWGg9Fb7tFNiM9W8vE//yerEJal7CZBQbKsl8URBzaEKYvQ6HTFFi+NQSTBSzt0IyxgoTYwNa2uKLtGBD+f4c/k/alTI6K1duzkuNy0U8eXAEjsEpQKAKGuAaNEELEHAHHsETeHYenBfn1Xmbt+acxcwhWILz/gUUn5Xn</latexit> 3

<latexit sha1_base64="9fXJmaBhTiqsZIXiVngm6tSRW7w=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IztJBseSWXddFCMGMoOqFa0m9XqugGkSZZVECCzQHxc/+MCSxoNIQjrXuITcyXoKVYYTTtNCPNY0wmeAR7VkqsaDaS2bXpvDEKkMYhMqWNHCm/pxIsNB6KnzbKbAZ699eJv7l9WIT1LyEySg2VJL5oiDm0IQwex0OmaLE8KklmChmb4VkjBUmxga0tMUXacGG8v05/J+0K2V0Vq7cnJcal4t48uAIHINTgEAVNMA1aIIWIOAOPIIn8Ow8OC/Oq/M2b805i5lDsATn/QsWNJXo</latexit>

i
<latexit sha1_base64="FvHE3iYiRLc9TDApQptpG6L6ocE=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IWDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFropYe</latexit>

n
<latexit sha1_base64="qpL3gR0RDllo08EGSSTdHzLSC4Q=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IZDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFzi5Yj</latexit>

1
<latexit sha1_base64="Kjg57v87xPSJd9j31NNp/vNw/O4=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYow+AvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce48fc6Y0Qh/Wyura+sZmbiu/vbO7t184OGypKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9fTf32PZWKReGtnsTUE3gYsoARrI3U6vkidbJ+oYjsWg1VHBci+xyhklszBJVLVdeFjo1mKIIFGv3CZ28QkUTQUBOOleo6KNZeiqVmhNMs30sUjTEZ4yHtGhpiQZWXzq7N4KlRBjCIpKlQw5n6cyLFQqmJ8E2nwHqkfntT8S+vm+ig6qUsjBNNQzJfFCQc6ghOX4cDJinRfGIIJpKZWyEZYYmJNgEtbfFFljehfH8O/yetku2U7dJNpVi/XMSTA8fgBJwBB1yAOrgGDdAEBNyBR/AEnq0H68V6td7mrSvWYuYILMF6/wI1fZX8</latexit>

2
<latexit sha1_base64="sCZmp1HcRAcZYVvwkcz8rLoyrAo=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ2Zax3YjBTcuK9gHtEPJpJk2NpkZkoxQhuIvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce0+QcKY0Qh/Wyura+sZmbiu/vbO7t184OGyqOJWENkjMY9kOsKKcRbShmea0nUiKRcBpKxhdTf3WPZWKxdGtHifUF3gQsZARrI3U7AYicye9QhHZ1SoqOx5E9jlCrlc1BJXciudBx0YzFMEC9V7hs9uPSSpopAnHSnUclGg/w1Izwukk300VTTAZ4QHtGBphQZWfza6dwFOj9GEYS1ORhjP150SGhVJjEZhOgfVQ/fam4l9eJ9Vhxc9YlKSaRmS+KEw51DGcvg77TFKi+dgQTCQzt0IyxBITbQJa2hKISd6E8v05/J80Xdsp2e5NuVi7XMSTA8fgBJwBB1yAGrgGddAABNyBR/AEnq0H68V6td7mrSvWYuYILMF6/wI3EpX9</latexit>

j
<latexit sha1_base64="c2I3QHG0hL1Q1ILpdG2Sq4CXz9A=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAf0A4lk6Zt2mRmSDJCGQZ/wa3u3Ylbv8WtX2L6EKzogQuHc+7l3nv8iDOlEfqwMmvrG5tb2e3czu7e/kH+8KipwlgS2iAhD2Xbx4pyFtCGZprTdiQpFj6nLX9yPfNb91QqFgZ3ehpRT+BhwAaMYG2kZtcXyTjt5QvIrlZR2XEhsi8QKrpVQ1CpWHFd6NhojgJYot7Lf3b7IYkFDTThWKmOgyLtJVhqRjhNc91Y0QiTCR7SjqEBFlR5yfzaFJ4ZpQ8HoTQVaDhXf04kWCg1Fb7pFFiP1G9vJv7ldWI9qHgJC6JY04AsFg1iDnUIZ6/DPpOUaD41BBPJzK2QjLDERJuAVrb4Is2ZUL4/h/+TZtF2SnbxtlyoXS3jyYITcArOgQMuQQ3cgDpoAALG4BE8gWfrwXqxXq23RWvGWs4cgxVY71+PqpY1</latexit>

m
<latexit sha1_base64="2VXUCUZqoMTub45he84jGbNmDtg=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYow+AvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce48fc6Y0Qh/Wyura+sZmbiu/vbO7t184OGypKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9fTf32PZWKReGtnsTUE3gYsoARrI3U6vkiFVm/UER2rYYqjguRfY5Qya0ZgsqlqutCx0YzFMECjX7hszeISCJoqAnHSnUdFGsvxVIzwmmW7yWKxpiM8ZB2DQ2xoMpLZ9dm8NQoAxhE0lSo4Uz9OZFiodRE+KZTYD1Sv72p+JfXTXRQ9VIWxommIZkvChIOdQSnr8MBk5RoPjEEE8nMrZCMsMREm4CWtvgiy5tQvj+H/5NWyXbKdummUqxfLuLJgWNwAs6AAy5AHVyDBmgCAu7AI3gCz9aD9WK9Wm/z1hVrMXMElmC9fwGUaZY4</latexit>

⋯

User

Link



Kelly Network setup
=<latexit sha1_base64="jYew14iHJwqWt3xCWVpBwJIXUkQ=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXZVKLbRdCwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wVlbX1jc2c1v57Z3dvf3CwWFbh7EitEVCHqqujzXlTNKWYYbTbqQoFj6nHX9ylfmde6o0C+WtmUbUE3gkWcAINlZq932RXKaDQtEtua6LEIIZQdUL15J6vVZGNYgyy6IIFmgOCp/9YUhiQaUhHGvdQ25kvAQrwwinab4faxphMsEj2rNUYkG1l8yuTeGpVYYwCJUtaeBM/TmRYKH1VPi2U2Az1r+9TPzL68UmqHkJk1FsqCTzRUHMoQlh9jocMkWJ4VNLMFHM3grJGCtMjA1oaYsv0rwN5ftz+D9pl0vovFS+qRQblUU8OXAMTsAZQKAKGuAaNEELEHAHHsETeHYenBfn1Xmbt644i5kjsATn/QsjBJXo</latexit>

=<latexit sha1_base64="jYew14iHJwqWt3xCWVpBwJIXUkQ=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXZVKLbRdCwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wVlbX1jc2c1v57Z3dvf3CwWFbh7EitEVCHqqujzXlTNKWYYbTbqQoFj6nHX9ylfmde6o0C+WtmUbUE3gkWcAINlZq932RXKaDQtEtua6LEIIZQdUL15J6vVZGNYgyy6IIFmgOCp/9YUhiQaUhHGvdQ25kvAQrwwinab4faxphMsEj2rNUYkG1l8yuTeGpVYYwCJUtaeBM/TmRYKH1VPi2U2Az1r+9TPzL68UmqHkJk1FsqCTzRUHMoQlh9jocMkWJ4VNLMFHM3grJGCtMjA1oaYsv0rwN5ftz+D9pl0vovFS+qRQblUU8OXAMTsAZQKAKGuAaNEELEHAHHsETeHYenBfn1Xmbt644i5kjsATn/QsjBJXo</latexit>x
<latexit sha1_base64="h7bs916m4LfHTThkbtJ7z2yLYLM=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXZVLFthspuHFZwT6gHUomzbSxSWZIMmIZBn/Bre7diVu/xa1fYqatYEUPXDiccy/33uNHnGnjuh/O0vLK6tp6biO/ubW9s1vY22/pMFaENknIQ9XxsaacSdo0zHDaiRTFwue07Y8vM799R5Vmobwxk4h6Ag8lCxjBxkqtni+S+7RfKLol13URQjAjqHLuWlKrVcuoClFmWRTBHI1+4bM3CEksqDSEY627yI2Ml2BlGOE0zfdiTSNMxnhIu5ZKLKj2kum1KTy2ygAGobIlDZyqPycSLLSeCN92CmxG+reXiX953dgEVS9hMooNlWS2KIg5NCHMXocDpigxfGIJJorZWyEZYYWJsQEtbPFFmrehfH8O/yetcgmdlsrXZ8X6xTyeHDgER+AEIFABdXAFGqAJCLgFj+AJPDsPzovz6rzNWpec+cwBWIDz/gWDXZYt</latexit>

xn
<latexit sha1_base64="L9BA9o90tEu2z5Z/YQVwdgrtO3A=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaYNTTJDkhHLMAt/wa3u3YlbP8WtX2KmrWBFD1w4nHMv997jR5xp47ofTm5ldW19I79Z2Nre2d0r7h+0dRgrQlsk5KHq+lhTziRtGWY47UaKYuFz2vEnV5nfuaNKs1DemmlEPYFHkgWMYGOlbt8Xyf1ApoNiyS27rosQghlB1QvXknq9VkE1iDLLogQWaA6Kn/1hSGJBpSEca91DbmS8BCvDCKdpoR9rGmEywSPas1RiQbWXzO5N4YlVhjAIlS1p4Ez9OZFgofVU+LZTYDPWv71M/MvrxSaoeQmTUWyoJPNFQcyhCWH2PBwyRYnhU0swUczeCskYK0yMjWhpiy/Sgg3l+3P4P2lXyuisXLk5LzUuF/HkwRE4BqcAgSpogGvQBC1AAAeP4Ak8Ow/Oi/PqvM1bc85i5hAswXn/AhZllw4=</latexit>

xi
<latexit sha1_base64="NqUcJfmIzYqQqNid3x/G4TivJts=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KkkV226k4MZlBfuAdiiZNNOGJjNDkhHLMAt/wa3u3YlbP8WtX2KmrWBFD1w4nHMv997jRYJrg9CHk1tZXVvfyG8WtrZ3dveK+wdtHcaKshYNRai6HtFM8IC1DDeCdSPFiPQE63iTq8zv3DGleRjcmmnEXElGAfc5JcZK3b4nk/sBTwfFEiojhDDGMCO4eoEsqddrFVyDOLMsSmCB5qD42R+GNJYsMFQQrXsYRcZNiDKcCpYW+rFmEaETMmI9SwMimXaT2b0pPLHKEPqhshUYOFN/TiREaj2Vnu2UxIz1by8T//J6sfFrbsKDKDYsoPNFfiygCWH2PBxyxagRU0sIVdzeCumYKEKNjWhpiyfTgg3l+3P4P2lXyvisXLk5LzUuF/HkwRE4BqcAgypogGvQBC1AgQCP4Ak8Ow/Oi/PqvM1bc85i5hAswXn/Ag58lwk=</latexit>

x1
<latexit sha1_base64="yo5MZ2C9fArLRoPr8iXnD76hUHI=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KkkV226k4MZlBfuAdiiZNNOGJjNDkhHLMAt/wa3u3YlbP8WtX2KmrWBFD1w4nHMv997jRYJrg9CHk1tZXVvfyG8WtrZ3dveK+wdtHcaKshYNRai6HtFM8IC1DDeCdSPFiPQE63iTq8zv3DGleRjcmmnEXElGAfc5JcZK3b4nk/sBTgfFEiojhDDGMCO4eoEsqddrFVyDOLMsSmCB5qD42R+GNJYsMFQQrXsYRcZNiDKcCpYW+rFmEaETMmI9SwMimXaT2b0pPLHKEPqhshUYOFN/TiREaj2Vnu2UxIz1by8T//J6sfFrbsKDKDYsoPNFfiygCWH2PBxyxagRU0sIVdzeCumYKEKNjWhpiyfTgg3l+3P4P2lXyvisXLk5LzUuF/HkwRE4BqcAgypogGvQBC1AgQCP4Ak8Ow/Oi/PqvM1bc85i5hAswXn/ArXVltE=</latexit>

x2
<latexit sha1_base64="R2wxSZujn7ab38yamqcX+sRddFo=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KkkV226k4MZlBfuAdiiZNNOGJjNDkhHLMAt/wa3u3YlbP8WtX2KmrWBFD1w4nHMv997jRYJrg9CHk1tZXVvfyG8WtrZ3dveK+wdtHcaKshYNRai6HtFM8IC1DDeCdSPFiPQE63iTq8zv3DGleRjcmmnEXElGAfc5JcZK3b4nk/tBJR0US6iMEMIYw4zg6gWypF6vVXAN4syyKIEFmoPiZ38Y0liywFBBtO5hFBk3IcpwKlha6MeaRYROyIj1LA2IZNpNZvem8MQqQ+iHylZg4Ez9OZEQqfVUerZTEjPWv71M/MvrxcavuQkPotiwgM4X+bGAJoTZ83DIFaNGTC0hVHF7K6Rjogg1NqKlLZ5MCzaU78/h/6RdKeOzcuXmvNS4XMSTB0fgGJwCDKqgAa5BE7QABQI8gifw7Dw4L86r8zZvzTmLmUOwBOf9C7dqltI=</latexit>

x3
<latexit sha1_base64="EevpwnVkEw8QpAmrHe97SujJmQM=">AAAB/3icdVBNSwMxEM3Wr1q/qh69BIvgqWxase1FCl48VrC10C4lm2bb0CS7JFmxLHvwL3jVuzfx6k/x6i8x21awog8GHu/NMDPPjzjTxnU/nNzK6tr6Rn6zsLW9s7tX3D/o6DBWhLZJyEPV9bGmnEnaNsxw2o0UxcLn9NafXGb+7R1VmoXyxkwj6gk8kixgBBsrdfu+SO4H1XRQLLll13URQjAjqHbuWtJo1CuoDlFmWZTAAq1B8bM/DEksqDSEY617yI2Ml2BlGOE0LfRjTSNMJnhEe5ZKLKj2ktm9KTyxyhAGobIlDZypPycSLLSeCt92CmzG+reXiX95vdgEdS9hMooNlWS+KIg5NCHMnodDpigxfGoJJorZWyEZY4WJsREtbfFFWrChfH8O/yedShlVy5Xrs1LzYhFPHhyBY3AKEKiBJrgCLdAGBHDwCJ7As/PgvDivztu8NecsZg7BEpz3L7j/ltM=</latexit>

Allocation

xi � 0
<latexit sha1_base64="776DMJLgff++W3IdB4QiqKiAhCw=">AAAB8XicdVBNS0JBFJ1nX2ZfVss2QxK0khmL1E0IbVoa5AepyLzxqoPz5r1m5kUi/os2LYpo279p179pnhpU1IELh3Pu5d57/EgKYwn58FJLyyura+n1zMbm1vZOdnevbsJYc6jxUIa66TMDUiioWWElNCMNLPAlNPzRReI37kAbEaprO46gE7CBEn3BmXXSzX1X4PYAbjHpZnMkTwihlOKE0OIZcaRcLhVoCdPEcsihBard7Hu7F/I4AGW5ZMa0KIlsZ8K0FVzCNNOODUSMj9gAWo4qFoDpTGYXT/GRU3q4H2pXyuKZ+n1iwgJjxoHvOgNmh+a3l4h/ea3Y9kudiVBRbEHx+aJ+LLENcfI+7gkN3MqxI4xr4W7FfMg049aFlHEhfH2K/yf1Qp6e5AtXp7nK+SKONDpAh+gYUVREFXSJqqiGOFLoAT2hZ894j96L9zpvTXmLmX30A97bJ9UbkF0=</latexit>

⋯ ⋯

⋯

=<latexit sha1_base64="HGE+S+tjX1iaron10FgmlyW7YlU=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4GjJtHduFUnDjsoJ9QDuUTJppY5OZIckIZSj+glvduxO3fotbv8T0IVjRAxcO59zLvff4MWdKI/RhZVZW19Y3spu5re2d3b38/kFTRYkktEEiHsm2jxXlLKQNzTSn7VhSLHxOW/7oauq37qlULApv9TimnsCDkAWMYG2kZtcX6cWkly8gu1pFZceFyD5DqOhWDUGlYsV1oWOjGQpggXov/9ntRyQRNNSEY6U6Doq1l2KpGeF0kusmisaYjPCAdgwNsaDKS2fXTuCJUfowiKSpUMOZ+nMixUKpsfBNp8B6qH57U/Evr5PooOKlLIwTTUMyXxQkHOoITl+HfSYp0XxsCCaSmVshGWKJiTYBLW3xxSRnQvn+HP5PmkXbKdnFm3KhdrmIJwuOwDE4BQ44BzVwDeqgAQi4A4/gCTxbD9aL9Wq9zVsz1mLmECzBev8CSHmWCA==</latexit>[m]
<latexit sha1_base64="UdGJBWcx/rZbd+kCKrnuvlWgCGw=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAfMB1KJk3b0GRmSDJCGWbhL7jVvTtx66e49UtMH4IVPXDhcM693HtPEHOmNEIfVm5tfWNzK79d2Nnd2z8oHh61VZRIQlsk4pHsBlhRzkLa0kxz2o0lxSLgtBNMrmd+555KxaLwTk9j6gs8CtmQEayN1O0FIvWEn/WLJWTX66jquBDZFwiV3bohqFKuuS50bDRHCSzR7Bc/e4OIJIKGmnCslOegWPsplpoRTrNCL1E0xmSCR9QzNMSCKj+d35vBM6MM4DCSpkIN5+rPiRQLpaYiMJ0C67H67c3Evzwv0cOan7IwTjQNyWLRMOFQR3D2PBwwSYnmU0MwkczcCskYS0y0iWhlSyCyggnl+3P4P2mXbadil2+rpcbVMp48OAGn4Bw44BI0wA1oghYggINH8ASerQfrxXq13hatOWs5cwxWYL1/AQYMlwQ=</latexit>

[n]
<latexit sha1_base64="Jdi4sjlUNtW6nzjNJ1tWiK8CNA8=">AAAB/3icdVBNSwMxEM3Wr1q/qh69BIvgqWyq2PYiBS8eK9ha2C4lm2bb0CS7JFmhLHvwL3jVuzfx6k/x6i8x21awog8GHu/NMDMviDnTxnU/nMLK6tr6RnGztLW9s7tX3j/o6ihRhHZIxCPVC7CmnEnaMcxw2osVxSLg9C6YXOX+3T1VmkXy1kxj6gs8kixkBBsr9fqBSD3pZ4Nyxa26rosQgjlB9QvXkmazUUMNiHLLogIWaA/Kn/1hRBJBpSEca+0hNzZ+ipVhhNOs1E80jTGZ4BH1LJVYUO2ns3szeGKVIQwjZUsaOFN/TqRYaD0Vge0U2Iz1by8X//K8xIQNP2UyTgyVZL4oTDg0Ecyfh0OmKDF8agkmitlbIRljhYmxES1tCURWsqF8fw7/J91aFZ1VazfnldblIp4iOALH4BQgUActcA3aoAMI4OARPIFn58F5cV6dt3lrwVnMHIIlOO9f5SCW7w==</latexit>

1
<latexit sha1_base64="FqpJ+1KrPXXst9uDnZ4eiEebqs8=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IUDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwETCpXm</latexit>

2
<latexit sha1_base64="Coru3qnxkgkKLbdJNe42iFZwvMQ=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IKumgWHLLrusihGBGUPXCtaRer1VQDaLMsiiBBZqD4md/GJJYUGkIx1r3kBsZL8HKMMJpWujHmkaYTPCI9iyVWFDtJbNrU3hilSEMQmVLGjhTf04kWGg9Fb7tFNiM9W8vE//yerEJal7CZBQbKsl8URBzaEKYvQ6HTFFi+NQSTBSzt0IyxgoTYwNa2uKLtGBD+f4c/k/alTI6K1duzkuNy0U8eXAEjsEpQKAKGuAaNEELEHAHHsETeHYenBfn1Xmbt+acxcwhWILz/gUUn5Xn</latexit> 3

<latexit sha1_base64="9fXJmaBhTiqsZIXiVngm6tSRW7w=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IztJBseSWXddFCMGMoOqFa0m9XqugGkSZZVECCzQHxc/+MCSxoNIQjrXuITcyXoKVYYTTtNCPNY0wmeAR7VkqsaDaS2bXpvDEKkMYhMqWNHCm/pxIsNB6KnzbKbAZ699eJv7l9WIT1LyEySg2VJL5oiDm0IQwex0OmaLE8KklmChmb4VkjBUmxga0tMUXacGG8v05/J+0K2V0Vq7cnJcal4t48uAIHINTgEAVNMA1aIIWIOAOPIIn8Ow8OC/Oq/M2b805i5lDsATn/QsWNJXo</latexit>

i
<latexit sha1_base64="FvHE3iYiRLc9TDApQptpG6L6ocE=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IWDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFropYe</latexit>

n
<latexit sha1_base64="qpL3gR0RDllo08EGSSTdHzLSC4Q=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IZDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFzi5Yj</latexit>

1
<latexit sha1_base64="Kjg57v87xPSJd9j31NNp/vNw/O4=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYow+AvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce48fc6Y0Qh/Wyura+sZmbiu/vbO7t184OGypKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9fTf32PZWKReGtnsTUE3gYsoARrI3U6vkidbJ+oYjsWg1VHBci+xyhklszBJVLVdeFjo1mKIIFGv3CZ28QkUTQUBOOleo6KNZeiqVmhNMs30sUjTEZ4yHtGhpiQZWXzq7N4KlRBjCIpKlQw5n6cyLFQqmJ8E2nwHqkfntT8S+vm+ig6qUsjBNNQzJfFCQc6ghOX4cDJinRfGIIJpKZWyEZYYmJNgEtbfFFljehfH8O/yetku2U7dJNpVi/XMSTA8fgBJwBB1yAOrgGDdAEBNyBR/AEnq0H68V6td7mrSvWYuYILMF6/wI1fZX8</latexit>

2
<latexit sha1_base64="sCZmp1HcRAcZYVvwkcz8rLoyrAo=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ2Zax3YjBTcuK9gHtEPJpJk2NpkZkoxQhuIvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce0+QcKY0Qh/Wyura+sZmbiu/vbO7t184OGyqOJWENkjMY9kOsKKcRbShmea0nUiKRcBpKxhdTf3WPZWKxdGtHifUF3gQsZARrI3U7AYicye9QhHZ1SoqOx5E9jlCrlc1BJXciudBx0YzFMEC9V7hs9uPSSpopAnHSnUclGg/w1Izwukk300VTTAZ4QHtGBphQZWfza6dwFOj9GEYS1ORhjP150SGhVJjEZhOgfVQ/fam4l9eJ9Vhxc9YlKSaRmS+KEw51DGcvg77TFKi+dgQTCQzt0IyxBITbQJa2hKISd6E8v05/J80Xdsp2e5NuVi7XMSTA8fgBJwBB1yAGrgGddAABNyBR/AEnq0H68V6td7mrSvWYuYILMF6/wI3EpX9</latexit>

j
<latexit sha1_base64="c2I3QHG0hL1Q1ILpdG2Sq4CXz9A=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAf0A4lk6Zt2mRmSDJCGQZ/wa3u3Ylbv8WtX2L6EKzogQuHc+7l3nv8iDOlEfqwMmvrG5tb2e3czu7e/kH+8KipwlgS2iAhD2Xbx4pyFtCGZprTdiQpFj6nLX9yPfNb91QqFgZ3ehpRT+BhwAaMYG2kZtcXyTjt5QvIrlZR2XEhsi8QKrpVQ1CpWHFd6NhojgJYot7Lf3b7IYkFDTThWKmOgyLtJVhqRjhNc91Y0QiTCR7SjqEBFlR5yfzaFJ4ZpQ8HoTQVaDhXf04kWCg1Fb7pFFiP1G9vJv7ldWI9qHgJC6JY04AsFg1iDnUIZ6/DPpOUaD41BBPJzK2QjLDERJuAVrb4Is2ZUL4/h/+TZtF2SnbxtlyoXS3jyYITcArOgQMuQQ3cgDpoAALG4BE8gWfrwXqxXq23RWvGWs4cgxVY71+PqpY1</latexit>

m
<latexit sha1_base64="2VXUCUZqoMTub45he84jGbNmDtg=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYow+AvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce48fc6Y0Qh/Wyura+sZmbiu/vbO7t184OGypKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9fTf32PZWKReGtnsTUE3gYsoARrI3U6vkiFVm/UER2rYYqjguRfY5Qya0ZgsqlqutCx0YzFMECjX7hszeISCJoqAnHSnUdFGsvxVIzwmmW7yWKxpiM8ZB2DQ2xoMpLZ9dm8NQoAxhE0lSo4Uz9OZFiodRE+KZTYD1Sv72p+JfXTXRQ9VIWxommIZkvChIOdQSnr8MBk5RoPjEEE8nMrZCMsMREm4CWtvgiy5tQvj+H/5NWyXbKdummUqxfLuLJgWNwAs6AAy5AHVyDBmgCAu7AI3gCz9aD9WK9Wm/z1hVrMXMElmC9fwGUaZY4</latexit>

⋯

User

Link

c
<latexit sha1_base64="ijPG/1GTM06RR6swX/jBCOzqPQo=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYow+AvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce48fc6Y0Qh/Wyura+sZmbiu/vbO7t184OGypKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9fTf32PZWKReGtnsTUE3gYsoARrI3U6vkiJVm/UER2rYYqjguRfY5Qya0ZgsqlqutCx0YzFMECjX7hszeISCJoqAnHSnUdFGsvxVIzwmmW7yWKxpiM8ZB2DQ2xoMpLZ9dm8NQoAxhE0lSo4Uz9OZFiodRE+KZTYD1Sv72p+JfXTXRQ9VIWxommIZkvChIOdQSnr8MBk5RoPjEEE8nMrZCMsMREm4CWtvgiy5tQvj+H/5NWyXbKdummUqxfLuLJgWNwAs6AAy5AHVyDBmgCAu7AI3gCz9aD9WK9Wm/z1hVrMXMElmC9fwGEl5Yu</latexit>

=<latexit sha1_base64="HGE+S+tjX1iaron10FgmlyW7YlU=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4GjJtHduFUnDjsoJ9QDuUTJppY5OZIckIZSj+glvduxO3fotbv8T0IVjRAxcO59zLvff4MWdKI/RhZVZW19Y3spu5re2d3b38/kFTRYkktEEiHsm2jxXlLKQNzTSn7VhSLHxOW/7oauq37qlULApv9TimnsCDkAWMYG2kZtcX6cWkly8gu1pFZceFyD5DqOhWDUGlYsV1oWOjGQpggXov/9ntRyQRNNSEY6U6Doq1l2KpGeF0kusmisaYjPCAdgwNsaDKS2fXTuCJUfowiKSpUMOZ+nMixUKpsfBNp8B6qH57U/Evr5PooOKlLIwTTUMyXxQkHOoITl+HfSYp0XxsCCaSmVshGWKJiTYBLW3xxSRnQvn+HP5PmkXbKdnFm3KhdrmIJwuOwDE4BQ44BzVwDeqgAQi4A4/gCTxbD9aL9Wq9zVsz1mLmECzBev8CSHmWCA==</latexit> cm
<latexit sha1_base64="gBsJNn7jgqrUursgy5biiTsnQ2c=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAf0A4lk2ba0GRmSDJCGWbhL7jVvTtx66e49UtMH4IVPXDhcM693HuPH3OmNEIfVm5tfWNzK79d2Nnd2z8oHh61VZRIQlsk4pHs+lhRzkLa0kxz2o0lxcLntONPrmd+555KxaLwTk9j6gk8ClnACNZG6vZ9kZKByAbFErLrdVR1XIjsC4TKbt0QVCnXXBc6NpqjBJZoDoqf/WFEEkFDTThWquegWHsplpoRTrNCP1E0xmSCR7RnaIgFVV46vzeDZ0YZwiCSpkIN5+rPiRQLpabCN50C67H67c3Ev7xeooOal7IwTjQNyWJRkHCoIzh7Hg6ZpETzqSGYSGZuhWSMJSbaRLSyxRdZwYTy/Tn8n7TLtlOxy7fVUuNqGU8enIBTcA4ccAka4AY0QQsQwMEjeALP1oP1Yr1ab4vWnLWcOQYrsN6/ABXglw4=</latexit>

cj
<latexit sha1_base64="GWKLWLDDLhxwvSY1MpJWYQd+YUk=">AAAB/3icdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYowyz8Bbe6dydu/RS3fonpQ7CiBy4czrmXe+/xY86URujDWlldW9/YzG3lt3d29/YLB4ctFSWS0CaJeCQ7PlaUs5A2NdOcdmJJsfA5bfvjq6nfvqdSsSi81ZOYegIPQxYwgrWROj1fpKR/l/ULRWTXaqjiuBDZ5wiV3JohqFyqui50bDRDESzQ6Bc+e4OIJIKGmnCsVNdBsfZSLDUjnGb5XqJojMkYD2nX0BALqrx0dm8GT40ygEEkTYUaztSfEykWSk2EbzoF1iP125uKf3ndRAdVL2VhnGgakvmiIOFQR3D6PBwwSYnmE0MwkczcCskIS0y0iWhpiy+yvAnl+3P4P2mVbKdsl24qxfrlIp4cOAYn4Aw44ALUwTVogCYggINH8ASerQfrxXq13uatK9Zi5ggswXr/AhEhlws=</latexit>

c1
<latexit sha1_base64="efVAsMDebG90LMWgVIUaHJoUoUo=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAf0A4lk2ba0GRmSDJCGWbhL7jVvTtx66e49UtMH4IVPXDhcM693HuPH3OmNEIfVm5tfWNzK79d2Nnd2z8oHh61VZRIQlsk4pHs+lhRzkLa0kxz2o0lxcLntONPrmd+555KxaLwTk9j6gk8ClnACNZG6vZ9kZKBkw2KJWTX66jquBDZFwiV3bohqFKuuS50bDRHCSzRHBQ/+8OIJIKGmnCsVM9BsfZSLDUjnGaFfqJojMkEj2jP0BALqrx0fm8Gz4wyhEEkTYUaztWfEykWSk2FbzoF1mP125uJf3m9RAc1L2VhnGgaksWiIOFQR3D2PBwySYnmU0MwkczcCskYS0y0iWhliy+yggnl+3P4P2mXbadil2+rpcbVMp48OAGn4Bw44BI0wA1oghYggINH8ASerQfrxXq13hatOWs5cwxWYL1/AbblltI=</latexit>

c2
<latexit sha1_base64="u3EwauvDEGnII88bX9a5cRCsi5E=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4GjLTOrYbKbhxWcE+oB1KJk3b0GRmSDJCGWbhL7jVvTtx66e49UtMH4IVPXDhcM693HtPEHOmNEIfVm5tfWNzK79d2Nnd2z8oHh61VJRIQpsk4pHsBFhRzkLa1Exz2oklxSLgtB1Mrmd++55KxaLwTk9j6gs8CtmQEayN1OkFIiV9N+sXS8iu1VDF8SCyLxByvZohqOxWPQ86NpqjBJZo9IufvUFEEkFDTThWquugWPsplpoRTrNCL1E0xmSCR7RraIgFVX46vzeDZ0YZwGEkTYUaztWfEykWSk1FYDoF1mP125uJf3ndRA+rfsrCONE0JItFw4RDHcHZ83DAJCWaTw3BRDJzKyRjLDHRJqKVLYHICiaU78/h/6Tl2k7Zdm8rpfrVMp48OAGn4Bw44BLUwQ1ogCYggINH8ASerQfrxXq13hatOWs5cwxWYL1/Abh6ltM=</latexit>

Capacity

cj � 0
<latexit sha1_base64="U2ATzd2TR1EjDZlFjOyn9BPZ1cg=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ2Zax3YjBTcuK9gHtkPJpJk2NpMZk4xQhv6FGxeKuPVv3Pk3pg9BRQ9cOJxzL/feEyScKY3Qh7W0vLK6tp7byG9ube/sFvb2mypOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKRhdTv3VPpWKxuNbjhPoRHggWMoK1kW5I7xZ2B/QOol6hiOxqFZUdDyL7FCHXqxqCSm7F86BjoxmKYIF6r/De7cckjajQhGOlOg5KtJ9hqRnhdJLvpoommIzwgHYMFTiiys9mF0/gsVH6MIylKaHhTP0+keFIqXEUmM4I66H67U3Fv7xOqsOKnzGRpJoKMl8UphzqGE7fh30mKdF8bAgmkplbIRliiYk2IeVNCF+fwv9J07Wdku1elYu180UcOXAIjsAJcMAZqIFLUAcNQIAAD+AJPFvKerRerNd565K1mDkAP2C9fQLXKJBf</latexit>



Kelly Network setup
=<latexit sha1_base64="jYew14iHJwqWt3xCWVpBwJIXUkQ=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXZVKLbRdCwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wVlbX1jc2c1v57Z3dvf3CwWFbh7EitEVCHqqujzXlTNKWYYbTbqQoFj6nHX9ylfmde6o0C+WtmUbUE3gkWcAINlZq932RXKaDQtEtua6LEIIZQdUL15J6vVZGNYgyy6IIFmgOCp/9YUhiQaUhHGvdQ25kvAQrwwinab4faxphMsEj2rNUYkG1l8yuTeGpVYYwCJUtaeBM/TmRYKH1VPi2U2Az1r+9TPzL68UmqHkJk1FsqCTzRUHMoQlh9jocMkWJ4VNLMFHM3grJGCtMjA1oaYsv0rwN5ftz+D9pl0vovFS+qRQblUU8OXAMTsAZQKAKGuAaNEELEHAHHsETeHYenBfn1Xmbt644i5kjsATn/QsjBJXo</latexit>

=<latexit sha1_base64="jYew14iHJwqWt3xCWVpBwJIXUkQ=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXZVKLbRdCwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wVlbX1jc2c1v57Z3dvf3CwWFbh7EitEVCHqqujzXlTNKWYYbTbqQoFj6nHX9ylfmde6o0C+WtmUbUE3gkWcAINlZq932RXKaDQtEtua6LEIIZQdUL15J6vVZGNYgyy6IIFmgOCp/9YUhiQaUhHGvdQ25kvAQrwwinab4faxphMsEj2rNUYkG1l8yuTeGpVYYwCJUtaeBM/TmRYKH1VPi2U2Az1r+9TPzL68UmqHkJk1FsqCTzRUHMoQlh9jocMkWJ4VNLMFHM3grJGCtMjA1oaYsv0rwN5ftz+D9pl0vovFS+qRQblUU8OXAMTsAZQKAKGuAaNEELEHAHHsETeHYenBfn1Xmbt644i5kjsATn/QsjBJXo</latexit>x
<latexit sha1_base64="h7bs916m4LfHTThkbtJ7z2yLYLM=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXZVLFthspuHFZwT6gHUomzbSxSWZIMmIZBn/Bre7diVu/xa1fYqatYEUPXDiccy/33uNHnGnjuh/O0vLK6tp6biO/ubW9s1vY22/pMFaENknIQ9XxsaacSdo0zHDaiRTFwue07Y8vM799R5Vmobwxk4h6Ag8lCxjBxkqtni+S+7RfKLol13URQjAjqHLuWlKrVcuoClFmWRTBHI1+4bM3CEksqDSEY627yI2Ml2BlGOE0zfdiTSNMxnhIu5ZKLKj2kum1KTy2ygAGobIlDZyqPycSLLSeCN92CmxG+reXiX953dgEVS9hMooNlWS2KIg5NCHMXocDpigxfGIJJorZWyEZYYWJsQEtbPFFmrehfH8O/yetcgmdlsrXZ8X6xTyeHDgER+AEIFABdXAFGqAJCLgFj+AJPDsPzovz6rzNWpec+cwBWIDz/gWDXZYt</latexit>

xn
<latexit sha1_base64="L9BA9o90tEu2z5Z/YQVwdgrtO3A=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaYNTTJDkhHLMAt/wa3u3YlbP8WtX2KmrWBFD1w4nHMv997jR5xp47ofTm5ldW19I79Z2Nre2d0r7h+0dRgrQlsk5KHq+lhTziRtGWY47UaKYuFz2vEnV5nfuaNKs1DemmlEPYFHkgWMYGOlbt8Xyf1ApoNiyS27rosQghlB1QvXknq9VkE1iDLLogQWaA6Kn/1hSGJBpSEca91DbmS8BCvDCKdpoR9rGmEywSPas1RiQbWXzO5N4YlVhjAIlS1p4Ez9OZFgofVU+LZTYDPWv71M/MvrxSaoeQmTUWyoJPNFQcyhCWH2PBwyRYnhU0swUczeCskYK0yMjWhpiy/Sgg3l+3P4P2lXyuisXLk5LzUuF/HkwRE4BqcAgSpogGvQBC1AAAeP4Ak8Ow/Oi/PqvM1bc85i5hAswXn/AhZllw4=</latexit>

xi
<latexit sha1_base64="NqUcJfmIzYqQqNid3x/G4TivJts=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KkkV226k4MZlBfuAdiiZNNOGJjNDkhHLMAt/wa3u3YlbP8WtX2KmrWBFD1w4nHMv997jRYJrg9CHk1tZXVvfyG8WtrZ3dveK+wdtHcaKshYNRai6HtFM8IC1DDeCdSPFiPQE63iTq8zv3DGleRjcmmnEXElGAfc5JcZK3b4nk/sBTwfFEiojhDDGMCO4eoEsqddrFVyDOLMsSmCB5qD42R+GNJYsMFQQrXsYRcZNiDKcCpYW+rFmEaETMmI9SwMimXaT2b0pPLHKEPqhshUYOFN/TiREaj2Vnu2UxIz1by8T//J6sfFrbsKDKDYsoPNFfiygCWH2PBxyxagRU0sIVdzeCumYKEKNjWhpiyfTgg3l+3P4P2lXyvisXLk5LzUuF/HkwRE4BqcAgypogGvQBC1AgQCP4Ak8Ow/Oi/PqvM1bc85i5hAswXn/Ag58lwk=</latexit>

x1
<latexit sha1_base64="yo5MZ2C9fArLRoPr8iXnD76hUHI=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KkkV226k4MZlBfuAdiiZNNOGJjNDkhHLMAt/wa3u3YlbP8WtX2KmrWBFD1w4nHMv997jRYJrg9CHk1tZXVvfyG8WtrZ3dveK+wdtHcaKshYNRai6HtFM8IC1DDeCdSPFiPQE63iTq8zv3DGleRjcmmnEXElGAfc5JcZK3b4nk/sBTgfFEiojhDDGMCO4eoEsqddrFVyDOLMsSmCB5qD42R+GNJYsMFQQrXsYRcZNiDKcCpYW+rFmEaETMmI9SwMimXaT2b0pPLHKEPqhshUYOFN/TiREaj2Vnu2UxIz1by8T//J6sfFrbsKDKDYsoPNFfiygCWH2PBxyxagRU0sIVdzeCumYKEKNjWhpiyfTgg3l+3P4P2lXyvisXLk5LzUuF/HkwRE4BqcAgypogGvQBC1AgQCP4Ak8Ow/Oi/PqvM1bc85i5hAswXn/ArXVltE=</latexit>

x2
<latexit sha1_base64="R2wxSZujn7ab38yamqcX+sRddFo=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KkkV226k4MZlBfuAdiiZNNOGJjNDkhHLMAt/wa3u3YlbP8WtX2KmrWBFD1w4nHMv997jRYJrg9CHk1tZXVvfyG8WtrZ3dveK+wdtHcaKshYNRai6HtFM8IC1DDeCdSPFiPQE63iTq8zv3DGleRjcmmnEXElGAfc5JcZK3b4nk/tBJR0US6iMEMIYw4zg6gWypF6vVXAN4syyKIEFmoPiZ38Y0liywFBBtO5hFBk3IcpwKlha6MeaRYROyIj1LA2IZNpNZvem8MQqQ+iHylZg4Ez9OZEQqfVUerZTEjPWv71M/MvrxcavuQkPotiwgM4X+bGAJoTZ83DIFaNGTC0hVHF7K6Rjogg1NqKlLZ5MCzaU78/h/6RdKeOzcuXmvNS4XMSTB0fgGJwCDKqgAa5BE7QABQI8gifw7Dw4L86r8zZvzTmLmUOwBOf9C7dqltI=</latexit>

x3
<latexit sha1_base64="EevpwnVkEw8QpAmrHe97SujJmQM=">AAAB/3icdVBNSwMxEM3Wr1q/qh69BIvgqWxase1FCl48VrC10C4lm2bb0CS7JFmxLHvwL3jVuzfx6k/x6i8x21awog8GHu/NMDPPjzjTxnU/nNzK6tr6Rn6zsLW9s7tX3D/o6DBWhLZJyEPV9bGmnEnaNsxw2o0UxcLn9NafXGb+7R1VmoXyxkwj6gk8kixgBBsrdfu+SO4H1XRQLLll13URQjAjqHbuWtJo1CuoDlFmWZTAAq1B8bM/DEksqDSEY617yI2Ml2BlGOE0LfRjTSNMJnhEe5ZKLKj2ktm9KTyxyhAGobIlDZypPycSLLSeCt92CmzG+reXiX95vdgEdS9hMooNlWS+KIg5NCHMnodDpigxfGoJJorZWyEZY4WJsREtbfFFWrChfH8O/yedShlVy5Xrs1LzYhFPHhyBY3AKEKiBJrgCLdAGBHDwCJ7As/PgvDivztu8NecsZg7BEpz3L7j/ltM=</latexit>

Allocation

xi � 0
<latexit sha1_base64="776DMJLgff++W3IdB4QiqKiAhCw=">AAAB8XicdVBNS0JBFJ1nX2ZfVss2QxK0khmL1E0IbVoa5AepyLzxqoPz5r1m5kUi/os2LYpo279p179pnhpU1IELh3Pu5d57/EgKYwn58FJLyyura+n1zMbm1vZOdnevbsJYc6jxUIa66TMDUiioWWElNCMNLPAlNPzRReI37kAbEaprO46gE7CBEn3BmXXSzX1X4PYAbjHpZnMkTwihlOKE0OIZcaRcLhVoCdPEcsihBard7Hu7F/I4AGW5ZMa0KIlsZ8K0FVzCNNOODUSMj9gAWo4qFoDpTGYXT/GRU3q4H2pXyuKZ+n1iwgJjxoHvOgNmh+a3l4h/ea3Y9kudiVBRbEHx+aJ+LLENcfI+7gkN3MqxI4xr4W7FfMg049aFlHEhfH2K/yf1Qp6e5AtXp7nK+SKONDpAh+gYUVREFXSJqqiGOFLoAT2hZ894j96L9zpvTXmLmX30A97bJ9UbkF0=</latexit>

⋯ ⋯

⋯

=<latexit sha1_base64="HGE+S+tjX1iaron10FgmlyW7YlU=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4GjJtHduFUnDjsoJ9QDuUTJppY5OZIckIZSj+glvduxO3fotbv8T0IVjRAxcO59zLvff4MWdKI/RhZVZW19Y3spu5re2d3b38/kFTRYkktEEiHsm2jxXlLKQNzTSn7VhSLHxOW/7oauq37qlULApv9TimnsCDkAWMYG2kZtcX6cWkly8gu1pFZceFyD5DqOhWDUGlYsV1oWOjGQpggXov/9ntRyQRNNSEY6U6Doq1l2KpGeF0kusmisaYjPCAdgwNsaDKS2fXTuCJUfowiKSpUMOZ+nMixUKpsfBNp8B6qH57U/Evr5PooOKlLIwTTUMyXxQkHOoITl+HfSYp0XxsCCaSmVshGWKJiTYBLW3xxSRnQvn+HP5PmkXbKdnFm3KhdrmIJwuOwDE4BQ44BzVwDeqgAQi4A4/gCTxbD9aL9Wq9zVsz1mLmECzBev8CSHmWCA==</latexit>[m]
<latexit sha1_base64="UdGJBWcx/rZbd+kCKrnuvlWgCGw=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAfMB1KJk3b0GRmSDJCGWbhL7jVvTtx66e49UtMH4IVPXDhcM693HtPEHOmNEIfVm5tfWNzK79d2Nnd2z8oHh61VZRIQlsk4pHsBlhRzkLa0kxz2o0lxSLgtBNMrmd+555KxaLwTk9j6gs8CtmQEayN1O0FIvWEn/WLJWTX66jquBDZFwiV3bohqFKuuS50bDRHCSzR7Bc/e4OIJIKGmnCslOegWPsplpoRTrNCL1E0xmSCR9QzNMSCKj+d35vBM6MM4DCSpkIN5+rPiRQLpaYiMJ0C67H67c3Evzwv0cOan7IwTjQNyWLRMOFQR3D2PBwwSYnmU0MwkczcCskYS0y0iWhlSyCyggnl+3P4P2mXbadil2+rpcbVMp48OAGn4Bw44BI0wA1oghYggINH8ASerQfrxXq13hatOWs5cwxWYL1/AQYMlwQ=</latexit>

[n]
<latexit sha1_base64="Jdi4sjlUNtW6nzjNJ1tWiK8CNA8=">AAAB/3icdVBNSwMxEM3Wr1q/qh69BIvgqWyq2PYiBS8eK9ha2C4lm2bb0CS7JFmhLHvwL3jVuzfx6k/x6i8x21awog8GHu/NMDMviDnTxnU/nMLK6tr6RnGztLW9s7tX3j/o6ihRhHZIxCPVC7CmnEnaMcxw2osVxSLg9C6YXOX+3T1VmkXy1kxj6gs8kixkBBsr9fqBSD3pZ4Nyxa26rosQgjlB9QvXkmazUUMNiHLLogIWaA/Kn/1hRBJBpSEca+0hNzZ+ipVhhNOs1E80jTGZ4BH1LJVYUO2ns3szeGKVIQwjZUsaOFN/TqRYaD0Vge0U2Iz1by8X//K8xIQNP2UyTgyVZL4oTDg0Ecyfh0OmKDF8agkmitlbIRljhYmxES1tCURWsqF8fw7/J91aFZ1VazfnldblIp4iOALH4BQgUActcA3aoAMI4OARPIFn58F5cV6dt3lrwVnMHIIlOO9f5SCW7w==</latexit>

1
<latexit sha1_base64="FqpJ+1KrPXXst9uDnZ4eiEebqs8=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IUDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwETCpXm</latexit>

2
<latexit sha1_base64="Coru3qnxkgkKLbdJNe42iFZwvMQ=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IKumgWHLLrusihGBGUPXCtaRer1VQDaLMsiiBBZqD4md/GJJYUGkIx1r3kBsZL8HKMMJpWujHmkaYTPCI9iyVWFDtJbNrU3hilSEMQmVLGjhTf04kWGg9Fb7tFNiM9W8vE//yerEJal7CZBQbKsl8URBzaEKYvQ6HTFFi+NQSTBSzt0IyxgoTYwNa2uKLtGBD+f4c/k/alTI6K1duzkuNy0U8eXAEjsEpQKAKGuAaNEELEHAHHsETeHYenBfn1Xmbt+acxcwhWILz/gUUn5Xn</latexit> 3

<latexit sha1_base64="9fXJmaBhTiqsZIXiVngm6tSRW7w=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IztJBseSWXddFCMGMoOqFa0m9XqugGkSZZVECCzQHxc/+MCSxoNIQjrXuITcyXoKVYYTTtNCPNY0wmeAR7VkqsaDaS2bXpvDEKkMYhMqWNHCm/pxIsNB6KnzbKbAZ699eJv7l9WIT1LyEySg2VJL5oiDm0IQwex0OmaLE8KklmChmb4VkjBUmxga0tMUXacGG8v05/J+0K2V0Vq7cnJcal4t48uAIHINTgEAVNMA1aIIWIOAOPIIn8Ow8OC/Oq/M2b805i5lDsATn/QsWNJXo</latexit>

i
<latexit sha1_base64="FvHE3iYiRLc9TDApQptpG6L6ocE=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IWDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFropYe</latexit>

n
<latexit sha1_base64="qpL3gR0RDllo08EGSSTdHzLSC4Q=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IZDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFzi5Yj</latexit>

1
<latexit sha1_base64="Kjg57v87xPSJd9j31NNp/vNw/O4=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYow+AvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce48fc6Y0Qh/Wyura+sZmbiu/vbO7t184OGypKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9fTf32PZWKReGtnsTUE3gYsoARrI3U6vkidbJ+oYjsWg1VHBci+xyhklszBJVLVdeFjo1mKIIFGv3CZ28QkUTQUBOOleo6KNZeiqVmhNMs30sUjTEZ4yHtGhpiQZWXzq7N4KlRBjCIpKlQw5n6cyLFQqmJ8E2nwHqkfntT8S+vm+ig6qUsjBNNQzJfFCQc6ghOX4cDJinRfGIIJpKZWyEZYYmJNgEtbfFFljehfH8O/yetku2U7dJNpVi/XMSTA8fgBJwBB1yAOrgGDdAEBNyBR/AEnq0H68V6td7mrSvWYuYILMF6/wI1fZX8</latexit>

2
<latexit sha1_base64="sCZmp1HcRAcZYVvwkcz8rLoyrAo=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ2Zax3YjBTcuK9gHtEPJpJk2NpkZkoxQhuIvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce0+QcKY0Qh/Wyura+sZmbiu/vbO7t184OGyqOJWENkjMY9kOsKKcRbShmea0nUiKRcBpKxhdTf3WPZWKxdGtHifUF3gQsZARrI3U7AYicye9QhHZ1SoqOx5E9jlCrlc1BJXciudBx0YzFMEC9V7hs9uPSSpopAnHSnUclGg/w1Izwukk300VTTAZ4QHtGBphQZWfza6dwFOj9GEYS1ORhjP150SGhVJjEZhOgfVQ/fam4l9eJ9Vhxc9YlKSaRmS+KEw51DGcvg77TFKi+dgQTCQzt0IyxBITbQJa2hKISd6E8v05/J80Xdsp2e5NuVi7XMSTA8fgBJwBB1yAGrgGddAABNyBR/AEnq0H68V6td7mrSvWYuYILMF6/wI3EpX9</latexit>

j
<latexit sha1_base64="c2I3QHG0hL1Q1ILpdG2Sq4CXz9A=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAf0A4lk6Zt2mRmSDJCGQZ/wa3u3Ylbv8WtX2L6EKzogQuHc+7l3nv8iDOlEfqwMmvrG5tb2e3czu7e/kH+8KipwlgS2iAhD2Xbx4pyFtCGZprTdiQpFj6nLX9yPfNb91QqFgZ3ehpRT+BhwAaMYG2kZtcXyTjt5QvIrlZR2XEhsi8QKrpVQ1CpWHFd6NhojgJYot7Lf3b7IYkFDTThWKmOgyLtJVhqRjhNc91Y0QiTCR7SjqEBFlR5yfzaFJ4ZpQ8HoTQVaDhXf04kWCg1Fb7pFFiP1G9vJv7ldWI9qHgJC6JY04AsFg1iDnUIZ6/DPpOUaD41BBPJzK2QjLDERJuAVrb4Is2ZUL4/h/+TZtF2SnbxtlyoXS3jyYITcArOgQMuQQ3cgDpoAALG4BE8gWfrwXqxXq23RWvGWs4cgxVY71+PqpY1</latexit>

m
<latexit sha1_base64="2VXUCUZqoMTub45he84jGbNmDtg=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYow+AvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce48fc6Y0Qh/Wyura+sZmbiu/vbO7t184OGypKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9fTf32PZWKReGtnsTUE3gYsoARrI3U6vkiFVm/UER2rYYqjguRfY5Qya0ZgsqlqutCx0YzFMECjX7hszeISCJoqAnHSnUdFGsvxVIzwmmW7yWKxpiM8ZB2DQ2xoMpLZ9dm8NQoAxhE0lSo4Uz9OZFiodRE+KZTYD1Sv72p+JfXTXRQ9VIWxommIZkvChIOdQSnr8MBk5RoPjEEE8nMrZCMsMREm4CWtvgiy5tQvj+H/5NWyXbKdummUqxfLuLJgWNwAs6AAy5AHVyDBmgCAu7AI3gCz9aD9WK9Wm/z1hVrMXMElmC9fwGUaZY4</latexit>

⋯

User

Link

c
<latexit sha1_base64="ijPG/1GTM06RR6swX/jBCOzqPQo=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYow+AvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce48fc6Y0Qh/Wyura+sZmbiu/vbO7t184OGypKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9fTf32PZWKReGtnsTUE3gYsoARrI3U6vkiJVm/UER2rYYqjguRfY5Qya0ZgsqlqutCx0YzFMECjX7hszeISCJoqAnHSnUdFGsvxVIzwmmW7yWKxpiM8ZB2DQ2xoMpLZ9dm8NQoAxhE0lSo4Uz9OZFiodRE+KZTYD1Sv72p+JfXTXRQ9VIWxommIZkvChIOdQSnr8MBk5RoPjEEE8nMrZCMsMREm4CWtvgiy5tQvj+H/5NWyXbKdummUqxfLuLJgWNwAs6AAy5AHVyDBmgCAu7AI3gCz9aD9WK9Wm/z1hVrMXMElmC9fwGEl5Yu</latexit>

=<latexit sha1_base64="HGE+S+tjX1iaron10FgmlyW7YlU=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4GjJtHduFUnDjsoJ9QDuUTJppY5OZIckIZSj+glvduxO3fotbv8T0IVjRAxcO59zLvff4MWdKI/RhZVZW19Y3spu5re2d3b38/kFTRYkktEEiHsm2jxXlLKQNzTSn7VhSLHxOW/7oauq37qlULApv9TimnsCDkAWMYG2kZtcX6cWkly8gu1pFZceFyD5DqOhWDUGlYsV1oWOjGQpggXov/9ntRyQRNNSEY6U6Doq1l2KpGeF0kusmisaYjPCAdgwNsaDKS2fXTuCJUfowiKSpUMOZ+nMixUKpsfBNp8B6qH57U/Evr5PooOKlLIwTTUMyXxQkHOoITl+HfSYp0XxsCCaSmVshGWKJiTYBLW3xxSRnQvn+HP5PmkXbKdnFm3KhdrmIJwuOwDE4BQ44BzVwDeqgAQi4A4/gCTxbD9aL9Wq9zVsz1mLmECzBev8CSHmWCA==</latexit> cm
<latexit sha1_base64="gBsJNn7jgqrUursgy5biiTsnQ2c=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAf0A4lk2ba0GRmSDJCGWbhL7jVvTtx66e49UtMH4IVPXDhcM693HuPH3OmNEIfVm5tfWNzK79d2Nnd2z8oHh61VZRIQlsk4pHs+lhRzkLa0kxz2o0lxcLntONPrmd+555KxaLwTk9j6gk8ClnACNZG6vZ9kZKByAbFErLrdVR1XIjsC4TKbt0QVCnXXBc6NpqjBJZoDoqf/WFEEkFDTThWquegWHsplpoRTrNCP1E0xmSCR7RnaIgFVV46vzeDZ0YZwiCSpkIN5+rPiRQLpabCN50C67H67c3Ev7xeooOal7IwTjQNyWJRkHCoIzh7Hg6ZpETzqSGYSGZuhWSMJSbaRLSyxRdZwYTy/Tn8n7TLtlOxy7fVUuNqGU8enIBTcA4ccAka4AY0QQsQwMEjeALP1oP1Yr1ab4vWnLWcOQYrsN6/ABXglw4=</latexit>

cj
<latexit sha1_base64="GWKLWLDDLhxwvSY1MpJWYQd+YUk=">AAAB/3icdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYowyz8Bbe6dydu/RS3fonpQ7CiBy4czrmXe+/xY86URujDWlldW9/YzG3lt3d29/YLB4ctFSWS0CaJeCQ7PlaUs5A2NdOcdmJJsfA5bfvjq6nfvqdSsSi81ZOYegIPQxYwgrWROj1fpKR/l/ULRWTXaqjiuBDZ5wiV3JohqFyqui50bDRDESzQ6Bc+e4OIJIKGmnCsVNdBsfZSLDUjnGb5XqJojMkYD2nX0BALqrx0dm8GT40ygEEkTYUaztSfEykWSk2EbzoF1iP125uKf3ndRAdVL2VhnGgakvmiIOFQR3D6PBwwSYnmE0MwkczcCskIS0y0iWhpiy+yvAnl+3P4P2mVbKdsl24qxfrlIp4cOAYn4Aw44ALUwTVogCYggINH8ASerQfrxXq13uatK9Zi5ggswXr/AhEhlws=</latexit>

c1
<latexit sha1_base64="efVAsMDebG90LMWgVIUaHJoUoUo=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAf0A4lk2ba0GRmSDJCGWbhL7jVvTtx66e49UtMH4IVPXDhcM693HuPH3OmNEIfVm5tfWNzK79d2Nnd2z8oHh61VZRIQlsk4pHs+lhRzkLa0kxz2o0lxcLntONPrmd+555KxaLwTk9j6gk8ClnACNZG6vZ9kZKBkw2KJWTX66jquBDZFwiV3bohqFKuuS50bDRHCSzRHBQ/+8OIJIKGmnCsVM9BsfZSLDUjnGaFfqJojMkEj2jP0BALqrx0fm8Gz4wyhEEkTYUaztWfEykWSk2FbzoF1mP125uJf3m9RAc1L2VhnGgaksWiIOFQR3D2PBwySYnmU0MwkczcCskYS0y0iWhliy+yggnl+3P4P2mXbadil2+rpcbVMp48OAGn4Bw44BI0wA1oghYggINH8ASerQfrxXq13hatOWs5cwxWYL1/AbblltI=</latexit>

c2
<latexit sha1_base64="u3EwauvDEGnII88bX9a5cRCsi5E=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4GjLTOrYbKbhxWcE+oB1KJk3b0GRmSDJCGWbhL7jVvTtx66e49UtMH4IVPXDhcM693HtPEHOmNEIfVm5tfWNzK79d2Nnd2z8oHh61VJRIQpsk4pHsBFhRzkLa1Exz2oklxSLgtB1Mrmd++55KxaLwTk9j6gs8CtmQEayN1OkFIiV9N+sXS8iu1VDF8SCyLxByvZohqOxWPQ86NpqjBJZo9IufvUFEEkFDTThWquugWPsplpoRTrNCL1E0xmSCR7RraIgFVX46vzeDZ0YZwGEkTYUaztWfEykWSk1FYDoF1mP125uJf3ndRA+rfsrCONE0JItFw4RDHcHZ83DAJCWaTw3BRDJzKyRjLDHRJqKVLYHICiaU78/h/6Tl2k7Zdm8rpfrVMp48OAGn4Bw44BLUwQ1ogCYggINH8ASerQfrxXq13hatOWs5cwxWYL1/Abh6ltM=</latexit>

Capacity

cj � 0
<latexit sha1_base64="U2ATzd2TR1EjDZlFjOyn9BPZ1cg=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ2Zax3YjBTcuK9gHtkPJpJk2NpMZk4xQhv6FGxeKuPVv3Pk3pg9BRQ9cOJxzL/feEyScKY3Qh7W0vLK6tp7byG9ube/sFvb2mypOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKRhdTv3VPpWKxuNbjhPoRHggWMoK1kW5I7xZ2B/QOol6hiOxqFZUdDyL7FCHXqxqCSm7F86BjoxmKYIF6r/De7cckjajQhGOlOg5KtJ9hqRnhdJLvpoommIzwgHYMFTiiys9mF0/gsVH6MIylKaHhTP0+keFIqXEUmM4I66H67U3Fv7xOqsOKnzGRpJoKMl8UphzqGE7fh30mKdF8bAgmkplbIRliiYk2IeVNCF+fwv9J07Wdku1elYu180UcOXAIjsAJcMAZqIFLUAcNQIAAD+AJPFvKerRerNd565K1mDkAP2C9fQLXKJBf</latexit>

Link Constraints

X

i2Rj

xi  cj , 8j
<latexit sha1_base64="lWmz3zPTIk0st6mcfkJQL+/9y0I="></latexit>



System problem in the Kelly model

SYSTEM(U, A, C)

Maximize
n

∑

i=1

Ui(xi)

subject to

∑

i∈Rj

xi ≤ cj , ∀j,

xi ≥ 0, ∀i.



User problem in the Kelly model

USERi(Ui, λi)
Maximize

Ui(
wi

λi
) −wi

subject to
wi ≥ 0.

wi: Amount per unit time that user i is willing to pay

λi: charge per unit flow that the network presents to user i



Network problem in the Kelly model

NETWORK(A,C;w)
Maximize

∑

i

wi logxi

subject to

∑

i∈Rj

xi ≤ cj , ∀j,

xi ≥ 0, ∀i.

Since wi = λixi having found xi the network can present λi to user i



Lottery Allocation
⋯ ⋯

⋯

=<latexit sha1_base64="jYew14iHJwqWt3xCWVpBwJIXUkQ=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXZVKLbRdCwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wVlbX1jc2c1v57Z3dvf3CwWFbh7EitEVCHqqujzXlTNKWYYbTbqQoFj6nHX9ylfmde6o0C+WtmUbUE3gkWcAINlZq932RXKaDQtEtua6LEIIZQdUL15J6vVZGNYgyy6IIFmgOCp/9YUhiQaUhHGvdQ25kvAQrwwinab4faxphMsEj2rNUYkG1l8yuTeGpVYYwCJUtaeBM/TmRYKH1VPi2U2Az1r+9TPzL68UmqHkJk1FsqCTzRUHMoQlh9jocMkWJ4VNLMFHM3grJGCtMjA1oaYsv0rwN5ftz+D9pl0vovFS+qRQblUU8OXAMTsAZQKAKGuAaNEELEHAHHsETeHYenBfn1Xmbt644i5kjsATn/QsjBJXo</latexit>

=<latexit sha1_base64="jYew14iHJwqWt3xCWVpBwJIXUkQ=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXZVKLbRdCwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wVlbX1jc2c1v57Z3dvf3CwWFbh7EitEVCHqqujzXlTNKWYYbTbqQoFj6nHX9ylfmde6o0C+WtmUbUE3gkWcAINlZq932RXKaDQtEtua6LEIIZQdUL15J6vVZGNYgyy6IIFmgOCp/9YUhiQaUhHGvdQ25kvAQrwwinab4faxphMsEj2rNUYkG1l8yuTeGpVYYwCJUtaeBM/TmRYKH1VPi2U2Az1r+9TPzL68UmqHkJk1FsqCTzRUHMoQlh9jocMkWJ4VNLMFHM3grJGCtMjA1oaYsv0rwN5ftz+D9pl0vovFS+qRQblUU8OXAMTsAZQKAKGuAaNEELEHAHHsETeHYenBfn1Xmbt644i5kjsATn/QsjBJXo</latexit>

Lottery 
Allocation

User

Link

Capacityc
<latexit sha1_base64="ijPG/1GTM06RR6swX/jBCOzqPQo=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYow+AvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce48fc6Y0Qh/Wyura+sZmbiu/vbO7t184OGypKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9fTf32PZWKReGtnsTUE3gYsoARrI3U6vkiJVm/UER2rYYqjguRfY5Qya0ZgsqlqutCx0YzFMECjX7hszeISCJoqAnHSnUdFGsvxVIzwmmW7yWKxpiM8ZB2DQ2xoMpLZ9dm8NQoAxhE0lSo4Uz9OZFiodRE+KZTYD1Sv72p+JfXTXRQ9VIWxommIZkvChIOdQSnr8MBk5RoPjEEE8nMrZCMsMREm4CWtvgiy5tQvj+H/5NWyXbKdummUqxfLuLJgWNwAs6AAy5AHVyDBmgCAu7AI3gCz9aD9WK9Wm/z1hVrMXMElmC9fwGEl5Yu</latexit>

=<latexit sha1_base64="HGE+S+tjX1iaron10FgmlyW7YlU=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4GjJtHduFUnDjsoJ9QDuUTJppY5OZIckIZSj+glvduxO3fotbv8T0IVjRAxcO59zLvff4MWdKI/RhZVZW19Y3spu5re2d3b38/kFTRYkktEEiHsm2jxXlLKQNzTSn7VhSLHxOW/7oauq37qlULApv9TimnsCDkAWMYG2kZtcX6cWkly8gu1pFZceFyD5DqOhWDUGlYsV1oWOjGQpggXov/9ntRyQRNNSEY6U6Doq1l2KpGeF0kusmisaYjPCAdgwNsaDKS2fXTuCJUfowiKSpUMOZ+nMixUKpsfBNp8B6qH57U/Evr5PooOKlLIwTTUMyXxQkHOoITl+HfSYp0XxsCCaSmVshGWKJiTYBLW3xxSRnQvn+HP5PmkXbKdnFm3KhdrmIJwuOwDE4BQ44BzVwDeqgAQi4A4/gCTxbD9aL9Wq9zVsz1mLmECzBev8CSHmWCA==</latexit>

=<latexit sha1_base64="HGE+S+tjX1iaron10FgmlyW7YlU=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4GjJtHduFUnDjsoJ9QDuUTJppY5OZIckIZSj+glvduxO3fotbv8T0IVjRAxcO59zLvff4MWdKI/RhZVZW19Y3spu5re2d3b38/kFTRYkktEEiHsm2jxXlLKQNzTSn7VhSLHxOW/7oauq37qlULApv9TimnsCDkAWMYG2kZtcX6cWkly8gu1pFZceFyD5DqOhWDUGlYsV1oWOjGQpggXov/9ntRyQRNNSEY6U6Doq1l2KpGeF0kusmisaYjPCAdgwNsaDKS2fXTuCJUfowiKSpUMOZ+nMixUKpsfBNp8B6qH57U/Evr5PooOKlLIwTTUMyXxQkHOoITl+HfSYp0XxsCCaSmVshGWKJiTYBLW3xxSRnQvn+HP5PmkXbKdnFm3KhdrmIJwuOwDE4BQ44BzVwDeqgAQi4A4/gCTxbD9aL9Wq9zVsz1mLmECzBev8CSHmWCA==</latexit>[m]
<latexit sha1_base64="UdGJBWcx/rZbd+kCKrnuvlWgCGw=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAfMB1KJk3b0GRmSDJCGWbhL7jVvTtx66e49UtMH4IVPXDhcM693HtPEHOmNEIfVm5tfWNzK79d2Nnd2z8oHh61VZRIQlsk4pHsBlhRzkLa0kxz2o0lxSLgtBNMrmd+555KxaLwTk9j6gs8CtmQEayN1O0FIvWEn/WLJWTX66jquBDZFwiV3bohqFKuuS50bDRHCSzR7Bc/e4OIJIKGmnCslOegWPsplpoRTrNCL1E0xmSCR9QzNMSCKj+d35vBM6MM4DCSpkIN5+rPiRQLpaYiMJ0C67H67c3Evzwv0cOan7IwTjQNyWLRMOFQR3D2PBwwSYnmU0MwkczcCskYS0y0iWhlSyCyggnl+3P4P2mXbadil2+rpcbVMp48OAGn4Bw44BI0wA1oghYggINH8ASerQfrxXq13hatOWs5cwxWYL1/AQYMlwQ=</latexit>

[n]
<latexit sha1_base64="Jdi4sjlUNtW6nzjNJ1tWiK8CNA8=">AAAB/3icdVBNSwMxEM3Wr1q/qh69BIvgqWyq2PYiBS8eK9ha2C4lm2bb0CS7JFmhLHvwL3jVuzfx6k/x6i8x21awog8GHu/NMDMviDnTxnU/nMLK6tr6RnGztLW9s7tX3j/o6ihRhHZIxCPVC7CmnEnaMcxw2osVxSLg9C6YXOX+3T1VmkXy1kxj6gs8kixkBBsr9fqBSD3pZ4Nyxa26rosQgjlB9QvXkmazUUMNiHLLogIWaA/Kn/1hRBJBpSEca+0hNzZ+ipVhhNOs1E80jTGZ4BH1LJVYUO2ns3szeGKVIQwjZUsaOFN/TqRYaD0Vge0U2Iz1by8X//K8xIQNP2UyTgyVZL4oTDg0Ecyfh0OmKDF8agkmitlbIRljhYmxES1tCURWsqF8fw7/J91aFZ1VazfnldblIp4iOALH4BQgUActcA3aoAMI4OARPIFn58F5cV6dt3lrwVnMHIIlOO9f5SCW7w==</latexit>

1
<latexit sha1_base64="FqpJ+1KrPXXst9uDnZ4eiEebqs8=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IUDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwETCpXm</latexit>

2
<latexit sha1_base64="Coru3qnxkgkKLbdJNe42iFZwvMQ=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IKumgWHLLrusihGBGUPXCtaRer1VQDaLMsiiBBZqD4md/GJJYUGkIx1r3kBsZL8HKMMJpWujHmkaYTPCI9iyVWFDtJbNrU3hilSEMQmVLGjhTf04kWGg9Fb7tFNiM9W8vE//yerEJal7CZBQbKsl8URBzaEKYvQ6HTFFi+NQSTBSzt0IyxgoTYwNa2uKLtGBD+f4c/k/alTI6K1duzkuNy0U8eXAEjsEpQKAKGuAaNEELEHAHHsETeHYenBfn1Xmbt+acxcwhWILz/gUUn5Xn</latexit> 3

<latexit sha1_base64="9fXJmaBhTiqsZIXiVngm6tSRW7w=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IztJBseSWXddFCMGMoOqFa0m9XqugGkSZZVECCzQHxc/+MCSxoNIQjrXuITcyXoKVYYTTtNCPNY0wmeAR7VkqsaDaS2bXpvDEKkMYhMqWNHCm/pxIsNB6KnzbKbAZ699eJv7l9WIT1LyEySg2VJL5oiDm0IQwex0OmaLE8KklmChmb4VkjBUmxga0tMUXacGG8v05/J+0K2V0Vq7cnJcal4t48uAIHINTgEAVNMA1aIIWIOAOPIIn8Ow8OC/Oq/M2b805i5lDsATn/QsWNJXo</latexit>

i
<latexit sha1_base64="FvHE3iYiRLc9TDApQptpG6L6ocE=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IWDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFropYe</latexit>

n
<latexit sha1_base64="qpL3gR0RDllo08EGSSTdHzLSC4Q=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IZDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFzi5Yj</latexit>

1
<latexit sha1_base64="Kjg57v87xPSJd9j31NNp/vNw/O4=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYow+AvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce48fc6Y0Qh/Wyura+sZmbiu/vbO7t184OGypKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9fTf32PZWKReGtnsTUE3gYsoARrI3U6vkidbJ+oYjsWg1VHBci+xyhklszBJVLVdeFjo1mKIIFGv3CZ28QkUTQUBOOleo6KNZeiqVmhNMs30sUjTEZ4yHtGhpiQZWXzq7N4KlRBjCIpKlQw5n6cyLFQqmJ8E2nwHqkfntT8S+vm+ig6qUsjBNNQzJfFCQc6ghOX4cDJinRfGIIJpKZWyEZYYmJNgEtbfFFljehfH8O/yetku2U7dJNpVi/XMSTA8fgBJwBB1yAOrgGDdAEBNyBR/AEnq0H68V6td7mrSvWYuYILMF6/wI1fZX8</latexit>

2
<latexit sha1_base64="sCZmp1HcRAcZYVvwkcz8rLoyrAo=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ2Zax3YjBTcuK9gHtEPJpJk2NpkZkoxQhuIvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce0+QcKY0Qh/Wyura+sZmbiu/vbO7t184OGyqOJWENkjMY9kOsKKcRbShmea0nUiKRcBpKxhdTf3WPZWKxdGtHifUF3gQsZARrI3U7AYicye9QhHZ1SoqOx5E9jlCrlc1BJXciudBx0YzFMEC9V7hs9uPSSpopAnHSnUclGg/w1Izwukk300VTTAZ4QHtGBphQZWfza6dwFOj9GEYS1ORhjP150SGhVJjEZhOgfVQ/fam4l9eJ9Vhxc9YlKSaRmS+KEw51DGcvg77TFKi+dgQTCQzt0IyxBITbQJa2hKISd6E8v05/J80Xdsp2e5NuVi7XMSTA8fgBJwBB1yAGrgGddAABNyBR/AEnq0H68V6td7mrSvWYuYILMF6/wI3EpX9</latexit>

j
<latexit sha1_base64="c2I3QHG0hL1Q1ILpdG2Sq4CXz9A=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAf0A4lk6Zt2mRmSDJCGQZ/wa3u3Ylbv8WtX2L6EKzogQuHc+7l3nv8iDOlEfqwMmvrG5tb2e3czu7e/kH+8KipwlgS2iAhD2Xbx4pyFtCGZprTdiQpFj6nLX9yPfNb91QqFgZ3ehpRT+BhwAaMYG2kZtcXyTjt5QvIrlZR2XEhsi8QKrpVQ1CpWHFd6NhojgJYot7Lf3b7IYkFDTThWKmOgyLtJVhqRjhNc91Y0QiTCR7SjqEBFlR5yfzaFJ4ZpQ8HoTQVaDhXf04kWCg1Fb7pFFiP1G9vJv7ldWI9qHgJC6JY04AsFg1iDnUIZ6/DPpOUaD41BBPJzK2QjLDERJuAVrb4Is2ZUL4/h/+TZtF2SnbxtlyoXS3jyYITcArOgQMuQQ3cgDpoAALG4BE8gWfrwXqxXq23RWvGWs4cgxVY71+PqpY1</latexit>

m
<latexit sha1_base64="2VXUCUZqoMTub45he84jGbNmDtg=">AAAB/XicdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYow+AvuNW9O3Hrt7j1S0wfghU9cOFwzr3ce48fc6Y0Qh/Wyura+sZmbiu/vbO7t184OGypKJGENknEI9nxsaKchbSpmea0E0uKhc9p2x9fTf32PZWKReGtnsTUE3gYsoARrI3U6vkiFVm/UER2rYYqjguRfY5Qya0ZgsqlqutCx0YzFMECjX7hszeISCJoqAnHSnUdFGsvxVIzwmmW7yWKxpiM8ZB2DQ2xoMpLZ9dm8NQoAxhE0lSo4Uz9OZFiodRE+KZTYD1Sv72p+JfXTXRQ9VIWxommIZkvChIOdQSnr8MBk5RoPjEEE8nMrZCMsMREm4CWtvgiy5tQvj+H/5NWyXbKdummUqxfLuLJgWNwAs6AAy5AHVyDBmgCAu7AI3gCz9aD9WK9Wm/z1hVrMXMElmC9fwGUaZY4</latexit>

⋯

cm
<latexit sha1_base64="gBsJNn7jgqrUursgy5biiTsnQ2c=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAf0A4lk2ba0GRmSDJCGWbhL7jVvTtx66e49UtMH4IVPXDhcM693HuPH3OmNEIfVm5tfWNzK79d2Nnd2z8oHh61VZRIQlsk4pHs+lhRzkLa0kxz2o0lxcLntONPrmd+555KxaLwTk9j6gk8ClnACNZG6vZ9kZKByAbFErLrdVR1XIjsC4TKbt0QVCnXXBc6NpqjBJZoDoqf/WFEEkFDTThWquegWHsplpoRTrNCP1E0xmSCR7RnaIgFVV46vzeDZ0YZwiCSpkIN5+rPiRQLpabCN50C67H67c3Ev7xeooOal7IwTjQNyWJRkHCoIzh7Hg6ZpETzqSGYSGZuhWSMJSbaRLSyxRdZwYTy/Tn8n7TLtlOxy7fVUuNqGU8enIBTcA4ccAka4AY0QQsQwMEjeALP1oP1Yr1ab4vWnLWcOQYrsN6/ABXglw4=</latexit>

cj
<latexit sha1_base64="GWKLWLDDLhxwvSY1MpJWYQd+YUk=">AAAB/3icdVDLSgMxFM34rPVVdekmWARXQ6atY7uRghuXFewD2qFk0kwbm8wMSUYowyz8Bbe6dydu/RS3fonpQ7CiBy4czrmXe+/xY86URujDWlldW9/YzG3lt3d29/YLB4ctFSWS0CaJeCQ7PlaUs5A2NdOcdmJJsfA5bfvjq6nfvqdSsSi81ZOYegIPQxYwgrWROj1fpKR/l/ULRWTXaqjiuBDZ5wiV3JohqFyqui50bDRDESzQ6Bc+e4OIJIKGmnCsVNdBsfZSLDUjnGb5XqJojMkYD2nX0BALqrx0dm8GT40ygEEkTYUaztSfEykWSk2EbzoF1iP125uKf3ndRAdVL2VhnGgakvmiIOFQR3D6PBwwSYnmE0MwkczcCskIS0y0iWhpiy+yvAnl+3P4P2mVbKdsl24qxfrlIp4cOAYn4Aw44ALUwTVogCYggINH8ASerQfrxXq13uatK9Zi5ggswXr/AhEhlws=</latexit>

c1
<latexit sha1_base64="efVAsMDebG90LMWgVIUaHJoUoUo=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4GjJtHduNFNy4rGAf0A4lk2ba0GRmSDJCGWbhL7jVvTtx66e49UtMH4IVPXDhcM693HuPH3OmNEIfVm5tfWNzK79d2Nnd2z8oHh61VZRIQlsk4pHs+lhRzkLa0kxz2o0lxcLntONPrmd+555KxaLwTk9j6gk8ClnACNZG6vZ9kZKBkw2KJWTX66jquBDZFwiV3bohqFKuuS50bDRHCSzRHBQ/+8OIJIKGmnCsVM9BsfZSLDUjnGaFfqJojMkEj2jP0BALqrx0fm8Gz4wyhEEkTYUaztWfEykWSk2FbzoF1mP125uJf3m9RAc1L2VhnGgaksWiIOFQR3D2PBwySYnmU0MwkczcCskYS0y0iWhliy+yggnl+3P4P2mXbadil2+rpcbVMp48OAGn4Bw44BI0wA1oghYggINH8ASerQfrxXq13hatOWs5cwxWYL1/AbblltI=</latexit>

c2
<latexit sha1_base64="u3EwauvDEGnII88bX9a5cRCsi5E=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4GjLTOrYbKbhxWcE+oB1KJk3b0GRmSDJCGWbhL7jVvTtx66e49UtMH4IVPXDhcM693HtPEHOmNEIfVm5tfWNzK79d2Nnd2z8oHh61VJRIQpsk4pHsBFhRzkLa1Exz2oklxSLgtB1Mrmd++55KxaLwTk9j6gs8CtmQEayN1OkFIiV9N+sXS8iu1VDF8SCyLxByvZohqOxWPQ86NpqjBJZo9IufvUFEEkFDTThWquugWPsplpoRTrNCL1E0xmSCR7RraIgFVX46vzeDZ0YZwGEkTYUaztWfEykWSk1FYDoF1mP125uJf3ndRA+rfsrCONE0JItFw4RDHcHZ83DAJCWaTw3BRDJzKyRjLDHRJqKVLYHICiaU78/h/6Tl2k7Zdm8rpfrVMp48OAGn4Bw44BLUwQ1ogCYggINH8ASerQfrxXq13hatOWs5cwxWYL1/Abh6ltM=</latexit>

L
<latexit sha1_base64="g49FDj9CEfk0ACSbBhS73KqdWL4=">AAAB/XicdVBNSwMxEM3Wr1q/qh69BIvgqWyq2PYiBS8ePFSwrdAuJZtm29gkuyRZoSyLf8Gr3r2JV3+LV3+J2baCFX0w8Hhvhpl5fsSZNq774eSWlldW1/LrhY3Nre2d4u5eW4exIrRFQh6qWx9rypmkLcMMp7eRolj4nHb88UXmd+6p0iyUN2YSUU/goWQBI9hYqd3zRXKV9oslt+y6LkIIZgRVz1xL6vVaBdUgyiyLEpij2S9+9gYhiQWVhnCsdRe5kfESrAwjnKaFXqxphMkYD2nXUokF1V4yvTaFR1YZwCBUtqSBU/XnRIKF1hPh206BzUj/9jLxL68bm6DmJUxGsaGSzBYFMYcmhNnrcMAUJYZPLMFEMXsrJCOsMDE2oIUtvkgLNpTvz+H/pF0po5Ny5fq01Difx5MHB+AQHAMEqqABLkETtAABd+ARPIFn58F5cV6dt1lrzpnP7IMFOO9fPcGWAQ==</latexit>

L1
<latexit sha1_base64="c37GLS1x64DQvOqvaqR2QQqrFEk=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KkkV226k4MaFiwr2Ae1QMmmmDU1mhiQjlGEW/oJb3bsTt36KW7/ETFvBih64cDjnXu69x4sE1wahDye3srq2vpHfLGxt7+zuFfcP2jqMFWUtGopQdT2imeABaxluBOtGihHpCdbxJleZ37lnSvMwuDPTiLmSjALuc0qMlbp9TyY3A5wOiiVURghhjGFGcPUCWVKv1yq4BnFmWZTAAs1B8bM/DGksWWCoIFr3MIqMmxBlOBUsLfRjzSJCJ2TEepYGRDLtJrN7U3hilSH0Q2UrMHCm/pxIiNR6Kj3bKYkZ699eJv7l9WLj19yEB1FsWEDni/xYQBPC7Hk45IpRI6aWEKq4vRXSMVGEGhvR0hZPpgUbyvfn8H/SrpTxWblye15qXC7iyYMjcAxOAQZV0ADXoAlagAIBHsETeHYenBfn1Xmbt+acxcwhWILz/gVv4Zal</latexit>

L2
<latexit sha1_base64="ei2bANIr2a4u4cXGR2wpQZ7EmjU=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY0LFxXsA9qhZNJMG5pkhiQjlGEW/oJb3bsTt36KW7/ETFvBih64cDjnXu69x48408Z1P5zcyura+kZ+s7C1vbO7V9w/aOswVoS2SMhD1fWxppxJ2jLMcNqNFMXC57TjT64yv3NPlWahvDPTiHoCjyQLGMHGSt2+L5KbQSUdFEtu2XVdhBDMCKpeuJbU67UKqkGUWRYlsEBzUPzsD0MSCyoN4VjrHnIj4yVYGUY4TQv9WNMIkwke0Z6lEguqvWR2bwpPrDKEQahsSQNn6s+JBAutp8K3nQKbsf7tZeJfXi82Qc1LmIxiQyWZLwpiDk0Is+fhkClKDJ9agoli9lZIxlhhYmxES1t8kRZsKN+fw/9Ju1JGZ+XK7XmpcbmIJw+OwDE4BQhUQQNcgyZoAQI4eARP4Nl5cF6cV+dt3ppzFjOHYAnO+xdxdpam</latexit>

L3
<latexit sha1_base64="ghEuY5Lq7sa+JSR9/fEQ8wMYB9w=">AAAB/3icdVBNSwMxEM3Wr1q/qh69BIvgqWxase1FCl48eKhgbaFdSjbNtqFJdkmyQln24F/wqndv4tWf4tVfYratYEUfDDzem2Fmnh9xpo3rfji5ldW19Y38ZmFre2d3r7h/cKfDWBHaJiEPVdfHmnImadsww2k3UhQLn9OOP7nM/M49VZqF8tZMI+oJPJIsYAQbK3X7vkiuB9V0UCy5Zdd1EUIwI6h27lrSaNQrqA5RZlmUwAKtQfGzPwxJLKg0hGOte8iNjJdgZRjhNC30Y00jTCZ4RHuWSiyo9pLZvSk8scoQBqGyJQ2cqT8nEiy0ngrfdgpsxvq3l4l/eb3YBHUvYTKKDZVkviiIOTQhzJ6HQ6YoMXxqCSaK2VshGWOFibERLW3xRVqwoXx/Dv8nd5UyqpYrN2el5sUinjw4AsfgFCBQA01wBVqgDQjg4BE8gWfnwXlxXp23eWvOWcwcgiU4719zC5an</latexit>

Li
<latexit sha1_base64="B+kVH55N1gMQ8/Am04jBrLNFjwc=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KkkV226k4MaFiwr2Ae1QMmmmDU1mhiQjlGEW/oJb3bsTt36KW7/ETFvBih64cDjnXu69x4sE1wahDye3srq2vpHfLGxt7+zuFfcP2jqMFWUtGopQdT2imeABaxluBOtGihHpCdbxJleZ37lnSvMwuDPTiLmSjALuc0qMlbp9TyY3A54OiiVURghhjGFGcPUCWVKv1yq4BnFmWZTAAs1B8bM/DGksWWCoIFr3MIqMmxBlOBUsLfRjzSJCJ2TEepYGRDLtJrN7U3hilSH0Q2UrMHCm/pxIiNR6Kj3bKYkZ699eJv7l9WLj19yEB1FsWEDni/xYQBPC7Hk45IpRI6aWEKq4vRXSMVGEGhvR0hZPpgUbyvfn8H/SrpTxWblye15qXC7iyYMjcAxOAQZV0ADXoAlagAIBHsETeHYenBfn1Xmbt+acxcwhWILz/gXIeZbd</latexit>

Ln
<latexit sha1_base64="uq0ZQDkudtUavJY2Cn8+6DYYVaI=">AAAB/3icdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY0LFxXsA9qhZNJMG5pkhiQjlGEW/oJb3bsTt36KW7/ETFvBih64cDjnXu69x48408Z1P5zcyura+kZ+s7C1vbO7V9w/aOswVoS2SMhD1fWxppxJ2jLMcNqNFMXC57TjT64yv3NPlWahvDPTiHoCjyQLGMHGSt2+L5KbgUwHxZJbdl0XIQQzgqoXriX1eq2CahBllkUJLNAcFD/7w5DEgkpDONa6h9zIeAlWhhFO00I/1jTCZIJHtGepxIJqL5ndm8ITqwxhECpb0sCZ+nMiwULrqfBtp8BmrH97mfiX14tNUPMSJqPYUEnmi4KYQxPC7Hk4ZIoSw6eWYKKYvRWSMVaYGBvR0hZfpAUbyvfn8H/SrpTRWblye15qXC7iyYMjcAxOAQJV0ADXoAlagAAOHsETeHYenBfn1Xmbt+acxcwhWILz/gXQYpbi</latexit>

probability 0.1 0.3 0.25 0.35

allocation 10 5 3 6
Li =

<latexit sha1_base64="BA858eqyCctVjAtd4bPGnK6ql0Q=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSJ4Kpsqtj0oBS8ePFRw20K7lGyabUOz2SXJCqX0N3jxoIhXf5A3/43ZtoKKPhh4vDfDzLwgEVwb1/1wlpZXVtfWcxv5za3tnd3C3n5Tx6mizKOxiFU7IJoJLplnuBGsnShGokCwVjC6yvzWPVOax/LOjBPmR2QgecgpMVbybnocXfQKRbfkui7GGGUEV85dS2q1ahlXEc4siyIs0OgV3rv9mKYRk4YKonUHu4nxJ0QZTgWb5rupZgmhIzJgHUsliZj2J7Njp+jYKn0UxsqWNGimfp+YkEjrcRTYzoiYof7tZeJfXic1YdWfcJmkhkk6XxSmApkYZZ+jPleMGjG2hFDF7a2IDoki1Nh88jaEr0/R/6RZLuHTUvn2rFi/XMSRg0M4ghPAUIE6XEMDPKDA4QGe4NmRzqPz4rzOW5ecxcwB/IDz9glDtY5T</latexit>



Implementable Allocation 
Schemes

i
<latexit sha1_base64="FvHE3iYiRLc9TDApQptpG6L6ocE=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IWDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFropYe</latexit>

l
<latexit sha1_base64="b88OAygcSHyatac1B1xZQhZatRY=">AAAB/HicdVBNSwMxEJ31s9avqkcvwSJ4WrZV0ZMUvHisYD+gXUo2zbaxSXZJskJZ6m/wqmdv4tX/4tF/YrbdghV9MPB4b4aZeUHMmTae9+ksLa+srq0XNoqbW9s7u6W9/aaOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bweg681sPVGkWyTszjqkv8ECykBFsrNTsBiLlk16p7LnnXgbkud6c5EolV8qQo94rfXX7EUkElYZwrHWn4sXGT7EyjHA6KXYTTWNMRnhAO5ZKLKj20+m1E3RslT4KI2VLGjRVf06kWGg9FoHtFNgM9W8vE//yOokJL/2UyTgxVJLZojDhyEQoex31maLE8LElmChmb0VkiBUmxga0sCUQWSbzx9H/pFl1K6du9fasXLvK0ynAIRzBCVTgAmpwA3VoAIF7eIJneHEenVfnzXmftS45+cwBLMD5+AajzJXl</latexit>

Al
te

rn
at

ive

User

0.1

0.4

0.2

0.3

p(l)
<latexit sha1_base64="yVy8f5xx+/5k7t16UE6Lb1lh1hc=">AAAB+nicdVDLSgMxFL1TX7W+qi7dBItQN8O0CnYlBTcuK9gHtEPJpJk2NMkMSUYoY3/Bra7diVt/xqV/YqatYH0cCDmccy/33hPEnGnjee9ObmV1bX0jv1nY2t7Z3SvuH7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZXmd++o0qzSN6aSUx9gYeShYxgk0lxmZ/2iyXPrXkZ0G9ScWe/V4IFGv3iR28QkURQaQjHWncrXmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/ne06RSdWGaAwUvZJg2bq944UC60nIrCVApuR/ull4l9eNzFhzU+ZjBNDJZkPChOOTISyw9GAKUoMn1iCiWJ2V0RGWGFibDxLUwIxtZl8HY7+J62qWzlzqzfnpfrlIp08HMExlKECF1CHa2hAEwiM4AEe4cm5d56dF+d1XppzFj2HsATn7RM9u5R9</latexit>

1 2 3

1 10 3 2

2 5 5 5

3 3 10 2

4 0 5 10

yi(l)
<latexit sha1_base64="4X3OOWgNTOCQC63VOHWrHLygbpg=">AAAB/HicdVDLSsNAFL3xWeur6tLNYBHqJiRV1G6k4MZlBfuANpTJdNKOnUzCzEQIoX6DW127E7f+i0v/xOlDsD4OXDiccy/33uPHnCntOO/WwuLS8spqbi2/vrG5tV3Y2W2oKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9ejv3mHZWKReJGpzH1QtwXLGAEayM10i4r8aNuoejYFcetnLroN3FtZ4IizFDrFj46vYgkIRWacKxU23Vi7WVYakY4HeU7iaIxJkPcp21DBQ6p8rLJtSN0aJQeCiJpSmg0Ub9PZDhUKg190xliPVA/vbH4l9dOdHDuZUzEiaaCTBcFCUc6QuPXUY9JSjRPDcFEMnMrIgMsMdEmoLktfjgymXw9jv4njbLtHtvl65Ni9WKWTg724QBK4MIZVOEKalAHArfwAI/wZN1bz9aL9TptXbBmM3swB+vtEyW+lZg=</latexit>

X

i2Rj

yi(l)  cj , 8j, l
<latexit sha1_base64="dVjqItEaFBUbXzc2ojp0ZbE9uvY="></latexit>



Implementable Allocation 
Schemes

i
<latexit sha1_base64="FvHE3iYiRLc9TDApQptpG6L6ocE=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IWDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFropYe</latexit>

l
<latexit sha1_base64="b88OAygcSHyatac1B1xZQhZatRY=">AAAB/HicdVBNSwMxEJ31s9avqkcvwSJ4WrZV0ZMUvHisYD+gXUo2zbaxSXZJskJZ6m/wqmdv4tX/4tF/YrbdghV9MPB4b4aZeUHMmTae9+ksLa+srq0XNoqbW9s7u6W9/aaOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bweg681sPVGkWyTszjqkv8ECykBFsrNTsBiLlk16p7LnnXgbkud6c5EolV8qQo94rfXX7EUkElYZwrHWn4sXGT7EyjHA6KXYTTWNMRnhAO5ZKLKj20+m1E3RslT4KI2VLGjRVf06kWGg9FoHtFNgM9W8vE//yOokJL/2UyTgxVJLZojDhyEQoex31maLE8LElmChmb0VkiBUmxga0sCUQWSbzx9H/pFl1K6du9fasXLvK0ynAIRzBCVTgAmpwA3VoAIF7eIJneHEenVfnzXmftS45+cwBLMD5+AajzJXl</latexit>

Al
te

rn
at

ive

User

1 2 3

1 10 3 2

2 5 5 5

3 3 10 2

4 0 5 10

yi(l)
<latexit sha1_base64="4X3OOWgNTOCQC63VOHWrHLygbpg=">AAAB/HicdVDLSsNAFL3xWeur6tLNYBHqJiRV1G6k4MZlBfuANpTJdNKOnUzCzEQIoX6DW127E7f+i0v/xOlDsD4OXDiccy/33uPHnCntOO/WwuLS8spqbi2/vrG5tV3Y2W2oKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9ejv3mHZWKReJGpzH1QtwXLGAEayM10i4r8aNuoejYFcetnLroN3FtZ4IizFDrFj46vYgkIRWacKxU23Vi7WVYakY4HeU7iaIxJkPcp21DBQ6p8rLJtSN0aJQeCiJpSmg0Ub9PZDhUKg190xliPVA/vbH4l9dOdHDuZUzEiaaCTBcFCUc6QuPXUY9JSjRPDcFEMnMrIgMsMdEmoLktfjgymXw9jv4njbLtHtvl65Ni9WKWTg724QBK4MIZVOEKalAHArfwAI/wZN1bz9aL9TptXbBmM3swB+vtEyW+lZg=</latexit>

X

i2Rj

yi(l)  cj , 8j, l
<latexit sha1_base64="dVjqItEaFBUbXzc2ojp0ZbE9uvY="></latexit>

0.25

0.25

0.25

0.25

p(l)
<latexit sha1_base64="yVy8f5xx+/5k7t16UE6Lb1lh1hc=">AAAB+nicdVDLSgMxFL1TX7W+qi7dBItQN8O0CnYlBTcuK9gHtEPJpJk2NMkMSUYoY3/Bra7diVt/xqV/YqatYH0cCDmccy/33hPEnGnjee9ObmV1bX0jv1nY2t7Z3SvuH7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZXmd++o0qzSN6aSUx9gYeShYxgk0lxmZ/2iyXPrXkZ0G9ScWe/V4IFGv3iR28QkURQaQjHWncrXmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/ne06RSdWGaAwUvZJg2bq944UC60nIrCVApuR/ull4l9eNzFhzU+ZjBNDJZkPChOOTISyw9GAKUoMn1iCiWJ2V0RGWGFibDxLUwIxtZl8HY7+J62qWzlzqzfnpfrlIp08HMExlKECF1CHa2hAEwiM4AEe4cm5d56dF+d1XppzFj2HsATn7RM9u5R9</latexit>

Uniformly 
Distributed



permutations and decision 
weights

i
<latexit sha1_base64="FvHE3iYiRLc9TDApQptpG6L6ocE=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IWDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFropYe</latexit>

i
<latexit sha1_base64="FvHE3iYiRLc9TDApQptpG6L6ocE=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IWDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFropYe</latexit>

l
<latexit sha1_base64="b88OAygcSHyatac1B1xZQhZatRY=">AAAB/HicdVBNSwMxEJ31s9avqkcvwSJ4WrZV0ZMUvHisYD+gXUo2zbaxSXZJskJZ6m/wqmdv4tX/4tF/YrbdghV9MPB4b4aZeUHMmTae9+ksLa+srq0XNoqbW9s7u6W9/aaOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bweg681sPVGkWyTszjqkv8ECykBFsrNTsBiLlk16p7LnnXgbkud6c5EolV8qQo94rfXX7EUkElYZwrHWn4sXGT7EyjHA6KXYTTWNMRnhAO5ZKLKj20+m1E3RslT4KI2VLGjRVf06kWGg9FoHtFNgM9W8vE//yOokJL/2UyTgxVJLZojDhyEQoex31maLE8LElmChmb0VkiBUmxga0sCUQWSbzx9H/pFl1K6du9fasXLvK0ynAIRzBCVTgAmpwA3VoAIF7eIJneHEenVfnzXmftS45+cwBLMD5+AajzJXl</latexit>

Al
te

rn
at

ive

User

1 2 3
1 10 3 2
2 5 5 5
3 3 10 2
4 0 5 10

yi(l)
<latexit sha1_base64="4X3OOWgNTOCQC63VOHWrHLygbpg=">AAAB/HicdVDLSsNAFL3xWeur6tLNYBHqJiRV1G6k4MZlBfuANpTJdNKOnUzCzEQIoX6DW127E7f+i0v/xOlDsD4OXDiccy/33uPHnCntOO/WwuLS8spqbi2/vrG5tV3Y2W2oKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9ejv3mHZWKReJGpzH1QtwXLGAEayM10i4r8aNuoejYFcetnLroN3FtZ4IizFDrFj46vYgkIRWacKxU23Vi7WVYakY4HeU7iaIxJkPcp21DBQ6p8rLJtSN0aJQeCiJpSmg0Ub9PZDhUKg190xliPVA/vbH4l9dOdHDuZUzEiaaCTBcFCUc6QuPXUY9JSjRPDcFEMnMrIgMsMdEmoLktfjgymXw9jv4njbLtHtvl65Ni9WKWTg724QBK4MIZVOEKalAHArfwAI/wZN1bz9aL9TptXbBmM3swB+vtEyW+lZg=</latexit>

yi(l) = zi(⇡i(l))
<latexit sha1_base64="TwlzmqBNzqgNbrVG4NnTC4gYckk="></latexit>

1 2 3

1 10 10 10

2 5 5 5

3 3 5 2

4 0 3 2

i
<latexit sha1_base64="FvHE3iYiRLc9TDApQptpG6L6ocE=">AAAB/XicdVDLSgMxFM3UV62vqks3wSK4KpMqtt1IwY3LCvYB7VAyaaaNTTJDkhHKMPgLbnXvTtz6LW79EjNtBSt64MLhnHu59x4/4kwb1/1wciura+sb+c3C1vbO7l5x/6Ctw1gR2iIhD1XXx5pyJmnLMMNpN1IUC5/Tjj+5yvzOPVWahfLWTCPqCTySLGAEGyu1+75IWDooltyy67oIIZgRVL1wLanXaxVUgyizLEpggeag+NkfhiQWVBrCsdY95EbGS7AyjHCaFvqxphEmEzyiPUslFlR7yezaFJ5YZQiDUNmSBs7UnxMJFlpPhW87BTZj/dvLxL+8XmyCmpcwGcWGSjJfFMQcmhBmr8MhU5QYPrUEE8XsrZCMscLE2ICWtvgiLdhQvj+H/5N2pYzOypWb81LjchFPHhyBY3AKEKiCBrgGTdACBNyBR/AEnp0H58V5dd7mrTlnMXMIluC8fwFropYe</latexit>

l
<latexit sha1_base64="b88OAygcSHyatac1B1xZQhZatRY=">AAAB/HicdVBNSwMxEJ31s9avqkcvwSJ4WrZV0ZMUvHisYD+gXUo2zbaxSXZJskJZ6m/wqmdv4tX/4tF/YrbdghV9MPB4b4aZeUHMmTae9+ksLa+srq0XNoqbW9s7u6W9/aaOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bweg681sPVGkWyTszjqkv8ECykBFsrNTsBiLlk16p7LnnXgbkud6c5EolV8qQo94rfXX7EUkElYZwrHWn4sXGT7EyjHA6KXYTTWNMRnhAO5ZKLKj20+m1E3RslT4KI2VLGjRVf06kWGg9FoHtFNgM9W8vE//yOokJL/2UyTgxVJLZojDhyEQoex31maLE8LElmChmb0VkiBUmxga0sCUQWSbzx9H/pFl1K6du9fasXLvK0ynAIRzBCVTgAmpwA3VoAIF7eIJneHEenVfnzXmftS45+cwBLMD5+AajzJXl</latexit>

Al
te

rn
at

ive

User

zi(l)
<latexit sha1_base64="uLmpzO/TeJ6ceVwhSENNTzJ2DiM=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiDEyzATRc0t6MVjBLNAMoSeTidp09M9dPcIccg/ePGgiFf/x5t/Y2cRXB8UPN6roqpeGHOmjee9O5mFxaXllexqbm19Y3Mrv71T1zJRhNaI5FI1Q6wpZ4LWDDOcNmNFcRRy2giHFxO/cUuVZlJcm1FMgwj3Besxgo2V6ncdVuSHnXzBc8ueXz7x0W/iu94UBZij2sm/tbuSJBEVhnCsdcv3YhOkWBlGOB3n2ommMSZD3KctSwWOqA7S6bVjdGCVLupJZUsYNFW/TqQ40noUhbYzwmagf3oT8S+vlZjeWZAyESeGCjJb1Es4MhJNXkddpigxfGQJJorZWxEZYIWJsQHlbAifn6L/Sb3k+kdu6eq4UDmfx5GFPdiHIvhwChW4hCrUgMAN3MMjPDnSeXCenZdZa8aZz+zCNzivH2e0jwc=</latexit>

1 2 3

1 1 4 3

2 2 2 2

3 3 1 4

4 4 3 1

l
<latexit sha1_base64="b88OAygcSHyatac1B1xZQhZatRY=">AAAB/HicdVBNSwMxEJ31s9avqkcvwSJ4WrZV0ZMUvHisYD+gXUo2zbaxSXZJskJZ6m/wqmdv4tX/4tF/YrbdghV9MPB4b4aZeUHMmTae9+ksLa+srq0XNoqbW9s7u6W9/aaOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bweg681sPVGkWyTszjqkv8ECykBFsrNTsBiLlk16p7LnnXgbkud6c5EolV8qQo94rfXX7EUkElYZwrHWn4sXGT7EyjHA6KXYTTWNMRnhAO5ZKLKj20+m1E3RslT4KI2VLGjRVf06kWGg9FoHtFNgM9W8vE//yOokJL/2UyTgxVJLZojDhyEQoex31maLE8LElmChmb0VkiBUmxga0sCUQWSbzx9H/pFl1K6du9fasXLvK0ynAIRzBCVTgAmpwA3VoAIF7eIJneHEenVfnzXmftS45+cwBLMD5+AajzJXl</latexit>

Al
te

rn
at

ive

User

⇡i(l)
<latexit sha1_base64="mKKQhXlAO6l1LKvvkw52rhPc2l0=">AAAB73icdVDJSgNBEK1xjXGLevTSGIR4GWaiqLkFvXiMYBZIhtDT6Uma9PS03T1CGPITXjwo4tXf8ebf2FkE1wcFj/eqqKoXSs608bx3Z2FxaXllNbeWX9/Y3Nou7Ow2dJIqQusk4YlqhVhTzgStG2Y4bUlFcRxy2gyHlxO/eUeVZom4MSNJgxj3BYsYwcZKrY5kXVbiR91C0XMrnl859dFv4rveFEWYo9YtvHV6CUljKgzhWOu270kTZFgZRjgd5zupphKTIe7TtqUCx1QH2fTeMTq0Sg9FibIlDJqqXycyHGs9ikPbGWMz0D+9ifiX105NdB5kTMjUUEFmi6KUI5OgyfOoxxQlho8swUQxeysiA6wwMTaivA3h81P0P2mUXf/YLV+fFKsX8zhysA8HUAIfzqAKV1CDOhDgcA+P8OTcOg/Os/Mya11w5jN78A3O6wfR3I/W</latexit>

Vi(Li) =
X

l2[k]

hi(l)vi(zi(l))

<latexit sha1_base64="WsuwcL3FZWcp59PrsVzFlZDw+Z4="></latexit>

wi(
l

k
)� wi(

l � 1

k
)

<latexit sha1_base64="VaXOAetQ2GQKFqRsQTeYcRUzTbk=">AAACDnicbZC7TsMwFIadcivlFmBksagqlaFVUpBgrGBhLBK9SG0UOa7TWnWcyHZAVZQnYOFVWBhAiJWZjbfBTTOUll+y9Os75+j4/F7EqFSW9WMU1tY3NreK26Wd3b39A/PwqCPDWGDSxiELRc9DkjDKSVtRxUgvEgQFHiNdb3Izq3cfiJA05PdqGhEnQCNOfYqR0sg1K48urQ58gXDC0mSSnsEaXEA1O4OuWbbqVia4auzclEGulmt+D4YhjgPCFWZIyr5tRcpJkFAUM5KWBrEkEcITNCJ9bTkKiHSS7JwUVjQZQj8U+nEFM7o4kaBAymng6c4AqbFcrs3gf7V+rPwrJ6E8ihXheL7IjxlUIZxlA4dUEKzYVBuEBdV/hXiMdBBKJ1jSIdjLJ6+aTqNun9cbdxfl5nUeRxGcgFNQBTa4BE1wC1qgDTB4Ai/gDbwbz8ar8WF8zlsLRj5zDP7I+PoFKmabig==</latexit>



System Problem

X

i2Rj

yi(l)  cj , 8j, l
<latexit sha1_base64="JAXvOmloytjwIYqgMZAN1e2kWhI="></latexit>

Subject to

Maximize
nX

i

Vi(Li)
<latexit sha1_base64="sSshrsDFZZrKh0449E3ndYB432Y=">AAACCXicdVDLSgMxFM3UV62vqS7dBItQN8NMLepKCm5cuKhgH9COQybNtKFJZkgySin9Ar/Bra7diVu/wqV/YqatYEUPhBzOuZd77wkTRpV23Q8rt7S8srqWXy9sbG5t79jF3aaKU4lJA8cslu0QKcKoIA1NNSPtRBLEQ0Za4fAi81t3RCoaixs9SojPUV/QiGKkjRTYxa5KeUBvBWwGtHwV0KPALrnOiZsBuk71m1RmxHOmv1sCc9QD+7Pbi3HKidCYIaU6nptof4ykppiRSaGbKpIgPER90jFUIE6UP56uPoGHRunBKJbmCQ2n6s+OMeJKjXhoKjnSA/Xby8S/vE6qozN/TEWSaiLwbFCUMqhjmOUAe1QSrNnIEIQlNbtCPEASYW3SWpgS8onJ5Ptw+D9pVhzv2KlcV0u183k6ebAPDkAZeOAU1MAlqIMGwOAePIIn8Gw9WC/Wq/U2K81Z8549sADr/Qsq2Jnf</latexit>

SYS[z,⇡;h, v, A, c]
<latexit sha1_base64="xSCbJpf9HqvEY3pEU1RD5PVv3cQ="></latexit>



System Problem

X

i2Rj

yi(l)  cj , 8j, l
<latexit sha1_base64="JAXvOmloytjwIYqgMZAN1e2kWhI="></latexit>

Subject to

nX

i=1

kX

l=1

hi(l)vi(zi(l))
<latexit sha1_base64="1odwc5ZgGAfNOVx5fiADKfgyk2E="></latexit>

Maximize

SYS[z,⇡;h, v, A, c]
<latexit sha1_base64="xSCbJpf9HqvEY3pEU1RD5PVv3cQ="></latexit>



System Problem

⇡i 2 Sk, 8i
<latexit sha1_base64="z2OxRvm0N3Da8pQMpwvGRdWVkks=">AAACEHicdVDLSgMxFM3UV62vUTeCm2ARXEiZqe+NFNy4rGgf0BmGTJq2oUlmSDJCGepH+A1ude1O3PoHLv0T03aEVvRA4HDOvZzcE8aMKu04n1Zubn5hcSm/XFhZXVvfsDe36ipKJCY1HLFINkOkCKOC1DTVjDRjSRAPGWmE/auR37gnUtFI3OlBTHyOuoJ2KEbaSIG948U0oNCjAt4G/UPodSKJGIM0sItOyRkDTpETx704daGbKUWQoRrYX147wgknQmOGlGq5Tqz9FElNMSPDgpcoEiPcR13SMlQgTpSfji8Ywn2jtKHJNk9oOFanN1LElRrw0ExypHvqtzcS//Jaie6c+ykVcaKJwJOgTsKgjuCoDtimkmDNBoYgLKn5K8Q9JBHWprSZlJAPTSc/h8P/Sb1cco9K5ZvjYuUyaycPdsEeOAAuOAMVcA2qoAYweABP4Bm8WI/Wq/VmvU9Gc1a2sw1mYH18AxcInIU=</latexit>

nX

i=1

kX

l=1

hi(l)vi(zi(l))
<latexit sha1_base64="1odwc5ZgGAfNOVx5fiADKfgyk2E="></latexit>

Maximize

X

i2Rj

zi(⇡i(l))  cj , 8j, l
<latexit sha1_base64="61p4xcrusb/WJ02jjdhWqScl3g4="></latexit>

zi(l) � zi(l + 1), 8i, l
<latexit sha1_base64="9XlXlMv3LX9r37ZJGtNxYYAxsLI=">AAACGXicdVDLSgMxFM3UV62vUZduokVosZSZ+t5IwY3LCvYBnWHIpGkbmnmYZIQ6dO1H+A1ude1O3Lpy6Z+YTkdoRQ8EDufcy8k9bsiokIbxqWXm5hcWl7LLuZXVtfUNfXOrIYKIY1LHAQt4y0WCMOqTuqSSkVbICfJcRpru4HLsN+8IFzTwb+QwJLaHej7tUoykkhx9996hBVaEVo/cwoQfmMUStLoBR4xBWmKOnjfKRgI4RY4N8/zEhGaq5EGKmqN/WZ0ARx7xJWZIiLZphNKOEZcUMzLKWZEgIcID1CNtRX3kEWHHySkjuK+UDlTp6vkSJur0Row8IYaeqyY9JPvitzcW//Lakeye2TH1w0gSH0+CuhGDMoDjXmCHcoIlGyqCMKfqrxD3EUdYqvZmUlxvpDr5ORz+TxqVsnlYrlwf5asXaTtZsAP2QAGY4BRUwRWogTrA4AE8gWfwoj1qr9qb9j4ZzWjpzjaYgfbxDTeXnx0=</latexit>

Subject to

SYS[z,⇡;h, v, A, c]
<latexit sha1_base64="xSCbJpf9HqvEY3pEU1RD5PVv3cQ="></latexit>



Fixed permutation problem

nX

i=1

kX

l=1

hi(l)vi(zi(l))
<latexit sha1_base64="1odwc5ZgGAfNOVx5fiADKfgyk2E="></latexit>

Maximize

X

i2Rj

zi(⇡i(l))  cj , 8j, l
<latexit sha1_base64="61p4xcrusb/WJ02jjdhWqScl3g4="></latexit>

zi(l) � zi(l + 1), 8i, l
<latexit sha1_base64="9XlXlMv3LX9r37ZJGtNxYYAxsLI=">AAACGXicdVDLSgMxFM3UV62vUZduokVosZSZ+t5IwY3LCvYBnWHIpGkbmnmYZIQ6dO1H+A1ude1O3Lpy6Z+YTkdoRQ8EDufcy8k9bsiokIbxqWXm5hcWl7LLuZXVtfUNfXOrIYKIY1LHAQt4y0WCMOqTuqSSkVbICfJcRpru4HLsN+8IFzTwb+QwJLaHej7tUoykkhx9996hBVaEVo/cwoQfmMUStLoBR4xBWmKOnjfKRgI4RY4N8/zEhGaq5EGKmqN/WZ0ARx7xJWZIiLZphNKOEZcUMzLKWZEgIcID1CNtRX3kEWHHySkjuK+UDlTp6vkSJur0Row8IYaeqyY9JPvitzcW//Lakeye2TH1w0gSH0+CuhGDMoDjXmCHcoIlGyqCMKfqrxD3EUdYqvZmUlxvpDr5ORz+TxqVsnlYrlwf5asXaTtZsAP2QAGY4BRUwRWogTrA4AE8gWfwoj1qr9qb9j4ZzWjpzjaYgfbxDTeXnx0=</latexit>

Subject to

⇡i 2 Sk, 8i
<latexit sha1_base64="z2OxRvm0N3Da8pQMpwvGRdWVkks=">AAACEHicdVDLSgMxFM3UV62vUTeCm2ARXEiZqe+NFNy4rGgf0BmGTJq2oUlmSDJCGepH+A1ude1O3PoHLv0T03aEVvRA4HDOvZzcE8aMKu04n1Zubn5hcSm/XFhZXVvfsDe36ipKJCY1HLFINkOkCKOC1DTVjDRjSRAPGWmE/auR37gnUtFI3OlBTHyOuoJ2KEbaSIG948U0oNCjAt4G/UPodSKJGIM0sItOyRkDTpETx704daGbKUWQoRrYX147wgknQmOGlGq5Tqz9FElNMSPDgpcoEiPcR13SMlQgTpSfji8Ywn2jtKHJNk9oOFanN1LElRrw0ExypHvqtzcS//Jaie6c+ykVcaKJwJOgTsKgjuCoDtimkmDNBoYgLKn5K8Q9JBHWprSZlJAPTSc/h8P/Sb1cco9K5ZvjYuUyaycPdsEeOAAuOAMVcA2qoAYweABP4Bm8WI/Wq/VmvU9Gc1a2sw1mYH18AxcInIU=</latexit>



Fixed permutation problem

nX

i=1

kX

l=1

hi(l)vi(zi(l))
<latexit sha1_base64="1odwc5ZgGAfNOVx5fiADKfgyk2E="></latexit>

Maximize

X

i2Rj

zi(⇡i(l))  cj , 8j, l
<latexit sha1_base64="61p4xcrusb/WJ02jjdhWqScl3g4="></latexit>

zi(l) � zi(l + 1), 8i, l
<latexit sha1_base64="9XlXlMv3LX9r37ZJGtNxYYAxsLI=">AAACGXicdVDLSgMxFM3UV62vUZduokVosZSZ+t5IwY3LCvYBnWHIpGkbmnmYZIQ6dO1H+A1ude1O3Lpy6Z+YTkdoRQ8EDufcy8k9bsiokIbxqWXm5hcWl7LLuZXVtfUNfXOrIYKIY1LHAQt4y0WCMOqTuqSSkVbICfJcRpru4HLsN+8IFzTwb+QwJLaHej7tUoykkhx9996hBVaEVo/cwoQfmMUStLoBR4xBWmKOnjfKRgI4RY4N8/zEhGaq5EGKmqN/WZ0ARx7xJWZIiLZphNKOEZcUMzLKWZEgIcID1CNtRX3kEWHHySkjuK+UDlTp6vkSJur0Row8IYaeqyY9JPvitzcW//Lakeye2TH1w0gSH0+CuhGDMoDjXmCHcoIlGyqCMKfqrxD3EUdYqvZmUlxvpDr5ORz+TxqVsnlYrlwf5asXaTtZsAP2QAGY4BRUwRWogTrA4AE8gWfwoj1qr9qb9j4ZzWjpzjaYgfbxDTeXnx0=</latexit>

Subject to

⇡i 2 Sk, 8i
<latexit sha1_base64="z2OxRvm0N3Da8pQMpwvGRdWVkks=">AAACEHicdVDLSgMxFM3UV62vUTeCm2ARXEiZqe+NFNy4rGgf0BmGTJq2oUlmSDJCGepH+A1ude1O3PoHLv0T03aEVvRA4HDOvZzcE8aMKu04n1Zubn5hcSm/XFhZXVvfsDe36ipKJCY1HLFINkOkCKOC1DTVjDRjSRAPGWmE/auR37gnUtFI3OlBTHyOuoJ2KEbaSIG948U0oNCjAt4G/UPodSKJGIM0sItOyRkDTpETx704daGbKUWQoRrYX147wgknQmOGlGq5Tqz9FElNMSPDgpcoEiPcR13SMlQgTpSfji8Ywn2jtKHJNk9oOFanN1LElRrw0ExypHvqtzcS//Jaie6c+ykVcaKJwJOgTsKgjuCoDtimkmDNBoYgLKn5K8Q9JBHWprSZlJAPTSc/h8P/Sb1cco9K5ZvjYuUyaycPdsEeOAAuOAMVcA2qoAYweABP4Bm8WI/Wq/VmvU9Gc1a2sw1mYH18AxcInIU=</latexit>

Fix



Fixed permutation problem

nX

i=1

kX

l=1

hi(l)vi(zi(l))
<latexit sha1_base64="1odwc5ZgGAfNOVx5fiADKfgyk2E="></latexit>

Maximize

X

i2Rj

zi(⇡i(l))  cj , 8j, l
<latexit sha1_base64="61p4xcrusb/WJ02jjdhWqScl3g4="></latexit>

zi(l) � zi(l + 1), 8i, l
<latexit sha1_base64="9XlXlMv3LX9r37ZJGtNxYYAxsLI=">AAACGXicdVDLSgMxFM3UV62vUZduokVosZSZ+t5IwY3LCvYBnWHIpGkbmnmYZIQ6dO1H+A1ude1O3Lpy6Z+YTkdoRQ8EDufcy8k9bsiokIbxqWXm5hcWl7LLuZXVtfUNfXOrIYKIY1LHAQt4y0WCMOqTuqSSkVbICfJcRpru4HLsN+8IFzTwb+QwJLaHej7tUoykkhx9996hBVaEVo/cwoQfmMUStLoBR4xBWmKOnjfKRgI4RY4N8/zEhGaq5EGKmqN/WZ0ARx7xJWZIiLZphNKOEZcUMzLKWZEgIcID1CNtRX3kEWHHySkjuK+UDlTp6vkSJur0Row8IYaeqyY9JPvitzcW//Lakeye2TH1w0gSH0+CuhGDMoDjXmCHcoIlGyqCMKfqrxD3EUdYqvZmUlxvpDr5ORz+TxqVsnlYrlwf5asXaTtZsAP2QAGY4BRUwRWogTrA4AE8gWfwoj1qr9qb9j4ZzWjpzjaYgfbxDTeXnx0=</latexit>

Subject to

Convex 
Optimization

SYS FIX[z;⇡, h, v, A, c]
<latexit sha1_base64="JWPA0llE3hN6yxi2ABJ+m2G2mV8="></latexit>



User pricing through menu 
of rates

Menu of 
Rates

1

2

3

5

ri(l)
<latexit sha1_base64="YQN6Bnc+5a/jqi8MmTu3c0D0Ch8=">AAAB7XicdVDJSgNBEK1xjXGLevTSGIR4GWaiqLkFvXiMYBZIhtDT6Una9HQP3T1CGPIPXjwo4tX/8ebf2FkE1wcFj/eqqKoXJpxp43nvzsLi0vLKam4tv76xubVd2NltaJkqQutEcqlaIdaUM0HrhhlOW4miOA45bYbDy4nfvKNKMyluzCihQYz7gkWMYGOlhuqyEj/qFoqeW/H8yqmPfhPf9aYowhy1buGt05MkjakwhGOt276XmCDDyjDC6TjfSTVNMBniPm1bKnBMdZBNrx2jQ6v0UCSVLWHQVP06keFY61Ec2s4Ym4H+6U3Ev7x2aqLzIGMiSQ0VZLYoSjkyEk1eRz2mKDF8ZAkmitlbERlghYmxAeVtCJ+fov9Jo+z6x275+qRYvZjHkYN9OIAS+HAGVbiCGtSBwC3cwyM8OdJ5cJ6dl1nrgjOf2YNvcF4/AFtsjv8=</latexit>

Vector of 
Budgets

5

0

6

15

mi(l)
<latexit sha1_base64="IHY3V6UX6VN/LPy6dnOj1M/6t7U=">AAAB7XicdVDJSgNBEK1xjXGLevTSGIR4GWaiqLkFvXiMYBZIhtDT6Una9HQP3T1CGPIPXjwo4tX/8ebf2FkE1wcFj/eqqKoXJpxp43nvzsLi0vLKam4tv76xubVd2NltaJkqQutEcqlaIdaUM0HrhhlOW4miOA45bYbDy4nfvKNKMyluzCihQYz7gkWMYGOlRtxlJX7ULRQ9t+L5lVMf/Sa+601RhDlq3cJbpydJGlNhCMdat30vMUGGlWGE03G+k2qaYDLEfdq2VOCY6iCbXjtGh1bpoUgqW8Kgqfp1IsOx1qM4tJ0xNgP905uIf3nt1ETnQcZEkhoqyGxRlHJkJJq8jnpMUWL4yBJMFLO3IjLAChNjA8rbED4/Rf+TRtn1j93y9UmxejGPIwf7cAAl8OEMqnAFNagDgVu4h0d4cqTz4Dw7L7PWBWc+swff4Lx+AFO/jvo=</latexit>

Lottery 
Allocation

10 = 5 + 5

5 = 5 + 0

5 = 3 + 2

3

zi(l)
<latexit sha1_base64="uLmpzO/TeJ6ceVwhSENNTzJ2DiM=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiDEyzATRc0t6MVjBLNAMoSeTidp09M9dPcIccg/ePGgiFf/x5t/Y2cRXB8UPN6roqpeGHOmjee9O5mFxaXllexqbm19Y3Mrv71T1zJRhNaI5FI1Q6wpZ4LWDDOcNmNFcRRy2giHFxO/cUuVZlJcm1FMgwj3Besxgo2V6ncdVuSHnXzBc8ueXz7x0W/iu94UBZij2sm/tbuSJBEVhnCsdcv3YhOkWBlGOB3n2ommMSZD3KctSwWOqA7S6bVjdGCVLupJZUsYNFW/TqQ40noUhbYzwmagf3oT8S+vlZjeWZAyESeGCjJb1Es4MhJNXkddpigxfGQJJorZWxEZYIWJsQHlbAifn6L/Sb3k+kdu6eq4UDmfx5GFPdiHIvhwChW4hCrUgMAN3MMjPDnSeXCenZdZa8aZz+zCNzivH2e0jwc=</latexit>

1

2

3

4

l
<latexit sha1_base64="pOKD8hKxcXn2WDw5XsnYaQOwkKI=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaiqLkFvXhMwCyQDKGnU5O06Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3ckvLK6tr+fXCxubW9k5xd6+p4lQybLBYxLLtU4WCR9jQXAtsJxJp6Ats+aOrqd+6Q6l4HN3ocYJeSAcRDzij2kh10SuWHLviuJUzl/wmru3MUIIFar3iW7cfszTESDNBleq4TqK9jErNmcBJoZsqTCgb0QF2DI1oiMrLZodOyJFR+iSIpalIk5n6dSKjoVLj0DedIdVD9dObin95nVQHF17GoyTVGLH5oiAVRMdk+jXpc4lMi7EhlElubiVsSCVl2mRTMCF8fkr+J82y7Z7Y5fppqXq5iCMPB3AIx+DCOVThGmrQAAYI9/AIT9at9WA9Wy/z1py1mNmHb7BePwBGXo1C</latexit>

Incremental 
Allocation

5 = 5/1

0 = 0/2

2 = 6/3

3 = 15/5

�i(l)
<latexit sha1_base64="OxFf5EnqDi4s3y3dQTnuH9Xmv2g=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0Wom5BUUbsrunFZwT4gDWUymbRDJ5MwcyOU0M9w40IRt36NO//G6UPweeDC4Zx7ufeeIBVcg+O8W4Wl5ZXVteJ6aWNza3unvLvX1kmmKGvRRCSqGxDNBJesBRwE66aKkTgQrBOMrqZ+544pzRN5C+OU+TEZSB5xSsBIXi9kAkifV8Vxv1xx7Lrj1s9c/Ju4tjNDBS3Q7JffemFCs5hJoIJo7blOCn5OFHAq2KTUyzRLCR2RAfMMlSRm2s9nJ0/wkVFCHCXKlAQ8U79O5CTWehwHpjMmMNQ/van4l+dlEF34OZdpBkzS+aIoExgSPP0fh1wxCmJsCKGKm1sxHRJFKJiUSiaEz0/x/6Rds90Tu3ZzWmlcLuIoogN0iKrIReeoga5RE7UQRQm6R4/oyQLrwXq2XuatBWsxs4++wXr9ABnNkSU=</latexit>



User problem

kX

l=1

hi(l)vi

 
kX

s=l

mi(s)

ri(s)

!
�

kX

l=1

mi(l)
<latexit sha1_base64="XYtwyNHc2LJYA+nqSmMTkisEt5I="></latexit>

mi(l) � 0, 8l
<latexit sha1_base64="O2xlom2xHmgU0IF4Wa9aXlOSQJI="></latexit>

Maximize

Subject to

USER[mi; ri, hi, vi]
<latexit sha1_base64="usEYDlAPG9FAY4Hr0lKYsw8XC/4="></latexit>



Network Problem
nX

i=1

kX

l=1

mi(l) log(�i(l))
<latexit sha1_base64="bl5z8p9s/6UkHSmvxqmWPPUgbko="></latexit>

�i(l) � 0, 8i, l
<latexit sha1_base64="nBUJXODTrA51jLxOAJx7Dx93DN0="></latexit>

X

i2Rj

kX

s=⇡i(l)

�i(s)  cj , 8j, l
<latexit sha1_base64="K8wjpGk1ECQfVDRA9abTBZ1BY5g="></latexit>

Maximize

Subject to

• Eisenberg, Gale (1959) -  Consensus of subjective probabilities: the pari-
mutuel method


• Kelly (1998) - Rate control for communication networks: shadow prices, 
proportional fairness and stability


• Jain, Vazirani (2010) - Eisenberg-Gale markets: Algorithms and Game 
Theoretic properties

NET[�;m,⇡, A, c]
<latexit sha1_base64="OQKBc1HH+/bIn4Sl8WTjH1U9Bl8="></latexit>



Equilibrium
Theorem 
For any fixed permutation, there exist equilibrium  

     rates        budgets       incremental allocation      lottery allocations


such that


(i)                   solves   


(ii)                  solves     


(iii)   


(iv)   


(v)                 solves the fixed permutation system problem 
 
z⇤i (l)

<latexit sha1_base64="S8f4iSmWy00CYgHNxzPnT/IRmyQ=">AAAB73icdVDLSgMxFM34rPVVdekmWITqYsi0Puqu6MZlBfuAdiyZNNOGZjJjkhHq0J9w40IRt/6OO//GdDqCih64cDjnXu69x4s4UxqhD2tufmFxaTm3kl9dW9/YLGxtN1UYS0IbJOShbHtYUc4EbWimOW1HkuLA47TljS6mfuuOSsVCca3HEXUDPBDMZwRrI7Xve+zmsMQPeoUiso+Rc3aCILJRipRUnYoDnUwpggz1XuG92w9JHFChCcdKdRwUaTfBUjPC6STfjRWNMBnhAe0YKnBAlZuk907gvlH60A+lKaFhqn6fSHCg1DjwTGeA9VD99qbiX14n1n7VTZiIYk0FmS3yYw51CKfPwz6TlGg+NgQTycytkAyxxESbiPImhK9P4f+kWbadil2+OirWzrM4cmAX7IEScMApqIFLUAcNQAAHD+AJPFu31qP1Yr3OWuesbGYH/ID19glEvI93</latexit>

�⇤i (l)
<latexit sha1_base64="Mi+89QiQVzU1k0n6ZWWytJDDgKw=">AAAB9HicdVDLSgMxFM34rPVVdekmWITqYsi0Puqu6MZlBfuAdiyZTNqGZjJjkimUod/hxoUibv0Yd/6N6XQEFT1w4XDOvdx7jxdxpjRCH9bC4tLyympuLb++sbm1XdjZbaowloQ2SMhD2fawopwJ2tBMc9qOJMWBx2nLG13N/NaYSsVCcasnEXUDPBCszwjWRnK7PuUa99jdcYkf9QpFZJ8i5+IMQWSjFCmpOhUHOplSBBnqvcJ71w9JHFChCcdKdRwUaTfBUjPC6TTfjRWNMBnhAe0YKnBAlZukR0/hoVF82A+lKaFhqn6fSHCg1CTwTGeA9VD99mbiX14n1v2qmzARxZoKMl/UjznUIZwlAH0mKdF8YggmkplbIRliiYk2OeVNCF+fwv9Js2w7Fbt8c1KsXWZx5MA+OAAl4IBzUAPXoA4agIB78ACewLM1th6tF+t13rpgZTN74Aest0/6spGV</latexit>

m⇤
i (l)

<latexit sha1_base64="l/Wtis8LA38VNgXGqzUblaalONA=">AAAB73icdVDLSgMxFM3UV62vqks3wSJUF0Om9VF3RTcuK9gHtGPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3ptMRVPTAhcM593LvPV7EmdIIfVi5hcWl5ZX8amFtfWNzq7i901JhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76c+e17KhULxY2eRNQN8FAwnxGsjdQJ+uz2qMwP+8USsk+Qc36KILJRipTUnKoDnUwpgQyNfvG9NwhJHFChCcdKdR0UaTfBUjPC6bTQixWNMBnjIe0aKnBAlZuk907hgVEG0A+lKaFhqn6fSHCg1CTwTGeA9Uj99mbiX1431n7NTZiIYk0FmS/yYw51CGfPwwGTlGg+MQQTycytkIywxESbiAomhK9P4f+kVbGdql25Pi7VL7I48mAP7IMycMAZqIMr0ABNQAAHD+AJPFt31qP1Yr3OW3NWNrMLfsB6+wQwrY9q</latexit>

r⇤i (l)
<latexit sha1_base64="POFlmvCOnxbwIHlzQunibenytfY=">AAAB73icdVDLSgMxFM3UV62vqks3wSJUF0Om9VF3RTcuK9gHtGPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3ptMRVPTAhcM593LvPV7EmdIIfVi5hcWl5ZX8amFtfWNzq7i901JhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76c+e17KhULxY2eRNQN8FAwnxGsjdSRfXZ7VOaH/WIJ2SfIOT9FENkoRUpqTtWBTqaUQIZGv/jeG4QkDqjQhGOlug6KtJtgqRnhdFroxYpGmIzxkHYNFTigyk3Se6fwwCgD6IfSlNAwVb9PJDhQahJ4pjPAeqR+ezPxL68ba7/mJkxEsaaCzBf5MYc6hLPn4YBJSjSfGIKJZOZWSEZYYqJNRAUTwten8H/SqthO1a5cH5fqF1kcebAH9kEZOOAM1MEVaIAmIICDB/AEnq0769F6sV7nrTkrm9kFP2C9fQI4ZI9v</latexit>

m⇤
i (l)

<latexit sha1_base64="l/Wtis8LA38VNgXGqzUblaalONA=">AAAB73icdVDLSgMxFM3UV62vqks3wSJUF0Om9VF3RTcuK9gHtGPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3ptMRVPTAhcM593LvPV7EmdIIfVi5hcWl5ZX8amFtfWNzq7i901JhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76c+e17KhULxY2eRNQN8FAwnxGsjdQJ+uz2qMwP+8USsk+Qc36KILJRipTUnKoDnUwpgQyNfvG9NwhJHFChCcdKdR0UaTfBUjPC6bTQixWNMBnjIe0aKnBAlZuk907hgVEG0A+lKaFhqn6fSHCg1CTwTGeA9Uj99mbiX1431n7NTZiIYk0FmS/yYw51CGfPwwGTlGg+MQQTycytkIywxESbiAomhK9P4f+kVbGdql25Pi7VL7I48mAP7IMycMAZqIMr0ABNQAAHD+AJPFt31qP1Yr3OW3NWNrMLfsB6+wQwrY9q</latexit>

USER[mi; r
⇤
i , hi, vi]

<latexit sha1_base64="Lvf2UoqdfJv3g5JJBsJsIAzKwXY=">AAACB3icdVDJSgNBEO1xjXGLehSkMQgiIczEHS9BETzGJQsk49DT6SRNeha6a4JhyM2Lv+LFgyJe/QVv/o2dRYiiDwoe71VRVc8NBVdgmp/GxOTU9MxsYi45v7C4tJxaWS2pIJKUFWkgAllxiWKC+6wIHASrhJIRzxWs7LbP+n65w6TigX8D3ZDZHmn6vMEpAS05qY0asDuIi9fnV72q5/AT6fDbnUzL4ZmOw20nlTaz5gB4jOyb1vGBha2RkkYjFJzUR60e0MhjPlBBlKpaZgh2TCRwKlgvWYsUCwltkyarauoTjyk7HvzRw1taqeNGIHX5gAfq+ERMPKW6nqs7PQIt9dvri3951QgaR3bM/TAC5tPhokYkMAS4Hwquc8koiK4mhEqub8W0RSShoKNL6hC+P8X/k1Iua+1mc5d76fzpKI4EWkebaBtZ6BDl0QUqoCKi6B49omf0YjwYT8ar8TZsnTBGM2voB4z3L1okmPk=</latexit>

�⇤i (l)
<latexit sha1_base64="Mi+89QiQVzU1k0n6ZWWytJDDgKw=">AAAB9HicdVDLSgMxFM34rPVVdekmWITqYsi0Puqu6MZlBfuAdiyZTNqGZjJjkimUod/hxoUibv0Yd/6N6XQEFT1w4XDOvdx7jxdxpjRCH9bC4tLyympuLb++sbm1XdjZbaowloQ2SMhD2fawopwJ2tBMc9qOJMWBx2nLG13N/NaYSsVCcasnEXUDPBCszwjWRnK7PuUa99jdcYkf9QpFZJ8i5+IMQWSjFCmpOhUHOplSBBnqvcJ71w9JHFChCcdKdRwUaTfBUjPC6TTfjRWNMBnhAe0YKnBAlZukR0/hoVF82A+lKaFhqn6fSHCg1CTwTGeA9VD99mbiX14n1v2qmzARxZoKMl/UjznUIZwlAH0mKdF8YggmkplbIRliiYk2OeVNCF+fwv9Js2w7Fbt8c1KsXWZx5MA+OAAl4IBzUAPXoA4agIB78ACewLM1th6tF+t13rpgZTN74Aest0/6spGV</latexit>

NET[�;m⇤,⇡, A, c]
<latexit sha1_base64="ULYeuegr4g55Ol8acMLKGCrCOHs="></latexit>

m⇤
i (l) = �⇤i (l)r

⇤
i (l)

<latexit sha1_base64="yt2J3SBbj6ZCNGhwOakcgtld4TY=">AAACCnicdVDLSsNAFJ3UV62vqEs3o0WoLkLS+qgLoejGZQX7gDaGyWTaDp08mJkIJXTtxl9x40IRt36BO//GaZqCih64cOace5l7jxsxKqRpfmq5ufmFxaX8cmFldW19Q9/caoow5pg0cMhC3naRIIwGpCGpZKQdcYJ8l5GWO7yc+K07wgUNgxs5iojto35AexQjqSRH3/UdentYYgfwHHY9wiSavXlGHL1oGsemdXZiQtMwU6SkalUsaGVKEWSoO/pH1wtx7JNAYoaE6FhmJO0EcUkxI+NCNxYkQniI+qSjaIB8IuwkPWUM95XiwV7IVQUSpur3iQT5Qox8V3X6SA7Eb28i/uV1Ytmr2gkNoliSAE8/6sUMyhBOcoEe5QRLNlIEYU7VrhAPEEdYqvQKKoTZpfB/0iwbVsUoXx8VaxdZHHmwA/ZACVjgFNTAFaiDBsDgHjyCZ/CiPWhP2qv2Nm3NadnMNvgB7f0LWBeYJA==</latexit>

�⇤i (l) = z⇤i (l)� z⇤i (l + 1)
<latexit sha1_base64="L0QfoTeDK/PvyX3AjxFwVlMLRRg=">AAACDnicdZDLSgMxFIYz9VbrbdSlm2AptIplpvVSF0LRjcsK9gLtOGTSTBuauZBkhFr6BG58FTcuFHHr2p1vYzqdgor+EPj4zzmcnN8JGRXSMD611Nz8wuJSejmzsrq2vqFvbjVEEHFM6jhgAW85SBBGfVKXVDLSCjlBnsNI0xlcTOrNW8IFDfxrOQyJ5aGeT12KkVSWrec6XcIksunNXp4V4Bm8m+HBDPfNgq1njeKRYZ4eG9AoGrFiqJhlE5qJkwWJarb+0ekGOPKILzFDQrRNI5TWCHFJMSPjTCcSJER4gHqkrdBHHhHWKD5nDHPK6UI34Or5Esbu94kR8oQYeo7q9JDsi9+1iflXrR1Jt2KNqB9Gkvh4usiNGJQBnGQDu5QTLNlQAcKcqr9C3EccYakSzKgQZpfC/6FRKprlYunqMFs9T+JIgx2wC/LABCegCi5BDdQBBvfgETyDF+1Be9Jetbdpa0pLZrbBD2nvXzv7mQo=</latexit>

SYS FIX[z;⇡, h, v, A, c]
<latexit sha1_base64="rDQb8B3yBpWH2c5/JK8Oa7YfUu8=">AAACB3icdVDJSgNBEO1xjXGLehSkMQgeQpiJO16igugtolkkM4SeTidp0rPQXROMQ25e/BUvHhTx6i9482/sLIKKPih4vFdFVT03FFyBaX4YY+MTk1PTiZnk7Nz8wmJqabmkgkhSVqSBCGTFJYoJ7rMicBCsEkpGPFewsts+6fvlDpOKB/4VdEPmeKTp8wanBLRUS63ZwG4gvry+tGun55Ve9fbQDnmmlelkjjLUqaXSZtYcAH8jO6Z1sGtha6Sk0QiFWurdrgc08pgPVBClqpYZghMTCZwK1kvakWIhoW3SZFVNfeIx5cSDP3p4Qyt13AikLh/wQP0+ERNPqa7n6k6PQEv99vriX141gsa+E3M/jID5dLioEQkMAe6HgutcMgqiqwmhkutbMW0RSSjo6JI6hK9P8f+klMtaW9ncxXY6fzyKI4FW0TraRBbaQ3l0hgqoiCi6Qw/oCT0b98aj8WK8DlvHjNHMCvoB4+0Tnu2Yfw==</latexit>

z⇤i (l)
<latexit sha1_base64="S8f4iSmWy00CYgHNxzPnT/IRmyQ=">AAAB73icdVDLSgMxFM34rPVVdekmWITqYsi0Puqu6MZlBfuAdiyZNNOGZjJjkhHq0J9w40IRt/6OO//GdDqCih64cDjnXu69x4s4UxqhD2tufmFxaTm3kl9dW9/YLGxtN1UYS0IbJOShbHtYUc4EbWimOW1HkuLA47TljS6mfuuOSsVCca3HEXUDPBDMZwRrI7Xve+zmsMQPeoUiso+Rc3aCILJRipRUnYoDnUwpggz1XuG92w9JHFChCcdKdRwUaTfBUjPC6STfjRWNMBnhAe0YKnBAlZuk907gvlH60A+lKaFhqn6fSHCg1DjwTGeA9VD99qbiX14n1n7VTZiIYk0FmS3yYw51CKfPwz6TlGg+NgQTycytkAyxxESbiPImhK9P4f+kWbadil2+OirWzrM4cmAX7IEScMApqIFLUAcNQAAHD+AJPFu31qP1Yr3OWuesbGYH/ID19glEvI93</latexit>



Iterative Process

Network

User 1 User 2
⋯

User n

r1
<latexit sha1_base64="w+fMBncFYKx0kEKsDtLgWG6j6to=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAD2o2e</latexit>

m1
<latexit sha1_base64="2x8OdG+RffUxeMV7m1m14JPua9k=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Lv98sVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6RVq/oX1dr9ZaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD8LY2Z</latexit>

r2
<latexit sha1_base64="qRYq8+LBOBKrAYqfcugvOTPcEds=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAFXo2f</latexit> m2

<latexit sha1_base64="CUWwbC8rk5+KAsD63oJUzRjk2nc=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvqrX7y0r9Jo+jCCdwCufgwxXU4Q4a0AQKQ3iGV3hDAr2gd/SxaC2gfOYY/gB9/gD9sY2a</latexit>

rn
<latexit sha1_base64="QprLVeBydU4FwFVxiVV412njUyY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPqyX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj91Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2BOjds=</latexit>

mn
<latexit sha1_base64="+cOLI2NeCJZgtYFLTRx14vdmCiE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Kv+uWKV/XmwKvEz0kFcjT65a/eIKapZMpSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoIpKZIJufOsVnThngKNaulMVz9fdERqQxExm6TknsyCx7M/E/r5va6DrIuEpSyxRdLIpSgW2MZ3/jAdeMWjFxhFDN3a2Yjogm1Lp0Si4Ef/nlVdKqVf2Lau3+slK/yeMowgmcwjn4cAV1uIMGNIHCEJ7hFd6QQC/oHX0sWgsonzmGP0CfP1iwjdY=</latexit>

USER[mi; ri, hi, vi]
<latexit sha1_base64="usEYDlAPG9FAY4Hr0lKYsw8XC/4="></latexit>

NET[�;m,⇡, A, c]
<latexit sha1_base64="OQKBc1HH+/bIn4Sl8WTjH1U9Bl8="></latexit>



Example
n = 10 Players m = 1 link

vi(xi) = x�i
i ,�i 2 [0, 1]

<latexit sha1_base64="a6ZK1lzdMMK4pvUAG9BqoS4JyBg=">AAACFHicbZBNS8MwGMfT+TbnW9Wjl+AQJo7RTkEvwtCLxwnuBdpa0izbwtK0JOlwlH0IL34VLx4U8erBm9/GbOtBNx8I+fH/Pw/J8w9iRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNoBkoRRThqKKkbasSAoDBhpBYPrid8aEiFpxO/UKCZeiHqcdilGSku+eTL0aenBp8fwEurrPnUDopBPx2WYEXQph45Vtj3fLFoVa1pwEewMiiCrum9+uZ0IJyHhCjMkpWNbsfJSJBTFjIwLbiJJjPAA9YijkaOQSC+dLjWGR1rpwG4k9OEKTtXfEykKpRyFge4MkerLeW8i/uc5iepeeCnlcaIIx7OHugmDKoKThGCHCoIVG2lAWFD9V4j7SCCsdI4FHYI9v/IiNKsV+7RSvT0r1q6yOPLgAByCErDBOaiBG1AHDYDBI3gGr+DNeDJejHfjY9aaM7KZffCnjM8fzPScww==</latexit>

wi(pi) =
p�i
i

(p�i + (1� p)�i)1/�i
, �i 2 (0, 1]

<latexit sha1_base64="wEjHAola7R54YcKL5G/FYevyWAo="></latexit>

Link capacity c = 10

0 1

1

0 10

10

Value function Probability weighting function
�i = 0.88

<latexit sha1_base64="ta7lETcoL34sxdhrxS8hcjIrvqs=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8LbtRMBch6MVjBPOAZA2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo+N8Wyura+sbm4Wt4vbO7t5+6eCwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZuq3HkFpEUf3OE7AC9kgEoHgDI300PUBWU/QK+rY1WqvVHZsZwa6TNyclEmOeq/01e3HPA0hQi6Z1h3XSdDLmELBJUyK3VRDwviIDaBjaMRC0F42u3pCT43Sp0GsTEVIZ+rviYyFWo9D33SGDId60ZuK/3mdFIOql4koSREiPl8UpJJiTKcR0L5QwFGODWFcCXMr5UOmGEcTVNGE4C6+vEyaFds9tyt3F+XadR5HgRyTE3JGXHJJauSW1EmDcKLIM3klb9aT9WK9Wx/z1hUrnzkif2B9/gBR85EV</latexit>

�i = 0.61
<latexit sha1_base64="UCkrKy5pZeTKKvNPIhZWxIRgGys=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0iqqBeh6MVjBfsBbQiT7aZdupuE3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6acKe2639bK6tr6xmZpq7y9s7tXsfcPWirJJKFNkvBEdkJQlLOYNjXTnHZSSUGEnLbD0e3Ubz9SqVgSP+hxSn0Bg5hFjIA2UmBXegMQAgKGr7HrXHiBXXUddwa8TLyCVFGBRmB/9foJyQSNNeGgVNdzU+3nIDUjnE7KvUzRFMgIBrRraAyCKj+fHT7BJ0bp4yiRpmKNZ+rviRyEUmMRmk4BeqgWvan4n9fNdHTl5yxOM01jMl8UZRzrBE9TwH0mKdF8bAgQycytmAxBAtEmq7IJwVt8eZm0ao535tTuz6v1myKOEjpCx+gUeegS1dEdaqAmIihDz+gVvVlP1ov1bn3MW1esYuYQ/YH1+QOCyJGu</latexit>
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Mechanism Design

System Operator 
Allocations
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MappingAgent Signals

Outcome 
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(Type)

Outcome  
for Agent 1

Outcome  
for Agent 2

Outcome  
for Agent 3



Mechanism Design

Revelation Principle (under EUT) 
• WLOG assume signal set = type set for each player

• restrict attention to direct truthful mechanisms

System Operator 
Allocations

Allocation 
MappingTruthful reporting

Outcome 
Mapping

Stage 1
Stage 2

Agent 
(Type)

Outcome  
for Agent 1

Outcome  
for Agent 2

Outcome  
for Agent 3



Mechanism Design

System Operator 
Allocations

Allocation 
MappingTruthful reporting

Outcome 
Mapping

Stage 1
Stage 2

Agent 
(Type)

Importance of truthful strategies  
• Limits on information availability

• Computational and cognitive limitations

• Users with different levels of access to information 

and computation.

Outcome  
for Agent 1

Outcome  
for Agent 2

Outcome  
for Agent 3



Mechanism Design

System Operator 
Allocations

Allocation 
MappingTruthful reporting

Outcome 
Mapping

Stage 1
Stage 2

Agent 
(Type)

Outcome  
for Agent 1

Outcome  
for Agent 2

Outcome  
for Agent 3

Does not hold under CPT in second-price sealed-bid auctions 
(Karni and Safra 1989)



Mediated Mechanism Design

System Operator 
Allocations

Allocation 
Mapping

Agent Signals
Outcome 
Mapping

Stage 1

Stage 2

Agent 
(Type)

Stage 0

Mediator Messages Outcome  

for Agent 1

Outcome  
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Mediated Mechanism Design

System Operator 
Allocations

Allocation 
Mapping

Outcome 
Mapping

Stage 2

Agent 
(Type)

Stage 0 
Mediator Messages

Revelation Principle (under CPT) 
• WLOG assume signal set = type set for each player

• restrict attention to direct truthful mediated mechanisms

Stage 1 
Truthful reporting

Outcome  
for Agent 1

Outcome  
for Agent 2

Outcome  
for Agent 3



Concluding remarks

• CPT provides a more general framework than EUT.

• CPT seems to more accurately model human agents..

• CPT based designs seem to have tangible benefits.

• Some structural results in EUT continue to hold under
CPT in modified form (calibrated learning, mechanism
design).

• CPT models provide stronger robustness guarantees rel-
ative to the classical techniques of EUT.
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